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«Nada es seguro. No hay forma de prevenir
que el mundo llegue a su �n natural. Aun así,
podemos luchar por salvar el mundo de una
destrucción provocada por los hombres.»

Kraden

A mí,
por mi eterna paciencia.
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Summary

The class Gammaproteobacteria is one of the most taxonomically and
metabolically diverse ones in the Bacteria domain. Owing to their
diversity and genome plasticity, gammaproteobacteria are ubiquitously
present in many different ecosystems such as rivers, marshes,
hydrothermal vents, hospital environments or animal microbiota. Many
gammaproteobacteria play important ecological roles in their natural
habitat, as they actively participate in nutrient cycling or act as human or
animal pathogens. While thriving under ever changing conditions,
bacteria must adapt and, therefore, they deploy different regulatory
mechanisms that result in transcriptome and proteome changes
necessary to cope with adverse conditions. Two notable members of the
class Gammaproteobacteria are Vibrio harveyi and Escherichia coli.

Escherichia coli is a rod-shaped, facultatively anaerobic and �agellated
bacterium in the family Enterobacteriaceae. It is a common member of
the human gut microbiota, where it plays an important probiotic role. Gut
microbiota could be affected by food additives such as sul�tes, often con-
sumed together with food. While recent studies revealed the effects of
some food additives in yeasts and mammalian cells, little is known about
their effect on enterobacteria. Here we used microarray analysis, north-
ern blotting, qRT-PCR and two-dimensional gel electrophoresis to asses
the transcriptomic and proteomic changes that E. coli undergoes in re-
sponse to the presence of sul�te. The data obtained indicated that the ex-
posure to a sublethal concentration of sodium bisul�te can transiently in-
hibit bacterial growth and activate stress responses directed to diminish
possible damage. During the growth arrest phase, E. coli reprograms gene
expression to (i) eliminate sul�te and (ii) minimize its damaging effect on
biomolecules. Moreover, our data suggest that the highly reductive en-
vironment created by sul�te likely decreases oxygen availability and ren-
ders the quinone pool in the membrane non-functional, thus negatively
affecting many metabolic pathways and inhibiting respiration and energy
production

Vibrio harveyi is a rod-shaped, bioluminescent bacterium present in
many aquatic ecosystems, including riverine, coastal, and estuarine wa-
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ters. Although V. harveyi rarely infects humans, it often infects shrimps
and other aquatic invertebrates, thus causing signi�cant economic losses
in aquaculture farms. Unlike other members of the Vibrionaceae family,
V. harveyi is less studied and the key characteristics of its genome are still
largely unknown. In this work, differential RNA sequencing was used to
construct a map of transcription start sites, unveiling the primary tran-
scriptome of V. harveyi, as well as new genes and putative antisense RNAs
potentially involved in control of bacterial adaptation to stress.
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Introduction

A brief overview of Gammaproteobacteria

The taxonomic position and general characteristics of Gammapro-
teobacteria

The phylum Proteobacteria comprises the largest and most metabolically
diverse group of prokaryotic organisms (Figure 1). It was described �rst
in 1988 based on the sequence homology of 16S rRNA present in these
organisms and was subsequently named after the Greek god Proteus, a
god of rivers and oceans, known for its ability to appear in many differ-
ent forms [1]. The phylum is composed of nine classes, six of which are
denoted by Greek letters alpha through zeta, whereas the other three are
called Acidithiobacillia, Hydrogenophilalia and Oligo�exia (Figure 1) [2].

A notable class in this phylum is Gammaproteobacteria, which
includes one of the most taxonomically diverse groups of
microorganisms in the Bacteria domain. Its members are all
Gram-negative and very versatile in terms of metabolism. Namely, they
include chemolitotrophic, chemoorganotrophic as well as phototrophic
bacteria, in turn represented by aerobic, facultative anaerobic, strictly
anaerobic and microaerophilic species [3, 4]. The diversity of
Gammaproteobacteria is also manifested by their cell morphology; there
are rod-shaped, comma-shaped and dish-shaped species in this group.
Therefore, it is not surprising that the above characteristics make
gammaproteobacteria ecologically and medically important microbes
that occupy many different environmental niches.

Ecological diversity, spread and role of gammaproteobacteria in
the biosphere

Microbial communities are the main drivers of carbon, sulfur and nitro-
gen circulation in marine and terrestrial ecosystems [5, 6]. Owing to the
metabolic diversity of gammaproteobacteria, they play a particularly cru-
cial role in nutrient cycling [7, 8, 9, 10].

The terrestrial ecosystems are very diverse and, depending on their



4 | Introduction
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Vibrio harveyi

Escherichia coli

Pseudomonas aeruginosa

Beggiatoa alba

Methylomonas paludis

Azotobacter vinelandii

Acinetobacter baumanii

Salmonella enterica

Figure 1. Phylogenetic tree of the phylum Proteobacteria. There are nine classes in the
phylum Proteobacteria. Some ecologically and medically relevant species in Gammapro-
teobacteria are indicated in the gray box.

unique environments (e.g. marshes, different types of soils and climate),
the balanced nutrient cycling requires different genera of
gammaproteobacteria. For example, the speci�c environment of silts,
bog soils or coastal sediments requires methane oxidation, a task
accomplished by methanotrophic gammaproteobacteria of several
genera such as Acidiferrobacter, Methylomonas and Methylovulum.
Methane is a very stable compound but methanotrophic bacteria can
assimilate and utilize it as a sole carbon source and an electron donor to
obtain energy, i.e., as an autochthonous source of organic matter.
Remarkably, recent studies revealed that methanotrophic
gammaproteobacteria are accountable for 80 % of the total microbial
carbon �xation and 95 % of the microbial populations in different coastal
sediments [7, 8]. Furthermore, gammaproteobacteria such as Azotobacter
species increase soil fertility by promoting terrestrial nitrogen cycling.
Azotobacter species inhabit alkaline and neutral soils, waters and
sometimes stay in a symbiotic relationship with plants. While being
nearly ubiquitously present, Azotobacter species have also been found in
polar regions [11, 12, 13]. They are capable of �xing molecular nitrogen
under aerobic conditions through the use of nitrogenases in an
ATP-dependent manner. The ecological value of nitrogen-�xing bacteria
in increasing soil fertility and promoting plant growth has been
demonstrated recently [14].

Contribution of microbial populations to nutrient cycling in aquatic
ecosystems (e.g., lakes, rivers, seas or estuaries) greatly depends on envi-
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ronmental conditions. For instance, in aquatic environments rich in re-
duced forms of sulfur (e.g., hydro thermal vents or submerged decaying
remnants of plants and animals), nutrient cycling is favored by bacteria
like Beggiatoa, Halothiobacillus and Thiomicrospira capable of oxidizing
sulfur compounds [3, 15, 16]. Sulfur-oxidizing gammaproteobacteria play
an important role in carbon and sulfur cycling in these environments, as
they oxidize hydrogen sul�de, thus making sulfur available to other living
organisms in the form of sulfate. They also utilize CO2 as a carbon source,
which they usually obtain through symbiotic relationships with animals
[17].

Apart from the aforementioned microorganisms, there are other eco-
logically relevant gammaproteobacteria, for instance, marine bacteria that
belong to the Vibrionaceae family. Some species of this family are highly
abundant in aquatic environments, including riverine, coastal, and estu-
arine ecosystems around the world, where they occasionally live in sym-
biosis with other animal species [3]. This family of marine bacteria also
includes several human and animal pathogens that can negatively impact
human health and ecosystems, representing the major cause of mortal-
ity in farmed marine species [18]. Members of the Vibrionaceae family
contribute to the cycling of organic matter in aquatic settings as they are
able to break down chitin, one of the main sources of aminosugars in the
oceans. Moreover, vibrios can be grazed by �agellates, further contributing
to aquatic nutrient circulation [19, 20]. Some Vibrio spp. are also important
antibiotic producers. Antibiotics produced by certain Vibrio strains can
reduce the number of other microorganisms in controlled microcosms
[21, 22].

Although some gammaproteobacteria are opportunistic animal and
human pathogens (for example, V. harveyi) causing low mortality rates,
other gammaproteobacteria pose a serious threat to human health
especially due to their persistence in the host cells facilitated by their
multidrug-resistance. A well-known example is Pseudomonas
aeruginosa, which has emerged as an important human pathogen during
the past decades. P. aeruginosa is a rod-shaped, facultatively anaerobic
bacterium that possesses polar �agella. It can grow on different carbon
sources and some strains can produce pigments in response to
environmental signals [3]. Its metabolic plasticity allows P. aeruginosa to
colonize a wide range of environments including lakes, rivers, sewage
water, soil and many other environments associated with human
activities (e.g., water tanks, swimming pools, medical equipment) [23, 24].
P. aeruginosa is also prevalent in healthcare facilities, where it accounts
for causing 10 to 15 % of nosocomial infections worldwide [25]. In the
hospital environment, it can infect the respiratory and urinary tracts,
surgical wounds, burns or other skin lesions [26]. These infections are
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often hard to treat due to the natural resistance of pathogens to many
antimicrobial agents and due to the exceptional ability of pathogens to
acquire drug resistance through acquisition of chromosomal mutations
or horizontal gene transfer [27, 28].

Similar to P. aeruginosa, Acinetobacter baumanii is another emerging
pathogen that has become increasingly present in hospital environments.
Although it was previously detected only in countries with hot and humid
climates, the recent spread of this pathogen in new geographic areas in-
creased a global concern [29]. A. baumanii is a coccoid-like, non-motile,
aerobic bacterium. In humans, it colonizes the respiratory and digestive
tracts, the skin and exposed wounds [3]. Similar to P. aeruginosa, A. bau-
manii clinical isolates usually possess several drug resistance mechanisms,
however, the remarkable capacity of A. baumanii to survive under desic-
cation conditions for prolonged periods of time (even in the presence of
antibacterial agents) makes it even more dangerous, as it results in per-
sistent contamination increasing the chances of infection transmission in
hospital environments [30, 31].

The frequent infections caused by pathogenic gammaproteobacteria
are documented not only in hospital environments. For instance,
Salmonella enterica is a food-borne human pathogen that can cause
vomiting, enteric fever, abdominal pain or diarrhea [30]. S. enterica is a
rod-shaped, �agellated, facultatively anaerobic bacterium. It often infects
cattle and poultry in farms and intensive cultivation of these animals has
favored its spread in the global food chain [32]. Similar to other
gammaproteobacterial pathogens, multidrug resistant strains of S.
enterica have become a worldwide health problem over the last years
[33].

Escherichia coli

The best studied gammaproteobacteria is Escherichia coli, a member of
the family Enterobacteriaceae. E. coli is a rod-shaped, facultatively anaer-
obic, non-sporulating and �agellated bacterium. It is a common member
of human microbiota present in the lower intestine and is, arguably, the
best known among all model microorganisms [3, 34]. E. coli is metaboli-
cally versatile. It can utilize a wide variety of organic compounds includ-
ing glucose, glycerol, pyruvate, acetate, succinate or some amino acids as a
sole carbon source. As to energy production, it can be produced in E. coli
through mixed acid fermentation or anaerobic respiration [35]. Most E. coli
strains are non-pathogenic. They play an important probiotic role as part
of the host gut microbiota by synthesizing vitamin K [3, 36]. Nevertheless,
some virulent E. coli strains are also known. They can cause intestinal dis-
orders (e.g., diarrhea, dysentery, fever, abdominal pain, vomiting) or other
diseases (e.g., urinary tract infections and meningitis) [37, 38, 39, 40]. In
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rare cases, E. coli infections can lead to serious life-threatening diseases
[41, 42]. The pathogenic E. coli strains produce several virulence factors
that enable invasion and propagation of virulent strains in some parts of
the body normally inaccessible to non-pathogenic E. coli [43]. In particular,
these factors facilitate bacterial adhesion to host cells, iron acquisition, ion
transport, degradation of host proteins, suppression of host immune re-
sponse, cell lysis, necrosis or motility among others [44]. Virulence factors
are encoded by genes present in plasmids, pathogenicity islands and trans-
posons. These genetic elements can easily be transferred between various
microbial species (via horizontal gene transfer) along with the genes con-
ferring antibiotics resistance, which adds a new level of hazardousness to
many pathogenic strains [44].

Given the crucial role that gammaproteobacteria play in human health
and ecosystems, it is, thus, unquestionable that further investigation of
these microorganisms is fundamental (i) for better understanding the
impact that the ongoing spread of antimicrobial resistance and climate
change might have on the environment and (ii) for developing new
strategies that will enable to adopt the necessary measures to mitigate
potential damage to natural ecosystems and human health.

Vibrio harveyi

The rod-shaped, bioluminescent marine bacterium Vibrio harveyi (for a
review, see [45]) is an important member of the Vibrionaceae family. V.
harveyi possesses polar �agella and prefers to stay in halophilic environ-
ments where it can grow under both aerobic and anaerobic conditions [3].
While being present in many different aquatic environments, V. harveyi
resides in riverine, coastal, and estuarine ecosystems. Besides thriving in
a free-living state, V. harveyi was also found in the microbiota of marine
animals or in the form of bio�lms attached to biotic or abiotic surfaces [18,
45]. Similar to other Vibrio species, V. harveyi possesses two circular chro-
mosomes. The bigger chromosome (ca. 3 Mb) primarily carries house-
keeping genes involved in DNA replication, ribosome assembly, �agellar
synthesis, etc. The second chromosome is smaller (approximately 2 Mb). It
carries supplementary genes that confer stress resistance and pathogenic-
ity [45]. Similar to other gammaproteobacteria, V. harveyi is notable for
its metabolic versatility. It can utilize numerous compounds as a primary
carbon source [46]. Nevertheless, in a free-living state, it preferentially uti-
lizes chitin, a naturally occurring biopolymer that forms the exoskeleton
of many marine invertebrates, and therefore contributes to normal car-
bon cycling in aquatic environments [18].

The ecological importance of V. harveyi is also determined by its
pathogenic properties, as it is a usual pathogen of abalones, corals,
prawns, oysters, many invertebrates and occasionally acts as an
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opportunistic human pathogen [22, 45, 47, 48, 49]. The negative impact of
V. harveyi-associated diseases on marine animals was especially severe
during the past decades, causing serious economic losses due to high
mortality rates in shrimps and bivalves grown in aquaculture farms [50].
In order to successfully exert its pathogenicity, V. harveyi relies on
quorum sensing (QS), a signaling mechanism in charge of cell-to-cell
communication. In addition, QS is required for colonizing the light organs
of squid, where V. harveyi is present as a part of the common microbiota
to take part in the bioluminescence process [51, 52]. V. harveyi QS invokes
the joint action of three different autoinducers and several small RNAs to
regulate a cascade that controls the expression of genes involved in
regulation of bio�lm formation and virulence (i.e., toxin secretion, iron
acquisition, production of hydrolytic enzymes and metalloproteases),
�agellar motility and bioluminescence [45]. Although V. harveyi has a
great impact on marine ecosystems and sea food production, it has been
less studied than other members of the Vibrionaceae family such as
Vibrio cholerae and Vibrio vulni�cus and therefore further studies of V.
harveyi could offer new insights important for understanding the ever
increasing role of this marine bacterium in marine ecosystems and
aquaculture industry, especially in the time of climate change.

Adverse conditions faced by V. harveyi and E. coli in
their natural habitats

Environmental stresses faced by the human microbiota

Many enterobacteria, including E. coli, are exposed to very different en-
vironmental stressors occasionally or continuously present in the diges-
tion system and sites of infection. Among the stress factors continuously
present in the digestion system, the acidity of the stomach is a very im-
portant one. It helps to maintain the �rst defense barrier against food-
borne infections, as many enteropathogens are killed in the acid environ-
ment before they reach the small intestine [53, 54]. Gastric acids create
an adverse environment in the stomach with pH levels as low as 1.5. Such
extreme conditions can damage the bacterial membranes, denature pro-
teins and inhibit enzymatic reactions [55]. Besides the acidic environment,
bacteria must also cope with the high concentration of bile salts that are
secreted into the duodenum. In addition to the key role of bile acids in di-
gestion due to their contribution to absorption of lipophilic nutrients, they
also act as effective antimicrobial agents [56, 57]. Namely, bile salts limit
bacterial growth by causing protein aggregation and misfolding along with
creating a highly oxidative environment in the bacterial cytoplasm [57].

In contrast to gastric acids or bile salts, some stress factors only
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appear occasionally. For instance, certain compounds used as food and
drink preservatives could potentially harm the gut microbiota when
ingested. Some of these preservative agents contain sulfur and are
usually referred to as "sul�tes" [58]. These compounds create a highly
reductive environment and can chemically interact with proteins, nucleic
acids and lipids, affecting membrane stability, protein structure,
enzymatic activity or cause genetic mutations [59, 60]. In addition, the
antibiotics used to treat human infections are a clear threat to human
microbiota. Previous studies have shown that antibiotics can kill bacteria
or inhibit their growth in various ways. For instance, penicillins and
cephalosporins kill cells through inhibition of peptidoglycan synthesis by
blocking the transpeptidase activity of penicillin binding proteins [61, 62].
Likewise, antibiotics of the polymyxin family also act on cell envelope by
binding and disrupting the lipopolysaccharide layer and resulting in
membrane permeabilization [63]. Other mechanisms of antibiotics action
include inhibition of some essential enzymes. This group of antibiotics
includes quinolones, that block the action of gyrases and topoisomerases,
which results in single and double-strand breaks in DNA, ultimately
leading to cell death [64]. Other antibiotics such as rifamycins can kill
cells by inhibiting the DNA-dependent synthesis of RNA after binding to
RNA polymerase, thus preventing the initiation of RNA synthesis [65]. In
contrast, bacteriostatic antibiotics temporally inhibit cell growth. For
example, tetracyclins inhibit protein synthesis by binding to the 30S
ribosomal subunit, thus preventing elongation of peptides [66]. Similarly,
antibiotics of the macrolide group inhibit protein synthesis by binding to
the 50S ribosomal subunit [67].

Stress factors typically encountered by marine bacteria

Unlike enterobacteria, many marine bacteria, inlcuding V. harveyi, are ex-
posed to stress factors that typically occur in aquatic systems. Moreover,
many of these stress factors are affected by climate change, driven by re-
cent human activities that are relentlessly deteriorating the earth’s bio-
phere, and therefore, are discussed in this context [68]. Some of the dra-
matic changes of climate that have been observed over the last decades
include an increase in (i) the concentration of green-house gases in the at-
mosphere, (ii) surface temperature of earth and ocean, (iii) the average sea
level, and changes in ocean currents [68]. In this context, biogeochemical
cycles have also been affected by the above changes at different scales. Re-
cent �ndings have revealed that nutrient imbalances produced by human
activities alter soil, ocean and atmospheric cycles [69, 70, 71, 72] along with
the damage of the ozone layer [73, 74, 75]. As a result, these changes lead
to dramatic alterations in ocean characteristics, thereby causing multiple
stresses in marine organisms (Figure 2).
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Figure 2. Ocean characteristics altered by human activities and climate change. Alteration
in parameters like UV radiation intensity, pH, salinity, temperature, nutrient availability or
concentration of dissolved oxygen are potentially harmful for bacteria. Moreover, the pres-
ence of hazardous pollutants of industrial origin further compromises their survival.

Recent studies have shown that deterioration of the ozone layer leads
to an increase in UV radiation intensity [76]. Exposure to UV radiation can
cause DNA mutations, generate reactive oxygen species and damage dif-
ferent biomolecules [77]. Additionally, it has been previously reported that
UV radiation can induce degradation of dissolved organic matter in sur-
face waters and reduce bacterial growth [78, 79, 80]. Another negative im-
pact of human activities on marine ecosystems is caused by the dramatic
increase in carbon dioxide levels in the atmosphere due to fossil fuel com-
bustion during the last century [81, 82]. Since near half of the current CO2

emissions is absorbed by aquatic systems, it leads to ocean acidi�cation.
Besides dissolving calcium carbonate structures (i.e., animal exoskeletons),
low pH conditions can also have detrimental effects on bacteria by partly
destabilizing proteins, negatively affecting the cell membrane or inhibit-
ing biochemical reactions [55]. Besides acidifying the ocean, accumulation
of green-house gases in the atmosphere has led to global warming and
an increase in sea surface temperature [68]. An increase in temperature
can be fatal as it could result in alteration of protein structure and aggre-
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gation, membrane lesions and alterations in enzymatic activity and cel-
lular metabolism [83, 84]. Moreover, the ongoing increase in sea surface
temperature is known to affect ocean circulation [85, 86]. The changes in
ocean currents can generally alter nutrient supply in many strati�ed en-
vironments and can incidentally result in eutrophication when deep cur-
rents, rich in nutrients, reach the surface. A decrease in oxygen concentra-
tion is another consequence of ocean warming and strati�cation [87, 88].
Decreases in nutrient and oxygen availability pose a challenge to bacteria
as starvation and anoxia negatively impact growth rate and metabolism.
Recent reports also disclose intensi�cation of the water cycle as a con-
sequence of climate change, alterations in precipitation patterns in con-
junction with increased evaporation rates, global warming and ice melting
resulted in changes in ocean salinity, where fresh regions got fresher and
salty regions got saltier [89, 90, 91]. Fluctuations in environmental salinity
can result in osmotic shock and turgor changes in the cytoplasm which im-
pair cell growth and inhibit enzyme function [92]. Apart from these chal-
lenges, the regular release of toxic compounds (e.g. antimicrobial agents,
drugs, products of plastic breakdown, wastewater or oil spillages) into the
environment can also threaten bacterial survival [93, 94, 95].

Therefore, it is undeniable that bacteria are regularly exposed to ad-
verse conditions regardless of their life style.

Acquisition of stress resistance

Horizontal gene transfer

While inhabiting ever changing environments, bacteria must adapt in or-
der to survive under different adverse conditions (e.g., high/low temper-
atures, low/high salinity, and starvation). To adapt, bacteria deploy a wide
range of regulatory cascades that confer their resistance against environ-
mental threats. While many bacteria possess inherent resistance mecha-
nisms to cope with stressors, the genomic and metabolic plasticity of some
species allow them to acquire new advantageous traits through horizontal
gene transfer [96]. This evolutionarily conserved mechanism consists in
sharing genetic material between organisms that are not parent-related.
In other words, it allows bacteria to complement their genome with DNA
sequences from other bacterial species by employing mobile genetic el-
ements (or environmental DNA) that carry new information. The trans-
ferred sequences can be a short single gene or large operon/regulon (i.e.,
multiple genes) [97].

There are several mechanisms that allow transfer of genetic informa-
tion between bacteria (Figure 3) [98, 99]. One of them, bacterial conjuga-
tion, involves cell-to-cell contact and requires a complex secretion system
to ensure DNA transfer between the donor and recipient cells [100]. Con-
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jugation depends on type IV secretion systems that produce a pili to form
a bridge between bacteria and allow the unidirectional transfer of DNA
from the donor to the recipient cell [100]. Another mechanism, so-called
transduction, consists in phage-mediated transfer of DNA between cells
and it can happen in two different ways called generalized and specialized
transduction, respectively [3]. Generalized transduction occurs when lytic
bacteriophages destroy the host DNA and take control of its replication
machinery to replicate its own DNA. In the course of phage replication,
any fragment from the host DNA can randomly be inserted into recom-
binant viral DNA. After packing into the mature virus particles, this DNA
can be transferred to other bacteria during subsequent infections. Spe-
cialized transduction happens when lysogenic phages get integrated into
the host chromosome. Once the lytic cycle begins, imperfect excision of
the prophage allows DNA sequences from the host to be transferred to
other cells [101]. Finally, horizontal gene transfer also occurs when exoge-
nous DNA liberated by growing or decaying cells is actively uptaken from
the environment and internalized by competent cells, in which it can fur-
ther be integrated into the host genome or become an autonomous repli-
con (e.g., plasmid) [102]. Competence is a temporary state tightly regulated
by environmental signals. In this state, DNA uptake requires the interven-
tion of proteins involved in the formation of type IV pili, type II secretion
systems and DNA translocation [103].

The different nature of the mobile genetic elements (i.e., plasmids,
transposons and bacteriophages) involved in horizontal gene transfer
determines the way they can be transferred and the factors they can
harbor. Plasmids are self-replicating, extrachromosomal DNA molecules
that are inherited by daughter cells during cell division [101]. Plasmids are
variable in size as well as copy number per cell [97]. The horizontal
transfer of plasmids is usually carried out by bacterial conjugation and
include replication of the plasmid [104]. Alternatively, some plasmids can
encode the specialized protein machinery necessary for their own
transfer [105]. Plasmids do not usually encode essential housekeeping
genes but normally carry genes bene�cial for the host such as those
involved in antimicrobial resistance, virulence, tolerance to heavy metals
or degradation of unique substrates, thus promoting host survival in a
wide range of environments [106]. Rapid transfer of plasmids through
bacterial populations can be problematic for health care system. For
instance, uncontrolled use of antibiotics in the last decades has resulted
in the emergence and spread of multidrug-resistant bacterial pathogens
carrying plasmids with antibiotic resistance genes [27, 28, 30, 31, 33, 107,
108]. In addition to multi-drug resistance, plasmids (and other mobile
genetic elements) can carry virulence factors that allow bacteria to invade
new tissue, evade phagocytosis or promote adhesion [109]. Unlike
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Figure 3. Different mechanisms of horizontal gene transfer between bacteria. (A) Bacterial
conjugation. This process requires the formation of a sexual pilus for DNA transfer and
replication. (B) Transduction. This process occurs during the lytic cycle of bacteriophages
during which some genetic material from the host DNA may be incorporated into viral
DNA, packed into the mature virus particle and get transferred to other bacteria in further
infections. (C) Transformation. This process occurs when partly damaged (e.g., chromo-
somal DNA fragments) or intact (e.g., plasmid DNA) genetic material is liberated into the
environment (e.g., when a cell dies) and competent bacteria uptake it followed by incor-
poration of foreign DNA into the bacterial genome.
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plasmids, prophages can only be transmitted by transduction. During the
lysogenic cycle, expression of genes encoded by phages helps the
bacteriophage genome to be integrated into the bacterial chromosome.
As a result, the host can become virulent as bacteriophages usually carry
genes coding for virulence factors, providing bene�ts to the host similar
to those obtained through acquisition of plasmids [110]. The virulence
factors encoded by phages include toxins, extracellular enzymes, outer
membrane proteins and surface antigens [111]. Other genetic elements
exchanged by bacteria are genomic islands. Genomic islands are large
DNA fragments (10-200 kb) able to integrate into the bacterial
chromosome. They usually contain clusters of virulence genes differing
in function [112], typically �anked by insertion sequences. They can also
carry mobility genes that promote horizontal gene transfer [101].
Genomic islands can be transmitted to other cells through conjugation,
transduction and transformation [113]. While genomic islands can harbor
virulence genes (e.g. those encoding toxins [112]), recent reports also
describe genomic islands carrying non-coding RNAs [114, 115, 116, 117],
which are the key post-transcriptional regulators in many stress response
pathways.

Natural selection

Spontaneous mutations can also result in population changes. Genetic
mutations can alter gene function, possibly making mutants more resistant
to certain stress conditions. Consequently, the cells carrying such bene�-
cial genetic mutations can overgrow wild-type populations. Such selec-
tion processes require thousands of generations and usually occur during
extended periods of time in plants and animals. However, thanks to their
short generation time, bacteria can acquire mutations that confer advan-
tageous traits (e.g., antibiotic resistance, acid tolerance) quicker than other
organisms. The ef�ciency of this process is illustrated by recent reports in-
dicating the spread of strains resistant to newly developed antibiotics such
as �uoroquinolones and oxazolidinones [118]. Additionally, evolutionary
processes can happen when drastic environmental changes strike a mi-
crobial population. Unique genetic differences existing among its mem-
bers would make some of them better adapted to the new environmental
conditions, ultimately leading to selection of a more tolerant subpopula-
tion.

Generation of bene�cial mutations can help bacteria to develop a wide
variety of stress resistances. For instance, bacteria can become tolerant
to certain organic acids, such as benzoate, after a few thousand genera-
tions [119]. Benzoate is an organic acid naturally present in plant and animal
tissues, water and soil [120]. Benzoate and its derivatives are widely used
as preservatives of foods, cosmetics or pharmaceutical products [121, 120].
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They exert their function by partially decoupling the proton-motive force
and preventing bacterial and fungal growth [122]. Interestingly, in a recent
report, clones obtained from bacterial cultures grown in the presence of
increasing concentrations of benzoic acid for 2 000 generations showed
enhanced tolerance to benzoate compared to the original parental strain
[119]. Analysis of the genomes of 16 tolerant strains revealed accumulation
of various mutations, namely, single nucleotide substitutions, deletions,
insertions and knockouts, all contributing to the survival of the strains in
the presence of benzoic acid. Natural selection can also allow selection
of bacteria able to utilize unusual substrates. For instance, evolution ex-
periments carried out with the E. coli strain unable to grow aerobically
on citrate yielded mutants that could grow aerobically utilizing citrate as
a sole carbon source [123, 124]. Another example includes the contribu-
tion of natural selection to the appearance of multi-drug resistant strains.
Namely, spontaneous mutations and natural selection that lead to the con-
tinuous emergence of antibiotic-resistant bacteria raised serious concerns
in the past decades, as the selection of drug-resistant mutants greatly hin-
ders our ability to effectively treat bacterial infections [125].

Bacterial stress responses and their regulation by tran-
scriptional factors and small regulatory RNAs

Sigma factors and their role in regulation of stress responses

In bacteria, transcription is carried out by the DNA-dependent enzyme
RNA polymerase. The catalytic core of this enzyme consists of �ve
subunits (α2, ββ′ and ω) and is capable of transcription elongation and
termination. However, the core enzyme is unable to start transcription
from promoter sequences on its own. Transcription initiation requires
another protein subunit (called ‘sigma factor’), which is transiently
attached to the core enzyme [126]. Sigma factors are in charge of
promoter sequence recognition, DNA unwinding and initiation of RNA
synthesis. Extensive research revealed a wide variety of sigma factors in
bacteria and highlighted their importance in the transcriptional control of
gene expression, as each one is responsible for recognition of a speci�c
set of promoter sequences [127, 128]. Additionally, while concentration of
the core enzyme remains unchanged under various conditions, the level
of individual sigma factors is in�uenced by environmental and
intracellular signals, determining the set of genes that will be transcribed
at a given moment [129, 130]. The sigma factor responsible for the
transcription of essential genes during the normal balanced growth is
sigma70 (RpoD). It controls the expression of over 2000 genes and is
essential for growth [131, 132].
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In addition, there are alternative sigma factors and each of them reg-
ulates gene expression under a certain range of conditions [133]. For ex-
ample, sigma38 is a master regulator of the general stress response. It is
coded by the gene rpoS and its expression is induced at the end of the ex-
ponential phase or in response to a wide range of stress conditions [134].
Previous studies demonstrated that RpoS is involved in the transcription
of over 400 genes in E. coli, i.e., roughly 10 % of its genome [135, 136]. It
was found that rpoS mutants are less resistant to stress including starva-
tion, pH downshifts, high temperatures, UV radiation, oxidative stress and
exposure to bile salts [137, 138, 139, 140, 141, 142, 143], thus highlighting an
important function of this sigma factor in stress response.

Given the major role that RpoS plays in general stress responses, its
abundance in the cytoplasm is tightly controlled at three different lev-
els: rpoS transcription, translation as well as stability of the RpoS protein.
They are in�uenced by several regulatory factors and environmental sig-
nals [144]. In particular, transcription of rpoS is induced under starvation or
slow growth conditions and in the presence of the BarA regulator [145]. In
contrast, rpoS transcription is inhibited by the regulator ArcA [146]. At the
post-transcriptional level, several mechanisms controlled by small RNAs
and environmental queues increase the stability and translation of rpoS
mRNA by modulating its secondary structure [144]. These regulatory fac-
tors include the ArcZ, DsrA and RprA small RNAs and the Hfq chaperone.
They are upregulated under phosphate starvation, high osmolarity, high
cell density or upon temperature and pH downshifts, and act by promot-
ing rpoS stabilization and translation [144, 147, 148, 149, 150]. In contrast,
other factors such as OxyS, LrhA and H-NS directly or indirectly inhibit
rpoS translation [151, 152, 153]. Degradation of RpoS is carried out by the
protease ClpXP in a process facilitated by RssB and inhibited by the chap-
erone DnaK. RpoS proteolysis is inhibited under heat shock, carbon and
phosphate starvation, high osmolarity and pH down-shifts [154, 155]. Al-
though the regulation of RpoS abundance is controlled by many different
factors at different levels, it has been suggested that control of RpoS prote-
olysis might be the main mechanism that regulates changes of RpoS levels
in vivo [144, 153, 156].

RpoS homologues have been identi�ed in many bacterial species [132,
141, 156], where they regulate genes involved in glycolysis, fermentation,
anaerobic respiration, pentose phosphate shunt, uptake and metabolism
of amino acids, sugars, and iron, general stress management, transport,
membrane maintenance, virulence and pathogenesis [132, 136, 141, 157].

Although RpoS is the primary sigma factor that controls the general
stress response, bacteria possess other sigma factors that are activated un-
der certain stress conditions. One of them, Sigma 32 (RpoH), mediates
the heat-shock response in many bacteria. In E. coli, the cellular level
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of RpoH greatly increases under heat shock conditions [158]. The upreg-
ulation is mediated by the secondary structure inhibiting rpoH transla-
tion. This structure gets destabilized at high temperatures, thus facilitating
translation initiation of the transcript [159]. In addition, high temperature
also relieves the inhibition of RpoH associated with chaperones (i.e., DnaK,
DnaJ or GroE) under normal conditions. In other words, temperature up-
shifts induce dissociation of chaperones from RpoH and their involvement
in repair of misfolded proteins accumulated at high temperatures [160, 161].
Although rpoH transcription is temporarily inhibited due to heat-shock-
dependent inactivation of sigma S, involved in rpoH transcription, [162], it
is later restored because of attachment of RpoH to RNA polymerase core
enzyme, thus favoring transcription of RpoH-dependent genes including
rpoH. There are approximately 130 genes under the control of RpoH [132].
Their functions include adaptation to heat-shock (e.g., htpX, htrC ), protein
degradation (e.g., clpB, clpX ) and protein folding (e.g., mopB, dnaK, dnaJ )
[163, 164].

Master regulators controlling cell stress responses

Besides sigma factors, transcription can be controlled by other regulators.
For instance, to coordinate the response to changes in oxygen availability,
bacteria rely on the two-component system ArcAB and the Fnr regulator.

The two-component system ArcAB is a microaerobic redox regulator
[165]. This system consists of the transmembrane sensor histidine kinase
ArcB and the transcriptional regulator ArcA [166]. Upon transition from
aerobic to microaerobic conditions, the sensor ArcB is autophosphory-
lated and the phosphoryl group is transferred to activate ArcA through
a four-step phosphorelay mechanism [167]. Consequently, activation of
ArcA leads to inhibition of expression of numerous genes involved in aer-
obic metabolism and simultaneous activation of operons controlling fer-
mentative metabolism [168, 169]. Further transition from microaerobic to
anaerobic conditions involves Fnr, one of the major transcription factors
possessing a Fe-S cluster. The latter being responsible for Fnr activation.
Namely, under anaerobic conditions, the Fe-S cluster is reduced and in
this state restores Fnr ability to interact with Fnr-binding sites on DNA
[170]. Fnr controls expression of over 100 genes involved in aerobic and
anaerobic metabolism as well as chemotaxis, motility and acid resistance
[171, 172]. When activated, Fnr represses the expression of genes coding
for aerobic respiratory proteins and tricarboxylic acid cycle enzymes (e.g.,
ndh, sucABCD) and promotes the transcription of genes involved in anaer-
obic respiration (e.g., nirBD, nrfABC, frdABCD) [173].

Another transcriptional regulator, the ferric uptake regulator (Fur), con-
trols cell responses to iron levels and to oxidative stress [174, 175]. Although
iron is essential for bacterial growth and survival, it becomes toxic at high
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concentrations, because it can react with hydrogen peroxide to generate
reactive oxygen species [176]. The regulatory role of Fur is to maintain a
correct iron homeostasis necessary for cell �tness. By sensing the concen-
tration of intracellular iron, the DNA-binding regulator Fur controls the ex-
pression of over 50 genes such as those involved in iron homeostasis (e.g.,
fhuABCD, fecABCDE ), oxidative stress (e.g., sodAB), chemotaxis (e.g., fecR),
energy production (e.g., acnA), transcription (e.g., feoC ) and the small-RNA
gene ryhB [175, 177, 178].

Other two master regulators that play essential roles in cell adaptation
to stress include AphA and LuxR. In V. harveyi, AphA functions as a tran-
scription regulator that operates mainly at low cell density. It controls the
expression of 167 genes. In contrast, LuxR acts at high cell density and reg-
ulates the expression of 625 genes. Together, Apha and LuxR coregulate
the expression of 77 genes [179]. AphA controls genes involved in bio�lm
formation (vpsT ) and virulence factors (tcpPH operon) at low cell density
[45, 180, 181, 182], whereas LuxR regulates genes involved in biolumines-
cence (luxCDABE ), production of metalloproteases, motility and toxin se-
cretion at high cell density [45, 179, 183, 184]. Both AphA and LuxR regulate
genes coding for the type III secretion apparatus, oxidoreductases, pro-
teases, transport proteins, metabolic enzymes and several sRNAs [179]. The
production of AphA and LuxR is mediated by quorum sensing (QS) [45], a
cell-to-cell communication system that enables monitoring of population
density by means of production and detection of extracellular signaling
molecules called autoinducers [185]. V. harveyi QS regulatory pathways
have been extensively studied. They involve three autoinducer molecules
HAI-1, AI-2 and CAI-1, synthesized by the enzymes LuxM, LuxS and CqsA,
respectively. These autoinducers are recognized by three independent
receptors embedded into the inner cell membrane (i.e., LuxN, LuxQ and
CqsS, respectively), which become autophosphorylated at low cell density.
When the concentrations of autoinducers reach the threshold levels, they
can ef�ciently bind to their respective receptors, consequently triggering a
dephosporylation cascade that eventually leads to changes in the levels of
the two master regulators, Apha and LuxR [186]. The joint action of AphA
and LuxR helps in the formation of bio�lm structures, a common response
to environmental stress, which enables to maintain microbial survival un-
der some adverse conditions [187, 188].

Bacterial small RNAs and their multifaceted roles in bacterial
adaptation to stress

The capacity of microorganisms to adapt and survive under different and
changing environmental conditions can also be controlled by small RNAs
(sRNAs). This mechanism provides a quick way to profoundly affect ex-
pression of multiple genes in response to environmental stimuli [189]. Bac-
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terial sRNAs are short, non-coding, antisense RNA molecules with a typical
length that ranges between 50 and 300 nucleotides. sRNAs basepair with
their target mRNAs affecting their translation and/or stability [190, 191, 192].

sRNAs can be either cis- or trans-encoded. Cis-encoded sRNAs are
transcribed from the same genomic location (but in the opposite
direction) as the genes coding for their target mRNA. As a result,
complementarity between sRNA and its target is perfect. Cis-encoded
sRNAs control many biological functions including plasmid replication,
maintenance and transfer, transposition, lysis/lysogeny switches and
other cellular functions [189]. In contrast, trans-encoded sRNA genes are
located at loci different than those of the genes of their targets. They are
usually transcribed from intergenic regions. The formation of the
imperfect duplexes between trans-encoded sRNAs and their targets is
inef�cient but can be promoted by the Hfq RNA chaperone [193, 194].
Trans-encoded sRNAs are known to be implicated in stress response
mechanisms including responses to osmotic shock, cold shock, oxidative
stress or depletion of certain compounds [189]. In some bacteria Hfq is
crucial for maintaining cell virulence, osmotic and oxidative stress
tolerance as well as other stress responses [195, 196, 197, 198, 199].

Regulation by sRNAs is widely used by bacteria to control amino acid
metabolism. Namely, bacteria use specialized transporters to import
amino acids present in the environment, thus saving energy necessary for
their biosynthesis. This mechanism is controlled by GcvB, a sRNA
phylogenetically conserved among proteobacteria [200, 201, 202]. This
sRNA negatively regulates several genes involved in amino acid and
peptide transport into de cytoplasm (e.g., sstT, oppA, dppA, cycA) [203,
204, 205, 206]. The expression of GcvB, which is under the positive
control of the regulatory protein GcvA, increases in the presence of
glycine in the cell and decreases when the intracellular level declines
[204, 207]. In other words, when nutrients are scarce, downregulation of
GcvB activates the translation of different amino acid and peptide
importers, thus avoiding the necessity to consume energy for their
biosynthesis [203].

sRNAs also play an important role in regulating and maintaining ade-
quate levels of iron and other metal ions in the cytoplasm, which is critical
for cell survival. For instance, RyhB is a sRNA that exerts its regulatory ac-
tivity under iron limiting conditions. The expression of the ryhB gene is
under the negative control of the Fur repressor, which inhibits ryhB tran-
scription when bound to Fe2+ ions [177]. When iron concentrations drops,
ryhB is upregulated, thus promoting accumulation of iron in the cytoplasm
through three regulatory mechanisms. Firstly, RyhB regulates Fe-S cluster
biogenesis by targeting the iscRSUA and erpA mRNAs, which code for pro-
teins responsible for Fe-S cluster biogenesis and incorporation into target
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enzymes [208]. Secondly, RyhB promotes iron accumulation by regulating
several genes that control siderophore synthesis and import. Namely, shiA,
entCEBAH and cirA, which participate in siderophore precursor import,
siderophore production and iron-bound siderophore import, respectively
[209, 210, 211]. Finally, RyhB downregulates proteins that utilize iron as a
cofactor, such as nuo and sdh, participating in the tricarboxylic acid cycle,
or sodB, that �ghts against oxidative stress [211, 212]. Previous reports in-
dicate that the superoxide dismutase SodB binds over 50 % of the iron in
the cell. Therefore, downregulation of sodB helps the cell cope with iron
scarcity. Likewise, RyhB indirectly downregulates expression of ftn and
bfr, coding for ferritin and bacterioferrtin, respectively [213, 214], both of
which are iron storage proteins that sequester up to 40 % of the cell’s iron
[215, 216]. It has also been suggested that RyhB may play a role in prevent-
ing the accumulation of toxic levels of iron during sudden environmental
enrichment by upregulating genes controlling the synthesis of Fe-S clus-
ters [214, 217]. RyhB is conserved among gammaproteobacteria, however,
it varies in length and regulatory roles between species. The RyhB sRNA
is longer in Vibrio cholerae than in E. coli (200 vs 90 nucleotides, respec-
tively) and it targets genes (such as those controlling chemotaxis, motility
and bio�lm formation [218]) different from those regulated by E. coli RyhB.

Regulation of central carbon metabolism is critical during adaptation
to stress and it is also controlled by sRNAs. One of them, CsrB, modulates
the activity of the RNA-binding protein CsrA [219, 220]. CsrB is highly
structured. It possesses several stem loops that permit the formation of a
ribonucleoprotein complex with one or several subunits of the carbon
storage regulator protein CsrA, thereby consequently sequestering and
antagonizing CsrA activity [221]. CsrA controls the translation initiation of
numerous genes by blocking the ribosome biding site of their cognate
mRNAs [222], thus making CsrB an indirect regulator of the expression of
genes involved in glycolysis, gluconeogenesis, glycogenesis, bio�lm
formation and �agellar movement [223, 224, 225]. There are other sRNAs
that participate in the general stress response in bacteria, such as MicF
controlling the expression of ompF [226]. OmpF is an outer membrane
porin that forms a pore for passive diffusion of small molecules and ions
[227, 228]. MicF negatively regulates the translation and stability of the
ompF mRNA in an Hfq-dependent manner by binding to its 5’ region
[229]. Under various stress conditions, including osmolarity changes, high
temperature, oxidative stress or membrane damage, MicF destabilizes
ompF mRNA and prevents its translation, consequently increasing cell
resistance to the aforementioned stress conditions [230].

Although the aforementioned examples only represent a small number
of sRNAs discovered in bacteria, it is obvious that sRNAs play a critical role
in regulation of gene expression under many different stress conditions.
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Objectives

Bacteria are exposed to a large number of stresses in their natural habitats,
including temperature up- and downshifts, dramatic pH changes, nutri-
ent scarcity, UV radiation, oxidative stress, predation and many others. To
be able to survive and compete with other organisms bacteria trigger spe-
ci�c defense mechanisms known as bacterial stress responses. Many of
these mechanisms are controlled by various sigma factors and small reg-
ulatory RNAs, which exert their regulatory functions at the transcriptional
and post-transcriptional levels.

In our group we use two model organisms, gammaproteobacteria E.
coli and V. harveyi, to study the strategies they employ to adapt and survive
in different environments.

Although the �rst organism (i.e., E. coli) is the best studied bacterium
and its responses to stress have been extensively characterized, still very
little is known about its response to the presence of reducing agents, in
particular sul�tes, widely used as preservatives in food and beverage pro-
duction. Therefore, the �rst aim of this study was (i) to disclose the puta-
tive mechanisms that Escherichia coli utilizes to adapt and survive in the
presence of sul�tes.

The second model organism (i.e., Vibrio harveyi) plays an important
role in the ecology of aquatic systems. Despite its signi�cance, many
important characteristics of its genome, such as gene boundaries, as well
as extensive annotation gaps (only few small RNAs are currently known
and annotated), hinder the progress in understanding the mechanisms V.
harveyi uses to control gene expression at the transcriptional and
post-transcriptional levels. To learn more about the organization of V.
harveyi transcriptome we concentrated on (ii) the large scale mapping of
transcriptional start sites and construction of its primary
transcriptome. Moreover, we were intrested in (iii) discovery of new
sRNAs and putative open reading frames potentially involved in V.
harveyi stress responses.
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Chapter 1. A brief introduction
to a new custom microarray for
sRNA pro�ling in Escherichia
coli

Bacterial small RNAs (sRNAs) are short, non-coding, transcripts with a size
ranging from 50 to 300 nucleotides. Very often, they act as antisense RNA,
i.e., they basepair with mRNAs affecting their translation and/or stability
[1]. sRNAs can be either cis- or trans-encoded. Cis-encoded sRNAs are
transcribed from the same genomic location as the genes coding for their
target mRNAs. They control the expression of various genes (e.g., copA ,
sar, soK ). Some cis-encoded sRNAs play essential roles in the regulation of
plasmid replication, plasmid copy number, transposition and phage genes
[2]. In contrast, trans-encoded sRNAs are usually transcribed from loci not
overlapping with the target genes. These sRNAs often play a critical role in
post-transcriptional control of gene expression during bacterial adapta-
tion to stress [2].

There are several approaches to monitor gene expression, including
microarray analysis. The latter is based on the hybridization of �uores-
cently labeled RNA (or its cDNA) with numerous probes attached to a solid
support (chip). This technology allows the simultaneous detection of thou-
sands of transcripts in a single experiment. For this reason, it has been
extensively used over the last decades for gene expression pro�ling in Es-
cherichia coli and many other bacterial species [3, 4, 5], as well as for the
discovery and study of sRNAs [6, 7, 8].

DNA microarrays are readily available from many manufacturers (e.g.,
Affymetrix, Agilent, GE Healthcare, Illumina), with proprietary probes
designed to hybridize with speci�c transcripts. Despite the robustness
and ef�ciency of some commercial microarrays demonstrated by
detection of well annotated transcripts, their inability to assess the
expression of unknown genes could be a signi�cant drawback.
Microarray probes are often designed based on the available annotation
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of the target genome. Therefore, the capacity of such low-density
microarrays to quantify the expression of a speci�c gene is greatly biased,
as it depends on the existing knowledge concerning the structure and
properties of the studied genome. In particular, commercial microarrays
generally fail to detect short transcripts such as trans-encoded sRNAs,
usually transcribed from intergenic regions. Additionally, while
high-density commercial microarrays include probes to cover intergenic
regions, still detection of sRNAs is not guaranteed unless probes are
rigorously designed to ensure the proper coverage and hybridization
ef�ciency.

The above considerations prompted us to design a custom microar-
ray that included a new set of probes speci�c for known and putative E.
coli sRNAs and to test its capacity to detect the corresponding transcripts.
Towards this aim, we obtained the nucleotide sequences of known and
putative E. coli sRNAs described in literature [9, 10] and used the Agilent
eArray platform to generate custom microarray probes speci�cally target-
ing these trancripts. The custom microarray was built by integrating the
new probes into an array containing the standard set of probes provided
by Agilent for detection of E. coli protein-coding transcripts. Next, the ef�-
ciency and robustness of the custom microarray in detection of sRNAs was
tested by using it for expression pro�ling of E. coli cells grown in LB ver-
sus M9/glucose media (Figure 4). The custom microarray design, as well as
the gene expression data, were deposited in the ArrayExpress database [11],
and they are publicly available under accession number E-MTAB-3329.

Analysis of microarray data revealed signi�cant changes in the expres-
sion of numerous transcripts. In agreement with the preference of E. coli
to use glucose as a primary carbon source, E. coli upregulated genes in-
volved in central carbon metabolism (i.e., glycolysis, tricarboxylic acid cy-
cle), as well as associated pathways related to amino acid and lipid biosyn-
thesis. Additionally, analysis of gene expression data also revealed the high
capacity of our microarray to detect known and putative sRNAs. Virtu-
ally all custom sRNA probes showed strong (i.e., above the background)
and statistically reliable (p<0.05) signals. However, the majority of the de-
tected sRNAs did not show signi�cant changes in expression levels under
the growth condition we studied, thus suggesting that the observed differ-
ences in gene expression were independent of these riboregulators.

In summary, the results of our study suggest that custom designed mi-
croarrays, developed for the detection of sRNAs and other non-coding
transcripts, represent a reliable tool for the detection and study of bac-
terial sRNA expression.
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Figure 4. Graphical summary of the work conducted to test a new custom microarray. Total
RNA isolated from E. coli cells grown in rich (LB) and minimal (M9/glucose) media was used
for cDNA synthesis and labeling. Labeled cDNA was hybridized with a custom microarray,
which was developed by supplementing a commercially available microarray with a set of
custom probes designed for E. coli sRNA detection. Analysis of microarray data revealed a
number of differentially expressed genes as well as several sRNAs, demonstrating the ef�-
ciency of our custom microarray for simultaneous pro�ling of protein-coding transcripts
(mRNA) and sRNAs.
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Chapter 2. Study of Escherichia
coli adaptation following
exposure to sodium bisul�te

Introduction

Escherichia coli is exposed to changing and sometimes extreme environ-
ments throughout its life cycle. It must adjust its physiology in order to sur-
vive under adverse conditions including temperature up- and downshifts,
nutrient deprivation, anaerobiosis or dramatic changes in pH or salinity
[1, 2]. Although bacterial adaptation to various stress conditions has been
extensively studied [3, 4, 5], less in known about cell response to differ-
ent bacteriostatic reagents widely used as preservatives in food and bev-
erage production [6, 7, 8, 9]. Some of these preservatives contain sulfur
and are usually referred to as "sul�tes", a general term used to denote a
group of chemicals that include sulfur dioxide, sul�tes, metabisul�tes and
other salts of sulfurous acid [6]. Sul�tes, at the concentrations they are
used as preservatives, are considered safe for human consumption by dif-
ferent regulatory agencies and are authorized for use as food additives in
numerous countries [10].

Despite the widespread use of these agents in many products destined
for human consumption, gut microbiota could in fact be affected by sul�te
preservatives [11, 12, 13, 14, 15]. This �nding is partly anticipated. Namely, ex-
posure to sul�te poses a challenge as it can interact with proteins, nucleic
acids and lipids potentially affecting cell integrity and metabolism and al-
ter the redox state of the cell by creating a highly reductive environment.
Such environment can greatly impact metabolic processes that are depen-
dent on redox reactions, for instance, electron transport chain. The latter
comprises many different dehydrogenases, reductases and quinones that
are used to generate a proton gradient across the membrane and produce
energy [16, 17]. The composition of such electron transport chains is �nely
regulated and can be altered by reprogramming of gene expression in re-
sponse to changes in oxygen concentration [17, 18]. Therefore, the pres-
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ence of reducing reagents like sul�te can alter oxygen availability and the
redox state of the cell, thus affecting the electron transport chain and bio-
logical processes that depend on it.

Moreover, sulfur is an essential element for E. coli, but before it can
be incorporated into different metabolic pathways sulfate must be incor-
porated and reduced to hydrogen sul�de (Figure 5A). In E. coli, assimila-
tory sulfur reduction starts when sulfate enters the periplasm through the
porin OmpF and is subsequently imported into the cytoplasm through the
CysPTWA membrane complex [19, 20]. Sulfate is then transformed into hy-
drogen sul�de through the assimilatory sulfate reduction pathway before
being incorporated into cysteine and other biomolecules. Sul�te can not
be directly incorporated into sulfur assimilation pathways. After entering
the periplasm through porins such as OmpF, it must be oxidized to sulfate
by the complex YedYZ. YedY is the periplasmic subunit of the complex. It
is a molybdoenzyme capable of oxidizing sul�te to chemically neutral sul-
fate [21], which is subsequently transported into the cytoplasm through the
CysPTWA complex.

Besides its assimilation via the sulfur assimilatory pathway, sul�te can
also interact with different biomolecules. It can reversibly react with me-
thionine, cysteine and other amino acids [22]. Moreover, chemical inter-
actions between sul�te and disul�de bonds in proteins can occur (Figure
5B). Sul�te exposure can also lead to irreversible conversion of cytosine to
uracil (Figure 5B), resulting in alteration of genetic information [9, 23, 24].
Chemical reactions between sul�te and carbohydrates, quinones, unsatu-
rated fatty acids and �avin groups have also been described (Figure 5B), all
potentially impacting cell �tness [9, 25, 26, 27].

In the past years, there have been numerous studies addressing the ef-
fects of sul�te on yeast and mammalian cells [11, 12, 13, 14, 15]. In addition,
it has been demonstrated recently that sul�te at concentrations regarded
as safe for food preservation can inhibit the growth of different micro-
bial species of the human gut microbiota [28]. The above �ndings indicate
that sul�te consumption can potentially have a negative impact on human
health. These considerations led to the present study aimed at investigat-
ing E. coli adaptation in the presence of sul�te. In this study we examined
E. coli response upon exposure to sodium bisul�te by monitoring E. coli
growth before and after treatment. We also compared E. coli transcrip-
tome and proteome pro�le changes after exposure to sul�te by employ-
ing microarray technology and two-dimensional gel electrophoresis, re-
spectively. Further examination of microarray data revealed differentially
expressed small RNAs, several of which were selected for validation. Their
expression pro�les were assessed by Northern blot analysis. Collectively,
the results of this study made it possible to reveal the putative mechanisms
E. coli uses to adapt and survive in the presence of sul�tes.
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Figure 5. Sulfur assimilation and the potential impact of sul�te on E. coli metabolism. (A)
Possible route for sulfur uptake by E. coli. In the sulfur assimilation pathway sulfate is trans-
ported into the periplasm via the outer membrane porin OmpF, then into the cytoplasm
through the CysPTWA protein complex and further converted to hydrogen sul�de before
being incorporated into other metabolic pathways. APS and PAPS stand for adenosine 5’-
phosphosulfate and 3’-phosphoadenylyl-sulfate, respectively. (B) Possible effects of sul�te
ions on biomolecules. 1 Sul�te can disrupt disul�de bonds in proteins, thus potentially af-
fecting protein structure [29]. 2 Cytosin in DNA can be converted into uracil when deam-
inated by sul�te, which leads to alteration of genetic information [9, 23, 24]. 3 Reactions
between sul�te and carbonyl groups in carbohydrates. 4 Interaction of sul�te ions with
unsaturated fatty acids and �avin groups. 5 Interaction of quinones with sul�te inhibiting
their electron transport capacity [9, 25, 26, 27].
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Materials and Methods

Bacterial strains and growth conditions

Escherichia coli strain K-12 MG1655 was routinely grown in 250 mL Erlen-
meyer �asks containing 40 mL of M9 minimal medium (0.1 mM CaCl2, 1
mM MgSO4, 47.75 mM Na2HPO4, 22 mM KH2PO4, 18.69 mM NH4Cl, 8.55
mM NaCl) supplemented with 0.4 % glucose, at 37 ºC, in darkness and with
shaking (90 rpm).

Analysis of bacterial growth and membrane integrity upon sul�te
treatment

Once the cultures entered log phase (OD600∼0.4-0.6), the cells were ex-
posed to sul�te by adding sodium metabisul�te (Sigma) to a �nal concen-
tration of 2 mM (equivalent to 4 mM sodium bisul�te) and the test cultures
were further incubated at 37 ºC with shaking (90 rpm). This concentra-
tion (2 mM) was chosen based on preliminary experiments, in which con-
centrations in the range of 0-50 mM of sodium metabisul�te were tested
and it was determined that 2 mM was the optimal one to transiently in-
hibit growth and obtain recovery after short time. To monitor bacterial
growth, aliquots from three independent cultures were regularly with-
drawn to measure optical density at 600 nm. To determine cell culturabil-
ity, aliquots of bacterial culture were spread on LB agar plates, incubated
overnight at 37 ºC and colony forming units were determined. To evaluate
membrane permeability changes, aliquots of cell culture obtained before
and 6 h after treatment were diluted and �ltrated through 0.22 µm pore-
size polycarbonate �lters (Millipore). The cells attached to the membrane
were further stained with LIVE/DEAD BacLight kit (Invitrogen) following
manufacturer’s instructions. Images of stained cells were captured using
a Nikon Eclipse E400 microscope equipped with a B-2A �lter.

RNA isolation, microarray analysis and RT-qPCR

RNA was isolated before and 30 min after bisul�te treatment from three
independent cultures as previously described [30]. Microarray and RT-
qPCR analyses of RNA samples were carried out at the General Genomic
Service of the University of the Basque Country. The procedure included
veri�cation of RNA quality by bioanalyzer, cDNA library construction and
labeling, hybridization with custom microarray [30] and data processing.

For microarray analysis, synthesis of cDNA was carried out by
retrotranscription of RNA using Superscript III Reverse Transcriptase
(Invitrogen), cDNA was labeled using the SuperScript Indirect cDNA
labeling System (Invitrogen) to incorporate amino-modi�ed nucleotides.
After removal of unincorporated nucleotides, the amino-modi�ed cDNA
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was coupled to �uorescent dyes (Cy5 or Cy3) and used for hybridization
with custom microarrays [30]. Raw data from Feature Extraction
Software (FE processed signals) were subsequently processed by
GeneSpring MultiOmic Analysis Software 12.0 (Agilent Technologies) and
subjected to LIMMA statistical analysis and k-means clustering using
MultiExperiment Viewer application v. 4.7.1 available at
http://mev.tm4.org/ [31]. Data containing essential genes with threshold
P-values equal to 0.05 were selected to reveal transcripts differentially
expressed in sul�te-treated versus untreated cells. Raw and processed
microarray data were deposited in the GEO database [32] and are publicly
available under accession number GSE137882.

In order to validate microarray results, RNA isolated from three inde-
pendent cultures, different from those used in microarray analysis, were
subjected to RT-qPCR. Fifteen genes were selected for validation. In ad-
dition, three housekeeping genes (rrsA, ssrA and rnpB) were included as
reference genes. Speci�c primer pairs to amplify each gene were designed
using Primer3 v. 2.2.3 [33] (Table S9). The cDNA was generated from 500
ng total RNA using a Verso cDNA synthesis kit (Thermo Scienti�c) in a total
volume of 10 µL. RT-qPCR experiment was carried out using BioMark HD
Nano�uidic qPCR System technology (Fluidigm) combined with a GE 48.48
Dynamic Array integrated �uidic circuit (Fluidigm). Brie�y, the cDNA was
preampli�ed using a Qiagen Multiplex PCR kit (Qiagen) and 50 nM primers.
The PCR ampli�cation conditions were 15 min at 95 ºC followed by 14 cycles
(95 ºC for 15 s and 60 ºC for 4 min) and followed by treatment with Exonu-
clease I (Thermo Scienti�c). Gene expression analysis of the preampli�ed
amplicons was performed with a GE 48.48 Dynamic Array integrated �u-
idic circuit using the Master Mix SsoFast EvaGreen Supermix with Low ROX
(Bio-Rad) in which preampli�ed cDNA and 500 nM primers were added.
The PCR ampli�cation conditions included incubation for 40 min at 70 ºC,
30 s at 60 ºC and 1 min at 95 ºC, followed by 30 cycles of 5 s at 96 ºC and 20
s at 60 ºC. After the �nal ampli�cation cycle, a melting curve analysis was
carried out. No-template controls and minus-reverse transcriptase con-
trols were also included. All samples and negative controls were run in
duplicate. The analysis of RT-qPCR results was carried out using the Anal-
ysis Software v. 4.1.3 (Fluidigm). In both cases, the data were normalized
to values obtained for the rrsA, ssrA and rnpB genes using GenEx v. 6.1
(MultiD). Then, relative quanti�cation of gene expression was performed
by the ∆∆Ct method with qPCR Ef�ciency correction and the signi�cance
of differences was assessed using Student’s t-test (p 0.05).

Northern blotting

Aliquots of total RNA (2 µg each) were mixed with an equal volume of 2X
RNA loading dye (Thermo Fisher Scienti�c), denatured by incubation for 1
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min at 90 ºC and fractionated in 6 % sequencing gels (29:1 acrylamide/bis-
acrylamide, 1X TBE, 7 M urea).

Fractionated RNAs were transferred to Hybond-N+ membranes
(Amersham), �xed by UV-crosslinking and then hybridized overnight at
42 ºC in ULTRAhyb-Oligo hybridization buffer (Ambion) with
radioactively labeled oligonucleotide probes (Table S1, S8). The probes
were individually 5’-labeled with 32P by incubation with T4
polynucleotide kinase (Thermo Fisher Scienti�c) and radioactive [γ-32P]
ATP (3,000 Ci/mmol, Perkin Elmer) at 37 ºC for 30 min. The reactions
were stopped by addition of EDTA to a �nal concentration of 12 mM,
mixed with an equal volume of 4 M LiClO4, followed by addition of 4
volumes of 100 % acetone, incubation for 60 min at -20 ºC and
centrifugation (60 min, 14 000 g, 4 ºC). The pellets containing
radioactively labeled probes were suspended in molecular biology grade
water (Thermo Fisher Scienti�c). After hybridization, the membranes
were washed twice with preheated washing buffer (5X SSPE, 0.5 % SDS)
for 30 min at 47 ºC and exposed to Imaging Screen-K (Bio-Rad) at room
temperature. The resulting images were captured by Molecular Imager
FX (Bio-Rad) and further processed using QuantityOne (Bio-Rad).

Protein extraction and identi�cation

Aliquots (20 mL) were withdrawn from three different cultures before and
after sul�te treatment and the cells were pelleted by centrifugation (15 min,
4 000 g, 4 ºC). The cell pellets were suspended in 1 mL cold 1X TBS (Thermo
Fisher Scienti�c), frozen in liquid nitrogen and stored at -80 ºC. Prior to
protein extraction, samples were thawed and lysozyme solution (Amresco)
and PMSF (Fisher) were added to a �nal concentration of 0.1 mg/mL and
170 µg/mL, respectively. The suspensions were further incubated at 4 ºC
for 60 min and sonicated in a Sonics VibraCell VCX 130 with a 3 mm tip
diameter probe (24 pulses, 15 s ON, 15 s OFF, mid amplitude). Cell debris
was separated by centrifugation (20 min, 10 000 g, 4 ºC) and supernatant
was collected for further analysis. Pierce BCA Protein Assay kit (Thermo
Fisher Scienti�c) was used for protein quanti�cation and 200 µg of total
protein were mixed in a 5:1 proportion with trichloroacetic acid, incubated
for 20 min at -20 ºC and centrifuged (30 min, 12 000 g, 4 ºC). The resulting
protein pellets were washed twice with cold acetone, air-dried for 5 min
and stored at -20 ºC.

Before isoelectric focusing, protein pellets were resuspended in 350
µL 2D rehydration buffer (8M urea, 0.5 % CHAPS, 50 mM DTT, 0.5 % IPG
buffer, 0.002 % Bromophenol blue) and incubated 1 h at room temperature
with shaking (90 rpm). Solubilized proteins were loaded onto Immobiline
DryStrip Gel Strips (pH 3-10, 18 cm, GE Healtcare) and overlayed with vase-
line oil. Isoelectric focusing was carried out in an Ettan IPGphor 3 unit (50
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V (10 h), 300 V (2 h), 300 V to 3000 V (1 h), 3000 V (1 h), 3000 V to 5000 V
(1 h), 5000 V (2 h), 5000 V to 8000 V (2 h) 8000 V (2.5 h), 50 V (5 h)) with
50 mA per strip. After isoelectric focusing strips were sequentially washed
in Equilibration buffer I (6 M urea, 75 mM Tris-HCl, 30 % glycerol, 2 % SDS,
0.002 % Bromophenol blue, 2.5 mM DTT, pH 7.5) for 15 min, at room tem-
perature with gentle shaking and then in Equilibration buffer II (6 M urea,
75 mM Tris-HCl, 30 % glycerol, 2 % SDS, 0.002 % Bromophenol blue, 0.08
M iodoacetamide, pH 7.5) for another 15 min. The strips were placed on
the top of 12 % SDS acrylamide gels (29:1 acrylamide/bis-acrylamide) and
proteins were fractionated by electrophoresis. Brie�y, each IPG strip was
cut into three pieces �tting the size of the gels, placed on top of each gel
and sealed with TOP-agarose (0.5 % agarose, 0.002 % Bromophenol blue,
1X SDS Tris-glycine buffer). EZ-Run Prestained Rec Protein Ladder was
used as a size marker. Gels were run for 1 h at 200 V, 45 mA and 4 W and
stained with BlueSafe (NZYTech).

Gel pieces containing the selected protein spots were excised manually
and subjected to mass-spec analysis at the General Proteomics Service of
the University of the Basque Country. Brie�y, each gel piece was placed
in digestion buffer (50 mM NH4HCO3 and 12.5 ng/µL proteomics grade
trypsin, Roche) and incubated overnight at 37 ºC. Supernatant was trans-
ferred to a separate tube and additional peptides were extracted from the
gel pieces with 25 mM NH4HCO3, 50 % (v/v) acetonitrile and then with 0.1 %
tri�uoroacetic acid and 50 % (v/v) acetonitrile. The recovered supernatants
and extracted peptides were combined and dried in a SpeedVac (Thermo-
Scienti�c), solubilized in 0.1 % formic acid, sonicated for 5 minutes and
centrifuged (10 min, 16 000 g). The resulting samples were loaded onto a
Symmetry 300 C18, 180 µm x 20 mm precolumn (Waters) connected to a
BEH130 C18, 75 µm x 200 mm, 1.7 µm column (Waters) equilibrated with
3 % acetonitrile and 0.1 % formic acid. The precolumn was washed with
0.1 % formic acid for 3 min at a �ow rate of 5 µL/min, and peptides were
eluted with a 30 min linear gradient of 3–60 % acetonitrile directly onto
a homemade emitter. LC-MS/MS spectra were acquired using a SYNAPT
HDMS mass spectrometer (Waters) interfaced with a nanoACQUITY UPLC
System (Waters). Capillary voltage was set to 3500 V and data-dependent
MS/MS acquisitions were performed on precursors with charge states of
2, 3, or 4 over an m/z range of 350–1990. The resulting spectra were pro-
cessed using VEMS [34] and obtained data were used to search against the
UniProtKB-SwissProt database (v. 2018_05 [35]) restricted to E. coli using
the on-line Mascot Server v. 2.6.2.
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Results

Effects of sul�te on E. coli cell growth, culturability and viability

Addition of sodium metabisul�te to E. coli cultures at OD600∼0.6 greatly
inhibited cell growth. During 30 min of exposure to 2 mM sodium
metabisul�te, cell growth was temporarily inhibited and cultures partly
recovered their capacity to grow after 2 h (Figure 6A). There were no
signi�cant changes in cell culturability after sul�te treatment. Aliquots of
bacterial cultures withdrawn before and after addition of sul�te
contained the same number of culturable cells per mL (Figure 6B), thus
suggesting that sul�te has a bacteriostatic rather than bactericidal effect
on E. coli growth. Moreover, membrane integrity remained unchanged
within 6 h after addition of sul�te. Namely, examination of samples
stained with LIVE/DEAD staining kit under �uorescent microscope
(Figure 6C) revealed a similar percentage of green versus red cells (85 % of
cells with intact membranes and 15 % of cells with partly permeable
membranes, respectively) before and after treatment, indicating that
sul�te has no severe damaging effect on E. coli membrane.

Changes in gene expression after sul�te treatment

To assess changes in gene expression, total RNA isolated from three
independent cultures before and 30 min after bisul�te treatment was
subjected to microarray analysis. Microarray analysis revealed signi�cant
changes in the expression of 830 genes.

With the help of the STRING software [36], we were able to group the
differentially expressed genes into functional clusters. After manual
curation, we obtained clusters of genes involved in processing of genetic
information, DNA biosynthesis, replication and repair, central carbon
metabolism, sulfur metabolism, amino acid metabolism, energy
production, motility, protein and cell envelope maintenance, transport
and stress response (Table 1).

In addition, microarray analysis disclosed expression changes in
genes coding for enzymes that participate in central carbon metabolism,
amino acid metabolism and sulfur metabolism (Table 1). The complete set
of genes grouped according to their biological function is available in
Table S10. Concerning the E. coli central carbon metabolism there was a
shift towards anaerobic pathways as genes coding for glycolytic enzymes
(eno), Etner-Duodoroff patway (edd) and TCA cycle enzymes (e.g., maeA,
sdhAB) were downregulated, while genes involved in fermentation and
anaerobic metabolism showed upregulation (ldhA, dcuB). Likewise, the
aceK gene, coding for an enzyme that regulates the �ux between TCA and
glyoxylate cycles, was downregulated. In relation to amino acid
metabolism, a large number of genes were downregulated (fold change
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Figure 6. Effects of sul�te on E. coli growth and membrane permeability. (A) Growth
curves determined for untreated (blue) and sul�te-treated (orange) cells grown on M9 min-
imal medium supplemented with 0.4 % glucose. (B) Cell culturability measured as cells/mL
prior and after sul�te addition and shown on a log scale. (C) Fluorescent microscopy im-
ages of control and sul�te-treated cells stained with the LIVE/DEAD staining kit. Cells with
intact membranes (green) can be differentiated from cells with partly permeable mem-
branes (red). The experiments were performed at least three times and standard deviations
in panel A and B are indicated by vertical bars.
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Table 1. Groups of E. coli genes that showed signi�cant changes in expression before and
after exposure to sul�te

General category Speci�c category
Examples of differen-
tially expressed genes

Regulation
and fold
change

Central carbon
metabolism

Glycolysis eno ↓ 2.5
Gluconeogenesis fbp ↑ 2.5
Glycolysis and gluco-
neogenesis

pgm ydiA ↑ 2.2-3.7

Fermentation ldhA ↑ 3.6
Anaerobic respiration dcuB ↑ 7.8
TCA cycle aceK maeA sdhA sucA ↓ 4.4-8.3

Sulfur
metabolism

Sulfur assimilation
and transport

cysH cysJ cysU cysW ↓ 24.5-72.3
cysQ yedY yedZ ↑ 3.6-8.2

Sulfur metabolism
regulation

cysB ↓ 3.4

Fe-S cluster biogene-
sis

erpA iscS iscU ↑ 3.3-5.7

Fe-S cluster biogene-
sis regulation

iscR ↑ 8.9

Amino acid
metabolism

Alanine metabolism panD ↑ 3.5

Aromatic amino acid
metabolism

aroA folP menE nudB ↓ 2.2-11.7
aroF idi ubiA ubiF ↑ 2.5-32.5

Glutamine
metabolism

carA glnA gltF putA ↓ 3-61.5

Valine metabolism ilvB ilvN ↓ 10.4-13.1

Processing of
genetic information

Transcription regula-
tion

crp csrA fur hns ↑ 2.05-10.2

Transcription
machinery

rpoB rpoC ↓ 2.5-3.3
rpoD rpoH ↑ 2.1-5.2

Translation rpsA rpsF rpsI rpsR ↓ 1.9-4.2
RNA modi�cation glnS ileS leuS metG ↓ 1.8-9.0
RNA degradation pnp rne rng rnhB ↓ 1.9-5.5

DNA biosynthesis,
replication and
repair

DNA damage repair
recB recC recF recG ↓ 2.1-11
mug recA ↑ 2.7-3.7

DNA replication nrdA nrdB polA topB ↓ 1.8-4.2

Control of DNA and
RNA topology

gyrA gyrB hrpA ↓ 2-2.8
sbmC ↑ 3.4

DNA restriction hsdM hsdR hsdS mcrB ↓ 2.8-15.1

Energy production
Respiratory chain

cyoA cyoB nuoE nuoF ↓ 2.5-6.7
ndh ↑ 3.4

ATP production atpA atpB atpC ppk ↓ 2.2-3.3

Motility

Chemotaxis cheA cheB cheR tap ↓ 4-22.2
Flagellar processes �gC �hD �iA �iF ↓ 3.4-48.2

Bio�lm formation
yliE ↓ 40.0
ariR bhsA ↑ 4.2-15.6

Continued on next page
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Continued from previous page

General category Speci�c category
Examples of differen-
tially expressed genes

Regulation
and fold
change

Cellular envelope
maintenance

Membrane symmetry
regulation

yrbC yrbD yrbE yrbF ↑ 2.4-4.3

Cell wall formation mreC murD murF ↓ 2.1-6.9
Peptidoglycan main-
tenance

ampG mraY ycfS yraM ↓ 2.0-14.5

LPS synthesis lptD lptE rfaD rfaF ↓ 2.3-7.8

Protein maintenance
and turnover

Protein degradation
dcp degP iadA ptrA ↓ 1.9-3.5
degQ tldD ↑ 2.1-3.4

Protein folding and
assembly

fkpB groS surA ↓ 1.9-4.5
pphA smpA ↑ 3.0-5.5

Transport

Amino acid transport
artM cydD gltL hisP ↓ 2.1-33.7
gltS osmF ygaW ↑ 2.6-87.3

Pyruvate transport yjiY ↑ 41.7
Cytosine and uracil
transport

codB urA ↓ 36-50.8

Stress response

DNA damage resis-
tance

uspD ↑ 74.20

Heat-shock response hspQ ↑ 4.9
Cold-shock response cspB ↑ 6.5
Metabolite repair yjeF ↑ 2.3
Starvation response iraP psiE rspA sspA ↑ 2-39.3
Envelope stress rcsF ↑ 2.9

Toxin-antitoxin
systems

Translation inhibition relB-relE ↑ 3.5-3.5
Translation initiation yefM-yoeB ↑ 3.6-3.8
Persistence regulation mqsA-mqsR ↑ 10.1-10.5

10-60), including those involved in the metabolism of glycine (gcvP,
gcvH ), glutamine and glutamate (e.g., carA, putA), serine and aspartate
(e.g., thrA, thrB), valine (ilvB, ilvN ) as well as other amino acids. Conversely,
a gene involved in alanine metabolism was upregulated (panD), whereas
genes participating in aromatic amino acid metabolism showed both high
downregulation (e.g., aroA, nudB) and high upregulation (e.g., trpA, tyrA)
(fold change 10-30). With respect to sulfur metabolism, a tremendous
decrease in expression of genes participating in sulfur assimilation (cysH,
cysJ ) and sulfur import across the membrane (cysU, cysW, fold change
24-72) was consistent with downregulation of the transcription regulator
cysB, a positive regulator of genes involved in sulfur assimilation.
Additionally, there was a signi�cant upregulation of genes involved in
sul�te oxidation (yedY, yedZ ) and Fe-S cluster assembly (e.g., iscS, iscU ).

Regarding the cluster of genes that control processing of genetic infor-
mation (Table 1), upregulation of many transcription regulators (e.g., arcA,
crp, hns) was accompanied by a general reduction in expression of genes
participating in transcription (e.g., rpoB, rpoC ), translation (e.g., rpsA, rpsF,
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rpsI ), RNA modi�cation (e.g., glnS, ileS, leuS), RNA degradation (e.g., pnp,
rne, rng ), DNA replication (e.g., diaA, polA, topB), DNA damage repair (e.g.,
mfd, mutT, recB), control of DNA topology (e.g., gyrA, gyrB) and regulation
of DNA restriction (e.g., hsdR, hsdS). Contrasting with this downregula-
tion landscape, there was an increase in expression of several genes (e.g.,
mug ), involved in DNA damage repair as well as rpoD and rpoH, coding
for the sigma factors σ70 and σ32, respectively. The �rst one, σ70, is the pri-
mary sigma factor that controls the expression of numerous housekeeping
genes during the exponential growth. The other one, σ32, controls the ex-
pression of heat-shock genes in response to high temperatures and/or in
the presence of misfolded proteins.

With regards to the cluster of genes participating in energy production
(Table 1), downregulation of those coding for proton pumping enzymes
(cyo, nuo) was accompanied by an increase in expression of ndh, which
codes for an enzyme that transfers electrons from NADH to ubiquinone in
the membrane without generating an electrochemical gradient. Concomi-
tantly, there was a decrease in expression of genes involved in aerobic ATP
production that requires a proton gradient (e.g., atpA, atpB, atpC ) or inor-
ganic polyphosphate and ADP (ppk).

Concerning the impact on motility (Table 1), some genes related to �ag-
ellar synthesis (e.g., �hC, �hD), assembly (e.g., �gE, �gF, �gG) and move-
ment (e.g., �iL, �iM, �iN ) were higly downregulated along with genes cod-
ing for chemotactic proteins (e.g., cheA, cheB). Contrasting with the reduc-
tion in expression of �agellar and chemotaxis genes, the genes involved in
bio�lm formation showed mixed regulation with high upregulation of ariR
and bhsA (fold change > 15) and remarkable downregulation of yliE (fold
change > 40).

With respect to cell envelope and protein biogenesis (Table 1), there
was downregulation of genes involved in cell wall formation (e.g., murD,
murF ), peptidoglycan maintenance (e.g., ampG, mraY ), and lipopolysac-
charide synthesis (e.g., lptD, rfaL) contrasted with upregulation of genes
coding for membrane symmetry regulatory proteins (e.g., yrbC, yrbD). As
for protein maintenance and turnover, there was signi�cant alterations in
the expression of genes participating in protein degradation (e.g., degP,
degQ), protein folding and assembly (e.g., pphA, surA) and protein mod-
i�cation (e.g., dsbA, dsbB). These changes were accompanied by downreg-
ulation of genes coding for enzymes involved in protein phosphorylation
(e.g., cusS, ubiB).

Cellular transport was another essential function affected by sul�te (Ta-
ble 1). Several genes related to transport of peptides (e.g., oppC, oppF ), pro-
teins (e.g., tatA, tatB), carbohydrates (e.g., gatA, gatB), polyamines (e.g., potB,
sapD) as well as cytosine and uracil (codB, uraA) were, with few exceptions,
dowregulated. Conversely, there was a signi�cant increase in the expres-
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sion of genes involved in transport of pyruvate (yjiY ), cobalt, nickel and
magnesium (e.g., corA, rcnA). Amino acid transport genes showed mixed
regulation including some upregulated (gltS, ygaW ) and downregulated
(artM, ydjN ) ones. There were highly downregulated genes involved in
transport of histidine and cysteine (hisP, ydjN ), galactitol (gatABC ) and cy-
tosine and uracil (codB, uraA) (fold change 10-50). In contrast, highly up-
regulated genes (fold change 40-80) were related to transport of alanine
(ygaW ) and piruvate (yjiY ).

Furthermore, sul�te treatment also in�uenced the expression of stress
response genes and several toxin-antitoxin systems (Table 1). Namely, ex-
posure to sul�te triggered the upregulation of genes participating in DNA
damage resistance (uspB), starvation response (e.g., psiE, rspA), heat-shock
response (hspQ), cold-shock response (cspB), envelope stress (rcsF ) and
metabolite repair (yjeF ), with genes involved in DNA damage resistante
and starvation response showing high upregulation (fold change 28-70).
In contrast, genes coding for osmoregulating enzymes (e.g., betA, mdoG)
were downregulated and genes linked to mutidrug resistance (e.g., emrB,
mdtK ) and oxidative stress (btuE, sodA) showed mixed regulation. Expres-
sion changes related to stress response concurred with upregulation of
several toxin-antitoxin systems (e.g., relE-relB, yefM-yoeB, mqsA-mqsR).
Remarkably, the mqsA-mqsR operon showed a 10 fold upregulation.

Validation of gene expression by RT-qPCR

To validate expression changes disclosed by microarray analysis, RNA
samples prepared from control and sul�te treated cultures (different
from those used in microarray analysis) were subjected to RT-qPCR. A
total of 8 genes showed statistically signi�cant expression changes
(p < 0.05), all concordant with those revealed by microarray (Table 2).

Table 2. Differentially expressed genes validated by qRT-PCR.

Regulation
Gene name

Microarray qRT-PCR

uspD ↑ 70.43 ↑ 137.62

yjiY ↑ 41.74 ↑ 86.66

bhsA ↑ 15.62 ↑ 22.36

corA ↑ 4.61 ↑ 8.3

psiE ↑ 28.55 ↑ 24.37

yhcN ↑ 5.94 ↑ 7.41

hspQ ↑ 4.94 ↑ 3.92

cysJ ↓ 72.35 ↓ 23.26



68 | Chapter 2. E. coli adaptation to sodium bisul�te

Changes in protein expression

To assess the effects of sul�te treatment at the proteome level, proteins
extracted from control and sul�te treated cultures were analyzed by 2D
protein gel electrophoresis (Figure 7). To reveal the nature of the differ-
entially expressed proteins, �ve spots were excised from the gels and sub-
mitted for mass-spec identi�cation. Identi�ed polypeptides (Table 3) were
proteins involved in arginine (ArtJ), zinc (ZnuA) and molybdenum (ModA)
transport, translation (Frr) and heat-shock response (FkpA).
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Figure 7. Two-dimensional gel electrophoresis of proteins extracted from control and
sul�te-treated cells. The pH range shown covers 6-8.5. The gel areas that correspond to
the rest of the pH range covered by the IPG strips are not shown as they did not reveal any
differences between control and sul�te-treated samples. The gel pieces containing the dif-
ferentially expressed polypeptides (spots 1-5) were excised from the gels and submitted for
identi�cation by mass-spectroscopy.

Table 3. Up- and downregulated polypeptides (spots 2,3,4,5 and 1, respectively) identi�ed
by mass-spectrometry analysis.

Gel spot Identity (regulation)
Molecular

weight (kDa)
Isoelectric

point

1 ArtJ ↓ 26.9 6.84

2 ZnuA ↑ 33.8 5.61

3 Frr ↑ 20.6 6.43

4 ModA ↑ 27.3 7.82

5 FkpA ↑ 28.8 8.39

Analysis of sRNA expression by Northern blotting

Microarray analysis disclosed changes in the expression of several known
(e.g., MicC, GlmZ) and putative (e.g., C0485, C0087) sRNAs (Table 4). From
the 22 differentially expressed sRNAs, 9 were selected for further valida-
tion by Northern blotting. While 6 sRNAs were undetectable, the other 3
showed regulation concordant with microarray results (Figure 8).
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Table 4. sRNA genes that showed signi�cant changes in expression. ND and NT stand for
Not Detectable and Not Tested, respectively.

Gene name
Microarray
regulation

Northern
blot

MicC (VK2) ↓ 2.16 ND

RybA (VK4) ↑ 3.75 ↑
RybB (VK5) ↓ 2.04 ↓

SroH (VK26) ↓ 2.1 NT

GlmZ (VK32) ↑ 2.75 ↑
SraF (VK34) ↓ 4.44 ND

McaS (VK51) ↑ 4.62 NT

IsrC (VK52) ↓ 5.89 ND

IS056 (VK72) ↑ 4.18 NT

C0485 (VK75) ↑ 3.05 ND

RNA0-361 (VK76) ↑ 2.61 ND

C0087 (VK77) ↑ 2.32 ND

IS018 (VK79) ↓ 8.77 NT

T51 (VK81) ↑ 2.66 NT

STnc570a (VK92) ↑ 3.29 NT

VK95 ↑ 2.6 NT

VK102 ↑ 2.24 NT

VK113 ↓ 2.5 NT

C0200 (VK125) ↑ 2.92 NT
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Figure 8. Northern blot validation of sRNA expression patterns revealed by microarray.
Total RNA isolated from control (-) and sul�te treated (+) cells was fractionated in 6 % poly-
acrylamide gels, transferred to membranes and hybridized with oligonucleotide probes
complementary to the selected sRNAs. The loading control was obtained by stripping the
membranes and subsequently hybridizing with a probe complementary to tRNAAla. The
ladder (L) was generated by hybridizing total RNA with a mixture of four probes comple-
mentary to 6S, M1, 5S RNAs and tRNAAla.
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Discussion

Sodium sul�te and related compounds are widely used as food and bev-
erage preservatives due to their capacity to inhibit microbial growth [6, 7,
8, 9]. Exposure to sul�te can provoke a stress and cell damage as this com-
pound can react with many biological molecules including amino acids,
proteins, carbohydrates, nucleic acids and vitamins, potentially affecting
cell �tness and survival [9, 22, 29, 25, 26]. Although sul�tes are usually
regarded as safe for human consumption, excessive intake of foods pre-
served with sul�te could potentially affect the human microbiota [28] in
an unpredictable manner as the effects of sul�te on bacterial metabolism
and gene expression are still largely unknown.

Here we used E. coli as a model organism to study the possible ef-
fects that reducing agents like sodium bisul�te might have on bacterial
metabolism and gene expression. We made use of �uorescent microscopy
and cell plating techniques to assess the effects of sul�te exposure on E.
coli growth and viability. In addition, we used microarray technology and
2D gel electrophoresis to discover changes at the transcriptome and pro-
teome levels and unveil possible mechanisms involved in E. coli response
to sul�te treatment.

We found that during exposure to 2 mM sodium metabisul�te E. coli
growth was greatly inhibited, which is consistent with the previously de-
scribed effects of sul�te additives [7]. The inhibition at this concentration
of sul�te was, however, transient, and the cultures partly recovered their
capacity to grow after 2 h. Additionally, aliquots of bacterial cultures with-
drawn before and at different time points after sul�te exposure yielded the
same count of cells per mL, demonstrating the bacteriostatic, rather than
bactericidal, effect of sul�te at the tested concentration. Although sul�te
can react with unsaturated phospholipids of the lipid bilayer [37], damag-
ing the cellular envelope in a way similar to that of heat-shock, it unlikely
affects membrane permeability (Figure 6). We showed that exposure to
sul�te had no impact on membrane integrity, which remained unchanged
after treatment. Namely, samples stained with LIVE/DEAD staining kit ex-
amined by �uorescent microscope revealed a similar percentage of cells
with intact and partly permeable membranes before and after treatment,
thus indicating that sul�te has no damaging effect on E. coli membrane. In
summary, exposure to 2 mM sodium metabisul�te temporarily inhibits E.
coli growth without compromising culturability or cell integrity.

Upon exposure to adverse conditions bacteria rely on transcriptional
factors and sRNAs to deploy a number of regulatory cascades that result
in deep transcriptome and proteome changes [3, 4, 5]. On one hand, the
regulatory action of many transcriptional factors leads to retardation of
cell growth and metabolism via reprogramming of gene expression to face



Chapter 2. E. coli adaptation to sodium bisul�te | 71

new metabolic challenges. On the other hand, stress-related transcrip-
tional factors can activate the expression of genes intended to confer stress
resistance by diminishing the damaging effects of stress, such as mem-
brane lesions or protein misfolding.

Analysis of E. coli response to sul�te by microarray disclosed changes
in the expression of genes involved in metabolism, processing of genetic
information, energy production, motility, protein and cell envelope main-
tenance, transport and stress response. Some of these changes were fur-
ther con�rmed by qRT-PCR and Nothern blotting.

The sul�te-mediated retardation of cell growth indicates that exposure
to sul�te is harmful for the cell, and in order to survive it must swiftly
adapt by adjusting its metabolism and gene expression. In that context,
transcription regulators play an important role in regulation of gene ex-
pression. Microarray analysis disclosed changes in expression of numer-
ous transcription regulators controlling major metabolic pathways. For in-
stance, ArcA was upregulated. This transcription is known to act as a regu-
lator under anaerobic and microaerobic conditions, inhibiting expression
of tricarboxylic acid cycle enzymes and activating operons involved in fer-
mentation [38]. The transcription regulator CsrA was upregulated as well.
CsrA is known to affect central carbon metabolism by positively regulating
genes participating in glycolysis and negatively regulating genes involved
in gluconeogenesis and glycogen degradation [39, 40]. It can also modulate
�agellar biosynthesis by activating the expression of �agellum operons [41].
The regulator crp, coding for the cAMP receptor protein, showed upregu-
lation. This regulator is known to control the expression of genes involved
in the metabolism of secondary carbon sources in response to changes in
cAMP levels in the cell [42, 43]. Changes in the expression of central car-
bon metabolism genes were concordant with upregulation of the afore-
mentioned transcription regulators. The decrease in expression of genes
involved in glycolysis, tricarboxylic acid cycle, Entner-Doudoroff pathway
and glycogen degradation was accompanied by upregulation of genes in-
volved in anaerobic respiration and fermentation, indicating a shift to-
wards anaerobic metabolism.

Microarray analysis also revealed changes in the expression of numer-
ous genes controlling amino acid metabolism. Namely, several genes in-
volved in aromatic amino acid metabolism were up- (e.g., aroA, folP ) and
downregulated (e.g., aroF, ubiF ). These �ndings went along with an in-
crease in expression of panD, involved in alanine metabolism, and down-
regulation of many genes involved in the metabolism of valine, glutamine,
glutamate, serine and aspartate among others. Additionally, microarray
and Northern blot experiments revealed upregulation of the sRNA RybA.
Previous studies indicated that RybA was upregulated and stabilized un-
der cold shock and oxidative stress conditions. In addition, it has also been
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described as a negative regulator of several genes that participate in aro-
matic amino acid biosynthesis and transport (e.g., aroL, aroM, aroF, tyrA,
ygaW ) [44]. Microarray analysis and Northern blot experiments con�rmed
upregulation of RybA during sul�te exposure, which was consistent with
downregulation of some RybA targets (e.g., aroA, ygaW ) but not the oth-
ers (e.g., aroF, tyrA). The latter could mean that the regulation of the target
genes is more complex and might involve other factors that counteract the
action of RybA, differentially affecting gene expression in cells exposed to
sul�te. It was previously described that sul�te can react with some amino
acids [22] and the addition of amino acids to a sul�te-treated culture was
capable of reversing growth inhibition [45]. It seems likely that E. coli can
adjust amino acid concentration, making it possible to titrate out excess of
sul�te potentially present in different cell compartments.

Other metabolic pathways affected by sul�te included those related to
sulfur assimilation. The expression of several sulfur metabolism genes is
under the positive control of the transcription regulator CysB [46].
Consistently, we found that downregulation of cysB concurred with high
downregulation (fold change 24-72) of several genes involved in sulfur
metabolism and assimilation (e.g., cysH, cysJ ). Microarray and qRT-PCR
data were consistent in this regard. In both cases cysJ showed high
downregulation. In contrast, genes involved in sul�te oxidation (i.e., YedY
and YedZ ) as well as genes controlling Fe-S cluster biogenesis (e.g., erpA,
iscS) showed upregulation. It is worth mentioning that, compared to the
original M9 medium, addition of 2 mM Na2S2O5 increases the
concentration of sulfur-containing compounds from 1 mM (1 mM MgSO4

originally present in M9) to 5 mM (original 1 mM MgSO4 + 4 mM NaHSO3

(or 2mM Na2S2O5)). Therefore, although upregulation of genes coding for
sul�te-oxidizing enzymes suggests that E. coli can convert sul�te to
sulfate, the excess of sulfate cannot be assimilated.

Sul�te can alter the redox state of the cell and affect the electrochemi-
cal gradient across the membrane. Since ATP synthesis by oxidative phos-
phorylation is dependent on a proton motive force [47], the presence of
sul�te could weaken the electrochemical gradient, in turn rendering sev-
eral energy producing enzymes inef�cient or nonfunctional. In agree-
ment with the transient redundancy of many components of the respi-
ratory chain and ATP producing enzymes dependent on proton translo-
cation, their cognate genes were downregulated. Conversely, ndh was up-
regulated. This gene codes for NADH quinone oxidoreductase II, an en-
zyme that catalyzes the transfer of electrons from NADH to ubiquinone
without generating an electrochemical gradient [48]. Presumably, alter-
ations in the proton gradient across the membrane prompted E. coli to
modify the electron transport chain excluding proton pumping proteins.

Consistent with the reduction of metabolic activities and energy
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production, we found downregulation of genes involved in different
energy-dependent mechanisms including transport of biomolecules
across the membrane. For example, there was a general downregulation
of genes controlling peptide (e.g., oppC, oppD), protein (e.g., bamA, lolD)
and carbohydrate transport (e.g., gata, ptsG). Remarkably, several porins
(e.g., ompD, ompF ) were downregulated and genes involved in transport
of uracil and cytosine (codB, uraA) were highly downregulated (fold
change 36-50). Downregulation of many genes involved in transport is
consistent with the state of the metabolic arrest initiated during E. coli
adaptation to sul�te. Additionally, the high downregulation of genes
involved in transport of uracil and cytosine could be a protective
measure, since E. coli could limit the movement of molecules that react
with sul�te to avoid damage to the cell. Contrasting with this extensive
downregulation there was upregulation of few transport genes, for
instance, yjiY and corA, coding for a pyruvate/proton symporter and a
magnesium, cobalt and manganese transporter respectively.

Proteomic experiments also revealed changes in regulation of three
transport proteins, namely, ArtJ, ZnuA and ModA. ArtJ, which is part of an
arginine transport complex in the family of the ATP-binding cassettes,
was downregulated. This is consistent with the observed reduction of
metabolic processes and energy production. ZnuA, a transporter that
mediates the ATP-dependent uptake of zinc, was upregulated. Zinc is an
essential metal ion with structural, catalytic and regulatory roles in
different proteins. Upregulation of ZnuA could lead to an increased
capacity to import zinc, essential for the function of the enzymes
necessary to reduce the harmful effects of sul�te. ModA, a molibdate
importing protein, was also upregulated. Molybdenum is an essential
chemical element present in the active site of different enzymes that
catalyze the oxidation and sometimes reduction of nitrogen, sulfur and
carbon [49]. In E. coli, molybdenum is essential for the correct function of
YedY, a periplasmic sul�te oxidase that converts toxic sul�te to neutral
sulfate. The concomitant upregulation of yedY and ModA could
potentially help E. coli to cope with toxic levels of sul�te accumulated in
the periplasmic space. The aforementioned adjustments in gene and
protein expression were accompanied by high up- and downregulation
(fold change 2-87) of genes coding for amino acid transport proteins (e.g.,
ydjN, ygaW ). These high changes in expression, in conjunction with the
aforementioned changes in the expression of genes controlling amino
acid metabolism (see above), could lead to substantial alterations in the
concentration of amino acids able to interact with sul�te (e.g., methionine
or cysteine). This would allow titration of excess sul�te potentially
present in the cell.

Bio�lm formation is a common response to environmental stress. It
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can facilitate microbial survival under adverse conditions [50, 51]. Creation
of a bio�lm structure is an energy-demanding process that requires the
creation of an extracellular matrix containing DNA, polysaccharides and
proteins accompanied by a reduction in motility [52, 53]. Microarray anal-
ysis disclosed changes in expression of numerous transcription regulators
(e.g., crp, hns, fur ), likely assisting the cell to survive to the harsh environ-
ment created by sul�te. The global transcription regulators crp, fur and
hns, that showed an increase in expression, regulate a large number of
genes involved in energy-demanding processes such as osmoregulation,
multidrug ef�ux, chemotaxis, �agellar synthesis, membrane maintenance,
bio�lm formation, etc. [54, 55, 56, 57, 58, 59]. Regarding the control of
motility, there was a signi�cant decrease in expression (fold change 10-40)
of many genes involved in chemotaxis (e.g., cheA, cheB), �agellar synthesis
(e.g., �hC, �hD), �agellar assembly (e.g., �gA, �hA) and �agellar movement
(e.g., �gB, �iC ). In addition, the transcriptional regulator BolA, which partic-
ipates in general stress response by regulating numerous genes that deter-
mine cell shape or induce bio�lm formation, was highly upregulated [60,
61]. Interestingly, BolA was reported to reduce motility if overexpressed
[62]. The above expression changes could be due to the state of metabolic
arrest induced by sul�te exposure, as they prevent unnecessary energy ex-
penses.

In addition to the aforementioned downregulated mechanisms, the
decrease in energy consumption was also correlated with the overall
reduction in expression of genes involved in processing of genetic
information. Numerous genes participating in transcription (e.g., rpoB,
rpoC ), translation (e.g., rpsA, rpsF ) or RNA degradation (e.g., rnb, rne, rng )
were downregulated along with the genes participating in DNA
biosynthesis, replication and repair (e.g., mutT, recB, dnaX, polA, gyrA,
gyrB). Additionally, proteomic pro�ling revealed upregulation of Frr,
which is a ribosome recycling factor that recycles ribosomes upon
translation termination. Frr, together with other release factors, mediates
the release of 50S ribosomal subunits from assembled 70S ribosomes.
The upregulation of Frr may contribute to the recycling of ribosomes
being in excess under growth arrest conditions.

In summary, the growth arrest induced by sul�te treatment and global
reduction of physiological activities are fully consistent with the
profound downregulation of genes that control energy-demanding
processes such as transport, motility, bio�lm production, gene
expression and metabolism.

Along with the regulatory changes directed to slow down cellular
metabolism, sul�te exposure apparently triggered several E. coli stress
responses by upregulating transcription regulators. The latter included
ompR, which participates in acid resistance and oxidative stress [63], and
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soxR, involved in oxidative stress response [64]. The coordinated
upregulation of the above transcription regulators made it possible for E.
coli to initiate the necessary adjustments to survive under the highly
reductive conditions created by sul�te.

It is known that sul�te can produce mutations by irreversible deami-
nation of cytosine to uracil [23, 24]. Microarray analysis and qRT-PCR re-
vealed changes in the expression of genes related to DNA damage repair
and DNA damage resistance. For instance, the mug gene, coding for uracil
DNA glycosylase, showed a 3-fold increase in expression. This glycosylase
functions by detecting mispairing between guanine and uracil nucleotides
(that may arise by deamination of cytosine) and hydrolyzes the bond be-
tween the sugar-phosphate backbone and the mispaired base [65, 66]. The
upregulation of the mug gene might indicate that sul�te is indeed capable
of altering genetic information and E. coli deploys mechanism to repair
this speci�c type of mutation. In addition, uspD showed high upregulation
in microarray and qRT-PCR experiments. This genes codes for a univer-
sal stress protein induced by different stresses that cause growth arrest.
When expressed, it confers resistance against DNA damage [67]. Further-
more, there was a general downregulation of other genes involved in DNA
damage repair (e.g., recB, recC, mutT ), probably as a consequence of the
sul�te-dependent inhibition of cell growth.

In addition to its effects on the redox potential, sul�te can react with
disul�de bonds and �avin groups in proteins [9], potentially altering their
structure and function. Proteomic analysis revealed upregulation of
FkpA, a heat-shock isomerase with chaperone capacities. During sul�te
exposure the structure of some proteins can be disturbed and
upregulation of FkpA could help in reversing protein misfolding
produced by reactions with sul�te. The increase in expression of the
chaperone FkpA was, however, accompanied by mixed regulation
changes in genes involved in protein degradation, protein folding and
assembly, peptidoglycan maintenance and lipopolysaccharide synthesis.
Furthermore, microarray and Northern blot analysis showed
downregulation of the sRNA RybB. RybB is a sRNA activated by σE during
envelope stress. It negatively regulates the expression of numerous genes
that control membrane processes and induce cell lysis [68, 69, 70].
However, decreased expression of RybB did not correlate with regulation
of its target genes that control transport, cell wall formation,
peptidoglycan maintenance and lipopolysaccharide synthesis and are
involved in cell envelope maintenance. This discrepancy could be
explained by recent �ndings that demonstrate that RybB function in vivo
is dependent on multiple RNA chaperones, as well as relative levels of
this sRNA and the target mRNA [71]. While there is no proof that sul�te
can enter the cytoplasm through a speci�c transporter, it could still be
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wrongly recognized by the CysPTWA complex. Consequently, when
sul�te concentration in the periplasm rises over a certain threshold, it
could leak into the cytoplasm. Potentially affecting interaction between
RNA chaperones and RybB, disrupting the regulatory pathways under the
control of RybB. Additionally, both microarray and Northern blot showed
upregulation of GlmZ, a sRNA involved in the post-transcriptional
regulation of glmS, a gene coding for an enzyme that catalyzes a reaction
involved in the synthesis of amino sugars, essential for the building of cell
wall. Although GlmZ normally stabilizes the glmS mRNA molecule by
unmasking the ribosome binding site and activating translation [72, 73],
the sul�te-induced upregulation of GlmZ was not accompanied by
signi�cant changes in the expression of glmS. This could mean that sul�te
interferes with GlmZ action via an unknown mechanism and impacts its
capacity to bind to its target mRNA and exert its regulatory functions,
thus preventing stabilization and expression of glmS mRNA.

In conclusion, our data indicate the exposure to a sublethal concen-
tration of sodium bisul�te can transiently inhibit bacterial growth and ac-
tivate stress responses directed to diminish possible damage (Figure 9).
During the growth arrest phase E. coli reprograms gene expression to (i)
eliminate sul�te and (ii) minimize its damaging effect on biomolecules.

Moreover, the highly reductive environment created by sul�te
decreases oxygen availability and renders the quinone pool in the
membrane non-functional, thus negatively affecting many metabolic
pathways and inhibiting respiration and energy production. However,
sul�te does not damage the cellular envelope or compromise cell
culturability. After sul�te exposure E. coli entered a stage of cellular arrest
during which adaptation responses were activated, i.e., reprogramming
of gene expression to cope with the damaging effect of sul�te.

It seems like E. coli is not capable of coping with the excess of sul�te via
sulfur assimilatory pathways, it is then when it initiates several mechanism
to neutralize sul�te toxicity. In this regard, E. coli upregulates yedY, coding
for a molybdenum-dependent, periplasmic, sul�te oxidase. The upregu-
lation of yedY is complemented by an increase in the expression of the
molybdenum transporter ModA, increasing the molybdenum transport
necessary for YedY activity. Additionally, E. coli upregulates genes involved
in Fe-S cluster biogenesis and regulates numerous genes that participate
in amino acid metabolism and transport to potentially create a temporary
storage for sul�te.
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Bibliography

[1] J. L. Ramos, M. T. Gallegos, S. Marqués, M. I. Ramos-González, M.
Espinosa-Urgel, and A. Segura, “Responses of Gram-negative bac-
teria to certain environmental stressors,” Current Opinion in Mi-
crobiology, vol. 4, no. 2, pp. 166–171, Apr. 2001. DOI: 10.1016/s1369-
5274(00)00183-1.

[2] M. Orruño, V. R. Kaberdin, and I. Arana, “Survival strategies of
Escherichia coli and Vibrio spp.: Contribution of the viable but
nonculturable phenotype to their stress-resistance and
persistence in adverse environments,” World Journal of
Microbiology and Biotechnology, vol. 33, no. 3, Feb. 2017. DOI:
10.1007/s11274-017-2218-5.

https://doi.org/10.1016/s1369-5274(00)00183-1
https://doi.org/10.1016/s1369-5274(00)00183-1
https://doi.org/10.1007/s11274-017-2218-5


78 | Chapter 2. E. coli adaptation to sodium bisul�te

[3] V. Zorraquino, M. Kim, N. Rai, and I. Tagkopoulos, “The genetic and
transcriptional basis of short and long term adaptation across mul-
tiple stresses in Escherichia coli,” Molecular Biology and Evolution,
msw269, Dec. 2016. DOI: 10.1093/molbev/msw269.

[4] M. S. Guo and C. A. Gross, “Stress-induced remodeling of the bac-
terial proteome,” Current Biology, vol. 24, no. 10, R424–R434, May
2014. DOI: 10.1016/j.cub.2014.03.023.

[5] A. Battesti, N. Majdalani, and S. Gottesman, “The RpoS-mediated
general stress response in Escherichia coli,” Annual Review of
Microbiology, vol. 65, no. 1, pp. 189–213, Oct. 2011. DOI:
10.1146/annurev-micro-090110-102946.

[6] R. Walker, “Sulphiting agents in foods: Some risk/bene�t consider-
ations,” Food Additives & Contaminants, vol. 2, no. 1, pp. 5–24, Jan.
1985. DOI: 10.1080/02652038509373522.

[7] N. Robakis, T. Rossman, R. Shapiro, and W. Szer, “The effects of
bisul�te on growth and macromolecular synthesis in Escherichia
coli,” Chemico-Biological Interactions, vol. 43, no. 3, pp. 289–298,
Mar. 1983. DOI: 10.1016/0009-2797(83)90113-8.

[8] R. Shapiro, “Genetic effects of bisul�te (sulfur dioxide),” Mutation
Research/Reviews in Genetic Toxicology, vol. 39, no. 2, pp. 149–175,
Jan. 1977. DOI: 10.1016/0165-1110(77)90020-3.

[9] D. H. Petering and N. T. Shih, “Biochemistry of bisul�te-sulfur diox-
ide,” Environmental Research, vol. 9, no. 1, pp. 55–65, Feb. 1975. DOI:
10.1016/0013-9351(75)90049-3.

[10] EFSA Panel on Food Additives and Nutrient Sources Added to
Food, “Scienti�c opinion on the re-evaluation sulfur dioxide (e
220), sodium sul�te (e 221), sodium bisul�te (e 222), sodium
metabisul�te (e 223), potassium metabisul�te (e 224), calcium
sul�te (e 226), calcium bisul�te (e 227) and potassium bisul�te (e
228) as food additives,” EFSA Journal, vol. 14, 4 2016. DOI:
10.2903/j.efsa.2016.4438.

[11] A. Aranda, E. Jiménez-Martí, H. Orozco, E. Matallana, and M. del
Olmo, “Sulfur and adenine metabolisms are linked, and both mod-
ulate sul�te resistance in wine yeast,” Journal of Agricultural and
Food Chemistry, vol. 54, no. 16, pp. 5839–5846, Aug. 2006. DOI: 10.
1021/jf060851b.

[12] C. Nadai, L. Treu, S. Campanaro, A. Giacomini, and V. Corich, “Differ-
ent mechanisms of resistance modulate sul�te tolerance in wine
yeasts,” Applied Microbiology and Biotechnology, vol. 100, no. 2,
pp. 797–813, Nov. 2015. DOI: 10.1007/s00253-015-7169-x.

https://doi.org/10.1093/molbev/msw269
https://doi.org/10.1016/j.cub.2014.03.023
https://doi.org/10.1146/annurev-micro-090110-102946
https://doi.org/10.1080/02652038509373522
https://doi.org/10.1016/0009-2797(83)90113-8
https://doi.org/10.1016/0165-1110(77)90020-3
https://doi.org/10.1016/0013-9351(75)90049-3
https://doi.org/10.2903/j.efsa.2016.4438
https://doi.org/10.1021/jf060851b
https://doi.org/10.1021/jf060851b
https://doi.org/10.1007/s00253-015-7169-x


Chapter 2. E. coli adaptation to sodium bisul�te | 79

[13] Y. Chebaro, M. Lorenz, A. Fa, R. Zheng, and M. Gustin, “Adaptation
of Candida albicans to reactive sulfur species,” Genetics, vol. 206,
no. 1, pp. 151–162, Feb. 2017. DOI: 10.1534/genetics.116.199679.

[14] V. Kucukatay, S. Turgut, E. Kocamaz, G. Emmungil,
M. Bor-Kucukatay, G. Turgut, H. Akca, and H. Bagci, “Effect of
sul�te exposure on zinc, iron, and copper levels in rat liver and
kidney tissues,” Biological Trace Element Research, vol. 114, no. 1-3,
pp. 185–196, 2006. DOI: 10.1385/bter:114:1:185.

[15] I. Beckspeier, H. Hinze, and H. Holzer, “Effect of sul�te on the en-
ergy metabolism of mammalian tissues in correlation to sul�te ox-
idase activity,” Biochimica et Biophysica Acta (BBA) - General Sub-
jects, vol. 841, no. 1, pp. 81–89, Jul. 1985. DOI: 10.1016/0304-4165(85)
90276-4.

[16] G. Unden and J. Bongaerts, “Alternative respiratory pathways of
Escherichia coli: Energetics and transcriptional regulation in
response to electron acceptors,” Biochimica et Biophysica Acta
(BBA) - Bioenergetics, vol. 1320, no. 3, pp. 217–234, Jul. 1997. DOI:
10.1016/s0005-2728(97)00034-0.

[17] S. G. Henkel, A. T. Beek, S. Steinsiek, S. Stagge, K. Bettenbrock,
M. J. T. de Mattos, T. Sauter, O. Sawodny, and M. Ederer, “Basic
regulatory principles of Escherichia coli electron transport chain
for varying oxygen conditions,” PLoS ONE, vol. 9, no. 9, N. V. Torres,
Ed., e107640, Sep. 2014. DOI: 10.1371/journal.pone.0107640.

[18] J. von Wulffen, A. Ulmer, G. Jäger, O. Sawodny, and R. Feuer, “Rapid
sampling of Escherichia coli after changing oxygen conditions re-
veals transcriptional dynamics,” Genes, vol. 8, no. 3, p. 90, Feb. 2017.
DOI: 10.3390/genes8030090.

[19] R. Benz, A. Schmid, and R. E. Hancock, “Ion selectivity of Gram-
negative bacterial porins,” Journal of Bacteriology, vol. 162, no. 2,
pp. 722–727, 1985. DOI: 10.1128/jb.162.2.722-727.1985.

[20] E. Aguilar-Barajas, C. Díaz-Pérez, M. I. Ramírez-Díaz, H. Riveros-
Rosas, and C. Cervantes, “Bacterial transport of sulfate, molybdate,
and related oxyanions,” BioMetals, vol. 24, no. 4, pp. 687–707, Feb.
2011. DOI: 10.1007/s10534-011-9421-x.

[21] S. J. Brokx, R. A. Rothery, G. Zhang, D. P. Ng, and J. H. Weiner,
“Characterization of an Escherichia coli sul�te oxidase
homologue reveals the role of a conserved active site cysteine in
assembly and function,” Biochemistry, vol. 44, no. 30,
pp. 10 339–10 348, Aug. 2005. DOI: 10.1021/bi050621a.

https://doi.org/10.1534/genetics.116.199679
https://doi.org/10.1385/bter:114:1:185
https://doi.org/10.1016/0304-4165(85)90276-4
https://doi.org/10.1016/0304-4165(85)90276-4
https://doi.org/10.1016/s0005-2728(97)00034-0
https://doi.org/10.1371/journal.pone.0107640
https://doi.org/10.3390/genes8030090
https://doi.org/10.1128/jb.162.2.722-727.1985
https://doi.org/10.1007/s10534-011-9421-x
https://doi.org/10.1021/bi050621a


80 | Chapter 2. E. coli adaptation to sodium bisul�te

[22] M. Inoue and H. Hayatsu, “The interactions between bisul�te and
amino acids. the formation of methionine sulfoxide from methion-
ine in the presence of oxygen,” Chemical & pharmaceutical bulletin,
vol. 19, no. 6, pp. 1286–1289, 1971. DOI: 10.1248/cpb.19.1286.

[23] H. Hayatsu, Y. Wataya, K. Kai, and S. Iida, “Reaction of sodium bisul-
�te with uracil, cytosine, and their derivatives,” Biochemistry, vol. 9,
no. 14, pp. 2858–2865, Jul. 1970. DOI: 10.1021/bi00816a016.

[24] H. Hayatsu, “Discovery of bisul�te-mediated cytosine conversion
to uracil, the key reaction for DNA methylation analysis - a personal
account,” Proceedings of the Japan Academy, Series B, vol. 84, no. 8,
pp. 321–330, 2008. DOI: 10.2183/pjab.84.321.

[25] B. L. Wedzicha, “Chemistry of sulphiting agents in food,” Food Ad-
ditives and Contaminants, vol. 9, no. 5, pp. 449–459, Sep. 1992. DOI:
10.1080/02652039209374097.

[26] D. M. Parker, A. Lodola, and J. J. Holbrook, “Use of the sulphite
adduct of nicotinamide adenine dinucleotide to study ionizations
and the kinetics of lactate dehydrogenase and malate
dehydrogenase,” Biochemical Journal, vol. 173, no. 3, pp. 959–967,
Sep. 1978. DOI: 10.1042/bj1730959.

[27] W. M. Southerland, C. O. Akogyeram, F. Toghrol, L. Sloan, and
R. Scherrer, “Interaction of bisul�te with unsaturated fatty acids,”
Journal of Toxicology and Environmental Health, vol. 10, no. 3,
pp. 479–491, Sep. 1982. DOI: 10.1080/15287398209530270.

[28] S. V. Irwin, P. Fisher, E. Graham, A. Malek, and A. Robidoux, “Sul�tes
inhibit the growth of four species of bene�cial gut bacteria at con-
centrations regarded as safe for food,” PLos ONE, vol. 12, no. 10, B.-L.
Lee, Ed., e0186629, Oct. 2017. DOI: 10.1371/journal.pone.0186629.

[29] R. Cecil and R. G. Wake, “The reactions of inter- and intra-chain
disulphide bonds in proteins with sulphite,” Biochemical Journal,
vol. 82, no. 3, pp. 401–406, Mar. 1962. DOI: 10.1042/bj0820401.

[30] O. Ruiz-Larrabeiti, A. H. Plágaro, C. Gracia, E. Sevillano, L. Gallego, E.
Hajnsdorf, and V. R. Kaberdin, “A new custom microarray for sRNA
pro�ling in Escherichia coli,” FEMS Microbiology Letters, vol. 363,
no. 13, O. Ozoline, Ed., fnw131, May 2016. DOI: 10 . 1093 / femsle /
fnw131.

[31] A. Saeed, V. Sharov, J. White, J. Li, W. Liang, N. Bhagabati,
J. Braisted, M. Klapa, T. Currier, M. Thiagarajan, A. Sturn,
M. Snuf�n, A. Rezantsev, D. Popov, A. Ryltsov, E. Kostukovich,
I. Borisovsky, Z. Liu, A. Vinsavich, V. Trush, and J. Quackenbush,
“TM4: A free, open-source system for microarray data

https://doi.org/10.1248/cpb.19.1286
https://doi.org/10.1021/bi00816a016
https://doi.org/10.2183/pjab.84.321
https://doi.org/10.1080/02652039209374097
https://doi.org/10.1042/bj1730959
https://doi.org/10.1080/15287398209530270
https://doi.org/10.1371/journal.pone.0186629
https://doi.org/10.1042/bj0820401
https://doi.org/10.1093/femsle/fnw131
https://doi.org/10.1093/femsle/fnw131


Chapter 2. E. coli adaptation to sodium bisul�te | 81

management and analysis,” BioTechniques, vol. 34, no. 2,
pp. 374–378, Feb. 2003. DOI: 10.2144/03342mt01.

[32] T. Barrett, S. E. Wilhite, P. Ledoux, C. Evangelista, I. F. Kim, M. Toma-
shevsky, K. A. Marshall, K. H. Phillippy, P. M. Sherman, M. Holko, A.
Yefanov, H. Lee, N. Zhang, C. L. Robertson, N. Serova, S. Davis, and
A. Soboleva, “NCBI GEO: Archive for functional genomics data sets
update,” Nucleic Acids Research, vol. 41, no. D1, pp. D991–D995, Nov.
2012. DOI: 10.1093/nar/gks1193.

[33] T. Koressaar and M. Remm, “Enhancements and modi�cations of
primer design program Primer3,” Bioinformatics, vol. 23, no. 10,
pp. 1289–1291, Mar. 2007. DOI: 10.1093/bioinformatics/btm091.

[34] R. Matthiesen, M. B. Trelle, P. Højrup, J. Bunkenborg, and
O. N. Jensen, “VEMS 3.0: Algorithms and computational tools for
tandem mass spectrometry based identi�cation of
post-translational modi�cations in proteins,” Journal of Proteome
Research, vol. 4, no. 6, pp. 2338–2347, Dec. 2005. DOI:
10.1021/pr050264q.

[35] UniProt Team, “UniProt: A worldwide hub of protein knowledge,”
Nucleic Acids Research, vol. 47, no. D1, pp. D506–D515, Nov. 2018.
DOI: 10.1093/nar/gky1049.

[36] D. Szklarczyk, A. L. Gable, D. Lyon, A. Junge, S. Wyder,
J. Huerta-Cepas, M. Simonovic, N. T. Doncheva, J. H. Morris,
P. Bork, L. J. Jensen, and C. von Mering, “STRING v11:
Protein-protein association networks with increased coverage,
supporting functional discovery in genome-wide experimental
datasets,” Nucleic Acids Research, vol. 47, no. D1, pp. D607–D613,
Nov. 2018. DOI: 10.1093/nar/gky1131.

[37] D. Kaplan, C. McJilton, and D. Luchtel, “Bisul�te induced lipid oxida-
tion,” Archives of Environmental Health: An International Journal,
vol. 30, no. 10, pp. 507–509, Oct. 1975. DOI: 10 . 1080/00039896 .
1975.10666764.

[38] R. Gunsalus and S. J. Park, “Aerobic-anaerobic gene regulation in
Escherichia coli: Control by the ArcAB and Fnr regulons,” Research
in Microbiology, vol. 145, no. 5-6, pp. 437–450, Jan. 1994. DOI: 10.
1016/0923-2508(94)90092-2.

[39] N. A. Sabnis, H. Yang, and T. Romeo, “Pleiotropic regulation of cen-
tral carbohydrate metabolism in Escherichia coli via the gene csrA,”
Journal of Biological Chemistry, vol. 270, no. 49, pp. 29 096–29 104,
Dec. 1995. DOI: 10.1074/jbc.270.49.29096.

https://doi.org/10.2144/03342mt01
https://doi.org/10.1093/nar/gks1193
https://doi.org/10.1093/bioinformatics/btm091
https://doi.org/10.1021/pr050264q
https://doi.org/10.1093/nar/gky1049
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1080/00039896.1975.10666764
https://doi.org/10.1080/00039896.1975.10666764
https://doi.org/10.1016/0923-2508(94)90092-2
https://doi.org/10.1016/0923-2508(94)90092-2
https://doi.org/10.1074/jbc.270.49.29096


82 | Chapter 2. E. coli adaptation to sodium bisul�te

[40] H. Yang, M. Y. Liu, and T. Romeo, “Coordinate genetic regulation
of glycogen catabolism and biosynthesis in Escherichia coli via the
CsrA gene product,” Journal of Bacteriology, vol. 178, no. 4, pp. 1012–
1017, Feb. 1996. DOI: 10.1128/jb.178.4.1012-1017.1996.

[41] B. L. Wei, A. M. Brun-Zinkernagel, J. W. Simecka, B. M. Prüß,
P. Babitzke, and T. Romeo, “Positive regulation of motility and
�hDC expression by the RNA-binding protein CsrA of Escherichia
coli,” Molecular Microbiology, vol. 40, no. 1, pp. 245–256, Dec.
2001. DOI: 10.1046/j.1365-2958.2001.02380.x.

[42] M. P. Jennings and I. R. Beacham, “Co-dependent positive regula-
tion of the ansBF promoter of Escherichia coli by CRP and the FNR
protein: A molecular analysis,” Molecular Microbiology, vol. 9, no. 1,
pp. 155–164, Jul. 1993. DOI: 10.1111/j.1365-2958.1993.tb01677.x.

[43] A. Kolb, S. Busby, H. Buc, S. Garges, and S. Adhya, “Transcriptional
regulation by cAMP and its receptor protein,” Annual Review of
Biochemistry, vol. 62, no. 1, pp. 749–797, Jun. 1993. DOI: 10 . 1146 /
annurev.bi.62.070193.003533.

[44] K. Gerstle, K. Klätschke, U. Hahn, and N. Piganeau, “The small RNA
RybA regulates key-genes in the biosynthesis of aromatic amino
acids under peroxide stress in E. coli,” RNA Biology, vol. 9, no. 4,
pp. 458–468, Apr. 2012. DOI: 10.4161/rna.19065.

[45] N. Robakis, R. Shapiro, and W. Szer, “Reversal of growth inhibition
in Escherichia coli by bisul�te,” Chemico-Biological Interactions,
vol. 43, no. 3, pp. 299–311, Mar. 1983. DOI: 10.1016/0009-2797(83)
90114-x.

[46] J. van der Ploeg, E. Eichhorn, and T. Leisinger, “Sulfonate-sulfur
metabolism and its regulation in Escherichia coli,” Archives of
Microbiology, vol. 176, no. 1-2, pp. 1–8, Jul. 2001. DOI:
10.1007/s002030100298.

[47] A. E. Senior, “ATP synthesis by oxidative phosphorylation,” Physio-
logical Reviews, vol. 68, no. 1, pp. 177–231, Jan. 1988. DOI: 10.1152/
physrev.1988.68.1.177.

[48] K. Matsushita, T. Ohnishi, and H. R. Kaback, “NADH-ubiquinone
oxidoreductases of the Escherichia coli aerobic respiratory chain,”
Biochemistry, vol. 26, no. 24, pp. 7732–7737, Dec. 1987. DOI: 10.1021/
bi00398a029.

[49] C. Kisker, H. Schindelin, D. Baas, J. Rétey, R. U. Meckenstock, and
P. M. Kroneck, “A structural comparison of molybdenum cofactor-
containing enzymes,” FEMS Microbiology Reviews, vol. 22, no. 5,
pp. 503–521, Dec. 1998. DOI: 10.1111/j.1574-6976.1998.tb00384.x.

https://doi.org/10.1128/jb.178.4.1012-1017.1996
https://doi.org/10.1046/j.1365-2958.2001.02380.x
https://doi.org/10.1111/j.1365-2958.1993.tb01677.x
https://doi.org/10.1146/annurev.bi.62.070193.003533
https://doi.org/10.1146/annurev.bi.62.070193.003533
https://doi.org/10.4161/rna.19065
https://doi.org/10.1016/0009-2797(83)90114-x
https://doi.org/10.1016/0009-2797(83)90114-x
https://doi.org/10.1007/s002030100298
https://doi.org/10.1152/physrev.1988.68.1.177
https://doi.org/10.1152/physrev.1988.68.1.177
https://doi.org/10.1021/bi00398a029
https://doi.org/10.1021/bi00398a029
https://doi.org/10.1111/j.1574-6976.1998.tb00384.x


Chapter 2. E. coli adaptation to sodium bisul�te | 83

[50] N. Venkatesan, G. Perumal, and M. Doble, “Bacterial resistance in
bio�lm-associated bacteria,” Future Microbiology, vol. 10, no. 11,
pp. 1743–1750, Nov. 2015. DOI: 10.2217/fmb.15.69.

[51] A. Kumar, A. Alam, M. Rani, N. Z. Ehtesham, and S. E. Hasnain,
“Bio�lms: Survival and defense strategy for pathogens,”
International Journal of Medical Microbiology, vol. 307, no. 8,
pp. 481–489, Dec. 2017. DOI: 10.1016/j.ijmm.2017.09.016.

[52] E. Maunders and M. Welch, “Matrix exopolysaccharides; the sticky
side of bio�lm formation,” FEMS Microbiology Letters, vol. 364,
no. 13, Jun. 2017. DOI: 10.1093/femsle/fnx120.

[53] S. B. Guttenplan and D. B. Kearns, “Regulation of �agellar motil-
ity during bio�lm formation,” FEMS Microbiology Reviews, vol. 37,
no. 6, pp. 849–871, Nov. 2013. DOI: 10.1111/1574-6976.12018.

[54] P. Landini and A. J. B. Zehnder, “The global regulatory hns gene
negatively affects adhesion to solid surfaces by anaerobically
grown Escherichia coli by modulating expression of �agellar
genes and lipopolysaccharide production,” Journal of
Bacteriology, vol. 184, no. 6, pp. 1522–1529, Mar. 2002. DOI:
10.1128/jb.184.6.1522-1529.2002.

[55] P. Bertin, E. Terao, E. H. Lee, P. Lejeune, C. Colson, A. Danchin, and E.
Collatz, “The H-NS protein is involved in the biogenesis of �agella in
Escherichia coli,” Journal of Bacteriology, vol. 176, no. 17, pp. 5537–
5540, Sep. 1994. DOI: 10.1128/jb.176.17.5537-5540.1994.

[56] C. Balsalobre, J. Johansson, and B. E. Uhlin, “Cyclic AMP-dependent
osmoregulation of crp gene expression in Escherichia coli,” Journal
of Bacteriology, vol. 188, no. 16, pp. 5935–5944, Aug. 2006. DOI: 10.
1128/jb.00235-06.

[57] K. Nishino, Y. Senda, and A. Yamaguchi, “Crp regulator modulates
multidrug resistance of Escherichia coli by repressing the mdtEF
multidrug ef�ux genes,” The Journal of Antibiotics, vol. 61, no. 3,
pp. 120–127, Mar. 2008. DOI: 10.1038/ja.2008.120.

[58] N. Vassinova and D. Kozyrev, “A method for direct cloning of Fur-
regulated genes: Identi�cation of seven new Fur-regulated loci in
Escherichia coli,” Microbiology, vol. 146, no. 12, pp. 3171–3182, Dec.
2000. DOI: 10.1099/00221287-146-12-3171.

[59] Z. Zhang, G. Gosset, R. Barabote, C. S. Gonzalez, W. A. Cuevas, and
M. H. Saier, “Functional interactions between the carbon and iron
utilization regulators, Crp and Fur, in Escherichia coli,” Journal of
Bacteriology, vol. 187, no. 3, pp. 980–990, Jan. 2005. DOI: 10.1128/
jb.187.3.980-990.2005.

https://doi.org/10.2217/fmb.15.69
https://doi.org/10.1016/j.ijmm.2017.09.016
https://doi.org/10.1093/femsle/fnx120
https://doi.org/10.1111/1574-6976.12018
https://doi.org/10.1128/jb.184.6.1522-1529.2002
https://doi.org/10.1128/jb.176.17.5537-5540.1994
https://doi.org/10.1128/jb.00235-06
https://doi.org/10.1128/jb.00235-06
https://doi.org/10.1038/ja.2008.120
https://doi.org/10.1099/00221287-146-12-3171
https://doi.org/10.1128/jb.187.3.980-990.2005
https://doi.org/10.1128/jb.187.3.980-990.2005


84 | Chapter 2. E. coli adaptation to sodium bisul�te

[60] J. M. Santos, M. Lobo, A. P. A. Matos, M. A. D. Pedro, and
C. M. Arraiano, “The gene bolA regulates dacA (PBP5), dacC (PBP6)
and ampC (AmpC), promoting normal morphology in Escherichia
coli,” Molecular Microbiology, vol. 45, no. 6, pp. 1729–1740, Sep.
2002. DOI: 10.1046/j.1365-2958.2002.03131.x.

[61] H. L. A. Vieira, P. Freire, and C. M. Arraiano, “Effect of Escherichia
coli morphogene bolA on bio�lms,” Applied and Environmental
Microbiology, vol. 70, no. 9, pp. 5682–5684, Sep. 2004. DOI: 10.1128/
aem.70.9.5682-5684.2004.

[62] R. N. Moreira, C. Dressaire, S. Barahona, L. Galego, V. Kaever, U. Jenal,
and C. M. Arraiano, “BolA is required for the accurate regulation of
c-di-GMP, a central player in bio�lm formation,” mBio, vol. 8, no. 5,
S. Gottesman, Ed., Sep. 2017. DOI: 10.1128/mbio.00443-17.

[63] S. Chakraborty, R. S. Winardhi, L. K. Morgan, J. Yan, and L. J. Kenney,
“Non-canonical activation of OmpR drives acid and osmotic stress
responses in single bacterial cells,” Nature Communications, vol. 8,
no. 1, Nov. 2017. DOI: 10.1038/s41467-017-02030-0.

[64] M. Gu and J. A. Imlay, “The SoxRS response of Escherichia coli is di-
rectly activated by redox-cycling drugs rather than by superoxide,”
Molecular Microbiology, vol. 79, no. 5, pp. 1136–1150, Jan. 2011. DOI:
10.1111/j.1365-2958.2010.07520.x.

[65] P. Gallinari and J. Jiricny, “A new class of uracil-DNA glycosylases
related to human thymine-DNA glycosylase,” Nature, vol. 383,
no. 6602, pp. 735–738, Oct. 1996. DOI: 10.1038/383735a0.

[66] T. E. Barrett, R. Savva, G. Panayotou, T. Barlow, T. Brown, J. Jiricny,
and L. H. Pearl, “Crystal structure of a G:T/U mismatch-speci�c
DNA glycosylase,” Cell, vol. 92, no. 1, pp. 117–129, Jan. 1998. DOI:
10.1016/s0092-8674(00)80904-6.

[67] N. Gustavsson, . A. Diez, and T. Nystrom, “The universal stress pro-
tein paralogues of Escherichia coli are coordinately regulated and
cooperate in the defense against DNA damage,” Molecular Micro-
biology, vol. 43, no. 1, pp. 107–117, Jan. 2002. DOI: 10.1046/j.1365-
2958.2002.02720.x.

[68] E. B. Gogol, V. A. Rhodius, K. Papenfort, J. Vogel, and C. A. Gross,
“Small RNAs endow a transcriptional activator with essential re-
pressor functions for single-tier control of a global stress regulon,”
Proceedings of the National Academy of Sciences, vol. 108, no. 31,
pp. 12 875–12 880, Jul. 2011. DOI: 10.1073/pnas.1109379108.

https://doi.org/10.1046/j.1365-2958.2002.03131.x
https://doi.org/10.1128/aem.70.9.5682-5684.2004
https://doi.org/10.1128/aem.70.9.5682-5684.2004
https://doi.org/10.1128/mbio.00443-17
https://doi.org/10.1038/s41467-017-02030-0
https://doi.org/10.1111/j.1365-2958.2010.07520.x
https://doi.org/10.1038/383735a0
https://doi.org/10.1016/s0092-8674(00)80904-6
https://doi.org/10.1046/j.1365-2958.2002.02720.x
https://doi.org/10.1046/j.1365-2958.2002.02720.x
https://doi.org/10.1073/pnas.1109379108


Chapter 2. E. coli adaptation to sodium bisul�te | 85

[69] S. Zhang, S. Liu, N. Wu, Y. Yuan, W. Zhang, and Y. Zhang, “Small
non-coding RNA RyhB mediates persistence to multiple antibiotics
and stresses in uropathogenic Escherichia coli by reducing cellu-
lar metabolism,” Frontiers in Microbiology, vol. 9, Feb. 2018. DOI:
10.3389/fmicb.2018.00136.

[70] M. Murata, R. Noor, H. Nagamitsu, S. Tanaka, and M. Yamada, “Novel
pathway directed by sigma e to cause cell lysis in Escherichia coli,”
Genes to Cells, vol. 17, no. 3, pp. 234–247, Jan. 2012. DOI: 10.1111/j.
1365-2443.2012.01585.x.

[71] S. Melamed, P. P. Adams, A. Zhang, H. Zhang, and G. Storz, “RNA-
RNA interactomes of ProQ and hfq reveal overlapping and compet-
ing roles,” Molecular Cell, vol. 77, no. 2, 411–425.e7, Jan. 2020. DOI:
10.1016/j.molcel.2019.10.022.

[72] F. Kalamorz, B. Reichenbach, W. März, B. Rak, and B. Görke, “Feed-
back control of glucosamine-6-phosphate synthase GlmS expres-
sion depends on the small RNA GlmZ and involves the novel pro-
tein YhbJ in Escherichia coli,” Molecular Microbiology, vol. 65, no. 6,
pp. 1518–1533, Sep. 2007. DOI: 10.1111/j.1365-2958.2007.05888.x.

[73] J. H. Urban and J. Vogel, “Two seemingly homologous noncoding
RNAs act hierarchically to activate glmS mRNA translation,” PLoS
Biology, vol. 6, no. 3, S. Eddy, Ed., e64, Mar. 2008. DOI: 10 . 1371 /
journal.pbio.0060064.

https://doi.org/10.3389/fmicb.2018.00136
https://doi.org/10.1111/j.1365-2443.2012.01585.x
https://doi.org/10.1111/j.1365-2443.2012.01585.x
https://doi.org/10.1016/j.molcel.2019.10.022
https://doi.org/10.1111/j.1365-2958.2007.05888.x
https://doi.org/10.1371/journal.pbio.0060064
https://doi.org/10.1371/journal.pbio.0060064


86 | Chapter 2. E. coli adaptation to sodium bisul�te



Chapter 3. De�ning the transcription landscape of V. harveyi | 87

Chapter 3. De�ning the
transcription landscape of the
Gram-negative marine
bacterium Vibrio harveyi

Introduction

Several members of the genus Vibrio (e.g., V. vulni�cus [1] and V. cholerae
[2]) are widely used as model organisms to study the pathogenic and adap-
tive mechanisms of marine bacteria owing to the ubiquitous presence and
key roles of these species in marine ecosystems. Previous work indicates
that many Vibrio species readily adapt to diverse and changing environ-
ments by reprogramming gene expression in response to various stress
conditions, including starvation, temperature shifts, solar radiation, and
low pH (reviewed in [3]).

Recent progress in applying high-throughput techniques for analysis
of V. harveyi adaptation at the whole transcriptome and proteome levels
[4, 5, 6, 7] has identi�ed patterns of differential expression of numerous
stress-related and metabolic genes. These studies reveal a number of the
key metabolic and regulatory pathways affected during cell persistence in
sea water microcosms. Some of these pathways play crucial roles in opti-
mization of central carbon metabolism [4], energy production [4, 5, 6], cell-
to-cell signaling [7], virulence [8] and transport functions [4, 5, 6]. More-
over, although adaptation mechanisms apparently involve the differential
expression of a large number of genes, only certain gene products, includ-
ing small regulatory RNAs (e.g., GcvB, Qrr1-4), hold key regulatory roles in
adaptive processes [4, 5, 7]. In addition, Vibrio adaptation to starvation is
associated with a gradual reduction of cell size [4, 9, 10], likely optimizing
cell energetic and physiological needs [4].

Previous and ongoing accumulation of substantial microarray and
RNA-seq data could provide an opportunity for exploring the regulatory
mechanisms triggered in Vibrio as responses to various stress conditions
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at transcriptional and post-transcriptional levels. But while such in-depth
analysis of gene expression data could bene�t from a map of
transcriptional start sites (TSS) associated with each operon, the primary
transcriptomes of Vibrio species (except V. cholerae [11]) have until now
not been available. This consideration prompted us to employ
differential RNA sequencing [12] to identify and map the location of TSS
preceding coding and non-coding regions in the Gram-negative model
bacterium V. harveyi. Further examination of its primary transcriptome
was performed for selected V. harveyi TSS associated with genes having
previously unidenti�ed open reading frames (ORFs), and for genes coding
for known (i.e., Qrr1, Qrr2, GcvB, MtlS, VrrA) and putative sRNAs. The
latter are known for their essential roles in bacterial stress responses [13].
Thus, in addition to large-scale mapping of TSS, this study reports
discovery and validation of new sRNAs in V. harveyi, thereby revealing
new putative members of the regulatory network involved in adaptation
of this and related marine bacteria to environmental stress.

Materials and Methods

Bacterial strains and growth conditions

Vibrio harveyi strain ATCC 14126 was obtained from Spanish Type Culture
Collection (CECT, University of Valencia). It was grown in 100 mL Erlen-
meyer �asks containing 20 mL of marine broth (Panreac), at 26 ºC, in dark-
ness and with shaking (90 rpm) until the culture entered stationary phase
(OD600∼4.0).

Escherichia coli strain K-12 MG1655 was grown in 100 mL Erlenmeyer
�asks containing 20 mL of LB-Miller broth (Amresco), at 37 ºC, in dark-
ness and with shaking (90 rpm) until the culture entered stationary phase
(OD600∼ 4.0).

RNA isolation

Aliquots of cell cultures were individually mixed in 8:1 proportion with ice
chilled stop solution (5 % phenol in ethanol), incubated 15 min on ice and
centrifuged 10 min at 10 000 g and 4 ºC. Each cell pellet was vigorously
suspended in TRIzol (Ambion) until bubbling formed, mixed with Chlo-
roform:Isoamyl alcohol 24:1, incubated 10 min at room temperature and
centrifuged 15 min at 10 000 g and 4 ºC. After separation the upper phase
was mixed with an equal volume of 100 % ethanol and washed using Pure-
Link RNA mini kit (Invitrogen) columns. In-column DNase I treatment (In-
vitrogen) was performed according to the vendor’s instructions.
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Mapping Vibrio harveyi TSS

To map the location of TSS within the V. harveyi genome, total RNA was
isolated from three independent V. harveyi cell cultures, tested for qual-
ity by bioanalyzer and subjected to dRNA-seq at Vertis Biotechnologie AG
(Germany). This included TEX treatment of RNA samples, construction of
cDNA libraries and their sequencing.

For construction of cDNA libraries fragmented RNA was
poly(A)-tailed using poly(A) polymerase and an RNA adapter was ligated
to the 5’-phosphate of the RNA. First-strand cDNA synthesis was
performed using an oligo(dT)-adapter primer and M-MLV reverse
transcriptase. The resulting cDNA was PCR-ampli�ed to about 10-20
ng/µL using a high-�delity DNA polymerase. The cDNA was puri�ed
using the Agencourt AMPure XP kit (Beckman Coulter Genomics) and
analyzed by capillary electrophoresis.

For single end sequencing an Illumina NextSeq 500 system and a MID
150 Kit with 1x75 bp read length were used. The cDNA preparations were
pooled in approximately equimolar amounts and size fractionated in the
size range of 200 – 500 bp using a differential clean-up with the Agencourt
AMPure kit. The primers used for PCR ampli�cation were designed for
TruSeq sequencing according to the instructions of Illumina.

Base-calling was performed online during the sequencing procedure
with the Real-Time Analysis software v. 2.4.11 and System Suite v. 2.1.2.1.
Illumina sequencing instruments generate per-cycle BCL base call �les as
primary sequencing output in bcl2 format. Conversion of the bcl2 �le to
gzipped fastq �les was performed using the bcl2fastq script v. 2.18.0.12
provided by Illumina. Quality, polyA and adapter trimming, mapping of
reads to reference sequences as well as calculation of expression values
was performed using CLC Genomics Workbench v. 9.0. Generation of gtf
�les with the assigned TSS was performed using programs developed by
Laurence Ettwiller (github.com/Ettwiller/TSS) using standard settings.

As the assembled genome sequence of V. harveyi strain ATCC 14126 and
its annotation were missing at that moment, the genome of the closely re-
lated species Vibrio harveyi ATCC 43516, which was previously annotated
in the NCBI database (Genbank accession GCA_001558435.1), was chosen
as a reference. All raw and processed RNA-seq data were deposited into
the GEO archive [14] and are publicly available under accession number
GSE105060.

To carry out systematic analysis of RNA-seq data, a unique ID was
assigned to each TSS according to the following format: TSS-X-YYYYYY,
where X was 1 or 2 to indicate that the corresponding TSS was mapped
either in chromosome 1 or chromosome 2 respectively, whereas the last
digits (i.e. YYYYYY) indicate the coordinate of each TSS. If two TSS had the
same coordinate but opposite orientation, a "p" or "m" was added at the
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end of their IDs to indicate that these TSS were located either in the plus
(p) or minus (m) strand.

Bedtools v. 2.27.1 [15] was used to determine the genomic context of all
TSS. To simplify this task, the genome annotation �les were parsed with
GFFUtils v. 0.9.1 (github.com/�s-bioinformatics-core/GFFUtils).

Analysis of the transcriptional map and promoter regions

To facilitate their further analysis, TSS were placed into 4 groups (A, B, C
and D) according to their orientation with respect to (or within) the closest
downstream annotated gene: intergenic TSS preceding annotated genes
on the same strand were assigned to Group A, intergenic TSS mapped
downstream of annotated genes located on the opposite strand were as-
signed to Group B, introgenic TSS mapped within annotated genes on the
same strand were assigned to Group C and introgenic TSS mapped within
annotated genes on the opposite strand were assigned to Group D.

Sequences upstream of Group A TSS were extracted and the putative
-35 and -10 regions were examined with the MEME Suite v. 5.0.3 [16] to
�nd potential sigma factor recognition motifs using sequences of eight nu-
cleotides in length. In addition, the sequences of the �rst trinucleotide
after each TSS were examined to assess the frequency at which each nu-
cleotide occurred. Plots showing sequence logos were generated by using
probability matrices from MEME , the assistance of seqLogo [17], the basic
R package [18] and RStudio [19].

Annotation of known non-coding RNAs

As genes of several known sRNAs were not indicated in the reference
genome (Vibrio harveyi ATCC 43516), the sRNA sequences of the closely
related and better annotated species Vibrio harveyi ATCC BAA-1116
(recently re-annotated as Vibrio campbellii ATCC BAA-1116 [20]) were
extracted from BSRD [21] and RFAM [22] databases and used in a BLAST
search to �nd their putative counterparts in the V. harveyi reference
genome. The same procedure was used to annotate riboswitches and
leader sequences preceding some previously annotated ORFs in the
reference genome.

Discovery of new putative protein-coding and sRNA genes

We used EMBOSS suite v. 6.6.0 [23] to examine the sequences
downstream of Type B TSS (i.e., TSS presumably preceding new genes) in
order to identify new ORFs. The longest ORFs, each �anked by start and
stop codons, within the analyzed regions were selected to assess their
conservation among other Vibrio spp. The sequences with 100 %
coverage and identity, as determined by analysis with tBLASTn
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(blast.ncbi.nlm.nih.gov/Blast.cgi), were subsequently annotated as new
putative ORFs.

Moreover, as some transcripts associated with type B TSS could rep-
resent new putative sRNAs regardless of the presence of ORFs, transcrip-
tional activity pro�les were additionally examined in IGV viewer [24] to se-
lect short transcripts and test their folding by using ViennaRNA v. 2.4 [25].
As a result, a list of putative sRNAs was compiled based on the pro�le qual-
ity (e.g. well-de�ned patterns seen in IGV viewer), the number of aligned
reads (≥ 80) and length of these transcripts (from 50 to 350 nt). In addition,
previously discovered small RNA sequences in Vibrio splendidus [26] and
in Vibrio cholerae [27] by RNAseq analysis were used as queries in Blast
searches for sRNAs in V. harveyi. The matches with a bitscore greater than
100 and assigned TSS were considered conserved and the most promising
candidates were included in the list of putative V. harveyi sRNAs and their
expression was then veri�ed by Northern blotting.

Northern blot analysis

Aliquots of total RNA (2 µg each) were mixed with an equal volume of 2X
RNA loading dye (Thermo), denatured by incubation for 1 min at 90 ºC
and fractionated in 6 % sequencing gels (29:1 acrylamide/bis-acrylamide,
1X TBE, 7 M urea). Gels were run 1 h at 200 V, 45 mA and 4 W.

Fractionated RNA samples were transferred to Hybond-N+

membranes (Amersham) for 1 h at 11 V, 300 mA and 4 W, �xed by
UV-crosslinking and then hybridized overnight at 42 ºC in
ULTRAhyb-Oligo hybridization buffer (Ambion) with radioactively
labeled oligonucleotide probes (Table S1, S2, S3). The probes were
individually 5’-labeled with 32P by incubation with T4 polynucleotide
kinase (Thermo Scienti�c) and radioactive [γ-32P] ATP (3,000 Ci/mmol,
Perkin Elmer) at 37 ºC for 30 min. The reactions were stopped by addition
of EDTA to a �nal concentration of 12 mM, mixed with an equal volume of
4 M LiClO4, followed by addition of 4 volumes of 100 % acetone,
incubation for 60 min at -20 ºC and centrifugation (14 000 g, 60 min). The
pellets containing radioactively labeled probes were suspended in
molecular biology grade water (Fisher). After hybridization, the
membranes were washed twice with preheated washing buffer (5X SSPE,
0.5 % SDS) for 30 min at 47 ºC and exposed to Imaging Screen-K (Bio-Rad)
at room temperature. The resulting images were captured by Molecular
Imager FX (Bio-Rad) and further processed using QuantityOne (Bio-Rad).
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Results

De�ning the genome-wide map of Vibrio harveyi TSS

Comparison of the reads obtained with and without Tobacco Acid Phos-
phatase treatment revealed the location of 3900 TSS within the V. harveyi
genome (Table S4). With few exceptions [28, 29], these TSS were mapped
for the �rst time. Moreover, we found that the coordinates of previously
mapped 5’ ends match well the locations of the corresponding TSS deter-
mined by dRNA-seq in the present study (Figure 10).

Likewise, we found that the length of the clearly distinguishable read
patterns (i.e. discrete pro�les with a high number of reads compared to the
�anking regions) associated with several non-conding RNAs (Figure 11A)
agreed well with the anticipated length of the corresponding transcripts
detected by Northern blotting (Figure 11B). These results validate the over-
all robustness and consistency of dRNA-seq data obtained in the present
study for de�ning the transcriptional landscape of V. harveyi.
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Figure 10. Protein coding transcripts with known TSS recon�rmed in this study. Previously
mapped TSS upstream of the luxR, aphA and groES transcripts [28, 29] are represented by
green arrows (corresponding to TSS-1-1384672, TSS-1-1664569 and TSS-1-1760374, respec-
tively), those mapped by dRNA-seq here are represented by black arrows. In this and the
rest of the �gures, pink and blue colors indicate forward and reverse orientation, respec-
tively. Differently colored reads indicate single nucleotide polymorphisms.
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Figure 11. (A) Reads pro�le and length corresponding to four V. harveyi non-coding RNAs
(i.e. M1, 6S, 5S RNAs and tRNAAla) mapped within their corresponding genes of the refer-
ence genome. (B) Detection of V. harveyi non-coding RNAs by Northern blotting. Equal
aliquots of total V. harveyi and E. coli RNA were separately fractionated in a denatur-
ing polyacrylamide gel, transferred to a membrane and probed with radioactively labeled
oligonucleotide probes complementary to M1, 6S, 5S and tRNAAla. The ladder was gener-
ated with a mixture of four probes complementary to E. coli 6S, M1, 5S RNAs and tRNAAla

and shows a long and short exposure of the membrane.
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Classi�cation and features of Vibrio harveyi TSS

The total of 3900 TSS were assigned to four different groups following cri-
teria described in Materials and Methods (Figure 12).

Group A, comprised of 1366 intergenic TSS preceding annotated genes
on the same strand, was the second biggest group. In 97 % of the cases,
the region between the TSS and the downstream gene did not exceed 450
nucleotides (nt). Moreover, in 64 % of the cases, this region was shorter
than 100 nt (Figure 12). Interestingly enough, 96 % of the TSS in this group
coincide with the 5’-untranslated region preceding protein-coding genes.

Group B, with TSS mapped downstream of annotated genes that are
located on the opposite strand (Figure 12), was considerably smaller with
only 229 transcripts. These TSS precede new genes that are not annotated
in the reference genome. Their transcription is driven from promoters ori-
ented opposite to those of the downstream genes. Besides TSS associated
with known and putative sRNAs, some of the TSS that belong to Group B
potentially precede protein-coding genes. Indeed, further analysis of the
downstream sequences revealed that 56 % of them contain ORFs that en-
code putative polypeptides of 15 to 86 amino acids in length (Table S6).
With few exceptions, the sequences of these polypeptides are phyloge-
netically conserved and show homology to unknown conserved proteins
or polypeptides of other Vibrio species, thus suggesting that they likely fall
into the category of hypothetical proteins. More importantly, 40 % of the
sequences show a 100 % homology.

Group C was the biggest one, with 1856 introgenic TSS mapped within
annotated genes on the same strand (Figure 12). This group de�nes tran-
scripts whose transcription can be initiated within the protein-coding se-
quences yielding either leaderless mRNA or their truncated forms poten-
tially encoding protein isoforms.

Finally, 449 TSS in the last group belong to the transcripts divergently
oriented to those originated from the genes localized on the opposite
strand (Figure 12). This indicates that some of the transcripts within this
group can function as antisense RNAs due to their extensive
complementarity to mRNA transcribed from the reverse strand.

TSS of known genes and putative sRNAs

While mapping and assigning V. harveyi TSS to particular loci, we no-
ticed that some sRNA genes as well as a number of regulatory elements
(i.e. riboswitches and leader sequences) located in the 5’ UTR regions of
V. harveyi mRNAs were missing in the current annotation of the reference
genome. This prompted us to reveal these missing genes and elements by
homology search (Table S5), thus providing a better coverage of V. harveyi
TSS associated with known genes.



Chapter 3. De�ning the transcription landscape of V. harveyi | 95

Group A TSS Group B TSS

Group C TSS Group D TSS

distance (nt) distance (nt)

distance (nt)distance (nt)

n
u

m
b

er
o

f
T

SS

n
u

m
b

er
o

f
T

SS

n
u

m
b

er
o

f
T

SS

n
u

m
b

er
o

f
T

SS

Figure 12. Distance of TSS to the nearest annotated genes. The distances of TSS in group A,
C and D to the start of the nearest downstream gene as well as the distance of group B TSS
to the stop of the closest downstream gene were processed to generate the plots shown in
the panels. The orientation of TSS (black arrow) relative to the nearest ORFs (blue arrow) is
schematically shown on the top of each panel.

In addition, we also searched for new genes by focusing on transcripts
associated with Group B TSS. We anticipated that some of these TSS could
be linked to new protein-coding loci, while others could be associated with
novel sRNA genes. Indeed, further examining of sequences downstream of
Group B TSS (for details, see Materials and Methods) revealed that 129 TSS
preceded conserved small ORFs, whereas the remaining 100 TSS were as-
sociated with transcripts resembling sRNAs (Table S6). Among 23 putative
sRNA genes selected as speci�ed in Materials and Methods for further vali-
dation by Northern blotting, 11 were shown to encode short transcripts de-
tectable by hybridization with radioactively labeled antisense probes (Fig-
ure 13, Table S7). These �ndings expand the number of putative ORFs and
sRNAs in V. harveyi, in turn raising new questions concerning their biolog-
ical functions and mechanisms of action.
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Figure 13. Northern blot validation of putative small RNAs identi�ed by differential RNA-
seq. The read pro�les of each putative transcript (shown on the left) that yielded positive
signal(s) upon detection by Northern blotting (shown on the right) were captured with IGV
viewer. The predicted size of the transcripts is indicated on the top of each pro�le. Black ar-
rows represent the main TSS, red arrows represent additional TSS, dotted arrows represent
TSS of genes that overlap with cis-encoded sRNAs and green arrows represent additional
signals.
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Conservation of regions �anking TSS in Group A

We used MEME to examine the sequences adjacent to promoter regions
preceding the 5’ end of Group A TSS, in order to reveal sequence motifs
in the -35 and -10 regions. These motifs contained highly conserved nu-
cleotides for interaction with V. harveyi sigma factor (Figure 14). We also
inspected the conservation of nucleotides at the very 5’ end of these tran-
scripts (Figure 14) and found that the nucleotide in the �rst position (+1)
was primarily represented by purines, whereas the second position was
predominantly occupied by pyrimidines, thus indicating that the start site
appears to follow the general pattern (RY) seen in other bacteria [30, 31,
32]. In contrast, no signi�cant bias was found for nucleotides in position
+3 (Figure 14).
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Figure 14. Conserved features revealed in the regions preceding V. harveyi Group A TSS.
Analysis of the putative promoter sequences upstream of Group A TSS revealed consen-
sus motifs in -35 and -10 regions (green and red ovals, respectively). The numbers of TSS
with the sequence motif in -35 and -10 regions or both of them (overlapping area) are also
shown. The composition of the �rst trinucleotide is show in the yellow box.

Discussion

Here we took advantage of recent progress in dRNA-seq to investigate TSS
locations via description of the primary transcriptome of V. harveyi, a com-
mon Vibrio species frequently used as a model organism to study adapta-
tion of marine bacteria to different environmental stresses [4, 5, 6]. Analysis



Chapter 3. De�ning the transcription landscape of V. harveyi | 99

of dRNA-seq data revealed that the majority of V. harveyi transcripts asso-
ciated with Group A TSS possess 5’-untranslated stretches preceding their
protein-coding regions. Moreover, analysis of their 5’ ends disclosed that
a regular transcript usually begins with an A or G nucleotide followed by a
pyrimidine residue in the second position. The motif TTG(A,C) found in the
-35 region is similar to that (TTGACA) normally present at the equivalent
position in E. coli promoters, whereas the conservation within the -10 re-
gion (so-called Pribnow box) was found to be highest at position -10 (A) and
-5 (T). The above features are reminiscent of those associated with tran-
scription in other Gram-negative bacteria [30, 33, 34, 35] and closely mimic
the binding sites of E. coli sigma-70 promoters [36]. Although the family of
sigma-70 factors includes 6 different members (RpoD, RpoH, RpoS, FliAL,
RpoF/FliAP and RpoE) in the Vibrionaceae family (reviewed in [37]), only
two of them, RpoD (sigma-70) and RpoS (sigma-38) appear to control the
transcription of genes primarily expressed under conditions used in this
study. Finally, it should be noticed that only 127 promoter sequences have
both a conserved -35 and conserved -10 sequences. The high conserva-
tion of both -35 and -10 sequences per se is not mandatory to ensure the
high ef�ciency of transcription. The latter also depends on many other
transcription factors (so-called transcriptional activators and repressors)
greatly in�uencing promoter activities [38].

The use of the reference genome made it possible to link many TSS of
Group A, C and D (Figure 12) to known ORFs. Depending on their location,
these TSS corresponded to either the 5’ end of regular transcripts or pu-
tative leaderless mRNAs encoding the full-length proteins (Group A), their
putative isoforms (Group C) or antisense transcripts of unknown identity
(Group B and D). As the TSS in the last group de�ne the 5’ ends of antisense
transcripts, some of them might be associated with cis-encoded antisense
RNAs, while the others appear to represent transcriptional “noise” caused
by pervasive transcription [39] likewise observed in other studies [12, 34,
40].

Notwithstanding, the genuine occurrence of Group C TSS inside of the
annotated ORFs was supported by the presence of putative promoter sig-
nals (i.e. TTG(A,C) in the -35 region, and A and T nucleotides at positions -10
and -5, respectively) in the upstream regions and therefore may indicate
that some of the ORFs of the reference genome could initially be annotated
wrongly and are, in fact, shorter at their 5’ end. Similar observations were
made by Lin and colleagues [34], while interpreting the results of differ-
ential RNA-seq analysis of the transcriptome of Propionibacterium acnes.
They likewise reported numerous TSS within annotated ORFs and argued
that the actual length of these ORFs should be shorter, suggesting that re-
annotation was necessary.

Unlike the TSS that belong to Groups A and C, most of the TSS of type
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B were not directly linked to known ORFs and therefore might be asso-
ciated with new genes encoding either small regulatory RNAs or bioactive
polypeptides that previously eluded discovery. Indeed, a number of recent
studies suggest that a large number of small ORFs are widely distributed
throughout both pro- and eukaryotic genomes [41, 42] but cannot not be
easily identi�ed with standard bioinformatic tools such as Glimmer [43]
and, therefore, were largely overlooked due to their small size. Moreover,
a signi�cant number of short polypeptides are known for their essential
roles in regulation of virulence [44], signal transduction [45], various mem-
brane functions [41] and bacterial stress responses [46] in phylogenetically
diverse bacterial species. The presence of numerous small ORFs in V. har-
veyi (Table S6) and their conservation in closely related species suggest that
their cognate polypeptides could have speci�c biological functions in this
bacterium.

It was also conceivable that, apart from being associated with small
ORF, some TSS in Group B could precede genes encoding known and new
putative sRNAs (Figure 12). Indeed, we performed a Blast search and found
several genes encoding known sRNAs (e.g. Qrr1-5 [47, 48]; VrrA [49, 50];
TfoR [51]; MicX [52] (Table S5), which were previously identi�ed in some V.
harveyi strains or other Vibrio spp. (for reviews, see [8, 53]).

Moreover, we also predicted and experimentally con�rmed the
existence of 11 new small RNAs with unknown functions (Table S7). The
high discovery rate (nearly 50 %) suggests the potential of dRNA-seq in
discovery of putative sRNAs. Many sRNAs play essential roles in bacterial
stress responses and exert regulatory functions by base pairing with
target mRNAs in an Hfq-dependent manner, thereby altering mRNA
stability and/or translation [13]. This result and those obtained from
analysis of the V. cholerae transcriptome [11] indicate that the actual
number of putative sRNAs encoded by various Vibrio spp. genomes
could be comparable to that found in enterobacteria such as E. coli [54].
However, in contrast to our advanced knowledge of enterobacterial
sRNAs and their targets, the biological functions of many Vibrio spp.
sRNAs are still largely unknown [53] and warrant further investigation.

Bibliography

[1] C. Baker-Austin and J. D. Oliver, “Vibrio vulni�cus: New insights
into a deadly opportunistic pathogen,” Environmental Microbiol-
ogy, vol. 20, no. 2, pp. 423–430, Dec. 2017. DOI: 10.1111/1462-2920.
13955.

[2] C. Lutz, M. Erken, P. Noorian, S. Sun, and D. McDougald,
“Environmental reservoirs and mechanisms of persistence of

https://doi.org/10.1111/1462-2920.13955
https://doi.org/10.1111/1462-2920.13955


Chapter 3. De�ning the transcription landscape of V. harveyi | 101

Vibrio cholerae,” Frontiers in Microbiology, vol. 4, 2013. DOI:
10.3389/fmicb.2013.00375.

[3] C. N. Johnson, “Fitness factors in vibrios: A mini-review,” Microbial
Ecology, vol. 65, no. 4, pp. 826–851, Jan. 2013. DOI: 10.1007/s00248-
012-0168-x.

[4] V. R. Kaberdin, I. Montánchez, C. Parada, M. Orruño, I. Arana, and
I. Barcina, “Unveiling the metabolic pathways associated with the
adaptive reduction of cell size during Vibrio harveyi persistence in
seawater microcosms,” Microbial Ecology, vol. 70, no. 3, pp. 689–
700, Apr. 2015. DOI: 10.1007/s00248-015-0614-7.

[5] I. Montánchez, I. Arana, C. Parada, I. Garaizabal, M. Orruño,
I. Barcina, and V. R. Kaberdin, “Reprogramming of Vibrio harveyi
gene expression during adaptation in cold seawater,” FEMS
Microbiology Ecology, vol. 87, no. 1, pp. 193–203, Oct. 2013. DOI:
10.1111/1574-6941.12216.

[6] C. Parada, M. Orruño, V. Kaberdin, Z. Bravo, I. Barcina, and I. Arana,
“Changes in the Vibrio harveyi cell envelope subproteome dur-
ing permanence in cold seawater,” Microbial Ecology, vol. 72, no. 3,
pp. 549–558, Jun. 2016. DOI: 10.1007/s00248-016-0802-0.

[7] S. T. Rutherford, J. C. van Kessel, Y. Shao, and B. L. Bassler, “AphA and
LuxR/HapR reciprocally control quorum sensing in vibrios,” Genes
& Development, vol. 25, no. 4, pp. 397–408, Feb. 2011. DOI: 10.1101/
gad.2015011.

[8] D. Pérez-Reytor, N. Plaza, R. T. Espejo, P. Navarrete, R. Bastías, and
K. Garcia, “Role of non-coding regulatory RNA in the virulence of
human pathogenic vibrios,” Frontiers in Microbiology, vol. 7, Jan.
2017. DOI: 10.3389/fmicb.2016.02160.

[9] T. Vattakaven, P. Bond, G. Bradley, and C. B. Munn, “Differential ef-
fects of temperature and starvation on induction of the viable-but-
nonculturable state in the coral pathogens Vibrio shiloi and Vibrio
tasmaniensis,” Applied and Environmental Microbiology, vol. 72,
no. 10, pp. 6508–6513, Oct. 2006. DOI: 10.1128/aem.00798-06.

[10] L. Zhong, J. Chen, X. H. Zhang, and Y. A. Jiang, “Entry of Vibrio
cincinnatiensis into viable but nonculturable state and its
resuscitation,” Letters in Applied Microbiology, vol. 48, no. 2,
pp. 247–252, Feb. 2009. DOI: 10.1111/j.1472-765x.2008.02522.x.

[11] K. Papenfort, K. U. Förstner, J. P. Cong, C. M. Sharma, and B. L. Bassler,
“Differential RNA-seq of Vibrio cholerae identi�es the VqmR small
RNA as a regulator of bio�lm formation,” Proceedings of the Na-
tional Academy of Sciences, vol. 112, no. 7, E766–E775, Feb. 2015.
DOI: 10.1073/pnas.1500203112.

https://doi.org/10.3389/fmicb.2013.00375
https://doi.org/10.1007/s00248-012-0168-x
https://doi.org/10.1007/s00248-012-0168-x
https://doi.org/10.1007/s00248-015-0614-7
https://doi.org/10.1111/1574-6941.12216
https://doi.org/10.1007/s00248-016-0802-0
https://doi.org/10.1101/gad.2015011
https://doi.org/10.1101/gad.2015011
https://doi.org/10.3389/fmicb.2016.02160
https://doi.org/10.1128/aem.00798-06
https://doi.org/10.1111/j.1472-765x.2008.02522.x
https://doi.org/10.1073/pnas.1500203112


102 | Chapter 3. De�ning the transcription landscape of V. harveyi

[12] C. M. Sharma, S. Hoffmann, F. Darfeuille, J. Reignier, S. Findeib,
A. Sittka, S. Chabas, K. Reiche, J. Hackermüller, R. Reinhardt,
P. F. Stadler, and J. Vogel, “The primary transcriptome of the major
human pathogen Helicobacter pylori,” Nature, vol. 464, no. 7286,
pp. 250–255, Feb. 2010. DOI: 10.1038/nature08756.

[13] V. R. Kaberdin and U. Bläsi, “Translation initiation and the fate of
bacterial mRNAs,” FEMS Microbiology Reviews, vol. 30, no. 6,
pp. 967–979, Nov. 2006. DOI: 10.1111/j.1574-6976.2006.00043.x.

[14] T. Barrett, S. E. Wilhite, P. Ledoux, C. Evangelista, I. F. Kim, M. Toma-
shevsky, K. A. Marshall, K. H. Phillippy, P. M. Sherman, M. Holko, A.
Yefanov, H. Lee, N. Zhang, C. L. Robertson, N. Serova, S. Davis, and
A. Soboleva, “NCBI GEO: Archive for functional genomics data sets
update,” Nucleic Acids Research, vol. 41, no. D1, pp. D991–D995, Nov.
2012. DOI: 10.1093/nar/gks1193.

[15] A. R. Quinlan and I. M. Hall, “BEDTools: A �exible suite of utilities for
comparing genomic features,” Bioinformatics, vol. 26, no. 6, pp. 841–
842, Jan. 2010. DOI: 10.1093/bioinformatics/btq033.

[16] T. L. Bailey, M. Boden, F. A. Buske, M. Frith, C. E. Grant, L. Clementi,
J. Ren, W. W. Li, and W. S. Noble, “MEME SUITE: Tools for motif
discovery and searching,” Nucleic Acids Research, vol. 37, no. Web
Server, W202–W208, May 2009. DOI: 10.1093/nar/gkp335.

[17] O. Bembom, seqLogo, 2017. DOI: 10.18129/b9.bioc.seqlogo.

[18] R Core Team, R: A language and environment for statistical
computing, R Foundation for Statistical Computing, Vienna,
Austria, 2017. [Online]. Available: https://www.R-project.org.

[19] RStudio Team, RStudio: Integrated development environment for
r, RStudio, Inc., Boston, MA, 2015. [Online]. Available: http://www.
rstudio.com/.

[20] M. Hoffmann, S. Monday, M. Fischer, and E. Brown, “Genetic and
phylogenetic evidence for misidenti�cation of Vibrio species
within the harveyi clade,” Letters in Applied Microbiology, vol. 54,
no. 2, pp. 160–165, Dec. 2011. DOI: 10.1111/j.1472-765x.2011.03183.x.

[21] L. Li, D. Huang, M. K. Cheung, W. Nong, Q. Huang, and H. S. Kwan,
“BSRD: A repository for bacterial small regulatory RNA,” Nucleic
Acids Research, vol. 41, no. D1, pp. D233–D238, Nov. 2012. DOI: 10.
1093/nar/gks1264.

https://doi.org/10.1038/nature08756
https://doi.org/10.1111/j.1574-6976.2006.00043.x
https://doi.org/10.1093/nar/gks1193
https://doi.org/10.1093/bioinformatics/btq033
https://doi.org/10.1093/nar/gkp335
https://doi.org/10.18129/b9.bioc.seqlogo
https://www.R-project.org
http://www.rstudio.com/
http://www.rstudio.com/
https://doi.org/10.1111/j.1472-765x.2011.03183.x
https://doi.org/10.1093/nar/gks1264
https://doi.org/10.1093/nar/gks1264


Chapter 3. De�ning the transcription landscape of V. harveyi | 103

[22] I. Kalvari, J. Argasinska, N. Quinones-Olvera, E. P. Nawrocki, E. Ri-
vas, S. R. Eddy, A. Bateman, R. D. Finn, and A. I. Petrov, “Rfam 13.0:
Shifting to a genome-centric resource for non-coding RNA fami-
lies,” Nucleic Acids Research, vol. 46, no. D1, pp. D335–D342, Nov.
2017. DOI: 10.1093/nar/gkx1038.

[23] P. Rice, I. Longden, and A. Bleasby, “EMBOSS: The european molec-
ular biology open software suite,” Trends in Genetics, vol. 16, no. 6,
pp. 276–277, Jun. 2000. DOI: 10.1016/s0168-9525(00)02024-2.

[24] H. Thorvaldsdottir, J. T. Robinson, and J. P. Mesirov, “Integrative
Genomics Viewer (IGV): High-performance genomics data
visualization and exploration,” Brie�ngs in Bioinformatics, vol. 14,
no. 2, pp. 178–192, Apr. 2012. DOI: 10.1093/bib/bbs017.

[25] R. Lorenz, S. H. Bernhart, C. H. zu Siederdissen, H. Tafer, C. Flamm,
P. F. Stadler, and I. L. Hofacker, “ViennaRNA package 2.0,”
Algorithms for Molecular Biology, vol. 6, no. 1, Nov. 2011. DOI:
10.1186/1748-7188-6-26.

[26] C. Toffano-Nioche, A. N. Nguyen, C. Kuchly, A. Ott, D. Gautheret,
P. Bouloc, and A. Jacq, “Transcriptomic pro�ling of the oyster
pathogen Vibrio splendidus opens a window on the evolutionary
dynamics of the small RNA repertoire in the Vibrio genus,” RNA,
vol. 18, no. 12, pp. 2201–2219, Oct. 2012. DOI:
10.1261/rna.033324.112.

[27] J. M. Liu, J. Livny, M. S. Lawrence, M. D. Kimball, M. K. Waldor, and
A. Camilli, “Experimental discovery of sRNAs in Vibrio cholerae by
direct cloning, 5S tRNA depletion and parallel sequencing,” Nucleic
Acids Research, vol. 37, no. 6, e46–e46, Feb. 2009. DOI: 10.1093/nar/
gkp080.

[28] F. Sun, Y. Zhang, L. Wang, X. Yan, Y. Tan, Z. Guo, J. Qiu, R. Yang, P.
Xia, and D. Zhou, “Molecular characterization of direct target genes
and cis-acting consensus recognized by quorum-sensing regula-
tor AphA in Vibrio parahaemolyticus,” PLoS ONE, vol. 7, no. 9, J. R.
Battista, Ed., e44210, Sep. 2012. DOI: 10.1371/journal.pone.0044210.

[29] D. Kuchanny-Ardigo, “Cloning and characterization of the groE
heat-shock operon of the marine bacterium Vibrio harveyi,”
Microbiology, vol. 149, no. 6, pp. 1483–1492, Jun. 2003. DOI:
10.1099/mic.0.26273-0.

[30] J.-P. Schlüter, J. Reinkensmeier, M. J. Barnett, C. Lang, E. Krol,
R. Giegerich, S. R. Long, and A. Becker, “Global mapping of
transcription start sites and promoter motifs in the symbiotic
alpha-proteobacterium Sinorhizobium meliloti 1021,” BMC
Genomics, vol. 14, no. 1, p. 156, 2013. DOI: 10.1186/1471-2164-14-156.

https://doi.org/10.1093/nar/gkx1038
https://doi.org/10.1016/s0168-9525(00)02024-2
https://doi.org/10.1093/bib/bbs017
https://doi.org/10.1186/1748-7188-6-26
https://doi.org/10.1261/rna.033324.112
https://doi.org/10.1093/nar/gkp080
https://doi.org/10.1093/nar/gkp080
https://doi.org/10.1371/journal.pone.0044210
https://doi.org/10.1099/mic.0.26273-0
https://doi.org/10.1186/1471-2164-14-156


104 | Chapter 3. De�ning the transcription landscape of V. harveyi

[31] D. K. Hawley and W. R. McClure, “Compilation and analysis of Es-
cherichia coli promoter DNA sequences,” Nucleic Acids Research,
vol. 11, no. 8, pp. 2237–2255, 1983. DOI: 10.1093/nar/11.8.2237.

[32] L. Ettwiller, J. Buswell, E. Yigit, and I. Schildkraut, “A novel enrich-
ment strategy reveals unprecedented number of novel transcrip-
tion start sites at single base resolution in a model prokaryote and
the gut microbiome,” BMC Genomics, vol. 17, no. 1, Mar. 2016. DOI:
10.1186/s12864-016-2539-z.

[33] C. Kroger, S. C. Dillon, A. D. S. Cameron, K. Papenfort,
S. K. Sivasankaran, K. Hokamp, Y. Chao, A. Sittka, M. Hebrard,
K. Handler, A. Colgan, P. Leekitcharoenphon, G. C. Langridge,
A. J. Lohan, B. Loftus, S. Lucchini, D. W. Ussery, C. J. Dorman,
N. R. Thomson, J. Vogel, and J. C. D. Hinton, “The transcriptional
landscape and small RNAs of Salmonella enterica serovar
typhimurium,” Proceedings of the National Academy of Sciences,
vol. 109, no. 20, E1277–E1286, Apr. 2012. DOI:
10.1073/pnas.1201061109.

[34] Y. F. Lin, D. A, S. Guan, L. Mamanova, and K. J. McDowall, “A combi-
nation of improved differential and global RNA-seq reveals perva-
sive transcription initiation and events in all stages of the life-cycle
of functional RNAs in Propionibacterium acnes, a major contrib-
utor to wide-spread human disease,” BMC Genomics, vol. 14, no. 1,
p. 620, 2013. DOI: 10.1186/1471-2164-14-620.

[35] A. Mendoza-Vargas, L. Olvera, M. Olvera, R. Grande,
L. Vega-Alvarado, B. Taboada, V. Jimenez-Jacinto, H. Salgado,
K. Juárez, B. Contreras-Moreira, A. M. Huerta, J. Collado-Vides, and
E. Morett, “Genome-wide identi�cation of transcription start sites,
promoters and transcription factor binding sites in E. coli,” PLoS
ONE, vol. 4, no. 10, C. Creighton, Ed., e7526, Oct. 2009. DOI:
10.1371/journal.pone.0007526.

[36] R. K. Shultzaberger, Z. Chen, K. A. Lewis, and T. D. Schneider,
“Anatomy of Escherichia coli sigma 70 promoters,” Nucleic Acids
Research, vol. 35, no. 3, pp. 771–788, Dec. 2006. DOI:
10.1093/nar/gkl956.

[37] E. F. Boyd, M. R. Carpenter, N. Chowdhury, A. L. Cohen,
B. L. Haines-Menges, S. S. Kalburge, J. J. Kingston, J. Lubin,
S. Y. Ongagna-Yhombi, and W. B. Whitaker, “Post-genomic
analysis of members of the family Vibrionaceae,” Microbiology
Spectrum, vol. 3, no. 5, Oct. 2015. DOI:
10.1128/microbiolspec.ve-0009-2014.

https://doi.org/10.1093/nar/11.8.2237
https://doi.org/10.1186/s12864-016-2539-z
https://doi.org/10.1073/pnas.1201061109
https://doi.org/10.1186/1471-2164-14-620
https://doi.org/10.1371/journal.pone.0007526
https://doi.org/10.1093/nar/gkl956
https://doi.org/10.1128/microbiolspec.ve-0009-2014


Chapter 3. De�ning the transcription landscape of V. harveyi | 105

[38] S. Österberg, T. del Peso-Santos, and V. Shingler, “Regulation of al-
ternative sigma factor use,” Annual Review of Microbiology, vol. 65,
no. 1, pp. 37–55, Oct. 2011. DOI: 10 . 1146 / annurev . micro . 112408 .
134219.

[39] J. T. Wade and D. C. Grainger, “Pervasive transcription: Illuminat-
ing the dark matter of bacterial transcriptomes,” Nature Reviews
Microbiology, vol. 12, no. 9, pp. 647–653, Jul. 2014. DOI: 10 . 1038/
nrmicro3316.

[40] M. Albrecht, C. M. Sharma, R. Reinhardt, J. Vogel, and T. Rudel,
“Deep sequencing-based discovery of the Chlamydia trachomatis
transcriptome,” Nucleic Acids Research, vol. 38, no. 3, pp. 868–877,
Nov. 2009. DOI: 10.1093/nar/gkp1032.

[41] M. R. Hemm, B. J. Paul, T. D. Schneider, G. Storz, and K. E. Rudd,
“Small membrane proteins found by comparative genomics and
ribosome binding site models,” Molecular Microbiology, vol. 70,
no. 6, pp. 1487–1501, Dec. 2008. DOI:
10.1111/j.1365-2958.2008.06495.x.

[42] A. Saghatelian and J. P. Couso, “Discovery and characterization of
smORF-encoded bioactive polypeptides,” Nature Chemical
Biology, vol. 11, no. 12, pp. 909–916, Dec. 2015. DOI:
10.1038/nchembio.1964.

[43] A. L. Delcher, K. A. Bratke, E. C. Powers, and S. L. Salzberg,
“Identifying bacterial genes and endosymbiont DNA with
glimmer,” Bioinformatics, vol. 23, no. 6, pp. 673–679, Jan. 2007.
DOI: 10.1093/bioinformatics/btm009.

[44] E. Alix and A. B. Blanc-Potard, “Peptide-assisted degradation of the
Salmonella MgtC virulence factor,” The EMBO Journal, vol. 27, no. 3,
pp. 546–557, Jan. 2008. DOI: 10.1038/sj.emboj.7601983.

[45] S. L. Rowland, W. F. Burkholder, K. A. Cunningham,
M. W. Maciejewski, A. D. Grossman, and G. F. King, “Structure and
mechanism of action of Sda, an inhibitor of the histidine kinases
that regulate initiation of sporulation in Bacillus subtilis,”
Molecular Cell, vol. 13, no. 5, pp. 689–701, Mar. 2004. DOI:
10.1016/s1097-2765(04)00084-x.

[46] N. G. D’Lima, A. Khitun, A. D. Rosenbloom, P. Yuan, B. M. Gassaway,
K. W. Barber, J. Rinehart, and S. A. Slavoff, “Comparative proteomics
enables identi�cation of nonannotated cold shock proteins in E.
coli,” Journal of Proteome Research, vol. 16, no. 10, pp. 3722–3731,
Sep. 2017. DOI: 10.1021/acs.jproteome.7b00419.

https://doi.org/10.1146/annurev.micro.112408.134219
https://doi.org/10.1146/annurev.micro.112408.134219
https://doi.org/10.1038/nrmicro3316
https://doi.org/10.1038/nrmicro3316
https://doi.org/10.1093/nar/gkp1032
https://doi.org/10.1111/j.1365-2958.2008.06495.x
https://doi.org/10.1038/nchembio.1964
https://doi.org/10.1093/bioinformatics/btm009
https://doi.org/10.1038/sj.emboj.7601983
https://doi.org/10.1016/s1097-2765(04)00084-x
https://doi.org/10.1021/acs.jproteome.7b00419


106 | Chapter 3. De�ning the transcription landscape of V. harveyi

[47] S. T. Rutherford, J. S. Valastyan, T. Taillefumier, N. S. Wingreen, and
B. L. Bassler, “Comprehensive analysis reveals how single
nucleotides contribute to noncoding RNA function in bacterial
quorum sensing,” Proceedings of the National Academy of
Sciences, vol. 112, no. 44, E6038–E6047, Oct. 2015. DOI:
10.1073/pnas.1518958112.

[48] K. C. Tu and B. L. Bassler, “Multiple small RNAs act additively to in-
tegrate sensory information and control quorum sensing in Vib-
rio harveyi,” Genes & Development, vol. 21, no. 2, pp. 221–233, Jan.
2007. DOI: 10.1101/gad.1502407.

[49] D. Sabharwal, T. Song, K. Papenfort, and S. N. Wai, “The VrrA sRNA
controls a stationary phase survival factor Vrp of Vibrio cholerae,”
RNA Biology, vol. 12, no. 2, pp. 186–196, Feb. 2015. DOI: 10 . 1080 /
15476286.2015.1017211.

[50] T. Song, D. Sabharwal, and S. N. Wai, “VrrA mediates hfq-dependent
regulation of OmpT synthesis in Vibrio cholerae,” Journal of Molec-
ular Biology, vol. 400, no. 4, pp. 682–688, Jul. 2010. DOI: 10.1016/j.
jmb.2010.05.061.

[51] S. Yamamoto, H. Izumiya, J. Mitobe, M. Morita, E. Arakawa,
M. Ohnishi, and H. Watanabe, “Identi�cation of a chitin-induced
small RNA that regulates translation of the tfoX gene, encoding a
positive regulator of natural competence in Vibrio cholerae,”
Journal of Bacteriology, vol. 193, no. 8, pp. 1953–1965, Feb. 2011.
DOI: 10.1128/jb.01340-10.

[52] B. M. Davis and M. K. Waldor, “RNase e-dependent processing
stabilizes MicX, a Vibrio cholerae sRNA,” Molecular Microbiology,
vol. 65, no. 2, pp. 373–385, Jul. 2007. DOI:
10.1111/j.1365-2958.2007.05796.x.

[53] A. Nguyen and A. Jacq, “Small RNAs in the Vibrionaceae: An ocean
still to be explored,” Wiley Interdisciplinary Reviews: RNA, vol. 5,
no. 3, pp. 381–392, Jan. 2014, ISSN: 1757-7004. DOI: 10.1002/wrna.
1218.

[54] G. Storz, J. Vogel, and K. M. Wassarman, “Regulation by small RNAs
in bacteria: Expanding frontiers,” Molecular Cell, vol. 43, no. 6,
pp. 880–891, Sep. 2011. DOI: 10.1016/j.molcel.2011.08.022.

https://doi.org/10.1073/pnas.1518958112
https://doi.org/10.1101/gad.1502407
https://doi.org/10.1080/15476286.2015.1017211
https://doi.org/10.1080/15476286.2015.1017211
https://doi.org/10.1016/j.jmb.2010.05.061
https://doi.org/10.1016/j.jmb.2010.05.061
https://doi.org/10.1128/jb.01340-10
https://doi.org/10.1111/j.1365-2958.2007.05796.x
https://doi.org/10.1002/wrna.1218
https://doi.org/10.1002/wrna.1218
https://doi.org/10.1016/j.molcel.2011.08.022


General discussion | 107

General discussion

The class Gammaproteobacteria is one of the most taxonomically and
metabolically diverse group of microorganisms in the Bacteria domain.
Its diversity is manifested by the metabolic versatility of its members,
represented by chemolitotrophic, chemoorganotrophic as well as
phototrophic bacteria. Moreover, γ-proteobacteria have different oxygen
requirements and therefore they are comprised of aerobic, facultative
anaerobic, strictly anaerobic and microaerophilic species [1]. Owing to
this diversity and plasticity of their genomes, gammaproteobacteria are
ubiquitously present in many different ecosystems such as rivers, oceans,
estuaries, hydrothermal vents, marshes, bog soils, coastal sediments, silts,
hospital environments or animal microbiota [2].

Many gammaproteobacteria are common human and animal
pathogens. These pathogenic bacteria pose a threat to human health, in
particular, multi-drug resistant strains that emerged in the past decades.
In view of the ecological importance of gammaproteobacteria, several of
them have been extensively studied and are currently used as model
organisms. Among them, Escherichia coli is arguably the best known
gammaproteobacterium. It is a rod-shaped, facultatively anaerobic,
non-sporulating and �agellated bacterium that belongs to the family
Enterobacteriaceae. E. coli is a common member of the human gut
microbiota, where it plays an important probiotic role [1]. Although most
E. coli strains are non-pathogenic, some virulent strains do exist and they
can cause serious intestinal disorders [3, 4].

While thriving under ever changing conditions, bacteria must adapt
in order to survive and compete with other organisms in their habitats.
To do so, they deploy different regulatory mechanisms that result in deep
transcriptome and proteome changes that allow bacteria to overcome the
negative impact of adverse conditions.

Despite the importance of bacterial stress responses for the survival
of bacteria in their natural habitats, some bacterial stress responses and
their regulation (for example, adaptation in reducing environments) re-
main substantially uncharted. Therefore, in this study our main objective
was to unveil new adaptation strategies and molecular factors important
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for bacterial adaptation to stress.

With the goal of facilitating the study of bacterial stress responses and
the factors controlling cell adaptation, we focused on designing a custom
microarray capable of detecting E. coli sRNAs playing essential roles in
bacterial stress responses [5, 6, 7, 8, 9, 10]. Towards this aim, we supple-
mented a commercial microarray with a set of newly designed probes spe-
ci�c to known and putative E. coli sRNAs and tested the ability of this cus-
tom microarray to detect sRNAs by using it for expression pro�ling of E.
coli MG1655. This test revealed that virtually all custom probes gave strong
and statistically reliable signals, demonstrating the suitability of our cus-
tom microarray for detection of sRNAs. Provided the crucial role that sR-
NAs play in bacterial stress responses, our result suggests that custom mi-
croarrays provide a powerful tool to study cell adaptation to environmen-
tal stress. Indeed, the use of this custom microarray for gene expression
pro�ling of E. coli cells grown on two alternative minimal media supple-
mented with either pyruvate or glucose, respectively, provided several im-
portant insights regarding the role of sRNAs in vivo [11]

Although E. coli responses to different stress factors (extreme tempera-
tures, high/low osmolarity, oxidative environments, etc.) are well studied,
less is known about its response to reducing agents like sul�tes, exten-
sively used as preservatives in the production of food and beverages. To
address our primary goal aimed at providing new insights into bacterial
stress responses, we took advantage of our newly designed microarray to
study the potential effects that sul�te may have on bacterial physiology,
metabolism and gene expression. To perform this analysis, we employed
E. coli MG1655 as a model organism. First, we used �uorescent microscopy
and cell plating techniques to disclose the effects of sul�te on E. coli growth
and viability. We demonstrated the bacteriostatic, rather than bactericidal,
effect of sul�te at the tested concentration. Although sul�te can react with
unsaturated phospholipids of the lipid bilayer [12], damaging the cellular
envelope in a way similar to that of heat-shock, we showed that expo-
sure to sul�te had no impact on membrane integrity, which remained un-
changed after treatment. Moreover, we used our custom microarray and
protein 2D gel electrophoresis to unveil gene expression changes at the
transcriptome and proteome levels in response to the presence of sul�te.
Our experimental data revealed that exposure to a sublethal concentra-
tion of sodium bisul�te can transiently inhibit bacterial growth and acti-
vate stress responses directed to diminish possible damage.

Analysis of E. coli response to sul�te by microarray disclosed changes
in the expression of genes involved in metabolism, processing of genetic
information, energy production, motility, protein and cell envelope main-
tenance, transport and stress response. Some of these changes were fur-
ther con�rmed by qRT-PCR and Nothern blotting. Microarray analysis re-
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vealed changes in the expression of numerous genes controlling amino
acid metabolism. It was previously described that sul�te can react with
some amino acids [13] and the addition of amino acids to a sul�te-treated
culture was capable of reversing growth inhibition [14]. It seems likely that
E. coli can adjust amino acid concentration, making it possible to titrate out
excess of sul�te potentially present in different cell compartments. Other
metabolic pathways affected by sul�te included those related to sulfur as-
similation. Downregulation of genes involved in sulfur assimilation con-
curred with upregulation of genes participating in sul�te oxidation as well
as genes controlling Fe-S cluster biogenesis. Therefore, although upreg-
ulation of genes coding for sul�te-oxidizing enzymes suggests that E. coli
can convert sul�te to sulfate, the excess of sulfate cannot be assimilated.

The presence of sul�te can alter the redox state of the cell and weaken
the electrochemical gradient across the membrane, in turn rendering
several energy producing enzymes inef�cient or nonfunctional. In
agreement with the transient redundancy of many components of the
respiratory chain and ATP producing enzymes dependent on proton
translocation, their cognate genes were downregulated. Consistent with
the reduction of energy production, we found downregulation of genes
involved in different energy-dependent mechanisms including transport
of biomolecules across the membrane. In addition to the
aforementioned changes, the putative decrease in energy consumption
was also correlated with the overall reduction in expression of genes
involved in processing of genetic information. Along with the regulatory
changes directed to slow down cellular metabolism, exposure to sul�te
apparently triggered several E. coli stress responses by upregulating
transcription regulators that participate in acid resistance, oxidative stress
DNA damage repair and DNA damage protection, thus making it possible
for E. coli to initiate the necessary adjustments to survive under the
highly reductive conditions created by sul�te.

Besides E. coli and other members of the Enterobacteriaceae family
that are used to study host-pathogen interactions and microbial adapta-
tion to stress, some gammaproteobacteria are known to play an important
ecological role in their natural habitat, as they actively participate in nu-
trient cycling [15, 16, 17]. One of them is Vibrio harveyi, a rod-shaped, bi-
oluminescent bacterium in the Vibrionaceae family. V. harveyi is present
in many aquatic ecosystems including riverine, coastal, and estuarine wa-
ters. Although V. harveyi frequently causes diseases in shrimps and other
aquatic invertebrates resulting in considerable economic losses in aqua-
culture farms [18], it is less harmful for humans and it normally acts as
an opportunistic pathogen. It can degrade chitin, a carbon biopolymer
present in the exosqueleton of many marine invertebrates, thus contribut-
ing to carbon circulation in the ocean [19].
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To learn more about the organization of V. harveyi transcriptome we
performed the large scale mapping of transcriptional start sites and con-
struction of its primary transcriptome, anticipating that it could lead to the
discovery of new sRNAs and putative open reading frames potentially in-
volved in V. harveyi stress responses. Towards this aim, we used V. har-
veyi ATCC 14126 as a model organism. We took advantage of dRNA-seq to
map TSS through the whole genome of V. harveyi as well as to discover
new coding genes and sRNAs. Additionally, we employed Northern blot
analysis to con�rm the expression of novel sRNAs previously predicted in
silico. dRNA-seq proved to be an extremely powerful technique for the
transcriptomic pro�ling of V. harveyi, as it revealed the location of 3900
TSS, which were divided into different groups depending of their genomic
context. One group of TSS was associated with already annotated genes.
Analysis of the promoter region in this group revealed sequence motifs at
-10 and -35 regions resembling the binding sites of the E. coli σ70 (RpoD)
promoters. The cognate sigma factor is known to control the transcription
of genes that are essential for normal growth. Another group was com-
prised of TSS associated with new genes not annotated in the reference
genome. Analysis of the downstream regions of these TSS revealed sev-
eral ORFs encoding short putative polypeptides that were phylogenetically
conserved in other vibrios, thus suggesting that they likely have biological
function. Furthermore, the study of the downstream regions of TSS in this
same group was complemented by searching non-coding transcripts con-
served in other Vibrio species. This resulted in the prediction of several
new sRNAs, eleven of which were later detected and experimentally con-
�rmed by Northern blotting. While the function of the newly discovered
sRNAs remains unknown, they could potentially be involved in regulation
of bacterial stress responses, as many sRNAs play major roles in bacterial
adaptation to stress.

In summary, (i) we designed a custom microarray capable of detecting
numerous E. coli sRNAs, many of which are known to be related to bacte-
rial adaptation to environmental stress. Furthermore, (ii) we revealed the
effects that sul�te has on E. coli growth, viability and culturability, as well as
the transcriptomic and proteomic changes associated with E. coli adapta-
tion to reducing agents. Finally, we (iii) de�ned the primary transcriptome
of V. harveyi and mapped cis-acting regulatory elements (riboswitches and
leader sequences) and new genes. The latter encode a number of putative
polypeptides and new phylogenetically conserved antisense RNAs poten-
tially involved in the post-transcriptional control of gene expression.
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Conclusions

1. A new custom microaray suitable for the simultaneous detection and
expression pro�ling of E. coli protein-coding transcripts and sRNAs
was designed and tested.

2. E. coli adaptation to sodium sul�te was studied.

3. Exposure to 4 mM sodium sul�te temporarily inhibits E. coli growth
without compromising culturability or cell integrity.

4. After exposure to sul�te E. coli enters a stage of cellular arrest which
is reversible.

5. Microarray analysis revealed that exposure to sul�te triggers a reduc-
tion of E. coli metabolism and energy production, as well as associ-
ated energy-dependent processes such as transport and motility.

6. Analysis of gene expression suggests that E. coli neutralizes sul�te
toxicity by upregulating genes involved in sul�te oxidation.

7. During adaptation to sul�te E. coli can potentially reduce the level
of sul�te by regulating genes involved in Fe-S cluster biogenesis and
amino acid metabolism.

8. The transcription landscape of V. harveyi was analyzed.

9. Differential RNA-seq revealed the location of 3900 transcription
start sites throughout the V. harveyi genome.

10. The transcription start sites that correspond to new small RNAs were
found and the existence of 11 sRNAs was validated by Northern blot
analysis.

11. The transcription start sites corresponding to numerous new open
reading frames potentially coding for short peptides were identi�ed.
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Supplementary data

Table S1. Probes used for Northern blot detection of E. coli RNAs (M1 RNA, 6S RNA, 5S
rRNA and tRNA-Ala) used as size markers (ladder).

RNA Sequence (5’→3’)
M1 RNA GCTCTCTGTTGCACTGGTCGTGGGTTTCC
6S RNA GGTGAATGTGTCGTCGC-AGTTTTAAGGCTTCTCGGA
5S rRNA CGCTACGGCGTTTCACTTCTGAGTTCGGC
tRNA-Ala TACGCATTAACAGTCCGCCG-TTCTACCGACTGAACTACAGA

Table S2. Probes used for Northern blot detection of V. harveyi RNAs (M1 RNA, 6S RNA, 5S
rRNA and tRNA-Ala) used as size markers (ladder).

RNA Sequence (5’→3’)
M1 RNA GCTCTCTGTTGCACTGGTCGTGGGTTTCC
6S RNA GGGTGCCGTTGAGGATTG-TGGCCCTTGAACCAGCTGG
5S rRNA CGCTACTTCGTTTCACTTCTGAGTTCGG
tRNA-Ala GCAAGGCAGGCGCTCTCCCAGCTGAGCTATAGCC

Table S3. Probes used for Northern blot detection of V. harveyi putative sRNAs.

sRNA Sequence (5’→3’)
PsRNA01 AAAAACAACTTATGCCGGATCCTTGTTGTAG
PsRNA02 TCAAGTGAGCAGGTCATAATCTCCTCTAGAA
PsRNA03 TCTACAAACCAAGTCATTCTCGCTGAACCTA
PsRNA04 CCTCAACCGCCACAGCTCAAACTGTGGCGG
PsRNA05 GTAGATCGATAGCCATTTGATAGTCGTTAGT
PsRNA06 GCAGTTCCATAGTCTCCCTCCGGTCACTGTT
PsRNA07 GAGCGTTGTCATTGATTCGAGAGTAAGGAAA
PsRNA08 CACACAGCACTTCTACGTCCTGAACTCGAAA
PsRNA09 GCGAATCGGGAAGACTATTGATGCGTCCCG
PsRNA10 CGGGTACTCAGTTTATAATTGTAGTTTTCGC
PsRNA11 CTTTCATCTTCTTCCACACATCCCTCCACTT
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Table S4. General information about the 3900 TSS mapped in the present study grouped
according to their genomic location.

This table is provided as a supplementary �le in the appendix.

Table S5. A list of known V. harveyi non-coding RNAs, riboswitches and leader sequences
including the corresponding TSS.

This table is provided as a supplementary �le in the appendix.

Table S6. Information of intergenic TSS mapped downstream of annotated genes that are
located on the opposite strand and their associated ORFs.

This table is provided as a supplementary �le in the appendix.

Table S7. A list of the new putative transcripts found by homology search and those exam-
ined by Northern blotting.

This table is provided as a supplementary �le in the appendix.

Table S8. Probes used for Northern blot detection of E. coli sRNAs.

sRNA Sequence (5’→3’)
MicC TTATATGTTGGAAAATCAGTGGCAATGCAA
RybA ACACGCGCATACACCTCTTGAACTCATTCA
RybB AATGGCGGGGTTGATGGGCTCCACAAAATG
GlmZ GTTTATGAGGCACTAAGGCGAACATAAGAG
SraF GACCTCGCCTTCCGGCAAGGTCTCACTTAC
IsrC CCCTGAATGTCTTTCTGTACGTATCTGTGC

C0485 GCAAACAAACAAAAAAATGCATTTCACCCT
RNA0361 GGCTGGACGCCATTTCAAGCCTGATAAAAC

C0087 CATAAGAATTGTTTCGACGGATTTCACAAA
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Table S9. Sequences of the oligonucelotide probes used in qRT-PCR experiments

Target
gene

Forward primer (5’→3’) Reverse primer (5’→3’)

nuoJ ATGCTGGTGGTGATTGT GCCCGAACAGCGTAATA
rrsA CTCTTGCCATCGGATGTGCCCA CCAGTGTGGCTGGTCATCCTCTCA
aroF CTGGTAATGCGCGTCTAT CCCGGCTTCTACATCAAA
yjiY CTGGTTGCCTCTATCTACTTC GCGGAAACAAACGCATAG

hspQ GGATATCGACCCGGTTTATT GTTATCGTCCTCCATCACTAC
ssrA ACGGGGATCAAGAGAGGTCAAAC CGGACGGACACGCCACTAAC
aceK GCTGGGAATCTCTACTGATG CCGTCAGATGGCGAATAA
uspD GATGCCTTACTGGTGAATAAAG CTGTTGCAGGGAAGTAGAT
psiE GTAGAAGGACTGGTGGTTTA AAGTAACGTAGCGGGAAG
yhcN GCGTACTTTCTGTTCTCTCT CCACACCACTTACGGATAC
rnpB CGGGCGGAGGGGAGGAAAG ATCGGCGGTTTGCTCTCTGTTG
corA ACTTCCTGGTGCGTAAAG CTGGAACAGGGATTCGTTAT
cysJ TGATGGTGCCCACATTTA GTCCATGCCACCAAATTC
cysH GACTGGGATAACCGAACTATT GTATCGCCCACCGATAAA
nuoM CTGTGGAGCAAGATGAAATG CTGCCGAACAGAATCATAAAT
bhsA TCAGTCAACGCCAGAAG GGACCGGTTACAGAAGTAATA
cheY TGCGTAACCTGCTGAAA GTCGGAGATAACAAATCCATAAC
iraP CAGGTAGAAGCTTTGGAGATTA CGTATCGTCGTCAGGAATG

Table S10. Complete microarray results

This table is provided as a supplementary �le in the appendix.
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APPENDIX





Chrom Location Strand TSS-ID Replicates Start End Strand ID Start End Strand ID
Chr1 2325 - TSS-1-2325 3 <-- 0135 (<--) 0079 <-- 631 2190 - AL538_00010 2404 2787 - AL538_00015
Chr1 11681 - TSS-1-11681 3 <-- 0035 (<--) 0218 <-- 11452 11646 - AL538_00060 11899 12765 - AL538_00065
Chr1 11754 - TSS-1-11754 3 <-- 0108 (<--) 0145 <-- 11452 11646 - AL538_00060 11899 12765 - AL538_00065
Chr1 12602 - TSS-1-12602 1 <-- | (<--) | <-- 11899 12765 - AL538_00065 11899 12765 - AL538_00065
Chr1 12791 - TSS-1-12791 3 <-- 0026 (<--) 0199 --> 11899 12765 - AL538_00065 12990 13958 + AL538_00070
Chr1 13383 - TSS-1-13383 3 --> | (<--) | --> 12990 13958 + AL538_00070 12990 13958 + AL538_00070
Chr1 45226 - TSS-1-45226 1 --> | (<--) | --> 45031 46014 + AL538_00205 45031 46014 + AL538_00205
Chr1 47016 - TSS-1-47016 1 --> | (<--) | --> 46990 47541 + AL538_00215 46990 47541 + AL538_00215
Chr1 108695 + TSS-1-108695 3 --> | (-->) | --> 108535 108804 + AL538_00540 108535 108804 + AL538_00540
Chr1 115732 - TSS-1-115732 1 <-- | (<--) | <-- 115396 116115 - AL538_00590 115396 116115 - AL538_00590
Chr1 115991 - TSS-1-115991 2 <-- | (<--) | <-- 115396 116115 - AL538_00590 115396 116115 - AL538_00590
Chr1 116216 - TSS-1-116216 3 <-- | (<--) | <-- 116159 116857 - AL538_00595 116159 116857 - AL538_00595
Chr1 125186 + TSS-1-125186 3 <-- 0350 (-->) 0051 --> 122491 124836 - AL538_00620 125237 126829 + AL538_00625
Chr1 126498 - TSS-1-126498 1 --> | (<--) | --> 125237 126829 + AL538_00625 125237 126829 + AL538_00625
Chr1 126613 + TSS-1-126613 3 --> | (-->) | --> 125237 126829 + AL538_00625 125237 126829 + AL538_00625
Chr1 127065 - TSS-1-127065 3 --> 0236 (<--) 0049 <-- 125237 126829 + AL538_00625 127114 127938 - AL538_00630
Chr1 127076 - TSS-1-127076 3 --> 0247 (<--) 0038 <-- 125237 126829 + AL538_00625 127114 127938 - AL538_00630
Chr1 127564 - TSS-1-127564 1 <-- | (<--) | <-- 127114 127938 - AL538_00630 127114 127938 - AL538_00630
Chr1 134720 + TSS-1-134720 2 --> | (-->) | --> 132230 135085 + AL538_00660 132230 135085 + AL538_00660
Chr1 136390 + TSS-1-136390 1 --> | (-->) | --> 135719 136771 + AL538_00670 135719 136771 + AL538_00670
Chr1 137561 + TSS-1-137561 2 <-- 0098 (-->) 0023 --> 137281 137463 - AL538_00680 137584 138315 + AL538_00685
Chr1 137598 - TSS-1-137598 1 --> | (<--) | --> 137584 138315 + AL538_00685 137584 138315 + AL538_00685
Chr1 138417 - TSS-1-138417 3 --> 0102 (<--) 0343 <-- 137584 138315 + AL538_00685 138760 139797 - AL538_00690
Chr1 138543 + TSS-1-138543 3 --> 0228 (-->) 0217 <-- 137584 138315 + AL538_00685 138760 139797 - AL538_00690
Chr1 138601 - TSS-1-138601 1 --> 0286 (<--) 0159 <-- 137584 138315 + AL538_00685 138760 139797 - AL538_00690
Chr1 138606 - TSS-1-138606 2 --> 0291 (<--) 0154 <-- 137584 138315 + AL538_00685 138760 139797 - AL538_00690
Chr1 138615 - TSS-1-138615 2 --> 0300 (<--) 0145 <-- 137584 138315 + AL538_00685 138760 139797 - AL538_00690
Chr1 139826 - TSS-1-139826 1 <-- 0029 (<--) 0223 <-- 138760 139797 - AL538_00690 140049 141080 - AL538_00695
Chr1 139959 - TSS-1-139959 2 <-- 0162 (<--) 0090 <-- 138760 139797 - AL538_00690 140049 141080 - AL538_00695
Chr1 141054 - TSS-1-141054 3 <-- | (<--) | <-- 140049 141080 - AL538_00695 140049 141080 - AL538_00695
Chr1 141530 + TSS-1-141530 3 <-- | (-->) | <-- 141187 141957 - AL538_00700 141187 141957 - AL538_00700
Chr1 142618 + TSS-1-142618 2 <-- | (-->) | <-- 141957 142817 - AL538_00705 141957 142817 - AL538_00705
Chr1 144954 + TSS-1-144954 3 --> | (-->) | --> 144315 145112 + AL538_00715 144315 145112 + AL538_00715
Chr1 145284 - TSS-1-145284 2 --> | (<--) | --> 145105 145941 + AL538_00720 145105 145941 + AL538_00720
Chr1 145651 + TSS-1-145651 1 --> | (-->) | --> 145105 145941 + AL538_00720 145105 145941 + AL538_00720
Chr1 147126 + TSS-1-147126 3 --> | (-->) | --> 146820 147713 + AL538_00730 146820 147713 + AL538_00730
Chr1 148172 - TSS-1-148172 3 <-- | (<--) | <-- 147825 148772 - AL538_00735 147825 148772 - AL538_00735
Chr1 148847 - TSS-1-148847 3 <-- 0075 (<--) 0107 <-- 147825 148772 - AL538_00735 148954 149700 - AL538_00740
Chr1 149725 - TSS-1-149725 3 <-- 0025 (<--) 0066 <-- 148954 149700 - AL538_00740 149791 150468 - AL538_00745
Chr1 149748 - TSS-1-149748 3 <-- 0048 (<--) 0043 <-- 148954 149700 - AL538_00740 149791 150468 - AL538_00745
Chr1 151006 - TSS-1-151006 2 <-- | (<--) | <-- 150657 153020 - AL538_00755 150657 153020 - AL538_00755
Chr1 151007 - TSS-1-151007 1 <-- | (<--) | <-- 150657 153020 - AL538_00755 150657 153020 - AL538_00755
Chr1 154056 - TSS-1-154056 1 <-- | (<--) | <-- 153591 154565 - AL538_00765 153591 154565 - AL538_00765
Chr1 154508 - TSS-1-154508 1 <-- | (<--) | <-- 153591 154565 - AL538_00765 153591 154565 - AL538_00765
Chr1 156091 - TSS-1-156091 3 <-- | (<--) | <-- 155381 156808 - AL538_00780 155381 156808 - AL538_00780
Chr1 156948 - TSS-1-156948 3 <-- 0140 (<--) 0117 --> 155381 156808 - AL538_00780 157065 157421 + AL538_00785
Chr1 163967 - TSS-1-163967 2 <-- 0024 (<--) 0188 --> 163494 163943 - AL538_00820 164155 165795 + AL538_00825
Chr1 165843 + TSS-1-165843 3 --> 0048 (-->) 0023 --> 164155 165795 + AL538_00825 165866 166384 + AL538_00830
Chr1 165851 + TSS-1-165851 3 --> 0056 (-->) 0015 --> 164155 165795 + AL538_00825 165866 166384 + AL538_00830
Chr1 166000 + TSS-1-166000 3 --> | (-->) | --> 165866 166384 + AL538_00830 165866 166384 + AL538_00830
Chr1 166217 + TSS-1-166217 3 --> | (-->) | --> 165866 166384 + AL538_00830 165866 166384 + AL538_00830
Chr1 166751 - TSS-1-166751 3 <-- 0022 (<--) 0150 <-- 166556 166729 - AL538_00835 166901 168673 - AL538_00840
Chr1 166805 - TSS-1-166805 3 <-- 0076 (<--) 0096 <-- 166556 166729 - AL538_00835 166901 168673 - AL538_00840
Chr1 167430 - TSS-1-167430 3 <-- | (<--) | <-- 166901 168673 - AL538_00840 166901 168673 - AL538_00840
Chr1 169140 - TSS-1-169140 3 <-- | (<--) | <-- 168681 170600 - AL538_00845 168681 170600 - AL538_00845
Chr1 169870 - TSS-1-169870 2 <-- | (<--) | <-- 168681 170600 - AL538_00845 168681 170600 - AL538_00845
Chr1 171306 - TSS-1-171306 3 <-- | (<--) | <-- 170848 172971 - AL538_00855 170848 172971 - AL538_00855
Chr1 174505 + TSS-1-174505 1 <-- | (-->) | <-- 174195 175205 - AL538_00865 174195 175205 - AL538_00865
Chr1 175842 - TSS-1-175842 3 <-- | (<--) | <-- 175510 180351 - AL538_00870 175510 180351 - AL538_00870
Chr1 180412 - TSS-1-180412 2 <-- 0061 (<--) 0423 <-- 175510 180351 - AL538_00870 180835 183441 - AL538_00875
Chr1 180435 - TSS-1-180435 2 <-- 0084 (<--) 0400 <-- 175510 180351 - AL538_00870 180835 183441 - AL538_00875
Chr1 183329 + TSS-1-183329 1 <-- | (-->) | <-- 180835 183441 - AL538_00875 180835 183441 - AL538_00875
Chr1 183519 - TSS-1-183519 2 <-- 0078 (<--) 0155 <-- 180835 183441 - AL538_00875 183674 184339 - AL538_00880
Chr1 183856 - TSS-1-183856 3 <-- | (<--) | <-- 183674 184339 - AL538_00880 183674 184339 - AL538_00880
Chr1 183994 - TSS-1-183994 3 <-- | (<--) | <-- 183674 184339 - AL538_00880 183674 184339 - AL538_00880
Chr1 187109 - TSS-1-187109 3 <-- | (<--) | <-- 186561 187187 - AL538_00890 186561 187187 - AL538_00890
Chr1 189938 - TSS-1-189938 3 --> | (<--) | --> 189673 190920 + AL538_00905 189673 190920 + AL538_00905
Chr1 193554 - TSS-1-193554 3 --> | (<--) | --> 190913 193567 + AL538_00910 190913 193567 + AL538_00910
Chr1 195261 + TSS-1-195261 3 --> 0123 (-->) 0494 <-- 193702 195138 + AL538_00915 195755 196591 - AL538_00920
Chr1 195329 + TSS-1-195329 3 --> 0191 (-->) 0426 <-- 193702 195138 + AL538_00915 195755 196591 - AL538_00920
Chr1 195589 + TSS-1-195589 2 --> 0451 (-->) 0166 <-- 193702 195138 + AL538_00915 195755 196591 - AL538_00920
Chr1 195653 - TSS-1-195653 3 --> 0515 (<--) 0102 <-- 193702 195138 + AL538_00915 195755 196591 - AL538_00920
Chr1 195667 - TSS-1-195667 3 --> 0529 (<--) 0088 <-- 193702 195138 + AL538_00915 195755 196591 - AL538_00920

TSS
Genomic context

Flancking genes

Table S4
This table includes all the information regarding the 3900 predicted TSS, including:
-TSS information:  location in the genome, name assigned to the TSS based on location, number of biological replicates in which they appear
-Genomic context of each TSS:  orange, orientation of TSS; green, left gene; blue, right gene; white, distance to genes, no distance reported if introgenic TSS
-Gene to the left of each TSS:  location in the genome, gene ID
-Gene to the right of each TSS: location in the genome, gene ID

Gene on the left Gene on the right



Chrom Location Strand TSS-ID Replicates Start End Strand ID Start End Strand ID

TSS
Genomic context

Flancking genes
Gene on the left Gene on the right

Chr1 195686 - TSS-1-195686 1 --> 0548 (<--) 0069 <-- 193702 195138 + AL538_00915 195755 196591 - AL538_00920
Chr1 195688 - TSS-1-195688 2 --> 0550 (<--) 0067 <-- 193702 195138 + AL538_00915 195755 196591 - AL538_00920
Chr1 196684 + TSS-1-196684 3 <-- 0093 (-->) 0091 --> 195755 196591 - AL538_00920 196775 198127 + AL538_00925
Chr1 197972 + TSS-1-197972 3 --> | (-->) | --> 196775 198127 + AL538_00925 196775 198127 + AL538_00925
Chr1 198242 + TSS-1-198242 2 <-- | (-->) | <-- 198153 198644 - AL538_00930 198153 198644 - AL538_00930
Chr1 198667 - TSS-1-198667 1 <-- 0023 (<--) 0374 --> 198153 198644 - AL538_00930 199041 200093 + AL538_00935
Chr1 199015 + TSS-1-199015 2 <-- 0371 (-->) 0026 --> 198153 198644 - AL538_00930 199041 200093 + AL538_00935
Chr1 202026 + TSS-1-202026 2 <-- 0340 (-->) 0122 --> 200766 201686 - AL538_00945 202148 203176 + AL538_00950
Chr1 202027 + TSS-1-202027 1 <-- 0341 (-->) 0121 --> 200766 201686 - AL538_00945 202148 203176 + AL538_00950
Chr1 202905 + TSS-1-202905 1 --> | (-->) | --> 202148 203176 + AL538_00950 202148 203176 + AL538_00950
Chr1 205160 + TSS-1-205160 3 --> | (-->) | --> 204464 205561 + AL538_00960 204464 205561 + AL538_00960
Chr1 205393 + TSS-1-205393 1 --> | (-->) | --> 204464 205561 + AL538_00960 204464 205561 + AL538_00960
Chr1 205752 - TSS-1-205752 3 --> | (<--) | --> 205585 206334 + AL538_00965 205585 206334 + AL538_00965
Chr1 206652 + TSS-1-206652 2 --> 0318 (-->) 0037 --> 205585 206334 + AL538_00965 206689 207351 + AL538_00970
Chr1 206661 + TSS-1-206661 2 --> 0327 (-->) 0028 --> 205585 206334 + AL538_00965 206689 207351 + AL538_00970
Chr1 207677 + TSS-1-207677 3 --> 0326 (-->) 0029 --> 206689 207351 + AL538_00970 207706 208035 + AL538_00975
Chr1 208422 + TSS-1-208422 1 <-- 0041 (-->) 0050 --> 208109 208381 - AL538_00980 208472 209875 + AL538_00985
Chr1 208431 - TSS-1-208431 3 <-- 0050 (<--) 0041 --> 208109 208381 - AL538_00980 208472 209875 + AL538_00985
Chr1 208462 - TSS-1-208462 3 <-- 0081 (<--) 0010 --> 208109 208381 - AL538_00980 208472 209875 + AL538_00985
Chr1 210487 + TSS-1-210487 1 --> | (-->) | --> 210062 211255 + AL538_00990 210062 211255 + AL538_00990
Chr1 211638 - TSS-1-211638 3 <-- | (<--) | <-- 211306 225894 - AL538_00995 211306 225894 - AL538_00995
Chr1 211746 - TSS-1-211746 3 <-- | (<--) | <-- 211306 225894 - AL538_00995 211306 225894 - AL538_00995
Chr1 211972 - TSS-1-211972 3 <-- | (<--) | <-- 211306 225894 - AL538_00995 211306 225894 - AL538_00995
Chr1 222496 + TSS-1-222496 2 <-- | (-->) | <-- 211306 225894 - AL538_00995 211306 225894 - AL538_00995
Chr1 225948 - TSS-1-225948 3 <-- 0054 (<--) 0350 --> 211306 225894 - AL538_00995 226298 227614 + AL538_01000
Chr1 230310 + TSS-1-230310 3 <-- 0412 (-->) 0028 --> 228357 229898 - AL538_01010 230338 233499 + AL538_01015
Chr1 232334 - TSS-1-232334 3 --> | (<--) | --> 230338 233499 + AL538_01015 230338 233499 + AL538_01015
Chr1 234817 - TSS-1-234817 1 --> | (<--) | --> 233992 235095 + AL538_01025 233992 235095 + AL538_01025
Chr1 235470 - TSS-1-235470 3 <-- | (<--) | <-- 235167 235781 - AL538_01030 235167 235781 - AL538_01030
Chr1 236536 - TSS-1-236536 3 <-- 0092 (<--) 0061 <-- 236124 236444 - AL538_01035 236597 237145 - AL538_01040
Chr1 237706 - TSS-1-237706 3 <-- 0023 (<--) 0356 <-- 237249 237683 - AL538_01045 238062 238544 - AL538_01050
Chr1 240338 - TSS-1-240338 1 <-- 0030 (<--) 0263 --> 239748 240308 - AL538_01060 240601 241884 + AL538_01065
Chr1 240339 - TSS-1-240339 2 <-- 0031 (<--) 0262 --> 239748 240308 - AL538_01060 240601 241884 + AL538_01065
Chr1 240730 - TSS-1-240730 1 --> | (<--) | --> 240601 241884 + AL538_01065 240601 241884 + AL538_01065
Chr1 242135 - TSS-1-242135 1 <-- 0042 (<--) 0386 <-- 241905 242093 - AL538_01070 242521 243612 - AL538_01075
Chr1 243638 - TSS-1-243638 2 <-- 0026 (<--) 0224 <-- 242521 243612 - AL538_01075 243862 244302 - AL538_01080
Chr1 250363 + TSS-1-250363 3 <-- | (-->) | <-- 249598 250512 - AL538_01115 249598 250512 - AL538_01115
Chr1 250388 - TSS-1-250388 1 <-- | (<--) | <-- 249598 250512 - AL538_01115 249598 250512 - AL538_01115
Chr1 252069 + TSS-1-252069 1 <-- | (-->) | <-- 251771 252970 - AL538_01125 251771 252970 - AL538_01125
Chr1 257520 - TSS-1-257520 3 <-- 0103 (<--) 0511 <-- 256509 257417 - AL538_01155 258031 259011 - AL538_01160
Chr1 258801 + TSS-1-258801 3 <-- | (-->) | <-- 258031 259011 - AL538_01160 258031 259011 - AL538_01160
Chr1 258931 - TSS-1-258931 2 <-- | (<--) | <-- 258031 259011 - AL538_01160 258031 259011 - AL538_01160
Chr1 259352 + TSS-1-259352 1 <-- | (-->) | <-- 259058 262057 - AL538_01165 259058 262057 - AL538_01165
Chr1 259606 - TSS-1-259606 3 <-- | (<--) | <-- 259058 262057 - AL538_01165 259058 262057 - AL538_01165
Chr1 265779 + TSS-1-265779 3 --> 0215 (-->) 0015 --> 264854 265564 + AL538_01175 265794 266732 + AL538_01180
Chr1 266397 - TSS-1-266397 3 --> | (<--) | --> 265794 266732 + AL538_01180 265794 266732 + AL538_01180
Chr1 267034 - TSS-1-267034 2 <-- | (<--) | <-- 266911 268359 - AL538_01185 266911 268359 - AL538_01185
Chr1 268240 - TSS-1-268240 2 <-- | (<--) | <-- 266911 268359 - AL538_01185 266911 268359 - AL538_01185
Chr1 268428 - TSS-1-268428 1 <-- | (<--) | <-- 268400 269116 - AL538_01190 268400 269116 - AL538_01190
Chr1 270770 - TSS-1-270770 1 <-- 0155 (<--) 0391 --> 269113 270615 - AL538_01195 271161 272099 + AL538_01200
Chr1 270868 - TSS-1-270868 2 <-- 0253 (<--) 0293 --> 269113 270615 - AL538_01195 271161 272099 + AL538_01200
Chr1 273521 + TSS-1-273521 1 --> | (-->) | --> 272222 274357 + AL538_01205 272222 274357 + AL538_01205
Chr1 276865 - TSS-1-276865 3 <-- 0045 (<--) 0536 --> 275201 276820 - AL538_01215 277401 277628 + AL538_01220
Chr1 277206 + TSS-1-277206 3 <-- 0386 (-->) 0195 --> 275201 276820 - AL538_01215 277401 277628 + AL538_01220
Chr1 277360 + TSS-1-277360 2 <-- 0540 (-->) 0041 --> 275201 276820 - AL538_01215 277401 277628 + AL538_01220
Chr1 277382 + TSS-1-277382 2 <-- 0562 (-->) 0019 --> 275201 276820 - AL538_01215 277401 277628 + AL538_01220
Chr1 277451 + TSS-1-277451 3 --> | (-->) | --> 277401 277628 + AL538_01220 277401 277628 + AL538_01220
Chr1 278384 + TSS-1-278384 3 --> | (-->) | --> 277779 279194 + AL538_01225 277779 279194 + AL538_01225
Chr1 296348 - TSS-1-296348 2 <-- 0146 (<--) 0271 <-- 294694 296202 - AL538_01305 296619 297236 - AL538_01310
Chr1 296690 - TSS-1-296690 1 <-- | (<--) | <-- 296619 297236 - AL538_01310 296619 297236 - AL538_01310
Chr1 300190 + TSS-1-300190 3 --> 0310 (-->) 0118 --> 298510 299880 + AL538_01320 300308 301087 + AL538_01325
Chr1 300454 - TSS-1-300454 2 --> | (<--) | --> 300308 301087 + AL538_01325 300308 301087 + AL538_01325
Chr1 303946 - TSS-1-303946 3 --> | (<--) | --> 302917 303948 + AL538_01340 302917 303948 + AL538_01340
Chr1 306469 - TSS-1-306469 3 <-- | (<--) | <-- 306434 307600 - AL538_01355 306434 307600 - AL538_01355
Chr1 307052 - TSS-1-307052 1 <-- | (<--) | <-- 306434 307600 - AL538_01355 306434 307600 - AL538_01355
Chr1 311176 - TSS-1-311176 2 <-- | (<--) | <-- 309942 311534 - AL538_01370 309942 311534 - AL538_01370
Chr1 311635 - TSS-1-311635 3 <-- 0101 (<--) 0533 --> 309942 311534 - AL538_01370 312168 313154 + AL538_01375
Chr1 311646 - TSS-1-311646 3 <-- 0112 (<--) 0522 --> 309942 311534 - AL538_01370 312168 313154 + AL538_01375
Chr1 312101 + TSS-1-312101 3 <-- 0567 (-->) 0067 --> 309942 311534 - AL538_01370 312168 313154 + AL538_01375
Chr1 317567 + TSS-1-317567 3 <-- | (-->) | <-- 317178 317711 - AL538_01400 317178 317711 - AL538_01400
Chr1 324680 - TSS-1-324680 3 <-- | (<--) | <-- 324389 326293 - AL538_01425 324389 326293 - AL538_01425
Chr1 328017 + TSS-1-328017 1 --> | (-->) | --> 327802 329739 + AL538_01435 327802 329739 + AL538_01435
Chr1 329631 + TSS-1-329631 3 --> | (-->) | --> 327802 329739 + AL538_01435 327802 329739 + AL538_01435
Chr1 330877 + TSS-1-330877 3 <-- | (-->) | <-- 329839 331293 - AL538_01440 329839 331293 - AL538_01440
Chr1 334052 + TSS-1-334052 2 --> 0206 (-->) 0041 --> 333070 333846 + AL538_01450 334093 334476 + AL538_01455
Chr1 335497 + TSS-1-335497 1 <-- 0173 (-->) 0547 --> 334590 335324 - AL538_01460 336044 336145 + .
Chr1 335567 - TSS-1-335567 1 <-- 0243 (<--) 0477 --> 334590 335324 - AL538_01460 336044 336145 + .
Chr1 337562 + TSS-1-337562 1 --> | (-->) | --> 336267 337643 + AL538_01465 336267 337643 + AL538_01465
Chr1 337803 - TSS-1-337803 3 --> 0160 (<--) 0104 <-- 336267 337643 + AL538_01465 337907 339427 - AL538_01470
Chr1 337815 - TSS-1-337815 3 --> 0172 (<--) 0092 <-- 336267 337643 + AL538_01465 337907 339427 - AL538_01470
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Chr1 337858 - TSS-1-337858 2 --> 0215 (<--) 0049 <-- 336267 337643 + AL538_01465 337907 339427 - AL538_01470
Chr1 337862 - TSS-1-337862 1 --> 0219 (<--) 0045 <-- 336267 337643 + AL538_01465 337907 339427 - AL538_01470
Chr1 337871 - TSS-1-337871 3 --> 0228 (<--) 0036 <-- 336267 337643 + AL538_01465 337907 339427 - AL538_01470
Chr1 337946 - TSS-1-337946 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 337981 - TSS-1-337981 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 337986 - TSS-1-337986 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 337987 - TSS-1-337987 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338003 - TSS-1-338003 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338054 - TSS-1-338054 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338062 - TSS-1-338062 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338071 - TSS-1-338071 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338089 - TSS-1-338089 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338118 + TSS-1-338118 1 <-- | (-->) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338170 - TSS-1-338170 2 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338193 - TSS-1-338193 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338426 - TSS-1-338426 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338446 - TSS-1-338446 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338479 - TSS-1-338479 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338539 - TSS-1-338539 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338551 - TSS-1-338551 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338805 - TSS-1-338805 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338889 - TSS-1-338889 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338964 - TSS-1-338964 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 338989 - TSS-1-338989 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 339058 - TSS-1-339058 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 339118 - TSS-1-339118 3 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 339210 - TSS-1-339210 1 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 339387 - TSS-1-339387 2 <-- | (<--) | <-- 337907 339427 - AL538_01470 337907 339427 - AL538_01470
Chr1 339452 - TSS-1-339452 3 <-- 0025 (<--) 0223 --> 337907 339427 - AL538_01470 339675 341438 + AL538_01475
Chr1 339495 - TSS-1-339495 3 <-- 0068 (<--) 0180 --> 337907 339427 - AL538_01470 339675 341438 + AL538_01475
Chr1 339569 + TSS-1-339569 3 <-- 0142 (-->) 0106 --> 337907 339427 - AL538_01470 339675 341438 + AL538_01475
Chr1 341738 - TSS-1-341738 1 --> 0300 (<--) 0244 --> 339675 341438 + AL538_01475 341982 342893 + AL538_01480
Chr1 341777 - TSS-1-341777 3 --> 0339 (<--) 0205 --> 339675 341438 + AL538_01475 341982 342893 + AL538_01480
Chr1 344573 - TSS-1-344573 1 <-- 0028 (<--) 0245 --> 343025 344545 - AL538_01485 344818 345024 + AL538_01490
Chr1 344770 + TSS-1-344770 3 <-- 0225 (-->) 0048 --> 343025 344545 - AL538_01485 344818 345024 + AL538_01490
Chr1 344850 + TSS-1-344850 2 --> | (-->) | --> 344818 345024 + AL538_01490 344818 345024 + AL538_01490
Chr1 344885 + TSS-1-344885 1 --> | (-->) | --> 344818 345024 + AL538_01490 344818 345024 + AL538_01490
Chr1 344904 + TSS-1-344904 1 --> | (-->) | --> 344818 345024 + AL538_01490 344818 345024 + AL538_01490
Chr1 345149 + TSS-1-345149 1 --> 0125 (-->) 0152 <-- 344818 345024 + AL538_01490 345301 346833 - AL538_01495
Chr1 346891 - TSS-1-346891 3 <-- 0058 (<--) 0395 <-- 345301 346833 - AL538_01495 347286 348113 - AL538_01500
Chr1 348374 - TSS-1-348374 1 <-- | (<--) | <-- 348132 349091 - AL538_01505 348132 349091 - AL538_01505
Chr1 360643 - TSS-1-360643 3 --> | (<--) | --> 360223 360903 + AL538_01560 360223 360903 + AL538_01560
Chr1 361500 - TSS-1-361500 3 <-- 0246 (<--) 0311 --> 360985 361254 - AL538_01565 361811 362170 + AL538_01570
Chr1 369387 - TSS-1-369387 3 <-- 0179 (<--) 0118 --> 368828 369208 - AL538_01605 369505 369837 + AL538_01610
Chr1 371528 - TSS-1-371528 3 <-- 0280 (<--) 0569 <-- 370778 371248 - AL538_01620 372097 372173 - AL538_01625
Chr1 371549 - TSS-1-371549 1 <-- 0301 (<--) 0548 <-- 370778 371248 - AL538_01620 372097 372173 - AL538_01625
Chr1 371551 - TSS-1-371551 2 <-- 0303 (<--) 0546 <-- 370778 371248 - AL538_01620 372097 372173 - AL538_01625
Chr1 372839 - TSS-1-372839 3 <-- 0025 (<--) 0129 <-- 372476 372814 - AL538_01635 372968 373630 - AL538_01640
Chr1 373211 - TSS-1-373211 2 <-- | (<--) | <-- 372968 373630 - AL538_01640 372968 373630 - AL538_01640
Chr1 374285 - TSS-1-374285 2 <-- | (<--) | <-- 373827 374495 - AL538_01650 373827 374495 - AL538_01650
Chr1 374875 - TSS-1-374875 3 <-- | (<--) | <-- 374516 375553 - AL538_01655 374516 375553 - AL538_01655
Chr1 375001 - TSS-1-375001 2 <-- | (<--) | <-- 374516 375553 - AL538_01655 374516 375553 - AL538_01655
Chr1 375613 - TSS-1-375613 1 <-- | (<--) | <-- 375563 376693 - AL538_01660 375563 376693 - AL538_01660
Chr1 375622 - TSS-1-375622 1 <-- | (<--) | <-- 375563 376693 - AL538_01660 375563 376693 - AL538_01660
Chr1 375686 - TSS-1-375686 1 <-- | (<--) | <-- 375563 376693 - AL538_01660 375563 376693 - AL538_01660
Chr1 376666 - TSS-1-376666 3 <-- | (<--) | <-- 375563 376693 - AL538_01660 375563 376693 - AL538_01660
Chr1 377600 - TSS-1-377600 1 <-- | (<--) | <-- 376686 377759 - AL538_01665 376686 377759 - AL538_01665
Chr1 377808 - TSS-1-377808 1 <-- 0049 (<--) 0340 --> 376686 377759 - AL538_01665 378148 378612 + AL538_01670
Chr1 377809 - TSS-1-377809 2 <-- 0050 (<--) 0339 --> 376686 377759 - AL538_01665 378148 378612 + AL538_01670
Chr1 380690 + TSS-1-380690 3 --> 0290 (-->) 0028 --> 379294 380400 + AL538_01675 380718 382328 + AL538_01680
Chr1 380762 - TSS-1-380762 3 --> | (<--) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 381310 + TSS-1-381310 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 381339 + TSS-1-381339 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 381792 + TSS-1-381792 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 381887 + TSS-1-381887 2 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 381960 + TSS-1-381960 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382217 + TSS-1-382217 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382224 + TSS-1-382224 2 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382237 + TSS-1-382237 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382239 + TSS-1-382239 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382262 + TSS-1-382262 3 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382310 + TSS-1-382310 1 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382312 + TSS-1-382312 2 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382322 + TSS-1-382322 2 --> | (-->) | --> 380718 382328 + AL538_01680 380718 382328 + AL538_01680
Chr1 382338 + TSS-1-382338 3 --> 0010 (-->) 0155 --> 380718 382328 + AL538_01680 382493 383413 + AL538_01685
Chr1 382353 + TSS-1-382353 1 --> 0025 (-->) 0140 --> 380718 382328 + AL538_01680 382493 383413 + AL538_01685
Chr1 382367 + TSS-1-382367 1 --> 0039 (-->) 0126 --> 380718 382328 + AL538_01680 382493 383413 + AL538_01685
Chr1 382370 + TSS-1-382370 1 --> 0042 (-->) 0123 --> 380718 382328 + AL538_01680 382493 383413 + AL538_01685
Chr1 382803 + TSS-1-382803 1 --> | (-->) | --> 382493 383413 + AL538_01685 382493 383413 + AL538_01685
Chr1 383103 + TSS-1-383103 3 --> | (-->) | --> 382493 383413 + AL538_01685 382493 383413 + AL538_01685
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Chr1 383126 + TSS-1-383126 2 --> | (-->) | --> 382493 383413 + AL538_01685 382493 383413 + AL538_01685
Chr1 383322 - TSS-1-383322 1 --> | (<--) | --> 382493 383413 + AL538_01685 382493 383413 + AL538_01685
Chr1 383694 + TSS-1-383694 2 --> | (-->) | --> 383423 384355 + AL538_01690 383423 384355 + AL538_01690
Chr1 383769 - TSS-1-383769 1 --> | (<--) | --> 383423 384355 + AL538_01690 383423 384355 + AL538_01690
Chr1 383946 + TSS-1-383946 1 --> | (-->) | --> 383423 384355 + AL538_01690 383423 384355 + AL538_01690
Chr1 384668 + TSS-1-384668 3 --> | (-->) | --> 384365 385348 + AL538_01695 384365 385348 + AL538_01695
Chr1 384838 + TSS-1-384838 1 --> | (-->) | --> 384365 385348 + AL538_01695 384365 385348 + AL538_01695
Chr1 385134 + TSS-1-385134 1 --> | (-->) | --> 384365 385348 + AL538_01695 384365 385348 + AL538_01695
Chr1 385209 + TSS-1-385209 2 --> | (-->) | --> 384365 385348 + AL538_01695 384365 385348 + AL538_01695
Chr1 385331 + TSS-1-385331 1 --> | (-->) | --> 384365 385348 + AL538_01695 384365 385348 + AL538_01695
Chr1 385877 + TSS-1-385877 1 --> | (-->) | --> 385358 386353 + AL538_01700 385358 386353 + AL538_01700
Chr1 386167 + TSS-1-386167 3 --> | (-->) | --> 385358 386353 + AL538_01700 385358 386353 + AL538_01700
Chr1 386217 + TSS-1-386217 3 --> | (-->) | --> 385358 386353 + AL538_01700 385358 386353 + AL538_01700
Chr1 386345 + TSS-1-386345 1 --> | (-->) | --> 385358 386353 + AL538_01700 385358 386353 + AL538_01700
Chr1 386354 + TSS-1-386354 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386423 + TSS-1-386423 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386462 + TSS-1-386462 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386477 + TSS-1-386477 3 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386575 + TSS-1-386575 2 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386593 + TSS-1-386593 3 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386614 + TSS-1-386614 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386616 + TSS-1-386616 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386721 + TSS-1-386721 3 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386734 + TSS-1-386734 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 386835 + TSS-1-386835 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 387716 + TSS-1-387716 3 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 387751 + TSS-1-387751 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 387958 + TSS-1-387958 3 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 388067 + TSS-1-388067 1 --> | (-->) | --> 386350 388146 + AL538_01705 386350 388146 + AL538_01705
Chr1 392396 - TSS-1-392396 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392406 - TSS-1-392406 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392423 - TSS-1-392423 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392620 - TSS-1-392620 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392644 - TSS-1-392644 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392652 - TSS-1-392652 2 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392738 - TSS-1-392738 2 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392739 - TSS-1-392739 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392771 - TSS-1-392771 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392786 - TSS-1-392786 2 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392810 - TSS-1-392810 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392829 - TSS-1-392829 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392969 - TSS-1-392969 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 392975 - TSS-1-392975 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393032 - TSS-1-393032 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393040 - TSS-1-393040 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393057 - TSS-1-393057 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393071 - TSS-1-393071 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393099 - TSS-1-393099 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393127 - TSS-1-393127 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393287 - TSS-1-393287 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393294 - TSS-1-393294 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393424 - TSS-1-393424 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393434 - TSS-1-393434 2 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393441 + TSS-1-393441 3 <-- | (-->) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393443 - TSS-1-393443 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393516 - TSS-1-393516 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 393699 - TSS-1-393699 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394010 - TSS-1-394010 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394147 - TSS-1-394147 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394238 - TSS-1-394238 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394252 - TSS-1-394252 2 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394261 + TSS-1-394261 1 <-- | (-->) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394291 - TSS-1-394291 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394293 - TSS-1-394293 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394333 - TSS-1-394333 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394334 - TSS-1-394334 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394364 - TSS-1-394364 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394418 - TSS-1-394418 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394457 - TSS-1-394457 1 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394477 - TSS-1-394477 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394521 - TSS-1-394521 2 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394616 - TSS-1-394616 3 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394629 - TSS-1-394629 2 <-- | (<--) | <-- 392368 394812 - AL538_01715 392368 394812 - AL538_01715
Chr1 394818 + TSS-1-394818 2 <-- 0006 (-->) 0475 --> 392368 394812 - AL538_01715 395293 395802 + AL538_01720
Chr1 394892 - TSS-1-394892 3 <-- 0080 (<--) 0401 --> 392368 394812 - AL538_01715 395293 395802 + AL538_01720
Chr1 395647 + TSS-1-395647 1 --> | (-->) | --> 395293 395802 + AL538_01720 395293 395802 + AL538_01720
Chr1 398076 - TSS-1-398076 2 <-- | (<--) | <-- 397876 398373 - AL538_01735 397876 398373 - AL538_01735
Chr1 398721 - TSS-1-398721 1 <-- | (<--) | <-- 398574 401663 - AL538_01740 398574 401663 - AL538_01740
Chr1 399217 - TSS-1-399217 3 <-- | (<--) | <-- 398574 401663 - AL538_01740 398574 401663 - AL538_01740
Chr1 406379 - TSS-1-406379 1 <-- 0205 (<--) 0020 <-- 405467 406174 - AL538_01765 406399 407247 - AL538_01770
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Chr1 406382 - TSS-1-406382 1 <-- 0208 (<--) 0017 <-- 405467 406174 - AL538_01765 406399 407247 - AL538_01770
Chr1 406392 - TSS-1-406392 3 <-- 0218 (<--) 0007 <-- 405467 406174 - AL538_01765 406399 407247 - AL538_01770
Chr1 406410 - TSS-1-406410 3 <-- | (<--) | <-- 406399 407247 - AL538_01770 406399 407247 - AL538_01770
Chr1 406491 - TSS-1-406491 3 <-- | (<--) | <-- 406399 407247 - AL538_01770 406399 407247 - AL538_01770
Chr1 407234 - TSS-1-407234 1 <-- | (<--) | <-- 406399 407247 - AL538_01770 406399 407247 - AL538_01770
Chr1 407270 - TSS-1-407270 1 <-- | (<--) | <-- 407250 408530 - AL538_01775 407250 408530 - AL538_01775
Chr1 407305 - TSS-1-407305 2 <-- | (<--) | <-- 407250 408530 - AL538_01775 407250 408530 - AL538_01775
Chr1 407371 + TSS-1-407371 1 <-- | (-->) | <-- 407250 408530 - AL538_01775 407250 408530 - AL538_01775
Chr1 407398 - TSS-1-407398 3 <-- | (<--) | <-- 407250 408530 - AL538_01775 407250 408530 - AL538_01775
Chr1 409587 - TSS-1-409587 1 <-- | (<--) | <-- 408527 409666 - AL538_01780 408527 409666 - AL538_01780
Chr1 409747 - TSS-1-409747 1 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 409839 - TSS-1-409839 1 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 409926 - TSS-1-409926 2 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 409927 - TSS-1-409927 1 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410169 - TSS-1-410169 3 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410185 - TSS-1-410185 2 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410249 - TSS-1-410249 2 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410286 - TSS-1-410286 3 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410316 - TSS-1-410316 1 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410465 - TSS-1-410465 1 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410469 - TSS-1-410469 2 <-- | (<--) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410622 + TSS-1-410622 3 <-- | (-->) | <-- 409741 410655 - AL538_01785 409741 410655 - AL538_01785
Chr1 410680 - TSS-1-410680 3 <-- 0025 (<--) 0032 <-- 409741 410655 - AL538_01785 410712 411683 - AL538_01790
Chr1 410697 - TSS-1-410697 2 <-- 0042 (<--) 0015 <-- 409741 410655 - AL538_01785 410712 411683 - AL538_01790
Chr1 410709 - TSS-1-410709 1 <-- 0054 (<--) 0003 <-- 409741 410655 - AL538_01785 410712 411683 - AL538_01790
Chr1 411070 - TSS-1-411070 3 <-- | (<--) | <-- 410712 411683 - AL538_01790 410712 411683 - AL538_01790
Chr1 411277 - TSS-1-411277 3 <-- | (<--) | <-- 410712 411683 - AL538_01790 410712 411683 - AL538_01790
Chr1 411602 - TSS-1-411602 1 <-- | (<--) | <-- 410712 411683 - AL538_01790 410712 411683 - AL538_01790
Chr1 411704 - TSS-1-411704 2 <-- 0021 (<--) 0084 <-- 410712 411683 - AL538_01790 411788 412861 - AL538_01795
Chr1 411791 + TSS-1-411791 3 <-- | (-->) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 411866 - TSS-1-411866 3 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 411879 - TSS-1-411879 3 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 411984 - TSS-1-411984 3 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412023 - TSS-1-412023 2 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412145 - TSS-1-412145 1 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412207 - TSS-1-412207 1 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412252 - TSS-1-412252 2 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412264 - TSS-1-412264 2 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412312 - TSS-1-412312 1 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412373 - TSS-1-412373 2 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412842 - TSS-1-412842 1 <-- | (<--) | <-- 411788 412861 - AL538_01795 411788 412861 - AL538_01795
Chr1 412926 - TSS-1-412926 3 <-- 0065 (<--) 0057 <-- 411788 412861 - AL538_01795 412983 414239 - AL538_01800
Chr1 414193 + TSS-1-414193 3 <-- | (-->) | <-- 412983 414239 - AL538_01800 412983 414239 - AL538_01800
Chr1 414313 + TSS-1-414313 2 <-- 0074 (-->) 0037 --> 412983 414239 - AL538_01800 414350 415351 + AL538_01805
Chr1 414401 - TSS-1-414401 1 --> | (<--) | --> 414350 415351 + AL538_01805 414350 415351 + AL538_01805
Chr1 414403 - TSS-1-414403 1 --> | (<--) | --> 414350 415351 + AL538_01805 414350 415351 + AL538_01805
Chr1 415217 + TSS-1-415217 2 --> | (-->) | --> 414350 415351 + AL538_01805 414350 415351 + AL538_01805
Chr1 415253 + TSS-1-415253 3 --> | (-->) | --> 414350 415351 + AL538_01805 414350 415351 + AL538_01805
Chr1 415336 + TSS-1-415336 1 --> | (-->) | --> 414350 415351 + AL538_01805 414350 415351 + AL538_01805
Chr1 415337 + TSS-1-415337 2 --> | (-->) | --> 414350 415351 + AL538_01805 414350 415351 + AL538_01805
Chr1 415347 + TSS-1-415347 2 --> | (-->) | --> 414350 415351 + AL538_01805 414350 415351 + AL538_01805
Chr1 415390 + TSS-1-415390 2 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 415598 + TSS-1-415598 3 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 415709 + TSS-1-415709 1 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 416148 + TSS-1-416148 2 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 416160 + TSS-1-416160 3 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 416230 + TSS-1-416230 3 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 416325 + TSS-1-416325 2 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 416379 + TSS-1-416379 2 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 416413 + TSS-1-416413 1 --> | (-->) | --> 415370 416902 + AL538_01810 415370 416902 + AL538_01810
Chr1 421396 - TSS-1-421396 1 <-- | (<--) | <-- 421103 421618 - AL538_01835 421103 421618 - AL538_01835
Chr1 422829 + TSS-1-422829 3 <-- 0247 (-->) 0025 --> 422112 422582 - AL538_01840 422854 423081 + AL538_01845
Chr1 428934 + TSS-1-428934 1 --> 0058 (-->) 0025 --> 427665 428876 + AL538_01870 428959 429540 + AL538_01875
Chr1 429626 + TSS-1-429626 3 --> 0086 (-->) 0025 --> 428959 429540 + AL538_01875 429651 430226 + AL538_01880
Chr1 437523 - TSS-1-437523 3 <-- | (<--) | <-- 437026 438054 - AL538_01930 437026 438054 - AL538_01930
Chr1 438074 - TSS-1-438074 3 <-- 0020 (<--) 0219 <-- 437026 438054 - AL538_01930 438293 440092 - AL538_01935
Chr1 439809 + TSS-1-439809 1 <-- | (-->) | <-- 438293 440092 - AL538_01935 438293 440092 - AL538_01935
Chr1 440331 - TSS-1-440331 2 <-- | (<--) | <-- 440175 440789 - AL538_01940 440175 440789 - AL538_01940
Chr1 443866 - TSS-1-443866 2 <-- 0055 (<--) 0681 --> 443200 443811 - AL538_01960 444547 445242 + AL538_01965
Chr1 444431 + TSS-1-444431 3 <-- 0620 (-->) 0116 --> 443200 443811 - AL538_01960 444547 445242 + AL538_01965
Chr1 446620 - TSS-1-446620 2 --> | (<--) | --> 445437 446810 + AL538_01970 445437 446810 + AL538_01970
Chr1 447357 + TSS-1-447357 1 --> | (-->) | --> 447025 447705 + AL538_01975 447025 447705 + AL538_01975
Chr1 448921 + TSS-1-448921 1 --> | (-->) | --> 447867 449288 + AL538_01980 447867 449288 + AL538_01980
Chr1 450462 - TSS-1-450462 3 --> 0062 (<--) 0194 --> 449723 450400 + AL538_01990 450656 451543 + AL538_01995
Chr1 450494 + TSS-1-450494 3 --> 0094 (-->) 0162 --> 449723 450400 + AL538_01990 450656 451543 + AL538_01995
Chr1 450633 + TSS-1-450633 3 --> 0233 (-->) 0023 --> 449723 450400 + AL538_01990 450656 451543 + AL538_01995
Chr1 451288 + TSS-1-451288 1 --> | (-->) | --> 450656 451543 + AL538_01995 450656 451543 + AL538_01995
Chr1 452114 + TSS-1-452114 3 --> | (-->) | --> 451692 452867 + AL538_02000 451692 452867 + AL538_02000
Chr1 453727 + TSS-1-453727 3 <-- 0133 (-->) 0204 --> 452944 453594 - AL538_02005 453931 454704 + AL538_02010
Chr1 453898 + TSS-1-453898 3 <-- 0304 (-->) 0033 --> 452944 453594 - AL538_02005 453931 454704 + AL538_02010
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Chr1 453973 - TSS-1-453973 2 --> | (<--) | --> 453931 454704 + AL538_02010 453931 454704 + AL538_02010
Chr1 455236 - TSS-1-455236 3 <-- 0092 (<--) 0435 --> 454848 455144 - AL538_02015 455671 456549 + AL538_02020
Chr1 456803 - TSS-1-456803 3 --> | (<--) | --> 456732 456971 + AL538_02025 456732 456971 + AL538_02025
Chr1 460316 + TSS-1-460316 3 <-- | (-->) | <-- 459615 462020 - AL538_02055 459615 462020 - AL538_02055
Chr1 465900 - TSS-1-465900 3 <-- | (<--) | <-- 465797 466588 - AL538_02075 465797 466588 - AL538_02075
Chr1 468486 - TSS-1-468486 1 <-- | (<--) | <-- 466630 469005 - AL538_02080 466630 469005 - AL538_02080
Chr1 468488 - TSS-1-468488 1 <-- | (<--) | <-- 466630 469005 - AL538_02080 466630 469005 - AL538_02080
Chr1 470021 + TSS-1-470021 3 <-- 0026 (-->) 0145 <-- 469207 469995 - AL538_02085 470166 470975 - AL538_02090
Chr1 470025 - TSS-1-470025 3 <-- 0030 (<--) 0141 <-- 469207 469995 - AL538_02085 470166 470975 - AL538_02090
Chr1 472260 - TSS-1-472260 3 <-- | (<--) | <-- 472233 472622 - AL538_02105 472233 472622 - AL538_02105
Chr1 473151 - TSS-1-473151 3 <-- 0136 (<--) 0196 <-- 472635 473015 - AL538_02110 473347 473700 - AL538_02115
Chr1 474788 - TSS-1-474788 2 <-- | (<--) | <-- 474614 476542 - AL538_02130 474614 476542 - AL538_02130
Chr1 475494 - TSS-1-475494 3 <-- | (<--) | <-- 474614 476542 - AL538_02130 474614 476542 - AL538_02130
Chr1 476657 - TSS-1-476657 3 <-- 0115 (<--) 0181 --> 474614 476542 - AL538_02130 476838 477827 + AL538_02135
Chr1 480822 + TSS-1-480822 2 --> | (-->) | --> 479598 480848 + AL538_02150 479598 480848 + AL538_02150
Chr1 483752 - TSS-1-483752 3 --> | (<--) | --> 483686 485221 + AL538_02165 483686 485221 + AL538_02165
Chr1 485281 + TSS-1-485281 3 --> 0060 (-->) 0510 --> 483686 485221 + AL538_02165 485791 486516 + AL538_02170
Chr1 485645 + TSS-1-485645 1 --> 0424 (-->) 0146 --> 483686 485221 + AL538_02165 485791 486516 + AL538_02170
Chr1 487365 - TSS-1-487365 3 <-- | (<--) | <-- 487153 490188 - AL538_02180 487153 490188 - AL538_02180
Chr1 487846 + TSS-1-487846 3 <-- | (-->) | <-- 487153 490188 - AL538_02180 487153 490188 - AL538_02180
Chr1 490296 - TSS-1-490296 1 <-- 0108 (<--) 0152 --> 487153 490188 - AL538_02180 490448 491131 + AL538_02185
Chr1 493983 + TSS-1-493983 3 --> 0132 (-->) 0050 --> 492874 493851 + AL538_02200 494033 494218 + AL538_02205
Chr1 493996 + TSS-1-493996 1 --> 0145 (-->) 0037 --> 492874 493851 + AL538_02200 494033 494218 + AL538_02205
Chr1 494008 + TSS-1-494008 1 --> 0157 (-->) 0025 --> 492874 493851 + AL538_02200 494033 494218 + AL538_02205
Chr1 494009 + TSS-1-494009 1 --> 0158 (-->) 0024 --> 492874 493851 + AL538_02200 494033 494218 + AL538_02205
Chr1 494553 + TSS-1-494553 3 --> 0335 (-->) 0027 --> 494033 494218 + AL538_02205 494580 494972 + AL538_02210
Chr1 494939 + TSS-1-494939 1 --> | (-->) | --> 494580 494972 + AL538_02210 494580 494972 + AL538_02210
Chr1 494940 + TSS-1-494940 2 --> | (-->) | --> 494580 494972 + AL538_02210 494580 494972 + AL538_02210
Chr1 501111 + TSS-1-501111 3 <-- 0066 (-->) 0143 <-- 500614 501045 - AL538_02255 501254 501670 - AL538_02260
Chr1 504938 - TSS-1-504938 1 <-- | (<--) | <-- 504842 505081 - AL538_02300 504842 505081 - AL538_02300
Chr1 526476 - TSS-1-526476 1 <-- 0220 (<--) 0524 <-- 525795 526256 - AL538_02450 527000 527230 - AL538_02455
Chr1 529195 + TSS-1-529195 1 <-- 0143 (-->) 0134 <-- 528540 529052 - AL538_02470 529329 529829 - AL538_02475
Chr1 530556 + TSS-1-530556 3 <-- 0182 (-->) 0027 --> 529964 530374 - AL538_02480 530583 530831 + AL538_02485
Chr1 531027 - TSS-1-531027 2 --> | (<--) | --> 530821 531111 + AL538_02490 530821 531111 + AL538_02490
Chr1 532383 - TSS-1-532383 1 <-- 0065 (<--) 0802 --> 531791 532318 - AL538_02495 533185 533466 + AL538_02500
Chr1 533091 - TSS-1-533091 1 <-- 0773 (<--) 0094 --> 531791 532318 - AL538_02495 533185 533466 + AL538_02500
Chr1 533687 - TSS-1-533687 2 --> 0221 (<--) 0007 <-- 533185 533466 + AL538_02500 533694 534311 - AL538_02505
Chr1 547371 - TSS-1-547371 1 <-- 0336 (<--) 0013 <-- 546781 547035 - AL538_02575 547384 547725 - AL538_02580
Chr1 551684 - TSS-1-551684 3 <-- 0151 (<--) 0095 <-- 551015 551533 - AL538_02610 551779 552207 - AL538_02615
Chr1 554561 - TSS-1-554561 3 <-- 0158 (<--) 0453 <-- 553975 554403 - AL538_02630 555014 555583 - AL538_02635
Chr1 557484 - TSS-1-557484 3 --> 0195 (<--) 0681 --> 557005 557289 + AL538_02650 558165 558674 + AL538_02655
Chr1 558771 - TSS-1-558771 3 --> 0097 (<--) 0162 <-- 558165 558674 + AL538_02655 558933 559208 - AL538_02660
Chr1 559465 - TSS-1-559465 3 <-- | (<--) | <-- 559460 559828 - AL538_02665 559460 559828 - AL538_02665
Chr1 560693 - TSS-1-560693 3 <-- | (<--) | <-- 560485 561144 - AL538_02675 560485 561144 - AL538_02675
Chr1 563134 - TSS-1-563134 1 <-- | (<--) | <-- 563128 563481 - AL538_02695 563128 563481 - AL538_02695
Chr1 565934 - TSS-1-565934 3 <-- 0069 (<--) 0083 <-- 565221 565865 - AL538_02715 566017 566526 - AL538_02720
Chr1 575548 + TSS-1-575548 3 <-- 0091 (-->) 0635 <-- 574684 575457 - AL538_02775 576183 576494 - AL538_02780
Chr1 593466 + TSS-1-593466 2 <-- 0218 (-->) 0031 --> 592793 593248 - AL538_02885 593497 593800 + AL538_02890
Chr1 597226 - TSS-1-597226 3 <-- 0136 (<--) 0005 <-- 596431 597090 - AL538_02910 597231 597710 - AL538_02915
Chr1 601752 - TSS-1-601752 3 <-- | (<--) | <-- 601501 602085 - AL538_02945 601501 602085 - AL538_02945
Chr1 601819 - TSS-1-601819 3 <-- | (<--) | <-- 601501 602085 - AL538_02945 601501 602085 - AL538_02945
Chr1 603866 - TSS-1-603866 1 <-- | (<--) | <-- 603794 604834 - AL538_02955 603794 604834 - AL538_02955
Chr1 605573 - TSS-1-605573 3 <-- | (<--) | <-- 604831 606207 - AL538_02960 604831 606207 - AL538_02960
Chr1 606240 - TSS-1-606240 2 <-- 0033 (<--) 0125 <-- 604831 606207 - AL538_02960 606365 606550 - AL538_02965
Chr1 606607 - TSS-1-606607 3 <-- 0057 (<--) 0167 <-- 606365 606550 - AL538_02965 606774 608291 - AL538_02970
Chr1 607038 - TSS-1-607038 3 <-- | (<--) | <-- 606774 608291 - AL538_02970 606774 608291 - AL538_02970
Chr1 608518 - TSS-1-608518 3 <-- 0227 (<--) 0073 --> 606774 608291 - AL538_02970 608591 609964 + AL538_02975
Chr1 611325 + TSS-1-611325 1 <-- | (-->) | <-- 610044 611744 - AL538_02980 610044 611744 - AL538_02980
Chr1 612313 + TSS-1-612313 1 <-- 0023 (-->) 0091 --> 611751 612290 - AL538_02985 612404 613003 + AL538_02990
Chr1 612320 - TSS-1-612320 2 <-- 0030 (<--) 0084 --> 611751 612290 - AL538_02985 612404 613003 + AL538_02990
Chr1 612321 - TSS-1-612321 1 <-- 0031 (<--) 0083 --> 611751 612290 - AL538_02985 612404 613003 + AL538_02990
Chr1 613314 + TSS-1-613314 3 --> 0311 (-->) 0036 --> 612404 613003 + AL538_02990 613350 614603 + AL538_02995
Chr1 614865 + TSS-1-614865 3 --> | (-->) | --> 614701 616062 + AL538_03000 614701 616062 + AL538_03000
Chr1 615964 + TSS-1-615964 1 --> | (-->) | --> 614701 616062 + AL538_03000 614701 616062 + AL538_03000
Chr1 618761 - TSS-1-618761 3 --> 0190 (<--) 0266 --> 618104 618571 + AL538_03010 619027 619815 + AL538_03015
Chr1 618910 + TSS-1-618910 3 --> 0339 (-->) 0117 --> 618104 618571 + AL538_03010 619027 619815 + AL538_03015
Chr1 621566 - TSS-1-621566 1 --> | (<--) | --> 620623 622248 + AL538_03025 620623 622248 + AL538_03025
Chr1 624577 - TSS-1-624577 3 <-- 0044 (<--) 0056 <-- 624312 624533 - AL538_03040 624633 626024 - AL538_03045
Chr1 626046 - TSS-1-626046 3 <-- 0022 (<--) 0156 --> 624633 626024 - AL538_03045 626202 626432 + AL538_03050
Chr1 626175 + TSS-1-626175 3 <-- 0151 (-->) 0027 --> 624633 626024 - AL538_03045 626202 626432 + AL538_03050
Chr1 626741 + TSS-1-626741 3 --> 0309 (-->) 0047 --> 626202 626432 + AL538_03050 626788 627087 + AL538_03055
Chr1 627436 - TSS-1-627436 3 --> 0349 (<--) 0196 --> 626788 627087 + AL538_03055 627632 629098 + AL538_03060
Chr1 627733 - TSS-1-627733 3 --> | (<--) | --> 627632 629098 + AL538_03060 627632 629098 + AL538_03060
Chr1 630272 + TSS-1-630272 3 --> | (-->) | --> 629280 630470 + AL538_03065 629280 630470 + AL538_03065
Chr1 631259 - TSS-1-631259 3 <-- 0042 (<--) 0179 --> 630576 631217 - AL538_03070 631438 633327 + AL538_03075
Chr1 631291 - TSS-1-631291 3 <-- 0074 (<--) 0147 --> 630576 631217 - AL538_03070 631438 633327 + AL538_03075
Chr1 631411 + TSS-1-631411 3 <-- 0194 (-->) 0027 --> 630576 631217 - AL538_03070 631438 633327 + AL538_03075
Chr1 633703 - TSS-1-633703 2 --> | (<--) | --> 633339 634055 + AL538_03080 633339 634055 + AL538_03080
Chr1 634384 - TSS-1-634384 2 <-- | (<--) | <-- 634127 636010 - AL538_03085 634127 636010 - AL538_03085
Chr1 636398 - TSS-1-636398 1 <-- | (<--) | <-- 636238 637809 - AL538_03090 636238 637809 - AL538_03090
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Chr1 636427 - TSS-1-636427 1 <-- | (<--) | <-- 636238 637809 - AL538_03090 636238 637809 - AL538_03090
Chr1 638173 + TSS-1-638173 3 <-- 0364 (-->) 0033 --> 636238 637809 - AL538_03090 638206 638682 + AL538_03095
Chr1 639539 - TSS-1-639539 3 <-- | (<--) | <-- 639362 640717 - AL538_03105 639362 640717 - AL538_03105
Chr1 640803 - TSS-1-640803 3 <-- 0086 (<--) 0073 <-- 639362 640717 - AL538_03105 640876 642162 - AL538_03110
Chr1 648814 - TSS-1-648814 3 <-- | (<--) | <-- 647222 648814 - AL538_03145 647222 648814 - AL538_03145
Chr1 650369 - TSS-1-650369 3 <-- | (<--) | <-- 649982 651019 - AL538_03155 649982 651019 - AL538_03155
Chr1 652547 + TSS-1-652547 2 <-- | (-->) | <-- 652505 653767 - AL538_03165 652505 653767 - AL538_03165
Chr1 653164 - TSS-1-653164 3 <-- | (<--) | <-- 652505 653767 - AL538_03165 652505 653767 - AL538_03165
Chr1 653392 - TSS-1-653392 3 <-- | (<--) | <-- 652505 653767 - AL538_03165 652505 653767 - AL538_03165
Chr1 654608 - TSS-1-654608 3 <-- 0069 (<--) 0211 <-- 653943 654539 - AL538_03170 654819 654995 - AL538_03175
Chr1 654725 - TSS-1-654725 3 <-- 0186 (<--) 0094 <-- 653943 654539 - AL538_03170 654819 654995 - AL538_03175
Chr1 655074 - TSS-1-655074 3 <-- 0079 (<--) 0067 <-- 654819 654995 - AL538_03175 655141 655551 - AL538_03180
Chr1 656438 - TSS-1-656438 1 <-- | (<--) | <-- 656049 657956 - AL538_03190 656049 657956 - AL538_03190
Chr1 658132 - TSS-1-658132 3 <-- | (<--) | <-- 657967 658938 - AL538_03195 657967 658938 - AL538_03195
Chr1 662192 - TSS-1-662192 3 --> 0089 (<--) 0008 <-- 660676 662103 + AL538_03210 662200 662754 - AL538_03215
Chr1 662953 - TSS-1-662953 3 <-- 0199 (<--) 0016 <-- 662200 662754 - AL538_03215 662969 663592 - AL538_03220
Chr1 663614 - TSS-1-663614 3 <-- 0022 (<--) 0100 <-- 662969 663592 - AL538_03220 663714 666353 - AL538_03225
Chr1 663938 - TSS-1-663938 3 <-- | (<--) | <-- 663714 666353 - AL538_03225 663714 666353 - AL538_03225
Chr1 664322 - TSS-1-664322 2 <-- | (<--) | <-- 663714 666353 - AL538_03225 663714 666353 - AL538_03225
Chr1 666607 - TSS-1-666607 1 <-- 0254 (<--) 0056 --> 663714 666353 - AL538_03225 666663 667370 + AL538_03230
Chr1 667366 + TSS-1-667366 2 --> | (-->) | --> 666663 667370 + AL538_03230 666663 667370 + AL538_03230
Chr1 667714 + TSS-1-667714 3 <-- | (-->) | <-- 667620 667808 - AL538_03235 667620 667808 - AL538_03235
Chr1 670785 + TSS-1-670785 1 --> | (-->) | --> 670225 671358 + AL538_03245 670225 671358 + AL538_03245
Chr1 671387 - TSS-1-671387 1 --> | (<--) | --> 671358 671636 + AL538_03250 671358 671636 + AL538_03250
Chr1 671722 + TSS-1-671722 1 --> 0086 (-->) 0014 <-- 671358 671636 + AL538_03250 671736 672968 - AL538_03255
Chr1 671846 - TSS-1-671846 3 <-- | (<--) | <-- 671736 672968 - AL538_03255 671736 672968 - AL538_03255
Chr1 672944 - TSS-1-672944 1 <-- | (<--) | <-- 671736 672968 - AL538_03255 671736 672968 - AL538_03255
Chr1 673273 - TSS-1-673273 2 --> | (<--) | --> 673168 674070 + AL538_03260 673168 674070 + AL538_03260
Chr1 673713 + TSS-1-673713 3 --> | (-->) | --> 673168 674070 + AL538_03260 673168 674070 + AL538_03260
Chr1 674208 + TSS-1-674208 3 --> 0138 (-->) 0104 --> 673168 674070 + AL538_03260 674312 674824 + AL538_03265
Chr1 674217 + TSS-1-674217 1 --> 0147 (-->) 0095 --> 673168 674070 + AL538_03260 674312 674824 + AL538_03265
Chr1 674246 + TSS-1-674246 1 --> 0176 (-->) 0066 --> 673168 674070 + AL538_03260 674312 674824 + AL538_03265
Chr1 674252 + TSS-1-674252 1 --> 0182 (-->) 0060 --> 673168 674070 + AL538_03260 674312 674824 + AL538_03265
Chr1 674255 + TSS-1-674255 1 --> 0185 (-->) 0057 --> 673168 674070 + AL538_03260 674312 674824 + AL538_03265
Chr1 674290 + TSS-1-674290 2 --> 0220 (-->) 0022 --> 673168 674070 + AL538_03260 674312 674824 + AL538_03265
Chr1 674312 + TSS-1-674312 1 --> | (-->) | --> 674312 674824 + AL538_03265 674312 674824 + AL538_03265
Chr1 674744 + TSS-1-674744 3 --> | (-->) | --> 674312 674824 + AL538_03265 674312 674824 + AL538_03265
Chr1 675163 - TSS-1-675163 3 <-- | (<--) | <-- 674921 676054 - AL538_03270 674921 676054 - AL538_03270
Chr1 675445 - TSS-1-675445 3 <-- | (<--) | <-- 674921 676054 - AL538_03270 674921 676054 - AL538_03270
Chr1 675460 - TSS-1-675460 3 <-- | (<--) | <-- 674921 676054 - AL538_03270 674921 676054 - AL538_03270
Chr1 675657 - TSS-1-675657 3 <-- | (<--) | <-- 674921 676054 - AL538_03270 674921 676054 - AL538_03270
Chr1 680836 - TSS-1-680836 3 <-- 0414 (<--) 0334 <-- 677531 680422 - AL538_03280 681170 681245 - AL538_03285
Chr1 681245 - TSS-1-681245 3 <-- | (<--) | <-- 681170 681245 - AL538_03285 681170 681245 - AL538_03285
Chr1 681301 - TSS-1-681301 1 <-- | (<--) | <-- 681256 681342 - AL538_03290 681256 681342 - AL538_03290
Chr1 681340 - TSS-1-681340 1 <-- | (<--) | <-- 681256 681342 - AL538_03290 681256 681342 - AL538_03290
Chr1 681468 - TSS-1-681468 1 <-- | (<--) | <-- 681421 681496 - AL538_03295 681421 681496 - AL538_03295
Chr1 681496 - TSS-1-681496 3 <-- | (<--) | <-- 681421 681496 - AL538_03295 681421 681496 - AL538_03295
Chr1 681557 - TSS-1-681557 3 <-- | (<--) | <-- 681534 681607 - AL538_03300 681534 681607 - AL538_03300
Chr1 681613 - TSS-1-681613 3 <-- 0006 (<--) 0192 --> 681534 681607 - AL538_03300 681805 681984 + AL538_03305
Chr1 681668 - TSS-1-681668 3 <-- 0061 (<--) 0137 --> 681534 681607 - AL538_03300 681805 681984 + AL538_03305
Chr1 682588 - TSS-1-682588 3 <-- 0023 (<--) 0024 <-- 682008 682565 - AL538_03310 682612 684378 - AL538_03315
Chr1 685160 - TSS-1-685160 3 <-- 0070 (<--) 0362 --> 684446 685090 - AL538_03320 685522 687885 + AL538_03325
Chr1 688847 + TSS-1-688847 1 <-- 0155 (-->) 0032 --> 687925 688692 - AL538_03330 688879 689445 + AL538_03335
Chr1 690959 - TSS-1-690959 1 <-- 0088 (<--) 0257 --> 689933 690871 - AL538_03345 691216 691926 + AL538_03350
Chr1 690960 - TSS-1-690960 1 <-- 0089 (<--) 0256 --> 689933 690871 - AL538_03345 691216 691926 + AL538_03350
Chr1 692095 - TSS-1-692095 2 <-- | (<--) | <-- 692013 692633 - AL538_03355 692013 692633 - AL538_03355
Chr1 692830 - TSS-1-692830 1 <-- | (<--) | <-- 692695 693552 - AL538_03360 692695 693552 - AL538_03360
Chr1 693641 + TSS-1-693641 3 <-- 0089 (-->) 0007 --> 692695 693552 - AL538_03360 693648 693773 + AL538_03365
Chr1 695260 + TSS-1-695260 1 --> | (-->) | --> 693950 695515 + AL538_03370 693950 695515 + AL538_03370
Chr1 696051 + TSS-1-696051 3 --> | (-->) | --> 695532 696140 + AL538_03375 695532 696140 + AL538_03375
Chr1 696062 + TSS-1-696062 3 --> | (-->) | --> 695532 696140 + AL538_03375 695532 696140 + AL538_03375
Chr1 696154 + TSS-1-696154 1 --> 0014 (-->) 0025 --> 695532 696140 + AL538_03375 696179 697189 + AL538_03380
Chr1 696163 + TSS-1-696163 2 --> 0023 (-->) 0016 --> 695532 696140 + AL538_03375 696179 697189 + AL538_03380
Chr1 696650 + TSS-1-696650 1 --> | (-->) | --> 696179 697189 + AL538_03380 696179 697189 + AL538_03380
Chr1 696823 + TSS-1-696823 3 --> | (-->) | --> 696179 697189 + AL538_03380 696179 697189 + AL538_03380
Chr1 696957 + TSS-1-696957 1 --> | (-->) | --> 696179 697189 + AL538_03380 696179 697189 + AL538_03380
Chr1 697016 + TSS-1-697016 3 --> | (-->) | --> 696179 697189 + AL538_03380 696179 697189 + AL538_03380
Chr1 698669 + TSS-1-698669 2 --> 0027 (-->) 0038 --> 697203 698642 + AL538_03385 698707 699897 + AL538_03390
Chr1 699198 + TSS-1-699198 2 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699349 + TSS-1-699349 2 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699569 + TSS-1-699569 2 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699736 + TSS-1-699736 2 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699739 + TSS-1-699739 1 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699788 + TSS-1-699788 1 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699814 + TSS-1-699814 3 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699831 + TSS-1-699831 3 --> | (-->) | --> 698707 699897 + AL538_03390 698707 699897 + AL538_03390
Chr1 699916 + TSS-1-699916 2 --> | (-->) | --> 699897 700703 + AL538_03395 699897 700703 + AL538_03395
Chr1 700002 + TSS-1-700002 1 --> | (-->) | --> 699897 700703 + AL538_03395 699897 700703 + AL538_03395
Chr1 700011 + TSS-1-700011 1 --> | (-->) | --> 699897 700703 + AL538_03395 699897 700703 + AL538_03395
Chr1 700235 + TSS-1-700235 2 --> | (-->) | --> 699897 700703 + AL538_03395 699897 700703 + AL538_03395
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Chr1 700417 + TSS-1-700417 1 --> | (-->) | --> 699897 700703 + AL538_03395 699897 700703 + AL538_03395
Chr1 700492 + TSS-1-700492 2 --> | (-->) | --> 699897 700703 + AL538_03395 699897 700703 + AL538_03395
Chr1 700493 + TSS-1-700493 1 --> | (-->) | --> 699897 700703 + AL538_03395 699897 700703 + AL538_03395
Chr1 700967 + TSS-1-700967 1 --> 0264 (-->) 0074 --> 699897 700703 + AL538_03395 701041 702300 + AL538_03400
Chr1 702202 + TSS-1-702202 3 --> | (-->) | --> 701041 702300 + AL538_03400 701041 702300 + AL538_03400
Chr1 702423 + TSS-1-702423 3 --> 0123 (-->) 0040 --> 701041 702300 + AL538_03400 702463 703662 + AL538_03405
Chr1 702580 - TSS-1-702580 3 --> | (<--) | --> 702463 703662 + AL538_03405 702463 703662 + AL538_03405
Chr1 706449 + TSS-1-706449 3 --> | (-->) | --> 706299 706541 + AL538_03415 706299 706541 + AL538_03415
Chr1 707119 + TSS-1-707119 1 --> | (-->) | --> 706670 707242 + AL538_03420 706670 707242 + AL538_03420
Chr1 707876 + TSS-1-707876 1 --> | (-->) | --> 707869 708165 + AL538_03430 707869 708165 + AL538_03430
Chr1 707914 - TSS-1-707914 3 --> | (<--) | --> 707869 708165 + AL538_03430 707869 708165 + AL538_03430
Chr1 708872 - TSS-1-708872 1 <-- | (<--) | <-- 708660 710942 - AL538_03440 708660 710942 - AL538_03440
Chr1 710266 + TSS-1-710266 3 <-- | (-->) | <-- 708660 710942 - AL538_03440 708660 710942 - AL538_03440
Chr1 712428 - TSS-1-712428 3 <-- 0087 (<--) 0099 <-- 712141 712341 - AL538_03450 712527 713237 - AL538_03455
Chr1 715062 + TSS-1-715062 2 <-- | (-->) | <-- 713324 715780 - AL538_03460 713324 715780 - AL538_03460
Chr1 715946 - TSS-1-715946 3 <-- 0166 (<--) 0242 --> 713324 715780 - AL538_03460 716188 718554 + AL538_03465
Chr1 721607 + TSS-1-721607 2 <-- | (-->) | <-- 721487 721870 - AL538_03480 721487 721870 - AL538_03480
Chr1 726644 - TSS-1-726644 3 <-- | (<--) | <-- 726252 727721 - AL538_03500 726252 727721 - AL538_03500
Chr1 727813 + TSS-1-727813 3 <-- | (-->) | <-- 727724 728725 - AL538_03505 727724 728725 - AL538_03505
Chr1 728779 + TSS-1-728779 3 <-- 0054 (-->) 0138 --> 727724 728725 - AL538_03505 728917 729594 + AL538_03510
Chr1 730508 - TSS-1-730508 3 --> | (<--) | --> 729591 730877 + AL538_03515 729591 730877 + AL538_03515
Chr1 731291 - TSS-1-731291 3 <-- | (<--) | <-- 730977 732236 - AL538_03520 730977 732236 - AL538_03520
Chr1 733970 - TSS-1-733970 3 <-- 0056 (<--) 0156 <-- 733372 733914 - AL538_03530 734126 734986 - AL538_03535
Chr1 734003 + TSS-1-734003 3 <-- 0089 (-->) 0123 <-- 733372 733914 - AL538_03530 734126 734986 - AL538_03535
Chr1 741350 - TSS-1-741350 2 <-- 0164 (<--) 0215 --> 740212 741186 - AL538_03570 741565 742014 + AL538_03575
Chr1 745193 - TSS-1-745193 1 <-- 0226 (<--) 0003 <-- 743696 744967 - AL538_03585 745196 746962 - AL538_03590
Chr1 745810 - TSS-1-745810 3 <-- | (<--) | <-- 745196 746962 - AL538_03590 745196 746962 - AL538_03590
Chr1 754660 + TSS-1-754660 1 <-- | (-->) | <-- 754590 754913 - AL538_03635 754590 754913 - AL538_03635
Chr1 755828 - TSS-1-755828 1 <-- | (<--) | <-- 755479 755889 - AL538_03645 755479 755889 - AL538_03645
Chr1 756644 - TSS-1-756644 3 <-- 0023 (<--) 0085 <-- 755980 756621 - AL538_03650 756729 757241 - AL538_03655
Chr1 756953 - TSS-1-756953 3 <-- | (<--) | <-- 756729 757241 - AL538_03655 756729 757241 - AL538_03655
Chr1 758240 - TSS-1-758240 1 <-- | (<--) | <-- 757238 759349 - AL538_03660 757238 759349 - AL538_03660
Chr1 760245 + TSS-1-760245 2 --> | (-->) | --> 759969 760874 + AL538_03670 759969 760874 + AL538_03670
Chr1 767707 + TSS-1-767707 3 --> | (-->) | --> 767707 768039 + AL538_03715 767707 768039 + AL538_03715
Chr1 768026 + TSS-1-768026 3 --> | (-->) | --> 767707 768039 + AL538_03715 767707 768039 + AL538_03715
Chr1 770831 - TSS-1-770831 1 --> | (<--) | --> 769397 771457 + AL538_03735 769397 771457 + AL538_03735
Chr1 773586 - TSS-1-773586 3 <-- 0191 (<--) 0233 <-- 771548 773395 - AL538_03740 773819 774520 - AL538_03745
Chr1 773843 + TSS-1-773843 3 <-- | (-->) | <-- 773819 774520 - AL538_03745 773819 774520 - AL538_03745
Chr1 774774 - TSS-1-774774 3 <-- | (<--) | <-- 774604 775779 - AL538_03750 774604 775779 - AL538_03750
Chr1 776117 - TSS-1-776117 3 <-- 0026 (<--) 0115 <-- 775798 776091 - AL538_03755 776232 776516 - AL538_03760
Chr1 776399 - TSS-1-776399 3 <-- | (<--) | <-- 776232 776516 - AL538_03760 776232 776516 - AL538_03760
Chr1 776632 - TSS-1-776632 1 <-- 0116 (<--) 0099 <-- 776232 776516 - AL538_03760 776731 778401 - AL538_03765
Chr1 776991 - TSS-1-776991 3 <-- | (<--) | <-- 776731 778401 - AL538_03765 776731 778401 - AL538_03765
Chr1 777661 - TSS-1-777661 3 <-- | (<--) | <-- 776731 778401 - AL538_03765 776731 778401 - AL538_03765
Chr1 778488 - TSS-1-778488 3 <-- 0087 (<--) 0024 <-- 776731 778401 - AL538_03765 778512 779192 - AL538_03770
Chr1 778531 - TSS-1-778531 3 <-- | (<--) | <-- 778512 779192 - AL538_03770 778512 779192 - AL538_03770
Chr1 779309 - TSS-1-779309 2 <-- 0117 (<--) 0096 <-- 778512 779192 - AL538_03770 779405 780466 - AL538_03775
Chr1 779667 - TSS-1-779667 3 <-- | (<--) | <-- 779405 780466 - AL538_03775 779405 780466 - AL538_03775
Chr1 780116 - TSS-1-780116 3 <-- | (<--) | <-- 779405 780466 - AL538_03775 779405 780466 - AL538_03775
Chr1 780418 - TSS-1-780418 3 <-- | (<--) | <-- 779405 780466 - AL538_03775 779405 780466 - AL538_03775
Chr1 788559 - TSS-1-788559 1 --> | (<--) | --> 788095 789498 + AL538_03810 788095 789498 + AL538_03810
Chr1 792870 - TSS-1-792870 1 --> 0270 (<--) 0075 <-- 789526 792600 + AL538_03815 792945 793892 - AL538_03820
Chr1 793985 - TSS-1-793985 3 <-- 0093 (<--) 0140 <-- 792945 793892 - AL538_03820 794125 795342 - AL538_03825
Chr1 795365 - TSS-1-795365 3 <-- 0023 (<--) 0297 --> 794125 795342 - AL538_03825 795662 797104 + AL538_03830
Chr1 795612 + TSS-1-795612 3 <-- 0270 (-->) 0050 --> 794125 795342 - AL538_03825 795662 797104 + AL538_03830
Chr1 798217 - TSS-1-798217 3 <-- | (<--) | <-- 797154 798299 - AL538_03835 797154 798299 - AL538_03835
Chr1 798349 - TSS-1-798349 1 <-- 0050 (<--) 0189 --> 797154 798299 - AL538_03835 798538 799128 + AL538_03840
Chr1 798429 - TSS-1-798429 3 <-- 0130 (<--) 0109 --> 797154 798299 - AL538_03835 798538 799128 + AL538_03840
Chr1 798504 - TSS-1-798504 2 <-- 0205 (<--) 0034 --> 797154 798299 - AL538_03835 798538 799128 + AL538_03840
Chr1 798516 + TSS-1-798516 1 <-- 0217 (-->) 0022 --> 797154 798299 - AL538_03835 798538 799128 + AL538_03840
Chr1 799391 + TSS-1-799391 2 --> 0263 (-->) 0219 --> 798538 799128 + AL538_03840 799610 801070 + AL538_03845
Chr1 800659 + TSS-1-800659 3 --> | (-->) | --> 799610 801070 + AL538_03845 799610 801070 + AL538_03845
Chr1 800747 + TSS-1-800747 3 --> | (-->) | --> 799610 801070 + AL538_03845 799610 801070 + AL538_03845
Chr1 801479 - TSS-1-801479 3 <-- | (<--) | <-- 801231 801632 - AL538_03850 801231 801632 - AL538_03850
Chr1 802133 - TSS-1-802133 3 <-- | (<--) | <-- 801867 803297 - AL538_03855 801867 803297 - AL538_03855
Chr1 803025 - TSS-1-803025 2 <-- | (<--) | <-- 801867 803297 - AL538_03855 801867 803297 - AL538_03855
Chr1 803389 - TSS-1-803389 3 <-- 0092 (<--) 0354 <-- 801867 803297 - AL538_03855 803743 804510 - AL538_03860
Chr1 807387 - TSS-1-807387 1 <-- | (<--) | <-- 807130 807945 - AL538_03880 807130 807945 - AL538_03880
Chr1 808005 - TSS-1-808005 2 <-- 0060 (<--) 0048 <-- 807130 807945 - AL538_03880 808053 809300 - AL538_03885
Chr1 808280 - TSS-1-808280 2 <-- | (<--) | <-- 808053 809300 - AL538_03885 808053 809300 - AL538_03885
Chr1 808533 - TSS-1-808533 3 <-- | (<--) | <-- 808053 809300 - AL538_03885 808053 809300 - AL538_03885
Chr1 809769 - TSS-1-809769 3 <-- 0142 (<--) 0104 <-- 809394 809627 - AL538_03890 809873 810607 - AL538_03895
Chr1 812739 - TSS-1-812739 3 <-- | (<--) | <-- 812597 813622 - AL538_03910 812597 813622 - AL538_03910
Chr1 814180 - TSS-1-814180 3 <-- | (<--) | <-- 813863 814387 - AL538_03920 813863 814387 - AL538_03920
Chr1 815957 - TSS-1-815957 3 <-- | (<--) | <-- 815474 816418 - AL538_03930 815474 816418 - AL538_03930
Chr1 816702 + TSS-1-816702 1 <-- 0284 (-->) 0354 --> 815474 816418 - AL538_03930 817056 820142 + AL538_03935
Chr1 816703 + TSS-1-816703 2 <-- 0285 (-->) 0353 --> 815474 816418 - AL538_03930 817056 820142 + AL538_03935
Chr1 817311 + TSS-1-817311 3 --> | (-->) | --> 817056 820142 + AL538_03935 817056 820142 + AL538_03935
Chr1 822287 - TSS-1-822287 3 <-- | (<--) | <-- 822093 822542 - AL538_03950 822093 822542 - AL538_03950
Chr1 822828 + TSS-1-822828 3 --> | (-->) | --> 822660 823265 + AL538_03955 822660 823265 + AL538_03955
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Chr1 824635 - TSS-1-824635 3 <-- | (<--) | <-- 823365 825455 - AL538_03960 823365 825455 - AL538_03960
Chr1 825482 - TSS-1-825482 1 <-- 0027 (<--) 0164 <-- 823365 825455 - AL538_03960 825646 826287 - AL538_03965
Chr1 826517 - TSS-1-826517 1 <-- | (<--) | <-- 826469 827545 - AL538_03970 826469 827545 - AL538_03970
Chr1 827035 - TSS-1-827035 3 <-- | (<--) | <-- 826469 827545 - AL538_03970 826469 827545 - AL538_03970
Chr1 827559 - TSS-1-827559 3 <-- 0014 (<--) 0144 --> 826469 827545 - AL538_03970 827703 829763 + AL538_03975
Chr1 829419 + TSS-1-829419 3 --> | (-->) | --> 827703 829763 + AL538_03975 827703 829763 + AL538_03975
Chr1 829430 + TSS-1-829430 3 --> | (-->) | --> 827703 829763 + AL538_03975 827703 829763 + AL538_03975
Chr1 831765 - TSS-1-831765 1 <-- 0036 (<--) 0604 --> 830890 831729 - AL538_03985 832369 833955 + AL538_03990
Chr1 831767 - TSS-1-831767 2 <-- 0038 (<--) 0602 --> 830890 831729 - AL538_03985 832369 833955 + AL538_03990
Chr1 832101 + TSS-1-832101 3 <-- 0372 (-->) 0268 --> 830890 831729 - AL538_03985 832369 833955 + AL538_03990
Chr1 833800 + TSS-1-833800 3 --> | (-->) | --> 832369 833955 + AL538_03990 832369 833955 + AL538_03990
Chr1 833808 + TSS-1-833808 3 --> | (-->) | --> 832369 833955 + AL538_03990 832369 833955 + AL538_03990
Chr1 834454 + TSS-1-834454 3 --> | (-->) | --> 834041 834577 + AL538_03995 834041 834577 + AL538_03995
Chr1 834968 - TSS-1-834968 3 <-- | (<--) | <-- 834659 835267 - AL538_04000 834659 835267 - AL538_04000
Chr1 835542 + TSS-1-835542 3 --> | (-->) | --> 835455 836414 + AL538_04005 835455 836414 + AL538_04005
Chr1 837341 - TSS-1-837341 2 <-- | (<--) | <-- 836480 837940 - AL538_04010 836480 837940 - AL538_04010
Chr1 837783 + TSS-1-837783 3 <-- | (-->) | <-- 836480 837940 - AL538_04010 836480 837940 - AL538_04010
Chr1 837827 + TSS-1-837827 1 <-- | (-->) | <-- 836480 837940 - AL538_04010 836480 837940 - AL538_04010
Chr1 837830 + TSS-1-837830 2 <-- | (-->) | <-- 836480 837940 - AL538_04010 836480 837940 - AL538_04010
Chr1 839906 - TSS-1-839906 1 <-- 0026 (<--) 0115 <-- 838054 839880 - AL538_04015 840021 840815 - AL538_04020
Chr1 839921 + TSS-1-839921 1 <-- 0041 (-->) 0100 <-- 838054 839880 - AL538_04015 840021 840815 - AL538_04020
Chr1 840361 - TSS-1-840361 1 <-- | (<--) | <-- 840021 840815 - AL538_04020 840021 840815 - AL538_04020
Chr1 841932 - TSS-1-841932 3 <-- | (<--) | <-- 841803 842768 - AL538_04030 841803 842768 - AL538_04030
Chr1 842727 - TSS-1-842727 3 <-- | (<--) | <-- 841803 842768 - AL538_04030 841803 842768 - AL538_04030
Chr1 842972 + TSS-1-842972 1 --> | (-->) | --> 842848 843087 + AL538_04035 842848 843087 + AL538_04035
Chr1 843481 + TSS-1-843481 1 <-- | (-->) | <-- 843084 843536 - AL538_04040 843084 843536 - AL538_04040
Chr1 843497 - TSS-1-843497 3 <-- | (<--) | <-- 843084 843536 - AL538_04040 843084 843536 - AL538_04040
Chr1 843578 - TSS-1-843578 2 <-- 0042 (<--) 0304 --> 843084 843536 - AL538_04040 843882 845078 + AL538_04045
Chr1 847051 + TSS-1-847051 1 --> | (-->) | --> 845216 847381 + AL538_04050 845216 847381 + AL538_04050
Chr1 847052 + TSS-1-847052 2 --> | (-->) | --> 845216 847381 + AL538_04050 845216 847381 + AL538_04050
Chr1 848756 - TSS-1-848756 3 <-- 0030 (<--) 0106 <-- 847452 848726 - AL538_04055 848862 849806 - AL538_04060
Chr1 853860 + TSS-1-853860 2 <-- 0040 (-->) 0068 <-- 852900 853820 - AL538_04080 853928 855559 - AL538_04085
Chr1 855681 - TSS-1-855681 3 <-- 0122 (<--) 0439 <-- 853928 855559 - AL538_04085 856120 856575 - AL538_04090
Chr1 855889 - TSS-1-855889 1 <-- 0330 (<--) 0231 <-- 853928 855559 - AL538_04085 856120 856575 - AL538_04090
Chr1 857276 + TSS-1-857276 1 <-- | (-->) | <-- 856834 857310 - AL538_04100 856834 857310 - AL538_04100
Chr1 859192 - TSS-1-859192 3 <-- 0130 (<--) 0046 --> 858929 859062 - . 859238 860131 + AL538_04115
Chr1 859283 - TSS-1-859283 3 --> | (<--) | --> 859238 860131 + AL538_04115 859238 860131 + AL538_04115
Chr1 860743 - TSS-1-860743 3 <-- | (<--) | <-- 860587 861990 - AL538_04125 860587 861990 - AL538_04125
Chr1 861063 - TSS-1-861063 1 <-- | (<--) | <-- 860587 861990 - AL538_04125 860587 861990 - AL538_04125
Chr1 862143 + TSS-1-862143 1 <-- 0153 (-->) 0173 <-- 860587 861990 - AL538_04125 862316 864346 - AL538_04130
Chr1 862144 + TSS-1-862144 2 <-- 0154 (-->) 0172 <-- 860587 861990 - AL538_04125 862316 864346 - AL538_04130
Chr1 862151 + TSS-1-862151 3 <-- 0161 (-->) 0165 <-- 860587 861990 - AL538_04125 862316 864346 - AL538_04130
Chr1 864608 + TSS-1-864608 3 <-- 0262 (-->) 0298 --> 862316 864346 - AL538_04130 864906 864981 + AL538_04135
Chr1 864906 + TSS-1-864906 2 --> | (-->) | --> 864906 864981 + AL538_04135 864906 864981 + AL538_04135
Chr1 866823 + TSS-1-866823 2 --> | (-->) | --> 865371 867668 + AL538_04140 865371 867668 + AL538_04140
Chr1 868000 + TSS-1-868000 3 --> | (-->) | --> 867980 868558 + AL538_04145 867980 868558 + AL538_04145
Chr1 874031 + TSS-1-874031 3 --> | (-->) | --> 873689 874381 + AL538_04170 873689 874381 + AL538_04170
Chr1 874405 + TSS-1-874405 1 --> 0024 (-->) 0056 --> 873689 874381 + AL538_04170 874461 875102 + AL538_04175
Chr1 878195 + TSS-1-878195 3 --> | (-->) | --> 878143 879468 + AL538_04200 878143 879468 + AL538_04200
Chr1 878798 + TSS-1-878798 3 --> | (-->) | --> 878143 879468 + AL538_04200 878143 879468 + AL538_04200
Chr1 946610 + TSS-1-946610 3 --> 0140 (-->) 0098 <-- 945448 946470 + AL538_04525 946708 947043 - AL538_04530
Chr1 947066 - TSS-1-947066 3 <-- 0023 (<--) 0220 --> 946708 947043 - AL538_04530 947286 947870 + AL538_04535
Chr1 947202 + TSS-1-947202 2 <-- 0159 (-->) 0084 --> 946708 947043 - AL538_04530 947286 947870 + AL538_04535
Chr1 947246 + TSS-1-947246 1 <-- 0203 (-->) 0040 --> 946708 947043 - AL538_04530 947286 947870 + AL538_04535
Chr1 948677 + TSS-1-948677 3 --> | (-->) | --> 948666 949409 + AL538_04545 948666 949409 + AL538_04545
Chr1 948740 + TSS-1-948740 1 --> | (-->) | --> 948666 949409 + AL538_04545 948666 949409 + AL538_04545
Chr1 949131 + TSS-1-949131 1 --> | (-->) | --> 948666 949409 + AL538_04545 948666 949409 + AL538_04545
Chr1 949963 - TSS-1-949963 2 <-- | (<--) | <-- 949559 952261 - AL538_04550 949559 952261 - AL538_04550
Chr1 949964 - TSS-1-949964 1 <-- | (<--) | <-- 949559 952261 - AL538_04550 949559 952261 - AL538_04550
Chr1 950345 - TSS-1-950345 1 <-- | (<--) | <-- 949559 952261 - AL538_04550 949559 952261 - AL538_04550
Chr1 952278 - TSS-1-952278 2 <-- 0017 (<--) 0635 --> 949559 952261 - AL538_04550 952913 953551 + AL538_04555
Chr1 952295 - TSS-1-952295 1 <-- 0034 (<--) 0618 --> 949559 952261 - AL538_04550 952913 953551 + AL538_04555
Chr1 952856 - TSS-1-952856 3 <-- 0595 (<--) 0057 --> 949559 952261 - AL538_04550 952913 953551 + AL538_04555
Chr1 954045 + TSS-1-954045 1 --> | (-->) | --> 953614 954462 + AL538_04560 953614 954462 + AL538_04560
Chr1 954574 - TSS-1-954574 3 --> 0112 (<--) 0194 <-- 953614 954462 + AL538_04560 954768 955883 - AL538_04565
Chr1 955915 - TSS-1-955915 2 <-- 0032 (<--) 0406 --> 954768 955883 - AL538_04565 956321 957757 + AL538_04570
Chr1 957269 + TSS-1-957269 2 --> | (-->) | --> 956321 957757 + AL538_04570 956321 957757 + AL538_04570
Chr1 960491 - TSS-1-960491 2 <-- 0025 (<--) 0084 <-- 959117 960466 - AL538_04580 960575 961573 - AL538_04585
Chr1 961403 + TSS-1-961403 3 <-- | (-->) | <-- 960575 961573 - AL538_04585 960575 961573 - AL538_04585
Chr1 961610 - TSS-1-961610 2 <-- 0037 (<--) 0049 --> 960575 961573 - AL538_04585 961659 961886 + AL538_04590
Chr1 961632 + TSS-1-961632 3 <-- 0059 (-->) 0027 --> 960575 961573 - AL538_04585 961659 961886 + AL538_04590
Chr1 962642 - TSS-1-962642 1 --> | (<--) | --> 961909 963717 + AL538_04595 961909 963717 + AL538_04595
Chr1 964263 - TSS-1-964263 1 --> 0316 (<--) 0506 <-- 963857 963947 + AL538_04600 964769 965692 - AL538_04605
Chr1 966789 + TSS-1-966789 2 --> 0126 (-->) 0026 --> 965974 966663 + AL538_04610 966815 967021 + AL538_04615
Chr1 966790 + TSS-1-966790 1 --> 0127 (-->) 0025 --> 965974 966663 + AL538_04610 966815 967021 + AL538_04615
Chr1 967275 + TSS-1-967275 1 --> 0254 (-->) 0100 <-- 966815 967021 + AL538_04615 967375 969339 - AL538_04620
Chr1 970026 - TSS-1-970026 1 <-- 0035 (<--) 0129 <-- 969443 969991 - AL538_04625 970155 972167 - AL538_04630
Chr1 974245 - TSS-1-974245 1 --> 0001 (<--) 0111 --> 972394 974244 + AL538_04635 974356 975369 + AL538_04640
Chr1 975078 + TSS-1-975078 3 --> | (-->) | --> 974356 975369 + AL538_04640 974356 975369 + AL538_04640
Chr1 975751 - TSS-1-975751 2 <-- 0025 (<--) 0077 --> 975442 975726 - AL538_04645 975828 976649 + AL538_04650
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Chr1 975880 + TSS-1-975880 1 --> | (-->) | --> 975828 976649 + AL538_04650 975828 976649 + AL538_04650
Chr1 976280 + TSS-1-976280 2 --> | (-->) | --> 975828 976649 + AL538_04650 975828 976649 + AL538_04650
Chr1 977307 + TSS-1-977307 1 <-- 0140 (-->) 0195 --> 976754 977167 - AL538_04655 977502 978497 + AL538_04660
Chr1 977428 + TSS-1-977428 3 <-- 0261 (-->) 0074 --> 976754 977167 - AL538_04655 977502 978497 + AL538_04660
Chr1 977468 + TSS-1-977468 2 <-- 0301 (-->) 0034 --> 976754 977167 - AL538_04655 977502 978497 + AL538_04660
Chr1 978334 + TSS-1-978334 3 --> | (-->) | --> 977502 978497 + AL538_04660 977502 978497 + AL538_04660
Chr1 978592 + TSS-1-978592 1 --> 0095 (-->) 0060 --> 977502 978497 + AL538_04660 978652 979536 + AL538_04665
Chr1 978609 + TSS-1-978609 3 --> 0112 (-->) 0043 --> 977502 978497 + AL538_04660 978652 979536 + AL538_04665
Chr1 979376 + TSS-1-979376 1 --> | (-->) | --> 978652 979536 + AL538_04665 978652 979536 + AL538_04665
Chr1 984131 + TSS-1-984131 2 --> | (-->) | --> 983353 984195 + AL538_04680 983353 984195 + AL538_04680
Chr1 986884 + TSS-1-986884 3 --> | (-->) | --> 985903 987801 + AL538_04695 985903 987801 + AL538_04695
Chr1 987465 + TSS-1-987465 3 --> | (-->) | --> 985903 987801 + AL538_04695 985903 987801 + AL538_04695
Chr1 987952 + TSS-1-987952 3 --> 0151 (-->) 0024 --> 985903 987801 + AL538_04695 987976 989553 + AL538_04700
Chr1 988531 + TSS-1-988531 1 --> | (-->) | --> 987976 989553 + AL538_04700 987976 989553 + AL538_04700
Chr1 990056 + TSS-1-990056 1 --> 0067 (-->) 0017 --> 989693 989989 + AL538_04705 990073 990468 + AL538_04710
Chr1 992734 + TSS-1-992734 3 <-- 0202 (-->) 0124 --> 990841 992532 - AL538_04720 992858 993109 + AL538_04725
Chr1 992821 + TSS-1-992821 3 <-- 0289 (-->) 0037 --> 990841 992532 - AL538_04720 992858 993109 + AL538_04725
Chr1 992834 + TSS-1-992834 1 <-- 0302 (-->) 0024 --> 990841 992532 - AL538_04720 992858 993109 + AL538_04725
Chr1 992837 + TSS-1-992837 2 <-- 0305 (-->) 0021 --> 990841 992532 - AL538_04720 992858 993109 + AL538_04725
Chr1 992939 + TSS-1-992939 3 --> | (-->) | --> 992858 993109 + AL538_04725 992858 993109 + AL538_04725
Chr1 994222 - TSS-1-994222 3 <-- | (<--) | <-- 994059 994496 - AL538_04735 994059 994496 - AL538_04735
Chr1 994265 - TSS-1-994265 2 <-- | (<--) | <-- 994059 994496 - AL538_04735 994059 994496 - AL538_04735
Chr1 999071 + TSS-1-999071 3 --> 0176 (-->) 0028 --> 997636 998895 + AL538_04760 999099 999797 + AL538_04765
Chr1 1000031 - TSS-1-1000031 3 <-- | (<--) | <-- 999851 1000450 - AL538_04770 999851 1000450 - AL538_04770
Chr1 1001146 - TSS-1-1001146 3 <-- | (<--) | <-- 1000893 1003067 - AL538_04780 1000893 1003067 - AL538_04780
Chr1 1002228 - TSS-1-1002228 1 <-- | (<--) | <-- 1000893 1003067 - AL538_04780 1000893 1003067 - AL538_04780
Chr1 1003258 - TSS-1-1003258 3 <-- | (<--) | <-- 1003076 1003621 - AL538_04785 1003076 1003621 - AL538_04785
Chr1 1003500 + TSS-1-1003500 2 <-- | (-->) | <-- 1003076 1003621 - AL538_04785 1003076 1003621 - AL538_04785
Chr1 1003538 + TSS-1-1003538 2 <-- | (-->) | <-- 1003076 1003621 - AL538_04785 1003076 1003621 - AL538_04785
Chr1 1004426 - TSS-1-1004426 2 <-- 0291 (<--) 0141 <-- 1003788 1004135 - AL538_04790 1004567 1005673 - AL538_04795
Chr1 1005784 - TSS-1-1005784 3 <-- 0111 (<--) 0174 --> 1004567 1005673 - AL538_04795 1005958 1006833 + AL538_04800
Chr1 1008402 - TSS-1-1008402 1 <-- | (<--) | <-- 1006909 1008423 - AL538_04805 1006909 1008423 - AL538_04805
Chr1 1008970 - TSS-1-1008970 2 <-- 0019 (<--) 0043 <-- 1008460 1008951 - AL538_04810 1009013 1009609 - AL538_04815
Chr1 1011921 - TSS-1-1011921 3 <-- 0062 (<--) 0135 <-- 1010933 1011859 - AL538_04825 1012056 1012850 - AL538_04830
Chr1 1012030 - TSS-1-1012030 1 <-- 0171 (<--) 0026 <-- 1010933 1011859 - AL538_04825 1012056 1012850 - AL538_04830
Chr1 1019039 - TSS-1-1019039 1 <-- | (<--) | <-- 1018869 1020002 - AL538_04845 1018869 1020002 - AL538_04845
Chr1 1020326 - TSS-1-1020326 3 <-- 0324 (<--) 0081 <-- 1018869 1020002 - AL538_04845 1020407 1021618 - AL538_04850
Chr1 1021578 + TSS-1-1021578 1 <-- | (-->) | <-- 1020407 1021618 - AL538_04850 1020407 1021618 - AL538_04850
Chr1 1021635 - TSS-1-1021635 1 <-- 0017 (<--) 0112 --> 1020407 1021618 - AL538_04850 1021747 1023765 + AL538_04855
Chr1 1021644 - TSS-1-1021644 3 <-- 0026 (<--) 0103 --> 1020407 1021618 - AL538_04850 1021747 1023765 + AL538_04855
Chr1 1024594 - TSS-1-1024594 3 <-- 0027 (<--) 0151 <-- 1024043 1024567 - AL538_04860 1024745 1025008 - AL538_04865
Chr1 1025185 - TSS-1-1025185 1 <-- | (<--) | <-- 1025024 1025554 - AL538_04870 1025024 1025554 - AL538_04870
Chr1 1025809 - TSS-1-1025809 1 <-- 0255 (<--) 0073 --> 1025024 1025554 - AL538_04870 1025882 1026505 + AL538_04875
Chr1 1025990 + TSS-1-1025990 2 --> | (-->) | --> 1025882 1026505 + AL538_04875 1025882 1026505 + AL538_04875
Chr1 1027047 - TSS-1-1027047 1 <-- | (<--) | <-- 1026589 1027674 - AL538_04880 1026589 1027674 - AL538_04880
Chr1 1027728 - TSS-1-1027728 3 <-- 0054 (<--) 0168 <-- 1026589 1027674 - AL538_04880 1027896 1028828 - AL538_04885
Chr1 1027735 - TSS-1-1027735 3 <-- 0061 (<--) 0161 <-- 1026589 1027674 - AL538_04880 1027896 1028828 - AL538_04885
Chr1 1028929 - TSS-1-1028929 1 --> | (<--) | --> 1028890 1029420 + AL538_04890 1028890 1029420 + AL538_04890
Chr1 1031644 + TSS-1-1031644 2 --> | (-->) | --> 1030366 1033143 + AL538_04900 1030366 1033143 + AL538_04900
Chr1 1036769 - TSS-1-1036769 1 <-- 0134 (<--) 0498 --> 1035328 1036635 - AL538_04910 1037267 1037842 + AL538_04915
Chr1 1036991 - TSS-1-1036991 3 <-- 0356 (<--) 0276 --> 1035328 1036635 - AL538_04910 1037267 1037842 + AL538_04915
Chr1 1037615 + TSS-1-1037615 3 --> | (-->) | --> 1037267 1037842 + AL538_04915 1037267 1037842 + AL538_04915
Chr1 1038809 + TSS-1-1038809 3 --> 0243 (-->) 0056 --> 1037835 1038566 + AL538_04920 1038865 1040133 + AL538_04925
Chr1 1041391 + TSS-1-1041391 2 --> | (-->) | --> 1040443 1041750 + AL538_04930 1040443 1041750 + AL538_04930
Chr1 1042239 - TSS-1-1042239 3 <-- | (<--) | <-- 1041840 1042619 - AL538_04935 1041840 1042619 - AL538_04935
Chr1 1042439 - TSS-1-1042439 3 <-- | (<--) | <-- 1041840 1042619 - AL538_04935 1041840 1042619 - AL538_04935
Chr1 1042900 - TSS-1-1042900 2 <-- | (<--) | <-- 1042818 1044035 - AL538_04940 1042818 1044035 - AL538_04940
Chr1 1045409 - TSS-1-1045409 2 <-- | (<--) | <-- 1045072 1047057 - AL538_04955 1045072 1047057 - AL538_04955
Chr1 1046236 - TSS-1-1046236 1 <-- | (<--) | <-- 1045072 1047057 - AL538_04955 1045072 1047057 - AL538_04955
Chr1 1054759 - TSS-1-1054759 3 <-- | (<--) | <-- 1054217 1056457 - AL538_05010 1054217 1056457 - AL538_05010
Chr1 1056064 - TSS-1-1056064 2 <-- | (<--) | <-- 1054217 1056457 - AL538_05010 1054217 1056457 - AL538_05010
Chr1 1058505 - TSS-1-1058505 1 <-- | (<--) | <-- 1058468 1059355 - AL538_05030 1058468 1059355 - AL538_05030
Chr1 1059050 - TSS-1-1059050 1 <-- | (<--) | <-- 1058468 1059355 - AL538_05030 1058468 1059355 - AL538_05030
Chr1 1059879 - TSS-1-1059879 3 <-- | (<--) | <-- 1059370 1060881 - AL538_05035 1059370 1060881 - AL538_05035
Chr1 1061155 - TSS-1-1061155 2 <-- | (<--) | <-- 1060911 1063010 - AL538_05040 1060911 1063010 - AL538_05040
Chr1 1062108 - TSS-1-1062108 3 <-- | (<--) | <-- 1060911 1063010 - AL538_05040 1060911 1063010 - AL538_05040
Chr1 1062834 - TSS-1-1062834 2 <-- | (<--) | <-- 1060911 1063010 - AL538_05040 1060911 1063010 - AL538_05040
Chr1 1063404 + TSS-1-1063404 2 <-- | (-->) | <-- 1063237 1064367 - AL538_05045 1063237 1064367 - AL538_05045
Chr1 1064372 - TSS-1-1064372 3 <-- 0005 (<--) 0005 <-- 1063237 1064367 - AL538_05045 1064377 1065159 - AL538_05050
Chr1 1069673 - TSS-1-1069673 3 <-- | (<--) | <-- 1068839 1070953 - AL538_05085 1068839 1070953 - AL538_05085
Chr1 1073284 - TSS-1-1073284 3 <-- | (<--) | <-- 1072009 1073328 - AL538_05100 1072009 1073328 - AL538_05100
Chr1 1073394 - TSS-1-1073394 2 <-- | (<--) | <-- 1073332 1074132 - AL538_05105 1073332 1074132 - AL538_05105
Chr1 1077515 - TSS-1-1077515 3 <-- | (<--) | <-- 1077492 1078901 - AL538_05125 1077492 1078901 - AL538_05125
Chr1 1077764 - TSS-1-1077764 1 <-- | (<--) | <-- 1077492 1078901 - AL538_05125 1077492 1078901 - AL538_05125
Chr1 1077766 - TSS-1-1077766 1 <-- | (<--) | <-- 1077492 1078901 - AL538_05125 1077492 1078901 - AL538_05125
Chr1 1079392 - TSS-1-1079392 3 <-- | (<--) | <-- 1078901 1079938 - AL538_05130 1078901 1079938 - AL538_05130
Chr1 1081684 - TSS-1-1081684 2 <-- 0086 (<--) 0201 <-- 1080132 1081598 - AL538_05135 1081885 1082295 - AL538_05140
Chr1 1081686 - TSS-1-1081686 1 <-- 0088 (<--) 0199 <-- 1080132 1081598 - AL538_05135 1081885 1082295 - AL538_05140
Chr1 1092721 + TSS-1-1092721 3 <-- 0305 (-->) 0024 --> 1091064 1092416 - AL538_05185 1092745 1093755 + AL538_05190
Chr1 1096444 - TSS-1-1096444 3 <-- 0021 (<--) 0284 --> 1096136 1096423 - AL538_05215 1096728 1097078 + AL538_05220
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Chr1 1098995 - TSS-1-1098995 3 --> | (<--) | --> 1098966 1099169 + AL538_05235 1098966 1099169 + AL538_05235
Chr1 1100672 - TSS-1-1100672 3 <-- | (<--) | <-- 1100349 1101227 - AL538_05245 1100349 1101227 - AL538_05245
Chr1 1100750 - TSS-1-1100750 3 <-- | (<--) | <-- 1100349 1101227 - AL538_05245 1100349 1101227 - AL538_05245
Chr1 1101597 + TSS-1-1101597 3 <-- 0370 (-->) 0027 --> 1100349 1101227 - AL538_05245 1101624 1102166 + AL538_05250
Chr1 1102063 - TSS-1-1102063 3 --> | (<--) | --> 1101624 1102166 + AL538_05250 1101624 1102166 + AL538_05250
Chr1 1103142 - TSS-1-1103142 1 <-- | (<--) | <-- 1102717 1103787 - AL538_05260 1102717 1103787 - AL538_05260
Chr1 1104068 + TSS-1-1104068 3 <-- 0034 (-->) 0216 --> 1103780 1104034 - AL538_05265 1104284 1105738 + AL538_05270
Chr1 1104633 + TSS-1-1104633 1 --> | (-->) | --> 1104284 1105738 + AL538_05270 1104284 1105738 + AL538_05270
Chr1 1106282 + TSS-1-1106282 3 --> | (-->) | --> 1106106 1106678 + AL538_05280 1106106 1106678 + AL538_05280
Chr1 1108580 - TSS-1-1108580 2 <-- 0025 (<--) 0212 --> 1107260 1108555 - AL538_05290 1108792 1110045 + AL538_05295
Chr1 1109082 + TSS-1-1109082 3 --> | (-->) | --> 1108792 1110045 + AL538_05295 1108792 1110045 + AL538_05295
Chr1 1110847 - TSS-1-1110847 3 <-- 0037 (<--) 0143 --> 1110184 1110810 - AL538_05300 1110990 1112030 + AL538_05305
Chr1 1111884 + TSS-1-1111884 1 --> | (-->) | --> 1110990 1112030 + AL538_05305 1110990 1112030 + AL538_05305
Chr1 1113369 + TSS-1-1113369 1 --> 0292 (-->) 0106 <-- 1112439 1113077 + AL538_05310 1113475 1114320 - AL538_05315
Chr1 1114272 + TSS-1-1114272 1 <-- | (-->) | <-- 1113475 1114320 - AL538_05315 1113475 1114320 - AL538_05315
Chr1 1115052 - TSS-1-1115052 2 <-- 0095 (<--) 0265 --> 1114382 1114957 - AL538_05320 1115317 1117761 + AL538_05325
Chr1 1122801 + TSS-1-1122801 3 --> | (-->) | --> 1122735 1123493 + AL538_05360 1122735 1123493 + AL538_05360
Chr1 1122863 - TSS-1-1122863 3 --> | (<--) | --> 1122735 1123493 + AL538_05360 1122735 1123493 + AL538_05360
Chr1 1127485 - TSS-1-1127485 3 <-- 0026 (<--) 0194 <-- 1127121 1127459 - AL538_05380 1127679 1127993 - AL538_05385
Chr1 1129356 + TSS-1-1129356 3 <-- | (-->) | <-- 1128055 1129386 - AL538_05390 1128055 1129386 - AL538_05390
Chr1 1130602 - TSS-1-1130602 3 <-- | (<--) | <-- 1130481 1133960 - AL538_05400 1130481 1133960 - AL538_05400
Chr1 1130763 - TSS-1-1130763 3 <-- | (<--) | <-- 1130481 1133960 - AL538_05400 1130481 1133960 - AL538_05400
Chr1 1131014 - TSS-1-1131014 3 <-- | (<--) | <-- 1130481 1133960 - AL538_05400 1130481 1133960 - AL538_05400
Chr1 1131282 - TSS-1-1131282 3 <-- | (<--) | <-- 1130481 1133960 - AL538_05400 1130481 1133960 - AL538_05400
Chr1 1136392 + TSS-1-1136392 3 <-- | (-->) | <-- 1135978 1136766 - AL538_05415 1135978 1136766 - AL538_05415
Chr1 1136945 + TSS-1-1136945 1 <-- | (-->) | <-- 1136768 1137220 - AL538_05420 1136768 1137220 - AL538_05420
Chr1 1137294 - TSS-1-1137294 3 <-- 0074 (<--) 0100 <-- 1136768 1137220 - AL538_05420 1137394 1138425 - AL538_05425
Chr1 1137658 - TSS-1-1137658 3 <-- | (<--) | <-- 1137394 1138425 - AL538_05425 1137394 1138425 - AL538_05425
Chr1 1137681 - TSS-1-1137681 3 <-- | (<--) | <-- 1137394 1138425 - AL538_05425 1137394 1138425 - AL538_05425
Chr1 1139104 - TSS-1-1139104 2 <-- | (<--) | <-- 1138955 1141369 - AL538_05435 1138955 1141369 - AL538_05435
Chr1 1139529 - TSS-1-1139529 1 <-- | (<--) | <-- 1138955 1141369 - AL538_05435 1138955 1141369 - AL538_05435
Chr1 1142292 - TSS-1-1142292 3 <-- | (<--) | <-- 1141414 1142772 - AL538_05440 1141414 1142772 - AL538_05440
Chr1 1144019 - TSS-1-1144019 2 <-- 0042 (<--) 0010 <-- 1142772 1143977 - AL538_05445 1144029 1144871 - AL538_05450
Chr1 1146553 - TSS-1-1146553 3 <-- | (<--) | <-- 1146389 1147120 - AL538_05465 1146389 1147120 - AL538_05465
Chr1 1146760 - TSS-1-1146760 3 <-- | (<--) | <-- 1146389 1147120 - AL538_05465 1146389 1147120 - AL538_05465
Chr1 1147593 + TSS-1-1147593 1 <-- | (-->) | <-- 1147275 1148120 - AL538_05470 1147275 1148120 - AL538_05470
Chr1 1148355 + TSS-1-1148355 3 <-- | (-->) | <-- 1148252 1148980 - AL538_05475 1148252 1148980 - AL538_05475
Chr1 1149155 - TSS-1-1149155 3 <-- 0175 (<--) 0223 --> 1148252 1148980 - AL538_05475 1149378 1150256 + AL538_05480
Chr1 1149165 - TSS-1-1149165 1 <-- 0185 (<--) 0213 --> 1148252 1148980 - AL538_05475 1149378 1150256 + AL538_05480
Chr1 1149337 + TSS-1-1149337 1 <-- 0357 (-->) 0041 --> 1148252 1148980 - AL538_05475 1149378 1150256 + AL538_05480
Chr1 1152836 - TSS-1-1152836 3 --> | (<--) | --> 1150356 1152980 + AL538_05485 1150356 1152980 + AL538_05485
Chr1 1153103 + TSS-1-1153103 3 --> 0123 (-->) 0034 --> 1150356 1152980 + AL538_05485 1153137 1153520 + AL538_05490
Chr1 1153463 + TSS-1-1153463 3 --> | (-->) | --> 1153137 1153520 + AL538_05490 1153137 1153520 + AL538_05490
Chr1 1153491 + TSS-1-1153491 2 --> | (-->) | --> 1153137 1153520 + AL538_05490 1153137 1153520 + AL538_05490
Chr1 1153530 - TSS-1-1153530 1 --> 0010 (<--) 0339 <-- 1153137 1153520 + AL538_05490 1153869 1154636 - AL538_05495
Chr1 1153564 + TSS-1-1153564 3 --> 0044 (-->) 0305 <-- 1153137 1153520 + AL538_05490 1153869 1154636 - AL538_05495
Chr1 1153850 - TSS-1-1153850 2 --> 0330 (<--) 0019 <-- 1153137 1153520 + AL538_05490 1153869 1154636 - AL538_05495
Chr1 1156834 - TSS-1-1156834 3 <-- | (<--) | <-- 1156343 1156849 - AL538_05515 1156343 1156849 - AL538_05515
Chr1 1157149 - TSS-1-1157149 1 <-- 0300 (<--) 0133 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157150 - TSS-1-1157150 2 <-- 0301 (<--) 0132 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157228 - TSS-1-1157228 3 <-- 0379 (<--) 0054 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157247 - TSS-1-1157247 1 <-- 0398 (<--) 0035 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157249 - TSS-1-1157249 1 <-- 0400 (<--) 0033 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157252 - TSS-1-1157252 1 <-- 0403 (<--) 0030 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157272 - TSS-1-1157272 1 <-- 0423 (<--) 0010 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157279 - TSS-1-1157279 1 <-- 0430 (<--) 0003 <-- 1156343 1156849 - AL538_05515 1157282 1157461 - AL538_05520
Chr1 1157295 - TSS-1-1157295 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157308 - TSS-1-1157308 1 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157316 - TSS-1-1157316 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157341 - TSS-1-1157341 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157357 - TSS-1-1157357 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157381 - TSS-1-1157381 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157388 - TSS-1-1157388 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157402 - TSS-1-1157402 1 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157404 + TSS-1-1157404 2 <-- | (-->) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157410 - TSS-1-1157410 1 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157416 - TSS-1-1157416 1 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157433 - TSS-1-1157433 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157445 - TSS-1-1157445 1 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157447 - TSS-1-1157447 1 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157455 - TSS-1-1157455 3 <-- | (<--) | <-- 1157282 1157461 - AL538_05520 1157282 1157461 - AL538_05520
Chr1 1157466 - TSS-1-1157466 2 <-- 0005 (<--) 0269 --> 1157282 1157461 - AL538_05520 1157735 1158028 + AL538_05525
Chr1 1157478 - TSS-1-1157478 3 <-- 0017 (<--) 0257 --> 1157282 1157461 - AL538_05520 1157735 1158028 + AL538_05525
Chr1 1158325 + TSS-1-1158325 1 --> | (-->) | --> 1158025 1158474 + AL538_05530 1158025 1158474 + AL538_05530
Chr1 1158521 - TSS-1-1158521 1 --> 0047 (<--) 0309 --> 1158025 1158474 + AL538_05530 1158830 1159660 + AL538_05535
Chr1 1159085 + TSS-1-1159085 2 --> | (-->) | --> 1158830 1159660 + AL538_05535 1158830 1159660 + AL538_05535
Chr1 1163046 - TSS-1-1163046 1 --> | (<--) | --> 1162719 1163831 + AL538_05555 1162719 1163831 + AL538_05555
Chr1 1164836 - TSS-1-1164836 3 <-- | (<--) | <-- 1164778 1166364 - AL538_05565 1164778 1166364 - AL538_05565
Chr1 1164873 - TSS-1-1164873 1 <-- | (<--) | <-- 1164778 1166364 - AL538_05565 1164778 1166364 - AL538_05565
Chr1 1167110 - TSS-1-1167110 3 --> | (<--) | --> 1167105 1167800 + AL538_05575 1167105 1167800 + AL538_05575
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Chr1 1167639 + TSS-1-1167639 1 --> | (-->) | --> 1167105 1167800 + AL538_05575 1167105 1167800 + AL538_05575
Chr1 1168456 + TSS-1-1168456 1 --> | (-->) | --> 1167912 1169627 + AL538_05580 1167912 1169627 + AL538_05580
Chr1 1169778 + TSS-1-1169778 2 --> 0151 (-->) 0021 --> 1167912 1169627 + AL538_05580 1169799 1170467 + AL538_05585
Chr1 1169874 - TSS-1-1169874 2 --> | (<--) | --> 1169799 1170467 + AL538_05585 1169799 1170467 + AL538_05585
Chr1 1170349 - TSS-1-1170349 2 --> | (<--) | --> 1169799 1170467 + AL538_05585 1169799 1170467 + AL538_05585
Chr1 1171897 - TSS-1-1171897 1 <-- | (<--) | <-- 1171072 1172436 - AL538_05600 1171072 1172436 - AL538_05600
Chr1 1171956 - TSS-1-1171956 2 <-- | (<--) | <-- 1171072 1172436 - AL538_05600 1171072 1172436 - AL538_05600
Chr1 1172193 - TSS-1-1172193 3 <-- | (<--) | <-- 1171072 1172436 - AL538_05600 1171072 1172436 - AL538_05600
Chr1 1177246 - TSS-1-1177246 3 --> | (<--) | --> 1176785 1178710 + AL538_05620 1176785 1178710 + AL538_05620
Chr1 1183741 - TSS-1-1183741 1 <-- | (<--) | <-- 1182685 1183908 - AL538_05645 1182685 1183908 - AL538_05645
Chr1 1184162 + TSS-1-1184162 1 <-- | (-->) | <-- 1183942 1184538 - AL538_05650 1183942 1184538 - AL538_05650
Chr1 1184939 - TSS-1-1184939 3 <-- | (<--) | <-- 1184546 1185178 - AL538_05655 1184546 1185178 - AL538_05655
Chr1 1185499 - TSS-1-1185499 3 <-- | (<--) | <-- 1185178 1185963 - AL538_05660 1185178 1185963 - AL538_05660
Chr1 1188693 - TSS-1-1188693 1 <-- 0155 (<--) 0317 <-- 1187198 1188538 - AL538_05670 1189010 1189318 - AL538_05675
Chr1 1189341 - TSS-1-1189341 3 <-- 0023 (<--) 0183 --> 1189010 1189318 - AL538_05675 1189524 1190681 + AL538_05680
Chr1 1191159 + TSS-1-1191159 1 --> | (-->) | --> 1190721 1191290 + AL538_05685 1190721 1191290 + AL538_05685
Chr1 1193728 - TSS-1-1193728 3 <-- | (<--) | <-- 1193318 1193980 - AL538_05700 1193318 1193980 - AL538_05700
Chr1 1194788 - TSS-1-1194788 3 <-- | (<--) | <-- 1194607 1195944 - AL538_05710 1194607 1195944 - AL538_05710
Chr1 1195215 - TSS-1-1195215 2 <-- | (<--) | <-- 1194607 1195944 - AL538_05710 1194607 1195944 - AL538_05710
Chr1 1196557 - TSS-1-1196557 3 <-- 0020 (<--) 0304 --> 1195941 1196537 - AL538_05715 1196861 1197661 + AL538_05720
Chr1 1196800 + TSS-1-1196800 3 <-- 0263 (-->) 0061 --> 1195941 1196537 - AL538_05715 1196861 1197661 + AL538_05720
Chr1 1199422 - TSS-1-1199422 3 --> | (<--) | --> 1199255 1200466 + AL538_05735 1199255 1200466 + AL538_05735
Chr1 1203780 - TSS-1-1203780 1 <-- 0024 (<--) 0141 --> 1203301 1203756 - AL538_05755 1203921 1205258 + AL538_05760
Chr1 1203895 + TSS-1-1203895 2 <-- 0139 (-->) 0026 --> 1203301 1203756 - AL538_05755 1203921 1205258 + AL538_05760
Chr1 1204955 + TSS-1-1204955 1 --> | (-->) | --> 1203921 1205258 + AL538_05760 1203921 1205258 + AL538_05760
Chr1 1205277 - TSS-1-1205277 3 --> 0019 (<--) 0234 --> 1203921 1205258 + AL538_05760 1205511 1205696 + AL538_05765
Chr1 1205370 + TSS-1-1205370 3 --> 0112 (-->) 0141 --> 1203921 1205258 + AL538_05760 1205511 1205696 + AL538_05765
Chr1 1206077 - TSS-1-1206077 1 <-- | (<--) | <-- 1205730 1207907 - AL538_05770 1205730 1207907 - AL538_05770
Chr1 1211740 + TSS-1-1211740 3 <-- 0195 (-->) 0418 <-- 1207907 1211545 - AL538_05775 1212158 1215634 - AL538_05780
Chr1 1212169 - TSS-1-1212169 3 <-- | (<--) | <-- 1212158 1215634 - AL538_05780 1212158 1215634 - AL538_05780
Chr1 1215272 + TSS-1-1215272 3 <-- | (-->) | <-- 1212158 1215634 - AL538_05780 1212158 1215634 - AL538_05780
Chr1 1220135 + TSS-1-1220135 2 --> 0130 (-->) 0030 --> 1219088 1220005 + AL538_05795 1220165 1220464 + AL538_05800
Chr1 1220137 + TSS-1-1220137 1 --> 0132 (-->) 0028 --> 1219088 1220005 + AL538_05795 1220165 1220464 + AL538_05800
Chr1 1220625 + TSS-1-1220625 3 --> 0161 (-->) 0331 --> 1220165 1220464 + AL538_05800 1220956 1221648 + AL538_05805
Chr1 1223928 + TSS-1-1223928 3 --> | (-->) | --> 1222979 1224010 + AL538_05815 1222979 1224010 + AL538_05815
Chr1 1225494 - TSS-1-1225494 3 <-- 0022 (<--) 0032 <-- 1224417 1225472 - AL538_05820 1225526 1226893 - AL538_05825
Chr1 1234301 - TSS-1-1234301 1 --> 0097 (<--) 0222 <-- 1233092 1234204 + AL538_05850 1234523 1235707 - AL538_05855
Chr1 1234308 - TSS-1-1234308 2 --> 0104 (<--) 0215 <-- 1233092 1234204 + AL538_05850 1234523 1235707 - AL538_05855
Chr1 1234312 - TSS-1-1234312 1 --> 0108 (<--) 0211 <-- 1233092 1234204 + AL538_05850 1234523 1235707 - AL538_05855
Chr1 1234330 - TSS-1-1234330 2 --> 0126 (<--) 0193 <-- 1233092 1234204 + AL538_05850 1234523 1235707 - AL538_05855
Chr1 1234346 - TSS-1-1234346 3 --> 0142 (<--) 0177 <-- 1233092 1234204 + AL538_05850 1234523 1235707 - AL538_05855
Chr1 1235820 + TSS-1-1235820 3 <-- 0113 (-->) 0138 --> 1234523 1235707 - AL538_05855 1235958 1236509 + AL538_05860
Chr1 1235901 - TSS-1-1235901 1 <-- 0194 (<--) 0057 --> 1234523 1235707 - AL538_05855 1235958 1236509 + AL538_05860
Chr1 1237539 - TSS-1-1237539 3 <-- | (<--) | <-- 1237306 1237638 - AL538_05870 1237306 1237638 - AL538_05870
Chr1 1237598 + TSS-1-1237598 2 <-- | (-->) | <-- 1237306 1237638 - AL538_05870 1237306 1237638 - AL538_05870
Chr1 1239871 - TSS-1-1239871 1 <-- | (<--) | <-- 1238957 1240015 - AL538_05880 1238957 1240015 - AL538_05880
Chr1 1241474 - TSS-1-1241474 2 <-- | (<--) | <-- 1241472 1242524 - AL538_05890 1241472 1242524 - AL538_05890
Chr1 1243774 - TSS-1-1243774 3 <-- 0080 (<--) 0377 --> 1242675 1243694 - AL538_05895 1244151 1246055 + AL538_05900
Chr1 1246398 + TSS-1-1246398 3 --> 0343 (-->) 0029 --> 1244151 1246055 + AL538_05900 1246427 1248319 + AL538_05905
Chr1 1253432 + TSS-1-1253432 1 --> | (-->) | --> 1252986 1253435 + AL538_05920 1252986 1253435 + AL538_05920
Chr1 1253504 + TSS-1-1253504 3 --> 0069 (-->) 0021 --> 1252986 1253435 + AL538_05920 1253525 1254958 + AL538_05925
Chr1 1253687 + TSS-1-1253687 1 --> | (-->) | --> 1253525 1254958 + AL538_05925 1253525 1254958 + AL538_05925
Chr1 1253885 + TSS-1-1253885 1 --> | (-->) | --> 1253525 1254958 + AL538_05925 1253525 1254958 + AL538_05925
Chr1 1255581 + TSS-1-1255581 1 <-- | (-->) | <-- 1255059 1255985 - AL538_05930 1255059 1255985 - AL538_05930
Chr1 1255781 + TSS-1-1255781 1 <-- | (-->) | <-- 1255059 1255985 - AL538_05930 1255059 1255985 - AL538_05930
Chr1 1259188 - TSS-1-1259188 3 --> | (<--) | --> 1258780 1259235 + AL538_05945 1258780 1259235 + AL538_05945
Chr1 1260907 - TSS-1-1260907 2 --> | (<--) | --> 1259841 1261229 + AL538_05955 1259841 1261229 + AL538_05955
Chr1 1272030 - TSS-1-1272030 3 <-- 0048 (<--) 0267 --> 1271794 1271982 - AL538_06010 1272297 1273022 + AL538_06015
Chr1 1273127 + TSS-1-1273127 3 --> 0105 (-->) 0049 --> 1272297 1273022 + AL538_06015 1273176 1274867 + AL538_06020
Chr1 1276639 - TSS-1-1276639 1 <-- | (<--) | <-- 1276301 1278391 - AL538_06035 1276301 1278391 - AL538_06035
Chr1 1278422 - TSS-1-1278422 3 <-- 0031 (<--) 0187 <-- 1276301 1278391 - AL538_06035 1278609 1279988 - AL538_06040
Chr1 1279955 - TSS-1-1279955 1 <-- | (<--) | <-- 1278609 1279988 - AL538_06040 1278609 1279988 - AL538_06040
Chr1 1280390 + TSS-1-1280390 1 --> | (-->) | --> 1280140 1282488 + AL538_06045 1280140 1282488 + AL538_06045
Chr1 1281250 - TSS-1-1281250 2 --> | (<--) | --> 1280140 1282488 + AL538_06045 1280140 1282488 + AL538_06045
Chr1 1283136 - TSS-1-1283136 2 <-- | (<--) | <-- 1282546 1283526 - AL538_06050 1282546 1283526 - AL538_06050
Chr1 1283543 + TSS-1-1283543 2 <-- 0017 (-->) 0075 --> 1282546 1283526 - AL538_06050 1283618 1284223 + AL538_06055
Chr1 1284486 - TSS-1-1284486 1 <-- | (<--) | <-- 1284315 1285034 - AL538_06060 1284315 1285034 - AL538_06060
Chr1 1285097 + TSS-1-1285097 3 <-- 0063 (-->) 0084 <-- 1284315 1285034 - AL538_06060 1285181 1286401 - AL538_06065
Chr1 1285131 - TSS-1-1285131 3 <-- 0097 (<--) 0050 <-- 1284315 1285034 - AL538_06060 1285181 1286401 - AL538_06065
Chr1 1285173 - TSS-1-1285173 1 <-- 0139 (<--) 0008 <-- 1284315 1285034 - AL538_06060 1285181 1286401 - AL538_06065
Chr1 1285288 - TSS-1-1285288 1 <-- | (<--) | <-- 1285181 1286401 - AL538_06065 1285181 1286401 - AL538_06065
Chr1 1287835 - TSS-1-1287835 1 <-- 0037 (<--) 0062 <-- 1286470 1287798 - AL538_06070 1287897 1288673 - AL538_06075
Chr1 1288745 + TSS-1-1288745 3 <-- 0072 (-->) 0509 <-- 1287897 1288673 - AL538_06075 1289254 1290537 - AL538_06080
Chr1 1288861 - TSS-1-1288861 3 <-- 0188 (<--) 0393 <-- 1287897 1288673 - AL538_06075 1289254 1290537 - AL538_06080
Chr1 1288900 - TSS-1-1288900 3 <-- 0227 (<--) 0354 <-- 1287897 1288673 - AL538_06075 1289254 1290537 - AL538_06080
Chr1 1289999 - TSS-1-1289999 1 <-- | (<--) | <-- 1289254 1290537 - AL538_06080 1289254 1290537 - AL538_06080
Chr1 1290090 - TSS-1-1290090 1 <-- | (<--) | <-- 1289254 1290537 - AL538_06080 1289254 1290537 - AL538_06080
Chr1 1290595 - TSS-1-1290595 3 <-- 0058 (<--) 0147 <-- 1289254 1290537 - AL538_06080 1290742 1291515 - AL538_06085
Chr1 1290875 - TSS-1-1290875 3 <-- | (<--) | <-- 1290742 1291515 - AL538_06085 1290742 1291515 - AL538_06085
Chr1 1291767 + TSS-1-1291767 3 <-- 0252 (-->) 0025 <-- 1290742 1291515 - AL538_06085 1291792 1293381 - AL538_06090
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Chr1 1295679 - TSS-1-1295679 3 <-- 0020 (<--) 0044 --> 1295261 1295659 - AL538_06105 1295723 1296175 + AL538_06110
Chr1 1296641 - TSS-1-1296641 1 <-- | (<--) | <-- 1296263 1296766 - AL538_06115 1296263 1296766 - AL538_06115
Chr1 1297304 - TSS-1-1297304 1 <-- 0027 (<--) 0240 --> 1296750 1297277 - AL538_06120 1297544 1299583 + AL538_06125
Chr1 1297336 + TSS-1-1297336 1 <-- 0059 (-->) 0208 --> 1296750 1297277 - AL538_06120 1297544 1299583 + AL538_06125
Chr1 1301439 + TSS-1-1301439 3 --> | (-->) | --> 1300767 1301645 + AL538_06135 1300767 1301645 + AL538_06135
Chr1 1304595 - TSS-1-1304595 1 <-- 0041 (<--) 0143 <-- 1303631 1304554 - AL538_06150 1304738 1306870 - AL538_06155
Chr1 1304674 - TSS-1-1304674 1 <-- 0120 (<--) 0064 <-- 1303631 1304554 - AL538_06150 1304738 1306870 - AL538_06155
Chr1 1304727 - TSS-1-1304727 2 <-- 0173 (<--) 0011 <-- 1303631 1304554 - AL538_06150 1304738 1306870 - AL538_06155
Chr1 1307462 - TSS-1-1307462 3 <-- 0009 (<--) 0141 <-- 1307184 1307453 - AL538_06160 1307603 1308547 - AL538_06165
Chr1 1307520 - TSS-1-1307520 3 <-- 0067 (<--) 0083 <-- 1307184 1307453 - AL538_06160 1307603 1308547 - AL538_06165
Chr1 1307995 - TSS-1-1307995 3 <-- | (<--) | <-- 1307603 1308547 - AL538_06165 1307603 1308547 - AL538_06165
Chr1 1309200 - TSS-1-1309200 2 <-- | (<--) | <-- 1309064 1311751 - AL538_06175 1309064 1311751 - AL538_06175
Chr1 1311533 + TSS-1-1311533 3 <-- | (-->) | <-- 1309064 1311751 - AL538_06175 1309064 1311751 - AL538_06175
Chr1 1313268 + TSS-1-1313268 3 <-- 0008 (-->) 0029 <-- 1311773 1313260 - AL538_06180 1313297 1313752 - AL538_06185
Chr1 1314060 - TSS-1-1314060 3 <-- | (<--) | <-- 1313984 1314060 - AL538_06190 1313984 1314060 - AL538_06190
Chr1 1314068 - TSS-1-1314068 1 <-- 0008 (<--) 0049 <-- 1313984 1314060 - AL538_06190 1314117 1314200 - AL538_06195
Chr1 1314652 - TSS-1-1314652 3 <-- 0095 (<--) 0131 <-- 1314219 1314557 - AL538_06200 1314783 1316123 - AL538_06205
Chr1 1315751 - TSS-1-1315751 3 <-- | (<--) | <-- 1314783 1316123 - AL538_06205 1314783 1316123 - AL538_06205
Chr1 1316369 - TSS-1-1316369 2 <-- | (<--) | <-- 1316142 1316972 - AL538_06210 1316142 1316972 - AL538_06210
Chr1 1317240 - TSS-1-1317240 3 <-- | (<--) | <-- 1317041 1319020 - AL538_06215 1317041 1319020 - AL538_06215
Chr1 1317503 - TSS-1-1317503 3 <-- | (<--) | <-- 1317041 1319020 - AL538_06215 1317041 1319020 - AL538_06215
Chr1 1319536 - TSS-1-1319536 3 <-- | (<--) | <-- 1319129 1319758 - AL538_06220 1319129 1319758 - AL538_06220
Chr1 1319815 - TSS-1-1319815 1 <-- 0057 (<--) 0082 --> 1319129 1319758 - AL538_06220 1319897 1320193 + AL538_06225
Chr1 1320002 + TSS-1-1320002 2 --> | (-->) | --> 1319897 1320193 + AL538_06225 1319897 1320193 + AL538_06225
Chr1 1321160 + TSS-1-1321160 3 <-- 0402 (-->) 0136 --> 1320285 1320758 - AL538_06230 1321296 1322306 + AL538_06235
Chr1 1322043 + TSS-1-1322043 3 --> | (-->) | --> 1321296 1322306 + AL538_06235 1321296 1322306 + AL538_06235
Chr1 1324449 - TSS-1-1324449 1 <-- | (<--) | <-- 1323826 1324671 - AL538_06245 1323826 1324671 - AL538_06245
Chr1 1324983 - TSS-1-1324983 3 <-- 0312 (<--) 0113 <-- 1323826 1324671 - AL538_06245 1325096 1326283 - AL538_06250
Chr1 1327056 + TSS-1-1327056 2 --> | (-->) | --> 1326414 1327703 + AL538_06255 1326414 1327703 + AL538_06255
Chr1 1327418 - TSS-1-1327418 2 --> | (<--) | --> 1326414 1327703 + AL538_06255 1326414 1327703 + AL538_06255
Chr1 1328047 - TSS-1-1328047 2 <-- | (<--) | <-- 1327740 1330868 - AL538_06260 1327740 1330868 - AL538_06260
Chr1 1331855 + TSS-1-1331855 1 <-- | (-->) | <-- 1330878 1331993 - AL538_06265 1330878 1331993 - AL538_06265
Chr1 1332661 + TSS-1-1332661 3 <-- 0214 (-->) 0033 --> 1332106 1332447 - AL538_06270 1332694 1333989 + AL538_06275
Chr1 1332873 - TSS-1-1332873 3 --> | (<--) | --> 1332694 1333989 + AL538_06275 1332694 1333989 + AL538_06275
Chr1 1334224 + TSS-1-1334224 1 --> 0235 (-->) 0125 --> 1332694 1333989 + AL538_06275 1334349 1335434 + AL538_06280
Chr1 1334291 + TSS-1-1334291 3 --> 0302 (-->) 0058 --> 1332694 1333989 + AL538_06275 1334349 1335434 + AL538_06280
Chr1 1335553 - TSS-1-1335553 1 --> | (<--) | --> 1335511 1336536 + AL538_06285 1335511 1336536 + AL538_06285
Chr1 1339930 + TSS-1-1339930 3 --> | (-->) | --> 1336765 1340151 + AL538_06295 1336765 1340151 + AL538_06295
Chr1 1340837 + TSS-1-1340837 3 --> 0686 (-->) 0133 --> 1336765 1340151 + AL538_06295 1340970 1342652 + AL538_06300
Chr1 1343766 - TSS-1-1343766 2 --> | (<--) | --> 1342823 1343809 + AL538_06305 1342823 1343809 + AL538_06305
Chr1 1354953 + TSS-1-1354953 1 --> | (-->) | --> 1354120 1355532 + AL538_06345 1354120 1355532 + AL538_06345
Chr1 1356342 + TSS-1-1356342 3 <-- | (-->) | <-- 1355636 1356667 - AL538_06350 1355636 1356667 - AL538_06350
Chr1 1358936 - TSS-1-1358936 2 <-- | (<--) | <-- 1358392 1359405 - AL538_06360 1358392 1359405 - AL538_06360
Chr1 1360593 - TSS-1-1360593 2 <-- | (<--) | <-- 1359558 1360787 - AL538_06365 1359558 1360787 - AL538_06365
Chr1 1360674 - TSS-1-1360674 1 <-- | (<--) | <-- 1359558 1360787 - AL538_06365 1359558 1360787 - AL538_06365
Chr1 1361408 - TSS-1-1361408 3 <-- | (<--) | <-- 1361340 1361708 - AL538_06375 1361340 1361708 - AL538_06375
Chr1 1361656 - TSS-1-1361656 2 <-- | (<--) | <-- 1361340 1361708 - AL538_06375 1361340 1361708 - AL538_06375
Chr1 1362701 - TSS-1-1362701 3 <-- | (<--) | <-- 1361990 1364578 - AL538_06380 1361990 1364578 - AL538_06380
Chr1 1364619 - TSS-1-1364619 1 <-- 0041 (<--) 0230 <-- 1361990 1364578 - AL538_06380 1364849 1367167 - AL538_06385
Chr1 1364723 - TSS-1-1364723 3 <-- 0145 (<--) 0126 <-- 1361990 1364578 - AL538_06380 1364849 1367167 - AL538_06385
Chr1 1364908 - TSS-1-1364908 3 <-- | (<--) | <-- 1364849 1367167 - AL538_06385 1364849 1367167 - AL538_06385
Chr1 1367195 - TSS-1-1367195 1 <-- 0028 (<--) 0060 <-- 1364849 1367167 - AL538_06385 1367255 1369642 - AL538_06390
Chr1 1369703 - TSS-1-1369703 3 <-- | (<--) | <-- 1369635 1372103 - AL538_06395 1369635 1372103 - AL538_06395
Chr1 1370190 - TSS-1-1370190 3 <-- | (<--) | <-- 1369635 1372103 - AL538_06395 1369635 1372103 - AL538_06395
Chr1 1370647 + TSS-1-1370647 1 <-- | (-->) | <-- 1369635 1372103 - AL538_06395 1369635 1372103 - AL538_06395
Chr1 1372578 + TSS-1-1372578 3 --> | (-->) | --> 1372170 1372886 + AL538_06400 1372170 1372886 + AL538_06400
Chr1 1374108 + TSS-1-1374108 1 --> | (-->) | --> 1373583 1374467 + AL538_06410 1373583 1374467 + AL538_06410
Chr1 1374109 + TSS-1-1374109 1 --> | (-->) | --> 1373583 1374467 + AL538_06410 1373583 1374467 + AL538_06410
Chr1 1374114 + TSS-1-1374114 1 --> | (-->) | --> 1373583 1374467 + AL538_06410 1373583 1374467 + AL538_06410
Chr1 1377618 - TSS-1-1377618 1 --> | (<--) | --> 1377229 1378131 + AL538_06430 1377229 1378131 + AL538_06430
Chr1 1379754 - TSS-1-1379754 3 <-- | (<--) | <-- 1379265 1380035 - AL538_06440 1379265 1380035 - AL538_06440
Chr1 1380632 - TSS-1-1380632 1 <-- | (<--) | <-- 1380035 1380952 - AL538_06445 1380035 1380952 - AL538_06445
Chr1 1382277 - TSS-1-1382277 3 <-- | (<--) | <-- 1381186 1382856 - AL538_06450 1381186 1382856 - AL538_06450
Chr1 1383075 + TSS-1-1383075 3 <-- 0219 (-->) 0065 --> 1381186 1382856 - AL538_06450 1383140 1383808 + AL538_06455
Chr1 1384489 - TSS-1-1384489 3 <-- 0062 (<--) 0260 --> 1383897 1384427 - AL538_06460 1384749 1385363 + AL538_06465
Chr1 1384647 - TSS-1-1384647 1 <-- 0220 (<--) 0102 --> 1383897 1384427 - AL538_06460 1384749 1385363 + AL538_06465
Chr1 1384672 + TSS-1-1384672 3 <-- 0245 (-->) 0077 --> 1383897 1384427 - AL538_06460 1384749 1385363 + AL538_06465
Chr1 1384683 + TSS-1-1384683 3 <-- 0256 (-->) 0066 --> 1383897 1384427 - AL538_06460 1384749 1385363 + AL538_06465
Chr1 1385241 - TSS-1-1385241 1 --> | (<--) | --> 1384749 1385363 + AL538_06465 1384749 1385363 + AL538_06465
Chr1 1385907 - TSS-1-1385907 3 <-- | (<--) | <-- 1385685 1387115 - AL538_06470 1385685 1387115 - AL538_06470
Chr1 1387183 - TSS-1-1387183 3 <-- 0068 (<--) 0176 <-- 1385685 1387115 - AL538_06470 1387359 1389260 - AL538_06475
Chr1 1393123 - TSS-1-1393123 2 <-- 0346 (<--) 0059 <-- 1392010 1392777 - AL538_06485 1393182 1393733 - AL538_06490
Chr1 1398492 + TSS-1-1398492 3 --> | (-->) | --> 1398433 1399302 + AL538_06520 1398433 1399302 + AL538_06520
Chr1 1398852 + TSS-1-1398852 3 --> | (-->) | --> 1398433 1399302 + AL538_06520 1398433 1399302 + AL538_06520
Chr1 1399653 + TSS-1-1399653 3 --> | (-->) | --> 1399303 1399917 + AL538_06525 1399303 1399917 + AL538_06525
Chr1 1399922 + TSS-1-1399922 3 --> 0005 (-->) 0023 --> 1399303 1399917 + AL538_06525 1399945 1400685 + AL538_06530
Chr1 1401464 - TSS-1-1401464 3 <-- | (<--) | <-- 1401309 1401662 - AL538_06540 1401309 1401662 - AL538_06540
Chr1 1401561 - TSS-1-1401561 2 <-- | (<--) | <-- 1401309 1401662 - AL538_06540 1401309 1401662 - AL538_06540
Chr1 1403844 - TSS-1-1403844 1 <-- | (<--) | <-- 1403511 1404893 - AL538_06560 1403511 1404893 - AL538_06560
Chr1 1404924 - TSS-1-1404924 1 <-- 0031 (<--) 0183 --> 1403511 1404893 - AL538_06560 1405107 1405901 + AL538_06565
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Chr1 1405081 + TSS-1-1405081 3 <-- 0188 (-->) 0026 --> 1403511 1404893 - AL538_06560 1405107 1405901 + AL538_06565
Chr1 1406030 + TSS-1-1406030 3 --> 0129 (-->) 0026 --> 1405107 1405901 + AL538_06565 1406056 1407330 + AL538_06570
Chr1 1407716 - TSS-1-1407716 2 <-- | (<--) | <-- 1407423 1407941 - AL538_06575 1407423 1407941 - AL538_06575
Chr1 1407991 - TSS-1-1407991 1 <-- 0050 (<--) 0036 <-- 1407423 1407941 - AL538_06575 1408027 1408590 - AL538_06580
Chr1 1409043 - TSS-1-1409043 3 <-- | (<--) | <-- 1408652 1410220 - AL538_06585 1408652 1410220 - AL538_06585
Chr1 1409440 - TSS-1-1409440 3 <-- | (<--) | <-- 1408652 1410220 - AL538_06585 1408652 1410220 - AL538_06585
Chr1 1410818 - TSS-1-1410818 3 <-- | (<--) | <-- 1410384 1413227 - AL538_06590 1410384 1413227 - AL538_06590
Chr1 1411608 + TSS-1-1411608 3 <-- | (-->) | <-- 1410384 1413227 - AL538_06590 1410384 1413227 - AL538_06590
Chr1 1414611 + TSS-1-1414611 3 <-- | (-->) | <-- 1413692 1414642 - AL538_06600 1413692 1414642 - AL538_06600
Chr1 1418076 - TSS-1-1418076 3 <-- 0061 (<--) 0535 <-- 1417758 1418015 - AL538_06615 1418611 1418687 - AL538_06620
Chr1 1418216 - TSS-1-1418216 3 <-- 0201 (<--) 0395 <-- 1417758 1418015 - AL538_06615 1418611 1418687 - AL538_06620
Chr1 1418374 + TSS-1-1418374 3 <-- 0359 (-->) 0237 <-- 1417758 1418015 - AL538_06615 1418611 1418687 - AL538_06620
Chr1 1419616 - TSS-1-1419616 3 <-- | (<--) | <-- 1419576 1419667 - AL538_06655 1419576 1419667 - AL538_06655
Chr1 1419665 - TSS-1-1419665 3 <-- | (<--) | <-- 1419576 1419667 - AL538_06655 1419576 1419667 - AL538_06655
Chr1 1419845 - TSS-1-1419845 3 <-- | (<--) | <-- 1419805 1419896 - AL538_06665 1419805 1419896 - AL538_06665
Chr1 1419893 - TSS-1-1419893 1 <-- | (<--) | <-- 1419805 1419896 - AL538_06665 1419805 1419896 - AL538_06665
Chr1 1419894 - TSS-1-1419894 2 <-- | (<--) | <-- 1419805 1419896 - AL538_06665 1419805 1419896 - AL538_06665
Chr1 1420321 - TSS-1-1420321 3 <-- | (<--) | <-- 1420140 1420337 - AL538_06670 1420140 1420337 - AL538_06670
Chr1 1420375 - TSS-1-1420375 3 <-- 0038 (<--) 0055 <-- 1420140 1420337 - AL538_06670 1420430 1421617 - AL538_06675
Chr1 1420660 - TSS-1-1420660 3 <-- | (<--) | <-- 1420430 1421617 - AL538_06675 1420430 1421617 - AL538_06675
Chr1 1422500 - TSS-1-1422500 3 <-- | (<--) | <-- 1421820 1424402 - AL538_06680 1421820 1424402 - AL538_06680
Chr1 1425722 + TSS-1-1425722 1 <-- | (-->) | <-- 1425219 1426262 - AL538_06690 1425219 1426262 - AL538_06690
Chr1 1426492 + TSS-1-1426492 3 <-- | (-->) | <-- 1426464 1426946 - AL538_06695 1426464 1426946 - AL538_06695
Chr1 1429703 - TSS-1-1429703 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429725 - TSS-1-1429725 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429739 - TSS-1-1429739 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429782 - TSS-1-1429782 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429825 - TSS-1-1429825 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429835 - TSS-1-1429835 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429836 - TSS-1-1429836 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429847 + TSS-1-1429847 1 <-- | (-->) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429851 - TSS-1-1429851 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429872 - TSS-1-1429872 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429889 - TSS-1-1429889 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429902 - TSS-1-1429902 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429905 - TSS-1-1429905 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429916 - TSS-1-1429916 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1429982 - TSS-1-1429982 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430124 - TSS-1-1430124 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430135 - TSS-1-1430135 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430159 - TSS-1-1430159 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430258 - TSS-1-1430258 2 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430260 - TSS-1-1430260 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430262 + TSS-1-1430262 1 <-- | (-->) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430278 - TSS-1-1430278 2 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430291 - TSS-1-1430291 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430303 - TSS-1-1430303 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430307 - TSS-1-1430307 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430333 - TSS-1-1430333 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430334 - TSS-1-1430334 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430341 - TSS-1-1430341 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430383 - TSS-1-1430383 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430412 - TSS-1-1430412 2 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430413 - TSS-1-1430413 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430434 - TSS-1-1430434 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430484 - TSS-1-1430484 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430507 + TSS-1-1430507 3 <-- | (-->) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430570 - TSS-1-1430570 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430582 - TSS-1-1430582 3 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430633 - TSS-1-1430633 1 <-- | (<--) | <-- 1429687 1430670 - AL538_06705 1429687 1430670 - AL538_06705
Chr1 1430706 - TSS-1-1430706 1 <-- 0036 (<--) 0045 <-- 1429687 1430670 - AL538_06705 1430751 1431674 - AL538_06710
Chr1 1430727 - TSS-1-1430727 2 <-- 0057 (<--) 0024 <-- 1429687 1430670 - AL538_06705 1430751 1431674 - AL538_06710
Chr1 1430734 - TSS-1-1430734 1 <-- 0064 (<--) 0017 <-- 1429687 1430670 - AL538_06705 1430751 1431674 - AL538_06710
Chr1 1430735 - TSS-1-1430735 1 <-- 0065 (<--) 0016 <-- 1429687 1430670 - AL538_06705 1430751 1431674 - AL538_06710
Chr1 1430748 - TSS-1-1430748 2 <-- 0078 (<--) 0003 <-- 1429687 1430670 - AL538_06705 1430751 1431674 - AL538_06710
Chr1 1430749 - TSS-1-1430749 1 <-- 0079 (<--) 0002 <-- 1429687 1430670 - AL538_06705 1430751 1431674 - AL538_06710
Chr1 1430826 - TSS-1-1430826 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1430865 - TSS-1-1430865 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1430868 - TSS-1-1430868 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1430891 - TSS-1-1430891 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1430923 - TSS-1-1430923 3 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1430945 - TSS-1-1430945 3 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1431047 - TSS-1-1431047 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1431072 - TSS-1-1431072 3 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1431080 - TSS-1-1431080 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1431096 - TSS-1-1431096 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1431121 - TSS-1-1431121 2 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1431148 - TSS-1-1431148 1 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1431160 - TSS-1-1431160 3 <-- | (<--) | <-- 1430751 1431674 - AL538_06710 1430751 1431674 - AL538_06710
Chr1 1432464 - TSS-1-1432464 3 <-- | (<--) | <-- 1432315 1433085 - AL538_06720 1432315 1433085 - AL538_06720
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Chr1 1433179 + TSS-1-1433179 1 <-- | (-->) | <-- 1433091 1434134 - AL538_06725 1433091 1434134 - AL538_06725
Chr1 1433644 - TSS-1-1433644 1 <-- | (<--) | <-- 1433091 1434134 - AL538_06725 1433091 1434134 - AL538_06725
Chr1 1435089 - TSS-1-1435089 3 <-- | (<--) | <-- 1434671 1435381 - AL538_06735 1434671 1435381 - AL538_06735
Chr1 1435702 - TSS-1-1435702 1 <-- 0038 (<--) 0754 <-- 1435383 1435664 - AL538_06740 1436456 1437757 - AL538_06745
Chr1 1435936 - TSS-1-1435936 3 <-- 0272 (<--) 0520 <-- 1435383 1435664 - AL538_06740 1436456 1437757 - AL538_06745
Chr1 1436729 - TSS-1-1436729 2 <-- | (<--) | <-- 1436456 1437757 - AL538_06745 1436456 1437757 - AL538_06745
Chr1 1436770 - TSS-1-1436770 2 <-- | (<--) | <-- 1436456 1437757 - AL538_06745 1436456 1437757 - AL538_06745
Chr1 1437681 - TSS-1-1437681 1 <-- | (<--) | <-- 1436456 1437757 - AL538_06745 1436456 1437757 - AL538_06745
Chr1 1437738 - TSS-1-1437738 3 <-- | (<--) | <-- 1436456 1437757 - AL538_06745 1436456 1437757 - AL538_06745
Chr1 1437830 - TSS-1-1437830 2 <-- 0073 (<--) 0005 <-- 1436456 1437757 - AL538_06745 1437835 1439475 - AL538_06750
Chr1 1437835 - TSS-1-1437835 1 <-- | (<--) | <-- 1437835 1439475 - AL538_06750 1437835 1439475 - AL538_06750
Chr1 1438224 - TSS-1-1438224 3 <-- | (<--) | <-- 1437835 1439475 - AL538_06750 1437835 1439475 - AL538_06750
Chr1 1439522 - TSS-1-1439522 1 <-- 0047 (<--) 0105 <-- 1437835 1439475 - AL538_06750 1439627 1440424 - AL538_06755
Chr1 1439557 - TSS-1-1439557 3 <-- 0082 (<--) 0070 <-- 1437835 1439475 - AL538_06750 1439627 1440424 - AL538_06755
Chr1 1440008 - TSS-1-1440008 3 <-- | (<--) | <-- 1439627 1440424 - AL538_06755 1439627 1440424 - AL538_06755
Chr1 1440606 - TSS-1-1440606 3 <-- 0182 (<--) 0023 <-- 1439627 1440424 - AL538_06755 1440629 1442848 - AL538_06760
Chr1 1440695 - TSS-1-1440695 3 <-- | (<--) | <-- 1440629 1442848 - AL538_06760 1440629 1442848 - AL538_06760
Chr1 1443086 - TSS-1-1443086 3 <-- | (<--) | <-- 1442976 1444295 - AL538_06765 1442976 1444295 - AL538_06765
Chr1 1443943 - TSS-1-1443943 3 <-- | (<--) | <-- 1442976 1444295 - AL538_06765 1442976 1444295 - AL538_06765
Chr1 1444390 + TSS-1-1444390 1 <-- 0095 (-->) 0098 --> 1442976 1444295 - AL538_06765 1444488 1447286 + AL538_06770
Chr1 1444445 - TSS-1-1444445 1 <-- 0150 (<--) 0043 --> 1442976 1444295 - AL538_06765 1444488 1447286 + AL538_06770
Chr1 1447117 + TSS-1-1447117 1 --> | (-->) | --> 1444488 1447286 + AL538_06770 1444488 1447286 + AL538_06770
Chr1 1449277 - TSS-1-1449277 3 <-- 0049 (<--) 0080 <-- 1448497 1449228 - AL538_06785 1449357 1450319 - AL538_06790
Chr1 1449621 - TSS-1-1449621 3 <-- | (<--) | <-- 1449357 1450319 - AL538_06790 1449357 1450319 - AL538_06790
Chr1 1450449 - TSS-1-1450449 3 <-- | (<--) | <-- 1450312 1450989 - AL538_06795 1450312 1450989 - AL538_06795
Chr1 1451468 - TSS-1-1451468 1 <-- | (<--) | <-- 1451010 1451909 - AL538_06800 1451010 1451909 - AL538_06800
Chr1 1452136 - TSS-1-1452136 1 <-- | (<--) | <-- 1452014 1453807 - AL538_06805 1452014 1453807 - AL538_06805
Chr1 1454994 - TSS-1-1454994 3 <-- | (<--) | <-- 1454402 1455367 - AL538_06815 1454402 1455367 - AL538_06815
Chr1 1455858 - TSS-1-1455858 3 <-- | (<--) | <-- 1455364 1455990 - AL538_06820 1455364 1455990 - AL538_06820
Chr1 1456212 - TSS-1-1456212 3 <-- | (<--) | <-- 1456017 1456595 - AL538_06825 1456017 1456595 - AL538_06825
Chr1 1456690 - TSS-1-1456690 3 <-- 0095 (<--) 0464 --> 1456017 1456595 - AL538_06825 1457154 1458761 + AL538_06830
Chr1 1456705 + TSS-1-1456705 3 <-- 0110 (-->) 0449 --> 1456017 1456595 - AL538_06825 1457154 1458761 + AL538_06830
Chr1 1456856 + TSS-1-1456856 1 <-- 0261 (-->) 0298 --> 1456017 1456595 - AL538_06825 1457154 1458761 + AL538_06830
Chr1 1457113 + TSS-1-1457113 1 <-- 0518 (-->) 0041 --> 1456017 1456595 - AL538_06825 1457154 1458761 + AL538_06830
Chr1 1457120 - TSS-1-1457120 3 <-- 0525 (<--) 0034 --> 1456017 1456595 - AL538_06825 1457154 1458761 + AL538_06830
Chr1 1459474 - TSS-1-1459474 3 <-- 0030 (<--) 0207 --> 1459184 1459444 - AL538_06840 1459681 1460648 + AL538_06845
Chr1 1461244 + TSS-1-1461244 3 --> 0130 (-->) 0523 --> 1460641 1461114 + AL538_06850 1461767 1461973 + AL538_06855
Chr1 1461523 + TSS-1-1461523 1 --> 0409 (-->) 0244 --> 1460641 1461114 + AL538_06850 1461767 1461973 + AL538_06855
Chr1 1461551 + TSS-1-1461551 3 --> 0437 (-->) 0216 --> 1460641 1461114 + AL538_06850 1461767 1461973 + AL538_06855
Chr1 1461739 + TSS-1-1461739 3 --> 0625 (-->) 0028 --> 1460641 1461114 + AL538_06850 1461767 1461973 + AL538_06855
Chr1 1461808 + TSS-1-1461808 3 --> | (-->) | --> 1461767 1461973 + AL538_06855 1461767 1461973 + AL538_06855
Chr1 1462437 - TSS-1-1462437 2 <-- | (<--) | <-- 1462052 1463260 - AL538_06860 1462052 1463260 - AL538_06860
Chr1 1463041 + TSS-1-1463041 1 <-- | (-->) | <-- 1462052 1463260 - AL538_06860 1462052 1463260 - AL538_06860
Chr1 1465280 + TSS-1-1465280 3 <-- 0195 (-->) 0056 --> 1464507 1465085 - AL538_06870 1465336 1465632 + AL538_06875
Chr1 1465483 + TSS-1-1465483 1 --> | (-->) | --> 1465336 1465632 + AL538_06875 1465336 1465632 + AL538_06875
Chr1 1465659 + TSS-1-1465659 3 --> | (-->) | --> 1465658 1465842 + AL538_06880 1465658 1465842 + AL538_06880
Chr1 1465730 + TSS-1-1465730 1 --> | (-->) | --> 1465658 1465842 + AL538_06880 1465658 1465842 + AL538_06880
Chr1 1465789 + TSS-1-1465789 1 --> | (-->) | --> 1465658 1465842 + AL538_06880 1465658 1465842 + AL538_06880
Chr1 1465797 + TSS-1-1465797 2 --> | (-->) | --> 1465658 1465842 + AL538_06880 1465658 1465842 + AL538_06880
Chr1 1466465 + TSS-1-1466465 3 --> 0024 (-->) 0035 --> 1465848 1466441 + AL538_06885 1466500 1467156 + AL538_06890
Chr1 1467300 + TSS-1-1467300 3 --> 0144 (-->) 0116 --> 1466500 1467156 + AL538_06890 1467416 1468645 + AL538_06895
Chr1 1469136 - TSS-1-1469136 2 <-- | (<--) | <-- 1468719 1469414 - AL538_06900 1468719 1469414 - AL538_06900
Chr1 1469529 - TSS-1-1469529 1 <-- 0115 (<--) 0140 <-- 1468719 1469414 - AL538_06900 1469669 1470565 - AL538_06905
Chr1 1470671 + TSS-1-1470671 1 <-- 0106 (-->) 0036 --> 1469669 1470565 - AL538_06905 1470707 1471336 + AL538_06910
Chr1 1471100 + TSS-1-1471100 3 --> | (-->) | --> 1470707 1471336 + AL538_06910 1470707 1471336 + AL538_06910
Chr1 1472858 - TSS-1-1472858 2 <-- 0086 (<--) 0371 <-- 1471906 1472772 - AL538_06920 1473229 1474305 - AL538_06925
Chr1 1472983 - TSS-1-1472983 2 <-- 0211 (<--) 0246 <-- 1471906 1472772 - AL538_06920 1473229 1474305 - AL538_06925
Chr1 1475958 - TSS-1-1475958 3 <-- | (<--) | <-- 1475775 1476812 - AL538_06935 1475775 1476812 - AL538_06935
Chr1 1476839 - TSS-1-1476839 2 <-- 0027 (<--) 0173 --> 1475775 1476812 - AL538_06935 1477012 1477248 + AL538_06940
Chr1 1476986 + TSS-1-1476986 2 <-- 0174 (-->) 0026 --> 1475775 1476812 - AL538_06935 1477012 1477248 + AL538_06940
Chr1 1478570 - TSS-1-1478570 2 <-- | (<--) | <-- 1477299 1479308 - AL538_06945 1477299 1479308 - AL538_06945
Chr1 1479386 - TSS-1-1479386 3 <-- 0078 (<--) 0292 --> 1477299 1479308 - AL538_06945 1479678 1480832 + AL538_06950
Chr1 1481069 + TSS-1-1481069 3 --> 0237 (-->) 0047 --> 1479678 1480832 + AL538_06950 1481116 1481913 + AL538_06955
Chr1 1483605 + TSS-1-1483605 1 --> | (-->) | --> 1483472 1484203 + AL538_06970 1483472 1484203 + AL538_06970
Chr1 1484931 + TSS-1-1484931 3 --> | (-->) | --> 1484218 1485168 + AL538_06975 1484218 1485168 + AL538_06975
Chr1 1489091 + TSS-1-1489091 3 --> | (-->) | --> 1488603 1489313 + AL538_07000 1488603 1489313 + AL538_07000
Chr1 1489778 + TSS-1-1489778 3 --> | (-->) | --> 1489445 1490263 + AL538_07005 1489445 1490263 + AL538_07005
Chr1 1497749 + TSS-1-1497749 1 --> | (-->) | --> 1496744 1497820 + AL538_07050 1496744 1497820 + AL538_07050
Chr1 1497948 + TSS-1-1497948 1 --> | (-->) | --> 1497840 1498112 + AL538_07055 1497840 1498112 + AL538_07055
Chr1 1498020 + TSS-1-1498020 1 --> | (-->) | --> 1497840 1498112 + AL538_07055 1497840 1498112 + AL538_07055
Chr1 1499149 + TSS-1-1499149 1 --> | (-->) | --> 1498195 1499334 + AL538_07060 1498195 1499334 + AL538_07060
Chr1 1499593 + TSS-1-1499593 3 --> | (-->) | --> 1499563 1499638 + AL538_07070 1499563 1499638 + AL538_07070
Chr1 1499767 + TSS-1-1499767 2 --> | (-->) | --> 1499765 1499840 + AL538_07080 1499765 1499840 + AL538_07080
Chr1 1499919 + TSS-1-1499919 1 --> | (-->) | --> 1499911 1499986 + AL538_07085 1499911 1499986 + AL538_07085
Chr1 1499941 + TSS-1-1499941 3 --> | (-->) | --> 1499911 1499986 + AL538_07085 1499911 1499986 + AL538_07085
Chr1 1500097 - TSS-1-1500097 1 --> 0028 (<--) 0016 --> 1499994 1500069 + AL538_07090 1500113 1500188 + AL538_07095
Chr1 1500115 + TSS-1-1500115 2 --> | (-->) | --> 1500113 1500188 + AL538_07095 1500113 1500188 + AL538_07095
Chr1 1502497 + TSS-1-1502497 3 --> | (-->) | --> 1502467 1502542 + AL538_07110 1502467 1502542 + AL538_07110
Chr1 1502564 + TSS-1-1502564 2 --> | (-->) | --> 1502564 1502639 + AL538_07115 1502564 1502639 + AL538_07115
Chr1 1502710 + TSS-1-1502710 3 --> | (-->) | --> 1502680 1502755 + AL538_07120 1502680 1502755 + AL538_07120
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Chr1 1502771 + TSS-1-1502771 1 --> | (-->) | --> 1502771 1502846 + AL538_07125 1502771 1502846 + AL538_07125
Chr1 1504464 - TSS-1-1504464 2 <-- 0023 (<--) 0510 <-- 1503005 1504441 - AL538_07130 1504974 1505050 - AL538_07135
Chr1 1505391 - TSS-1-1505391 3 <-- 0100 (<--) 0001 <-- 1505216 1505291 - AL538_07145 1505392 1505508 - AL538_07150
Chr1 1508830 - TSS-1-1508830 1 <-- | (<--) | <-- 1508763 1508838 - AL538_07160 1508763 1508838 - AL538_07160
Chr1 1508834 - TSS-1-1508834 1 <-- | (<--) | <-- 1508763 1508838 - AL538_07160 1508763 1508838 - AL538_07160
Chr1 1508952 - TSS-1-1508952 3 <-- | (<--) | <-- 1508882 1508958 - AL538_07165 1508882 1508958 - AL538_07165
Chr1 1510892 - TSS-1-1510892 3 <-- 0281 (<--) 0272 <-- 1509056 1510611 - AL538_07170 1511164 1512414 - AL538_07175
Chr1 1511007 - TSS-1-1511007 3 <-- 0396 (<--) 0157 <-- 1509056 1510611 - AL538_07170 1511164 1512414 - AL538_07175
Chr1 1513652 - TSS-1-1513652 3 <-- 0094 (<--) 0009 <-- 1512560 1513558 - AL538_07180 1513661 1514416 - AL538_07185
Chr1 1514730 - TSS-1-1514730 1 <-- | (<--) | <-- 1514434 1515756 - AL538_07190 1514434 1515756 - AL538_07190
Chr1 1520822 - TSS-1-1520822 2 <-- 0024 (<--) 0153 <-- 1520714 1520798 - AL538_07220 1520975 1521640 - AL538_07225
Chr1 1524808 + TSS-1-1524808 1 <-- 0195 (-->) 0006 --> 1523513 1524613 - AL538_07240 1524814 1526322 + AL538_07245
Chr1 1527971 - TSS-1-1527971 3 --> | (<--) | --> 1526982 1529840 + AL538_07255 1526982 1529840 + AL538_07255
Chr1 1531309 - TSS-1-1531309 1 --> | (<--) | --> 1530992 1531486 + AL538_07265 1530992 1531486 + AL538_07265
Chr1 1532946 + TSS-1-1532946 1 <-- 0055 (-->) 0530 --> 1532475 1532891 - AL538_07275 1533476 1534696 + AL538_07280
Chr1 1532951 - TSS-1-1532951 1 <-- 0060 (<--) 0525 --> 1532475 1532891 - AL538_07275 1533476 1534696 + AL538_07280
Chr1 1536742 + TSS-1-1536742 3 --> | (-->) | --> 1536144 1537073 + AL538_07290 1536144 1537073 + AL538_07290
Chr1 1537318 + TSS-1-1537318 2 --> | (-->) | --> 1537091 1537552 + AL538_07295 1537091 1537552 + AL538_07295
Chr1 1537654 + TSS-1-1537654 2 --> 0102 (-->) 0064 --> 1537091 1537552 + AL538_07295 1537718 1538107 + AL538_07300
Chr1 1538753 - TSS-1-1538753 1 <-- | (<--) | <-- 1538192 1538917 - AL538_07305 1538192 1538917 - AL538_07305
Chr1 1539576 - TSS-1-1539576 1 <-- | (<--) | <-- 1539065 1540330 - AL538_07310 1539065 1540330 - AL538_07310
Chr1 1540520 - TSS-1-1540520 1 <-- | (<--) | <-- 1540340 1540594 - AL538_07315 1540340 1540594 - AL538_07315
Chr1 1545414 + TSS-1-1545414 3 --> | (-->) | --> 1545045 1546016 + AL538_07350 1545045 1546016 + AL538_07350
Chr1 1545785 + TSS-1-1545785 3 --> | (-->) | --> 1545045 1546016 + AL538_07350 1545045 1546016 + AL538_07350
Chr1 1547136 - TSS-1-1547136 2 --> | (<--) | --> 1546651 1547145 + AL538_07360 1546651 1547145 + AL538_07360
Chr1 1547568 + TSS-1-1547568 3 --> | (-->) | --> 1547147 1547872 + AL538_07365 1547147 1547872 + AL538_07365
Chr1 1547876 - TSS-1-1547876 3 --> 0004 (<--) 0047 --> 1547147 1547872 + AL538_07365 1547923 1549389 + AL538_07370
Chr1 1547880 + TSS-1-1547880 1 --> 0008 (-->) 0043 --> 1547147 1547872 + AL538_07365 1547923 1549389 + AL538_07370
Chr1 1548690 + TSS-1-1548690 3 --> | (-->) | --> 1547923 1549389 + AL538_07370 1547923 1549389 + AL538_07370
Chr1 1549033 + TSS-1-1549033 3 --> | (-->) | --> 1547923 1549389 + AL538_07370 1547923 1549389 + AL538_07370
Chr1 1549481 + TSS-1-1549481 2 --> | (-->) | --> 1549414 1549701 + AL538_07375 1549414 1549701 + AL538_07375
Chr1 1551105 + TSS-1-1551105 1 --> | (-->) | --> 1551031 1551306 + AL538_07390 1551031 1551306 + AL538_07390
Chr1 1551443 + TSS-1-1551443 3 --> 0137 (-->) 0030 --> 1551031 1551306 + AL538_07390 1551473 1552828 + AL538_07395
Chr1 1553167 - TSS-1-1553167 3 <-- | (<--) | <-- 1552912 1554255 - AL538_07400 1552912 1554255 - AL538_07400
Chr1 1553248 - TSS-1-1553248 3 <-- | (<--) | <-- 1552912 1554255 - AL538_07400 1552912 1554255 - AL538_07400
Chr1 1554279 - TSS-1-1554279 3 <-- 0024 (<--) 0087 --> 1552912 1554255 - AL538_07400 1554366 1554890 + AL538_07405
Chr1 1555973 - TSS-1-1555973 1 <-- | (<--) | <-- 1555951 1556703 - AL538_07415 1555951 1556703 - AL538_07415
Chr1 1556412 - TSS-1-1556412 3 <-- | (<--) | <-- 1555951 1556703 - AL538_07415 1555951 1556703 - AL538_07415
Chr1 1557615 + TSS-1-1557615 1 --> | (-->) | --> 1556942 1558207 + AL538_07420 1556942 1558207 + AL538_07420
Chr1 1557671 + TSS-1-1557671 3 --> | (-->) | --> 1556942 1558207 + AL538_07420 1556942 1558207 + AL538_07420
Chr1 1561270 - TSS-1-1561270 3 <-- 0055 (<--) 0482 --> 1558306 1561215 - AL538_07425 1561752 1563128 + AL538_07430
Chr1 1561516 + TSS-1-1561516 3 <-- 0301 (-->) 0236 --> 1558306 1561215 - AL538_07425 1561752 1563128 + AL538_07430
Chr1 1561527 + TSS-1-1561527 3 <-- 0312 (-->) 0225 --> 1558306 1561215 - AL538_07425 1561752 1563128 + AL538_07430
Chr1 1561553 + TSS-1-1561553 3 <-- 0338 (-->) 0199 --> 1558306 1561215 - AL538_07425 1561752 1563128 + AL538_07430
Chr1 1561809 + TSS-1-1561809 3 --> | (-->) | --> 1561752 1563128 + AL538_07430 1561752 1563128 + AL538_07430
Chr1 1561945 + TSS-1-1561945 2 --> | (-->) | --> 1561752 1563128 + AL538_07430 1561752 1563128 + AL538_07430
Chr1 1562037 + TSS-1-1562037 1 --> | (-->) | --> 1561752 1563128 + AL538_07430 1561752 1563128 + AL538_07430
Chr1 1562253 + TSS-1-1562253 1 --> | (-->) | --> 1561752 1563128 + AL538_07430 1561752 1563128 + AL538_07430
Chr1 1562830 + TSS-1-1562830 1 --> | (-->) | --> 1561752 1563128 + AL538_07430 1561752 1563128 + AL538_07430
Chr1 1562845 + TSS-1-1562845 2 --> | (-->) | --> 1561752 1563128 + AL538_07430 1561752 1563128 + AL538_07430
Chr1 1569747 - TSS-1-1569747 3 <-- | (<--) | <-- 1569502 1570971 - AL538_07450 1569502 1570971 - AL538_07450
Chr1 1570240 - TSS-1-1570240 1 <-- | (<--) | <-- 1569502 1570971 - AL538_07450 1569502 1570971 - AL538_07450
Chr1 1571615 - TSS-1-1571615 3 <-- | (<--) | <-- 1571564 1572052 - AL538_07460 1571564 1572052 - AL538_07460
Chr1 1574419 - TSS-1-1574419 1 <-- | (<--) | <-- 1574276 1578213 - AL538_07475 1574276 1578213 - AL538_07475
Chr1 1574974 - TSS-1-1574974 1 <-- | (<--) | <-- 1574276 1578213 - AL538_07475 1574276 1578213 - AL538_07475
Chr1 1575055 - TSS-1-1575055 2 <-- | (<--) | <-- 1574276 1578213 - AL538_07475 1574276 1578213 - AL538_07475
Chr1 1576000 - TSS-1-1576000 1 <-- | (<--) | <-- 1574276 1578213 - AL538_07475 1574276 1578213 - AL538_07475
Chr1 1576035 - TSS-1-1576035 1 <-- | (<--) | <-- 1574276 1578213 - AL538_07475 1574276 1578213 - AL538_07475
Chr1 1577028 - TSS-1-1577028 1 <-- | (<--) | <-- 1574276 1578213 - AL538_07475 1574276 1578213 - AL538_07475
Chr1 1580518 - TSS-1-1580518 2 <-- 0026 (<--) 0094 <-- 1579944 1580492 - AL538_07495 1580612 1580842 - AL538_07500
Chr1 1593242 + TSS-1-1593242 1 <-- 0060 (-->) 0192 <-- 1591173 1593182 - AL538_07555 1593434 1593973 - AL538_07560
Chr1 1595764 + TSS-1-1595764 3 --> | (-->) | --> 1595074 1595946 + AL538_07570 1595074 1595946 + AL538_07570
Chr1 1596058 + TSS-1-1596058 2 --> 0112 (-->) 0026 --> 1595074 1595946 + AL538_07570 1596084 1598905 + AL538_07575
Chr1 1601979 - TSS-1-1601979 1 <-- 0044 (<--) 0482 --> 1600814 1601935 - AL538_07585 1602461 1603813 + AL538_07590
Chr1 1602156 + TSS-1-1602156 3 <-- 0221 (-->) 0305 --> 1600814 1601935 - AL538_07585 1602461 1603813 + AL538_07590
Chr1 1604204 - TSS-1-1604204 3 <-- | (<--) | <-- 1603881 1607561 - AL538_07595 1603881 1607561 - AL538_07595
Chr1 1607586 - TSS-1-1607586 1 <-- 0025 (<--) 0165 --> 1603881 1607561 - AL538_07595 1607751 1609076 + AL538_07600
Chr1 1607725 + TSS-1-1607725 3 <-- 0164 (-->) 0026 --> 1603881 1607561 - AL538_07595 1607751 1609076 + AL538_07600
Chr1 1607995 + TSS-1-1607995 3 --> | (-->) | --> 1607751 1609076 + AL538_07600 1607751 1609076 + AL538_07600
Chr1 1609806 - TSS-1-1609806 1 <-- | (<--) | <-- 1609730 1609806 - AL538_07605 1609730 1609806 - AL538_07605
Chr1 1613297 - TSS-1-1613297 2 <-- | (<--) | <-- 1613230 1613305 - AL538_07620 1613230 1613305 - AL538_07620
Chr1 1613419 - TSS-1-1613419 3 <-- | (<--) | <-- 1613349 1613425 - AL538_07625 1613349 1613425 - AL538_07625
Chr1 1615257 - TSS-1-1615257 3 <-- 0214 (<--) 0102 <-- 1613483 1615043 - AL538_07630 1615359 1615475 - AL538_07635
Chr1 1620734 - TSS-1-1620734 3 <-- 0411 (<--) 0246 <-- 1618763 1620323 - AL538_07645 1620980 1621759 - AL538_07650
Chr1 1621185 - TSS-1-1621185 1 <-- | (<--) | <-- 1620980 1621759 - AL538_07650 1620980 1621759 - AL538_07650
Chr1 1625388 - TSS-1-1625388 3 <-- 0062 (<--) 0092 <-- 1623488 1625326 - AL538_07660 1625480 1625710 - AL538_07665
Chr1 1625745 - TSS-1-1625745 2 <-- 0035 (<--) 0116 <-- 1625480 1625710 - AL538_07665 1625861 1626526 - AL538_07670
Chr1 1626169 - TSS-1-1626169 1 <-- | (<--) | <-- 1625861 1626526 - AL538_07670 1625861 1626526 - AL538_07670
Chr1 1628259 + TSS-1-1628259 2 <-- 0273 (-->) 0013 --> 1627006 1627986 - AL538_07680 1628272 1628727 + AL538_07685
Chr1 1628261 + TSS-1-1628261 1 <-- 0275 (-->) 0011 --> 1627006 1627986 - AL538_07680 1628272 1628727 + AL538_07685
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Chr1 1628291 - TSS-1-1628291 2 --> | (<--) | --> 1628272 1628727 + AL538_07685 1628272 1628727 + AL538_07685
Chr1 1631033 - TSS-1-1631033 3 <-- 0073 (<--) 0234 --> 1629308 1630960 - AL538_07695 1631267 1631686 + AL538_07700
Chr1 1632022 - TSS-1-1632022 3 <-- | (<--) | <-- 1631738 1632934 - AL538_07705 1631738 1632934 - AL538_07705
Chr1 1632036 - TSS-1-1632036 1 <-- | (<--) | <-- 1631738 1632934 - AL538_07705 1631738 1632934 - AL538_07705
Chr1 1632635 + TSS-1-1632635 3 <-- | (-->) | <-- 1631738 1632934 - AL538_07705 1631738 1632934 - AL538_07705
Chr1 1636142 - TSS-1-1636142 3 --> | (<--) | --> 1635749 1636513 + AL538_07720 1635749 1636513 + AL538_07720
Chr1 1638065 - TSS-1-1638065 3 <-- 0092 (<--) 0166 <-- 1637593 1637973 - AL538_07735 1638231 1638902 - AL538_07740
Chr1 1639532 - TSS-1-1639532 1 <-- | (<--) | <-- 1639002 1639841 - AL538_07745 1639002 1639841 - AL538_07745
Chr1 1641222 - TSS-1-1641222 1 <-- | (<--) | <-- 1639911 1641413 - AL538_07750 1639911 1641413 - AL538_07750
Chr1 1641976 - TSS-1-1641976 3 <-- | (<--) | <-- 1641467 1642567 - AL538_07755 1641467 1642567 - AL538_07755
Chr1 1650134 + TSS-1-1650134 3 --> | (-->) | --> 1647938 1650508 + AL538_07790 1647938 1650508 + AL538_07790
Chr1 1651620 - TSS-1-1651620 1 <-- 0137 (<--) 0038 --> 1650575 1651483 - AL538_07795 1651658 1652386 + AL538_07800
Chr1 1651931 + TSS-1-1651931 2 --> | (-->) | --> 1651658 1652386 + AL538_07800 1651658 1652386 + AL538_07800
Chr1 1654511 + TSS-1-1654511 2 --> | (-->) | --> 1654462 1654743 + AL538_07810 1654462 1654743 + AL538_07810
Chr1 1654809 - TSS-1-1654809 3 --> 0066 (<--) 0089 <-- 1654462 1654743 + AL538_07810 1654898 1656772 - AL538_07815
Chr1 1655295 - TSS-1-1655295 3 <-- | (<--) | <-- 1654898 1656772 - AL538_07815 1654898 1656772 - AL538_07815
Chr1 1656353 + TSS-1-1656353 2 <-- | (-->) | <-- 1654898 1656772 - AL538_07815 1654898 1656772 - AL538_07815
Chr1 1656861 - TSS-1-1656861 3 <-- 0089 (<--) 0162 <-- 1654898 1656772 - AL538_07815 1657023 1658237 - AL538_07820
Chr1 1657247 - TSS-1-1657247 3 <-- | (<--) | <-- 1657023 1658237 - AL538_07820 1657023 1658237 - AL538_07820
Chr1 1657260 + TSS-1-1657260 2 <-- | (-->) | <-- 1657023 1658237 - AL538_07820 1657023 1658237 - AL538_07820
Chr1 1660071 + TSS-1-1660071 2 <-- | (-->) | <-- 1659141 1660145 - AL538_07830 1659141 1660145 - AL538_07830
Chr1 1660234 - TSS-1-1660234 3 <-- 0089 (<--) 0056 --> 1659141 1660145 - AL538_07830 1660290 1661426 + AL538_07835
Chr1 1661660 + TSS-1-1661660 2 --> 0234 (-->) 0045 --> 1660290 1661426 + AL538_07835 1661705 1664338 + AL538_07840
Chr1 1663331 + TSS-1-1663331 1 --> | (-->) | --> 1661705 1664338 + AL538_07840 1661705 1664338 + AL538_07840
Chr1 1664187 + TSS-1-1664187 3 --> | (-->) | --> 1661705 1664338 + AL538_07840 1661705 1664338 + AL538_07840
Chr1 1664569 + TSS-1-1664569 3 --> 0231 (-->) 0208 --> 1661705 1664338 + AL538_07840 1664777 1665316 + AL538_07845
Chr1 1664578 + TSS-1-1664578 3 --> 0240 (-->) 0199 --> 1661705 1664338 + AL538_07840 1664777 1665316 + AL538_07845
Chr1 1664750 + TSS-1-1664750 1 --> 0412 (-->) 0027 --> 1661705 1664338 + AL538_07840 1664777 1665316 + AL538_07845
Chr1 1665082 + TSS-1-1665082 3 --> | (-->) | --> 1664777 1665316 + AL538_07845 1664777 1665316 + AL538_07845
Chr1 1666357 - TSS-1-1666357 2 <-- 0068 (<--) 0205 <-- 1665387 1666289 - AL538_07850 1666562 1668970 - AL538_07855
Chr1 1666473 - TSS-1-1666473 3 <-- 0184 (<--) 0089 <-- 1665387 1666289 - AL538_07850 1666562 1668970 - AL538_07855
Chr1 1672699 - TSS-1-1672699 2 <-- | (<--) | <-- 1672296 1672772 - AL538_07875 1672296 1672772 - AL538_07875
Chr1 1672795 - TSS-1-1672795 3 <-- 0023 (<--) 0052 <-- 1672296 1672772 - AL538_07875 1672847 1673035 - AL538_07880
Chr1 1673755 - TSS-1-1673755 3 <-- | (<--) | <-- 1673372 1674556 - AL538_07885 1673372 1674556 - AL538_07885
Chr1 1673869 - TSS-1-1673869 3 <-- | (<--) | <-- 1673372 1674556 - AL538_07885 1673372 1674556 - AL538_07885
Chr1 1674238 - TSS-1-1674238 3 <-- | (<--) | <-- 1673372 1674556 - AL538_07885 1673372 1674556 - AL538_07885
Chr1 1674277 - TSS-1-1674277 3 <-- | (<--) | <-- 1673372 1674556 - AL538_07885 1673372 1674556 - AL538_07885
Chr1 1674545 + TSS-1-1674545 3 <-- | (-->) | <-- 1673372 1674556 - AL538_07885 1673372 1674556 - AL538_07885
Chr1 1674615 - TSS-1-1674615 3 <-- 0059 (<--) 0097 <-- 1673372 1674556 - AL538_07885 1674712 1676811 - AL538_07890
Chr1 1675989 - TSS-1-1675989 3 <-- | (<--) | <-- 1674712 1676811 - AL538_07890 1674712 1676811 - AL538_07890
Chr1 1677188 - TSS-1-1677188 3 <-- | (<--) | <-- 1676950 1677420 - AL538_07895 1676950 1677420 - AL538_07895
Chr1 1677279 - TSS-1-1677279 3 <-- | (<--) | <-- 1676950 1677420 - AL538_07895 1676950 1677420 - AL538_07895
Chr1 1677969 - TSS-1-1677969 3 <-- 0074 (<--) 0105 <-- 1677521 1677895 - AL538_07900 1678074 1678349 - AL538_07905
Chr1 1679732 - TSS-1-1679732 2 <-- | (<--) | <-- 1679108 1679824 - AL538_07920 1679108 1679824 - AL538_07920
Chr1 1680846 + TSS-1-1680846 2 <-- 0095 (-->) 0034 --> 1679969 1680751 - AL538_07925 1680880 1681866 + AL538_07930
Chr1 1681317 - TSS-1-1681317 3 --> | (<--) | --> 1680880 1681866 + AL538_07930 1680880 1681866 + AL538_07930
Chr1 1682034 + TSS-1-1682034 3 --> | (-->) | --> 1681863 1682090 + AL538_07935 1681863 1682090 + AL538_07935
Chr1 1682467 - TSS-1-1682467 3 <-- | (<--) | <-- 1682185 1683126 - AL538_07940 1682185 1683126 - AL538_07940
Chr1 1683154 - TSS-1-1683154 1 <-- 0028 (<--) 0104 <-- 1682185 1683126 - AL538_07940 1683258 1683833 - AL538_07945
Chr1 1683378 - TSS-1-1683378 2 <-- | (<--) | <-- 1683258 1683833 - AL538_07945 1683258 1683833 - AL538_07945
Chr1 1683813 + TSS-1-1683813 3 <-- | (-->) | <-- 1683258 1683833 - AL538_07945 1683258 1683833 - AL538_07945
Chr1 1683882 - TSS-1-1683882 1 <-- 0049 (<--) 0040 <-- 1683258 1683833 - AL538_07945 1683922 1684122 - AL538_07950
Chr1 1688439 + TSS-1-1688439 3 --> | (-->) | --> 1686703 1688622 + AL538_07965 1686703 1688622 + AL538_07965
Chr1 1689127 + TSS-1-1689127 1 --> 0029 (-->) 0072 --> 1688619 1689098 + AL538_07970 1689199 1690206 + AL538_07975
Chr1 1689136 + TSS-1-1689136 2 --> 0038 (-->) 0063 --> 1688619 1689098 + AL538_07970 1689199 1690206 + AL538_07975
Chr1 1689142 + TSS-1-1689142 1 --> 0044 (-->) 0057 --> 1688619 1689098 + AL538_07970 1689199 1690206 + AL538_07975
Chr1 1690193 - TSS-1-1690193 1 --> | (<--) | --> 1689199 1690206 + AL538_07975 1689199 1690206 + AL538_07975
Chr1 1690547 + TSS-1-1690547 3 --> 0063 (-->) 0062 --> 1690272 1690484 + AL538_07980 1690609 1691478 + AL538_07985
Chr1 1691605 + TSS-1-1691605 1 --> 0127 (-->) 0113 --> 1690609 1691478 + AL538_07985 1691718 1692350 + AL538_07990
Chr1 1691655 + TSS-1-1691655 3 --> 0177 (-->) 0063 --> 1690609 1691478 + AL538_07985 1691718 1692350 + AL538_07990
Chr1 1691683 + TSS-1-1691683 1 --> 0205 (-->) 0035 --> 1690609 1691478 + AL538_07985 1691718 1692350 + AL538_07990
Chr1 1692287 + TSS-1-1692287 2 --> | (-->) | --> 1691718 1692350 + AL538_07990 1691718 1692350 + AL538_07990
Chr1 1692288 + TSS-1-1692288 1 --> | (-->) | --> 1691718 1692350 + AL538_07990 1691718 1692350 + AL538_07990
Chr1 1693090 - TSS-1-1693090 2 <-- | (<--) | <-- 1692540 1693331 - AL538_07995 1692540 1693331 - AL538_07995
Chr1 1693588 - TSS-1-1693588 3 <-- 0257 (<--) 0008 <-- 1692540 1693331 - AL538_07995 1693596 1695053 - AL538_08000
Chr1 1696779 + TSS-1-1696779 3 <-- | (-->) | <-- 1696210 1697421 - AL538_08010 1696210 1697421 - AL538_08010
Chr1 1697599 - TSS-1-1697599 3 <-- 0178 (<--) 0184 <-- 1696210 1697421 - AL538_08010 1697783 1698370 - AL538_08015
Chr1 1698969 - TSS-1-1698969 1 <-- | (<--) | <-- 1698560 1701730 - AL538_08020 1698560 1701730 - AL538_08020
Chr1 1699310 + TSS-1-1699310 3 <-- | (-->) | <-- 1698560 1701730 - AL538_08020 1698560 1701730 - AL538_08020
Chr1 1700888 - TSS-1-1700888 2 <-- | (<--) | <-- 1698560 1701730 - AL538_08020 1698560 1701730 - AL538_08020
Chr1 1701551 - TSS-1-1701551 2 <-- | (<--) | <-- 1698560 1701730 - AL538_08020 1698560 1701730 - AL538_08020
Chr1 1705004 - TSS-1-1705004 1 <-- 0067 (<--) 0050 <-- 1703900 1704937 - AL538_08035 1705054 1705740 - AL538_08040
Chr1 1705135 + TSS-1-1705135 3 <-- | (-->) | <-- 1705054 1705740 - AL538_08040 1705054 1705740 - AL538_08040
Chr1 1706018 - TSS-1-1706018 3 <-- | (<--) | <-- 1705866 1706609 - AL538_08045 1705866 1706609 - AL538_08045
Chr1 1708038 - TSS-1-1708038 3 <-- | (<--) | <-- 1706686 1709172 - AL538_08050 1706686 1709172 - AL538_08050
Chr1 1708419 - TSS-1-1708419 1 <-- | (<--) | <-- 1706686 1709172 - AL538_08050 1706686 1709172 - AL538_08050
Chr1 1709200 - TSS-1-1709200 3 <-- 0028 (<--) 0090 <-- 1706686 1709172 - AL538_08050 1709290 1709715 - AL538_08055
Chr1 1709733 - TSS-1-1709733 3 <-- 0018 (<--) 0094 --> 1709290 1709715 - AL538_08055 1709827 1711011 + AL538_08060
Chr1 1713255 + TSS-1-1713255 3 <-- | (-->) | <-- 1711984 1713300 - AL538_08070 1711984 1713300 - AL538_08070
Chr1 1713323 - TSS-1-1713323 3 <-- 0023 (<--) 0151 --> 1711984 1713300 - AL538_08070 1713474 1713659 + AL538_08075
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Chr1 1713519 + TSS-1-1713519 3 --> | (-->) | --> 1713474 1713659 + AL538_08075 1713474 1713659 + AL538_08075
Chr1 1716129 - TSS-1-1716129 1 <-- | (<--) | <-- 1715998 1717287 - AL538_08090 1715998 1717287 - AL538_08090
Chr1 1716396 - TSS-1-1716396 1 <-- | (<--) | <-- 1715998 1717287 - AL538_08090 1715998 1717287 - AL538_08090
Chr1 1716441 - TSS-1-1716441 2 <-- | (<--) | <-- 1715998 1717287 - AL538_08090 1715998 1717287 - AL538_08090
Chr1 1717690 - TSS-1-1717690 2 <-- 0101 (<--) 0094 <-- 1717326 1717589 - AL538_08095 1717784 1718716 - AL538_08100
Chr1 1717697 - TSS-1-1717697 2 <-- 0108 (<--) 0087 <-- 1717326 1717589 - AL538_08095 1717784 1718716 - AL538_08100
Chr1 1717698 - TSS-1-1717698 1 <-- 0109 (<--) 0086 <-- 1717326 1717589 - AL538_08095 1717784 1718716 - AL538_08100
Chr1 1717761 - TSS-1-1717761 3 <-- 0172 (<--) 0023 <-- 1717326 1717589 - AL538_08095 1717784 1718716 - AL538_08100
Chr1 1718179 - TSS-1-1718179 3 <-- | (<--) | <-- 1717784 1718716 - AL538_08100 1717784 1718716 - AL538_08100
Chr1 1718282 - TSS-1-1718282 3 <-- | (<--) | <-- 1717784 1718716 - AL538_08100 1717784 1718716 - AL538_08100
Chr1 1720531 - TSS-1-1720531 2 <-- | (<--) | <-- 1718713 1720776 - AL538_08105 1718713 1720776 - AL538_08105
Chr1 1720993 - TSS-1-1720993 2 <-- | (<--) | <-- 1720795 1722525 - AL538_08110 1720795 1722525 - AL538_08110
Chr1 1723355 - TSS-1-1723355 3 --> | (<--) | --> 1723281 1724408 + AL538_08120 1723281 1724408 + AL538_08120
Chr1 1724232 + TSS-1-1724232 2 --> | (-->) | --> 1723281 1724408 + AL538_08120 1723281 1724408 + AL538_08120
Chr1 1724238 + TSS-1-1724238 1 --> | (-->) | --> 1723281 1724408 + AL538_08120 1723281 1724408 + AL538_08120
Chr1 1725013 - TSS-1-1725013 3 <-- | (<--) | <-- 1724937 1725013 - AL538_08125 1724937 1725013 - AL538_08125
Chr1 1725369 - TSS-1-1725369 1 <-- | (<--) | <-- 1725294 1725369 - AL538_08130 1725294 1725369 - AL538_08130
Chr1 1725480 - TSS-1-1725480 3 <-- | (<--) | <-- 1725405 1725480 - AL538_08135 1725405 1725480 - AL538_08135
Chr1 1725591 - TSS-1-1725591 2 <-- | (<--) | <-- 1725516 1725591 - AL538_08140 1725516 1725591 - AL538_08140
Chr1 1725686 - TSS-1-1725686 3 <-- | (<--) | <-- 1725610 1725686 - AL538_08145 1725610 1725686 - AL538_08145
Chr1 1725801 - TSS-1-1725801 2 <-- | (<--) | <-- 1725726 1725801 - AL538_08150 1725726 1725801 - AL538_08150
Chr1 1725896 - TSS-1-1725896 3 <-- | (<--) | <-- 1725820 1725896 - AL538_08155 1725820 1725896 - AL538_08155
Chr1 1725986 - TSS-1-1725986 2 <-- | (<--) | <-- 1725939 1726014 - AL538_08160 1725939 1726014 - AL538_08160
Chr1 1726014 - TSS-1-1726014 3 <-- | (<--) | <-- 1725939 1726014 - AL538_08160 1725939 1726014 - AL538_08160
Chr1 1726109 - TSS-1-1726109 3 <-- | (<--) | <-- 1726033 1726109 - AL538_08165 1726033 1726109 - AL538_08165
Chr1 1726196 - TSS-1-1726196 1 <-- | (<--) | <-- 1726149 1726224 - AL538_08170 1726149 1726224 - AL538_08170
Chr1 1726224 - TSS-1-1726224 2 <-- | (<--) | <-- 1726149 1726224 - AL538_08170 1726149 1726224 - AL538_08170
Chr1 1726319 - TSS-1-1726319 3 <-- | (<--) | <-- 1726243 1726319 - AL538_08175 1726243 1726319 - AL538_08175
Chr1 1726450 - TSS-1-1726450 2 <-- | (<--) | <-- 1726375 1726450 - AL538_08180 1726375 1726450 - AL538_08180
Chr1 1726629 - TSS-1-1726629 1 <-- | (<--) | <-- 1726607 1727152 - AL538_08185 1726607 1727152 - AL538_08185
Chr1 1729039 + TSS-1-1729039 3 --> | (-->) | --> 1728463 1729320 + AL538_08195 1728463 1729320 + AL538_08195
Chr1 1730836 + TSS-1-1730836 1 --> | (-->) | --> 1729495 1730910 + AL538_08200 1729495 1730910 + AL538_08200
Chr1 1732813 + TSS-1-1732813 1 --> | (-->) | --> 1731189 1733069 + AL538_08205 1731189 1733069 + AL538_08205
Chr1 1733160 + TSS-1-1733160 2 --> 0091 (-->) 0033 --> 1731189 1733069 + AL538_08205 1733193 1734080 + AL538_08210
Chr1 1733984 + TSS-1-1733984 3 --> | (-->) | --> 1733193 1734080 + AL538_08210 1733193 1734080 + AL538_08210
Chr1 1736780 + TSS-1-1736780 2 --> 0127 (-->) 0075 --> 1736219 1736653 + AL538_08220 1736855 1737319 + AL538_08225
Chr1 1738502 + TSS-1-1738502 3 --> | (-->) | --> 1737524 1738561 + AL538_08230 1737524 1738561 + AL538_08230
Chr1 1742536 - TSS-1-1742536 3 <-- | (<--) | <-- 1742532 1742906 - AL538_08255 1742532 1742906 - AL538_08255
Chr1 1744251 + TSS-1-1744251 3 <-- 0364 (-->) 0086 --> 1742916 1743887 - AL538_08260 1744337 1746157 + AL538_08265
Chr1 1744286 - TSS-1-1744286 2 <-- 0399 (<--) 0051 --> 1742916 1743887 - AL538_08260 1744337 1746157 + AL538_08265
Chr1 1744596 + TSS-1-1744596 1 --> | (-->) | --> 1744337 1746157 + AL538_08265 1744337 1746157 + AL538_08265
Chr1 1745334 + TSS-1-1745334 3 --> | (-->) | --> 1744337 1746157 + AL538_08265 1744337 1746157 + AL538_08265
Chr1 1745994 + TSS-1-1745994 2 --> | (-->) | --> 1744337 1746157 + AL538_08265 1744337 1746157 + AL538_08265
Chr1 1750480 - TSS-1-1750480 3 <-- | (<--) | <-- 1750387 1750953 - AL538_08295 1750387 1750953 - AL538_08295
Chr1 1750987 - TSS-1-1750987 2 --> | (<--) | --> 1750986 1752008 + AL538_08300 1750986 1752008 + AL538_08300
Chr1 1753283 - TSS-1-1753283 3 <-- 0042 (<--) 0524 --> 1752678 1753241 - AL538_08310 1753807 1755103 + AL538_08315
Chr1 1758429 - TSS-1-1758429 3 <-- | (<--) | <-- 1758306 1759952 - AL538_08340 1758306 1759952 - AL538_08340
Chr1 1760374 - TSS-1-1760374 3 <-- 0057 (<--) 0173 --> 1760027 1760317 - AL538_08345 1760547 1761926 + AL538_08350
Chr1 1763226 - TSS-1-1763226 2 <-- 0224 (<--) 0061 <-- 1762040 1763002 - AL538_08355 1763287 1764195 - AL538_08360
Chr1 1764219 - TSS-1-1764219 3 <-- 0024 (<--) 0100 <-- 1763287 1764195 - AL538_08360 1764319 1764828 - AL538_08365
Chr1 1767699 + TSS-1-1767699 3 --> | (-->) | --> 1767185 1767793 + AL538_08380 1767185 1767793 + AL538_08380
Chr1 1769006 - TSS-1-1769006 3 <-- 0015 (<--) 0410 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
Chr1 1769307 + TSS-1-1769307 3 <-- 0316 (-->) 0109 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
Chr1 1769381 + TSS-1-1769381 1 <-- 0390 (-->) 0035 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
Chr1 1769394 + TSS-1-1769394 1 <-- 0403 (-->) 0022 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
Chr1 1769395 - TSS-1-1769395 2 <-- 0404 (<--) 0021 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
Chr1 1769474 - TSS-1-1769474 2 --> | (<--) | --> 1769416 1770867 + AL538_08395 1769416 1770867 + AL538_08395
Chr1 1770692 + TSS-1-1770692 3 --> | (-->) | --> 1769416 1770867 + AL538_08395 1769416 1770867 + AL538_08395
Chr1 1770742 + TSS-1-1770742 2 --> | (-->) | --> 1769416 1770867 + AL538_08395 1769416 1770867 + AL538_08395
Chr1 1771971 + TSS-1-1771971 2 --> | (-->) | --> 1771046 1772353 + AL538_08400 1771046 1772353 + AL538_08400
Chr1 1772074 + TSS-1-1772074 3 --> | (-->) | --> 1771046 1772353 + AL538_08400 1771046 1772353 + AL538_08400
Chr1 1774518 + TSS-1-1774518 3 --> 0168 (-->) 0028 --> 1772515 1774350 + AL538_08405 1774546 1775181 + AL538_08410
Chr1 1774650 + TSS-1-1774650 1 --> | (-->) | --> 1774546 1775181 + AL538_08410 1774546 1775181 + AL538_08410
Chr1 1775424 + TSS-1-1775424 3 --> 0243 (-->) 0049 --> 1774546 1775181 + AL538_08410 1775473 1776099 + AL538_08415
Chr1 1776257 + TSS-1-1776257 3 --> 0158 (-->) 0043 --> 1775473 1776099 + AL538_08415 1776300 1776563 + AL538_08420
Chr1 1776336 - TSS-1-1776336 3 --> | (<--) | --> 1776300 1776563 + AL538_08420 1776300 1776563 + AL538_08420
Chr1 1777131 + TSS-1-1777131 1 --> | (-->) | --> 1776576 1778303 + AL538_08425 1776576 1778303 + AL538_08425
Chr1 1777156 + TSS-1-1777156 1 --> | (-->) | --> 1776576 1778303 + AL538_08425 1776576 1778303 + AL538_08425
Chr1 1777761 + TSS-1-1777761 1 --> | (-->) | --> 1776576 1778303 + AL538_08425 1776576 1778303 + AL538_08425
Chr1 1784546 + TSS-1-1784546 3 <-- 0010 (-->) 0125 <-- 1781105 1784536 - AL538_08445 1784671 1785861 - AL538_08450
Chr1 1785920 - TSS-1-1785920 3 <-- 0059 (<--) 0183 --> 1784671 1785861 - AL538_08450 1786103 1787929 + AL538_08455
Chr1 1786076 + TSS-1-1786076 3 <-- 0215 (-->) 0027 --> 1784671 1785861 - AL538_08450 1786103 1787929 + AL538_08455
Chr1 1787620 - TSS-1-1787620 2 --> | (<--) | --> 1786103 1787929 + AL538_08455 1786103 1787929 + AL538_08455
Chr1 1788690 + TSS-1-1788690 3 --> 0093 (-->) 0126 --> 1787965 1788597 + AL538_08460 1788816 1790768 + AL538_08465
Chr1 1788724 + TSS-1-1788724 3 --> 0127 (-->) 0092 --> 1787965 1788597 + AL538_08460 1788816 1790768 + AL538_08465
Chr1 1788772 + TSS-1-1788772 2 --> 0175 (-->) 0044 --> 1787965 1788597 + AL538_08460 1788816 1790768 + AL538_08465
Chr1 1788792 + TSS-1-1788792 3 --> 0195 (-->) 0024 --> 1787965 1788597 + AL538_08460 1788816 1790768 + AL538_08465
Chr1 1789140 + TSS-1-1789140 1 --> | (-->) | --> 1788816 1790768 + AL538_08465 1788816 1790768 + AL538_08465
Chr1 1789142 + TSS-1-1789142 2 --> | (-->) | --> 1788816 1790768 + AL538_08465 1788816 1790768 + AL538_08465
Chr1 1789872 + TSS-1-1789872 2 --> | (-->) | --> 1788816 1790768 + AL538_08465 1788816 1790768 + AL538_08465
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Chr1 1790443 + TSS-1-1790443 1 --> | (-->) | --> 1788816 1790768 + AL538_08465 1788816 1790768 + AL538_08465
Chr1 1791156 - TSS-1-1791156 3 --> | (<--) | --> 1791076 1791525 + AL538_08470 1791076 1791525 + AL538_08470
Chr1 1793237 + TSS-1-1793237 3 --> | (-->) | --> 1792068 1793411 + AL538_08480 1792068 1793411 + AL538_08480
Chr1 1795962 + TSS-1-1795962 2 --> 0105 (-->) 0123 --> 1795561 1795857 + AL538_08495 1796085 1797074 + AL538_08500
Chr1 1800838 - TSS-1-1800838 2 <-- | (<--) | <-- 1800771 1800846 - AL538_08515 1800771 1800846 - AL538_08515
Chr1 1800842 - TSS-1-1800842 1 <-- | (<--) | <-- 1800771 1800846 - AL538_08515 1800771 1800846 - AL538_08515
Chr1 1800960 - TSS-1-1800960 3 <-- | (<--) | <-- 1800890 1800966 - AL538_08520 1800890 1800966 - AL538_08520
Chr1 1802798 - TSS-1-1802798 3 <-- 0214 (<--) 0102 <-- 1801024 1802584 - AL538_08525 1802900 1803016 - AL538_08530
Chr1 1808234 - TSS-1-1808234 2 <-- | (<--) | <-- 1808147 1808353 - AL538_08545 1808147 1808353 - AL538_08545
Chr1 1808236 - TSS-1-1808236 1 <-- | (<--) | <-- 1808147 1808353 - AL538_08545 1808147 1808353 - AL538_08545
Chr1 1808556 + TSS-1-1808556 1 <-- 0203 (-->) 0026 --> 1808147 1808353 - AL538_08545 1808582 1809598 + AL538_08550
Chr1 1808558 + TSS-1-1808558 2 <-- 0205 (-->) 0024 --> 1808147 1808353 - AL538_08545 1808582 1809598 + AL538_08550
Chr1 1808675 + TSS-1-1808675 2 --> | (-->) | --> 1808582 1809598 + AL538_08550 1808582 1809598 + AL538_08550
Chr1 1809176 + TSS-1-1809176 1 --> | (-->) | --> 1808582 1809598 + AL538_08550 1808582 1809598 + AL538_08550
Chr1 1809762 - TSS-1-1809762 3 --> 0164 (<--) 0112 <-- 1808582 1809598 + AL538_08550 1809874 1812009 - AL538_08555
Chr1 1815804 + TSS-1-1815804 1 <-- 0004 (-->) 0153 <-- 1814229 1815800 - AL538_08570 1815957 1816355 - AL538_08575
Chr1 1817903 + TSS-1-1817903 3 --> | (-->) | --> 1816622 1818229 + AL538_08585 1816622 1818229 + AL538_08585
Chr1 1818498 + TSS-1-1818498 1 --> | (-->) | --> 1818363 1819652 + AL538_08590 1818363 1819652 + AL538_08590
Chr1 1819529 - TSS-1-1819529 3 --> | (<--) | --> 1818363 1819652 + AL538_08590 1818363 1819652 + AL538_08590
Chr1 1820784 - TSS-1-1820784 3 <-- 0031 (<--) 0223 --> 1820481 1820753 - AL538_08600 1821007 1822140 + AL538_08605
Chr1 1820983 + TSS-1-1820983 2 <-- 0230 (-->) 0024 --> 1820481 1820753 - AL538_08600 1821007 1822140 + AL538_08605
Chr1 1821819 - TSS-1-1821819 2 --> | (<--) | --> 1821007 1822140 + AL538_08605 1821007 1822140 + AL538_08605
Chr1 1823016 - TSS-1-1823016 3 --> | (<--) | --> 1822874 1823797 + AL538_08615 1822874 1823797 + AL538_08615
Chr1 1824011 - TSS-1-1824011 1 --> | (<--) | --> 1823805 1824377 + AL538_08620 1823805 1824377 + AL538_08620
Chr1 1824802 - TSS-1-1824802 1 <-- | (<--) | <-- 1824598 1825665 - AL538_08625 1824598 1825665 - AL538_08625
Chr1 1825716 + TSS-1-1825716 1 <-- 0051 (-->) 0254 <-- 1824598 1825665 - AL538_08625 1825970 1826710 - AL538_08630
Chr1 1825822 + TSS-1-1825822 3 <-- 0157 (-->) 0148 <-- 1824598 1825665 - AL538_08625 1825970 1826710 - AL538_08630
Chr1 1825887 - TSS-1-1825887 3 <-- 0222 (<--) 0083 <-- 1824598 1825665 - AL538_08625 1825970 1826710 - AL538_08630
Chr1 1826919 - TSS-1-1826919 2 <-- | (<--) | <-- 1826715 1827206 - AL538_08635 1826715 1827206 - AL538_08635
Chr1 1827028 - TSS-1-1827028 1 <-- | (<--) | <-- 1826715 1827206 - AL538_08635 1826715 1827206 - AL538_08635
Chr1 1828162 + TSS-1-1828162 3 <-- 0052 (-->) 0127 --> 1827328 1828110 - AL538_08640 1828289 1828780 + AL538_08645
Chr1 1828228 + TSS-1-1828228 2 <-- 0118 (-->) 0061 --> 1827328 1828110 - AL538_08640 1828289 1828780 + AL538_08645
Chr1 1828506 + TSS-1-1828506 3 --> | (-->) | --> 1828289 1828780 + AL538_08645 1828289 1828780 + AL538_08645
Chr1 1829502 - TSS-1-1829502 1 <-- | (<--) | <-- 1829165 1833367 - AL538_08650 1829165 1833367 - AL538_08650
Chr1 1829566 - TSS-1-1829566 3 <-- | (<--) | <-- 1829165 1833367 - AL538_08650 1829165 1833367 - AL538_08650
Chr1 1830851 - TSS-1-1830851 1 <-- | (<--) | <-- 1829165 1833367 - AL538_08650 1829165 1833367 - AL538_08650
Chr1 1834252 - TSS-1-1834252 3 <-- | (<--) | <-- 1833473 1837501 - AL538_08655 1833473 1837501 - AL538_08655
Chr1 1835317 - TSS-1-1835317 3 <-- | (<--) | <-- 1833473 1837501 - AL538_08655 1833473 1837501 - AL538_08655
Chr1 1836327 - TSS-1-1836327 1 <-- | (<--) | <-- 1833473 1837501 - AL538_08655 1833473 1837501 - AL538_08655
Chr1 1837586 - TSS-1-1837586 1 <-- 0085 (<--) 0166 <-- 1833473 1837501 - AL538_08655 1837752 1838120 - AL538_08660
Chr1 1837759 + TSS-1-1837759 1 <-- | (-->) | <-- 1837752 1838120 - AL538_08660 1837752 1838120 - AL538_08660
Chr1 1838105 - TSS-1-1838105 3 <-- | (<--) | <-- 1837752 1838120 - AL538_08660 1837752 1838120 - AL538_08660
Chr1 1838139 - TSS-1-1838139 3 <-- 0019 (<--) 0039 <-- 1837752 1838120 - AL538_08660 1838178 1838672 - AL538_08665
Chr1 1839650 - TSS-1-1839650 3 <-- | (<--) | <-- 1838966 1839667 - AL538_08670 1838966 1839667 - AL538_08670
Chr1 1840190 - TSS-1-1840190 3 <-- 0090 (<--) 0054 <-- 1839672 1840100 - AL538_08675 1840244 1840792 - AL538_08680
Chr1 1841201 - TSS-1-1841201 3 <-- 0015 (<--) 0253 <-- 1840806 1841186 - AL538_08685 1841454 1842638 - AL538_08690
Chr1 1841372 - TSS-1-1841372 3 <-- 0186 (<--) 0082 <-- 1840806 1841186 - AL538_08685 1841454 1842638 - AL538_08690
Chr1 1841837 - TSS-1-1841837 2 <-- | (<--) | <-- 1841454 1842638 - AL538_08690 1841454 1842638 - AL538_08690
Chr1 1841952 - TSS-1-1841952 3 <-- | (<--) | <-- 1841454 1842638 - AL538_08690 1841454 1842638 - AL538_08690
Chr1 1842320 - TSS-1-1842320 3 <-- | (<--) | <-- 1841454 1842638 - AL538_08690 1841454 1842638 - AL538_08690
Chr1 1842365 - TSS-1-1842365 3 <-- | (<--) | <-- 1841454 1842638 - AL538_08690 1841454 1842638 - AL538_08690
Chr1 1842903 - TSS-1-1842903 3 <-- | (<--) | <-- 1842829 1842903 - AL538_08700 1842829 1842903 - AL538_08700
Chr1 1842982 - TSS-1-1842982 1 <-- | (<--) | <-- 1842939 1843023 - AL538_08705 1842939 1843023 - AL538_08705
Chr1 1843121 - TSS-1-1843121 3 <-- | (<--) | <-- 1843076 1843151 - AL538_08710 1843076 1843151 - AL538_08710
Chr1 1843157 - TSS-1-1843157 3 <-- 0006 (<--) 0201 --> 1843076 1843151 - AL538_08710 1843358 1844281 + AL538_08715
Chr1 1849140 - TSS-1-1849140 3 <-- 0068 (<--) 0001 <-- 1848996 1849072 - AL538_08750 1849141 1849257 - AL538_08755
Chr1 1852630 - TSS-1-1852630 1 <-- | (<--) | <-- 1852558 1852633 - AL538_08765 1852558 1852633 - AL538_08765
Chr1 1852815 - TSS-1-1852815 3 <-- | (<--) | <-- 1852742 1852817 - AL538_08775 1852742 1852817 - AL538_08775
Chr1 1854672 - TSS-1-1854672 3 <-- 0214 (<--) 0102 <-- 1852898 1854458 - AL538_08780 1854774 1854890 - AL538_08785
Chr1 1858209 - TSS-1-1858209 3 <-- | (<--) | <-- 1858136 1858211 - AL538_08795 1858136 1858211 - AL538_08795
Chr1 1860074 - TSS-1-1860074 1 <-- 0222 (<--) 0331 --> 1858292 1859852 - AL538_08800 1860405 1860860 + AL538_08805
Chr1 1860178 - TSS-1-1860178 1 <-- 0326 (<--) 0227 --> 1858292 1859852 - AL538_08800 1860405 1860860 + AL538_08805
Chr1 1860339 + TSS-1-1860339 3 <-- 0487 (-->) 0066 --> 1858292 1859852 - AL538_08800 1860405 1860860 + AL538_08805
Chr1 1860350 + TSS-1-1860350 3 <-- 0498 (-->) 0055 --> 1858292 1859852 - AL538_08800 1860405 1860860 + AL538_08805
Chr1 1861733 - TSS-1-1861733 1 <-- | (<--) | <-- 1861670 1862353 - AL538_08815 1861670 1862353 - AL538_08815
Chr1 1864535 - TSS-1-1864535 1 <-- | (<--) | <-- 1864347 1864548 - . 1864347 1864548 - .
Chr1 1865986 + TSS-1-1865986 3 --> 0144 (-->) 0047 <-- 1864733 1865842 + AL538_08825 1866033 1867256 - AL538_08830
Chr1 1881418 - TSS-1-1881418 3 <-- | (<--) | <-- 1881291 1881932 - AL538_08925 1881291 1881932 - AL538_08925
Chr1 1882022 - TSS-1-1882022 2 <-- 0090 (<--) 0202 --> 1881291 1881932 - AL538_08925 1882224 1883624 + AL538_08930
Chr1 1882072 - TSS-1-1882072 1 <-- 0140 (<--) 0152 --> 1881291 1881932 - AL538_08925 1882224 1883624 + AL538_08930
Chr1 1882188 + TSS-1-1882188 3 <-- 0256 (-->) 0036 --> 1881291 1881932 - AL538_08925 1882224 1883624 + AL538_08930
Chr1 1886229 - TSS-1-1886229 3 <-- | (<--) | <-- 1886121 1886741 - AL538_08945 1886121 1886741 - AL538_08945
Chr1 1889251 + TSS-1-1889251 3 --> | (-->) | --> 1887110 1889536 + AL538_08950 1887110 1889536 + AL538_08950
Chr1 1889930 - TSS-1-1889930 2 <-- | (<--) | <-- 1889625 1890479 - AL538_08955 1889625 1890479 - AL538_08955
Chr1 1891106 - TSS-1-1891106 1 <-- 0087 (<--) 0067 --> 1890480 1891019 - AL538_08960 1891173 1891583 + AL538_08965
Chr1 1891108 - TSS-1-1891108 2 <-- 0089 (<--) 0065 --> 1890480 1891019 - AL538_08960 1891173 1891583 + AL538_08965
Chr1 1891335 + TSS-1-1891335 3 --> | (-->) | --> 1891173 1891583 + AL538_08965 1891173 1891583 + AL538_08965
Chr1 1892579 - TSS-1-1892579 3 <-- | (<--) | <-- 1892529 1892849 - AL538_08975 1892529 1892849 - AL538_08975
Chr1 1893446 - TSS-1-1893446 2 <-- | (<--) | <-- 1893262 1894119 - AL538_08980 1893262 1894119 - AL538_08980
Chr1 1894167 - TSS-1-1894167 3 <-- 0048 (<--) 0128 <-- 1893262 1894119 - AL538_08980 1894295 1895263 - AL538_08985
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Chr1 1894636 - TSS-1-1894636 3 <-- | (<--) | <-- 1894295 1895263 - AL538_08985 1894295 1895263 - AL538_08985
Chr1 1896093 - TSS-1-1896093 2 <-- | (<--) | <-- 1895950 1897188 - AL538_08995 1895950 1897188 - AL538_08995
Chr1 1897793 - TSS-1-1897793 2 --> | (<--) | --> 1897412 1898011 + AL538_09000 1897412 1898011 + AL538_09000
Chr1 1898465 - TSS-1-1898465 3 <-- | (<--) | <-- 1898369 1898953 - AL538_09010 1898369 1898953 - AL538_09010
Chr1 1899155 - TSS-1-1899155 1 <-- | (<--) | <-- 1899066 1899287 - AL538_09015 1899066 1899287 - AL538_09015
Chr1 1900002 - TSS-1-1900002 1 <-- 0025 (<--) 0996 <-- 1899357 1899977 - AL538_09020 1900998 1901363 - AL538_09025
Chr1 1900820 + TSS-1-1900820 2 <-- 0843 (-->) 0178 <-- 1899357 1899977 - AL538_09020 1900998 1901363 - AL538_09025
Chr1 1901398 - TSS-1-1901398 3 <-- 0035 (<--) 0207 --> 1900998 1901363 - AL538_09025 1901605 1901934 + AL538_09030
Chr1 1901406 - TSS-1-1901406 1 <-- 0043 (<--) 0199 --> 1900998 1901363 - AL538_09025 1901605 1901934 + AL538_09030
Chr1 1902275 - TSS-1-1902275 1 <-- | (<--) | <-- 1901936 1902949 - AL538_09035 1901936 1902949 - AL538_09035
Chr1 1902976 - TSS-1-1902976 1 <-- 0027 (<--) 0224 --> 1901936 1902949 - AL538_09035 1903200 1903580 + AL538_09040
Chr1 1903087 + TSS-1-1903087 3 <-- 0138 (-->) 0113 --> 1901936 1902949 - AL538_09035 1903200 1903580 + AL538_09040
Chr1 1903134 + TSS-1-1903134 3 <-- 0185 (-->) 0066 --> 1901936 1902949 - AL538_09035 1903200 1903580 + AL538_09040
Chr1 1903423 + TSS-1-1903423 3 --> | (-->) | --> 1903200 1903580 + AL538_09040 1903200 1903580 + AL538_09040
Chr1 1903771 - TSS-1-1903771 2 <-- | (<--) | <-- 1903670 1904887 - AL538_09045 1903670 1904887 - AL538_09045
Chr1 1905323 - TSS-1-1905323 3 <-- | (<--) | <-- 1905155 1905649 - AL538_09050 1905155 1905649 - AL538_09050
Chr1 1909030 + TSS-1-1909030 3 <-- 0036 (-->) 0030 --> 1908380 1908994 - AL538_09070 1909060 1910049 + AL538_09075
Chr1 1909076 - TSS-1-1909076 3 --> | (<--) | --> 1909060 1910049 + AL538_09075 1909060 1910049 + AL538_09075
Chr1 1909330 - TSS-1-1909330 1 --> | (<--) | --> 1909060 1910049 + AL538_09075 1909060 1910049 + AL538_09075
Chr1 1910125 + TSS-1-1910125 3 --> 0076 (-->) 0096 --> 1909060 1910049 + AL538_09075 1910221 1911045 + AL538_09080
Chr1 1911612 - TSS-1-1911612 3 <-- 0027 (<--) 0015 --> 1911115 1911585 - AL538_09085 1911627 1913177 + AL538_09090
Chr1 1916415 - TSS-1-1916415 2 <-- 0045 (<--) 0094 <-- 1913884 1916370 - AL538_09100 1916509 1917225 - AL538_09105
Chr1 1919815 - TSS-1-1919815 3 <-- | (<--) | <-- 1919711 1920964 - AL538_09125 1919711 1920964 - AL538_09125
Chr1 1920098 - TSS-1-1920098 1 <-- | (<--) | <-- 1919711 1920964 - AL538_09125 1919711 1920964 - AL538_09125
Chr1 1921168 - TSS-1-1921168 1 <-- 0027 (<--) 0048 --> 1921025 1921141 - AL538_09130 1921216 1921530 + AL538_09135
Chr1 1921187 + TSS-1-1921187 3 <-- 0046 (-->) 0029 --> 1921025 1921141 - AL538_09130 1921216 1921530 + AL538_09135
Chr1 1924200 - TSS-1-1924200 3 <-- 0066 (<--) 0283 --> 1921606 1924134 - AL538_09140 1924483 1925421 + AL538_09145
Chr1 1925734 + TSS-1-1925734 3 --> | (-->) | --> 1925424 1926152 + AL538_09150 1925424 1926152 + AL538_09150
Chr1 1929795 - TSS-1-1929795 2 <-- 0111 (<--) 0001 <-- 1929568 1929684 - AL538_09170 1929796 1932709 - AL538_09175
Chr1 1933028 - TSS-1-1933028 3 <-- | (<--) | <-- 1932961 1933036 - AL538_09180 1932961 1933036 - AL538_09180
Chr1 1933150 - TSS-1-1933150 3 <-- | (<--) | <-- 1933080 1933156 - AL538_09185 1933080 1933156 - AL538_09185
Chr1 1935123 - TSS-1-1935123 1 <-- 0349 (<--) 0143 <-- 1933214 1934774 - AL538_09190 1935266 1935979 - AL538_09195
Chr1 1935475 - TSS-1-1935475 1 <-- | (<--) | <-- 1935266 1935979 - AL538_09195 1935266 1935979 - AL538_09195
Chr1 1936256 - TSS-1-1936256 3 <-- | (<--) | <-- 1935994 1936263 - AL538_09200 1935994 1936263 - AL538_09200
Chr1 1936487 - TSS-1-1936487 2 <-- | (<--) | <-- 1936260 1938113 - AL538_09205 1936260 1938113 - AL538_09205
Chr1 1939264 - TSS-1-1939264 3 <-- 0021 (<--) 0086 <-- 1938251 1939243 - AL538_09210 1939350 1940609 - AL538_09215
Chr1 1940706 - TSS-1-1940706 3 <-- 0097 (<--) 0100 <-- 1939350 1940609 - AL538_09215 1940806 1941132 - AL538_09220
Chr1 1941112 + TSS-1-1941112 1 <-- | (-->) | <-- 1940806 1941132 - AL538_09220 1940806 1941132 - AL538_09220
Chr1 1941185 - TSS-1-1941185 3 <-- 0053 (<--) 0059 --> 1940806 1941132 - AL538_09220 1941244 1942557 + AL538_09225
Chr1 1941244 + TSS-1-1941244 3 --> | (-->) | --> 1941244 1942557 + AL538_09225 1941244 1942557 + AL538_09225
Chr1 1942732 - TSS-1-1942732 3 --> | (<--) | --> 1942577 1944070 + AL538_09230 1942577 1944070 + AL538_09230
Chr1 1949364 + TSS-1-1949364 3 --> 0069 (-->) 0023 --> 1948498 1949295 + AL538_09255 1949387 1950046 + AL538_09260
Chr1 1950131 + TSS-1-1950131 3 --> 0085 (-->) 0027 --> 1949387 1950046 + AL538_09260 1950158 1951924 + AL538_09265
Chr1 1951584 - TSS-1-1951584 3 --> | (<--) | --> 1950158 1951924 + AL538_09265 1950158 1951924 + AL538_09265
Chr1 1952123 + TSS-1-1952123 3 --> 0199 (-->) 0393 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952145 + TSS-1-1952145 3 --> 0221 (-->) 0371 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952169 + TSS-1-1952169 3 --> 0245 (-->) 0347 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952177 - TSS-1-1952177 3 --> 0253 (<--) 0339 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952189 + TSS-1-1952189 2 --> 0265 (-->) 0327 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952190 + TSS-1-1952190p 1 --> 0266 (-->) 0326 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952190 - TSS-1-1952190m 1 --> 0266 (<--) 0326 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952197 - TSS-1-1952197 3 --> 0273 (<--) 0319 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952223 + TSS-1-1952223 2 --> 0299 (-->) 0293 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952231 + TSS-1-1952231 1 --> 0307 (-->) 0285 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952246 + TSS-1-1952246 1 --> 0322 (-->) 0270 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952247 + TSS-1-1952247 1 --> 0323 (-->) 0269 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952265 + TSS-1-1952265 3 --> 0341 (-->) 0251 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952289 + TSS-1-1952289 3 --> 0365 (-->) 0227 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952306 + TSS-1-1952306 3 --> 0382 (-->) 0210 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952320 + TSS-1-1952320 3 --> 0396 (-->) 0196 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952356 + TSS-1-1952356 1 --> 0432 (-->) 0160 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1952357 + TSS-1-1952357 2 --> 0433 (-->) 0159 --> 1950158 1951924 + AL538_09265 1952516 1952725 + AL538_09270
Chr1 1955114 + TSS-1-1955114 3 <-- 0198 (-->) 0083 --> 1952742 1954916 - AL538_09275 1955197 1955457 + AL538_09280
Chr1 1968975 - TSS-1-1968975 3 <-- | (<--) | <-- 1968881 1968979 - . 1968881 1968979 - .
Chr1 1969445 - TSS-1-1969445 2 <-- 0021 (<--) 0103 <-- 1969041 1969424 - AL538_09350 1969548 1970930 - AL538_09355
Chr1 1971481 - TSS-1-1971481 3 <-- 0068 (<--) 0001 <-- 1971337 1971413 - AL538_09360 1971482 1971598 - AL538_09365
Chr1 1975022 - TSS-1-1975022 2 <-- | (<--) | <-- 1974955 1975030 - AL538_09380 1974955 1975030 - AL538_09380
Chr1 1975029 - TSS-1-1975029 1 <-- | (<--) | <-- 1974955 1975030 - AL538_09380 1974955 1975030 - AL538_09380
Chr1 1975163 - TSS-1-1975163 1 <-- | (<--) | <-- 1975118 1975193 - AL538_09390 1975118 1975193 - AL538_09390
Chr1 1975191 - TSS-1-1975191 3 <-- | (<--) | <-- 1975118 1975193 - AL538_09390 1975118 1975193 - AL538_09390
Chr1 1976889 + TSS-1-1976889 2 <-- 0055 (-->) 0438 --> 1975274 1976834 - AL538_09395 1977327 1977881 + AL538_09400
Chr1 1977014 + TSS-1-1977014 3 <-- 0180 (-->) 0313 --> 1975274 1976834 - AL538_09395 1977327 1977881 + AL538_09400
Chr1 1977608 + TSS-1-1977608 3 --> | (-->) | --> 1977327 1977881 + AL538_09400 1977327 1977881 + AL538_09400
Chr1 1979055 - TSS-1-1979055 1 <-- 0053 (<--) 0050 <-- 1978169 1979002 - AL538_09410 1979105 1980022 - AL538_09415
Chr1 1982318 + TSS-1-1982318 1 --> | (-->) | --> 1981304 1982437 + AL538_09430 1981304 1982437 + AL538_09430
Chr1 1982614 - TSS-1-1982614 2 <-- | (<--) | <-- 1982501 1983070 - AL538_09435 1982501 1983070 - AL538_09435
Chr1 1983713 - TSS-1-1983713 3 <-- | (<--) | <-- 1983576 1984685 - AL538_09445 1983576 1984685 - AL538_09445
Chr1 1985810 - TSS-1-1985810 2 <-- 0047 (<--) 0092 --> 1984669 1985763 - AL538_09450 1985902 1986420 + AL538_09455
Chr1 1985856 + TSS-1-1985856 2 <-- 0093 (-->) 0046 --> 1984669 1985763 - AL538_09450 1985902 1986420 + AL538_09455
Chr1 1988408 + TSS-1-1988408 3 --> | (-->) | --> 1987483 1988766 + AL538_09465 1987483 1988766 + AL538_09465
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Chr1 1991098 - TSS-1-1991098 1 --> | (<--) | --> 1990217 1991662 + AL538_09475 1990217 1991662 + AL538_09475
Chr1 1991390 + TSS-1-1991390 1 --> | (-->) | --> 1990217 1991662 + AL538_09475 1990217 1991662 + AL538_09475
Chr1 1993437 - TSS-1-1993437 1 <-- | (<--) | <-- 1993082 1993888 - AL538_09490 1993082 1993888 - AL538_09490
Chr1 1993906 - TSS-1-1993906 3 <-- 0018 (<--) 0569 --> 1993082 1993888 - AL538_09490 1994475 1994741 + AL538_09495
Chr1 1994041 + TSS-1-1994041 3 <-- 0153 (-->) 0434 --> 1993082 1993888 - AL538_09490 1994475 1994741 + AL538_09495
Chr1 1994055 + TSS-1-1994055 1 <-- 0167 (-->) 0420 --> 1993082 1993888 - AL538_09490 1994475 1994741 + AL538_09495
Chr1 1994143 + TSS-1-1994143 1 <-- 0255 (-->) 0332 --> 1993082 1993888 - AL538_09490 1994475 1994741 + AL538_09495
Chr1 1994178 + TSS-1-1994178 1 <-- 0290 (-->) 0297 --> 1993082 1993888 - AL538_09490 1994475 1994741 + AL538_09495
Chr1 1994212 - TSS-1-1994212 3 <-- 0324 (<--) 0263 --> 1993082 1993888 - AL538_09490 1994475 1994741 + AL538_09495
Chr1 1994253 - TSS-1-1994253 1 <-- 0365 (<--) 0222 --> 1993082 1993888 - AL538_09490 1994475 1994741 + AL538_09495
Chr1 1994926 + TSS-1-1994926 2 --> 0185 (-->) 0128 --> 1994475 1994741 + AL538_09495 1995054 1996475 + AL538_09500
Chr1 1997028 - TSS-1-1997028 1 --> | (<--) | --> 1996524 1997510 + AL538_09505 1996524 1997510 + AL538_09505
Chr1 1998363 - TSS-1-1998363 3 <-- | (<--) | <-- 1998204 1999082 - AL538_09515 1998204 1999082 - AL538_09515
Chr1 1998819 + TSS-1-1998819 3 <-- | (-->) | <-- 1998204 1999082 - AL538_09515 1998204 1999082 - AL538_09515
Chr1 1999941 + TSS-1-1999941 3 --> | (-->) | --> 1999247 2000203 + AL538_09520 1999247 2000203 + AL538_09520
Chr1 2000505 - TSS-1-2000505 3 --> | (<--) | --> 2000353 2001186 + AL538_09525 2000353 2001186 + AL538_09525
Chr1 2002857 + TSS-1-2002857 3 <-- 0145 (-->) 0319 --> 2001189 2002712 - AL538_09530 2003176 2004822 + AL538_09535
Chr1 2004483 + TSS-1-2004483 3 --> | (-->) | --> 2003176 2004822 + AL538_09535 2003176 2004822 + AL538_09535
Chr1 2012691 - TSS-1-2012691 1 <-- 0068 (<--) 0055 --> 2011847 2012623 - AL538_09570 2012746 2013486 + AL538_09575
Chr1 2012709 + TSS-1-2012709 2 <-- 0086 (-->) 0037 --> 2011847 2012623 - AL538_09570 2012746 2013486 + AL538_09575
Chr1 2013303 + TSS-1-2013303 3 --> | (-->) | --> 2012746 2013486 + AL538_09575 2012746 2013486 + AL538_09575
Chr1 2014962 - TSS-1-2014962 1 <-- 0029 (<--) 0121 <-- 2013572 2014933 - AL538_09580 2015083 2015505 - AL538_09585
Chr1 2015343 - TSS-1-2015343 3 <-- | (<--) | <-- 2015083 2015505 - AL538_09585 2015083 2015505 - AL538_09585
Chr1 2015450 - TSS-1-2015450 3 <-- | (<--) | <-- 2015083 2015505 - AL538_09585 2015083 2015505 - AL538_09585
Chr1 2015550 - TSS-1-2015550 1 <-- | (<--) | <-- 2015524 2016927 - AL538_09590 2015524 2016927 - AL538_09590
Chr1 2016934 - TSS-1-2016934 1 <-- 0007 (<--) 0029 <-- 2015524 2016927 - AL538_09590 2016963 2017829 - AL538_09595
Chr1 2020744 + TSS-1-2020744 3 <-- | (-->) | <-- 2020519 2020773 - AL538_09615 2020519 2020773 - AL538_09615
Chr1 2020755 + TSS-1-2020755 3 <-- | (-->) | <-- 2020519 2020773 - AL538_09615 2020519 2020773 - AL538_09615
Chr1 2020952 - TSS-1-2020952 3 <-- | (<--) | <-- 2020829 2021641 - AL538_09620 2020829 2021641 - AL538_09620
Chr1 2021175 - TSS-1-2021175 1 <-- | (<--) | <-- 2020829 2021641 - AL538_09620 2020829 2021641 - AL538_09620
Chr1 2021926 - TSS-1-2021926 3 <-- | (<--) | <-- 2021650 2022039 - AL538_09625 2021650 2022039 - AL538_09625
Chr1 2022043 - TSS-1-2022043 1 <-- 0004 (<--) 0186 <-- 2021650 2022039 - AL538_09625 2022229 2023110 - AL538_09630
Chr1 2022095 - TSS-1-2022095 3 <-- 0056 (<--) 0134 <-- 2021650 2022039 - AL538_09625 2022229 2023110 - AL538_09630
Chr1 2022333 - TSS-1-2022333 2 <-- | (<--) | <-- 2022229 2023110 - AL538_09630 2022229 2023110 - AL538_09630
Chr1 2023497 - TSS-1-2023497 3 <-- | (<--) | <-- 2023134 2023907 - AL538_09635 2023134 2023907 - AL538_09635
Chr1 2023931 - TSS-1-2023931 3 <-- | (<--) | <-- 2023918 2024553 - AL538_09640 2023918 2024553 - AL538_09640
Chr1 2024022 - TSS-1-2024022 1 <-- | (<--) | <-- 2023918 2024553 - AL538_09640 2023918 2024553 - AL538_09640
Chr1 2024106 - TSS-1-2024106 3 <-- | (<--) | <-- 2023918 2024553 - AL538_09640 2023918 2024553 - AL538_09640
Chr1 2024364 - TSS-1-2024364 3 <-- | (<--) | <-- 2023918 2024553 - AL538_09640 2023918 2024553 - AL538_09640
Chr1 2027069 - TSS-1-2027069 3 <-- | (<--) | <-- 2026918 2027358 - AL538_09650 2026918 2027358 - AL538_09650
Chr1 2029030 - TSS-1-2029030 2 <-- | (<--) | <-- 2028955 2030577 - AL538_09660 2028955 2030577 - AL538_09660
Chr1 2030869 - TSS-1-2030869 3 <-- | (<--) | <-- 2030804 2031127 - AL538_09665 2030804 2031127 - AL538_09665
Chr1 2031276 - TSS-1-2031276 2 <-- | (<--) | <-- 2031174 2031308 - AL538_09670 2031174 2031308 - AL538_09670
Chr1 2031395 - TSS-1-2031395 1 <-- 0087 (<--) 0156 <-- 2031174 2031308 - AL538_09670 2031551 2032288 - AL538_09675
Chr1 2031430 - TSS-1-2031430 3 <-- 0122 (<--) 0121 <-- 2031174 2031308 - AL538_09670 2031551 2032288 - AL538_09675
Chr1 2031489 - TSS-1-2031489 3 <-- 0181 (<--) 0062 <-- 2031174 2031308 - AL538_09670 2031551 2032288 - AL538_09675
Chr1 2031545 - TSS-1-2031545 1 <-- 0237 (<--) 0006 <-- 2031174 2031308 - AL538_09670 2031551 2032288 - AL538_09675
Chr1 2037117 + TSS-1-2037117 2 --> | (-->) | --> 2036819 2037892 + AL538_09700 2036819 2037892 + AL538_09700
Chr1 2037203 + TSS-1-2037203 2 --> | (-->) | --> 2036819 2037892 + AL538_09700 2036819 2037892 + AL538_09700
Chr1 2040546 + TSS-1-2040546 3 --> 0217 (-->) 0251 --> 2037912 2040329 + AL538_09705 2040797 2041234 + AL538_09710
Chr1 2043017 - TSS-1-2043017 1 <-- | (<--) | <-- 2042853 2044937 - AL538_09720 2042853 2044937 - AL538_09720
Chr1 2045002 - TSS-1-2045002 3 <-- 0065 (<--) 0153 <-- 2042853 2044937 - AL538_09720 2045155 2047221 - AL538_09725
Chr1 2045027 - TSS-1-2045027 1 <-- 0090 (<--) 0128 <-- 2042853 2044937 - AL538_09720 2045155 2047221 - AL538_09725
Chr1 2048434 + TSS-1-2048434 3 <-- 0282 (-->) 0202 --> 2047235 2048152 - AL538_09730 2048636 2049190 + AL538_09735
Chr1 2049325 + TSS-1-2049325 3 --> 0135 (-->) 0026 --> 2048636 2049190 + AL538_09735 2049351 2049611 + AL538_09740
Chr1 2050005 + TSS-1-2050005 2 <-- 0101 (-->) 0032 --> 2049656 2049904 - AL538_09745 2050037 2050219 + AL538_09750
Chr1 2050006 + TSS-1-2050006 1 <-- 0102 (-->) 0031 --> 2049656 2049904 - AL538_09745 2050037 2050219 + AL538_09750
Chr1 2050175 + TSS-1-2050175 3 --> | (-->) | --> 2050037 2050219 + AL538_09750 2050037 2050219 + AL538_09750
Chr1 2050363 - TSS-1-2050363 1 --> | (<--) | --> 2050351 2051328 + AL538_09755 2050351 2051328 + AL538_09755
Chr1 2050829 + TSS-1-2050829 2 --> | (-->) | --> 2050351 2051328 + AL538_09755 2050351 2051328 + AL538_09755
Chr1 2052478 - TSS-1-2052478 3 <-- 0096 (<--) 0141 <-- 2051402 2052382 - AL538_09760 2052619 2053794 - AL538_09765
Chr1 2052554 - TSS-1-2052554 3 <-- 0172 (<--) 0065 <-- 2051402 2052382 - AL538_09760 2052619 2053794 - AL538_09765
Chr1 2052774 - TSS-1-2052774 1 <-- | (<--) | <-- 2052619 2053794 - AL538_09765 2052619 2053794 - AL538_09765
Chr1 2056105 - TSS-1-2056105 1 <-- 0125 (<--) 0144 --> 2053809 2055980 - AL538_09770 2056249 2056872 + AL538_09775
Chr1 2056694 + TSS-1-2056694 2 --> | (-->) | --> 2056249 2056872 + AL538_09775 2056249 2056872 + AL538_09775
Chr1 2059185 - TSS-1-2059185 3 --> 0272 (<--) 0180 --> 2058386 2058913 + AL538_09785 2059365 2060925 + AL538_09790
Chr1 2061008 + TSS-1-2061008 3 --> | (-->) | --> 2061006 2061081 + AL538_09795 2061006 2061081 + AL538_09795
Chr1 2064683 + TSS-1-2064683 3 --> 0001 (-->) 0068 --> 2064566 2064682 + AL538_09815 2064751 2064827 + AL538_09820
Chr1 2066217 + TSS-1-2066217 3 <-- 0091 (-->) 0052 --> 2065236 2066126 - AL538_09825 2066269 2067753 + AL538_09830
Chr1 2066255 - TSS-1-2066255 3 <-- 0129 (<--) 0014 --> 2065236 2066126 - AL538_09825 2066269 2067753 + AL538_09830
Chr1 2067459 - TSS-1-2067459 3 --> | (<--) | --> 2066269 2067753 + AL538_09830 2066269 2067753 + AL538_09830
Chr1 2067773 + TSS-1-2067773 3 --> 0020 (-->) 0372 <-- 2066269 2067753 + AL538_09830 2068145 2068396 - AL538_09835
Chr1 2068420 - TSS-1-2068420 2 <-- 0024 (<--) 0108 <-- 2068145 2068396 - AL538_09835 2068528 2071650 - AL538_09840
Chr1 2070697 - TSS-1-2070697 3 <-- | (<--) | <-- 2068528 2071650 - AL538_09840 2068528 2071650 - AL538_09840
Chr1 2073081 + TSS-1-2073081 3 <-- | (-->) | <-- 2072787 2073368 - AL538_09850 2072787 2073368 - AL538_09850
Chr1 2073494 - TSS-1-2073494 2 <-- 0126 (<--) 0045 --> 2072787 2073368 - AL538_09850 2073539 2075554 + AL538_09855
Chr1 2075947 - TSS-1-2075947 3 <-- | (<--) | <-- 2075627 2076040 - AL538_09860 2075627 2076040 - AL538_09860
Chr1 2076388 + TSS-1-2076388 3 <-- 0348 (-->) 0013 --> 2075627 2076040 - AL538_09860 2076401 2076477 + AL538_09865
Chr1 2076685 + TSS-1-2076685 1 --> | (-->) | --> 2076665 2076741 + AL538_09875 2076665 2076741 + AL538_09875
Chr1 2076770 + TSS-1-2076770 2 --> 0029 (-->) 0019 --> 2076665 2076741 + AL538_09875 2076789 2076864 + AL538_09880
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Chr1 2076921 + TSS-1-2076921 3 --> 0057 (-->) 0008 --> 2076789 2076864 + AL538_09880 2076929 2077005 + AL538_09885
Chr1 2076949 + TSS-1-2076949 1 --> | (-->) | --> 2076929 2077005 + AL538_09885 2076929 2077005 + AL538_09885
Chr1 2077967 + TSS-1-2077967 1 <-- | (-->) | <-- 2077489 2078214 - AL538_09890 2077489 2078214 - AL538_09890
Chr1 2078245 - TSS-1-2078245 3 <-- 0031 (<--) 0424 --> 2077489 2078214 - AL538_09890 2078669 2078899 + AL538_09895
Chr1 2078792 + TSS-1-2078792 3 --> | (-->) | --> 2078669 2078899 + AL538_09895 2078669 2078899 + AL538_09895
Chr1 2079908 + TSS-1-2079908 3 --> | (-->) | --> 2078901 2080616 + AL538_09900 2078901 2080616 + AL538_09900
Chr1 2080368 - TSS-1-2080368 3 --> | (<--) | --> 2078901 2080616 + AL538_09900 2078901 2080616 + AL538_09900
Chr1 2086171 + TSS-1-2086171 3 <-- | (-->) | <-- 2085563 2088208 - AL538_09925 2085563 2088208 - AL538_09925
Chr1 2086953 + TSS-1-2086953 1 <-- | (-->) | <-- 2085563 2088208 - AL538_09925 2085563 2088208 - AL538_09925
Chr1 2096537 + TSS-1-2096537 2 --> | (-->) | --> 2096241 2096570 + AL538_09965 2096241 2096570 + AL538_09965
Chr1 2099113 + TSS-1-2099113 1 <-- | (-->) | <-- 2099077 2099598 - AL538_09980 2099077 2099598 - AL538_09980
Chr1 2101643 + TSS-1-2101643 3 --> | (-->) | --> 2101137 2101748 + AL538_09990 2101137 2101748 + AL538_09990
Chr1 2101704 + TSS-1-2101704 3 --> | (-->) | --> 2101137 2101748 + AL538_09990 2101137 2101748 + AL538_09990
Chr1 2102033 - TSS-1-2102033 1 <-- | (<--) | <-- 2101860 2103215 - AL538_09995 2101860 2103215 - AL538_09995
Chr1 2102309 - TSS-1-2102309 1 <-- | (<--) | <-- 2101860 2103215 - AL538_09995 2101860 2103215 - AL538_09995
Chr1 2103249 - TSS-1-2103249 1 <-- 0034 (<--) 0224 <-- 2101860 2103215 - AL538_09995 2103473 2104111 - AL538_10000
Chr1 2106042 + TSS-1-2106042 2 --> | (-->) | --> 2106038 2106310 + AL538_10015 2106038 2106310 + AL538_10015
Chr1 2106087 + TSS-1-2106087 3 --> | (-->) | --> 2106038 2106310 + AL538_10015 2106038 2106310 + AL538_10015
Chr1 2115222 - TSS-1-2115222 1 <-- | (<--) | <-- 2115112 2115537 - AL538_10050 2115112 2115537 - AL538_10050
Chr1 2115562 - TSS-1-2115562 3 <-- 0025 (<--) 0198 --> 2115112 2115537 - AL538_10050 2115760 2115957 + AL538_10055
Chr1 2115666 + TSS-1-2115666 3 <-- 0129 (-->) 0094 --> 2115112 2115537 - AL538_10050 2115760 2115957 + AL538_10055
Chr1 2115707 + TSS-1-2115707 3 <-- 0170 (-->) 0053 --> 2115112 2115537 - AL538_10050 2115760 2115957 + AL538_10055
Chr1 2116039 + TSS-1-2116039 3 --> | (-->) | --> 2115959 2116486 + AL538_10060 2115959 2116486 + AL538_10060
Chr1 2116286 + TSS-1-2116286 3 --> | (-->) | --> 2115959 2116486 + AL538_10060 2115959 2116486 + AL538_10060
Chr1 2116305 + TSS-1-2116305 2 --> | (-->) | --> 2115959 2116486 + AL538_10060 2115959 2116486 + AL538_10060
Chr1 2116471 + TSS-1-2116471 1 --> | (-->) | --> 2115959 2116486 + AL538_10060 2115959 2116486 + AL538_10060
Chr1 2116847 + TSS-1-2116847 1 --> | (-->) | --> 2116577 2116900 + AL538_10065 2116577 2116900 + AL538_10065
Chr1 2117003 + TSS-1-2117003 3 --> 0103 (-->) 0314 --> 2116577 2116900 + AL538_10065 2117317 2118510 + AL538_10070
Chr1 2117170 - TSS-1-2117170 3 --> 0270 (<--) 0147 --> 2116577 2116900 + AL538_10065 2117317 2118510 + AL538_10070
Chr1 2121080 - TSS-1-2121080 2 <-- 0073 (<--) 0124 <-- 2118560 2121007 - AL538_10075 2121204 2122112 - AL538_10080
Chr1 2123819 + TSS-1-2123819 3 --> 0005 (-->) 0074 --> 2122282 2123814 + AL538_10085 2123893 2124672 + AL538_10090
Chr1 2125849 + TSS-1-2125849 3 --> | (-->) | --> 2125316 2126950 + AL538_10100 2125316 2126950 + AL538_10100
Chr1 2126057 + TSS-1-2126057 3 --> | (-->) | --> 2125316 2126950 + AL538_10100 2125316 2126950 + AL538_10100
Chr1 2126270 + TSS-1-2126270 3 --> | (-->) | --> 2125316 2126950 + AL538_10100 2125316 2126950 + AL538_10100
Chr1 2126857 + TSS-1-2126857 2 --> | (-->) | --> 2125316 2126950 + AL538_10100 2125316 2126950 + AL538_10100
Chr1 2127126 - TSS-1-2127126 2 --> | (<--) | --> 2126999 2127247 + AL538_10105 2126999 2127247 + AL538_10105
Chr1 2129950 + TSS-1-2129950 1 <-- 0057 (-->) 0130 --> 2129129 2129893 - AL538_10120 2130080 2131141 + AL538_10125
Chr1 2130035 + TSS-1-2130035 3 <-- 0142 (-->) 0045 --> 2129129 2129893 - AL538_10120 2130080 2131141 + AL538_10125
Chr1 2131768 + TSS-1-2131768 2 --> 0067 (-->) 0540 --> 2131267 2131701 + AL538_10130 2132308 2135100 + AL538_10135
Chr1 2135276 + TSS-1-2135276 3 --> 0176 (-->) 0582 <-- 2132308 2135100 + AL538_10135 2135858 2136517 - AL538_10140
Chr1 2135707 + TSS-1-2135707 3 --> 0607 (-->) 0151 <-- 2132308 2135100 + AL538_10135 2135858 2136517 - AL538_10140
Chr1 2136586 + TSS-1-2136586 3 <-- 0069 (-->) 0091 --> 2135858 2136517 - AL538_10140 2136677 2137294 + AL538_10145
Chr1 2136621 + TSS-1-2136621 3 <-- 0104 (-->) 0056 --> 2135858 2136517 - AL538_10140 2136677 2137294 + AL538_10145
Chr1 2136654 - TSS-1-2136654 2 <-- 0137 (<--) 0023 --> 2135858 2136517 - AL538_10140 2136677 2137294 + AL538_10145
Chr1 2137569 + TSS-1-2137569 3 --> 0275 (-->) 0469 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137592 + TSS-1-2137592 1 --> 0298 (-->) 0446 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137593 + TSS-1-2137593 2 --> 0299 (-->) 0445 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137652 + TSS-1-2137652 1 --> 0358 (-->) 0386 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137659 + TSS-1-2137659 3 --> 0365 (-->) 0379 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137669 + TSS-1-2137669 1 --> 0375 (-->) 0369 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137678 + TSS-1-2137678 1 --> 0384 (-->) 0360 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137753 + TSS-1-2137753 1 --> 0459 (-->) 0285 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137759 + TSS-1-2137759 2 --> 0465 (-->) 0279 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2137768 + TSS-1-2137768 1 --> 0474 (-->) 0270 --> 2136677 2137294 + AL538_10145 2138038 2138676 + AL538_10150
Chr1 2138194 + TSS-1-2138194 3 --> | (-->) | --> 2138038 2138676 + AL538_10150 2138038 2138676 + AL538_10150
Chr1 2139798 + TSS-1-2139798 3 --> 0081 (-->) 0105 --> 2139229 2139717 + AL538_10160 2139903 2141294 + AL538_10165
Chr1 2139847 + TSS-1-2139847 2 --> 0130 (-->) 0056 --> 2139229 2139717 + AL538_10160 2139903 2141294 + AL538_10165
Chr1 2139848 + TSS-1-2139848 1 --> 0131 (-->) 0055 --> 2139229 2139717 + AL538_10160 2139903 2141294 + AL538_10165
Chr1 2139919 - TSS-1-2139919 1 --> | (<--) | --> 2139903 2141294 + AL538_10165 2139903 2141294 + AL538_10165
Chr1 2142441 - TSS-1-2142441 1 <-- 0075 (<--) 0074 <-- 2141362 2142366 - AL538_10170 2142515 2145061 - AL538_10175
Chr1 2148735 - TSS-1-2148735 3 <-- | (<--) | <-- 2148593 2150002 - AL538_10195 2148593 2150002 - AL538_10195
Chr1 2150234 - TSS-1-2150234 3 <-- 0232 (<--) 0299 --> 2148593 2150002 - AL538_10195 2150533 2152362 + AL538_10200
Chr1 2153750 - TSS-1-2153750 1 <-- 0025 (<--) 0011 --> 2153084 2153725 - AL538_10210 2153761 2154705 + AL538_10215
Chr1 2154794 + TSS-1-2154794 3 --> | (-->) | --> 2154677 2155111 + AL538_10220 2154677 2155111 + AL538_10220
Chr1 2154916 + TSS-1-2154916 3 --> | (-->) | --> 2154677 2155111 + AL538_10220 2154677 2155111 + AL538_10220
Chr1 2155148 + TSS-1-2155148 3 --> 0037 (-->) 0072 --> 2154677 2155111 + AL538_10220 2155220 2156137 + AL538_10225
Chr1 2156048 + TSS-1-2156048 3 --> | (-->) | --> 2155220 2156137 + AL538_10225 2155220 2156137 + AL538_10225
Chr1 2158922 - TSS-1-2158922 2 <-- | (<--) | <-- 2158507 2160135 - AL538_10235 2158507 2160135 - AL538_10235
Chr1 2158923 - TSS-1-2158923 1 <-- | (<--) | <-- 2158507 2160135 - AL538_10235 2158507 2160135 - AL538_10235
Chr1 2159085 - TSS-1-2159085 2 <-- | (<--) | <-- 2158507 2160135 - AL538_10235 2158507 2160135 - AL538_10235
Chr1 2159354 - TSS-1-2159354 3 <-- | (<--) | <-- 2158507 2160135 - AL538_10235 2158507 2160135 - AL538_10235
Chr1 2159740 - TSS-1-2159740 1 <-- | (<--) | <-- 2158507 2160135 - AL538_10235 2158507 2160135 - AL538_10235
Chr1 2159741 - TSS-1-2159741 2 <-- | (<--) | <-- 2158507 2160135 - AL538_10235 2158507 2160135 - AL538_10235
Chr1 2159749 - TSS-1-2159749 2 <-- | (<--) | <-- 2158507 2160135 - AL538_10235 2158507 2160135 - AL538_10235
Chr1 2160165 - TSS-1-2160165 1 <-- 0030 (<--) 0308 <-- 2158507 2160135 - AL538_10235 2160473 2161348 - AL538_10240
Chr1 2160177 - TSS-1-2160177 2 <-- 0042 (<--) 0296 <-- 2158507 2160135 - AL538_10235 2160473 2161348 - AL538_10240
Chr1 2160292 - TSS-1-2160292 3 <-- 0157 (<--) 0181 <-- 2158507 2160135 - AL538_10235 2160473 2161348 - AL538_10240
Chr1 2161645 - TSS-1-2161645 3 <-- | (<--) | <-- 2161380 2161766 - AL538_10245 2161380 2161766 - AL538_10245
Chr1 2162068 - TSS-1-2162068 1 --> | (<--) | --> 2162023 2162946 + AL538_10250 2162023 2162946 + AL538_10250
Chr1 2162140 + TSS-1-2162140 1 --> | (-->) | --> 2162023 2162946 + AL538_10250 2162023 2162946 + AL538_10250
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Chr1 2162142 + TSS-1-2162142 1 --> | (-->) | --> 2162023 2162946 + AL538_10250 2162023 2162946 + AL538_10250
Chr1 2163855 + TSS-1-2163855 1 --> | (-->) | --> 2162983 2165019 + AL538_10255 2162983 2165019 + AL538_10255
Chr1 2167763 + TSS-1-2167763 3 --> 0029 (-->) 0032 --> 2166514 2167734 + AL538_10265 2167795 2168238 + AL538_10270
Chr1 2169051 + TSS-1-2169051 1 --> | (-->) | --> 2168856 2169251 + AL538_10280 2168856 2169251 + AL538_10280
Chr1 2173837 + TSS-1-2173837 2 <-- | (-->) | <-- 2173683 2174510 - AL538_10310 2173683 2174510 - AL538_10310
Chr1 2175940 + TSS-1-2175940 3 <-- 0056 (-->) 0042 <-- 2175300 2175884 - AL538_10320 2175982 2176707 - AL538_10325
Chr1 2176715 + TSS-1-2176715 3 <-- 0008 (-->) 0077 --> 2175982 2176707 - AL538_10325 2176792 2177556 + AL538_10330
Chr1 2177626 + TSS-1-2177626 3 --> 0070 (-->) 0067 --> 2176792 2177556 + AL538_10330 2177693 2178157 + AL538_10335
Chr1 2177728 + TSS-1-2177728 3 --> | (-->) | --> 2177693 2178157 + AL538_10335 2177693 2178157 + AL538_10335
Chr1 2178005 + TSS-1-2178005 2 --> | (-->) | --> 2177693 2178157 + AL538_10335 2177693 2178157 + AL538_10335
Chr1 2183422 + TSS-1-2183422 3 <-- 0189 (-->) 0026 --> 2182748 2183233 - AL538_10350 2183448 2184167 + AL538_10355
Chr1 2183693 + TSS-1-2183693 2 --> | (-->) | --> 2183448 2184167 + AL538_10355 2183448 2184167 + AL538_10355
Chr1 2192623 - TSS-1-2192623 3 <-- | (<--) | <-- 2192424 2194544 - AL538_10385 2192424 2194544 - AL538_10385
Chr1 2193341 - TSS-1-2193341 1 <-- | (<--) | <-- 2192424 2194544 - AL538_10385 2192424 2194544 - AL538_10385
Chr1 2194890 - TSS-1-2194890 2 <-- 0034 (<--) 0130 <-- 2194584 2194856 - AL538_10390 2195020 2195643 - AL538_10395
Chr1 2194958 - TSS-1-2194958 3 <-- 0102 (<--) 0062 <-- 2194584 2194856 - AL538_10390 2195020 2195643 - AL538_10395
Chr1 2201004 + TSS-1-2201004 3 <-- 0036 (-->) 0034 <-- 2200204 2200968 - AL538_10425 2201038 2203521 - AL538_10430
Chr1 2201109 - TSS-1-2201109 2 <-- | (<--) | <-- 2201038 2203521 - AL538_10430 2201038 2203521 - AL538_10430
Chr1 2206405 - TSS-1-2206405 1 --> | (<--) | --> 2205370 2206413 + AL538_10440 2205370 2206413 + AL538_10440
Chr1 2207508 + TSS-1-2207508 3 --> | (-->) | --> 2206452 2208278 + AL538_10445 2206452 2208278 + AL538_10445
Chr1 2209862 + TSS-1-2209862 3 --> | (-->) | --> 2209182 2209994 + AL538_10455 2209182 2209994 + AL538_10455
Chr1 2215471 - TSS-1-2215471 3 <-- 0035 (<--) 0140 --> 2214570 2215436 - AL538_10485 2215611 2216327 + AL538_10490
Chr1 2218193 - TSS-1-2218193 3 <-- | (<--) | <-- 2217382 2218332 - AL538_10500 2217382 2218332 - AL538_10500
Chr1 2220463 + TSS-1-2220463 3 <-- 0176 (-->) 0032 --> 2219085 2220287 - AL538_10510 2220495 2222168 + AL538_10515
Chr1 2222049 + TSS-1-2222049 3 --> | (-->) | --> 2220495 2222168 + AL538_10515 2220495 2222168 + AL538_10515
Chr1 2223139 + TSS-1-2223139 1 --> 0183 (-->) 0121 --> 2222282 2222956 + AL538_10520 2223260 2223496 + AL538_10525
Chr1 2223143 + TSS-1-2223143 2 --> 0187 (-->) 0117 --> 2222282 2222956 + AL538_10520 2223260 2223496 + AL538_10525
Chr1 2223584 - TSS-1-2223584 1 --> | (<--) | --> 2223510 2223680 + AL538_10530 2223510 2223680 + AL538_10530
Chr1 2225150 + TSS-1-2225150 3 --> | (-->) | --> 2223768 2225300 + AL538_10535 2223768 2225300 + AL538_10535
Chr1 2231014 - TSS-1-2231014 3 <-- 0029 (<--) 0076 --> 2229900 2230985 - AL538_10570 2231090 2231494 + AL538_10575
Chr1 2233854 + TSS-1-2233854 2 --> | (-->) | --> 2233440 2234306 + AL538_10590 2233440 2234306 + AL538_10590
Chr1 2248090 - TSS-1-2248090 1 <-- | (<--) | <-- 2247948 2248166 - AL538_10660 2247948 2248166 - AL538_10660
Chr1 2248227 - TSS-1-2248227 3 <-- 0061 (<--) 0572 --> 2247948 2248166 - AL538_10660 2248799 2249311 + AL538_10665
Chr1 2248557 + TSS-1-2248557 3 <-- 0391 (-->) 0242 --> 2247948 2248166 - AL538_10660 2248799 2249311 + AL538_10665
Chr1 2262918 - TSS-1-2262918 3 --> 0029 (<--) 0195 <-- 2261936 2262889 + AL538_10720 2263113 2263922 - AL538_10725
Chr1 2264973 - TSS-1-2264973 1 <-- 0042 (<--) 0209 --> 2263924 2264931 - AL538_10730 2265182 2266348 + AL538_10735
Chr1 2265579 + TSS-1-2265579 1 --> | (-->) | --> 2265182 2266348 + AL538_10735 2265182 2266348 + AL538_10735
Chr1 2266064 + TSS-1-2266064 1 --> | (-->) | --> 2265182 2266348 + AL538_10735 2265182 2266348 + AL538_10735
Chr1 2267788 - TSS-1-2267788 1 <-- 0016 (<--) 0277 <-- 2266423 2267772 - AL538_10740 2268065 2268835 - AL538_10745
Chr1 2269017 - TSS-1-2269017 2 <-- 0182 (<--) 0090 --> 2268065 2268835 - AL538_10745 2269107 2269454 + AL538_10750
Chr1 2269124 + TSS-1-2269124 1 --> | (-->) | --> 2269107 2269454 + AL538_10750 2269107 2269454 + AL538_10750
Chr1 2271063 - TSS-1-2271063 3 <-- 0035 (<--) 0103 <-- 2270684 2271028 - AL538_10760 2271166 2271780 - AL538_10765
Chr1 2271800 - TSS-1-2271800 3 <-- 0020 (<--) 1587 <-- 2271166 2271780 - AL538_10765 2273387 2274394 - AL538_10770
Chr1 2272388 + TSS-1-2272388 2 <-- 0608 (-->) 0999 <-- 2271166 2271780 - AL538_10765 2273387 2274394 - AL538_10770
Chr1 2273921 - TSS-1-2273921 2 <-- | (<--) | <-- 2273387 2274394 - AL538_10770 2273387 2274394 - AL538_10770
Chr1 2275638 - TSS-1-2275638 3 <-- 0029 (<--) 0047 <-- 2275082 2275609 - AL538_10780 2275685 2276602 - AL538_10785
Chr1 2276626 - TSS-1-2276626 3 <-- 0024 (<--) 0285 <-- 2275685 2276602 - AL538_10785 2276911 2278242 - AL538_10790
Chr1 2276918 + TSS-1-2276918 3 <-- | (-->) | <-- 2276911 2278242 - AL538_10790 2276911 2278242 - AL538_10790
Chr1 2278319 - TSS-1-2278319 1 <-- | (<--) | <-- 2278272 2278823 - AL538_10795 2278272 2278823 - AL538_10795
Chr1 2279319 - TSS-1-2279319 2 <-- | (<--) | <-- 2279144 2279689 - AL538_10800 2279144 2279689 - AL538_10800
Chr1 2283222 + TSS-1-2283222 3 <-- | (-->) | <-- 2281069 2283270 - AL538_10810 2281069 2283270 - AL538_10810
Chr1 2283456 + TSS-1-2283456 3 <-- 0186 (-->) 0111 --> 2281069 2283270 - AL538_10810 2283567 2283788 + AL538_10815
Chr1 2283678 - TSS-1-2283678 2 --> | (<--) | --> 2283567 2283788 + AL538_10815 2283567 2283788 + AL538_10815
Chr1 2283950 + TSS-1-2283950 3 --> 0162 (-->) 0295 --> 2283567 2283788 + AL538_10815 2284245 2284556 + AL538_10820
Chr1 2285634 + TSS-1-2285634 3 --> | (-->) | --> 2285218 2285820 + AL538_10830 2285218 2285820 + AL538_10830
Chr1 2286438 - TSS-1-2286438 1 --> | (<--) | --> 2286135 2286959 + AL538_10840 2286135 2286959 + AL538_10840
Chr1 2288200 + TSS-1-2288200 3 --> | (-->) | --> 2287621 2288319 + AL538_10855 2287621 2288319 + AL538_10855
Chr1 2288598 + TSS-1-2288598 3 --> | (-->) | --> 2288331 2288741 + AL538_10860 2288331 2288741 + AL538_10860
Chr1 2288941 + TSS-1-2288941 1 --> | (-->) | --> 2288932 2289186 + AL538_10870 2288932 2289186 + AL538_10870
Chr1 2289048 + TSS-1-2289048 1 --> | (-->) | --> 2288932 2289186 + AL538_10870 2288932 2289186 + AL538_10870
Chr1 2289817 + TSS-1-2289817 3 --> | (-->) | --> 2289737 2290054 + AL538_10880 2289737 2290054 + AL538_10880
Chr1 2290522 + TSS-1-2290522 1 --> | (-->) | --> 2290078 2290617 + AL538_10885 2290078 2290617 + AL538_10885
Chr1 2292119 + TSS-1-2292119 3 --> | (-->) | --> 2291918 2292271 + AL538_10905 2291918 2292271 + AL538_10905
Chr1 2293285 + TSS-1-2293285 3 --> | (-->) | --> 2292979 2293413 + AL538_10920 2292979 2293413 + AL538_10920
Chr1 2294322 + TSS-1-2294322 3 --> | (-->) | --> 2293434 2294768 + AL538_10925 2293434 2294768 + AL538_10925
Chr1 2294618 + TSS-1-2294618 3 --> | (-->) | --> 2293434 2294768 + AL538_10925 2293434 2294768 + AL538_10925
Chr1 2294974 + TSS-1-2294974 1 --> 0054 (-->) 0096 --> 2294807 2294920 + AL538_10930 2295070 2295426 + AL538_10935
Chr1 2295970 + TSS-1-2295970 2 --> | (-->) | --> 2295862 2296482 + AL538_10945 2295862 2296482 + AL538_10945
Chr1 2297168 - TSS-1-2297168 3 --> | (<--) | --> 2296507 2297499 + AL538_10950 2296507 2297499 + AL538_10950
Chr1 2298622 - TSS-1-2298622 3 <-- 0080 (<--) 0072 <-- 2298063 2298542 - AL538_10960 2298694 2299314 - AL538_10965
Chr1 2299056 + TSS-1-2299056 2 <-- | (-->) | <-- 2298694 2299314 - AL538_10965 2298694 2299314 - AL538_10965
Chr1 2299269 + TSS-1-2299269 3 <-- | (-->) | <-- 2298694 2299314 - AL538_10965 2298694 2299314 - AL538_10965
Chr1 2299342 - TSS-1-2299342 2 <-- 0028 (<--) 0204 --> 2298694 2299314 - AL538_10965 2299546 2300142 + AL538_10970
Chr1 2300504 - TSS-1-2300504 1 <-- | (<--) | <-- 2300219 2301079 - AL538_10975 2300219 2301079 - AL538_10975
Chr1 2310113 + TSS-1-2310113 1 --> | (-->) | --> 2309585 2311309 + AL538_11015 2309585 2311309 + AL538_11015
Chr1 2310378 + TSS-1-2310378 1 --> | (-->) | --> 2309585 2311309 + AL538_11015 2309585 2311309 + AL538_11015
Chr1 2313085 + TSS-1-2313085 3 <-- 0138 (-->) 0183 <-- 2312042 2312947 - AL538_11025 2313268 2313762 - AL538_11030
Chr1 2313897 - TSS-1-2313897 3 <-- | (<--) | <-- 2313768 2315027 - AL538_11035 2313768 2315027 - AL538_11035
Chr1 2314485 - TSS-1-2314485 3 <-- | (<--) | <-- 2313768 2315027 - AL538_11035 2313768 2315027 - AL538_11035
Chr1 2317800 + TSS-1-2317800 3 <-- 0143 (-->) 0073 --> 2317106 2317657 - AL538_11050 2317873 2318073 + AL538_11055
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Chr1 2319104 - TSS-1-2319104 2 --> | (<--) | --> 2318927 2320639 + AL538_11065 2318927 2320639 + AL538_11065
Chr1 2320766 + TSS-1-2320766 2 --> | (-->) | --> 2320636 2324556 + AL538_11070 2320636 2324556 + AL538_11070
Chr1 2320888 + TSS-1-2320888 1 --> | (-->) | --> 2320636 2324556 + AL538_11070 2320636 2324556 + AL538_11070
Chr1 2324566 + TSS-1-2324566 3 --> 0010 (-->) 0019 --> 2320636 2324556 + AL538_11070 2324585 2324932 + AL538_11075
Chr1 2324807 + TSS-1-2324807 3 --> | (-->) | --> 2324585 2324932 + AL538_11075 2324585 2324932 + AL538_11075
Chr1 2326069 - TSS-1-2326069 3 <-- 0060 (<--) 0066 <-- 2325479 2326009 - AL538_11085 2326135 2327151 - AL538_11090
Chr1 2327231 - TSS-1-2327231 1 <-- 0080 (<--) 0235 --> 2326135 2327151 - AL538_11090 2327466 2328824 + AL538_11095
Chr1 2327232 - TSS-1-2327232 2 <-- 0081 (<--) 0234 --> 2326135 2327151 - AL538_11090 2327466 2328824 + AL538_11095
Chr1 2329498 + TSS-1-2329498 2 --> | (-->) | --> 2329495 2329644 + . 2329495 2329644 + .
Chr1 2330395 + TSS-1-2330395 3 --> | (-->) | --> 2329714 2330706 + AL538_11105 2329714 2330706 + AL538_11105
Chr1 2332867 + TSS-1-2332867 1 --> | (-->) | --> 2332307 2333011 + AL538_11115 2332307 2333011 + AL538_11115
Chr1 2336204 - TSS-1-2336204 3 <-- 0060 (<--) 0247 <-- 2333565 2336144 - AL538_11125 2336451 2337419 - AL538_11130
Chr1 2337527 - TSS-1-2337527 3 <-- 0108 (<--) 0277 <-- 2336451 2337419 - AL538_11130 2337804 2338274 - AL538_11135
Chr1 2338573 + TSS-1-2338573 3 <-- 0299 (-->) 0060 --> 2337804 2338274 - AL538_11135 2338633 2339568 + AL538_11140
Chr1 2338598 + TSS-1-2338598 3 <-- 0324 (-->) 0035 --> 2337804 2338274 - AL538_11135 2338633 2339568 + AL538_11140
Chr1 2339672 + TSS-1-2339672 2 --> 0104 (-->) 0030 --> 2338633 2339568 + AL538_11140 2339702 2339893 + AL538_11145
Chr1 2341138 - TSS-1-2341138 1 <-- 0198 (<--) 0060 --> 2339969 2340940 - AL538_11150 2341198 2341509 + AL538_11155
Chr1 2341318 + TSS-1-2341318 2 --> | (-->) | --> 2341198 2341509 + AL538_11155 2341198 2341509 + AL538_11155
Chr1 2342793 + TSS-1-2342793 1 --> | (-->) | --> 2341999 2343171 + AL538_11165 2341999 2343171 + AL538_11165
Chr1 2342938 + TSS-1-2342938 3 --> | (-->) | --> 2341999 2343171 + AL538_11165 2341999 2343171 + AL538_11165
Chr1 2344732 + TSS-1-2344732 3 --> | (-->) | --> 2344275 2344748 + AL538_11175 2344275 2344748 + AL538_11175
Chr1 2346252 - TSS-1-2346252 2 <-- | (<--) | <-- 2346124 2346504 - AL538_11190 2346124 2346504 - AL538_11190
Chr1 2346529 - TSS-1-2346529 1 <-- 0025 (<--) 0051 <-- 2346124 2346504 - AL538_11190 2346580 2347389 - AL538_11195
Chr1 2346882 - TSS-1-2346882 3 <-- | (<--) | <-- 2346580 2347389 - AL538_11195 2346580 2347389 - AL538_11195
Chr1 2346999 + TSS-1-2346999 2 <-- | (-->) | <-- 2346580 2347389 - AL538_11195 2346580 2347389 - AL538_11195
Chr1 2347501 - TSS-1-2347501 1 <-- | (<--) | <-- 2347386 2348384 - AL538_11200 2347386 2348384 - AL538_11200
Chr1 2351981 + TSS-1-2351981 3 <-- | (-->) | <-- 2349719 2352064 - AL538_11210 2349719 2352064 - AL538_11210
Chr1 2356368 - TSS-1-2356368 3 <-- 0090 (<--) 0015 <-- 2354860 2356278 - AL538_11230 2356383 2357474 - AL538_11235
Chr1 2356404 + TSS-1-2356404 2 <-- | (-->) | <-- 2356383 2357474 - AL538_11235 2356383 2357474 - AL538_11235
Chr1 2359332 - TSS-1-2359332 3 <-- 0221 (<--) 0314 --> 2357564 2359111 - AL538_11240 2359646 2360434 + AL538_11245
Chr1 2360626 + TSS-1-2360626 3 --> 0192 (-->) 0025 --> 2359646 2360434 + AL538_11245 2360651 2361199 + AL538_11250
Chr1 2360737 + TSS-1-2360737 1 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2360738 + TSS-1-2360738 2 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2360765 + TSS-1-2360765 1 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2360921 + TSS-1-2360921 3 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2360973 + TSS-1-2360973 3 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2361042 + TSS-1-2361042 2 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2361055 + TSS-1-2361055 1 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2361125 + TSS-1-2361125 1 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2361135 + TSS-1-2361135 3 --> | (-->) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2361196 - TSS-1-2361196 3 --> | (<--) | --> 2360651 2361199 + AL538_11250 2360651 2361199 + AL538_11250
Chr1 2361334 + TSS-1-2361334 1 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361348 + TSS-1-2361348 2 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361591 + TSS-1-2361591 3 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361633 + TSS-1-2361633 3 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361798 + TSS-1-2361798 3 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361813 + TSS-1-2361813 1 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361905 + TSS-1-2361905 1 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361960 + TSS-1-2361960 3 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2361992 + TSS-1-2361992 1 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2362006 + TSS-1-2362006 3 --> | (-->) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2362142 - TSS-1-2362142 2 --> | (<--) | --> 2361203 2362249 + AL538_11255 2361203 2362249 + AL538_11255
Chr1 2362626 + TSS-1-2362626 3 --> 0377 (-->) 0156 --> 2361203 2362249 + AL538_11255 2362782 2363741 + AL538_11260
Chr1 2366152 + TSS-1-2366152 3 --> 0303 (-->) 0147 --> 2364041 2365849 + AL538_11265 2366299 2368023 + AL538_11270
Chr1 2366167 + TSS-1-2366167 3 --> 0318 (-->) 0132 --> 2364041 2365849 + AL538_11265 2366299 2368023 + AL538_11270
Chr1 2366245 + TSS-1-2366245 2 --> 0396 (-->) 0054 --> 2364041 2365849 + AL538_11265 2366299 2368023 + AL538_11270
Chr1 2368264 + TSS-1-2368264 1 --> | (-->) | --> 2368025 2368519 + AL538_11275 2368025 2368519 + AL538_11275
Chr1 2369869 + TSS-1-2369869 2 --> | (-->) | --> 2368632 2370512 + AL538_11280 2368632 2370512 + AL538_11280
Chr1 2369901 + TSS-1-2369901 3 --> | (-->) | --> 2368632 2370512 + AL538_11280 2368632 2370512 + AL538_11280
Chr1 2371443 + TSS-1-2371443 3 <-- | (-->) | <-- 2371434 2372846 - AL538_11290 2371434 2372846 - AL538_11290
Chr1 2375918 + TSS-1-2375918 3 --> | (-->) | --> 2374156 2375988 + AL538_11300 2374156 2375988 + AL538_11300
Chr1 2375975 - TSS-1-2375975 3 --> | (<--) | --> 2374156 2375988 + AL538_11300 2374156 2375988 + AL538_11300
Chr1 2376016 - TSS-1-2376016 3 --> 0028 (<--) 0195 --> 2374156 2375988 + AL538_11300 2376211 2377323 + AL538_11305
Chr1 2377864 + TSS-1-2377864 1 --> 0032 (-->) 0042 --> 2377455 2377832 + AL538_11310 2377906 2378595 + AL538_11315
Chr1 2381434 - TSS-1-2381434 3 <-- | (<--) | <-- 2381300 2382448 - AL538_11335 2381300 2382448 - AL538_11335
Chr1 2382828 + TSS-1-2382828 2 <-- | (-->) | <-- 2382563 2384515 - AL538_11340 2382563 2384515 - AL538_11340
Chr1 2383253 + TSS-1-2383253 3 <-- | (-->) | <-- 2382563 2384515 - AL538_11340 2382563 2384515 - AL538_11340
Chr1 2384522 + TSS-1-2384522 3 <-- 0007 (-->) 0594 <-- 2382563 2384515 - AL538_11340 2385116 2386864 - AL538_11345
Chr1 2384595 - TSS-1-2384595 1 <-- 0080 (<--) 0521 <-- 2382563 2384515 - AL538_11340 2385116 2386864 - AL538_11345
Chr1 2386145 - TSS-1-2386145 1 <-- | (<--) | <-- 2385116 2386864 - AL538_11345 2385116 2386864 - AL538_11345
Chr1 2386357 - TSS-1-2386357 2 <-- | (<--) | <-- 2385116 2386864 - AL538_11345 2385116 2386864 - AL538_11345
Chr1 2386888 - TSS-1-2386888 3 <-- 0024 (<--) 0120 <-- 2385116 2386864 - AL538_11345 2387008 2387301 - AL538_11350
Chr1 2387427 + TSS-1-2387427 1 <-- 0126 (-->) 0038 --> 2387008 2387301 - AL538_11350 2387465 2388184 + AL538_11355
Chr1 2389140 - TSS-1-2389140 1 <-- | (<--) | <-- 2389021 2390883 - AL538_11370 2389021 2390883 - AL538_11370
Chr1 2389202 - TSS-1-2389202 3 <-- | (<--) | <-- 2389021 2390883 - AL538_11370 2389021 2390883 - AL538_11370
Chr1 2390937 - TSS-1-2390937 1 <-- 0054 (<--) 0046 <-- 2389021 2390883 - AL538_11370 2390983 2392767 - AL538_11375
Chr1 2391324 - TSS-1-2391324 3 <-- | (<--) | <-- 2390983 2392767 - AL538_11375 2390983 2392767 - AL538_11375
Chr1 2391334 + TSS-1-2391334 1 <-- | (-->) | <-- 2390983 2392767 - AL538_11375 2390983 2392767 - AL538_11375
Chr1 2393511 - TSS-1-2393511 3 <-- | (<--) | <-- 2393388 2393603 - AL538_11385 2393388 2393603 - AL538_11385
Chr1 2394397 + TSS-1-2394397 3 --> | (-->) | --> 2393834 2394850 + AL538_11390 2393834 2394850 + AL538_11390
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Chr1 2395470 + TSS-1-2395470 2 --> | (-->) | --> 2395038 2395856 + AL538_11395 2395038 2395856 + AL538_11395
Chr1 2396549 - TSS-1-2396549 3 <-- 0043 (<--) 0223 --> 2395896 2396506 - AL538_11400 2396772 2397131 + AL538_11405
Chr1 2396706 - TSS-1-2396706 1 <-- 0200 (<--) 0066 --> 2395896 2396506 - AL538_11400 2396772 2397131 + AL538_11405
Chr1 2399756 - TSS-1-2399756 3 <-- 0028 (<--) 0121 --> 2398508 2399728 - AL538_11420 2399877 2401505 + AL538_11425
Chr1 2401214 + TSS-1-2401214 2 --> | (-->) | --> 2399877 2401505 + AL538_11425 2399877 2401505 + AL538_11425
Chr1 2402427 - TSS-1-2402427 2 <-- | (<--) | <-- 2402338 2402949 - AL538_11435 2402338 2402949 - AL538_11435
Chr1 2405657 - TSS-1-2405657 3 --> | (<--) | --> 2405420 2406952 + AL538_11450 2405420 2406952 + AL538_11450
Chr1 2407362 - TSS-1-2407362 1 <-- | (<--) | <-- 2406978 2407796 - AL538_11455 2406978 2407796 - AL538_11455
Chr1 2407934 - TSS-1-2407934 3 --> | (<--) | --> 2407845 2409101 + AL538_11460 2407845 2409101 + AL538_11460
Chr1 2411236 + TSS-1-2411236 3 --> | (-->) | --> 2409222 2412065 + AL538_11465 2409222 2412065 + AL538_11465
Chr1 2411838 + TSS-1-2411838 3 --> | (-->) | --> 2409222 2412065 + AL538_11465 2409222 2412065 + AL538_11465
Chr1 2412120 + TSS-1-2412120 3 --> 0055 (-->) 0023 --> 2409222 2412065 + AL538_11465 2412143 2413573 + AL538_11470
Chr1 2414105 + TSS-1-2414105 1 <-- | (-->) | <-- 2413780 2415102 - AL538_11475 2413780 2415102 - AL538_11475
Chr1 2414162 - TSS-1-2414162 2 <-- | (<--) | <-- 2413780 2415102 - AL538_11475 2413780 2415102 - AL538_11475
Chr1 2415632 + TSS-1-2415632 2 --> | (-->) | --> 2415332 2415982 + AL538_11480 2415332 2415982 + AL538_11480
Chr1 2416243 + TSS-1-2416243 1 --> | (-->) | --> 2415982 2416425 + AL538_11485 2415982 2416425 + AL538_11485
Chr1 2417508 - TSS-1-2417508 3 --> | (<--) | --> 2417348 2417932 + AL538_11495 2417348 2417932 + AL538_11495
Chr1 2421875 + TSS-1-2421875 3 --> | (-->) | --> 2420071 2422359 + AL538_11505 2420071 2422359 + AL538_11505
Chr1 2423249 - TSS-1-2423249 2 <-- | (<--) | <-- 2422398 2423465 - AL538_11510 2422398 2423465 - AL538_11510
Chr1 2425157 - TSS-1-2425157 1 --> | (<--) | --> 2425086 2425277 + AL538_11520 2425086 2425277 + AL538_11520
Chr1 2425757 - TSS-1-2425757 3 <-- 0056 (<--) 0141 --> 2425258 2425701 - AL538_11525 2425898 2427001 + AL538_11530
Chr1 2427096 + TSS-1-2427096 2 --> 0095 (-->) 0160 --> 2425898 2427001 + AL538_11530 2427256 2427684 + AL538_11535
Chr1 2427241 - TSS-1-2427241 1 --> 0240 (<--) 0015 --> 2425898 2427001 + AL538_11530 2427256 2427684 + AL538_11535
Chr1 2427313 + TSS-1-2427313 3 --> | (-->) | --> 2427256 2427684 + AL538_11535 2427256 2427684 + AL538_11535
Chr1 2428550 + TSS-1-2428550 3 --> 0458 (-->) 0090 --> 2427700 2428092 + AL538_11540 2428640 2429230 + AL538_11545
Chr1 2431247 + TSS-1-2431247 1 --> 0018 (-->) 0079 --> 2430492 2431229 + AL538_11555 2431326 2431961 + AL538_11560
Chr1 2432511 + TSS-1-2432511 1 --> 0051 (-->) 0014 <-- 2431981 2432460 + AL538_11565 2432525 2433166 - AL538_11570
Chr1 2437238 + TSS-1-2437238 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437257 + TSS-1-2437257 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437272 + TSS-1-2437272 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437279 + TSS-1-2437279 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437290 + TSS-1-2437290 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437292 - TSS-1-2437292 1 --> | (<--) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437311 - TSS-1-2437311 1 --> | (<--) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437332 + TSS-1-2437332 2 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437352 + TSS-1-2437352 2 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437360 + TSS-1-2437360 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437367 + TSS-1-2437367 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437375 + TSS-1-2437375 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437382 + TSS-1-2437382 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437384 + TSS-1-2437384 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437400 + TSS-1-2437400 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437417 + TSS-1-2437417 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437433 + TSS-1-2437433 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437446 + TSS-1-2437446 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437450 + TSS-1-2437450 2 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437463 + TSS-1-2437463 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437475 + TSS-1-2437475 2 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437487 + TSS-1-2437487 2 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437513 + TSS-1-2437513 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437519 + TSS-1-2437519 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437537 + TSS-1-2437537 3 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437596 + TSS-1-2437596 1 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
Chr1 2437781 + TSS-1-2437781 3 --> 0115 (-->) 0062 --> 2437238 2437666 + AL538_11595 2437843 2438793 + AL538_11600
Chr1 2438837 + TSS-1-2438837 1 --> | (-->) | --> 2438799 2439116 + AL538_11605 2438799 2439116 + AL538_11605
Chr1 2440294 + TSS-1-2440294 1 --> | (-->) | --> 2439113 2440918 + AL538_11610 2439113 2440918 + AL538_11610
Chr1 2443220 + TSS-1-2443220 3 --> | (-->) | --> 2442459 2443823 + AL538_11620 2442459 2443823 + AL538_11620
Chr1 2444317 - TSS-1-2444317 3 --> | (<--) | --> 2443823 2444905 + AL538_11625 2443823 2444905 + AL538_11625
Chr1 2445881 + TSS-1-2445881 3 --> | (-->) | --> 2444945 2446258 + AL538_11630 2444945 2446258 + AL538_11630
Chr1 2449909 + TSS-1-2449909 3 --> | (-->) | --> 2448550 2450007 + AL538_11645 2448550 2450007 + AL538_11645
Chr1 2449962 + TSS-1-2449962 3 --> | (-->) | --> 2448550 2450007 + AL538_11645 2448550 2450007 + AL538_11645
Chr1 2450125 + TSS-1-2450125 3 --> 0118 (-->) 0074 --> 2448550 2450007 + AL538_11645 2450199 2450984 + AL538_11650
Chr1 2451346 + TSS-1-2451346 3 --> | (-->) | --> 2450977 2452239 + AL538_11655 2450977 2452239 + AL538_11655
Chr1 2451478 + TSS-1-2451478 2 --> | (-->) | --> 2450977 2452239 + AL538_11655 2450977 2452239 + AL538_11655
Chr1 2452177 + TSS-1-2452177 2 --> | (-->) | --> 2450977 2452239 + AL538_11655 2450977 2452239 + AL538_11655
Chr1 2452570 + TSS-1-2452570 2 --> | (-->) | --> 2452270 2453514 + AL538_11660 2452270 2453514 + AL538_11660
Chr1 2453567 + TSS-1-2453567 3 --> 0053 (-->) 0049 --> 2452270 2453514 + AL538_11660 2453616 2454533 + AL538_11665
Chr1 2453597 + TSS-1-2453597 1 --> 0083 (-->) 0019 --> 2452270 2453514 + AL538_11660 2453616 2454533 + AL538_11665
Chr1 2456975 + TSS-1-2456975 1 --> | (-->) | --> 2455315 2458044 + AL538_11670 2455315 2458044 + AL538_11670
Chr1 2457624 + TSS-1-2457624 1 --> | (-->) | --> 2455315 2458044 + AL538_11670 2455315 2458044 + AL538_11670
Chr1 2462231 + TSS-1-2462231 3 --> | (-->) | --> 2461092 2464325 + AL538_11690 2461092 2464325 + AL538_11690
Chr1 2463762 + TSS-1-2463762 1 --> | (-->) | --> 2461092 2464325 + AL538_11690 2461092 2464325 + AL538_11690
Chr1 2468660 - TSS-1-2468660 3 <-- 0067 (<--) 0011 <-- 2467973 2468593 - AL538_11720 2468671 2469495 - AL538_11725
Chr1 2469571 + TSS-1-2469571 1 <-- | (-->) | <-- 2469495 2470448 - AL538_11730 2469495 2470448 - AL538_11730
Chr1 2471187 - TSS-1-2471187 1 <-- 0029 (<--) 0037 <-- 2470463 2471158 - AL538_11735 2471224 2471652 - AL538_11740
Chr1 2471675 - TSS-1-2471675 3 <-- 0023 (<--) 0069 <-- 2471224 2471652 - AL538_11740 2471744 2473156 - AL538_11745
Chr1 2478281 - TSS-1-2478281 2 <-- | (<--) | <-- 2478093 2479562 - AL538_11755 2478093 2479562 - AL538_11755
Chr1 2483898 - TSS-1-2483898 2 <-- | (<--) | <-- 2479562 2484112 - AL538_11760 2479562 2484112 - AL538_11760
Chr1 2484404 - TSS-1-2484404 2 <-- 0292 (<--) 0263 --> 2479562 2484112 - AL538_11760 2484667 2485611 + AL538_11765
Chr1 2485639 + TSS-1-2485639 1 --> 0028 (-->) 0023 --> 2484667 2485611 + AL538_11765 2485662 2487407 + AL538_11770
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Chr1 2487482 + TSS-1-2487482 3 <-- | (-->) | <-- 2487447 2487641 - AL538_11775 2487447 2487641 - AL538_11775
Chr1 2490392 + TSS-1-2490392 2 --> | (-->) | --> 2490002 2490451 + AL538_11785 2490002 2490451 + AL538_11785
Chr1 2490393 + TSS-1-2490393 1 --> | (-->) | --> 2490002 2490451 + AL538_11785 2490002 2490451 + AL538_11785
Chr1 2491783 + TSS-1-2491783 1 --> | (-->) | --> 2491634 2492041 + AL538_11795 2491634 2492041 + AL538_11795
Chr1 2491809 - TSS-1-2491809 1 --> | (<--) | --> 2491634 2492041 + AL538_11795 2491634 2492041 + AL538_11795
Chr1 2493437 + TSS-1-2493437 3 <-- 0392 (-->) 0220 --> 2492575 2493045 - AL538_11805 2493657 2496116 + AL538_11810
Chr1 2496605 + TSS-1-2496605 3 --> | (-->) | --> 2496137 2497093 + AL538_11815 2496137 2497093 + AL538_11815
Chr1 2496809 + TSS-1-2496809 1 --> | (-->) | --> 2496137 2497093 + AL538_11815 2496137 2497093 + AL538_11815
Chr1 2496810 + TSS-1-2496810 1 --> | (-->) | --> 2496137 2497093 + AL538_11815 2496137 2497093 + AL538_11815
Chr1 2496875 + TSS-1-2496875 2 --> | (-->) | --> 2496137 2497093 + AL538_11815 2496137 2497093 + AL538_11815
Chr1 2496877 + TSS-1-2496877 1 --> | (-->) | --> 2496137 2497093 + AL538_11815 2496137 2497093 + AL538_11815
Chr1 2498873 + TSS-1-2498873 1 --> | (-->) | --> 2498511 2499170 + AL538_11825 2498511 2499170 + AL538_11825
Chr1 2499422 - TSS-1-2499422 1 <-- | (<--) | <-- 2499282 2499659 - AL538_11830 2499282 2499659 - AL538_11830
Chr1 2499601 - TSS-1-2499601 3 <-- | (<--) | <-- 2499282 2499659 - AL538_11830 2499282 2499659 - AL538_11830
Chr1 2499632 - TSS-1-2499632 1 <-- | (<--) | <-- 2499282 2499659 - AL538_11830 2499282 2499659 - AL538_11830
Chr1 2499697 - TSS-1-2499697 3 <-- 0038 (<--) 0289 --> 2499282 2499659 - AL538_11830 2499986 2500873 + AL538_11835
Chr1 2502377 + TSS-1-2502377 1 --> | (-->) | --> 2502101 2502652 + AL538_11845 2502101 2502652 + AL538_11845
Chr1 2503094 - TSS-1-2503094 3 <-- 0028 (<--) 0695 --> 2502881 2503066 - AL538_11850 2503789 2505225 + AL538_11855
Chr1 2503103 - TSS-1-2503103 1 <-- 0037 (<--) 0686 --> 2502881 2503066 - AL538_11850 2503789 2505225 + AL538_11855
Chr1 2503117 - TSS-1-2503117 2 <-- 0051 (<--) 0672 --> 2502881 2503066 - AL538_11850 2503789 2505225 + AL538_11855
Chr1 2503118 - TSS-1-2503118 1 <-- 0052 (<--) 0671 --> 2502881 2503066 - AL538_11850 2503789 2505225 + AL538_11855
Chr1 2503136 - TSS-1-2503136 3 <-- 0070 (<--) 0653 --> 2502881 2503066 - AL538_11850 2503789 2505225 + AL538_11855
Chr1 2504026 + TSS-1-2504026 2 --> | (-->) | --> 2503789 2505225 + AL538_11855 2503789 2505225 + AL538_11855
Chr1 2505099 + TSS-1-2505099 3 --> | (-->) | --> 2503789 2505225 + AL538_11855 2503789 2505225 + AL538_11855
Chr1 2507268 - TSS-1-2507268 3 <-- | (<--) | <-- 2507018 2508241 - AL538_11870 2507018 2508241 - AL538_11870
Chr1 2508011 + TSS-1-2508011 2 <-- | (-->) | <-- 2507018 2508241 - AL538_11870 2507018 2508241 - AL538_11870
Chr1 2509298 + TSS-1-2509298 2 <-- 0230 (-->) 0101 --> 2508349 2509068 - AL538_11875 2509399 2510712 + AL538_11880
Chr1 2509766 - TSS-1-2509766 3 --> | (<--) | --> 2509399 2510712 + AL538_11880 2509399 2510712 + AL538_11880
Chr1 2509993 + TSS-1-2509993 3 --> | (-->) | --> 2509399 2510712 + AL538_11880 2509399 2510712 + AL538_11880
Chr1 2511454 + TSS-1-2511454 1 <-- 0131 (-->) 0028 --> 2510805 2511323 - AL538_11885 2511482 2512399 + AL538_11890
Chr1 2512300 + TSS-1-2512300 3 --> | (-->) | --> 2511482 2512399 + AL538_11890 2511482 2512399 + AL538_11890
Chr1 2512349 + TSS-1-2512349 3 --> | (-->) | --> 2511482 2512399 + AL538_11890 2511482 2512399 + AL538_11890
Chr1 2513388 - TSS-1-2513388 1 --> | (<--) | --> 2513296 2515035 + AL538_11900 2513296 2515035 + AL538_11900
Chr1 2515177 + TSS-1-2515177 3 --> 0142 (-->) 0239 --> 2513296 2515035 + AL538_11900 2515416 2516306 + AL538_11905
Chr1 2515443 + TSS-1-2515443 3 --> | (-->) | --> 2515416 2516306 + AL538_11905 2515416 2516306 + AL538_11905
Chr1 2518006 + TSS-1-2518006 3 --> 0148 (-->) 0099 --> 2516341 2517858 + AL538_11910 2518105 2519439 + AL538_11915
Chr1 2518046 + TSS-1-2518046 3 --> 0188 (-->) 0059 --> 2516341 2517858 + AL538_11910 2518105 2519439 + AL538_11915
Chr1 2519214 + TSS-1-2519214 2 --> | (-->) | --> 2518105 2519439 + AL538_11915 2518105 2519439 + AL538_11915
Chr1 2519675 + TSS-1-2519675 3 --> 0236 (-->) 0292 --> 2518105 2519439 + AL538_11915 2519967 2520218 + AL538_11920
Chr1 2521429 - TSS-1-2521429 3 <-- 0034 (<--) 0121 --> 2520361 2521395 - AL538_11925 2521550 2521861 + AL538_11930
Chr1 2521603 - TSS-1-2521603 3 --> | (<--) | --> 2521550 2521861 + AL538_11930 2521550 2521861 + AL538_11930
Chr1 2522033 + TSS-1-2522033 3 <-- | (-->) | <-- 2522001 2522681 - AL538_11935 2522001 2522681 - AL538_11935
Chr1 2531398 + TSS-1-2531398 1 --> 0042 (-->) 0086 --> 2530466 2531356 + AL538_11970 2531484 2531789 + AL538_11975
Chr1 2532222 - TSS-1-2532222 2 <-- 0041 (<--) 0254 --> 2531921 2532181 - AL538_11980 2532476 2534038 + AL538_11985
Chr1 2533828 - TSS-1-2533828 1 --> | (<--) | --> 2532476 2534038 + AL538_11985 2532476 2534038 + AL538_11985
Chr1 2537035 + TSS-1-2537035 1 --> | (-->) | --> 2535109 2537937 + AL538_11995 2535109 2537937 + AL538_11995
Chr1 2537986 + TSS-1-2537986 2 --> 0049 (-->) 0025 --> 2535109 2537937 + AL538_11995 2538011 2538517 + AL538_12000
Chr1 2538620 + TSS-1-2538620 3 --> 0103 (-->) 0058 --> 2538011 2538517 + AL538_12000 2538678 2539109 + AL538_12005
Chr1 2542872 - TSS-1-2542872 3 <-- | (<--) | <-- 2542773 2544257 - AL538_12025 2542773 2544257 - AL538_12025
Chr1 2545516 - TSS-1-2545516 3 <-- | (<--) | <-- 2545442 2546368 - AL538_12040 2545442 2546368 - AL538_12040
Chr1 2547569 - TSS-1-2547569 1 <-- 0024 (<--) 0077 --> 2546433 2547545 - AL538_12045 2547646 2548629 + AL538_12050
Chr1 2549892 + TSS-1-2549892 3 --> | (-->) | --> 2548868 2549941 + AL538_12055 2548868 2549941 + AL538_12055
Chr1 2552600 - TSS-1-2552600 3 <-- 0028 (<--) 0230 <-- 2552204 2552572 - AL538_12070 2552830 2554497 - AL538_12075
Chr1 2553118 - TSS-1-2553118 1 <-- | (<--) | <-- 2552830 2554497 - AL538_12075 2552830 2554497 - AL538_12075
Chr1 2554457 + TSS-1-2554457 2 <-- | (-->) | <-- 2552830 2554497 - AL538_12075 2552830 2554497 - AL538_12075
Chr1 2554530 - TSS-1-2554530 1 <-- 0033 (<--) 0343 --> 2552830 2554497 - AL538_12075 2554873 2556819 + AL538_12080
Chr1 2554651 + TSS-1-2554651 1 <-- 0154 (-->) 0222 --> 2552830 2554497 - AL538_12075 2554873 2556819 + AL538_12080
Chr1 2559344 - TSS-1-2559344 2 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559366 - TSS-1-2559366 1 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559375 - TSS-1-2559375 1 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559376 - TSS-1-2559376 2 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559386 - TSS-1-2559386 1 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559467 - TSS-1-2559467 2 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559468 - TSS-1-2559468 1 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559480 - TSS-1-2559480 1 <-- | (<--) | <-- 2559209 2559535 - AL538_12100 2559209 2559535 - AL538_12100
Chr1 2559569 - TSS-1-2559569 3 <-- 0034 (<--) 0327 <-- 2559209 2559535 - AL538_12100 2559896 2561380 - AL538_12105
Chr1 2559729 + TSS-1-2559729 3 <-- 0194 (-->) 0167 <-- 2559209 2559535 - AL538_12100 2559896 2561380 - AL538_12105
Chr1 2560820 + TSS-1-2560820 3 <-- | (-->) | <-- 2559896 2561380 - AL538_12105 2559896 2561380 - AL538_12105
Chr1 2561114 + TSS-1-2561114 1 <-- | (-->) | <-- 2559896 2561380 - AL538_12105 2559896 2561380 - AL538_12105
Chr1 2561373 + TSS-1-2561373 3 <-- | (-->) | <-- 2559896 2561380 - AL538_12105 2559896 2561380 - AL538_12105
Chr1 2561397 - TSS-1-2561397 2 <-- 0017 (<--) 0105 <-- 2559896 2561380 - AL538_12105 2561502 2562230 - AL538_12110
Chr1 2561428 + TSS-1-2561428 3 <-- 0048 (-->) 0074 <-- 2559896 2561380 - AL538_12105 2561502 2562230 - AL538_12110
Chr1 2563489 + TSS-1-2563489 3 --> | (-->) | --> 2563346 2564074 + AL538_12120 2563346 2564074 + AL538_12120
Chr1 2564182 + TSS-1-2564182 3 --> 0108 (-->) 0040 --> 2563346 2564074 + AL538_12120 2564222 2566795 + AL538_12125
Chr1 2564546 + TSS-1-2564546 1 --> | (-->) | --> 2564222 2566795 + AL538_12125 2564222 2566795 + AL538_12125
Chr1 2566969 + TSS-1-2566969 3 --> 0174 (-->) 0389 --> 2564222 2566795 + AL538_12125 2567358 2568914 + AL538_12130
Chr1 2567093 + TSS-1-2567093 3 --> 0298 (-->) 0265 --> 2564222 2566795 + AL538_12125 2567358 2568914 + AL538_12130
Chr1 2569052 + TSS-1-2569052 1 --> | (-->) | --> 2569044 2569119 + AL538_12135 2569044 2569119 + AL538_12135
Chr1 2569162 + TSS-1-2569162 3 --> | (-->) | --> 2569160 2569235 + AL538_12140 2569160 2569235 + AL538_12140
Chr1 2572612 + TSS-1-2572612 3 --> 0001 (-->) 0068 --> 2572495 2572611 + AL538_12150 2572680 2572756 + AL538_12155
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Chr1 2573288 + TSS-1-2573288 3 --> 0420 (-->) 0027 --> 2572792 2572868 + AL538_12160 2573315 2573647 + AL538_12165
Chr1 2573636 + TSS-1-2573636 1 --> | (-->) | --> 2573315 2573647 + AL538_12165 2573315 2573647 + AL538_12165
Chr1 2574595 + TSS-1-2574595 1 --> 0096 (-->) 0242 --> 2573660 2574499 + AL538_12170 2574837 2575145 + AL538_12175
Chr1 2577986 - TSS-1-2577986 3 <-- 0061 (<--) 0164 --> 2577011 2577925 - AL538_12190 2578150 2578839 + AL538_12195
Chr1 2578089 + TSS-1-2578089 3 <-- 0164 (-->) 0061 --> 2577011 2577925 - AL538_12190 2578150 2578839 + AL538_12195
Chr1 2587217 + TSS-1-2587217 2 --> | (-->) | --> 2587201 2588874 + AL538_12225 2587201 2588874 + AL538_12225
Chr1 2587818 - TSS-1-2587818 1 --> | (<--) | --> 2587201 2588874 + AL538_12225 2587201 2588874 + AL538_12225
Chr1 2589018 + TSS-1-2589018 2 --> | (-->) | --> 2588877 2589695 + AL538_12230 2588877 2589695 + AL538_12230
Chr1 2589540 + TSS-1-2589540 2 --> | (-->) | --> 2588877 2589695 + AL538_12230 2588877 2589695 + AL538_12230
Chr1 2589896 + TSS-1-2589896 2 --> | (-->) | --> 2589728 2590426 + AL538_12235 2589728 2590426 + AL538_12235
Chr1 2590531 - TSS-1-2590531 2 <-- | (<--) | <-- 2590430 2590909 - AL538_12240 2590430 2590909 - AL538_12240
Chr1 2592826 - TSS-1-2592826 1 <-- | (<--) | <-- 2592682 2593458 - AL538_12255 2592682 2593458 - AL538_12255
Chr1 2593054 + TSS-1-2593054 3 <-- | (-->) | <-- 2592682 2593458 - AL538_12255 2592682 2593458 - AL538_12255
Chr1 2593478 - TSS-1-2593478 3 <-- 0020 (<--) 0047 <-- 2592682 2593458 - AL538_12255 2593525 2594268 - AL538_12260
Chr1 2595014 - TSS-1-2595014 2 <-- | (<--) | <-- 2594544 2595152 - AL538_12265 2594544 2595152 - AL538_12265
Chr1 2595097 + TSS-1-2595097 3 <-- | (-->) | <-- 2594544 2595152 - AL538_12265 2594544 2595152 - AL538_12265
Chr1 2595186 - TSS-1-2595186 1 <-- 0034 (<--) 0167 --> 2594544 2595152 - AL538_12265 2595353 2596258 + AL538_12270
Chr1 2595193 - TSS-1-2595193 2 <-- 0041 (<--) 0160 --> 2594544 2595152 - AL538_12265 2595353 2596258 + AL538_12270
Chr1 2595204 - TSS-1-2595204 2 <-- 0052 (<--) 0149 --> 2594544 2595152 - AL538_12265 2595353 2596258 + AL538_12270
Chr1 2595224 - TSS-1-2595224 3 <-- 0072 (<--) 0129 --> 2594544 2595152 - AL538_12265 2595353 2596258 + AL538_12270
Chr1 2595236 - TSS-1-2595236 3 <-- 0084 (<--) 0117 --> 2594544 2595152 - AL538_12265 2595353 2596258 + AL538_12270
Chr1 2596751 + TSS-1-2596751 3 --> 0493 (-->) 0115 --> 2595353 2596258 + AL538_12270 2596866 2598494 + AL538_12275
Chr1 2596982 + TSS-1-2596982 1 --> | (-->) | --> 2596866 2598494 + AL538_12275 2596866 2598494 + AL538_12275
Chr1 2598533 + TSS-1-2598533 1 --> 0039 (-->) 0129 --> 2596866 2598494 + AL538_12275 2598662 2599975 + AL538_12280
Chr1 2598578 + TSS-1-2598578 1 --> 0084 (-->) 0084 --> 2596866 2598494 + AL538_12275 2598662 2599975 + AL538_12280
Chr1 2598579 + TSS-1-2598579 2 --> 0085 (-->) 0083 --> 2596866 2598494 + AL538_12275 2598662 2599975 + AL538_12280
Chr1 2600548 - TSS-1-2600548 3 <-- 0007 (<--) 0209 <-- 2600077 2600541 - AL538_12285 2600757 2600978 - AL538_12290
Chr1 2601014 - TSS-1-2601014 3 <-- 0036 (<--) 0223 --> 2600757 2600978 - AL538_12290 2601237 2602409 + AL538_12295
Chr1 2601971 + TSS-1-2601971 1 --> | (-->) | --> 2601237 2602409 + AL538_12295 2601237 2602409 + AL538_12295
Chr1 2602578 + TSS-1-2602578 2 --> 0169 (-->) 0067 --> 2601237 2602409 + AL538_12295 2602645 2603697 + AL538_12300
Chr1 2602884 + TSS-1-2602884 3 --> | (-->) | --> 2602645 2603697 + AL538_12300 2602645 2603697 + AL538_12300
Chr1 2604836 + TSS-1-2604836 1 --> | (-->) | --> 2603905 2605041 + AL538_12305 2603905 2605041 + AL538_12305
Chr1 2607027 + TSS-1-2607027 2 --> | (-->) | --> 2605603 2607426 + AL538_12315 2605603 2607426 + AL538_12315
Chr1 2607583 + TSS-1-2607583 3 --> | (-->) | --> 2607441 2608388 + AL538_12320 2607441 2608388 + AL538_12320
Chr1 2607599 + TSS-1-2607599 2 --> | (-->) | --> 2607441 2608388 + AL538_12320 2607441 2608388 + AL538_12320
Chr1 2609494 - TSS-1-2609494 3 <-- | (<--) | <-- 2609278 2610081 - AL538_12335 2609278 2610081 - AL538_12335
Chr1 2610119 - TSS-1-2610119 3 <-- 0038 (<--) 0195 --> 2609278 2610081 - AL538_12335 2610314 2611033 + AL538_12340
Chr1 2610289 + TSS-1-2610289 3 <-- 0208 (-->) 0025 --> 2609278 2610081 - AL538_12335 2610314 2611033 + AL538_12340
Chr1 2611131 + TSS-1-2611131 3 --> 0098 (-->) 0028 --> 2610314 2611033 + AL538_12340 2611159 2611665 + AL538_12345
Chr1 2611571 + TSS-1-2611571 1 --> | (-->) | --> 2611159 2611665 + AL538_12345 2611159 2611665 + AL538_12345
Chr1 2612139 - TSS-1-2612139 2 --> | (<--) | --> 2611694 2612908 + AL538_12350 2611694 2612908 + AL538_12350
Chr1 2612304 - TSS-1-2612304 1 --> | (<--) | --> 2611694 2612908 + AL538_12350 2611694 2612908 + AL538_12350
Chr1 2613432 + TSS-1-2613432 3 --> | (-->) | --> 2613403 2613726 + AL538_12360 2613403 2613726 + AL538_12360
Chr1 2616461 + TSS-1-2616461 1 --> | (-->) | --> 2616186 2616524 + AL538_12375 2616186 2616524 + AL538_12375
Chr1 2616883 + TSS-1-2616883 3 --> 0120 (-->) 0053 --> 2616569 2616763 + AL538_12380 2616936 2618234 + AL538_12385
Chr1 2620448 + TSS-1-2620448 1 --> 0350 (-->) 0070 --> 2618971 2620098 + AL538_12395 2620518 2621483 + AL538_12400
Chr1 2622176 + TSS-1-2622176 1 --> | (-->) | --> 2621489 2622607 + AL538_12405 2621489 2622607 + AL538_12405
Chr1 2623419 + TSS-1-2623419 3 --> | (-->) | --> 2622663 2623931 + AL538_12410 2622663 2623931 + AL538_12410
Chr1 2623953 + TSS-1-2623953 1 --> 0022 (-->) 0105 --> 2622663 2623931 + AL538_12410 2624058 2624672 + AL538_12415
Chr1 2628748 + TSS-1-2628748 3 --> 0262 (-->) 0032 --> 2627617 2628486 + AL538_12430 2628780 2629784 + AL538_12435
Chr1 2632739 + TSS-1-2632739 3 --> | (-->) | --> 2631641 2633104 + AL538_12445 2631641 2633104 + AL538_12445
Chr1 2636092 + TSS-1-2636092 1 --> | (-->) | --> 2634949 2636472 + AL538_12455 2634949 2636472 + AL538_12455
Chr1 2638910 + TSS-1-2638910 1 --> | (-->) | --> 2638551 2639144 + AL538_12465 2638551 2639144 + AL538_12465
Chr1 2639310 - TSS-1-2639310 1 <-- | (<--) | <-- 2639270 2640817 - AL538_12470 2639270 2640817 - AL538_12470
Chr1 2639343 - TSS-1-2639343 3 <-- | (<--) | <-- 2639270 2640817 - AL538_12470 2639270 2640817 - AL538_12470
Chr1 2639396 - TSS-1-2639396 1 <-- | (<--) | <-- 2639270 2640817 - AL538_12470 2639270 2640817 - AL538_12470
Chr1 2640250 - TSS-1-2640250 3 <-- | (<--) | <-- 2639270 2640817 - AL538_12470 2639270 2640817 - AL538_12470
Chr1 2640856 - TSS-1-2640856 2 <-- 0039 (<--) 0269 <-- 2639270 2640817 - AL538_12470 2641125 2642381 - AL538_12475
Chr1 2642405 - TSS-1-2642405 3 <-- 0024 (<--) 0081 --> 2641125 2642381 - AL538_12475 2642486 2643388 + AL538_12480
Chr1 2643002 + TSS-1-2643002 3 --> | (-->) | --> 2642486 2643388 + AL538_12480 2642486 2643388 + AL538_12480
Chr1 2645017 + TSS-1-2645017 1 --> | (-->) | --> 2644127 2645269 + AL538_12490 2644127 2645269 + AL538_12490
Chr1 2646452 + TSS-1-2646452 2 --> | (-->) | --> 2645425 2646693 + AL538_12495 2645425 2646693 + AL538_12495
Chr1 2649454 + TSS-1-2649454 1 --> | (-->) | --> 2648824 2649570 + AL538_12510 2648824 2649570 + AL538_12510
Chr1 2656636 - TSS-1-2656636 2 <-- | (<--) | <-- 2655544 2656911 - AL538_12545 2655544 2656911 - AL538_12545
Chr1 2691843 + TSS-1-2691843 3 <-- | (-->) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2691864 - TSS-1-2691864 3 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2691914 - TSS-1-2691914 2 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2691918 - TSS-1-2691918 1 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2691930 + TSS-1-2691930 3 <-- | (-->) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2691940 + TSS-1-2691940 3 <-- | (-->) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2691941 - TSS-1-2691941 3 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2691977 - TSS-1-2691977 3 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692014 - TSS-1-2692014 3 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692028 - TSS-1-2692028 1 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692035 - TSS-1-2692035 2 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692058 - TSS-1-2692058 2 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692065 - TSS-1-2692065 1 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692069 - TSS-1-2692069 2 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692088 - TSS-1-2692088 1 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692089 - TSS-1-2692089 1 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
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Chr1 2692091 - TSS-1-2692091 1 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692102 - TSS-1-2692102 3 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692117 - TSS-1-2692117 2 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692129 - TSS-1-2692129 1 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692150 - TSS-1-2692150 2 <-- | (<--) | <-- 2691787 2692154 - AL538_12680 2691787 2692154 - AL538_12680
Chr1 2692163 - TSS-1-2692163 3 <-- 0009 (<--) 0060 <-- 2691787 2692154 - AL538_12680 2692223 2692708 - AL538_12685
Chr1 2693138 + TSS-1-2693138 3 --> | (-->) | --> 2692827 2693270 + AL538_12690 2692827 2693270 + AL538_12690
Chr1 2694158 + TSS-1-2694158 1 <-- 0047 (-->) 0203 <-- 2693752 2694111 - AL538_12700 2694361 2696025 - AL538_12705
Chr1 2696368 - TSS-1-2696368 3 <-- | (<--) | <-- 2696194 2697432 - AL538_12710 2696194 2697432 - AL538_12710
Chr1 2700683 + TSS-1-2700683 3 --> | (-->) | --> 2699672 2700946 + AL538_12725 2699672 2700946 + AL538_12725
Chr1 2700711 + TSS-1-2700711 3 --> | (-->) | --> 2699672 2700946 + AL538_12725 2699672 2700946 + AL538_12725
Chr1 2701383 + TSS-1-2701383 2 --> | (-->) | --> 2701248 2703164 + AL538_12730 2701248 2703164 + AL538_12730
Chr1 2708153 + TSS-1-2708153 1 --> 0124 (-->) 0166 --> 2707619 2708029 + AL538_12760 2708319 2709878 + AL538_12765
Chr1 2708255 + TSS-1-2708255 2 --> 0226 (-->) 0064 --> 2707619 2708029 + AL538_12760 2708319 2709878 + AL538_12765
Chr1 2709615 + TSS-1-2709615 1 --> | (-->) | --> 2708319 2709878 + AL538_12765 2708319 2709878 + AL538_12765
Chr1 2709727 + TSS-1-2709727 3 --> | (-->) | --> 2708319 2709878 + AL538_12765 2708319 2709878 + AL538_12765
Chr1 2709875 + TSS-1-2709875 1 --> | (-->) | --> 2708319 2709878 + AL538_12765 2708319 2709878 + AL538_12765
Chr1 2711042 - TSS-1-2711042 3 --> 0251 (<--) 0254 <-- 2710258 2710791 + AL538_12770 2711296 2712900 - AL538_12775
Chr1 2717021 + TSS-1-2717021 2 --> | (-->) | --> 2713224 2717135 + AL538_12780 2713224 2717135 + AL538_12780
Chr1 2717939 - TSS-1-2717939 1 <-- | (<--) | <-- 2717760 2718182 - AL538_12790 2717760 2718182 - AL538_12790
Chr1 2721711 - TSS-1-2721711 3 <-- | (<--) | <-- 2720788 2721858 - AL538_12800 2720788 2721858 - AL538_12800
Chr1 2723502 + TSS-1-2723502 1 <-- | (-->) | <-- 2722827 2724299 - AL538_12810 2722827 2724299 - AL538_12810
Chr1 2724390 - TSS-1-2724390 3 <-- 0091 (<--) 0943 --> 2722827 2724299 - AL538_12810 2725333 2726622 + AL538_12815
Chr1 2724650 + TSS-1-2724650 3 <-- 0351 (-->) 0683 --> 2722827 2724299 - AL538_12810 2725333 2726622 + AL538_12815
Chr1 2725459 + TSS-1-2725459 3 --> | (-->) | --> 2725333 2726622 + AL538_12815 2725333 2726622 + AL538_12815
Chr1 2726848 + TSS-1-2726848 1 --> 0226 (-->) 0117 --> 2725333 2726622 + AL538_12815 2726965 2727429 + AL538_12820
Chr1 2726850 + TSS-1-2726850 2 --> 0228 (-->) 0115 --> 2725333 2726622 + AL538_12815 2726965 2727429 + AL538_12820
Chr1 2727494 + TSS-1-2727494 3 --> 0065 (-->) 0026 --> 2726965 2727429 + AL538_12820 2727520 2728767 + AL538_12825
Chr1 2728800 + TSS-1-2728800 3 --> 0033 (-->) 0086 --> 2727520 2728767 + AL538_12825 2728886 2729275 + AL538_12830
Chr1 2728998 + TSS-1-2728998 1 --> | (-->) | --> 2728886 2729275 + AL538_12830 2728886 2729275 + AL538_12830
Chr1 2733191 + TSS-1-2733191 3 --> | (-->) | --> 2732390 2733514 + AL538_12850 2732390 2733514 + AL538_12850
Chr1 2733282 + TSS-1-2733282 2 --> | (-->) | --> 2732390 2733514 + AL538_12850 2732390 2733514 + AL538_12850
Chr1 2733344 + TSS-1-2733344 1 --> | (-->) | --> 2732390 2733514 + AL538_12850 2732390 2733514 + AL538_12850
Chr1 2735896 + TSS-1-2735896 3 --> | (-->) | --> 2735611 2736081 + AL538_12865 2735611 2736081 + AL538_12865
Chr1 2737405 + TSS-1-2737405 3 --> | (-->) | --> 2736627 2737592 + AL538_12875 2736627 2737592 + AL538_12875
Chr1 2740595 - TSS-1-2740595 1 <-- | (<--) | <-- 2740128 2741012 - AL538_12890 2740128 2741012 - AL538_12890
Chr1 2741601 + TSS-1-2741601 3 --> | (-->) | --> 2741542 2742303 + AL538_12900 2741542 2742303 + AL538_12900
Chr1 2745282 - TSS-1-2745282 1 --> 0372 (<--) 0150 --> 2743462 2744910 + AL538_12910 2745432 2746352 + AL538_12915
Chr1 2745313 - TSS-1-2745313 3 --> 0403 (<--) 0119 --> 2743462 2744910 + AL538_12910 2745432 2746352 + AL538_12915
Chr1 2745340 - TSS-1-2745340 3 --> 0430 (<--) 0092 --> 2743462 2744910 + AL538_12910 2745432 2746352 + AL538_12915
Chr1 2749427 - TSS-1-2749427 3 <-- 0155 (<--) 0039 <-- 2748520 2749272 - AL538_12935 2749466 2750248 - AL538_12940
Chr1 2756211 - TSS-1-2756211 3 <-- | (<--) | <-- 2755996 2756841 - AL538_12960 2755996 2756841 - AL538_12960
Chr1 2757923 + TSS-1-2757923 3 --> | (-->) | --> 2757497 2758273 + AL538_12970 2757497 2758273 + AL538_12970
Chr1 2758531 + TSS-1-2758531 3 --> 0258 (-->) 0061 --> 2757497 2758273 + AL538_12970 2758592 2760787 + AL538_12975
Chr1 2760029 - TSS-1-2760029 1 --> | (<--) | --> 2758592 2760787 + AL538_12975 2758592 2760787 + AL538_12975
Chr1 2761856 + TSS-1-2761856 3 --> | (-->) | --> 2760875 2762065 + AL538_12980 2760875 2762065 + AL538_12980
Chr1 2764148 - TSS-1-2764148 3 <-- | (<--) | <-- 2763662 2764696 - AL538_12995 2763662 2764696 - AL538_12995
Chr1 2770644 + TSS-1-2770644 1 <-- | (-->) | <-- 2770090 2770989 - AL538_13020 2770090 2770989 - AL538_13020
Chr1 2771516 + TSS-1-2771516 2 <-- | (-->) | <-- 2771121 2772647 - AL538_13025 2771121 2772647 - AL538_13025
Chr1 2773212 + TSS-1-2773212 1 <-- | (-->) | <-- 2772738 2773340 - AL538_13030 2772738 2773340 - AL538_13030
Chr1 2773527 + TSS-1-2773527 3 <-- 0187 (-->) 0161 --> 2772738 2773340 - AL538_13030 2773688 2774938 + AL538_13035
Chr1 2776744 - TSS-1-2776744 3 <-- | (<--) | <-- 2776436 2777098 - AL538_13045 2776436 2777098 - AL538_13045
Chr1 2777126 - TSS-1-2777126 3 <-- 0028 (<--) 0149 <-- 2776436 2777098 - AL538_13045 2777275 2777553 - AL538_13050
Chr1 2777581 - TSS-1-2777581 3 <-- 0028 (<--) 0099 <-- 2777275 2777553 - AL538_13050 2777680 2778858 - AL538_13055
Chr1 2777793 - TSS-1-2777793 2 <-- | (<--) | <-- 2777680 2778858 - AL538_13055 2777680 2778858 - AL538_13055
Chr1 2777823 - TSS-1-2777823 1 <-- | (<--) | <-- 2777680 2778858 - AL538_13055 2777680 2778858 - AL538_13055
Chr1 2778139 + TSS-1-2778139 2 <-- | (-->) | <-- 2777680 2778858 - AL538_13055 2777680 2778858 - AL538_13055
Chr1 2779102 - TSS-1-2779102 2 <-- | (<--) | <-- 2778951 2779754 - AL538_13060 2778951 2779754 - AL538_13060
Chr1 2779857 - TSS-1-2779857 1 <-- | (<--) | <-- 2779758 2780879 - AL538_13065 2779758 2780879 - AL538_13065
Chr1 2784001 + TSS-1-2784001 1 <-- | (-->) | <-- 2783716 2784735 - AL538_13085 2783716 2784735 - AL538_13085
Chr1 2784402 - TSS-1-2784402 3 <-- | (<--) | <-- 2783716 2784735 - AL538_13085 2783716 2784735 - AL538_13085
Chr1 2788120 + TSS-1-2788120 3 <-- 0077 (-->) 0079 --> 2785470 2788043 - AL538_13095 2788199 2788669 + AL538_13100
Chr1 2788128 + TSS-1-2788128 1 <-- 0085 (-->) 0071 --> 2785470 2788043 - AL538_13095 2788199 2788669 + AL538_13100
Chr1 2790474 - TSS-1-2790474 3 <-- | (<--) | <-- 2790280 2791179 - AL538_13110 2790280 2791179 - AL538_13110
Chr1 2791383 - TSS-1-2791383 3 <-- | (<--) | <-- 2791286 2791750 - AL538_13115 2791286 2791750 - AL538_13115
Chr1 2791709 - TSS-1-2791709 2 <-- | (<--) | <-- 2791286 2791750 - AL538_13115 2791286 2791750 - AL538_13115
Chr1 2791711 - TSS-1-2791711 1 <-- | (<--) | <-- 2791286 2791750 - AL538_13115 2791286 2791750 - AL538_13115
Chr1 2793108 - TSS-1-2793108 3 <-- | (<--) | <-- 2792924 2794348 - AL538_13125 2792924 2794348 - AL538_13125
Chr1 2794422 - TSS-1-2794422 3 <-- 0074 (<--) 0185 --> 2792924 2794348 - AL538_13125 2794607 2795782 + AL538_13130
Chr1 2796283 - TSS-1-2796283 1 <-- | (<--) | <-- 2796203 2796287 - AL538_13145 2796203 2796287 - AL538_13145
Chr1 2796482 - TSS-1-2796482 1 <-- | (<--) | <-- 2796412 2796488 - AL538_13155 2796412 2796488 - AL538_13155
Chr1 2797792 - TSS-1-2797792 1 <-- | (<--) | <-- 2797712 2797796 - AL538_13210 2797712 2797796 - AL538_13210
Chr1 2801664 + TSS-1-2801664 3 <-- | (-->) | <-- 2801543 2802430 - AL538_13255 2801543 2802430 - AL538_13255
Chr1 2801723 - TSS-1-2801723 3 <-- | (<--) | <-- 2801543 2802430 - AL538_13255 2801543 2802430 - AL538_13255
Chr1 2803058 - TSS-1-2803058 3 <-- 0035 (<--) 0127 --> 2802412 2803023 - AL538_13260 2803185 2804441 + AL538_13265
Chr1 2803812 + TSS-1-2803812 1 --> | (-->) | --> 2803185 2804441 + AL538_13265 2803185 2804441 + AL538_13265
Chr1 2806138 + TSS-1-2806138 3 --> | (-->) | --> 2805563 2806420 + AL538_13275 2805563 2806420 + AL538_13275
Chr1 2806891 + TSS-1-2806891 2 --> | (-->) | --> 2806850 2807659 + AL538_13285 2806850 2807659 + AL538_13285
Chr1 2808823 + TSS-1-2808823 3 --> 0258 (-->) 0195 --> 2807714 2808565 + AL538_13290 2809018 2810679 + AL538_13295
Chr1 2808930 + TSS-1-2808930 3 --> 0365 (-->) 0088 --> 2807714 2808565 + AL538_13290 2809018 2810679 + AL538_13295
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Chr1 2810796 - TSS-1-2810796 1 --> | (<--) | --> 2810771 2811244 + AL538_13300 2810771 2811244 + AL538_13300
Chr1 2811514 - TSS-1-2811514 2 --> 0270 (<--) 0060 <-- 2810771 2811244 + AL538_13300 2811574 2812683 - AL538_13305
Chr1 2813530 - TSS-1-2813530 2 <-- 0160 (<--) 0375 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813539 - TSS-1-2813539 1 <-- 0169 (<--) 0366 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813540 - TSS-1-2813540 1 <-- 0170 (<--) 0365 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813608 - TSS-1-2813608 1 <-- 0238 (<--) 0297 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813622 - TSS-1-2813622 1 <-- 0252 (<--) 0283 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813639 - TSS-1-2813639 2 <-- 0269 (<--) 0266 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813668 - TSS-1-2813668 3 <-- 0298 (<--) 0237 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813759 + TSS-1-2813759 3 <-- 0389 (-->) 0146 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813873 + TSS-1-2813873 3 <-- 0503 (-->) 0032 --> 2812789 2813370 - AL538_13310 2813905 2813981 + AL538_13315
Chr1 2813925 + TSS-1-2813925 1 --> | (-->) | --> 2813905 2813981 + AL538_13315 2813905 2813981 + AL538_13315
Chr1 2814860 + TSS-1-2814860 1 <-- | (-->) | <-- 2814665 2815087 - AL538_13325 2814665 2815087 - AL538_13325
Chr1 2816139 - TSS-1-2816139 3 <-- 0025 (<--) 0434 --> 2815239 2816114 - AL538_13330 2816573 2819224 + AL538_13335
Chr1 2818488 + TSS-1-2818488 2 --> | (-->) | --> 2816573 2819224 + AL538_13335 2816573 2819224 + AL538_13335
Chr1 2818506 + TSS-1-2818506 1 --> | (-->) | --> 2816573 2819224 + AL538_13335 2816573 2819224 + AL538_13335
Chr1 2819065 + TSS-1-2819065 3 --> | (-->) | --> 2816573 2819224 + AL538_13335 2816573 2819224 + AL538_13335
Chr1 2819156 + TSS-1-2819156 3 --> | (-->) | --> 2816573 2819224 + AL538_13335 2816573 2819224 + AL538_13335
Chr1 2819239 - TSS-1-2819239 3 --> 0015 (<--) 0436 --> 2816573 2819224 + AL538_13335 2819675 2820367 + AL538_13340
Chr1 2820848 - TSS-1-2820848 3 <-- | (<--) | <-- 2820435 2820884 - AL538_13345 2820435 2820884 - AL538_13345
Chr1 2821414 - TSS-1-2821414 2 <-- | (<--) | <-- 2820909 2823605 - AL538_13350 2820909 2823605 - AL538_13350
Chr1 2829072 + TSS-1-2829072 1 --> | (-->) | --> 2828193 2829152 + AL538_13370 2828193 2829152 + AL538_13370
Chr1 2830261 - TSS-1-2830261 1 <-- 0173 (<--) 0263 <-- 2829582 2830088 - AL538_13375 2830524 2830766 - AL538_13380
Chr1 2830311 + TSS-1-2830311 3 <-- 0223 (-->) 0213 <-- 2829582 2830088 - AL538_13375 2830524 2830766 - AL538_13380
Chr1 2831442 + TSS-1-2831442 2 <-- 0443 (-->) 0016 <-- 2830769 2830999 - AL538_13385 2831458 2831534 - AL538_13390
Chr1 2831532 - TSS-1-2831532 3 <-- | (<--) | <-- 2831458 2831534 - AL538_13390 2831458 2831534 - AL538_13390
Chr1 2831551 - TSS-1-2831551 3 <-- 0017 (<--) 0052 <-- 2831458 2831534 - AL538_13390 2831603 2832736 - AL538_13395
Chr1 2832986 + TSS-1-2832986 3 --> | (-->) | --> 2832908 2833546 + AL538_13400 2832908 2833546 + AL538_13400
Chr1 2836191 + TSS-1-2836191 3 --> | (-->) | --> 2835847 2836773 + AL538_13425 2835847 2836773 + AL538_13425
Chr1 2836544 + TSS-1-2836544 3 --> | (-->) | --> 2835847 2836773 + AL538_13425 2835847 2836773 + AL538_13425
Chr1 2837072 + TSS-1-2837072 3 --> | (-->) | --> 2836785 2837612 + AL538_13430 2836785 2837612 + AL538_13430
Chr1 2837790 + TSS-1-2837790 3 --> 0178 (-->) 0169 --> 2836785 2837612 + AL538_13430 2837959 2838354 + AL538_13435
Chr1 2837865 + TSS-1-2837865 3 --> 0253 (-->) 0094 --> 2836785 2837612 + AL538_13430 2837959 2838354 + AL538_13435
Chr1 2841133 + TSS-1-2841133 1 --> 0290 (-->) 0025 --> 2839530 2840843 + AL538_13450 2841158 2841907 + AL538_13455
Chr1 2846616 + TSS-1-2846616 2 --> | (-->) | --> 2845771 2847683 + AL538_13480 2845771 2847683 + AL538_13480
Chr1 2850101 + TSS-1-2850101 1 --> | (-->) | --> 2849379 2850533 + AL538_13490 2849379 2850533 + AL538_13490
Chr1 2852460 + TSS-1-2852460 1 --> | (-->) | --> 2852298 2853422 + AL538_13500 2852298 2853422 + AL538_13500
Chr1 2854065 - TSS-1-2854065 3 <-- 0034 (<--) 0072 <-- 2853522 2854031 - AL538_13505 2854137 2855861 - AL538_13510
Chr1 2856361 - TSS-1-2856361 3 <-- 0103 (<--) 0196 <-- 2856001 2856258 - AL538_13515 2856557 2857525 - AL538_13520
Chr1 2857281 - TSS-1-2857281 3 <-- | (<--) | <-- 2856557 2857525 - AL538_13520 2856557 2857525 - AL538_13520
Chr1 2857560 - TSS-1-2857560 1 <-- 0035 (<--) 0132 <-- 2856557 2857525 - AL538_13520 2857692 2858435 - AL538_13525
Chr1 2858596 + TSS-1-2858596 2 <-- 0161 (-->) 0089 --> 2857692 2858435 - AL538_13525 2858685 2859653 + AL538_13530
Chr1 2858609 + TSS-1-2858609 3 <-- 0174 (-->) 0076 --> 2857692 2858435 - AL538_13525 2858685 2859653 + AL538_13530
Chr1 2858820 + TSS-1-2858820 2 --> | (-->) | --> 2858685 2859653 + AL538_13530 2858685 2859653 + AL538_13530
Chr1 2859432 + TSS-1-2859432 1 --> | (-->) | --> 2858685 2859653 + AL538_13530 2858685 2859653 + AL538_13530
Chr1 2862441 + TSS-1-2862441 3 --> | (-->) | --> 2862266 2863672 + AL538_13540 2862266 2863672 + AL538_13540
Chr1 2864252 - TSS-1-2864252 3 <-- 0357 (<--) 0276 <-- 2863713 2863895 - AL538_13545 2864528 2864989 - AL538_13550
Chr1 2865074 - TSS-1-2865074 3 <-- | (<--) | <-- 2864999 2865913 - AL538_13555 2864999 2865913 - AL538_13555
Chr1 2865941 - TSS-1-2865941 3 <-- 0028 (<--) 0130 <-- 2864999 2865913 - AL538_13555 2866071 2866925 - AL538_13560
Chr1 2867131 - TSS-1-2867131 3 <-- 0206 (<--) 0251 <-- 2866071 2866925 - AL538_13560 2867382 2868209 - AL538_13565
Chr1 2867326 - TSS-1-2867326 3 <-- 0401 (<--) 0056 <-- 2866071 2866925 - AL538_13560 2867382 2868209 - AL538_13565
Chr1 2869382 + TSS-1-2869382 3 <-- 0218 (-->) 0043 --> 2868247 2869164 - AL538_13570 2869425 2870159 + AL538_13575
Chr1 2869391 + TSS-1-2869391 3 <-- 0227 (-->) 0034 --> 2868247 2869164 - AL538_13570 2869425 2870159 + AL538_13575
Chr1 2869512 + TSS-1-2869512 1 --> | (-->) | --> 2869425 2870159 + AL538_13575 2869425 2870159 + AL538_13575
Chr1 2869577 - TSS-1-2869577 2 --> | (<--) | --> 2869425 2870159 + AL538_13575 2869425 2870159 + AL538_13575
Chr1 2869597 + TSS-1-2869597 2 --> | (-->) | --> 2869425 2870159 + AL538_13575 2869425 2870159 + AL538_13575
Chr1 2869670 - TSS-1-2869670 2 --> | (<--) | --> 2869425 2870159 + AL538_13575 2869425 2870159 + AL538_13575
Chr1 2869785 + TSS-1-2869785 1 --> | (-->) | --> 2869425 2870159 + AL538_13575 2869425 2870159 + AL538_13575
Chr1 2870871 + TSS-1-2870871 1 --> | (-->) | --> 2870156 2870947 + AL538_13580 2870156 2870947 + AL538_13580
Chr1 2871823 + TSS-1-2871823 3 --> 0132 (-->) 0029 --> 2871284 2871691 + AL538_13590 2871852 2872061 + AL538_13595
Chr1 2871972 + TSS-1-2871972 1 --> | (-->) | --> 2871852 2872061 + AL538_13595 2871852 2872061 + AL538_13595
Chr1 2872110 + TSS-1-2872110 3 --> 0049 (-->) 0023 --> 2871852 2872061 + AL538_13595 2872133 2872678 + AL538_13600
Chr1 2872936 - TSS-1-2872936 2 <-- | (<--) | <-- 2872722 2873000 - AL538_13605 2872722 2873000 - AL538_13605
Chr1 2873521 + TSS-1-2873521 3 <-- | (-->) | <-- 2873035 2873790 - AL538_13610 2873035 2873790 - AL538_13610
Chr1 2875483 - TSS-1-2875483 1 <-- 0244 (<--) 0030 --> 2874364 2875239 - AL538_13620 2875513 2877417 + AL538_13625
Chr1 2876613 + TSS-1-2876613 1 --> | (-->) | --> 2875513 2877417 + AL538_13625 2875513 2877417 + AL538_13625
Chr1 2877589 + TSS-1-2877589 3 --> 0172 (-->) 0146 --> 2875513 2877417 + AL538_13625 2877735 2878379 + AL538_13630
Chr1 2878497 - TSS-1-2878497 1 --> 0118 (<--) 0024 --> 2877735 2878379 + AL538_13630 2878521 2879486 + AL538_13635
Chr1 2880160 - TSS-1-2880160 3 <-- | (<--) | <-- 2879577 2880965 - AL538_13640 2879577 2880965 - AL538_13640
Chr1 2881002 - TSS-1-2881002 2 <-- 0037 (<--) 0298 --> 2879577 2880965 - AL538_13640 2881300 2881800 + AL538_13645
Chr1 2881191 + TSS-1-2881191 1 <-- 0226 (-->) 0109 --> 2879577 2880965 - AL538_13640 2881300 2881800 + AL538_13645
Chr1 2881200 + TSS-1-2881200 2 <-- 0235 (-->) 0100 --> 2879577 2880965 - AL538_13640 2881300 2881800 + AL538_13645
Chr1 2881919 + TSS-1-2881919 3 <-- | (-->) | <-- 2881912 2883576 - AL538_13650 2881912 2883576 - AL538_13650
Chr1 2882490 - TSS-1-2882490 3 <-- | (<--) | <-- 2881912 2883576 - AL538_13650 2881912 2883576 - AL538_13650
Chr1 2883117 - TSS-1-2883117 3 <-- | (<--) | <-- 2881912 2883576 - AL538_13650 2881912 2883576 - AL538_13650
Chr1 2883164 - TSS-1-2883164 1 <-- | (<--) | <-- 2881912 2883576 - AL538_13650 2881912 2883576 - AL538_13650
Chr1 2884451 - TSS-1-2884451 3 <-- | (<--) | <-- 2883807 2885396 - AL538_13655 2883807 2885396 - AL538_13655
Chr1 2885419 + TSS-1-2885419 2 <-- 0023 (-->) 0059 <-- 2883807 2885396 - AL538_13655 2885478 2886692 - AL538_13660
Chr1 2886952 - TSS-1-2886952 3 <-- | (<--) | <-- 2886695 2887831 - AL538_13665 2886695 2887831 - AL538_13665
Chr1 2889532 + TSS-1-2889532 3 --> | (-->) | --> 2888321 2889895 + AL538_13670 2888321 2889895 + AL538_13670
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Chr1 2890054 + TSS-1-2890054 2 --> 0159 (-->) 0076 --> 2888321 2889895 + AL538_13670 2890130 2891800 + AL538_13675
Chr1 2891958 - TSS-1-2891958 1 <-- | (<--) | <-- 2891854 2892441 - AL538_13680 2891854 2892441 - AL538_13680
Chr1 2892188 - TSS-1-2892188 1 <-- | (<--) | <-- 2891854 2892441 - AL538_13680 2891854 2892441 - AL538_13680
Chr1 2895462 - TSS-1-2895462 2 <-- 0057 (<--) 0036 --> 2894638 2895405 - AL538_13705 2895498 2896040 + AL538_13710
Chr1 2895468 + TSS-1-2895468 1 <-- 0063 (-->) 0030 --> 2894638 2895405 - AL538_13705 2895498 2896040 + AL538_13710
Chr1 2897432 + TSS-1-2897432 1 --> | (-->) | --> 2896133 2897779 + AL538_13715 2896133 2897779 + AL538_13715
Chr1 2901291 - TSS-1-2901291 1 <-- | (<--) | <-- 2900032 2901321 - AL538_13735 2900032 2901321 - AL538_13735
Chr1 2901359 - TSS-1-2901359 3 <-- 0038 (<--) 0358 --> 2900032 2901321 - AL538_13735 2901717 2902109 + AL538_13740
Chr1 2901367 - TSS-1-2901367 3 <-- 0046 (<--) 0350 --> 2900032 2901321 - AL538_13735 2901717 2902109 + AL538_13740
Chr1 2901510 + TSS-1-2901510 3 <-- 0189 (-->) 0207 --> 2900032 2901321 - AL538_13735 2901717 2902109 + AL538_13740
Chr1 2907577 + TSS-1-2907577 3 --> | (-->) | --> 2905033 2907858 + AL538_13760 2905033 2907858 + AL538_13760
Chr1 2917946 - TSS-1-2917946 3 --> 0422 (<--) 0348 --> 2914147 2917524 + AL538_13795 2918294 2918521 + AL538_13800
Chr1 2920890 + TSS-1-2920890 3 --> | (-->) | --> 2920794 2921024 + AL538_13810 2920794 2921024 + AL538_13810
Chr1 2922258 - TSS-1-2922258 2 <-- 0024 (<--) 0102 <-- 2921806 2922234 - AL538_13820 2922360 2924093 - AL538_13825
Chr1 2923361 - TSS-1-2923361 3 <-- | (<--) | <-- 2922360 2924093 - AL538_13825 2922360 2924093 - AL538_13825
Chr1 2925572 + TSS-1-2925572 1 <-- | (-->) | <-- 2924987 2925820 - AL538_13835 2924987 2925820 - AL538_13835
Chr1 2929071 + TSS-1-2929071 3 --> | (-->) | --> 2928771 2929076 + AL538_13850 2928771 2929076 + AL538_13850
Chr1 2935492 + TSS-1-2935492 1 <-- | (-->) | <-- 2934969 2935631 - AL538_13885 2934969 2935631 - AL538_13885
Chr1 2935951 + TSS-1-2935951 3 --> | (-->) | --> 2935829 2936110 + AL538_13890 2935829 2936110 + AL538_13890
Chr1 2935969 - TSS-1-2935969 2 --> | (<--) | --> 2935829 2936110 + AL538_13890 2935829 2936110 + AL538_13890
Chr1 2937064 + TSS-1-2937064 3 --> | (-->) | --> 2936159 2937130 + AL538_13895 2936159 2937130 + AL538_13895
Chr1 2939408 + TSS-1-2939408 1 --> | (-->) | --> 2938383 2939582 + AL538_13905 2938383 2939582 + AL538_13905
Chr1 2939409 + TSS-1-2939409 1 --> | (-->) | --> 2938383 2939582 + AL538_13905 2938383 2939582 + AL538_13905
Chr1 2939778 - TSS-1-2939778 1 <-- | (<--) | <-- 2939690 2940703 - AL538_13910 2939690 2940703 - AL538_13910
Chr1 2968867 + TSS-1-2968867 3 --> | (-->) | --> 2968779 2969747 + AL538_14015 2968779 2969747 + AL538_14015
Chr1 2980714 - TSS-1-2980714 2 <-- | (<--) | <-- 2979185 2980738 - AL538_14070 2979185 2980738 - AL538_14070
Chr1 2981277 - TSS-1-2981277 1 <-- | (<--) | <-- 2980722 2982464 - AL538_14075 2980722 2982464 - AL538_14075
Chr1 2981388 + TSS-1-2981388 2 <-- | (-->) | <-- 2980722 2982464 - AL538_14075 2980722 2982464 - AL538_14075
Chr1 2981904 + TSS-1-2981904 3 <-- | (-->) | <-- 2980722 2982464 - AL538_14075 2980722 2982464 - AL538_14075
Chr1 2982539 + TSS-1-2982539 3 <-- | (-->) | <-- 2982466 2982825 - AL538_14080 2982466 2982825 - AL538_14080
Chr1 2983187 - TSS-1-2983187 3 <-- | (<--) | <-- 2982837 2984207 - AL538_14085 2982837 2984207 - AL538_14085
Chr1 2994213 - TSS-1-2994213 3 --> | (<--) | --> 2993506 2994726 + AL538_14150 2993506 2994726 + AL538_14150
Chr1 3002888 - TSS-1-3002888 3 <-- | (<--) | <-- 3002230 3003102 - AL538_14175 3002230 3003102 - AL538_14175
Chr1 3004744 + TSS-1-3004744 1 --> | (-->) | --> 3003077 3005038 + AL538_14180 3003077 3005038 + AL538_14180
Chr1 3006412 - TSS-1-3006412 3 <-- | (<--) | <-- 3005101 3006423 - AL538_14185 3005101 3006423 - AL538_14185
Chr1 3006501 + TSS-1-3006501 3 <-- 0078 (-->) 0120 --> 3005101 3006423 - AL538_14185 3006621 3007856 + AL538_14190
Chr1 3006514 + TSS-1-3006514 1 <-- 0091 (-->) 0107 --> 3005101 3006423 - AL538_14185 3006621 3007856 + AL538_14190
Chr1 3007585 + TSS-1-3007585 1 --> | (-->) | --> 3006621 3007856 + AL538_14190 3006621 3007856 + AL538_14190
Chr1 3013415 + TSS-1-3013415 1 --> | (-->) | --> 3010453 3013446 + AL538_14205 3010453 3013446 + AL538_14205
Chr1 3015274 + TSS-1-3015274 1 --> 0142 (-->) 0073 --> 3013663 3015132 + AL538_14210 3015347 3016342 + AL538_14215
Chr1 3015347 - TSS-1-3015347 3 --> | (<--) | --> 3015347 3016342 + AL538_14215 3015347 3016342 + AL538_14215
Chr1 3018340 + TSS-1-3018340 2 --> | (-->) | --> 3017138 3018499 + AL538_14225 3017138 3018499 + AL538_14225
Chr1 3018762 - TSS-1-3018762 3 <-- 0023 (<--) 0056 <-- 3018557 3018739 - AL538_14230 3018818 3020155 - AL538_14235
Chr1 3022147 + TSS-1-3022147 2 <-- 0183 (-->) 0345 --> 3020171 3021964 - AL538_14240 3022492 3023796 + AL538_14245
Chr1 3022900 + TSS-1-3022900 1 --> | (-->) | --> 3022492 3023796 + AL538_14245 3022492 3023796 + AL538_14245
Chr1 3023856 + TSS-1-3023856 3 --> 0060 (-->) 0046 --> 3022492 3023796 + AL538_14245 3023902 3024528 + AL538_14250
Chr1 3025689 + TSS-1-3025689 2 --> | (-->) | --> 3024600 3025880 + AL538_14255 3024600 3025880 + AL538_14255
Chr1 3028450 + TSS-1-3028450 3 --> 0087 (-->) 0105 --> 3026012 3028363 + AL538_14260 3028555 3028827 + AL538_14265
Chr1 3028479 + TSS-1-3028479 1 --> 0116 (-->) 0076 --> 3026012 3028363 + AL538_14260 3028555 3028827 + AL538_14265
Chr1 3028490 + TSS-1-3028490 2 --> 0127 (-->) 0065 --> 3026012 3028363 + AL538_14260 3028555 3028827 + AL538_14265
Chr1 3028497 + TSS-1-3028497 3 --> 0134 (-->) 0058 --> 3026012 3028363 + AL538_14260 3028555 3028827 + AL538_14265
Chr1 3028562 - TSS-1-3028562 2 --> | (<--) | --> 3028555 3028827 + AL538_14265 3028555 3028827 + AL538_14265
Chr1 3032129 - TSS-1-3032129 2 --> | (<--) | --> 3032055 3032672 + AL538_14285 3032055 3032672 + AL538_14285
Chr1 3032827 - TSS-1-3032827 3 <-- | (<--) | <-- 3032723 3034057 - AL538_14290 3032723 3034057 - AL538_14290
Chr1 3039034 + TSS-1-3039034 1 --> | (-->) | --> 3037465 3039183 + AL538_14310 3037465 3039183 + AL538_14310
Chr1 3039561 + TSS-1-3039561 1 --> | (-->) | --> 3039170 3039964 + AL538_14315 3039170 3039964 + AL538_14315
Chr1 3039718 + TSS-1-3039718 1 --> | (-->) | --> 3039170 3039964 + AL538_14315 3039170 3039964 + AL538_14315
Chr1 3040724 + TSS-1-3040724 3 --> | (-->) | --> 3039991 3040857 + AL538_14320 3039991 3040857 + AL538_14320
Chr1 3043551 - TSS-1-3043551 3 <-- | (<--) | <-- 3043445 3044899 - AL538_14335 3043445 3044899 - AL538_14335
Chr1 3047755 + TSS-1-3047755 1 <-- | (-->) | <-- 3047548 3049422 - AL538_14355 3047548 3049422 - AL538_14355
Chr1 3047800 - TSS-1-3047800 3 <-- | (<--) | <-- 3047548 3049422 - AL538_14355 3047548 3049422 - AL538_14355
Chr1 3051379 + TSS-1-3051379 1 --> 0224 (-->) 0183 <-- 3050283 3051155 + AL538_14365 3051562 3051646 - AL538_14370
Chr1 3051605 - TSS-1-3051605 2 <-- | (<--) | <-- 3051562 3051646 - AL538_14370 3051562 3051646 - AL538_14370
Chr1 3051974 - TSS-1-3051974 1 <-- | (<--) | <-- 3051931 3052015 - AL538_14380 3051931 3052015 - AL538_14380
Chr1 3052157 - TSS-1-3052157 2 <-- | (<--) | <-- 3052115 3052199 - AL538_14385 3052115 3052199 - AL538_14385
Chr1 3052342 - TSS-1-3052342 1 <-- | (<--) | <-- 3052300 3052384 - AL538_14390 3052300 3052384 - AL538_14390
Chr1 3052343 - TSS-1-3052343 2 <-- | (<--) | <-- 3052300 3052384 - AL538_14390 3052300 3052384 - AL538_14390
Chr1 3052527 - TSS-1-3052527 1 <-- | (<--) | <-- 3052484 3052568 - AL538_14395 3052484 3052568 - AL538_14395
Chr1 3052617 - TSS-1-3052617 3 <-- 0049 (<--) 0234 --> 3052484 3052568 - AL538_14395 3052851 3053948 + AL538_14400
Chr1 3056399 + TSS-1-3056399 3 --> | (-->) | --> 3053948 3057061 + AL538_14405 3053948 3057061 + AL538_14405
Chr1 3057166 + TSS-1-3057166 3 --> 0105 (-->) 0123 --> 3053948 3057061 + AL538_14405 3057289 3057486 + AL538_14410
Chr1 3058007 + TSS-1-3058007 2 <-- | (-->) | <-- 3057589 3058164 - AL538_14415 3057589 3058164 - AL538_14415
Chr1 3059048 - TSS-1-3059048 3 <-- | (<--) | <-- 3058758 3059852 - AL538_14425 3058758 3059852 - AL538_14425
Chr1 3063068 + TSS-1-3063068 2 --> | (-->) | --> 3060796 3063846 + AL538_14435 3060796 3063846 + AL538_14435
Chr1 3066346 + TSS-1-3066346 3 <-- 0142 (-->) 0026 --> 3065344 3066204 - AL538_14445 3066372 3066806 + AL538_14450
Chr1 3067153 + TSS-1-3067153 3 <-- 0010 (-->) 0264 --> 3066841 3067143 - AL538_14455 3067417 3068160 + AL538_14460
Chr1 3067168 - TSS-1-3067168 2 <-- 0025 (<--) 0249 --> 3066841 3067143 - AL538_14455 3067417 3068160 + AL538_14460
Chr1 3067266 + TSS-1-3067266 3 <-- 0123 (-->) 0151 --> 3066841 3067143 - AL538_14455 3067417 3068160 + AL538_14460
Chr1 3067353 + TSS-1-3067353 1 <-- 0210 (-->) 0064 --> 3066841 3067143 - AL538_14455 3067417 3068160 + AL538_14460
Chr1 3067365 + TSS-1-3067365 3 <-- 0222 (-->) 0052 --> 3066841 3067143 - AL538_14455 3067417 3068160 + AL538_14460
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Chr1 3067438 + TSS-1-3067438 1 --> | (-->) | --> 3067417 3068160 + AL538_14460 3067417 3068160 + AL538_14460
Chr1 3070438 + TSS-1-3070438 2 --> 0106 (-->) 0038 --> 3068335 3070332 + AL538_14465 3070476 3070572 + AL538_14470
Chr1 3070475 + TSS-1-3070475 3 --> 0143 (-->) 0001 --> 3068335 3070332 + AL538_14465 3070476 3070572 + AL538_14470
Chr1 3070529 + TSS-1-3070529 3 --> | (-->) | --> 3070476 3070572 + AL538_14470 3070476 3070572 + AL538_14470
Chr1 3070781 - TSS-1-3070781 3 --> 0209 (<--) 0652 --> 3070476 3070572 + AL538_14470 3071433 3074186 + AL538_14475
Chr1 3070796 - TSS-1-3070796 3 --> 0224 (<--) 0637 --> 3070476 3070572 + AL538_14470 3071433 3074186 + AL538_14475
Chr1 3070805 - TSS-1-3070805 3 --> 0233 (<--) 0628 --> 3070476 3070572 + AL538_14470 3071433 3074186 + AL538_14475
Chr1 3076570 + TSS-1-3076570 1 --> | (-->) | --> 3075752 3077371 + AL538_14490 3075752 3077371 + AL538_14490
Chr1 3077681 + TSS-1-3077681 3 --> 0310 (-->) 0035 --> 3075752 3077371 + AL538_14490 3077716 3078135 + AL538_14495
Chr1 3081923 + TSS-1-3081923 3 --> | (-->) | --> 3079750 3082053 + AL538_14505 3079750 3082053 + AL538_14505
Chr1 3082063 + TSS-1-3082063 3 --> 0010 (-->) 0564 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082072 + TSS-1-3082072 3 --> 0019 (-->) 0555 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082087 + TSS-1-3082087 3 --> 0034 (-->) 0540 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082271 - TSS-1-3082271 3 --> 0218 (<--) 0356 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082565 + TSS-1-3082565 3 --> 0512 (-->) 0062 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082576 + TSS-1-3082576 3 --> 0523 (-->) 0051 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082595 + TSS-1-3082595 1 --> 0542 (-->) 0032 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082608 + TSS-1-3082608 1 --> 0555 (-->) 0019 --> 3079750 3082053 + AL538_14505 3082627 3083385 + AL538_14510
Chr1 3082716 + TSS-1-3082716 1 --> | (-->) | --> 3082627 3083385 + AL538_14510 3082627 3083385 + AL538_14510
Chr1 3083039 + TSS-1-3083039 1 --> | (-->) | --> 3082627 3083385 + AL538_14510 3082627 3083385 + AL538_14510
Chr1 3083075 + TSS-1-3083075 2 --> | (-->) | --> 3082627 3083385 + AL538_14510 3082627 3083385 + AL538_14510
Chr1 3083106 + TSS-1-3083106 1 --> | (-->) | --> 3082627 3083385 + AL538_14510 3082627 3083385 + AL538_14510
Chr1 3083114 + TSS-1-3083114 3 --> | (-->) | --> 3082627 3083385 + AL538_14510 3082627 3083385 + AL538_14510
Chr1 3083203 + TSS-1-3083203 3 --> | (-->) | --> 3082627 3083385 + AL538_14510 3082627 3083385 + AL538_14510
Chr1 3083660 - TSS-1-3083660 3 <-- | (<--) | <-- 3083550 3084710 - AL538_14515 3083550 3084710 - AL538_14515
Chr1 3087075 + TSS-1-3087075 3 <-- 0208 (-->) 0028 --> 3084876 3086867 - AL538_14520 3087103 3087453 + AL538_14525
Chr1 3087406 + TSS-1-3087406 2 --> | (-->) | --> 3087103 3087453 + AL538_14525 3087103 3087453 + AL538_14525
Chr1 3088126 + TSS-1-3088126 3 --> | (-->) | --> 3087582 3088979 + AL538_14530 3087582 3088979 + AL538_14530
Chr1 3088279 + TSS-1-3088279 3 --> | (-->) | --> 3087582 3088979 + AL538_14530 3087582 3088979 + AL538_14530
Chr1 3090916 + TSS-1-3090916 2 --> | (-->) | --> 3090093 3090974 + AL538_14545 3090093 3090974 + AL538_14545
Chr1 3091023 + TSS-1-3091023 3 --> 0049 (-->) 0027 --> 3090093 3090974 + AL538_14545 3091050 3091589 + AL538_14550
Chr1 3091627 + TSS-1-3091627 1 --> 0038 (-->) 0489 --> 3091050 3091589 + AL538_14550 3092116 3093405 + AL538_14555
Chr1 3095728 - TSS-1-3095728 3 <-- | (<--) | <-- 3094890 3098351 - AL538_14570 3094890 3098351 - AL538_14570
Chr1 3098159 - TSS-1-3098159 3 <-- | (<--) | <-- 3094890 3098351 - AL538_14570 3094890 3098351 - AL538_14570
Chr1 3098506 - TSS-1-3098506 3 <-- | (<--) | <-- 3098357 3098926 - AL538_14575 3098357 3098926 - AL538_14575
Chr1 3103204 - TSS-1-3103204 2 --> | (<--) | --> 3103061 3105319 + AL538_14600 3103061 3105319 + AL538_14600
Chr1 3103299 - TSS-1-3103299 2 --> | (<--) | --> 3103061 3105319 + AL538_14600 3103061 3105319 + AL538_14600
Chr1 3105847 + TSS-1-3105847 1 --> | (-->) | --> 3105351 3107099 + AL538_14605 3105351 3107099 + AL538_14605
Chr1 3106223 + TSS-1-3106223 3 --> | (-->) | --> 3105351 3107099 + AL538_14605 3105351 3107099 + AL538_14605
Chr1 3106539 + TSS-1-3106539 3 --> | (-->) | --> 3105351 3107099 + AL538_14605 3105351 3107099 + AL538_14605
Chr1 3113087 - TSS-1-3113087 1 <-- | (<--) | <-- 3112001 3113935 - AL538_14635 3112001 3113935 - AL538_14635
Chr1 3113161 - TSS-1-3113161 2 <-- | (<--) | <-- 3112001 3113935 - AL538_14635 3112001 3113935 - AL538_14635
Chr1 3113997 - TSS-1-3113997 1 <-- 0062 (<--) 0428 <-- 3112001 3113935 - AL538_14635 3114425 3114925 - AL538_14640
Chr1 3114151 - TSS-1-3114151 3 <-- 0216 (<--) 0274 <-- 3112001 3113935 - AL538_14635 3114425 3114925 - AL538_14640
Chr1 3114564 - TSS-1-3114564 2 <-- | (<--) | <-- 3114425 3114925 - AL538_14640 3114425 3114925 - AL538_14640
Chr1 3114960 - TSS-1-3114960 2 <-- 0035 (<--) 0124 <-- 3114425 3114925 - AL538_14640 3115084 3115749 - AL538_14645
Chr1 3115042 - TSS-1-3115042 1 <-- 0117 (<--) 0042 <-- 3114425 3114925 - AL538_14640 3115084 3115749 - AL538_14645
Chr1 3115055 - TSS-1-3115055 2 <-- 0130 (<--) 0029 <-- 3114425 3114925 - AL538_14640 3115084 3115749 - AL538_14645
Chr1 3116206 - TSS-1-3116206 3 <-- | (<--) | <-- 3115929 3116669 - AL538_14650 3115929 3116669 - AL538_14650
Chr1 3117604 + TSS-1-3117604 3 <-- | (-->) | <-- 3116814 3117791 - AL538_14655 3116814 3117791 - AL538_14655
Chr1 3117684 + TSS-1-3117684 3 <-- | (-->) | <-- 3116814 3117791 - AL538_14655 3116814 3117791 - AL538_14655
Chr1 3118358 - TSS-1-3118358 1 <-- | (<--) | <-- 3117944 3120220 - AL538_14660 3117944 3120220 - AL538_14660
Chr1 3120118 - TSS-1-3120118 1 <-- | (<--) | <-- 3117944 3120220 - AL538_14660 3117944 3120220 - AL538_14660
Chr1 3120628 - TSS-1-3120628 2 <-- | (<--) | <-- 3120527 3122074 - AL538_14665 3120527 3122074 - AL538_14665
Chr1 3121069 - TSS-1-3121069 2 <-- | (<--) | <-- 3120527 3122074 - AL538_14665 3120527 3122074 - AL538_14665
Chr1 3124181 + TSS-1-3124181 3 --> 0183 (-->) 0057 --> 3122532 3123998 + AL538_14670 3124238 3125008 + AL538_14675
Chr1 3125872 + TSS-1-3125872 3 --> 0014 (-->) 0068 --> 3125088 3125858 + AL538_14680 3125940 3126680 + AL538_14685
Chr1 3127660 - TSS-1-3127660 2 --> 0299 (<--) 0067 <-- 3126684 3127361 + AL538_14690 3127727 3128533 - AL538_14695
Chr1 3129775 + TSS-1-3129775 1 --> | (-->) | --> 3128711 3130828 + AL538_14700 3128711 3130828 + AL538_14700
Chr1 3132415 - TSS-1-3132415 3 <-- | (<--) | <-- 3132409 3134484 - AL538_14720 3132409 3134484 - AL538_14720
Chr1 3132492 - TSS-1-3132492 2 <-- | (<--) | <-- 3132409 3134484 - AL538_14720 3132409 3134484 - AL538_14720
Chr1 3132493 - TSS-1-3132493 1 <-- | (<--) | <-- 3132409 3134484 - AL538_14720 3132409 3134484 - AL538_14720
Chr1 3134528 - TSS-1-3134528 3 <-- 0044 (<--) 0471 --> 3132409 3134484 - AL538_14720 3134999 3135994 + AL538_14725
Chr1 3136150 + TSS-1-3136150 1 --> 0156 (-->) 0106 --> 3134999 3135994 + AL538_14725 3136256 3136921 + AL538_14730
Chr1 3136676 + TSS-1-3136676 1 --> | (-->) | --> 3136256 3136921 + AL538_14730 3136256 3136921 + AL538_14730
Chr1 3137188 - TSS-1-3137188 3 <-- | (<--) | <-- 3137029 3137733 - AL538_14735 3137029 3137733 - AL538_14735
Chr1 3137811 + TSS-1-3137811 2 <-- 0078 (-->) 0294 --> 3137029 3137733 - AL538_14735 3138105 3140330 + AL538_14740
Chr1 3137829 - TSS-1-3137829 1 <-- 0096 (<--) 0276 --> 3137029 3137733 - AL538_14735 3138105 3140330 + AL538_14740
Chr1 3137877 + TSS-1-3137877 3 <-- 0144 (-->) 0228 --> 3137029 3137733 - AL538_14735 3138105 3140330 + AL538_14740
Chr1 3139392 + TSS-1-3139392 1 --> | (-->) | --> 3138105 3140330 + AL538_14740 3138105 3140330 + AL538_14740
Chr1 3140309 - TSS-1-3140309 1 --> | (<--) | --> 3138105 3140330 + AL538_14740 3138105 3140330 + AL538_14740
Chr1 3140757 - TSS-1-3140757 1 <-- 0079 (<--) 0633 --> 3140460 3140678 - AL538_14745 3141390 3141710 + AL538_14750
Chr1 3140777 + TSS-1-3140777 1 <-- 0099 (-->) 0613 --> 3140460 3140678 - AL538_14745 3141390 3141710 + AL538_14750
Chr1 3140804 - TSS-1-3140804 1 <-- 0126 (<--) 0586 --> 3140460 3140678 - AL538_14745 3141390 3141710 + AL538_14750
Chr1 3140860 - TSS-1-3140860 3 <-- 0182 (<--) 0530 --> 3140460 3140678 - AL538_14745 3141390 3141710 + AL538_14750
Chr1 3141260 + TSS-1-3141260 3 <-- 0582 (-->) 0130 --> 3140460 3140678 - AL538_14745 3141390 3141710 + AL538_14750
Chr1 3141344 + TSS-1-3141344 3 <-- 0666 (-->) 0046 --> 3140460 3140678 - AL538_14745 3141390 3141710 + AL538_14750
Chr1 3141377 + TSS-1-3141377 2 <-- 0699 (-->) 0013 --> 3140460 3140678 - AL538_14745 3141390 3141710 + AL538_14750
Chr1 3141400 + TSS-1-3141400 3 --> | (-->) | --> 3141390 3141710 + AL538_14750 3141390 3141710 + AL538_14750
Chr1 3141475 - TSS-1-3141475 1 --> | (<--) | --> 3141390 3141710 + AL538_14750 3141390 3141710 + AL538_14750
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Chr1 3141626 + TSS-1-3141626 1 --> | (-->) | --> 3141390 3141710 + AL538_14750 3141390 3141710 + AL538_14750
Chr1 3142706 + TSS-1-3142706 1 --> | (-->) | --> 3141759 3144029 + AL538_14755 3141759 3144029 + AL538_14755
Chr1 3143727 + TSS-1-3143727 3 --> | (-->) | --> 3141759 3144029 + AL538_14755 3141759 3144029 + AL538_14755
Chr1 3143780 + TSS-1-3143780 3 --> | (-->) | --> 3141759 3144029 + AL538_14755 3141759 3144029 + AL538_14755
Chr1 3144626 - TSS-1-3144626 1 <-- 0032 (<--) 0049 <-- 3144376 3144594 - AL538_14760 3144675 3145376 - AL538_14765
Chr1 3145002 - TSS-1-3145002 1 <-- | (<--) | <-- 3144675 3145376 - AL538_14765 3144675 3145376 - AL538_14765
Chr1 3145686 + TSS-1-3145686 3 <-- | (-->) | <-- 3145373 3146083 - AL538_14770 3145373 3146083 - AL538_14770
Chr1 3145834 + TSS-1-3145834 3 <-- | (-->) | <-- 3145373 3146083 - AL538_14770 3145373 3146083 - AL538_14770
Chr1 3145851 + TSS-1-3145851 1 <-- | (-->) | <-- 3145373 3146083 - AL538_14770 3145373 3146083 - AL538_14770
Chr1 3145880 + TSS-1-3145880 3 <-- | (-->) | <-- 3145373 3146083 - AL538_14770 3145373 3146083 - AL538_14770
Chr1 3146621 + TSS-1-3146621 1 --> 0020 (-->) 0320 --> 3146125 3146601 + AL538_14775 3146941 3148221 + AL538_14780
Chr1 3146879 + TSS-1-3146879 3 --> 0278 (-->) 0062 --> 3146125 3146601 + AL538_14775 3146941 3148221 + AL538_14780
Chr1 3146886 + TSS-1-3146886 2 --> 0285 (-->) 0055 --> 3146125 3146601 + AL538_14775 3146941 3148221 + AL538_14780
Chr1 3147554 - TSS-1-3147554 3 --> | (<--) | --> 3146941 3148221 + AL538_14780 3146941 3148221 + AL538_14780
Chr1 3148566 - TSS-1-3148566 3 <-- 0031 (<--) 0449 --> 3148287 3148535 - AL538_14785 3149015 3151645 + AL538_14790
Chr1 3149651 + TSS-1-3149651 3 --> | (-->) | --> 3149015 3151645 + AL538_14790 3149015 3151645 + AL538_14790
Chr1 3151796 + TSS-1-3151796 3 --> 0151 (-->) 0382 --> 3149015 3151645 + AL538_14790 3152178 3153395 + AL538_14795
Chr1 3152118 - TSS-1-3152118 1 --> 0473 (<--) 0060 --> 3149015 3151645 + AL538_14790 3152178 3153395 + AL538_14795
Chr1 3153541 + TSS-1-3153541 3 --> | (-->) | --> 3153385 3154842 + AL538_14800 3153385 3154842 + AL538_14800
Chr1 3154573 + TSS-1-3154573 1 --> | (-->) | --> 3153385 3154842 + AL538_14800 3153385 3154842 + AL538_14800
Chr1 3156198 - TSS-1-3156198 3 <-- | (<--) | <-- 3156118 3156807 - AL538_14815 3156118 3156807 - AL538_14815
Chr1 3156827 - TSS-1-3156827 2 <-- 0020 (<--) 0101 <-- 3156118 3156807 - AL538_14815 3156928 3157518 - AL538_14820
Chr1 3157510 - TSS-1-3157510 1 <-- | (<--) | <-- 3156928 3157518 - AL538_14820 3156928 3157518 - AL538_14820
Chr1 3157725 - TSS-1-3157725 3 <-- 0001 (<--) 0279 <-- 3157635 3157724 - . 3158004 3159008 - AL538_14825
Chr1 3157850 + TSS-1-3157850 3 <-- 0126 (-->) 0154 <-- 3157635 3157724 - . 3158004 3159008 - AL538_14825
Chr1 3159285 - TSS-1-3159285 1 <-- 0277 (<--) 0170 <-- 3158004 3159008 - AL538_14825 3159455 3160102 - AL538_14830
Chr1 3159807 - TSS-1-3159807 1 <-- | (<--) | <-- 3159455 3160102 - AL538_14830 3159455 3160102 - AL538_14830
Chr1 3160174 + TSS-1-3160174 3 <-- 0072 (-->) 0162 --> 3159455 3160102 - AL538_14830 3160336 3161049 + AL538_14835
Chr1 3162244 + TSS-1-3162244 3 --> | (-->) | --> 3162036 3162827 + AL538_14845 3162036 3162827 + AL538_14845
Chr1 3169580 - TSS-1-3169580 3 --> 0241 (<--) 0239 <-- 3164876 3169339 + AL538_14860 3169819 3170787 - AL538_14865
Chr1 3169649 - TSS-1-3169649 3 --> 0310 (<--) 0170 <-- 3164876 3169339 + AL538_14860 3169819 3170787 - AL538_14865
Chr1 3170265 - TSS-1-3170265 3 <-- | (<--) | <-- 3169819 3170787 - AL538_14865 3169819 3170787 - AL538_14865
Chr1 3172389 - TSS-1-3172389 3 <-- | (<--) | <-- 3172308 3173054 - AL538_14875 3172308 3173054 - AL538_14875
Chr1 3176119 - TSS-1-3176119 1 <-- 0023 (<--) 0250 --> 3175230 3176096 - AL538_14890 3176369 3178147 + AL538_14895
Chr1 3176249 + TSS-1-3176249 3 <-- 0153 (-->) 0120 --> 3175230 3176096 - AL538_14890 3176369 3178147 + AL538_14895
Chr1 3176301 + TSS-1-3176301 1 <-- 0205 (-->) 0068 --> 3175230 3176096 - AL538_14890 3176369 3178147 + AL538_14895
Chr1 3176302 + TSS-1-3176302 1 <-- 0206 (-->) 0067 --> 3175230 3176096 - AL538_14890 3176369 3178147 + AL538_14895
Chr1 3179289 + TSS-1-3179289 3 --> | (-->) | --> 3178892 3180343 + AL538_14905 3178892 3180343 + AL538_14905
Chr1 3180169 + TSS-1-3180169 1 --> | (-->) | --> 3178892 3180343 + AL538_14905 3178892 3180343 + AL538_14905
Chr1 3180575 + TSS-1-3180575 1 --> | (-->) | --> 3180422 3181036 + AL538_14910 3180422 3181036 + AL538_14910
Chr1 3181033 + TSS-1-3181033 1 --> | (-->) | --> 3180422 3181036 + AL538_14910 3180422 3181036 + AL538_14910
Chr1 3181628 + TSS-1-3181628 3 --> | (-->) | --> 3181058 3182062 + AL538_14915 3181058 3182062 + AL538_14915
Chr1 3187042 + TSS-1-3187042 2 --> | (-->) | --> 3186962 3187405 + AL538_14950 3186962 3187405 + AL538_14950
Chr1 3187733 + TSS-1-3187733 1 --> | (-->) | --> 3187419 3188489 + AL538_14955 3187419 3188489 + AL538_14955
Chr1 3189318 + TSS-1-3189318 3 --> | (-->) | --> 3188524 3189852 + AL538_14960 3188524 3189852 + AL538_14960
Chr1 3193154 + TSS-1-3193154 1 <-- | (-->) | <-- 3192773 3193813 - AL538_14985 3192773 3193813 - AL538_14985
Chr1 3193468 + TSS-1-3193468 1 <-- | (-->) | <-- 3192773 3193813 - AL538_14985 3192773 3193813 - AL538_14985
Chr1 3203426 + TSS-1-3203426 3 --> | (-->) | --> 3203372 3203707 + AL538_15025 3203372 3203707 + AL538_15025
Chr1 3204606 - TSS-1-3204606 1 <-- 0026 (<--) 0304 --> 3203711 3204580 - AL538_15030 3204910 3205998 + AL538_15035
Chr1 3208191 + TSS-1-3208191 3 --> 0218 (-->) 0029 --> 3206786 3207973 + AL538_15045 3208220 3209281 + AL538_15050
Chr1 3208540 + TSS-1-3208540 3 --> | (-->) | --> 3208220 3209281 + AL538_15050 3208220 3209281 + AL538_15050
Chr1 3213693 - TSS-1-3213693 1 --> | (<--) | --> 3213354 3215774 + AL538_15080 3213354 3215774 + AL538_15080
Chr1 3215786 - TSS-1-3215786 3 --> 0012 (<--) 0561 --> 3213354 3215774 + AL538_15080 3216347 3216796 + AL538_15085
Chr1 3216266 + TSS-1-3216266 3 --> 0492 (-->) 0081 --> 3213354 3215774 + AL538_15080 3216347 3216796 + AL538_15085
Chr1 3216943 + TSS-1-3216943 3 --> | (-->) | --> 3216941 3217028 + AL538_15090 3216941 3217028 + AL538_15090
Chr1 3216969 + TSS-1-3216969 1 --> | (-->) | --> 3216941 3217028 + AL538_15090 3216941 3217028 + AL538_15090
Chr1 3216970 + TSS-1-3216970 1 --> | (-->) | --> 3216941 3217028 + AL538_15090 3216941 3217028 + AL538_15090
Chr1 3217658 - TSS-1-3217658 1 <-- | (<--) | <-- 3217449 3217895 - AL538_15100 3217449 3217895 - AL538_15100
Chr1 3219688 - TSS-1-3219688 1 --> | (<--) | --> 3219260 3220120 + AL538_15110 3219260 3220120 + AL538_15110
Chr1 3219929 + TSS-1-3219929 1 --> | (-->) | --> 3219260 3220120 + AL538_15110 3219260 3220120 + AL538_15110
Chr1 3226749 + TSS-1-3226749 3 --> | (-->) | --> 3226668 3227411 + AL538_15160 3226668 3227411 + AL538_15160
Chr1 3235947 + TSS-1-3235947 3 --> | (-->) | --> 3234757 3236235 + AL538_15200 3234757 3236235 + AL538_15200
Chr1 3252486 + TSS-1-3252486 3 --> | (-->) | --> 3252392 3253405 + AL538_15300 3252392 3253405 + AL538_15300
Chr1 3256123 + TSS-1-3256123 2 --> | (-->) | --> 3255247 3256620 + AL538_15315 3255247 3256620 + AL538_15315
Chr1 3261312 - TSS-1-3261312 2 --> | (<--) | --> 3260475 3261929 + AL538_15335 3260475 3261929 + AL538_15335
Chr1 3267611 + TSS-1-3267611 3 --> | (-->) | --> 3267590 3267913 + AL538_15365 3267590 3267913 + AL538_15365
Chr1 3276507 + TSS-1-3276507 1 --> 0036 (-->) 0129 --> 3274726 3276471 + AL538_15400 3276636 3277103 + AL538_15405
Chr1 3286476 + TSS-1-3286476 3 --> | (-->) | --> 3285750 3288911 + AL538_15445 3285750 3288911 + AL538_15445
Chr1 3287954 + TSS-1-3287954 2 --> | (-->) | --> 3285750 3288911 + AL538_15445 3285750 3288911 + AL538_15445
Chr1 3289072 + TSS-1-3289072 3 --> 0161 (-->) 0369 --> 3285750 3288911 + AL538_15445 3289441 3289893 + AL538_15450
Chr1 3290665 - TSS-1-3290665 2 <-- | (<--) | <-- 3289922 3290668 - AL538_15455 3289922 3290668 - AL538_15455
Chr1 3290751 + TSS-1-3290751 3 <-- 0083 (-->) 0434 --> 3289922 3290668 - AL538_15455 3291185 3292432 + AL538_15460
Chr1 3290820 - TSS-1-3290820 1 <-- 0152 (<--) 0365 --> 3289922 3290668 - AL538_15455 3291185 3292432 + AL538_15460
Chr1 3290972 - TSS-1-3290972 3 <-- 0304 (<--) 0213 --> 3289922 3290668 - AL538_15455 3291185 3292432 + AL538_15460
Chr1 3293250 + TSS-1-3293250 1 --> | (-->) | --> 3292566 3293957 + AL538_15465 3292566 3293957 + AL538_15465
Chr1 3294867 - TSS-1-3294867 3 <-- | (<--) | <-- 3294746 3295555 - AL538_15475 3294746 3295555 - AL538_15475
Chr1 3295102 - TSS-1-3295102 1 <-- | (<--) | <-- 3294746 3295555 - AL538_15475 3294746 3295555 - AL538_15475
Chr1 3303581 + TSS-1-3303581 2 --> | (-->) | --> 3302977 3303693 + AL538_15500 3302977 3303693 + AL538_15500
Chr1 3308044 - TSS-1-3308044 2 --> | (<--) | --> 3307854 3308630 + AL538_15520 3307854 3308630 + AL538_15520
Chr1 3311441 - TSS-1-3311441 3 <-- | (<--) | <-- 3311421 3313586 - AL538_15535 3311421 3313586 - AL538_15535
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Chr1 3314386 - TSS-1-3314386 3 <-- | (<--) | <-- 3313589 3315754 - AL538_15540 3313589 3315754 - AL538_15540
Chr1 3314564 - TSS-1-3314564 3 <-- | (<--) | <-- 3313589 3315754 - AL538_15540 3313589 3315754 - AL538_15540
Chr1 3317115 + TSS-1-3317115 3 --> | (-->) | --> 3316546 3317478 + AL538_15550 3316546 3317478 + AL538_15550
Chr1 3318046 + TSS-1-3318046 2 --> | (-->) | --> 3317557 3318180 + AL538_15555 3317557 3318180 + AL538_15555
Chr1 3319922 + TSS-1-3319922 3 --> | (-->) | --> 3318737 3320494 + AL538_15560 3318737 3320494 + AL538_15560
Chr1 3320333 + TSS-1-3320333 3 --> | (-->) | --> 3318737 3320494 + AL538_15560 3318737 3320494 + AL538_15560
Chr1 3321617 - TSS-1-3321617 3 <-- | (<--) | <-- 3321420 3322298 - AL538_15570 3321420 3322298 - AL538_15570
Chr1 3322055 - TSS-1-3322055 3 <-- | (<--) | <-- 3321420 3322298 - AL538_15570 3321420 3322298 - AL538_15570
Chr1 3322971 - TSS-1-3322971 1 <-- | (<--) | <-- 3322727 3324907 - AL538_15575 3322727 3324907 - AL538_15575
Chr1 3324670 - TSS-1-3324670 2 <-- | (<--) | <-- 3322727 3324907 - AL538_15575 3322727 3324907 - AL538_15575
Chr1 3324934 - TSS-1-3324934 3 <-- 0027 (<--) 0036 <-- 3322727 3324907 - AL538_15575 3324970 3325149 - AL538_15580
Chr1 3325238 + TSS-1-3325238 3 <-- 0089 (-->) 0467 --> 3324970 3325149 - AL538_15580 3325705 3326727 + AL538_15585
Chr1 3325548 + TSS-1-3325548 3 <-- 0399 (-->) 0157 --> 3324970 3325149 - AL538_15580 3325705 3326727 + AL538_15585
Chr1 3329972 - TSS-1-3329972 3 <-- 0026 (<--) 0483 --> 3328618 3329946 - AL538_15600 3330455 3332095 + AL538_15605
Chr1 3334296 - TSS-1-3334296 3 --> | (<--) | --> 3332305 3334743 + AL538_15610 3332305 3334743 + AL538_15610
Chr1 3334330 + TSS-1-3334330 3 --> | (-->) | --> 3332305 3334743 + AL538_15610 3332305 3334743 + AL538_15610
Chr1 3335529 + TSS-1-3335529 2 --> 0091 (-->) 0354 --> 3335187 3335438 + AL538_15615 3335883 3336915 + AL538_15620
Chr1 3335601 + TSS-1-3335601 3 --> 0163 (-->) 0282 --> 3335187 3335438 + AL538_15615 3335883 3336915 + AL538_15620
Chr1 3339070 + TSS-1-3339070 1 <-- 0271 (-->) 0069 --> 3338035 3338799 - AL538_15630 3339139 3340113 + AL538_15635
Chr1 3341608 + TSS-1-3341608 2 <-- | (-->) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3341881 - TSS-1-3341881 3 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3341893 - TSS-1-3341893 3 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3341915 - TSS-1-3341915 3 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3341942 - TSS-1-3341942 2 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3341943 - TSS-1-3341943 1 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3341982 + TSS-1-3341982 3 <-- | (-->) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342151 - TSS-1-3342151 3 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342175 - TSS-1-3342175 1 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342202 - TSS-1-3342202 1 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342235 + TSS-1-3342235 3 <-- | (-->) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342301 - TSS-1-3342301 3 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342314 - TSS-1-3342314 2 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342474 - TSS-1-3342474 1 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342486 - TSS-1-3342486 3 <-- | (<--) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342527 + TSS-1-3342527 3 <-- | (-->) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
Chr1 3342602 - TSS-1-3342602 3 <-- 0021 (<--) 0136 --> 3341457 3342581 - AL538_15645 3342738 3343232 + AL538_15650
Chr1 3342615 - TSS-1-3342615 3 <-- 0034 (<--) 0123 --> 3341457 3342581 - AL538_15645 3342738 3343232 + AL538_15650
Chr1 3342630 - TSS-1-3342630 1 <-- 0049 (<--) 0108 --> 3341457 3342581 - AL538_15645 3342738 3343232 + AL538_15650
Chr1 3342640 - TSS-1-3342640 3 <-- 0059 (<--) 0098 --> 3341457 3342581 - AL538_15645 3342738 3343232 + AL538_15650
Chr1 3342641 + TSS-1-3342641 3 <-- 0060 (-->) 0097 --> 3341457 3342581 - AL538_15645 3342738 3343232 + AL538_15650
Chr1 3343092 + TSS-1-3343092 3 --> | (-->) | --> 3342738 3343232 + AL538_15650 3342738 3343232 + AL538_15650
Chr1 3343888 + TSS-1-3343888 3 --> | (-->) | --> 3343385 3346660 + AL538_15655 3343385 3346660 + AL538_15655
Chr1 3348024 + TSS-1-3348024 3 --> | (-->) | --> 3347355 3348704 + AL538_15665 3347355 3348704 + AL538_15665
Chr1 3348728 + TSS-1-3348728 3 --> 0024 (-->) 0069 --> 3347355 3348704 + AL538_15665 3348797 3350104 + AL538_15670
Chr1 3348808 - TSS-1-3348808 2 --> | (<--) | --> 3348797 3350104 + AL538_15670 3348797 3350104 + AL538_15670
Chr1 3353320 - TSS-1-3353320 3 <-- 0065 (<--) 0066 --> 3351978 3353255 - AL538_15690 3353386 3354438 + AL538_15695
Chr1 3356197 + TSS-1-3356197 2 --> | (-->) | --> 3355576 3356397 + AL538_15705 3355576 3356397 + AL538_15705
Chr1 3357237 + TSS-1-3357237 1 --> 0160 (-->) 0740 --> 3356394 3357077 + AL538_15710 3357977 3358846 + AL538_15715
Chr1 3357354 - TSS-1-3357354 3 --> 0277 (<--) 0623 --> 3356394 3357077 + AL538_15710 3357977 3358846 + AL538_15715
Chr1 3357362 - TSS-1-3357362 1 --> 0285 (<--) 0615 --> 3356394 3357077 + AL538_15710 3357977 3358846 + AL538_15715
Chr1 3357379 - TSS-1-3357379 3 --> 0302 (<--) 0598 --> 3356394 3357077 + AL538_15710 3357977 3358846 + AL538_15715
Chr1 3357410 - TSS-1-3357410 3 --> 0333 (<--) 0567 --> 3356394 3357077 + AL538_15710 3357977 3358846 + AL538_15715
Chr1 3357549 - TSS-1-3357549 3 --> 0472 (<--) 0428 --> 3356394 3357077 + AL538_15710 3357977 3358846 + AL538_15715
Chr1 3357849 + TSS-1-3357849 3 --> 0772 (-->) 0128 --> 3356394 3357077 + AL538_15710 3357977 3358846 + AL538_15715
Chr1 3359031 + TSS-1-3359031 3 --> 0185 (-->) 0044 --> 3357977 3358846 + AL538_15715 3359075 3359494 + AL538_15720
Chr1 3360548 - TSS-1-3360548 1 --> | (<--) | --> 3360229 3361539 + AL538_15730 3360229 3361539 + AL538_15730
Chr1 3361886 + TSS-1-3361886 3 --> | (-->) | --> 3361541 3362362 + AL538_15735 3361541 3362362 + AL538_15735
Chr1 3362836 + TSS-1-3362836 3 --> | (-->) | --> 3362356 3363612 + AL538_15740 3362356 3363612 + AL538_15740
Chr1 3363948 + TSS-1-3363948 3 --> | (-->) | --> 3363619 3364131 + AL538_15745 3363619 3364131 + AL538_15745
Chr1 3365023 + TSS-1-3365023 2 --> | (-->) | --> 3364699 3365217 + AL538_15755 3364699 3365217 + AL538_15755
Chr1 3365654 - TSS-1-3365654 2 <-- | (<--) | <-- 3365376 3366746 - AL538_15760 3365376 3366746 - AL538_15760
Chr1 3367668 - TSS-1-3367668 3 <-- | (<--) | <-- 3367528 3368670 - AL538_15770 3367528 3368670 - AL538_15770
Chr1 3368676 + TSS-1-3368676 2 <-- 0006 (-->) 0185 --> 3367528 3368670 - AL538_15770 3368861 3369130 + AL538_15775
Chr1 3375133 + TSS-1-3375133 3 <-- 0314 (-->) 0247 --> 3373869 3374819 - AL538_15795 3375380 3376276 + AL538_15800
Chr1 3378143 + TSS-1-3378143 2 --> | (-->) | --> 3377587 3378627 + AL538_15810 3377587 3378627 + AL538_15810
Chr1 3381921 + TSS-1-3381921 2 --> | (-->) | --> 3381915 3382550 + AL538_15835 3381915 3382550 + AL538_15835
Chr1 3386115 - TSS-1-3386115 3 <-- 0028 (<--) 0177 --> 3385593 3386087 - AL538_15855 3386292 3387674 + AL538_15860
Chr1 3389019 + TSS-1-3389019 2 <-- | (-->) | <-- 3388423 3389061 - AL538_15870 3388423 3389061 - AL538_15870
Chr1 3389976 - TSS-1-3389976 3 <-- | (<--) | <-- 3389915 3390787 - AL538_15880 3389915 3390787 - AL538_15880
Chr1 3391733 - TSS-1-3391733 3 <-- 0110 (<--) 0190 --> 3391387 3391623 - AL538_15890 3391923 3392783 + AL538_15895
Chr1 3392720 + TSS-1-3392720 2 --> | (-->) | --> 3391923 3392783 + AL538_15895 3391923 3392783 + AL538_15895
Chr1 3392931 - TSS-1-3392931 1 --> 0148 (<--) 0303 <-- 3391923 3392783 + AL538_15895 3393234 3394034 - AL538_15900
Chr1 3392967 - TSS-1-3392967 3 --> 0184 (<--) 0267 <-- 3391923 3392783 + AL538_15895 3393234 3394034 - AL538_15900
Chr1 3392980 - TSS-1-3392980 2 --> 0197 (<--) 0254 <-- 3391923 3392783 + AL538_15895 3393234 3394034 - AL538_15900
Chr1 3393005 - TSS-1-3393005 3 --> 0222 (<--) 0229 <-- 3391923 3392783 + AL538_15895 3393234 3394034 - AL538_15900
Chr1 3394905 - TSS-1-3394905 1 --> | (<--) | --> 3394729 3395913 + AL538_15910 3394729 3395913 + AL538_15910
Chr1 3398319 - TSS-1-3398319 1 --> | (<--) | --> 3395939 3398401 + AL538_15915 3395939 3398401 + AL538_15915
Chr1 3403920 - TSS-1-3403920 1 --> | (<--) | --> 3403168 3404022 + AL538_15940 3403168 3404022 + AL538_15940
Chr1 3404105 + TSS-1-3404105 3 --> 0083 (-->) 0475 --> 3403168 3404022 + AL538_15940 3404580 3405485 + AL538_15945
Chr1 3404119 + TSS-1-3404119 1 --> 0097 (-->) 0461 --> 3403168 3404022 + AL538_15940 3404580 3405485 + AL538_15945
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Chr1 3404177 - TSS-1-3404177 3 --> 0155 (<--) 0403 --> 3403168 3404022 + AL538_15940 3404580 3405485 + AL538_15945
Chr1 3404309 + TSS-1-3404309 3 --> 0287 (-->) 0271 --> 3403168 3404022 + AL538_15940 3404580 3405485 + AL538_15945
Chr1 3404333 + TSS-1-3404333 2 --> 0311 (-->) 0247 --> 3403168 3404022 + AL538_15940 3404580 3405485 + AL538_15945
Chr1 3404376 - TSS-1-3404376 3 --> 0354 (<--) 0204 --> 3403168 3404022 + AL538_15940 3404580 3405485 + AL538_15945
Chr1 3405269 + TSS-1-3405269 2 --> | (-->) | --> 3404580 3405485 + AL538_15945 3404580 3405485 + AL538_15945
Chr1 3405617 + TSS-1-3405617 2 --> | (-->) | --> 3405561 3405950 + AL538_15950 3405561 3405950 + AL538_15950
Chr1 3406799 - TSS-1-3406799 3 <-- | (<--) | <-- 3406054 3406836 - AL538_15955 3406054 3406836 - AL538_15955
Chr1 3407866 - TSS-1-3407866 1 <-- | (<--) | <-- 3407828 3408715 - AL538_15965 3407828 3408715 - AL538_15965
Chr1 3407868 - TSS-1-3407868 2 <-- | (<--) | <-- 3407828 3408715 - AL538_15965 3407828 3408715 - AL538_15965
Chr1 3408703 - TSS-1-3408703 1 <-- | (<--) | <-- 3408702 3409664 - AL538_15965 3408702 3409664 - AL538_15965
Chr1 3412639 + TSS-1-3412639 3 <-- | (-->) | <-- 3411761 3412771 - AL538_15980 3411761 3412771 - AL538_15980
Chr1 3412728 + TSS-1-3412728 3 <-- | (-->) | <-- 3411761 3412771 - AL538_15980 3411761 3412771 - AL538_15980
Chr1 3412964 + TSS-1-3412964 2 <-- 0193 (-->) 0041 --> 3411761 3412771 - AL538_15980 3413005 3413676 + AL538_15985
Chr1 3413968 + TSS-1-3413968 3 --> | (-->) | --> 3413917 3414306 + AL538_15995 3413917 3414306 + AL538_15995
Chr1 3422790 - TSS-1-3422790 1 <-- | (<--) | <-- 3422369 3423574 - AL538_16030 3422369 3423574 - AL538_16030
Chr1 3423466 - TSS-1-3423466 1 <-- | (<--) | <-- 3422369 3423574 - AL538_16030 3422369 3423574 - AL538_16030
Chr1 3425488 + TSS-1-3425488 3 <-- 0264 (-->) 0166 --> 3423767 3425224 - AL538_16035 3425654 3427024 + AL538_16040
Chr1 3426621 - TSS-1-3426621 3 --> | (<--) | --> 3425654 3427024 + AL538_16040 3425654 3427024 + AL538_16040
Chr1 3429579 + TSS-1-3429579 3 --> | (-->) | --> 3428949 3429641 + AL538_16050 3428949 3429641 + AL538_16050
Chr1 3432702 - TSS-1-3432702 3 <-- | (<--) | <-- 3431866 3433527 - AL538_16065 3431866 3433527 - AL538_16065
Chr1 3437886 + TSS-1-3437886 3 <-- | (-->) | <-- 3437326 3439035 - AL538_16085 3437326 3439035 - AL538_16085
Chr1 3439225 - TSS-1-3439225 1 <-- | (<--) | <-- 3439045 3440202 - AL538_16090 3439045 3440202 - AL538_16090
Chr1 3441629 + TSS-1-3441629 1 <-- | (-->) | <-- 3441272 3442042 - AL538_16100 3441272 3442042 - AL538_16100
Chr1 3441630 + TSS-1-3441630 1 <-- | (-->) | <-- 3441272 3442042 - AL538_16100 3441272 3442042 - AL538_16100
Chr1 3448144 - TSS-1-3448144 3 --> | (<--) | --> 3447690 3448358 + AL538_16125 3447690 3448358 + AL538_16125
Chr1 3448569 - TSS-1-3448569 1 --> 0211 (<--) 0112 --> 3447690 3448358 + AL538_16125 3448681 3450171 + AL538_16130
Chr1 3450717 - TSS-1-3450717 3 <-- 0025 (<--) 0196 --> 3450249 3450692 - AL538_16135 3450913 3451161 + AL538_16140
Chr1 3451650 + TSS-1-3451650 3 <-- 0150 (-->) 0237 <-- 3451279 3451500 - AL538_16145 3451887 3453581 - AL538_16150
Chr1 3451680 - TSS-1-3451680 1 <-- 0180 (<--) 0207 <-- 3451279 3451500 - AL538_16145 3451887 3453581 - AL538_16150
Chr1 3451725 - TSS-1-3451725 3 <-- 0225 (<--) 0162 <-- 3451279 3451500 - AL538_16145 3451887 3453581 - AL538_16150
Chr1 3451921 - TSS-1-3451921 1 <-- | (<--) | <-- 3451887 3453581 - AL538_16150 3451887 3453581 - AL538_16150
Chr1 3451922 - TSS-1-3451922 2 <-- | (<--) | <-- 3451887 3453581 - AL538_16150 3451887 3453581 - AL538_16150
Chr1 3452209 - TSS-1-3452209 1 <-- | (<--) | <-- 3451887 3453581 - AL538_16150 3451887 3453581 - AL538_16150
Chr1 3452270 - TSS-1-3452270 3 <-- | (<--) | <-- 3451887 3453581 - AL538_16150 3451887 3453581 - AL538_16150
Chr1 3452566 - TSS-1-3452566 3 <-- | (<--) | <-- 3451887 3453581 - AL538_16150 3451887 3453581 - AL538_16150
Chr1 3453616 - TSS-1-3453616 3 <-- 0035 (<--) 0315 --> 3451887 3453581 - AL538_16150 3453931 3454635 + AL538_16155
Chr1 3455889 - TSS-1-3455889 3 <-- 0220 (<--) 0203 --> 3455391 3455669 - AL538_16165 3456092 3456826 + AL538_16170
Chr1 3456018 + TSS-1-3456018 3 <-- 0349 (-->) 0074 --> 3455391 3455669 - AL538_16165 3456092 3456826 + AL538_16170
Chr1 3458071 + TSS-1-3458071 2 --> | (-->) | --> 3456841 3458136 + AL538_16175 3456841 3458136 + AL538_16175
Chr1 3460324 - TSS-1-3460324 3 <-- | (<--) | <-- 3460276 3460695 - AL538_16190 3460276 3460695 - AL538_16190
Chr1 3460422 - TSS-1-3460422 1 <-- | (<--) | <-- 3460276 3460695 - AL538_16190 3460276 3460695 - AL538_16190
Chr1 3463394 + TSS-1-3463394 3 --> 0094 (-->) 0374 --> 3462599 3463300 + AL538_16200 3463768 3464970 + AL538_16205
Chr1 3464761 + TSS-1-3464761 2 --> | (-->) | --> 3463768 3464970 + AL538_16205 3463768 3464970 + AL538_16205
Chr1 3468568 - TSS-1-3468568 1 <-- | (<--) | <-- 3467559 3469661 - AL538_16220 3467559 3469661 - AL538_16220
Chr1 3469651 - TSS-1-3469651 1 <-- | (<--) | <-- 3467559 3469661 - AL538_16220 3467559 3469661 - AL538_16220
Chr1 3469683 - TSS-1-3469683 1 <-- 0022 (<--) 0211 --> 3467559 3469661 - AL538_16220 3469894 3470955 + AL538_16225
Chr1 3469695 - TSS-1-3469695 3 <-- 0034 (<--) 0199 --> 3467559 3469661 - AL538_16220 3469894 3470955 + AL538_16225
Chr1 3469873 + TSS-1-3469873 1 <-- 0212 (-->) 0021 --> 3467559 3469661 - AL538_16220 3469894 3470955 + AL538_16225
Chr1 3471540 + TSS-1-3471540 2 <-- | (-->) | <-- 3470952 3472412 - AL538_16230 3470952 3472412 - AL538_16230
Chr1 3476605 + TSS-1-3476605 1 --> | (-->) | --> 3474664 3477117 + AL538_16245 3474664 3477117 + AL538_16245
Chr1 3478371 + TSS-1-3478371 2 --> 0130 (-->) 0202 --> 3477117 3478241 + AL538_16250 3478573 3479748 + AL538_16255
Chr1 3479499 + TSS-1-3479499 3 --> | (-->) | --> 3478573 3479748 + AL538_16255 3478573 3479748 + AL538_16255
Chr1 3479981 - TSS-1-3479981 2 --> 0233 (<--) 0226 --> 3478573 3479748 + AL538_16255 3480207 3480833 + AL538_16260
Chr1 3480001 - TSS-1-3480001 3 --> 0253 (<--) 0206 --> 3478573 3479748 + AL538_16255 3480207 3480833 + AL538_16260
Chr1 3483419 - TSS-1-3483419 3 --> | (<--) | --> 3483366 3484568 + AL538_16270 3483366 3484568 + AL538_16270
Chr1 3485733 - TSS-1-3485733 1 <-- | (<--) | <-- 3484682 3486364 - AL538_16275 3484682 3486364 - AL538_16275
Chr1 3486887 - TSS-1-3486887 3 <-- 0075 (<--) 0286 --> 3486546 3486812 - AL538_16280 3487173 3488411 + AL538_16285
Chr1 3487148 + TSS-1-3487148 1 <-- 0336 (-->) 0025 --> 3486546 3486812 - AL538_16280 3487173 3488411 + AL538_16285
Chr1 3488644 - TSS-1-3488644 3 <-- | (<--) | <-- 3488470 3489324 - AL538_16290 3488470 3489324 - AL538_16290
Chr1 3489428 - TSS-1-3489428 3 <-- 0104 (<--) 0208 <-- 3488470 3489324 - AL538_16290 3489636 3491282 - AL538_16295
Chr1 3494310 + TSS-1-3494310 3 <-- 0250 (-->) 0121 --> 3493140 3494060 - AL538_16310 3494431 3495018 + AL538_16315
Chr1 3494748 - TSS-1-3494748 2 --> | (<--) | --> 3494431 3495018 + AL538_16315 3494431 3495018 + AL538_16315
Chr1 3494886 - TSS-1-3494886 1 --> | (<--) | --> 3494431 3495018 + AL538_16315 3494431 3495018 + AL538_16315
Chr1 3498449 - TSS-1-3498449 3 <-- 0029 (<--) 0157 --> 3496480 3498420 - AL538_16330 3498606 3499868 + AL538_16335
Chr1 3503811 + TSS-1-3503811 1 --> | (-->) | --> 3502431 3504365 + AL538_16350 3502431 3504365 + AL538_16350
Chr1 3511215 + TSS-1-3511215 3 --> | (-->) | --> 3510270 3511601 + AL538_16380 3510270 3511601 + AL538_16380
Chr1 3511611 + TSS-1-3511611 2 --> 0010 (-->) 0251 <-- 3510270 3511601 + AL538_16380 3511862 3513583 - AL538_16385
Chr1 3511728 - TSS-1-3511728 1 --> 0127 (<--) 0134 <-- 3510270 3511601 + AL538_16380 3511862 3513583 - AL538_16385
Chr1 3513465 - TSS-1-3513465 1 <-- | (<--) | <-- 3511862 3513583 - AL538_16385 3511862 3513583 - AL538_16385
Chr1 3516454 - TSS-1-3516454 2 <-- 0028 (<--) 0606 --> 3515467 3516426 - AL538_16395 3517060 3517719 + AL538_16400
Chr1 3516547 + TSS-1-3516547 3 <-- 0121 (-->) 0513 --> 3515467 3516426 - AL538_16395 3517060 3517719 + AL538_16400
Chr1 3516591 - TSS-1-3516591 3 <-- 0165 (<--) 0469 --> 3515467 3516426 - AL538_16395 3517060 3517719 + AL538_16400
Chr1 3518137 - TSS-1-3518137 2 --> | (<--) | --> 3517703 3518938 + AL538_16405 3517703 3518938 + AL538_16405
Chr1 3523173 + TSS-1-3523173 3 <-- 0086 (-->) 0160 <-- 3521717 3523087 - AL538_16420 3523333 3524067 - AL538_16425
Chr1 3524097 - TSS-1-3524097 3 <-- 0030 (<--) 0137 <-- 3523333 3524067 - AL538_16425 3524234 3525922 - AL538_16430
Chr1 3525253 - TSS-1-3525253 3 <-- | (<--) | <-- 3524234 3525922 - AL538_16430 3524234 3525922 - AL538_16430
Chr1 3526165 - TSS-1-3526165 1 --> | (<--) | --> 3526151 3528505 + AL538_16435 3526151 3528505 + AL538_16435
Chr1 3526486 - TSS-1-3526486 3 --> | (<--) | --> 3526151 3528505 + AL538_16435 3526151 3528505 + AL538_16435
Chr1 3528954 - TSS-1-3528954 3 --> | (<--) | --> 3528908 3529285 + AL538_16440 3528908 3529285 + AL538_16440
Chr1 3529584 + TSS-1-3529584 1 --> | (-->) | --> 3529576 3531252 + AL538_16445 3529576 3531252 + AL538_16445
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Chr1 3530219 + TSS-1-3530219 1 --> | (-->) | --> 3529576 3531252 + AL538_16445 3529576 3531252 + AL538_16445
Chr1 3531178 + TSS-1-3531178 1 --> | (-->) | --> 3529576 3531252 + AL538_16445 3529576 3531252 + AL538_16445
Chr1 3531997 - TSS-1-3531997 1 <-- | (<--) | <-- 3531886 3532116 - AL538_16455 3531886 3532116 - AL538_16455
Chr1 3532016 - TSS-1-3532016 3 <-- | (<--) | <-- 3531886 3532116 - AL538_16455 3531886 3532116 - AL538_16455
Chr1 3532029 + TSS-1-3532029 2 <-- | (-->) | <-- 3531886 3532116 - AL538_16455 3531886 3532116 - AL538_16455
Chr1 3532039 - TSS-1-3532039 3 <-- | (<--) | <-- 3531886 3532116 - AL538_16455 3531886 3532116 - AL538_16455
Chr1 3532104 - TSS-1-3532104 2 <-- | (<--) | <-- 3531886 3532116 - AL538_16455 3531886 3532116 - AL538_16455
Chr1 3532144 - TSS-1-3532144 3 <-- 0028 (<--) 0350 <-- 3531886 3532116 - AL538_16455 3532494 3532958 - AL538_16460
Chr1 3532641 + TSS-1-3532641 3 <-- | (-->) | <-- 3532494 3532958 - AL538_16460 3532494 3532958 - AL538_16460
Chr1 3533856 + TSS-1-3533856 3 --> | (-->) | --> 3533560 3534039 + AL538_16470 3533560 3534039 + AL538_16470
Chr1 3534164 + TSS-1-3534164 2 --> 0125 (-->) 0085 --> 3533560 3534039 + AL538_16470 3534249 3535667 + AL538_16475
Chr1 3535980 + TSS-1-3535980 1 --> | (-->) | --> 3535671 3537008 + AL538_16480 3535671 3537008 + AL538_16480
Chr1 3536070 + TSS-1-3536070 2 --> | (-->) | --> 3535671 3537008 + AL538_16480 3535671 3537008 + AL538_16480
Chr1 3538625 + TSS-1-3538625 1 <-- | (-->) | <-- 3537554 3539260 - AL538_16490 3537554 3539260 - AL538_16490
Chr1 3538628 + TSS-1-3538628 2 <-- | (-->) | <-- 3537554 3539260 - AL538_16490 3537554 3539260 - AL538_16490
Chr1 3539690 + TSS-1-3539690 3 <-- 0430 (-->) 0031 --> 3537554 3539260 - AL538_16490 3539721 3540932 + AL538_16495
Chr1 3542540 + TSS-1-3542540 1 --> | (-->) | --> 3542090 3543634 + AL538_16505 3542090 3543634 + AL538_16505
Chr1 3543654 + TSS-1-3543654 3 --> 0020 (-->) 0002 --> 3542090 3543634 + AL538_16505 3543656 3544537 + AL538_16510
Chr1 3543661 + TSS-1-3543661 2 --> | (-->) | --> 3543656 3544537 + AL538_16510 3543656 3544537 + AL538_16510
Chr1 3548851 - TSS-1-3548851 3 <-- 0111 (<--) 0182 --> 3547481 3548740 - AL538_16530 3549033 3549665 + AL538_16535
Chr1 3553083 + TSS-1-3553083 1 --> 0091 (-->) 0084 --> 3551799 3552992 + AL538_16550 3553167 3554372 + AL538_16555
Chr1 3553685 - TSS-1-3553685 3 --> | (<--) | --> 3553167 3554372 + AL538_16555 3553167 3554372 + AL538_16555
Chr1 3554524 + TSS-1-3554524 3 --> 0152 (-->) 0108 --> 3553167 3554372 + AL538_16555 3554632 3555756 + AL538_16560
Chr1 3555827 + TSS-1-3555827 3 --> 0071 (-->) 0029 --> 3554632 3555756 + AL538_16560 3555856 3556071 + AL538_16565
Chr1 3560896 + TSS-1-3560896 1 --> | (-->) | --> 3560300 3562522 + AL538_16585 3560300 3562522 + AL538_16585
Chr1 3565668 - TSS-1-3565668 3 <-- 0329 (<--) 0248 <-- 3563612 3565339 - AL538_16595 3565916 3567694 - AL538_16600
Chr1 3565787 - TSS-1-3565787 2 <-- 0448 (<--) 0129 <-- 3563612 3565339 - AL538_16595 3565916 3567694 - AL538_16600
Chr1 3571729 + TSS-1-3571729 2 <-- | (-->) | <-- 3570429 3571772 - AL538_16615 3570429 3571772 - AL538_16615
Chr1 3573991 + TSS-1-3573991 2 --> | (-->) | --> 3573480 3574457 + AL538_16630 3573480 3574457 + AL538_16630
Chr1 3574554 + TSS-1-3574554 2 <-- | (-->) | <-- 3574542 3575228 - AL538_16635 3574542 3575228 - AL538_16635
Chr1 3575285 + TSS-1-3575285 3 <-- 0057 (-->) 0030 --> 3574542 3575228 - AL538_16635 3575315 3575509 + AL538_16640
Chr1 3575838 - TSS-1-3575838 1 <-- | (<--) | <-- 3575595 3578420 - AL538_16645 3575595 3578420 - AL538_16645
Chr1 3579593 + TSS-1-3579593 1 <-- | (-->) | <-- 3578476 3580440 - AL538_16650 3578476 3580440 - AL538_16650
Chr1 3584275 - TSS-1-3584275 2 <-- 0116 (<--) 0028 <-- 3583719 3584159 - AL538_16670 3584303 3586243 - AL538_16675
Chr1 3587985 + TSS-1-3587985 2 --> | (-->) | --> 3586907 3588220 + AL538_16685 3586907 3588220 + AL538_16685
Chr1 3588498 + TSS-1-3588498 2 --> 0278 (-->) 0245 --> 3586907 3588220 + AL538_16685 3588743 3591190 + AL538_16690
Chr1 3597800 + TSS-1-3597800 2 --> | (-->) | --> 3594913 3598749 + AL538_16720 3594913 3598749 + AL538_16720
Chr1 3599431 - TSS-1-3599431 1 --> | (<--) | --> 3598963 3599442 + AL538_16725 3598963 3599442 + AL538_16725
Chr1 3599583 + TSS-1-3599583 3 --> 0141 (-->) 0055 --> 3598963 3599442 + AL538_16725 3599638 3600153 + AL538_16730
Chr1 3600350 - TSS-1-3600350 3 <-- | (<--) | <-- 3600244 3600651 - AL538_16735 3600244 3600651 - AL538_16735
Chr1 3600862 - TSS-1-3600862 3 <-- | (<--) | <-- 3600635 3602212 - AL538_16740 3600635 3602212 - AL538_16740
Chr1 3600962 + TSS-1-3600962 1 <-- | (-->) | <-- 3600635 3602212 - AL538_16740 3600635 3602212 - AL538_16740
Chr1 3602324 - TSS-1-3602324 2 <-- 0112 (<--) 0194 <-- 3600635 3602212 - AL538_16740 3602518 3603246 - AL538_16745
Chr1 3602347 + TSS-1-3602347 1 <-- 0135 (-->) 0171 <-- 3600635 3602212 - AL538_16740 3602518 3603246 - AL538_16745
Chr1 3604829 + TSS-1-3604829 3 <-- 0493 (-->) 0085 --> 3603395 3604336 - AL538_16750 3604914 3605315 + AL538_16755
Chr1 3605329 + TSS-1-3605329 1 --> 0014 (-->) 0281 --> 3604914 3605315 + AL538_16755 3605610 3606302 + AL538_16760
Chr1 3608882 + TSS-1-3608882 2 <-- 0571 (-->) 0045 <-- 3606884 3608311 - AL538_16770 3608927 3609556 - AL538_16775
Chr1 3609579 - TSS-1-3609579 2 <-- 0023 (<--) 0459 --> 3608927 3609556 - AL538_16775 3610038 3610976 + AL538_16780
Chr1 3609807 + TSS-1-3609807 3 <-- 0251 (-->) 0231 --> 3608927 3609556 - AL538_16775 3610038 3610976 + AL538_16780
Chr1 3609865 - TSS-1-3609865 2 <-- 0309 (<--) 0173 --> 3608927 3609556 - AL538_16775 3610038 3610976 + AL538_16780
Chr1 3609870 - TSS-1-3609870 1 <-- 0314 (<--) 0168 --> 3608927 3609556 - AL538_16775 3610038 3610976 + AL538_16780
Chr1 3609879 - TSS-1-3609879 2 <-- 0323 (<--) 0159 --> 3608927 3609556 - AL538_16775 3610038 3610976 + AL538_16780
Chr1 3609900 - TSS-1-3609900 2 <-- 0344 (<--) 0138 --> 3608927 3609556 - AL538_16775 3610038 3610976 + AL538_16780
Chr1 3609902 - TSS-1-3609902 1 <-- 0346 (<--) 0136 --> 3608927 3609556 - AL538_16775 3610038 3610976 + AL538_16780
Chr1 3610849 + TSS-1-3610849 1 --> | (-->) | --> 3610038 3610976 + AL538_16780 3610038 3610976 + AL538_16780
Chr1 3611923 - TSS-1-3611923 1 --> | (<--) | --> 3611219 3612166 + AL538_16785 3611219 3612166 + AL538_16785
Chr1 3612704 - TSS-1-3612704 1 --> | (<--) | --> 3612271 3612801 + AL538_16790 3612271 3612801 + AL538_16790
Chr1 3616191 - TSS-1-3616191 3 <-- 0123 (<--) 0114 <-- 3614590 3616068 - AL538_16810 3616305 3616973 - AL538_16815
Chr1 3616224 - TSS-1-3616224 2 <-- 0156 (<--) 0081 <-- 3614590 3616068 - AL538_16810 3616305 3616973 - AL538_16815
Chr1 3621699 + TSS-1-3621699 3 <-- | (-->) | <-- 3621098 3621802 - AL538_16835 3621098 3621802 - AL538_16835
Chr1 3622009 + TSS-1-3622009 2 <-- | (-->) | <-- 3621879 3622373 - AL538_16840 3621879 3622373 - AL538_16840
Chr1 3622084 - TSS-1-3622084 3 <-- | (<--) | <-- 3621879 3622373 - AL538_16840 3621879 3622373 - AL538_16840
Chr1 3622334 - TSS-1-3622334 3 <-- | (<--) | <-- 3621879 3622373 - AL538_16840 3621879 3622373 - AL538_16840
Chr1 3622379 - TSS-1-3622379 1 <-- 0006 (<--) 0083 <-- 3621879 3622373 - AL538_16840 3622462 3622932 - AL538_16845
Chr1 3622594 - TSS-1-3622594 2 <-- | (<--) | <-- 3622462 3622932 - AL538_16845 3622462 3622932 - AL538_16845
Chr1 3623344 + TSS-1-3623344 2 <-- 0412 (-->) 0025 --> 3622462 3622932 - AL538_16845 3623369 3624004 + AL538_16850
Chr1 3628415 + TSS-1-3628415 3 --> | (-->) | --> 3625764 3628811 + AL538_16865 3625764 3628811 + AL538_16865
Chr1 3628992 + TSS-1-3628992 3 --> 0181 (-->) 0031 --> 3625764 3628811 + AL538_16865 3629023 3629994 + AL538_16870
Chr1 3630900 - TSS-1-3630900 1 <-- 0037 (<--) 0117 <-- 3630093 3630863 - AL538_16875 3631017 3632543 - AL538_16880
Chr1 3631254 + TSS-1-3631254 3 <-- | (-->) | <-- 3631017 3632543 - AL538_16880 3631017 3632543 - AL538_16880
Chr1 3634526 + TSS-1-3634526 3 <-- 0263 (-->) 0022 --> 3633289 3634263 - AL538_16890 3634548 3634946 + AL538_16895
Chr1 3640824 - TSS-1-3640824 2 <-- | (<--) | <-- 3640306 3643695 - AL538_16920 3640306 3643695 - AL538_16920
Chr1 3650611 + TSS-1-3650611 3 <-- | (-->) | <-- 3648547 3651153 - AL538_16950 3648547 3651153 - AL538_16950
Chr1 3655413 - TSS-1-3655413 1 <-- | (<--) | <-- 3654328 3655722 - AL538_16970 3654328 3655722 - AL538_16970
Chr1 3656547 - TSS-1-3656547 3 <-- | (<--) | <-- 3655954 3657432 - AL538_16975 3655954 3657432 - AL538_16975
Chr1 3656827 + TSS-1-3656827 3 <-- | (-->) | <-- 3655954 3657432 - AL538_16975 3655954 3657432 - AL538_16975
Chr1 3657455 - TSS-1-3657455 1 <-- | (<--) | <-- 3657432 3657935 - AL538_16980 3657432 3657935 - AL538_16980
Chr1 3657485 - TSS-1-3657485 2 <-- | (<--) | <-- 3657432 3657935 - AL538_16980 3657432 3657935 - AL538_16980
Chr1 3657512 - TSS-1-3657512 3 <-- | (<--) | <-- 3657432 3657935 - AL538_16980 3657432 3657935 - AL538_16980
Chr1 3657596 - TSS-1-3657596 1 <-- | (<--) | <-- 3657432 3657935 - AL538_16980 3657432 3657935 - AL538_16980



Chrom Location Strand TSS-ID Replicates Start End Strand ID Start End Strand ID

TSS
Genomic context

Flancking genes
Gene on the left Gene on the right

Chr1 3660047 - TSS-1-3660047 1 <-- 0067 (<--) 0135 <-- 3658511 3659980 - AL538_16990 3660182 3660484 - AL538_16995
Chr1 3660048 - TSS-1-3660048 1 <-- 0068 (<--) 0134 <-- 3658511 3659980 - AL538_16990 3660182 3660484 - AL538_16995
Chr1 3662063 - TSS-1-3662063 3 <-- | (<--) | <-- 3661089 3663071 - AL538_17005 3661089 3663071 - AL538_17005
Chr1 3664324 + TSS-1-3664324 1 --> 0228 (-->) 0050 --> 3663206 3664096 + AL538_17010 3664374 3665093 + AL538_17015
Chr1 3667382 - TSS-1-3667382 1 --> 0105 (<--) 0029 --> 3666135 3667277 + AL538_17025 3667411 3670020 + AL538_17030
Chr1 3667590 - TSS-1-3667590 3 --> | (<--) | --> 3667411 3670020 + AL538_17030 3667411 3670020 + AL538_17030
Chr1 3670595 - TSS-1-3670595 3 --> | (<--) | --> 3670044 3671231 + AL538_17035 3670044 3671231 + AL538_17035
Chr1 3674490 + TSS-1-3674490 1 --> | (-->) | --> 3674196 3675740 + AL538_17050 3674196 3675740 + AL538_17050
Chr1 3678834 + TSS-1-3678834 1 --> | (-->) | --> 3678498 3679148 + AL538_17065 3678498 3679148 + AL538_17065
Chr1 3682353 - TSS-1-3682353 3 <-- 0023 (<--) 0084 <-- 3681977 3682330 - AL538_17080 3682437 3683057 - AL538_17085
Chr1 3700696 + TSS-1-3700696 3 --> | (-->) | --> 3684775 3700914 + AL538_17095 3684775 3700914 + AL538_17095
Chr1 3701971 - TSS-1-3701971 2 <-- | (<--) | <-- 3701624 3705999 - AL538_17105 3701624 3705999 - AL538_17105
Chr1 3702222 + TSS-1-3702222 2 <-- | (-->) | <-- 3701624 3705999 - AL538_17105 3701624 3705999 - AL538_17105
Chr1 3707479 + TSS-1-3707479 1 <-- | (-->) | <-- 3707383 3708582 - AL538_17120 3707383 3708582 - AL538_17120
Chr1 3710534 - TSS-1-3710534 2 <-- | (<--) | <-- 3709951 3711378 - AL538_17130 3709951 3711378 - AL538_17130
Chr2 991 - TSS-2-991 2 <-- | (<--) | <-- 836 1642 - AL538_17165 836 1642 - AL538_17165
Chr2 1604 + TSS-2-1604 1 <-- | (-->) | <-- 836 1642 - AL538_17165 836 1642 - AL538_17165
Chr2 6247 + TSS-2-6247 1 --> | (-->) | --> 4920 6314 + AL538_17185 4920 6314 + AL538_17185
Chr2 7638 - TSS-2-7638 3 <-- 0022 (<--) 0100 <-- 7059 7616 - AL538_17195 7738 9078 - AL538_17200
Chr2 8290 - TSS-2-8290 3 <-- | (<--) | <-- 7738 9078 - AL538_17200 7738 9078 - AL538_17200
Chr2 11406 + TSS-2-11406 3 <-- | (-->) | <-- 10831 11412 - AL538_17210 10831 11412 - AL538_17210
Chr2 11480 - TSS-2-11480 3 <-- 0068 (<--) 0139 <-- 10831 11412 - AL538_17210 11619 12263 - AL538_17215
Chr2 12343 - TSS-2-12343 1 <-- 0080 (<--) 0163 <-- 11619 12263 - AL538_17215 12506 13174 - AL538_17220
Chr2 12344 - TSS-2-12344 1 <-- 0081 (<--) 0162 <-- 11619 12263 - AL538_17215 12506 13174 - AL538_17220
Chr2 13517 - TSS-2-13517 2 <-- | (<--) | <-- 13352 13552 - AL538_17225 13352 13552 - AL538_17225
Chr2 13625 - TSS-2-13625 1 <-- | (<--) | <-- 13611 15527 - AL538_17230 13611 15527 - AL538_17230
Chr2 15443 - TSS-2-15443 3 <-- | (<--) | <-- 13611 15527 - AL538_17230 13611 15527 - AL538_17230
Chr2 23231 + TSS-2-23231 2 <-- | (-->) | <-- 22842 24908 - AL538_17265 22842 24908 - AL538_17265
Chr2 25929 - TSS-2-25929 1 <-- | (<--) | <-- 25282 26031 - AL538_17270 25282 26031 - AL538_17270
Chr2 28150 - TSS-2-28150 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28183 - TSS-2-28183 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28337 - TSS-2-28337 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28501 - TSS-2-28501 2 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28511 - TSS-2-28511 2 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28523 - TSS-2-28523 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28525 - TSS-2-28525 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28542 - TSS-2-28542 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28560 - TSS-2-28560 2 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28562 - TSS-2-28562 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28594 - TSS-2-28594 3 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28678 - TSS-2-28678 1 <-- | (<--) | <-- 28009 28830 - AL538_17285 28009 28830 - AL538_17285
Chr2 28877 - TSS-2-28877 3 <-- 0047 (<--) 0287 --> 28009 28830 - AL538_17285 29164 30807 + AL538_17290
Chr2 32721 - TSS-2-32721 1 <-- | (<--) | <-- 31491 32942 - AL538_17300 31491 32942 - AL538_17300
Chr2 38981 - TSS-2-38981 1 <-- | (<--) | <-- 37381 39393 - AL538_17315 37381 39393 - AL538_17315
Chr2 42149 + TSS-2-42149 3 <-- 0352 (-->) 0072 --> 40454 41797 - AL538_17325 42221 42469 + AL538_17330
Chr2 42179 + TSS-2-42179 1 <-- 0382 (-->) 0042 --> 40454 41797 - AL538_17325 42221 42469 + AL538_17330
Chr2 46696 - TSS-2-46696 2 <-- 0085 (<--) 0313 --> 45661 46611 - AL538_17350 47009 47719 + AL538_17355
Chr2 47861 + TSS-2-47861 3 --> | (-->) | --> 47788 49257 + AL538_17360 47788 49257 + AL538_17360
Chr2 49722 + TSS-2-49722 2 --> | (-->) | --> 49427 50911 + AL538_17365 49427 50911 + AL538_17365
Chr2 53516 + TSS-2-53516 3 <-- 0098 (-->) 0049 --> 52528 53418 - AL538_17375 53565 53951 + AL538_17380
Chr2 56874 + TSS-2-56874 2 --> | (-->) | --> 55947 57704 + AL538_17395 55947 57704 + AL538_17395
Chr2 58722 - TSS-2-58722 3 <-- | (<--) | <-- 58628 59809 - AL538_17405 58628 59809 - AL538_17405
Chr2 63031 - TSS-2-63031 3 <-- 0456 (<--) 0228 --> 61805 62575 - AL538_17420 63259 63519 + AL538_17425
Chr2 64943 + TSS-2-64943 3 <-- 0068 (-->) 0075 --> 64600 64875 - AL538_17435 65018 65764 + AL538_17440
Chr2 74347 + TSS-2-74347 3 --> 0040 (-->) 0242 <-- 72676 74307 + AL538_17465 74589 76628 - AL538_17470
Chr2 74384 + TSS-2-74384 3 --> 0077 (-->) 0205 <-- 72676 74307 + AL538_17465 74589 76628 - AL538_17470
Chr2 74392 + TSS-2-74392 3 --> 0085 (-->) 0197 <-- 72676 74307 + AL538_17465 74589 76628 - AL538_17470
Chr2 79176 + TSS-2-79176 1 --> | (-->) | --> 77822 79513 + AL538_17480 77822 79513 + AL538_17480
Chr2 79468 + TSS-2-79468 3 --> | (-->) | --> 77822 79513 + AL538_17480 77822 79513 + AL538_17480
Chr2 79509 + TSS-2-79509 3 --> | (-->) | --> 77822 79513 + AL538_17480 77822 79513 + AL538_17480
Chr2 79524 + TSS-2-79524 1 --> 0011 (-->) 0281 --> 77822 79513 + AL538_17480 79805 80944 + AL538_17485
Chr2 79548 + TSS-2-79548 3 --> 0035 (-->) 0257 --> 77822 79513 + AL538_17480 79805 80944 + AL538_17485
Chr2 79581 + TSS-2-79581 2 --> 0068 (-->) 0224 --> 77822 79513 + AL538_17480 79805 80944 + AL538_17485
Chr2 81381 - TSS-2-81381 3 <-- 0023 (<--) 0327 --> 81011 81358 - AL538_17490 81708 82811 + AL538_17495
Chr2 84929 + TSS-2-84929 3 --> | (-->) | --> 84047 85051 + AL538_17505 84047 85051 + AL538_17505
Chr2 86163 + TSS-2-86163 3 --> 0111 (-->) 0199 --> 85066 86052 + AL538_17510 86362 88386 + AL538_17515
Chr2 86533 + TSS-2-86533 3 --> | (-->) | --> 86362 88386 + AL538_17515 86362 88386 + AL538_17515
Chr2 88646 - TSS-2-88646 1 <-- | (<--) | <-- 88458 88652 - AL538_17520 88458 88652 - AL538_17520
Chr2 88676 - TSS-2-88676 3 <-- 0024 (<--) 0078 <-- 88458 88652 - AL538_17520 88754 88960 - AL538_17525
Chr2 88913 - TSS-2-88913 3 <-- | (<--) | <-- 88754 88960 - AL538_17525 88754 88960 - AL538_17525
Chr2 88993 - TSS-2-88993 3 <-- | (<--) | <-- 88960 89457 - AL538_17530 88960 89457 - AL538_17530
Chr2 90061 + TSS-2-90061 1 <-- 0317 (-->) 0025 --> 89454 89744 - AL538_17535 90086 91078 + AL538_17540
Chr2 91124 + TSS-2-91124 1 --> 0046 (-->) 0043 --> 90086 91078 + AL538_17540 91167 92066 + AL538_17545
Chr2 92321 - TSS-2-92321 3 --> | (<--) | --> 92059 93300 + AL538_17550 92059 93300 + AL538_17550
Chr2 94006 + TSS-2-94006 2 --> | (-->) | --> 93784 94293 + AL538_17560 93784 94293 + AL538_17560
Chr2 96791 + TSS-2-96791 3 <-- 0076 (-->) 0019 --> 95831 96715 - AL538_17575 96810 97715 + AL538_17580
Chr2 97584 + TSS-2-97584 2 --> | (-->) | --> 96810 97715 + AL538_17580 96810 97715 + AL538_17580
Chr2 97893 - TSS-2-97893 1 <-- | (<--) | <-- 97837 98496 - AL538_17585 97837 98496 - AL538_17585
Chr2 99796 - TSS-2-99796 3 --> | (<--) | --> 98792 99883 + AL538_17590 98792 99883 + AL538_17590
Chr2 109279 - TSS-2-109279 3 --> | (<--) | --> 108518 109321 + AL538_17650 108518 109321 + AL538_17650
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Flancking genes
Gene on the left Gene on the right

Chr2 109424 + TSS-2-109424 2 --> 0103 (-->) 0032 --> 108518 109321 + AL538_17650 109456 110349 + AL538_17655
Chr2 112772 + TSS-2-112772 3 <-- | (-->) | <-- 111660 112838 - AL538_17665 111660 112838 - AL538_17665
Chr2 116519 - TSS-2-116519 1 <-- 0021 (<--) 0071 <-- 115758 116498 - AL538_17680 116590 116979 - AL538_17685
Chr2 117387 + TSS-2-117387 1 --> | (-->) | --> 117138 117614 + AL538_17690 117138 117614 + AL538_17690
Chr2 117829 - TSS-2-117829 3 <-- | (<--) | <-- 117767 119179 - AL538_17695 117767 119179 - AL538_17695
Chr2 148206 + TSS-2-148206 3 --> 0076 (-->) 0033 --> 147519 148130 + AL538_17795 148239 148589 + AL538_17800
Chr2 148773 - TSS-2-148773 3 <-- | (<--) | <-- 148669 149751 - AL538_17805 148669 149751 - AL538_17805
Chr2 149704 + TSS-2-149704 1 <-- | (-->) | <-- 148669 149751 - AL538_17805 148669 149751 - AL538_17805
Chr2 153705 + TSS-2-153705 1 --> 0174 (-->) 0041 --> 152716 153531 + AL538_17825 153746 154177 + AL538_17830
Chr2 159182 - TSS-2-159182 3 --> 0296 (<--) 0088 <-- 157936 158886 + AL538_17850 159270 159701 - AL538_17855
Chr2 159197 + TSS-2-159197 3 --> 0311 (-->) 0073 <-- 157936 158886 + AL538_17850 159270 159701 - AL538_17855
Chr2 159750 - TSS-2-159750 1 <-- 0049 (<--) 0117 <-- 159270 159701 - AL538_17855 159867 161447 - AL538_17860
Chr2 160110 - TSS-2-160110 3 <-- | (<--) | <-- 159867 161447 - AL538_17860 159867 161447 - AL538_17860
Chr2 175934 + TSS-2-175934 3 <-- 0164 (-->) 0028 --> 174796 175770 - AL538_17945 175962 176867 + AL538_17950
Chr2 187983 + TSS-2-187983 2 <-- 0031 (-->) 0231 --> 187242 187952 - AL538_17995 188214 188726 + AL538_18000
Chr2 190724 + TSS-2-190724 3 --> | (-->) | --> 189906 191096 + AL538_18015 189906 191096 + AL538_18015
Chr2 198795 - TSS-2-198795 3 --> | (<--) | --> 197332 199506 + AL538_18050 197332 199506 + AL538_18050
Chr2 204314 + TSS-2-204314 1 --> 0165 (-->) 0029 --> 203004 204149 + AL538_18075 204343 205014 + AL538_18080
Chr2 204315 + TSS-2-204315 2 --> 0166 (-->) 0028 --> 203004 204149 + AL538_18075 204343 205014 + AL538_18080
Chr2 204811 + TSS-2-204811 1 --> | (-->) | --> 204343 205014 + AL538_18080 204343 205014 + AL538_18080
Chr2 213631 + TSS-2-213631 3 --> | (-->) | --> 212393 215050 + AL538_18130 212393 215050 + AL538_18130
Chr2 216435 - TSS-2-216435 3 <-- 0078 (<--) 0176 --> 215191 216357 - AL538_18135 216611 217906 + AL538_18140
Chr2 216585 + TSS-2-216585 3 <-- 0228 (-->) 0026 --> 215191 216357 - AL538_18135 216611 217906 + AL538_18140
Chr2 219585 - TSS-2-219585 3 <-- 0088 (<--) 0145 <-- 219009 219497 - AL538_18155 219730 219960 - AL538_18160
Chr2 226679 + TSS-2-226679 1 --> 0032 (-->) 0048 --> 225166 226647 + AL538_18185 226727 227227 + AL538_18190
Chr2 229861 + TSS-2-229861 3 <-- 0175 (-->) 0039 --> 229045 229686 - AL538_18205 229900 230622 + AL538_18210
Chr2 230350 + TSS-2-230350 3 --> | (-->) | --> 229900 230622 + AL538_18210 229900 230622 + AL538_18210
Chr2 236951 + TSS-2-236951 3 --> 0179 (-->) 0148 --> 235879 236772 + AL538_18240 237099 238370 + AL538_18245
Chr2 237032 - TSS-2-237032 3 --> 0260 (<--) 0067 --> 235879 236772 + AL538_18240 237099 238370 + AL538_18245
Chr2 242299 - TSS-2-242299 3 --> | (<--) | --> 241308 242372 + AL538_18265 241308 242372 + AL538_18265
Chr2 246016 - TSS-2-246016 2 <-- 0024 (<--) 0198 <-- 245618 245992 - AL538_18285 246214 247338 - AL538_18290
Chr2 248583 - TSS-2-248583 3 <-- 0028 (<--) 0395 --> 247815 248555 - AL538_18300 248978 249301 + AL538_18305
Chr2 248899 + TSS-2-248899 2 <-- 0344 (-->) 0079 --> 247815 248555 - AL538_18300 248978 249301 + AL538_18305
Chr2 250925 - TSS-2-250925 1 <-- | (<--) | <-- 250221 252281 - AL538_18315 250221 252281 - AL538_18315
Chr2 253230 - TSS-2-253230 1 <-- 0080 (<--) 0098 <-- 252473 253150 - AL538_18320 253328 255511 - AL538_18325
Chr2 255606 + TSS-2-255606 3 <-- 0095 (-->) 0177 <-- 253328 255511 - AL538_18325 255783 257963 - AL538_18330
Chr2 255867 - TSS-2-255867 3 <-- | (<--) | <-- 255783 257963 - AL538_18330 255783 257963 - AL538_18330
Chr2 258183 - TSS-2-258183 2 <-- 0220 (<--) 0156 <-- 255783 257963 - AL538_18330 258339 260792 - AL538_18335
Chr2 258314 - TSS-2-258314 3 <-- 0351 (<--) 0025 <-- 255783 257963 - AL538_18330 258339 260792 - AL538_18335
Chr2 258327 - TSS-2-258327 3 <-- 0364 (<--) 0012 <-- 255783 257963 - AL538_18330 258339 260792 - AL538_18335
Chr2 258336 - TSS-2-258336 3 <-- 0373 (<--) 0003 <-- 255783 257963 - AL538_18330 258339 260792 - AL538_18335
Chr2 259015 + TSS-2-259015 3 <-- | (-->) | <-- 258339 260792 - AL538_18335 258339 260792 - AL538_18335
Chr2 260819 - TSS-2-260819 2 <-- 0027 (<--) 0541 --> 258339 260792 - AL538_18335 261360 264068 + AL538_18340
Chr2 260991 - TSS-2-260991 3 <-- 0199 (<--) 0369 --> 258339 260792 - AL538_18335 261360 264068 + AL538_18340
Chr2 261288 + TSS-2-261288 3 <-- 0496 (-->) 0072 --> 258339 260792 - AL538_18335 261360 264068 + AL538_18340
Chr2 264389 - TSS-2-264389 3 --> 0321 (<--) 0557 --> 261360 264068 + AL538_18340 264946 265863 + AL538_18345
Chr2 264535 - TSS-2-264535 2 --> 0467 (<--) 0411 --> 261360 264068 + AL538_18340 264946 265863 + AL538_18345
Chr2 264869 - TSS-2-264869 1 --> 0801 (<--) 0077 --> 261360 264068 + AL538_18340 264946 265863 + AL538_18345
Chr2 264995 - TSS-2-264995 1 --> | (<--) | --> 264946 265863 + AL538_18345 264946 265863 + AL538_18345
Chr2 265504 + TSS-2-265504 2 --> | (-->) | --> 264946 265863 + AL538_18345 264946 265863 + AL538_18345
Chr2 268069 + TSS-2-268069 3 --> | (-->) | --> 267729 268073 + AL538_18365 267729 268073 + AL538_18365
Chr2 275302 - TSS-2-275302 1 <-- | (<--) | <-- 274777 275646 - AL538_18400 274777 275646 - AL538_18400
Chr2 285733 + TSS-2-285733 1 <-- 0152 (-->) 0029 --> 284694 285581 - AL538_18440 285762 286967 + AL538_18445
Chr2 290166 - TSS-2-290166 3 <-- | (<--) | <-- 290014 290196 - AL538_18470 290014 290196 - AL538_18470
Chr2 294490 - TSS-2-294490 1 <-- 0591 (<--) 0120 <-- 291719 293899 - AL538_18480 294610 295056 - AL538_18485
Chr2 294520 - TSS-2-294520 2 <-- 0621 (<--) 0090 <-- 291719 293899 - AL538_18480 294610 295056 - AL538_18485
Chr2 297209 + TSS-2-297209 2 <-- 0451 (-->) 0063 --> 295553 296758 - AL538_18490 297272 301261 + AL538_18495
Chr2 297877 + TSS-2-297877 3 --> | (-->) | --> 297272 301261 + AL538_18495 297272 301261 + AL538_18495
Chr2 297885 + TSS-2-297885 3 --> | (-->) | --> 297272 301261 + AL538_18495 297272 301261 + AL538_18495
Chr2 300053 - TSS-2-300053 3 --> | (<--) | --> 297272 301261 + AL538_18495 297272 301261 + AL538_18495
Chr2 304170 - TSS-2-304170 1 <-- 0367 (<--) 0378 <-- 302667 303803 - AL538_18505 304548 306236 - AL538_18510
Chr2 304184 - TSS-2-304184 3 <-- 0381 (<--) 0364 <-- 302667 303803 - AL538_18505 304548 306236 - AL538_18510
Chr2 304269 + TSS-2-304269 3 <-- 0466 (-->) 0279 <-- 302667 303803 - AL538_18505 304548 306236 - AL538_18510
Chr2 306261 - TSS-2-306261 3 <-- 0025 (<--) 0055 <-- 304548 306236 - AL538_18510 306316 306687 - AL538_18515
Chr2 306891 + TSS-2-306891 1 <-- 0204 (-->) 0039 --> 306316 306687 - AL538_18515 306930 308776 + AL538_18520
Chr2 312095 + TSS-2-312095 1 --> 0035 (-->) 0028 --> 311332 312060 + AL538_18545 312123 313373 + AL538_18550
Chr2 329755 - TSS-2-329755 3 <-- 0204 (<--) 0313 <-- 328826 329551 - AL538_18630 330068 332758 - AL538_18635
Chr2 330079 - TSS-2-330079 3 <-- | (<--) | <-- 330068 332758 - AL538_18635 330068 332758 - AL538_18635
Chr2 330529 - TSS-2-330529 3 <-- | (<--) | <-- 330068 332758 - AL538_18635 330068 332758 - AL538_18635
Chr2 334255 - TSS-2-334255 1 <-- 0205 (<--) 0252 <-- 333283 334050 - AL538_18640 334507 335640 - AL538_18645
Chr2 335106 - TSS-2-335106 3 <-- | (<--) | <-- 334507 335640 - AL538_18645 334507 335640 - AL538_18645
Chr2 335116 - TSS-2-335116 3 <-- | (<--) | <-- 334507 335640 - AL538_18645 334507 335640 - AL538_18645
Chr2 335454 - TSS-2-335454 1 <-- | (<--) | <-- 334507 335640 - AL538_18645 334507 335640 - AL538_18645
Chr2 335525 - TSS-2-335525 2 <-- | (<--) | <-- 334507 335640 - AL538_18645 334507 335640 - AL538_18645
Chr2 335570 - TSS-2-335570 1 <-- | (<--) | <-- 334507 335640 - AL538_18645 334507 335640 - AL538_18645
Chr2 335670 - TSS-2-335670 3 <-- 0030 (<--) 0128 --> 334507 335640 - AL538_18645 335798 336043 + AL538_18650
Chr2 344136 + TSS-2-344136 3 <-- 0480 (-->) 0027 --> 343012 343656 - AL538_18675 344163 344813 + AL538_18680
Chr2 347580 - TSS-2-347580 1 <-- | (<--) | <-- 347326 348072 - AL538_18700 347326 348072 - AL538_18700
Chr2 350519 - TSS-2-350519 3 <-- 0049 (<--) 0167 <-- 349292 350470 - AL538_18715 350686 351126 - AL538_18720
Chr2 351209 + TSS-2-351209 3 <-- 0083 (-->) 0065 --> 350686 351126 - AL538_18720 351274 351858 + AL538_18725
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Chr2 352925 + TSS-2-352925 1 --> | (-->) | --> 352139 354061 + AL538_18730 352139 354061 + AL538_18730
Chr2 353960 + TSS-2-353960 3 --> | (-->) | --> 352139 354061 + AL538_18730 352139 354061 + AL538_18730
Chr2 355289 - TSS-2-355289 3 <-- | (<--) | <-- 355139 356008 - AL538_18740 355139 356008 - AL538_18740
Chr2 356610 - TSS-2-356610 3 <-- 0021 (<--) 0168 <-- 356077 356589 - AL538_18745 356778 357575 - AL538_18750
Chr2 359005 - TSS-2-359005 3 --> | (<--) | --> 357867 359015 + AL538_18755 357867 359015 + AL538_18755
Chr2 359249 - TSS-2-359249 3 --> | (<--) | --> 359204 360043 + AL538_18760 359204 360043 + AL538_18760
Chr2 362009 + TSS-2-362009 1 <-- 0157 (-->) 0120 --> 361484 361852 - AL538_18770 362129 362590 + AL538_18775
Chr2 362185 - TSS-2-362185 1 --> | (<--) | --> 362129 362590 + AL538_18775 362129 362590 + AL538_18775
Chr2 368791 - TSS-2-368791 3 --> 0118 (<--) 0097 <-- 366994 368673 + AL538_18800 368888 370228 - AL538_18805
Chr2 373136 - TSS-2-373136 3 <-- | (<--) | <-- 372690 374039 - AL538_18820 372690 374039 - AL538_18820
Chr2 380501 + TSS-2-380501 1 <-- 0421 (-->) 0026 --> 378755 380080 - AL538_18845 380527 381717 + AL538_18850
Chr2 381939 + TSS-2-381939 3 <-- | (-->) | <-- 381769 382050 - AL538_18855 381769 382050 - AL538_18855
Chr2 382078 - TSS-2-382078 1 <-- 0028 (<--) 0114 <-- 381769 382050 - AL538_18855 382192 382476 - AL538_18860
Chr2 382499 - TSS-2-382499 2 <-- 0023 (<--) 0198 --> 382192 382476 - AL538_18860 382697 383200 + AL538_18865
Chr2 382673 + TSS-2-382673 1 <-- 0197 (-->) 0024 --> 382192 382476 - AL538_18860 382697 383200 + AL538_18865
Chr2 383452 + TSS-2-383452 3 --> 0252 (-->) 0097 --> 382697 383200 + AL538_18865 383549 386089 + AL538_18870
Chr2 385843 - TSS-2-385843 3 --> | (<--) | --> 383549 386089 + AL538_18870 383549 386089 + AL538_18870
Chr2 385970 + TSS-2-385970 3 --> | (-->) | --> 383549 386089 + AL538_18870 383549 386089 + AL538_18870
Chr2 386367 - TSS-2-386367 3 <-- | (<--) | <-- 386209 387063 - AL538_18875 386209 387063 - AL538_18875
Chr2 388744 + TSS-2-388744 2 --> | (-->) | --> 388030 389055 + AL538_18885 388030 389055 + AL538_18885
Chr2 389217 + TSS-2-389217 3 --> 0162 (-->) 0259 --> 388030 389055 + AL538_18885 389476 390906 + AL538_18890
Chr2 391440 - TSS-2-391440 1 <-- 0112 (<--) 0458 <-- 390933 391328 - AL538_18895 391898 393631 - AL538_18900
Chr2 394552 + TSS-2-394552 2 <-- 0447 (-->) 0095 --> 393641 394105 - AL538_18905 394647 395255 + AL538_18910
Chr2 415260 + TSS-2-415260 3 --> 0036 (-->) 0031 --> 413872 415224 + AL538_19005 415291 415557 + AL538_19010
Chr2 416610 - TSS-2-416610 3 <-- 0042 (<--) 0067 <-- 415747 416568 - AL538_19015 416677 417159 - AL538_19020
Chr2 416621 - TSS-2-416621 1 <-- 0053 (<--) 0056 <-- 415747 416568 - AL538_19015 416677 417159 - AL538_19020
Chr2 418841 + TSS-2-418841 3 --> | (-->) | --> 418727 418930 + AL538_19030 418727 418930 + AL538_19030
Chr2 420796 - TSS-2-420796 3 <-- 0021 (<--) 0128 --> 419882 420775 - AL538_19040 420924 421277 + AL538_19045
Chr2 421059 + TSS-2-421059 3 --> | (-->) | --> 420924 421277 + AL538_19045 420924 421277 + AL538_19045
Chr2 421179 + TSS-2-421179 3 --> | (-->) | --> 420924 421277 + AL538_19045 420924 421277 + AL538_19045
Chr2 421699 - TSS-2-421699 3 <-- 0024 (<--) 0351 --> 421424 421675 - AL538_19050 422050 422850 + AL538_19055
Chr2 421776 - TSS-2-421776 1 <-- 0101 (<--) 0274 --> 421424 421675 - AL538_19050 422050 422850 + AL538_19055
Chr2 421878 + TSS-2-421878 2 <-- 0203 (-->) 0172 --> 421424 421675 - AL538_19050 422050 422850 + AL538_19055
Chr2 422290 - TSS-2-422290 1 --> | (<--) | --> 422050 422850 + AL538_19055 422050 422850 + AL538_19055
Chr2 423269 - TSS-2-423269 3 <-- | (<--) | <-- 422977 423843 - AL538_19060 422977 423843 - AL538_19060
Chr2 430002 - TSS-2-430002 3 <-- | (<--) | <-- 428278 430038 - AL538_19095 428278 430038 - AL538_19095
Chr2 432720 + TSS-2-432720 3 --> 0348 (-->) 0219 <-- 431305 432372 + AL538_19105 432939 433643 - AL538_19110
Chr2 461044 - TSS-2-461044 3 --> | (<--) | --> 460816 461673 + AL538_19260 460816 461673 + AL538_19260
Chr2 463529 - TSS-2-463529 2 <-- | (<--) | <-- 463316 464551 - AL538_19275 463316 464551 - AL538_19275
Chr2 463724 - TSS-2-463724 1 <-- | (<--) | <-- 463316 464551 - AL538_19275 463316 464551 - AL538_19275
Chr2 464588 - TSS-2-464588 3 <-- 0037 (<--) 0524 <-- 463316 464551 - AL538_19275 465112 465744 - AL538_19280
Chr2 464752 + TSS-2-464752 3 <-- 0201 (-->) 0360 <-- 463316 464551 - AL538_19275 465112 465744 - AL538_19280
Chr2 464773 + TSS-2-464773 3 <-- 0222 (-->) 0339 <-- 463316 464551 - AL538_19275 465112 465744 - AL538_19280
Chr2 465065 - TSS-2-465065 3 <-- 0514 (<--) 0047 <-- 463316 464551 - AL538_19275 465112 465744 - AL538_19280
Chr2 465913 + TSS-2-465913 3 <-- 0169 (-->) 0030 --> 465112 465744 - AL538_19280 465943 466716 + AL538_19285
Chr2 467857 + TSS-2-467857 1 --> | (-->) | --> 467320 468981 + AL538_19295 467320 468981 + AL538_19295
Chr2 469213 - TSS-2-469213 3 --> | (<--) | --> 469103 469597 + AL538_19300 469103 469597 + AL538_19300
Chr2 482946 - TSS-2-482946 3 <-- | (<--) | <-- 482172 484097 - AL538_19375 482172 484097 - AL538_19375
Chr2 483465 - TSS-2-483465 3 <-- | (<--) | <-- 482172 484097 - AL538_19375 482172 484097 - AL538_19375
Chr2 484124 - TSS-2-484124 3 <-- 0027 (<--) 0042 --> 482172 484097 - AL538_19375 484166 484921 + AL538_19380
Chr2 485226 - TSS-2-485226 1 <-- | (<--) | <-- 485017 485664 - AL538_19385 485017 485664 - AL538_19385
Chr2 485263 - TSS-2-485263 2 <-- | (<--) | <-- 485017 485664 - AL538_19385 485017 485664 - AL538_19385
Chr2 485966 - TSS-2-485966 1 <-- | (<--) | <-- 485584 486075 - AL538_19390 485584 486075 - AL538_19390
Chr2 486128 - TSS-2-486128 2 <-- 0053 (<--) 0114 <-- 485584 486075 - AL538_19390 486242 486439 - AL538_19395
Chr2 486298 - TSS-2-486298 2 <-- | (<--) | <-- 486242 486439 - AL538_19395 486242 486439 - AL538_19395
Chr2 486382 - TSS-2-486382 1 <-- | (<--) | <-- 486242 486439 - AL538_19395 486242 486439 - AL538_19395
Chr2 486396 - TSS-2-486396 3 <-- | (<--) | <-- 486242 486439 - AL538_19395 486242 486439 - AL538_19395
Chr2 486429 - TSS-2-486429 1 <-- | (<--) | <-- 486242 486439 - AL538_19395 486242 486439 - AL538_19395
Chr2 486468 - TSS-2-486468 3 <-- 0029 (<--) 0332 --> 486242 486439 - AL538_19395 486800 487654 + AL538_19400
Chr2 489230 - TSS-2-489230 2 --> 0180 (<--) 0144 <-- 488583 489050 + AL538_19410 489374 491344 - AL538_19415
Chr2 489231 - TSS-2-489231 1 --> 0181 (<--) 0143 <-- 488583 489050 + AL538_19410 489374 491344 - AL538_19415
Chr2 491749 - TSS-2-491749 3 <-- 0405 (<--) 0835 --> 489374 491344 - AL538_19415 492584 493801 + AL538_19420
Chr2 491772 + TSS-2-491772 3 <-- 0428 (-->) 0812 --> 489374 491344 - AL538_19415 492584 493801 + AL538_19420
Chr2 492715 + TSS-2-492715 3 --> | (-->) | --> 492584 493801 + AL538_19420 492584 493801 + AL538_19420
Chr2 493598 + TSS-2-493598 3 --> | (-->) | --> 492584 493801 + AL538_19420 492584 493801 + AL538_19420
Chr2 501843 + TSS-2-501843 2 <-- | (-->) | <-- 501784 503196 - AL538_19460 501784 503196 - AL538_19460
Chr2 502080 - TSS-2-502080 2 <-- | (<--) | <-- 501784 503196 - AL538_19460 501784 503196 - AL538_19460
Chr2 502784 + TSS-2-502784 1 <-- | (-->) | <-- 501784 503196 - AL538_19460 501784 503196 - AL538_19460
Chr2 514957 + TSS-2-514957 3 <-- 0101 (-->) 0137 --> 514212 514856 - AL538_19505 515094 516719 + AL538_19510
Chr2 516153 - TSS-2-516153 1 --> | (<--) | --> 515094 516719 + AL538_19510 515094 516719 + AL538_19510
Chr2 518283 + TSS-2-518283 3 <-- 0194 (-->) 0198 <-- 517502 518089 - AL538_19520 518481 520595 - AL538_19525
Chr2 518347 + TSS-2-518347 2 <-- 0258 (-->) 0134 <-- 517502 518089 - AL538_19520 518481 520595 - AL538_19525
Chr2 519594 - TSS-2-519594 3 <-- | (<--) | <-- 518481 520595 - AL538_19525 518481 520595 - AL538_19525
Chr2 524904 - TSS-2-524904 3 <-- | (<--) | <-- 524835 526061 - AL538_19545 524835 526061 - AL538_19545
Chr2 525090 - TSS-2-525090 3 <-- | (<--) | <-- 524835 526061 - AL538_19545 524835 526061 - AL538_19545
Chr2 526196 - TSS-2-526196 1 <-- | (<--) | <-- 526054 527982 - AL538_19550 526054 527982 - AL538_19550
Chr2 528211 + TSS-2-528211 3 --> | (-->) | --> 528111 528746 + AL538_19555 528111 528746 + AL538_19555
Chr2 529399 - TSS-2-529399 3 <-- | (<--) | <-- 528815 529534 - AL538_19560 528815 529534 - AL538_19560
Chr2 529923 - TSS-2-529923 3 <-- 0389 (<--) 0386 --> 528815 529534 - AL538_19560 530309 531121 + AL538_19565
Chr2 530190 + TSS-2-530190 3 <-- 0656 (-->) 0119 --> 528815 529534 - AL538_19560 530309 531121 + AL538_19565
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Chr2 531466 + TSS-2-531466 1 --> 0345 (-->) 0056 --> 530309 531121 + AL538_19565 531522 534653 + AL538_19570
Chr2 531472 + TSS-2-531472 2 --> 0351 (-->) 0050 --> 530309 531121 + AL538_19565 531522 534653 + AL538_19570
Chr2 535554 - TSS-2-535554 2 --> | (<--) | --> 535510 537003 + AL538_19580 535510 537003 + AL538_19580
Chr2 537162 + TSS-2-537162 3 --> 0159 (-->) 0021 --> 535510 537003 + AL538_19580 537183 537692 + AL538_19585
Chr2 538708 + TSS-2-538708 3 <-- 0390 (-->) 0024 --> 537788 538318 - AL538_19590 538732 538971 + AL538_19595
Chr2 541017 + TSS-2-541017 2 <-- 0507 (-->) 0028 --> 540148 540510 - AL538_19610 541045 541293 + AL538_19615
Chr2 541477 - TSS-2-541477 1 --> 0184 (<--) 0314 --> 541045 541293 + AL538_19615 541791 542267 + AL538_19620
Chr2 541489 - TSS-2-541489 3 --> 0196 (<--) 0302 --> 541045 541293 + AL538_19615 541791 542267 + AL538_19620
Chr2 541621 - TSS-2-541621 1 --> 0328 (<--) 0170 --> 541045 541293 + AL538_19615 541791 542267 + AL538_19620
Chr2 541764 + TSS-2-541764 2 --> 0471 (-->) 0027 --> 541045 541293 + AL538_19615 541791 542267 + AL538_19620
Chr2 542458 - TSS-2-542458 1 <-- | (<--) | <-- 542368 543075 - AL538_19625 542368 543075 - AL538_19625
Chr2 543233 + TSS-2-543233 3 <-- 0158 (-->) 0484 <-- 542368 543075 - AL538_19625 543717 545555 - AL538_19630
Chr2 545038 + TSS-2-545038 1 <-- | (-->) | <-- 543717 545555 - AL538_19630 543717 545555 - AL538_19630
Chr2 545938 + TSS-2-545938 3 <-- 0383 (-->) 0025 --> 543717 545555 - AL538_19630 545963 546964 + AL538_19635
Chr2 545975 + TSS-2-545975 2 --> | (-->) | --> 545963 546964 + AL538_19635 545963 546964 + AL538_19635
Chr2 564549 - TSS-2-564549 1 --> 0160 (<--) 0490 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 564606 + TSS-2-564606 3 --> 0217 (-->) 0433 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 564664 - TSS-2-564664 1 --> 0275 (<--) 0375 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 564679 - TSS-2-564679 2 --> 0290 (<--) 0360 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 564681 - TSS-2-564681 1 --> 0292 (<--) 0358 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 564692 - TSS-2-564692 2 --> 0303 (<--) 0347 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 564702 - TSS-2-564702 3 --> 0313 (<--) 0337 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 564999 + TSS-2-564999 3 --> 0610 (-->) 0040 --> 564072 564389 + AL538_19715 565039 565668 + AL538_19720
Chr2 565972 + TSS-2-565972 3 <-- | (-->) | <-- 565741 567018 - AL538_19725 565741 567018 - AL538_19725
Chr2 569915 - TSS-2-569915 3 <-- | (<--) | <-- 569390 570793 - AL538_19740 569390 570793 - AL538_19740
Chr2 575475 - TSS-2-575475 2 <-- | (<--) | <-- 575332 576744 - AL538_19770 575332 576744 - AL538_19770
Chr2 594190 - TSS-2-594190 1 --> | (<--) | --> 593954 594769 + AL538_19875 593954 594769 + AL538_19875
Chr2 597178 - TSS-2-597178 3 --> | (<--) | --> 597117 598127 + AL538_19895 597117 598127 + AL538_19895
Chr2 602849 - TSS-2-602849 3 <-- | (<--) | <-- 602768 603463 - AL538_19920 602768 603463 - AL538_19920
Chr2 604359 + TSS-2-604359 2 --> | (-->) | --> 603937 605325 + AL538_19925 603937 605325 + AL538_19925
Chr2 605056 + TSS-2-605056 3 --> | (-->) | --> 603937 605325 + AL538_19925 603937 605325 + AL538_19925
Chr2 612746 + TSS-2-612746 1 <-- | (-->) | <-- 612514 614148 - AL538_19950 612514 614148 - AL538_19950
Chr2 619939 + TSS-2-619939 1 <-- 2248 (-->) 0042 <-- 617272 617691 - AL538_19975 619981 621549 - AL538_19980
Chr2 622482 + TSS-2-622482 1 <-- 0203 (-->) 0372 <-- 621722 622279 - AL538_19985 622854 623312 - AL538_19990
Chr2 626243 + TSS-2-626243 1 <-- 0036 (-->) 0190 <-- 625251 626207 - AL538_20005 626433 628319 - AL538_20010
Chr2 628014 + TSS-2-628014 2 <-- | (-->) | <-- 626433 628319 - AL538_20010 626433 628319 - AL538_20010
Chr2 628364 - TSS-2-628364 3 <-- 0045 (<--) 0275 --> 626433 628319 - AL538_20010 628639 631389 + AL538_20015
Chr2 631755 - TSS-2-631755 3 <-- | (<--) | <-- 631447 631773 - AL538_20020 631447 631773 - AL538_20020
Chr2 631798 + TSS-2-631798 1 <-- 0025 (-->) 0329 --> 631447 631773 - AL538_20020 632127 632555 + AL538_20025
Chr2 632097 + TSS-2-632097 3 <-- 0324 (-->) 0030 --> 631447 631773 - AL538_20020 632127 632555 + AL538_20025
Chr2 634865 + TSS-2-634865 3 <-- 0280 (-->) 0178 --> 633632 634585 - AL538_20040 635043 636776 + AL538_20045
Chr2 638747 - TSS-2-638747 2 --> | (<--) | --> 638043 639575 + AL538_20055 638043 639575 + AL538_20055
Chr2 647297 + TSS-2-647297 3 --> | (-->) | --> 645392 647422 + AL538_20090 645392 647422 + AL538_20090
Chr2 648088 + TSS-2-648088 1 --> 0143 (-->) 0134 --> 647511 647945 + AL538_20095 648222 649163 + AL538_20100
Chr2 648204 + TSS-2-648204 3 --> 0259 (-->) 0018 --> 647511 647945 + AL538_20095 648222 649163 + AL538_20100
Chr2 650297 - TSS-2-650297 1 <-- | (<--) | <-- 650029 651213 - AL538_20110 650029 651213 - AL538_20110
Chr2 661813 + TSS-2-661813 3 <-- 0071 (-->) 0376 --> 659775 661742 - AL538_20155 662189 663514 + AL538_20160
Chr2 662063 + TSS-2-662063 3 <-- 0321 (-->) 0126 --> 659775 661742 - AL538_20155 662189 663514 + AL538_20160
Chr2 663013 - TSS-2-663013 1 --> | (<--) | --> 662189 663514 + AL538_20160 662189 663514 + AL538_20160
Chr2 663353 + TSS-2-663353 2 --> | (-->) | --> 662189 663514 + AL538_20160 662189 663514 + AL538_20160
Chr2 666558 + TSS-2-666558 3 --> | (-->) | --> 665346 666968 + AL538_20175 665346 666968 + AL538_20175
Chr2 667176 - TSS-2-667176 3 --> 0208 (<--) 0359 --> 665346 666968 + AL538_20175 667535 669154 + AL538_20180
Chr2 667335 - TSS-2-667335 1 --> 0367 (<--) 0200 --> 665346 666968 + AL538_20175 667535 669154 + AL538_20180
Chr2 667508 + TSS-2-667508 3 --> 0540 (-->) 0027 --> 665346 666968 + AL538_20175 667535 669154 + AL538_20180
Chr2 671011 + TSS-2-671011 3 --> | (-->) | --> 670750 671667 + AL538_20190 670750 671667 + AL538_20190
Chr2 673239 + TSS-2-673239 3 --> | (-->) | --> 672791 673318 + AL538_20205 672791 673318 + AL538_20205
Chr2 673867 - TSS-2-673867 2 <-- | (<--) | <-- 673853 674494 - AL538_20215 673853 674494 - AL538_20215
Chr2 676120 + TSS-2-676120 1 <-- | (-->) | <-- 675813 676262 - AL538_20230 675813 676262 - AL538_20230
Chr2 676519 - TSS-2-676519 2 <-- | (<--) | <-- 676346 676876 - AL538_20235 676346 676876 - AL538_20235
Chr2 676894 - TSS-2-676894 3 <-- 0018 (<--) 0049 <-- 676346 676876 - AL538_20235 676943 677413 - AL538_20240
Chr2 690250 - TSS-2-690250 3 <-- | (<--) | <-- 690142 690252 - . 690142 690252 - .
Chr2 690358 + TSS-2-690358 1 <-- 0106 (-->) 0376 --> 690142 690252 - . 690734 692119 + AL538_20310
Chr2 690628 + TSS-2-690628 3 <-- 0376 (-->) 0106 --> 690142 690252 - . 690734 692119 + AL538_20310
Chr2 692592 - TSS-2-692592 1 --> | (<--) | --> 692119 693462 + AL538_20315 692119 693462 + AL538_20315
Chr2 692827 + TSS-2-692827 1 --> | (-->) | --> 692119 693462 + AL538_20315 692119 693462 + AL538_20315
Chr2 695103 + TSS-2-695103 3 --> 0281 (-->) 0259 --> 694298 694822 + AL538_20325 695362 696918 + AL538_20330
Chr2 695226 - TSS-2-695226 3 --> 0404 (<--) 0136 --> 694298 694822 + AL538_20325 695362 696918 + AL538_20330
Chr2 696963 + TSS-2-696963 3 --> 0045 (-->) 0077 --> 695362 696918 + AL538_20330 697040 697115 + AL538_20335
Chr2 697042 + TSS-2-697042 3 --> | (-->) | --> 697040 697115 + AL538_20335 697040 697115 + AL538_20335
Chr2 697070 + TSS-2-697070 2 --> | (-->) | --> 697040 697115 + AL538_20335 697040 697115 + AL538_20335
Chr2 697121 + TSS-2-697121 3 --> | (-->) | --> 697118 697193 + AL538_20340 697118 697193 + AL538_20340
Chr2 697211 + TSS-2-697211 3 --> | (-->) | --> 697203 697278 + AL538_20345 697203 697278 + AL538_20345
Chr2 697233 + TSS-2-697233 1 --> | (-->) | --> 697203 697278 + AL538_20345 697203 697278 + AL538_20345
Chr2 697317 + TSS-2-697317 2 --> | (-->) | --> 697314 697389 + AL538_20350 697314 697389 + AL538_20350
Chr2 697322 + TSS-2-697322 1 --> | (-->) | --> 697314 697389 + AL538_20350 697314 697389 + AL538_20350
Chr2 697344 + TSS-2-697344 2 --> | (-->) | --> 697314 697389 + AL538_20350 697314 697389 + AL538_20350
Chr2 700562 + TSS-2-700562 3 --> 0001 (-->) 0074 --> 697647 700561 + AL538_20355 700636 700752 + AL538_20360
Chr2 714704 - TSS-2-714704 1 <-- 0031 (<--) 0054 <-- 714317 714673 - AL538_20430 714758 715753 - AL538_20435
Chr2 715666 + TSS-2-715666 2 <-- | (-->) | <-- 714758 715753 - AL538_20435 714758 715753 - AL538_20435
Chr2 716513 - TSS-2-716513 3 <-- | (<--) | <-- 716433 717149 - AL538_20445 716433 717149 - AL538_20445



Chrom Location Strand TSS-ID Replicates Start End Strand ID Start End Strand ID

TSS
Genomic context

Flancking genes
Gene on the left Gene on the right

Chr2 716990 - TSS-2-716990 1 <-- | (<--) | <-- 716433 717149 - AL538_20445 716433 717149 - AL538_20445
Chr2 717244 + TSS-2-717244 1 <-- 0095 (-->) 0177 --> 716433 717149 - AL538_20445 717421 718374 + AL538_20450
Chr2 717721 + TSS-2-717721 1 --> | (-->) | --> 717421 718374 + AL538_20450 717421 718374 + AL538_20450
Chr2 726355 + TSS-2-726355 1 --> | (-->) | --> 726021 726641 + AL538_20490 726021 726641 + AL538_20490
Chr2 732194 - TSS-2-732194 1 --> | (<--) | --> 731972 732907 + AL538_20530 731972 732907 + AL538_20530
Chr2 732580 - TSS-2-732580 1 --> | (<--) | --> 731972 732907 + AL538_20530 731972 732907 + AL538_20530
Chr2 735536 + TSS-2-735536 3 --> 0143 (-->) 0071 --> 734524 735393 + AL538_20545 735607 736616 + AL538_20550
Chr2 736480 + TSS-2-736480 2 --> | (-->) | --> 735607 736616 + AL538_20550 735607 736616 + AL538_20550
Chr2 743754 + TSS-2-743754 3 <-- 0239 (-->) 0098 --> 741605 743515 - AL538_20570 743852 744619 + AL538_20575
Chr2 746006 - TSS-2-746006 3 <-- | (<--) | <-- 745148 746053 - AL538_20585 745148 746053 - AL538_20585
Chr2 747731 + TSS-2-747731 3 --> | (-->) | --> 747147 748160 + AL538_20600 747147 748160 + AL538_20600
Chr2 749049 + TSS-2-749049 2 <-- | (-->) | <-- 748569 749471 - AL538_20610 748569 749471 - AL538_20610
Chr2 749767 + TSS-2-749767 3 <-- 0296 (-->) 0248 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749768 - TSS-2-749768 3 <-- 0297 (<--) 0247 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749781 - TSS-2-749781 2 <-- 0310 (<--) 0234 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749813 + TSS-2-749813 3 <-- 0342 (-->) 0202 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749820 + TSS-2-749820 2 <-- 0349 (-->) 0195 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749821 + TSS-2-749821 1 <-- 0350 (-->) 0194 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749833 + TSS-2-749833 2 <-- 0362 (-->) 0182 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749840 - TSS-2-749840 1 <-- 0369 (<--) 0175 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749841 - TSS-2-749841 2 <-- 0370 (<--) 0174 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749854 - TSS-2-749854 3 <-- 0383 (<--) 0161 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 749887 - TSS-2-749887 3 <-- 0416 (<--) 0128 <-- 748569 749471 - AL538_20610 750015 750260 - AL538_20615
Chr2 750355 + TSS-2-750355 3 <-- 0095 (-->) 0072 --> 750015 750260 - AL538_20615 750427 751293 + AL538_20620
Chr2 751423 + TSS-2-751423 1 --> 0130 (-->) 0577 <-- 750427 751293 + AL538_20620 752000 752338 - AL538_20625
Chr2 751439 + TSS-2-751439 3 --> 0146 (-->) 0561 <-- 750427 751293 + AL538_20620 752000 752338 - AL538_20625
Chr2 751565 + TSS-2-751565 2 --> 0272 (-->) 0435 <-- 750427 751293 + AL538_20620 752000 752338 - AL538_20625
Chr2 751566 + TSS-2-751566 1 --> 0273 (-->) 0434 <-- 750427 751293 + AL538_20620 752000 752338 - AL538_20625
Chr2 751597 + TSS-2-751597 1 --> 0304 (-->) 0403 <-- 750427 751293 + AL538_20620 752000 752338 - AL538_20625
Chr2 752362 - TSS-2-752362 3 <-- 0024 (<--) 0232 --> 752000 752338 - AL538_20625 752594 754630 + AL538_20630
Chr2 752506 + TSS-2-752506 3 <-- 0168 (-->) 0088 --> 752000 752338 - AL538_20625 752594 754630 + AL538_20630
Chr2 752534 + TSS-2-752534 2 <-- 0196 (-->) 0060 --> 752000 752338 - AL538_20625 752594 754630 + AL538_20630
Chr2 752535 + TSS-2-752535 1 <-- 0197 (-->) 0059 --> 752000 752338 - AL538_20625 752594 754630 + AL538_20630
Chr2 752607 - TSS-2-752607 3 --> | (<--) | --> 752594 754630 + AL538_20630 752594 754630 + AL538_20630
Chr2 752646 + TSS-2-752646 2 --> | (-->) | --> 752594 754630 + AL538_20630 752594 754630 + AL538_20630
Chr2 752814 + TSS-2-752814 2 --> | (-->) | --> 752594 754630 + AL538_20630 752594 754630 + AL538_20630
Chr2 753742 + TSS-2-753742 3 --> | (-->) | --> 752594 754630 + AL538_20630 752594 754630 + AL538_20630
Chr2 760281 - TSS-2-760281 3 <-- | (<--) | <-- 759930 761240 - AL538_20650 759930 761240 - AL538_20650
Chr2 761495 - TSS-2-761495 3 <-- 0255 (<--) 0185 <-- 759930 761240 - AL538_20650 761680 761901 - AL538_20655
Chr2 763262 + TSS-2-763262 1 --> | (-->) | --> 763176 765299 + AL538_20665 763176 765299 + AL538_20665
Chr2 767012 - TSS-2-767012 3 <-- 0023 (<--) 0147 --> 766582 766989 - AL538_20675 767159 768403 + AL538_20680
Chr2 768530 - TSS-2-768530 3 --> 0127 (<--) 0170 --> 767159 768403 + AL538_20680 768700 770100 + AL538_20685
Chr2 771088 - TSS-2-771088 1 <-- 0166 (<--) 0396 --> 770839 770922 - AL538_20695 771484 772692 + AL538_20700
Chr2 771100 - TSS-2-771100 2 <-- 0178 (<--) 0384 --> 770839 770922 - AL538_20695 771484 772692 + AL538_20700
Chr2 776223 - TSS-2-776223 2 <-- 0024 (<--) 0046 <-- 775114 776199 - AL538_20715 776269 776877 - AL538_20720
Chr2 777231 - TSS-2-777231 3 --> | (<--) | --> 777017 778375 + AL538_20725 777017 778375 + AL538_20725
Chr2 777282 - TSS-2-777282 3 --> | (<--) | --> 777017 778375 + AL538_20725 777017 778375 + AL538_20725
Chr2 778645 + TSS-2-778645 3 --> 0270 (-->) 0109 <-- 777017 778375 + AL538_20725 778754 780226 - AL538_20730
Chr2 780379 + TSS-2-780379 3 <-- 0153 (-->) 0106 --> 778754 780226 - AL538_20730 780485 781063 + AL538_20735
Chr2 780943 - TSS-2-780943 1 --> | (<--) | --> 780485 781063 + AL538_20735 780485 781063 + AL538_20735
Chr2 784440 - TSS-2-784440 1 --> | (<--) | --> 783852 785396 + AL538_20750 783852 785396 + AL538_20750
Chr2 785361 + TSS-2-785361 3 --> | (-->) | --> 783852 785396 + AL538_20750 783852 785396 + AL538_20750
Chr2 787607 + TSS-2-787607 3 <-- 0124 (-->) 0062 --> 786341 787483 - AL538_20760 787669 788067 + AL538_20765
Chr2 788157 + TSS-2-788157 3 --> 0090 (-->) 0024 --> 787669 788067 + AL538_20765 788181 788735 + AL538_20770
Chr2 792350 + TSS-2-792350 1 --> | (-->) | --> 791884 796005 + AL538_20790 791884 796005 + AL538_20790
Chr2 794602 + TSS-2-794602 1 --> | (-->) | --> 791884 796005 + AL538_20790 791884 796005 + AL538_20790
Chr2 795853 + TSS-2-795853 3 --> | (-->) | --> 791884 796005 + AL538_20790 791884 796005 + AL538_20790
Chr2 795862 + TSS-2-795862 3 --> | (-->) | --> 791884 796005 + AL538_20790 791884 796005 + AL538_20790
Chr2 796127 - TSS-2-796127 1 <-- | (<--) | <-- 796075 796257 - AL538_20795 796075 796257 - AL538_20795
Chr2 796173 - TSS-2-796173 2 <-- | (<--) | <-- 796075 796257 - AL538_20795 796075 796257 - AL538_20795
Chr2 796212 - TSS-2-796212 1 <-- | (<--) | <-- 796075 796257 - AL538_20795 796075 796257 - AL538_20795
Chr2 796237 - TSS-2-796237 3 <-- | (<--) | <-- 796075 796257 - AL538_20795 796075 796257 - AL538_20795
Chr2 796284 - TSS-2-796284 3 <-- 0027 (<--) 0132 --> 796075 796257 - AL538_20795 796416 797060 + AL538_20800
Chr2 796421 + TSS-2-796421 2 --> | (-->) | --> 796416 797060 + AL538_20800 796416 797060 + AL538_20800
Chr2 800494 + TSS-2-800494 1 --> | (-->) | --> 800020 800559 + AL538_20825 800020 800559 + AL538_20825
Chr2 801877 + TSS-2-801877 1 --> | (-->) | --> 801661 802164 + AL538_20840 801661 802164 + AL538_20840
Chr2 807053 + TSS-2-807053 3 --> | (-->) | --> 804834 807209 + AL538_20855 804834 807209 + AL538_20855
Chr2 807975 - TSS-2-807975 3 <-- | (<--) | <-- 807774 809030 - AL538_20865 807774 809030 - AL538_20865
Chr2 810048 + TSS-2-810048 3 <-- 0219 (-->) 0030 --> 809386 809829 - AL538_20875 810078 811106 + AL538_20880
Chr2 814814 + TSS-2-814814 3 <-- 0218 (-->) 0049 --> 813493 814596 - AL538_20895 814863 815873 + AL538_20900
Chr2 816178 + TSS-2-816178 3 --> 0305 (-->) 0021 --> 814863 815873 + AL538_20900 816199 817305 + AL538_20905
Chr2 818860 + TSS-2-818860 1 --> | (-->) | --> 817314 819038 + AL538_20910 817314 819038 + AL538_20910
Chr2 822522 + TSS-2-822522 1 <-- 0200 (-->) 0390 --> 821411 822322 - AL538_20930 822912 823271 + AL538_20935
Chr2 824381 + TSS-2-824381 2 --> | (-->) | --> 823505 824905 + AL538_20940 823505 824905 + AL538_20940
Chr2 825375 - TSS-2-825375 3 --> | (<--) | --> 825019 826143 + AL538_20945 825019 826143 + AL538_20945
Chr2 826486 + TSS-2-826486 3 --> 0343 (-->) 0275 --> 825019 826143 + AL538_20945 826761 827726 + AL538_20950
Chr2 827628 + TSS-2-827628 1 --> | (-->) | --> 826761 827726 + AL538_20950 826761 827726 + AL538_20950
Chr2 827820 + TSS-2-827820 3 --> 0094 (-->) 0022 --> 826761 827726 + AL538_20950 827842 828717 + AL538_20955
Chr2 828097 + TSS-2-828097 3 --> | (-->) | --> 827842 828717 + AL538_20955 827842 828717 + AL538_20955
Chr2 828846 + TSS-2-828846 3 --> 0129 (-->) 0058 --> 827842 828717 + AL538_20955 828904 829689 + AL538_20960
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Chr2 830751 + TSS-2-830751 2 <-- 0175 (-->) 0036 --> 829686 830576 - AL538_20965 830787 831023 + AL538_20970
Chr2 831499 + TSS-2-831499 1 --> | (-->) | --> 831238 832509 + AL538_20975 831238 832509 + AL538_20975
Chr2 836866 - TSS-2-836866 1 <-- | (<--) | <-- 836822 837496 - AL538_20995 836822 837496 - AL538_20995
Chr2 837805 - TSS-2-837805 3 <-- | (<--) | <-- 837756 838016 - AL538_21000 837756 838016 - AL538_21000
Chr2 838047 - TSS-2-838047 3 <-- 0031 (<--) 0230 --> 837756 838016 - AL538_21000 838277 838795 + AL538_21005
Chr2 838540 + TSS-2-838540 3 --> | (-->) | --> 838277 838795 + AL538_21005 838277 838795 + AL538_21005
Chr2 839074 - TSS-2-839074 3 --> 0279 (<--) 0125 <-- 838277 838795 + AL538_21005 839199 839876 - AL538_21010
Chr2 840073 - TSS-2-840073 3 <-- | (<--) | <-- 839920 840357 - AL538_21015 839920 840357 - AL538_21015
Chr2 850414 + TSS-2-850414 3 --> | (-->) | --> 849745 850644 + AL538_21080 849745 850644 + AL538_21080
Chr2 854883 + TSS-2-854883 1 <-- 0075 (-->) 0430 --> 852091 854808 - AL538_21090 855313 857106 + AL538_21095
Chr2 863297 + TSS-2-863297 1 --> 0132 (-->) 0026 --> 862686 863165 + AL538_21125 863323 863724 + AL538_21130
Chr2 863367 + TSS-2-863367 1 --> | (-->) | --> 863323 863724 + AL538_21130 863323 863724 + AL538_21130
Chr2 863368 + TSS-2-863368 1 --> | (-->) | --> 863323 863724 + AL538_21130 863323 863724 + AL538_21130
Chr2 864272 + TSS-2-864272 3 --> | (-->) | --> 863876 864589 + AL538_21135 863876 864589 + AL538_21135
Chr2 865203 + TSS-2-865203 3 --> 0071 (-->) 0070 --> 864887 865132 + AL538_21140 865273 865725 + AL538_21145
Chr2 865593 - TSS-2-865593 3 --> | (<--) | --> 865273 865725 + AL538_21145 865273 865725 + AL538_21145
Chr2 865857 + TSS-2-865857 3 --> 0132 (-->) 0050 --> 865273 865725 + AL538_21145 865907 866329 + AL538_21150
Chr2 876004 + TSS-2-876004 3 --> 0113 (-->) 0301 <-- 875661 875891 + AL538_21200 876305 877102 - AL538_21205
Chr2 876018 + TSS-2-876018 2 --> 0127 (-->) 0287 <-- 875661 875891 + AL538_21200 876305 877102 - AL538_21205
Chr2 877414 - TSS-2-877414 3 <-- | (<--) | <-- 877239 877487 - AL538_21210 877239 877487 - AL538_21210
Chr2 884903 - TSS-2-884903 1 <-- | (<--) | <-- 884538 885068 - AL538_21245 884538 885068 - AL538_21245
Chr2 890764 - TSS-2-890764 2 <-- | (<--) | <-- 889909 890901 - AL538_21280 889909 890901 - AL538_21280
Chr2 917959 + TSS-2-917959 3 <-- 0332 (-->) 0191 <-- 916599 917627 - AL538_21415 918150 919040 - AL538_21420
Chr2 920188 + TSS-2-920188 3 --> 0093 (-->) 0016 --> 919172 920095 + AL538_21425 920204 920644 + AL538_21430
Chr2 920466 + TSS-2-920466 3 --> | (-->) | --> 920204 920644 + AL538_21430 920204 920644 + AL538_21430
Chr2 921540 + TSS-2-921540 2 --> 0056 (-->) 0045 --> 920732 921484 + AL538_21435 921585 921974 + AL538_21440
Chr2 922408 + TSS-2-922408 3 --> 0434 (-->) 0252 --> 921585 921974 + AL538_21440 922660 924099 + AL538_21445
Chr2 930475 + TSS-2-930475 3 --> 0485 (-->) 0063 --> 928617 929990 + AL538_21480 930538 931938 + AL538_21485
Chr2 931950 + TSS-2-931950 3 --> 0012 (-->) 0049 --> 930538 931938 + AL538_21485 931999 932931 + AL538_21490
Chr2 972826 - TSS-2-972826 3 <-- | (<--) | <-- 972272 972859 - AL538_21620 972272 972859 - AL538_21620
Chr2 972876 - TSS-2-972876 2 <-- 0017 (<--) 0108 <-- 972272 972859 - AL538_21620 972984 974501 - AL538_21625
Chr2 974526 - TSS-2-974526 3 <-- 0025 (<--) 0558 --> 972984 974501 - AL538_21625 975084 976240 + AL538_21630
Chr2 975940 + TSS-2-975940 3 --> | (-->) | --> 975084 976240 + AL538_21630 975084 976240 + AL538_21630
Chr2 977442 + TSS-2-977442 3 --> | (-->) | --> 976254 979412 + AL538_21635 976254 979412 + AL538_21635
Chr2 977457 + TSS-2-977457 3 --> | (-->) | --> 976254 979412 + AL538_21635 976254 979412 + AL538_21635
Chr2 979657 + TSS-2-979657 3 --> 0245 (-->) 0037 --> 976254 979412 + AL538_21635 979694 979960 + AL538_21640
Chr2 980262 - TSS-2-980262 1 --> | (<--) | --> 980252 980485 + AL538_21645 980252 980485 + AL538_21645
Chr2 980275 - TSS-2-980275 1 --> | (<--) | --> 980252 980485 + AL538_21645 980252 980485 + AL538_21645
Chr2 980296 - TSS-2-980296 2 --> | (<--) | --> 980252 980485 + AL538_21645 980252 980485 + AL538_21645
Chr2 980299 - TSS-2-980299 1 --> | (<--) | --> 980252 980485 + AL538_21645 980252 980485 + AL538_21645
Chr2 980317 - TSS-2-980317 3 --> | (<--) | --> 980252 980485 + AL538_21645 980252 980485 + AL538_21645
Chr2 990579 - TSS-2-990579 3 <-- 0072 (<--) 0233 --> 989848 990507 - AL538_21685 990812 992413 + AL538_21690
Chr2 992117 + TSS-2-992117 3 --> | (-->) | --> 990812 992413 + AL538_21690 990812 992413 + AL538_21690
Chr2 992184 - TSS-2-992184 3 --> | (<--) | --> 990812 992413 + AL538_21690 990812 992413 + AL538_21690
Chr2 997104 - TSS-2-997104 1 <-- | (<--) | <-- 996877 997530 - AL538_21705 996877 997530 - AL538_21705
Chr2 1000722 - TSS-2-1000722 1 <-- | (<--) | <-- 1000201 1001427 - AL538_21725 1000201 1001427 - AL538_21725
Chr2 1001899 + TSS-2-1001899 3 <-- | (-->) | <-- 1001647 1002186 - AL538_21730 1001647 1002186 - AL538_21730
Chr2 1001910 + TSS-2-1001910 1 <-- | (-->) | <-- 1001647 1002186 - AL538_21730 1001647 1002186 - AL538_21730
Chr2 1002387 - TSS-2-1002387 3 <-- 0201 (<--) 0119 <-- 1001647 1002186 - AL538_21730 1002506 1003999 - AL538_21735
Chr2 1009186 - TSS-2-1009186 2 <-- 0052 (<--) 0078 --> 1008253 1009134 - AL538_21750 1009264 1009623 + AL538_21755
Chr2 1009199 - TSS-2-1009199 3 <-- 0065 (<--) 0065 --> 1008253 1009134 - AL538_21750 1009264 1009623 + AL538_21755
Chr2 1009348 + TSS-2-1009348 2 --> | (-->) | --> 1009264 1009623 + AL538_21755 1009264 1009623 + AL538_21755
Chr2 1013156 - TSS-2-1013156 1 <-- 0026 (<--) 0160 <-- 1012351 1013130 - AL538_21775 1013316 1015685 - AL538_21780
Chr2 1013166 + TSS-2-1013166 2 <-- 0036 (-->) 0150 <-- 1012351 1013130 - AL538_21775 1013316 1015685 - AL538_21780
Chr2 1013558 - TSS-2-1013558 2 <-- | (<--) | <-- 1013316 1015685 - AL538_21780 1013316 1015685 - AL538_21780
Chr2 1015991 - TSS-2-1015991 3 <-- 0306 (<--) 0043 --> 1013316 1015685 - AL538_21780 1016034 1016870 + AL538_21785
Chr2 1027816 - TSS-2-1027816 1 <-- | (<--) | <-- 1026957 1028048 - AL538_21840 1026957 1028048 - AL538_21840
Chr2 1032206 + TSS-2-1032206 1 <-- 0028 (-->) 0286 <-- 1031873 1032178 - AL538_21865 1032492 1033031 - AL538_21870
Chr2 1032830 - TSS-2-1032830 3 <-- | (<--) | <-- 1032492 1033031 - AL538_21870 1032492 1033031 - AL538_21870
Chr2 1042468 - TSS-2-1042468 3 <-- 0023 (<--) 0216 --> 1041738 1042445 - AL538_21910 1042684 1043148 + AL538_21915
Chr2 1043363 + TSS-2-1043363 3 --> | (-->) | --> 1043228 1043554 + AL538_21920 1043228 1043554 + AL538_21920
Chr2 1048037 - TSS-2-1048037 3 --> | (<--) | --> 1047331 1048245 + AL538_21940 1047331 1048245 + AL538_21940
Chr2 1048316 + TSS-2-1048316 3 --> 0071 (-->) 0002 <-- 1047331 1048245 + AL538_21940 1048318 1048851 - AL538_21945
Chr2 1054577 - TSS-2-1054577 2 --> 0060 (<--) 0271 --> 1054179 1054517 + AL538_21970 1054848 1055705 + AL538_21975
Chr2 1054755 + TSS-2-1054755 3 --> 0238 (-->) 0093 --> 1054179 1054517 + AL538_21970 1054848 1055705 + AL538_21975
Chr2 1059528 - TSS-2-1059528 1 <-- 0026 (<--) 0160 <-- 1058567 1059502 - AL538_21995 1059688 1060920 - AL538_22000
Chr2 1063253 + TSS-2-1063253 2 <-- 0348 (-->) 0035 --> 1060998 1062905 - AL538_22005 1063288 1064130 + AL538_22010
Chr2 1065415 + TSS-2-1065415 2 <-- 0173 (-->) 0060 --> 1064943 1065242 - AL538_22020 1065475 1067346 + AL538_22025
Chr2 1067374 + TSS-2-1067374 2 --> 0028 (-->) 0297 <-- 1065475 1067346 + AL538_22025 1067671 1068558 - AL538_22030
Chr2 1070222 - TSS-2-1070222 3 <-- | (<--) | <-- 1070219 1071655 - AL538_22045 1070219 1071655 - AL538_22045
Chr2 1071473 + TSS-2-1071473 1 <-- | (-->) | <-- 1070219 1071655 - AL538_22045 1070219 1071655 - AL538_22045
Chr2 1072887 + TSS-2-1072887 3 <-- | (-->) | <-- 1072588 1073619 - AL538_22055 1072588 1073619 - AL538_22055
Chr2 1072899 - TSS-2-1072899 3 <-- | (<--) | <-- 1072588 1073619 - AL538_22055 1072588 1073619 - AL538_22055
Chr2 1073704 - TSS-2-1073704 1 <-- 0085 (<--) 0018 <-- 1072588 1073619 - AL538_22055 1073722 1074309 - AL538_22060
Chr2 1077080 + TSS-2-1077080 1 <-- | (-->) | <-- 1076540 1077571 - AL538_22080 1076540 1077571 - AL538_22080
Chr2 1079343 - TSS-2-1079343 2 <-- | (<--) | <-- 1078474 1079724 - AL538_22090 1078474 1079724 - AL538_22090
Chr2 1084820 + TSS-2-1084820 1 <-- | (-->) | <-- 1084273 1085499 - AL538_22115 1084273 1085499 - AL538_22115
Chr2 1087463 - TSS-2-1087463 2 <-- | (<--) | <-- 1087303 1088421 - AL538_22125 1087303 1088421 - AL538_22125
Chr2 1088632 - TSS-2-1088632 1 <-- 0211 (<--) 0458 --> 1087303 1088421 - AL538_22125 1089090 1090268 + AL538_22130
Chr2 1088634 - TSS-2-1088634 2 <-- 0213 (<--) 0456 --> 1087303 1088421 - AL538_22125 1089090 1090268 + AL538_22130
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Chr2 1088646 - TSS-2-1088646 3 <-- 0225 (<--) 0444 --> 1087303 1088421 - AL538_22125 1089090 1090268 + AL538_22130
Chr2 1088749 - TSS-2-1088749 3 <-- 0328 (<--) 0341 --> 1087303 1088421 - AL538_22125 1089090 1090268 + AL538_22130
Chr2 1088794 - TSS-2-1088794 3 <-- 0373 (<--) 0296 --> 1087303 1088421 - AL538_22125 1089090 1090268 + AL538_22130
Chr2 1088977 + TSS-2-1088977 3 <-- 0556 (-->) 0113 --> 1087303 1088421 - AL538_22125 1089090 1090268 + AL538_22130
Chr2 1090206 + TSS-2-1090206 3 --> | (-->) | --> 1089090 1090268 + AL538_22130 1089090 1090268 + AL538_22130
Chr2 1092667 + TSS-2-1092667 3 --> | (-->) | --> 1091936 1092826 + AL538_22140 1091936 1092826 + AL538_22140
Chr2 1092778 + TSS-2-1092778 3 --> | (-->) | --> 1091936 1092826 + AL538_22140 1091936 1092826 + AL538_22140
Chr2 1092853 + TSS-2-1092853 3 --> 0027 (-->) 0343 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1092868 + TSS-2-1092868 1 --> 0042 (-->) 0328 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1092870 + TSS-2-1092870 2 --> 0044 (-->) 0326 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1092882 + TSS-2-1092882 1 --> 0056 (-->) 0314 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1092884 + TSS-2-1092884 2 --> 0058 (-->) 0312 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1092897 + TSS-2-1092897 1 --> 0071 (-->) 0299 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1092901 + TSS-2-1092901 2 --> 0075 (-->) 0295 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1092908 + TSS-2-1092908 1 --> 0082 (-->) 0288 <-- 1091936 1092826 + AL538_22140 1093196 1093441 - AL538_22145
Chr2 1093460 - TSS-2-1093460 3 <-- 0019 (<--) 0144 <-- 1093196 1093441 - AL538_22145 1093604 1094089 - AL538_22150
Chr2 1093471 - TSS-2-1093471 2 <-- 0030 (<--) 0133 <-- 1093196 1093441 - AL538_22145 1093604 1094089 - AL538_22150
Chr2 1094113 - TSS-2-1094113 3 <-- 0024 (<--) 0490 --> 1093604 1094089 - AL538_22150 1094603 1095436 + AL538_22155
Chr2 1095596 - TSS-2-1095596 3 --> | (<--) | --> 1095448 1096176 + AL538_22160 1095448 1096176 + AL538_22160
Chr2 1097575 - TSS-2-1097575 2 --> | (<--) | --> 1097336 1098733 + AL538_22170 1097336 1098733 + AL538_22170
Chr2 1103728 - TSS-2-1103728 3 <-- 0026 (<--) 0073 --> 1102794 1103702 - AL538_22195 1103801 1104589 + AL538_22200
Chr2 1108299 + TSS-2-1108299 2 <-- 0560 (-->) 0031 --> 1106711 1107739 - AL538_22215 1108330 1110146 + AL538_22220
Chr2 1110779 - TSS-2-1110779 2 <-- | (<--) | <-- 1110264 1111094 - AL538_22225 1110264 1111094 - AL538_22225
Chr2 1110882 + TSS-2-1110882 3 <-- | (-->) | <-- 1110264 1111094 - AL538_22225 1110264 1111094 - AL538_22225
Chr2 1111659 + TSS-2-1111659 2 --> | (-->) | --> 1111305 1111826 + AL538_22230 1111305 1111826 + AL538_22230
Chr2 1112755 + TSS-2-1112755 3 <-- | (-->) | <-- 1112402 1113010 - AL538_22240 1112402 1113010 - AL538_22240
Chr2 1115102 - TSS-2-1115102 3 <-- 0068 (<--) 0080 --> 1114435 1115034 - AL538_22250 1115182 1115454 + AL538_22255
Chr2 1115162 + TSS-2-1115162 3 <-- 0128 (-->) 0020 --> 1114435 1115034 - AL538_22250 1115182 1115454 + AL538_22255
Chr2 1115847 - TSS-2-1115847 3 <-- 0021 (<--) 0508 --> 1115527 1115826 - AL538_22260 1116355 1116816 + AL538_22265
Chr2 1116288 + TSS-2-1116288 3 <-- 0462 (-->) 0067 --> 1115527 1115826 - AL538_22260 1116355 1116816 + AL538_22265
Chr2 1118064 + TSS-2-1118064 3 --> | (-->) | --> 1117282 1118223 + AL538_22270 1117282 1118223 + AL538_22270
Chr2 1119917 + TSS-2-1119917 3 --> | (-->) | --> 1119446 1120096 + AL538_22280 1119446 1120096 + AL538_22280
Chr2 1120665 - TSS-2-1120665 3 <-- 0027 (<--) 0161 <-- 1120207 1120638 - AL538_22285 1120826 1122040 - AL538_22290
Chr2 1121174 - TSS-2-1121174 1 <-- | (<--) | <-- 1120826 1122040 - AL538_22290 1120826 1122040 - AL538_22290
Chr2 1125155 - TSS-2-1125155 1 <-- | (<--) | <-- 1124980 1126632 - AL538_22310 1124980 1126632 - AL538_22310
Chr2 1125156 - TSS-2-1125156 1 <-- | (<--) | <-- 1124980 1126632 - AL538_22310 1124980 1126632 - AL538_22310
Chr2 1125344 - TSS-2-1125344 1 <-- | (<--) | <-- 1124980 1126632 - AL538_22310 1124980 1126632 - AL538_22310
Chr2 1125992 + TSS-2-1125992 1 <-- | (-->) | <-- 1124980 1126632 - AL538_22310 1124980 1126632 - AL538_22310
Chr2 1126318 + TSS-2-1126318 1 <-- | (-->) | <-- 1124980 1126632 - AL538_22310 1124980 1126632 - AL538_22310
Chr2 1134497 + TSS-2-1134497 3 --> | (-->) | --> 1134312 1134965 + AL538_22350 1134312 1134965 + AL538_22350
Chr2 1134885 + TSS-2-1134885 3 --> | (-->) | --> 1134312 1134965 + AL538_22350 1134312 1134965 + AL538_22350
Chr2 1136958 - TSS-2-1136958 2 <-- 0027 (<--) 0167 --> 1136626 1136931 - AL538_22365 1137125 1137502 + AL538_22370
Chr2 1137102 + TSS-2-1137102 2 <-- 0171 (-->) 0023 --> 1136626 1136931 - AL538_22365 1137125 1137502 + AL538_22370
Chr2 1139123 - TSS-2-1139123 2 <-- | (<--) | <-- 1139103 1139648 - AL538_22390 1139103 1139648 - AL538_22390
Chr2 1140677 - TSS-2-1140677 1 <-- | (<--) | <-- 1140588 1140728 - . 1140588 1140728 - .
Chr2 1146492 - TSS-2-1146492 3 <-- 0285 (<--) 0258 --> 1145437 1146207 - AL538_22425 1146750 1146932 + AL538_22430
Chr2 1146719 + TSS-2-1146719 2 <-- 0512 (-->) 0031 --> 1145437 1146207 - AL538_22425 1146750 1146932 + AL538_22430
Chr2 1148402 - TSS-2-1148402 2 <-- | (<--) | <-- 1148270 1149508 - AL538_22440 1148270 1149508 - AL538_22440
Chr2 1148545 - TSS-2-1148545 3 <-- | (<--) | <-- 1148270 1149508 - AL538_22440 1148270 1149508 - AL538_22440
Chr2 1150140 - TSS-2-1150140 3 <-- 0632 (<--) 0182 <-- 1148270 1149508 - AL538_22440 1150322 1151668 - AL538_22445
Chr2 1150157 - TSS-2-1150157 3 <-- 0649 (<--) 0165 <-- 1148270 1149508 - AL538_22440 1150322 1151668 - AL538_22445
Chr2 1153448 - TSS-2-1153448 2 <-- | (<--) | <-- 1153167 1154390 - AL538_22455 1153167 1154390 - AL538_22455
Chr2 1162462 + TSS-2-1162462 3 --> | (-->) | --> 1161260 1162693 + AL538_22495 1161260 1162693 + AL538_22495
Chr2 1163995 - TSS-2-1163995 2 <-- 0028 (<--) 0148 --> 1162699 1163967 - AL538_22500 1164143 1164598 + AL538_22505
Chr2 1164464 + TSS-2-1164464 3 --> | (-->) | --> 1164143 1164598 + AL538_22505 1164143 1164598 + AL538_22505
Chr2 1165968 + TSS-2-1165968 3 --> 0092 (-->) 0017 --> 1164962 1165876 + AL538_22515 1165985 1166599 + AL538_22520
Chr2 1166009 + TSS-2-1166009 2 --> | (-->) | --> 1165985 1166599 + AL538_22520 1165985 1166599 + AL538_22520
Chr2 1166084 - TSS-2-1166084 2 --> | (<--) | --> 1165985 1166599 + AL538_22520 1165985 1166599 + AL538_22520
Chr2 1166205 + TSS-2-1166205 1 --> | (-->) | --> 1165985 1166599 + AL538_22520 1165985 1166599 + AL538_22520
Chr2 1166345 + TSS-2-1166345 1 --> | (-->) | --> 1165985 1166599 + AL538_22520 1165985 1166599 + AL538_22520
Chr2 1167004 - TSS-2-1167004 3 <-- 0025 (<--) 0411 <-- 1166758 1166979 - AL538_22525 1167415 1168848 - AL538_22530
Chr2 1167455 - TSS-2-1167455 3 <-- | (<--) | <-- 1167415 1168848 - AL538_22530 1167415 1168848 - AL538_22530
Chr2 1169451 + TSS-2-1169451 1 <-- 0603 (-->) 0029 --> 1167415 1168848 - AL538_22530 1169480 1172116 + AL538_22535
Chr2 1172126 + TSS-2-1172126 3 --> 0010 (-->) 0050 --> 1169480 1172116 + AL538_22535 1172176 1173165 + AL538_22540
Chr2 1173109 + TSS-2-1173109 2 --> | (-->) | --> 1172176 1173165 + AL538_22540 1172176 1173165 + AL538_22540
Chr2 1174489 + TSS-2-1174489 3 <-- | (-->) | <-- 1173307 1174644 - AL538_22545 1173307 1174644 - AL538_22545
Chr2 1174884 - TSS-2-1174884 3 <-- | (<--) | <-- 1174768 1175082 - AL538_22550 1174768 1175082 - AL538_22550
Chr2 1176801 + TSS-2-1176801 1 --> 0207 (-->) 0143 --> 1176268 1176594 + AL538_22565 1176944 1178041 + AL538_22570
Chr2 1176802 + TSS-2-1176802 2 --> 0208 (-->) 0142 --> 1176268 1176594 + AL538_22565 1176944 1178041 + AL538_22570
Chr2 1177631 + TSS-2-1177631 3 --> | (-->) | --> 1176944 1178041 + AL538_22570 1176944 1178041 + AL538_22570
Chr2 1182369 + TSS-2-1182369 3 <-- | (-->) | <-- 1181444 1182370 - AL538_22585 1181444 1182370 - AL538_22585
Chr2 1182397 - TSS-2-1182397 3 <-- 0027 (<--) 0123 --> 1181444 1182370 - AL538_22585 1182520 1182975 + AL538_22590
Chr2 1182579 + TSS-2-1182579 1 --> | (-->) | --> 1182520 1182975 + AL538_22590 1182520 1182975 + AL538_22590
Chr2 1184212 - TSS-2-1184212 1 <-- | (<--) | <-- 1184207 1184749 - AL538_22600 1184207 1184749 - AL538_22600
Chr2 1184805 - TSS-2-1184805 1 <-- 0056 (<--) 0061 --> 1184207 1184749 - AL538_22600 1184866 1185534 + AL538_22605
Chr2 1188895 + TSS-2-1188895 3 --> | (-->) | --> 1188166 1189068 + AL538_22620 1188166 1189068 + AL538_22620
Chr2 1190748 + TSS-2-1190748 3 <-- 0643 (-->) 0112 --> 1189485 1190105 - AL538_22630 1190860 1191600 + AL538_22635
Chr2 1190903 - TSS-2-1190903 2 --> | (<--) | --> 1190860 1191600 + AL538_22635 1190860 1191600 + AL538_22635
Chr2 1190904 - TSS-2-1190904 1 --> | (<--) | --> 1190860 1191600 + AL538_22635 1190860 1191600 + AL538_22635
Chr2 1191195 + TSS-2-1191195 1 --> | (-->) | --> 1190860 1191600 + AL538_22635 1190860 1191600 + AL538_22635
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Chr2 1191268 - TSS-2-1191268 1 --> | (<--) | --> 1190860 1191600 + AL538_22635 1190860 1191600 + AL538_22635
Chr2 1191560 + TSS-2-1191560 2 --> | (-->) | --> 1190860 1191600 + AL538_22635 1190860 1191600 + AL538_22635
Chr2 1191837 + TSS-2-1191837 1 --> | (-->) | --> 1191612 1192820 + AL538_22640 1191612 1192820 + AL538_22640
Chr2 1192598 + TSS-2-1192598 1 --> | (-->) | --> 1191612 1192820 + AL538_22640 1191612 1192820 + AL538_22640
Chr2 1192651 + TSS-2-1192651 3 --> | (-->) | --> 1191612 1192820 + AL538_22640 1191612 1192820 + AL538_22640
Chr2 1192726 - TSS-2-1192726 1 --> | (<--) | --> 1191612 1192820 + AL538_22640 1191612 1192820 + AL538_22640
Chr2 1192731 + TSS-2-1192731 3 --> | (-->) | --> 1191612 1192820 + AL538_22640 1191612 1192820 + AL538_22640
Chr2 1192739 + TSS-2-1192739 2 --> | (-->) | --> 1191612 1192820 + AL538_22640 1191612 1192820 + AL538_22640
Chr2 1192767 + TSS-2-1192767 1 --> | (-->) | --> 1191612 1192820 + AL538_22640 1191612 1192820 + AL538_22640
Chr2 1192835 + TSS-2-1192835 3 --> 0015 (-->) 0030 --> 1191612 1192820 + AL538_22640 1192865 1193212 + AL538_22645
Chr2 1192849 + TSS-2-1192849 1 --> 0029 (-->) 0016 --> 1191612 1192820 + AL538_22640 1192865 1193212 + AL538_22645
Chr2 1192876 + TSS-2-1192876 1 --> | (-->) | --> 1192865 1193212 + AL538_22645 1192865 1193212 + AL538_22645
Chr2 1192887 + TSS-2-1192887 3 --> | (-->) | --> 1192865 1193212 + AL538_22645 1192865 1193212 + AL538_22645
Chr2 1192901 + TSS-2-1192901 1 --> | (-->) | --> 1192865 1193212 + AL538_22645 1192865 1193212 + AL538_22645
Chr2 1192910 - TSS-2-1192910 3 --> | (<--) | --> 1192865 1193212 + AL538_22645 1192865 1193212 + AL538_22645
Chr2 1193100 + TSS-2-1193100 3 --> | (-->) | --> 1192865 1193212 + AL538_22645 1192865 1193212 + AL538_22645
Chr2 1194687 + TSS-2-1194687 1 --> | (-->) | --> 1193277 1195052 + AL538_22650 1193277 1195052 + AL538_22650
Chr2 1194937 + TSS-2-1194937 1 --> | (-->) | --> 1193277 1195052 + AL538_22650 1193277 1195052 + AL538_22650
Chr2 1195857 + TSS-2-1195857 1 <-- | (-->) | <-- 1195443 1196021 - AL538_22660 1195443 1196021 - AL538_22660
Chr2 1196204 + TSS-2-1196204 1 <-- | (-->) | <-- 1196050 1196505 - AL538_22665 1196050 1196505 - AL538_22665
Chr2 1200013 + TSS-2-1200013 3 <-- 0108 (-->) 0139 --> 1199420 1199905 - AL538_22680 1200152 1201888 + AL538_22685
Chr2 1200090 + TSS-2-1200090 2 <-- 0185 (-->) 0062 --> 1199420 1199905 - AL538_22680 1200152 1201888 + AL538_22685
Chr2 1202906 + TSS-2-1202906 1 <-- 0162 (-->) 0103 --> 1202571 1202744 - AL538_22695 1203009 1203869 + AL538_22700
Chr2 1203498 + TSS-2-1203498 1 --> | (-->) | --> 1203009 1203869 + AL538_22700 1203009 1203869 + AL538_22700
Chr2 1203984 + TSS-2-1203984 1 --> 0115 (-->) 0078 --> 1203009 1203869 + AL538_22700 1204062 1205291 + AL538_22705
Chr2 1205900 - TSS-2-1205900 1 <-- 0030 (<--) 0321 --> 1205412 1205870 - AL538_22710 1206221 1207348 + AL538_22715
Chr2 1212745 - TSS-2-1212745 2 <-- | (<--) | <-- 1212442 1212855 - AL538_22730 1212442 1212855 - AL538_22730
Chr2 1217685 + TSS-2-1217685 1 --> | (-->) | --> 1215820 1218219 + AL538_22755 1215820 1218219 + AL538_22755
Chr2 1219418 - TSS-2-1219418 3 <-- | (<--) | <-- 1219215 1219688 - AL538_22765 1219215 1219688 - AL538_22765
Chr2 1223297 - TSS-2-1223297 1 <-- 0017 (<--) 0352 --> 1223071 1223280 - AL538_22795 1223649 1223915 + AL538_22800
Chr2 1223427 - TSS-2-1223427 3 <-- 0147 (<--) 0222 --> 1223071 1223280 - AL538_22795 1223649 1223915 + AL538_22800
Chr2 1223631 + TSS-2-1223631 3 <-- 0351 (-->) 0018 --> 1223071 1223280 - AL538_22795 1223649 1223915 + AL538_22800
Chr2 1230560 + TSS-2-1230560 2 --> | (-->) | --> 1230266 1230979 + AL538_22830 1230266 1230979 + AL538_22830
Chr2 1232425 + TSS-2-1232425 3 --> 0194 (-->) 0097 --> 1230972 1232231 + AL538_22835 1232522 1233412 + AL538_22840
Chr2 1233268 + TSS-2-1233268 1 --> | (-->) | --> 1232522 1233412 + AL538_22840 1232522 1233412 + AL538_22840
Chr2 1240493 - TSS-2-1240493 1 <-- | (<--) | <-- 1239063 1241294 - AL538_22865 1239063 1241294 - AL538_22865
Chr2 1243048 - TSS-2-1243048 3 <-- 0035 (<--) 0167 --> 1242660 1243013 - AL538_22875 1243215 1261334 + AL538_22880
Chr2 1243178 + TSS-2-1243178 1 <-- 0165 (-->) 0037 --> 1242660 1243013 - AL538_22875 1243215 1261334 + AL538_22880
Chr2 1261091 + TSS-2-1261091 1 --> | (-->) | --> 1243215 1261334 + AL538_22880 1243215 1261334 + AL538_22880
Chr2 1261476 + TSS-2-1261476 3 --> 0142 (-->) 0305 --> 1243215 1261334 + AL538_22880 1261781 1262134 + AL538_22885
Chr2 1261591 + TSS-2-1261591 3 --> 0257 (-->) 0190 --> 1243215 1261334 + AL538_22880 1261781 1262134 + AL538_22885
Chr2 1262233 + TSS-2-1262233 3 --> 0099 (-->) 0023 --> 1261781 1262134 + AL538_22885 1262256 1264256 + AL538_22890
Chr2 1264457 - TSS-2-1264457 2 --> 0201 (<--) 0100 --> 1262256 1264256 + AL538_22890 1264557 1265036 + AL538_22895
Chr2 1264638 - TSS-2-1264638 3 --> | (<--) | --> 1264557 1265036 + AL538_22895 1264557 1265036 + AL538_22895
Chr2 1268011 - TSS-2-1268011 3 <-- 0028 (<--) 0122 <-- 1266907 1267983 - AL538_22910 1268133 1269281 - AL538_22915
Chr2 1269037 - TSS-2-1269037 1 <-- | (<--) | <-- 1268133 1269281 - AL538_22915 1268133 1269281 - AL538_22915
Chr2 1269302 - TSS-2-1269302 2 <-- 0021 (<--) 0114 --> 1268133 1269281 - AL538_22915 1269416 1269619 + AL538_22920
Chr2 1269312 - TSS-2-1269312 3 <-- 0031 (<--) 0104 --> 1268133 1269281 - AL538_22915 1269416 1269619 + AL538_22920
Chr2 1269326 - TSS-2-1269326 3 <-- 0045 (<--) 0090 --> 1268133 1269281 - AL538_22915 1269416 1269619 + AL538_22920
Chr2 1270308 - TSS-2-1270308 2 <-- 0042 (<--) 0247 --> 1269616 1270266 - AL538_22925 1270555 1271457 + AL538_22930
Chr2 1270362 - TSS-2-1270362 3 <-- 0096 (<--) 0193 --> 1269616 1270266 - AL538_22925 1270555 1271457 + AL538_22930
Chr2 1270448 - TSS-2-1270448 3 <-- 0182 (<--) 0107 --> 1269616 1270266 - AL538_22925 1270555 1271457 + AL538_22930
Chr2 1272179 - TSS-2-1272179 1 <-- | (<--) | <-- 1271579 1272472 - AL538_22935 1271579 1272472 - AL538_22935
Chr2 1272477 - TSS-2-1272477 2 <-- 0005 (<--) 0171 <-- 1271579 1272472 - AL538_22935 1272648 1273526 - AL538_22940
Chr2 1272496 - TSS-2-1272496 3 <-- 0024 (<--) 0152 <-- 1271579 1272472 - AL538_22935 1272648 1273526 - AL538_22940
Chr2 1273437 + TSS-2-1273437 2 <-- | (-->) | <-- 1272648 1273526 - AL538_22940 1272648 1273526 - AL538_22940
Chr2 1273671 + TSS-2-1273671 3 --> | (-->) | --> 1273576 1274274 + AL538_22945 1273576 1274274 + AL538_22945
Chr2 1276334 - TSS-2-1276334 3 <-- 0026 (<--) 0060 --> 1274338 1276308 - AL538_22950 1276394 1276588 + AL538_22955
Chr2 1276504 + TSS-2-1276504 1 --> | (-->) | --> 1276394 1276588 + AL538_22955 1276394 1276588 + AL538_22955
Chr2 1276832 + TSS-2-1276832 1 --> | (-->) | --> 1276530 1277324 + AL538_22960 1276530 1277324 + AL538_22960
Chr2 1279550 + TSS-2-1279550 3 <-- 0035 (-->) 0464 --> 1277746 1279515 - AL538_22970 1280014 1280358 + AL538_22975
Chr2 1279882 - TSS-2-1279882 3 <-- 0367 (<--) 0132 --> 1277746 1279515 - AL538_22970 1280014 1280358 + AL538_22975
Chr2 1279892 - TSS-2-1279892 3 <-- 0377 (<--) 0122 --> 1277746 1279515 - AL538_22970 1280014 1280358 + AL538_22975
Chr2 1281956 + TSS-2-1281956 3 --> | (-->) | --> 1281848 1282090 + AL538_22995 1281848 1282090 + AL538_22995
Chr2 1282483 - TSS-2-1282483 1 <-- 0017 (<--) 0306 --> 1282218 1282466 - AL538_23000 1282789 1283052 + AL538_23005
Chr2 1282569 - TSS-2-1282569 3 <-- 0103 (<--) 0220 --> 1282218 1282466 - AL538_23000 1282789 1283052 + AL538_23005
Chr2 1282609 - TSS-2-1282609 3 <-- 0143 (<--) 0180 --> 1282218 1282466 - AL538_23000 1282789 1283052 + AL538_23005
Chr2 1283301 + TSS-2-1283301 3 --> 0249 (-->) 0033 --> 1282789 1283052 + AL538_23005 1283334 1304111 + AL538_23010
Chr2 1285082 - TSS-2-1285082 3 --> | (<--) | --> 1283334 1304111 + AL538_23010 1283334 1304111 + AL538_23010
Chr2 1289042 - TSS-2-1289042 2 --> | (<--) | --> 1283334 1304111 + AL538_23010 1283334 1304111 + AL538_23010
Chr2 1290329 - TSS-2-1290329 1 --> | (<--) | --> 1283334 1304111 + AL538_23010 1283334 1304111 + AL538_23010
Chr2 1296108 + TSS-2-1296108 3 --> | (-->) | --> 1283334 1304111 + AL538_23010 1283334 1304111 + AL538_23010
Chr2 1299008 + TSS-2-1299008 3 --> | (-->) | --> 1283334 1304111 + AL538_23010 1283334 1304111 + AL538_23010
Chr2 1304557 - TSS-2-1304557 1 <-- 0056 (<--) 0059 <-- 1304238 1304501 - AL538_23015 1304616 1304813 - AL538_23020
Chr2 1304861 - TSS-2-1304861 2 <-- 0048 (<--) 0147 <-- 1304616 1304813 - AL538_23020 1305008 1307161 - AL538_23025
Chr2 1306121 - TSS-2-1306121 1 <-- | (<--) | <-- 1305008 1307161 - AL538_23025 1305008 1307161 - AL538_23025
Chr2 1307203 - TSS-2-1307203 3 <-- 0042 (<--) 0251 --> 1305008 1307161 - AL538_23025 1307454 1309523 + AL538_23030
Chr2 1314520 - TSS-2-1314520 1 <-- | (<--) | <-- 1314510 1316867 - AL538_23055 1314510 1316867 - AL538_23055
Chr2 1323271 + TSS-2-1323271 3 <-- 0311 (-->) 0036 --> 1321395 1322960 - AL538_23075 1323307 1324854 + AL538_23080
Chr2 1323771 + TSS-2-1323771 1 --> | (-->) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
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Chr2 1323833 - TSS-2-1323833 2 --> | (<--) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1323837 + TSS-2-1323837 1 --> | (-->) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1323886 + TSS-2-1323886 3 --> | (-->) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1324037 + TSS-2-1324037 2 --> | (-->) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1324200 + TSS-2-1324200 1 --> | (-->) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1324202 + TSS-2-1324202 1 --> | (-->) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1324513 - TSS-2-1324513 1 --> | (<--) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1324549 + TSS-2-1324549 2 --> | (-->) | --> 1323307 1324854 + AL538_23080 1323307 1324854 + AL538_23080
Chr2 1331484 - TSS-2-1331484 1 --> | (<--) | --> 1331289 1332272 + AL538_23105 1331289 1332272 + AL538_23105
Chr2 1346090 + TSS-2-1346090 2 --> 0117 (-->) 0023 --> 1345548 1345973 + AL538_23180 1346113 1347018 + AL538_23185
Chr2 1346370 - TSS-2-1346370 2 --> | (<--) | --> 1346113 1347018 + AL538_23185 1346113 1347018 + AL538_23185
Chr2 1349477 - TSS-2-1349477 3 <-- | (<--) | <-- 1349143 1350123 - AL538_23205 1349143 1350123 - AL538_23205
Chr2 1350161 + TSS-2-1350161 1 <-- 0038 (-->) 0130 <-- 1349143 1350123 - AL538_23205 1350291 1351079 - AL538_23210
Chr2 1350327 - TSS-2-1350327 3 <-- | (<--) | <-- 1350291 1351079 - AL538_23210 1350291 1351079 - AL538_23210
Chr2 1353697 + TSS-2-1353697 1 --> 0035 (-->) 0219 <-- 1352589 1353662 + AL538_23220 1353916 1355562 - AL538_23225
Chr2 1353699 + TSS-2-1353699 1 --> 0037 (-->) 0217 <-- 1352589 1353662 + AL538_23220 1353916 1355562 - AL538_23225
Chr2 1357157 + TSS-2-1357157 3 <-- 0267 (-->) 0310 --> 1355658 1356890 - AL538_23230 1357467 1357823 + AL538_23235
Chr2 1357768 + TSS-2-1357768 1 --> | (-->) | --> 1357467 1357823 + AL538_23235 1357467 1357823 + AL538_23235
Chr2 1357963 - TSS-2-1357963 3 <-- | (<--) | <-- 1357889 1359757 - AL538_23240 1357889 1359757 - AL538_23240
Chr2 1363469 - TSS-2-1363469 1 <-- 0029 (<--) 0265 --> 1362316 1363440 - AL538_23255 1363734 1364282 + AL538_23260
Chr2 1363629 + TSS-2-1363629 3 <-- 0189 (-->) 0105 --> 1362316 1363440 - AL538_23255 1363734 1364282 + AL538_23260
Chr2 1363977 + TSS-2-1363977 2 --> | (-->) | --> 1363734 1364282 + AL538_23260 1363734 1364282 + AL538_23260
Chr2 1365060 + TSS-2-1365060 1 <-- 0086 (-->) 0201 --> 1364357 1364974 - AL538_23265 1365261 1367306 + AL538_23270
Chr2 1365197 + TSS-2-1365197 2 <-- 0223 (-->) 0064 --> 1364357 1364974 - AL538_23265 1365261 1367306 + AL538_23270
Chr2 1368735 + TSS-2-1368735 2 <-- 0114 (-->) 0421 <-- 1367440 1368621 - AL538_23275 1369156 1370100 - AL538_23280
Chr2 1395426 + TSS-2-1395426 1 <-- 0396 (-->) 0059 --> 1392352 1395030 - AL538_23315 1395485 1396003 + AL538_23320
Chr2 1396603 - TSS-2-1396603 3 --> | (<--) | --> 1396076 1398154 + AL538_23325 1396076 1398154 + AL538_23325
Chr2 1397792 - TSS-2-1397792 2 --> | (<--) | --> 1396076 1398154 + AL538_23325 1396076 1398154 + AL538_23325
Chr2 1407907 - TSS-2-1407907 3 --> | (<--) | --> 1407848 1408258 + AL538_23370 1407848 1408258 + AL538_23370
Chr2 1410602 + TSS-2-1410602 3 --> | (-->) | --> 1410014 1411012 + AL538_23380 1410014 1411012 + AL538_23380
Chr2 1412397 + TSS-2-1412397 3 <-- | (-->) | <-- 1411595 1414984 - AL538_23390 1411595 1414984 - AL538_23390
Chr2 1413330 + TSS-2-1413330 1 <-- | (-->) | <-- 1411595 1414984 - AL538_23390 1411595 1414984 - AL538_23390
Chr2 1428219 + TSS-2-1428219 3 --> | (-->) | --> 1425194 1428508 + AL538_23445 1425194 1428508 + AL538_23445
Chr2 1433941 + TSS-2-1433941 1 <-- | (-->) | <-- 1433656 1435482 - AL538_23470 1433656 1435482 - AL538_23470
Chr2 1443501 + TSS-2-1443501 1 --> | (-->) | --> 1442082 1444202 + AL538_23495 1442082 1444202 + AL538_23495
Chr2 1448504 + TSS-2-1448504 2 --> | (-->) | --> 1448219 1450375 + AL538_23520 1448219 1450375 + AL538_23520
Chr2 1455808 - TSS-2-1455808 2 --> | (<--) | --> 1453110 1456766 + AL538_23535 1453110 1456766 + AL538_23535
Chr2 1459533 + TSS-2-1459533 3 --> | (-->) | --> 1458529 1459890 + AL538_23550 1458529 1459890 + AL538_23550
Chr2 1460014 + TSS-2-1460014 1 --> 0124 (-->) 0093 --> 1458529 1459890 + AL538_23550 1460107 1460994 + AL538_23555
Chr2 1461659 - TSS-2-1461659 1 <-- 0060 (<--) 0306 --> 1460991 1461599 - AL538_23560 1461965 1463884 + AL538_23565
Chr2 1465013 + TSS-2-1465013 3 --> | (-->) | --> 1464981 1465961 + AL538_23580 1464981 1465961 + AL538_23580
Chr2 1466627 + TSS-2-1466627 3 <-- 0073 (-->) 0318 --> 1466009 1466554 - AL538_23585 1466945 1467631 + AL538_23590
Chr2 1466834 + TSS-2-1466834 1 <-- 0280 (-->) 0111 --> 1466009 1466554 - AL538_23585 1466945 1467631 + AL538_23590
Chr2 1468791 + TSS-2-1468791 3 --> 0172 (-->) 0027 --> 1467714 1468619 + AL538_23595 1468818 1469204 + AL538_23600
Chr2 1469896 + TSS-2-1469896 2 --> 0165 (-->) 0145 <-- 1469198 1469731 + AL538_23605 1470041 1472197 - AL538_23610
Chr2 1469911 + TSS-2-1469911 3 --> 0180 (-->) 0130 <-- 1469198 1469731 + AL538_23605 1470041 1472197 - AL538_23610
Chr2 1471714 - TSS-2-1471714 3 <-- | (<--) | <-- 1470041 1472197 - AL538_23610 1470041 1472197 - AL538_23610
Chr2 1472783 + TSS-2-1472783 1 <-- | (-->) | <-- 1472194 1472805 - AL538_23615 1472194 1472805 - AL538_23615
Chr2 1475268 - TSS-2-1475268 3 <-- 0668 (<--) 0315 --> 1474232 1474600 - AL538_23625 1475583 1476461 + AL538_23630
Chr2 1478999 - TSS-2-1478999 3 <-- | (<--) | <-- 1478848 1480452 - AL538_23650 1478848 1480452 - AL538_23650
Chr2 1481129 + TSS-2-1481129 3 <-- | (-->) | <-- 1480474 1481643 - AL538_23655 1480474 1481643 - AL538_23655
Chr2 1486115 - TSS-2-1486115 3 --> | (<--) | --> 1485181 1486335 + AL538_23675 1485181 1486335 + AL538_23675
Chr2 1489652 + TSS-2-1489652 1 --> | (-->) | --> 1489299 1490057 + AL538_23695 1489299 1490057 + AL538_23695
Chr2 1490499 + TSS-2-1490499 3 --> 0442 (-->) 0248 --> 1489299 1490057 + AL538_23695 1490747 1491568 + AL538_23700
Chr2 1497551 + TSS-2-1497551 1 --> | (-->) | --> 1497218 1497757 + AL538_23730 1497218 1497757 + AL538_23730
Chr2 1498262 - TSS-2-1498262 3 <-- | (<--) | <-- 1497828 1499192 - AL538_23735 1497828 1499192 - AL538_23735
Chr2 1499753 + TSS-2-1499753 1 <-- 0561 (-->) 0072 --> 1497828 1499192 - AL538_23735 1499825 1500139 + AL538_23740
Chr2 1499755 + TSS-2-1499755 2 <-- 0563 (-->) 0070 --> 1497828 1499192 - AL538_23735 1499825 1500139 + AL538_23740
Chr2 1502790 + TSS-2-1502790 3 --> 0081 (-->) 0048 --> 1502299 1502709 + AL538_23760 1502838 1504250 + AL538_23765
Chr2 1503515 - TSS-2-1503515 1 --> | (<--) | --> 1502838 1504250 + AL538_23765 1502838 1504250 + AL538_23765
Chr2 1504413 + TSS-2-1504413 1 --> 0163 (-->) 0277 <-- 1502838 1504250 + AL538_23765 1504690 1506450 - AL538_23770
Chr2 1504852 + TSS-2-1504852 3 <-- | (-->) | <-- 1504690 1506450 - AL538_23770 1504690 1506450 - AL538_23770
Chr2 1506475 - TSS-2-1506475 2 <-- 0025 (<--) 0270 --> 1504690 1506450 - AL538_23770 1506745 1507164 + AL538_23775
Chr2 1508266 + TSS-2-1508266 1 --> 0133 (-->) 0019 --> 1507795 1508133 + AL538_23785 1508285 1508515 + AL538_23790
Chr2 1512716 - TSS-2-1512716 3 --> 0024 (<--) 0217 --> 1512432 1512692 + AL538_23825 1512933 1513427 + AL538_23830
Chr2 1512878 + TSS-2-1512878 3 --> 0186 (-->) 0055 --> 1512432 1512692 + AL538_23825 1512933 1513427 + AL538_23830
Chr2 1522131 - TSS-2-1522131 2 <-- 0086 (<--) 0044 <-- 1519181 1522045 - AL538_23860 1522175 1522555 - AL538_23865
Chr2 1522149 - TSS-2-1522149 2 <-- 0104 (<--) 0026 <-- 1519181 1522045 - AL538_23860 1522175 1522555 - AL538_23865
Chr2 1522248 - TSS-2-1522248 1 <-- | (<--) | <-- 1522175 1522555 - AL538_23865 1522175 1522555 - AL538_23865
Chr2 1522526 - TSS-2-1522526 2 <-- | (<--) | <-- 1522175 1522555 - AL538_23865 1522175 1522555 - AL538_23865
Chr2 1522796 - TSS-2-1522796 3 <-- | (<--) | <-- 1522607 1523902 - AL538_23870 1522607 1523902 - AL538_23870
Chr2 1522956 - TSS-2-1522956 3 <-- | (<--) | <-- 1522607 1523902 - AL538_23870 1522607 1523902 - AL538_23870
Chr2 1523852 - TSS-2-1523852 1 <-- | (<--) | <-- 1522607 1523902 - AL538_23870 1522607 1523902 - AL538_23870
Chr2 1524104 - TSS-2-1524104 3 <-- 0202 (<--) 0178 --> 1522607 1523902 - AL538_23870 1524282 1524905 + AL538_23875
Chr2 1525116 + TSS-2-1525116 3 --> 0211 (-->) 0050 --> 1524282 1524905 + AL538_23875 1525166 1526284 + AL538_23880
Chr2 1527233 - TSS-2-1527233 3 <-- 0029 (<--) 0135 --> 1526479 1527204 - AL538_23885 1527368 1528441 + AL538_23890
Chr2 1532773 + TSS-2-1532773 3 --> 0212 (-->) 0027 --> 1529502 1532561 + AL538_23900 1532800 1533516 + AL538_23905
Chr2 1536168 - TSS-2-1536168 1 <-- | (<--) | <-- 1536001 1537734 - AL538_23925 1536001 1537734 - AL538_23925
Chr2 1537783 + TSS-2-1537783 3 <-- | (-->) | <-- 1537754 1538743 - AL538_23930 1537754 1538743 - AL538_23930
Chr2 1540285 + TSS-2-1540285 3 <-- 0397 (-->) 0023 --> 1538755 1539888 - AL538_23935 1540308 1541303 + AL538_23940



Chrom Location Strand TSS-ID Replicates Start End Strand ID Start End Strand ID

TSS
Genomic context

Flancking genes
Gene on the left Gene on the right

Chr2 1542350 + TSS-2-1542350 1 <-- 0104 (-->) 0023 --> 1541293 1542246 - AL538_23945 1542373 1542909 + AL538_23950
Chr2 1544120 + TSS-2-1544120 3 <-- | (-->) | <-- 1543937 1544857 - AL538_23960 1543937 1544857 - AL538_23960
Chr2 1546325 - TSS-2-1546325 1 <-- | (<--) | <-- 1545764 1546561 - AL538_23970 1545764 1546561 - AL538_23970
Chr2 1548198 - TSS-2-1548198 3 <-- 0125 (<--) 0142 <-- 1547435 1548073 - AL538_23980 1548340 1549488 - AL538_23985
Chr2 1548951 - TSS-2-1548951 1 <-- | (<--) | <-- 1548340 1549488 - AL538_23985 1548340 1549488 - AL538_23985
Chr2 1548952 - TSS-2-1548952 2 <-- | (<--) | <-- 1548340 1549488 - AL538_23985 1548340 1549488 - AL538_23985
Chr2 1549518 - TSS-2-1549518 2 <-- 0030 (<--) 0152 --> 1548340 1549488 - AL538_23985 1549670 1550551 + AL538_23990
Chr2 1549525 - TSS-2-1549525 3 <-- 0037 (<--) 0145 --> 1548340 1549488 - AL538_23985 1549670 1550551 + AL538_23990
Chr2 1549629 - TSS-2-1549629 2 <-- 0141 (<--) 0041 --> 1548340 1549488 - AL538_23985 1549670 1550551 + AL538_23990
Chr2 1550036 + TSS-2-1550036 2 --> | (-->) | --> 1549670 1550551 + AL538_23990 1549670 1550551 + AL538_23990
Chr2 1551657 + TSS-2-1551657 3 --> | (-->) | --> 1550829 1553993 + AL538_23995 1550829 1553993 + AL538_23995
Chr2 1557587 - TSS-2-1557587 3 <-- 0135 (<--) 0103 <-- 1555698 1557452 - AL538_24005 1557690 1558994 - AL538_24010
Chr2 1559626 - TSS-2-1559626 2 <-- 0028 (<--) 0186 --> 1559125 1559598 - AL538_24015 1559812 1560321 + AL538_24020
Chr2 1559674 - TSS-2-1559674 2 <-- 0076 (<--) 0138 --> 1559125 1559598 - AL538_24015 1559812 1560321 + AL538_24020
Chr2 1561063 - TSS-2-1561063 2 --> | (<--) | --> 1560394 1562148 + AL538_24025 1560394 1562148 + AL538_24025
Chr2 1562302 + TSS-2-1562302 3 --> 0154 (-->) 0087 --> 1560394 1562148 + AL538_24025 1562389 1563057 + AL538_24030
Chr2 1563298 - TSS-2-1563298 3 --> 0241 (<--) 0310 <-- 1562389 1563057 + AL538_24030 1563608 1565038 - AL538_24035
Chr2 1563435 + TSS-2-1563435 2 --> 0378 (-->) 0173 <-- 1562389 1563057 + AL538_24030 1563608 1565038 - AL538_24035
Chr2 1563938 - TSS-2-1563938 1 <-- | (<--) | <-- 1563608 1565038 - AL538_24035 1563608 1565038 - AL538_24035
Chr2 1565068 - TSS-2-1565068 3 <-- 0030 (<--) 0580 --> 1563608 1565038 - AL538_24035 1565648 1566244 + AL538_24040
Chr2 1565378 + TSS-2-1565378 3 <-- 0340 (-->) 0270 --> 1563608 1565038 - AL538_24035 1565648 1566244 + AL538_24040
Chr2 1565612 + TSS-2-1565612 3 <-- 0574 (-->) 0036 --> 1563608 1565038 - AL538_24035 1565648 1566244 + AL538_24040
Chr2 1569728 + TSS-2-1569728 3 --> 0133 (-->) 0042 --> 1569353 1569595 + AL538_24060 1569770 1570309 + AL538_24065
Chr2 1570413 - TSS-2-1570413 3 --> | (<--) | --> 1570306 1570875 + AL538_24070 1570306 1570875 + AL538_24070
Chr2 1572648 + TSS-2-1572648 3 <-- 0217 (-->) 0070 --> 1570980 1572431 - AL538_24075 1572718 1573623 + AL538_24080
Chr2 1573279 + TSS-2-1573279 2 --> | (-->) | --> 1572718 1573623 + AL538_24080 1572718 1573623 + AL538_24080
Chr2 1573852 + TSS-2-1573852 3 --> 0229 (-->) 0069 --> 1572718 1573623 + AL538_24080 1573921 1574400 + AL538_24085
Chr2 1573929 + TSS-2-1573929 3 --> | (-->) | --> 1573921 1574400 + AL538_24085 1573921 1574400 + AL538_24085
Chr2 1573940 + TSS-2-1573940 1 --> | (-->) | --> 1573921 1574400 + AL538_24085 1573921 1574400 + AL538_24085
Chr2 1576000 - TSS-2-1576000 1 <-- | (<--) | <-- 1574528 1576162 - AL538_24090 1574528 1576162 - AL538_24090
Chr2 1576209 - TSS-2-1576209 3 <-- 0047 (<--) 0491 --> 1574528 1576162 - AL538_24090 1576700 1578442 + AL538_24095
Chr2 1578477 + TSS-2-1578477 3 --> 0035 (-->) 0495 --> 1576700 1578442 + AL538_24095 1578972 1579991 + AL538_24100
Chr2 1578761 + TSS-2-1578761 3 --> 0319 (-->) 0211 --> 1576700 1578442 + AL538_24095 1578972 1579991 + AL538_24100
Chr2 1582990 - TSS-2-1582990 3 <-- 0029 (<--) 0240 <-- 1582404 1582961 - AL538_24120 1583230 1583439 - AL538_24125
Chr2 1583480 - TSS-2-1583480 2 <-- 0041 (<--) 0095 <-- 1583230 1583439 - AL538_24125 1583575 1586019 - AL538_24130
Chr2 1589099 - TSS-2-1589099 2 <-- | (<--) | <-- 1588867 1589652 - AL538_24145 1588867 1589652 - AL538_24145
Chr2 1589684 - TSS-2-1589684 1 <-- 0032 (<--) 0196 --> 1588867 1589652 - AL538_24145 1589880 1590314 + AL538_24150
Chr2 1589828 + TSS-2-1589828 1 <-- 0176 (-->) 0052 --> 1588867 1589652 - AL538_24145 1589880 1590314 + AL538_24150
Chr2 1593681 + TSS-2-1593681 3 <-- 0196 (-->) 0027 --> 1592889 1593485 - AL538_24175 1593708 1594547 + AL538_24180
Chr2 1599104 - TSS-2-1599104 3 <-- 0081 (<--) 0138 <-- 1597113 1599023 - AL538_24195 1599242 1600441 - AL538_24200
Chr2 1599126 - TSS-2-1599126 2 <-- 0103 (<--) 0116 <-- 1597113 1599023 - AL538_24195 1599242 1600441 - AL538_24200
Chr2 1608489 - TSS-2-1608489 3 <-- 0023 (<--) 0268 --> 1607711 1608466 - AL538_24235 1608757 1610715 + AL538_24240
Chr2 1609612 + TSS-2-1609612 2 --> | (-->) | --> 1608757 1610715 + AL538_24240 1608757 1610715 + AL538_24240
Chr2 1610875 + TSS-2-1610875 3 --> | (-->) | --> 1610770 1611786 + AL538_24245 1610770 1611786 + AL538_24245
Chr2 1611914 + TSS-2-1611914 3 --> 0128 (-->) 0352 <-- 1610770 1611786 + AL538_24245 1612266 1614437 - AL538_24250
Chr2 1613105 - TSS-2-1613105 2 <-- | (<--) | <-- 1612266 1614437 - AL538_24250 1612266 1614437 - AL538_24250
Chr2 1613835 - TSS-2-1613835 3 <-- | (<--) | <-- 1612266 1614437 - AL538_24250 1612266 1614437 - AL538_24250
Chr2 1615180 + TSS-2-1615180 2 --> | (-->) | --> 1614674 1615561 + AL538_24255 1614674 1615561 + AL538_24255
Chr2 1615966 - TSS-2-1615966 3 <-- | (<--) | <-- 1615616 1617697 - AL538_24260 1615616 1617697 - AL538_24260
Chr2 1623127 + TSS-2-1623127 3 --> | (-->) | --> 1622848 1623231 + AL538_24280 1622848 1623231 + AL538_24280
Chr2 1627226 - TSS-2-1627226 3 --> 0163 (<--) 1066 <-- 1626749 1627063 + AL538_24310 1628292 1629419 - AL538_24315
Chr2 1628269 - TSS-2-1628269 3 --> 1206 (<--) 0023 <-- 1626749 1627063 + AL538_24310 1628292 1629419 - AL538_24315
Chr2 1631312 - TSS-2-1631312 1 <-- | (<--) | <-- 1631006 1632460 - AL538_24330 1631006 1632460 - AL538_24330
Chr2 1631508 - TSS-2-1631508 2 <-- | (<--) | <-- 1631006 1632460 - AL538_24330 1631006 1632460 - AL538_24330
Chr2 1635599 - TSS-2-1635599 3 <-- 0020 (<--) 0416 <-- 1634023 1635579 - AL538_24340 1636015 1636296 - AL538_24345
Chr2 1635629 - TSS-2-1635629 3 <-- 0050 (<--) 0386 <-- 1634023 1635579 - AL538_24340 1636015 1636296 - AL538_24345
Chr2 1635748 - TSS-2-1635748 3 <-- 0169 (<--) 0267 <-- 1634023 1635579 - AL538_24340 1636015 1636296 - AL538_24345
Chr2 1635832 - TSS-2-1635832 2 <-- 0253 (<--) 0183 <-- 1634023 1635579 - AL538_24340 1636015 1636296 - AL538_24345
Chr2 1635833 - TSS-2-1635833 1 <-- 0254 (<--) 0182 <-- 1634023 1635579 - AL538_24340 1636015 1636296 - AL538_24345
Chr2 1636747 - TSS-2-1636747 3 <-- 0023 (<--) 0232 --> 1636356 1636724 - AL538_24350 1636979 1638223 + AL538_24355
Chr2 1640159 + TSS-2-1640159 1 <-- | (-->) | <-- 1639499 1640476 - AL538_24365 1639499 1640476 - AL538_24365
Chr2 1641085 - TSS-2-1641085 2 <-- | (<--) | <-- 1640491 1641450 - AL538_24370 1640491 1641450 - AL538_24370
Chr2 1641478 - TSS-2-1641478 1 <-- 0028 (<--) 0217 --> 1640491 1641450 - AL538_24370 1641695 1642132 + AL538_24375
Chr2 1641547 + TSS-2-1641547 1 <-- 0097 (-->) 0148 --> 1640491 1641450 - AL538_24370 1641695 1642132 + AL538_24375
Chr2 1641611 + TSS-2-1641611 3 <-- 0161 (-->) 0084 --> 1640491 1641450 - AL538_24370 1641695 1642132 + AL538_24375
Chr2 1642561 - TSS-2-1642561 3 <-- | (<--) | <-- 1642196 1643302 - AL538_24380 1642196 1643302 - AL538_24380
Chr2 1646935 + TSS-2-1646935 1 --> 0104 (-->) 0059 --> 1646460 1646831 + AL538_24400 1646994 1647530 + AL538_24405
Chr2 1649548 - TSS-2-1649548 3 <-- 0033 (<--) 0123 <-- 1648328 1649515 - AL538_24415 1649671 1650528 - AL538_24420
Chr2 1651783 + TSS-2-1651783 3 --> | (-->) | --> 1650684 1652069 + AL538_24425 1650684 1652069 + AL538_24425
Chr2 1652092 + TSS-2-1652092 3 --> 0023 (-->) 0125 <-- 1650684 1652069 + AL538_24425 1652217 1652687 - AL538_24430
Chr2 1654969 - TSS-2-1654969 3 <-- 0076 (<--) 0233 --> 1652773 1654893 - AL538_24435 1655202 1656065 + AL538_24440
Chr2 1659783 - TSS-2-1659783 3 <-- | (<--) | <-- 1659515 1660741 - AL538_24470 1659515 1660741 - AL538_24470
Chr2 1663034 - TSS-2-1663034 2 <-- 0139 (<--) 0139 <-- 1661564 1662895 - AL538_24480 1663173 1664186 - AL538_24485
Chr2 1667350 + TSS-2-1667350 3 --> | (-->) | --> 1666784 1668283 + AL538_24500 1666784 1668283 + AL538_24500
Chr2 1669147 + TSS-2-1669147 1 --> | (-->) | --> 1668289 1669629 + AL538_24505 1668289 1669629 + AL538_24505
Chr2 1671161 - TSS-2-1671161 3 <-- | (<--) | <-- 1671042 1671698 - AL538_24515 1671042 1671698 - AL538_24515
Chr2 1671833 - TSS-2-1671833 1 <-- | (<--) | <-- 1671695 1672816 - AL538_24520 1671695 1672816 - AL538_24520
Chr2 1672516 + TSS-2-1672516 1 <-- | (-->) | <-- 1671695 1672816 - AL538_24520 1671695 1672816 - AL538_24520
Chr2 1676295 - TSS-2-1676295 3 --> 0151 (<--) 0391 --> 1675131 1676144 + AL538_24535 1676686 1677948 + AL538_24540
Chr2 1678633 + TSS-2-1678633 3 --> 0685 (-->) 0101 --> 1676686 1677948 + AL538_24540 1678734 1680296 + AL538_24545
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Chr2 1679764 + TSS-2-1679764 1 --> | (-->) | --> 1678734 1680296 + AL538_24545 1678734 1680296 + AL538_24545
Chr2 1682820 + TSS-2-1682820 1 <-- 0022 (-->) 0144 --> 1681701 1682798 - AL538_24555 1682964 1683398 + AL538_24560
Chr2 1682851 + TSS-2-1682851 1 <-- 0053 (-->) 0113 --> 1681701 1682798 - AL538_24555 1682964 1683398 + AL538_24560
Chr2 1682892 - TSS-2-1682892 1 <-- 0094 (<--) 0072 --> 1681701 1682798 - AL538_24555 1682964 1683398 + AL538_24560
Chr2 1688393 - TSS-2-1688393 3 <-- 0047 (<--) 0026 --> 1687837 1688346 - AL538_24585 1688419 1688607 + AL538_24590
Chr2 1690079 + TSS-2-1690079 1 <-- | (-->) | <-- 1688679 1690850 - AL538_24595 1688679 1690850 - AL538_24595
Chr2 1692624 + TSS-2-1692624 2 --> | (-->) | --> 1692070 1693401 + AL538_24605 1692070 1693401 + AL538_24605
Chr2 1694076 + TSS-2-1694076 3 <-- 0087 (-->) 0041 --> 1693501 1693989 - AL538_24610 1694117 1694557 + AL538_24615
Chr2 1702602 - TSS-2-1702602 2 <-- | (<--) | <-- 1702555 1702630 - AL538_24660 1702555 1702630 - AL538_24660
Chr2 1702615 - TSS-2-1702615 1 <-- | (<--) | <-- 1702555 1702630 - AL538_24660 1702555 1702630 - AL538_24660
Chr2 1702630 - TSS-2-1702630 3 <-- | (<--) | <-- 1702555 1702630 - AL538_24660 1702555 1702630 - AL538_24660
Chr2 1705658 + TSS-2-1705658 3 --> 0155 (-->) 0022 --> 1704442 1705503 + AL538_24680 1705680 1706468 + AL538_24685
Chr2 1706760 - TSS-2-1706760 3 <-- | (<--) | <-- 1706551 1706796 - AL538_24690 1706551 1706796 - AL538_24690
Chr2 1708903 - TSS-2-1708903 2 <-- | (<--) | <-- 1708856 1708931 - AL538_24705 1708856 1708931 - AL538_24705
Chr2 1708917 - TSS-2-1708917 1 <-- | (<--) | <-- 1708856 1708931 - AL538_24705 1708856 1708931 - AL538_24705
Chr2 1708931 - TSS-2-1708931 3 <-- | (<--) | <-- 1708856 1708931 - AL538_24705 1708856 1708931 - AL538_24705
Chr2 1711087 - TSS-2-1711087 2 <-- 0021 (<--) 0427 <-- 1709360 1711066 - AL538_24715 1711514 1712416 - AL538_24720
Chr2 1712141 + TSS-2-1712141 2 <-- | (-->) | <-- 1711514 1712416 - AL538_24720 1711514 1712416 - AL538_24720
Chr2 1712441 - TSS-2-1712441 2 <-- 0025 (<--) 0194 <-- 1711514 1712416 - AL538_24720 1712635 1712708 - AL538_24725
Chr2 1712745 - TSS-2-1712745 3 <-- 0037 (<--) 0198 <-- 1712635 1712708 - AL538_24725 1712943 1714397 - AL538_24730
Chr2 1716151 - TSS-2-1716151 1 <-- 0083 (<--) 0189 --> 1714407 1716068 - AL538_24735 1716340 1716855 + AL538_24740
Chr2 1719090 + TSS-2-1719090 3 --> | (-->) | --> 1718565 1720040 + AL538_24755 1718565 1720040 + AL538_24755
Chr2 1719270 + TSS-2-1719270 1 --> | (-->) | --> 1718565 1720040 + AL538_24755 1718565 1720040 + AL538_24755
Chr2 1724099 - TSS-2-1724099 3 <-- 0229 (<--) 0110 <-- 1723349 1723870 - AL538_24775 1724209 1724736 - AL538_24780
Chr2 1733829 - TSS-2-1733829 2 <-- 0042 (<--) 0426 <-- 1732648 1733787 - AL538_24820 1734255 1734629 - AL538_24825
Chr2 1734310 - TSS-2-1734310 3 <-- | (<--) | <-- 1734255 1734629 - AL538_24825 1734255 1734629 - AL538_24825
Chr2 1736424 - TSS-2-1736424 1 <-- | (<--) | <-- 1736029 1740266 - AL538_24840 1736029 1740266 - AL538_24840
Chr2 1737486 - TSS-2-1737486 1 <-- | (<--) | <-- 1736029 1740266 - AL538_24840 1736029 1740266 - AL538_24840
Chr2 1747766 + TSS-2-1747766 3 <-- | (-->) | <-- 1747504 1749327 - AL538_24875 1747504 1749327 - AL538_24875
Chr2 1769046 + TSS-2-1769046 3 --> | (-->) | --> 1768765 1769103 + AL538_24955 1768765 1769103 + AL538_24955
Chr2 1771426 + TSS-2-1771426 2 --> | (-->) | --> 1770530 1771630 + AL538_24975 1770530 1771630 + AL538_24975
Chr2 1771427 + TSS-2-1771427 1 --> | (-->) | --> 1770530 1771630 + AL538_24975 1770530 1771630 + AL538_24975
Chr2 1776829 - TSS-2-1776829 3 <-- 0041 (<--) 0089 --> 1775247 1776788 - AL538_25000 1776918 1777397 + AL538_25005
Chr2 1776893 + TSS-2-1776893 2 <-- 0105 (-->) 0025 --> 1775247 1776788 - AL538_25000 1776918 1777397 + AL538_25005
Chr2 1777108 + TSS-2-1777108 3 --> | (-->) | --> 1776918 1777397 + AL538_25005 1776918 1777397 + AL538_25005
Chr2 1781121 + TSS-2-1781121 1 --> | (-->) | --> 1780263 1782980 + AL538_25020 1780263 1782980 + AL538_25020
Chr2 1785975 + TSS-2-1785975 1 <-- 0210 (-->) 0305 --> 1784761 1785765 - AL538_25040 1786280 1787071 + AL538_25045
Chr2 1788792 - TSS-2-1788792 3 <-- | (<--) | <-- 1788609 1789898 - AL538_25055 1788609 1789898 - AL538_25055
Chr2 1789125 + TSS-2-1789125 3 <-- | (-->) | <-- 1788609 1789898 - AL538_25055 1788609 1789898 - AL538_25055
Chr2 1792239 - TSS-2-1792239 3 --> 0173 (<--) 0140 <-- 1791236 1792066 + AL538_25070 1792379 1792711 - AL538_25075
Chr2 1792260 - TSS-2-1792260 2 --> 0194 (<--) 0119 <-- 1791236 1792066 + AL538_25070 1792379 1792711 - AL538_25075
Chr2 1795188 - TSS-2-1795188 1 <-- 0114 (<--) 0304 <-- 1793749 1795074 - AL538_25090 1795492 1796337 - AL538_25095
Chr2 1795967 - TSS-2-1795967 3 <-- | (<--) | <-- 1795492 1796337 - AL538_25095 1795492 1796337 - AL538_25095
Chr2 1796389 - TSS-2-1796389 3 <-- 0052 (<--) 0239 <-- 1795492 1796337 - AL538_25095 1796628 1797773 - AL538_25100
Chr2 1796769 - TSS-2-1796769 1 <-- | (<--) | <-- 1796628 1797773 - AL538_25100 1796628 1797773 - AL538_25100
Chr2 1797909 - TSS-2-1797909 3 <-- 0136 (<--) 0185 --> 1796628 1797773 - AL538_25100 1798094 1798639 + AL538_25105
Chr2 1799922 - TSS-2-1799922 1 --> | (<--) | --> 1798739 1800262 + AL538_25110 1798739 1800262 + AL538_25110
Chr2 1802287 + TSS-2-1802287 3 <-- 0395 (-->) 0034 --> 1800333 1801892 - AL538_25115 1802321 1802893 + AL538_25120
Chr2 1803936 - TSS-2-1803936 3 <-- | (<--) | <-- 1803712 1806600 - AL538_25130 1803712 1806600 - AL538_25130
Chr2 1808677 - TSS-2-1808677 2 <-- | (<--) | <-- 1807366 1808685 - AL538_25135 1807366 1808685 - AL538_25135
Chr2 1813166 - TSS-2-1813166 3 <-- 0125 (<--) 0130 <-- 1812781 1813041 - AL538_25160 1813296 1813910 - AL538_25165
Chr2 1821638 - TSS-2-1821638 2 <-- 0247 (<--) 0019 <-- 1820027 1821391 - AL538_25200 1821657 1822238 - AL538_25205
Chr2 1823384 - TSS-2-1823384 1 <-- 0155 (<--) 0104 <-- 1822312 1823229 - AL538_25210 1823488 1824441 - AL538_25215
Chr2 1824533 - TSS-2-1824533 3 <-- | (<--) | <-- 1824438 1825343 - AL538_25220 1824438 1825343 - AL538_25220
Chr2 1832729 + TSS-2-1832729 3 --> | (-->) | --> 1831644 1832900 + AL538_25240 1831644 1832900 + AL538_25240
Chr2 1833151 - TSS-2-1833151 3 --> 0251 (<--) 0379 --> 1831644 1832900 + AL538_25240 1833530 1835443 + AL538_25245
Chr2 1833490 + TSS-2-1833490 1 --> 0590 (-->) 0040 --> 1831644 1832900 + AL538_25240 1833530 1835443 + AL538_25245
Chr2 1833491 + TSS-2-1833491 1 --> 0591 (-->) 0039 --> 1831644 1832900 + AL538_25240 1833530 1835443 + AL538_25245
Chr2 1835312 + TSS-2-1835312 3 --> | (-->) | --> 1833530 1835443 + AL538_25245 1833530 1835443 + AL538_25245
Chr2 1838855 - TSS-2-1838855 3 <-- | (<--) | <-- 1838424 1839713 - AL538_25265 1838424 1839713 - AL538_25265
Chr2 1840830 - TSS-2-1840830 1 <-- 0027 (<--) 0134 <-- 1839874 1840803 - AL538_25270 1840964 1842205 - AL538_25275
Chr2 1841390 - TSS-2-1841390 3 <-- | (<--) | <-- 1840964 1842205 - AL538_25275 1840964 1842205 - AL538_25275
Chr2 1842952 + TSS-2-1842952 3 --> | (-->) | --> 1842934 1844181 + AL538_25285 1842934 1844181 + AL538_25285
Chr2 1845329 - TSS-2-1845329 2 <-- | (<--) | <-- 1845155 1846195 - AL538_25300 1845155 1846195 - AL538_25300
Chr2 1846466 - TSS-2-1846466 3 <-- 0271 (<--) 0105 --> 1845155 1846195 - AL538_25300 1846571 1847032 + AL538_25305
Chr2 1846488 - TSS-2-1846488 3 <-- 0293 (<--) 0083 --> 1845155 1846195 - AL538_25300 1846571 1847032 + AL538_25305
Chr2 1849926 - TSS-2-1849926 2 <-- 0153 (<--) 0084 <-- 1849147 1849773 - AL538_25320 1850010 1850330 - AL538_25325
Chr2 1850402 - TSS-2-1850402 3 <-- 0072 (<--) 0522 --> 1850010 1850330 - AL538_25325 1850924 1852018 + AL538_25330
Chr2 1850747 - TSS-2-1850747 3 <-- 0417 (<--) 0177 --> 1850010 1850330 - AL538_25325 1850924 1852018 + AL538_25330
Chr2 1851938 + TSS-2-1851938 2 --> | (-->) | --> 1850924 1852018 + AL538_25330 1850924 1852018 + AL538_25330
Chr2 1852154 + TSS-2-1852154 1 --> | (-->) | --> 1852011 1852994 + AL538_25335 1852011 1852994 + AL538_25335
Chr2 1852155 + TSS-2-1852155 2 --> | (-->) | --> 1852011 1852994 + AL538_25335 1852011 1852994 + AL538_25335
Chr2 1852238 + TSS-2-1852238 1 --> | (-->) | --> 1852011 1852994 + AL538_25335 1852011 1852994 + AL538_25335
Chr2 1852239 + TSS-2-1852239 1 --> | (-->) | --> 1852011 1852994 + AL538_25335 1852011 1852994 + AL538_25335
Chr2 1852927 + TSS-2-1852927 1 --> | (-->) | --> 1852011 1852994 + AL538_25335 1852011 1852994 + AL538_25335
Chr2 1852953 + TSS-2-1852953 3 --> | (-->) | --> 1852011 1852994 + AL538_25335 1852011 1852994 + AL538_25335
Chr2 1856459 - TSS-2-1856459 3 <-- | (<--) | <-- 1856196 1857161 - AL538_25345 1856196 1857161 - AL538_25345
Chr2 1870777 - TSS-2-1870777 3 <-- 0031 (<--) 0088 --> 1870099 1870746 - AL538_25395 1870865 1871695 + AL538_25400
Chr2 1872300 - TSS-2-1872300 1 <-- 0023 (<--) 0116 <-- 1871705 1872277 - AL538_25405 1872416 1873084 - AL538_25410
Chr2 1872473 - TSS-2-1872473 1 <-- | (<--) | <-- 1872416 1873084 - AL538_25410 1872416 1873084 - AL538_25410
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Chr2 1873562 - TSS-2-1873562 1 <-- | (<--) | <-- 1873081 1873770 - AL538_25415 1873081 1873770 - AL538_25415
Chr2 1877740 - TSS-2-1877740 3 <-- 0262 (<--) 0367 --> 1875586 1877478 - AL538_25430 1878107 1880341 + AL538_25435
Chr2 1881811 - TSS-2-1881811 3 <-- 0044 (<--) 0106 <-- 1881390 1881767 - AL538_25445 1881917 1882648 - AL538_25450
Chr2 1882009 - TSS-2-1882009 2 <-- | (<--) | <-- 1881917 1882648 - AL538_25450 1881917 1882648 - AL538_25450
Chr2 1890484 - TSS-2-1890484 1 <-- | (<--) | <-- 1890368 1891561 - AL538_25485 1890368 1891561 - AL538_25485
Chr2 1891627 - TSS-2-1891627 3 <-- 0066 (<--) 0298 <-- 1890368 1891561 - AL538_25485 1891925 1893856 - AL538_25490
Chr2 1891936 + TSS-2-1891936 3 <-- | (-->) | <-- 1891925 1893856 - AL538_25490 1891925 1893856 - AL538_25490
Chr2 1892209 - TSS-2-1892209 3 <-- | (<--) | <-- 1891925 1893856 - AL538_25490 1891925 1893856 - AL538_25490
Chr2 1894173 - TSS-2-1894173 1 <-- 0317 (<--) 0063 --> 1891925 1893856 - AL538_25490 1894236 1896239 + AL538_25495
Chr2 1894174 - TSS-2-1894174 1 <-- 0318 (<--) 0062 --> 1891925 1893856 - AL538_25490 1894236 1896239 + AL538_25495
Chr2 1894189 + TSS-2-1894189 3 <-- 0333 (-->) 0047 --> 1891925 1893856 - AL538_25490 1894236 1896239 + AL538_25495
Chr2 1894211 + TSS-2-1894211 3 <-- 0355 (-->) 0025 --> 1891925 1893856 - AL538_25490 1894236 1896239 + AL538_25495
Chr2 1896042 + TSS-2-1896042 1 --> | (-->) | --> 1894236 1896239 + AL538_25495 1894236 1896239 + AL538_25495
Chr2 1896118 + TSS-2-1896118 1 --> | (-->) | --> 1894236 1896239 + AL538_25495 1894236 1896239 + AL538_25495
Chr2 1897520 - TSS-2-1897520 3 <-- 0020 (<--) 0280 --> 1897144 1897500 - AL538_25505 1897800 1898627 + AL538_25510
Chr2 1897584 - TSS-2-1897584 3 <-- 0084 (<--) 0216 --> 1897144 1897500 - AL538_25505 1897800 1898627 + AL538_25510
Chr2 1897773 + TSS-2-1897773 3 <-- 0273 (-->) 0027 --> 1897144 1897500 - AL538_25505 1897800 1898627 + AL538_25510
Chr2 1916232 - TSS-2-1916232 3 <-- | (<--) | <-- 1916086 1917270 - AL538_25580 1916086 1917270 - AL538_25580
Chr2 1922524 - TSS-2-1922524 1 <-- | (<--) | <-- 1922333 1923802 - AL538_25610 1922333 1923802 - AL538_25610
Chr2 1923910 - TSS-2-1923910 3 <-- 0108 (<--) 0342 --> 1922333 1923802 - AL538_25610 1924252 1924986 + AL538_25615
Chr2 1927527 - TSS-2-1927527 1 --> | (<--) | --> 1926157 1929273 + AL538_25625 1926157 1929273 + AL538_25625
Chr2 1930810 - TSS-2-1930810 3 <-- 0140 (<--) 0026 <-- 1929378 1930670 - AL538_25630 1930836 1932455 - AL538_25635
Chr2 1932353 - TSS-2-1932353 1 <-- | (<--) | <-- 1930836 1932455 - AL538_25635 1930836 1932455 - AL538_25635
Chr2 1933997 - TSS-2-1933997 3 <-- 0064 (<--) 0103 <-- 1933670 1933933 - AL538_25645 1934100 1934738 - AL538_25650
Chr2 1935516 + TSS-2-1935516 3 --> 0222 (-->) 0139 <-- 1935046 1935294 + AL538_25655 1935655 1935936 - AL538_25660
Chr2 1936288 - TSS-2-1936288 3 <-- 0352 (<--) 0023 <-- 1935655 1935936 - AL538_25660 1936311 1938317 - AL538_25665
Chr2 1936301 - TSS-2-1936301 3 <-- 0365 (<--) 0010 <-- 1935655 1935936 - AL538_25660 1936311 1938317 - AL538_25665
Chr2 1936309 - TSS-2-1936309 2 <-- 0373 (<--) 0002 <-- 1935655 1935936 - AL538_25660 1936311 1938317 - AL538_25665
Chr2 1937979 + TSS-2-1937979 2 <-- | (-->) | <-- 1936311 1938317 - AL538_25665 1936311 1938317 - AL538_25665
Chr2 1939396 - TSS-2-1939396 1 --> | (<--) | --> 1938434 1939405 + AL538_25670 1938434 1939405 + AL538_25670
Chr2 1943818 + TSS-2-1943818 1 <-- 0276 (-->) 0267 <-- 1942634 1943542 - AL538_25695 1944085 1944765 - AL538_25700
Chr2 1943824 + TSS-2-1943824 1 <-- 0282 (-->) 0261 <-- 1942634 1943542 - AL538_25695 1944085 1944765 - AL538_25700
Chr2 1944794 - TSS-2-1944794 3 <-- 0029 (<--) 0094 <-- 1944085 1944765 - AL538_25700 1944888 1945619 - AL538_25705
Chr2 1945169 - TSS-2-1945169 3 <-- | (<--) | <-- 1944888 1945619 - AL538_25705 1944888 1945619 - AL538_25705
Chr2 1946785 - TSS-2-1946785 1 <-- 0047 (<--) 0180 <-- 1946520 1946738 - AL538_25715 1946965 1947972 - AL538_25720
Chr2 1946917 - TSS-2-1946917 3 <-- 0179 (<--) 0048 <-- 1946520 1946738 - AL538_25715 1946965 1947972 - AL538_25720
Chr2 1953100 - TSS-2-1953100 3 <-- 0091 (<--) 0451 --> 1952590 1953009 - AL538_25745 1953551 1955887 + AL538_25750
Chr2 1953442 + TSS-2-1953442 3 <-- 0433 (-->) 0109 --> 1952590 1953009 - AL538_25745 1953551 1955887 + AL538_25750
Chr2 1955059 - TSS-2-1955059 1 --> | (<--) | --> 1953551 1955887 + AL538_25750 1953551 1955887 + AL538_25750
Chr2 1964574 + TSS-2-1964574 3 <-- 0313 (-->) 0013 --> 1963743 1964261 - AL538_25800 1964587 1964661 + AL538_25805
Chr2 1964587 + TSS-2-1964587 3 --> | (-->) | --> 1964587 1964661 + AL538_25805 1964587 1964661 + AL538_25805
Chr2 1967392 + TSS-2-1967392 2 <-- 0161 (-->) 0335 <-- 1966221 1967231 - AL538_25820 1967727 1968194 - AL538_25825
Chr2 1967655 - TSS-2-1967655 3 <-- 0424 (<--) 0072 <-- 1966221 1967231 - AL538_25820 1967727 1968194 - AL538_25825
Chr2 1981923 + TSS-2-1981923 1 <-- 0215 (-->) 0073 --> 1981304 1981708 - AL538_25865 1981996 1982652 + AL538_25870
Chr2 1991463 - TSS-2-1991463 3 --> | (<--) | --> 1990430 1991626 + AL538_25905 1990430 1991626 + AL538_25905
Chr2 1991985 - TSS-2-1991985 2 <-- | (<--) | <-- 1991695 1992768 - AL538_25910 1991695 1992768 - AL538_25910
Chr2 1994716 + TSS-2-1994716 1 <-- | (-->) | <-- 1994203 1995465 - AL538_25920 1994203 1995465 - AL538_25920
Chr2 1995877 - TSS-2-1995877 3 <-- 0412 (<--) 0028 --> 1994203 1995465 - AL538_25920 1995905 1997125 + AL538_25925
Chr2 2006269 - TSS-2-2006269 3 <-- | (<--) | <-- 2004881 2006428 - AL538_25970 2004881 2006428 - AL538_25970
Chr2 2015971 - TSS-2-2015971 3 <-- 0032 (<--) 0447 --> 2015733 2015939 - AL538_26030 2016418 2017308 + AL538_26035
Chr2 2020156 + TSS-2-2020156 3 <-- | (-->) | <-- 2019205 2020248 - AL538_26045 2019205 2020248 - AL538_26045
Chr2 2020478 - TSS-2-2020478 1 <-- 0230 (<--) 0233 <-- 2019205 2020248 - AL538_26045 2020711 2022246 - AL538_26050
Chr2 2022273 - TSS-2-2022273 3 <-- 0027 (<--) 0064 <-- 2020711 2022246 - AL538_26050 2022337 2022777 - AL538_26055
Chr2 2023885 - TSS-2-2023885 3 <-- 0104 (<--) 0258 <-- 2022777 2023781 - AL538_26060 2024143 2025051 - AL538_26065
Chr2 2025066 - TSS-2-2025066 3 <-- 0015 (<--) 0082 --> 2024143 2025051 - AL538_26065 2025148 2025567 + AL538_26070
Chr2 2025075 - TSS-2-2025075 2 <-- 0024 (<--) 0073 --> 2024143 2025051 - AL538_26065 2025148 2025567 + AL538_26070
Chr2 2026514 - TSS-2-2026514 1 <-- 0375 (<--) 0283 --> 2025579 2026139 - AL538_26075 2026797 2028203 + AL538_26080
Chr2 2026525 - TSS-2-2026525 1 <-- 0386 (<--) 0272 --> 2025579 2026139 - AL538_26075 2026797 2028203 + AL538_26080
Chr2 2026557 - TSS-2-2026557 3 <-- 0418 (<--) 0240 --> 2025579 2026139 - AL538_26075 2026797 2028203 + AL538_26080
Chr2 2026566 - TSS-2-2026566 1 <-- 0427 (<--) 0231 --> 2025579 2026139 - AL538_26075 2026797 2028203 + AL538_26080
Chr2 2026574 - TSS-2-2026574 3 <-- 0435 (<--) 0223 --> 2025579 2026139 - AL538_26075 2026797 2028203 + AL538_26080
Chr2 2026837 - TSS-2-2026837 3 --> | (<--) | --> 2026797 2028203 + AL538_26080 2026797 2028203 + AL538_26080
Chr2 2031398 + TSS-2-2031398 1 <-- | (-->) | <-- 2030968 2031621 - AL538_26095 2030968 2031621 - AL538_26095
Chr2 2031787 - TSS-2-2031787 1 <-- 0166 (<--) 0316 --> 2030968 2031621 - AL538_26095 2032103 2033338 + AL538_26100
Chr2 2040232 + TSS-2-2040232 1 --> | (-->) | --> 2038162 2040453 + AL538_26125 2038162 2040453 + AL538_26125
Chr2 2045180 + TSS-2-2045180 1 --> | (-->) | --> 2044460 2046451 + AL538_26145 2044460 2046451 + AL538_26145
Chr2 2049552 - TSS-2-2049552 3 <-- 0028 (<--) 0141 <-- 2048352 2049524 - AL538_26155 2049693 2050745 - AL538_26160
Chr2 2051144 + TSS-2-2051144 3 <-- 0399 (-->) 0078 --> 2049693 2050745 - AL538_26160 2051222 2052205 + AL538_26165
Chr2 2051219 + TSS-2-2051219 2 <-- 0474 (-->) 0003 --> 2049693 2050745 - AL538_26160 2051222 2052205 + AL538_26165
Chr2 2051220 + TSS-2-2051220 1 <-- 0475 (-->) 0002 --> 2049693 2050745 - AL538_26160 2051222 2052205 + AL538_26165
Chr2 2051340 + TSS-2-2051340 2 --> | (-->) | --> 2051222 2052205 + AL538_26165 2051222 2052205 + AL538_26165
Chr2 2051417 + TSS-2-2051417 1 --> | (-->) | --> 2051222 2052205 + AL538_26165 2051222 2052205 + AL538_26165
Chr2 2051433 + TSS-2-2051433 1 --> | (-->) | --> 2051222 2052205 + AL538_26165 2051222 2052205 + AL538_26165
Chr2 2051762 + TSS-2-2051762 1 --> | (-->) | --> 2051222 2052205 + AL538_26165 2051222 2052205 + AL538_26165
Chr2 2052123 + TSS-2-2052123 1 --> | (-->) | --> 2051222 2052205 + AL538_26165 2051222 2052205 + AL538_26165
Chr2 2053517 - TSS-2-2053517 1 <-- | (<--) | <-- 2052728 2053636 - AL538_26170 2052728 2053636 - AL538_26170
Chr2 2055909 + TSS-2-2055909 3 <-- | (-->) | <-- 2055194 2055961 - AL538_26185 2055194 2055961 - AL538_26185
Chr2 2058756 - TSS-2-2058756 1 <-- | (<--) | <-- 2057722 2059362 - AL538_26205 2057722 2059362 - AL538_26205
Chr2 2058927 - TSS-2-2058927 1 <-- | (<--) | <-- 2057722 2059362 - AL538_26205 2057722 2059362 - AL538_26205
Chr2 2060461 - TSS-2-2060461 1 <-- 0032 (<--) 0392 --> 2059359 2060429 - AL538_26210 2060853 2062547 + AL538_26215
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Chr2 2060644 - TSS-2-2060644 3 <-- 0215 (<--) 0209 --> 2059359 2060429 - AL538_26210 2060853 2062547 + AL538_26215
Chr2 2063074 - TSS-2-2063074 2 <-- 0020 (<--) 0069 <-- 2062635 2063054 - AL538_26220 2063143 2063775 - AL538_26225
Chr2 2063962 + TSS-2-2063962 3 <-- 0187 (-->) 0064 --> 2063143 2063775 - AL538_26225 2064026 2064853 + AL538_26230
Chr2 2063972 + TSS-2-2063972 3 <-- 0197 (-->) 0054 --> 2063143 2063775 - AL538_26225 2064026 2064853 + AL538_26230
Chr2 2063985 + TSS-2-2063985 1 <-- 0210 (-->) 0041 --> 2063143 2063775 - AL538_26225 2064026 2064853 + AL538_26230
Chr2 2064518 - TSS-2-2064518 3 --> | (<--) | --> 2064026 2064853 + AL538_26230 2064026 2064853 + AL538_26230
Chr2 2067012 + TSS-2-2067012 1 <-- | (-->) | <-- 2066804 2067832 - AL538_26250 2066804 2067832 - AL538_26250
Chr2 2067934 - TSS-2-2067934 2 <-- 0102 (<--) 0464 --> 2066804 2067832 - AL538_26250 2068398 2069366 + AL538_26255
Chr2 2068346 + TSS-2-2068346 3 <-- 0514 (-->) 0052 --> 2066804 2067832 - AL538_26250 2068398 2069366 + AL538_26255
Chr2 2068376 + TSS-2-2068376 3 <-- 0544 (-->) 0022 --> 2066804 2067832 - AL538_26250 2068398 2069366 + AL538_26255
Chr2 2068449 + TSS-2-2068449 1 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068481 + TSS-2-2068481 1 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068532 + TSS-2-2068532 1 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068627 + TSS-2-2068627 3 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068672 + TSS-2-2068672 2 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068673 + TSS-2-2068673 1 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068888 - TSS-2-2068888 1 --> | (<--) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068938 + TSS-2-2068938 2 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068943 + TSS-2-2068943 1 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068973 + TSS-2-2068973 3 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2068999 + TSS-2-2068999 2 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2069001 + TSS-2-2069001 1 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2069086 + TSS-2-2069086 1 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2069163 + TSS-2-2069163 3 --> | (-->) | --> 2068398 2069366 + AL538_26255 2068398 2069366 + AL538_26255
Chr2 2070342 - TSS-2-2070342 1 --> | (<--) | --> 2069802 2070641 + AL538_26260 2069802 2070641 + AL538_26260
Chr2 2073343 - TSS-2-2073343 3 <-- 0030 (<--) 0082 --> 2072123 2073313 - AL538_26275 2073425 2074312 + AL538_26280
Chr2 2074482 + TSS-2-2074482 3 --> 0170 (-->) 0088 --> 2073425 2074312 + AL538_26280 2074570 2076390 + AL538_26285
Chr2 2076598 - TSS-2-2076598 2 <-- | (<--) | <-- 2076425 2077711 - AL538_26290 2076425 2077711 - AL538_26290
Chr2 2076764 + TSS-2-2076764 3 <-- | (-->) | <-- 2076425 2077711 - AL538_26290 2076425 2077711 - AL538_26290
Chr2 2077737 - TSS-2-2077737 3 <-- 0026 (<--) 0098 <-- 2076425 2077711 - AL538_26290 2077835 2078464 - AL538_26295
Chr2 2078329 + TSS-2-2078329 3 <-- | (-->) | <-- 2077835 2078464 - AL538_26295 2077835 2078464 - AL538_26295
Chr2 2078592 + TSS-2-2078592 3 <-- 0128 (-->) 0576 --> 2077835 2078464 - AL538_26295 2079168 2079839 + AL538_26300
Chr2 2085413 - TSS-2-2085413 1 <-- | (<--) | <-- 2084559 2085716 - AL538_26320 2084559 2085716 - AL538_26320
Chr2 2086005 - TSS-2-2086005 3 <-- 0289 (<--) 0463 <-- 2084559 2085716 - AL538_26320 2086468 2086779 - AL538_26325
Chr2 2086263 + TSS-2-2086263 3 <-- 0547 (-->) 0205 <-- 2084559 2085716 - AL538_26320 2086468 2086779 - AL538_26325
Chr2 2087307 + TSS-2-2087307 3 --> 0052 (-->) 0037 --> 2086920 2087255 + AL538_26330 2087344 2088075 + AL538_26335
Chr2 2096904 + TSS-2-2096904 1 --> 0013 (-->) 0409 --> 2094957 2096891 + AL538_26375 2097313 2099952 + AL538_26380
Chr2 2096925 + TSS-2-2096925 3 --> 0034 (-->) 0388 --> 2094957 2096891 + AL538_26375 2097313 2099952 + AL538_26380
Chr2 2099621 - TSS-2-2099621 3 --> | (<--) | --> 2097313 2099952 + AL538_26380 2097313 2099952 + AL538_26380
Chr2 2101835 - TSS-2-2101835 1 <-- | (<--) | <-- 2101508 2103280 - AL538_26390 2101508 2103280 - AL538_26390
Chr2 2102177 + TSS-2-2102177 3 <-- | (-->) | <-- 2101508 2103280 - AL538_26390 2101508 2103280 - AL538_26390
Chr2 2103302 - TSS-2-2103302 2 <-- 0022 (<--) 0584 --> 2101508 2103280 - AL538_26390 2103886 2104425 + AL538_26395
Chr2 2103485 + TSS-2-2103485 2 <-- 0205 (-->) 0401 --> 2101508 2103280 - AL538_26390 2103886 2104425 + AL538_26395
Chr2 2106058 + TSS-2-2106058 3 --> | (-->) | --> 2105908 2106249 + AL538_26410 2105908 2106249 + AL538_26410
Chr2 2107525 + TSS-2-2107525 3 --> 0135 (-->) 0017 --> 2106335 2107390 + AL538_26415 2107542 2107754 + AL538_26420
Chr2 2113032 - TSS-2-2113032 3 <-- | (<--) | <-- 2112928 2113221 - AL538_26450 2112928 2113221 - AL538_26450
Chr2 2113082 - TSS-2-2113082 1 <-- | (<--) | <-- 2112928 2113221 - AL538_26450 2112928 2113221 - AL538_26450
Chr2 2113107 - TSS-2-2113107 1 <-- | (<--) | <-- 2112928 2113221 - AL538_26450 2112928 2113221 - AL538_26450
Chr2 2113166 - TSS-2-2113166 1 <-- | (<--) | <-- 2112928 2113221 - AL538_26450 2112928 2113221 - AL538_26450
Chr2 2113178 - TSS-2-2113178 3 <-- | (<--) | <-- 2112928 2113221 - AL538_26450 2112928 2113221 - AL538_26450
Chr2 2113256 - TSS-2-2113256 1 <-- 0035 (<--) 0118 <-- 2112928 2113221 - AL538_26450 2113374 2114240 - AL538_26455
Chr2 2115353 + TSS-2-2115353 3 <-- | (-->) | <-- 2115299 2116393 - AL538_26470 2115299 2116393 - AL538_26470
Chr2 2115574 - TSS-2-2115574 1 <-- | (<--) | <-- 2115299 2116393 - AL538_26470 2115299 2116393 - AL538_26470
Chr2 2116613 + TSS-2-2116613 3 <-- 0220 (-->) 0032 --> 2115299 2116393 - AL538_26470 2116645 2116938 + AL538_26475
Chr2 2117566 - TSS-2-2117566 1 <-- | (<--) | <-- 2117493 2118386 - AL538_26485 2117493 2118386 - AL538_26485
Chr2 2119860 - TSS-2-2119860 2 --> 0273 (<--) 0021 <-- 2118472 2119587 + AL538_26490 2119881 2120660 - AL538_26495
Chr2 2120252 - TSS-2-2120252 3 <-- | (<--) | <-- 2119881 2120660 - AL538_26495 2119881 2120660 - AL538_26495
Chr2 2121041 + TSS-2-2121041 3 --> | (-->) | --> 2120987 2121976 + AL538_26500 2120987 2121976 + AL538_26500
Chr2 2121490 - TSS-2-2121490 3 --> | (<--) | --> 2120987 2121976 + AL538_26500 2120987 2121976 + AL538_26500
Chr2 2123459 - TSS-2-2123459 2 <-- 0063 (<--) 0529 --> 2122047 2123396 - AL538_26505 2123988 2125034 + AL538_26510
Chr2 2123976 + TSS-2-2123976 2 <-- 0580 (-->) 0012 --> 2122047 2123396 - AL538_26505 2123988 2125034 + AL538_26510
Chr2 2126460 - TSS-2-2126460 2 <-- 0215 (<--) 0054 --> 2125967 2126245 - AL538_26520 2126514 2127428 + AL538_26525
Chr2 2134004 - TSS-2-2134004 1 --> | (<--) | --> 2133580 2134617 + AL538_26570 2133580 2134617 + AL538_26570
Chr2 2136381 - TSS-2-2136381 1 --> | (<--) | --> 2135806 2137437 + AL538_26580 2135806 2137437 + AL538_26580
Chr2 2137569 + TSS-2-2137569 2 --> 0132 (-->) 0509 --> 2135806 2137437 + AL538_26580 2138078 2139025 + AL538_26585
Chr2 2137611 + TSS-2-2137611 1 --> 0174 (-->) 0467 --> 2135806 2137437 + AL538_26580 2138078 2139025 + AL538_26585
Chr2 2148836 + TSS-2-2148836 3 <-- 0151 (-->) 0345 <-- 2147165 2148685 - AL538_26625 2149181 2149573 - AL538_26630
Chr2 2148926 + TSS-2-2148926 3 <-- 0241 (-->) 0255 <-- 2147165 2148685 - AL538_26625 2149181 2149573 - AL538_26630
Chr2 2149110 - TSS-2-2149110 3 <-- 0425 (<--) 0071 <-- 2147165 2148685 - AL538_26625 2149181 2149573 - AL538_26630
Chr2 2149125 - TSS-2-2149125 3 <-- 0440 (<--) 0056 <-- 2147165 2148685 - AL538_26625 2149181 2149573 - AL538_26630
Chr2 2149134 - TSS-2-2149134 3 <-- 0449 (<--) 0047 <-- 2147165 2148685 - AL538_26625 2149181 2149573 - AL538_26630
Chr2 2154071 - TSS-2-2154071 3 <-- 0122 (<--) 0168 <-- 2153617 2153949 - AL538_26650 2154239 2155165 - AL538_26655
Chr2 2155191 - TSS-2-2155191 3 <-- 0026 (<--) 0067 <-- 2154239 2155165 - AL538_26655 2155258 2159496 - AL538_26660
Chr2 2155257 - TSS-2-2155257 3 <-- 0092 (<--) 0001 <-- 2154239 2155165 - AL538_26655 2155258 2159496 - AL538_26660
Chr2 2156770 + TSS-2-2156770 2 <-- | (-->) | <-- 2155258 2159496 - AL538_26660 2155258 2159496 - AL538_26660
Chr2 2157484 - TSS-2-2157484 1 <-- | (<--) | <-- 2155258 2159496 - AL538_26660 2155258 2159496 - AL538_26660
Chr2 2159547 - TSS-2-2159547 3 <-- 0051 (<--) 0815 --> 2155258 2159496 - AL538_26660 2160362 2161774 + AL538_26665
Chr2 2192062 - TSS-2-2192062 2 <-- 0449 (<--) 0585 --> 2190207 2191613 - AL538_26790 2192647 2193177 + AL538_26795
Chr2 2192076 - TSS-2-2192076 3 <-- 0463 (<--) 0571 --> 2190207 2191613 - AL538_26790 2192647 2193177 + AL538_26795
Chr2 2192089 - TSS-2-2192089 3 <-- 0476 (<--) 0558 --> 2190207 2191613 - AL538_26790 2192647 2193177 + AL538_26795



Chrom Location Strand TSS-ID Replicates Start End Strand ID Start End Strand ID

TSS
Genomic context

Flancking genes
Gene on the left Gene on the right

Chr2 2194094 - TSS-2-2194094 2 <-- | (<--) | <-- 2193228 2194346 - AL538_26800 2193228 2194346 - AL538_26800
Chr2 2195423 - TSS-2-2195423 1 <-- | (<--) | <-- 2194673 2196829 - AL538_26805 2194673 2196829 - AL538_26805
Chr2 2198793 - TSS-2-2198793 2 <-- 0230 (<--) 0113 <-- 2196992 2198563 - AL538_26810 2198906 2199301 - AL538_26815
Chr2 2201581 - TSS-2-2201581 3 <-- | (<--) | <-- 2201237 2202433 - AL538_26835 2201237 2202433 - AL538_26835
Chr2 2205104 + TSS-2-2205104 3 --> 0073 (-->) 0026 --> 2204147 2205031 + AL538_26850 2205130 2205555 + AL538_26855
Chr2 2206317 - TSS-2-2206317 2 <-- | (<--) | <-- 2205959 2206711 - AL538_26865 2205959 2206711 - AL538_26865
Chr2 2206842 - TSS-2-2206842 3 <-- | (<--) | <-- 2206704 2207456 - AL538_26870 2206704 2207456 - AL538_26870
Chr2 2207477 - TSS-2-2207477 1 <-- 0021 (<--) 0210 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207484 - TSS-2-2207484 2 <-- 0028 (<--) 0203 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207485 - TSS-2-2207485 1 <-- 0029 (<--) 0202 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207604 + TSS-2-2207604 3 <-- 0148 (-->) 0083 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207624 + TSS-2-2207624 1 <-- 0168 (-->) 0063 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207641 + TSS-2-2207641 1 <-- 0185 (-->) 0046 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207656 + TSS-2-2207656 2 <-- 0200 (-->) 0031 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207668 + TSS-2-2207668 2 <-- 0212 (-->) 0019 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207681 - TSS-2-2207681 1 <-- 0225 (<--) 0006 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207682 - TSS-2-2207682 2 <-- 0226 (<--) 0005 --> 2206704 2207456 - AL538_26870 2207687 2208994 + AL538_26875
Chr2 2207691 + TSS-2-2207691 1 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2207823 + TSS-2-2207823 2 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2207845 + TSS-2-2207845 3 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2208350 + TSS-2-2208350 2 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2208381 + TSS-2-2208381 1 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2208457 + TSS-2-2208457 2 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2208481 + TSS-2-2208481 3 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2208521 + TSS-2-2208521 1 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2208554 - TSS-2-2208554 3 --> | (<--) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2208758 + TSS-2-2208758 2 --> | (-->) | --> 2207687 2208994 + AL538_26875 2207687 2208994 + AL538_26875
Chr2 2216584 - TSS-2-2216584 3 <-- | (<--) | <-- 2216308 2217309 - AL538_26920 2216308 2217309 - AL538_26920
Chr2 2221347 - TSS-2-2221347 3 <-- | (<--) | <-- 2221140 2221988 - AL538_26945 2221140 2221988 - AL538_26945
Chr2 2221420 + TSS-2-2221420 3 <-- | (-->) | <-- 2221140 2221988 - AL538_26945 2221140 2221988 - AL538_26945
Chr2 2222011 - TSS-2-2222011 1 <-- 0023 (<--) 0301 --> 2221140 2221988 - AL538_26945 2222312 2222524 + AL538_26950
Chr2 2223104 + TSS-2-2223104 1 --> 0026 (-->) 0037 --> 2222869 2223078 + AL538_26955 2223141 2223281 + AL538_26960
Chr2 2223638 + TSS-2-2223638 1 --> | (-->) | --> 2223625 2223724 + . 2223625 2223724 + .
Chr2 2229387 + TSS-2-2229387 3 --> 0105 (-->) 0032 --> 2228293 2229282 + AL538_26985 2229419 2229892 + AL538_26990
Chr2 2233754 - TSS-2-2233754 3 <-- | (<--) | <-- 2233653 2234822 - AL538_27010 2233653 2234822 - AL538_27010
Chr2 2236662 + TSS-2-2236662 3 --> | (-->) | --> 2235280 2236887 + AL538_27015 2235280 2236887 + AL538_27015
Chr2 2237505 - TSS-2-2237505 1 <-- | (<--) | <-- 2237017 2237979 - AL538_27020 2237017 2237979 - AL538_27020
Chr2 2238322 - TSS-2-2238322 1 --> | (<--) | --> 2238111 2239010 + AL538_27025 2238111 2239010 + AL538_27025
Chr2 2240023 - TSS-2-2240023 3 <-- 0097 (<--) 0119 <-- 2239066 2239926 - AL538_27030 2240142 2240708 - AL538_27035
Chr2 2244588 + TSS-2-2244588 3 --> | (-->) | --> 2244096 2244650 + AL538_27055 2244096 2244650 + AL538_27055
Chr2 2246399 - TSS-2-2246399 3 <-- | (<--) | <-- 2246026 2246745 - AL538_27065 2246026 2246745 - AL538_27065
Chr2 2246536 - TSS-2-2246536 3 <-- | (<--) | <-- 2246026 2246745 - AL538_27065 2246026 2246745 - AL538_27065
Chr2 2246745 - TSS-2-2246745 2 <-- | (<--) | <-- 2246026 2246745 - AL538_27065 2246026 2246745 - AL538_27065
Chr2 2246760 - TSS-2-2246760 1 <-- 0015 (<--) 0416 --> 2246026 2246745 - AL538_27065 2247176 2248660 + AL538_27070
Chr2 2246762 - TSS-2-2246762 2 <-- 0017 (<--) 0414 --> 2246026 2246745 - AL538_27065 2247176 2248660 + AL538_27070
Chr2 2246776 - TSS-2-2246776 3 <-- 0031 (<--) 0400 --> 2246026 2246745 - AL538_27065 2247176 2248660 + AL538_27070
Chr2 2246862 - TSS-2-2246862 3 <-- 0117 (<--) 0314 --> 2246026 2246745 - AL538_27065 2247176 2248660 + AL538_27070
Chr2 2247034 - TSS-2-2247034 2 <-- 0289 (<--) 0142 --> 2246026 2246745 - AL538_27065 2247176 2248660 + AL538_27070
Chr2 2247099 + TSS-2-2247099 3 <-- 0354 (-->) 0077 --> 2246026 2246745 - AL538_27065 2247176 2248660 + AL538_27070
Chr2 2252569 - TSS-2-2252569 1 <-- | (<--) | <-- 2251850 2252998 - AL538_27090 2251850 2252998 - AL538_27090
Chr2 2287747 - TSS-2-2287747 1 <-- | (<--) | <-- 2287686 2287925 - AL538_27330 2287686 2287925 - AL538_27330
Chr2 2287769 - TSS-2-2287769 1 <-- | (<--) | <-- 2287686 2287925 - AL538_27330 2287686 2287925 - AL538_27330
Chr2 2287821 - TSS-2-2287821 1 <-- | (<--) | <-- 2287686 2287925 - AL538_27330 2287686 2287925 - AL538_27330
Chr2 2287883 - TSS-2-2287883 3 <-- | (<--) | <-- 2287686 2287925 - AL538_27330 2287686 2287925 - AL538_27330
Chr2 2287893 - TSS-2-2287893 2 <-- | (<--) | <-- 2287686 2287925 - AL538_27330 2287686 2287925 - AL538_27330
Chr2 2287925 - TSS-2-2287925 1 <-- | (<--) | <-- 2287686 2287925 - AL538_27330 2287686 2287925 - AL538_27330
Chr2 2287949 - TSS-2-2287949 3 <-- 0024 (<--) 0210 --> 2287686 2287925 - AL538_27330 2288159 2288962 + AL538_27335
Chr2 2287988 - TSS-2-2287988 3 <-- 0063 (<--) 0171 --> 2287686 2287925 - AL538_27330 2288159 2288962 + AL538_27335
Chr2 2288132 + TSS-2-2288132 3 <-- 0207 (-->) 0027 --> 2287686 2287925 - AL538_27330 2288159 2288962 + AL538_27335
Chr2 2293398 - TSS-2-2293398 3 <-- | (<--) | <-- 2293085 2296708 - AL538_27355 2293085 2296708 - AL538_27355
Chr2 2293792 - TSS-2-2293792 3 <-- | (<--) | <-- 2293085 2296708 - AL538_27355 2293085 2296708 - AL538_27355
Chr2 2297264 + TSS-2-2297264 3 <-- 0556 (-->) 0056 --> 2293085 2296708 - AL538_27355 2297320 2297772 + AL538_27360
Chr2 2297782 - TSS-2-2297782 3 --> 0010 (<--) 0102 <-- 2297320 2297772 + AL538_27360 2297884 2299950 - AL538_27365
Chr2 2303676 - TSS-2-2303676 3 <-- | (<--) | <-- 2303651 2304556 - AL538_27380 2303651 2304556 - AL538_27380
Chr2 2303844 - TSS-2-2303844 3 <-- | (<--) | <-- 2303651 2304556 - AL538_27380 2303651 2304556 - AL538_27380
Chr2 2303890 - TSS-2-2303890 3 <-- | (<--) | <-- 2303651 2304556 - AL538_27380 2303651 2304556 - AL538_27380
Chr2 2310264 - TSS-2-2310264 3 <-- | (<--) | <-- 2308150 2319231 - AL538_27390 2308150 2319231 - AL538_27390



Chrom Location Strand TSS ID Replicates Start End Prot len BLAST match Match start Match end Match species
Chr1 127065 - TSS-1-127065 3 --> 0236 (<--) 0049 <-- 126928 127047 40 CP009467.2 1939963 1939844 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 127076 - TSS-1-127076 3 --> 0247 (<--) 0038 <-- 126928 127047 40 CP009467.2 1939963 1939844 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 138417 - TSS-1-138417 3 --> 0102 (<--) 0343 <-- . . . . . .
Chr1 138543 + TSS-1-138543 3 --> 0228 (-->) 0217 <-- 138689 138763 25 CP018680.2 858137 858211 Vibrio harveyi isolate QT520 chromosome 1

Chr1 138601 - TSS-1-138601 1 --> 0286 (<--) 0159 <-- . . . . . .
Chr1 138606 - TSS-1-138606 2 --> 0291 (<--) 0154 <-- . . . . . .
Chr1 138615 - TSS-1-138615 2 --> 0300 (<--) 0145 <-- . . . . . .

Chr1 195261 + TSS-1-195261 3 --> 0123 (-->) 0494 <-- 195417 195506 30 CP009467.2 2008379 2008468 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 195329 + TSS-1-195329 3 --> 0191 (-->) 0426 <-- 195417 195506 30 CP009467.2 2008379 2008468 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 195589 + TSS-1-195589 2 --> 0451 (-->) 0166 <-- 195607 195660 18 CP009467.2 1119183 1119130 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 195653 - TSS-1-195653 3 --> 0515 (<--) 0102 <-- 195135 195392 86 CP009467.2 2008354 2008097 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 195667 - TSS-1-195667 3 --> 0529 (<--) 0088 <-- 195135 195392 86 CP009467.2 2008354 2008097 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 195686 - TSS-1-195686 1 --> 0548 (<--) 0069 <-- 195135 195392 86 CP009467.2 2008354 2008097 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 195688 - TSS-1-195688 2 --> 0550 (<--) 0067 <-- 195135 195392 86 CP009467.2 2008354 2008097 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 337803 - TSS-1-337803 3 --> 0160 (<--) 0104 <-- . . . . . .
Chr1 337815 - TSS-1-337815 3 --> 0172 (<--) 0092 <-- . . . . . .
Chr1 337858 - TSS-1-337858 2 --> 0215 (<--) 0049 <-- . . . . . .

Chr1 337862 - TSS-1-337862 1 --> 0219 (<--) 0045 <-- 337810 337860 17 CP019959.1 2879724 2879674 Vibrio owensii XSBZ03 chromosome 1
Chr1 337871 - TSS-1-337871 3 --> 0228 (<--) 0036 <-- 337810 337860 17 CP019959.1 2879724 2879674 Vibrio owensii XSBZ03 chromosome 1

Chr1 341738 - TSS-1-341738 1 --> 0300 (<--) 0244 --> 341502 341639 46 CP009467.2 2158329 2158192 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 341777 - TSS-1-341777 3 --> 0339 (<--) 0205 --> 341502 341639 46 CP009467.2 2158329 2158192 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 345149 + TSS-1-345149 1 --> 0125 (-->) 0152 <-- . . . . . .
Chr1 450462 - TSS-1-450462 3 --> 0062 (<--) 0194 --> . . . . . .
Chr1 470021 + TSS-1-470021 3 <-- 0026 (-->) 0145 <-- 470028 470093 22 CP009467.2 2276755 2276820 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 501111 + TSS-1-501111 3 <-- 0066 (-->) 0143 <-- 501206 501340 45 CP009467.2 2307974 2308078 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 529195 + TSS-1-529195 1 <-- 0143 (-->) 0134 <-- . . . . . .
Chr1 533687 - TSS-1-533687 2 --> 0221 (<--) 0007 <-- 533446 533547 34 CP022552.1 1139147 1139206 Vibrio parahaemolyticus MAVP-R chromosome 1

Chr1 557484 - TSS-1-557484 3 --> 0195 (<--) 0681 --> . . . . . .
Chr1 558771 - TSS-1-558771 3 --> 0097 (<--) 0162 <-- . . . . . .
Chr1 575548 + TSS-1-575548 3 <-- 0091 (-->) 0635 <-- 575733 575840 36 CP009984.1 1366047 1365940 Vibrio vulnificus FORC_009 chromosome 1
Chr1 618761 - TSS-1-618761 3 --> 0190 (<--) 0266 --> 618632 618760 43 CP009467.2 2419189 2419061 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 627436 - TSS-1-627436 3 --> 0349 (<--) 0196 --> . . . . . .
Chr1 662192 - TSS-1-662192 3 --> 0089 (<--) 0008 <-- . . . . . .
Chr1 671722 + TSS-1-671722 1 --> 0086 (-->) 0014 <-- . . . . . .
Chr1 734003 + TSS-1-734003 3 <-- 0089 (-->) 0123 <-- . . . . . .
Chr1 792870 - TSS-1-792870 1 --> 0270 (<--) 0075 <-- 792684 792821 46 CP009467.2 2595790 2595653 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 839921 + TSS-1-839921 1 <-- 0041 (-->) 0100 <-- . . . . . .
Chr1 853860 + TSS-1-853860 2 <-- 0040 (-->) 0068 <-- . . . . . .

Chr1 862143 + TSS-1-862143 1 <-- 0153 (-->) 0173 <-- 862187 862306 40 CP009467.2 2665161 2665280 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 862144 + TSS-1-862144 2 <-- 0154 (-->) 0172 <-- 862187 862306 40 CP009467.2 2665161 2665280 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 862151 + TSS-1-862151 3 <-- 0161 (-->) 0165 <-- 862187 862306 40 CP009467.2 2665161 2665280 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 946610 + TSS-1-946610 3 --> 0140 (-->) 0098 <-- . . . . . .
Chr1 954574 - TSS-1-954574 3 --> 0112 (<--) 0194 <-- . . . . . .
Chr1 964263 - TSS-1-964263 1 --> 0316 (<--) 0506 <-- 964125 964229 35 CP009467.2 2774224 2774120 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 967275 + TSS-1-967275 1 --> 0254 (-->) 0100 <-- 967276 967347 24 CP018680.2 654245 654174 Vibrio harveyi isolate QT520 chromosome 1
Chr1 974245 - TSS-1-974245 1 --> 0001 (<--) 0111 --> . . . . . .
Chr1 1113369 + TSS-1-1113369 1 --> 0292 (-->) 0106 <-- 1113383 1113439 19 CP009467.2 2922683 2922739 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 1153530 - TSS-1-1153530 1 --> 0010 (<--) 0339 <-- . . . . . .
Chr1 1153564 + TSS-1-1153564 3 --> 0044 (-->) 0305 <-- 1153680 1153760 27 . . .
Chr1 1153850 - TSS-1-1153850 2 --> 0330 (<--) 0019 <-- 1153757 1153807 17 CP018680.2 2797451 2797401 Vibrio harveyi isolate QT520 chromosome 1

Chr1 1158521 - TSS-1-1158521 1 --> 0047 (<--) 0309 --> . . . . . .
Chr1 1205277 - TSS-1-1205277 3 --> 0019 (<--) 0234 --> . . . . . .
Chr1 1211740 + TSS-1-1211740 3 <-- 0195 (-->) 0418 <-- 1211833 1212006 58 CP009467.2 3021882 3022055 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 1234301 - TSS-1-1234301 1 --> 0097 (<--) 0222 <-- . . . . . .
Chr1 1234308 - TSS-1-1234308 2 --> 0104 (<--) 0215 <-- . . . . . .
Chr1 1234312 - TSS-1-1234312 1 --> 0108 (<--) 0211 <-- . . . . . .
Chr1 1234330 - TSS-1-1234330 2 --> 0126 (<--) 0193 <-- . . . . . .
Chr1 1234346 - TSS-1-1234346 3 --> 0142 (<--) 0177 <-- . . . . . .
Chr1 1285097 + TSS-1-1285097 3 <-- 0063 (-->) 0084 <-- . . . . . .
Chr1 1288745 + TSS-1-1288745 3 <-- 0072 (-->) 0509 <-- 1288878 1288997 40 CP009467.2 3098151 3098270 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 1291767 + TSS-1-1291767 3 <-- 0252 (-->) 0025 <-- . . . . . .
Chr1 1313268 + TSS-1-1313268 3 <-- 0008 (-->) 0029 <-- . . . . . .
Chr1 1418374 + TSS-1-1418374 3 <-- 0359 (-->) 0237 <-- 1418383 1418442 20 CP018680.2 2061231 2061290 Vibrio harveyi isolate QT520 chromosome 1

Chr1 1500097 - TSS-1-1500097 1 --> 0028 (<--) 0016 --> . . . . . .
Chr1 1547876 - TSS-1-1547876 3 --> 0004 (<--) 0047 --> . . . . . .
Chr1 1593242 + TSS-1-1593242 1 <-- 0060 (-->) 0192 <-- 1593364 1593414 17 no match no match no match

Chr1 1654809 - TSS-1-1654809 3 --> 0066 (<--) 0089 <-- . . . . . .
Chr1 1784546 + TSS-1-1784546 3 <-- 0010 (-->) 0125 <-- . . . . . .
Chr1 1809762 - TSS-1-1809762 3 --> 0164 (<--) 0112 <-- 1809595 1809654 20 CP009467.2 7314 7255 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 1815804 + TSS-1-1815804 1 <-- 0004 (-->) 0153 <-- . . . . . .
Chr1 1825716 + TSS-1-1825716 1 <-- 0051 (-->) 0254 <-- . . . . . .
Chr1 1825822 + TSS-1-1825822 3 <-- 0157 (-->) 0148 <-- . . . . . .
Chr1 1865986 + TSS-1-1865986 3 --> 0144 (-->) 0047 <-- . . . . . .
Chr1 1900820 + TSS-1-1900820 2 <-- 0843 (-->) 0178 <-- 1900853 1900933 27 CP019959.1 1949896 1949816 Vibrio owensii XSBZ03 chromosome 1

Chr1 1952177 - TSS-1-1952177 3 --> 0253 (<--) 0339 --> 1951958 1952023 22 CP018680.2 2588059 2587994 Vibrio harveyi isolate QT520 chromosome 1
Chr1 1952190 - TSS-1-1952190m 1 --> 0266 (<--) 0326 --> 1951958 1952023 22 CP018680.2 2588059 2587994 Vibrio harveyi isolate QT520 chromosome 1
Chr1 1952197 - TSS-1-1952197 3 --> 0273 (<--) 0319 --> 1951958 1952023 22 CP018680.2 2588059 2587994 Vibrio harveyi isolate QT520 chromosome 1

Chr1 2059185 - TSS-1-2059185 3 --> 0272 (<--) 0180 --> . . . . . .
Chr1 2067773 + TSS-1-2067773 3 --> 0020 (-->) 0372 <-- . . . . . .
Chr1 2117170 - TSS-1-2117170 3 --> 0270 (<--) 0147 --> 2116877 2116996 40 CP019959.1 1732202 1732321 Vibrio owensii XSBZ03 chromosome 1
Chr1 2135276 + TSS-1-2135276 3 --> 0176 (-->) 0582 <-- 2135614 2135793 60 CP009467.2 317984 318163 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 2135707 + TSS-1-2135707 3 --> 0607 (-->) 0151 <-- 2135790 2135954 55 CP009467.2 318160 318324 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 2175940 + TSS-1-2175940 3 <-- 0056 (-->) 0042 <-- . . . . . .
Chr1 2201004 + TSS-1-2201004 3 <-- 0036 (-->) 0034 <-- . . . . . .
Chr1 2262918 - TSS-1-2262918 3 --> 0029 (<--) 0195 <-- . . . . . .
Chr1 2272388 + TSS-1-2272388 2 <-- 0608 (-->) 0999 <-- 2272778 2272834 19 . . .
Chr1 2313085 + TSS-1-2313085 3 <-- 0138 (-->) 0183 <-- 2313102 2313206 35 CP009467.2 512318 512422 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 2376016 - TSS-1-2376016 3 --> 0028 (<--) 0195 --> . . . . . .
Chr1 2384522 + TSS-1-2384522 3 <-- 0007 (-->) 0594 <-- 2384997 2385086 30 CP009467.2 585665 585754 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 2427241 - TSS-1-2427241 1 --> 0240 (<--) 0015 --> . . . . . .

Table S5
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Chr1 2432511 + TSS-1-2432511 1 --> 0051 (-->) 0014 <-- . . . . . .
Chr1 2559729 + TSS-1-2559729 3 <-- 0194 (-->) 0167 <-- . . . . . .
Chr1 2561428 + TSS-1-2561428 3 <-- 0048 (-->) 0074 <-- . . . . . .
Chr1 2694158 + TSS-1-2694158 1 <-- 0047 (-->) 0203 <-- 2694181 2694309 43 CP009467.2 873760 873888 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 2711042 - TSS-1-2711042 3 --> 0251 (<--) 0254 <-- 2710877 2711011 45 CP019959.1 1151221 1151355 Vibrio owensii XSBZ03 chromosome 1

Chr1 2745282 - TSS-1-2745282 1 --> 0372 (<--) 0150 --> . . . . . .
Chr1 2745313 - TSS-1-2745313 3 --> 0403 (<--) 0119 --> . . . . . .
Chr1 2745340 - TSS-1-2745340 3 --> 0430 (<--) 0092 --> . . . . . .
Chr1 2811514 - TSS-1-2811514 2 --> 0270 (<--) 0060 <-- 2811442 2811492 17 CP009467.2 1527247 1527197 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 2819239 - TSS-1-2819239 3 --> 0015 (<--) 0436 --> . . . . . .
Chr1 2830311 + TSS-1-2830311 3 <-- 0223 (-->) 0213 <-- 2830339 2830458 40 FM954972.2 285344 285445 Vibrio splendidus LGP32 chromosome 1

Chr1 2831442 + TSS-1-2831442 2 <-- 0443 (-->) 0016 <-- . . . . . .
Chr1 2878497 - TSS-1-2878497 1 --> 0118 (<--) 0024 --> . . . . . .
Chr1 2885419 + TSS-1-2885419 2 <-- 0023 (-->) 0059 <-- . . . . . .
Chr1 2917946 - TSS-1-2917946 3 --> 0422 (<--) 0348 --> . . . . . .
Chr1 3051379 + TSS-1-3051379 1 --> 0224 (-->) 0183 <-- . . . . . .
Chr1 3070781 - TSS-1-3070781 3 --> 0209 (<--) 0652 --> . . . . . .
Chr1 3070796 - TSS-1-3070796 3 --> 0224 (<--) 0637 --> . . . . . .
Chr1 3070805 - TSS-1-3070805 3 --> 0233 (<--) 0628 --> . . . . . .
Chr1 3082271 - TSS-1-3082271 3 --> 0218 (<--) 0356 --> . . . . . .
Chr1 3127660 - TSS-1-3127660 2 --> 0299 (<--) 0067 <-- . . . . . .
Chr1 3152118 - TSS-1-3152118 1 --> 0473 (<--) 0060 --> 3151935 3152081 49 CP009467.2 1322948 1322802 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 3157850 + TSS-1-3157850 3 <-- 0126 (-->) 0154 <-- . . . . . .
Chr1 3169580 - TSS-1-3169580 3 --> 0241 (<--) 0239 <-- . . . . . .
Chr1 3169649 - TSS-1-3169649 3 --> 0310 (<--) 0170 <-- 3169467 3169619 51 CP009467.2 1340484 1340332 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3215786 - TSS-1-3215786 3 --> 0012 (<--) 0561 --> . . . . . .

Chr1 3357354 - TSS-1-3357354 3 --> 0277 (<--) 0623 --> 3357172 3357339 56 CP009467.2 1526837 1526670 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3357362 - TSS-1-3357362 1 --> 0285 (<--) 0615 --> 3357172 3357339 56 CP009467.2 1526837 1526670 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3357379 - TSS-1-3357379 3 --> 0302 (<--) 0598 --> 3357172 3357339 56 CP009467.2 1526837 1526670 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3357410 - TSS-1-3357410 3 --> 0333 (<--) 0567 --> 3357172 3357339 56 CP009467.2 1526837 1526670 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3357549 - TSS-1-3357549 3 --> 0472 (<--) 0428 --> 3357172 3357339 56 CP009467.2 1526837 1526670 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 3392931 - TSS-1-3392931 1 --> 0148 (<--) 0303 <-- 3392847 3392900 18 CP009467.2 1560979 1560926 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3392967 - TSS-1-3392967 3 --> 0184 (<--) 0267 <-- 3392847 3392900 18 CP009467.2 1560979 1560926 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3392980 - TSS-1-3392980 2 --> 0197 (<--) 0254 <-- 3392847 3392900 18 CP009467.2 1560979 1560926 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3393005 - TSS-1-3393005 3 --> 0222 (<--) 0229 <-- 3392847 3392984 46 CP009467.2 1561063 1560926 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 3404177 - TSS-1-3404177 3 --> 0155 (<--) 0403 --> . . . . . .
Chr1 3404376 - TSS-1-3404376 3 --> 0354 (<--) 0204 --> . . . . . .
Chr1 3448569 - TSS-1-3448569 1 --> 0211 (<--) 0112 --> . . . . . .
Chr1 3451650 + TSS-1-3451650 3 <-- 0150 (-->) 0237 <-- 3451702 3451794 31 CP009467.2 1620046 1620138 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 3479981 - TSS-1-3479981 2 --> 0233 (<--) 0226 --> 3479858 3479914 19 CP009467.2 1648327 1648271 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3480001 - TSS-1-3480001 3 --> 0253 (<--) 0206 --> 3479858 3479914 19 CP009467.2 1648327 1648271 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3511611 + TSS-1-3511611 2 --> 0010 (-->) 0251 <-- . . . . . .
Chr1 3511728 - TSS-1-3511728 1 --> 0127 (<--) 0134 <-- 3511608 3511664 19 CP009467.2 1680096 1680040 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3523173 + TSS-1-3523173 3 <-- 0086 (-->) 0160 <-- 3523177 3523248 24 CP009467.2 1691609 1691680 Vibrio harveyi ATCC 33843 chromosome 1
Chr1 3602347 + TSS-1-3602347 1 <-- 0135 (-->) 0171 <-- 3602361 3602429 23 CP009467.2 1771029 1771097 Vibrio harveyi ATCC 33843 chromosome 1

Chr1 3608882 + TSS-1-3608882 2 <-- 0571 (-->) 0045 <-- . . . . . .
Chr1 3667382 - TSS-1-3667382 1 --> 0105 (<--) 0029 --> . . . . . .

Chr2 74347 + TSS-2-74347 3 --> 0040 (-->) 0242 <-- 74468 74533 22 CP009468.1 650199 650264 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 74384 + TSS-2-74384 3 --> 0077 (-->) 0205 <-- 74468 74533 22 CP009468.1 650199 650264 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 74392 + TSS-2-74392 3 --> 0085 (-->) 0197 <-- 74468 74533 22 CP009468.1 650199 650264 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 159182 - TSS-2-159182 3 --> 0296 (<--) 0088 <-- 158835 158957 41 CP018311.1 1181736 1181858 Vibrio rotiferianus B64D1 chromosome 1

Chr2 159197 + TSS-2-159197 3 --> 0311 (-->) 0073 <-- . . . . . .
Chr2 237032 - TSS-2-237032 3 --> 0260 (<--) 0067 --> . . . . . .
Chr2 255606 + TSS-2-255606 3 <-- 0095 (-->) 0177 <-- 255621 255692 24 CP006606.1 1953435 1953506 Vibrio campbellii ATCC BAA-1116 chromosome II
Chr2 264389 - TSS-2-264389 3 --> 0321 (<--) 0557 --> 264133 264216 28 CP018681.2 2223754 2223837 Vibrio harveyi isolate QT520 chromosome 2
Chr2 264535 - TSS-2-264535 2 --> 0467 (<--) 0411 --> 264316 264405 30 CP009468.1 835161 835072 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 264869 - TSS-2-264869 1 --> 0801 (<--) 0077 --> 264429 264566 46 CP009468.1 835322 835185 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 304269 + TSS-2-304269 3 <-- 0466 (-->) 0279 <-- 304336 304509 58 CP009468.1 875089 875262 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 368791 - TSS-2-368791 3 --> 0118 (<--) 0097 <-- . . . . . .
Chr2 432720 + TSS-2-432720 3 --> 0348 (-->) 0219 <-- 432740 432808 23 CP009468.1 1001187 1001255 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 464752 + TSS-2-464752 3 <-- 0201 (-->) 0360 <-- 465000 465080 27 CP009468.1 1014071 1014151 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 464773 + TSS-2-464773 3 <-- 0222 (-->) 0339 <-- 465000 465080 27 CP009468.1 1014071 1014151 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 489230 - TSS-2-489230 2 --> 0180 (<--) 0144 <-- 489047 489205 53 CP009468.1 1038994 1038836 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 489231 - TSS-2-489231 1 --> 0181 (<--) 0143 <-- 489047 489205 53 CP009468.1 1038994 1038836 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 518283 + TSS-2-518283 3 <-- 0194 (-->) 0198 <-- 518324 518461 46 CP009468.1 1068092 1068229 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 518347 + TSS-2-518347 2 <-- 0258 (-->) 0134 <-- . . . . . .

Chr2 541477 - TSS-2-541477 1 --> 0184 (<--) 0314 --> 541301 541468 56 CP009468.1 1091253 1091086 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 541489 - TSS-2-541489 3 --> 0196 (<--) 0302 --> 541301 541468 56 CP009468.1 1091253 1091086 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 541621 - TSS-2-541621 1 --> 0328 (<--) 0170 --> 541301 541468 56 CP009468.1 1091253 1091086 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 543233 + TSS-2-543233 3 <-- 0158 (-->) 0484 <-- 543472 543552 27 CP009468.1 1093257 1093337 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 564549 - TSS-2-564549 1 --> 0160 (<--) 0490 --> 564453 564524 24 CP009468.1 1114307 1114236 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 564664 - TSS-2-564664 1 --> 0275 (<--) 0375 --> 564475 564651 59 CP009468.1 1114434 1114258 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 564679 - TSS-2-564679 2 --> 0290 (<--) 0360 --> 564475 564651 59 CP009468.1 1114434 1114258 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 564681 - TSS-2-564681 1 --> 0292 (<--) 0358 --> 564475 564651 59 CP009468.1 1114434 1114258 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 564692 - TSS-2-564692 2 --> 0303 (<--) 0347 --> 564475 564651 59 CP009468.1 1114434 1114258 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 564702 - TSS-2-564702 3 --> 0313 (<--) 0337 --> 564475 564651 59 CP009468.1 1114434 1114258 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 619939 + TSS-2-619939 1 <-- 2248 (-->) 0042 <-- . . . . . .
Chr2 622482 + TSS-2-622482 1 <-- 0203 (-->) 0372 <-- 622627 622770 48 CP009468.1 1164271 1164414 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 626243 + TSS-2-626243 1 <-- 0036 (-->) 0190 <-- . . . . . .
Chr2 667176 - TSS-2-667176 3 --> 0208 (<--) 0359 --> . . . . . .
Chr2 667335 - TSS-2-667335 1 --> 0367 (<--) 0200 --> 667160 667243 28 CP009468.1 1209102 1209022 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 695226 - TSS-2-695226 3 --> 0404 (<--) 0136 --> 694887 694943 19 CP021146.1 1178421 1178477 Vibrio campbellii LA16-V1 chromosome II

Chr2 749767 + TSS-2-749767 3 <-- 0296 (-->) 0248 <-- 749888 749962 25 CP009468.1 1279070 1279144 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 749813 + TSS-2-749813 3 <-- 0342 (-->) 0202 <-- 749888 749962 25 CP009468.1 1279070 1279144 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 749820 + TSS-2-749820 2 <-- 0349 (-->) 0195 <-- 749888 749962 25 CP009468.1 1279070 1279144 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 749821 + TSS-2-749821 1 <-- 0350 (-->) 0194 <-- 749888 749962 25 CP009468.1 1279070 1279144 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 749833 + TSS-2-749833 2 <-- 0362 (-->) 0182 <-- 749888 749962 25 CP009468.1 1279070 1279144 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 751423 + TSS-2-751423 1 --> 0130 (-->) 0577 <-- 751757 751924 56 CP018681.2 1796263 1796153 Vibrio harveyi isolate QT520 chromosome 2
Chr2 751439 + TSS-2-751439 3 --> 0146 (-->) 0561 <-- 751757 751924 56 CP018681.2 1796263 1796153 Vibrio harveyi isolate QT520 chromosome 2
Chr2 751565 + TSS-2-751565 2 --> 0272 (-->) 0435 <-- 751757 751924 56 CP018681.2 1796263 1796153 Vibrio harveyi isolate QT520 chromosome 2
Chr2 751566 + TSS-2-751566 1 --> 0273 (-->) 0434 <-- 751757 751924 56 CP018681.2 1796263 1796153 Vibrio harveyi isolate QT520 chromosome 2
Chr2 751597 + TSS-2-751597 1 --> 0304 (-->) 0403 <-- 751757 751924 56 CP018681.2 1796263 1796153 Vibrio harveyi isolate QT520 chromosome 2

Chr2 768530 - TSS-2-768530 3 --> 0127 (<--) 0170 --> . . . . . .
Chr2 778645 + TSS-2-778645 3 --> 0270 (-->) 0109 <-- . . . . . .
Chr2 839074 - TSS-2-839074 3 --> 0279 (<--) 0125 <-- 838515 838892 126 CP009468.1 1368137 1367760 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 876004 + TSS-2-876004 3 --> 0113 (-->) 0301 <-- . . . . . .



Chrom Location Strand TSS ID Replicates Start End Prot len BLAST match Match start Match end Match species
TSS

Genomic context
Putative ORF

Chr2 876018 + TSS-2-876018 2 --> 0127 (-->) 0287 <-- . . . . . .
Chr2 917959 + TSS-2-917959 3 <-- 0332 (-->) 0191 <-- . . . . . .
Chr2 1013166 + TSS-2-1013166 2 <-- 0036 (-->) 0150 <-- . . . . . .
Chr2 1032206 + TSS-2-1032206 1 <-- 0028 (-->) 0286 <-- 1032225 1032275 17 CP019959.1 2879724 2879674 Vibrio owensii XSBZ03 chromosome 1

Chr2 1048316 + TSS-2-1048316 3 --> 0071 (-->) 0002 <-- . . . . . .
Chr2 1054577 - TSS-2-1054577 2 --> 0060 (<--) 0271 --> . . . . . .
Chr2 1067374 + TSS-2-1067374 2 --> 0028 (-->) 0297 <-- . . . . . .

Chr2 1092853 + TSS-2-1092853 3 --> 0027 (-->) 0343 <-- 1092875 1092961 29 CP018681.2 1492480 1492394 Vibrio harveyi isolate QT520 chromosome 2
Chr2 1092868 + TSS-2-1092868 1 --> 0042 (-->) 0328 <-- 1092875 1092961 29 CP018681.2 1492480 1492394 Vibrio harveyi isolate QT520 chromosome 2
Chr2 1092870 + TSS-2-1092870 2 --> 0044 (-->) 0326 <-- 1092875 1092961 29 CP018681.2 1492480 1492394 Vibrio harveyi isolate QT520 chromosome 2

Chr2 1092882 + TSS-2-1092882 1 --> 0056 (-->) 0314 <-- 1093122 1093199 26 CP009468.1 1613454 1613531 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1092884 + TSS-2-1092884 2 --> 0058 (-->) 0312 <-- 1093122 1093199 26 CP009468.1 1613454 1613531 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1092897 + TSS-2-1092897 1 --> 0071 (-->) 0299 <-- 1093122 1093199 26 CP009468.1 1613454 1613531 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1092901 + TSS-2-1092901 2 --> 0075 (-->) 0295 <-- 1093122 1093199 26 CP009468.1 1613454 1613531 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1092908 + TSS-2-1092908 1 --> 0082 (-->) 0288 <-- 1093122 1093199 26 CP009468.1 1613454 1613531 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1264457 - TSS-2-1264457 2 --> 0201 (<--) 0100 --> 1264274 1264384 37 CP013485.1 157720 157610 Vibrio alginolyticus ATCC 33787 chromosome II
Chr2 1350161 + TSS-2-1350161 1 <-- 0038 (-->) 0130 <-- . . . . . .

Chr2 1353697 + TSS-2-1353697 1 --> 0035 (-->) 0219 <-- 1353716 1353766 17 CP019959.1 2879724 2879674 Vibrio owensii XSBZ03 chromosome 1
Chr2 1353699 + TSS-2-1353699 1 --> 0037 (-->) 0217 <-- 1353716 1353766 17 CP019959.1 2879724 2879674 Vibrio owensii XSBZ03 chromosome 1
Chr2 1368735 + TSS-2-1368735 2 <-- 0114 (-->) 0421 <-- 1368837 1368986 50 CP009468.1 1908656 1908790 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 1469896 + TSS-2-1469896 2 --> 0165 (-->) 0145 <-- . . . . . .
Chr2 1469911 + TSS-2-1469911 3 --> 0180 (-->) 0130 <-- . . . . . .
Chr2 1504413 + TSS-2-1504413 1 --> 0163 (-->) 0277 <-- . . . . . .
Chr2 1512716 - TSS-2-1512716 3 --> 0024 (<--) 0217 --> . . . . . .
Chr2 1563298 - TSS-2-1563298 3 --> 0241 (<--) 0310 <-- 1563054 1563269 72 CP018681.2 901961 902176 Vibrio harveyi isolate QT520 chromosome 2
Chr2 1563435 + TSS-2-1563435 2 --> 0378 (-->) 0173 <-- . . . . . .
Chr2 1611914 + TSS-2-1611914 3 --> 0128 (-->) 0352 <-- 1611962 1612036 25 CP018311.1 1843227 1843153 Vibrio rotiferianus B64D1 chromosome 1
Chr2 1627226 - TSS-2-1627226 3 --> 0163 (<--) 1066 <-- 1627007 1627141 45 CP009468.1 2175107 2174973 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1628269 - TSS-2-1628269 3 --> 1206 (<--) 0023 <-- 1627155 1627310 52 CP018681.2 839548 839703 Vibrio harveyi isolate QT520 chromosome 2
Chr2 1652092 + TSS-2-1652092 3 --> 0023 (-->) 0125 <-- . . . . . .
Chr2 1676295 - TSS-2-1676295 3 --> 0151 (<--) 0391 --> 1676156 1676272 39 CP009468.1 2224748 2224632 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1792239 - TSS-2-1792239 3 --> 0173 (<--) 0140 <-- . . . . . .
Chr2 1792260 - TSS-2-1792260 2 --> 0194 (<--) 0119 <-- 1792191 1792241 17 CP019959.1 2879724 2879674 Vibrio owensii XSBZ03 chromosome 1
Chr2 1833151 - TSS-2-1833151 3 --> 0251 (<--) 0379 --> 1833006 1833146 47 CP018681.2 633858 633998 Vibrio harveyi isolate QT520 chromosome 2
Chr2 1935516 + TSS-2-1935516 3 --> 0222 (-->) 0139 <-- 1935529 1935654 42 CP009468.1 217104 217229 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 1943818 + TSS-2-1943818 1 <-- 0276 (-->) 0267 <-- 1943845 1944000 52 CP009468.1 225685 225840 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1943824 + TSS-2-1943824 1 <-- 0282 (-->) 0261 <-- 1943845 1944000 52 CP009468.1 225685 225840 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 1967392 + TSS-2-1967392 2 <-- 0161 (-->) 0335 <-- 1967412 1967462 17 CP018680.2 2797451 2797401 Vibrio harveyi isolate QT520 chromosome 1
Chr2 2086263 + TSS-2-2086263 3 <-- 0547 (-->) 0205 <-- 2086326 2086496 57 CP009468.1 378301 378405 Vibrio harveyi ATCC 33843 chromosome 2
Chr2 2119860 - TSS-2-2119860 2 --> 0273 (<--) 0021 <-- 2119569 2119811 81 CP009468.1 411404 411210 Vibrio harveyi ATCC 33843 chromosome 2

Chr2 2148836 + TSS-2-2148836 3 <-- 0151 (-->) 0345 <-- . . . . . .
Chr2 2148926 + TSS-2-2148926 3 <-- 0241 (-->) 0255 <-- . . . . . .
Chr2 2297782 - TSS-2-2297782 3 --> 0010 (<--) 0102 <-- . . . . . .



Gene name Description Chrom Start End Strand
ssrS 6S RNA Chr1 1465658 1465842 +
rnpB RNase P RNA component class A Chr1 2437238 2437666 +
ssrA transfer-messenger RNA Chr1 2691787 2692154 -
ffS 4.5S signal recognition particle sRNA small type Chr1 3070476 3070572 +

hammerhead hammerhead ribozyme type II Chr2 2261411 2261481 +

Gene name Description Chrom Start End Strand
glycine sodium:alanine symporter Chr1 336044 336145 +

mocoRNA cyclic pyranopterin phosphate synthase MoaA Chr1 858929 859062 -
cobalamin ligand-gated channel Chr1 1864347 1864548 -

TPP phosphomethylpyrimidine synthase ThiC Chr1 1968881 1968979 -
TPP thiamine ABC transporter substrate-binding protein tbpA Chr1 2329495 2329644 +

cdiGMPI DNA transformation protein Chr1 3157635 3157724 -
TPP hydroxymethylpyrimidine/phosphomethylpyrimidine kinase Chr2 690142 690252 -
FMN 3,4-dihydroxy-2-butanone 4-phosphate synthase Chr2 1140588 1140728 -

purine adenosine deaminase Chr2 2223624 2223724 +

Name Downstream region Chrom Start End Strand
Trp-leader Tryptophan operon Chr1 693723 693823 +

Gene name Description Chrom Start End Strand
sdsR-ryeB SdsR RyeB RNA Chr1 195307 195397 +

qrr1 Qrr RNA Chr1 862143 862236 +
t44 t44 RNA Chr1 1148999 1149093 -

csrC CsrB/RsmB RNA family Chr1 1157070 1157230 -
csrC CsrB/RsmB RNA family Chr1 1157266 1157374 -
p26 Pseudomonas sRNA P26 Chr1 1837692 1837748 -
csrB CsrB/RsmB RNA family Chr1 1952151 1952545 +
ryhB RyhB RNA Chr1 2131869 2131932 +
qrr3 Qrr RNA Chr1 2133223 2133330 -

spot42 Spot 42 RNA Chr1 2135266 2135381 +
alphaRBS Alpha operon ribosome binding site Chr1 2294992 2295102 +

mtlS MtlS RNA Chr1 2384521 2384646 +
va907 Vibrio alginolyticus sRNA 907 Chr1 2552438 2552727 +
gcvB GcvB RNA Chr1 2745132 2745340 -
tfoR Translational regulator of tfoXVC Chr1 2917821 2917919 -
vrrA Vibrio regulatory RNA of OmpA Chr1 3479871 3480001 -
qrrX Qrr RNA Chr2 264282 264390 -
csrB CsrB/RsmB RNA family Chr2 749593 749905 -
qrr4 Qrr RNA Chr2 778645 778751 +
micX MicX Vibrio cholerae sRNA Chr2 1092850 1093045 +
qrr2 Qrr RNA Chr2 1150051 1150158 -
cspA cspA thermoregulator Chr2 1223022 1223455 -
qrr2 Qrr RNA Chr2 1469894 1469997 +

miniykkC mini-ykkC RNA motif Chr2 1499760 1499806 +
cspA cspA thermoregulator Chr2 2222156 2222566 +

Gene name Description Chrom Start End Strand
lysine lysine-sensitive aspartokinase 3 Chr1 1602159 1602337 +
lysine Na /H antiporter Chr1 3371697 3371878 +

Name Downstream region Chrom Start End Strand
rimP-leader RimP operon Chr1 1313771 1313898 -
Thr-leader Threonine operon Chr1 2493484 2493603 +
Phe-leader pheA, yjjX Chr1 2558979 2559097 -
His-leader hisG, hisD, others Chr1 3375188 3375326 +

Additional leader sequences

-Description of the sRNA:  gene name, description, localization in the genome

Table S6
This table includes all the information regarding the annotated and additional non-coding RNAs, riboswithces and leader 
sequences  from BSRD and RFAM in Vibrio harveyi  ATCC 43516, including:

Additional non-coding RNAs, riboswithces and leader sequences idetified by homology search in ATCC 43516 genome

Non-coding RNAs, riboswithces and leader sequences anotated in ATCC 43516 genome
Annotated non-coding RNAs

Annotated riboswithces 

Annotated leader sequences

Additional non-coding RNAs

Additional riboswitches



ID1 ID2 Chrom Start End Strand Qlen Mlen Evalue Score TSS ID Replicates Distance Start End Strand ID Start End Strand ID
vc0116 Vhrna001 Chr1 530754 530884 - 134 133 7.00E-23 102 TSS-1-531027 2 143 --> | (<--) | --> 530821 531111 + AL538_02490 530821 531111 + AL538_02490
vc0387 Vhrna002 Chr1 680670 680784 - 121 115 8.00E-34 138 TSS-1-680836 3 52 <-- 0414 (<--) 0334 <-- 677531 680422 - AL538_03280 681170 681245 - AL538_03285
vc0122 Vhrna003 Chr1 681263 681343 - 135 81 2.00E-29 123 TSS-1-681340 1 0 <-- | (<--) | <-- 681256 681342 - AL538_03290 681256 681342 - AL538_03290
vc0336 Vhrna004 Chr1 690816 690905 - 118 90 5.00E-36 145 TSS-1-690959 1 54 <-- 0088 (<--) 0257 --> 689933 690871 - AL538_03345 691216 691926 + AL538_03350
vc0061 Vhrna005 Chr1 708861 709045 + 189 185 3.00E-42 167 TSS-1-707876 1 985 --> | (-->) | --> 707869 708165 + AL538_03430 707869 708165 + AL538_03430
vc0071 Vhrna006 Chr1 814204 814365 + 162 162 5.00E-45 176 TSS-1-800747 3 13457 --> | (-->) | --> 799610 801070 + AL538_03845 799610 801070 + AL538_03845
vc0423 Vhrna007 Chr1 1020231 1020303 - 117 73 4.00E-25 109 TSS-1-1020326 3 23 <-- 0324 (<--) 0081 <-- 1018869 1020002 - AL538_04845 1020407 1021618 - AL538_04850
vc0424 Vhrna008 Chr1 1020231 1020329 - 178 99 4.00E-27 116 TSS-1-1020326 3 0 <-- 0324 (<--) 0081 <-- 1018869 1020002 - AL538_04845 1020407 1021618 - AL538_04850
vc0422 Vhrna009 Chr1 1020404 1020518 - 141 115 5.00E-25 109 TSS-1-1021635 1 1117 <-- 0017 (<--) 0112 --> 1020407 1021618 - AL538_04850 1021747 1023765 + AL538_04855
vc0323 Vhrna010 Chr1 1036836 1036990 - 150 157 7.00E-49 188 TSS-1-1036991 3 1 <-- 0356 (<--) 0276 --> 1035328 1036635 - AL538_04910 1037267 1037842 + AL538_04915
vc0322 Vhrna011 Chr1 1036847 1036991 - 140 147 1.00E-44 174 TSS-1-1036991 3 0 <-- 0356 (<--) 0276 --> 1035328 1036635 - AL538_04910 1037267 1037842 + AL538_04915
vs142 Vhrna012 Chr1 1086490 1086772 + 301 283 3.00E-57 217 TSS-1-1063404 2 23086 <-- | (-->) | <-- 1063237 1064367 - AL538_05045 1063237 1064367 - AL538_05045
vs210 Vhrna013 Chr1 1086624 1086769 + 304 146 1.00E-31 132 TSS-1-1063404 2 23220 <-- | (-->) | <-- 1063237 1064367 - AL538_05045 1063237 1064367 - AL538_05045

vc0426 Vhrna014 Chr1 1087948 1088071 - 132 126 3.00E-46 179 TSS-1-1096444 3 8373 <-- 0021 (<--) 0284 --> 1096136 1096423 - AL538_05215 1096728 1097078 + AL538_05220
vc0285 Vhrna015 Chr1 1314489 1314599 - 156 111 1.00E-32 134 TSS-1-1314652 3 53 <-- 0095 (<--) 0131 <-- 1314219 1314557 - AL538_06200 1314783 1316123 - AL538_06205
vc0282 Vhrna016 Chr1 1314515 1314599 - 94 85 4.00E-24 105 TSS-1-1314652 3 53 <-- 0095 (<--) 0131 <-- 1314219 1314557 - AL538_06200 1314783 1316123 - AL538_06205
vc0283 Vhrna017 Chr1 1314515 1314599 - 107 85 4.00E-24 105 TSS-1-1314652 3 53 <-- 0095 (<--) 0131 <-- 1314219 1314557 - AL538_06200 1314783 1316123 - AL538_06205
vc0286 Vhrna018 Chr1 1314515 1314599 - 133 85 6.00E-24 105 TSS-1-1314652 3 53 <-- 0095 (<--) 0131 <-- 1314219 1314557 - AL538_06200 1314783 1316123 - AL538_06205
vc0281 Vhrna019 Chr1 1318982 1319101 - 121 122 3.00E-39 156 TSS-1-1319536 3 435 <-- | (<--) | <-- 1319129 1319758 - AL538_06220 1319129 1319758 - AL538_06220
vc0262 Vhrna020 Chr1 1403274 1403379 - 113 114 2.00E-28 120 TSS-1-1403844 1 465 <-- | (<--) | <-- 1403511 1404893 - AL538_06560 1403511 1404893 - AL538_06560
vc0024 Vhrna021 Chr1 1407603 1407725 + 146 123 9.00E-35 141 TSS-1-1406030 3 1573 --> 0129 (-->) 0026 --> 1405107 1405901 + AL538_06565 1406056 1407330 + AL538_06570
vc0484 Vhrna022 Chr1 1439436 1439525 - 90 90 3.00E-37 149 TSS-1-1439522 1 0 <-- 0047 (<--) 0105 <-- 1437835 1439475 - AL538_06750 1439627 1440424 - AL538_06755
vc0486 Vhrna023 Chr1 1456532 1456671 - 138 140 2.00E-48 187 TSS-1-1456690 3 19 <-- 0095 (<--) 0464 --> 1456017 1456595 - AL538_06825 1457154 1458761 + AL538_06830
vc0090 Vhrna037 Chr1 1560614 1560771 + 159 158 1.00E-46 181 TSS-1-1557671 3 2943 --> | (-->) | --> 1556942 1558207 + AL538_07420 1556942 1558207 + AL538_07420
vc0234 Vhrna038 Chr1 1637970 1638063 - 94 94 9.00E-26 111 TSS-1-1638065 3 2 <-- 0092 (<--) 0166 <-- 1637593 1637973 - AL538_07735 1638231 1638902 - AL538_07740
vc0228 Vhrna039 Chr1 1677426 1677513 - 127 90 8.00E-28 118 TSS-1-1677969 3 456 <-- 0074 (<--) 0105 <-- 1677521 1677895 - AL538_07900 1678074 1678349 - AL538_07905
vc0229 Vhrna040 Chr1 1677426 1677557 - 147 150 2.00E-37 150 TSS-1-1677969 3 412 <-- 0074 (<--) 0105 <-- 1677521 1677895 - AL538_07900 1678074 1678349 - AL538_07905
vc0230 Vhrna041 Chr1 1677853 1677946 - 122 94 6.00E-36 145 TSS-1-1677969 3 23 <-- 0074 (<--) 0105 <-- 1677521 1677895 - AL538_07900 1678074 1678349 - AL538_07905
vc0096 Vhrna042 Chr1 1688315 1688411 - 126 97 3.00E-26 113 TSS-1-1690193 1 1782 --> | (<--) | --> 1689199 1690206 + AL538_07975 1689199 1690206 + AL538_07975
vc0530 Vhrna043 Chr1 1769308 1769417 + 111 111 2.00E-27 116 TSS-1-1769381 1 0 <-- 0390 (-->) 0035 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
vc0529 Vhrna044 Chr1 1769308 1769428 + 122 122 4.00E-32 132 TSS-1-1769381 1 0 <-- 0390 (-->) 0035 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
vc0528 Vhrna045 Chr1 1769308 1769447 + 155 141 6.00E-37 149 TSS-1-1769381 1 0 <-- 0390 (-->) 0035 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395
vc0527 Vhrna046 Chr1 1769323 1769428 + 109 107 7.00E-28 118 TSS-1-1769381 1 0 <-- 0390 (-->) 0035 --> 1768473 1768991 - AL538_08390 1769416 1770867 + AL538_08395

vs131 Vhrna047 Chr1 1775249 1775410 + 216 162 2.00E-39 158 TSS-1-1774650 1 599 --> | (-->) | --> 1774546 1775181 + AL538_08410 1774546 1775181 + AL538_08410
vc0223 Vhrna048 Chr1 1825822 1825895 + 84 74 1.00E-23 104 TSS-1-1825822 3 0 <-- 0157 (-->) 0148 <-- 1824598 1825665 - AL538_08625 1825970 1826710 - AL538_08630
vc0213 Vhrna049 Chr1 1838678 1838789 - 113 113 2.00E-29 123 TSS-1-1839650 3 861 <-- | (<--) | <-- 1838966 1839667 - AL538_08670 1838966 1839667 - AL538_08670
vc0216 Vhrna050 Chr1 1838739 1838862 - 140 125 3.00E-27 116 TSS-1-1839650 3 788 <-- | (<--) | <-- 1838966 1839667 - AL538_08670 1838966 1839667 - AL538_08670
vc0215 Vhrna051 Chr1 1838898 1838960 - 97 63 2.00E-22 100 TSS-1-1839650 3 690 <-- | (<--) | <-- 1838966 1839667 - AL538_08670 1838966 1839667 - AL538_08670
vc2052 Vhrna052 Chr1 1900841 1900930 + 102 90 3.00E-25 109 TSS-1-1900820 2 21 <-- 0843 (-->) 0178 <-- 1899357 1899977 - AL538_09020 1900998 1901363 - AL538_09025
vc0010 Vhrna053 Chr1 1941319 1941439 - 122 121 6.00E-42 165 TSS-1-1942732 3 1293 --> | (<--) | --> 1942577 1944070 + AL538_09230 1942577 1944070 + AL538_09230
vc0011 Vhrna054 Chr1 1941355 1941501 - 147 149 3.00E-40 159 TSS-1-1942732 3 1231 --> | (<--) | --> 1942577 1944070 + AL538_09230 1942577 1944070 + AL538_09230

vc0008 Vhrna055 Chr1 1942287 1942409 - 137 123 6.00E-24 105 TSS-1-1942732 3 323 --> | (<--) | --> 1942577 1944070 + AL538_09230 1942577 1944070 + AL538_09230
vc0009 Vhrna056 Chr1 1942287 1942433 - 174 147 2.00E-24 107 TSS-1-1942732 3 299 --> | (<--) | --> 1942577 1944070 + AL538_09230 1942577 1944070 + AL538_09230
vc0001 Vhrna057 Chr1 1967052 1967208 + 165 158 2.00E-24 107 TSS-1-1955114 3 11938 <-- 0198 (-->) 0083 --> 1952742 1954916 - AL538_09275 1955197 1955457 + AL538_09280
vc0129 Vhrna058 Chr1 2031291 2031366 - 116 79 6.00E-23 102 TSS-1-2031395 1 29 <-- 0087 (<--) 0156 <-- 2031174 2031308 - AL538_09670 2031551 2032288 - AL538_09675
vs142 Vhrna059 Chr1 2113023 2113290 - 301 268 7.00E-78 286 TSS-1-2115222 1 1932 <-- | (<--) | <-- 2115112 2115537 - AL538_10050 2115112 2115537 - AL538_10050
vs210 Vhrna060 Chr1 2113025 2113177 - 304 153 1.00E-42 168 TSS-1-2115222 1 2045 <-- | (<--) | <-- 2115112 2115537 - AL538_10050 2115112 2115537 - AL538_10050

vc0102 Vhrna061 Chr1 2160122 2160232 - 117 112 9.00E-27 114 TSS-1-2160177 2 0 <-- 0042 (<--) 0296 <-- 2158507 2160135 - AL538_10235 2160473 2161348 - AL538_10240
vc0188 Vhrna062 Chr1 2223062 2223144 + 115 83 5.00E-24 105 TSS-1-2223139 1 0 --> 0183 (-->) 0121 --> 2222282 2222956 + AL538_10520 2223260 2223496 + AL538_10525
vc0190 Vhrna063 Chr1 2223138 2223261 + 123 125 3.00E-39 156 TSS-1-2223139 1 0 --> 0183 (-->) 0121 --> 2222282 2222956 + AL538_10520 2223260 2223496 + AL538_10525
vc0524 Vhrna064 Chr1 2283497 2283591 + 145 101 2.00E-23 104 TSS-1-2283456 3 41 <-- 0186 (-->) 0111 --> 2281069 2283270 - AL538_10810 2283567 2283788 + AL538_10815
vc0507 Vhrna065 Chr1 2283950 2284059 + 118 116 2.00E-22 100 TSS-1-2283950 3 0 --> 0162 (-->) 0295 --> 2283567 2283788 + AL538_10815 2284245 2284556 + AL538_10820
vc0513 Vhrna066 Chr1 2283950 2284165 + 191 222 1.00E-27 118 TSS-1-2283950 3 0 --> 0162 (-->) 0295 --> 2283567 2283788 + AL538_10815 2284245 2284556 + AL538_10820
vc0510 Vhrna067 Chr1 2283954 2284183 + 205 236 4.00E-35 143 TSS-1-2283950 3 4 --> 0162 (-->) 0295 --> 2283567 2283788 + AL538_10815 2284245 2284556 + AL538_10820
vc0512 Vhrna068 Chr1 2284108 2284182 + 165 75 5.00E-26 113 TSS-1-2283950 3 158 --> 0162 (-->) 0295 --> 2283567 2283788 + AL538_10815 2284245 2284556 + AL538_10820
vc0511 Vhrna069 Chr1 2284108 2284183 + 169 76 1.00E-26 114 TSS-1-2283950 3 158 --> 0162 (-->) 0295 --> 2283567 2283788 + AL538_10815 2284245 2284556 + AL538_10820

vc0509 Vhrna070 Chr1 2284108 2284213 + 203 106 6.00E-39 156 TSS-1-2283950 3 158 --> 0162 (-->) 0295 --> 2283567 2283788 + AL538_10815 2284245 2284556 + AL538_10820
vc0094 Vhrna071 Chr1 2286141 2286271 - 131 131 1.00E-56 214 TSS-1-2286438 1 167 --> | (<--) | --> 2286135 2286959 + AL538_10840 2286135 2286959 + AL538_10840
vc0503 Vhrna072 Chr1 2289291 2289392 + 103 103 5.00E-42 165 TSS-1-2289048 1 243 --> | (-->) | --> 2288932 2289186 + AL538_10870 2288932 2289186 + AL538_10870
vc0499 Vhrna073 Chr1 2295012 2295104 + 93 93 4.00E-24 105 TSS-1-2294974 1 38 --> 0054 (-->) 0096 --> 2294807 2294920 + AL538_10930 2295070 2295426 + AL538_10935
vc0015 Vhrna074 Chr1 2342086 2342216 - 140 131 1.00E-25 111 TSS-1-2346252 2 4036 <-- | (<--) | <-- 2346124 2346504 - AL538_11190 2346124 2346504 - AL538_11190
vc0023 Vhrna075 Chr1 2391953 2392074 + 144 122 6.00E-30 125 TSS-1-2391334 1 619 <-- | (-->) | <-- 2390983 2392767 - AL538_11375 2390983 2392767 - AL538_11375
vc0257 Vhrna076 Chr1 2392860 2392960 - 100 101 8.00E-33 134 TSS-1-2393511 3 551 <-- | (<--) | <-- 2393388 2393603 - AL538_11385 2393388 2393603 - AL538_11385
vc0259 Vhrna077 Chr1 2393547 2393644 - 161 99 3.00E-35 143 TSS-1-2396549 3 2905 <-- 0043 (<--) 0223 --> 2395896 2396506 - AL538_11400 2396772 2397131 + AL538_11405
vc0483 Vhrna078 Chr1 2412189 2412303 + 119 115 2.00E-34 140 TSS-1-2412120 3 69 --> 0055 (-->) 0023 --> 2409222 2412065 + AL538_11465 2412143 2413573 + AL538_11470
vc0481 Vhrna079 Chr1 2412189 2412326 + 141 138 3.00E-40 159 TSS-1-2412120 3 69 --> 0055 (-->) 0023 --> 2409222 2412065 + AL538_11465 2412143 2413573 + AL538_11470
vc0482 Vhrna080 Chr1 2412202 2412308 + 107 107 5.00E-30 125 TSS-1-2412120 3 82 --> 0055 (-->) 0023 --> 2409222 2412065 + AL538_11465 2412143 2413573 + AL538_11470
vc0025 Vhrna081 Chr1 2435935 2436076 + 144 143 6.00E-24 105 TSS-1-2432511 1 3424 --> 0051 (-->) 0014 <-- 2431981 2432460 + AL538_11565 2432525 2433166 - AL538_11570
vc2100 Vhrna082 Chr1 2437326 2437410 + 120 85 3.00E-33 136 TSS-1-2437332 2 0 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
vc2106 Vhrna083 Chr1 2437326 2437421 + 135 96 2.00E-37 150 TSS-1-2437332 2 0 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
vc2105 Vhrna084 Chr1 2437326 2437413 + 139 88 8.00E-35 141 TSS-1-2437332 2 0 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
vc2103 Vhrna085 Chr1 2437577 2437666 + 90 90 9.00E-32 131 TSS-1-2437596 1 0 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
vc2101 Vhrna086 Chr1 2437600 2437708 + 110 111 7.00E-28 118 TSS-1-2437596 1 4 --> | (-->) | --> 2437238 2437666 + AL538_11595 2437238 2437666 + AL538_11595
vc0471 Vhrna087 Chr1 2491516 2491593 - 143 78 6.00E-24 105 TSS-1-2491809 1 216 --> | (<--) | --> 2491634 2492041 + AL538_11795 2491634 2492041 + AL538_11795
vs142 Vhrna088 Chr1 2521859 2521983 - 301 125 2.00E-46 181 TSS-1-2532222 2 10239 <-- 0041 (<--) 0254 --> 2531921 2532181 - AL538_11980 2532476 2534038 + AL538_11985
vs210 Vhrna089 Chr1 2521859 2521983 - 304 125 4.00E-30 127 TSS-1-2532222 2 10239 <-- 0041 (<--) 0254 --> 2531921 2532181 - AL538_11980 2532476 2534038 + AL538_11985

vc0028 Vhrna090 Chr1 2562803 2562947 - 146 145 4.00E-26 113 TSS-1-2577986 3 15039 <-- 0061 (<--) 0164 --> 2577011 2577925 - AL538_12190 2578150 2578839 + AL538_12195
vc0029 Vhrna091 Chr1 2615453 2615574 - 123 122 2.00E-23 104 TSS-1-2639310 1 23736 <-- | (<--) | <-- 2639270 2640817 - AL538_12470 2639270 2640817 - AL538_12470
vc0430 Vhrna092 Chr1 2850673 2850755 + 149 85 1.00E-26 114 TSS-1-2850101 1 572 --> | (-->) | --> 2849379 2850533 + AL538_13490 2849379 2850533 + AL538_13490
vc0431 Vhrna093 Chr1 2850673 2850755 + 176 85 1.00E-26 114 TSS-1-2850101 1 572 --> | (-->) | --> 2849379 2850533 + AL538_13490 2849379 2850533 + AL538_13490
vc0426 Vhrna094 Chr1 2850976 2851099 + 132 126 3.00E-46 179 TSS-1-2850101 1 875 --> | (-->) | --> 2849379 2850533 + AL538_13490 2849379 2850533 + AL538_13490

vs142 Vhrna095 Chr1 3127454 3127721 + 301 268 3.00E-83 304 TSS-1-3125872 3 1582 --> 0014 (-->) 0068 --> 3125088 3125858 + AL538_14680 3125940 3126680 + AL538_14685
vs210 Vhrna096 Chr1 3127567 3127719 + 304 153 3.00E-45 178 TSS-1-3125872 3 1695 --> 0014 (-->) 0068 --> 3125088 3125858 + AL538_14680 3125940 3126680 + AL538_14685

vc0393 Vhrna097 Chr1 3144533 3144664 - 135 135 5.00E-31 129 TSS-1-3144626 1 0 <-- 0032 (<--) 0049 <-- 3144376 3144594 - AL538_14760 3144675 3145376 - AL538_14765
vs142 Vhrna098 Chr1 3290701 3290978 + 301 279 5.00E-74 273 TSS-1-3290751 3 0 <-- 0083 (-->) 0434 --> 3289922 3290668 - AL538_15455 3291185 3292432 + AL538_15460
vs210 Vhrna099 Chr1 3290836 3290978 + 304 144 7.00E-34 140 TSS-1-3290751 3 85 <-- 0083 (-->) 0434 --> 3289922 3290668 - AL538_15455 3291185 3292432 + AL538_15460

vc0066 Vhrna100 Chr1 3342235 3342348 + 114 114 3.00E-39 156 TSS-1-3342235 3 0 <-- | (-->) | <-- 3341457 3342581 - AL538_15645 3341457 3342581 - AL538_15645
vc0041 Vhrna101 Chr1 3366106 3366208 + 103 103 2.00E-29 123 TSS-1-3365023 2 1083 --> | (-->) | --> 3364699 3365217 + AL538_15755 3364699 3365217 + AL538_15755
vc0388 Vhrna102 Chr1 3455344 3455443 - 107 101 2.00E-35 143 TSS-1-3455889 3 446 <-- 0220 (<--) 0203 --> 3455391 3455669 - AL538_16165 3456092 3456826 + AL538_16170

vs131 Vhrna103 Chr1 3511635 3511817 - 216 183 3.00E-42 167 TSS-1-3511728 1 0 --> 0127 (<--) 0134 <-- 3510270 3511601 + AL538_16380 3511862 3513583 - AL538_16385
vs131 Vhrna104 Chr1 3655793 3655957 - 216 165 3.00E-49 190 TSS-1-3656547 3 590 <-- | (<--) | <-- 3655954 3657432 - AL538_16975 3655954 3657432 - AL538_16975
vs142 Vhrna105 Chr2 158966 159232 - 301 267 1.00E-94 342 TSS-2-159182 3 0 --> 0296 (<--) 0088 <-- 157936 158886 + AL538_17850 159270 159701 - AL538_17855
vs210 Vhrna106 Chr2 158967 159119 - 304 153 2.00E-46 181 TSS-2-159182 3 63 --> 0296 (<--) 0088 <-- 157936 158886 + AL538_17850 159270 159701 - AL538_17855

vc0621 Vhrna107 Chr2 531505 531628 + 157 124 3.00E-28 120 TSS-2-531472 2 33 --> 0351 (-->) 0050 --> 530309 531121 + AL538_19565 531522 534653 + AL538_19570
vc0620 Vhrna108 Chr2 531505 531628 + 171 124 3.00E-28 120 TSS-2-531472 2 33 --> 0351 (-->) 0050 --> 530309 531121 + AL538_19565 531522 534653 + AL538_19570
vc0622 Vhrna109 Chr2 531512 531628 + 125 117 3.00E-27 116 TSS-2-531472 2 40 --> 0351 (-->) 0050 --> 530309 531121 + AL538_19565 531522 534653 + AL538_19570

vs142 Vhrna110 Chr2 1279622 1279887 + 301 266 2.00E-90 327 TSS-2-1279550 3 72 <-- 0035 (-->) 0464 --> 1277746 1279515 - AL538_22970 1280014 1280358 + AL538_22975
vs210 Vhrna111 Chr2 1279735 1279887 + 304 153 3.00E-45 178 TSS-2-1279550 3 185 <-- 0035 (-->) 0464 --> 1277746 1279515 - AL538_22970 1280014 1280358 + AL538_22975
vs142 Vhrna112 Chr2 1677980 1678188 - 301 209 5.00E-48 187 TSS-2-1682892 1 4704 <-- 0094 (<--) 0072 --> 1681701 1682798 - AL538_24555 1682964 1683398 + AL538_24560
vs210 Vhrna113 Chr2 1677987 1678126 - 304 140 8.00E-33 136 TSS-2-1682892 1 4766 <-- 0094 (<--) 0072 --> 1681701 1682798 - AL538_24555 1682964 1683398 + AL538_24560

vc0122 Vhrna114 Chr2 1702735 1702870 - 135 137 7.00E-42 165 TSS-2-1706760 3 3890 <-- | (<--) | <-- 1706551 1706796 - AL538_24690 1706551 1706796 - AL538_24690
vc0122 Vhrna115 Chr2 1709035 1709170 - 135 137 1.00E-45 178 TSS-2-1711087 2 1917 <-- 0021 (<--) 0427 <-- 1709360 1711066 - AL538_24715 1711514 1712416 - AL538_24720
vs142 Vhrna116 Chr2 1723893 1724174 + 301 282 4.00E-68 253 TSS-2-1719270 1 4623 --> | (-->) | --> 1718565 1720040 + AL538_24755 1718565 1720040 + AL538_24755
vs210 Vhrna117 Chr2 1724006 1724174 + 304 169 4.00E-31 131 TSS-2-1719270 1 4736 --> | (-->) | --> 1718565 1720040 + AL538_24755 1718565 1720040 + AL538_24755

vc0552 Vhrna118 Chr2 2020273 2020375 + 105 106 1.00E-24 107 TSS-2-2020156 3 117 <-- | (-->) | <-- 2019205 2020248 - AL538_26045 2019205 2020248 - AL538_26045
vs242 Vhrna119 Chr2 2026401 2026574 - 258 179 3.00E-24 107 TSS-2-2026574 3 0 <-- 0435 (<--) 0223 --> 2025579 2026139 - AL538_26075 2026797 2028203 + AL538_26080
vs142 Vhrna120 Chr2 2031849 2031996 - 301 148 1.00E-43 172 TSS-2-2049552 3 17556 <-- 0028 (<--) 0141 <-- 2048352 2049524 - AL538_26155 2049693 2050745 - AL538_26160
vs210 Vhrna121 Chr2 2031849 2031995 - 304 147 1.00E-36 149 TSS-2-2049552 3 17557 <-- 0028 (<--) 0141 <-- 2048352 2049524 - AL538_26155 2049693 2050745 - AL538_26160

-Gene to the right of each TSS:  location in the genome, gene ID

TSS

Table S7
This table includes all the information regarding the putative sRNAs found by homology search using sequences from other Vibrio  species, including:
-BLAST result: ID of source sequence, assigned ID of matched sequence,  location of the match, length of query and matched regions in nucleotides, evalue and bitscore calculated by BLAST
-TSS information: name assigned to the TSS based on location, number of biological replicates in which they appear, distance between the TSS and the stard codon of the putative sRNA in nucleotides
-Genomic context of each TSS: orange, orientation of TSS; green, left gene; blue, right gene; white, distance to genes, no distance reported if introgenic TSS
-Gene to the left of each TSS: location in the genome, gene ID

BLAST (blastn score≥100)
Genomic context

Flancking genes
Gene on the rigth Gene on the left



Chrom Location Strand TSS ID Replicates ID Source Type Detection NB probe Pred size Det size
Chr1 341777 - TSS-1-341777 3 --> 0339 (<--) 0205 --> PsRNA01 RNA-seq trans-encoded + AAAAACAACTTATGCCGGATCCTTGTTGTAG 330 450
Chr1 450462 - TSS-1-450462 3 --> 0062 (<--) 0194 --> PsRNA02 RNA-seq trans-encoded + TCAAGTGAGCAGGTCATAATCTCCTCTAGAA 50 50
Chr1 734003 + TSS-1-734003 3 <-- 0089 (-->) 0123 <-- PsRNA03 RNA-seq trans-encoded + TCTACAAACCAAGTCATTCTCGCTGAACCTA 80 190
Chr1 2561428 + TSS-1-2561428 3 <-- 0048 (-->) 0074 <-- PsRNA04 RNA-seq trans-encoded + CCTCAACCGCCACAGCTCAAACTGTGGCGG 70 120
Chr1 3357410 - TSS-1-3357410 3 --> 0333 (<--) 0567 --> PsRNA05 RNA-seq trans-encoded + GTAGATCGATAGCCATTTGATAGTCGTTAGT 312 428
Chr2 304269 + TSS-2-304269 3 <-- 0466 (-->) 0279 <-- PsRNA06 RNA-seq trans-encoded + GCAGTTCCATAGTCTCCCTCCGGTCACTGTT 290 450
Chr2 917959 + TSS-2-917959 3 <-- 0332 (-->) 0191 <-- PsRNA07 RNA-seq trans-encoded + GAGCGTTGTCATTGATTCGAGAGTAAGGAAA 80 180
Chr2 1676295 - TSS-2-1676295 3 --> 0151 (<--) 0391 --> PsRNA08 RNA-seq trans-encoded + CACACAGCACTTCTACGTCCTGAACTCGAAA 153 120
Chr2 2026574 - TSS-2-2026574 3 <-- 0435 (<--) 0223 --> PsRNA09 homology trans-encoded + GCGAATCGGGAAGACTATTGATGCGTCCCG 182 182
Chr1 1825822 + TSS-1-1825822 3 <-- 0157 (-->) 0148 <-- PsRNA10 RNA-seq cis-encoded + CGGGTACTCAGTTTATAATTGTAGTTTTCGC 70 116
Chr2 518283 + TSS-2-518283 3 <-- 0194 (-->) 0198 <-- PsRNA11 RNA-seq cis-encoded + CTTTCATCTTCTTCCACACATCCCTCCACTT 80 75
Chr1 618761 - TSS-1-618761 3 --> 0190 (<--) 0266 --> . RNA-seq . - TGCCAGCCATAGCCAATGTATTCTTTCGCC . .
Chr1 680836 - TSS-1-680836 3 <-- 0414 (<--) 0334 <-- . homology . - ATACCTACCCTACGTAGTGTCACAATCAGC . .
Chr1 2117170 - TSS-1-2117170 3 --> 0270 (<--) 0147 --> . RNA-seq . - CGGGTCAATGACACGCTCCCGAAGGGCGAGT . .
Chr1 2313085 + TSS-1-2313085 3 <-- 0138 (-->) 0183 <-- . RNA-seq . - CTCAGTTTGCTTGCGTCTGAATATTTCATCA . .
Chr1 2559729 + TSS-1-2559729 3 <-- 0194 (-->) 0167 <-- . RNA-seq . - TTACAGGCCGTATAACTCCCCTAAAAACGG . .
Chr1 2830311 + TSS-1-2830311 3 <-- 0223 (-->) 0213 <-- . RNA-seq . - ATCCGACTCCATAACTCTTCACCACTTCTAA . .
Chr1 3157850 + TSS-1-3157850 3 <-- 0126 (-->) 0154 <-- . RNA-seq . - ACTCAAGGTAGCACATATCCTTGATAGACC . .
Chr1 3523173 + TSS-1-3523173 3 <-- 0086 (-->) 0160 <-- . RNA-seq . - TTCTAATTCCCAACCTCACACTTTCTTGCTC . .
Chr2 237032 - TSS-2-237032 3 --> 0260 (<--) 0067 --> . RNA-seq . - GGAAAGAACTCGGTTCACGGCACCTCAACCA . .
Chr2 541489 - TSS-2-541489 3 --> 0196 (<--) 0302 --> . RNA-seq . - GTCGTGTACGTCCATTCTCCAACGCCAAATG . .
Chr2 564702 - TSS-2-564702 3 --> 0313 (<--) 0337 --> . RNA-seq . - ATATTGGACAGTACTTTTCCATAGCAACCTC . .
Chr2 2086263 + TSS-2-2086263 3 <-- 0547 (-->) 0205 <-- . RNA-seq . - GCTGGGGGAACCAAACCCAGCATTCGGAAC . .

Genomic context
Putative sRNATested putative sRNAs

Table S8
This table includes all the information regarding the tested putative sRNAs, including:
-TSS information:  location in the genome, name assigned to the TSS based on location, number of biological replicates in which they appear
-Genomic context of each TSS: orange, orientation of TSS; green, left gene; blue, right gene; white, distance to genes, no distance reported if introgenic TSS
-Putative sRNA information: assigned ID, source of the sRNA, putative sRNA type, status of detection by NB, oligonucleotide probe used for detection, predicted size, detected size



General category Specific category Name Probe name Fold change Regulation
cheA A_07_P016116 9.93 down
cheB A_07_P016092 4.00 down
cheR A_07_P016097 11.34 down
cheW A_07_P016114 8.82 down
cheY A_07_P016090 7.66 down
cheZ A_07_P035355 6.52 down
dos A_07_P009534 4.62 down
tap A_07_P016101 22.21 down
tar A_07_P016110 14.65 down

flhC A_07_P016133 7.71 down
flhD A_07_P016140 6.24 down
fliA A_07_P014973 5.99 down
flgA A_07_P001564 7.98 down
flgC A_07_P001571 42.42 down
flgD A_07_P001576 48.29 down
flgE A_07_P001583 40.01 down
flgF A_07_P001588 16.02 down
flgG A_07_P001593 10.91 down
flgN A_07_P001551 3.43 down
flhA A_07_P016071 5.57 down
flhB A_07_P016076 17.71 down
flhE A_07_P016066 6.95 down
fliH A_07_P015065 38.80 down
fliO A_07_P015100 9.36 down
fliO A_07_P041213 11.21 down
fliP A_07_P015103 15.46 down
fliS A_07_P014988 3.98 down
fliS A_07_P042441 3.88 down
flgB A_07_P001568 38.21 down
flgH A_07_P001599 18.58 down
flgI A_07_P001601 20.69 down
flgJ A_07_P001608 10.26 down
fliC A_07_P014978 3.45 down
fliD A_07_P014982 3.58 down
fliE A_07_P015049 7.47 down
fliF A_07_P015051 36.62 down
fliG A_07_P015060 12.01 down
fliJ A_07_P015075 46.37 down
fliL A_07_P015084 24.36 down
fliM A_07_P015090 20.73 down
fliN A_07_P015092 16.09 down
ariR A_07_P006784 4.29 up
ariR A_07_P038703 2.93 up

bhsA A_07_P001765 15.62 up
yliE A_07_P004620 40.05 down

Division inhibition dicB A_07_P020513 2.56 down
Z ring formation zipA A_07_P013120 2.49 up

ftsK A_07_P004899 6.66 down
mukB A_07_P033851 2.98 down
mukB A_07_P005066 3.82 down

MicroarrayGene information

Table S10
This table includes all the information regarding the microarray results, including:
-Gene information: general and specific categories of the gene function, gene name
-Microarray results: name of the microarray probe, fold change, regulation

Motility

Cell division

Chemotaxis

Flagellar synthesis

Flagellar assembly

Flagellar movement

Biofilm formation inhibition

Chromosome segregation



General category Specific category Name Probe name Fold change Regulation
MicroarrayGene information

ftsW A_07_P011122 5.80 down
mltC A_07_P011960 2.25 down
mltC A_07_P032984 2.10 down
mtgA A_07_P012516 2.51 down
uspD A_07_P039431 70.43 up
uspD A_07_P019392 74.20 up

Heat-shock response hspQ A_07_P005278 4.94 up
Cold-shock response cspB A_07_P020429 6.51 up
Metabolite repair yjeF A_07_P011551 2.30 up

iraP A_07_P021023 5.64 up
psiE A_07_P008791 28.55 up
rspA A_07_P020538 39.32 up
sspA A_07_P012616 2.04 up
rcsF A_07_P041460 2.87 up
rcsF A_07_P002940 2.84 up
rcsF A_07_P062915 2.92 up
betA A_07_P030984 2.91 down
betA A_07_P008247 4.62 down

mdoG A_07_P001451 4.88 down
mdoH A_07_P001457 6.91 down
mdoH A_07_P040746 8.89 down
proP A_07_P011292 3.45 up
btuE A_07_P035160 2.46 up
sodA A_07_P041367 6.42 down
sodA A_07_P019316 3.77 down
ampE A_07_P002518 3.08 up
emrA A_07_P001896 3.83 down
emrB A_07_P001903 4.53 down
mdtA A_07_P003146 2.63 down
mdtB A_07_P003154 4.71 down
mdtC A_07_P003159 2.45 down
mdtK A_07_P018376 6.73 up
mdtM A_07_P004214 9.36 up
mdtN A_07_P011148 9.45 up
yqjA A_07_P041768 2.22 up
relB A_07_P020464 3.55 up
relE A_07_P020458 3.59 up

yefM A_07_P015411 3.68 up
yoeB A_07_P010484 3.82 up
mqsA A_07_P012239 10.13 up
mqsR A_07_P012241 10.49 up
higA A_07_P000138 3.56 up
higB - - -
yhaV A_07_P041771 2.89 up
yhaV A_07_P000373 2.00 up
prlF - - -

mokC A_07_P010256 2.48 up
hokC - - -
hokD A_07_P020454 3.76 up
arnF A_07_P001077 3.25 up
vacJ A_07_P014018 2.64 up
yrbC A_07_P012436 2.40 up
yrbD A_07_P012441 2.41 up
yrbE A_07_P012449 4.30 up
yrbF A_07_P012451 3.82 up

Stress response

Toxin-antitoxin 
systems

Cellular envelope 
maintenance

Multidrug resistance

Translation inhibition

Translation initiation

Persistence regulation

Cell proliferation inhibition

Cell death

Membrane symmetry regulation

Oxidative stress

Membrane control

DNA damage resistance

Starvation response

Envelope stress

Osmotic stress



General category Specific category Name Probe name Fold change Regulation
MicroarrayGene information

dacC A_07_P004647 5.06 up
ddlB A_07_P002432 2.39 down

mdoB A_07_P017491 4.23 down
mreC A_07_P012721 6.45 down
murD A_07_P011116 2.19 down
murD A_07_P035759 6.95 down
murD A_07_P059450 3.59 down
murF A_07_P011107 3.71 down
murG A_07_P011126 5.96 down
ybhC A_07_P004315 4.73 down
ampD A_07_P041423 3.10 up
ampG A_07_P021279 14.50 down
mraY A_07_P011111 2.94 down
ycfS A_07_P001770 9.40 down
yraM A_07_P000458 2.06 down
eptA A_07_P011307 3.19 up

glf A_07_P015498 2.95 down
gmm A_07_P003032 3.20 down
lptD A_07_P010957 2.78 down
lptE A_07_P009773 2.64 down
lpxC A_07_P002451 3.27 up
rfaD A_07_P017037 3.27 down
rfaF A_07_P017044 7.82 down
rfaL A_07_P017051 5.63 down
rfbX A_07_P015501 3.37 down

waaA A_07_P017107 6.16 down
wbbL A_07_P015475 2.39 down
wcaK A_07_P015545 5.41 down
yijP A_07_P008480 6.66 down
yijP A_07_P039518 5.61 down

yrbK A_07_P012474 2.37 up
dcp A_07_P020340 3.56 down
degP A_07_P002766 2.49 down
degQ A_07_P012641 3.46 up
iadA A_07_P004170 1.94 down
ptrA A_07_P006090 3.20 down
tldD A_07_P012691 2.19 up
tldD A_07_P034184 2.37 up
fkpB A_07_P010829 1.96 down
groS A_07_P011443 4.50 down
pphA A_07_P015867 3.03 up
smpA A_07_P019965 5.57 up
surA A_07_P010951 3.17 down
dsbA A_07_P019081 2.23 down
dsbB A_07_P006878 2.69 up
glnD A_07_P002791 2.34 down
lgt A_07_P006122 2.66 down

lipA A_07_P009709 5.47 up
lspA A_07_P010823 3.25 down
pflA A_07_P004958 2.67 up

sppA A_07_P018877 2.36 down
yfcM A_07_P013916 5.41 down
cusS A_07_P016611 7.97 down
cusS A_07_P031287 6.64 down
envZ A_07_P018050 3.61 down

Protein maintenance 
and turnover

Protein modification

Protein phosphorylation

Cell wall formation

Peptidoglycan maintenance

Lipopolysaccharide synthesis

Protein degradation



General category Specific category Name Probe name Fold change Regulation
MicroarrayGene information

ubiB A_07_P018983 3.21 down
ycaO A_07_P041082 7.01 down
ycaO A_07_P004973 7.84 down

Glycolysis eno A_07_P002342 2.52 down
Gluconeogenesis fbp A_07_P003714 2.53 up

pgm A_07_P009956 3.73 up
ydiA A_07_P018569 2.28 up

Mixed fermentation ldhA A_07_P014878 3.63 up
Anaerobic respiration dcuB A_07_P011354 7.88 up
Entner-Doudoroff pathway edd A_07_P015931 4.01 down

aceK A_07_P041992 7.78 down
maeA A_07_P009486 4.65 down
sdhA A_07_P010135 4.60 down
sdhB A_07_P010139 4.40 down
sucA A_07_P010149 5.75 down
sucB A_07_P010151 4.65 down
sucC A_07_P010159 6.91 down
sucD A_07_P010165 8.31 down
glgP A_07_P018166 6.26 down
glgX A_07_P018182 3.27 down
malP A_07_P018111 2.54 down
malQ A_07_P018108 2.85 down
gatD A_07_P003220 18.90 down
gatY A_07_P003244 7.10 down
gatY A_07_P032131 6.82 down
gatZ A_07_P003236 27.52 down
gatZ A_07_P042502 23.98 down
aldA A_07_P009166 10.04 down
fucK A_07_P006014 2.55 up
galE A_07_P004246 3.34 down
galK A_07_P004240 2.89 up
galM A_07_P004231 2.98 up
manA A_07_P020700 2.66 down
manA A_07_P035096 2.47 down
phnN A_07_P011208 2.40 up
sgbE A_07_P016859 3.14 up
sgbH A_07_P016850 2.82 down
sgbU A_07_P039678 3.42 down
cyoA A_07_P021271 2.50 down
cyoB A_07_P021268 3.46 down
cyoD A_07_P021258 3.12 down
cyoE A_07_P021254 4.47 down
lldD A_07_P016968 4.76 down
ndh A_07_P001747 3.68 up

nuoE A_07_P042543 2.54 down
nuoF A_07_P013708 2.98 down
nuoG A_07_P013701 5.51 down
nuoH A_07_P013700 5.29 down
nuoI A_07_P013694 5.17 down
nuoJ A_07_P013686 6.79 down
nuoK A_07_P001181 6.70 down
nuoL A_07_P001178 6.67 down
nuoM A_07_P001174 5.61 down
nuoN A_07_P001166 3.57 down
nuoN A_07_P042539 3.75 down

Central carbon 
metabolism

Energy production

Glycolysis and gluconeogenesis

TCA cycle

Glycogen degradation

Galactitol degradation

Pentose and hexose metabolism

Respiratory chain



General category Specific category Name Probe name Fold change Regulation
MicroarrayGene information

atpA A_07_P005591 2.49 down
atpB A_07_P005614 2.66 down
atpC A_07_P005580 3.00 down
atpD A_07_P005582 3.05 down
atpF A_07_P005604 2.89 down
atpG A_07_P005587 3.31 down
atpH A_07_P005596 2.51 down
ppk A_07_P013561 2.25 down

cysH A_07_P002256 24.15 down
cysJ A_07_P002266 72.35 down
cysJ A_07_P032576 68.85 down

cysQ A_07_P003624 3.61 up
cysQ A_07_P042065 3.44 up
cysU A_07_P042582 46.95 down
cysW A_07_P013174 31.31 down
yedY A_07_P015213 8.27 up
yedZ A_07_P031403 5.76 up
yedZ A_07_P015218 5.26 up

Sulfur metabolism regulation cysB A_07_P014359 3.42 down
erpA A_07_P002744 5.74 up
iscS A_07_P019553 3.87 up
iscU A_07_P019547 3.38 up

Fe-S cluster biogenesis regulation iscR A_07_P019560 8.91 up
adiY A_07_P011318 2.49 up
arcA A_07_P017689 3.75 up
basR A_07_P011302 3.50 up
basR A_07_P037777 3.47 up
bolA A_07_P021288 10.27 up
bssS A_07_P001504 9.76 up
crp A_07_P017815 3.38 up

csrA A_07_P001927 2.71 up
deoR A_07_P004651 2.28 up
deoR A_07_P042124 2.11 up

fur A_07_P009932 2.07 up
hns A_07_P007124 4.99 up
ihfA A_07_P018614 2.45 up
ihfB A_07_P005009 4.49 up

kdgR A_07_P015816 2.27 up
kdpE A_07_P009988 2.58 up
mprA A_07_P001891 5.79 down
narP A_07_P000752 2.05 up

ompR A_07_P018053 3.08 up
paaX A_07_P009097 3.20 up
pdhR A_07_P002527 4.89 up
phoB A_07_P021109 2.30 up
phoB A_07_P031103 2.79 up
rcsA A_07_P015117 3.49 down
rcsB A_07_P000871 2.79 up
rcsB A_07_P032365 2.37 up
rob A_07_P017663 4.50 up
sfsA A_07_P002692 3.08 up
sfsA A_07_P035869 2.81 up
soxR A_07_P008959 3.07 up
torI A_07_P010525 3.23 up
tyrR A_07_P014598 2.86 up

Sulfur metabolism

Processing of genetic 
information

Transcription regulation

Fe-S cluster biogenesis

ATP production

Sulfur assimilation and transport



General category Specific category Name Probe name Fold change Regulation
MicroarrayGene information

uxuR A_07_P004150 2.93 up
uxuR A_07_P037206 2.20 up
xapR A_07_P014278 3.07 up
xapR A_07_P030022 2.74 up
ydhM A_07_P020877 2.26 up
yeaM A_07_P015644 2.73 up
yjdC A_07_P011409 3.63 up
yncC A_07_P009341 5.83 up
ypdB A_07_P014186 3.02 up
dksA A_07_P002686 4.40 up
greB A_07_P018057 3.21 up
rpoB A_07_P008600 2.87 down
rpoC A_07_P008605 2.50 down
rpoD A_07_P000070 2.13 up
rpoH A_07_P007245 5.27 up
rseB A_07_P019758 3.34 down
prfC A_07_P017557 4.26 down
rbbA A_07_P007367 2.67 down
rbfA A_07_P000559 2.01 down
rplI A_07_P011735 2.25 down
rplT A_07_P018627 2.55 up
rpsA A_07_P005002 3.42 down
rpsF A_07_P011720 2.55 down
rpsI A_07_P012625 2.25 down
rpsR A_07_P011729 1.95 down
selB A_07_P016891 2.70 down
glnS A_07_P009919 2.18 down
gltX A_07_P014274 2.23 down
ileS A_07_P010817 4.15 down
leuS A_07_P009777 1.98 down

metG A_07_P003331 2.19 down
pheT A_07_P018619 2.00 up
selA A_07_P016899 2.81 down
trmD A_07_P019915 1.85 down
trmH A_07_P017198 9.04 down
truB A_07_P000554 3.52 down
truB A_07_P063493 3.90 down
truB A_07_P034129 4.19 down
valS A_07_P003836 2.24 down
cpdB A_07_P003616 3.19 down
ribD A_07_P021185 2.83 down
ydcP A_07_P041146 4.24 down
pnp A_07_P045943 2.54 down
pnp A_07_P000545 2.35 down
rnb A_07_P014412 5.55 down
rnd A_07_P015715 4.68 down
rne A_07_P001621 2.12 down
rng A_07_P012708 1.98 down

rnhB A_07_P002875 2.82 down
rraA A_07_P019421 5.60 up

ymdB A_07_P001438 2.42 up
mfd A_07_P040806 11.07 down
mfd A_07_P001771 4.35 down
mug A_07_P000074 3.73 up
mutT A_07_P002469 3.42 down

Transcription machinery

Translation

tRNA modification

RNA modificacion

RNA degradation

DNA damage repair



General category Specific category Name Probe name Fold change Regulation
MicroarrayGene information

recA A_07_P001941 2.79 up
recB A_07_P006083 2.23 down
recC A_07_P006092 2.65 down
recC A_07_P032792 5.20 down
recF A_07_P005432 4.60 down
recG A_07_P017201 4.08 down
uvrC A_07_P014927 2.98 down
yejH A_07_P032280 2.41 down
yejH A_07_P000717 2.17 down
diaA A_07_P000466 2.26 down
dnaC A_07_P017504 3.55 up
dnaT A_07_P017509 3.42 up
dnaX A_07_P021457 2.39 down
hda A_07_P013536 3.73 down

nrdA A_07_P000956 2.72 down
nrdB A_07_P000962 3.44 down
polA A_07_P019099 3.34 down
priB A_07_P011721 1.82 down
topB A_07_P018861 4.26 down
gyrA A_07_P000942 2.69 down
gyrB A_07_P005429 2.09 down
hrpA A_07_P009158 2.83 down
sbmC A_07_P015371 3.43 up
ybaB A_07_P021461 2.80 down
yhbJ A_07_P012503 2.29 down

hsdM A_07_P017442 8.91 down
hsdR A_07_P017446 9.99 down
hsdS A_07_P017440 15.14 down
mcrB A_07_P017427 8.49 down
sbcB A_07_P031971 2.80 down
ydaL A_07_P014679 2.16 up
amn A_07_P015257 5.64 down
cof A_07_P021345 2.78 up
dcd A_07_P003102 2.13 up

guaD A_07_P006382 2.87 down
hpt A_07_P002588 2.31 up

nudF A_07_P012303 2.06 up
purB A_07_P006606 4.58 down
pyrD A_07_P005175 23.20 down
pyrH A_07_P002814 3.06 down
rtn A_07_P000680 3.93 down

thyA A_07_P006119 2.29 down
upp A_07_P013547 5.19 down
yaiE A_07_P021069 2.55 up

yedX A_07_P015207 18.99 up
Fatty acid metabolism regulation fabR A_07_P008519 2.81 up

tesB A_07_P021371 5.86 up
yfhB A_07_P019703 2.16 up
plsB A_07_P008846 2.61 down
ydiF A_07_P018523 2.22 down
artM A_07_P004759 3.94 down
cydC A_07_P004879 2.62 down
cydD A_07_P004881 2.16 down
gltL A_07_P009830 4.49 down
gltS A_07_P017210 2.65 up

Fatty acid metabolism

Transport

Fatty acid biosynthesis

Amino acid transport

Fatty acid degradation

DNA replication

Control of DNA and RNA topology

DNA restriction regulation

Nucleotide and ribonucelotide 
metabolism
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gltS A_07_P039826 2.68 up
hisP A_07_P032418 10.55 down

osmF A_07_P003416 5.30 up
ydjN A_07_P042351 33.71 down
ydjN A_07_P018691 32.72 down

ygaW A_07_P001825 87.35 up
oppC A_07_P007165 2.18 down
oppD A_07_P007166 3.75 down
oppF A_07_P007171 2.77 down
ybgH A_07_P010061 6.37 down
yejB A_07_P000687 3.61 down
yejE A_07_P032268 3.96 down
yejE A_07_P000694 4.39 down
yojI A_07_P000842 7.30 down

bamA A_07_P002842 2.20 down
gspJ A_07_P013081 2.77 down
lolC A_07_P040818 3.80 down
lolC A_07_P001781 3.90 down
lolD A_07_P040821 2.33 down
secA A_07_P002461 3.22 down
tatA A_07_P018990 2.45 down
tatB A_07_P018999 2.69 down

agaD A_07_P000422 2.31 up
chbB A_07_P018739 3.03 up
cmtA A_07_P011811 9.98 up
gatA A_07_P003233 32.80 down
gatB A_07_P003229 33.48 down
gatC A_07_P003225 30.45 down
gfcE A_07_P005356 3.33 down
gntP A_07_P004131 7.30 down
gntP A_07_P042082 3.77 down
lsrC A_07_P020216 2.73 down
ptsG A_07_P001710 7.03 down
ptsP A_07_P006126 2.28 down
rbsA A_07_P005669 7.08 down
rbsD A_07_P005662 9.14 down
yjiY A_07_P037271 41.74 up
yjiY A_07_P017467 40.01 up
potB A_07_P006577 5.68 down
potC A_07_P006571 4.02 down
potD A_07_P001819 3.42 down
potD A_07_P063111 3.70 down
potD A_07_P042212 4.96 down
potE A_07_P009978 4.07 up
sapD A_07_P014440 2.92 down
sapF A_07_P014434 3.23 down
tsx A_07_P021167 5.62 down
tsx A_07_P031124 9.54 down

codB A_07_P031022 37.61 down
codB A_07_P008371 50.87 down
uraA A_07_P013542 36.06 down
fecE A_07_P003964 3.41 down
fepE A_07_P016692 2.17 down
fhuB A_07_P002726 7.35 down
corA A_07_P039130 4.61 up

Peptide transport

Protein tansport

Carbohydrate transport

Pyruvate transport

Polyamine transport

Nucleoside transport

Cytosine and uracil transport

Organoferric compounds transport

Cobalt, nickel and magnesium transport



General category Specific category Name Probe name Fold change Regulation
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corA A_07_P005948 6.11 up
rcnA A_07_P003293 2.34 up
yohN A_07_P035507 3.78 up
yohN A_07_P003298 3.35 up
yohN A_07_P010495 3.70 up

Phosphate transport phnD A_07_P011262 2.11 down
ydaN A_07_P014686 2.22 up
znuA A_07_P015964 3.10 down
btuB A_07_P008533 4.69 down
thiP A_07_P011021 4.25 down

Water transport aqpZ A_07_P004830 3.61 up
kefA A_07_P021433 5.90 down
mscL A_07_P034268 4.10 up
mscL A_07_P012889 4.21 up
ompF A_07_P005092 6.10 down
rsxC A_07_P020776 4.80 down
rsxD A_07_P020785 4.18 down
yjeP A_07_P036943 7.08 down
yjeP A_07_P011526 5.13 down

nmpC A_07_P016526 9.01 down
chaA A_07_P007032 2.66 down
kefG A_07_P017784 4.21 up
kup A_07_P005658 3.41 down

nhaA A_07_P010784 2.99 up
eutH A_07_P042599 11.18 up
eutH A_07_P013319 2.14 up

Metabolite transport ybbW A_07_P016343 3.84 down
ansA A_07_P018885 3.82 down
ansA A_07_P063239 3.20 down
gcvH A_07_P041711 7.55 down
gcvH A_07_P041275 6.34 down
gcvH A_07_P006489 7.33 down
gcvP A_07_P006481 10.21 down
gcvP A_07_P032879 10.25 down
carA A_07_P010846 61.58 down
glnA A_07_P019129 19.21 down
gltF A_07_P012550 9.89 down

putA A_07_P001304 4.45 down
putA A_07_P041092 3.09 down
thrA A_07_P010704 12.97 down
thrB A_07_P010710 11.56 down
thrC A_07_P010711 11.42 down
thrC A_07_P035606 11.73 down
ilvB A_07_P017291 13.14 down
ilvN A_07_P017290 9.56 down
ilvN A_07_P038986 10.41 down

Threonine metabolism adhE A_07_P007143 4.29 down
Methionine metabolism bisC A_07_P007683 3.40 down
Ascorbic acid metabolism dkgB A_07_P002965 2.14 down

yjgF A_07_P003767 6.09 down
yjgF A_07_P037066 6.79 down

Alanine metabolism panD A_07_P002617 3.50 up
aroA A_07_P004990 11.78 down
aroF A_07_P019885 32.55 up
folP A_07_P000598 2.26 down

Aminoacid metabolism

Serine and aspartate metabolism

Valine metabolism

Isoleucine metabolism

Glutamine and glutamate metabolism

Aromatic amino acid metabolism

Vitamin transport

Ion transport

Sodium and potassium transport

Ethanolamine transport

Asparagin metabolism

Glycine metabolism

Zinc transport
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idi A_07_P006415 3.57 up
menE A_07_P001090 6.01 down
nudB A_07_P016003 2.67 down
trpA A_07_P007238 12.31 up
tyrA A_07_P019876 31.71 up
ubiA A_07_P008845 4.66 up
ubiF A_07_P056561 2.56 up

Glycerol degradation dhaM A_07_P006942 4.92 down
Cytochrome c synthesis ccmF A_07_P000767 4.62 down

cobU A_07_P015296 2.08 up
cobS A_07_P015292 2.56 up
pdxY A_07_P020811 5.27 down
pdxY A_07_P035125 3.85 down
ppx A_07_P013570 3.35 down
spoT A_07_P017193 7.70 down
speD A_07_P002565 4.47 down
speB A_07_P011831 3.27 down
speE A_07_P002568 4.45 down
speG A_07_P020551 3.63 up
intZ A_07_P013266 3.73 down
lit A_07_P006648 8.99 down

pspB A_07_P014506 2.26 up
yfdH A_07_P014040 14.21 down

Citoskeleton  formation yfgA A_07_P013639 2.06 up
Organosulfur metabolism yihU A_07_P019190 3.83 down

bglX A_07_P003421 2.44 down
chaB A_07_P007036 2.85 up
dsrB A_07_P015121 4.03 up
flu A_07_P015330 9.18 down

gnsA A_07_P010343 2.80 up
lrhA A_07_P013734 3.13 up
rhsB A_07_P007347 2.36 down
uspB A_07_P007406 12.19 up
ycbO A_07_P033862 4.44 down
ydeJ A_07_P020333 6.97 up
yfaY A_07_P001034 2.22 up
yfcE A_07_P013789 2.06 up
yfcH A_07_P013807 2.13 up
yfcO A_07_P013946 2.89 up
yigZ A_07_P041354 2.11 down
yigZ A_07_P019050 2.62 down

yphD A_07_P019631 3.26 up
perM A_07_P030120 3.05 up
b0322 A_07_P008305 2.95 down
yddA A_07_P009570 11.47 down
yccF A_07_P005253 5.25 down
yccS A_07_P041086 4.90 down
yccS A_07_P005250 5.95 down
ydjM A_07_P018690 3.23 up
yecN A_07_P016023 3.12 up
yeeR A_07_P015335 3.10 down
yfeZ A_07_P013222 2.35 up
yhaH A_07_P000243 3.92 up
yhaI A_07_P000250 4.08 up
yhcB A_07_P012640 3.44 up

Other

Miscelaneous

Piridoxal metabolism

Polyphosphate metabolism

Polyamine synthesis

Phage cycle regulation

Unknown fuction

Hypothetycal proteins

Cobalamin metabolism
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yhjD A_07_P007545 4.46 up
yijD A_07_P008525 3.19 up
yjiG A_07_P004174 3.10 down
ylaC A_07_P021396 12.98 up
yohC A_07_P032218 19.85 up
yohC A_07_P003439 19.87 up
yohK A_07_P003473 5.22 up
slyB A_07_P020836 2.75 up

ompX A_07_P004524 5.83 up
b0359 A_07_P020924 2.41 up
b0359 A_07_P010289 3.15 up
nlpC A_07_P018591 3.48 up
yeeN A_07_P015265 2.85 down
borD A_07_P016549 4.14 down
flxA A_07_P020474 3.51 up
racC A_07_P014735 2.15 up

b3000 A_07_P012133 4.04 up
slyX A_07_P017768 2.65 up
yceI A_07_P001488 7.95 down
yeeZ A_07_P015407 3.16 up
yhgF A_07_P018065 18.48 down
yqjC A_07_P000212 3.79 up
yeaD A_07_P015593 3.51 down
yeaD A_07_P035263 3.53 down
ybjT A_07_P004800 2.84 down
nupX A_07_P003568 2.37 down
intB A_07_P003900 2.13 up

yeeD A_07_P015390 2.89 down
ydiK A_07_P018491 3.70 up
yfdL A_07_P014056 3.29 up
ygeN A_07_P006273 2.47 up
yjhE A_07_P003942 2.20 up
yejF A_07_P000699 3.44 down

ybcM A_07_P035395 3.46 up
ycjW A_07_P014585 11.10 down
yeiE A_07_P003546 3.57 up
yfhH A_07_P041252 3.76 up
yfhH A_07_P019709 4.34 up
yiaU A_07_P016870 2.46 down
yihL A_07_P019137 6.33 down
ytfH A_07_P003611 2.29 up
djlB A_07_P009800 17.84 up

ybaY A_07_P021380 5.66 up
yehR A_07_P003377 2.53 up
ygdR A_07_P006149 4.97 up
ysaB A_07_P010595 5.81 up
yhhN A_07_P034556 3.93 up
yhhN A_07_P007280 3.13 up
yfcD A_07_P013782 2.24 up
ybbO A_07_P016251 2.27 up
yahC A_07_P030993 2.50 up
yaiA A_07_P021060 4.04 up
ybfA A_07_P010014 17.30 up
ycgX A_07_P006759 3.78 down
ycgY A_07_P006932 3.13 up



General category Specific category Name Probe name Fold change Regulation
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ydbD A_07_P009130 5.07 up
yddB A_07_P034978 12.05 down
yddB A_07_P009562 14.02 down
ydfV A_07_P020466 7.03 up

yebW A_07_P015861 2.16 up
yecA A_07_P014920 2.91 up
yecR A_07_P016190 6.79 down
yfaQ A_07_P000918 2.32 up
yfcL A_07_P013913 4.26 down
yfdI A_07_P014045 14.60 down
yfdY A_07_P014168 12.88 up
yffL A_07_P013272 3.16 up
yfgD A_07_P013532 2.09 down
yfiL A_07_P019886 7.16 up

ygaH A_07_P001889 3.90 down
yggE A_07_P011759 6.03 up
yheO A_07_P017760 2.40 up
yhfK A_07_P017818 10.16 down
yhfL A_07_P017874 2.50 up
yhfZ A_07_P017944 11.02 down

yhhM A_07_P034555 2.53 up
yhhM A_07_P007271 2.52 up
yhjY A_07_P007669 4.85 up
yiaF A_07_P007698 3.55 up
yibT A_07_P010599 8.45 up
yiiR A_07_P019385 2.70 up
yjbL A_07_P008880 2.97 down
yjcB A_07_P035567 9.65 up
yjcB A_07_P008942 10.17 up
yjfY A_07_P011711 3.74 up
yjgL A_07_P003811 4.03 down
yjjA A_07_P017500 3.16 up
ykfB A_07_P007958 4.46 up

ymcE A_07_P001189 2.67 up
ymfD A_07_P006636 3.40 down
ymfE A_07_P006641 7.00 down
ymgC A_07_P006789 4.02 up
yoaC A_07_P015744 2.73 up
yodC A_07_P015144 3.77 up
yqjK A_07_P000229 3.95 up
yrbL A_07_P012512 5.96 up
ytfK A_07_P035596 2.83 up
ytfK A_07_P003636 3.01 up

yegV A_07_P003265 2.53 down
ydjL A_07_P015572 4.77 down
yraN A_07_P000461 2.40 down
cbrC A_07_P005510 2.40 up
yfbV A_07_P013765 4.58 up
yacL A_07_P002559 2.40 up
yaeP A_07_P010275 3.72 up
yobD A_07_P015792 3.83 down
yohJ A_07_P003467 8.68 up
yjgA A_07_P037054 2.46 up
yjgA A_07_P003722 2.50 up
yccT A_07_P005268 4.10 up
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yeiH A_07_P003555 85.21 up
yaeH A_07_P035902 3.92 up
yaeH A_07_P002780 3.50 up
yjbJ A_07_P008870 5.05 up
yiiS A_07_P039426 63.45 up
yiiS A_07_P019386 69.64 up

yedE A_07_P015006 9.75 down
yeeE A_07_P015392 14.77 down
yeaQ A_07_P015668 5.42 up
ynfB A_07_P020550 3.68 up
yfgO A_07_P013521 3.49 up
yhcN A_07_P012663 5.94 up
VK2 CUST_1_PI426246115 2.16 down
VK4 CUST_3_PI426246111 3.75 up
VK5 CUST_4_PI426246111 2.04 down

VK26 CUST_7_PI426246128 2.10 down
VK32 CUST_13_PI426246115 2.75 up
VK34 CUST_13_PI426246128 4.44 down
VK51 CUST_18_PI426246128 4.62 up
VK52 CUST_20_PI426246128 5.89 down
VK52 CUST_21_PI426246128 3.17 down
VK72 CUST_23_PI426246122 4.18 up
VK75 CUST_37_PI426246111 3.05 up
VK76 CUST_24_PI426246115 2.61 up
VK77 CUST_38_PI426246128 2.32 up
VK79 CUST_27_PI426246122 8.77 down
VK81 CUST_40_PI426246128 2.66 up
VK92 CUST_53_PI426246145 3.29 up
VK93 CUST_32_PI426246115 2.67 up
VK93 CUST_33_PI426246115 2.60 up
VK95 CUST_34_PI426246122 2.24 up
VK102 CUST_70_PI426246128 2.50 down
VK113 CUST_90_PI426246145 2.60 up
VK123 CUST_106_PI426246145 3.24 up
VK123 CUST_107_PI426246145 2.92 up
VK124 CUST_109_PI426246128 4.87 up
VK124 CUST_110_PI426246128 4.40 up
VK125 CUST_42_PI426246108 3.87 up

sRNAs
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