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12 General Introduction 

 Fisheries management and the relevance of species and stock 
identification  

Fish are globally an essential source of food supply of high economic value for which 

there is a growing demand: global fish production has nearly quintupled during the last 

six decades reaching 171 million tonnes in 2016 with an estimated value of USD 362 

billion and involving 59.6 million employments (FAO 2018). Fish are considered a self-

renewable limited resource so that theoretically, for each fishing activity there is a 

certain maximum amount of fish that can be harvested ensuring continued production. 

Yet, if harvesting surpasses that amount, the resource is then said to be overfished, 

involving negative consequences which may range from resource depletion to marine 

ecosystems destabilization (Murawski 2000; Coleman, Williams 2002; Hilborn et al. 

2003; Hutchings 2005; Scheffer, Carpenter, Young 2005). Unfortunately, as the result of 

centuries of fishing activity, numerous fisheries globally have been and are heavily 

overfished and several are heading towards depletion (Hilborn et al. 2003; Coll et al. 

2008). Indeed, many marine exploited fish species are considered to be at serious risk 

of extinction (Rice, Legacè 2007), and ecosystem regime shifts have been reported in 

different ecosystems around the world (Daskalov et al. 2007; Coll et al. 2008; Möllmann, 

Diekmann 2012).  

 

In order to avoid or mitigate overfishing and ensure continued profitable and 

sustainable exploitation rates, fishing needs to be regulated through fisheries 

management. Fisheries management involves evaluating the status of the resources 

(assessment) to estimate sustainable catchable quotas. Assessment relies on integration 

of information about different aspects of the biology of the fish species, population 

dynamics, abundance or productive capacity and their impact on total recruitment 

(Cochrane 2002). Therefore, fisheries are assessed according to self-sustainable 

management units called fish stocks for which aspects such as vital rates or dynamics 

are or should be uniform, and from which catches are not expected to influence to other 

management units, even from the same species. Stock delimitation is therefore a key 

issue for a correct evaluation and management of fisheries.  However, in practice fish 

management units often oversimplify true populations dynamics and connectivity 

patterns as well as their ecology, resulting in a discrepancy between fish populations 
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and management units, which  leads to mismanagement (Begg, Waldman 1999; 

Stephenson 1999; Reiss et al. 2009). This discrepancy may be caused by different 

reasons, such as lack of information about the populations or the complexity of 

reconciling different factors such as biological, economic, social or political factors which 

concern management plans (Reiss et al. 2009). Nevertheless, ignoring the populations 

dynamic patterns and oversimplification of their complexity could lead to incorrect 

management of the fisheries having negative effects on the resource, due to 

overexploitation or erosion of spawning components (Stephenson 1999; Ying et al. 

2011; Cao, Truesdell, Chen 2014; Kerr et al. 2016). On the other hand, fish stock 

identification can be a particularly challenging objective when some fish species show 

complex dynamics and migratory patterns or when stocks vary both spatially and 

temporally (Figure 1). For example, fish stock trait variation between cohorts has been 

reported for salmon (Blouw, Saxon, Chadwick 1988) and cod (Kraus et al. 2000; Michio, 

Peter 2004). Furthermore, fish from different stocks of origin can intermingle in the 

same geographic region, as it has been recorded for overwintering Atlantic cod 

(Campana et al. 1999) or Atlantic herring feeding aggregates (Bekkevold et al. 2011), 

mixing at temporally varying stock proportions (Ruzzante et al. 2006; Hüssy et al. 2015). 

Fish stocks’ mixing can therefore be particularly challenging for fisheries management 

(Goethel, Quinn, Cadrin 2011).  

 

The success of fisheries management in maintaining sustainable fish stocks is hampered 

by illegal, unreported and unregulated (IUU) fishing, which prevents accurate records of 

fish catch as well as potentially leading to overfishing. IUU is a mayor global issue 

(Metuzals et al. 2010; Liddick 2014) which has large biological (Ye, Valbo-Jørgensen 

2012) and economic (Gallic, Cox 2006) negative effects on fisheries and consequently, 

different organisms responsible of fisheries management strive to combat it (Song 2009; 

Doulman 2010; Leroy, Galletti, Chaboud 2016). Fish product origin traceability, which 

can aid to detect IUU, is often difficult or rather impossible for morphologically similar 

species or stocks and specially for fish products modified from their original shape. 
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Figure 1. Top left circle represents one stock corresponding to a panmictic population. 

Top right circle pair indicate two genetically differentiated stocks that remain 

reproductively isolated. Bottom circles represent a case of a mixed-stock fishery where 

two different stocks remain reproductively isolated but mix during a given period of time. 

  

 Types of genetic markers and the advent of high-throughput 
sequencing techniques  

The use of genetic tools applied to fisheries science has increased significantly during 

the last 50 years, hand-in-hand with continuous advances in the field of genetic 

techniques and data analysis (Ovenden et al. 2015). Indeed, since the first study of 

population structure of a fish species using molecular tools was published more than 50 

years ago, molecular methods have gained popularity in fisheries science (Mariani, 

Bekkevold 2014; Cuéllar-Pinzón et al. 2016). Estimation of genetic diversity is based on 

the use of genetic markers which represent variations in the genome among individuals. 

Laboratory and computational techniques to obtain genetic markers have considerably 

progressed during the last decades, increasing the variety of available genetic marker 

types. From more classic, such as restriction fragment length polymorphism (RFLP) or 

amplified fragment length polymorphisms (AFLP), microsatellites and mitochondrial 

polymorphisms to more modern genetic markers such as single nucleotide 

polymorphisms (SNPs) have been successfully applied to population structure studies of 
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commercial fish species (Cuéllar-Pinzón et al. 2016). For example, allozyme markers 

revealed structure between populations of Atlantic salmon (Bourke et al. 1997), RFLP 

markers allowed detection of genetic population structure of Atlantic cod (Pogson, 

Mesa, Boutilier 1995) and albacore tuna (Chow, Ushiama 1995) and more recently 

developed AFLP markers have been used to differentiate five populations of Japanese 

Spanish mackerel (Shui et al. 2008). Likewise, microsatellite markers have been proved 

useful for population differentiation and measure of genetic diversity in fish (McConnell 

et al. 1995; Pérez-Lezaun et al. 1996; Schlötterer, Pemberton 1998; Shaw et al. 1999; 

Hauser et al. 2002; Melon Barroso et al. 2005) and their use drastically increased from 

2004 to 2011 (Cuéllar-Pinzón et al. 2016). The development of techniques to obtain SNP 

markers during the last two decades induced different studies comparing results based 

on microsatellites and SNPs, proving equal or better power of the latter to detect genetic 

variability between populations (Rengmark et al. 2006) or population structure (Liu et 

al. 2005). In contrast, microsatellites show higher mutation rates compared to SNPs and 

in general lower number of microsatellite markers are needed to detect genetic 

differentiation (Schlötterer 2004). The relatively reduced cost and availability of greater 

number of markers have led into a shift towards the use of SNPs (Helyar et al. 2011).  

 

Since the emergence of high-throughput sequencing (HTS) techniques and during the 

last fifteen years (Reuter, Spacek, Snyder 2015), the use of nuclear SNP markers proved 

to have high discriminative power for genetic variation studies (Novembre et al. 2008), 

including those addressing marine fish populations (Helyar et al. 2012) significantly 

increasing the resolution power of detection of the genetic signal (Mariani, Bekkevold 

2014). SNPs are based on single nucleotide substitutions in the DNA originating 

polymorphism, which may be inherited and transmitted through generations and 

provide with information of features such as species evolutionary origin or evolutionary 

processes at different taxonomic levels. HTS is a term generally used to encompass 

different sequencing techniques that enable generating large amount of high-quality 

sequence data at relatively low costs, thanks to the development of HTS platforms 

(Mardis 2013; Mariani, Bekkevold 2014; Kumar, Kocour 2017). Instead of sequencing the 

whole genome, the use of HTS coupled with the use of restriction enzymes allows the 

obtention of reduced representation of genomes for both model and non-model 
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organisms, which can be useful to answer many biological questions at lower economic 

costs (Davey et al. 2011). Restriction Site Associated sequencing (RAD-seq) is a reduced 

representation sequencing technique which allows to genotype short individual 

orthologous loci in both model and non-model species (Davey et al. 2011; Etter et al. 

2012). The use of individual barcodes coupled to restriction enzyme cut-sites, which 

reduces labour and costs compared to other reduced representation genome 

sequencing techniques, together with the high density of genome-wide obtained 

markers providing with high resolution population genomic data, have made RAD-seq 

gain popularity as a promising powerful technique for different genomic studies (Davey 

et al. 2011), and for population genomics studies in particular (Davey, Blaxter 2011). 

However, since their emergence the processing of RAD-seq as well as HTS data in general 

are been eased by the development of specific bioinformatic software. This type of data 

and particularly when used on non-model species, require making assumptions for read 

assembly along a challenging data analysis process, whose effects on obtained results 

remain unexplored (Rodríguez-Ezpeleta et al. 2016). 

 

 Genetic markers at service of fisheries management   

Different genetics tools have been proved useful in fisheries science to address different 

key questions arisen at different stages of the management process (Ovenden et al. 

2015). The use of genetic markers can be used to identify harvested species, identify 

fisheries stocks’ structure and resolve mixed-stock fisheries where other techniques 

may not be useful. Large SNP datasets accessible today have been applied and proved 

useful in numerous population genetic structure studies of marine exploited fish species 

at different levels of genetic divergence, providing with substantially increased 

resolution compared to other methodologies  (Bernatchez et al. 2017; Kumar, Kocour 

2017). Likewise, genetic stock characterization allows the selection of genetic markers 

to perform traceability that can be used to identify species or assign an individual back 

to its population of origin in species where other types of markers may not be 

informative even for fish products modified from their original form (Nielsen et al. 2012; 

Bernatchez et al. 2017; Hosch, Blaha 2017; Kumar, Kocour 2017). Fish products 
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traceability by the use of genetic markers is a valuable approach to detect and confront 

IUU fishing (Hauser, Carvalho 2008; Ogden 2008). 

 

3.1. Species Identification 

Correct species identification is required for accurate estimation of total stock catches 

and detect illegal fishing or food fraud. Indeed, species misidentification between very 

morphologically similar fish species (Beerkircher et al. 2009; Garcia-Vazquez et al. 2012) 

and unawareness of the existence of cryptic species (Griffiths et al. 2010) has led into 

overexploitation. Genetic species identification may be conclusive in cases where 

distinctive morphological features are not known or do not exist for example in case of 

cryptic species (Griffiths et al. 2010) allowing for posterior identification of 

morphological distinctive features, or when fish products have been modified from their 

original form (Teletchea 2009). Genetic identification relies on characterization of 

species discriminating genetic markers, such as AFLPs (Maldini et al. 2006), or typically 

using mitochondrial markers that are compared against reference databases such as 

GenBank (Benson et al. 2007) using an approach called DNA barcoding (Ward et al. 

2005). The use of genetic markers if of particular interest for seafood products species 

traceability (Sotelo et al. 1993) and detection of commercial frauds (Cutarelli et al. 

2014). Indeed, although genetic species identification requires relatively non degraded 

DNA samples it can be applied to industrially processed products such as canned or 

cooked products (Mackie et al. 1999; Galimberti et al. 2013). Indeed, the use of genetic 

markers has proved existing fraud in certification labelling of origin of fish products 

(Helyar et al. 2014) allowing not only for detection of IUU but also for consumers 

protection (Hauser, Carvalho 2008; Bernatchez et al. 2017). Genetic species 

identification presents some limitations, like the need for well documented and costly 

reference databases. 

 

3.1. Fish stocks identification 

Multiple approaches exist that can be used for assessment of fish stock delimitation and 

connectivity. Methods that provide with information about the physical individuals 

movements and dynamics such as mark-recapture of tagged animals and electronic 
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tagging can help differentiate stocks (Metcalfe 2006). For example, stock differentiation 

can be inferred if individuals from the same stock are detected to migrate 

homogeneously to particular spawning grounds (Block et al. 2005) or from behavioural 

differences in dynamics (Lindley et al. 2011). However, integration of physical tagging 

derived data can be complex to incorporate into stock assessment (Sippel et al. 2015) 

and often depend on catching the same individual twice. Other methods rely on the 

printing of chemical and biological characteristics of the environment on the individuals. 

Fish otolith is a calcium carbonate structure whose chemical composition can reflect 

environmental chemical and physical conditions. Otolith chemical composition 

(Campana et al. 2000; Rooker et al. 2003) and shape (DeVries, Grimes, Prager 2002; 

Burke, Brophy, King 2008) have been successfully used as environmental tags for stock 

delimitation and identification. However, analysis of otolith chemical composition 

requires undamaged samples and involves killing the individual, which may be a 

constraint when analysing fish products or endangered species. Moreover, otolith 

chemical composition printing of one location may vary temporally, for example 

between different years (Gillanders 2002) or seasonally (Reis-Santos et al. 2012). 

Parasites can also be used as biological tags providing information of the fish migration 

movements and stock structure information. Some limitations on the use of parasites 

for stock identification are that parasitic composition between different stocks may not 

be different or that it requires good knowledge of the ecology of the parasites and the 

expected composition as well as possible variation over time (Lester 1990; MacKenzie, 

Abaunza 2014).  

 

Fish stock structure could also be assessed by measuring genetic diversity between 

individuals. The use of genetic markers allows to detect long-term reproductive isolation 

between populations through genetic differentiation without necessarily sacrificing the 

specimen. Many marine fish species typically show large population sizes, high rates of 

dispersal and wide-ranging distributions which results on weak differentiation genetic 

signal. Nevertheless, plentiful genetic studies have successfully determined fine-scale 

fish population subdivision at unprecedented resolution (Hauser, Carvalho 2008; 

Ovenden et al. 2015; Cuéllar-Pinzón et al. 2016). For example two different local 

populations of Atlantic cod were found within the same fjord despite low levels of 
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genetic divergence (Knutsen et al. 2011) and temporal and spatial structure was found 

between chinook salmon subpopulations (Banks et al. 2000). Furthermore, genetic 

markers can be used to detect local adaptation despite high gene-flow, which could be 

helpful to identify evolutionary significant units and relevant for fisheries management 

to ensure sustainability of the stocks (Mariani, Bekkevold 2014; Gagnaire et al. 2015). At 

this low level of divergence, the use of techniques which allow the obtention of 

thousands of SNPs which provides with high resolution may be of great relevance. HTS 

techniques, such as RAD-seq have been successfully applied to detect genetic 

differentiation between fish populations (Larson et al. 2014; Rodríguez-Ezpeleta et al. 

2016; Leone et al. 2019). Constant methodology evolution allows fisheries science 

benefiting from incorporating up-to-date refined methodologies (Begg, Waldman 1999). 

 

3.2. Resolving mixed-stocks fisheries 

Fish stocks distribution may vary both spatially and temporally, which could be 

problematic for fisheries management if stocks’ dynamics are ignored. For example, 

different fish populations corresponding to separated spawning components (areas or 

seasons for example) may intermingle in foraging grounds, implying that captures in this 

area would come from two or more stocks. To correctly manage each stock separately 

it is therefore important to know proportions of each individual stock in these captures. 

In general, all the techniques useful for stock identification such as otolith chemic 

composition can help to understand stocks dynamics. Particularly those that can be 

efficiently used to assess stock or origin of individuals could be used to estimate 

population or species contribution proportions in mixed stock assemblages (Hauser, 

Carvalho 2008). For example, genetic markers have provided with information about 

stock composition of salmonid stock mixtures (Utter, Ryman 1993), identify mixing of 

different populations of Atlantic herring (Bekkevold et al. 2011) and a reduced panel of 

27 SNPs was used to estimate origin stock proportions of Atlantic cod on the local 

market (Jorde et al. 2018). 

 



 
20 General Introduction 

 The potential of genetics for improving fisheries management of tuna 
species  

Tuna is a term which encompass species from five different genus (Thunnus, 

Allothunnus, Auxis, Euthynnus and Katsuwonus). Tuna species are highly commercially 

demanded in the international market and some stocks suffer from overfishing (ie. total 

catches in 2016 reached 7.5 million tonnes, while 43% of the stocks of the seven most 

traded tunas were fished at biologically unsustainable levels in 2015 (FAO 2018)). From 

the 8 species that are included within the genus Thunnus, 6 of them present decreasing 

population trends and are catalogued in the IUCN Red list from near threatened to 

critically endangered. The Atlantic bluefin tuna (Thunnus thynnus, Linnaeus, 1758) is an 

emblematic tuna species included among the seven principal market tuna species (FAO 

2018). It is the largest member of the genus and inhabits temperate waters of the North 

Atlantic and adjacent seas including the Mediterranean Sea, where is capable of 

performing long trans-Atlantic movements (Block et al. 2005).  

 

4.1. Phylogeny of the genus Thunnus and species identification 

Despite the importance of tuna species, phylogenetic relationships between species of 

the genus Thunnus are not yet well known. Some members of this genus are tolerant to 

colder waters through the development of a heat exchanger system, reason why 

members of this genus have been conventionally classified into two groups for 

temperate and tropical waters inhabiting species (Collette, Reeb, Block 2001). Typically, 

phylogenetic relationships between species are studied using mitochondrial markers. 

However, previous studies based on mitochondrial markers found paraphyletic origin of 

bluefin tuna mitochondrial haplotypes, sharing haplotypes present at different 

proportions in Atlantic and Pacific bluefin tunas which clusters bluefin tuna carriers 

closer to albacore tuna (Thunnus alalunga) than their conspecifics. Further studies of 

nuclear derived markers were congruent with taxonomy based on morphological traits, 

revealing mito-nuclear discordance and leading to the hypothesis of mitochondrial 

introgression from albacore into bluefin tuna (Takeyama et al. 2001; Viñas et al. 2003; 

Alvarado Bremer et al. 2005; Chow et al. 2006; Viñas, Tudela 2009). Species 

identification using mitochondrial markers is therefore susceptible to misidentification 
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due to this introgression phenomenon. Species misidentification of Thunnus species has 

indeed been reported during larvae stages when morphological characteristics have not 

been developed yet (Puncher et al. 2015), which may bias estimates of recruitment of 

the species. The unknown extent of the potential introgression effects on the 

phylogenetic relationships within the genus Thunnus together with the need of a reliable 

tool for genetic species identification call for further exploration of the evolutionary 

context of this clade.  

 

4.2. Atlantic bluefin tuna  

The Atlantic bluefin tuna is currently managed by the International Commission for the 

Conservation of Atlantic Tunas (ICCAT) considering two stocks spatially separated by the 

45˚W meridian, defined since 1980 and associated with the only two main spawning 

grounds known for the species located in the Gulf of Mexico and in the Mediterranean 

Sea (Fromentin, Powers 2005). Although both stocks are not considered to be subject to 

overfishing right now (ICCAT 2019), the western stock collapsed (Safina, Klinger 2008) 

without significant increase in the estimated biomass since the 1980’s despite the 

imposition of management quotas (Figure 2) (ICCAT 2018) and the Eastern stock was 

considered at serious risk of collapse (MacKenzie, Mosegaard, Rosenberg 2009) 

following decades of overfishing. This highlights the need to give more weight to 

scientific advice in management plans elaboration for Atlantic bluefin tuna (Fromentin 

et al. 2014).  

 

Despite evidence from both electronic tagging data (Block et al. 2005) and otolith 

chemistry composition (Rooker et al. 2014) for spawning site fidelity which would 

support the two-stock theory, frequent trans-Atlantic movements registered from 

tagging data and formation of mixed-stock feeding aggregates in the Atlantic Ocean can 

potentially bias estimates of catches for each stock. Furthermore, the recent discovery 

of a new spawning ground in the Slope Sea close to the North-east coast of America has 

open debate about their potential stock composition (Safina 2016), their implication in 

the behaviour (Walter et al. 2016) and the migratory strategies of the species, calling 

into question hypothesis about age-related migratory behaviour of the different stocks 
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(Richardson et al. 2016a). The uncertainties around the migratory behaviour and mixing 

proportions of the different spawning grounds and the origin of samples found in the 

newly discovered spawning ground call for the development of a tool for assignment of 

individuals to stock of origin. While differentiation based on otolith microchemistry find 

limitations regarding identification of larvae and juvenile individuals and require 

sacrificing samples, genetic marker-based identification may be informative and useful 

to answer open questions required for correct management of ABFT fisheries. 

Nevertheless, results on genetic differentiation from previous studies were 

contradictory (Ely et al. 2002; Carlsson et al. 2006; Boustany, Reeb, Block 2008; Albaina 

et al. 2013) potentially due to the use of limited number of genetic markers. 

 

Figure 2. Total cumulative catches of Atlantic bluefin tuna per year and area. ATE+MED 

denotes Eastern Atlantic Ocean plus Mediterranean Sea and ATW, Western Atlantic. 

(Source: https://www.iccat.int/sbull/SB45-2019/s3.html;  Figure 17) 

  

https://www.iccat.int/sbull/SB45-2019/s3.html
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Hypothesis 

 

Information relevant for Atlantic bluefin tuna (Thunnus thynnus) conservation and 

management can be obtained through the study of the evolutionary context of the 

species and through the understanding of its population dynamics using Single 

Nucleotide Polymorphisms (SNPs) discovered and genotyped through high-throughput 

sequencing.  

 

Objectives 

1. Assess the effect of RAD-seq data de novo assembly parameters and SNP selection 

procedures on population structure and phylogenetic inferences (Chapters I, II, III & 

IV) 

 

2. Determine the phylogeny of the genus Thunnus using nuclear SNP markers and 

mitochondrial sequences to understand the evolutionary context of Atlantic Bluefin 

tuna (Chapters II & IV) 

 

3. Assess if the Atlantic Bluefin tuna spawning components belong to genetically 

differentiated populations (Chapters III & IV) 

 

4. Determine spawning component of Atlantic Bluefin tuna mixing aggregates through 

a genetic stock of origin traceability tool (Chapter III) 

 

5. Understanding the role of a recently discovered spawning ground on the population 

dynamics of Atlantic Bluefin tuna (Chapter IV) 
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Abstract 

Restriction site Associated DNA sequencing (RAD-seq) has become a powerful and 

widely used tool in molecular ecology studies as it allows to cost-effectively recover 

thousands of polymorphic sites across individuals of non-model organisms. However, its 

successful implementation in population genetics relies on correct data processing that 

would minimize potential loci-assembly biases and consequent genotyping error rates. 

RAD-seq data processing when no reference genome is available involves the assembly 

of hundreds of thousands high-throughput sequencing reads into orthologous loci, for 

which various key parameter values need to be selected by the researcher. Previous 

studies exploring the effect of these parameter values found or assumed that a larger 

number of recovered polymorphic loci is associated with a better assembly. Here, using 

three RAD-seq datasets from different species, we explore the effect of read filtering, 

loci assembly and polymorphic site selection on number of markers obtained and 

genetic differentiation inferred using the Stacks software. We find i) that recovery of 

higher numbers of polymorphic loci is not necessarily associated with higher genetic 

differentiation, ii) that the presence of PCR duplicates, selected loci assembly 

parameters and selected SNP filtering parameters affect the number of recovered 

polymorphic loci and degree of genetic differentiation, and iii) that this effect is different 

in each dataset, meaning that defining a systematic universal protocol for RAD-seq data 

analysis may lead to missing relevant information about population differentiation. 
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1. Introduction 

Restriction site Associated DNA sequencing (RAD-seq) (Baird et al. 2008) and related 

methods (Davey et al. 2011) are revolutionizing the fields of ecological and evolutionary 

genomics (Davey, Blaxter 2011; Andrews et al. 2016). These approaches consist in 

subsampling putative homologous regions from the genome of several individuals with 

the aim of discovering and genotyping thousands of variable genetic markers that can 

be used for evolutionary, phylogenomic and population structure studies among others 

(Andrews et al. 2016). RAD-seq is particularly relevant for studies focused on species for 

which no genomic resources are available as it allows to cost-effectively discover 

thousands of genome-wide SNPs while genotyping them in hundreds of individuals 

performing de novo alignment of the reads (Davey et al. 2011). Thus, the number of 

studies relying on RAD-seq or related approaches for assessing population 

differentiation is increasing exponentially (Davey, Blaxter 2011; Andrews et al. 2016).  

 

As for other approaches relying on high-throughput sequencing, data processing is one 

of the major challenges of reduced representation sequencing studies. The hundreds of 

thousands short reads need to be assembled into putative alleles and then into putative 

orthologous loci, for which some assumptions need to be made (Catchen et al. 2013; 

Davey et al. 2013; Eaton 2014; Sovic, Fries, Gibbs 2015). Several software packages for 

assembling orthologous loci and typing variant positions from reduced representation 

sequencing data have been developed (i.e. PyRAD (Eaton 2014), AftrRAD (Sovic, Fries, 

Gibbs 2015), Rainbow (Chong, Ruan, Wu 2012), RADtools (Baxter et al. 2011), RADProc 

(Nadukkalam Ravindran et al. 2019) and Stacks (Catchen et al. 2013)). Among them, 

Stacks is one of the most widely used programs and for which procedures for several 

applications have been established (Rochette, Catchen 2017). The program comprises 

several modules for read preprocessing (process_radtags), read merging into loci within 

individuals (ustacks for de novo merging and pstacks for reference-based merging), 

merging loci between individuals (cstacks) and loci and variant selection for further 

analysis (genotypes and populations). Read merging into loci within individuals relies on 

two main parameters: the minimum required read coverage depth to form a stack or 

group of identical reads (m), the maximum number of mismatches allowed between 
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stacks or groups of identical reads to be considered as different alleles of the same locus 

(M). Loci merging between individuals relies on one main parameter: the maximum 

number of mismatches between loci from different individuals to be considered 

homologs (n). Additional pipelines are available to complement Stacks data processing 

steps, such as clone_filter, for filtering PCR clones, that is, identical sequence fragments 

generated during the amplification process required for RAD-seq library generation, 

when paired-ends are available.  

 

How to properly select the read processing parameters for obtaining a meaningful set 

of markers from RAD-seq data is a largely discussed issue, and several studies have 

examined the effect of different parameters on the number of obtained loci (Catchen et 

al. 2013; Paris, Stevens, Catchen 2017), SNP call and genotyping error rate (Mastretta-

Yanes et al. 2015; O'Leary et al. 2018), resolution power of derived phylogeny (Cruaud 

et al. 2014; Harvey et al. 2015; Díaz-Arce et al. 2016) and population genetic and 

evolutionary inferences (Puebla, Bermingham, McMillan 2014; Rodríguez-Ezpeleta et al. 

2016; Rodriguez-Ezpeleta, Álvarez, Irigoien 2017; Shafer et al. 2017). From a theoretical 

point of view and from results obtained by these studies, the anticipated effect of under 

or over estimating each of the above mentioned Stacks parameters can be inferred: for 

example, setting too low or too high m values might result in an under or an over-

merging of reads, respectively (Catchen et al. 2013). There are additional biases inherent 

to RAD-seq data that have been discussed, such as allele dropout (Arnold et al. 2013; 

Gautier et al. 2013; O'Leary et al. 2018) and false genotypes due to the presence of PCR 

clones (Davey et al. 2013; Andrews et al. 2014; Tin et al. 2015; O'Leary et al. 2018). These 

biases could potentially lead into high genotyping error rates, which could be reduced 

by a correct data assembly and filtering (Hendricks et al. 2018). 

 

In search of a consensus for parameter selection, two studies applied systematic 

iterations of the main parameters within Stacks and defined the optimal parameter set 

as that which minimizes genotyping errors and maximizes number of shared loci 

(Mastretta-Yanes et al. 2015) or only the latter (Paris, Stevens, Catchen 2017). Yet, 

obtaining the maximum number of shared loci among individuals included in our study 

is not indicative of the accuracy of orthology assignment or SNP calling, neither of the 
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meaningful genetic information contained in the dataset. Indeed, none of these studies 

tested the effect of the different parameter combinations on the derived population 

genetics analyses, which can also be affected by the subsequent SNP filtering steps 

(Roesti, Salzburger, Berner 2012; De la Cruz, Raska 2014). For example, population 

structure inferences based on SNPs filtered by different minimum allele frequency 

(MAF) threshold values by De la Cruz, Raska (2014) derived into different patterns of 

differentiation.  

 

Here we have, used data from three published studies to explore the effect of removing 

PCR clones and of using alternative values of the main Stacks parameters and of MAF 

thresholds for SNP selection on the number of obtained shared markers and on 

population genetic inferences. The aim of the study is to analyze the importance of 

parameter setting during the de novo RAD-seq data analysis, and to test the derived 

effects on population differentiation inferences. Our results show that maximizing the 

number of obtained shared polymorphic loci in the dataset does not necessarily provide 

the strongest genetic differentiation signal and suggest that a systematic Stacks 

parameter selection method might limit population differentiation power of the 

dataset.  

 

2. Materials and Methods 

2.1. Datasets 

We selected a subset of individuals of European green crab (Carcinus maenas), Atlantic 

mackerel (Scomber scombrus) and Atlantic deep-sea scallop (Placopecten magellanicus) 

from three previous studies (Rodríguez-Ezpeleta et al. 2016; Jeffery et al. 2017; Van 

Wyngaarden et al. 2017) for which RAD-seq data are publicly available (Table 1). 

Libraries for all three datasets were prepared following the same protocol (Etter et al. 

2012) using the SbfI restriction enzyme, but with a variable number of PCR cycles for 

RAD-tag amplification (Table 1). The Atlantic mackerel dataset consists of individuals 

from four locations of which all pairs show genetic differentiation: larger FST values are 

observed between Atlantic Ocean and Mediterranean Sea locations. The green crab and 

scallop datasets include individuals from, respectively, four and five locations along the 
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East coast of North America (latitude 39-49º N). In both species, northern and southern 

locations (separated at latitude 45º N) are genetically differentiated. No differentiation 

is found within green crab northern or southern, nor within scallop southern locations. 

However, genetic differentiation is observed within northern scallop locations.  

 

Table 1. For each species, number of individuals analyzed per location and population, 

number of PCR-cycles used for library building, average number and standard deviation 

(SD) of forward reads retained per individual and average depth coverage per locus when 

applying m =2, M = 2 parameters, before (above) and after (below) removing PCR clones. 

 

Species Location Population n PCR-
cycles 

Average 
number of 

reads 

Average 
depth 

coverage 
per locus 

(m=3 M=2) 

NCBI SRA 
BioProject 

European 
green crab 
(Carcinus 
maenas) 

Brudenell River North 22 14 6,750,558  
(SD. 2,594,048) 

2,389,818  
(SD. 767,861) 

221x  
93.6x 

PRJNA377723 

Cole Harbour North 22 14 

Campobello 
Island 

South 22 14 

Tuckerton South 22 14 

Atlantic 
mackerel 
(Scomber 
scombrus) 

East Canada West Atlantic 29 14 3,161,222  
(SD. 1,630,037) 

1,905,752  
(SD. 902,165) 

43x 
33x 

PRJNA310297 

Bay of Biscay East Atlantic 22 14 

Adriatic Sea East 
Mediterranean 

20 14 

Western 
Mediterranean 

West 
Mediterranean 

16 14 

Deep sea 
scallop 
(Placopecten 
magellanicus) 

Sunnyside North 20 13 7,198,343  
(SD. 1,807,699) 

1,924,472  
(SD. 1,433,721) 

171x 
58.3x 

PRJNA340326 

Little Bay North 21 18 

Magdalen 
Islands 

North 21 18 

Gulf of Main South 20 18 

Browns Bank South 22 13 

 

 

2.2. RAD-seq data preprocessing  

Raw reads were processed with Stacks v1.44 (Catchen et al. 2013). Quality filtering and 

demultiplexing was performed using process_radtags truncating all reads to 90 

nucleotides to avoid the lower quality bases at the end of the read. PCR clones were 

removed applying clone_filter to reads whose forward and reverse pairs passed quality 

filtering. Using separately non clone-filtered data (i.e., all forward reads passing quality 

filtering, even if their reverse pair failed) and clone-filtered data (i.e., single 
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representatives of each PCR clone), putative orthologous loci (RAD tags) per individual 

were assembled using ustacks. The minimum number of identical cleaned sequence 

reads used to form a stack  (m) was set iteratively from 2 to 5, and the maximum number 

of nucleotide mismatches allowed between stacks before merging two or more stacks 

into a locus (M) set to 2 or 4. Reads not included in primary stacks during individual RAD 

loci formation (secondary reads) were subsequently incorporated to increase primary 

stack depth allowing a maximum nucleotide mismatch (N) of M+2 (default).  

 

Catalogs of RAD loci were assembled using cstacks with a maximum number of 

nucleotide mismatches allowed between loci while merging them into the catalog (n) of 

3 (for M=2) or 6 (for M=4). In sum, for each species, 16 catalogs were generated 

combining the use or not of PCR clones, the use of 4 different m values and the use of 

two different combinations of M and n values. Matches of individual RAD loci to the 

catalog were searched using sstacks and SNPs present in RAD loci found in at least 75% 

of the individuals under study were selected using populations. One additional catalog 

was generated per species following the ‘r80 rule’ (Paris, Stevens, Catchen 2017), which 

consists in selecting the m, M and n parameter values that provide the maximum 

number of polymorphic loci present in at least the 80% of the individuals; the process 

consists in i) selecting the optimal m value (among values ranging from 2 to 7) for M = 2 

n = 0, ii) selecting the optimal M value (among values ranging from 1 to 5) for the m 

value optimized previously and N = 0 and iii) selecting the optimal n value (among M – 

1, M and M + 1) for the m and M values optimized previously. Optimum Stacks 

parameters following the ‘r80 rule’ were m=3 M=4 n=4 for mackerel, m=6 M=1 n=1 for 

scallop and m=7 M=2 n=2 for the green crab datasets. 

 

2.3. SNP genotype table generation and calculations of population differentiation  

Using PLINK version 1.07 (Purcell et al. 2007), individuals with a genotyping rate smaller 

than 0.4 where removed, and SNPs with a genotyping rate smaller than 0.99 (for 

mackerel) and 0.85 (for scallop and green crab) were removed. SNPs were filtered 

according to a minimum minor allele frequency (MAF) of 0.01, 0.05 or 0.10. The resulting 

153 genotype datasets (three per catalog) were generated and exported to  GENEPOP 
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(ROUSSET 2008) format using PGDSpider version 2.0.8.3 (Lischer, Excoffier 2011). 

Overall fixation index (FST) per population pair was calculated following the Weir, 

Cockerham (1984) formulation as implemented in Genepop 4.3 (ROUSSET 2008). In 

addition, FST was calculated for each catalog and pair using a subset of 2000 SNPs to test 

the possible effect of the number of SNPs included in the calculation. 

 

3. Results and discussion  

3.1.  Effect of PCR clones on RAD-loci assembly 

Average percentage of PCR clones per species differ (Figure 1A), being 27.1% for 

mackerel, 57.2% for green crab and 58.1% for scallop. Whereas in mackerel and green 

crab the number of PCR clones is similar across individuals, in scallop, groups of samples 

processed using 13 or 18 PCR cycles can be distinguished (23% and 82% of clone reads 

respectively, Fig 1A). Thus, average PCR clone percentages increase with number of PCR 

cycles, as expected (Andrews et al. 2016). Yet, although both mackerel and green crab 

datasets were generated using 14 PCR cycles, mackerel shows a lower percentage of 

clonal reads. The use of different amounts of starting material could have an effect on 

presence proportions of these PCR clones (Davey et al. 2011; Andrews et al. 2016), but 

here we reject this hypothesis as green crab libraries were generated from more starting 

DNA than the mackerel libraries. Instead, this could be explained by the larger number 

of reads for green crab (Table 1) combined with a lower number of SbfI cut sites, inferred 

from a lowest number of loci (Figure 1B), which makes presence of PCR clones more 

likely.  

 

The maximum possible number of correct RAD loci per individual depends on the 

number of cut sites for the restriction enzyme of choice present in the genome of the 

species under study. Reaching this maximum number depends on the number of reads 

sequenced, so that a minimum coverage per loci is ensured. Here, although the average 

number of loci obtained per individual differs per species, in all cases the number of loci 

increases with sequencing depth until a certain value of convergence (Figure 1C). This 

convergence suggests that this maximum number is reached for each species. After 

removing PCR clones the number of loci per individual is less variable and the maximum 
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total number of RAD loci is more clearly identified (Figure 1B, C), suggesting that when 

PCR clones are included artefactual loci might appear. Indeed, average number of 

assembled loci per individual is lower when removing PCR clones, a difference that is 

less pronounced in mackerel (lower average percentage of PCR clones per individual). 

Interestingly, in scallop, numbers of loci per individual follow the same bimodal 

distribution observed for percentages of PCR clones, suggesting that the clone 

percentage affects the number of inferred loci, and that removing clone reads only 

partially corrects this effect (Figure 1B, S1). The PCR clone percentages found in our 

three examples are in the range of what it is found in other reduced-representation 

library sequencing datasets (Andrews et al. 2014; Andrews et al. 2016), suggesting that 

the effects we observe can be extrapolated to other studies.  

 

3.2. Effect of RAD-loci assembly parameters and MAF thresholds on number of 
selected loci and SNPs 

As expected (Paris, Stevens, Catchen 2017), increasing values of m result in lower  and 

more homogeneous numbers of individual loci recovered across individuals, particularly 

before filtering PCR clones (Figure S2, S3 and S4). This is because lower values of m result 

in loci assembled from low coverage haplotypes, which could be generated from PCR or 

sequencing errors. In all cases, the number of shared loci is higher when increasing m 

from 2 to 3, although this effect is less pronounced in clone filtered catalogs, where PCR 

derived erroneous reads have been likely removed (Figures 2 and S5). As shown, 

allowing a minimum stack depth parameter of m=2 results in highest number of loci per 

individual (Figures S2, S3 and S4), which would increase the chance between individual 

loci to match. At the same time, this would increase the chance for more than one 

individual locus to collapse into the same catalog locus and vice versa, consequently, 

decreasing the number of shared loci. Yet, when increasing m from 3 to 4 and 5, the 

number of shared loci decreases or increases depending on the dataset, and on the 

removal or not of PCR clones (Figure 2, S5). In their study, Paris, Stevens, Catchen (2017) 

also found that the number of polymorphic loci increased from m=2 to m=3 and 

decreased when using higher values of m. Here, in the mackerel catalogs and the PCR 

clone filtered scallop catalogs, for which also number of shared polymorphic loci 

decrease with high values of m, show average coverages per locus similar to those 
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included in Paris, Stevens, Catchen (2017) (Table 1). Therefore, one possible explanation 

for the decrease in the number of shared loci after peaking at certain value of m could 

be missing loci (being harder for a locus to be shared among individuals) and/or 

haplotypes (being harder to find orthologous loci with lower number of alleles 

recovered) with lowest coverages. Interestingly, in the mackerel dataset before 

removing clones, while the number of polymorphic loci decreases with values of m 

higher than 3 (Figure 2), the total number of shared loci (both monomorphic and 

polymorphic) still increases (Figure S5), which could be explained by  skewed haplotype 

coverages due to the presence of PCR clones, which would lead into heterozygotes to 

appear as homozygotes (Andrews et al. 2016). None of these two measures (number of 

shared total or polymorphic loci) alone does necessarily indicate a more realistic 

assemblage. Besides, in this case, the values of the m parameter that provides the 

highest number of polymorphic loci and the highest number of total shared loci is not 

the same in all datasets. 

 

 

Figure 1. A. Boxplots showing percentage of PCR clones per individual. Green dots 

represent scallop individuals whose libraries were generated using 18 PCR cycles. B. 

Frequency distribution of the number of loci per individual before (red) and after (blue) 

removing PCR clones. C. Number of retained reads and assembled loci per individual 

before (red) and after (blue) removing PCR clones. Note that figures B and C show 
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number of loci estimated using m = 5 M = 4; alternative parameter combinations produce 

equivalent results (see Supplementary Figures S2, S3 and S4). 

 

 

Figure 2. Number of polymorphic loci present in at least 75% of the individuals for 

different values of m (x axis), using different combinations of M and n parameters (M=2 

n=3 in black and M=4 n=6 in grey), before (solid line) and after (dotted line) removing 

PCR clones. 

 

Changing M and n parameters from M=2 n=3 to M=4 n=6 makes the number of shared 

loci increase and decrease in mackerel and scallop datasets respectively, while we 

observed almost no differences in the green crab dataset. In mackerel, it has been 

shown that while increasing n from 3 to 6 would make more RAD loci merge in the same 

catalog locus reducing the number of common loci found, increasing M from 2 to 4 

increases the number of shared loci, as common loci would be more easily found with 

higher number of alleles per locus (Rodríguez-Ezpeleta et al. 2016). The separated effect 
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of M and n parameters has not been tested in this study and there may be different 

causes for variation.   

 

The number of shared SNPs in general increased with increasing number of shared 

polymorphic loci, regardless the different m values and the use or exclusion of PCR 

clones. When increasing the M and n parameters from M=2 n=3 to M=4 n=6, both the 

total number of SNPs and average number of SNPs per shared polymorphic locus always 

increases (Figure 3), including the scallop and green crab catalogs, for which the number 

of shared polymorphic loci respectively decreases and remains nearly identical. On the 

other hand, the green crab dataset shows the lowest number of SNPs per locus, followed 

by the mackerel and scallop datasets (Figure 3). Low polymorphism values could explain 

a lower variation in the number of loci in the green crab catalogs when varying M and n 

parameters, as only few polymorphic loci or haplotypes would be excluded by allowing 

a too low number of heterozygous positions per locus (M) or SNPs per catalog locus (n) 

and the risk of over merging individual or catalog loci at the tested combinations would 

be low. Scallop and mackerel datasets instead, show higher levels of polymorphism and 

variation in the number of SNPs per locus between the two different tested 

combinations of M and n. In these cases, testing different parameter combinations could 

become of major importance. 

 

Between datasets, proportions of SNPs with MAF values ranging between 0-0.01, 0.01-

0.05, 0.05-0.10 and >0.10 vary:  proportions of SNPs with MAF values below 0.01 are 

<17% in the green crab dataset catalogs, 45-51% in the mackerel catalogs and 58-67% 

in the scallop catalogs. Between catalogs within the same dataset, although proportions 

of SNPs relying within these MAF range categories are very similar, some differences can 

be observed (Figure 4). In general, with higher values of m and M/n, numbers of SNPs 

with MAF higher than 0.10 increase, while those with MAF lower than 0.01 decrease. 

The exception is the scallop dataset where proportion of SNPs with MAF lower than 0.01 

increase in catalogs with higher values of m (Figure 4). The filtering of PCR clones, 

particularly with low values of m, also provided with proportionally slightly more SNPs 

with MAF >0.10 in green crab and mackerel datasets. The presence of clonal reads may 

lead into PCR errors considered as true alleles (Andrews et al. 2016), which would not 
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be shared among individuals, and therefore would show very low allele frequencies. 

Besides, their presence would be enhanced when setting low values of m. MAF 

proportions could vary due to the dataset individual compositions and their genetic 

distances, because of what De la Cruz, Raska (2014) call “scale” effect: rare variants 

would be shared at an smaller scale. They concluded that looking at structure inferred 

from rarer variants (lower MAF values) will show differences at a smaller scale, shared 

by closer located individuals, while common variants (higher MAF values) will be shared 

by individuals from longer distances. Therefore, the exploration of population structure 

at different MAF values could be informative.  

 

 

Figure 3. Numbers of shared polymorphic loci and derived SNPs. Dots represent catalogs 

built using M=2 n=3 (blue), and M=4 n=6 (red) combinations. Each color includes 8 dots, 

corresponding to m=2, m=3, m=4 and m=5, and PCR clone filtered/non-filtered catalogs. 

Numbers represent average number of SNPs per shared polymorphic loci in M=2 n=3 

(blue) and M=4 n=6 (red) catalogs. 
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Figure 4. Percentage of SNPs for each MAF value range. Colored bars represent 

percentages of SNPs per MAF value range: orange bars indicate MAF below 0.01; green 

bars, MAF between 0.01 and 0.05; blue bars, MAF between 0.05 and 0.10; and purple 

bars, MAF higher than 0.10. Each column represents a different catalog, obtained with 

different values of m, M and n, before (Cl) and after (noCl) filtering PCR clones. 
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Figure 5. Average pairwise FST values for each catalog and population pairs for the three 

datasets: Northern/Southern green crab locations; Western/Eastern Atlantic Ocean, 

Adriatic Sea/Western Mediterranean Sea (intra-Mediterranean) and Western 

Atlantic/Adriatic Sea mackerel populations; Gulf of Maine/Magdalen Islands 

(northern/southern locations), Little Bay/Sunnyside (intra-North) and Gulf of Maine/ 

Browns Bank (intra-South) scallop locations. Color gradients represent FST values, from 

lowest (dark green) to highest (dark red). Minimum and maximum FST values for each 

pair are indicated in the corresponding cell. 
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3.3.  RAD-loci assembly and SNP selection parameters affect population 
differentiation inferences 

For all the green crab and mackerel population pairs and for the north vs. south scallop 

populations pairs, highest FST values were obtained when m=2.  In general, FST values 

decreased with higher values of m (Figure 5). This also agrees with Mastretta-Yanes et 

al. (2015) where catalogs with lower values of m resulted in higher FST values. Variation 

in M/n combinations had a noticeable effect in the mackerel dataset, where setting M=2 

n=3 provided with higher FST values, while having little effect in the other two datasets. 

Besides, in the scallop intra-south and intra-north population pairs, variation of m, M 

and n do not show a clear pattern in the effect on FST values.  

 

The presence of PCR clones also affected differently each dataset and population pair. 

Catalogs where PCR clones were kept provided with higher (in the green crab dataset 

and in the mackerel dataset for the Adriatic Sea/Western Mediterranean Sea and 

Adriatic Sea/Western Atlantic population pairs), lower (in the scallop dataset Gulf of 

Main/Magdalen Island and Little Bay/Sunnyside populations pairs) or more 

heterogeneous (in the mackerel dataset Bay of Biscay/East Canada and in the Scallop 

Gulf of Main/ Browns Bank population pairs) FST values compared to their clone-filtered 

relatives (Figure 5).  

 

For each dataset, those parameters that resulted in a higher variation in the number of 

shared polymorphic loci, are also those with a higher effect on the estimated FST values. 

Thus, major differences were found among green crab catalogs when varying m, and 

among mackerel and scallop catalogs when varying M and n. Nevertheless, while the 

inferred FST values varied affected by the different combination of Stacks parameters 

tested in this study or by the filtering of PCR clones, this variation does not follow the 

same patterns as the number of shared polymorphic loci, nor as the number of SNPs.  

 

Besides, the FST values estimated from the SNP sets from the ‘optimum catalogs’ 

obtained following the ‘r80 rule’ (Paris, Stevens, Catchen 2017), were not the highest if 

compared with the rest of the catalogs which include PCR clones, except for the scallop 

north vs. south and intra-south population pairs (Figure 5). Mastretta-Yanes et al. (2015) 
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found that highest mean pairwise FST values were obtained from the catalogs with the 

smallest SNP error rate (estimated by comparing sample replicates) and larger number 

of loci. In our datasets, we did not find any correlation between FST values and number 

of loci, which means that if minimum SNP error rates were associated with highest FST 

values, they would not be necessarily always associated with larger numbers of loci. 

Higher filtering thresholds for MAF values provide with larger FST values for the across 

Atlantic mackerel and scallop and green crab north vs. south population pairs 

(population pairs with previous evidence of genetic differentiation). Hendricks et al. 

(2018) also found a general trend towards increasing FST values with increasing MAF 

filtering thresholds. However, for intra-south or intra-north scallop pairs and the intra-

Mediterranean Sea mackerel populations pairs it is not always the case (Figure 5). In 

these latter pairs, MAF values have less effect on FST value variation than other 

parameters, whereas in the former pairs, the MAF filtering threshold is the main factor 

affecting FST. This agrees with De la Cruz, Raska (2014), who obtained different FST values 

when using different MAF filtering thresholds over the same SNP set. They concluded 

that using higher MAF thresholds (common variants) more distantly shared variants 

would be addressed, and therefore population structural signal could be better 

observed. However, for those more recently coalesced population pairs, genetic 

differentiation would be more likely represented by rarer variants with lower MAF 

values. In order to test if the obtained FST values were affected by the number of filtered 

SNPs, FST values estimated using subsets of 2,000 SNPs from each dataset and were 

found to vary following the same pattern (Figure S6). 

 

4. Conclusions 

Here we show that inferences of population differentiation based on RAD-seq derived 

SNPs are affected by the presence of PCR clones, RAD-loci assembly parameters and 

MAF threshold used for SNP selection. Importantly, different species, geographic scales 

and group pairs are differently affected by these factors, suggesting that the use of a 

systematic method based on common criteria for parameter selection might lead to 

limited information about genetic differentiation. Here, we show that the systematic 

protocol developed by Paris, Stevens, Catchen (2017) to maximize the number of shared 
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polymorphic loci does not necessarily imply maximizing the number of population 

differentiation informative markers. Yet, neither higher number of shared loci between 

individual, nor higher FST values or estimated genetic distances between a priori 

differentiated populations indicate a more realistic assemblage of RAD-seq data. For 

that reason, the most appropriate set of loci assembly parameters will depend on the 

aim of the study and different combinations should be checked for consistency (Díaz-

Arce et al. 2016; Rodríguez-Ezpeleta et al. 2016) and/or be based on particular 

characteristics of each dataset (Rochette, Catchen 2017). Our results suggest that those 

Stacks assembly parameters with highest effect on numbers of recovered shared 

polymorphic loci and SNPs also provide with highest variation in inferred population 

differentiation values. We recommend testing for different combinations of loci 

assembly parameters emphasizing variation of those parameters. In our study we used 

the Stacks software (Catchen et al. 2013), but our recommendations can be extrapolated 

to the use of other pipelines, such as pyRAD (Eaton 2014) which allow the user to 

modulate analogous parameters. 
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Abstract 

Although species from the genus Thunnus include some of the most commercially 

important and most severely overexploited fishes, the phylogeny of this genus is still 

unresolved, hampering evolutionary and traceability studies that could help improve 

conservation and management strategies for these species. Previous attempts based on 

mitochondrial and nuclear markers were unsuccessful in inferring a congruent and 

reliable phylogeny, probably due to mitochondrial introgression events and lack of 

enough phylogenetically informative markers. Here we infer the first genome-wide 

nuclear marker-based phylogeny of tunas using restriction site associated DNA 

sequencing (RAD-seq) data. Our results, derived from phylogenomic inferences 

obtained from 128 nucleotide matrices constructed using alternative data assembly 

procedures, support a single Thunnus evolutionary history that challenges previous 

assumptions based on morphological and molecular data. 
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1. Introduction 

Species of the genus Thunnus include some of the most economically important, but 

also most severely overexploited fish on the planet. Yet, despite its relevance for 

enabling more efficient management plans and avoiding masked trade of mislabeled 

tuna species by providing tools for DNA-based species identification, the phylogeny of 

the genus Thunnus remains unresolved. According to morphological features, this genus 

was divided into two subgenera: the temperate Thunnus (bluefin tuna group), 

comprising the albacore (Thunnus alalunga) and the Atlantic (Thunnus thynnus), Pacific 

(Thunnus orientalis) and Southern (Thunnus maccoyii) bluefin tunas, and the tropical 

Neothunnus (yellowfin tuna group), comprising the blackfin (Thunnus atlanticus), 

longtail (Thunnus tonggol) and yellowfin (Thunnus albacares) tunas. Although sharing a 

similar number of morphological features with both groups, the bigeye tuna (Thunnus 

obesus) has been included into the subgenus Thunnus due to its adaptation to cooler 

waters (Collette, Reeb, Block 2001).  

Most of molecular phylogenies aimed at solving the relationships among tuna species 

are based on mitochondrial markers (Chow, Ushiama 1995; Alvarado Bremer, Naseri, Ely 

1997; Chow et al. 2006; Viñas, Tudela 2009; Tseng et al. 2012) and/or do not include all 

the species of the genus Thunnus (Orrell, Collette, Johnson 2006; Miya et al. 2013; 

Santini, Carnevale, Sorenson 2013). These studies consistently recover the Neothunnus 

subgenus and a close relationship between the albacore and the Pacific bluefin tuna. 

Yet, evidence of mitochondrial introgression in T. orientalis with T. thynnus or T. 

alalunga (Chow, Inoue 1993; Chow, Ushiama 1995; Chow et al. 2006), and in T. thynnus 

with T. alalunga or T. orientalis (Takeyama et al. 2001; Viñas et al. 2003; Alvarado 

Bremer et al. 2005; Chow et al. 2006; Viñas, Tudela 2009) makes mitochondrial-based 

inferences of the relationships between these three species ambiguous. The only 

nuclear based phylogenetic studies that include all eight species of Thunnus (Chow et al. 

2006; Viñas, Tudela 2009) group the Atlantic and Pacific bluefin tunas in a well-

supported clade. Thus, overall, the analyses published to date support the monophyly 

of the Neothunnus subgenus, but do not provide resolution for the relationships within 

this clade nor congruence or support for the relationships within Neothunnus or among 

T. maccoyii, T. obesus, T. alalunga and the T. orientalis+T. thynnus group. Besides 
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preventing accurate inferences of their evolutionary history, this lack of congruence or 

resolution is translated into a lack of suitable DNA-based tools for tuna species 

discrimination. The few genetic markers in use for this purpose  (e.g. Bartlett and 

Davidson, 1991; Chow et al., 2003; Pardo and Pérez-Villareal, 2004; Takeyama et al., 

2001; Tseng et al., 2011; Viñas and Tudela, 2009)      are mitochondrial, and the sole 

contrasted nuclear marker, the ribosomal internal transcribed spacer (ITS1), can only be 

used as a complement to mitochondrial markers when introgression is suspected (Viñas, 

Tudela 2009), as it does not discriminate between all eight Thunnus species (Chow et al. 

2006; Viñas, Tudela 2009). Thus, overcoming the lack of congruence and/or resolution 

associated to the published Thunnus evolutionary relationships requires evolutionary 

inferences based on genome-wide phylogenetically informative positions of nuclear 

origin. 

Recently, the restriction site-associated DNA sequencing (RAD-seq) method, which, 

allows to rapidly and cost-efficiently sequence thousands of homologous regions in 

hundreds of individuals both, with and without available reference genomes, has been 

applied to resolve phylogenetic relationships (e.g. Cruaud et al., 2014; Herrera and 

Shank, 2015; Leaché et al., 2015)   . Yet some studies have shown that gathering a 

suitable set of phylogenetically informative markers from RAD-seq data relies on the 

ability to discover enough orthologous loci among the species under study, which largely 

depends on divergence times between lineages and filtering and assembly parameters 

applied for orthology inference (Rubin, Ree, Moreau 2012; Jones et al. 2013; Wagner et 

al. 2013; Leaché et al. 2015). It is therefore recommended to explore the results applying 

different parameter combinations (Rubin, Ree, Moreau 2012; Ree, Hipp 2015). Here, we 

infer the evolutionary history of tunas based on phylogenomic analyses of RAD-seq 

derived nuclear markers. With the final aim of building a robust phylogenetic tree, we 

have explored alternative procedures for selecting phylogenetically informative sites 

and built 128 RAD-seq derived nucleotide matrices obtained by i) using different 

parameters for putative orthologous loci identification, ii) including different sets of 

species, iii) selecting variable or fixed sites iv) within individuals or within species and v) 

allowing different thresholds of missing individuals or species to select a locus. Our 

analyses highlight the influence of RAD-seq data analyses procedures in derived 
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nucleotide matrices and phylogenetic inferences, and provide the first genome-wide 

resolved evolutionary tree of the Thunnus genus. The inferred relationships restructure 

the Neothunnus subgenus including T. obesus within this group, and clarify the 

relationships between the Altantic and Pacific bluefin tunas and albacore, setting the 

root of the genus within the latter. Our results establish the basics for future 

evolutionary studies of these species and provide valuable data for developing species 

identification and traceability tools that will assist better management and conservation 

of tunas. 

 

2. Materials and Methods 

2.1. Sampling and genomic DNA extraction 

Samples from T. thynnus (nine individuals), T. albacares, T. atlanticus, T. orientalis, T. 

tonggol (five individuals), T. alalunga, T. maccoyii and T. obesus (four individuals) and 

from three other Scombridae species included as outgroup (Katsuwonus pelamis – four 

individuals, Euthynnus alletteratus – five individuals, and Auxis rochei – three 

individuals) were obtained from scientific surveys and commercial fisheries. From each 

fish, about 1 cm3 of muscle tissue was resected and immediately stored in 96% molecular 

grade ethanol at -20ºC. Genomic DNA was extracted from about 20 mg of muscle tissue 

using the Wizard® Genomic DNA Purification kit (Promega, WI, USA) following 

manufacturer’s instructions for “Isolating Genomic DNA from Tissue Culture Cells and 

Animal Tissue”. Extracted DNA was suspended in Milli-Q water and concentration was 

determined with the Quant-iT dsDNA HS assay kit using a Qubit® 2.0 Fluorometer (Life 

Technologies). DNA integrity was assessed by electrophoresis, migrating about 100 ng 

of GelRed™-stained DNA on an agarose 1.0% gel.  

2.2. Restriction Site Associated DNA sequencing library preparation and analysis 

Restriction-site-associated DNA libraries were prepared following the methods of Etter 

et al. (2012). Briefly, about 300 ng of genomic DNA were digested with the SbfI 

restriction enzyme and ligated to modified Illumina P1 adapters containing 5bp unique 

barcodes. Pools of 33 individuals were sheared using the Covaris® M220 Focused-

ultrasonicator™ Instrument (Life Technologies) and size selected to 300-500 pb by 
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cutting agarose migrated DNA. After Illumina P2 adaptor ligation, library was amplified 

using 14 PCR cycles. Each pool was sequenced (100 pb) on an Illumina HiSeq2000 lane. 

RAD sequencing data were processed with Stacks version 1.27 (Catchen et al. 2013) with 

default parameters unless otherwise specified. Raw sequences were demultiplexed and 

filtered for low quality using the process_radtags module; for each individual, putative 

loci were identified using ustacks allowing a minimum stack depth parameter of 5 

(parameter m) and 1 or 2 mismatches (parameter M). Catalogs of loci were built based 

on two different subsets of individuals (all individuals and only Thunnus individuals) 

using cstacks allowing 4 or 8 mismatches (parameter n). A total of 8 different catalogs 

were produced. Individual sets of loci were matched against the catalog using sstacks. 

From the 8 catalogs built, the populations program was used to select phylogenetically 

informative markers based on all possible combinations of i) considering individuals or 

species for informative marker selection, ii) considering fixed (within individuals or 

species) or IUPAC encoded variable sites (can include heterozygous sites when using 

individuals), and iii) allowing different thresholds (0%, 25%, 50% or 75%) of missing 

individuals or species for marker selection. A total of 128 matrices (16 per catalog) 

including only the phylogenetically informative sites within each locus were produced 

for phylogenetic analyses. Maximum Likelihood phylogenetic trees were built using the 

unpartitioned GTRCAT model as implemented in RAxML version 8.1.21 (Stamatakis 

2014) and branch support was assessed by a 100 replicate rapid-bootstrap analysis. 

3. Results and Discussion 

3.1. RAD-seq data preprocessing  

The number of reads per individual that met the quality requirements ranges from 

1,529,640 to 6,645,450, with an average of 3,266,093, of which from 92% to 99% per 

individual were used for stacks (RAD loci) formation. As expected, higher M values 

increase coverage (53x vs 50x) and produce fewer RAD loci per individual (Figure 1). The 

number of estimated SbfI cut sites (about 30,000 to 32,000 restriction sites for Thunnus 

species and slightly higher for outgroup species) show that the RAD-seq approach using 

this restriction enzyme allows to cost-effectively produce high coverage orthologous 

markers in these species, which is relevant for future population genetics studies on 

these taxa.  
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Figure 1. Boxplots depicting median, first and third quartile and standard deviation of 

number of inferred RAD loci per species when allowing a maximum of 1 (dark grey) or 2 

(light grey) mismatches between stacks to create a locus (parameter M). 

 
 
3.2. Assembly of phylogenetically informative nucleotide matrices 

The number of nucleotide positions included in the matrices ranges from 2,625 to 

426,052 varying substantially depending on the catalog building and filtering parameters 

applied (Table 1). In general, allowing more missing positions, using IUPAC encoded sites 

instead of fixed positions and using individuals instead of species to select positions 

results in larger matrices. When missing data are allowed, individual-based site selection 
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results in larger matrices both for IUPAC encoded and fixed positions, which is due to 

the fact that even when missing data are allowed, markers present in all individuals 

within the same species are scarcer. However, when no missing data are allowed, the 

number of markers is similar whether using individuals or species, particularly when 

IUPAC encoded sites are selected. When IUPAC encoded sites are used, M=2 always 

results in larger matrices than M=1, and the observed differences are higher the lower 

the missing data threshold (factors of 1.34, 1.45, 1.62 and 2.29 for missing data of 75, 

50, 25 and 0% respectively); when fixed positions are used, differences of matrix sizes 

produced with different M values are lower, but still more pronounced when less 

missing data are allowed. When building each individual locus, higher values of M will 

allow higher heterozygosity within loci. Thus, putative loci presenting more than one 

heterozygous positions that would otherwise be split when M=1, cluster together when 

M=2. This increases the probability of alignment of those loci among individuals when 

building the catalog, and thus, the probability of finding these loci in a higher number of 

individuals also increases. This added variability information will be represented only 

when IUPAC encoded sites are used, explaining why the differences between matrix 

sizes using M=1 and M=2 are bigger. When all species are considered, n=8 results in 

larger matrices than n=4 (by an average factor of 1.3 and 1.7 for fixed and IUPAC 

encoded sites respectively), whereas almost no difference is observed when using 

different n values when only Thunnus species are considered. The outgroup species are 

expected to be more divergent with respect to the rest the species. Higher values of n 

allow recovering more divergent orthologous loci, providing more informative positions 

resulting from the relatively high genetic distance of the outgroup species. When fixed 

positions are considered, matrices including all species are always larger than those 

including only Thunnus individuals (by an average factor of 1.6 and 2.8 when using 

individuals or species respectively); when IUPAC encoded sites are used, including all or 

only Thunnus species results in similar size matrices when high thresholds of missing 

data are used (75 and 50%), but on smaller matrices when all species are considered 

when small missing data thresholds are used (factors of 0.6 and 0.5 when 25 and 0% of 

missing data are allowed). More positions fixed within but variable between species are 

found if the outgroup is included, which is expected given that these positions are 

product of fixation process during speciation, and the greater the evolutionary time, the 
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greater the allele fixation probability. IUPAC encoding of polymorphic sites allows for 

retention of heterozygous positions within individuals and species, which may be 

valuable in resolving recent divergences. However, when low percentages of missing 

data are allowed and the outgroup is included, positions resulting from recent speciation 

events may not be included in the analysis and thus prevent resolution of close 

relationships. On the other hand, high percentages of missing data allow positions 

present in only a subset of individuals to be included in the analysis. 

Table 1. Matrix sizes and supported topologies according to bootstrap value thresholds 

of 95% (BV > 95) and 80% (BV > 80) for all the 128 analyses produced from the 8 catalogs, 

using both fixed and IUPAC encoded positions filtered per individual or per species and 

allowing different percentages of missing data (represented in black in the ‘‘missing” 

column). Topology 1 stands for the one supported by the majority of the analyses and 

topologies 2 and 3 for the alternative ones (corresponding to trees 60, 31 and 105 in 

Appendix A, respectively). When the outgroup is included, the genus was either rooted 

by T. alalunga (ala) or the T. thynnus and T. orientalis (thyori) clade. The asterisks 

indicate analyses for which the either monophyly of T. thynnus or of T. orientalis is not 

supported. 
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3.3. Phylogeny of the genus Thunnus 

Taking all analyses into account, a single topology (Figure 2) is supported (all branches 

with BV>95%) by 90 out of the 128 analyses, whereas no alternative topology is 

supported at that BV level (Table 1). Only when lowering the BV threshold down to 80%, 

two new topologies, supported by a few analyses based on the smallest matrices, arose. 

As for the position of the root, 9 or 22 (for BV>95% or 80% respectively) of the 64 

analyses that include all species support the position of the root on the branch of T. 

alalunga, whereas an alternative rooting in the T. orientalis/T. thynnus branch is 

supported by 3 analyses only when lowering the BV to 80% (Table 1). As reported by 

other studies (Rubin, Ree, Moreau 2012; Jones et al. 2013; Wagner et al. 2013; Cruaud 

et al. 2014; Hipp et al. 2014; Hou et al. 2015; Leaché et al. 2015), the use of IUPAC 

encoded sites and allowing higher missing data percentages not only produces larger 

matrices, but also results in better resolved trees (Table 1). Yet, although high bootstrap 

alone is not evidence of tree accuracy (Rodríguez-Ezpeleta et al. 2007), the congruence 

obtained among our different analyses is considered a good indicator of true 

evolutionary signal in the data (Hillis 1995; Rubin, Ree, Moreau 2012). Additionally, the 

fact that the trees with the highest support are the ones that have relatively the longest 

internal and shortest external branches suggests that the increased support is obtained 

by the use of more common and less independently acquired substitutions among 

lineages. In sum, our analyses support an alternative evolutionary history of Thunnus 

species that challenges previous definitions of the Neothunnus subgenus (Alvarado 

Bremer, Naseri, Ely 1997) and sets the root of the Thunnus genus within the T. alalunga 

branch. According to our results, T. obesus should be included within the Neothunnus 

subgenus. This implies that either this species lost the central heat exchanger and 

adapted to colder waters independently from the rest of temperate tunas by developing 

the lateral heat exchanger, as well as visceral and cranial retia mirabilia as it has been 

reported before for different lineages of Scombridae (Block et al. 1993) or that tropical 

tunas developed their central heat exchanger a posteriori independently from other 

lineages of Scombridae (Collette, Reeb, Block 2001).   
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Figure 2. Tree obtained from the analysis corresponding to M=2, n=8, IUPAC encoded 

sites selected per species allowing 75% of missing data that represents topology 1, 

supported by the majority of the analyses (outgroup has been removed to improve 

visibility; see Tree 60 in Appendix I). Values above branches indicate bootstrap values 

and below, percentage of analyses that support that branch at BV > 95 % (above) or BV 

> 80% (below). The scale bar indicates number of estimated substitutions per site. Images 

are courtesy of FAO. 
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3.4. Relationships between the Atlantic and Pacific bluefin tunas 

All species- and individual-based phylogenetic trees (see Appendix I) strongly support, 

with bootstrap values (BV) of 100%, the sister group of T. thynnus and T. orientalis, and 

contradict previous mtDNA-based studies where Atlantic and Pacific bluefin tunas did 

not cluster as sister species (Chow, Inoue 1993; Chow, Kishino 1995; Takeyama et al. 

2001; Alvarado Bremer et al. 2005; Viñas, Tudela 2009). Some authors have 

hypothesized mitochondrial introgression events between different Thunnus species as 

the main reason for discordances between mtDNA and nuclear DNA-based inferred 

relationships (Chow et al. 2006; Viñas, Tudela 2009). This is supported by our analyses 

as the comparative study of the COI sequences revealed two T. thynnus individuals with 

introgressed mitochondrial DNA (Supplementary Figure 1) that had no phylogenetic 

relationships with T. alalunga or T. orientalis in the nuclear DNA-based phylogenetic 

trees. Attending to morphological features (Gibbs Jr, ColleTTE 1967) and allozyme and 

mitochondrial molecular markers (Collette, Reeb, Block 2001), the Atlantic and Pacific 

bluefin tunas have been considered as two different subspecies; yet, this has been 

questioned after their ITS1 nuclear marker sequences were found nearly identical (Chow 

et al. 2006). In our study, most analyses support the respective monophylies of T. 

thynnus and T. orientalis, with only some trees based on the smallest matrices not 

providing support for either of the two monophylies (Table 1). The fact that these 

analyses do not provide support for any other alternative grouping and that these two 

species constitute closely related lineages (Chow et al. 2006; Viñas, Tudela 2009), 

suggest that finding enough phylogenetic signal to resolve their relationship requires 

not including distant groups, such as the outgroup, allowing high percentages of missing 

data in order to allow markers not present in other taxa, and using positions that are 

heterozygous within individuals and/or variable among species. Additionally, events 

such as incomplete lineage sorting, introgression or hybridization may hamper 

phylogenetic inferences (Hou et al. 2015). Resolving the recent evolutionary history of 

Pacific and Atlantic Bluefin tuna will require further analyses based on more individuals. 

4. Conclusions 

Our study corroborates RAD-seq as an efficient tool to gather enough phylogenetically 

informative nuclear markers to resolve relationships among closely related species. 
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Testing different strategies to select markers to be used for phylogenetic inference, we 

have observed that, generally, despite including more missing data, bigger matrixes 

based on variable sites provide higher phylogenetic resolution. Applied to the resolution 

of the phylogeny of the genus Thunnus, our study based on RAD-seq derived genome-

wide nuclear markers, redefine the Neothunnus group, which should now include T. 

obesus, raising new questions about the evolutionary history and adaptation processes 

to temperate or tropical waters within the genus Thunnus. Additionally, we found 

markers that support the differentiation of Atlantic and Pacific bluefin tunas, although 

their classification as two distinct species remains unclear and needs further review. 

Importantly, the analyses performed and data generated within this study represent a 

valuable resource for the development of nuclear genetic markers for species 

identification that, unlike previously developed markers, are valid for both, closely 

related (T. thynnus and T. orientalis) or more distantly related species and are not 

affected by mitochondrial introgression events. Yet, in order to be applicable for fish 

product traceability and thus assist implementation and enforcement of conservation 

and management plans these markers should be validated in an alternative set of 

samples of known origin. 
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Abstract  

Successful sustainable management of marine fish populations requires that assessed 

management units (stocks) correspond to biological populations. This issue has long 

been discussed in the context of Atlantic bluefin tuna (ABFT) management, which 

currently considers two unmixed stocks while not incorporating that individuals born at 

each of the two main spawning grounds (Gulf of Mexico and Mediterranean Sea) mix in 

feeding aggregations throughout the Atlantic. Here, using thousands of highly 

informative genome-wide markers obtained from larvae and young of the year collected 

at the main spawning grounds of the species, we provide the first direct genetic evidence 

for “natal homing” in ABFT. This has facilitated the development of an accurate, cost-

effective and non-invasive genetic origin traceability tool that allows for the assignment 

of catches to population of origin, which is crucial for ensuring an ABFT management 

based on biologically meaningful stock units rather than simply on catch location.  
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1. Main text  

The fishing industry makes important contributions to the economy, social health and 

well-being in many countries, but has led to an overexploitation of several fish species 

(FAO 2016). In order to ensure a sustainable use of these valuable resources, fisheries 

management strategies need to be formulated and implemented, for which the status 

(i.e, abundance, levels of mortality, etc.) of fish stocks (management units) needs to be 

assessed (Musick, Bonfil 2005). Developing successful fisheries management measures 

requires reproductively isolated populations be assessed as independent stocks (Reiss 

et al. 2009). Yet, marine fish stock definition is not trivial, as intermediate scenarios that 

lie between full random mating (panmixia) and no genetic exchange among populations 

are frequent and not easy to discern. This seems to be the case of the iconic Atlantic 

bluefin tuna (ABFT), Thunnus thynnus, a highly migratory large pelagic fish that inhabits 

the North Atlantic Ocean and adjacent seas (Mather, Mason, Jones 1995; Fromentin, 

Powers 2005), and whose sustainable management is a priority due to high demand in 

the growing globalized fish market (Sissenwine, Pearce 2017).  

Since the early 1980s, management of ABFT has considered two stocks separated at the 

45°W meridian. The division was based on the recognition of two main spawning 

grounds, the Gulf of Mexico and the Mediterranean Sea (Fromentin, Powers 2005), and 

on the assumption of no or low levels of mixing between the two. Yet, tagging surveys 

(Lutcavage et al. 1999; Galuardi et al. 2010; Arregui et al. 2018) and ear stone (otolith) 

chemistry analyses (Rooker et al. 2008; Rooker et al. 2014) have challenged this 

management delineation by demonstrating regular and frequent trans-Atlantic 

migrations of ABFT adults while also suggesting that individuals return to their birth 

place to spawn (Block et al. 2005; Rooker et al. 2014). This process, termed “natal 

homing” would imply that ABFT should be managed as a mixed stock fishery (i.e., that 

composed by spatio-temporally defined aggregations of individuals from different 

biological populations), which would require individuals caught in the mixing areas be 

assigned to their birth location. 

Genetic analyses could provide the decisive line of evidence of natal homing in ABFT, 

but studies performed so far have been based on a few number of markers that do not 
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allow developing a traceability panel (Alvarado Bremer et al. 2005; Carlsson et al. 2007; 

Boustany, Reeb, Block 2008), and have not considered a recently discovered potential 

alternative spawning location within the Northwest Atlantic Ocean (Richardson et al. 

2016a). This lack of genome-wide based evidence for the homing hypothesis has 

prevented the development of the standardized, reliable and cost-effective origin 

traceability tool needed for implementing a mixed-stock management approach in 

ABFT.  

Here, we have performed population genetic analyses based on hundreds of reference 

samples (i.e. larvae and young of the year, assumed to be found at or close to the area 

where they were spawned) and thousands of genome-wide Single Nucleotide 

Polymorphism (SNP) markers. Our analyses provide solid direct genetic evidence of natal 

homing in ABFT. From this, we have derived a genetic traceability tool that we have used 

to map the natal origin of one thousand ABFT individuals caught in the mixing areas 

throughout the Atlantic Ocean as well as of larvae and young of the year from outside 

the Gulf of Mexico and Mediterranean Sea, including recently found larvae from the 

Slope Sea (Richardson et al. 2016a). The accurate and cost-effective genetic stock 

assignment tool developed here allows separating ABFT catches into two biologically 

meaningful units so that accurate stock assessments can be performed on each of them, 

allowing an efficient sustainable management strategy. 

 

2. Materials and Methods 

A detailed description of the methodological procedures as well as schematic 

representation of the samples used, and approach followed throughout the study are 

provided as WebPanel 1. 

Larvae, young of the year, juveniles and medium to large adult ABFT (Thunnus thynnus) 

samples were obtained from scientific surveys and commercial fisheries operating 

throughout the species distribution range, including spawning grounds (WebTables 1-

5). Genomic DNA was extracted from tissue or larvae samples and used for generation 

and sequencing of Restriction-site-associated DNA (RAD-seq) libraries. Generated RAD-

tags were quality filtered and used for SNP discovery and genotyping. About ten 



 

 

69 Natalia Díaz-Arce 

thousand SNPs passing quality filters and 204 samples (26 from the Gulf of Mexico, 13 

from the Slope Sea, and 68, 48 and 49 from the Western, Central and Eastern 

Mediterranean respectively) were used for deciphering ABFT population structure 

based on principal component analyses (PCA) and Bayesian clustering of individuals into 

potential ancestral populations. Based on the populations identified in the PCA and 

Bayesian clustering analyses, SNPs were ranked according to their differentiation level 

among populations, and the 230 most discriminant (WebTable 6) were genotyped in a 

new set of samples for technical and biological validation. From them, the 96 most 

discriminant (WebTable 7) were genotyped in an additional set of known-origin 

reference samples for assessing their assignment power as percentage of correctly 

assigned samples. All reference samples of known origin genotyped for this final set of 

96 SNPs constituted a baseline of 646 samples that was used for assignment of 940 

adults of unknown origin collected at feeding aggregates and of 21 larvae and young of 

the year collected at or near potential spawning grounds. 

 

3. Results  

3.1. First direct genetic evidence of natal homing in ABFT 

Our population genetics analyses, based on thousands of genome-wide markers 

discovered and genotyped through RAD-seq (see WebPanel 2 for details) from more 

than 200 ABFT larvae and small young of the year, show differentiation among 

Northwest Atlantic (including Gulf of Mexico and Slope Sea) and Mediterranean Sea 

locations (Figure 1). In the Bayesian analysis, despite all individuals displaying admixed 

representation of each of the two hypothetical ancestral populations, samples generally 

cluster by assumed stock, and probability of belonging to one of the two hypothetical 

ancestral populations is significantly different between the Northwest Atlantic and the 

Mediterranean Sea (p value = 2.2x10-16). This genetic differentiation between the two 

main spawning grounds coupled with the reported extensive trans-Atlantic migrations 

of ABFT supports the natal homing hypothesis. On each side of the Atlantic Ocean, 

distinct patterns of genetic differentiation emerged. The Mediterranean Sea samples 

appear genetically indistinguishable, supporting current paradigms (Arrizabalaga, et al. 
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2018) and contradicting previous findings based on a few markers (Carlsson et al. 2007; 

Boustany, Reeb, Block 2008; Riccioni et al. 2010). In contrast, the Gulf of Mexico larvae 

and the Slope Sea young of the year show genetic differentiation in both the Bayesian 

analyses (their distributions of belonging to one of the two hypothetical ancestral 

populations differ; p value=0.047) and the principal component analyses (some Slope 

Sea samples overlap with the Mediterranean Sea ones), highlighting the need for further 

studies to decipher the western, eastern or mixed population of origin of Slope Sea 

larvae.  

 

Figure 1. Genetic differentiation among main spawning grounds. a) Map showing the 

stock delimitation meridian and depicting the locations where reference samples used 

for population genetics analyses were collected; FST values (rounded to three decimals) 

among each pair are indicated; triangles denote larvae and circles, young of the year. b) 

Graphical representation of the Bayesian clustering approach, where each bar 

represents an individual and each color, its inferred membership to each of two potential 

ancestral populations (K=2); boxplots, sized proportionally to number of individuals, 

illustrate assignment of individuals from each location to one of two hypothetical 
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ancestral populations; for the different Mediterranean locations, larvae and young of the 

year are situated left and right of the black line respectively. c) Principal Component 

Analysis (PCA) of allele frequencies; the first two principal components are shown; each 

dot represents one sample colored according to its area of origin. Ovals represent 

95% inertia ellipses. Based on catalog 1 (see WebFigures 1 and 2 and WebTable 8 for all 

catalogs). 

 

3.2. Development of an origin traceability tool for improving ABFT management 

The confirmation of natal homing by our population genetics study allowed us to 

develop an accurate and operational origin traceability tool. For that aim, we selected 

and validated a subset of stock differentiating SNPs (see WebPanel 3 for details) and 

included the 96 most discriminant in a genetic stock identification panel. SNP panel 

validation conducted on a reference set of samples excluded from SNP discovery or 

selection resulted in 81% and 83% of the Gulf of Mexico and Mediterranean Sea origin 

samples being correctly assigned, 10% and 2% incorrectly assigned and 9% and 15% 

unassigned respectively (Figure 2A). Despite the good performance of our assignment 

panel (89 and 98% of the samples with assignment score higher than 80% are correctly 

assigned to the Gulf of Mexico or Mediterranean Sea respectively) compared to previous 

endeavors (Puncher et al. 2018), there are samples that indicate a different origin from 

the region from where they were collected, consistent with the pattern observed in the 

principal component analysis (PCA) of allele frequencies of our baseline samples (Figure 

2B). Interestingly, the 95% confidence ellipses of each spawning component showed low 

overlap compared to that observed using otolith chemistry (Rooker et al. 2008; Rooker 

et al. 2014), suggesting higher discriminant power of SNP markers for origin assignment 

of ABFT. 

Similar to otolith chemistry analyses, SNPs based traceability is better for samples 

collected in the Mediterranean Sea versus the western Atlantic and is not 100% in either 

case. This could be compatible with a fraction of individuals spawning in a different area 

from which where they were born, which, due to the larger biomass of the eastern stock 

(estimated to be ten times larger than that of the western stock), would mean more 
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Mediterranean origin individuals not returning to their birth area. Another explanation 

could be the limited number of Gulf of Mexico and Slope Sea samples used for the first 

SNP selection, which could have not been enough to capture the whole diversity of this 

area. Finally, we could also argue that our SNP panel is not able to capture the entire 

genetic diversity to perform a perfect assignment due to a limited number of markers, 

which could be possible if allele fixation is still incomplete due to a recent separation 

among stocks (Alvarado Bremer, et al. 2005). If this were the case, increasing the SNP 

number would lead to an increased assignment power, while we observe that the 

maximum assignment power was attained with as low as 36 SNPs markers if the most 

discriminant among the 96 were chosen (Figure 2C). 

 

3.3. Mapping the origin of ABFT mixing aggregates  

Origin assignments using the newly developed 96 SNP panel suggest that most 

individuals caught in each area originate from their closest spawning ground (Figure 3). 

The proportion of western origin ABFT in eastern fishing grounds varied between 0 and 

9% (average of 4%), and proportion of eastern origin ABFT in western fishing grounds 

varied between 23 and 56% (average of 37%). Individuals caught in Norway (close to the 

northern distribution limit of the species) and Mauritania (where ABFT observations are 

very rare), whose stock of origin has never been studied before, seem to be mostly of 

Mediterranean Sea origin. The proportion of western origin fish in other Eastern regions 

(Central Atlantic, Bay of Biscay, Gulf of Cadiz, Strait of Gibraltar,  Morocco and Canary 

Islands) is comparable with previous estimates using otolith chemistry (Rooker et al. 

2014). The origin of individuals caught west of the 45°W meridian is more variable 

between regions, and the proportion of Mediterranean Sea origin is highest in the 

Central Atlantic and lowest in the Newfoundland-Labrador area. Strikingly, the Gulf of 

St. Lawrence shows a surprisingly high proportion of Mediterranean Sea origin ABFT 

individuals, which can be due to the greater abundance of the eastern population, such 

that even relatively low migration rates can result in a high proportion of Mediterranean 

Sea origin fish in this area. 
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Figure 2. Composition of the genetic baseline and origin assignment success rates. a) 

Percentages of correct or incorrectly assigned samples for reference samples captured in 

the Gulf of Mexico (GOM) and the Mediterranean (MED); purple indicates Gulf of Mexico 

origin, orange, Mediterranean origin, and grey, unassigned samples. b) Principal 

Component Analysis (PCA) of allele frequencies of the Gulf of Mexico (purple) and 

Mediterranean (orange) individuals included in the baseline; the first two principal 

components of the PCA are shown; each dot represents one sample, and ovals represent 

95% inertia ellipses. c) Evolution of the percentage of correctly or incorrectly assigned 

Gulf of Mexico (purple) and Mediterranean (orange) origin samples as number of SNPs 

used increases; vertical bars indicate standard deviation and dots, correct assignment 

rates for the most discriminant subsets of SNPs. Panels A and C are calculated for an 80% 

assignment score threshold; see WebFigure 3 for 70 and 90% assignments scores as well 

as for sensitivity and specificity analyses of each threshold. 
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For the first time, larvae and young of the year caught in two potential spawning areas 

outside the Mediterranean Sea and Gulf of Mexico have been genetically analyzed. All 

confidently assigned Canary Island individuals have similar genetic signals as fish of 

Mediterranean Sea origin. These islands have already been suggested as a potential 

spawning area (Mather, Mason, Jones 1995); however, it is unclear if the young of the 

year found here are from natal sites in the eastern Atlantic Ocean or migrants from the 

Mediterranean Sea. On the other hand, the larvae caught in the Slope Sea were assigned 

to both main spawning areas. Given the distance to the two main spawning grounds and 

estimated larval age (less than four days), it is not possible that these larvae were 

spawned in the Gulf of Mexico or the Mediterranean Sea. Instead, these results suggest 

more complex scenarios: i) the Slope Sea spawners are part of a single population that 

includes fish born in the Mediterranean Sea; ii) the Slope Sea spawners are part of a 

single population that includes fish born in the Gulf of Mexico; iii) the Slope Sea 

spawners form an independent population; iv) individuals from the Gulf of Mexico and 

Mediterranean Sea use this area independently as an alternative spawning site or v) 

individuals from the Gulf of Mexico and Mediterranean Sea interbreed in this area. 

Further targeted genetic studies are needed to test these hypotheses and shed light on 

the contribution of the Slope Sea and other Atlantic Ocean spawning areas.  
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Figure 3. Origin assignment of mixing aggregates and reference samples from 

outside main spawning grounds. Proportion of samples assigned to the Mediterranean 

(orange) or Gulf of Mexico (purple). Black outline indicates mixing aggregates; grey 

outline indicates Slope Sea larvae and Canary island young of the year. Number of 

samples analyzed per location are indicated. 

 

4. Discussion 

The assessment and management of ABFT have been hindered for decades due to an 

incomplete understanding of the species’ complex migratory patterns.  Spatial dynamics 

is especially important for the assessment and management of the western stock 

(Morse et al. 2018), which is estimated to be an order of magnitude smaller than the 

eastern stock. Given the extensive and interannually variable mixing across the Atlantic 

(Galuardi et al. 2010; Arregui et al. 2018; Arrizabalaga et al. 2018), the hypothesis behind 

the current management approach, where fish caught west of the 45°W meridian are 

assigned as western origin and vice versa is not valid. Instead, an appropriate 

management approach should rely on a tool that accurately and cost-effectively assigns 
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ABFT catches to a given stock based on where they were spawned and not on where 

they were caught.  

The SNP panel presented here allows the annual assignment of catches to population of 

origin within the same turn-around time at which ICCAT currently provides annual catch 

estimates, allowing for timely catch reporting in terms of biologically meaningful stock 

units rather than broad spatial areas. Our SNP panel is based on a solid sample baseline, 

provides accurate origin assignment and is cost-effective (less than US$10 per sample 

(Campbell Nathan, Harmon Stephanie, Narum Shawn 2014)). Moreover, this non-

invasive tool can be operationalized to screen the origin of international catches 

following an easy sampling protocol and without affecting the market value of the fish. 

This facilitates mixing based assessment approaches (Taylor et al. 2011) that can capture 

stock specific productivity dynamics and tailor management advice for each stock. 

Additionally, while the current management regime only allows for area-based quotas 

to be implemented, which is ineffective for ensuring sustainable population harvesting, 

an operational implementation of the genetic tool developed here would allow for 

population specific quotas, which is critical for effective management of ABFT. This new 

genetic tool comes at an opportune time as alternative management strategies are 

under consideration by ICCAT (Carruthers et al. 2016), that could include management 

approaches based on monitoring of population-specific exploitation rates (Bradbury et 

al. 2014). This scientific achievement is relevant for ABFT fishery managers, who will now 

see their management actions have the expected impacts on ABFT populations.  

Additionally, our research also represents a promising avenue for all other mixed stock 

fisheries around the world. Unfortunately, it is very common that stock boundaries do 

not correspond to true biological populations (Reiss et al. 2009). Consequently, 

management actions do not have the expected impacts (e.g. on recovery of overfished 

stocks) and mismanaged populations remain at risk. Developing genetic tools to assign 

the catch to the correct population will allow for a more effective fisheries management 

worldwide. 
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Abstract  

The Atlantic bluefin tuna (ABFT, Thunnus thynnus) is considered as two demographically 

independent populations for the purpose of management: East and West, separated by 

the 45°W meridian and assumed to spawn respectively in the Mediterranean Sea and 

the Gulf of Mexico. However, evidence of regular and frequent trans-Atlantic 

movements involving stock-mixing in the North Atlantic and the unknown origin of a 

newly discovered spawning ground in the Slope Sea (between the Gulf Stream and the 

northeast U.S. continental shelf) challenge the current two-stocks based management 

strategy. Using thousands of single nucleotide polymorphisms (SNPs) discovered 

through Restriction Associated DNA sequencing (RAD-seq) of five hundred larvae, young 

of the year and spawning adult ABFT samples covering the three spawning grounds and 

including individuals of other Thunnus species, we have studied the population structure 

and genetic connectivity of Atlantic bluefin tuna, integrating information of possible 

signs of inter-species introgression. We found i) Mediterranean-like individuals in the 

Gulf of Mexico, ii) that the Slope Sea is a genetically intermediate population between 

the genetically differentiated Mediterranean and Gulf of Mexico populations, iii) 

signatures of introgression from albacore tuna (Thunnus alalunga) in the ABFT nuclear 

genome occurring at different intensities between populations, and iv) genomic 

signatures of natural selection in a chromosomal inversion of albacore tuna origin 

present at highest proportions in the Mediterranean population. Altogether, these 

results support strongly asymmetric trans-Atlantic gene-flow from the Mediterranean 

to the Atlantic spawning grounds. Our findings highlight the need to revisit ABFT 

management strategies integrating a comprehensive view of population mixing 

dynamics.  
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1. Introduction 

The Atlantic bluefin tuna (ABFT, Thunnus thynnus) is a large and highly migratory species 

that inhabits waters of the North Atlantic Ocean and adjacent seas (Fromentin, Powers 

2005). Decades of fishing activity have led to the overexploitation of this great 

commercial pelagic species, which, as recently as 2011 was considered endangered 

(Collette et al. 2011) but has during the last years experienced signs of substantial 

population increase at least in some population components (ICCAT 2017). ABFT is 

currently managed by the International Commission for the Conservation of Atlantic 

Tunas (ICCAT) as two separated management units: the Western and Eastern stocks 

which are separated by the 45°W meridian boundary and are assumed to originate from 

the two main spawning areas located in the Gulf of Mexico and the Mediterranean Sea, 

respectively (ICCAT 2019). Several studies on the population structure and dynamics of 

the species using different techniques such as electronic tagging (Block et al. 2005), 

otolith chemical signature (Rooker et al. 2014) or genetic markers (Puncher et al. 2015; 

Rodríguez-Ezpeleta et al. 2019) support the demographic uncoupling of the two 

spawning components (Gulf of Mexico and the Mediterranean Sea) . No individuals have 

been recorded to visit both spawning areas (Block et al. 2005), and otolith chemistry 

signatures (Rooker et al. 2014) and genetic differentiation support natal homing 

behaviour (Rodríguez-Ezpeleta et al. 2019). However, all these studies and past ones as 

well, found evidence for regular events of trans-Atlantic movements crossing the 45°W 

meridian boundary line between the two assumed stocks and mixing in foraging grounds 

along the North Atlantic. Nonetheless, the extent of stock mixing and connectivity at 

odd with current stock management remains unknown.  

In the midst of this uncertainty about the stock dynamics, the implications of a new 

recently found larvae of ABFT in the Slope Sea (Richardson et al. 2016a) generated great 

debate and controversy (Safina 2016; Walter et al. 2016) with one of the key unknowns 

being the origin of the Slope Sea larvae. Although subsequent work has documented 

that young of the year (YoY) captured in the mid-Atlantic areas were born at times 

consistent only with Gulf of Mexico birth origin (Arai, Graves, Secor 2020), the finding of 

these larvae in the Slope Sea which clearly indicated spawning activity in this area 

(Richardson et al. 2016b), coupled with satellite tagging indicating usage of this area by 
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spawning size fish (Galuardi et al. 2010), inspired an hypothesis of age-structured 

spawning of the Western stock individuals which would use the Slope Sea spawning area 

at younger ages, which remains untested.  

In addition to this, previous studies based on mitochondrial genetic markers detected 

mitochondrial introgression from albacore tuna (Thunnus alalunga) in a small 

percentage of Atlantic Bluefin tuna individuals (Alvarado Bremer et al. 2005; Viñas et al. 

2011; Díaz-Arce et al. 2016), but the exact origin and the potential influence of this 

introgression on the evolution of the species is unknown. It is known that introgression 

between species can lead to different phenomena relevant to understand species 

structure and connectivity such as triggering genomic evolution (Jay et al. 2018) or the 

incorporation of adaptive traits (Taylor, Larson 2019). 

In order to disentangle the population structure and connectivity of ABFT, here we 

genotyped thousands of SNPs discovered thought Restriction Associated DNA 

sequencing (RAD-seq) of five hundred ABFT, including larvae, young of the year (YoY) 

and adult samples covering the three spawning grounds. We also analysed individuals 

of other Thunnus species to test for and quantify inter-species introgression. We 

detected ongoing asymmetric migration occurring from the Mediterranean to the 

Atlantic spawning grounds and determined that the intermediate genetic composition 

of the Slope Sea samples results from admixture between the Mediterranean and Gulf 

of Mexico ancestral populations. We reported a signal of nuclear introgression from 

albacore into the Atlantic bluefin tuna and identified a chromosomal inversion of 

albacore origin containing genomic signature of natural selection. We hypothesized that 

the observed genetic differentiation between the Mediterranean and the Atlantic 

populations despite evidence for ongoing gene-flow could be due to genetic isolation 

followed by a recent intensification of migration rates towards the Atlantic spawning 

grounds, exposing this populations to a risk of genetic erosion. Our study improves 

knowledge on the population dynamics of the species and calls for reappraisal of ABFT 

fisheries management strategy. 
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2. Material and Methods 

A summarized schematic view of samples used and methods applied is included in Figure 

S1. 

 

2.1. Tissue sampling and DNA extraction  

Larvae, young of the year and adult samples from ABFT were obtained from scientific 

surveys and commercial fisheries (Table S1) from the three known spawning grounds of 

the species (Figure S2). From each fish, a ~1cm3 piece of muscle or fin tissue sample was 

excised and immediately stored in RNA-later or 96% molecular grade ethanol at -20ºC 

until DNA extraction. Larvae were collected with a 60 cm diameter bongo net or a 2 x 1 

meter frame net and immediately preserved in molecular grade ethanol 96%. Genomic 

DNA was extracted from about 20 mg of tissue or from whole or partial larvae (eyeballs 

or tails) using the Wizard® Genomic DNA Purification kit (Promega, WI, USA), following 

manufacturer’s instructions for “Isolating Genomic DNA from Tissue Culture Cells and 

Animal Tissue”. Extracted DNA was suspended in Milli-Q water and concentration was 

determined with the Quant-iT dsDNA HS assay kit using a Qubit® 2.0 Fluorometer (Life 

Technologies). DNA integrity was assessed by electrophoresis, migrating about 100 ng 

of GelRed™-stained DNA on an agarose 1.0% gel. 

 

2.2. COI sequence amplification 

A fragment of the cytochrome oxidase subunit I (COI) gene was amplified from 86 T. 

thynnus individuals (37 from the Mediterranean Sea, 16 from the Slope Sea and 33 from 

the Gulf of Mexico; see Table S1) using the FishF1 (5ˈ-244 

TCAACCAACCACAAAGACATTGGCAC-3ˈ) and FishR1 (5ˈ-

TAGACTTCTGGGTGGCCAAAGAATCA-3ˈ) primers (Ward et al. 2005). Amplification was 

performed in a total volume of 20 μl with 0.2 μl of Dream Taq Polymerase (Thermo 

Fisher Scientific), 2 μl of Dream Taq Buffer 10X (Thermo Fisher Scientific), 0.4 μl of each 

primer and 50 ng of total DNA using the following profile: an initial denaturation step at 

95°C during 3 min, 35 cycles of 30 sec at 98°C, 30 sec at 54°C and 60 sec at 72°C, and a 

final extension of 72°C for 10 minutes. Products were visualized on 1.7% agarose gels, 

purified with GE Healthcare Illustra ExoProStar™ (ref. US77705) and Sanger sequenced. 
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The newly generated 86 sequences were edited using SeqTrace 0.9.0, submitted to 

Genbank (Accession numbers MT037084- MT037149, MT037151-MT037170) and 

aligned with BioEdit (v7.2.5) together with other publicly available COI sequences of 

albacore (accession numbers KT074094-KT074102, KP975846-KP975848, KJ709651, 

KC501673- KC501692, KC015952, KC015953, DQ835818-DQ835824, LN908908, 

LN908909, KY984977, KY656479, KU945044, EU752221-EU752223, HM007772- 

HM007774, KU168615-KU168617, HQ167713, GQ414571, GQ414565, FJ605767, 

FJ605798, FJ605804, FJ605808, JQ624006, KP330355- KP330357, KM055416, JN007752- 

JN007761, KF544951, KF597027, DQ107645-DQ107647, DQ107658, DQ107659, 

MT037065-MT037069), Pacific bluefin tuna (accession numbers DQ107581, DQ107590-

DQ107592, DQ107631, MT037070-MT037074) and ABFT (accession number NC004901, 

DQ107585-DQ107587, DQ107589, GQ414568, GQ414569 , MT037075-MT037081), 

including the alalunga-like (accession number GQ414567, GQ414572, MT037082, 

MT037083) and the Pacific-like (accession number GQ414573) haplotypes. Diagnostic 

positions indicating mitochondrial introgression from albacore were identified as those 

that cluster some of the ABFT samples with albacore or Pacific bluefin and not with the 

rest of the ABFT. 

 

2.3. RAD-seq libraries preparation and sequencing 

Restriction-site-associated DNA libraries of 527 ABFT individuals (Table S1) were 

prepared following Etter et al. (2012). Starting DNA (ranging from 50 to 500ng) was 

digested with the SbfI restriction enzyme and ligated to modified Illumina P1 adapters 

containing 5bp unique barcodes. Pooled DNA of 32 individuals was sheared using the 

Covaris® M220 Focused-ultrasonicator™ Instrument (Life Technologies) and size 

selected to 300-500 pb by cutting agarose migrated DNA. After Illumina P2 adaptor 

ligation, each library was amplified using 14 PCR cycles. Each pool was paired-end 

sequenced (100 pb) on an Illumina HiSeq2000. 

 

2.4. RAD-tag assembly and SNP calling 

Generated RAD-tags were analyzed using Stacks version 2.3e (Catchen et al. 2013). 

Demultiplexing and quality filtering were performed using process_radtags truncating 
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all reads to 90 nucleotides to remove low-quality bases at the end of reads. Only those 

reads whose forward and reverse pairs passed quality filtering were kept, and PCR 

duplicates were removed applying clone_filter. Reference based assembly was 

performed by mapping the passing-filter reads of Atlantic bluefin tuna generated here 

as well as those of 4 Southern bluefin tuna (Thunnus maccoyii), 4 albacore (Thunnus 

alalunga) and 5 Pacific bluefin tuna (Thunnus orientalis) available from (Díaz-Arce et al. 

2016) (Table S1) to the least fragmented available reference genome of Pacific bluefin 

tuna (Suda et al. 2019) and to the ABFT mitochondrial genome (accession number 

NC_014052) using the BWA-MEM algorithm (Li 2013). Using SAMTOOLS (Li et al. 2009), 

the resulting SAM files were converted to BAM format, sorted and indexed. Mapped 

reads were filtered to include only primary alignments and correctly mate mapped 

reads, and SNPs from the nuclear genome were called using gstacks generating two 

catalogs, including and excluding individuals from the other Thunnus species. To ensure 

that population structure inferences were not biased by the use of a reference genome 

from a different species, de novo assembly was performed for result comparison 

including only samples from ABFT. Only forward reads were used to build loci with 

ustacks, setting a minimum coverage depth (m) of 3 reads per allele and a maximum 

number of 2 nucleotide mismatches (M) between two alleles at a same locus. A catalog 

of RAD loci was generated using cstacks, allowing a maximum number of 6 mismatches 

between two individuals homozygous for different alleles (n). Individual RAD loci were 

matched against the catalog using sstacks, data were stored by locus and SNPs were 

called using information from paired-end reads using tsv2bam and gstacks. Stacks 

parameters (m, M and n) were selected based on previous analyses from (Rodríguez-

Ezpeleta et al. 2019). The following steps were applied to both mapped and de novo 

catalogs. Only samples with more than 25,000 RAD loci were kept (Table S1) and only 

SNPs contained in RAD-loci present in at least 75% of the bluefin tuna (mapped and de 

novo) or in 75% of the individuals from each of the species included (mapped) were kept 

and exported into PLINK (Purcell et al. 2007) using populations. To avoid potential 

erroneous SNPs derived from read 2, only SNPs located in the first 90 bp of each contig 

were considered. Increasing threshold values for minimum genotyping rate for 

individuals and SNPs were applied to obtain a final genotype table with a minimum 

genotyping rate of 0.90 and 0.80 per SNP and individual respectively. SNPs with a 
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minimum allele frequency smaller than 0.05 within ABFT (except when the minor allele 

had a minimum allele frequency over 0.25 in at least one of the other species for the 

catalog including the other species) and which failed Hardy Weinberg equilibrium test 

at p < 0.05 in the group composed by Mediterranean  larvae and young of the year or in 

that composed by Gulf of Mexico larvae were removed. Resulting genotype tables 

including all SNPs or only the first SNP per tag were converted to genepop, structure, 

PLINK, BayeScan, immanc, VCF and treemix formats using populations and PGDSpider 

version 2.0.8.3 (Lischer, Excoffier 2011). Variant calling from the bam files obtained after 

mapping RAD-seq reads to the reference mtDNA genome was performed with gstacks 

and populations. Mitochondrial introgression diagnostic positions were extracted using 

PLINK (Purcell et al. 2007). 

Finally, one extra catalog was generated including only larvae of ABFT from the three 

different locations and the 4 available individuals of albacore. This catalog was built to 

maximize the number of variants to generate an unfolded site frequency spectrum of 

genetic variation between the three different locations of ABFT, and infer their joint 

demographic history. We used albacore as an outgroup species to polarize variants. Only 

sites that were not variable within albacore were kept to determine the most 

parsimonious ancestral alleles. Polymorphic positions not failing H-W equilibrium test in 

any ABFT location, with a minimum allele count of two, and derived from RAD loci 

present in at least the 80% of the samples of each group were selected using PLINK and 

VCFtools and saved in a variant calling format (VCF) file. 

 

2.5. Genetic diversity and population structure estimates 

The following analyses were performed on the mapped and de novo RAD-seq ABFT 

nuclear datasets including only the first SNP per tag. Differentiation was first assessed 

estimating total and per SNP pairwise FST values were calculated using GENEPOP 

(Raymond 1995) both including and excluding adult individuals. Significance (p < 0.05) 

of FST values was estimated by performing 10,000 permutations. Principal Component 

Analysis (PCA) were then performed using the adegenet R package (Jombart, Ahmed 

2011) to illustrate the segregation of individuals. The number and nature of distinct 

genetic clusters was investigated using the model based clustering method 

implemented in ADMIXTURE (Alexander, Novembre, Lange 2009) assuming from 2 to 5 



 

 

87 Natalia Díaz-Arce 

ancestral populations (K) and setting 5000 bootstrap runs. A first ADMIXTURE run was 

launched for each value of K to check the number of steps necessary to reach the default 

0.001 likelihood value during the first run. This information was used to set the “-c” 

parameter (steps to be fulfilled in each bootstrapped run) that would assure 

convergence for each analysis (from 20 to 100 steps) for the bootstrapped runs. The 

value of K with lowest associated error value was identified using ADMIXTURE’s cross-

validation procedure. The convertf function from ADMIXTOOLS software (Patterson et 

al. 2012) was used to convert from PLINK to eigenstrat format and then the qp3Pop 

function was used to calculate F3 statistic and Z-score associated values (Patterson et 

al. 2012), testing for all possible admixture scenarios grouping samples per location and 

considering adults in separated groups. 

 

2.6. Estimation of recent migration rates 

Migration rates between the Mediterranean Sea, Slope Sea and the Gulf of Mexico 

locations as well as individual ancestries were estimated considering only Larvae and 

YoY samples using BayesAss v3.04 (Wilson, Rannala 2003) and the reference mapped 

RAD catalog. Mixing parameters were adjusted by running tests following manual 

recommendations and the mixing parameters for the allele frequencies, inbreeding 

coefficients and migration rates were set to 0.2, 0.01 and 0.1 respectively. BayesAss was 

run executing 10,000,000 iterations and discarding the first 3,000,000 iterations as burn-

in and setting the interval between samples of the MCMC to 100. The program was run 

three times using different subsets of 5,000 randomly selected SNPs.  

 

2.7. Demographic History 

The unfolded Site Frequency Spectrum (SFS) for each ABFT location pair was estimated 

using the allele counts included in the VCF file obtained from the fourth catalog, 

including only  of ABFT larvae and the 4 albacore samples for variant polarization for 

inference of the demographic history of ABFT.. Allele counts were averaged over all 

possible resampling of 20 genotypes within each ABFT location and singletons were 

excluded. Expected joint multi-populations allele frequency spectrum of biallelic 

variants and model parameters were estimated for 5 different candidate models (Table 
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S5) using a diffusion approximation approach implemented in δaδi v1.7.0 (Gutenkunst 

et al. 2009). We adapted some of the available models and applied the optimization 

routine based on consecutive rounds of optimizations from Portik et al. (2017) to include 

the three different possible dichotomic origin of the three populations involving two 

splits, split of the ancestral population simultaneously originating the three populations 

and a first split originating the Mediterranean  and Gulf of Mexico populations and 

admixed origin of the SS. We tested all models suppressing or allowing inter-population 

constant migration rates since the time at which all the three populations were 

originated. All the models include a parameter which reflects the percentage of the 

variable sites correctly orientated with respect to the ancestral state. Best fit model was 

assessed using the Akaike information criterion and goodness of fit was analyzed by 

comparing our empirical SFS against a Poisson’s distribution of 100 simulated SFS log-

likelihood and log transformed chi-squared test values (Portik et al. 2017). 

 

2.8. Loci under selection 

Loci under selection were screened from the mapped and de novo RAD-seq ABFT 

nuclear datasets using two approaches. The reversible jump Markov chain Monte Carlo 

approach implemented in BAYESCAN 2.1 (Foll, Gaggiotti 2008) was applied by grouping 

samples per location setting default parameters of 50000 burn-in steps, 5000 iterations 

10 thinning interval size and 20 pilot runs of size 5000. Candidate loci under selection 

with a posterior probability higher than 0.76 (considered as strong according to the 

Jeffery’s interpretation in the software manual) and a false discovery rate (FDR) lower 

than 0.05 were selected. The multivariate analysis method, which does not require a 

prior grouping of the samples, implemented in the pcadapt R package  was applied 

following Luu, Bazin, Blum (2017) recommendations and outlier SNPs were selected 

following the Benjamini-Hochberg procedure. Contigs built by gstacks from de novo 

catalog in which outlier SNPs were located were mapped to the nuclear reference 

genome of the Pacific bluefin tuna to identify their positions along the genome. Pairwise 

linkage disequilibria between all filtered SNPs obtained from the mapped catalog and 

from those scaffolds which contained SNPs under selection was measured using the R 

package LDheatmap. 
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2.9. Tests for nuclear introgression 

Nuclear introgression from albacore to ABFT was tested by estimating historical 

relationships among species and populations using TreeMix (Prickell 2012), which 

estimates the maximum likelihood tree for a set of populations allowing historical gene 

flow events. This was completed by the ABBA/BABA test (Kulathinal, Stevison, Noor 

2009; Green et al. 2010; Durand et al. 2011), which measures the excess of derived 

alleles shared by the outgroup and one tested group (in this case, one ABFT group) 

compared with the derived alleles shared by the outgroup and another group taken as 

a reference (a different ABFT group). For both analyses (Treemix and ABBA/BABA), the 

first SNP in each tag of the mapped nuclear dataset including other tuna species was 

used. TreeMix was run allowing from 0 to 10 migration events, obtaining increasing 

number of possible gene flow events and associated likelihood values. The ABBA/BABA 

test was performed on the allele frequencies of the derived allele in albacore and ABFT 

locations, based on the ancestral state defined by the outgroup species Southern bluefin 

tuna. Patterson’s D statistic was calculated using R for all possible combinations of target 

and reference groups of ABFT, always considering albacore as the donor species. 

 

3. Results and discussion 

3.1. RAD-seq read assembly and SNP calling 

Five catalogs were constructed from the RAD-seq data (see Figure S1). For the de novo 

catalog, an average of 87% (SD. 14.1) of the total reads that passed pre-processing filters 

per sample were clustered into loci, which had an average coverage of 15.5X; the catalog 

resulted in 411 individuals and a total of 10,208 common loci and 16,369 SNPs. For the 

ABFT reference mapped catalog, 95.6 % of the reads mapped to the nuclear reference 

genome and an average of 90.7 % (SD. 2.6) of the mapped reads per sample were 

clustered into loci, which had an average coverage of 11.4X; the catalog resulted in 463 

individuals and a total of 19,291 common loci and 34,919 SNPs. For the reference 

mapped catalog including all ABFT individuals and other Thunnus species, 95.6 % of the 

reads mapped to the nuclear reference genome and an average of 90.7 % (SD. 2.6) of 

the mapped reads per sample were clustered into loci, which had an average coverage 

of 11.0X; the catalog resulted in 486 individuals and a total of 26,080 common loci and 



 
90  

61,393 SNPs. For the reference mapped catalog specifically generated for demographic 

history inference, 79.6 % (SD. 11) of the reads mapped to the nuclear reference genome 

and were clustered into loci, which had an average coverage of 16.9X; the catalog 

resulted in 84 ABFT individuals and a total of 13,238 common loci and selected SNPs. 

For the catalog mapped to the mitochondrial reference genome, 0.14% of the reads 

were mapped and an average of 28.18 % (SD. 7.3) were clustered into loci, which had 

an average coverage of 37.2X; only two tags covered three of the identified position 

diagnostic for introgression from albacore. Size of each final dataset and steps followed 

during data analysis are summarized in Figure S1. 

  

3.2. Population structure and contemporary migratory behaviour of ABFT 

Principal Component and ADMIXTURE analyses of ABFT populations based on RAD-seq 

datasets showed the existence of two genetically differentiated groups corresponding 

to Mediterranean and Gulf of Mexico samples (Figures 1 and S3). Increasing the number 

of assumed ancestral populations above two (Figure S3 and S4) did not provide with 

additional sub-structuring, supporting that genetic backgrounds of current ABFT 

populations derive from two ancestral populations. All pairwise FST values were very low 

(lower than 0.004) but significantly different from 0 (p<0.05), thus rejecting the 

hypothesis of panmixia.  (Table S3). Consistently with the existence of two main genetic 

clusters, pairwise FST values were the highest between Mediterranean Sea and the Gulf 

of Mexico locations. However, FST values involving the Gulf of Mexico always decreased 

if adult individuals were included (Table S3). This was explained by the presence of 

Mediterranean-like adult individuals within the group of Gulf of Mexico samples, as 

revealed by both PCA and ADMIXTURE results (Figures 1, S3 and S4).  Frequency 

distribution of the ancestry values of Gulf of Mexico and Mediterranean Sea locations 

estimated by ADMIXTURE (using the reference mapped catalog and assuming 2 

ancestral populations) were statistically different (Kolmogorov-Smirnov D=0.90765, 

p<2.2e-16). However, both distributions overlapped due to a secondary bump in the 

right tail of Gulf of Mexico distribution, due to the presence of Mediterranean-like 

genotypes (Figure 1B). In addition, some adult samples from the Gulf of Mexico were 

genetically intermediate, possibly reflecting mixed ancestries. Indeed, F3-admixture 

tests indicate an admixed origin of the Gulf of Mexico adults, but not of Gulf of Mexico 
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larvae (Figure 2A, Table S4). These results thus indicate contrasting ancestries between 

adults and larvae from Gulf of Mexico.   

 

 

Figure 1. Population structure of ABFT estimated from the nuclear SNPs mapped to the 

reference nuclear genome. A. Individual ancestry proportions estimated by ADMIXTURE 

when assuming two ancestral populations. B. Per location density distribution of 

individual ancestry proportions shown in A. C. Principal Component Analysis where 

individuals from the Gulf of Mexico (GOM), the Slope Sea (SS) and the Mediterranean 

Sea (MED) are represented in purple, red and orange respectively.  

In total, there were 12 adults (and no larvae) samples captured in the Gulf of Mexico for 

which their membership to the Mediterranean Sea distribution could not be rejected (p 

< 0.05) (see “MED-like” in Table S1). The likely migrant nature of those individuals was 

also supported by the BayesAss analysis, which provides evidence for contemporary 

migration from the Mediterranean Sea (Figure 2B, Figure S6). All these individuals were 

capture inside the Gulf of Mexico (not in Fl keys), and gonad histologic inspection of 

these 12 individuals revealed that all were spawning capable. Moreover, the only female 

Mediterranean-like individual caught in the Gulf of Mexico was at vitellogenesis stage 3 

and thus assumed to have ovulated within the last 24 hours (postovulatory follicle 
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complexes were observed, which are assumed to degrade within 24-48 h hours, 

although the exact time is unknown (McPherson 1991; Schaefer 1996; Aranda et al. 

2011)) (see Table S2 for reproductive stage of adult samples captured in the Gulf of 

Mexico). While no ABFT individual has been recorded from tagging data to visit both the 

Mediterranean Sea and Gulf of Mexico spawning grounds (Block et al. 2005), adult 

individuals found in the Gulf of Mexico which show a Mediterranean-like genetic profile 

suggest that migration into the Gulf of Mexico exists. Moreover, the finding of admixed 

genotypes suggests that this likely results in effective gene flow. In previous studies, 

genetic assignment of reference samples using a developed SNP panel for differentiation 

between the Gulf of Mexico and Mediterranean Sea populations was less effective when 

assigning samples of Gulf of Mexico origin (Puncher et al. 2018; Rodríguez-Ezpeleta et 

al. 2019). Percentage of fish captured in the Gulf of Mexico that was assigned as 

Mediterranean using the developed SNP panels were consistent with the proportion of 

Gulf of Mexico adults with Mediterranean ancestry that we observed in this study, 

meaning that rather than being incorrectly assigned, these percentages may reflect the 

presence of incoming migrants to the Gulf of Mexico. Otolith microchemistry 

measurements available for some individuals included in this study, were compared 

with the available baseline for measurements of δ18O and δ13C for Gulf of Mexico and 

Mediterranean Sea populations (Rooker et al. 2014) (Figure S7). However, baseline 

otolith microchemistry composition of both populations overlaps, and measurements 

available for 5 out of the 12 genetically Mediterranean-like adult individuals caught in 

the Gulf of Mexico show values within or near this overlap (Figure S7), suggesting that 

they may belong to a sub-group within ABFT populations of different origin, or 

characterized by particular migratory patterns during the first months of life. Indeed, 

the area of the North Atlantic Ocean with predicted values for otolith isotopic 

composition of oxygen (δ18O) intermediate between the Gulf of Mexico and the 

Mediterranean Sea spawning areas, reflecting a vast geographical area which includes 

the Slope Sea spawning area (Trueman, MacKenzie, Palmer 2012).  

 

3.3. Origin and role of the Slope Sea in the ABFT populations connectivity 

Individuals collected in the Slope Sea displayed an intermediate genetic composition to 

Gulf of Mexico and Mediterranean Sea, and a particularly large variance in ancestry 
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ranging from Mediterranean Sea to Gulf of Mexico like profiles (Figure 1, Table S3). 

Admixed genotypes covered a wide range of ancestry proportions that were consistently 

assessed by ADMIXTURE and the PCA (Figure S5). Accordingly, F3-admixture tests 

support an admixed composition of the Slope Sea from the Mediterranean Sea and Gulf 

of Mexico individuals (Figure 2A, Table S4). Moreover, the inferred proportions of 

individuals that are migrants from other source locations estimated by BayesAss support 

a strong contribution of contemporary migration from the Mdediterranean Sea, and to 

a lesser extent from the Gulf of Mexico (Figure 2B, Figure S6). Therefore, the observed 

variance in ancestry in Slope Sea likely reflects continuous influx and admixture.  

 

Likewise, all tested versions of the demographic scenarii including migration between 

locations were better ranked than those that did not include migration (Table S5). The 

best fit model includes a first split between Mediterranean and Atlantic populations and 

a second split between the current Gulf of Mexico and Slope Sea populations, allowing 

for inter-population migration since the second split event. The log-likelihood and log-

transformed chi-square’s values obtained after fitting the best model to the empirical 

data fall within the distribution of values obtained from simulated data optimization 

(Figure S8), indicating that the empirical data fits well within the expected values under 

the tested demographic model. Divergence time since the second split represents about 

6,7% of the divergence since the first split, supporting a relative recent origin of the 

Slope Sea population within the evolutionary history of the species. The best run for this 

model supports strong migration rates from the Mediterranean Sea into the two Atlantic 

populations, relatively high migration rates from the Gulf of Mexico into the Slope Sea, 

but moderate from the Slope Sea into the Gulf of Mexico, and relatively very weak 

migration towards the Mediterranean Sea (Figure 2C, Table S5). In general, for all the 

models the percentage of correctly orientated variants was above 98% (Table S5), 

suggesting that uncertainties in ancestral state estimation did not affect the inferred 

direction of asymmetric gene-flow.  
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Figure 2. Genetic and demographic connectivity between the three ABFT spawning 

grounds. A. Combination tests for which F3-statistic provided with statistically significant 

(Z< -1.96) negative values, indicating genetic admixture origin of a target population 

(central branch) from other two source populations (side branches). B. Per-location 

recent in-migration rates measured as proportion of individuals at each location that are 

migrants from the other two source locations (pie-charts) estimated by BayesAss. C. 

Visual representation of the best fit model (split_MED_mig) selected after comparison 

with the other nine demographic models tested in this study following the Aikaike 

information criteria. Values for effective populations sizes, migration rates and time 

estimates since splits are scaled to Ꝋ (theta).  

 

The heterogeneous ancestry profile of the Slope Sea, compatible with the three possible 

F1 parental pair combinations between Mediterranean and Gulf of Mexico individuals, 

suggest significantly strong contemporary influx of migrants which prevents genetic 

variation from stabilization. Results from electronic tagging revealed how some adult 

individuals visiting either the Gulf of Mexico or the Mediterranean spawning grounds 

routinely visit the recently discovered Slope Sea spawning area (Block et al. 2005), 

supporting the capability of adult individuals from both populations of spawning in the 

Slope Sea. 
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3.4. Genomic signatures of natural selection 

Our results that suggest relatively high ongoing migration rates between ABFT 

populations question how the observed genetic differences can be maintained despite 

gene flow. Beyond a few dozen migrants exchanged per generation gene-flow readily 

dilutes genetic differentiation between populations (Lowe, Allendorf 2010; Gagnaire et 

al. 2015). Although the low FST values between ABFT populations are common among 

marine fish species with large population sizes, high rates of dispersal and wide-ranging 

distributions, the number of migrants detected here should lead to genetic 

homogeneity. It is thus possible that genetic differentiation observed among samples 

exists because gene flow is relatively recent relative to mean generation times between 

17 and 20 years (ICCAT 2017) nor giving enough time for genetic homogenization. Given 

the population size of the Mediterranean population, we could be on the cusp of a 

process of genetic homogenization in Atlantic Bluefin tuna that will not be realized in 

the spawning population for several more years. As local adaptation can also help 

maintain genetic differentiation despite high gene-flow (Dionne et al. 2008; Tigano, 

Friesen 2016), we screened for signatures of natural selection in the genome of ABFT. 

PCA performed using only neutral markers still show genetic differentiation and 

produced a similar pattern to that obtained with the whole dataset (Figure S9). 

Therefore, while the role of local adaptation mechanisms contributing to population 

structuring is unknown, this result confirms that the genetic differentiation between the 

two distinct genetic backgrounds observed in ABFT populations is not only driven by 

selection.  

Regardless of the approach used to seek for outlier loci, candidate SNPs potentially 

under selection consistently revealed strong structuring that pulls the data towards 

location or other grouping  that does not correspond to the three sampled locations 

(Figure 3A, Figure S10). Coordinates of the first two PC’s from the PCAs performed using 

the SNP subsets obtained from the different analyses were highly correlated (Figure 

S10), all analyses showing strong grouping along the first PC (Figure 3A, Figure S10). No 

library or phenotypic sex effect (Benestan et al. 2017) was related to this grouping 

(Figures S11 and S12). In all the analyses, the 10% with the highest loadings to the first 
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and second PC consistently mapped to the same two (BKCK01000075 and 

BKCK01000111) and four (BKCK01000076, BKCK01000100, BKCK01000161 and 

BKCK01000173) reference scaffolds, respectively, with few exceptions (Table S6). The 

PCA performed using SNPs selected using PCAdapt from the de novo catalog, showed a 

different grouping pattern of three differentiated clusters observed along the second 

PC, whose highest 10% loading SNPs mapped to three reference scaffolds that were 

exclusive to this analysis (Figure S10, Table S6).  

 

 

Figure 3. A. PCA performed using the 226 candidate outlier SNPs selected using the 

approach implemented in PCAdapt on the mapped ABFT catalog dataset. B. Pairwise 

linkage disequilibrium between SNPs from linkage groups 1 and 2. C. Pairwise FST values 

between all filtered SNPs located in the two linkage groups composed by two genome 

scaffolds each. Dashed line represents average FST for each pairwise comparison.  

 

Among all scaffolds containing outlier SNPs detected with either method or catalog, two 

scaffold pairs were found to be under high linkage-disequilibrium when including all 

SNPs: the first 750Kb region of scaffold BKCK01000075 (where the SNP under selection 

are located) and scaffold BKCK01000111 (hereafter called linkage group 1), and scaffolds 

BKCK01000161 and BKCK01000173 (linkage group 2) (Figures 3B). Expectedly, the 

grouping pattern observed along the first PC is maintained when using all filtered SNPs 

derived from the linkage group 1 (Figure S13A), while PCA performed using all filtered 

SNPs from linkage group 2 (scaffolds BKCK01000161 and BKCK01000173) show a pattern 
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more similar to that observed when using all SNPs (Figure S13B). Nevertheless, despite 

outlier SNPs revealed a cryptic sample grouping pattern that contrasts with location-

based identification, SNPs derived from scaffolds which repetitively contained outlier 

SNPs also showed increased pairwise FST values per SNP between locations (Figure 3C), 

suggesting that both patterns may not be completely unrelated. 

 

Figure 4. A. Proportion of individuals from each location and age class that belong to the 

three different clusters differentiated by SNPs derived from linkage group 1 along the 

first axis of the PCA performed using outlier loci detected by PCAdapt in the mapped 

catalog as shown in the legend. B. Average and standard deviation of heterozygosity 

values within each defined ground when using all filtered SNPs or only SNPs from linkage 

group 1.  
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Samples within clusters along the PC1, which are those driven by the linkage group 1 

identified based on x axis coordinate (Figure 4) exhibited different average 

heterozygosity values for SNPs derived from the linkage group 1. Individuals from the 

most represented group (group 1 in Figure 4) and from the central group (group 2 in 

Figure 4) were about half and twice as heterozygous, respectively, compared to the 

genome-wide average (Figure 4). The observed clear-cut clustering pattern, the high 

measures of linkage disequilibrium, and the different heterozygosity proportions 

between groups suggest that the linkage group 1 is consistent with features found 

within chromosomal inversions (Barth et al. 2019; Puncher et al. 2019). Instead, we 

found no evidences suggesting that linkage group 2 could represent a chromosomal 

inversion. Alternatively, recombination rates can drop within certain chromosomic 

regions such as centro-chromosomal regions, causing high linkage-disequilibrium. The 

proportions of samples within each group segregated by haplotypes of the linkage group 

1, presumably carrying different genotypes for the inversion, differed between locations 

(Figure 4).  

 

3.5. Introgression from albacore 

Using ancestry-informative sites from the mitochondrial genome (Table S7), we found 3 

individuals containing albacore mitochondrial DNA (2 from the Mediterranean Sea, 1 

from the Slope Sea and 0 from the Gulf of Mexico, Table S8). Higher percentages of 

introgression in the Mediterranean Sea (4.2 %) and the Slope Sea (5.8 %) than in the Gulf 

of Mexico (0.9 %) were also found based on haplotype frequencies derived from the 

RAD-seq datasets (Table S8). Previous studies analyzing mitochondrial sequences found 

introgressed haplotypes in Atlantic samples of ABFT, but they did not include reference 

samples such as larvae or spawning adults from the Gulf of Mexico (Alvarado Bremer et 

al. 2005). Here, based on samples from three different spawning grounds we 

consistently found higher proportions of introgressed mitochondrial haplotypes in the 

Mediterranean Sea and Slope Sea populations (Figure 5A). 

The phylogenetic tree estimated by TreeMix based on the RAD mapped catalog dataset 

(Figure 5A) was coherent with the expected topology (Díaz-Arce et al. 2016):the two 

most likely estimated gene flow events occurred between albacore and the 
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Mediterranean ABFT groups (Figure 5A, for successive migration events and associated 

likelihood values see Figure S14). Accordingly, ABBA/BABA tests reveal an excess of 

albacore alleles shared with the Slope Sea and the Mediterranean Sea, and to a lesser 

extent with the Gulf of Mexico (Figure 5B). These results show the footprinting of 

nuclear introgression from albacore into ABFT. Considering Treemix and ABBA/BABA 

test results together, signature of introgression is stronger in the Mediterranean Sea, 

lower in the Slope Sea and the least in the Gulf of Mexico. Therefore, most likely, 

introgression likely occurred in the Mediterranean Sea, where spawning areas for ABFT 

and albacore tuna overlap.  

 

Figure 5. Nuclear and mitochondrial introgression from albacore into ABFT. A. 

Phylogenetic tree estimated by Treemix allowing two migration events (yellow arrow). 

Numbers in blue represent percentages of mitochondrial introgression detected based 

on three markerss (using the RAD-seq data). B. D statistic values estimated from the 

ABBA/BABA test used to detect introgression from albacore to different target (rows) 

using different reference (colors) locations (adults in separated groups) of ABFT. 

Southern bluefin tuna allele frequencies were used to define the ancestral state of each 

SNP. 

Contemplating the results on demographic history and connectivity patterns presented 

in this work, introgressed haplotypes may either have been incorporated into the 
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Mediterranean Sea population and subsequently transmitted to the Slope Sea, 

discarding the possibility of introgression into a common ancestral population and 

present contemporary different proportions in the different lineages due to incomplete 

lineage sorting. Nevertheless, the nearly complete absence of both nuclear and 

mitochondrial introgression in Gulf of Mexico individuals (except for two Gulf of Mexico 

adult individuals showing introgressed mitochondrial haplotypes) suggests that 

introgression happened after Mediterranean and Gulf of Mexico ancestral populations 

lineages split. The heterogeneous strength of signature of introgression in the different 

populations on one hand may contribute to differentiation between Mediterranean Sea 

and Gulf of Mexico ancestral population and on the other hand provides another lead 

to understand genetic connectivity between ABFT populations.  

 

3.6. Origin of the linkage groups 

PCA performed using all filtered SNPs from the catalog including the other Thunnus 

species expectedly clustered together all the ABFT populations with the Pacific bluefin 

tuna individuals, while albacore and Southern bluefin tuna samples cluster together 

respectively and approximately equidistant between them and other bluefin tunas 

group (Figure S15). PCA performed using 291 SNPs and 83 SNPs extracted from the 

linkage group 1 and linkage group 2 respectively from the catalog including the other 

Thunnus species (Figure 6) showed the same previously observed grouping among ABFT 

samples (Figure S13). When using linkage group 1 SNPs Pacific bluefin tuna samples 

cluster with the majoritarian ABFT group while albacore samples are grouped near to 

the minoritarian ABFT group. When using linkage group 2 SNPs albacore individuals are 

more variable but closer to the Mediterranean Sea samples, while Pacific bluefin tuna 

does not clearly cluster with any ABFT population. Southern bluefin tuna, included in 

this catalog as an outgroup appears in general as genetically more distant (Figure 6). 

Likewise, ABBA/BABA test performed using these SNPs provides with much higher D-

statistic values indicating introgression from albacore into the Mediterranean Sea and 

Slope Sea populations in these regions of the genome (Figure 6) compared to values 

obtained when using the whole dataset (Figure 5). These results show that the identified 

linkage groups detected by searching for genomic signatures of natural selection in ABFT 
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populations are related to a past introgression event from albacore tuna. ABBA/BABA 

test performed removing all SNPs from those scaffolds in which highest 10% loading 

plots for the first two PC were much lower but still show higher levels of introgression 

in the Slope Sea and Mediterranean Sea compared to the Gulf of Mexico (Figure S16). 

 

 Figure 6. Analysis performed using 291 SNPs from linkage group 1 (left) and 83 SNPs 

from linkage group 2 extracted from the reference mapped catalog dataset which 

includes other Thunnus species. A. PCA. B. Results of ABBA/BABA test: along the y axis 

are target groups and colors represent reference groups. The higher the D-statistic, the 

more introgressed is the target group respect to the reference group. In all the tests 

Southern bluefin tuna and albacore tuna were used as outgroup and donor respectively. 

 

3.7. Introgression helps to disentangle genetic connectivity 

In the introgressive hybridization process, after hybridization between two distinct 

lineages haplotype blocks inherited from each parental group are broken down through 

recombination along generations. Thus, in relatively few generations (ca. 400-5000 

generations), some introgressed tracts may become fixed or lost in the population 

through a process called genome stabilization (Runemark, Vallejo-Marin, Meier 2019). 
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Dispersion of detectable admixed or introgressed tracts can provide a unique source of 

information about recent or contemporary connectivity. For example, length of 

admixture tracts have been used to estimate populations connectivity of Mediterranean 

sea bass (Duranton, Bonhomme, Gagnaire 2019). Here we were not able to detect and 

measure length of the tracts, but we found a signature of introgression of variable 

intensity among spawning components. If we assume that introgressive hybridization 

occurred in the Mediterranean Sea where the introgression signature is strongest and 

which consists on a shared spawning ground area between albacore and ABFT,  as 

supported by TreeMix (Figure 5A), introgressed albacore alleles detected in the Slope 

Sea could have been indirectly transmitted through gene-flow from the Mediterranean 

Sea. Likewise, the weaker signal of introgression found in the Gulf of Mexico is 

compatible with direct but reduced gene-flow from the Mediterranean Sea and/or 

indirect gene-flow through the Slope Sea spawning component which would dilute 

introgressed alleles. 

However, high proportions of Mediterranean genetically shaped adult individuals found 

in the Gulf of Mexico suggest significantly strong ongoing migration. Introgression 

and/or presence of structural variants may induce reproductive isolation which could 

explain how genetic differentiation between Gulf of Mexico and Mediterranean Sea 

would be maintained through reduced fitness or incompatibilities between individuals 

carrying different versions of the structural variant (Faria et al. 2019) despite high 

migration. However, genome-wide genetic differentiation between Mediterranean Sea 

and Gulf of Mexico at neutral alleles reflects that differentiation is not primarily driven 

by introgression or adaptation but by remains of ancient genetic structure between 

Mediterranean and Atlantic populations as indicated by the demographic history. 

Moreover, the Slope Sea where both components presumably interbreed, would be 

directly affected by a reduced fitness. Alternatively, in the absence of barriers to gene-

flow, another possible explanation to the currently observed ancestry patterns is 

contemporary secondary contact following genetic divergence of both ancestral 

populations during long-term restricted gene-flow period. Strong and rapid decline of 

the western stock over the last decades due to overfishing and oceanographic changes 

(Fromentin et al. 2014) could have intensified the impact of immigration from the 

Mediterranean population which is currently of one order of magnitude bigger than the 
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Gulf of Mexico population (ICCAT 2017). This may potentially lead to genetic erosion of 

the Gulf of Mexico genetic component. In this case, introgressed alleles and alternatives 

of the inversion would be transmitted neutrally following (and revealing) the 

connectivity patterns of the species.  

While mitochondrial introgressed haplotypes are majoritarian in the Pacific bluefin tuna 

species (Alvarado Bremer et al. 2005), we did not detect signs of introgression in the 

nuclear genome, which would be compatible with indirect transmission of introgressed 

mitochondrial haplotype through Atlantic bluefin tuna that would become nearly fixed 

in the Pacific bluefin tuna through stochastic processes or mediated by selection. 

Nevertheless, we only included 5 individuals of Pacific bluefin tuna in this study which 

may not be enough representation of the species genetic pool as to detect ancient 

introgression tracts. Therefore, further exploration of the introgression signal is needed 

to better understand the historical gene-flow events between these species.  

 

3.8. Introgression and inversions as potential source of genetic variation and local 
adaptation 

Introgression represents an important source of genetic variation playing an  

important role favouring speciation through processes such as adaptive introgression or 

reproductive isolation (Abbott et al. 2013). For example, introgressed tracts have been 

related with population reproductive isolation between Atlantic and Mediterranean 

populations of European sea bass (Duranton et al. 2019) and adaptive introgression of 

favoured alleles have been proved in several taxa (Arnold, Martin 2009; Clarkson et al. 

2014). Likewise, different studies found that chromosomic structural variants can be 

linked to different evolutionary mechanisms. For example, structural chromosomic 

rearrangements have been related to local adaptation to different environments in 

Atlantic cod (Barth et al. 2017) and European plaice (Le Moan, Bekkevold, Hemmer-

Hansen 2020), or linked to different ecotypes in Atlantic cod (Berg et al. 2016). To study 

possible connections between linkage groups or introgressed alleles with adaptation to 

environmental or ecological variables we would need further information about samples 

environmental variables or ecological traits that are not available for this study, we could 

not explore. However, biological differences between Gulf of Mexico and 

Mediterranean populations suggest that introgressed alleles from albacore tuna could 
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confer characteristic adaptive traits to the latter population. For example, Atlantic 

bluefin tuna estimated age of maturity in the Gulf of Mexico and Mediterranean is 8-12 

years and 3-5 years respectively; the finding of the spawning ground in the Slope Sea 

where adults of unknown origin spawn at the age of ≥5  (Corriero et al. 2020) may reflect 

the mixed genetic origin of fish in this area (Rodríguez-Ezpeleta et al. 2019). Similarly, 

age of maturity of albacore tuna in the Indian, Atlantic and Pacific oceans is 5-6 years, 

while albacore in the Mediterranean becomes sexually mature at the age of 2 years 

(Nikolic et al. 2017). Further studies of association of introgressed alleles, or those within 

the found linkage groups with environmental adaptations or biological traits would 

unveil their potential source of adaptation in ABFT which remains so far speculative. 

 

4. Conclusions 

Contrary to previous assumptions based on a potential homing behaviour of Atlantic 

Bluefin tuna, our study demonstrates ongoing trans-Atlantic gene-flow from the 

Mediterranean to the Gulf of Mexico and the Slope Sea spawning grounds. The spawning 

ground located in the Slope Sea is used by the western and eastern populations as a 

mixed-stock spawning ground. Moreover, the discovery of a chromosomal inversion 

recently introduced from the albacore into the Mediterranean Atlantic Bluefin tuna  

population, which seems to be propagating into the Slope sea (and to a lesser extent in 

the Gulf of Mexico) further confirm this unidirectional trans-Atlantic gene-flow. The lack 

of genetic homogeneity between the western and eastern populations despite gene-

flow could be explained by long-term relative isolation between Atlantic and 

Mediterranean ancestral populations followed by very recent intensification of the 

effect of migration in the Atlantic spawning grounds. This intensification could 

potentially be due to the sharp decrease in the western stock size during the last 

decades, the recent increase meaning the presumed recovery of the eastern stock, an 

increase of the migration rates as a result of oceanographic changes which could attract 

eastern fish to the Atlantic spawning grounds, or a joint action of more than one of these 

factors. In sum, the increased gene-flow effect in the Atlantic spawning grounds could 

imply that the western spawning grounds are at risk of genetic erosion. We also 

hypothesized that here found traces of introgression and the chromosomal inversion 
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could play a role in adaptation of the Mediterranean population reproductive features. 

These findings have strong implications relevant for fisheries management and 

conservation of Atlantic Bluefin tuna and therefore need to be further understood. 
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An increasing number of studies are successfully applying genetic tools to produce 

information that is relevant to fisheries management, especially during the last decades 

since the advent of HTS techniques. One of the applications that is being benefiting from 

the accessibility to HTS is stock delimitation based on thousands of informative genomic 

markers, such as SNPs. Together with laboratory protocols and sequencing techniques 

developing, bioinformatic tools are also needed to develop and adjust to specific data 

characteristics, implying in most of the cases laborious data analysis. The results 

presented in this thesis help to understand the effect of parameter setting during data 

analysis of population structure employing a commonly used sequencing technique to 

obtain SNP datasets, showing that simply applying an standard assembly and filtering 

protocol for every case study may lead into result bias. The increased genetic resolution 

obtained using SNPs through HTS also allows to answer many different evolutionary 

questions at different taxonomic scales which can be relevant to meet management and 

conservation informative demands. Results on the evolutionary context and stock 

structure and dynamics of an emblematic fish species explored using SNP datasets 

confirm that fisheries management can be enriched by information about evolutionary 

history of the species. Thus, our findings show that fisheries management strategy of 

Atlantic bluefin tuna needs to be revisited.  

 

1. Challenges in the analysis of RAD-seq data 

The increase in the number of studies using RAD-seq data during the last decade is partly 

due to the possibility of performing de novo assembly of the sequences, permitting to 

obtain genotypes of thousands of SNPs from species for which no reference genome is 

available. This is particularly valuable when working with exploited fish species, for 

which reference genomes are rarely available. However, this useful attribute is 

accompanied by challenges in the data analysis. As shown in chapters 1 and 2, 

assumptions made for sequence assembly parameter selection and thresholds applied 

for SNP filtering affect the power of the dataset to infer population structure and 

phylogenetic relationships. Procedures for RAD-seq read assembly have been proposed 

to maximize the number of shared polymorphic loci (Paris, Stevens, Catchen 2017) or 

minimize erroneously merging of paralog loci (McCartney-Melstad, Gidiş, Shaffer 2019). 
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Applying similar thresholds of missing data than in Paris, Stevens, Catchen (2017), 

assembly parameter combinations that derived into larger datasets did not provide 

better phylogenetic or population structure resolution. Furthermore, SNPs datasets 

from RAD catalogs obtained following the procedures described by the authors missed 

genetic differentiation between populations that was detected with an alternative set 

of parameters. While studies reporting effects of the assumptions made during data 

analysis are highly useful, development and application of universal standardized 

protocols may be risky. Instead, it is advisable to test for different parameter 

combinations, adapting decisions to the dataset and the objective of the study. Thus, in 

chapter 3 we tested different assembly parameter combinations to generate four 

different de novo catalogs. We individually sequenced 215 tag sequences inferred from 

assembly of these catalogs obtaining very similar amplification rate between them. 

Individual sequences of these tags at 32 Atlantic bluefin tuna individuals that were 

already included in the RAD catalogs, allowed to confirm high genotyping and correct 

assembly validation rate (98%).  Additionally, in chapter 4 we used an extended dataset 

combining samples included in chapter 3 and newly sequenced samples to generate two 

comparable de novo and mapped catalog (for the latter, RAD-seq reads were previously 

mapped to a reference genome of a close species). We compared population structure 

inference results, obtaining very similar conclusions. In sum, these results prove the 

suitability of the de novo assemblage of the Atlantic bluefin tuna reads and to address 

questions at different evolutionary levels: from phylogenetic relationships within the 

genus Thunnus to population structure and detection of loci under selection of a species 

with very low values of genetic diversity. 

 

2. Evolutionary context of the genus Thunnus and the Atlantic bluefin 
tuna 

Phylogeny of the genus Thunnus was resolved using nuclear SNP markers clarifying 

relationships within the group of tropical and temperate tunas. Despite inhabiting colder 

waters, the bigeye tuna (Thunnus obesus) clearly clusters within the warm-water tunas’ 

clade, supporting that bigeye and other cold-water tuna species are paraphyletic as 

results based on phylotranscriptomic data have confirmed later (Ciezarek et al. 2018). 
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This result sheds light into the evolutionary history of the endothermic mechanisms of 

tunas. Signs of mitochondrial but no nuclear introgression had been found between 

albacore, Pacific and Atlantic bluefin tunas (Chow et al. 2006; Viñas, Tudela 2009; 

Ciezarek et al. 2018). As shown in these studies, phylogenetic analysis using nuclear SNPs 

clustered Atlantic and Pacific bluefin tunas in a monophyletic group, regardless of the 

presence of albacore-like mitochondrial haplotypes. The results presented in this work, 

reveal that proportions of individuals of Atlantic bluefin tuna showing an introgressed 

mitochondrial haplotype are different between the three known spawning grounds. 

Moreover, printing of nuclear introgression was also found in those spawning 

components where highest percentages of inrogressed mitochondrial haplotypes were 

found. In Alvarado Bremer et al. (2005) comparison of sequences of the mitochondrial 

control region I showed that introgression was present in both the Mediterranean and 

Atlantic components. However, results on the population structure and mixing-dynamic 

of Atlantic bluefin tuna included in this work, suggest that the samples included in 

Alvarado Bremer et al. (2005) could belong to the Mediterranean or Slope Sea spawning 

components, where similar percentages of mitochondrial introgression were found in 

this study. Stronger signal of introgression in the Mediterranean Sea samples and 

weaker in the Gulf of Mexico helps to decipher genetic connectivity of Atlantic bluefin 

tuna between spawning grounds. Support for the presence of a structural variant 

present at different haplotype proportions between Atlantic bluefin tuna spawning 

grounds was found. This phenomenon has been observed in other species, such as 

between cod populations with weak genetic differentiation (Barth et al. 2019) or 

between lesser sandeel sampled locations without background genetic differentiation 

(Jiménez-Mena et al. 2020) suggesting that structural variant polymorphisms could be 

related to partial reproductive isolation. The role that structural variants play on 

speciation is still unknown, although it has been shown how they can affect adaptation 

and reproductive isolation (Feulner, De-Kayne 2017). Moreover, polymorphism of the 

potential structural variant found in Atlantic bluefin tuna seems to be the result of 

introgression from albacore. Previous studies have found that introgression from a 

different species can be a source for adaptive variation (Pardo-Diaz et al. 2012; Jones et 

al. 2018). 
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3. Implications for management of Atlantic bluefin tuna 

The results presented in this work highlight the need to revisit current management 

strategies of Atlantic bluefin tuna. Although two ancestral genetic components have 

been detected, which seems to correspond to the Mediterranean and Gulf of Mexico 

spawning grounds, the evidence of the newly discovered spawning ground in the Slope 

sea receiving incoming gene-flow from the Mediterranean and the Gulf of Mexico 

genetic components and playing an important role on the global genetic connectivity of 

the species, suggests that the current two-stock definition of populations of Atlantic 

bluefin tuna underestimates the natural structuring complexity of the species. 

Demographic connectivity dependant on migration rates between populations is a 

relevant issue for fisheries management and assurance of sustainability of stocks. 

Genetic connectivity helps to understand migration dynamics between populations of 

the species, but high genetic connectivity does not necessarily imply high demographic 

connectivity (Lowe, Allendorf 2010). Demographic connectivity between populations of 

Atlantic bluefin tuna needs further research to understand populations demographic 

interdependency and potential effects of overexploitation of each spawning 

component. 

 

Evidence of overlap of western and eastern stocks in foraging grounds in the North 

Atlantic from electronic tagging (Block et al. 2005) and otolith chemistry (Rooker et al. 

2014) highlight the need for an efficient assignment technique to estimate stock of 

origin proportions of these feeding aggregates. Samples from western and eastern 

stocks can be discriminated using otolith chemical data, although the origin specific 

distributions of isotopic values overlap, affecting the assignment rates. Results of otolith 

chemistry analysis of individuals from different foraging grounds along the North 

Atlantic support mixing of western and eastern stocks at different proportions (Rooker 

et al. 2014). Here we developed a panel of SNP markers of high assignment rate to assign 

origin of fish from feeding aggregates along the North Atlantic, confirming mixing of 

western and eastern genetic background components. Similar to what was observed 

from otolith (Rooker et al. 2014) and electronic tagging (Block et al. 2005) data, 

individuals from the Mediterranean Sea seem to perform longer westward migrations 
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while individuals with western genetic background are found in higher proportions 

closer to the west Atlantic coast. Further knowledge of the observed asymmetrical 

migration flow would help to better understand demographic connectivity between 

populations which needs to be considered for the correct management of the stocks. 

Moreover, this SNP panel is a useful, cost-effective and no invasive tool for fisheries 

management to estimate population of origin proportions of total catches from 

fisheries. 

 

Study of the genetic diversity of all Atlantic bluefin tuna populations revealed the 

presence of a group of markers under linkage disequilibrium which behave as a 

chromosomal inversion originating a cryptic subpopulation structure. The inverted 

haplotype version was potentially introduced in Atlantic bluefin tuna from an 

introgression event from the albacore tuna. Both chromosomal inversions and 

introgressed alleles have been proposed as sources of variation permitting local 

adaptation and speciation (Pardo-Diaz et al. 2012; Berg et al. 2016; Jones et al. 2018; 

Barth et al. 2019). Further research on the possible effects of chromosomal 

rearrangement on adaptation as well as on local recruitment of Atlantic bluefin tuna is 

needed to explore its relevance for fisheries management of the species. 
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 Conclusions 

Taking into account the objectives of this Thesis we conclude that:  

 

1. Sequencing read filtering criteria, de novo read assembly parameter values and 

SNP filtering thresholds applied during Restriction site Associated DNA sequencing (RAD-

seq) data analysis affect population structure inferences, having variable impacts among 

datasets. Thus, adopting a common analysing strategy for all RAD-seq datasets as 

suggested by previous studies might prevent capturing population structure informative 

markers and therefore, testing alternative analysis procedures for each dataset is 

advised. 

2. RAD-seq read assembly parameters and marker filtering and encoding criteria 

affect size, amount of missing data and informativeness of the resulting nucleotide 

alignments. Thus, procedures for mining RAD-seq data for phylogenetic inference need 

to be tailored to the evolutionary scale of the relationships to be resolved.   

3. Nuclear genome-wide single nucleotide polymorphisms (SNPs) are more suitable 

than mitochondrial markers to resolve the phylogenetic relationships among the genus 

Thunnus as they are not or less affected by introgression events among species. Thus, 

assays for species identification used for traceability should be based on nuclear genome 

markers. 

4. Phylogenetic analyses based on thousands of nuclear SNP markers confirm that 

Atlantic and Pacific bluefin tunas are different, although very closely related, species and 

that, as previously proposed based on morphological features, the bigeye tuna (Thunnus 

obesus) is more closely related to the tropical tunas than to temperate tunas, suggesting 

parallel adaptation to cold-waters.  

5. Genome-wide genetic differentiation between Atlantic bluefin tuna from the 

Mediterranean Sea and the Gulf of Mexico supports reproductive isolation between 

these two spawning areas. The newly discovered spawning activity of individuals of 

Mediterranean and Gulf of Mexico origin in the Slope Sea has started recently in the 

evolutionary history of the species, resulting in genetic profiles of the individuals 
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captured in this area covering the whole diversity range of the species. This, together 

with presence of genetically Mediterranean-like individuals in the Gulf of Mexico, 

supports on-going westwards trans-Atlantic gene-flow in Atlantic bluefin tuna.  

6. The Atlantic bluefin tuna genome contains variant positions that could be 

potential sources of local adaptation resulting from an inter-species introgression event.  

7. Traces of an introgression event from albacore tuna detectable in the Atlantic 

bluefin tuna genome, at highest intensity in the Mediterranean Sea, lower in the Slope 

Sea and lowest in the Gulf of Mexico, suggest that this introgression event happened in 

the Mediterranean Sea, where both species spawn, and support that the genetic 

homogenizer effect of westward trans-Atlantic gene-flow has been stronger in the Slope 

Sea.  

8. A newly developed SNP traceability tool allows to assign Atlantic bluefin tuna 

specimens as Mediterranean or Gulf of Mexico origin at an unprecedented rate. 

Assignment of individuals captured in feeding grounds along the North Atlantic Ocean 

confirms higher mixing in the Western Atlantic, which defies the assumed Western-

Eastern stock delimitation boundary placed at the 45°W meridian. 

9. The current management strategy of Atlantic bluefin tuna, based on two spatially 

delimited stocks, needs to be revisited to consider the existence of a newly originated 

mixed-stock spawning ground in the Slope Sea, the extent of asymmetric inter-stock 

genetic and demographic exchange and the geographic distribution of stock mixing 

proportions on feeding grounds along the North Atlantic.  

10. Future conservation measures for Atlantic bluefin tuna should consider that the 

recently intensified trans-Atlantic gene-flow could result in the genetic erosion between 

the Atlantic and Mediterranean spawning grounds,  which has important and imminent 

implications in the adaptation capacities and resilience of the species.  
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Thesis 

Existence of contemporary unidirectional trans-Atlantic gene flow, establishment of a 

recently originated mixed spawning area, and estimation of stock mixing proportions on 

feeding grounds in the Atlantic bluefin tuna (Thunnus thynnus), all relevant for the 

conservation and management of the species, are revealed from the study of the 

phylogenetic relationships within the genus Thunnus and the species’ population 

structure using Single Nucleotide Polymorphisms (SNPs) discovered and genotyped 

through high-throughput sequencing.  
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Supplementary Figures 

 

 

 

 
 

Figure S1. Frequency distribution of the number of assembled loci per individual in the 

Scallop dataset after applying the following parameters: m=5, M=4, and PCR clones 

filtered. The graph shows distribution for those samples for which 13 (green) and 18 

(orange) PCR cycles were applied for library building.  
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Figure S2. Frequency distribution of the number of tags per individual before (red) 

and after (blue) removing PCR clones for the different m and M combinations for the 

Green crab dataset. 
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Figure S3. Frequency distribution of the number of tags per individual before (red) and 

after (blue) removing PCR clones for the different m and M combinations for the 

mackerel dataset. 
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Figure S4. Frequency distribution of the number of tags per individual before (red) and 

after (blue) removing PCR clones for the different m and M combinations for the scallop 

dataset. 
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Figure S5. Total number of tags present in at least 75% of the individuals in all catalogs 

for different values of m (x axis), different combinations of M and n parameters (M=2 

and n=3 in black and M=4 and n=6 in grey) and before (solid line) and after (dotted line) 

removing PCR clones. 
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Figure S6. Average pairwise FST values for 2000 randomly selected SNPs from each 

catalog and population pairs for the three datasets: Northern/Southern green crab 

locations; Western/Eastern Atlantic Ocean, Adriatic Sea/Western Mediterranean Sea 

(intra-Mediterranean) and Western Atlantic/Adriatic Sea mackerel populations; Gulf of 

Maine/Magdalen Islands (northern/southern locations), Little Bay/Sunnyside (intra-

North) and Gulf of Maine/ Browns Bank (intra-South) scallop locations. Color gradients 

represent FST values, from lowest (dark green) to highest (dark red). Minimum and 

maximum FST values for each pair are indicated in the corresponding cell. 
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RAD-seq derived genome-wide nuclear markers resolve the phylogeny of tunas 
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Supplementary Figures 

 

Supplementary Figure 1 Alignment of the only 14 polymorphic nucleotide positions 

observed in the amplified region of the cytochrome oxidase subunit I (COI) gene for the 

T. thynnus, T. orientalis and T. alalunga individuals included in our study and those 

obtained from GenBank (in grey).  
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RAD-seq derived genome-wide nuclear markers resolve the phylogeny of tunas 

Díaz-Arce et al.  

Appendix I: Trees obtained from each of the 128 matrices. Rooting is arbitrary, 

values above branches represent bootstrap values and scale bar represents 

estimated nucleotide substitutions per site. 

 

 

 
Tree 1: M=1, n=4, all species, per individuals, 0% missing, fixed positions. 
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Tree 2: M=1, n=4, all species, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 3: M=1, n=4, all species, per individuals, 75% missing, fixed positions. 
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Tree 4: M=1, n=4, all species, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 5: M=1, n=4, all species, per individuals, 50% missing, fixed positions. 
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Tree 6: M=1, n=4, all species, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 7: M=1, n=4, all species, per individuals, 25% missing, fixed positions. 
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Tree 8: M=1, n=4, all species, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 9: M=1, n=4, all species, per species, 0% missing, fixed positions. 
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Tree 10: M=1, n=4, all species, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 11: M=1, n=4, all species, per species, 75% missing, fixed positions. 
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Tree 12: M=1, n=4, all species, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 13: M=1, n=4, all species, per species, 50% missing, fixed positions. 
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Tree 14: M=1, n=4, all species, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 15: M=1, n=4, all species, per species, 25% missing, fixed positions. 
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Tree 16: M=1, n=4, all species, per species, 25% missing, IUPAC encoded sites. 

 

 
Tree 17: M=1, n=8, all species, per individuals, 0% missing, fixed positions. 
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Tree 18: M=1, n=8, all species, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 19: M=1, n=8, all species, per individuals, 75% missing, fixed positions. 



 

 

161 Natalia Díaz-Arce 

 
Tree 20: M=1, n=8, all species, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 21: M=1, n=8, all species, per individuals, 50% missing, fixed positions. 
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Tree 22: M=1, n=8, all species, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 23: M=1, n=8, all species, per individuals, 25% missing, fixed positions. 
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Tree 24: M=1, n=8, all species, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 25: M=1, n=8, all species, per species, 0% missing, fixed positions. 



 
164 Appendix B 

 
Tree 26: M=1, n=8, all species, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 27: M=1, n=8, all species, per species, 75% missing, fixed positions. 
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Tree 28: M=1, n=8, all species, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 29: M=1, n=8, all species, per species, 50% missing, fixed positions. 
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Tree 30: M=1, n=8, all species, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 31: M=1, n=8, all species, per species, 25% missing, fixed positions. 
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Tree 32: M=1, n=8, all species, per species, 25% missing, IUPAC encoded sites. 

 

 
Tree 33: M=2, n=4, all species, per individuals, 0% missing, fixed positions. 
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Tree 34: M=2, n=4, all species, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 35: M=2, n=4, all species, per individuals, 75% missing, fixed positions. 
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Tree 36: M=2, n=4, all species, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 37: M=2, n=4, all species, per individuals, 50% missing, fixed positions. 
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Tree 38: M=2, n=4, all species, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 39: M=2, n=4, all species, per individuals, 25% missing, fixed positions. 
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Tree 40: M=2, n=4, all species, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 41: M=2, n=4, all species, per species, 0% missing, fixed positions. 
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Tree 42: M=2, n=4, all species, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 43: M=2, n=4, all species, per species, 75% missing, fixed positions. 
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Tree 44: M=2, n=4, all species, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 45: M=2, n=4, all species, per species, 50% missing, fixed positions. 
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Tree 46: M=2, n=4, all species, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 47: M=2, n=4, all species, per species, 25% missing, fixed positions. 
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Tree 48: M=2, n=4, all species, per species, 25% missing, IUPAC encoded sites. 

 

 
Tree 49: M=2, n=8, all species, per individuals, 0% missing, fixed positions. 
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Tree 50: M=2, n=8, all species, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 51: M=2, n=8, all species, per individuals, 75% missing, fixed positions. 
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Tree 52: M=2, n=8, all species, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 53: M=2, n=8, all species, per individuals, 50% missing, fixed positions. 
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Tree 54: M=2, n=8, all species, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 55: M=2, n=8, all species, per individuals, 25% missing, fixed positions. 
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Tree 56: M=2, n=8, all species, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 57: M=2, n=8, all species, per species, 0% missing, fixed positions. 
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Tree 58: M=2, n=8, all species, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 59: M=2, n=8, all species, per species, 75% missing, fixed positions. 
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Tree 60: M=2, n=8, all species, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 61: M=2, n=8, all species, per species, 50% missing, fixed positions. 



 
182 Appendix B 

 
Tree 62: M=2, n=8, all species, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 63: M=2, n=8, all species, per species, 25% missing, fixed positions. 
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Tree 64: M=2, n=8, all species, per species, 25% missing, IUPAC encoded sites. 

 

 
Tree 65: M=1, n=4, only Thunnus, per individuals, 0% missing, fixed positions. 
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Tree 66: M=1, n=4, only Thunnus, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 67: M=1, n=4, only Thunnus, per individuals, 75% missing, fixed positions. 
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Tree 68: M=1, n=4, only Thunnus, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 69: M=1, n=4, only Thunnus, per individuals, 50% missing, fixed positions. 
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Tree 70: M=1, n=4, only Thunnus, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 71: M=1, n=4, only Thunnus, per individuals, 25% missing, fixed positions. 
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Tree 72: M=1, n=4, only Thunnus, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 73: M=1, n=4, only Thunnus, per species, 0% missing, fixed positions. 
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Tree 74: M=1, n=4, only Thunnus, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 75: M=1, n=4, only Thunnus, per species, 75% missing, fixed positions. 
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Tree 76: M=1, n=4, only Thunnus, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 77: M=1, n=4, only Thunnus, per species, 50% missing, fixed positions. 
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Tree 78: M=1, n=4, only Thunnus, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 79: M=1, n=4, only Thunnus, per species, 25% missing, fixed positions. 
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Tree 80: M=1, n=4, only Thunnus, per species, 25% missing, IUPAC encoded sites. 

 

 
Tree 81: M=1, n=8, only Thunnus, per individuals, 0% missing, fixed positions. 
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Tree 82: M=1, n=8, only Thunnus, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 83: M=1, n=8, only Thunnus, per individuals, 75% missing, fixed positions. 
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Tree 84: M=1, n=8, only Thunnus, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 85: M=1, n=8, only Thunnus, per individuals, 50% missing, fixed positions. 
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Tree 86: M=1, n=8, only Thunnus, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 87: M=1, n=8, only Thunnus, per individuals, 25% missing, fixed positions. 
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Tree 88: M=1, n=8, only Thunnus, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 89: M=1, n=8, only Thunnus, per species, 0% missing, fixed positions. 
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Tree 90: M=1, n=8, only Thunnus, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 91: M=1, n=8, only Thunnus, per species, 75% missing, fixed positions. 
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Tree 92: M=1, n=8, only Thunnus, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 93: M=1, n=8, only Thunnus, per species, 50% missing, fixed positions. 
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Tree 94: M=1, n=8, only Thunnus, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 95: M=1, n=8, only Thunnus, per species, 25% missing, fixed positions. 
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Tree 96: M=1, n=8, only Thunnus, per species, 25% missing, IUPAC encoded sites. 

 

 
Tree 97: M=2, n=4, only Thunnus, per individuals, 0% missing, fixed positions. 
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Tree 98: M=2, n=4, only Thunnus, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 99: M=2, n=4, only Thunnus, per individuals, 75% missing, fixed positions. 
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Tree 100: M=2, n=4, only Thunnus, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 101: M=2, n=4, only Thunnus, per individuals, 50% missing, fixed positions. 
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Tree 102: M=2, n=4, only Thunnus, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 103: M=2, n=4, only Thunnus, per individuals, 25% missing, fixed positions. 
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Tree 104: M=2, n=4, only Thunnus, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 105: M=2, n=4, only Thunnus, per species, 0% missing, fixed positions. 
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Tree 106: M=2, n=4, only Thunnus, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 107: M=2, n=4, only Thunnus, per species, 75% missing, fixed positions. 
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Tree 108: M=2, n=4, only Thunnus, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 109: M=2, n=4, only Thunnus, per species, 50% missing, fixed positions. 
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Tree 110: M=2, n=4, only Thunnus, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 111: M=2, n=4, only Thunnus, per species, 25% missing, fixed positions. 
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Tree 112: M=2, n=4, only Thunnus, per species, 25% missing, IUPAC encoded sites. 

 

 
Tree 113: M=2, n=8, only Thunnus, per individuals, 0% missing, fixed positions. 
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Tree 114: M=2, n=8, only Thunnus, per individuals, 0% missing, IUPAC encoded sites. 

 

 
Tree 115: M=2, n=8, only Thunnus, per individuals, 75% missing, fixed positions. 
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Tree 116: M=2, n=8, only Thunnus, per individuals, 75% missing, IUPAC encoded sites. 

 

 
Tree 117: M=2, n=8, only Thunnus, per individuals, 50% missing, fixed positions. 



 
210 Appendix B 

 
Tree 118: M=2, n=8, only Thunnus, per individuals, 50% missing, IUPAC encoded sites. 

 

 
Tree 119: M=2, n=8, only Thunnus, per individuals, 25% missing, fixed positions. 
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Tree 120: M=2, n=8, only Thunnus, per individuals, 25% missing, IUPAC encoded sites. 

 

 
Tree 121: M=2, n=8, only Thunnus, per species, 0% missing, fixed positions. 
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Tree 122: M=2, n=8, only Thunnus, per species, 0% missing, IUPAC encoded sites. 

 

 
Tree 123: M=2, n=8, only Thunnus, per species, 75% missing, fixed positions. 
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Tree 124: M=2, n=8, only Thunnus, per species, 75% missing, IUPAC encoded sites. 

 

 
Tree 125: M=2, n=8, only Thunnus, per species, 50% missing, fixed positions. 
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Tree 126: M=2, n=8, only Thunnus, per species, 50% missing, IUPAC encoded sites. 

 

 
Tree 127: M=2, n=8, only Thunnus, per species, 25% missing, fixed positions. 
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Tree 128: M=2, n=8, only Thunnus, per species, 25% missing, IUPAC encoded sites. 
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WebFigure 1 

 

 

 

 

 
 

WebFigure 1. Graphical representation of the Bayesian clustering approach for the best 
supported K value (above) and Principal Component Analyses (below) for catalogs 1 to 
4. 
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WebFigure 2 
 
 
 

 

WebFigure 2. Graphical representation of the Bayesian clustering approach for the best 

supported K value (above) and Principal Component Analyses (below) for catalogs 5 to 

8. 
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WebFigure 3 
 
 
 

 

 

WebFigure 3. Origin assignment success rates. a) Sensitivity and specificity analyses of 

each threshold value tested where TPR is the true positive rate, TNR is the true negative 

rate, PPV is the positive predictive value, NPV is the negative predictive value and ACC 

is accuracy; %As stands for the percentage of samples assigned to one of the two main 

spawning locations at 70, 80 or 90% assignment score. b) For 70 and 90% assignment 

score thresholds, percentages of correct or incorrectly assigned samples for reference 

samples captured in the Gulf of Mexico (GOM) and the Mediterranean (MED); purple 

indicates Gulf of Mexico origin, orange, Mediterranean origin, and grey, unassigned 

samples. c) For 70 and 90% assignment score thresholds, evolution of the percentage of 

correctly or incorrectly assigned Gulf of Mexico (purple) and Mediterranean (orange) 

origin samples as number of SNPs used increases; vertical bars indicate standard 

deviation and dots, correct assignment rates for the most discriminant subsets of SNPs. 

WebTable 1 
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Samples processed with RAD-seq. Only the 204 from the 240 original passing quality filters and used in 

subsequent analyses are shown. Dev. stage stands for Developmental Stage. Weight and Length are total.  

Sample Area Dev. stage Catch date Lat. Long. Length 
(cm) 

Weigh
t (g) 

AZTI-GM-V-51 Gulf of Mexico Larvae 14/05/2010 28.08 -90.49 n/a n/a 

AZTI-GM-V-78 Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 n/a n/a 

TAMU-GM-V-53 Gulf of Mexico Larvae 15/06/2007 28 -89.8 n/a n/a 

TAMU-GM-V-54 Gulf of Mexico Larvae 15/06/2007 28 -89.8 n/a n/a 

TAMU-GM-V-56 Gulf of Mexico Larvae 15/06/2007 27 -90.47 n/a n/a 

TAMU-GM-V-58 Gulf of Mexico Larvae 15/06/2007 27 -90.47 n/a n/a 

TAMU-GM-V-59 Gulf of Mexico Larvae 15/06/2007 27 -90.47 n/a n/a 

TAMU-GM-V-60 Gulf of Mexico Larvae 15/06/2007 27 -90.47 n/a n/a 

TAMU-GM-V-63 Gulf of Mexico Larvae 15/06/2008 27 -87.5 n/a n/a 

TAMU-GM-V-64 Gulf of Mexico Larvae 15/06/2008 28 -89.07 n/a n/a 

TAMU-GM-V-68 Gulf of Mexico Larvae 15/06/2008 28 -89.07 n/a n/a 

TAMU-GM-V-72 Gulf of Mexico Larvae 15/06/2008 28 -90.4 n/a n/a 

TAMU-GM-V-73 Gulf of Mexico Larvae 15/06/2008 28 -91.53 n/a n/a 

TAMU-GM-V-74 Gulf of Mexico Larvae 15/06/2008 28 -91.53 n/a n/a 

TAMU-GM-V-78 Gulf of Mexico Larvae 15/06/2008 28 -89.07 n/a n/a 

TAMU-GM-V-80 Gulf of Mexico Larvae 15/06/2009 26 -88.93 n/a n/a 

TAMU-GM-V-81 Gulf of Mexico Larvae 15/06/2009 26 -88.93 n/a n/a 

TAMU-GM-V-82 Gulf of Mexico Larvae 15/06/2009 26 -88.93 n/a n/a 

TAMU-GM-V-83 Gulf of Mexico Larvae 15/06/2008 26 -88.93 n/a n/a 

TAMU-GM-V-84 Gulf of Mexico Larvae 15/06/2009 26 -88.93 n/a n/a 

TAMU-GM-V-85 Gulf of Mexico Larvae 15/06/2009 27.5 -91.07 n/a n/a 

TAMU-GM-V-86 Gulf of Mexico Larvae 15/06/2009 27.5 -91.07 n/a n/a 

TAMU-GM-V-87 Gulf of Mexico Larvae 15/06/2009 26 -91.07 n/a n/a 

AZTI-GM-V-77 Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 n/a n/a 

AZTI-GM-V-80 Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 n/a n/a 

AZTI-GM-V-81 Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 n/a n/a 

AZTI-GM-0-29 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 28 0.34 

AZTI-GM-0-30 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 32 0.51 

AZTI-GM-0-32 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 28 0.4 

AZTI-GM-0-33 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 31 0.5 

AZTI-GM-0-41 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 35 0.76 

AZTI-GM-0-42 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 28 NA 

AZTI-GM-0-43 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 28 0.33 

AZTI-GM-0-5 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 28 0.3 

AZTI-GM-0-20 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 36 0.84 
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AZTI-GM-0-24 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 31 0.47 

AZTI-GM-0-25 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 26 0.24 

AZTI-GM-0-45 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 29 0.41 

AZTI-GM-0-6 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 37 0.92 

IEO-BA-V-1 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-11 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-14 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-2 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-23 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-24 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-25 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-26 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-27 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-28 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-3 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-31 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-32 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-4 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-43 Western 
Mediterranean 

Larvae 01/07/2013 38.82 2.96 n/a n/a 

IEO-BA-V-46 Western 
Mediterranean 

Larvae 01/07/2013 38.82 2.96 n/a n/a 

IEO-BA-V-58 Western 
Mediterranean 

Larvae 13/07/2013 38.75 4.26 n/a n/a 

IEO-BA-V-62 Western 
Mediterranean 

Larvae 13/07/2013 38.75 4.26 n/a n/a 

IEO-BA-V-7 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-73 Western 
Mediterranean 

Larvae 13/07/2013 38.75 4.26 n/a n/a 

IEO-BA-V-74 Western 
Mediterranean 

Larvae 07/07/2013 38.82 0.68 n/a n/a 
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IEO-BA-V-75 Western 
Mediterranean 

Larvae 07/07/2013 38.82 0.68 n/a n/a 

IEO-BA-V-76 Western 
Mediterranean 

Larvae 07/07/2013 38.82 0.68 n/a n/a 

IEO-BA-V-77 Western 
Mediterranean 

Larvae 07/07/2013 38.82 0.68 n/a n/a 

IEO-BA-V-9 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-10 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-22 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-29 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-30 Western 
Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-5 Western 
Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

AZTI-BA-0-52 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.9 1.07 36 0.76 

AZTI-BA-0-54 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.9 1.07 35.6 0.85 

AZTI-BA-0-56 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.9 1.07 39.7 1.2 

AZTI-BA-0-68 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.85 1.03 37.8 1.04 

AZTI-BA-0-69 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.85 1.05 34.6 0.78 

AZTI-BA-0-70 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.83 1.05 38 1.11 

AZTI-BA-0-71 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.83 1.05 37 1.05 

AZTI-BA-0-72 Western 
Mediterranean 

Young of the 
year 

07/10/2012 40.85 1.03 37.5 1.02 

IEO-BA-0-101 Western 
Mediterranean 

Young of the 
year 

21/09/2013 39.28 -0.04 25.5 0.32 

IEO-BA-0-102 Western 
Mediterranean 

Young of the 
year 

21/09/2013 39.28 -0.04 28.5 0.49 

IEO-BA-0-103 Western 
Mediterranean 

Young of the 
year 

22/09/2013 39.28 -0.04 27.6 0.4 

IEO-BA-0-104 Western 
Mediterranean 

Young of the 
year 

22/09/2013 39.28 -0.04 29.6 0.48 

IEO-BA-0-106 Western 
Mediterranean 

Young of the 
year 

12/10/2013 39.28 -0.04 32.8 0.71 

IEO-BA-0-109 Western 
Mediterranean 

Young of the 
year 

13/10/2013 39.28 -0.04 32.7 0.76 

IEO-BA-0-110 Western 
Mediterranean 

Young of the 
year 

17/10/2013 39.28 -0.04 29.3 0.42 

IEO-BA-0-120 Western 
Mediterranean 

Young of the 
year 

28/10/2013 39.28 -0.04 30.2 0.53 
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IEO-BA-0-142 Western 
Mediterranean 

Young of the 
year 

15/09/2013 39.28 -0.04 27.5 0.41 

IEO-BA-0-143 Western 
Mediterranean 

Young of the 
year 

15/09/2013 39.28 -0.04 28.7 0.48 

IEO-BA-0-59 Western 
Mediterranean 

Young of the 
year 

05/05/2012 39.71 3.86 48 2.58 

IEO-BA-0-60 Western 
Mediterranean 

Young of the 
year 

15/09/2012 39.28 -0.04 26 0.31 

IEO-BA-0-61 Western 
Mediterranean 

Young of the 
year 

15/09/2012 39.28 -0.04 26.4 0.32 

IEO-BA-0-63 Western 
Mediterranean 

Young of the 
year 

15/09/2012 39.28 -0.04 26 0.32 

IEO-BA-0-64 Western 
Mediterranean 

Young of the 
year 

15/09/2012 39.28 -0.04 27.1 0.33 

IEO-BA-0-65 Western 
Mediterranean 

Young of the 
year 

15/09/2012 39.28 -0.04 27.2 0.38 

IEO-BA-0-66 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 28.1 0.42 

IEO-BA-0-67 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 25.7 0.29 

IEO-BA-0-69 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 28.5 0.44 

IEO-BA-0-71 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 23.8 0.22 

IEO-BA-0-75 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 36.1 1 

IEO-BA-0-76 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 35.2 0.94 

IEO-BA-0-77 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 25.1 0.28 

IEO-BA-0-79 Western 
Mediterranean 

Young of the 
year 

16/09/2012 39.28 -0.04 27.5 0.37 

IEO-BA-0-91 Western 
Mediterranean 

Young of the 
year 

15/09/2013 39.28 -0.04 28 0.44 

IEO-BA-0-99 Western 
Mediterranean 

Young of the 
year 

21/09/2013 39.28 -0.04 29.4 0.46 

IEO-BA-0-100 Western 
Mediterranean 

Young of the 
year 

21/09/2013 39.28 -0.04 27.6 0.41 

IEO-BA-0-107 Western 
Mediterranean 

Young of the 
year 

12/10/2013 39.28 -0.04 31.7 0.6 

IEO-BA-0-92 Western 
Mediterranean 

Young of the 
year 

15/09/2013 39.28 -0.04 30 0.54 

IEO-BA-0-93 Western 
Mediterranean 

Young of the 
year 

15/09/2013 39.28 -0.04 28.9 0.49 

IEO-SI-V-42 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-47 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-54 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 



 

 

227 Natalia Díaz-Arce 

IEO-SI-V-61 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-71 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-70 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-76 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-78 Central 
Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

FMAP-MA-0-10 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 26.4 0.34 

FMAP-MA-0-11 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 26.6 0.33 

FMAP-MA-0-13 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 27.2 0.35 

FMAP-MA-0-15 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 23.3 0.21 

FMAP-MA-0-17 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 23.9 0.22 

FMAP-MA-0-23 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 21.6 0.18 

FMAP-MA-0-29 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 22.5 0.2 

FMAP-MA-0-31 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 26.5 0.35 

FMAP-MA-0-33 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 22.8 0.19 

FMAP-MA-0-34 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 20.9 0.14 

FMAP-MA-0-35 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 23.5 0.22 

FMAP-MA-0-36 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 25.8 0.32 

FMAP-MA-0-37 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 26.1 0.32 

FMAP-MA-0-38 Central 
Mediterranean 

Young of the 
year 

23/09/2013 35.5 14 26.7 0.38 

FMAP-MA-0-8 Central 
Mediterranean 

Young of the 
year 

16/09/2013 35.5 14 22.1 0.2 

FMAP-MA-0-9 Central 
Mediterranean 

Young of the 
year 

16/09/2013 35.5 14 23.1 0.24 

UNIB-SI-0-1 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 29 0.46 

UNIB-SI-0-10 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 30 0.5 

UNIB-SI-0-11 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 30 0.47 

UNIB-SI-0-12 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 28 0.37 
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UNIB-SI-0-13 Central 
Mediterranean 

Young of the 
year 

03/10/2012 37.85 15.33 31 0.34 

UNIB-SI-0-15 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 40 1.48 

UNIB-SI-0-26 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 39 1.27 

UNIB-SI-0-27 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 38 1.24 

UNIB-SI-0-29 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 37 1.14 

UNIB-SI-0-3 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 34 0.65 

UNIB-SI-0-30 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 36 1.16 

UNIB-SI-0-31 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 38 1.25 

UNIB-SI-0-33 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 36 1.14 

UNIB-SI-0-35 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 37 1.16 

UNIB-SI-0-36 Central 
Mediterranean 

Young of the 
year 

05/10/2012 37.63 15.22 38 1.25 

UNIB-SI-0-4 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 31 0.49 

UNIB-SI-0-5 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 31 0.52 

UNIB-SI-0-6 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 32 0.59 

UNIB-SI-0-8 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 28 0.36 

UNIB-SI-0-9 Central 
Mediterranean 

Young of the 
year 

23/09/2012 37.7 15.27 31 0.5 

FMAP-MA-0-1 Central 
Mediterranean 

Young of the 
year 

10/09/2013 35.5 14 25.2 0.3 

FMAP-MA-0-3 Central 
Mediterranean 

Young of the 
year 

10/09/2013 35.5 14 19.4 0.12 

FMAP-MA-0-4 Central 
Mediterranean 

Young of the 
year 

16/09/2013 35.5 14 23.1 0.22 

FMAP-MA-0-5 Central 
Mediterranean 

Young of the 
year 

16/09/2013 35.5 14 21.8 0.2 

CYPR-LS-V-1 Eastern 
Mediterranean 

Larvae 22/06/2011 36.13 33.75 0.58 n/a 

CYPR-LS-V-46 Eastern 
Mediterranean 

Larvae 24/06/2011 36.08 33.69 1.2 n/a 

CYPR-LS-V-49 Eastern 
Mediterranean 

Larvae 24/06/2011 36.08 33.69 1.2 n/a 

CYPR-LS-V-55 Eastern 
Mediterranean 

Larvae 24/06/2011 36.08 33.69 1.25 n/a 

CYPR-LS-V-62 Eastern 
Mediterranean 

Larvae 24/06/2011 36.09 33.72 0.58 n/a 
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CYPR-LS-V-71 Eastern 
Mediterranean 

Larvae 24/06/2011 36.09 33.74 1.18 n/a 

CYPR-LS-V-19 Eastern 
Mediterranean 

Larvae 23/06/2011 36.11 33.56 1.04 n/a 

CYPR-LS-V-26 Eastern 
Mediterranean 

Larvae 23/06/2011 36.11 33.57 0.95 n/a 

CYPR-LS-V-45 Eastern 
Mediterranean 

Larvae 24/06/2011 36.08 33.69 1.26 n/a 

CYPR-LS-V-52 Eastern 
Mediterranean 

Larvae 24/06/2011 36.08 33.69 1.03 n/a 

CYPR-LS-0-110 Eastern 
Mediterranean 

Young of the 
year 

03/09/2012 35.34 33.32 28.7 0.44 

CYPR-LS-0-111 Eastern 
Mediterranean 

Young of the 
year 

03/09/2012 35.34 33.32 30.4 0.54 

CYPR-LS-0-112 Eastern 
Mediterranean 

Young of the 
year 

29/07/2012 35.34 33.32 23.8 0.28 

CYPR-LS-0-113 Eastern 
Mediterranean 

Young of the 
year 

29/07/2012 35.34 33.32 26.1 0.38 

CYPR-LS-0-114 Eastern 
Mediterranean 

Young of the 
year 

29/07/2012 35.34 33.32 23.1 0.24 

CYPR-LS-0-321 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 36.17 33.85 24.3 0.27 

CYPR-LS-0-322 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 36.17 33.85 24.8 0.27 

CYPR-LS-0-323 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 36.17 33.85 24.4 0.29 

CYPR-LS-0-325 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 36.17 33.85 24.6 0.28 

CYPR-LS-0-327 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 36.17 33.85 23.9 0.25 

CYPR-LS-0-334 Eastern 
Mediterranean 

Young of the 
year 

17/08/2013 36.17 33.85 23.4 0.24 

CYPR-LS-0-336 Eastern 
Mediterranean 

Young of the 
year 

17/08/2013 36.17 33.85 24.5 0.28 

CYPR-LS-0-337 Eastern 
Mediterranean 

Young of the 
year 

17/08/2013 36.17 33.85 24.7 0.29 

CYPR-LS-0-369 Eastern 
Mediterranean 

Young of the 
year 

19/08/2013 36.17 33.85 22.9 0.23 

CYPR-LS-0-37 Eastern 
Mediterranean 

Young of the 
year 

24/07/2012 36.14 33.87 22.1 0.2 

CYPR-LS-0-371 Eastern 
Mediterranean 

Young of the 
year 

19/08/2013 36.17 33.85 22.9 0.22 

CYPR-LS-0-372 Eastern 
Mediterranean 

Young of the 
year 

14/08/2013 36.17 33.85 22.7 0.2 

CYPR-LS-0-373 Eastern 
Mediterranean 

Young of the 
year 

14/08/2013 36.17 33.85 21.4 0.18 

CYPR-LS-0-374 Eastern 
Mediterranean 

Young of the 
year 

14/08/2013 36.17 33.85 20.4 0.17 

CYPR-LS-0-375 Eastern 
Mediterranean 

Young of the 
year 

06/08/2013 36.17 33.85 22.8 0.21 
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CYPR-LS-0-376 Eastern 
Mediterranean 

Young of the 
year 

06/08/2013 36.17 33.85 21.5 0.17 

CYPR-LS-0-377 Eastern 
Mediterranean 

Young of the 
year 

27/07/2013 36.17 33.85 18.2 0.1 

CYPR-LS-0-379 Eastern 
Mediterranean 

Young of the 
year 

03/08/2013 36.17 33.85 20.4 0.16 

CYPR-LS-0-39 Eastern 
Mediterranean 

Young of the 
year 

24/07/2012 36.14 33.87 24.9 0.3 

CYPR-LS-0-393 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 35.34 33.32 26.7 0.4 

CYPR-LS-0-394 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 35.34 33.32 28.5 0.39 

CYPR-LS-0-395 Eastern 
Mediterranean 

Young of the 
year 

13/08/2013 35.34 33.32 26 0.37 

CYPR-LS-0-396 Eastern 
Mediterranean 

Young of the 
year 

13/08/2013 35.34 33.32 27.1 0.39 

CYPR-LS-0-397 Eastern 
Mediterranean 

Young of the 
year 

13/08/2013 35.34 33.32 26.2 0.36 

CYPR-LS-0-398 Eastern 
Mediterranean 

Young of the 
year 

13/08/2013 35.34 33.32 27.1 0.4 

CYPR-LS-0-43 Eastern 
Mediterranean 

Young of the 
year 

24/07/2012 36.14 33.87 24.5 0.29 

CYPR-LS-0-52 Eastern 
Mediterranean 

Young of the 
year 

25/07/2012 36.14 33.87 21.7 0.19 

CYPR-LS-0-56 Eastern 
Mediterranean 

Young of the 
year 

25/07/2012 36.14 33.87 24.5 0.3 

CYPR-LS-0-60 Eastern 
Mediterranean 

Young of the 
year 

25/07/2012 36.14 33.87 23.2 0.24 

CYPR-LS-0-68 Eastern 
Mediterranean 

Young of the 
year 

25/07/2012 36.14 33.87 24.2 0.29 

CYPR-LS-0-315 Eastern 
Mediterranean 

Young of the 
year 

15/08/2013 36.17 33.85 21.6 0.19 

CYPR-LS-0-317 Eastern 
Mediterranean 

Young of the 
year 

15/08/2013 36.17 33.85 21.1 0.18 

CYPR-LS-0-318 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 36.17 33.85 23.3 0.25 

CYPR-LS-0-320 Eastern 
Mediterranean 

Young of the 
year 

16/08/2013 36.17 33.85 22.4 0.21 
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WebTable 2 

Samples genotyped with 230 selected SNPs on the Fluidigm platform. Those samples already used in the 

RAD-seq analysis are marked with an asterisk. Only those included in subsequent analyses are shown. 

Column descriptions as in WebTable 1.  

Sample Area Dev. stage Catch date Latitude Longitude Length 

(cm) 

Weight 

(g) 

AZTI-GM-V-

77* 

Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 n/a n/a 

AZTI-GM-V-

80* 

Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 n/a n/a 

AZTI-GM-V-

81* 

Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 n/a n/a 

AZTI-GM-V-

101 

Gulf of Mexico Larvae 22/05/2008 26.5 -89.17 0.36 n/a 

AZTI-GM-V-

102 

Gulf of Mexico Larvae 22/05/2008 26.5 -89 0.44 n/a 

AZTI-GM-V-

103 

Gulf of Mexico Larvae 22/05/2008 26.5 -89 0.41 n/a 

AZTI-GM-V-

104 

Gulf of Mexico Larvae 22/05/2008 26.5 -89 0.41 n/a 

AZTI-GM-V-

105 

Gulf of Mexico Larvae 22/05/2008 26.5 -89 0.39 n/a 

AZTI-GM-V-

106 

Gulf of Mexico Larvae 22/05/2008 26.5 -89 0.48 n/a 

AZTI-GM-V-

107 

Gulf of Mexico Larvae 22/05/2008 26.5 -88.75 0.6 n/a 

AZTI-GM-V-

108 

Gulf of Mexico Larvae 28/05/2009 26.67 -88 0.39 n/a 

AZTI-GM-V-

109 

Gulf of Mexico Larvae 28/05/2009 26.67 -88 0.43 n/a 

AZTI-GM-V-

110 

Gulf of Mexico Larvae 28/05/2009 26.67 -88 0.38 n/a 

AZTI-GM-V-

111 

Gulf of Mexico Larvae 28/05/2009 26.67 -88 0.4 n/a 

AZTI-GM-V-

112 

Gulf of Mexico Larvae 28/05/2009 26.67 -88 0.41 n/a 

AZTI-GM-V-

113 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.04 0.4 n/a 

AZTI-GM-V-

114 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.04 0.41 n/a 

AZTI-GM-V-

115 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.04 0.43 n/a 

AZTI-GM-V-

117 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.08 0.44 n/a 
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AZTI-GM-V-

118 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.08 0.38 n/a 

AZTI-GM-V-

119 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.08 0.44 n/a 

AZTI-GM-V-

120 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.08 0.46 n/a 

AZTI-GM-V-

121 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.13 0.41 n/a 

AZTI-GM-V-

122 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.13 0.45 n/a 

AZTI-GM-V-

123 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.13 0.41 n/a 

AZTI-GM-V-

124 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.13 0.43 n/a 

AZTI-GM-V-

125 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.13 0.43 n/a 

AZTI-GM-V-

126 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.38 0.39 n/a 

AZTI-GM-V-

127 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.38 0.42 n/a 

AZTI-GM-V-

128 

Gulf of Mexico Larvae 28/05/2009 26.67 -88.38 0.54 n/a 

AZTI-GM-V-79 Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 0 n/a 

AZTI-GM-V-82 Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 0 n/a 

AZTI-GM-V-84 Gulf of Mexico Larvae 17/05/2010 26.76 -96.01 0 n/a 

AZTI-GM-V-89 Gulf of Mexico Larvae 20/05/2008 27.66 -87 0.37 n/a 

AZTI-GM-V-90 Gulf of Mexico Larvae 21/05/2008 26.5 -88.33 0.47 n/a 

AZTI-GM-V-91 Gulf of Mexico Larvae 21/05/2008 26.5 -88.33 0.5 n/a 

AZTI-GM-V-92 Gulf of Mexico Larvae 21/05/2008 26.5 -88.33 0.4 n/a 

AZTI-GM-V-93 Gulf of Mexico Larvae 21/05/2008 26.5 -88.33 0.73 n/a 

AZTI-GM-V-94 Gulf of Mexico Larvae 21/05/2008 26.5 -88.33 0.63 n/a 

AZTI-GM-V-97 Gulf of Mexico Larvae 22/05/2008 26.5 -89.17 0.4 n/a 

AZTI-GM-V-98 Gulf of Mexico Larvae 22/05/2008 26.5 -89.17 0.46 n/a 

AZTI-GM-V-99 Gulf of Mexico Larvae 22/05/2008 26.5 -89.17 0.38 n/a 

AZTI-GM-0-

20* 

Slope Sea Young of the 

year 

13/09/2008 36.41 -74.83 36 0.84 

AZTI-GM-0-

24* 

Slope Sea Young of the 

year 

13/09/2008 36.41 -74.83 31 0.47 

AZTI-GM-0-

25* 

Slope Sea Young of the 

year 

13/09/2008 36.41 -74.83 26 0.24 

AZTI-GM-0-

45* 

Slope Sea Young of the 

year 

13/09/2008 36.41 -74.83 29 0.41 

AZTI-GM-0-6* Slope Sea Young of the 

year 

13/09/2008 36.41 -74.83 37 0.92 
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AZTI-GM-0-31 Slope Sea Young of the 

year 

13/09/2008 36.41 -74.83 33 0.54 

IEO-BA-V-10* Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-22* Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-29* Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-30* Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-5* Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-13 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-15 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-16 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-17 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-18 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-19 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-20 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-21 Western 

Mediterranean 

Larvae 26/06/2012 38.67 1.21 n/a n/a 

IEO-BA-V-33 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-34 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-35 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-36 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-37 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-38 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-39 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-40 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 
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IEO-BA-V-41 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-V-42 Western 

Mediterranean 

Larvae 13/07/2012 38.83 2.63 n/a n/a 

IEO-BA-0-100* Western 

Mediterranean 

Young of the 

year 

21/09/2013 39.28 -0.04 27.6 0.41 

IEO-BA-0-107* Western 

Mediterranean 

Young of the 

year 

12/10/2013 39.28 -0.04 31.7 0.6 

IEO-BA-0-92* Western 

Mediterranean 

Young of the 

year 

15/09/2013 39.28 -0.04 30 0.54 

IEO-BA-0-93* Western 

Mediterranean 

Young of the 

year 

15/09/2013 39.28 -0.04 28.9 0.49 

AZTI-BA-0-220 Western 

Mediterranean 

Young of the 

year 

19/10/2013 40.94 1.03 32.5 0.67 

AZTI-BA-0-249 Western 

Mediterranean 

Young of the 

year 

19/10/2013 40.94 1.03 30.5 0.59 

AZTI-BA-0-257 Western 

Mediterranean 

Young of the 

year 

19/10/2013 40.94 1.03 33 0.75 

AZTI-BA-0-259 Western 

Mediterranean 

Young of the 

year 

19/10/2013 40.94 1.03 31 0.57 

IEO-BA-0-113 Western 

Mediterranean 

Young of the 

year 

25/10/2013 39.28 -0.04 46.1 0.51 

IEO-BA-0-114 Western 

Mediterranean 

Young of the 

year 

25/10/2013 39.28 -0.04 30.2 0.31 

IEO-BA-0-115 Western 

Mediterranean 

Young of the 

year 

25/10/2013 39.28 -0.04 32.5 0.68 

IEO-BA-0-121 Western 

Mediterranean 

Young of the 

year 

01/11/2013 39.28 -0.04 31.4 0.65 

IEO-BA-0-124 Western 

Mediterranean 

Young of the 

year 

02/11/2013 39.28 -0.04 31.8 0.65 

IEO-BA-0-126 Western 

Mediterranean 

Young of the 

year 

02/11/2013 39.28 -0.04 34 0.78 

IEO-BA-0-147 Western 

Mediterranean 

Young of the 

year 

21/09/2013 39.28 -0.04 30.9 0.53 

IEO-BA-0-150 Western 

Mediterranean 

Young of the 

year 

22/09/2013 39.28 -0.04 25.3 0.3 

IEO-BA-0-153 Western 

Mediterranean 

Young of the 

year 

12/10/2013 39.28 -0.04 31 0.58 

IEO-BA-0-155 Western 

Mediterranean 

Young of the 

year 

13/10/2013 39.28 -0.04 31.5 0.61 

IEO-BA-0-157 Western 

Mediterranean 

Young of the 

year 

19/10/2013 39.28 -0.04 30.2 0.54 

IEO-BA-0-160 Western 

Mediterranean 

Young of the 

year 

25/10/2013 39.28 -0.04 32.8 0.79 
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IEO-BA-0-162 Western 

Mediterranean 

Young of the 

year 

26/10/2013 39.28 -0.04 34.4 0.76 

IEO-BA-0-97 Western 

Mediterranean 

Young of the 

year 

21/09/2013 39.28 -0.04 28.8 0.47 

IEO-BA-0-98 Western 

Mediterranean 

Young of the 

year 

21/09/2013 39.28 -0.04 28.9 0.45 

IEO-SI-V-70* Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-76* Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-78* Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-22 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.05 n/a 

IEO-SI-V-37 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-38 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-41 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-43 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-51 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-55 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-56 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.08 n/a 

IEO-SI-V-57 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-62 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-63 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-64 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-67 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-69 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.08 n/a 

IEO-SI-V-72 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-74 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 
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IEO-SI-V-75 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.07 n/a 

IEO-SI-V-77 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

IEO-SI-V-79 Central 

Mediterranean 

Larvae 15/07/2008 36.71 15.29 0.06 n/a 

FMAP-MA-0-

1* 

Central 

Mediterranean 

Young of the 

year 

10/09/2013 35.5 14 25.2 0.3 

FMAP-MA-0-

3* 

Central 

Mediterranean 

Young of the 

year 

10/09/2013 35.5 14 19.4 0.12 

FMAP-MA-0-

4* 

Central 

Mediterranean 

Young of the 

year 

16/09/2013 35.5 14 23.1 0.22 

FMAP-MA-0-

5* 

Central 

Mediterranean 

Young of the 

year 

16/09/2013 35.5 14 21.8 0.2 

UNIB-SI-0-51 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 41 1.29 

UNIB-SI-0-52 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 39.5 1.12 

UNIB-SI-0-53 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 32 0.57 

UNIB-SI-0-54 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 41.5 1.37 

UNIB-SI-0-55 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 37 1.09 

UNIB-SI-0-56 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 30.5 0.51 

UNIB-SI-0-57 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 38.2 1.07 

UNIB-SI-0-61 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 42.3 1.41 

UNIB-SI-0-62 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 41 1.3 

UNIB-SI-0-63 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 39 1.08 

UNIB-SI-0-64 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 42.5 1.51 

UNIB-SI-0-65 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 41.3 1.31 

UNIB-SI-0-66 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 40.5 1.26 

UNIB-SI-0-67 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 41.2 1.39 

UNIB-SI-0-68 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 40.3 1.27 
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UNIB-SI-0-69 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 39 0.99 

UNIB-SI-0-70 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 38 1.01 

UNIB-SI-0-71 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 40.7 1.31 

UNIB-SI-0-72 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 34.5 0.56 

UNIB-SI-0-73 Central 

Mediterranean 

Young of the 

year 

18/10/2013 37.58 15.67 33.5 0.77 

CYPR-LS-V-19* Eastern 

Mediterranean 

Larvae 23/06/2011 36.11 33.56 1.04 n/a 

CYPR-LS-V-26* Eastern 

Mediterranean 

Larvae 23/06/2011 36.11 33.57 0.95 n/a 

CYPR-LS-V-45* Eastern 

Mediterranean 

Larvae 24/06/2011 36.08 33.69 1.26 n/a 

CYPR-LS-V-52* Eastern 

Mediterranean 

Larvae 24/06/2011 36.08 33.69 1.03 n/a 

CYPR-LS-0-

315* 

Eastern 

Mediterranean 

Young of the 

year 

15/08/2013 36.17 33.85 21.6 0.19 

CYPR-LS-0-

317* 

Eastern 

Mediterranean 

Young of the 

year 

15/08/2013 36.17 33.85 21.1 0.18 

CYPR-LS-0-

318* 

Eastern 

Mediterranean 

Young of the 

year 

16/08/2013 36.17 33.85 23.3 0.25 

CYPR-LS-0-

320* 

Eastern 

Mediterranean 

Young of the 

year 

16/08/2013 36.17 33.85 22.4 0.21 

CYPR-LS-0-1 Eastern 

Mediterranean 

Young of the 

year 

10/08/2011 36.25 35.8 35 0.75 

CYPR-LS-0-10 Eastern 

Mediterranean 

Young of the 

year 

14/08/2011 36.25 35.8 31.6 0.56 

CYPR-LS-0-11 Eastern 

Mediterranean 

Young of the 

year 

15/08/2011 36.25 35.8 34.3 0.78 

CYPR-LS-0-116 Eastern 

Mediterranean 

Young of the 

year 

29/07/2012 35.34 33.32 25.7 0.34 

CYPR-LS-0-117 Eastern 

Mediterranean 

Young of the 

year 

29/07/2012 35.34 33.32 24.7 0.29 

CYPR-LS-0-118 Eastern 

Mediterranean 

Young of the 

year 

29/07/2012 35.34 33.32 22.3 0.23 

CYPR-LS-0-12 Eastern 

Mediterranean 

Young of the 

year 

16/08/2011 36.25 35.8 26 0.3 

CYPR-LS-0-126 Eastern 

Mediterranean 

Young of the 

year 

31/08/2012 35.34 33.32 29.9 0.58 

CYPR-LS-0-128 Eastern 

Mediterranean 

Young of the 

year 

31/08/2012 35.34 33.32 25.5 0.31 
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CYPR-LS-0-129 Eastern 

Mediterranean 

Young of the 

year 

31/08/2012 35.34 33.32 28.3 0.45 

CYPR-LS-0-13 Eastern 

Mediterranean 

Young of the 

year 

16/08/2011 36.25 35.8 32.5 0.66 

CYPR-LS-0-14 Eastern 

Mediterranean 

Young of the 

year 

16/08/2011 36.25 35.8 32 0.61 

CYPR-LS-0-15 Eastern 

Mediterranean 

Young of the 

year 

16/08/2011 36.25 35.8 29.5 0.43 

CYPR-LS-0-16 Eastern 

Mediterranean 

Young of the 

year 

17/08/2011 36.25 35.8 35.3 0.81 

CYPR-LS-0-17 Eastern 

Mediterranean 

Young of the 

year 

17/08/2011 36.25 35.8 34.3 0.74 

CYPR-LS-0-18 Eastern 

Mediterranean 

Young of the 

year 

18/08/2011 36.03 35.95 26.6 0.38 

CYPR-LS-0-19 Eastern 

Mediterranean 

Young of the 

year 

18/08/2011 36.03 35.95 33.5 0.62 

CYPR-LS-0-2 Eastern 

Mediterranean 

Young of the 

year 

10/08/2011 36.25 35.8 31.5 0.54 

CYPR-LS-0-20 Eastern 

Mediterranean 

Young of the 

year 

19/08/2011 36.03 35.95 29.3 0.44 

CYPR-LS-0-3 Eastern 

Mediterranean 

Young of the 

year 

10/08/2011 36.25 35.8 30.3 0.52 

CYPR-LS-0-314 Eastern 

Mediterranean 

Young of the 

year 

15/08/2013 36.17 33.85 22.2 0.21 

CYPR-LS-0-316 Eastern 

Mediterranean 

Young of the 

year 

15/08/2013 36.17 33.85 21.4 0.18 

CYPR-LS-0-324 Eastern 

Mediterranean 

Young of the 

year 

16/08/2013 36.17 33.85 24.9 0.28 

CYPR-LS-0-33 Eastern 

Mediterranean 

Young of the 

year 

24/07/2012 36.14 33.87 23.6 0.27 

CYPR-LS-0-366 Eastern 

Mediterranean 

Young of the 

year 

19/08/2013 36.17 33.85 24.3 0.27 

CYPR-LS-0-378 Eastern 

Mediterranean 

Young of the 

year 

27/07/2013 36.17 33.85 12.2 0.03 

CYPR-LS-0-382 Eastern 

Mediterranean 

Young of the 

year 

05/08/2013 36.17 33.85 20.9 0.17 

CYPR-LS-0-4 Eastern 

Mediterranean 

Young of the 

year 

10/08/2011 36.25 35.8 31.8 0.55 

CYPR-LS-0-48 Eastern 

Mediterranean 

Young of the 

year 

25/07/2012 36.14 33.87 23.4 0.26 

CYPR-LS-0-5 Eastern 

Mediterranean 

Young of the 

year 

10/08/2011 36.25 35.8 33.2 0.79 

CYPR-LS-0-6 Eastern 

Mediterranean 

Young of the 

year 

10/08/2011 36.25 35.8 30.3 0.5 
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CYPR-LS-0-64 Eastern 

Mediterranean 

Young of the 

year 

25/07/2012 36.14 33.87 22.8 0.23 

CYPR-LS-0-7 Eastern 

Mediterranean 

Young of the 

year 

10/08/2011 36.25 35.8 30.3 0.53 

CYPR-LS-0-8 Eastern 

Mediterranean 

Young of the 

year 

12/08/2011 36.25 35.8 34.7 0.79 

CYPR-LS-0-9 Eastern 

Mediterranean 

Young of the 

year 

14/08/2011 36.25 35.8 29 0.42 
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WebTable 3 

 

Spawning adult and larvae samples genotyped with the final selection of 96 SNPs on the Fluidigm 

platform for validation. Only those included in subsequent analyses are shown. Column descriptions as 

in WebTable 1.  

Sample Area Dev. 

stage 

Catch date Latitude Longitude Length 

(cm) 

Weight 

(g) 

NOAA-GM-L-

100 

Gulf of Mexico Adult 15/04/2010 25 -85 261 n/a 

NOAA-GM-L-

101 

Gulf of Mexico Adult 15/04/2010 25 -90 255 n/a 

NOAA-GM-L-

103 

Gulf of Mexico Adult 15/04/2010 25 -85 234 n/a 

NOAA-GM-L-

104 

Gulf of Mexico Adult 15/04/2010 25 -85 242 n/a 

NOAA-GM-L-

105 

Gulf of Mexico Adult 15/04/2010 25 -90 223 n/a 

NOAA-GM-L-

111 

Gulf of Mexico Adult 15/04/2010 25 -85 243 n/a 

NOAA-GM-L-

114 

Gulf of Mexico Adult 15/04/2010 25 -90 230 n/a 

NOAA-GM-L-

115 

Gulf of Mexico Adult 15/04/2010 25 -85 251 n/a 

NOAA-GM-L-

117 

Gulf of Mexico Adult 15/04/2010 25 -90 248 n/a 

NOAA-GM-L-

118 

Gulf of Mexico Adult 15/04/2010 25 -85 249 n/a 

NOAA-GM-L-

119 

Gulf of Mexico Adult 15/04/2010 25 -85 247 n/a 

NOAA-GM-L-

120 

Gulf of Mexico Adult 15/04/2010 25 -85 272 n/a 

NOAA-GM-L-79 Gulf of Mexico Adult 15/04/2010 25 -85 276 n/a 

NOAA-GM-L-80 Gulf of Mexico Adult 15/04/2010 25 -90 261 n/a 

NOAA-GM-L-82 Gulf of Mexico Adult 15/04/2010 25 -90 278 n/a 

NOAA-GM-L-83 Gulf of Mexico Adult 15/04/2010 25 -85 249 n/a 

NOAA-GM-L-85 Gulf of Mexico Adult 15/04/2010 25 -85 280 n/a 

NOAA-GM-L-87 Gulf of Mexico Adult 15/04/2010 25 -90 238 n/a 

NOAA-GM-L-89 Gulf of Mexico Adult 15/04/2010 25 -85 262 n/a 

NOAA-GM-L-92 Gulf of Mexico Adult 15/04/2010 25 -85 257 n/a 

NOAA-GM-L-93 Gulf of Mexico Adult 15/04/2010 25 -90 252 n/a 

NOAA-GM-L-95 Gulf of Mexico Adult 15/04/2010 25 -85 249 n/a 

NOAA-GM-L-96 Gulf of Mexico Adult 15/04/2010 25 -90 238 n/a 

NOAA-GM-L-97 Gulf of Mexico Adult 15/04/2010 25 -90 239 n/a 
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NOAA-GM-L-99 Gulf of Mexico Adult 15/04/2010 25 -85 213 n/a 

NOAA-GM-L-69 Gulf of Mexico Adult 15/04/2011 20 -80 270 n/a 

NOAA-GM-L-70 Gulf of Mexico Adult 15/04/2011 20 -80 251 n/a 

NOAA-GM-L-71 Gulf of Mexico Adult 15/04/2011 20 -80 232 n/a 

NOAA-GM-L-72 Gulf of Mexico Adult 15/04/2011 25 -85 236 n/a 

NOAA-GM-L-36 Gulf of Mexico Adult 15/04/2012 25 -85 239 n/a 

NOAA-GM-L-37 Gulf of Mexico Adult 15/04/2012 25 -85 283 n/a 

NOAA-GM-L-38 Gulf of Mexico Adult 15/04/2012 25 -85 241 n/a 

NOAA-GM-L-39 Gulf of Mexico Adult 15/04/2012 25 -85 221 n/a 

NOAA-GM-L-40 Gulf of Mexico Adult 15/04/2012 25 -85 257 n/a 

NOAA-GM-L-41 Gulf of Mexico Adult 15/04/2012 25 -85 255 n/a 

NOAA-GM-L-42 Gulf of Mexico Adult 15/04/2012 25 -85 273 n/a 

NOAA-GM-L-43 Gulf of Mexico Adult 15/04/2012 25 -85 234 n/a 

NOAA-GM-L-44 Gulf of Mexico Adult 15/04/2012 25 -85 241 n/a 

NOAA-GM-L-45 Gulf of Mexico Adult 15/04/2012 25 -85 234 n/a 

NOAA-GM-L-46 Gulf of Mexico Adult 15/04/2012 25 -85 268 n/a 

NOAA-GM-L-59 Gulf of Mexico Adult 15/04/2012 25 -85 259 n/a 

NOAA-GM-L-12 Gulf of Mexico Adult 15/04/2013 25 -85 250 n/a 

NOAA-GM-L-13 Gulf of Mexico Adult 15/04/2013 25 -85 231 n/a 

NOAA-GM-L-14 Gulf of Mexico Adult 15/04/2013 25 -85 231 n/a 

NOAA-GM-L-25 Gulf of Mexico Adult 15/04/2013 25 -85 266 n/a 

NOAA-GM-L-26 Gulf of Mexico Adult 15/04/2013 25 -85 275 n/a 

NOAA-GM-L-6 Gulf of Mexico Adult 15/04/2013 25 -85 235 n/a 

NOAA-GM-L-7 Gulf of Mexico Adult 15/04/2013 25 -90 233 n/a 

NOAA-GM-L-

126 

Gulf of Mexico Adult 15/04/2014 25 -85 249 n/a 

NOAA-GM-L-

127 

Gulf of Mexico Adult 15/04/2014 25 -90 269 n/a 

NOAA-GM-L-

128 

Gulf of Mexico Adult 15/04/2014 25 -85 227 n/a 

NOAA-GM-L-

129 

Gulf of Mexico Adult 15/04/2014 25 -85 219 n/a 

NOAA-GM-L-

134 

Gulf of Mexico Adult 15/04/2014 25 -90 234 n/a 

NOAA-GM-L-

135 

Gulf of Mexico Adult 15/04/2014 25 -90 221 n/a 

NOAA-GM-L-

136 

Gulf of Mexico Adult 15/04/2014 25 -85 266 n/a 

NOAA-GM-L-

137 

Gulf of Mexico Adult 15/04/2014 25 -85 225 n/a 

NOAA-GM-L-

146 

Gulf of Mexico Adult 15/04/2014 25 -90 235 n/a 

NOAA-GM-L-

148 

Gulf of Mexico Adult 15/04/2014 25 -90 225 n/a 
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NOAA-GM-L-

149 

Gulf of Mexico Adult 15/04/2014 25 -90 228 n/a 

NOAA-GM-L-

173 

Gulf of Mexico Adult 15/04/2014 20 -80 218 n/a 

NOAA-GM-L-

174 

Gulf of Mexico Adult 15/04/2014 20 -80 218 n/a 

NOAA-GM-L-

176 

Gulf of Mexico Adult 15/04/2014 25 -85 205 n/a 

NOAA-GM-L-

177 

Gulf of Mexico Adult 15/04/2014 25 -85 246 n/a 

NOAA-GM-L-

123 

Gulf of Mexico Adult 15/05/2010 25 -85 212 n/a 

NOAA-GM-L-

124 

Gulf of Mexico Adult 15/05/2010 25 -85 222 n/a 

NOAA-GM-L-

125 

Gulf of Mexico Adult 15/05/2010 25 -85 219 n/a 

NOAA-GM-L-81 Gulf of Mexico Adult 15/05/2010 25 -90 262 n/a 

NOAA-GM-L-84 Gulf of Mexico Adult 15/05/2010 25 -90 239 n/a 

NOAA-GM-L-86 Gulf of Mexico Adult 15/05/2010 25 -90 261 n/a 

NOAA-GM-L-88 Gulf of Mexico Adult 15/05/2010 25 -85 238 n/a 

NOAA-GM-L-90 Gulf of Mexico Adult 15/05/2010 25 -85 220 n/a 

NOAA-GM-L-91 Gulf of Mexico Adult 15/05/2010 25 -85 246 n/a 

NOAA-GM-L-94 Gulf of Mexico Adult 15/05/2010 25 -85 230 n/a 

NOAA-GM-L-64 Gulf of Mexico Adult 15/05/2011 25 -85 245 n/a 

NOAA-GM-L-65 Gulf of Mexico Adult 15/05/2011 25 -85 262 n/a 

NOAA-GM-L-66 Gulf of Mexico Adult 15/05/2011 25 -85 252 n/a 

NOAA-GM-L-67 Gulf of Mexico Adult 15/05/2011 25 -80 232 n/a 

NOAA-GM-L-68 Gulf of Mexico Adult 15/05/2011 25 -85 258 n/a 

NOAA-GM-L-47 Gulf of Mexico Adult 15/05/2012 25 -85 253 n/a 

NOAA-GM-L-48 Gulf of Mexico Adult 15/05/2012 25 -85 230 n/a 

NOAA-GM-L-49 Gulf of Mexico Adult 15/05/2012 25 -85 234 n/a 

NOAA-GM-L-50 Gulf of Mexico Adult 15/05/2012 25 -85 243 n/a 

NOAA-GM-L-51 Gulf of Mexico Adult 15/05/2012 25 -85 233 n/a 

NOAA-GM-L-52 Gulf of Mexico Adult 15/05/2012 25 -85 243 n/a 

NOAA-GM-L-53 Gulf of Mexico Adult 15/05/2012 25 -85 251 n/a 

NOAA-GM-L-54 Gulf of Mexico Adult 15/05/2012 25 -85 263 n/a 

NOAA-GM-L-55 Gulf of Mexico Adult 15/05/2012 25 -85 245 n/a 

NOAA-GM-L-56 Gulf of Mexico Adult 15/05/2012 25 -85 271 n/a 

NOAA-GM-L-58 Gulf of Mexico Adult 15/05/2012 25 -85 225 n/a 

NOAA-GM-L-60 Gulf of Mexico Adult 15/05/2012 25 -85 248 n/a 

NOAA-GM-L-61 Gulf of Mexico Adult 15/05/2012 25 -90 242 n/a 

NOAA-GM-L-62 Gulf of Mexico Adult 15/05/2012 25 -85 235 n/a 

NOAA-GM-L-63 Gulf of Mexico Adult 15/05/2012 25 -85 204 n/a 

NOAA-GM-L-10 Gulf of Mexico Adult 15/05/2013 25 -85 235 n/a 
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NOAA-GM-L-15 Gulf of Mexico Adult 15/05/2013 25 -85 194 n/a 

NOAA-GM-L-16 Gulf of Mexico Adult 15/05/2013 25 -85 240 n/a 

NOAA-GM-L-

161 

Gulf of Mexico Adult 15/05/2013 25 -85 224 n/a 

NOAA-GM-L-

162 

Gulf of Mexico Adult 15/05/2013 25 -85 260 n/a 

NOAA-GM-L-

163 

Gulf of Mexico Adult 15/05/2013 25 -85 281 n/a 

NOAA-GM-L-

169 

Gulf of Mexico Adult 15/05/2013 25 -90 225 n/a 

NOAA-GM-L-17 Gulf of Mexico Adult 15/05/2013 25 -85 231 n/a 

NOAA-GM-L-

171 

Gulf of Mexico Adult 15/05/2013 25 -90 251 n/a 

NOAA-GM-L-

172 

Gulf of Mexico Adult 15/05/2013 25 -90 259 n/a 

NOAA-GM-L-18 Gulf of Mexico Adult 15/05/2013 25 -85 228 n/a 

NOAA-GM-L-19 Gulf of Mexico Adult 15/05/2013 25 -80 254 n/a 

NOAA-GM-L-2 Gulf of Mexico Adult 15/05/2013 25 -90 204 n/a 

NOAA-GM-L-21 Gulf of Mexico Adult 15/05/2013 25 -85 226 n/a 

NOAA-GM-L-22 Gulf of Mexico Adult 15/05/2013 25 -85 244 n/a 

NOAA-GM-L-24 Gulf of Mexico Adult 15/05/2013 25 -90 243 n/a 

NOAA-GM-L-3 Gulf of Mexico Adult 15/05/2013 25 -90 230 n/a 

NOAA-GM-L-30 Gulf of Mexico Adult 15/05/2013 25 -90 226 n/a 

NOAA-GM-L-31 Gulf of Mexico Adult 15/05/2013 25 -90 224 n/a 

NOAA-GM-L-4 Gulf of Mexico Adult 15/05/2013 25 -90 245 n/a 

NOAA-GM-L-8 Gulf of Mexico Adult 15/05/2013 25 -90 245 n/a 

NOAA-GM-L-9 Gulf of Mexico Adult 15/05/2013 25 -90 255 n/a 

NOAA-GM-L-

138 

Gulf of Mexico Adult 15/05/2014 25 -90 225 n/a 

NOAA-GM-L-

139 

Gulf of Mexico Adult 15/05/2014 25 -90 253 n/a 

NOAA-GM-L-

142 

Gulf of Mexico Adult 15/05/2014 25 -85 238 n/a 

NOAA-GM-L-

143 

Gulf of Mexico Adult 15/05/2014 25 -90 211 n/a 

NOAA-GM-L-

144 

Gulf of Mexico Adult 15/05/2014 25 -90 223 n/a 

NOAA-GM-L-

145 

Gulf of Mexico Adult 15/05/2014 25 -90 210 n/a 

NOAA-GM-L-

150 

Gulf of Mexico Adult 15/05/2014 25 -85 220 n/a 

NOAA-GM-L-

151 

Gulf of Mexico Adult 15/05/2014 25 -85 220 n/a 
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NOAA-GM-L-

152 

Gulf of Mexico Adult 15/05/2014 25 -85 252 n/a 

NOAA-GM-L-

153 

Gulf of Mexico Adult 15/05/2014 25 -85 210 n/a 

NOAA-GM-L-

154 

Gulf of Mexico Adult 15/05/2014 25 -90 213 n/a 

NOAA-GM-L-

155 

Gulf of Mexico Adult 15/05/2014 25 -90 223 n/a 

NOAA-GM-L-

156 

Gulf of Mexico Adult 15/05/2014 25 -90 233 n/a 

NOAA-GM-L-

157 

Gulf of Mexico Adult 15/05/2014 25 -90 240 n/a 

NOAA-GM-L-

158 

Gulf of Mexico Adult 15/05/2014 25 -90 227 n/a 

NOAA-GM-L-

178 

Gulf of Mexico Adult 15/05/2014 25 -85 259 n/a 

NOAA-GM-L-

179 

Gulf of Mexico Adult 15/05/2014 25 -90 268 n/a 

NOAA-GM-L-

180 

Gulf of Mexico Adult 15/05/2014 25 -90 228 n/a 

NOAA-GM-L-57 Gulf of Mexico Adult 15/06/2012 25 -85 243 n/a 

NOAA-GM-L-

159 

Gulf of Mexico Adult 15/06/2013 25 -85 213 n/a 

NOAA-GM-L-

160 

Gulf of Mexico Adult 15/06/2013 25 -85 204 n/a 

NOAA-GM-L-23 Gulf of Mexico Adult 15/06/2013 25 -85 250 n/a 

NOAA-GM-L-5 Gulf of Mexico Adult 15/06/2013 25 -85 235 n/a 

NOAA-GM-L-

130 

Gulf of Mexico Adult 15/06/2014 25 -90 217 n/a 

NOAA-GM-L-

131 

Gulf of Mexico Adult 15/06/2014 25 -90 235 n/a 

NOAA-GM-L-

132 

Gulf of Mexico Adult 15/06/2014 25 -85 250 n/a 

NOAA-GM-L-

133 

Gulf of Mexico Adult 15/06/2014 25 -85 276 n/a 

NOAA-GM-L-

141 

Gulf of Mexico Adult 15/06/2014 25 -85 199 n/a 

NOAA-GM-L-

175 

Gulf of Mexico Adult 15/06/2014 25 -85 225 n/a 

NOAA-GM-L-

181 

Gulf of Mexico Adult 15/06/2014 25 -85 213 n/a 

AZTI-GM-V-87 Gulf of Mexico Larvae 20/05/2008 27.66 -87 0.32 n/a 

AZTI-GM-V-129 Gulf of Mexico Larvae 28/05/2009 26.67 -88.38 0.44 n/a 

AZTI-GM-V-130 Gulf of Mexico Larvae 28/05/2009 26.67 -88.38 0.39 n/a 
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AZTI-GM-V-131 Gulf of Mexico Larvae 30/05/2009 27.66 -86.3 0.48 n/a 

UNIC-SA-L-4 Western 

Mediterranean 

Adult 21/05/2011 39.18 8.3 183 n/a 

UNIC-SA-L-6 Western 

Mediterranean 

Adult 21/05/2011 39.18 8.3 193 n/a 

UNIC-SA-L-140 Western 

Mediterranean 

Adult 31/05/2015 39.18 8.3 184 n/a 

UNIC-SA-L-10 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 252 n/a 

UNIC-SA-L-12 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 230 n/a 

UNIC-SA-L-13 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 180 n/a 

UNIC-SA-L-16 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 208 n/a 

UNIC-SA-L-21 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 256 n/a 

UNIC-SA-L-23 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 240 n/a 

UNIC-SA-L-24 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 201 n/a 

UNIC-SA-L-27 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 190 n/a 

UNIC-SA-L-8 Western 

Mediterranean 

Adult 04/06/2011 39.18 8.3 226 n/a 

UNIC-SA-L-30 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 260 n/a 

UNIC-SA-L-31 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 243 n/a 

UNIC-SA-L-32 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 180 n/a 

UNIC-SA-L-34 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 220 n/a 

UNIC-SA-L-35 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 226 n/a 

UNIC-SA-L-36 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 200 n/a 

UNIC-SA-L-37 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 252 n/a 

UNIC-SA-L-38 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 192 n/a 

UNIC-SA-L-44 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 213 n/a 
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UNIC-SA-L-48 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 240 n/a 

UNIC-SA-L-50 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 190 n/a 

UNIC-SA-L-51 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 184 n/a 

UNIC-SA-L-52 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 229 n/a 

UNIC-SA-L-53 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 197 n/a 

UNIC-SA-L-54 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 189 n/a 

UNIC-SA-L-55 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 215 n/a 

UNIC-SA-L-56 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 204 n/a 

UNIC-SA-L-57 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 215 n/a 

UNIC-SA-L-58 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 196 n/a 

UNIC-SA-L-59 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 240 n/a 

UNIC-SA-L-60 Western 

Mediterranean 

Adult 17/06/2011 39.23 8.37 218 n/a 

UNIC-SA-L-67 Western 

Mediterranean 

Adult 13/06/2012 39.18 8.3 252 n/a 

UNIC-SA-L-101 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 213 n/a 

UNIC-SA-L-69 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 207 137.8 

UNIC-SA-L-70 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 210 n/a 

UNIC-SA-L-71 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 219 n/a 

UNIC-SA-L-72 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 207 n/a 

UNIC-SA-L-73 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 226 n/a 

UNIC-SA-L-76 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 211 n/a 

UNIC-SA-L-77 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 200 n/a 

UNIC-SA-L-79 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 206 n/a 
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UNIC-SA-L-80 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 206 n/a 

UNIC-SA-L-81 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 241 n/a 

UNIC-SA-L-82 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 238 n/a 

UNIC-SA-L-83 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 207 n/a 

UNIC-SA-L-84 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 210 n/a 

UNIC-SA-L-85 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 204 n/a 

UNIC-SA-L-86 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 220 n/a 

UNIC-SA-L-87 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 206 n/a 

UNIC-SA-L-88 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 207 n/a 

UNIC-SA-L-89 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 204 n/a 

UNIC-SA-L-91 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 213 n/a 

UNIC-SA-L-92 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 226 n/a 

UNIC-SA-L-93 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 217 n/a 

UNIC-SA-L-94 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 214 n/a 

UNIC-SA-L-95 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 196 n/a 

UNIC-SA-L-97 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 210 n/a 

UNIC-SA-L-98 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 208 n/a 

UNIC-SA-L-99 Western 

Mediterranean 

Adult 21/06/2012 39.18 8.3 197 n/a 

UNIM-TY-L-2 Western 

Mediterranean 

Adult 13/06/2013 39.2 15.65 215 175 

FMAP-MA-L-2 Central 

Mediterranean 

Adult 08/05/2011 35.5 14 246 209 

FMAP-MA-L-3 Central 

Mediterranean 

Adult 08/05/2011 35.5 14 244 217 

FMAP-MA-L-5 Central 

Mediterranean 

Adult 13/05/2011 35.5 14 235 237 
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FMAP-MA-L-100 Central 

Mediterranean 

Adult 02/05/2012 35.5 14 207 145 

FMAP-MA-L-101 Central 

Mediterranean 

Adult 04/05/2012 35.5 14 239 194 

FMAP-MA-L-102 Central 

Mediterranean 

Adult 04/05/2012 35.5 14 248 216 

FMAP-MA-L-103 Central 

Mediterranean 

Adult 04/05/2012 35.5 14 222 188 

FMAP-MA-L-104 Central 

Mediterranean 

Adult 04/05/2012 35.5 14 252 240 

FMAP-MA-L-105 Central 

Mediterranean 

Adult 04/05/2012 35.5 14 247 179 

FMAP-MA-L-106 Central 

Mediterranean 

Adult 04/05/2012 35.5 14 254 204 

FMAP-MA-L-109 Central 

Mediterranean 

Adult 10/05/2012 35.5 14 224 177 

FMAP-MA-L-110 Central 

Mediterranean 

Adult 10/05/2012 35.5 14 256 210 

FMAP-MA-L-111 Central 

Mediterranean 

Adult 10/05/2012 35.5 14 184 89 

FMAP-MA-L-113 Central 

Mediterranean 

Adult 10/05/2012 35.5 14 254 212 

FMAP-MA-L-114 Central 

Mediterranean 

Adult 11/05/2012 35.5 14 250 221 

FMAP-MA-L-115 Central 

Mediterranean 

Adult 11/05/2012 35.5 14 244 216 

FMAP-MA-L-116 Central 

Mediterranean 

Adult 11/05/2012 35.5 14 250 219 

FMAP-MA-L-117 Central 

Mediterranean 

Adult 11/05/2012 35.5 14 266 249 

FMAP-MA-L-119 Central 

Mediterranean 

Adult 11/05/2012 35.5 14 240 181 

FMAP-MA-L-120 Central 

Mediterranean 

Adult 11/05/2012 35.5 14 230 170 

FMAP-MA-L-121 Central 

Mediterranean 

Adult 11/05/2012 35.5 14 270 308 

FMAP-MA-L-122 Central 

Mediterranean 

Adult 29/05/2012 35.5 14 216 130 

FMAP-MA-L-123 Central 

Mediterranean 

Adult 29/05/2012 35.5 14 210 123 

FMAP-MA-L-124 Central 

Mediterranean 

Adult 29/05/2012 35.5 14 209 130 

FMAP-MA-L-125 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 216 128 
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FMAP-MA-L-127 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 225 172 

FMAP-MA-L-128 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 223 184 

FMAP-MA-L-129 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 230 185 

FMAP-MA-L-130 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 218 177 

FMAP-MA-L-131 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 252 201 

FMAP-MA-L-132 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 210 132 

FMAP-MA-L-133 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 223 184 

FMAP-MA-L-134 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 215 150 

FMAP-MA-L-135 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 232 168 

FMAP-MA-L-136 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 203 144 

FMAP-MA-L-137 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 202 111 

FMAP-MA-L-138 Central 

Mediterranean 

Adult 30/05/2012 35.5 14 220 146 

FMAP-MA-L-140 Central 

Mediterranean 

Adult 31/05/2012 35.5 14 198 112 

FMAP-MA-L-141 Central 

Mediterranean 

Adult 31/05/2012 35.5 14 235 189 

FMAP-MA-L-142 Central 

Mediterranean 

Adult 31/05/2012 35.5 14 217 150 

FMAP-MA-L-143 Central 

Mediterranean 

Adult 31/05/2012 35.5 14 216 124 

FMAP-MA-L-144 Central 

Mediterranean 

Adult 01/06/2012 35.5 14 214 143 

FMAP-MA-L-146 Central 

Mediterranean 

Adult 01/06/2012 35.5 14 210 123 

FMAP-MA-L-149 Central 

Mediterranean 

Adult 02/06/2012 35.5 14 214 140 

FMAP-MA-L-150 Central 

Mediterranean 

Adult 02/06/2012 35.5 14 207 137 

FMAP-MA-L-151 Central 

Mediterranean 

Adult 02/06/2012 35.5 14 251 228 

FMAP-MA-L-152 Central 

Mediterranean 

Adult 02/06/2012 35.5 14 233 179 



 
250 Appendix C 

FMAP-MA-L-153 Central 

Mediterranean 

Adult 03/06/2012 35.5 14 255 228 

FMAP-MA-L-154 Central 

Mediterranean 

Adult 03/06/2012 35.5 14 202 119 

FMAP-MA-L-155 Central 

Mediterranean 

Adult 03/06/2012 35.5 14 230 174 

FMAP-MA-L-156 Central 

Mediterranean 

Adult 03/06/2012 35.5 14 198 109 

FMAP-MA-L-158 Central 

Mediterranean 

Adult 08/06/2012 35.5 14 214 126 

FMAP-MA-L-159 Central 

Mediterranean 

Adult 08/06/2012 35.5 14 238 186 

FMAP-MA-L-160 Central 

Mediterranean 

Adult 08/06/2012 35.5 14 208 138 

FMAP-MA-L-161 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 228 147 

FMAP-MA-L-162 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 234 157 

FMAP-MA-L-163 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 207 121 

FMAP-MA-L-164 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 207 122 

FMAP-MA-L-165 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 211 133 

FMAP-MA-L-166 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 207 121 

FMAP-MA-L-167 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 214 134 

FMAP-MA-L-168 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 250 209 

FMAP-MA-L-169 Central 

Mediterranean 

Adult 09/06/2012 35.5 14 210 116 

FMAP-SY-L-148 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 211 190 

FMAP-SY-L-150 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 205 190 

FMAP-SY-L-153 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 237 240 

FMAP-SY-L-156 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 196 140 

FMAP-SY-L-158 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 172 100 

FMAP-SY-L-159 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 196 140 
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FMAP-SY-L-160 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 170 100 

FMAP-SY-L-161 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 171 100 

FMAP-SY-L-162 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 185 110 

FMAP-SY-L-163 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 199 140 

FMAP-SY-L-164 Central 

Mediterranean 

Adult 05/06/2015 33.51 13.47 205 160 

ISTA-LS-L-183 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 272 472 

ISTA-LS-L-185 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 240 324 

ISTA-LS-L-188 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 242 379 

ISTA-LS-L-189 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 210 226 

ISTA-LS-L-191 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 227 282 

ISTA-LS-L-192 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 231 284 

ISTA-LS-L-194 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 229 255 

ISTA-LS-L-196 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 243 289 

ISTA-LS-L-197 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 229 258 

ISTA-LS-L-202 Eastern 

Mediterranean 

Adult 28/05/2015 36.26 31.53 233 294 

ISTA-LS-L-158 Eastern 

Mediterranean 

Adult 30/05/2015 36.43 31.51 250 n/a 

ISTA-LS-L-159 Eastern 

Mediterranean 

Adult 30/05/2015 36.43 31.51 242 250 

ISTA-LS-L-161 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 231 203 

ISTA-LS-L-163 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 234 220 

ISTA-LS-L-168 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 230 185 

ISTA-LS-L-173 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 222 172 

ISTA-LS-L-176 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 227 213 
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ISTA-LS-L-177 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 223 200 

ISTA-LS-L-179 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 214 172 

ISTA-LS-L-181 Eastern 

Mediterranean 

Adult 05/06/2015 35.56 35.16 232 222 
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WebTable 4 

 

Canary island young of the year and Slope Sea young of the year and larvae genotyped with the final selection of 96 
SNPs on the Fluidigm platform for origin assignment. Only those included in subsequent analyses are shown. Column 
descriptions as in Table S1.  

Sample Area Dev. stage Catch date Latitude Longitude Length 
(cm) 

Weight 
(g) 

E12_GU1302_N141_Thun_02 Slope Sea Larvae 23/06/2013 36.31 -74.29 n/a n/a 

F02_GU1302_N141_Thun_04 Slope Sea Larvae 23/06/2013 36.31 -74.29 n/a n/a 

F04_GU1302_N141_Thun_06 Slope Sea Larvae 23/06/2013 36.31 -74.29 n/a n/a 

F05_GU1302_N141_Thun_07 Slope Sea Larvae 23/06/2013 36.31 -74.29 n/a n/a 

F06_GU1302_N141_Thun_08 Slope Sea Larvae 23/06/2013 36.31 -74.29 n/a n/a 

F07_GU1302_N141_Thun_09 Slope Sea Larvae 23/06/2013 36.31 -74.29 n/a n/a 

AZTI-GM-0-44 Slope Sea Young of the 
year 

13/09/2008 36.41 -74.83 12 0.48 

IEO-CI-0-1 Canary 
Islands 

Young of the 
year 

19/05/2016 28.31 -17 42.7 16.25 

IEO-CI-0-2 Canary 
Islands 

Young of the 
year 

19/05/2016 28.31 -17 44.8 19.98 

IEO-CI-0-3 Canary 
Islands 

Young of the 
year 

19/05/2016 28.31 -17 45 19.12 

IEO-CI-0-4 Canary 
Islands 

Young of the 
year 

19/05/2016 28.31 -17 44.1 18.67 

IEO-CI-0-5 Canary 
Islands 

Young of the 
year 

19/05/2016 28.31 -17 47.2 23.8 

IEO-CI-0-6 Canary 
Islands 

Young of the 
year 

19/05/2016 28.31 -17 42.5 17.82 
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WebTable 5 

 
 
Feeding aggregate samples genotyped with the final selection of 96 SNPs on the Fluidigm platform 
for origin assignment. Only those included in subsequent analyses are shown. Column descriptions 
as in WebTable 1.  

Sample Area Subarea Size Catch date Latitude Longitude 

AZTI-BB-J-184 BB BB Juvenile 7/2012 43.6 -1.67 

AZTI-BB-J-187 BB BB Juvenile 7/2012 43.6 -1.67 

AZTI-BB-J-199 BB BB Juvenile 7/2012 43.6 -1.67 

AZTI-BB-J-208 BB BB Juvenile 7/2012 43.6 -1.67 

AZTI-BB-J-211 BB BB Juvenile 7/2012 43.6 -1.87 

AZTI-BB-J-213 BB BB Juvenile 7/2012 43.6 -1.99 

AZTI-BB-J-216 BB BB Juvenile 7/2012 43.6 -1.77 

AZTI-BB-J-218 BB BB Juvenile 7/2012 43.6 -1.79 

AZTI-BB-J-220 BB BB Juvenile 7/2012 43.6 -1.87 

AZTI-BB-J-228 BB BB Juvenile 7/2012 43.6 -1.67 

AZTI-BB-J-244 BB BB Juvenile 7/2012 43.6 -1.78 

AZTI-BB-J-246 BB BB Juvenile 7/2012 43.6 -1.78 

AZTI-BB-J-255 BB BB Juvenile 7/2012 43.63 -1.83 

AZTI-BB-J-261 BB BB Juvenile 7/2012 43.63 -1.83 

AZTI-BB-J-264 BB BB Juvenile 7/2012 43.63 -1.83 

AZTI-BB-J-276 BB BB Juvenile 7/2012 43.62 -2.08 

AZTI-BB-J-288 BB BB Juvenile 7/2012 43.71 -2.12 

AZTI-BB-J-290 BB BB Juvenile 7/2012 43.71 -2.12 

AZTI-BB-J-321 BB BB Juvenile 7/2012 43.75 -2.07 

AZTI-BB-J-324 BB BB Juvenile 8/2012 43.68 -1.53 

AZTI-BB-J-325 BB BB Juvenile 7/2012 43.75 -2.07 

AZTI-BB-J-332 BB BB Juvenile 7/2012 43.63 -2.07 

AZTI-BB-J-333 BB BB Juvenile 7/2012 43.59 -1.89 

AZTI-BB-J-359 BB BB Juvenile 8/2012 43.53 -1.85 

AZTI-BB-J-364 BB BB Juvenile 8/2012 43.47 -1.8 

AZTI-BB-J-370 BB BB Juvenile 8/2012 43.47 -1.8 

AZTI-BB-J-418 BB BB Juvenile 8/2012 43.68 -1.59 

AZTI-BB-J-481 BB BB Juvenile 7/2012 43.68 -1.59 

AZTI-BB-J-532 BB BB Juvenile 8/2012 43.48 -1.77 

AZTI-BB-J-533 BB BB Juvenile 8/2012 43.48 -1.77 

AZTI-BB-L-1 BB BB Large 7/2011 44 -3 

AZTI-BB-L-10 BB BB Large 7/2011 44 -3 

AZTI-BB-L-12 BB BB Large 8/2011 44 -3 

AZTI-BB-L-14 BB BB Large 8/2011 44 -3 

AZTI-BB-L-15 BB BB Large 8/2011 44 -3 

AZTI-BB-L-16 BB BB Large 8/2011 44 -3 

AZTI-BB-L-18 BB BB Large 8/2011 44 -3 

AZTI-BB-L-2 BB BB Large 7/2011 44 -3 

AZTI-BB-L-20 BB BB Large 8/2011 44 -3 

AZTI-BB-L-21 BB BB Large 8/2011 44 -3 
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AZTI-BB-L-22 BB BB Large 8/2011 44 -3 

AZTI-BB-L-25 BB BB Large 8/2011 44 -3 

AZTI-BB-L-27 BB BB Large 8/2011 44 -3 

AZTI-BB-L-29 BB BB Large 8/2011 44 -3 

AZTI-BB-L-31 BB BB Large 8/2011 44 -3 

AZTI-BB-L-33 BB BB Large 8/2011 44 -3 

AZTI-BB-L-35 BB BB Large 8/2011 44 -3 

AZTI-BB-L-37 BB BB Large 8/2011 44 -3 

AZTI-BB-L-38 BB BB Large 8/2011 44 -3 

AZTI-BB-L-39 BB BB Large 8/2011 44 -3 

AZTI-BB-L-4 BB BB Large 7/2011 44 -3 

AZTI-BB-L-6 BB BB Large 7/2011 44 -3 

AZTI-BB-L-61 BB BB Large 8/2011 43.59 -1.88 

AZTI-BB-L-62 BB BB Large 8/2011 43.59 -1.88 

AZTI-BB-L-63 BB BB Large 8/2011 43.59 -1.88 

AZTI-BB-L-64 BB BB Large 8/2011 43.59 -1.88 

AZTI-BB-L-7 BB BB Large 7/2011 44 -3 

AZTI-BB-L-8 BB BB Large 7/2011 44 -3 

AZTI-BB-M-100 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-102 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-103 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-104 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-105 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-106 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-107 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-109 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-110 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-111 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-112 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-113 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-115 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-116 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-117 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-118 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-126 BB BB Medium 8/2012 43.58 -1.71 

AZTI-BB-M-128 BB BB Medium 8/2012 43.58 -1.71 

AZTI-BB-M-134 BB BB Medium 8/2012 43.58 -1.71 

AZTI-BB-M-158 BB BB Medium 8/2012 43.58 -1.71 

AZTI-BB-M-161 BB BB Medium 8/2012 43.58 -1.71 

AZTI-BB-M-164 BB BB Medium 9/2012 43.58 -1.71 

AZTI-BB-M-166 BB BB Medium 9/2012 43.58 -1.71 

AZTI-BB-M-168 BB BB Medium 9/2012 43.58 -1.71 

AZTI-BB-M-171 BB BB Medium 9/2012 43.58 -1.71 

AZTI-BB-M-173 BB BB Medium 9/2012 43.58 -1.71 

AZTI-BB-M-88 BB BB Medium 7/2012 43.58 -1.71 
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AZTI-BB-M-97 BB BB Medium 7/2012 43.58 -1.71 

AZTI-BB-M-99 BB BB Medium 7/2012 43.58 -1.71 

NRIF-CA-L-1001 CAE CAE Large 10/2013 58 -19 

NRIF-CA-L-1008 CAE CAE Large 10/2013 59 -19 

NRIF-CA-L-1013 CAE CAE Large 10/2013 59 -20 

NRIF-CA-L-1015 CAE CAE Large 10/2013 58 -20 

NRIF-CA-L-1016 CAE CAE Large 10/2013 58 -20 

NRIF-CA-L-1021 CAE CAE Large 11/2013 58 -21 

NRIF-CA-L-1028 CAE CAE Large 11/2013 58 -20 

NRIF-CA-L-1032 CAE CAE Large 11/2013 58 -20 

NRIF-CA-L-1040 CAE CAE Large 10/2013 58 -21 

NRIF-CA-L-1042 CAE CAE Large 10/2013 58 -21 

NRIF-CA-L-1058 CAE CAE Large 10/2013 58 -22 

NRIF-CA-L-1060 CAE CAE Large 10/2013 59 -21 

NRIF-CA-L-1063 CAE CAE Large 10/2013 59 -21 

NRIF-CA-L-1074 CAE CAE Large 10/2013 58 -20 

NRIF-CA-L-1096 CAE CAE Large 11/2013 59 -21 

NRIF-CA-L-1098 CAE CAE Large 11/2013 57 -26 

NRIF-CA-L-1101 CAE CAE Large 11/2013 57 -26 

NRIF-CA-L-1104 CAE CAE Large 11/2013 58 -26 

NRIF-CA-L-1108 CAE CAE Large 11/2013 58 -26 

NRIF-CA-L-1111 CAE CAE Large 11/2013 58 -26 

NRIF-CA-L-1113 CAE CAE Large 11/2013 58 -26 

NRIF-CA-L-1114 CAE CAE Large 11/2013 58 -26 

NRIF-CA-L-1118 CAE CAE Large 11/2013 58 -26 

NRIF-CA-L-1122 CAE CAE Large 11/2013 57 -26 

NRIF-CA-L-1125 CAE CAE Large 11/2013 57 -26 

NRIF-CA-L-1148 CAE CAE Large 10/2013 58 -21 

NRIF-CA-L-1157 CAE CAE Large 10/2013 52 -22 

NRIF-CA-L-1162 CAE CAE Large 10/2013 52 -22 

NRIF-CA-L-1164 CAE CAE Large 10/2013 58 -22 

NRIF-CA-L-1306 CAE CAE Large 10/2014 59 -18 

NRIF-CA-L-1312 CAE CAE Large 10/2014 59 -18 

NRIF-CA-L-1354 CAE CAE Large 10/2014 59 -18 

NRIF-CA-L-1413 CAE CAE Large 10/2014 59 -18 

NRIF-CA-L-1485 CAE CAE Large 10/2014 59 -18 

NRIF-CA-L-150 CAE CAE Large 10/2011 59 -29 

NRIF-CA-L-156 CAE CAE Large 10/2011 59 -29 

NRIF-CA-L-1609 CAE CAE Large 10/2014 59 -23 

NRIF-CA-L-1632 CAE CAE Large 10/2014 58 -21 

NRIF-CA-L-164 CAE CAE Large 10/2011 59 -28 

NRIF-CA-L-1683 CAE CAE Large 10/2014 59 -22 

NRIF-CA-L-170 CAE CAE Large 10/2011 59 -28 

NRIF-CA-L-1715 CAE CAE Large 10/2014 59 -23 

NRIF-CA-L-1724 CAE CAE Large 10/2014 59 -22 
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NRIF-CA-L-1763 CAE CAE Large 10/2015 59 -17 

NRIF-CA-L-1777 CAE CAE Large 10/2015 59 -17 

NRIF-CA-L-1793 CAE CAE Large 10/2015 59 -18 

NRIF-CA-L-180 CAE CAE Large 10/2011 60 -28 

NRIF-CA-L-1811 CAE CAE Large 10/2015 59 -18 

NRIF-CA-L-1827 CAE CAE Large 10/2015 59 -17 

NRIF-CA-L-1836 CAE CAE Large 10/2015 59 -17 

NRIF-CA-L-184 CAE CAE Large 10/2011 60 -28 

NRIF-CA-L-1860 CAE CAE Large 10/2015 58 -25 

NRIF-CA-L-1876 CAE CAE Large 10/2015 58 -21 

NRIF-CA-L-1887 CAE CAE Large 10/2015 59 -19 

NRIF-CA-L-1910 CAE CAE Large 10/2015 59 -24 

NRIF-CA-L-1929 CAE CAE Large 10/2015 58 -25 

NRIF-CA-L-1959 CAE CAE Large 10/2015 59 -22 

NRIF-CA-L-199 CAE CAE Large 10/2011 59 -25 

NRIF-CA-L-2004 CAE CAE Large 10/2015 58 -22 

NRIF-CA-L-2061 CAE CAE Large 10/2015 58 -19 

NRIF-CA-L-2107 CAE CAE Large 9/2015 59 -21 

NRIF-CA-L-2120 CAE CAE Large 10/2015 59 -22 

NRIF-CA-L-2130 CAE CAE Large 10/2015 59 -21 

NRIF-CA-L-2138 CAE CAE Large 10/2015 59 -16 

NRIF-CA-L-2158 CAE CAE Large 10/2015 59 -22 

NRIF-CA-L-2167 CAE CAE Large 10/2015 59 -21 

NRIF-CA-L-2175 CAE CAE Large 10/2015 59 -21 

NRIF-CA-L-2184 CAE CAE Large 10/2015 58 -21 

NRIF-CA-L-2199 CAE CAE Large 10/2015 59 -16 

NRIF-CA-L-2207 CAE CAE Large 10/2015 59 -16 

NRIF-CA-L-2219 CAE CAE Large 10/2015 59 -15 

NRIF-CA-L-224 CAE CAE Large 10/2011 59 -24 

NRIF-CA-L-2241 CAE CAE Large 11/2015 58 -19 

NRIF-CA-L-2250 CAE CAE Large 11/2015 58 -19 

NRIF-CA-L-230 CAE CAE Large 10/2011 59 -25 

NRIF-CA-L-2308 CAE CAE Large 10/2015 58 -25 

NRIF-CA-L-2342 CAE CAE Large 10/2015 59 -20 

NRIF-CA-L-235 CAE CAE Large 10/2011 59 -25 

NRIF-CA-L-2393 CAE CAE Large 10/2015 59 -19 

NRIF-CA-L-242 CAE CAE Large 10/2011 59 -23 

NRIF-CA-L-260 CAE CAE Large 10/2011 59 -22 

NRIF-CA-L-267 CAE CAE Large 10/2011 58 -26 

NRIF-CA-L-273 CAE CAE Large 10/2011 58 -26 

NRIF-CA-L-278 CAE CAE Large 10/2011 58 -23 

NRIF-CA-L-288 CAE CAE Large 10/2011 56 -25 

NRIF-CA-L-299 CAE CAE Large 10/2011 56 -25 

NRIF-CA-L-305 CAE CAE Large 10/2011 56 -26 

NRIF-CA-L-317 CAE CAE Large 10/2011 52 -30 



 
258 Appendix C 

NRIF-CA-L-324 CAE CAE Large 11/2011 55 -26 

NRIF-CA-L-331 CAE CAE Large 11/2011 55 -26 

NRIF-CA-L-346 CAE CAE Large 11/2011 54 -27 

NRIF-CA-L-347 CAE CAE Large 11/2011 54 -27 

NRIF-CA-L-353 CAE CAE Large 11/2011 54 -27 

NRIF-CA-L-363 CAE CAE Large 11/2011 55 -26 

NRIF-CA-L-479 CAE CAE Large 9/2012 60 -26 

NRIF-CA-L-485 CAE CAE Large 10/2012 60 -26 

NRIF-CA-L-510 CAE CAE Large 10/2012 59 -26 

NRIF-CA-L-517 CAE CAE Large 10/2012 57 -26 

NRIF-CA-L-526 CAE CAE Large 10/2012 58 -24 

NRIF-CA-L-529 CAE CAE Large 10/2012 58 -25 

NRIF-CA-L-537 CAE CAE Large 10/2012 57 -24 

NRIF-CA-L-544 CAE CAE Large 10/2012 57 -23 

NRIF-CA-L-545 CAE CAE Large 10/2012 57 -23 

NRIF-CA-L-553 CAE CAE Large 10/2012 57 -23 

NRIF-CA-L-558 CAE CAE Large 10/2012 57 -23 

NRIF-CA-L-566 CAE CAE Large 10/2012 58 -21 

NRIF-CA-L-597 CAE CAE Large 11/2012 58 -21 

NRIF-CA-L-634 CAE CAE Large 11/2012 58 -22 

NRIF-CA-L-636 CAE CAE Large 11/2012 58 -22 

NRIF-CA-L-663 CAE CAE Large 11/2012 57 -27 

NRIF-CA-L-819 CAE CAE Large 10/2012 55 -25 

NRIF-CA-L-820 CAE CAE Large 10/2012 55 -25 

NRIF-CA-L-838 CAE CAE Large 10/2012 54 -25 

NRIF-CA-L-839 CAE CAE Large 10/2012 54 -25 

NRIF-CA-L-841 CAE CAE Large 10/2012 54 -25 

NRIF-CA-L-843 CAE CAE Large 10/2012 54 -25 

NRIF-CA-L-851 CAE CAE Large 11/2012 54 -25 

NRIF-CA-L-856 CAE CAE Large 11/2012 52 -32 

NRIF-CA-M-19 CAE CAE Medium 10/2011 59 -24 

NRIF-CA-M-20 CAE CAE Medium 10/2011 59 -23 

NRIF-CA-M-24 CAE CAE Medium 10/2011 56 -26 

NRIF-CA-M-25 CAE CAE Medium 10/2011 56 -25 

NRIF-CA-M-26 CAE CAE Medium 10/2011 56 -25 

NRIF-CA-M-29 CAE CAE Medium 10/2011 56 -25 

NRIF-CA-M-37 CAE CAE Medium 11/2011 55 -26 

NRIF-CA-M-40 CAE CAE Medium 11/2011 52 -29 

NRIF-CA-M-46 CAE CAE Medium 10/2011 59 -20 

NRIF-CA-M-47 CAE CAE Medium 10/2011 59 -20 

NRIF-CA-M-48 CAE CAE Medium 10/2011 59 -19 

NRIF-CA-M-52 CAE CAE Medium 10/2011 59 -20 

NRIF-CA-M-54 CAE CAE Medium 10/2011 59 -20 

NRIF-CA-M-56 CAE CAE Medium 9/2012 60 -26 

NRIF-CA-M-57 CAE CAE Medium 10/2012 60 -26 
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NRIF-CA-M-58 CAE CAE Medium 10/2012 59 -25 

NRIF-CA-M-65 CAE CAE Medium 10/2012 59 -27 

NRIF-CA-M-67 CAE CAE Medium 10/2012 57 -25 

NRIF-CA-M-69 CAE CAE Medium 10/2012 58 -25 

NRIF-CA-M-72 CAE CAE Medium 10/2012 57 -23 

NRIF-CA-M-77 CAE CAE Medium 11/2012 58 -22 

NRIF-CA-M-79 CAE CAE Medium 11/2012 58 -22 

NRIF-CA-M-80 CAE CAE Medium 11/2012 58 -22 

NRIF-CA-M-81 CAE CAE Medium 10/2012 60 -26 

NRIF-CA-M-82 CAE CAE Medium 10/2012 59 -22 

NRIF-CA-M-83 CAE CAE Medium 10/2012 59 -26 

NRIF-CA-M-85 CAE CAE Medium 10/2012 58 -22 

IMR-NW-L-28 CAE CAE Large 5/2016 55.75 -15.5 

IMR-NW-L-29 CAE CAE Large 11/2016 51.75 -16.5 

NRIF-CA-L-1238 CAW CAW Large 9/2014 45 -48 

NRIF-CA-L-124 CAW CAW Large 9/2011 42 -50 

NRIF-CA-L-1241 CAW CAW Large 9/2014 45 -48 

NRIF-CA-L-1249 CAW CAW Large 9/2014 45 -48 

NRIF-CA-L-1250 CAW CAW Large 9/2014 45 -48 

NRIF-CA-L-1259 CAW CAW Large 9/2014 45 -48 

NRIF-CA-L-1262 CAW CAW Large 9/2014 44 -48 

NRIF-CA-L-1264 CAW CAW Large 9/2014 44 -48 

NRIF-CA-L-1270 CAW CAW Large 9/2014 44 -48 

NRIF-CA-L-1273 CAW CAW Large 9/2014 44 -48 

NRIF-CA-L-1275 CAW CAW Large 9/2014 44 -48 

NRIF-CA-L-130 CAW CAW Large 9/2011 42 -50 

NRIF-CA-L-139 CAW CAW Large 9/2011 42 -49 

NRIF-CA-L-141 CAW CAW Large 9/2011 42 -49 

NRIF-CA-L-142 CAW CAW Large 9/2011 43 -49 

NRIF-CA-L-143 CAW CAW Large 9/2011 43 -49 

NRIF-CA-L-147 CAW CAW Large 9/2011 42 -49 

NRIF-CA-L-1532 CAW CAW Large 9/2014 45 -48 

NRIF-CA-L-1552 CAW CAW Large 10/2014 45 -48 

NRIF-CA-L-1557 CAW CAW Large 10/2014 45 -47 

NRIF-CA-L-158 CAW CAW Large 10/2011 42 -49 

NRIF-CA-L-160 CAW CAW Large 10/2011 43 -49 

NRIF-CA-L-162 CAW CAW Large 10/2011 43 -49 

NRIF-CA-L-171 CAW CAW Large 10/2011 42 -49 

NRIF-CA-L-179 CAW CAW Large 10/2011 42 -49 

NRIF-CA-L-186 CAW CAW Large 10/2011 42 -49 

NRIF-CA-L-187 CAW CAW Large 10/2011 42 -49 

NRIF-CA-L-188 CAW CAW Large 10/2011 42 -49 

NRIF-CA-L-195 CAW CAW Large 10/2011 42 -49 

NRIF-CA-L-261 CAW CAW Large 10/2011 43 -49 

NRIF-CA-L-373 CAW CAW Large 11/2011 41 -51 
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NRIF-CA-L-377 CAW CAW Large 11/2011 42 -50 

NRIF-CA-L-381 CAW CAW Large 11/2011 42 -50 

NRIF-CA-L-388 CAW CAW Large 11/2011 42 -50 

NRIF-CA-L-396 CAW CAW Large 11/2011 42 -50 

NRIF-CA-L-404 CAW CAW Large 12/2011 42 -50 

NRIF-CA-L-409 CAW CAW Large 12/2011 42 -50 

NRIF-CA-L-416 CAW CAW Large 12/2011 41 -50 

NRIF-CA-L-423 CAW CAW Large 12/2011 41 -48 

NRIF-CA-L-431 CAW CAW Large 12/2011 41 -48 

NRIF-CA-L-438 CAW CAW Large 12/2011 41 -48 

NRIF-CA-L-669 CAW CAW Large 8/2012 42 -49 

NRIF-CA-L-677 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-684 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-691 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-696 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-702 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-707 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-712 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-720 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-725 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-733 CAW CAW Large 9/2012 45 -48 

NRIF-CA-L-738 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-744 CAW CAW Large 9/2012 45 -48 

NRIF-CA-L-795 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-796 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-797 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-798 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-799 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-800 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-801 CAW CAW Large 9/2012 44 -48 

NRIF-CA-L-802 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-803 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-804 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-805 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-806 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-807 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-808 CAW CAW Large 9/2012 45 -48 

NRIF-CA-L-809 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-810 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-811 CAW CAW Large 9/2012 45 -47 

NRIF-CA-L-859 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-863 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-867 CAW CAW Large 9/2013 43 -48 

NRIF-CA-L-871 CAW CAW Large 9/2013 43 -48 

NRIF-CA-L-876 CAW CAW Large 9/2013 44 -48 
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NRIF-CA-L-878 CAW CAW Large 9/2013 43 -48 

NRIF-CA-L-880 CAW CAW Large 9/2013 43 -48 

NRIF-CA-L-884 CAW CAW Large 10/2013 44 -48 

NRIF-CA-L-887 CAW CAW Large 10/2013 45 -48 

NRIF-CA-L-890 CAW CAW Large 10/2013 45 -48 

NRIF-CA-L-894 CAW CAW Large 10/2013 44 -48 

NRIF-CA-L-897 CAW CAW Large 10/2013 44 -48 

NRIF-CA-L-901 CAW CAW Large 10/2013 45 -48 

NRIF-CA-L-904 CAW CAW Large 10/2013 44 -48 

NRIF-CA-L-906 CAW CAW Large 10/2013 44 -48 

NRIF-CA-L-908 CAW CAW Large 10/2013 44 -48 

NRIF-CA-L-911 CAW CAW Large 10/2013 44 -48 

NRIF-CA-L-917 CAW CAW Large 8/2013 44 -48 

NRIF-CA-L-920 CAW CAW Large 8/2013 45 -48 

NRIF-CA-L-930 CAW CAW Large 8/2013 44 -48 

NRIF-CA-L-934 CAW CAW Large 8/2013 44 -48 

NRIF-CA-L-944 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-950 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-956 CAW CAW Large 9/2013 45 -48 

NRIF-CA-L-963 CAW CAW Large 9/2013 45 -48 

NRIF-CA-L-974 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-975 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-978 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-980 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-993 CAW CAW Large 9/2013 44 -48 

NRIF-CA-L-1558 CAW CAW Large 10/2014 46 -47 

DFO-GSL-L-1 GSL GSL Large 10/2013 46.03 -62.29 

DFO-GSL-L-10 GSL GSL Large 9/2013 47.07 -63.9 

DFO-GSL-L-11 GSL GSL Large 9/2013 47.17 -63.96 

DFO-GSL-L-12 GSL GSL Large 9/2013 47.15 -63.93 

DFO-GSL-L-13 GSL GSL Large 9/2013 47.09 -64.11 

DFO-GSL-L-14 GSL GSL Large 10/2013 47.16 -63.84 

DFO-GSL-L-15 GSL GSL Large 9/2013 46.52 -62.39 

DFO-GSL-L-16 GSL GSL Large 9/2013 46.53 -62.76 

DFO-GSL-L-17 GSL GSL Large 9/2013 46.56 -62.73 

DFO-GSL-L-18 GSL GSL Large 9/2013 46.03 -62.23 

DFO-GSL-L-19 GSL GSL Large 9/2013 46.36 -62.21 

DFO-GSL-L-2 GSL GSL Large 10/2013 46.03 -61.69 

DFO-GSL-L-20 GSL GSL Large 9/2013 46.02 -62.33 

DFO-GSL-L-21 GSL GSL Large 9/2013 46 -62.25 

DFO-GSL-L-22 GSL GSL Large 9/2013 46.5 -62.03 

DFO-GSL-L-23 GSL GSL Large 9/2013 46.52 -61.95 

DFO-GSL-L-3 GSL GSL Large 9/2013 46.11 -61.51 

DFO-GSL-L-4 GSL GSL Large 9/2013 46.11 -61.51 

DFO-GSL-L-5 GSL GSL Large 10/2013 45.98 -61.6 
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DFO-GSL-L-6 GSL GSL Large 9/2013 46.42 -61.3 

DFO-GSL-L-7 GSL GSL Large 9/2013 46.12 -61.56 

DFO-GSL-L-8 GSL GSL Large 9/2013 46.01 -61.6 

DFO-GSL-L-9 GSL GSL Large 9/2013 46.05 -63.78 

UCA-GSL-L-1 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-11 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-13 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-14 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-16 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-18 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-20 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-21 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-22 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-24 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-25 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-28 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-30 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-32 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-34 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-35 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-37 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-38 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-39 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-41 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-42 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-44 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-45 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-47 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-48 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-5 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-50 GSL GSL Large 10/2016 46.17 -61.8 

UCA-GSL-L-7 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-8 GSL GSL Large 9/2016 46.17 -61.8 

UCA-GSL-L-9 GSL GSL Large 9/2016 46.17 -61.8 

DFO-NL-L-1 ECA NL Large 9/2013 45.6 -55.75 

DFO-NL-L-2 ECA NL Large 9/2013 45.58 -55.68 

DFO-NL-L-3 ECA NL Large 9/2013 45.6 -55.67 

DFO-NL-L-4 ECA NL Large 9/2013 47.47 -53.08 

DFO-NL-L-5 ECA NL Large 9/2013 45.58 -55.7 

DFO-NL-L-6 ECA NL Large 9/2013 45.58 -55.72 

DFO-NL-L-7 ECA NL Large 9/2013 45.57 -55.7 

DFO-NL-L-8 ECA NL Large 9/2013 45.6 -55.7 

DFO-NL-L-9 ECA NL Large 9/2013 45.58 -55.68 

DFO-NS-L-1 ECA NS Large 8/2013 44.07 -64.38 

DFO-NS-L-10 ECA NS Large 10/2013 44.07 -64.38 
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DFO-NS-L-11 ECA NS Large 8/2013 44.68 -66.67 

DFO-NS-L-12 ECA NS Large 10/2013 44.2 -64.22 

DFO-NS-L-13 ECA NS Large 10/2013 45.34 -60.78 

DFO-NS-L-14 ECA NS Large 10/2013 45.43 -60.77 

DFO-NS-L-15 ECA NS Large 10/2013 45.43 -60.77 

DFO-NS-L-16 ECA NS Large 10/2013 45.3 -60.25 

DFO-NS-L-17 ECA NS Large 10/2013 45.35 -60.8 

DFO-NS-L-2 ECA NS Large 8/2013 45.35 -60.8 

DFO-NS-L-3 ECA NS Large 8/2013 45.35 -60.8 

DFO-NS-L-4 ECA NS Large 8/2013 45.35 -60.8 

DFO-NS-L-5 ECA NS Large 8/2013 42.07 -65.57 

DFO-NS-L-6 ECA NS Large 10/2013 43.83 -64.65 

DFO-NS-L-7 ECA NS Large 10/2013 43.9 -64.63 

DFO-NS-L-8 ECA NS Large 8/2013 44.68 -66.67 

DFO-NS-L-9 ECA NS Large 9/2013 43.87 -64.62 

IEO-GI-M-50 GOC GI Medium 7/2012 35.92 -5.7 

IEO-GI-M-51 GOC GI Medium 8/2012 35.92 -5.7 

IEO-GI-M-52 GOC GI Medium 8/2012 35.95 -5.55 

IEO-GI-M-53 GOC GI Medium 9/2012 36.12 -7.03 

IEO-GI-M-23 GOC GI Medium 10/2012 35 -5 

IEO-GI-M-24 GOC GI Medium 10/2012 35.97 -5.05 

IEO-GI-M-25 GOC GI Medium 10/2012 35 -5 

IEO-GI-M-26 GOC GI Medium 10/2012 35.97 -5.05 

IEO-GI-M-27 GOC GI Medium 10/2012 35.92 -5.58 

IEO-GI-M-28 GOC GI Medium 10/2012 35.92 -5.58 

IEO-GI-M-29 GOC GI Medium 10/2012 35 -5 

IEO-GI-M-32 GOC GI Medium 10/2012 35.95 -5.47 

IEO-GI-M-33 GOC GI Medium 10/2012 35 -5 

IEO-GI-M-35 GOC GI Medium 10/2012 35.98 -5.47 

IEO-GI-M-36 GOC GI Medium 10/2012 35.93 -5.55 

IEO-GI-M-37 GOC GI Medium 10/2012 35 -5 

IEO-GI-M-38 GOC GI Medium 10/2012 35.93 -5.62 

IEO-GI-M-34 GOC GI Medium 11/2012 35.93 -5.55 

IEO-GI-M-39 GOC GI Medium 11/2012 35.93 -5.53 

IEO-GI-M-40 GOC GI Medium 11/2012 35.97 -5.47 

IEO-GI-M-41 GOC GI Medium 11/2012 35.97 -5.47 

IEO-GI-M-42 GOC GI Medium 11/2012 35.97 -5.47 

IEO-GI-M-43 GOC GI Medium 11/2012 35.97 -5.52 

IEO-GI-M-44 GOC GI Medium 11/2012 35.93 -5.58 

IEO-GI-M-45 GOC GI Medium 11/2012 35.95 -5.48 

IEO-GI-M-46 GOC GI Medium 11/2012 35.95 -5.55 

IEO-GI-M-47 GOC GI Medium 11/2012 35.93 -5.47 

IEO-GI-M-48 GOC GI Medium 11/2012 35.93 -5.47 

INRH-MO-L-103 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-104 MO MO Large 5/2012 35.12 -6.28 



 
264 Appendix C 

INRH-MO-L-105 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-107 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-112 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-115 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-117 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-126 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-138 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-141 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-146 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-147 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-148 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-152 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-153 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-154 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-155 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-156 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-159 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-160 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-161 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-162 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-164 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-165 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-166 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-167 MO MO Large 5/2013 35.35 -6.15 

INRH-MO-L-168 MO MO Large 5/2013 35.35 -6.15 

INRH-MO-L-169 MO MO Large 5/2013 35.35 -6.15 

INRH-MO-L-173 MO MO Large 5/2013 35.35 -6.15 

INRH-MO-L-174 MO MO Large 5/2013 35.35 -6.15 

INRH-MO-L-175 MO MO Large 5/2013 35.35 -6.15 

INRH-MO-L-177 MO MO Large 5/2013 35.35 -6.15 

INRH-MO-L-182 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-184 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-185 MO MO Large 5/2013 35.52 -6.07 

INRH-MO-L-189 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-195 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-196 MO MO Large 5/2013 35.12 -6.28 

INRH-MO-L-199 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-201 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-207 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-210 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-211 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-212 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-213 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-215 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-222 MO MO Large 5/2014 35.12 -6.28 
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INRH-MO-L-223 MO MO Large 5/2014 35.12 -6.28 

INRH-MO-L-225 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-226 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-227 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-228 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-229 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-230 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-231 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-232 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-233 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-235 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-236 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-237 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-239 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-240 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-241 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-242 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-243 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-244 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-245 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-246 MO MO Large 5/2014 35.52 -6.07 

INRH-MO-L-247 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-249 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-250 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-251 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-252 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-253 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-255 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-258 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-260 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-261 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-262 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-263 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-264 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-267 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-269 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-270 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-271 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-272 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-275 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-276 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-277 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-278 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-279 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-282 MO MO Large 5/2015 35.12 -6.28 
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INRH-MO-L-284 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-287 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-289 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-292 MO MO Large 5/2015 35.12 -6.28 

INRH-MO-L-299 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-302 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-304 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-306 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-318 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-319 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-320 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-322 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-323 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-324 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-325 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-326 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-327 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-328 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-329 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-330 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-331 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-332 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-333 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-334 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-335 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-337 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-338 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-340 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-341 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-342 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-343 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-344 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-345 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-346 MO MO Large 5/2016 35.12 -6.28 

INRH-MO-L-37 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-38 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-39 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-40 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-41 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-43 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-45 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-46 MO MO Large 5/2011 35.52 -6.07 

INRH-MO-L-48 MO MO Large 5/2011 35.52 -6.07 

INRH-MO-L-50 MO MO Large 5/2011 35.52 -6.07 

INRH-MO-L-52 MO MO Large 5/2011 35.52 -6.07 
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INRH-MO-L-54 MO MO Large 5/2011 35.52 -6.07 

INRH-MO-L-56 MO MO Large 5/2011 35.52 -6.07 

INRH-MO-L-58 MO MO Large 5/2011 35.52 -6.07 

INRH-MO-L-60 MO MO Large 5/2011 35.52 -6.07 

INRH-MO-L-63 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-65 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-67 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-69 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-71 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-73 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-75 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-76 MO MO Large 5/2011 35.35 -6.15 

INRH-MO-L-77 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-79 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-81 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-82 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-83 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-85 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-86 MO MO Large 5/2011 35.12 -6.28 

INRH-MO-L-88 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-91 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-95 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-96 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-97 MO MO Large 5/2012 35.12 -6.28 

INRH-MO-L-98 MO MO Large 5/2012 35.12 -6.28 

IPIM-PO-L-108 GOC PO Large 5/2012 36.87 -6.97 

IPIM-PO-L-109 GOC PO Large 5/2012 36.87 -6.97 

IPIM-PO-L-163 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-164 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-165 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-167 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-179 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-181 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-182 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-185 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-186 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-189 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-190 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-193 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-196 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-203 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-207 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-208 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-209 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-214 GOC PO Large <10/2012 36.87 -6.97 
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IPIM-PO-L-216 GOC PO Large <10/2012 36.87 -6.97 

IPIM-PO-L-125 GOC PO Large <8/2012 36.87 -6.97 

IPIM-PO-L-140 GOC PO Large <9/2012 36.87 -6.97 

IPIM-PO-L-142 GOC PO Large <9/2012 36.87 -6.97 

IPIM-PO-L-149 GOC PO Large <9/2012 36.87 -6.97 

IEO-CI-L-100 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-101 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-102 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-103 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-104 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-105 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-106 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-107 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-108 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-109 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-11 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-110 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-111 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-112 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-113 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-114 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-115 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-116 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-117 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-118 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-119 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-12 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-120 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-121 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-122 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-123 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-124 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-125 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-126 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-127 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-128 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-129 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-130 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-131 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-132 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-133 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-134 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-135 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-136 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-137 MC MC Large 3/2016 27.83 -16.92 



 

 

269 Natalia Díaz-Arce 

IEO-CI-L-138 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-141 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-142 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-143 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-144 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-145 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-146 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-147 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-148 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-149 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-15 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-150 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-151 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-152 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-153 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-154 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-155 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-156 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-157 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-158 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-159 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-16 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-160 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-161 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-162 MC MC Large 3/2016 27.83 -16.92 

IEO-CI-L-17 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-19 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-2 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-21 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-22 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-23 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-24 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-26 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-27 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-29 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-3 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-30 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-31 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-33 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-34 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-4 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-40 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-41 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-43 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-44 MC MC Large 3/2013 28 -16.67 
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IEO-CI-L-45 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-48 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-49 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-5 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-6 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-9 MC MC Large 3/2013 28 -16.67 

IEO-CI-L-90 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-91 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-92 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-93 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-94 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-95 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-96 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-97 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-98 MC MC Large 3/2015 28.27 -16.98 

IEO-CI-L-99 MC MC Large 3/2015 28.27 -16.98 

CROD-MS-L-1 MS MS Large 12/2013 18.48 -17 

CROD-MS-L-10 MS MS Large 12/2013 18.47 -16.92 

CROD-MS-L-11 MS MS Large 12/2013 18.32 -17.9 

CROD-MS-L-12 MS MS Large 12/2013 18.32 -17.9 

CROD-MS-L-13 MS MS Large 12/2013 18.32 -17.9 

CROD-MS-L-14 MS MS Large 12/2013 18.32 -17.9 

CROD-MS-L-15 MS MS Large 12/2013 18.3 -17.98 

CROD-MS-L-16 MS MS Large 12/2013 18.3 -17.98 

CROD-MS-L-17 MS MS Large 12/2013 18.3 -17.98 

CROD-MS-L-18 MS MS Large 12/2013 18.5 -17.23 

CROD-MS-L-19 MS MS Large 12/2013 18.5 -17.23 

CROD-MS-L-2 MS MS Large 12/2013 18.48 -17 

CROD-MS-L-20 MS MS Large 12/2013 18.5 -17.23 

CROD-MS-L-21 MS MS Large 12/2013 18.72 -17.33 

CROD-MS-L-22 MS MS Large 12/2013 18.72 -17.33 

CROD-MS-L-23 MS MS Large 12/2013 18.72 -17.33 

CROD-MS-L-3 MS MS Large 12/2013 18.48 -17 

CROD-MS-L-4 MS MS Large 12/2013 18.45 -17.07 

CROD-MS-L-5 MS MS Large 12/2013 18.45 -17.07 

CROD-MS-L-6 MS MS Large 12/2013 18.45 -17.07 

CROD-MS-L-7 MS MS Large 12/2013 18.47 -16.92 

CROD-MS-L-8 MS MS Large 12/2013 18.47 -16.92 

CROD-MS-L-9 MS MS Large 12/2013 18.47 -16.92 

IMR-NW-L-1 NW NW Large 8/2013 61.66 4.5 

IMR-NW-L-10 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-101 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-108 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-109 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-11 NW NW Large 9/2015 63.15 3.47 
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IMR-NW-L-110 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-111 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-112 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-113 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-114 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-115 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-116 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-117 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-118 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-119 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-12 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-120 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-122 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-123 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-124 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-125 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-126 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-127 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-128 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-129 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-13 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-130 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-131 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-132 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-133 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-134 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-135 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-136 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-137 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-138 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-139 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-14 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-140 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-141 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-142 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-143 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-144 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-145 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-146 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-147 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-148 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-149 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-15 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-150 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-151 NW NW Large 9/2016 62.9 6.3 
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IMR-NW-L-152 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-153 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-154 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-155 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-156 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-157 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-158 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-159 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-16 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-160 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-161 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-162 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-163 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-164 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-165 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-166 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-167 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-168 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-169 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-17 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-170 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-171 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-172 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-173 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-174 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-175 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-176 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-177 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-178 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-179 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-18 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-180 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-181 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-182 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-183 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-184 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-185 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-186 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-187 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-188 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-189 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-19 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-190 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-191 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-192 NW NW Large 9/2016 62.9 6.3 
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IMR-NW-L-193 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-194 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-195 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-196 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-197 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-198 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-199 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-2 NW NW Large 9/2015 62.15 5.32 

IMR-NW-L-20 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-200 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-201 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-21 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-22 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-23 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-24 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-25 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-30 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-31 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-32 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-33 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-34 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-35 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-36 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-37 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-38 NW NW Large 9/2016 62.95 3.35 

IMR-NW-L-39 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-40 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-41 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-42 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-43 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-44 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-45 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-46 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-47 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-48 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-49 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-5 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-50 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-51 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-52 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-53 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-55 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-56 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-57 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-58 NW NW Large 9/2016 62.9 6.3 
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IMR-NW-L-59 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-6 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-60 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-61 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-62 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-63 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-64 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-65 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-66 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-67 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-68 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-69 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-7 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-70 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-71 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-72 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-73 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-74 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-75 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-76 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-77 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-78 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-79 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-8 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-80 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-81 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-82 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-83 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-84 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-85 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-86 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-87 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-88 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-89 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-9 NW NW Large 9/2015 63.15 3.47 

IMR-NW-L-90 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-91 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-92 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-93 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-94 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-95 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-96 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-97 NW NW Large 9/2016 62.9 6.3 

IMR-NW-L-98 NW NW Large 9/2016 62.9 6.3 
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WebTable 6 

N
a
m
e 

Sequence 

G
B
YP
-
R
A
D
_1 

GTGTGTGTGTGTGTGTGTGTGTTTGGGGTGATTAACTCGCGGGTTGAGAAGCGTGTCGGGGAGAGAGCAGAGAG
AGTCAGGAGGATGGAGGGAATATAAAGCGCTCCCCTCCTCCATCACAGTGTTTCAGTTCATCGGGAGGTTCTGACT
CATAAACCTGCAGGAAGTKCGTCC[C/T]GTTCGCTCGGCTTCATGGGAAATCTGCKCTTCTTTACAAGAGAATAAAC
AAYGTCTTTCCGTCTMTACMWGWRTGAAAACTCCTGGACGTGTCAACTCAACCTTTTTATATTAAAGTCAGTGAA
GTCAAATCTTTGATATGAAGCTTGTTCCACATGTGACCTCTGTGAAGTTAATAGTTAAATACTGTAAGTTTAAGAAG
TTAAAGTATTACACGACTCTGCAAAAAAAGAAGAAAGCAGAGTTTCATCTAAAGTGAGAAGAGAGAAAAACGCTG
TTTCAGTCTGGAGACGGAGAGAAGAAGAAGAAGAAGGTTAGTGTGTG 

G
B
YP
-
R
A
D
_2 

GTATTAAATCTGAATAGTTCTCTGATACTTCAATTATCTTCTTTTGTCAAACAAAACATTCAGTTTATGAAACATTTCA
GGAGCTGCAACCAGCAAACATTTGGACATTTTTGCTTAAAAAACAATGATTTGATTTGTTGATTAATTATCTGGTGA
TTGATTGTTTCAGTGATGATCAGCCTGCAGGTTGGTTC[A/G]CATCAACMTGTTGGAATAAGAACGTGACGTCAAC
MAGTCAGTGAYRTATCRCTAYGCTACGTTAATAAAATGTTTTATGATGTGACAGCGCCGTGGTGACGTCTGGTTCG
GTTCAGACAACAACTCCTCCCAAGAAGTGAAAAATCATCTGAACTGCTTCACTTCCTCAGGTCATAAAGTCAAAGGT
GACAGCTAACAGGCATAGCAGCTTCCCGCTAACA 

G
B
YP
-
R
A
D
_3 

TGCAGGCGGTGAACGCASSAGCATATGCTCATGCACCTTAT[C/T]TCATCATCTATACAGATAGTAGCTATGCTTTTG
SGATGGTCCAGGATT 

G
B
YP
-
R
A
D
_4 

TCCAAGAGAGACCGCTGCTGCAACCAGCACCCTCAAATCCCCTGCAGGAATAAGAAACKAAGTTTCTTTAGGAAGA
CGTGGAACTTCTCTGTCCCGCTCTTCTTCACT[C/T]AGTTGACTCTGCTGTTTTCTCCT 

G
B
YP
-
R
A
D
_5 

TGCAGGACTGCAGGATTTATTCTGCAGTGCTTGCCTCTA[C/T]GGGATTTTAGGTTCCTCCCAAGBGCTAAGCGCCC
TCTAGCAACCTGTTTAAGC 

G
B
YP
-
R
A
D
_6 

CCCTAACCCCTAACCCCCAACCCTAACCCTTTCTAAAATAATTTTGTTGCACAACAAACAGTCAAAGCAAAACTAAAT
CCGAGTATCCGATTAGCTTGAGATGACTGGTTTGACATGTCACGTTTGTTCGAGTCGGGGAAATCTTCTTCTTCTGTT
TATGGGTCATTTCCTTCGTTTCAGTCTCAGTGCTGATGTTGGTGTCCTGCAGGTTTTTTGTT[C/T]CTCCCTGATAGAT
AWAGAACTACAMCTGGTGTCAGATTAGCTGCGGCTCATTAACCACGACGGAGGAAAAARVMACATCTGGTCAGA
CAGTAGAAGAGAGAAACAACAGGGTCAACATTCTGCACAGCACAAACAGAAAACAATACTGCAGACAATAATGTG
ACACCTGTGATGTGATGCAATGATAATCTGCAACACCCTCCCCAAAATGAGTAAATACACATTATTCTATAACTATGT
TCATCCTCATTTCAAGTGGTGCCAGTTTTACAACTTTAAGATGACACATATGAGACAAAAGGACTCTGAGTGTCTTT
AAATCAC 

G
B

CACAATTTGATGTAAGGTCATTAGACCCCCTACACTAATATAATAATAAATCAGCGGATCATGACATTGGCAACTAA
CCTAAATGGCGATAATACAGCACAGCAGGATGGTCTACATATTAGCTGAGCAAGTGAACATTTTACCTAATTAATTA
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YP
-
R
A
D
_7 

TAGCAACAACAGACAACCGAAATCACAATTAACGTTGAACAATACTCTTAATAATGATGTTAACTTATTAGCAAGTT
AGCTGCTGACATGTCAACCTGCAGGTGAACTG[C/G]CTGGCTKTTTTGGGCGATGTGGCTAACAASCCAACTAATAT
ATATATCTAGCTGGTTAGCATCACCTAACCTCTAAATAAGCATAAAGACAGCGGCTCAGATAACACATTAAAATCGG
ATACACACAGCAACAGATGTTCCTTCGACCCTTTCAAACTCGGCTAGGCAGCTAAGGGTGGCCACACACACAGGCG
AAAAGGCTAGCAGACGATAACGAGCAGCTAATCACAACTAAATGATGCGACGTACAAAGAGAGCTAACATGAACA
GCAGCAAGCGTTTCAACAAAGCTAAATGTGTGACTGACATCACCTACCGGTAAATTAGATGGTATTCGGCTCGGTG
CAGCGTTTCACGAAGGCTCAATTGTGGTGGCAAAATGAGAAAGGACTCAGCTAGCTACTTGTTAGCTCATGGCTAG
CGCCCTAGCTTGGCTGGGTAGCTGTTAGCAGCAGACTGACTGCGCGTCCTGTGGGCTCGGCTCCGTCTGACAACGC
CCGCCCGCC 

G
B
YP
-
R
A
D
_8 

TGTGTGTGTGTGTGTGTGTGTGTGAAATAGGGCACATCAGTGGTGCTGCTGCTGCTCATCTTCTCTCCACAAGCAGC
CTGGAGTTTTCACAGGCTTGACATGAAGCTGCCCTGACAGTCCTCCTGCCCTCGTTTGTCTAACATCGCTCAAGCCAT
TCTGGGTCAAACCTGCAGGGTCACAGATTAGGCCAYTTACTGTACAGTGACTR[C/G]AGCCCACAACACACACTGTC
AATTAGCTTCTCTCACAAGTAGGTGGATMAAATTCCCAAACTTTTGACACCTGACTATACTTTCCTCTCTGCCAAAGA
CTTAAAGGCAGCTATCTGTAAGTGGTGTGTAATTTTTGTCTGGTGACAGTCCTCAGTCTGCAGTTTAGATTTCACAG
CACTCTGTAAATTGTGTTAATGTCAACTGAAGGCTGCAGTGTTTGTGAGTGAAAGACACCTCTCATGTGCAGCTGG
GGTTAGTATTTCTTGAAGTGCTCCTTTCATGTTAGATGAGTTTGACCCATTGCTCAGGGTCTGCTGCATCTGCATCTG
TCTGAGAGCCTCCAATGTGTTGCGCATGGCTTTTGTTGCTCTCTAAACCGGCCAAATGTGTATCTTCTGTGACACCTG
AGTGAATATTGAAATGAGCCTATGTTTAAGTTTCATTTTAAGCCCGAAGCACGTGTAGGCCTATATTTTATC 

G
B
YP
-
R
A
D
_9 

CTGCAGACGTTTCACTTGCTCATCTTCACATTTTTAAATTAAAAAAAAGGGGAAAAAAAATCAGTAGTTTGAGTCAA
AATTAATCCGAAATGGAGCCGTGAGAGCTTTGTGTTGAATTTCTTGATGGTTTCCGTTGAAGCTTCTGGTAATGTGT
CTGGGAAAAAAAACAGAGGAAAACACACAATATGATGTTAAAGTGTGTTTAGTTTTGTTATGTGTGTGTTTAGTATT
GTGTGTGTGTGTGTGTACCTGCAGGTTGTTGTAGTGTTTCTGGCTGCTDCAGTGGAKATCCTTGGCTGTGGTCTCAT
TCA[A/G]GTAGAAAACAKAGCAGAGATTRCARRAWTACCCCGATTTAGGGACGACAAACTCCTGACCTGAAGAGA
GAGAGAGAGAGAAACACAGGTAAAAATAAATATAACAAAACATTTTAATCTAAAATAATTAAACAAAACTACTGTG
TCCTTGTCTTACCGAGCGGGTTGTTCGGTTTGAATGGCGGCAGTTTGAAGTCTGCGGCAACGCAAGGAGACTGAGA
ACGAGATCGCTTGGCTTCAGGTCCGATGAGCTCGCTCTTCCGTTTACTCACGACTAGA 

G
B
YP
-
R
A
D
_1
0 

CCTCCTTTGGCGATGATGATGGATAGAAGACTACCAGTGTAGTAAGCGCAGCATAGCACAGTATACGTCTAAATGG
AGATGGAGGTAGCATATGAGGAGAGAGATGATTCATACAAATGGTGCCCGTGTGCGTAAAGGCCAGAATGACTCT
TGCGGCAGATGCACAATGGCTCGCACGCCACTGGTGACCACATACACAATGCATGCGCAAGCTGCTGATGGCGTAT
TGAGAAGCTACAAATTAAACCCCTGCAGGATTCCTYAATCTATCCATAGAAAATGTCACATATCCATGACAATGCTC[
C/G]TCRTAGGAARTGAGCAAGGGCCCCSTCTCTGTTGTCCTGATTTATAGGTAACTGTGTGTGTGTACAGTATTCAT
GTGTGTGTGTGTGTATCTGTGGATGAGAAAGAGAAGGTGGGTTAGAGAGTGGTCATCCATCAGCCCCAGGACAGG
TCTGTGGATGGTGATTATAGCAGAGGGGATCAGTTCTTCTGATTGATCTACCTCTCTCCTTCCCGGGTCACAGTTCA
ACAACGACCATTTTACACTTTTCACCGGCAAAAATCCACACCCAGAGCCATAAATCTAT 

G
B
YP
-
R
A
D
_1
1 

ACAAGCTAAAATGTAAATGAAAAGTTAAGGGATCACTGAAGTGATTACAATTCATCCTGAGGGGAACATGAATGT
GTNNNNNNNNNNNNNNNNNNCAAAAAATACAAAAAACTGTGAACCTCTTGATGGAGCTAGAGAAAAGGTCAGT
AGATCACCAAAGCCAGTAGGATTTATCATCTGGAAACTGTAAATTTTGTGCTAATTCATTAAGATGTTGAGATATTTT
AGAGAACAAGTGAAAACTTTGACCTGCAGGTGGCACTAAAAAGGYCACAGGGTAAACAAAGTCACTAGGACTCAT
CCTTAAGGAACCATGAATATCTKTAMAAATTTCA[C/T]AGCAATCCATCAAAACTGTTGACATATTTCAGTCTGGAC
CAAACTGACTGATGGACATATTGACTGGCATTGCTGTCCCTAGAGCCACTCTGCTAGCATGGCTGANNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNGTACC 

G
B
YP
-
R
A
D
_1
2 

AGTGGGCACAGTAAGCAGCAAACTATAAAACAGCCAACTAATATTCACAATGTGGAGAAGTTGATGCCTTTTACTG
GTCTTTAATGTCCCTGAAATGTTTCCTAAATCACTTTGTACAATGTCCGTAGCTCTAATGACGAGTAAAACAGAGAC
AAAGATATAAGAACATTTTTAAAGTTGAGTTAATTGTGTTGAAATTATAAGCAGTGTTTGTTGAACTGCTTCATTTAA
AACAAATAAATATTAAACCTGCAGGTTGGAACTTTCAC[A/C]TATAAATGAACGTCTGTAACGAGTTCACACRGMG
CTCATTAAGCTTTTCACCGCCAGATAAATCTCTCTGTTTCAGAGTTTTTAATCTGTGTCGGGTTTGACAGATGAATCA
TACTGAGCATGCTCTGTGGGCGGAGCATGTGCAGTAGAGACTTCCTGTTAACGGCTAACTTCTGGTTAGCTCTCTGC
TAACTTGAATGGGAATAAAATAATTTAGTCGTTTGTCTTTTCTAGACTTTCCAAATGTTACTGGAACAAACGGATTGA
ACGGATTGAATTCTGATAATGAAACGTGTCATTTCATGGAGGACGTATGACGC 

G
B
YP
-

GGAAAATTCACTGCTCTGATGGCAGCGATGAGCCCATAACCTGCGGTAAGTTTGAGACAGATTCAGTGAATTACAA
TGATGGAAAATTTGGGCACAAACCGATACATCACCACAGAAACATAAATCAGGTTTTACATACATATTTCATACATA
TTTCTTCTAAGTTCATGTTTTTCAATCTCAGTTAAAAGCTTCTTGTGCATGAATTTCTGTAACGCTGAGGTGTGTGGA
TGCTTCATATGGCTCCTCCTGCAGGTCGTATCTGCTCTATGGATAACGGYGGCTGTAGCCACGTGTGTGTTGATGAA
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R
A
D
_1
3 

CCCTGGGG[A/G]GCTCTGTGTGACTGTCCTGTTGGATATAAGCTCTCTCAAAACGGAGCAGTCTGTGAAGGTGTGT
GGAGCAAGCATAATGACACTTTATTCACTTTCACTTTTACTGAGGGGTGATTGATTTTACAGCAAGAGTTACATCAC
AAACATGCTGACAGTTGATGCCAGTATGACTGTAGACAGTGGATCATTTTTGCAGCCGTATGATTGTCTATTTCCAA
ATTTTGGGCAATCTGTTTTTGATGTGCTGCTCATGCTTTTGAAGCTAAAACTCTCTCTCTCTCTCTCCTCAGATTTGGA
TGAATGTGCCCTTCCTTTTGCTCCATGTATGCATCACTGCACTAATACTGTTGGATCCTACTATTGTCACTGCAGAGA
CGGCTTCAAACTGAATGGAAGGTCCACATGTTTAGCTACAGGTAATGATACAGGGATTTCCCAACAGGTATATCAT
CA 

G
B
YP
-
R
A
D
_1
4 

GTTTTCAAATGACTAAAGATATTGAAGTTACAATGATATAAAACGTGTTTTCTGCAGTGGGAGAGGGGTTACGTCA
CCTTTCTCCATCCACTTGAGTTTGCAGCAGTGAAGGATTCTGGGAGCTCACCTGGTATTTAGTGTAATGCGAGCGGC
TGCTGCAGTGCTGCAGTTTGGCTTCGTCCTCATCGGCGTAGATCACCTGACACAAGTTACAGAAGTAACCGACGAC
CGGACGAACAAACTCTGTTCCTGCAGGAGAAACAGACACAACGAGGTGTCAGTGAACGCACYGCTGCTG[C/T]TCC
TCCAATCAGACACAAAATGATGTCAGCAGCTYGTACAGGTGTTTACATTCAGTTTAAAGTGAGTGAAACATGTGAA
GCAGCAGAATGATGTGGAGACAGGAAGTGTCTCTTCTTACCAACAGGTTTGAGTGGAGCTGCGGCGCCCTCTGCA
GGTCCAGTAGCAGCTTTCTACAAACATCACAGATAAACAGCAGTCAGTTTTTTCTTAGAACAAACAAATCTAAAACT
CATCACTCCTTCAACTTTAATAACTCCAACAACATTACACATTATTATAACAACATAAAGTACAAAAACAGCCACTGA
GGCGTGTAGAGAGATGATTTTACTCTTTAGGTTTGGTGATTTAGGTGCAAACATGCTGGTACAGTCTTTAAAAACTC
ACTGAAGAGAGCTCAGGTAACGTCAGAGTCAGTTAAATGTGTTTTATTGACTTATTTTGAGTCAATAAAACACGTTT
CTATGGAT 

G
B
YP
-
R
A
D
_1
5 

AGGAGGAGGAGGAGGAGGAGGAGGAGGATGTAGTGGTTCTGCTGACAGACACGATGATCCCAGAGGCAGGAAC
ATCAGCTGTGACGTAAGTTCTCCTTCCCCATGGTCTTTTTAGATACACAAATTAACACTTTTTTTTTAAGGATGAGAG
TATCTATGACAACAGGACCACTGATACCTGCAGGGATTGTGCGTGTTTTGTGTGYGTGCGTGTTTATGTGCATACM
TGTATGTG[C/T]ATTGCTAGGTGTGAGCTTGCCTGTCTGTGGGTGTTTTTGCTTCTGTAATAGAAGCCCTCCCTTCTG
TCCTTCCACCTCCTCTGTGTGACGCACAAAGCAGTGTTTTCTTTTTTTATGAATGAACAGCCGAGGAGGGTGAGAAA
GGAGAAACCGAAGCTTTATCTGCCGCTGCTGCTGTTGATGATGATGACGCTGAAAATGTGAGAGCGCCTAAAGGA
ACAAAACACCAAACAGCTTTATATTCCAACCAGAATGATTTTTTTTCAATTATATATATTTTTTT 

G
B
YP
-
R
A
D
_1
6 

TCTCAGTGGTTTTGATTTTCCTCAATCTGCCCTTACTACTCTCCCCCCGGCCCATTCATGTATTCTGTCGATTGCCCAC
CAAATGCTGTCTTGACTCCCACATACACCTACTCACCTGTTCTCACTCTGCCTGTCAAATGCTATTTGCCTAACAACCT
ATGTGGAGTCCTTCTATACGTGCCCCTGTCTTAAATACCATGTTTGTTTTTTTTCTGTTTCCTTGTTCTGCTTGTTTTTC
AGCCTGCCTGCCTGCAGGCACCCGTCYTTGAATAGTTGTTGTAGTTATTACGCTTCTGCCTTTAAAAGAGCCT[C/T]G
AGCTCAGAAGCCAAACACRTACACAMMTCAGACATTCAAAGTATCACATGTTCAGATAACAAAAACCTAACCGCAT
GGTGGCACTCTGAACAGCCAGTTTTACATTTTGATCAAAATTAAGATAGAAGCCAAACTCTTGGATGAATACACCTC
TTGTTGCAGGCCACAGCCATTTCTGAACACAGCTTCCCTCCAGTTTGACTAAAGTCTATTAGGATCAGTCTATTTGGA
TCAGGTCAGGTCTCCTTTTACTGCCACGGGTCTAACGTCTGAATATCAATATGTTCAATACCCAAGTGGATCCGATT
GCACCTGACTGTATGTGGTATCAACTGTGATCATGTGGTACGTCACAATCACCATGGGGGAAAACGGTGTGTTTTG
AGGAAGTGGAGAATGTAAACTGTGTATCACTGCGAAGAACAAGTTGAAGAAAAAGGAGAACAAAGAGGTAAAA 

G
B
YP
-
R
A
D
_1
7 

GTTTAAAGGAAAAGTTCAGCATAAACTTCAATCCACGGAAACAAAACACTAAAGTTTGTTAAAGGTTTTTTTTTCTTT
AAATCTGCATAAAAAGTTTCATATTTCTGTCTTCTGAGTGCAGCAGTTGATGCATTTTATAATCCAGCAGAACCTAAC
CTGCAGCCTTTCACGCAGACTTGACATCATTAGTGAAGTGTAATGTATATCAGGCTGTTTTTTCTACTGACTTCCTGT
CTCTACTGGTTTCTCCTGCAGGTGTRAGCAGTGAGTCTCTGTACCG[A/G]GCACCTGCAGCCTCCGGTGGACCTGCA
GAGCTGCGGCAGGCTCTGGACTCAGGTAAACACACCGTGATCAATGAACTGTTCGTCCAAAATGCCAAATATCTGC
TGGTTCCTGCTTCTCAAACGTGTGGAATGTCTTCTTTTCTCTGCTTTAAAACATGATGACACTTTGAAGATGCATTTG
TGTCTGAAAAGGAGAATAATGATATCCTGAGGCCAGAATGAGGCAAAGAAATTCAAGAACATGATGCTCATCAGA
CACAACAAATGGATCGCAAACAATATATGATAATATACTGTGCACACACACACACAGCGGGAGGAAAGAGAGAAG
CGGAGAGAGCAGAAGACACTTTAATAAATTCACCTCGTTACATAACAGTGATCAATTTATGCAAAGTCGATCCTCAT
GTCTGCAAAAGTGTCTGACAGTCAGACCTGGTATTTTCACTATAACAACACCAATAAGGCACAAGTGAGATAAATG
CATCA 

G
B
YP
-
R
A
D
_1
8 

CATCTTTTGGTTTTGTTCTTGGTCAAACAGAAAACCTTTTGCAGACCAAGCCAGTGGTCCTCTGAGGGAATCAGCAG
AGCACAAAGAAAGAATTTATGTTTTTCTGACAAATTTTAACCACTTGGCTGATGCTTTTATTCAAAACATGTTTCAAA
GCCATTAAATCACATTAGGTTTGCATTGCCCCAAGTGTGGCTCTTTACAACAGCAACTGTCTGCTTGCTGCAAGATG
CAGGTATTTTAGGCTGCCTGCAGGTAAGTTAGTCAATGATTCAAGCTCAGCTAAAAGTTAAAAGTCACATTTTGTGC
TTGTATATGGAAATGAAGTWTCT[A/G]TTTGTCTGCACAGTTCTCTCCTTGGCACCACAACCTTATTTGCATAGATTT
TTATTAAACAAAAACCTTGGGATATTTATAATCACCCTGTGTTTAGTAAGGTCTGTCAGTCATCTAAACTTAGACTGA
ACCTCACAAGCCTCAACAAACCCAACCAGTTTTAAACAGTCATAGGATTCATAATGACTAACAATGACACACACAGC
AGTTAACACAAGAGTTGAGTACTTAACTTACGTGTCAGGCATCCAAAACCA 
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G
B
YP
-
R
A
D
_1
9 

GTCAAAGCCTGTAGATGATGTCTGAGGCTGGAAGGAGCTGTATGTTAATATGGAACCTGAACCAGCTGAAGCTGTT
GCTGGTAAAGGCTGTGTAGGAGGCTGTGGCTGCAGGTACTTGCCAGAAGCTGCAGGCAGACACACTTTTCAGGTG
ACTGCTGTAGGCGAGGGCTAATGCAGCTGCCTGTCACCGAGGCAGTAGGCAGACATAGAGAGAACAGCTATGGA
AGTGGCTTTTTGAATCTTGGGAGCCTGCAGGTGGGTGCATTCATGAAATGGCTGAGACTGCAGCTGGATGAACAA
AGCTG[C/T]AGACAAAGACTGACACTGGGACTGAGTGGTTWWSTGTGTGCAGTAAAGGCTGCAGGTGGAGTATT
GTGCTGGAGAGGGAGAAGCCTGACGCTGGATGCTGCTGGTTGTCAGAGGCTCTAAATGGAGGATGACGCTACAAC
TTGCTGCCAGAAGCTGCAGTCAGCTGGCTGCTGTTAAGATGGAGGCCACGGCTACTTTGCAGTATTAGGTGGACTT
TGACTGGGCTTGGCTTTCCATGAAAAATCAGAATACTGATAAATTATGGTCTTTTTTTTTTTTTTAAT 

G
B
YP
-
R
A
D
_2
0 

TTATATATGAGTTTAAAAGATTACTCGATTAACCATGTGATTATTGATTTGCACAAATCTATGCAGCATCTGCTGCAT
ATTACAAGTATCAGTGTTACAGGAAGTATTGCACAACAAGTTTAATCTTAGTATTTCATTCCCTGTCTGTCTCCAGGT
TTCATCCCAGTGTGCAGTCTAGGTGTGTGTCAGGTGGGGAGGATGAACTTTGGTAAAGACGTCAGCACTCTGAAAT
ACTTCACCATCTGCGGCCTGCAGGAAGGCTATGAACCRTTCGCYGTCAACATGAACCGGGATGTCAMAATGTGGCT
CAGCAAGAGGCTGCCTCAGTTTGTACC[C/T]GWMSCCCCCAACCACCAACACATAGAGGTGAGAGTCACCTGGAA
GATGCTCTGCATGGTTTGGAACATGTAGCTATCAGCTGGTAGAGAAAAACCACAGATACTGTAAATTACTGGTAGC
AGTCAGTGGTAGTGGGCTGAGAGCTTGACTGAAATTAAAGATCCCCTTCATACTCATTTCAAGACATTTATTAATCA
TTTATTTAATATGTTTTTTTCCCACAAAAAATTCCCGTAAACTACAGAAAAAGTAAG 

G
B
YP
-
R
A
D
_2
1 

TCCTCTTATTGTAGAAGCTGGTAACTGATTGTTGGGGTAGACAGTTTAAAGAATCAATGTTCATTTACAAGTCTGTG
AACACCCATCACATTAACACATACACACACATACACACACAAACCACCGCCCAGGCTGACATAGATCTAGATGTGAT
TCAGACAGAAAGGATTGCTATTCCTGTAAGGGCTATCGACTGCGCTCTATTTTCCCGTTGTTGAGATAAGACCCGCC
CACCCAGAATAGTTTGCCCTGCAGGAYGAAATCAGCTGATAG[C/T]ACCAACGACCTGTCCATCAAACTGTAATGW
ACCAGTCGGGCCTCTATTAAACCAAAACCATMAGWHAGACAGATGGAAACCCAGCGAAGCATGAGTAGAGGGAC
TGAGTCACTCTTCGGTGATATCTTTCCATCTTCTCCTCTCCTCCTCTTCTTGTTTGTATTCTTTCACTCTTCATTATTTCA
TCAGGTGGTTTCATTCGTATTGAGATCAATGTCTCATGACAGATATGGGCATAAGAGAATGCATAAAAAACGATCA
TCCAAATAAACAAAACAAAGCAGCAATCAAACAGCCAGACACCCATGCACTTAAAGAAAAACAAAATCAAACCTCA
GAGAAAATATGCGACCTGAGTTAATTTAAAGTGGTTTTGCTCCGTCTCTCGATGCATACTACGAGAGACCTGGGAT
ACCATGTTCAGAATTTGGTATTTGAATCTGACTCACACCATAAATAATACATTTTAGAGCAAGAGTATCTTAAAAATC
CAGCC 

G
B
YP
-
R
A
D
_2
2 

CCAGCTCTCTCTGCAGGTCTTGCACACACATACACACAGAGACTGTAATACACATCTGCATTTTTTTTAACTCTGTAT
AGTATGTATGTATATACATATATGTCTGTGTTTTGTGTCCTGATGCCAGAACAACAAAATCGAGGAGGTAACAGTG
GGGCACATTTCTCATCTGCATCAGCTTGAGACTCTCAACCTTCAGAACAACTGGCTCACCACAGCTGGTAAACACAG
CAACACAATAGAAATCTCCTGCAGGAACCTGGMGCACAGCGGGAGAGCATATTACAGACCTGTTGTATACAAAGT
TGTTCTKT[G/T]TGGGTCTGTTGAATTTCTGTTTGTT 

G
B
YP
-
R
A
D
_2
3 

TTTGTCAGCAGCAAAAATGGACAAATATATACAGTATATGCTGATTAATAACATAGATATAAGATATAACTTAGATA
TAAATAGCTTCATTTGATCCATTTTAGATTTTTTCTTCGTCTTTAAAAAGATTATAAGGAACACAGACAAAATCAGGG
CTCATAATTCTGGTTTTATTTCTGTAGGATTGTACTTTTCATAAAACCTAAGTTAAATGTTGGTAATATGTTAAATGCT
AAGTGTGTTTTTGGCCTGCAGGATCAGTAATATTTTAACCCGCTMTCCATCWTGTTATTTAGTCACCAATATTTCAA
GTGTTTGTTTGTTGTTTTGGCCA[A/G]CDTTATGACTTTCGTAATGATGCCATTTTTCACATGATGCAGCATTTTTAAG
TTTTGTTATTCTGTATTTTCTCATGTGATACTGTTTAAAGGAATCGTACAAATGGAGCCCGTGGACAACAAGAAATG
GGACAGTGAAGACACTCGTGAGACTGGGAATGCAGGCACATTTAACCCAAAACTCATTCCTATCCAGAGAGACAG
CTACCTGGGTGAGTTTCTACTCTGGTCGGAGTCGGTTTGTGGTAGTCAAGTTACATCTTGCTTCATACATCTGTTAAG
GTTGTGGTTTNNNNNNNNNNNNNNNNTTTTTTAAGAATTAAGAGGTACCCAACAAGTCTGATTTTATTCTGTTAT
AAGGTATAAATTTTCTGTCCTCCAGGATTTTCCATTGACTCAGGAATGGCCCTCATAAGGAAGGGTGAGCTGACGA
TA 

G
B
YP
-
R
A
D

CTGACTGCCAGCTCCTGCAGGAAGTGGCCAAACAACCACTG[A/C]AGGCAGAAAAGTAACACCCCCYTCCATAAGA
ACGGKGTTCTGCTGAGAASCTAGTATWAMMMWATTGTTATTAACACCGACGTTTTAATTTAAGCAGGATTGTGG
TCAGTGAGGACAATCAGTGAAGATACCCCAGAGCCAACAGACATTGAAATGCTGCNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAGAAACTCA
CAGGGCAGTCTACCCCCTCTGCATTATCCTGCAACAGCACCAGCACCCACATAGCTGGCATCTATGTG 
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_2
4 

G
B
YP
-
R
A
D
_2
5 

GTTATCCTGATGTGTTGAGGCTGCAGCAGCGACGACACACAGCAGGAGGTCTGAGTGTGTCAAATCGACATCAACT
CAAAAAAGTTGCTGATCACATGTCGATCCGCTGCTGTGCTTCTCTGTCGCTGCAGTAAAAGTTGTTTGTTACACACA
GTTCCTCATAAGAACAGGAATACTGAAGTGTATGAGAAGCAGATAAAAATAAACCCTCCGTAAGGATAAAACCAG
ATCTCTCAGGCACCGTCACACCTGCAGGCAGTGAGTTTCTGACTAACGAGACAATAGTGCTGCTCCCTTTGAAMGA
GGAGTTTTCTGTATTTTTAGCTTTTCTT[C/T]TGCCTTCTGCACTACCTCTCTTTTATGAAAACTTTTTTACAGAGCTTA
AAAATTGTATTAACTGTGTTTTTAAACTTTCTTTTTTGGATATATAATATAAGTGTATGATTTAGGTTGATTTTAGTGG
GTTGAATCTTTTATTTTATTTAAGGCTTATTGAGATTTATATCTTTTCTCATGTGTGGGAGGAACAGATAACTGAAGA
TATCACAAAATCAGCTTTAATCAAAAAATGCAATTAAATAAAATTATAAAAT 

G
B
YP
-
R
A
D
_2
6 

TGTACNNNNNNNNNACTTTAACATGTGAGTTAACACGTCTGTTAATGTGTATTAACTTGTGTGTTACCCTGTGTGTT
CAGGTGATCCTGATGGGTTTGGACTCGGCTGGAAAGTCAACTCTGCTGGCCAAACTGCTGACAGGACAGGTGAGA
CTTCTCTCCACAGGTAGTGACTGTAATGTTGGATATAAGCTCAGTGGCAGAGAGTGAATATATGAGAGTTTGTCCA
GGTGTGACTGACTGTCTGAACCTGCAGGTGATGGACACGTMACCTACTGTCGGATTCAATGTGGG[C/G]ACTTTGG
ACCTGGACAAGAACACGTCTCTGACTGTCTGGGAWGWYSGAGGACAAAAGAGCATGAGACCCAACTGGAGGTAA
ACATGAACCCAAACAAACAAATCTGCTTCTTCTGGTACCCTAACCCTATGTGAATGACTGTAAGGCTCTGGTTTCAT
GTCGTTACTGATGAATCTTCTTCTTCAGGTACTACCTGGACGACTGTAAGGCCCTGGTCTTTGTGGTGGACAGTAGT
GATCCAGGCCGGCTCCCAGAGGCCCAGAAGGCCCTGAAGAAGGTCCTGAGTGATGAGAAGTTACGACAAGTTCCT
CTGATGGTTCTGGCCAACAAGAAGGACCTGCCCAATTCCATGACCATACGAGAGGTAGGAAACACATCCCACAATG
CACTGTGACATCAGCAAAGAAGAACCCAGTTACCTCAGTTGTTGATAAACATAATAATGTCAAAACGTTTGAGAGG
AAGGTTGGTCCAGA 
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AGAAACCTTAGATTCAGATGTAATTCACCTGATAGTTCTTGATCCCAAACATCCCACAACCTGCCTCCTGATTAAACA
TTATGATGAACAACTCCTTCATCCTGGACCAGAAAGGGTCTTTGCAGTCATCCACTGTACTTACTAGATTCTCTGTGG
TAGGTAAGCTGTGAAGAAACATCTGTAGTCATATTATAAATGTAGGAAATGGCGTACAAAACCTGCCTATCCTAAG
GTGGTGGACTTACCTCCCTGCAGGCTGTGACTATGRAAGC[C/T]TCCCTTTTGGTCAACAGGTGTTGAGTGCTTTGG
TCCACTCAACATCAAGTTACRGAGAAGACAAGAGAAAAGGTGGGGAATTTTGTTTAAATGCATAACCACTCACTGC
ACTCATATAGAGGTACTCACCAGTCTTGATACTGACAGTTTTCTCATGTCCCTTTGCTGTTTCATTGCCTGTAGAGGG
TAACCCTATGAGTTATAATCTGACTGTGGTACCAACTTTAAGGGAGGAGAAAGGGAGTTCAAAAAGGTATTCTCCA
CCCTCAATCCAAATCTAAAGGAACATTTAGAAAAACAACAAATAAATTTCTGCTTCAATCCACCAAATGCCCCTCATT
TTAGTAGTATATGGGAGAGAGGTAAGATCAAACAAGTCTGCCTTAAGGGTCATATTAGGGACTCAAATTCTAACTG
AAGAAGTCTTAAACTCCAAACCATTGGATATGTATTTGTGGATGTAGCTGGTCCTGATCCTATAACCCTAAATCTCCT
CC 
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AGTAAAGGTAGAAAGTTAGAAAAGAAACAGAGTTGTTGATTTTAATATTATTTGTGTAAACTTTTTATAAAACATGT
AGACTGTATCTCTCAAAGAGGTGAATAATATGTTTTTGGATGAAATGTGAATACCCTGCCTCCACCCAGGCTTTCAT
TCTGCGGAGTCACAGAGAAAGGCTGCACTTATTTGGCTTCAGCCTTGAACTCCAACCCTTCCCACCTGAGGCAGCTG
GAACTCAGCTACAACTACCTGCAGGACTCTGGAGTGAAGCTGATCTCTGTTCATYRGGACAATCCTCTCTGTAAACT
AGAAGAACTCAGGTAAAACAATTTATCATA[C/T]AGATTTTGAAATCTTTCTGGGATGTTGTTGTGGCCCCACCCCC
ACCACCATCCACCACTGTATGTTTCCTAGGTTTGAATCTCTTATGGTACCATCAGTTCTTTAATATCAACAATACAAA
GAGCAAAAATGCCATGAAAATAGATTCAAGAATATTTTTGAAAAAGAAAAAAGTTAAAAACATCATTATACCACAT
GGCTTGTTAAGATGGGTATTTCTTAGAACATGCAACATGTCTTGTGGTTCAAAA 
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TAATCATTCAAGTGTGTAGGCACACTTTTCTCAAATATACAGTACCATGACAAGCACATTATACTGTATATAGATTTT
AAGAATATACACATTTGAACCAGTTCATCCTTAGCAAAAAGTTACAGCAGTATTCATATAGTACAGGGCGACTCTGC
ATGTTATACTGTCCTGGTAATGCTCATTGCTGGTAGGTGAAGAAAAGCAGCTGGTGACTACGTGTGTATCTGGGGG
TAAGCAGTCCACACCCTCCTGCAGGCCAAGGCARTTAGTAGCAACGAGGGCTGCAGTRCAGGGAAAATTGCCCCTT
TCCCACTTG[A/G]GAGAAAATTTTAAAAAGGKRRCACACACAATTCTCCAAATATTGCAAAAAAAAAAAGGCAGTG
TTGTACTATATACTGTTACTACTACTAGTGTGTGTGTGTGTGTGTGTG 
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ATTGTGTTTGAGGGTTTGGTGAGTGAAGCTGGGTGGAGTTTGAGCCGGGGCATTCCACATCGCCAAGGCCTGATG
AGACATTTGCTAGACTCAACATATTTTCAAAGTGACATCATTCTAACAGTTTCATATTAATGCTCATTTTGACTCACAA
TTTTAAAAAAGAATTGCCCTGTTGACCCAAGTTAGTCATGATATCTGTCATGGAAATTCTTCTTGGTCTGTCTCTTTA
ATTAAGTCATCACAAACCTGCAGGTTTGGTAAAAATGAGTGTGCT[G/T]TTTGCAGACTATACACATTACCTAATAG
GAWTTCAGGGTAAAGAAGTTTAATAAACTTTTTGCTGCAATTTTTAAGGCACCAACCAATGTGCGGTGTTTAGATA
TTTTGCTGATCTCATTGACTGCTCACATCCTCTGTTTGTATTATATTTATTGTACTACTTTTTCTTCATTTAAAGCAAGA
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CCATAACTGTAACTGTAACTTTTGCTGTCATTGTGGCCACAAGTAGAAAATTACAGATACTGAATAAGCCAAGTATA
AATAAGAAAATGAATGATGGCTAAATTCCATGTAGCTGCTTCAGTTTCATGGTAATGACTTGTGTATGCTGGCTCAC
TGTTACATTGGCTGTGTCTGAAATCACTCCATCGTTCACTCATTCACTCCTCCCTATAAAATGGACATTCAATAGTGA
CCAATAAACTGAGATTTCAGAGACTTATAAATCATAATTATTTCCCTTCATCACTGAAAGATTAGTGTCTCTAGAC 
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ATGAGAGGTTCCAACTCAGATGCCACTGATGATGAAAGTGCAGGCAGGGAGAGACTGACTGAGCCAGTGAAGAA
AAAAGTACTACTTTCAACCACAATGGCTAATGCAGTACCCACTGTTGTAGTATGAGGGGAAAGCTATGCTGTGTGT
GTATTGTAGGCCCGTCCACTGCAGGCAAATTGTTACCAGGTCAACACAGTTTAAGCTTTAAACTTTGAAGTTGCACA
ACAACAGTAAGAAACACAAAACCTGCAGGGACCGATGCATGA[C/G]CCGAAACACTGAGCCCCTCCTGATGTCTTT
TCAGTGGTTAGATGAGAGAAATTGCTCAACGGAGGAGAATGAAATGGTCATCAAGTTCAACACTGCCTATAACCTA
GCGAAAGAGGAACTCTCGTTCACAAAATCACAGATCACACTGATAAAGAAGAATGGATTGAATGTGGATCCAACCT
ATGCCAACGACATGGCCTCTGCCCAGTTTATAGGAATGATATCAGACAAACTCTGGGAAAAGATTGGTGACAAAAT
TGCCTTCACCCCTTACCTGTCATTTATGATAGATGGTGCCACCAAAGAATGGGAGATTGTCTATGCCCATGTCATTG
ATAATGGAAGACTGTTCAGTATCCTAATTGACCATATTGAGGTTGAACACGCCCATGCAGAAGGTAAGGGGTATGT
GTTTGTATGTACTTCTGTTTCCATAAAATTATAAATAATGATAATGATAATGATAATGAAAAATGCTCTATAAGTTAA
TTATAATAGCC 
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CCTCCTAACAATGTAAACAAATAACTGTACGAAAAAAGTCTAATGATCATTTTAATGATGCTTTCTTAAGTGGAAAC
ACTTTTTGGGCCCTGACTGTATACATTTGGCCCAAGTCTTTGGTTTGGCTCCCTGTACGAAATAATCACATTTCATTC
GACCTTAGATAAATGCTGTTAACCTGTCTGATTTACTAACGCTAGTATTACATCATTGTAATAATGAAGAATTGCAAA
TGCACCTGCTGCCAGCCTGCAGGCTAACTGAGCAGGCCCCTCACCAGGATAGCCAGCTAACAGTAAACAGATGWC
AACATTAACTACTGCTCCACTGGTTTTC[C/T]ACACAGTGAGCTAACGTTACACGACAGAAACCCCCACAATCTTCTA
AAATAAAAATTATAACAATTACAGGACAGGAAAGCCAACGAGTCCGATCCGTTCAACAGAAAACTGATCAGTAATA
TCAGCTGCTCTAACGTTACGCCATTTCAGGGGAATATTGAAGGCTTTAGCTCGACGTTTTGGCCTTCTCTGACAAGA
AGAAACTAAGTTAATGTAAACTATGTTACTTGATTATGCATCCACAACAAAAGG 
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ATCTATCTCTCTATCTATCTATCATCTATCTGTCTTTTATAAACACATAAGCTATAAATGTACTTCTTCCATCTTGTTTC
GTAGCAACATTCAGCAGAACATGTGCTCAATAAAAGTATCATAGATCTCACAGGAAACATCATGAAGTTTATTTTCT
GTTGAAACAGGAACATGTGACATCATCATAGCAGATAAATCCTGCTGCTCACTAACACACAGCCTGCAGGAAGATC
GAT[A/C]ACAACAGTTATCAAGAAGCTCAAAACTAGAATAAAAGAAGAYWCAGATTGTCCATCATGAGACTGATG
AARWKATAAATGAAGTTCTCTTCATGGTTGTCACTTCTGTAAACGTCCAAAACAAGTTAGAGATAAAAAGACTGAA
CATCCAGACGTGGTCAGGCTGCTCTGAACTGATCTTTCAAAGATGTACCAACTATAAACCTGTAGTCCTCATCCATCT
AACAGGTTCACACACCCNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTGCACAGAGGAACAGACATCACAT
GTTTACTGCGTGTTGATTGGTTTAAATGAGTCTGTCAGACCGGCCTGGAGGCACATCTGATAGAAGTGGCCCTGCT
GCTGGAAGAGCTGGGAGGGGGAGTCCATCTCTGCGATGGAGCCTCGGTCCATCACGACGACCCTGAGACACAGAA
ACAAGACGAATCAGACCGACGTCCGCAGGTTTTAACAAACAGAATCTGTATTAAAGGGTC 
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ATGCTGAAGCTTAATATCCTTCCCCAAGTAATATTTAATTTCTTTCCACAGTCTTGATGACATAAAATAAAAACAGCC
AAGAGGAACTCTCTGTTGGAAACAGTCTAGATGTAAAGCTGGAAGAGCCTGGATAGAGTAAATAACTGCCTAATG
CAATATTATCCAGTGCCTCTCCTACAAACCACAGATTCCTCTTCTCCTACAGATTCTTAAAAAAAGGGAAATCATATC
ATCATAGAAGCATAAACCCTGCAGGRCAGTGTTGTCTTTGGGTGCT[C/T]ATAAGTCCCCTTTATAAAAAATATATA
AKTCATACTYTCAGATTGAATTSAGCTACTGGAAATAAGGATCCTCACTTGTGATGCAGGAACTGTTTCATACTGTGT
ATGCTGTTGATCTCCTACACTACATCTGCAGTGCACATACTGTGTCAAGTAAGAGAGGGATATTATCTACTTTGGTA
TGGTTCAGTCAAAAAATTCCACATAGGGTAAATATCATCCCCTCAAAACTTAAAATAGATCAAAACCCCTCAGATGC
TGGCATCTGTGTGAAAGTTGGTACTCTATTGCACATGCTGTGGCAACACCTGG 
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CTGACTGATTGCTATGAATGATTGATTACTGTTAATGATTGATCTGATGTGACTTTCGATCGTTTACAAAGATCAATA
ACAGAGAGATCGATCAGAGTAAACGTGGGTCCTCACCTGCATGTTGACTCCGAAGGTCCAGATGTAGAGCGAGTA
GATGGGTTTTCTGAGCCATGTGGGGAGTTCCACCCCGTTCAGACGCCCCCAGGCCCGAGACAGGAGGCGGGTTGG
GAAGGAGCGATACAACGCCACCTGCAGGGCAAACACMCACACAGCARCTGTAGTGATTCTCTCGGTTCAACACGA
TCACTTTTATATTTTACTATTGGAYA[C/T]ATTTACAGTTTATAGACTGAGGAATAAGAAGAGAGGAGTTCTCACAGA
TGATGGAGAGGAAAGACAAAAACAGAGGAGGTACAAGAAAAAGGTAAGGCAGAAGAAAGAAGAGGAAAGGAA
GAACGAAAAGAGGAGGAAGTTAATGAGCATGACGAAGAAGAGTTTATCCATTCATTCCCTCCCTCCCTGTTTCCCTT
CGTCCAATCAGAAGCCAGTCGGCAGCCGCTCTTACCCGATTGGCCAGCGGCCGCAGAGCACTG 
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TGCAGGTGCATGCTGCAGTAGTTGTCAGTGTTGTTGTGTCATC[A/C]ATGTGTAGCCCGTGGAATTAGATGCCACAC
YRGACACARWKMYWYMTTGTTGTGTCATCCATGTGTAGCCCGTGGAATTAGATGCCACA 
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GGTCACCACTACGATGATCATCATCTTCACCACCTGCAGGAGAAAAAAKRAAAATGCAAAAAAGAATCATCAGCAG
GACAAAAACACAAATAG[A/G]GAGACATTTTAACATGTCACAGTAGGAAATGCACAGCTAAAATTAATGATTTAGC
CATTTAGCTGCTTCAGTTTCAGGGTCCTG 
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AGTCAAGTAGTCCGGTAGCCAAGCTTGTTTGTATGAAAACTACTGAGGAGAGCTCCAGGAGTCTGAGATGATTTTA
ATGTGTTTGGCGTCTCAGCCAGATTAACTTGATTTTGGGGGGTTTTAAGGTTTTTAATCTTAGTTTAATCTTAGTCGA
ACACTTTGCTTGTTGGGTGGTCACATTAATTTGAAATTTGAACTGTTGTTCACAAAAATTCTGTGTGTACGTGCAAG
ACGACATGCTTTATACTCCTGCAGGGAGCACTGGCAAAATTMAGTCTAAACTATTGCATGCCMTGYTGCCCTTT[A/
G]TTAACGCCAAATGGAGGGAAATRKWGATMRMYWKATAATCACAACACCAAACCATCTGCGAAGTAACAACTTT
TTGATTTGATACCATAGATCATGAGTGAAAGTGAGGCTGCTTGCTGACTTTGTGAAATGCAACTGCCGTACTGAAA
CGTCACAATGACAGCAGATCTGAAGTCATCTGAAGTCAACAACGCCAATTCTGCAATGTAGTCTATGGTTGAATTAC
ATGAAAATGTTACAGATGTTAAATGGTGTGATTTATTTCAATCCCTCTTGTGTCACTA 
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AGAGTGTATCTTAGCAACCACACAGTACAAGTCTCTGCCTTCTCTGCCAGAAGCAGAGGATGGACCTGAAGAAGAA
GAAGAAGAAGAGTTTTAACAGACCCTGCAGTTAATAAATGATCTGCAGATGTGATCATTAAACACTGTTTAACAAC
ACGCTGTTTTTATTTCCCTCAATCACTTCAGCCAGCTGCTGTCAGAAATTTCACGTTAAAGGTAATTAATCCCTCTCA
GGTTTTTATTGTGAAAAACCTGCAGGAGTTAAACCTTG[A/C]AACGCATCACTTCCTGYMTGTTTTTAGAAATAAAA
GGGAGAAATTAGAAAGAAATAATCAGAGACCTGGTGGGTGACCACCACCTGGTGAGTAACCACCGCC 
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AAACACACACACAAACACATACACACAGAGTGTGTTGTCTTGTTTACCAGCCAGTCTTTTCATCCAGGCCCCCTCATC
TATACCCAGGTTATTGTAGATGATCTTTAGGATGTTTCCCAGCAGAGTGTTCATATGTTCAGAGGTCACAGAGGTGC
AGCAGCTGTCTGCTCTGTCTGGGTTGCTCTCTGGTCCATGTTCCCACCAGTGAGACATGTAGCTGCACAACATTGGC
AACACCACCTGCAGGAAAAGCAAAAATACATACTAAAGAGTTTGACAG[C/T]ACACMCATACACATGCAAGTGTCA
GMTAGACACTATTTGGGAARAWMRRWGGATATATAGAGAAAGAAAGAAAGACTCAAGTTTACGCAGCAAGGAT
TATATGTGTTTTTAAACGTTTTTTGGTTTGTCATATATCCTACCTCCATGACATGGGGCATCTGAGTGTATCTCATGCC
AGACTCCGCCAGCTCCATGATCTCCTCCAGAGACTTCTCTAAGTTTGGGATCAGAGGACAAACCTCCCCAACCTGCC
CTGGAAGCCCTAGAGCTGGAAGGCAGACAGAGAAATGCACTTTAACACCAAAGATGAATTAAAACATGGCTATAA
AGTTCAATAATTAATACATTAATTATTATTATCAATATGTCTTTGTGAACAACTTTGTAGCAAATTAGTGCTGTATAA
AAAACCTTGATGAATACTGACATGAGAGGGGTAGACAGAAAGAAGGACAGAGATTCATGATTTCAAAGAATGAA 
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AAGAATTAATATAAGTTGCAATACCTGTGTAAAAGTGTTTTAGAATTAGTTCTGCCTCAGTCCCCTGTTGTGTTTAGT
CTAACATTTGAACTGTCAGGTTCAACATTGATAACAAGCCACACTTTAGCCAGCTGGACTATCATAACAGCAGCCCT
TTCAGCCATTGATAAGGTGCCAAATGGCCCTGTAGGCGATATCGAGGCACCAGGCTTTTGACCTTCCTGATCTACTA
AACAAAATCACTGGACCCTGCAGGAGCTCTCTGGTTCAGCAAATTGCTGTTTTGAAATGACCAGTAAAATTCCACAC
AGATTAAATATC[A/C]TGGTGAGATTTKGKKGRWTTAAACAAGAGGTTTTGGGCTGGGATGTTTTGGCTACCGGTA
AGATTACCTGCTATGTGGTCTCCCTCTTGCTCAGAGTCTATAGCAGCCACACACTCTCTCTACCTGACAGCTCCATGG
TGGCAGGACAAAATAAAATCTTCTTTAAATTTTATCTTAAAACTAAAATAGATTAGAGCTTATGCTCAAACAATATAT
ACTATTATTCTCAACATTTTCCATGTGTACAGGCCAAAACAAGATCCTAATCCAGGGTAAAGAGTCGGTAATAGCCA
GACACATAAAAGGGCACCCAATAATTGAAGCATAAATGTCTCTGCAGCTAATGTTAGGAATGGCGTCAGCATGCTT
TCCAGCTTTACAAAATGTACCAAGTGACTCTACGTATTGCCAAATGTGTTAAAGCTGGCAGAGCAAAGCAAGCATG
TGC 
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TAGTTTACTCTCATAATTTGAAAGTTCTTATGTGCTCTGAAAATAACTTCCCACTCAGAACATTGTCTAACTCAACTG
GAAAAGAACAGTTCAAAGCAGAGAGCCATGTCTGATGTTTAATTCAAACTGTCTTTTAACTCTGAGCCACAGGAAA
ACATCTGGGAAAGTAATCTTCAAAATTAGAGGCTTTCTTAAGGTAGTGGGCAGAGCAGCTCATGTAGTGTGCCTCA
AAAGAGCCGATGCAGTGTCCTGCAGGATGTAGTCAAAGATCTTTGCCTGGTGTCTGATTTKTCTGATTGCTCTCTCA
GTGTCACCTGGAATCAGATGGYCWMSWTCRRA[A/G]GAATAGTTTGATCTTTCTGTGAGATATGCTTATGTGCTTT
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CTTGCCAAAAGTTAGATGGAAACATATGTACCACTCTCATGTCTGTGTGTTGACTATGGAACTATGGAGTCTAGAAG
TGATTAGCCTAGTTTAGCATAAAGCAAGGCTGGACTGGGACAAAAATTCAGGCCGGAATTCTTACACTTACTCAGG
CTACCTCATACATCAAGGGTACTCAATAGGCAGACTCTGGTCC 
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GGTATCGCTGGAGGAGCTGGTGCTGCGGCGGATGGGCGGCTCAGTGTTGGCGGTGGACCTCAGCATGACGCCAT
GGATGGGGCTGAGGGACTCGCTGGAGCTGGCCGGCGTGGGACCCCCGCCGCTGCTGCCGGAGGTCTGCCGCTGC
TCCAGGGTGTCCAACACCACGTCGGGGGCGTGCTTGGCTGAGCTCTGCCGCTCCAGCTCGCGCAGCTCGTTAAGAG
CCGTGTTCATTGTTTCCTCTATGTCCTGCAGGAGACAAAGAGAGTGTGTGTAAGAGAGGAGG[A/G]GGGSGGGRK
GKGGAADGATGATAATGACATAGGKGAGAAAAATKAGTTGGACACAGGAAGGTTGGTGTTAAAAATGAGAAAAA
AACCAAAAAAGACAGGGTGGGGGAAGAAGAAAAAGAAAAGCAGAGATGATATGAACAGCAAAGACGTGAGAGA
AGGGATAAGGTAGAGTTAGGCTCGGTACGAAACATAAAAAGCAATGTTAACAGAGGACCACAGTGACAGATTCTC
AAGAAAACACATAGCATGCATTATACATGCAGAGAGTTAGTAGAGAGTATTACTTTGCACCGACACCCTCCC 
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TGCAGCCTTCAGTTGACATTAACACAATTTACAGAGTGCTGTGAAATCTAAACTGCAGACTGAGGACTGTCACCAG
ACAAAAATTACACACCACTTACAGATAGCTGCCTTTAAGTCTTTGGCAGAGAGGAAAGTATAGTCAGGTGTCAAAA
GTTTGGGAATTTGATCCACCTACTTGTGAGAGAAGCTAATTGACAGTGTGTGTTGTGGGCTCTAGTCACTGTACAGT
AAGTGGCCTAATCTGTGACCCTGCAGGTTTGACCCAGAATGGCTTGAGC[A/G]ATGTTAGACAAACGAGGGCAGG
AGGACTGTCAGGGCAGCTTSATGTCAAGCCKKKRAAAMSTCCAGGCTGCTTGTGGAGAGAAGATGAGCAGCAGCA
GCACCACTGATGTGCCCTATTTCACACACACACACACACACACACA 
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ACAGTTTAATACCTGCAAATTACTCAGAAAACTTCCGGTATAAAATGAAGCGGTCTGTAAAATAAAGCTTTACCTTA
AGTTTCACCTTGGTTCGATGATGTAATGGTGAAACTAAGCATTTCTCTGTGCCGTGCCTGCTATGTTGCCTTACATTA
TCTGTCCTGCAGGGGACAGT[A/G]TAGTAACGTKYGAATGATRTCAATGCCAACAGCCTKAAGGATCCTHCTATGA
GCATTTTAATAACCMTGCACTCTCATCCTAGGATAAATTAAAAAGAGAGCGACAAGCTCAGCTCAGCCTGAGAGAA
TGAGTGTGTGATGCATGTTCATACGTTCAAGAGTTCCTCAACAATGTGAGTTACTATTGATCAGCCAGTATCAGTTA
TTGTAAGCCCAACTTTGTGAACACAGAAATGAAATGGGAGGGACCCACAGTGTGAATTTTGTTGATCATTAATTAAT
GATTTCGGAATTAAAATATGGTGGAAAATATTTGTCTGTTCTTG 
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AAAGCAGATTATGGGCTGCTACGCTAGATGACCGTTTCAATGCTCCGCTCTCTGTGTTTTCTGCGGCTTGTGGCTTG
AAGTCTATCTATACACTGGGCAGCCTGAATTGAACCAGAGAGGCTTAAAAGAAAGCTGTAGACTTATTGACAAATG
AGCTCTGTTATGAGCTCACCATGTGACAAACAAGAAAAGTCTGTTTCAGAGACTCTCAGAAGATTAAAAAAAGAAG
TTTAAACCATTTTTCTGTTCCTGCAGGACTKAGTAAAGACTCSCTGYCCTCRTTTTTTGTGGTTTAAGTTTTTATTTCTT
CAGGAGTACAATGTTTAA[C/T]ATCTGGASATATTAAAGTGTCAGAATCAGAAGGGCAGCTGTAACAAGCTCCCATC
TCTTTCTATTACTCAACAGGAAATTGATTGATTGATTGATTGAGTTTATTTGCCCCAAAGGTTAGATGTCACTGCTGT
TTTAATGCTCCTGCAGCACTGGAACAAACCTGCTCTTATGTAAACATTCAAATCAACCTCATGTTAATACTCATTCAT
GACCTAACACAGTGCATCTTTCCAAATAAAGCTGGGATATATTGATTTAAT 
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TGTCTGATTCTCAGCTGCAGATCGGTCTATGTGAAGCTGAAGGGAGGCAGCAGTCGGGAGCATCTTGCCTAAATTA
ACTCAGTGCAGGACTACAGTCAGTGGTACTGAGGGGACACTGGCATCTGTGTGTAAGTGGCAGTGAAGGGCTTGC
TGTGCTGCCTTGCCCTCTACTGTGAGCAGCCAGTTGATGGGGTCGTGCCAGGATCGGGATGGTCAATGAATGCAAA
GATCATTGCTCACAAAGAGGTCCTGCAGGATGAKGAT[A/G]AACTCCTATTGAGGGTGGAGTCGCATTATAAAAGG
CCTGTTTTCACTTCAATGGAKAGATACAGGAGRAGMWSKSCTTATCAGTCCTTCACAGATTTACAGTATGCATCTAC
CTGTGGCTGTGACTTAGCTTTTAACATAACAAAGAAGATAAACAGGAAAAAGTTACCCACAGTGAAAGCAGTCTTT
CAACCTCGGCAGCTTGGCCGACACGCATTTCATTGAGTGATACTAGAGTTGATACTGACCACTTAGACAGTCTCACT
TCACTATAACTTACTTTGACTGTCTGGATGCAAACCAGAGACTGCAGTGCAGCATTCCTCCACTATCAAGTAGCTATC
ACTGTCATGTTAGCAAGCTAAAAAACAAAATGCATTTCAATAACTTAGCTCATTTAACACCGCAGCAGACATAACAA
CATTTCTATAGCTTGTGCAGAAAGTCCTCAACTTCAGACAGCCCCCCAGCTTTTTCTTTCAAGCTAACAGTTAGCCTA
ACTTCCA 
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TCTCATATTCTAACAAAATATGCATTACTACAGTGGATGAAATTGTCGATATGAAACCTAAACGCTGTTGTTTGCCTT
TGGAGAGCAGTACAGTTATTCTCAAATGCTTAACAGTGATATTAATTTGCTACTTTCGTTTCCTGGATCTTTATAAAT
ATTCATGTTTGATCATCCTAAACTGCAAAAGTGTGCAATTTTTCATTTTAAGCTGCTAGAATAACTTACAGGTTTTATT
TTTATTCTACAGCCCTGCAGGTAATCACCTGGTATAT[A/G]GTATGAATCTCACACACAAAGCAAACACTCATTGATC
AGTAACGTTTGCATGTCACAGATMARMYSSCAGCGTCTAGATAATAAATGCATGACTGTAGAACAAAAACTAAACA
TAAAAAGTGTCAAGATCTGCATGCAAATGATTGTAAACTCCAGTGTAAAACCAGAGAGACATGCAAACCCTGATTG
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TACAGAGACAACAATTCCAACGTTAAACCGACTTCCTCAAAATGTCAAAATAGTGCACACTCTACTAGTGGCGATTT
TTACCTCTGGCGAGCCAGCCCTCTCCAACAAAGGTTACAAGGCTGTGAATG 
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CTACTGAAGCTGCAGTTTTATATTTTTTTTTATAGATTTTTAATCCTTTAACATAAACTAGTACGCTCACTAATCTGAA
CCTGTTGATGCTCTGAACATCTGATCTGATTCAGAAATAAAAACACTGGTGATTTTATGATTTAACCAGTAAACATCT
GAATGTTTTCATGTTTTACATTTTACTGAATAAAACTAAACCTGTAAGAATAAATGAGAAGTGAAGGAGTTTCTTTC
ATACTGAACATCTCCCTGCAGGACCTTTTTATTTGATAGTTGATA[A/G]CAGCAGATGCTRASTGTTTCACAGTTTAT
TGGCTGATCTTAATGATGGGCATGACMMRAYTGATTAATTTTTCACGCGGCGCATTTACTTCCCAGATAGCACACG
GTCGTGGGCCACTTCAGGCAATGATGCAGCACTGCTGGCCTCCTTCTGGCCCGGACAAAATGGATGTGAGCC 
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GAAAACACTCAGTGGCAGTAAGCAGTGATCTATATTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAAAAAT
GATTCACAAGATAATGAAGAGAAAGTTTTTAGATGTGTTTTTTAAAAGTAGACTTCTTGATTAATCTCAGTTCATTCT
AGAGCAGCGGGATCCAAATTAAAGTTTAAAAAAAAAAAAAAAAAAACCTCCATCAGCCTTCGTTTTCAGTTCAAACT
GTGGAAAAAAAACCTGCAGGATCTGCAGGATCTYRAGGATTAACGGCTMAGTGAGAGATGCAGAGATGMT[A/G]
CTTCAGGCATTTTATGGAGGGYTAAGAGCWGCAGYCCCMMMAAAAAACAAGTGAAAAAATCAGAGATAATTTGT
TTTCAGTGTAGAGGATCAGAGCTTCTGACAGTGAGTTGCGTCTTATAACACTGACAATAGAAAACGCTCCTGGTAAT
GGAAAAATTGTGAGAAAACAAGACGGAGCTGCTGTTTAAACGCCAGGAAAGAACAAGAAATGATCAAACTACACT
GTTCATTTGGGGGCTGTTTAAAATCTGATTTTACCCTAATTTTTGTATATTTTTTTACTGATTTTT 
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GCTTCACCTGAAGCAGCCATAAGCAGAATTATACTTTCAACTACGTCATTAGGACTTTACAAAATATGCAACTGTTC
AGATATTTTAATATTTTATATGTGACTTAGGTAAAATTACTTAACTAAAGTAAAAAAAAAAAAAAGTTTAATGGAGG
TATTATTACATTTTGGCATCAATAATTTTATTCAATTACATGAGAGACACTTAATGAGGACCAAACCCTGAAACAGA
GCAGAGACAGAAGAAAACCTGCAGGAGGCGCTACAGGAAAACACA[C/G]YGAACACTGAGTCTGAGCTCCTCCTG
CATCCTGCATGAAACWATGTAATGAAYTGTATRWWRWTACATGATATTCTCCTAAAAAAAAGATAAATGTCAAAT
ATCAGACAATAAAGGACTAAAGACACAAATACGACGTTGTGATAAAGATAAAAGAATATGATTTTAAGAGTGCAGT
GTCAGTGTGTTACAGTAATAATACATTTTTTTTGTTATACTATCATGCATGACAGCCAGTTTCCTCATGATATGTTATT
TGCTAGATTGATATAAATCTACAAGGAAACTGCATAATTTATTTATTCATTTATCTAAAGAAACTCTTCACTCTCAAG
TTTTAAATATGAAATTATTACAAATATGGAAGTAAAACAGCACAAAGAACAATAAATGTTCCAAACACAATGAAACT
TGTGACATTTCATGCTTTCAGGTGTAAAATGATGTAAAAAGGAATTCAAATTATTATGTCATGATAGTTTTGGGAAG
GTTAG 
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TAAGAGTAACTACAACTCTGTTATGTTGATTGTCAACATTTTTTGTCCCTGTTAAGTTTTTTTTTTTAACTTGCAAACA
GGCAAGTTCATCTGGGTAAGGACCCCATGTCGGAGCACACCAGGAGGCAGGTACTGGAGGAAAGAGAGATTGCA
CTACATGAATACATGGTAAGATTTTTCCCTCAGTTTGAACATGTGGTTATTGAGGGTCTGTTTTCATTAACAAATACA
GTAGAAAGGAGCAAAACCCTGCAGGAYRCTGACCTTCAAGAACCACAGTTGAGTAK[A/T]TTTATGGCCTTTGAGTT
GTTCTTTCCATTTAATTCAACATGACATGTACTGGATGTGTTGATAACTAATAACTTGTGCGGGATGTTTTTCTCTGA
AGGCACCATATGCATGCTGATGTCATAACCCGATTCTGTTGTAACAGTATTGAATCACACGGCAATTTTCATCCTTTA
AAAAAACAAAACATTCTGCCTCTGTGATTGATTTTATTGAGGAAACTCAATAACTCAGACTCAGCCAAAGTAAAATC
AGTTTTGAATTATGAGTCTGTGTACGTGTATGAGTTTCCTTTGAGAAGTTATTTGAATAGTCGACAGAACTCTCACA
GACACTTAACAGTACTTCCTCCCTCGTCTCATCTTCACCTGCACTGTTTATAATGCGCGCACACACATGCATGTTTAC
AGCCTCATATCTTTCACCATACTTTGATATTTTATGGAAACTCTGTTGTTTTTATTATAGGAAGAGCTATCATCTTC 
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AAAGCTACTCACTGTGTCTGTCTAAAGAGCTTTCCATCTCAAAAAGCCACTCCAATGTTAATCCTCTTTTTAATGCTTT
CTTTCATCTCTTTTTCTCTTTTAAAAACTAATTTCTGACTCTTCTGTCGAGTCTGCCAGTAAGATATAACGATGATCTTC
CATACTTGACTTGTTAGCCAGGTAACACTGCACTTAGATGAGAAGATCAATACAACTCTTAAATCTGTAAGTTAAAT
ATGAAGCTGCAGCCTGCAGGCAGTTAGCTTAGG[C/T]TAGYACACAGACTAAAGGCCCTTTTYTTGTGRAGGCGCA
ACAACMAGCACTCCGACTATTTGGTATTTTMCTGACCTTGAAACTTGCTTTGCCTGTCTGTGTGGTATTTTGGTGAC
CCGTGCAGAGCAAAAGGTGGGAGGAGAGGCACAAAGGTGGGAGGATCATTCAAATGAAGCAGCACAAAGCGAG
TTGTTGTATTTTGGTTGAAATTTGGTCC 
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AGTCATTTTTCTAAGCAATGAAAATGATTTATTAATAACTAATGTTTTTGAGACAGTTTTGTTTTTTGTAGTTTATTTA
TGTACAGTATAATTACAAGGCTAATTAGATGCTAATATATATCAGGGATTTATGTTTTTTAGATTAGTAGGTTTATTG
AGGTAACATGGATTCACCATTTAGAGTTTTATAGGCTTTATAGTTATGGTGCGGGGAGAAAGCCTCTACAGCTGTA
CAGAGGTGATGTGACCCTGCAGGATYCAATGCTGAACATCTTATTTACTATTATTAGCTG[C/T]CACAGMTTAGTTC
CAAAACAGTGWKCAGGAAGGACATTTTBGGATTTGTAGGTACTGCTGGGTGGTACAACAAAATCAGAGAGTGTGT
CTTTAGGCTGGCCTTCACTCTGAATCTTGCAGATACAGAGCTGCACTCTATTGTTACTGTGCAGGATATGGAAAATG
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TCAATTTCCATAATAATGCAAGTGCTCATCTGCAATATGAAGCCAGATAAAGTATGCAGATGCTGGGAACTTCACCT
ACTTTCTCTTGCTTTTGATGCACTGTATGTGTACACAAGTCTACAGAGAACATG 
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ATTGACAGCAGGTGTAACACAGACGGCAGATTGTAAATACACTGATGACATGAAACTGTCCCCTCAGGTGGGTCTG
GGTCAGGTGCTGGAGCTGCTGGGCGACCTGTTGCAGTACCTGCAGAGCCTGCTGGTGGCGCTGGTGTACCGGACA
GAGAGCCTCAGGGAGCTGACCCTGGACAGGGTCAAAGGTCAnGTCCAGTCCGACAGGTCCGAGAGCTGCCGATCC
AGATCCAGCAGCTCCTCAGAGACCTGCAGGAACTCTCCAAGCTCCTCCTGCAGCTGGTCATCAAYGCCACACCGCTC
TACAACATGGTGAGCYCACCKGAGAMAYMYSKGARR[C/T]ACACTTGAGATACACCTGAGACACAACTTAAACATA
CCTGAGACACACCTGAATCTTCCCCTGGTTCCAGTCTTTGTGCTAAGCTAG 
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CCCTACTGCAAGATCCAGAGCACGCACGCTTTCATATGAAAGCTCCTTCACTACAACAACAATCTGTTTGGTGTACTC
TACAGTACTCTACAGTACAGTATGGTTTTGCATACTTAATACCCAATGGTTTTGTATACCCAAGTGAATACTGCATTA
CACTCTCCTTGTTAGGCACATTTTTTGCTTTATTTTATTCTTCTTACAGCAGAAATAAGTTTTGCATGAGTGGTTCGCT
CTCCAAATTAGCTCCTGCAGGAGCCATTAATGTAGACAGTAGCACAYG[A/G]GAGTGTCAACAGTCCTGTATATCAA
CTYGRGTAAGACGGTGATCTCGTGACMHVWHTTATTGACTTTTCTTGATAAGTACATCTATGGGATTCACATGGAG
AGGGGTGAGCAGCCTCCCGACTGACACATAATTTTCCATAGCAGCTATCATCAGATGTTTATTTTGTCTTTAATTTAG
TGTTATCTAATATGTGTTTGACTTAAACTGAGTAACCAGCAAAAGAGAAAACCCTATAATGTACATTGTGAGAAAAA
AAAAAAAAAAGTACTATAATATACTCGATATGTGGTCATTCTTCAGTCTG 
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ACATCCTCAGTGCTGGTAAATAAACATGCGTTAACTTTTATTTACAATAATTTAATGATATTAATCAGGTTTTATTTGT
AATTATTTTCTTTTGTTTACTTTGTTTCACGTTAATTTAATTATGAGAGGAAACGTAACGATGATTTTTAGGATTATTT
AAATGTTAAGTGTGTCTCGCTGCCGCCTGCAGGTCAGGAYGGRACGCTGCAGTCCTTCTCCACC[A/G]TCCAYKAGC
GATTCAACAAGAACCTCGGACACGGYCRRTKCAGCCTCCAACATAACGACACCTCACACACTCGAACCAGGTCTCCG
TCTGACTGGCCATGTTTGGTATCCATGGCAACAACCAATCAGTAGTTGTTTTGTGAAAGTGGATATATTTTAAATAA
CGGGTGTATGTTTCTGCAAATCTCCGGTCTCATCATGAACAAGAAGAGGTCCTGATAAACATTCT 

G
B
YP
-
R
A
D
_5
8 

AAAGAAACAGGTTTAGATGCAGAGGTGGTGAAGGAACAGGTTTGTAGAAGGAGCAGAACAAGGCATGCAATGAG
GTTTTTCATTAGGACTCATTTACATGAACAAGTGAAAAATGGGAAAGAGAAGATTAAAGATGCAGCCATTGCAAAA
GTTCATGCATACATGGCTTTGTTCCATCCTGGAAGAGGAATTCTTCATTAAATCCTAATTTTGTTCTCTATTCTGCTGT
CAGAAAGCACAGGTCAACACCTGCAGGGAGCTGTGCAGG[A/G]AAAGCTGCAWTSAGATGAAACAAATGTTTTGT
TYATAGGCAACATTCAGTTTGTCCTTTATGTARCAGMYWGTCAGGCTGTTAGATGGGCTTGTAGTGTGTCTTGCCA
CAGACTTGCAGTTAATGTTAGCCTTTCTTTTAACTATCACCATCATCTTTCCCTAGCCTTAATGATTTATTTCCCACATT
CACAACCTTTCGCTGTCCTCAACCAAACCATCATTGTCATGAACGGATATTGTAGAAAGAAAACATCTGCACTGAAT
GTTACAAAAACTTTGTCAACAAACGTAATCTAAGGCTTTGCAGAATCATCCAATATCAACATTCTTGTCTGGTGATG
GGGTTTGGGCGAGGAAGAGATAAGGTGAACGAGCAGGACACAGCTTTTTCTCTGAATGTCTCTTCTTTTTCGCTGC
TGATGTTGACACTTACATTAAATATTTCAACTTATAAATAATGTCTATATTGACATCAACAGATATCTGAATATACAG
TGAGT 
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TCAAAGTGTCCTTGACCAAGACATTGGCCAAGGCTAAATCCCTGCCCTAAACTCTAAAAACTGAAATATCACAGATT
TTGAAAGATCAGAAAGAGAATTTCCCCTTTAGAGAAAAGGAGGCAGATGGATAAAAAGATATGAAGTATATCTAC
ACAAATTTTAGCAACTAAAAAATCAAAACATGGTAGTATTCAACAGTCCAAGCAAGGTGAGAAGAGTCTTTCACAC
CAGACATAAGACATAAAATGCCTGCAGGGAATMAAAATGCAGTTTTCATGTHAGTGCAAGCTTTATATGTGCTTTA
AT[C/G]AGATTTCTCCYTGTAGATAGARATARATTAACATGACCATGTAAAGGTACGTCACTGTAATTATAATAATG
GGCATATCCTGTATTATTGTACAGACCACCCATCACGGTATACAGTTTCTCCCCTTCCCCACCTCATTTATGATGTGA
GGCCAAATTTATAGTGGTTGCACACAAAATTCTCTGAAGTTCATTGTCTGGTTCCTCTAATGACGGCGCCCTGACTG
ACCTTGCTGAGCTTATACAAGCAGATTAATCTGCAGAGGGACAGAGGTGACACAGTG 
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GTGGGCAGGTCAGGGAAAACAAAAGTTTATTGTGTCCAAAGTGCAAAGTTTGGAGGTAAAAAAAGAGGGCAAGG
CAAGCGAGATAAAATGGCACAGAAACAGGCAGAGAAAAGGATGACGGGAGGCACAAAAGCGAACTGAGGCAAA
GTGGCCAGTACATATATATACATATATATAGAGAGAGAGTGCTGATTAGGGGAATGAGAGGCAGGTGAGAATCAG
GTGACTGGGAAGAGGTGAGGACCACTCCTGCAGGTTAGGYAAATAGGGGACAGGCGAAAGA[C/T]GAAAYTAAT
ATTAAGGAATGGCACTGTAGAAGTCATGACATGCTMWGAKCKGRAGWCAGGTTTGGTTTTCAAATATAATTTATT
GGGAAATTTCTCTCTTTCTCTTGATGATATGCAATGCCCAGTAGGAAGAGGGAAAGAGTGTAGCCAAAGTGTTGCT
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TGAACCTGGTGAGCTGATGGTCACAAAAATATAGCCTCAGGTCATTTTTTAAAAACTTCTCAGGGATGGTCTGTTTT
CCACAACAAGCAAAATGAGGCCTCTTTAATTTTATGGACACATAAGGAGACAAACAGGTTGACAAGTGG 
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GCAGTGTGCTGCAAGAGATGGACACCAGCAGGGAGTCTAATGGTTTCAGCTGTAGATACTACACATACACCAGAG
AACAACCTGAACAACACATATTCATAATAAAGCATCTAACTGTTAGTATTTAAACAGAACTGTGATTTTCTGCAGTA
AAGCACCAAATAAACACCTCCCTCTTGAGCTCCCAGAAATATTAAGCACCGAGTCAGATATCTGCACACAGAGGCTC
CGATACTGATCTCTGTCAACCTGCAGGTGAAGTTTGAMGAYAACAACCCGTTCAGCGAAGGTTTCCAGGA[A/G]AG
AGAGAGGAGAGAGAGGCTGAGAGAGCAGCAGGARRRKBAGAGAGTTCAGCTCATGCAGGAGGTAAAACAGCTC
ACACACAACAGGAAGTAGAAACACACACACAGTGCTTTTAATGTGAAGACAACAGGAAGTAGAAACACACCTGTTC
CTGTCCTCGCAGGTGGAGCGCCATCGAGTCCTGCAGCAGAGGCTGGAGCTGGAACAGCAGGGCCTCCTGGGAGCC
CCCCCGGGTCCTGGTGCTCGAGTGGGGCCCCCTCCGGGTCCCGGGGCCCCCCCTGGGGAAAGTC 
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AGTTCTTTGAGAGTAAAGGCATAAATGGCCAGTGGATGGGAGTTAGAGTGACAAGCCAAGGTCCTGGTAAAAATG
TAATGGTAAGGAAAACACTCCACATTCAAAGACAAAAAAACAGTTAACAGCATTTGTAATCATATTACTCTTCCCTT
GCAGACCTGTGCTCATCGATACGGGCAGTGGAGCCCAGTCCCAATCAGTGATGGCCCTCACATGGTGACGGGTCA
GTGCTACCTGTTAGGAAATGACCTGCAGGTTCAGGTTGGGCATGAAGGCAGGACATGGAGGAGGGTAGTTTGTGA
TGAAG[A/G]ACACCAABAWAATCATCAAAAGACMMRMKMGKGGTTTGCATACTGCCAGCAGGGTCATGGAGCA
ACTTTTGCAAAGGACAACAGATCTGTGTTATTTGGAGCACCAGGCGCTTACCTGTGGAAAGGTAAAACATATCAGC
CAAAATGTGCAAATATATACAGTATATGTCTTTTAACATTCACATATTTTCATTGTCTTTTAAAGCATTTTAAGGAAAA
TAGACAAAATTATGGTTCAAAATTTTATTTTTGTAGAAATGTACTTTTCATAAAACCTTAAATGTTGGCAATATGTTT
AATGCAAAGTGTGCTTTTTGCCTGCAGCATGAGAAATATTTTAATTTATTTTATTTTCCTGTTTAAAGGTAAAATAAA
ACTTTCAGCAGCAGCTCAGGTGTTTTGTTTGTCAGCAGCAAAAATGGACAAATATATACAGTATATGCTGATTAATA
ACATAGATAT 
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CTTTTAAGGTCAGGGTTGATAACATTGTAACACACACATGAACAGACAAGTTTATTGTTCCTCTCAGTACTTGTCATC
TGCTGTAAGGCCACTACTATTGAGAGTTTTATTTTATCTTTTTTTTGTTGTTGTTGTTGTCTCAGTCTGTGTATGGGCT
GCAGAATGATATCCGTACCCATAGCCCAACCCACACCCCTGCCCCAGAGGCCAAGCAACCTACAGAAGAAGAACTG
CAAGAACAGGTCAGACCTGCAGGTGGCGC[A/G]CTACCACWAAAGATCAATRCHAGCACTMAAATTGTAGTTGYA
VTTTATATTTTTCATCTGTTTTTCAATTATTCAATTATGATTCATACATTCGTAAGTGCAATGTAGTGCAGAGTTTAAA
GTGCACATTTAAAGTCAAAAAAGGAAAATATCATGCAGTTGGTATGTAAATAGGCATGCAAACCAACATTTTCTGT
GAATTCATGGTGACAGATGTGTGCTTATTGTTCCCTGCTATGGTTTCAGATCACCTTTTGGCAATTGCAATTAGACA
GGCATCGACTGAAAATGTCCAAAGTGGCAGAGAGGTGAGCAATGCTCTTTGCA 
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AGGAAGAAAAGGTCGAAAGAGGGAGGGATGAGAGGATGAAATTGTAAATTTGTAAAGCTGTTTTTTAAGCTTCTA
AAGAAATTCGCAGACAAACCAAGACAGACGAGTAAGAGTTACCCTGTTCATTTTCAGGAGAATGCACGGTTTTCCC
TCAGAGTATCCGAAGTTGATGTCAGAAAGACCGGAGCAGAAACTCAGGACGCTCCTCTTGAAGCGACAAGTCTTCT
TATTCATGTTGTCACTGTCGTCCTGCAGGAAATAGACTCCTGAAAGGCATTCCTCGTTCTTCTCMTGCTCTGTATCRT
TATAACCTAGGAAAAGAAAGAGAGAGATATATTC[A/G]GGTGTCAATGAGTGGAGAAAAGATCCAGGAGGAGGA
GAGTGGAATTCAATTTATTACATCTTGCTTTCGATCCCTTTTTAATACAAATTCATCAGGGCGAAGTGCACTTACTTT
GCAGGAAGGACTCCAGGTGTTGGACATACTGTGAGTACTTGAGTGGGTCAGATTTGTTGAATGAGATGTCCAGTG
AATTTGGACGGATCACCAACCCTGCAGCACAAAGTAAACATAGAGTGAAGTAGTAAAAGCA 
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GCTGCTTTCTGTGTGTGACGACCATGAAGTTCAATTGAAATCTAAAACTTAAATCCATGTAGAATAAGAGAAGAATC
AGGAGTGAGATGGTGCTGCTGGTTGTTTTCTTATATTTATTTATTTGTGCTGGAACTGATTCTCCAGACGTCAGCTG
ATCAGCTCCCGACCACACAAAATATAAAAACACAAAAGTAATATTTACTCAGAGAAACAACCTAAATAAAAATAAA
CAAACTACCAACATAGAGCCTGCAGGTGTGTGACTATCGTAGCACTAAACTCTG[C/T]CTTAACGCAGGTTTATTTG
TTTARTATYAACTCAAGTTCACAGCAACRARRWCKGAAAGGTCTGAACAGACCGCAGCTTCCGGCTGATAAAATCT
GCTAAATGAGGTTTGCAGCNNNNNNNNNNNNNNNNNNNNNNAACTGAGACGCAGTTTCTCTCTTCTCTTCCAGT
AAAAGGGCGTCGTCACCCAGCTGTTACTGGTCAGGATCCACCTGCACAACAGGTGATCTGAACAACCGTCCAATCA
ACAACATTCAACTACAACACCTTCAGAGGAGGGAAATGGCAGCAAGTCCCAACAATAGGTGACTGCCACATATTAA
TGATATAATATAATAATAACAGGAGCTGAACAAGGTGTTGCAGCCACATTTAGACGACATGTTCTATTAACTCTGAG
ACTAAATCCTGCTGAAACGTCCCGACAGCAGCAAACACAACCAACCGTTTCCCGCCGTCGATCAGAGACTATCTGTG
TTTTCAACAC 
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TTTGATATAGCTACTATTAAAACAAGCATGAATTGCCTTATTGAATTACTTTAAACCAAACTAGTCACAGTCATGTTG
TCACCACTATGTACGGCTCCTCAAAACAACCATGGGCATGTCTCGCATCTTCTTCTATGGTTTTTAATGCAGTGCAGA
AAAAAACACAAAAAAAACATGTGATTTCCTGGCCTGACAGTGGAGCTGCCCCAAGTGTGCAGCCTGCACCGGAAG
TGTCCCCATAGAGGAGACCTGCAGGCAGAYCCYTMTCACAAGTTCTGTKAGGTCCATTCTCTCATTGAATGTAATCT
GGGGTTTTGTGT[A/T]GAATCCAGTGTTGTRGGCAGAAATTGTATTTTGGGTGGGCCAATACAAAAGTAAGTGGGC
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CATCTTCTCCCAGAAAAACACAATTTATGAAAGTTAGAAAAAGGAAAAAAATGAACAAACATAGATGAACTGACAA
ACAAGCGACCAGTTTACTTTGCAATGTTCTGCAT 
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GCAAAACCCTGAGTAACATCACAAAACACAAAGTTTAAATGAAAAGTTGTGTGTGTTTGTGTGTGTTAGAACCTGT
ACTTGAACTTCGGGGAGATCGGCACCAACATTAAGAACCTGATGGAGGATTTCCAGAAGAAGAAGCCTAAAGGAC
AACAGAAGCTGGAGTCCATCACAGACATGAAGGTGACTGACGGACTGACGGTCAGTGTTCAGTCAGTGTTGGTCT
GTGTGTTTCATGTGTGTTTCCTCCTGCAGGCGTTTGTGGATAACTACCMTCAGTTTAAGAAGATGTCGGGCACCGT
GTCCAAACATGTGACGGTGGT[C/T]GGGGAGCTGWMMSRKYTGGTGTCGGAGCGTCAGCTGATGGAGCTGTCGG
AGGCGGAGCAGGAGCTGGCCTGTCAGAACGACCACTCCAACGCTCAGCAGGTAACACTGGTTGATCTGGTCTCCTT
TACAGCAGAGAGTCAACATCAGAAATCAGAGTAGAGAAGCTTCTCCTGTTTATCTGCTTTGAGCTTCGCCATGTTGG
GCGGCAGCTAGTATCACTGATGAACCTTCACTCTCTGAGAAACTTAATGACAAAATGAAACTCATCTGTTGTCGGTT
TGTGTGTCTGCACTCGACCAAAGATCATCTGTTAGAGAAGAAGCTCCACTCTGTAACACAGCTGTACAACCAGAGT
GTTTCTGTAGTTCCAACAACTCCAACAGAGTGAGACGTCTTCTCTCCAGAGGATCAGGAGTCTCACTCAGTTATGAA
CCTGCATCTTCAGT 
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ACCCTGCTTCATGTTGAAACATAATCAGTTAAATGTTGAAACTGTGGTTATGTATAACTAACCCCAGTTTAATCAAGA
TGTCTTGATCTTATTTCATCTTCAGTGAGAAAAAACTGTTTACTGAGCATGTGTGCAACATTTATTTACTTATTGCAA
GTCAGTGTGAACCAAAAATGCACCAGAACTAAAAGTCAACTGTAGATAAATAGAAGATTATTTGTTTCTTTGATTCA
TGCAAAGTAAACTGACCTGCAGGTGAGATRAAATAYATTTTTGATTGGATCAGGACAAAGAACCATAATACTGAC[A
/T]GGAAGCATCACAGCAKSCTGTATAACAGGRATAATAACAAGTATTACAGCATGGATCGAGTCAGGAGCGTGGG
TCATGTTTAGTGTTTAACAGAACAAAAGCCTTTTCAAACATCTTCTCACCCAAACCACACCTCAGTCTCCTTGATATCA
CAACGAGAAAACACAAACAAGCAGAAATCGCTCTCAGGACTTCTGTTCCTAGCAAAATTCCTCACAAACAAGTTCAA
GGTCTGTGGAGCACTTCTTCCATTAAGCGAGAAATGTTTAATCGTCTCTGCA 
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AAGAGGAGAAGAAAGAGGGGAGCGATGGAGTGAGATAAGAGCCGAGCAGGGAGTTTATCTGCATTGCTGTACCA
CACAGTCAGTGGAGCATTGTAAAGCCGTCAGCATAAATTCTCCCGCACTATGCAGATCTTAAAACGCATCTGCATTC
CAGCAACCGCACATCAGCCACTGCAGGATTAATCTCATCCACGTAATTTAATCTCATTCACAATAATTTAGGCGTCAA
CAGACCATCGGCGGCATAACCTGCAGGCGTGTGCAGATCTTTATCYGMTGCAGAATGGCCGGCTTCACGGTGTTCA
T[A/G]TGAAACAGGTCGRGACTGCTARAGAGMWSRYMDCTTCAGCTAAGCTCTTCTACCCCCCAGATAAATAAAG
GTTAAGTGAATCTATCATCTGCAGGAATTGAGGAAAAACACCCCCAGTTCTTTATTTTGACCCCCGAATGTGAGTAA
AACCTTGAGGTCAGCTGCAGAATCCGACGTTAATGTGTTTTTGTATGTCTTACGGTAACAGGAAACACGTGTTTCTC
TGCAGCAGACTCAGCAGGTCTCGCAGAGCGTTTTCTAAATGCTGCACATGTTGTAAAAT 
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GCAACAACCATCAGGACAGGGACCACAGTGAAGTTGTGTTCAGACCTTGAAGCTTCTCTTCCTCTTCTGGACATTCT
GCTCAGGGTGGAAAATGATGACATAAACCTTCGGCATGTAGAGCATCCCGAGAGAGACGGACGCACTGAGAGAC
ATGGACACAGTCAGAGTGGCTGTCTGGATAAACAGCTGTAGAGACAGAGAGACAGACAAACAAACAGAGATATG
GACACAGTCAGTGAGTCTAACCACCTGCAGGAACTGCAGAACCCTYTTAATGATCATGAGAASCATCTACATACATC
C[C/G]AAACCTCCTCTGTGACTAATATAACCTCCTWARRKMAAGGTTGAACCACCTAAAGAACCCCTTGAATTTTCA
CAAAGGCCACAAGAAAGGACCACTGAAGCACACGAGGAACCATGAGAACCCCCTCATTGATTACAAGAACCTCCTA
AAGGACCTTTACAGTCTCCTCAATGACTTCAAGAGCCACTACAACCTCATAAATCACCACAGACATCTCCTAGAAGA
CTTCTAGAACCACCTAGAGAGCCTCAAAAATCTCTTCAATGACCACTAGACCCACATAATTTATTATTGTTTATTTACC
TTCCACAAAAAGAGTGTAAAGTACCAAAAAAAGGTACTGTTGGCTACCGAATTCCAGGTAACAATACTGGTATCGG
TTCAATTGTTAACGGTAACCCTAGACGACATATAAAAAAATACTACAACCACTTACAGGGCCCAACAAACTTCCAAA
GTGACCTCA 
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CAAGCACGTCTTGTTATGCAATTTAATCATGGCGGGAGAAAAGGTAAATAAAATGAGTTTATGGGTCAGACCTGGA
TAAAAGTCTTGTTGGGTCGCTAAACCAGGTCAGACTCACACCAGCAGGGAACAAGTTTTTTTCAAAGTCATCTCATG
TGTATGAAAAGAGTTCGAAGGAGGACATGGTTGTGGAACTTTTTACCTAGTAAGTGTGAGATCATGGCGATGGTA
CTCCAAGGCCTTGTTATACTCCTGCAGGTGAAAGTAGGC[A/G]TTGCCCAGCTGGCTGTAGATGGCACTGAGGATC
TGGAGGTCCTCTGTTCCAACCTGGATGGCAGAVWHVVDVAAAGACACACCGGCACGGTAGTCACCAGCCTTACAG
AGCCGCTCACCTTCCAGAGCCAGGTCCAGACACGATGACTCCATCCTGCGGGGGAAGTGGGATCTAAGTGAGACG
TGAAAGTGAAGTCTACTCTATGTCTAGAGTCATGAAATNNNTGAAATAGGAGGGTTTCAAATTTTCCTCACTGCAG
ATTAGTTTAACAAATGCTATAAAACATACAGACAACCTCAGTGAAAGAAGGCAAGTATAAAGT 
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GCCATTGGCCTTTTTTCAAGGAGGGTCATGGACACTCACAGTTATTTCCACATACAGAGAGACTCAAGGTGTTAAAG
CTATTCACACTTTCATTTGGAAGTTTTACTCTGGGACCAAGTTATTGTGAATATTCTCTCAGCTGTAAGAAAACCCCA
GCCAAGTAGAATGAGGGGAGGTGATTTCATTCAAATACAATTACAGTTGGATCAGATCACACAATTACACACCCTG
CACACAAATTCACATGACCTGCAGGCAGGAGCCWTATTCATAAWGTGATACTGATTTAGTAAAAGATGGAAATTG
ATTTCTTAACTTTTT[A/G]CACAAAGWTTGTGATTCTCAAAAGCTTTATGAATCCTGCATGTCTCACTTTTTGTCTGTT
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GGTGGGTGTGTCAGTGGAGTATAAGAAAACAATGCACATATGTTTTAATGTTTTCCTTCTGATAATAGGTGAAATG
CGTCATTAAAATGATGTGAATGGAATAGGGGAGGATAATTTGTGCCATATTACCTGCTGATTTTAGTTGAAGATGA
CAGGTAAAATGGCACATGGCATGGTGATAATCATATGCTATCTCACTGGATTAATAGTCCTTGACTGATGTGTGTGT
GTGCATGTGCGTGTGTGTGAAAATGAATTAAAAATGAATAAAATGTCTGGAGGTTGAATTGGATAATGGTTTGCAA
TGCTATTACAGGGCCTAAAAAGGTGGTGTTTGGAACAAGATTCATACTTAGAAGACAATTCTATGTGTATGTGCAT
GAATTTG 
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GTCAAGATGAGAAGACCAAGAAAACTCTGGGAGAGACAAACCCCCCCAATTGACTGCAAAAAACCTGCAGGAAGA
TTTATCAGACTCAGGAGTRGTKGTGCAGCGATGCACTAACAAGACCTTCATGGAAKAATCAGAAGAAGAAAACC[C/
T]GCATCACTCTGGGAGAGACAAACCCCCCCAATTGACTGCAAAAAACCTGCAGGAACATTTAACAGACTGAAGAG
TGGTGGTGCAGCGATGCACTAACAAGACCTTCATGGAAGA 
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TAGCTCCTGTCTCTTTAAGCCCCGCCTCCCTTTGACCTGCAGGCAGCATTTCTAC[A/T]AATGTTCTACAAAAGTTTTG
GAGCTTTGGTCGTGTTTAACATCCAACATCAGAACAGGACATAAATAACAGAAAA 
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CCTGGTGACGACATTGTTAGTGCCAGTAGTGACTGCAGCACCTGTTTTACCTCCCGAAGTGGAACCTCCCAGGCAG
CTGCACACGCTGCTGGTATACACACACACACACACCTAAAACATCTAAAAACAACACAAGTAACCAAAAACAAAGC
ATGCACCTGTGGCTGCAGAATAAATGGTTTATATTCATGTGTAGGTATAGCAGCAGTGATCCTGTCGTCCAATCAGA
ACGCGTCACCGGTGCAGGTCCTGCAGGTGATGCTGCAYTATTCCATCAGCAACARAATCAACCTTC[A/T]CCCTCTG
TCTGAAACACATCATCTCACTACTCCAAACCTGCTGGCAGCTATGCCTCCTGCCAACAACACAACAAGTTAGTGACT
CACACTTTGTGATCTTACACACATGAACAGCATCTGTGTGTAGTTTACACTGTGTGCTCACTTGGGTGTGTAGGTGG
GGAGCTTCTGTGTCGGTCAGTGTGGTCAGAGAGGTCAGGGGTCACGAACACGGACAAGACTATCAGTCGCTGTCG
TCAGGGGGAGGAGATGATGGGCTGCAGCAGCTACGCTCCTGACGGTGTACGCGTGGGA 
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CAAACGACAAATCGATTAATGGAGAAAATAATCGTTAGTTTCAGCCCTCATTAAATCAAGAATAAAATTGAAAGTAT
GTGGTTTAAAGAACATGATGCAGCCAGTCACATGATGTGGACCACCTGCAGGTAGTGATCACAGCTGGTTAGTGR
GGCTGTGGAAACA[G/T]ATAACGTGTTTGACACGCCACATYGTGCAGACTGAAACTTMATTYTGGTTTTCCTGTGTG
AACATTCAAAGTTGAATTTAGGTTGGTGTAAGCCATCAGACAAGTCCCCGCTGCTTTACTGTGGCCTGATTGGTCGA
CAGCTGGAGAATCTGGACAAGTTTTAGTACTATTTATTTATGGCGTTTTTTTTCAGCATTTGATATTCATTCATTCATA
TTTCCATGCTGTGGTTTCCTCTTATATGTACTTTTAATTGCTAGTGGCTAGGAAGGTCAGTGATTAATTGATTATCAA
GTA 
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GGAAGAATATAGTATAGAGTATGAGCTCATTTACTGTGTTCAGTATTAGTTAGTTGTGTGAATAGTTGTATGTATGT
ATTTGTCTCTGTTTCCGTGTCGGTGCATGTGAGTACATTCATAATAACTCTTTATATTGTCAGGAGGTAATGATGTAA
ATTGCTGCATTGGAAGCCTGAATGCAAAGCCAGGCTTTTTTCTCCCTGATGCCTGTATTAATGCGGTGTCCCTCTGG
ACTGAAATCAGCTTTTCCTGCAGGTTTTTCACTGTCAGGCCAT[C/T]TTACCTGCTGCACAAATGCTGGTAAACCTCT
TAAGCYCATTCTGCCCCATTTCTTTCTMTCYYYCCCCCCTCCCAAGTAGTCTCAGAGGATTCACCAAAGACAAAGACA
CAGCCTTTCCGGCTATTAGGGCCATTTAAAGGTATCCCCATGTTGAACATGCTTGAAATATATTGCTGTCAAATGTA
CTGTGATGCCTGTGATCAGTGTTTTTATATTTTATTGCCCTTGTTAGCTGCAGTGCTGCTCAGGGGTTTTGCTGATTT
TAAAACAGATCTTTGACAGTCCCCCATGTCAGGAGGATCAGATATCACATACTAATTTGCACACCAATGGCCTCAGG
CCTAGACCAATTTCACATTGTCTTAAAGTTTCATAAAGACCTTGAAAGACCTTTTTAAAGCCAATTAAAATGAAACAT
CAGACAACTCACCACTTAATGTAAAAAAATGAAGATGAATAAGAGCGCTGGGTTGCCTGACAGGGTTGATTTCAA 
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GGTGTGCTGTTAAATCACCTAAGATGGAGCGTTCTCTTGTCTCCTGCAGGTTGGCTATGGCCTCCRGCACGGTTTGT
TTTGTCTG[A/G]TAGGTGTTAAGCTCCCACTCCATCCCTGAGATGTACTGAACCATATCTGCAGGAAACACACAGAA
ATGTGTGAAACTGACACA 
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GGTCTTTTCTTTCTGTTGTAGATCAATCCTGCAGGCTGAATAAATGAAACATGCATGTCCAGTCTGCCTCT[C/T]TTG
GAAACACACATACATHRGCGGCWCACARAAGCACACRCATWGAAACTAAACATGTATAGCAACACCTAGTGGACT
TAATTTGCTGTTACATTATCAGTATATGGAAACTGCCCTTTGAAACAGTCATGTCACTGTGTGTGTGTGTGTG 
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GCTCTGAGGTCTTTAAGGGACACTTATTTCTGTATCACACAGAGACACACACATCTTTAACTAAATATGACTTTGCAG
TTGGAATTAGCCCACTGTTTTAAATGTGCAGGTACATATTTGCACCCAGTTAAAAAAAAACATCAAGTGACAGTCAG
TGATGTTAAAAATACATAAAACATACAGATAGTGTATTTTCAGAGAGATACTGGTGTGTTCAGTGGGTAGGTCTTTA
GGATGGTACTGGTGCTCCTGCAGGAAAAGGGCTGAAATCTT[A/C]AAATACCTCATACTCATRTGYATATGAGCAG
GAGAAAACRGGAATTTATCATAGAMAAGCCTTCRTTAGTGCCATGGCTTGACCATTAGACAATTTAAAAACTACAT
TTTTTTTAATTTGCAGATCTTCATCAGTTTATTAGGTTCATTGTGGGTTGAAAATTAACCAGAACCCAATAGCATACT
CACAGATTATATCAAAATTAAAATTTAAGTGCACTAAATTCTAACAAATTCTTGCTAAAACTCAATTAAAATATTCTA
AAGGTTCAGCATATGAAGTCATTTAAAGCTATAAAAAGCTTCATCTCTGATAC 
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TTAGTCCTTTCCATTCAAGAGGCAAATGCAGATGCAAATGCACCTCAGTGACATCTTGAAGGAGATCTTGCAGGCTA
TCCTCGAGTCTTAGTGACCCATCTGCTACCGTAGAGGAGACAGCTGTTGTTGCTGCCTCTCACCAGGACCCAGAGG
AGGCAACACCAGCTGCACGGGCATGAACAAACCTCTTTGTCATAATTATCTACAACATGGACCCTCTGATCTGTGCC
AAGGTGAGACAGTGAAAACCTGCAGGTGAAGAGGAGAGCCCAAGTCGAGCYCCRAAGCATCCGTCCAACAAAAT
GAGGAGCAATGASC[A/G]CACTGCAGGCAGGACTGGACATCAGGCCACTTCTCTTGGATCATTTCTTTCTCAGTCCA
CATAGAACATGCTCCTAACTGGGGAAAGCAGAAAATTTGGTTCAAACTTTCCCCACTGACTCTCCTCATCTGAAGGA
GGATGGTATGACTGAGAATCCTCAGAAGGATTCTAGATGTGAAGAGACAACAGCCTCATCATCTTACTGGTCACAG
GCTTTAACGGAAATTGATCACTGAATGCAGACTGCAGGTTGCTTTTGGTTGGCTGCACCGGAGGCTTGAAAGTCCA
GAGCTGGTGAAGGATGGAGGCGTCTTTATCCGGAGCTACAAGGAATCATGAAGAGGTTGTGGATGAGACGAAAA
AAGGATAGAGGCAGTGTGGACCAGATGACAGAGAAGAAGCAAAAAAGTTCAACTGTTTCTCTGTTCTGTGGATGG
TGGAAGAAATAACA 
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ACTTCCACCCTAACATTCAATCACACCCTCCTGCTTTTGTTTCTTATTCCTCTTTATTCCCTCCATCATGTTTTCTGCATC
CATCTACTTCTCTTCCTCCTTCTTTTCCATCACACTTCTCGCCTCCTCTTATCCCCTCCGCAGTTTGTCCCTCTGATCGTG
GAGATGTGCTGCGGTGTGGTGGAAGACACAGGTCTGGAGTACACCGGCATCTACCGGGTGCCAGGGAACAACGC
TATGGTGTCCAACCTGCAGGAGCATCTCAA[C/T]AAGGGCATGGACATCAACACTGCTGAGGAGGTGTGGAGGGM
ATGTCTGTTAWACTGTAGTTTTACTTTACWTTTACCAGGAATTGTTTTGTAATATTAGGGGTGTTGCTTTTATAATTC
TACACCAGAAACACTAAATCTTTCCCCCTCCTGTCTCCACAGAGATGGCAGGACCTGAACGTAATCAGCAGCCTGCT
CAAATCGTTCTTCCGAAAACTGCCTGAACCACTGTTTACTGATGGTGCGTCCAGTTATTTGTGTATCATGAATCATAA
TGAACATGTACAATGTATAAGTAAAATTAGATTGCTAATTGATTGTTTTCTTAGTTTGTAGAAAGTTTGTAGAAAATT
TTTCTTTTACTTCAAAAATCTGCTTGTTAGCTAAAGATGTCATCTGCATGTGGAAATGACCATTATATTTTTGATTTTC
AGACTTTTGTAATATTCCTGGTTTTTCATTTTTCATACACCTTCTCTGTCAGACAAATACAATGATTTCATT 
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TCCTTCCCAGTCCGGCGTCATAGCACGGGGCTGTGTGGGGGAGCAGTAAAAAGGTGGGAGTCTGCTGAAGGAGA
AGTTGCTCCGTTTCAACATGGAGAGTGAGGAGCGGACTGGACTGGATCCTCCTGCTGCGGTTCATGTGGCTGCAGT
CTGCTGCCACACAGGGAGCTCTGGCGACACCTGCGGCCACAGTAGCGCACCACACCTGCTGCATGGCTCCGAGCTG
CGGATCAACTTGATTAATGTGACCTGCAGGCAGCGGCGGAATGTRGCTAAGTACATTTACCCAGGTTGGACAATTT
TTAGATGTCTGT[A/G]CTTTATGCKTTATTGAAAGTACTGCTCCACCACAGTCCAGAAGGAAATGTTGTATTTTCTAT
TTAACAACATTTAATCCGGAATCAGAATCTGTTCATTAGCCAAGTATG 

G
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YP
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R

TCTCCACAGGAGAGGAACCAAGCGGCAGACCTGCAGGAGGAAGGTDGTTGAGGAAACAGTTCCAWAAGTTATGT
GGAGGCAACAGAGTTCAAGCTGGTCCAAACA[C/T]MATCTCTGTAACTGATGGACACCTCTCACCTGGCGATAAGG
AACCCCAAAATGGTCAGTTAATGGAGCTAACATCAGA 
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TTTTAAAACCAGAAAAGGTTCTGGATACATTTTGCAAAAAAAGAAAGGAAAAAACAAGATGAATAGAACAAGTTTT
GTGAAGAAAGACCTTTTTTCAGGTATTTATTATTTCTAATATTATATTTAAATGTGTCCTTCAAATATGAAATGTAGA
CAGTACAGTAGAGAGGTTTTAAGGTTGTAGATACAGTTTGTATATGAGGGTTTTCAATAGCTTTTGGCAATGTTGAC
TGACCACTTCAAGTGTGCCTGCAGGTT[A/T]ATTAAAGAAYATTAATTATTTTTAACARTGTGTGGTGAACATYAGCA
TCCATGTTAAGAAGWRTAACATGTCTCATCCTGAACAGTATCTTCCCTTTGCATGTGTGTACAAATACACAAAGATA
TACACATGTATTATGGTGTCTTTTCAGAGTCATGCATGTATTACCTGCCATTTTAAGGAAGTGCTTGTGCTGACAGTG
TGGTGTGTTATCTTACTATCTTGAATCGCTGCCCACATCTCTAATTTTTCAAGTGATTTAAATGAGTCTGTTGTGCTTT
TATAGTCTGCGGCTGATGAAACAACCAAAGCTAATGAGAGCTTTGCAGAAGTGAGAGTCTCAGTCTGGTTATCAGC
CTGGTGTCTACACCACAATCTGAACAATCTGTCAGATCATTTGAGGATAAATAAACTGTCATGCAGCTTCAGGATAG
ATCAAACTTAGATTACAGCGTATGAAGCATCTGCAGCTTTTGAATATACACAAATGAGTGGAAGGAAGTGATTTAG
A 
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GAAGACGTTGGGTTTGTGGCAGATGGTAACTGGCTAGAGGAAGTGGCAAAGACACTAGAGCAAGAAAGGGAAGA
GATTCTCGGTTGCGCAGTGTCAGCCGCCCCTGCTGACGAGGTGGTGGCTTTCTCTGCCATGTTAGATGCTCCGGAG
TACCCTTCTGGAAAAGATTGAGAAAGGAAAAGTTAAACCTTCTGTTGCCTACTAAAACAATTAAAGCACAGGGTTTC
CATACACGGTACCTTGCATCCCCTGCAGGATCTCAATCCGYTTGGCTCTCAGACTGTTGAC[C/T]TCAGCAGTAAACT
ARAACAGCAGGAAGAACAATTCAATRTAAACCTATGGATAGCCCGCTGAAAATAATCATTTCATGTTTTCTTCATTA
GAGGTGTTTCTATACCTGCTGTCTCAGTAACAGGAGTCTTTGGACTTCTGTGTAGGCAGCTTGCAAGGCATTGCGG
GCTTGAATCAAAGACTTGTCCAAATCCTGCAGCGAATGGCTCAACTCCTCCTCCCTCAGAGACACCGCCAATAGCTG
GTCCATTTGGCCCTGGTCTAAAGGGGAGAAGACCAAGAAAAAAAATCACAATGGTTAT 
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AAAACTGACTGCTGTTTATCTGTGATGTTTGTAGAAAGCTGCTACTGGACCTGCAGAGGGCGCCGCAGCTCCACTC
AAACCTGTTGGTAAGAAGAGACACTTCCTGTCTCCACATCATTCTGCTGCTTCACATGTTTCACTCACTTTAAACTGA
ATGTAAACACCTGTACGAGCTGCTGACATCATTTTGTGTCTGATTGGAGGAGCAGCAGCGGTGCGTTCACTGACAC
CTCGTTGTGTCTGTTTCTCCTGCAGGAACAGAGTTTGTTCGTCCGGTYGTCGGTTACTTCTGTAACTTGTGTMAGGT
GATCTACGCCGATGAGGR[C/T]GAAGCCAAACTGCAGCACTGCAGCAGCCGCTCGCATTACACTAAATACCAGGTG
AGCTCCCAGAATCCTTCACTGCTGCAAACTCAAGTGGATGGAGAAAGGTGACGTAACCCCTCTCCCACTGCAGAAA
ACACGTTTTATATCATTGTAACTTCAATATCTTTAGTCATTTGAAAACGTCACCTTATGAAAAGTGTTTTTCACTGTTT
TCTGATATTTATTGACTGGACAGTTGATCAAAACAACAATTGATGTGAGAAAGCT 
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CATATTCTCACAAGTCCAGCTCTCGTGCAAGGAAACATTAGTGCTACACTGAGCACCATGCCATCATTGAATCTGAC
ATCTTATTGTAACCCCACTGTGTTTGGCAATAACCTGTCAAGGAGCAGAGTGTGATATTAGGTCATTATTCTATAACT
GTGAATGTTCACACAGTGCCCCTCCTCCAAACCCCCCAAAAGTAGCTAGTGCTCTCACTTTGCAGACGGTTTGCGTG
TACTTGCGGCAGTGTTCCTGCAGGTCCCACAGGAGCTTATTAGAGGGAATGGTAGGGCTTCWCACAACCTCAGCA
CACGC[A/T]TGCTGGCTYCCATCACAACAGCCAGCGGAGAAAGGGGAGAGAGGTTCACAATTACCAGGCTCACGTC
ACCCGGACTTCAGACACATTCTCACTGCAGTGGCTCTGCAGCATTAAGCAGAAAGGTCACTGGCTTGTTTGAAATTC
TGTTTTCAAAGATTCTAATCATAAAGTAGATAATGTTATCCACATTCATGGCCATTATTCGCTTACTGTGCAAGGATA
CATAAAGAGAGCCACCAGTCAGCGTCTTGTTGGCCTTAACTAATGGCAAAATGTG 
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GAATGTGGATAACATTATCTACTTTATGATTAGAATCTTTGAAAACAGAATTTCAAACAAGCCAGTGACCTTTCTGCT
TAATGCTGCAGAGCCACTGCAGTGAGAATGTGTCTGAAGTCCGGGTGACGTGAGCCTGGTAATTGTGAACCTCTCT
CCCCTTTCTCCGCTGGCTGTTGTGATGGGAGCCAGCAAGCGTGTGCTGAGGTTGTGAGAAGCCCTACCATTCCCTCT
AATAAGCTCCTGTGGGACCTGCAGGAACACTGCCGCAAGTACA[C/T]GYAAACCGTCTGCAAAGTGAGAGCRCTAG
CTACTTTTGGGGGGTTTGGAGGAGGGGCACTGTGTG 
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AAACACAAAAAAAATTCTGGTTGCAGCTTCCTGAATTTGAGGATTTGACACTTTTCTGTGTCATAAATGATGATAAA
GTGAATATTTTAGAGTTTAGACTGTTGATTGAATAAAATAAGACAAGATGTCACTATGAGCTCTGATGAAATTATAG
ACAGAATGATTTATTGAAAAAATAATCAGCAGATTAATTGATAATgaAAGCTCTMCTATAGATTAAACTCTTCCTGA
CGTCGTCTCGACTTCGTCCTGCAGGTTTAYGAGTTCAGGGTCAAGGAGTCGAGCATCATCGCTCGCGCTCCCRCTGA
AGACGAGGACACGCCACC[A/G]AGRAAGAAGAAGAGGAAACACAGACTCTGGGCCACTCACTGCAGGAAGATCC
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AGCTGAAGAAAGGTCAGAGGTCATATCAACCTGAACATGAAAGGAAACAGACGTGTAGACGTGCTAATGGAACTG
GAAAAAAACCCACTAAATACACTTAAATTCATACTCAGTTACAGTTTGTTTTGTTGTTGTTTGGACTCAACT 
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TTGATAGCTAATCAGTGCCTTCCTAATGTGTCCTCTGCTTCCAGCTGTAAGGAGGACATCTGTCGTGGGGTTGGCAG
CCTTCTGGTCTATGTGAAGAGCCTGAAGGGATTGGCGGCCATTAGGGACGCTGTGTGGGACCTCCTGTCCACnGAC
TCCATCAGTCAGCACTGGAACACTGTGTGCCAGCGGCTGCTGGAGCGCCCCCTGGCTGTCTGGGATGACTTCCTGC
AGCAGCTCTTCCTTCAGCGCCTGCAGGTTAGTGTGCTCCAATTTTCATGATCTTGGTGTAACAGAAAATKAAGTCTG
CATCTTTAAGCATCTGATCAG[A/G]TCATTCCATTGKCATATTTGTACGTGTTCATGCCTCCTTGAAATTCTGGGTCAT
GTTCACTCTCACCGTACTCACAGGCCTGCCTTCTTATGCAGTAAAAATTGTGCATATTGTTATATTTCAATGATTCCTT
CCTTCCATTCCAAAAGGCCATCACCAAAGATGAAACTGAAGCCATCTCGACGAGCTCCGTCCAGCTCCTCACCTCGG
CTGTGAGGGATCTGGAGGGCCAGACCATCCATACTTCTTCAAGTATCAACCCTGGCTCTGGCCGTGGCGCCCAGTA
CGAAGTAGATGTGGCCTCCTTCTTGTGGTCGGAGTCTTCAGGGGACCTGCTGAGCGATGCAGGGTGGGTCAGTGT
TACCCAACGGGGGCAGCAGCAGCAGAGGAGTGGTCTGGCCATGAAGACCCAGGCCCTGACACCCTGCGTTCAGAA
CTTCTG 
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CGCGCTCCGTACGTACATCAAGCCCCTGACCGACGGCTCTACGTGACGTCAGCGCGCTTCGTTCCCAAACAATGCTC
AGGAAAAAGCCACGTTGACGATCTAGACTGAAGTGTAGTCCACAATTTGAGCCAGAATAAAGCAGCATTTTTTGTG
TGGAAGCTCTTATTCCTTCTCGCCGCAGACTCCAGATCAGAGAGGACATGTCGTCGCCGCCGAAGGAGAAAGTCGA
AACCAAAGGGGGACACCTCCCTGCAGGTAAACCCCCTGTCCTGTGATGTTGTTTTTGAAAGCTTCCCACAAACCTGG
AGGCCTTTGTTTTTGTG[C/T]AGTGTCTCTCAAACCAGAAAAAAATCACAAGATGAATCACATACTGCTGCAATCATT
AAAGTGTCAGATTCCAGCGATGACAACGTGTCTTAACGGTCGAGATTGCTTGTACTGTAGTCAGCTTTATTTCTCAA
TTTCGCACCTTTCCTTACTTCCTGATTGACGTGAGATGTTGCAACATCAACACATCTGGTGATAATGTAGCGATTTGG
TAAATGATCGCAGTCTAATTTAGAGGTTTTGGTGACAATGTTGCAATTAATGGT 
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AAAAAAAAAAGAAAAAAAGAAAAAAAAAATCGAGGCATTGGTTTAAATTAAGTGTTCCTTCCTTCTCCTTTCCTCCC
GGGTGTCGCTGCACCATTGTGCTTGTTTATACTGCACAATATTTCTGTTGGCCATCCCTCACTTCATCCCAGTAAAAA
TACACAGAGTAGGTCAGAAGTTCAGGCCCTAGATCAACACTGGCATTGTGTCCTGCAGGTGCTGTCAGCTGCTCCR
GGGACAGCCAGGGATGGAAAATATACACATGCAAGCAGCAGCTCTGTGGATACACACTGTCTCTA[C/T]ATTGAGA
TGGTACTTGGGACAAAGTTACAGTGGCACAACTACAGCTTCGAGGAGTTACTAAAGCTGTTATAGCACAAAATGAA
AATGAGGCATTTTGTGAAACAGCAAAGTAAATAACAGCTAAAGTTGTATGTAAAAATAATAATTGGGTGTAAGTCC
CTCAAACTAATTCGCCCAAGTCATGATTTTnTTCATTTTCAGCTTTCCATCAAGGCCAATAGGTCGTGTATACAGAAA
TAAAACCTTCTTTC 
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GTATGTATGTATATGTCAGACACAGATTAAGAGAGGCAGGTAGAGAAAGCAACTGAGTTTGTATTTTTTGCAAATA
AGTAAAAGTGCCTGCAGGTAAAYATTTTTTGTGTACTTGTAGAAGTTGAGCTATTTTCTGAGCACAAGAACATGC[C/
T]AGCTAAAGAKAGAGAACCAKATTTTYGGTCAGATTTTGAGCTAGAGTAAATACCTGTGCTTGGTATCATTTAAGG
CCAGTGAAATCATATCNNNNNNNNNNNNNNAGCATCCAGTTCCTTATGCAGAGTTGTAAAACAGAGAACTTAGG
ATGTAAATGCATGGACTGTGCTGTCTAATTTGTATTGGGCTGAATGATTATCTGTGATTCTGAAATTACTTCCCAGG
AATATATCACTCCTTTCCTGGGATTCCTGGGATTTTTTTTGTTTGGTGAG 
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AAAAATTATGTGTGATGCAACCTCATTTTCTTTTCATCTTTTCTGAGTTTATAATAATTTATCCTTGATTGCTCTCTCCA
TGCTCAAAAAGATGAGATTGCTGTTGGGAAAATTATATTTTATACTCATTACTTGATAAAATTCCCTTTTATTTAACA
TGTCCTTATTAGTAACAGCAGTGGACAATCTAATCTGGCTCAAGGTCTGGATCAAAAGCAATTAACAAACACAACCT
CTGTGCTATTTCTCCTGCAGGGAGAAGARGATTGACCAGGAAGCSAGGACGAAGACTGGSTTCAGTATGCAAAAG
GTCTGGATAGA[A/G]ATCTTTAACCMCACAGAGAATGACCAAGGCCAATACACCCTGGAGATGTTTGATGGCAAA
GAGACACACAAACGTGTTCTTAACTTAACTGGACAAGGTGAGAACAAATGGCATTTTGGTTTACAAGTTTGATTTAT
TTGAAGGATTATGTGTGATGCAACCTCATTTAACAACACAATATAAGATTTGTGAGATGTTTTGAGCTGTCAAAACA
CAAAACTGATGAGATTATCTTTCTTATTATCTCATATGGACTCAATCTTGAGTGGCACTTTTCTGTTAAGAACTTAATT
TGTAGTCGATTAGTAATTTACAAAACCAAATCAAACTAAAATCAAACTAAAGGTAAAGAAAAACTAATGAAACATG
AATTAAATGTAAATAATGATTAATATTATTATTTATTTACAGCCTTTGCTGATGCTTTGCTGGAGTACCAGAGGTTGA
A 

G
B
YP
-
R

GGAAGTTACAACTACAACTTGTCCTGCTAAAGTGATTTTCTGTTTGACTGGCGCTGCACATAACTTTCATTATCTAAG
TATTTCCCGGTTAAGTTATTTCTCCAGTTTTATTGACGCAATCTGATATAATATAGATCACTTGAAACCAGCTACTAG
TTTACGCACTAGGACTTTCCACACAGATGTAATGCTACAGTAGTAATGATTTTACAAATAGCTGGTGCAGCCCAATC
CAGGGTATTCTTGTTCCTGCAGGAGTGCCACCAYAAGAAATTATTATCCCGTCTATTTCACTTGGTAACTTAAATDAC
TCA[A/G]ATTCTAATTTGGTCTAAGTGCATTATTTTCATGCAAGAGAGTCATTTGGCTTTGTGCACAAAAGTGTTAAT
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GTTTATTTGCCAACCAACCAGGGAAGTTGTTTCTTCTATATGAGGCTGAAAATAGATTTGATACGCTTGAAATAACA
TTCAATGAATGAACCATAATTGTGCATTACCAAAACAGCCAACTATAATCACTCAATAATAACTGTATTACATGGCC
GCCTTCAAAATTGGTGCAGCCAGACATTGAAGCGTCTACATCAGTTATTCTGCCCGCAGGAGTCGCCACGCAAATG
CTGCTCTCTTGGAAGAAAGGCATTATGGAAACCTCCCTATCAAAGCTCGGGATCAGAGTTTTTAAAGTGTTTTGCCC
CTAAAATGAGCAAGCGAGCCGAGGCTCTGAGGTCGTGTTTACACTCCTCCTCCATGGAAAAGTGGACCCTGCATGT
A 
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CAGGAGCACCTAGTGGAGCGGAGGGGTCGTCACATGCTTAAGACATCAAGGGTTTTCCTGGTATTTCATTTTCATTT
CATTTTGCCCATCCACCACTGGGAGSAGAACATGCAGTGTCTGACTCCTTGTTCAAGATTTCCAGAACATGCTTGCG
CTCATGCTCCTGCAGGTCTTTAGCAMCAGGGCAGCAGRGTTTCATRYRAGAAATGTGGAYAACTWTCAAG[C/T]TG
AGAGCAAACCAGAACTCTGGYTGGTCTAGGGATGATAGGCAGATGTTAATTTGTGTCCCACGTTGTGGGGGCCAG
ATGCATAAACAATGCATACATACAACTTCGCTCCTTTTTTCTTTAAGGCATTGAGTGGCTCAGTAATCTGTGAGGTTG
TAACAAACTGATGATACTGCCTTGCCATGCCCAGGACCTTCTGGATCAACATGAACTCCAGCTGTAGACCCAACACT
TACGTTACTGACACTATGTTAATAATTTGGTTCATCATAGCAAAATC 
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GTCAGTAAAAAAATGTTGTCCCTCTTAAAGTCTACTCAAAGTGAGAAGCTGACAGCCTACGCCAAGTACAGCTATG
ATGCACTGGGAAAGCGCTTCCGCATCAGAGAGTTTGGATCTTATAAAAATCAGACCTTCCGTTTTGATGCACTGCTA
CTCTTCAATCTGGTAATGAAAACAAAGCAATGATATCTGCATTAAGAAATGTCATATACAACATAAATTAATTGAAT
TGTATAATGCCATTGTGTCCTGCAGGGTGTTATGTATAAGATCAACTACAGGAGAC[A/G]CACGTGTCACAAGAAG
CCACTGAGTGTAGACTTCCACCCACTGGCGATACCACAGGATGCTTCCCTGCTTGGCCAGGTTGTATTGGGCAGCTC
CTCTGGCCCAGGGCAGGGTATCCTGGTCAACACCTGGGCGGGGGATCTCCAGATGAAGAATGGAACAGGTAAGA
GGAAACTAGACTAGGAGATATTAAGACAGAAAAACTGCACAAAGTCATGTGGTGTATGGTAGCACATGACTTTCCC
TGATTCATCAATCTAATCGCTGCCCTTGTTTTTATGCTCATGAACCTGCTTGTCTGGTTGTGCTGCTTCAACTTCCTCG
TGATCCACTTCTGTTTTCAGCAGCCAAGTACATGAGCACTGTCACTGAGTTTGGATGTATTCCTGTCAGCACTCTGTT
TCATACCAACAAAAGTGGATGGGTGGTGACCAGGTTAGTGCATACACAACAAAAAATCTATCTAATCCATCTAGTG
TTCACAG 
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TTTATGACCTAAATACTAATAAATCGTCTTCAATGACATTTTAAGACACAACTGGTGTCATACCCATAATACCCGGCC
AGGCTAGATCTTCATTATCGTCCCTCTCATGTCCAGGAGCCAGGTGATTAAATCGGTCAAGATGCTCCAGGAGACCA
GCCAGGAGAGGGATAGAACCCGTCTCCTGCATCAGACCAGCGTCAATGGTGAGGAGGAGGACGATAGACACCAC
CAACTCAGGCAGGAGCACTCCTGCAGGAGA[A/G]AAGACCGCAAGTCATYCACAATTTATGYTGCATATACACACT
CAGCAAYTTTTRAGAGAGGRAATTACCRGTTAGATCTCCTTCAATAACACGAGATACTTCAGCAAAGTGGCGGCGA
CCGGTAGAAGCAATACTTGTTGCCACTGGGAGGATGTCTCCAATGTGAGTGCACAGCAGGGCAATGTACTTTTTCA
ACAGGGAACCAACACCCAGAAGCTCAGGATCTACAAAACAGCAGACAAAACTGTCCATTTAGAAGTAATTTTCAAA
CTTCATCTCTAGTTACTCCAATCTGGAAGACTAGAAAGGTCATTTCAAAGTTGAAATACA 
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GGGTTTAACAAAACATGCAGTACAAGGTCCTATCTTGGACTCCCAGATGGCCTTCCTCCAACTTCAAAGCTTGGTTT
CCACATAAGCCCTCTCACTATTTTTGTATCATTAAGTCACAGCCTGTCTGGTGAGGTAATATCATCTCTGTCTGTGGG
CATTATTGTAAATGGTGCTGGAAAAATTGTTAATGAACCATTACAAGATACAAAAGAATGAATGTTGGCACCGTGT
TGGCACAGGAAGCCTCTCCTGCAGGCATTAAGGTCCTTGTGCTR[C/G]TCTGCTCTTTTGTTTGTGTTATTAGGCTAC
ACCTCCATCAAAGCATGACAGTCTTTATGATAAT 
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CTGGCATCTACATCTACATAGATATTTTTTCAATTAAATGAATGCATACTGTAGATGATGGTCTGAAATCATCTCTTA
TATTATGTTGCTCTTTCTCATAGCTACCCTGGGGGGCCTAATGCAGGACCTGGTGGAATGGGGATCCCTCCACACTC
TCGTCCTCCTTCAGACTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNAGCTGCCCTGCAGGAAACTCAGAACAAGGACATGAACCAATACGGACCGGTAGG
ACAAGACACACACCTGATTGTACCTGTGTGATACCATCTGTGT[C/T]CATAAACATTTTGTGATCTATAATAGACTCT
TTCCAGTAGCAAATTTGCAATATTTACAATCAACTCTGAGATGGTTGATCGAACCCATTTTGTCTTCCAGATGAGTTC
CTCTTTCCAGATGGGACCAAACCAGGCGTACAACAGCCAGTTCATGAACCAGCCAGGACCCCGCGGCCCTCCATCC
CTCCCTGGGAACATGGGCACAGGCATGAATGCATCCAACATGAGCGGGCCCCCCATGGGGATGAACCAGCCTAGA
GGCCAAGGCATGGGGCCTTTTGCAGCCCACGGCCAAAGGATGCCTCAGCAAGGCTACGCAGGGCCCCGGCCTCAG
GGCATGGGAATGCAAGGCATGAAAAGACCGTACCCAGGGGAGGTGAGTGCATGTGAATTATACACTTTCTCCTTC
ACATTTTAGCTCCTTTGCTG 

G
B

CGGCTGGCATATTACTGCCAGGAAATGGGATCTGCAGGTGTGAATTAGAAACCAGCAGTTTACTTTGTCCGCTGTT
TCATCCCATATGAACATCCCATAGTTTAGCACTAGTGACTATTCTTAGTGACATTCACTAGTTTCTGGGACGTTCTGA
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ATCAGAATAAGTGTTAACGCAGGTCCATCTTCTTCAGTATTCAACAGTAGTCGAGGTCTCACATGTTATATGAAGTA
ATGTGTCCATGAAGGGACCTGCAGGA[A/C]TGACAGAGTTATGRSGCCTYGCAGCTTCTTGCTGTTMACAMTGATT
AGGAAACAYGTCTGTCACATACRGTTATGACTGCAGGTGAAACGCAGCCAGAGAGTCAGAATGACCTTTCAGACAA
ACGACTTTATAATCAAAGTTCAGGAATGGATGCAGAGTCACATACAGCAAGCTGGATAATGTCATGTCTTGACGTA
AAGCATTACCGTAGTGTTCATCTTCAAGTATAAAGTGTTGATGGAAAGTGGTGCATGTTTTTAAAATCTATATTTAA
CACAGACATCATGAATCATGTAAAATAAACGGTTAATGGCCAGAATAAAAGACAGAG 
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AGGAAGCAGGAAGAGAAACGTCCAGTAGGAAAAGAGAGCCAGGACCCAAGAAGGAGCACCACATGCCTCGATCC
CCAGAGTCAGACGGAGAGCGAGAGAGGAAGTGTGCAATTCTTCTTTTCCTCTCTCTACCCCCCTCTTCCTCTCCCTCT
GTCTCTCTCTTGGTCTTACCACGCAGTGGGGTCTTTTCTCTCTTTGCGGGGAGCCTCCTCATTCCCTTCATGCCTCTGT
CTCCTCCGCTTGCACCTCCTGCAGGACACRATGATGACGAGGAGGATGAYCACGGCAGCGATACCRCCTCC[A/G]A
TGGCCAACACCAGAAGGAGAAGCTYGGAGAAAGAGGCTGCAGAAGGAAAGACAGGAATGGAGGCTGAGTGTGC
TTGCTTGACATTTTCAGAGCCATTTAATTGTGTATTCATATCTGTGTTTGCTTTATCGACACATTTCCATTGTTAGACA
TGCTAGCAGCATGGTCCACCAGTTTGTTCCAGACTGAAATATCACAACAATTATTGGATGGATCGTCATGAAATTTT
GTTTAGAGATTTGTGGTCCTTAGAGGATAAAATACAGACTCTGGTGATCCAGTGATTGTACGTCTAGCACCACCAG
CAGGACATTTTCAGGCTCTTAACGAAATGAGGCACCACTTTAGTCTTCTTGACATGTTGTTTCCTGTTTAAGAAGATA
ACATGTCTCCTTATAAAAGAAGCCAGAATAAAATATCTAATTAATATTTGTCATAATAGGTCATTTAAACATTAATGT
GACAA 
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TACATCTTATTTCATTTAAAAGTGGAACAAATGAGATACAAAGCAAGATCGCTACTTCTTACAGTAAGTTCTTTTTGC
ACACGCAGTCTTTTGTACGTTTTTCTTTTTACAACTTACCATTCGTACCCTCACCTCGGTGCATCCACACTGTCATTGC
TAACGGATGAAAATAACTGTAATTTGTATCATTAGATGTCCTTTCCCACAAGCAGCCTGATGCCTCTCTGAATCCCTG
ACTGTCAGAAATACCTGCAGGCTCAGCATGAGTCTATGAGTCACTGCTATCTT[C/T]TCAGAGAACAAAGACAAGTA
CRGAAAAGACTATCTCAAGCTYTCCAAAATGATCGGACACTGTCAGAACATTTAGAGACTGTTAAATGAAATGACA
CAAATTGTGGTCAAACATATAGAACAAATGATTGAAAACTTGAAAAATGCTTTAAAAATACAGTATATGGCAGCAA
CACCGTGTGTTGCTATATGTCAGACTTTACACACTCTCTGCCTTAGTGGGAAAGAATGAATCAAGGCGATCCTTAGT
TCATAGGGGGAGATAGACAGACAGAGGAACAAAACGAAACGGTGCGAGGAGCTTACTGGCAGTGATGGCAGTGC
CAGATGGGAGAGGGAAGAGCTGCCCATGAGAGGCGCCAGTAAGCAGAGACAAGTGGTGCCAGCCCAACTGTGTC
TAAAAGGAGGTCCAGCTATTTAATCAAACCCAACACTGAAACCGCACCAGTGCCAGATGCAATTCAAATCCTTATAT
AACCCAA 
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TATGGCTCGACCGGGACAGACCGTGATGTAATGTAATGTGATGTTTAAATCTGTGATACTGAGCTATTTAAACAAA
ACTGATNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNATGAAAACAGAATTAATATGTGTG
TGTGAGAAGATAATGAAAGCAAAGTTTTGCGATGAATATTTACTAGATTTTCCAGCTGTTCTTGGTTGTGCAGCACG
TTCAGAATCTGCAGCAGGTCGTGGTCCTGCAGGAGGTTCAGGMTCYGCAGAWGATGCAGGTTCTA[A/C]CCGTGA
TCCAGGTGTTGGTGYTGGAGGTTTTGGGTCCATGGAAGGCTCCTTCCTGTGGGCTGAACGGCTCCTAGAGGCTGGT
AATGAAGAGGAGAAGGAGGAAGACATCTAAAGCATTAACATACCAACATGCTAAAATAACTTTTTTGCAATTTTAA
CATCATTGATGTTATGCATTAACACACTAACATTAGACATGCTATATTTATTGTAACATACTGATAAAATATTAGTAG
CTACAACCGTAAGTATGTTAACATTACATACTGTATTAAAAGCTTGCATACTGACACGCTGACTG 
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CTTGCAGGGATAAACAGCCACAATTCACTCGGGGGTTAGTTTCTTGTGTGAAAATGGCAACCTTTCCCCATAACACC
TGTATGAATAATTCAGCACTCTGGGCTCTATCAGAGGCTGTCAGAAATGTCAGACGGTTGGAAGTACCCTTGGCCT
CCCCCAGAGGATGTTGTCTTAGGGGCTTGCACACACACTCACAACATACACACTTGACCAAATGCCACAGCTTTTTC
ATTGCCAGAGCTCTACTGCCTGCAGGACACTGAAAGCYGAGCACACCTGCAGTGAGCAAACTGTTGCAGTTTTCCC
CYTTTTTTATGGGCTGTTATTG[G/T]TAAATGTGACTTTTTCCACTAAAAGGTGCTACTTCAGTCAGCACTTTAAAACT
GAGATAAACAGGCAAGGCTGCACTGGTTAGTGACCATAATTACAGATCATAAGCTGGACATGTTACTTTTGACTGA
AACTTGGCTGGACTATAGTGGTAGCTTTACACTAATAGAGGCATCACCGCCAAATTTTAACTTTTTAAATGTTTTTAG
GTTTGATAGAAGAGGTAGATGTGTATCTTCTCTGATATATTTTTATGCAGGTAA 
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GAAGTTGGTGATCCACCTGCAGGTACAGTCAGAAAYGTGCAGTTGGTAGAGCTTGTCCTGCAGCAGAGCTGGGAT
GAT[G/T]GTGTWAAAGGCGGAGCTGAAATCTACAAACAGGATCCTGGNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGGTGAACTGCAGGGGGTCCAGGAGTGG
GTCTGTGATGGATCTGAGGTGGTGAGGAGGGGGAACTGGAGATGATTGCTGGAGTCAGGAGGGATGTGTTAGGA
CTGTCCTTTTGTCTTTCAAATTGAGAGTAGAACTGATTCAGGTTGTTGGACAGGTGTGAGTTGTTAGGAGAG 
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TGCAGGAAGATTCAGCAGACTCAGGAGTGGTGGTGCATCGTTCCACTGTG[C/T]ACAATGCTTGCACAAACAAGAC
CTTCAAATGAAAGAGTCAGTAGAAGAAAACCTTACCTGC 
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TGCAGGAAATAAAACTGTKCAACTGTTCTGTGAAGCCACAGAAATGTGCTCATYTTAKAYCATTTCATAAACATCCTC
TTTGAAT[A/T]ATATTTCAACCATCTCATCAACTTCCAGCCATAATACC 
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AGAGACGGGGCCTCCAAAGAGCGAGGAGAGAGCATGTGTGAACGTTGCTCCAAGCTGCGCACCGAGCGCAAGGA
AGCCATCCTGGAGTTTCTGAACACAGAGTCGAGCTACGGGGAAGACCTGCGGATCATCAAGGAGGAGTTTTACTG
CCCCATGCAGAGCGCCGGGCTGCTGACAGCTGAGCAGCTCACTGTGGTGTTTGGTAACGTTCAGGAGCTGATAGA
CGTCAACGACCGCTTCACTGAACACCTGCAGGACAGCATTGACCA[A/G]GCCTTTKACCAGGTGACTCYCTCATACA
CATACTGTACATATACACACACCYACACATCRGRGCTTAAATACAGTGGTCCTCTTTTGCTGATTTTTAATGCTCTATG
CTTAGAGCGCCTGCTAGTATTACATAAGTCACCTTCAGATTAACATTTAGAAAAACCTTAAATGTCATGCTTCCTTTT
GAGTGCAGTTGCCTACAATACATTGGCACTGCTAAAATCTCCATCTTAAACATTTTAGACTGTTATTGAGTGCAAAA
AGGCACACACACACACACACACACA 
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TGTCACTGGGGATTTAAGCTTCATTTTCTCACTGGAGCATGAAACCACTGTTGACCAAAAGAAAATACATACAAGCT
ACACACCTTTAACCATTTAACATCCAGTTTCAGTTCTGCCATGCATTGTACCAGGACCACAATGATTGAAAAGATGG
GAGTCTAATCTATAAATACATTTATTACATGTTCATATTCATTTAACTTTTCATAATACAATCAGTCCATGAAAATCCA
ACATAGTGTTACTATCCTGCAGGCAGAACAATGGGTGGCAAAGAGATAATATGTTCC[C/T]TCGCCTTGTGGTTTTT
GGTATTGTGCTGAGATTGTTGAGCAGTGGAGCATCACAGGAGGAGGATGATCAGCTGCGTCCTGCCCAGCAGGAG
CTGATGACCCCTGAGTCAACCTCATCTGTTTTCCCCTGCAGACGAACACTCCTGGAGCTCAGAGTGGGCTGCTGCTG
AGCCGCTGTTCATGTATCACCAACAAAATCTGCTTACAGCAGCCCACTGTGCTACACACATCTCACTGTAAAGAAGG
CTGGGAAAACAGCTCCTATGTCTTGTACACCTGTAAGATAGGTTAAAAAAACCT 
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GCCTGCAGGARRAGAAATATGGATGTCAAAAAATGGTGAAATTGAA[C/T]GGTCTTCTTTCMCAAGGAAYGAACC
AGCCTGCATSGCTGCCAATGTGATAAGGGTGCAACCAGGGCCGACACAGATGCCGGTTACCCATGTTCAGGACATA
AAGTCTTCTTTTGAACTTTTCATCCC 
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GTTATATCCTGCAGGGAAAATTATGAAACAATGAGGT[A/G]AAAATAAAGGAGCTGTTCTTAACATCTCTCCTTTTA
AGGCAGAAATTGAATCAAACCATTAAAATTGTAGCTGAACAT 

G
B
YP

TGCAGGTCTGCTGCAACTCTCAGTCCTTTTACATCAAGGCTGAAGACTTTTCTGTTTGCCACTGCCTTTTTTAAATCA[
C/G]ATTTGAGGCTTTACATCAAGGCTGAAGACTTTTCTGTTTGCCAC 
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TTCCAATGCAACAACGTCTTCTGCTCAACTGTCATTCTTGGCAAGCATCCAGACAAACTCAGAGTGTTTATGTTAGAA
AACTGGAAAAGCACCACTCTAAACATTTTGGAGGAAATCAACCACCATGTTTTGAATATTCCAAACATGTATTTCTCT
TCAGTCATTCCATTTCATACACATATACAAATGTTCTCACTACTTCTTCATGTGCTCTCTTTAATCTCCATGGTAAGAA
ACAGATTTTTTCTCCTGCAGGCAATAGTGAGAGGTACACTCCCAAACCCACATTGCCACTTTCAACATTTTAG[C/T]A
TCAACAAAACATCAGTCAGTCCACCACWTTGCTCCAAACTAAAGTGTCTCACCAACTA 
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CGCCTGATTTGGTCTGAATATGGCCTAATCCGGCCATGATTCTGAATAGCTACTTGATCCATTGTTGATATAAAATTT
TTATTACATTTCAAAATACAAACAGTGAGCTTGGAGACAATTTAGATACGTAGGGTAGTGCATTTTTAAGTGGCCAT
ATAACTGTGCCACTTTTTAGTATGGCTGTCCTCAAGAGTCTATAGGCCTACTGTAGACTATAGGCTAGAACAACCAC
CTTCAGCTGTGACACCTGCAGGCTGTAGGTGTTGGTGGGATCYCTGTGTTGACTCTGATCTCCCTGCCTCTGT[A/T]A
TMAYAGTCCAATCAGAAACAACACAGGCTGTATTTCATGTGTTCTTGCTTCTGAAAGGTCCTAAAATAACCCAGAGT
TCTCCTTTAAAGAAGCAGCCAATTGGCCTCTGAAAATAAGGGCTGATTGAAATGTGTCTGTTGGGTGGAGCTGGGA
TGAAGATTGAGTGAACGGTCTATGTGTGTGTGTGTGTGTGTGTGTG 
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CACACACACACACACACACACACCACTACAAAGAGGGTTAATAGAGTGCTGCAGTTGTCCTGCAGGACAGTC[A/G]
GAGGAAGGTAAATAAATCAATGTGACACTGAAATGAGGAAGTGAGTGAAAGAGAGAGAGAGGGKGTGTTAGAGT
GDKGATGTGTGTGTGTGTGTCTCTGTCTGCACAGAGATCCGTGTGTTTGTGTGTGTGTGTGTGCGTGTG 
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AATGGCCATGTCTTCCCTACTGAGTAAGAGACTCATATTCCACTGACTCACTCCTCTCAGAGCTGGTCGAAACACTA
ATCAAATCTTCCGCTGGTCTTTTTTCACAGACAGACAGCAAGATAACAGAGAAACGAGAAGATCTGTGATAAAAAT
GCCAGTTAAACAGCCAACAACAACAGGCAGACTTCCTAATTGCTCACACCGTACATAAACAGTCCCTCTTGAGCAG
GTTTCATTCAGTTCACTGTCCTGCAGGCTTGGTGAAAATGAAGCCACYTCWTAATGAACTCTGCAGTATTTGGACA[
C/T]AGAAGACAACCTTCCACTCAAATCTTGGATAAACAGACTTTGAAATACTGTATTGATTATCCAGCAGATCTGAG
AGCCATGGAGAAAAGTTTTGATATGCTCATGGAAATCAACAATGTGCACACTCTAATGATTCATTGAAAATAATTTG
GCAACAAGTGCGCCACATAGCAGTCGAGTGTTAAGATACTGACGCTTTACCTCGGTACACCAGTTTTAAAATGTTTT
GTGTGCGTTTGTTTTTGAGGGCAGGCGGTCAAATAAACGGGTGATTGCTTTTCAAACAGGCTGGTGGAAACCACCC
CTCACACCACAACAAAGTGCAGTCTGAGTGCCAACCACACTGACAAGCTGTGGACAGCAAGTTTACTCTCAAAGAA
GGAATGAATCAGCCAAAATCAGACATGTCCCTGCTCTATAATCTGACCTGTATTTGCTGGATAAGTATTTTACTTTTT
CACCAC 
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GTTACAGAGCAGCACATTACCTGCAGGTTTATAGATCAGTTATAA[A/G]CCATTACAAAAAACAACTTTTGGTTGCC
ATGTTGCCCAAAAAATCACTTTGGCTGGTGTTTATCCTGCTCCATCATGTCACTCCTCCCATGGACCGTTCGACCTCT
TACCCTCTGGAAATGGGCTGCAGAGCATCTGGACCAGAATCCAATTATTACCATCATTTCTTTTTTTCTCCCCCTCTTT
ATTTGGTCAACAGAGACAGAAAATATAAGACAAGACACACTACAAATAAAACAGACACCATACAGAACATATAGG
GGAGTGTGAGTAATAGAAATACACAGAGAGCAGCATGGCTGCCAGGAACAGCTGA 
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GGGTGTGCTTACACATGTAAGTATGTGTATGTCTCCTTTGTACCTGAATGCTTTGTGGCAAACTCTATCCACCCAGCC
AGCAAGTGAAGAAAACATCTTTTGTTAACATACTGTAACATTTAATACTAGAACCCTCTAACTCTCGTACTATAATGG
ACACACACAAGCATTTACATGAAAATACACCCTGACAGATGCACACACACTCTCTCACACACACAAGTAGCAGTACC
TCTTGCCACCTGGTTCCTGCAGGCACGYAGAGACTGAAAGAGGCTGAAGCCATC[A/G]ATGGTGACCAGCGCAGC
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AGGATACAGGATACTCAACTCCTCATGCTGWAATCAAACAAATCAGTTATCATACATGTGCTGAAGAAGACCGTAG
GATAAACTTGATAGCTCAGGACAAAGCTTGTGAGATTTAACTACAGATATGTGTTCCCAATAAAAGAACTTGAACA
GAATTTCCACAGGTGTGACAGCAATGGCCAGAGTATGTATTACCTGCTCGGTTACTCCAGGATGACGAGGGATCTC
ATATGTGCGACACTTGAGTCTCAACACAGGGTCCTCATGCAGCAGCTGGGCCAGGAG 
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CTGTTAAAATGCACACACAGCTGCAACCTGAAAACCCTCCAACCCTCCACCTCTGCAATCTTCTTTCTATGCACCACC
GGCTTTTTCTTGTCTGACAACTCATCTCGCACCTGACGCCTTTTACATCAACTTCTACACATTTATGTCAGGTCGAGTT
GTTCCTTCGTTCCAGAAACTGTGTCTCCGTGCAGAAGAAACACTCCCGTGTGACACAAAGACGTCAAAATAAAACAT
TTCTTTACTTCCTGCCTGCAGGA[C/T]TGTACTGAACACCYGTCAGTTCTGGATGTTTGCTGCAMCCDTRACRGTTTC
ATTTCRCACYTGATTTTCACAMCTTTTCMCTGTGAGGGAACTGAAGTGTTTCTGTCTCAAGCGGCAGGTCTTAACTG
TCTGTCAGCGCTCTGAGATGACCCAAAGTCCCTCTAAGACTTTTCCCAGCAGCTCCTGAGCTCGTCATGGTTTCATAA
GCTGCTGGAAGAAATGCATGTTGGGAGGATTTTCACTGTCTCAGCGTCTTGTGTGAAGCGTGAGGAATGACAATTA
TCACCGACGCTGTGGGACGTCTGAAGGCGACAGGACGGAGATACAGACGTAGAATGCTTTGTTACTGCTGCTTCAT
TAAATTTCACTGTTTTCTATTTATTTTCTTCTTTCTGCAGTTTCCACAGAACAACTTCGCTGGTTCCAGCTTCTCCACTG
TGATGATTTACTGCTTTTCTGTTCTGTTTTGTCTGTTTTACAGCGTTGTAAATTTTTGGGGTTTTGGACTGTTG 
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CCCTGCCCAGACCTTGCAGACCCCAAACATGTCGTCTTAAAACCTGATGTTAGTCTATCTGAGCTTAAAAAACATCTC
TCCCTCTCCCTCTCCCTCCTGCCTTCTGCTAAGCAGCCTTTAGTTCTGATCCTTGATGGCTTGGATCAGATCGGAAAT
AACTTTGCAGCGCAAATCATTGACAGCCTACCCTCCCCCCTTCCTCCCGCAGTCAAACTCATCCTGACAGTCTCCTCC
AACCGAACTCCTGTCCTGCAGGCCATCGAAGCACATTAYCCACAGTGCAGTCCA[C/T]CTCCCTGTGTTTCAGAGGG
CAGTGAGAAGAAGTCAGGATATGTGTGTGTCYGGCTGGGGTTGGCCGACAGGAAACAGTGTGTGAAGATGTTGG
AATCGCTGCTGAGCAGTTCAGGGAGGAAGGTGACATCAGGACAGCAGGCGCTGGTGAACCAGGCGCTTGCTTCCT
GTTGTCTGACTCTCTATGCTCGCCTCCTGCACATGCACACATCTCTCTGGCTCTCTGGTATAACTGATTAGAGTTAAA
TAACACTTTTTAGAGATATAATCACCTTGCTTTTCTCTTATTCTGCTTCTTTTCTTTTTCCATCCATCAGATTCAGAGCT
GACTGAGTCGTCTCTCCACGATGGCGTCCATTCATCCATTTCTGCACTGCTGGATCACCTCGAGCAGAAACATAGTC
CTGGTCTCGTGGCTCGTGCCGTCTCTTACCTCACCCTCTCCAGGGCTGGACTCACAGAGGCCGAGCTCACCGATCTC
T 
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GAGAAAGGATGCAGCCTTGAGGGGAACCGGCTCTGATGGTCTGGGAGTCAGAGATGTGCTTCCCCGGCTTCACAT
GCTGCTTCCTGTCAGACAGAAAGTCTGTGATCCACCTGCAGGTGGAGTCGGGTACATTCAGCGGGGAGAGCTGGT
CCTGCAGGAAAACCAGGAGGATGAATGTTTTAATGGTGAAGCTGAAGTCCACA[A/G]ACAGGATCCTGGCRTAGG
TTYCTGAAGAGTCCAGGTGCTGGAGGATGAAGTGGAGGGCCATGTTGACTGTGTCTTCTACCCACTCGTTGGCTCT
GGATGTGAGGTGGGACAGCGCAAGAACTTCATGACCACAGAGGTCAGGGCGATGGGTCTGTAGTCATTGGTCATT
TCTGGTATACAGACAGTAAGCACTGGTGCTCCCCATGGATGTGCCCTCTCTGCACTGCTCTTCTCCCTCTACACCAAC
AACT 
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CTGCTCTCTGTTTCAGATCATCTTTTACGAGGAGAGGAACTTCCAGGGCCGCTCCTATGAGTGCATGAGCGACTGYK
CTGASMTGWCCTCCTACCTGAGCMGSTGCMASTCCTGCAGGGTGGAGAGCGGCTGCTTCATGGTCTACGAGCGT
CCCAACTACATGGGCCTGCAGTTCTTCATGAGGAGGGGCGAGTACTCTGACATGCAGCGCATGATGAGCATGGGA
ATGATGTTTGACTCCATCAGATCCTGCAGGCTGATCCCCTATGTAAGAKAMCTCATCKAACKCTGACAGCATCCCTT
TGATTGATATTAATTTAAAGTTGCTTG[C/G]ATTTTTTTWAACGTGTGGTAATATTTACATTTGCCATCTTCTGAATTA
CAGCACAGAGGCCCATTCAGGATGAGGATCCATGAGAGGGAGAACTTCAGTGGTCAGATGAATGAGCTGATGGA
CGACTGTGACTCCATCATGGACCGCTTCCGCATGACTGACTGCCAGTCCTGCCAGGTGATGGACGGCCACTGGCTG
ATGTACGAGCAGCCCCACTACAGAGGCAAGATGATGTACGTGAAGCCCGGCGAGTACAGGA 
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CACCCACATCATACTGTAGGTATCTGATTATGCTGTCAGATTACTAAAAGTTAATCCACACCTTCCAGCCAGTCAGAA
TGAAGAATTCTCAGTGGTCAGGGTGTAAACAAATTTAAGAGGTTCTTATCTTATTTGTTTATGTTTCATGTTAAATAA
CAAATATCAGTAGGTGGCGTAGGCCTAGTGTACCTGCAGAGTCAGAATACACTTGTACATCTGTTGAACATCACCCC
CCAGCAGGTCACAAGCCTGCAGGTTTGTGTAGATTAATCCCATTCATTCTG[A/G]TAGAAMAACATCAAACTGCACT
CACATTCCCTTRTGCATCTACAGCGTGTAAAGATGCACTTTTGAGAAAATTGTTGTCCAATATTCTCCAGTGAGGTTA
ACTTAATTGTAACATCTACTCTGATGATGTAGTGGCCACATTTTTCAAGAGAAGCATCTCATTTTGTTGCACAAGACT
TTTTGCAGTTCCAAAACAACTCATATTTTTAGTTGAACAGCTGAAGCCAATTTGCTATTTTGCTCTTTTAAGTGAGGG
ACAGTAATGGAATAGAAAAGCAAGTCTCCAGGTAACATTCATTTATTTT 
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GTTTCCTTCCTCAGTATTTTTCCCTCAGTTTCCCCAAAGAAAACAGGGTCATGTGGGAGTGAGGAGTCATGCTGTGC
TCTGTTGTAGTGTCCTAAGATCCCACGTCTAACTATATACTTAACAGAACAACATAAGAAAGTCATTTCCTCTTCCAT
TAATTAGTTTGCCTGGTATTTAAAGCAAACTCTGATCACATATTGAGAGTCTGTGTTCATCCAGGGGCTGACTTGAC
CTAGTGGTCAAGGTGACCTGCAGGA[A/C]TGAAATGACATTATGCTCTATTTTCAGCATATACAYAATGTCAGGAAG
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CCTTTTCAGTGCCGCCAAAGTGTCCTGTCTTGTATTTTTGTCTTCGATCGAATGTCAGTTCATTAACTGCTTTTGCATT
TAGTGCTGCACAAAATGTTATAGTCATTATTTTTTTCAAACCAAGGACTTAAAAACCTTCTGTCATTTAGATGTAGTA
CTTGTTCTATTCATTTAAACTACCGCATTCATGTTTTAAAAATGAAAAAATAATTTGAAACTTCACTTTTTCTTAAGAA
CTTGTGCAGAACATGTGCTCTGGTGGAGTTTTGAAAGCCTGATCCCCCCTGTCCCCCTACTTTCATCCTTACAGCGTG
GATATTTGTCTTTGCAGACAGCCAGCCCAAATCCCTTTGGTGAGTTACACTCAATGACATTTCGGACAGTTATGAGA
ACAGCTGCAGTGAAATTGTACTTTTTTCTTGGATCAAACATTAGGAAACAAACCCTTCCTCTCCTCCTGGGAG 
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AGGAAGACTATTTCTACCGGAGTGGGAAGCATGAAAGGTGGAGGCATTTGATCCTAGATATCTTAAAGGCTCCAGT
GGTGTTCTGTAGCTTTCTAATAAGCTCTTTGAAGACCACCTTCACAGTGTGTCCTTTTACCACAGGGGTCTTAATGCA
GCTTTGCCACAAAGAGCGAAATAGGCCTGGGAGGTTTTATCCCTGGTCAAAGCATGACTAAATGGTTCAGATGTTA
ATGTGTTCGCTCTTCCTACCTGCAGGCTCCATTASCTGAGTTTTTTTTAAACCACCATCCTTTAAGTGATGGAAAAATC
TGTTTTGCTGCAGGGAAACAGACAGTC[A/G]CATCCCTCAACCCCCTTGCnCATATCATTTCTAGAATATTTACCTCC
TCGATTTGAACTTCTACTGTATATATTTATTCTGCTAAATTGCTGTTGCCACAATAATGGGTTGGACAGAATAATAGA
GCAACCGCCTACAATTTGGTGGCTGGACCACTGGAAGACTGCAGGATTTAACGTGAATGAAAACCTGCCTTTTTCC
ATATAGTTTTAATCAATCACTGAGTGGAGTAACAGAGCATCAGGTGTGCAAG 
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CAGGCAAACTTGACATTGTCATTGCTGCTATTAGCTACATTAAATTTCCAGTCTTTTAATACTTTCAAGATAAGTGTC
TAAACCGAGTGTTAAAGAGATGTAACATGCAAATTGCATTAGCGGCATCAATTTATGAATGAGGTGCCGTAATTGT
ACATTTGCATGCAGGGAAGCGGTGATCGAGTCGAGAGCACATCTATGCCTGGCAAGATGAAGTCATAGCCCTGAG
AATGAAAAATCAATAGAGTCCTGCAGGCTGTAYDGAGTGGGAGTTGATCCAATATTGATGGATGGATGGCAGGAG
TGTGTGAG[A/T]GTGAGATGGTGCTMMAAYCCTACAGTAAGTAAAAGTCTGTCCACACTCCTACAATAGACACGA
GTTCAAGTGATGCAGAGTGCATCTAAATATAGGTAGAAAGACACATGTGCACCCACACATGCAGGGAATGTGACC
GGCTGAACCATATCAAGACTGTATCAAAAAGCGACACCCTGTAAACCTAATCCAGTCATTTCAACATCTTGAAAATG
AACTGCTCTGCTGTTTCAGTATTTAAGCCAACTGTCTTGGTATAAAGGCTCTCCAGATTGCGCAAAGAGAGACTGTT
TGTCTATGACTTAAATCTAACACATAGTGAGATGTCAGATGAGCTTACATGCAAGTTAATCAACTGTACAGATCAGT
CTTGTGAGAGAGAGACTGTGGTGAGTGCACACCAGTCTAAACAGCATTGTGGAAATAGCAGTGACAGTAGGTACA
TATACGCAGTAGC 
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TGTTGTTGTTGTTGTTGTTGTTGTTGTTCAGACTTTTGCAGGTGACGTGGGACATTTGTGGAAAACGTCAGAGTCTC
TGCTGGTTTATCAGGAACTGGTGCGAAAAGGAGTTCGTGGTTTAATGTGAGTTGACATCAGACGCTCTGAGTGTTT
GTTAACGAGGTGAAAAGTGAATAAAAAACGATCCTGCAGGCAGAAGCTCGAATGACTCAGAGAGCAGATCTGTTC
RGATGTGGTTCACTTCCTGTTTGTCTCCAGTTATATAAACAT[C/T]GTTTYYTTTTCACTGACTGGAAGGAAAAATCCT
GAAGCCAAACAAAATGATGAATTATTTAGGATAAAGTATCCTGCTTGTCCTCTTTTGCACTTTAACTTCATCATGTTT
TCAGTAACTAAACATTTTAACTTTTCACACAAGCATTTGTACATCTTCAGTCCTAGTTAGTGTATATAATTAACCTTTA
ATTGAATTTGTTTCTTTGACCTTTTTTACCTCTTTGTTTTTGAATTTTGATTAATTTAACTCTGTA 
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AGGCATTATTTAATCCAAATAAATATGTGAAGAGACTTGTATCGCTTAGCTGTGGCCTGTAAGTTAATAACCAACCA
GAGTTTGATGTGAAAAATTGGTGGAATTCCCCTTTAAACCACTCATCAAACTAAAAAAATCATCAACTGCCAAATCA
TCAAGCTCTTCTCTGCGATGTGTTTCTCTTCACAGGAATCAATGCTGGTAGAAGTTCCACGTTTCGAGGAGATCCCC
ACAGACATACCGCCCAACCTGCAGGAGCGGKTAAATGGYGTCACAGATRTCCTGTCCCGAGTCTCCAAGATGGTGT
CTGAGGAC[C/T]TGGAGAAAGCTGTGAGCACCGCTGTGGGTCAGGACAAAGAAGGTAACCGGCCTCCGGGAATG
ATGTTCACTGTGTAGCGAGTTGCTTCGCTGCAGGTCGTTCCTCACTTTGCTGTGTGTTCTCATGTCGGTCTCCAGGTT
CTCCTCAGGACAAGAGGCCGATCCTCGCTGTGGTTCCCAGTCCGGCTGCTCCGTGCCACCCTGGAGGGAAGGAAG
GCCTCAGTGCTTGTAAGTCCTGCATTTTTTTCACTAATGTGTTTACCTGATTCTGTGCTTCTTGTGATTATAAGTCAGA
GGACAGCAGAGGTCACACAGTGCTTTAGTGTTATTCCTGTGATCATAAAAAATAAGAGAAAAAAAAAGACCTGCAT
TAACAGTGTCTGCTTCCTCTCTTCCTCATTACAGACCGATGCTCTCTGACCTTCGACCCTCGCACGGCCAACGGGCAC
CTGTTT 
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TTTTGTGGCACCCGATAAGAGAGCCCTGAATAAATGTGCCTGCATGCATGAAAGACTTGAGAGGGAGAAGTGTTT
GCAGGGTAAATATTGCAGTTGGCCTTCGTGCATGTGTACAGAACAATTACATGCTTCATTGTTGTGACAAAAACGG
GCCGAGACAGCAGATATTTGCTGCTAATTTAGCTTGAGAAGTCCCCAACGGTGGGGGATAAATCTCATTGGATACT
GTATGTCAGCAGTTACACTCTCCTGCAGGCTGCTGGCTGTAAAAGGCACAAGAAGCTCAAATGTAACTCTGCAAGC
TGACRGATAAAAATAACTCAGCCRTACTGGACACA[A/T]GGTTTGGTCTAAGTACTGTAATGTGGATCCATTGTGGA
TGATCAGATCTTTAGGTTAATTTAATAATGGATGTGAGTTTGACTTCTAATGTATTTCTCTACATTGTATTGGCTTCA
GCCAATTCAGGAACAGCAGCACAAGGTATTCTAACTACTCATAAGTTATCTCTGCTGTAATTGACGATGACATGAGA
CTGTCTGTAAATCAAGCTGTCGCTTTGTCTTGCCAAGATATAATTTTTCTCACACTCA 

G
B

GTAGTCGAGATGCTGTGATAAGCTTTAATTTCATTGTTTTACAGTTTTAAATGAAGCTTTGTTCAATAAATGCTAATC
TTCTCCATCACTCCTGTTATCCAACACTGTCAAAGTCCTTACATTCTCAATTCTCAAGCCAATCAGTCCTTGGATGCCA
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GAGATGTTTAATGATAATGATTTAATTACAATTATATTTAATTACTGTCATTCTGTCCTTCCACCTCCCCACAACCACC
GCAACACAACGACCTGCAGGATGTCCAGAGAGATTCAACRGAGAMTTTCCATCGACTAGYTGCTGGCTTTACTGCA
CCAGC[A/G]TCTAGMCTCCAGGGGATCMTGTCCTACCTCCTATCTTCACATAGATCTAAGCTTAATGAGCATTTTTC
ACATCATTAGAATCTTATCACCAAGTCTTTTTTCTGTTGCTAACCTAAATATTGTCATACACTTTCTATTGATCTCGATT
GACCTTACTGAAGTGTTGGCAGAGACAGAACAGCACATTTCCAATTATATTCAGCCATGTGTTTAATAGTGCTGATT
TTTTACAATGCTGTGGGACACGTGGTATTTTGTTTACTTGCAACACAAGCCATTGATTCAAGTCTGCGTAAGGAGCT
TGTGCTGTTTTGTGTGCCTATTTGAAATGAAGTGGAAAGCGTGCCCACCCGAATCAAACTGGCACTGTGCCAGTTG
GGTTTTAGAGCGCTGCTGTCAATTAGACCTCTGCTCTTGTTGTGCTCAAGTTGTGAACACATTGACATATCATC 
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ATGTCATAATAACACATAACATAAAAATATATAAAACAAATAAAGCTAAATAATGAAATACAATACAAAAAAACTCT
GACTCTGGAGAGACTTCGGTCCGCACCACATCTCAAAGTTCAAACTCGGGAGTTTTGTGTATAAGTAGATGTATAA
GTGTGTGTGTTGTGTGTGTGTGTGTTGTTTAAGTGTGTGTGTGTTGTATTTGTGTGTGTGTTGCTGGTGAAATCATC
CTGTGTGTCACCTGTCGTCCTGCAGGTGTGAAGGAGATCGACATYGCTGCRACGTTGGAGCACGTTCGGGACCAGA
GACCTGGGATGGTYCG[C/T]ACCAAGGTGAGTCTCACTGACACATGAATGGTTTGTGTTTTTCTTGTGGAGGAATAT
GATTTTATTTGTATATTTTGATAGTTTGTCGTCATGTTTAATACAGTCTATGTTGAATATGTGTTGCATTTCAAATAAA
ATTTCCTGAACGTTTTCATACCCTGAAAATGTTTCTCATCACAAATATAATGTTGAAAACTGAGCAGCTCAGAGGAG
GAAGAGCTGGTTTAATCCCTGACAGAGGAGACATATTCTTGTTAGTGTAGTGTGTCAGACTGGGCCCACATTTAGG
TTTATCAAATTACACTGGACTGAAAACTACTTCTAAATTTAAAAGCTTTCAGTTTAATTAAAAGCTGTTTTTCTGTCTC
TTTATTGTCTGCAGAAGACGTCAGATTCTTTTGTTTTTTTTGTTTCCATGTCATCAGATCTCCTGATGTTTCATTCCTT 
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ACAAATGCAGGGCTGTTCAGAGACCTTCAGAGGGGCAGGTGTTCAAAGTTACAAAGAGGCACATGGAACAAGACT
TTAAAACACCACACACCAACATAATTCATAGCATAACCTGTTGAATAATAACCATATTCAAACAGAATTTAACATGG
ACTATTACAACAAACCGCATCATATTATCTCATTGTCCCCCATCCAATGAAATCAGACGGGGGGACTGTGATTCGCT
CTCTGTTGTGTGTGTATGTCCTGCAGGCAGGRTGAAGCAC[A/G]CTGAGAGCTGAGAACCATAATGGTCACRGTAT
AGATCATAAATTGATCATAAACTGTGAGGACKGAGGTT 
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TTCCACTCATGTGTCTCTCCCACCACGTCTTCTTCTCTTTGCTCACACTCCACCCGNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGAGCTGG
AGAGGAGGCTGATGCAGCTGCAGGATGAAGCTCACATGGCCAATGAGGCCTTGGTAAGATTCGATTGGTTAGCTG
AAACCAAAATTTCTTGGTTAAGTCACATATCCTGCAGGTTTCATAACAAAGTATTTTTT[G/T]TCTAATTCAGTRCTTT
TCAMRCCRTCCTCMTGCCTCTTCATTTCATCTCCCCCCGGTCTTTCTTTTTTTGTCATTTACTTCTTCTTCCCCTCTCAC
TGTCGCCTCTCTTCCCTCTATTAATTGCACCGTCTGTATTCTCGCACATCCCTCCCTCTACACCCATATTCCCTCTTTTCT
CCTCTCGCTCTGCACATATTCTCATCTGTCCTTTCATCTCTTTCTCTGCTCCATTTCCCTATCCCCCTTTTCCCGTCTTCA
ACTTTTCTTGTCACTTTTTCCCCTTCTTATGTTCTCCTACCCTTCCTCCCTCCT 
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TGCCCTTTTTTGCAAATTCTCCAATTATGTTTGTTTGACTGGAAGAGCTGAGGGCGAAGTTTGACTCAGAGGAAACT
CAGCACACTATTTAAAAAGTTTCAGCAGTTAGAGAAGACACCGACTGACAAGCAGCAGCAGATGACACGGGTGCC
GGTGAGAACTTTTTTTTTTTTGATGGAACTTTTTTTTTTTTTTTTTTGCTGCACAACCTGTCCTCCTCCCTCTGCTGCCG
CTGCTGTGATTCACTGCCTGCAGGTTCTGCTGGTAKACAGAGACCA[A/G]GTTCTGGTTTTGTCTCAGCCAGCAGCT
CAGYTTACAABAATGTGCYAAATTTKAAGATACGTGACAAACTCAGCTAAACAGTTCGACTACATACAGACAGCTTT
TGTTTTAGTTTGTTTGTAAGAA 
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TTTAAGTTTCTCAGCTCTCGACTTCTCCATGTTCTCCAAATCTTGAGGCCATGGCTCCTCCTCCTCTGGCTCCGCCTCC
AGCCCAACGTCCTCATCAGATGATAGGTCAATGGTGCTGAGCCCGCCCTCCTGGGCCCGGTTACCGTCAATGACAC
CTGGCGCTGACTCATCGCCTTCCTCCAAAATCTCGTCACGAGGGTACGGAGGAGGATCCTTCACGAAGACGCTGGA
TGGAATCTCGTTCTCCTCCTGCAGGAGAACATCAGGGGAATGTCA[A/C]GAGAACGTYAGGAGTAAACACAGGAG
AAYGTCAGTGGAACATAAGGAMGCTGGTGGAATTTCCTTAACTGAACCTTAGTGGAACCTCAGGGGAACTTGAGG
GGAACCTTAAAGTATGTGGACAGCCAGACTTTGTGTCATGCTGAAACAGGATCAAGCTGCACACACAAAGTTGGAA
GACTTTTATCATCAGTCTTTCCTTCATCAAATCTCTGGACACATACTTCTGTCCATATGGTGGTGTGCAGGATATAGT
ATAGACACAAGTATGTGAACATCCTGTCCTCATACTTGTGTCCCTGTGAAGGTGTAAACTGAGGTTAGTGTGATAAA
AAGTGTCTGTAAGAAGATAAAGTTCAGAGAGAAACAAAAAACATGCAGGAAGATGAAGACCAGGAAGCAGAGCT
GAGAGCTTCCACAGAGAAAGGCTACGCTGCAAGGGAGGAGCTGCAGCTATGAGGAGAGATCTCACTGCTATGAG
AGAGGGACTGATA 
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TTGTTTCAAACAGTAAAACACAAAGAAAAGCTGCATACAAACCTCTTTAAGGTTGAATGGATTGAAGAAGCAGTCC
ATCAGTTTGAGCAGACTACAGGTAAGGTTGCTGTCAAGTGATGTAATGACCTCCTTTACTGATGTGCGCACAAATGT
GATGGAGTCCTGTGTACAAATACAGAAAAATAAAAACAAAGGCAGCAAACATGATTCCCTGCTGGTCTCTCTCAGT
CATGTTGTGTTTCCTCTCACCTGCAGGAAYY[G/T]GGTAAACAGGGAGTTGAGCTGCTGTGTGTATGGCTTCATAGG
TTSAGGGACCTGCTTCAGCCAGCACTCTGTGAAGGGGGCAAGGCCCAGAATACTGGGCTCCAGGTAGACCATACC
ACAGCGAGACACTGTGGCCGGGGAGGCCACCGCCAAGTCCTGCACCTCAAACATCATGGTCATCACCTGCAGCAG
GAAGACACAATGCACCTGAATGCACATGGGACAGGAGACAACTCACAGACTGAAAATCCAAGCCTGTGTGTGAAA
ACGTAACCTTACGTCAGTGAGCTTGATGATTTCTCCTGAGCTGAGACACAATTTTTTGTTGTCATCCAGCACAGTGTT
CATGTTCTCAATCCACACAGCATCTACTGGTCCATCAAACATGTACCACTTTTTCTCTTGATCCATAACGGTTGTCCCT
CCACGGATAAGAGATGAGAGGATACCATCTGTCCTGCATGGATGGATAAAAAGTAAAATGTGTGTGTGTGTGTAC
AGTATACATC 
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TGCAAAGAAAAGTATAGATGCATTTTCAGTTCCGTCTTCCTGTACCCACATTTGACATCTTCCGTGTTGCCCTGCTTT
CGTCAGGTGTTGGAGTGTGGAGAGGAGAAAGTGCTGACTCTGACAGAAGTGGAGCGTATCAAGGCTCTGGCAGC
TCAGCTGGTCAAGCTGCTGCGAGCTCAGAAAAACTCCAGCCTTCCTGTCAACCAGCTGCTCACAGAGTACAGCAAG
ACCTTTGGTTATGGTCTCCGCCTGCAGGACTATGATGCTA[C/G]CTCCCTGCCTGCTCTGCTGGCCAAACTCTGCCAT
GTTGTCAAGGTAAAGAACACCTMCAMCMGGATTAATGTTTTTTTCAGTTTGTTTGTGTTAAAAGCATTTGTAGAGC
TTCAAGTCATTGGAAATGAAGTTAAATTAAGTTTGCCACAAACAAACTACATGTAATCCTAAATTGATCTTGTTTAGT
CAATTTAGCACTGTGGTTATGCATCCCTCACATAGAGTTCATGTCCGTTTTGTTGTCACAAGAGTCTGTTCAGTGCTC
CGCTTTACACTATTGCTCCTTCGGCAAGTCTGACTAACTACCAACATAAAAGCTGCCACTTTCTTTCCATTTCAAGGT
GGTGGATGGCTCAGAAGGTCGGGAAGTGCTATTGATCAACAGGAAGTCTCTGCGTTCGCTGACCTCACAGCTACTT
GCACTACTCATGTCCCAAGAGGAGCAGGTCACTAGGGGTCTTAAGGTGGAGGAGCTGAGTCAGCATTACCTGGCT
GTCCAC 
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ACACACACACACACACACACGCATGCAGAAACCTGCTCACACAAGTGCACACTCTAGCCTGAATCAAATCCCCTTCT
CCAGAGAGGGTGGTTCACTTGTAATTTAATGGAAAGGTCCTGCAGGCAGGGAGCTAAATGAGAAGATGATCATCT
CCATCAGTAGCAGCCCACMTGTCAGAGTAAAGGGTTTGAAAGGTTTCAACA[C/T]TCGAGGCGCTAGCAACTTGTT
CTGTTTGGTACTATTATGCCCACAAGGAGGATTAATTATTTCCAGAAAACAAGCTTTTTTTTCTGCCTATAGTCCTAT
GACAAGGGAAAGCAGAGCAGATAATTTAGTTGCACGCCCACTCATAATAAGCAGTAAGGATCTAATAGCCTTTTAA
GGAGTGTCCTGCTGGCCACCTCTTCACACACACATCTTGGGGTCAGCCCTTTAGGACCATTGAGGCAGAGCAGCCC
GTCGCGCTACACAGTTAATCCTGCGGTGGAAAATGTCGGTGGGATCCGTCTCACATGGGCGCACAGCAAGAGATG
AGGGGGCAGACCAATATTTGAGACGAATTAAAGATATATGAGTGTGTGTGGAGGGTTGGGGGTGTTGGGGGTGT
TGAGGGTGCGGCCTTGCCTGTGTGTGTGTGTGT 
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GCATTATGTCAGTATCCTATCTTTTGTGGATAAGGATCTGCTGGAGCCGGGCTGCTCGGTCCTGCTCAACCACAAGG
TACCCCGCGTGATAAAAAGACTGATTCAAGACATTAAAACAGAAATAATTTGTGTTATGTAACTTCTTGACAGTGTG
TCTTAACTATGCCTTTGCACAAGTTTTGAAAACTTCTCCCAGTTGTTGTAAAAATTCTCTGTAGTTGCCTATCACTAAC
TGTATTTGTGTATAACCTGCAGGTTCATGCTGTGATTGGGGTGCTGATGGATGACACTGATCCCYTGGTRACAGTGA
TGAAGGTGGAGAAGGCCCC[A/G]CAAGAAACCTATGCCGACATCGGAGGACTGGACAATCAGATCCAGGAGATCA
AGGTATATCACGCACGCACAACAGTTTTCTTAAAGGTTGTGGGAAAACAACTCAAAACAACATTAAGCTGAACACA
GCCTTCATATATTCTACAGAGGGTTGAATCCTTATCAAATCAGAGCTACACACATTAATGACCAACCTCCAGTGGAT
GTACAGAAACTTAAAAATAAAGGTCCACAACAAAATTAAACAAACAGCAAAAAAAGCATCTCATAGTCAAAAAATA
CCATCACAAACATAAGGATAGAATTTTAAACTTGGATCAGTATTTAAAACTGCTAAAGCAGTTCATTTATTATTTGAG
CACCAAGTGAATGCATATAACCCCTACAAGTCATCAAAGCCTAGTGTCTTAATTTTATGATGATACGAAATGAAGAG
ACAC 
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AGAGTCCAAGCCAGCTAATAAAGATATCTAGGTGACACCGCACTCTTTTTGCTTACAAACATTCGCCTCAGACTCTT
AAGATCCCGATAAGCACTCTGCAGTGCCTGAGGGGGGAACTGCAGCCAAAAGCTGTTGGAAAAATCTGGAGTTTA
GGAAAGCACCTGGAACCATTCCACTCTCTTGCTAGGGGTCACTGAGTTTTGTCTGGAGGCCTTCCCTACTGTAGCTG
TTAACAATGCTGCTGCTTTCCTGCAGGCTATGRCTGCACACACACTCAGAGCTCCCAATAGCGTCAGGGAC[A/G]AA
TTTGGAAACCATGCTTAGTGTAAAGTGGCACAAAATGGCTGCTGTTATACCTCAGGTGGGTGCAGGGTTACTTGAT
GCAAGAGGGGAAGTGTTTGTTTTTTGTTTGTTTTTTCTATATTTTGGCAGGAGGGTGAGGGTTGTGTGTGGTGGTTA
ATATCAGTTGAAGTCAACCCGTTATCACTTCACACATGGAAGACATCTGCCTGGTTCAGTCCGGTGAAATATTTTTA
ACCATTGTTAAGGGTACCGCTGCATGAACGCACATTTACATGCATATACTGTATTATGTGTCCCTGGTGGATTGCCG
TGGAAAGATTGTGTGATGTGGGTACACCAAAACGGGAGCAGGGAGACATGTCCTGCCAGATATGATTTCATGTCTT
ACGTAAGCCTAAGATGGGGGCAGAGAAGTATTAACCCTGTGTGTGTGAGAGTGTGTGTGAGAGAGTTAGCACCCC
TTGAATGAT 

G
B
YP
-

GGGGTCATTTCAGCTTAAGAGTGGGTTAACAATAAAATAAACAAAACTGAACTGAATTATTCAACTTCAAAATAAA
GATAAAAAATACAAATCTCTTACCTAAAATTTAGAAACATGAGACAAGAGATTAAACAAAAATTCAACCCAGCCCTA
CAAGATCCTTGGGCTGCTACTTGAAACAAGCTATTTACGATATTTTACAAATGTGTAGTTCATGGCTGGCTGGCTGG
CTGAAGTGGTGAGAGGAGCCTGCAGGAAAAGTGCATTTGTAGTGAACTGATATGACTGAATTGGCTGAGGTGTTG
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TGAARGTATTTCTGAACTCCTGTGGTGTA[C/T]GTTGGTAACACATCTGTCCTGTTCGATGGAAGTACCAGGTTCGA
ATCCTGGCAGGAGCATCTGGTTTTACAATATTTTCTTGGCCAATGATGCTGTAACATTAGTCAGTGGCAGAGCAATA
GCCATGCTACTGCCATTTCAATAGACATAATCACAATCACAGCCCCAGCCATAGCTGTGGTGGTGGTTTCAGGGCAC
AATCCACAGCCAGGTATAGCCAGCCAGTGGCTGTACTGAGGCAGGTGACTGGAGAACAGATGAGCAGGTGGGTG
TGGAAATTCAGGGGCAGGGACTGAATGAGCAGAATGAACAGGACTGAGGCAGTTGTTGAGACAGTGATTGCAAA
TTGAAATTCAAAAAATACTTTACACTAGCACAGACTAGTTGTGATGATAACTGTGGTGTTAGGACTGGAACACTACT
GAACTGTCTGTC 
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ACCAACCATTAGATCCTGATGATTATGACAAGTAAGACTTGATCAAATCTTACTGCTTCTCTTTATGGATGTTATAGA
AAAAAAGTCATTATTACCTTAATTTATTACTGGATCACTCCATTACTTGTAAACCAAGCAGTTATTGTCACATAATGTT
CTTCTGGGGAATTACAGCTTGCAATTCAGAAAATAAACACTAGATGGTGACAGTAAGCAACCATTTAAGTCACCGA
CATGATTCATTGGCACCTGCAGGGAYCTGTCTTTYATCAAGGTGATGAATGTGGGCCGGCGTTTTYTGGTGAAYCGG
KTGCAGGACTACATCCAGAGCAAGATTGW[C/T]TACTACCTCATGAACATCCATGTGCACTCTCACTCCATCTACCT
GTGTCGGCACGGAGAGAGCAACCACAACGTCGAAGGCCGCATCGGAGGAGACTCAGAACTTTCTCCTCGCGGCAA
ACAGGTACGATTTTAATAGTCTTCATTTTATGAACTGCAAAGCCAGTGTCTTCTCAAAACCCAATTACAAACCTCTCT
CAGGGAGATGTAACTGAAATATTATGAACACCTGAGTCCTGACCTTTATCACA 
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CAAAACACGTAACCTGCAGGTAAGACGAGAC[A/G]AAGCTGTGTTAAAATATCACCGATRATGATGATGATGATGA
TGATGCCTGTYGTATGACATCAGCGGCTKMWAAGACGAGACGAAGCTGTGTTAAAATATCACCGATGATGATGAT
GATGATGATGATGCCTGT 

G
B
YP
-
R
A
D
_1
46 

AGCGCCGTCAAAAGGCCAAATAGAAAAAAGGCCAAACAGCAGCCCTGATCCTCTGTATCGACTGCTTGGATTATAG
AGGATCACCCTCTGGGCTCTCTACGTGATTTGGCCATAACTCCAATACTATTTTATGATGATAACTGCTAACTTCAGG
AATCAAGCAGTGTACACCTGTCCTCCTGCTTGTCTGCCAATCTGTAAAATGATCGATCTGTGTGAATAAAATGATGC
ATCTGTTCTGCATTATACCTGCAGGAAATATGTTG[A/G]TGAAAGTTATATTRTACAGCATAATCAATGTATTCCAAC
ATGAAATGCMATATATATTCCAAGAATTTACTCTGGCAAGCAGAAACATAGCAGGGGTACTTAAGCATGCATTCAA
TAATGGCCAATCTGTAACAGCTACATTTTGAAATTAAATAGTGTGCATCTGTCTTCTGATCTGACCCCCCCACCCCAC
TACCGATCTGACCAACCCTGCTATCTTTGTGGGTTTGACAGCAACAAGTCAATGGTTGCTTCAGGTGCGGAGATCTG
TGCATTGTGCATTTACAATAAAATGGCATTTGAATTACACTCCCAACAGTCAT 
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ACACACACACACACACCAAGTACAGCACTTCGGACAGACAGACAAAGGCAGGTCAAGGTACACTTTCCCATCTGGA
TATGCCTTTGTCTATAAGAACAGTTAAACATCTAAACCACCAATAAAATGTGGCGATGAGAGAGACTCTTTGACTCC
AAGTGGCCGGACGATTGTGGACATGAATACAGAGAGCAGTACACCTGTCCGAGTCTTAGATGCTGCTAATGCCCCA
ATCCAGAAGTGGCCTTTTGCCTGCAGGGTTTAAGCTGACAATTTCTATGCATGTATGCATGAGTGTGTATGTGTGAA
AGAGGDAGASTGAGCACTCAGTGTTC[A/G]GGAACAGAAGCTCTTTGGCAATAATCTGTCACAAAAGCGCACGGG
CCGTACGTGATGTGTGGATGATATATTATGACCAAATGCAGATAAATCAGCAACTTTTACAGTTACACTTTTGAAAC
AGTGACGTGTAGCATCAATTCAAATAGATCTAGGGAGGAAAACGTCTGCGCTTCTCTTTTTGTCTTGGGCTCACTGA
AATGATTTAATAACCCTTTCCTTTTCTGCTTATGTCATGTCTGGGGGAAAGCAGCAAGGCAAGGGACGAGATATAA
AGTGAAGACAAAACAAGTCAAAAAGTAAAGAGTAGACTGAGGAAGTTTGGAAGGATGGAAAGCTTTCTCCCATAA
TTGACACTGATATGAAGAGACAGAAATGTGAAAGAGGAATGAGAAAACACACACAATCTGCAGGATACAGTAGCC
TGCAGTGGAATC 
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TACACAATAAAACCCTCATATACCATGTTACATTAGTCGCTATTATCTTTGTTTCTCTCTTTAAGGCACTAACATTTTCT
TTCAATTTTTCTTATCAGAATGCTGTGGAACACTTGAAGAATGATGAGCTCCAAAGAGGAGGAAACTCTCCGTTTTT
TCCAGTATGTCGAGGAGAACGGGCTGAGAGCCTACAATGGCCTGGTAGCTCAAAACTTGGACCACGCCAGGAATG
AGAGAAATAGGGCATTCCTGCAGGAGAAAAACGACAAGAAGAGAAAACAGGAGGAAGCCATAAGGAGGTAGGC
SGAAATAAAA[C/G]TAACAATTAGACAAAGTAAAGACAACAGATTACTTGACACAGGTTTATGAGCATAGACATAT
CCTATAAAGACATTTCCATTTCTGTTGGACATGCCAGCCTTTTATGAATTAGACACAGCACACCAAGGAGACTCTGTT
CTGTACATACAAGGATGTCACTGGGTTCACTTCAGGAAGAGGTTGTAAGGAATTAGGACAAGTGGCCAGAGGGTC
CCTTTGGCAATGGCAGGTTGCCGTATTTTGGGGATTGCCAGTGTGGACTGGTACACCCCATGATCTATAGAGGATA
ATTAATTTTTCACGTTTAGACTTATTTGGGACTTGTCCTTGGATGGAGGTCATTACTGCTCCATTTTTGAGATGGCGA
GCTCTTTAGAATTAAAAAGGAAAGGGGTGGGCTGTCACAGAAAGCGTGTTAGGATGTGAGGGTGTGAATGAGAC
ATGGTCAGAAG 
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GACCCCGATGACGAAGTGCAGGTAGAGGCCGACGGCCACAACATACCCCACCGCGCCCACTGCCTGAAACGCCAG
CGCTCCGAACAGAAGCTTCCGGGACATCCGGTGGGGGGGTTTGTTCCCGGCGACCACGAACAGCAGCGAGACGAC
CCCGAAGGTCAGGCTGAAGGGGATGCCGCCGTACATGCCCGGCGCTCTCATCTGGCTGTACTGCATGTCCAGGTCT
CnCACCTGCTGCAGCTCGGTGCCCTGCAGGTTAAAGTT[G/T]GAGTTGATRTTGAAGCCGCCYAACCCSGCCATGGA
YGACATGCCTKATGTCAMCATCTGAGCTGCGACCAWRSAKATCAGGACCAAACCGTTGGTCAGTACGGAGCAGAT
CAGAACGATGCCTAATCAACACATGACACAAGTTAGGAAGAAAATAACAATTAATCAGCCGAACCATCCAATTAAT
CAATAGAAAGATAAATATAAGAACAAATAATAAAACAAAATTGAAATGTTCTGTACTGGTCAGACACACACAGAGA
GCTGTGAGACTTAACTAGAGCTGAAAGCATCAGTCGATCAACCGATTGACAGAAAATTGATCA 
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GACTAATTAATGACCAACAACACAGCCTTTATTGACAGTCTTGAGATAAGACACAATGCTGTCAGCAAAATGTGCA
GCTGGTTAAATCCATATATAGGAAAGGCTACCACCCTATTGAAAACATGCACAATTAATCACCATATTTCATCAGAC
CTTCTTTTATTTTCTCAACCTACTGACCCAGAATACAACTGATCAATATGTTACAACACTGCTCTTTGTTGGTGATATG
TAATATGGGAAAGGAACCTGCAGGGKTACTGTAAAACTAATMAATGCTTGGCACCACAACCTYTTATTGATGAYAT
TTTATATAGCAAAGGATTGCCWGTGATACAG[A/C]CTCACCGGCAAACTGAACAACTAATCAATAGATAATGCCAA
AGCCTCTAAGCAGTGCTATACTTGGGAAATTGATCCAGTCTGACATTCTATATGCAACTAATCAATACCTGGCACCG
CAACCTCTTATTGATGATATTTAGTTTGGGAAATGTAGTAACTGGCTACACAATAATATGTGGTGTATTATTGTTTAT
TATCCAGCGAAACATCAAGAAGAACTGAGGTCAAAGAAGAGTTAATGATCTCGC 
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TTAAGACAGAGTTTGTACTTGTAGAGGACAGAGGATAAAGTGGCGAAGCTGTGAGTCTATAGTGACCTTTTGGCAC
TTTGGGTTTTGTCTCCCATGGAATGACATTCCTACACAGATCTGAAATGCTGGGGTGTCATTTCTGCAGATTCCTAGC
CTCATCATCAGGAAGGACAACTCCTTTAAATTCTTATTCTTGTACATAAATATTCAAGTTCCAGCTACAGTACAACTA
ACTTGAGTTTCCCCCCCCTGCAGGATTGCTGTACTGCTGMAGCAGCTCTATGATMAAACATCATGTATTTTTCACAG
ACAAA[A/G]ATCTTTACATGTGCATGCCTTAGCACAGCAGCTCATGAGGCACAAAGAGCACTGCAATATTGTTACAT
TGTTTCCCTGCACAGATAATGAACTTGGCTCCACATGCAGCATTCTGTTTGCTTATTTTATTTGTGACTTATCCATGTG
GCACTTTTATTCACAGACATTCCCTGTTGATGTTTCTGAAGGTAGAGAGGATTAGTGGAGTTCAAACTGAGATATTT
GAAGTCCAGTTAACACGTTCACTGCATTTTTTCTGACTTGCTCCCTTGTGTTCATGTCAGTACACCATCAGTCTCATCT
CTGGCAATTTATTATTGTCTCAGGCGACAGGTGCTATTTTCAGTGTGGCTGCTTGTCATCATTACTCTGCATTAAGTC
TCTAATAGGGCTTTTGTTATTAGTTAAGTGCCTAAAGCTTTATAGCTGCCTGTGAGAATGAAGATGAAAAGACG 
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TAAAATGTGTGTCACAATATGAGATGTTATATGAGCTGACGAGGATCCCCTTTTTTATTGAATACATTCGGTTTTTAA
AGATAGTATAGCATACTGCCGCATGTGGTCATAGGTATAATAAACACACATTTAAAATATATATATATATGTTTAAA
AACTCACAGAAACAAACTTTTCCTTTAAATGAAGTCTTGTGATAAGTGACATCACCTACCGGCTTGTGGCCAGTCAT
CTCTATCAGCTGATGTCCTGCAGGAATTTCACTTTCAAGTCAAGTTAAACCCAAATTGACGGAAGTTGTAMGRTTTT
GCTATCAAACTAAAGTAGTCAG[A/C]GTGTGCTATTAAGGAAAACGCCTGTTTATTAGTATTACAGTGGTACTTATG
TTATTTATTGAGTTTTATAGTATTTATTAAGTTTACCAAATAAATTCAATGATCAATACTAATCTCAGCTCTCACAGGC
GGTTGCATCTGTAGCTAAATCAGCTCAAGATGCTGTTGTGAGTTGTGGAATAAGTGCCATCATATTGCGGCTTCTTT
TCTATCATTGGCATATGCCTGCTCTTGCATATTCAGTAGGCTAACTTTATTTTTAAGTTGCCTGTTTGCTTTTTGTTTCT
TTGTTGATTTCATTCTATTTATCATCATTGAATTTCTCATTTTTATTGTTTGACCTGACAGACAATGACAATATTAACTT
CATTAAAAAAAAAAAAGTGTGTCCCTTTTGAACCCAGGCAGCAGCCTGCAAATACTGATTGTCCAAAAAAT 

G
B
YP
-
R
A
D
_1
53 

TTTATGCAGTTAAGAGCAGCTTCATAATTATCAAAGAGATGCTGTATTACCGGCTAGGCCTGCAGGCATCAGCAACT
A[A/G]TACTAATAAMAAACCCATATAAATAAAGACTATTAGTGCATACTGAGTAAAATAAAGCAACTACGAGACAG
GTTTTTTTATTTAATAACCATGTGTGCATAGTTAAAATGTTCAAAAATACCCCATCACTCAATNNNNNNNNNNNNN
NNNNNNNNNNNNNNNATTTCATATAAATCTCTTATCAGGTTTCAAATATAAATAAATGAACAACAAAACAATTCA
GTCAATCTGAAACTGAAAATGTAAAGTCTTGGTAAGTATGAGTAAGAACTGTATAATTAACTTGTAATAAAACTGA
GAACCACAACATCCGTTCTGGGT 
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TTGACAAGTTCTTCCAAAGTGTCCTGGAAAGAAAACAAACAACCACAAAACATTAATTAACACCAGCATGACATATG
CATTAGTCATCTACTGCTATCATTGCCTATTTACAATTACAGTGATAATTTACAAAGCTAAGCTGGGACATACCTTTG
CTATCTGCCAGCCTTTAACAGCCTCCTCTCCATCATTTTTTCCTTCTGCTTGGGCCAACCGTACACGCCAGTCGTGCA
GCTGACGATTGAAGTCCTGCAGGTCATGYTCTAACTGTGSTGACTGGCTGCTGAACTCCTGYTCAGAGGTGGCTATC
TGMGAGAGGGCAGTYTMCAGACT[A/T]GCCCGTGTCTGTAGCGCCCCACGTTCCCACTGTTCCCATGATGACAATA
GGGCTGCTTCCTCTCGCTCCATAGCCTCATAGCCCCCAGAGCCAGTGTGATCTCTTGCCACTGCCCCGCATCTTTGGA
CGCGGTTCAGCCTCTCTCTGCCTCGCTGCTTGGAGTCAAGCAACTCCTGGAAAGGGCAAATTATCATATCAGATCAG
CTAGTTTCCCCCCTCTGGACTCAGCCACTTGGAATTCCCTTCTTAAGAAAGT 
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GCAAATCCCAACCTTTCCGAGTGAATGTGCAAGACTGTCCTAAGAAGAATAACAGCATCAGTTGTCTCAGCAAATG
CCACAAAACAAATGTTTACATTCAAGTGACAAAGAGGAAGGAAGCTGCCACAGCATCTCCTCTGAAAGCAGTGCTA
AGTCCTAACACACACTCATACACCATTGGGAACTATCTGCCACGATGCACCTCACTTCATCAGGTCAACGGGTCAGC
TTGTCGATTTTTTACCTAACCTGCAGGCCTCTTGTTCTTAATCCTCTCTGGAAATAATTAACAACAGTGAAATTTATTC
ATCCCCACGATGCAGCATCA[C/T]CTCTCACCATCACAGATCCTAATAACAAAGTTCTGCATGAACGCATCGAGTGT
CAGCTGATAAGACTTGGCACAATGCGGCTCAATGCACCCAGACAAAGAATTTATTTTCCATCTGCCAAATGAATGG
ACAACATTAATAAAGATGAGATCAGTTCAAATGAATTTAATGAGTGAATGTTATGAAGATATCTCCATTCCAAAACA
TGGTCATGTGGGACTAATATTAAACATATTATATCCTCCTTCCTCCTCTCTCTTCATCCACTCTTTCTTTTTCTCCTTATT
TCTTGACTGCTTTCACTCTTCTCTTAACCCGAACCCTAATTCCAACCCCCTTCTTTTTCTTCCCCCTCCTCACTTCTTTGA
CTTCTTTTCCTGTGCTTCCACTCTCCTCTTTTCCCACCTTTCCTTTGTTGCTTACTCCTCCATACCTTGTTGC 
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TTACTTCATATGTGAATATAAGCACAGAGCAAGCCTAACACAGCATATGGGGAGGGGGGGAGATAATGTTATCATC
CATCAGCTGTATTTATGTTGATCATCTGGAGTGTTTGCTAAACATCATCAATTAATGTGTTTAGAAACGCCAAAGCA
AAAGAACCAACAGCTCATATTCCAGTTTTGGCCGGTTTTTAAAGAAAAAAATGAAGTACTGTGTTGTTTCTGGTTTA
GGTTTGTTGTTTATTTTGCCTGCAGGGAAGTA[C/T]GTTTTTACATAATTCTTACATGCTCAATGGACATKCTAAAGA
KACACAAGGACAAGATGAGATACCTATAAATAAGAGTAACAAATTACACCATATCAAACTGAATTATCCAATAATTC
ACCTACCAACTTTGTTCTATATAAAATACTGCAAACTAAAAATGCCACAACATGGCCATTTGAGTATGGGGGAAACA
GATATAGGTTAATAATGTTTCGTTAAATGGAAAATTGAGTCAATCTCTACATTTTACCTGCTGTAACTCAAATCGGG
GGAAATAAGTAGAGTGCACTTGTTTTGTCACTTGTTATGTGTTAATCTAATGTCGACTTTGGCCTAGTTTGAGGCTG
AACCACTGCCAACAGTTGATGTTAAATGTATTTGTTTACACCCTACCATGGGATTTCTGCAGTGGCAGGAACGTTAA
CTGGCTACATATTTTGCCTGAGATCATCCTGACTATTTTAAAGACACCAAAGAGCTTATGAGAGCCATCAAAACAAT
ATC 
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TGCAGGCAGTGAATCACATCAGCA[A/G]YAGAGGGAGGAGTGCAGAAGAGGAATGACTGATGCYGACTGATGTCT
GTGTTCTTCATTMWKYMWGAATCACATCAGCAGCAGAGGGAGGAGTGCAGAAGAGGAATGACTGATGCCGACT
GATGTCTGTGTTCTTCATTCTT 
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AAAGCATCACAACACACGAGCAGAGCGTCAGAGAAAAGACAAAATAACATATACTTTAGGGTAAATATGGTAATG
GTAGATTAATAAGCTAAATGCATTTGTGAGATGTTTATCCGGTTATTGTACTGAAAGAAAGAATCTATGCTTTTCAA
TGGTTGTGTGTTGCATTTGAAGTTCTTTTCTAAGAAAGAAGCGGACAGTCTCACCACGGGGGGGAGAATAATAACT
TTCAGAGCTAAACACTGAAACCTGCAGGAAGCATAGAGGACTGACTTCTGA[A/G]AGAAACTGCCTGCTCATCATC
CCTTGCAGATGAATGGCTCAATAGTGAAMMSAKCDRRAKCTGTCATGTTTTGATAGTCCACCATCATCCCTCAAATA
GCATGAGAACATCTCCTAAAGCTCACCAGAGGATTTATTTCCAGAAGGCCCGCAGGTAGGCTCAGAGCTTCACAAC
CAATTCTTAGGTTTAGTAATCAAAAGCATCTTCACATCCTCCATTCCAGTCTGGCTCTGCTCTAAGCACCGCTGTATT
GCTGCTCAGTAGGCAGCCCGCAGAAGGACAGGACAAGAGAGATTGTCATGAAGTCTCC 
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TTTTTTTTTGCAGCTATGGCATAGTGGCCACCCACTGTCTTGGGTCGTTGTTTGTATTGACAAATGAAGGCAGTGAA
TTAATGTGAAAAGACATGTTAATCATCATCCACTTACCCTCCAATTACACCCCGAGGCTGTCGGGCATCAATCACGC
CTTCTATTTTCTGCTCCAACAGCTGGCCTCCCTGCAGGAGCAGCTGGACTCACTGATCGAGAAGTGACCACCAGGG
GGCAGCCTCA[C/T]GTCATCTTMAGCCACACACACCTGMARRRRWSRRRGAGAGGAACCTTCATCCAGGCTTTATT
AGATGACTTGCACTGTCATTCCTTTCAGTTTATGAGTTCTTTTATGAATTACACATAGAGCAAACAGCTTTCTGTGTA
AAAAAAGTTTTTTATTAAGTTGACAGAATGTGCTGTTAGTTAATGTATGATTAAAGTTTTTGGTTGCCTTCAAGGAA
GAATATTGTGTCTGTTTTGCTTGTCATCCTAAAGCTAATTGTACTACTAGTTAACGCTTTTACCTCAGCTCACCCTGTT
TGTACTGCGTTACCTGTATGAAGAATAAATTGTGTTGATACACAAGTGTCAAACAAATGTCAATTTTATTGCATGGA
TAAACCACCTTCAGTGTTTTTAACTAGGTTAATATATAGCTGACTGGCATCTTTGCAAATTCTCACTGGCTTATTTAGT
GCACTGTCCACTG 
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TTAAAATGATTAATCAATAGCAAAAATGTTGGCGATTCATTTTCTGTCAACCGAATTATGTGTTGCAGCTCTAATATA
TAACAATATAAAACACCAGTAATATGATAATTGATATCTAGTTCATGAAAGCTTTTTACAATCACTTCTCTTCATCCTC
AGTGTCTGGTAGCTCCGTCCTGAGAAGAAATCTGTGGTGCACCTGTGATGAAGTGAAGCATTTCATATTTTAAATCA
ATAAACAGAACAAGCCTGCAGGTAACGTGAG[A/C]AGYGAGCGACAGMGTGGMTGAGCAGAGCAGAAGAAGAA
GAAGGAAACTTAAATCTCTTCAGTAGGAWRAKMMKWAGATTTGAAAACATAACAGCAAAGAAACGTGAGAAGA
AAAAAAACTGTGCTCTGCTCTGCTTCATTTTACATTTAAACAAGTAAATTTAGGCGATGATGCTCTCTGGTGGTCGAT
GTCTGCTGCATGTGAACTGGTCTCAGGAGAAAAAGAGTGAAATTGACAGGATGCACGAATATAAAGTTTCATTATC
TTGGATTTTTACACATCCTGAAGATATAGAACAGCTGATACTAGTACAACTATGTGATATTTCTTGGGTGTAAAGGA
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CTATAGGGGAAGGAAACATAGCGAGGGATCAGTAGACTGTGTAAGAAACTACACATGTGGGGAATTAGATATGCA
GACTTCTGCTCACTTTATTTCAGAAAATAGGGTGTGAGGAGATTTTCTGCATATCAATGGCCGAAGTGCAAAACCTC
CTATCTGAAA 
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ATAGGGGAAATTTGTGAAATTGTGCCTGTGAAGTGAATTAGGAGAGGAAGACTTGGGTGAACAAAGGCACACATT
AACACCCCACAACCCCACCTCACCCTGAGTCAACCTGTCTGTCTCTTACCATTACTGCAGCATACTCACTGAAAGAAT
CCTGCACAGTGGTTAATAGATTTCTTGTCACAACACTCTTCTGTTTGGATTTTGGACAACAATAAAAAGTAGGTGTA
AGAGTAAACACATGACAGCCTGCAGGACTAGAG[C/T]ATGCATACTGGASAYGAAGGATGATTAGTCRGGAGCTG
AATGATGTTGCTCATTTTCTGTTGCAAATTGTDGTTYANNNNNNNNNAGTTTATATTCAAGTGTACTCCGTGGCTCC
GGGGCCAATCCGAAGTAGTAGAGTCACTTTTTACATCAGAAAAAATACTATATTTTAGAGAAAAAACAAGCAAAAA
AAACCCCAAAACTGACACATCTTTAGCTTTTGTTCTCAGTGGTTACAGCCATGTGCTCCGGTCAGTAACTGGAAGGT
GTTGTTGTAGTAACCTGAAGCAGCAGCTAACGCCCTATGCACCAGACACATTTAATCAACCCTCATTTTCAGGCACG
ACACGCTCACACAGTATACCTACAGAGAAAAGAGATCGTAAAGGAATGCTTTGGAAGAGTGGACTTTTGATGCATC
AAATTCTGTGAACATAGACACCAAAAGTCACACATGTGTTCTTGGTTATAGAAAGAAGTCAAGCAGCGTTGTTTGG
AAATG 
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CTGGATGGCGCTCTTCACCACATTTATAGATTTGTCCATCAGTCGTCCCACAGTGAGCCCCATCACCTCACTGTACCT
ACACAGGGGCAAAGCCTAAACACAAACACAGTTTTAATGAGCAGGAGGGACTTAAAACATGCTTTTAGATATACAC
TACAAGTCGAGAAGACATACTTTGCTGTTGACGATACGTGCATAGACCTGCAACACACGTGCCCTGACGTGGGAGT
GTGTGTCATGCAGATGTTCCTGCAGGGTATCAAAGAAGCGGTCGCGGTC[A/C]GCTTTACCAGACTCGTCGAGCCC
GTCACCACAMAGGACCCGCACRAGGATCTCTCCCAGCACCTCACACACAGCAACACGCATTGCGTGGCTCTGGAAA
ACAGAGAGAAACAGGGTATAAATCTGCATCYAAATGTGTCATCAAGATTCTGGTTCTACTACGATCATGAAGTACTA
AATGGGGATTAGTGTTTGGTGATATAAACATCACTTTGCTTCCATATGAGTTTCTGAACTTGGCCCTCAGATTACCA
AAGACACAACTCATTGCTGACTGAAGAGCAAAGAGAGCTGGGTGAACTCCTTGCCT 

G
B
YP
-
R
A
D
_1
63 

ATAAGATATATCAGACTTTGATACACACAGAATACATAGCGTACATTTATTGTTGGTTTGACTCTGCACATGGGATTT
GCTTTGGTTTGGAAAAATATAGAATATCATAAGACTTATCCTTTAAGGTTTTCTACAGAGCCCTGCAGGTGTCAGGG
RTAAATATTTGATAGTTCATGCACAAGTATGAGCAA[G/T]AATTAGTATTTGGTGCTCTCAAATGAAAGAGCWRKAY
MSTCAAATTAATTAACCTTTGTGCATGATGTAACAGAACAATCTTACAGTTCACCTCTACAACATATTTAAGAGACAT
CAAAGATATCATAATTTAGTGTTTAAAAGGCCAAATCTGAAGTATATTTAAGTACCTCCATCCACAGCTTTGGCTCA
GTGAGCTGGACAAAAAGGGCGATCACACATGATTTAAAGTATTTCAACGAATATTTTATTAACAACAAAAAAATGA
CAACAATCAATGAATCTGTAG 
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TTTTAATACGTATATGTTTATGTAATGTGAATGTAAAATATTTGTGGAGGATGCAGGCGAAAAGTGATCATGTGATC
TAAAATAATAATAAAGTTGAAACTATGATTTTATGTTTATGGCATCATGTCATGGACTCAAAAAAAAAAAAAAACAG
CTTTACCACATATTGAATTACACATAACAGATCTGCACATAACAGATCAAAGTAATTGATTACACACTTGTAATGTAC
CCAATCTACCAAGAAACCTGCAGGACAGTCTGATGTAAC[A/T]GATCATRAGAGTTGATCTCTGATGTAATGRTGCA
TGATRGRATCAAGAGTTTGAATAAAAATGARTCTTTTTGAGCTACTGGTGTCACTCCGACTGTCTCGTACTCATGACC
TGAATTCTGTCAGGGGTCAAAAAAGTTTTGGACGTGAATACAACAGGGGGAAATAGTAGTTACCTGGATTTAACTC
CAGTTCTTTCGTTCCTTGCCTTTGTAACATTAAATACATCATTTGAGCTTTAAATG 
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TGTTCATTCATCTTTAACAAAGTCCTGACCGCTGCCAAAAAAAATTATGATAGTACCAGAGTGGAGTAAAAATGTTA
TAACTTTTAATGAAACCTCTGGACCATCTGGATATTACATTGAGGTGGACAGTTTGTAATGACTGTATCCAAAACAC
ATACACACTTTTTGCATGAATTAAATATAAAATCTAGTTTTATTCCTTCATTTAAGGTTTAGTTAATTTCTCCGATTGT
CTGCTTGCTGGCTGACCTGCAGGTGGTGGTAGTC[A/G]CSRTAGGTGTAGACCTCRTCACCRGTGTCCACGTTGAAC
AAYGAGTGCAKACACTTGGAGGGGCTGKRRWMMTGTTTAAACTGCTCCACCTGGTAGAAGGACAGACAGGGACA
CAGAGATTCAGTAAAAGATGAAAGAGAGATGTCGAGGGTTAGAGAGGAGTGGAGAAAAAGATACAGAAGGAAA
GAAGGCCATTGGCTCTAGAAAATGATTTCATCATAAAAGATAGATTTTTACCGCAGTAGCAGCCTTGAAAACATTCA
AAACATCAAACTCATAATTGGAAACTCTGTGTAATGAGTAAATGTATGGTAATGAACTTTCTTAATCTCTGCTAATGT
CTCCATTAAATGCATTGTTATGTTGGATATTAAAGCTACCCCATCCCATCCTTTTGTTTACACCTCACCCATCAACATC
TCAACTGACACTTCAACTCCATTAAACACTGGCATTTCAATGGACTCAATCAACTGCAACAGTGCTTAAAAATATCTG
CCAC 
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GACTATTGATTCTCCATTTTCTCTCATACTGCCCAACTCACCTTTATTAAAGTGTCCAATAACACCTACAATAGGAGGT
AGAGTGGCATACAGCTCCTCTGCCTTCTCAGCCTTTTGTGTCCTCGCCTCCTGGATGTCCAAGTCTTCATGCTGGTTG
GAGCGAGTGCTGTTGGGCGTTCTCCTCTTAGACGCACCTTTACCTCGCCGACGCTCTGATCCAGGCAAAGTATACAG
AGGGTCCTGAGGGTCCTGCAGGTCMTCTGACTCTGTGTTGAGCTCATTAGCAGGGCTGAT[A/T]GGRTTAGTCTTC
AAGTCTGAGCMKGAAATGTCCTGGTCCAGRWSMTTCCCCAAGAAGCTGGACTGAGATCTGGAGTTGTCACGGGT
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CCAAAGCGCGGGCGGTGGGCTGACAGAGGAGGGGCCTTGCTGCTGCTGCTCTGAGGTCTNNNNNNNNNNNNNN
NCCCCACTGGTAAAGCTACAGGTCTCAGACAAACTGAGGCAGCGGTCGCTGTCTTCATCTTTCACGCTGATGTCCAA
AGAGGATTTGATGAAGTTCTTGCAGTAGTTGATGACATTGTTCATCTGCAAGTAACTGGCTGCAGACATCACTTCAA
TCACATTGTGACTGGAGAGGTCCAGCTGGCCGGAGTAGATGAAATCCAGGATGACGGTGAAGGTCTCAGGGCTGA
AGACATCAAAGGTGGCGTTGACAGAGTCGGACAGCCCGTCGGGCCCCTGGGACAGCAGCATGCGGAAGTAGCCG
CTGCTGGCGAACA 

G
B
YP
-
R
A
D
_1
67 

TTGGTGCCACAGTAGTACAGAAGCCCACTAGTTCAGAGCAACCTGCAGGTC[C/T]ATGGTWCAACACTCTGCACCC
ACCACTGATGAAATGATGCCCATACCTCATTTTCTATTTTAWTAGKATATTAGTTGTTTATTTAGTTATTT 
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CGCACTTGCTAATTGGCATTCATTTACTTGTGTACTTAATTTACTTTCTGCATAATCACCTGTGTTAAATCAGTTACAT
TTTCATGTATGTCTCCCAGTTCACTTTGGTGATGGACTTACTCTTTAATAGTGCAGGAATCAGGACAGGTGGGGCAT
TTTTCACAGGTGGCTCCGTAGGCACCAGGCTGAGTGCACTGACACACTCCACACTCACAGTTACCACGGCCGCTGC
ACACGCCCATGCTGGTCCTGCAGGTGTCTTTGCG[C/T]GTGGTGCAGTTACAGTTTTCTCCTTCCCAWCCAGAATCA
CACTGGCAAAACCCACAGTTACACTTCCCATGATCTGTAAGAATCAAAAAAAAAAAAAAGATAATCCTGTTAAAATC
CTTCAAAATATTCTTTCAATTCTAATTTAAACATATAATACAGATCAAATATTCCATCTTAAAACATTTGAATTGAAAT
ATGTTTCTCAGTGTCCGTAATCTCATGGGTGGAGTCCGGAAGCCAGACCACAAGATACAAATTACACAATTGCACA
ATGATTCACTGAGTGTGTGTGTGTGTTTGTGTCTGTGAGTTTCTCCTCTTAACCTCTGTGTTTTTAAAGCCAAAGCAT
GCTTGGGCAAGTGTACCTGTGAGCGAGTTTGTGGAATCTGCACCTATGTAACTAGCGTTAGGTATAATGTGTTACT
AAGGTGTTTTTTTACTTATTTGTAATGAAAATGTTGCTCATTTGTCATTATTTGGTTAACTTAACTGATTAACAGGTT 
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CCATAAGTTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNGTGTTGACACATGAACTGATGTAATATTCATGTATAAATTTAATGACAAAGTA
TATCAAGCATGTCTGCCACATGCATAAATGCCAGAACATTAGTCCAACCCTTCGCACAGAGCGCGCCCTGCAATTTG
TCTTCTTCAGAAAGATGGTAATAGAGGGGTCCTGCAGGCTCTGTGCTTGTGATTCAAAGAGGCT[A/G]GGACTGGT
RAYGGTGARAGAAATGACTGATACTCTGGTATGTTATGATTTGGTCTCTTGGAATATGTTGTCCTTACAGTATCGCC
CAGTAACTCAGTGCATTAACTTGTGAATGTGACGCATGTGTTTCCTTCCTTTCCTGAACACAGTTAACCTGATTTCCG
GCAGTTCAACTTTTTATTACTCGGTGACTCTGACACTGAAATAATGACACACTGTCTGTATTACAAAGGATGTGACA
ATTTG 
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GAAGTCAGGGATGGGGATCCACAATAGAGCCAGAAAGAATTGTGAGTTGCTTTTCCTTTTTCTCTTTTCTCTCTCTTT
TGGAAAATGTTCACAGGTCACTGTTCATGGGGTCAGTAAAAGGAGCTTTAAAATGTTTCTATTGGCATGGACTCGC
ATGTCAACAGGAGTTTGGCAGAACAAGAAGACGCTACACATTTCAGACCCAACCTATGAATCTACTCATACCCCAG
GCTCCACAGTGCACCTGACCTGCAGGAGTTGGAGACGGAGGAGGAGAAGGAGTTCTTGATTTAACTACGYTTCCT[
C/T]TCTCTTTTTGACATCCAGCCATCMCCTTCGTTCCCTGAAGGGAGCAGAAAGGTCACAGCGAAGCCTTTATTCTG
GCTCGGGTTTAGCAACACGCAGCTCTGGCCTCCAGAAGAACTCCTATTCTCTCTGGCACATGTTAAGACGCTCTATC
ATCTCTCTCCCTCTTATACTCTCCCATGCTCTCTCTTCCCCATTCTTTCCTGTCAGATCTGTCTTCACAGGGGCTTGTAA
AATTACCTGGCAAGAACAGCTTAAAGCACTGGACAGGACCAATGTCCCCAGTG 
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TCCACAGGCTGTGTCAGGGAGGGGCATGAGCCCGGGATCCAGCCTCCTCAAGGGGGGAACTTTGTCCCTCACTTCT
GTAAGGGACAGCTCAGACGCAGACAGAGGCACTGAGGGACAAGAGAGGAGAACAGTAAGTAAACGAACCTCTGA
ATGAATGCATCCTGCAGGTTGTAGATGTTATGA[A/C]AGMRAAACAAMCTGTACAYAACAATCCTCATGARATTGS
TTTCAYTWCTGAGCTCCTYACAACMACAAAGAATGAAACTTGGCAGCTAATTCTCTGAACTCAGCAGTGTTGGCAG
AGAACATTCAACACTGTCCACCTGCCTGAAAACACAAAACGACAGCGGCGCAGTTTAAACTCACCCTTCTTGCTCTG
CATGTGGTTGGAGGAGACGGCGTGTCTGCGTGTGGGCAGCGTACAGGTGAAAAGCACATCCATGGGGGTGGTCT
GGTTCTCAGAGTTGGCAAAGCTGGCATCCTTGCGCCCGCTGCACAGAGACTCATCTGAGAAAGTGCGCTGCAAGGT
GCGTCTGGGAGACTAAAGTAAGAGAGACAAAAGAGATCAGAGCTGTGTGTGCGAGTTCATCATCGCGAGACTGTT
AACTGAAGCGTAACGTGACCGTCTTCAAGTGTGCGTTCCTCACCGGATCTCTTTGTGGCGCCTCTCCCGGGTTGTCC
ATGA 
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GCTGCCCACACGCAGACACGCCGTCTCCTCCAACCACATGCAGAGCAAGAAGGGTGAGTTTAAACTGCGCCGCTGT
CGTTTTGTGTTTTCAGGCAGGTGGACAGTGTTGAATGTTCTCTGCCAACACTGCTGAGTTCAGAGAATTAGCTGCCA
AGTTTCATTCTTTGTGGTTGTAAGGAGCTCAGTAGTGAAAGCAATCTCATGAGGATTGTTATGTACAGGTTGTTTTG
CTTTCATAACATCTACAACCTGCAGGATGCATTYATTMAGAGGTTYGTTTACTTACTSTTCTYCTCTCTTGYCYYTCAG
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TGCCTCTGTCTGC[A/G]TCTGAGCTGTCCCTTACAGAAGTGAGGGACAAAGTTCCCCCCTTGAGGAGGCTGGATCCC
GGGCTCATGCCCCTCCCTGACACAGCCTGTGGA 
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GATTCACACTTGGTGAACTATAATCGCAGCATGCTGTTTCTATTTGTTGTGGTAGCCACATGTTGCACCTCGGCCGTC
ACCTTGTGCTGTATGAGATGTAGCAATTTTCACTTCTAATGCTAATGGTAGTTTATATTATAGTTAGTTATGTTAAGA
GCTGGTGACCACACAGAAACAAGTTTATGTTGTTGTTATGTTTTCCTGCACATCTCGAGTGATTCTCAGTCCTGGTCA
TCAGGACCCAGAGCCCTGCAGGTAGTCCTTGTAGTCATCTGA[A/C]CHRTGACTGAACTACASTATACCTGAGATAC
AGGGTAMAARCAAGCTRTTAATCTAGAAAAMCAACAGTAATCTGCGTCTTGAGGGCCAGGATTACAGACCACTGA
GGTATTATAATAACACCTGTCGCTAATTCCATTCATAGACTGCTGTAGGTTACGCTTAGATGCTAATGCTTAGTTAAA
AAATATTCAGCTTGAGCCACAGGTTCACTTGTATCCATGACATTATTATTTATTATTTTCCATAATAACAACTGAATCT
CCCCATATCCTACAGAGTGGACCCCTGTTTTATGTGAGTAGTATGTAGTTTCTCACCTATTTCACCTCACTTACAATAT
AAAAGGGGTGCTTTACCCACTCTGTTGCCATCTATTCTTTTTCCACATAAGTGATTTATTAACTCTTTAATGTTGGCTG
AAGTTGGGCGGTAGATGGTTTCCATCCACCTTAATCCACCTGCTGTAGTTTTGCTTTAACTTTTGTATTGCA 
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GAGCCCTGTGTGAGGTTGTTAGATCACTGAGGCCCAAGACAGCACCATTCTTTGCAGACCCTTGACAGCAAATATG
TGGTAATGATATTGTCTCCTGCTGGGTAATAACACACAATTCAGACTGCCACATACTGCAGTCGCCGGGGAAAAAA
TGGAGGGGAGAGAAAAAAAGAATTACACTGAAGTACTGGAGGAAAATGACAGGAGAAATGTCTTCAACCTGAAG
TGCTATATTGAAAAAATTCACTCCTGCAGGACA[C/G]TGCAGTGGGAACAACTGTTTTATTMRCCTCTTCTCAGAGT
GATGGTGYACAGAATATAASGRCCACTGTTGTCTGTAATAGGAACGGGGTGGTTTCCTCATGCAAATATCCATTTGC
AGTTTTCCCTGCCAGTTTTGTTGTCTTTTGTTCTGAGACTTTTTAATGATCATTATGTTTTCACTCAGGGATTTTAGTA
GCCCTGTGCCTAAATGCTAAATGCTGTGGTTAACAAAAACCATGGCTTCAAATGACTAAAGCCCTTTGTACCCATAT
AACACGCTGCATAGTTAGTGTTTAGTATAAACAGCATTTTCCTACCATGGAGACCTT 
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TGTGTGTGTTTCAGAGCGCATGTGCTGTGTGCATGAACAAACAAGCAGCAGCAACCTTTGCCTCAACACTCATGAG
AACTTTAATTTGCCGCTTGACCTCTGGGATGAAGTTATTGCCATCCTTTAGTGATACTGACCCACCTGCAGGRGTCM
AATAATTCT[A/T]AAGTCACTCACATCCAAATGGACAGTTTCTACATGTTGCATCAATACCTCAAAACTGACTTCTAY
ATGCGAGGATACCATCATTACACACATACAGATTTGATGGTGATTAGCAAGATGTTTCACACTGTATATCAGCAGCA
ATGCAGTACAATTCATTAACACTCCACTACTGAATTTTGATTTTAGGCAGAGATCCTTATTAATATTGAACTGTGTTA
CTATTAACAGAAATGTTAATTATGATGTCAAGACAGAGAGAGTCAAGGTGAAAGCTGTACAGCAATAGCTAAAAAT
AATCCATGCCAGCTAGAGTACAG 
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AAGAGACTCTGATAAACAGCCACAAAGTATTTGGAAGATCAAATTTAAAGGTATTTATGAACTGGATGTATTGTAT
GTTAAATCCCTTTTGTGATGTACTGATCCCCAACTGGACATTGATATTAAAATATCGGCTTATTATTGGATGAATCTT
TCTATGTCGAGGAAACCTTTAACTGTATCATGCTTTTGTTGTTTGCTAGGTGGGCTGGCAGCTGAAGAACCTGGTGA
ACTTGTTGCGTGGGGACCCTGCAGGTGTCACC[C/T]TGACGCTGAAGAAACGCCCACAGAGCACRCTCACCTCAAC
TCCYGCTCTGCTCAAGAACATGAGATGGAAACCGTTGGCTCTGCAAGTATGACTGCTGCTTTCATCCTCCACAGATA
ATATTGATGCATACCTGTTTCTGTATGTGAATATGGATGTGCATCATGAGTGTTATGTTTGTATATGTGTATATTTCT
GTGCTTCTGTCCCTTTTCATGTTAAAAATAAGACTGGACAGACTTCTGACACAAGACACCAAAGTCTCGCATGAGCC
AGTAAATGGCCAAGTTATAAAATAAACAGAAAAGTACAAAGTAAAGATGGGGTGGGCTCAATTAAAGTAGTAGCT
TTGGAATACAATGCAATCTAATACAAGAGCCCTGAAACAAACATCATCCATGTAAAGCTCATAATGTTCAGTTTCTTT
TCAGAGATAGCTATGGGTGTTGCACTGTATTGTACTGATATTGCTTTTATTGCGTCCACCCCGTTTATGTAGCACAAC
TTG 
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TTAAGACAGAGTTTGTACTTGTAGAGGACAGAGGATAAAGTGGCGAAGCTGTGAGTCTATAGTGACCTTTTGGCAC
TTTGGGTTTTGTCTCCCATGGAATGACATTCCTACACAGATCTGAAATGCTGGGGTGTCATTTCTGCAGATTCCTAGC
CTCATCATCAGGAAGGACAACTCCTTTAAATTCTTATTCTTGTACATAAATATTCAAGTTCCAGCTACAGTACAACTA
ACTTGAGTTTCCCCCCCCTGCAGGATTGCTGTACTGCTGCAGCAGCTCTATGATMAAACATCATGTATTTTTCACAG
ACAAA[A/G]ATCTTTACATGTGCATGCCTTAGCACAGCAGCTCATGAGGCACAAAGAGCACTGCAATATTGTTACAT
TGTTTCCCTGCACAGATAATGAACTTGGCTCCACATGCAGCATTCTGTTTGCTTATTTTATTTGTGACTTATCCATGTG
GCACTTTTATTCACAGACATTCCCTGTTGATGTTTCTGAAGGTAGAGAGGATTAGTGGAGTTCAAACTGAGATATTT
GAAGTCCAGTTAACACGTTCACTGCATTTTTTCTGACTTGCTCCCTTGTGTTCATGTCAGTACACCATCAGTCTCATCT
CTGGCAATTTATTATTGTCTCAGGCGACAGGTGCTATTTTCAGTGTGGCTGCTTGTCATCATTACTCTGCATTAAGTC
TCTAATAGGGCTTTTGTTATTAGTTAAGTGCCTAAAGCTTTATAGCTGCCTGTGAGAATGAAGATGAAAAGACG 
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CATCTACAAAAAAACTGTAGTTACAACATCACATAGTCAATAACGGCTTAGAAAAAAAAAAGTATCCCATCTTGCTT
AGACATGTGCAGACAACTGGTCTCTCTCGTTCTCACCGCTGCTGTACAGGGTGCAGCTGTGCCTGTTGAACATCACA
TTTCCTGAGGACAGGGATAGGCAACAATCTGACATGGAGCTCCAAGAGTCCGCTCTCTTCACCACCAACCGGGTTT
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CCAGTTTCACTCGTCCCTCCTGCAGGGTGCAA[A/G]YGACAGCCTCCWTWTYCAYAGCCACATTKTTCATTATGAGR
CTKGATTTTTGAACAGGYRAGGTYRCACTKCTATWCAGAAGCAGATCAACCCTGGTGTTAGCACAGGAGGCGGCTG
TATTCGGAGAGGGCCGAGGACTTTTTTAACCCCATCCCAGATACGAGCTGCATAGTGAAACCTGTAAAACACAGTA
AATGTATAACACAACTGTTCACCTTGATGAAACCACTGTGTTTTTAAGCTGCAGCTAACAATTATTTCATTATGTCCT
ACCCTCAAGTACTGCAACATATCCTTAAATCCTTAAAAACAACAGCTCCACAATCAACTACACTCATAAACTGAAACA
AAGAATATTGTTTGCACTTCATATTCTCATAATAAGATAAGTAAAAACATATAACCTTTGTTGTAGCCGTAAAGGCTT
TGACCACGTGTCTTGAATTATTGTTTGTGTTCAATAAGGACAATTACAAAAAGAGTTTCATATCTGAAACAAGCTAA
CGT 
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TTACAAGCTGCTAACTATGCTACACAACGTGTTAATGAAGTCCCAGTTTGAGTAAAAACCTCATAGAACAAGTGCAA
AACCTATAGTGCAGCCTTATGCTTCTTTGTGTTGAGACAGCAGTATACTATGTGCCCTGGGCGATATTGAGAAACTC
CATTTCCACAAGCAAGCAAGCAAGCAAGCAAGCCACTAGCAATTATACACCTGAAGCATCCAGACCTGTTGCACTA
TCATCAAACAAATATCTGCCTGCAGGCGAAGTAGGGTCYATAAATTAGGAAAYGYAGCAGGCGGWAGACAAGAC[
C/T]GAGATGGAAAGAGGCATCTCGTAGCACAAAAACACTCTTGTAGGAGGAATTTTTTGATCAAATTGTACAAACC
CGCCTTTCAGAATTCACCTGTCTGATGTTTATGAGTCACCTTAGACCCGGCATAAAAACTGGGAAATTGCGGACTTC
GACACAACTGTGAAAAGCAACTGTGTCACCCAACATATGGAACAGCGAGAGGAAACGTATACTTTCAGAAGCCCT
GGAATCTCCGTTCACGCCAAGATCCCATTTCCCCAGCTGTATGGTGTGGTAATTGCACAGTAATGGCTTTTTATGTG
GCTGTTCTCAGGTGGCTAATTATATACACATTACATACCCCAAAGTCCTTGTTATTCTAACTTTGGCAAATTAATGAC
ATCTAGCAAACATGATGGGAAATTGTGGCCACAGTAGAACAAAAACTTAAACTCATAGAGGAAAACAAACAACTTT
TGGCGAAAC 
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AGTTAACTGCTGTATCTATTTCCCCCCTAAAATAAAAAACTCTCATTGGAAAGCCTGTACATGATGATCCACTGAAAC
TTACCAGCAAAGTTCCTATAGTGCAAGACCACGTAACTTACTGTATCAGATGTGGGAGTTGCAGTTTTATGACTCTG
TGTTCGTGTATGCAGTGGCACAGGGAACATAGATGTAATCTGTGTGTGTGTGTGTCGACTCAAGACAGAGAGGTG
GTTGTAAAGTGCTGAAAGCCTGCAGGAAACCTCTGAGGCAACCACTTTGCAAAACTGAGACCAGACCTTGATACCA
TTTCGCTCACTCATC[C/T]GTTGGACTACRTGTGTGTGTGTCACACAGAGAAAGAGAGAGAGACACACACTGAATGT
GCATACGCGCTGATGAACAGTGAGTGATCTGATCAATAGTTTGCAATTTCGGATTTGTTAACTACAGCCATTCACAG
TGAGCTTTGTTTCACATGTTTGTTACAGTACTTCACAGGACTAATATAACCAAGAGTGTTCAAGCTTGTATTTAGATT
ACAGACCAGTGTGTGTGCTCCACAGTGTTCATTTTTCACTGATTAAGCTTTTTATTTCTTTTTCTTCTCCCAACTAACTC
AGGTGGTTCAGGCAAAGACAAATAAAAGACATGATAAATTGGAAGGGGGGAAAAAAATGAGAAAAAAAAGAGT
GTGGGAGGGAATATGATGGACCCACAGCAAGAAATAGAGGACGGTTATGAAAGAGATGAAAGATAATATATGAG
AGAGAAGG 
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GAAAAAAAAACACACACACATACATAGTTGTTTATTTGACTGAAAGAGACAAGATCCATTTGTCATCTTCAAAGCAT
TGCATAAGCCCAGCTGCAGGCTCAAATAAGTCCTGAACAAACCAAACGATTCAATTCAACTACAACAAGCAAATAC
ATACACACACCACAAACATTCATTCACAAACACTCTCTTTATACCGTAGGACTCATATCCATCCAGCGATTTCACAGT
TAGCAGCAGATGTTGGTCCTGCAGGTACTCGATCTCAGAGAGRAGAGGTTTGAG[C/T]GTTGTTAGCTGCTTGTTG
GACCAGCCCACACGSAGGAAGTTCACGTTGTCACTGCTCTGACTGTCGTTCTCGTAACTCTTCTTAAACTCTACAGAT
GAGAGACAGAGAGAGAGA 
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AGGATGGTTTCTCATCCCTCAAACAAAACCCAAAGTGATCAAACACAAGCTAACGACAGAAATATCAAGTGAGAAT
GTTTGTGCATTTTTTAAACAAATATGAAACTGTAGCATGTTGGCATTGAATACACAACACTGAAATGAGAGCCGGG
GCAAAGAGCCAAGCCCATATTTGAACATGTCAACCCAGCAGGCAGATCAACCATGCTGTGTTGGGATTAGATCCAA
CACTAATATGAGGGACGACACCTGCAGGAATGAGCTACAGGAGACA[A/T]GATGMCATTTAATWAATCCACATCA
CTACAGGACAAATGACAKARAGACAGACAGAAGAATCRCACAACACAGGTGAGAGCAACTGAGCAAACGAACACA
CAGCCTAGTGAGAACCAAAGAGGAAAGGCAAAAAGACTGTGTGCCCTTGATTGTAAAGGTGACCGCAGACTACCT
TCACACAGAACTTGTTGCTCTTCATCCATCTCTTCTTCCTCCTGCTGCTCTGTACTTCCATGACTGGCAAGACATACAT
ATTCCTCTTCTTCTTCCTCCTCCTGCTCTGTGCTTCCTTGACTTGGCAGACAAACATATTC 
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AAAAATTGAGAAAAATATTATCACTGCTGTCTGGAAAAACAATATTCATTATATTTTCTTAAATGTGTGTTTTTGTTG
AGTGTTTTTGCAGATTTTGAGGCTGTAAAGTATCCAGTCAGAAAAAGAAAAAAGGAACTTATCAAATTAAATTGAA
TCTAATCCATAAAACTGTGCACATATAACTAATCTAAATCTAAATATCTCTGCTGTGTCTGGACTAACAAGACCGTCT
CGGCCTCAGATGCGGACCTGCAGGAGTCCTGGGATGATGTCAGGCAGCAGCTGCARCAGAGAGTCCTTGGCGATG
CGTTCAATGACTTTGGTTTGCATCTT[G/T]ATGGCGGCCAGGTTGATGGGGTAATCGGCCGTCTGCACGATAGGGC
ACAGCACCTTGATGCACTGCTCTGGATGGATAGAACCGGCCAGAGTGGACGCCGCCTCCTCAGCCGCACGCACCAC
CTAAAAGCACATCAACATGTGATAATACGGAGATATAATGAGGGAAGAAGAAGAAAGTATATGACATGTACAATA
AATGGAGTGTTTTGCCCCTCCATATTTATTTCTGAGGCTTGAAAAAGTTATAAAGTTCA 
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CTGTGACTATTGGAGCACAGTTCCATTCGAATCAAGGCAGATATTAGGTGTTGCCAATTTGTCTGGTATGTGTTTTG
TTTTTTTTAATTCTTTTGTCTTTCAACTATCTCTCCATAGCAGAGGTGATCGCGTCCCATTTTTATCCAACATCACATTC
TAAATGTGACATTGTTTTTCAACCATCTGTAGAGTATAGTGCAATTGCATCAGTTCAGGTAAGAAGGTACCCTTTAT
GTAAGTGTCTGTGTCCTGCAGGTGGTTGGCTCTGACTAGCTGCCACCAGGGAGGCCTTTAGTAATAAGACAC[C/T]
CACTGTTCTTAGTGAGRCATGGYTGYCCGTGRGTTAACAGATTTATATTGTGCATGTCCAAAATAATGAAAGGAAAA
AAATAGCACAGCTGTACAAAAATAGTGATTTGCTTAAAACAAAAACTGAGGTCAAAAGCAGAATATGAGCTACAGC
TGCAAATGCTGACCAAACTGACACACCACTACACCTGCTGGACCAGACAATGAACACAACAGTTCAGTTTATTCTAT
AATATTCATTTACTAGAGTTAAGGTTAAGTCAGGATTTACCTGAATTTGATTT 
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AGTGTATTTCTAGAGTTTCATTTTTTATATATTTTGATCATTTTGTGAGTATATAATATCCTGTATTAGTTCATACTAA
GCTACAGCTATATTTCTCTAGTTTATAGACGTATTTACAGTAGTTATATACTATCAGTACTAAAAGATAATTTAGTTT
AGAAGATCAATTAATAAGCTAAGCATATAATAGCTTGTTGTCTGATTCAATGCAGTTGAAGTGATCACACCTTCTGT
ATCCAGCCAATAAACCTGCAGGCWARATATCATCTYGTCTGTGGAGTCTTGGTGACAGTGAGGAGTTTATCTGACC
AGCACACATRCRA[C/T]GCTGCATTTTCCTAACAAACAATTTATAGATTGAAGAATAATCCCTCAATCATCACGTATG
AGCCGCCAGCAGAGTGAGTCTGTATCTGCAGAGACTTCTGGGTCGGTCGGTGTGTAGCTGTCAGCCAATAACAGT
GCAGGTTGTGAATGTGGGACTGTATGAAACCATAGCAACATGGACGAGAGGAAACTACAAAAATGGCGGACAGA
GCGCCGATGTTCTGCTTGTTCAACAGTTGTGTGATAAATTGCTGGTATGTTCTCTGTTACAGCAGCGAGCAGTCAGA
GTCTGTTTTCTGCAGCACAAACCCAAAATATTCACTTAACAACGATATGAAACAGAGAAGAACAGGATGGACGAGA
AACTGACACCAAAATAATGAACTGATCATCCAAACAGTTGTGTCTATCTGCTCACAGCCTTTCATCACATATAAAATA
TATTA 
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CTCTTCATCCTCCATCTCCATTGCCTCGGCTTCTTCCTGCGCCAGACGCTCCTTGGCCTTTTCTGCTTCTTTTTCTGGAC
ACAGGGAGGACGAAAacACACACACACACACACAAACATACAGAGTGAGCAAACTAAACGTGATGTGGTGGTGGC
AGCATACAGCATGTCAACTATTCCACCAATTATTCCATTACCATAAATTCTTTACAAACACTAGCTTAAACCTATTATT
TATCAGGTGTCATACCTGCAGGTGACACTGGTAAATTTTAGGACACCTAATGTGGGATC[A/G]GGGTTCTTGTGTGT
TTGGCTGCGCATCTCATCTGACAAATAAGWGTGTTGTTGGTGAGCGGAAAGTGAAACAGGGTGAAGCTTATGATA
TTAGTGATTCAGCTTTTAGCTTAGCACTCATACCAGTCATGATGACAGTTTTGAAAGCTTCTGAGTGTTTCAAAATCT
TCTGTGTGTGTGTGTGTATGTACGCATGTGTGTGTGTATACTGGTCAGCTGTGCATACCTTTCTCCACCAGGGCCTG
TGGTTTCTCCCAGGTGGATTCCAGTGTTCGGTTATTGTAGTAGTATGTTTTC 
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TAGTCTCAGCAGCATTCCATCTGAGCTAGAGAGCCTCTCAATGGTGGTGCAGAGAGACAGAAGTCTACTTTCACAG
TAACACTGCAGGAGTCATTGATGGATTGTTACAACGTGGCCCTTGACTTGTGACGTAAATCAGGCCAATCTTTACAG
AGACAGATCCCATAAAGCCGTTGTAATGGTCAACAGGCAGCTGCAGCACAGAGTAAAAGAAGAGGTGTCTGGCCC
ATGTGGACTGCTCAAGTCGACCTGCAGGCATG[C/T]TGTTTCTCAGGTATGTGTACTGCTCATATTTCCCTCAATSTT
GCYTAARGATGTGGTGAGAGCAKATGACACTTAGTAGTGTTGCACACTTACACGCTGGTCAGACTAGATTAGATCC
AATTCACACAGTCCTCTGTTCCCACCTCATTCTCAAGTGGGAGAGGGGAAAGTGCCAGAGAGATTTCATGCCTGAG
ACAGAAGAGTTACAGTTGCATGTTCCCTATAGACAATCCTAACCAGCACTCAGTGCTCTATCCCACCGACGCATGGT
GACAGCATAAAAATGTGAATCTGCCAGCAAAGCAGGGAGCTAACTGTGACCCAAAATC 
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GGGCGAATGGGAGACAGGAGGAGAGTAAACTTCCCTGAGGCCAGTGACACGAAGCAGAACAGCCATTTTACTTG
ATTCAGTCAAGATAATGAAAACAAGAATGGAGCACTGTGAATAAGCTGGGCCAGCACAGTGTGTAGTACCATTACT
GAAACCAAGGGTACATCACTTATTGTACTGCAAAGAAATGATCAAGGTCAGCATAGTTTTATAAGTAGTAATAATG
TGGTTGAAATCTATATTTTTATCCTGCAGGATCAGAAAGGTGTGGCAGAAGAGGAAATGTGGAGTCAAATTTGGCT
GCCTGACTATCTCCCACAGTAYGGTRAGGACTAWTWM[C/T]CGACACTGTCCTCTCAAGACGATACATAAGATCAA
AGTGCATTTGTCAATTGAATTTTGCCAAAATTCTTCAATACATACTGACATGATCGTGTGTGTTTGTCTTCAGATCAA
TCGACCGCCAGCCAAATTGAACCTCCTGACCTGTCAGGTGCGGCCAGACCCAGAGGACAGGAGGACCTTTGACCTG
GTCACTCGTAGGTTCATTCCTAACTTTTGACCCTTACACTTTACCCTCAACTTATCATCAT 
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CTTTAATGTTGCACTTTGACAGTTTGAAAGTCTTTACATCATTTGTTCATTGTCTCTGTGTGTCTACAGTCACTTTGTT
ATATTTTGCTTCAGGCCCTTACAGTGATAGTTTAGATCAGTTTAGATGTCGCTCTGTGTCTTCATGTTCCAAACGTCA
CGTCCAGGAAGTCTGTGCAGAAACTGGAGGACGACGTGAAGCAGCTGAAGGCTAAACAAGCTTCATCTGATCAGA
GAGCGACAGACCGACACCTGCAGGATCAGGTCAGACAGGAAGA[C/T]GCGTCGCTGAGGGACAGTAGAGCKGAT
TGATAYGKTGTTATTATTTCCTGCTGYGCTCAARATGAAATGTCTGGTTTATATGTCAGTTTGCTGAACAGTAAGCAC
GTCAGTCAGCTGATCATCAGGTGCCTAAAAAGAATGAACGACGAACAGGAAATACATTTTAATAAGTCACATTTTCT
TTACACAACACACACTATAAACATTTTTGATAAGGTTCCATTAAATCATTTTGTTTAATAATTGTGACCCAGAGATGT
GCTGGACAGGATGTTTTATATCTGATATATTGACTTTTACCACCAGATATCAGT 
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TTAAAATTAAAATTAAAGCTCACCAACACAGATTTATCTGCCTCTGAATTACTCAAATTTTAACTCTCTGCACTCTTAC
CACTCTGGTTTGATGTCTGTGCAAGTGCGTATGTAGTTCTTGGTGGTGAGGACAAATTCATTGTAGAGCACCCATTC
GGGCTTGTGGTCCAGGACTGTAGACGGGTGCAGTTGGACCACTTGGTTGTCTTTGACTGTGAGGTAATGACCTGTG
CGCTCCAAGTGAGCCACCTGCAGGATGGAAAACAAGAAAAACAGATGAACTTCAACGAGGCACAGATGGAAGTG
GGTCCR[A/C]AGATATCTCTGGTGCAAACTTAAGATMCTTCCTGACATGATGGAGGAATGAAGAACTGAGTGTGTG
TTTACCTGCATGAAGAAGCCGGTGCAGAGCGCTCTGCGGATGTTGATGTAGTAATCTCTGCTGGTAAACTCTGTGC
TTCGGCGGGGCAGGTTGAAGCGGTCCATGATCCTGGACAGCTGCTGCCGCACGTTGTCAGCAGACATCAGTGAAC
GGTAGTTGACAAAGTTGTCATAGCACCACTGGTTAGACTCGTGGTCTGGAACGGGGACAAGAAGGATTAATTTGG
TTAATTATCATGTCTCTACACTCTTATCTGGCATGAGTAAACACTAATTTCATAACAGATTTAAAGCTGCACTAATCA
ATAACAATGGATCAAGTTGCTATGTGTAATGTGTATGGGGACGCATGTAAAAATGAACGCCTTAGCACTAAAGAGC
TTTTTAGTTTA 
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GACTTGAAAAATTGTGAGCCCATCCTTTAAGTTGATCACTTTCACCTCTGATATCAACTCACCATTGCCATTTATAAA
CTATCCTTCCATTTTCAAGTATAGCTGGAGTCTATCCCAGCATGCTTTGGGTGAGAAATGGGATAAGCCCTGGACTG
ATCACTAGTCTAGTCTGACACAAACAGACAAAACACACCTGCAAGACCTGCAGGTCTTTGCTCTGTGGGAGGAAAC
TGCTCATGMTGAGCCACCATGCTGCCATGAATAAACTAGAAAACAGTA[A/T]AATAKTTAYTTTTAATAAAGACAGA
AAATATATATACAGTATATGTTAGCTGGAGTAGTAGTAGAGTAATTTTTTATTGTTGAAATCAACATCTACCTATCAT
GCTGTGGTAGTGTGTACAGATGGTCACAATCTACTGTATAATTAAAGTAGAGTAAGAGGTTTACCTGCCACAGTAA
AGACATTTTAAAAAGGTTTTTCTTATnACTTTCAAATGAAGTTATGACACTCACATACATTATGTTAAGTAACCAGGT
TCCTTA 
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GTTCTCCGTCTTCCCGCTCCTGTGTCGAGCCATCTCTTCTTTCTATTAAATGCTTCAGTGGGAGTTACAAGCCACTCCA
TCATTTCCTTCCCCTTTGATCGAAGCTGATGAGAAAAAAAGTCTCATTGTGCAGGGACTCAAGGGTGAAGAGGCTG
GACCCCCGGGGTCAGCTCCAAACTCACGCAAGTATTACATCATGTTTATCTAGGACGGGGTACAGACTCATCCCTAG
CCATATGTGCCAGTGTCCTGCAGGA[C/T]GACTTTGATCTTGACTACCTACTGCCCTGCTGCYTCCCCAGGGTCAGAT
ACAAGTGAAGGCCATAACTTCTCTTAGATTAAAGCTGCTAAACCCCCTTCACCAGGGGCTACAGATGCTATTGGCTG
CCCCCTGACCTTTGACCTGTCCCATGCGGGCTGAAAAGAAAAATATAACCCCCCCCCTGTTATCTACTCTTGTGAAG
GGACAAACAGCAGCATTACTTCGAGTCAAAGGGTGATGTGAAAGCAAGTGAATGTGAGATCTGTTTCTGTTTTAAT
CCGTCTCTTTCCGTCTCACTCTGACCATTTTTTTGCCGTCAAGGTGATGTTGC 
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GTGATACTGATTGAGCCGCGAGCCTTCCTCTGCCACCACCACTGACTTGGCCGCTCCCTGAGTCCATGTGTAGACCA
CCTCCGAGACTGGATACGCATCTAAGAACACAAGACAGGAAGACATACAAACTTTATTTTTGCATCATCAAGAAATT
CAATTTTTACAATAAGCACTCTGTTACAAATATGACTTTGTTTAAATTTTAAATTCAACTGTTTTGCTTGTGATATCAG
GAGGTACCCCACAGACCTGCAGGTCAATA[C/T]RGCTGCATTAATCTCTATGGACTCAACWKATTTWWAGCCRAA
CAAAGAGAAAACATAACAAAGRAGTTYATATCATACTTTATACACTAGTGTGTTACAGACGCTAGTGTAAAAATATA
ATTGGAGATTCACAAACATCAACATTCTCAGCATTCTAAACACAAGGTCCTCTTACTTACTAGCTGTTCCCAGAGCTT
TTGACAATATTCCACTGTCAAAATAGTAAGTGGACCTTGTTTTTACATTCTTCTAGAGGGTTGCACTACACTATGTTG
CACGTCTTACCGATAGTACTTGATCTGTTTCATCAGGTCATTCAGATACTGA 
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TCACGCCTGCACAATAGAGTTGCATTGATTTTGTATCTTCTCCTGTCCTGCAGGGAAAACACATTTTTACTGTGTAGT
ATTCATWAAGRGA[G/T]GCATAACTGTTGCTAATAACGTATTGAAATTATRTTCMAGCTCCTAATGATGATGCAAG
CTTACAACTCCTCCATTACCTCCTAAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTGCTCGTTCAGGTGAAGTCGGCAGGTTGCAGGTGTGTGGTG
TCAGAGAGCACCAGGAGGAGCGCTGACTGAGTACTCAGCCCGGCTGCGTCAGAGTTTGGCCTGCAGTTCTGGCTA
AATCTCAGGACCAGCAGTTTATTTTTTGAGCGCCCGCTCCCAACCGCAGCAAAGTTAAAACTGACTGCTCCTGCAAG
ATTTGCGTTGGGTCCCGCGGGACCCTCGGGATCCCAATCCCAATGCAGTCCTCTAATACATTGGACTCTTGGCTCCA
GACACACCTCCCCCACCTGTTATTAGATCATGAGGAAGATGAAGGA 
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ACTTATTTATTCACTATATGCCTGTTTTGTGCCCTGAAATGCAGAGTACTGTGGAACATTCTGCTACCCAAGTGTCTC
TCAGTCCCCCTACCTCCACACAGTAGGAGAGAAGCTACTGCCTGGCATTGACATACTATGGACAGGTGAGTCTGAC
ACTACTTCTGTTTTTATGCGTACAGTAGTGAAGTAGCTTTAACAAGTAACCACTCAAAGTCAAGAGAAAGATTCACT
GGGATGTGTTTTTTCTTCCTGCAGGTCCCAARGTGGTGTCCRAAGACATCACAGTAGAATCTATTGAGGAGGTATCY
AAAATCCTAAGAAGAGCCCC[A/G]GTGATCTGGGACAACATTCATGCCAATGATTATGACCAGAAGAGGCTTTTCT
TGGGTCCGTACAAGGGCCGCTCTACCGAGCTCATCCCCAGGCTAAAGGGAGTCCTCACCAACCCTAACTGCGAGTT
TGAGTCCAACTTTGTAGCAATCCATACTCTGGCCACATGGTACAAGTCTAACATGAATGGGGTGCGAAAGGATGTG
GTCATGAGTAAGTATGGTCAAAATGTTAACTAATTTGTAAACTGTTCTTTAAAAAAA 
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GTTCCTCCTCTTTTGCTCTCCACACAAGACTGTTGACCTGCATGCAACCAAAGCCTGCTCAAACGCGATTGGTCAATA
TTACACGGACTACAAATGAACTTTAAAAAGAAACCAGAATGCTTGCAATACCAAAATCTTATCCTGTTGCCTACAGA
TTCTGCATTCATATGCAGATATCCATTCATAGAGATTAAAATGTGGCTAACATACTATAGGTGCTAACAGTAGCTGG
CTAGTAAGCAAATGTTCCTGCAGGACACTCYGCATGAAGCCTTTATTCTGTCTTGAGC[C/T]TTCAGTCCTSCAGCTC
GGCTTAAAACCCTGTGGAACTGCTAATATTCACTGCCTAAGTGTAGACACTGAGACAAAATCCTTACTATGAACAGA
GAGGGAACAAAGTTCAGACCCAAAAAGCTACAGAACACGAGTCAGTAGCTCTATAGTTATCCAGAGAGAGACAGA
GATGACACAAGCTAAAAAAAAAAAGAAAGAAAGAAAAAAGCACCATTTCATGGATCAGCTGTAAGGCTGGGCGAT
TAATTGAATTTAATTTTCAATTATGATTTTGGATTCCAATGATTATGAAAACAAGA 
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AAGCCATGTGCCTTACAGGGAGAGAAGAGTCATGTTCTTGTTCAAGGATTGTTTTCCTAGTCTCATTCAAAAATAAA
AGGCAAAGATCGTGTTCCCACTGCGCTTTTAGTATATGTATTGAAGGTTTAACTATGATCTATCTCTTCATCTCAGGC
CAGTAATAGTGCCAGTAATTCATCAGGGACCTAAATTCAGGCTGACAATAATGAGCGTTGCTGAGGAATCTGGGTT
ACATTCGTGTGATGAGGCCTGCAGGTAATCTGGCAGACTGSGACAGGATCCTTGTGCACACTGATTAAAAGAAAGA
ACTCTGTSYAACCACAARGTTTTGGYTGT[A/G]TTCAATACTCTTTGTGGCCAACTCACCAGTAATGAGAAAAACTAG
CACACTGCTGCTGCCTGTGTTTATATCATATCCTTTCTATGCCACTGGTCATCACGCTCTATTTCTACCTATCTCAGCT
GAACTTTTAAATGTAAGGATTCCCATGCCGCCAAAAGAACCGCAAATGTTTTCCACACTAAAGTGTAATGGCTATTT
TTACTCATGCAACAGAGAGCTGGATGTGCAATTGTGTCAATTGGGTCAGAGG 
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TTAGCTGATTTAAATGGTGATCTTTTTTGGATCTAATATTCTTTAATGATACCAAATTAACGCATGATGACTCTACAT
AGCTGGAAGATCTTTGAAATGATAAAGGCACGGTGCGTCTAGATATTATTAGTTGCTGTAGTTGGAGAGCTGCAGT
TATTTCTGTTTATTGCAGAAATGAATGAATGTTGTTGACGCATCTCCTTAGGCGGAAGTGATCCACTGTGCGACACG
TGCTGTCTCCATAGAAACCTGCAGGTTGTCTGTGCTTCAACACTTTGCTATATAAATTCCTC[C/T]GAGACCTGATCT
GTAGCCCAGATGAGAAGAGATGAGAAAAMASAKCGGCTGAAACTCAAGGAGGAGTCTGCATCCTCAAGTTGTCAA
ATCAATCAGGCATCTGTATGTCGGGTGAACTCAGTGAGAAAGCTGCTGCATATAAGTCCCCTGCATCTTATATATAT
GTGTGTTTGTGTGT 
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ACTGGGCTGTTCAGCCACAGCAGGCGCTGCAACTCAACCACAGACTAATCCTTGGTGCATACTCCATTGTCTTGTGA
GACAGAAGGAAGCCAGTGATGCATTTTTTTTAGTGGACTCAGTACATAATCATTAAAGTATCATGGGCCAATCAAT
GCATTTATGAACAGTTGTTTGATATTTGATATGAAATATGAATCTTTACTGTCATAAATTTTTAAAAGGAGAATCCTT
ACCATCTATTTTAGATTCCTGCAGGGGTTAWTAGGG[G/T]CATTTACCTTACTGAAGTAAAAAACCTGAGCRGTATA
GTGGTGTCCGATAATTCATTGCCAACAGAATCATGTACTCAAAGTATGTTGCACAAGTGCTGTGGATAAGAAAATA
CAGGATCATCACTTGCCTCACCAGCTTGTTGAAGTTCTGCATTCAAAACGTATGTAACAGTTAACATTTTATTGGTTA
AATGTAGTTTAAATATCATCAGATAAAGTCTTCAACTGTTTCCTACTGTTGGAGGAAAACCTCTGTTAACATATCGTT
AAATTTAACAGAGCTGAGCTTACTGTTAAACATCTACTCCTTTCTTGCCTCAG 
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GCTTTCGTAATGAAGTTGTCGAATGACATATTCTTTCAGGACCGCGAGAGGCAACAGGCCCAGATCGGGATCATGG
TGGAGTTTGCTATCGCTTTGATTGGCAAGTTGGATGGCATCAACAGACATTCCTTCAATAGCTTCAGGCTTCGTGTG
GGTGAGTGCGCTCAGCCGCTTGGCAGCTTCAGCATCGAACTTTCATTGACTGAATACTGCACTGTATCCAGCTCTGT
TAGTGCTGACACAATAACCCTGCAGGTTTCCCTGGTTACACTGTGCATGACTGGCACTTATTTACTGTTCTTGYAATG
AGAGCAGAAGCATTTACTGA[A/C]AGTCGATWVWHTAGCTGTCATGTCACACTCAGGATCTTCTTAACTGAGTGA
AGCCATCTTTTATACGCTAATTTAATCTTTGACAGAAATTTGCTGTATACAGTATTATTAGTAGAGTGGCAACACAGT
ATCCACCTAACGTGAATGGTCGGTATAAGCCTGCCCCATATACTnATGTTATACTCAAACAATGAGACAGACAGAAA
AAATTCACCTCTGTCTATTGTGTCTGCGGTCTTGACACAGTCATCCTCAGCCAGA 
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CTCGTTAGAGCGGAGATCCTGCAGAAGCATCTAGTTAGAGTAAGCATGTCAACTACTGAGATAGAGGCTGTTTGCT
CTTTTGCTTTTTTGGCAGGAGAAAAGAGCTTTTAACCTTTTTTTTTTTTTTAAAGCCAGAAGCTGCTGGCAAGATTAT
TGCTGACTCATAAGTATTGATTAGCAAACTGTGCTGCGGATACTTTAGTTTCCCTCCGAGGGATTCAGACTCCTATTA
CATGGTGGGAAGTTTTCCTGCAGGS[G/T]AGATTGAGGAAGAGCATATTAACCTAACAATAAATATTGTGACAAAG
TTCATTCCTACAGYTGRAGATSTKAGCTGAYTGATATCATCACCTTATTTGGATGTTTCTTCCTTCCCTGGTTTAAACA
GAAAGATACGCTGTGACCAAACCCTGGAACAAAGCGTTCTTCTAATAGTTTCTCTGAGCATCCTGAACGTCTAAACA
GGTACTTAAAGTACACGACGGCTTCAGCTGTTACCAGTAACAGTGTAAAGATAATAAACACAGTAGTGCTTTCTCTG
CACTAATGTAACTTGAAGACTCTTCCTGATTCCCTCCGCCGACAGCGACAAGACATTATAACCTATTACACCACATTA
AAGGTAATTAAAGTGTCAGTTAAAGCAGAACAAAGTTTGTCAAAATAAAAGCATCACCTCTGACTTTTCAATTCAGT
GCATTAAAAATCTGGAAAAAAAAAAGTATTTAGATTTCCTCGGGGGGTGAAAAAAAAAAGCATTGTCACACAGTTA
T 
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CAAAAGTTGGTCTAATTGTATTGTACGGTATGTGGAGCTGTGTACTGTATTTTGCACCTATGTCCTTTGTTTGTATGC
GGTGTATAGTTACAACCATTCCATCTGTACTGAGATTCATCCCACCAGCCTAGCAATGTGGTAATAAAAGGAACTTG
AAACTTGAAAATGTGGTCTAACAGCGTCTTGCTCACAGGAAAATGAACTGGAACCGTCCTGCAGGGAGATYGCTCT
GCCAAAAGTCTGTTC[A/G]GAGCAGCTGARATCCAGAGAGCAGTTAGCTCACTGTGCATTAGTCTGTTTAATGTWA
GTGCAAACAACTTCCTCAACAGATGAATCCTTGGTTATTTTAGGGATGATCATTCAGTGATACTGTTTATTAACTTTC
TCAAGCTGCCACATCTATACAGAGACATTTGATGTCACCGAAGTCGCACATCATTTAGCATCTGCTATAGTGTGCTC
ACATTCAGGTTGTGCTCTATCATACGGTTCAGGACACATATTGAATGTGATAAAAATGTGTCGTATCGTGATATAAA
TGATATCCTGATGTAAAA 
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AGCCTCTGACCAGGCGTTAACAAAACGCTGCAGGCCGCTGACATGTTGTAGCACTTCCTCCAGTTTGCGCTCATCCC
CCTCTTCCTCCTCCACGTCCTCTTCTCTCTCAGTGTGAGGGACGTTGTCATAAAAACTGAGCCGGCTGTCCACAGAGC
CTGAAGAGCCACGACGCTGACGTCTGCTTTGCCGTCCTCTGAGGATCACTGAGTTCCCATTATCATTTACATTGTTGT
TGCGTGAACTCCCGTCCTGCAGGGCTTTGGGGAAAGTTCCGGGCTTGTGACCYTCTGGTAAATAAAAGAARATCAT
RCTGTCCTCTTCCTCCTCTTCCTSYWCYYC[C/T]GCTTGTCTGCTATTGTCTCGAACACTGCGGTTGTTCCTACGGTTCT
GCTCATGAACTGTCATCCCATTACTAGCTTGGCATGGGATGGCCGGGGCAGATTTGGGTGGGGGTGTTGGCTGTC
GGTCTGAAGCTTGCTGGGGAACGCTGAAAGGATCAAAACCCTCTAAATACATTCCTCCTCTCTTACTAGAGCCTGCT
GCTGTGCTGTGGCTGCGAGCGCGAGTCACTGGGCTTGGTGTGCTCACTGCACTTCCACTGCTGGCTTCAGATTGGC
TGCTCCCAGTACTTCCAGTGCTGCCATTACTGGTCTGAGTGGAGTAGGATACGGAGCGATTCCGGTTAAGTGTCAT
AGTCTGAGTAGGATTGCGGTGGTGATTGAGGTTCTGGTTGAGGTTGATACTGGAGATGTCCACACAGTTGAGCCTC
CG 
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TTTTAACTAAAGATTCATGAATCATTGATAAAAGATGTGAAATATGTGAATAAGTAACATTNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNATATGTTTTATTCTTGTTATGGAAGGAATACTTAAACTAACCACAAGCTTTGTTTCATAT
ATTCTTGTCCGTTAGAGTACCTTGCAGAGGGTGCAGAGCACATCTATCGCACCAACACCTGTCCCAAGTGTCGGCGT
TGCTTCAAGATGCGCTCCCACCTGCAGGAGCAYCTCCA[C/T]TTACATTTCCCTGATCCCAGTCTCCAGTGTCCCACC
TGTAAGCGTTAYTTCACMAGYAAGAGTAAGCTACGCATACACAGACTCCGTGAGGCGGGTGAAAAGGTTCATCGC
TGCCACTTGTGTGAATATTCTGCTGTGGAGCGGAACGCAATCCGCCGCCACCTTGTCACCGTGCACGCCGACGAGG
CAGAAGATGACATCAGCTATCCTTGCCCCACCTGTGGTGAAAGTTTTCGCCAGAGCAGGTTGCTTAAGGCTCACAT
GAAGACGCACAACATCGCGCCAGATAGCGAGCCGGTGGCCTGCTTCCACGAGGGTTGTTCTTTCCAGAGTTCTTTG
CGCAAGGAGCTTCTTAGACACGCCGCCGAAGCGCATGGAGTCAAGGCCGTAGAATGCCGACATCACGCCTGCGGT
GCCGTCTTTCAAAACGAGAAGGACATGGAGGCTCATTATCGGACGCACCTCGCCTACCACTGCTCGCTGTGTGATTT
CTCTTGCTCCAA 
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ACCCGTCCAGTTCTTTAAATAACATGGTGACATCAGGAAACGGAGCACATGACCTGACCTCAACTCATGACTTGGA
GCTCCACACCAGCAGGAAGTGGAAGGATATGACTGAAGCTGCTTTGCGATTTGCTGTCATGGATCTGTTTGGTCAT
AAACTTGCAGGTATGTGGCGCTTAGGCAGTGCCTGTGTTTTACAAATGTCATCATTTGTATGCTGCAGAAAAAGTTA
AACACCTTGCAAAGAAACACCTGCAGGCCAATCAGGKG[C/G]TGTTCTCACTGGGGAATTGAAACAGTGAAGGGA
GCTATGTCTCAGGTTTTACCACACYGAGGYAGCTGCAGATTATATTTGAGATTAAATAAAATGATGTTGCCCTTATTA
TGCCCTGCTATAATAAGTTACAGTTGCACACTCACCTTTAGCTCCCTCTCATGGTCTCCGCTGCAGAGCGTGTTCAAG
GAAACTTTGAAGGACTTCCAAACTGGGCTCAGGTTGTTCATGACTGTCTGCGCGTGCACAATACACAAACATCACA
GTTATTATTAATCACACACCTCAAATAGTCAATTACATCTATATGTGTTTGCATGTG 
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GCCTTTAACTGATTATCTATTTGTCAACATTTCTCACCATTTCCCCTTTTCAAAGCCCAAGGGAGGTCTGAGAATATT
GACTTCCACTCCTACTGAATGTAAAGTCAGATCCCAAATTGAGTGCAGAGCCTCCTCTCCTGCCAGGCCTGATTCTA
GACCTTCAAGAGAGGCTCTAAATCAGCTGAGTATTTAAAGATCGACCCTATACACTACAATAGTGTGTCAATTACTG
GCCATCTCATGTATAACCTGCAGGAACAGG[A/C]TGKGAWTGAGGAGAAACRCTGGCAGCAGTTGACTGGAGGA
GGCTATAAGCTCAGGCAGCACCATCTCACGGWWGAWYTTCCCTTCATTGGTTATTAGGCAAAGTGTCATTCCTCT
GTCCTTCCCGTGACCATGTTTCTGGCCGATTTGAAACAAACAATTGAAAGAGTTGAAAGGCTTAATATGATTAAAAA
ATGATCAGCTACGTCTGTGGCAGGAGCCAGTGTGCATAATTGGATTACTAATGAGGAACGCAAATGAATAGTGGT
GGGGCAAACAGAGCTCTGGACAGACCTGGATGAAATGTGATTTCTATTCTGATGCAGTGG 
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CAGTAAATACACAGTTCCATTATGCAAAAAGTGTGGTAACAGCATCTGTGACTTTTGACCTTTGTGTAATATAAAGG
CCTATTTTTATACAGTCTTAACCAGTGGAAGCAAACCATCATCACCTGTCTAAAAGTTTGACAGAACTCAATGAAAT
GTTTTATAAAATAGAAAGTTACTTAATTTACTAGTTTAGCAGAGAGTACTGTATAGTTGCGTAGTTGCAGCTTTTTCT
TGTCTATTGCTCCAGTCCTGCAGGTGGCGGTGATGCSCTTWTAAGCTGCTTTGCTAACCGCCAATA[A/T]AACCGAG
GCAGAAKAAGATATGATTCATTTCCGGCATAAACAAATAACTGCCCTTGTGAATGTTAGTTTCTGTCGATAACTTTA
ACTGCCATAATGTGTGTCAGAGTCTTTTAAATCACAGGACAGTTTAACTTAAACGTCTGCTGTTAGAAACGGACTTA
GAGAATGGCGGCCCCGGCCCATGTTTCCAGAGTCCGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCCTGCC
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GATAGATTTAAGAGCCCTCGGTGACCAGTATGTGAAAGACGAATTCAGAAGACATAAAAATGCATCAGCCGCAGA
GGTGACGAACTTCATGACAGAGTGGGAGGTAACATAACATAG 
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TTAATGTTTAATATGGCTTTTCTGTATATGACAGTGAAATACCTGTATGATCTGGGCGGCGCTCTCAGGTGTACCAT
GTCTCAGGTCATGTCCGTTGATGGCCAACACCTTATCATTATTCCTCAGTTTTCCATCTTTGGCTGCCAAACCACCGG
CCAGCAGGTCCAGGATGAAAACCCCACTCTCATCTGATTTGCGGATGAGTTTGATGCCGAGCGGTTCGGTGCGCAG
ACTCTTCATTAGCATCACCTGCAGGACYGTGCCAGGGTTGTGATTGGAGGTAGCGTTGCCATGGTTACTGTGGGAA
GGCTGGG[A/G]GGCAGTGGRAGTGTTGGAYRARGAAGGGTGATGATCAGAGCGTGGATCTCTTGATTTGAAACCT
TTCTCCTGCATTACAGTGAGCCTGAGAGGGCCAGGCTGCCTCAGCACTGCGATGGCCCGAGCGTGAGGGACAGAA
GCCAGACTGACGTCATTCACCTGGAAACACGACACCACAGATGGAAAAACAAGAGAGTCAACAGTCTACCACCAAC
AAGTCAGTACATACTGAACATGAGTGCCACTATGGCAAGTTATGAGAAGTATTACATTAA 
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ACGGCAGTTACGTTCTAAAGCACAAATAAAGACGCCGACACCTCCGCACAACCCTGCAGGAAAGTGCAGCATTGCC
AGATTTTGTGTGATTGCAGAGCTTCATCCTGTCTGCTGTGGCCTCTCTGCTCT[G/T]TGTGTGTATGTWGCACGCCG
ACACCTCCGCACAACCCTGCAGGAAAGTGCAGCATTGCCAGATTTTGTGTGATTGCAGAGCTTCATCCTGTCTGCT 

G
B
YP
-
R
A
D
_2
10 

TCGGTAAGGCTTCGGGGGAATCTCCTTGGGTACGGCCCGGCTCAGGGTCGCAGTGGAGGTGTATCCCAGCTGGCT
CATGGACTGGCCCATGTTCTGGTAGTGGGACAAGGAGCCCAAGGAGCCGGGAGTAGCGGGGCCCAGCTGGGTTA
GAGGGCCCGAGCTGAGGGACGAGGCCACNNCCGGGCCCGGAGCCCATGGAGGCCAGCGGGGAACTGCTGAGGC
TGGAGGTGGAGTACGCCATGTTCATACCTGCAGGGGAGGCRGTGGCYGGGTTCAGGTTGATGTA[A/G]CTGGTGC
CCATGGAGGCCATGGARCCCAGACCAGAGTTCATGGTGCTGGGAGAGGAATACATCTGGAGACAAAGAGGAAAA
TCTGGTTATTCACAACAAAACACAGAGGAAATAATAAGTTTTAAATGTTGTGCAACAAAAGTTACAAGCAGTGAAA
ATAATTTTAATCTTGAATTTACTTTTGAACATTTAGAGAACAAATAACATGAACTCCTCAGTAGTTGATATAAATTTA
AATTTCTTCTGTGAAATGAATGTTTGAATGTGGGAAGAAGACTGGTTAGACTCTCCATTTTAAAAGTGACTCCTTAT
CAATGCACAATGAAGCTCTCAGTGCGCGGAGAGAGGACATGGATTTCACACAGCGATGTTAACCTGAAAATGCGT
AAAAAGCGCGTCATGGTGCCTCTCGGTTCAGACGGCCTCCTCCTCTGCTTCCATGGAAAAAACAAGTTGTTCAGTAT
TTAAGCTAAAGTGCAGAAT 

G
B
YP
-
R
A
D
_2
11 

TTAGAACARCTGTTTGTCAATCACATTTCTATCAAACCATGGAGTGCTATACCACGTTTTGTTCAGAAGAATGAGGC
CTTTCTGGTCAAATCAATCTCACAAGTAATCGGAAATATCTGAAAGCATGACTGCTGAAATAAAAAATACCTGAATT
TTGACGAATTGGGAGTTTTCCTGAGTAAACAAACGTCATATTAATTGATTTTTGTTTAGGTGTTATTTTTATATGCCC
AGACATGTCTGCCTTGCCTGCAGGTCRYAAGAGGTAATGAATATCTAATCACAGTGGCCCTYGGTGTGTAGGTGCA
CRTCTKTTATTCTCTGACAT[A/G]TAAGCTCTGGTGGCTCTGTCGTCGTTTTTATTTTTTTCTGCTGTTTGAACTCTCTC
GCTTCCTCTTAGTTGTTGGATAACTGACAACACGCACGCAGGTGTTTGTCACATAGAATTATACAAGTTCACTTCTTG
GAAACGCCACAATATCTAACCTCATTGTTTTTATACAGATCAAAATGTAATGCCTCCCCTCCCCCTACTAAAATGAGG
CATTTTAAGACCTTGAATTACCAAAAACTATGGTAAGACTCTGTAAAGATTCACAGGGACTCTGAATGACAGCTGAA
GAATGAAGATTTTACTACGAAATATTTCCTGCATTCACTCATGGAAACCTGTGACTTATGTTGTTTAAATTCATTTTG
GACCATCAGCCTTTTAAAATATGCACAAAATGATTACAAATTCCTTTAAGGTGCTGTAGACTATATCTTTTTTT 

G
B
YP
-
R
A
D
_2
12 

GATGGAGAACATGTAAATAATGAAGATGCTCCCACATCCTCTCTGCCACCCTGTGGTGTAGGATTCACAAAACTCTT
CCTGGCTCCGTATGTCATCTGTTCACACAAATGTTAAGCAAATACAACACAGACATGAACACACATTAGATATTTAC
ACGAGTAATACAACTCTAAGTCAAGTCTAGTTCATGTAGAGACCACTACACACACTGTGACAAAGCAACATTAAGT
GTGTATACTACTTCTCGTCCTGCAGGAACTTGAGCAGATGAAGTCTCGTATTGCCAGGGACGAGGTGAATGTGGAG
GTGGACTCGGCCCGCGG[C/G]CCAGAGCTRGGATCCATTCTGTCTGACCTGCGTACCCAGTATGAAGCCATTGTCA
AGAACAACAAGGAGCATGCAGAGCAGTGGTATCACAAGAAGGTCAGTGGCCATTTCTTTCTCATGATGAGATAATT
TTCTTTAATCAGTGCATTCACTGAAATATTTTGGGTGTCATGTCCAGCTGGAGACGGTCCAGAATGAGGTGAAGGA
GAGCAACGAGGCTCTGCGAGGAGCCCAGAGTGAGTTGACTGAGAGGCAGCGCTTCCTGC 

G
B
YP
-
R
A
D

ACGGCTAGTGGCCCTGGTCTAGAGCGGGGCAAGGTCAATGAGGCCGGGTCCTTCACGGTGGACTGCACTAAAGCT
GGGGAGGCCGAGCTTACCATCGAGATCCTTTCTGAGTCCGGATCCAAAGCCGAAGTCCACATCCAGAACAACAGTG
ACGGGACTTATTCCATCACCTACATCCCATCGCTGCACGGCATGTACACCATCACCATCAATTACGGAGGCCACGCG
GTGCCCAAGTTCCCTGTCCACCTGCAGGTGGAGCC[A/G]GCTGTCRACACCAGYGGGGTCAAAGTCTAYGGACCAG
GAGTGGAACCCAGRGGTGAGGGTCTRWAGATAKCTYYKTATGCAGTTACAGGGTTTTCTTAGGGTTAAATACTCCT
TAAAATTTACAAAATAGCATCACAAGAACTTCATTGTTCAACTAGAATATTTTCATTGTCTACCAAATGTTTCATCTTC
GCCTCACCGTTTATAAGTTATTGGCTAAAACACAAAGATTTTTATAATTGGCCACAAGGTGGGGCTGTTGGTGCCAT



 

 

311 Natalia Díaz-Arce 

_2
13 

GCTTCAATATGTTGTGCACATGCTCAGGGAGAAACTGTGTACCAAGTTTCATTTTATTAAATTAAGGTTCAAATTCA
GGGGTTCACCCACAAATTTGGGGTCAATATGATTATATTAATGGGTTGTAAGTTTTTACAGGCTGCAAATTGAGGG
ATATATGTTCATTTTTTAAGGGGTTTTTAATCTCTGACAAAGCTGTTGAGTTATTTGGTAAATTAAATTCCATTTATAT
CAGTT 

G
B
YP
-
R
A
D
_2
14 

TGAGTGTTTCTGTTTGAAAGCACTGGCAAGATATTTGTGCGTCTCTTTGCCAGNNNNNNAGCAGATATCAAAAATA
AAATCGAAATATTGTGGCACTCTTGTGAATTCCTGGCAGAGTTCAGGACGTTCCTCGCCAAACTATCTACTTGCTTTT
CATGTTTGGTAAAACTAAAATAAAATGAAAATGCTTGTGTTATTTTTCTACCGGTGCTTCTGGAGTTCTTGTCTTACC
GAGTTGGTTCCCAGGACCTGCAGGTCTGGTTCTCTGGACTCCAGCAGCTTGGCCACCATGTGCA[A/G]GAAACTCTC
CACGAAGGGTTTGATGCTCTGAGAGTGACAAGMYATCAGCAGCTGGTCCAGAGCCTCCATGGCTATCACCACGTA
CCTGAGGACAAGTCACGTACACTCAATCACCGGTTTCTATCAGGCATGTCAATGATTATCAATTCATTACTGAACTTG
AATCTTCAACCGAAGCAACAAGCAGCTGCTCGGTTAACGCAGGCTGAGAGCAGCGCTGAAGCTGCTAATCCTGCTA
ATCCTGCTAATGTTGCTAACGCTGCTAATGTTGCAAATGCTGCTAATGTTGCTAA 

G
B
YP
-
R
A
D
_2
15 

ACAGCAACTACAGAAAATAAACCTCTGACGCTTTCTAGTGACATGTTTCAACATGAACATGACTTTCATGTCTCTTGT
CTGTTCGGGCTGACCAAAAGAAGTCAACATATCAAGGCCTTAAAATAGTAAATCAGAGCTATTCAAACTGCATGCT
GGGATATGAACCTGTAACACGGAGGAATAACAGTACATGCTGGACTTTTCTACAAGTGTGACAGAAACTGTTTTCA
TCACCTGCAGCTAAAAACCCTGCAGGTGACCAGAACCAGGAA[G/T]GCCAAATCAACTTTCATATTATATTGTCAAC
MGTTTTKTTTRGCATTTTCAASCCCATAAGTCTAYTCTGTGTCAAATAAATTACATCATGTTAAAGATCAGCTGGTGC
TATTTTGTATTTTTGTACTCATTGGGGATCATTGCCTGTGTTTCTCACTGATTCCAGTGTTTTTAGACTCAATATATTT
ACATTTGACTAGCCCTCAAACCACTAAAATTAGTAAATGAAAGATTTTTCCCACAGGATTTGCAGCCTCGGCAGTTT
AAAGAAGGTTTTGGAATAGCATTAAGACCTCTATATTGGAAAATAAAAGTGAGTGAAAATGTGATTGCACAGTTTA
ATAAATAAAATCTATATAATTCCAAATATTTTAGAGACTTATTTAGGAGTCTGCTCGGGAATTTCTGAGCAGATGTG
CATGAGCTCAGTATCTGGCTGAACATCTGCCATGACGATGAAAGACAACTAAAACAATTGTAGTCTGAAGGATATG
TAT 

G
B
YP
-
R
A
D
_2
16 

ACACACACACACACACACACACTCTCTGGTCTGAGCAGTACCTGCAGGCTGTGTYTGTGGTTGCGGTTGAGCTCCA
GCAGACTCTCTCTGGAGGCTCGKGTRGACGGGGACAGMGAGAARGCTCT[C/T]TTCATGTTGACCGCTCCCTGACA
CAACTTCCACTGGATACAATATGTCTCATACAGCTCCTCCACCTGCAGAGACAACAGACAGACAAAGACGTTGTGTG
TTCAGACTGAGAACAATACAGTCAAACAATAATCTATTTCTTTACAGCTGCATTAAGACAG 

G
B
YP
-
R
A
D
_2
17 

TGAGCAGGGCACCGTATACTTCTGCTACATTCTCCGAGCACAGAGCAGAGTCTGTAGAGCCACTGGCGCAAGCACC
CGCCTTCATACACACCCTAATAAAGAATGAAAAAGAAATACGTTCACATAATAAAGAAAGACTCAAAGGGCTGCTA
AAGGAACTAAGAGATGTACTGGGGAAATTTGATAAATTTTGAGAAATGATACACAAAGGCAGCAGGGAAACAAAT
GGACAGACATGTCATTCAGGTCCTGCAGGTATAGTCAGTRAACTGTTTATTTTAGCCTTAGAAGCCTGTTAAAGCTA
GCAGRCAAGCAAGACAAAGWGAAGYGAGC[C/T]TGAACAATAAGACAATATGGAAAGAAGATGATGGAAGAAAT
ACAAATGAAAAGTCAATAAAAACTGATATGGATACTCACTGAGCAATTGCTCTGACTGCATCTCTCCTTGCCTCTGT
AAAATTCCCTTCTTTCTGACTGACAATGCACATCTGCTGAAGGCCATCTAGGATCTAACACAGACAAAAACACACAC
ACACACACACACCAATTTATACCTATATACTGAAGCAGTAAGATGTCAAACAGCTAGAAAATGTTCACAATACTTCA
AACACACCTGTTTCAGTTTGCTATGGATCATAAATCTTGGCAGACAGCCAAGGGCAAGGGCAGATCCACAACGGGT
GAGAATCTGTGGACTCTTCAGCCCTTCAGTGTACTGAGATACCAGGACAGCTACACATGTGCACACAAACACGCCA
TGCAGAGATTAT 

G
B
YP
-
R
A
D
_2
18 

CCTCCTGCACACTGGATTCCCACACTGTTATCTGGATGAATATACCTTTTAAATAAAATCTGAAATCAAACCAAAACA
ATACTGTGATAAAACATACTGACAGCACTGCATATGGAAGAACAAGTATTAGTTGTCACTCCTTACAATAACATGCT
GTCATATACACCCTGAGGCAGCTTCACAAGAACAAAGAAAGGTTCACTTCGTTTTTTAAAGGCATATCACAGTCACT
GTCACAGTCCATGGATCCTGCAGGGCAACATTAGTTCACTCCCCTG[C/T]CATGTGCCTGGAAATCTAACCCTTTGG
CTCTTGTMCCATAACGCATTAWGMTYKSARRMWSAAACCTAATCTTTGATATATGACTGAATCATTAGCATGCACA
AGTTAATACAGTGTCACTGTAATGTATTAAAACTTGAAGAAATGAGGTGTCAGCTAAAATTCTAGTTTTTAGGTTTG
ACATTGAAGATTGAAGACGTGGTATATGGCCGATTTTTTATATTTTTCTTAGCAAATCTTATGTGCAGAGCCAAACC
AAC 

G
B
YP
-

ACTTTCACACAACCCTACAATCATTACTGTCTTTATGAAACTTATAATATTCACAACACTATTAGAGAGAAGTTGATG
CAACCCTATAGTCATGTCTGAGGTTATAGTTAGTAGTGGTGTTGTATTACAGCGCAGTATATTGAAGATGTGGCTTA
TCAAGCCTCATCCACCTCTATAAAAGGGGGACATTAGAAACCTACACTGGCTTCTTTTGTCAAAAATAAACCTGACA
TGTGATGTTAATTTCACCTGCAGGTTATCRAAAGCARCCCRCAGACAGAAACTACAGCTTCAACCTCC[A/C]CCCTGC
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R
A
D
_2
19 

CYKGTGCTKCTGGGATTRACATCTCTCTCCRTGATGAAACCTCTGTGTGTCTGAGCAAGCCAGGCCAACTCGTCAGC
ATCCAACCACAAAATCACAGCAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNGCGAATCTGCGCCGGACACTGTCATCTCTGCCCACGTTCCCGCATGCT
CAGCCGTCATCTCCAACACCGTCAACTCAGCCTCCGCTCTGCCATGCGAGGAGAACGGCATCGCTCTCGACTACAAC
GAACCAGAGGAGAACCACTACGAGTCTCCCTGTCTGAGCTTGGACGTGCATGACGTGCAGGTGAATGTGGTGCAC
GTGGCCGAGGAGCCGTCTATCCTTAACCTAGACGGCCAAATCTCAGCACCGCAAGTCAACGGTGAAGCAGCCAGA
GAGATCACTTCTGCACC 

G
B
YP
-
R
A
D
_2
20 

TGCATTTCAGAGAGAGAGTGTGACAGAGAAAGCACTTCACCGTCATCTCTCTCTCTCTGCCTCTGAAATAGGAGTAT
GCTCTTTCTTTTTATTATTTCGGGTGGGGTTAACGGAGGGCGCGGGAGGGCTCAATGGTCAGTCGGCGCACACTTA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCAGCCTGCAGGTAG
AGACGAAACTCCTTCCAGCTGTACTGCAGATGCAGGCCGAACGCCGTCTT[A/C]ACCTGGAGGAACATGGASGAAA
GCTCCTGGATGTGGAAGATGTCTGTAAGAGATGGAGGAGGAAGACATTTCACAGAAGTGCATGTGCATATGATAC
AAACAAAATGAGGACTCCTTCATAAAAACATTGCTGCTAGTGGTCAAAAACCTTCAACAGGAAGTGAACACTGTGC
TGGATATTTGATGGATGATGATTCCTTGGGTAGCTGGATTCACACGGTCATAACATCACGTGAGAATCCATCTCAG
GCTTCAAGTTATGAGCTTGTGTCTGACCAAG 

G
B
YP
-
R
A
D
_2
21 

CCATGAACACTTTCTGCATTATCCATTATAGTATATATTACACATCGACCCAGATTCCAGGTTTATTTACACCACATTT
GATGTTGAAACACGCCCTCTGCTGTTCAAAAAGGCAGACGACAACTGGTTTAAACAAAAAATTTAACTATCAAACAT
ATATTGTGCTACATACTCTATATCTATGATAGCAGAAGAAGTTTGGTTGGTTTGAAACAACGTTCTATGAGTATTTC
GTTATGCAACCAAGTCCTGCAGGCTGAATAAGA[G/T]ATGACCTGAACTCATTCGCTAAGATGGACGTTTTTCCACT
GAGAGATGTTTTCGTTGAGAGAACCTTGAGTTGTGTAGTTGCAGGACAGATTTAGAAAGCTGTCTCTAAAGAGACA
GGTTATGATGTGATGTTGTGAAGGTCTTTCCTCCTAAAAATATAACGTTAGTTCAATGTCCTGGGTCTTTCTGACATG
ACAGAAAAAGTGGGATCTGTGCATTCACCACAAGGTCATTTATTATTGAGATGCTCATCAGGATGGACGCATTAGT
CCCACTCAGCAACCAAACCACGTGTTTCCTTATGCAATCTCTCTGTCCCAGTC 

G
B
YP
-
R
A
D
_2
22 

GGGGGGTTCCTACAACCCTTATAGAGATGTTAGTATGCACAACATCATTTGGAAATTCCCATTTACACAAATATGTG
GTTTCTTTCTTTGTTGAGTCCCTTATTAGCTGTATAGTCTGTATCTGCACAGTACAGGTTGAACAACTACTGTGGCCA
GAAAATTTTGAGATCATAACTTTTTTTTTCTCTCTCTCTCTTTATAAATGAATAGTTCACATTACATTATGCACAAAAC
ATTAGATGTCAGCTCCTGCAGGAGAGAGGACTTATGATGAAATG[A/G]TTTATCTTYAAGTGATGCTWATCYGTCA
TCCTGCCCTGATGCAGTCTGACACTGAGYGGTTTGACCGGTTTGTGCAGTTTGGTGTAAACAGTCTTCATAACAGTC
AAAACCTCAAAACCACTGAACTCTTCTAAATGACCTCTAAACACTGACGCTGTCGATGCAGCCGCAAGYTAAAGCTC
TGTTGTCATGTCACTTAAGATCGTTTAAAGTTATTTGTTAAGTTATAATAACTCATTARAATMATTTATtaTATATATA
TGTGCTGTTGGAGYTTTGGGAAACACCATCATCAAGAAACAAGAATCTTCAAAACAACAGTCTGATGATAAGAAAC
AAAATCTCTCACCAGAAGTTTATTATTTAAAACCTTTTTGACTCGACTGACTCAATCATCTTGTTTCTATTTTTTCACTT
CACTTCACTTCACTTGCTTGTGTATAATATGTCGTATGTTTATGTATCTCAGTTCAGCTTCGTCGTCCCTGTTT 

G
B
YP
-
R
A
D
_2
23 

TATACAAAACATCACTATAATAATAGAAGAAATGAACTTTAGCTCCATGATTGGTAAACTGGAGGTAAATTAGTTGC
ACTCAAAATAAAAAATATTACTGTTTGTTTTTCAAACAGTTCGGTCACTTAGAAAAACTCGACTTGTGGCTGAAGTTA
AATAACTCACCGTGATGGGGGCGTAGCGGGCGTAGCCGTCGTGGCGTCTGATGGCTTTTACGGAGAAAACACAGA
CGGGGACGACGACACAAACCTGCAGGACGAGCAGARCCAGGASGAGACCACGAAGTCCGAACAGAACCACCTGA
AACATCCAGAGAAACGACTCA[A/G]CTGTGATCCATCGATCACCGATCGATCGATCGATCGTCTGTCACATCAGnCA
GCGTTCAGCAGAGCAGTGATTTAACAAATAAAAACCATCTGCTGGACTGTAGCTGAACACTGGAAGATGTGACGA
GAAACAACTGAATAATAACTAATAATAATAATAATATTAATAACTGAATAATAAAATGTTTTACTCACAGCCTGTATT
TATCAAACTGATAAAAGTAAAAATTATTCAAACCATCAAACTTGTTTTGAGTGTTAAAA 

G
B
YP
-
R
A
D
_2
24 

CTGGCAACCTAAGACTCACCTTGTGGACCTGGGAAGCCGTTGGAGGGCCAGCCGAAGGGATGTCCGTCTGTGCCC
AGGATAGTGTACTCCTGCTCCATACCGAACCACGGGTGACTATTTTCCACCATGCTCATGATCTGTTTACAGGTTTG
GCGCAGATTGGTCTCTGTTGGAACAGCAGGCAGAGATTAGCTGAAATACAAGACAGCTCTAACCCCAGAAATGTTC
AGTTTTTAACTGCATTCATACCTGCAGGCTTGCGGTTGTACTTGAGCACTTCACAGAGCACCAGCTTGTTGGGGTCT
TTCCTGAACGGGTC[C/T]CTGAACATGGCTGCAGGKATTAGGAACATGTCGCTATTGGAGCCCTCTGACTGGTAGG
TGCTGGAGCCGTCGAAGTTCCACTCAGGAAGATCTGACAGAGAAAGACAGCAGAAATCAATGATTAACTTTAAAAT
CTTACAAAACAATGTTATGGTTGTTGTTACTGATCAGATTGGAGCCAGATCTTACCCTCGATTGTCTTGGGTTCAGA
ATCCAGCGTCCTGGTCTTGCAGCGCAGTCCTTCTCCAGATCCATCGATCCAGATGTACATGGCTTGGACTTTGTCTCC
TTGAGGGAGATCCATGTACTGCTGCTTAACAGCTTTGTTCAGTTTTGAACTTGCTGAGGTGGCCATTTTTTTGACCCA
GACACCTACAGAGTAAAGAGATCAGATGATGAGCTTCACTACTGATCACAGTGGAGCCACTATATTTGATTGCGCA
TGTAAGA 

G
B

AGTGACAAAATGTTATGGAACATATGTGCACCAAGCTTTCGACCTGCTCTGAGCAGGTGAGTGGCAAACGGCGTG
AGGCACACTCATTCTTGACACCAAGATTGCAGTAAAGTGTGCTGCTGGATTGAGATCGTCACACTCTAAACAGAGC



 

 

313 Natalia Díaz-Arce 

YP
-
R
A
D
_2
25 

CTCTGTTTAAAGTCACACATGTGATCTGGATGACGCAAGGAACCTGATAAAGGGGCCTGGTACCCAGCAGTCGTCT
CCTTTCATCTTCTCGCCTAAACCTGCAGGTCTTGTATGTTGTTAGCATTAGCTAGCAC[A/C]AGCRCTGTACAGCTTA
TGCCAGTTGCCTTGTAACCTATCGATTGGAGCTACGATTCCATCCTCCAGAGGCTGCATAGCCAGTGCTTATCTCCG
CCAGGAATTTTACCGAAACTCTTCCAGGTAAGTAGCCAACTTTATTTCCCCGGCAGACATACCTTGCTAGCTTACCTG
CTTAGTGCCTCCATTGCTATCATGTGCTGTATTAGCTTGTAGGTTTTATACTTTACCGACCAGTCTCGCTGTTCATCTC
ATTATGATGGTTGGGTCGATGGATAGGGAATCAGAGCAGAGGAAGTTTTGTTTCACTCCTTGGCTACTGATTTAAC
GCAGTGACAGTAATTACATGCAATTACACCTACCAGGATGACCAGTGTGAATTATCAGCGACTCTAGCAGAGACTG
GATTTGTAGCTGAGTGTTTCTCGCTCTACTGATACATCACTAGCATCACAGCGATTATGCTCTCTGTTTGAACCTCCT
CCTG 

G
B
YP
-
R
A
D
_2
26 

GACGACTCCAGAGTTCTTGTAGCCCTTCTTCTTCTTCTGTTTCTCGGGGTGGACGCAGTCAAACTCCACCTGGAGGA
CAAGAGATCCTACAGTTTAATGACCTCCGACCAGCCAATAGAAAGACGTCAAACGTTTTATTATCAATGAGCTCACC
GCTGAACTAGCAGCTTTCTGCAGCTCAGAGACTTTAGTGGTGAAGGAACCGATCAGATCATGAGATCCATCGCTGT
CATGATCAGAACAATCCACCTGCAGGAGGRGRAGACTTAATGTGAGTGT[C/T]GGAGCTTTGGTTGATTGTTATGA
CKRAAGGTAAATTCTGATTGGTWGTTTTGAACAGAGGTAAAATCAGATTGGTGGAACCTTAATAGTTTTGTCGAGG
TCACTGCCGCAGAACGTCTGCAGAGGAACAGTGAACTTCTTCCAGGAGGGACTCAGATTGTTCTTCACCACCTACAC
AGACAAACACACACCTTCATCACAATGACATCATCCCTTGCATGAGCTGCACTGATTGGTGCACAGAAGTATGTGAC
ATAATCTTTTCCCAGCTGAGCCCCTCTCACTTTAAAAAGATACAAAAACACAAAATC 

G
B
YP
-
R
A
D
_2
27 

GAAAAGCCAACAAGAGTAATTTATCACAACACCTTTTTCAACAAGCATAAACATGTAGAAAAGCGATATTTCCACCT
GCTTTACTGGCAGTGTCCCATCCACTGCCAGTATGTTTTATACAACCACAGCGCTGGTTAGGCTAATAAAACACAAG
CTGTCTGTATGTAGCCTGATTAGCATATATTAAAACTTATCAAATTCTTGTGAACTTGGATACTGGCTGAGACAGCA
GTCCTCCTCCCAAACCACCTGCAGGCAGTGAATCACCCCTCCACCCCTCCACCCCACCCAC[A/G]CAACCAGCACTAA
GCCCTCCAGAAACCCAGTGAAAAYCMTGGTCTCAACTGTTAATTTTCACTGCCTTACTTCGTCTTATGTGATTGTAAA
CTAAGTATCTTTGAGTTTTGGACTGTTGRTCAGACAAACCAAGCAATTTCAAGATGTTACTTTTGGCTTTTGGTAACT
GCAATGGGTATTTTTCATAATTTTGGATGTTTAAAACAGTAACAACAGTTCTTTGGCATTTTATAGACCAAACAATGT
TTCTATTAATCAAGAAAATAATACTTAGTCACAGCCATAATCTTCTTTGGTGAAATAGATCATTTCCTACTTCTCACAA
TGAGAATGTCACCAGTAGATCGGAGAATAGAAAGTAGATAAAGAAAAACATGACTTAAAATTCACTTCCTGATTTT
GTTACAGTGTCAAATAAGTGGAAGGAAAATTGAAAACTGAAACCTTTTCCAACTCAGAGCAGGTCTTGATACCCG 

G
B
YP
-
R
A
D
_2
28 

AGTTCTAGGACTACTGAAATGGGACTTTCTGACAGTTATTCCTATCCTTGCAGATATATTAGATTATAGTCTAGATAT
TGTTAAAAGCTAGATTTGTTATGGAGATTTGAGTATGGAGGTGTCAGATAAAGAAGACAGATTTTGGAAGGCAAC
ATAAGGTGAATTAGATTCTTATTTAGATGTAATGGAATAGGGAGATGGAATAACTTTTATAACAGAAAGGAGGTTT
GTTTTGTTTTTTTTCCCATCCTGCAGGTTGCAGGCTGGAGAAATGTTCCTGTARGAGAAAATSAGGTYGKGAGATGT
TCATATGGAAATG[C/T]ATAGAGGGGTGACTTTTGGCAGAGATTGAGAGAAGCAGATTTCAGCCACTGGTAGGGTT
CCAGGTGGCGTGGCTAGCTCGCCTCATTAGAGAATATTATCCAGCATGCCTCACAGCAACCGCCTATGTCCCCCCTT
CCAACCCCTCCCACCCATCCACCGCTGACTGCTGGAAGGGACGTTTACCCTGGAAATCAGAGAGGAGAAAGACAG
GGAGGGGAAAGGAGGATGACATTAATAGCTAGGAGCTTGACACAATCAAATGTCAGTTT 

G
B
YP
-
R
A
D
_2
29 

TATATATGCGGACAGTTATGCTGCCATTATCCAGCAGATGTAGCACCTTAATACCTCCTACATTACTTTTCTATGTAT
GAAAGTAATCAAGGCATCTAATGAACCACTGATGACCAAGGATCGAATAAACTGCCAATGAATGAATTATTAGCAG
CGTAGGTCATGTATTTCACATTAAATCATGGTCTTAAACCTGAAGACACTCTTTAATAGAATTTACGATGCATACAAT
TGTTCCCTGAGCTGCTCCTGCAGGTCAAATGTCTTCAATCCATAACTGGACCTTTTGTTTATAGCTA[C/T]MCYKTGT
CTAAAAAAATCTCTTRAGATACAAGTYGCMACTATCTGTGTTTCAATAGTCTTTTCTTCCGTCCAGGCAAAGGACTTC
ATCCATTCAGAGCTGCTGGCCTACCTCTACTCCTCTGGGGACCAGAACAGTCTAATGGAGGAGTCAGCTGACCAGG
CCCAGCGCAGAGACGAAATGTTGCGCATGTATCACGCACTCAAGGAGGCACnCACATTATCGGCGACATCAGCGCC
AACACCATCACTACCCCAGTACCCCCGCCCGTAAATGACAGCTGGATGCAAGAAGCCAGGTGAGAGATAACTAGCA
TTTAATTGAGCTTTGAGCGTAACAGCTGGACCGTTCAGTATCTGATGACACACCAATGACATTACATATATATGAGA
TTAGAAACAAAGAGGAAAAAGATAAATCTTTCGCCTTAAGTATTCTGCCTGCATTTCAAGAAAAGCTGAAATTAAAA
ACA 

G
B
YP
-
R
A
D
_2
30 

TGATTGTGACAAGCTCAGGCAAACAGTGTTTCAGCTCGCTACCGAGACCGAGGATAACGACAGCAACCTGGGTAA
GAAATCCTGTCATGATGTGTTCTCATTATTCTGATAGAAACCCATCACTGTCTGAAAGTTTCTAAAATTTAACAAACA
CTGCGGGGGGGGAAAAAAACTGTTATTATTATTTAGTTGCTGTTTATTTTATAAAGCTCATCTATCCTTTATAAACTG
CACTTATCAGGAGACATCCTGCAGGCCAGTGATGACCTCTC[A/C]CATGTCATTAATTCTTATAAGAAGATTGTGRA
AGGACAKAYCATCAACGGAGAGRCTGAAGAAGMWCAACGAACACGATCGGCAGTTCAAAAGGGTAAATTTGAAC
TGATCGGTCTGCACAGTTACAATCAGAGAATTTCATGTCTCTATAATTATGTCTTGTGTTTTGTTTTTTTGTGTTTGGT
TGAACTGATCCTTTAAACTTTGCTTGACAGATGGATGGAGGCAGACAGTATCACGTTTTTGAAACTGAATACATCTT
TGTTTTCTCTGTACGTCTTAACAGGCACCGGCCGCACAACTCAGTCAGAGGTTCT 
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N
a
m
e 

Sequence 

G
B
YP
-
R
A
D
_1 

GTGTGTGTGTGTGTGTGTGTGTTTGGGGTGATTAACTCGCGGGTTGAGAAGCGTGTCGGGGAGAGAGCAGAGAG
AGTCAGGAGGATGGAGGGAATATAAAGCGCTCCCCTCCTCCATCACAGTGTTTCAGTTCATCGGGAGGTTCTGACT
CATAAACCTGCAGGAAGTKCGTCC[C/T]GTTCGCTCGGCTTCATGGGAAATCTGCKCTTCTTTACAAGAGAATAAAC
AAYGTCTTTCCGTCTMTACMWGWRTGAAAACTCCTGGACGTGTCAACTCAACCTTTTTATATTAAAGTCAGTGAA
GTCAAATCTTTGATATGAAGCTTGTTCCACATGTGACCTCTGTGAAGTTAATAGTTAAATACTGTAAGTTTAAGAAG
TTAAAGTATTACACGACTCTGCAAAAAAAGAAGAAAGCAGAGTTTCATCTAAAGTGAGAAGAGAGAAAAACGCTG
TTTCAGTCTGGAGACGGAGAGAAGAAGAAGAAGAAGGTTAGTGTGTG 

G
B
YP
-
R
A
D
_2 

GTATTAAATCTGAATAGTTCTCTGATACTTCAATTATCTTCTTTTGTCAAACAAAACATTCAGTTTATGAAACATTTCA
GGAGCTGCAACCAGCAAACATTTGGACATTTTTGCTTAAAAAACAATGATTTGATTTGTTGATTAATTATCTGGTGA
TTGATTGTTTCAGTGATGATCAGCCTGCAGGTTGGTTC[A/G]CATCAACMTGTTGGAATAAGAACGTGACGTCAAC
MAGTCAGTGAYRTATCRCTAYGCTACGTTAATAAAATGTTTTATGATGTGACAGCGCCGTGGTGACGTCTGGTTCG
GTTCAGACAACAACTCCTCCCAAGAAGTGAAAAATCATCTGAACTGCTTCACTTCCTCAGGTCATAAAGTCAAAGGT
GACAGCTAACAGGCATAGCAGCTTCCCGCTAACA 

G
B
YP
-
R
A
D
_3 

TGCAGGCGGTGAACGCASSAGCATATGCTCATGCACCTTAT[C/T]TCATCATCTATACAGATAGTAGCTATGCTTTTG
SGATGGTCCAGGATT 

G
B
YP
-
R
A
D
_4 

TCCAAGAGAGACCGCTGCTGCAACCAGCACCCTCAAATCCCCTGCAGGAATAAGAAACKAAGTTTCTTTAGGAAGA
CGTGGAACTTCTCTGTCCCGCTCTTCTTCACT[C/T]AGTTGACTCTGCTGTTTTCTCCT 

G
B
YP
-
R
A
D
_6 

CCCTAACCCCTAACCCCCAACCCTAACCCTTTCTAAAATAATTTTGTTGCACAACAAACAGTCAAAGCAAAACTAAAT
CCGAGTATCCGATTAGCTTGAGATGACTGGTTTGACATGTCACGTTTGTTCGAGTCGGGGAAATCTTCTTCTTCTGTT
TATGGGTCATTTCCTTCGTTTCAGTCTCAGTGCTGATGTTGGTGTCCTGCAGGTTTTTTGTT[C/T]CTCCCTGATAGAT
AWAGAACTACAMCTGGTGTCAGATTAGCTGCGGCTCATTAACCACGACGGAGGAAAAARVMACATCTGGTCAGA
CAGTAGAAGAGAGAAACAACAGGGTCAACATTCTGCACAGCACAAACAGAAAACAATACTGCAGACAATAATGTG
ACACCTGTGATGTGATGCAATGATAATCTGCAACACCCTCCCCAAAATGAGTAAATACACATTATTCTATAACTATGT
TCATCCTCATTTCAAGTGGTGCCAGTTTTACAACTTTAAGATGACACATATGAGACAAAAGGACTCTGAGTGTCTTT
AAATCAC 

G
B
YP
-
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TGTGTGTGTGTGTGTGTGTGTGTGAAATAGGGCACATCAGTGGTGCTGCTGCTGCTCATCTTCTCTCCACAAGCAGC
CTGGAGTTTTCACAGGCTTGACATGAAGCTGCCCTGACAGTCCTCCTGCCCTCGTTTGTCTAACATCGCTCAAGCCAT
TCTGGGTCAAACCTGCAGGGTCACAGATTAGGCCAYTTACTGTACAGTGACTR[C/G]AGCCCACAACACACACTGTC
AATTAGCTTCTCTCACAAGTAGGTGGATMAAATTCCCAAACTTTTGACACCTGACTATACTTTCCTCTCTGCCAAAGA
CTTAAAGGCAGCTATCTGTAAGTGGTGTGTAATTTTTGTCTGGTGACAGTCCTCAGTCTGCAGTTTAGATTTCACAG
CACTCTGTAAATTGTGTTAATGTCAACTGAAGGCTGCAGTGTTTGTGAGTGAAAGACACCTCTCATGTGCAGCTGG
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GGTTAGTATTTCTTGAAGTGCTCCTTTCATGTTAGATGAGTTTGACCCATTGCTCAGGGTCTGCTGCATCTGCATCTG
TCTGAGAGCCTCCAATGTGTTGCGCATGGCTTTTGTTGCTCTCTAAACCGGCCAAATGTGTATCTTCTGTGACACCTG
AGTGAATATTGAAATGAGCCTATGTTTAAGTTTCATTTTAAGCCCGAAGCACGTGTAGGCCTATATTTTATC 

G
B
YP
-
R
A
D
_9 

CTGCAGACGTTTCACTTGCTCATCTTCACATTTTTAAATTAAAAAAAAGGGGAAAAAAAATCAGTAGTTTGAGTCAA
AATTAATCCGAAATGGAGCCGTGAGAGCTTTGTGTTGAATTTCTTGATGGTTTCCGTTGAAGCTTCTGGTAATGTGT
CTGGGAAAAAAAACAGAGGAAAACACACAATATGATGTTAAAGTGTGTTTAGTTTTGTTATGTGTGTGTTTAGTATT
GTGTGTGTGTGTGTGTACCTGCAGGTTGTTGTAGTGTTTCTGGCTGCTDCAGTGGAKATCCTTGGCTGTGGTCTCAT
TCA[A/G]GTAGAAAACAKAGCAGAGATTRCARRAWTACCCCGATTTAGGGACGACAAACTCCTGACCTGAAGAGA
GAGAGAGAGAGAAACACAGGTAAAAATAAATATAACAAAACATTTTAATCTAAAATAATTAAACAAAACTACTGTG
TCCTTGTCTTACCGAGCGGGTTGTTCGGTTTGAATGGCGGCAGTTTGAAGTCTGCGGCAACGCAAGGAGACTGAGA
ACGAGATCGCTTGGCTTCAGGTCCGATGAGCTCGCTCTTCCGTTTACTCACGACTAGA 
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CCTCCTTTGGCGATGATGATGGATAGAAGACTACCAGTGTAGTAAGCGCAGCATAGCACAGTATACGTCTAAATGG
AGATGGAGGTAGCATATGAGGAGAGAGATGATTCATACAAATGGTGCCCGTGTGCGTAAAGGCCAGAATGACTCT
TGCGGCAGATGCACAATGGCTCGCACGCCACTGGTGACCACATACACAATGCATGCGCAAGCTGCTGATGGCGTAT
TGAGAAGCTACAAATTAAACCCCTGCAGGATTCCTYAATCTATCCATAGAAAATGTCACATATCCATGACAATGCTC[
C/G]TCRTAGGAARTGAGCAAGGGCCCCSTCTCTGTTGTCCTGATTTATAGGTAACTGTGTGTGTGTACAGTATTCAT
GTGTGTGTGTGTGTATCTGTGGATGAGAAAGAGAAGGTGGGTTAGAGAGTGGTCATCCATCAGCCCCAGGACAGG
TCTGTGGATGGTGATTATAGCAGAGGGGATCAGTTCTTCTGATTGATCTACCTCTCTCCTTCCCGGGTCACAGTTCA
ACAACGACCATTTTACACTTTTCACCGGCAAAAATCCACACCCAGAGCCATAAATCTAT 
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ACAAGCTAAAATGTAAATGAAAAGTTAAGGGATCACTGAAGTGATTACAATTCATCCTGAGGGGAACATGAATGT
GTNNNNNNNNNNNNNNNNNNCAAAAAATACAAAAAACTGTGAACCTCTTGATGGAGCTAGAGAAAAGGTCAGT
AGATCACCAAAGCCAGTAGGATTTATCATCTGGAAACTGTAAATTTTGTGCTAATTCATTAAGATGTTGAGATATTTT
AGAGAACAAGTGAAAACTTTGACCTGCAGGTGGCACTAAAAAGGYCACAGGGTAAACAAAGTCACTAGGACTCAT
CCTTAAGGAACCATGAATATCTKTAMAAATTTCA[C/T]AGCAATCCATCAAAACTGTTGACATATTTCAGTCTGGAC
CAAACTGACTGATGGACATATTGACTGGCATTGCTGTCCCTAGAGCCACTCTGCTAGCATGGCTGANNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNGTACC 
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GGAAAATTCACTGCTCTGATGGCAGCGATGAGCCCATAACCTGCGGTAAGTTTGAGACAGATTCAGTGAATTACAA
TGATGGAAAATTTGGGCACAAACCGATACATCACCACAGAAACATAAATCAGGTTTTACATACATATTTCATACATA
TTTCTTCTAAGTTCATGTTTTTCAATCTCAGTTAAAAGCTTCTTGTGCATGAATTTCTGTAACGCTGAGGTGTGTGGA
TGCTTCATATGGCTCCTCCTGCAGGTCGTATCTGCTCTATGGATAACGGYGGCTGTAGCCACGTGTGTGTTGATGAA
CCCTGGGG[A/G]GCTCTGTGTGACTGTCCTGTTGGATATAAGCTCTCTCAAAACGGAGCAGTCTGTGAAGGTGTGT
GGAGCAAGCATAATGACACTTTATTCACTTTCACTTTTACTGAGGGGTGATTGATTTTACAGCAAGAGTTACATCAC
AAACATGCTGACAGTTGATGCCAGTATGACTGTAGACAGTGGATCATTTTTGCAGCCGTATGATTGTCTATTTCCAA
ATTTTGGGCAATCTGTTTTTGATGTGCTGCTCATGCTTTTGAAGCTAAAACTCTCTCTCTCTCTCTCCTCAGATTTGGA
TGAATGTGCCCTTCCTTTTGCTCCATGTATGCATCACTGCACTAATACTGTTGGATCCTACTATTGTCACTGCAGAGA
CGGCTTCAAACTGAATGGAAGGTCCACATGTTTAGCTACAGGTAATGATACAGGGATTTCCCAACAGGTATATCAT
CA 
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GTTTTCAAATGACTAAAGATATTGAAGTTACAATGATATAAAACGTGTTTTCTGCAGTGGGAGAGGGGTTACGTCA
CCTTTCTCCATCCACTTGAGTTTGCAGCAGTGAAGGATTCTGGGAGCTCACCTGGTATTTAGTGTAATGCGAGCGGC
TGCTGCAGTGCTGCAGTTTGGCTTCGTCCTCATCGGCGTAGATCACCTGACACAAGTTACAGAAGTAACCGACGAC
CGGACGAACAAACTCTGTTCCTGCAGGAGAAACAGACACAACGAGGTGTCAGTGAACGCACYGCTGCTG[C/T]TCC
TCCAATCAGACACAAAATGATGTCAGCAGCTYGTACAGGTGTTTACATTCAGTTTAAAGTGAGTGAAACATGTGAA
GCAGCAGAATGATGTGGAGACAGGAAGTGTCTCTTCTTACCAACAGGTTTGAGTGGAGCTGCGGCGCCCTCTGCA
GGTCCAGTAGCAGCTTTCTACAAACATCACAGATAAACAGCAGTCAGTTTTTTCTTAGAACAAACAAATCTAAAACT
CATCACTCCTTCAACTTTAATAACTCCAACAACATTACACATTATTATAACAACATAAAGTACAAAAACAGCCACTGA
GGCGTGTAGAGAGATGATTTTACTCTTTAGGTTTGGTGATTTAGGTGCAAACATGCTGGTACAGTCTTTAAAAACTC
ACTGAAGAGAGCTCAGGTAACGTCAGAGTCAGTTAAATGTGTTTTATTGACTTATTTTGAGTCAATAAAACACGTTT
CTATGGAT 

G
B
YP
-
R
A

AGGAGGAGGAGGAGGAGGAGGAGGAGGATGTAGTGGTTCTGCTGACAGACACGATGATCCCAGAGGCAGGAAC
ATCAGCTGTGACGTAAGTTCTCCTTCCCCATGGTCTTTTTAGATACACAAATTAACACTTTTTTTTTAAGGATGAGAG
TATCTATGACAACAGGACCACTGATACCTGCAGGGATTGTGCGTGTTTTGTGTGYGTGCGTGTTTATGTGCATACM
TGTATGTG[C/T]ATTGCTAGGTGTGAGCTTGCCTGTCTGTGGGTGTTTTTGCTTCTGTAATAGAAGCCCTCCCTTCTG
TCCTTCCACCTCCTCTGTGTGACGCACAAAGCAGTGTTTTCTTTTTTTATGAATGAACAGCCGAGGAGGGTGAGAAA
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GGAGAAACCGAAGCTTTATCTGCCGCTGCTGCTGTTGATGATGATGACGCTGAAAATGTGAGAGCGCCTAAAGGA
ACAAAACACCAAACAGCTTTATATTCCAACCAGAATGATTTTTTTTCAATTATATATATTTTTTT 
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CATCTTTTGGTTTTGTTCTTGGTCAAACAGAAAACCTTTTGCAGACCAAGCCAGTGGTCCTCTGAGGGAATCAGCAG
AGCACAAAGAAAGAATTTATGTTTTTCTGACAAATTTTAACCACTTGGCTGATGCTTTTATTCAAAACATGTTTCAAA
GCCATTAAATCACATTAGGTTTGCATTGCCCCAAGTGTGGCTCTTTACAACAGCAACTGTCTGCTTGCTGCAAGATG
CAGGTATTTTAGGCTGCCTGCAGGTAAGTTAGTCAATGATTCAAGCTCAGCTAAAAGTTAAAAGTCACATTTTGTGC
TTGTATATGGAAATGAAGTWTCT[A/G]TTTGTCTGCACAGTTCTCTCCTTGGCACCACAACCTTATTTGCATAGATTT
TTATTAAACAAAAACCTTGGGATATTTATAATCACCCTGTGTTTAGTAAGGTCTGTCAGTCATCTAAACTTAGACTGA
ACCTCACAAGCCTCAACAAACCCAACCAGTTTTAAACAGTCATAGGATTCATAATGACTAACAATGACACACACAGC
AGTTAACACAAGAGTTGAGTACTTAACTTACGTGTCAGGCATCCAAAACCA 
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GTCAAAGCCTGTAGATGATGTCTGAGGCTGGAAGGAGCTGTATGTTAATATGGAACCTGAACCAGCTGAAGCTGTT
GCTGGTAAAGGCTGTGTAGGAGGCTGTGGCTGCAGGTACTTGCCAGAAGCTGCAGGCAGACACACTTTTCAGGTG
ACTGCTGTAGGCGAGGGCTAATGCAGCTGCCTGTCACCGAGGCAGTAGGCAGACATAGAGAGAACAGCTATGGA
AGTGGCTTTTTGAATCTTGGGAGCCTGCAGGTGGGTGCATTCATGAAATGGCTGAGACTGCAGCTGGATGAACAA
AGCTG[C/T]AGACAAAGACTGACACTGGGACTGAGTGGTTWWSTGTGTGCAGTAAAGGCTGCAGGTGGAGTATT
GTGCTGGAGAGGGAGAAGCCTGACGCTGGATGCTGCTGGTTGTCAGAGGCTCTAAATGGAGGATGACGCTACAAC
TTGCTGCCAGAAGCTGCAGTCAGCTGGCTGCTGTTAAGATGGAGGCCACGGCTACTTTGCAGTATTAGGTGGACTT
TGACTGGGCTTGGCTTTCCATGAAAAATCAGAATACTGATAAATTATGGTCTTTTTTTTTTTTTTAAT 
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TCCTCTTATTGTAGAAGCTGGTAACTGATTGTTGGGGTAGACAGTTTAAAGAATCAATGTTCATTTACAAGTCTGTG
AACACCCATCACATTAACACATACACACACATACACACACAAACCACCGCCCAGGCTGACATAGATCTAGATGTGAT
TCAGACAGAAAGGATTGCTATTCCTGTAAGGGCTATCGACTGCGCTCTATTTTCCCGTTGTTGAGATAAGACCCGCC
CACCCAGAATAGTTTGCCCTGCAGGAYGAAATCAGCTGATAG[C/T]ACCAACGACCTGTCCATCAAACTGTAATGW
ACCAGTCGGGCCTCTATTAAACCAAAACCATMAGWHAGACAGATGGAAACCCAGCGAAGCATGAGTAGAGGGAC
TGAGTCACTCTTCGGTGATATCTTTCCATCTTCTCCTCTCCTCCTCTTCTTGTTTGTATTCTTTCACTCTTCATTATTTCA
TCAGGTGGTTTCATTCGTATTGAGATCAATGTCTCATGACAGATATGGGCATAAGAGAATGCATAAAAAACGATCA
TCCAAATAAACAAAACAAAGCAGCAATCAAACAGCCAGACACCCATGCACTTAAAGAAAAACAAAATCAAACCTCA
GAGAAAATATGCGACCTGAGTTAATTTAAAGTGGTTTTGCTCCGTCTCTCGATGCATACTACGAGAGACCTGGGAT
ACCATGTTCAGAATTTGGTATTTGAATCTGACTCACACCATAAATAATACATTTTAGAGCAAGAGTATCTTAAAAATC
CAGCC 
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CTGACTGCCAGCTCCTGCAGGAAGTGGCCAAACAACCACTG[A/C]AGGCAGAAAAGTAACACCCCCYTCCATAAGA
ACGGKGTTCTGCTGAGAASCTAGTATWAMMMWATTGTTATTAACACCGACGTTTTAATTTAAGCAGGATTGTGG
TCAGTGAGGACAATCAGTGAAGATACCCCAGAGCCAACAGACATTGAAATGCTGCNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAGAAACTCA
CAGGGCAGTCTACCCCCTCTGCATTATCCTGCAACAGCACCAGCACCCACATAGCTGGCATCTATGTG 
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GTTATCCTGATGTGTTGAGGCTGCAGCAGCGACGACACACAGCAGGAGGTCTGAGTGTGTCAAATCGACATCAACT
CAAAAAAGTTGCTGATCACATGTCGATCCGCTGCTGTGCTTCTCTGTCGCTGCAGTAAAAGTTGTTTGTTACACACA
GTTCCTCATAAGAACAGGAATACTGAAGTGTATGAGAAGCAGATAAAAATAAACCCTCCGTAAGGATAAAACCAG
ATCTCTCAGGCACCGTCACACCTGCAGGCAGTGAGTTTCTGACTAACGAGACAATAGTGCTGCTCCCTTTGAAMGA
GGAGTTTTCTGTATTTTTAGCTTTTCTT[C/T]TGCCTTCTGCACTACCTCTCTTTTATGAAAACTTTTTTACAGAGCTTA
AAAATTGTATTAACTGTGTTTTTAAACTTTCTTTTTTGGATATATAATATAAGTGTATGATTTAGGTTGATTTTAGTGG
GTTGAATCTTTTATTTTATTTAAGGCTTATTGAGATTTATATCTTTTCTCATGTGTGGGAGGAACAGATAACTGAAGA
TATCACAAAATCAGCTTTAATCAAAAAATGCAATTAAATAAAATTATAAAAT 
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TGTACNNNNNNNNNACTTTAACATGTGAGTTAACACGTCTGTTAATGTGTATTAACTTGTGTGTTACCCTGTGTGTT
CAGGTGATCCTGATGGGTTTGGACTCGGCTGGAAAGTCAACTCTGCTGGCCAAACTGCTGACAGGACAGGTGAGA
CTTCTCTCCACAGGTAGTGACTGTAATGTTGGATATAAGCTCAGTGGCAGAGAGTGAATATATGAGAGTTTGTCCA
GGTGTGACTGACTGTCTGAACCTGCAGGTGATGGACACGTMACCTACTGTCGGATTCAATGTGGG[C/G]ACTTTGG
ACCTGGACAAGAACACGTCTCTGACTGTCTGGGAWGWYSGAGGACAAAAGAGCATGAGACCCAACTGGAGGTAA
ACATGAACCCAAACAAACAAATCTGCTTCTTCTGGTACCCTAACCCTATGTGAATGACTGTAAGGCTCTGGTTTCAT
GTCGTTACTGATGAATCTTCTTCTTCAGGTACTACCTGGACGACTGTAAGGCCCTGGTCTTTGTGGTGGACAGTAGT
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GATCCAGGCCGGCTCCCAGAGGCCCAGAAGGCCCTGAAGAAGGTCCTGAGTGATGAGAAGTTACGACAAGTTCCT
CTGATGGTTCTGGCCAACAAGAAGGACCTGCCCAATTCCATGACCATACGAGAGGTAGGAAACACATCCCACAATG
CACTGTGACATCAGCAAAGAAGAACCCAGTTACCTCAGTTGTTGATAAACATAATAATGTCAAAACGTTTGAGAGG
AAGGTTGGTCCAGA 
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AGAAACCTTAGATTCAGATGTAATTCACCTGATAGTTCTTGATCCCAAACATCCCACAACCTGCCTCCTGATTAAACA
TTATGATGAACAACTCCTTCATCCTGGACCAGAAAGGGTCTTTGCAGTCATCCACTGTACTTACTAGATTCTCTGTGG
TAGGTAAGCTGTGAAGAAACATCTGTAGTCATATTATAAATGTAGGAAATGGCGTACAAAACCTGCCTATCCTAAG
GTGGTGGACTTACCTCCCTGCAGGCTGTGACTATGRAAGC[C/T]TCCCTTTTGGTCAACAGGTGTTGAGTGCTTTGG
TCCACTCAACATCAAGTTACRGAGAAGACAAGAGAAAAGGTGGGGAATTTTGTTTAAATGCATAACCACTCACTGC
ACTCATATAGAGGTACTCACCAGTCTTGATACTGACAGTTTTCTCATGTCCCTTTGCTGTTTCATTGCCTGTAGAGGG
TAACCCTATGAGTTATAATCTGACTGTGGTACCAACTTTAAGGGAGGAGAAAGGGAGTTCAAAAAGGTATTCTCCA
CCCTCAATCCAAATCTAAAGGAACATTTAGAAAAACAACAAATAAATTTCTGCTTCAATCCACCAAATGCCCCTCATT
TTAGTAGTATATGGGAGAGAGGTAAGATCAAACAAGTCTGCCTTAAGGGTCATATTAGGGACTCAAATTCTAACTG
AAGAAGTCTTAAACTCCAAACCATTGGATATGTATTTGTGGATGTAGCTGGTCCTGATCCTATAACCCTAAATCTCCT
CC 
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-
R
A
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ATGAGAGGTTCCAACTCAGATGCCACTGATGATGAAAGTGCAGGCAGGGAGAGACTGACTGAGCCAGTGAAGAA
AAAAGTACTACTTTCAACCACAATGGCTAATGCAGTACCCACTGTTGTAGTATGAGGGGAAAGCTATGCTGTGTGT
GTATTGTAGGCCCGTCCACTGCAGGCAAATTGTTACCAGGTCAACACAGTTTAAGCTTTAAACTTTGAAGTTGCACA
ACAACAGTAAGAAACACAAAACCTGCAGGGACCGATGCATGA[C/G]CCGAAACACTGAGCCCCTCCTGATGTCTTT
TCAGTGGTTAGATGAGAGAAATTGCTCAACGGAGGAGAATGAAATGGTCATCAAGTTCAACACTGCCTATAACCTA
GCGAAAGAGGAACTCTCGTTCACAAAATCACAGATCACACTGATAAAGAAGAATGGATTGAATGTGGATCCAACCT
ATGCCAACGACATGGCCTCTGCCCAGTTTATAGGAATGATATCAGACAAACTCTGGGAAAAGATTGGTGACAAAAT
TGCCTTCACCCCTTACCTGTCATTTATGATAGATGGTGCCACCAAAGAATGGGAGATTGTCTATGCCCATGTCATTG
ATAATGGAAGACTGTTCAGTATCCTAATTGACCATATTGAGGTTGAACACGCCCATGCAGAAGGTAAGGGGTATGT
GTTTGTATGTACTTCTGTTTCCATAAAATTATAAATAATGATAATGATAATGATAATGAAAAATGCTCTATAAGTTAA
TTATAATAGCC 
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CTGACTGATTGCTATGAATGATTGATTACTGTTAATGATTGATCTGATGTGACTTTCGATCGTTTACAAAGATCAATA
ACAGAGAGATCGATCAGAGTAAACGTGGGTCCTCACCTGCATGTTGACTCCGAAGGTCCAGATGTAGAGCGAGTA
GATGGGTTTTCTGAGCCATGTGGGGAGTTCCACCCCGTTCAGACGCCCCCAGGCCCGAGACAGGAGGCGGGTTGG
GAAGGAGCGATACAACGCCACCTGCAGGGCAAACACMCACACAGCARCTGTAGTGATTCTCTCGGTTCAACACGA
TCACTTTTATATTTTACTATTGGAYA[C/T]ATTTACAGTTTATAGACTGAGGAATAAGAAGAGAGGAGTTCTCACAGA
TGATGGAGAGGAAAGACAAAAACAGAGGAGGTACAAGAAAAAGGTAAGGCAGAAGAAAGAAGAGGAAAGGAA
GAACGAAAAGAGGAGGAAGTTAATGAGCATGACGAAGAAGAGTTTATCCATTCATTCCCTCCCTCCCTGTTTCCCTT
CGTCCAATCAGAAGCCAGTCGGCAGCCGCTCTTACCCGATTGGCCAGCGGCCGCAGAGCACTG 
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GGTCACCACTACGATGATCATCATCTTCACCACCTGCAGGAGAAAAAAKRAAAATGCAAAAAAGAATCATCAGCAG
GACAAAAACACAAATAG[A/G]GAGACATTTTAACATGTCACAGTAGGAAATGCACAGCTAAAATTAATGATTTAGC
CATTTAGCTGCTTCAGTTTCAGGGTCCTG 
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AGAGTGTATCTTAGCAACCACACAGTACAAGTCTCTGCCTTCTCTGCCAGAAGCAGAGGATGGACCTGAAGAAGAA
GAAGAAGAAGAGTTTTAACAGACCCTGCAGTTAATAAATGATCTGCAGATGTGATCATTAAACACTGTTTAACAAC
ACGCTGTTTTTATTTCCCTCAATCACTTCAGCCAGCTGCTGTCAGAAATTTCACGTTAAAGGTAATTAATCCCTCTCA
GGTTTTTATTGTGAAAAACCTGCAGGAGTTAAACCTTG[A/C]AACGCATCACTTCCTGYMTGTTTTTAGAAATAAAA
GGGAGAAATTAGAAAGAAATAATCAGAGACCTGGTGGGTGACCACCACCTGGTGAGTAACCACCGCC 

G
B
YP
-

AAGAATTAATATAAGTTGCAATACCTGTGTAAAAGTGTTTTAGAATTAGTTCTGCCTCAGTCCCCTGTTGTGTTTAGT
CTAACATTTGAACTGTCAGGTTCAACATTGATAACAAGCCACACTTTAGCCAGCTGGACTATCATAACAGCAGCCCT
TTCAGCCATTGATAAGGTGCCAAATGGCCCTGTAGGCGATATCGAGGCACCAGGCTTTTGACCTTCCTGATCTACTA
AACAAAATCACTGGACCCTGCAGGAGCTCTCTGGTTCAGCAAATTGCTGTTTTGAAATGACCAGTAAAATTCCACAC
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AGATTAAATATC[A/C]TGGTGAGATTTKGKKGRWTTAAACAAGAGGTTTTGGGCTGGGATGTTTTGGCTACCGGTA
AGATTACCTGCTATGTGGTCTCCCTCTTGCTCAGAGTCTATAGCAGCCACACACTCTCTCTACCTGACAGCTCCATGG
TGGCAGGACAAAATAAAATCTTCTTTAAATTTTATCTTAAAACTAAAATAGATTAGAGCTTATGCTCAAACAATATAT
ACTATTATTCTCAACATTTTCCATGTGTACAGGCCAAAACAAGATCCTAATCCAGGGTAAAGAGTCGGTAATAGCCA
GACACATAAAAGGGCACCCAATAATTGAAGCATAAATGTCTCTGCAGCTAATGTTAGGAATGGCGTCAGCATGCTT
TCCAGCTTTACAAAATGTACCAAGTGACTCTACGTATTGCCAAATGTGTTAAAGCTGGCAGAGCAAAGCAAGCATG
TGC 
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TAGTTTACTCTCATAATTTGAAAGTTCTTATGTGCTCTGAAAATAACTTCCCACTCAGAACATTGTCTAACTCAACTG
GAAAAGAACAGTTCAAAGCAGAGAGCCATGTCTGATGTTTAATTCAAACTGTCTTTTAACTCTGAGCCACAGGAAA
ACATCTGGGAAAGTAATCTTCAAAATTAGAGGCTTTCTTAAGGTAGTGGGCAGAGCAGCTCATGTAGTGTGCCTCA
AAAGAGCCGATGCAGTGTCCTGCAGGATGTAGTCAAAGATCTTTGCCTGGTGTCTGATTTKTCTGATTGCTCTCTCA
GTGTCACCTGGAATCAGATGGYCWMSWTCRRA[A/G]GAATAGTTTGATCTTTCTGTGAGATATGCTTATGTGCTTT
CTTGCCAAAAGTTAGATGGAAACATATGTACCACTCTCATGTCTGTGTGTTGACTATGGAACTATGGAGTCTAGAAG
TGATTAGCCTAGTTTAGCATAAAGCAAGGCTGGACTGGGACAAAAATTCAGGCCGGAATTCTTACACTTACTCAGG
CTACCTCATACATCAAGGGTACTCAATAGGCAGACTCTGGTCC 
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GGTATCGCTGGAGGAGCTGGTGCTGCGGCGGATGGGCGGCTCAGTGTTGGCGGTGGACCTCAGCATGACGCCAT
GGATGGGGCTGAGGGACTCGCTGGAGCTGGCCGGCGTGGGACCCCCGCCGCTGCTGCCGGAGGTCTGCCGCTGC
TCCAGGGTGTCCAACACCACGTCGGGGGCGTGCTTGGCTGAGCTCTGCCGCTCCAGCTCGCGCAGCTCGTTAAGAG
CCGTGTTCATTGTTTCCTCTATGTCCTGCAGGAGACAAAGAGAGTGTGTGTAAGAGAGGAGG[A/G]GGGSGGGRK
GKGGAADGATGATAATGACATAGGKGAGAAAAATKAGTTGGACACAGGAAGGTTGGTGTTAAAAATGAGAAAAA
AACCAAAAAAGACAGGGTGGGGGAAGAAGAAAAAGAAAAGCAGAGATGATATGAACAGCAAAGACGTGAGAGA
AGGGATAAGGTAGAGTTAGGCTCGGTACGAAACATAAAAAGCAATGTTAACAGAGGACCACAGTGACAGATTCTC
AAGAAAACACATAGCATGCATTATACATGCAGAGAGTTAGTAGAGAGTATTACTTTGCACCGACACCCTCCC 
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AAAGCAGATTATGGGCTGCTACGCTAGATGACCGTTTCAATGCTCCGCTCTCTGTGTTTTCTGCGGCTTGTGGCTTG
AAGTCTATCTATACACTGGGCAGCCTGAATTGAACCAGAGAGGCTTAAAAGAAAGCTGTAGACTTATTGACAAATG
AGCTCTGTTATGAGCTCACCATGTGACAAACAAGAAAAGTCTGTTTCAGAGACTCTCAGAAGATTAAAAAAAGAAG
TTTAAACCATTTTTCTGTTCCTGCAGGACTKAGTAAAGACTCSCTGYCCTCRTTTTTTGTGGTTTAAGTTTTTATTTCTT
CAGGAGTACAATGTTTAA[C/T]ATCTGGASATATTAAAGTGTCAGAATCAGAAGGGCAGCTGTAACAAGCTCCCATC
TCTTTCTATTACTCAACAGGAAATTGATTGATTGATTGATTGAGTTTATTTGCCCCAAAGGTTAGATGTCACTGCTGT
TTTAATGCTCCTGCAGCACTGGAACAAACCTGCTCTTATGTAAACATTCAAATCAACCTCATGTTAATACTCATTCAT
GACCTAACACAGTGCATCTTTCCAAATAAAGCTGGGATATATTGATTTAAT 
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TGTCTGATTCTCAGCTGCAGATCGGTCTATGTGAAGCTGAAGGGAGGCAGCAGTCGGGAGCATCTTGCCTAAATTA
ACTCAGTGCAGGACTACAGTCAGTGGTACTGAGGGGACACTGGCATCTGTGTGTAAGTGGCAGTGAAGGGCTTGC
TGTGCTGCCTTGCCCTCTACTGTGAGCAGCCAGTTGATGGGGTCGTGCCAGGATCGGGATGGTCAATGAATGCAAA
GATCATTGCTCACAAAGAGGTCCTGCAGGATGAKGAT[A/G]AACTCCTATTGAGGGTGGAGTCGCATTATAAAAGG
CCTGTTTTCACTTCAATGGAKAGATACAGGAGRAGMWSKSCTTATCAGTCCTTCACAGATTTACAGTATGCATCTAC
CTGTGGCTGTGACTTAGCTTTTAACATAACAAAGAAGATAAACAGGAAAAAGTTACCCACAGTGAAAGCAGTCTTT
CAACCTCGGCAGCTTGGCCGACACGCATTTCATTGAGTGATACTAGAGTTGATACTGACCACTTAGACAGTCTCACT
TCACTATAACTTACTTTGACTGTCTGGATGCAAACCAGAGACTGCAGTGCAGCATTCCTCCACTATCAAGTAGCTATC
ACTGTCATGTTAGCAAGCTAAAAAACAAAATGCATTTCAATAACTTAGCTCATTTAACACCGCAGCAGACATAACAA
CATTTCTATAGCTTGTGCAGAAAGTCCTCAACTTCAGACAGCCCCCCAGCTTTTTCTTTCAAGCTAACAGTTAGCCTA
ACTTCCA 
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TCTCATATTCTAACAAAATATGCATTACTACAGTGGATGAAATTGTCGATATGAAACCTAAACGCTGTTGTTTGCCTT
TGGAGAGCAGTACAGTTATTCTCAAATGCTTAACAGTGATATTAATTTGCTACTTTCGTTTCCTGGATCTTTATAAAT
ATTCATGTTTGATCATCCTAAACTGCAAAAGTGTGCAATTTTTCATTTTAAGCTGCTAGAATAACTTACAGGTTTTATT
TTTATTCTACAGCCCTGCAGGTAATCACCTGGTATAT[A/G]GTATGAATCTCACACACAAAGCAAACACTCATTGATC
AGTAACGTTTGCATGTCACAGATMARMYSSCAGCGTCTAGATAATAAATGCATGACTGTAGAACAAAAACTAAACA
TAAAAAGTGTCAAGATCTGCATGCAAATGATTGTAAACTCCAGTGTAAAACCAGAGAGACATGCAAACCCTGATTG
TACAGAGACAACAATTCCAACGTTAAACCGACTTCCTCAAAATGTCAAAATAGTGCACACTCTACTAGTGGCGATTT
TTACCTCTGGCGAGCCAGCCCTCTCCAACAAAGGTTACAAGGCTGTGAATG 

G
B
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TAAGAGTAACTACAACTCTGTTATGTTGATTGTCAACATTTTTTGTCCCTGTTAAGTTTTTTTTTTTAACTTGCAAACA
GGCAAGTTCATCTGGGTAAGGACCCCATGTCGGAGCACACCAGGAGGCAGGTACTGGAGGAAAGAGAGATTGCA
CTACATGAATACATGGTAAGATTTTTCCCTCAGTTTGAACATGTGGTTATTGAGGGTCTGTTTTCATTAACAAATACA
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GTAGAAAGGAGCAAAACCCTGCAGGAYRCTGACCTTCAAGAACCACAGTTGAGTAK[A/T]TTTATGGCCTTTGAGTT
GTTCTTTCCATTTAATTCAACATGACATGTACTGGATGTGTTGATAACTAATAACTTGTGCGGGATGTTTTTCTCTGA
AGGCACCATATGCATGCTGATGTCATAACCCGATTCTGTTGTAACAGTATTGAATCACACGGCAATTTTCATCCTTTA
AAAAAACAAAACATTCTGCCTCTGTGATTGATTTTATTGAGGAAACTCAATAACTCAGACTCAGCCAAAGTAAAATC
AGTTTTGAATTATGAGTCTGTGTACGTGTATGAGTTTCCTTTGAGAAGTTATTTGAATAGTCGACAGAACTCTCACA
GACACTTAACAGTACTTCCTCCCTCGTCTCATCTTCACCTGCACTGTTTATAATGCGCGCACACACATGCATGTTTAC
AGCCTCATATCTTTCACCATACTTTGATATTTTATGGAAACTCTGTTGTTTTTATTATAGGAAGAGCTATCATCTTC 
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AAAGCTACTCACTGTGTCTGTCTAAAGAGCTTTCCATCTCAAAAAGCCACTCCAATGTTAATCCTCTTTTTAATGCTTT
CTTTCATCTCTTTTTCTCTTTTAAAAACTAATTTCTGACTCTTCTGTCGAGTCTGCCAGTAAGATATAACGATGATCTTC
CATACTTGACTTGTTAGCCAGGTAACACTGCACTTAGATGAGAAGATCAATACAACTCTTAAATCTGTAAGTTAAAT
ATGAAGCTGCAGCCTGCAGGCAGTTAGCTTAGG[C/T]TAGYACACAGACTAAAGGCCCTTTTYTTGTGRAGGCGCA
ACAACMAGCACTCCGACTATTTGGTATTTTMCTGACCTTGAAACTTGCTTTGCCTGTCTGTGTGGTATTTTGGTGAC
CCGTGCAGAGCAAAAGGTGGGAGGAGAGGCACAAAGGTGGGAGGATCATTCAAATGAAGCAGCACAAAGCGAG
TTGTTGTATTTTGGTTGAAATTTGGTCC 
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AGTCATTTTTCTAAGCAATGAAAATGATTTATTAATAACTAATGTTTTTGAGACAGTTTTGTTTTTTGTAGTTTATTTA
TGTACAGTATAATTACAAGGCTAATTAGATGCTAATATATATCAGGGATTTATGTTTTTTAGATTAGTAGGTTTATTG
AGGTAACATGGATTCACCATTTAGAGTTTTATAGGCTTTATAGTTATGGTGCGGGGAGAAAGCCTCTACAGCTGTA
CAGAGGTGATGTGACCCTGCAGGATYCAATGCTGAACATCTTATTTACTATTATTAGCTG[C/T]CACAGMTTAGTTC
CAAAACAGTGWKCAGGAAGGACATTTTBGGATTTGTAGGTACTGCTGGGTGGTACAACAAAATCAGAGAGTGTGT
CTTTAGGCTGGCCTTCACTCTGAATCTTGCAGATACAGAGCTGCACTCTATTGTTACTGTGCAGGATATGGAAAATG
TCAATTTCCATAATAATGCAAGTGCTCATCTGCAATATGAAGCCAGATAAAGTATGCAGATGCTGGGAACTTCACCT
ACTTTCTCTTGCTTTTGATGCACTGTATGTGTACACAAGTCTACAGAGAACATG 
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AAAGAAACAGGTTTAGATGCAGAGGTGGTGAAGGAACAGGTTTGTAGAAGGAGCAGAACAAGGCATGCAATGAG
GTTTTTCATTAGGACTCATTTACATGAACAAGTGAAAAATGGGAAAGAGAAGATTAAAGATGCAGCCATTGCAAAA
GTTCATGCATACATGGCTTTGTTCCATCCTGGAAGAGGAATTCTTCATTAAATCCTAATTTTGTTCTCTATTCTGCTGT
CAGAAAGCACAGGTCAACACCTGCAGGGAGCTGTGCAGG[A/G]AAAGCTGCAWTSAGATGAAACAAATGTTTTGT
TYATAGGCAACATTCAGTTTGTCCTTTATGTARCAGMYWGTCAGGCTGTTAGATGGGCTTGTAGTGTGTCTTGCCA
CAGACTTGCAGTTAATGTTAGCCTTTCTTTTAACTATCACCATCATCTTTCCCTAGCCTTAATGATTTATTTCCCACATT
CACAACCTTTCGCTGTCCTCAACCAAACCATCATTGTCATGAACGGATATTGTAGAAAGAAAACATCTGCACTGAAT
GTTACAAAAACTTTGTCAACAAACGTAATCTAAGGCTTTGCAGAATCATCCAATATCAACATTCTTGTCTGGTGATG
GGGTTTGGGCGAGGAAGAGATAAGGTGAACGAGCAGGACACAGCTTTTTCTCTGAATGTCTCTTCTTTTTCGCTGC
TGATGTTGACACTTACATTAAATATTTCAACTTATAAATAATGTCTATATTGACATCAACAGATATCTGAATATACAG
TGAGT 
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GTGGGCAGGTCAGGGAAAACAAAAGTTTATTGTGTCCAAAGTGCAAAGTTTGGAGGTAAAAAAAGAGGGCAAGG
CAAGCGAGATAAAATGGCACAGAAACAGGCAGAGAAAAGGATGACGGGAGGCACAAAAGCGAACTGAGGCAAA
GTGGCCAGTACATATATATACATATATATAGAGAGAGAGTGCTGATTAGGGGAATGAGAGGCAGGTGAGAATCAG
GTGACTGGGAAGAGGTGAGGACCACTCCTGCAGGTTAGGYAAATAGGGGACAGGCGAAAGA[C/T]GAAAYTAAT
ATTAAGGAATGGCACTGTAGAAGTCATGACATGCTMWGAKCKGRAGWCAGGTTTGGTTTTCAAATATAATTTATT
GGGAAATTTCTCTCTTTCTCTTGATGATATGCAATGCCCAGTAGGAAGAGGGAAAGAGTGTAGCCAAAGTGTTGCT
TGAACCTGGTGAGCTGATGGTCACAAAAATATAGCCTCAGGTCATTTTTTAAAAACTTCTCAGGGATGGTCTGTTTT
CCACAACAAGCAAAATGAGGCCTCTTTAATTTTATGGACACATAAGGAGACAAACAGGTTGACAAGTGG 
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GCAGTGTGCTGCAAGAGATGGACACCAGCAGGGAGTCTAATGGTTTCAGCTGTAGATACTACACATACACCAGAG
AACAACCTGAACAACACATATTCATAATAAAGCATCTAACTGTTAGTATTTAAACAGAACTGTGATTTTCTGCAGTA
AAGCACCAAATAAACACCTCCCTCTTGAGCTCCCAGAAATATTAAGCACCGAGTCAGATATCTGCACACAGAGGCTC
CGATACTGATCTCTGTCAACCTGCAGGTGAAGTTTGAMGAYAACAACCCGTTCAGCGAAGGTTTCCAGGA[A/G]AG
AGAGAGGAGAGAGAGGCTGAGAGAGCAGCAGGARRRKBAGAGAGTTCAGCTCATGCAGGAGGTAAAACAGCTC
ACACACAACAGGAAGTAGAAACACACACACAGTGCTTTTAATGTGAAGACAACAGGAAGTAGAAACACACCTGTTC
CTGTCCTCGCAGGTGGAGCGCCATCGAGTCCTGCAGCAGAGGCTGGAGCTGGAACAGCAGGGCCTCCTGGGAGCC
CCCCCGGGTCCTGGTGCTCGAGTGGGGCCCCCTCCGGGTCCCGGGGCCCCCCCTGGGGAAAGTC 
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CTTTTAAGGTCAGGGTTGATAACATTGTAACACACACATGAACAGACAAGTTTATTGTTCCTCTCAGTACTTGTCATC
TGCTGTAAGGCCACTACTATTGAGAGTTTTATTTTATCTTTTTTTTGTTGTTGTTGTTGTCTCAGTCTGTGTATGGGCT
GCAGAATGATATCCGTACCCATAGCCCAACCCACACCCCTGCCCCAGAGGCCAAGCAACCTACAGAAGAAGAACTG
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CAAGAACAGGTCAGACCTGCAGGTGGCGC[A/G]CTACCACWAAAGATCAATRCHAGCACTMAAATTGTAGTTGYA
VTTTATATTTTTCATCTGTTTTTCAATTATTCAATTATGATTCATACATTCGTAAGTGCAATGTAGTGCAGAGTTTAAA
GTGCACATTTAAAGTCAAAAAAGGAAAATATCATGCAGTTGGTATGTAAATAGGCATGCAAACCAACATTTTCTGT
GAATTCATGGTGACAGATGTGTGCTTATTGTTCCCTGCTATGGTTTCAGATCACCTTTTGGCAATTGCAATTAGACA
GGCATCGACTGAAAATGTCCAAAGTGGCAGAGAGGTGAGCAATGCTCTTTGCA 
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AGGAAGAAAAGGTCGAAAGAGGGAGGGATGAGAGGATGAAATTGTAAATTTGTAAAGCTGTTTTTTAAGCTTCTA
AAGAAATTCGCAGACAAACCAAGACAGACGAGTAAGAGTTACCCTGTTCATTTTCAGGAGAATGCACGGTTTTCCC
TCAGAGTATCCGAAGTTGATGTCAGAAAGACCGGAGCAGAAACTCAGGACGCTCCTCTTGAAGCGACAAGTCTTCT
TATTCATGTTGTCACTGTCGTCCTGCAGGAAATAGACTCCTGAAAGGCATTCCTCGTTCTTCTCMTGCTCTGTATCRT
TATAACCTAGGAAAAGAAAGAGAGAGATATATTC[A/G]GGTGTCAATGAGTGGAGAAAAGATCCAGGAGGAGGA
GAGTGGAATTCAATTTATTACATCTTGCTTTCGATCCCTTTTTAATACAAATTCATCAGGGCGAAGTGCACTTACTTT
GCAGGAAGGACTCCAGGTGTTGGACATACTGTGAGTACTTGAGTGGGTCAGATTTGTTGAATGAGATGTCCAGTG
AATTTGGACGGATCACCAACCCTGCAGCACAAAGTAAACATAGAGTGAAGTAGTAAAAGCA 
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GCTGCTTTCTGTGTGTGACGACCATGAAGTTCAATTGAAATCTAAAACTTAAATCCATGTAGAATAAGAGAAGAATC
AGGAGTGAGATGGTGCTGCTGGTTGTTTTCTTATATTTATTTATTTGTGCTGGAACTGATTCTCCAGACGTCAGCTG
ATCAGCTCCCGACCACACAAAATATAAAAACACAAAAGTAATATTTACTCAGAGAAACAACCTAAATAAAAATAAA
CAAACTACCAACATAGAGCCTGCAGGTGTGTGACTATCGTAGCACTAAACTCTG[C/T]CTTAACGCAGGTTTATTTG
TTTARTATYAACTCAAGTTCACAGCAACRARRWCKGAAAGGTCTGAACAGACCGCAGCTTCCGGCTGATAAAATCT
GCTAAATGAGGTTTGCAGCNNNNNNNNNNNNNNNNNNNNNNAACTGAGACGCAGTTTCTCTCTTCTCTTCCAGT
AAAAGGGCGTCGTCACCCAGCTGTTACTGGTCAGGATCCACCTGCACAACAGGTGATCTGAACAACCGTCCAATCA
ACAACATTCAACTACAACACCTTCAGAGGAGGGAAATGGCAGCAAGTCCCAACAATAGGTGACTGCCACATATTAA
TGATATAATATAATAATAACAGGAGCTGAACAAGGTGTTGCAGCCACATTTAGACGACATGTTCTATTAACTCTGAG
ACTAAATCCTGCTGAAACGTCCCGACAGCAGCAAACACAACCAACCGTTTCCCGCCGTCGATCAGAGACTATCTGTG
TTTTCAACAC 
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ACCCTGCTTCATGTTGAAACATAATCAGTTAAATGTTGAAACTGTGGTTATGTATAACTAACCCCAGTTTAATCAAGA
TGTCTTGATCTTATTTCATCTTCAGTGAGAAAAAACTGTTTACTGAGCATGTGTGCAACATTTATTTACTTATTGCAA
GTCAGTGTGAACCAAAAATGCACCAGAACTAAAAGTCAACTGTAGATAAATAGAAGATTATTTGTTTCTTTGATTCA
TGCAAAGTAAACTGACCTGCAGGTGAGATRAAATAYATTTTTGATTGGATCAGGACAAAGAACCATAATACTGAC[A
/T]GGAAGCATCACAGCAKSCTGTATAACAGGRATAATAACAAGTATTACAGCATGGATCGAGTCAGGAGCGTGGG
TCATGTTTAGTGTTTAACAGAACAAAAGCCTTTTCAAACATCTTCTCACCCAAACCACACCTCAGTCTCCTTGATATCA
CAACGAGAAAACACAAACAAGCAGAAATCGCTCTCAGGACTTCTGTTCCTAGCAAAATTCCTCACAAACAAGTTCAA
GGTCTGTGGAGCACTTCTTCCATTAAGCGAGAAATGTTTAATCGTCTCTGCA 
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GCAACAACCATCAGGACAGGGACCACAGTGAAGTTGTGTTCAGACCTTGAAGCTTCTCTTCCTCTTCTGGACATTCT
GCTCAGGGTGGAAAATGATGACATAAACCTTCGGCATGTAGAGCATCCCGAGAGAGACGGACGCACTGAGAGAC
ATGGACACAGTCAGAGTGGCTGTCTGGATAAACAGCTGTAGAGACAGAGAGACAGACAAACAAACAGAGATATG
GACACAGTCAGTGAGTCTAACCACCTGCAGGAACTGCAGAACCCTYTTAATGATCATGAGAASCATCTACATACATC
C[C/G]AAACCTCCTCTGTGACTAATATAACCTCCTWARRKMAAGGTTGAACCACCTAAAGAACCCCTTGAATTTTCA
CAAAGGCCACAAGAAAGGACCACTGAAGCACACGAGGAACCATGAGAACCCCCTCATTGATTACAAGAACCTCCTA
AAGGACCTTTACAGTCTCCTCAATGACTTCAAGAGCCACTACAACCTCATAAATCACCACAGACATCTCCTAGAAGA
CTTCTAGAACCACCTAGAGAGCCTCAAAAATCTCTTCAATGACCACTAGACCCACATAATTTATTATTGTTTATTTACC
TTCCACAAAAAGAGTGTAAAGTACCAAAAAAAGGTACTGTTGGCTACCGAATTCCAGGTAACAATACTGGTATCGG
TTCAATTGTTAACGGTAACCCTAGACGACATATAAAAAAATACTACAACCACTTACAGGGCCCAACAAACTTCCAAA
GTGACCTCA 
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GCCATTGGCCTTTTTTCAAGGAGGGTCATGGACACTCACAGTTATTTCCACATACAGAGAGACTCAAGGTGTTAAAG
CTATTCACACTTTCATTTGGAAGTTTTACTCTGGGACCAAGTTATTGTGAATATTCTCTCAGCTGTAAGAAAACCCCA
GCCAAGTAGAATGAGGGGAGGTGATTTCATTCAAATACAATTACAGTTGGATCAGATCACACAATTACACACCCTG
CACACAAATTCACATGACCTGCAGGCAGGAGCCWTATTCATAAWGTGATACTGATTTAGTAAAAGATGGAAATTG
ATTTCTTAACTTTTT[A/G]CACAAAGWTTGTGATTCTCAAAAGCTTTATGAATCCTGCATGTCTCACTTTTTGTCTGTT
GGTGGGTGTGTCAGTGGAGTATAAGAAAACAATGCACATATGTTTTAATGTTTTCCTTCTGATAATAGGTGAAATG
CGTCATTAAAATGATGTGAATGGAATAGGGGAGGATAATTTGTGCCATATTACCTGCTGATTTTAGTTGAAGATGA
CAGGTAAAATGGCACATGGCATGGTGATAATCATATGCTATCTCACTGGATTAATAGTCCTTGACTGATGTGTGTGT
GTGCATGTGCGTGTGTGTGAAAATGAATTAAAAATGAATAAAATGTCTGGAGGTTGAATTGGATAATGGTTTGCAA
TGCTATTACAGGGCCTAAAAAGGTGGTGTTTGGAACAAGATTCATACTTAGAAGACAATTCTATGTGTATGTGCAT
GAATTTG 
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TAGCTCCTGTCTCTTTAAGCCCCGCCTCCCTTTGACCTGCAGGCAGCATTTCTAC[A/T]AATGTTCTACAAAAGTTTTG
GAGCTTTGGTCGTGTTTAACATCCAACATCAGAACAGGACATAAATAACAGAAAA 
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CCTGGTGACGACATTGTTAGTGCCAGTAGTGACTGCAGCACCTGTTTTACCTCCCGAAGTGGAACCTCCCAGGCAG
CTGCACACGCTGCTGGTATACACACACACACACACCTAAAACATCTAAAAACAACACAAGTAACCAAAAACAAAGC
ATGCACCTGTGGCTGCAGAATAAATGGTTTATATTCATGTGTAGGTATAGCAGCAGTGATCCTGTCGTCCAATCAGA
ACGCGTCACCGGTGCAGGTCCTGCAGGTGATGCTGCAYTATTCCATCAGCAACARAATCAACCTTC[A/T]CCCTCTG
TCTGAAACACATCATCTCACTACTCCAAACCTGCTGGCAGCTATGCCTCCTGCCAACAACACAACAAGTTAGTGACT
CACACTTTGTGATCTTACACACATGAACAGCATCTGTGTGTAGTTTACACTGTGTGCTCACTTGGGTGTGTAGGTGG
GGAGCTTCTGTGTCGGTCAGTGTGGTCAGAGAGGTCAGGGGTCACGAACACGGACAAGACTATCAGTCGCTGTCG
TCAGGGGGAGGAGATGATGGGCTGCAGCAGCTACGCTCCTGACGGTGTACGCGTGGGA 
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GGAAGAATATAGTATAGAGTATGAGCTCATTTACTGTGTTCAGTATTAGTTAGTTGTGTGAATAGTTGTATGTATGT
ATTTGTCTCTGTTTCCGTGTCGGTGCATGTGAGTACATTCATAATAACTCTTTATATTGTCAGGAGGTAATGATGTAA
ATTGCTGCATTGGAAGCCTGAATGCAAAGCCAGGCTTTTTTCTCCCTGATGCCTGTATTAATGCGGTGTCCCTCTGG
ACTGAAATCAGCTTTTCCTGCAGGTTTTTCACTGTCAGGCCAT[C/T]TTACCTGCTGCACAAATGCTGGTAAACCTCT
TAAGCYCATTCTGCCCCATTTCTTTCTMTCYYYCCCCCCTCCCAAGTAGTCTCAGAGGATTCACCAAAGACAAAGACA
CAGCCTTTCCGGCTATTAGGGCCATTTAAAGGTATCCCCATGTTGAACATGCTTGAAATATATTGCTGTCAAATGTA
CTGTGATGCCTGTGATCAGTGTTTTTATATTTTATTGCCCTTGTTAGCTGCAGTGCTGCTCAGGGGTTTTGCTGATTT
TAAAACAGATCTTTGACAGTCCCCCATGTCAGGAGGATCAGATATCACATACTAATTTGCACACCAATGGCCTCAGG
CCTAGACCAATTTCACATTGTCTTAAAGTTTCATAAAGACCTTGAAAGACCTTTTTAAAGCCAATTAAAATGAAACAT
CAGACAACTCACCACTTAATGTAAAAAAATGAAGATGAATAAGAGCGCTGGGTTGCCTGACAGGGTTGATTTCAA 
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GGTGTGCTGTTAAATCACCTAAGATGGAGCGTTCTCTTGTCTCCTGCAGGTTGGCTATGGCCTCCRGCACGGTTTGT
TTTGTCTG[A/G]TAGGTGTTAAGCTCCCACTCCATCCCTGAGATGTACTGAACCATATCTGCAGGAAACACACAGAA
ATGTGTGAAACTGACACA 
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GGTCTTTTCTTTCTGTTGTAGATCAATCCTGCAGGCTGAATAAATGAAACATGCATGTCCAGTCTGCCTCT[C/T]TTG
GAAACACACATACATHRGCGGCWCACARAAGCACACRCATWGAAACTAAACATGTATAGCAACACCTAGTGGACT
TAATTTGCTGTTACATTATCAGTATATGGAAACTGCCCTTTGAAACAGTCATGTCACTGTGTGTGTGTGTGTG 
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TTAGTCCTTTCCATTCAAGAGGCAAATGCAGATGCAAATGCACCTCAGTGACATCTTGAAGGAGATCTTGCAGGCTA
TCCTCGAGTCTTAGTGACCCATCTGCTACCGTAGAGGAGACAGCTGTTGTTGCTGCCTCTCACCAGGACCCAGAGG
AGGCAACACCAGCTGCACGGGCATGAACAAACCTCTTTGTCATAATTATCTACAACATGGACCCTCTGATCTGTGCC
AAGGTGAGACAGTGAAAACCTGCAGGTGAAGAGGAGAGCCCAAGTCGAGCYCCRAAGCATCCGTCCAACAAAAT
GAGGAGCAATGASC[A/G]CACTGCAGGCAGGACTGGACATCAGGCCACTTCTCTTGGATCATTTCTTTCTCAGTCCA
CATAGAACATGCTCCTAACTGGGGAAAGCAGAAAATTTGGTTCAAACTTTCCCCACTGACTCTCCTCATCTGAAGGA
GGATGGTATGACTGAGAATCCTCAGAAGGATTCTAGATGTGAAGAGACAACAGCCTCATCATCTTACTGGTCACAG
GCTTTAACGGAAATTGATCACTGAATGCAGACTGCAGGTTGCTTTTGGTTGGCTGCACCGGAGGCTTGAAAGTCCA
GAGCTGGTGAAGGATGGAGGCGTCTTTATCCGGAGCTACAAGGAATCATGAAGAGGTTGTGGATGAGACGAAAA
AAGGATAGAGGCAGTGTGGACCAGATGACAGAGAAGAAGCAAAAAAGTTCAACTGTTTCTCTGTTCTGTGGATGG
TGGAAGAAATAACA 
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ACTTCCACCCTAACATTCAATCACACCCTCCTGCTTTTGTTTCTTATTCCTCTTTATTCCCTCCATCATGTTTTCTGCATC
CATCTACTTCTCTTCCTCCTTCTTTTCCATCACACTTCTCGCCTCCTCTTATCCCCTCCGCAGTTTGTCCCTCTGATCGTG
GAGATGTGCTGCGGTGTGGTGGAAGACACAGGTCTGGAGTACACCGGCATCTACCGGGTGCCAGGGAACAACGC
TATGGTGTCCAACCTGCAGGAGCATCTCAA[C/T]AAGGGCATGGACATCAACACTGCTGAGGAGGTGTGGAGGGM
ATGTCTGTTAWACTGTAGTTTTACTTTACWTTTACCAGGAATTGTTTTGTAATATTAGGGGTGTTGCTTTTATAATTC
TACACCAGAAACACTAAATCTTTCCCCCTCCTGTCTCCACAGAGATGGCAGGACCTGAACGTAATCAGCAGCCTGCT
CAAATCGTTCTTCCGAAAACTGCCTGAACCACTGTTTACTGATGGTGCGTCCAGTTATTTGTGTATCATGAATCATAA
TGAACATGTACAATGTATAAGTAAAATTAGATTGCTAATTGATTGTTTTCTTAGTTTGTAGAAAGTTTGTAGAAAATT
TTTCTTTTACTTCAAAAATCTGCTTGTTAGCTAAAGATGTCATCTGCATGTGGAAATGACCATTATATTTTTGATTTTC
AGACTTTTGTAATATTCCTGGTTTTTCATTTTTCATACACCTTCTCTGTCAGACAAATACAATGATTTCATT 
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TCCTTCCCAGTCCGGCGTCATAGCACGGGGCTGTGTGGGGGAGCAGTAAAAAGGTGGGAGTCTGCTGAAGGAGA
AGTTGCTCCGTTTCAACATGGAGAGTGAGGAGCGGACTGGACTGGATCCTCCTGCTGCGGTTCATGTGGCTGCAGT
CTGCTGCCACACAGGGAGCTCTGGCGACACCTGCGGCCACAGTAGCGCACCACACCTGCTGCATGGCTCCGAGCTG
CGGATCAACTTGATTAATGTGACCTGCAGGCAGCGGCGGAATGTRGCTAAGTACATTTACCCAGGTTGGACAATTT
TTAGATGTCTGT[A/G]CTTTATGCKTTATTGAAAGTACTGCTCCACCACAGTCCAGAAGGAAATGTTGTATTTTCTAT
TTAACAACATTTAATCCGGAATCAGAATCTGTTCATTAGCCAAGTATG 
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TCTCCACAGGAGAGGAACCAAGCGGCAGACCTGCAGGAGGAAGGTDGTTGAGGAAACAGTTCCAWAAGTTATGT
GGAGGCAACAGAGTTCAAGCTGGTCCAAACA[C/T]MATCTCTGTAACTGATGGACACCTCTCACCTGGCGATAAGG
AACCCCAAAATGGTCAGTTAATGGAGCTAACATCAGA 
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CATATTCTCACAAGTCCAGCTCTCGTGCAAGGAAACATTAGTGCTACACTGAGCACCATGCCATCATTGAATCTGAC
ATCTTATTGTAACCCCACTGTGTTTGGCAATAACCTGTCAAGGAGCAGAGTGTGATATTAGGTCATTATTCTATAACT
GTGAATGTTCACACAGTGCCCCTCCTCCAAACCCCCCAAAAGTAGCTAGTGCTCTCACTTTGCAGACGGTTTGCGTG
TACTTGCGGCAGTGTTCCTGCAGGTCCCACAGGAGCTTATTAGAGGGAATGGTAGGGCTTCWCACAACCTCAGCA
CACGC[A/T]TGCTGGCTYCCATCACAACAGCCAGCGGAGAAAGGGGAGAGAGGTTCACAATTACCAGGCTCACGTC
ACCCGGACTTCAGACACATTCTCACTGCAGTGGCTCTGCAGCATTAAGCAGAAAGGTCACTGGCTTGTTTGAAATTC
TGTTTTCAAAGATTCTAATCATAAAGTAGATAATGTTATCCACATTCATGGCCATTATTCGCTTACTGTGCAAGGATA
CATAAAGAGAGCCACCAGTCAGCGTCTTGTTGGCCTTAACTAATGGCAAAATGTG 

G
B
YP
-
R
A
D
_9
1 

TTGATAGCTAATCAGTGCCTTCCTAATGTGTCCTCTGCTTCCAGCTGTAAGGAGGACATCTGTCGTGGGGTTGGCAG
CCTTCTGGTCTATGTGAAGAGCCTGAAGGGATTGGCGGCCATTAGGGACGCTGTGTGGGACCTCCTGTCCACnGAC
TCCATCAGTCAGCACTGGAACACTGTGTGCCAGCGGCTGCTGGAGCGCCCCCTGGCTGTCTGGGATGACTTCCTGC
AGCAGCTCTTCCTTCAGCGCCTGCAGGTTAGTGTGCTCCAATTTTCATGATCTTGGTGTAACAGAAAATKAAGTCTG
CATCTTTAAGCATCTGATCAG[A/G]TCATTCCATTGKCATATTTGTACGTGTTCATGCCTCCTTGAAATTCTGGGTCAT
GTTCACTCTCACCGTACTCACAGGCCTGCCTTCTTATGCAGTAAAAATTGTGCATATTGTTATATTTCAATGATTCCTT
CCTTCCATTCCAAAAGGCCATCACCAAAGATGAAACTGAAGCCATCTCGACGAGCTCCGTCCAGCTCCTCACCTCGG
CTGTGAGGGATCTGGAGGGCCAGACCATCCATACTTCTTCAAGTATCAACCCTGGCTCTGGCCGTGGCGCCCAGTA
CGAAGTAGATGTGGCCTCCTTCTTGTGGTCGGAGTCTTCAGGGGACCTGCTGAGCGATGCAGGGTGGGTCAGTGT
TACCCAACGGGGGCAGCAGCAGCAGAGGAGTGGTCTGGCCATGAAGACCCAGGCCCTGACACCCTGCGTTCAGAA
CTTCTG 
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GTATGTATGTATATGTCAGACACAGATTAAGAGAGGCAGGTAGAGAAAGCAACTGAGTTTGTATTTTTTGCAAATA
AGTAAAAGTGCCTGCAGGTAAAYATTTTTTGTGTACTTGTAGAAGTTGAGCTATTTTCTGAGCACAAGAACATGC[C/
T]AGCTAAAGAKAGAGAACCAKATTTTYGGTCAGATTTTGAGCTAGAGTAAATACCTGTGCTTGGTATCATTTAAGG
CCAGTGAAATCATATCNNNNNNNNNNNNNNAGCATCCAGTTCCTTATGCAGAGTTGTAAAACAGAGAACTTAGG
ATGTAAATGCATGGACTGTGCTGTCTAATTTGTATTGGGCTGAATGATTATCTGTGATTCTGAAATTACTTCCCAGG
AATATATCACTCCTTTCCTGGGATTCCTGGGATTTTTTTTGTTTGGTGAG 
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AAAAATTATGTGTGATGCAACCTCATTTTCTTTTCATCTTTTCTGAGTTTATAATAATTTATCCTTGATTGCTCTCTCCA
TGCTCAAAAAGATGAGATTGCTGTTGGGAAAATTATATTTTATACTCATTACTTGATAAAATTCCCTTTTATTTAACA
TGTCCTTATTAGTAACAGCAGTGGACAATCTAATCTGGCTCAAGGTCTGGATCAAAAGCAATTAACAAACACAACCT
CTGTGCTATTTCTCCTGCAGGGAGAAGARGATTGACCAGGAAGCSAGGACGAAGACTGGSTTCAGTATGCAAAAG
GTCTGGATAGA[A/G]ATCTTTAACCMCACAGAGAATGACCAAGGCCAATACACCCTGGAGATGTTTGATGGCAAA
GAGACACACAAACGTGTTCTTAACTTAACTGGACAAGGTGAGAACAAATGGCATTTTGGTTTACAAGTTTGATTTAT
TTGAAGGATTATGTGTGATGCAACCTCATTTAACAACACAATATAAGATTTGTGAGATGTTTTGAGCTGTCAAAACA
CAAAACTGATGAGATTATCTTTCTTATTATCTCATATGGACTCAATCTTGAGTGGCACTTTTCTGTTAAGAACTTAATT
TGTAGTCGATTAGTAATTTACAAAACCAAATCAAACTAAAATCAAACTAAAGGTAAAGAAAAACTAATGAAACATG
AATTAAATGTAAATAATGATTAATATTATTATTTATTTACAGCCTTTGCTGATGCTTTGCTGGAGTACCAGAGGTTGA
A 
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GGAAGTTACAACTACAACTTGTCCTGCTAAAGTGATTTTCTGTTTGACTGGCGCTGCACATAACTTTCATTATCTAAG
TATTTCCCGGTTAAGTTATTTCTCCAGTTTTATTGACGCAATCTGATATAATATAGATCACTTGAAACCAGCTACTAG
TTTACGCACTAGGACTTTCCACACAGATGTAATGCTACAGTAGTAATGATTTTACAAATAGCTGGTGCAGCCCAATC
CAGGGTATTCTTGTTCCTGCAGGAGTGCCACCAYAAGAAATTATTATCCCGTCTATTTCACTTGGTAACTTAAATDAC
TCA[A/G]ATTCTAATTTGGTCTAAGTGCATTATTTTCATGCAAGAGAGTCATTTGGCTTTGTGCACAAAAGTGTTAAT
GTTTATTTGCCAACCAACCAGGGAAGTTGTTTCTTCTATATGAGGCTGAAAATAGATTTGATACGCTTGAAATAACA
TTCAATGAATGAACCATAATTGTGCATTACCAAAACAGCCAACTATAATCACTCAATAATAACTGTATTACATGGCC
GCCTTCAAAATTGGTGCAGCCAGACATTGAAGCGTCTACATCAGTTATTCTGCCCGCAGGAGTCGCCACGCAAATG
CTGCTCTCTTGGAAGAAAGGCATTATGGAAACCTCCCTATCAAAGCTCGGGATCAGAGTTTTTAAAGTGTTTTGCCC
CTAAAATGAGCAAGCGAGCCGAGGCTCTGAGGTCGTGTTTACACTCCTCCTCCATGGAAAAGTGGACCCTGCATGT
A 
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GTCAGTAAAAAAATGTTGTCCCTCTTAAAGTCTACTCAAAGTGAGAAGCTGACAGCCTACGCCAAGTACAGCTATG
ATGCACTGGGAAAGCGCTTCCGCATCAGAGAGTTTGGATCTTATAAAAATCAGACCTTCCGTTTTGATGCACTGCTA
CTCTTCAATCTGGTAATGAAAACAAAGCAATGATATCTGCATTAAGAAATGTCATATACAACATAAATTAATTGAAT
TGTATAATGCCATTGTGTCCTGCAGGGTGTTATGTATAAGATCAACTACAGGAGAC[A/G]CACGTGTCACAAGAAG
CCACTGAGTGTAGACTTCCACCCACTGGCGATACCACAGGATGCTTCCCTGCTTGGCCAGGTTGTATTGGGCAGCTC
CTCTGGCCCAGGGCAGGGTATCCTGGTCAACACCTGGGCGGGGGATCTCCAGATGAAGAATGGAACAGGTAAGA
GGAAACTAGACTAGGAGATATTAAGACAGAAAAACTGCACAAAGTCATGTGGTGTATGGTAGCACATGACTTTCCC
TGATTCATCAATCTAATCGCTGCCCTTGTTTTTATGCTCATGAACCTGCTTGTCTGGTTGTGCTGCTTCAACTTCCTCG
TGATCCACTTCTGTTTTCAGCAGCCAAGTACATGAGCACTGTCACTGAGTTTGGATGTATTCCTGTCAGCACTCTGTT
TCATACCAACAAAAGTGGATGGGTGGTGACCAGGTTAGTGCATACACAACAAAAAATCTATCTAATCCATCTAGTG
TTCACAG 

G
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R
A
D
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9 

TTTATGACCTAAATACTAATAAATCGTCTTCAATGACATTTTAAGACACAACTGGTGTCATACCCATAATACCCGGCC
AGGCTAGATCTTCATTATCGTCCCTCTCATGTCCAGGAGCCAGGTGATTAAATCGGTCAAGATGCTCCAGGAGACCA
GCCAGGAGAGGGATAGAACCCGTCTCCTGCATCAGACCAGCGTCAATGGTGAGGAGGAGGACGATAGACACCAC
CAACTCAGGCAGGAGCACTCCTGCAGGAGA[A/G]AAGACCGCAAGTCATYCACAATTTATGYTGCATATACACACT
CAGCAAYTTTTRAGAGAGGRAATTACCRGTTAGATCTCCTTCAATAACACGAGATACTTCAGCAAAGTGGCGGCGA
CCGGTAGAAGCAATACTTGTTGCCACTGGGAGGATGTCTCCAATGTGAGTGCACAGCAGGGCAATGTACTTTTTCA
ACAGGGAACCAACACCCAGAAGCTCAGGATCTACAAAACAGCAGACAAAACTGTCCATTTAGAAGTAATTTTCAAA
CTTCATCTCTAGTTACTCCAATCTGGAAGACTAGAAAGGTCATTTCAAAGTTGAAATACA 

G
B
YP
-
R
A
D
_1
02 

CGGCTGGCATATTACTGCCAGGAAATGGGATCTGCAGGTGTGAATTAGAAACCAGCAGTTTACTTTGTCCGCTGTT
TCATCCCATATGAACATCCCATAGTTTAGCACTAGTGACTATTCTTAGTGACATTCACTAGTTTCTGGGACGTTCTGA
ATCAGAATAAGTGTTAACGCAGGTCCATCTTCTTCAGTATTCAACAGTAGTCGAGGTCTCACATGTTATATGAAGTA
ATGTGTCCATGAAGGGACCTGCAGGA[A/C]TGACAGAGTTATGRSGCCTYGCAGCTTCTTGCTGTTMACAMTGATT
AGGAAACAYGTCTGTCACATACRGTTATGACTGCAGGTGAAACGCAGCCAGAGAGTCAGAATGACCTTTCAGACAA
ACGACTTTATAATCAAAGTTCAGGAATGGATGCAGAGTCACATACAGCAAGCTGGATAATGTCATGTCTTGACGTA
AAGCATTACCGTAGTGTTCATCTTCAAGTATAAAGTGTTGATGGAAAGTGGTGCATGTTTTTAAAATCTATATTTAA
CACAGACATCATGAATCATGTAAAATAAACGGTTAATGGCCAGAATAAAAGACAGAG 

G
B
YP
-
R
A

TACATCTTATTTCATTTAAAAGTGGAACAAATGAGATACAAAGCAAGATCGCTACTTCTTACAGTAAGTTCTTTTTGC
ACACGCAGTCTTTTGTACGTTTTTCTTTTTACAACTTACCATTCGTACCCTCACCTCGGTGCATCCACACTGTCATTGC
TAACGGATGAAAATAACTGTAATTTGTATCATTAGATGTCCTTTCCCACAAGCAGCCTGATGCCTCTCTGAATCCCTG
ACTGTCAGAAATACCTGCAGGCTCAGCATGAGTCTATGAGTCACTGCTATCTT[C/T]TCAGAGAACAAAGACAAGTA
CRGAAAAGACTATCTCAAGCTYTCCAAAATGATCGGACACTGTCAGAACATTTAGAGACTGTTAAATGAAATGACA
CAAATTGTGGTCAAACATATAGAACAAATGATTGAAAACTTGAAAAATGCTTTAAAAATACAGTATATGGCAGCAA
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CACCGTGTGTTGCTATATGTCAGACTTTACACACTCTCTGCCTTAGTGGGAAAGAATGAATCAAGGCGATCCTTAGT
TCATAGGGGGAGATAGACAGACAGAGGAACAAAACGAAACGGTGCGAGGAGCTTACTGGCAGTGATGGCAGTGC
CAGATGGGAGAGGGAAGAGCTGCCCATGAGAGGCGCCAGTAAGCAGAGACAAGTGGTGCCAGCCCAACTGTGTC
TAAAAGGAGGTCCAGCTATTTAATCAAACCCAACACTGAAACCGCACCAGTGCCAGATGCAATTCAAATCCTTATAT
AACCCAA 

G
B
YP
-
R
A
D
_1
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CTTGCAGGGATAAACAGCCACAATTCACTCGGGGGTTAGTTTCTTGTGTGAAAATGGCAACCTTTCCCCATAACACC
TGTATGAATAATTCAGCACTCTGGGCTCTATCAGAGGCTGTCAGAAATGTCAGACGGTTGGAAGTACCCTTGGCCT
CCCCCAGAGGATGTTGTCTTAGGGGCTTGCACACACACTCACAACATACACACTTGACCAAATGCCACAGCTTTTTC
ATTGCCAGAGCTCTACTGCCTGCAGGACACTGAAAGCYGAGCACACCTGCAGTGAGCAAACTGTTGCAGTTTTCCC
CYTTTTTTATGGGCTGTTATTG[G/T]TAAATGTGACTTTTTCCACTAAAAGGTGCTACTTCAGTCAGCACTTTAAAACT
GAGATAAACAGGCAAGGCTGCACTGGTTAGTGACCATAATTACAGATCATAAGCTGGACATGTTACTTTTGACTGA
AACTTGGCTGGACTATAGTGGTAGCTTTACACTAATAGAGGCATCACCGCCAAATTTTAACTTTTTAAATGTTTTTAG
GTTTGATAGAAGAGGTAGATGTGTATCTTCTCTGATATATTTTTATGCAGGTAA 

G
B
YP
-
R
A
D
_1
07 

GAAGTTGGTGATCCACCTGCAGGTACAGTCAGAAAYGTGCAGTTGGTAGAGCTTGTCCTGCAGCAGAGCTGGGAT
GAT[G/T]GTGTWAAAGGCGGAGCTGAAATCTACAAACAGGATCCTGGNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGGTGAACTGCAGGGGGTCCAGGAGTGG
GTCTGTGATGGATCTGAGGTGGTGAGGAGGGGGAACTGGAGATGATTGCTGGAGTCAGGAGGGATGTGTTAGGA
CTGTCCTTTTGTCTTTCAAATTGAGAGTAGAACTGATTCAGGTTGTTGGACAGGTGTGAGTTGTTAGGAGAG 

G
B
YP
-
R
A
D
_1
08 

TGCAGGAAGATTCAGCAGACTCAGGAGTGGTGGTGCATCGTTCCACTGTG[C/T]ACAATGCTTGCACAAACAAGAC
CTTCAAATGAAAGAGTCAGTAGAAGAAAACCTTACCTGC 

G
B
YP
-
R
A
D
_1
09 

TGCAGGAAATAAAACTGTKCAACTGTTCTGTGAAGCCACAGAAATGTGCTCATYTTAKAYCATTTCATAAACATCCTC
TTTGAAT[A/T]ATATTTCAACCATCTCATCAACTTCCAGCCATAATACC 

G
B
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-
R
A
D
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13 

GTTATATCCTGCAGGGAAAATTATGAAACAATGAGGT[A/G]AAAATAAAGGAGCTGTTCTTAACATCTCTCCTTTTA
AGGCAGAAATTGAATCAAACCATTAAAATTGTAGCTGAACAT 

G
B
YP
-
R
A
D

CACACACACACACACACACACACCACTACAAAGAGGGTTAATAGAGTGCTGCAGTTGTCCTGCAGGACAGTC[A/G]
GAGGAAGGTAAATAAATCAATGTGACACTGAAATGAGGAAGTGAGTGAAAGAGAGAGAGAGGGKGTGTTAGAGT
GDKGATGTGTGTGTGTGTGTCTCTGTCTGCACAGAGATCCGTGTGTTTGTGTGTGTGTGTGTGCGTGTG 
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G
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CTGTTAAAATGCACACACAGCTGCAACCTGAAAACCCTCCAACCCTCCACCTCTGCAATCTTCTTTCTATGCACCACC
GGCTTTTTCTTGTCTGACAACTCATCTCGCACCTGACGCCTTTTACATCAACTTCTACACATTTATGTCAGGTCGAGTT
GTTCCTTCGTTCCAGAAACTGTGTCTCCGTGCAGAAGAAACACTCCCGTGTGACACAAAGACGTCAAAATAAAACAT
TTCTTTACTTCCTGCCTGCAGGA[C/T]TGTACTGAACACCYGTCAGTTCTGGATGTTTGCTGCAMCCDTRACRGTTTC
ATTTCRCACYTGATTTTCACAMCTTTTCMCTGTGAGGGAACTGAAGTGTTTCTGTCTCAAGCGGCAGGTCTTAACTG
TCTGTCAGCGCTCTGAGATGACCCAAAGTCCCTCTAAGACTTTTCCCAGCAGCTCCTGAGCTCGTCATGGTTTCATAA
GCTGCTGGAAGAAATGCATGTTGGGAGGATTTTCACTGTCTCAGCGTCTTGTGTGAAGCGTGAGGAATGACAATTA
TCACCGACGCTGTGGGACGTCTGAAGGCGACAGGACGGAGATACAGACGTAGAATGCTTTGTTACTGCTGCTTCAT
TAAATTTCACTGTTTTCTATTTATTTTCTTCTTTCTGCAGTTTCCACAGAACAACTTCGCTGGTTCCAGCTTCTCCACTG
TGATGATTTACTGCTTTTCTGTTCTGTTTTGTCTGTTTTACAGCGTTGTAAATTTTTGGGGTTTTGGACTGTTG 

G
B
YP
-
R
A
D
_1
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GTTTCCTTCCTCAGTATTTTTCCCTCAGTTTCCCCAAAGAAAACAGGGTCATGTGGGAGTGAGGAGTCATGCTGTGC
TCTGTTGTAGTGTCCTAAGATCCCACGTCTAACTATATACTTAACAGAACAACATAAGAAAGTCATTTCCTCTTCCAT
TAATTAGTTTGCCTGGTATTTAAAGCAAACTCTGATCACATATTGAGAGTCTGTGTTCATCCAGGGGCTGACTTGAC
CTAGTGGTCAAGGTGACCTGCAGGA[A/C]TGAAATGACATTATGCTCTATTTTCAGCATATACAYAATGTCAGGAAG
CCTTTTCAGTGCCGCCAAAGTGTCCTGTCTTGTATTTTTGTCTTCGATCGAATGTCAGTTCATTAACTGCTTTTGCATT
TAGTGCTGCACAAAATGTTATAGTCATTATTTTTTTCAAACCAAGGACTTAAAAACCTTCTGTCATTTAGATGTAGTA
CTTGTTCTATTCATTTAAACTACCGCATTCATGTTTTAAAAATGAAAAAATAATTTGAAACTTCACTTTTTCTTAAGAA
CTTGTGCAGAACATGTGCTCTGGTGGAGTTTTGAAAGCCTGATCCCCCCTGTCCCCCTACTTTCATCCTTACAGCGTG
GATATTTGTCTTTGCAGACAGCCAGCCCAAATCCCTTTGGTGAGTTACACTCAATGACATTTCGGACAGTTATGAGA
ACAGCTGCAGTGAAATTGTACTTTTTTCTTGGATCAAACATTAGGAAACAAACCCTTCCTCTCCTCCTGGGAG 

G
B
YP
-
R
A
D
_1
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AGGAAGACTATTTCTACCGGAGTGGGAAGCATGAAAGGTGGAGGCATTTGATCCTAGATATCTTAAAGGCTCCAGT
GGTGTTCTGTAGCTTTCTAATAAGCTCTTTGAAGACCACCTTCACAGTGTGTCCTTTTACCACAGGGGTCTTAATGCA
GCTTTGCCACAAAGAGCGAAATAGGCCTGGGAGGTTTTATCCCTGGTCAAAGCATGACTAAATGGTTCAGATGTTA
ATGTGTTCGCTCTTCCTACCTGCAGGCTCCATTASCTGAGTTTTTTTTAAACCACCATCCTTTAAGTGATGGAAAAATC
TGTTTTGCTGCAGGGAAACAGACAGTC[A/G]CATCCCTCAACCCCCTTGCnCATATCATTTCTAGAATATTTACCTCC
TCGATTTGAACTTCTACTGTATATATTTATTCTGCTAAATTGCTGTTGCCACAATAATGGGTTGGACAGAATAATAGA
GCAACCGCCTACAATTTGGTGGCTGGACCACTGGAAGACTGCAGGATTTAACGTGAATGAAAACCTGCCTTTTTCC
ATATAGTTTTAATCAATCACTGAGTGGAGTAACAGAGCATCAGGTGTGCAAG 

G
B
YP
-
R
A
D
_1
29 

TGTTGTTGTTGTTGTTGTTGTTGTTGTTCAGACTTTTGCAGGTGACGTGGGACATTTGTGGAAAACGTCAGAGTCTC
TGCTGGTTTATCAGGAACTGGTGCGAAAAGGAGTTCGTGGTTTAATGTGAGTTGACATCAGACGCTCTGAGTGTTT
GTTAACGAGGTGAAAAGTGAATAAAAAACGATCCTGCAGGCAGAAGCTCGAATGACTCAGAGAGCAGATCTGTTC
RGATGTGGTTCACTTCCTGTTTGTCTCCAGTTATATAAACAT[C/T]GTTTYYTTTTCACTGACTGGAAGGAAAAATCCT
GAAGCCAAACAAAATGATGAATTATTTAGGATAAAGTATCCTGCTTGTCCTCTTTTGCACTTTAACTTCATCATGTTT
TCAGTAACTAAACATTTTAACTTTTCACACAAGCATTTGTACATCTTCAGTCCTAGTTAGTGTATATAATTAACCTTTA
ATTGAATTTGTTTCTTTGACCTTTTTTACCTCTTTGTTTTTGAATTTTGATTAATTTAACTCTGTA 

G
B
YP
-
R
A
D
_1
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AGGCATTATTTAATCCAAATAAATATGTGAAGAGACTTGTATCGCTTAGCTGTGGCCTGTAAGTTAATAACCAACCA
GAGTTTGATGTGAAAAATTGGTGGAATTCCCCTTTAAACCACTCATCAAACTAAAAAAATCATCAACTGCCAAATCA
TCAAGCTCTTCTCTGCGATGTGTTTCTCTTCACAGGAATCAATGCTGGTAGAAGTTCCACGTTTCGAGGAGATCCCC
ACAGACATACCGCCCAACCTGCAGGAGCGGKTAAATGGYGTCACAGATRTCCTGTCCCGAGTCTCCAAGATGGTGT
CTGAGGAC[C/T]TGGAGAAAGCTGTGAGCACCGCTGTGGGTCAGGACAAAGAAGGTAACCGGCCTCCGGGAATG
ATGTTCACTGTGTAGCGAGTTGCTTCGCTGCAGGTCGTTCCTCACTTTGCTGTGTGTTCTCATGTCGGTCTCCAGGTT
CTCCTCAGGACAAGAGGCCGATCCTCGCTGTGGTTCCCAGTCCGGCTGCTCCGTGCCACCCTGGAGGGAAGGAAG
GCCTCAGTGCTTGTAAGTCCTGCATTTTTTTCACTAATGTGTTTACCTGATTCTGTGCTTCTTGTGATTATAAGTCAGA
GGACAGCAGAGGTCACACAGTGCTTTAGTGTTATTCCTGTGATCATAAAAAATAAGAGAAAAAAAAAGACCTGCAT
TAACAGTGTCTGCTTCCTCTCTTCCTCATTACAGACCGATGCTCTCTGACCTTCGACCCTCGCACGGCCAACGGGCAC
CTGTTT 

G
B
YP
-
R
A

TTTTGTGGCACCCGATAAGAGAGCCCTGAATAAATGTGCCTGCATGCATGAAAGACTTGAGAGGGAGAAGTGTTT
GCAGGGTAAATATTGCAGTTGGCCTTCGTGCATGTGTACAGAACAATTACATGCTTCATTGTTGTGACAAAAACGG
GCCGAGACAGCAGATATTTGCTGCTAATTTAGCTTGAGAAGTCCCCAACGGTGGGGGATAAATCTCATTGGATACT
GTATGTCAGCAGTTACACTCTCCTGCAGGCTGCTGGCTGTAAAAGGCACAAGAAGCTCAAATGTAACTCTGCAAGC
TGACRGATAAAAATAACTCAGCCRTACTGGACACA[A/T]GGTTTGGTCTAAGTACTGTAATGTGGATCCATTGTGGA
TGATCAGATCTTTAGGTTAATTTAATAATGGATGTGAGTTTGACTTCTAATGTATTTCTCTACATTGTATTGGCTTCA



 
326 Appendix C 

D
_1
31 

GCCAATTCAGGAACAGCAGCACAAGGTATTCTAACTACTCATAAGTTATCTCTGCTGTAATTGACGATGACATGAGA
CTGTCTGTAAATCAAGCTGTCGCTTTGTCTTGCCAAGATATAATTTTTCTCACACTCA 
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GTAGTCGAGATGCTGTGATAAGCTTTAATTTCATTGTTTTACAGTTTTAAATGAAGCTTTGTTCAATAAATGCTAATC
TTCTCCATCACTCCTGTTATCCAACACTGTCAAAGTCCTTACATTCTCAATTCTCAAGCCAATCAGTCCTTGGATGCCA
GAGATGTTTAATGATAATGATTTAATTACAATTATATTTAATTACTGTCATTCTGTCCTTCCACCTCCCCACAACCACC
GCAACACAACGACCTGCAGGATGTCCAGAGAGATTCAACRGAGAMTTTCCATCGACTAGYTGCTGGCTTTACTGCA
CCAGC[A/G]TCTAGMCTCCAGGGGATCMTGTCCTACCTCCTATCTTCACATAGATCTAAGCTTAATGAGCATTTTTC
ACATCATTAGAATCTTATCACCAAGTCTTTTTTCTGTTGCTAACCTAAATATTGTCATACACTTTCTATTGATCTCGATT
GACCTTACTGAAGTGTTGGCAGAGACAGAACAGCACATTTCCAATTATATTCAGCCATGTGTTTAATAGTGCTGATT
TTTTACAATGCTGTGGGACACGTGGTATTTTGTTTACTTGCAACACAAGCCATTGATTCAAGTCTGCGTAAGGAGCT
TGTGCTGTTTTGTGTGCCTATTTGAAATGAAGTGGAAAGCGTGCCCACCCGAATCAAACTGGCACTGTGCCAGTTG
GGTTTTAGAGCGCTGCTGTCAATTAGACCTCTGCTCTTGTTGTGCTCAAGTTGTGAACACATTGACATATCATC 

G
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-
R
A
D
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TGCCCTTTTTTGCAAATTCTCCAATTATGTTTGTTTGACTGGAAGAGCTGAGGGCGAAGTTTGACTCAGAGGAAACT
CAGCACACTATTTAAAAAGTTTCAGCAGTTAGAGAAGACACCGACTGACAAGCAGCAGCAGATGACACGGGTGCC
GGTGAGAACTTTTTTTTTTTTGATGGAACTTTTTTTTTTTTTTTTTTGCTGCACAACCTGTCCTCCTCCCTCTGCTGCCG
CTGCTGTGATTCACTGCCTGCAGGTTCTGCTGGTAKACAGAGACCA[A/G]GTTCTGGTTTTGTCTCAGCCAGCAGCT
CAGYTTACAABAATGTGCYAAATTTKAAGATACGTGACAAACTCAGCTAAACAGTTCGACTACATACAGACAGCTTT
TGTTTTAGTTTGTTTGTAAGAA 

G
B
YP
-
R
A
D
_1
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TTTAAGTTTCTCAGCTCTCGACTTCTCCATGTTCTCCAAATCTTGAGGCCATGGCTCCTCCTCCTCTGGCTCCGCCTCC
AGCCCAACGTCCTCATCAGATGATAGGTCAATGGTGCTGAGCCCGCCCTCCTGGGCCCGGTTACCGTCAATGACAC
CTGGCGCTGACTCATCGCCTTCCTCCAAAATCTCGTCACGAGGGTACGGAGGAGGATCCTTCACGAAGACGCTGGA
TGGAATCTCGTTCTCCTCCTGCAGGAGAACATCAGGGGAATGTCA[A/C]GAGAACGTYAGGAGTAAACACAGGAG
AAYGTCAGTGGAACATAAGGAMGCTGGTGGAATTTCCTTAACTGAACCTTAGTGGAACCTCAGGGGAACTTGAGG
GGAACCTTAAAGTATGTGGACAGCCAGACTTTGTGTCATGCTGAAACAGGATCAAGCTGCACACACAAAGTTGGAA
GACTTTTATCATCAGTCTTTCCTTCATCAAATCTCTGGACACATACTTCTGTCCATATGGTGGTGTGCAGGATATAGT
ATAGACACAAGTATGTGAACATCCTGTCCTCATACTTGTGTCCCTGTGAAGGTGTAAACTGAGGTTAGTGTGATAAA
AAGTGTCTGTAAGAAGATAAAGTTCAGAGAGAAACAAAAAACATGCAGGAAGATGAAGACCAGGAAGCAGAGCT
GAGAGCTTCCACAGAGAAAGGCTACGCTGCAAGGGAGGAGCTGCAGCTATGAGGAGAGATCTCACTGCTATGAG
AGAGGGACTGATA 

G
B
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-
R
A
D
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TGCAAAGAAAAGTATAGATGCATTTTCAGTTCCGTCTTCCTGTACCCACATTTGACATCTTCCGTGTTGCCCTGCTTT
CGTCAGGTGTTGGAGTGTGGAGAGGAGAAAGTGCTGACTCTGACAGAAGTGGAGCGTATCAAGGCTCTGGCAGC
TCAGCTGGTCAAGCTGCTGCGAGCTCAGAAAAACTCCAGCCTTCCTGTCAACCAGCTGCTCACAGAGTACAGCAAG
ACCTTTGGTTATGGTCTCCGCCTGCAGGACTATGATGCTA[C/G]CTCCCTGCCTGCTCTGCTGGCCAAACTCTGCCAT
GTTGTCAAGGTAAAGAACACCTMCAMCMGGATTAATGTTTTTTTCAGTTTGTTTGTGTTAAAAGCATTTGTAGAGC
TTCAAGTCATTGGAAATGAAGTTAAATTAAGTTTGCCACAAACAAACTACATGTAATCCTAAATTGATCTTGTTTAGT
CAATTTAGCACTGTGGTTATGCATCCCTCACATAGAGTTCATGTCCGTTTTGTTGTCACAAGAGTCTGTTCAGTGCTC
CGCTTTACACTATTGCTCCTTCGGCAAGTCTGACTAACTACCAACATAAAAGCTGCCACTTTCTTTCCATTTCAAGGT
GGTGGATGGCTCAGAAGGTCGGGAAGTGCTATTGATCAACAGGAAGTCTCTGCGTTCGCTGACCTCACAGCTACTT
GCACTACTCATGTCCCAAGAGGAGCAGGTCACTAGGGGTCTTAAGGTGGAGGAGCTGAGTCAGCATTACCTGGCT
GTCCAC 

G
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YP
-
R
A
D
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AGAGTCCAAGCCAGCTAATAAAGATATCTAGGTGACACCGCACTCTTTTTGCTTACAAACATTCGCCTCAGACTCTT
AAGATCCCGATAAGCACTCTGCAGTGCCTGAGGGGGGAACTGCAGCCAAAAGCTGTTGGAAAAATCTGGAGTTTA
GGAAAGCACCTGGAACCATTCCACTCTCTTGCTAGGGGTCACTGAGTTTTGTCTGGAGGCCTTCCCTACTGTAGCTG
TTAACAATGCTGCTGCTTTCCTGCAGGCTATGRCTGCACACACACTCAGAGCTCCCAATAGCGTCAGGGAC[A/G]AA
TTTGGAAACCATGCTTAGTGTAAAGTGGCACAAAATGGCTGCTGTTATACCTCAGGTGGGTGCAGGGTTACTTGAT
GCAAGAGGGGAAGTGTTTGTTTTTTGTTTGTTTTTTCTATATTTTGGCAGGAGGGTGAGGGTTGTGTGTGGTGGTTA
ATATCAGTTGAAGTCAACCCGTTATCACTTCACACATGGAAGACATCTGCCTGGTTCAGTCCGGTGAAATATTTTTA
ACCATTGTTAAGGGTACCGCTGCATGAACGCACATTTACATGCATATACTGTATTATGTGTCCCTGGTGGATTGCCG
TGGAAAGATTGTGTGATGTGGGTACACCAAAACGGGAGCAGGGAGACATGTCCTGCCAGATATGATTTCATGTCTT
ACGTAAGCCTAAGATGGGGGCAGAGAAGTATTAACCCTGTGTGTGTGAGAGTGTGTGTGAGAGAGTTAGCACCCC
TTGAATGAT 

G
B

ACCAACCATTAGATCCTGATGATTATGACAAGTAAGACTTGATCAAATCTTACTGCTTCTCTTTATGGATGTTATAGA
AAAAAAGTCATTATTACCTTAATTTATTACTGGATCACTCCATTACTTGTAAACCAAGCAGTTATTGTCACATAATGTT
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CTTCTGGGGAATTACAGCTTGCAATTCAGAAAATAAACACTAGATGGTGACAGTAAGCAACCATTTAAGTCACCGA
CATGATTCATTGGCACCTGCAGGGAYCTGTCTTTYATCAAGGTGATGAATGTGGGCCGGCGTTTTYTGGTGAAYCGG
KTGCAGGACTACATCCAGAGCAAGATTGW[C/T]TACTACCTCATGAACATCCATGTGCACTCTCACTCCATCTACCT
GTGTCGGCACGGAGAGAGCAACCACAACGTCGAAGGCCGCATCGGAGGAGACTCAGAACTTTCTCCTCGCGGCAA
ACAGGTACGATTTTAATAGTCTTCATTTTATGAACTGCAAAGCCAGTGTCTTCTCAAAACCCAATTACAAACCTCTCT
CAGGGAGATGTAACTGAAATATTATGAACACCTGAGTCCTGACCTTTATCACA 

G
B
YP
-
R
A
D
_1
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TCACGCCTGCACAATAGAGTTGCATTGATTTTGTATCTTCTCCTGTCCTGCAGGGAAAACACATTTTTACTGTGTAGT
ATTCATWAAGRGA[G/T]GCATAACTGTTGCTAATAACGTATTGAAATTATRTTCMAGCTCCTAATGATGATGCAAG
CTTACAACTCCTCCATTACCTCCTAAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTGCTCGTTCAGGTGAAGTCGGCAGGTTGCAGGTGTGTGGTG
TCAGAGAGCACCAGGAGGAGCGCTGACTGAGTACTCAGCCCGGCTGCGTCAGAGTTTGGCCTGCAGTTCTGGCTA
AATCTCAGGACCAGCAGTTTATTTTTTGAGCGCCCGCTCCCAACCGCAGCAAAGTTAAAACTGACTGCTCCTGCAAG
ATTTGCGTTGGGTCCCGCGGGACCCTCGGGATCCCAATCCCAATGCAGTCCTCTAATACATTGGACTCTTGGCTCCA
GACACACCTCCCCCACCTGTTATTAGATCATGAGGAAGATGAAGGA 
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GTTCCTCCTCTTTTGCTCTCCACACAAGACTGTTGACCTGCATGCAACCAAAGCCTGCTCAAACGCGATTGGTCAATA
TTACACGGACTACAAATGAACTTTAAAAAGAAACCAGAATGCTTGCAATACCAAAATCTTATCCTGTTGCCTACAGA
TTCTGCATTCATATGCAGATATCCATTCATAGAGATTAAAATGTGGCTAACATACTATAGGTGCTAACAGTAGCTGG
CTAGTAAGCAAATGTTCCTGCAGGACACTCYGCATGAAGCCTTTATTCTGTCTTGAGC[C/T]TTCAGTCCTSCAGCTC
GGCTTAAAACCCTGTGGAACTGCTAATATTCACTGCCTAAGTGTAGACACTGAGACAAAATCCTTACTATGAACAGA
GAGGGAACAAAGTTCAGACCCAAAAAGCTACAGAACACGAGTCAGTAGCTCTATAGTTATCCAGAGAGAGACAGA
GATGACACAAGCTAAAAAAAAAAAGAAAGAAAGAAAAAAGCACCATTTCATGGATCAGCTGTAAGGCTGGGCGAT
TAATTGAATTTAATTTTCAATTATGATTTTGGATTCCAATGATTATGAAAACAAGA 
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-
R
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TTAGCTGATTTAAATGGTGATCTTTTTTGGATCTAATATTCTTTAATGATACCAAATTAACGCATGATGACTCTACAT
AGCTGGAAGATCTTTGAAATGATAAAGGCACGGTGCGTCTAGATATTATTAGTTGCTGTAGTTGGAGAGCTGCAGT
TATTTCTGTTTATTGCAGAAATGAATGAATGTTGTTGACGCATCTCCTTAGGCGGAAGTGATCCACTGTGCGACACG
TGCTGTCTCCATAGAAACCTGCAGGTTGTCTGTGCTTCAACACTTTGCTATATAAATTCCTC[C/T]GAGACCTGATCT
GTAGCCCAGATGAGAAGAGATGAGAAAAMASAKCGGCTGAAACTCAAGGAGGAGTCTGCATCCTCAAGTTGTCAA
ATCAATCAGGCATCTGTATGTCGGGTGAACTCAGTGAGAAAGCTGCTGCATATAAGTCCCCTGCATCTTATATATAT
GTGTGTTTGTGTGT 
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ACTGGGCTGTTCAGCCACAGCAGGCGCTGCAACTCAACCACAGACTAATCCTTGGTGCATACTCCATTGTCTTGTGA
GACAGAAGGAAGCCAGTGATGCATTTTTTTTAGTGGACTCAGTACATAATCATTAAAGTATCATGGGCCAATCAAT
GCATTTATGAACAGTTGTTTGATATTTGATATGAAATATGAATCTTTACTGTCATAAATTTTTAAAAGGAGAATCCTT
ACCATCTATTTTAGATTCCTGCAGGGGTTAWTAGGG[G/T]CATTTACCTTACTGAAGTAAAAAACCTGAGCRGTATA
GTGGTGTCCGATAATTCATTGCCAACAGAATCATGTACTCAAAGTATGTTGCACAAGTGCTGTGGATAAGAAAATA
CAGGATCATCACTTGCCTCACCAGCTTGTTGAAGTTCTGCATTCAAAACGTATGTAACAGTTAACATTTTATTGGTTA
AATGTAGTTTAAATATCATCAGATAAAGTCTTCAACTGTTTCCTACTGTTGGAGGAAAACCTCTGTTAACATATCGTT
AAATTTAACAGAGCTGAGCTTACTGTTAAACATCTACTCCTTTCTTGCCTCAG 
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GCTTTCGTAATGAAGTTGTCGAATGACATATTCTTTCAGGACCGCGAGAGGCAACAGGCCCAGATCGGGATCATGG
TGGAGTTTGCTATCGCTTTGATTGGCAAGTTGGATGGCATCAACAGACATTCCTTCAATAGCTTCAGGCTTCGTGTG
GGTGAGTGCGCTCAGCCGCTTGGCAGCTTCAGCATCGAACTTTCATTGACTGAATACTGCACTGTATCCAGCTCTGT
TAGTGCTGACACAATAACCCTGCAGGTTTCCCTGGTTACACTGTGCATGACTGGCACTTATTTACTGTTCTTGYAATG
AGAGCAGAAGCATTTACTGA[A/C]AGTCGATWVWHTAGCTGTCATGTCACACTCAGGATCTTCTTAACTGAGTGA
AGCCATCTTTTATACGCTAATTTAATCTTTGACAGAAATTTGCTGTATACAGTATTATTAGTAGAGTGGCAACACAGT
ATCCACCTAACGTGAATGGTCGGTATAAGCCTGCCCCATATACTnATGTTATACTCAAACAATGAGACAGACAGAAA
AAATTCACCTCTGTCTATTGTGTCTGCGGTCTTGACACAGTCATCCTCAGCCAGA 

G
B
YP
-
R

TTTTAACTAAAGATTCATGAATCATTGATAAAAGATGTGAAATATGTGAATAAGTAACATTNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNATATGTTTTATTCTTGTTATGGAAGGAATACTTAAACTAACCACAAGCTTTGTTTCATAT
ATTCTTGTCCGTTAGAGTACCTTGCAGAGGGTGCAGAGCACATCTATCGCACCAACACCTGTCCCAAGTGTCGGCGT
TGCTTCAAGATGCGCTCCCACCTGCAGGAGCAYCTCCA[C/T]TTACATTTCCCTGATCCCAGTCTCCAGTGTCCCACC
TGTAAGCGTTAYTTCACMAGYAAGAGTAAGCTACGCATACACAGACTCCGTGAGGCGGGTGAAAAGGTTCATCGC
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TGCCACTTGTGTGAATATTCTGCTGTGGAGCGGAACGCAATCCGCCGCCACCTTGTCACCGTGCACGCCGACGAGG
CAGAAGATGACATCAGCTATCCTTGCCCCACCTGTGGTGAAAGTTTTCGCCAGAGCAGGTTGCTTAAGGCTCACAT
GAAGACGCACAACATCGCGCCAGATAGCGAGCCGGTGGCCTGCTTCCACGAGGGTTGTTCTTTCCAGAGTTCTTTG
CGCAAGGAGCTTCTTAGACACGCCGCCGAAGCGCATGGAGTCAAGGCCGTAGAATGCCGACATCACGCCTGCGGT
GCCGTCTTTCAAAACGAGAAGGACATGGAGGCTCATTATCGGACGCACCTCGCCTACCACTGCTCGCTGTGTGATTT
CTCTTGCTCCAA 
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ACCCGTCCAGTTCTTTAAATAACATGGTGACATCAGGAAACGGAGCACATGACCTGACCTCAACTCATGACTTGGA
GCTCCACACCAGCAGGAAGTGGAAGGATATGACTGAAGCTGCTTTGCGATTTGCTGTCATGGATCTGTTTGGTCAT
AAACTTGCAGGTATGTGGCGCTTAGGCAGTGCCTGTGTTTTACAAATGTCATCATTTGTATGCTGCAGAAAAAGTTA
AACACCTTGCAAAGAAACACCTGCAGGCCAATCAGGKG[C/G]TGTTCTCACTGGGGAATTGAAACAGTGAAGGGA
GCTATGTCTCAGGTTTTACCACACYGAGGYAGCTGCAGATTATATTTGAGATTAAATAAAATGATGTTGCCCTTATTA
TGCCCTGCTATAATAAGTTACAGTTGCACACTCACCTTTAGCTCCCTCTCATGGTCTCCGCTGCAGAGCGTGTTCAAG
GAAACTTTGAAGGACTTCCAAACTGGGCTCAGGTTGTTCATGACTGTCTGCGCGTGCACAATACACAAACATCACA
GTTATTATTAATCACACACCTCAAATAGTCAATTACATCTATATGTGTTTGCATGTG 
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CAGTAAATACACAGTTCCATTATGCAAAAAGTGTGGTAACAGCATCTGTGACTTTTGACCTTTGTGTAATATAAAGG
CCTATTTTTATACAGTCTTAACCAGTGGAAGCAAACCATCATCACCTGTCTAAAAGTTTGACAGAACTCAATGAAAT
GTTTTATAAAATAGAAAGTTACTTAATTTACTAGTTTAGCAGAGAGTACTGTATAGTTGCGTAGTTGCAGCTTTTTCT
TGTCTATTGCTCCAGTCCTGCAGGTGGCGGTGATGCSCTTWTAAGCTGCTTTGCTAACCGCCAATA[A/T]AACCGAG
GCAGAAKAAGATATGATTCATTTCCGGCATAAACAAATAACTGCCCTTGTGAATGTTAGTTTCTGTCGATAACTTTA
ACTGCCATAATGTGTGTCAGAGTCTTTTAAATCACAGGACAGTTTAACTTAAACGTCTGCTGTTAGAAACGGACTTA
GAGAATGGCGGCCCCGGCCCATGTTTCCAGAGTCCGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCCTGCC
GATAGATTTAAGAGCCCTCGGTGACCAGTATGTGAAAGACGAATTCAGAAGACATAAAAATGCATCAGCCGCAGA
GGTGACGAACTTCATGACAGAGTGGGAGGTAACATAACATAG 
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TTAGAACARCTGTTTGTCAATCACATTTCTATCAAACCATGGAGTGCTATACCACGTTTTGTTCAGAAGAATGAGGC
CTTTCTGGTCAAATCAATCTCACAAGTAATCGGAAATATCTGAAAGCATGACTGCTGAAATAAAAAATACCTGAATT
TTGACGAATTGGGAGTTTTCCTGAGTAAACAAACGTCATATTAATTGATTTTTGTTTAGGTGTTATTTTTATATGCCC
AGACATGTCTGCCTTGCCTGCAGGTCRYAAGAGGTAATGAATATCTAATCACAGTGGCCCTYGGTGTGTAGGTGCA
CRTCTKTTATTCTCTGACAT[A/G]TAAGCTCTGGTGGCTCTGTCGTCGTTTTTATTTTTTTCTGCTGTTTGAACTCTCTC
GCTTCCTCTTAGTTGTTGGATAACTGACAACACGCACGCAGGTGTTTGTCACATAGAATTATACAAGTTCACTTCTTG
GAAACGCCACAATATCTAACCTCATTGTTTTTATACAGATCAAAATGTAATGCCTCCCCTCCCCCTACTAAAATGAGG
CATTTTAAGACCTTGAATTACCAAAAACTATGGTAAGACTCTGTAAAGATTCACAGGGACTCTGAATGACAGCTGAA
GAATGAAGATTTTACTACGAAATATTTCCTGCATTCACTCATGGAAACCTGTGACTTATGTTGTTTAAATTCATTTTG
GACCATCAGCCTTTTAAAATATGCACAAAATGATTACAAATTCCTTTAAGGTGCTGTAGACTATATCTTTTTTT 
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ACGGCTAGTGGCCCTGGTCTAGAGCGGGGCAAGGTCAATGAGGCCGGGTCCTTCACGGTGGACTGCACTAAAGCT
GGGGAGGCCGAGCTTACCATCGAGATCCTTTCTGAGTCCGGATCCAAAGCCGAAGTCCACATCCAGAACAACAGTG
ACGGGACTTATTCCATCACCTACATCCCATCGCTGCACGGCATGTACACCATCACCATCAATTACGGAGGCCACGCG
GTGCCCAAGTTCCCTGTCCACCTGCAGGTGGAGCC[A/G]GCTGTCRACACCAGYGGGGTCAAAGTCTAYGGACCAG
GAGTGGAACCCAGRGGTGAGGGTCTRWAGATAKCTYYKTATGCAGTTACAGGGTTTTCTTAGGGTTAAATACTCCT
TAAAATTTACAAAATAGCATCACAAGAACTTCATTGTTCAACTAGAATATTTTCATTGTCTACCAAATGTTTCATCTTC
GCCTCACCGTTTATAAGTTATTGGCTAAAACACAAAGATTTTTATAATTGGCCACAAGGTGGGGCTGTTGGTGCCAT
GCTTCAATATGTTGTGCACATGCTCAGGGAGAAACTGTGTACCAAGTTTCATTTTATTAAATTAAGGTTCAAATTCA
GGGGTTCACCCACAAATTTGGGGTCAATATGATTATATTAATGGGTTGTAAGTTTTTACAGGCTGCAAATTGAGGG
ATATATGTTCATTTTTTAAGGGGTTTTTAATCTCTGACAAAGCTGTTGAGTTATTTGGTAAATTAAATTCCATTTATAT
CAGTT 
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ACAGCAACTACAGAAAATAAACCTCTGACGCTTTCTAGTGACATGTTTCAACATGAACATGACTTTCATGTCTCTTGT
CTGTTCGGGCTGACCAAAAGAAGTCAACATATCAAGGCCTTAAAATAGTAAATCAGAGCTATTCAAACTGCATGCT
GGGATATGAACCTGTAACACGGAGGAATAACAGTACATGCTGGACTTTTCTACAAGTGTGACAGAAACTGTTTTCA
TCACCTGCAGCTAAAAACCCTGCAGGTGACCAGAACCAGGAA[G/T]GCCAAATCAACTTTCATATTATATTGTCAAC
MGTTTTKTTTRGCATTTTCAASCCCATAAGTCTAYTCTGTGTCAAATAAATTACATCATGTTAAAGATCAGCTGGTGC
TATTTTGTATTTTTGTACTCATTGGGGATCATTGCCTGTGTTTCTCACTGATTCCAGTGTTTTTAGACTCAATATATTT
ACATTTGACTAGCCCTCAAACCACTAAAATTAGTAAATGAAAGATTTTTCCCACAGGATTTGCAGCCTCGGCAGTTT
AAAGAAGGTTTTGGAATAGCATTAAGACCTCTATATTGGAAAATAAAAGTGAGTGAAAATGTGATTGCACAGTTTA
ATAAATAAAATCTATATAATTCCAAATATTTTAGAGACTTATTTAGGAGTCTGCTCGGGAATTTCTGAGCAGATGTG
CATGAGCTCAGTATCTGGCTGAACATCTGCCATGACGATGAAAGACAACTAAAACAATTGTAGTCTGAAGGATATG
TAT 
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ACACACACACACACACACACACTCTCTGGTCTGAGCAGTACCTGCAGGCTGTGTYTGTGGTTGCGGTTGAGCTCCA
GCAGACTCTCTCTGGAGGCTCGKGTRGACGGGGACAGMGAGAARGCTCT[C/T]TTCATGTTGACCGCTCCCTGACA
CAACTTCCACTGGATACAATATGTCTCATACAGCTCCTCCACCTGCAGAGACAACAGACAGACAAAGACGTTGTGTG
TTCAGACTGAGAACAATACAGTCAAACAATAATCTATTTCTTTACAGCTGCATTAAGACAG 
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CCTCCTGCACACTGGATTCCCACACTGTTATCTGGATGAATATACCTTTTAAATAAAATCTGAAATCAAACCAAAACA
ATACTGTGATAAAACATACTGACAGCACTGCATATGGAAGAACAAGTATTAGTTGTCACTCCTTACAATAACATGCT
GTCATATACACCCTGAGGCAGCTTCACAAGAACAAAGAAAGGTTCACTTCGTTTTTTAAAGGCATATCACAGTCACT
GTCACAGTCCATGGATCCTGCAGGGCAACATTAGTTCACTCCCCTG[C/T]CATGTGCCTGGAAATCTAACCCTTTGG
CTCTTGTMCCATAACGCATTAWGMTYKSARRMWSAAACCTAATCTTTGATATATGACTGAATCATTAGCATGCACA
AGTTAATACAGTGTCACTGTAATGTATTAAAACTTGAAGAAATGAGGTGTCAGCTAAAATTCTAGTTTTTAGGTTTG
ACATTGAAGATTGAAGACGTGGTATATGGCCGATTTTTTATATTTTTCTTAGCAAATCTTATGTGCAGAGCCAAACC
AAC 
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ACTTTCACACAACCCTACAATCATTACTGTCTTTATGAAACTTATAATATTCACAACACTATTAGAGAGAAGTTGATG
CAACCCTATAGTCATGTCTGAGGTTATAGTTAGTAGTGGTGTTGTATTACAGCGCAGTATATTGAAGATGTGGCTTA
TCAAGCCTCATCCACCTCTATAAAAGGGGGACATTAGAAACCTACACTGGCTTCTTTTGTCAAAAATAAACCTGACA
TGTGATGTTAATTTCACCTGCAGGTTATCRAAAGCARCCCRCAGACAGAAACTACAGCTTCAACCTCC[A/C]CCCTGC
CYKGTGCTKCTGGGATTRACATCTCTCTCCRTGATGAAACCTCTGTGTGTCTGAGCAAGCCAGGCCAACTCGTCAGC
ATCCAACCACAAAATCACAGCAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNGCGAATCTGCGCCGGACACTGTCATCTCTGCCCACGTTCCCGCATGCT
CAGCCGTCATCTCCAACACCGTCAACTCAGCCTCCGCTCTGCCATGCGAGGAGAACGGCATCGCTCTCGACTACAAC
GAACCAGAGGAGAACCACTACGAGTCTCCCTGTCTGAGCTTGGACGTGCATGACGTGCAGGTGAATGTGGTGCAC
GTGGCCGAGGAGCCGTCTATCCTTAACCTAGACGGCCAAATCTCAGCACCGCAAGTCAACGGTGAAGCAGCCAGA
GAGATCACTTCTGCACC 
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TGCATTTCAGAGAGAGAGTGTGACAGAGAAAGCACTTCACCGTCATCTCTCTCTCTCTGCCTCTGAAATAGGAGTAT
GCTCTTTCTTTTTATTATTTCGGGTGGGGTTAACGGAGGGCGCGGGAGGGCTCAATGGTCAGTCGGCGCACACTTA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCAGCCTGCAGGTAG
AGACGAAACTCCTTCCAGCTGTACTGCAGATGCAGGCCGAACGCCGTCTT[A/C]ACCTGGAGGAACATGGASGAAA
GCTCCTGGATGTGGAAGATGTCTGTAAGAGATGGAGGAGGAAGACATTTCACAGAAGTGCATGTGCATATGATAC
AAACAAAATGAGGACTCCTTCATAAAAACATTGCTGCTAGTGGTCAAAAACCTTCAACAGGAAGTGAACACTGTGC
TGGATATTTGATGGATGATGATTCCTTGGGTAGCTGGATTCACACGGTCATAACATCACGTGAGAATCCATCTCAG
GCTTCAAGTTATGAGCTTGTGTCTGACCAAG 
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GGGGGGTTCCTACAACCCTTATAGAGATGTTAGTATGCACAACATCATTTGGAAATTCCCATTTACACAAATATGTG
GTTTCTTTCTTTGTTGAGTCCCTTATTAGCTGTATAGTCTGTATCTGCACAGTACAGGTTGAACAACTACTGTGGCCA
GAAAATTTTGAGATCATAACTTTTTTTTTCTCTCTCTCTCTTTATAAATGAATAGTTCACATTACATTATGCACAAAAC
ATTAGATGTCAGCTCCTGCAGGAGAGAGGACTTATGATGAAATG[A/G]TTTATCTTYAAGTGATGCTWATCYGTCA
TCCTGCCCTGATGCAGTCTGACACTGAGYGGTTTGACCGGTTTGTGCAGTTTGGTGTAAACAGTCTTCATAACAGTC
AAAACCTCAAAACCACTGAACTCTTCTAAATGACCTCTAAACACTGACGCTGTCGATGCAGCCGCAAGYTAAAGCTC
TGTTGTCATGTCACTTAAGATCGTTTAAAGTTATTTGTTAAGTTATAATAACTCATTARAATMATTTATtaTATATATA
TGTGCTGTTGGAGYTTTGGGAAACACCATCATCAAGAAACAAGAATCTTCAAAACAACAGTCTGATGATAAGAAAC
AAAATCTCTCACCAGAAGTTTATTATTTAAAACCTTTTTGACTCGACTGACTCAATCATCTTGTTTCTATTTTTTCACTT
CACTTCACTTCACTTGCTTGTGTATAATATGTCGTATGTTTATGTATCTCAGTTCAGCTTCGTCGTCCCTGTTT 
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TATACAAAACATCACTATAATAATAGAAGAAATGAACTTTAGCTCCATGATTGGTAAACTGGAGGTAAATTAGTTGC
ACTCAAAATAAAAAATATTACTGTTTGTTTTTCAAACAGTTCGGTCACTTAGAAAAACTCGACTTGTGGCTGAAGTTA
AATAACTCACCGTGATGGGGGCGTAGCGGGCGTAGCCGTCGTGGCGTCTGATGGCTTTTACGGAGAAAACACAGA
CGGGGACGACGACACAAACCTGCAGGACGAGCAGARCCAGGASGAGACCACGAAGTCCGAACAGAACCACCTGA
AACATCCAGAGAAACGACTCA[A/G]CTGTGATCCATCGATCACCGATCGATCGATCGATCGTCTGTCACATCAGnCA
GCGTTCAGCAGAGCAGTGATTTAACAAATAAAAACCATCTGCTGGACTGTAGCTGAACACTGGAAGATGTGACGA
GAAACAACTGAATAATAACTAATAATAATAATAATATTAATAACTGAATAATAAAATGTTTTACTCACAGCCTGTATT
TATCAAACTGATAAAAGTAAAAATTATTCAAACCATCAAACTTGTTTTGAGTGTTAAAA 
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CTGGCAACCTAAGACTCACCTTGTGGACCTGGGAAGCCGTTGGAGGGCCAGCCGAAGGGATGTCCGTCTGTGCCC
AGGATAGTGTACTCCTGCTCCATACCGAACCACGGGTGACTATTTTCCACCATGCTCATGATCTGTTTACAGGTTTG
GCGCAGATTGGTCTCTGTTGGAACAGCAGGCAGAGATTAGCTGAAATACAAGACAGCTCTAACCCCAGAAATGTTC
AGTTTTTAACTGCATTCATACCTGCAGGCTTGCGGTTGTACTTGAGCACTTCACAGAGCACCAGCTTGTTGGGGTCT
TTCCTGAACGGGTC[C/T]CTGAACATGGCTGCAGGKATTAGGAACATGTCGCTATTGGAGCCCTCTGACTGGTAGG
TGCTGGAGCCGTCGAAGTTCCACTCAGGAAGATCTGACAGAGAAAGACAGCAGAAATCAATGATTAACTTTAAAAT
CTTACAAAACAATGTTATGGTTGTTGTTACTGATCAGATTGGAGCCAGATCTTACCCTCGATTGTCTTGGGTTCAGA
ATCCAGCGTCCTGGTCTTGCAGCGCAGTCCTTCTCCAGATCCATCGATCCAGATGTACATGGCTTGGACTTTGTCTCC
TTGAGGGAGATCCATGTACTGCTGCTTAACAGCTTTGTTCAGTTTTGAACTTGCTGAGGTGGCCATTTTTTTGACCCA
GACACCTACAGAGTAAAGAGATCAGATGATGAGCTTCACTACTGATCACAGTGGAGCCACTATATTTGATTGCGCA
TGTAAGA 
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AGTTCTAGGACTACTGAAATGGGACTTTCTGACAGTTATTCCTATCCTTGCAGATATATTAGATTATAGTCTAGATAT
TGTTAAAAGCTAGATTTGTTATGGAGATTTGAGTATGGAGGTGTCAGATAAAGAAGACAGATTTTGGAAGGCAAC
ATAAGGTGAATTAGATTCTTATTTAGATGTAATGGAATAGGGAGATGGAATAACTTTTATAACAGAAAGGAGGTTT
GTTTTGTTTTTTTTCCCATCCTGCAGGTTGCAGGCTGGAGAAATGTTCCTGTARGAGAAAATSAGGTYGKGAGATGT
TCATATGGAAATG[C/T]ATAGAGGGGTGACTTTTGGCAGAGATTGAGAGAAGCAGATTTCAGCCACTGGTAGGGTT
CCAGGTGGCGTGGCTAGCTCGCCTCATTAGAGAATATTATCCAGCATGCCTCACAGCAACCGCCTATGTCCCCCCTT
CCAACCCCTCCCACCCATCCACCGCTGACTGCTGGAAGGGACGTTTACCCTGGAAATCAGAGAGGAGAAAGACAG
GGAGGGGAAAGGAGGATGACATTAATAGCTAGGAGCTTGACACAATCAAATGTCAGTTT 

 

WebTable 8 
 
 

WebTable 8. FST per group pair calculated for catalogs 1 to 4. 

Location Pair Catalog 1 Catalog 2 Catalog 3 Catalog 4 

WMed vs CMed 0.000 0.000 0.000 0.000 

WMed vs EMed 0.000 0.000 0.000 0.000 

CMed vs EMed 0.000 0.000 0.000 0.000 

GOM vs SS 0.000 0.000 0.000 0.000 

GOM vs CMed 0.004 0.004 0.003 0.002 

GOM vs EMed 0.004 0.004 0.003 0.003 

GOM vs WMed 0.004 0.004 0.003 0.003 

GOM vs MED 0.004 0.004 0.003 0.003 

SS vs WMed 0.003 0.002 0.002 0.002 

SS vs CMed 0.003 0.002 0.002 0.001 

SS vs EMed 0.003 0.003 0.002 0.001 

SS vs MED 0.003 0.002 0.002 0.001 

NWATL vs MED 0.003 0.003 0.003 0.002 
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WebPanel 1 
 
 
Detailed methodological procedures 
 
A detailed schematic view of the methods followed is provided below. First, thousands 
of SNP markers were discovered using RAD-seq on 204 larvae and young of the year 
(YoY) samples (orange). From those, the 230 most discriminant were selected and 
genotyped in 32 already used and 152 new samples (blue). From those, the 96 most 
discriminant were selected and genotyped for panel validation in 335 spawning adults 
and larvae (pink). The panel was used to assign origin of Canary island (Can) YoY, Slope 
Sea (SS) larvae and YoY, and of feeding aggregations. Baseline for assignments is 
composed of 646 individuals resulting from adding up all reference samples used for 
panel selection and validation without the Slope Sea young of the year.  
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Tissue sampling and DNA extraction 

Larvae, young of the year, juveniles and medium to large adult ABFT (Thunnus thynnus) 

samples were obtained from scientific surveys and commercial fisheries operating 

throughout the species distribution range, including spawning grounds (WebTables 1-

5). From each fish, a ~1 cm3 piece of muscle or fin tissue sample was excised and 

immediately stored in RNA-later or 96% molecular grade ethanol at -20ºC until DNA 

extraction. Larvae were collected using bongo net tows in the known ABFT spawning 

areas, and immediately preserved in ethanol. The larvae were identified morphologically 

(Richards 2005) and/or genetically (Puncher, et al. 2015). Genomic DNA was extracted 

from about 20 mg of tissue or from whole or partial larvae (eyeballs or tails) using the 

Wizard® Genomic DNA Purification kit (Promega, WI, USA) following manufacturer’s 

instructions for “Isolating Genomic DNA from Tissue Culture Cells and Animal Tissue”. 

Extracted DNA was suspended in Milli-Q water and concentration was determined with 

the Quant-iT dsDNA HS assay kit using a Qubit® 2.0 Fluorometer (Life Technologies). 

DNA integrity was assessed by electrophoresis, migrating about 100 ng of GelRed™-

stained DNA on an agarose 1.0% gel.  

RAD-seq library preparation and data analysis 

Restriction-site-associated DNA libraries of 204 larvae and young of the year samples 

(WebTable 1) were prepared following the methods of Etter et al (2011). Starting DNA 

(ranging from 50 to 250ng) was digested with the SbfI restriction enzyme and ligated to 

modified Illumina P1 adapters containing 5bp unique barcodes. Pools of 33 individuals 

were sheared using the Covaris® M220 Focused-ultrasonicator™ Instrument (Life 

Technologies) and size selected to 300-500 pb by cutting agarose migrated DNA. After 

Illumina P2 adaptor ligation, each library was amplified using 14 PCR cycles. Each pool 

was paired-end sequenced (100 pb) on an Illumina HiSeq2000. Raw sequences are 

available at NCBI SRA Bioproject # SUB4348994. Generated RAD-tags were analyzed 

using Stacks version 1.32 (Catchen, et al. 2013). Quality filtering and demultiplexing was 

performed with process_radtags truncating all reads to 90 nucleotides to avoid the 

lower quality bases at the end of the read. PCR duplicates were removed applying 

clone_filter to reads whose forward and reverse pairs passed quality filtering. The 

following steps were applied to non-clone filtered data (i.e., all forward reads passing 

quality filtering, even if their reverse pair failed) and to clone-filtered data (i.e., single 

representatives of each PCR clone). Respectively, only samples with at least 500,000 

quality-filter passing forward reads or 100,000 PCR clone representatives were kept. 

Putative orthologous tags (stacks) per individual were assembled using ustacks with a 

minimum depth of coverage required to create a stack (m) of 5 or 3 and a maximum 

nucleotide mismatches (M) allowed between stacks of 2 or 4. Catalogs of RAD loci were 

assembled based on two subsets of individuals (all samples or only Mediterranean Sea 

samples) using cstacks with a number of mismatches allowed between sample tags 

when generating the catalog (n) of 3 or 6. Matches of individual RAD loci to the catalog 
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were searched using sstacks. From each generated catalog, SNPs present in RAD loci 

found in at least 75% of the individuals under study were selected and exported into 

PLINK format using populations. Using PLINK version 1.07 (Purcell, et al. 2007), SNPs with 

a minimum allele frequency (MAF) smaller than 0.05, a genotyping rate smaller than 

0.95 and which failed the Hardy Weinberg equilibrium (HWE) test at p < 0.05 in at least 

two areas of study were excluded. Only samples with genotyping rate above 0.8 were 

retained per dataset. Each genotype dataset was exported to Structure and Genepop 

formats using PGDSpider version 2.0.8.3 (Lischer and Excoffier 2012). Genotype tables 

are available at https://sites.google.com/site/naiararodriguezezpeleta/resources. 

Genetic diversity and population structure 

FST values per population pair were calculated on each genotype dataset following the 

Weir and Cockerham Weir and Cockerham (1984) formulation as implemented in 

Genepop 4.3 (Rousset 2008). Principal component analyses (PCA) were performed with 

the R package adegenet (Jombart and Ahmed 2011) with no a priori population 

assignment of samples. For each genotype dataset, ten subsets of 5,000 randomly 

chosen SNPs were created and analyzed with the Bayesian clustering approach 

implemented in STRUCTURE (Pritchard, et al. 2000). For each value of K (number of 

potential ancestral populations, which ranged from 1 to the number of presumed 

populations + 1), the genetic ancestry of each individual was evaluated without any prior 

population assignment, based on the admixture model and a burn-in period of 100,000 

iterations followed by 300,000 iterations from which estimates were obtained. The 

results obtained from the ten subsets considered for each value of K were analyzed with 

CLUMPP (Jakobsson and Rosenberg 2007) to identify common modes, and results were 

plotted using DISTRUCT (Rosenberg 2004). Best K was identified according to the Evanno 

method (Evanno, et al. 2005) as implemented in StructureHarvester (Earl and vonHoldt 

2012). Statistical significance among the distributions of belonging to one of two 

hypothetical ancestral populations was assessed with the Wilcoxon rank sum test.  

SNP selection and genotyping 

For each catalog based on all samples, the 200 SNPs with the highest FST values among 

Northwest Atlantic (Gulf of Mexico larvae and Slope Sea young of the year) and 

Mediterranean Sea (larvae and young of the year) samples and the 100 SNPs with the 

highest FST values among Gulf of Mexico larvae and Mediterranean Sea larvae and young 

of the year were selected. For each catalog based on only the Mediterranean Sea 

samples, the 30 SNPs with the highest FST values among each pair of intra Mediterranean 

Sea areas (West, Central and East) were retrieved, and from those, the 50 SNPs that 

provided the highest sum of pairwise FSTs for each catalog were selected. The flanking 

regions of the 1,400 selected SNPs were obtained by matching their corresponding tags 

against the ABFT reference genome (Puncher, et al. 2018) using an in-house script (see 

https://github.com/rodriguez-ezpeleta/ABFT_popgentrace). Obtained sequences were 

https://sites.google.com/site/naiararodriguezezpeleta/resources
https://github.com/rodriguez-ezpeleta/BFT_genetics
https://github.com/rodriguez-ezpeleta/BFT_genetics
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submitted to the Assay Design Group at Fluidigm Corporation (South San Francisco, CA, 

USA), and from the ones fulfilling the Fluidigm design criteria, the 144 that most 

discriminate between Northwest Atlantic vs. Mediterranean samples, the 38 that most 

discriminate between Gulf of Mexico vs. Mediterranean samples, and the 48 that most 

discriminate among Mediterranean Sea locations were selected (a total of 230 

originating from the 8 catalogs; WebTable 6) and sent for design and manufacture of 

primers for a SNPtypeTM genotyping panel. Genotyping of 184 larvae and young of the 

year samples (WebTable 2), including 32 already genotyped with RAD-seq, was 

performed on the BiomarkTM HD platform using Flex Six™, 48.48 and 96.96 Dynamic 

Array IFCs, and the resulting data was analyzed with the Fluidigm Genotyping Analysis 

Software (one sample was removed for failing for more than 20% of the SNPs). 

Genotypes derived from RAD and Fluidigm were combined for the 230 SNPs to make a 

dataset of 355 individuals (204 + 151 [184-32 repeated – 1 failed]). Successfully 

genotyped SNPs were ranked according to the average FST values for each of the 

following pairs: Gulf of Mexico vs. Mediterranean Sea, Gulf of Mexico vs. Slope Sea, and 

Slope Sea vs. Mediterranean. SNPs were checked for linkage disequilibrium using 

Genepop 4.3 (Rousset 2008), and only one per linked group (p-value < 0.001) and/or per 

genome contig was selected. 96 SNPs with the lowest averaged FST value-based rank 

across the three pairs were selected (WebTable 7). 328 adults captured in the Gulf of 

Mexico and the Mediterranean Sea during the spawning season and 7 larvae from the 

Gulf of Mexico (WebTable 3), 6 Canary Island young of the year, 1 Slope Sea young of 

the year,14 Slope Sea larvae (WebTable 4) and 940 feeding aggregations (WebTable 5) 

were genotyped for the 96 selected SNPs using 96.96 Dynamic Array IFCs, and the 

resulting data was analyzed with the Fluidigm Genotyping Analysis Software. From 

them, 39 failed genotyping and were excluded from further analyses.  

Origin assignment of samples of known and unknown origin  

Self-assignments were performed by calculating assignment scores, i.e. probability of 

belonging to each of the baseline populations, with GENECLASS2 (Piry, et al. 2004) using 

the Rannala and Mountain (1997) criterion (0.05 threshold) of i) 204 individuals 

(WebTable 1) using the RAD-seq derived genotypes for 169 SNPs (excluding, from the 

230 selected, the 15 that failed, and the ones selected for discrimination among 

Mediterranean areas), ii) 355 individuals genotyped for 230 SNPs (WebTables 1 and 2 

minus the 32 already genotyped with RAD-seq and the one that failed) using the RAD-

seq and Fluidigm derived genotypes for the 96 final SNP set considering two (Gulf of 

Mexico and Mediterranean Sea) or three (Gulf of Mexico, Slope Sea and Mediterranean 

Sea) populations as baseline, and iii) on 165 Mediterranean Sea individuals from 

WebTable 1 using the RAD-seq derived genotypes for 46 SNPs (48 selected minus 2 that 

failed) considering three Mediterranean Sea populations as baselines. Samples with 

assignment scores below 90% were considered “unassigned”.  
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Using 341 reference individuals (WebTable 1 and 2 minus the 32 already genotyped with 

RAD-seq, the one that failed and 14 Slope Sea young of the year), loci were ranked 

according to their discriminative power to assign samples to their known origin following 

the allele frequency differential method implemented in WHICHLOCI (Banks, et al. 

2003). Assignment power of the developed 96 SNP panel and derived subsets was 

assessed by calculating percentages of correctly and incorrectly assigned of samples of 

known origin not used for SNP selection. For that aim, assignment scores of each sample 

were calculated with GENECLASS2 (Piry, et al. 2004) using the Rannala and Mountain 

(1997) criterion (0.05 threshold). Assignments of natal origin (Gulf of Mexico and 

Mediterranean Sea) were calculated for 305 adults and larvae captured within one of 

the two spawning areas during the spawning season (WebTable 3) using a leave-one-

out approach with a baseline of 646 individuals, that is, the 341 previously genotyped 

samples (355 minus 14 Slope Sea young of the year) and the 305 spawning adults. True 

positive stock of origin assignment rate, true negative assignment rate, positive 

predictive value, negative predictive value and accuracy where calculated for 70, 80 and 

90% probability of assignment thresholds. 80% assignment score threshold was selected 

as being the one providing the largest number of assigned individuals without 

compromising accuracy. Origin of Canary island young of the year, Slope Sea larvae and 

young of the year (WebTable 4) and of 940 feeding aggregation samples (WebTable 5) 

was calculated using the combined set of 646 reference samples as baseline. Samples 

with assignment score lower than 80% were considered unassigned.  
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WebPanel 2 

 

 

RAD-seq genotyping  

 

The number of RAD-seq reads passing quality filters per individual included in the final 

analyses ranges from 868,453 to 14,146,731 with an average of 4,430,279. Average 

number of RAD-tags (loci) per individual is 65,000 and 49,000 for catalogs with and 

without PCR clones respectively, and overall coverage is 67X and 27X for each case. 

In total, eight catalogs were created (see Table below) resulting from alternative 

combinations of orthologous loci identification parameters and removal or not of PCR 

clones. The number of tags present in at least 75% of the individuals ranges from 

31,193 to 41,968 and the number of SNPs after applying selection filters from 7,588 to 

13,226. The number of individuals passing inclusion criteria ranges from 180 to 204 in 

catalogs including all samples and from 146 from 165 in catalogs including only 

Mediterranean Sea samples.  

Catalo

g 

Sampl

e 

clone_filte

r 

ustacks   Cstacks RAD loci Final Dataset 

M M   n 
(>75% 

ind.) 

Individual

s 

SNP

s 

1 all no 5 2   3 39810 204 9871 

2 all no 5 4   6 41968 204 
1124

6 

3 all yes 3 4   6 37089 200 7588 

4 all yes 5 4   6 30077 180 8527 

5 med no 5 2   3 37538 165 
1131

5 

6 med no 5 4   6 40290 165 
1322

6 

7 med yes 3 4   6 36379 162 
1049

6 

8 med yes 5 4   6 31193 146 
1261

3 

Details for each catalog constructed using all (Sample:all) or only Mediterranean Sea (Sample:med) 

samples, removing PCR duplicates (clone_filter:yes) or not (clone_filter:no) and using different m, 

M and n parameter combinations, and, for each, number of RAD loci present in at least 75% of the 

individuals and number of individuals and SNPs remaining after catalog filtering. 
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WebPanel 3 

 

 

SNP selection and Fluidigm genotyping validation 

 

1400 selected SNPs were successfully mapped to the ABFTnce genome, 929 remained 

after removing duplicates (those matching to the same contig on the same position), 

and 423 of them fulfilled Fluidigm specifications. Genotyping of 15 SNPs of the 230 

selected for validation in 184 samples was not successful, and one sample failed for 

more than 20% of the SNPs. Genotyping rate of remaining SNPs and individuals was 

99%. Genotyping technical reproducibility, assessed by comparing the Fluidigm and 

RAD-seq derived genotypes for the 32 repeated samples, was 98%. Most of the 

mismatches between RAD-seq and Fluidigm derived genotypes are due to homozygous 

calls in RAD-seq that are heterozygous in Fluidigm (see Table below). 

  

Genotyping technique  Catalog from which SNPs 

originate 

RAD-seq Fluidigm   With Clones 
Without 

Clones 

AA 
AB  85.24 76.04 

BB   0.02 0 

AB AA or BB   0.41 0.3 

% of mismatches   2.85 1.25 

From the average percent of mismatching genotypes between RAD-seq and Fluidigm for each 

catalog with and without clones, percentage of homozygote (AA) RAD-seq genotypes coded as 

heterozygotes (AB) or as homozygotes for an alternative allele (BB) in Fluidigm, and percentage 

of heterozygote (AB) RAD-seq genotypes coded as homozygotes (AA/BB) in Fluidigm 
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Supplementary Material 

(Díaz-Arce et al.) 

Supplementary tables 

 

Table S1. Complete list of all the ABFT samples sequenced in this study and available details about capture dates and coordinates, age class, sex 

and size. Fish length is indicated in cm as fork length (FL), total length (TL) or curved fork length (CFL) when data available. Samples that were 

included in each RAD catalog are indicated, as well as the probability for each individual captured in the Gulf of Mexico of fitting within the 

Mediterranean Sea distribution of ancestry values inferred using ADMIXTURE when assuming K=2 ancestral populations. Finally, those samples 

for which otolith microchemistry information is available and included in Figure S7 are indicated. 

SampleID 
Library 

Pool Location GrAREA 
AGE 

CLASS 

Catch Date 
[dd/mm/yy] 

Length 
(cm) 

Length 
Type Lat. Long. SEX 

Denovo 
catalog 

allSPS 
mapped 
catalog 

ABFT 
mapped 
catalog 

Prob 
(MED-
like) Med-like Otolith 

NOAA-GM-L-4 GBYP10 GOM NWAtl A 15/05/2013 245 FL 27.8 -90.1 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-163 GBYP10 GOM NWAtl A 15/05/2013 281 FL 28.0 -89.4 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-89 GBYP11 GOM NWAtl A 15/04/2010 262 FL 27.6 -88.9 F INCLUDED INCLUDED INCLUDED 0.049 NO YES 

NOAA-GM-L-82 GBYP11 GOM NWAtl A 15/04/2010 278 FL 26.0 -91.3 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-162 GBYP12 GOM NWAtl A 15/05/2013 260 FL 28.0 -89.4 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-84 GBYP12 GOM NWAtl A 15/05/2010 239 FL 27.1 -90.4 M FILTERED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-104 GBYP16 GOM NWAtl A 15/04/2010 242 FL 27.3 -88.8 M INCLUDED INCLUDED INCLUDED 0.518 MED-like YES 

NOAA-GM-L-74 GBYP13 GOM NWAtl A 15/03/2010 252 FL 27.2 -87.6 M INCLUDED INCLUDED INCLUDED 0.341 MED-like YES 

NOAA-GM-L-142 GBYP10 GOM NWAtl A 15/05/2014 238 FL 26.9 -90.0 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-111 GBYP10 GOM NWAtl A 15/04/2010 243 FL 27.1 -89.2 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-50 GBYP10 GOM NWAtl A 15/05/2012 243 FL 27.8 -87.2 F INCLUDED INCLUDED INCLUDED 0.830 MED-like YES 

NOAA-GM-L-88 GBYP10 GOM NWAtl A 15/05/2010 238 FL 27.4 -89.0 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-150 GBYP10 GOM NWAtl A 15/05/2014 220 FL 28.0 -89.4 F INCLUDED INCLUDED INCLUDED 0 NO YES 



 

 

NOAA-GM-L-3 GBYP10 GOM NWAtl A 15/05/2013 230 FL 27.8 -90.1 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-83 GBYP10 GOM NWAtl A 15/04/2010 249 FL 27.9 -87.1 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-86 GBYP10 GOM NWAtl A 15/05/2010 261 FL 27.1 -90.4 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-135 GBYP10 GOM NWAtl A 15/04/2014 221 FL 27.5 -91.5 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-38 GBYP11 GOM NWAtl A 15/04/2012 241 FL 27.9 -86.3 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-149 GBYP11 GOM NWAtl A 15/04/2014 228 FL 26.4 -90.9 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-85 GBYP11 GOM NWAtl A 15/04/2010 280 FL 27.1 -88.8 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-48 GBYP11 GOM NWAtl A 15/05/2012 230 FL 26.6 -89.7 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-45 GBYP11 GOM NWAtl A 15/04/2012 234 FL 27.9 -86.3 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-22 GBYP11 GOM NWAtl A 15/05/2013 244 FL 27.9 -86.4 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-8 GBYP11 GOM NWAtl A 15/05/2013 245 FL 27.0 -91.2 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-105 GBYP12 GOM NWAtl A 15/04/2010 223 FL 27.4 -91.6 F FILTERED INCLUDED FILTERED - - YES 

NOAA-GM-L-94 GBYP12 GOM NWAtl A 15/05/2010 230 FL 27.1 -89.4 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-128 GBYP12 GOM NWAtl A 15/04/2014 227 FL 27.7 -89.7 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-124 GBYP12 GOM NWAtl A 15/05/2010 222 FL 26.7 -88.8 F FILTERED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-172 GBYP12 GOM NWAtl A 15/05/2013 259 FL 27.5 -90.2 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-177 GBYP12 GOM NWAtl A 15/04/2014 246 FL 27.6 -87.7 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-178 GBYP12 GOM NWAtl A 15/05/2014 259 FL 27.7 -87.9 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-166 GBYP13 GOM NWAtl A 15/03/2013 232 FL 27.0 -90.4 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-116 GBYP13 GOM NWAtl A 15/03/2010 249 FL 26.7 -89.3 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-102 GBYP13 GOM NWAtl A 15/03/2010 265 FL 27.0 -88.4 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-145 GBYP14 GOM NWAtl A 15/05/2014 210 FL 27.4 -92.3 F FEW TAGS FILTERED FILTERED - - YES 

NOAA-GM-L-42 GBYP14 GOM NWAtl A 15/04/2012 273 FL 28.0 -86.1 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-103 GBYP14 GOM NWAtl A 15/04/2010 234 FL 27.2 -89.5 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-132 GBYP14 GOM NWAtl A 15/06/2014 250 FL 27.6 -89.9 M FEW TAGS FILTERED FILTERED - - YES 

NOAA-GM-L-170 GBYP14 GOM NWAtl A 15/03/2013 228 FL 26.5 -90.5 F FILTERED FILTERED FILTERED - - YES 

NOAA-GM-L-108 GBYP14 GOM NWAtl A 15/03/2010 233 FL 27.3 -92.0 M FEW TAGS FILTERED FILTERED - - YES 

NOAA-GM-L-136 GBYP14 GOM NWAtl A 15/04/2014 266 FL 27.5 -89.6 M FILTERED FILTERED FILTERED - - YES 

NOAA-GM-L-165 GBYP14 GOM NWAtl A 15/03/2013 227 FL 27.8 -89.8 NA FILTERED FILTERED FILTERED - - YES 



 

NOAA-GM-L-141 GBYP14 GOM NWAtl A 15/06/2014 199 FL 28.0 -88.9 F FEW TAGS FILTERED FILTERED - - YES 

NOAA-GM-L-147 GBYP14 GOM NWAtl A 15/01/2014 235 FL 26.3 -90.8 F FILTERED INCLUDED FILTERED - - YES 

NOAA-GM-L-36 GBYP15 GOM NWAtl A 15/04/2012 239 FL 27.9 -86.5 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-14 GBYP15 GOM NWAtl A 15/04/2013 231 FL 28.3 -88.3 M FEW TAGS FILTERED FILTERED - - YES 

NOAA-GM-L-49 GBYP15 GOM NWAtl A 15/05/2012 234 FL 27.8 -86.6 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-106 GBYP15 GOM NWAtl A 15/03/2010 262 FL 26.5 -89.1 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-35 GBYP15 GOM NWAtl A 15/03/2012 265 FL 26.6 -89.1 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-24 GBYP15 GOM NWAtl A 15/05/2013 243 FL 27.0 -91.2 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-13 GBYP16 GOM NWAtl A 15/04/2013 231 FL 28.3 -88.3 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-55 GBYP16 GOM NWAtl A 15/05/2012 245 FL 27.9 -86.4 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-78 GBYP16 GOM NWAtl A 15/03/2010 262 FL 27.1 -87.1 M INCLUDED INCLUDED INCLUDED 0.001 NO YES 

NOAA-GM-L-92 GBYP10 GOM NWAtl A 15/04/2010 257 FL 27.5 -87.8 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-137 GBYP11 GOM NWAtl A 15/04/2014 225 FL 27.8 -89.6 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-90 GBYP12 GOM NWAtl A 15/05/2010 220 FL 27.4 -89.0 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-123 GBYP12 GOM NWAtl A 15/05/2010 212 FL 27.3 -88.3 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-164 GBYP15 GOM NWAtl A 15/03/2013 227 FL 27.8 -89.8 NA INCLUDED INCLUDED INCLUDED 0 NO YES 

FMAP-MA-L-157 GBYP15 MED CMed A 08/06/2012 230 CFL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - YES 

FMAP-MA-L-79 GBYP17 MED CMed A 10/06/2011 229.5 CFL 35.5 14.0 M INCLUDED INCLUDED INCLUDED * - YES 

UNIC-SA-L-46 GBYP17 MED WMed A 17/06/2011 180 CFL 39.2 8.4 F INCLUDED INCLUDED INCLUDED * - YES 

FMAP-SY-L-83 GBYP13 MED CMed A 
16/05/12-
14/06/12 216 FL 34.0 13.0 F INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-167 GBYP13 MED CMed A 05/06/2015 216 CFL 33.5 13.5 M FEW TAGS FILTERED FILTERED * - NO 

FMAP-SY-L-173 GBYP13 MED CMed A 05/06/2015 196 CFL 33.5 13.5 F INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-23 GBYP13 MED CMed A 
16/05/12-
14/06/12 210 FL 34.0 13.0 M INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-L-78 GBYP13 MED CMed A 10/06/2011 237 CFL 35.5 14.0 F FEW TAGS FILTERED FILTERED * - NO 

FMAP-SY-L-37 GBYP13 MED CMed A 
16/05/12-
14/06/12 214 FL 34.0 13.0 M INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-16 GBYP14 MED CMed A 
16/05/12-
14/06/12 225 FL 34.0 13.0 F INCLUDED INCLUDED INCLUDED * - NO 



 

 

FMAP-SY-L-58 GBYP14 MED CMed A 
16/05/12-
14/06/12 223 FL 34.0 13.0 M FILTERED INCLUDED INCLUDED * - NO 

FMAP-SY-L-166 GBYP14 MED CMed A 05/06/2015 200 CFL 33.5 13.5 M FILTERED INCLUDED FILTERED * - NO 

FMAP-SY-L-155 GBYP14 MED CMed A 05/06/2015 218 CFL 33.5 13.5 F FEW TAGS FEW TAGS FEW TAGS * - NO 

FMAP-SY-L-4 GBYP14 MED CMed A 
16/05/12-
14/06/12 213 FL 34.0 13.0 F FILTERED INCLUDED INCLUDED * - NO 

FMAP-SY-L-2 GBYP14 MED CMed A 
16/05/12-
14/06/12 186 FL 34.0 13.0 M FILTERED INCLUDED INCLUDED * - NO 

FMAP-SY-L-47 GBYP14 MED CMed A 
16/05/12-
14/06/12 243 FL 34.0 13.0 F FILTERED INCLUDED INCLUDED * - NO 

FMAP-SY-L-152 GBYP14 MED CMed A 05/06/2015 219 CFL 33.5 13.5 M FILTERED INCLUDED INCLUDED * - NO 

FMAP-SY-L-88 GBYP16 MED CMed A 
16/05/12-
14/06/12 255 FL 34.0 13.0 M INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-43 GBYP16 MED CMed A 
16/05/12-
14/06/12 219 FL 34.0 13.0 F INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-80 GBYP16 MED CMed A 
16/05/12-
14/06/12 239 FL 34.0 13.0 M INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-50 GBYP16 MED CMed A 
16/05/12-
14/06/12 233 FL 34.0 13.0 M INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-17 GBYP16 MED CMed A 
16/05/12-
14/06/12 217 FL 34.0 13.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-168 GBYP16 MED CMed A 05/06/2015 233 CFL 33.5 13.5 F INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-157 GBYP17 MED CMed A 05/06/2015 220 CFL 33.5 13.5 F INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-169 GBYP17 MED CMed A 05/06/2015 223 CFL 33.5 13.5 F INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-55 GBYP17 MED CMed A 
16/05/12-
14/06/12 251 CFL 34.0 13.0 M FILTERED FILTERED FILTERED * - NO 

FMAP-MA-L-77 GBYP17 MED CMed A 10/06/2011 252 CFL 35.5 14.0 F INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-L-71 GBYP17 MED CMed A 10/06/2011 225 CFL 35.5 14.0 M INCLUDED INCLUDED INCLUDED * - NO 

IEO-SI-V-32 ACEITU-03 MED CMed L 15/07/2008 0.071 TL 36.7 15.3 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-SI-V-48 ACEITU-03 MED CMed L 15/07/2008 0.068 TL 36.7 15.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-SI-V-54 ACEITU-03 MED CMed L 15/07/2008 0.067 TL 36.7 15.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-SI-V-61 ACEITU-03 MED CMed L 15/07/2008 0.061 TL 36.7 15.3 NA FILTERED INCLUDED INCLUDED * - NO 



 

IEO-SI-V-45 ACEITU-03 MED CMed L 15/07/2008 0.067 TL 36.7 15.3 NA FILTERED INCLUDED FILTERED * - NO 

IEO-SI-V-36 ACEITU-03 MED CMed L 15/07/2008 0.063 TL 36.7 15.3 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-SI-V-42 ACEITU-03 MED CMed L 15/07/2008 0.068 TL 36.7 15.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-SI-V-69 ACEITU-03 MED CMed L 15/07/2008 0.076 TL 36.7 15.3 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-SI-V-46 ACEITU-03 MED CMed L 15/07/2008 0.064 TL 36.7 15.3 NA FILTERED FILTERED FILTERED * - NO 

IEO-SI-V-33 ACEITU-03 MED CMed L 15/07/2008 0.077 TL 36.7 15.3 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-SI-V-64 ACEITU-03 MED CMed L 15/07/2008 0.065 TL 36.7 15.3 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-SI-V-53 ACEITU-03 MED CMed L 15/07/2008 0.073 TL 36.7 15.3 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-SI-V-70 ACEITU-03 MED CMed L 15/07/2008 0.062 TL 36.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-SI-V-39 ACEITU-03 MED CMed L 15/07/2008 0.071 TL 36.7 15.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-SI-V-76 ACEITU-03 MED CMed L 15/07/2008 0.059 TL 36.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-SI-V-40 ACEITU-03 MED CMed L 15/07/2008 0.074 TL 36.7 15.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-SI-V-34 ACEITU-03 MED CMed L 15/07/2008 0.074 TL 36.7 15.3 NA FILTERED INCLUDED INCLUDED * - NO 

FMAP-MA-0-1 ACEITU-04 MED CMed Y 10/09/2013 25.2 FL 35.5 14.0 NA FILTERED INCLUDED INCLUDED * - NO 

FMAP-MA-0-4 ACEITU-04 MED CMed Y 16/09/2013 23.1 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-5 ACEITU-04 MED CMed Y 16/09/2013 21.8 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-8 ACEITU-04 MED CMed Y 16/09/2013 22.1 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-9 ACEITU-04 MED CMed Y 16/09/2013 23.1 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-10 ACEITU-04 MED CMed Y 23/09/2013 26.4 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-13 ACEITU-04 MED CMed Y 23/09/2013 27.2 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-17 ACEITU-05 MED CMed Y 23/09/2013 23.9 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-23 ACEITU-05 MED CMed Y 23/09/2013 21.6 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-29 ACEITU-05 MED CMed Y 23/09/2013 22.5 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-31 ACEITU-05 MED CMed Y 23/09/2013 26.5 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-33 ACEITU-05 MED CMed Y 23/09/2013 22.8 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-34 ACEITU-05 MED CMed Y 23/09/2013 20.9 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-35 ACEITU-05 MED CMed Y 23/09/2013 23.5 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-36 ACEITU-05 MED CMed Y 23/09/2013 25.8 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-37 ACEITU-05 MED CMed Y 23/09/2013 26.1 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 



 

 

FMAP-MA-0-38 ACEITU-05 MED CMed Y 23/09/2013 26.7 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-29 ACEITU-06 MED CMed Y 05/10/2012 37 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-4 ACEITU-06 MED CMed Y 23/09/2012 31 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-9 ACEITU-06 MED CMed Y 23/09/2012 31 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-15 ACEITU-06 MED CMed Y 05/10/2012 40 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-10 ACEITU-06 MED CMed Y 23/09/2012 30 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-27 ACEITU-07 MED CMed Y 05/10/2012 38 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-5 ACEITU-07 MED CMed Y 23/09/2012 31 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-6 ACEITU-07 MED CMed Y 23/09/2012 32 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-30 ACEITU-07 MED CMed Y 05/10/2012 36 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-11 ACEITU-07 MED CMed Y 23/09/2012 30 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-1 ACEITU-08 MED CMed Y 23/09/2012 29 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-8 ACEITU-08 MED CMed Y 23/09/2012 28 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-35 ACEITU-08 MED CMed Y 05/10/2012 37 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-12 ACEITU-08 MED CMed Y 23/09/2012 28 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-3 ACEITU-08 MED CMed Y 23/09/2012 34 FL 37.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-26 ACEITU-08 MED CMed Y 05/10/2012 39 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-31 ACEITU-08 MED CMed Y 05/10/2012 38 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-36 ACEITU-08 MED CMed Y 05/10/2012 38 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-190 GBYP13 MED EMed A 28/05/2015 237 FL 36.3 31.5 F FILTERED INCLUDED INCLUDED * - NO 

ISTA-LS-L-166 GBYP13 MED EMed A 05/06/2015 207 FL 35.6 35.2 M FILTERED INCLUDED INCLUDED * - NO 

ISTA-LS-L-178 GBYP13 MED EMed A 05/06/2015 222 FL 35.6 35.2 F FILTERED INCLUDED INCLUDED * - NO 

ISTA-LS-L-172 GBYP13 MED EMed A 05/06/2015 231 FL 35.6 35.2 F INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-169 GBYP13 MED EMed A 05/06/2015 221 FL 35.6 35.2 F INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-167 GBYP13 MED EMed A 05/06/2015 211 FL 35.6 35.2 M FILTERED INCLUDED INCLUDED * - NO 

ISTA-LS-L-164 GBYP14 MED EMed A 05/06/2015 233 FL 35.6 35.2 M FILTERED FILTERED FILTERED * - NO 

ISTA-LS-L-184 GBYP14 MED EMed A 28/05/2015 260 FL 36.3 31.5 M FILTERED INCLUDED INCLUDED * - NO 

ISTA-LS-L-174 GBYP14 MED EMed A 05/06/2015 228 FL 35.6 35.2 F FILTERED INCLUDED INCLUDED * - NO 

ISTA-LS-L-199 GBYP14 MED EMed A 28/05/2015 210 FL 36.3 31.5 F FILTERED INCLUDED FILTERED * - NO 



 

ISTA-LS-L-200 GBYP14 MED EMed A 28/05/2015 208 FL 36.3 31.5 M FILTERED INCLUDED INCLUDED * - NO 

ISTA-LS-L-170 GBYP16 MED EMed A 05/06/2015 204 FL 35.6 35.2 M INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-165 GBYP16 MED EMed A 05/06/2015 226 FL 35.6 35.2 M INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-182 GBYP17 MED EMed A 05/06/2015 225 FL 35.6 35.2 F INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-195 GBYP17 MED EMed A 28/05/2015 240 FL 36.3 31.5 F INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-162 GBYP17 MED EMed A 05/06/2015 223 FL 35.6 35.2 M INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-1 ACEITU-01 MED EMed L 22/06/2011 0.579 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-26 ACEITU-01 MED EMed L 23/06/2011 0.95 FL 36.1 33.6 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-45 ACEITU-01 MED EMed L 24/06/2011 1.26 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-71 ACEITU-02 MED EMed L 24/06/2011 1.18 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-317 ACEITU-04 MED EMed Y 15/08/2013 21.1 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-318 ACEITU-04 MED EMed Y 16/08/2013 23.3 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-320 ACEITU-04 MED EMed Y 16/08/2013 22.4 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-325 ACEITU-04 MED EMed Y 16/08/2013 24.6 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-327 ACEITU-04 MED EMed Y 16/08/2013 23.9 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-334 ACEITU-04 MED EMed Y 17/08/2013 23.4 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-336 ACEITU-04 MED EMed Y 17/08/2013 24.5 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-337 ACEITU-04 MED EMed Y 17/08/2013 24.7 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-369 ACEITU-04 MED EMed Y 19/08/2013 22.9 FL 36.2 33.9 NA FILTERED INCLUDED INCLUDED * - NO 

CYPR-LS-0-372 ACEITU-04 MED EMed Y 14/08/2013 22.7 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-373 ACEITU-05 MED EMed Y 14/08/2013 21.4 FL 36.2 33.9 NA FILTERED INCLUDED INCLUDED * - NO 

CYPR-LS-0-374 ACEITU-05 MED EMed Y 14/08/2013 20.4 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-375 ACEITU-05 MED EMed Y 06/08/2013 22.8 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-376 ACEITU-05 MED EMed Y 06/08/2013 21.5 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-381 ACEITU-05 MED EMed Y 04/08/2013 21.7 FL 36.2 33.9 NA FEW TAGS FILTERED FILTERED * - NO 

CYPR-LS-0-394 ACEITU-05 MED EMed Y 16/08/2013 28.5 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-395 ACEITU-05 MED EMed Y 13/08/2013 26 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-396 ACEITU-05 MED EMed Y 13/08/2013 27.1 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-397 ACEITU-05 MED EMed Y 13/08/2013 26.2 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 



 

 

CYPR-LS-0-398 ACEITU-05 MED EMed Y 13/08/2013 27.1 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-113 ACEITU-06 MED EMed Y 29/07/2012 26.1 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-114 ACEITU-06 MED EMed Y 29/07/2012 23.1 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-110 ACEITU-06 MED EMed Y 03/09/2012 28.7 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-112 ACEITU-06 MED EMed Y 29/07/2012 23.8 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-39 ACEITU-07 MED EMed Y 24/07/2012 24.9 FL 36.1 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-37 ACEITU-07 MED EMed Y 24/07/2012 22.1 FL 36.1 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-52 ACEITU-07 MED EMed Y 25/07/2012 21.7 FL 36.1 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-43 ACEITU-07 MED EMed Y 24/07/2012 24.5 FL 36.1 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-68 ACEITU-08 MED EMed Y 25/07/2012 24.2 FL 36.1 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-111 ACEITU-08 MED EMed Y 03/09/2012 30.4 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-56 ACEITU-08 MED EMed Y 25/07/2012 24.5 FL 36.1 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-60 ACEITU-08 MED EMed Y 25/07/2012 23.2 FL 36.1 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-322 ACEITU-02 MED EMed Y 16/08/2013 24.8 FL 36.2 33.9 NA FILTERED INCLUDED FILTERED * - NO 

CYPR-LS-0-323 ACEITU-02 MED EMed Y 16/08/2013 24.4 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-371 ACEITU-02 MED EMed Y 19/08/2013 22.9 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-379 ACEITU-03 MED EMed Y 03/08/2013 20.4 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

NOAA-GM-L-15 GBYP10 GOM NWAtl A 15/05/2013 194 FL 27.9 -86.5 F FILTERED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-61 GBYP10 GOM NWAtl A 15/05/2012 242 FL 26.9 -90.7 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-153 GBYP10 GOM NWAtl A 15/05/2014 210 FL 26.4 -89.1 M INCLUDED INCLUDED INCLUDED 0.385 MED-like NO 

NOAA-GM-L-65 GBYP10 GOM NWAtl A 15/05/2011 262 FL 27.1 -89.7 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-47 GBYP10 GOM NWAtl A 15/05/2012 253 FL 27.8 -86.6 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-7 GBYP10 GOM NWAtl A 15/04/2013 233 FL 27.2 -90.7 F FEW TAGS FILTERED FILTERED - - NO 

NOAA-GM-L-174 GBYP10 GOM NWAtl A 15/04/2014 218 FL 24.5 -84.2 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-37 GBYP10 GOM NWAtl A 15/04/2012 283 FL 27.9 -86.3 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-2 GBYP10 GOM NWAtl A 15/05/2013 204 FL 26.8 -91.0 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-93 GBYP10 GOM NWAtl A 15/04/2010 252 FL 27.2 -91.8 M FILTERED INCLUDED INCLUDED 0.007 NO NO 

NOAA-GM-L-66 GBYP10 GOM NWAtl A 15/05/2011 252 FL 27.4 -89.5 F INCLUDED INCLUDED INCLUDED 0.338 MED-like NO 

NOAA-GM-L-59 GBYP10 GOM NWAtl A 15/04/2012 259 FL 27.1 -89.0 F INCLUDED INCLUDED INCLUDED 0 NO NO 



 

NOAA-GM-L-56 GBYP10 GOM NWAtl A 15/05/2012 271 FL 27.8 -88.8 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-43 GBYP11 GOM NWAtl A 15/04/2012 234 FL 27.8 -86.4 M FEW TAGS FEW TAGS FEW TAGS - - NO 

NOAA-GM-L-140 GBYP11 GOM NWAtl A 15/05/2014 235 FL 27.6 -88.3 F FILTERED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-87 GBYP11 GOM NWAtl A 15/04/2010 238 FL 27.6 -90.7 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-95 GBYP11 GOM NWAtl A 15/04/2010 249 FL 27.6 -86.4 F INCLUDED INCLUDED INCLUDED 0.004 NO NO 

NOAA-GM-L-12 GBYP11 GOM NWAtl A 15/04/2013 250 FL 28.7 -88.9 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-9 GBYP11 GOM NWAtl A 15/05/2013 255 FL 27.0 -90.7 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-151 GBYP11 GOM NWAtl A 15/05/2014 220 FL 28.0 -89.4 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-148 GBYP11 GOM NWAtl A 15/04/2014 225 FL 27.2 -87.8 M INCLUDED INCLUDED INCLUDED 0.425 MED-like NO 

NOAA-GM-L-52 GBYP11 GOM NWAtl A 15/05/2012 243 FL 27.8 -87.2 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-25 GBYP11 GOM NWAtl A 15/04/2013 266 FL 28.7 -88.5 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-70 GBYP11 GOM NWAtl A 15/04/2011 251 FL 24.2 -83.0 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-176 GBYP11 GOM NWAtl A 15/04/2014 205 FL 28.1 -85.9 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-119 GBYP12 GOM NWAtl A 15/04/2010 247 FL 27.7 -87.8 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-118 GBYP12 GOM NWAtl A 15/04/2010 249 FL 26.7 -89.5 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-101 GBYP12 GOM NWAtl A 15/04/2010 255 FL 27.7 -90.2 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-122 GBYP12 GOM NWAtl A 15/05/2010 240 FL 27.2 -88.6 F FEW TAGS FILTERED FILTERED - - NO 

NOAA-GM-L-169 GBYP12 GOM NWAtl A 15/05/2013 225 FL 27.0 -90.7 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-64 GBYP12 GOM NWAtl A 15/05/2011 245 FL 27.3 -89.7 M INCLUDED INCLUDED INCLUDED 0.543 MED-like NO 

NOAA-GM-L-81 GBYP12 GOM NWAtl A 15/05/2010 262 FL 26.2 -90.6 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-126 GBYP12 GOM NWAtl A 15/04/2014 249 FL 27.0 -89.9 M FILTERED INCLUDED INCLUDED 0.255 MED-like NO 

NOAA-GM-L-161 GBYP12 GOM NWAtl A 15/05/2013 224 FL 28.1 -89.3 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-62 GBYP13 GOM NWAtl A 15/05/2012 235 FL 27.7 -87.2 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-175 GBYP13 GOM NWAtl A 15/06/2014 225 FL 27.7 -87.6 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-33 GBYP13 GOM NWAtl A 15/03/2012 233 FL 28.0 -86.8 M INCLUDED INCLUDED INCLUDED 0.031 NO NO 

NOAA-GM-L-113 GBYP13 GOM NWAtl A 15/03/2010 248 FL 27.5 -87.9 M INCLUDED INCLUDED INCLUDED 0.522 MED-like NO 

NOAA-GM-L-154 GBYP14 GOM NWAtl A 15/05/2014 213 FL 26.7 -91.4 M FEW TAGS FILTERED FILTERED - - NO 

NOAA-GM-L-26 GBYP14 GOM NWAtl A 15/04/2013 275 FL 27.9 -89.1 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-112 GBYP14 GOM NWAtl A 15/03/2010 265 FL 26.7 -89.5 M FILTERED FILTERED FILTERED - - NO 



 

 

NOAA-GM-L-110 GBYP14 GOM NWAtl A 15/03/2010 240 FL 26.6 -89.4 F FILTERED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-168 GBYP14 GOM NWAtl A 15/03/2013 248 FL 26.6 -89.5 M FILTERED FILTERED FILTERED - - NO 

NOAA-GM-L-40 GBYP15 GOM NWAtl A 15/04/2012 257 FL 27.8 -88.3 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-39 GBYP15 GOM NWAtl A 15/04/2012 221 FL 28.0 -88.2 M INCLUDED INCLUDED INCLUDED 0.007 NO NO 

NOAA-GM-L-58 GBYP15 GOM NWAtl A 15/05/2012 225 FL 27.9 -86.3 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-139 GBYP15 GOM NWAtl A 15/05/2014 253 FL 27.5 -91.3 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-63 GBYP15 GOM NWAtl A 15/05/2012 204 FL 27.8 -86.8 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-31 GBYP15 GOM NWAtl A 15/05/2013 224 FL 27.5 -90.1 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-54 GBYP15 GOM NWAtl A 15/05/2012 263 FL 27.8 -88.8 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-27 GBYP15 GOM NWAtl A 15/03/2013 248 FL 27.7 -89.6 M FILTERED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-173 GBYP15 GOM NWAtl A 15/04/2014 218 FL 24.5 -84.2 F FILTERED INCLUDED FILTERED - - NO 

NOAA-GM-L-10 GBYP15 GOM NWAtl A 15/05/2013 235 FL 27.5 -90.0 M FILTERED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-41 GBYP15 GOM NWAtl A 15/04/2012 255 FL 27.9 -86.3 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-138 GBYP16 GOM NWAtl A 15/05/2014 225 FL 27.4 -92.4 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-133 GBYP16 GOM NWAtl A 15/06/2014 276 FL 27.6 -89.9 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-5 GBYP16 GOM NWAtl A 15/06/2013 235 FL 28.0 -89.5 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-152 GBYP16 GOM NWAtl A 15/05/2014 252 FL 27.2 -89.4 M INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-97 GBYP16 GOM NWAtl A 15/04/2010 239 FL 27.2 -91.5 M INCLUDED INCLUDED INCLUDED 0.248 MED-like NO 

NOAA-GM-L-100 GBYP16 GOM NWAtl A 15/04/2010 261 FL 27.3 -88.8 M INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-69 ACEITU-01 GOM NWAtl L 15/06/2008 - - 28.0 -89.1 NA FEW TAGS FEW TAGS FEW TAGS - - NO 

TAMU-GM-V-72 ACEITU-01 GOM NWAtl L 15/06/2008 - - 28.0 -90.4 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-73 ACEITU-01 GOM NWAtl L 15/06/2008 - - 28.0 -91.5 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-75 ACEITU-01 GOM NWAtl L 15/06/2008 - - 28.0 -89.1 NA FEW TAGS FILTERED FILTERED - - NO 

AZTI-GM-V-56 REMAS-04 GOM NWAtl L 19/05/2010 - - 27.0 -94.0 NA FEW TAGS FILTERED FILTERED - - NO 

AZTI-GM-V-74 REMAS-04 GOM NWAtl L 14/05/2010 - - 27.7 -89.0 NA FEW TAGS FEW TAGS FEW TAGS - - NO 

AZTI-GM-V-71 REMAS-04 GOM NWAtl L 14/05/2010 - - 27.7 -89.0 NA FEW TAGS FILTERED FILTERED - - NO 

AZTI-GM-V-75 REMAS-04 GOM NWAtl L 14/05/2010 - - 27.7 -89.0 NA FEW TAGS FEW TAGS FEW TAGS - - NO 

TAMU-GM-V-78 ACEITU-01 GOM NWAtl L 15/06/2008 - - 28.0 -89.1 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

AZTI-GM-V-78 REMAS-04 GOM NWAtl L 17/05/2010 - - 26.8 -96.0 NA FILTERED INCLUDED INCLUDED 0 NO NO 



 

AZTI-GM-V-76 REMAS-04 GOM NWAtl L 14/05/2010 - - 28.1 -90.5 NA FEW TAGS FEW TAGS FEW TAGS - - NO 

AZTI-GM-V-81 REMAS-04 GOM NWAtl L 17/05/2010 - - 26.8 -96.0 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

AZTI-GM-V-80 REMAS-04 GOM NWAtl L 17/05/2010 - - 26.8 -96.0 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

AZTI-GM-V-51 REMAS-04 GOM NWAtl L 14/05/2010 - - 28.1 -90.5 NA FILTERED INCLUDED INCLUDED 0 NO NO 

AZTI-GM-V-77 REMAS-04 GOM NWAtl L 17/05/2010 - - 26.8 -96.0 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-80 ACEITU-01 GOM NWAtl L 15/06/2009 - - 26.0 -88.9 NA FILTERED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-86 ACEITU-01 GOM NWAtl L 15/06/2009 - - 27.5 -91.1 NA FILTERED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-87 ACEITU-01 GOM NWAtl L 15/06/2009 - - 26.0 -91.1 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-54 ACEITU-02 GOM NWAtl L 15/06/2007 - - 28.0 -89.8 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-55 ACEITU-02 GOM NWAtl L 15/06/2007 - - 27.0 -89.9 NA FILTERED INCLUDED FILTERED - - NO 

TAMU-GM-V-57 ACEITU-02 GOM NWAtl L 15/06/2007 - - 27.0 -90.5 NA FEW TAGS FILTERED FILTERED - - NO 

TAMU-GM-V-61 ACEITU-02 GOM NWAtl L 15/06/2008 - - 27.0 -88.8 NA FEW TAGS FEW TAGS FEW TAGS - - NO 

TAMU-GM-V-62 ACEITU-02 GOM NWAtl L 15/06/2008 - - 27.0 -88.8 NA FEW TAGS FEW TAGS FEW TAGS - - NO 

TAMU-GM-V-64 ACEITU-02 GOM NWAtl L 15/06/2008 - - 28.0 -89.1 NA FILTERED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-67 ACEITU-02 GOM NWAtl L 15/06/2008 - - 28.0 -89.1 NA FEW TAGS FILTERED FILTERED - - NO 

TAMU-GM-V-68 ACEITU-02 GOM NWAtl L 15/06/2008 - - 28.0 -89.1 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

AZTI-GM-0-24 ACEITU-04 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA FILTERED INCLUDED INCLUDED * - NO 

AZTI-GM-0-29 ACEITU-04 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-30 ACEITU-05 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-32 ACEITU-05 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-33 ACEITU-05 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-41 ACEITU-03 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_30 GBYP-18 SS SlopeSea L 20/06/2016 - - 37.0 -73.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_19 GBYP-18 SS SlopeSea L 19/06/2016 - - 37.0 -73.5 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_25 GBYP-18 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_23 GBYP-18 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_41 GBYP-18 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_55 GBYP-18 SS SlopeSea L 02/07/2016 - - 37.3 -72.9 N/A FEW TAGS FILTERED FILTERED * - NO 

SlopeSea_20 GBYP-18 SS SlopeSea L 19/06/2016 - - 37.0 -73.5 N/A INCLUDED INCLUDED INCLUDED * - NO 



 

 

SlopeSea_34 GBYP-18 SS SlopeSea L 08/07/2016 - - 38.9 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_53 GBYP-18 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_37 GBYP-18 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_43 GBYP-18 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_35 GBYP-18 SS SlopeSea L 08/07/2016 - - 38.9 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_17 GBYP-19 SS SlopeSea L 19/06/2016 - - 37.8 -72.6 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_31 GBYP-19 SS SlopeSea L 20/06/2016 - - 37.0 -73.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_32 GBYP-19 SS SlopeSea L 20/06/2016 - - 37.0 -73.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_18 GBYP-19 SS SlopeSea L 19/06/2016 - - 37.5 -73.1 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_46 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_27 GBYP-19 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_42 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_47 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_22 GBYP-19 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_21 GBYP-19 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_54 GBYP-19 SS SlopeSea L 02/07/2016 - - 37.3 -72.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_26 GBYP-19 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A FILTERED INCLUDED INCLUDED * - NO 

SlopeSea_51 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_40 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_52 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_38 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_15 MESOPE03 SS SlopeSea L 18/06/2016 - - 38.2 -71.4 N/A FEW TAGS FILTERED FILTERED * - NO 

SlopeSea_16 MESOPE03 SS SlopeSea L 19/06/2016 - - 37.8 -72.6 N/A INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-137 GBYP13 MED WMed A 31/05/2015 214 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-136 GBYP13 MED Wmed A 31/05/2015 243 CFL 39.2 8.3 F FILTERED INCLUDED INCLUDED * - NO 

UNIC-SA-L-134 GBYP13 MED WMed A 31/05/2015 247 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-138 GBYP14 MED WMed A 31/05/2015 213 CFL 39.2 8.3 M FILTERED INCLUDED FILTERED * - NO 

UNIC-SA-L-135 GBYP14 MED WMed A 31/05/2015 215 CFL 39.2 8.3 F FILTERED FILTERED FILTERED * - NO 

UNIC-SA-L-139 GBYP14 MED WMed A 31/05/2015 235 CFL 39.2 8.3 M FILTERED INCLUDED INCLUDED * - NO 



 

UNIC-SA-L-1 GBYP15 MED WMed A 21/05/2011 231 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-74 GBYP15 MED WMed A 21/06/2012 205 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-40 GBYP15 MED WMed A 17/06/2011 181 CFL 39.2 8.4 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-104 GBYP16 MED WMed A 21/06/2012 209 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-105 GBYP16 MED Wmed A 21/06/2012 209 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-33 GBYP17 MED WMed A 17/06/2011 226 CFL 39.2 8.4 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-17 GBYP17 MED WMed A 04/06/2011 180 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-78 GBYP17 MED WMed A 21/06/2012 198 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-14 GBYP17 MED WMed A 04/06/2011 222 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-39 GBYP17 MED WMed A 17/06/2011 199 CFL 39.2 8.4 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-2 GBYP17 MED WMed A 21/05/2011 193 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-127 GBYP17 MED Wmed A 14/06/2013 203 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-131 GBYP17 MED Wmed A 14/06/2013 225 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-130 GBYP17 MED Wmed A 14/06/2013 225 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-28 ACEITU-01 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-5 ACEITU-01 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-6 ACEITU-01 MED WMed L 26/06/2012 - - 38.7 1.2 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-BA-V-90 ACEITU-06 MED WMed L 01/07/2013 - - 38.7 3.0 NA FEW TAGS FEW TAGS FEW TAGS * - NO 

IEO-BA-V-91 ACEITU-06 MED WMed L 01/07/2013 - - 38.7 3.0 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-BA-V-88 ACEITU-06 MED WMed L 01/07/2013 - - 38.7 3.0 NA FEW TAGS FEW TAGS FEW TAGS * - NO 

IEO-BA-V-92 ACEITU-06 MED WMed L 01/07/2013 - - 38.7 3.0 NA FEW TAGS FEW TAGS FEW TAGS * - NO 

IEO-BA-V-94 ACEITU-06 MED WMed L 01/07/2013 - - 38.7 3.0 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-BA-V-73 ACEITU-06 MED WMed L 13/07/2013 - - 38.8 4.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-BA-V-29 ACEITU-01 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-93 ACEITU-07 MED WMed L 01/07/2013 - - 38.7 3.0 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-BA-V-77 ACEITU-07 MED WMed L 07/07/2013 - - 38.8 0.7 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-59 ACEITU-07 MED WMed L 13/07/2013 - - 38.8 4.3 NA FILTERED FILTERED FILTERED * - NO 

IEO-BA-V-74 ACEITU-07 MED WMed L 07/07/2013 - - 38.8 0.7 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-76 ACEITU-07 MED WMed L 07/07/2013 - - 38.8 0.7 NA FILTERED INCLUDED INCLUDED * - NO 



 

 

IEO-BA-V-89 ACEITU-07 MED WMed L 01/07/2013 - - 38.7 3.0 NA FILTERED FILTERED FILTERED * - NO 

IEO-BA-V-60 ACEITU-07 MED WMed L 13/07/2013 - - 38.8 4.3 NA FILTERED FILTERED FILTERED * - NO 

IEO-BA-V-62 ACEITU-07 MED WMed L 13/07/2013 - - 38.8 4.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-BA-V-58 ACEITU-08 MED WMed L 13/07/2013 - - 38.8 4.3 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-BA-V-44 ACEITU-08 MED WMed L 01/07/2013 - - 38.8 3.0 NA FEW TAGS FILTERED FILTERED * - NO 

IEO-BA-V-46 ACEITU-08 MED WMed L 01/07/2013 - - 38.8 3.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-30 ACEITU-01 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-22 ACEITU-02 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-23 ACEITU-02 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-24 ACEITU-02 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-25 ACEITU-02 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-31 ACEITU-01 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-7 ACEITU-02 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-10 ACEITU-02 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-11 ACEITU-02 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-14 ACEITU-02 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-32 ACEITU-01 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-1 ACEITU-01 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-2 ACEITU-01 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-3 ACEITU-01 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-4 ACEITU-01 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-92 ACEITU-04 MED WMed Y 15/09/2013 30 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-93 ACEITU-04 MED WMed Y 15/09/2013 28.9 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-99 ACEITU-04 MED WMed Y 21/09/2013 29.4 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-100 ACEITU-04 MED WMed Y 21/09/2013 27.6 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-107 ACEITU-05 MED WMed Y 12/10/2013 31.7 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-109 ACEITU-05 MED WMed Y 13/10/2013 32.7 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-110 ACEITU-05 MED WMed Y 17/10/2013 29.3 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-143 ACEITU-05 MED WMed Y 15/09/2013 28.7 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 



 

IEO-BA-0-63 ACEITU-06 MED WMed Y 15/09/2012 26 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-59 ACEITU-06 MED WMed Y 05/05/2012 48 FL 39.7 3.9 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-77 ACEITU-06 MED WMed Y 16/09/2012 25.1 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-BA-0-72 ACEITU-06 MED WMed Y 07/10/2012 - - 40.9 1.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-69 ACEITU-06 MED WMed Y 16/09/2012 28.5 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-67 ACEITU-07 MED WMed Y 16/09/2012 25.7 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-66 ACEITU-07 MED WMed Y 16/09/2012 28.1 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-BA-0-68 ACEITU-07 MED WMed Y 07/10/2012 - - 40.9 1.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-76 ACEITU-07 MED WMed Y 16/09/2012 35.2 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-71 ACEITU-07 MED WMed Y 16/09/2012 23.8 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-64 ACEITU-07 MED WMed Y 15/09/2012 27.1 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-61 ACEITU-07 MED WMed Y 15/09/2012 26.4 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-75 ACEITU-07 MED WMed Y 16/09/2012 36.1 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-BA-0-54 ACEITU-07 MED WMed Y 07/10/2012 - - 40.9 1.1 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-60 ACEITU-08 MED WMed Y 15/09/2012 26 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-79 ACEITU-08 MED WMed Y 16/09/2012 27.5 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-65 ACEITU-08 MED WMed Y 15/09/2012 27.2 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-BA-0-56 ACEITU-08 MED WMed Y 07/10/2012 - - 40.9 1.1 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-BA-0-69 ACEITU-08 MED WMed Y 07/10/2012 - - 40.9 1.1 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-BA-0-71 ACEITU-08 MED WMed Y 07/10/2012 - - 40.8 1.1 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-91 ACEITU-03 MED WMed Y 15/09/2013 28 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-102 ACEITU-03 MED WMed Y 21/09/2013 28.5 FL 39.3 0.0 NA FILTERED INCLUDED INCLUDED * - NO 

IEO-BA-0-120 ACEITU-03 MED WMed Y 28/10/2013 30.2 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-101 ACEITU-03 MED WMed Y 21/09/2013 25.5 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-103 ACEITU-03 MED WMed Y 22/09/2013 27.6 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-104 ACEITU-03 MED WMed Y 22/09/2013 29.6 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-106 ACEITU-03 MED WMed Y 12/10/2013 32.8 FL 39.3 0.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-SY-L-165 GBYP16 MED CMed A 05/06/2015 166 CFL 33.5 13.5 M INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-L-76 GBYP17 MED CMed A 10/06/2011 231 CFL 35.5 14.0 F INCLUDED INCLUDED INCLUDED * - NO 



 

 

FMAP-MA-L-72 GBYP17 MED CMed A 10/06/2011 230 CFL 35.5 14.0 F INCLUDED INCLUDED INCLUDED * - NO 

IEO-SI-V-47 ACEITU-03 MED CMed L 15/07/2008 0.069 TL 36.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-SI-V-71 ACEITU-03 MED CMed L 15/07/2008 0.064 TL 36.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-SI-V-78 ACEITU-03 MED CMed L 15/07/2008 0.063 TL 36.7 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-3 ACEITU-04 MED CMed Y 10/09/2013 19.4 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-15 ACEITU-04 MED CMed Y 23/09/2013 23.3 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-13 ACEITU-08 MED CMed Y 03/10/2012 31 FL 37.9 15.3 NA INCLUDED INCLUDED INCLUDED * - NO 

UNIB-SI-0-33 ACEITU-08 MED CMed Y 05/10/2012 36 FL 37.6 15.2 NA INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-160 GBYP16 MED EMed A 05/06/2015 244 FL 35.6 35.2 M INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-171 GBYP16 MED EMed A 05/06/2015 243 FL 35.6 35.2 M INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-193 GBYP16 MED EMed A 28/05/2015 231 FL 36.3 31.5 F INCLUDED INCLUDED INCLUDED * - NO 

ISTA-LS-L-201 GBYP17 MED EMed A 28/05/2015 198 FL 36.3 31.5 F INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-46 ACEITU-08 MED EMed L 24/06/2011 1.2 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-49 ACEITU-08 MED EMed L 24/06/2011 1.2 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-19 ACEITU-01 MED EMed L 23/06/2011 1.04 FL 36.1 33.6 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-52 ACEITU-01 MED EMed L 24/06/2011 1.03 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-55 ACEITU-01 MED EMed L 24/06/2011 1.25 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-V-62 ACEITU-02 MED EMed L 24/06/2011 0.58 FL 36.1 33.7 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-315 ACEITU-04 MED EMed Y 15/08/2013 21.6 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-393 ACEITU-05 MED EMed Y 16/08/2013 26.7 FL 35.3 33.3 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-377 ACEITU-02 MED EMed Y 27/07/2013 18.2 FL 36.2 33.9 NA FILTERED INCLUDED INCLUDED * - NO 

NOAA-GM-L-155 GBYP11 GOM NWAtl A 15/05/2014 223 FL 27.1 -91.7 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-156 GBYP11 GOM NWAtl A 15/05/2014 233 FL 27.1 -91.6 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-121 GBYP12 GOM NWAtl A 15/05/2010 235 FL 27.0 -88.7 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-28 GBYP13 GOM NWAtl A 15/03/2013 255 FL 27.1 -90.6 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-1 GBYP15 GOM NWAtl A 15/05/2013 248 FL 27.0 -90.6 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-146 GBYP15 GOM NWAtl A 15/04/2014 235 FL 26.3 -90.8 F INCLUDED INCLUDED INCLUDED 0 NO NO 

NOAA-GM-L-53 GBYP16 GOM NWAtl A 15/05/2012 251 FL 27.8 -86.4 F INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-74 ACEITU-01 GOM NWAtl L 15/06/2008 - - 28.0 -91.5 NA INCLUDED INCLUDED INCLUDED 0 NO NO 



 

TAMU-GM-V-81 ACEITU-01 GOM NWAtl L 15/06/2009 - - 26.0 -88.9 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-82 ACEITU-01 GOM NWAtl L 15/06/2009 - - 26.0 -88.9 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-83 ACEITU-01 GOM NWAtl L 15/06/2008 - - 26.0 -88.9 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-84 ACEITU-01 GOM NWAtl L 15/06/2009 - - 26.0 -88.9 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-85 ACEITU-01 GOM NWAtl L 15/06/2009 - - 27.5 -91.1 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-53 ACEITU-02 GOM NWAtl L 15/06/2007 - - 28.0 -89.8 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-56 ACEITU-02 GOM NWAtl L 15/06/2007 - - 27.0 -90.5 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-58 ACEITU-02 GOM NWAtl L 15/06/2007 - - 27.0 -90.5 NA INCLUDED INCLUDED INCLUDED 0.023 NO NO 

TAMU-GM-V-59 ACEITU-02 GOM NWAtl L 15/06/2007 - - 27.0 -90.5 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-60 ACEITU-02 GOM NWAtl L 15/06/2007 - - 27.0 -90.5 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

TAMU-GM-V-63 ACEITU-02 GOM NWAtl L 15/06/2008 - - 27.0 -87.5 NA INCLUDED INCLUDED INCLUDED 0 NO NO 

AZTI-GM-0-6 ACEITU-04 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-20 ACEITU-04 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-25 ACEITU-04 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-43 ACEITU-05 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-45 ACEITU-05 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-5 ACEITU-03 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-GM-0-42 ACEITU-03 SS SlopeSea Y 13/09/2008 - - 36.4 -74.8 NA INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_24 GBYP-18 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_36 GBYP-18 SS SlopeSea L 08/07/2016 - - 38.9 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_33 GBYP-18 SS SlopeSea L 20/06/2016 - - 37.0 -73.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_44 GBYP-18 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_28 GBYP-19 SS SlopeSea L 19/06/2016 - - 37.0 -73.7 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_48 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_45 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_50 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-132 GBYP13 MED Wmed A 31/05/2015 211 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-103 GBYP17 MED WMed A 21/06/2012 222 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 

UNIC-SA-L-100 GBYP17 MED WMed A 21/06/2012 191 CFL 39.2 8.3 M INCLUDED INCLUDED INCLUDED * - NO 



 

 

UNIC-SA-L-102 GBYP17 MED WMed A 21/06/2012 192 CFL 39.2 8.3 F INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-75 ACEITU-07 MED WMed L 07/07/2013 - - 38.8 0.7 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-43 ACEITU-08 MED WMed L 01/07/2013 - - 38.8 3.0 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-26 ACEITU-02 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-27 ACEITU-02 MED WMed L 13/07/2012 - - 38.8 2.6 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-V-9 ACEITU-02 MED WMed L 26/06/2012 - - 38.7 1.2 NA INCLUDED INCLUDED INCLUDED * - NO 

IEO-BA-0-142 ACEITU-05 MED WMed Y 15/09/2013 27.5 FL 39.3 0.0 NA FILTERED INCLUDED INCLUDED * - NO 

AZTI-BA-0-70 ACEITU-06 MED WMed Y 07/10/2012 - - 40.8 1.1 NA INCLUDED INCLUDED INCLUDED * - NO 

AZTI-BA-0-52 ACEITU-08 MED WMed Y 07/10/2012 - - 40.9 1.1 NA INCLUDED INCLUDED INCLUDED * - NO 

FMAP-MA-0-11 ACEITU-04 MED CMed Y 23/09/2013 26.6 FL 35.5 14.0 NA INCLUDED INCLUDED INCLUDED * - NO 

CYPR-LS-0-321 ACEITU-04 MED EMed Y 16/08/2013 24.3 FL 36.2 33.9 NA INCLUDED INCLUDED INCLUDED * - NO 

SlopeSea_39 GBYP-19 SS SlopeSea L 08/07/2016 - - 39.0 -67.9 N/A INCLUDED INCLUDED INCLUDED * - NO 

NOAA-GM-L-144 GBYP10 GOM NWAtl A 15/05/2014 223 FL 27.3 -92.5 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-96 GBYP10 GOM NWAtl A 15/04/2010 238 FL 27.2 -92.5 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-51 GBYP10 GOM NWAtl A 15/05/2012 233 FL 27.9 -86.4 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-46 GBYP11 GOM NWAtl A 15/04/2012 268 FL 27.9 -86.2 M INCLUDED INCLUDED INCLUDED 0.218 MED-like YES 

NOAA-GM-L-21 GBYP11 GOM NWAtl A 15/05/2013 226 FL 27.9 -86.4 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-143 GBYP11 GOM NWAtl A 15/05/2014 211 FL 27.5 -91.2 F FEW TAGS FILTERED FILTERED - - YES 

NOAA-GM-L-18 GBYP11 GOM NWAtl A 15/05/2013 228 FL 27.6 -86.6 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-71 GBYP11 GOM NWAtl A 15/04/2011 232 FL 24.4 -84.5 M INCLUDED INCLUDED INCLUDED 0.003 NO YES 

NOAA-GM-L-6 GBYP11 GOM NWAtl A 15/04/2013 235 FL 28.0 -89.5 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-80 GBYP11 GOM NWAtl A 15/04/2010 261 FL 26.1 -91.2 F FILTERED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-117 GBYP12 GOM NWAtl A 15/04/2010 248 FL 26.1 -92.2 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-115 GBYP12 GOM NWAtl A 15/04/2010 251 FL 27.1 -89.8 F FILTERED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-114 GBYP12 GOM NWAtl A 15/04/2010 230 FL 26.8 -93.7 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-120 GBYP12 GOM NWAtl A 15/04/2010 272 FL 27.7 -87.7 M FILTERED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-129 GBYP12 GOM NWAtl A 15/04/2014 219 FL 27.7 -90.0 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-179 GBYP12 GOM NWAtl A 15/05/2014 268 FL 27.4 -91.2 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-180 GBYP12 GOM NWAtl A 15/05/2014 228 FL 27.4 -92.0 M INCLUDED INCLUDED INCLUDED 0 NO YES 



 

NOAA-GM-L-125 GBYP12 GOM NWAtl A 15/05/2010 219 FL 26.8 -88.7 F FILTERED INCLUDED FILTERED - - YES 

NOAA-GM-L-167 GBYP12 GOM NWAtl A 15/05/2013 232 FL 27.0 -90.4 F FILTERED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-181 GBYP13 GOM NWAtl A 15/06/2014 213 FL 27.6 -87.6 F INCLUDED INCLUDED INCLUDED 0.001 NO YES 

NOAA-GM-L-11 GBYP13 GOM NWAtl A 15/01/2013 224 FL 26.5 -90.1 M FILTERED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-131 GBYP13 GOM NWAtl A 15/06/2014 235 FL 27.5 -90.1 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-109 GBYP13 GOM NWAtl A 15/03/2010 246 FL 27.7 -86.8 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-34 GBYP13 GOM NWAtl A 15/03/2012 238 FL 26.7 -88.8 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-98 GBYP13 GOM NWAtl A 15/03/2010 244 FL 27.3 -91.9 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-23 GBYP13 GOM NWAtl A 15/06/2013 250 FL 27.6 -86.7 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-107 GBYP14 GOM NWAtl A 15/03/2010 225 FL 27.3 -92.0 M INCLUDED INCLUDED INCLUDED 0.011 NO YES 

NOAA-GM-L-72 GBYP15 GOM NWAtl A 15/04/2011 236 FL 25.2 -85.7 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-32 GBYP15 GOM NWAtl A 15/03/2012 225 FL 27.9 -86.3 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-44 GBYP15 GOM NWAtl A 15/04/2012 241 FL 27.9 -86.1 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-159 GBYP15 GOM NWAtl A 15/06/2013 213 FL 27.4 -86.7 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-158 GBYP15 GOM NWAtl A 15/05/2014 227 FL 27.3 -91.3 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-17 GBYP15 GOM NWAtl A 15/05/2013 231 FL 27.6 -86.6 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-16 GBYP15 GOM NWAtl A 15/05/2013 240 FL 27.6 -86.6 M FEW TAGS FILTERED FILTERED - - YES 

NOAA-GM-L-60 GBYP15 GOM NWAtl A 15/05/2012 248 FL 27.1 -88.9 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-73 GBYP16 GOM NWAtl A 15/03/2010 232 FL 27.1 -87.9 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-130 GBYP16 GOM NWAtl A 15/06/2014 217 FL 27.5 -90.1 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-57 GBYP16 GOM NWAtl A 15/06/2012 243 FL 27.3 -89.4 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-160 GBYP16 GOM NWAtl A 15/06/2013 204 FL 27.9 -86.2 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-99 GBYP16 GOM NWAtl A 15/04/2010 213 FL 27.1 -89.7 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-79 GBYP10 GOM NWAtl A 15/04/2010 276 FL 27.5 -87.6 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-134 GBYP10 GOM NWAtl A 15/04/2014 234 FL 26.7 -90.2 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-127 GBYP10 GOM NWAtl A 15/04/2014 269 FL 27.2 -90.8 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-171 GBYP10 GOM NWAtl A 15/05/2013 251 FL 27.5 -90.3 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-69 GBYP11 GOM NWAtl A 15/04/2011 270 FL 24.2 -82.8 M INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-67 GBYP12 GOM NWAtl A 15/05/2011 232 FL 25.7 -84.6 M INCLUDED INCLUDED INCLUDED 0.645 MED-like YES 



 

 

NOAA-GM-L-91 GBYP12 GOM NWAtl A 15/05/2010 246 FL 27.4 -89.0 F INCLUDED INCLUDED INCLUDED 0 NO YES 

NOAA-GM-L-157 GBYP16 GOM NWAtl A 15/05/2014 240 FL 27.2 -91.5 F INCLUDED INCLUDED INCLUDED 0 NO YES 



 

Table S2. List of the 173 ABFT adult samples captured in the Gulf of Mexico included in this study and available details about capture dates and 

coordinates, size indicated in cm as fork length (FL), sex, leading gamete stage, post ovulatory follicle state and reproductive phase when data 

were available following the standardized terminology described in (Brown-Peterson et al. 2011). Probability for each individual captured in the 

Gulf of Mexico of fitting within the Mediterranean Sea distribution of ancestry values inferred using ADMIXTURE when assuming K=2 ancestral 

populations, and those with a probability higher than 0.05 were labelled as “MED-like”.  

SampleID 
Catch Date 

[dd/mm/yy] 
Length 

(cm) 
Length 
Type Lat. Long. Sex 

Leading 
Gamete Stage 

Post 
Ovulatory 

Follicle State Reproductive Phase 
RAD-COI-

introgressed 

Prob 
(MED-
like) MED-like 

NOAA-GM-L-7 15/04/2013 233 FL 27.2 -90.7 F V3 P0 Spawning capable NO - - 

NOAA-GM-L-43 15/04/2012 234 FL 27.8 -86.4 M SZ - Spawning capable NO - - 

NOAA-GM-L-143 15/05/2014 211 FL 27.5 -91.2 F V3 P2 Regressing NO - - 

NOAA-GM-L-105 15/04/2010 223 FL 27.4 -91.6 F V3 P1 Spawning capable NO - - 

NOAA-GM-L-122 15/05/2010 240 FL 27.2 -88.6 M SZ - Spawning capable NO - - 

NOAA-GM-L-125 15/05/2010 219 FL 26.8 -88.7 F V3 P2 Spawning capable NO - - 

NOAA-GM-L-145 15/05/2014 210 FL 27.4 -92.3 F LC P2 Actively Spawning (sub-phase) NO - - 

NOAA-GM-L-132 15/06/2014 250 FL 27.6 -89.9 M SZ - Spawning capable NO - - 

NOAA-GM-L-170 15/03/2013 228 FL 26.5 -90.5 F V3 P0 Spawning capable NO - - 

NOAA-GM-L-108 15/03/2010 233 FL 27.3 -92.0 - - - - NO - - 

NOAA-GM-L-154 15/05/2014 213 FL 26.7 -91.4 M SZ - Spawning capable NO - - 

NOAA-GM-L-136 15/04/2014 266 FL 27.5 -89.6 M SZ - Spawning capable NO - - 

NOAA-GM-L-165 15/03/2013 227 FL 27.8 -89.8 F V2 P0 Developing NO - - 

NOAA-GM-L-141 15/06/2014 199 FL 28.0 -88.9 F GVBD P0 Actively Spawning (sub-phase) NO - - 

NOAA-GM-L-112 15/03/2010 265 FL 26.7 -89.5 M SZ - Spawning capable NO - - 

NOAA-GM-L-147 15/01/2014 235 FL 26.3 -90.8 M - - 0 NO - - 

NOAA-GM-L-168 15/03/2013 248 FL 26.6 -89.5 M SZ - Spawning capable NO - - 

NOAA-GM-L-14 15/04/2013 231 FL 28.3 -88.3 F V3 P0 Spawning capable NO - - 

NOAA-GM-L-16 15/05/2013 240 FL 27.6 -86.6 M SZ - Spawning capable NO - - 

NOAA-GM-L-173 15/04/2014 218 FL 24.5 -84.2 - - - - NO - - 

NOAA-GM-L-50 15/05/2012 243 FL 27.8 -87.2 M SZ - Spawning capable NO 0.830 MED-like 

NOAA-GM-L-67 15/05/2011 232 FL 25.7 -84.6 M SZ - Spawning capable NO 0.645 MED-like 
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NOAA-GM-L-64 15/05/2011 245 FL 27.3 -89.7 M SZ - Spawning capable NO 0.543 MED-like 

NOAA-GM-L-113 15/03/2010 248 FL 27.5 -87.9 M SZ - Spawning capable YES 0.522 MED-like 

NOAA-GM-L-104 15/04/2010 242 FL 27.3 -88.8 M SZ - Spawning capable NO 0.518 MED-like 

NOAA-GM-L-148 15/04/2014 225 FL 27.2 -87.8 M SZ - Spawning capable NO 0.425 MED-like 

NOAA-GM-L-153 15/05/2014 210 FL 26.4 -89.1 M SZ - Spawning capable NO 0.385 MED-like 

NOAA-GM-L-74 15/03/2010 252 FL 27.2 -87.6 M SZ - Spawning capable NO 0.341 MED-like 

NOAA-GM-L-66 15/05/2011 252 FL 27.4 -89.5 F V3 P2 Spawning capable NO 0.338 MED-like 

NOAA-GM-L-126 15/04/2014 249 FL 27.0 -89.9 M SZ - Spawning capable NO 0.255 MED-like 

NOAA-GM-L-97 15/04/2010 239 FL 27.2 -91.5 M SZ - Spawning capable NO 0.248 MED-like 

NOAA-GM-L-46 15/04/2012 268 FL 27.9 -86.2 M SZ - Spawning capable NO 0.218 MED-like 

NOAA-GM-L-89 15/04/2010 262 FL 27.6 -88.9 F V2 P0 Developing NO 0.049 NO 

NOAA-GM-L-33 15/03/2012 233 FL 28.0 -86.8 M SZ - Spawning capable NO 0.031 NO 

NOAA-GM-L-107 15/03/2010 225 FL 27.3 -92.0 - - - - NO 0.011 NO 

NOAA-GM-L-39 15/04/2012 221 FL 28.0 -88.2 F V3 P2 Spawning capable NO 0.007 NO 

NOAA-GM-L-93 15/04/2010 252 FL 27.2 -91.8 M SZ - Spawning capable NO 0.007 NO 

NOAA-GM-L-95 15/04/2010 249 FL 27.6 -86.4 F CA P0 Developing NO 0.004 NO 

NOAA-GM-L-71 15/04/2011 232 FL 24.4 -84.5 M SZ - Spawning capable NO 0.003 NO 

NOAA-GM-L-78 15/03/2010 262 FL 27.1 -87.1 M SZ - Spawning capable NO 0.001 NO 

NOAA-GM-L-181 15/06/2014 213 FL 27.6 -87.6 F V3 P2 Spawning capable YES 0.001 NO 

NOAA-GM-L-15 15/05/2013 194 FL 27.9 -86.5 F V3 P1 Spawning capable NO 0 NO 

NOAA-GM-L-79 15/04/2010 276 FL 27.5 -87.6 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-61 15/05/2012 242 FL 26.9 -90.7 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-142 15/05/2014 238 FL 26.9 -90.0 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-111 15/04/2010 243 FL 27.1 -89.2 F CA P0 Developing NO 0 NO 

NOAA-GM-L-65 15/05/2011 262 FL 27.1 -89.7 F V3 P3 Spawning capable NO 0 NO 

NOAA-GM-L-144 15/05/2014 223 FL 27.3 -92.5 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-47 15/05/2012 253 FL 27.8 -86.6 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-96 15/04/2010 238 FL 27.2 -92.5 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-88 15/05/2010 238 FL 27.4 -89.0 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-51 15/05/2012 233 FL 27.9 -86.4 F GVM P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-92 15/04/2010 257 FL 27.5 -87.8 M - - 0 NO 0 NO 

NOAA-GM-L-174 15/04/2014 218 FL 24.5 -84.2 - - - - NO 0 NO 



 

NOAA-GM-L-134 15/04/2014 234 FL 26.7 -90.2 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-37 15/04/2012 283 FL 27.9 -86.3 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-127 15/04/2014 269 FL 27.2 -90.8 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-171 15/05/2013 251 FL 27.5 -90.3 F GVM P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-150 15/05/2014 220 FL 28.0 -89.4 F LC P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-2 15/05/2013 204 FL 26.8 -91.0 - - - - NO 0 NO 

NOAA-GM-L-59 15/04/2012 259 FL 27.1 -89.0 F V3 P0 Regressing NO 0 NO 

NOAA-GM-L-4 15/05/2013 245 FL 27.8 -90.1 - - - - NO 0 NO 

NOAA-GM-L-56 15/05/2012 271 FL 27.8 -88.8 F LC P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-3 15/05/2013 230 FL 27.8 -90.1 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-83 15/04/2010 249 FL 27.9 -87.1 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-86 15/05/2010 261 FL 27.1 -90.4 F - - 0 NO 0 NO 

NOAA-GM-L-135 15/04/2014 221 FL 27.5 -91.5 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-163 15/05/2013 281 FL 28.0 -89.4 - - - - NO 0 NO 

NOAA-GM-L-38 15/04/2012 241 FL 27.9 -86.3 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-21 15/05/2013 226 FL 27.9 -86.4 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-149 15/04/2014 228 FL 26.4 -90.9 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-140 15/05/2014 235 FL 27.6 -88.3 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-87 15/04/2010 238 FL 27.6 -90.7 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-85 15/04/2010 280 FL 27.1 -88.8 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-137 15/04/2014 225 FL 27.8 -89.6 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-18 15/05/2013 228 FL 27.6 -86.6 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-155 15/05/2014 223 FL 27.1 -91.7 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-48 15/05/2012 230 FL 26.6 -89.7 F V3 P0 Regressing NO 0 NO 

NOAA-GM-L-12 15/04/2013 250 FL 28.7 -88.9 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-45 15/04/2012 234 FL 27.9 -86.3 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-69 15/04/2011 270 FL 24.2 -82.8 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-6 15/04/2013 235 FL 28.0 -89.5 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-9 15/05/2013 255 FL 27.0 -90.7 F LC P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-151 15/05/2014 220 FL 28.0 -89.4 F GVM P0 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-156 15/05/2014 233 FL 27.1 -91.6 F LC P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-80 15/04/2010 261 FL 26.1 -91.2 F V3 P0 Spawning capable NO 0 NO 



 

 

NOAA-GM-L-52 15/05/2012 243 FL 27.8 -87.2 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-25 15/04/2013 266 FL 28.7 -88.5 F V3 P0 Regressing NO 0 NO 

NOAA-GM-L-22 15/05/2013 244 FL 27.9 -86.4 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-8 15/05/2013 245 FL 27.0 -91.2 F HYD P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-70 15/04/2011 251 FL 24.2 -83.0 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-82 15/04/2010 278 FL 26.0 -91.3 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-176 15/04/2014 205 FL 28.1 -85.9 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-117 15/04/2010 248 FL 26.1 -92.2 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-119 15/04/2010 247 FL 27.7 -87.8 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-118 15/04/2010 249 FL 26.7 -89.5 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-115 15/04/2010 251 FL 27.1 -89.8 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-114 15/04/2010 230 FL 26.8 -93.7 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-101 15/04/2010 255 FL 27.7 -90.2 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-120 15/04/2010 272 FL 27.7 -87.7 - - - - NO 0 NO 

NOAA-GM-L-90 15/05/2010 220 FL 27.4 -89.0 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-123 15/05/2010 212 FL 27.3 -88.3 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-129 15/04/2014 219 FL 27.7 -90.0 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-169 15/05/2013 225 FL 27.0 -90.7 F H P3 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-94 15/05/2010 230 FL 27.1 -89.4 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-128 15/04/2014 227 FL 27.7 -89.7 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-162 15/05/2013 260 FL 28.0 -89.4 - - - - NO 0 NO 

NOAA-GM-L-121 15/05/2010 235 FL 27.0 -88.7 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-124 15/05/2010 222 FL 26.7 -88.8 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-172 15/05/2013 259 FL 27.5 -90.2 F HYD P3 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-91 15/05/2010 246 FL 27.4 -89.0 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-81 15/05/2010 262 FL 26.2 -90.6 F LC P3 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-179 15/05/2014 268 FL 27.4 -91.2 F SZ - Spawning capable NO 0 NO 

NOAA-GM-L-180 15/05/2014 228 FL 27.4 -92.0 - - - - NO 0 NO 

NOAA-GM-L-177 15/04/2014 246 FL 27.6 -87.7 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-178 15/05/2014 259 FL 27.7 -87.9 F V P0 Regressing NO 0 NO 

NOAA-GM-L-84 15/05/2010 239 FL 27.1 -90.4 M - - 0 NO 0 NO 

NOAA-GM-L-161 15/05/2013 224 FL 28.1 -89.3 - - - - NO 0 NO 



 

NOAA-GM-L-167 15/05/2013 232 FL 27.0 -90.4 F GVM P3 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-166 15/03/2013 232 FL 27.0 -90.4 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-28 15/03/2013 255 FL 27.1 -90.6 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-116 15/03/2010 249 FL 26.7 -89.3 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-62 15/05/2012 235 FL 27.7 -87.2 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-11 15/01/2013 224 FL 26.5 -90.1 M SZ - Regressing NO 0 NO 

NOAA-GM-L-175 15/06/2014 225 FL 27.7 -87.6 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-131 15/06/2014 235 FL 27.5 -90.1 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-109 15/03/2010 246 FL 27.7 -86.8 F CA P0 Developing NO 0 NO 

NOAA-GM-L-34 15/03/2012 238 FL 26.7 -88.8 M ST - Developing NO 0 NO 

NOAA-GM-L-102 15/03/2010 265 FL 27.0 -88.4 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-98 15/03/2010 244 FL 27.3 -91.9 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-23 15/06/2013 250 FL 27.6 -86.7 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-42 15/04/2012 273 FL 28.0 -86.1 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-103 15/04/2010 234 FL 27.2 -89.5 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-26 15/04/2013 275 FL 27.9 -89.1 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-110 15/03/2010 240 FL 26.6 -89.4 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-72 15/04/2011 236 FL 25.2 -85.7 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-40 15/04/2012 257 FL 27.8 -88.3 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-32 15/03/2012 225 FL 27.9 -86.3 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-36 15/04/2012 239 FL 27.9 -86.5 F - - 0 NO 0 NO 

NOAA-GM-L-44 15/04/2012 241 FL 27.9 -86.1 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-159 15/06/2013 213 FL 27.4 -86.7 F GVM P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-58 15/05/2012 225 FL 27.9 -86.3 - - - - NO 0 NO 

NOAA-GM-L-139 15/05/2014 253 FL 27.5 -91.3 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-49 15/05/2012 234 FL 27.8 -86.6 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-158 15/05/2014 227 FL 27.3 -91.3 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-106 15/03/2010 262 FL 26.5 -89.1 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-1 15/05/2013 248 FL 27.0 -90.6 - - - - NO 0 NO 

NOAA-GM-L-146 15/04/2014 235 FL 26.3 -90.8 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-63 15/05/2012 204 FL 27.8 -86.8 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-17 15/05/2013 231 FL 27.6 -86.6 F V3 P0 Spawning capable NO 0 NO 



 

 

NOAA-GM-L-31 15/05/2013 224 FL 27.5 -90.1 - - - - NO 0 NO 

NOAA-GM-L-54 15/05/2012 263 FL 27.8 -88.8 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-164 15/03/2013 227 FL 27.8 -89.8 - - - - NO 0 NO 

NOAA-GM-L-27 15/03/2013 248 FL 27.7 -89.6 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-35 15/03/2012 265 FL 26.6 -89.1 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-60 15/05/2012 248 FL 27.1 -88.9 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-24 15/05/2013 243 FL 27.0 -91.2 F HYD P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-10 15/05/2013 235 FL 27.5 -90.0 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-41 15/04/2012 255 FL 27.9 -86.3 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-73 15/03/2010 232 FL 27.1 -87.9 F V2 P0 Developing NO 0 NO 

NOAA-GM-L-138 15/05/2014 225 FL 27.4 -92.4 F GVM P2 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-130 15/06/2014 217 FL 27.5 -90.1 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-133 15/06/2014 276 FL 27.6 -89.9 - - - - NO 0 NO 

NOAA-GM-L-13 15/04/2013 231 FL 28.3 -88.3 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-55 15/05/2012 245 FL 27.9 -86.4 F V3 P3 Spawning capable NO 0 NO 

NOAA-GM-L-5 15/06/2013 235 FL 28.0 -89.5 F V3 P3 Actively Spawning (sub-phase) NO 0 NO 

NOAA-GM-L-53 15/05/2012 251 FL 27.8 -86.4 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-157 15/05/2014 240 FL 27.2 -91.5 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-57 15/06/2012 243 FL 27.3 -89.4 F V3 P0 Regressing NO 0 NO 

NOAA-GM-L-152 15/05/2014 252 FL 27.2 -89.4 M SZ - Spawning capable NO 0 NO 

NOAA-GM-L-160 15/06/2013 204 FL 27.9 -86.2 F V3 P2 Spawning capable NO 0 NO 

NOAA-GM-L-99 15/04/2010 213 FL 27.1 -89.7 F V3 P0 Spawning capable NO 0 NO 

NOAA-GM-L-100 15/04/2010 261 FL 27.3 -88.8 M SZ - Spawning capable NO 0 NO 
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Table S3. Parwise Fst values estimated from the mapped and de novo catalogs, including 

and excluding adults from the analysis. P-values estimated performing a 10,000 

permutations test are indicated in parenthesis below each Fst value. 

 Mapped catalog   Denovo catalog 

 All samples Larvae & YOY All samples Larvae & YOY 

SS-GOM 
0.000505 

(0) 
0.000972 

(0) 
0.000260 
(0.0199) 

0.000750 
(0.0169) 

SS-MED 
0.001834 

(0) 
0.001863 

(0) 
0.001587 

(0) 
0.001698 

(0) 

MED-GOM 
0.002474 

(0) 
0.00336 

(0) 
0.002370 

(0) 
0.003196 

(0) 
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Table S4. F3 statistic for the different tested scenarios of considering Larvae/YOY and 

adult individuals of each location separately and using both the de novo the mapped 

catalogs. For each test, the target population is tested to have admixed SNPs from the 

source populations. Bold values are considered positive for admixture and groups of 

individuals for which at least one of the tests indicates admixed origin are marked with 

an asterisk.  

Source 
populations 

Target 
population 

Denovo catalog Mapped catalog 

F3 std. err Z F3 std. err Z 

GOML 

MEDLY 

SS* 

-0.00024 0.000149 -1.617 -0.000241 0.000105 -2.304 

GOMA 0.000411 0.000134 3.074 0.000485 0.000099 4.912 

MEDA -0.000424 0.000158 -2.681 -0.000107 0.000118 -0.902 

MEDLY 
MEDA 0.001399 0.000148 9.437 0.001612 0.000124 13.014 

GOMA -0.000257 0.000117 -2.195 -0.000202 0.000074 -2.732 

MEDA GOMA -0.000273 0.000121 -2.253 0.000062 0.000087 0.717 
 GOML 

 
MEDLY 

0.001905 0.000164 11.651 0.002012 0.00014 14.38 

SS GOMA 0.001922 0.000114 16.904 0.001973 0.000102 19.353 
 MEDA 0.000239 0.000094 2.546 0.000148 0.000058 2.552 

GOML 
GOMA 0.002585 0.000142 18.178 0.002703 0.000131 20.677 

MEDA 0.000052 0.000125 0.419 0.000283 0.000073 3.869 

GOMA MEDA 0.000223 0.000075 2.974 0.000414 0.000055 7.571 
 MEDLY 

 
GOML 

0.001391 0.000249 5.591 0.001492 0.000166 8.965 

SS GOMA 0.000724 0.000232 3.116 0.000742 0.00015 4.952 
 MEDA 0.001578 0.000258 6.116 0.001354 0.000172 7.86 

MEDLY 
GOMA 0.000707 0.000229 3.086 0.000782 0.000155 5.047 

MEDA 0.003256 0.000271 11.996 0.003269 0.000219 14.9 

GOMA MEDA 0.000878 0.000239 3.671 0.000917 0.000158 5.798 
 MEDLY GOMA* 0.000518 0.00008 6.471 0.000624 0.000061 10.259 

SS GOML 

 

-0.00016 0.000106 -1.506 -0.00008 0.000081 -0.981 
 MEDA 0.000534 0.000094 5.698 0.000353 0.000071 4.991 

MEDLY 
GOML -0.000143 0.000099 -1.437 -0.000119 0.000078 -1.532 

MEDA 0.002213 0.000118 18.767 0.002209 0.000107 20.564 

GOML MEDA -0.000313 0.000128 -2.437 -0.000253 0.00009 -2.823 
 MEDLY 

MEDA 

0.000007 0.000121 0.054 0.000271 0.000076 3.549 

SS GOML 0.001861 0.000205 9.074 0.002049 0.000162 12.622 
 GOMA 0.001707 0.000157 10.868 0.001874 0.000117 15.999 

MEDLY 
GOML 0.000193 0.000154 1.252 0.000132 0.000091 1.446 

GOMA 0.000023 0.000112 0.205 -0.000003 0.00007 -0.046 

GOML GOMA 0.002557 0.000196 13.027 0.002487 0.000146 17.08 



 372 Appendix D 

Table S5. Results on the five three-dimensional demographic models of divergence tested. All models of divergence were tested both 

contemplating and supressing migration between location, originating ten different demographic models. Arrows show directional migration 

between locations when applied. Maximum-likelihood, Akaike information criterion (AIC), the difference in AIC between each model and the 

best-model, theta (4NuAμL) parameter for the ancestral population estimates for each model after 10 independent runs are presented. The 

inferred parameters (scaled to theta) for each model are time since splits (where T1 is time since the first split which originates two populations, 

except for the sim_split models, and T2 is time since the second event which originated the third population), directional migration rate, admixing 

coefficient as the proportion of the MED admixed component originating the SS and the proportion of correctly orientated variants based on 

their ancestral state using albacore allele frequencies as reference.  

 

Admixing 

coefficient

Correct 

Orientation

MODEL BEST LIKE BEST AIC ∆i Theta nuA MED size GOM size SS size T1 T2 MED->GOM GOM->MED GOM->SS SS->GOM MED->SS SS->MED f O

sim_split_mig -3448.16 6918.32 1036.36 2255.75 2.7844 5.6622 9.0977 0.11 8.6004 4.6594 0.5757 0.3433 2.9618 6.9625 0.9855

sim_split_nomig -3495.4 7000.8 1118.84 2387.38 18.0564 19.5662 18.405 0.0882 0.9943

split_admix_mig -2969.85 5965.7 83.74 1122.1 1.1259 0.6077 3.0124 0.5393 0.7639 1.6287 10.1954 16.7752 0.9989 11.7788 11.2848 0.5946 0.9851

split_admix_nomig -3387.73 6789.46 907.5 2251.28 15.904 16.4058 6.2774 0.124 0.0127 0.5068 0.9907

split_GOM_mig -3104.02 6234.04 352.08 697.45 0.5107 1.7878 2.0767 2.3844 3.2685 1.3502 0.0632 6.1323 0.2531 5.0141 7.0391 1.2293 0.985

split_GOM_nomig -3457.51 6929.02 1047.06 2369.71 17.218 4.6753 19.2694 19.7634 0.0581 0.0227 0.9927

split_MED_mig -2927.98 5881.96 0 1212.8 3.2919 3.4983 6.1062 4.9163 0.9724 0.0746 17.1576 0.0544 5.3933 1.6615 11.2704 0.4512 0.9851

split_MED_nomig -3461 6936 1054.04 2336.06 18.5728 19.0003 8.0752 3.8226 0.0853 0.0114 0.9909

split_SS_mig -3020.06 6066.12 184.16 1689.14 2.1565 10.5726 11.4147 9.6805 0.3849 0.069 0.377 0.2682 2.5975 14.4109 4.5072 3.616 0.9851

split_SS_nomig -3482.38 6978.76 1096.8 2354.83 18.2167 2.7548 3.3447 19.4026 0.0637 0.0131 0.9896

Population sizes Time Directional migration rate
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Table S6. Number of SNPs per reference scaffold (of the available reference genome 

of Pacific bluefin tuna (Suda et al. 2019)) with highest 10% loading plots at each of the 

three principal components (PC1, PC2 and PC3) of PCAs performed using outliers SNPs 

under selection. Outlier SNPs were seek using two different approaches (PCAdapt and 

BayeScan, see Material and Methods) on two different catalogs (de novo and mapped, 

see Material and Methods). 

 

Catalog Approach Scaffold PC1 PC2 PC3 

de novo PCAdapt 

BKCK0100075 10    

BKCK0100111 1    

BKCK0100005  9 2 

BKCK0100006  1 9 

BKCK0100046   1   

de novo BayeScan 

BKCK0100075 7  1 

BKCK0100076  2   

BKCK0100100  1 2 

BKCK0100133  1 1 

BKCK0100161   3 3 

mapped Pcadapt 

BKCK0100075 15    

BKCK0100111 8    

BKCK0100076  1   

BKCK0100100  12 14 

BKCK0100161  7 5 

BKCK0100173   3 4 

mapped BayeScan 

BKCK0100075 12    

BKCK0100111 7  1 

BKCK0100076  1   

BKCK0100100  6 13 

BKCK0100101  1   

BKCK0100161  7 2 

BKCK0100173   4 3 
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Table S7. Variant positions among individuals of Atlantic bluefin tuna within the COI 

region. Loci highlighted in yellow are those identified as diagnostic position for 

introgression from albacore. 

 

SPS 
ACC.NUMBE
R 

563
0 

575
9 

579
2 

579
5 

583
4 

583
7 

593
3 

599
9 

600
2 

600
8 

604
1 

605
9 

607
1 

617
0 

617
3 

T. thynnus MT037075 G A C T T A A T T G A C T A C 

T. thynnus MT037084 . . . . . . G . . . . . . . . 

T. thynnus MT037085 . . . . . . G . . . . . . . . 

T. thynnus MT037086 . G . . . . G . . . . . . . . 

T. thynnus MT037087 . . T C . . . C C A . T . G T 

T. thynnus MT037088 . . . . . . G . . . . . . . . 

T. thynnus MT037089 . . . . . . G . . . . . . . . 

T. thynnus MT037090 . . . . . . G . . . . . . . . 

T. thynnus MT037091 . . . . . . G . . . . . . . . 

T. thynnus MT037092 . . . . . . G . . . . . . . . 

T. thynnus MT037093 . . . . . . G . . . . . . . . 

T. thynnus MT037094 . . . . . G . . . . . . . . . 

T. thynnus MT037095 . . . . . . G . . . . . . . . 

T. thynnus MT037096 . . . . . . G . . . . . . . . 

T. thynnus MT037097 . . . . . . G . . . . . . . . 

T. thynnus MT037098 . G . . . . G . . . . . . . . 

T. thynnus MT037099 . . . . . . G . . . . . . . . 

T. thynnus MT037100 . . . . . . G . . . . . . . . 

T. thynnus MT037101 . . . . . . G . . . . . . . . 

T. thynnus MT037102 . . . . . . G . . . . . . . . 

T. thynnus MT037103 . . . . . . . . . . . . . . . 

T. thynnus MT037104 . . . . . . G . . . . . . . . 

T. thynnus MT037105 . . . . . . G . . . . . . . . 

T. thynnus MT037106 . . . . . . G . . . . . . . . 

T. thynnus MT037107 . . . . . . G . . . . . . . . 

T. thynnus MT037108 . . . . . . G . . . . . . . . 

T. thynnus MT037109 . . . . . . G . . . . . . . . 

T. thynnus MT037110 . . . . . . G . . . . . . . . 

T. thynnus MT037111 . . . . . . G . . . . . . . . 

T. thynnus MT037112 . . . . . . G . . . . . . . . 

T. thynnus MT037113 . . . . . . G . . . . . . . . 

T. thynnus MT037114 . G . . . . G . . . . . . . . 

T. thynnus MT037115 . . . . . . G . . . . . . . . 

T. thynnus MT037116 . . . . . . G . . . . . . . . 

T. thynnus MT037117 . . . . . . G . . . . . . . . 

T. thynnus MT037118 . . . . . . G . . . . . . G . 

T. thynnus MT037119 . . . . . . G . . . . . . . . 

T. thynnus MT037120 . . . . . . G . . . . . . . . 

T. thynnus MT037121 . . . . . . G . . . . . . . . 

T. thynnus MT037122 . . . . . . G . . . . . . . . 

T. thynnus MT037123 . G . . . . G . . . . . . . . 

T. thynnus MT037124 . . . . . . . . . . . . . . . 

T. thynnus MT037125 . . . . . . G . . . . . . . . 
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T. thynnus MT037126 . . . . . . G . . . . . . . . 

T. thynnus MT037127 . . T C . . . C C A . T . G T 

T. thynnus MT037128 . . . . . . G . . . . . . . . 

T. thynnus MT037129 A . . . . . G . . . . . . . . 

T. thynnus MT037130 . . . . . . G . . . . . . . . 

T. thynnus MT037131 . . . . . . G . . . . . . . . 

T. thynnus MT037132 . . . . . . G . . . . . . . . 

T. thynnus MT037133 . . . . . . G . . . . . . . . 

T. thynnus MT037134 . . . . . . G . . . . . . . . 

T. thynnus MT037135 . . . . . . G . . . . . . . . 

T. thynnus MT037136 . . . . . . G . . . . . . . . 

T. thynnus MT037137 . . . . . . G . . . . . . . . 

T. thynnus MT037138 . . . . . . G . . . . . . . . 

T. thynnus MT037139 . . . . . . G . . . . . . . . 

T. thynnus MT037140 . . . . . . G . . . . . . . . 

T. thynnus MT037141 . . . . . . G . . . . . . . . 

T. thynnus MT037142 . . . . . . G . . . . . . . . 

T. thynnus MT037143 . . . . . . G . . . . . . . . 

T. thynnus MT037144 . . . . C . G . . . . . . . . 

T. thynnus MT037145 . . . . . . G . . . . . . . . 

T. thynnus MT037146 . . . . . . G . . . . . . . . 

T. thynnus MT037147 . . . . . . G . . . . . . . . 

T. thynnus MT037148 . . . . . . . . . . . . . . . 

T. thynnus MT037149 . . . . . . G . . . . . . . . 

T. thynnus MT037151 . . . . . . G . . . G . . . . 

T. thynnus MT037152 . . . . . . G . . . . . . . . 

T. thynnus MT037153 . . . . . . G . . . . . . . . 

T. thynnus MT037154 . . . . . . G . . . . . . . . 

T. thynnus MT037155 . . . . . . G . . . . . . . . 

T. thynnus MT037156 . . . . . . G . . . . . . . . 

T. thynnus MT037157 . . T C . . . C C A . T . G T 

T. thynnus MT037158 . . . . . . G . . . . . . . . 

T. thynnus MT037159 . . . . . . G . . . . . . . . 

T. thynnus MT037160 . . . . . . G . . . . . . . . 

T. thynnus MT037161 . . . . . . . . . . . . . . . 

T. thynnus MT037162 . . . . . . G . . . . . . . . 

T. thynnus MT037163 . . . . . . G . . . . . . . . 

T. thynnus MT037164 . . . . . . G . . . . . . . . 

T. thynnus MT037165 . . . . . . G . . . . . . . . 

T. thynnus MT037166 . . . . . . G . . . . . . . . 

T. thynnus MT037167 . . . . . . G . . . . . C . . 

T. thynnus MT037168 . . . . . . G . . . . . . . . 

T. thynnus MT037169 . . . . . . G . . . . . . . . 

T. thynnus MT037170 . . . . . . G . . . . . . . . 

T. alalunga KT074102 . . T C . G . . C A . T . G T 

T. alalunga KT074101 . . T C . G . . C A . T . G T 

T. alalunga KT074100 . . T C . G . . C A . T . G T 

T. alalunga KT074099 . . T C . G . . C A . T . G T 



 
376 Appendix D 

T. alalunga KT074098 . . T C . G . . C A . T . G T 

T. alalunga KT074097 . . T C . G . . C A . T . - - 

T. alalunga KT074096 . . T C . G . . C A . T . G T 

T. alalunga KT074095 . . T C . G . . C A . T . G T 

T. alalunga KT074094 . . T C . G . . C A . T . G T 

T. alalunga KP975848 - - T C . G . . C A . T . G T 

T. alalunga KP975847 . . T C . G . . C A . T . G T 

T. alalunga KP975846 - - T C . G . . C A . T . G T 

T. alalunga KJ709651 . . T C . G . . C A . T . G T 

T. alalunga KC501692 . . T C . G . . C A . T . G T 

T. alalunga KC501691 . . T C . G . . C A . T . G T 

T. alalunga KC501690 . . T C . G . . C A . T . G T 

T. alalunga KC501689 . . T C . G . . C A . T . G T 

T. alalunga KC501688 . . T C . G . . C A . T . G T 

T. alalunga KC501687 . . T C . G . . C A . T . G T 

T. alalunga KC501686 . . T C . G . . C A . T . G T 

T. alalunga KC501685 . . T C . G . . C A . T . G T 

T. alalunga KC501684 . . T C . G . . C A . T . G T 

T. alalunga KC501683 . . T C . G . . C A . T . G T 

T. alalunga KC501682 . . T C . G . . C A . T . G T 

T. alalunga KC501681 . . T C . G . . C A . T . G T 

T. alalunga KC501680 . . T C . G . . C A . T . G T 

T. alalunga KC501679 . . T C . G . . C A . T . G T 

T. alalunga KC501678 . . T C . G . . C A . T . G T 

T. alalunga KC501677 . . T C . G . . C A . T . G T 

T. alalunga KC501676 . . T C . G . . C A . T . G T 

T. alalunga KC501675 . . T C . G . . C A . T . G T 

T. alalunga KC501674 . . T C . G . . C A . T . G T 

T. alalunga KC501673 . . T C . G . . C A . T . G T 

T. alalunga KC015953 . . T C . G . . C A . T . G T 

T. alalunga KC015952 . . T C . G . . C A . T . - - 

T. alalunga DQ835824 - . T C . G . . C A . T . G T 

T. alalunga DQ835823 - . T C . G . . C A . T . G T 

T. alalunga DQ835821 - . T C . G . . C A . T . G T 

T. alalunga DQ835822 - . T C . G . . C A . T . G T 

T. alalunga DQ835820 - . T C . G . . C A . T . G T 

T. alalunga DQ835819 - . T C . G . . C A . T . G T 

T. alalunga DQ835818 - . T C . G . . C A . T . G T 

T. alalunga LN908909 . . T C . G . . C A . T . G T 

T. alalunga LN908908 . . T C . G . . C A . T . G T 

T. alalunga KY984977 . . T C . G . . C A . T . G T 

T. alalunga KY656479 . . T C . G . . C A . T . - - 

T. alalunga KU945044 . . T C . G . . C A . T . - - 

T. alalunga EU752223 . . T C . G . . C A . T . G T 

T. alalunga EU752222 . . T C . G . . C A . T . G T 

T. alalunga EU752221 . . T C . G . . C A . T . G T 

T. alalunga HM007774 . . T C . G . . C A . T . G T 

T. alalunga HM007773 . . T C . G . . C A . T . G T 
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T. alalunga HM007772 . . T C . G . . C A . T . G T 

T. alalunga KU168617 . . T C . G . . C A . T . - - 

T. alalunga KU168616 . . T C . G . . C A . T . - - 

T. alalunga KU168615 . . T C . G . . C A . T . - - 

T. alalunga HQ167713 . . T C . G . . C A . T . G T 

T. alalunga GQ414571 . . T C . G . . C A . T . G T 

T. alalunga GQ414565 . . T C . G . . C A . T . G T 

T. alalunga FJ605808 . . T C . G . . C A . T . G T 

T. alalunga FJ605804 . . T C . G . . C A . T . G T 

T. alalunga FJ605798 . . T C . G . . C A . T . G T 

T. alalunga FJ605767 . . T C . G . . C A . T . G T 

T. alalunga JQ624006 . . T C . G . . C A . T . G T 

T. alalunga KP330357 . . T C . G . . C A . T . - - 

T. alalunga KP330356 . . T C . G . . C A . T . - - 

T. alalunga KP330355 . . T C . G . . C A . T . - - 

T. alalunga KM055416 . . T C . G . . C A . T . G T 

T. alalunga JN007761 . . T C . G . . C A . T . G - 

T. alalunga JN007760 . . T C . G . . C A . T . G - 

T. alalunga JN007759 . . T C . G . . C A . T . G - 

T. alalunga JN007758 . . T C . G . . C A . T . G - 

T. alalunga JN007757 . . T C . G . . C A . T . G - 

T. alalunga JN007756 . . T C . G . . C A . T . G - 

T. alalunga JN007755 . . T C . G . . C A . T . G - 

T. alalunga JN007754 . . T C . G . . C A . T . G - 

T. alalunga JN007753 . . T C . G . . C A . T . G - 

T. alalunga JN007752 . . T C . G . . C A . T . G - 

T. alalunga KF544951 . . T C . G . . C A . T . G T 

T. alalunga KF597027 . . T C . G . . C A . T . - - 

T. alalunga DQ107659 . . T C . G . . C A . T . G T 

T. alalunga DQ107658 . . T C . G . . C A . T . G T 

T. alalunga DQ107647 . . T C . G . . C A . T . G T 

T. alalunga DQ107646 . . T C . G . . C A . T . G T 

T. alalunga DQ107645 . . T C . G . . C A . T . G T 

T. orientalis MT037070 . . T C . G . C C A . T . G T 

T. orientalis MT037071 . . T C . G . C C A . T . G T 

T. orientalis MT037072 . . T C . G . C C A . T . G T 

T. orientalis MT037073 . . T C . G . C C A . T . G T 

T. orientalis MT037074 . . T C . G . C C A . T . G T 

T. thynnus MT037076 . . . . . . G . . . . . . . . 

T. thynnus MT037077 . G . . . . G . . . . . . . . 

T. thynnus MT037078 . . . . . . G . . . . . . . . 

T. thynnus MT037079 . . . . . . G . . . . . . . . 

T. thynnus MT037080 . . . . . . G . . . . . . . . 

T. thynnus MT037081 . . . . . . G . . . . . . . . 

T. thynnus MT037082 . . T C . . . C C A . T . G T 

T. thynnus MT037083 . . T C . . . C C A . T . G T 

T. alalunga MT037065 . . T C . G . . C A . T . G T 

T. alalunga MT037066 . . T C . G . . C A . T . G T 
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T. alalunga MT037067 . . T C . G . . C A . T . G T 

T. alalunga MT037068 . . T C . G . . C A . T . G T 

T. alalunga MT037069 . . T C . G . . C A . T . G T 

T. thynnus DQ107585 . . . . . . G . . . . . . . . 

T. thynnus DQ107586 . . . . . . G . . . . . . . . 

T. thynnus DQ107587 . . . . . . G . . . . . . . . 

T. thynnus DQ107589 . . . . . . G . . . . . . . . 

T. thynnus GQ414573 . . T C . G . C C A - - - - - 

T. thynnus GQ414567 . . T C . G . . C A . T . G T 

T. thynnus GQ414572 . . T C . G . . C A . T . G T 

T. thynnus GQ414568 . . . . . . G . . . . . . . . 

T. thynnus GQ414569 . . . . . . G . . . . . . . . 

T. orientalis DQ107581 . . T C . G . C C A . T . - - 

T. orientalis DQ107590 . . T C . G . C C A . T . G T 

T. orientalis DQ107591 . . T C . G . C C A . T . G T 

T. orientalis DQ107592 . . T C . G . C C A . T . . T 

T. orientalis DQ107631 . . T C . G . C C A . T . G T 
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Table S8. Number of sequenced samples, numbers of individually detected introgressed 

individuals from each group and percentages of detected introgressed mitochondrial 

haplotypes. To detect introgression, the diagnostic positions identified by comparing the 

individually sequenced individuals for the COI region with samples from albacore and 

Pacific bluefin tuna were used. 
 

 
Individually sequenced COI RAD-seq 

Group n 
introgressed 

n 
Introgressed 

% n 
Introgressed 

n 
Introgressed 

% 

GOM-L 13 0 0.0 38 0 0 
GOM-A 21 0 0.0 173 2 1.2 
SS-LY 16 1 6.3 52 3 5.8 

MED-LY 26 2 7.7 189 8 4.2 

MED-A 11 0 0.0 75 3 4.0 

TOTAL 87     527     
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Supplementary Figures 

 

Figure S1. Work-flow of the analyses done in this study, including RAD-seq and COI 

Sanger sequencing analysis pipelines 
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Figure S2. Sampling Locations covering the three known spawning groups of ABFT. 

Different color points represent different locations (MED, SS and GOM) and age classes 

(Adults, YOY and Larvae), as shown in the legend. 
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Figure S3. Population structure analysis of ABFT estimated from the de novo RAD-

seq catalog. A. PCA, where individuals from the Gulf of Mexico (GOM), the Slope Sea 

(SS) and the Mediterranean (MED) are represented in purple, red and orange 

respectively. B. Individual ancestral proportions estimated by ADMIXTURE when 

assuming 2-5 ancestral populations (K). Cross-validation method described in the 

ADMIXTURE manual suggest that the more likely number of ancestral populations (K) 

associated with the lowest error rate is 2.   
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Figure S4. Individual ancestral proportions estimated by ADMIXTURE when assuming 

3-5 ancestral populations (K=3,4,5) using the RAD reference mapped ABFT catalog. 

Cross-validation method described in the ADMIXTURE manual suggest that the more 

likely number of ancestral populations (K) associated with the lowest error rate is 2.  
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Figure S5. Correlation between PCA and ADMIXTURE results. The x axis show per 

sample coordinate values estimated for the PC1, and the y axis show ancestry 

proportions for ancestor 1 when assuming 2 ancestral populations using Admixture 

estimated based on reference mapped catalog were strongly correlated (Pearson 

correlation 0.98 p-value 2.2e-16).  
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Figure S6. Per location in-migration rates (pie charts) measured as proportion of 

individuals at each location that are migrants from the other two source locations 

estimated by BayesAss. Using genotypes derived from the mapped (A) and de novo (B) 

assembled ABFT catalogs. In the squares are shown percentage values with 95% 

Confidence Interval in brackets. Proportions estimated using three random subsets of 

5000 SNPs per catalogs in different runs were highly similar (± 0.002 and ± 0.0001 

difference in proportions estimated from the mapped and de novo catalogs respectively). 

Result from one run per catalogue is shown.  



 

Figure S7. Triangles represent samples included in this study for which otolith isotopic compositions of oxygen (δ18O) and carbon (δ13C) were 

available. Purple and orange triangles are samples caught in the GOM and MED whose genetic background matched to these locations respectively.  

Assessment of genetic background was based in the ADMIXTURE results obtained using RAD-seq ABFT reference mapped catalog (Figure 1A,C). 

We find genetically MED-like individuals caught in the GOM (green triangles), whose otolith signature is intermediate between GOM and MED. 

Blue and red clouds are respectively the GOM and MED baseline values from Rooker et al. (2014). 
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Figure S8. Histograms show the distribution of log likelihood and Pearson's log‐

transformed chi‐squared test statistic values obtained after 100 run simulations. Blue 

lines represent empirical data.  
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Figure S9. PCA performed using only neutral SNPs, excluding all those outlier SNPs detected 

by either PCAdapt or BayeScan in the reference mapped catalog. 

 



 

 

 

Figure S10. PCA’s performed with outliers SNPs selected using approaches implemented in PCAdapt and BayeScan, using both the mapped and 

the mapped and de novo catalogs. Correlation of sample coordinates along the first three PC between each analysis pairwise comparison is 

shown. Venn diagrams show the number of candidate SNPs selected using the two different approaches.  
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Figure S11. PCA performed using the 226 candidate SNPs selected by PCAdapt including all 

individuals from the mapped catalog dataset. Different colours indicate different laboratory 

pools of samples included in different libraries.  
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Figure S12. PCA performed using the 226 candidate SNPs selected by PCAdapt including all 

individuals from the mapped catalog dataset. Different colours indicate sex of the sample: 

female (red), male (green) or unknown (blue).  
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Figure S13. Principal Component Analysis using all filtered SNPs from the mapped catalogue 

derived from the two linkage groups in which SNPs potentially under selection were found. A. 

Linkage group 1 is formed by the first 751Kb region of reference scaffold BKCK01000075 and 

scaffold BKCK01000111, which contained 195 filtered SNPs. B. Linkage group 2 is formed by 

scaffolds BKCK01000161 and BKCK01000173 and contained 55 filtered SNPs. 
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Figure S14. Results of Treemix analysis allowing from three to five migration events 

(A-C). Associated likelihood values for Treemix analysis allowing for increasing 

number of migration events from 0 to 10 (D).   
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Figure S15. PCA performed using all filtered SNPs from the catalogue including different T. 

species. All samples from the same species clustered together, and Atlantic and Pacific bluefin 

tuna samples cluster together in a common group. Albacore (ALB), Southern bluefin (MAC) 

and Pacific bluefin (PBFT) tunas are represented in blue, green and yellow respectively. Atlantic 

bluefin tuna MED, SS and GOM populations are represented in orange, red and purple 

respectively. 
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Figure S16. ABBA/BABA test performed using all filtered SNPs extracted from the reference 

mapped catalog dataset which includes other Thunnus species after excluding those located in 

scaffolds in which highest loading plot SNPs were found. Along the y axis are target groups and 

colors represent reference groups. The higher the D-statistic, the more introgressed is the 

target group respect to the reference group. In all the tests Southern bluefin tuna and albacore 

tuna were used as outgroup and donor respectively. 
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