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ABSTRACT

Multiple sclerosis (MS) is a common inflammatorydaneurodegenerative disease that causes
neurological disability. Transcriptome regulatiorshbeen seen affected in MS patients’ blood cells.
Recently, non-coding RNAs (ncRNAs) have emergegraminent transcriptome regulators, and in
turn, they could play an important role in MS paghoesis. From this point of view, the multiple
sclerosis group in 1IS BioDonostia has already yael the expression of protein-coding RNAs and
some ncRNAs, especially miRNAs, in search of pu¢éalS-related genes. These studies highlighted
some possible candidates, amongst others, the ShaRMDRA40. Thus, the aim of this work is to
analyze snoRNAs located in MS-associated regiotkeofienome and further investigate the possible
MS relationship of SNORA40. For that purpose, aftlatecting the candidate snoRNAs and
optimizing the conditions for amplifying them, wadhe sequencing of 10 snoRNAs in 14 siblings
from 7 Gipuzkoan families and the sequencing of 8X@0 in 47 samples previously included in a
RNA expression study. That way, we could identibgtbalready described and novel genetic variants
in some of the snoRNAs, but could not relate tha@sents to the disease as to our samples, rulibhg o

a possible Mendelian inheritance way of those geratiants.

LABURPENA

Esklerosi anizkoitza (EA) ohiko gaixotasun inflaotéd eta neuroendekatzaile bat da, eta ezgaitasun
neurologikoa sortzen du. Transkriptomaren erredodewz aldaketak behatu izan dira EA duten
gaixoen odoleko zeluletan. Azken aldian ikusten gairenez, RNA ez kodetzaileek (ncRNAS)
garrantzia dute transkriptomaren erregulazioanbeliteke eragin handia izatea EAren patogenesian.
lldo horretatik, IIS BioDonostiako esklerosi anitzaren taldeak dagoeneko ikertu ditu RNA
proteina-kodetzaileen eta zenbait ncRNAen adiersdpebereziki miRNAenak, EAri erlazionaturiko
gene posibleen bila. Ikerketa horiek gene hautag@&iuen izenak eman zituzten, hala nola, SNORA40
snoRNArena. Horrela, lan honen helburua da EAriziasoriko genomako guneetan dauden
snoRNAen sekuentziak aztertzea eta SNORA40k EAreddn dezakeen erlazioa gehiago ikertzea.
Horretarako, snoRNA hautagaiak detektatu, eta kamplifikatzeko baldintzak prestatu ondoren, 10
snoRNA eta SNORA40 sekuentziatu genituen; leherfamilia gipuzkoarren 14 anai-arrebetan, eta,
bigarrena, aurrez RNAren adierazpen maila aztenudz laginetan. Era horretan, snoRNA horietako
batzuetan, identifikatu ahal izan genituen jad&desturiko eta berriak ziren aldaki genetikoakinaa
ezin izan genituen aldaki horiek gaixotasunarekilmzeonatu gure laginetan, eta, hala, ustezko

herentzia mendeliar posible bat baztertu genuen.
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INTRODUCTION

Disease description

Multiple sclerosis (MS) is a central nervous syst@nhS) autoimmune disease. This means that an
aberrant immune response is induced in genetisakbgeptible persons. However, the etiology of the
illness still remains unknown and the exact cau®eshaving multiple sclerosis are not fully
understood. It is believed to be a complex disemeaning different factors make the disease to come
out, mainly environmental factors and a complexegienbackground (Tullman, 2013). Among the
environmental factors, high sunlight and ultravialadiation exposure, vitamin D deficiency, diet,
geomagnetism, cigarettes, Epstein-Barr virus ahdrotiruses or infective agents have been described
(Compston and Coles 2008).

The main steps in the pathogenesis of MS start witlammation driven by lymphocytes. This
inflammation causes the blocking of the propagatibrthe action potential impeding the saltatory
conduction of the electrical current through therexin the CNS; mainly, because of the destruction
of the myelin sheets that encircle the axons. Teedhe inflammatory process myelin-reactive T gell
must activate and have a memory phenotype. Thigleed what differentiates from the same type of
cell found in controls because non-activated mystiacific autoreactive T cells are found in the
peripheral blood and cerebrospinal fluid (CSF) bwthMS patients and in controls with similar
frequencies (Comabella and Khoury 2012). The ated/estate of those T cells is thought to be
associated with an upregulation of adhesion moésctilat make these cells more devoted to interact
with the blood-brain barrier (BBB) and hence toeeritom the blood to the CNS. However, the way
these autoreactive cells become activated in thiphmral blood remains elusive, but the fact that
these cells from MS patients are activated in #wppery has given rise to the hypothesis that MS i
an autoimmune disease and particularly, that tisesedeficient immunoregulatory control rather than
an increased generation of those cells (Comabatiakdoury 2012). After lymphocytes attack the
axons, microglia is activated and takes part itammatory processes as well as in repairing the
demyelination by removing the misfunctional myadigbris and by promoting remyelination. The key
role here it is played by the oligodendrocyte prsoucells (OPC). Inflammatory cells and microglia
act as signals for OPCs that are recruited to theipity of demyelinating axons. These OPCs are the
source of cells having the potential to differetetian mature oligodendrocytes (OL) and thus,
remyelinate naked or damaged axons (the lesionghh e time, reparation capacity decays,
remyelination no longer being successful and thissue repair does not occur, leading to chronic

neurodegeneration (Compston and Coles 2008).

Patients with MS have a wide variety of clinicalicge (Fig.1). Approximately 85% of patients show
a relapsing-remitting (RRMS) course of the diseasdeast at the initial phase of the disease. This

form of MS is characterized by acute relapses ldsitfrom weeks to months, where symptoms are



highly manifested (mainly: numbness, tingling, weeés, impaired balance, blurred vision, double
vision, vertigo, and bladder or bowel dysfunctiang alters the neurological functioning. After that
phase of disease remission comes where the sympt@aynslisappear or improve. This remission is
indefinite in time. Most of RRMS patients, howeventer a progressive phase after a period of time,
known as secondary-progressive (SPMS) where teexgyiadual worsening of neurological disability
with or without relapses. There is another typepadgressive course, called primary-progressive
(PPMS) that only 10% of patients show. Here, tredgal disability occurs from the beginning and
although there might be slight fluctuations, thesr@ot such a relapse or remitting phase. Theee is
last clinical course, related to PPMS known as m@sgjve relapsing (PRMS). About 15% to 40% of
patients with PPMS experience at least one reldpsag the course of the disease but there are no
periods of remission. This last one is the leastroon type of MS (Tullman, 2013). Patients having a
single encounter with the disease but have not peediagnosed with MS are referred to as clinycall
isolated syndromes (CIS) and it is considered it manifestation of the illness (Comabella and
Khoury 2012; Styst al. 2012).
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Figure 1. The graphical course of the disease visualizadras(x) and the disability grade (y) and the eliént
type of MS, excluding PPMS. The orange bars inditae inflammatory relapse events. The blue linatsvéo
show that no matter what type of MS, the progressiball the disease-course types is uniform ($tyal.

2012).

Therapies

During the last decades many and very differentaihies or treatments have been developed but
many of these have also been disapproved lateNowadays, the available treatments are usually
expensive and do not always show effectiveness. @nie pioneers and most common of the
treatments are type | interferons, first used g 1870s. Gamma interferon promoted relapses whilst
beta interferon reduced relapse frequency. At Soon&, the other candidate at the time, azathi@prin
was proved to be toxic and insufficiently effectimet another drug, glatiramer acetate, was promoted
At present, the use of beta interferons and glatgraacetate is less common in RRMS patients.

Apparently, evidence show that interferons areulgefreduce relapse frequency during the firstyea



of treatment only, and afterwards, no convincirficafy has been shown, neither any effect on the
accumulation of disability. Many other drugs are the market, but two of them are especially
relevant. The first one is mitoxantrone (an anténacione antineoplastic drug which intercalateh wit
DNA and inhibits both DNA and RNA synthesis) but iise is very limited due to its toxic side-
effects (such as cumulative cardiotoxicity or adet&kaemia in some patients). The second one is an
antibody, called natalizumab (Tysabri ®), againke talfadbetal integrin of the surface of
lymphocytes (Compston and Coles 2008; Haesak. 2013). The migration from the peripheral blood
to the CNS occurs through the BBB and it is a vagistep process, where mostly adhesion molecules,
chemokines and matrix metalloproteinases are imeblvOne of these adhesion molecules is
alfadbetal integrin and it is the target moleculehie wide-used drug natalizumab (Tysabri ®), and
so, its blocking with anti-alfadbetal reduces thgration of immune cells to the CNS and disease
activity (Comabella and Khoury 2012) Natalizumals ilshown greater efficacy than the rest of the
drugs mentioned above. However, it has also besmdstrated that it can cause as a rare side effect,
progressive multifocal leucoencephalopathy (PML¥ewere demyelinating disease of the central
nervous system (CNS) caused by the reactivati@lafent infection of JC virus (JCV)(Warnkeal.
2010; Mufioz-Culleet al. 2014).

The genetics of multiple sclerosis

In the 1970s the first genetic factor related to W& discovered and it was the human leucocyte
antigen (HLA) locus located within the major histogpatibility complex (MHC) of the genome. This
kind of data was provided by studies of twins amdlirgy pairs, suggesting that genetic factors
influence susceptibility to MS (Haflest al. 2007). Inside the HLA, during decades the associdad

the disease was owed, almost exclusively, to thA Elass Il region of the HLA-DR2 haplotype, for
having the strongest association with MS, but d&soause the attributable risk of other non-HLA
alleles is very small (Hoppenbrouwers and Hintz@A(® Mufioz-Cullaet al. 2013). At the time,
linkage studies were common and they showed thlabtity region in the genome showing linkage
with MS was the MHC region, but no other regionaffer et al. 2007). Later on, it was demonstrated
that linkage studies in MS lack the statistical poto detect susceptible loci outside the HLA ragio
and hence, association studies were shown to haateg statistical power to detect common genetic
variants. In this aspect, genome-wide associatiodiess (GWAS) have been the best option to look
for different genetic variants, such as single eotitle polymorphisms (SNPs), in hundreds or
thousands of genotypes from different samples irolgjective, hypothesis-free way. The aim of a
GWAS is to associate the region those SNPs lichéngenome to different diseases (Ha#erl.
2007). The GWAS performed by Hafler et al., coneldidhat the allelic variants outside the HLA
region associated with MS, were not rare mutati@ssit occurs in monogenic diseases, but rather
polymorphic variants that even though happenindghéalthy controls too, each of them is more

common in MS patients and each of them has a ssifeltt on the total risk of having the illness



(Hafler et al. 2007). Another worth-mentioning aspect of the geepare the DNase | hypersensitive
sites (DHSs). These sites are uncondensed chrogeiimme-parts that enable transcription factors to
bind to their cis-regulatory elements. In 2012 Meanaet al. realized that from the 76.6% of all SNPs
detected from GWAS in non-coding regions, the vaajority lied within a DHS or was in a linkage
disequilibrium (LD) with SNPs in a nearby DHSs. irhdata also showed that numerous DHSs
containing GWAS SNPs were connected with promotesen distant genes, and the other way
around, apparently unconnected variants associaigdrelated diseases were connected between
them for sharing common transcription factor nekgdiMaurancet al. 2012). In the same way, more
GWAS and mapping studies have been of great vaduenderstand that more than 90% of
autoimmune diseases (AlD)-associated SNPs are feutiin non-coding regions of the genome
(Ricafio-Ponce et al., 2016). More than 40% of tI&dBs affect the expression levels of nearby (cis-
eQTLs) or far away (trans-eQTLSs) located proteiding genes and what is curious is that although
different AIDs share same disease-associated différent genes in these loci can affect different
AIDs (Ricafio-Ponce et al., 2016). All this infornoet, makes us reconsider the information provided
by GWAS, due to the fact that GWAS are based onsStiBt are representative of regions of the
genome where the candidate genes selected ardyysadbin-coding genes and now, we should keep
in mind that non protein-coding genes can alsodraliclate genes. All these data suggests that MS
probably covers many different molecular patholegi@l named as MS because of similar
manifestation of symptoms that converge at theiaalnevel (Mufioz-Cullaet al. 2013). From this
point of view, although it is widely accepted MSascomplex disease (meaning many genes with
small effect make the disease to come up), the lHtgion and the other genes hitherto described
explain only about the 30 % of the heritabilityethest being unknown and named as “missing
heritability”. A way to explain that heterogeneigyd try to find, at least, a part of the “missing
heritability “, could be a Mendelian form of MS tha based in pathogenic mutations that make the
disease to come out in some familigdl 2014; Hoppenbrouwers and Hintzen 2010; Waal.
2016).

Nowadays, besides GWAS, whole genome and micrpagrpression studies are taking more
importance, as well as, functional studies and mgxteration sequencing (NGS) techniques. The
future challenges may focus on epigenetic altemastudies that link genetic background and

environmental factors (Mufioz-Culéhal. 2013; Hoppenbrouwers and Hintzen 2010).

Non protein-coding genes: miRNAs and snoRNAs.

The proportion of the genome that accounts foretkens or protein-coding regions, is only the 1.5-
2% (Esteller 2011). The whole rest is called the pmtein-coding region of the genome and despite
it has been thought to be unfunctional or of noa-(&s it was called junk DNA for many decades),

nowadays, it is known to be crucial for normal depenent and physiology of the individuals, but



also in the development of many diseases. Thatpnotein-coding region, when transcripted, gives
room to many different types of RNAs, known as woding RNAs (ncRNAs). Although, it is not
clear yet the division of the different ncRNA classit is quite common to separate them in three
groups according to their size. The short ncRNAsabout 17-31 bp long and are the most studied
ones, which include microRNAs (miRNAs). The midesizcRNAs are considered the ncRNAs that
are smaller than 200 bp but bigger than 20 bp eradlyf, the long ncRNAs are those ones bigger that
200 bp. Long ncRNAs include amongst others, lincRNAnd mid-size ncRNAs include, small
nucleolar RNAs (snoRNAs)(Esteller 2011).

These last ones are particularly relevant in thiskwand so, | am going to explain them in further
detail. snoRNAs have 60 to 300 bp and they areqgfamnall nucleolar ribonucleoproteins (snoRNPS).
Indeed, snoRNAs are the sequences responsibleafgeting the whole snoRNP structures to the
specific target. snoRNPs, likewise, are vital prein the processing of ribosomal RNA
(rRNA)(Esteller 2011). In eukaryotes, snoRNAs aredpminantly located in introns and they usually
express under the control of the promoter of theegim-coding gene they belong to, but there have
also been described some snoRNAs that transcrither ahe control of independent promoters (Scott
and Ono 2011). After the transcription, snoRNAshimitpre-messenger RNAs (pre-mRNAs), undergo
the splicing process and so, become independenyebthey need to bear debranching and trimming
processes and assembly with snoRNPs in order wwn®eenature and functional snoRNAs (Esteller
2011).

The processing of the rRNA snoRNAs make are gelygrabt-transcriptional modifications that take
place in the nucleolus and are usually 2’-O-metingyfaand pseudouridylation, which help rRNA to
be folded and more stable (Esteller 2011). Metiyais made by a type of snoRNAs called box C/D
snoRNAs (SNORDs) and pseudouridylation is made rgther type of snoRNAs known as box
H/ACA snoRNAs (SNORAs) and they differ mainly iretlsequence length, specific motifs and the
type of snoRNPs they bind to (Scott and Ono 20B@).sometimes, sSnoRNAs can also remain in the
nucleus and take part in alternative splicing e&f thRNA or several other unknown functions, yet to
be discovered (Esteller 2011). For instance, a tfphese nuclear snoRNAs are the so called Cajal
body-specific SnoORNAs (scaRNASs). These scaRNAs derand function in the small membrane-less
nuclear compartments, called Cajal bodies, and thestly make post-transcriptional changes to the
small nuclear RNAs (snRNAs)(Scott and Ono 2011)ksifes, it has been demonstrated that many
snoRNAs are involved in the regulation of gene egpion, as they can further be processed in a
Drosha-independent and Dicer-independent mannersandhey can originate new small RNAs,
called snoRNA-derived RNAs (sdRNAs)(Ender al. 2008). These sdRNAs are thought to be
involved in the gene silencing effector complexesthey have mostly been described as miRNA-like

functioning sdRNAs. In fact, it has been estimatext around %60 of human snoRNAs are precursors



of sdRNAs with potential miRNA-like function. Howex; this is not the only function described in
sdRNAs; a wide variety of sdRNAs spectrum has bemposed within the snoRNA and miRNA
families: prototypical snoRNAs, snoRNAs that candiion as miRNAs, dual function sno-miRNAs,
mMiRNAs with snoRNA-like functionality and prototyqal miRNAs (Irizaret al. 2015).

All these different functions, can affect normall danctioning, and so, many diseases have been
reported related to snoRNAs. To cite some, it hasnbseen a downregulation of snoRNAs in
meningiomas, it has been described a differentigkession of snoRNAs in non-small-cell lung
cancer or it has been reported that a 2 bp homozydeletion (TT) of the snoRNA U50 can produce
either prostate cancer or, under some other hgtgoos deletions and transcriptional downregulation,
it can be associated with breast cancer developfEsteller 2011). Accordingly, MS could also be

another possible illness in which these snoRNAerfate.

The context and background

The present work was done as a part of differeskstadone in 1IS BioDonostia during July and
August 2015. | was taught and tutored by the Midtipclerosis Group (Neuroscience Area) under the
guidance of Dr. David Otaegui (as the director) &mdMaider Mufioz (as the responsible). As this
work is part of a long-lasting project, for its lfuinderstanding, | feel obliged to explain the veéhol
background and so, | am going to mention the goupain publications in our context. Two main
lines should differentiate; the first one the lithet investigates SNORA40 and another line that
investigates the rest of the snoRNAs. | am goingxplain both of them separately in further detalil
but in this work specifically, as far as my ownidatextend, | have decided to consider both asgbart

the same project, as the reader will notice in arggpages.

First of all, in order to identify potential theeuttic targets, a co-expression network analysisaand
differential expression analysis were made by trizaal., 2015. mRNA and small non-coding RNA
(sncRNA) was extracted from peripheral blood leykesamples from MS patients (both relapse and
remitting samples) and healthy controls (HC). Thasntified differentially expressed sncRNAs and
MRNAs in relapse vs. remission and remission vatrots. After that a global ncRNA-mRNA co-
expression network was made and status-specifizonks (one for each disease condition). They
identified a status-independent core network tipgteared in all four networks where ten sncRNAs
formed the backbone of that network. Finally, tiheyit a disease-specific network that excluded the
controls and compared the answers obtained fromnbtavork with those seen on the differential
expression of SncRNAs, so as to detect the cardgia@RNAS in MS (Fig. 2). The results show that
many snoRNAs may have a key role in gene silenasgevealed by the fact that many of them have
a high number of connections to mMRNAs and presentral positions in the networks. This central

positioning has been correlated to the essentiafitie sSnoRNA and so, Irizat al. conclude giving a



list of 3 miIRNAs (miR-20b, miR-331-5p and miR-124@nhd a snoRNA (SNORA40) as top
therapeutic target candidates for MS. Neverthel88EDRA40 is thought to be the most prominent
candidate above all the rest. Not only SNORA40OWeen related to aberrant responses of the immune
system (such as, asthma and MS), but also to th@2Ni¢lls (which respond to malaria infected red
blood cells) and to the antibody-secreting B plaselts from patients with multiple myeloma (lIrizar

et al. 2015).
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Figure 2. The resulting network of 401 nodes and 742 etigésfrom the 2307 edges shared by the relapse and
the remission networks but not the controls’. Amgtngthers, SNORA40 occupies central positioninghie
network.

The second work highlighting the importance of SM@R is the paper of Mufioz-Culkt al., 2016.

In this study, blood samples were taken from 24 pa8ents (both in relapse and remission) and 24
HC. RNA was extracted in order to obtain small RN&=l it was hybridized to an array, which
covers many miRNAs and snoRNAs. The results wemapeoed in a relapse vs. remitting and
remitting vs. HC way and in the first comparisonlyothe patients that kept on with the treatment in
relapse and in remission were taken (13 out of PHis results were compared to those obtained from
cultured peripheral blood mononuclear cells (PBMGIn a MS patient and a HC. Two subgroups of
PBMC culture were made, one was induced activdtiophytohemaglutinin (PHA) so as to resemble

to a relapse-like state, and the other was notikgdpas a control. That way, similar conditiors t
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sncRNA expression level

RRMS patients’ cells were created and so, fadditaimparisons. Finally, miRNA-mRNA interaction
networks were created, using mRNA gene expressaia dbtained from the same samples, as
previously mentioned. The results reveal that snaRExpress differentially in each of the states of
the disease and that the set of the sncRNAs diffiatly expressed is not the same in males and
females. In remission, the sncRNAs deregulatectinales is bigger than in males (42 to 7) but the
difference is even bigger in relapse, where no BifeRRare found to be deregulated in males (and 38
in female). This seems to be due to the regulaifsexual hormones in SncRNAs and it is thought to
be related to different disease susceptibility ahdical presentation and progression observed in
males and females with MS but also, in other autoime diseases (Muioz-Cubtal. 2016). If this
was not enough, Mufioz-Culk al. observed that the expression of the sncRNAs ins&on and
relapse was different from the expected. They zedlithat the sncRNAs that were altered in both
desease statuses were deregulated in oppositdiaiiecmeaning that if a given sncRNA was
overexpressed in remission it was underexpresseelapse and the other way around (Fig. 3). They
called this phenomenon “the mirror pattern”. Onéhef sncRNAs showing the highest deregulation in
females during relapse and that also showed theompattern was SNORA40, overexpressed in
females during relapse, with a fold-change of 9i@lcomparison to the remitting females (Mufioz-
Cullaet al. 2016). Consequently, both works, underline theortgnce of snoRNAs in MS.

Expected sncRNA expression pattern Observed sncRNA expression pattern

Source of Source of relapse Source of Source o t Source of relapse Source of
ssssssssssss ples samples remission samples remission samples samples remission samples

Time Time
Figure 3. “The mirror pattern” effect where the expectegftfl and the observed (right) patterns of reguletio
are shown, representing upregulated (red) and dmmteited (blue) sncRNA expression compared to HC

expression level.

Looking, then, for the implication of snoRNAs in M@e turn back to genetic studies. The key paper,
in this aspect, is a GWAS published in Nature irgé&t 2011 (Sawcest al. 2011). The International
Multiple Sclerosis Genetics Consortium and The Wlie Trust Case Control Consortium 2
performed this GWAS. They used 9772 MS patients Brglr6 HCs; worldwide populations with
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European ancestry, and they looked for 465434 aotak SNPs. This study, identified outside the
MHC region of the genome, 95 regions having attleas SNP associated with MS. Apart from the
already known 26 loci, the GWAS discovered 29 ndwel associated to MS and 5 regions with
strong evidence for association. Besides, overtloing of the identified loci overlapped with regen
already confirmed as associated with other autoinemdiseases. However, this work could not find
evidence for associating genetics with clinical rsey severity, month of birth or gender but could
confirm the previously suggested association ofattpe at onset and the DRB1*15:01 allele, meaning
that individual genetic susceptibility is inversalgrrelated with age at onset. Although the GWAS
could not find which components within the nervoggstem are initially damaged, the
overrepresentation of genes involved in the T-tretedl differentiation pathway indicate the critica
disease mechanisms involve, in the first place, imendysregulation, as in the 30% of the association
regions the nearest gene to the lead SNP is an mmraystem gene. Therefore, this paper provided
valuable information as to regions associated toth® could further be analyzed. It brought theaide
that this genetic variants associated to genesndigdually interesting, but collectively their sih
effects add up to contribute to genetic suscefitilfilr MS (Sawceet al. 2011).

However, deep sequencing studies had to be perfbimerder to detect those exact nucleotide
changes that led to the increasing of the susckfytidn this sense, Otaegwet al. started by
sequencing 55 candidate protein-coding genes byt Bexeration Sequencing (NGS) lon Torrent
described on the GWAS 2011 in 10 Gipuzkoan fam{esere one relative had MS and the other was
a HC). The results showed no meaningful relatigndletween those changes in protein-coding genes
and MS, at least in the population they studied(@sQuerejetaet al. 2015).

The next step was to start looking at the non prateding genes, as abovementioned, they are being
discovered more and more important. Hence, Otagtgali sought for miRNAs in the 57 regions of
the genome related to the MS, according to the GVEBEL. That study concluded with 26 miRNA
genes (Fig. 4) that were further analyzed in 7 @ipan families with some siblings of them affected
by MS. The results obtained, pointed out two regiomthree of the miRNAs (miR3155a, miR3155b
and miR3656) that had numerous single nucleotidgnparphisms (SNPs) that could possibly be
related to the disease (Osorio-Queregtt. 2015).

Another important work to mention here is Maialenla Cuesta’s final work of the Bachelor’s degree
(a.k.a TFG/GrAL). Maialen’s job was to demonstratecther these SNPs are susceptible to MS by
being significantly overexpressed in MS patients.db so, she checked in a population of 285 MS
patients and 285 HCs. She amplified each of theetmiRNAs by PCR and also made a restriction
fragment length polymorphism (RFLP) so that shddgenotype the miRNAs. After doing statistical

analysis (Chi-square and Fisher's exact test), détermined that the differences between the
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genotypic frequencies of the MS patients and HGsrewnot statistically significant and so, she
concluded in saying that the SNPs found in theettméRNAs could not be associated to having MS
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and therefore, rejected her hypothesis (De la @u2315).
Figure 4. Modified diagram from the GWAS 2011 showing tler2iRNAs that are present in the regions to be
associated to MS (Osorio-Querejetal. 2015).

After not having found anything statistically mergful as to gene-coding proteins and miRNAs in

the regions selected by the GWAS from Nature 264 omplete the picture of ncRNA in MS, the
group decided to keep on investigating the snoRNAs.

13



HYPOTHESIS AND OBJECTIVES

This work has two main hypotheses:

1. A genetic variant or some genetic variants ia NA sequence of SNORA40 make it to
overexpress in MS patients (and especially in fes)and not in HCs.

2. Genetic variants in the snoRNAs located in joesly MS-associated genome loci, may be related

to the disease in a Mendelian MS-form way.

To test those hypothesis two main scientific olpjestare proposed:

1. Analyze SNORAA40 in the 47 subjects where RNAresgion was studied (Mufioz-Culkh al.
2016) in order to determine genetic variants tloatlct explain that change in the RNA expression
between disease statuses.

2. Characterize SNPs within different snoRNAs edab the association regions of the GWAS 2011
and see if some of these polymorphisms are mokedirio the disease in 7 Gipuzkoan families’

samples.

Besides the previously stated scientific objectitles work in all its extends, wants, amongst gtte
promote the critical thinking much needed in sceenmderstanding and familiarization with different
molecular biology techniques, such as, PCR, sedugnor culturing of cells and acquire the

necessary skills to work in a molecular and bioraidiaboratory as a researcher.

MATERIAL AND METHODS

Selection of samples

For the SNORAA40 study, we used DNA blood samplemfthe 47 previously analyzed samples in
the paper (Mufioz-Cullet al. 2016) and for the rest of the snoRNAs, we obtalDBé blood samples
from 14 family duos (consisting of a MS sibling aam#iC sibling) belonging to 7 Gipuzkoan (Basque)

families. All the samples were acquired from thesddae Biobank (www.biobancovasco.org).

Selection of snoRNAs

For the reasons abovementioned, we selected SNORAdfer to be further investigated and the
rest of sSnoRNAs were chosen based in the GWAS @&fi 280We downloaded a list of all human
snoRNAs and their location in each chromosome baseAffymetrix GeneChip miRNA array 4.0

annotation. Overlapping that to the 57 associatiegions defined in the 2011 GWAS with
GenomicRanges package in R 3.2.2 using RStudid®®vB8, a list of shoRNAs and their Ensembl

code (www.ensembl.org) was obtained.
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Primers’ design

Knowing the Enseml code of each snoRNA we lookedfarpthe common names of each of the
snoRNAs and we entered them in UCSC (www.genome.eds) in order to obtain the sequence.
After that, we designed the primers using Primeswsare online (www.bioinfo.ut.ee) and verify
back in UCSC (using arin silico PCR tool and the assembly to the Feb. 2009 version
(GRCh37/hg19)) whether the primers were valid andreg was not any SNP described in the

hybridation zone.

Once having the primers designed, we purchased finem Integrated DNA technologies (IDT
oligos) and make the appropriate dilutions for epdmer in order to have each one of them in a

concentration of 10QM.

PCR tuning
In order to find the optimum annealing temperatarezsach PCR reaction, different PCR tunings were
made in Veriti 96-well Thermal Cyclers (Applied Bistems). For the tuning, two DNA samples (in

100 nglL concentration) were taken from healthy individuahd a negative control {8).

Taking as reference the melting temperature (Tnith@forimers given by Primer3 and IDT oligos, we
proposed different programs for each snoRNA ancersgéuries were made before obtaining the
adequate annealing temperature. The most usedapnegrere different Touch Down programs (Td)
that fall down the temperature 0,5 °C in each cyaleng 10 or 20 cycles, depending on the program;
allowing to guess the annealing temperature radge/ever, in some cases, fixed programs were also
used, especially in the cases where we had obt&iietcbands and we wanted to sharpen the quality
of the amplification. The PCR conditions variedvibmtn snoRNAs and between different programs
within the same snoRNA, and in some cases, dimethljbxide (DMSO) was added (an organic
solvent that minimizes the self-complementaritystres of the DNA, known as unspecific bands).
The PCR conditions of those PCR tunings that wéterveards used for the subjects’ PCRs are

summarized in the “results and discussion” sedfi@ble 4).

After doing the PCR reactions, a 35 minutes el@ttooesis was made in 2% agarose gel in order to
migrate de samples according to their size andgeharo do so, an electric current of 200 mV was

applied and the molecules would migrate to thetpaspole. Yet previously, when making the gel a

DNA intercalant agent was used (Ethidium bromide)tlsat the different bands created in the

electrophoresis were visible after the migratiothie ultraviolet (UV) picture. To load the molecsile

easily in the gel, a dying (blue bromophenol) wagpleyed to make the molecules visible. The gel
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was inserted in a buffer tray composed of mainlyew@,0) and Tris/Borate/EDTA (TBE) in order
the electrical conductance to be high. The bantsrdd were compared to the bands from an already

known molecular size marker, call@d174 RF DNA/Hae Ill Fragments.

PCR reactions
For the snoRNAs that we managed to tune a PCR gqmmggwve took the experimental DNA samples

wanting to be amplified in each case and we maaldP€R reactions.

In one hand, samples for all the snoRNAs excluddNMORA40 were 14 DNA samples from 7
Gipuzkoan families (two samples from each familye drom a healthy brother and one from a MS
brother, the proband)(Table 1) and two controle(ohthe DNAs used in the tuning of the PCRs, as a

positive control, and D as a negative control). All of them were in aaantration of 100 nglL.

Table 1. General information of the 14 subjects from 7 Gkman families whose DNA was obtained for the
snoRNAs amplification, visualized as the subjemtfrence code, sex (male: M or female: F), theatie status

(healthy control: HC or multiple sclerosis: MS) ahé family number each of the siblings belongs to.

Code Sex Disease status Family
1 M MS 1
2 M HC 1
3 F MS 2
4 F HC 2
5 F MS 4
6 F HC 4
7 F MS 3
8 F HC 3
9 F MS 8

10 F HC 8
11 F MS 5
12 F HC 5
13 F MS 7
14 F HC 7

On the other hand, samples for SNORA40 were DNApdasrifrom 47 subjects (10 MS male, 14 MS
female, 7 HC male and 15 HC female) and two cositfohe of the DNAs used in the tuning of the
PCRs, as a positive control anddHas a negative control). All of them were in acanmtration of 100

ng/uL.

The programs used for amplifying each of the snoRNAable 3) and the PCR conditions for

different snoRNAs (Table 4) are summarized in i ‘ttesults and discussion” section.
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After doing the PCR reactions in Veriti 96-well Theal Cyclers (Applied Biosystems), a 35 minutes
electrophoresis was made in 2% agarose gel withn2@Qvith previously dying the samples in blue

bromophenol, as abovementioned.

Purification of the PCR product

Once obtaining the results of the PCR reactiorssédlones wanting to be sequenced had to be purified
with EXoSAP-IT. ExoSAP-IT utilizes two hydrolyticneymes, Exonuclease | and Shrimp Alkaline
Phosphatase, to remove the unwanted dNTPs andrpriem@aining in the PCR product mixture that
unless removing them would interfere with the segirg reaction. The Exonuclease | degrades
residual single-stranded primers and any extransimgge-stranded DNA produced by the PCR. The
Shrimp Alkaline Phosphatase hydrolyzes remaining@&ifrom the PCR mixture.

We added 2iL of ExXoSAP-IT for each il PCR product and incubated at 37°C for 15 minines
order to degrade the unwanted primers and dNTPan,Tle did another incubation at 80°C for 15

minutes for inactivating the EXoSAP-IT.

Sequencing
After the last incubation time, the samples reaxlpe sequenced, we sent them to sequencing in an
ABI3130 automatic sequencer (Applied Biosystemshqi8igdye v2.1. The further analysis of the

results was carried out with SeqScape 2.5.0 andtgaing results were extracted.

Characterization of SNPs

For assuring whether the genetic variants fountthénsequences had already been described or were
novel genetic variants, we downloaded from UCSGidet with all the SNPs in our PCR product
region based on NCBI's dbSNP build 146 (ftp.nchi.gbv/snp) and compare it to our own genetic
variants. This dbSNP database contains informatibiSNPs and small insertions and deletions
(indels).

For each SNP two subgroups were made dividing MEH@ and we counted for each group the
number of individuals having each of the differg@ossible genotypes. Then, a percentage for each

subgroup’s possible genotypes was calculated.

RESULTS AND DISCUSSION

Technical aspects prior to sequencing

The overlapping of the miRNA and snoRNA genes i fifiicroarray to the regions selected on the
GWAS 2011, detected 10 snoRNAs that were seekdrd#iabases in order to obtain the necessary

information to amplify them. The names, locationl &me most relevant information obtained prior to
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the PCR tunings, can be summarized in table 2 andh@se tables also include an eleventh ShoRNA,

which is the already mentioned SNORA4O0. It is neaes to mention that in the case of U68 the

primers chosen on the first place did not work ¢luis, needing to redesign new primers after some

tries. For that reason, both pair of primers casdsn on table 2.

Table 2. Each of the snoRNAs and their primers’ melting penature (Tm), guanine and cytosine proportion

(%GC), the sequence (53") and the length in base pairs (bp) of each priraad the amplicon’s location in

the genome (chromosome number and position in fr@sg) using UCSC'’s Feb. 2009 version (GRCh37/hg19)

SnoRNA

Tm (F/R)

Primers:

GC% (FIR) Sequence (523’) & length (bp) (F/R)

Genome location

us

ACA51

u23

SNORA14

SNORD112

SCARNA16

u66

u68

uz21

SNORAG3

SNORA40

54,6

56,6

57,8/57,2

56,7/57,9

55,8/55,4

56,6/56,1

54,6/56,0

56,7/57,4

59,9/59,9

55,3/53,9

57,7/57,1

58,5/59,3

CCTGGCCTGATAGTTTCCAA
CAACCAG CC( (ZZ(WJ')ATCAG GAAA
GCAAGACCC('?'(()B)C CAAAACAA
TCCAGATATGA(?BO()BAGGGAGTTCA
CACCAC C'I('%Jsc)-I-TCCTCCAAAG
G CAAGGATAG('?PI')ACTGACCG GG
CCACAACTC(CZ'?gS GGCTATCTT
GACCCAG G((BZC:ZLAG CATCTATG
TGTGCCAATG('ZF%)CCCTAGAACT
TCAAAGGG CA(AZé)CTTCTTCTTAC
ACGGGGAGT('??;‘-)'I'TTAATGGGT
GCAAAAGGAECE:(;%CTGACCAAA

50,0/50,0

50,0/47,8

60,0/54,5

52,3/60,0

45,4/43,3

47,6/50,0

40,9/50,0
(22)

GGTGCAAAGAATGGGCAGAT
(20)

TCAAGAGTTCGAGACCAGCC
(20)

AGCTCTCTCTAGGATCCCACC
(21)

55,0/57,1

TCAAAGGCCCCCTTAAAAGT
(20)
GGAAAGTGCCTTGTGAGCA
(19)
GTGGTGGAAAGCCTTGGTAA
(20)
AACCAGGGAATCGTTTGGTA
(20)
CCAGAGCCAGGAAAGCACAT
(20)
TCCAGTTCTCAAGGGGAATGC
(21)
ATGGCACCTGGCCTAATACT
(20)
CCCCAGTACCCAGCTAATTTT
(21)

45,0/52,6

50,0/45,0

55,0/52,3

50,0/47,6

ACCAAGTACTGTTTGCTTTCCT

chr18:56485839-56486438

chr1:93311539-93312127

chr2:232320163-232320761

chr10:6058821-6059300

chr3:121964449-121964847

chr1:101598574-101599042

chr1:93306077-93306752

chr5:158656739-158657588

chr5:158657014-158657513

chr1:93302765-93303032

chr5:40654816-40655371

chr11:93468080-93468579
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PCR tunings were held during almost two months, diffdrent tries had to be made in order to find
the most accurate annealing temperatures (TablEn8) most common causes for rejecting a program
and trying different temperatures were either thatbands in the electrophoresis would not come out

or that not a unique band was obtained (non-spdu#nds).

Table 3. Each of the snoRNAs, the different programs thietbre obtaining the desired annealing temperature

and the final tuning temperature (the one withrtfeest accurate annealing temperature).

SnoRNA Tries Tuning temperature

us Td 57-52 Td 60-55
Td 60-50

ACA51 Td 57-52 Td 60-50
Td 60-55
uz23 Td 60-55 Td 61-56
Td 65-55
SNORA14 Td 60-55 Td 65-55
Td 61-56
SNORD112 Td 57-52 Td 60-55
Td 60-50
SCARNA16 Td 57-52 60
Td 60-55
Td 60-50
58
U66 Td 60-55 55
Td 60-50
Td 57-52
u68 Td 57-52 Td 60-50
Td 60-55
Td 60-50
60
59
u21 Td 57-52 62
Td 60-55
Td 60-50
61
SNORAG3 Td 57-52 Td 65-60
Td 60-55
Td 60-50
Td 65-55
Td 65-60
60
59
Td 60-55

SNORA40

As to the PCR mixes, several changes in the mixe\wetd. We started the PCR tunings with a mix of
a total volume of 2L and used it with SNORA40, ACA51, SNORD112 and(b8ing successful in
all except in SNORD112 and despite being successfAlCA51 we preferred to refine it with fixed
temperature programs). However, we decided thdteaprocess of trying optimal PCRs seemed quite
long and therefore it could turn out to be expemsitvwas better to reduce the final volume of ritig

to 20 and so, we recalculated the mix volumes batfmal volume of 2QuL. With this new PCR mix,
we did the tuning of U23, ACA51, SNORD112, U21, SRB3 and U68 (being successful in all
except in SNORAG63, SNORD112 and U68). At this poat we had several snoRNAs already in
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tune, we started amplifying them with the subje®®A. After that, we detected a mistake in the
PCR mix we had been using; the final volume wa$ 21, instead of the expected 2@ (it was
diluted), as the primers’ volume added was wrongnélheless, we continued in tuning the rest of the
snoRNAs’ PCRs, thus, we recalculated the mix whithadequate volume of the primers. Later on, we
changed another time the mix; not the final voluimg, we added DMSO ({lL) to avoid unspecific
bands in the electrophoresis, accordingly needingetiuce the water volume (). We used this
DMSO-mix with U68, however, as not being successditerwards another PCR mix was used for
U68. The rest of the snoRNAs, was tried out witffedent PCR mixes until achieving the ideal
annealing temperatures. The final PCR mixes us¢lderend, at the time of amplifying the shoRNAs
with the subject’'s DNA, are listed in table 4.

Table 4. Volumes (V) inuL added for a single PCR reaction for each of th@RNAs from the total volume

indicated in each case, out of the stock conceéntrmimentioned in the reactives (column 1).

U8, ACAb51, U23,

SNORA40:V SCARNA16:V
) SNORA14 & u68: V for a U66: V for a total SNORAG3 & U21:
Reactives for a total of for a total of 20
o5 L SNORD112:V for total of 20uL L of 20 uL V for a total of 20uL
p p

a total of 21,6iL

NH, Reaction

Buffer (Bioline) 2,5 2 2 2 2 2
(20X)
MgCl, (50 mM) 1 0,8 0,8 1 1 0,8
dNTPs
1 0,8 0,8 2 2 2
(5 mM)
Primers F/R (5 mM) 2/2 1,6/1,6 1,6/1,6 1,6/1,6 1/1 1,6/1,6
Enzyme
(BioTaqg)(Bioline) 0,3 0,24 0,24 0,2 0,3 0,2
(5 UluL)
DNA
1 1 1 1 1 1
(100 ngpl)
H,O 15,2 13,56 11,96 10,6 10,7 9,8
DMSO (Sigma-
(Sig | |
Aldrich)

After doing the PCRs with the subjects’ DNA, in thesterior electrophoresis, we wanted to obtain
same size bands in all the wells except in the afdhe negative control (the water)(Fig. 5). Pietu

similar to figure 5 were accepted and in the cagesre some of the wells did not have strong bands,
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we repeated them. Take into account that theseiftadpPCR products are required for the further

sequencing of the snoRNAs.

Figure 5. Picture of the gel electrophoresis of the PCR pcoad snoRNA U66 amplified with the set of
primers indicated in table 2 and with the DNA of tBipuzkoan families in a fixed temperature progHb5
(table 3). The numbers account for the codes listeédble 1. Plus sign indicates the positive aarfjpreviously
amplified DNA) and HO the negative control, water. The last columrhis markerpX174 RF DNA/Hae Il

Fragments.

Sequencing of selected snoRNAs

The sequencing results of the snoRNAs showed irt ofdke cases good quality sequences that could
be analyzed. We checked if the nucleotides thatstiftware selected as being different to the

reference sequence were really different to it eressequences with a high background noise. Many
sequences were not as clean as expected and treecepariations in the nucleotide sequence by the
software were really not SNPs. However, some aftlhed unquestionably different nucleotides to

the reference sequence, and were either heterazygdwmozygous (Fig. 6).

—

AACACCAAATGAAATTGCCCATTATAAAAAGCAtCTAELACA:ATGTCCCAAGTTAACTGTAZATGETGGGGAGC

Subject 12 CACCAAATGAAATTGCCCATTATAAAAAGCACCTAETACACATGTCCCAAGTTAACTGTACATGCTGGGG A

B e

—

AACACCAAATGAAATTGCCCATTATAAAAAGCACCﬁk4JACACATGTCCCAAGTTAACTGTATATGETGGGGAGC

H ( V'}~ifu'n‘HTGTV“HHG*TNUVTGTﬂ'“TG'TGGGG
Subject 9 ‘
Aaf il s a \v' A wf J
f ﬂ \p\/ R } M { fl
f . VA f \
— N WX S XTIV VY ,-['_L-,‘Li"_h Yl ‘..li
AACACCAAATGAAATTGCCCATTATAAAAAGEACCTAiTACA:ATGTCCCAAGTTAACTGTAfATGETGGGGAGC
Subjectl CACCAAATGAAATTGCCCATTATAAAAAGCACCTANMTACACATGTCCCAAGTTAACTGTACATGCTGGGGA

A J_Jjﬂ'lr | ,!.\L..ll,._\,[L g L[\ W

Figure 6. An example of the type of results showed by SepS&caftware after the sequencing of the snoRNA
U23. The 3 electropherograms represent the DNAesazpiof the subjects with the code number 12, 9lzamt

the two strands for each subject indicate the fodvegquence (the first being a resume sequenc&)rGmn the
electropherogram indicate each of the differentlentddes and colors on the strands indicate thensity of
each peak. The column in the middle of the imagicates the position 215 bp. We can distinguish fitvathe
selected nucleotide number 12 is homozygous forGhallele (CC) and number 9 and 1 are heterozygous
(M=AC based on the IUPAC codes).
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Characterization of SNPs

In those cases where the sequences had backgroise] we resequenced the snoRNAs with the
reverse primer (and so, the other strand’s sequeaseobtained). We checked whether the genetic
variants in our sequences were already describétkeidatabases. The majority of the sequences did
not have any SNP different to the consensus sequéiiat is the case of SNORA40 where there
cannot be seen any of the expected genetic varjati@aning the DNA configuration is not the
responsible of the described RNA expression chamgsur patients. However, some of them had

SNPs, and in that case, some were already des@aiitedome were not (table 5).

Table 5. The number of SNPs characterized in each of t®Nis’ PCR product based on NCBI's dbSNP

database. Column 2 indicated the number of SNP&rided in dbSNP’s “all SNPs” mode. Columns 3 and 4
indicate the SNPs detected in the sequences fremtsubjects (for SNORA40) and 14 subjects ligtetdble

1 (for the rest of snoRNAs). Column 3 indicates 8idPs from our subjects that match with the already
described SNPs in the database and the columnichted the SNPs that are not described in the dsg¢abut

can be found in our subjects.

snoRNA's region PCR ) SNPs found in our samples
product SNPs in dbSNP Described SNPs New SNPs
us 27 - -
ACA51 33 3 3
rs12750269
rs11164825
rs11164826
u23 119 1 1
rs13019380
SNORA14 14 = =
SNORD112 22 1 2
rs77254509
SCARNA16 27 1 =
rs780500159
U66 82 1 -
rs10874744
uU68 36 - -
u21 33 - -
SNORAG3 41 = -
SNORA40 75 - -

The SNPs already described in dbSNP are listed thigh percentage of each possible genotype
indicated for MS subjects and HCs (Table 6). Asviongsly mentioned, the variants detected in the
dbSNP database can be either SNPs or small indetair case, all of them are SNPs except for a
variant from SCARNAL6 (rs780500159) that is a sniatlel with the reference allele being the
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sequence AAAC and in our case all the samples patie deletion. Subject 12 in the snoRNA U23
was not included when calculating the percentagaume it could not be sequenced till the end due to

the sequence being truncated. Therefore, the pagemwas calculated out of 6 individuals.

Table 6. The already described SNPs table, indicating faheBNP already described in dbSNP database
detected in the snoRNAs ACA51, U23, SNORD112, SCARBland U66 (written with their rs... name) and for
MS and HC subjects, the percentage of each genofyfptihe percentages where calculated out of Thiipéhat

the number of subjects in each MS HC group) exéapthe group of HCs of U23 where one subject wais n
sequenced, and so the percentage was calculated @ut

ACA51 u23 SNORD112 SCARNA16 u66

Genotypes  rs12750269 rs11164825 rs11164826 rs13019380 rs77254509 rs78050015¢ rs10874744

MS HC MS HC MS HC MS HC MS HC MS HC MS HC
TT 28.57 2857 14.28 28.5i% 71,42 50 14,28 -
CcC 14.28 28.57 28.57 28.5i%
CT 57.14 4285 57.14 42.8t
GG 57,14 42.85 - 16.66 42,85 42.85 57,14 42.85
AG 42,85 42.85 14,28 28.57
AA - 14.28 28,567 28.57
GT 28,57 33.33 42,85 57.14
AAAC
-AAAC 100 100

The genetic variants that were not found at dbSalBlhse are listed (Table 7) taken as the name for
the SNP the position from the beginning of the afigpl PCR product (PCR product region in table
2). For each SNP there can be seen percentage pbtsible genotypes divided in MS subjects and
HCs.

Table 7.New SNPs table, indicating the new SNPs detectdldeisnoRNAs ACA51, U23 and SNORD112 (the
SNP position is written in base pairs (bp) from beginning of the PCR product region). The numliesiie
the table mean the percentage of each genotymatdr SNP differentiating MS and HC.

ACA51 u23 SNORD112

Genotypes SNP200 SNP201 SNP204 SNP215  SNP248 SNP266

MS HC MS HC MS HC MS HC MS HC MS HC
AA 57.14 57.14 42.85 57.14
AG 42.85 42.85 57.14 42.85 100 100 100 100
GG 57.14 57.14
GT 42.85 42.85
CcC - 71.42
AC 100 28.57

These SNPs show different alleles that appear ditferent allele frequencies compared to the
general population stated in the database infoomgtdbSNP), probably, because of the small sample
size but also, due to the Basque genetic backgro{gmbwing a high degree of genetic
isolation)(Massdt al. 2015). In no case was detected a clear relatiprigtiveen a determinate allele
and having the illness or not. The only case whagee could be seen a relationship between having a
certain variant and having the disease, was irstie 215 bp of U23 where except for the families 8

and 3, all the rest are heterozygous (AC) for tisease and homozygous (CC) for the controls (Table
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8), or in other words, 100 % of MS are AC and 724 2f HC are CC (Table 7). This new SNP, as it
seems a prominent candidate SNP, it should beduathalyzed in other MS-affected families or other
non-Basque population in order to relate it to M®e SNPs included for the SNORD112 are
doubtful, as they are different to the referenagusace for all the subjects (heterozygous forhadl t

subjects and the reference sequence is homozygaibéd(8). This sequences were included here
because they did not seem to have much backgranisd,but being heterozygous for all the subjects

probably means the sequence was not as cleastasuid be.

Table 8.U23 SNP 215 table, indicating each subject’s caderé details in table 1), disease status, famay th
belongs to (each pair of siblings marked with sawier) and the new SNP 215 (the SNP position isteniin
base pairs (bp) from the beginning of the PCR peodegion) detected in U23. Ref. means the gendiyped
in the reference sequence. Except for the famBiemnd 8 all the rest are heterozygous for MS (AG) a

homozygous for HC (CC).

u23 SNORD112

Code Disease status Family SNP 215 SNp 248 SNP 266

Ref. CcC GG GG
1 MS 1 AC AG AG
2 HC 1 CcC AG AG
3 MS 2 AC AG AG
4 HC 2 CcC AG AG
5 MS 4 AC AG AG
6 HC 4 CcC AG AG
7 MS 3 AC AG AG
8 HC 3 AC AG AG
9 MS 8 AC AG AG
10 HC 8 AC AG AG
11 MS 5 AC AG AG
12 HC 5 CcC AG AG
13 MS 7 AC AG AG
14 HC 7 CcC AG AG

Polymorphisms and MS relationship

We start this project with the hypothesis of a Mdizh inheritance in our families. Such a Mendelian
inheritance has been described in other neurodesferee diseases, such as Parkinson’s disease,
where few cases (around 10 %) can be familial &ud,tcan present a Mendelian pattern (i.e a
mutation that segregates with the cases)(Gassé€r, Blednandezt al. 2016). Although no Mendelian
inheritance is expected in MS as disease, the hgpi of such a Mendelian form of MS that would
be based in pathogenic mutations, has been a waxptain the heterogeneity of the heritability loé t

disease, therefore, trying to solve the “missingthleility” that is estimated to be around the 70%
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(Lill 2014; Hoppenbrouwers and Hintzen 2010; Wastgal. 2016). That “missing heritability” is
thought to be, amongst other causes, because udeltif genetic variants may never exceed the
genome-wide significance threshold in associattadies due to small effect sizes but also, owing to
the presence of rare variants (with minor alleégfrency, MAF, <0.5%). These rare variants, although
being infrequent in the overall population and thos detecting by GWAS, they wield a much larger
effect than common variants, especially in multipdS families (Lill 2014; Hoppenbrouwers and
Hintzen 2010). However, some authors also highligatlittle evidence present regarding this kind of
a Mendelian form of MS (Hauser and Oksenberg 200€; International Multiple Sclerosis Genetics
Consortium (IMSGC) 2010). That being said, we stiaubt reject this type of heredity, at least in
some families, as there is more and more evidemgpeosting such a heritability way. For instance, a
novel pathogenic mutation (NR1H3 p.Arg415GIn missesubstitution) that encodes liver X receptor
alpha (LXRA) was identified recently in two unreddtMS-affected families. This subjects’ clinical
phenotype was an unusual RRMS that soon afternbetdecame PPMS (Waefgal. 2016). Such
discoveries, remind us that all the multipopulagioanalyses made so far, do not explain all the
genetics of the illness, and that from time to {iniés sort of smaller analysis can discover otlisgw

undetectable genes that work in a mendelian way.

With this in mind, we checked the sequence of aatdi genes (GWAS 2011) related with MS in a
proband and his healthy brother in 7 MS familiesielo the negative results (always under a
Mendelian hypothesis where mutation should be pteagproband and not in the healthy brother) we
checked the miRNA genes inside the associatedmegath no results (after validation in another
dataset). These results drove us to the studya@®NAs under the same methodology and the same
hypothesis. No changes in these snoRNAs have lmemd fin the proband and his healthy brother.
Our results, then, show that no relationship caadtablished between the disease and snoRNA in our
families. We also demonstrate that the overexppassi SNORA40 found in PBMCs of some of the
47 subjects is not due to changes in the DNA condition as no SNPs are detected in the sequences.
Nevertheless, further research should be made dRISAs and other type of ncRNAs, like long
ncRNAs; now that the role of ncRNAs is so promingnirsuing the non-coding investigation line of

this group.

We must highlight that although our sample sizaddeeem insufficient, we are studying in one hand
the relationship between expression and polymomphitherefore we study SNORA40 in the 47
samples in which the RNA expression were studiaadl, on the other hand, we are checking, under a
Mendelian hypothesis the snoRNAs in the probandta@dhealthy brother in 7 families (n=14). These
sample sizes could be sufficient to find a prongsthange to be validated in more samples after the

segregation studies in the own family, as done layy'ét al. 2016 on a similar approach.
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In any case, different points of view should bekliad and each of the distinct research methods for
investigating MS shed light for creating the finalage of the disease. Linkage studies, GWAS,
expression networks, epigenetic analysis and sefqugmethods, amongst others, provide diverse
information that putting all together, will defiely help us understand better the entrails of iplelti

sclerosis.

CONCLUSIONS

1) Despite SNORA40 having 75 already described StHRaighout the entire amplified region, we
did not detect any SNP in our samples, meaningttleathange in the RNA expression found in some
of the 47 subjects would not be due to changedsdaDiNA sequence, and suggesting other extra-DNA

changes, such as, epigenetics or environmentalriathat should be investigated.

2) The snoRNAs located in the association regi@hscsed by the GWAS 2011, do not seem to be
responsible for causing MS in a Mendelian way,eaist in the 7 Gipuzkoan families studied. This
cannot rule out their role as adding probabilityhaing MS, in a typical polygenic way, which we
could not detect in this study. Besides, this stuiogs not either discard that this SnoRNAs or soime

them might act in a mendelian way in other families
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