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2 1 Introduction

1.1  Autoimmunity

The main function of the immune system is to distinguish foreign antigens, such as
infectious agents, from self components of body tissues. Hence, an immunological self
tolerance that reliably discriminates between self and non-self antigens is required to be
established and maintained. This is realized during stages of immune system maturation
through clonal deletion of autoreactive T lymphocytes in the thymus (central tolerance)
and the inhibition of autoreactive T and B lymphocytes in the systemic circulation
(peripheral tolerance)."? Regulatory mechanisms that fulfil disclosed surveillance
include the induction of anergy, apoptosis and functional suppression, but are not
constantly engaged. This implies that self reactive T and B lymphocytes are present in
normal, healthy individuals and, under certain conditions, are capable of producing an
autoimmune response.?

Whenever dysfunctions occur in the maintenance of the immunological tolerance to self
antigens, pathogenic alterations in the immune system can lead to the manifestation of
autoreactive phenomena. Several impaired situations convey an autoimmune reponse
characterized by the activation and clonal expansion of autoreactive lymphocytes and the
production of autoantibodies against autologous antigens. Thereby triggered cascades

lead to an inflammatory process and tissue injury.?

1.1.1 Autoimmune disease (AID)

It is estimated that autoimmune diseases (AID) occur in 3-5% of the world population*®
and are major causes of morbidity and mortality, thus rendering autoimmunity a crucial
health problem in modern medicine. Many of these diseases tend to be difficult or
impossible to cure, for the obvious reason that the focus of the immune response — self
antigens — cannot be eliminated. Furthermore, the physical, psychological and economic
burden is especially devastating because they often set upon young adults.®

Autoimmune disease is considered to be the result of a complex combination of genetic
and environmental factors that lead to altered immune reactivity.>”® Given the complexity
of such disorders, no single genetic or environmental factor is expected to be necessary
or sufficient to cause the diseases.® Hence, the realization that the development of
autoimmunity is in part influenced by inherited DNA sequence variations conveys
confidence that understanding the genetics of autoimmune diseases will elucidate about

the causal derangements, and possibly lead to new therapeutic strategies.
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1.2 Autoimmune disease multiple sclerosis (MS)

Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system
(CNS) that culminates in neurodegeneration.’®’* Among other autoimmune diseases
it displays a moderate prevalence rate, but furthermore, a constantly rising degree of
incidence.®'415 MS exhibits several characteristics of a multifactorial etiology common
to autoimmune disorders - clinically, pathologically, immunologically and genetically,
including polygenic inheritance,® partial susceptibility conferred by a human leukocyte
antigen (HLA)-associated haplotype,”” and evidence of undefined environmental

exposures. 819

1.2.1 Clinical aspects of MS

MS is an inflammatory disorder characterized by demyelination (myelin loss) within the
CNS. As the name implies, affected individuals exhibit hardened (or “sclerotic”) tissue
in many (or “multiple”) parts of the brain and the spinal cord. Demyelination and the
resulting formation of scar tissue (axonal pathology) impair the saltatory conduction
along axons which is essential for normal functioning of nerve impulses.

Although the disease has a broad range of age at onset (85% of cases occur between
the ages of 14 and 55),%° initial symptoms typically manifest in early adulthood
(between ages 20 and 40). MS occurs two to three times more frequently in women
than men.®?2" Common symptoms include visual disturbance, loss of balance and
coordination, weakness and spasticity, sensory disturbances and pain, bladder and
bowel incontinence, fatigue, and cognitive impairment. MS is a clinically heterogeneous
disease that varies according to the location and number of lesions in the CNS and
several other (para)-clinical parameter (e.g. cerebrospinal fluid, motor neuron evoked
potentials). Histopathological studies of lesions suggests that MS is an overlapping

spectrum of related disorders (Tab.1.1).2224



Table 1.1 | Classifications of supposed multiple sclerosis “subtypes”.

1 Introduction

Clinical
course
definitions

Clinically Isolated Syndrome (CIS)

McDonald et al. 2001%
Miller et al. 200526

Relapsing remitting (RRMS) / Secondary
progressive (SPMS)

Lublin et al. 1996%

Transitional progressive (TPMS)

Thompson et al. 19972
Stevenson et al. 1999

Progressive-relapsing (PRMS)

Weinshenker et al. 1995%°
Lublin et al. 19967

Primary progressive (PPMS)

Revesz et al. 19943
Lublin et al. 1996%
Thompson et al. 19972

MS variants/

Acute Disseminated Encephalomyelitis (ADEM)

Dale et al. 200032
Hartung et al. 200133

Bald’s concentric inflammatory sclerosis

Balo J, 19273

Eorderline Schildsche diffuse inflammatory sclerosis Schilder PF, 1912%
orms
Optic neuromyelitis (Devic's disease, NMO) Devic E, 18943¢
Marburg’s disease Marburg O, 1906%
Clinical “Benign” MS Kidd D,1994%
severity/
Prognosis “Malignant” MS Marburg O, 1906%

The disease course varies considerably among affected individuals. Cases may be

episodic or progressive, severe or mild, and disseminated or primarily affecting the spinal

cord and optic nerve (Tab. 1.1). The two major subtypes are relapsing remitting (RRMS)

and primary progressive MS (PPMS). The relapsing remitting course is more common,

characterized by two or more separate episodes of worsening symptoms (recurrent

attacks) and subsequent clincial recovery. As the disease progresses, many relapsing

remitting cases cease to remit and exhibit progression of at least one symptom in a slow

or step-wise manner. This form of the disease is referred to as secondary progressive
MS (SPMS) (Fig.1.1).
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RRMS SPMS PPMS

Figure 1.1 | Main clinical courses of multiple sclerosis. Ordinate represents the degree of disability (EDSS); abcissa
determines the time; RRMS - relapsing remitting multiple sclerosis, SPMS — secondary progressive multiple sclerosis,

PPMS — primary progressive multiple sclerosis (adapted from Lublin et al. 1996).

The second major subtype, primary progressive MS, is aless common form characterized
by a slow onset and steadily worsening symptoms involving sites of the CNS that do
not remit from initial onset. Intermediate phenotypes, such as transitional progressive
(TPMS) and progressively relapsing (PRMS), are also common (Tab. 1.1).

As outlined, MS presents a vast range of different symptomatologies and courses,
neverthelesss, it has been considered as one disease. Hence, a difficulty in establishing
a homogenous patients cohort is the differential diagnosis of MS from a number of
similar inflammatory demyelinating CNS diseases. The incorrect inclusion of individuals
that succumb to a disease outlined in the two lower parts of Table 1.1 would incorporate

a strong bias and thus complicate clinical inferences made upon research results.

1.2.2 Pathological heterogeneity of MS

General examination of brain tissue of individuals with MS reveals multiple sharply
demarcated plaques in the CNS white matter with a predisposition to the optic nerves
and white matter tracts of the periventricular regions, brain stem, and spinal cord.*® As it
was recognized early on, substantial axonal injury with axonal transections is abundant
throughout active MS lesions.*°

The inflammatory cell profile of active lesions is characterized by perivascular infiltration
of oligoclonal T cells consisting of CD4*/CD8* a/f*'#? and y/d T cells,*® as well as
monocytes with occasional B cells and less frequently plasma cells.** Macrophages are
most prominent in the center of the plaques and are seen to contain myelin debris, while
oligodendrocyte counts are reduced. Four pathological categories of the disease were
defined on the basis of myelin protein loss, the geography and extension of plaques,
the patterns of oligodendrocyte destruction, and the immunopathological evidence

of complement activation. Two patterns (I and Il) showed close similarities to T cell-
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mediated or T cell plus antibody- mediated autoimmune encephalomyelitis, respectively.
The other patterns (lll and IV) were highly suggestive of a vasculopathy or primary
oligodendrocyte dystrophy, reminiscent of virus- or toxin-induced demyelination rather

than autoimmunity (Fig. 1.2).244%46

1.2.3 Immunological heterogeneity of MS

The concepts of MS pathogenesis have been adapted continuously by various research
groups.'®124749 Although unproven, the current consensus is that MS pathogenesis
comprises an initial inflammatory phase, which fulfils the criteria for an autoimmune
disease,*’ followed by a phase of selective demyelination and finally, a neurodegenerative
and occasionally in parallel a neuroregenerative phase.'®*' Different cells and molecules
suggested to be involved in MS are summarized in Figure 1.2. Subjects with genetically
determined susceptibility to MS harbor autoreactive T cells that respond more readily
to CNS autoantigens.5% Although these can remain dormant for decades, at some
point they are activated in the periphery, probably by an exogenous trigger displaying
molecular mimicry (e.g. sharing of epitopes that are common to autoantigens and
microbial antigens).%¢*” The pathological activation and clonal expansion of autoreactive
T cells is further promoted by underlying immunoregulatory defects, such as decreases
of regulatory T cells in the systemic circulation.®® It enables activated T cells to migrate
through the blood-brain barrier (BBB) to the brain and spinal cord. Reactivated in
the CNS, these T cells of either CD4* helper or CD8* cytotoxic phenotype® release
pro-inflammatory Th1 cytokines and orchestrate the destruction of the myelin sheath
by various types of immune effector cells. Demyelination leads to vulnerable axons
that develop altered membrane permeability (Na* and Ca** channels) and increased
accessibility for CD8* T cytotoxic cells. Finally, loss of trophic support contributes to the
enhanced liability of axon degeneration, which culminates in irreversible axonal loss.®
Subsequently, heterogeneous patterns for neurodegeneration can be manifested by a

multitude of deregulated elements.
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1) Activation
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Endothelial cell
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Figure 1.2 | Hypothetical view of mechanisms leading to MS pathogenesis. (l) In a genetically susceptible host, common
microbe activated antigen presenting cells (APCs) (Macrophages) contain processed protein sequences cross-reactive
with self myelin antigens. In lymphoid organs, peripheral pro-inflammatory T cells, reactive for CNS-myelin, are activated
when binding via their T-cell receptor (TCR) to the self-antigen, presented by the major histocompatibility complex
class Il (MHC II). (Il) Activated myelin-reactive T cells undergo clonal expansion profiting from a loss of functional
suppression by CD4*CD25* regulatory T cells and adhere at and penetrate through the blood—brain barrier (BBB). Stages
of transendothelial migration are mediated by adhesion molecules, proteases and chemokines. (lll) In the CNS, the
T cells recognise antigen presented predominantly by activated microglia, CNS-specific APCs, hence are reactivated.
Th1 cytokines (pro-inflammatory), such as Interferon-y (IFN-y), Interleukin-2 (IL-2) or Tumor necrosis factor-o. (TNF-
a), are secreted and an inflammatory cascade is initiated. (IV) Activated macrophages, other T cell types and B cells
execute various effector functions including direct attack on the myelin sheaths of axons and the myelin-fabricating
oligodendrocytes (OGs). Inflammatory B cells differentiate into plasma cells that secrete demyelinating autoantibodies,
which can guide and activate macrophages and additionally ignite the complement cascade. (V)+(VI) Axonal damage
takes place as a consequence of extensive demyelination and loss of trophic support. Exposed axons display increased
altered permeability followed by enhanced Ca** influx. Disruption of axonal transport alters the cytoskeleton and leads
to axonal swelling, lobulation and, finally, disconnection. Demyelination can occur by four different pathological patterns

(1-4), as described in the main text.
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1.3 Genetic factors in autoimmune disease

In order to determine the evidence of genetic factors in the disease susceptibility,
epidemiologists perform population- and family-based studies. Essential tools are
surveys that assess population prevalence, recurrence risk, and migration analyses.
When carrying out population genetics studies, groups of unrelated individuals afflicted
with disease are compared with healthy individuals or persons affected by a distinct
disease. In terms of family-based studies, simplex and multiplex families are subject
to examinations of the extent of familial clustering (aggregation); the degree to which
monozygotic twins are more concordant for the presence of a disease compared with
dizygotic twins, and the increased risk that family members of a diseased person will
develop same condition compared to an individual from the general population. Such

estimate of genetic risk is designated A_.

1.3.1 Simple genetic traits associated with autoimmunity

Using A, it becomes obvious that in single-gene disorders, the risk conferred on an
individual by a given genetic variant is very high, but the overall impact on the population
is minimal because these variants are rare. In these ‘simple’ Mendelian diseases
(or traits), the relationship between the causal genetic variant and the disease state
is deterministic (Fig. 1.3a). Concrete examples are associations of the gene AIRE
(autoimmune regulator) with autoimmune polyendocrine syndrome (APS-1) and CTLA4

with Grave’s disease and type 1 diabetes.®’
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Figure 1.3 | Architecture of single gene disorders versus a model of autoimmune diseases caused by complex traits.
al In simple Mendelian traits, the relationship between the causal genetic variant (genotype) and the disease state is
deterministic. b| In complex traits, the clinically recognized disease state results from interactions between multiple
genotypes and the environment. Individual genotypes can affect one or more components of the adaptive or innate
immune systems; together these lead to an altered immune response to self antigens. On the basis of current findings,

the influence of any individual causal allele is modest, and therefore the relationship between the causal variant(s) and

the disease state is probabilistic.
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1.3.2 Genetics of common autoimmune diseases

Six of the most common autoimmune diseases are rheumatoid arthritis (RA), Grave’s
disease, Type | (insulin dependent) diabetes (IDDM), pernicious anemia, systemic lupus
erythematosus (SLE), and MS; collectively they represent about 50% of all autoimmune
diseases. In contrast to single-gene disorders, common diseases are believed to
be dependent on a combination of a number of susceptibility alleles at multiple loci,
environmental factors (such as smoking or pathogen exposure and hormone levels),
and stochastic events (Fig. 1.3b). In this model, the coexistence of susceptibilty genes,
each of which contributing only modestly to the disease phenotype, would be mandatory
for disease manifestation. There is some debate as to whether common diseases
are caused by multiple rare alleles of high penetrance or by common variants of low
penetrance (that is, alleles that confer moderate increased risk to disease), stated as the
common disease-common variant hypothesis.®2¢5

In the majority of the acknowledged autoimmune diseases, the major histocompatibility
complex (MHC), specifically the class Il HLA genes, have been identified as a genetic
factor.®® Class Il MHC molecules normally function to bind and present peptide antigens
to antigen-specific T cells, hence even a minimal perturbation in their function can have
severe systemic consequences inimmune responses, as it is observed in AlDs. Decoding
the function of each susceptibility gene and their interactions will help understand the

mechanisms of autoimmune pathogenecity.

1.3.3 Genetic heterogeneity in autoimmune diseases

Genetic heterogeneity is a common feature of many genetic systems in both humans
and animal models.%’ It refers to the presence of multiple combinations of genes within
the genome that are capable of causing a similar or identical disease phenotype within
the same ethnic group. Basically, it reflects the fact that many genes participate in
the development of complex phenotypes and that different combinations of genetic
abnormalities can lead to a similar outcome.5¢7°

In AIDs, many aspects of immune function may be affected by these genetic factors.
Depending on the individual set of susceptibility alleles, the secretion of proinflammatory
cytokines may be enhanced in one and apoptosis or immune regulation disrupted in
another, yet leading to the same overall disease type. Furthermore, during disease

progression, the contribution of many genes to the quantitative trait implies that individual
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patients express different subsets of susceptibility genes at different time points and their

respective compositions greatly influence the actual disease phenotype.”

1.4 Epistatic interaction in complex traits

Epistasis is defined as a genetic interaction in which the genotype at one locus affects the
phenotypic expression of the genotype at another locus. Classically, two models have
been described in order to explain how genes interact if two or more loci are included in
disease predisposition.” In the additive model, the effect of interacting genes is derived
by simple addition of each individual effect. The genotype associated penetrance of
multiple loci can be modelled like a sum of factors of each genotype in each locus,
rendering the global risk A, describing formula:

M= hg ¥ g+ AN

In this model, not all susceptibility genes are necessarily needed for the disease to be
evident in a given individual.

The second theory corresponds to the multiplicative or epistatic model, where the overall
effect of interacting genes is increased in comparison to each single gene’s contribution
(synergistic effect). For example, two susceptibility alleles would lead to a greater
increase in disease severity than would be predicted by simply adding together their
individual phenotypes. If the genes that confer disease susceptibility act epistatically, the
global risk is equivalent to the product of each value of considered loci:

A = Mgy XA, X X AN

In this case, the lack of one susceptibility gene could have the effect of a complete
disease absence or a considerably less severe form.”™

A further type of epistasis is a form in which the autoimmune phenotypes of susceptibility
alleles are suppressed by epistatic modifiers. Outcomes of animal models indicate that
the disease mediated by susceptibility genes can be partially or sometimes completely
suppressed by other “modifying” genes in the genome. Despite the presence of potent
autoimmune disease alleles, a normal immune phenotype can still develop.”* The
existence of similar suppressive modifiers in AID in humans has not been demonstrated
clearly so far, however it has been reasoned that similar genetic interactions affect

disease predisposition.”76
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1.5 Model of inheritance of autoimmune disease
susceptibility

The inheritance of multifactorial traits such as AID susceptibility is a complex process.

Multifactorial inheritance was first described and modeled as a “threshold liability”.”” It

was proposed that the penetrance of polygenic, qualitative phenotypes would increase in

relation to the number of susceptibility genes present in the genome of an individual.

Disease threshold

Autoimmune
disease

Individuals

Number of 1
susceptibility
alleles

Disease liability

Figure 1.4 | Threshold liabilities in autoimmune disease. In this model, only individuals located to the right of the disease
threshold line will develop disease. The abcissa represents increasing liability to disease: individuals being located on
the x axis based on the degree of their predisposition to disease. An incremental increase in the number of susceptibility
alleles progressively increases liability to disease, resulting in movement toward the disease threshold to the right. The
disease liability introduced by environmental and stochastic effects is represented by the normal distribtion curve around
the location of individuals (with specific degrees of genetic predisposition for disease) (adapted from Wandstrat et al.

2001).

A hypothetical model of the inheritance of AID is proposed in Figure 1.4. The abcissa of the
graph defines increasing disease liability, the ordinate represents the “threshold”, which
delineates the point at which individuals will develop disease. Genetic predisposition
places individuals at some point along the abcissa, based on the degree of susceptibility

established by their genomes. As denoted in Figure 1.3b, environmental and stochastic
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events will then increase or decrease their liability, depending on the individuals” life
experience (life style). These environmental factors are arbitrarily depicted as a normal
distribution of liability around the mean location (directed by genetic predisposition).
The inheritance of susceptibility would then be determined by the cumulative content
of disease susceptibility that an individual inherits. This is here presented in a simplistic
additive fashion; each additional susceptibility allele incrementally moves an individual
the equivalent distance further toward the disease threshold. In reality, the process of
inheritance would appear more complex.

As stated before, epistatic interactions could modify the incremental movement of
individuals along the abcissa in a complex manner. Thus, the position of an individual
along the liability axis would be dependent upon the interactive consequences of all
the susceptibility and suppressive modifier alleles present in the person’s genome. In
this regard, attempts to model the inheritance of AID susceptibility have often focused
on distinguishing “additive” inheritance from “multiplicative” models.” Linkage analyses
in test crosses of AID-prone animal inbred strains have consistently found that relative
risk increases in proportion to the number of active susceptibility genes present in the
genome,®® but the goodness-of-fit for additive versus multiplicative models has not been
established.®? Given the extensive genetic heterogeneity observed in AID inheritance, it

is reasonable to assume that both models exist and function parallel in nature.”

1.6 Common genetic variation in the human genome and
their genetic markers

The ability to discover as yet unidentified disease alleles has been improved by the
expansion of knowledge and understanding regarding the common genetic variation
in the human genome.®-# Microsatellites are DNA sequences which contain variable
numbers of tandem repeats (VNTRs), also termed short tandem repeats (STR) or
short tandem sequences (STS). These repetitive sequences can consist of 2, 3, up to
8 bases in length, extending up to 150 bp, encompass 1% of the mammalian genome
(occuring every 10,000 bp) and are highly polymorphic.®8 They were reported to serve as
informative genetic markers in 1989.%

Recent work has demonstrated though that the majority of genetic variation in the human
genome consists of individual bases that exist as either of two alleles (biallelic base-pair

substitutions) in the population, known as single nucleotide polymorphisms (SNPs).
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SNPs are nucleotide variations, occuring in average every 500 bp® and are thus more
frequent than STRs. Approximately ten million SNPs in the human genome have a minor
allele frequency greater than 1% and represent about 90% of the genetic variation in the
human genome.?” Initial efforts to discover and map SNPs to the reference sequence
of the human genome have resulted in a public resource (www.ncbi.nlm.nih.gov/SNP)
containing most of these common SNPs (currently ~5.8 million).87:91-93

The description of SNPs in the human genome has significantly contributed to the
characterization of susceptibility genes in complex diseases.®% In reference to the
structure of the genome, it is of importance to understand the relationships that exist
between SNPs. First, by examining a high density of specific areas of the genome,*%"
and then by performing genome-wide surveys,® it has become evident that the alleles of
the SNPs form patterns (known as haplotypes) in the genome. Furthermore, the present
data and models based on this information suggest that alleles at nearby SNPs are highly
correlated with one another (known as linkage disequilibrium) — the same mechanism
holds true for all genetic markers including microsatellites — and that recombination

“hotspots” exist in the genome. 1%

1.7 Concept of “Linkage Disequilibrium” and “Haplotype”

Linkage disequilibrium (LD) is defined, at a population level, as the non-independence
of alleles situated at different loci in the genome. In practice, polymorphisms that are
positioned relatively close to each other are not inherited at random. The patterns of LD
observed in natural populations are the result of a complex interplay between genetic
factors, in particular meiotic recombination, and the populations’ demographic history.
When a recombination occurs between two loci, it tends to reduce the dependence
between the alleles carried at those loci, and thus reduce LD.101102

The specific set of alleles observed on a single chromosome, or part of a chromosome, is
termed a haplotype.'® In a single gene, hundreds of SNPs that have been accumulated
through the history of a population are found as unique combinations named gene-based
haplotypes.'® However, the range of possible haplotypes (also called haplotype diversity)
is not simply a factor of all these polymorphisms but rather tends to be limited with as few
as four or five haplotypes predominating in a given population.®°7.1051% |nyestigations
from Gabiriel et al. (2002),%8 Daly et al. (2001)°% and Patil et al. (2001)% also indicated that

a limited number of SNPs were sufficient to reconstitute most of the common haplotypes;
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an optimal collection of SNPs can represent at least 95% of the haplotypes observed in
the studied population.'” These selected SNPs are known as haplotype-tagging SNPs
(Fig.1.5) and function as surrogate markers for all other genetic variation (that is, other

SNPs, deletions, insertions and repetitive sequences) found within a given haplotype.

a SNPs

Chromosome 1
Chromosome 2
Chromosome 3

Chromosome 4

SNP#1

SNP#2 SNP#3

ATCACGCCA ...

TTCGGGGTC ... AGTCGACAG ...

ATCACGCCA...

I T CGAGGTC .0 AGTCAACAG ...

ATCATGCCRA ...

D e L m——— T e —

AT CACGCCA oo

TTCcC66G66TC ... AGTCGACAG ...

b Haplotypes

Haplotype 1 "ATA A G T A =
Haplotype 2 TTQ:A:TTg:c:GcaAca:g::aama
Haplotype3 T CC G AT C T CTCATAC TG C TS
Haplotype 4 TCGiAiTTCiCiGCGGTTiCiAGACA

\ \ \

¢ Haplotype- -P:' -'I-" _C_'
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Figure 1.5 | SNPs, haplotypes and haplotype-tagging SNPs. a | Single-nucleotide polymorphisms (SNPs) are shown in a
short stretch of DNA in four versions of the same chromosomal region taken from different individuals. Most of the DNA
sequence is identical in these chromosomes, but variation is shown to occur at three bases. Each SNP has two possible
alleles; the first SNP (SNP#1) has the alleles C and T. b | A haplotype consists of a particular combination of alleles
at nearby SNPs. Shown here are the observed genotypes for 20 SNPs that extend across 6,000 bp of DNA. Only the
variable bases are shown, including the three SNPs that are shown in panel a. For this region, most of the chromosomes
in a population survey have haplotypes 1-4. ¢ | Genotyping of just the 3 haplotype-tagging SNPs out of the 20 SNPs
is sufficient to uniquely identify these 4 haplotypes. For example, if a particular chromosome has the sequence A-T-C
at these three haplotype-tagging SNPs, this sequence matches the pattern determined for haplotype 1. Note that many

chromosomes carry the common haplotypes in the population.

Information from haplotype analyses revealing ‘block’-like structures bears a number
of potential advantages for the design of linkage disequilibrium mapping strategies and

identification of disease associated candidate genes or genomic regions.07:18
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1.8 Basic approaches toward disease gene identification

There are two basic analytic approaches to mapping disease genes: those based on
linkage and those based on association. The basic design of the first is by searching for
markers that co-segregate with the disease within families (linkage), and the second is
by ascertaining marker frequency differences in a series of unrelated cases and a series
of demographically ‘matched’ controls (association).

Linkage-based approaches have been widely and successfully applied to Mendelian
disorders that display high penetrance.’® Genome-wide linkage studies attempt to
systematically identify genetic markers (and thus a genomic region) where there is more
sharing of alleles between individuals with a given trait within families than is statistically
expected, applying a transmission disequilibrium test (TDT tests).""® However, for more
complex disorders like MS, linkage-based methods are limited by a lack of statistical
power; in part because multiple genes are involved in disease susceptibility and most
of the risk alleles are presumed to be common, disclosing a low penetrance.** In
addition, association studies are statistically more powerful than (genome-wide) linkage
analyses.®® One can use linkage techniques to identify broad areas that are thought to
contain candidate genes and then use linkage disequilibrium techniques to refine these
regions. As SNPs display low mutation rates and linkage disequilibrium, they appear
ideal for genetic association in case-control studies.%4111.112

Once a promising genomic region of interest has been chosen or identified, two
conceptually distinct approaches, the ‘direct’ and the ‘indirect’, can be considered.® The
candidate SNP analysis is a straight forward test of association between a putatively
functional variant and disease risk. The alternative, which is refered to as indirect
association, is to test a dense map of "tag'SNPs for disease association under the
assumption that if a risk polymorphism exists it will either be genotyped directly or be in
strong LD with one of the genotyped SNPs.'"® Both direct and indirect association testing
can be applied effectively to candidate genes that have been implicated in disease
pathogenesis by other means (e.g. based on biological plausibility), as long as common
variants have been comprehensively identified in the candidate gene."

The emerging strategy therefore would be to devise a candidate gene list that is
appropriate to a given condition, establish the haplotype structure in the population at risk
and define the haplotype frequency for the common variants, identify the polymorphisms

that capture that diversity (tagging), and genotype those polymorphisms in a suitably
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large case-control group. Figure 1.6 depicts the basic principles of such a study design.
Note, that disease predisposing segments (yellow) are present in all individuals including

the healthy population.

Chromosomes
al | T 5 Al T |
MS cases b | A | [ | |
c| | Y | 1 |
d[ | T — |
Healthy Individuals i .
e | | | — ] |

Susceptibility locus

cooooocood X Lp

Haplotype-based i i

association study
A VS risk allele / \

: Non-MS associated DNA stretch

D MS associated DNA stretch

MS-risk haplotype

Figure 1.6 | Outline of an association study of MS. Five idealized chromosomes from different individuals are shown (a—e).
The first three (a—c) are from patients with multiple sclerosis (MS), and the other two are from healthy control individuals
(d, e). The “disease free” chromosomal segments are shown in blue, and those MS associated are shown in yellow.
The pink triangle depicts the position of a risk allele that confers susceptibility to MS. Each chromosome has a different
proportion of disease association within the chromosomal region being examined. When the location of these segments
is compared, one smaller segment has increased MS frequency relative to any other segment among the chromosomes
of affected individuals but not among those of healthy control individuals. This is the “susceptibility” locus. The next phase
of the analysis then relies on fine-mapping techniques, such as identifying all haplotype blocks within the “susceptibility”
locus and testing each haplotype within those blocks for association with MS. This analysis will yield a disease-risk
haplotype that contains the disease-risk allele and will be followed by an exhaustive assessment of all genetic variation

within the risk haplotype to determine which allele is the risk allele.

1.8.1 Identifying disease genes in MS

In MS research, there has been great interest in testing candidate genomic regions
(identified by linkage studies) or candidate genes (selected on the basis of their location

under a linkage peak, or their known functional properties, or both) for evidence of
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their association with the disease. Most study designs followed a two stage approach,
consisting of an initial discovery-driven genome scan and a subsequent validation step

employing an increased marker resolution in order to map candidate regions or genes.

1.8.2 Linkage analysis in MS

Several groups have performed a two-stage genomewide screen in DNA samples
derived from multiplex families, collected in Canada, the UK, the USA, Finland, and
Sardinia testing large sets of microsatellite markers.''5""° A fruitful meta-analysis was

difficult due to different sets of applied markers.

1.8.3 Association analysis in MS

To date, genomewide screens for association in MS and healthy populations have
been realized in the GAMES study'® (data from 18 European MS research centers),
preceded by their initiators.'?" In these experiments, the groups applied the identical set
of microsatellite markers; results from meta-analysis are pending.

Finally, a large number of “suggestive” linkages exist, for which the underlying genetic
defect - if it exists - has not been identified so far. Suggestive linkage describes genomic
regions with an observed trend toward excess sharing in affected individuals that is not

significant after correcting for multiple tests across the genome. 122123

1.9 Genetic heterogeneity, inheritance model and
susceptibility genes in MS

1.9.1 A model of inheritance for MS

A simple model of inheritance for all MS subtypes is unlikely and can not account for the
nonlinear decrease in disease risk with increasing genetic distance from the MS proband
(Fig. 1.7). Concordance estimates in twins and relatives of MS patients differ from
prediction based upon a single gene inheritance, and implicates a polygenic etiology for
MS.16:52
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Figure 1.7 | Recurrence risks for multiple sclerosis in families. Age adjusted recurrence risks for different relatives of

probands with multiple sclerosis. Pooled data from population based surveys. Estimated 95% confidence intervalls are

shown.

Correspondingly, amongst several disease causing

concepts and hypotheses (Tab.

1.2) the presence of genetic heterogeneity in MS has been proposed and confirmed

repeatedly.'®79124126 The established knowledge informs the MS genetics scientists that

the search for genetic factors is comparable to that of a needle in the haystack. Besides

the HLA region, it is these presumed many other loci of smaller effect, but which account

for the larger portion of the total genetic risk for MS, that researchers seek to identify.

Table 1.2 | Multiple sclerosis as a complex genetic disease.

(1) Etiological heterogeneity
Identical genes, different phenotypes
(2) Genetic heterogeneity
Different genes, identical phenotypes
(3) Unknown genetic parameters
Single versus multiple genes
Dominant versus recessive mode of inheritance
Incomplete penetrance
(4) Gene—gene interactions
(5) Post-genomic mechanisms
(6) Unidentified non-heritable (environmental) factors
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1.9.2 The (genetic) epidemiology and etiology of MS

MS population prevalence in Europe is 79/100,000'*'?” and in Spain 58/100,000.'%12¢
30 Epidemiological studies provide substantial evidence for both environmental and
genetic causes of MS while additional indications of a genetic predisposition has been
demonstrated in numerous population and family-based studies.

Disparity between prevalence rates cited in distinct population-based studies for MS
(values range from 0.9 to 224 per 100,000 inhabitants) revealed that the population
prevalence of MS increases with distance from the equator.'"'32 |t was postulated that
the distribution can be explained in part by both environmental factors (e.g. diet and
vitamin D abnormalities) and population-specific genetics. The importance of genetic
background is supported by the differences in the incidence of MS in disparate genetic
groups living in the same region. For example, the prevalence of MS among people of
Japanese descent living on the Pacific Coast of the USA (6.7/100,000) is considerably
lower than that of Caucasians living in California (29.9/100,000). However, individuals
of Japanese descent living on the Pacific Coast of the USA have a higher prevalence
of MS than Japanese individuals living in Japan (2/100,000), suggesting an additional
influencing environmental factor.'® Furthermore, migration studies served to illustrate
potential environmental influences on MS prevalence;'**'% children born to parents who
have migrated from a high-risk area to a low-risk area for MS appear to have a lower
lifetime risk than their parents. Conversely, migration of parents from a low-risk area to a
high-risk area may confer a higher risk for MS in the children.

A genetic etiology is indicated foremost by both an increased relative risk in siblings
of affected individuals compared with the general population (A,),'*® and an enhanced
recurrence risk in family members of the affected individual'"'*® (Fig. 1.7). Studies of
half-siblings'® and adoptees'® support the concept that genetic factors are primarily
responsible for familial aggregation. Furthermore twin studies from different populations
consistently indicate that a monozygotic twin of an MS patient is at higher risk (25-35%
concordance rate) for MS than is a dizogytic twin (4-9%),"'"'** providing additional
evidence for a significant, but complex, genetic etiology.

The strongest and most consistent evidence for susceptibility genes lies within the major
histocompatibility complex (MHC) on chromsome 6p21.3. Association with the HLA-DR2
haplotype (DRB1*1501 — DQB1*0602) has been repeatedly demonstrated in multiple
MS populations 5354141144147 Other HLA associations have also been reported.'*® The
total genetic susceptibility attributed to the HLA locus in MS is estimated between 15%
and 50%."°
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Other susceptibility alleles seem weakly associated and difficult to identify, but several
functionally interesting genes are shared by various autoimmune disorders.®”"" A large
number of further candidate genes have been suggested but not confirmed. An in-depth
listing of MS candidate genes (and their positive and negative outcome, respectively)

can be found at http://www.ucsf.edu/msdb/r_ms_candidate_genes.html.

1.10 Aim and content of the dissertation

It is the aim of presented dissertation to identify and elucidate genomic regions and
genes in humans which provide unrecognized candidates for MS susceptibility.
Spanish MS patients and healthy individuals are subject of the genetic study. The

population based gene mapping strategy based on three stages:

1) aprimary genomewide association study applying DNA pooling methodology'° and
an evaluation of some obtained results by means of individually genotyping
employed DNA,

2) an extended analysis of GAMES'? data that ground on a heuristic method termed
“Sliding windows” which filters candidate genome regions displaying suggestive
evidence for association,'s' and

3) the fine-scale mapping and description of genomic architecture of detected regions

of interest containing MS candidate genes.'®?

191 microsatellite markers displayed evidence for association for a genetic predisposition
to afflict MS; seven of these were genotyped on individual DNA samples (Appendix A).
284 regions of interest were disclosed by application of the sliding windows approach.
Two biologically plausible candidate regions on 3p25.3 and 10g22.1 were fine-mapped
by 24 SNPs, their gene-based haplotypes computationally reconstructed and statistical
association to MS or a clinical MS subcategory carried out. Tag SNPs and disease-

specific haplotypes were ascertained.
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2.1 Genomic DNA extraction from peripheral blood
Reagents and consumables

Red Blood Cell Lysis (RBCL) Buffer:

144 mM NH,CI Merck
1 mM NaHCO, Merck
2mM Na,EDTA (pH 8.2) Merck

Nuclei Lysis (NL) Buffer:

400 mM NaCl Fluka
10 mM Tris-HCI (pH 8.2) Merck
2mM Na,EDTA (pH 8.2) Merck
0.2 % SDS Serva
1 mg/ml Proteinase K Sigma-Aldrich

Both solutions were filtered, autoclaved and stored at room temperature. Proteinase K

(10 mg ml-") was stored at -20°C and added prior to use (1 ml to 9 ml NLB solution).

Tris-EDTA (TE) buffer
Vacutainer SST tubes

50 ml centrifuge tubes

Polyethylene Pasteur pipette, 3.5 ml

Filter (0.22 mm)

Serological pipettes (5, 10, 25 ml)

Capillary pipettes, glass

Equipment

Autoclave AE dry
Centrifuge RT 6000 D
Rotating shaker

REAX top vortex mixer
Water bath

Pipetting aid unit

Sigma-Aldrich

BD Diagnostics
Falcon

Genotek, Labclinics
Millipore S.A.
Corning

Genotek, Labclinics

SanoClav
Sorvall
Heidolph
Heidolph
Boreal

Roses Scientific
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The method to isolate genomic DNA is a modification of the salting out procedure as
described by Miller et al.’® The obtained high quality DNA is suitable for polymerase
chain reaction (PCR) applications.

If not stated otherwise all steps were carried out at room temperature. Venous blood was
collected in three 10-ml EDTA vacutainer tubes per individual. After centrifugation for 10
minutes at 700 g (2000 rpm), with a pasteur pipette, most of the plasma was aspirated
and discarded. A small remainder of serum, the white blood cells containing “buffy coat”
and part of the red blood cell phase constituted approximately 1.5-2 ml per vacutainer
tube. This portion was transferred and pooled in one 50 ml conical centrifuge tube
(Falcon) for each individual. In order to eliminate most of the contaminating red blood
cells, the Falcon tube was filled up to 50 ml with Red Blood Cell Lysis (RBCL) buffer,
slowly agitated for 20 minutes on a rotating shaker and then centrifuged with 1700 g (3200
rpm) for 20 minutes. The supernatant was discarded and the cells containing pellet was
resuspended with residual volume. A repeated lysis was performed with freshly added
50 ml RBCL buffer and an agitation for 5 minutes. The Falcon tube was centrifuged with
3200 rpm for 10 minutes, the supernatant discarded and the now sufficiently cleaned
white blood cell pellet vigorously mixed for 20 seconds. In order to disintegrate cell and
nuclear membranes, 10 ml of Nuclei Lysis (NL) buffer supplemented with Proteinase K
(1mg ml") were added, well agitated and left at 50°C for 2 hours in a water bath, being
shaken manually every 20 minutes. Subsequently, for optimal protein precipitation, the
sample was kept at 4°C on ice for 10 minutes, 3.5 ml of 7.5 M Ammonium Acetate (4°C)
added and the tube vigorously shaken. After additional 15 minutes at 4°C the sample was
centrifuged with minimal breaking force 2700 g (4000 rpm) for 10 minutes. The brownish
coloured pellet contained dehydrated cleaved protein residues while the supernatant
held dissolved uncleaved DNA stretches. In order to precipitate the DNA in the liquid
phase the supernatant was poured into a Falcon tube containing 25 ml of 95% Ethanol
and was slowly inverted. Following visible DNA strand precipitation (white thread like
conglomerate) the sample was centrifuged with 3200 rpm for 10 minutes and washed
with 10 ml 95% Ethanol. Rotating the DNA—Ethanol emulsion for 10 minutes desalted
the DNA stretches which were thereafter centrifuged with 3200 rpm for 10 minutes. The
supernatant was aspirated with a capillary pipette and the tube without cap inverted on
paper tissue. Thereby, the remaining ethanol could evaporate for 10 minutes. In order to
entirely redissolve the DNA molecules, 4 ml of Tris-EDTA (TE) buffer were added into the
tube and kept in a water bath at 50°C over night. When the solution became clear, the

optical density was measured and the corresponding DNA concentration ascertained.
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2.2 Determination of DNA concentration and quality

Reagents and consumables

1M NaOH Merck

1M HCI Merck

Tris-EDTA (TE) buffer Sigma-Aldrich
Equipment

Spectrophotometer GENEQUANT Amersham Pharm

Quarz cuvette (10 mm pathlength) Amersham Pharm

1.5 ml microcentrifuge tube Eppendorf

Before each usage, the quarz cuvette was treated with 1M NaOH (or 1 M HCI) and
thoroughly cleaned with MilliQ water. Adjustment for the spectrophotometer (blank value)
was realized by measuring the absorbance of MilliQ water and calibrating the system to
zero.

10 ul of dissolved DNA in TE buffer was mixed with 190 ul MilliQ water in a 1.5 ml
tube and filled into the such prepared quarz cuvette. The optical density (OD) (that is:
absorbance) was measured at wavelength A=260 nm and the mean concentration [ng
ulI'] was calculated from three determined OD values of the identical sample dilution.
The purity P of the tested DNA sample was ascertained by means of calculating the
quotient between wavelengths A, =260 nm and A,=280 nm (P=A./A,). DNA samples with a
ratio below 1.5 or over 1.9 were excluded from performed experiments or re-precipitated
with 7.5 M ammonium acetate and washed in 95% ethanol until the required quality
was reached. Samples were aliquoted and stored at -80°C in 1.5 ml tubes at original

concentrations (100 to 300 ng pl-") and at working concentration of 20 ng ul.

2.3 DNA pool contruction based on fluorescence
quantitation

DNA samples from a total number of 200 unrelated affected individuals recruited at two
Spanish Neurology centers (Neuroimmunology unit, Vall d’Hebron Hospital, Barcelona
and Neurology department, Hospital Clinic, Madrid) were employed in the study applying

DNA pooling methodology. Accordingly, the control population comprised of 200 unrelated
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individuals which were recruited at both centers in equal proportions to the number of MS
patients enrolled in the study, hence served the geographic areas (Tab. 2.1). The study
was approved by the Ethics Committees of both University Hospitals and all the subjects

involved in the study gave written informed consent.

Table 2.1 | Number of DNA samples collected at two Spanish Multiple Sclerosis centers constituting MS and adjusted

control DNA pools. RR: relapsing remitting; SP: secondary progressive; HC: healthy control.

Population clinical Center
P form Barcelona Madrid
MS RR 128 41
SP 31 0
HC 163 37
322 78

Absorbance readings of a spectrophotometer that is based on monochromatic light
dispersion are not satisfactory for an accurate DNA pooling procedure, due to the overlap
of the specific absorbance spectra of DNA and RNA (A=260 nm) or Protein (A=280 nm).
A more precise quantification methodology was used here. By means of the fluorescent
dye Bisbenzimide, which binds to the minor groove of the DNA strand, a more accurate
determination of DNA in an aqueous sample was feasible. The TKO 100 fluorescence
assay is based on a relative measurement of emitted light and therefore a calibration
reference value needed to be established with a DNA standard solution before DNA

concentration could be quantified.

Reagents and consumables

NaCl Fluka
TrisHCI Merck
Tris Merck
EDTA Merck
Bisbenzimide, fluorescent dye Hoechst 33258 Sigma-Aldrich
Calf thymus DNA standard Sigma-Aldrich

Hoechst stock solution:
1mg H33258 per 1 ml MilliQ water or TE buffer

The Hoechst stock solution was stored at 2 to 8°C and protected from light.
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10X TNE solution:
1 M NaCl
100 mM TrisHCI
10 mM EDTA (pH 7.4)

Working dye solution: 0.1 ug ml-* H33258 solution in 1X TNE

Hoechst stock solution 10.0 pl
10X TNE 10.0 ml
MilliQ water 90.0 ml

The working dye solution was prepared daily and kept at room temperature.

Calf thymus DNA reference standard (100 ug ml):

1 mg ml" calf thymus DNA stock solution 100 pl
10X TNE 100 pl
MilliQ water 800 ul

The calf thymus DNA reference standard solution was stored at 2 to 8°C.

Equipment
TKO 100 Mini-Fluorometer Hoefer Sci. Instr.
TKO 105 glass fluorometry cuvette Hoefer Sci. Instr.
Micropipettes (10, 100, 200, 500 pl) Eppendorff
1.5 ml microcentrifuge tube Eppendorff
50 ml centrifuge tube Falcon
REAX Top Vortex Mixer Heidolph
REAX 2 Overhead Mixer Heidolph
96 Deepwell™ Plate 1.0 ml Nunc
Cap for 96 Well Plate (sealing lids) Nunc

2.3.1 Calibration of TKO 100 Mini-Fluorometer by means of calf thymus DNA

Two milliliter of the working dye solution were filled into the glass fluorometry cuvette,
measured for adjustment of the fluorometer and accordingly served as a blank value for

the succeeding measuring session.
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In order to obtain the reference value 100 ng DNA ml', by means of a 10-ul micropipette,
2 pl of DNA reference standard solution were added to the 2 ml working dye solution
in the cuvette. Readings not deviating more than 2 units were accepted and adjusted
to the value “100”. The cuvette was washed repeatedly with working dye solution, thus
the system was prepared for quantification of DNA samples with concentrations ranging

between 10 and 500 ng ml.

2.3.2 DNA sample preparation, quantification and appropriate dilution

DNA aliquots in 1.5 ml tubes were thawed at room temperature for at least 45 minutes
and agitated by means of a Vortex mixer at medium speed for 15 seconds prior to
quantification procedure. After the glass cuvette, containing 2 ml working dye solution,
was placed in the fluorometer reading chamber, 2 ul of DNA suspension were added.
In order to obtain an accurate estimate of the sample concentration, this procedure was
repeated three times (triplicate) and the mean value calculated thereby.

After ascertaining the concentration of a DNA suspension, an aliquot of the sample was
diluted with TE buffer in a 1.5 ml tube and adjusted to a final 60 ng ml" concentration
in a 200-pl volume. This dilution was well suspended, its DNA fraction measured and
accordingly adjusted in a secondary dilution step, establishing the final concentration of
50 ng mlI'. All samples were read in duplicates; a variation of 2.5 ng ml"' (5%) from the
final 50 ng ml* was tolerated. Every result displaying a higher deviation was excluded or

remade from its respective stock suspension.

2.3.3 DNA pool construction

One hundred pl of the 50 ng ml" concentrated DNA samples were transferred into a
50 ml centrifuge tube; DNA aliquots from MS patients were combined together in a
tube denominated “Pool A” and control samples in a further tube labelled “Pool B”,
respectively. The 20-ml DNA suspensions were extensively mixed and shaken at 4°C
in an overhead mixer for 24 hours. Prior to manually distributing the DNA suspension
into a 96 Deepwell plate (400 ul per well) (Tab. 2.2), pools were thoroughly mixed again.

Finally, the Deepwell plate was sealed with a lid and stored until use at -80°C.
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Table 2.2 | Distribution of DNA pools A (MS patients) and B (healthy controls) across a 96 deepwell plate; 400 pl solution
per well; 200 individuals (50ng / pl) per pool.

2.4 DNA pool genotyping by means of microsatellite

markers
Reagents and consumables

96 Deepwell™ Plate 1.0 ml

Cap for 96 Well Plate

384 Well Amplification Plate

Optical adhesive covers

20 pl virgin polypropylene tips in 96 rack
20 pl P20 Biomek pipette tips
Microsatellite marker (STS)

True Allele™ PCR Premix

Hi-Di™ Formamide

GS400HD ROX labelled size standard

Performance Optimised Polymer 6

Equipment

Centrifuge 5810 R

Multimek™ 96/384-Channel Automated Pipettor
Cyberlab C-400

PTV-225 DNA Engine Tetrad™ Cycler

ABI PRISM 3700 High Troughput Sequence
Detection System

3700 Genetic Analyser

Nunc

Multisorinson Biosci.
Nunc

Applied Biosystems
Beckman Coulter
Beckman

GAMES collaborative
Applied Biosystems
Applied Biosystems
Applied Biosystems
Applied Biosystems

Eppendorf
Beckman Coulter
Gilson

MJ Research
Applied Biosystems

Applied Biosystems
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2.41 Storage and preparation of reagents for PCR assay

Specific primer pairs for 5500 microsatellite markers from the GAMES collaborative'?!
and 43 from deCODE in-house stock,'** respectively, were stored in sealed 96 Deepwell
plates at -20°C. Preceding each PCR assay preparation, deepwell plates containing
DNA-pools or microsatellite primers were thawed at room temperature and quick-spinned
in a centrifuge. In order to first dispense primer solutions into a 384 well plate, 2 deepwell
plates were successively positioned on a tray of the Multimek Pipettor system. Three
Ml of each primer pair solution were aspirated and 1.5 ul distributed successively into
two adjacent wells of the 384 well plates. Thereby, 2 x 95 microsatellites in duplicates
occupied 380 wells, leaving 4 to be filled with MilliQ water (Tab. 2.3). In columns 1 and
2 of a 96 Deepwell plate, pooled DNA suspensions of MS patients (Pool A) and healthy
controls (Pool B) were independently admixed to freshly prepared solutions of PCR
Premix and MilliQ water (Master Mix).

Both the primer-coated 384 well plate and the 96 well plate containing two Master Mix
solutions were positioned in the Cyberlab C-400 system. Mechanically via disposable
tips 13.5 pl of each DNA pool-specific Master Mix solutions were transferred to each well
of the primer-coated 384 well plate. Such prepared plates were sealed with adhesive

covers and placed in the PCR cycler heating blocks.

Table 2.3 | Distribution of DNA pool plus Master Mix (MM) solutions (13.5 yl MM+A/B per well) and microsatellite primer
solutions (1.5 yl Pr per well) in a 384 well reaction plate; A: MS patients DNA pool (indicated by orange color); B: healthy

controls DNA pool (indicated by green color).

MM+A | MM+B
MM+A | MM+B
MM+A | MM+B
MM+A | MM+B

T~

1 2 3 4 5
A PrO001+A | Pr0001+B | Pr0009+A | Pr0009+B A
B PrO096+A | Pr0096+B | Pr0104+A | Pr0104+B A
Cc Pr0002+A | Pr0002+B | Pr0010+A | Pr0010+B A
D Pr0097+A | Pr0097+B | Pr0105+A | Pr0105+B A
E A B A B A

Pr 0001 | Pr 0009 Pr 0096 | Pr 0104

Pr 0002 | Pr 0010 Pr 0097 | Pr0105

Pr 0003 | Pr 0011 Pr 0098 | Pr0106

Pr 0004 | Pr0012 Pr 0099 | Pr0107
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2.4.2 Polymerase amplification and thermal cycling

PCR was performed in 15-pl final volumen reactions using 5 uyl of PCR Premix, 5
pmol of labelled forward primer, 5 pmol of unlabelled reverse primer, 25 ng of template
(pooled) DNA and 6.5 pl of MilliQ water. Thermal cycling was performed on an Tetrad
Cycler according to the following protocol: 12 min at 95°C (activation of Taq Gold DNA
polymerase); 10 cycles of 94°C for 15 s, 55°C for 15 s and 72°C for 30 s; 20 cycles of 89°C
for 15 s, 55°C for 15 s and 72°C for 30 s; and a final step of 72°C for 20 min (Fig. 2.1).

PCR Master Mix (Premix-DNA-MilliQ water solution) for final 15-ul reaction:

MilliQ water 6.48 pl
dNTP (2.0 mmol) 1.9 ul
MgCl, 1.5 ul _
10X buffer 15 ul True Allele™ PCR Premix
Ampli Taq Gold 0.12 ul
Pooled DNA (12.5 ng/ul) 2.0 ul
13.5 pl
STS Primer Forward 0.75 ul
STS Primer Reverse 0.75 pl

1.5 pl

Final reaction volumen 15.0 ul
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Stage 1 Stage 2 Stage 3
Cycles: 10 Cycles: 20
95°C 94°C
89°C
12 min 15s
15s
72°C 72°C 72°C
30s 30s 20 min
55°C 55°C
15s 15s

Figure 2.1 | PCR thermal cycling profile of DNA pool and microsatellite marker experiment.

2.4.3 Gel electrophoresis of PCR products

The products from each PCR were electrophoresed twice on a 3700 Genetic Analyser.
These two runs generated four sample files (electropherograms) for each marker
(2 replicates from the cases pool and 2 replicates from the controls pool). Prior to
electrophoresis, 1 ul of PCR product was denatured for 5 minutes at 95°C in combination
with 9.55 pl of Hi-Di Formamide and 0.45 ul of GS400HD ROX labelled size standard.
Denatured samples were electrokinetically injected with 10 kV applied for 10 s, while
capillary electrophoresis used Performance Optimized Polymer 6 (POP6), a cuvette

temperature of 35°C, run temperature of 50°C and a run voltage of 6 kV for 75 minutes.
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2.5 Analysis of microsatellite marker genotyped DNA

pools

Equipment
Software GENESCAN vers. 3.5 Applied Biosystems
Software GENOTYPER vers. 3.6 Applied Biosystems

2.5.1 Processing of data

Each microsatellite marker was amplified once by PCR and electrophoresed twice
on different gels thus creating two electropherograms for each sample, indicated as

follows:

“A1” = dilution replicate DNA pool MS patients
“A2” = dilution replicate DNA pool MS patients
“B1” = dilution replicate DNA pool Healthy Control
“B2” = dilution replicate DNA pool Healthy Control

Typing a microsatellite marker in pooled DNA generates an Allele Image Profile (AIP)'%®
as depicted in Figure 2.2 consisting of a series of peaks. The peak height pattern of an
AIP reflects the underlying allele frequency distribution distorted to an undefined degree
by the effects of stutter bands, length-dependent amplification and other artefacts such
as Poly-A contamination.

The AIPs from each replicate were visually inspected for PCR artefacts and
subsequently analysed using GENESCAN to size-call the alleles and GENOTYPER to
define corresponding peak heights. In order to coordinate the results and reduce artefact
alleles (monoalleles, “stutter bands”) each profile was compared with a peak determining
AIP template, provided by the GAMES initiators. Markers that displayed significant
results after statistical AIP examinations were selected for rerun, performing as before

described, one PCR reaction and two electrophoresis runs for each marker.
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T T T T T T
110 12 114 16 1% 120 122 124 126 128 120 132
1500
Cases
A_1 1000
500
[111 .55]
[4]
% 314 201 3l 11.5 12.6 9.3 743 4.7
A 2 Q00
- G600
300
[111.60] [112.66
1031]  [660] [1] [111]
Controls
B 1 £00
- 400
200
728 [1+]
% 1.4 174 3.8 18.6 18.4 131 10.5 6.8
B 2 500
- 400
200
[111 48]
Allele 0 2 4 6 8 10 12 14 16 18 20

Figure 2.2 | Allele Image Profile (AIP) of dinucleotide microsatellite marker SA-99 (located in MHC Ill) genotyped with 2
DNA pools constructed from 200 DNA samples of MS patients (Pool A) and 200 healthy controls (Pool B), respectively.
A1 and A2 are distinct dilutions of the PCR product from genotyped DNA pool of MS patients; similar for B1 and B2 and
healthy controls. Two numbers assigned to each allele indicate product size in length (upper value) and height (lower

value). The percentual distributions of mean peak heights for respective pools are highlighted in gray.

2.5.2 Analysis of STR-genotyped DNA pools applying the Single Peak Approach

In order to conduct a conventional x?-test on each allele of a marker comparing the case
and control pools (Single Peak Approach, SPA), transformations from independent AIP

peak height values to more useful statistics were performed as follows:

Peak height values from GENOTYPER output files (Fig. 2.2) were introduced into a
Microsoft Excel spreadsheet that was prepared with an algorithm as shown in the right
part of Table 2.4. The increasing numeration beginning at cell B2 represents the peak
order from the initial (shortest) allele of the AIP to the final (longest) allele, definitions
of which were based on the provided AIP templates for each marker. Peak values of
the AIP corresponding to each replicate (“A1”, “A2”, “B1”, and “B2”) were introduced in
according cells (compare between Fig. 2.2 and Tab. 2.4). If a GENOTYPER file did not
generate an useful image to analyse, for example in the case of an empty or only partly
readable result for “B2”, peak values of “B1” were copied into the corresponding Excel

row for “B2”.
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Table 2.4 | Algorithm of Allele Image Profile (AIP) analysis from microsatellite marker SA-99. Numbers in column
B3 to B6 are measured peak height values of “Allele 0” as seen in Figure 2.2 and numbers from B8 to B38 relate to
column N formulae; the same holds true for peak heights introduced from cells C3 to L6. Rows 3+4: peak heights of
first (A1) and second (A2) dilution replicate DNA pool MS patients; rows 5+6: peak heights of first (B1) and second
(B2) dilution replicate DNA pool healthy control; rows 2 and 7: peak and allele numerations, respectively; row 8:
calculated length dependent amplification correction factors; rows 11 to 14: corrected peak values; rows 17 to 20:
relative peak heights due to 400 alleles per DNA pool; rows 21+22: coefficient of variation (CV) values for each peak
pair per pool; rows 23+24: arithmetic means for estimated relative peak heights of each pool; row 26: average of mean
values (rows 23+24); rows 28 to 31: see text for details; rows 33+34: chi square value and respective p-value based
on one degree of freedom (df=1) of peak comparison Pool A vs. Pool B; B36: microsatellite specific length dependent
amplification (LDA) correction factor; B38: microsatellite specific weighting factor; D38: number of alleles per pool.

= A B o D E F G H T il K LW N

1 [sA-99

2 |Peak order 1 2 3 4 5 6 7 8 9 10 11 1

3 (a1 1547 346 0 0 0 125 485 193 353 279 178 1547

4 |A2 1031 650 0 0 0 31 310 344 243 184 11 1031

5 |B1 483 728 0 0 0 145 684 B50 458 351 220 483

6 |B2 482 708 0 0 0 135 636 624 426 328 209 482

7 |Alele 0 2 4 6 8 10 12 14 16 18 20 0

8 [ 0371 J 0943 [ 0915 [ 0,889 [ 0863 [ 0838 [ 0814 [ 0790 [ 0767 | 0745 [ 0723 | | POWER(1-§536;52) |
9

10 |CORRECTED PEAKS

11 |A1 1593 [ 1003 0 0 0 149 596 624 460 374 246 B3/B8

12 |A2 1062 689 0 0 0 109 381 435 325 247 153 B4/B8

13 |B1 497 772 0 0 0 173 840 823 597 475 304 B5/B8

14 |B2 496 751 0 0 0 161 761 790 555 440 289 B6/B8

15

16 |RELATIVE PEAK HEIGHTS:

17 |A1 1263 | 795 0 0 0 118 | 472 | 495 | 365 | 297 | 135 (B11/SUM($B11:5L11))*3D38
18 |A2 1243 | 81,1 0 0 0 128 | 448 | 512 | 382 | 290 | 180 (B12/SUM(5B12:5L12))*3D38
19 |B1 444 | 683 0 0 0 154 | 750 | 734 | 533 | 424 [ 774 (B13/SUM(5B13:5L13))*3D38
20 |B2 466 | 704 0 0 0 15,1 733 | 741 521 M3 | 71 (B14/SUM(5B14:5L14))*3D38
21 [CV A1/A2 0,01 001 005 004 002 003 002 005 SD / MEAMN Al/A2

22 |cV B1/B2 003 002 002 002 00 002 002 000 SD / MEAN B1/B2

23 |Arith mean A 1256 | 803 | [ [ [ 123 [ 460 [ 503 [ 373 [ 294 [ 188 MEAN (B17:B18)

24 |Arith mean B 455 | 697 | [ [ [ 153 [ 742 [ 730 | 527 [ 13 [ 274 WVEAN (B19:620)

25

26 |(arA+arB)/2 [ 885 [ 750 | [ [ [ 138 [ 600 [ 620 [ 450 | 386 | 229 | | (B23+B24)2 |
27

28 2744 [ 3197 3877 | 3540 | 3497 [ 3627 | 3706 | 3812 400-B23

29 3145 | 3250 3862 | 3399 | 3380 | 3550 [ 3644 | 3771 400-B26

30 [chit 1876 | 038 016 | 329 | 221 1,31 109 | 076 (ABS(B23-B26)*2)/B26

31 [chi2 510 | 003 0,01 058 [ 041 017 | 011 0,05 (ABS(B26-B29)*2)/B29

32

33 [chi [4771 | 033 ] [ [ [ 033 [ 775 [ 523 | 235 [ 240 [ 161 | | B30*2+B312

34 |pvalue [49E12 | 0336 | [ [ | 0564 [ 0,005 [ 0022 [ 0086 [ 0,121 [ 0204 | | CHIVERT(B33;1) |
35 |Allele 0 2 4 6 8 10 12 14 16 18 20 0

36 |LDA: \ 0,029 |
37

38 |Weaight: [ 1] [ 400 ] I 1 |
20

At first, peak heights had to be corrected for a length dependent amplification (LDA). This
was carried out by combining a mean LDA factor (0.029), provided by Yeo et al.,'s® with the
index number of the allele being analyzed. The employed value can be modified based
on further marker-specific evidence, such as the feature of a di-, tri- or tetranucleotide
repeat. The correction factor formula reads (1 — LDA) and incorporates for each allele
the positional value of its corresponding peak (i) displayed in row 2. The application of
this result refinement can be seen in row 8 of the excel file (Tab. 2.4),e.g .

(1-0.029)'=0.971; (1-0.029)2 = 0.943; (1 - 0.029)% = 0.915; and so forth.

The corrected peaks were estimated by means of dividing the original peak value by its

corresponding LDA correction factor (cells B11:L14).
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Example allele 0: 1547 / 0.971 = 1593 .

The relative peak heights were calculated and normalized according to the total number
of chromosomes in the pools (400 in each) in the following way: A single corrected peak
value was divided by the sum of all peak heights in the AIP and multiplied by the total
amount of alleles for this marker, equivalent to two alleles per individual in a pool of 200

individuals.

(Corrected peak value / 3 Corrected peak values of corresponding AIP) = > Marker-

specific allele in pool.
Example allele 0: (1593.2 / 5046.1) » 400 = 126.3 .

In order to deterrnine the accuracy of two readings of identical PCR product, the coefficient
of variation (CV= standard deviation divided by arithmetic mean) was calculated for each
peak pair. In case of an exceeding value over 10%, the marker was excluded from further

analysis.

Example allele 0: CV*A1/2"=1.00/125.6 =0.01 (1%);
CVvB1/2"=154/455=0.03 (3%).

Next, the arithmetic mean for estimated relative peak heights of each pool was computed
(B23 and B24 respectively) and the average of these mean values was estimated (B26).
Introducing the basic concept of the y?-test of observed (O) and expected (E) values,
the mean of the MS patients pool at peak 1 (“A”; B23) was substracted from the sum of

marker-specific alleles present in the pool,
B28: 400 — 125.6 = 274.4 |

and the average of both pool means (“arithmetic A’+”arithmetic B” divided by 2; B26)

from the sum of marker-specific alleles respectively,
B29: 400 — 85.5=314.5.

Then, the difference of average means A and B substracted from mean A was squared

and divided by average means A and B
B30: (125.6 — 85.5)2/85.5=18.8 ,

and the second computation contained the squared difference of terms B28 and B29
divided by B29.

B31:(274.4 — 314.5)/314.5=5.1.
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These ultimate fractions B30 and B31 were both multiplied by two, summed (B33) as
the final % value and transferred with one degree of freedom into the corresponding
probability term “p” (B34). Finally, the microsatellite tested in both pools was compared
allele by allele and the allele with the lowest p-value was used as a representative for
the corresponding marker, with the exclusion of peaks below 5% in allele frequency.
The MS related' marker SA-99 was tested first and functioned as a positive control for
applied technique. For a small subset of markers the final p-value was further weighted
(B38) according to evidence determined at the Cambridge lab supervised by S. Sawcer,
but the final adaptions were negligibable. For detailed description, the Yeo et al.'*®
publication shall serve.

The presented method of calculating a statistic did not operate with actual numbers
of occurence, as the focus was not to conduct a formal test of association indicating
the statistical significance of observed differences. Hence, the estimated statistic was
denominated “empirical p-value”. Furthermore, the pooling method introduces non-
sampling errors into the data, which were corrected by adapting factors for length
dependent amplification and weighting factors,'® but not completely removed. On the
basis of the generated empirical p-values, all results were ranked due to evidence of
association. Results of markers with an empirical p-value below 0.05 that satisfied in
their PCR achievement and AIP appearance were selected for a rerun under described
conditions (Section 2.4). The resulting degree of replication served as a further criteria
for confirmation of acquired results in the first screen. Moreover, when evaluating
results the proportional distribution of significant alleles (“A”>"B” or “A”<“B”) was pivotal.
For example, if after the second genotyping of marker “SA-99” the AlPs would have
displayed inverse frequency of allele 12 in Pool “A” compared to Pool “B”, the results of
this marker would have been classified unstable and excluded from further analysis. At
this stage of the study — being non-hypothesis driven and explorative — it was renounced

to adjust for multiple testing.
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2.6 A sliding-window method for the detection of clusters
of markers displaying evidence for association with MS

Equipment
Sliding windows software Univ. Pompeu i Fabra, Barcelona, Spain
SAB genome assembly deCODE genetics, Reykjavik, Iceland

Genome Browser (version hg17) UC Santa Cruz, USA

The scan GAMES analyzed a large set of genetic markers across the genome in order
to detect regions associated to the complex trait MS. After completion of the screen
the determined statistics (empirical p-value) were ranked according to their evidence of
association (p<0.05).

A supplementary tool to ranking results based on p-values was devised.’" The method
takes into account genomic information such as the recombinatorial landscape and the
density of markers. For example, in dense studies one would expect that true associations
should appear in clusters with higher frequency than markers with spurious positive
associations. Therefore, a simple tool was applied implementing a heuristic method that
helps to detect potentially interesting candidate regions by exploiting the distribution of
associated markers. Genetic map distances were used instead of the physical distance,
since this generated windows of comparable recombination size, and thus took better

into account the structure of haplotype blocks in the human genome. %1%

2.6.1 Processing of data

Tested markers were considered informative when unique genomic positions could be
assigned. The program was applied on results from 4851 informative markers of the
Spanish GAMES study. The analysis proceeded chromosome by chromosome. Starting
at every marker (Appendix B), alternatively a 0.5, 1.0, 1.5, 2.0, 2.5, and a 3.0 centi
Morgan (cM) window was defined. For every window, the total number of markers on a
chromosome and the respective sum of markers showing significant (p<0.05) association
with MS were computed. Then, the proportion of significant markers in the chromosome
under study was used to predict the number of significant markers expected in each
window under the hypothesis of an independent distribution of significant markers. A
window was considered to contain a cluster of associated markers when the probability
of getting a number of significantly associated markers equal or superior to the observed

number was smaller than 0.05.
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The probability was estimated by means of the binomial distribution:

Pis)=S" s/ V1-s  |"

o\ me Mme
where,
m. indicates the total number of markers in a chromosome,
S indicates the number of significant markers in the chromosome,
m,,  indicates the total number of markers in a window,
S, indicates the number of significant markers in a window.

The formula was devised from the binomial law

p(k) = n! / kI(n-k)! = zt* (1 - ;t)™.

Here, the “set of elements n” was replaced by “the total number of markers in a window”
(m,,) and the “number of elements k from n” correspond to “the number of significant
markers in the window” (s, ). The parameter “proportion =" was substituted with the ratio
of the variables “significant markers in the chromosome” and “total number of markers in

the chromosome”, hence s/mc.

2.6.2 Analysis of STR-Genotyped DNA pool data by sliding windows

As a demonstration of the applied method, computations for a significant window on
chromosome 1 are elucidated in detail (compare Appendice B and C). From a total of
534 tested markers in samples of pooled DNA at chromosome 1, 39 markers showed
significant association with MS. The first detected 0.5 cM window that contained an
elevated number of markers with significant association served as an example of how the
formula was implemented. Starting with marker D1S2770 at the genetic position 86.810
cM extending 0.5 cM to 87.310 cM, the window comprised five markers. Two of these
(D1S1643, D1S2737) displayed significant differences between MS cases and healthy
controls (Appendix B). With respect to the binomial density function, the computed
probability of having two or more markers showing association within a window of five

markers was the sum of selfsame. So that
P =p(2) + p(3) + p4) + p(5).
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Coresponding values applied into formula generated:

2 3

_(s! 39 239/ J_ 1. . _
P(2)= AH! %34 1 %34 =10-0.0054 - 0.7958 = 0.04277
3 2
_(5! 39 239 ) _1o. . _
P(3)= A!Q! %34 1 %34 =10-0.0004 - 0.8588 = 0.00338

_(s 39 39/ V—<.ng0. 105, a0
P(4)_(A!'IJ(%34)(_%34)_5 2.89 - 10%-0.9267 = 1.3-10*
5 0
_(5! 39 39/ ) — a9 1061 = 2 19 106
P(s)_(%!_OJ(%M)(I—%M)_1 2.12-10% 1 = 2.12-10

resulting in a final “window p”:
p = 0.04222 + 0.00335 + 1.32*10“ + 2.08*10° = 0.0457 (Appendix C) .

Thereafter, beginning with the subsequent marker (D1S2873) as the initial starting point
for the contiguous window encompassing the range 86.841 to 87.341 cM, this region
contained four markers (D1S2873, D1S1643, D1S203, D1S2737) including two of them
displaying significant association with MS (presented in bold).

Therefore, the equation must read
P=p(2)+p(3) + (p4)

and corresponding values generated:

2 2
_ (4 39 39/ ) _. _ _
P(z)_(A!_ZJ(%M) (1—%34) =6 0.0054 - 0.8588 = 0.02769
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3 1
_(4 39 39/ \_4. , _
P(3)_(A!_“(%34 (1 %34)—4 0.0004 - 0.9267 = 0.00146
4 0
_(4 39 239/ ) 1.980.10%-1 = 2.89- [0
P(4)_( o (%34 (1 %34)_1 2891051 = 2.89- 10

resulting in a final “window p”:
p =0.02750 + 0.00144 + 2.85*10° = 0.0290 .

Then, the following contiguous window would cover the range 87.173 to 87.673 cM and
comprise again four markers (D1S1643; D1S203; D1S2737; D1S2822) including two
that are significantly associated. Naturally, the subsequently calculated window p-value
was identical to the degree of significance estimated in the previous window.

In summary, three contiguous windows were detected harboring an excess of associated
markers (p-values 0.0463, 0.0292, and 0.0292) and covering a total distance (region) of
0.778 cM or 1.574121 Mb. This region was classified as a region of interest.

By means of this procedure, all chromosomes were screened using various window
lengths and region-specific probabilities were determined for each window. An illustration
of window distributions for all 23 tested chromsomes are plotted in Appendix C. Here,
a mere qualitative comparison between different window sizes, the relative window
locations (in cM) on the respective chromosome as well as corresponding degrees
of significance can be observed and taken into consideration when studying the

summarized result tables on the lower end.
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2.7 SNP-Genotyping principle: the 5' Nuclease assay

In order to detect genetic variation in a bi-allelic system such as single nucleotide
polymorphisms (SNPs) in the human genome, fluorogenic TagMan® probes and the 5’

Nuclease assay for allelic discrimination were employed.

2.7.1 Concepts of 5’ Nuclease and Allelic Discrimination Assay

In the 5" nuclease PCR assay, a hybridization probe included in the PCR is cleaved by
the 5’ nuclease activity of Taq DNA polymerase only if the probe target is being amplified.
The probe consists of an oligonucleotide labeled with both a fluorescent reporter dye at
the 5’ end of the probe and a fluorescence quencher at the 3’ end. In the intact probe,
proximity of the quencher causes Forster resonance energy transfer (FRET, also called
fluorescence resonance energy transfer)'” and thus reduces the fluorescence from the
reporter dye. Cleavage of the fluoregenic probe during the PCR assay liberates the

reporter dye, causing an increase in fluorescence intensity (Fig. 2.3).

Polymerization R = Reporter
Q = Quencher
Forward ) o

5 Primer @ Probe @3. Figure 2.3 | PCR amplification
3] = 5 and detection with fluorogenic
5' - g probes in the 5-nuclease

Reverse .

Primer assay. The main steps

Strand displacement _ _
in the reaction sequence

@ are polymerisation, strand

g: > v 5 displacement and cleavage.

5' — 3: Two dyes, a fluorescent

‘ ° reporter (R) and a quencher

Cleavage (Q), are attached to the
4 A @ fluorogenic  probe.  When

g: > 3 5 both dyes are attached to the

5 3 probe, reporter dye emission

= 5> is quenched. During each

Polymerization JQ) extension cycle, the DNA
completed s 3' polymerase  cleaves the
5 = 4 > reporter dye from the probe.

2: g: Once separated from the
< 5' quencher, the reporter dye

fluorescences.
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Figure 2.4 diagrams how fluoregenic probes and the 5’ nuclease assay are used for
allelic discrimination. For a bi-allelic system, probes specific for each allele are included
in the PCR assay. The probes can be distinguished because they are labeled with
different fluorescent reporter dyes (FAM™ dye and VIC™ dye). A fully hybridized probe
remains bound during strand displacement, resulting in efficient probe cleavage by Taq
DNA polymerase and release of the reporter dye. A mismatch between probe and target
greatly reduces the efficiency of probe hybridization leading to dissociation of the intact
probe including reporter and quencher. Thus, substantial increase in FAM or VIC dye
fluorescence indicates homozygosity for the FAM- or VIC-specific allele whereas an
increase in both signals indicates heterozygosity. The accumulation of PCR products
is detected directly by monitoring the increase in fluorescence of the reporter dye in an

amplification plot (see section results).

Allele
Legend
VIC
||||:III|I||| |I|I|I‘|I|I|I @
Match Mismatch @ EAM
@ Quencher
AIIeIe
- AmpliTaq
Gold DNA
I|I |I|I|III|I|I|I Polymerase
Match Mismatch
A substantial increase in... Indicates...
VIC™ fluorescence only homozygosity for Allele 1
FAM™ fluorescence only homozygosity for Allele 2
Both fluorescences heterozygosity

Figure 2.4 | Design strategy for allelic discrimination assay with fluoregenic probes in the 5’ nuclease assay. The presence
of a mismatch between probe and target destabilizes probe binding during strand displacement, reducing the efficiency of

probe cleavage. The possible results of the examplie allelic discrimination assay are summarized above.
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Reagents and consumables

50ml TagMan® Universal PCR MasterMix, no Ung Applied Biosystems

Assay-on-demand, SNP products/probes Applied Biosystems

96 well cell culture plate Nunc

Cap for 96 Well Plate Multisorinson Biosci.

96 Deepwell™ Plate 1.0 ml Nunc

384 well clear optical reaction plate Applied Biosystems

Optical adhesive covers Applied Biosystems

20 pl virgin-polypropylene tips in 96 rack Beckman Coulter

20 pl P20 Biomek pipette tips Beckman

1.5 ml microcentrifuge tubes Eppendorf
Equipment

Centrifuge 5810 R Eppendorf

ABI PRISM® 7900 High Troughput Sequence Applied Biosystems

Detection System

Software SDS 2.1 Applied Biosystems

Gene Amp PCR System 9700 Applied Biosystems

Biomek FX Beckman Coulter

Biomek 2000 (Laboratory Automation Workstation) Beckman

2.7.2 Preparation of DNA dilutions for PCR assays: 96- and 384-well plates
Construction of master DNA 96 well plates

192 MSRR, 96 MSPP and 286 HC single genomic DNA samples of 20 ng ul"
concentration in 70-ul volumen were manually distributed into six 96 well plates, sealed
with lids in order to avoid evaporation, and stored at -20°C (Tab. 2.5).
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Table 2.5 | DNA sample distribution of healthy control (HC1-3), relapsing remitting (RR1;2) and primary progressive (PP)

MS individuals in 96 well plates. White wells indicate MS samples whereas blue indicate healthy controls, respectively.

RR1| 1 3 5 6 7 8 9 [10 |11 ] 12 R2| 1 2 3 5 6 7 8 9 [10 [ 11|12
A |459 529 610 | 638 | 646 | 715 | 755 | 779 | 851 | 914 A [1182]1316]1409 1528|1684|1704|1728|1829| 770 | 878 | 976
B | 468 541 615 | 639 | 647 | 720 | 757 | 781 | 863 | 940 B [1188]1319]1412 652 |1690|1705(|1729|1860| 788 | 897 | 444
C |47 544 631 | 640 | 650 | 723 | 763 | 785 | 868 | 964 C [1208)1322|1416 1150(1691(1709(1731[1830| 791 | 915 [1527
D | 474 547 632 | 641 | 686 | 725 | 767 | 812 | 880 | 977 D [1236]1332|1419 1596(1692|1715[{1732| 691 | 806 | 922 |1551
E |477 550 633 | 642 | 688 | 726 | 768 | 814 | 884 |[1008 E [1279]1397|1434 1612|1699|1716{1733| 742 | 808 | 925 |1863
F_|480 553 634 | 643 | 695 | 732 | 769 | 830 | 890 [1017 F _[1283[1404[1436 1650{1701(1717[1736| 749 | 817 | 930 |1868
G | 489 556 635 | 644 | 701 | 735 | 771 | 839 | 903 [1028 G |1302(1407[1437 1658|1702|1722|1757| 752 | 860 | 933 [1918
H | 492 559 636 | 645 | 710 | 745 | 775 | 848 | 906 |[1047 H [1307]|1408|1445 1665|1703|1725[{1790| 756 | 864 | 950 |1951

10

C 3 10 | 11

A

B

Cc

D

E

F

G

H

PP | 1 3 5 6 7 8 9 |10 | 11|12
A | 462 1139 1431|1534 [1567|1578|1604[1633[1710|1840
B | 599 1140 1472(1550|1568|1588|1606|1649|1711|1841
C [699 1151 1473|1553[1569|1589|1608(1654(1718|1842
D | 800 1159 1482(1554|1570{1597|1609|1656|1730| 1846
E [982 1168 1490|1557 (1571|1600|1610(1657[1734|1886
F _[1005 1184 1500(1562|1573[1601]|1613]|1659|1825]|1934
G |1006 1195 1526|1563 [1576|1602|1615/1660( 1833|1974
H |[1007 1198 1530(1565|1577]1603|1631[1663| 999 [1992

Construction of master DNA 384 well plates

Prior to transfer of DNA dilution into 384 well reaction plates, sealed 96 well plates

were thawed at RT, vigorously agitated, briefly spun down in a centrifuge and placed

in corresponding positions in the Biomek FX robot. Applying the automated technology,

1 ul of each sample dilution was dispensed into a specified position of a 384 well reaction

plate. Table 2.6 illustrates the distribution of 574 DNA dilutions representing the genomes
of 192 MSRR and 191 HC individuals (plates 1 to 4 in Tab. 2.5) in plate one (P1) and of
96 MSPP and 95 HC individuals (plates 5 and 6 in Tab. 2.5) in plate two (P2). All pre-
coated plates were sealed with optical adhesive covers and stored at -20°C.
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Table 2.6 | 384 well reaction plates P1 and P2 containing together 574 different DNA samples. P2 carries 191 DNA
samples in duplicates. White wells indicate MS samples whereas blue indicate healthy controls, respectively.
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2.7.3 Preparation of reaction solution for PCR assay

The final 5-pl assay volume contained 1ul of aqueous DNA sample and 4 ul of a solution
including the SNP specific probe (stored at -20°C), TagMan® Universal PCR MasterMix
(MM, stored at 4°C) and MilliQ water. Due to variation of fluid dispersion by the utilized
technology, reaction solutions were always prepared with 10% excess. In 1.5 ml tubes
following components in pl were added as presented in Table 2.7.

Table 2.7 | Overview of preparative steps to create reaction solutions for 5° Nuclease TagMan PCR
assay. N: number of DNA samples to be tested; MM: TagMan Universal PCR MasterMix; Probe:
fluorogenic probe containing reporter and quencher dye; H,O: MilliQwater. All volumes in [ul].

N MM Probe H,0 +10% MM Probe H,0 Final Vol.
2.5 0.25 1.25 X0.10 2.75 0.28 1.38 4.41 ul

384 960 96 480 X0.10 1056 105.6 528 1689.6 pl*
192 480 48 240 X0.10 528 52.8 264 844.8 ul

* If final volume exceeded 1.5 ml, half parts of each assay constituent (MM, probe, MilliQ) were distributed in two

microcentrifuge tubes.
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Charging DNA-coated 384 well reaction plate with 384 assay solutions

Reaction solutions containing Master Mix, probe and MilliQ water in a final volumen
of 1689.6 ul were distributed in a column of a 96 Deepwell plate, 211.2 pl each, and
positioned in the Biomek 2000, which transferred 4 pl of the reaction solution to each
specified well of the DNA-coated 384 well reaction plate (Tab. 2.6, P1). The plates were
sealed, briefly spun down and positioned on the tray of the ABI PRISM® 7900.

Charging DNA-coated 384 well reaction plate with 192 assay solutions twice

Reaction solutions containing Master Mix, probe and MilliQ water in a final volume
of 844.8 ul were distributed in a column of a 96 Deepwell plate, 105.6 ul each, and
positioned in the Biomek 2000. The robot transferred 4 pl of reaction solution to the DNA-
coated 384 well reaction plate in an alternating manner, beginning with wells of column
1 and proceeding with entire columns 3, 5, 7, and so forth until column 23 (Tab. 2.6,
P2). This procedure was repeated with a further reaction solution containing a different
probe, beginning with wells of column 2 and proceeding respectively with columns 4, 6,
8, until 24. The plates were sealed, briefly spun down and positioned on the tray of the
ABI PRISM® 7900.

2.7.4 Polymerase amplification and thermal cycling and end-point analysis

PCR in 384 well reaction plates loaded with 5-ul final reaction volume were performed
on an ABI PRISM® 7900 under specified conditions: 50°C for 2 and 95°C for 10 min, 40
cycles each of 95°C for 15 sec and 60°C for 1 min. Final extension time was 10 min at
72°C (Fig. 2.5).
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Stage 1 Stage 2 Stage 3
Cycles: 40
95.0 95.0
10:00 0:15
60.0
S0 1:00
/ 2:00

Figure 2.5 | 5" nuclease assay PCR thermal cycling profile.

End-point PCR analysis of 5’ Nuclease assay

SNP variation was assessed using the allelic discrimination assay employing the
software package SDS 2.1. Genotype-calls were determined visually by inspection of
the XY scatter plot. When performing the allelic discrimination task, the auto-call feature
of the SDS software was not enabled.

If ambiguous SNP results emerged, such as a data points being visual outliers and not
ascribable to clusters of dots, the real-time data (kinetics) of the corresponding samples
were examined in the absolute quantification diagram (amplification plot) and either
received a definite call or were excluded from further analysis. In case of latter, the
DNA concentrations in the master plate were re-measured and correspondingly diluted
or concentrated to 20 ng ul"' and then re-tested in a second PCR. Finally, approved
genotype results from SDS software were exported into an Excel spreadsheet. Sample
positions on plates were aligned with DNA IDs and clinical forms relapsing remitting or

primary progressive MS and healthy controls, respectively.
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2.8 MS patients and controls

A total number of 287 unrelated affected individuals were included in the study. All
subjects were of Spanish origin and satisfied Poser criteria for clinically definite MS."%8
There were 192 patients with relapsing-remitting MS (RRMS) and 95 with primary-
progressive MS (PPMS). The control population comprised of 285 unrelated individuals
recruited at the Vall d’Hebron hospital transfusion centre, which serves the geographic
area from where the patients were enrolled. The study was approved by the Ethics
Committee of Vall d"Hebron University Hospital and all the subjects involved in the
study gave written informed consent. A summary of demographic and baseline clinical

characteristics of MS patients and healthy controls is shown in Table 2.8.

Table 2.8 | Demographic and baseline clinical characteristics of MS patients and healthy controls used in the SNP

genotyping.

HC MS RRMS PPMS
Characteristics (n = 285) (n =287) (n=192) (n =95)
Female/male (% women) 169/116 (59.3) 169/118 (58.9) 120/72 (62.5) 49/46 (51.6)
Age (years)? 40.3 (11.4) 43.0 (12.3) 37.8 (10.1) 53.5(9.5)

Duration of disease (years) @ -
(y ) 11.4 (7.1) 10.4 (6.4) 13.4 (8.0)

Age at disease onset (years) @ 316 (10.8) 27.4 (8.8) 403 (9.3)

EDSS® - 3.5 (4.0) 2.0 (2.0) 6.0 (3.0)

aData are expressed as mean (SD). ®Data are expressed as median (interquartile range).

2.9 SNP selection for two genomic regions of interest

In order to validate candidate genes mapping to significant windows (see section 3.2),
two genomic regions of interest on chromosome 3 and 10 were selected. The approach
consisted of an indirect two-stage strategy, namely a screen by means of evenly spaced
SNP markers and in the case of a subsequent detection of associative evidence with MS,
an implementation of additional SNP markers in the vicinity of significant SNPs, applied
on an increased sample size. This should enhance the marker density and hence further
limit specified sequence range linked with potential disease causing variant(s) in the

genome.
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Table 2.9 | Details of 24 TagMan® 5’ Nuclease assays, commercially available through the Assay-On-Demand service

(Applied Biosystems). SNP numeration was arbitrarily.

Location
Celera Context Sequence
Assembly

Design Gene Gene Name NCBI Gene Reference NCBI SNP Celera ID SNP Type ’\é:EC

Cytogenetic
#SNP Chr. Band Strand  Symbol Reference

ubiquitin activating enzyme

3 3 3253 11549296 .GAGATGTIC/GIGTTAGCA.. Reverse APG7L gyt S0RE 0 S N 006395 1s2447605 hCV3008178  Intron .11
5 3  3p253 11.556.076 ..CTTTGGT[G/TIGTTCTGA.. Forward APG7L Eﬂtggiﬁ:{:tﬁ;ﬁ;’me NM_006395 152616538 hCV3008180  Intron .20
7 3 3p253 11.582.235 ..GGTGAGA[C/GIAGTCAGC... Forward VGLL-4 IZ:Z?;‘ITL‘;";‘;E:{: NM_014667 rs892937 hCV3008193  Intron .38
24 3 3p253 11.585.729 ..ATTCACCIA/GITGGACTG.. Forward VGLL-4 I::Zf:ﬁﬂf’e"p?gz:’:’; NM_014667 rs730178  hCV626612  Intron .20
3 3 3p253 11587.807 ..GAATGCCIA/GICCACAGC... Forward VGLL-4 I:;:Zf;ﬁﬂf’e"p?gzlcﬂ NM_014667 17622409 hCV3008198  Inton .48
20 3 3p253 11599211 ..GAAGGCA[A/C|GATGCAT... Forward VGLL-4 Iéi:;féﬁfgpﬁifﬂ NM_014667 rs892932 hCV3008207  Intron .13
1 3 3p253 11626896 ..AAAAGCCIC/GITGACGTG... Forward VGLL-4 I;Z:Zf:l"l};(‘;”p‘f;zﬁ NM_014667 hCV3008220  Intron .38
;:1 3 3p253 11695000 ..AGTGGCT[C/TITTGCTTA... Forward hCV7990454 "L‘}ﬁLgni?/'fn/ 34
15 3 3p253 11.708.124 ..GTCTTACIA/CIGTGGCTG... Reverse 152030066 hCV2720039 "L‘}ﬁLgnic'vi/ 40
2 3 3p253 11.738.001 ..TTAAAGC[C/TICGGAAGG... Reverse hCV2720058 Iﬁ:ﬁi’m/ 35
4 10 10g221 71.690.663 ..CACCTAT[GITICTTAGCT.. Forward hCV1799188 IT;:L?ET;/ 33
16 10 10q22.1 71.703.180 ..CTTCCGA[A/GITGGCGCT... Forward ~ PRF1 E’;;z’if';r;ing protein) :%3%(2?&“215355?3047695* rs885822  hCV1799201 mﬁ't':;‘;n 38
1 10 10g22.1 71.704.641 .ATTGGAGIA/GIACTCTGC.. Forward ~ PRF1 f:;‘e’”f';r:ningpmtein) NM_005041 hCV1799202  Intron .28
.z; 10 10g221 71.786.645 ..TCCAGTGIC/TICACTCTG... Forward ADAMTS14 2 disintegrin-ike and NM_139155,NM_080722 hCV1220664  Intron .19

metalloprotease *
NM_080722,NM_139155,

AF358666,AF366351, rs4747075 hCV1229671 Intron .30
AJ345098

19 10 100221 71794022 .GATGATGIA/GICATTCGC... Forward ADAMTS14 2 disintegrin-like and
metalloprotease
a disintegrin-like and

8 10 10g22.1 71.801.641 ..TGGCAAA[C/G]GTAGGCT... Forward ADAMTS14 N
metalloprotease

NM_139155,NM_080722  rs7081273 hCV1229684 Intron 29

a disintegrin-like and NM_080722,NM_139155,

23 10 10q22.1 71.808.365 ..TAGGCGT[A/GICCTGTCT.. Forward ADAMTS14 2 AF358666 AF366351, hCV11453368  Intron .21
metalloprotease
AJ345098
10 10 10g221 71.815810 ..GCCGCTGIAIGIAGAAATT... Reverse ADAMTS14 2 disintegrin-ike and NM_139155,NM_080722 hCV1229703  Intron .26

metalloprotease *

a disintegrin-like and NM_080722,NM_139155,

21 10 100221 71821387 .ATCTATAICITITGGGTCA... Reverse ADAMTS14 2 disiniegniike 2 AF358666,AF366351, 14746060 hCV11453336  Inton .13
. P AJ345098
1210 10g221 71.853.444 ..GCTGAGGIA/GICACCAAG... Forward ADAMTS14 2 disintegrin-ike and NM_139155,NM_080722 hCV1229765  Intron 50

metalloprotease *

a disintegrin-like and NM_080722,NM_139155,

22 10 10q22.1 71.861.562 ..TCAGAGTIATTIAGAGTGG... Reverse ADAMTS14 8 AF358666,AF366351, hCV1220794  Inton .35
metalloprotease
AJ345098
13 10 10g221 71876300 ..CTCTTCTIA/GICACCCAT.. Forward C100RF27 ﬁzg:;;’e”'ead'”g mm_lggﬁg,w_osonz, 152791196 hCV1229824  Intron .35
17 10  10g22.1 71879610 ..CAGGATCIC/TIGACACAG.. Reverse C100RF27 fh”o"pe” reading NM_152710,AK057382  rs2254174 hCV@709031 Misense g
rame 27 mutation
18 10 10g221 71.880525 .. TCCCCAGA/CIAGGTCGG... Forward C100RF27 o 10 open reading NM_152710,AK057382 hCV229116  Intron .29

frame 27

* (reprolysin type) with thrombospondin type 1 motif, 14
** Location microsatellite marker in genome: D3S3714 — 11,643,609 bp; D3S3680 — 11,700,958 bp; D10S537 — 71,739,931 bp; D10S1685 — 71,823,494 bp

In total, the screen stage was performed with 15 SNPs (#1 to 15) on 383 DNA samples
(Fig. 2.6a; 2.7a) and the second stage was completed with additional 9 SNPs (#16 to 24)
and 189 samples, reaching a final 24 SNP markers tested on 383 and 16 SNPs of those
on 572 individuals, respectively (Tab. 2.9 and Fig. 2.6b and 2.7b).
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3p25.3
D3S3714 D3S3680
<«—— 57.35kb ————»
g B 9 11 14 15 2
APGT7L VGLL4
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11,566,000 11,605,000 11,643,000 11,682,000 11,720,000

Figure 2.6a | Genomic region 3p25.3 covered with 2 microsatellite and 8 SNP markers; former tested with 400 DNA
samples in 2 pools and latter individually in 383 DNA samples. (D3S3714: 11,643,609 bp; D3S3680: 11,700,958 bp)

3p25.3
D3S3714 D3S3680
> -« 5735kb — »
3 5 79 20 1 14 15 2
APG7L VGLL4
v v v v v
11,566,000 11,605,000 11,643,000 11,682,000 11,720,000

Figure 2.6b | Genomic region 3p25.3 covered with 2 microsatellite and 10 SNP markers; former tested with 400 DNA
samples in 2 pools and latter individually in 383 DNA samples; SNPs #7, 24 and 9 in 572 DNA samples, indicated with an
asterisk. (D3S3714: 11,643,609 bp; D3S3680: 11,700,958 bp)

10g22.1
D10S537 D10S1685
<« 8356kb ——M — »
4 1 6 8 10 12 13
PERFORIN ADAMTS14 C100RF27
v v v v v
71,710,000 71,750,000 71,790,000 71,830,000 71,870,000

Figure 2.7a | Genomic region 10g22.1 covered with 2 microsatellite and 7 SNP markers; former tested with 400 DNA
samples in 2 pools and latter individually in 383 DNA samples. (D10S537: 71,739,931 bp; D10S1685: 71,823,494 bp)
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D10S537 D10S1685
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PERFORIN ADAMTS 14 C100RF27

71,710,000 71,750,000 71,790,000 71,830,000 71,870,000

Figure 2.7b | Genomic region 10g22.1 covered with 2 microsatellite and 14 SNP markers; former tested with 400 DNA
samples in 2 pools and latter individually in 383 DNA samples; apart from SNP #4, all SNPs were tested in 572 DNA
samples, indicated with an asterisk. (D10S537: 71,739,931 bp; D10S1685: 71,823,494 bp)

Figures 2.6 and 2.7 depict both microsatellite marker and SNP localizations. Solid
black and blue bars indicate the microsatellite (D3S3714: 11,643,609 bp; D3S3680:
11,700,958 bp; D10S537: 71,739,931 bp; D10S1685: 71,823,494 bp) and SNP positions,
respectively, based on the NCBI built 34 and the Celera Discovery System™ SNP data.
Dotted blue bars (SNPs 16 to 24) represent SNP markers of the second stage. SNP

markers indicated with an asterisk were typed with 572 individual DNA samples.

2.10 SNP-Genotyping data handling

2.10.1 Allelic discrimination

The end-point PCR analysis of a 5’ Nuclease assay incorporates the concept of genotypic
segregation of samples within the allele plot (allelic discrimination).

A scatter plot of the assay results for SNP19 is shown in Figure 2.8. This plot represents
the results of 384 assay reactions derived from 383 indivudals and one control reaction
without nucleic acid. For SNP 19, the allele G-specific probe was labeled with the
fluorescent reporter dye FAM, and the allele A-specific probe was labeled with fluorescent
reporter dye VIC. FAM intensity is measured on the Y-axis (vertical) and VIC intensity
is measured on the X-axis (horizontal). Four distinct clusters of dots are evident. G/G
homozygotes are clustered along the Y-axis, A/A homozygotes are clustered along the
X-axis and the cluster within the center of the plot corresponds to A/G heterozygotes.

The fourth cluster near the origin either corresponds to the well for which no DNA was
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added as a control for DNA contamination or wells for which DNA samples were added
but the PCR failed.

Allelic Discrimination Plot
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Figure 2.8 | Scatter-plot of 5’ nuclease assay output for SNP 19 in intron 2 of ADAMTS14. Blue dots Allele G homozygotes
(G/G), green dots Allele A homozygotes (A/A), red dots Heterozygotes (A/G), black square No-template control, black
crosses Ambiguous output (outlier). Homozygotes for allele G showed an increased emission of the FAM dye along the Y-
axis, due to cleavage of the reporter dye (FAM) into solution. Conversely, allele Ahomozygotes showed increased VIC dye
emission along the X-axis, and heterozygotes, which underwent cleavage of both reporter dyes, are positioned between
the two homozygote clusters in the center of the plot. Visual outlier did not cluster with neither of the 4 groups and were

scrutinized by means of inspecting the kinetic characteristics of their corresponding real-time amplification curves.

2.10.2 Real-time amplification data

Examples of amplification plots of the 5’ nuclease assay for SNP19 are shown in
Figures 2.9, 2.10, and 2.11. Here, the amplification kinetics during the entire PCR
are depicted. Baseline substracted reporter dye (ARn) signal intensity is measured
on the Y-axis and PCR cycle numbers are aligned on the X-axis. Each line in the plot
represents the amplification curve of the reporter dyes FAM (blue) or VIC (green).

In described data analysis only the characteristical kinetics of the curves during the

geometrical (exponential) phases of the amplification were of concern.
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Figure 2.9 displays the amplification curves of a typical homozygous G/G SNP result
(#P14). Mainly the reporter dye FAM generates fluorescent emission whereas the probe
constructed with the dye VIC is not cleaved into solution. This is due to non-existence
of its specific allele, consequently it contributes merely with a minimal fluorescence
signal. Conversely, figure 2.10 illustrates the reverse ratio of the reporter dyes in the
homozygous A/A SNP outcome (#F3). The amplification curves exhibit increased
fluorescence for reporter dye VIC in comparison to the course of the FAM curve, which

displays a delayed rise in fluorescence and a less emitted signal on the whole.

Amplification Plot
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Figure 2.9 | Real-time amplification curves of Individual #P14 for intronic SNP19 in ADAMTS14. Blue: Reporter dye FAM,

Green: Reporter dye VIC.
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Figure 2.10 | Real-time amplification curves of Individual #F3 for intronic SNP19 in ADAMTS14. Blue: Reporter dye FAM,

Green: Reporter dye VIC.
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Finally, figure 2.11 delineates three pairs of curves corresponding to fluorescence signals
of both reporter dyes from #L23, #G16, and #G9, determinating the heterozygous A/G
status. Of these three assays, sample #L23 beared the highest initial DNA concentration
as fewer PCR cycles were required to arrive at the threshold setting (red horizontal line).
Then follows #G16 and ultimately #G9, latter was an outlier in the scatter plot (Fig. 2.8),
but exhibited apparent similar kinetic aspects consisting of two parallel amplification

curves for both reporter dyes during the real time progression of the PCR.

Amplification Plot
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Figure 2.11 | Real-time amplification curves of Individuals #L23, #G9, #G16 for intronic SNP19 in ADAMTS14. Blue:
Reporter dye FAM, Green: Reporter dye VIC

The ratios of described assays according to initial DNA content and amplification
characteristics are reproduced in the scatter plot of the end-point analysis in Figure 2.8.
Here, basically, the absolute quantification of emitting substances in each assay serves

as the basis for data point distribution. Thus, the data points for sample #L.23 (Rn_,,.,,c=

2.59;1.51) was allocated at the top of the center cluster, #G16 (Rn =2.18;1.28) was

FAM;VIC™

situated in the midsection and #G9 (Rn =1.39;1.38) lied outside below the cluster.

FAM;VIC
According to their positions in the scatter plot that described a specific sequence (Rn,,,
> Rng,, > Rng,), the amplification curves of these samples demonstrated the equivalent
ratios, though shifted due to their time courses (cycle numbers). In conclusion, the
similarity of the amplification kinetics from assay #G9 permitted the heterozygous A/G
genotype assignment and use in further analysis.

The remaining outliers in the scatter plot were inspected for indicative characteristics
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in their corresponding real-time data and to a great extent excluded. Based on the
analysis, their DNA contents were re-measured and consequently adjusted or new

assay solutions prepared and re-tested in a further PCR session.

2.11 Analytical tools for describing genomic structure and
detecting disease association

The two-stage approach of the here described study included an overall test for association
of genotypes for all 24 SNP markers tested on 383 individuals, and subsequently a more

exhaustive scrutiny of 16 SNPs that were tested on 574 individuals.

Equipment

Statistical software packages:

Arlequin v.2.0 Anthropology and Ecology, Univ. of Geneva, Geneva, Swi
Haploview Whitehead Inst. for Biomedical Research, Cambridge, Ma, USA
SPSS 11.5 SPSS Inc, Chicago, IL, USA

PHASE 2.0.2 Dept. Statistics, Univ. of Washington, Seattle, Wa, USA

2.11.1 Descriptive analyses

Standard descriptive statistics for case and control populations, including allele
and genotype frequencies in each group, were generated using a number of
commercially available and open-source statistical packages. Hardy-Weinberg
proportions and pairwise linkage disequilibrium between SNPs were tested as for the
marker loci and haplotype data. A variety of techniques to investigate SNP-disease
associations was applied. These included both single SNP associations and extended

analyses of reassembled haplotypes and individually assigned haplotype pairs.

2.11.1.1 Establishing Hardy-Weinberg equilibrium (HWE) in population samples

When studying population genetics, the x2-goodness-of-fit test for Hardy-Weinberg
equilibrium (HWE; equation p*+ 2pq + g?)"*°® was required to be verified. It estimates
the expected allele frequencies in a given population and delivers potential deviation
of investigated marker loci on tested samples. The calculation of HWE also served as

a coarse quality check on the data as experience suggests that gross deviations from
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HWE could indicate genotyping errors.'® HWE was tested for significant departure
at each SNP locus on a contingency table of observed versus predicted genotype

frequencies using Arlequin v2.0.

2.11.1.2 Linkage Disequilibrium (LD) determination by software Haploview

Linkage Disequilibrium (LD) is defined as the appropriate measure for non-random
association of alleles in a chromosomal segment, which is eroded by gene conversion
and recombinatorial activity in the genome.'®" The amount of LD depends furthermore
on the age of the mutations and the demographic history of a population.’ The
standardized coefficient of LD, D’,'%2 measures linkage between pairs of loci and was
calculated applying the Haploview software,'®" which is based on a four gamete rule of

block definitions, a variant on the algorithm described in Wang et al."®?

2.11.2 Case-control association analyses

Allelic frequency comparisons were based on contingency tables and if required,
the Fisher’'s exact test was employed (SPSS). The global case-control analysis of
genotypes was based upon the use of 2x3 contingency tables generating overall ?
and corresponding p-values. This approach served as a primary indicator of potential
differences between distributions in cases and controls and was applied in the screening
stage of the study only. The following single genotype case-control analysis was realized
by means of 2x2 contingency tables. Statistical significance was defined at the standard
5% level. In addition, summary statistics such as risk parameter odds ratio (OR) and the

interrelated quality term 95% confidence interval (95% CI) were ascertained.

2.11.2.1 Single SNP-disease association analyses

%> estimation of allele and genotype comparisons were performed and minor allele
frequencies derived. These were cross-checked for agreement with publicly stated
prevalence in Caucasians, stated by Applied Biosystems (Tab. 2.9). The single genotype
comparisons were performed as follows: a genotype count was always contrasted to the
sum of remaining two genotypes. For example, SNP#9 is an A/G variant and displayed
following distributions in tested samples:

MS: AA =68; AG = 128; GG = 91

HC: AA=61; AG = 156; GG = 68
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“AA” counts were compared with the sum of “AG” and “GG” and further genotype

combinations with the respective sums of the contrasting composites.

Gentotype counts inserted in a 2x2 contingency table:

AA AG+GG Total

MS 68 219 287

HC 61 224 285

Total 129 443 1144
p=0.512; OR=1.1; 95%CI=0.8-1.7

AG AA+GG Total

MS 128 159 287

HC 156 129 285

Total 284 288 1144
p=0.015; OR=0.7; 95%CI1=0.5-0.9

GG AA+AG Total

MS 91 196 287

HC 68 217 285

Total 159 413 1144

p=0.036; OR=1.5; 95%CI=1.0-2.1

2.11.2.2 Haplotype-disease association analyses

A haplotype is the pattern of alleles on a single chromosome and has been described in
more detail before (see Introduction 1.7). Having genotyped the study populations with
the increased sample size (n=572) at derived candidate loci, observed genotypes for

every individual entered the extended analysis.

Phase determination by PHASE

Haplotypes and assignment of haplotype-pairs to each individual were obtained by using
the PHASE program.’63'64 |t implements a Bayesian statistical method to reconstruct
haplotypes from unphased population genotype data. This approach is indispensable
and represents a reasonable alternative to laborious time- and finance-consuming DNA
sequencing efforts. First, global haplotype compositions and corresponding frequencies
were assigned to each group (as indicated in Tab. 2.10) and subsequently analyzed.
As a further approximation to the genuine situation of studied populations, the program

estimates probabilities for the occurrence of specific composite genotypes that define
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two specific haplotypes, hence the haplotype pair of an individual. Possible uncertainty
in the reconstruction stage that could lead to spurious conclusions was compensated by

excluding haplotype pairs that did not exceed the accuracy threshold set at 90%.

Table 2.10 | Example of PHASE software output. Outlined are the software generated possibilities of reassembled
haplotype pairs for an individual and the respective probability values. If latter exceeded 0.9, the corresponding haplotype

pair was included in further analysis.

INDIVIDUAL: #

18t reconstructed haplotype, 2™ reconstructed haplotype, probability
3 reconstructed haplotype, 4! reconstructed haplotype, probability
5t reconstructed haplotype, 6™ reconstructed haplotype, probability

IND: #9

GCGCT , ACGCT, 1.000
IND: #10

ACGCA ,ACGCA, 1.000
IND: #11
GGGCA,ACGCA, 0.986
GCGCA,AGGCA, 0.014
IND: #12

GCGCT , GCGCT , 1.000
IND: #13

GGGCT, GGGTT, 1.000
IND: #14

GGATA , ACGCT, 0.123
GGATT ,ACGCA , 0.848
GGGCA,ACATT, 0.016
IND: #15

GGGCA ,ACGCT, 0.033
GGGCT,ACGCA, 0.923
GCGCA,AGGCT, 0.013
GCGCT , AGGCA, 0.031
IND: #16

GGACA, GGGTT, 0.032
GGACT , GGGTA, 0.013
GGATA, GGGCT , 0.441
GGATT , GGGCA, 0.513

YYYY YYVY YYY OV OV ovvY v

included in analysis
included in analysis

included in analysis
excluded from analysis

included in analysis
included in analysis

excluded from analysis
excluded from analysis
excluded from analysis

excluded from analysis
included in analysis

excluded from analysis
excluded from analysis

excluded from analysis
excluded from analysis
excluded from analysis
excluded from analysis

%> estimation of reconstructed haplotype frequency comparisons were performed
based on designation to respective groups. Employing the program SPSS, haplotype
numbers of specific categories (MS clincial forms and healthy controls) were entered
into 2x2 contingency tables and corresponding p-values and summary statistics were
ascertained. The same was completed with counts of haplotype pairs. As shown in
Table 2.11, assembled and accuracy-controlled haplotype pairs for every individual were

designated to respective groups and counted.
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Table 2.11 | Example of reassembled haplotype pair counts. Clinical and haplotype features of tested individual #13 are

outlined and categorized.

Individual #13; RRMS; 5 loci

100% accurately assembled haplotype pair

GGGCT (Haplotype 1); GGGTT (Haplotype 3)

—> 1 count in category “RRMS, haplotype 1”
—> 1 count in category “RRMS, haplotype 3”
—> 1 count in category “RRMS, Pair H1/H3”

2.12 Accounting for multiple testing

The computation of significance tests on several sets of loci of identical individuals
produces a bias and increases the detection of significance due to chance alone,'®®
generating type | errors (false positives). The Bonferroni correction'® was applied to

control for multiple testing.
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3.1 Genotyping of DNA Pools with microsatellite markers

Two pools of DNA were created and genotyped on a specified marker set: one consisting
of 200 MS patients and the other of 200 controls. In total, of 5543 tested microsatellites
in the initial screen, 5131 experiments generated satisfactory results from both pools,
suiting described statistical analysis for evidence of association (Section 2.5). 472
markers were selected for an additional genotyping run on the basis of being potentially
associated with either group. Applying stringent exclusion criteria on the replicate data,
191 markers were classified significant due to consistent empirical p-values below
0.05 and an unchanging peak count ratio of Pool A versus Pool B (Tab. 3.1). Eight
positively associated markers on chromosome 6 map to the MHC region 6p21 (D6S459,
D6S2444, D6S1017, D6S1014, TNFa, SA99, HO16369, G511525) that had repeatedly
been reported to be associated with MS in preceding linkage analyses.%354141.144-148 Thjs
can be regarded as a good validation of the study’s completion. In addition, 33 indicated
markers outside 6p21 represented regions of particular interest for MS susceptibility
in various genome-wide linkage scans or independent association studies.’®”'"* The
remaining 150 microsatellite markers indicate novel evidene of associations at loci not

previously implicated in susceptibility to multiple sclerosis.

Table 3.1 | Results for 191 twice significantly (empirical p<0.05, degree of freedom=1) associated markers. The smaller of
two p-values is displayed, ranked according to greatest evidence for association; Rn: rank position; Com: comment (see

table footnote); MHC: Major Histocompatibility Complex.

Rn Marker Com Locus P, df=1 Rn Marker Com Locus P, df=1
1 SA-99 °MHC 6p21.3 2.8*10-8 97 D19S565 19p13.3  0.015
2 D9S303* 9921.32 4.5*10-6 98 D4S398 ° 4913.1 0.016
3 D18S52* ° 18p11.31 0.00001 99 D20S196 20q13.13 0.016
4 D16S2613* ° 16p13.11  0.00002 100 D3S2457 3q13.31 0.016
5 D6S1955 MHC 6p24.3  0.00005 101 D17S900 17p11.2  0.016
6 HO16369 6p21.2  0.00014 102 D5S1721 ° 5921.3  0.017
7 D1S2852 1p13.1 0.00016 103 D12S1301 12q12 0.017
8 D1351236 13912.11 0.00019 104 D3S1270 3p26.3  0.017
9 D10S1795 10925.1 0.00021 105 D16S3083 16923.1 0.018
10 D1S533 1931.3  0.00024 106 D12S2077 12922 0.018
11 G511525 MHC 6p21.3  0.00038 107 D13S263 13914.3  0.019
12 D19S921 19913.42 0.00050 108 D19S552 19913.2  0.019
13 D13S777* 13921.32 0.00052 109 D6S1284 6q16.2 0.019
14 D1S398 1923.2  0.00064 110 D13S1491 13914.11 0.020
15 D5S1953 5p15.2  0.00070 111 D3S3050 3p26.2  0.020
16 D9S1868 9p21.1 0.00081 112 D12S1710 12921.33 0.020
17 D22S692* 22q12.3  0.0010 113 D7S2847 7931.31 0.020
18 D9S157 9p22.2  0.0010 114 D18S51 18921.33 0.020
19 DXS981 Xqg13.1 0.0015 115 D18S872 18912.3  0.020
20 D6S1017 °MHC  6p21.1 0.0016 116 D20S846 20p12.3  0.020
21 D12S1344 12924.12 0.0018 117 D2S2241 2g23.3  0.021
22 D21S1435 21921.3  0.0019 118 D3S1754 3026.32 0.022
23 D6S2444 MHC 6p21.32 0.0020 119 D3S2422 3913.13 0.023
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Rn Marker Com Locus P, df=1 Rn Marker Com Locus P, df=1
24 D7S1818 7p12.3  0.0020 120 D17S974 17p12 0.023
25 D1S532 1p31.1 0.0021 121 D6S1961 ° 6g24.1 0.023
26 D4S2987 4913.2  0.0025 122 D7S679 7p13 0.023
27 D5S2076 ° 5q11.2  0.0026 123 D1S513 1p35.2 0.023
28 D20S112 20p12.1 0.0029 124 D6S1662 6p12.1 0.024
29 D6S1275 6q12 0.0031 125 D7S1808 7p15.1 0.024
30 D3S3695 3q13.13 0.0033 126 D20S471 20p11.23 0.024
31 D14S588 14924.1 0.0033 127 D8S543 8q13.2 0.025
32 D1781290 ° 17922 0.0033 128 D9S270 9p21.1 0.025
33 D11S4453 11914.1 0.0035 129 DXS8037 Xg13.3 0.026
34 D1751293 17912 0.0036 130 D4S2426 ° 4933 0.027
35 D3S2387 3p26.3  0.0036 131 D5S2089 ° 59q12.3  0.027
36 D3S3693 3p25.2  0.0037 132 D5S423 5q34 0.027
37 D5S804 5g23.2  0.0038 133 D1S2737 1p31.3  0.028
38 D6S459 °MHC  6p21.1 0.0041 134 D14S275 14912 0.028
39 D20S186 20p12.2  0.0042 135 D7S1796 ° 7921.3  0.028
40 D17S51303 17p11.2  0.0043 136 D2S309 2qg33.1 0.029
41 D15S817 15911.2  0.0045 137 D12S1042 12p11.23 0.029
42 D5S494 5q23.1 0.0046 138 D4S1560 4922.3  0.029
43 D2S1363 2q36.1 0.0046 139 D4S2640 4921.21 0.030
44 D10S2327 10g22.3  0.0049 140 D18S973 18p11.31 0.030
45 D13S290 13q913.1 0.0054 141 D12S2074 12921.2  0.030
46 D3S2388 3p12.1 0.0055 142 D2S290 2p14 0.030
47 D20S603 20p12.3  0.0056 143 D11S1983 119121 0.030
48 D5S1722 ° 5q14.3  0.0062 144 D1S478 ° 1p36.12 0.031
49 D4S404 4p15.1 0.0063 145 D4S2431 ° 4934.1 0.031
50 D8S1122 8q23.1 0.0064 146 D15S118 15q14 0.031
51 D5S815 ° 5q14.3  0.0065 147 D1S1606 ° 1p36.12 0.032
52 D1S2138 1931.1 0.0066 148 D6S1277 ° 6926 0.032
53 DXS993 Xp11.4  0.0068 149 D19S724 ° 1p36.22 0.032
54 D2S428 2p11.2  0.0073 150 D8S1988 8qg22.1 0.032
55 D22S1159 ° 22q13.31 0.0074 151 D4S2936 ° 4935.1 0.033
56 D18S865 18912.3  0.0075 152 D2S2392 ° 29321 0.033
57 DXS6807 Xp22.32  0.0076 153 D3S1613 ° 3p21.2  0.033
58 D7S2537 ° 7921.11 0.0077 154 D7S2415 7q11.22 0.033
59 D9S907 9q33.1 0.0078 155 D9S1782 ° 9p22.3  0.034
60 D12S392 12924.33 0.0078 156 D16S539 169241 0.034
61 TNFo MHC 6p21.33 0.0079 157 D7S1834 7p14.3  0.035
62 D3S4534 3q13.11 0.0080 158 D16S515 16923.1 0.035
63 D4S1625 ° 4q31.1 0.0085 159 D3S3515 3q13.32 0.035
64 D15S120 15026.3  0.0086 160 D6S1004 6q15 0.035
65 D14S605 14932.2  0.0087 161 D3S1759 3p23 0.035
66 D2S394 2p11.2  0.0089 162 D6S290 ° 6g25.2 0.036
67 D2S386 2p15 0.0090 163 D14S1280 14912 0.037
68 D17S808 ° 17923.2  0.0098 164 D14S739 14931.1 0.037
69 D12S51648 12p11.2  0.010 165 DXS1001 Xq24 0.037
70 D16S2621 16g24.2  0.010 166 D14S614 14932.2  0.037
71 D20S469 20q13.2  0.010 167 D11S1353 11924 .1 0.038
72 D21S1809 21g22.2  0.011 168 D2S165 ° 2p23.2  0.038
73 D19S888 19g13.42 0.011 169 D1S2720 1p31.1 0.039
74 D4S405 4p14 0.011 170 D17S810 ° 17922 0.039
75 D12S320 ° 12p13.1 0.011 171 D5S1478 5q23.1 0.039
76 D18S976 18p11.31 0.011 172 D3S3611 3p25.3  0.039
77 D6S1014 °MHC 6p21.32 0.011 173 D12S311 12921.33 0.039
78 D3S3022 ° 3924 0.012 174 D16S3096 16923.1 0.042
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Rn Marker Com Locus P, df=1 Rn Marker Com Locus P, df=1
79 D5S1486 5p15.2 0.012 175 D9S301 9921.12 0.042
80 D17S1603 17925.1 0.012 176 D12S1653* 12912 0.042
81 D4S3245* 4922.1 0.012 177 D6S1021 6916.3 0.043
82 D11S1396 11914.1 0.013 178 D12S395 12924.23 0.044
83 D16S497 ° 16p13.11 0.013 179 D15S127 15926.1 0.044
84 D10S221 10926.11 0.013 180 D3S3026 3p21.31 0.045
85 D16S753 16p11.2 0.013 181 D12S393 ° 12923.1 0.045
86 D14S597 14912 0.013 182 D6S1034 6p24.1 0.046
87 D19S434 19p12 0.013 183 D3S3668 3926.1 0.046
88 D10S1685 10922.1 0.013 184 DXS1002 Xp21.2  0.046
89 D20S486 20p11.21 0.014 185 D2S437 2914.1 0.046
90 D1251045 12924.33 0.014 186 D7S663 7911.21 0.047
91 D3S3052 3926.1 0.014 187 D1S2636 1932.1 0.047
92 D3S3509 3925.2 0.014 188 D22S539 22q11.22 0.047
93 D6S1957 6q16.1 0.014 189 D17S917 ° 17923.2 0.048
94 D2S122 2922.3 0.014 190 D7S527 ° 7921.3 0.048
95 D19S429 19p13.12 0.014 191 D8S1128 8g24.21 0.048
96 D3S2427 3926.31 0.015

* Selected microsatellite marker for individual genotyping on MS patients and healthy controls

° Previously associated with MS

3.2 Application of sliding windows on DNA pool data

3.21

Descriptive part

280 results of the initially 5131 markers had to be excluded from the analysis as

corresponding genomic positions were not available from deCODE nor public databases;

hence, they were labeled non-informative. Therefore, the sliding windows method was

applied on empirical p-values of 4851 informative markers derived from the whole

genome scan GAMES, exclusively of the first genotyping run.

Table 3.2 | Summary of sliding windows methodology applied to data derived from 4851 microsatellite marker, tested

with pooled DNA of Spanish MS patients and healthy controls, respectively. cM: centi Morgan; sig: significant (p<0.05);

Norm: normalized; wdw: window; CDP: cluster density position; smn: significant marker number; swn: significant window

number.
Marker Marker | Total sig | Norm sig Window (p<0.05) (n) Region of | CDP
Chr (n) density | marker | marker wdw sizes (cM) interest | (smn/
(m/icM)* | (n) (n* |05 1.0 15 20 25 3.0 sum| (total) | swn)*
1 534 190 39 20® 10| 9 |11 ]10] 15|12 | 67 3(7) 0.6©®
2 371 1.4© 23 16 © 3 7 9 9 |12 | 10 | 53 2 (5) 04®
3 305 1.40© 35 26 ™ 8 |10 | 7 6 5 4 | 40 3(7) 0.9
4 224 1.107 22 21 @ 6 4 4 8 9 [ 12| 43 1(3) 0.5
5 241 1.2 23 20® 3 6 9 |10 | 14 | 15 | 57 2(3) 04 ™
6 298 1.5@ 35 23® 9 |12 |13 |14 |16 | 17 | 81 2(4) 0.4 @
7 250 1.3 00 25 190 4 3 3 7 6 7 | 30 1(4) 0.8 M
8 175 1.019 15 14 (4 1 1 1 2 2 6 | 13 0(3) 1.204
9 192 1.2 16 14 (4 2 2 1 1 1 0 7 0(2) 2308
10 208 1.109 17 15 (13 1 3 5 4 5 5 123 1(3) 0.7®
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1] 294 | 19® 30 169 | 2 | 23|52 ]2][16] 035 [19™
12| 262 | 1506 36 240 | 3 [ 20 1]1]3]|10] 0(®) |36@
13| 120 | 09e | 11 1209 0| 0| 1|2 4] 209 0(2) |12
14 | 173 | 14© 17 1209 | 1 | 2 | 3| 4| 3|5 ]18| 14 |09®™
15 | 171 | 1200 9 7@ [0 ] 0] 0|0 o011 0(1) | 9.0
16 | 140 | 1.0@ 13 1209 | 2 | 4 | 3| 4] 4|5 2] 13 |060
17 | 192 | 14 ® 14 0@ [0 | 2| 4|4 |5 2]17] 0@ |08
18| 79 | 06@ 10 6© | 0001|214 0(1) | 250
19| 173 | 15@ 24 69 | 2 0|0 |o0|2]4]s 0(4) |3.0@
20 | 118 | 1.2 12 0@ |2 [ 3| 3| 2|32 [15] 12 |08®
21| 50 | 06@ 7 1M1 [0 | 1|01 ]1]1]a 0(1) |1.80®
22| 76 | 110 8 7@ [0 l0|0|0]0]o0]oO 0 - @3
X | 205 | 110 19 18 | 2 | 7 | 8| 9|7 |7 4] 13 |05@
> | 4851 460 61 | 80 | 88 | 104 | 119 | 123|578 | 19 (75)

* Ranking order 1 to 23 when aligned for position, each column independently. The exponents in columns 3, 5 and 14
represent ranking order values; CDP (smn/swn): Cluster Density Position, ranking based on function significant marker

number / significant window number.

460 informative markers revealed an empirical p-value below threshold set at 0.05 and
578 significant windows generated a total of 75 areas of interest (Tab. 3.2, column 13).
These require further investigation in order to determine potential candidate regions
harbouring candidate genes for MS susceptibility or resistance.

Table 3.2 provides with information confined to each chromosome and respective markers,
the amount of significant markers and the degree of clustering of selfsames. The table
should be examined in combination with the software output illustrations in Appendix C,
which again can be cross-checked for agreement in the marker list (Appendix B). The first
3 columns indicate the analyzed chromosome, the total number of informative markers
employed and the corresponding marker density per chromosome, ranked according to
relative marker number per cM. Columns 4 and 5 display the total amount of significant
markers per chromosome and the respective “normalized” marker amount. Latter was
based on the total of significant markers divided by the marker density, incorporating
thereby the recombinatorial landscape of each chromosome. The range of markers
per cM extends from 0.6 to 1.9 and the distribution of significant markers appears non-
random. Thus, ranking, a non-parametric tool for asymmetrical distribution of data, and
normalization permitted the comparibility between chromosomes.

The amount of significant windows that emerged, including those that overlap, were listed
in accordance to window sizes and summarized (columns 6 to 12). Assessed regions of
interest are specified in the penultimate column, expressing regions that appeared in all
window sizes and in parenthesis the total of encountered regions per chromosome.

In order to describe the degree of clustering — how even or uneven significant markers

are distributed over a chromosome — the last column displays ranking values resulting
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from the interdependence of “normalized significant marker number per chromosome”
(column 5) and “significant window number per chromosome” (column 12), labelled
cluster density position (CPD). In spite of the normalization procedure, the relative
numbers of assigned clusters varied considerably from chromsome to chromsome,
indicating possibly regions of elevated association to MS.

When ranking positions of the distributions “marker density per chromosome” (column
3) and “amount of normalized significant markers per chromsome” (column 5) were
compared, chromosomes 4, 18 and 17 deviated the most from expected order.
Chromosomes 4 and 18 genotyping results disclosed proportionally more significant
markers (Positions 17 -> 4 and 22 -> 9, respectively) whereas a reversed situation was
seen in chromosome 17 (Position 7 -> 20). Chromsomes X and 5 (increased) and 14, 20,
15 (decreased) showed a similar pattern.

After ascertaining the over- or underrepresentation of significant markers on a
chromsome as a whole, it is of interest of how these markers are organized on the
respective strand. Comparing again ranking positions, chromosomes 17 (Position 20
-> 10), 16 (Position 16 -> 7), 20 (Position 20 -> 9) and 2 (Position 9 -> 3) showed the
greatest “up”-relocations, hence a relatively increased degree of clustering. Conversely,
chromosomes 12 (Position 2 -> 21), 18 (Position 9 -> 19) and 19 (Position 9 -> 20)
contained proportionately few clustered significant markers. Nevertheless, determining
the cluster density positions (columns 14) revealed most accumulation of significant
markers on chromosomes 5 and 6.

Particular attention can be directed to Chromsome 6 which displayed the highest number
of significant windows (n=81) and an elevated degree of clustering. As observed in the
results table in Appendix C, one region, enclosing locus 6p21, contained windows with
the highest number of accumulated signficant markers (n=7). This is in good agreement
with previous reports on MS susceptibility and the HLA region, validating the applied
sliding windows method.

To assess the biological relevance of detected regions of interest, Table 3.3 provides
a characterization displaying genome locations (cytogenetic band, genetic map
information and nucleotide ranges), the corresponding publicly stated recombination
rates (cM/Mb) and gene abbreviations that conform to HUGO gene symbols. Known
genes were deduced from the November 2004 Genome Assembly (UCSC Genome
Browser) and selected when located between or near — depending on the respective
recombination rate, up to 20 kb — the outermost markers of a significant window. The
table presents significant marker and window details, such as marker arrangement — if

significant marker aligned contiguously or were interspersed by non-significant markers
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— and significant marker number that constitute a significant window. The regions of
interest on each chromsome appeared in order of the number of window sizes (0.5t0 3.0

cM; maximum 6) that were declared significant.

Table 3.3 | List of 75 loci of interest that contain 284 publicly known genes. Gene information was based on UCSC Genome

browser (November 2004 Genome Assembly). Recombination rate assessed in centi Morgan per Megabase (cM/Mb).

" . Recomb. " Coverage N& Marker
Position Region cM wdw . o) Known genes
rate size (bp) marker positions
1p21.1 126.6 - 128.4 1.1 6 1.316.503 3 not contiguous no
1923.2 157.4 1.9 6 0.020 2 contiguous  no
1942.12 233.9-234.1 0.6 6 302.892 2 contiguous H3F3A, ACBD3, MIXL1, TGS2
1932.1 207.4 - 208.9 16 4 195842 3 notcontiguous &1 oaurMOD. PRELP, OPTC,
1p31.3 87.2-87.3 04 3 222.768 2 not contiguous no
1932.1 199.0-200.7 0.7-2.0-26 3 1.845.702 2 not contiguous TMEM9, CACNA1S
1931.3 196.6 - 199.0 1.2-0.7 1 1.198.641 3 not contiguous no
=11
2p12-p11.2 109.6 - 110.5 0.6-0.1 6 1.965.191 3 not contiguous SUCLG1
2qg36.3 2341 0.4 6 0.101 2 contiguous  no
2p25.1 29.2-30.3 2.6 4 497.784 2 not contiguous ROCK2, E2F6
2q33.1 2021-2032 12-04-07 3 2223052 2 notcontiguous paghoo CF AR CASPIO.
2022.1-922.3 156.5-158.7 09-1.0-09 2 2.274.234 2 not contiguous LRP1B, KYNU
=9
3p253-p252  29.4-320 13-15-06 6 2270619 4  notcontiguous e et Al L Bl k3D
3p24.2 50.2-50.4 15-0.9 6 462.941 2 contiguous no
3926.32 187.4 1.7 6 0.072 2 contiguous  no
3926.31 184.7-1856 1.3-0.9 5 710.386 2 contiguous  no
3924 1541 -154.7 15-1.2 2 374.176 2 contiguous SLC9A9
3q26.1 171.2 0.3 2 145.396 2 contiguous  no
3p26.3 23-33 2.6 1 411.988 2 not contiguous CNTNG6
=9
4q34.1 169.1-172.0 04-1.8 6 3.914.464 5 not contiguous SCRG1, HAND2, MORF4
4q13.1 779-805 0.7-06-07 3 4.300.310 3 not contiguous LPHN3, EPHAS
49221 99.5-101.3 15-0.8 1 1.228.496 2 not contiguous SNCA, MMRN1
>=7
5q14.3 107.6 - 108.0 0.8-0.2 6 1.229.913 4 contiguous MASSH1
5q23.1 127.1-130.1 0.1-04-06 6 3.423.378 3 not contiguous DMXL1, HSD17B4
5p15.31 209-240 20-13-34 4 1.549.574 2 contiguous ADCY2, MTRR, SEMA5A
=6
6p24.3 21.6-22.0 1.3 6 324.925 3 contiguous  no
6p2133p21.32 537-547 02-08-09 6 1850249 7  notcontiguous 52,dSnesiseetable 3.3 for
6q12 85.3-86.2 1.0-04 2 1,310,290 3 not contiguous no
6q16.1-q16.2 104.8-107.1 0.2-08-06 2 3.265.014 3 not contiguous FUT9, POU3F2, FXL4
>=85
79312-31.31 1260-1268 05-02-12 6 3594012 3  contiguous %L%ZLSM& ANKRD?,
7q21.3-g221  108.8-110.8 1.0 3 1995528 2 notcontiguous SuRed 2 AT
7p12.3-p12.1 72.3-74.8 14-12 1 1.746.124 2 not contiguous GRB10, DDC
79221 114.5-114.9 0.8 1 515.578 2 not contiguous ZRF1, PSMC2, PRES, RELN
=16
84132q133  819-859  20-14 4 2536537 3 cONliguous  NaaAS Shoaray v 14
8q23.1-g23.3 118.3-118.7 0.5-0.3 3 1.794.393 2 contiguous EBAG9, KCNV1
8qg12.1 702-727 05-09-11 1 2.908.205 2 not contiguous LYN, CYP7A1, SDCBP, NSMAF

X=12
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Position Region cM Refa";g‘b' wlcrllw Cozr;r?ge g; I\on:iﬂ(:r:s Known genes
size P marker P
9p23 22.0-23.0 2.2 4 414.935 2 contiguous  no
9p21.1 545-54.8 0.9 2 375.907 2 contiguous ~ BA438B23.1
=1
. GPR147, EIFAEBP2, NODAL,
10g22.1 90.7-91.5 25-31 6 398.942 3 contiguous PRF1, ADAMTS14
10p14 21.8-23.7 20-27 3  1.016.276 2 notcontiguous ITIH2, KIN, ATP5C1, GATA3
10925.1 127.7-1285 09-1.0 2 534.770 2 not contiguous SORCS1
=10
11p13 480-501 03-05-26 4 2496203 3  notcontiguous agep: /<0 RENT.WTT,
11921-g22.1 100.2-103.1 2.0-1.7-0.7 4 2.045.724 3 not contiguous  JRKL
119241 131.8-133.0 34-1.0 3 322.297 3 notcontiguous SCN3B, ZNF202, OR6X1
11914.1 90.2 0.7 1 28.536 2 contiguous  no
11914.2 93.8-94.1 16-04 1 369.802 2 contiguous  no
=11
LRP6, MANSC1, DUSP186,
: CREBL2, GPR19, CDKN1B,
12p13.2-p13.1 28.7-32.0 24-15 3 1172112 2 contiguous DDX47. GPCR5A, GPR5CD.
HEBP1, EMP1
. DYRK2, IFNG, IL26, IL22,
12914.3-q15 83.2-861 15-21-06 2  1.404.002 3 not contiguous MDM1, RAP1B, NUP107
12924.32 156.0-1589 3.7-54 2 802.113 3 not contiguous no
12p11.23-p11.22 51.8-52.7 14-10 1 1.353.097 2 contiguous  PPFIBP1, MRPS35, PTHLH
12921.33-g22  103.9-104.0 1.6 1 115.362 2 contiguous  BTG1
12g23.2 115.3-116.0 14 1 399.849 2 contiguous  MYBPC1, ARL1
x=24
13931.3 82.7-84.1 1.1-07 4 1.597.356 2 not contiguous no
COG6, FOXO1A, MRPS31,
13q14.11 424 -444 23-0.0 2  1.615.604 2 notcontiguous SLC25A15, ELF1, WBP4,
KBTBD6, KBTBD7, MTRF1
=9
14912 23.0-260 22-16-05 6 3.111.721 4 notcontiguous NOVA1, FOXG1B
14932.2 110.2- 1121 1.8-3.6 3 956.963 2 contiguous  no
14911.2 14.1-154 27 2 486.382 2 notcontiguous OR4E2
14g22.3 57.2-58.2 1.7-20 1 325.996 2 contiguous  PELI2
=4
: MAP2K1, SNAPC5, RPL4,
15022.31-923 70.0-729 20-16-24 1 2.165.938 2 not contiguous SMADS, PIAS1, CLNG, ITA11
=7
16p12.1 52.6 -53.8 25 6 586.647 3 contiguous  no
16923.1 94.7 1.3 2 31.641 2 contiguous ~ CNTNAP4
. MHC2TA, SOCS1, TNP2,
16p13.13 29.4-30.0 31-12 1 513.796 not contiguous PRM2, PRM1, LITAF
=7
17p13.1-p12 31.5-32.1 2.8 5 340.667 not contiguous MYH3, SCO1
17q23.2-g233  93.1-94.2 13 3 948.761 not contiguous 21+ THRAP: METL2,
=6
18g12.3 62.7-646 08-06-0.7 3 2923.030 2 contiguous  RIT2, SYT4
x=2
ZNF490, MAN2B1, DHPS,
19p13.2-p13.13  34.0-36.0 0.8-21 2 1.128.162 3 notcontiguous TNPO2, ASNA1, NFIX, LYL1,
TRM1, STX10, CACNA1A
IF130, KCNN1, IL12RB1,
. PIK3R2, RAB3A, PDEA4C,
19p13.11-p12 46.0-485 35-14-11 2  1.988.443 3 not contiguous JUND, ZNF14, ZNF253,
ZNF90
. MRPL34, BST2, PGLS,
19p13.11 43.0-46.0 35 1 679.187 not contiguous JAK3, RPL18A, SLC5A5
19913.31-q13.32 73.9-74.1 1.8 1 65.397 2 contiguous  APOC2, RELB

X =28
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e ; Recomb. in Coverage Nr. Marker
Position Region cM wdw sig. Py Known genes
rate size (bp) marker positions

20p12.3 21.9-220 2.7 6 63.783 2 not contiguous BMP2

20p12.1 445-454 23 3 663.776 2 notcontiguous SNRPB2, PCSK2
=3

21q212-g213  26.1-27.9 17-07-18 4 137185 3  notcontiguous gamgi 1 ov GABPA APP,
=5

Xq13.1 850-865 1.1-08 6 1615507 4  notcontiguous i oot L PARY4, ARRS,

Xp21.3-p21.2 45.8-46.8 14-20 5 895.100 2 not contiguous  IL1RAPL

Xp22.31-p22.2 156-183 14-17-18 1 1.632.426 2 not contiguous VCX, PNPLA4, VCX2, TBL1X
=12

=284

total

In order to explore the descriptive data of Table 3.3, the ranking order of marker density

=

from preceding Table 3.2 was considered for each chromosome. Chromosomes 5, 6 and
2 were found to show higher degrees of accumulated markers, whereas chromosomes
12, 18, and 19 occupied the lower end. Generally, data specifying the first group required
at least twice the maximum number of varying significant window sizes (n=6) and were

located in areas of lower recombinatorial activity.

One important goal of this study is to inspect the content and nature of genes in detected
regions. Chromosome 6 represents the site with most genes (n=85), in particular the
MHC 1l and lll-harbouring area 6p21.3, followed by chromosomes 19 (n=28) and 12
(n=24), while chromosomes 20 (n=3), 18 (n=2), and 9 (n=1) showed the regions
of interest with lowest gene number. There were no annotated genes present in 18
regions distributed over the genome (Chromosomes 1, 2, 3, 6, 9, 11, 12, 13, 14, 16). In
conclusion, 284 annotated genes have been detected. These were analysed for basic
functional data and specifications like tissue-restriction and cell types that preferentially
express the gene of interest.

3.2.2 Sieving MS candidate regions and genes

In order to identify or further prioritize disease-related candidates, the gene set was
subdivided on the basis of their attributes and their potential relevance in MS pathogenesis,
displaying either typical immune system or brain and CNS linked features (Tab. 3.4), or
characteristics that appeared to be less involved in studied disease (Appendix D). Table
3.4 lists a compilation of genes originating from the depicted genomic regions of interest
that are known or assumed to be involved in the adaptive and innate immune response.
The majority of these genes were implicated in pathways of transcriptional regulation
(enhancer/activator or repressor), proliferation (cell cycle), signal transduction (cell-
environment interaction), motility (cell trafficking), and apoptosis (cell death).
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Table 3.4 | 142 candidate genes for MS pathogenesis, derived from sliding windows methodology applied on STR-

genotyping data of pooled DNA samples from MS patients and healthy controls. CHR: chromosome.

Aunwiwi Jo sjoadse awos Ul PaAjoAU| y1ve  1duosuely pajeloosse g-y1H
urgyoud yooys jeay Bunenbal pue sisojdode Jo |0J3uoo Ul pajesidw) clvg q wuJojosi ‘g-1duosuel) pajeloosse g-yv1H
SHYMEe pioyewnays jo juswdojaasp 1o} auab sjepipued z1ve uieoud Z1vg
asuodsal Alojewwepul-puy sobeydosoelyy  pajousal SND Jou L4V | Jojyoey Auojewwepul yeibojy
Joydaoal Buneanoe A)101x0)0}AD poleAloe +_%HHW_mJ pajousal SND Jou LYON ¢ J0ydaoal BunabbLy A)101x0}03A0 [einjeN
sasuodsas sunwiwi Buenpopy 11S1 (uiayoud 171.g) uieloud | yduosuel oyioads 8)400¥naT]
waysAs Aloyewweyul Buonpul asuodsas sunwwi Ul 8|0 oioadsg snwAy) pue uss|dg al (¢ Joquisw ‘Ajwepadns 4N 1) ¢ uixojoydwA
sUNWWICINE Ul pajeoldul ‘aupjoiko Aiorewweyuiosd _mco_gwmmhm_wm__\ﬂ sabeydouoepy SNd /SN2 D4NL (z Joquiaw ‘Ajwepadns 4N 1) © JOJOBY SISOIOBU Jown |
aunwiwi [esiAUe pue ‘Alojeinwisounwiwl .EonEEm_E_wWw:c_moww sefooydwAT SNd /SNO Vil (1 Joquisw ‘Ajwepadns 4N1) © uxojoydwA
Buisned [euonduosuel) sesne) pajoLIsal SND Jou dgay uiejoud Bulpulg YNY @Y 95 ‘9
sand aouepInb [euoxe aAlISOd uelig/SND  VSVYINTS VS uuoydewss
uoljew.o} (dNvo) 1ebusssaw puooas sazA|ejed jey) swAzug ulelg / SNO ZADQY Z 9se|oho ajejAuspy Z's
mwwwww_v m.\,_«mm_whm_mmmn_wswc_m_ UM_\N__.n_Sn,_L“ ulelg / SNO VONS (Josunoaud piojAwe jo Jusuodwod #y uou) O ‘UIBIINUAS Ly
Jo puebj| se Bunoe Aq uonelauab ajho0ipuspobijo ul w&ﬁWWWM 814o01pupobiio uielg / SNO 9NLNO 9 UROBUIOD
Jabueyoxe uaboipAyjwnipos pajoLIsal SND jou 6Y601S 6 WJojos| ‘G Ajiwe) JaLled ajnjos
J10j0ej00 Uonduosuel | anbIy  uj0.d oyji|-{elBsan J0joej00 uonduosuel |
uononpsuel) [euBis ul paAjoAul J0ydeoal pajdnod uiejold-9 SNd /SND LHYH L H Joydedau suiwessiH
Awey (4NS) Jouo0dwAs Japiwsue}oinau:wnIpos ulelg / SNO LV9D1S | Joaqwaw ‘(vgyo) 9 Aliwe} Jalied aynjos
Aliwey (INS) JoHOdWAS JeRISUBHOINBUIWNIPOS uelg/SNO  LLV9O1S L1 Jequisw (vavo) 9 Ajiwey Jeuued eynjos
SISE)SO8WOY WNIOeD Jejn|[@oelu| uleig / SN z292dLy Z sueiquaw ewseld ‘Buipodsuey) ,,eD ‘osedly 1€
|BIOASS Ul S|9AS| PasEaIOU| ‘SI0joBj0d (YN JO SISSUIUASOI] Ul U%_Mﬁnﬂ uleld / SNO ANAM (esejoipAy suluaInuUAY-1) eseuluBINUAY
sAemyjed onoydode ui sejedionied 1ad 84SV asesjoud auv)sho pajeal-sisoydode ‘g asedse)
sisojdode |82 Jo aseyd-uonnodaxa ul 9|0l [enuad pajousal SND jou 0LdSVYD o) jueleA 991/ds | asedse)
sAemyjed yjeap [|90 pue [BAIAINS |20 UsaM}aq 3ul| LojenBbal sisojdody pajoLIsal SND jou ¥v140 JojejnBau sisoydode aIl-qav4 pue 84Sy
Jojoe} uonduosues | pajoLIsal SND Jou 94z3 9 Jojoey uonduosues) 4z3
surejoud Buieubis juepodwi Jo uonejfioydsoyd pajoLIsal SND Jou 2100 Z aseuny uigjoud Buiureyuod |109-pa|iod ‘pajeIoosse-oyy 9'¢
9SED[aJ JOPIWSUELOINSU Ul PAAJOAU| pajoLISaI SND J0U  SLYNOVD  Hungns | © ‘adA} 7 ‘Juspuadep-abe)joA ‘[suueyd wnided
“Modsue.} Je|n|[99.eljul Ul POAJOAU| wasAs aunwiw| GNINL 6 ulejoud suelquisISuBl |
urejoud aanesayijoid-Hue a|qionpul-4ON pajolisal SNO jou Zzolg 2 Joquisw ‘Ajwey o1 g €l
uonouny adAy |92 §_Ew:_EMﬂMMW _om.”_%w sauab ajepipue) u ‘YHI



73

3 Results

a|nojow | sse QHN Aq Buissaooud uabiue yym pajeroosse
Japodsuel] ‘sajnosjow | sselo DHIN Aq Buipeo| apidad ul paAjoAu|

sapndad DHIA | Ssejo Jo Buissaoold Buexe awosesjoldounwiw|

a|nojow | ssejo QHN Aq Buissaooud uabiue yym pajeloosse
Japodsuel] ‘uoneioosse apidad uabnuy /| DHIN Ul PAAJOAU|

suiajold Jejn|jeoelixa woly paausp sapidad jo uonejussaid
suigjoud Jejnjjeoelixe wolj paAuep sapidad jo uonejussald
suiejoud Jejnjj@oelixe wolj paAlep sapidad jo uonejussald
suigjoud Jejnjj@oelixe wolj paAlep sapidad jo uonejussald
suiajoud Jejnjjaoelixa wouy paauap sapndad jo uonejussald
suajoud Jejnjjaoelixa wouy paauap sapndad jo uonejussald

suisjoud Jejnjjeoeixe woly paALsp sepidad Jo uonejuesaid

s||90
juaoelpe usamiaq suonoesaiul Buneinbas Aemyyed Buijeubis Jejnj@oiaiu|

81042 |99 JO |0JJUOD Ul JUBWBA|OAUL ‘Burydiel; pue
Buipjo} uisjold Buiajoaul sessao0.d Jejn||@o diseq pue uolenfaiounwiw|

10)oe} [euonduosuel) Juspuadap-dIN-21104D

uonelBiw |199 Jo UolIgIyu| SNDT PUB S|[90 USdM]S] UOHOBIB)U|
spidi| Joyjo pue sploJa}s ‘|01a}Sajoy JO SISAYJUAs pue wsijogelaw Bnig
uoljewwejjul [e20] JO Jojeipaln

uoljewwejjul [e20] JO JojeIpaln

uolne|nBal [euonduosuel) Ul PaA|OAU|

8sedl|sy YNY aAleind

uoleAoe uswa|dwod jo Aemyjed aaieussye Jo Jed

wa)sAs Juawa|dwod jo Aemyjed [BoISSEID JO Ued

uonenbal jeuonduosuel) ul paAjoAU|

uolssaidal [euonduosuel) oiguabids 1oy Bey oyoads

suiejoud juslsixaald sozijiqe)s jey} suosadey)

suigjoud jusjsixaald sazijige)s jey} suosadey)

suajoud jusysixaaud sazijiqess jey) suotadey)

VN JO uonejfoeouiuy

UOIJeUIqUIOa. D1JOIBW Ul PAAJOAU|

uabnue ajkooydwA| pajesoas

Ajunwiw Jo sjoadse awos Ul POAJOAU|

ldvL

8dNSd

¢dvl

sOdV g90a-vH
sOdV ZvOa-vH
sOdVY 1900-V1H
sOdv LYOQ-VIH
SOdV 194a-VTH
SOdV Sada-vH
SOdV Yda-vH
YHOL1ON

1daMd

179340

gXNL

ZVY12dAD

pooj|q ul s8}enali) \'2%0)

poojq ul s8jenaliy ar0

14ad 6IMLS

TZAIMS

s|eo g 449
[4e}

clga19z

pejousal SNO 1ou 81vd
V1VdSH

glVdSH

spiewsads T1LVdSH

ZSHVA

SNWAY) pue sise) SHSIN
saykooydwAT D999A1
Slve

g Ajlwey-gns ‘epassed Bulpuig-d1Y ‘| Jeuodsuel |
g ‘adA} Blaq ‘ylungns awosesjold

g Ajlwe)-gns ‘epassed Buipuig-d1Y ‘g Jeuodsuel |
d 0a ‘|1 sse ‘xaidwoo Ayjiqiedwosossiy Jofepy

Oa ‘|1 ssejo ‘xa|dwod Ayjigqnedwosoisiy Jolepy
Josinoaud

ureyd g 2090, 90Qa ‘usbiue Ayjiquedwodoisty || ssejo v

Josinoal

ureyo 0 (g)oQa ‘usbiue Ajjignedwooossly || SSe v

Josinoal

ureyo g |-1.g4Qa ‘usbiue Ayjiqedwoosoisty || ssep vH

Josinoaud ugyoud L gHa-VIH

0 YQ ‘|| ssejo ‘xa|dwod Ayjiqnedwoosolsiy Jofepy
4 Bojowoy yojoN

ajl| utejoud Bulpuiq 90GM4

| aIl-uidyoud Buipuiq juswa|d aAisuodsal N2

gx upseus |

Z epndadAjod ‘v Ajiweians ‘Lz Aliwey ‘0Gd WoIyooko

V¥ Juauodwoo yuswa|dwo)

uiajoidoud g Jusuodwod Jusws|dwo)

61 @seuly| dUIUOBIYY/BULIBS

ajil-g Aynnoe oipioljelia so||iedng
uipiadoud ‘Jojoej-g

uigyoud g9

Z1 Buluieyuod ulewop g1 g pue Jabuy ouiz
(yuswbelq) ueyoud g1 vg

v uisjoid BaX0. Yo0ys JesH

g1 uiejoid e@y0. %o0ys JesH

aji|-|. utejold edx0. Yo0us yeaH

Z osepayuhs YNH-iAlen

G Bojowoy SN

099 snoo| ‘xajdwod g uabnue aykooydwA]

G jduosuel) pejeloosse g-yH



sisA|0jAo

3 Results

polEIPALL-[80 _w» v\_,\,_ﬂ%mmwm@m_mv_.m_@_\,_._.r.__mwwﬁw_w%%_%ﬁmorw_ﬁDm_w s|199 | onAj0jho L44d (uieoud Bujwioy alod) | ulopad h

Jayjo pue siojoe} ymolb ‘seuowlioy Aq uoljejsuel) uigjold jo uonenbay ¢d83v413 ¢ uiejoid Buipuiq 3y Jojoey uonenul uonelsues ooAieing - g -0}
swelboud [euondiuosuel) ul suoless)je saonpuj sanssi} Jo AjoLen 4VINSN Jojoe} pa)jeloosse uoleAloe aseulpAwobulyds [ennaN
JEINOISA Ul POpNIoUl puE wucommmr____wwcm%ﬁm:cmm%vﬂﬁﬂﬁ%mmmwmm sanssyy Jo Ajauea d90as | EEEEAWV c_oﬂo‘_a, Buipuiq uesspuAg
10 sIsayUAS pue Wisljogelaw Bnip Ul PaAjoAUl Suoloeal sezAle1e) WWLdAD  epndedéjod 'y Ajweyans °/ Aiuiey ‘0Gd SWOIY0KD
A)Ige)IOX® [BUOINBU PUB 9sEedja) Japiwsueljoinau Bunenbey suoinaN uresg / SN LANOM | Jaquiaw ‘A Ajiwieigns ‘[uueyd wnissejod

yyeap |99 onojdode jo uoponpul pue uonelayljoid |99 jo uoissaiddng sanssi} Jo Ajolen 69va3 6 ‘uabnue ‘pajeroosse ays Bulpuiq Jojdaoal usbolisg G'g
10} [BONLIO SUONORIBYUI ||99-{|8 w_F%wcoo.HmE urejoud Xujew Jejnjjeoenxg SUGINSN ureJg / SNO N13d uljeey
uonduosuel} Jo uopenbal pue suoloun) SWOSes}old ZONSd Z ‘ased 1V ‘Nungns S9gZ aWosesjold
uonjennoe uonduosuel; onausbids oy bey oyoadg dvedl uigjoud pajervosse-ulewop uonduosuesy/uolewIojsuel |
pue ymodb (190 sjqiyul ‘siejowoud v&mzﬁm.mmwmﬂmmmMw@ﬂw@ €ONI (L¥d) 680021714 uieroid [eonayjodhy
Ajow pue ymouB ‘uoneanoe ‘yuawdojonap |199 Jo uoneinbey ZL4SYINL 21 Jaquaw Ajiwepadns  sueiquswisuel |
A)lIge)IOX® [BUCINBU pUE 9sedja) Jeplwsueljoinau Buneinbey SuoInaN ureig / SN ZANODM Z Jaquiaw ‘|puueyd pajeb-abeyon wnissejod

90UE)S|Sal Bnup-1}nw Ul PaAJOAU| ¥1490 Joje|nBal 82UBONPUOD SUBIGUIBWSUE) SISOIAY O1ISAD 1
uoissaidxa auab jo suleped Bunenbal ‘Jojoey uonduosuel) ooads-SND ulelg / SNO zZ4eNnod Z Jojoey uonduosuel) ‘g ssepo ‘urewop NOd
Ajnoe onojdode-oud sanssi) Jo Ajauea Mve | Ja|asiuobejue-z10g
Ayanoe Jossaidal uonduosues | sanssl} jo Ajouen XXvad 9 ulejoud pejeroosse-yeaq
Jojoey uonduosuel | 1624ANZ 16z uiyoud sabuyy ouiz
se[nosjow | wwm_w _“Lu_ﬂw_\w_ow%gcEwmmm_«mmem_&wcumwMwmwmmc%wuwﬂwwﬁwmhﬁvﬂ‘__\m siydosnan dedvl ursjoid dgdvL
suigyoud jab.e) Jo Jajsuel | Z3IMH 23 2uab passaldxa uoibal || SSeO Y H
aselsjsuelyjAsojoeleb-g‘|-¢ ¥1IvOeg ugjoud 2g0Aw ulelg
10 9)e)s anissaldal Ajleuonduosuely Buuieuiew Joyoey _mco_a_._omwm_u_r%.m }ONIY b uisjoud Jabuy Bury
Jayodsuely oulz /V6E£D1S / Jequiaw ‘(Japodsuel; ouiz) g Ajlwey Jaliued anjos
Joydeoal auowloy JeajoNN guxy ¢ Joydeoau X plouney
surejold Jejn|j@oeuxa wouy paaLp saphdad jo uonejussaid sOdv 19da-vH L d da ‘|1 sseyo ‘xajdwoo Ajiquedwooo)siy Jofepy
surejold Jejn|j@oeuxa wouy paaLap saphdad Jo uonejussaid sOdV LVda-vH | 0 dq ‘I sse xajdwoo Ayjiquedwooo)siy Jofepy
Kemuyed uonejussaid usbiue pajouysall || SSed yH Ul Joyenpopy VYOQ-V1H 0 OQ ‘|| sse xajdwod Ajiquedwooo)siy Jolepy
sa[noajow || ssepP QHIA jo Buipeo) apidad ul paAjoAu| VING-V1H 0 \NQ ‘1] ssefo ‘xajdwod Ayjignedwooolsly Jofepy
sa[noajow || ssepP JHIA jo Buipeo) apidad ul paAjoAu| ana-viH d INQ ‘11 ssejo ‘xajdwod Ayjiqiedwooossiy Jolepy
sapndad QHIA | Ssejo Jo Buissaoolid Buexa swosesjoidounwiu| 64INSd 6 ‘@dA} ¢ ‘yungns swosesjold

74



_...7u suoJnau Ul passaldxa uisjold ayi-sey SuoINaN ulelg FARNS| iy uyoud Buipuig-d19  Z ‘8L
Algquiasse aSepIX0 9 SWO0IYI0JAD [BLIPUOYIONW Ul POAJOAU| 9|oSN\ ‘WesH ‘ulelg 100S | Bojowoy usioyep asepIXo sWoIydolko 00S | /L
uonduosuel) suab 0-4N 1 Jo uonenbal ul 8|0y 1ad 4v1in 10308} 4NL paonpul-apueyodoesAjodod]
Aemuped €1V 1S/MVP
ay) ybnouy) [eubis jey) saupojAo jo co_ﬂ%_smmh aAnebau ul paAjoAu| ad 1S00s | Buiieubis aupio}o jo Jossaiddng
uolssaldxa || sse[D DHIN 8|qienpul
pUB SAIN}ISUOD Ul Y)og SUopouny Jey} Joyeaijoesuel) buipuiq YNJ-UON V1COHN OIV.LIID JOJEAROESUBA || SSE OHIN
J0)daoal pue 8|NdaJOW UOISBYPE |90 WS)SAS SNOAISU 9)eIqaud ydVYNLIND Josinoald § ayjil-uielold pajeloosse uioeuo) ‘9l
emyred BuleudT I pue Aemyred ¢Gd ‘Aemyred 1VIS ‘
Buipnoul ‘sAemyjed Jejnj|@o snoueA ul uolyeinbaiod jeuondiuosuel | senssy jo Ajauen ISvid b LVLS PSJEALOE JO JoYqIyul UISIOld
'sauab yNY Jesjonu-jlews eq6l
111 pue || esesawAjod ¥NY Yiog jo uonduosuel; oy uo..w:wmt xajdwo) GOdVNS ‘G apndadAjod ‘xa|dwoo Bupeaijoe YNy Jesjonu jlews
s|eubis Je|n|jaoe.ul ~ ‘
pue -eJjxa uodn saseuny| 4|\ Jo AlAIOE dljewAZus Jo uolenwiS IMedvYIN | @seuny aseuly uiejoid pajenoe-usboyN - € g1
uojeydaous|a} pue ulelq jo Juswdo[aAap Ul PaAJOAUL J0JOe) uondiosuel | ulelg g19%X04 g1 9 Xx0q peayslo
suoinau .
Buidojonap o jos oioads ul wsijogejaw Jo Buiolds YNy uoneinbay SUGINSN urelg IVAON | uebhue [enueA [eolBojoouo-0INeN 2 vl
UOHeAlIoE N .
sueJ) pajelpaw-iojdadal [|99 | 4o} painbai Jojoey uonduosues | SII®D L k413 bI0pO” YL L -EL
91942 199 Jo aseyd |9 Alea yum pajeloosse uisjold aanessyljold-uy 1919 uiejoud | suab uonedojsuel; ||90-g
|[eAIAINS pue uoneoualayip ‘uonelbiw quawdolaasp ‘ymolb ueblio ~
pue Je|n||9 Jo Jojenbau [eanuo e si yoiym apndad saunoopusoinan HIHLd auowioy x|-euowioy ploiALesed
juswdojanap puelb Alewwew pue asuepinb uoxe Ul PaAjoAU| snoyinbign 1dg14dd | eyeg-uudi
asuodsal
Alojewiweyjul 0} S9INGLIU0D ‘SBUO}AD JO Ajlwey 0] JO Jaquia|y slieo L acl ¢z unnaps|
S|j80 | pawJojsuel)
-Uiwwes snuiasadiay ul passaldxa {saumojAd Jo Ajiwey 07| Jo Jaquisy SiI®2 L 9l 9¢ upnapsu|
suonouny Aloye|nbasounwiwi juepodwi [eiaAas Buike|dsip saupolf) |90 | pajeAnoe ONA4I A-uotapaiy|
8sedl|sy VYNY aAleind /yXaa L uiejoud xog-Qv3d
19 1e uoissaiboud ajoAd ||99 s|ojuo) sanssl) Jo Ajauea daLNMan (1Ldry ‘22d) g1 Jouqiyur aseury Juspuadap-ulpAD
Joydaoal ueydip ulelg 6LYdO 61 Joydeoal pajdnoo-uisioid 9
saiigeded Buipuiq YNQ Uim uiejoid 219340 Z &jil-utsjold Bupuiq juswale sAlsuodsal diNY
S8SBU dVIN JO UoheAROBUI Ul PBAJOAU] 9ldsna 9| asejeydsoyd Ayoyoads lena L1 ‘ZL
‘wisijogejaw pidij ur aedioiped jey) sauab jo Jossaidal jeuonduosues | sI}so) 20Z4NZ 20z uraoud sabuly ourz
'SuoXe pajeul|dAw ainjew ul pue suoxe BuidojaAap Jo JalAuey JO Sapou ‘ ‘ Y ‘
JO S|SUUBYD WNIPOS JO Jungns ‘safjeuly buneb _occm;o O uope|nNpoy 8ENOS €19q ‘|1l 8dA} ‘pajeb-abeyjon ‘jauueyo wnipos
uoleAIjoe |99 | Joj uoilonpsuel; [eubis Ul JUSWUSA|OAUL ~
pue uonoe (DY) Xa1dwoo yoepe auelquiaw Juswa|dwod Jo uoniqiyu| 6500 0z-g1d usbue 6500
uonduosuel; auab jo uoienbay wa)sAs snonsoN IXVd gouab xoq paled il
M J0)daoal Bujuieyuoo-urewop (0LSdA) 0L Bunos uigyoud Jejonoep ulelg / SNO 1SOH0S Josindalud | §DI0S Jojdaoal Buuieyuod-urewop 0LSdA
S
% Jojoey uonduosuely oyoads |99 | Bunoe-suel | Sli®2 _m__.ww_wwc._ow SV1IVO ¢ uieyoud Buipuiq V1vo
14
= XLjew Je|n||9oeu)xa YIiM pajeloosse aseulajoldojelaw pajaloas uteiq pue euldl yLSINVAY nuodsoquiosys yim ssesioldojiersw pue sxi-utBauisip



3 Results

sobeydoioew ‘s|j9o opLpuUBp ‘s|[90 g = (S|190 Bunuasald uabiuy) sOdv

uonduosuel} JO SI0JeAlOR puUE UoioNpsuel) [eubls = 1V1S

SJiun uonduosuer | 1-10]d833l

Jeajonu o} xejdwoo swoseajoid S |/uninbign ay) Jo Emc%__:uww_ xi1aL POYUI-X| &X1I-(e19q) uionpsuel L
sal|ige bujules| .
pue Aiowsw Buikpapun sassaoold [esibojoisAyd ul sjol pazieoads uelg Idvdll + exii-uiejoud Aiossesoe Jojdsoal | upnapelu)
gzyN Hungns Jojdasal YANN dY} 4O 1.} olwse|dojAo yym sjoelaju| £o7a ¢ Bojowoy abue| ‘sosiq
uononpsued) [eubis (¥09)
Jojdeoal uabijue ||92-g Ul paAjoAul Liojdaoal-|\B| 9oepNS 0} pajeloossy sanssi Jo fouen +daol L uiejoud Buipuiq (v6.2aD) uiingojbounuww
04NL Ag paonpul ‘suoxe i .
Bunoaloid Ajjeuipn)ibuol Jo uoieuaLIo ay) BUIUIBIISUOD Ul PAAJOAU| senss( Jo Ajauen EN43 bg-ulyd3 G X
: [y e : o ) ‘selhoonsy
pue Ajjiqow 199 ‘sisojdode [euoInau Jo Jeoueyua se Ajoixojoinau pue o0 L
SSB1]S SAIEPIXO Ul PAAIOAUI ‘SISOUSBOUOXE pue UoISaype feuonau 12 _mco_mmwﬁ_% u uielg dav urejoud Josinoaud () ¢ projwy
‘ymmolb ajunau 0} Jueasjal suoiouny [eaibojoisAyd ‘10ydadal aoepuns |90 N
sueblo pioydwA| Arepuodas o} Buiwoy aykooydwA| Jo sassaooid ul 8|0y _m__mﬁouwmmh:c:%b 2NV Z 9|ndajowW uoIsaype [euonoune  zZ 1z
Buiolds YNy w-a1d ul 8|0y Z29d4NS .8 apndadAjod uigjoidosjonuoqu Jesppnu jlews | ‘0Z
Auanoe Jajowold sajeinwins jey Jojoey uonduosuel | a13y g Bojowoy auaboouo [elIA SISOI|BYI0PUB0INDNaI [81-A
Annwey
1V1S 9y} JO slaquiaw Ypm S}oeIdjul pue uononpsued) [eubis ul paAjoAu| SiI®2 sunwiw] exvr uijo.d exvr
SIYUE PIOJeWNayJ Ul UOHBAIIOE ||99-g Ul sajedioiued sanssl) Jo Ajalen z1sg Z uabpue |90 |ewou)s moLew auog
uone|nbal jeuonduosuel) ul paAjoAU| 064NZ (641H) 06 u@0.d Job6UIY OUIZ
Ainnoe uoissaldal [euonduosuel) ul paAjoAU| €6Z4ANZ eGz uieyoud sabuyy ouiz
uone|nbal jeuonduosuel) Ul PaAjoAU| ¥1L4NZ (9 XOM) ¥1 uieoid Jebuy ouiz
sisojdode pue 8ousdsauas juspuadep-gGd wolj S||99 s}08)0id anNnr auaboouo-ojoid g unp
|eulwJa)} . R
9AJBU Ul MOJ} duelquiaw Bupe|nbai Aq ases|al JeRIWSUBI0INaU U] 9|0y SuocinsN ulelg veavd ve-qey uisjoud pojejer-sey
uononpsuel} Z1 7| Ul POAJOAUL PUB Z |, -UIYNajJajul 1o} Jojdaoay LadzLl | e}9q ‘J0ydadal g| unnapaiul
uonezyejodiadAysaye ondeuis | Jaqwiaw ‘N Ajlweigns ‘|ouueyo pajeaioe
10 Juauodwod mojs o} Bunnqguuod Aq Ajjige)ioxa |euoinau sajejnboy SUGINSN urelg INNOM -WINIOED 82URJONPUOD |leWS/a)elpallalul WNIssejod
Buissaoo.id uabnue pajoLsal-|| SSed DHIN Ul PAAJOAU| sOdv ogldl 0€ utejoud a|qIoNpul A-uosapalu|
Sjua.InNd wniojed adA-p/d 0} asu saAlb ‘uounau ol Anus e sajelpay suoInaN uelg  YIVNOVD jungns | eydje ‘yuspuadap-abe}jon ‘|suueyd wniojed
utejoud Buipuiq YNQ s||e0 | LIAT | @ouanbas paAuap ejwayna| ansejqoydwAi
uone|nbal jeuonduosuel) Ul PaA|OAU] 0674ANZ 061 uejoud sabuly oulz | ‘6l
© buIpUIq prafoyasoyd pue ,.eg
N~ ybno.y} soo1san A10}a108S JO SISOJAD0Xd Juapuadap-,,eQ Ul PAAJOAU| uieg VLAS Al uwbeiojdeuls



3 Results 77

A fine candidate for MS pathology is the neuronal gene Contactin 6 (CNTNG6) at 3p26.3,
a member of the gene family that encode for Notch binding proteins which mediate cell
surface interactions during nervous system development, participate in oligodendrocyte
generation and possibly plays a role in neuroregeneration.'®'® Other brain and
CNS specific genes that are predominantly expressed in neurons are involved in
neurotransmitter release (RAB3A, 19p13.11), neuronal membrane excitibility (KCND2,
7931.31; KCNV1, 8923.2; SCN3B, 11924.1; KCNN1, 19p13.11; CACNA1A, 19p13.13)
and neuronal migration (RELN, 7922.1). Further brain-confined genes showing DNA-
(POU3F2, 6q16. 2) or RNA- (NOVA1, 14912) binding properties seem of importance in
light of disease regulation.

Special attention should be drawn to the well-characterised amyloid 3 precursor protein
(APP) gene at 21921.3, which is expressed in neurons, nonneuronal cells, astrocytes
and T lymphocytes. It is reported to exert a multitude of functions acting as a cell surface
receptor performing physiological functions on neurons relevant to neurite growth,
neuronal adhesion and axonogenesis. Furthermore it is associated with oxidative stress
response and neurotoxicity as an enhancer of neuronal apoptosis,'”'7® with cell mobility
and transcription regulation through protein-protein interactions. In some families,
defects in APP are a cause of autosomal dominant Alzheimer’s disease 1 (AD1).""°
More well-known genes that show elevated expression in brain were the mitochondrial
cytochrome c oxidase (SCO1, 17p13.1), genes encoding integral membrane proteins
(SYT4, IL1RAPL, ATP2B2, SLC6A11, SLC6A1, ADCY2, SEMA5A, SORCS1) of various
functions, the cerebral inflammation associated kynureninase gene (KYNU, 2922.2), and
the soluble monomer Synuclein o (SNCA; 4922.1). The latter can be found in presynaptic
nerve terminals and has been described to form filamentous aggregates that are the
major non amyloid component of intracellular inclusions in several neurodegenerative
diseases (synucleinopathies).'®°

In the context of MS as an autoimmune disorder it was of interest to determine
candidate genes related to immune cells and inherent “partner molecules”. In this
respect, of relevance were variations in antigen presenting cell (APC) genes, such as B
lymphocytes, dendritic cells and macrophages. Several genes of the MHC class Il region
should be acknowledged (HLA-DR, -DQ, -DO, -DP, and immunoproteasome subunits)
that are involved in antigen processing, and MHC class | related peptide transporters
(TAP1, TAP2), all located at 6p21.33-32. Deviations in T and B cell line genes as well
as Natural Killer (NK) cells (NCR1), Neutrophils (TAPBP) and endothelial cells (GATAS,
JAM?2) completed the outlined field.
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Genes encoding anti- or proinflammatory response-associated molecules like the
interleukin and cytokine family members IL26, IL22, LTA, LTB, TNFa, AlF, BAT2, SOCS1
and members or modulators of the classic and alternative complement cascades (C2,
C4a, C4b, CD59, BF, PRF) were detected, representing valuable candidates.
Cell-to-cell or cell-to-ECM interactions realized by type | membrane proteins that
mediate cell adhesion represent another basic element in studied disease. Adhesion
and signalling functions of aforementioned CNTN6, APP, and RELN in a brain-restricted
manner have been also described for genes encoding implicated proteins of the broad
immune system, namely JAM2 (lymphocyte homing), EFNB1 (axon projection), ROCK2
(cytoskeleton assembly), TNXB (cell-ECM interaction), TM4SF12 (signal transduction),
BAK1 (pro-apoptotic), SDCBP (cytoskeleton assembly), PPFIBP1 (axon guidance),
CNTNAP4 (cell adhesion), ADAMTS14 (ECM associated), and NOTCH4 (cell-cell
interaction).

32 genes account for transcription factors and epigenetic regulators that influence cell
processes. Their functions have been abundantly investigated and qualify as candidates
in an autoimmune disease: ELF1 and GATA3, JAK3, BAT8, BTG2, CREBL1, DAXX,
EBAGY, E2F6, FOXG1B, ING3, JUND, LITAF, NSMAF, PAX6, PIAS1, POU3F2,
PSMC2, RDBP, RELB, RING1, RXRB, STK19, TRRAP, VGLL4, ZBTB12, ZNF14,
ZNF90, ZNF202, ZNF253, ZNF297, and ZNF490.

With respect to MS therapies and potential interference due to gene impairment, Cystic
fibrosis transmembrane conductance regulator (CFTR) at 7931.2 called forth special
interest as it is implied in multidrug resistance.'®''8 The same applies to encountered
monooxygenases CYP7A1 (8q12.1) and CYP21A2 (6p21.32), microsomal cytochrome
P450 enzymes that catalyze many reactions involved in drug metabolism'* and
synthesis of cholesterol, steroids and other lipids. Eventually, it should be emphasized
that the cell surface receptor mediator Janus kinase 3 (JAK3; 19p13.11) represents a
part of the primary effectors and immune reponse mechanism to the immunomodulator
recombinant Interferon-g (rIFN-p), 858 which is regularly applied to RRMS patients.87-18°
In conjunction with the variability of the drug effect as MS-treatment (poor versus good
responder), a negative regulator of the JAK-STAT pathway, the suppressor of cytokine
signaling 1 (SOCS7; 16p13.13),"®° was considered promising. Another prominent
candidate is protein kinase MAP2K1 (15922.31), a member of the dual specificity
protein kinase family, that acts as a mitogen-activated protein (MAP) kinase kinase and

functions as an integration point for multiple biochemical signals.™' The protein kinase
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operates upstream of MAP kinases and stimulates respective enzymatic activity directed
at a wide variety of extra- and intracellular signals.

In order to further validate presented results, two regions of interest that displayed
candidate genes of varying disease-related plausibility were selected. Adjacent
microsatellites D3S3714 and D3S3680 warranted the selection of genes encoding
for APG7L and VGLL4 that map to chromosome band 3p25.3. The second site that
underwent such analysis was at 10922.1, harbouring the genes PRF1, ADAMTS14 and
the open reading frame 27 (C100rf27), which are located between and in the vicintiy of
D10S537 and D10S1685.

3.3 Genotyping of individual DNA by means of single
nucleotide polymorphism marker

3.3.1 Yield of applied 5' Nuclease assay

A total of 24 SNP assays were applied to 574 DNA samples. Corresponding to the initial
screening phase, each SNP was tested with 383 DNA samples (192 RR plus 191 HC)
and suceeding the statistical analysis (Section 2.11) additional genotypes for SNPs
#1, #6, #8, #9, #10, #12, #13, #16, #17, #18, #19, #20, #21, #22, #23, and #24 were
determined in DNA from 191 individuals (96 PP plus 95 HC). In summary, of 12,216
completed PCRs, 360 assays failed to score unambiguous genotypes which represented
a completion rate of 97.1%.

The data sets of two DNA samples from the initially distributed 574 DNA samples were
not included in further analysis due to following reasons: 1) the clinical assignment of
patient #1431 (Tab. 2.5, plate PP, position “A5”; Tab. 2.6, plate P2, position “A9, 10”) was
re-evaluated and defined a different clinical form of MS (from PPMS to PRMS=Primary
Relapsing MS). This disease form was not subject of present study and therefore the
sample excluded; 2) DNA dilutions from individual #C269 were accidently distributed in
two different panels (Tab. 2.5, positions “E9” in plate HC2 and “B3” in plate HC3; Tab.
2.6, positions “J18” in plate P1 and “D5, 6” in plate P2). The genotype-calls of #C269,
now tested in duplicate (48 results), were 100% identical and could be considered a
useful confirmation of employed technique. Consequently, only 24 genotypes (one result
per SNP) were introduced into succeeding statistical analysis.

Failure to mark genotypes was primarily attributable to unsuccessful PCRs due to
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insufficient product amplification. Data points in the scatter plot could not receive
genotype-calls as they failed to cluster tightly with assembled dots. Real-time data
analysis of these visual outliers did not allow for unambigious classification in most
cases. The main cause for described PCR inconsistencies appeared to be incomplete
dispensation of either reaction solution or DNA dilutions through the respective robots
when final assays were prepared. Genotyping newly constructed DNA plus probe
assays attained a completion rate of 91.7% as 30 DNA samples consistently replicated
their outlier position. Therefore, the overall degree of valuable assay completion was
99.8%, providing for subsequent statistical analyses 12,186 genotypes of 572 individuals
(Tab. 3.5).

Table 3.5 | Summary of 5' Nuclease PCR assay realizations indicating actual counts (N) and degree of performance in
%.

Summary of processed genotyping assays
Valid Missing Total
N Percent N Percent N Percent
Patients vs Controls * snp3 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp5 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp7 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp24 569 99.5% 8 0.5% 572 100%
Patients vs Controls * snp9 572 100.0% 0 0.0% 572 100%
Patients vs Controls * snp20 572 100.0% 0 0.0% 572 100%
Patients vs Controls * snp11 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp14 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp15 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp2 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp4 383 100.0% 0 0.0% 383 100%
Patients vs Controls * snp16 570 99.7% 2 0.3% 572 100%
Patients vs Controls * snp1 571 99.8% 1 0.2% 572 100%
Patients vs Controls * snp6 571 99.8% 1 0.2% 572 100%
Patients vs Controls * snp19 563 98.4% 9 1.6% 572 100%
Patients vs Controls * snp8 572 100.0% 0 0.0% 572 100%
Patients vs Controls * snp23 569 99.5% 3 0.5% 572 100%
Patients vs Controls * snp10 572 100.0% 0 0.0% 572 100%
Patients vs Controls * snp21 570 99.7% 2 0.3% 572 100%
Patients vs Controls * snp12 567 99.1% 5 0.9% 572 100%
Patients vs Controls * snp22 570 99.7% 2 0.3% 572 100%
Patients vs Controls * snp13 571 99.8% 1 0.2% 572 100%
Patients vs Controls * snp17 571 99.8% 1 0.2% 572 100%
Patients vs Controls * snp18 572 100.0% 0 0.0% 572 100%
12,186 99.8% 30 0.2% 12,216

Total Mean Total Mean Total
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3.3.2 Hardy-Weinberg equilibrium (HWE) in healthy control and multiple

sclerosis population samples

The HWE supplies information about genetic variation of alleles in diploid eukaryotic
populations assuming an “ideal” population;'®? that is, no genetic drift or other evolutionary
forces are acting on the population. For SNP #19 and #8, respective HWE violations
occured in both population samples (controls and cases) to a comparable degree,

whereas SNP #17 distribution deviates exclusively in MS patients (Tab. 3.6).

Table 3.6 | Hardy Weinberg equilibrium (HWE) data indicate strong deviation for SNP#19 and marginal HWE violation
for downstream SNP#8 in controls and cases. SNP#17 deviates from expected frequencies only in the MS patients’

population.

SNP Controls MS cases
# Chi p-value Chi p-value
24 0.36 0.547 0.43 0.513
9 2.59 0.107 3.00 0.083
20 2.31 0.129 0.30 0.584
16 0.88 0.348 1.55 0.213
1 0.63 0.426 0.01 0.931
6 0.00 0.960 0.13 0.717
19 29.32 6.1x10® 36.06 1.9x10°°
8 4.35 0.037 6.12 0.013
23 0.06 0.810 0.01 0.922
10 0.07 0.791 0.41 0.521
21 0.27 0.601 0.16 0.691
12 0.25 0.615 1.78 0.183
22 1.49 0.223 2.19 0.139
13 0.40 0.527 0.26 0.610
17 0.23 0.628 5.03 0.025
18 0.38 0.536 0.55 0.460

3.3.3 Linkage Disequilibrium block formation at genomic regions of interest
3p25.3 and 10g22.1

Linkage disequilibrium inferred from D" (-1 < D" < 1) was the basis of applied tests for
identification of “block-like” structures between genotyped loci. It is supposed to be
less sensitive to allele frequency than an alternative statistical LD measure,' r2, which

renders D’ less susceptible to Hardy-Weinberg deviations.
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D’ values for each pair of sites in examined regions of interest at 3p25.3 and 10g22.1,
respectively, are shown in the graphical displays Figure 3.1 and 3.2. Here, the relative
positions of genes and the interval of tested SNP markers in kilobases (kb) are indicated
in corresponding regions. At 3p25.3, 188.7 kb were covered with 10 SNPs, and at
10g22.1, 13 SNPs encompassed 177.4 kb. The patterns of LD-measures (D’ values)
corresponding to each marker pair were specified in colored cases that form a triangle,
in which areas of “block™like structure were outlined in bold lines. Two-digit numbers
specified the D’ values (e.g. “74” denoted D= 0.74) and empty boxes expressed
perfect linkage (D’= 1, completely correlated) between markers. A value of 0.0 implies
independence, whereas 1.0 means that all copies of the rarer allele occur exclusively
with one of the two possible alleles at the other marker. Table 3.7 provides details on the

color schemes.

Table 3.7 | Standard color scheme of output of Haploview software. D’: linkage disequilibrium measure; LOD: Base,,

logarithm of likelihood of odds ratio for linkage.

Standard color scheme
D'<1 D=1
LOD<2 White Blue
Shades .
>
LOD =2 of red Bright red

In Figure 3.1, one could identify 3 different sized haplotype blocks (6.78 kb, 16.97 kb
and 13.12 kb) expressing reduced local recombination rates between adjacent markers
within these regions. 8 of 10 tested markers constituted together three sites of block-like
structures, adding up to 36.87 kb of the 188.70 kb genomic sequence. According to the
UCSC genome browser, the overall recombination rate in this region is designated 1.5
cM/Mb.

Region 10g22.1 in Figure 3.2 is stated to be recombinatorial more active (UCSC), evident
by an elevated rate of 2.5 cM/Mb. Consistenly, the examined DNA stretch of 177.36 kb
enclosed only two block-like structures of together 15.63 kb, established by 5 from
13 tested SNP markers. In comparison with Figure 3.1, there exist more independent
sites in this relatively equal-sized region of interest, reflecting the recombination rate

heterogeneity described throughout the genome.®
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Linkage disequilibrium and block structure at chromosome 3 region

APG7L VGLL4

-

| 1 LI | | | |
kb > 26.1> 3.49 2.08 11.40 27.69 68.10 13.12 29.88

Block 3 (13.12 kb)

188.70 kb >

Block 1 (.78 kb) Block 2 (16.97 kb)

SNP 3 5 7 24 1 14 15 2

7

37 3 71
48 11

14 45
11

2 25 1 12
16 25 4
19 13

Recombination rate
1.5 cM/Mb

Figure 3.1 | Diagram of Haploview generated block-like structures at chromosomal location 3p25.3, based on the 4 gamete

rule defined by Barrett et al.’®" Upper part: Gene segment of APG7L and complete gene VGLL4. Investigated DNA stretch

length and intervals of 10 distributed SNP markers are indicated in kilobases (kb); lower part: Genomic sequence of tested

SNPs and linkage disequilibrium (LD) plot of computed pairwise LD statistics for all markers. Three revealed “block”-like

sites are identified in outlined triangles due to high LD established between consecutive markers. D’= 1.0, complete

linkage between marker pair (empty box). D’= 0, no linkage between independent markers. D’ values are specified in

numbers: 74 denotes D’'= 0.74. Pairwise LD measures were calculated from genotype data of N=383 individuals.
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Linkage disequilibrium and block structure at chromosome 10 region
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Figure 3.2 | Diagram of Haploview generated block-like structures at chromosomal location 10g22.1, based on the 4
gamete rule defined by Barrett et al.'®" Upper part: Genes Perforin, ADAMTS14 and C100RF27. Investigated DNA
stretch length and intervals of 13 distributed intragenic SNP markers are indicated in kilobases (kb); lower part: Genomic
sequence of tested SNPs and linkage disequilibrium (LD) plot of computed pairwise LD statistics for all markers. Two
revealed “block™like sites are identified in outlined triangles due to high LD established between consecutive markers.
D’= 1.0, complete linkage between marker pair (empty box). D’= 0, no linkage between independent markers. D’ values
specified in numbers: 76 denotes D'= 0.76. Pairwise LD measures were calculated from genotype data of N=383

individuals.

3.3.4 Detection of statistical significance derived from allele and single

genotype comparisons

As previously described (Fig. 2.6a and 2.7a), the initial screen on genomic regions
of interest was carried out with SNPs #1 to #15 on DNA of 383 RRMS patients and
healthy controls. In this phase, it was of interest to detect overall differences that
would confirm revealed findings of microsatellites tested on pooled DNA samples.
This refered in particular to SNPs #11 16.713 kb upstream of D3S3714, #14 and #15
enclosing D3S3680 (5.958 kb and 6.824 kb, respectively), #1 and #6 closer to D10S537
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(35.290 kb and 46.327 kb, respectively) and #10 and #12 adjacent to D10S1685
(7.684 kb and 29.588 kb, respectively). As shown in Table 3.8, only SNPs #1 and #6
disclosed supportive evidence after ascertaining the additional single genotype statistics.
Comparison of genotype frequencies at SNP #1 showed a significantly different distribution
of the homozygous state (GG) (P=0.009). The adjacent SNP #6 calculations showed
promising trends for homozygous combinations CC and TT (P=0.081; P=0.053). Other
previously mentioned SNPs located in vicinity of STR-markers suggesting evidence of
association for MS were inconclusive in the sense that they seemed independent of the
microsatellites. Nevertheless, promising details were revealed for SNPs #9 (P=0.022),
#8 (P=0.066), and in particular for #13 (P=0.004, P=0.019) in the open reading frame on

chromsome 10.

Table 3.8 | Statistical overview (stage one: screening phase) of two MS candidate regions on chromsome 3 (3p.25) and
10 (10g22.1). Chi square comparisons (genotype and allele) derived from genotyping results of 383 DNA samples at
15 SNPs. MAF: minor allele frequency in Caucasians stated by Celera; ho: homozygous genotype; he: heterozygous
genotype. P*= overall p-value generated by global group comparison (RRMS versus HC); P= single genotype frequency
comparison (one genotype versus sum of other two); p-values < 0.10 were considered to show a trend (in bold print), p-

values < 0.05 were statistically significant (colored green).

RRMS; n=192
HC: n=191 | SNP(xly) | MAF | RRMSvs.HC | ho(xx) | he(xy) | ho(yy) |
SNP# Chr Gene P* P P P
3 3 |ApPG7L C/G A1 0.308 0910 | 0417 | 0.172
5 3 |APG7L GIT 20 0.781 0527 | 0.871 0.645
7 3 |veLL-4 C/G 38 0.979 0858 | 0.883 | 0.959
9 3 |veLL-4 AIG 48 0.067 0125 | 0.022 | 0.267
11* | 3 |vGLL-4 C/G 38 0.709 0.881 0572 | 0.470
14* | 3 cIT 34 0.302 0132 | 0332 | 0417
15 | 3 AIC 40 0.678 0378 | 0645 | 0757
2 3 cIT 35 0.335 0.161 0575 | 0.359
4 |10 GIT 33 0.901 0883 | 0718 | 0.647
1* | 10 |PRF1 AIG 28 0.026 0120 | 0.107 | 0.009
6 | 10 |ADAMTS14 cIT 19 0.073 0.081 0.255 | 0.053
8 | 10 |ADAMTS14 C/G 29 0.112 0.066 | 0.111 0.723
10* | 10 |ADAMTS14 AIG 26 0.886 0820 | 0635 | 0.719
12* | 10 |ADAMTS14 AIG 50 0.615 0.394 | 0.881 0.467
13 | 10 [c100rf27 AIG 35 0.013 0.004 | 0.019 | 0218

* SNP-marker that were located next to significant STR-marker in preceding DNA pool approach.

These data were considered adequate to justify the realization of the second resolution

increasing step, by enlarging the sample size (additional 95 PPMS cases and 94
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healthy controls) and including 9 more SNP markers in a further genotyping session.
This improved the marker density and augmented the statistical power, which would
ideally consolidate detected significances and convert statistical trends into actual
significancies.

Table 3.9 depicts the results of SNP genotyping with 16 markers on 572 DNA samples.
At 3p25.3, two additional SNPs (#24 and #20) enclosing SNP #9 were selected
and genotyped with the complete DNA sample set, whereas #9 was tested with the
additional PPMS and HC samples. Aside from these three markers, the remaining in this
chromosomal region did not pinpoint to other promising sites and hence were not further
scrutinized. At 10g22.1, only SNP #4 was excluded from supplementary genotyping while
seven new intragene markers were implemented, located in PRF1 (#16), ADAMTS14
(#19, #23, #21, #22) and C100rf27 (#17, #18).

The inclusion of the clinical disease form PPMS at this stage of the study opened the
possibility to substratify the MS group and possibly to better disentangle genetic factors
that contribute to specific disease phenotypes. Therefore, following comparisons were
performed: MS versus HC; RRMS versus HC; PPMS versus HC; PPMS versus RRMS.

Table 3.9 | Statistical overview (stage two: focusing phase) of two MS candidate regions on chromsome 3 (3p.25) and
10 (10g22.1). Chi square comparisons (genotype and allele) derived from genotyping results of 572 DNA samples at
16 SNPs. MAF: minor allele frequency in Caucasians stated by Celera; ho: homozygous genotype; he: heterozygous
genotype. P*= overall p-value generated by global group comparison; P= single genotype frequency comparison (one
genotype versus sum of other two); p-values < 0.10 were considered to show a trend (in bold print), p-values < 0.05 were

statistically significant (colored green).

RRMS; n=192

PPMS; n=95 [ ho T he | ho [ ho T he | ho [ ho [ he | ho [ ho T he | ho |
HC; n=285 MS/HC| XX | Xy | yy RR/HC| XX | Xy | yy PP/HC| XX | Xy | yy F’P/RR| XX | Xy | yy |
SNP#| Chr Gene [x/y| P* P P P p* P P P p* P P P p* P P P

3 3 APG7L C/G
5 3 APG7L G/T

7 | 3 | vell4 [ciG
24 | 3 | vGlL-4 |AG| 0945 | 1 [0937[0.939] 0645 [ 1 [0.612[0.616] 0.392 [ 1 [0.341]0.348] 0247 [ 1 [0.200[0.206
9 | 3 | VGLL4 |AG| 0347 [0.512]0.015]0.036] 0.919 [0.152|0.010[0.123 | 0.065 |0.338|0.285 | 0.038 | 0.095 | 0.055|0.360 0.438
20 [ 3 | vGlL4 |AC] 0377 [0.239[0.151[0.449] 0.519 [0.342]0.217[0.653| 0.379 [0.301[0.249] 1 | 0.737 [0.8000.883[0.553
1| 3 | vell4 [c/
14| 3 Lo |
15* | 3 [ A/C|
2 13 | CT |
4 | 10 GIT
16 | 10 | PRF1__|A/G| 0.092 [0.190]0.866]0.163 | 0.072 |0.127]0.673]0.179| 0.470 [0.725]0.749]0.385 | 0.519 |0.421]0.539]0.858

1* 10 PRF1 A/G | 0.038 |0.260[0.189(0.039 | 0.042 |0.228|0.252|0.052 | 0.227 |0.617|0.328 |0.197 | 0.712 | 0.677 [ 0.942 | 0.825
6* 10 | ADAMTS14 | C/T | 0.091 |0.375)|0.206|0.098 | 0.108 |0.194|0.464|0.180| 0.287 [0.795|0.122|0.161| 0.847 | 0.319 [ 0.364 | 0.745
19 10 | ADAMTS14 | A/G | 0.482 |0.477|0.833|0.705| 0.475 |0.738|0.636 | 0.488| 0.009 |0.046 | 0.765 | 0.055| 0.003 | 0.034 | 0.525| 0.020
8 10 | ADAMTS14 | C/G | 0.482 |0.007)0.006|0.356| 0.332 |0.020|0.050|0.748| 0.966 |0.060 |0.005|0.145| 0.444 1 0.239 | 0.252
23 10 [ ADAMTS14 | A/G | 0.048 |0.241)0.135]0.066 | 0.075 [0.376|0.148|0.088 | 0.190 |0.334|0.395|0.248 | 0.947 1 0.787 | 0.866
10 10 | ADAMTS14 | A/G | 0.390 |[0.739)|0.446)0.367 | 0.190 |0.833)0.147 [0.129| 0.787 |0.703|0.482|0.613 | 0.225 |0.797 | 0.084 | 0.109
21* 10 [ADAMTS14 | C/T | 0.008 |0.011)0.023|0.250| 0.006 |0.008|0.0170.237| 0.253 |0.267 [ 0.322 | 0.632 | 0.299 | 0.326 | 0.460| 1

12* 10 | ADAMTS14 | A/G | 0.590 |[0.431)0.530)0.935| 0.362 |0.276)|0.530[0.687 | 0.748 |0.949|0.736 | 0.623 | 0.329 |0.380 | 0.886 | 0.449
22 10 | ADAMTS14 | A/T | 0.362 |0.557|0.036|0.083 | 0.723 |0.339|0.066 |0.233| 0.169 [0.809 |0.122[0.077 | 0.304 | 0.335[0.933 | 0.425
13 10 C100rf27 | A/G | 0.0004 |0.0004(0.007 | 0.085 | 0.0004 |0.0005| 0.010 | 0.068 | 0.068 |0.047 [ 0.109 | 0.490 | 0.366 |0.461 |0.699 | 0.452
17 10 C100rf27 | C/T | 0.460 |0.109(0.982|0.678 | 0.530 |0.152)0.166 |0.303 | 0.005 |0.576(0.014|0.007 | 0.002 - 10.001]0.001
18 10 C100rf27 | A/IC | 0.583 |0.763[0.269)|0.360 | 0.796 |0.731)0.442|0.580| 0.447 |0.924|0.256 | 0.285| 0.601 |0.868 [ 0.619 | 0.548

* SNP-marker that were located next to significant STR-marker in DNA pooling experiment and MS.
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Table 3.9 serves as an explorative tool to examine and compare where and how
noticeable events of the screen results displayed in Table 3.8 maintained or vanished.
Naturally, this made primarily sense when RRMS was compared with HC (Tab. 3.9,
second main column). Here, of five sites of interest (p < 0.10 at SNPs #9, #1, #6, #8,
and #13) derived from the genotyping of 383 individuals, four markers (#9, #1, #8, #13)
revealed clearer or maintained significance and one (#6) basically dropped out. More
detailed information about allele and genotype frequencies, correlation (odds ratio) and
statistic robustness (confidence intervall) of all Table 3.9-derived findings are presented
in synoptical tables of Appendix E. There, minor allele frequencies of tested SNPs
can be traced in allele frequency population data and compared to publicly available
information (Tab. 2.9).

Intriguing was the finding that of the additional markers, SNP #21, positioned 2.107 kb
upstream of D10S1685, showed a significant association with MS for allele C (OR=1.7;
95% CI=1.2 to 2.6; p=0.008) and the homozygous genotype CC (OR=1.8; 95% CI=1.1
to 2.7; p=0.011) (Appendix E9). This was even more evident when the stratified group
RRMS was compared with HC (allele C: OR=1.9; 95% CI=1.2 to 3.1; p=0.006; genotype
CC: OR=2.0; 95% CI=1.2 to 3.3; p=0.008), as shown in Appendix E10. It should be
noted, that the MS DNA-pool for the GAMES experiment was created from DNA of MS
patients diagnosed RR and SP, which are classified as belonging to the same clinical
subgroup.? Tested with D10S1685, the same ratio — quantitatively more PCR fragments
in MS patients than in controls — was observed, indicating the reasonable probability that
indeed SNP #21 and the adjacent microsatellite D10S1685 are linked on the same DNA
stretch, rendering it specific for the “relapsing” form of MS. Certainly the concordance
rate (93%) of used samples in both experiments contributed to this congruent result;
nevertheless, it supports the presented line of investigation.

After genotyping 572 samples, the mentioned three markers (#9, #8, #13) revealed a
statistically increased significance when comparisons RRMS versus HC were computed
(Tab. 3.9; Appendix E, Tab. 2, 10, 14). This was mainly due to an increased statistical
power inherent with a larger sample size.

As anticipated, the inclusion of clinically distinct PPMS individuals had various effects
on comparisons between categories, displaying both same and contrary frequencies
in relation to the RRMS group. At SNP #9, the heterozygous state AG was negatively
associated with MSRR and MS, respectively (Appendix E, Tab. 2, 1), rendering RRMS
cases the separating group. The homozygosity GG association in the MS group, on

the other hand, confined contribution of susceptibility to PPMS indivduals (Appendix E,
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Tab. 3). More information based on the stratification effect, though sometimes not
in the range of statistical significance, can be obtained by comparing the odds ratio
between analysed groups. Tables 2 and 3 of Appendix E showed a contrary distribution
of genotype AA for RRMS and PPMS in comparison with healthy controls, which, when
directly compared, was reflected in a PPMS-associated ratio (Tab. 4; OR=0.55; p=
0.055). Therefore, SNP #9 distinguished RRMS samples from healthy controls and in
addition discriminated moderately between RRMS and PPMS.

At SNP #8, both MS subgroups uniformly deviated from the healthy control population
(Appendix E, Tab. 9-11), and the PPMS individuals separated considerably well (Tab.
11: CG, OR: 2.0; p= 0.005). The same principle applied to SNP #13, where allele and
genotype distributions were equally different, A and AA being over-represented in MS
individuals, and more genotypes AG and GG counted in healthy controls (Appendix E,
Tab. 13-15).

Furthermore, of the newly implemented markers, SNP #19 and #17 attained special
relevance as both could be considered clear discriminators in PPMS vs. HC and
PPMS vs. RRMS comparisons. While the overall comparisons between MS and HC
did not reveal any distribution tendencies (Appendix E, Tab. 9 and 10; 13 and 14), the
stratification process disclosed strong deviations for the PPMS group from healthy
controls (Tab. 11, 15) and to a greater extent from the RRMS group (Tab. 12, 16). These
findings rendered the two markers promising indicators for different genetic contributions

in the clinical subforms of MS.

3.3.5 Correction for multiple testing through Bonferroni

After the MS group was stratified into RRMS and PPMS, and statistical comparisons
performed on all groups, a correction of derived statistics had to be imposed in order
to address the issue of multiple testing. The Bonferroni formula established a threshold
for significance at a p-value of 0.0021, due to the number of tested SNPs (n=24) in
accordance to the common degree of significance 0.05.

Table 3.9 revealed that 7 results at SNPs #13 and #17 stated a p-value below 0.0021
serving the Bonferroni correction. These comparisons could be considered sufficiently
significant in order to overcome any bias inherent to repeated measurements. This
outcome should not altogether undermine the precedently discussed relations of alleles
and genotypes at remaining “non-significant” markers (e.g. SNP #21; comparison RRMS

vs. HC). The correction process is an important tool to address the issue of multiple testing
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of the same subjects. It aims to reduce the rate of false positive results by diminishing
the effect of independency inherent with each test. Still, these thresholds are relative and
their significancies depend to a certain degree on the investigator’s point of view: he or
she can choose the most strict criterion and state a solid conclusion independently, or,
be less stringent and hence suggest fields open for replication in follow-on studies with
identical and/or additional methodologies, describing thereby facets of the problem with

different approaches.

3.4 Single gene inspection: haplotype analysis

4 genes that have been pre-analyzed in a screening stage - VGLL, Prf, ADAMTS14,
C100rf27 - were genotyped with altogether 16 SNPs on 572 individual DNA samples. As
described in preceding chapter, allele and genotype frequencies were established and
compared (Appendix E). When a significant association was revealed at one or more
SNPs in a gene, a more comprehensive analysis including adjacent markers on the
respective gene was performed (Appendix F). By means of the haplotype reconstructing
software package PHASE haplotype pairs of each individual were designated and all
assigned pairs not exceeding the accuracy threshold set at 90% were excluded from
further analysis, thus leaving for analyses in each gene different numbers of unambigious
haplotypes. As a rule of thumb, the larger the amount of combined loci, the higher the
probability that haplotype pairs remained inconclusive, expressed through an accuracy

value below 0.9.
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3.41 VGLL4 - Transcription cofactor vestigial-like protein 4

VGLL4
- 88.02 kb >
41—13.48 kb —»
1
Block 1 (2.08 kb)
SNP 24 9 20

Figure 3.3 | Diagram of block like structure of VGLL4 at chromosomal location 3p25.3. Upper part: Complete gene
length and distinction exon (vertical bars) / intron (horizontal lines), distribution and relative positions of SNP markers
spanning 13.48 kb; lower part: Linkage disequilibrium (LD) plot of computed pairwise statistics for all markers. Haplotype
block identification due to complete LD (D’= 1.0 complete linkage between marker pair, D’= 0 no linkage, independent

marker). Pairwise LD measures were calculated from genotype data of N=572 individuals.

In single allele and genotype comparisons of three intronic polymorphisms, significance
was assessed for SNP #9 (Appendix E, Tab. 1-3). In order to extend the analysis and
comply with the block-like structure in VGLL4, haplotypes were re-assembled with
adjacent markers #24 and #20.

The PHASE software unequivocally assigned 568 control and 570 MS haplotypes, the
latter comprising of 382 RRMS and 188 PPMS haplotypes (Appendix F1). Frequency
comparisons did not generate additional relevance, neither did 2-SNP combinations and

haplotype pair frequency comparisons (data not shown).
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3.4.2 PRF1-Perforin

Perforin

<« 541kb—m >
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Block 1 (1.46 kb)
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Figure 3.4 | Diagram of block like structure of PRF1 at chromosomal location 10922.1. Upper part: Complete gene
length and distinction exon (vertical bars) / intron (horizontal lines), distribution and relative positions of SNP markers
spanning 1.46 kb; lower part: Linkage disequilibrium (LD) plot of computed pairwise statistics for both markers. Haplotype
block identification due to complete LD (D’= 1.0 complete linkage between marker pair, D’= 0 no linkage, independent

marker). Pairwise LD measures were calculated from genotype data of N=572 individuals.

In single allele and genotype comparisons of the exonic and intronic polymorphisms,
significance was assessed for SNP #1 (Appendix E, Tab. 5, 6).

The PHASE software assigned 570 control and 570 MS unambigious haplotypes,
the latter comprising of 384 RRMS and 186 PPMS haplotypes; extended haplotype
frequency comparisons generated relevance for the haplotype GA (Tab. 3.10, H2:
p=0.029; OR: 1.3). Subsequent haplotype pair frequency comparisons did not disclose
further significance (Appendix F2).

Table 3.11 | Reconstructed haplotypes from two variable sites (SNPs #16, 1) within PRF1, their relative frequencies and

corresponding statistics.

Frequencies, n (%)

H 16 1 MS patients Controls P OR (95% CI)
1 AG 320 (56.1) 347 (60.9) 0.105
2 GA 213 (37.4) 178 (31.2) 0.029 1.3(1.0-1.7)
3 GG 37 (6.5) 44 (7.7) 0.420
4 AA - 1(0.2) 1.000

*After stratifying the MS group, comparisons between RRMS patients at H2 with controls revealed statistical significance
(H2: OR=1.3, p=0.037). H: haplotype number; Numbers 16 and 1 represent respective SNP position; OR: odds ratio; 95%

Cl: 95% confidence interval.
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3.4.3 ADAMTS14 - a disintegrin-like and metalloproteinase domain with

thrombospondin type 1 modules 14
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Figure 3.5 | Diagram of block like structure of ADAMTS14 at chromosomal location 10922.1. Upper part: Complete
gene length and distinction exon (vertical bars) / intron (horizontal lines), distribution and relative positions of SNP markers
spanning 74.90 kb; lower part: Linkage disequilibrium (LD) plot of computed pairwise statistics for all markers. Haplotype
block identification due to complete LD constituted by consecutive markers 8, 23 and 10 (D’= 1.0 complete linkage
between marker pair, D’= 0 no linkage, independent marker). Pairwise measures of LD were calculated from genotype
data of N=572 individuals.

In single allele and genotype comparisons of eight intronic polymorphisms, significance
was assessed for SNPs #19, 8, 23, 21, and 22 (Appendix E, Tab. 9-11). For this reason,
haplotypes were reconstructed selecting these preliminary sites of interest. Haplotype
reconstruction resulted unambigously in 496 control and 492 MS haplotypes, the latter
comprising of 332 RRMS and 160 PPMS haplotypes. Of 32 (2°) possible haplotype
combinations, 15 categories were detected in examined populations (Appendix F3a)
and subsequently included in frequency and distribution examinations.

Frequency comparisons generated statistical significance for two haplotypes
distinguishing MS patients from controls (Tab. 3.12, H8: p=0.022, OR=0.5; H11: p=0.039,
OR=2.9) and after clinical group stratification, these two haplotypes (H8, p=0.029; H11,
p=0.029) plus an additional four (H1: p=0.032; H4: p=0.049, 0.025; H6: p=0.012; H7:
p=0.026) revealed p-values below 0.05 (Appendix F3a).
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Table 3.12 | Reconstructed haplotypes from five variable sites (SNPs #19, 8, 23, 21, 22) within ADAMTS 14, their relative

frequencies and corresponding statistics.

Frequencies, n (%)

H 19 8 23 21 22 MS patients Controls P OR (95% CI)
1 GGGCT* 145 (29.5) 144 (29.0) 0.879
2 ACGCA 118 (24.0) 121 (24.4) 0.880
3 GGGCA 52 (10.6) 45 (9.1) 0.429
4 GCGCT* 29 (5.9) 33 (6.7) 0.623
5 GGACT 28 (5.7) 32 (6.5) 0.617
6 ACGCT* 30 (6.1) 30 (6.0) 0.974
7 AGGCT* 40 (8.1) 26 (5.2) 0.069 1.6 (1.0-2.7)
8 GGATT* 12 (2.4) 26 (5.2) 0.022 0.5 (0.2-0.9)
9 GCGTT 8 (1.6) 15 (3.0) 0.205
10 GGATA 2(0.4) 6(1.2) 0.287
11 AGGCA* 14 (2.8) 5(1.0) 0.039 2.9 (1.0-8.1)
12 GGACA 6 (1.2) 5(1.0) 0.772
13 GCGCA 1(0.2) 4 (0.8) 0.374
14 GGGTT 6(1.2) 4(0.8) 0.545
15 ACATT 1(0.2) 0(-) 0.498

*After stratifying the MS group, comparisons between RRMS patients and controls (H8), and between PPMS patients
and controls (H11) were statistically significant (p=0.029 each). Further five p-values below 0.05 were determined in
comparisons between clinical subforms and controls at haplotypes H1, H4, H6, and H7. H: haplotype number; Numbers
19 through 22 represent SNP position; OR = odds ratio; 95% Cl = 95% confidence interval.

Succeeding estimations of haplotype pair frequency distributions in MS patients and
controls and the respective clinical subforms disclosed significance for assemblies 1/4
(RRMS vs HC, p=0.036), 2/2 (PPMS vs HC, p=0.026), 2/7 (MS vs HC, p=0.031), and
2/11 (PPMS vs HC, p=0.028) (Appendix F3a).

The haplotype analysis of SNP composites that revealed significance in single variation
examinations (Appendix E, Tab. 9-12) generated a relatively wide range of haplotype
structures (n=15), also caused by minor allele frequencies of the constituting variants. The
software PHASE reassembled 156 haplotypes (78 haplotype pairs) that did not exceed
the requested accuracy threshold (90%), which in turn reduced the statistical power and
finally contributed to moderate p-values. In order to reduce the number of haplotype
species, thereby increasing the number of employable haplotypes for statistical tests,

and to comply with the suggested concept of linked SNPs that comprise a haplotype
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block (Figure 3.5), the less frequent SNP #10 (MAF: 0.25) was substituted for SNP #22
(MAF: 0.39). This procedure diminished the general diversity of established haplotypes,
expressed by an increased number of unequivocal haplotypes and a more limited variety
of different haplotype states (n=11). Haplotype reconstruction with accuracy threshold
set at 90% filtered only 66 ambigous haplotypes and generated 534 control and 544 MS
haplotypes, the latter comprising of 368 RRMS and 176 PPMS haplotypes (Appendix
F3b).

Frequency comparisons generated relevance for two haplotypes distinguishing MS
patients from controls (Tab. 3.13, H6: p=0.002, OR= 0.4; H7: p=0.004, OR=2.0) and
after clinical group stratification, these two haplotypes revealed statistically significant
p-values (Appendix F3b; H6: p=0.003, OR=0.4; H7: p=0.0004, OR=2.7).

Table 3.13 | Reconstructed haplotypes from five variable sites (SNPs #19, 8, 23, 10, 21) within ADAMTS 14, their relative

frequencies and corresponding statistics.

Frequencies, n (%)

H 1982310 21 MS patients Controls P OR (95% CI)
1 ACGGC 147 (27.5) 152 (28.6) 0.553
2 GGGAC 146 (27.3) 127 (23.7) 0.249
3 GGGGC 78 (14.6) 79 (14.8) 0.832
4 GGAGC 45 (8.4) 45 (8.4) 0.927
5 GCGGC 41 (7.7) 42 (7.9) 0.840
6 GGAGT* 17 (3.2) 39 (7.3) 0.002 0.4 (0.2-0.7)
7 AGGGC* 55 (10.3) 29 (5.4) 0.004 2.0 (1.2-3.1)
8 GCGGT 8 (1.5) 12 (2.2) 0.375
9 GGGGT 7(1.3) 3(0.6) 0.342
10 AGGAC 1(0.2) 4(0.7) 0.214
11 AGGGT 1(0.2) 2(0.4) 0.621

*After stratifying the MS group, comparisons between RRMS patients and controls (H6), and between PPMS patients
and controls (H7) were statistically significant (p=0.0026 and p=0.0004, respectively). H: haplotype number; Numbers 19
through 21 represent SNP position; OR = odds ratio; 95% Cl = 95% confidence interval.

Successive estimations of haplotype pair frequency distributions in MS patients and
controls and the respective clinical subforms disclosed significance for assemblies 1/1
(MS vs. HC, p=0.026; RRMS vs HC, p=0.033), 1/7 (MS vs. HC, p=0.010; PPMS vs. HC,
p=0.0009; PPMS vs. RRMS, p=0.022), and 3/6 (MS vs. HC, p=0.003; RRMS vs. HC,
p=0.004) (Appendix F3b). Figure 3.6 represents the distribution of haplotypes assembled

as pairs and outlines the associated groups.
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Figure 3.6 | Distribution of ADAMTS14 haplotype pairs in control and MS group and respective MS subgroups.
Haplotypes were reconstructed and assembled as pairs using software PHASE. The abscissa depicts haplotype
combinations and the ordinate represents frequencies of corresponding haplotype pairs. Solid bars indicate the haplotype
pair associated populations and statistically signifcant differences when compared between groups: MS vs controls (for
1/1, p=0.026; 1/7, p=0.01; and 3/6, p=0.026); RRMS vs. controls (3/6, p=0.004); PPMS vs. controls (1/7, p=0.0009).
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3.4.4 C100rf27 - Chromsome 10 open reading frame 27
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Figure 3.7 | Diagram of block like structure of C700rf27 at chromosomal location 10922.1. Upper part: Complete
gene length and distinction exon (vertical bars) / intron (horizontal lines), distribution and relative positions of SNP markers
spanning 4.23 kb; lower part: Linkage disequilibrium (LD) plot of computed pairwise statistics for all markers. No haplotype
block identification due to incomplete LD constituted by consecutive markers (D’= 1.0 complete linkage between marker
pair, D’= 0 no linkage, independent marker). Pairwise measures of LD were calculated from genotype data of N=572

individuals.

In single allele and genotype comparisons of three intronic polymorphisms, significance
was assessed for SNPs #13 and #17 (Appendix E, Tab. 13-16). In order to extract
all available gene based data the non-significant SNP #18 was incorporated into the
haplotype reconstruction process. Haplotype reconstruction resulted unambigously
in 518 control and 520 MS haplotypes, the latter comprising of 340 RRMS and 180
PPMS haplotypes. 8 haplotype categories were detected in examined populations and
subsequently included in frequency and distribution examinations (Appendix F4).
Frequency comparisons generated relevance for two haplotypes distinguishing MS
patients from controls (Tab. 3.14, H3: p=0.006, OR= 0.7; H4: p=0.004, OR=0.4) and
after clinical group stratification, these two haplotypes (H3, p=0.0009; H4, p=0.003) plus
one additional (H5, p=0.024) revealed p-values below 0.05 (Appendix F4).
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Table 3.14 | Reconstructed haplotypes from three variable sites (SNPs #13, 17, 18) within C700rf27, their relative

frequencies and corresponding statistics.

Frequencies, n (%)
P value OR (95% CI

H 1317 18 MS patients Controls

1 ATC 215 (41.3) 200 (38.6) 0.368

2 ATA 164 (31.5) 136 (26.3) 0.060 1.3(1.0-1.7)
3 GTC* 94 (18.1) 130 (25.1) 0.006 0.7 (0.5-0.9)
4 GCA* 10 (1.9) 27 (5.2) 0.004 0.4 (0.2-0.8)
5 ACC* 32 (6.2) 21 (4.1) 0.124

6 GTA 4 (0.8) 2(0.4) 0.687

7 GCC 0(0) 2(0.4) 0.249

8 ACA 1(0.2) 0(0) 1.000

*After stratifying the MS group, comparisons between both RRMS patients at H3 and PPMS patients at H4 with controls
revealed statistical significance (H3: OR=0.6, p=0.0009 and H4: OR=0.1, p=0.003, respectively). H: haplotype number;
Numbers 13 through 18 represent SNP position; OR: odds ratio; 95% Cl: 95% confidence interval.

Successive estimations of haplotype pair frequency distributions in MS patients and
controls and the respective clinical subforms disclosed significance for assemblies 2/4
(MS vs. HC, p=0.033), 2/5 (RRMS vs. HC, p=0.040; PPMS vs. RRMS, p=0.022), and
3/3 (RRMS vs. HC, p=0.034) (Appendix F4). Figure 3.8 represents the distribution of

haplotypes assembled as pairs and outlines the associated groups.
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Figure 3.8 | Distribution of C700rf27 haplotype pairs in control and MS group and respective MS subgroups of
C100rf27. Haplotypes were reconstructed and assembled as pairs using software PHASE. The abscissa depicts haplotype
combinations and the ordinate represents frequencies of corresponding haplotype pairs. Solid bars indicate the haplotype
pair associated population and statistically significant differences when compared between groups: MS vs. controls
(2/4, p=0.033); RRMS vs. controls (2/5, p=0.040; 3/3, p=0.034); RRMS vs. PPMS (3/3, p=0.022).
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3.5 Combined gene haplotypes based on ascertained data
of ADAMTS14 and C100rf27

In order to determine association among SNPs located in adjacent genes, 8 markers
from ADAMTS 14 and 3 markers from C100rf27 were permutated as 2-SNP composites,
rendering 24 possible pair combinations. Respective arrangements were introduced
to the PHASE software and resulting frequencies of haplotype pairs were compared
between respective groups.

Several composites revealed strong statistical significance, naturally of the most evident
were combinations of SNPs that had already displayed association with MS. Both SNP
#19 and #17 were found to be associated with MS and PPMS (Tab. 3.15). SNP #21 and
#13 followed the same concept, except they were associated with MS and RRMS (Tab.
3.16).

Table 3.15a | Reconstructed haplotypes from SNPs #19 and #17 in genes ADAMTS14 and C10o0rf27, their relative
frequencies and statistics; MS versus controls.

Frequencies, n (%)

H 19 17 P value OR (95% CI
MS patients Controls

1 GT 306 (58.4) 306 (57.1) 0.666

2 AT 170 (32.4) 168 (31.3) 0.701

3 GC 33 (6.3) 49 (9.1) 0.083 0.7 (0.4-1.1)

4 AC 15 (2.9) 13 (2.4) 0.657

Table 3.15b | Reconstructed haplotypes from SNPs #19 and #17 in genes ADAMTS14 and C100rf27, their relative
frequencies and statistics; MS clinical subforms.

Frequencies, n (%)

H 19 17 P value OR (95% CI
PPMS RRMS

1 GT 93 (52.2) 213 (61.6) 0.041 0.7 (0.5-1.0)

2 AT 77 (43.3) 93 (26.9) 0.00015 21(1.4-3.0)

3 GC 6 (3.4) 27 (7.8) 0.057 0.4 (0.2-1.0)

4 AC 2(1.1) 13 (3.8) 0.102
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Successive estimations of haplotype pair frequency distributions in MS patients and
controls and the respective clinical subforms disclosed significance for assemblies 1/3
(PPMS vs. HC, p=0.046; PPMS vs. RRMS, p=0.049) and 2/2 (PPMS vs. HC, p=0.017;
PPMS vs. RRMS, p=0.0026) (Appendix F5a). Figure 3.9 depicts the distribution of
haplotypes assembled as pairs of PPMS and RRMS.
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Figure 3.9 | Distribution of haplotype pairs derived from ADAMTS14 and C7100rf27 SNP composites in PPMS and
RRMS groups (SNPs #19-17). 2-variant haplotypes were computationally reconstructed and assembled as pairs using
software PHASE. The abcissa depicts haplotype combinations and the ordinate represents frequencies of corresponding
haplotype pairs. The haplotype pair 2/2 generated a p-value of 0.0026 (OR=2.7, 95% Cl=1.4-5.1) that supplied evidence
for a PPMS-discerning condition. Significance is indicated with an asterisk.

Furthermore, the combination of SNP #21 and #13 rendered haplotype association with
the RRMS form.

Table 3.16a | Reconstructed haplotypes from SNPs #21 and #13 in genes ADAMTS14 and C100rf27, their relative
frequencies and statistics; MS versus controls.

Frequencies, n (%)

H 21 13 P value OR (95% CI
MS patients Controls

1 CA 400 (73.3) 328 (63.8) 0.0009 1.6 (1.2-2.0)

2 CG 117 (21.4) 145 (28.2) 0.011 0.7 (0.5-10.9)

3 TA 25 (4.6) 27 (5.3) 0.612

4 TG 4(0.7) 14 (2.7) 0.016 0.3(0.1-0.8)
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Table 3.16b | Reconstructed haplotypes from SNPs#21 and #13 in genes ADAMTS14 and C100rf27, their relative
frequencies and statistics; MS clinical subforms.

Frequencies, n (%)

H 21 13 RRULS Controls P value OR (95% ClI

1 CA 273 (74.2) 328 (63.8) 0.001 1.6 (1.2-2.2)
2 CG 77 (20.9) 145 (28.2) 0.014 0.7 (0.5 - 0.9)
3 TA 17 (4.6) 27 (5.3) 0.182

4 TG 1(0.3) 14 (2.7) 0.006 0.1(0.0-0.7)

Successive estimations of haplotype pair frequency distributions in MS patients and
controls and the respective clinical subforms disclosed significance for assembly 1/1
(MS vs. HC, p=0.002; RRMS vs. HC, p=0.003) (Appendix F5b). Figure 3.10 depicts the
distribution of haplotypes assembled as pairs of MS and controls.
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Figure 3.10 | Distribution of haplotype pairs derived from ADAMTS14 and C700rf27 SNP composites in MS and HC
groups (SNPs #21-13). 2-variant haplotypes were computationally reconstructed and assembled as pairs using software
PHASE. The abcissa depicts haplotype combinations and the ordinate represents frequencies of corresponding haplotype
pairs. The haplotype pair 1/1 generated a p-value of 0.002 (OR=1.7, 95% Cl=1.2-2.4) that supplied evidence for a PPMS-
discerning condition. Significance is indicated with an asterisk.






4 Discussion

4.1

4.2

4.3

44

4.5

4.6

4.7

4

DISCUSSION

A whole genome screen employing microsatellite markers
and pooled DNA

284 candidate genes detected by “Sliding windows”
3p25.2: Apg7l and Vgll4

10922.1: Perforin, ADAMTS14 and C100rf27
4.4.1 10922.1: Intergenic haplotypes ADAMTS14 and C10orf27

Pros and Cons on association study design
4.5.1 Pros association study

4.5.2 Cons of association study
Multiple testing and epistasis

Conclusion and outlook

103

104

107

110

111
115

116
116
117

119

120



104 4 Discussion

Genome scans are basically discovery-driven and automatically compel a major
statistical issue of how to assign significance to a huge data set, also termed multiple
testing problem. Therefore, one recommended strategy is to switch after such screen
to a candidate region approach; it has the advantage of selecting candidates based
on biological plausibility and the subsequent statistical analysis is somewhat simpler
requiring fewer corrections than in a random search. Hence, the chosen strategy was to
devise a candidate gene list that was appropriate to MS, establish the haplotype structure
in the populations under study, define the haplotype frequency for the common variants
in MS cases and healthy controls and identify the polymorphisms that best capture that

diversity (tagging).

An initial genome wide screen on Spanish MS patients disclosed 460 microsatellite
markers displaying evidence of association with the disease (Appendix B). In the
following, by means of a newly devised analytical method termed “Sliding windows” that
detects clusters of significant markers'™! (Section 2.6; Appendix C), a list of 75 genomic
regions of interest containing 284 genes was generated (Tab. 3.2), two of which - 3p25.2
and 10922.1 - were further refined. Individual SNP genotyping was performed on 192
MS patients and 191 healthy controls, and showed significant association of the genes
VGLLA4, Perforin, ADAMTS14 and C100rf27 with MS. Further analysis with an increased
sample size of 287 MS patients and 285 controls resulted in a statistically more robust
confirmation of the previous findings and pointed ADAMTS14'%2 and C100rf27 as most

promising candidate genes for MS susceptibility.

4.1 A whole genome screen employing microsatellite
markers and pooled DNA

A whole genome screen for evidence of linkage disequilibrium (LD) with MS was
performed employing a panel of 5543 microsatellite markers and pooled DNA from
Spanish patients and controls.’® Results were estimated by means of an empirical
p-value, a non-formal significance test that functioned satisfactorally in order to rank
genomic regions of interest. The purpose of DNA pooling studies is not to deliver formal
tests of association, but to provide a preliminary filter in order to prioritize loci for future

study designs.

Furthermore, the pooling method introduces non-sampling errors into the data, which
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were partly corrected by adapting factors for length dependent amplification and
weighting factors.'® Nevertheless, it appears noticeably difficult to completely estimate
the random errors (secondary PCR products) or laboratory artefacts, hence the error

variance.

191 candidate regions were identified through repeated testing of microsatellite markers
(Section 3.2), delivering increasing support for areas that have previously been implicated
in genetic susceptibility to MS and furthermore may direct new candidate gene studies.
The confirmation of 8 HLA-restricted markers validated the pooled DNA approach for
MS association studies; however, it must be noted that the screening was enriched with

markers mapping to the gene-full MHC region.

Meta-analysis including data from all centers that participated in GAMES (n=18) was
highly anticipated, but so far expectations have not been achieved. Several reasons
might account for this unsatisfying situation. DNA pool formation was not part of standard
GAMES design as some groups used HLA DR2-stratified samples exclusively%51%
or even incorporated additional PPMS individuals in their patients cohort.’®® Other
teams determined DNA sample concentrations by photometric instead of proposed
fluorescence-based techniques, therefore incorporating a considerable variance in pool
accuracies. Furthermore, different genotyping centers like deCODE in Reykjavik and the
laboratory in Cambridge, UK, applied different principles in their analyses. The single
peak approach (SPA)™%'54 has been outlined in section 2.5 of presented dissertation and
the respective marker-based analysis is explained in Setakis et al.'®” Finally, different
ethnical backgrounds seem to bear stronger limits than expected. Besides the overall
MS-associated HLA-region, the concept of domestic, “nation”-specific sets of genes

must be considered.

Individual genotyping of 7 Spanish candidate microsatellites

Subsequently, 7 of the 183 non-MHC markers were selected for genotyping on 372
individual DNA samples. It was attempted to replicate the DNA pool findings and
therefore evaluate the merit of a genuine candidate region status. Methodology and
results are outlined in Appendix A. The relative comparison of peak height distributions
(allele image profile, AlP) of the DNA pool study to allele frequency distributions obtained
from genotyping individual DNA samples provided a measure for the type | error rate

(false positive result) of 28.6% for employed pooling methodology.
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For described situation, the extent of this effect could not be methodically correctly
estimated; an empirical p-value assigned to a peak of a marker from a pooled DNA
analysis can not be compared straightforward with a formally computed p-value derived
from a comparison of real allele counts of individually tested DNA samples. However,
taking into account orientational aspects of a possible predisposing allele, a one-sided
p-value <0.05 detected in individual genotyping was considered to consolidate preceding

evidence of association.

Of the 7 microsatellites that displayed potential association with MS, 5 markers
(D4S3245, D9S303, D1251653, D13S777, D22S692) sustained statistical significance
in individual genotyping. In addition, association with identical alleles and unchanged
allele distribution ratios strengthened these findings (Appendix A; Table). Two regions
of interest (D16S2613, D18S52), including D16S2613 that had been linked with MS
independently in the past, could not be reproduced in presented data set. The dinucleotide
marker D18S52 performed remarkably well in the majority of the GAMES population
screens, but consistently failed to meet expectations after individual genotyping was
performed with corresponding DNA samples (oral communication, DAS Compston),

rendering it a problematic genetic marker.

Clearly, pooling DNA added new categories of variance and it appears rather difficult to
derive basic rules on how to interprete results from genotyped microsatellites and DNA
pools consisting of as many individuals as the present 200 per group. In addition to pool
construction, the different kinetics of distinct marker types (di-, tri-, and tetranucleotide)'®®
and inter-individual variations produce a multitude of inherent factors for variance which
are difficult to control or correct for. For non-confirmatory markers it is legitimate to
state: in spite of the obvious discordant distribution of allele percentages between AIP
and single DNA genotyping results, the shorter allele repeats were generally over-

represented whereas the longer fragments showed lower counts.

Of note, empirical p-values defining strong associations of single alleles declined
more than expected in comparison to moderate ones, describing a relatively stable
significance range of 0.05 > p > 0.01. This would conform to the accepted principle of

MS as a polygenetic disease.

Based on presented data it can be stated that the allele profiles provided by DNA pools
captured the majority of real alleles, missing only minor ones such as D13S777 “3” with

a 1.9% allelic frequency (Appendix A, Fig. A4).
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A relatively high type | error rate of 28.6% of realized pooling technology was suggested,
though the limited number of 7 experiments should encourage scrutinizing this value by
means of a 10 to 20 fold increase of genotyping tests (more markers with larger sample

size).

These results illustrate that in an ideal situation for a tested microsatellite marker and
its corresponding allele spectrum there should always exist a single correction factor
(or template) for each allele. As many confounding factors remain, it would probably be
necessary to determine these factors for data refinement empirically, which would require
a great effort in material, time and costs. On the other hand, once completed and publicly
available, pooling DNA and screening systematically their genomes with the appropriate

analytical tools could generate important findings.

4.2 284 candidate genes detected by “Sliding windows”

Suggestive-linkage regions can contain common disease alleles with modestly relative
risk, so there is some enthusiasm for association analysis of candidate regions of the
genome identified as suggestive linkages. The sliding window method is a tool that
extracts information from the genome scan by relating evidence of association of a
marker with its genomic position and the distribution of neighbouring significant markers.
This type of analysis is considered superior to a mere ranking of empirical pool p-values,
as it extends from a sole degree of significance, which has been shown to bear a certain
risk of inconsistency (Appendix A). In conclusion and according to epistatis theory,

moderately significant marker regions seem more appealing to study.

As expected from displayed marker list in Appendix B, the MHC-region 6p21 contained
windows with the highest number of accumulated signficant markers (n=7). This is in
good agreement with previous reports on MS susceptibility and the HLA region,** and
validates the applied sliding windows method. In sum, 75 detected regions of interest

contained 284 annotated genes, 202 of them distributed over 56 non-MHC cluster.

STS-markers displaying evidence of MS association that do not appear in the significant
windows (Tab. 3.1; Appendix B) could either be considered technical artefacts, hence
false positives, or they are located within a recombinatorial highly active region of
the genome, so called “hotspots”, that had not been saturated densely enough with
the provided marker set. Therefore they might indicate a haplotype block in linkage

disequilibrium with MS represented here by only one microsatellite marker.
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The identification of susceptibility genes is an elusive task as the nature of relevant genes
in MS pathogenesis or autoimmune diseases remains above all hypothesis-driven; this
is why immune system-related genes are regarded as more appealing candidates and
have been carefully described (Tab. 3.4). Attainable information on tissue restrictions
and cell types served as explorative tools for the evaluation of pathogenesis-related

functions of 142 genes.

No annotated genes were present in 18 regions of interest. However, it should be kept
in mind that regulatory, gene predicted or other yet unknown genomic sequences of
interest might remain undiscovered in vicinity of indicated areas of “no known genes”
(Tab. 3.2); this may prove promising in the future when the genome exploration has
advanced sufficiently. For example, some genes display a specially built structure that
is not annotated by standard gene prediction methods, such as sequences encoding for
T cell receptors (TCR), Immunoglobulins or Natural Killer cell receptors.'-2% Principally,
these regions ought to be treated as important as gene-containing regions, especially
when regarding the regulatory properties of the genome, like the project ENCODE
does.?®' Furthermore, recent comparative genomic studies have demonstrated that
the level of evolutionary conserved non-coding sequence (NCS) is comparable to the
amount of the evolutionary conserved exonic sequence.?22% |t seems quite plausible
that disease-associated variants with modest effect will be distributed proportionally
between noncoding and coding sequences. However, the ability to identify functional
variation in conserved NCSs is still in its infancy stage.?°*2% An in-depth analysis of these
areas would be beyond the scope of this work and should be considered for ongoing or

future studies.

Inasmuch as the listed 142 genes in Appendix D represent genes of interest they could
be regarded as “to-date-hypothesis-free” candidates, which may be reconciled with
autoimmune stages in the future. For example, the affiliated molecules hydroxysteroid
(17-beta) dehydrogenase 4 (HSD17B4; 5q23.1) — it participates in beta-oxidation
pathway for fatty acids — and family member hydroxysteroid (17-beta) dehydrogenase
8 (HSD17B8; 6p21.32) — it inactivates estradiol, testosterone, and dihydrotestosterone
— could under impaired conditions contribute negatively to organism homeostasis. Still,
a direct link to MS would be difficult to establish, rendering them, for now, speculative
candidates. Describing in detail Appendix D candidates’ biological functions, if known,

and potential relatedness to MS pathogenesis would go beyond this work’s scale and
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it is recommended for encouraged readers to enquire public databases (e.g. OMIM,

Genecard, GEO) and related literature.

Analyses of complete genomes, together with the availability of abundant gene-expression
data, have converged to the opinion that eukaryotic gene order is not random.?%® This at
hand and knowledge about cis and/or trans inter-regulation of functionally related genes
makes it conceivable to expect an increased biological understanding of suggestive

genes and disease association.

Possibly, regions in a window are not in linkage disequilibrium on one entire stretch,
but in functionally close proximity due to cis activity of related genes of a gene family
or of functionally related genes comprising shared biological pathways. As a matter of
fact, gene expression studies in MS have revealed supporting evidence for various
candidate genes outlined in Table 3.4. Iglesias et al.?*” detected differentially expressed
transcripts for Notch homolog 4 (NOTCH4), Lymphotoxin  (LTB), Death-associated
protein 6 (DAXX), E2F pathway members and a cytochrome P450 gene (CYP2A13) in
peripheral blood derived from MS patients. Mandel et al.?*® revealed apoptosis-related
cysteine protease Caspase 8 (CASP8) and mitogen activated protein kinases (MAPK3,
MAPK®B), Koike et al.?® a cationic amino acid transporter (SLC7A1) and the MHC class |
related peptide transporter 1 (TAP1). Satoh et al.?'° characterized expression profiles in
T cells of MS cases and detected, amongst others, further members of the cytochrome
P450 gene family (CYP1A2) and mitogen activated protein kinases (MAPK1), heat
shock proteins (HSPA1A, HSPA1L), the cyclic AMP responsive element-binding protein
1 (CREB1), a CMP-sialic acid transporter (SLC35A1), and also DAXX. Interestingly, the
beta subunit of GA-binding protein transcription factor (GABPB1) was downregulated
and the corresponding alpha subunit (GABPA; Appendix D) was detected in this study.
The latter is a fine example for a gene that initially did not seem functionally related to
MS pathogenesis, but in conjunction with evidence derived from another experimental
model (gene transcription), it ascends in the priority list of candidates that should be
subjected to closer inspection. It remains to be learned if proposed candidate genes
carry disease causing variations in their DNA sequences encoding for protein structure,
for regulatory elements, e.g. promotor or transcription factor binding sites, or for so far
unknown functions, e.g. intronic sequences. Obviously, this clustering detection method
has mainly guidance value. Strict statistical interpretation is not recommended, since,

first, multiple testing problems appear when testing for as many windows as markers
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available in the genome and, secondly, because certain spurious associations linked
to haplotype blocks could produce clustering patterns as well. Following steps in order
to fine-map candidate regions involve testing promising regions derived from presented

lists by means of individual DNA samples and SNP marker.

Two regions, loci 3p25.2 and 10922.1, covering 5 genes were selected based on several
features: twice evidence of associative status in GAMES, contiguous significant markers
constituting significant windows, maximum score (6) of signficant window sizes (0.5 to
3.0 cM), plus functional nature of genes in accordance to their potential implication in
MS pathogenesis. The genes located on 10g22.1, Perforin and the metalloproteinase
ADAMTS 14, were considered likely to be functionally relevant, whereas Apg7/ and Vgll4
at 3p25.2 might not bear apparent autoimmune disease features. In light of disclosed not
too compelling potential of a candidate gene (GABPA) that received supportive evidence

from another MS study,?'° it was regarded worthwhile to include this candidate region.

4.3 Locus 3p25.2: Apg7] and Vgll4

The region 3p25.2 was specified by microsatellites D3S3714 and D3S3680, first
positioned in Vgll4 (Fig. 2.6). In order to evenly distribute markers over the region of

interest the upstream located Apg7/ was included in the study.

Apg7I/ encodes a protein that shows homology to the ATP-binding and catalytic sites of
the E1 ubiquitin activating enzymes. It was genotyped with two SNP markers (#3 and
#5) on 383 individuals and rendered no indication of MS association, hence no further

samples or markers were applied.

Vgll4 (Transcription cofactor vestigial-like protein 4) may function as a specific coactivator
for the transcriptional regulator thyrotrophic embryonic factor (TEF).2"" This candidate
was initially genotyped with 3 SNP markers (#7, #9 and #11) and after determination of
significance (#9; p=0.022; Tab. 3.8), additional 2 SNPs (#20 and #24) were analyzed on
final 572 DNA samples. SNP marker #9 maintained its degree of significance (p=0.010;
Tab. 3.9; Appendix E2) and the inclusion of adjacent non-significant markers limited the
potential intronic area of association to 13.5 kb (Fig. 2.6b, 3.3). Further scrutinizing of this

area might reveal a moderate disease related haplotype block (Appendix F1).



4 Discussion 111

4.4 Locus 10922.1: Perforin, ADAMTS14 and C100rf27

The region 10922.1 was specified through microsatellites D10S537 and D10S1685,
latter positioned within ADAMTS14 (Fig. 2.7). In order to evenly distribute markers over
the region of interest the downstream located Chromosome 10 open reading frame 27

was included in the study.

One of the main pathways of lymphocyte-mediated cytotoxicity entails the polarized
secretion of granule-stored perforin (OMIM *170280) onto target membranes leading
to target-cell lysis. Perforin is a major cytolytic pore-forming protein with a mechanism
of transmembrane channel formation. It is contained in cytolytic effector lymphocytes of

T-cell or NK-cell type.2'?

As outlined in the model of pathogenetic mechanisms of MS (Fig. 1.2), CD8* cytolytic
effector T-cells represent a crucial component of axonal dissection and degeneration.
Several in vitro studies examined perforin-mediated cell injury and discovered myelinating
oligodendrocytes as vulnerable targets by T-cell perforin.?'32* Also, inflammatory active
phases of MS have been correlated with elevated perforin mRNA expression in PBMCs
and CSF.?'%2'7 So far, perforin gene defects in MS individuals were not reported, but
are responsible for 10921-22-linked familial hemophagocytic lymphohistiocytosis (FHL).
It was stated that perforin-based effector systems are involved not only in the lysis of

abnormal cells but also in the down-regulation of the cellular immune activation.?'

The intronic SNP #1 displayed a moderate association of MS individuals with the A allele
(p=0.038) and the controls prone GG homozygousity (p=0.039), but no association for
exonic marker #16 (Appendix E5). Nevertheless, subsequent analysis of reconstructed
marker combinations (Appendix F2) revealed a modest significance for the GA (#16 —#1)
haplotype (p=0.029), but no statistical relevance when examined as re-assembled pairs
for each individual. An extended study on perforin is in progress (oral communication
M Comabella), as individuals displaying specific MS disposing haplotype combinations

donate blood in order to realize in vitro experiments and mRNA expression profiling.

Cell-cell and cell-extracellular matrix (ECM) interactions provide cells with information
essential for controlling morphogenesis, cell fate specification, gain or loss of tissue-
specific functions, cell migration, tissue repair, and cell death.?® A presumably
complementary role in controlling brain matrix structure and organization has been

ascribed to the novel protease family A Disintegrin And Metalloproteinase Domain with
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Thrombospondin Motifs (ADAMTS).220-222 ADAMTS-14 (OMIM *607506)?%3-226 is a member
of a structurally and functionally distinct subfamily of ADAMTS proteases (ADAMTS-2
and -3) and has been shown to be synthesized as a latent enzyme that requires cell
type-regulated activation to display aminoprocollagen peptidase activity.?? Procollagen
N-proteinases process the propeptides of fibrillar collagens in order to generate collagen
molecules which assemble into fibrils. Evidence for a potential role of these proteases
in the biology and pathology of the CNS bases on their decomposing activity on several
proteoglycans enriched in the nervous system, and is derived from the expression of
various members of this family (ADAMTS13, ADAMTS14, ADAMTS16 and ADAMTS18)

in human brain.22

Genes encoding metalloproteinases are attractive candidates for MS research due
to their role in brain ECM cleavage and regulation of inflammation and acquired
immunity.?2722¢. Normal ECM is in a state of dynamic equilibrium, accounting for a
stability between synthesis and degradation. For the degradative process there is
a balance between disintegrating proteinases and the corresponding inhibitors. It is
believed that in MS a disruption of this balance in favor of proteolysis leads to pathologic
brain ECM destruction and MRI lesions.?® Even so, metalloproteinase tasks such as
regulating axon elongation or facilitating dendrite outgrowth and remyelination suggest
that metalloproteinase activity may also contribute beneficially to the disease.?%2%2 To
date, metalloproteinases (MMP-2 and 9), their inhibitors (TIMPs), and members of the
A Disintegrin And Metalloproteinase family (ADAM-10 and 17) have been reported
to be implied in MS pathogenesis.?®*2¢ Nevertheless, association studies between
metalloproteinase gene polymorphisms and MS are scanty and nearly confined to MMP-

9 with discordant results.?3-242

In the present work, 3 out of 8 SNPs distributed over the gene showed significant
association in their genotype and allele frequencies with MS (SNPs #19, #8, and
#21; Appendix E9-12). Though none of these markers are located in protein-coding
sequences, nucleotide variation in introns has been demonstrated in various studies to
display important regulatory features with phenotypic effect, such as an alteration in a
binding site for a transcription factor in autoimmune diseases.?**24% In addition, alteration
at intron-exon border consensus sequences can lead to incorrect processing of a gene,
but the corresponding sequence examination did not generate such information for

associated SNPs.
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By means of haplotype inference comprising 5 variants, it was feasible to ascertain
the overall haplotype distribution that disclosed differences between MS patients and
controls (Appendix F3b). Two of the 11 haplotypes analysed (H6, H7) were particularly
different in their frequencies and undermined the contribution of markers #19, #8 and
#21 to the association between the over- and under-transmitted haplotypes and MS.
Of note, H7 was a risk haplotype for MS in PPMS patients, and H6 was associated with
reduced risk in RRMS patients. When haplotypes were assembled as pairs, combination
of H7 and H1 (pair 1/7 = ACGGC/AGGGC) was strongly associated with PPMS, whereas
combinations of H1 and H1 (pair 1/1 = ACGGC/ACGGC) or H6 and H3 were either
counted less in MS or completely unseen in RRMS (Fig. 3.6).

The presence of different haplotypes conferring risk or resistance for MS in patients with
PPMS and RRMS, respectively, may contribute to the heterogeneity found between these
two groups. There exists general agreement that patients with PPMS differ significantly
according to epidemiology, CNS histopathology, neuroimaging findings, and response
to treatment in comparison with RRMS patients.? It is yet to be explored whether these
haplotypes are related to different levels of gene expression or functional changes in the

encoded protein.

In summary, the presented observations and biological plausibility support the
hypothesis that individual polymorphisms within ADAMTS14 may influence genetic
predisposition for MS. Further studies in other MS cohorts will be required to confirm
the association of ADAMTS 14 haplotypes for MS. Finally, functional in vitro and in vivo
studies are needed to investigate differential gene expression patterns related to risk or
protective haplotypes in PPMS and RRMS patients, as well as the immunohistochemical

localization in MS brain specimen.

C100rf27 is expressed in several human tissues, and highest expression values have
been reported for tested complementary DNA (cDNA) sources constructed from thymus
(AK124147) and testis (AK057382). Bioinformatic analyses revealed a nucleic acid
similarity degree of 79.3% of the C100rf27 sequence with a syntenic mouse gene that
translates into a stromal protein associated with thymii and lymph nodes (AK038284,
NP_075551), showing a 51% (n=167) amino acid compatibility. A further homologue
gene with 75.8% base pair agreement is the Spatial-6 gene in mouse?* and rat (XM_
228291) which is an alternatively spliced variant and highly expressed in testis. Again,

isoforms of this gene were found to be expressed excessively in thymus tissue and
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lymph nodes,?7 suggesting an active role of these related genes in the dynamics of the

immune system.

Two out of 3 SNPs showed associations in their genotype and allele frequencies with
MS (SNPs #13 and #17; Appendix E13-16). By means of haplotype inference it was
feasible to ascertain haplotype pairs that conferred disease risk (pair 2/5 = ATA/ACC) or
resistance (pair 2/4 = ATA/GCA,; pair 3/3 = GTC/GTC), respectively and a characteristic
haplotype assembly (pair 3/3) that distinguishes between PPMS and RRMS patients
(Appendix F4).

As aforementioned, patients with PPMS are highly heterogeneous in comparison with
RRMS patients. In this respect, itis interesting to comment on the genotyping data of SNP
#17 (rs2254174). While comparing the under-representations of allele C and genotype
CT in PPMS population with RRMS, and also with controls, a negative association
with the PPMS group was determined (Appendix E15/16). But when examining
haplotypes constituted of all three SNPs, frequency and pair analyses revealed an
inverse contribution of the T allele at haplotype H3 = GTC. The 3-SNP-composite was
less frequent in MS than in controls, although (numerically) more present as allele or
genotype, respectively (Appendix F4). This allows various distinctions between PPMS
and RRMS or controls on three levels (allele, genotype and haplotype). It represents a
suitable example and fine justification for extended statistical analysis combining several
polymorphisms to reconstruct haplotype pairs, when phase sequence information is
not available. Allele T introduces a non-synonymous variant on codon position 2 and
causes an amino acid change from arginine to glutamine at position 237 (Arg237GlIn;
NM_152710). Interestingly, MS patients carrying the homozygote TT genotype suffered
from a more severe disease course as compared to CT carriers (oral communication
M Comabella). These differences in the rate of disease progression may be explained
by a functional alteration of the C7100rf27 encoded protein related to the substitution of
the basic Arg residue with the polar amino acid GIn. For now, functional implications of
the amino acid change and its role in MS pathogenesis are speculative, inasmuch as

functions of the C100rf27 protein remain largely unknown.

The role of C100rf27 as a candidate gene for MS is further supported by the finding of
higher gene expression in brain tissue from MS patients as compared to control brain
samples (oral communication S Baranzini). A subgroup of MS specimens showed an

increase in C100rf27 expression of more than 2.5 fold compared with control specimens,
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which may reflect pathological heterogeneity related to different stages of the disease.
Further studies to ascertain the brain cellular source of C100rf27 mRNA or protein are
in progress. This shall enlarge understandings of structure, regulation, interaction and
function of the C700rf27 encoded protein, which is required to further implicate the gene

as a predicitve or prognostic factor for MS susceptibility and progression.

441 Locus 10q22.1: Intergenic haplotypes ADAMTS14 and C100rf27

In light of assumed moderate epigenetic contributions from several genes of investigated
polygenic disease, the analysis of a two-SNP composite haplotype employing one
marker each from adjacent genes C100rf27 and ADAMTS 14 elicited particular interest
(Section 3.5; Appendix F5).

The extended haplotype analysis allowed description of a pattern of genetic variation
in the genome. Coalescence of genotyped SNP #19 and #17 disclosed a very strong
association with the PPMS group vs. RRMS (p=0.0002), and less evident when compared
with controls (p=0.004). The genomic distance of 85.6 kb between both markers does
not necessarily support the concept of a common haplotype block structure stretched
over such a distance,®%9.1% hut rather argues for the scenario of two independent tag
SNPs each indicating the PPMS status. Both could represent PP-prone genomic blocks
which, in the ascertained combination, increase disease risk or, in other words, form
a susceptibility “load”. The same outlined principle holds true for an additional SNP-
composite consisting of SNP #21 and #13. Clear significance values propose association
with MS (p=0.0009) and explicity RRMS (p=0.001). When assembled as haplotype
pairs, respective composites conveyed strongest evidence in their homozygous states
(#19-17, H 2/2; #21-13, H1/1).

It can be concluded that in both situations did the combination analysis of respective two
loci more accurately describe the genetic features of PPMS and RRMS, than did single

locus analysis.
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4.5 Pros and Cons on association study design
4.5.1 Pros of association studies

The first key advance and a prerequisite for a promising association study design was
the completion of the human genome sequencing effort,?>®” which provides a direct
way to connect a chromosomal region with its DNA sequence and gene content. The
genetic variations responsible for complex traits are not exclusively mutations coding
for aberrant gene products; they can also be polymorphisms of which function we are
to date ignorant. They act independently or through epistasis, and each polymorphism
can exert a small contributory effect on some as yet undefined structure or physiological
function.”™ Linkage analysis is more powerful than association analysis for identifying
rare high-risk disease alleles, but latter is expected to be more powerful for the detection

of common disease alleles that confer modest disease risks.5%%

Association study designs will be greatly enhanced by an international effort, such as the
International HapMap project which has been established to map the common patterns
of genetic variation across the entire human genome. Upon completion of the first phase
of the project in October 2005,%# it should be now possible to design genome-wide
haplotype mapping programmes much in the way the progress in microsatellite markers
enabled widespread use of genome mapping in Mendelian disease. Knowledge of the
haplotype structure allows an optimal subset of SNPs to be selected that efficiently
extracts 90-95% of information. Such can be applied to the design and execution of
powerful genome-wide association studies.?**2° Therefore, the definition of the patterns
of linkage disequilibrium at two presented loci was the prerequisite to ascertain MS tag-
SNP candidates.

Although recombination events in a single meiosis are relatively rare over small regions,
the large total number of meiosis that occurs each generation in a population has a
substantial cumulative effect on patterns of LD, and so molecular data from population
samples contain valuable information on fine-scale variations in recombination rate.0"102
LD is a test of non-random association of alleles at different loci and basically an approach
to relate genetic variation in a population sample to the underlying recombination rate.
It is important to clarify that the LD term D can reach a value of 1.0 though the involved
allele frequencies vary widely, as it reflects the correlation only since the most recent
mutation ocurred.?®' This kind of information could have important implications for the

design and analysis of future LD mapping and association studies in MS. For example,



4 Discussion 17

it would help in predicting patterns of variation at sites that have not been genotyped
densely (perhaps sites influencing susceptibility to MS), and it would provide some
indication of whether block structures observed in one sample are likely to be replicated
in other samples — a crucial requirement for being able to select representative tag-
SNPs'%” based on LD patterns observed in reference samples. Presented SNP markers
#9, #1, #8, #19, #21, #13 and #17 located in respective block-ranges could be tag SNPs,
which would represent certain-sized stretches of DNA. Ideally, disease-influencing

variants are located within these blocks.

Haplotype studies are becoming essential to association analysis of candidate genes.
In order to perform haplotype analysis in a population-based case-control study,
haplotypes must be determined by estimation in the absence of family information or
laboratory methods for establishing phase. A computer-based algorithm implementing a
Bayesian approach to infer phase information was used; this approach is not based on
HW equilibrium.'8416 \WWhen haplotype pairs of each individual were designated by the
PHASE software, all assigned pairs not exceeding the accuracy threshold set at 90%
were excluded from further analysis, leaving for analyses in each gene different numbers
of unambigious haplotypes. As a rule of thumb, the larger the amount of combined loci,
the higher the probability that haplotype pairs remained inconclusive, expressed through
an accuracy value below 0.9. Similarily, the Haploview software generated different D’
values when input files delivered genotype data from a varying number of individuals.
The overall description of recombinational landscape of 3p25 and 10922 in Figures 3.1
and 3.2, presenting 10 and 13 SNPs, respectively, were derived from 383 individuals.
The more specific gene based LD patterns were created introducing genotype data from
all 572 individuals (Fig. 3.3-3.5, 3.7). Eventually, individual SNPs may be investigated as
candidates for causative variations in disease-related genes, but association tests with
gene-based haplotypes provide greater statistical power and are more promising as they

reveal further comprehensive genetic information of a gene.®®

4.5.2 Cons of association studies

Association studies are a powerful tool to delineate the genetic component of complex
disease. Nevertheless it is evident from the literature that they also lead to confusion
owing to conflicting results upon replication. This could be due to a number of reasons.

First, to date, few association studies have determined the linkage disequilibrium
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patterns around their candidate genes. Therefore, any reports of putative associations
could be considered as candidate polymorphism rather than candidate gene studies.
As these studies do not take into account the underlying haplotypic diversity, they do
not provide the full range of diversity within the gene. Secondly, it is worth noting that
conflicting results have also been obtained due to the replication of associations using
different SNPs in the same gene, exposing differential association to the causative
variation. Thirdly, population stratification may underlie the conflicting results in some
studies, creating false signals. A degree of population subdivision can be influenced
by migration, non-random mating, other forms of selection, small population size,
mutation, or genotype misclassification. All scenarios are conceivable and could
contribute independently to the overall result. This implies that the observed allele and
haplotype frequency differences between cases and controls could in fact be due to
covert population structure and not a representation of causality, leading to erroneous
associations.®?%® The importance of population stratification is still under debate;
however, reports in the literature suggest that the effects of stratification have been
overstated?*2% and approaches are being developed to account for its effect.2%627 The
Hardy Weinberg equilibrium (HWE) (Sections 2.11; 3.3.2) deals with such problems,
though it entails several requirements that are not congruent with an outbred population.
It describes a state in which the proportions of genotypes present depend only on
the frequencies of alleles in the genotypes. Therefore, HWE deviations in an outbred

population are not uncommon.

A possiblity of population deviation between employed MS patients and healthy controls
(SNPs #8 and #19; Tab. 3.6) might be due to enrolling control DNA from the University
hospital blood bank, that mostly recruits individuals from nearby whereas several MS
patients originate from much farther areas in Spain. If the population allele frequencies
do not comply with HWE, this could also express genotyping errors, which have
deleterious effects on association and linkage disequilibrium analysis'® and therefore
would affect the here described analysis. The easiest approach to the error problem is
stated to be increased quality control in the laboratory, but a genotyping misclassification
as a source can be mainly discarded, as error frequencies in the analysis model
(allelic discrimination) have been shown to be minimal. The applied methodology was
extraordinarily robust; in addition, the unarranged SNP ID numbers and corresponding
independent assay realizations — of 572 distributed DNA samples, 381 were on one and

191 on a further plate — indicate a more profound population-specific cause. Therefore,
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the likeliness of a Spanish population-specific substructure on these two contiguous loci,
seperated by 7.6 kb, can be assumed. Finally, many SNPs may violate HW equilibrium

for noncausal reasons.

4.6 Multiple testing and epistasis

Evidence for an association is provided when a significant frequency difference is
ascertained, here between cases and controls, as DNA pools or individually. This
work demonstrated many so-called suggestive linkages with MS microsatellite-, allele-,
genotype- and haplotype-wise, providing thereby also unrecognized candidates for
disease pathogenesis. Suggestive linkage describes genomic regions with an observed
trend toward excess sharing in affected individuals or controls that is not significant after
correcting for multiple tests (Bonferroni correction) across the genome.'?>'2® A large
number of suggestive linkages, derived from MS association and linkage studies, exist
for which the underlying genetic defect has not been identified so far. These studies raise
an important issue: even if it is difficult to establish significance within a single study,
initial scans will at least help to focus subsequent efforts on interesting regions of the
genome. Hence, significant results based on the empirical p-value reflecting DNA pool

differences were not subjected to any correction.

Furthermore, Bonferroni correction conservatively assumes independent markers, but
many markers, especially in presented SNP maps, are significantly associated with one
another in block-like structures. Thus, it is difficult to theoretically establish a threshold
for significance in whole-genome association analysis, and significance will be easier to

address empirically by permutation analysis of the observed data.®

Nevertheless, the outcome of the Bonferroni correction (Tab. 3.9) should not altogether
undermine the precedently discussed relations of alleles and genotypes at remaining
“non-significant” markers (e.g. SNP #21; RRMS vs. HC, p=0.006). The correction process
is an important tool to address the issue of multiple testing of the same subjects. It aims
to reduce the rate of false positive results by diminishing the effect of independency
inherent with each test. Still, these thresholds are relative and their significancies depend
to a certain degree on the investigator's point of view. If multiple testing is a major
challenge at the level of single SNPs, the problem rapidly becomes intractable when one

allows for gene—gene or gene—environment interactions. That is, for 600,000 tag SNPs
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and ten environmental variables, there are more than 10" possible pairwise gene—gene
interactions, and six million possible gene—environment interactions. The question arises
if the search space for gene—gene and gene—environment interactions can be logically

limited.

One of the possible reasons why linkage analysis has only identified some high-frequency,
modest-risk alleles is the mentioned statistical interaction (or epistasis) between multiple
loci. Overall disease risk can be modelled as the product of risks at many independent
risk loci. With such a model, high-risk combinations of genotype will exist, but the ability
to detect any single locus is a function of the relative risk of that locus alone, therefore
a single-locus analysis might miss the association. This entails a closer definition of the
term interaction. Statistical interaction between loci requires a dependent effect, wherein
the risk associated with a genotype at a locus is dependent on a genotype at another

locus. There are several possible epistatic models as outlined in the Introduction.

However, one of the most striking results of this work, the PPMS prone 2-SNP-
composite haplotype of ADAMTS14 and C100rf27 (#19+#17; Table 3.15b; p=0.00015),
would withstand subjection to conservative Bonferroni correction. Here, it is believed that
the high degree of permutation on identical markers, in addition to group stratifications
request a more rigid adjustment for repeated measurements. Therefore, the significance
threshold for this analysis results from multiplying 24 combinations with 4 possible
haplotypes in a p-value of 0.05/96 = 0.00052.

4.7 Conclusion and outlook

Recently, an informative convergence of genetic data from animal models of MS — e.g.
experimental autoimmune encephalomyelitis (EAE) — and from studies of MS patient
populations have been reported.?®® The patient populations permit the identification of
relatively large chromosomal regions that constitute disease susceptibility loci. Murine
studies have more easily permitted the identification of particular genes from within those
loci that lead to autoimmunity, which in turn can then be directly examined for critical
disease-associated polymorphisms within patient populations. This approach has great

potential for facilitating the identification of disease-associated genes.

Although still providing an incomplete picture, the genetic discoveries in MS are beginning

to help build a model of this autoimmune disease. MS is best represented as a continuum
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of phenotypes, from severe to mild, and the ultimate goal is to construct a specific model
for each clinical disease subform whereby the effect of individual risk factors (genetic
and non-genetic), their interactions, and their impact on disease susceptibility, disease
progression and clinical management, are understood. Refering to Figure 1.3 it is
needed to ascertain the individual-specific set of genes and environmental factors and

their response profile to disease therapy(ies).

Genome-wide haplotype-based association studies are not yet a reality, but such efforts
will undoubtedly be launched now that the HapMap is completed. Even with the known
limitations of the HapMap,?*® such efforts, if well designed, will be an important first step
in evaluating the role in MS disease susceptibility of most of the common variation in
the human genome.?' This area offers tremendous opportunities to further understand
the molecular pathogenesis of studied complex trait. Moreover, initial findings will justify
genetic analysis in clinical practice which shall be able to determine clinically and

biologically meaningful differences.

Finally, it is likely that clinical neuroscience will adopt many of these approaches in the
area of pharmacogenetics and -genomics, attempting to identify common genetic variants
which determine response to drugs and adverse side effect risks. One linking strategy
in the field of functional genomics is to collect biological material, e.g. peripheral blood,
from a cohort of patients that respond well to a certain medication and from a second
group that does not respond. Whole genome mRNA expression profiling might generate
distinct signatures and hence provide candidate genes which would undergo haplotype
determination. The challenge then is having identified the “block® that is associated with
a responder (or non responder) phenotype to identify where within the block the causal

variant lies.252

As described, it is of importance of taking findings beyond the genotyping stage and
integrating them with the rest of the discovery pipeline. The ‘list of genes’ resulting from
presented analysis should not be viewed as an end in itself; its real value increases only
as that list moves through biological validation, ranging from the replication in additional
MS cohorts to ascertaining the meaning of the results, such as finding common promoter
regions or biological relationships between the genes. However, even if tools that link
these genes back to known biological pathways, as well as discovering new ones, are
still in their early stages, providing the scientific MS community with the necessary “real

input data” — amongst others the candidate genes of presented work — will accelerate
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the development and correct refining of bioinformatic algorithms that reconstruct the true

biological mechanisms in the autoimmune disease MS.
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After a genome-wide screen for association with the autoimmune disease multiple
sclerosis (MS) applying 5131 microsatellite markers , 191 displayed evidence twice for a
genetic predisposition to afflict the disease. Seven of these 191 markers were genotyped

on individual DNA samples and in part consolidated screen-derived findings.

The application of a heuristic sliding windows approach disclosed 75 regions of interest

that contain 284 known genes.

Two biologically plausible candidate regions on 3p25.3 and 10922.1 were tested with
24 single nucleotid polymorphism (SNP) markers. Fine-scale mapping included the
description of linkage disequilibrium (LD) between contiguous SNPs which provided
information about structure (LD pattern revealed five block like regions) and dependency

in respective genomic regions.

Finally, the computational reconstruction of gene-based haplotypes allowed for statistical
inferences of certain haplotypes in association with stratified clincial subcategories of MS
(RRMS and PPMS, respectively) and the indication of potential tag SNPs.

The main results of completed study are the identification of the candidate genes
metalloproteinase ADAMTS14"2 and C100rf27 at 10922.1. Both demonstrated clear
genetic association with MS, independently and in conjunction, and therefore imply

genuine contributions to MS pathogenesis.
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APPENDIX A — STR-Genotyping of individual DNA samples

Genotyping 7 microsatellites of interest on individual DNA samples: refining DNA

pool results.

In order to evaluate several target regions located in the genome apart from the HLA
region, 5 microsatellites (D9S303, D13S777, D16S2613, D18S52, D22S6902) that
ranged in the upper extreme end (top 10%), one marker (D4S3245) from the interquartile
range (rank 81) and one marker from the lower extreme end (D12S1653; rank 176)
(Tab. 3.1) were randomly selected for testing on 372 individual DNA samples that mainly
constituted genotyped DNA pools. The comparison of peak height distributions (allele
image profile, AIP) observed in the DNA pool study to allele frequency distributions
obtained from genotyping individual DNA samples provides a measure for the type |

error (false positive result) rate of employed pooling methodology.

Reagents and consumables

PCR reagents, conditions and microsatellite markers were equal to those applied for
DNA pools (Section 2.4).

Material

DNA samples of 186 selected cases (140 RRMS and 46 SPMS patients) and 186 controls
constituted mainly the sample sets used in previous DNA pool study (concordance rate:
89 and 96%).
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Analysis of individually genotyped DNA samples

Equipment
Software GENESCAN vers. 3.5 Applied Biosystems
Software GENOTYPER vers. 3.6 Applied Biosystems
SPSS package for MS-windows vers. 11.5 SPSS Inc.

GENESCAN and GENOTYPER performed size-calling alleles and defined corresponding
peak heights, respectively. Allele lengths could not be specified formally according
to GENESCAN realized size-calls, because no genotype-known reference sample
providing base sequence information was analysed in parallel. In order to determine
alleles of tested microsatellites, numerations were realized by default, based on the
patients pool (replicates A1 and 2). The peak of an AIP that received the highest mean
relative count (Section 2.5.2) was selected as the reference peak and correspondingly
designated “allele 0”. In accordance to the marker type (di-, tri- or tetranucleotide),
adjacent peaks in up- and downstream directions were indicated in descending and
ascending order, respectively. Figure A2a depicts the dinucleotide microsatellite D18S52
and corresponding AlIPs. Peak number 5 at base length 117.2 proved to be the highest
relative peak (Fig. A2b; value 170.1), hence peaks 6, 7, 8, 9 were designated alleles “2”,
“4”, “6”, “8”, and peaks 4, 3, 2, 1 received “-2”, “-4”, “-6”, “-8”, respectively.

Due to a priori knowledge of relative peak count ratios between MS cases and controls
in pooled DNA, a one-tailed Chi-square test (degree of freedom = 1) was performed
comparing groups at each allele category detected in the individually typed DNA
samples, and if an expected value was <5 the Fisher’s exact test was applied. Statistical
computations were carried out with the SPSS software.

Allele frequency percentages of AIPs (mean values) were positioned between replicates
A1/2 and B1/2 in profile images (Fig. A1a) and indicated in bar charts (ordinate) of allele
frequencies established by individual genotyping (Fig. A1c). Thereby, a rather qualitative
inspection of successful or failing pool result replication was feasible, as applied
statistical terms, the one-sided and the empirical p-value, operate distinctly and could
not be used for formal comparisons. Still, the significance threshold <0.05 was applied in
both situations and served as a tool to express a degree of confirmation.

Individual DNA genotyping of a microsatellite marker generated in contrast to pooled

DNA genotyping a preciser overview of genuine alleles and, correspondingly, their
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frequency distributions. Therefore, in some cases alleles were revealed in genotyping
results which remained undetected in allele image profiles of typed DNA pools (Fig. A2,
A3, A4, AT7). The genotyping of individual DNA samples hence represents a further step
towards the detection of genuine differences in allele frequencies between MS patients
and healthy controls. The evidence for association decreased considerably in two
(D18S52, D16S2613) of the 7 tested markers.

D9S303 - ranking position 2 Figure A1

The tetranucleotide marker generated a range of 7 alleles (allele -16 to 8) plus a PCR-
or marker related intermediate allele “-6”, that was present in both experiments. Allele
-8 was over-represented in the estimated patient DNA pool (Fig. Ala+b: Pool A=16.4%
vs. Pool B=6.1%, hypothetical p=4.5x10%) and results confirmed a nearly equal degree
of associacion in individual DNA samples of patients (Fig. A1c; Cases=11.9% vs.
Controls=1.7%, one sided p=1x10°). The frequency percentages were lower after
individual typing, but the ratio A>B was consistent. In addition, allele frequency proportions

of patients versus controls from remaining alleles displayed high concordance.
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Figure A1 | d9s303
a) Allele Image Profile (AIP)
T T T T T T T T T T T T T T T by
146 148 150 152 154 156 158 160 162 164 166 168 170 172 174 P
Cases
A 1 3000
2000
1000
148.8] 152.7 156.7] 158.7]  [160.6] 164.7] 168.9 172.9
176 2139 792 2621 3944 2098 414
% 1.3 16.4 6.3 213 33.0 18.1 3.7
A2 4000
2000
149.0) 152.9) 156.8] [158.8] [160.7 164.8) 168.9) 173.0
[ 90 | 212 2822 1051 3462 5230 2786 556
Controls
B_1 1000
500
152.8] 156.9] [158.8]  [160.8 164.9) 169.0) 173.1
[ 66 ] 263 477 1363 810 174
% 1.5 6.1 1.5 22.0 34.5 20.0 4.5
B_2 900
600
300
Length [bp] 152 158.7 .
Height 374 558 123
Allele -16 12 -8 -6 -4 0 4 8
b) AIP analysis c) Individual Genotyping
PEAK ORDER 1 2 3 4 5 6 7 8
A1 0 176 2139 792 2621 3944 2098 414 . Cases
A2 0 212 2822 1051 3462 5230 2786 556 D Controls
B1 0 66 263 477 879 1363 810 174 40
B2 0 52 205 374 707 1051 558 123
Allele -16 -12 -8 -6 -4 0 4 8
0.971 0.943 0.916 0.889 0.863 0.838 0.814 0.790 s
5 |
COR.
PEAKS
A1l 0 187 2336 891 3037 4706 2578 524 30
A2 0 225 3083 1182 4011 6240 3423 704
B1 0 70 287 537 1018 1626 995 220
B2 0 55 224 421 819 1254 686 156
25
REL. PEAK —_
HEIGHTS: 2
A1 0 52 65.5 25.0 85.2 132.0 723 14.7 '-:7'
A2 0 4.8 65.4 25.1 85.0 132.3 72.6 14.9 dg'_ 20 +
B1 0 5.9 242 452 85.7 136.8 83.7 18.5 .dh_'
B2 0 6.1 24.8 46.6 90.7 138.8 75.9 17.2 ﬁ
CV A1/A2 0.07 0.00 0.00 0.00 0.00 0.00 0.01 &
Cv B1/B2 0.03 0.02 0.02 0.04 0.01 0.07 0.05 15 4
Arith. mean A 5.0 65.4 25.0 85.1 132.2 72.5 14.8
Arith. mean B 6.0 245 45.9 88.2 137.8 79.8 17.9
10 +
(A+B)/2 l 55 45.0 35.4 86.6 135.0 76.1 16.3
395.0 334.6 375.0 314.9 267.8 327.6 385.2 [ |
394.5 355.0 364.6 3134 265.0 323.9 383.7 5 4
chi 1 0.045 9.334 3.059 0.027 0.059 0.178 0.144
chi 2 0.001 1.182 0.297 0.007 0.030 0.042 0.006
Chi-valie | [ 000 [ 2103 [ 671 | 007 [ o018 | o044 | o030 | 2
p-value [ | o7es | 4sE6 | 0001 | 0793 | o672 | o0s07 | o584 | DTS 4 0 48
Allele -16 -12 -8 -6 -4 0 4 8 p-value 0667 0407 1.3E-5 0.114 0519 0384 0.314 0.159
LDA:
Weight: 1 400
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D18S52 - ranking position 3 Figure A2

The dinucleotide marker produced 9 alleles ranging from -8 to 8 and served as an example
of unsuccessful pool result replication. DNA pool B AIP displayed a higher rate of stutter
bands or monoalleles than pool A (Fig. A2a). Strikingly, the marker genotyped on pools
revealed 5 alleles (0, 2, 4, 6, 8) with prominent evidence of association - all displayed a
p-value < 0.01 - and different peak count ratios (alleles 0, 6, 8: A > B; alleles 2, 4: A < B),
which conferred it an interesting marker considering potential allele combinations and
disease types. Nevertheless, individual DNA sample genotyping did not replicate these
findings in either respect, statistic nor ratio-wise, rendering D18S52 a highly ambiguous
and problematic genetic marker. An extreme discrepancy was detected for allele 0: in the
pooled DNA comparison it displayed a frequency difference over 13% (Fig. A2a+b: Pool
A=42.5% vs. Pool B=28.9%, empirical p=0.0001); this was not sustained in the individual
genotyping step (Fig. A2c: Cases=31.2% vs. Controls=29.4%), expressed by the one-
sided p=0.339, since the allele over-representation in MS patients disappeared.

The situation at allele 2 showed a reduced deviation between cases and controls
(Fig. A2b+c: empirical p=0.0001, one sided p=0.121) after individual genotyping, but
more striking were the strong increases in the allele frequencies of both populations
(Fig. A2a+c: Pool A=11.4% vs. Pool B=22.1%; Cases=26.4% vs. Controls=30.9%)
counted in individually typed DNA samples.

Finally, allele 4 (Fig. A2a+b: Pool A=6.1% vs. Pool B=15.7%, empirical p=0.00001)
displayed the greatest inconsistency after determining individual frequencies (Fig. A2c:
Cases=17.2% vs. Controls=16.5%, one sided p=0.443) as, furthermore, a reversed
frequency ratio was revealed. Alleles 6 and 8 follow the frequency patterns of the pooled
controls in both individually tested populations (Fig. A2a+c: Pool B=2.3% and 1.2%,
respectively; Cases=1.9% and 0.3%; Controls=2.1% and 0%) and were of no further

relevance.
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Figure A2 | d18s52AIP

a) Allele Image Profile (AIP)

T T T T T T T by

108 110 112 114 116 118 120 122 124 126 128 bp
Cases 2000
A 1 1500
1000
500

111.1 115.2 117.2) 119.2) 123.0 125.1

471 1251 2181 566 297 194

% 1.2 8.6 23.7 42.5 1.4 6.1 6.5 4.5

A_2 2000
- 1500
1000
500

113.2) 115.3 117.3] 119.4] 121.3 125.1

475 1283 2240 585 297 222

Controls
B_1 1500
1000
500
113.2 115.2 17.2) 119.3 1214 1231 125.1
1447 1941 1424
% 2.0 8.0 211 28.9 221 16.7 23 1.2
B2 1000
500
Length [bp] 115
Height 1056 1047
Allele -8 6 4 2 0 2 4 6 8
b) AIP analysis ¢) Individual Genotyping
PEAKORDER 1 2 3 4 5 6 7 8 9
At 0 67 471 | 1251 | 2181 | se6 | 303 | 207 | 194 B cases
A2 0 66 475 | 1283 | 2240 | 585 | 207 | 324 | 222 [] Controls
B1 0 148 | s62 | 1447 | 1041 | 1424 | o980 | 151 72 35
B2 0 108 | 411 | 10s6 | 1397 | 1047 | 716 96 54
Allele -8 -6 -4 -2 0 2 4 6 8
[ 0971 [ 0943 | 0916 | 0889 [ 0863 | 0.838 [ 0.814 | 0790 | 0767 |
30
COR.
PEAKS
At 0 7 515 | 1407 | 2527 | 675 | 372 | 376 | 253
A2 0 70 519 | 1443 | 2505 | 698 | 365 | 410 | 289
B1 0 157 | 614 | 1628 | 2240 | 1600 | 1215 | 191 94 2o
B2 0 15 | 449 [ 1188 [ 1619 [ 1249 | 880 | 122 70
REL. PEAK _
HEIGHTS: € 20 1
Al 0 48 | 346 | 947 | 1704 | 455 | 251 | 253 | 17.0 3
A2 0 46 | 340 | o46 | 1702 | 458 | 239 | 269 | 190 l
B1 0 8.1 317 | 840 | 1160 | 877 | 627 | 99 48 2
B2 0 82 | 320 | 845 | 1152 | 889 | 626 | 86 5.0 S
CVA1/A2 003 | 0ot | 000 | 000 | 001 [ 003 [ 004 | 008 B
CcV B1/B2 001 [ 001 | 001 [ oot | 001 [ 000 [ 009 [ 002
Arith. mean A 47 | 343 [ oa7 [ 1704 | 456 | 245 | 264 | 180
Arith. mean B 8.1 318 | 843 | 1156 | 883 | 627 | 93 49 0
(A+B)2 [ [ 64 [ 331 [ 895 [ 1429 [ 669 [ 436 [ 177 [ 15 |
3053 | 3657 | 3053 | 2200 | 3544 | 3755 | 3739 | 3820
3036 | 3669 | 310.5 | 2571 | 3331 | 3564 | 3823 | 3885 91
chi 1 0462 | 0048 | 0303 | 5200 | 6.800 | 8.356 | 4011 | 3726
chi 2 0.008 | 0004 | 0087 | 2889 | 1.367 | 1.022 | 0185 | 0.110
Chi-value | [ 004 [ 010 | o078 [ 1618 | 1633 [ 1875 | 839 [ 767 | 0- L
p-value [ | 0333 | 0747 | 0377 [0.00006 | 0.00005 [ 0.00002 [ 0.004 [ 0.006 | die =2 @ = 2 0 2 4 6 U
Allele 6 4 2 0 2 4 6 8 pvalue 0230 0471 0419 0335 0339 021 0443 0559 0.480
LDA:

Weight:
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D16S2613 - ranking position 4 Figure A3

The highly polymorphic trinucleotide microsatellite created 12 alleles when genotyped
with single samples, whereas the allele image profiles displayed only 6 in both
DNA pools (Fig. A3c and a). Again, the highly significant result of allele 0 (peak 3)
(Fig. A3a+b: Pool A=36.5% vs. Pool B=51.7%, empirical p=0.00002) did not maintain
the group distinguishing character, expressed by a non-significant p-value comparing
the individually tested population samples (Fig. A3c: Cases=32.6% vs. Controls=35.2%;
p=0.299). Here, the pooled control samples appeared to have incorporated a deviation
bias that could not be confirmed in individual samples.

The second site, allele 15, that generated a moderate association with MS patients
(empirical p=0.025) in DNA pool comparsion could not be verified either and produced
a p-value distinctly exceeding the significance threshold (p=0.353). Once more, Pool B
allele estimation (2.6%) caused the discordance (lack of agreement between pooled and
individual samples) after genotyping the marker (4.8%) on healthy control individuals.
Interestingly, this marker is located at 16p13, a non-MHC loci associated with MS, and

received recognition in an American genome-wide linkage screen.'®
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Figure A3 | d16s2613AIP

a) Allele Image Profile (AIP)

187.4) 190.5 193.7] 199.9 202.9]
[145]
Controls. 1500
B—1 1000
500
181.1 187.3 193.6] 202.8 205.9)
B 2 1500
- 1000
500
Length [bp] 181.1 184.3] 187.4] 190.4] 193.6] 199.6 205.8
Height 1532
Allele 6 -3 0 3 6 9 12 15 18 21 24 27
b) AIP analysis c) Individual Genotyping
PEAKORDER 1 2 3 4 5 6 7 8 9 10 11 12
A1 0 0 646 89 542 156 0 88 176 0 0 0
A2 0 0 657 83 534 145 0 92 169 0 0 0
B1 0 0 1556 | 107 781 180 0 63 209 0 0 0
B2 0 0 15632 | 101 757 172 0 73 21 0 0 0
Allele -6 -3 0 3 6 12 15 18 21 24 27

9
[0.971 J0.943 ] 0.916 [ 0.880 [ 0.863 | 0.838 | 0.814 [ 0.790 [ 0.767 [ 0.745 [ 0.723 [ 0.702 |

COR.
PEAKS:
A1 0 [ o J7o6 100 628 186 o [111]220] 0 [ 0] o
A2 o | o [78 [ 93 [eto| 173 ] o [16[220] o [0 [ o
B1 0o [ o [1700] 120 [o05 [ 215 | o [ 80 [22[ o [ 0 | o
B2 o | o [1e73] 114 [ 877 [ 205 | o [e2 [2r5 | o [ 0o [ o
REL.PEAK
HEIGHTS:
Al 0 | o [1440[ 204 [1281] 380 ] o [227[468] o [ o [ o
A2 0o | o [1480][ 193 [1276] 357 | o [240 454 | o [ 0 [ o
B1 0o | o [2065] 146 [1100] 261 [ o [97 [3314] o [ o [ o
B2 0o | o [2068] 140 [1084]| 254 | o [114 [340] o [ o [ o
CVA1/A2 002 [ 0.04 [ 0.00 | 0.04 0.04 | 0.02
CcVB1/B2 0.00 | 003 [ 001 [ 002 012 | 002
Arith. mean A 19.8 [127.9| 36.8 46.1
Avith. mean B 14.3 [100.2] 257 335
(A+B)2 [ [ [1763] 174 [1185] 31.3 | [[17.0 | 308 | [ [ |
254.0 [ 380.2 | 272.1 [ 363.2 376.6 | 363.9
223.7 [ 382.9 | 2815 | 368.7 383.0 | 360.2
chi1 5.220 | 0.444 | 0.737 | 0.985 2421 [ 0.992
chi2 4.116 [ 0.020 | 0.310 | 0.084 0.107 [ 0.110
Chi-value | [ 093 [ 200 [ 214 | 220 | [ [ | == I I L, o
p-value [ | 0.336 | 0.148 | 0.144 | 0.138 | | | |
Allele -6 -3 0 3 6 9 12 15 18 21 24 27 p-value 057 0.57 0.30 0.42 0.12 0.39 0.35 0.35 0.44 0.38 0.60 0.57
LDA:
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D13S777 - ranking position 13 Figure A4

Genotyping this trinucleotide provided an allele spectra consisting of 7 alleles of which
4 (alleles 0, 9, 12, and 15) exceeded the 5% frequency limit in both DNA pools (Fig.
Ada). Counts of allele 15 exhibited a disproportionated distribution between pooled
genotypes (Fig. Ada+b: Pool A=7.0% vs. Pool B=14.7%, empirical p=0.0005) providing a
strong association with controls, but revealed less relevance after individual genotyping
(Fig. Adc: Cases=7.3% vs. Controls=12.9%, p=0.019).

Conversely, allele 0 received a nearly significant value after pool comparsion
(Fig. Ada+b: Pool A=44.0% vs. Pool B=37.5%, empirical p=0.056) and was found to be
significantly associated with patients when individually tested (Fig. A4c: Cases=50.8%
vs. Controls=41.5%, p=0.018). In spite of minor allele count discrepancies at alleles 0, 9
and 12, the individual genotyping outcome proved to be concordant with indications from

the genotyped pools.



Figure A4 | d13s777AIP

a) Allele Image Profile (AIP)

T T T T T T T T T T
278 280 282 284 286 288 290 292 294 296 298 bp

A_2 800

600
400
200
283.3 292.3
[59 ] [164] 338
B 2 400
300
200
100
Length [bp]
Height 486
Allele 0 3 6 9 12 15 18
b) AIP analysis c) Individual Genotyping
PEAK ORDER 1 2 3 4 5 6 7
A1 648 0 60 95 504 9 0
A2 896 0 85 122 669 115 0
B1 941 0 164 175 730 338 0
B2 486 0 95 110 362 154 0
Allele 0 3 6 9 12 15 18
0971 0943 0916 0.889 0.863 0838 0814
COR.
PEAKS
A1 667 0 66 107 584 115 0
A2 923 0 93 137 775 137 0
B1 969 0 179 197 846 403 0
B2 501 0 104 124 419 184 0
REL. PEAK
HEIGHTS:
A1 1735 0 17.0 278 151.8 208 0
A2 1787 0 18.0 266 150.1 266 0
B1 149.4 0 276 304 1304 62.2 0
B2 150.4 0 312 372 126.0 55.2 0
CVA1/A2 0.02 0.04 0.03 0.01 0.08
CcvB1/B2 0.01 0.09 0.14 0.02 0.08
Avith. meanA | 176.1 17.5 272 151.0
Avrith. mean B 149.9 29.4 33.8 128.2
(A+B)12 [ 1630 235 305 1396 | 434 | |
223.9 382.5 372.8 249.0 371.8
237.0 376.5 369.5 260.4 356.6
chi1 1.054 1.506 0.355 0.928 5.360
chi2 0.725 0.094 0.029 0.498 0653 I
Chi-vave [ 356 | [ 320 [ o077 | 285 ] I =
p-value [ oose | [ 0074 [ 0380 | o0.001
Allele 0 3 6 9 12

p-value 0018 0.551 0321 0477 0019 0529

Weight: 400
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D22S692 - ranking position 17 Figure A5

The allele distribution established by the 8 possible tetranucleotide repeats was
mainly represented by alleles -4 to 8 in both DNA pools (Fig. A5a). The AIP analysis
was completed as described in 2.5.2, excluding profile B_1 data due to an unreliable
fluorescent signal at allele 4 (signal intensity > 10,000) which would otherwise distort
an acceptable empirical p-value calculation;'' therefore, incorporating AIP peak
values from replicates A_2 and B_2 had to suffice. Similar to the results for marker
D13S777, the pool-associated alleles 0 (Fig. ASa+b: Pool A=33.4% vs. Pool B=25.5%,
empirical p=0.015) and 4 (Fig. A5a+b: Pool A=31.3% vs. Pool B=42.6%, empirical
p=0.001) displayed after individual genotyping a relatively consistent significance
for the moderate susceptibility allele 0 (Fig. A5c: Cases=32.4% vs. Controls=24.1%,
p=0.017) and a proportionately stronger reduction of relevance for the protective allele 4
(Fig. A5c: Cases=38.0% vs. Controls=44.0%, p=0.083).
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Figure A5 | d22s692AIP

a) Allele Image Profile (AIP)

148 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 bp
Cases
A1
no data available
% 1.2 1.8 26.3 334 31.3 5.9
A_2 6000
4000
2000
166.4] 170.6
5565 6850 6247 1146
Controls
B_1 £ 9000
product overflow 6000
3000
162.5 166.6) 170.7] 174.9
7535 11825 1382
% kS 23.9 25.5 42.6 5.1
B_2 8000
6000
4000
2000
Length [op] 162.4 174.8
Height 470 5711 5919 1119
Allele -16 -12 -8 -4 0 4 8 12
b) AIP analysis c) Individual Genotyping
PEAKORDER 1 2 3 4 5 6 7 8
A1 279 0 402 5565 6850 6247 1146 0
A2 279 0 402 5565 6850 6247 1146 0
B1 245 0 470 5711 5919 9577 1119 0
B2 245 0 470 5711 5919 9577 1119 0
Allele -16 12 -8 4 0 4 8 12
0971 | 0943 | 0916 | 0889 | 0863 | 0838 | 0814 | 0790
COR.
PEAKS
A1 287 0 439 6260 7936 7453 1408 0
A2 287 0 439 6260 7936 7453 1408 0
B1 252 0 513 6424 6857 | 11427 | 1375 0
B2 252 0 513 6424 6857 | 11427 | 1375 0
REL. PEAK
HEIGHTS:
A1 4.8 0 7.4 1053 | 1335 | 1254 23.7 0
A2 4.8 0 7.4 1053 | 1335 | 1254 23.7 0
B1 38 0 7.6 95.7 1022 | 1702 20.5 0
B2 38 0 7.6 95.7 1022 | 1702 20.5 0
CVA1/A2 - - - - - -
cv B1/B2 - - - - . B
Arith. meanA | 4.8 7.4 105.3 23.7
Arith. mean B | 3.8 7.6 95.7 205
(A+B)2 [ a3 75 1005 [ 178 [ 1478 | 221
395.2 3926 | 2947 | 2665 | 2746 | 3763
395.7 3925 | 2095 | 2822 | 2522 | 377.9
chi1 0.067 0002 | 0228 | 2079 [ 3408 | 0.116
chi2 0.001 0000 | 0076 | 0868 | 1.997 | 0.007
Chi-value [ 014 | [ 001 [ os1 = = =
p-value [ omz | [ 0945 | 0435
LDA:

Weight: 1 400
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D4S3245 - ranking position 81 Figure A6

Testing this tetranucleotide revealed seven alleles in pooled and individual DNA
samples (Fig. A6a). The verification of different allele distribution ratios was present for
significant allele 8 (Pool A=31.3% vs. Pool B=23.4%, empirical p=0.012; Cases=32.1%
vs. Controls=24.6%, one-sided p=0.026) and the trend of allele 16 (Pool A=5.2% vs.
Pool B=8.3%, empirical p=0.082; Cases=6.7% vs. Controls=10.1%, one-sided p=0.072).
Interestingly, allele O distribution was in accordance with its general ratio (A<B), but
resulted highly significant (Cases=26.2% vs. Controls=35.9%, p=0.008) in comparison
with the preceding AIP outcome (Pool A=31.7% vs. Pool B=35.1%, empirical p=0.314).
An inversed relationship between cases and controls after individual genotyping was
observedforallele 12 (Pool A=14.2%, Pool B=15.9% vs. Cases=17.9%, Controls=13.1%),
which displayed a statistical trend (one-sided p=0.066).
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Figure A6 | d4s3245AIP

a) Allele Image Profile (AIP)

90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120 bp
Cases
A1 4000
2000
100.7 104.9) 109.1 113.3] 117.6
5790 2843 5394 2376 828 298
% 31.7 15.8 31.3 14.2 5.2 1.8
A2 4000
3000
2000
1000
96.7 109.1 113.5
4750 2258 4405
Controls
2000
B_1 1500
1000
500
100.9 109.3] 117.9
2346 1013 1479
% 351 15.6 234 8.3 1.9
B_2 1500
1000
500
Length [bp] [96.9] 109.3]
Height 789 387
Allele 0 4 8 12 16 20 24
b) AIP analysis c) Individual Genotyping
PEAK ORDER 1 2 3 4 5 6 7
A1 5790 2843 5394 2376 828 298 0 . Cases
A2 4750 2258 4405 1940 712 230 0 D Controls
B1 2346 1013 1479 968 495 106 0 40
B2 1839 789 1149 766 387 84 0
Allele 0 4 8 12 16 20 24
0.971 0.943 0.916 0.889 0.863 0.838 0.814
35 4
COR.
PEAKS
A1 5963 3015 5892 2673 959 356 0
A2 4892 2395 4812 2182 825 274 0 30 1
B1 2416 1074 1616 1089 574 127 0
B2 1894 837 1255 862 448 100 0
25 4
REL. PEAK _
HEIGHTS: =
A1 126.5 64.0 125.0 56.7 20.3 7.5 0 §
A2 127.2 62.3 125.1 56.8 21.5 71 0 g 20 4
B1 140.2 62.3 93.7 63.2 33.3 73 0 E
B2 140.4 62.0 93.0 63.9 33.2 74 0 %
CV A1/A2 0.00 0.02 0.00 0.00 0.04 0.04 ©
CV B1/B2 0.00 0.00 0.01 0.01 0.00 0.01 15 + _
Arith. mean A 126.9 63.1 125.1 56.7 20.9 7.3
Arith. mean B 140.3 62.2 93.4 63.5 33.3 7.4
(A+B)12 [ 1336 62.7 109.2 60.1 271 74 10 4
2731 336.9 2749 3433 379.1 392.7
266.4 337.3 290.8 339.9 372.9 392.6 5 |
chi1 0.337 0.004 2.297 0.192 1.409 0.0001
chi 2 0.169 0.001 0.863 0.034 0.102 0
Chi-vave [ 101 [ oot [ 632 | o045 | 302 | o000 | 0
p-value | 0314 [ oo | o012 | o501 | o082 [ o991 | | allele 0 4 8 12 18 20 24
Allele 4 8 12 16 20 24 p-value 0008 0412 0026 0066 0072 0293 0182
LDA:

Weight:
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D12S1653 - ranking position 176 Figure A7

The dinucleotide marker detected 12 alleles (-4 to 18) in the pooled DNA samples and 16
alleles (-4 to 26) in individual DNA tests (Fig. A7a+c). The initially moderate associacion
of allele 2 (Pool A=5.8% vs. Pool B=9.6%, empirical p=0.042) remained and established
a similar difference between cases (2.1%) and controls (5.0%) (one-sided p=0.029),
though based on less allele counts. The ratio of each allele comparsion between cases

and controls was mainly in agreement with suggested combinations in the AIPs.



Appendix A — STR-Genotyping of individual DNA samples 163

Figure A7 | d12s1653AIP

a) Allele Image Profile (AIP)

T T T T T T T T T T T T T T T
206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 238 bp
A1 Cases
— 2000
1000

218.0] [2200] [2220] [224.0] [226.0] [228.0
[ 660 ] 542] [392
12 41

2084 [2103 [2123] [214.2 [216.4
494
9.9 9.8

% 1.5 335 5.8 8.7 19 7.7 5.8
A_2 3000
2000
1000
2084] [2104] [2123] [2142] [216.1] [218.1] [220.0 2240] [2260] [228.0] [2301
1109] [3682] [609] [1003 1105] [690] [508
B 1 Controls 3000
- 2000
1000
2083 [210.3] [212.2] [214.2] [216.1] [218.0] [219.9] [221.9] [223.9] [2259] [227.9] [229.9
220 ] [1036] [3247] [1007] [1178 1102] [686 427
% 21 94 290 96 113 12 42 96 116 73 46
B 2 6000
- 4000
2000
Length [bp] 210.5] [212.4] [214.3] 230.1
Height 2170] [6184] [2058] [2301 1794] [2065 1218 743
Allele -4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
b) AIP analysis ¢) Individual Genotyping
PEAKORDER 1 2 3 4 5 6 7 8 9 10 11 12 13
Al 150 | 901 |2929] 494 [ 821 ] 100 | 349 [ 660 | 868 [ 542 [392] 0 | 0 W cCases
A2 156 | 1109|3682 609 [1003] 121 | 367 | 822 [ 1105| 690 [ 508 | 0 | 0 [] Controls
B1 220 [ 1036 3247] 1007 [ 1178 115 | 429 | 919 [1102] 686 [ 427 | 0 | o 35
B2 509 | 2170 6184] 2058|2301 268 | 789 [1704]2065[ 1218 743 | 0 | o
Alele 4 2 0 2 4 6 8 10 12 14 16 18 20
[0.971]0.943]0.916[0.889]0.863]0.838]0.814]0.790]0.767[0.745]0.723]0.702]0.682]
30 1 5
COR.
PEAKS
Al 154 | 956 [3199] 556 | 951 | 119 | 429 [ 835 [1131] 727 [ 642 | 0 | 0
A2 161 | 11764022 685 | 1162 144 | 451 [1040[1440| 926 [ 702 | 0 | 0
B1 227 [10993547] 1133 [ 1365 137 | 527 [1163]1436] 921 [ 590 | 0 [ o 259
B2 504 | 2302|6755 2315 | 2666 | 320 | 969 |2270]2691[1635[1027| 0 | 0
REL. PEAK
HEIGHTS: 9 2 |
At 64 |39.8[1333[ 232396 50 [17.9]34.8[47.1[303]226] 0 | 0 3
A2 54 |395[135.1) 230390 48 [ 151349484311 ]236[ 0 | 0 ]
o
B1 75 | 365 [117.7|37.4 | 453 | 46 | 175|386 477|306 [ 196 | 0 | o g
B2 90 | 3951160 39.4 [ 458 55 [ 167390 462[ 281176 0 | 0 2l .
CVA1/A2 0.12]0.01[0.01]001]0.01[0.02]012]000]0.02]002]0.03 C
CVB1/B2 0.13[0.06 [ 0.01]0.04 [ 0.01]0.13]003]0.01]0.02] 006 [0.07 1
Arith. meanA | 59 | 397 [134.2[ 231 [ 393 | 49 [ 165|349 [ 478 30.7 [ 231 -
Arith. mean B | 8.2 [37.7 [116.0[ 384 [ 452] 50 [ 169|385 466 29.1 [ 185 _
10 1
(A+B)2 [71 [387]1251[ 307 [423] 49 [167[367[47.2[200]208] | ]
394.1[360.3]265.8]376.9[360.7]395.1]383.5 365.1] 352.3[ 369.3[376.9
392.9|361.3]274.9]369.3(357.7(395.1|383.3363.3[ 352.8[ 370.1[379.2 51
chii 0.1860.025]0.664]1.9040.203[0.000{0.003] 0.090[ 0.007|0.0220.255
chi2 0.0030.003[0.302]0.158]0.024]0.000{0.000] 0.009[ 0.000]0.0020.014 [
Chi - value 0 o= T T \._‘\I—‘\ m— T T \I—\ o b
pvalue allele -4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Allele p-value 0.52 048 0.52 0.03 0.30 0.66 0.54 048 0.19 0.51 0.13 046 054 — 052 048
LDA:

Weight:
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Table Alists the alleles that were considered significant after testing for association, either
expressed by the empirical p-value estimated for genotyped DNA pools or by the one-
sided Chi? test applied for individual allele counts. Establishing 0.05 as the significance
threshold, five from seven markers corresponding to 71.4% confirmed the estimated
evidence of association derived from testing genotyped DNA pools.

Allele -8 of tetranucleotide marker D9S303 displayed the strongest association with
MS patients, although the “extra” allele -6 complicates its interpretation. Microsatellite
D13S777 rendered prominent, containing two significantly associated alleles with
opposing ratios and possibly delivering genetic contributions to disease susceptibility and
protection in either DNA sequence. The same applied to D4S3245. Markers D22S692
and D12S1653 sustained their associations with MS patients and controls, respectively,
while the supposedly most promising candidate markers D18S52 and D16S2613 failed
to be replicated at together seven alleles.

The distorting effect of PCR generated length dependent amplification was observable
in illustrated allele frequency comparisons of mainly four markers (Fig. A2c, A3c, A6c,
A7c). Despite applied correction factors, shorter PCR fragments were over- and longer

pieces underestimated in corresponding AlPs.

Table A | Allele-by-allele comparison of degree of evidence for MS association derived from DNA pooling (200 cases vs.

controls) and single DNA (186 cases vs. 186 controls) experiments.

Chr. Marker MT?/:L(:r Allele | Rank Ratio p-\zrupgn(c;)aolol) Ratio p_(\)/r:llzlc(jiiz.)
9 D9S303 tetra -8 2 MS > HC 4 .5E-6 MS > HC 0.00001
-6 MS <HC 0.001 MS <HC 0.114
18 D18S52 di 4 3 MS <HC 0.00002 MS =HC 0.443
2 MS <HC 0.00005 MS <HC 0.121
0 MS > HC 0.00006 MS > HC 0.339
6 MS > HC 0.004 MS =HC 0.559
8 MS > HC 0.006 MS = HC 0.480
16 | D16S2613 tri 0 4 MS <HC 0.00002 MS <HC 0.299
15 MS > HC 0.025 MS > HC 0.353
13 | D13S777 tri 15 13 MS <HC 0.0005 MS <HC 0.019
0 MS > HC 0.056 MS > HC 0.018
22 | D22S692 tetra 4 17 MS <HC 0.001 MS <HC 0.083
0 MS > HC 0.015 MS > HC 0.017
4 D4S3245 tetra 8 81 MS > HC 0.012 MS > HC 0.026
0 MS <HC 0.314 MS <HC 0.008
12 | D1251653 di 2 176 | MS<HC 0.042 MS <HC 0.029
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Discussion

The detection of genuinely associated markers with non-MHC loci relating to MS
susceptibility would provide further insights into the etiology of the disease.

For this purpose, 7 microsatellites that displayed eventual association with MS in DNA
pools were selected and tested for confirmation by individual genotyping.

Of particular importance, an empirical p-value assigned to a peak of a marker in
pooled DNA analysis can not be compared straightforward with a formally computed
p-value derived from a comparison of real allele counts of individually tested DNA
samples. However, taking into account orientational aspects of a possible predisposing
allele’s performance, a one-sided p-value <0.05 detected in individual genotyping was
considered to verify preceding evidence of association.

Of the 7 microsatellites that displayed potential association with MS, 5 markers
(D4S3245, D9S303, D1251653, D13S777, D22S692) sustained statistical significance
in individual genotyping. In addition, association with identical alleles and maintained
allele distribution ratios strengthened these findings (Tab. A). Two regions of interest
(D16S2613, D18S52), including D16S2613 that had been linked with MS independently
in the past, could not be reproduced in presented data set. The dinucleotide marker
D18S52 performed remarkably well in the majority of the GAMES population screens,
but consistently failed to meet expectations after individual genotyping was performed
with corresponding DNA samples (oral communication, DAS Compston), rendering it a
problematic genetic marker.

Based on presented data it can be stated that the allele profiles provided by DNA pools
captured the majority of real alleles, missing only minor ones such as D13S777 “3” with
a 1.9% allelic frequency. A type | error rate of 28.6% of realized pooling technology was
suggested, though the limited number of experiments should encourage scrutinizing this
value by means of a 10 to 20 fold increase of genotyping tests (more markers with larger
samples size). Of note, p-values describing strong associations of single alleles dropped
more than expected in comparison to moderate ones, describing a relatively stable
range between 0.05 > p > 0.01.

Correction factors introduced by Yeo et al. aimed to average out artefactual effects that
result from errors in pool construction; PCR and electrophoresis seemed little effective in
some situations (4 markers) when allele frequency variance between AlIPs and individual

allele counts were high, yet in remaining comparisons the AlPs fitted considerably well
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with genuine allele numbers. Some markers do not even need this factor.

It appears extremely difficult to derive basic rules of how to interprete results from
genotyped microsatellites and DNA pools consisting of as much individuals as the
present 200 per group. The different kinetics of distint marker types (di-, tri-, and
tetranucleotide) and inter-individual variations produce a multitude of inherent factors
for variance which are difficult to control or correct for. For non-confirmatory markers it
is legitimate to state: in spite of the obvious discordant distribution of allele percentages
between AIP and single DNA genotyping results, the shorter allele repeats were generally
over-represented whereas the longer fragments showed lower counts. The employed
approach suggests for future studies of creating several pools of the same population
comprising less individuals; this would not inflate typing costs in relation to the reduced

degree of variance.
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Presented data display marker name, empirical p-values derived from initial genome

scan on pooled DNA (p<0.05 printed in bold) and corresponding locations on genetic

and physical map (SA6 genome assembly; deCODE genetics, Reykjavik, Iceland).

[ Marker name | pvalue Chr cM Mb Marker name pvalue Chr cM Mb

D1S247 0.088 Co1 50.560 30.378.051

Chromosome 1 D1S2781 0.089 Co1 50.908 30.456.153
D1S243 0.338 Co1 1.679 2.008.687 D1S513 0.024 co1 52.591 30.834.201
D1S468 0.380 Co01 4.160 3.367.940 D1S233 0.249 Co1 52.948 30.986.445
D1S2845 0.177 Co1 6.653 4.128.599 D1S2765 0.551 Co1 53.020 31.569.943
D1S2893 0.061 Co1 6.654 4.261.844 D1S2832 0.307 Co1 53.347 31.804.049
D1S2660 0.252 Co1 7.319 4.474.821 D1S2676 0.128 Co1 54.185 32.988.097
D1S1608 0.057 Co1 7.910 4.673.923 D1S2677 0.394 Co1 54.186 32.988.098
D1S2795 0.272 Co1 9.294 5.270.659 D1S164 0.618 Co1 54.463 33.381.959
D1S2145 0.288 Co1 9.677 5.450.018 D1S201 0.123 Co1 54.565 33.525.567
D1S2633 0.392 Co01 10.396 5.786.925 D1S2830 0.072 Co1 55.022 33.675.691
D1S2870 0.898 Co1 11.675 5.999.149 D1S2783 0.157 Co1 55.577 33.857.790
D1S253 0.399 Co1 11.783 6.068.980 D1S2614 0.025 co1 56.792 34.163.642
D1S2731 0.617 Co1 12.311 6.410.876 D1S2613 0.527 Co1 56.793 34.163.642
D1S2642 0.254 Co01 12.312 6.559.934 D1S195 0.270 Co1 57.137 34.621.868
D1S214 0.264 Co1 12.366 6.671.624 D1S496 0.149 Co1 57.345 34.835.135
D1S1646 0.426 Co1 12.452 6.851.954 D1S441 0.117 Co1 57.421 35.105.097
D1S2663 0.113 Co01 13.158 6.967.140 D1S2657 0.237 Co1 57.583 35.622.014
D1S2694 0.651 Co01 13.228 7.051.311 D1S2656 0.386 Co1 57.584 35.622.014
D1S548 0.329 Co1 13.400 7.152.385 D1S2729 0.557 Co1 59.252 36.498.567
D1S2666 0.192 Co1 13.401 7.164.334 D1S472 0.524 Co1 59.255 36.861.396
D1S508 0.321 Co01 13.895 7.316.929 ATA4EO1 0.244 Co1 59.374 36.901.981
D1S1612 0.082 Co1 14.153 7.827.384 D1S2637 0.377 Co1 59.375 36.934.722
D1S1615 0.055 Co1 14.758 8.278.858 D1S2723 0.197 Co1 59.376 36.935.014
D1S160 0.674 Co01 15.416 8.770.320 D1S255 0.325 Co1 59.975 37.077.375
D1S503 0.526 Co1 15.882 9.118.369 D1S380 0.204 Co1 61.886 37.907.740
D1S2736 0.083 Co1 17.176 10.325.170 GGAA24E02 0.206 Co1 62.765 38.365.435
D1S2667 0.342 Co1 20.363 11.196.506 D1S1157 0.137 Co1 63.232 38.608.486
D1S2740 0.307 Co01 21.566 11.630.546 D1S432 0.087 Co1 63.581 38.790.364
D1S489 0.393 Co1 21.801 11.757.597 D1S1591 0.245 Co1 63.906 38.959.312
D1S434 0.422 Co1 21.802 12.041.739 D152892 0.053 Co1 64.741 39.604.213
D1S1193 0.080 Co01 22.196 12.258.616 D1S168 0.615 Co1 64.757 39.402.827
D1S2718 0.206 Co01 22.290 12.310.247 D1S2131 0.250 Co1 66.022 40.061.471
D1S1597 0.078 Co1 23.810 13.146.884 D1S2743 0.719 Co1 66.151 40.128.163
D1S228 0.366 Co1 24.571 13.349.107 D1S2632 0.426 Co1 66.584 40.353.907
D1S407 0.253 Co01 26.407 14.216.826 D1S2706 0.023 co1 66.837 40.485.561
D1S507 0.196 Co1 26.828 14.391.467 D182722 0.097 Co1 67.304 40.966.764
D1S2728 0.251 Co1 27.396 14.522.928 D1S2130 0.081 Co1 67.406 41.230.805
D1S2672 0.248 Co1 27.817 14.641.352 D1S2645 0.639 Co1 67.770 41.669.872
D1S436 0.267 Co01 28.916 15.233.212 D1S463 0.382 Co1 67.982 41.926.026
D1S170 0.290 Co1 31.599 16.678.622 D1S1586 0.155 Co1 67.983 42.190.584
D1S1592 0.221 Co1 33.028 17.448.618 D1S193 0.549 Co1 68.179 42.432.569
D1S2644 0.121 Co01 36.516 18.459.547 D1S2861 0.492 Co1 68.180 42.520.145
D1S483 0.124 Co1 37.894 18.701.543 D1S443 0.601 Co1 68.607 43.001.762
D1S552 0.124 Co1 38.275 18.736.441 D182733 0.040 co1 69.413 43.910.010
D1S2647 0.109 Co1 38.456 19.297.590 D1S2713 0.068 Co1 69.428 43.926.770
D1S199 0.123 Co01 38.457 19.426.493 D1S421 0.424 Co1 70.482 44.669.937
D1S2843 0.168 Co1 39.747 19.980.037 D1S2802 0.165 Co1 70.483 45.009.250
D1S2732 0.611 Co1 40.040 20.105.781 D1S451 0.348 Co1 70.484 45.170.619
ATA47D07 0.145 Co01 40.318 20.381.403 D1S2797 0.158 Co1 70.485 46.303.509
D1S478 0.015 co1 41.010 21.069.202 D1S2720 0.039 co1 72.222 47.277.704
D1S2828 0.259 Co1 41.653 21.411.895 D1S2879 0.075 Co1 72.234 47.284.222
GGAA30B06 0.125 Co1 41.674 21.449.412 D1S2824 0.263 Co1 73.234 48.132.582
D1S2725 0.371 Co01 41.760 21.599.295 D1S2724 0.540 Co1 73.364 48.605.063
D1S2864 0.125 Co1 42.192 22.342.503 D1S2748 0.135 Co1 73.674 49.731.907
D1S2698 0.153 Co1 43.821 22.738.306 D1S197 0.110 Co1 73.675 50.120.415
D1S458 0.523 Co01 43.822 22.906.470 D1S162 0.061 Co1 73.783 50.266.420
D1S2734 0.410 Co1 43.934 23.309.395 D18427 0.492 Co1 74.041 50.615.474
D1S482 0.163 Co1 43.935 23.322.748 D1S1661 0.050 Co1 74.042 50.800.627
D1S2838 0.545 Co1 43.936 23.330.613 D1S232 0.417 Co1 74.043 51.088.089
D1S2620 0.541 Co1 43.937 23.332.986 D1S231 0.680 Co1 74.180 51.573.117
D1S2674 0.121 Co1 45.150 24.201.109 D1S161 0.176 Co1 74.181 51.824.623
D1S234 0.278 Co1 45.571 24.502.568 D1S509 0.436 Co1 75.479 53.178.063
D1S2885 0.346 Co1 45.968 25.743.578 D1S2662 0.147 Co1 76.663 53.704.531
GGAA2D04 0.103 Co01 46.780 26.584.330 D1S2661 0.711 Co1 76.664 53.704.531
D1S455 0.466 Co1 47.404 26.894.054 D1S417 0.300 Co1 78.869 54.683.711
D1S2749 0.300 Co1 47.417 26.900.416 D1S2652 0.142 Co1 78.870 54.836.748
D1S2787 0.228 Co1 47.848 27.731.522 D1S475 0.134 Co1 79.173 55.254.362
D1S2884 0.230 Co1 48.886 28.898.934 D1S200 0.344 Co1 79.264 55.380.038
D1S2854 0.094 Co1 48.899 28.965.267 D1S2742 0.107 Co1 79.759 56.063.346
D1S470 0.258 Co01 49.492 29.661.389 D1S2690 0.437 Co1 81.381 56.525.457
D1S493 0.648 Co01 49.989 29.935.136 D1S519 0.062 Co1 81.823 56.776.947
D1S449 0.260 Co1 50.436 30.222.228 D1S2665 0.191 Co1 82.660 57.063.051
D1S450 0.487 Co1 50.437 30.222.229 D1S2890 0.121 Co1 82.661 57.243.317
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Marker name pvalue Chr cM Mb Marker name pvalue Chr cM Mb
D181150 1.6E-11 co1 83.059 57.530.792 D1S2627 0.028 co1 115.044 88.377.404
D1S476 0.282 Co1 83.244 57.608.832 D1S213 0.506 Co01 116.235 89.578.232
D1S2650 0.636 Co1 83.950 57.906.831 D1S435 0.132 Co1 117.670 91.025.498
D1S2869 0.187 CO01 84.152 58.130.396 D1S1588 0.189 C01 118.393 91.686.052
D1S2648 0.363 Co1 84.339 58.269.086 D1S188 7.9E-10 co1 118.467 91.967.766
D1S2752 0.089 Co1 84.834 58.484.052 D1S424 0.158 Co01 118.567 92.351.964
D1S2700 0.145 Co1 84.841 58.486.962 D1S2804 0.321 Co1 118.568 92.353.470
D1S2831 0.696 CO01 85.678 58.948.862 D1S2776 0.232 C01 118.569 92.681.840
D1S2741 0.321 Co01 86.097 59.095.738 D1S2849 0.281 Co01 119.036 92.991.613
D1S1596 0.210 Co1 86.137 59.100.150 D1S236 0.173 C01 120.095 94.282.229
D1S2801 0.384 CO01 86.333 59.271.292 D1S2775 0.483 C01 120.452 94.717.057
D1S2770 0.407 C01 86.810 59.328.484 D1S2813 0.122 C01 120.467 94.735.320
D1S2873 0.051 Co1 86.841 59.823.723 D1S2819 0.205 C01 120.682 94.997.378
D1S1643 0.030 Cco1 87.173 60.473.164 D1S2664 0.555 Co1 121.065 95.417.683
D1S203 0.321 CO01 87.264 60.651.809 D1S2719 0.317 C01 121.449 96.289.881
D182737 0.024 co1 87.265 60.695.932 D1S2793 0.362 Co01 121.609 96.565.490
D1S2822 0.054 Co1 87.588 60.902.605 D1S415 0.676 Co1 122.251 97.941.020
D1S2846 0.274 CO01 87.952 60.969.599 D1S420 0.471 C01 122.274 97.960.028
D1S2788 0.220 C01 89.078 61.226.752 D1S2753 0.263 C01 122.299 97.981.534
D1S473 0.410 C01 89.079 61.276.740 D1S1587 0.322 C01 122.318 97.992.490
D1S209 0.473 Co1 89.336 61.342.115 D1S2739 0.395 Co1 122.867 98.294.528
D1S230 0.334 CO01 89.955 61.972.201 D1S2808 0.166 C01 123.048 98.720.167
D1S2835 0.212 Co1 90.552 62.697.075 D1S1629 0.562 Co01 123.234 99.129.912
D1S2836 0.343 Co1 90.553 62.697.075 D1S540 0.375 C01 123.257 99.179.750
D1S2638 0.406 CO01 91.140 62.922.886 D1S2767 0.203 C01 123.998 99.430.647
D1S438 0.627 Co1 91.461 63.186.575 D8S536 0.237 Co1 124.548 100.181.621
D1S1613 0.041 Cco1 91.987 63.604.144 D1S2671 0.514 C01 124.949 100.729.331
D1S3467 0.069 Co1 92.203 63.775.826 D1S223 0.163 Co1 124.950 101.060.328
D1S2617 0.237 CO01 92.287 63.842.903 D1S206 0.281 C01 124.951 101.148.260
D1S2684 0.056 Co1 92.530 63.943.612 D1S2896 0.087 Co01 125.078 101.435.556
D1S2710 0.650 Co1 93.080 64.033.399 D1S486 0.702 C01 125.300 101.610.716
ATA52G05 0.001 Cco1 93.330 64.511.499 D1S495 0.070 C01 126.349 102.024.259
D1S2754 0.575 Co1 93.468 64.599.474 D1S2626 0.233 Co01 126.418 102.458.556
D1S2825 0.367 Co01 93.499 64.696.182 D1S1657 0.009 co1 126.621 103.731.039
D1S2886 0.846 Co1 93.556 64.877.905 D1S535 0.038 Cco1 126.622 103.731.134
D1S2866 0.480 CO01 93.660 65.207.713 D1S2699 0.784 C01 126.926 104.134.973
D1S520 0.039 Cco1 94.391 65.892.027 D1S2888 0.217 C01 127.495 104.444.354
D1S198 0.370 Co1 94.913 66.381.078 D1S429 0.032 Cco1 128.403 105.047.542
D1S2806 0.443 CO01 96.431 67.238.068 D1S2759 0.422 C01 128.479 105.199.466
D1S2829 0.204 Co01 96.912 67.622.420 D1S239 0.125 Co1 129.083 106.194.079
D1S3473 0.115 Co1 97.349 67.852.576 D1S2688 0.278 Co1 129.084 106.293.687
D1S2803 0.085 Co1 98.175 68.288.099 D1S1627 0.380 Co01 129.085 106.318.339
D1S448 0.247 CO01 98.472 68.541.216 D1S1623 0.504 C01 129.086 106.430.371
D1S81631 0.022 Cco1 98.790 68.812.638 D1S248 0.489 Co01 129.087 106.509.593
D1S1630 0.700 Co1 98.791 68.812.638 D1S2778 0.508 C01 130.954 108.394.456
D1S219 0.380 Co1 98.974 69.210.916 D1S2695 0.202 Co1 133.385 109.994.765
D1S411 0.293 Co1 99.165 69.424.608 D1S457 0.134 Co1 133.386 110.177.476
D1S1603 0.282 Co1 99.209 69.478.328 D1S2708 0.747 Co01 134.081 110.360.971
D1S1590 0.239 Co1 99.301 69.588.862 D1S2726 0.167 C01 134.610 110.482.992
D1S159 0.715 C01 99.302 69.588.862 D1S2809 0.201 C01 134.611 110.713.066
D1S2798 0.583 Co1 99.669 70.034.740 D1S2789 0.138 Co01 134.833 111.298.612
D1S462 0.234 Co1 99.670 70.040.224 D1S2837 0.529 C01 135.556 111.573.824
D1S501 0.250 Co1 99.671 70.274.413 D1S418 0.727 Co1 136.510 112.267.264
D1S192 0.959 Co1 100.455 70.856.104 D1S2746 0.285 Co1 136.511 112.324.312
D1S2895 0.318 Co01 100.646 70.997.879 D1S487 0.343 Co01 136.629 112.458.993
D1S224 0.321 Co1 101.254 71.510.102 D1S2756 0.485 Co1 136.714 112.554.253
D1S1648 0.432 CO01 101.590 72.783.457 D12S1691 0.385 C01 137.783 113.761.156
D1S1665 0.116 Co1 101.591 73.599.296 D1S2881 0.062 Co01 138.008 114.014.057
D1S2761 0.143 Co1 102.088 74.486.388 D1S1675 0.139 C01 138.030 114.038.880
D1S464 0.117 Co1 102.428 75.154.538 D1S250 0.298 Co1 139.119 114.509.783
D1S481 0.240 Co1 102.520 75.302.373 D1S2852 0.003 co1 139.120 114.652.758
D1S2855 0.093 Co1 102.823 75.503.592 D1S467 0.571 Co01 139.121 115.295.998
D18532 0.019 Cco1 104.951 76.915.030 D1S2687 0.398 C01 139.942 115.548.332
D1S216 0.121 CO01 105.038 77.077.916 D1S189 0.320 C01 140.460 116.040.225
D1S499 0.208 CO1 105.110 77.212.378 D1S2744 0.070 C01 141.520 116.618.254
D1S1611 0.065 Co1 105.269 77.508.665 D1S252 0.514 C01 141.757 116.903.151
D1S2876 0.192 Co1 105.464 78.406.687 D1S2820 0.327 Co1 142.208 117.188.064
D1S2841 0.136 Co01 105.857 78.909.887 D1S2784 0.063 Co1 142.209 117.188.421
D1S2618 0.806 C01 106.337 79.097.082 D1S453 0.061 C01 142.505 117.511.124
D1S500 0.218 Co1 106.401 79.392.104 D1S2669 0.114 Co1 142.506 117.849.071
D1S1607 0.399 CO01 107.126 80.491.806 D1S2875 0.547 C01 142.507 118.110.413
D1S465 0.585 C01 107.195 80.597.064 D1S2863 0.191 C01 142.777 118.423.754
D1S430 0.353 Co1 107.366 80.700.134 D1S534 0.062 C01 143.297 119.024.645
D1S1672 0.110 Co1 108.927 81.421.139 D1S514 0.528 Co1 143.635 119.615.134
D1S2862 0.083 CO01 109.073 81.635.858 D1S1156 0.201 C01 144.650 143.691.841
D1S2856 0.361 CO01 109.232 81.780.146 D1S442 0.682 C01 144.724 143.379.192
D1S207 0.200 Co1 109.233 81.966.032 D1S2344 0.226 C01 144.725 143.280.633
D1S454 0.268 CO01 109.234 82.190.693 D1S2612 0.127 C01 144.726 145.483.612
D1S551 0.232 CO01 109.373 82.317.889 D1S2222 0.208 C01 147.242 147.103.989
D1S2807 0.124 Co1 109.725 82.690.619 D1S498 0.391 C01 147.704 148.518.146
D1S488 0.101 Co1 110.001 82.708.254 D1S2347 0.210 Co1 147.721 148.538.362
D1S2774 0.333 CO01 110.002 82.882.673 D1S2345 0.355 C01 147.896 148.749.848
D1S2889 0.433 Co01 110.429 84.258.387 D1S2343 0.269 Co01 147.897 148.750.456
D1S3471 0.150 Co1 112.105 85.391.755 D1S2346 0.202 C01 149.255 150.386.114
D1S2766 0.288 CO01 112.106 85.494.878 D1S2858 0.302 C01 149.982 151.261.178
D1S167 0.196 CO01 114.779 88.207.747 D1S305 0.227 C01 150.132 151.498.712
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D1S2715 0.282 Co1 151.056 152.332.310 D1S492 0.746 Co1 192.607 186.848.435
D1S2714 0.612 C01 151.057 152.332.310 D1S2823 0.212 C01 193.073 187.783.789
D182777 0.341 C01 151.438 152.677.151 D1S422 0.181 C01 193.873 188.667.065
D1S303 0.050 Co1 151.625 152.854.463 D1S3468 0.104 Co1 193.874 188.829.096
D152140 0.067 co1 151.678 152.905.182 D1S2625 0.222 Co1 193.875 189.556.883
D1S2624 0.338 C01 153.288 153.848.083 D1S533 0.002 Co1 196.564 191.346.191
D1S1179 0.352 C01 153.466 154.041.652 D1S412 0.138 C01 196.565 191.354.201
D182125 0.625 Co1 153.705 154.526.664 D1S1614 0.119 Co1 196.590 191.400.549
D1S394 0.007 co1 153.922 154.536.203 D182757 0.213 Co1 196.940 192.025.985
D1S1600 0.274 C01 154.353 155.003.318 D1S2794 0.006 Co1 197.250 192.544.832
D1S176 0.253 Co1 154.366 155.013.820 D1S2816 0.222 Co1 197.442 193.938.791
D1S178 0.152 co1 154.367 155.013.820 D1S3469 0.261 Co1 198.368 195.318.048
D1S1653 0.607 C01 154.538 155.149.566 D1S2840 0.529 C01 198.521 195.546.370
D1S2635 0.308 C01 157.177 156.387.025 D1S1660 0.143 C01 198.522 195.899.604
D1S1655 0.021 co1 157.404 156.855.681 D1S413 0.129 Co1 198.523 195.908.655
D1S398 0.001 co1 157.405 156.855.701 D1S1726 0.049 co1 198.954 196.563.713
D182707 0.170 C01 159.033 157.289.243 D1S2817 0.425 C01 199.480 197.365.369
D182771 0.125 Co1 159.407 157.812.209 D1S2716 0.043 co1 200.685 198.409.415
D1S484 0.144 CO1 160.450 157.984.102 D1S2738 0.241 C01 200.715 198.435.121
D1S2675 0.706 C01 162.025 159.397.370 D1S477 0.186 C01 201.680 198.542.450
D1S1679 0.092 C01 162.361 159.549.140 D1S1723 0.068 C01 202.255 198.679.075
D1S2768 0.484 Co1 162.695 159.699.938 D1S306 0.076 Co1 202.314 198.693.209
D1S2844 0.197 Co1 163.409 160.136.150 D1S321 0.099 Co1 202.315 198.693.209
D1S104 0.362 C01 164.923 160.824.212 D1S2764 0.301 C01 202.316 198.874.563
D1S2628 0.067 Co1 168.681 162.336.016 D1S2615 0.545 Co1 203.669 199.206.213
D1S426 0.315 co1 168.807 162.494.418 D1S1606 0.032 co1 203.842 199.288.063
D1S194 0.268 C01 169.042 162.624.618 D1S1727 0.140 C01 204.233 199.472.335
D1S1625 0.154 C01 169.372 163.036.069 D1S1647 0.141 C01 205.024 199.846.053
ATA38A05 0.079 Co1 169.373 163.036.121 D1S2655 0.566 Co1 205.040 199.853.527
D1S2681 0.142 C01 169.536 163.240.722 D1S1724 0.094 C01 205.041 199.875.444
D1S2673 0.171 C01 170.245 163.768.330 D1S2686 0.074 C01 205.121 199.924.799
D1S2762 0.362 Co1 170.443 164.143.514 D1S2683 0.388 Co1 206.634 200.359.959
D1S2630 0.695 C01 171.031 164.403.461 D1S2760 0.027 co1 207.388 200.576.898
D1S196 0.064 Co1 172.571 164.791.504 D1S510 0.010 co1 208.069 200.772.740
D182750 0.085 CO01 172.728 164.917.325 D1S511 0.150 C01 208.070 200.772.740
D18431 0.060 Co1 172.857 165.007.251 D1S1725 0.197 Co1 208.112 201.146.545
D1S445 0.274 C01 172.858 165.141.777 D1S2717 0.230 C01 208.146 201.238.025
D1S2799 0.091 C01 172.859 165.280.057 D1S2668 0.061 C01 208.176 201.258.913
D1S2658 0.494 Co1 173.074 165.441.855 D151620 0.029 co1 208.870 201.741.685
D1S433 0.545 Co01 173.225 165.555.554 D1S504 0.269 Co1 208.987 201.822.683
D1S3464 0.408 Co1 174.256 166.236.009 D152872 0.242 Co1 209.299 202.002.858
D1S2851 0.160 C01 176.134 167.504.232 D1S2773 0.112 C01 209.633 202.195.256
D18452 0.035 co1 176.386 167.710.987 D1S456 0.240 Co1 210.396 202.635.433
D1S210 0.334 C01 177.328 168.048.127 D1S249 0.417 C01 210.819 202.892.741
D1S2815 0.132 C01 178.050 168.954.294 D1S2636 0.035 Co1 212.198 203.718.845
D1S2790 0.258 Co1 178.241 170.263.484 D182772 0.499 Co1 213.174 204.065.329
D1S2814 0.274 Co1 179.517 171.211.800 D1S2735 0.102 Co1 213.175 204.175.577
D1S1589 0.328 CO1 179.518 171.500.478 D1S2727 0.252 C01 213.435 204.320.874
D18S242 0.210 CO01 179.519 171.611.630 D1S3465 0.131 C01 213.482 204.443.083
D1S218 0.173 Co1 179.561 171.742.468 D1S2796 0.406 Co1 213.635 204.843.120
D1S2691 0.123 C01 179.644 172.238.041 D1S2782 0.237 C01 213.636 204.880.421
D1S416 0.363 C01 180.170 172.433.495 D1S2685 0.477 C01 213.637 205.073.540
D1S2643 0.374 C01 180.501 172.762.235 D1S2692 0.282 C01 213.711 205.122.575
D1S2887 0.220 Co01 181.340 173.580.068 D1S2891 0.251 Co1 214.355 205.536.126
D182769 0.056 Co1 181.544 173.868.671 D1S245 0.264 Co1 216.774 206.685.807
D1S2659 0.127 CO01 181.747 173.911.214 D1S471 0.420 C01 216.775 206.796.631
D1S2786 0.199 Co1 181.748 174.527.558 D1S491 0.406 Co1 216.994 206.822.392
D1S480 0.110 CO1 181.957 174.586.423 D1S205 0.307 C01 217.215 207.190.218
D1S2791 0.289 C01 182.551 175.090.982 D1S2812 0.163 C01 218.316 208.007.502
D1S212 0.369 C01 182.666 175.321.944 D1S414 0.456 C01 218.317 208.122.125
D1S215 0.511 Co1 183.438 176.867.915 D1S2810 0.385 Co1 218.542 208.484.126
D1S2751 0.351 CO1 183.657 177.250.540 D1S2780 0.154 C01 218.942 209.123.829
D1S2883 0.538 C01 183.802 177.344.501 D1S425 0.381 C01 218.952 209.139.688
D1S2640 0.133 Co1 183.803 177.966.555 D1S505 0.513 Co1 219.758 209.674.267
D1S2619 0.149 CO1 186.733 179.515.441 D1S1667 0.152 C01 219.759 209.827.132
D1S466 0.196 C01 186.912 179.542.980 D1S217 0.271 C01 219.890 210.104.732
D1S2818 0.393 C01 187.029 179.578.341 D1S2703 0.355 C01 219.954 210.145.963
D1S2623 0.433 Co1 187.587 180.112.875 D1S2705 0.096 Co1 219.955 210.145.963
D1S158 0.475 CO01 188.954 181.380.402 D1S2646 0.224 C01 221.880 211.114.719
D1S2701 0.236 C01 189.473 181.862.005 D1S419 0.065 C01 222.178 211.594.563
D182127 0.218 Co1 189.730 181.977.841 D18237 0.200 Co1 222.179 211.785.805
D1S2711 0.118 CO1 189.920 182.757.162 D1S2857 0.309 C01 223.173 211.809.392
D1S444 0.198 C01 190.187 182.995.628 D1S2141 0.107 C01 223.174 212.251.798
D1S254 0.483 C01 190.194 183.018.968 D1S2144 0.588 C01 223.175 212.251.798
D1S191 0.685 Co1 190.195 183.060.979 D1S2629 0.144 Co1 223.238 212.502.169
D1S2848 0.484 C01 190.196 183.074.002 D1S474 0.189 C01 223.297 212.733.657
D1S2138 0.031 Co1 190.499 183.604.818 D1S2827 0.301 C01 223.634 213.195.551
D1S202 0.183 Co1 190.984 184.204.352 D1S8227 0.110 Co1 227.006 214.350.936
D1S1642 0.489 C01 191.062 184.470.206 D1S2621 0.492 C01 228.158 215.404.744
D1S518 0.120 C01 191.465 184.789.171 D1S1605 0.109 C01 228.244 215.486.237
D1S1604 0.231 C01 191.466 184.874.119 D1S2616 0.537 C01 229.062 216.257.091
D1S238 0.178 Co1 191.997 185.385.169 D1S2758 0.065 Co1 229.277 217.012.984
D1S3470 0.035 co1 192.603 186.281.820 D152880 0.278 Co1 229.760 217.593.531
D182877 0.213 C01 192.604 186.632.839 D1S2641 0.366 C01 230.379 218.190.674
D18461 0.430 Co1 192.605 186.706.680 D1S1626 0.157 Co1 230.449 218.345.163
D1S428 0.540 co1 192.606 186.753.498 D1S2689 0.110 Co1 230.681 218.687.303
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D1S2894 0.527 Co1 230.682 218.855.311 D2S175 0.108 C02 43.232 19.926.453
D1S469 0.167 C01 231.586 219.997.942 D2S2150 0.512 C02 45.095 20.516.447
D1S2763 0.208 Co1 232.663 221.436.304 D2S2201 0.294 C02 46.422 21.550.414
D1S439 0.114 CO01 233.679 222.752.222 D2S2221 0.416 C02 47.916 23.198.438
D1S479 0.031 Cco1 233.918 223.184.310 D2S1324 0.862 C02 48.462 23.321.121
D1S1644 0.035 Cco1 234.086 223.487.202 D2S2337 0.088 C02 49.147 23.734.793
D1S1601 0.451 Co1 235.790 225.203.252 D2S2168 0.067 C02 49.373 25.062.733
D1S1617 0.114 CO01 237.242 226.665.352 D2S171 0.132 C02 49.374 25.392.907
D1S2847 0.243 C01 237.402 226.826.569 D2S144 0.182 C02 49.375 25.475.368
D1S2631 0.300 Co1 237.403 227.231.711 D2S2303 0.241 C02 49.376 25.585.983
D1S1671 0.209 CO01 238.219 227.721.995 D2S2223 0.172 C02 50.882 26.533.651
D152805 0.384 co1 238.229 227.728.090 D2S2350 0.259 Cc02 50.883 26.702.783
D1S2833 0.313 Co1 238.230 227.783.016 D2S174 0.318 C02 51.086 26.814.370
D1S103 0.371 Co1 238.440 227.871.740 D2S165 0.039 C02 52.343 28.577.816
D1S1656 0.176 CO01 238.955 227.940.310 D2S365 0.075 C02 52.344 28.580.713
D18225 0.124 CO1 238.956 228.195.222 D2S1322 0.301 C02 52.368 28.925.674
D1S251 0.517 Co1 239.498 228.749.269 D2S170 0.125 C02 52.369 29.188.277
D1S3462 0.588 CO01 239.639 228.985.521 D2S405 0.485 C02 52.879 29.451.166
D1S2709 0.611 co1 239.640 229.065.354 D2S146 0.317 Cc02 53.103 29.566.656
D1S437 0.049 Cco1 241.594 229.510.822 D2S390 0.617 C02 53.917 29.986.379
D1S459 0.432 Co1 241.595 229.578.925 D2S375 0.397 C02 55.724 30.935.333
D1S2800 0.230 CO01 245.265 231.542.623 D2S400 0.389 C02 56.040 31.117.711
D1S446 0.281 CO1 245.667 231.764.745 D2S2255 0.102 C02 56.150 31.197.769
D1S447 0.155 Co1 245.668 231.764.745 D2S367 0.109 C02 59.437 34.415.683
D1S2712 0.217 CO01 246.266 231.980.761 D2S368 0.112 C02 59.438 34.415.683
D1S2649 0.151 CO01 248.747 232.419.897 D2S1325 0.238 C02 61.307 35.991.231
D152680 0.418 Co1 251.416 233.670.796 D251788 0.075 Cc02 61.416 36.234.802
D1S2850 0.053 Co1 251.419 233.671.771 D2S82230 0.212 C02 61.586 36.613.245
D1S2678 0.305 CO01 251.420 233.682.773 D2S2186 0.365 C02 62.975 37.047.473
D152670 0.293 co1 258.609 236.590.326 D2S52163 0.062 C02 63.657 37.910.179
D1S1594 0.235 Co1 261.768 237.821.137 D2S177 0.231 C02 64.187 38.001.426
D1S2785 0.266 CO01 262.682 237.917.831 D2S1348 0.423 C02 64.725 38.241.530
D1S304 0.172 Co1 263.283 238.329.629 D2S1346 0.194 C02 64.726 38.241.668
D1S180 0.065 Co1 263.717 238.406.371 D252238 0.243 Cc02 66.382 40.152.847
D1S204 0.148 Co1 264.396 238.647.360 D2S2328 0.183 C02 66.767 40.653.348
D1S547 0.044 Cco1 264.397 238.797.086 D2S2272 0.633 C02 66.965 40.870.746
D1S2842 0.340 C01 267.136 239.819.442 D2S2305 0.471 C02 67.406 27.399.104
D1S2679 0.444 Co1 268.006 239.937.224 D2S2306 0.134 C02 68.519 42.579.194
D1S2811 0.196 CO01 268.628 240.637.850 D2S2259 0.164 C02 68.734 42.971.176
D1S1609 0.125 Co1 268.982 241.012.601 D2S1356 0.095 C02 69.480 43.348.056
D1S102 0.436 C01 269.061 241.113.174 D2S2294 0.447 C02 70.262 43.850.178
D1S2693 0.072 Co1 269.166 241.247.061 D2S119 0.050 C02 70.263 44.048.517
D1S423 0.112 CO01 274.932 242.492.380 D2S2298 0.390 C02 70.550 44.116.813
D1S2682 0.418 C01 279.989 245.027.798 D2S2378 0.260 C02 73.718 46.233.166
D2S2182 0.098 C02 73.719 46.240.155

D2S391 0.061 C02 74.107 46.385.901

Chromosome 2 D25288 0.132 co2 74.431 46.519.594
D2S2268 0.346 C02 1.989 205.168 D282227 0.500 C02 75.044 47.244.220
D2S2393 0.206 C02 4.016 1.943.458 D2S1352 0.121 C02 78.058 50.808.166
D2S323 0.215 C02 4.612 2.555.761 D2S123 0.295 C02 78.418 51.262.971
D2S319 0.192 C02 7.814 5.036.485 D2S2292 0.534 C02 80.346 53.513.135
D2S304 0.297 C02 10.990 4.238.195 D2S2251 0.299 C02 80.347 54.184.363
D2S205 0.213 C02 10.991 4.293.774 D2S2153 0.125 C02 80.348 54.682.999
D2S52166 0.099 Cc02 11.306 4.446.232 D251364 0.650 C02 82.827 57.556.847
D2S330 0.154 C02 15.744 6.802.850 D2S2734 0.122 C02 83.753 58.808.912
D2S2211 0.242 C02 18.385 7.493.116 D2S1337 0.167 C02 84.386 59.343.630
D2S1329 0.492 C02 19.817 7.867.326 D2S2736 0.074 C02 84.627 59.961.691
D2S2952 0.002 C02 20.355 8.099.777 D2S444 0.525 C02 84.880 60.373.640
D2S359 0.359 C02 20.713 8.209.638 D2S386 0.009 C02 85.620 60.844.127
D2S2164 0.135 C02 20.714 8.248.777 D2S2332 0.482 C02 86.044 61.266.837
D2S2326 0.311 Cc02 23.523 8.784.702 D2S337 0.155 C02 86.045 61.644.399
D2S162 0.085 C02 23.524 8.882.034 D2S2206 0.345 C02 86.415 62.492.163
D2S2243 0.334 C02 24.109 9.300.251 D282225 0.311 C02 86.746 62.790.110
D2S287 0.379 C02 24.110 9.618.718 D2S2320 0.366 C02 86.747 63.031.690
D282207 0.085 Cc02 24.283 9.649.402 D2S147 0.340 Cc02 86.748 64.139.669
D2S423 0.142 C02 26.280 9.962.316 D282235 0.397 C02 89.987 65.970.599
D2S398 0.181 C02 27.796 10.565.293 D2S136 0.258 C02 89.992 66.072.343
D2S297 0.031 co02 29.218 11.130.894 D2S296 0.422 C02 90.109 66.181.385
D2S2278 0.193 C02 29.505 11.245.080 D2S134 0.091 C02 90.335 66.641.597
D2S168 0.067 C02 29.949 11.467.214 D2S290 0.030 C02 90.343 66.657.631
D2S1400 0.029 C02 30.272 11.628.678 D2S166 0.088 C02 91.269 66.782.709
D282377 0.092 Cc02 30.698 11.818.157 D2S379 0.476 Cc02 91.390 66.994.127
D2S131 0.306 C02 35.059 13.389.277 D281772 0.162 C02 91.391 67.025.636
D2S2267 0.296 C02 35.627 13.757.405 D2S2368 0.322 C02 91.392 67.188.144
D2S149 0.234 C02 35.628 14.414.734 D2S285 0.332 C02 92.069 67.620.941
D2S312 0.422 C02 36.277 15.249.001 D2S2171 0.150 C02 92.499 67.810.580
D2S2346 0.038 Cco02 40.616 16.833.127 D281779 0.206 C02 93.415 68.213.550
D2S332 0.423 C02 41.229 17.414.463 D2S358 0.102 C02 93.951 68.872.088
D2S1360 0.169 C02 41.230 17.476.470 D2S2152 0.222 C02 94.616 69.689.794
D2S2155 0.516 C02 41.231 17.610.807 D2S327 0.335 C02 95.066 70.234.889
D2S320 0.699 C02 41.232 18.231.331 D2S2113 0.197 C02 95.067 70.492.646
D2S2375 0.487 C02 42.303 18.633.946 D2S292 0.124 C02 95.207 70.676.541
D2S387 0.214 C02 42.767 19.326.949 D2S443 0.243 C02 95.454 70.762.608
D2S305 0.162 C02 42.818 19.402.889 D2S291 0.111 C02 98.752 71.909.481
D2S310 0.587 C02 42.909 19.538.502 D2S2110 0.533 C02 99.577 73.046.803
D282233 0.193 Cc02 43.073 19.783.649 D2S2111 0.083 Cc02 99.578 73.291.516
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D2S145 0.262 C02 99.579 73.389.979 D2S2313 0.457 C02 160.676 145.920.708
D2S2109 0.255 C02 100.036 73.552.269 D2S2301 0.685 C02 160.678 147.207.467
HRC 0.205 C02 102.117 75.087.339 D2S151 0.565 C02 160.987 147.997.291
HK2 0.346 C02 102.118 75.087.339 D2S1399 0.269 C02 161.510 148.420.878
D2S286 0.291 C02 102.428 75.316.666 D2S2365 0.149 C02 162.094 149.309.140
D2S2114 0.072 C02 102.829 75.804.891 D2S2184 0.302 C02 162.168 149.380.535
D2S1774 0.084 C02 103.960 77.181.269 D2S2324 0.284 C02 163.620 150.955.315
D2S1775 0.501 C02 103.961 77.181.269 D2S356 0.523 C02 164.856 151.963.533
D2S169 0.867 C02 105.040 78.621.688 D2S2236 0.485 C02 165.640 153.016.284
D2S329 0.180 C02 105.897 79.355.751 D2S2241 0.021 C02 166.874 154.715.354
D2S139 0.108 C02 106.420 79.738.071 D2S1388 0.177 C02 168.828 156.146.880
D2S2180 0.353 C02 107.937 80.480.665 D2S142 0.495 C02 168.829 156.485.775
D2S1770 0.481 C02 108.995 81.861.630 D2S141 0.481 C02 169.300 157.037.046
D25289 0.384 C02 109.628 82.688.812 D2S2360 0.463 C02 170.122 158.000.627
D2S1396 0.280 C02 109.629 82.922.076 D2S284 0.580 C02 170.851 158.854.276
D2S428 0.005 C02 109.630 82.956.302 D2S1353 0.247 C02 171.625 159.761.475
D2S1332 0.527 C02 109.953 83.246.808 D2S2370 0.106 C02 171.626 160.278.984
D2S2162 0.115 C02 110.093 83.372.728 D2S2190 0.174 C02 171.627 160.324.231
D2S435 0.027 C02 110.346 83.713.816 D2S156 0.093 C02 171.779 160.851.323
D2S440 0.365 C02 110.472 84.893.922 GCG 0.431 C02 173.028 163.205.511
D2S394 0.009 C02 110.475 84.921.493 D2S354 0.517 C02 174.004 164.121.297
D2S2161 0.170 C02 110.778 85.261.526 D2S382 0.303 C02 174.742 166.170.313
D2S2333 0.689 C02 111.423 85.462.713 D2S124 0.557 C02 174.743 166.347.606
D2S2232 0.525 C02 112.750 85.965.385 D2S111 0.209 C02 174.744 166.462.774
D2S388 0.365 C02 112.751 86.051.472 D2S2330 0.248 C02 174.846 166.899.956
D2S1331 0.052 C02 112.953 86.557.551 D2S1395 0.484 C02 175.389 168.074.442
D2S2216 0.327 C02 114.147 88.311.814 D2S399 0.092 C02 175.534 168.191.363
D2S2181 0.092 C02 114.679 88.578.831 D2S2345 0.281 C02 176.406 168.922.963
D2S2154 0.212 C02 115.303 95.033.225 D2S294 0.092 C02 178.940 170.579.218
D2S2159 0.137 C02 115.351 95.534.530 D2S376 0.160 C02 180.466 171.576.800
D2S2187 0.685 C02 116.177 98.726.606 D2S2284 0.860 C02 181.248 171.695.949
D2S2209 0.634 C02 117.537 100.863.578 D2S333 0.168 C02 181.955 172.591.906
D2S2264 0.150 C02 118.855 102.041.021 D2S335 0.060 C02 181.956 172.769.039
D2S373 0.119 C02 118.856 102.762.369 D2S2381 0.373 C02 182.091 172.860.907
D2S2356 0.557 C02 119.443 103.127.836 D252188 0.181 C02 186.247 175.807.113
D2S299 0.250 C02 119.813 103.576.619 D2S2257 0.306 C02 186.384 176.372.689
D2S1321 0.159 C02 121.005 105.008.327 D2S2314 0.065 C02 187.064 177.064.950
D2S1343 0.640 C02 121.006 105.100.882 D2S138 0.144 C02 187.875 177.947.314
D2S135 0.318 C02 121.007 105.132.843 D2S148 0.464 C02 188.322 178.433.967
D2S2229 0.155 C02 121.807 105.949.730 D2S2173 0.236 C02 188.519 178.648.080
D2S176 0.155 C02 121.994 106.140.763 D2S385 0.210 C02 189.604 179.827.920
D2S1897 0.234 C02 122.020 106.167.822 D2S324 0.557 C02 189.605 179.858.768
D2S436 0.174 C02 122.524 106.864.532 D2S2261 0.307 C02 190.549 181.699.697
D2S293 0.400 C02 122.551 106.895.157 D2S384 0.090 C02 190.552 181.705.278
D2S2386 0.688 C02 122.969 107.135.334 D2S364 0.031 C02 192.000 183.237.075
D2S1784 0.235 C02 123.786 107.969.476 D2S350 0.970 C02 192.684 184.051.486
D2S1890 0.176 C02 123.787 108.040.569 D2S2366 0.234 C02 193.373 184.694.525
D2S340 0.758 C02 124.858 108.530.148 D2S1391 0.374 C02 193.498 185.194.972
D2S160 0.041 C02 127.909 113.093.637 D2S1330 0.359 C02 193.744 186.278.960
D2S1895 0.279 C02 128.261 114.150.500 D2S152 0.521 C02 194.110 188.434.138
D2S121 0.469 C02 128.812 114.636.951 D2S426 0.715 C02 194.733 190.556.057
D2S2953 0.057 C02 129.460 115.272.716 D2S118 0.448 C02 195.342 191.809.011
D2S308 0.382 C02 129.807 115.307.851 D2S2246 0.769 C02 197.178 192.585.391
D2S410 0.226 C02 130.254 116.336.074 D2S318 0.469 C02 197.179 192.778.305
D2S81771 0.270 C02 130.949 117.436.377 D2S161 0.373 C02 197.180 192.931.607
D2S363 0.120 C02 130.950 117.490.697 D25280 0.188 C02 198.566 193.057.644
D2S437 0.036 C02 130.951 117.686.609 D2S315 0.735 C02 198.567 193.565.985
D2S100 0.061 C02 132.168 119.329.548 D2S2167 0.260 C02 198.817 193.586.182
D2S2254 0.327 C02 132.186 120.083.999 D2S2735 0.223 C02 198.843 193.779.053
D25283 0.369 C02 135.037 121.738.627 D2S425 0.205 C02 199.066 195.463.462
D2S2265 0.153 C02 135.622 121.798.558 D2S1350 0.287 C02 199.067 195.465.703
D2S343 0.332 C02 136.948 122.508.098 D2S117 0.132 C02 199.069 195.821.245
D2S2353 0.395 C02 137.114 122.602.695 D2S342 0.432 C02 199.347 196.086.676
D2S110 0.201 C02 137.400 122.766.357 D2S2336 0.184 C02 200.488 197.176.510
D2S82737 0.064 C02 137.953 123.221.801 D2S311 0.169 C02 200.705 197.769.387
D2S347 0.188 C02 138.309 124.344.954 D2S316 0.215 C02 200.977 197.999.668
D2S1340 0.251 C02 138.873 124.724.277 D2S2318 0.191 C02 200.978 198.917.131
D2S1328 0.060 C02 140.676 126.281.874 D2S115 0.311 C02 200.979 199.172.775
D2S2339 0.163 C02 141.240 126.672.028 D2S348 0.442 C02 200.980 199.414.456
D2S2271 0.350 C02 143.620 128.193.171 D2S2392 0.001 C02 202.055 199.913.729
D2S2215 0.494 C02 145.454 130.084.418 D2S2396 0.310 C02 202.190 200.234.566
D2S112 0.463 C02 149.030 133.419.468 D2S116 0.561 C02 202.939 201.870.845
D2S2219 0.192 C02 149.163 133.588.021 D2S309 0.032 C02 203.149 202.136.781
D2S114 0.587 C02 150.180 134.535.824 D2S2309 0.156 C02 203.691 202.825.933
D2S1334 0.249 C02 152.541 136.667.217 D2S2214 0.257 C02 203.775 202.933.228
D2S2196 0.174 C02 152.910 137.099.423 D2S346 0.555 C02 204.271 203.165.974
D2S2367 0.417 C02 153.756 138.325.241 D252289 0.303 C02 204.980 203.864.218
D2S1326 0.381 C02 155.357 140.133.774 D2S307 0.331 C02 205.300 204.857.108
D2S397 0.650 C02 155.358 140.324.348 D2S1384 0.218 C02 205.848 205.429.671
D2S150 0.261 C02 155.359 140.774.176 D252237 0.056 C02 206.532 205.831.732
D2S127 0.086 C02 156.507 141.897.923 D2S155 0.057 C02 208.465 207.151.386
D2S129 0.029 C02 156.508 142.108.005 D2S1782 0.186 C02 208.561 207.217.232
D2S1769 0.479 C02 156.912 142.691.034 D2S369 0.362 C02 208.799 207.593.225
D2S2266 0.481 C02 157.048 142.818.858 D2S2358 0.086 C02 208.816 207.733.855
D2S122 0.007 C02 158.719 144.382.239 D2S355 0.055 C02 209.441 208.311.672
D2S381 0.466 C02 160.675 145.774.833 D2S2192 0.303 C02 209.448 208.317.934
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D2S325 0.188 C02 209449 | 208.473.178 D351304 0.075 C03 20.484 6.894.241
D2S52321 0.126 C02 209450 | 208.476.361 D353728 0.484 Co3 21.922 7.427.144
D252208 0.254 C02 209591 | 208.927.376 D353591 0.596 Co3 23.902 8.160.756
D2S2178 0.728 C02 210896 | 210.056.392 D351597 0515 Co03 27.725 0.340.445
D28322 0.324 co02 211.113 211.005.869 D3S3611 0.030 Cc03 29.370 10.529.106
D28371 0.183 €02 212193 | 212.515.638 D3S3601 0.170 C03 29.371 10.643.476
D2S317 0.051 C02 213.808 213.704.096 D3S1263 0.234 C03 30.710 11.492.252
D2S334 0.460 C02 214.986 214.834.695 D3S3714 0.019 co3 30.891 11.643.608
D2S143 0.109 C02 215.153 215.175.649 D3S3680 0.001 Cco3 30.959 11.701.147
D251327 0.068 C02 215195 | 215.262.380 D351259 0.064 Co3 31404 12.073 680
D25128 0.589 C02 215350 | 215.294.846 D353701 0.493 Co3 32022 12.592.516
D251345 0.048 co2 215351 | 215.368.224 D353693 0.003 co3 32023 12.799.725
D252361 0.416 C02 216.936 | 216.680.968 D3S3610 0105 03 32024 12.980.655
D25137 0.542 C02 218.238 | 217.021.568 D352403 0538 03 32389 13147 396
D252382 0.147 C02 218524 | 217.251.106 D353608 0487 03 335853 13679235
D2S2383 0.122 C02 218.525 | 217.251.106 352385 0823 03 33554 13853968
D2S301 0.461 C02 219617 | 218.089.614
D252248 0.456 C02 219618 | 218.141.491 D3S3602 0.626 o3 33.585 13.901.067
D3S3595 0.230 Co3 34.837 14.617.369
D25164 0.489 C02 220.292 | 218.162.391 353613 059 o5 6134 15337 000
D2S1371 0.677 C02 220648 | 218.449.404 : : e
D25295 0.397 co2 220.740 | 218.524.220 D3S3614 0476 €03 36.135 15.337.002
D252210 0536 co2 220.741 | 218.534.704 D351286 0.131 €03 36.959 15.794.136
D25434 0173 c02 530742 | 218.779.033 D353509 0.010 co3 37.910 16.497.251
D2S173 0.355 co2 221.676 | 218.976.657 D352338 0.342 C03 38.726 16.824.410
D25433 0.296 co2 223.200 | 219.968.224 D383510 0.144 c03 40.856 19.073.529
D25163 0.108 c02 226.246 | 220.994.810 D351293 0.398 C03 44.627 21.902.013
D252359 0.407 co02 226416 | 221.148.295 D351599 0.143 €03 45.043 22.496.261
D2S424 0.071 C02 226.569 | 221.550.909 D353659 0.312 €03 45.377 22.913.782
D2S377 0.352 C02 227.779 | 222.026.314 D352336 0.279 €03 48.337 24.899.637
D2S126 0178 Co2 228270 | 222219452 D3S1583 0.569 Co3 49.944 25530.072
D252372 0.574 C02 228.670 | 222.229.132 D352466 0.034 €03 50.162 25.961.604
D252148 0.039 co2 228.671 | 222.315.730 D352335 0.025 co3 50.396 26.424.545
D251323 0.506 C02 229806 | 222.892.393 D351266 0.232 €03 52.218 27.932.335
D25313 0.407 Co2 230281 | 223471 101 D351283 0.623 C03 53.629 28.701.591
D252300 0.094 C02 230282 | 223.502.159 D351609 0.480 €03 55.856 29.915.040
D2S360 0.225 C02 231.001 | 223.898.066 D383547 0.616 €03 56.447 30.131.191
D25130 0.261 Co2 231043 | 223932985 D353727 0.234 Co3 57.291 30.652.496
D25408 0.101 C02 231.167 | 224.036.711 D353567 0.109 €03 57.405 30.713.677
D25133 0.412 C02 232122 | 224.837.492 D351759 0.035 co3 59.303 32.007.592
D2S351 0.621 C02 233078 | 225.922.160 D352432 0.081 €03 59.493 32.136.945
D251333 0.012 co2 234125 | 227.232.025 D351619 0.285 C03 61.790 34.087.750
D251363 0.012 co2 234126 | 227.232.126 D351612 0.430 €03 62.045 34.561.277
D252308 0.155 C02 234425 | 227.495.596 D383512 0.259 €03 62.046 34.565.909
D2S2354 0217 Co2 234488 | 227 551 844 D3S1768 0.514 Co3 62.047 34.596.173
D252389 0.712 C02 234.825 | 227.848.990 D381277 0.440 €03 62.071 34.627.632
D251349 0.108 C02 235.412 | 228.012.349 D351278 0.115 €03 62.072 34.627.632
D2S159 0532 C02 235461 | 228.025.927 D3S3718 0.390 €03 63.238 36.130.137
D252158 0.347 Co2 235568 | 228.262.770 D352411 0.486 C03 63.436 36.319.249
D25401 0.455 C02 235.658 | 228.460.669 D352412 0.111 €03 63.437 36.319.249
D25439 0.256 C02 237.756 | 229.362.630 D3S1561 0.317 €03 63.937 36.444.720
D2S1370 0133 Co2 238516 | 229739016 D351611 0.434 Co3 64.733 37.029.105
D2S362 0.444 C02 238.908 | 229.940.180 D352417 0.574 €03 64.754 37.394.956
D252213 0.594 C02 239.237 | 230.304.171 D353623 0.166 €03 64.755 37.404.156
D252297 0.373 C02 239.771 | 230.572.344 D351298 0.064 €03 65.086 38.009.388
D25341 0.485 Co2 240322 | 230.778 097 D353639 0.481 C03 65.278 38.360.322
D2S396 0.187 C02 240.434 | 230.886.132 D351260 0.299 €03 65.285 38.372.333
D252317 0.100 C02 240.668 | 231.111.683 D383521 0.122 €03 66.393 38.830.243
D2S1392 0376 Co2 242632 | 232.408.739 D3S3572 0.313 Co3 66.394 38.989.222
D2S427 0.232 C02 242.633 | 232.408.801 D353573 0.282 €03 66.395 38.989.222
D252193 0.174 C02 242681 | 232.439.912 D3S3574 0.224 €03 66.396 38.989.222
D2S2344 0.353 C02 244510 | 233.647.233 D3S3527 0.157 €03 66.507 39.305.916
D2S206 0045 Co2 245227 | 233910313 D353522 0.409 C03 67.507 40.749.589
D252176 0.321 C02 245263 | 233.950.171 D353658 0.359 €03 67.586 40.863.646
D2S331 0.161 C02 245350 | 234.046.450 D3S2407 0.429 €03 67.929 41.355.384
D2S2348 0161 Co2 246011 | 234 434 843 D3S3564 0.137 Co3 68.706 42.379.457
D25407 0.362 C02 250.543 | 236.306.245 D353685 0.069 €03 68.857 42.429.724
D252202 0.445 C02 253231 | 236.916.705 D3S3559 0.025 co3 69.310 42.649.217
D251397 0.067 C02 253232 | 237.080.234 D3S3647 0.279 €03 69.820 43.539.661
D2S338 0289 Co2 253.840 | 237522 143 D3S3597 0.197 Co3 70.479 43.924.153
D2S345 0.371 C02 254551 | 238.088.761 D353624 0.300 €03 70.869 44.574.409
D252338 0.639 C02 257.353 | 239.136.741 D3S1767 0.425 €03 72.126 46.917.001
D2S2285 0207 Co2 262897 | 241 222 240 D3S3640 0.634 Co3 72.682 47.957.478
D2S125 0.251 C02 264.008 | 241.488.777 D353729 0.173 €03 72.683 47.998.706
D25140 0.338 C02 265.280 | 242.060.200 D352420 0.231 €03 72.684 48.027.962
D3S3560 0.596 Co3 72.685 48.154.865
D352409 0.127 C03 72.911 49.377.096
Chromosome 3 D353629 0.436 Co3 72.941 49.542.187
D352387 0.007 Co3 2332 1011272 D3S3604 0.233 Co3 73.018 49.952.172
D3S1307 0.383 co3 5606 1324917 D3S3667 0.204 Co3 73.019 49.991.028
D351270 0.012 co3 3277 1423.260 D351568 0.122 C03 73.021 50.464.756
D352426 0.401 Cco3 3.630 1.501.610 D351621 0.221 Co3 73.021 50.552.942
D351207 0.375 co3 5.052 2.013.402 D3S1573 0.526 €03 73.022 51.063.793
353525 0108 o3 5908 5343095 D3S3026 0.049 co3 73.101 51.866.300
D353630 0.177 C03 6.223 2.675.495 D3S3688 0172 €03 73.102 51.818.406
D3S1578 0.454 Co3 74.498 53.664.071
D383050 0.020 co3 10.680 3.271.461 D3S1588 0.283 Co3 74.833 54.055.277
D3S1620 0.659 co3 10.894 3.474.216
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D3S3666 0.430 C03 76.490 54.609.585 D3S2457 0.016 Cco3 128.825 118.511.901
D351613 0.018 co3 77.359 54.917.749 D351558 0.639 Cc03 128.934 118.571.662
D3S2408 0.174 C03 79.024 55.667.713 D3S3649 0.486 C03 129.210 118.965.737
D3S3588 0.101 Co03 79.468 56.043.086 D3S3650 0.961 C03 129.211 118.965.737
D3S3721 0.414 C03 79.469 55.842.181 D3S1303 0.101 C03 129.212 119.479.174
D3S3048 0.118 C03 79.583 56.094.908 D3S3515 0.029 Co03 129.730 119.853.702
D3S3621 0.333 C03 79.677 56.276.098 D3S3620 0.376 C03 130.121 120.836.900
D3S52400 0.004 Cco3 79.707 56.780.115 D3S3576 0.310 C03 131.968 123.566.341
D3S83532 0.471 Cc03 80.932 57.431.940 D3S1267 0.168 C03 133.534 124.364.103
D3S2402 0.134 C03 81.129 58.174.193 D3S4011 0.055 C03 134.097 124.651.038
D3S1592 0.091 Co03 81.158 58.396.271 D3S3552 0.203 C03 134.125 124.693.669
D352452 0.275 c03 81.216 58.655.898 D3S3519 0.383 C03 134.300 124.955.942
D3S1766 0.046 co3 81.413 58.939.010 D3S3558 0.125 C03 134.351 125.032.732
D3S1313 0.276 C03 81.513 59.082.097 D3S1551 0.077 C03 135.537 126.178.356
D383722 0.352 Co03 82.322 59.520.853 D3S1552 0.161 C03 135.538 126.178.356
D3S83577 0.602 C03 82.323 59.576.535 D3S1589 0.306 Cc03 136.430 127.264.797
D3S1300 0.320 C03 84.480 60.467.241 D3S3584 0.046 Co03 137.540 128.497.641
D3S3631 0.343 Co03 85.843 60.854.089 D3S3607 0.313 C03 138.387 128.593.876
D3S3566 0.520 c03 87.360 62.499.927 D3S1587 0.672 C03 141.407 132.119.726
D3S3698 0.478 C03 88.690 63.077.123 D3S3548 0.364 C03 141.789 132.509.089
D3S1600 0.373 C03 89.040 63.277.176 D3S3514 0.086 C03 142174 132.900.954
D3S1287 0.238 Co03 90.594 64.164.217 D3S1292 0.278 C03 142175 132.951.217
DXS1056 0.320 C03 90.595 64.164.217 D3S1596 0.092 C03 142.552 133.388.729
D3S3571 0.177 C03 90.692 64.340.225 D3S1290 0.199 C03 143.563 134.311.826
D3S1285 0.324 Co03 92.060 64.896.447 D3S3713 0.119 C03 145.231 134.570.096
D3S3697 0.162 c03 93.787 66.307.379 D3S3657 0.060 C03 145.440 134.746.872
D3S3524 0.459 C03 95.393 67.626.136 D3S3637 0.168 C03 146.456 135.632.086
D3S1296 0.368 C03 96.511 69.696.536 D3S1590 0.454 C03 147.165 136.276.905
D3S1566 0.355 Co03 97.190 70.232.460 D3S3528 0.338 C03 147.472 137.444.455
D351562 0.367 C03 98.495 71.144.661 D3S2453 0.099 C03 147.522 137.598.750
D3S3568 0.383 C03 98.896 71.466.276 D3S1549 0.064 C03 147.553 137.696.259
D3S3516 0.216 Co03 99.114 71.619.462 D3S3586 0.122 C03 148.764 140.314.150
D3S2406 0.129 C03 103.265 73.179.282 D3S1764 0.082 C03 148.966 140.509.196
D3S3039 0.196 C03 104.857 73.763.143 D3S3554 0.300 C03 149.266 140.926.894
D3S3581 0.976 C03 105.494 73.996.568 D3S1309 0.695 C03 150.071 142.047.222
D3S2389 0.061 Co03 105.971 74.834.078 D3S3694 0.305 C03 152.297 143.511.567
D3S3653 0.488 C03 106.925 76.507.997 D3S1569 0.156 Cc03 154.110 144.692.337
D3S1274 0.423 C03 109.347 78.792.110 D3S3599 0.037 Co03 154.111 144.695.407
D3S3049 0.174 Co03 109.387 78.830.141 D4S2378 0.020 Cco3 154.733 145.069.583
D3S1604 0.967 C03 110.090 79.493.188 D3S3704 0.474 C03 155.544 145.900.324
D381577 0.140 C03 110.344 80.196.454 D3S1557 0.403 Cc03 155.855 146.490.816
D3S2446 0.406 C03 110.979 81.889.383 D3S1593 0.326 C03 155.856 146.648.905
D3S52388 0.032 co3 111.309 83.085.058 D3S2394 0.474 C03 156.177 146.869.300
D3S51276 0.260 Cc03 111.553 85.177.041 D3S1608 0.454 Cc03 156.400 147.022.125
D3S2451 0.286 C03 111.634 85.773.403 D3S3627 0.056 C03 156.708 147.666.876
D3S1595 0.275 Co03 111.848 86.091.642 D3S1744 0.208 C03 156.909 148.413.430
D3S3679 0.367 C03 112.068 86.419.384 D3S1306 0.315 C03 157.750 149.121.789
D352386 0.157 C03 112.346 87.839.351 D3S1555 0.051 Cc03 160.187 150.127.379
D3S3636 0.091 C03 113.297 95.363.955 D3S1308 0.298 C03 160.668 150.355.028
D3S2462 0.101 Co03 113.379 97.439.585 D3S3705 0.263 C03 161.133 150.367.822
D351752 0.065 Cc03 114.351 99.066.246 D3S3022 0.012 co3 161.356 150.609.236
D3S1603 0.100 C03 114.777 99.780.706 D3S1315 0.421 C03 163.645 152.110.520
D3S3716 0.068 C03 114.778 100.056.888 D3S1594 0.109 C03 163.769 152.332.196
D3S2419 0.099 C03 114.779 100.997.843 D3S1279 0.517 C03 163.840 152.346.156
D381271 0.136 Cc03 115.243 102.055.630 D3S1584 0.327 Cc03 164.108 152.636.498
D12S318 0.157 C03 115.512 102.388.192 D3S1746 0.061 C03 164.360 153.050.650
D3S3655 0.136 Co03 116.026 103.025.328 D3S3689 0.123 C03 164.440 153.181.442
D3S3656 0.564 Cc03 116.027 103.025.328 D2S157 0.024 co3 164.570 153.304.877
D3S1753 0.017 co3 116.028 103.173.600 D3S1280 0.382 C03 164.700 153.429.118
D3S3652 0.174 C03 116.348 103.324.522 D3S3710 0.121 C03 166.469 155.427.398
D3S2459 0.105 C03 116.349 103.496.185 D3S1570 0.120 C03 167.568 156.763.256
D3S4534 0.025 co3 117.361 105.226.659 D3S3587 0.455 C03 167.753 156.970.897
D3S1559 0.498 C03 117.706 105.817.707 D3S1275 0.078 C03 167.754 157.467.103
D3S1291 0.695 Co03 117.813 106.111.239 D3S1607 0.470 C03 168.315 158.285.032
D3S3654 0.514 c03 118.918 107.406.455 D3S1605 0.136 C03 168.413 158.567.051
D3S1563 0.689 C03 118.919 107.412.873 D3S1553 0.403 C03 169.122 160.621.387
D3S3638 0.424 C03 118.970 107.524.289 D3S3579 0.437 C03 170.160 161.901.190
D3S3045 0.350 C03 120.290 108.310.819 D3S3708 0.076 C03 170.563 163.442.395
D3S1616 0.397 C03 120.650 108.925.161 D3S3702 0.296 Cc03 170.957 164.722.260
D3S2495 0.134 C03 121.627 109.457.325 D3S1268 0.334 C03 171.082 165.240.947
D3S1302 0.278 Co03 121.628 109.873.443 D3S3052 0.025 Cco3 171.150 165.522.576
D3S3695 0.039 co3 122.135 110.442.617 D3S3668 0.026 co3 171.185 165.667.972
D3S3044 0.178 C03 123.014 112.283.480 D3S3712 0.219 C03 172.250 168.290.512
D3S2422 0.023 co3 123.015 112.394.775 D3S1264 0.080 C03 172.251 168.526.690
D3S81572 0.320 Co03 123.016 112.586.477 D3S1763 0.332 C03 172.252 168.560.593
D354018 0.060 C03 123.134 112.975.114 D3S3622 0.197 Cc03 173.202 169.184.873
D3S3675 0.531 C03 123.942 114.166.882 D3S1614 0.291 C03 173.730 169.531.038
D3S1610 0.482 Co03 123.943 114.393.139 D3S3523 0.486 C03 174.775 170.858.716
D353683 0.423 Cc03 124.142 114.582.493 D3S1564 0.089 C03 175.207 171.509.727
D3S3585 0.620 C03 124.633 114.995.025 D3S3723 0.701 C03 175.208 171.572.325
D3S3665 0.180 C03 125.264 115.524.384 D3S3724 0.277 C03 175.209 171.572.325
D3S3526 0.349 Co03 125.599 115.806.139 D3S1574 0.413 C03 177.857 173.000.015
D3S1310 0.066 Cc03 125.600 116.103.337 D3S3725 0.435 C03 178.272 173.130.553
D3S1586 0.193 C03 125.601 116.270.724 D3S3726 0.203 C03 178.273 173.130.553
D3S3670 0.421 Co03 125.839 116.482.364 D3S3520 0.181 C03 179.772 173.492.027
D3S1575 0.103 c03 126.997 117.510.134 D3S1556 0.565 C03 181.198 173.835.498
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D3S1565 0.344 Co03 181.867 | 174.803.580 D4S52995 0.060 C04 55.945 35.961.408
D3S2425 0.108 co3 182.192 | 174.884.284 D4S2629 0.274 Co04 56.863 36.438.782
D3S2421 0.021 co3 184.680 | 176.395.222 D451581 0.193 C04 58.796 38.034.563
D3S2427 0.009 co3 185.545 | 177.105.608 D4S52382 0.262 C04 61.698 39.947.943
D3S3041 0.362 co3 186.392 | 177.800.996 D4S405 0.014 Co04 62.104 40.268.086
D3S3511 0.702 co03 187.347 | 178.716.472 D4S174 0.075 C04 63.086 40.749.467
D3S3715 0.266 Co03 187.360 | 178.733.316 D4S2974 0.342 C04 64.813 41.566.052
D3S3037 0.012 co3 187.380 | 178.762.465 D4S2369 0.098 C04 65.418 42.289.946
D3S1754 0.018 co3 187.381 178.762.537 D4S3025 0.290 Co04 66.239 43.376.348
D3S3730 0.259 co3 188.194 | 179.867.513 D451627 0.214 C04 66.522 44.094.355
D3S3565 0.646 co3 188.975 | 180.802.808 D4S1547 0.455 C04 66.531 44.105.473
D3S3603 0.428 co3 188.976 | 181.235.788 D4S3251 0.097 Co04 67.003 44.464.838
D3S1618 0.395 co03 193.372 | 184.672.760 D4S396 0.690 C04 67.630 46.233.237
D3S1571 0.288 Co3 193.605 | 184.860.825 D453242 0.132 C04 67.732 46.843.193
D3S2399 0.164 Co3 194.133 | 185.287.035 D4S3255 0.050 C04 68.725 52.715.282
D3S3592 0.328 co3 195.053 | 185.731.334 D452971 0.168 Co04 68.763 53.642.254
D3S1617 0.293 co03 196.833 | 187.205.280 D452996 0.250 C04 70.861 55.202.648
D3S1602 0.141 co3 197.908 | 187.352.605 D4S3254 0.059 C04 70.934 55.352.561
D3S1262 0.550 co3 198.552 | 187.544.392 D4S428 0.228 Co04 71.030 55.549.947
D3S3686 0.306 co03 202.474 | 188.738.369 D4S3019 0.649 C04 74.888 57.552.723
D353651 0.269 co3 202.981 188.962.055 D451592 0.582 C04 74.889 57.597.359
D3S1580 0.202 Co3 206.428 | 189.863.705 D4S2638 0.417 C04 75.738 58.503.436
D3S3550 0.601 co3 207.466 | 190.270.532 D4S1569 0.236 Co04 76.732 59.564.491
D3S3530 0.002 co3 207.594 | 190.476.551 D451645 0.173 C04 77.766 61.986.356
D3S2398 0.196 co3 207.759 | 190.741.940 D4S398 0.016 C04 77.905 62.250.292
D3S1294 0.104 co3 208.184 | 190.983.021 D4S3004 0.174 Co04 80.140 65.662.895
D351289 0.408 co03 209.142 | 191.566.354 D4S2987 0.026 co4 80.312 66.105.226
D3S2747 0.554 Co3 209.188 | 191.601.281 D4S1574 0.495 C04 80.397 66.244.641
D3S2455 0.062 Co3 211.279 | 192.201.010 D4S1541 0.042 C04 80.505 66.550.602
D3S1601 0.216 co3 212.642 | 192.998.188 D4S416 0.122 C04 80.958 66.628.487
D3S3557 0.442 co03 213.146 | 193.199.940 D4S3253 0.155 C04 81.187 67.472.939
D3S3663 0.375 co3 213.152 | 193.202.499 D4S2367 0.172 C04 81.583 68.286.181
D3S2418 0.395 Co03 213.956 | 193.637.781 D4S392 0.298 C04 82.669 70.838.881
D3S3669 0.515 co3 214.298 | 193.822.877 D452931 0.580 C04 84.181 72.629.445
D353642 0.304 co3 214.959 | 194.123.001 D4S1558 0.526 C04 87.551 76.250.009
D3S2748 0.263 Co3 216.723 | 195.052.813 D4S2958 0.484 C04 87.765 77.272.960
D3S1265 0.458 co3 222.338 | 196.852.567 D4S3042 0.207 C04 87.766 77.364.258
D3S51272 0.133 co3 225.045 | 198.342.644 D4S2640 0.030 C04 90.015 79.433.270
D351311 0.258 C03 225.046 | 198.344.496 D4S52630 0.132 C04 90.095 79.567.700
D4S2947 0.509 C04 90.451 80.165.794

D4S2963 0.502 C04 90.596 80.408.844

Chromosome 4 D452964 0.222 Co4 91.087 81.233.733
D4S2936 0.018 co4 0.904 682.247 D4S53243 0.403 C04 91.180 81.390.769
D443 0.597 C04 3.108 2.313.276 D4S52922 0.533 Co04 92.080 82.902.075
D4S1614 0.416 C04 3.618 2.678.158 D4S1553 0.223 C04 92.447 83.163.959
D4S127 0.484 C04 4.135 3.048.313 D4S400 0.673 C04 92.448 83.433.225
D4S412 0.450 Co4 4.567 3.412.068 D452932 0.701 C04 92.449 83.961.717
D4S3023 0.188 C04 7.377 4.365.876 D4S395 0.061 C04 93.446 84.704.596
D4S2375 0.225 C04 8.058 5.037.205 D4S1538 0.143 C04 94.298 85.242.117
D4S2366 0.204 Co4 12.909 6.549.327 D4S1534 0.356 C04 95.643 86.766.686
D4S2935 0.322 C04 13.305 6.625.619 D4S52409 0.331 Co04 96.694 87.376.750
D4S394 0.171 C04 15.279 7.024.409 D4S52462 0.325 C04 97.226 87.950.590
D452983 0.220 C04 19.304 7.809.982 D4S1542 0.321 C04 97.227 88.131.324
D4S2928 0.212 Co04 23.836 10.363.119 D4S1563 0.130 C04 99.463 89.991.607
D451582 0.394 C04 24.120 10.452.468 D4S2460 0.036 Co4 99.464 90.292.042
D4S1599 0.059 C04 24.242 10.646.666 D4S2371 0.086 C04 100.455 90.591.168
D4S3036 0.124 Co4 26.772 11.969.827 D4S52461 0.599 C04 100.786 90.690.984
D4S2944 0.277 C04 27.657 13.282.514 D4S3245 0.012 co4 101.270 91.520.538
D4S403 0.224 C04 27.833 13.501.787 D4S410 0.773 C04 101.466 91.855.502
D4S52942 0.623 C04 27.852 13.521.888 D4S3006 0.150 C04 102.428 92.636.918
D4S2362 0.323 Co4 30.669 15.208.820 D4S414 0.390 C04 102.696 92.897.169
D4S1601 0.093 C04 31.560 15.772.317 D4S423 0.108 C04 102.697 92.931.147
D4S1567 0.249 C04 32.246 16.206.310 D4S3037 0.587 C04 102.778 93.692.458
GGAT18G02 0.380 Co4 32.247 16.270.278 D4S2364 0.898 C04 102.794 93.975.734
D452946 0.089 Co04 35.696 17.504.296 D4S1557 0.192 C04 104.022 95.422.443
D452633 0.192 C04 36.333 18.596.095 D452433 0.252 C04 104.288 95.790.573
D4S419 0.172 C04 36.334 18.599.642 D4S52909 0.230 C04 104.699 96.358.197
GATA87B03 0.132 Co04 36.335 18.985.014 D4S2973 0.227 C04 105.313 97.199.238
D452399 0.930 C04 36.500 19.815.126 D4S1559 0.037 Co4 105.501 97.456.448
D4S52994 0.202 C04 38.579 21.254.033 D4S1578 0.334 C04 105.502 97.537.060
D4S2933 0.283 C04 39.507 22.813.008 D4S52407 0.182 C04 105.561 97.706.047
D4S425 0.577 Co04 40.329 23.406.971 D4S1560 0.022 Co4 105.693 98.075.023
D4S3013 0.289 C04 40.727 23.648.309 D451628 0.132 C04 105.933 98.744.772
D4S404 0.020 [ 40.998 23.986.049 D4S51647 0.185 C04 106.343 99.893.367
D4S1551 0.265 Co4 41.606 24.501.925 D452986 0.264 C04 106.890 100.116.057
D452948 0.615 C04 43.045 24.760.021 D452626 0.692 Co04 107.336 | 100.536.224
D4S3044 0.305 C04 43.892 25.330.686 D4S2634 0.151 C04 107.337 | 100.536.239
D4S3022 0.083 C04 43.893 25.365.412 D4S421 0.302 C04 108.837 101.730.311
D452397 0.350 Co4 48.353 27.008.750 D4S2966 0.241 Co04 109.006 | 102.014.105
D4S1609 0.423 C04 48.719 27.224.513 D4S1591 0.441 C04 109.399 | 102.671.593
D4S391 0.181 C04 48.955 27.363.115 D4S3043 0.186 C04 110.138 104.032.634
D4S3244 0.359 Co4 50.551 28.797.459 D4S1572 0.427 C04 110.139 104.228.523
D4S418 0.069 C04 51.243 29.116.091 D452907 0.128 Co04 111.788 105.600.806
D451643 0.374 C04 52.116 30.180.804 D4S411 0.294 C04 111.789 105.972.230
D4S2912 0.104 C04 54.037 31.865.229 D4S1570 0.231 C04 111.938 106.177.075
D4S1587 0.353 Co4 55.944 35.366.700 D4S3026 0.236 Co04 112.397 106.805.562
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D4S3256 0.012 Co04 113.519 | 108.344.788 D4S171 0.370 C04 196.927 | 186.878.087
D452917 0.109 Co04 114.137 | 109.191.937 D4S1540 0.095 Co04 197.042 | 186.952.248
D4S1571 0.192 C04 115.567 110.567.028 D4S52924 0.215 C04 197.349 | 187.147.894
D4S2945 0.176 C04 116.940 111.727.179 D4S3051 0.512 C04 204.693 | 188.720.823
D4S406 0.108 Co4 117.484 112.177.195 D4S426 0.109 Co04 207.471 189.803.619
D4S1651 0.697 C04 118.429 112.591.223 D452390 0.071 C04 208.978 | 190.448.883
D4S407 0.167 C04 118.708 113.035.536 D451652 0.319 C04 209.268 | 190.780.219
D4S52989 0.415 C04 118.918 113.257.945 D452930 0.520 C04 209.269 | 190.792.739
D4S1611 0.077 Co04 121.130 | 114.906.201
D4S1550 0.172 C04 121.931 116.653.045
D4S1573 0.579 co4 123475 | 117.602.472 Chromosome 5
D4S2392 0.237 Co4 123.683 | 118.179.465 D552488 0.161 Co5 0.001 180.169
D4S3024 0.636 C04 124.632 | 119.968.282 D5S392 0.011 C05 0.302 354.902
D4S402 0.064 C04 124.951 120.607.000 D5S51981 0.262 C05 1.212 1.207.151
D4S427 0.287 C04 125559 | 121.885.657 D5S678 0.564 Co5 2.087 1.418.486
D4S1612 0.116 Co04 126.310 | 122.783.366 D5S417 0.103 C05 9.355 3.173.940
D452628 0.238 C04 126.735 | 123.595.743 D551980 0.114 C05 9.984 3.449.302
D4S3250 0.368 C04 127.119 | 124.376.341 D552849 0.387 C05 10.048 3.477.202
D4S2395 0.296 Co4 127.536 | 124.848.200 D551492 0.529 Co5 10.706 3.765.429
D4S1615 0.418 C04 129.752 | 128.668.469 D5S405 0.315 C05 10.707 3.994.614
D452625 0.057 C04 130.922 | 130.592.948 D552088 0.223 C05 11.871 4.349.171
D4S2394 0.450 C04 131.022 | 130.756.654 D5S406 0.335 Co5 13.117 5.046.780
D4S429 0.160 Co04 133.202 | 133.570.829 D552054 0.297 C05 16.644 5.944.719
D4S52423 0.269 C04 134197 | 134.707.715 D5S5635 0.352 C05 18.108 6.365.317
D4S1575 0.737 C04 134.670 | 135.249.176 D5S676 0.260 C05 20.701 7.492.225
D4S422 0.086 Co4 136.039 | 137.731.613 D551953 1.7E-4 co5 20.939 7.711.070
D451576 0.109 Co04 137.791 139.790.032 D5S1957 0.006 C05 22.949 8.549.660
D4S1579 0.146 C04 139.994 | 141.308.504 D5S807 0.014 C05 24.020 9.260.644
D4S1644 0.217 C04 141.058 | 142.329.080 D5S630 0.166 Co5 24.872 9.613.700
D4S424 0.309 Co04 142.051 142.775.272 D551486 0.061 C05 27.247 10.192.425
D4S1625 0.008 C04 143.281 144.078.582 D551997 0.256 C05 39.287 17.035.107
D4S1561 0.353 C04 143.282 | 144.234.507 D55486 0.050 C05 39.348 17.224.383
D452981 0.100 C04 143283 | 144.871.777 D5S2096 0.529 Co5 39.436 17.500.114
D452998 0.588 Co04 143.474 | 146.143.819 D552031 0.221 C05 42.230 21.148.887
D4S2376 0.047 C04 143.736 | 146.479.168 D5S2074 0.242 C05 42.231 21.198.923
D4S1586 0.282 C04 144.419 | 147.356.873 D5S411 0.055 Co5 42572 21.797.061
D452962 0.383 Co04 148.056 | 150.941.622 D551473 0.165 C05 43.781 23.040.760
D4S2428 0.298 C04 149.001 153.317.810 D5S813 0.106 C05 44.360 23.636.743
D451588 0.306 C04 149.878 | 154.407.632 D5S502 0.538 C05 46.909 25.729.873
D4S3049 0.497 C04 152.638 | 155.352.160 D5S814 0.327 Co5 46.910 25.930.915
D4S3021 0.389 Co04 153.058 | 155.513.457 D551502 0.080 C05 47.541 26.606.108
GATAT72A08 0.022 c04 153.507 | 156.541.479 D5S419 0.130 C05 47.665 26.704.042
D4S3016 0.384 C04 154.047 | 157.181.422 D5S627 0.417 Co5 47.666 26.794.302
D451629 0.125 Co04 155.649 | 158.914.437 D5S2113 0.043 C05 47.814 26.821.969
D4S413 0.074 C04 155.662 | 158.930.781 D552493 0.086 C05 49.431 29.032.622
D451626 0.180 C04 159.118 | 163.250.935 D5S819 0.473 C05 51.716 30.919.211
D4S1653 0.196 C04 159.119 163.265.511 D5S1993 0.405 Co5 53.233 31.750.653
D4S3046 0.286 Co04 159.326 | 163.968.418 D551986 0.086 C05 53.234 31.775.925
D4S52952 0.148 C04 164.316 | 167.033.202 D5S477 0.067 C05 54.613 31.941.878
D4S417 0.086 C04 165.503 | 168.815.985 D5S1996 0.143 Co5 55.307 32.161.481
D4S1596 0.635 Co4 166.086 | 169.642.288 D5S1470 0.101 C05 55.533 32.537.791
D4S2414 0.004 [ 167.029 | 170.242.462 D5S651 0.238 C05 56.415 33.427.560
D451597 0.684 C04 167.278 | 170.539.004 D5S674 0.079 C05 56.711 33.636.454
D4S243 0.145 C04 169.018 | 171.539.374 D5S2062 0.302 Co5 57.537 33.806.278
D4S2426 0.003 co4 169.127 | 171.602.093 D5S5631 0.232 C05 58.117 34.684.061
D4S2373 0.690 C04 169.470 | 172.238.561 D5S426 0.450 C05 58.504 34.808.296
D4S2910 0.431 C04 169.551 172.388.405 D5S493 0.265 Co5 58.626 34.997.660
D4S1545 0.113 Co4 169.956 | 172.998.657 D5S395 0.157 C05 59.460 35.842.754
D4S1617 0.390 C04 169.974 | 173.012.299 D552021 0.285 C05 61.330 37.863.179
D4S1646 0.041 [ 170.133 | 173.135.224 D5S51460 0.682 C05 64.110 38.681.838
D452383 0.202 C04 171.766 | 174.737.686 D552489 0.221 Co5 66.570 39.757.422
D4S1595 0.453 Co4 171.767 | 175.013.618 D5S418 0.207 C05 66.571 40.061.267
D4S52992 0.028 [ 171.768 | 175.016.354 D5S52494 0.401 C05 66.676 40.263.793
D4S2991 0.023 co4 171.769 | 175.209.438 D5S1457 0.205 Co5 67.098 41.079.360
D4S2431 0.024 co4 171.969 | 175.516.557 D551969 0.375 Co5 70.937 53.258.732
D4S2637 0.329 C04 173.748 | 176.367.964 D55628 0.613 C05 71.142 53.403.723
D4S1539 0.383 C04 173.749 | 176.384.029 D5S5260 0.248 C05 71.143 53.467.356
D4S3028 0.232 C04 174.107 | 177.285.565 D5S2076 0.002 co5 72.099 54.222.748
D4S3030 0.349 Co04 174.553 | 177.455.089 D55664 0.346 C05 72.765 54.989.592
D4S415 0.231 C04 177.034 | 179.407.081 D5S407 0.307 C05 73.999 56.010.643
D4S1537 0.365 C04 182.879 | 182.354.372 D5S491 0.574 C05 74.875 56.416.939
D4S1607 0.500 Co4 184.143 | 182.627.444 D552102 0.626 Co5 75.011 56.825.247
D4S3005 0.293 C04 184.977 | 183.377.947 D5S52507 0.242 C05 75.070 56.853.482
D4S51584 0.250 C04 185.027 | 183.415.109 D5S1715 0.461 C05 76.226 57.403.928
D4S2951 0.451 co4 186.756 | 183.855.996 D552107 0.453 Co5 76.898 58.165.689
D4S3015 0.615 Co04 187.268 | 183.988.209 D552500 0.117 C05 77.307 58.712.925
D4S3041 0.095 C04 189.524 | 184.470.139 D5S1474 0.141 C05 78.714 61.325.678
D452921 0.089 C04 190.057 | 185.026.592 D5S427 0.237 C05 79.196 62.918.977
D4S2920 0.358 Co4 190.058 | 185.026.592 D551956 0.284 Co5 79.237 63.135.147
D4S1554 0.207 C04 191.561 185.384.474 D5S5668 0.421 C05 79.517 63.634.104
D4S52957 0.222 C04 193.088 | 185.748.786 D552089 0.028 C05 80.819 65.959.674
D4S2954 0.393 co4 193.089 | 185.748.786 D5S2072 0.629 Co5 80.820 66.058.756
D4S408 0.293 Co04 193499 | 185.846.914 D552121 0.122 C05 81.439 66.629.450
D4S1535 0.302 C04 193.500 | 185.931.798 D552046 0.131 C05 82.217 67.254.574
D4S3047 0.293 C04 194.386 | 186.106.100 D552019 0.135 C05 82.995 67.819.380
D4S3032 0.585 Co4 196.926 | 186.713.818 D55629 0.303 Co5 83.672 68.311.356




176 7 Appendix
Marker name pvalue Chr cM Mb Marker name pvalue Chr cM Mb

D5S650 0.418 C05 86.166 71.995.579 D552078 0.045 Co5 135.559 | 128.239.786
D5S112 0.425 Co5 87.474 73.163.225 D5S642 0.332 Co5 135.563 | 128.267.679
D551982 0.241 C05 87.769 73.370.672 D5S666 0.257 C05 136.610 | 130.603.841
D5S1988 0.105 C05 87.987 73.539.507 D552110 0.498 C05 136.694 | 130.933.629
D5S2042 0.286 Co5 88.262 73.753.321 D5S2057 0.223 Co5 136.700 | 130.945.021
D5S2003 0.418 C05 90.541 74.611.746 D551984 0.313 C05 137.108 | 131.670.938
D5S424 0.552 C05 93.230 76.241.791 D552497 0.173 C05 138213 | 133.027.948
D5S1977 0.436 C05 93.898 76.398.575 D5S458 0.222 C05 139.386 | 134.093.283
D552041 0.075 Co5 94.241 76.757.808 D5S2056 0.212 Co5 139.431 134.373.781
D5S1501 0.369 C05 96.527 78.552.498 D5S396 0.299 C05 139.647 | 134.471.424
D5S672 0.079 C05 97.323 78.971.483 D552115 0.429 Co5 139.988 | 134.795.463
D5S1464 0.092 Co5 99.807 80.872.969 D5S816 0.636 Co5 141.297 | 135.377.605
D552029 0.270 C05 100.921 81.541.343 D5S393 0.204 C05 141507 | 135.777.544
D5S626 0.696 C05 100.922 81.706.876 D5S399 0.173 C05 141.644 | 136.039.751
D5S620 0.099 C05 100.923 81.757.103 D5S479 0.173 Co5 142.084 | 136.381.823
D5S2067 0.420 Co5 101.164 81.894.545 D551983 0.469 C05 142.229 137.074.111
D5S641 0.096 C05 101.540 82.087.010 D5S414 0.195 C05 142230 | 137.654.512
D5S2094 0.146 C05 102.720 82.472.755 D5S500 0.034 co5 142.231 137.923.067
D5S1959 0.611 Co5 102.721 82.671.642 D5S476 0.420 C05 142.648 | 138.021.297
D551948 0.277 C05 102.868 82.996.671 D552009 0.234 C05 142649 | 139.124.412
D5S1716 0.213 C05 103.799 83.629.120 D552116 0.254 C05 143182 | 139.905.914
D5S107 0.280 C05 103.800 83.683.640 D5S658 0.308 C05 143.824 | 140.401.387
D5S1459 0.222 C05 104.446 85.254.845 D5S2508 0.183 Co5 143.920 | 140.475.601
D5S428 0.351 C05 104.447 85.494.696 D552119 8.4E-6 Co5 143.921 140.837.059
D5S617 0.474 C05 104.729 86.166.534 D5S1979 0.611 C05 143922 | 141.153.225
D5S2495 0.358 Co5 105.382 87.158.000 D5S2011 0.438 Co5 143.923 | 141.250.586
D5S51722 0.006 co5 105.718 88.484.230 D552017 0.136 Co5 145.351 141.761.627
D5S401 0.418 C05 105.719 88.651.978 D5S643 0.355 C05 150.303 | 145.003.174
D5S2103 0.439 C05 106.031 88.812.866 D5S436 0.400 C05 150.780 | 145.232.427
D5S1725 0.290 Co5 106.879 89.250.675 D5S2099 0.135 Co5 150.975 | 145.361.123
D55488 0.129 C05 107.141 89.385.709 D552033 0.348 C05 151.927 | 145.988.591
D5S618 0.184 C05 107.142 89.850.389 D5S638 0.168 C05 152.494 | 146.362.768
D5S2044 0.319 Co5 107.383 89.894.508 D5S2490 0.154 Co5 153.719 | 147.012.816
D5S51463 0.004 co5 107.622 90.290.331 D5S463 0.189 Co5 153.720 | 147.158.587
D55815 0.011 Co5 108.004 91.074.519 D552090 0.479 C05 153.721 147.258.402
D552499 0.014 co5 108.005 91.520.244 D5S434 0.459 C05 153722 | 147.343.703
D5S652 0.254 Co5 111.248 95.881.262 D5S413 0.225 Co5 155.334 | 148.395.839
D5S644 0.158 C05 111.252 95.886.766 D551469 0.360 C05 157.002 | 149.484.330
D5S484 0.163 C05 111.829 96.656.668 CSF1R 0.374 C05 157.029 | 149.491.378
D5S1467 0.237 C05 112.878 98.056.931 D5S2015 0.327 C05 157.476 | 149.606.847
D5S1503 0.028 co5 113.021 98.247.876 D552013 0.375 Co5 157.495 149.611.847
D5S495 0.175 C05 114.118 99.706.082 D5S636 0.096 C05 158.707 | 149.925.026
D5S456 0.509 Co5 114.824 | 102.665.056 D5S2014 0.198 Co5 159.098 | 149.992.426
D5S409 0.340 Co5 114.892 | 102.806.070 D5S2077 0.234 Co5 162.081 151.363.736
D5S505 0.444 C05 114.893 | 103.277.485 D5S673 0.062 C05 162.294 | 151.634.593
D55433 0.041 Co5 115.442 | 104.038.838 D55410 0.496 C05 162.446 | 152.803.484
D5S669 0.524 C05 115.446 | 104.051.362 D5S2026 0.315 C05 163.604 | 153.895.975
D5S51721 0.017 co5 115.609 | 104.496.766 D5S487 0.331 Co5 164.816 | 155.649.131
D5S1461 0.183 C05 115.672 | 104.658.453 D552016 0.710 C05 164.973 | 155.727.862
D5S460 0.383 C05 115.819 | 105.035.091 D5S2049 0.580 C05 165.956 | 157.699.927
D5S2084 0.312 Co5 116.407 | 106.676.828 D5S412 0.382 Co5 166.003 | 158.183.578
D5S475 0.448 C05 117.584 | 107.029.043 D5S403 0.413 C05 168.808 | 159.866.570
D5S1453 0.821 C05 117.831 107.814.207 D551476 0.369 C05 169.065 | 160.399.162
D5S1466 0.391 C05 118.234 | 109.095.769 D5S1955 0.339 C05 169.178 | 160.719.698
D552496 0.375 Co5 118.322 | 109.171.574 D552118 0.268 Co5 169.179 | 160.734.901
D5S2501 0.077 C05 119.416 110.112.531 D551465 0.366 C05 169.667 | 161.394.749
D5S492 0.628 C05 119.595 110.328.042 D5S2093 0.163 C05 171.446 | 162.814.741
D5S2027 0.555 Co5 120.952 111.221.634 D5S2066 0.233 Co5 171.447 | 163.333.571
D5S1965 0.159 C05 120.953 111.885.714 D55423 0.027 Co5 173.705 | 164.945.487
D5S346 0.134 C05 121.259 | 112.289.840 D552032 0.108 C05 173706 | 164.958.596
D5S656 0.117 C05 121.609 | 112.751.103 D5S2040 0.164 C05 173.900 | 165.049.871
D5S2001 0.265 Co5 121.610 | 112.870.998 D5S415 0.208 C05 174158 | 165.171.161
D5S421 0.362 C05 121.611 112.930.358 D552050 0.313 C05 176.971 166.494.686
D5S489 0.091 C05 122.271 113.579.976 D5S1458 0.429 Co5 179.478 | 167.556.631
D5S2065 0.428 Co5 122.491 113.797.372 D5S2045 0.572 Co5 181.037 | 168.305.447
D5S659 0.210 C05 122492 | 114.193.690 D5S400 0.263 C05 181.337 | 168.423.764
D5S1720 0.191 C05 122574 | 114.294.903 D5S353 0.151 C05 182.942 | 168.981.015
D5S1484 0.167 C05 122.714 | 114.468.995 D5S1456 0.191 C05 182.996 | 169.013.415
D5S2055 0.351 Co5 123592 | 115.373.017 D5S1713 0.200 Co5 183.835 | 169.380.196
D5S404 0.100 C05 127.069 | 116.923.415 D5S397 0.093 C05 184.164 | 169.588.322
D55494 0.019 co5 127.060 | 117.063.732 D5S625 0.064 C05 187.275 | 170.150.908
ATA24E05 0.150 Co5 128.044 | 118.166.530 D5S462 0.349 Co5 188.438 | 171.179.649
D551478 0.003 Co5 128.045 | 118.987.001 D55429 0.311 C05 188.774 | 171.321.480
D5S471 0.218 C05 128.046 | 119.125.159 D551960 0.270 C05 189.288 | 171.494.913
D5S1505 0.436 C05 128.059 | 119.177.862 D5S677 0.277 Co5 194.836 | 173.127.248
D5S657 0.044 co5 128.418 | 120.487.110 D552108 0.083 Co5 196.327 | 173.552.890
D5S467 0.462 C05 129.402 | 121.483.007 D5S498 0.153 C05 197.374 | 173.794.600
D5S1975 0.824 C05 130.375_ | 122.201.083 D5S2008 0.201 C05 204.661 177.679.014
D5S622 0.238 Co5 130.376 | 122.608.674 D5S2073 0.056 Co5 209.105 | 179.289.714
D5S1714 0.071 C05 130.377 | 122.613.187 D5S408 0.267 C05 210.411 180.097.901
D5S818 0.386 C05 130.378 | 123.187.401

D5S2039 0.328 C05 130.782 | 123.450.385

D552098 0.235 Co5 131.354_ | 123.821.905 Chromosome 6

D55804 0.004 Co5 133.108 | 125.161.282 D6S1600 0.453 C06 0.459 145.000
D5S1495 0.127 C05 133.370 | 125.426.209 D6S344 0.319 C06 4.891 1.545.705
D5S490 0.213 Co5 134.522 | 126.918.914 D6S1617 0.507 C06 12.178 4.157.641
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Marker name pvalue Chr cM Mb Marker name pvalue Chr cM Mb
D6S1713 0.111 C06 12.179 4.285.213 D6S1549 0.128 C06 63.989 41.432.221
D6S1685 0.297 C06 16.205 5.755.814 D6S1017 0.006 C06 65.654 41.724.051
D6S1574 0.291 C06 16.206 5.957.131 D6S1552 0.158 C06 66.136 42.001.964
D6S1591 0.329 C06 16.207 5.965.442 D6S1582 0.266 Co6 68.119 43.145.568
D6S1677 0.393 C06 17.425 6.429.281 D6S282 0.121 C06 68.355 43.281.429
D6S1668 0.327 C06 18.030 6.592.882 D6S271 0.224 C06 68.706 43.547.748
D6S1598 0.683 C06 19.309 6.939.085 D6S459 0.007 C06 72.595 45.846.096
D6S1674 0.464 Co06 21.285 7.992.244 D6S1638 0.093 C06 74.580 46.517.401
D6S309 0.039 C06 21.603 8.169.920 D6S452 0.363 C06 74.581 46.962.879
D6S277 0.030 C06 21.963 8.449.645 D6S1566 0.393 C06 75.566 47.674.766
D6S263 0.047 Cco6 22.012 8.494.845 D6S438 0.375 Co6 75.838 48.700.476
D6S410 0.332 C06 22.496 8.940.333 D6S1280 0.041 C06 75.881 48.896.676
D6S470 0.128 C06 24.914 10.133.771 D6S269 0.223 C06 75.882 49.223.682
D6S1955 0.013 C06 25.362 10.311.763 D6S2410 0.319 C06 76.414 50.690.363
D6S1279 0.170 C06 30.350 12.292.149 D6S272 0.525 Co6 76.515 50.893.184
D6S1034 0.046 C06 30.410 12.315.897 D6S1963 0.059 C06 76.516 50.911.335
D6S1721 0.772 C06 31.851 12.888.277 D6S436 0.381 C06 76.517 50.958.001
D6S1006 0.382 Co06 31.852 12.968.137 D6S427 0.165 C06 76.565 51.035.435
D6S1263 0.555 C06 31.972 13.005.891 D6S1960 0.074 C06 80.398 53.551.335
D6S1593 0.556 C06 32.645 13.589.729 D6S1662 0.017 C06 80.508 53.655.585
D6S429 0.091 C06 33.079 14.182.419 D6S1573 0.154 C06 80.509 53.762.653
D6S1653 0.149 C06 34.008 14.557.209 D6S295 0.281 C06 80.764 54.326.016
D6S259 0.271 C06 34.974 14.843.926 D6S1952 0.468 C06 80.970 55.027.060
D6S1578 0.290 C06 34.975 15.129.264 D6S1661 0.546 C06 81.675 55.685.010
D6S1559 0.429 C06 36.339 15.262.356 D6S257 0.311 Co6 82.215 55.965.272
D6S289 0.215 C06 36.340 15.389.917 D6S414 0.268 C06 82.776 56.310.923
D6S260 0.235 C06 36.407 15.512.453 D6S1710 0.537 C06 83.262 62.754.790
D6S1630 0.424 C06 36.711 16.070.524 D6S402 0.231 C06 83.263 62.962.235
D6S1676 0.530 C06 36.982 16.182.972 D6S1046 0.432 C06 83.485 63.478.465
D6S1605 0.088 C06 37.432 16.416.483 D6S1048 0.684 C06 83.486 63.478.585
D6S274 0.103 C06 38.951 16.854.120 D6S1628 0.250 C06 83.487 64.091.064
D6S1667 0.061 C06 39.730 17.056.003 D6S1658 0.284 C06 83.762 64.348.222
D6S1567 0.275 C06 40.175 17.552.968 D6S1026 0.494 C06 83.888 65.213.994
D6S1688 0.625 C06 41.809 18.393.054 D6S1551 0.283 C06 84.616 66.551.551
D6S285 0.170 C06 42.257 18.679.007 D6S430 0.242 C06 84.617 67.000.291
D6S 1266 0.295 C06 42.609 19.066.659 D6S1275 0.003 Co06 85.252 67.237.557
D6S1959 0.263 C06 43.476 20.020.078 D6S1262 0.832 C06 85.633 67.890.892
D6S1700 0.239 C06 43.565 20.117.735 D6S405 0.224 C06 85.806 68.187.643
D6S1678 0.830 C06 43.641 20.142.445 D6S1962 0.027 Cco6 86.210 68.608.316
D6S422 0.426 C06 44.681 20.478.015 D6S1282 0.006 Co06 86.211 68.608.490
D6S1643 0.176 C06 44.690 20.495.058 D6S1619 0.206 C06 86.528 69.716.371
D6S1665 0.308 C06 44.990 21.096.284 D6S467 0.119 C06 86.562 69.920.925
D6S1597 0.624 C06 45.791 21.834.287 D6S313 0.087 C06 86.698 70.925.426
D6S1588 0.126 C06 46.737 22.153.394 D6S455 0.224 C06 88.000 71.514.176
D6S1686 0.382 C06 47.007 22.178.710 D6S1673 0.191 C06 88.115 71.752.119
D6S1029 0.102 C06 47.085 22.185.990 D6S1681 0.472 C06 88.611 72.212.605
D6S1663 0.061 C06 47.949 22.710.740 D6S493 0.155 C06 90.016 73.405.402
D6S1660 0.281 C06 48.373 23.421.755 D6S280 0.328 C06 90.411 73.741.259
D6S461 0.319 C06 48.954 23.689.545 D6S406 0.579 C06 90.567 74.466.307
D6S1691 0.393 C06 49.215 24.032.524 D6S1625 0.077 Co6 91.972 77.827.531
D6S276 0.039 C06 49.839 24.293.837 D6S1589 0.110 C06 92.923 78.451.865
D6S1554 0.399 C06 50.779 24.951.730 D6S284 0.253 C06 92.924 79.340.817
D6S1571 0.200 C06 51.181 25.072.257 D6S286 0.198 C06 92.925 79.437.108
D6S1545 0.159 C06 51.421 25.091.182 D6S460 0.451 C06 93.396 80.346.439
D6S1281 0.181 C06 51.597 25.405.006 ATA41HO6 0.167 C06 93.533 80.743.134
D6S1558 0.093 C06 52.254 27.140.259 D6S1707 0.607 C06 93.715 81.267.986
D6S1271 0.573 C06 52.425 27.622.406 D6S1052 0.075 Co6 93.818 81.481.459
D6S464 0.108 C06 52.502 27.839.683 D6S1646 0.110 C06 94.054 82.190.537
D6S306 0.467 C06 52.829 28.034.074 D6S445 0.548 C06 94.387 82.450.368
D6S1022 0.146 C06 52.830 28.752.616 D6S1020 0.130 C06 95.413 83.974.000
D6S265 0.486 C06 52.990 30.125.635 D6S1634 0.357 C06 95.529 84.624.991
TNFa 0.001 C06 53.691 31.647.141 D6S1627 0.521 C06 95.770 85.402.892
D6S273 0.105 C06 53.751 31.787.969 D6S1270 0.311 C06 96.087 85.578.961
D6S1615 0.027 Cco6 53.762 31.813.334 D6S1601 0.122 C06 96.088 85.580.118
D6S1014 0.028 C06 53.953 32.263.046 D6S1652 0.110 C06 96.113 85.949.975
SA-99508 2.8E-8 C06 53.991 32.352.019 D6S1004 0.035 C06 96.263 88.153.155
D6S2447 0.002 C06 54.128 32.672.793 D6S1595 0.566 C06 96.287 88.507.535
D6S2444 0.009 Co6 54.167 32.764.096 D6S1644 0.169 C06 97.333 89.723.458
D6S497 0.018 C06 54.706 33.497.390 D6S1613 0.215 C06 99.822 90.591.179
D6S1560 0.381 C06 54.707 33.601.540 D6S462 0.625 C06 100.777 90.924.184
D6S1583 0.269 C06 54.708 33.765.987 D6S1570 0.164 Co6 101.538 91.189.528
D6S1629 0.504 C06 54.709 33.834.658 D6S450 0.425 C06 102.306 92.017.038
D6S1542 0.118 C06 55.832 34.084.243 D6S1631 0.589 C06 102.307 92.035.935
D6S1618 0.144 C06 55.833 34.151.083 D6S1043 0.066 C06 102.708 92.445.511
D6S439 0.381 Co06 57.023 35.198.935 D6S458 0.362 C06 102.773 92.564.745
D6S1645 0.212 C06 57.212 35.629.661 D6S444 0.638 C06 102.774 92.645.844
D6S291 0.253 C06 57.511 36.312.368 D6S417 0.058 C06 102.839 92.649.651
D6S1576 0.389 C06 57.941 36.588.420 D6S275 0.252 Co6 102.858 93.060.551
D6S1051 0.118 C06 58.083 36.679.853 D6S1274 0.074 C06 103.081 93.402.093
D6S1602 0.906 C06 58.810 37.479.399 D6S1056 0.184 C06 103.566 94.093.106
D6S1548 0.017 C06 58.911 37.591.002 D6S300 0.360 C06 103.764 94.759.931
D6S1610 0.192 C06 60.495 39.306.459 D6S1720 0.230 C06 103.993 95.080.180
D6S1562 0.120 C06 62.104 40.322.032 D6S1054 0.353 C06 103.994 95.237.521
D6S1607 0.267 C06 62.558 40.571.157 D6S1586 0.120 C06 104.119 95.286.690
D6S1616 0.110 C06 62.692 40.644.574 D6S492 0.219 Co6 104.427 95.407.503
D6S1575 0.160 C06 63.694 41.194.460 D6S424 0.449 C06 104.549 95.514.543
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D6S1957 0.006 C06 104.749 96.453.593 D6S1564 0.152 C06 156.324 | 149.168.946
D6S1041 0.415 C06 104.835 96.855.923 D6S1553 0.380 C06 156.739 | 149.751.514
D6S501 0.079 C06 105.792 97.877.215 D6S1687 0.503 C06 158.293 | 151.054.632
D6S1060 0.074 C06 105.855 97.962.588 D6S495 0.265 C06 161.064 | 151.986.724
D6S1284 0.004 Co6 106.448 98.760.774 D6S440 0.240 C06 162127 | 152.364.087
D6S1716 0.144 C06 106.469 98.789.625 D65290 0.004 C06 163.576 | 153.115.243
D6S1717 0.026 C06 107.053 99.718.607 D6S441 0.124 C06 165.048 | 153.845.202
D6S475 0.215 C06 107.458 | 100.649.646 D6S425 0.200 C06 165.960 | 154.674.447
D6S468 0.209 C06 108.168 | 101.675.928 D6S473 0.499 C06 167.209 | 155.276.657
D6S1543 0.355 C06 108.545 | 102.012.704 D6S1556 0.243 C06 167.423 | 155.327.189
D6S1642 0.225 C06 109.169 | 102.315.598 D6S1577 0.074 C06 168.000 | 155.463.361
D6S1709 0.548 C06 109.245 | 102.404.198 D6S442 0.050 C06 168.619 | 155.783.422
D6S283 0.307 C06 109.246 | 102.405.337 D651708 0.047 C06 169.009 | 156.208.589
D6S434 0.262 C06 109.319 | 102.481.509 D6S1633 0.084 C06 170.243 | 157.005.741
D6S1580 0.152 C06 109.638 | 103.515.756 D6S419 0.224 C06 170.827 | 157.688.322
D6S301 0.460 C06 109.756 | 103.740.526 D6S1612 0.080 C06 171.170 | 158.040.707
D6S1015 0.082 C06 110.161 104.512.706 D6S1655 0.203 C06 171.263 | 158.289.894
D6S1021 0.043 C06 110.269 | 104.719.491 D6S437 0.231 C06 171530 | 158.673.182
D6S447 0.236 C06 111.363 | 106.079.535 D6S1614 0.094 C06 172.488 | 159.104.965
D6S1592 0.419 C06 112.062 | 106.408.350 D6S1035 0.052 C06 174.334 | 159.936.423
D6S278 0.393 C06 115.477 | 108.373.654 D6S1581 0.206 C06 174.456 | 160.186.055
D6S1594 0.174 C06 115.727 108.555.211 D6S1550 0.157 C06 176.392 | 161.827.828
ATA56D06 0.102 C06 116.277 | 108.953.599 D6S411 0.208 C06 176.590 | 161.940.725
D6S1698 0.083 C06 118.753 111.361.272 D6S305 0.384 C06 176.923 | 162.104.464
D6S404 0.142 C06 119.438 111.986.028 D6S1599 0.319 C06 179.130 | 162.748.882
D6S302 0.206 C06 119.439 112.044.846 D6S1008 0.067 C06 180.024 | 163.527.058
D6S416 0.073 C06 119.653 112.496.846 D6S1277 0.032 C06 180.806 | 164.207.029
D6S432 0.498 C06 120.386 | 112.981.801 D6S1273 0.493 C06 181.448 | 164.654.939
D6S423 0.368 C06 120.878 | 113.571.965 D6S1719 0.210 C06 183.345 | 165.978.988
D6S266 0.447 C06 120.963 113.728.211 D6S264 0.372 C06 185.783 | 166.618.477
D6S261 0.350 C06 121.129 | 114.201.954 D6S297 0.290 C06 187.646 | 167.145.972
D6S401 0.052 C06 121130 | 114.412.684 D6S1697 0.196 C06 189.019 | 167.753.456
D6S454 0.346 Co6 121.154 | 115.422.972 D6S503 0.344 C06 190.173 | 167.947.283
D6S1706 0.404 C06 122456 | 118.248.492 D6S1027 0.296 C06 192125 | 168.965.750
D6S304 0.314 C06 122.973 | 119.409.831 D65281 0.115 C06 193435 | 169.754.316
D6S287 0.180 C06 122.974 | 119.534.174 D6S446 0.309 C06 194.224 | 170.408.810
D6S1696 0.071 C06 122.984 | 119.552.149 D6S1590 0.243 C06 194.670 | 170.616.374
D6S1278 0.023 C06 123.088 | 119.732.168

D6S412 0.544 C06 123255 | 120.491.373

D6S1657 0.105 C06 123.256 | 120.650.271 Chromosome 7

D6S1608 0.181 C06 123.257 | 120.891.961 D7S2477 0.132 co7 2.391 257.304
D6S1037 0.084 C06 123.352 | 121.289.596 D7S2474 0.160 co7 3.710 723.942
D6S1712 0.315 C06 123794 | 122.115.258 D7S2484 0.061 co7 7.069 2.729.505
D6S1639 0.079 C06 129.238 | 125.061.180 D752521 0.175 co7 7.516 2.842.315
D6S408 0.752 C06 129.272 | 125.079.524 D7S531 0.633 co7 7.702 2.966.602
D6S1702 0.214 C06 129.273 | 125.373.102 D7S2424 0.220 co7 8.620 3.581.378
D6S1958 0.354 C06 130.893 | 126.549.104 D7S3056 0.102 co7 8.903 4.237.329
D6S1030 0.153 C06 131.552 | 128.676.752 D7S517 0.212 co7 8.904 4.242.252
D6S407 0.320 C06 131.678 | 128.795.246 D7S2445 0.095 co7 9.232 4.359.655
D6S1690 0.475 C06 131.886 | 128.815.959 D7S511 0.244 co7 9.471 4.445.035
D6S1620 0.679 C06 132.911 129.928.299 D751492 0.156 co7 10.905 4.958.255
D6S1705 0.141 C06 133.732 | 130.298.343 D752201 0.084 co7 12.205 5.374.993
D6S1040 0.576 C06 134.208 | 130.966.323 D7S481 0.384 co7 12.699 5.875.519
D6S1572 0.365 C06 134.459 | 131.318.136 D7S2514 0.518 co7 15.278 7.562.158
D6S435 0.163 C06 134.511 131.543.240 D7S641 0.449 co7 17.854 8.458.093
D6S262 0.472 C06 134.549 | 131.711.201 D7S1790 0.364 co7 19.234 8.970.035
D6S457 0.321 C06 134.751 131.835.740 D7S2547 0.515 co7 20.891 9.584.772
D6S1656 0.364 C06 134.761 132.119.382 D7S52464 0.208 co7 20.953 9.819.590
D6S472 0.136 C06 135.073 | 132.522.735 D7S513 0.150 co7 23.238 11.395.687
D6S413 0.094 C06 135.1563 | 132.626.573 D7S664 0.677 co7 26.724 13.434.443
D6S975 0.157 C06 135.969 | 133.526.852 D7S2557 0.364 co7 29.624 15.016.673
D6S1038 0.153 C06 136.079 | 134.037.113 D752508 0.404 co7 32312 17.326.592
D6S1722 0.250 C06 136.448 | 134.043.359 D7S507 0.157 co7 32.456 17.341.382
D6S1265 0.063 C06 136.719 | 134.139.067 D7S488 0.473 co7 33.290 18.133.177
D6S976 0.382 C06 137.413 | 134.383.836 D7S638 0.095 co7 33.704 18.512.264
D6S270 0.055 C06 138.783 | 134.635.402 D752532 0.195 co7 33.753 18.557.241
D6S1009 0.042 C06 142.713 | 137.282.654 D7S2495 0.263 co7 34.178 18.946.424
D6S1587 0.359 C06 145180 | 138.402.176 D7S2559 0.241 co7 34.472 19.119.867
D6S1569 0.620 C06 146.769 | 139.034.320 D7S503 0.052 co7 34.473 19.208.228
D6S403 0.331 C06 147.750 | 139.693.776 D7S654 0.382 co7 35.276 19.726.976
D6S471 0.232 C06 148205 | 139.819.893 D7S2535 0.567 co7 36.405 20.588.814
D6S1961 0.023 C06 148.815 | 140.142.314 D752562 0.127 co7 37.520 21.229.775
D6S1684 0.059 C06 148.816 | 140.164.910 D7S493 0.234 co7 37.926 21.549.405
D6S308 0.208 C06 148.928 | 141.237.134 D7S1795 0.180 co7 38.947 21.818.848
D6S453 0.589 C06 148.929 | 141.361.763 D7S2458 0.503 co7 39.009 21.835.344
D6S1648 0.045 C06 149.252 | 142.057.453 D751810 0.167 co7 39.937 22.450.100
D6S310 0.632 C06 149.253 | 142.082.902 D7S629 0.223 co7 40.057 22.556.172
D6S1055 0.186 C06 150.079 | 143.058.441 D7S682 0.492 co7 40.381 22.826.695
D6S409 0.464 C06 150.351 143.497.819 D7S2463 0.369 co7 40.505 23.387.190
D6S1704 0.333 Co6 150.576 | 143.862.551 D7S673 0.235 co7 40.809 23.590.670
D6S1003 0.068 C06 150.934 | 144.574.867 D7S2493 0.246 co7 41.910 24.636.321
D6S1010 0.746 C06 151.383 | 145.470.532 D7S1821 0.202 co7 42.153 24.866.968
D6S1703 0.561 C06 151.648 | 145.998.361 D7S529 0.744 co7 42.400 25.128.129
D6S51042 0.036 C06 151.748 | 146.515.224 D752534 0.294 co7 43.058 25.331.543
D6S978 0.583 C06 151.998 | 146.833.467 D7S814 0.409 co7 44752 27.487.203
D6S1637 0.431 C06 154.786 | 148.812.841 D7S1808 0.005 co7 45.142 27.779.774
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D7S516 0.422 Co7 45.356 27.939.967 D7S524 0.462 Cco7 100.345 84.291.310
D782515 0.199 co7 46.042 28.453.891 D752537 0.008 co7 100.459 84.536.193
D7S435 0.150 Cco7 48.395 29.134.192 D7S2555 0.176 co7 100.769 85.202.324
D752848 0.029 co7 48.643 29.243.608 D7S644 0.289 Cco7 101.092 85.897.031
D751806 0.562 co7 48.653 29.248.064 D752481 0.161 co7 101.215 86.187.348
D7S2492 0.398 Cco7 49.317 29.856.026 D7S630 0.033 Cco7 102.009 88.055.713
D7S2551 0.378 C11 49.965 33.790.554 D7S492 0.071 co7 103.064 89.178.667
D7S632 0.137 Cco7 51.196 30.566.829 D7S2410 0.222 Cco7 103.208 89.991.387
D751834 0.035 co7 53.249 31.568.702 D7S2409 0.458 co7 104.927 90.908.190
D782252 0.366 Cco7 53.388 31.815.852 D7S1789 0.212 co7 104.928 91.343.759
D7S8817 0.279 co7 53.389 31.878.591 D7S646 0.190 Cco7 105.215 92.216.215
D7S795 0.045 co7 53.501 31.907.959 D7S689 0.546 co7 105.584 92.335.452
D7S690 0.153 Cco7 54.241 32.102.277 D7S657 0.339 co7 105.585 92.418.214
D7S656 0.277 Cco7 55.336 33.939.506 D7S652 0.420 co7 105.586 92.481.394
D78497 0.239 co7 55.683 34.506.812 D7S2430 0.143 Cco7 106.052 92.824.706
D75484 0.464 co7 55.898 35.027.092 D7S1820 0.132 co7 106.243 92.965.700
D7S2250 0.037 co7 55.899 35.120.636 D7S2431 0.196 co7 108.202 94.754.606
D7S2843 0.346 co7 59.299 36.806.505 D78527 0.049 co7 108.439 95.227.141
D752209 0.348 co7 60.296 37.300.670 D751812 0.472 co7 108.440 95.369.915
D7S528 0.328 Cco7 60.519 37.768.947 D7S821 0.066 co7 108.441 95.669.545
D7S2846 0.007 co7 60.570 37.875.639 D7S479 0.164 co7 108.687 95.944.875
D782497 0.244 Cco7 61.049 38.002.272 D7S2539 0.151 Cco7 108.734 95.997.460
D782507 0.358 co7 61.288 38.640.903 D7S476 0.150 co7 108.801 96.071.479
D78510 0.275 Cco7 61.944 38.930.562 D7S1796 0.028 Cco7 108.833 96.164.459
D7S668 0.506 co7 62.474 39.408.673 D7S554 0.096 Cco7 109.670 96.936.585
D75485 0.300 co7 62.538 39.478.195 D7S651 0.026 co7 110.764 98.159.987
D782524 0.316 co7 63.026 40.004.685 D752480 0.383 co7 111.983 99.667.100
D78521 0.338 Cco7 63.710 40.742.798 D7S477 0.262 co7 112.712 100.336.839
D7S2469 0.147 co7 63.823 40.864.287 D7S662 0.150 Cco7 113.058 100.724.072
D7S2454 0.068 co7 64.145 41.165.664 D7S2536 0.509 co7 113.313 101.009.381
D7S691 0.315 Cco7 64.932 41.770.388 D7S515 0.177 co7 113.541 101.263.969
D7S678 0.214 co7 66.413 43.021.886 D7S666 0.308 Cco7 113.667 101.308.607
D7S2528 0.768 Co7 67.736 44.210.828 D7S518 0.260 Cco7 113.668 101.422.398
D7S2488 0.494 Cco7 67.870 44.290.307 D7S2509 0.008 Cco7 114.476 102.547.756
D7S2436 0.194 Cco7 68.157 44.460.755 D7S2504 0.246 co7 114.874 103.025.570
D782427 0.122 Cco7 68.159 44.705.473 D7S796 0.022 co7 114.905 103.063.334
D7S519 0.080 co7 70.244 45.856.774 D7S658 0.606 co7 115.091 103.286.763
D782558 0.129 Cco7 70.648 46.378.605 D7S2446 0.102 co7 115.339 103.561.622
D7S679 0.020 co7 71.034 46.876.656 D7S52494 0.111 Cco7 115.340 103.610.092
D7S670 0.454 Co7 71.059 46.909.750 D7S2453 0.179 Cco7 117.920 105.218.420
D752561 0.145 co7 71.060 47.134.207 D7S501 0.086 co7 118.779 106.000.896
D7S665 0.304 Cco7 71.061 47.156.956 D7S2420 0.195 co7 119.151 106.450.348
D7S2506 0.308 Cco7 71.695 47.421.234 D7S5496 0.122 Cco7 119.370 106.715.216
D751818 0.002 co7 72.323 49.133.676 D7S2459 0.770 co7 120.049 106.892.032
D7S674 0.205 Cco7 72.890 49.284.034 D7S2456 0.714 co7 120.734 107.243.749
D7S52422 0.049 co7 74.843 50.879.800 D7S692 0.602 Cco7 120.735 107.900.052
D7S1830 0.050 Co7 75.781 51.496.591 D7S2425 0.546 Cco7 120.736 107.907.529
D7S2467 0.516 Cco7 75.923 51.611.601 D7S3052 0.102 co7 121.276 108.942.042
D7S506 0.130 Cco7 76.915 52.626.436 D7S525 0.312 co7 121.355 109.203.739
D782475 0.528 co7 77.337 53.352.387 D7S2418 0.211 Cco7 122.151 109.539.255
D7S2552 0.274 Cco7 77.773 54.490.367 D7S2554 0.350 co7 124.134 114.002.389
D782542 0.198 Cco7 77.774 54.496.260 D7S687 0.562 co7 124.302 114.140.606
D782550 0.301 co7 78.065 54.870.929 D7S2502 0.320 Cco7 124.816 115.012.666
D7S659 0.110 Co7 79.120 55.394.423 D7S2543 0.361 Cco7 124.817 115.357.523
D7S494 0.622 Cco7 80.224 57.259.707 D7S486 0.130 co7 124.818 115.449.265
D7S2429 0.113 Cco7 80.225 61.946.164 D78522 0.054 co7 124.819 115.627.114
D7S82530 0.188 co7 80.407 63.051.065 D7S2460 0.743 Cco7 125.576 115.962.467
D7S520 0.307 co7 80.586 64.131.672 D7S633 0.625 co7 125.987 116.565.258
D782512 0.336 Cco7 80.620 64.339.470 D7S677 0.028 Cco7 125.988 116.693.917
D7S663 0.056 Cco7 80.698 66.128.018 D7S2847 0.020 Cco7 126.371 118.374.015
D7S502 0.492 Co7 80.864 66.469.152 D7S643 0.022 co7 126.808 120.287.929
D75482 0.274 co7 80.968 66.681.545 D75480 0.146 co7 126.982 120.519.555
D782503 0.325 Cco7 81.908 67.417.119 D7S685 0.143 co7 127.867 120.846.854
D7S2489 0.256 Cco7 82.099 67.608.019 D7S52486 0.429 Cco7 128.467 121.722.100
D7S2483 0.061 Cco7 82.706 67.851.935 D7S1809 0.292 co7 128.771 122.165.476
D7S2435 0.283 Cco7 83.670 68.477.386 D7S2520 0.377 co7 129.445 123.191.875
D7S645 0.068 Cco7 83.671 68.763.635 D7S648 0.424 Cco7 129.446 123.412.073
D7S2516 0.076 Co7 85.323 70.526.536 D7S2527 0.136 Cco7 130.119 124.264.685
D7S2415 0.033 co7 86.423 71.145.843 D7S1835 0.586 co7 130.556 124.818.417
D7S653 0.137 Cco7 86.424 71.254.462 D7S1873 0.144 Cco7 131.069 125.647.582
D7S672 0.123 co7 86.425 71.274.619 D751801 0.031 co7 131.070 125.841.798
D7S2476 0.202 Cco7 87.243 72.427.508 D7S1874 0.228 co7 131.071 125.933.888
D782472 0.654 Cco7 88.415 73.295.042 D7S514 0.203 co7 131.548 126.582.348
D7S1870 0.434 Cco7 88.745 73.538.871 D7S635 0.032 Cco7 131.549 126.828.140
D782470 0.289 Cco7 90.062 75.650.669 D7S2501 0.203 Cco7 131.550 127.067.013
D7S2455 0.292 Cco7 90.893 76.983.459 D7S1875 0.216 co7 131.782 127.304.971
D7S2421 0.062 Cco7 91.245 77.286.030 D7S461 0.067 co7 132.369 127.905.563
D7S669 0.402 Cco7 91.309 77.484.486 D7S530 0.160 co7 133.201 128.755.458
D752499 0.467 co7 92.875 78.053.764 D7S2519 0.532 co7 133.669 129.516.700
D7S634 0.016 co7 94.466 79.460.284 D7S649 0.209 co7 136.400 130.273.891
D7S2443 0.317 Cco7 94.467 79.499.670 D7S640 0.533 Cco7 141.630 132.055.891
D781797 0.237 Cco7 95.088 80.180.596 D7S52452 0.581 co7 141.631 132.840.133
D7S660 0.036 co7 95.116 80.210.879 D782437 0.188 co7 141.632 132.954.051
D782540 0.405 Cco7 98.490 82.729.036 D7S681 0.415 co7 141.633 132.976.971
D7S2845 0.149 Cco7 100.343 83.667.476 D7S52438 0.227 Cco7 141.676 133.327.026
D752485 0.262 co7 100.344 83.771.550 D7S631 0.091 co7 141.739 134.356.052
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D7S2533 0.489 co7 141.740 | 133.845.240 D8S255 0.345 C08 59.771 39.902.485
D7S500 0.273 co7 142.658 | 134.524.817 D8S532 0.372 €08 61.589 40.805.739
D751837 0.099 co7 144765 | 136.124.426 D8S1118 0.366 Co08 61.725 41.062.063
D7S509 0.534 co7 145.559 | 136.726.928 D8S531 0.395 Co08 63.930 49.073.816
D7S495 0.442 co7 148.415 | 137.422.254 D8S519 0.099 Co08 63.937 49.135.436
D7S2560 0.340 co7 148.974 | 137.607.994 D8S589 0.255 Co08 64.757 50.975.963
D7S2450 0.327 co7 149.344 | 137.731.150 D8S1133 0.434 Co08 64.758 51.384.557
D7S684 0.141 co7 149.790 | 137.958.086 D8S1815 0.207 Co08 66.625 53.048.381
D7S2468 0.413 co7 150.773 | 138.401.862 D8S1110 0.182 €08 67.375 53.230.905
D752202 0.879 co7 151.860 | 139.188.647 D8S509 0.247 Co08 69.412 55.643.867
D751824 0.026 co7 152.076 | 139.419.842 D8S566 0.525 Co08 69.582 55.770.038
D7S2513 0.174 co7 153.382 | 140.814.695 D8S593 0.118 C08 69.589 55.774.961
MBP 0.079 co7 154.606 | 141.685.208 D8S1828 0.012 Co08 70.222 56.849.959
D7S2473 0.554 co7 154.517 | 141.414.279 D8S285 0.491 Co08 70.259 57.117.017
D7S661 0.399 co7 155.037 | 142.993.729 D8S1816 0.266 Co08 70.573 57.411.067
D7S794 0.209 co7 155.107 143.115.424 D8S1102 0.271 co8 70.574 57.460.188
D7S676 0.502 co7 155.315 | 143.474.406 D8S1113 0.004 Co08 72.726 59.758.164
D7S1798 0.092 co7 156.874 | 144.768.572 D8S1812 0.143 Co08 74.169 60.734.658
D7S2442 0.634 co7 163.014 | 147.740.105 D8S1986 0.080 Co08 75.503 61.785.848
D7S2419 0.066 co7 163.234 | 147.813.772 D8S260 0.420 Co08 75.632 61.871.769
D752426 0.246 co7 165.033 | 148.864.301 D8S1718 0.128 C08 76.024 62.085.005
D751826 0.548 co7 165.639 | 150.015.810 D8S510 0.255 Co08 76.603 62.301.392
D7S642 0.099 co7 166.326 | 150.348.201 D8S1843 0.112 co8 76.772 62.307.967
D75483 0.192 co7 170.597 | 151.589.916 D8S1696 0.148 co08 77.160 63.895.476
D7S798 0.092 co7 173.809 | 152.203.512 D8S512 0.290 Co08 78.059 65.443.526
D7S2462 0.151 co7 175.859 | 152.953.365 D8S1141 0.207 co8 78.060 65.779.446
D751807 0.556 co7 176.133 | 153.053.568 D8S1473 0.297 co8 78.061 65.779.662
D7S2546 0.483 co7 177.626 | 153.599.468 D8S1748 0.358 Co08 78.200 66.001.625
D7S637 0.239 co7 178.161 153.795.200 D8S1841 0.248 Co08 78.413 66.102.998
D7S2447 0.211 co7 179.624 | 153.852.948 D8S553 0.147 C08 78.963 66.982.615
D7S550 0.307 co7 183.851 154.934.452 D8S1797 0.261 co08 79.063 67.298.482
D7S2423 0.642 co7 192273 | 157.014.642 D8S1767 0.338 Co08 80.232 68.753.317
D8S1775 0.148 Co08 80.359 68.876.188

D8S1117 0.139 co8 81.394 69.900.129

Chromosome 8 D8S543 0.031 cos8 81.877 70.062.811
D8S504 0.095 Co8 0.001 1.004.849 D8S1795 0.015 co08 83.322 70.815.706
D8S264 0.090 co8 3.538 2.117.740 D8S1807 0.036 co08 85.891 72.599.348
D8S1824 0.193 Co8 6.889 3.539.860 D8S530 0.190 co08 85.892 72.626.672
D8S262 0.179 Co8 6.891 3.664.439 D8S279 0.390 Co08 86.515 73.037.973
D8S518 0.110 Co8 9.788 4.475.009 D8S1776 0.193 C08 88.449 73.554.580
D8S1099 0.071 co8 15.092 6.163.341 D8S1123 0.456 co8 88.860 73.924.349
D8S1742 0.158 co8 15.212 6.201.415 GATA14E09 0.136 Co08 89.282 74.304.290
D8S277 0.119 Co8 15.933 6.504.083 D8S286 0.264 Co08 90.201 75.131.546
D8S561 0.171 co8 16.667 6.609.423 D8S594 0.267 co8 91.790 78.425.801
D8S1819 0.317 Co8 16.906 6.737.377 D8S501 0.034 Co08 92.177 80.025.846
D8S1706 0.453 Co8 18.942 6.928.203 D8S1705 0.158 Co08 92.178 80.295.851
D8S1825 0.253 Co8 19.634 8.962.119 D8S1475 0.190 Co08 92.179 80.799.537
D8S1469 0.008 co8 20.151 9.127.046 D8S1730 0.231 co08 92.709 81.242.257
D8S516 0.517 co8 20.795 9.447.350 D8S275 0.079 Co08 95.267 82.451.349
D8S1721 0.194 co8 20.796 10.177.957 D8S525 0.078 Co08 95.268 82.609.997
D8S542 0.053 co8 21.483 10.194.817 D8S1697 0.233 Co08 95.579 83.318.960
D8S520 0.104 Co8 21.592 10.593.769 D8S1119 0.112 Co08 97.166 87.128.399
D8S1755 0.690 Co8 21.615 11.027.533 D8S1707 0.410 Co08 97.461 87.844.835
D8S265 0.288 Co8 22.502 11.317.148 D8S1800 0.836 Co08 98.311 89.651.363
D8S1695 0.070 co8 22.615 11.387.131 D8S1811 0.331 co8 99.053 91.189.228
D8S1759 0.216 co8 22.866 11.515.049 D8S270 0.449 Co08 99.732 92.976.952
D8S1130 0.064 co8 23.487 11.871.344 D8S1988 0.032 co08 100.064 93.447.012
D8S552 0.370 co8 24.400 12.752.520 D8S1794 0.573 co8 102.510 95.538.194
D8S1109 0.152 Co8 24.401 12.846.190 D8S1699 0.110 co08 102.988 95.966.053
D8S1754 0.137 Co8 26.086 13.000.035 D8S1822 0.281 Co08 103.905 96.683.446
D8S1790 0.183 Co8 26.087 13.076.500 D8S1127 0.215 C08 103.955 96.751.853
D8S511 0.260 co8 27.057 14.689.791 D8S1789 0.494 C08 107.604 | 100.626.124
D8S1827 0.131 co8 27.058 14.828.722 D8S559 0.158 co08 107.877 | 101.365.835
D8S261 0.233 Co8 31.254 17.836.462 D8S546 0.226 Co08 107.971 101.393.316
D8S258 0.290 Co8 36.656 20.377.467 D8S1762 0.614 co8 108.054 | 101.417.619
D8S280 0.643 co8 36.769 20.437.062 D8S1714 0.154 co08 110.271 102.065.966
D8S282 0.057 Co8 38.639 21.425.082 D8S521 0.501 Co08 110.624 102.262.580
D8S1116 0.391 Co8 38.668 21.440.672 D8S545 0.375 C08 112.948 103.401.961
D8S560 0.107 co8 39.006 21.612.119 D8S1834 0.049 cos 113.420 | 103.669.592
D8S298 0.331 co8 39.570 21.783.784 D8S1844 0.127 Co08 115.094 105.827.386
D8S1733 0.451 Co8 40.797 22.542.514 D8S1784 0.625 Co08 115.270 106.059.755
D8S1752 0.223 co8 42.098 22.690.067 D8S1703 0.652 co8 115.463 106.305.444
D8S1734 0.417 co8 42.099 22.817.139 D8S1830 0.853 Co08 116.035 107.373.916
D8S1989 0.318 Co8 44.594 24.663.049 D8S1122 0.006 [ 118.251 110.383.726
D8S1771 0.299 co8 45.211 25.463.023 D8S1470 0.019 Co08 118.703 112.178.119
D8S1839 0.106 co8 47.960 27.404.471 D8S539 0.345 co8 119.407 113.834.400
D8S1820 0.503 co8 49.166 28.019.515 D8S1139 0.049 Co08 119.417 | 114.208.192
D8S1809 0.281 Co8 49.376 28.213.286 D8S555 0.425 Co08 119.424 114.344.261
D8S540 0.180 Co8 53.849 30.576.154 D8S1142 0.104 Co08 119.557 114.713.791
D8S1769 0.206 co8 54.336 31.203.002 D8S565 0.363 co08 120.145 116.353.875
D8S513 0.360 co8 55.975 33.726.888 D8S547 0.132 Co08 120.146 116.418.699
D8S505 0.397 Co8 55.976 34.508.605 D8S1694 0.694 Co08 121.454 118.300.887
D8S1750 0.475 co8 56.663 35.470.956 D8S592 0.124 C08 121.532 118.412.739
D8S1722 0.272 Co8 58.337 37.718.760 D8S527 0.266 co08 122.026 119.122.766
D8S1791 0.427 Co8 58.619 38.171.429 D8S522 0.180 Co08 122.341 119.517.035
D8S2317 0.275 co8 58.940 38.657.741 D8S1823 0.357 co8 123.300 | 120.458.713
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D8S269 0.509 C08 123.301 120.530.482 D9S1679 0.463 C09 47.849 24.770.113
D8S586 0.067 Cc08 123.995 121.142.315 D9S1833 0.273 C09 48.184 24.960.457
D8S1112 0.013 C08 124.637 121.707.183 D9S1121 0.372 C09 48.298 25.393.090
D8S1101 0.562 C08 125.653 122.601.539 D9S265 0.087 C09 48.313 25.448.537
D8S1726 0.477 Cc08 127.600 123.690.782 D9S259 0.100 C09 49.852 26.009.818
D8S514 0.151 C08 127.609 123.698.690 D9S169 0.468 C09 51.287 27.228.648
D8S1826 0.170 C08 128.731 123.812.750 D9S161 0.105 C09 53.202 27.622.317
D8S1804 0.166 C08 130.541 124.821.163 D9S263 0.321 C09 53.571 27.827.351
D851832 0.389 Cc08 131.565 125.404.436 D9S746 0.091 C09 53.842 27.993.248
D8S1799 0.288 C08 131.797 125.533.359 D9S1678 0.527 C09 54.417 28.345.115
D8S1179 0.078 C08 132.064 125.852.693 D9S270 0.001 Cc09 54.498 28.394.862
D8S1461 0.550 c08 132.391 126.243.788 D9S1868 0.018 Cco09 54.748 28.770.769
D8S266 0.299 C08 133.027 126.652.020 D9S52 0.076 C09 54.855 29.302.299
D8S568 0.093 C08 133.086 126.690.172 D9S1853 0.078 C09 55.170 29.849.713
D8S1793 0.402 C08 135.126 127.262.050 D9S248 0.058 C09 55.218 29.911.590
D8S1813 0.253 C08 136.239 127.638.661 D9S43 0.293 C09 55.782 30.870.553
D8S1128 0.041 C08 138.939 128.551.737 D9S147E 0.634 C09 55.851 31.034.743
D8S1720 0.548 C08 140.458 128.906.338 D9S304 0.227 C09 56.439 32.313.898
D8S263 0.340 c08 141.475 129.257.364 D9S1788 0.242 C09 56.885 33.125.842
D8S1780 0.810 C08 142.703 130.632.548 D9S1845 0.452 C09 56.896 33.146.800
D8S1732 0.239 C08 143.015 130.695.777 D9S165 0.516 C09 56.905 33.163.287
D8S1701 0.559 C08 143.056 130.846.435 D9S1878 0.361 C09 57.151 33.611.299
D8S284 0.215 C08 143.224 131.468.211 D9S1817 0.298 C09 58.233 33.849.625
D8S1712 0.112 C08 143.591 131.608.673 D9S1805 0.375 C09 58.507 34.186.859
D8S1985 0.252 C08 144.774 132.198.393 D9S163 0.167 C09 58.959 35.116.935
D8S557 0.185 c08 145.650 133.046.805 D9S1794 0.064 C09 59.488 36.206.217
D8S256 0.372 Cc08 148.757 134.400.852 D9S1874 0.508 C09 61.257 37.212.264
D8S1990 0.305 C08 149.415 134.531.412 D9S226 0.202 C09 66.059 42.449.847
D8S1710 0.223 C08 150.194 135.607.365 D9S1844 0.390 C09 66.132 42.528.253
D8S537 0.219 Cc08 150.928 135.800.522 D9S1787 0.088 C09 67.670 66.952.474
D8S1753 0.103 C08 151.960 136.697.036 D9S273 0.604 C09 68.860 67.996.513
D8S1111 0.039 Cco8 152.022 136.785.917 D9S166 0.703 C09 69.020 68.645.984
D8S1100 0.495 C08 152.211 137.057.639 D9S301 0.028 Cco09 69.105 69.259.776
D8S272 0.282 C08 153.678 137.706.378 D9S237 0.196 C09 69.478 69.907.699
D8S1837 0.092 C08 157.789 139.598.979 D9S1822 0.741 C09 70.095 70.387.423
D8S1743 0.560 C08 160.009 140.621.011 D9S1876 0.056 C09 70.422 70.689.812
D8S1717 0.362 Cc08 162.608 141.533.775 D9S927 0.274 C09 71.053 72.280.180
D8S1836 0.184 C08 167.477 143.813.354 D9S175 0.256 C09 72.803 73.404.673

D9S284 0.065 C09 72.939 73.543.059

D9S1807 0.128 C09 74.411 74.339.896

Chromosome 9 D9S1860 0.641 C09 76.413 74.937.640
D9S917 0.387 C09 0.001 434.256 D9S1674 0.222 C09 76.609 75.378.359
D9S1779 0.012 Cco09 0.002 506.799 D9S1123 0.165 C09 78.109 75.881.992
D9S1858 0.283 C09 0.260 687.007 D9S153 0.607 C09 79.008 77.038.449
D9S939 0.819 C09 7.846 3.345.943 D9S1780 0.370 C09 79.231 77.326.002
D9S1871 0.187 C09 8.581 3.849.166 D9S1867 0.158 C09 79.706 77.907.287
D9S288 0.099 C09 8.716 3.941.638 D9S1843 0.219 C09 79.874 77.996.261
D9S1873 0.220 C09 8.717 4.027.483 D9S922 0.351 C09 80.084 78.425.401
D9S178 0.189 C09 8.718 4.111.245 D9S303 9.3E-5 C09 82.725 80.348.012
D9S1813 0.044 Cco09 9.595 4.123.677 D9S1785 0.356 C09 83.036 80.750.839
D9S1792 0.690 C09 9.910 4.256.413 D9S264 0.105 C09 83.379 80.909.717
D9S1686 0.107 C09 11.931 4.634.417 D9S167 0.205 C09 83.380 81.241.126
D9S1810 0.138 C09 12.758 4.817.621 D9S152 0.454 C09 83.729 81.562.770
D9S935 0.179 Cc09 13.227 5.190.385 D9S1877 0.908 C09 84.244 81.897.662
GATA62F03 0.330 C09 13.227 5.190.389 D9S1790 0.034 Cc09 86.507 83.369.281
D9S1681 0.162 C09 13.335 5.276.035 D9S776 0.381 C09 86.508 83.825.764
D9S1852 0.153 C09 14.337 6.225.983 D9S1812 0.440 C09 88.464 84.780.736
D9S324 0.317 C09 14.706 6.575.674 D9S1680 0.173 C09 89.230 85.078.711
D9S281 0.306 C09 14.991 6.846.364 D9S257 0.108 C09 90.809 85.747.861
D9S1849 0.202 C09 16.605 7.291.403 D9S278 0.277 C09 94.750 87.309.429
D9S286 0.082 Cc09 18.529 8.043.377 D9S906 0.093 C09 95.240 87.626.140
D9S1676 0.250 C09 19.248 8.360.124 D9S318 0.214 C09 96.872 88.283.121
D9S144 0.046 Cco09 22.042 9.591.059 D9S1836 0.099 C09 97.381 89.027.688
D9S775 0.033 Cco09 22.984 10.005.994 D9S1796 0.292 C09 97.493 89.191.608
D9S921 0.085 C09 24.104 10.499.434 D9S1842 0.810 C09 97.494 89.242.592
D9S168 0.556 C09 24.283 10.578.255 D9S1781 0.294 C09 98.124 89.765.778
D9S256 0.120 C09 24.939 10.996.450 D9S1841 0.052 C09 98.125 89.770.565
D9S267 0.269 Cc09 27.586 12.903.284 D9S1803 0.189 C09 99.398 91.415.243
D9S1687 0.361 C09 27.659 12.965.100 D9S197 0.306 C09 99.399 91.606.105
D9S268 0.310 C09 27.993 13.046.166 D9S196 0.439 C09 99.400 91.815.415
D9S1808 0.367 C09 28.239 13.412.991 D9S280 0.062 C09 100.681 92.476.821
D9S274 0.232 C09 31.457 14.344.485 D9S1816 0.198 C09 101.399 93.618.205
D9S285 0.373 C09 34.860 16.067.944 D9S287 0.343 C09 101.542 93.845.927
D9S1782 0.059 C09 34.861 16.131.305 D9S1809 0.285 C09 101.543 93.938.395
D9S156 0.322 C09 35.346 16.234.090 D9S1851 0.413 C09 102.533 94.950.558
D9S1839 0.470 C09 36.171 16.408.748 D9S1786 0.496 C09 102.739 94.419.849
D9S157 3.4E-4 Cco09 37.621 17.618.218 D9S180 0.342 C09 103.254 96.029.311
D9S925 0.071 C09 38.109 18.279.027 D9S910 0.049 C09 104.520 97.003.578
D9S1684 0.204 C09 41.709 19.605.770 D9S272 0.200 C09 104.828 97.130.987
D9S162 0.578 C09 41.710 19.669.802 D9S176 0.157 C09 105.570 97.437.999
D9S1778 0.140 C09 42.948 20.347.763 D9S1783 0.178 C09 105.571 97.612.364
D9S1846 0.681 C09 43.849 21.626.545 D9S173 0.623 C09 105.572 98.522.188
D9S1814 0.646 C09 44.971 22.078.175 D9S1857 0.264 C09 105.573 98.617.627
D9S1870 0.299 C09 44.972 22.092.920 D9S1690 0.026 C09 106.996 99.480.009
D9S932 0.177 C09 47.075 24.426.324 D9S271 0.226 C09 108.498 101.095.232
D9S171 0.174 C09 47.163 24.524.208 D9S277 0.236 C09 108.562 101.148.033
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D9S1866 0.061 €09 110.672 | 103.238.471 D10S1721 0.125 C10 32.449 12.924.114
D9S299 0.369 Co09 111.572 104.070.276 D10S570 0.175 C10 32.732 12.929.170
D9S1677 0.202 €09 115.917 | 107.317.363 D10S223 0.360 c10 35.110 13.835.273
D9S1835 0.858 €09 116.231 107.432.806 D10S1664 0.474 C10 36.818 14.307.868
D9S160 0.309 C09 116.232 | 107.758.834 D10S191 0.227 c10 37.420 14.563.668
D9S2026 0.152 €09 116.664 108.011.711 D10S1653 0.320 c10 38.925 15.681.867
D9S1675 0.333 C09 117.445 | 108.468.845 D10S674 0.130 c10 41.189 16.523.137
D9S1854 0.302 €09 117.465 | 108.489.819 D10S1477 0.135 C10 41.261 16.586.033
D9S1828 0.069 €09 117.673 | 108.712.553 D10S1661 0.441 c10 41.399 16.707.223
D9S2128 0.079 €09 117.958 | 108.906.526 D10S1476 0.109 c10 41.453 16.728.357
D9S1683 0.399 €09 118.453 | 109.243.032 D10S548 0.762 C10 44.682 18.725.141
D9S1880 0.170 co09 118.454 | 109.425.558 D10S1714 0.278 C10 45.146 18.843.971
D9S1688 0.045 co09 118.984 | 109.761.087 D10S1423 0.022 c10 45.549 19.441.699
D9S1856 0.201 €09 119.874 110.323.134 D10S563 0.484 c10 47.757 23.419.915
D9S174 0.546 €09 120.704 111.201.223 D10S550 0.466 C10 48.603 24.157.107
D9S779 0.801 €09 120.800 111.268.539 D10S1673 0.199 c10 48.923 24.475.255
D9S262 0.179 €09 120.984 111.398.750 D10S582 0.303 c10 49.045 24.486.629
D9S289 0.424 €09 122.791 111.791.612 D10S586 0.354 C10 50.048 24.699.968
D9S1824 0.180 co09 123.555 112.268.150 D10S572 0.735 c10 50.767 25.641.090
D9S1855 0.516 C09 124.282 112.886.960 D10S197 0.438 c10 51.416 26.530.886
D9S155 0.624 €09 124.821 113.274.491 D10S111 0.729 c10 52.138 26.774.660
D9S1776 0.351 €09 124.822 113.335.479 D10S1641 0.482 C10 52.701 27.182.999
D9S926 0.463 C09 124.823 113.337.855 D10S1733 0.449 c10 53.057 27.535.922
D9S907 0.008 co09 124.903 | 113.804.899 D10S1215 0.069 c10 53.162 27.640.059
D9S241 0.058 €09 126.005 114.277.281 D10S611 0.101 C10 53.174 27.651.533
D9S170 0.101 Co09 126.418 114.443.355 D10S588 0.514 c10 53.626 28.492.610
D9S322 0.447 C09 126.419 114.518.429 D10S600 0.174 c10 54.324 28.664.110
D9S154 0.434 €09 126.422 114.716.722 D10S1732 0.461 c10 55.870 29.284.985
D9S1802 0.218 €09 126.757 114.999.339 D10S213 0.336 C10 56.479 29.477.074
D9S934 0.021 co09 127.719 | 116.471.799 D10S224 0.300 c10 57.362 29.622.562
D9S275 0.285 €09 128.606 116.962.390 D10S204 0.440 c10 57.363 29.732.706
D9S1848 0.520 €09 128.607 117.112.910 D10S1684 0.384 C10 57.364 30.006.070
D9S1872 0.324 C09 128.719 117.165.546 D10S1426 0.171 C10 59.126 30.499.790
D9S195 0.077 co09 129.444 117.505.460 D10S193 0.691 c10 59.127 30.577.300
D9S258 0.211 €09 131.142 118.302.371 D10S1674 0.064 c10 59.944 30.820.805
D9S1850 0.421 €09 131.492 118.826.137 D10S208 0.591 C10 61.445 31.684.089
D9S1823 0.145 co09 131.571 119.076.282 D10S1781 0.327 C10 61.446 31.820.202
D9S1685 0.299 C09 131.807 119.817.606 D10S1243 0.028 c10 61.581 32.261.198
D9S1682 0.544 C09 132.086 | 120.369.230 D105199 0.448 C10 61.6711 32.357.145
D9S282 0.191 €09 134.614 | 122.184.754 D10S1654 0.305 C10 61.971 33.531.698
D9S242 0.066 Co09 134.698 | 122.245.196 D10S1666 0.645 c10 62.127 33.696.501
D9S1840 0.141 €09 135.910 | 122.663.324 D10S675 0.218 c10 62.690 34.292.054
D9S1825 0.177 €09 136.348 | 123.264.177 D10S1208 0.367 C10 63.608 35.261.637
D9S266 0.112 Co09 136.500 | 124.108.336 D10S1247 0.280 c10 63.892 35.562.013
D9S1798 0.559 €09 137.044 | 124.548.441 D10S1780 0.236 c10 63.893 35.893.689
D9S1821 0.072 €09 137.485 | 124.705.570 D10S1217 0.217 C10 63.894 36.164.922
D9S1819 0.086 €09 138.508 | 125.577.320 D10S1768 0.512 C10 63.895 36.193.482
D9S904 0.450 €09 138.597 | 125.613.315 D10S578 0.515 c10 64.717 37.046.091
D9S290 0.202 €09 139.866 | 126.903.497 D10S1791 0.473 c10 64.774 37.105.618
D9S260 0.210 €09 139.943 | 127.094.465 D10S1746 0.563 C10 65.421 42.302.761
D9S1795 0.313 co09 142116 | 127.682.537 D10S1669 0.176 c10 66.257 43.409.944
D9S1861 0.137 €09 143702 | 128.646.791 D10S1783 0.264 c10 66.495 43.724.452
D9S1863 0.032 co09 143.914 | 128.775.890 D10S604 0.416 c10 66.792 44.120.734
D9S179 0.333 €09 146.844 | 130.367.635 ZNF22 0.082 C10 67.282 44.776.222
D9S1847 0.135 co09 149.199 [ 130.712.977 D10S225 0.480 c10 71.446 51.325.898
D9S1830 0.332 €09 149.357 | 130.991.806 D105196 0.152 c10 71.950 51.486.884
D9S164 0.307 €09 150.640 | 131.531.975 D10S538 0.049 c10 71.951 51.553.909
D9S1818 0.623 co09 154.264 | 132.578.283 D10S1220 0.090 c10 71.952 52.023.167
D9S1826 0.562 C09 162.103 | 133.887.592 D10S567 0.204 c10 74.779 54.363.856
D9S158 0.468 C09 162.764 | 134.538.389 D10S539 0.067 c10 74.880 54.405.007
D9S1838 0.156 €09 164.102 | 135.855.330 D10S1790 0.278 C10 74.881 54.550.044
D10S1762 0.426 c10 74.888 54.570.866

D1051643 0.071 c10 74.904 54.616.075

Chromosome 10 D10S1227 0.527 c10 76.923 56.874.471
D10S249 0.172 c10 1.190 234.790 D10S596 0.568 c10 76.924 57.031.208
D10S594 0.232 C10 2772 1.577.986 D1051659 0.197 c10 77.251 58.406.845
D10S1435 0.185 C10 5.709 2.197.272 D10S207 0.556 C10 78.261 60.421.455
D10S1745 0.093 C10 5.990 2.513.371 D10S589 0.103 C10 79.972 60.810.894
D10S533 0.704 C10 6.930 2.683.408 D10S1794 0.132 c10 80.860 61.653.450
D10S1706 0.082 C10 8.716 2.840.249 D10S609 0.037 c10 82.334 63.105.061
D10S1218 0.154 C10 11.297 3.066.976 D10S1652 0.079 C10 82.680 63.752.097
D10S591 0.181 c10 14.952 4.363.185 D10S581 0.326 C10 83.705 65.193.908
D10S552 0.324 C10 15.994 4.731.038 D10S557 0.164 c10 84.233 66.044.149
D10S1729 0.415 C10 16.001 4.798.170 D10S1241 0.504 C10 84.376 66.754.575
D10S1713 0.507 c10 17.147 5.282.570 D10S1743 0.210 C10 84.380 66.771.732
D10S189 0.142 C10 20.561 6.725.879 D10S599 0.267 c10 84.381 66.878.638
D10S1751 0.021 c10 21.776 7.199.611 D10S1646 0.651 c10 85.621 67.967.441
D10S1691 0.611 C10 21.994 7.315.613 D10S210 0.022 c10 86.715 69.393.795
D10S1779 0.014 c10 23.688 8.215.887 D10S1418 0.193 c10 87.071 69.857.173
D10S226 0.075 C10 25.805 8.922.794 D10S1647 0.316 c10 87.205 70.288.917
D10S1649 0.404 C10 26.554 9.424.072 D10S560 0.430 c10 89.288 70.898.473
D10S547 0.191 c10 28.717 10.554.415 D10S529 0.709 C10 90.052 71.183.865
D10S1216 0.107 C10 29.731 11.700.179 D10S676 0.046 c10 90.696 71.424.551
D10S1705 0.418 C10 31.776 12.593.551 D10S537 0.035 c10 91.456 71.739.930
D10S1430 0.117 C10 32.113 12.740.995 D10S1685 0.020 c10 91.533 71.823.493
D10S2325 0.110 c10 32.114 12.796.951 D10S1688 0.122 C10 91.871 71.918.170
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D10S584 0.495 C10 93.911 72.619.589 D10S1708 0.572 C10 154.369 | 125.439.499
D10S1432 0.371 c10 96.367 74.003.999 D10S1656 0.410 c10 154.802 | 125.676.174
D10S188 0.262 C10 96.368 74.750.346 D10S2322 0.125 c10 154.971 125.733.597
D10S195 0.171 C10 97.120 76.963.859 D10S575 0.516 C10 160.194 | 127.506.309
D10S580 0.330 c10 97.935 77.403.299 D10S1782 0.007 c10 162.722 | 128.561.334
D10S1752 0.275 C10 98.201 77.676.016 D10S1222 0.458 c10 163.397 | 128.735.149
D10S109 0.096 C10 99.042 78.108.546 D10S1727 0.342 C10 163.446 | 128.800.998
D10S1730 0.084 C10 99.249 78.275.636 D10S217 0.312 C10 163.607 | 129.014.639
D10S206 0.171 c10 99.887 78.791.010 D10S1676 0.325 c10 164.599 | 129.480.530
D10S569 0.513 C10 99.888 78.794.330 D10S1655 0.376 c10 170.209 | 130.430.309
D10S607 0.295 C10 100.269 79.309.268 D10S1675 0.378 C10 179.397 | 133.012.693
D10S1645 0.235 c10 100.497 79.325.741 D10S590 0.609 c10 179.655 | 133.081.922
D10S1677 0.168 C10 100.715 79.551.628 D10S212 0.380 c10 181.655 | 133.883.978
D10S2327 0.014 c10 101.297 80.056.652 D10S1700 0.308 c10 183.595 | 134.649.974
D10S1667 0.417 C10 101.704 80.209.218
D10S1777 0.326 c10 102.064 80.493.839
D1051786 0.143 C10 105.814 83.597.897 Chromosome 11
D10S551 0.141 C10 106.801 85.059.693 D11S4177 0.105 C11 0.951 1.454.483
D10S1686 0.394 c10 107.614 85.230.877 D11S4046 0.038 c11 1.293 1.927.951
D10S1689 0.089 c10 107.947 85.337.951 D11S1318 0.268 C11 2.485 2.291.499
D10S1717 0.787 C10 108.324 85.530.059 D11S4088 0.851 C11 3.390 2.719.260
D10S573 0.258 C10 108.625 85.966.492 D11S4146 0.229 C11 5.479 3.706.452
D10S1769 0.477 c10 109.758 87.511.585 D11S1758 0.029 c1 7.234 4.700.189
D10S1698 0.789 C10 109.801 87.569.849 D1154181 0.117 C11 7.450 4.732.150
D10S1744 0.294 C10 109.885 87.997.738 D11S2362 0.138 C11 7.451 4.876.478
D10S1687 0.269 c10 109.957 88.363.867 D11S1760 0.325 C11 8.786 5.348.645
D10S579 0.049 c10 110.536 89.094.702 D11S4124 0.247 C11 8.787 5.523.330
D10S215 0.679 C10 110.537 89.130.369 D11S1338 0.368 C11 9.993 5.952.285
D10S1765 0.499 C10 110.538 89.266.112 D1151323 0.335 C11 9.994 6.240.913
D10S541 0.178 c10 110.539 89.656.154 D11S1331 0.296 c11 12.380 7.256.319
D10S1735 0.099 C10 111.636 90.316.504 D1151996 0.053 C11 13.098 7.672.742
D10S1739 0.437 C10 111.637 90.476.680 D11S932 0.614 C11 14.546 8.355.072
D10S1753 0.036 c10 113.418 92.077.550 D11S909 0.003 c11 15.362 8.739.788
D10S564 0.272 c10 113.419 92.264.249 D1154188 0.155 c11 16.206 9.031.414
D10S536 0.597 C10 114.189 92.547.883 D11S4149 0.208 c11 16.388 9.094.218
D10S583 0.324 C10 114.903 94.033.504 D1154465 0.367 C11 17.280 10.542.515
D10S185 0.311 c10 116.043 94.852.709 D1151329 0.402 C11 17.373 10.681.159
D10S200 0.558 C10 116.218 94.978.266 D1151999 0.150 C11 17.473 10.684.256
D10S677 0.686 C10 117.837 95.628.896 D11S1346 0.306 C11 17.950 10.923.683
D10S571 0.462 C10 118.143 96.803.027 D1151349 0.060 C11 20.322 11.716.810
D10S574 0.332 c10 119.350 98.027.958 D11S1315 0.639 C11 22.263 12.768.885
D10S1758 0.084 C10 120.396 98.608.140 D11S4116 0.391 c11 22553 12.914.982
D10S577 0.421 C10 120.479 98.736.348 D11S1794 0.506 C11 22.779 13.300.065
D10S1709 0.507 c10 120.748 99.149.952 D115926 0.532 C11 23.075 13.416.774
D10S1726 0.073 C10 122,520 | 100.376.483 D1151348 0.498 C11 23.126 13.833.000
D10S198 0.476 C10 122.901 100.744.925 D11S1307 0.020 c1 23.402 14.215.621
D10S603 0.077 C10 122.902 | 101.721.899 D11S4170 0.552 C11 23.403 14.399.823
D10S1266 0.475 c10 123468 | 101.992.625 D11S4193 0.109 C11 23.404 14.801.534
D10S192 0.087 C10 123.571 102.100.786 D11S4121 0.433 c11 24113 15.267.136
D10S1692 0.192 c10 125.147 | 104.253.452 D11S1791 0.113 C11 24.114 15.502.161
D10S205 0.067 c10 125.253 | 104.763.986 D1151397 0.294 C11 25127 16.161.875
D10S540 0.166 C10 125.895 | 105.823.383 D11S4099 0.040 c1 25.970 16.878.172
D10S1264 0.150 C10 126.365 | 106.450.142 D11S4160 0.002 c1 26.125 17.010.026
D10S1671 0.133 C10 126.366 | 106.516.775 D1151981 0.785 C11 26.126 17.050.513
D10S530 0.801 c10 126.367 | 107.185.260 D115921 0.350 C11 26.127 17.248.732
D10S566 0.275 C10 127.079 | 107.652.808 D11S902 0.612 c11 26.226 17.452.815
D10S1663 0.026 c10 127.676 | 108.410.704 D11S4138 0.413 C11 27.544 17.720.060
D10S1741 0.253 c10 128.195 | 108.792.877 D11S4130 0.350 C11 27.571 17.725.513
D10S1795 2.0E-4 c10 128.524 | 108.945.474 D1151888 0.185 C11 27.762 17.742.216
D10S1750 0.330 C10 129.056 | 109.779.161 D11S1310 0.357 C11 27.930 17.904.237
D10S1246 0.117 C10 129.439 | 110.615.849 D1154096 0.350 C11 28.596 18.545.640
D10S597 0.862 c10 129.567 | 110.895.371 D11S2368 0.036 c1 29.323 19.245.375
D10S543 0.531 C10 130.310 111.503.597 D11S899 0.503 c11 29.942 19.383.223
D10S1682 0.063 c10 131524 | 112.985.415 D11S1308 0.188 C11 30.489 19.615.226
D10S1269 0.374 c10 132.299 | 114.185.994 D11S4106 0.412 C11 33.406 19.942.108
D10S554 0.285 C10 135.438 | 115.695.920 D11S1755 0.229 C11 35.148 20.217.841
D10S1776 0.370 C10 137.871 116.140.680 D11S4114 0.335 C11 35.823 20.594.629
D10S562 0.635 c10 137.872_ | 116.304.948 D11S1759 0.105 C11 37.747 21.906.811
D10S1731 0.629 c10 138.002 | 117.001.647 D1151359 0.513 c11 38.503 22.404.248
D10S1773 0.082 C10 139.224 | 117.708.612 D11S915 0.371 c11 40.130 23.566.877
D10S544 0.333 C10 140.013 | 118.164.613 D11S4164 0.6711 C11 41.321 24.390.071
D10S531 0.093 c10 140.179 | 118.260.686 D1154084 0.100 C11 41.786 24.619.715
D10S1657 0.443 c10 140.457 | 118.287.426 D11S4163 0.646 c11 42.670 25.056.552
D10S545 0.469 C10 140.458 | 118.299.603 D11S4080 0.314 C11 43.286 25.665.728
D10S187 0.365 c10 140459 | 118.317.620 D115929 0.225 C11 43.467 25.816.248
D10S221 0.013 c10 140.886 | 118.766.354 D1152361 0.105 C11 43.569 25.901.257
D10S1425 0.420 C10 141.114 119.004.742 D11S4204 0.054 c11 43.990 26.177.096
D10S1693 0.298 C10 141.504 | 119.109.493 D11S930 0.099 C11 44.068 26.259.470
D10S190 0.279 c10 143.198 | 119.510.348 D11S2364 0.035 c11 44.250 26.451.080
D10S542 0.240 C10 144.639 | 120.417.003 D115904 0.203 C11 44.517 26.644.911
D10S1792 0.314 C10 145.417 | 121.042.188 D11S1750 0.296 C11 44.518 26.822.754
D10S1757 0.212 c10 147.327 | 121.989.256 D1151977 0.251 C11 44.909 27.227.260
D10S209 0.083 c10 147.334 | 121.995.142 D11S4152 0.140 c11 45.252 27.581.527
D10S1230 0.208 C10 147.861 122.407.279 D11S4115 0.105 C11 45.369 27.702.222
D10S1483 0.121 C10 149.635 | 122.948.181 D11S1324 0.248 C11 45.930 28.878.162
D10S587 0.264 c10 152.266 | 124.728.783 D1154201 0.384 C11 46.594 29.485.060
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D11S4156 0.556 c11 47.055 29.905.751 D1154186 0.300 Cc11 84.932 76.694.826
D11S4154 0.546 C11 47.631 30.639.833 D11S1789 0.127 C11 85.025 76.761.986
D11S1312 0.304 C11 48.003 30.964.502 D11S4079 0.359 C11 85.026 76.845.729
D11S2369 0.037 c11 48.004 31.327.123 D11S906 0.461 C11 85.232 77.058.501
D11S914 0.291 C11 48.005 31.327.585 D11S911 0.110 C11 85.273 77.174.889
D1181322 0.049 C11 48.059 31.519.985 D11S937 0.353 C11 85.418 77.580.628
D11S4101 0.186 C11 49.145 33.328.829 D11S4166 0.213 C11 85.528 78.173.777
D11S1776 0.159 C11 49.461 33.506.505 D11S918 0.085 C11 85.529 78.452.601
D1181301 0.031 c11 50.062 33.823.326 D1181352 0.267 c11 86.320 78.550.675
D11S2014 0.485 C11 50.260 33.888.541 D11S4172 0.311 C11 86.736 78.602.272
D11S2010 0.648 C11 51.051 33.932.943 D11S1761 0.068 C11 87.281 78.918.230
D11S1392 0.201 C11 51.618 34.604.313 D11S1362 0.173 C11 88.329 79.526.566
D11S907 0.169 C11 51.978 34.631.734 D11S2002 0.159 C11 89.007 79.691.711
D11S4200 0.265 C11 52.127 34.816.817 D11S4959 0.288 C11 89.550 80.426.282
D11S4203 0.086 C11 53.645 35.777.766 D11S1396 0.009 c11 90.217 81.300.663
D11S935 0.522 c11 53.963 35.987.488 D1184453 0.003 c11 90.239 81.329.199
D11S4185 0.189 C11 53.964 36.016.248 D11S901 0.412 C11 90.240 81.570.856
D11S4083 0.201 C11 54.832 36.457.721 D11S1365 0.291 C11 90.966 82.319.974
D11S4102 0.315 C11 55.391 36.741.675 D1154187 0.165 C11 91.227 83.287.332
D11S1980 0.518 C11 57.083 37.702.634 D1154147 0.012 Cc11 91.911 84.256.374
D11S4148 0.160 C11 57.339 39.143.966 D11S1354 0.146 C11 91.934 84.398.842
D11S4173 0.028 c11 58.179 40.273.075 D11S2015 0.648 C11 91.999 84.794.040
D11S1330 0.198 Cc11 58.180 40.362.429 D1181979 0.251 c11 92.090 85.345.666
D11S4455 0.221 C11 58.200 40.369.744 D11S4197 0.242 C11 92.139 85.646.827
D11S4949 0.396 C11 58.479 40.616.055 D11S1887 0.525 C11 92.140 86.117.328
D11S905 0.329 Cc11 58.480 40.938.581 D1154082 0.013 c11 93.754 87.006.673
D11S1785 0.525 C11 59.334 42.347.645 D1181780 0.046 Cc11 94.116 87.376.475
D11S1763 0.803 C11 59.833 42.825.724 D11S1367 0.326 C11 94.159 88.395.672
D11S1355 0.572 C11 59.834 42.886.245 D11S1367 0.090 C11 94.160 88.395.672
D11S1993 0.272 c11 60.314 43.574.406 D11S931 0.376 c11 94.849 89.964.066
D11S903 0.205 C11 60.942 44.110.218 D11S1358 0.284 C11 94.889 90.054.131
D11S986 0.147 C11 62.768 44.686.491 D11S1974 0.056 C11 95.105 90.056.913
D11S4133 0.554 Cc11 62.896 44.727.179 D1181332 0.377 Cc11 95.898 91.794.878
D11S4103 0.336 c11 63.090 44.788.300 D11S1995 0.924 c11 96.230 92.029.882
D11S1361 0.162 C11 64.013 44.909.839 D11S4182 0.207 C11 97.140 93.021.275
D11S4174 0.718 C11 64.161 45.222.325 D11S1311 0.115 C11 97.141 93.036.155
D11S4137 0.125 C11 64.372 45.565.528 D11S4118 0.364 C11 97.142 93.047.093
D11S1385 0.163 C11 64.640 46.001.731 D11S4176 0.156 C11 97.318 93.760.314
D11S1344 0.043 Cc11 64.720 46.131.168 D1181757 0.153 C11 97.944 94.387.483
D11S4109 0.307 Cc11 65.016 47.565.714 D1151788 0.107 c11 97.945 94.516.167
D11S4117 0.434 C11 65.028 47.897.801 D11S1333 0.120 C11 98.035 94.571.727
D11S1784 0.111 C11 65.032 47.987.015 D11S919 0.036 C11 100.205 95.717.110
D11S1350 0.304 C11 65.038 48.144.941 D11S1366 0.023 Cc11 101.948 96.387.197
D11S4183 0.063 C11 65.041 48.225.425 D118917 0.118 C11 102.674 96.666.191
D11S1326 0.133 C11 65.080 49.288.766 D11S4120 0.027 C11 103.099 97.762.834
D11S4165 0.465 C11 65.126 50.176.397 D11S1891 0.509 C11 104.175 98.466.175
D11S1395 0.206 c11 65.175 51.390.911 D1181317 0.139 c11 105.154 99.988.851
D11S1920 0.168 c11 65.176 54.964.769 D118923 0.055 c11 105.155 100.090.053
D11S2005 0.332 C11 65.177 55.981.120 D11S4100 0.045 C11 105.156 100.122.625
D11S1313 0.333 C11 65.178 56.009.418 D11S900 0.091 C11 105.157 100.266.509
D11S4459 0.181 Cc11 65.179 56.289.808 D11S898 0.294 c11 105.634 100.594.192
D11S1357 0.188 C11 65.180 56.398.610 D11S940 0.170 C11 106.001 101.010.958
D11S1777 0.702 C11 65.419 57.240.863 D11S1762 0.163 C11 106.118 101.553.210
D11S4202 0.208 c11 65.420 58.141.456 D11S1339 0.094 Cc11 106.127 101.595.222
D1151983 0.048 c11 65.421 58.220.409 D1184159 0.098 c11 107.414 103.666.682
D11S2019 0.218 C11 65.450 58.271.602 D11S4161 0.340 C11 107.474 103.764.016
D1184075 0.315 C11 66.016 59.288.305 D11S1394 0.159 C11 107.537 103.871.027
D11S1335 0.433 C11 66.031 59.315.511 D11S4951 0.080 C11 107.709 104.162.277
D11S2006 0.218 C11 66.143 59.497.248 D11S1886 0.564 C11 107.710 104.352.758
D11S1368 0.300 C11 66.144 59.497.430 D11S2000 0.077 C11 108.423 105.096.395
D11S4191 0.431 c11 66.180 59.775.077 D1181325 0.347 Cc11 108.535 105.212.717
D11S1765 0.286 c11 67.160 60.553.899 D11S1781 0.638 c11 109.222 106.622.978
D11S1286 0.605 C11 67.857 61.002.073 D11S1343 0.652 C11 109.425 106.623.503
D11S4076 0.519 C11 68.069 61.138.495 D11S2017 0.219 C11 109.426 107.055.341
D11S4205 0.159 C11 70.273 62.958.211 D11S4206 0.404 C11 110.805 109.112.715
D11S913 0.198 C11 72.907 65.711.520 D11S1391 0.144 C11 111.774 110.232.767
D11S1889 0.394 C11 73.566 67.088.503 D11S1793 0.133 C11 111.974 110.413.483
D11S987 0.451 c11 73.567 67.668.620 D1151986 0.054 c11 112.127 110.761.120
D11S1296 0.573 C11 73.712 67.793.140 D11S4192 0.452 C11 112.387 111.350.110
D11S4087 0.609 C11 73.806 67.874.402 D11S1347 0.130 C11 113.488 111.669.730
D11S4178 0.284 C11 73.808 67.964.468 D11S4078 0.427 C11 113.489 111.787.704
D11S4113 0.163 C11 75.015 68.540.986 D11S51987 0.522 C11 114.689 112.218.349
D11S4095 0.151 C11 76.062 69.041.089 D11S3178 0.752 C11 114.769 112.360.860
D11S4136 0.248 C11 77.220 69.388.641 D11S4090 0.113 C11 114.849 112.618.898
D11S4196 0.354 C11 78.805 70.233.883 D1183179 0.461 C11 114.850 112.652.962
D11S4162 0.644 C11 79.309 70.702.054 D1184122 0.100 C11 115.139 112.982.340
D11S1314 0.539 C11 80.354 72.049.451 D11S1786 0.420 C11 115.861 113.384.718
D11S4184 0.114 C11 80.499 72.397.151 D11S938 0.271 C11 116.114 113.442.307
D11S916 0.591 C11 82.021 72.838.423 D11S1792 0.903 C11 116.873 113.615.713
D11S4207 0.273 C11 82.239 73.402.063 D11S1327 0.281 C11 116.874 113.686.813
D11S4119 0.555 C11 82.411 73.845.185 D11S1885 0.096 C11 117.787 114.526.627
D11S4128 0.416 C11 82.781 74.799.929 D11S908 0.198 C11 118.662 114.824.952
D11S4081 0.221 C11 82.827 74.922.615 D11S51992 0.424 C11 118.663 115.188.353
D11S1902 0.053 C11 82.828 74.949.615 D11S4111 0.248 C11 118.664 115.384.123
D11S1321 0.253 C11 82.829 75.388.492 D11S4145 0.382 C11 118.665 115.624.579
D11S4179 0.117 C11 84.131 76.122.568 D11S4142 0.258 C11 119.119 115.826.722
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D11S1340 0.391 C11 119.789 116.124.489 D1251674 0.249 C12 25.048 10.087.237
D11S29 0.218 c11 121.818 117.026.011 D1251690 0.035 c12 25.336 10.171.988
D1154092 0.181 C11 121.888 | 117.057.286 D12S77 0.347 c12 25.571 10.252.834
D11S4127 0.680 C11 122.231 117.181.769 D1251697 0.028 c12 26.932 11.685.562
D1151998 0.173 c11 122.378 | 117.235.382 D12S89 0.294 c12 27.103 11.793.256
D11S939 0.101 c11 122644 | 117.343.954 D12598 0.373 c12 28.255 11.990.693
D1151356 0.160 C11 122725 | 117.453.600 D12S391 0.024 c12 28.661 12.341.197
D11S4195 0.022 c1 122.818 | 117.534.184 D1251581 0.044 c12 30.628 12.975.624
D1151341 0.501 c11 122.919 | 117.659.194 D12S320 0.008 c12 31.965 13.513.309
D1151364 0.641 C11 122.992 [ 118.032.178 D125364 0.173 c12 31.966 13.724.569
D11S4104 0.781 C11 122.993 | 118.173.071 D12S308 0.126 c12 32.463 14.164.651
D11S4171 0.151 c11 123.971 118.917.244 D1251303 0.175 c12 34.062 15.524.891
D11S4129 0.445 c11 123.991 118.932.198 D1251728 0.569 c12 34.880 16.227.490
D115924 0.188 C11 124.097 | 118.975.442 D1251715 0.549 c12 35.801 16.588.250
D11S4132 0.101 C11 124.673 | 119.486.027 D1251630 0.565 c12 36.095 16.775.403
D1154460 0.146 c11 126.086 | 120.129.310 D12S373 0.275 c12 36.163 16.906.194
D11S1774 0.522 c11 126.303 | 120.228.271 D1251595 0.062 c12 36.475 17.992.461
D11S925 0.255 C11 126.546 | 120.365.862 D12S310 0.340 c12 37.085 18.864.801
D11S4089 0.008 c1 126.830 | 120.527.274 D1251669 0.132 c12 37.444 19.429.660
D11S4107 0.357 c11 126.911 120.586.657 D1251650 0.195 c12 38.927 20.161.981
D1154167 0.142 C11 128.405 | 121.687.972 D1251654 0.152 c12 40.453 21.460.313
D11S4157 0.155 C11 128.522 | 121.774.058 D1251688 0.634 c12 42.904 22.242.686
D11S1345 0.028 c1 128.605 | 121.835.436 D1251606 0.180 c12 43.821 23.275.636
D1151336 0.054 c11 129.530 | 122.176.671 D1251591 0.165 c12 44.813 23.984.840
D11S4094 0.407 C11 131.312 | 122.827.885 D1251057 0.236 c12 46.484 24.568.411
D11S936 0.094 c11 131.623 | 122.831.515 D1251617 0.279 c12 46.943 24.991.278
D11S1353 0.038 c1 131.748 | 122.841.982 D1251596 0.566 c12 48.825 25.789.077
D11S4144 0.091 c11 132.379 | 122.969.002 D1251640 0.164 c12 50.652 27.477.571
D11S1316 0.012 c1 132.581 123.009.756 D1251042 0.023 c12 51.799 27.538.639
D11S4464 0.033 c1 132.998 | 123.164.279 D1251292 0.046 c12 52.706 28.891.736
D11S4958 0.506 c11 132.999 | 123.403.555 D1251704 0.118 c12 52.931 29.112.094
D1151328 0.458 C11 133.000 | 123.565.358 D1251053 0.077 c12 52.932 29.224.750
D11S1752 0.457 C11 133.197 | 123.826.195 D1251643 0.279 c12 52.933 29.238.668
D115933 0.376 c11 133.955 | 124.209.631 D1251631 0.066 c12 53.363 29.520.879
D1154158 0.149 c11 134.087 | 124.461.841 D12S333 0.005 c12 53.780 29.794.146
D1151896 0.397 C11 135.303 | 125.490.912 D12587 0.544 c12 54.520 30.279.205
D11S934 0.210 c11 135.659 | 125.617.963 D1251681 0.653 c12 54.629 30.358.956
D11S4151 0.322 c11 135.733 | 125.829.622 D1251648 0.006 c12 55.253 31.075.728
D11S4110 0.475 C11 138.601 126.509.324 D1251584 0.489 c12 55.933 31.610.487
D11S912 0.290 C11 140.628 | 128.161.744 D1251621 0.243 C12 56.061 31.754.699
D1154123 0.594 c11 140.629 | 128.197.455 D12S345 0.220 c12 56.470 32.216.079
D1154150 0.065 c11 140.921 128.298.886 D1251692 0.161 c12 56.668 32.878.989
D11S4126 0.760 C11 149.138 | 131.143.342 D1252080 0.039 c12 56.796 33.305.760
D11S910 0.275 c11 149.458 | 131.258.889 D12S331 0.048 c12 57.469 37.547.313
D1151320 0.735 c11 150.173 | 131.460.047 D1252194 0.408 c12 57.658 38.738.007
D1154198 0.479 C11 150.455 | 131.520.211 D1251048 0.277 c12 57.749 39.312.730
D1151895 0.636 C11 150.616 | 131.594.549 D1251668 0.316 c12 58.146 39.489.691
D1154085 0.159 c11 151.626 | 132.059.798 D1251065 0.442 c12 58.276 39.744.812
D1151309 0.516 c11 153.956 | 132.748.108 D1251589 0.108 c12 58.734 40.641.088
D11S969 0.489 C11 154.041 132.772.414 D1251592 0.194 c12 58.791 40.731.727
D11S968 0.107 c11 155.836 | 133.356.027 D1251653 0.114 c12 59.019 41.093.479
D11S4098 0.151 c11 155.838 | 133.472.332 D1251301 0.002 c12 59.731 42.348.911
D11S4125 0.021 c1 155.839 | 133.592.308 D1251663 0.411 c12 59.879 42.557.887
D12585 0.543 c12 61.768 45.622.953
D1251661 0.303 c12 64.054 46.892.566
Chromosome 12 D1251590 0.128 c12 64.566 47.817.076
D12S352 0.201 c12 0.001 531.651 D1251635 0.444 c12 65.344 49.323.388
D125341 0.270 c12 0.691 719.466 D125361 0.268 c12 65.912 49.771.435
D12594 0.342 c12 0.917 780.661 D1251633 0.587 c12 65.913 50.179.594
D12591 0.488 C12 1.052 817.436 D1251629 0.391 c12 65.914 50.198.874
D12S389 0.067 c12 1.723 984.102 D12S347 0.467 c12 66.515 50.298.254
D12S1587 0.077 c12 1.724 1.204.821 D1251677 0.264 c12 66.882 50.599.193
D1251608 0.145 c12 3.761 1.629.392 D1251712 0.326 c12 67.314 50.732.163
D12S1656 0.183 c12 4232 1.677.486 D12S368 0.375 c12 67.917 50.917.731
D12S100 0.108 c12 4.879 2.046.822 D12S390 0.207 c12 68.220 51.157.078
D1251689 0.251 c12 4.880 2.205.511 D12596 0.425 c12 68.532 51.403.180
D1251694 0.399 C12 4.881 2.256.632 D12S398 0.019 c12 68.795 51.483.354
D12S1615 0.672 c12 5.771 2.640.633 D1251604 0.051 c12 69.992 52.014.232
D1251626 0.190 c12 7.244 3.165.834 D125359 0.241 c12 70.200 52.028.717
D12S5372 0.132 c12 8.635 3.457.623 D1251618 0.420 c12 70.242 52.178.882
D1251050 0.025 c12 8.788 3.538.244 D1251586 0.063 c12 70.314 52.433.038
D1251685 0.071 c12 10.912 3.861.986 D12S325 0.400 c12 70.315 52.480.591
D1251725 0.625 c12 13.608 4.315.826 D1251622 0.521 c12 71.127 53.053.034
D1251624 0.341 C12 14.030 4.581.209 D1251724 0.225 c12 71.274 53.156.547
D12S314 0.331 c12 14.439 4.838.576 D1251707 0.159 c12 71.478 53.320.311
D12S1594 0.214 c12 15.055 5.014.976 D1251632 0.312 c12 73.128 54.701.682
D12593 0.131 c12 15.490 5.201.115 D1251644 0.107 c12 74.205 55.791.242
D125328 0.293 C12 15.491 5.221.280 D12S90 0.307 c12 74.206 56.710.412
D12S99 0.301 c12 15.688 5.434.814 D12S305 0.041 c12 74.453 57.126.464
D1251673 0.254 c12 16.223 5.614.752 D12S355 0.072 c12 74.591 57.624.607
D125356 0.052 c12 16.481 5.718.970 D1251700 0.132 c12 75.367 58.303.040
D1251623 0.036 c12 19.381 6.791.990 D1251056 0.788 c12 75.368 58.832.264
D12S1625 0.363 c12 19.877 6.975.688 D1251072 0.259 c12 75.370 58.843.135
D125397 0.253 c12 23.324 8.048.772 D1251662 0.380 c12 75.422 59.130.778
D1251695 0.198 C12 24.646 9.046.709 D12583 0.188 c12 75.480 59.175.649
D12S336 0.189 c12 24.756 9.385.421 D12S334 0.369 c12 75.568 59.421.576
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D1251726 0.583 C12 76.593 60.746.018 D1252072 0.099 C12 123.853 | 105.635.105
D1251293 0.197 c12 77.059 61.109.601 D12S330 0.345 c12 123.873 | 105.682.006
D125329 0.377 c12 77.467 61.428.342 D1251613 0.389 C12 124.076 | 106.141.008
D1251022 0.355 c12 78.134 61.940.695 D125353 0.410 c12 124.507 | 106.534.007
D12S1610 0.348 c12 79.851 63.260.582 D1251605 0.311 c12 125.342 | 107.206.306
D1251585 0.262 c12 79.955 63.339.939 D12584 0.345 C12 125792 | 107.524.532
D1251649 0.001 c12 80.649 63.873.706 D125105 0.369 C12 126.510 | 107.777.605
D1251686 0.085 C12 80.750 63.951.347 D1251583 0.156 C12 127.220 | 108.287.449
GGAT1D12 0.706 c12 80.890 64.059.137 D1251645 0.200 c12 127.361 108.501.385
D1251601 0.049 c12 83.191 65.827.019 D1251339 0.380 c12 127.381 108.530.473
D1251291 0.033 c12 83.686 66.220.450 D1251344 0.002 c12 128.840 | 110.737.452
D12S335 0.377 c12 84.111 66.415.787 D1251616 0.201 C12 130.276 111.706.120
D1251676 0.197 c12 84.378 66.499.297 D1251340 0.294 C12 130.315 111.727.116
D125313 0.130 c12 85.041 66.787.095 D1251646 0.077 C12 133.074 113.222.537
D12S375 0.035 c12 86.063 67.231.021 D1251341 0.368 C12 133.591 113.502.827
D1251703 0.418 c12 86.227 68.165.095 D12S354 0.551 c12 133.659 113.539.542
D1251680 0.193 c12 86.234 68.202.211 D1251023 0.763 c12 133.660 113.883.271
D1251693 0.721 c12 86.768 68.512.977 D125369 0.141 c12 134.333 114.023.296
D12S1043 0.182 c12 87.056 69.244.866 D1251602 0.515 C12 134.468 114.245.118
D1251722 0.298 c12 87.077 69.298.949 D12579 0.327 C12 134.642 114.472.408
D1251025 0.052 c12 87.078 69.409.252 D1251665 0.133 C12 134.878 114.484.625
D12580 0.432 C12 88.049 70.309.508 D1252079 0.037 c12 136.543 | 115.655.910
D1251039 0.133 c12 88.239 71.109.361 D1251718 0.449 C12 137.124 116.064.371
D1251040 0.180 c12 88.266 71.223.694 D1252082 0.784 c12 137.754 116.245.662
D125344 0.096 c12 88.918 72.379.818 D1251720 0.450 c12 138.872 116.567.129
D12592 0.422 C12 88.919 72.420.148 D125366 0.271 C12 140.324 116.984.558
D12S376 0.217 c12 89.204 73.499.976 D12S86 0.339 C12 141.036 117.582.275
D1251052 0.485 c12 89.462 73.895.610 D1251619 0.486 C12 141.037 117.590.060
D12S5337 0.583 C12 90.049 74.605.590 D1251282 0.276 C12 142.043 118.382.006
D1251660 0.314 c12 90.970 74.748.572 D125321 0.456 C12 142.326 118.559.331
D1251709 0.086 c12 91.536 75.670.382 D12S395 0.032 c12 142.391 118.600.412
D1251684 0.178 c12 91.595 75.765.705 D1251666 0.485 c12 142.543 118.695.566
D125350 0.322 C12 91.701 75.850.264 D1251721 0.374 C12 143.185 119.098.086
D12S326 0.099 c12 92.970 76.476.308 D1252073 0.228 C12 144137 119.695.231
D1252074 0.034 c12 96.317 78.933.769 D1251349 0.290 C12 144.438 | 120.719.302
D1251038 0.287 C12 96.683 79.202.978 GGAT1E2 0.205 C12 144.995 122.711.792
D1251708 0.263 c12 97.672 80.907.719 D12S378 0.260 c12 145.072 | 123.016.088
D1252068 0.181 c12 98.206 81.487.620 D125304 0.381 C12 148.977 | 124.226.435
D1251670 0.252 C12 98.623 81.941.677 D1251614 0.173 C12 148.984 | 124.228.549
D12S379 0.059 C12 100.022 83.461.396 D125342 0.366 C12 148.985 | 124.236.938
D12S81 0.376 c12 100.078 84.010.109 D12S340 0.217 C12 150.018 | 124.494.835
D125365 0.427 c12 100.079 84.854.125 D1251639 0.132 C12 150.964 | 124.731.267
D12588 0.400 C12 100.080 84.873.851 D125324 0.591 c12 151.953 | 124.978.184
D1251719 0.211 c12 100.081 85.667.821 D1251634 0.235 C12 153.119 125.517.346
D1251593 0.332 c12 100.200 86.157.371 D125307 0.215 C12 153.120 | 125.569.409
D1251710 0.021 c12 101.522 88.184.756 D1251658 0.140 C12 154.651 125.927.627
D1251024 0.413 C12 101.654 88.669.174 D1252075 0.023 c12 155.986 | 126.314.140
D12S1678 0.296 c12 101.661 88.696.949 D12S52078 0.031 c12 155.987 | 126.314.239
D125316 0.191 c12 101.797 89.197.329 D1251675 0.131 C12 156.822 | 126.496.035
D1251717 0.314 c12 101.812 89.251.231 D1251679 0.048 c12 158.885 | 127.116.253
D12S351 0.481 c12 103.104 90.407.809 D1251659 0.097 c12 163.126 | 127.769.507
D1251699 0.553 c12 103.381 90.648.997 D1251714 0.052 C12 165.267 | 128.174.905
D125322 0.253 C12 103.457 90.715.695 D1251045 0.014 c12 167.939 | 128.750.569
D12S2077 0.018 c12 103.892 91.094.097 D12597 0.277 C12 167.941 128.754.355
D12S311 0.020 c12 104.024 91.209.459 D125343 0.347 C12 169.835 | 129.157.707
D12595 0.192 c12 104.424 91.439.521 D1251599 0.178 C12 170.357 | 129.317.802
D1251044 0.382 C12 106.026 92.679.329 D12S392 0.028 c12 171.378 | 129.580.363
D12S1346 0.532 c12 106.027 92.686.998 D1251723 0.493 c12 173293 | 130.315.822
D125327 0.331 c12 107.127 93.272.754 D1251628 0.875 C12 173.736 | 130.615.875
D125362 0.462 c12 108.895 94.214.749 D125357 0.150 C12 174.886 | 131.393.757
D125309 0.257 C12 110.308 94.967.566

D125348 0.362 c12 110.309 95.053.063

D1251716 0.634 c12 110.588 95.447.539 Chromosome 13

D1251051 0.302 c12 110.589 96.072.235 D13S175 0.564 c13 0.350 18.646.379
D12S1657 0.167 c12 110.590 96.161.901 D1351236 6.7E-5 c13 6.410 20.494.180
D12S393 0.038 c12 112.159 97.003.411 D135292 0.294 C13 9.243 21.983.058
D1251063 0.070 c12 112.160 97.201.954 D1351243 0.490 C13 11.572 22.605.962
D1251706 0.119 C12 112.340 97.371.231 D13S283 0.281 c13 13.951 23.398.789
D12S346 0.338 c12 113.367 98.030.790 D1351294 0.054 c13 16.580 24.274.909
D1251641 0.289 c12 114.264 99.087.112 D135221 0.061 C13 16.880 24.374.760
D1251588 0.609 c12 114.309 99.096.637 D1351304 0.514 C13 17.865 25.168.018
D12S332 0.118 c12 114.355 99.450.327 D1351244 0.460 c13 19.374 26.044.977
D1251041 0.467 c12 114.725 99.960.829 D1351250 0.405 C13 22.240 26.721.494
D1251727 0.151 C12 115.045 | 100.203.407 D1351242 0.078 C13 22.651 26.943.011
D12S1070 0.041 c12 115.310 | 100.361.300 D13S217 0.298 c13 22.887 27.169.790
D1251607 0.026 c12 115.981 100.761.149 D1351299 0.122 c13 25.022 28.392.417
D1251074 0.332 c12 116.518 101.311.345 D1351246 0.073 C13 27.399 28.903.436
D1251030 0.529 c12 116.631 101.427.274 D135289 0.362 C13 28.145 29.063.702
D12S360 0.497 c12 118.289 | 102.581.591 D135290 0.023 c13 28.688 29.227.173
D12S78 0.118 c12 118.522 | 102.767.016 D135893 0.290 c13 29.594 29.861.929
D125338 0.185 c12 118.870 | 103.043.825 D135260 0.377 C13 30.079 30.234.833
D1251647 0.252 c12 119.746 | 103.591.523 D13S171 0.264 c13 31.986 31.051.911
D12S8317 0.030 c12 119.747 | 104.099.018 D1351493 0.459 c13 32.681 31.806.926
D1251597 0.216 c12 120.027 | 104.253.991 D135267 0.373 C13 32.863 32.062.163
D1251636 0.411 c12 120.165 | 104.326.613 D135219 0.560 C13 36.492 34.956.399
D12S1683 0.306 c12 120.853 | 104.687.945 D1351491 0.013 c13 39.282 36.361.442
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Marker name pvalue Chr cM Mb Marker name pvalue Chr cM Mb
D135894 0.381 C13 39.629 36.536.509 D135797 0.217 C13 107.619 | 103.830.779
D13S1808 0.192 c13 39.630 36.536.560 D13S763 0.230 c13 110.183 | 104.601.262
D135218 0.384 c13 40.440 36.830.230 D135173 0.194 C13 111.852 105.504.948
D1351253 0.134 c13 42.094 37.944.297 D135796 0.123 C13 112.167 | 105.586.966
D13S765 0.074 c13 42.373 38.263.372 D13S778 0.343 c13 115.544 | 106.174.243
D13S765 0.032 c13 42.374 38.263.372 D1351265 0.258 c13 117.119 107.026.457
D1351248 0.148 c13 42.632 38.558.005 D135895 0.191 C13 117.599 | 107.286.266
D135263 0.022 c13 44.406 39.878.976 D1351315 0.402 C13 118.998 | 108.043.245
D13S1247 0.478 c13 45.336 40.759.681 D13S261 0.436 c13 125.023 | 109.721.658
D135325 0.132 c13 45.559 40.971.249 D135285 0.202 c13 126.858 110.743.433
D1351297 0.347 c13 45.560 40.992.311 D135293 0.354 C13 131.920 112.232.432
D13S1227 0.056 c13 45.857 41.340.982
D135291 0.274 c13 48.833 42.617.141
D135326 0.113 c13 49.152 42.754.047 Chromosome 14
D1351272 0.277 c13 49.534 42.883.627 D145261 0.283 C14 4517 18.830.515
D13S887 0.257 c13 49.787 43.119.870 D14S72 0.040 C14 9.826 19.361.115
D135161 0.271 c13 52.418 45.581.922 D1451023 0.575 C14 9.827 19.432.028
D135153 0.082 c13 53.084 46.688.734 D1451003 0.086 C14 14.057 20.106.472
D13S1269 0.373 c13 54.718 49.005.194 D14S585 0.036 c14 14.058 20.191.160
D135788 0.129 c13 56.345 49.690.623 D14S582 0.052 C14 14.059 20.191.251
D1351325 0.173 c13 56.459 50.276.041 D14S283 0.041 C14 15.375 20.677.542
D1351492 0.046 c13 57.815 53.503.743 D14S990 0.404 C14 16.121 21.576.515
D13S321 0.056 c13 57.907 54.381.124 D145581 0.168 C14 19.329 22.288.637
D135163 0.488 c13 57.987 55.155.708 D14564 0.263 C14 19.754 22.550.218
D1351319 0.480 c13 57.988 55.457.793 D145264 0.074 C14 20.405 23.270.071
D1351303 0.013 c13 57.989 56.022.077 D1451041 0.150 C14 20.566 23.472.767
D13S146 0.088 c13 58.337 57.082.271 D1451032 0.454 C14 21.686 24.201.345
D135801 0.581 c13 60.558 60.359.585 D1451280 0.037 C14 23.036 24.645.919
D1351320 0.135 c13 60.687 61.601.601 D14S275 0.028 c14 23.037 24.686.900
D13S172 0.569 c13 60.688 61.621.119 D14S615 0.089 C14 25.271 26.506.802
D135799 0.077 c13 60.690 62.428.733 D14S608 0.121 C14 25.342 26.839.483
D1351289 0.434 c13 60.693 62.433.106 D14S597 0.039 C14 25.421 27.212.069
D1351317 0.402 c13 62.815 64.863.262 D1451042 0.275 C14 25.456 27.250.521
D13S776 0.366 c13 63.027 65.225.302 D145262 0.527 C14 25.731 27.550.641
D13S777 2.0E-4 c13 63.336 66.412.047 D14S740 0.025 C14 25.956 27.757.640
D135276 0.314 c13 64.009 66.807.806 D1451021 0.474 C14 27.787 29.262.155
D13S275 0.056 c13 64.043 67.536.664 D145257 0.085 C14 29.186 29.719.734
D135318 0.461 c13 64.393 68.373.586 D1451071 0.263 C14 29.187 29.818.465
D135279 0.156 c13 65.825 69.393.129 D1451040 0.538 C14 29.807 30.201.451
D135798 0.060 c13 65.997 69.696.956 D145297 0.319 C14 30.666 30.524.412
D13S1257 0.165 c13 69.019 71.230.051 D14S741 0.315 C14 34.998 31.743.911
D135152 0.378 c13 69.020 71.232.387 D14S70 0.167 C14 37.632 32.449.232
D135800 0.191 c13 69.437 71.672.693 D14S735 0.053 C14 37.810 32.643.836
D13S1326 0.431 c13 69.621 71.952.924 D14S551 0.163 C14 37.824 32.659.487
D135156 0.554 c13 71.452 72.455.425 D1451049 0.420 C14 38.498 32.767.631
D135891 0.252 c13 71.562 72.617.097 D145988 0.586 C14 39.408 33.502.088
D135792 0.220 c13 71.839 72.950.367 D1451014 0.288 C14 39.409 33.610.741
D13S162 0.072 c13 73.301 73.774.632 D14S253 0.011 C14 39.410 34.204.571
D1351306 0.230 c13 75.055 75.443.319 D14S69 0.618 C14 40.774 35.049.317
D1351281 0.446 c13 75.056 76.260.789 D14S75 0.375 C14 41.356 35.417.816
D13S160 0.763 c13 76.427 76.976.601 D14S306 0.180 C14 42.778 36.318.121
D1351263 0.734 c13 77.650 78.620.609 D1451048 0.305 C14 43.752 37.412.626
D135170 0.309 c13 78.012 78.907.129 D14S278 0.392 C14 43.967 37.968.634
D13S317 0.084 c13 79.319 80.520.033 D1451039 0.394 C14 44.085 38.274.509
D13S231 0.425 c13 79.635 81.087.954 D14S579 0.062 C14 44.363 38.915.535
D135790 0.142 c13 79.942 82.233.228 D14S1053 0.587 C14 44.576 39.406.434
D1351235 0.054 c13 80.245 83.142.573 D14S79 0.426 C14 44.717 39.841.234
D13S282 0.291 c13 80.656 84.017.632 D14S552 0.500 C14 44.875 40.585.663
D135764 0.186 c13 80.930 84.695.449 D14S301 0.070 C14 44.876 40.924.626
D1351283 0.280 c13 81.265 85.728.453 D145266 0.452 C14 45.366 42.084.928
D1351239 0.269 c13 82.251 87.574.605 D145288 0.094 C14 45.367 42.091.881
D13S794 0.401 c13 82.387 87.816.866 D14S583 0.075 C14 45.391 42.208.512
D13S265 0.021 c13 82.701 88.070.920 D14S259 0.305 C14 46.366 44.087.876
D1351234 0.453 c13 83.585 88.785.696 D1451068 0.335 C14 46.367 45.123.344
D13S886 0.008 c13 84.120 89.668.276 D1451009 0.424 C14 46.798 45.535.671
D135795 0.055 c13 84.910 90.388.360 D1451277 0.239 C14 46.799 45.711.109
D135762 0.150 c13 86.535 92.133.575 D14S748 0.264 C14 46.800 46.071.316
D135281 0.103 c13 86.609 92.261.572 D14S976 0.296 C14 46.804 46.078.273
D13S775 0.275 c13 86.929 92.461.694 D1451055 0.372 C14 46.896 46.220.957
D135154 0.172 c13 90.766 93.960.282 D14S255 0.093 C14 47.447 47.509.771
D1351280 0.126 c13 90.767 94.445.961 D145984 0.496 C14 47.792 48.087.278
D13S1241 0.560 c13 91.339 95.248.300 D1451031 0.548 C14 47.988 48.301.210
D1351494 0.254 c13 91.340 95.554.017 D145978 0.095 C14 50.460 49.903.158
D135159 0.122 c13 94.001 96.751.595 D1451018 0.506 C14 51.357 50.484.260
D13S770 0.285 c13 94.981 97.329.337 D14S589 0.671 C14 51.526 51.370.384
D13S1284 0.056 c13 95.517 97.587.256 D145989 0.187 C14 52.341 51.695.069
D1351240 0.060 c13 97.561 98.866.808 D155658 0.317 C14 52.379 51.961.318
D13S779 0.665 c13 97.860 99.201.956 D14S587 0.051 C14 53.073 52.356.863
D13S147 0.168 c13 98.714 99.750.874 D14S747 0.255 C14 53.425 52.557.684
D135174 0.605 c13 100.117 | 100.652.077 D145281 0.485 C14 54.831 53.096.483
D135280 0.200 c13 100.656 | 101.246.004 D145991 0.565 C14 55.138 53.213.996
D135158 0.148 c13 101.150 | 101.674.397 D1451057 0.214 C14 55.665 53.357.512
D13S781 0.049 c13 102.388 | 101.982.020 D145276 0.553 C14 56.023 53.673.056
D135274 0.517 c13 102.389 | 102.259.152 D1451064 0.619 C14 56.954 54.493.613
D1351322 0.730 c13 106.711 103.453.158 D1451056 0.021 C14 57.206 54.638.430
D13S1809 0.171 c13 107.618 | 103.830.755 D14S285 0.004 c14 58.148 54.964.426
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D14566 0.101 C14 58.149 55.040.689 D14S979 0.210 C14 108.968 95.559.240
D145980 0.194 C14 58.402 55.142.608 D14S65 0.269 C14 109.097 95.611.512
D14S750 0.130 C14 58.794 55.282.878 D145998 0.356 C14 109.250 95.734.559
D14S274 0.478 C14 59.819 55.649.564 D14S614 0.030 C14 110.207 96.257.276
D1451038 0.303 C14 61.771 57.613.368 D14S267 0.005 C14 112.140 97.214.239
D14S586 0.012 c14 62.009 58.792.916 D145250 0.465 C14 117.641 98.448.295
D145592 0.407 C14 62.216 59.386.897 D14S78 0.859 C14 117.655 98.461.781
D145997 0.631 C14 63.518 60.690.421 D1451426 0.073 C14 117.805 98.609.606
D145290 0.260 C14 64.350 61.522.894 D145985 0.584 C14 118.781 99.286.651
D1451059 0.255 C14 64.365 61.537.925 D1451051 0.847 C14 121.715 | 100.220.282
D1451012 0.424 C14 64.794 61.812.419 D14S272 0.082 C14 125.008 | 101.267.965
D1451001 0.428 C14 64.955 62.083.849 D145293 0.554 C14 125.030 | 101.444.066
D14S63 0.040 c14 65.284 62.641.061 D145260 0.311 C14 125.834 | 102.380.779
D1451026 0.065 C14 65.631 62.710.286 D145543 0.061 C14 126.126 | 102.578.886
D14S271 0.244 C14 65.633 63.123.322 D145292 0.546 C14 126.138 | 102.586.744
D1451046 0.412 C14 65.647 63.173.154

D145981 0.173 C14 66.827 63.804.444

D145298 0.963 ci4 68.174 65.013.948 Chromosome 15

D1451069 0.452 C14 68.320 66.378.231 D155817 0.004 c15 0.093 22.151.482
D1451011 0.087 C14 69.675 67.555.954 D155646 0.312 c15 0.150 21.896.314
D14S588 0.007 c14 70.011 68.210.327 D1551021 0.522 C15 5.079 22.563.166
D14S580 0.135 C14 70.224 68.421.991 D155128 0.286 C15 6.060 22.678.161
D1451029 0.416 C14 70.283 68.480.441 D155122 0.176 c15 7.598 23.227.357
D145603 0.245 C14 70.317 68.513.994 D155986 0.438 c15 8.556 23.569.546
D145258 0.151 C14 70.399 68.572.892 D15597 0.111 C15 11.147 24.378.883
D14S5251 0.327 C14 71.136 69.115.621 GABRB3 0.336 C15 11.799 24.564.892
D1451002 0.302 C14 71.137 69.291.050 D155822 0.046 C15 13.160 24.953.339
D145289 0.402 C14 71.410 69.555.244 D15S975 0.276 C15 13.460 25.038.827
D14S277 0.339 C14 72.923 71.017.499 D1551002 0.277 C15 15.336 25.452.092
D14S268 0.341 C14 73.757 71.261.760 D155156 0.147 c15 15.596 25.509.363
D1451028 0.098 C14 73.917 71.372.353 D155217 0.158 C15 16.120 25.676.534
D145986 0.510 C14 74.333 72.499.384 D1551019 0.129 C15 21.441 27.379.480
D14S71 0.190 C14 74.334 72.570.883 D1551048 0.485 C15 21.928 27.585.472
D1451025 0.206 C14 74.384 72.229.504 D155210 0.252 c15 21.991 27.631.615
D1451047 0.100 C14 74.860 72.888.685 D1551043 0.099 C15 22.432 27.953.995
D145999 0.068 C14 74.941 73.315.418 D155165 0.333 C15 23.509 28.976.675
D145273 0.255 C14 75.467 73.767.915 D1551031 0.329 c15 25.540 29.804.246
D14S76 0.170 C14 75.482 73.772.314 D1551010 0.259 C15 27.168 30.806.373
D1451036 0.146 C14 75.696 73.787.009 D155231 0.339 C15 27.428 30.966.546
D14561 0.119 C14 76.663 74.325.349 D15S144 0.575 C15 29.265 31.316.942
D145270 0.394 C14 77.202 74.640.267 D155995 0.243 c15 29.843 31.382.534
D145263 0.146 C14 78.785 75.319.515 D1551007 0.217 C15 29.844 31.453.817
D145279 0.223 C14 79.134 75.428.588 D1551040 0.623 C15 30.953 31.842.433
D145983 0.574 C14 79.397 75.510.561 ACTC 0.299 c15 33.139 32.800.083
D145254 0.483 C14 79.852 76.368.769 D155971 0.109 C15 33.824 33.099.995
D1451020 0.148 C14 79.934 76.482.106 D155118 0.019 C15 35.231 33.952.899
D14S555 0.533 C14 79.978 76.513.423 D155102 0.451 C15 38.294 35.691.551
D14S74 0.193 C14 80.165 76.648.434 D155221 0.381 c15 39.056 36.409.748
D1451008 0.395 C14 82.328 77.891.953 D1551012 0.263 C15 39.389 36.723.582
D1451000 0.456 C14 83.504 80.095.960 D1551044 0.447 C15 41.612 37.385.017
D14S739 0.037 c14 83.774 80.256.560 THBS1 0.174 c15 42.301 37.589.806
D145616 0.158 C14 85.448 83.183.943 D155146 0.645 C15 43.142 37.840.108
D145604 0.439 C14 85.710 83.707.389 D155129 0.416 C15 43.882 38.115.704
D1451022 0.582 C14 85.739 83.765.578 D155214 0.389 C15 43.884 38.116.289
D1451061 0.240 C14 86.019 84.324.214 D155514 0.123 c15 44.183 39.926.394
D145974 0.288 C14 86.384 84.619.943 D155784 0.051 C15 44.626 41.635.820
D14S73 0.527 C14 87.517 85.072.553 D155222 0.295 C15 45.294 43.161.686
D1451063 0.424 C14 87.519 85.371.548 D155659 0.266 c15 45.936 44.090.064
D1451279 0.316 C14 88.601 85.967.707 D155132 0.107 c15 47.150 44.917.206
D145610 0.177 C14 88.656 86.195.780 D1551006 0.477 C15 47.658 45.263.019
D1451033 0.531 C14 88.657 86.280.271 D155161 0.122 C15 47.722 45.375.853
D14568 0.313 C14 88.827 86.617.806 D155990 0.358 c15 47.778 45.477.435
D1451058 0.085 C14 88.837 86.638.159 D1551039 0.169 C15 47.779 45.480.050
D145256 0.136 C14 89.122 87.201.499 D155143 0.286 C15 47.780 45.619.209
D1451005 0.613 C14 89.371 87.368.049 D155123 0.140 c15 47.781 45.780.577
D1451066 0.469 C14 91.506 87.792.310 D155196 0.640 c15 48.813 46.425.450
D1451044 0.418 C14 92.856 88.060.452 D155992 0.328 C15 48.997 46.555.798
D145280 0.071 C14 96.753 90.172.907 D155978 0.413 C15 49.658 46.990.731
D14S617 0.182 C14 96.807 90.192.831 D155101 0.331 c15 49.672 47.001.331
D1451015 0.713 C14 97.362 90.726.167 D155126 0.109 C15 49.694 47.018.327
D1451016 0.467 C14 97.685 90.904.599 D155103 0.382 C15 49.754 47.064.369
D1451050 0.183 C14 97.687 90.905.564 D155119 0.639 C15 49.942 47.209.181
D14S977 0.080 C14 98.146 91.159.350 CYP19 0.149 c15 51.174 49.235.859
D145302 0.389 C14 98.496 91.352.498 D155982 0.207 C15 51.648 50.074.981
D14581 0.121 C14 99.251 91.769.846 D1551016 0.258 C15 52.712 51.248.885
D1451062 0.498 c14 99.989 92.327.646 D155209 0.653 c15 53.048 51.488.620
D14S744 0.129 C14 100.045 92.369.718 D155170 0.314 C15 53.137 51.583.210
D14S749 0.360 C14 100.046 92.369.723 D1551003 0.502 C15 53.178 51.627.448
D14S1054 0.237 c14 102.520 93.286.637 D1551049 0.404 C15 54.908 53.471.392
D1451030 0.270 C14 103.630 93.592.377 D1551029 0.551 c15 55.012 53.679.098
D145265 0.129 C14 104.241 93.754.008 D155121 0.258 C15 55.058 53.769.585
D145996 0.515 C14 105.161 93.974.091 D155962 0.238 C15 55.320 54.291.124
D14562 0.351 C14 105.162 93.979.590 D1551008 0.025 c15 55.641 54.928.662
D14S605 0.009 c14 106.081 94.424.331 D155648 0.156 C15 55.724 55.094.365
D145987 0.393 C14 106.216 94.585.137 D155998 0.264 C15 56.277 55.609.472
D14S611 0.329 C14 108.880 95.523.513 D1551022 0.449 C15 56.278 55.705.559
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D155198 0.395 C15 58.088 56.187.570 D1551004 0.057 C15 110.612 92.060.836
D15S117 0.189 c15 58.089 56.195.602 D155130 0.107 c15 111.551 92.440.937
D155150 0.412 c15 58.173 56.367.795 D1551038 0.568 c15 114.360 92.703.288
D1551033 0.550 C15 58.226 56.477.336 D155100 0.146 C15 114.752 93.292.754
D15S148 0.384 c15 60.402 56.759.014 D155157 0.214 c15 116.137 93.565.385
D155643 0.089 c15 61.221 57.429.822 D155207 0.539 c15 118.577 93.940.546
D15598 0.460 C15 61.975 58.046.770 D155657 0.156 C15 120.029 94.434.616
D155195 0.123 C15 61.976 58.068.147 D1551034 0.453 C15 123.207 95.601.514
D15S155 0.745 c15 61.977 58.129.100 D1551014 0.149 c15 123.830 95.732.234
D155970 0.505 c15 64.159 59.016.285 D155212 0.250 c15 124.465 95.865.429
D1551036 0.231 C15 65.913 60.267.438 D155107 0.252 C15 125.213 96.022.405
D1551011 0.030 c15 66.519 60.458.541 D155985 0.314 c15 127.258 96.451.624
D155974 0.233 c15 66.663 60.590.376 D155966 0.059 c15 127.947 96.684.022
D155987 0.248 c15 67.125 61.014.263 D155120 0.009 C15 130.403 97.327.430
D155159 0.164 C15 67.515 61.142.689 D155203 0.589 C15 131.301 97.364.129
D155993 0.244 c15 67.688 61.933.671 D15S87 0.100 c15 134.979 98.829.254
D155644 0.204 c15 67.689 62.002.351 D155642 0.268 c15 138.094 | 100.070.035
D1551018 0.090 C15 67.690 62.008.167

D15S1009 0.271 c15 67.691 62.871.489

D155108 0.170 C15 67.692 62.900.273 Chromosome 16

D1551020 0.090 c15 68.282 63.714.398 D16S521 0.069 C16 8.189 34.295
D155651 0.072 C15 68.343 64.019.838 D16S3024 0.430 c16 2.760 1.594.203
D15S213 0.485 c15 69.151 64.168.708 D1653027 0.221 C16 11.270 4.051.157
D155153 0.003 c15 69.958 64.275.680 D165423 0.752 C16 14.968 6.043.433
D155988 0.336 C15 70.386 65.042.401 D1653392 0.289 C16 17.340 6.365.787
D15S1015 0.786 c15 71.323 65.555.199 D16S3042 0.512 C16 18.475 6.726.264
D155983 0.039 c15 72.944 66.441.618 D1653135 0.170 C16 18.828 6.809.704
D1551025 0.661 c15 75.085 67.119.241 D16S3058 0.575 C16 18.904 6.914.682
D1551000 0.121 C15 75.086 67.286.979 D16S3128 0.477 c16 18.993 7.037.617
D15S814 0.084 c15 75.087 67.333.684 D1653088 0.488 C16 19.337 7.215.483
D155216 0.113 c15 75.088 67.719.572 D165509 0.301 C16 19.790 7.366.518
D155650 0.075 C15 76.188 67.972.883 D1653092 0.405 C16 20.368 7.559.064
D155145 0.064 c15 78.132 68.577.001 D16S418 0.455 C16 20.609 7.639.505
D155981 0.381 c15 78.281 68.608.687 D1653108 0.592 C16 20.977 7.713.209
D155131 0.218 c15 78.575 68.899.593 D16S502 0.041 C16 21.866 7.919.965
D1551050 0.480 C15 79.379 69.696.706 D16S495 0.646 C16 22.876 8.155.047
D15S110 0.663 c15 79.629 69.944.012 D16S3052 0.454 C16 22.950 8.172.421
D155204 0.211 c15 79.702 70.016.576 D16S513 0.254 C16 23.558 8.313.753
D155197 0.246 C15 79.787 70.100.975 D16S768 0.272 C16 23.805 8.371.408
D155124 0.301 C15 80.500 70.808.085 D16S406 0.409 c16 24.153 8.452.275
D15S980 0.569 c15 80.501 70.829.190 D16S3020 0.153 C16 24.736 8.833.082
D155215 0.056 c15 80.502 71.349.168 D16S404 0.039 C16 26.041 9.685.410
D155169 0.305 C15 81.072 71.867.682 D16S3126 0.264 c16 26.264 10.040.892
D15S818 0.241 c15 81.168 71.946.384 D1653064 0.569 C16 26.269 10.049.321
D155160 0.388 c15 81.638 72.147.943 D165407 0.310 C16 26.392 10.244.617
D1551001 0.148 C15 81.974 72.291.762 D16S414 0.172 C16 29.429 11.019.077
D155991 0.129 C15 82.226 72.316.399 D16S497 0.013 c16 29.444 11.046.949
CYP11A 0.619 c15 82.234 72.375.742 D1653122 0.082 C16 29.513 11.181.076
D155114 0.735 c15 82.513 74.581.014 D16S519 0.086 C16 29.514 11.252.758
D1551023 0.252 C15 84.015 76.857.503 D1652613 1.6E-5 c16 29.958 11.560.745
D155989 0.734 c15 86.030 77.821.734 D165748 0.250 C16 30.745 12.105.782
D1551005 0.206 c15 86.488 78.040.715 D16S3075 0.459 C16 30.746 12.175.632
D155969 0.254 C15 86.610 78.099.164 D1653102 0.242 C16 30.871 12.523.890
D1551047 0.456 C15 88.194 78.857.017 D16S3062 0.577 c16 32.066 12.985.712
D15S1041 0.476 c15 88.750 79.380.979 D165292 0.171 C16 32.806 13.260.660
D155206 0.207 c15 89.386 79.920.061 D16S500 0.295 C16 33.908 13.670.143
D155115 0.175 C15 89.627 80.124.649 D16S2619 0.041 c16 34.013 13.708.946
D15S95 0.375 c15 89.925 80.377.895 D16S3060 0.369 C16 37.589 15.826.544
D15S811 0.018 c15 90.875 81.183.847 D165764 0.097 C16 38.522 16.613.165
D155200 0.416 C15 91.175 81.438.878 D16S501 0.547 C16 40.451 18.047.232
D155660 0.168 C15 91.505 81.878.211 D16S499 0.528 c16 40.641 18.113.566
D15S205 0.199 c15 91.558 81.950.435 D1653056 0.425 C16 41.537 18.810.342
D155154 0.111 c15 91.559 82.407.375 D165410 0.096 C16 41.834 19.041.408
D155653 0.075 C15 91.679 83.111.360 D16S3041 0.675 C16 43.425 19.355.309
D15S152 0.161 c15 91.763 83.612.665 D16S3036 0.421 C16 43.472 19.490.603
D155999 0.059 c15 91.764 83.975.129 D165749 0.167 C16 43.583 19.807.732
D155189 0.080 C15 91.794 84.039.891 D16S3054 0.648 C16 43.736 20.219.582
D155201 0.553 C15 91.909 84.288.143 D16S3046 0.255 C16 44.636 20.852.950
D15S1030 0.724 c15 93.996 85.284.964 D1653045 0.178 C16 44.843 21.001.504
D155151 0.196 c15 93.997 85.326.915 D16S3076 0.171 C16 47.293 23.001.170
D155199 0.233 C15 94.475 85.661.450 D165403 0.435 C16 47.294 23.004.203
D15S655 0.152 c15 94.592 85.705.833 D16S412 0.161 c16 47.295 23.128.957
D1551046 0.457 c15 94.836 85.888.118 D165417 0.211 C16 47.984 23.743.582
D15599 0.344 c15 95.207 86.165.031 D165420 0.321 C16 49.303 24.202.632
D155171 0.199 C15 95.403 86.312.097 D16S3113 0.201 c16 50.127 24.564.552
D15S979 0.293 c15 95.738 86.562.127 D165401 0.625 C16 50.238 24.652.541
D1551045 0.257 c15 97.402 87.325.320 D16S3133 0.424 C16 50.249 24.684.996
D155202 0.381 C15 98.064 87.731.376 D1653068 0.526 C16 51.268 25.527.151
D15S116 0.554 c15 98.065 87.743.344 D16S3116 0.220 C16 51.546 25.650.641
D155996 0.350 c15 99.301 88.717.134 D1653131 0.148 C16 52.270 25.971.706
D155127 0.066 c15 99.865 89.127.510 D16S769 0.036 C16 52.579 26.125.312
D155158 0.186 C15 100.888 89.471.421 D1653100 0.022 c16 53.429 26.548.205
D15S963 0.163 c15 100.997 89.521.931 D16S3093 0.049 c16 53.837 26.711.959
D155652 0.058 c15 102.568 90.247.102 D16S753 0.008 C16 58.769 31.309.564
D155647 0.339 C15 103.844 90.534.788 D16S3105 0.339 C16 59.851 46.573.187
D15S649 0.415 c15 110.278 91.985.619 D16S3044 0.349 C16 59.866 47.218.623




190 7 Appendix
Marker name pvalue Chr cM Mb Marker name pvalue Chr cM Mb

D165409 0.215 C16 60.351 48.553.814 D1751298 0.157 Cc17 10.671 3.873.140
D16S261 0.610 c16 60.925 49.016.127 D17S919 0.061 c17 10.672 3.895.328
D16S517 0.391 C16 61.088 49.431.975 D1751828 0.201 c17 10.930 4.017.057
D1653080 0.431 C16 61.100 49.461.377 D1751876 0.278 c17 11.896 4.551.610
D16S411 0.368 c16 61.488 49.514.761 D1751810 0.507 c17 13.122 5.229.471
D16S541 0.213 C16 62.312 50.372.738 D1751854 0.173 c17 14.272 5.865.906
D1653136 0.491 C16 62.362 50.484.265 D1751832 0.423 c17 16.789 6.173.139
D16S3117 0.736 C16 63.077 50.747.030 D175938 0.263 c17 17.601 6.449.832
D16S757 0.155 c16 64.346 51.335.394 D17S796 0.285 c17 17.610 6.452.086
D165416 0.359 C16 64.379 51.353.744 D1751881 0.436 c17 17.927 6.728.256
D1652623 0.071 C16 65.346 51.888.316 D17S516 0.231 c17 18.787 6.854.151
D165419 0.371 c16 67.446 52.731.963 D17S906 0.075 c17 19.079 6.896.898
D1653034 0.131 C16 68.274 52.919.103 D17S578 0.516 c17 19.952 7.024.572
D165415 0.142 C16 69.143 53.449.262 D175960 0.484 c17 21.088 7.458.093
D16S3137 0.874 C16 69.162 53.461.095 TP53 0.129 c17 21.435 7.779.869
D16S771 0.093 c16 70.516 54.287.606 D1751796 0.132 c17 21.673 7.987.728
D1653032 0.286 C16 72.384 55.163.383 D1751805 0.240 c17 22.645 8.777.330
D1653053 0.085 C16 72.898 55.327.359 D1751844 0.220 c17 22.823 8.817.987
D16S3110 0.133 c16 73.822 55.775.106 D17S786 0.609 c17 23.992 9.012.346
D1653039 0.231 C16 73.823 55.775.429 D1751858 0.429 c17 24.139 9.068.679
D1653140 0.613 C16 73.824 56.086.942 D175952 0.236 c17 24.775 9.314.235
D165408 0.437 C16 73.825 56.095.966 D1751791 0.171 c17 25.051 9.356.990
D16S494 0.403 c16 79.013 58.701.100 D17S945 0.085 c17 28.765 10.023.803
D1653094 0.324 C16 79.436 59.399.443 D1751879 0.086 c17 30.184 10.313.022
D1653089 0.306 C16 82.009 60.284.654 D175520 0.323 c17 30.961 10.469.574
D16S514 0.192 c16 83.448 62.113.269 D1751852 0.309 c17 31.499 10.716.066
D16S3143 0.094 c16 83.634 62.350.317 D17S974 0.012 c17 31.506 10.719.277
D1653129 0.827 C16 83.765 62.771.394 D175954 0.508 c17 31.975 10.992.304
D16S508 0.367 C16 83.766 62.859.262 D1751303 0.001 c17 32.080 11.059.944
D16S400 0.334 c16 84.184 63.222.461 D1751875 0.228 c17 33.718 11.585.181
D165265 0.192 C16 84.239 63.288.745 D1751803 0.270 c17 36.229 12.764.802
D16S503 0.241 C16 84.309 63.374.016 D1751808 0.407 c17 37.842 13.335.948
D1653050 0.233 C16 85.650 64.842.185 D175799 0.101 c17 37.942 13.371.521
D16S3021 0.270 c16 85.843 65.060.301 D17S936 0.054 c17 39.210 13.633.749
D1653043 0.077 C16 86.028 65.268.450 D1751856 0.227 c17 41.550 14.117.498
D165186 0.652 C16 86.107 65.358.088 D175922 0.377 c17 41.551 14.231.677
D16S3019 0.287 c16 86.592 65.905.499 D17S900 0.014 c17 41.787 14.395.477
D165496 0.473 C16 87.916 68.724.892 D175918 0.058 c17 45.318 15.356.238
D1653095 0.082 C16 88.715 69.722.415 D175122 0.544 c17 45.442 15.409.910
D16S752 0.204 C16 89.464 71.111.196 D175261 0.049 c17 45.790 15.560.330
D16S2624 0.060 c16 89.820 71.511.313 D1751843 0.577 c17 47.422 16.264.940
D1653106 0.340 C16 89.821 71.963.894 D175953 0.363 c17 47.445 16.303.063
D1653066 0.134 C16 91.199 73.109.352 D1751857 0.622 c17 47.635 16.615.782
D1653083 0.018 c16 94.692 76.264.913 D17S740 0.581 c17 48.280 17.200.133
D16S515 0.005 c16 94.693 76.296.554 D17S71 0.927 c17 48.451 17.354.521
D1653142 0.144 C16 95.593 76.462.690 D1751794 0.097 c17 48.785 17.712.050
D1653097 0.207 C16 95.966 77.168.584 D175805 0.058 c17 50.204 19.537.470
D16S3138 0.199 c16 96.080 77.383.294 D17S959 0.547 c17 50.808 20.794.382
D16S518 0.090 C16 98.119 77.917.554 D175842 0.277 c17 50.894 20.829.303
D1653049 0.452 C16 98.850 78.700.820 D1751871 0.204 c17 51.171 20.923.891
D1653096 0.042 c16 100.345 78.824.422 D175783 0.213 c17 52.219 25.457.647
D16S516 0.407 C16 101.239 78.903.542 D1751878 0.499 c17 53.031 26.256.562
D165504 0.128 C16 101.711 78.945.335 D1751824 0.198 c17 53.223 26.805.633
D1653040 0.105 C16 103.249 79.431.146 D175935 0.336 c17 53.224 26.928.883
D16S750 0.191 c16 103.250 79.437.732 D175925 0.148 c17 53.493 27.452.428
D1653119 0.471 C16 103.251 79.442.970 D1751873 0.151 c17 53.625 27.602.907
D1653073 0.223 C16 103.252 79.732.050 D175841 0.351 c17 53.700 27.688.015
D16S3055 0.332 c16 103.253 79.768.947 D1751157 0.248 c17 53.715 27.715.527
D16S507 0.302 C16 103.501 79.855.977 D1751841 0.709 c17 53.875 28.007.323
D1653098 0.335 C16 107.425 81.227.927 D175975 0.111 c17 54.102 28.245.550
D16S505 0.221 C16 108.071 81.453.842 D1751863 0.042 c17 54.376 29.075.956
D16S511 0.485 c16 108.168 81.480.825 D1751166 0.314 c17 54.377 29.794.578
D165422 0.085 C16 112.536 82.691.031 NF1 0.297 c17 54.401 29.807.360
D1653091 0.343 C16 112.785 82.760.134 D1751800 0.148 c17 54.939 30.082.332
D16S402 0.402 c16 114.198 83.073.098 D1751880 0.147 c17 57.042 31.159.355
D1653061 0.313 C16 121.293 84.714.234 D175798 0.130 c17 57.043 31.435.361
D1653037 0.294 C16 121.294 84.723.599 D1751850 0.405 c17 59.794 32.283.280
D16S539 2.9E-4 c16 126.472 86.167.512 D1751293 0.001 c17 61.735 32.705.555
D16S520 0.206 c16 126.833 86.297.624 D1751842 0.405 c17 63.203 33.072.936
D1653074 0.170 C16 129.114 86.866.226 D1751846 0.103 c17 63.884 33.811.639
D16S3077 0.091 C16 129.515 86.999.955 D1751833 0.280 c17 64.756 34.269.600
D16S413 0.603 c16 131.252 87.675.469 D17S927 0.133 c17 66.001 35.201.893
D1653026 0.819 C16 134.173 89.236.555 D1751867 0.589 c17 66.959 35.574.897
D1653121 0.444 C16 134.181 89.242.138 D175946 0.569 c17 68.968 37.227.874
D175838 0.437 c17 69.180 37.406.003

D17S250 0.130 c17 69.324 37.527.054

Chromosome 17 D1751818 0.282 c17 69.325 37.538.070
D175849 0.400 c17 0.067 417.288 D1751814 0.242 c17 70.322 38.493.847
D1751308 0.047 c17 0.202 607.699 D1751299 0.184 c17 71.133 39.367.471
D175926 0.235 c17 0.258 614.982 D175800 0.222 c17 71.191 39.429.422
D1751866 0.464 c17 0.957 120.513 D1751787 0.229 c17 71.812 40.098.149
D1751529 0.170 c17 2.997 1.034.119 D1751802 0.153 c17 72.725 40.726.629
D175831 0.272 c17 7.466 2.117.079 D1751793 0.432 c17 72.734 40.732.569
D1751528 0.407 c17 7.493 2.231.367 D1751801 0.397 c17 72.813 40.788.894
D1751798 0.257 c17 7.613 2.764.898 D175932 0.266 c17 73.342 41.577.894
D1751845 0.115 c17 7.646 2.911.458 D17S902 0.071 c17 73.707 42.122.369
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D175965 0.312 c17 73.766 42.209.463 D175801 0.626 c17 118.318 75.103.769
D175951 0.397 c17 73.823 42.295.182 D175937 0.195 c17 120.904 75.944.381
D1751860 0.249 c17 74.438 42.845.420 D175939 0.008 c17 121.472 76.059.230
D1751861 0.273 ci7 74.439 43.282.178 D175802 0.464 c17 123.715 76.831.733
D1751804 0.178 c17 74.451 43.490.302 D1751847 0.261 c17 126.708 77.621.826
D175934 0.109 c17 74.524 43.532.670 D175836 0.376 c17 128.025 77.896.957
D175810 0.039 c17 75.263 43.964.400 D1751806 0.164 c17 129.107 78.042.794
D175920 0.152 ci7 75.314 45.289.661 D1751822 0.180 c17 132.358 78.481.152
D1751834 0.784 c17 75472 45.457.657 D1751830 0.256 c17 132.628 78.496.149
D175931 0.367 c17 75.506 45.470.359 D175784 0.719 c17 132.738 78.502.239
D1751859 0.299 c17 75.743 46.299.133 D175928 0.104 c17 139.293 80.931.693
D1751785 0.143 c17 76.082 46.496.178
D175958 0.350 c17 76.083 46.723.687
D1751827 0.434 c17 76.084 47113122 Chromosome 18
D1751868 0.243 ci7 76.300 47.659.383 D18S59 0.178 c18 1.403 636.459
D17S797 0.239 c17 76.930 48.028.874 D185476 0.138 C18 5.826 2.167.865
D175943 0.067 c17 77.218 48.314.933 D185481 0.375 c18 9.133 3.056.132
D1751795 0.309 ci7 77.303 48.399.632 D18S63 0.190 c18 9.837 3.428.519
D1751815 0.245 c17 79.587 49.141.578 D18S52 3.9E-4 c18 12.870 4.247.911
D1751877 0.724 c17 80.630 49.955.604 D1851132 0.369 c18 14.444 4.609.789
D1751820 0.090 c17 80.631 50.259.492 D185976 0.020 c18 16.548 5.238.944
D175941 0.270 ci7 80.632 50.311.255 D185464 0.532 c18 33.370 9.951.257
D175788 0.410 c17 80.863 50.764.493 D1851153 0.736 c18 34.062 10.123.107
D175790 0.319 c17 82.326 53.273.502 D1851150 0.022 c18 34.519 10.236.590
D175787 0.164 c17 83.220 53.756.722 D18S1158 0.795 c18 36.229 10.732.701
D1751306 0.211 c17 83.227 53.760.493 D18553 0.415 c18 38.814 11.482.737
GCT6ET 0.922 c17 83.283 53.790.940 D185482 0.764 c18 39.114 11.836.214
D1751799 0.362 c17 83.513 53.915.208 D18S71 0.250 c18 40.687 12.586.865
D175957 0.178 ci7 89.636 55.948.346 D18S453 0.245 c18 40.897 12.904.797
D1751605 0.141 c17 89.637 56.015.671 D18S1114 0.455 c18 40.898 12.914.044
D1751853 0.481 c17 89.718 56.059.147 D185852 0.054 c18 41.239 13.640.193
D1751606 0.435 c17 89.753 56.078.269 D18S40 0.002 c18 41.316 13.743.792
D1751160 0.521 ci7 89.823 56.115.640 D18S45 0.205 c18 43.788 17.072.490
D1751290 0.003 c17 90.359 56.806.087 D1851149 0.304 c18 43.967 17.313.120
MPO 0.109 c17 90.373 56.822.787 D18S1107 0.358 c18 47.287 20.379.976
D175792 0.698 c17 91.828 58.714.165 D18S975 0.493 c18 47.890 20.695.529
D175923 0.189 c17 91.829 58.843.241 D185866 0.539 c18 49.660 21.622.579
D1751838 0.130 c17 92.299 59.926.919 D185478 0.385 c18 52.453 23.399.290
D175917 0.033 c17 93.058 60.196.708 D18S1151 0.251 c18 52.560 23.433.716
D1751855 0.386 ci7 93.096 60.210.272 D18S877 0.311 c18 54.033 24.977.030
D175808 0.012 c17 94.201 61.145.469 D185965 0.287 c18 54.312 25.261.692
D175794 0.305 c17 94.361 61.290.623 D18S847 0.101 c18 54.991 25.955.300
D175924 0.601 ci7 94.861 61.410.147 D18S463 0.678 c18 55192 26.394.187
D175948 0.495 c17 94.887 61.462.765 D18536 0.612 c18 56.199 27.416.157
D175944 0.344 c17 95.110 61.909.677 D18547 0.133 c18 56.476 28.033.216
D1751297 0.312 c17 95.586 62.667.588 D18S457 0.257 c18 56.514 28.118.231
D1751809 0.360 ci7 96.060 63.247.551 D18S536 0.186 c18 57.593 29.840.273
D1751825 0.167 c17 96.340 63.578.048 D1851102 0.312 c18 59.894 33.175.078
D1751792 0.192 c17 96.367 63.609.573 D185468 0.291 c18 62.591 36.481.434
D17S113 0.107 ci7 97.129 64.509.820 D18S865 0.006 c18 62.717 36.590.138
D1751874 0.116 c17 97.330 64.747.024 D185872 0.009 c18 64.616 39.513.168
D1751816 0.091 c17 97.886 64.970.738 D1851145 0.240 c18 65.096 40.407.818
D175942 0.229 c17 97.887 65.039.229 D18S970 0.077 c18 70.426 43.985.745
D17S807 0.204 ci7 98.740 65.409.027 D18S450 0.637 c18 70.781 44.296.970
D1751821 0.501 c17 99.724 65.835.569 D185472 0.064 c18 73.856 46.255.545
D1751813 0.312 c17 100.046 66.036.089 D18S474 0.540 c18 74.788 46.946.668
D1751870 0.194 ci7 100.197 66.130.069 D18S851 0.112 c18 76.683 48.359.408
D175789 0.240 c17 101.989 67.225.637 D1851156 0.485 c18 76.838 49.020.881
D175795 0.165 c17 101.990 67.275.327 D185487 0.444 c18 77.608 49.989.449
D175940 0.447 c17 102.596 67.675.484 D18S1119 0.432 c18 78.374 51.353.978
D1752182 0.453 ci7 102.597 67.736.821 D18S1127 0.320 c18 78.456 51.520.179
D1751786 0.347 c17 103.277 68.091.713 D18569 0.026 c18 79.026 51.991.385
D1751295 0.425 c17 104.271 68.611.092 D18S977 0.378 c18 80.652 53.465.185
D175949 0.122 c17 105.506 69.062.454 D18S1103 0.130 c18 82.855 55.079.105
D1752059 0.061 ci7 105.507 69.098.093 D18S1155 0.110 c18 83.323 55.212.629
D175840 0.224 c17 105.839 69.205.246 D18564 0.534 c18 84.270 55.574.999
D1751304 0.074 c17 106.924 70.058.463 D18S1109 0.307 c18 84.349 55.605.265
D1751534 0.292 ci7 107.600 70.494.646 D18S38 0.560 c18 87.196 56.694.549
D1751797 0.744 c17 108.574 71.122.860 D1851134 0.311 c18 87.197 56.870.530
D1751351 0.713 c17 108.829 71.269.275 D1851148 0.111 c18 88.096 57.285.527
D1751848 0.112 c17 109.121 71.460.943 D18S1147 0.191 c18 88.505 57.560.672
SSTR2 0.293 c17 110.268 71.758.521 D18S60 0.553 c18 88.991 58.011.389
D1751862 0.079 c17 110.904 71.923.686 D18S51 0.025 c18 90.162 59.097.813
D1751829 0.034 c17 112.504 72.364.335 D1851270 0.129 c18 90.703 59.541.470
D1751352 0.364 ci7 113.309 72.594.963 D18S68 0.213 c18 91.039 59.686.664
D1751864 0.178 c17 114.321 72.630.582 D185537 0.187 c18 92.875 60.952.741
D1751602 0.366 c17 115.638 72.808.365 D185465 0.082 c18 92.907 61.044.904
D175929 0.101 ci7 115.639 72.837.957 D18S857 0.277 c18 95.095 62.326.748
D1751807 0.060 ci7 115.843 72.957.660 D18S979 0.146 c18 96.962 64.059.060
D1751536 0.125 c17 116.326 73.155.376 D18S61 0.392 c18 100.091 65.565.025
D175968 0.333 c17 116.334 73.201.434 D185848 0.530 c18 101.687 67.449.636
D1751301 0.206 ci7 116.335 73.278.058 D18S541 0.383 c18 102.962 68.323.159
D1751839 0.088 c17 117.275 74.398.986 D1851269 0.031 c18 103.233 68.361.132
D1751603 0.021 c17 117.820 74.663.930 D18543 0.236 c18 105.714 68.949.169
D175785 0.361 ci7 118.095 75.028.496 D18S850 0.479 c18 106.193 69.372.224
D1751817 0.361 c17 118.203 75.079.216 D185469 0471 c18 106.377 69.453.046
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D185844 0.156 C18 116.009 72.481.661 D195882 0.438 C19 53.396 35.477.162
D185462 0.515 c18 119.147 73.262.428 D19S250 0.009 c19 53.427 35.549.316
D18S871 0.199 c18 119.902 73.813.279 D195249 0.183 c19 55.061 36.234.075
D1851122 0.133 c18 120.884 74.184.635 D195114 0.596 C19 55.744 36.574.416
D18S1141 0.091 c18 123.741 75.022.663 D19S414 0.729 c19 55.808 36.606.563
D1851095 9.7E-8 c18 124.847 75.347.204 D19575 0.572 c19 55.973 36.818.077
D18S70 0.184 c18 126.947 75.963.194 D195251 0.131 c19 55.974 36.841.774
D195431 0.104 C19 56.222 37.013.386

D19S225 0.131 c19 57.355 37.518.191

Chromosome 19 D195555 0.078 C19 57.955 38.172.774
D195886 0.215 C19 0.001 949.791 D195719 0.490 C19 58.208 38.605.668
D195883 0.342 c19 1.216 1.364.756 D19S416 0.130 c19 58.726 38.760.490
D19S565 0.012 c19 8.627 2.518.233 D195874 0.148 c19 58.727 38.760.845
D195591 0.105 C19 10.588 3.026.853 D195248 0.019 c19 58.755 38.765.182
D195247 0.029 c19 11.119 3.090.981 D195245 0.444 C19 58.913 38.789.927
D195424 0.152 c19 11.835 3.177.373 D195213 0.193 c19 58.939 38.803.094
D195209 0.277 C19 12.435 3.347.390 D19S587 0.025 c19 61.107 39.901.933
D195894 0.177 C19 15.950 4.343.405 D195425 0.272 C19 62.014 40.185.716
D19S216 0.448 c19 17.768 4.900.356 D19S893 0.259 c19 62.669 40.267.680
D195549 0.134 c19 19.477 5.443.422 D195208 0.398 c19 63.103 40.321.920
INSR 0.202 C19 24.733 7.117.137 D195191 0.403 C19 63.199 40.370.248
D19S901 0.717 c19 25.363 7.387.395 D195876 0.494 C19 64.705 41.130.182
D195567 0.773 c19 25.364 7.445.409 D195224 0.368 c19 64.805 41.219.912
D195873 0.110 C19 25.365 7.482.724 D195896 0.136 c19 65.606 42.170.482
D195395 0.392 C19 25.383 7.489.310 D19S570 0.263 C19 65.666 42.419.583
D195905 0.180 c19 25.635 7.575.875 D19S713 0.070 c19 65.704 42.576.021
D195912 0.368 c19 26.223 7.777.648 D195220 0.346 c19 65.836 42.123.394
D195884 0.085 C19 27.040 8.056.011 D195228 0.552 c19 65.850 43.181.339
D195916 0.475 c19 29.724 8.978.848 D195897 0.084 C19 65.915 43.451.099
D195865 0.212 c19 29.900 9.039.373 D195421 0.718 c19 66.318 43.562.945
D195413 0.077 C19 29.903 9.040.254 D195422 0.101 c19 66.319 43.861.960
D195403 0.132 C19 30.839 9.591.484 D195881 0.192 C19 66.320 44.039.969
D19S586 0.232 C19 30.965 9.665.792 D195417 0.159 C19 66.695 44.164.323
D195583 0.279 c19 31.469 9.919.272 D195190 2.4E-4 c19 67.546 44.640.448
EPOR 0.169 C19 33.414 11.355.832 D19547 0.421 c19 68.200 45.006.027
D19S906 0.061 c19 33.781 11.787.025 D19S554 0.060 C19 68.587 45.301.489
D1951165 0.261 c19 33.782 12.155.333 D19S552 0.019 c19 68.641 45.343.153
D19S221 0.035 c19 33.951 12.573.793 D195200 0.338 c19 68.694 45.383.593
D195914 0.195 C19 34.313 12.802.814 D195223 0.099 C19 68.913 46.086.644
D19S558 0.031 c19 34.901 13.174.061 D195400 0.052 C19 69.157 46.219.373
D195564 0.090 c19 35.339 13.385.640 D195582 0.169 c19 70.548 46.821.030
D19S840 0.030 c19 35.995 13.701.955 D195197 0.287 c19 70.555 46.824.241
RFX1 0.421 c19 36.657 13.966.478 D195198 0.356 C19 70.603 46.844.863
D195226 0.155 c19 37.979 14.494.399 CEA 0.112 c19 70.642 46.905.262
D195179 0.166 C19 38.056 14.563.684 D195423 0.342 c19 70.727 47.035.510
D195415 0.828 C19 38.415 14.886.464 LIPE 0.260 C19 71.093 47.599.126
D19S929 0.150 c19 38.976 15.021.439 D195872 0.164 C19 71.140 47.672.188
D195923 0.194 c19 39.544 15.158.087 D195211 0.163 c19 71.202 48.075.706
D195432 0.227 C19 39.980 15.542.989 D195420 0.016 c19 71.203 48.500.639
D19S714 0.055 c19 39.981 15.589.132 D19S537 0.731 C19 71.777 48.723.667
D195411 0.176 c19 40.125 15.763.093 D195408 0.063 c19 72.066 48.739.098
D195885 0.234 C19 40.461 16.070.698 D195900 0.056 c19 72.437 48.859.097
D195199 0.254 C19 41.634 16.829.058 D195913 0.293 c19 72515 48.883.373
D19S930 0.288 c19 41.635 16.829.232 D195217 0.137 C19 72.804 48.973.202
D195899 0.075 c19 42.772 17.095.082 D195178 0.087 c19 72.805 49.097.486
D195593 0.083 C19 43.022 17.169.106 D195903 0.193 c19 73.474 49.737.740
D19S410 0.037 c19 43.023 17.258.423 BCL3 0.733 C19 73.689 49.942.888
D195429 0.008 c19 43.024 17.496.924 D19S559 0.180 c19 73.690 50.022.028
D195710 0.070 c19 43.025 17.497.103 APOC2 0.003 c19 73.920 50.141.220
D195915 0.364 C19 44.898 17.778.892 D195918 0.009 c19 74.046 50.206.617
D1951037 0.035 c19 45.953 17.937.610 D195908 0.510 C19 74.733 50.562.366
D19S212 5.0E-8 c19 46.345 18.204.059 D195219 0.276 c19 74.793 50.685.577
D195898 0.066 C19 46.537 18.334.781 D195112 0.269 c19 75.631 51.070.820
D19S566 0.183 c19 47.549 19.022.980 D195412 0.121 C19 77.007 51.702.813
D19S407 0.045 c19 48.516 19.926.053 D19S606 0.607 c19 77.963 52.665.381
D195911 0.383 C19 49.353 20.708.313 D195902 0.549 c19 78.516 53.023.839
D19S925 0.001 c19 49.354 21.153.314 D195596 0.190 C19 81.671 53.942.842
D195215 0.464 c19 49.427 21.474.512 D19S879 0.769 C19 82.504 54.207.729
D195401 0.200 c19 49.510 21.841.760 D195550 0.171 c19 83.656 54.549.848
D195568 0.470 C19 49.611 22.286.962 D195867 0.713 c19 84.599 55.230.494
D19S434 0.013 c19 49.641 22.559.657 D19S585 0.033 c19 84.646 55.272.919
D19S1035 0.075 c19 49.694 23.044.301 D19S866 0.059 c19 84.840 55.446.401
D195910 0.189 c19 49.734 23.414.508 D195904 0.234 c19 84.865 55.468.607
D1951036 0.052 C19 49.737 23.444.661 D195246 0.284 c19 85.955 55.647.396
D195931 0.006 c19 50.978 33.315.292 D195907 0.380 C19 86.100 55.753.062
D195222 0.665 c19 51.013 33.417.729 D195402 0.353 c19 92592 56.861.628
D195920 0.558 C19 51.328 34.189.679 D195397 0.825 c19 94.251 57.144.911
D195409 0.419 C19 51.447 34.422.411 D195206 0.296 C19 94.252 57.243.159
D19S932 0.190 c19 51.448 34.469.524 D19S601 0.208 c19 94.253 57.285.644
D195875 0.392 C19 51.449 34.489.180 D19S571 0.182 c19 96.233 57.988.748
D195561 0.138 C19 52.104 34.568.508 D195888 0.001 c19 97.251 58.350.325
D19S919 1.2E-4 c19 52.258 34.602.835 D195180 0.265 C19 97.811 58.441.513
D19549 0.200 c19 52.259 34.777.347 D195921 0.077 c19 97.812 58.462.957
D195433 0.147 C19 52.756 35.108.867 D195589 0.089 c19 98.027 58.498.394
D195405 0.172 C19 53.234 35.417.435 D19S572 0.175 C19 99.842 58.797.162
D19S396 0.267 c19 53.314 35.447.109 D19S924 0.234 c19 100.376 58.885.127
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D195927 0.227 c19 101.769 58.990.106 D20S607 0.342 C20 62.673 39.482.278
D195926 0.112 c19 107.436 60.180.648 D20S107 0.154 C20 63.189 39.567.939
D195418 0.156 c19 107.708 60.237.788 D20S850 0.174 C20 64.269 40.096.686
D195880 0.221 c19 107.852 60.374.288 D20S99 0.430 C20 64.662 40.299.058
D19S605 0.379 c19 108.448 60.443.648 D20S855 0.267 C20 64.684 40.334.020
D195210 0.214 c19 112.616 61.711.332 D20S170 0.253 C20 64.725 41.027.219
D195544 0.154 c19 113.181 61.883.100 D20S108 0.164 C20 65.635 41.515.886
D19S573 0.293 c19 113.227 61.897.021 D20S858 0.567 C20 66.191 41.643.472
D19S887 0.373 c19 113.797 62.325.668 D20S899 0.527 c20 67.926 42.402.281
D195214 0.386 c19 113.798 62.473.811 D20S96 0.045 c20 68.058 42.780.853
D195218 0.145 c19 113.799 62.893.502 D20S169 0.085 C20 69.565 43.290.817
D20S861 0.191 C20 69.592 43.292.797
D20S119 0.074 C20 70.965 44.334.278
Chromosome 20 D20S838 0.190 C20 71.234 45.322.818
D20S864 0.310 C20 0.286 193.257 D20S856 0.916 C20 71.235 45338173
D20S103 0.118 C20 2.611 554.245 D20S836 0.087 C20 71.898 45.625.669
D20S105 0.262 c20 2.983 647.862 D205888 0.302 C20 72.403 45.869.326
D20S117 0.272 c20 2.992 650.091 D20S886 0.516 C20 72.647 45.936.504
D20S199 0.428 c20 6.067 1.089.062 D20S891 0.257 C20 74.081 46.615.018
D20S906 0.140 C20 6.068 1.500.566 D205197 0.274 C20 75.035 46.846.125
D20S179 0.366 C20 7.342 1.972.335 D20S178 0.317 C20 75.467 47.237.348
D20S113 0.161 C20 7.685 2.030.487 D20S176 0.436 C20 77.419 47.998.882
D20S842 0.459 c20 9.708 2.681.203 D205866 0.272 c20 77.420 48.048.755
D20S181 0.573 C20 10.954 3.167.513 D20S887 0.069 C20 77.422 48.358.591
D20S193 0.331 C20 10.955 3.308.327 D20S196 0.039 C20 80.219 50.247.178
D20S473 0.095 C20 11.198 3.460.441 D20S857 0.396 C20 82.547 50.793.651
D20S116 0.250 C20 12.583 4.048.190 D20S185 0.399 C20 82.688 51.004.297
D20S482 0.240 c20 13.649 4.501.247 D20S845 0.515 C20 82.852 51.248.541
D20S97 0.513 C20 13.650 4.519.215 D20S1083 0.069 C20 83.326 51.319.996
D20S895 0.346 C20 15.769 5.081.622 D205893 0.226 c20 83.467 51.444.271
D20S835 0.187 c20 16.782 5.309.896 D20S902 0.581 C20 84.892 52.436.689
D20S873 0.391 C20 18.119 5.591.746 D20S883 0.328 C20 85.262 52.588.790
D20S882 0.049 c20 18.301 5.630.007 D20S854 0.303 C20 85.826 52.682.079
D20S95 0.287 C20 18.939 5.711.249 D205183 0.279 C20 85.904 52.695.403
D20S916 0.282 c20 20.316 5.857.106 D20S840 0.351 C20 86.207 52.832.755
D20S905 0.102 C20 20471 5.858.609 D20S211 0.420 C20 86.208 52.853.960
D20S192 0.191 C20 21.933 6.692.019 D20S913 0.690 C20 87.273 53.186.348
D20S603 0.011 c20 21.940 6.696.149 D205120 0.613 C20 88.573 53.690.882
D20S892 0.127 C20 22.028 6.745.073 D205469 0.037 C20 89.423 54.324.261
D20S846 0.016 c20 22.029 6.759.932 D20S1082 0.206 C20 89.842 54.551.247
D20S900 0.256 C20 25.064 7.356.582 D20S853 0.692 C20 89.843 54.557.870
D20S115 0.473 C20 25.351 7.654.866 D20S832 0.453 C20 89.844 54.560.896
D20S879 0.474 C20 28.289 8.559.923 D20S100 0.287 C20 90.847 54.999.474
D20S177 0.879 C20 28.290 8.790.195 D205102 0.164 C20 93.051 55.676.796
D20S175 0.120 C20 28.693 9.190.083 D20S171 0.168 C20 100.839 58.493.440
D20S917 0.341 C20 28.917 9.283.084 D20S173 0.272 C20 100.842 59.563.362
D20S901 0.217 C20 31.188 10.036.532
D20S894 0.276 c20 33.115 10.694.879
D20S188 0.079 C20 33.398 11.036.672 Chromosome 21
D20S189 0.104 C20 34.885 11.168.806 D215408 0.333 c21 4.714 14.606.388
D205186 0.004 c20 35.475 11.518.794 D2151911 0.505 c21 6.374 15.062.607
D20S604 0.103 C20 36.684 12.579.288 D2151904 0.727 c21 7.227 15.432.268
D20S852 0.366 C20 40.502 15.422.570 D215415 0.272 c21 7.837 15.764.783
D20S98 0.213 C20 21713 15.647.874 D2151432 0.409 c21 8.754 16.265.317
D20S904 0.072 C20 42.544 15.720.305 D2151886 0.309 c21 10.703 16.651.614
D20S104 0.447 C20 43174 16.182.064 D2151256 0.489 c21 13.278 18.244.636
D20S875 0.045 c20 44.450 16.647.263 D215409 0.107 c21 14.128 18.461.368
D20S114 0.186 c20 45.360 17.251.930 D2151899 0.203 c21 16.200 18.989.654
D20S112 0.023 c20 45.361 17.311.039 D215366 0.770 c21 16.724 19.258.789
D20S182 0.570 C20 46.140 17.834.283 D2151437 0.001 c21 18.925 20.568.710
D20S885 0.099 C20 46.432 17.958.678 D2151902 0.296 c21 20.181 21.052.138
D20S860 0.060 c20 47.155 18.329.130 D2151441 0.015 c21 20.479 21.166.842
D20S471 0.026 c20 49.661 19.826.374 D2151922 0.477 c21 20.618 21.220.615
D20S912 0.155 C20 52.186 20.855.811 D2151884 0.378 c21 21.471 21.548.909
D20S868 0.519 C20 52.622 21.672.249 D2151257 0.184 c21 23543 23.735.731
D20S477 0.327 C20 53.146 22.407.084 D2151914 0.226 c21 25.068 24.544.272
D20S184 0.858 c20 54.278 23.119.343 D21S367 0.019 c21 26.069 25.398.855
D20S871 0.037 c20 54.614 23.330.568 D215265 0.106 c21 26.175 25.841.347
D20S101 0.150 C20 54.923 23.634.167 D2151443 0.014 c21 26.914 26.444.700
D20S848 0.413 c20 55.358 24.328.754 D2151435 0.002 c21 27.884 26.770.711
D20S844 0.480 C20 55.469 24.443.297 D215260 0.565 c21 27.986 26.893.301
D20S486 0.014 c20 55.651 24.630.134 D215269 0.366 c21 27.987 26.922.995
D20S484 0.630 C20 56.571 30.812.928 D2151442 0.131 c21 30.284 27.740.350
D20S863 0.636 C20 56.623 31.322.816 D2151258 0.223 c21 30.410 27.741.551
D20S872 0.051 C20 56.635 31.325.770 D2151916 0.196 c21 30.736 27.902.926
D20S195 0.443 C20 57.663 32.541.340 D2151270 0.117 c21 32.657 30.627.208
D20S106 0.606 C20 58.460 34.222.948 D215263 0.615 c21 33.345 31.142.361
D20S914 0.452 C20 58.522 35.369.642 D2151909 0.582 c21 33.806 31.453.692
D20S865 0.351 C20 58.560 35.446.333 D2152049 0.245 c21 34.097 31.655.150
D20S847 0.348 C20 58.713 35.568.856 D215261 0.467 c21 34.907 32.216.729
D20S841 0.560 C20 59.685 36.735.928 D215262 0.229 c21 36.563 32.736.671
D20S884 0.380 C20 59.754 36.756.033 D2151920 0.176 c21 40.327 34.617.568
D205881 0.608 c20 61.809 37.740.952 D2151895 0.393 c21 42.150 35.271.380
D20S174 0.433 C20 62.280 38.410.540 D2151894 0.062 c21 42.996 35.574.836
D20S908 0.056 C20 62.313 38.499.382 D21S1252 0.224 c21 44.036 36.747.254
D20S206 0.148 C20 62.488 38.976.402 D215267 0.149 c21 45.974 37.387.797
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D2151919 0.285 c21 46.049 37.485.125 D225928 0.241 C22 59.393 43.752.015
D215270 0.154 c21 46.248 37.750.917 D2251141 0.795 C22 60.724 43.995.391
D2151439 0.873 c21 46.500 38.061.931 D225532 0.288 C22 62.661 44.399.727
D2151440 0.131 c21 46,501 38.062.023 D2251149 0.629 C22 63.953 44.885.131
D215364 0.031 c21 47.947 38.265.827 D2251170 0.220 C22 68.417 46.562.965
D2151255 0.233 c21 48.281 38.715.106 D225922 0.657 C22 70.626 47.393.307
D2151809 0.037 c21 48.530 38.810.457
D21S416 0.642 c21 51.107 39.867.733
D2151235 0.448 c21 51.108 39.867.733 Chromosome X
D2151893 0.408 c21 53.267 40.276.734 DXS8095 0.364 CX 4.153 3.928.518
D215266 0.379 c21 57.332 41.604.960 DXS6807 0.002 cX 4.582 4.204.887
D2151224 0.080 c21 57.463 41.648.326 DXS7107 0.022 cX 9.838 4.640.890
D2151446 0.253 c21 80.455 46.893.787 DXS1060 0.250 CX 13.185 4.871.358
DXS8105 0.459 CX 13.186 5.211.402
DXS996 0.373 cX 13.187 5.320.656
Chromosome 22 DXS1283E 0.006 CX 15.566 7.278.308
D225420 0.385 c22 3.048 16.233.834 DXS1223 0.384 CX 16.518 7.905.416
D22S427 0.184 c22 6.002 16.965.930 DXS8051 0.005 X 18.292 8.910.734
D225264 0.077 C22 11.790 19.097.785 DXS7103 0.406 CX 18.429 8.988.672
D225446 0.436 c22 15.172 20.343.712 DXS7108 0.103 CX 19.628 9.603.742
D22S539 0.034 c22 15.820 20.582.333 DXS1043 0.275 CX 22.017 10.829.670
D22S686 0.192 c22 16.617 21.393.069 DXS7109 0.303 cX 22.712 11.382.766
D225425 0.389 c22 16.618 21.407.028 DXS7104 0.278 cX 22.713 11.516.383
D225257 0.355 c22 17.977 21.892.982 DXS1224 0.461 CX 26.381 12.596.935
D2251174 0.217 c22 20.026 22.813.039 DXS16 0.109 CX 27.259 12.914.310
D22S156 0.635 c22 20.185 23.216.863 DXS8022 0.243 CX 28.315 13.296.143
D225536 0.279 c22 20.476 23.515.543 DXS8108 0.316 CX 29.053 13.322.363
D225925 0.271 c22 23.745 24.106.232 DXS987 0.053 CX 29.054 14.070.727
D225926 0.353 C22 23.746 24149175 DXS1053 0.437 [ 30.528 14.930.165
D225419 0.106 c22 23.900 24.267.767 DXS43 0.471 cX 30.818 15.580.694
D225258 0.060 c22 23.909 24.276.593 DXS8036 0.373 CX 31.187 16.409.816
D22S315 0.450 c22 23.910 24.340.416 DXS1195 0.252 cX 31.188 16.896.009
D2251164 0.475 C22 23.911 24.447.299 DXS8019 0.190 cX 31.189 17.103.247
D2251148 0.121 c22 25512 24.670.956 DXS999 0.142 CX 32.828 18.196.450
D2251154 0.107 c22 25.726 24.942.080 DXS7161 0.657 CX 33.208 18.415.970
D225310 0.571 C22 25.727 24.952.776 DXS1229 0.540 cX 35.804 19.915.408
D2251144 0.171 C22 31.007 26.007.486 DXS7101 0.190 cX 35.805 21.055.981
D2251163 0.305 c22 32.148 26.243.204 DXS1683 0.289 CX 38.089 21.628.670
D225689 0.074 C22 34.606 27.181.014 DXS7105 0.215 cX 38.408 21.708.692
D2251150 0.173 C22 35.162 27.825.879 DXS7593 0.202 CX 38512 21.754.779
D225531 0.314 c22 36.195 29.023.790 DXS1052 0.125 CX 38.823 21.892.063
D2251176 0.531 c22 36.523 30.551.156 DXS1226 0.387 CX 39.766 22.308.847
D225280 0.712 c22 38.780 31.533.925 DXS7110 0.315 cX 40.671 22.472.948
D2251172 0.082 C22 39.208 31.998.945 DXS989 0.178 cX 41.294 22.545.868
D2251162 0.339 c22 40.312 32.635.498 DXS8104 0.207 CX 41.931 22.757.020
D225281 0.283 c22 40313 32.661.261 DXS8099 0.426 CX 43.205 23.780.632
D2251158 0.041 c22 40.555 32.899.099 DXS8027 0.695 cX 43.351 23.898.171
D225691 0.046 c22 40.833 33.200.196 DXS8058 0.434 CX 43.352 24.650.853
D2251147 0.386 c22 40.834 33.335.911 DXS1202 0.044 CX 43.651 25.832.770
D225422 0.254 c22 40.835 33.461.081 DXS7102 0.491 [ 43.703 26.040.454
D2251152 0.163 C22 40.836 33.463.664 DXS1048 0.372 CX 43.714 26.081.930
D225304 0.314 c22 40.837 33.695.236 DXS8065 0.603 CX 43.893 26.790.467
D2251265 0.267 C22 40838 33.714.476 DXS1061 0.128 CX 43.909 26.803.511
D225424 0.186 C22 41,632 34.023.566 DXS8047 0.287 CX 44.160 27.006.892
D225277 0.219 c22 42516 34.543.312 DXS8010 0.263 CX 44.469 27.271.722
D2251142 0.397 c22 42,520 34.545.666 DXS1218 0.034 CX 45.818 28.516.734
D225278 0.244 C22 42.521 34.678.417 DXS1065 0.662 CX 46.722 29.351.323
D225683 0.023 c22 43125 34.785.740 DXS8049 0.025 X 46.787 29.411.834
D2251173 0.192 c22 43815 34.908.372 DXS1214 0.513 CX 47.363 30.622.209
D225283 0.496 c22 43881 35.022.517 DXS1036 0.074 CX 48.886 31.135.944
D225426 0.570 C22 44.022 35.266.252 DXS1067 0.055 CX 48.955 31.159.057
D225692 8.2E-6 c22 44.081 35.368.583 DXS997 0.129 CX 49.169 31.241.448
D22S1177 0.204 c22 45.348 35.506.142 DXS1237 0.143 CX 49.442 31.346.811
D2251045 0.251 c22 46.602 35.779.337 DXS538 0.218 cX 54.696 33.676.062
IL2RB 0.243 C22 46.603 35.788.758 DXS1049 0.501 [ 56.628 34.538.471
D2251156 0.154 c22 48.112 36.624.810 DXS1069 0.188 CX 62.128 37.656.017
D22S272 0.377 c22 49.232 37.328.931 DXS8016 0.592 cX 62.130 38.005.539
PDGFB 0.175 c22 50.019 37.888.787 DXS8113 0.392 CX 62.459 38.176.967
D225428 0.446 c22 50.454 38.197.990 DXS8025 0.306 [ 63.021 38.552.286
D225284 0.115 c22 50.938 38.559.934 DXS1058 0.374 CX 63.186 38.627.460
D22S530 0.686 c22 50.939 38.618.508 DXS8018 0.697 cX 63.570 38.802.811
D225423 0.171 c22 51.075 38.625.224 DXS8015 0.207 [ 63.597 38.815.084
D225302 0.081 c22 51.079 38.668.036 DXS8042 0.128 CX 63.598 38.876.318
D22S279 0.456 c22 51.128 39.265.852 DXS993 0.002 CcX 66.171 40.178.574
D225276 0.344 c22 51.211 40.255.328 DXS1201 0.154 CX 67.994 41.282.257
D2251267 0.027 c22 51.233 40.296.483 DXS8085 0.083 CX 67.995 41.356.492
D225417 0.073 c22 51.853 41.335.399 DXS228 0.285 CX 68.649 41.761.599
D225418 0.318 c22 51.854 41.649.864 DXS8379 0.065 cX 69.296 42.388.839
D22S1151 0.635 c22 51.855 41.771.830 DXS7 0.189 CX 69.369 42.482.184
D2251179 0.187 c22 51.967 41.823.458 DXS8080 0.371 CX 69.999 43.289.305
D225282 0.049 c22 52.759 42.090.888 DXS8054 0.221 CX 71410 43.614.622
D22S927 0.297 c22 52.760 42.343.398 DXS8083 0.440 cX 71.544 44.287.420
D2251165 0.136 c22 52.761 42.481.794 DXS1055 0.368 cX 74.346 45.472.356
D2251159 0.007 c22 56.781 43.027.166 DXS337 0.214 CX 75817 46.407.426
D2251168 0312 C22 58.269 43426 543 ARAF1 0.222 CX 75.894 46.476.469
D225274 0.064 C22 58.574 43.545.681 DXS426 0.396 CX 76.023 46.591.282
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Marker name pvalue Chr cM Mb Marker name pvalue Chr cM Mb
DXS1126 0.370 CX 77.309 47.739.118 DXS737 0.197 CX 134.663 126.163.948
DXS1039 0.362 CX 78.022 48.375.831 DXS1047 0.436 CX 135.280 127.780.943
DXS8024 0.092 CX 78.023 49.485.024 DXS8068 0.063 CX 135.678 128.825.585
DXS1000 0.953 CX 80.028 52.257.297 DXS1187 0.188 CX 138.375 129.738.690
DXS988 0.446 CX 80.088 52.319.825 DXS8071 0.089 CX 138.376 130.141.408
DXS1204 0.447 CX 80.780 53.076.388 DXS8041 0.348 CX 140.666 132.409.267
DXS8032 0.404 CX 81.464 53.794.461 DXS8074 0.234 CX 141.050 132.789.368
DXS991 0.466 CX 81.465 54.485.829 DXS8033 0.741 CX 141.958 132.793.440
DXS1190 0.683 CX 81.466 55.948.647 DXS691 0.145 CX 143.185 134.099.094
DXS7132 0.266 CX 82.281 63.522.127 CD40LG 0.394 CX 143.496 134.430.409
DXS8029 0.759 CX 82.282 63.808.778 DXS300 0.135 CX 143.964 134.928.410
DXS1213 0.408 CX 82.789 64.129.451 DXS8094 0.835 CX 143.977 134.942.361
DXS1194 0.335 CX 82.907 64.286.753 DXS1041 0.450 CX 144.146 135.241.506
DXS8380 0.098 CX 84.227 66.041.024 DXS8050 0.269 CX 144.399 135.691.561
DXS135 0.386 CX 84.912 66.952.653 DXS1062 0.591 CX 145.101 136.008.560
DXS981 0.001 CX 84.996 67.064.149 DXS1211 0.156 CX 145.992 137.010.944
DXS1216 0.479 CX 85.301 67.231.143 DXS1192 0.082 CX 145.993 137.073.700
DXS8111 0.508 CX 85.720 67.360.071 DXS102 0.264 CX 146.028 137.088.974
DXS1275 0.290 CX 85.732 67.381.282 DXS1232 0.293 CX 148.097 137.985.729
DXS339 0.013 CX 85.745 67.403.410 DXS8013 0.438 CX 148.572 138.191.727
DXS8031 0.012 CX 85.745 67.403.754 DXS984 0.268 CX 149.841 138.337.334
DXS106 0.489 CX 85.938 67.744.829 DXS§1227 0.185 CX 154.527 139.496.017
DXS$8052 0.008 CX 86.508 68.679.656 DXS8106 0.273 CX 158.660 140.877.724
DXS8030 0.235 CX 87.268 69.479.747 DXS8073 0.075 CX 164.419 142.429.481
DXS227 0.588 CX 88.001 71.265.296 DXS8028 0.096 CX 165.594 142.910.895
DXS8070 0.720 CX 88.106 71.522.768 DXS8045 0.131 CX 168.690 144.179.737
DXS8079 0.542 CX 88.107 71.988.032 DXS1200 0.191 CX 169.281 144.412.921
DXS8060 0.058 CX 88.108 72.330.800 DXS998 0.668 CX 170.423 145.275.585
DXS8092 0.495 CX 88.799 72.989.709 DXS731 0.259 CX 171.048 145.840.106
DXS8037 0.185 CX 88.800 72.990.251 DXS1215 0.399 CX 171.197 145.974.194
DXS441 0.049 CX 88.941 74.223.042 DXS8091 0.289 CX 171.910 146.308.352
DXS1225 0.083 CX 88.998 76.968.652 DXS1193 0.587 CX 174.056 147.085.762
DXS8082 0.618 CX 89.062 77.130.474 DXS1123 0.241 CX 174.423 147.191.796
DXS6800 0.357 CX 89.181 77.436.284 DXS1113 0.084 CX 174.809 147.302.946
DXS1197 0.775 CX 89.182 77.932.685 DXS8069 0.382 CX 178.186 148.277.525
DXS986 0.380 CX 89.183 78.136.903 DXS8103 0.585 CX 183.793 148.755.617
DXS738 0.352 CX 89.639 80.039.172 DXS1684 0.330 CX 183.829 148.766.165
DXS8076 0.672 CX 89.641 81.551.165 DXS8061 0.080 CX 190.270 150.639.232
DXS1002 0.046 CX 90.297 84.298.997 DXS15 0.291 CX 191.115 151.043.377
DXS8114 0.276 CX 90.367 84.385.848 DXs8087 1.3E-10 CcX 191.781 151.362.229
DXS8109 0.222 CX 90.625 84.706.357 DXS1073 0.442 CX 193.734 152.296.459
DXS1066 0.488 CX 91.026 85.763.801 DXS1108 0.145 CX 195.818 153.293.680
DXS1222 0.169 CX 91.027 86.195.210
DXS1217 0.601 CX 92.234 87.167.686
DXS3 0.599 CX 97.431 91.354.746
DXS1203 0.676 CX 97.661 91.539.913
DXS990 0.057 CX 97.662 91.772.453
DXS8077 0.009 CX 99.587 94.047.008
DXS458 0.079 CX 100.465 94.900.406
DXS8020 0.137 CX 104.167 98.340.582
DXS8034 0.131 CX 104.168 98.398.640
DXS178 0.461 CX 106.301 99.505.864
DXS8089 0.191 CX 106.303 99.506.941
DXS8100 0.529 CX 106.568 99.850.708
DXS8063 0.352 CX 106.569 99.970.197
DXS101 0.353 CX 106.570 100.166.990
DXS1153 0.671 CX 106.571 101.031.681
DXS1106 0.132 CX 106.572 101.503.788
DXS8096 0.281 CX 106.573 101.553.899
DXS1191 0.719 CX 107.080 102.065.536
DXS8075 0.400 CX 107.081 102.642.722
DXS8112 0.527 CX 107.082 103.681.141
DXS8048 0.367 CX 107.578 104.708.372
DXS$1120 0.025 CX 107.579 105.390.287
DXS6797 0.230 CX 107.580 106.252.922
DXS571 0.375 CX 107.581 106.315.774
DXS7133 0.817 CX 108.041 107.805.514
DXS1188 0.100 CX 109.698 109.415.760
DXS8110 0.086 CX 110.322 110.023.505
DXS1059 0.130 CX 110.323 110.089.939
DXS8021 0.252 CX 110.324 110.208.992
DXS1072 0.285 CX 112.621 110.867.801
DXS8088 0.219 CX 115.832 112.124.996
DX81220 0.204 CX 118.089 113.372.316
DXS8055 0.353 CX 118.090 113.419.140
DXS424 0.269 CX 118.787 115.066.707
DXS8064 0.346 CX 119.677 116.026.996
DXS8067 0.438 CX 123.004 118.114.494
DXS1001 0.037 CX 123.763 118.590.627
DXS8059 1.1E-5 CX 127.105 119.961.166
DXS1212 0.322 CX 127.356 121.184.493
DXS8098 0.569 CX 127.358 121.611.956
DXS8057 0.362 CX 129.745 122.274.552
DXS1206 0.170 CX 134.336 125.084.595
DXS8078 0.708 CX 134.337 125.246.836
DXS8044 0.537 CX 134.338 125.311.605
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Appendix C - Sliding window plots and synoptical tables

Sliding windows data displaying six window sizes of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 cM,
applied on 23 human chromosomes and STR-marker genotyped data derived from
PCRs with pooled DNA (Appendix B). The red line in plots indicates the significance
threshold set at 0.05.

In Section 3, Table 3.3 and 3.4 and in Appendix D genes that are located in significant

windows are displayed.
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Chromosome 1
p-value
1.0
0.1
0.5cM
H window
0.01
0.001 distance
0 28 56 84 112 140 168 196 224 252 280  [cM]
p-value
1.0
0.1
1.0 cM
window
0.01
0.001 distance
0 28 56 84 112 140 168 196 224 252 280  [cM]
p-value
1.0
0.1
1.5cM
window
0.01
0.001 distance
0 28 56 84 112 140 168 196 224 252 280  [cM]

windows size = 0.5

Selected Windows p-value
position (cM)

86.810-87.310 0.0457

86.841 - 87.341
87.173 - 87.673

126.349 - 126.849
126.418 - 126.918
126.621 - 127.121

157.177 - 157.677
157.404 - 157.904

233.679 - 234.179
233.918 - 234.418

0.0290
0.0290

0.0290
0.0161
0.0161

0.0161
0.0056

0.0161
0.0056

Significative Markers

D1S1643 D1S2737
D1S1643 D1S2737
D1S1643 D1S2737

D181657 D18535
D1S1657 D1S535
D1S1657 D1S535

D1S1655 D1S398
D1S1655 D1S398

D1S479 D1S1644
D1S479 D1S1644

windows size = 1.0

position (cM)

86.841-87.841 0.0457

87.173 - 88.173

126.349 - 127.349
126.418 - 127.418
126.621 - 127.621

157.177 - 158.177
157.404 - 158.404

233.679 - 234.679
233.918 - 234.918

0.0457

0.0457
0.0290
0.0290

0.0161
0.0056

0.0161
0.0056

Selected Windows p-value Significative Markers

D1S1643 D1S2737
D1S1643 D1S2737

D1S1657 D1S535
D181657 D18535
D1S1657 D1S535

D1S1655 D1S398
D1S1655 D1S398

D1S479 D1S1644
D1S479 D1S1644

windows size 1.5

Sele:
p n (cM

87.173 -88.673 0.0457

125.300 - 126.800
126.418 - 127.918
126.621 - 128.121

157.177 - 158.677
157.404 - 158.904

206.634 - 208.134
207.388 - 208.888

232.663 - 234.163
233.679 - 235.179
233.918 - 235.418

0.0457
0.0457
0.0290

0.0161
0.0056

0.0457
0.0118

0.0290
0.0161
0.0056

indows p-value Significative Markers

D1S1643 D1S2737

D1S1657 D1S535
D1S1657 D1S535
D181657 D1S535

D1S1655 D1S398
D1S1655 D1S398

D1S2760 D1S510
D1S2760 D1S510 D1S1620

D1S479 D1S1644
D1S479 D1S1644
D1S479 D1S1644
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N marker = 534
Significant marker = 39

p-value
1.0
0.1
2.0cM
| window
0.01
0.001 distance
0 28 56 84 112 140 168 196 224 252 280 [cM]
p-value
1.0
0.1
25cM
! ) window
0.01 distance
0 28 56 84 112 140 168 196 224 252 280 [cM]
p-value
1.0
0.1
3.0cM
I ‘ window
0.01 distance
0 28 56 84 12 140 168 196 224 252 280  [cM]
windows size = 2.0 windows size =»2.5 windows size = 3.0
Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers
position (cM) position (cM) position (cM)
126.418 - 128.418 0.0071 D1S1657 D1S535 D1S429 91.987-94.487 0.0442 D1S1613 ATA52G05 D1S520 126.621-129.621 0.0442 D1S1657 D1S535 D1S429
126.621 - 128.621 0.0071 D1S1657 D1S535 D1S429
126.622 - 128.622 0.0457 D1S535 D1S429 126.349 - 128.849 0.0178 D1S1657 D1S535 D1S429 154.538 - 157.538 0.0290 D1S1655 D1S398
126.418 - 128.918 0.0118 D1S1657 D1S535 D1S429 157.177 - 160.177 0.0457 D1S1655 D1S398
157.177 - 159.177 0.0290 D1S1655 D1S398 126.621-129.121 0.0442 D1S1657 D1S535 D1S429 157.404 - 160.404 0.0290 D1S1655 D1S398
157.404 - 159.404 0.0161 D1S1655 D1S398
157.177 - 159.677 0.0457 D1S1655 D1S398 198.523 - 201.523 0.0457 D1S1726 D1S2716
198.954 - 200.954 0.0290 D1S1726 D1S2716 157.404 - 159.904 0.0290 D1S1655 D1S398 198.954 - 201.954 0.0457 D1S1726 D1S2716
207.388 - 209.388 0.0252 D1S2760 D1S510 D1S1620 196.564 - 199.064 0.0442 D1S533 D1S2794 D1S1726 206.634 - 209.634 0.0442 D1S2760 D1S510 D1S1620
207.388-210.388 0.0340 D1S2760 D1S510 D1S1620
232.663 - 234.663 0.0290 D1S479 D1S1644 198.523 - 201.023 0.0457 D1S1726 D1S2716
233.679 - 235.679 0.0161 D1S479 D1S1644 198.954 - 201.454 0.0290 D1S1726 D1S2716 231.586 - 234.586 0.0457 D1S479 D1S1644
233.918-235.918 0.0161 D1S479 D1S1644 232.663 - 235.663 0.0290 D1S479 D1S1644

206.634 - 209.134
207.388 - 209.888

231.586 - 234.086
232.663 - 235.163
233.679 - 236.179
233.918 - 236.418

0.0252
0.0340

0.0457
0.0290
0.0290
0.0161

D182760 D1S510 D1S1620
D1S2760 D1S510 D1S1620

D1S479 D1S1644
D1S479 D1S1644
D1S479 D1S1644
D1S479 D1S1644

233.679 - 236.679
233.918 - 236.918

0.0290
0.0161

D18479 D1S1644
D1S479 D1S1644
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Chromosome 2

p-value
1.0
0.1
0.5cM
window
0.01 distance
0 26 53 80 106 132 159 186 212 238 265 [cM]
p-value
1.0
0.1
1.0cM
window
0.01
0.001 distance
0 26 53 80 106 132 159 186 212 238 265  [cM]
p-value
1.0 F
0.1
1.5cM
| | window
0.01
0.001 distance
0 26 53 80 106 132 159 186 212 238 265 [cM]
windows size = 0.5 windows size 1.0 windows size = 1.5
Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers
position (cM position (cM position (cM)
110.093 - 110.593 0.0212 D2S435 D2S394 109.628 - 110.628 0.0105 D2S428 D2S435 D2S394 29.218-30.718 0.0339 D2S297 D2S1400
110.346 - 110.846 0.0212 D2S435 D2S394 109.629 - 110.629 0.0069 D2S428 D2S435 D2S394
109.630 - 110.630 0.0041 D2S428 D2S435 D2S394 108.995 - 110.495 0.0151 D2S428 D2S435 D2S394
234.125 - 234.625 0.0212 D2S1333 D2S1363 109.953 - 110.953 0.0488 D2S435 D2S394 109.628 - 111.128 0.0151 D2S428 D2S435 D2S394
110.093 - 111.093 0.0339 D2S435 D2S394 109.629 - 111.129 0.0105 D2S428 D2S435 D2S394
110.346 - 111.346 0.0212 D2S435 D2S394 109.630 - 111.130 0.0069 D2S428 D2S435 D2S394
110.093 - 111.593 0.0488 D2S435 D2S394
234.125-235.125 0.0339 D2S1333 D2S1363 110.346 - 111.846 0.0339 D2S435 D2S394

202.055 - 203.555 0.0212 D2S2392 D2S309

233.078 - 234.578 0.0339 D2S1333 D2S1363
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N marker = 371

Significant marker = 23

p-value
1.0
0.1
20cM
window
0.01 distance
0 26 53 80 106 132 159 186 212 238 265 [cM]
p-value
1.0
0.1
2.5cM
” window
0.01 distance
0 26 53 80 106 132 159 186 212 238 265 [cM]
p-value
1.0 /—\/ ——————
0.1
3.0cM
window
0.01 distance
0 26 53 80 106 132 159 186 212 238 265 [cM]
windows size —»>2.0 windows size —»2.5 windows size —=»3.0
Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers Selected Windows p-value  Significative Markers
position (cM position (cM position (cM)
29.218-31.218 0.0339 D2S297 D2S1400 27.796 - 30.296  0.0339 D2S297 D2S1400 27.796 -30.796  0.0488 D2S297 D2S1400
29.218-31.718 0.0339 D2S297 D2S1400 29.218-32.218  0.0339 D2S297 D2S1400
108.995 - 110.995 0.0206 D2S428 D2S435 D2S394
109.628 - 111.628 0.0206 D2S428 D2S435 D2S394 108.995 - 111.495 0.0270 D2S428 D2S435 D2S394 107.937 - 110.937 0.0270 D2S428 D2S435 D2S394
109.629 - 111.629 0.0151 D2S428 D2S435 D2S394 109.628 - 112.128 0.0206 D2S428 D2S435 D2S394 108.995 - 111.995 0.0270 D2S428 D2S435 D2S394
109.630 - 111.630 0.0105 D2S428 D2S435 D2S394 109.629 - 112.129 0.0151 D2S428 D2S435 D2S394 109.628 - 112.628 0.0206 D2S428 D2S435 D2S394
110.093 - 112.093 0.0488 D2S435 D2S394 109.630 - 112.130 0.0105 D2S428 D2S435 D2S394 109.629 - 112.629 0.0151 D2S428 D2S435 D2S394
110.346 - 112.346 0.0339 D2S435 D2S394 110.093 - 112.593 0.0488 D2S435 D2S394 109.630 - 112.630 0.0105 D2S428 D2S435 D2S394
202.055 - 204.055 0.0488 D2S2392 D2S309 156.507 - 159.007 0.0339 D2S129 D2S122 156.507 - 159.507 0.0339 D2S129 D2S122
156.508 - 159.008 0.0212 D2S129 D2S122 156.508 - 159.508 0.0212 D2S129 D2S122
233.078 - 235.078 0.0488 D2S1333 D2S1363
200.979 - 203.479 0.0488 D2S2392 D2S309 231.167 - 234.167 0.0339 D2S1333 D2S1363
200.980 - 203.480 0.0339 D2S2392 D2S309
232.122-234.622 0.0488 D2S1333 D2S1363
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Chromosome 3
p-value
1.0
0.1
0.5cM
window
0.01 distance
0 22 45 68 90 112 135 158 180 202 225  [cM]
p-value
1.0
0.1
1.0 cM
| window
0.01 distance
0 22 45 68 90 12 135 158 180 202 225  [cM]
p-value
1.0
0.1
1.5cM
window
0.01 distance
0 22 45 68 90 112 135 158 180 202 225  [cM]

windows size = 0.5

Selected Windows p-value

position (cM

30.710 - 31.210
30.891 - 31.391

49.944 - 50.444
50.162 - 50.662

171.082 - 171.582
171.150 - 171.650

187.360 - 187.860
187.380 - 187.880

0.0363
0.0131

0.0363
0.0131

0.0363
0.0131

0.0363
0.0131

Significative Markers
D3S3714 D3S3680
D3S3714 D3S3680

D3S2466 D3S2335
D3S2466 D3S2335

D3S3052 D3S3668
D3S3052 D3S3668

D3S3037 D3S1754
D3S3037 D3S1754

windows size 1.0

Selected Windows p-value Significative Markers

position (cM
2.332-3.332
30.891 - 31.891

49.944 - 50.944
50.162 - 51.162

154.110 - 155.110
154.111 - 155.111

171.082 - 172.082
171.150 - 172.150

184.680 - 185.680

187.380 - 188.380

0.0363
0.0363

0.0363
0.0131

0.0363
0.0131

0.0363
0.0131

0.0131
0.0363

D3S2387 D3S1270
D3S3714 D3S3680

D3S2466 D3S2335
D3S2466 D3S2335

D3S3599 D4S2378
D3S3599 D4S2378

D3S3052 D3S3668
D3S3052 D3S3668

D3S2421 D3S2427
D3S3037 D381754

windows size = 1.5

Selected Windows p-value

position (cM)

30.710 - 32.210
30.891 - 32.391

49.944 - 51.444
50.162 - 51.662

154.111 - 155.611
184.680 - 186.180
187.380 - 188.880

0.0367
0.0367

0.0363
0.0131

0.0363
0.0131

0.0363

Significative Markers

D3S3714 D3S3680 D3S3693
D383714 D3S3680 D3S3693

D3S2466 D3S2335
D3S2466 D3S2335

D3S3599 D4S2378
D3S2421 D3S2427
D3S3037 D3S1754
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N marker = 305
Significant marker = 35

p-value
1.0
0.1
2.0cM
v window
0.01 distance
0 22 45 68 90 112 135 158 180 202 225 [cM]
p-value
1.0
0.1
25cM
| | \J window
0.01 distance
0 22 45 68 90 112 135 158 180 202 225 [cM]
p-value
1.0
0.1
3.0cM
| window
0.01
0.001 distance
0 22 45 68 90 112 135 158 180 202 225 [cM]

windows size —»>2.0

Selected Windows p-value
position (cM

29.370 - 31.370
30.891 - 32.891

0.0125
0.0367

49.944 - 51.944
50.162 - 52.162

0.0363
0.0131

184.680 - 186.680 0.0363
185.545 - 187.545 0.0229

Significative Markers

D3S3611 D3S3714 D3S3680
D3S3714 D3S3680 D3S3693

D3S2466 D3S2335
D3S2466 D3S2335

D3S2421 D3S2427
D3S2427 D3S3037 D3S1754

Selected Windows

windows size —»2.5

position (cM)
29.370-31.870  0.0229
30.891-33.391 0.0367
50.162 - 52.662  0.0363
184.680 - 187.180 0.0363
185.545 - 188.045 0.0229

p-value Significative Markers

D3S3611 D3S3714 D3S3680
D3S3714 D3S3680 D3S3693

D3S2466 D3S2335

D3S2421 D3S2427
D3S2427 D3S3037 D3S1754

windows size —=»3.0

Selected Windows p-value  Significative Markers
position (cM)
29.370-32.370 0.0134 D3S3611 D3S3714 D3S3680
D3S3693
50.162 - 53.162  0.0363 D3S2466 D3S2335
184.680 - 187.680 0.0045 D3S2421 D3S2427 D3S3037
D3S1754
185.545 - 188.545 0.0367 D3S2427 D3S3037 D3S1754



Chromosome 4

p-value
1.0 \ g ¥ & I =
Vo i
\ \ \ W |
04 \ t 0.5cM
| |"| window
0.01 %
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210  [cM]
p-value
1.0
\ Y R BV IRV
! I \ | l\
0.1 | 1.0cM
‘1‘ window
0.01
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210 [eM]
p-value
1.0
| T A W
\ \ N | \ \ \“l
A
0 H 1.5cM
|"1 window
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210  [cM]
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N marker = 224

Significant marker = 22

p-value
1.0 \J \/
0.1
l 20cM
window
0.01
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210 [cM]
p-value
1.0 \\’
0.1
J 2.5cM
window
0.01
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210 [cM]
p-value
1.0 / \J \l
0.1
3.0cM
window
0.01
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210 [cM]
windows size —»>2.0 windows size —»2.5 windows size —=»3.0
Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers
position (cM position (cM position (cM)
99.464 - 101.464 0.0464 D4S2460 D4S3245 77.905-80.405 0.0464 D4S398 D4S2987 77.766 - 80.766  0.0133 D4S398 D4S2987 D4S1541
77.905-80.905 0.0071 D4S398 D4S2987 D4S1541
169.956 - 171.956 0.0216 D4S1646 D4S2992 D4S2991 169.470- 171.970 0.0102 D4S1646 D4S2992 D4S2991
169.974 - 171.974 0.0021 D4S1646 D4S2992 D4S2991 D4S2431 169.018 - 172.018 0.0033 D4S2426 D4S1646 D4S2992
D4S2431 169.551 - 172.051 0.0066 D4S1646 D4S2992 D4S2991 D4S2991 D4S2431
170.133 - 172.133 0.0010 D4S1646 D4S2992 D4S2991 D4S2431 169.127 - 172.127 0.0021  D4S2426 D4S1646 D4S2992
D4S2431 169.956 - 172.456 0.0040 D4S1646 D4S2992 D4S2991 D4S2991 D4S2431
171.766 - 173.766 0.0216 D4S2992 D4S2991 D4S2431 D4S2431 169.470 - 172.470 0.0102 D4S1646 D4S2992 D4S2991
171.767 - 173.767 0.0133 D4S2992 D4S2991 D4S2431 169.974 - 172.474 0.0021 D4S1646 D4S2992 D4S2991 D4S2431
171.768 - 173.768 0.0071 D4S2992 D4S2991 D4S2431 D4S2431 169.551 - 172.551 0.0066 D4S1646 D4S2992 D4S2991
171.769 - 173.769 0.0464 D4S2991 D4S2431 170.133 - 172.633 0.0010 D4S1646 D4S2992 D4S2991 D4S2431
D4S2431 169.956 - 172.956 0.0040 D4S1646 D4S2992 D4S2991
171.766 - 174.266 0.0322 D4S2992 D4S2991 D4S2431 D4S2431
171.767 - 174.267 0.0216 D4S2992 D4S2991 D4S2431  169.974 - 172.974 0.0021 D4S1646 D4S2992 D4S2991
171.768 - 174.268 0.0133 D4S2992 D4S2991 D4S2431 D4S2431
170.133 - 173.133 0.0010 D4S1646 D4S2992 D4S2991
D4S2431
171.766 - 174.766  0.045 D4S2992 D4S2991 D4S2431
171.767 - 174.767 0.0322 D4S2992 D4S2991 D4S2431
171.768 - 174.768 0.0216 D4S2992 D4S2991 D4S2431
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Chromosome 5
p-value
| | !
04 | 0.5cM
window
0.01
0.001
0.0001 distance
0 21 42 84 105 126 147 168 189 210  [cM]
p-value
) \_/ \/ \l
0.1 | 1.0 cM
window
0.01
0.001
0.0001 distance
0 21 42 84 105 126 147 168 189 210  [eM]
p-value
1.0 U‘ \I
0.1
1.5cM
V window
0.01
0.001
0.0001 distance
0 21 42 84 105 126 147 168 189 210 [cM]

windows size = 0.5

Selected Windows p-value Significative Markers
position (cM

107.622 - 108.122 8.0E-4 D5S1463 D5S815 D552499

108.004 - 108.504 0.0084 D5S815 D5S2499

128.045 - 128.545 0.0445 D5S1478 D5S657

windows size 1.0

position (cM

107.141 - 108.141
107.142 - 108.142
107.383 - 108.383
107.622 - 108.622
108.004 - 109.004

128.045 - 129.045

0.0125
0.0067
0.0029
8.0E-4
0.0084

0.0445

Selected Windows p-value Significative Markers

D5S1463 D5S815 D552499
D5S51463 D5S815 D5S2499
D5S1463 D5S815 D5S2499
D5S1463 D5S815 D552499
D5S815 D5S2499

D5S1478 D5S657

windows size = 1.5

Selected Windows p-value Significative Markers

position (cM)

22.949 -24.449 0.0084 D5S1957 D5S807
106.879 - 108.379 0.0203
107.141 - 108.641 0.0125
107.142 - 108.642 0.0067
107.383 - 108.883 0.0029
107.622 - 109.122 8.0E-4
108.004 - 109.504 0.0084

D5S1463 D5S815 D5S2499
D5S1463 D5S815 D5S2499
D5S1463 D5S815 D5S2499
D5S1463 D5S815 D5S2499
D5S1463 D5S815 D5S2499
D5S815 D5S2499

127.059 - 128.559 0.0203
127.060 - 128.560 0.0125

D5S494 D5S1478 D5S657
D5S494 D5S1478 D5S657
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N marker = 241
Significant marker = 23

p-value
1.0 \j_\_l \l
0.1
20cM
V V window
0.01
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210 [cM]
p-value
h NE 4
0.1
25cM
v window
0.01
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210 [cM]
p-value
h VY 4
0.1
3.0cM
Y window
0.01
0.001
0.0001 distance
0 21 42 63 84 105 126 147 168 189 210 [cM]
windows size —»>2.0 windows size —»2.5 windows size —=»3.0
Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers Selected Windows p-value Significative Markers
position (cM position (cM position (cM)
22.949 - 24.949  0.0237 D5S1957 D5S807 20.701-23.201 0.0237 D5S1953 D5S1957 20.701-23.701  0.0237 D5S1953 D5S1957
20.939-23.439 0.0084 D5S1953 D5S1957 20.939-23.939 0.0084 D5S1953 D5S1957
106.031 - 108.031 0.0303 D5S1463 D5S815 D5S2499  22.949-25.449  0.0237 D5S1957 D5S807 22.949-25949 0.0237 D5S1957 D5S807
106.879 - 108.879 0.0203 D5S1463 D5S815 D552499
107.141 - 109.141 0.0125 D5S1463 D5S815 D5S2499 105.718 - 108.218 0.0094 D5S1722 D5S1463 D5S815 105.382 - 108.382 0.0137 D5S1722 D5S1463 D5S815
107.142 - 109.142 0.0067 D5S1463 D5S815 D5S2499 D5S2499 D5S2499
107.383 - 109.383 0.0029 D5S1463 D5S815 D5S2499 105.719 - 108.219 0.0424 D5S1463 D5S815 D5S2499  105.718 - 108.718 0.0094 D5S1722 D5S1463 D5S815
107.622 - 109.622 8.0E-4 D5S1463 D5S815 D5S2499 106.031 - 108.531 0.0303 D5S1463 D5S815 D5S2499 D5S2499
108.004 - 110.004 0.0084 D5S815 D5S2499 106.879 - 109.379 0.0203 D5S1463 D5S815 D5S2499 105.719 - 108.719 0.0424 D5S1463 D5S815 D5S2499
107.141-109.641 0.0125 D5S1463 D5S815 D5S2499 106.031 - 109.031 0.0303 D5S1463 D5S815 D552499
127.059 - 129.059 0.0203 D5S494 D5S1478 D5S657 107.142 - 109.642 0.0067 D5S1463 D5S815 D5S2499 106.879 - 109.879 0.0203 D5S1463 D5S815 D5S2499
127.060 - 129.060 0.0125 D5S494 D5S1478 D5S657 107.383-109.883 0.0029 D5S1463 D5S815 D5S2499 107.141-110.141 0.0125 D5S1463 D5S815 D5S2499
107.622 - 110.122 8.0E-4 D5S1463 D5S815 D552499 107.142 - 110.142  0.0067 D5S1463 D5S815 D5S2499
108.004 - 110.504 0.0084 D5S815 D5S2499 107.383 - 110.383 0.0029 D5S1463 D5S815 D5S2499
107.622 - 110.622 8.0E-4 D5S1463 D5S815 D5S2499
127.059 - 129.559 0.0303 D5S494 D5S1478 D5S657 108.004 - 111.004 0.0084 D5S815 D552499
127.060 - 129.560 0.0203 D5S494 D5S1478 D5S657
127.059 - 130.059 0.0303 D5S494 D5S1478 D5S657
127.060 - 130.060 0.0203 D5S494 D5S1478 D5S657
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Chromosome 6
p-value
0.1 0.5cM
window
0.01
0.001
0.0001
0.00001 distance
0 19 39 58 78 97 116 136 155 175 194  [cM]
p-value
1.0 \ﬂ N ==
0.1 1.0cM
! window
0.01
0.001
0.0001
0.00001 distance
0 19 39 58 78 97 116 136 155 175 194 [cM]
p-value
1.0 \/‘\
0.1 1.5¢cM
window
0.01
0.001
0.0001
0.00001 distance
0 19 39 58 78 97 116 136 155 175 194  [cM]
windows size = 0.5 windows size =>1.0 windows size =1.5
Selec indows p-value Significative Markers Sele: indows p-value Significative Markers Selected Windows p-value = Significative Markers
osition (cM n (cM position (cM)
21.603-22.103 0.002 D6S309 D6S277 D6S263 21.285-22.285 0.005 D6S309 D6S277 D6S263 21.285-22.785 0.012 D6S309 D6S277 D6S263
21.963-22.463 0.013 D6S277 D6S263 21.603-22.603 0.005 D6S309 D6S277 D6S263 21.603-23.103 0.005 D6S309 D6S277 D6S263
21.963-22.963 0.036 D6S277 D6S263 21.963-23.463 0.036 D6S277 D6S263
53.691 - 54.191 0.0 TNFaD6S1615D6S1014
SA99 D6S2447 D6S2444 52.990-53.990 0.012 TNFaD6S1615D6S1014 52.502-54.002 0.013 TNFaD6S1615D6S1014
53.751-54.251 1.0E-4 D6S1615 D6S1014 SA99 53.691 - 54.691 0.0 TNFaD6S1615D6S1014 SA99
D6S2447 D6S2444 SA99 D6S2447 D6S2444 52.829 - 54.329 3.0E-4 TNFa D6S1615 D6S1014
53.762 - 54.262 0.0 D6S1615D6S1014 SA99 53.751-54.751 3.0E-4 D6S1615 D6S1014 SA99 SA99 D6S2447 D6S2444
D6S2447 D6S2444 D6S2447 D6S2444 D6S497 52.830-54.330 1.0E-4 TNFa D6S1615D6S1014
53.953 - 54.453 2.0E-4 D6S1014 SA99 D6S2447 53.762-54.762 1.0E-4 D6S1615D6S1014 SA99 SA99 D6S2447 D6S2444
D6S2444 D6S2447 D6S2444 D6S497 52.990 - 54.490 1.0E-4 TNFa D6S1615D6S1014
53.991 - 54.491 0.002 SA99 D6S2447 D6S2444 53.953-54.953 8.0E-4 D6S1014 SA99 D6S2447 SA99 D6S2447 D6S2444
54.128 -54.628 0.013 D6S2447 D6S2444 D6S2444 D6S497 53.691-55.191 1.0E-4 TNFa D6S1615 D6S1014
53.991 - 54.991 0.005 SA99 D6S2447 D6S2444 SA99 D6S2447 D6S2444
85.806 - 86.306  0.036 D6S1962 D6S1282 D6S497 D6S497
54.128-55.128  0.023 D6S2447 D6S2444 D6S497 53.751-55.251 3.0E-4 D6S1615D6S1014 SA99
D6S2447 D6S2444 D6S497
85.252-86.252 0.012 D6S1275 D6S1962 D6S1282 53.762 - 55.262 1.0E-4 D6S1615 D6S1014 SA99
D6S2447 D6S2444 D6S497
106.448 - 107.448 0.036 D6S1284 D6S1717 53.953 - 55.453 8.0E-4 D6S1014 SA99 D6S2447
D6S2444 D6S497
53.991 - 55.491 0.005 SA99 D6S2447 D6S2444
D6S497
54.128 -55.628  0.023 D6S2447 D6S2444 D6S497
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N marker = 298
Significant marker = 35

p-value
1.0 \A
0.1 2.0 cM
window
0.01
0.001
0.0001
0.00001 distance
0 19 39 58 78 97 116 136 155 175 194 [cM]
p-value
1.0 u}
0.1 2.5cM
I window
0.01
0.001
0.0001 distance
0 19 39 58 78 97 116 136 155 175 194 [cM]
p-value
1.0
0.1 3.0cM
window
0.01
0.001
0.0001 distance
0 19 39 58 78 97 116 136 155 175 194 [cM]

windows size —»2.0

Selected Windows p-value

Significative Markers

windows size 2.5

Selected Windows p-value

Significative Markers

windows size —3.0

Selected Windows p-value Significative Markers
Jolol (cM)

position (cM) position (cM)
21.285-23.285 0.012 D6S309 D6S277 D6S263 21.285-23.785 0.012 D6S309 D6S277 D6S263 19.309 - 22.309 0.012 D6S309 D6S277 D6S263
21.603-23.603 0.005 D6S309 D6S277 D6S263 21.603-24.103 0.005 D6S309 D6S277 D6S263 21.285-24.285 0.012 D6S309 D6S277 D6S263
21.963-23.963 0.036 D6S277 D6S263 21.963-24.463 0.036 D6S277 D6S263 21.603-24.603 0.005 D6S309 D6S277 D6S263
52.254 - 54.254 0.002 TNFa D6S1615 D6S1014 51.597 -54.097 0.040 TNFaD6S1615D6S1014 SA99 ~ 51.181-54.181 0.006  TNFa D6S1615 D6S1014 SA99
SA99 D6S2447 D6S2444 52.254 - 54.754 0.002 TNFa D6S1615 D6S1014 SA99 i -EACE] @EEE Qﬁ?ggs? e saes
52.425-54.425 0.001 TNFaD6S1615D6S1014 D6S2447 D6S2444 D6S497 421 - 54. - e s e
SA99 D6S2447 D6S2444 52.425-54.925 0.001 TNFaD6S1615D651014 SA9 51507 54507 0003 TNPS DESI61E DES1014 SAGS
o202 6054 DEACHIIRRL  saann-soom 7084 DRSSO LGS oo seam oo DIt
4 - 55, .0E- a -
52.829-54.829 4.0E-4 TNFaD6S1615D6S1014 D6S2447 D6S2444 D6S497 SR -ERAE) QUR P sl e
Sg«gggD_,GSMM D6S2444 52.829-55.329 4.0E-4 E%E% 4Dtss|13 61852 Efﬂ) 061514%/;99 52.425-55.425 0.001 ng; Bgsa 5D >10144g7Agg
52.830-54.830 2.0E-4 TNFaD6S1615D6S1014 52.830-55.330 2.0E-4 TNFaD6S1615D6S1014 SA99 ~ 52.502-55.502 7.0E-4 TNFaD6S1615 D6S1014 SA99
SA99 D6S2447 D6S2444 D6S2447 D6S2444 D6S497 D6S2447 D 444 D6S497
D65497 52.090 - 55490 1.0E-4 TNFa DB6S1615 DAS1014 SAQ9 ~ 52.829-55.829 4.0E-4 TNFa D6S1615 D6S1014 SA99
52.990 - 54.990 1.0E-4 TNFa D6S1615 D6S1014 DBS2447 DBS2444 D6S497 D6S2447 D6S244¢
SA90D6S2447 DBS2444 | 53691-56.191 2.0E-4 TNFaD6S1615 D6S014 SAge =~ 52:8%0-55830 2084  TNFa BESIO10 DEST0NS SA9
53.691-55.691 1.0E-4 TNFa D6S1615 D6S1014 D6S2447 0532444 065497 52.990-55.990 4.0E-4 TNFa D6S1615 D6S1014 SA99
53.691-56.691 2.0E-4 TNFaD6S1615 D6S1014 SA99
suzsi-ssrst soee SOSiGlopesioaage S9702-S622 OE4 DBISDSSUMSAR. i g RGGTRISMECES
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Chromosome X
p-value
1.0
0.1
0.5cM
window
0.01 distance
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1.0
0.1
1.5cM
U window
0.01
0.001 distance
0 19 39 58 78 97 116 136 155 175 194 [cM]

windows size = 0.5

Selected Windows p-value Significative Markers
position (cM

85.732-86.232 0.0454 DXS339 DXS8031
85.744 - 86.244 0.0242 DXS339 DXS8031

windows size 1.0

position (cM
45.818 - 46.818

84.912 - 85.912
84.996 - 85.996
85.720 - 86.720
85.732 - 86.732
85.744 - 86.744
85.745 - 86.745

0.0242

0.0209
0.0209
0.0128
0.0069
0.0030
0.0242

Selected Windows p-value Significative Markers

DXS1218 DXS8049

DXS981 DXS339 DXS8031
DXS981 DXS339 DXS8031
DXS339 DXS8031 DXS8052
DXS339 DXS8031 DXS8052
DXS339 DXS8031 DXS8052
DXS8031 DXS8052

position (cM)
45.818 - 47.318

84.912 - 86.412
84.996 - 86.496
85.301 - 86.801
85.720 - 87.220
85.732 - 87.232
85.744 - 87.244
85.745 - 87.245

windows size = 1.5

0.0242

0.0312
0.0209
0.0209
0.0128
0.0069
0.0030
0.0242

Selected Windows p-value Significative Markers

DXS1218 DXS8049

DXS981 DXS339 DXS8031
DXS981 DXS339 DXS8031
DXS339 DXS8031 DXS8052
DXS339 DXS8031 DXS8052
DXS339 DXS8031 DXS8052
DXS339 DXS8031 DXS8052
DXS8031 DXS8052
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Appendix D — Genes of interest derived from sliding
windows

142 potential candidate genes contained in significant genomic windows that derive from

STR-genotyping data of a pooled DNA approach with MS patients and controls.

CHR, n Candidate genes Gene symbol
1,8 H3 histone, family 3A H3F3A
Acyl-Coenzyme A binding domain containing 3 ACBD3
Mix1 homeobox-like 1 (Xenopus laevis) MIXLA1
TGS2 TGS2
Fibromodulin FMOD
Proline arginine-rich end leucine-rich repeat protein PRELP
Opticin OPTC
Hypothetical protein DKFZp686K08109 ATP2B4
2;3 Succinate-CoA ligase, GDP-forming, alpha subunit SUCLG1
NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 3, 12kDa NDUFB3
Low density lipoprotein-related protein 1B LRP1B
3;2 APGTL protein APGL7
Ribosomal protein L32 RPLR32
4,6 Scrapie-responsive protein 1 precursor SCRG1
Heart- and neural crest derivatives-expressed protein 2 HAND2
Mortality factor 4 MORF4
Latrophilin 3 precursor LPHN3
Hypothetical protein DKFZp686C0686 EPHA5
Hypothetical protein FLJ43569 MMRN1
54 Monogenic, audiogenic seizure susceptibility 1 homolog MASS1
Dmx-like 1 DMXLA1
Hydroxysteroid (17-beta) dehydrogenase 4 HSD17B4
5-methyltetrahydrofolate-homocysteine methyltransferase reductase MTRR
6; 29 Apolipoprotein M APOM
Casein kinase 2, beta polypeptide CSNK2B
G6b-A protein precursor C6orf25
Dimethylarginine dimethylaminohydrolase 2 DDAH2
Chloride intracellular channel 1 CLIC1
LSM2 homolog, U6 small nuclear RNA associated LSM2
Chromosome 6 open reading frame 48 C6orf48
Sialidase 1 NEU1
DOMB3Z protein DOM3Zz
Chromosome 6 open reading frame 31 C6orf31
Palmitoyl-protein thioesterase 2 PPT2
NG3 protein EGFL8
1-acylglycerol-3-phosphate O-acyltransferase 1 AGPAT1
Ring finger protein 5 RNF5
Advanced glycosylation end product-specific receptor AGER
Pre-B-cell leukemia transcription factor 2 PBX2
Bromodomain containing 2 BRD2
Collagen, type XI, alpha 2 COL11A2
Hydroxysteroid (17-beta) dehydrogenase 8 HSD17B8
Vacuolar protein sorting 52 VPS52
408 ribosomal protein S18 RPS18

Chromosome 6 open reading frame 11 Cé6orf11
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Ral guanine nucleotide dissociation stimulator-like 2 RGL2
Kinesin family member C1 KIFC1
PHD finger protein 1 PHF1
Synaptic Ras GTPase activating protein 1 SYNGAP1
Zinc finger and BTB domain containing protein 9 ZBTB9
Fucosyltransferase 9 FUT9
F-box and leucine-rich repeat protein 4 FXL4
79 LSM8 homolog, U6 small nuclear RNA associated LSM8
Ankyrin repeat domain 7 ANKRD7
Distal-less homeo box 5 DLX5
Neuronal pentraxin Il NPTX2
Smad ubiquitination regulatory factor 1 SMURF1
Growth factor receptor-bound protein 10 GRB10
Dopa decarboxylase DDC
Zuotin related factor 1 ZRF1
Prestin PRES
8,7 Extracellular sulfatase Sulf-1 precursor SULF1
Solute carrier organic anion transporter family, member 5A1 SLCO5A1
PR domain containing 14 PRDM14
nuclear receptor coactivator 2 NCOA2
Translocation associated membrane protein 1 TRAM1
Eyes absent homolog 1 EYA1
V-yes-1 Yamaguchi sarcoma viral related oncogene homolog LYN
9;1 BA438B23.1 (Neuronal leucine-rich repeat protein) NM_152570
10; 5 Neuropeptide FF receptor 1 (G protein-coupled receptor 147) GPR147
Nodal homolog NODAL
inter-alpha (globulin) inhibitor H2 ITIH2
KIN, antigenic determinant of recA protein homolog KIN
ATP synthase, H+ transporting, mitochondrial F1 complex, gamma polypeptide 1 ATP5CA1
11,7 Doublecortin domain-containing protein 1 DCD1
Reticulocalbin 1, EF-hand calcium binding domain RCN1
Wilms tumor 1 WT1
F-box protein 3 FBXO3
LIM domain only 2 LMO2
Jerky homolog-like JRKL
Olfactory receptor, family 6, subfamily X OR6X1
12;13 Low density lipoprotein receptor-related protein 6 LRP6
MANSC domain containing protein 1 precursor (UNQ316/PRO361) MANSCA1
Retinoic acid induced 3 protein (G protein-coupled receptor family C group 5 member A) GPCR5A
G protein-coupled receptor, family C, group 5, member D GPR5CD
Heme-binding protein HEBP1
Epithelial membrane protein 1 EMP1
DYRK2 protein DYRK2
Nuclear protein double minute 1 MDM1
Ras-related protein Rap-1b (GTP-binding protein smg p21B) RAP1B
Nuclear pore complex protein Nup107 NUP107
MDS023 (MRPS35 protein) MRPS35
Myosin binding protein C, slow type MYBPC1
ADP-ribosylation factor-like 1 ARL1
13;8 Component of oligomeric golgi complex 6 COG6
Forkhead box O1A (rhabdomyosarcoma) FOXO1A
Mitochondrial ribosomal protein S31 MRPS31
Solute carrier family 25 (mitochondrial carrier; ornithine transporter) member 15 SLC25A15
WW domain binding protein 4 (formin binding protein 21) WBP4
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Kelch repeat and BTB domain containing protein 6 KBTBD6
Kelch repeat and BTB domain containing protein 7 KBTBD7
Mitochondrial translational release factor 1 MTRF1
14; 2 Olfactory receptor, family 4, subfamily E OR4E2
Pellino homolog 2 PELI2
15; 4 Ribosomal protein L4 RPL4
SMAD, mothers against DPP homolog 6 SMAD6
Ceroid-lipofuscinosis, neuronal 6, late infantile, variant CLNG6
Integrin, alpha 11 ITA11
16; 3 Transition protein 2 (during histone to protamine replacement) TNP2
Protamine 2 PRM2
Protamine 1 PRM1
17;5 Myosin, heavy polypeptide 3, skeletal muscle, embryonic MYH3
BRCA1 interacting protein C-terminal helicase 1 BRIP1
Thyroid hormone receptor-associated protein complex 240 kDa component THRAP
Methyltransferase-like protein 2 (HSPC266) METL2
Serine/threonine-protein kinase tousled-like 2 (PKU-alpha) TLK2
19; 14 Mannosidase, alpha, class 2B, member 1 MAN2B1
Deoxyhypusine synthase DHPS
Transportin 2 (importin 3, karyopherin beta 2b) TNPO2
ArsA arsenite transporter, ATP-binding ASNA1
Nuclear factor I/X (CCAAT-binding transcription factor) NFIX
Probable N(2),N(2)-dimethylguanosine tRNA methyltransferase TRM1
Syntaxin 10 STX10
phosphoinositide-3-kinase, regulatory subunit 2 (p85 beta) PIK3R2
Phosphodiesterase 4C, cAMP-specific PDE4C
Mitochondrial ribosomal protein L34 MRPL34
6-phosphogluconolactonase PGLS
Ribosomal protein L18a RPL18A
Solute carrier family 5 (sodium iodide symporter), member 5 SLC5A5
Apolipoprotein C-I APOC2
20; 2 Bone morphogenetic protein 2 BMP2
PCSK2 protein PCSK2
21;3 ATP synthase, H+ transporting, mitochondrial FO complex, subunit F6 ATP5J
GA binding protein transcription factor, alpha subunit 60kDa GABPA
Cysteine and tyrosine-rich 1 CYYR1
X7 Pyrimidinergic receptor P2Y4 P2RY4
Arrestin 3, retinal (X-arrestin) ARR3
Kinesin family member 4A KIF4A
Testis protein TEX11 TEX11
Variable charge, X-linked VCX
GS2 protein (DXS1283E) PNPLA4
Variable charge X-linked protein 2 (VCX-B protein) VCX2

3 =142
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Appendix E — Allele and genotype frequency distributions

and corresponding statistics

Data derived from 16 tested SNPs on 572 individuals

* not significant when subjected to Sequential Bonferroni correction (correction for multiple testing was enabled when

stratification was performed).

@ deviating from Hardy-Weinberg Equilibrium (HWE)

Table E1 | Allele and genotype frequency distribution VGGL4; MS vs. Controls

MS patients Controls p -value  Odds ratio 95% CI
(n =287) (n =285)
SNP 24 Allele
A 69 (12.1%) 68 (12.0%) 0.945
G 501 (87.9%) 500 (88.0%)
Genotype
AA 3 (1.1%) 3 (1.1%) 1.000
AG 63 (22.1%) 62 (21.8%) 0.937
GG 219 (76.8%) 219 (77.1%) 0.939
SNP 9 Allele
A 264 (46.0%) 278 (48.8%) 0347
G 310 (54.0%) 292 (51.2%)
Genotype
AA 68 (23.7%) 61 (21.4%) 0.512
AG 128 (44.6%) 156 (54.7%) 0.015 0.67 0.48 - 0.93
GG 91 (31.7%) 68 (23.9%) 0.036 1.48 1.03-2.14
SNP 20 Allele
A 517 (90.1%) 522 (91.6%) 0377
C 57 (9.9%) 48 (8.4%) '
Genotype
AA 232 (80.8%) 241 (84.6%) 0.239
AC 53 (18.5%) 40 (14.0%) 0.151
CcC 2 (0.7%) 4 (1.4%) 0.449

Table E2 | Allele and genotype frequency distribution VGGL4; RRMS vs Controls

RRMS Controls p-value  Odds ratio 95% CI
(n=192) (n = 285)
SNP 24 Allele
A 42 (11.0%) 68 (12.0%)
G 340 (89.0%) 500 (88.0%) 0645
Genotype
AA 2 (1.0%) 3(1.1%) 1.000
AG 38 (19.9%) 62 (21.8%) 0.612
GG 151 (79.1%) 219 (77.1%) 0.616
SNP 9 Allele
A 186 (48.4%) 278 (48.8%)
G 198 (51.6%) 292 (51.2%) 0919
Genotype
AA 52 (27.1%) 61 (21.4%) 0.152
AG 82 (42.7%) 156 (54.7%) 0.010 0.62 0.43 - 0.89
GG 58 (30.2%) 68 (23.9%) 0.123
SNP 20 Allele
A 347 (90.4%) 522 (91.6%)
C 37 (9.6%) 48 (8.4%) 0519
Genotype
AA 156 (81.3%) 241 (84.6%) 0.342
AC 35 (18.2%) 40 (14.0%) 0.217
cC 1(0.5%) 4 (1.4%) 0.653
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Table E3 | Allele and genotype frequency distribution VGGL4; PPMS vs Controls

PPMS Controls p-value  Odds ratio 95% CI
(n = 95) (n = 285)
SNP 24 Allele
A 27 (14.4%) 68 (12.0%)
G 161 (85.6%) 500 (88.0%) 0.392
Genotype
AA 1(1.1%) 3(1.1%) 1.000
AG 25 (26.6%) 62 (21.8%) 0.341
GG 68 (72.3%) 219 (77.1%) 0.348
SNP9 Allele
A 78 (41.0%) 278 (48.8%)
G 112 (59.0%) 292 (51.2%) 0.065 073 053-1.02
Genotype
AA 16 (16.8%) 61 (21.4%) 0.338
AG 46 (48.4%) 156 (54.7%) 0.285
GG 33 (34.7%) 68 (23.9%) 0.038* 170 1.03-2.81
SNP 20 Allele
A 170 (89.5%) 522 (91.6%)
c 20 (10.5%) 48 (8.4%) 0.379
Genotype
AA 76 (80.0%) 241 (84.6%) 0.301
AC 18 (18.9%) 40 (14.0%) 0.249
cc 1(1.1%) 4 (1.4%) 1.000

Table E4 | Allele and genotype frequency distribution VGGL4; PPMS vs RRMS

PPMS RRMS p-value  Odds ratio 95% CI
(n =95) (n=192)
SNP 24 Allele
A 27 (14.4%) 42 (11.0%)
G 161 (85.6%) 340 (89.0%) 0.247
Genotype
AA 1(1.1%) 2 (1.0%) 1.000
AG 25 (26.6%) 38 (19.9%) 0.200
GG 68 (72.3%) 151 (79.1%) 0.206
SNP 9 Allele
A 78 (41.0%) 186 (48.4%)
G 112 (59.0%) 198 (51.6%) 0.095 074 052-1.05
Genotype
AA 16 (16.8%) 52 (27.1%) 0.055 055  0.29-1.02
AG 46 (48.4%) 82 (42.7%) 0.360
GG 33 (34.7%) 58 (30.2%) 0.438
SNP 20 Allele
A 170 (89.5%) 347 (90.4%) 0.737
c 20 (10.5%) 37 (9.6%)
Genotype
AA 76 (80.0%) 156 (81.3%) 0.800
AC 18 (18.9%) 35 (18.2%) 0.883
cc 1(1.1%) 1(0.5%) 0.553
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Table E5 | Allele and genotype frequency distribution PRF1; MS vs. Controls

MS patients

Controls

p-value  Odds ratio 95% CI

SNP 16 Allele
A
G
Genotype
AA
AG
GG

SNP 1 Allele
A
G
Genotype
AA
AG
GG

(n = 287)

320 (56.1%)
250 (43.9%)

95 (33.3%)
130 (45.6%)
60 (21.1%)

213 (37.2%)
359 (62.8%)

40 (14.0%)
133 (46.5%)
113 (39.5%)

(n = 285)

348 (61.1%)
222 (38.9%)

110 (38.6%)
128 (44.9%)
47 (16.5%)

179 (31.4%)
391 (68.6%)

31 (10.9%)
117 (41.1%)
137 (48.1%)

0.092 0.82 0.65-1.03

0.190
0.866
0.163

0.038 1.30 1.01-1.66

0.260
0.189

0.039 0.71 0.51-0.98

Table E6 | Allele and genotype frequency distribution PRF1; RRMS vs Controls

RRMS

Controls

p-value  Odds ratio 95% CI

SNP 16 Allele
A
G
Genotype
AA
AG
GG

SNP 1 Allele
A
G
Genotype
AA
AG
GG

(n=192)

212 (55.2%)
172 (44.8%)

61 (31.8%)
90 (46.9%)
41 (21.4%)

145 (37.8%)
239 (62.2%)

28 (14.6%)
89 (46.4%)
75 (39.1%)

(n = 285)

348 (61.1%)
222 (38.9%)

110 (38.6%)
128 (44.9%)
47 (16.5%)

179 (31.4%)
391 (68.6%)

31 (10.9%)
117 (41.1%)
137 (48.1%)

0.072 0.79 0.61-1.02

0.127
0.673
0.179

0.042* 1.33 1.01-1.74

0.228
0.252

0.052 0.69 0.48 - 1.00

Table E7 | Allele and genotype frequency distribution PRF1; PPMS vs Controls

PPMS

Controls

p-value  Odds ratio 95% CI

SNP 16 Allele
A
G
Genotype
AA
AG
GG

SNP 1 Allele
A
G
Genotype
AA
AG
GG

(n = 95)

108 (58.1%)
78 (41.9%)

34 (36.6%)
40 (43.0%)
19 (20.4%)

68 (36.2%)
120 (63.8%)

12 (12.8%)
44 (46.8%)
38 (40.4%)

(n = 285)

348 (61.1%)
222 (38.9%)

110 (38.6%)
128 (44.9%)
47 (16.5%)

179 (31.4%)
391 (68.6%)

31 (10.9%)
117 (41.1%)
137 (48.1%)

0.470

0.725
0.749
0.385

0.227

0.617
0.328
0.197
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Table E8 | Allele and genotype frequency distribution PRF1; PPMS vs RRMS

PPMS RRMS p-value  Odds ratio 95% CI
(n = 95) (n=192)
SNP 16 Allele
A 108 (58.1%) 212 (55.2%)
G 78 (41.9%) 172 (44.8%) 0.519
Genotype
AA 34 (36.6%) 61 (31.8%) 0.421
AG 40 (43.0%) 90 (46.9%) 0.539
GG 19 (20.4%) 41 (21.4%) 0.858
SNP 1 Allele
A 68 (36.2%) 145 (37.8%)
G 120 (63.8%) 239 (62.2%) 0.712
Genotype
AA 12 (12.8%) 28 (14.6%) 0.677
AG 44 (46.8%) 89 (46.4%) 0.942
GG 38 (40.4%) 75 (39.1%) 0.825

Table E9 | Allele and genotype frequency distribution ADAMTS14; MS vs. Controls

MS patients Controls p-value  Odds ratio 95% CI
(n = 287) (n = 285)
SNP6 Allele
C 152 (26.6%) 127 (22.3%)
Genotype
cc 19 (6.6%) 14 (4.9%) 0.375
cT 114 (39.9%) 99 (34.7%) 0.206
T 153 (53.5%) 172 (60.4%) 0.098 0.76 0.54-1.05
SNP 19° Allele
A 206 (36.5%) 194 (34.5%)
G 358 (63.5%) 368 (65.5%) 0.482
Genotype
AA 61 (21.6%) 54 (19.2%) 0.477
AG 84 (29.8%) 86 (30.6%) 0.833
GG 137 (48.6%) 141 (50.2%) 0.705
SNP 8- Allele
C 208 (36.2%) 218 (38.3%)
G 366 (63.8%) 352 (61.8%) 0.482
Genotype
cc 28 (9.8%) 50 (17.5%) 0.007 0.51 0.31-0.83
cG 152 (53.0%) 118 (41.4%) 0.006 1.59 1.15-2.22
GG 107 (37.3%) 17 (41.1%) 0.356
SNP 23 Allele
A 69 (12.1%) 92 (16.2%)
G 501 (87.9%) 476 (83.8%) 0.048 0.71 0.51—1.00
Genotype
AA 4 (1.4%) 8 (2.8%) 0.241
AG 61 (21.4%) 76 (26.8%) 0.135
GG 220 (77.2%) 200 (70.4%) 0.066 1.42 0.98 — 2.07
SNP 10 Allele
A 148 (25.8%) 134 (23.6%)
G 426 (74.2%) 434 (76.4%) 0.390
Genotype
AA 17 (5.9%) 15 (5.3%) 0.739
AG 114 (39.7%) 104 (36.6%) 0.446
GG 156 (54.4%) 165 (58.1%) 0.367
SNP 21 Allele
c 530 (92.7%) 500 (88.0%)
T 42 (7.3%) 68 (12.0%) 0.008 1.72 1.15 - 2.57
Genotype
cc 246 (86.0%) 221 (77.8%) 0.011 1.75 1.13-2.71
cT 38 (13.3%) 58 (20.4%) 0.023 0.60 0.38 - 0.93
T 2(0.7%) 5 (1.8%) 0.250
SNP 12 Allele
A 295 (51.9%) 303 (53.5%)
G 273 (48.1%) 263 (46.5%) 0.590
Genotype
AA 71 (25.0%) 79 (27.9%) 0.431
AG 153 (53.9%) 145 (51.2%) 0.530
GG 60 (21.1%) 59 (20.8%) 0.935
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SNP 22

Allele
A
T

Genotype

AA
AT
TT

229 (40.2%)
341 (59.8%)

40 (14.0%)
149 (52.3%)
96 (33.7%)

214 (37.5%)
356 (62.5%)

45 (15.8%)
124 (43.5%)
116 (40.7%)

0.362

0.557
0.036
0.083

1.42
0.74

1.02-1.98
0.53 - 1.04

Table E10 | Allele and genotype frequency distribution ADAMTS14; RRMS vs Controls

RRMS Controls p-value  Odds ratio 95% ClI
(n=192) (n = 285)
SNP 6 Allele
c 103 (26.8%) 127 (22.3%)
T 281 (73.2%) 443 (77.7%) 0.108
Genotype
cc 15 (7.8%) 14 (4.9%) 0.194
cT 73 (38.0%) 99 (34.7%) 0.464
T 104 (54.2%) 172 (60.4%) 0.180
SNP19°  Allele
A 122 (32.3%) 194 (34.5%)
G 256 (67.7%) 368 (65.5%) 0.475
Genotype
AA 34 (18.0%) 54 (19.2%) 0.738
AG 54 (28.6%) 86 (30.6%) 0.636
GG 101 (53.4%) 141 (50.2%) 0.488
SNP 8= Allele
c 135 (35.2%) 218 (38.3%)
G 249 (64.8%) 352 (61.8%) 0.332
Genotype
cc 19 (9.9%) 50 (17.5%) 0.020* 052  0.29-0.91
cG 97 (50.5%) 118 (41.4%) 0.050* 1.45 1.00 — 2.09
GG 76 (39.6%) 117 (41.1%) 0.748
SNP 23 Allele
A 46 (12.0%) 92 (16.2%)
G 336 (88.0%) 476 (83.8%) 0.075 0.71 0.48 — 1.04
Genotype
AA 3(1.6%) 8 (2.8%) 0.376
AG 40 (20.9%) 76 (26.8%) 0.148
GG 148 (77.5%) 200 (70.4%) 0.088 145  0.95-2.21
SNP 10 Allele
A 105 (27.3%) 134 (23.6%)
G 279 (72.7%) 434 (76.4%) 0.190
Genotype
AA 11 (5.7%) 15 (5.3%) 0.833
AG 83 (43.2%) 104 (36.6%) 0.147
GG 98 (51.0%) 165 (58.1%) 0.129
SNP 21 Allele
c 357 (93.5%) 500 (88.0%)
T 25 (65%) 68 (120%) 0.006* 1.94 1.20 - 3.13
Genotype
cc 167 (87.4%) 221 (77.8%) 0.008* 1.98 1.19 - 3.31
cT 23 (12.0%) 58 (20.4%) 0.017* 053  0.32-0.90
T 1 (0.5%) 5 (1.8%) 0.237
SNP 12 Allele
A 194 (50.5%) 303 (53.5%)
G 190 (49.5%) 263 (46.5%) 0.362
Genotype
AA 45 (23.4%) 79 (27.9%) 0.276
AG 104 (54.2%) 145 (51.2%) 0.530
GG 43 (22.4%) 59 (20.8%) 0.687
SNP 22 Allele
A 147 (38.7%) 214 (37.5%)
T 233 (61.3%) 356 (62.5%) 0.723
Genotype
AA 24 (12.6%) 45 (15.8%) 0.339
AT 99 (52.1%) 124 (43.5%) 0.066 1.41 0.98 — 2.04
T 67 (35.3%) 116 (40.7%) 0.233
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Table E11 | Allele and genotype frequency distribution ADAMTS14; PPMS vs Controls

PPMS Controls p-value  Odds ratio 95% CI
(n = 95) (n = 285)
SNP6 Allele
C 49 (26.1%) 127 (22.3%) 0.087
T 139 (73.9%) 443 (77.7%) :
Genotype
cc 4 (4.3%) 14 (4.9%) 0.795
cT 41 (43.6%) 99 (34.7%) 0.122
T 49 (52.1%) 172 (60.4%) 0.161
SNP 19 ¢ Allele
A 84 (45.2%) 194 (34.5%) .
A 102 (54.8%) 368 (65.5%) 0.009 1.56 1.12-2.19
Genotype
AA 27 (29.0%) 54 (19.2%) 0.046* 1.72 1.01-2.94
AG 30 (32.3%) 86 (30.6%) 0.765
GG 36 (38.7%) 141 (50.2%) 0.055 0.63 0.39 - 1.01
SNP 8- Allele
C 73 (38.4%) 218 (38.3%) 0.966
G 117 (61.6%) 352 (61.8%) :
Genotype
cc 9 (9.5%) 50 (17.5%) 0.060 0.49 0.23-1.04
cG 55 (57.9%) 118 (41.4%) 0.005 1.95 1.22-3.12
GG 31(32.6%) 117 (41.1%) 0.145
SNP 23 Allele
A 23 (12.2%) 92 (16.2%)
G 165 (87.8%) 476 (83.8%) 0.190
Genotype
AA 1 (1.1%) 8 (2.8%) 0.334
AG 21 (22.3%) 76 (26.8%) 0.395
GG 72 (76.6%) 200 (70.4%) 0.248
SNP 10 Allele
A 43 (22.6%) 134 (23.6%)
G 147 (77.4%) 434 (76.4%) 0.787
Genotype
AA 6 (6.3%) 15 (5.3%) 0.703
AG 31(32.6%) 104 (36.6%) 0.482
GG 58 (61.1%) 165 (58.1%) 0.613
SNP 21 Allele
c 173 (91.1%) 500 (88.0%)
T 17 (8.9%) 68 (12.0%) 0.253
Genotype
cc 79 (83.2%) 221 (77.8%) 0.267
cT 15 (15.8%) 58 (20.4%) 0.322
T 1 (1.1%) 5 (1.8%) 0.632
SNP 12 Allele
A 101 (54.9%) 303 (53.5%)
G 83 (45.1%) 263 (46.5%) 0.748
Genotype
AA 26 (28.3%) 79 (27.9%) 0.949
AG 49 (53.3%) 145 (51.2%) 0.736
GG 17 (18.5%) 59 (20.8%) 0.623
SNP 22 Allele
A 82 (43.2%) 214 (37.5%)
T 108 (56.8%) 356 (62.5%) 0.169
Genotype
AA 16 (16.8%) 45 (15.8%) 0.809
AT 50 (52.6%) 124 (43.5%) 0.122

TT 29 (30.5%) 116 (40.7%) 0.077 0.64 0.39-1.05
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Table E12 | Allele and genotype frequency distribution ADAMTS14; PPMS vs RRMS.

PPMS RRMS p-value  Odds ratio 95% CI
(n = 95) (n=192)
SNP 6 Allele
I 49 (26.1%) 103 (26.8%)
T 139 (73.9%) 281 (73.2%) 0.847
Genotype
cc 4 (4.3%) 15 (7.8%) 0.319
cT 41 (43.6%) 73 (38.0%) 0.364
T 49 (52.1%) 104 (54.2%) 0.745
SNP 19 ¢ Allele
A 84 (45.2%) 122 (32.3%)
G 102 (548%) 256 (677%) 0.003 1.73 1.21-2.48
Genotype
AA 27 (29.0%) 34 (18.0%) 0.034* 1.87 1.04 - 3.34
AG 30 (32.3%) 54 (28.6%) 0.525
GG 36 (38.7%) 101 (53.4%) 0.020* 0.55  0.33-0.91
SNP 8= Allele
c 73 (38.4%) 135 (35.2%)
G 117 (61.6%) 249 (64.8%) 0.444
Genotype
cc 9 (9.5%) 19 (9.9%) 1.000
cG 55 (57.9%) 97 (50.5%) 0.239
GG 31(32.6%) 76 (39.6%) 0.252
SNP 23 Allele
A 23 (12.2%) 46 (12.0%)
G 165 (87.8%) 336 (88.0%) 0.947
Genotype
AA 1(1.1%) 3 (1.6%) 1.000
AG 21 (22.3%) 40 (20.9%) 0.787
GG 72 (76.6%) 148 (77.5%) 0.866
SNP 10 Allele
A 43 (22.6%) 105 (27.3%)
G 147 (77.4%) 279 (72.7%) 0.225
Genotype
AA 6 (6.3%) 11(5.7%) 0.797
AG 31(32.6%) 83 (43.2%) 0.084 064  0.38-1.07
GG 58 (61.1%) 98 (51.0%) 0.109
SNP 21 Allele
I 173 (91.1%) 357 (93.5%)
T 17 (8.9%) 25 (6.5%) 0.299
Genotype
cc 79 (83.2%) 167 (87.4%) 0.326
cT 15 (15.8%) 23 (12.0%) 0.460
T 1(1.1%) 1 (0.5%) 1.000
SNP 12 Allele
A 101 (54.9%) 194 (50.5%)
G 83 (45.1%) 190 (49.5%) 0.329
Genotype
AA 26 (28.3%) 45 (23.4%) 0.380
AG 49 (53.3%) 104 (54.2%) 0.886
GG 17 (18.5%) 43 (22.4%) 0.449
SNP 22 Allele
A 82 (43.2%) 147 (38.7%)
T 108 (56.8%) 233 (61.3%) 0.304
Genotype
AA 16 (16.8%) 24 (12.6%) 0.335
AT 50 (52.6%) 99 (52.1%) 0.933

T 29 (30.5%) 67 (35.3%) 0.425
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Table E13 | Allele and genotype frequency distribution C100rf27; MS vs. Controls

MS patients Controls p-value  Odds ratio 95% CI
(n = 287) (n = 285)
SNP 13 Allele
A 439 (76.8%) 384 (67.4%)
Genotype
AA 170 (59.4%) 127 (44.6%) 0.0004 1.82 1.31-2.54
AG 99 (34.6%) 130 (45.6%) 0.007* 0.63 0.45-0.88
GG 17 (5.9%) 28 (9.8%) 0.085 0.58 0.31-1.09
SNP 17 Allele
c 67 (11.7%) 75 (13.2%)
T 505 (88.3%) 495 (86.8%) 0.460
Genotype
cc 0() 4(1.4%) 0.109
cT 67 (23.4%) 67 (23.5%) 0.982
T 219 (76.6%) 214 (75.1%) 0.678
SNP 18 Allele
A 191 (33.3%) 181 (31.8%)
C 383 (66.7%) 389 (68.2%) 0.583
Genotype
AA 29 (10.1%) 31 (10.9%) 0.763
AC 133 (46.3%) 119 (41.8%) 0.269
cc 125 (43.6%) 135 (47.4%) 0.360

Table E14 | Allele and genotype frequency distribution C100rf27; RRMS vs Controls

RRMS Controls p-value  Odds ratio 95% CI
(n=192) (n = 285)
SNP 13 Allele
A 299 (77.9%) 384 (67.4%)
Genotype
AA 117 (80.9%) 127 (44.6%) 0.0005 1.94 1.34-2.82
AG 65 (33.9%) 130 (45.6%) 0.010* 0.61 0.42 - 0.89
GG 10 (5.2%) 28 (9.8%) 0.068 0.50 0.24-1.06
SNP 17 Allele
c 56 (14.6%) 75 (13.2%)
T 328 (85.4%) 495 (86.8%) 0.530
Genotype
cc 0() 4(1.4%) 0.152
cT 56 (29.2%) 67 (23.5%) 0.166
T 136 (70.8%) 214 (75.1%) 0.303
SNP 18 Allele
A 125 (32.6%) 181 (31.8%)
C 259 (67.4%) 389 (68.2%) 0.796
Genotype
AA 19 (9.9%) 31 (10.9%) 0.731
AC 87 (45.3%) 119 (41.8%) 0.442
cc 86 (44.8%) 135 (47.4%) 0.580




Appendix E — Allele and genotype frequency distributions and corresponding statistics

Table E15 | Allele and genotype frequency distribution C100rf27; PPMS vs Controls

PPMS Controls p-value  Odds ratio 95% CI
(n = 95) (n = 285)
SNP 13 Allele
A 140 (74.5%) 384 (67.4%)
G 48 (25.5%) 186 (32.6%) 0.068 1.41 0.97 - 2.05
Genotype
AA 53 (56.4%) 127 (44.6%) 0.047* 1.61 1.01-2.57
AG 34 (36.2%) 130 (45.6%) 0.109
GG 7 (7.4%) 28 (9.8%) 0.490
SNP 17 Allele
o] 11 (5.9%) 75 (13.2%)
T 177 (94.1%) 495 (86.8%) 0.005 041 0.21-079
Genotype
cc 0() 4 (1.4%) 0.576
cT 1 (11.7%) 67 (23.5%) 0.014* 0.43 0.22-0.86
T 83 (88.3%) 214 (75.1%) 0.007* 2.50 1.26 — 4.96
SNP 18 Allele
A 66 (34.7%) 181 (31.8%)
c 124 (65.3%) 389 (68.2%) 0.447
Genotype
AA 10 (10.5%) 31 (10.9%) 0.924
AC 46 (48.4%) 119 (41.8%) 0.256
cc 39 (41.1%) 135 (47.4%) 0.285

Table E16 | Alele and genotype frequency distribution C100rf27; PPMS vs RRMS

PPMS RRMS p-value  Odds ratio 95% CI
(n = 95) (n=192)
SNP 13 Allele
A 140 (74.5%) 299 (77.9%)
G 48 (25.5%) 85 (22.1%) 0.366
Genotype
AA 53 (56.4%) 117 (60.9%) 0.461
AG 34 (36.2%) 65 (33.9%) 0.699
GG 7 (7.4%) 10 (5.2%) 0.452
SNP 17 Allele
c 11 (5.9%) 56 (14.6%)
T 177 (94.1%) 328 (85.4%) 0.002 037 0.19-0.71
Genotype
cc 0() 0()
cT 11 (11.7%) 56 (29.2%) 0.001 0.32 0.16 - 0.65
T 83 (88.3%) 136 (70.8%) 0.001 3.11 1.54-6.25
SNP 18 Allele
A 66 (34.7%) 125 (32.6%)
c 124 (65.3%) 259 (67.4%) 0.601
Genotype
AA 10 (10.5%) 19 (9.9%) 0.868
AC 46 (48.4%) 87 (45.3%) 0.619
cc 39 (41.1%) 86 (44.8%) 0.548
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Appendix F — Haplotype and haplotype pair frequency
distributions and corresponding statistics

Chi-square-test: no Yates correction; P-value estimation: 2-tail, 1 degree of freedom; OR

= odds ratio; 95% CIl = 95% confidence interval; MAF = Minor Allele frequency.

1) VGLL-4

SNP #24: A/G; MAF(A) = 0.12
SNP #9: A/G; MAF(A) = 0.47
SNP #20: A/C; MAF(C) = 0.09

Haplotype frequencies VGLL-4

# Haplotype MS (n) % HC (n) % RRMS (n) % PPMS (n) %
H1 GAA 261 45.8 277 48.8 183 47.9 78 41.5
H2 GGA 183 321 175 30.8 120 31.4 63 33.5
H3 AGA 68 1.9 68 12.0 41 10.7 27 14.4
H4 GGC 56 9.8 47 8.3 36 9.4 20 10.6
H5 GAC 1 0.2 1 0.2 1 0.3 0 -
H6 AAA 1 0.2 0 - 1 0.3 0 -
) 570 568 382 188

Haplotype frequency comparison VGLL-4

# Haplotype Groups P OR 95% CI
HA1 GAA MS HC 0.314
RR HC 0.794
PP HC 0.083 0.75 0.53-1.04
PP RR 0.148
H2 GGA MS HC 0.638
RR HC 0.844
PP HC 0.490
PP RR 0.614
H3 AGA MS HC 0.983
RR HC 0.557
PP HC 0.392
PP RR 0.209
H4 GGC MS HC 0.362
RR HC 0.538
PP HC 0.374
PP RR 0.647
H5 GAC MS HC 1.000
RR HC 1.000
PP HC 1.000
PP RR 1.000
H6 AAA MS HC 1.000
RR HC 0.402

PP RR 1.000
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2) PRF1
SNP#16: A/G; MAF(G) = 0.41
SNP#1: A/G; MAF(A) = 0.34
Haplotype frequencies PRF1
# Haplotype MS (n) % HC (n) % RRMS (n) % PPMS (n) %
H1 AG 320 56.1 347 60.9 212 55.2 108 58.1
H2 GA 213 374 178 31.2 145 37.8 68 36.6
H3 GG 37 6.5 44 7.7 27 7.0 10 5.4
H4 AA 0 - 1 0.2 0 - 0 -
z 570 570 384 186
Haplotype frequency comparisons PRF1
# Haplotype Groups P OR 95% ClI
H1 AG MS HC 0.105
RR HC 0.081 0.79 0.61-1.03
PP HC 0.496
PP RR 0.519
H2 GA MS HC 0.029 1.31 1.03 - 1.68
RR HC 0.037 1.34 1.02 -1.75
PP HC 0.178
PP RR 0.781
H3 GG MS HC 0.420
RR HC 0.691
PP HC 0.328
PP RR 0.587
H4 AA MS HC 1.000
RR HC 1.000
PP HC 1.000
Haplotype pair frequencies PRF1
HapPair ~ MS (n) % HC (n) % RRMS (n) % PPMS (n) %
11 95 33.3 109 38.2 61 31.8 34 36.6
1/2 113 39.6 102 35.8 76 39.6 37 39.8
1/3 17 6.0 26 9.1 14 7.3 3 3.2
1/4 0 - 1 0.4 0 - 0 -
2/2 40 14.0 31 10.9 28 14.6 12 12.9
2/3 20 7.0 14 4.9 13 6.8 7 7.5
3/3 0 - 2 0.7 0 - 0 -
> 285 285 192 93
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Haplotype pair frequency comparisons PRF1

HapPair MS % HC % P OR 95% Cl
111 95 333 109 382  0.221
1/2 113 396 102 358  0.342
1/3 17 60 26 9.1 0.154
1/4 0 - 1 0.4 1.000
212 40 140 31 109 0254
2/3 20 70 14 49 0.289
3/3 0 - 2 0.7 0.499
b 285 285
HapPair RRMS % HC % P OR 95% CI
111 61 318 109 382  0.148
112 76 396 102 358  0.401
113 14 73 26 91 0.479
1/4 0 - 1 0.4 1.000
212 28 146 31 109 0228
2/3 13 68 14 49 0.389
3/3 0 - 2 0.7 0.518
) 192 285
HapPair PPMS % HC % P OR 95% CI
111 34 366 109 382  0.771
112 37 398 102 358  0.488
1/3 3 32 26 91 0.073 0.33 0.10-1.12
1/4 0 - 1 0.4 1.000
212 12 129 31 109 0577
2/3 7 75 14 49 0.433
3/3 0 - 2 0.7 1.000
b 93 285
HapPair PPMS % RRMS % P OR 95% CI
111 34 366 61 318 0421
112 37 398 76 396  0.974
1/3 3 32 14 73 0.285
212 12 129 28 146  0.856
2/3 7 75 13 6.8 0.808
) 93 192
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3a) ADAMTS14
SNP#19: A/G; MAF(A) = 0.36
SNP#8: C/G; MAF(C) = 0.37
SNP#23: AIG; MAF(A) = 0.14
SNP#21: C/T; MAF(T) = 0.10
SNP#22: A/T; MAF(A) = 0.39
Haplotype frequencies ADAMTS14
# Haplotype MS % HC % RRMS % PPMS %
H1 GGGCT 145 29.5 144 29.0 108 325 37 231
H2 ACGCA 118 24.0 121 244 77 23.2 41 25.6
H3 GGGCA 52 10.6 45 9.1 35 10.5 17 10.6
H4 GCGCT 29 5.9 33 6.7 25 7.5 4 2.5
H5 GGACT 28 5.7 32 6.5 21 6.3 7 4.4
H6 ACGCT 30 6.1 30 6.0 14 4.2 16 10.0
H7 AGGCT 40 8.1 26 5.2 23 6.9 17 10.6
H8 GGATT 12 24 26 5.2 7 21 5 3.1
H9 GCGTT 8 1.6 15 3.0 5 1.5 3 1.9
H10 GGATA 2 0.4 6 1.2 0 - 2 1.3
H11 AGGCA 14 2.8 5 1.0 8 2.4 6 3.8
H12 GGACA 6 1.2 5 1.0 4 1.2 2 1.3
H13 GCGCA 1 0.2 4 0.8 1 0.3 0 -
H14 GGGTT 6 1.2 4 0.8 4 1.2 2 1.3
H15 ACATT 1 0.2 0 - 0 - 1 0.6
b 492 496 332 160
Haplotype frequency comparisons ADAMTS 14
# Haplotype Groups P OR 95%ClI
H1 GGGCT MS HC 0.879
RR HC 0.284
PP HC 0.146
PP RR 0.032 0.62 0.41 - 0.96
H2 ACGCA MS HC 0.880
RR HC 0.691
PP HC 0.754
PP RR 0.554
H3 GGGCA MS HC 0.429
RR HC 0.483
PP HC 0.538
PP RR 0.978
H4 GCGCT MS HC 0.623
RR HC 0.628
PP HC 0.049 0.36 0.13 -1.03
PP RR 0.025 0.31 0.11 - 0.92
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0.617
0.942

0.442
0.533

0.974
0.250
0.108
0.012

0.069
0.314

0.026
0.160

0.022
0.029

0.391
0.538

0.205
0.247

0.583
0.719

0.287
0.087

1.000
0.105

0.039
0.153

0.029
0.399

0.772
1.000

0.680
1.000

0.374
0.653
0.577
1.000

0.545
0.720
0.637
1.000

0.498

0.244
0.325

2.52
1.60

215

0.45
0.39

0.11

2.88

3.83

1.20 - 5.31
0.96 - 2.67

1.13 - 4.07

0.22 - 0.91
0.17 - 0.91

0.01-2.02

1.03 - 8.05

1.15-12.7
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Haplotype pair frequencies ADAMTS 14

HapPair MS (n) % HC (n) % | RRMS(n) % PPMS(n) %
171 22 8.9 27 10.9 16 9.6 6 7.5
1/2 24 9.8 22 8.9 18 10.8 6 7.5
1/3 25 10.2 20 8.1 19 1.4 6 7.5
1/4 17 6.9 10 4.0 15 9.0 2 25
1/5 1 4.5 13 5.2 9 5.4 2 2.5
1/6 10 4.1 4 1.6 6 3.6 4 5.0
17 4 1.6 3 1.2 3 1.8 1 1.3
1/8 5 2.0 10 4.0 2 1.2 3 3.8
1/9 1 0.4 5 2.0 1 0.6 0 -
114 4 1.6 3 1.2 3 1.8 1 1.3
2/2 6 2.4 14 5.6 6 3.6 0 -
2/13 9 3.7 8 3.2 5 3.0 4 5.0
2/4 8 3.3 8 3.2 6 3.6 2 25
2/5 1" 4.5 10 4.0 6 3.6 5 6.3
2/6 6 2.4 11 4.4 3 1.8 3 3.8
217 23 9.3 1" 4.4 14 8.4 9 1.3
2/8 6 24 8 3.2 5 3.0 1 1.3
2/9 3 1.2 2 0.8 1 0.6 2 25

2/10 2 0.8 1 0.4 0 - 2 25
2/11 1 4.5 5 2.0 5 3.0 6 7.5
2/12 3 1.2 4 1.6 2 1.2 1 1.3
2/13 0 0.0 3 1.2 0 - 0 -
3/3 5 2.0 6 24 3 1.8 2 25
3/9 3 1.2 2 0.8 2 1.2 1 1.3
3/10 0 0.0 2 0.8 0 - 0 -
3/12 2 0.8 0 - 1 0.6 1 1.3
3/13 1 0.4 0 - 1 0.6 1 1.3
3/14 2 0.8 1 0.4 1 0.6 0 -
4/4 1 0.4 3 1.2 1 0.6 0 -
4/5 1 0.4 4 1.6 1 0.6 0 -
4/6 1 0.4 3 1.2 1 0.6 0 -
4/9 0 0.0 2 0.8 0 - 0 -
5/5 2 0.8 0 - 2 1.2 0 -
5/6 0 0.0 2 0.8 0 - 0 -
5/8 0 0.0 2 0.8 0 - 0 -
5/12 1 0.4 1 0.4 1 0.6 0 -
6/6 2 0.8 1 0.4 0 - 2 25
6/7 8 3.3 7 2.8 3 1.8 5 6.3
6/9 1 0.4 1 0.4 1 0.6 0 -
77 2 0.8 2 0.8 1 0.6 1 1.3
7/8 0 0.0 1 0.4 0 - 0 -
711 1 0.4 0 - 1 0.6 0 -
8/8 0 0.0 1 0.4 0 - 0 -
8/9 0 0.0 2 0.8 0 - 0 -
8/10 0 0.0 1 0.4 0 - 0 -
8/15 1 0.4 0 - 0 - 1 1.3
9/13 0 0.0 1 0.4 0 - 0 -
10/10 0 0.0 1 0.4 0 - 0 -
11/11 1 0.4 0 - 1 0.6 0 -
z 246 248 166 80
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Haplotype pair frequency comparisons ADAMTS14; MS vs. HC

HapPair MS % HC % P OR 95%ClI
11 22 8.9 27 10.9 0470
1/2 24 9.8 22 8.9 0.735
1/3 25 102 20 8.1 0.418
1/4 17 6.9 10 4.0 0.159
1/5 11 4.5 13 5.2 0.691
1/6 10 4.1 4 1.6 0.112
1/7 4 1.6 3 1.2 0.724
1/8 5 2.0 10 4.0 0.294
1/9 1 0.4 5 2.0 0.216
114 4 1.6 3 1.2 0.724
2/2 6 24 14 5.6 0.108
2/3 9 3.7 8 3.2 0.811
2/4 8 3.3 8 3.2 1.000
2/5 11 4.5 10 4.0 0.809
2/6 6 2.4 11 4.4 0.324
2/7 23 9.3 1" 4.4 0.031 2.22 1.06 - 4.67
2/8 6 2.4 8 3.2 0.788
2/9 3 1.2 2 0.8 0.685
2/10 2 0.8 1 0.4 0.623
2/1 11 4.5 5 2.0 0.136
2/12 3 1.2 4 1.6 1.000
2/13 0 0.0 3 1.2 0.249
3/3 5 2.0 6 2.4 1.000
3/9 3 1.2 2 0.8 0.685
3/10 0 0.0 2 0.8 0.499
3/12 2 0.8 0 - 0.248
3/13 1 0.4 0 - 0.498
3/14 2 0.8 1 0.4 0.623
4/4 1 0.4 3 1.2 0.624
4/5 1 04 4 1.6 0.373
4/6 1 04 3 1.2 0.624
4/9 0 0.0 2 0.8 0.499
5/5 2 0.8 0 - 0.248
5/6 0 0.0 2 0.8 0.499
5/8 0 0.0 2 0.8 0.499
5/12 1 04 1 04 1.000
6/6 2 0.8 1 04 0.623
6/7 8 3.3 7 2.8 0.800
6/9 1 0.4 1 0.4 1.000
717 2 0.8 2 0.8 1.000
7/8 0 0.0 1 04 1.000
711 1 04 0 - 0.498
8/8 0 0.0 1 0.4 1.000
8/9 0 0.0 2 0.8 0.499
8/10 0 0.0 1 0.4 1.000
8/15 1 04 0 - 0.498
9/13 0 0.0 1 04 1.000

10/10 0 0.0 1 0.4 1.000
11/11 1 0.4 0 - 0.498
= 246 248
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Haplotype pair frequency comparisons ADAMTS14; RRMS vs. HC

HapPair RRMS % HC % P OR 95%ClI
17 16 96 27 109 0.683
1/2 18 108 22 8.9 0.506
1/3 19 114 20 8.1 0.248
1/4 15 9.0 10 4.0 0.036 2.36 1.04 - 5.40
1/5 9 54 13 5.2 1.000
1/6 6 3.6 4 1.6 0.209
117 3 1.8 3 1.2 0.688
1/8 2 1.2 10 4.0 0.135
1/9 1 0.6 5 2.0 0.409
114 3 1.8 3 1.2 0.688
2/2 6 36 14 5.6 0.484
2/13 5 3.0 8 3.2 1.000
2/4 6 3.6 8 3.2 1.000
2/5 6 36 10 4.0 1.000
2/6 3 1.8 M 4.4 0.174
217 14 84 M 4.4 0.094 1.98 0.88 -4.49
2/8 5 3.0 8 3.2 1.000
2/9 1 0.6 2 0.8 1.000
2/10 0 - 1 0.4 1.000
2/11 5 3.0 5 2.0 0.531
2/12 2 1.2 4 1.6 1.000
2/13 0 - 3 1.2 0.277
3/3 3 1.8 6 24 0.746
3/9 2 1.2 2 0.8 1.000
3/10 0 - 2 0.8 0.519
3/12 1 0.6 0 - 0.401
3/13 1 0.6 0 - 0.401
3/14 1 0.6 1 0.4 1.000
4/4 1 0.6 3 1.2 0.652
4/5 1 0.6 4 1.6 0.652
4/6 1 0.6 3 1.2 0.652
4/9 0 - 2 0.8 0.519
5/5 2 1.2 0 - 0.160
5/6 0 - 2 0.8 0.519
5/8 0 - 2 0.8 0.519
5/12 1 0.6 1 0.4 1.000
6/6 0 - 1 0.4 1.000
6/7 3 1.8 7 2.8 0.750
6/9 1 0.6 1 0.4 1.000
717 1 0.6 2 0.8 1.000
7/8 0 - 1 0.4 1.000
711 1 0.6 0 - 0.401
8/8 0 - 1 0.4 1.000
8/9 0 - 2 0.8 0.519
8/10 0 - 1 0.4 1.000
9/13 0 - 1 0.4 1.000

10/10 0 - 1 0.4 1.000
11/11 1 0.6 0 - 0.401
) 166 248
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Haplotype pair frequency comparisons ADAMTS14; PPMS vs. HC

HapPair PPMS % HC % P OR 95%ClI
7 6 7.5 27 109 0.522
1/2 6 7.5 22 8.9 0.821
13 6 7.5 20 8.1 1.000
1/4 2 2.5 10 4.0 0.737
1/5 2 25 13 5.2 0.537
1/6 4 5.0 4 1.6 0.103
1/7 1 1.3 3 1.2 1.000
1/8 3 3.8 10 4.0 1.000
1/9 0 - 5 2.0 0.340
114 1 1.3 3 1.2 1.000
2/2 0 - 14 5.6 0.026 0.10 0.01-1.70
2/13 4 5.0 8 3.2 0.496
2/4 2 25 8 3.2 1.000
2/5 5 6.3 10 4.0 0.374
2/6 3 3.8 1 4.4 1.000
217 9 1.3 11 4.4 0.055 2.73 1.09-6.86
2/8 1 1.3 8 3.2 0.694
2/9 2 2.5 2 0.8 0.251
2/10 2 25 1 0.4 0.149
2111 6 7.5 5 2.0 0.028 3.94 1.17 -13.3
2/12 1 1.3 4 1.6 1.000
2/13 0 - 3 1.2 1.000
3/3 2 2.5 6 24 1.000
3/9 1 1.3 2 0.8 0.569
3/10 0 - 2 0.8 1.000
3/12 1 1.3 0 - 0.244
3/14 1 1.3 1 0.4 0.429
4/4 0 - 3 1.2 1.000
4/5 0 - 4 1.6 1.000
4/6 0 - 3 1.2 1.000
4/9 0 - 2 0.8 1.000
5/6 0 - 2 0.8 1.000
5/8 0 - 2 0.8 1.000
5/12 0 - 1 0.4 1.000
6/6 2 25 1 0.4 0.149
6/7 5 6.3 7 2.8 0.174
6/9 0 - 1 0.4 1.000
77 1 1.3 2 0.8 0.569
7/8 0 - 1 0.4 1.000
8/8 0 - 1 0.4 1.000
8/9 0 - 2 0.8 1.000
8/10 0 - 1 0.4 1.000
8/15 1 1.3 0 - 0.244
9/13 0 - 1 0.4 1.000

10/10 0 - 1 0.4 1.000
) 80 248
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Haplotype pair frequency comparisons ADAMTS14; PPMS vs. RRMS

HapPair PPMS % RRMS % P OR 95%ClI
17 6 7.5 16 9.6 0.643
1/2 6 7.5 18 10.8  0.496
1/3 6 7.5 19 1.4  0.378
1/4 2 25 15 9.0 0.064 0.26 0.06 - 1.16
1/5 2 2.5 9 5.4 0.511
1/6 4 5.0 6 3.6 0.732
117 1 1.3 3 1.8 1.000
1/8 3 3.8 2 1.2 0.333
1/9 0 - 1 0.6 1.000
114 1 1.3 3 1.8 1.000
22 0 - 6 3.6 0.181
2/3 4 5.0 5 3.0 0.477
2/4 2 2.5 6 3.6 1.000
2/5 5 6.3 6 3.6 0.344
2/6 3 3.8 3 1.8 0.394
217 9 M3 14 8.4 0.489
2/8 1 1.3 5 3.0 0.667
2/9 2 2.5 1 0.6 0.248
2/10 2 2.5 0 0.0 0.105
2111 6 7.5 5 3.0 0.184
2/12 1 1.3 2 1.2 1.000
3/3 2 25 3 1.8 0.661
3/9 1 1.3 2 1.2 1.000
3112 1 1.3 1 0.6 0.546
3/13 0 - 1 0.6 1.000
3/14 1 1.3 1 0.6 0.546
4/4 0 - 1 0.6 1.000
4/5 0 - 1 0.6 1.000
4/6 0 - 1 0.6 1.000
5/5 0 - 2 1.2 1.000
5/12 0 - 1 0.6 1.000
6/6 2 2.5 0 0.0 0.105
6/7 5 6.3 3 1.8 0.117
6/9 0 - 1 0.6 1.000
77 1 1.3 1 0.6 0.546
711 0 - 1 0.6 1.000
8/15 1 1.3 0 0.0 0.325

1/1 0 - 1 0.6 1.000
) 80 166
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3b) ADAMTS14

SNP#19: A/G; MAF(A) = 0.36
SNP#8: C/G; MAF(C) = 0.37

SNP#23: A/G; MAF(A) = 0.14
SNP#10: A/G; MAF(A) = 0.25
SNP#21: C/T; MAF(T) = 0.10

Haplotype frequencies ADAMTS14

# Haplotype MS % HC % RRMS % PPMS %
H1 ACGGC 146 26.9 152 28.5 90 245 56 31.8
H2 GGGAC 145 26.7 127 23.8 102 27.7 43 24.4
H3 GGGGC 78 14.3 79 14.8 59 16.0 19 10.8
H4 GGAGC 45 8.2 45 8.4 32 8.7 13 7.4
H5 GCGGC 41 7.5 42 7.9 32 8.7 9 5.1
H6 GGAGT 17 31 39 7.3 10 2.7 7 4.0
H7 AGGGC 55 10.1 29 5.4 31 8.4 24 13.6
H8 GCGGT 8 1.5 12 2.2 6 1.6 2 1.1
H9 GGGGT 7 1.3 3 0.6 5 1.4 2 1.1
H10 AGGAC 1 0.2 4 0.7 1 0.3 0 -
H11 AGGGT 1 0.2 2 0.4 0 - 1 0.6
) 544 534 368 176

Haplotype frequency comparisons ADAMTS 14
# Haplotype Groups P OR 95% CI
H1 ACGGC MS HC 0.553
RR HC 0.173
PP HC 0.378
PP RR 0.062 1.46 0.98 -2.16
H2 GGGAC MS HC 0.249
RR HC 0.145
PP HC 0.899
PP RR 0.343
H3 GGGGC MS HC 0.832
RR HC 0.595
PP HC 0.209
PP RR 0.094 0.63 0.36 - 1.09
H4 GGAGC MS HC 0.930
RR HC 0.870
PP HC 0.750
PP RR 0.623
H5 GCGGC MS HC 0.840
RR HC 0.643
PP HC 0.243
PP RR 0.166
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H6 GGAGT MS HC 0.002 0.41 0.23-0.73
RR HC 0.003 0.36 0.18 - 0.72
PP  HC 0.157
PP RR 0.441
H7 AGGGC MS HC 0.004 1.96 1.23-3.12
RR HC 0.074 1.61 0.95-2.72
PP HC 0.0004 2.73 1.54 - 4.82
PP RR 0.066 1.69 0.96 - 2.98
H8 GCGGT MS HC 0.375
RR HC 0.632
PP HC 0.535
PP RR 1.000
H9 GGGGT MS HC 0.342
RR HC 0.282
PP HC 0.603
PP RR 1.000
H10 AGGAC MS HC 0.214
RR HC 0.654
PP HC 0.577
PP RR 1.000
H11 AGGGT MS HC 0.621
RR HC 0.517
PP  HC 1.000
PP RR 0.326
Haplotype pair frequencies ADAMTS14
HapPair  MS (n) % HC (n) % RRMS (n) % PPMS (n) %
1M 13 4.8 26 9.7 8 4.4 5 5.7
1/2 40 14.7 32 12.0 27 14.7 13 14.8
1/3 3 1.1 2 0.8 2 1.1 1 1.1
1/4 14 5.1 16 6.0 8 4.4 6 6.8
1/5 8 2.9 14 52 6 3.3 2 2.3
1/6 8 2.9 9 34 5 2.7 3 34
117 42 15.4 22 8.2 22 12.0 20 22.7
1/8 4 1.5 3 1.1 2 1.1 2 2.3
1/10 1 0.4 1 0.4 1 0.5 0 -
1/11 0 - 2 0.8 0 - 0 -
2/2 17 6.3 1" 4.1 1" 6.0 6 6.8
2/3 30 11.0 36 13.5 23 12.5 7 8.0
2/4 10 3.7 10 3.8 8 4.4 2 2.3
2/5 14 5.1 7 2.6 10 54 4 4.5
2/6 7 2.6 7 2.6 5 2.7 2 2.3
2/7 2 0.7 2 0.8 1 0.5 1 1.1
2/8 3 1.1 4 1.5 3 1.6 0 -
2/9 6 2.2 3 1.1 4 2.2 2 2.3
2/10 0 - 3 1.1 0 - 0 -
3/3 6 2.2 6 2.2 5 2.7 1 1.1
3/4 14 5.1 9 34 9 4.9 5 5.7
3/5 16 59 8 3.0 13 71 3 34
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3/6 1 0.4 1 4.1 0 - 1 1.1
317 2 0.7 1 0.4 2 1.1 0 -
4/4 3 1.1 1 0.4 3 1.6 0 -
4/5 1 0.4 4 1.5 1 0.5 0 -
4/6 0 - 4 1.5 0 - 0 -
5/5 1 0.4 3 1.1 1 0.5 0 -
5/8 0 - 3 1.1 0 - 0 -
6/6 0 - 3 1.1 0 - 0 -
6/8 0 - 2 0.8 0 - 0 -
717 4 1.5 2 0.8 3 1.6 1 1.1
7M1 1 0.4 0 - 0 - 1 1.1
8/9 1 0.4 0 - 1 0.5 0 -
> 272 267 184 88
Haplotype pair frequency comparisons ADAMTS14; MS vs. HC
HapPair MS (n) % HC (n) % P OR 95% Cl

1M1 13 4.8 26 9.7 0.026 0.47 0.23-0.93
1/2 40 14.7 32 12.0 0.353

1/3 3 1.1 2 0.8 1.000

1/4 14 5.1 16 6.0 0.669

1/5 8 29 14 5.2 0.197

1/6 8 29 9 3.4 0.810

17 42 15.4 22 8.2 0.010 2.01 1.21-3.49
1/8 4 1.5 3 1.1 1.000

1/10 1 0.4 1 0.4 1.000

111 0 - 2 0.8 0.245

2/2 17 6.3 11 4.1 0.265

2/3 30 11.0 36 13.5 0.385

2/4 10 3.7 10 3.8 1.000

2/5 14 5.1 7 2.6 0.181

2/6 7 2.6 7 2.6 1.000

2/7 2 0.7 2 0.8 1.000

2/8 3 1.1 4 15 0.723

2/9 6 2.2 3 1.1 0.504

2/10 0 - 3 1.1 0.121

3/3 6 2.2 6 2.2 1.000

3/4 14 5.1 9 3.4 0.395

3/5 16 5.9 8 3.0 0.143

3/6 1 0.4 1" 41 0.003 0.1 0.0-0.7
317 2 0.7 1 0.4 1.000

4/4 3 1.1 1 0.4 0.624

4/5 1 0.4 4 15 0.213

4/6 0 - 4 1.5 0.060 0.1 0.0-2.0
5/5 1 0.4 3 1.1 0.369

5/8 0 - 3 1.1 0.121

6/6 0 - 3 1.1 0.121

6/8 0 - 2 0.8 0.245

77 4 1.5 2 0.8 0.686

7M1 1 0.4 0 - 1.000

8/9 1 0.4 0 - 1.000
> 272 267
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Haplotype pair frequency comparisons ADAMTS14; RRMS vs. HC

HapPair RRMS (n) % HC (n) % P OR 95% ClI
11 8 4.4 26 9.7 0.033 0.42 0.19 -0.95
1/2 27 14.7 32 12.0 0.405
1/3 2 1.1 2 0.8 1.000
1/4 8 4.4 16 6.0 0.526
1/5 6 3.3 14 5.2 0.360
1/6 5 2.7 9 34 0.788
1/7 22 12.0 22 8.2 0.191
1/8 2 1.1 3 1.1 1.000
1/10 1 0.5 1 04 1.000
111 0 - 2 0.8 0.516
2/2 11 6.0 11 4.1 0.382
2/3 23 12.5 36 135 0.761
2/4 8 4.4 10 3.8 0.809
2/5 10 54 7 2.6 0.137
2/6 5 2.7 7 2.6 1.000
2/7 1 0.5 2 0.8 1.000
2/8 3 1.6 4 1.5 1.000
2/9 4 2.2 3 1.1 0.451

2/10 0 - 3 1.1 0.274
3/3 5 2.7 6 2.2 0.764
3/4 9 4.9 9 34 0.468
3/5 13 71 8 3.0 0.067 2.46 1.00 - 6.07
3/6 0 - 1" 4.1 0.004 0.06 0.00 -1.03
3/7 2 1.1 1 0.4 0.570
4/4 3 1.6 1 04 0.309
4/5 1 0.5 4 1.5 0.653
4/6 0 - 4 1.5 0.149
5/5 1 0.5 3 1.1 0.649
5/8 0 - 3 1.1 0.274
6/6 0 - 3 1.1 0.274
6/8 0 - 2 0.8 0.516
77 3 1.6 2 0.8 0.402
8/9 1 0.5 0 - 0.408
s 184 267

Haplotype pair frequency comparisons ADAMTS14; PPMS vs. HC

HapPair PPMS (n) % HC (n) % P OR 95% ClI
11 5 5.7 26 9.7 0.284
1/2 13 14.8 32 12.0 0.467
1/3 1 1.1 2 0.8 0.576
1/4 6 6.8 16 6.0 0.800
1/5 2 2.3 14 5.2 0.375
1/6 3 34 9 34 1.000
17 20 22.7 22 8.2 0.0009 3.28 1.69 - 6.35
1/8 2 2.3 3 1.1 0.601
1/10 0 - 1 04 1.000
111 0 - 2 0.8 1.000
2/2 6 6.8 11 41 0.386
2/3 7 8.0 36 13.5 0.191
2/4 2 2.3 10 3.8 0.737



Appendix F — Haplotype and haplotype pair frequency distributions and corresponding statistics

2/5
2/6
217
2/8
2/9
2/10
3/3
3/4
3/5
3/6
3/7
4/4
4/5
4/6
5/5
5/8
6/6
6/8
717
7M1

-, 2 0O 0000000~ WU~ O0ONO-NB

88
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267

26
26
0.8
1.5
1.1
1.1
22
3.4
3.0
4.1
0.4
0.4
1.5
1.5
1.1
1.1
1.1
0.8
0.8

0.476
1.000
0.576
0.576
0.601
1.000
1.000
0.348
0.737
0.307
1.000
1.000
0.576
0.576
1.000
1.000
1.000
1.000
0.576
0.248

Haplotype pair frequency comparisons ADAMTS14; PPMS vs. RRMS

HapPair  PPMS (n) % RRMS (n) % P OR 95% CI
11 5 5.7 8 4.4 0.762
1/2 13 14.8 27 14.7 1.000
1/3 1 1.1 2 1.1 1.000
1/4 6 6.8 8 4.4 0.391
1/5 2 2.3 6 3.3 1.000
1/6 3 3.4 5 2.7 0.716
17 20 22.7 22 12.0 0.022 217 1.11 -4.23
1/8 2 2.3 2 1.1 0.597
1/10 0 - 1 0.5 1.000
2/2 6 6.8 11 6.0 0.793
2/3 7 8.0 23 125 0.307
2/4 2 2.3 8 4.4 0.508
2/5 4 4.6 10 5.4 1.000
2/6 2 2.3 5 2.7 1.000
2/7 1 1.1 1 0.5 0.543
2/8 0 - 3 1.6 0.553
2/9 2 2.3 4 2.2 1.000
3/3 1 1.1 5 2.7 0.668
3/4 5 5.7 9 4.9 0.775
3/5 3 3.4 13 71 0.282
3/6 1 1.1 0 - 0.324
317 0 - 2 1.1 1.000
4/4 0 - 3 1.6 0.553
4/5 0 - 1 0.5 1.000
5/5 0 - 1 0.5 1.000
717 1 1.1 3 1.6 1.000
7/11 1 1.1 0 - 0.324
8/9 0 - 1 0.5 1.000

s 88 184
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4) C100rf27
SNP#13: A/G; MAF(G) = 0.28
SNP#17: C/T; MAF(C) = 0.13
SNP#18: A/C; MAF(A) = 0.33
Haplotype frequencies C100rf27
# Haplotype MS (n) % HC (n) % RRMS (n) % PPMS (n) %
H1 ATC 215 41.3 200 38.6 144 42.4 71 39.4
H2 ATA 164 31.5 136 26.3 105 30.9 59 32.8
H3 GTC 94 18.1 130 251 53 15.6 41 22.8
H4 GCA 10 1.9 27 5.2 9 2.6 1 0.6
H5 ACC 32 6.2 21 4.1 26 7.6 6 3.3
H6 GTA 4 0.8 2 0.4 2 0.6 2 1.1
H7 GCC 0 - 2 04 0 - 0 -
H8 ACA 1 0.2 - 1 0.3 0 -
z 520 518 340 180
Haplotype frequency comparisons C100rf27
# Haplotype Groups P OR 95% CI
H1 ATC MS HC 0.368
RR HC 0.274
PP HC 0.843
PP RR 0.522
H2 ATA MS HC 0.060 1.29 0.99 - 1.69
RR HC 0.140
PP HC 0.093 1.37 0.95-1.98
PP RR 0.658
H3 GTC MS HC 0.006 0.66 0.49 - 0.89
RR HC 0.0009 0.55 0.39-0.79
PP HC 0.533
PP RR 0.043 1.60 1.01 - 2.52
H4 GCA MS HC 0.004 0.36 0.17 -0.75
RR HC 0.081 0.50 0.23-1.07
PP HC 0.003 0.10 0.01 -0.75
PP RR 0.176
H5 ACC MS HC 0.124
RR HC 0.024 1.96 1.08 - 3.54
PP HC 0.824
PP RR 0.056 0.42 0.17-1.03
H6 GTA MS HC 0.687
RR HC 0.651
PP HC 0.275
PP RR 0.612
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H7 GCC MS HC 0.249
RR HC 0.521
PP HC 1.000
H8 ACA MS HC 1.000
RR HC 0.396
PP RR 1.000
Haplotype pair frequencies C100rf27
HapPair MS (n) % HC (n) % RRMS (n) % PPMS (n) %
11 48 18.5 43 16.6 33 19.4 15 16.7
1/2 65 25.0 47 18.1 41 24.1 24 26.7
1/3 39 15.0 56 21.6 24 141 15 16.7
1/5 15 5.8 1" 4.2 13 7.6 2 2.2
2/2 23 8.8 17 6.6 15 8.8 8 8.9
2/3 30 1.5 34 13.1 17 10.0 13 14.4
2/4 3 1.2 1 4.2 2 1.2 1 1.1
2/5 17 6.5 8 3.1 13 7.6 4 4.4
2/6 2 0.8 2 0.8 1 0.6 1 1.1
2/8 1 0.4 0 - 1 0.6 0 -
3/3 8 3.1 14 5.4 2 1.2 6 6.7
3/4 7 2.7 11 4.2 7 4.1 0 -
3/6 2 0.8 0 0.0 1 0.6 1 -
3/7 0 - 1 0.4 0 - 0 -
4/4 0 - 1 0.4 0 - 0 -
4/5 0 - 2 0.8 0 - 0 -
4/7 0 - 1 0.4 0 - 0 -
) 260 259 170 90
Haplotype pair frequency comparisons C7100rf27
HapPair MS (n) % HC (n) % P OR 95% ClI
171 48 18.5 43 16.6 0.578
1/2 65 25.0 47 18.1 0.058 150 0.99-2.30
1/3 39 15.0 56 21.6 0.051 0.64 041-1.00
1/5 15 5.8 1" 4.2 0.427
2/2 23 8.8 17 6.6 0.330
2/3 30 11.5 34 13.1 0.582
2/4 3 1.2 11 4.2 0.033 0.26 0.07 - 0.96
2/5 17 6.5 8 3.1 0.099 220 0.93-5.18
2/6 2 0.8 2 0.8 1.000
2/8 1 0.4 0 - 1.000
3/3 8 3.1 14 54 0.200
3/4 7 2.7 11 4.2 0.350
3/6 2 1 0 - 0.499
317 0 - 1 0.4 0.499
4/4 0 - 1 0.4 0.499
4/5 0 - 2 0.8 0.249
4/7 0 - 1 0.4 0.499
) 260 259
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HapPair RRMS (n) % HC (n) % P OR 95% CI
11 33 19.4 43 16.6  0.456
1/2 41 241 47 18.1 0.134
1/3 24 141 56 216  0.051 0.60 0.35-1.01
1/5 13 7.6 11 4.2 0.134
2/2 15 8.8 17 6.6 0.384
2/3 17 10.0 34 13.1 0.328
2/4 2 1.2 11 4.2 0.086 0.27 0.06-1.23
2/5 13 7.6 8 3.1 0.040 2.60 1.05-6.41
2/6 1 0.6 2 0.8 1.000
2/8 1 0.6 0 - 0.396
3/3 2 1.2 14 5.4 0.034 0.21 0.05-0.93
3/4 7 4.1 11 4.2 1.000
3/6 1 0.6 0 - 0.396
3/7 0 - 1 0.4 1.000
4/4 0 - 1 0.4 1.000
4/5 0 - 2 0.8 0.520
4/7 0 - 1 0.4 1.000
P 170 259
HapPair  PPMS (n) % HC (n) % P OR 95% ClI
11 15 16.7 43 16.6 1.000
1/2 24 26.7 47 18.1 0.084 1.64 0.93-2.88
1/3 15 16.7 56 216 0.364
1/5 2 2.2 11 4.2 0.528
2/2 8 8.9 17 6.6 0.479
2/3 13 14.4 34 13.1 0.724
2/4 1 1.1 11 4.2 0.310
2/5 4 4.4 8 3.1 0.515
2/6 1 1.1 2 0.8 1.000
3/3 6 6.7 14 5.4 0.609
3/4 0 - 11 4.2 0.073 0.12 0.01-2.05
3/6 1 1.1 0 - 0.258
3/7 0 - 1 0.4 1.000
4/4 0 - 1 0.4 1.000
4/5 0 - 2 0.8 1.000
4/7 0 - 1 0.4 1.000
p) 90 259
HapPair  PPMS (n) % RRMS (n) % P OR 95% CI
1/1 15 16.7 33 19.4 0.587
1/2 24 26.7 41 241 0.652
1/3 15 16.7 24 14.1 0.584
1/5 2 2.2 13 7.6 0.095 0.28 0.06-1.25
2/2 8 8.9 15 8.8 1.000
2/3 13 14.4 17 10.0 0.311
2/4 1 1.1 2 1.2 1.000
2/5 4 4.4 13 7.6 0.432
2/6 1 1.1 1 0.6 1.000
2/8 0 - 1 0.6 1.000
3/3 6 6.7 2 1.2 0.022 6.00 1.19-30.4
3/4 0 - 7 4.1 0.100
3/6 1 1.1 1 0.6 1.000
) 90 170
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5) Inter-genic Haplotype combination

a) ADAMTS14: SNP #19 A/G; MAF(A) = 0.36
C100rf27: SNP #17 C/T; MAF(C) = 0.13

Haplotype frequencies ADAMTS14 — C100rf27

# Haplotype MS (n) % HC % RRMS % PPMS %
H1 GT 306 58.4 306 57.1 213 61.6 93 52.2
H2 AT 170 324 168 31.3 93 26.9 77 43.3
H3 GC 33 6.3 49 9.1 27 7.8 6 3.4
H4 AC 15 29 13 2.4 13 3.8 2 1.1
b 524 536 346 178

Haplotype frequency comparisons ADAMTS14 — C10orf27

#  Haplotype Groups P OR 95% ClI
H1 GT MS HC 0.666

RR HC 0.188

PP HC 0.260

PP RR 0.041 0.68 0.47 - 0.98

H2 AT MS HC 0.701
RR HC 0.156
PP HC 0.0037 1.67 1.18 - 2.37
PP RR  0.00015 2.07 1.42 - 3.03

H3 GC MS HC 0.083 0.67 0.42-1.06
RR HC 0.489
PP HC 0.014 0.35 0.15-0.82
PP RR 0.057 0.41 0.17 - 1.02

H4 AC MS HC 0.657
RR HC 0.254
PP HC 0.380
PP RR 0.102

Haplotype pair frequencies ADAMTS14 — C100rf27

HapPair MS (n) % HC (n) % RRMS (n) % PPMS(n) %
1/1 104 39.7 97 36.2 74 42.8 30 33.7
1/2 65 24.8 72 26.9 38 22.0 27 30.3
1/3 33 12.6 41 15.3 27 15.6 6 6.7
2/2 45 17.2 42 15.7 21 121 24 27.0
2/4 15 5.7 12 4.5 13 7.5 2 2.2
3/3 0 0 3 1.1 0 0 0 0
3/4 0 0 1 0.4 0 0 0 0

) 262 268 173 89
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HapPair MS % HC % P OR 95% CI
1/1 104 39.7 97 36.2 0.406
1/2 65 24.8 72 26.9 0.589
1/3 33 12.6 41 15.3 0.369
2/2 45 17.2 42 15.7 0.640
2/4 15 5.7 12 4.5 0.514
3/3 0 0 3 1.1 0.249
3/4 0 0 1 0.4 1.000
b 262 268
HapPair RRMS % HC % P OR 95% ClI
1/1 74 42.8 97 36.2 0.166
1/2 38 22.0 72 26.9 0.246
1/3 27 15.6 41 15.3  0.930
2/2 21 12.1 42 15.7  0.301
2/4 13 7.5 12 4.5 0.178
3/3 0 0 3 1.1 0.283
3/4 0 0 1 0.4 1.000
b 173 268
HapPair PPMS % HC % P OR 95% ClI
1/1 30 33.7 97 36.2 0.671
1/2 27 30.3 72 26.9 0.526
1/3 6 6.7 1 15.3  0.046 0.40 0.16 - 0.98
2/2 24 27.0 42 15.7 0.017 1.99 1.12 -3.52
2/4 2 2.2 12 4.5 0.531
3/3 0 0 3 1.1 0.577
3/4 0 0 1 0.4 1.000
b 89 268
HapPair PPMS % RRMS % P OR 95% ClI
1/1 30 33.7 74 428 0.155
1/2 27 30.3 38 220 0137
1/3 6 6.7 27 15.6  0.049 0.39 0.16 - 0.99
2/2 24 27.0 21 121 0.0026 2.67 1.39 -5.14
2/4 2 2.2 13 7.5 0.097 0.28 0.06 - 1.28
b 89 173
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b) ADAMTS14: SNP #21 A/G; MAF(A) =0.10
C100rf27: SNP #13 C/T, MAF(C) = 0.28

Haplotype frequencies ADAMTS14 — C100rf27

# Haplotype MS(n) % HC (n) % |RRMS (n) % PPMS (n) %
H1 CA 400 73.3 328 63.8 273 74.2 127 71.3
H2 CG 117 21.4 145 28.2 77 20.9 40 22.5
H3 TA 25 4.6 27 5.3 17 4.6 8 4.5
H4 TG 4 0.7 14 2.7 1 0.3 3 1.7
b 546 514 368 178
Haplotype frequency comparisons ADAMTS14 — C100rf27
# Haplotype Groups P OR 95% CI
H1 CA MS HC 0.0009 1.55 1.20 - 2.02
RR HC 0.001 1.63 1.21-2.19
PP HC 0.068 1.41 0.97 - 2.05
PP RR 0.483
H2 CG MS HC 0.011 0.69 0.52 - 0.92
RR HC 0.014 0.67 0.49 - 0.92
PP HC 0.136
PP RR 0.679
H3 TA MS HC 0.612
RR HC 0.182
PP HC 0.843
PP RR 1.000
H4 TG MS HC 0.016 0.26 0.09 - 0.81
RR HC 0.006 0.10 0.01 -0.74
PP HC 0.580
PP RR 0.104
Haplotype pair frequencies ADAMTS14 — C100rf27
HapPair MS (n) % HC (n) % RRMS (n) % PPMS (n) %
1/1 146 53.5 103 40.1 100 54.3 46 51.7
1/2 87 31.9 100 38.9 58 31.5 29 32.6
1/3 21 7.7 22 8.6 15 8.2 6 6.7
2/2 13 4.8 18 7.0 9 4.9 4 4.5
2/4 4 1.5 9 3.5 1 0.5 3 3.4
3/3 2 0.7 1 0.4 1 0.5 1 1.1
3/4 0 0.0 3 1.2 0 0 0 0
4/4 0 0 1 0.4 0 0 0 0
) 273 257 184 89
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HapPair MS % HC % P OR 95% ClI
171 146 53.5 103 40.1 0.002 1.72 1.22-2.43
1/2 87 31.9 100 38.9 0.090 0.73 0.51-1.05
1/3 21 7.7 22 8.6 0.715
2/2 13 4.8 18 7.0 0.272
2/4 4 1.5 9 3.5 0.164
3/3 2 0.7 1 0.4 1.000
3/4 0 0.0 3 1.2 0.113
4/4 0 0.0 1 0.4 0.485

> 273 268

HapPair RRMS % HC % P OR 95% CI
1/1 100 54.3 103 40.1 0.003 1.78 1.21 -2.61
1/2 58 31.5 100 38.9 0.111
1/3 15 8.2 22 8.6 0.879
2/2 9 4.9 18 7.0 0.424
2/4 1 0.5 9 3.5 0.051 0.15 0.02-1.20
3/3 1 0.5 1 0.4 1.000
3/4 0 3 1.2 0.269
4/4 0 1 0.4 1.000

> 184 268

HapPair PPMS % HC % P OR 95% ClI
1/1 46 51.7 103 401 0.057 1.60 099-26 2
1/2 29 32.6 100 38.9 0.288
1/3 6 6.7 22 8.6 0.660
2/2 4 45 18 7.0 0.614
2/4 3 3.4 9 3.5 1.000
3/3 1 1.1 1 0.4 0.449
3/4 0 3 1.2 0.572
4/4 0 1 0.4 1.000

> 89 268

HapPair PPMS % RRMS % P OR 95% ClI
1/1 46 51.7 100 54.3  0.679
1/2 29 32.6 58 31.5 0.860
1/3 6 6.7 15 8.2 0.811
2/2 4 4.5 9 4.9 1.000
2/4 3 3.4 1 0.5 0.103
3/3 1 1.1 1 0.5 0.547

= 89 184
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