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ABSTRACT

GENE HUNT IN FOUR INHERITED DISEASES

Genetic linkage analysis is applied to identifyildbat harbor gene or genes
associated with a disease. It is possible to mapade loci by observing alleles the
segregation of microsatellite or SNP markers whih disease in families, it is possible to
map disease loci. Availability of densely spacedrosatellite marker maps and genome-
wide SNP scans have made such studies feasiltiee linamework of this thesis, genome-
wide linkage data were evaluated with parametnkadge analysis software and haplotype
segregation studies for four inherited disordetstiiermore, candidate loci identified were

further investigated by fine-mapping and candidgee approach.

Autosomal Recessive Ataxia (ARA) is a subgroup e@fekditary ataxias, and
characterized by slowly progressive impaired cowtion of gait, hands, eye movements
and speech. Nine patients from two consanguineannsdiés were included in the study.
We found thatAprataxin gene was mutated in six patients. Three patientsew
homozygous for a known nonsense mutation, and thedents for a novel missense
mutation. For the three remaining patients clinievaluation revealed that they were

afflicted with another disease, but no respondiatas could be identified.

Autosomal recessive Larsen Syndrome (LRS) is cheniaed by congenital large-
joint dislocations and craniofacial abnormaliti€even consanguineous families were
analyzed. In four families disease was mapped tf23.8 and homozygous mutations were
found inCalcium Activated Nucleotidase 1. Three patients had the same known missense
mutation. In one family, a novel missense mutati@s identified. No common candidate

region could be defined for the remaining threeilias

Juvenile Parkinsonism (JP) is characterized bysmabtriad of parkinsonism signs,
bradykinesia, rigidity and resting tremor and dsseanset before the age of 40 years. A

missense variant iIAK3L1 was identified in homozygous state in all patidnis also in a
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healthy individual in the family. This variant wast detected in any of the 130 control
individuals. We propose that an undetermined sedoods either contributes to the

disease manifestation in patients or protects ¢imedzygous healthy individual.

Lastly, autosomal recessive Congenital Cerebellaypaddlasia (CCLH),
characterized by nonprogressive congenital cembeltaxia with mental retardation,
delayed motor development, disturbed coordinatigpotonia and cerebellar Hypoplasia
was studied in two families. In one of the familige mapped the disease to 6q16.1-22.1.
No candidate gene could be defined in the regiorthé other family, several candidate

loci at other chromosomal regions were found.
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OZET

DORT KALITSAL HASTALIKTA GEN ARAMA

Genetik bglanti analizi, belirli bir hastalikla ilintili gerveya genleri saptamak
icin kullanilir. Hastalik bdlgesinin belirlenmesmikrosatellit veya SNP belirtecleri
alellerinin  genotiplendirimesi ve bunlarin ailedekaktariminin  incelenmesiyle
mamkundir. Ygun mikrosatellit belirte¢ haritalar ve genom caf@arSNP taramalarinin
ulasilabilirli gi bu tarz cakmalarin 6nini acrtir. Bu calsma cercevesinde, dort kalitsal
hastalikta genom tarama verileri parametrigléati programlari ve haplotip incelemeleri
ile dezerlendirilerek belirlenen anlaml bdélgeler ayrinplarak haritalandiriingive aday

genler incelenstir.

Otozomal Resesif Ataksi (ARA) kalitimsal ataksitehir alt grubudur ve yaga
ilerleyen yurlyy, el, goz hareketlerinde koordinasyonsuzluk ve koraibozuklgu ile
tanimlanmaktadir. Cainaya iki ailede timi akraba ewjiine d@mus dokuz hasta dabhil
edilmistir. Alti hastadaAprataxin geninde mutasyon bulungtur. Ug bilinen, t¢ hastada
ise literaturde ilk kez tanimlanan missens mutasyohulunmytur. Diger ¢ hastanin
Kliniklerinin tekrar dgerlendirmesi, bu kilerin hastaliklarinin farkli oldgunu

gostermgtir, ama bir gen bolgesi bulunamagm.

Otozomal resesif Larsen Sendromu (LRS) buyik eldeseki dgustan cikiklar
ve yuz anomalileri ile tanimlanmaktadir. Gaiada akraba evlgi yapms olan yedi aile
incelenmgtir. DOrt ailede hastallk 17g25.3’e haritalandingmve Calcium Activated
Nucleotidase 1 geninde homozigot mutasyonlar bulurgtam. Uc¢ hastada bilinen bir
mutasyon, bir ailede ilk kez tanimlanan bir mutasyelirlenmstir. Diger ¢ ailede ise
ortak bir aday bélge belirlenemeyti.

Juvenil Parkinsonizm (JP), hareketlerde wéamma, katilik, dinlenme halinde

titreme gibi klasik parkinson hastalibelirtilerinin yani sira 40 yandan 6nce bgamasi
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ile karakterizedirAK3L1 geninde bir homozigot missensgdgm tim hastalarda ve ayrica
ailedeki bir sglhkh bireyde bulunmstur. Toplumdan rastgele secilen 13Gide bu
degisim bulunamanytir. Ailede hastafiin ortaya cikmasina etki eden veyagidieni

homozigot olarak tayan bireyi koruyan ikinci bir bélge olgunu diginmekteyiz.

Son olarak, otosomal resesif figtan Serebellar Hipoplazi (CCLH) hasgah
akraba evlilgi yapms iki ailede calgilmistir. Hastalik ilerleme gostermeyen gigtan
serebellar ataksi, motor g@in geriligi, koordinasyon bozukiu, hipotonus ve beyingin
gelismemesi ile tanimlanmaktadir. Bir ailede hastalik Igbsi 6016.1-22.1'e
haritalandiriimgtir. Bélgede herhangi bir aday gen saptanami@amDiger ailede ise bu
bdlgeyle 6rtgmeyen bircok aday bélge gozlersyiim.
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1. INTRODUCTION

Molecular studies were performed in this thesishwite aim of mapping and
identifying recessive genes responsible for familieferred to us with the diagnosis of
autosomal recessive ataxia, Larsen Syndrome, Jav@&arkinsonism and Congenital

Cerebellar Hypoplasia.

1.1. Autosomal Recessive Ataxia

Autosomal Recessive Ataxia (ARA) is a subgroup efeditary ataxias that are a
group of genetic disorders characterized by sloprlygressive impaired coordination of
gait and generally also with that of hands, spegtheye movements. Ataxia (from Greek,
meaning lack of order) is lack of coordination afisnle movements. It is considered as a
clinical manifestation of problems in the nervoystem, especially in the cerebellum that
coordinates movement. The incidence of heredittayias is around 1 in 5,000. Mode of
inheritance can be autosomal dominant, autosonwa@sseve or X-linked. Most of the
autosomal dominant ataxias are spinocerebellaiaatakat are slowly progressive and
associated with cerebellar atrophy. In contrastyeoessive ataxias, clinical signs and
symptoms are more variable, but the age of onggnerally the first decade of life (Table
1.1).

Friedreich ataxia (FRDA, MIM 229300) is the mosthmoon autosomal recessive
hereditary ataxia with an incidence of 3-4 caseslp8,000 individuals (Jorg al., 2009).
The disorder usually manifests before adolesceiteaddition to neuropathological
disabilities such as ataxia, sensory loss and rawgebkness, common signs are scoliosis,
foot deformity and hypertrophic cardiomyopathy (&alfo, 2009). The spinocerebellar
tracts, dorsal columns, pyramidal tracts, cerebelland medulla are involved in the
disease, and this is responsible for the typicattmoation of signs and symptoms specific
to FRDA.



Table 1.1. Autosomal recessive ataxias, their caugsgenes and clinical features.
(Modified from Bird, 2009.)

Disease MIM Gene Locus Distinctive Features

_ ) ) Hyporeflexia, Babinski responses, sensory
Friedreich ataxia 229300 FXN 9913 )
loss, cardiomyopathy

] ] ] Telangiectasia, immune deficiency, cancer,
Ataxia-telangiectasia 208900 ATM 11g22.3 . -
chromosomal instability

Ataxia with Oculomotor apraxia, choreoathetosis, mild
oculomotor apraxia| 208920 | APTX 9p13.3 | mental retardation, hypoalbuminemia, CoQ[10
type 1 deficiency
Ataxia with )
) Cerebellar atrophy, choreathetosis,
oculomotor apraxia| 606002 SETX 9934 ) ) ) )
. ) hypoalbuminemia, mild mental retardation
ype

Autosomal recessive
spastic ataxia of | 270550 | SACS 13qg12

Charlevoix-Sagunay

Spasticity, peripheral neuropathy, retinal

striation

Disease progression is variable, and patients wiild disease may still be
ambulatory decades after onset, while those witlergedisease may become wheelchair-
bound within a few years. Life expectancy is redute an average of 40 to 50 years of

age.

Friedreich ataxia is caused by mutationg-nataxin (FXN) at 9913-21.1. The gene
has seven exons, and the protein product has &/highserved N-terminal leader peptide
that facilitates the protein to localize to mitoodoa. The protein is involved in iron
metabolism. Deletion offrataxin in yeast results in the accumulation of iron in
mitochondria, leading to the loss of mitochondmahction and DNA (Babcoclet al.,
1997, Pandolfo and Pastore, 2009). Oxidative sisessmother consequence of disturbed
iron metabolism; thus, cultured cells from patientsh FRDA are highly sensitive to
hydrogen peroxide (Wong al., 1999). The most common genetic defect is a treatade
(GAA) repeat expansion in the first exon (Al Mahdaval., 2006). GAA repeat numbers
<12 are considered normal. Genetic diagnosis iabkshed whenever expanded GAA

repeats (>66) are detected in both copies of the.ge



Ataxia-Telangiectasia (A-T, MIM 208900) is an awin®l recessive disorder that is
characterized by an early onset progressive cdeglahxia, oculocutaneous telangiectasia
and susceptibility to bronchopulmonary disease lgmgphoid tumors (Bodeet al., 1985).
Progressive ataxia in A-T patients starts in infanaffecting first the head and trunk
muscles. The disease later leads to inability ttkwdifficulty in speaking, drooling and
oculomotor apraxia (impaired ability to coordinatertain eye movements) by the age of
10 years. Telangiectasia is observed as smalkdilalood vessels near the surface of the
skin and mucous membranes. Patients develop teletagia around the age of 5 years.
Telangiectasia is observed most generally in the,faxtremities and conjunctiva. Another
manifestation of the syndrome is a higher cancedipposition as compared to the general
population. Even though all types of cancers argeoked with higher incidence in the
patients, the most frequent ones are lymphomaeuieiia. Cancer treatment for an A-T
patient is a great challenge because the cellbighty sensitive to ionizing radiation and
radiation therapy, a classical treatment for séugpes of cancer, cannot be tolerated by
A-T patients. Immunodeficiency is another featufehe syndrome. Genomic instability
ranging from microdeletions to chromosomal breakageuite common, due to defects in
DNA repair mechanisms. Mental retardation is nobharacteristic of the disease, but some
patients have mild mental retardation, and intelice quotient (IQ) scores may drop
below the normal range as the age and diseaseegsgrhe frequency of A-T is reported
as about 1 in 40,000 births, but the disease magchelly much more common, since

many children with A-T die at young ages or arecwtectly diagnosed.

Life expectancy and quality for A-T patients arewpoor due to the nature of the
disease. Most patients lose ambulation before adelee. Cancer and recurrent
respiratory infections are the primary causes atldeOnly a few A-T cases were reported
to live to their forties.

The gene responsible for A-T ataxia-telangiectasia mutated gene ATM) at 11g22-
g23 (Savitskyet al., 1995). It extends over 160 kb of genomic DNA, teams 66 exons and
codes for PI3/Pl4-kinase family member protein {#gaet al., 1997), an important cell
cycle checkpoint kinase that functions as a regulaf a wide variety of downstream
proteins such as p53, BRCAL1, CHK2, RAD17, RAD9 d@idA repair protein NBS1.
ATM protein is thought to be one of the master oulfdrs of cell cycle checkpoint



signaling pathways that are required for cell resgoto DNA damage and for genome
stability. The protein is held inactive in normalls as a dimer until irradiation of the cell,
which induces rapid intermolecular autophosphomytathat causes dimer dissociation and
initiates cellular ATM kinase activity. Activatioof the ATM kinase is an initiating event
in cellular responses to irradiation (Bakkeraisél., 2003). The kinase domain of ATM is
located towards the C-terminus of the protein, mdiations in this domain disturb protein

function and lead to A-T.

Another autosomal recessive ataxia is early onsetiaawith oculomotor apraxia
syndrome (AOA). It has similar manifestations torAand has two subtypes: ataxia, early
onset, with oculomotor apraxia and hypoalbuminefdAi@Al, EAOH; MIM 208920) and
spinocerebellar ataxia, autosomal recessive 1 (AGEARL; MIM 606002).

AOALl is an early-onset cerebellar syndrome withigharal axonal neuropathy,
oculomotor apraxia (limitation of ocular movemeats command) and hypoalbuminemia.
It was first described by Aicardit al. in 1988 as an autosomal recessive syndrome that
closely resembled A-T but also differed from itimportant aspects. They reported 14
patients with a neurological syndrome manifestinghveculomotor apraxia, ataxia and
choreoathetosis (irregular, rapid, involuntary nmoeat flowing randomly from one part of
the body to another) but not with extraneurologfeaitures of A-T, such as sensitivity to
ionizing radiation and cancer susceptibility. Theset of the disease was relatively late,
age of 7 years, and also nho immunologic componastdefined.

Disease progression is usually slow for AOALl. Ooubtor apraxia is observed in
about 80 per cent of the cases. Magnetic resonaraging of patients is characterized by
marked cerebellar atrophy.

Aprataxin (APTX) at 9p13.3 was found mutated in patients with AGAJa large
study on seven unrelated families (Dateal., 2001). APTX encodes a 342 amino acid
protein that is a member of histidine triad (HITypsrfamily. The protein has a
polynucletiode kinase-3’- phosphotase (PNKP)-apratamino terminal domain (PANT),
a histidine triad (HIT) motif and a zinc-finger dam. It is predicted to have a nuclear

localization, based on the presence of a potemti@lear localization signal between



PANT and HIT domains and a zinc-finger domain tlegresents a putative DNA binding
site (Moreiraet al., 2001). Some members of the HIT family have nuctesbinding and
diadenosine polyphosphate hydrolase activities,thtotein products are thought to play a
role in single-strand DNA repair, particularly résng abortive DNA ligation
intermediates (Rast al., 2007). The catalytic activity of APTX resides withihe HIT
domain, and the C-terminal zinc finger domain pdesi stabilizing contacts that lock the
enzyme onto its high affinity DNA site (Ulrickt al., 2007). In fact, cells producing a
truncated product lacking HIT and zinc-finger donsaare shown to be hypersensitive to
artificially induced DNA single-strand breaks (Mgseet al., 2005). Mutations in the
histidine triad (FbHoeHoop, ¢ representing a hydrophobic residue) of HIT domaia
shown to abolish the catalytic activity (Ahel al., 2006). Another study showed that
aprataxin specifically removes damaged 3’-ends #mough this action, it acts together
with DNA polymerase and ligase to repair singlesstl breaks. Disease-associated mutant
forms of the protein generally lack the removalaigt, strongly suggesting that the loss of
such activity is closely linked to the pathogené¢$mkahashét al., 2007).

As of 2010 many mutations have been reported in AO&nd one of those is
p.W279X, that was discovered in a family afflicteath ataxia and CoQ10 deficiency
(Quinzii et al., 2005). This mutation leads to the premature teation of translation and
thus to the truncation of the protein product, ngsthe zinc finger domain which is
responsible for stabilizing the catalytic site, HIdmain, onto DNA target site. The report
was the first to propose an association between 10odkficiency and ataxia. It had
analyzed 13 additional patients with CoQ10 deficierbut noAPTX mutation was found
in those Another study reported decreased muscle CoQl¥enplatients out of six with
AOALl (Le Beret al., 2007). Three of those patients were homozygousnfatation
p.W279X and had the lowest CoQ10 levels. The stimiyd no correlation between

CoQ10 deficiency and disease duration or severity.

AOA2 is a subtype of AOA and characterized by cellab atrophy, early loss of
reflexes, choreathetosis, mild mental retardag@mipheral neuropathy, hypoalbuminemia
and increased alpha-fetoprotein. Oculomotor apraxianly an occasional feature of
AOAZ2. Prevelance of AOA2 is slightly less frequéiman A-T. Progressive ataxia appears

before the age of 15 years.



Senataxin (SETX) gene at 9934.13 was found mutated in patients MdA2. SETX
encodes a large protein of 2,677 amino acids wimammly localizes to nucleus (Moreieh
al., 2004). The protein has a DNA-RNA helicase domdimak been proposed to have a
role in DNA damage response and double-strand b{e&B) repair, because cell lines
from AOA2 patients showed an increased sensittatggents that generate cross-links in
DNA and DSBs but lacked sensitivity to ionizing igtn (Suraweerat al., 2007).

Autosomal recessive spastic ataxia of CharlevoguBay (ARSACS) is a
neurodegenerative disorder characterized by cdaelatophy, progressive spastic ataxia
and peripheral neuropathy. Retinal striation (iases#l visibility of the retinal nerve fibers)

may be observed but is not a major diagnosticraite Age of onset is before 5 years.

Sacsin (SACS) at 13912 was found mutated in patients with ARSAEG encodes a
protein with 4,579 amino acids and is predominaettpressed in neurons, especially in
motor neurons. Its localization in cells is cytgptac and mitochondrial. A strong
sequence similarity is identified between a regmar sacsin C-terminus and HSP40, a
heat shock protein. This highly conserved regiahésdefining feature of HSPs; therefore,
sacsin may represent a direct link between a mesinaof ataxia and the HSP machinery
(Parfittet al., 2009).

In this study two families were investigated, wathiotal of 9 patients and 29 healthy
individuals. The initial diagnosis for the patiemtas autosomal recessive ataxia.

1.2. Juvenile Parkinsonism

Parkinson’s Disease (PD, MIM 168600) is the secontbst common
neurodegenerative disorder after Alzheimer’'s diseasd affects 1-2 per cent of the
population above the age of 60 years (Fetha., 2003). It is characterized by a classical
triad of signs: bradykinesia, rigidity and restitrgmor. Bradykinesia is the generalized
slowness of movement, rigidity is resistance witthe range of passive movement of a
joint and resting tremor is the involuntary rhytlenascillation of a body region that is
produced by alternating contractions of reciprogcaihervated muscles. PD is a result of

selective degeneration of the dopamine producinly ae substantia nigra. The loss of



dopaminergic neurons is accompanied by the accuiomlaf Lewy bodies in the
remaining substantia nigra neurons. Those bodiesfiarillar cytoplasmic inclusions

consisting of protein aggregates (Mc Naught anch@Ag 2006).

Three mechanisms are proposed to be responsiblé’or defective ubiquitin-
proteasome pathway, mitochondrial dysfunction amxibaiive stress. The ubiquitin-
proteasome pathway degrades proteins marked farudeésn and is believed to have a
central role in several neurodegenerative diseades.first discovery of mitochondrial
dysfunction in PD was the observation of Parkinsunlike effects of some herbicides that
disturbed mitochondrial electron transport chaesuiting in ATP depletion. Oxidative
stress is very important in all neurons, especially dopaminergic ones, because
metabolism of dopamine is known to generate freecads that will lead to inflammation

and programmed cell death, as observed in the dopagic neurons in PD.

PD has autosomal dominant, autosomal recessivesaoradic forms. Seven genes

have been implicated in the Mendelian forms (TdbB.

Table 1.2. Parkinson’s Disease-associated gerasntlode of inheritance and age of
onset. (Modified from Abou-Sleimaat al., 2006.)

Locus MIM Inheritance Gene Gene Function Age ofebns
PARK1/4 Autosomal . Involved in vesicle
605543 ) a-Synuclein . ] 30 - 60 years
4921 Dominant synaptic formation
PARK2 Autosomal ) )
600116 ) Parkin An E3 ligase ~ 30 years
6025.2-927 Recessive
PARK6 Autosomal A mitochondrial
605909 ) PINK1 ] 30 — 50 years
1p36 Recessive kinase
Involved in
PARK?7 Autosomal o
606324 ) DJ1 oxidative stress 20 — 40 years
1p36.23 Recessive
response
PARKS Autosomal o
607060 ) LRRK2 A protein Kinase 40 - 60 years
12912 Dominant

Juvenile Parkinsonism (JP) is parkinsonism withebrizefore the age of 40 years
(Takahashet al., 1994). The age of onset for JP is generally betw25 and 30 years, with

a range from 10 to 45 years. Ishikawa and Tsuj861Stated that patients present mild



classical PD symptoms and retropulsion (involuntbagckward stepping when starting
walking), dystonia (twisting and repetitive movengnof the feet and hyperreflexia
(overreactive reflexes). Disease progression isallysislow. Patients respond well to
levodopa but dopa-induced dyskinesias and weatihgteenomena occurs frequently.
Mode of inheritance is recessive exceptdaaynuclein-related dominant cases.

1.2.1. a-Synuclein

a-Synuclein gene encodes a cytosolic protein that is localiaédpresynaptic
terminals and thought to be involved in synaptiaction, modulating the dopamine
neurotransmission (Abeliovich et al., 2000). Theantia-synuclein forms stablg-pleated
sheets and later fibrils in the cell, resultingtive generation of pathological inclusions

known as Lewy bodies (Goldberg and Lansbury, 2000).

1.2.2. Parkin

Mutations inParkin gene account for half of autosomal recessive JPaaodt 20
per cent of isolated PD cases (Lucketigl., 2000). Parkin is a neuroprotective cytosolic
protein and an E3 ubiquitin-ligase that is a pamilmquitination system. Mutant forms of

Parkin do not form aggregates.

Parkin-related PD cases have a slow progression bueeadie of onset of disease,
present dystonia with classic triad of signs atebasd respond well to L-Dopa (Lohmann
et al., 2003).

1.2.3. DJ1
Oncogene DJ1 has been shown to act as a redox-sensitive malechiaperone,
preventing the aggregation afsynuclein and thus exerting a protective functiomder

oxidative stress conditions (Shendelneal., 2004).

Phenotypically,DJ1 mutation cases are indistinguishable fr&arkin and Pinkl1-
linked PD cases (Kleigt al., 2007).



1.2.4. PINK1

PTEN induced putative kinase 1 (PINK1)-linked PD cases have similar phenotypes
as Parkin-related cases and respond well to L-Dopa. Parkish RINK1 is thought to
function in the same mitochondrial signaling patiiaooleet al., 2008). It has also been
reported that the mutant phenotype in PINK1 deficdrosophila can be rescued by Parkin
expression but not vice versa, demonstrating thatii acts downstream of PINK1 (Clark
et al., 2006; Parlet al., 2006; Yanget al., 2006).

Several genes in human genome are potential caeditia explain the familial PD
not associated with known disease genes. One oh ikseAdenylate Kinase 3-Like 1
(AK3L1), a member of nucleoside monophosphate kinasesatbatibiquitous enzymes,
present both in prokaryotes and eukaryotes, aradyzatthe reversible phosphoryl transfer
between various nucleoside mono and triphosphatéisei salvage pathway of nucleotide
metabolism (Leest al., 1998). It is a poorly expressed mitochondrial mgbrotein with
highest expression levels in brain, kidney, lived deart tissues (Yonadhal., 1998). It
phosphorylates AMP, dAMP, CMP and dCMP with ATP &itP as phosphate donors.
The protein has a mitochondrial targeting sequenapped to first 11 amino acids and an
ATP-binding loop that consists of amino acid resslul2-20 in the N-terminal part
(PanayiotoLet al., 2010).

In this study genetic investigations were perfornmed family with four affected

members initially diagnosed as autosomal receskivenile Parkinsonism.

1.3. Larsen Syndrome

Larsen Syndrome is characterized by congenital elgoipt dislocations and
craniofacial abnormalities. It occurs in about 1 160,000 births, with equal gender
incidence (Larsemt al., 1950). Additional cardinal features are short te@hiphalanges
leading to pseudoclubbing, dislocations of the Hipee and elbow joints and foot
deformities. Craniofacial anomalies include hyperism, prominent forehead, depressed

nasal bridge and a flattened midface. Cleft patatd short stature as well are often
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associated (Silverman972). The severity of those features varies greationg patients,
even in those from the same family (Beckeal., 2000). Mental capacity is not affected

by the disease.

Diagnosis can be made as early as in the 16th wegé&station by ultrasonographic
investigations in pregnancies at risk. The progddbe disease manifestations is rapid in
the first two decades of life, due to the rapidvgtoof the body. Kyphosis (increased angle
of upper spine) and scoliosis (abnormal lateralature of the spine) may develop and
must be handled appropriately, as those can leagdpiratory problems or to spinal
compressions, thus causing neurological deficitandjement of the disease is mainly
based on surgically reducing the joint anomalieshsas knee and hip dislocations and

spinal deformities and physical therapy for allévig the pain/problems.

The mode of inheritance for Larsen Syndrome careitieer autosomal dominant
(MIM 150250) or autosomal recessive (MIM 24560 eRotypes of the two inheritance
types are not distinct, but J. G. Hall in 1975 (MBM5600) suggested that characteristic
facial appearance is less striking and abnormslgiech as syndactyly and severe short
stature are more frequent in the recessive formthd dominant forms of the disease, the
severity of symptoms may differ greatly among gatiens. For example, diagnosis of
Larsen Syndrome in a child led to correct diagnasighe parent who had escaped
diagnosis due to an unexpectedly mild manifestatibthe disease (Becket al., 2000).
Germline mosaicism has also been reported (Petetlld., 1993). That family was
originally reported by Bloch and Peck in 1965 gsoasible example of the recessive form
because the parents were unaffected and two sites afiected. However, diagnosis was
later corrected as autosomal dominant form withmjjee mosaicism when one of the
affected sisters gave birth to an affected daugRtetrallaet al., 1993).

Genetic heterogeneity has been described in batsa@amal dominant and recessive
forms, with great variability in clinical presentats (de Nazar, 1980). Two genes have
been identified as mutated in Larsen Syndrofi¢amin beta (FLNB) at 3p14.3 and
Carbohydrate Qulfotransferase 3 (CHST3) at 10g22.1. The first gene to be identified was
FLNB. Mutations in this gene cause human skeletal dessrsuch as autosomal dominant

Larsen Syndrome, autosomal recessive spondylo@agabdtsyndrome (MIM 272460) and
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autosomal dominant perinatal lethal atelosteogsnesnd Il (MIM 108720 and 108721,
respectively; Krakowet al., 2004). This diversity in skeletal abnormalities sed by
mutations in a single gene indicates a central fimidilamin B in skeletal morphogenesis.
FLNB is ubiquitously expressed and encodes a proteinisha member of the filamin
family. Filamins are high molecular mass cytoplasimioteins that organize filamentous
actin in networks and stress fibers. They reguliie structure and activity of the
cytoskeleton by cross-linking actin into three-dims@nal networks, linking the cell
membrane to the cytoskeleton and serving as sdaffmd which intracellular signaling and
protein trafficking pathways responsible for skaletevelopment are organized (van der
Flier and Sonnenberg, 2001). Finb deficient micestiged phenotypic features similar to
the human phenotype. They have shortened distbklemd a small body size and develop
fusion of the ribs and vertebrae, abnormal spinavatures and dysmorphic facial bones.
Increased apoptosis along the bone periphery ofdibal appendages and impaired
progressive differentiation of chondrocyte prectsssere also observed (letial., 2007).

The second gene reported as mutated in Larsen @wedisCHST3. Mutations in
this gene result in three autosomal recessive skseapondylepiphyseal dysplasia (MIM
603799), humerospinal dysostosis (MIM 143095) amasén Syndrome (Thielet al.,
2004, Hermannst al., 2008). CHST3 encodes an enzyme that catalyzes sulfation of
chondroitin, a proteoglycan found in the extradalumatrix. The protein is involved in

cell migration and differentiation in tissues sashcartilage and skin (Ramaeiral., 2005).

Calcium activated nucleotidase 1 (CANT1) is a gene that was reported as responsible
for Larsen-like disease, Desbuquois Dysplasia (M151450, Hubest al., 2009). This
gene is located at 179g25.3 and encodes a solubleps€ferring nucleotidase belonging to
the apyrase family. The exact function of the prote yet unknown, but its substrates are
proposed to be involved in several major signapathways, such as calcium ion release.
Five alternating positively and negatively chargesidues (D114, E284, R300, E365 and
K394) comprise a network of four salt bridges iveal in the catalytic site of CANTL1.
Direct mutagenesis of R300 has been shown to dishepelectrostatic interactions in the
salt bridge and result in decreased enzyme actwitlgout altering calcium binding or

producing a conformational change (Baal., 2004).
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Desbuquois Dysplasia is an autosomal recessive decbdysplasia displaying
multiple joint dislocations, severe perinatal grbwtetardation, joint laxity, short
extremities and progressive scoliosis. The maimolagical features are short long bones
with metaphyseal splay (widening) and exaggeratechanter (widening of bone growth
plate ends) of proximal femur and advanced canpdltarsal bone age with a delta (extra)
phalanx (Hubert al.,2009). Hand anomalies such as phalangeal dislosagnd extra
ossification centers are not observed in all Deabiggpatients (Gillessen-Kaesbagttal.,
1995, Faivreet al., 2004).

In this study genetic investigations were performedseven families with eight

patients initially diagnosed with autosomal recestiarsen syndrome.

1.4. Congenital Cerebellar Hypoplasia

Congenital Cerebellar Hypoplasia (CCLH, MIM 2130@®)n autosomal recessive
disorder characterized by nonprogressive congergeiebellar ataxia with mental
retardation, delayed motor development, disturbealdination and hypotonia associated
with cerebellar hypoplasia (Schureg al., 1981). Cerebellar hypoplasia is referred to a
small cerebellum with fissures (grooves dividinffatent parts of cerebellum) of normal
size compared to folia (small leaflike laminae arebellar cortex; Barkovich, 2000).
Cerebellar hypoplasia constitutes about 10 per ceatl cerebellar malformations and 3
per cent of all central nervous system malformati@Patel and Barkovich, 2002; Pirer
al., 1998). All motor related symptoms, such as exadgdrdeep tendon reflexes, gait
abnormalities and very late or no walking, indicatecerebellar pathology. Magnetic
resonance imaging shows cerebellar atrophy afigctire vermis and/or hemispheric
region of cerebellum. On histological examinatiodsgeneration of the granular cells as
well as the Purkinje cells is observed (Feateal., 1987)

Differential diagnosis of congenital cerebellar bgfasia is not simple, because
several diseases of the nervous system such ascepabellar ataxias, pontocerebellar

hypoplasias and Joubert Syndrome present withaimiiinical manifestations.
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As of May 2010 there are 7 genes reported as nibibatearious forms of cerebellar
hypoplasiaVLDLR, RELN, OPHN1, CASK, EN2, POMT2 andPMM2 (Table 1.3).

Table 1.3. Cerebellar hypoplasias, their causaerees and clinical features

Disease MIM Gene Locus Distinctive Features

Autosomal recessive

Cerebellar ataxia, mental Nonprogressive cerebellar ataxia,
retardation and 224050 | VLDLR 9p24 mental retardation, delayed motor
dysequlibrium syndrome development
Norman-Roberts type Lissencephaly, hyperreflexia, seizurgs,

257320 RELN 7022

Lissencephaly Syndrom mental retardation

D

Peripheral neuropathy, cerebellar

Congenital disorder of 16p13.3- )
] 212065 PMM2 hypoplasia, mental and psychomotar
glycosylation, type la pl3.2 )
retardation
X-linked

Mental retardation and ) )
Pontine hypoplasia, severe mental

300749 CAXK Xpl1.4 retardation, microcephaly,

sensorineural hearing loss

microcephaly with

pontine and cerebellar

hypoplasia
Mental retardation with
cerebellar hypoplasia and Mental retardation, partial seizures,
S ) 300486 | OPHN1 Xgl2 S )
distinctive facial distinctive face, no ataxia
appearance

Mutations in Redlin (RELN) were identified in an autosomal recessive form of
lissencephaly (lack of brain folds) associated va#vere abnormalities of cerebellum,
hippocampus and brainstem (Hoetgal., 2000). RELN is a large secreted extracellular
protein involved in a molecular pathway that re¢ggdathe migration of neurons along the
radial glial fiber network. It thus controls cekltinteractions critical for cell positioning

and neuronal migration during brain developmentr(@uand D’Arcangelo, 1998).

Recessive mutations in théery low density lipoprotein receptor (VLDLR) gene
result in cerebellar hypoplasia (Boycettal., 2005). The low density lipoprotein receptor
gene family consists of cell surface proteins inedl in receptor-mediated endocytosis of
specific ligands.VLDLR protein plays important roles in low density lipof@in-
triglyceride metabolism and the reelin signalinghpay. Deletion ofVLDLR homolog in
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mice results similarly in a hypoplastic cerebelland failure of assembly of Purkinje cells

in a tight layer (Trommsdogst al., 1999).

Oligopherin 1 (OPHN1) gene mutations cause X-linked cerebellar hypaogplasth
distinctive facial dysmorphism and severe menttdrdation (Billuartet al., 1998). The
gene encodes a Rho-GTPase-activating protein tlmahqies GTP hydrolysis of Rho
subfamily members. Rho proteins are important media of intracellular signal
transduction that affects cell migration and cetirphogenesis. Inactivation @phnl in
cultured mouse cells increased the density andoptiop of immature dendritic spines,
thus indicating that Ophn1 is required at all stagledevelopment (Khelfaoet al., 2007).

Mutations in Calciunvcalmodulin-dependent serine protein kinase (CASK) gene
result in congenital and marked postnatal microagphsevere mental retardation,
sensorineural hearing loss, disproportionate perdind cerebellar hypoplasia (Tarpay
al., 2009). The protein product is a member of memdassociated guanylate kinase
protein family. Proteins that are members of thmilfig are scaffolds that are located at

synapses in the brain.

Phosphomannomutase 2 (PMM2) gene mutations cause glycoprotein biosynthesis
defects that manifest as carbohydrate-deficientagyotein syndrome type | (Matthig
al., 1997). The protein is necessary for the synshesidolichol-P-oligosaccharides that
play critical roles in metabolism and cell recogmt adhesion and migration (Marquardt
and Denecke, 2003). Clinical features of the disease severe encephalopathy,

pronounced psychomotor retardation, peripheralogathy and cerebellar hypoplasia.

In this study genetic investigations were carried io two families, each having 2

sibs diagnosed with Congenital Cerebellar Hypoplasi
1.5. Linkage Analysis
Genetic linkage is the tendency of two loci on shene chromosome to be inherited

together. Alternatively, a new combination of akelcould be created by a crossover

between homologous chromosomes in meiosis. Thent@ioation rate, or recombination
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fraction @), is directly related to the distance betweenlttoe The maximum value fdd

is 0.5, and it indicates that either the two la@ &ar apart from each other so that there is
no linkage between them or they are on differembrciosomes. Genetic markers on a

chromosome are utilized to detect recombinatiomt&svand to localize a disease gene near

them.

The availability of various genetic markers, inghgltandem repeats, microsatellites
and single nucleotide polymorphisms (SNP), and abeessibility to databases storing

information on those genetic markers have madeagjekanalysis more efficient.

1.6. Lod Score Analysis

Linkage analysis is classified into two groups: goaetric (model-based) and
nonparametric (model-free). Parametric method rsgtegss various predetermined genetic
parameters such as penetrance, disease-alleleefiregand mutation rates to explain the
mode of inheritance. The statistical method to @st&l parametric linkage analysis is lod

(logarithm of odds) score analysis.

Morton (1955) described lod score analysis as umsigating between two
hypotheses: the null hypothesis of no linkaGe=(0.5) and the alternative hypothesis of
linkage @ < 0.5). The statistical criterion for proving liage between two traits is based
on an observed odds ratio, namely “L” that is thiorof the probability of observing the
distributional model of the two traits in a famiith linkage atd to the same probability
under the hypothesis of no linkage@at 0.5 (Risch, 1992). This is a likelihood-based
method that originated from the Neymann-Pearsommarthat states that if there is a best
test for a given hypothesis, it takes the form d¢ikelihood ratio test. The logarithm of L,
lod score, indicated by the function of6X(is calculated at several values&fand the
maximum test statistics of Z-maximum likelihood Iscbre is reported. A lod score of 3 is
the limit for human linkage analysis to accept ¢igk (Terwilliger and Ott, 1994). The
values between -2 and 3 are inconclusive for liekagalysis. A lod score gf2 excludes
linkage for the region
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Basically there are two types of lod score analysi®-point and multipoint. Two-
point lod score analysis calculates lod scoresuyayuating cosegregation of each marker
with the disease locus. The analysis determinegdbembination events in individuals
and the inheritance of alleles throughout the pedigMultipoint lod score analysis allows
analysis of more than two loci at a time. By thisthod linkage analysis can be more
efficient, but it also becomes more cumbersomealtulates lod scores for all possible
positions on a given map of genetic markers anespecially useful for pedigrees that

have limited informativeness for markers.

Complex traits result from two or more interactiggnes and/or environmental
factors. Due to these factors, model free, nonpanacnmethods are applied in studies on
complex traits. The idea behind nonparametric nusths that affected individuals should
be carrying a shared haplotype that is identicatl&scent in the region of a susceptibility
gene, no matter what the mode of inheritance is.

Homozygosity mapping is another application of patic analysis in
consanguineous families and isolated populatioriecfed individuals for an autosomal
recessive trait in such groups have most likelyeirad a shared haplotype from each
parent and, thus, from a common ancestor and inhtimeozygous state (Lander and
Botstein, 1987). Generally the frequency of a @disease trait is so low that the disease
can only arise in a consanguineous marriage. Suamted families are of great value for

linkage studies, as a single family alone can ptedusignificantly high lod score.

A variety of computer software solutions have beeneloped for statistical tests
used in linkage analysis. SuperLink and FastLirk taro such examples applied in two-
point lod score analysis. GeneHunter and SimWadkspecifically designed for multipoint
analysis. On the other hand, software such as wllagd Merlin can be used for both of
the above analyses as well as for nonparametrityssega Since the input formats and
commands for each of those software are differ@rdpmmon platform, most generally
easyLINKAGE, is used for automatically convertimput formats and commands when
needed (Hoffman and Lindner, 2005).
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1.7. Homozygosity Comparison in Excel

Human Genome Project and HapMap Project facilitate] discovery of a vast
number of single nucleotide polymorphisms (SNPsjh@ last decade. SNPs are being
used for linkage and association studies since, thiere to their even distribution
throughout the genome. However, an SNP has only dlMdes, yielding a maximum
heterozygote fraction of about 50 per cent in autatpn. The drawback of such low
informativeness is compensated when clusters ofsSi® considered as units. The recent
advancements in the hybridization technologies miakeasible to genotype hundreds of
thousands of SNPs on a single chip. Unfortunatbly freely available software could not
provide sufficient capacity to process the dataegated with those SNPs. The huge data
load generated from a large number of SNPs utilined single project necessitates the
employment of a new analysis method. Within thepscof this study, Homozygosity
Comparison in Excel (HCIE) was developed. This métlises formulas embedded in
Microsoft Excel to identify homozygous loci for atgent and compare his/her genotype
with other family members as well as with otherigrats’. The SNP names are on the first
column, alleles for each individual are copied émsecutive columns on Sheet A and the
formulas are written on Sheet B. The basic purpafsthe formulas is to compare the
contents of determined cells in a row of specifiarker and report the result in binary
format, “1"/“True” or “0”/“False”. This binary format is then differentially colorized for
easy visualization of the result. By using the pang, SNP genome scan data can be
analyzed and candidate regions determined forekestep: candidate gene approach.

1.8. Candidate Gene Approach

A genetic locus is identified by using the dataeyated from genome scan and later
narrowed down by fine-mapping. Computer prograntstaaplotype inspection are applied
to confirm linkage to the locus. The genes at tt$ are evaluated to assess which of
them are good candidates to be the disease gemecifteria to be considered in candidate
gene approach are:

. Location: The gene must be localized within the mmak critical gene locus.

. Pathway: The gene product must be involved in mash@s related to the

pathogenesis observed in the disease phenotype.
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Expression: Gene expression in tissues and/or dgwadntal stage must be
compatible with disease phenotype.

Model: A similar disease phenotype must be observathimal models.
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2. PURPOSE

In the first part of this study, the purpose wasrtap the gene loci for four rare
autosomal recessive disorders using the genomedstarfor the families and subsequent
fine-mapping and statistical analyses. The diserdsme Autosomal Recessive Ataxia
(ARA), Juvenile Parkinsonism (JP), Autosomal Reeestarsen Syndrome (LRS) and

Congenital Cerebellar Hypoplasia (CCLH).

Optimization of existing methods and developing nemes to analyze the data
obtained were aimed at the beginning of the stirdgrmation gained from microsatellite
and SNP genome scans and fine-mapping studiesamafgzed with linkage software for
haplotype segregation and lod scores. Additiondigmozygosity Comparison in Excel
was developed in our laboratory during the courfsthis thesis to analyze high density
SNP data. The purpose was to identify the chromasaegions that exhibit shared

homozygosity in affected individuals in a pedigree.

In the second part of this study, candidate gen@oagh on identfied loci was
conducted with the aim of finding the genes resjidagor Autosomal Recessive Ataxia,
Juvenile Parkinsonism and Autosomal Recessive harSgndrome. Single strand
conformational polymorphism, restriction enzymedsts and direct sequencing were
applied with this intention. The purpose was ta fangene variant that was indicative of a

pathological mutation and not a polymorphism.
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3. MATERIALS

3.1. Subjects

Informed consent was obtained from all subjecté@patad in this study. The study
was approved by the Committee on Research with HuRarticipants at Bigazici

University.

3.1.1. Autosomal Recessive Ataxia

Two families with Autosomal Recessive Ataxia werwestigated for his study.
Family 1 originated from Aegean region and Familfydin Black Sea region (Figures 3.1
and 3.2). In total nine individuals were afflictedth the autosomal recessive syndrome.
Clinical findings for the three cases in Family &resdescribed by Dr. Hatice Karasoy at
Ege University. Three of the five patients in Fan@ilwere evaluated by Dr. Bilent Kara at
Kocaeli University. Patients were grouped by theinical and neurological features
(Table 3.1). Group 1 was composed of the threeptin Family 1 and 2-601, 2-605 and
2-608 in Family 2. Patients 2-504, 2-609 and 2-#ilBamily 2 were considered as Group
2 (Figure 3.2).

Table 3.1. Clinical and neurological findings irtipats with autosomal recessive ataxia.

Clinical Feature Group 1 Group 2
Ataxia + (Progressive) +
Intellectual disability | Mild Severe
Age of onset 7 years Birth
Communication Understand and respond to | Poor

verbal commands

Spasticity - +

Walking With support Without support

Nystagmus + -
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Figure 3.1. Pedigree diagram for ARA Family 1. Plagt of the family that was available
after March 2008 is contained within shaded lifi¥dA samples available for this study
are marked with a + sign. DNA samples availabletfierlllumina 370K chip are depicted

with an “a”
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Figure 3.2. Pedigree diagram for ARA Family 2. Grimig according to clinical evaluation
is contained within shaded lines. DNA samples awdd for this study are marked with a +
sign. DNA samples available for the lllumina 370 and Illumina 1M chip are

depicted with an “a” and a “b”, respectively.
3.1.2. Juvenile Parkinsonism

A large consanguineous family afflicted with Juvderiarkinsonism was investigated
(Figure 3.3). Blood samples from 16 individuals svsupplied by Dr. Hatice Karasoy at
Ege University. In May 2008, individual 505, prewsdy reported healthy, presented
disease symptoms at the age of 11 years. Indivscd@h, 406 and 407 were not included

in microsatellite or SNP genome scans.
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Figure 3.3. Pedigree diagram for JP family. DNA phes available for this study are
marked with a + sign. DNA samples available fornosatellite genome scan, lllumina

370K chip and lllumina 1M chip are depicted with“aihand a “b”, respectively.

3.1.3. Larsen Syndrome

Seven consanguineous families diagnosed with LaBsenirome were investigated
in this study (Figure 3.4). Blood samples were $iedpby Dr. Beyhan Tuysuz at Istanbul
University and Dr. Davut Gul at Gulhane Military &demy of Medicine. Microsatellite
genome scan was available for all patients fronesdamilies and for healthy individuals
of families LRS1, LRS2, LRS3 and LRS6. SNP genogsnsn spring 2010 was carried
out for patients in families LRS1, LRS2, LRS3, LR&4d LRS 7, and in all members of
family LRS6.
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Figure 3.4. Pedigree diagrams for LRS families. Dd&nples available for this study are

marked with a + sign. DNA samples available fornosatellite genome scan and for

lllumina 1M chip are depicted with an “a” and waHb”, respectively.
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3.1.4. Congenital Cerebellar Hypoplasia

Two consanguineous families afflicted with Conganerebellar Hypoplasia were
investigated in this study (Figure 3.5). Blood s&mpwvere obtained by Dr. Asli Tolun.
DNA samples from all members of two families wevaitable for microsatellite genome

scan. Later SNP genome scan also was carried opafients 5-601 and 6-403.

CCLHS CCLHG
5-101 ‘ 5102 6-101 6-102
?
5-201 5202
6-203 6-204
EI +
5-301
@)
6-302
5-401 5-402 T
] 6-403
5-501 Bl
= a
5-601
+ ab

Figure 3.5. Pedigree diagrams for CCLH families.Aodamples available for this study
are marked with a + sign. DNA samples availablenfi@rosatellite genome scan and for
lllumina 670K chip are depicted with an “a” andl®,“respectively.

3.2. Chemicals
Chemicals used in this study were purchased fromelBom (Germany), Carlo Erba

(Italy), Merck (Germany), Sigma (USA) and Riedeltdéen (Germany) unless stated

otherwise in the text. All solutions were prepaiedH,O unless otherwise stated.



3.3. Buffers and Solutions

3.3.1. DNA Extraction from Whole Blood

Cell Lysis Buffer

Nucleus Lysis Buffer

Sodiumdodecylsulfate (SDS)

Proteinase K

Ammonium Acetate

Ethanol

TE Buffer

10X PCR Buffer A

10X PCR Buffer B

MgClz

155 mM NECI, 10 mM KHCQ,
0.1 mM NgEDTA (pH 7.4)

400 mM NacCl, 2 mM pEDTA,
10 mM Tris (pH 8.2)

10 per cent SDS (w/v)

20 mg/ml Proteinase K

7.5 M G3E€OONH,

Absolute ethanol

1 mM EDTA, 20 mM Tris-HCI (pH 8.0)

3.3.2. Polymerase Chain Reaction (PCR)

20 mM MgGJ 500 mM KCl,
100 mM Tris-HCI (pH 8.3)

20 mM MgS£ 100 mM KClI,

200 mM Tris-HCI (pH 8.8), 100 mM
(NHy)2SQy, 1 per cent Triton X-100,
1 mg/ ml BSA

25 mM MgChk (Roche, Germany)
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dNTP

Betaine

3.3.3. Agarose Gel Electrophoresis

Agarose

10X TBE Buffer

6X Loading Buffer

Ethidium Bromide
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12.5 mM each of dATP, dTTP,
dCTP and dGTP (Roche, Germany)

5 M Betaine (Promega, USA)

2 per cent agarose in 0.5 X TBE buffer

0.89 M Trizma base, 0.89 M boaicid,
20 mM EDTA (pH 8.3)

10 mM Tris-HCI (pH 7.6),
50 per cent glycerol,

60 mM EDTA, 2.5 mg/ml bromophenol blue

10 mg/mi

3.3.4. Denaturing Polyacrylamide Gel Electrophordas (PAGE)

40 per cent Acrylamide
(stock)

8 per cent Instagel

(denaturing)

APS

TEMED

10X Sample Buffer

40 per cent acrylamidsabrylamide (19:1)

8 per cent acrylamide-bidanride (19:1),

8.3 M urea in 1X TBE Buffer

10 per cent ammonium peroxidisulfate

N,N,N,N-tetramethylethylenediamine

90 per cent formamide, 20 mBPITA,

0.05 per cent bromophenol blue,

0.05 per cent xylene cyanol
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3.3.5. Single Strand Conformational Polymorphism{SCP) Gel Electrophoresis

40 per cent Acrylamide : 40 per cent acrylamidsabirylamide (37.5:1)
(stock)

8 per cent Acrylamide : 8 per cent acrylamide-rglamide (37.5:1)
(non-denaturing) in 0.6X TBE Buffer

Glycerol : 5 per cent glycerol in gel solution

3.3.6. Silver Staining
Staining Buffer : 0.1 per cent AgNO
Developing Buffer : 1.5 per cent NaOH,
0.01 per cent NaBH
0.015 per cent formaldehyde
3.4. Enzymes
Tag DNA polymerase was purchased from Roche (GermamnyQiagen (USA)
,Supplied with Q-solution. Restriction enzynBseGl and its buffer were supplied by
Fermentas (Canada).

3.5. Kits

A list of commercial kits utilized in this study ggven in Table 3.2.
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Table 3.2. List of kits used in this study, theasdription and manufacturing company.

Name Used for Company
Qiagen Taq PCR Core Kit with o o _
_ Amplification of difficult templates Qiagen, USA
Q solution
_ Amplification of templates with high GG
GC-Rich PCR System Roche, Germany

content

Agarose Gel DNA Extraction | Elution of DNA fragments run in agaroge
, Roche, Germany
Kit gels

QIAquick PCR Purification Kitf PCR clean up for sequencing Qiagen, USA

High Pure PCR Template

, _ DNA extraction from whole blood Roche, Germany
Preparation Kit

3.6. Oligonucleotide Primers

Oligonucleotide primers used in this study werecabtom synthesized. They were
purchased from lontek (Turkey) or Massachusetts e@énHospital (MGH) DNA
Synthesis Core (USA). Lypophilized primers weresdiged in 1000 pl dpO, and 10 uM
dilutions were used for PCR.

3.7. DNA Molecular Weight Markers

Lambda DNAHindlll and pUC19 DNAMspl markers were purchased from
Fermantas (Canada), and 50 bp DNA ladder was psedhiaom Roche (Germany).

3.8. Equipment
The equipment used in this study and their moda@isdycers, countries) are listed

below.

Autoclave : Midas 55 (Prior Clave, UK)
AMBA430T (Astell, UK)

Balance : Electronic Balance (Precisa, Switnefja
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Centrifuges : MiniSpin Plus (Eppendorf, Germany)
Allegra X-22R (Beckman Coulter, USA)
J2-MC (Beckman Coulter, USA)
Universal 16R (Hettich, Germany)

Electrophoretic Equipment : Horizontal DNA Electhapesis Gel Box
(Bio-Rad, USA)
Primo Minicell Horizontal Gel Sytem
(Thermo Scientific, USA)
Sequi-Gen Sequencing Cell (Bio-Rad, USA)
DCode Universal Mutation Detection System
(Bio-Rad, USA)

Documentation System : GelDoc Documentation Systéimn
Quantity One 1-D Analysis Software
(BioRad, USA)

Deep Freezers : -80 Ultra Freezer (Thermo Scientific, USA)
-20C (AEG, Turkey)
-20C (Bosch, Germany)

Refrigerator : 2C (Arcelik, Turkey)

Incubator : Orbital (Gallenkamp, Germany)
Magnetic Stirrer : MR3001 (Heidolph, Germany)
Micropipettes X Pipetman (Gilson, France)
Minishaker : Rotamax 120 (Heidolph, Germany)

Ovens : Heraus (Germany)



Power Supplies

Spectrophotometers

Thermal Cyclers

Transilluminator

Vortex

Waterbath

Water Purification System
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EN 400 (Nuve, Turkey)

Power Pac Model 3000 (Bio-R&8lA)J
Fotoforce 250 Electrophoresis Power Supply
(Fotodyne, USA)

P250A Power Supply (Sigma-Aldrich, USA)

8453 UV-Visible Spectrophetiam
(Agilent, USA)
NanoDrop 1000 (Thermo Scientific, USA)

MyCycler (Bio-Rad, USA)
PTC-200 (MJ Research, USA)
Techne (Progene, UK)

LightCycler 480 (Roche, Germany)

Fluorescent Table (Consort,ga@mn)

Reax vortexmixer (Heidolph, Germany)

Lab Dancer Vario (Roth, Germany)

Grant LTD 6G Thermostatic Water Bath

(Grant, Germany)

Ultra Pure Water Paation system
(Watech, Germany)

3.9. Electronic Databases

A list of electronix databases utilized in thisdstus given in Table 3.3.
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Table 3.3. List of electronic databases used mshidy

Name and Internet Address

Description

Ensembl

http://www.ensembl.org/

automatic annotation on selected eukaryotic

genomes

Software system which produces and maintains

D

NCBI genome resources

http://www.ncbi.nlm.nih.gov/genome/guide/huma

Supplies reference sequence and working draft

nfassemblies for a large collection of genomes

Online Mendelian Inheritance in Man

http://www.ncbi.nlm.nih.gov/Omim/

A guide to human genes and inherited disorder

RCSB Protein Databank
http://www.rcsb.org/pdb/home/home.do/

Tools (including Protein Workbench software)
and resources for studying the structures of

biological macromolecules

UCSC Genome Browser

http://genome.ucsc.edu/

Reference sequence and working draft assemb

for a large collection of genomes

Amino Acid Substitution Prediction Tools

Molecular Modelling and Bioinformatics (MMB)
http://mmb2.pcb.ub.es:8080/PMut/

Annotation and prediction of levels of pathology
for mutations. Output prediction score of > 0.5

pathological, otherwise neutral

MutDB
http://www.mutdb.org/

Interactive structural analysis of mutation data

SIFT
http://blocks.fhcrc.org/sift/SIFT.html/

Calculates position-specific scores for amino

ranges from 0 to 1, where 0 is damaging and 1

neutral

SNPs3D
http://snps3d.org/

Assigns functional effects of non-synonymous
SNPs based on structure and sequence analys
Output scores of <0 is damaging. Mutation on

protein structure can be visualized.

Tools for Detection of Particular Patterns in Sequ

gces

Biology WorkBench
http:// workbench.sdsc. edu/

Web-based package of tools for storing and
analyzing input sequences. Includes Primer3,

restriction analysis, etc.

Tandem Repeats Finder
http://tandem.bu.edu/trf/trf.html/

Locates and displays tandem repeats in a givel

acids, using sequence homology to Output scor

lies

is

Is.

DNA sequence.
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Table 3.3. List of electronic databases used mghidy (continued)

Name and Internet Address

Description

Others

Alternative Splicing Structural Genomics Project
http://moult.umbi.umd.edu/human2004/

Modeling alternative splicing and its effects on

protein folds

Laboratory of Statistical Genetics at Rockefeller
University

http://linkage.rockefeller.edu/

List of statistical tools for genetic linkage arsly

Mammalian Genotyping Service

http://research.marshfieldclinic.org/genetics/

Genotyping maps and statistics

Rutgers map

http://compgen.rutgers.edu/maps/

Second generation combined linkage and phys

map

ical
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4. METHODS

4.1. DNA Extraction from Peripheral Blood Samples

Genomic DNA from patients and their family membeese isolated from peripheral
blood samples that had been collected into antidaag K;EDTA containing sterile tubes.
Thirty ml of cell lysis buffer was added to every tl of blood and kept for 10 minutes at
4°C to lyse the plasma membrane. The samples \Wweredentrifuged at 5000 revolution
per minute (rpm) at 4degrees for 10 minutes. Theeswatant was discarded, and the
leukocyte nuclei containing pellet was washed gpsading in 10 ml of cell lysis buffer
and centrifugation for 10 minutes. The supernataat discarded, and nuclei were
suspended by vortexing in 5 ml of nucleus lysisfdrufAfter the entire pellet had been
dissolved, 50 ul of proteinase K (20 mg/ml) andu8®f 10 per cent SDS were added and
mixed gently. The sample was incubated at 37°Cl#rhours to digest the nuclear
proteins. The sample was shaken gently to salpmiein residues after adding 2.8 ml of
NH,Ac. The sample was centrifuged at 10,000 rpm fon#Butes. The supernatant was
transferred to a 50 ml tube. Two volumes of abso&ihanol was added to it to precipitate
out DNA. DNA was fished out using a plastic pipdtfeand transferred to a microtube. It

was first air-dried, then dissolved in 500 pl of BEdfer and stored at -20°C until use.

If the amount of blood sample was small, then DNAsvextracted instead using
High Pure PCR Template Purification Kit.

4.2. Linkage Analysis

Whole-genome microsatellite scans had been comdiuctesearch for the loci of
genes responsible for JP, LRS and CCLH at the Naltideart, Lung and Blood Institute
(NHLBI) Mammalian Genotyping Service (Contract NwuenbHV48141, Weber and
Bronnan, 2001). Marshfield Screening Set 13 wasd imeCCLH, LRS1, LRS2 and LRS3
families while Set 16 was used for JP and the rem@iLRS families. Screening sets used
for the genome scan contained 411 and 402 micibsatmarkers, respectively, that

spanned both the autosomes and sex chromosomeamatherage spacing of 10 cM. The
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genotyping error rate of the service was 0.50 pet,@s estimated by blindly typing some
control DNA samples. The genotyping service reqlii®-30 ug of DNA from each
individual for the amplification of microsatelliteci with fluorescently labeled primers.
The amplified products were later genotyped on stau-built scanning fluorescence
detector and allele sizes were assigned. The seselte submitted to us in the LINKAGE

file format.

Whole-genome single nucleotide polymorphism (SN&ns were performed to
localize the genes responsible for ARA, JP, LRS @@ H at deCODE (Iceland),
Macrogen (South Korea) and Yale University (Unitetites of America). lllumina SNP
genome chips used for this study are summarizfalte 4.1. DNA requirement for SNP

chips varies from 200 ng to 300 ng, depending ercttip used.

Table 4.1. lllumina SNP genome scan chips, theilP $bintents and families genotyped in

this study.
_ CNV SNP spacing in kb _
Chip Name Total SNP ) i Family
(approximate) (Mean/Median)

lllumina 370Duo 370,405 74,000 7.7/5.0 ARA
lllumina 370Quad| 373,339 74,000 7.71/5.0 JP
lllumina 610Quad| 617,366 100,000 441]2.3 CCLH
lllumina 1IMQuad | 1,140,419 60,000 24112 LRS, JP

The raw data obtained from NHLBI Mammalian Genotgpi Service were
reformatted for the software package easyLINKAGHIlder to detect genotyping errors
(PedCheck), calculating two (SuperLink v1.6) andtipaint (SimWalk v2.91) lod scores,
and constructing haplotypes (Genehunter v2.1).ufitated physical and genetic positions
of the markers were obtained from the sequencesthgge (STS) map of GenBank (NCBI
Build 36.3 and 37.1). The candidate loci deducadratomputer analyses were fine-
mapped by typing additional microsatellite markigaaking and/or within those loci in our
laboratory. All of the statistical analyses werefmened under a parametric model of

recessive inheritance with full penetrance.



36

The raw data obtained from SNP genome scan werertetpto Progeny Software in
order to exclude the markers with Mendelian erragefprmat for HCIE and apply
easyLINKAGE to calculate two-point (SuperLink v1.&nd multipoint (SimWalk v2.91)
lod scores and construct haplotypes (Genehunt&).v&ll of the statistical analyses were
performed under a parametric model of recessiveritamce with full penetrance.

Microsatellite markers that were reported in theadases were primarily selected for
the genotyping analyses (Table 4.2). Sequencgxifoers used for amplification of those
polymorphic repeat loci were obtained from GenBdix. regions where no markers had
been reported, the DNA sequence of interest waednted to Tandem Repeats Finder
program and primer pairs were designed to amplti&/ repeats revealed by this program
(Table 4.3).

PCR reaction to amplify a marker was carried outairtotal volume of 11 pl,
consisting of 1X PCR buffer, 0.3 ul of each prirpair, 0.2 mM of each dNTP, 20-100 ng
of genomic DNA, 0.15 U Tag DNA polymerase and sudint dHO to adjust the volume.
The PCR conditions were as follows: an initial deration step at 95°C for 3 minutes,
followed by 30 cycles of 30 seconds denaturatior4tC, 30 seconds annealing at
appropriate temperature and 1 minute elongatiofR&t, and a final extension step of 10
minutes at 72°C. In order to avoid shadow band h®sis in dinucleotide repeat
amplifications, betaine together with DMSO wereluided in the PCR reaction, with final
concentrations of 1.3 M and 1.3 per cent, respelgtiBuffer B was preferred for the
amplification of tri- and tetranucleotide repeatat bvas mostly not used for the
amplification of dinucleotide repeats, as it entenshadow band generation. Alleles of
amplified microsatellite markers were resolved b&AGE and visualized after silver
staining. Examples for gels showing marker allelase given in Figure 4.1.

Noninformative markers were left out in haplotymastructions.

Table 4.2. List of microsatellite markers usedhis study.

ARA

Chromosome 6

D6S1622 | D6S1659 | D6S406 | |
Chromosome 9

D9S1788 | D9S1817 | D9S1845 |  D9S304 | D9s43
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Chromosome 12

D1251025 D1251036 D12S51040 D1251047 D1251052
D12S1061 D1251291 D12S51347 D1251649 D12S1684
D1251702 D1251709 D12S2586 D125299 D12S303
D12S313 D12S329 D13S335 D12S337 D12S350
D12S371 D12S375 D13S376 D12S80 D125868
D125S869

JP
Chromosome 1
D1S198 D1S2137 D1S2806 D1S2825 D1S2866
D1S3467 D1S410
Chromosome 4
D4S1602 D4S2283 D4S2639 D4S2688 D4S403
Chromosome 6
D6S1579
Chromosome 7
D7S2420 D7S2459 D7S2465 D75496
Chromosome 9
D9S1162 D9S1690 D9S1784 D9S277 D9S53
D9S909
Chromosome 16
D16S285 D16S3022 D16S3044 D16S3068 D16S3105
D16S481 D16S490 D16S672 D165682 D16S685
Chromosome 18
D18S1009 D1851092 D18S1095 D18S1115 D18S1122
D18S1125 D18S1131 D18S1157 D18Ss1161 D18S1269
D18S1361 D18S1367 D18S1374 D18S380 D18S386
D18S461 D18S466 D18S469 D185485 D185486
D185488 D18S50 D18S501 D18S535 D18S541
D18S548 D18S61 D18S70 D18S812 D18S815
D18S826 D18S844 D18S847 D185848 D18S850
D18S860 D18S865 D18S874 D18S879 D18S880
D18S979 RH4453
Chromosome 22
D2251140 D2251156 D2251157 D2251160 D22S1161
D22S272 D22S282 D225283 D225295 D225417
D22S423 D22S426 D22S534 D225928

LRS
Chromosome 1
D1S1160 D1S1597 D1S160 D1S4612 D1S1635
D16S1677 D1S1679 D1S1768 D1S2133 D1S2145
D1S2346 D1S243 D1S2586 D1S2635 D16S2675
D1S2697 D1S2707 D2S2768 D1S2844 D1S3372
D1S402 D1S436 D1S468 D1S484 D1S489
D1S508 D1S548 D1S552
Chromosome 2
D2S1279 D2S1363 D2S21397 D2S2285 D2S2348
D2S336 D2S338 D2S395




Table 4.2. List of microsatellite markers usedhis study (continued).

38

Chromosome 3

D3S1261 D3S1542 D3S1562 D3S1566 D3S1598
D3S1600 D3S1747 D3S2389 D3S2406 D352428
D3S2446 D3S3039 D3S3551 D3S3581 D3S3653
D3S4529 D3S4533 G46170
Chromosome 4
D4S1530 | D4S1552 D4S2967 D4S415
Chromosome 8
D8S1130 D8S1145 D8S1729 D8S1836 D8S1925
D8S272 D8S346 D8S639
Chromosome 9
D9S1684 | D9S1870 D9S921 D9S925
Chromosome 10
D10S1146 | D10S1694 D10S616
Chromosome 12
D12S1660 |
Chromosome 16
D16S2618 D16S2622 D16S3024 D16S3065 16S3070
D16S3072 D16S3082 D16S3084 D16S3134 D16S3392
D16S3395 D16S423 D16S525 TTTAO028
Chromosome 17
D1751308 D1751822 D175184 D1751874 D175668
D17S674 D175784 D17S836 D175928
Chromosome 20
D20S100 D20S1085 D20S158 D20S430 D20S501
D20S845

CCLH
Chromosome 1
D1S1678 D1S1726 D1S2615 D1S2738 D1S306
D1S373 D1S413 D1S510
Chromosome 2
D2S1374 D2S2112 D2S2113 D2S2397 D2S290
D2S291 D2S2977 D2S380 D2S393 D2S443
Chromosome 5
D5S2094 |
Chromosome 6
D6S1060 D6S1594 D6S1603 D6S1647 D6S1671
D6S1679 D16S1717 D6S1958 D16S2418 D6S261
D6S283 D65287 D6S301 D6S416 D6S432
D6S434 D65S468 D6S475
Chromosome 9
D9S126 D9S156 D9S157 D9S1813 D9S54
DD9S775 D9S939
Chromosome 10
D10S1213 D10S1216 D10S1473 D10S1683 D10S1705
D10S1725 D10S218 D10S2473 D10S2486 D10S527
D10S547
Chromosome 13
D13S305 D13S325 D13S328 D13S765 D135S893

D13S894
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Table 4.2. List of microsatellite markers usedhis study (continued).

Chromosome 16

D16S3026 D16S3040 D16S3049 D16S3051 D16S3106
D16S507 D16S515 D16S518 D16S684 D16S752
Chromosome 17

D17S1152 D1751303 D17S1353 D1751528 D17S51529
D17S51533 D1751537 D17S1541 D1751566 D17S1574
D1751584 D1751789 D1751796 D1751798 D1751810
D1751828 D1751832 D1751840 D1751854 D1751881
D17S379 D17S513 D17S516 D17S520 D17S525
D17S559 D17S570 D17S578 D17S695 D17S786
D17S796 D17S804 D17S829 D17S906 D17S919
D17S938 D17S945 D17S960 D17S973 D17S974
Chromosome 18

D18S1099 D18S1102 D18S363 D18S484 D18S487
D18S536 D18S970

Figure 4.1. Examples of silver-stained denaturiAgE gels. Resolved alleles of a tetra

repeat marker (upper panel, RH4453) and a di repagter (lower panel, D18S469) are

shown. Arrows indicate allele numbers accordingdcending allele length.

Table 4.3. Primer sequences, properties and PC#&tmors for microsatellite repeats

designed in this study.

Annealing
) Product size Buffer
Marker Primer sequence (5’ 3’) ) Temperature
Choice 3
(°C)
ARA
D12S74170kb | TSCCAGCAATCACTCCCTAT | 5gg Buffer A 56
CCCAAACAACCTGAAAGGAA
D12S75153kb | AGCCTATGTGACAGGGCAAG | 949 Buffer A 55
GAGGATATGGCTGGAACGAA
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Table 4.3. Primer sequences, properties and PC#itoors for microsatellite repeats

designed in this study (continued).

. Annealing
] Product size Buffer
arker rrmer sequence . emperature
Mark P (5'> 3) o0) o T t
p oice
(°C)
LRS
D1S15988kb | CGCAACAAGAGCAAAACTCC | 5gy Buffer A 55
TCATCCAGGTAACACCCCTC
D1S160867kb | CCATGTTCTCCGTGTCCTTT | 539 Buffer B 54
GGGGCAGGAGATGTTTCATA
D15160921kb | ATTCAAACCAACCACCCAAA | 1g¢ Buffer B 56
GGTAGCAATGGTGCTAAGGG
D25238234kh | AGGTCACAAAGGCTCT 258 Buffer A 54
TTGCCCTCCAAGTCCTTCC
D3S73924kh | CAATGTGGGACTTCTCTGCC | 597 Buffer B 55
GGCCTTACCCTGCAGAAATA
D3573988kb | TCATTGTGCTTGCTCTGGAC | 1p Buffer A 55
GGGAGGGAGGAAGAGAGAGA
D3S74104kb | CTCACCTCACCTCCCAAAAA | 515 Buffer A 55
TATCTCAAATGGCTGCATGG
D3S74771kb | ATTCGGCACACTCCTTGACT | 5gg Buffer A 56
CTCCAGTTGCTCGGCATTAC
D10S73486kh | CATCTCACCACTGCACTCCA | 559 Buffer A 56
CAGAGAGGTGAGGGGGTGTA
D16S1715kb | CATTGAAGTGACAGCGCCTA | 34 Buffer A 57
ACGGCAGTATCAACCTCAGC
D17573820kb | TCCTAAAGCAGCATGAATGG | 559 Buffer A 55
CCAGAAGAGGAGTGAGCACC
D17S74005kb | TCAGTGAACCGAGACTGTGC | 197 Buffer A 54
ATAGACCAGGAGCATGTGGG
D17S7411m GGAGAAGCTCTTTAGCGGGT | 56 Buffer B 55
CAGCAGGTCACAGATGCAGT
D20S55048kb | CCCAAGTTCTTGCTCCACAT | 579 Buffer A 55
GCTCACATCCTGTCGTCTCA
D20S55141kb | ACCCACTGACTTGGATCCTG | p46 Buffer A 54
CCCAGCCTATGTCGCTACTC
D20S55241kh | AACATTTGTGGGCTCTTTGG | 314 Buffer A 56
TCACACTGTGGAGTGGCTTC
D20S55278kb | ACAAACCCCCATTTAGCCTT | 549 Buffer B 54
CTCAAAGCCTTTTCTGGTGG
D20S55980kb | TCAAAGCACCAGCACTTTTG | 3g7 Buffer A 55
GCTGACATTCGATGGATGG
D20S55994kh | CCTGTGGTGCAATAGGCTTT | 179 Buffer A 54
TATTTTCTTCGGCCAGATCC
CCLH
D13S30977kb | TTTGGGAATTTCAAAGCTGC | 1gg Buffer B 56
GCCTGGGAGACAAAGTGAGA
D13S35923kh | 1 TCCAATGGATTCCAATGA 235 Buffer A 56
TGAAACCGGTACCGGCCTTG
D17514870kb | TGCCACAGAACAAAGAGTGG | »g1 Buffer A 56
AGCGAGACTCTGTCCCAAAA
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Table 4.3. Primer sequences, properties and PC#itoors for microsatellite repeats

designed in this study (continued).

. Annealing
) Product size Buffer
Marker Primer sequence (5> 3’) ) Temperature
(bp) Choice 3
(°C)
D17S2273kb | CATGCAGACACCACAGGTTC | 379 Buffer A 56
GCAAAGCGTTAGGCTCTCAG
D17S4318kb | AGGGGTTTTTGTTTTGGAGG | 564 Buffer B 57
GTTGCAGTGAGCTGAGACCA
D17S4470kh | GACGAGAGAGAGGGAGGGAGG| 35 Buffer A 54
CAGGAGTAAGACGGGGTGAG
D17S5470kb | CCAGTTTTCTTGGGGAAAAA | 355 Buffer A 54
CTTGAGGCTGGGAGTTTGAG

4.2.1. Denaturing Polyacrylamide Gels

Sequi-Gen GT (BioRad, USA) nucleic acid electrogise system assembled with
0.4 mm spacers was used for resolution of markkeal in fine mapping studies.
Denaturing instagel was used for this purpose, lwkas initially pre-run for 20 min in
order to facilitate the gel temperature to rise4d®50°C. Samples to be subjected to
electrophoresis were mixed in an equal ratio wilX Btop buffer, denatured at 95°C for
five minutes and chilled on ice before loading omidividual slots of a sharks tooth comb.
Table 4.4 shows the systems used with required ataa@i instagel, APS and TEMED and

the power applied to run the gels.

Table 4.4. Gel electrophoresis systems used favtgpimg.

Gel Cast size Instagel 10 per cent APS TEMED Power
21 x40 cm 35 ml 2501 25ul 35W
38 x40 cm 50 ml 3501 35ul 55 W

4.2.2. Silver Staining

Glass plates were separated so as to allow theogelnmain intact on one of them.
The gel was then transferred to staining buffefitsg placing a piece of filter paper on it
and then separating it from the glass plate togetlitd the filter paper. It was soaked in

staining buffer for 10 min. The gel was subsequeimitubated in developing buffer until
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the bands appeared (Kavaséral., 2000). When staining reaction was inadequate, the

procedure was repeated after extensive washingdi#0 in between.

4.3. Candidate Gene Approach

The mutation detection system used in this study Siagle Strand Conformational
Polymorphism (SSCP).

4.3.1. PCR Amplifications for the Analysis of Candlate Genes

In order to search forsequence variations in aidatel gene, the parts to be analyzed
were first amplified by PCR. Intronic exon-flankimgimers were designed by Primer 3
software to amplify the exons and associated splicetions. Primer specificity was
checked with in silico PCR at UCSC database. Untgssrwise stated in the text, PCR
reactions were carried out in a total volume ofu25consisting of 1X PCR buffer, 0.2 mM
of each dNTP, 400 nM of each primer pair, 20-5@hgenomic DNA, 0.2 U of Taq DNA
polymerase and sufficient d8 to adjust the volume. The cycling conditions for
amplifications were as follows: an initial denatuwa step at 95°C for 3 minutes, followed
by 30 cycles of 30 seconds denaturation at 94°Cse3fbnds annealing at appropriate
temperature and 1 minute elongation at 72°C, afidahextension step for 10 minutes at
72°C. Some short exons APTX andPDE4B were screened for mutations first by SSCP.
All fragments for candidate genes were sequencezipective of observing an aberrant
SSCP pattern or not. The primer sequences and RfWitions optimized for the

candidate genes are given in Table 4.5.

APTX, ATXN7, PDE4B, AK3L1, PRKAR2B, GAL3ST2, SOCS3, TIMP2 and CANT1

were analyzed in relevant patients using this piooe
4.3.2. Analysis of PCR Products
To check the extent of the amplification and whetey nonspecific fragments have

been amplified as well, five pl aliquot of the P@Rduct was mixed with one pl of 6X

loading buffer, loaded on two per cent agarosecgetaining 10 pug ethidium bromide, and
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subjected to electrophoresis in 0.5X TBE at 13Qsvédr 10 minutes. The bands were

subsequently visualized over a UV light transillaator.

4.3.3. SSCP Analysis

Selected exons &PTX andPDE4B were initially screened by SSCP using the PCR
products of three individuals: an affected indiajuone of his/her parents, and an
unrelated individual randomly chosen from the papiah. The analyses were carried out
on nondenaturing gel matrices with crosslinkingosatof eight per cent and with and
without five per cent glycerol. Whenever an aberf@8CP pattern was observed in the
affected individual, that region of the gene waalgred by SSCP also in other members
of the family as well as in at least 55 unrelatedividuals, in order to assign the sequence
variation as a mutation responsible for the relew@disorder or just a polymorphism.
Furthermore, the region was subjected to DNA secgi@malysis to determine the nature

of the variation.

4.3.4. SSCP Gel Electrophoresis

The gel plates were 20 X 20 cm in size and assemidimg 0.75 mm spacers. Six ml
of 40 per cent acrylamide stock was mixed with mhl8f 10X TBE, and the volume was
adjusted to 30 ml by di®. Three hundred ul of 10 per cent APS and 30 JTEMED
were added, and the solution was poured betweeglélss plates. A 15 or 20-well comb

was inserted, and the gel was left to polymerizeatdeast an hour.

Electrophoresis was carried out in 0.6X TBE butied°C. Samples were mixed in
equal ratios with 10X Stop buffer, denatured at@®36r 5 minutes and immediately
chilled on ice. Eight pl of each sample mix wasded and subjected to electrophoresis in
BioRad DCode Universal Mutation detection Systera ebnstant power of 10 W for 10 to
15 hours, depending on the length of the prod&ibsequently, the gel was silver stained

to visualize the samples.
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4.3.5. DNA Sequence Analysis

PCR-amplified fragments were purified from primemsicleotides, polymerase and
salts using QIAquick PCR cleanup columns (QIAGENY avere sequenced on an ABI
PRISM Genetic Analyzer (Applied Biosystems) at &kt(Istanbul, Turkey), DNA
Oligonucleotide Synthesis Core (Cambridge, USAYacrogen (Seoul, South Korea).

4.3.6. Restriction Enzyme Analysis

APTX exon 8 was screened for the presence of restrieti@aymeBseGI cutting site
in ARA Family 2 members and population contr@seGl enzyme recognizes sequence 5’
GGATG 3’ and cleaves DNA at 5° GGATGNN”" 3BseGl digestion was carried out in a
total volume of 10 pl, consisting of 3.3 pl of amfiptl product, 1X Tango restriction
buffer, 1 UBseGl and sufficient dBO to adjust the volume. The digestions were incedbat

for 14 hours at 55°C, run on a 2 per cent agarebargl visualized under UV light.

Table 4.5. Sequences, PCR product sizes and PGRioos for primers designed for

candidate gene analysis.

) Product size _ Annealing
Exon Primer sequence (5= 3’) Buffer Choice
(bp) Temperature (°C)
ARA

APTX

1-1 GCTGAAACAGCCCAAGGTAG | 393 ; )
TCCAGGATCCTCAGTTGGAC

1-2 CCAAGGACTGCTTCTTCTGG | 640 Q Solution 55
TCCAGGATCCTCAGTTGGAC

2 Not analyzed, no expression - - -

3 CCCTGGTGTTGGCTAAAAGA | 477 Buffer A 56
TTTTCACAACAGCCTCCTGA

4 GAGTCAATGCTGGTGGGATT | 407 Buffer A 56
CCGCCTGTAGTGAAGCTTGT

5 ATCCAAATGATTTTCACGCC 565 Buffer A 57
ACATAAGGCAAGGTGCTTGG

6 ATTGCCAATGTGAAAAGCCT | 400 Buffer B 56
AAGGCAATGGAGTGAAGCAG

7 GTCAGGCAGAGAGGTGGAAG | 494 Buffer B 56
CATTTGCACAAGACTGTGGG

8 CACAGGGCTCGCTTTATAGG | 479 Buffer A 56
AAAGTCTCAGTGCCTGGAACA
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Table 4.5. Sequences, PCR product sizes and PQfioos for primers designed for

candidate gene analysis (continued).

) Product size _ Annealing
Exon Primer sequence (5= 3’) Buffer Choice
(bp) Temperature (°C)

APTX

9 CTGAAGATGGTGGGTCAGGT | gag Buffer A 58
GCCAACCAGAGGTAAAGCAC

ATXN7

1 GACTAGGGGTACCGAGGGG | 799 GC-rich PCR Kit | 57
GGGGAAAACAGGGAGAATGT

2 GGGCAGGTAAAACCAACAGA | 416 Buffer A 56
ATCCTAGCATTTTGGGAGGC

3 CCCAGGAGGCTAACTCTGTG | goa GC-rich PCR kit | 56
AACAAATTTGGAGGGGATGTT

4 TCCCATTCATGCTTTTGACA 454 Q Solution 57
CTTCTGCTCAGAGGACCTGG

5.1 GGAGTCGAAAGCGAAAGCTA | 676 Buffer A 55
CCCAGCAAACGATAGCATCT

5.2 GTCCTCTGAGCAGAAGCAGG | gaa Buffer A 55
GACTCACCTTCCCGACAGAG

6 GATGCTATCGTTTGCTGGGT | »g7 Buffer B 56
GTATGGTGGGCTGATGTTCC

7 TGGTGGTGTACCACATCAGTT | 343 Buffer A 57
AAAGCCTACTTCCTGGTGGG

8 GTCTGTGGGGCCTAGATGAG | 499 Buffer A 56
GGCACTCTCACATGCCACTA

9 CTCTGGCTCACCATTCACCT | 419 Buffer A 58
ATTGCAGTTGATTTGCTCCC

10 ATGTTGCTGCTTTGTTGCAG 316 Q Solution 58
ACATCCCAGTCACCCATGTT

11 GGGAGTGGTGTTTTGGGATA | 460 Buffer A 56
TCTCCACAGTGAGCCTGAGA

12 GTGCTAGAGGTGGAACCCAG | 441 Buffer B 56
TCTCTCACACCTTGACCGC

13 CTTCACAGCCTCCGGTACTC | 399 Buffer A 55
CAAGGCACCTTCTTCTCAGG

14a TGAATGGCTGTGGTCAGTGT | 790 Q Solution 58
GAATGAATGGCCCAAGAGAA

14b CCCCACTGTTGGTTCACTCT 621 Q Solution 58
ACCAACCCAACCAAACACAT

15 AGTGGCTAAGTGGTTGTGGG | »g1 Buffer A 56
AAGACGAGGAAGGGGAAAAA

16 GCTGACTGTTCCTGGTGTCA | 334 Buffer B 56
AGCTTCAGGGAAATCCTCGT

JP

PDE4B

1 GGGGTTCAAACCAGGATTTT | 396 Buffer A 55
AACAATGTGACCGTATCGCA

2 TTGGCTTGGGAAATTATGATG | 344 Buffer A 56

AGTGGTGTGTTAAATGCCCC
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Table 4.5. Sequences, PCR product sizes and PQfioos for primers designed for

candidate gene analysis (continued).

_ Product size _ Annealing
Exon Primer sequence (5= 3’) Buffer Choice
(bp) Temperature (°C)

3 TTCTTTCCCTGTGGTTCCTC 396 Buffer A 56
GGGAAACGAATTCTCAAAAT

4 TTTGTTTTGGATGGTGAAAGC 421 Buffer A 57
TTCATCTGACCTGGTCTCCA

5 GCAAAGCCAGCCTGATAAAG 306 Q Solution 58
TCTGACCTGGTCTCCATTCA

6-8 CCACACGTTGGTTCTCAGTG 696 Q Solution 58
AACTGGAAGCCAGACAGAGC

9 GTGGAATGGGCAGTTTTGAT 220 Buffer A 56
TTTGAGAGCCACAATATGCAA

10 ACCAAAGGCTCTTTCCAGGT 386 Buffer B 56
AGGCATCGTTAGGTGTCAGG

11 GCAGAGCACCACTGTGATTT 399 Buffer A 57
GTTGGTAGCATTCCCTGGTG

12 TCCAACCTCTTGATTCCTGG 209 Q Solution 57
TGACTCAACTCCATCCCAAA

13 TTGAATATTGCAGTGGATTCT 432 Buffer A 56
CAACCTTCCTCAAATGACAGC

14 ACCCGACCTCCTAGGTCATT 208 Buffer A 56
TGGAAAGCCAGTATTCACTCC

15 CCAATTGGATGGCTCTTTATG 381 Buffer A 56
GCCTCCCGAGTAGCTAGGAC

16 CAATCCCTCTCCCAACAAGA 328 Buffer A 57
GAAATGGAAGGATTGCCTCA

17 TGTAGAGGGCCACTGCTTCT 357 Buffer B 57
GAGAGAATGGCAGTAAGTGA

18 CAGCGTCAGACACTCAGGAA 300 Buffer B 58
GCTTAGTTTGGTTTGGTTTTGT

19 CATGAGATGTTCCGGCAGTA 381 Buffer B 56
TGGAACAAAATGCGTAGTTGT

20 GAGTGCCCAAATCATGGAAT 664 Buffer B 55
TTGCTTCCTGGTCTTGCTTT

AK3L1

1 TTCCCTTCCCTTGCAGTAGA 358 Buffer A 57
GCCACCAAAAGCAATCAAAT

2 ATTTGATTGCTTTTGGTGGC 418 Buffer A 57
CCTCCAGGGGTCAGAGGT

3 GCTTCAGCAGCTTTGCGT 558 Buffer A 57
GTACGAGCCTGCACGACC

4 TTCTTCCCACATCAGGAAGG 501 Buffer A 56
GGATGGCTTACGGAAACAAA

5 TGCAGGTTTGTGACATGGAT 529 Buffer A 56
AAATGTCCCTTCCCTGACAA

6 TGCATGCAATTTTAGGCTGA 572 Buffer A 56

CAGCTCCAGCATTTCATCTG
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Table 4.5. Sequences, PCR product sizes and PQfioos for primers designed for

candidate gene analysis (continued).

_ Product size _ Annealing
Exon Primer sequence (5= 3') Buffer Choice
(bp) Temperature (°C)

AK3L1

7 GCCATTGTATGTTGGGCTTT 390 Buffer A 56
CTTGTGATGGGCTTGAGACA

PRKAR2B

1 GGAGGTTGCCATGGTTTC 807 GC-rich PCR Kit 57
GATGGGAAGGTAGGGAAAGG

2 TGAGCCTTTTCAGGGTTTTG 390 Buffer A 56
TGGGCTGAGAGTCTCCATTT

3 GGGGGTAGACTGCTTCTCCT 379 Buffer A 57
TCTGCAAGACTCACAGCAGG

4 TGAATCTCAGCACCAACCTG 318 Buffer A 57
AGGGCAAAACTCAAGACCCT

5 TCCATTTCTTTGGACTTGTTCA 382 Buffer A 56
CCACTGTGGTTTCACTGCAT

6 GGGGATAACAGGCTGGAAAT 344 Buffer A 56
CATGCGGCAATTTGTAACAC

7 TTCAATCATTGTTTCTTGTAGG 551 Buffer B 56
AGGAAGAGGCCAGAGAGGAC

8 CTGCTCGATTTATTTGGCCT 241 Buffer A 57
CCACTACAGGAACCTTTTGGA

9-10 CAGTCTGGGCAACAGAGTGA 655 Buffer A 57
ACCACAAAACCTGTGAACCC

11 TGCAGAGTGTGGTCCAAGAG 744 Buffer B 56
TTTAATTGCCAAGTGCCCTC

LRS

SOCS3

1 AGCCTTTCTCTGCTGCGAGT 640 Buffer A 56
GTAGGGAGGGGACAGGAGAA

2a TCCTGGAGACCTAACTTCCG 790 Buffer A 56
CGGAGGAGGGTTCAGTAGGT

2b CAGCTCCAAGAGCGAGTACC 700 Buffer A 56
CTCTCCTGGTTGGCTTCTTG

TIMP2

1 GGGAGGAGGAGCAGAAAATC 635 Buffer A 56
ACTTGCAGGATTCGAGAAGG

2 GCGTGTTTCAGGAACTCTCC 295 Q Solution 58.4
TCGGATCTATTTGCAGCTTG

3 ACTTCCTGGTCCTCTTGGGT 208 Buffer A 57
TAGGAACAGCCCCACTTCTG

4 ACTTTTCCCTCTCCCTGAGC 336 Buffer B 58.4
CCAGCCAGACAGCCTTACTC

5 TCCCTGCACATGACAGGTAG 399 Buffer A 56
TTTCCAGGAAGGGATGTCAG

GAL3ST2

1 CAGACTCCCTCAGCCAGTTC 423 Buffer A 57

TCAGGGAAGCCTGAGTAGGA
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Table 4.5. Sequences, PCR product sizes and PQfioos for primers designed for

candidate gene analysis (continued).

Product size

Annealing

AAATGCAGGAGGAAGCAGGT

Exon Primer sequence (5= 3’) Buffer Choice
(bp) Temperature (°C)

2 CGTTACAGAGGTGAGGGGAG | 334 GC-rich PCRKit | gg
TCCTCTTCCAGAGGGAGACA
ACTCCTTCTCTCCAGCCTCC

4 CTCGGCAGATGTGAGGATG 1108 Buffer A 57
GTGCTCTTCACTGGGGTCTC

CANT1

1 AAACACAAACCACAGCTCCC | 495 GC-rich PCRKit | gg
TAATGGTCCCCACGCTAGTC

2 GGATGAGGTGGCATTTGAGT | 1270 GC-rich PCRKit | gg
CAGTAGGCTATGCTCCTGGC

3 TGGGGTTACAGCTTGAGGAG | ggg GC-rich PCRKit | gg
TGGTGGTGCACACCTGTAGT

4 ACGAGAACTGGGTGTCCAAC | 1124 GC-rich PCRKit | gg
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5. RESULTS

Gene localization and candidate gene approachestymirformed on four diseases

are summarized below.

5.1. Autosomal Recessive Ataxia

In this study 9 patients and 29 healthy individudlem two families were
investigated. Family pedigrees are given in Figufieand Figure 3.2. The initial diagnosis

for the patients was Ataxia-Telangiectasia variant.

5.1.1. Analysis of Locus 12¢21.1-21.2 in Family 1

Locus 12g21.1-21.2 had been determined to harberdikease gene by Suna
Onengiit and Sibel Aylin glr in our laboratory. They had narrowed down theufoto a
6.96-Mb region between markers D12S1722 and DI12s# by haplotype

investigation.

In this study, the family was genotyped again wsik of the previously used
microsatellite markers, namely, D12S868, D12S12912S375, D12S1036, D12S1025
and D12S80, to verify the linkage. The region wé® anvestigated additionally with
D12S329, D12S1649, D12S869 and D12S1061; howeveould not be narrowed down.
A maximum two-point lod score of 1.60 at D12S379,2880, D12S1047 and D12S869,
and multipoint lod score of 2.04 at D12S376 weraibied.

We were informed in March 2008 that a cousin ofgh#@ents (1-505 in Figure 3.1)
was found to present the disease symptoms. Bloamgblea from the new patient and her
family were obtained. The new part of Family 1 wasestigated for linkage to the
candidate locus by genotyping with previously ergptb markers D12S1649, D12S1702,
D12S868, D12S1291, D12S1025, D12S80, D12S299, DO#51D12S303, D12S376,
D12S869, D12S1052, D12S74170kb, D12S337, D12S7%193k2S1061 and D12S326.
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Haplotypes were constructed using the data genmkrd®atient 1-505 was found

heterozygous at the locus (Figure 5.1).

Y Y Y I Ly Ay

&0 E02 B0z B04 405 405 407 A03 S04 505

g

D1251724 T3.28 o 12 @02 19 @01 20 20 o0 00 00 OO0 OO OO OO0
D125329 T4.58 12 21 11 212 12 12 13 21 ¢ 20 00 02 €02 02
DI251449 T6.36 23 31 121 33 23 13 14 33 35 35 31 13 33 13
D1251702 TT25 43 11 11 13 41 13 11 32 13 33 41 43 43 13
DI125888 T7.64 12 22 22 1212 12 22 22 22 21 121 12 12 11 212
D1251291 TE12 23 34 34 33 23 43 43 31 33 33 24 113 23 43
DI12556 TE13 11 13 13 11 11 32 3¢ 20 00 20 o000 02 00 02
DI125335 TE14 oo 12 112 ¢ o! 20 20 00 00 OO0 OO0 0O 0O OO
D125313 7903 e 12 12 g @1 20 2¢ 0@ 00 00 00 00 00 00
DIX5375 80.52 21 22 22 31 32 11 13 13 ¢00 1o Q00 OO0 OO0 O1
D12510348 8053 21 23 13 11 12 31 3¢ 1o o0 10 OO0 0O 00 01
DI251043 Bl.14 11 13 13 21 21 31 31 11 @00 1@ 00 OO OO0 OI
D1251722 8202 11 12 12 31 31 21 2¢ 1@ o000 10 00 00 00 01
DI251025 8100 23 |22 (22 (23 22 |13 |24 31 22 32 32} 32 32 33
DI2580 B3.18 41 |22 (22 |12/ #2121 |24 14 24 14 32} 34 34 31
D125299 B3Il 11 11|11 112 41} |1f2 2 24 12 22 31} 32 32 31
DI251047 83.20 11 |22 |22) |21 2y 1241 241 11 21 11 2 11 11 11
DI125303 8341 11 11f |1 1) {312 31, |1)2 2 21 22 22 213 22 22 21
DI125828 B354 21 |22 |22 1|1 2y |21 |22 13 oo 10 o0 00 00 01
DI125378 B3.73 112 11|11 112 3|1} |1f2 1 22 23 23 21} 23 23 212
DI125889 B3.79 21 |33 |33 (311 23] |31 |32 12 32 12 243} 22 22 21
D1251052 83.82 32 1220 (220 (312 3 |Y2 |22 24 21 21 Y24 21 21 212
DIZ5741T0kR  B4.55 11 11|11 1|1 111} |1f1 3 11 32 12 31} 32 32 131
D125337 B4.81 11 11) 111} [1)1 111 1 Y1 1z 12 12 11 12 12 11
DI2575153kk  B3.08 21 31 23 31 23 31 32 13 31 11 33 31 31 31
DI12510461 B6.21 33 33 33 23 32 33 31 32 34 34 33 34 34 314
DI125324 8541 23 23 22 22 22 23 ¢ 31 31 31 22 11 21 21
DI1251479 153.19 1o 12 112 g2 10 20 20 00 00 OO0 OO0 0O 0O OO

Figure 5.1. Haplotypes of Ataxia Family 1 at 124221.2.

5.1.2. SNP Genome Scan of Autosomal Recessive Adaxamilies

SNP and CNV data generated for the available mesntsieFamily 1 and Family 2
were used for lod score analyses. We were inforthatl there was another patient in
Family 2 (2-610 in Figure 3.2) in March 2010 savds not included in the calculations in
this section. The SNP genome scan data and retdteties for the new patient were
carried on in spring 2010. Multipoint lod scores atexia families were calculated
assuming autosomal recessive inheritance withdetetrance (Figure 5.2). Due to the
huge amount of SNP data and the internal restristiof linkage programs regarding
family size and complexity arising from consangtyinithe families were divided into
nuclear families for the calculations, and the tsswere summed to obtain the final lod

scores. Positive multipoint lod scores were obthirmnly at 9p21.1-13.3, between
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rs10491884 and rs942480 (28,562,149 bp and 36285, respectively), with the

highest value 4.49 at rs943926 (31,873,011 bp).évew haplotype analysis revealed that
2-504 and 2-609 were heterozygous at the regiaficating that the region was not a
candidate locus for all of the patients. Thus, arett candidate locus could not be
identified. Two-point and multipoint lod scores pseudoautosomal regions (PARs) were

calculated separately, and no significant locus idestified.

C]JI';}J Chr 10 Chr 11 Chr 12 Chr 13 Chr 14 Chr 15 Chr 16

Chr 17 Chr 18 Chr 19 Chr 20 Chr 21 Chr 22

Figure 5.2. Total multipoint lod score graphics 8MP genome scan data for ataxia
families 1 and 2 together. An autosomal recessikeritance was assumed, and 2-610 was

not included.
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Initial genome scan data was also analyzed to lsefac homozygosity regions
shared by all patients by using program HomozygdSdamparison in Excel (HCIE). The
aim was to identify all homozygous loci for eachigmat and compare his/her genotype
with those of other family members and other pasieNo region where all patients shared
a homozygous genotype was found; thus, no candidetes for all patients together was

identified by this method, either.

Failure to find a candidate locus for all patiettgether indicated that possibly not
all patients were afflicted with the same diseassordingly, the patients were grouped
by their clinical features. Group 1 was composethefthree patients in Family 1 and 2-
601, 2-605 and 2-608 in Family 2. Patients 2-50d 21609 in Family 2 were considered
as Group 2. Patient 2-610 was added to Group @ringg2010. Each group was separately

subjected to multipoint lod score analysis and hoygosity comparison.

Homozygosity comparison in Group 1 using HCIE restiin the identification of a
single strong candidate locus at 9p21.1-p13.3sdme locus at which the only positive
total multipoint lod scores were obtained for aditipnts together (Figure 5.3). Shared
maximum homozygosity was between rs10511886 andordb05 (31,836,555 bp and
33,429,322 bp, respectively) for patients in Famllyand between rs2383208 and
rs7047872 (22,132,076 bp and 37,406,391 bp, rasphgtfor patients 2-601, 2-605 and
2-608 in Family 2. The maximum total multipoint Iagtore for Group 1 was 7.5
(rs943926, 31,873,011 bp). Haplotypes were congdy@and the patients in Family 1 were
found to share the same homozygous genotype, wigléhree patients in Family 2 shared
another homozygous haplotype. The databases rdp®8egenes in the 1.59-Mb region
between rs10511886 and rs10971505. The strongestidede gene wasAPTX
(32,972,608 bp — 33,001,626 bp), known to be resipten for early-onset ataxia with
oculomotor apraxia and hypoalbuminemia 1 (AOA1, M2B920, Datet al., 2001). All
patients in Group 1 had been diagnosed with earbebataxia but oculomotor apraxia was

observed only in Family 2 patients.
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2601

2-608
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Figure 5.3. HCIE for ataxia patients at 9p21.1-IRtween rs2044401 and rs3739680.
Red bars represent heterozygosity. Data for indali@-610 are not shown.

HCIE in Group 2 patients failed to give a strongdidate locus. High bit number
due to the distant relationship between the twoeptt and the high number of
consanguineous marriages in the pedigree gaveaipeoblems in calculating lod scores
using linkage programs. To overcome the difficystysed by the high bit number, the
pedigree was divided into two to form two pedigréest were suitable for processing with
linkage software programs. One pedigree included patients and their parents, who
were first cousins. The second pedigree includdg Batient 2-504 and her family. The
strategy was to compare the lod score graphicsearch of a common, previously
unnoticed shared homozygosity. With this approattiree new candidate loci on
chromosomes 3, 6 and 10 were determined. The maximultipoint lod scores for those
loci were 4.19 for the pedigree with two patientsl .17 for the second one. The next step
for verifying the loci was to prepare haplotypesrneestigate whether the genotypes were
the same, and, if they were, to delineate the comimamozygosity regions. Regions
where patients shared homozygous common genotymre wdetermined as 3pl4.1l
(rs11919532 — rs1835898; 63,772,361 bp — 64,121HpP06q13 (rs9446997 — rs2485457;
74,432,663 bp — 75,451,413 bp) and 10925.3 (rs4¥539s10787548; 116,177,976 bp —
116,658,106 bp). 6p13 was studied with two micrelitd markers, and patient 2-609 was
found heterozygous at the locus, excluding thedasuiharboring the disease gene (Figure
5.4). At 10g25.3, none of the 5 genes were assesshdving a possible causative role for
the disease. At 3pl4.ATXN7 (63,850,233 bp — 63,989,138 bp) was selected for
sequencing (Figure 5.5). Patient 2-610 was fourtdrbeygous with SNP genome scan
data at the region in spring 2010.
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Figure 5.5. HCIE for ataxia patients at 3p14.1 leetwrs1447445 and rs1443532.

Approximate location oATXN7 is shown with a green bar. Red bars represent

heterozygosity, and data for individual 2-610 avéshown.

Analysis of CNV data for patients 2-504 and 2-608revcompleted, and no

homozygous deletion or duplication common to the patients was identified.

5.1.3. Analysis o APTX

Coding exons and flanking sequence#\BTX were sequenced in patients 1-505 and

2-605 (Table 5.1). The reason for analyzing a pafiem each family was that they were

found to have different genotypes at the regioransition c.838&A in exon 8 in the

homozygous state was identified in patient 1-50§uife 5.6). Other patients from Family

1 were also sequenced for the exon and found toy dhe transition also in the
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homozygous state. This variant results in the cmiee of the tryptophan codon to a
termination codon (p.W279X). It leads to the pramatermination of translation and thus
to the truncation of the protein product, losing #inc finger domain which is responsible
for stabilizing the catalytic site of the proteid|T domain, onto DNA target site. The
mutation has been reported in both homozygous antbound heterozygous states in
other AOAL patients (Moreiret al., 2001, Tranchardt al., 2003).

Table 5.1. The extent of sequencingA®TX in ataxia patients 1-505 and 2-605

Primer PCR Product (bp) Exon (bp Sequence Regad (b
APTXex1-1 No amplification
APTXex1-2 640 62 -325 +115
APTXex2 Not analyzed, no expression
APTXex3 477 137 -117 +131
APTXex4 407 51 -216 +79
APTXex5 565 303 -102 +99
APTXex6 400 60 -100 +127
APTXex7 494 227 -105 +91
APTXex8 479 104 -50 +200
APTXex9 688 155 -82 +73

K H X N 5 F K H w N 5 F

Control

Figure 5.6. Chromatograms showing ¢.83B& (p.W279X) in ataxia patient 1-505 and

the reference sequence.

Transition ¢.782PC in exon 8 was identified in the homozygous siatpatient 2-

605 (Figure 5.7). It results in the substitutiomohpolar hydrophobic proline for aliphatic
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nonpolar hydrophobic leucine (p.L261P). This varias not reported in SNP or mutation
databases. p.L261P was predicted to be damagingrétein structure and function with
high reliability by online tools predicting effectsf amino acid substitutions, MMB,
SNPs3D and SIFT (Table 5.2). In fact, p.L261 hythalgc residue is part of the ultra-
conserved active site with a histidine triad m@t#hpHoeHoee, ¢ representing a hydrophobic
residue) at HIT domain, which is responsible forabaic activity of the protein (Figure
5.8). Substitution of ring structured proline fautine in triad motif is predicted to
interfere with the function of the protein, as fleptide would have less allowable degrees
of rotation and reduced the stability. 2-601, 2-@08 their parents were sequenced for the
exon, and the patients were found homozygous arehfsaheterozygous for the variant.
The next step was to find out whether the novelamarwas a rare polymorphism in the
population or not. The standard method in our latwwy for population screening is SSCP.
Unfortunately, it would not have been straightforevdo interpret the results of this
method for this particular mutation, due to thespreee of three nearby polymorphisms
(rs4878522, rs34600530 and rs62542135). Those Sal&xse or in combination, were
expected to give several aberrant SSCP bands. Asltamative to SSCP, restriction
enzyme cleavage was utilized. First, the regionntdrest was searched for restriction
enzyme recognition sites. The variant was founcréate a recognition site f&seGl. The
PCR product carrying the variant and treated \B&&Gl yielded bands of 241 bp and 238
bp, while the normal sequence was not cleaved &gtizyme and remained a single band
of 479 bp.

H v H P H v H Y H L H v
iI"|| I'I ‘II I"|| ; _II ; :'Ii - lll" " | llll
| | f -II- . 1 M ; f H "lI fl
'||'=-‘./|'. A W [\,r‘lll T Ml aah
ll'u.'l,lii'l [\ N ,:\ | l.'ﬁ'(' IH'I-'”'.}].". .IHI VLA '.'IlllI AR
! ﬁr*,": 0 L'I RTRUBRIE /AN | ,;._,'.J'f__,'i yy Uty | i ) |HI

PatIant CﬂrIml

Figure 5.7. Chromatograms showing c¢.782T (p.L261P) in ataxia patient 2-605 and the

reference sequence.
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Table 5.2.. The effect of p.L261P on APTX protaindtion as predicted by tools online.
Protein Accession number was NP_778239.

Database MMB SNPs3D SIFT

Score 0.83 -2.69 0

Pathological with high| Intolerable amino acid Affects Protein

Effect
reliability change function

Active histidine triad notif

L261

HoHoHopo
Human 242 KLRFRLGYHAI PSMSHVHLHVI SQDFDSPCLKNKKHWNSFNTEYFLESQAVI EMV 297
Chi np 256 KLRFRLGYHAI PSVSHVHLHVI SQDFDSPCLKNKKHWNSFNTEYFLESQAVI EMV 311
Dog 242 KLRFRLGYHAI PSVSHVHLHVI SQDFDSPCLKNKKHWNSFNTEYFLESQAVI EMV 297
Cattle 256 KFRFRLGYHAI PSMSHVHLHVI SQDFDSPCLKNKKHWNSFNTEYFLESQAVI EMV 311
Mouse 235 KLRFRLGYHAI PSMSHVHLHVI SQDFDSPCLKNKKHWNSFNTEYFLESQAVI KWV 290
Rat 229 KLRFRLGYHAI PSMSHVHLHVI SQDFDSPCLKNKKHWNSFNTEYFLESQAVI KW 284
Chi cken 165 SLEFRLGYHAI PSVSQLHLHVI SQDFDSPALKTKKHWNSFTTEYFLNSEEVI EMV 220
Z.fish 224 KLSFRLGYHAI PSMSHVHLHVI SQDFDSPCLKNKKHWNSFTTDYFVESQDVI SML 279

Figure 5.8. Evolutionary conservation of APTX p.l12&nd the histidine triad motif

localization. The region shown is ultra conservecheammals.

PCR amplified samples of patients 2-601, 2-605 21688 and their families were
treated withBseGl, and the segregation of ¢.782T with disease trait was ascertained
(Figure 5.9).

603 /500/606 /604|608/510/511 /607 [601/507 /506 /602/603 /600 /504

Figure 5.9. Agarose gel showiBgeGl cleavage results. Only patients 2-601, 2-605 and
2-608 were homozygous for ¢.782T. Families are indicated with dotted underlines,
Group 1 Family 2 patients with understrikes andupr@ patients with overstrikes.

In total 108 control individuals randomly choseaonfr the population were assayed
with BseGl restriction enzyme, and the variant was not foumdny of them. ¢.7829C

was concluded to be a novel mutation causing earbet autosomal recessive ataxia.
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5.1.4. Analysis oATXN7

The CAG repeat expansion at the 5’-translated regb ATXN7 gene causes
spinocerebellar ataxia 7 (SCA7, Dawtlal., 1997). Because the clinical symptoms of
patients 2-504 and 2-609 were similar to SCA7 dral pgatients shared a homozygous
genotype at the locus, a mild form of SCA7 was ligpsized. The repeat numbers in our
patients were kindly assessed at NDAL (No6rodejesyena Argtirma Laboratuari) and
compared to negative and positive controls. Theyewketermined to be in the normal
range. By sequencing, the exact repeat number a@gified as 13, within the normal
range of 7-17.

As the next step, a#ixons of the gene were sequenced in patient 2-badl€ 5.3).
No sequence variant indicative of a disease-causungtion was identified. Patient 2-504
was found homozygous for the rare alleles of rsB3B3 rs6779372, rs3733120 and
rs3733121.

Table 5.3. The extent of sequencing\diXN7 in ataxia patient 2-504.

Primer Name PCR product (bp) Exon (bp) Sequence Rug
ATXN7el 790 440 -80 +135
ATXN7e2 416 98 -70 +40
ATXN7e3 604 99 -180 +193
ATXN7e4 454 253 -58 +59
ATXN7e5-1 No amplification

ATXN7e5-2 944 336 -261 +236
ATXN7e6 287 68 =72 +70
ATXN7e7 363 104 -82 +90
ATXN7e8 499 253 -150 +22
ATXN7e9 410 260 -26 +48
ATXN7el0 316 83 -56 +45
ATXN7ell 460 266 -65 +64
ATXN7el2 441 199 -110 +44
ATXN7el3 390 121 -67 +125
ATXN7elda 790 979 -25 614
ATXN7el4b 621 979 508 +75
ATXN7el5 281 67 -108 +32
ATXN7el6 334 17 -57 +70
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5.1.5. Analysis for Group 2 Patients after the Adidion of the Third Patient

Patient 2-610 was included in our study in Marci@®0The DNA sample was
immediately sent for SNP genome scan. Group 2 miatiere reevaluated including the
data generated for 2-610. The regions found sigamti previously, namely 3pl14.1, 6q13
and 10925.3, were eliminated due to heterozygasit-610. As a result, no strong

candidate locus was found in Group 2 patientsddhér investigation.

5.1.6. Summary of Results for Ataxia TelangiectaaiVariant

In summary, candidate locus 9p21.1-13.3 was idedtifand then homozygous

mutations were detected APTX in both families. One of the mutations was novel.

Two patients in Family 2 did not link to the locuddiree significant loci at 3p14.1,
6013 and 10g25.3 were identified for these patieBtons of ATXN7 at 3pl4d were
sequenced but no mutation was found. Microsatejkeotyping at 6p13 was heterozygous
for patient 2-609. Candidate gene approach at 1Gqgf2bled to point out any gene for
further investigation. After the addition of 2-61® Group 2, reevaluation resulted in the

elimination of all of the three loci, and no otlsggnificant locus was identified.

5.2. Juvenile Parkinsonism

In this study 4 patients and 12 healthy individufasm a single consanguineous
family afflicted with Juvenile Parkinsonism weraidied (Figure 3.3). The initial genetic
analyses on the family became invalid in May 200w sibling 505, previously reported

healthy, presented disease symptoms at the adeyadts.

5.2.1. Microsatellite Genome Scan Data Analysis sigming 505 as Healthy

The initial microsatellite genome scan data welgestted to two- and multipoint lod
score analyses assuming autosomal recessive st The maximum two-point lod
score obtained was 2.5 at ATA82B02 (18g22.3, 106M1 Figure 5.10). Multipoint lod
score was also highest (1.66) at the same marnkexddition, multipoint lod scores were
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rather high at two other loci: 1.10 at interval G002 — GATA71HO5 (16p12.1, 48.35
cM) and 0.95 at interval GATA104 — GATA189C06 (7¢3®.1, 157.47 cM, Figure 5.11).
The next highest lod score was 0.2. Because mintidod scores did not reach the
significant value (3.00), haplotypes were conse&dcto investigate descent from a
common ancestor. Haplotype segregation analysisdtetl possible linkage to six loci,
namely, 4p16.1-16.33, 7q35-36.1, 9931.1-31.2, 16&§12.1, 18q12.3-23 and 22q13.1-
13.33. Linkage to the known Juvenile Parkinsonisgi Was also ruled out by haplotype
inspection and lod score analysis of microsateljgmome scan data. Two-point and
multipoint lod scores on pseudoautosomal regioddR@) were calculated separately and

no significant locus was identified.

LoD SuperLmk v1.6 - Two Pont Parametric Linkage Analysis
3.00 : = - - - - Y = z = - —
=
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Figure 5.10. Two-point lod scores of initial micabsllite genome scan data of Family JP.
Only scores >0 are shown. Loci yielding >1.5 arpicted with asterisks.

Linkage to the 6 loci (4p16.1-16.33, 7035-36.1, BG331.2, 16pl13.13-q12.1,
18912.3-23 and 22q13.1-13.33) with the highest ipmitit lod scores obtained by initial
microsatellite genome scan haplotype segregati@alysis, was not supported by the
results of additional genotyping with a total of G8rkers and haplotype segregation
analysis at the loci. Highest multipoint lod scoa¢she loci were -0.34, 0.69, -1.1, 1.29, -
1.89 and 1.49, respectively.
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LOD SimWalk v2 91 - Multi Point Parametric Linkage Analyis
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Figure 5.11. Multipoint lod scores of initial migatellite genome scan data in Family JP.

Only scores >-5 are shown. Lod scores > 0.2 aretepwith asterisks.

5.2.2. SNP Genome Scan Data Analysis Assuming F35Healthy

Because the gene locus could not be identifiedgusiicrosatellite genome scan
data, a denser genome scan analysis was neceS§drydata from 13 members of the
family were generated and used for both lod scoedyais and to search for homozygous
regions shared by the three known patients usingHThe two analyses together pointed
out to a 305-kb region between rs2881210 and rs285925,623,912 bp and 25,928,335
bp respectively). The region was in the intron ehgHS3ST4. Databases reported 16
expressed sequence tags (ESTs) in the region: M8788E943172Q2, BF963411Q5,
AW875848Q2, BMO007749Q2, AWS875701, BF892428, DA53320, BF961920Q2,
BX0908844Q2, DA947185, CX947185, N71057, W01887,3Z8420Q2 and T49785.

They were sequenced in a patient, but no mutatesfaund.

5.2.3. Microsatellite and SNP Genome Scan Data Alyais Assuming 505 as Affected

Upon being informed that disease symptoms were rebdein 505, the initial
microsatellite genome scan data together with thesequent microsatellite genotyping
results were subjected to lod score and haplotydyses accordingly (Figure 5.12). No

candidate locus with a lod score >3 was identifiaglo-point and multipoint lod scores on
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pseudoautosomal regions (PARs) also were calcuspdrately, and no significant locus

was identified.

LOD SimWalk v2 91 - Mult1 Point Parametric Linkage Analyis
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Figure 5.12. Multipoint lod score graphics for FgndiP. Final microsatellite genotyping

data was used. Only scores >-5 are shown. Lodsc@@ are depicted with asterisks.

The data from the SNP genome scan were subjecteulitipoint lod score. In the
calculation of multipoint lod scores using SNP datae families were used to reduce data
complexity to the limit of linkage software. Indddal 303 was not included in the
calculations. Two loci were chosen for further stsd 1p31.3-31.2 between rs12047389
and rs747253 (65,107,137 bp and 68,842,414 bpectsply) and 7g22.1-31.1 between
rs6465953 and rs10251582 (103,643,666 bp and 1D94Z bp, respectively). The
maximum multipoint lod scores were calculated &8 & 1p31.3-31.2 (rs121116575;
67,912,259 bp) and 1.67 at 7922.1-31.1 (rs13232697;317,710 bp). The data was
analyzed also with HCIE. At 1p31.3-2 healthy indivél 303 was also found to share the
homozygous genotype with the patients (Figure 5.88)7¢g22.1-31.1 patient 402 was
found by HCIE to share the same homozygous genaigpein a few short regions. The
locus was first analyzed by haplotype segregati®inguSNP data. The region between
rs1860803 and rs10242548 (106,779,840 bp and 1®714% bp, respectively) was chosen
for further studies because patient 402 was obdetwehave the longest homozygosity
here, as was also verified by genotyping with twiorosatellite markers (Figure 5.14). At

4pter, patients did not share the homozygous geestss judged using HCIE.
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M 301 302 401 402 4403 40 503 504 505
GATAIZOHNS 7230 N3 53 51 3|3 531 32 21 35 35 22 512|314 (3|5 3|5 |3]5
GATATIHDT 75.66 5312 15 213 13 22 2|3 21 21 52 15 (314 (3|11 3|11 (3|1
GATAZSGDOR 8040 22113 32 3[4 1(2) 32 2|2 31 31 32 33 [214 |213 1213 |23
D153447 9740 31 45 53 S5[1f 4(1) 52 5|1 54 54 52 55 [1|3 |1|5 1|5 |15
151334060 o811 F gz 12l 2]t [z 2 12| Ry Rzl R 23] 11 21 fzfr (2|1 f22] |22
rs17432003 93.2|+21 2110 (12 (1 3f 2fx| 142 1 1) 142 1 1) 22 (1f2 |12 (1)2 J)1 1|11
2066445 9831 2021 12| (2|2 (22 1(2] 12|12 |2 2] 12|11 |2 2] If2] [2|1 [2]2 2|1 |2 2] |22
D152137 99.01 313 1|3 [3[3 [3 3] 1(3| |3|3 |3 3] |3|1 |33 If3F| 3|1 [3|2 |3|1 |33 |33
GATAISZFOSL  102.02 313 113 (3|3 [3 3] 1(3| |3|3 |33 |31 |3J2 (3] [3J3 [3|3 3|3 |33 |33
GATAL0S 10=.04 33 22 23 23 2130 21 2|3 22 21 21 212 [3]2 [3]2 312 |32

Figure 5.13. Haplotypes of Family JP at 1p31.3-3Agproximate location oAK3L1 and
PDE4B are indicated by an asterisk and a + sign, resgdgt

chi

301 302 401 402 403 502 501 303 304 408 409 503 504 305
GATASFO1 SB.44 403 12 32 31 [4]2 3[4 (44| 2[4 1[4] 03 3[4 44| |42 4 4
GATASDOE 109.12 211 11 11 (211 |2)1 L2122 11 12 @1 1|2 3|2 |2|3 3 |22
GATAZIFQS 11382 2 13 23 (11 (1)1 1111} 11 If1f @1 1)1} 11} j11 1 1f |11
151860803 119.70 21 21 11 (211 (2)2 L2122 21 221 @1 1|2 202 |22 (22 |]2 2
DT52420 nem * |2z 3z 222 213 22 (22 32 3|21 12 Z{2f 32 12|13 (23 |22
DT52459 11881 3 201 3[4 (r 3 (12 1111 21 2{1) r1r 1)1 1)1} |41 1 1f |11
510242548 119.82 211 11 11 |2 201 12 (22 11 1) @1 1{2f If2f |21 |22 |22
GGAAGDOIN 12841 24 24 44 |1 112 31} (1§43 23 2|11 03 3|{1f 3(1f |1(3 3|1 |11
GATA43CI1 136095 214 31 41 |2 211 32 (213 13 3|2 03 32| 1[2] [2[1 3|2 EIT
GATAGIFOEP 14200 32 11 21 |3 3)1 1T 31 11 3] o1 13 27 J3[2 17T |3f2

Figure 5.14. Haplotypes of Family JP at 7q22.1-3Asterisk indicates approximate
location of PRKARZ2B.

CNV data from SNP genome scan were analyzed anidonmzygous deletion or
duplication common to all patients could be ideatifat the two candidate loci. Among
the 40 genes at the candidate locus 1p31.3-2K3l.1 (65,613,232 bp — 65,693,177 bp)
and PDE4B (66,258,193 bp — 66,840,262 bp) and among 15 ganesg22.1-31.1
PRKARZ2B (106,685,178 bp — 106,802,256 bp) were assignedratidates by function and

tissue specificity.
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5.2.4. Analysis oPDE4B
All PDE4B exons and flanking sequences were analyzed byeeemng in patient
505, but no mutation was found (Table 5.4). Theerallele of one polymorphism,

rs783036, was detected in exon 16.

Table 5.4. The extent of sequencind®BfE4B in JP patient 505.

Primer Name PCR Product (bp) Exon (bp) Sequenck (g3
PDE4Bex1 326 117 -100 +87
PDE4Bex2 346 112 -120 +20
PDE4Bex3 396 239 -20 +71
PDE4Bex4 421 236 -27 +130
PDE4Bex4b 594 236 -110 +130
PDE4Bex5 306 195 -23 +25
PDE4Bex6-8 696 248 -32 +120
PDE4Bex9 220 50 -45 +25
PDE4Bex10 386 50 -110 +32
PDE4Bex11 399 231 -55 +51
PDE4bex12 299 94 -75 +32
PDE4Bex13 432 183 -50 +140
PDE4Bex14 298 99 -102 +25
PDE4Bex15 381 165 -80 +20
PDE4Bex16 328 100 -31 +110
PDE4Bex17 357 155 -99 +35
PDE4Bex18 300 123 -66 +35
PDE4Bex19 381 183 -50 +78
PDE4Bex20 664 366 -85 +145

5.2.5. Analysis 0AK3L1

All exons of AK3L1 were sequenced in patient 505 (Table 5.5). In émare alleles
of rs7550993 and rs7550994 were detected and c282Aransition in exon 4 was
identified, all in the homozygous state (Figures). Dther patients, parents and unaffected
303 were analyzed for the variant by direct sequendll patients and 303 were found
homozygous for the variant while all parents wemgelozygous. As control, 130
individuals randomly chosen from the population evecreened by SSCP, and variant
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€.182A>T was confirmed to be unique for the family (Fig&&6). This variant was not

reported in SNP or mutation databases. It resnlthe substitution of polar hydrophobic

cysteine for polar hydrophilic serine (p.S61C). Thsidue and the following 13 residues
were ultra conserved in chimpanzee (Figure 5.1f¢ Auman protein has the exact amino
acid sequence with that of chimpanzee’s, but therldnas 131 amino acids more at the
carboxyl terminus of the protein (5’ end of the genThe residue is aliphatic neutral
glycine in all other species. p.S61C was predidtedhffect the protein structure and
function, by online SIFT tool and SNPs3D. MMB refear that it was neutral with

relatively low reliability (Table 5.6). The side @h on cysteine is thiol, which is easily
oxidized and involved in covalent disulfide bon@&sibstitution of cysteine for serine can

disturb protein structure by forming a strong disiél bond.

Table 5.5. The extent of sequencing3L1 in JP patient 505.

Primer Name PCR Product (bp) Exon (bp) Sequence Rgn
AK3Ll1lex1 358 116 -157 +25
AK3L1lex2 418 228 -105 +26
AK3L1ex3 558 350 -40 +50
AK3L1lex4 501 120 -90 +215
AK3L1ex5 529 173 -95 +150
AK3L1ex6 572 119 -178 +140
AK3L1ex7 390 115 -20 +170
I E K C L L I E K L
G r c P P c =
I,'ﬁ'|| i ﬂ f | | A Ly, II.'HII f\ II.'"l.i N\ N A | il
JYVVVYYYYYYVVVVYNEEVYVYYYUUUVY VY VYA

Figure 5.15. Chromatograms showing transition cAE32 (p.S61C) in JP patient 505 and

the reference sequence.

Control
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Figure 5.16. An example of the SSCP results f@upation screening fohK3L1
C.182A>T. C1-18 are population samples, 408 is heterozygma 504 homozygous.

S61
Human 28 NFGLQHLSSGHFLRENI KASTEVGEMAKQYI EKSLLVPDHVI TRLMM 75
Chi npanzee 158 NFCLQHLSSGHFLRENI KASTEVGEMAKQYI EKSLLVPDHVI TRLMM 205
O angut an 28 NFGLQHLSSGHFLRENI KANTEVGEMAKQY! EKSLLVPDHVI TRLMM 75

Macaque 28 NFGLQHLSSGHFLRENI KANTEVGEMAKQY! ERSLLVPDHVI TRLMM 75
Dog 28 SFG.QHLSSGHFLRENI RANTEVGDVAKQYI EKGLLVPDHVI TRLMM 75
Cattle 28 NFGLQHLSSGHFLRENI KANTEVGDVAKQYI EKGLLVPDHVI TRLM. 75
W I d Boar 28 NLGLQHLSSGHFLRENI KANTEVGDVAKQYI EKGLLVPDHLI TRLM. 75
Mouse 28 NFGLQHLSSGHLLRENLKTGTEVCGDVAKQYLEKGLLVPDHVI TRLMM 75
Rat 28 NFGLQHLSSGHLLRENLKTNTEVCGDVAKQYLEKG.LVPDHVI TRLMM 75
Chi cken 15 ---cmmmme e e EVGVLAKQYLERGLLVPDHVI TRVWMM 38

Zebr afi sh 27 NFGLKHLSSGDFVRENI SSKTDAGVLAKTYI NKGLLVPDHVMIRLLL 74

Figure 5.17. Evolutionary conservation of AK3L1 S61

Table 5.6. Effect of p.S61C on AK3L1 protein fuwctias predicted by online tools.
Protein Accession is NP_001005353.

Database MMB SNPs3D SIFT

Score 0.25 -3.09 0
Neutral with low Intolerable amino acid  Affects Protein

Effect reliability change function

5.2.6. Analysis oPRKAR2B

All exons of PRKAR2B were sequenced in patient 505, but no mutation foxasd
(Table 5.7). The rare allele of one polymorphiss3,7/29876, was detected in exon 6.
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Table 5.7. The extent of sequencind®®KAR2B in JP patient 505.

Primer Name PCR Product (bp) Exon (bp) Sequenced gy
PRKAR2Bex1 807 566 -45 +115
PRKAR2Bex2 390 36 -55 +214
PRKAR2Bex3 379 53 -124 +128
PRKAR2Bex4 318 84 -85 +65
PRKAR2Bex5 382 107 -76 +105
PRKAR2Bex6 344 154 -153 +58
PRKAR2Bex7 551 102 -41 +338
PRKAR2Bex8 241 75 -48 +40
PRKAR2Bex9-10 655 205 -169 +19
PRKAR2Bex11 744 134 -161 +322

5.2.7. Analysis of Patients 402, 404 and 405 witlumina 1M Quad Chip

DNA samples of patients 402, 404 and 505 were fga@d, this time using a denser
chip (lllumina 1M Quad). The data generated by $itan was imported to lllumina
Genome Viewer and two homozygosity mappings, orth 850 SNP filter and the other
with 100 SNP filter, were completed. No significdotus other than the previously
determined two loci was found. No additional narrayvdown of the two previous

candidate loci was possible.

CNV analysis was done, and no homozygous deletigtithtion that could possibly
contribute to the etiology of the disease was fomnghatients.

5.2.8. Summary of Results for Juvenile Parkinsonis

In summary, two significant loci, 1p31.3-2 and 74231.1, were identified?DE4B
and AK3L1 at 1p31.3-2 andPRKAR2B at 7¢22.1-31.1 were analyzed. Transition
c.182A>T in AK3L1 exon 4 was identified in the homozygous statdlipaients as well
as in unaffected 303. One hundred and thirty cos@oples randomly chosen from the
population were screened by SSCP, and the mutatas shown to be unique for the

family.
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5.3. Larsen Syndrome

In this study 8 patients and 21 healthy individuaten 7 families were genetically
investigated (Figure 3.4). One of the families (lGR%as the most informative one, as it
had two affected and two healthy sibs, while theeotamilies had single cases only.

5.3.1. Microsatellite Genome Scan Data Analysis

The initial microsatellite genome scan data foreseliarsen Syndrome families were
subjected to two-point and multipoint lod score lgs@s, assuming autosomal recessive
inheritance. Two-point lod scores >2 were obtaiaedhree loci: 4.62 at GATA178G09
(2937.3, 251.94 cM), 4.59 at GGAA5F09 (1g23.3, 840cM) and 2.35 at CATCO015
(1p36.32, 8.01 cM, Figure 5.18). Multipoint lod >1 were obtained at two of those
loci (1.3 at CATCO015 and 1.01 at GATA178G09) plus at interval 044xg3 — AAT095
(17925.3, 119.53 cM, Figure 5.19). Haplotype segfieg analysis was also performed for
each family and evaluated together with multipdaat scores for Family LRS6 to identify
candidate loci (Figure 5.20). Two-point and multigolod scores on pseudoautosomal
regions (PARs) were calculated separately andgrofgiant locus was identified.

Linkage toFLNB (3p14.3, 57,994,127 bp — 58,157,978 bp), that aswkmnas mutated
in autosomal dominant form of the disease, wasdrolgt by genome scan data analysis,
assuming an autosomal recessive inheritance maddetations in CHST3 (10g22.1,
73,724,120 bp — 73,773,322 bp) were reported tseaautosomal recessive Larsen
syndrome (Hermanng al. 2008). Linkage to this locus was also ruled out,they data
obtained from flanking markers D10S218, D10S7248&kth D10S1146 (Figure 5.25).
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Figure 5.18. Two-point lod score graphics of initracrosatellite genome scan data for all
Larsen families together. Only the scores >0 aosvsh Loci yielding >2 are depicted with

asterisks.
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Figure 5.19. Multipoint lod score graphics of iaitmicrosatellite genome scan data of all
Larsen families together. Only scores >-5 are shawni yielding >0.2 are depicted with

asterisks.
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Figure 5.20. Multipoint lod score graphics of iaitmicrosatellite genome scan data for
Family LRS6. Only scores >-5 are shown. Loci yietfd>1 are depicted with letters.

Eleven loci that were assessed as significant atetted for further linkage studies
as well asFLNB (3pl14.3)and CHST3 (10922.1) loci are shown in Table 5.8. Maximum
two-point and total multipoint lod scores obtaingdSuperLink and GeneHunter are also

included.

Table 5.8. Loci studied with microsatellites amtkéige analysis in Larsen families.

Locus Family Position (Mb) Maximum lod score
Two-point Multipoint
1p36.33-36.13 LRS1-7 2-17 3.22 -1.04
1921.1-23.3 LRS1-7 144 — 162 4.75 -8.28
2g37.2-qter LRS1-7 237- 243 4.62 -3.97
3pl4.1-12.1 LRS1-7 68 — 86 0.3 -5.51
4926.31-27.1 LRS6 175-185 1.4 -0.19
8p23.1-21.3 LRS1-7 9-20 0.2 -5.9
8024.22-24.3 LRS6 136 — 146 1.4 0.57
9p23-21.3 LRS6 10 - 23 1.29 -0.51
10g22.1 LRS1-7 73-74 -15.9 -0.8
16pter-13.3 LRS6 0-6 1.51 0.99
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Table 5.8. Loci studied with microsatellites antkiige analysis in Larsen families

(continued).

_ N Maximum lod score
Locus Family Position (Mb) : _
Two-point Multipoint
17p13.3-13.2 LRS6 0.6-6 0.44 1.35
17925.3 LRS1-7 74-179 3.4 2.88
20013.13-13.32 LRS1-7 47 - 57 1.06 -3.28

5.3.2. Fine-Mapping and Linkage Studies for All Lasen Families

All loci that yielded high lod scores in all fanas together (Table 5.5) were studied

further by genotyping in all families.

Two loci were investigated on chromosome 1. Thst fime was at 1p36.33-36.13.
Individuals were genotyped with 18 microsatellit@rkers at the region (Figure 5.21).
Maximum two-point lod score was calculated as 22151160 (20.61 cM) and total
multipoint lod score as -1.04 at 25.58 cM. The seéldocus was at 1g21.1-23.3. Data from
10 additional microsatellite markers were usedddrscore and haplotype analysis (Figure
5.21). Maximum two-point lod score was obtainedta&® at D1S1679 (162,361,915 bp)
and total multipoint lod score as -8.28 at the samagker. D1S1679 was found to be
homozygous and informative for patients of 6 faesli The nearby gen®DR2
(160,602,228 bp — 162,750,255 bp) was investigidediomozygosity in these patients.
All patients except 4-602 were found heterozygaduthe designed microsatellite markers
D1S160867kb and D1S160921kb, located within thensxof DDR2 (Figure 5.21).

Linkage to both loci was excluded.
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Figure 5.21. Haplotypes of Larsen patients and FaoiS6 at 1p36.33-36.13
Six microsatellite markers were used for fine magpiat 2937.2-qter.

GATATCO
total multipoint lod score as -3.9BAL3ST2 (238,716,240 bp — 238,743,902 bp) that is at

GATA178G09 (251.94 cM) the maximum two-point lodbse was calculated as 4.62 and
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the homozygous region for families LRS1, LRS3 ariRSk, was selected as a good

candidate by candidate gene approach (Figure 5.22).

.....D%ﬁ(gii.

M 1-401 2-401 3-402 4-802 5401 B-301 B-20Z2 E-401 B-402 B-403 E-404 7-401

GATATIDN1 173.00 16 e 112 45 33 123 43 i4 34 33 24 16
GATASSCOIM 18621 14 51 24 34 44 312 23 13 11 13 ER 11
GATASIAMM 20043 412 45 46 54 646 53 64 i4 36 igd 56 43
GATASOEDSP 21043 T3 43 56 36 28 03 64 i4 36 i4 ie 27
GATA4G12 21578 33 31 43 112 12 13 41 31 34 3l il 13
D2513483 227.00 13 55 15 53 112 14 11 41 11 41 41 11
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D25238234kh 25401 © (22 43 66) 26 (22 42 21 11 41 11 21 512
D252285 25849 22 21 22 24 21 24 112 41 21 21 42 14
D25395 262.01 44 386 53 55 44 33 62 56 36 36 52 33
AGATI21 267.21 15 50 312 33 31 41 R 13 43 43 15 44

Figure 5.22. Haplotypes of Larsen patients and FaloRS6 at 2q37.2-qter. Asterisk
indicateGAL3ST2.

Locus 3pl4.1-12.1 was fine-mapped with 13 additiomacrosatellite markers
(Figure 5.23). The maximum two-point lod score Wa&sat D3S3581 (104.3 cM) and total
multipoint lod score -5.51 at 117.12 cM (GATA128COZ5ATA84B12). Linkage to this

locus was excluded.
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Figure 5.23. Haplotypes of Larsen patients and FaoRRS6 at 3p14.1-12.1.

Three microsatellite markers were genotyped at 8p23.3 (Figure 5.24). The
maximum two-point lod score was calculated as @.25aMb and total multipoint lod
score as -5.9 at 17 Mb. Linkage to this locus wasueled.
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Figure 5.24. Haplotypes of Larsen patients and FaloRS6 at 8p23.1-21.3.

At 10922.1CHST3 locus (73,724,120 bp — 73,773,322 bp) was invatgd) with 2
microsatellite markers (Figure 5.25). Linkage te ttegion was ruled out for all families

except LRS5 with haplotype segregation studies.
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Figure 5.25. Haplotypes of Larsen patients and FaloS6 at 10g22.1. Asterisk indicates
approximate location cZHST3.

At 17925.3, the total multipoint lod score of 1.Jaswvobtained using the initial
genome scan data at interval 044xg3 — AAT095. Eigion was studied with 6 additional
markers (Figure 5.26). Maximum two-point lod scones obtained as 3.40 at
D17S74005kb and total multipoint 2.88 at 044xg3e Thcus could be only partially
narrowed down because the families were not infauador the microsatellite markers
used for genotyping. The region between 76,308igband 76,494,162 bp was defined to
be homozygous for most patients. Three gersappressor of cytokine signaling 3
(SOCS3), phosphatidylglycerophosphatase synthase 1 (PGSL) and dynein, axonemal,
heavy chain 17 (DNAH17) are located in this regio®OC3 (76,352,859 bp — 76,356,158
bp) was chosen for further studies after candidpiee approach. Additionally[IMP
metallopeptidase inhibitor 2 (TIMP2, 76,921,472 bp — 76,849,059 bp) at the neighbarhoo

of the region was also selected for sequencing.
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Figure 5.26. Haplotypes of Larsen patients and FaloRS6 at 17925.350CS3, TIMP2
andCANT1 are shown by an asterisk, an + sign and a — sgpectively.
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Locus 20g13.13-13.32 was investigated with 13 amitid markers (Figure 5.27).
Maximum two-point lod score was 1.06 at D20S100 tatal multipoint lod score as -3.28
between D20S451 and D20S164. Linkage to this le@sexcluded.
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Figure 5.27. Haplotypes of Larsen patients and FaloRS6 at 20913.13-13.32.

5.3.3. Fine Mapping and Linkage Studies for Famil\.RS6

Three of the loci given at Table 5.5 were furthedged by genotyping only in LRS6

family.

At 4926.31-27.1, Family LRS6 was studied with threearkers between
GGAA19HO07 and 165zf8ZP (Figure 5.28). Maximum twar lod score was calculated
as 1.4 at GATA42H02 (181.94 cM) and multipoint ledore as -0.19 at 179.29 cM
(GGAA19HO7 — D4S415). Linkage to this locus wasleded for the family with lod
scores and haplotype data.
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GATASBOIM  207.62 21 43 13 14 13 24

Figure 5.28.ACGER. Haplotypes of Larsen Family LR$8026.31-27.1

At 8024.22-24.23, Family LRS6 was studied with faaditional markers (Figure
5.29). Maximum two-point lod score was obtainedlas at D8S346 (158.94 cM) and
multipoint lod score as 0.57 at UT721 (164.48 cMphkage to this locus was excluded
later by SNP analysis because no homozygosity Her gatients was observed (Figure
5.30).
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M E-201 B-202 B-401 E-402 E-403 B-404

GATATGDT 135.08 43 13 43 33 43 41
GATA?1CIZ 13953 32 63 33 13 38 36
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DES346 158.04 : 12 1]z 2[1 |1 1| 11
UT721 164.47 i3 |34 |34 3 33 [33
DES1E36 165.93 ER I3 33 21 31 31
DES1925 167.90 23 11 21 31 21 21

Figure 5.29. Haplotypes of Larsen Family LRS6 é2892-24.23.
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Figure 5.30. Family LRS6 SNP genome scan at 8q224223.

Four additional markers were studied for Family BR& 9p23-21.3 (Figure 5.31).
Maximum two-point lod score was calculated as B2GATA187D09 and multipoint lod
score as -0.51 between D9S921 and AGAT142P. Linkadhis locus was excluded for
the family.
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Figure 5.31. Haplotypes of Larsen Family LRS6 é23@1.3.

At 16pter-13.3, Family LRS6 was studied with 6 rogatellite markers (Figure
5.32). The maximum two-point lod score was caladats 1.51 at D16S3024 and
multipoint lod score as 0.99 at TTTA028. A homoaygaegion for patients was identified
between rs12719809 and rs12102635 (542,727 bp @d@&BL bp, respectively) but the
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father was also observed to be homozygous at tjierrdFigure 5.33). Linkage to this

locus was excluded for the family.
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Figure 5.32. Haplotypes of Larsen Family LRS6 gité613.3.
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Figure 5.33. Family LRS6 SNP genome scan at 16 e3-

At 17p13.3-13.2, Family LRS6 was studied with twadi@ional markers (Figure
5.34). Maximum two-point lod score was calculatsdOad4 and multipoint lod score as
1.35 at GTAT1AO05 (0.63 cM). Linkage to this locuasiexcluded for the family.
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Figure 5.34. Haplotypes of Larsen Family LRS6 qi11%3-13.2.

5.3.4. SNP Analysis in Patients with Larsen Syndroe

lllumina 1M Quad SNP chip was used to analyze ptid-401, 2-401, 3-403, 4-
602, 6-403, 6-404, 7-401 as well as healthy indigld 6-301, 6-302, 6-401, 6-402 in
Family LRS6. The genome scan data was importedlumiha Genome Viewer and
homozygosity mapping analysis was completed. Uiiegdata from SNP genome scan,
the strongest candidate region was again 17g2&at&er®s 1-401, 2-401, 6-403, 6-404 and
7-401 were found homozygous between rs691094 an2P6458 (76,425,176 bp and
77,390,725 bp, respectively; Figure 5.35). Patidn91, 2-401 and 7-401 were found to
share the same homozygous genotype, while 6-408-&d shared another homozygous
genotype. Eleven genes were located at the regialtium activated nucleotidase 1
(CANT1, 76,987,799 bp — 77,005,838 bp) was chosen fahdurstudies after candidate
gene approach. Mutations in t8ANT1 gene were reported to cause an autosomal
recessive chondrodysplasia, Desbuquois Dysplasaaseh Syndrome and Desbuquois
Dysplasia exhibit similar clinical manifestatiortduperet al., 2009). Patient 3-403 and 4-

602 were heterozygous at gene sequences.
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Figure 5.35. Homozygous regions in Larsen Syndrpatents at 17925.3. Pink areas
show homozygous regions. Asterisk indicates anaqimate location foCANT1.

Besides 17g25.3, two loci that were shared in nioae two patients were noted. A
common homozygous region for patients 1-401, 2-80403 and 7-401 was identified at
5031.1 between rs153025 and rs11242115 (131,540(884and 131,826,413 bp,
respectively). Patients 6-403, 6-404 and one heailthling, 6-401 were also homozygous
at the region but genotype of 6-403 was differeoitnf 6-404 and 6-401; thus, 5931.1 was
not considered a candidate region for Family LRABother homozygous region was
identified for patients 1-401, 6-602 and 7-401 @gT1.33 between rs2104417 and
rs2425209 (34,127,871 bp and 34,860,332 bp, raspbot

Three candidate loci were found restricted to FamRS6 only. The first one was
2021.2, between rs6750271 and rs2163654 (133,271,66d 134,259,612 bp,
respectively). The second locus was a 7-Mb regioh4g32.31-14qter, beginning from
rs1953392 and extending to g terminus (101,621Hg6® 107,350,000 bp). The last locus
was at 17925.3-17qter, beginning from rs6910944¢%,176 bp to 81,195,000 bp).

CNV analysis was done and no homozygous deletiomuplication that could

possibly contribute to the etiology of the diseass identified in patients.
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5.3.5. Analysis ofTIMP2
All exons of theTIMP2 gene were sequenced in patient 6-403 (Table 5.8). N
mutation was identified. Rare alleles of rs7503if2éxon 1 and rs2277698 in exon 3 were

detected in the homozygous state.

Table 5.9. The extent of sequencingrd¥P2 in Larsen patient 6-403.

Primer Name PCR Product (bp) Exon (bp) Sequenced Brp
Timp2ex1 635 432 -35 +98
Timp2ex2 295 101 -35 +76
Timp2ex3 298 109 -51 +45
Timp2ex4 336 125 -35 +99
Timp2ex5 399 198 -58 +65

5.3.6. Analysis oSOCS3

Exons of SOCS3 gene were sequenced for patient 6-403 (Table 5Nd@)mutation

was identified.

Table 5.10. The extent sequencing0ICS3 in Larsen patient 6-403

Primer Name PCR Product (bp) Exon (bp) Sequence Rgn
SOCS3ex1 640 328 -110 +180
SOCS3ex2a 790 766 -225 455
SOCS3ex2b 700 766 175 +85

5.3.7. Analysis ofGAL3ST2

Exons of GAL3ST2 gene were sequenced in patient 5-401 (Table S\id nutation

was identified.




Table 5.11. The extent of sequencing#i_3ST2 in Larsen patient 5-401.
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Primer Name PCR Product (bp) Exon (bp) Sequenced gy
GAL3ST2ex1 423 160 -100 +71
GAL3ST2ex2 334 90 -104 +63
GAL3ST2ex3 586 256 -169 +72
GAL3ST2ex4 1108 864 -25 +35

5.3.8. Analysis ofCANT1

Exons of CANT1 were sequenced in patients 1-401, 4-602, 5-40103%-6-604, 7-
401 (Table 5.12). c.8358A transition in exon 3 was identified in homozygaiate in
patients 6-403 and 6-604 (Figure 5.36). This vaneas not reported in SNP or mutation
databases. It results in the substitution of pblmodphilic serine for aliphatic neutral
glycine (p.G279S). The residue was observed toviebugonary conserved in mammals
and zebrafish but not in chicken (Figure 5.37).2Y.9S was predicted to affect the protein
structure and function, by online SIFT tool and SBIP. MMB reported that it was neutral
low reliability (Table 5.13).

Table 5.12. The extent of sequencingdiNT1 in LRS patient 6-403.

Primer Name PCR Product (bp) Exon (bp) Sequenced gy
CANT1ex1 495 93 -50 +120
CANT1ex2 1270 972 -65 +57

CANT1ex3 696 204 -153 +180
CANT1ex4 1124 371 -285 +253
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Patient Control

Figure 5.36. Chromatograms showing ¢.835& (p.G279S) in LRS patient 6-403 and the

reference sequence.

&79
Human 261 NWSNYNALRAAAG QPPGYLI HESACWSDTL QRWFFLPRRASQERYSEK 310
Chi npanzee 261 NWSNYNALRAAAG RPPGYLI HESACWEDTL QRWFFLPRRASQERYLPR 310
Macaque 261 NW/SNYNALRAAAG RPPGYLI HESACWSDTL QRWFFLPRRASQERYSEK 310
Mouse 260 NW/SSYNALRAAAG RPPGYLI HESACWSDTL QRWFFLPRRASHERYSEK 309
Cattle 261 NWSSYNALRAAAG RPPGYLI HESACWSDTL QRWFFLPRRASHERYSEK 310
Chi cken 257 NW/VNYNALRAAAG RPP-------- oo o mmm oo oo oo 279
Zebr afi sh 264 NW/PTYNSLRSAAG SPPGYLI HESAAWSDTLQRWFFLPRRASSERYDET 313

Figure 5.37. Evolutionary conservation of CANT1 @27

Table 5.13. Effect of p.G279S on CANTL1 protein fume as predicted by online tools.
Protein Accession is NP_620148.

Database MMB SNPs3D SIFT
Score 0.43 -2.53 0

Neutral with low Intolerable amino acid Affects Protein
Effect reliability change function

€.898C>T transition was identified in homozygous stat@atients 1-401 and 7-401

in exon 4 (Figure 5.38). This variant results ire thubstitution of polar hydrophobic
cysteine for polar hydrophilic arginine (p.R300Che variant has been reported to cause
Desbuquois Dysplasia (Hubetral., 2009).
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Figure 5.38. Chromatograms showing ¢.828C(p.R300C) in LRS patient 1-401 and the

reference sequence in a control sample.

5.3.9. Summary of Results for Larsen Syndrome

No homozygous region common for all Larsen Syndrofamilies could be
identified.

At 2q37.2-gter patients 1-401, 3-403 and 5-401 weved homozygousGAL3ST2

at the region was sequenced, but no mutation veaifobd.

At 17¢g25.3 a common homozygous region was detecié@ borders of the
homozygous region could not be delineated becawsenicrosatellite markers that had
been employed for genotyping were not sufficiemfprmative. SOCS3 and TIMP2 were
sequenced but no mutation was identified. The hogmsty at the region could be
delineated using the SNP genome scan da#dNT1, which was previously reported as
mutated in Desbuquois Dysplasia, is located atidbes where patients 1-401, 2-401, 6-
403, 6-404 and 7-401 were homozygous. Homozygo835G>A was identified in
patients 6-403 and 6-404. Homozygous ¢.898Cwas identified in patients 1-401 and 7-
401. Patients 1-401, 2-401 and 7-401 were fourghtwe the same homozygous genotype
at the loci, thus patient 2-401 was expected toy@aB98C>T.
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5.4. Congenital Cerebellar Hypoplasia

5.4.1. Microsatellite Genome Scan Data Analysis

Genome scan data from two Congenital Cerebellaropigsia (CCLH) families
were subjected to two- and multipoint lod scorelgs®es assuming autosomal recessive
inheritance (Figure 3.5). Total two-point lod srel.5 were found as 1.99 at
GGAA6DO3 (7g31.32, 128.41 cM), 1.93 at GATA5SD08 1243, 109.12), 1.81 at
GATAG63F09 (11911, 58.41 cM), 1.81 at GATA23C03 (12d.3, 8.87 cM) and 1.53 at
ATA18A07 (9922.33, 104.48 cM, Figure 5.39). Totalultipoint lod scores were
calculated as 2.23 at GATA23C03, at which one eflilghest two-point lod scores was
obtained, 1.86 between GATA48B01 and GATA124F0&82L{-32.2, 217.93 cM), 1.64 at
interval AAT243 — GATA22D12 (1943, 263.63 cM), 1.86 GGAA6DO03 and 1.04 at
interval GTAT1A05 — GATA158H04 (17p13.3-p13.2, 9.6M1, Figure 5.40). Haplotype

segregation analysis was also performed togetrtarled scores.

LOD SuperLink v1 6 - Two-point Parametric Linkage Analysis
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Figure 5.39. Two-point lod score graphics of initracrosatellite genome scan data for

CCLH families. Only scores >0 are shown. Loci yietp>1.5 are depicted with asterisks.
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LOD GeneHumnter v2.1 - Multipoint Parametric Linkage Analysis
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Figure 5.40. Multipoint lod score graphics of iaitmicrosatellite genome scan data for
CCLH families. Only scores > -5 are shown. Locidgieg >0.5 are depicted with

asterisks.

Nine loci that were assessed as significant arettsl for further studies as well as
VLDLR gene (9p24, 2,621,793 bp — 2,654,485 bp) thatrepsrted to cause autosomal
recessive cerebellar hypoplasia are shown in Talilé (Ozceliket al. 2008). Linkage to

this locus was excluded for each family with adudiall markers (Figure 5.42).

Table 5.14. Loci studied with microsatellites amdé&ge analysis in CCLH families

Locus Family Position (Mb) Maximum lod score
Two-point Multipoint
1932.1 CCLH5-6 198 — 203 1.5 2.2
2p21-13.1 CCLH6 50-73 1.67 1.92
6016.1-23.1 CCLH5 94 - 131 1.47 3.24
9p24.2-21.3 CCLH5-6 2-25 0.26 -2.05
10p14-12.33 CCLH5-6 9-14 1.16 -1.15
10g24.32-26.2 CCLH5-6 103 -129 1.09 -0.42
13g13.1-21.1 CCLH5-6 31-55 2.2 1.2
16921-23.3 CCLH6 60 — 82 1.67 1.92
17pter-g21.31 CCLH5-6 0-42 2.24 -0.4
18912.1-21.2 CCLH5 26 — 50 1.47 1.01
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5.4.2. Linkage Studies for Congenital Cerebellar ipoplasia at Common Loci

Assuming that the same gene was responsible fodioeder in both families, loci
possibly candidate for both were analyzed furtidérlg32.1 six additional microsatellite
markers were utilized to genotype (Figure 5.41)e filximum two-point lod score was
calculated as 1.5 at D1S510 and total multipoidtdoore as 2.02 at 212.43 cM between
D1S413 and GATA48B01. Linkage to this locus wasleded. A common homozygosity
for patients of Family CCLH6 was shown between GATA1 and D1S373.

CommpOCcocODme

5-501 5-502 5-801 5-602 5-603  5-604 6-203 6-204 6-302 6301 6-201 G902 6203

TATCOZE 180.91 33 il 3l 33 il il ig 23 33 13 i3 13 13
ATA4ENZ 19205 33 14 i4 312 i4 i4 20 34 14 31 112 14 34
GATATCOL W21 35 14 i4 312 54 54 1o 34 14 35 51 54 i4
D15413 21243 13 il 13 13 il il 1o 2 1|3 3l 11 i3 33
GATA4EBE01 21244 11 23 12 12 13 13 ENY 211 3|2 21 13 22 22
D15373 11408 41 15 42 412 15 15 ig T5 37T 56 63 57 57
D152738 21517 112 13 112 11 13 13 o 11 112 11 11 11 11
D15306 21517 41 13 41 41 13 13 o | 13 11 112 13 13
D1524615 21537 23 43 24 24 33 33 40 13 41 33 34 3l 31
D15510 11846 3 1 E 33 il il o 45 14 512 11 54 54
GATAIZMFOE 22616 3 2 44 32 41 o 512 15 14 45 15 11
GATA4HM 2138.66 11 41 14 14 11 14 30 13 32 E 11 E 33
ATA29COTL 24723 41 33 43 43 13 43 20 15 21 13 3l 11 12

Figure 5.41. Haplotypes of Family CCLH5 and CCLHA@32.1.

9p24.2-21.3 where/LDLR is localized was further analyzed with 7 additiona
markers (Figure 5.42). Linkage to this locus waduded with both the haplotype data and
multipoint lod score. The maximum two-point lod seevas 0.26 at GATA187D09 (21.99
cM), and total multipoint lod score was -2.05 aemal AGAT142 — D9S1870 (33.78
cM).
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L amdbchdohm e

ch 5501 5-502 5-801 5-604 6-203 6204 6302 6301 6-401 &-402

:
:

MFD455-AAT052 011 3 2 41 14 214 112 R 2|0 11 1|1 114 4|2 41 11
D525k 4.01*21 11 112 11 112 112 2|0 112 1|2 1|2 2|2 11 112
DoS52622kb 441 212 32 23 23 22 23 1|0 21 11 1|2 1j1 21 11
Do513813 283 44 11 41 41 41 41 2o 11 11 il 32 11 e
aasac0] 1025 24 43 44 44 43 144 30 i4 id4 31 33 14 33
GATAGZFO3M 1423 312 112 121 21 112 21 1o 43 13 412 41 13 11
Do5T75 2182 2 4 33 43 43 23 43 1a 44 14 23 21 34 31
GATAIZTDOOMN 2188 33 312 33 33 32 33 ig 31 il 11 13 11 13
Do5a21 2191 13 14 il 31 14 il 50 02 512 16 15 62 65
AGAT142P 314 212 23 122 112 13 23 ig 12 32 4 4 412 412 43
DoS1ET) 3758 11 25 12 12 15 12 40 32 42 12 12 24 24
GATARTEDIM 4428 31 11 11 11 il 11 ig e 32 32 32 33 13
Do5126 44358 31 13 112 13 i3 112 o 11 11 11 11 11 11
GATASEQSP 5276 51 EN] 13 16 56 13 50 5 55 14 15 15 45
GATATDN 2 6632 44 53 45 43 43 45 1o 14 14 11 112 112 112
GATARATL 7588 412 51 15 11 41 15 ig i4 33 33 33 33 33

Figure 5.42. Haplotypes of Family CCLH5 and CCLH®p24.2-21.3. Asterisk indicates
the approximate location M_DLR.

Two loci were studied on chromosome 10 (Figure 6.B8ur microsatellite markers
were used for genotyping at 10p14-12.33. The mamirtwo-point lod score was obtained
as 1.16 at GATA70E11 and total multipoint lod scase-1.15 at interval D10S1725 —
GATA70E11 (44.2 cM). At the second locus 10g24.8222 three microsatellite markers
were used. The total maximum scores were calcukged09 at ATA29CO03 for two-point
and -0.42 at 129.34 cM between GATA64A09 and D1@316r multipoint. Linkage to
both loci was excluded. A common homozygosity fanmiy CCLH6 patients was
detected between GATA87G01 and D10S2473.
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Six microsatellite markers were used for genotymand 3gq13.1-21.1 (Figure 5.44).

Figure 5.43. Haplotypes of Family CCLH5 and CCLHA@p14-12.33 and 10g24.32-

GGAAISHDIZN 25.80

GGAAIICOSN 16527
ATGTO0GE
GATA?3ICOIP
ATASAQNIN
D135893
D1353097 7kl
D135303
D13535923kb
GATASSHDL
D1357465
D135325

ATAIDOZ

Maximum two-point lod score of 2.22 at D13S893 #mtdl multipoint lod score of 1.2 at

34.59 cM, between GATA86H01 and D13S765, was obthihinkage for the region was
excluded. A shared homozygous region between ATABRGNd GATA11C08 was

determined for Family CCLH6 patients.
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Figure 5.44. Haplotypes of Family CCLH5 and CCLHA3g13.1-21.1.
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At 17pter-g21.31, 39 additional microsatellite nmesk were used (Figure 5.45).
660

DITS148TOER

DI751308
DI1751840
D1751533
DI1T75525

DI751528

Highest lod scores were calculated as 2.24 for pgwiot at D17S804 and -0.4 for
multipoint at 53 cM at interval D17S51294 — GATA25A0Lod score and haplotype of

healthy individual 5-603 together were used to muelinkage.
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Figure 5.45. Haplotypes of Family CCLH5 and CCLH@A &pter-g21.31.

GATA25AM G201
GATA49CO0N  B2.00
ATA43ALOM 8932
No common homozygous locus could be identifiedttiertwo families together after

DIT517946
DIT5786
D175873
DI751541
D175945
DI175804
D1T75520
D175974
DIT51303
ATATEDOZN
DIT752194
DIT51294
D1751739
AATHS

microsatellite genome scan and additional genotymstudies; therefore, each CCLH

family was analyzed separately.
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5.4.3. Linkage Studies for Family CCLH5

Two additional loci 6g16.1-23.1 and 18q12.1-21.2enstudied for Family CCLH5
(Figure 5.46).

LOD GeneHunter v2.1 - Multipoint Parametric Limkage Analysis
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-3

Figure 5.46. Multipoint lod score graphics of ialtmicrosatellite genome scan of Family
CCLHS5. Only scores >-5 are shown. Loci chosen tiothier studies are depicted with

asterisks.

17pter at where highest lod score was obtained geastyped previously (Figure
5.45). At 6016.1-23.1, eleven microsatellite maskerere utilized to genotype Family
CCLHS5 (Figure 5.47). Maximum two-point lod scorelofi7 at D6S1603 (120.31 cM) and
multipoint lod score of 3.24 at D6S416 (118.6 cMgswcalculated. The region between
D6S283 (102,359,770 bp) and D6S287 (119,553,773was) identified as a common
homozygous region for the patients. The region sdgah2 Mb and contains a very high
number of genes, 154 in total. Candidate gene appréailed to point out a very strong

candidate for further analysis from among the 1&deg.
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Figure 5.47. Haplotypes of Family CCLH5 at 69163112

At 18qg12.1-21.2, seven markers were analyzed fonilyaCCLH5 (Figure 5.48).
Highest lod scores were found as 1.47 at AGATOG3( cM) and GATA6D09 (74.93
cM) for two-point and 1.01 at GATA6D09 for multipdianalysis. Linkage to this region

was excluded with lod scores.

SEr TR

oM 5-501 5502 5801 S5-602 5-603

ACT1A01 28.10 23 33 13 13 23 33
GATALLAG 4124 42 23 43 43 42 23
GATAGHD4 5440 12 121 11 12 12 21
D185847 56.71 271 11 11 121 21 11
D185536 6220 21 33 13 13 13 113
GATALS 6448 21 212 12 112 112 112
D185865 6440 21 31 11 21 23 11
D185548 55,66 13 312 12 12 13 312
D185970 6830 13 312 12 12 13 312
D185363 71.32 12 43 13 13 14 13
D1851049 7132 12 21 11 21 22 21
GATASDO? 7493 1 4 12| [22 4 1
ATAPIGOS 8041 114 1)1 11 |11 11
ATATDOT £8.62 21 24 14 22 12 24

Figure 5.48. Haplotypes of Family CCLH5 at 18q12112.
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5.4.4. Linkage Studies for Family CCLH6

Two additional loci, 2q14-13.3 and 16g22.1-23.3raevstudied for Family CCLH6
(Figure 5.49).

LOD GeneHunter v2.1 - Multipoint Parametric Linkage Analysis

WL ||| i i | 0 TILL n:nn W 1 0 [
* GATAG6DO01 Chr 2 190 |
l ** MFD466-TTAM0]1 Chr 16 1.46 | | ‘
1] 1 1

I I O O T I {.1 LEDEAE
Marker coverage and chromosomes

Figure 5.49. Multipoint lod score graphics of iaitmicrosatellite genome scan of Family
CCLH6. Only scores >-5 are shown. Loci chosen oy CCLH6 are depicted with

asterisks.

Chromosome 1 and 10 were previously genotyped (E&gg.41 and 5.43). Data
generated by genotyping Family CCLH6 with 10 addiéil microsatellite markers at
2014-13.3 were used (Figure 5.50). At GATA66D01.485cM), maximum two-point lod
score of 1.67 and multipoint lod score of 1.92 weakeulated. A shared homozygosity in
patients was shown on region between ATA47C04PLR2E2977. However, healthy sib
6-401 was also observed homozygous between ATAARPGOW D2S2397. A candidate
region was identified between D2S2397 and D2S2%47686,792 bp — 72,123,252 bp,
respectively). The 7.5-Mb region contains 92 genes.
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Figure 5.50. Haplotypes of Family CCLH6 at 2q14313.

At 16g22.1-23.3, 7 markers were used for genotypiagnily CCLH6 (Figure 5.51).
Maximum two-point lod score 1.67 was obtained at68307 (105.17 cM). Highest
multipoint lod score was 1.92 at D16S3040 (103.K0).cA shared homozygosity was
narrowed down to between D16S3106 and ATACCO001s Tagion spans 10 Mb and

contains 82 genes.
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Figure 5.51. Haplotypes of Family CCLH6 at 16q22313.



5.4.5. SNP Genome Scan Data Analysis

SNP genome scan using 670K lllumina chip was cotegléor patient 5-601 and 6-
403 after the microsatellite genotyping studietethto point out a single candidate locus.
The aim was if possible to determine a single, ijpgsty undetected locus or exclude some
of the candidate loci established by microsatellitata, as well as to search for
homozygous deletion or duplication at the candidtade Our previous microsatellite data
with no common locus for the two CCLH families wamfirmed with SNP genome scan.

The results of SNP genome scan data combined withosatellite genotyping data for

CCLH families are given in Table 5.15.
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Table 5.15. Combined results of SNP and microstetelata for CCLH families.

(Shaded cells represent the borders of maximum hggosity)

Microsatellite Genotyping

SNP Genotyping

Family | Chromosomg o o
Marker (Location in bp) SNP (Location in bp)
D6S283 D6S287 rs711263 rs590572
CCLH5 | 6
(202,359,770) | (119,553,773) | (91,190,244) (117,084,761)
1 GATA7C01 D1S373 rs12139999 rs1036332
(187,550,288) | (200,254,486) | (191,065,967) | (199,012,478)
5 D2S2397 D2S2977 rs11903097 rs1006049
(64,636,792) (72,123,252) (50,623,839) (71,176,660)
GATA87G01 | D10S2473 rs11203042 rs10748913
CCLH®6 | 10
(74,659,396) (120,169,137) | (90,989,109) (108,047,595)
13 ATA5A09 GATA11CO08 rs4943320 rs1319281
(31,072,681) (55,106,096) (31,474,177) (40,965,706)
16 D16S3106 ATACCO001 rs3751765 rs12599282
(72,187,760) (82,249,557) (77,910,418) (80,424,384)




97

5.4.6. Copy Number Variation Analysis

CNV analysis was done, and no homozygous deletigitchtion that could possibly

contribute to the etiology of the disease was ifiedtin patients.

5.4.7. Summary of the Results for Congenital Ceratlar Hypoplasia

Genome-wide lod score analysis together with hgpetonstructions were used for
Congenital Cerebellar Hypoplasia families. No commecandidate locus could be
identified. Candidate loci for each family couldibentified by analyzing each separately.

One candidate locus was identifed for family CCLH#, 6q16.1-22.1 between
D6S283 and rs590572 (102,359,770 bp and 117,084@6tespectively). Candidate gene
approach failed to point out a very strong cand@idat further analysis from among the

130 genes.

Five candidate loci were identified for family CCBH

. 1p31.2-32.1, interval rs12139999 —rs1036332 6 g@nes)

. 2914-13.3, interval D2S2397 — rs1006049 (7&gkn
. 10923.31-25.1, interval rs11203042 —rs1074891348 genes)

. 13g13.1-14.11, interval rs4943320 —rs1319281 60 genes)

. 16023.1-23.2, interval rs3721765 —rs12599282 (8 genes)

CNV analysis was done, and no homozygous deletigitchtion that could possibly

contribute to the etiology of the disease was ifiedtin patients.
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6. DISCUSSION

Cost effective genotyping with high density micrediiie and/or SNP marker maps
facilitate effective mapping of genes that are aisded with human diseases. Mammalian
Genotyping Service, funded by the National Heanhd.and Blood Institute (NHLBI), had
been performing genome scans with microsatellitekera to support worldwide studies of
mapping genes for 12 years until December, 2006. SEnvice accepted three genotyping
projects from our laboratory and analyzed a toté&298 samples, with approximately 400

markers for each individual.

SNP based genome scans became more accessible lasthfive years with the
recent advancements in chip technologies. The largaber of the SNPs distributed
evenly throughout the genome made this new teclygyattore attractive, especially for the

studies that are in need of a high density mapping.

This study describes locus and gene analysis getimherited disorders (JP, LRS
and CCLH) submitted to the Mammalian Genotypingviserand one additional inherited
disorder (ARA) submitted to SNP genotyping sendfter the preliminary studies.

Extended families with several affected membera easnsequence of high incidence
of consanguineous marriages in Turkey have provatethitiation point for this study. In
all of the disorders within the framework of thtady, the disease alleles could be assumed
homozygous by descent and homozygosity mappingddoelapplied. Afterwards, in the
identified loci, if possible, genes were selectgadéndidate gene approach and analyzed in

relevant patients.

6.1. Autosomal Recessive Ataxia

Studies on autosomal recessive ataxia were inyitsttrted by Suna Onengiit and
later continued by Sibel Aylin glir. A candidate locus was mapped at 12g21.1-24.thd
present project, the family was genotyped agairh vgibme of the previously studied

microsatellite markers to verify the locus. On Mag008, we were informed that a cousin



99

of the patients had been recently diagnosed wi¢hdisease. Locus 12921.1-21.2 was
excluded after genotyping of that patient (1-508) &er family. Later, SNP genome scan
was performed in the two ARA families in an attertgofind a new candidate locus for the
disease. Lod score analysis and HCIE studies wargleted, but no candidate locus for
all patients was identified. Then we changed thatesgy and divided the patients into two

groups according to the clinical findings.

For Group 1, we identified the disease locus atl9pp13.3. After candidate gene
approachAPTX, known to be mutated in early-onset ataxia witbloaotor apraxia and
hypoalbuminemia 1 (AOA1l), was chosen for furthemdgts. Early-onset ataxia was
observed in all patients in Group 1; but oculomeatmraxia was only reported in patients in

Family 2. We identified a different mutation in &édamily after sequencingPTX.

c.838G>A transition in exon eight was identified in paterof Family 1. This
change results in the conversion of a tryptophatoodo a termination codon, p.W279X,
and leads to premature termination of translatiime truncated protein lacks the zinc
finger domain that is responsible for stabilizifge tcatalytic site of the protein, HIT
domain, onto DNA target site. Clinical examinatioh Family 1 patients showed no
oculomotor apraxia. This feature of the diseasehiserved in 80 per cent of the cases
having mutations in the gene and is not essertratliagnosis, despite its being a part of
the disease name. The mutation had been alreadyilmbel by Moreiraet al., 2001 and
also reported to be responsible for low muscle Gb&dzyme levels in some patients (Le
Beret al., 2007). We learned that CoQ10 levels had not bestadeyet due to the high cost

of the assay.

c.782T>C transition inAPTX exon eight was identified in Group 1 Family 2
patients. It results in the substitution of nonpdigdrophilic proline for aliphatic nonpolar
hydrophobic leucine (p.L261P). We screened 108robmbdividuals randomly chosen
from the general population and did not find theriant. With the assumption of a
polymorphism frequency of one per cent, the 21Grobochromosomes gave power greater
than 80 per cent. The variant was not reported Ni® r mutation databases and was
predicted to be damaging for protein structure mttion with high reliability by three
online tools, MMB, SNPs3D and SIFT. L261 residupast of the catalytic HIT domain of
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the protein and was found evolutionarily ultra-cemved across species. ¢.782T was
concluded to be a novel mutation causing early{form#osomal recessive ataxia.
Oculomotor apraxia was reported for the patientth i clinical examination completed
after the identification of the mutation. Muscle @O enzyme levels for those patients
could not be assayed due to high cost.

For Group 2, three loci were identified by usingttbenultipoint lod scores and
HCIE. Regions where patients shared homozygositg wetermined as 3p14.1, 6p13 and
10g25.3. The loci were inspected further by comsiing haplotypes. Patient 2-609 was
found heterozygous for two microsatellite marker$pl3, thus excluding the locus as
harboring the disease gene. At 10925.3, none ofitkegenes were assessed as having a
possible causative role for the disease. At 3pIMTKN7 was selected for sequencing but
no sequence variant indicative of a disease-causiatation was identified. In spring
2010, Patient 2-610 was found heterozygous athadlet loci above after a SNP genome
scan. The SNP genome scan chips for Group 2 psitrezie composed of different SNPs,
thus a unified linkage input file could not be gexted and lod scores including patient 2-
610 could not be calculated. No shared homozygatyd be identified for Group 2
patients using HCIE and Illlumina Genome Viewer.

CNV analysis was done for Group 2 patients. A higimber of homozygous and
heterozygous deletions scattered throughout th@mgenwere detected in patients, but
none of those were common to all patients. Thesamed number of deletions could be the
result of impaired DNA repair mechanisms. Many dsss manifesting with ataxia such as
A-T, AOA1 and AOA2 are known to be caused by motadiin genes that have various

roles in DNA repair mechanisms.

ARA families presented with an autosomal recessnNeritance, andATXN7 is
known to be mutated in autosomal dominant SCA7.n&kertheless sequenced all exons
of the gene, as some genes can be responsibleinidarsdiseases with alternative
recessive or dominant inheritance patterns (Jongtsaln 2002). Mutations irBuperoxide
Dismutase 1 (SOD1) in Amyotrophic Lateral Sclerosis is an exampledoch cases. While
SOD1 mutations are presented with an autosomal domiidrgritance, one specific

mutation p.D90A can be inherited as with an autadaecessive (Jonssehal., 2009).
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Group 2 patients can be reevaluated with multipmdtscore analysis again in the

future. This analysis may reveal previously undeidcandidate regions.

6.2. Juvenile Parkinsonism

In this study, a family with an autosomal recessiearological condition diagnosed
as Juvenile Parkinsonism was investigated. Data fnoicrosatellite genome scan were
analyzed, using the initial pedigree structure cosep of 3 patients and 13 healthy family
members; however, no candidate locus could be iftehtby fine-mapping studies;
therefore, a denser genome scan was necessarygesidme scan data pointed to a region
that did not include any known exons. Meanwhileg andividual that was previously
reported healthy was hospitalized with disease symg. We updated the pedigree and
reanalyzed the microsatellite genome scan datdi@adnapping results together with SNP
genome scan data. Candidate gene approach wasnpedfat two significant loci, 7922.1-
31.1 and 1p31.3-31.2, the former being strongemedhgenesPDE4B, AK3L1 and

PRKARZ2B were selected for sequencing.

€.182A>T variant inAK3L1 exon four resulting in p.S61C was identified ihfalr
patients. One healthy individual, 303, was alssntbhomozygous for the variant. She is
about 70 years old and does not present the dis8&eP analysis completed for 260
control chromosomes showed that the variant waguanior the family. Online tools SIFT
and SNPs3D predicted that this change disrupteipratructure and function. Another
tool, MMB, suggested that it is neutral for the tpin but with relatively low reliability.
S61 is conserved in hominoids, and the surroundihgesidues are conserved in all

mammals.

Three mechanisms are hypothesized to lead to Piuitib-proteasome pathway,
mitochondrial dysfunction and oxidative stre8&3L1 is a member of adenylate kinase
family of enzymes. Its protein product is localizedmitochondrial matrix and plays an
important role in the regulation of adenine andrgii@ nucleotide compositions within a
cell. Disturbance oAK3L1 function in mitochondria may cause a phenotypelaino PD
by disrupting the relative ratios of the energy laeatides in mitochondria and the cell.

However, if the variant was a fully penetrant ahd sole disease-causing mutation in the
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family, individual 303 would have been expectegtesent the disease already; thus, the
variant in AK3L1 alone was not enough to explain the etiology ofidRhe family.
Alternatively, there may be a protective locus thevented a pathological condition in
individual 303. Spinal muscular atrophy (SMA) is erkample for such a model. The
disease results from mutations in Hoevival motor neuron 1 (SVIN1) gene. Some families
having homozygouSMNL1 deletions have been shown to present low penetréorcthe
disease. This is partly explained by the incree®edlival motor neuron 2 (SVIN2) gene
copy number in those families or high expressioRlagtin 3 (PLS3) gene (Lorsoret al.,
1999; Opreat al., 2008).

Another possibility is that the disease may be leikhg a complex pattern of
inheritance, such as a digenic model. Digenic iitdi@ce mechanism results from the
interaction of two non-homologous genes. BardetdB&/ndrome (BBS, MIM 209900) is
a digenic and triallelic disease that is caused hytal of three mutations in two genes: two
mutations in one and one in the other. Neither taugant alleles at one locus nor one
mutant allele alone at the other is sufficient thsease manifestation (Gropman and
Adams, 2007).

Parkinsonism is generally observed at elderly peophd progresses slowly;
however, disease severity and age of onset inaimdyf may be modified by other genes.
Some of the phenotypes associated with cystic $ibr(CF) is known to be modified by
other genes. It is caused by mutationystic Fibrosis Transmembrane Conductance
Regulator (CFTR). A broad spectrum of disease severity is obsemvguhtients with CF,
andCFTR alone does not explain this diversity. It has bgeown that there are many CF
modifiers includingmannose-binding lectin, beta2-adrenergic receptor, tumor necrosis
factor-alpha, andtransforming growth factor-betal (Merlo and Boyle, 2003).

The possibility of linkage to the known ParkinsoDsease loci was excluded by

both haplotype segregation studies and HCIE (Talle

CNV analysis was done, and no homozygous deletigitchtion that could possibly

contribute to the etiology of the disease was ifiedtin patients.
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The presence of a protective/modifier locus or dempattern of inheritance is
possible for the family; however, examples for sgakes are not common. In the future
Family JP data must be reevaluated with other itdrere models to clarify the likelihood
of those models. Status of p.S61C varianAKBL1 must be further verified by increasing
the number of individuals in population screeniAdso, genes on 7922.1-31.1 must be

reevaluated to determine new candidate genes.

6.3. Larsen Syndrome

The third disorder analyzed was Larsen Syndromeh vaiitosomal recessive
inheritance. We analyzed DNA samples of eight patien seven families. Microsatellite
genome scan was completed and followed by furteaotyping for fine-mapping. Family
LRS6 was taken as a starting point for candidatedsearch studies since it was the most
informative family. We could not identify a singlecus for all patients together. The
strongest locus was at 17925.3 where 5 patients ltatdhmon homozygous region. Due to
low informativeness of the microsatellite markesed for genotyping at the locus, we
could not determine the exact borders at first. ##quencedOCS3 and TIMP2 at the
region, but no mutation was found. A denser gensoa® was necessary, so lllumina 1M
Quad analysis was ordered for all patients excegD5 whose DNA quality was
inadequate. SNP genome scan results confirmedathdidate locus and also determined
the borders of the homozygosity for five patientsnf four families. The morbid map
search and candidate gene approach revealed GABIT1, mutated in Desbuquois
Dysplasia, was located in the region. Clinical iees of Larsen Syndrome and Desbuquois
Dysplasia are known to be very similar (Hubkal., 2009). ThereforeCANT1 was chosen

for sequencing in patients.

c.898C>T in exon four, a known missense mutation in pasiemith Desbuquois
Dysplasia from Turkey and Iran, was detected imepéd 1-401 and 7-401. Patients 1-401,
2-401 and 7-401 were found to share the same haypozygenotype at the loci; thus,
patient 2-401 also was expected to carry the nartaln fact, expanding the history of
those families revealed that they all originatashfrthe same district of Anatolia, despite

the fact that they had not described any relatignshth each other. Having the same
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mutation together with the same haplotype at tleedandicates that they likely have a

common ancestor.

c.835G>A in exon three resulting in p.G279S was identified=amily LRS6. This
variant was not reported in SNP or mutation datadashe residue was on the splice site
of the protein and observed to be evolutionary eoresl in mammals. It was predicted to
affect the protein structure and function, by oalBIFT tool and SNPs3D. MMB reported
that it was neutral with low reliability. Additioflg, it may lead to aberrant splice
products. Population screening is required to conthe state of variation, whether it is a

new disease-causing mutation or a rare SNP.

Genetic heterogeneity is a known entity for Larsgmdrome. This may be the
explanation for patients 3-403, 4-602 and 5-401 dtaot have linkage tGANT1 locus.
However, we could not identify any common homozygdacus for those patients. We
also analyzed data by grouping those patients irs it again this approach did not
identify any candidate locus. Consanguineous psarefith a single affected sib do not

yield a significant lod score to point out a carde&llocus separately.

Linkage to known Larsen Syndrome gerfedsNB andCHST3 was eliminated for all
patients except 5-401 with haplotype inspectiormidrosatellite and SNP genome scan
data. Patient 5-401 was found homozygouSHET3 locus. Sequencing of this gene most
likely will uncover whether the gene indeed is @ssible for the disease in this family.

CNV analysis was completed for those patients V@8MiP genome scan, and no
homozygous deletion/duplication that could possibbntribute to the etiology of the
disease was identified in patients.

CANT1 p.R300C mutation has been reported in five familiduberet al., 2009).
Population screening may give data for the frequexiche mutation. Also we identified
that three families carrying the mutation have same haplotype at the gene locus, thus a
founder effect is present. Haplotyping of previgupliblished other three patients from
Turkey and those two Iranian patients may reveattivdr all p.R300C mutations are

descending from the same common founder.
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Population screening faZANT1 p.G279S variant must be completed to identify the

state of the variant.

6.4. Congenital Cerebellar Hypoplasia

The last disorder analyzed was Congenital Cerabeligpoplasia (CCLH) in two
families with the assumption of a common diseasadoFine-mapping studies after initial
microsatellite genome scan failed to provide lirk&g a single common locus for the two

families; therefore, we analyzed each family seelya

A SNP genome scan using 1M Illumina Quad chip wadied to one patient from
each family with the purpose of eliminating or maving down the previously determined
regions and analyzing the CNVs. Samples of othgemia and family members could not
be processed because either the quantity was ffatiest or the quality was not good

enough.

The microsatellite genotyping studies singled ogit1-23.1 as a candidate locus
for Family CCLH5. SNP genome scan in 5-601 furtm@mowed down the region by about
2 Mb. The maximum shared homozygosity region betwB&S283 and rs590572 at
6016.1-23.1 was defined as the sole locus for Fa@@LHS5. A maximum two-point lod
score of 1.47 at D6S1603 (120.31 cM) and multiptodtscore of 3.24 at D6S416 (118.6
cM) were obtained. Spanning 15 Mb and harboring d&fes, candidate gene approach at
the region failed to point out a gene for furthealgsis. Those genes can be reevaluated

using the morbid database to continue with theystud

Family CCLH6 did not yield a single candidate lodus the microsatellite based
linkage studies because it was not sufficientlgéarAt five loci patients were found to
share homozygosity. SNP scan of 6-403 did not suteany of the previously determined

loci but facilitated the narrowing down of the I¢Giable 5.15).

CNV analysis was done, and no homozygous deletigitchtion that could possibly

contribute to the etiology of the disease was ifiedtin patients.
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We also excluded the possibility of linkage in b&dmilies to seven genes that were
known to be responsible for cerebellar hypoplagiéod scores and haplotypes segregation
studies (Table 1.3).

The initiation point of the CCLH part of the studyas the assumption of two
families having the same disease locus. Duringcthese of the thesis we showed that
families do not share the same disease locus. &epathe data for each family decreased
the possibility of identifying a significant candi@ locus for Family CCLH6 because
parents were first degree cousins and family sias mot big enough to give enough data
to point a single candidate locus. However, in Fan@CLHS5, non-consanguineous
marriage and two healthy sibs were two advantagpouds for determining a candidate

locus.
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7. CONCLUSION

In the framework of this study, microsatellite, S§ehome scans and fine mapping
studies were carried on four autosomal recessiseades: Autosomal Recessive Ataxia,

Juvenile Parkinsonism, Larsen Syndrome and Corgjéddtrebellar Hypoplasia.

Disease genes were localized and mutations werafoutwo disease geneSPTX
for Autosomal Recessive Ataxia a@ANT1 for Autosomal Recessive Larsen Syndrome.
Novel variants were identified IlPTX andCANT1.

A novel variant strongly related to Juvenile Paskinism was found imAK3L1,
however, this variant solely could not explain theease. A second candidate locus was
identified at 7922.1-31.1. Candidate genes atdbed must be analzyed in the patients for
mutations.

The number of controls must be increased in orderalidate the nature of these

three novel variants and to assess them as mwation

A candidate locus for Congenital Cerebellar Hypsialdnas been identified.
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