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Abstract: Myoclonus Dystonia (MD) is an autosomal dominant disease with high but
incomplete penetrance and is characterized by both involuntary myoclonic jerks and
dystonic posturing. Our group has found that mutations within the epsilon sarcoglycan
(SGCE) gene on chromosome 7q21 are associated with MD in 30-40% of affected
individuals in 31 families studied, supporting the basis for genetic heterogeneity. Novel
mutations have been found in SGCE by screening these families for point mutations and
large deletions and duplications through the use of sequencing, high performance liquid
chromatography (HPLC) and multi-ligation probe amplification (MLPA) analysis. A 10cM
genome wide linkage analysis of a large Canadian family provided significant LOD scores
for microsatellite markers within the 18p11 region, now designated as the DYT 15 locus.
Further haplotype analysis has narrowed a non-recombinant region associated with the
disease phenotype to a 3.18 Mb region in this locus. Since the current understanding of
Myoclonus Dystonia is poor, it is difficult to predict genes that could be responsible for MD.
Sarcoglycans are essential constituents of the dystrophin-glycoprotein complex and are
involved in linking the extracellular lamanin matrix to the actin filaments within the
cytoplasm; therefore focus is given to the examination of potentially related structural genes
that are expressed in the brain. By analyzing such candidate genes in a panel of affected
individuals, we believe that a novel gene will be elucidated and provide insight into the

mechanism of Myoclonus Dystonia.
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Chapter 1.

Introduction: Myoclonus Dystonia



Chapter 1 Introduction
1.1 Myoclonus Dystonia

Myoclonus Dystonia (MD) is an autosomal dominant movement disorder with
reduced penetrance characterized by both myoclonic jerks and dystonia. The myoclonic
jerks are often described as “lightening fast” and are usually seen within the axial (head or
trunk) skeletal muscles as well as the arms and legs. Dystonia is a slow twisting and/or
posturing movement which can present itself within one muscle (focal) or many
(generalized)'. The age of onset is typically within the first two decades of life and the
spectrum of disease severity can range from very mild to constant myoclonic jerking,
resulting in a significant interference of daily life. Interestingly, the myoclonic symptoms of
some patients are alcohol responsive causing an alleviation of the myoclonic jerks after
alcohol intake. The mechanism for this condition remains unknown. Mutations in the
epsilon sarcoglycan (SGCE) gene were found to cause MD?. There are now 39 mutations
identified in SGCE, the majority of which are nonsense mutations; however missense, large
deletions and splice site mutations have also been characterized. Myoclonus dystonia is
genetically heterogeneous, since a significant portion of MD families do not have SGCE
mutations. To date, there is no effective treatment, although benzodiazapines, deep brain
stimulation and botulinum injections have been shown to have minimal and unreliable

effects’.



1.2 Related Dystonic Movement Disorders

There are a total of 13 dystonia type movement disorders, each of which map to a
different locus and are traditionally classified based on age of onset, distribution of
symptoms, and the site of onset®. Those that are most phenotypically related to Myoclonus
Dystonia and are more common include Dopamine Responsive Dystonia (.5-1.0/million),
Primary Torsion Dystonia (1/160,000) and Chorea. These are described below.

Primary Torsion Dystonia (PTD) is mapped to the DYT1 locus on chromosome
9934 and is the most severe form of hereditary dystonia. The age of onset is early, under 28
years of age, and the site of onset is usually the legs but often becomes generalized over
time. It was found that a heterozygous GAG deletion in exon 5 in the gene TORIA accounts
for the phenotype in 50-70% of early-limb-onset PTD cases’. The Torsin A protein is
expressed in neural cells and is seen in a punctuate pattern throughout the cell body and
neurites®. It is thought to act as a molecular chaperone and modulate synaptic vesicle
recycling6’7. Augood et al (1998) found its expression is highest in dopaminergic neurons in
the substantia nigra compacta and suggested there may be dysfunction in dopamine (DA)
transmission in this disease®. Indeed, the release of DA from pre-synaptic neurons was
inhibited likely contributing to the symptoms of the human disorder’. Pallidal deep brain
stimulation has been found to be an effective treatment for patients with the GAG deletion'’.

Dopamine Responsive Dystonia (DRD) is characterized by childhood onset, with
the initial symptom usually being leg dystonia that gradually progresses to other parts of the
body. Most cases of DRD are autosomal dominant and caused by heterozygous mutations in
the GTP cyclohydrolase 1 (GCHI) gene on chromosome 14q11'. GCH1 is the rate limiting

enzyme in the synthesis of tetrahydobiopterin (BH4), which is in turn necessary for



dopamine synthesis. DRD is less commonly inherited as an autosomal recessive disorder
with mutations in the tyrosine hydroxylase (TH) gene on chr11p15. TH is an enzyme which
is also involved in dopamine biosynthesis pathway. Reduced activity of this pathway is
thought to be the underlying mechanism leading to the depletion of dopamine and
consequently the DRD phenotype. This is consistent with the dramatic therapeutic response
in most patients to levadopa (L-dopa), a synthetic form of dopamine that increases dopamine
levels'?. There is generally no association between DRD and MD. Myoclonus dystonia
patients are not responsive to L-dopa treatment, in fact, long-term therapy of L-dopa has
been shown to induce dyskinesias such as chorea, as well as dystonia or myoclonus, due to
abnormal stimulation of dopamine receptors'>. Klein ez al (1999) had screened a MD family
that was found to have mutations in both the SGCE and the D2 dopmanine receptor (DRD2)
genes'®. No such cases have been identified since this report.

Benign Hereditary Chorea (BHC) is not classified as a dystonic syndrome, but is a
dyskinesia-type neurological disorder. It is a rare autosomal dominant movement disorder
characterized by “jerky” hyperkinetic movements that can present with choreoathetosts,
thyroid dysfunction and pulmonary infections in infancy. Some affected families have been
shown to also present with dystonia of the neck, axial muscles and limbs'>. BHC has been
questioned in up to 25% of cases of MD and could be a major differential diagnosis, thereby
illustrating the importance for proper genetic screening and phenotype assessment"”. To
date, 19 heterozygous mutations of the NKX2-1 gene on chr14q21 have been found to cause
BHC. This gene encodes for the thyroid transcription factor 1 protein (TITF-1), a member of
the Nk homeobox gene family, which binds and activates the promoter of thyroid specific

genes. It is predicted that these mutations cause decreased binding of the transcription factor



to the homeobox domain thereby causing a decrease in transcription of the target genes'®.

Given the similarities between BHC and MD, careful attention should be made to such
overlapping phenotypes and should be reflected in the consideration of genetic screening of

either NKX2-1 or SGCE.

1.3 The SGCE gene is associated with Myoclonus Dystonia

In 1999, a locus for Myoclonus Dystonia was mapped in a large family to a 28cM

1'7. After further narrowing of the region and the testing of

region of chromosome 7q21-q3
potential candidate genes by other groups'®'®, Zimprich et a/ (2001) had found 5 different
heterozygous loss of function mutations in the epsilon sarcoglycan (SGCE) gene’. These
were found in 6 families and ranged from nonsense changes, deletions and a splice-site
mutation. Pedigrees showed an autosomal dominant mode of inheritance and some patients
had psychiatric abnormalities such as panic attacks and obsessive-compulsive behavior. This
has been reported by others as well***"?2. A marked difference in penetrance of the disease
was observed depending on the parental origin of the disease allele; this was subsequently
found to be due maternal imprinting of the SGCE locus. There is no known correlation or
difference between missense and premature stop mutations when compared to the phenotype
or sex of the patient®. As well, no genotype-phenotype association exists, except in cases of
large deletions encompassing SGCE and its neighboring genes®***. The majority of SGCE
mutations reported in MD families are nonsense mutations that abolish the synthesis of the
full length protein. Missense mutations are less common. Three of the disease-associated

SGCE missense mutations (p.His36Pro, p.His36Arg and p.Leul72Arg) were studied for

their effects on the biosynthesis and trafficking of the e-SG protein®®. These missense



mutations should result in the synthesis of full length proteins carrying a single altered
amino acid®’. It was found that the mutant sarcoglycan was mislocalized as it did not reach
the plasma membrane of neuronal cells. This protein was targeted for degradation by the
proteasome via polyubiquitination, likely due to the misfolding of the missense mutated

form of &-SG.

1.4 The SGCE gene is imprinted

It is now known that SGCE expression is under the control of parent-of-origin
specific differential gene expression due to the imprinting of a CpG island located within its
promoter and exon 1. This CpG stretch also spans the 5’ end of its neighboring gene, PEG10
which has also been found to be imprinted in mice?®*"°, Through the use of bisulfite
genomic sequencing this CpG island has was shown to be differentially methylated on the
maternal allele’'*2. PEGI0 is a retrotransposon-derived imprinted gene that has evolved to
its present function as an essential placental gene in mice, but not humans®’. There is
evidence that retrotransposon insertion can drive the evolution of genomic imprinting in
mammals, since the expression of inserted foreign genes from viruses would likely be under
negative selection®. It is likely the repression of PEG0 has indirectly caused the repression
of SGCE expression on the maternal allele due to its close proximity to PEG/0. As a result,
SGCE mutations that are transmitted to offspring on the paternal allele will present with
MD. Since SGCE expression generally occurs on the paternal allele, maternal transmission
of a mutation will not cause the MD phenotype. Interestingly, a case report recently
described an individual who had inherited both copies of the maternal chromosome 7,

resulting in maternal uniparental disomy of chromosome 7 (mUPD7)3 4. Since both copies of



the SGCE gene are methylated, this patient exhibits the MD phenotype. Silver-Russell
syndrome is also observed in the patient and is thought to be caused by altered expression of
a different imprinted gene. It is possible that maternal imprinting of SGCE is under a leaky
mechanism since there are reports that 5-10% of symptomatic MD patients have SGCE
mutations that have been inherited from the mother*>. Nonetheless, the majority of cases
exhibit paternal expression of the SGCE gene and has shown to cause for reduced
penetrance seen in MD families, as demonstrated in the moderate frequency of obligate

carriers™.

1.5 Characteristics of the SGCE gene

Epsilon sarcoglycan was first identified in mouse by Ettinger et a/ (1997) as a
homolog to alpha sarcoglycan (a-SG)*®. Genomic sequence identity was reported as 95%
identical between the human and mouse and e-SG protein was found to be 44% identical
between these species’®. This is similar to 0-SG, which has a sequence identity of 88%
between mouse and human. The mouse £-SG begins with a 22-aa signal sequence, followed
by 262-aa extracellular domain, a single 23-aa hydrophobic transmembrane domain, and a
98-aa intracellular domain. It has a predicted molecular mass of 43.5 kDa, with an increase
of roughly 2kDa when glycosylated. The extracellular domain has a single consensus
sequence for N-glycosylation and the intracellular domain has 3 potential sites for
phosphorylation.

In human, SGCE has two main isoforms that are alternatively spliced and are tissue
specific (see Figure 1.1). The primary transcript is thought to lack exon 10 and is widely

expressed in embryonic and adult tissue, striated and smooth muscle, lung, liver, kidney,



spleen, testis, and sciatic nerve’®. It has also been localized to smooth muscle as well as the
outer Schwann cell membrane of peripheral nerve and to the brain in general*’***°, The
other transcripts have either exons 8 or 11b spliced out, and are found less ubiquitously
throughout tissues.

As opposed to human, the SGCE transcripts have been well studied in mouse.
Nishiyama et a/ (2004) had found 4 splice variants of Sgce in mice, two were shown to be
major transcripts found throughout brain, one of which was also widely expressed in other
tissues™. They referred to these as e-SG1, with exon 8 but lacking exons 10 and 11b (8", 10,
11b") and £-SG2 (87, 107, 11b"). When investigating human brain, they also found these two
transcripts were present™’. In another study, Yokoi et al (2005) had found 3 transcripts
present in mice, two of which were found in brain®’. They referred to these as: Typel (e-
SG8™11c"), and Type 2 (e-SG8'11c"). These isoforms had an extended coding sequence in
11b that they refer to as 11c¢, adding 36bp to the transcript and causing a frameshift
throughout the remainder of the protein. Both of these isoforms were found to have motifs at
the C-terminal that were similar to PDZ binding motifs, which allow for binding of
scaffolding proteins. This could prove to be an important finding since the sarcoglycan (SG)
complex which is found within the larger dystrophin-glycoprotein complex (DGC) functions

to provide structural integrity to the cell membrane.

1.6 &-SG within the Dystrophin Glycoprotein Complex

Epsilon sarcoglycan is a single-pass transmembrane glycoprotein that is found
within the sarcoglycan complex. This complex is made up of four sarcoglycan proteins and

is localized to the plasma membrane. The SG complex is found within the larger DGC



which is comprised of such proteins as dytrophin, dystrobrevin, dystroglycans (a and ), and
sarcospan (Figure 1.2). This multi-protein complex is critical for the stability of the striated
muscle cell membrane. Dystrophin, a gene product responsible for Duchenne muscular
dystrophy, associates with B-dystroglycan, which in turn binds to a-dystroglycan®®. Alpha-
Dystroglycan tightly binds to laminin, a major component of the basal lamina, indicating
that dystrophin and the dystroglycan complex form a bridge between the extracellular matrix
and the actin-based cytoskeletal network. The SG complex plays a role in reinforcing this
linkage through its interaction with membrane-spanning p-dystroglycan®!. It has also been
suggested to play role in scaffolding for signal-transduction cascades’?. There are 6 known
sarcoglycans, a, B, 9, v, €, and {, with epsilon being a homolog of alpha, and zeta a homolog
for gamma. A defect in any one of these glycoproteins (excluding £-SG and (-SG) disrupts
the entire sarcoglycan complex in striated muscle and leads to limb-girdle muscular
dystrophy (LGMD)*. The components of the tetrameric sarcoglycan complex differ
depending on the particular tissue in which they are expressed. e-SG is widely expressed as
previously mentioned, particularly within the brain, heart and lung tissue. However a-SG
expression is limited to striated muscle®®, therefore it is then likely that e-SG replaces a-SG
in the sarcoglycan complex within non-muscle cells. Indeed, it has been shown that e-SG
replaces a-SG to form a novel DGC complex in peripheral nerve cells*®. As well, Cai et al
(2007) studied Schwann cells, the myelin forming glial cells of the peripheral nervous
system, and found they express £-SG in rat sciatic nerve®. In this cell type, the SG complex
exists as a hetero-tetramer as it does in muscle, except with €, {, B, 6 instead of a, v, B, 6.

This pattern of sarcoglycan expression is thought to be similar in human.



1.7 Sarcoglycanopathies

The limb-girdle muscular dystrophies (LGMDs) are a heterogeneous group of
neuromuscular disorders involving progressive muscle wasting of the shoulder and girdle
muscles. There are a number of proteins with a wide spectrum of function and localization
that are associated with these dystrophies, mainly the a-, 8-, y-, 8-SGs, but also other
proteins necessary for sarcoglycan prdcessing such as calpain-3. This protein is thought to
have chaperone activity and was found to cleave filamin C, thereby affecting its ability to
interact with y and &-sarcoglycans**.

Sarcoglycanopathies, unlike MD, involve muscle and heart deficiencies, further
suggesting there are differences in the pathophysiological mechanisms of the SG complex in
the brain compared to muscle. Functional studies by Chen et al (2006) have demonstrated
that the assembly of sarcoglycans into their tetrameric complex follows a stepwise pathway
in COS-1 cells, with B- and 8-SG forming a core to which a- and y-SG later bind*’. While
investigating the sarcoglycans in rat skeletal muscle, they found the N-terminal half of the
extracellular region contains domains that are required for SG-SG interaction®®. As well,
various point mutations in the sarcoglycans were shown to affect SG complex assembly
and/or localization to the cell surface®. £-SG was not included in these studies, rather a-SG,
its homolog, was analyzed. The BIO14.6 hamster has also been used to study the SG
complex within Schwann cells, the myelin forming glial cells of the peripheral nervous
system. This LGMD model has a large genomic deletion of the 3-SG gene that deletes the
transcriptional initiation site and exon 1. This loss of 6-SG caused a 98% reduction or

undetectable levels of B-, 8-, €-, and {-SG in the sciatic nerve membrane fractions containing

Schwann cells®®. This disruption of the SG complex in turn caused a reduction of steady
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state levels of the neuronal form of dystrophin Dp116, as well as a-dystroglycan. This is one
of the few studies investigating the components of the SG complex, DGC, and their
interacting partners within neuronal cells. They demonstrate the importance of the SG
complex and its role within the DGC in Schwann cells in the peripheral nervous system

(PNS) and could suggest a role within the CNS as well.

1.8 Investigating a functional role of the SGCE protein

Ettinger et al (1997) found that SGCE was widely expressed in mouse E14
embryonic and adult tissue using Northern analysis36. Levels were found to be high in lung,
moderate in brain, heart, and skeletal muscle, and low but detectable in kidney and liver. In
contrast, SGCA expression was largely restricted to mouse striated muscle (cardiac and
skeletal) muscle, with very low levels in lung and none in brain. Nishiyama et al (2004)
found that SGCE transcripts and protein were widely distributed throughout the mouse
brain, in both neuronal and non-neuronal cells including capillary endothelial cells and
astrocytes*’. A similar expression profile was found in rats*’. This diverse expression pattern
and variance in isoforms is also seen in human tissue. Both e-SG1 and £-SG2 isoforms
(mRNA and protein) were found in both the neuronal and non-neuronal areas of human
brain tissue*’. Hjermind et al (2008) performed analysis on a muscle (quadricep) biopsy
from a MD patient and found normal skeletal muscle morphology®®. In brain, £-SG is
thought to play a structural role within the sarcoglycan complex and DGC in neuronal cell
membranes. Dystroglycans and the cytoplasmic members of the DGC have been shown to
be expressed in brain however little is known regarding their functional roles and interacting

components.
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Perhaps the most insight into the mechanism of MD can be gathered from a mouse
model. Yokoi ef al (2005) created a knockout (KO) mouse lacking exon 4 of the SGCE gene
using a cre/loxP method®. A total of 73 bp was excised, causing a frameshift resulting in a
premature stop codon in exon 5. Interestingly, these mice exhibited a MD phenotype,
complete with myoclonic jerks and deficits in motor coordination and balance®®. They found
that 30% of the KO mice had myoclonic jerks compared to no jerks observed in the wild-
type (WT) littermates when observed for 30 min (n= 19 KO, n= 22 WT). A beam test
showed that the KO mice had decreased fine motor coordination when compared to WT
(122% more slips). The male KO mice had more “anxiety-like behavior” than male WT
mice, whereas no significant difference was observed between KO and WT female mice.
This behavior was studied with only one test (open field) and its reliability in quantifying
behavior is unknown; no such sex differences in MD phenotypes exist in humans. Levels of
dopamine, serotonin and metabolites were measured in the striatum of the KO mice,
presumably since this region of the brain is associated with movement and cognitive control
and contains a high density of dopamine receptors. These receptors have key roles in many
processes such as the control of motivation, learning, and fine motor movement. They found
DA, DOPAC and HVA (metabolites of DA) had minimal increases in KO mice compared to
WT: 1.4, 1.2 and 1.2 fold increases, respectively. As well, no other areas of the brain were
studied. The mechanism by which the loss of SGCE causes this minimal increase in
dopamine in the striatum of mice remains to be investigated. Whether or not the underlying

mechanism of MD is related to DA levels remains to be elucidated.
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1.9 Cause for genetic heterogeneity of Myoclonus Dystonia

Zimprich et al (2001) had first found that mutations in the SGCE gene were
associated with MD. Five novel mutations were described in 6 MD families®. It is generally
agreed upon in the literature that roughly 30-40% of MD cases are due to SGCE mutations.
Tezenas du Montcel et a/ (2006) had screened 49 index patients with MD and found 11 had
SGCE mutations (22%)%. They found there was an increased probability of finding SGCE
mutations in individuals that had an age of onset below 25 and if they had inherited the
disease allele from their father. Schule et al (2004) had screened 7 families with inherited
MD in which the mean age of onset was 12 years (range 3-24) and found 2 of these families
to have SGCE mutations (29%)*°. Our group has previously screened 11 families, with a
total of 20 affected individuals, and had found that 9/11 families, or 16/20 affected
individuals (88%), had SGCE mutations’'. The mean age of onset was 4 years (range 6
months - 20 years) and alcohol responsiveness was reported in 4 of the families, absent in 2
and not known in the remaining 5 families. Although age of onset, alcohol sensitivity and
presenting symptoms are strong indicators of SGCE mutations, they should not be cause for
limiting genetic screening of this gene. It is possible that SGCE mutations have been
implicated in a relatively low number of affected individuals due to the lack of screening for
large SGCE deletions. Although not as common, multi-exonic deletions have recently been
reported 2. As well, our group has identified two large deletions in two families®.

In 2002 our group performed a 25cM linkage analysis of a large pedigree with 15
affected individuals®*. Two-point linkage analysis demonstrated 7 microsatellite markers
had a maximum LOD score of 3.9 across a 16.9cM span in the 18p11 region. All of the

symptomatic individuals shared a common haplotype for these markers, providing sufficient
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evidence that a novel locus for MD had been found. As well, Schule B et al (2004)
genotyped these markers in 5 families that were SGCE mutation-negative and found the
chr18p11 region segregated with the disease in one of these families>. The affected
individuals in the remaining 4 families did not share a haplotype for markers in 7q21 (for
SGCE) or 18pl11, suggesting there are more loci for this disease.

The refinement of the chr18p11 region was performed by our group using direct
sequencing of three recombinant single nucleotide polymorphisms (SNPs)*’. The region was
narrowed to 3.18Mb, and direct sequencing of seven known and four predicted genes with

EST support did not identify any mutations.

1.10 Rationale, Hypothesis, Aims
1.10.1 Rationale

To date, our research group has recruited thirty-one families with various numbers
of affected individuals, ranging from one to fifteen in our largest family (family 1). In
agreement with the literature, we have also found that mutations within SGCE are found in
only 30-40% of these affected individuals, strongly suggesting there is another gene or
genes involved. This genetic heterogeneity was the basis for a 25¢M and subsequent 10cM
genome-wide linkage analysis that was previously performed on family 1%, Using this
method as well as haplotype analysis of the microsatellite markers used, a 3.18Mb region on
chromosome 18p11 was found to strongly segregate with the disease phenotype. Candidate
genes within this region were then selected based on their protein characteristics such as
expression location, and their coding regions were then sequenced in a panel of six affected

individuals, two of them from family 1. There were no mutations found that segregated with
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the disease phenotype within the fifteen genes that were analyzed. It is the goal of this

project to elucidate the specific gene in this region causing Myoclonus Dystonia in family 1.

1.10.2 Hypothesis

Based on the evidence that only 30-40% of Mycoclonus Dystonia patients have
loss of function mutations in SGCE, suggesting cause for heterogeneity, we hypothesize that

a gene associated with this disease lies in the 3.18 Mb region on chromosome 18p11.

1.10.3 Aims

1. Recruit and screen additional Myoclonus Dystonia families for mutations in the SGCE

gene.

Through the help of our collaborating neurologist, we are continually recruiting
new families affected with Myoclonus Dystonia. This enables us to gather more
information regarding the frequency and inheritance of SGCE mutations. As well, if the
families recruited are large and have multiple affected individuals, it can provide us
additional insight into the heterogeneity of the disease through marker genotyping and
linkage analysis. During the course of this project we have recruited 5 familial cases of MD.

The phenotypic characteristics and mutation status of these families will be discussed.

2. To further ensure linkage of Myoclonus Dystonia to the chr18p11 locus (DYT15) and to

exclude linkage elsewhere in the genome for family 1.

To rule out the possibility that linkage to Myoclonus Dystonia is found elsewhere

in the genome in family 1, we first accounted for the markers previously genotyped for the
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25¢cM and 10cM genome-wide linkage analysis and identified any chromosomal regions that
were not covered by these analyses. It is important to recognize the possibility that linkage
to the disease does in fact occur in additional loci, however, linkage analysis performed on
the large kindred (family 1) recruited for our studies has implicated chr18p11, and it is this
area we have chosen to examine. To exclude linkage elsewhere, a total of thirty-nine
microsatellite markers were genotyped for all forty members of family 1. The alleles that

were generated from this analysis for each marker were subject to linkage analysis.

3. Elucidate the causative gene or mutation in the chr18p11 region responsible for

Myoclonus Dystonia in family 1.

There are a number of candidate genes within the 3.18Mb region that could
potentially be involved with MD, however most of them have been previously analyzed by
our groupss. Remaining candidate genes have therefore been prioritized on their likelihood
of being associated with MD. For example, LAMA1 is an excellent candidate gene for this
disease due to its expression of the laminin alpha 1 chain protein which is known to be an
extracellular matrix protein. It is similar to the alpha 2 chain form which is known to interact
with the DGC at the membrane of muscle cells and has been implicated in congenital
muscular dystrophy. However LAMAI has been sequenced in a number of MD patients and
determined to not have mutations specific to the disease. Candidate genes are accessed
based on their tissue expression profile, with brain being a priority, and whether or not they
are known to express a protein or if they are a predicted gene. Each candidate gene selected
for analysis was sequenced in 2-6 affected individuals where at least 2 were from family 1.

Wild-type controls were also used to determine if sequence variants were found in non-
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affected individuals and therefore not the cause of MD. Our group has previously confirmed
the absence of large deletions or duplications in patients within family 1 through the use of a
500K SNP chip. However, in order to investigate as to whether or not there is an inversion
within our 3.18Mb chr18p11 region, we have performed a three color fluorescent in situ

hybridization (FISH) experiment on this region in an affected individual from family 1.
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Figure 1.1. Two common human isoforms of the SGCE gene. SGCE spans a 71 kb
genomic region on 7q21. The human isoforms of SGCE share 10 common exons and
differ by the three alternatively spliced exons; 8, 10 and 11b. The primary isoform (8, 10
, 11b") encodes a 437-aa protein and is expressed in brain, lung, heart, placenta, testis,
kidney and liver. An alternate isoform (8, 107, 1 1b+) is considered to be the brain-specific
and is 462-aa in size. There are two other isoforms that are also present in tissues but not
as frequent as the above mentioned isoforms, these are: (8, 107, 11b") and (8, 107, 11b").
Exon 10 is rarely found in SGCE transcripts.
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Figure 1.2. The predicted arrangement of the DGC and SG complex in the muscle
cell membrane. Dystrophin (black), B-DG (B-dytroglycan) (green), a-DG (blue), form a
dystrophin bolt that is thought to be reinforced by the SG complex (red) composed of f-,
d-, a-, and y-SG in muscle. The dystrophin bolt, through a-DG, binds laminin (light blue)
within the extracellular matrix of the basal lamina. 3-DG connects to actin filaments in
the cytoskeletal network through dystrophin (Dys). (C), C-terminus; (N), N-terminus;
sspn, sarcospan; DB, dystrobrevin; Syn, syntrophin; nNOS, neuronal nitric oxide
synthase; sc, sugar chain.
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Chapter 2 Subjects and General Methodology

2.1 Phenotypic characteristics of recruited patients in families with Myoclonus Dystonia

Consent forms approved by the Ottawa Hospital Research Ethics Board were
signed by all individuals donating blood for participation in our studies. If the patient was
under the age of 16, parental consent was given. Families were recruited through contact
with our collaborating neurologist to physicians within various movement disorder clinics
throughout Canada, and some within the United States. Affected individuals were diagnosed
by a movement disorder neurologist and if possible, patients were videotaped. Patients also
filled out data sheets describing the nature of their signs and symptoms. The phenotypic

characteristics of the 13 families studied in this project are listed in Table 2.1.

2.2 DNA and RNA Extraction

Genomic DNA was extracted from whole blood drawn from patients in yellow top
ACD Vacutainer tubes. Extraction was performed using the QIAamp DNA Blood Mini Kit.
Briefly, 20ul of protease was added to 200ul of whole blood along with 200ul of lysis buffer
(AL). Samples were incubated at 56°C for 10 min, after which 200ul of 100% ethanol was
added. The mixture was applied to a QIAamp Spin Column and centrifuged at 6000 x g for
1 min to remove cellular debris. Two washes were then performed using buffers AW1 and
AW?2, and purified genomic DNA was then eluted from the filter using 100ul of either

buffer AE (Qiagen) or TE (10mM Tris-HCl, 1mM EDTA, pH 8.2). A yield of ~30ng/ul was
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typical with an Aygp/Aggoratio of 1.7-1.9. Remaining patient blood sample was aliquoted and
stored at -80°C.

RNA was extracted from whole blood drawn from patients using PAX tubes
(PreAnalytiX) containing an RNA stabilizing additive. RNA was extracted roughly one
week after blood draw using the PAXgene Blood RNA Kit. Blood tubes were centrifuged
for 10 min at 4000 x g, supernatant was removed and replaced with 4ml of RNase-free
water. The pellet was resuspended via vortexing and centrifuged again at 4000 x g and
supernatant was subsequently removed. The pellet was resuspended in 350ul of Buffer BR1
by vortexing after which 300ul of Buffer BR2 and 40ul of proteinase K was added to the
mix. Incubation at 55°C while shaking at 800rpm ensured sufficient protein digestion. The
lysate was then transferred to a PAXgene Shredder spin column and centrifuged for 3 min at
20,000 x g. The flow-through fraction containing RNA and DNA was then transferred to a
new tube and 350ul of 100% ethanol was added. This was applied to a PAXgene RNA spin
column and centrifuged for 1 min at 14,000 x g. The column was washed with 350ul of
Buffer BR3 and centrifuged at 14,000 x g. 80ul of DNase I mix (10ul DNase I with 70ul
Buffer RDD) was applied to the column and incubated at room temperature for 15 min to
ensured digestion of DNA. The column was then washed with 350ul of Buffer BR3 and
Buffer BR4. Purified RNA was then eluted off the column using 20ul of Buffer BR5 and
centrifugation at 14,000 x g. Eluate containing RNA was incubated for 5 min at 65°C,
followed by ice to allow for denaturation for downstream applications. RNA yield was

typically between 100-200ng/ul with a Az¢o/Azgo ratio of 1.7-1.9.

22



2.3 Primer Design and PCR

Genomic DNA sequence was obtained from the University of California Santa
Cruz (UCSC) Genome Browser. Primers were designed using Primer 3 v.0.4.0 (Steve Rozen
and Helen J. Skaletsky) and had an optimal length of 20nt, 50% G/C content and a melting
temperature (Tm) of 60°C. Optimal amplicon size was dependant on the particular sequence
being studied and ranged from 150-3500bp.

Various conditions of the polymerase chain reaction (PCR) were used depending
on the characteristics of the product of interest being amplified. Conditions were optimized
for each primer set by adjusting the Tm, cycle number and time, altering MgCl,

concentration, or by using additives such as dimethyl sulfoxide (DMSO).

2.4 Sequencing

PCR products were purified using Exonuclease 1 and Shrimp Alkaline
Phosphatase (EXO-SAP) (Amersham Biosciences). EXO removed single stranded DNA,
including primers and ssDNA produced from PCR and SAP digested unconsumed dNTPs
by binding to phosphate groups. A total of 3ul of PCR product was combined with 2ul of
EXO-SAP along with 5ul of sterile dH>O and incubated at 37°C for 15 min, followed by 15
min at 80°C for enzyme inactivation. This product was then sequenced using a single primer
(3.2pmol), 5X Sequencing Buffer (Applied Biosystems) and Big Dye 3.1 sequencing pre-
mix (Applied Biosystems) was used to fluorescently label the PCR product. The program
was as follows: 1 min at 96°C; 25 cycles of 10s at 96°C, 5s at 50°C, 4 min at 60°C; 5°C hold.
Labeled sequence was then further purified by either ethanol precipitation or, if using a 96-

well plate, an automated magnetic bead system. The 16 capillary ABI 3130x] Genetic
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Analyzer was used to perform capillary electrophoresis of the products. Sequence was read
using ABI Sequencing Analysis 5.2 software and sequence variants were identified by the

program as well as manually.

2.5 High Performance Liquid Chromatography

The dosage of each SGCE exon was determined by High Performance Liquid
Chromatography (HPLC). A multiplex PCR was used to amplify each SGCE exon and exon
7 from BX648242 on chromosome 5 as an internal control. Ten wild type (non-affected)
controls were also used for each SGCE exon analyzed, and each PCR was done in triplicate.
This ensured the average ratio of a normal exon dosage for each SGCE exon after HPLC
analysis was approximately 1. The non-denatured PCR multiplex products were then run
through the DNASep Prep HT column at 50°C. Triethylammonuim Acetate (TEAA) was
used as an ion pairing buffer allowing the bridging between the DNA and the polystyrene-
divinylbenzene (PS-DVB) copolymer beads within the column. A 0.1M solution of TEAA
mixed with 25% acetonitrile was used as the elution buffer. As the concentration of
acetonitrile across the column increased the smaller DNA fragments eluted off the column
first followed by the larger fragments. The fragments were eluted at a flow rate of 0.9ml/min
and were detected by using a UV detector set at 260nm.

Fragment size, determined by elution time, and intensity (in mV) was plotted using
Navigator software (Transition Technologies Inc.) in chromatogram form. This allowed for
the data retrieval of peak height, area, and size of each fragment. Normalized exon dosage
ratios were determined by using the peak area values of the SGCE and control fragment

exons and inputting them into the following formula:
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Normalized Ratio = SGCE exon / Control exon [patient]
Mean SGCE exon / Control exon [10 W/T controls]

A total of 3 normalized ratios were generated for each patient per exon since PCR
amplifications were done in triplicate. The average of the three was used as the final exon
ratio and standard deviation was calculated. If one peak area value deviated outside the
range of the other two, it was discounted from normalization calculation. Normal exon
dosage threshold was set to 0.75 to 1.25, as suggested by Naimi et al (2005)*°. Anything

above or below this range was considered a potential duplication or deletion, respectively.

2.6 Multi-Ligation Probe Amplification

The dosage of each SGCE exon was determined using Multi-Ligation Probe
Amplification (MLPA). The SALSA MLPA Kit P099-B2, designed by MRC-Holland, can
detect deletions/duplications of one or more exons of the GCHI, TH, and SGCE genes. The
probemix contains probes for 5 of the 6 exons of GCHI, 5 of the 14 exons for 7H and all
SGCE exons excluding alternatively spliced exons 10 and 11b. There are 9 probes that serve
as internal controls that are specific for other genes on different chromosomes. For a
complete list of probes and sizes please see Table 4.1.

Genomic DNA (100-200ng) was denatured at 98°C for 10 min, after which the
probe mix and buffer was added. Ligation of probes to genomic DNA was performed at
60°C for 17 hours. Ligase-65 was then added and incubated at 54°C for 15 min allowing for
the ligation of the probe pairs. PCR of the MLPA probes was then performed (33 cycles: 30s

at 95°C, 30s at 60°C, 60s at 72°C; 20 min at 72°C) and products were labeled using a 6-
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FAM dNTP mix supplied by the kit. The 3130x1 Genetic Analyzer was used to perform
capillary electrophoresis for separation of the amplified fragments. The instrument protocol
FragmentAnalysis36 _POP7 was used, with default initial injection voltage and initial
injection time changed to 1.2kV and 20s, respectively. The size standard GS600LIZ was
used to determine MLPA product fragment sizes.

Raw data from ABI files was entered into the program GeneMarker
(SoftGenetics). Fragment peak data including height, area, and size was analyzed for each
fragment. There were at least two wild type controls (having both copies of all exons being
analyzed) used for determining the normal ratios of each probe in the set. Peak intensity
normalization was performed using two methods: the first was based on setting height ratios
of the 9 intemal control probes to approximately 1, and the second normalized peak
intensities based on the most probable median intensities. This second method is unique to
the software and corrects for peak variation over size, since the trend is for peak intensities
to drop as DNA fragment size increases. After intensity normalization, the data was plotted
in two formats: ratio and regression type. In ratio, the intensity ratios of identical probes
from the patient sample are compared to the wild type control samples. Outliers deviating
outside of the 0.82-1.17 threshold lines (default setting used by CHEO diagnostic lab) were
considered to be potential deletions or duplications. The regression plot format was obtained
by taking the square root of peak intensities and provided a 99% confidence level of patient
ratio compared to wild type ratio for each probe of normal copy number. Those probes that
deviate from the regression line are considered suspect (duplications > 1.33 and deletions <
0.75). The combination of the two methods of peak intensity normalization as well as the

two ratio plotting formats allowed for few false positives.
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2.7 Genotyping and Linkage Analysis

Genotyping was performed using 39 microsatellite markers for analysis of all
members of family 1 (see Table 5.1 for a complete list of markers). The di-, tri-, or tetra-
nucleotide repeating sequence of these markers was amplified by end-labeled primers listed
in the CHLC Human Screening Set (Weber Version 8) designed by Research Genetics Inc..
After amplification, an IR2 Stop Solution containing IRDye 800RS (LI-COR Biosciences)
was added to the sample to label the product. These products were then denatured for 10 min
at 95°C and run on an 8% polyacrylamide gel in the LI-COR DNA sequencer model 4000.
Fragment sizes were separated and analyzed using Saga Generation 2 software. Two alleles
were generated based on the sizes of the two PCR products of each individual for each
marker.

Linkage analysis was performed with the computer program LINKAGE version
5.1 program using the MS-DOS (Microsoft) operating system. An autosomal dominant
mode of inheritance was specified, penetrance was set to 80%, gene frequency (disease
frequency) was set to 0.000001 (1/100,000), and theta values (recombination faction;
distance from the marker) were set to start at 0 and increase in increments of 0.05. LOD

scores were then calculated. A LOD score above 3.0 was considered linkage to the disease.

2.8 Flourescence In Situ Hybridization

Three color Fluorescence In Situ Hybridization (FISH) was performed on one
affected individual from family 1 who has the chromosome 18 disease haplotype. Blood was
drawn from the individual and sent to the TCAG Biobanking Facility in Toronto where the

lymphocytes were isolated and immortalized with the Epstein Barr Virus (EBV). This
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lymphoblastoid cell line was then sent to the Cytogenomics and Genome Resources Facility
at the Hospital for Sick Children in Toronto. Eight Bacterial Artificial Chromosome (BAC)
clones were chosen from the RPCI-11 Human BAC library based on their genomic location
within the chr18 critical region as mapped in UCSC. BAC probe alignment to the genomic
region is depicted in Figure 6.4. Clone sizes ranged from 156kb to 231kb and were
approximately 500-700kb apart. BACs were fluorescently labeled with red, green or yellow
fluorophores and hybridized to the chr18 critical region during metaphase, allowing

potential inversions to be visualized.
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Table 2.1. Clinical characteristics of the 15 families affected with Myoclonus
Dystonia studied. L, left; R. right; UE, upper extremities; LE, lower extremities; N.K.,
not known.



Mean

age of
Family’ | Number of | onsetin Frequency SGCE
Pedigree | Affected years of Dystonia Present? | Alcohol Mutation
Number | Individuals | (range) Myoclonus Location Myoclonus | (Location) Responsive | Unusual Features | Status
Exons 2 and 3
2 4 7.5 (1-17) | Face, neck, UE, trunk N.K. No Yes deleted
Exons 2.5
6 3 2 (1-3) Face, neck, UE, LE N.K. Yes (UE, LE) N.K. deleted
both arms, both legs, face,
18 1 12 post-cervical, axial N.K. Yes (N.K.) N.K. None
Tremor. Difficulty
20 1 (baby) R hand, head N.K. Yes (N.K) Yes walking as a child. None
Postural tremor in
both arms, left leg, face, Yes (both arms, head since
21 1 5 neck Constant neck, voice) Yes childhood c.304C>T
Yes (both arms, Tremor of jaw, lips,
22 1 12 L arm, head, generalized Constant head) Yes tongue None
23 1 18 axial N.K. No N.K, None
24 1 6 both arms, face, neck Constant No No None
Tremor.
Parasthesias in
25 1 23 generalized, subtle Constant No No hands/feet. None
26 1 1.5 both arms, both legs, axial | Constant Yes (N.K.) N.K, Tremor in hand None
Yes (prasent on
27 1 1.5 both arms, both legs, axial | Constant streesed gait) N.K. None
Postural and kinetic
28 3 N.K. neck Constant N.K. N.K. tremor in arms c.300C>T
generalized, both arms,
29 5 5(2-10) neck, axial Constant Yes (mild) N.K. c.285delT
30 1 childhood | both arms, face Constant Yes (hand) No None
34 (13-
31 4 55) both arms, R leg, neck Constant Yes (N.K) No Tremor and chorea | None
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Figure 2.1. Pedigrees of families 19-24 affected with Myoclonus Dystonia. Pedigrees
are numbered based on the chronological order in which families are recruited for these
studies. Filled symbols, affected individuals; +, we have received blood for the
individual; arrow, the proband of the family; ?, possibly affected.
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Figure 2.2, Pedigrees of families 25-31 affected with Myoclonus Dystonia. Pedigrees
are numbered based on the chronological order in which families are recruited for these
studies. Filled symbols, affected individuals; +, we have received blood for the
individual; arrow, the proband of the family; ?, possibly affected.
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Chapter 3.

Screening for SGCE Mutations in Myoclonus Dystonia Families by Direct
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Chapter 3 Screening for SGCE mutations in MD families by direct sequencing
3.1 Introduction

There have been 39 point mutations and 6 large deletions identified that have been
found to be responsible for Myoclonus Dystonia®>. These point mutations range from
nonsense, missense, and splice-site mutations. Large deletions can encompass one exon or
up to the entire gene and neighboring genessz’zs. The majority of point mutations are
typically found within the first half of the gene, likely due to the fact that the 5’ half contains
the largest exons. Mutations in SGCE typically alter the translational reading frame creating
a premature stop codon and in turn a non-functional protein. Studies on three SGCE
missense mutations have demonstrated that translation of these transcripts result in full
length protein products that are quickly targeted for degradation via the proteasome
pathway26. The SGCE gene is under the control of parent-of-origin regulation. This is due to
differential methylation of a CpG island within the 5’ end of SGCE causing transcription to
be under the control of maternal imprinting’'%. Paternal transmission of an SGCE mutation
often results in the MD phenotype, whereas maternal transmission is often non-pathogenic
because the promoter is methylated.

There have been four families recruited and screened for mutations in the SGCE
gene during the course of this project. Because the majority of variants are point mutations,
individuals are first screened using PCR and direct sequencing. Sequencing will identify
point mutations as well as small insertions, duplications and deletions within exons. The

SGCE exons are sequenced for all individuals participating in the study, regardless of their

33



affection status. Family pedigrees and details regarding phenotypes can be found in Figure
2.1 and Table 2.1.

Epsilon sarcoglycan mutations account for a portion of Myoclonus Dystonia cases,
ranging from 30-80%, depending on the literature’>*"8. Some research groups have found
that discounting individuals that do not have classic MD phenotypes such as early age of
onset, or the presence of both myoclonus and dystonia have increased their chances of
finding SGCE mutations. However, these groups have overlooked a large subset of patients,
some of whom have SGCE mutations. Our group has screened all individuals participating
in our studies, even those with sporadic MD (without family history). In accordance with the
current literature, with a group of four families with 13 affected individuals (from 9 of
which we’ve obtained DNA), we could expect roughly 2-4 out of 9 to have SGCE

mutations.

3.2 Materials and Methods
3.2.1 Myoclonus Dystonia patients

Families with Myoclonus Dystonia are recruited for our studies through
collaboration with a neurologist specializing in movement disorders. Informed consent
forms approved by the Ottawa Hospital Research Ethics Board were signed by each patient
participating in the study. An assessment was performed by a neurologist and if possible
patients were videotaped. Clinical characteristics and family history information was
obtained and detailed in an information sheet. Family pedigrees are numbered based on our

lab system, with families numbered in the chronological order in which they were recruited.
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3.2.2 Sequencing

Blood was received and DNA extracted using the QIAGEN DNA Blood Mini Kit as
previously described in chapter 2. Genomic DNA (150ng) was used for PCR of each SGCE
exon. The PCR program was as follows: 95°C-2:00; 95°C-0:45, 58-62°C-0:45, 72°C-0:45
for 27-30 cycles; 72°C-10:00; 15°C-hold. Primer conditions are listed in Table 3.1. PCR
clean-up was then performed using EXO-SAP, and 2ul of this product was then used in the
sequencing reaction. BigDye3.1 sequencing pre-mix (ABI) was used to fluorescently label
the PCR product. Labeled sequence was then purified using ethanol precipitation, or by an
automated magnetic bead capture system. The ABI 3130x1 Genetic Analyzer was used to
process the product by capillary electrophoresis and Sequencing Analysis 5.2 software was

used for analysis.

3.2.3 Mutation Confirmation

The enzyme BsiEI (New England Biosystems) was used to confirm a mutation that
created a cut site. PCR product (~1ug) from the patient was digested with 5 units of BsiEI,
with 0.5ul of BSA (bovine serum albumin) and 3ul of 10X NEBuffer (final concentration
1X) for a total reaction volume of 30ul. The mix was digested for 2 hours at 60°C, followed
by enzyme inactivation for 20 min at 80°C. All 30ul was loaded onto a 1.5% agarose gel,

where the expected products were observed.
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3.3 Results
3.3.1 A ¢.300G>A mutation is found in family 28

Genomic sequencing was performed using both the forward and reverse primers for
each SGCE exon, enabling sequence to be read in both directions. Individual M28-1 is the
proband of family 28 and was found to have a heterozygous ¢.300G>A mutation in exon 3
resulting in a nonsense mutation causing a tryptophan change to a stop codon at amino acid
100 (p.Trp100X) (Figure 3.1). One of her three unaffected daughters, M28-3, was also
found to harbor this mutation whereas M28-4 did not share this mutation. DNA was not
available for M28-2. This premature stop codon causes a truncated and likely non-functional
protein that is targeted for degradation.

Individuals M28-1 and M28-3 also have a heterozygous AC-dinucleotide insertion
within the intronic sequence, 64bp downstream of exon 3 (data not shown). During sequence
analysis, this created an overlapping read downstream of the insertion and made it difficult
to read the forward primer sequence. An alternate primer was designed to bypass this to
allow for successful sequence reading (for primer sequence see Table 3.1). This AC-
insertion is not within the coding sequence or within a splice site of the gene and has been

reported by UCSC Genome Browser to be present within the general population.

3.3.2 A c.285delA mutation is found in family 29

Individual M29-1 is the proband of this family. He is currently 8 years of age and

developed myoclonic jerks when he was 2 years old. Through PCR and direct sequencing he
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was found to have a heterozygous c.285del A mutation within éxon 3 of SGCE (Figure 3.2).
His paternal half-brother as well as 4 cousins were later recruited for this study. These
individuals range in age from 6-16 and have an average age of onset of 5 (range 2-10). All
were found to have the same mutation as the proband. We were able to confirm this
mutation by restriction enzyme digestion (Figure 3.3). This frameshift mutation creates a
BsiEI cut site within the exon 3 amplicon, creating two products: 112bp and 245bp. The full
length uncut exon 3 is 357bp. All 5 affected individuals were .found to have all three
products, hence are heterozygous for the mutation. This single nucleotide deletion results in
a frameshift of the downstream coding sequence, thereby changing the remaining amino
acid sequence (p.Pro95fs). Since this mutation occurs early in the 5’ sequence of the gene, it
is likely such a frameshift creates a non-functional protein and is in turn responsible for the

disease phenotype seen within the affected members of this family.

3.4 Discussion

There have been 39 SGCE mutations previously identified that are responsible for
MD and novel mutations continue to be reported. We have found two in our cohort, the
¢.300G>A mutation which was previously described in a French family22 and the c.285delA
mutation which is novel. Both mutations have been found within the coding sequence of
exon 3. Interestingly, 9 out of the now 40 total point mutations identified are found within
this exon (23%), while it makes up 12% of the coding sequence. This could indicate that
exon 3 is a “hot spot” for point mutations.

The majority of SGCE mutations reported in MD families are nonsense mutations

that result in a premature stop codon and abolishment of the synthesis of the full length
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protein®®. The nonsense mutation p.Trp100X was found in two individuals in family M28,
and is likely to create a truncated protein that is quickly degraded. For the proband of this
family, this is a disease-causing mutation. However, her daughter, M28-3, also has the
mutation and is asymptomatic. This mutation was transmitted to the daughter on the
maternal allele and is likely imprinted and therefore not expressed.

Missense mutations are also commonly found in MD families, and although they do
not create a stop codon, they result in a single amino acid change thereby impeding its
function. Recently, a group studied 3 SGCE missense mutations that were found in MD
patients®®. They found that the mutant SGCE proteins were unable to localize properly to the
plasma membrane of cortical neurons and neuroblastoma cells. These proteins are instead
polyubiquitinated and targeted to the proteasome for degradation. The 1bp deletion mutation
(c.285delA) causes a frameshift in the amino acid sequence (p.Pro95fs) and was found in 5
symptomatic individuals in Family 29. This mutation likely causes a downstream stop codon
which is responsible for a non-functional e-SG and subsequently responsible for the disease
phenotype in this family. We can predict that this mutation was initially present in the
grandmother, who in turn transmitted it to her two sons, who, according to the information
we have been given, are asymptomatic. This is likely due to imprinting of the inherited
maternal allele of SGCE. The affected grand-children in this family have likely inherited the
SGCE mutation from their fathers, and since the mutated SGCE gene is expressed on the
paternal allele, they exhibit the MD phenotype. DNA is not available from the parents;
therefore we are unable to confirm this mode of transmission.

When possible, SGCE mutations found by direct sequencing are confirmed using an

alternate method, as it allows for rapid screening of the mutation. Enzyme digestion was
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able to confirm the c.285delA mutation in family M29, since this deletion created a BsiEI
cut site (Figure 3.3). Unfortunately, we were unable to confirm the ¢.300G>A mutation by
digestion analysis, since this change did not create or impair an existing cut site. Since RNA
is also extracted from patient blood samples, reverse-transcription yields cDNA which in
turn can be used for mutation confirmation using primers specific to SGCE cDNA.
However, this proved to be unsuccessful since these primers did not amplify SGCE cDNA
from lymphocytes. Testing these primer sets on cDNA reverse transcribed from human
whole brain RNA allowed for the amplification of SGCE. It was therefore determined that
SGCE is not expressed in lymphocytes. Lymphocyte expression of SGCE has not been
reported in the literature or tissue expression databases available online.

There is one individual in family 30 that has been diagnosed with MD. Her onset
was during childhood and like most patients in this cohort, her myoclonus is constant. She
presents with dystonia as well, and her symptoms are not alcohol responsive. The cause of
disease in this individual remains unknown since no SGCE mutations were found. There are
four affected individuals in family 31; we have obtained blood for the mother and a son.
Both have chorea and tremor in addition to their MD phenotype. Chorea is typically not seen
in conjunction with MD, and has been reported to be a possible differential diagnosis due to
its similar “jerky” phenotype as myoclonus'®. Since the two affected individuals were found
to be SGCE-mutation negative, the TITF-1 gene responsible for Benign Hereditary Chorea
could be a potential candidate gene to screen for in this family.

We have found that two of the four families have mutations within exon 3 of SGCE.
In this cohort, 6 of the 9 affected individuals (in which we obtained DNA), or two out of

four families, were found to have SGCE mutations, equaling 67% of the patient cases. This
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is fairly high in comparison to the 30-40% incidence that was found previously by our group
in a cohort of 27 families. Although, it is not an unusually high incidence since reports in the
literature range from 30-80%2>*%°', Factors such as age of onset, presence of both
myoclonus and dystonia as well as alcohol responsiveness, are considered classical
symptoms of MD and can be modest predictors of SGCE mutations. The 4 families within
this cohort studied have a mean age of onset of 13 (range 2-55) and alcohol responsiveness
is unknown for two families, and not seen in the other two. Half the affected individuals in
this cohort are still very young (under 18), consequently alcohol responsiveness is unknown.
The classical symptoms of MD are present within the families in this cohort that were
SGCE-mutation positive, thereby supporting the basis for these as positive indicators of

SGCE mutations.
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Table 3.1 Primer sequences used for amplification of SGCE exons. Primer sequences
used to amplify each SGCE exon, including those that are alternatively spliced. Tm,
melting temperature used (°C); [MgCl,], concentration of magnesium chloride (in mM)
in the 10X PCR buffer used; 3*, alternate exon 3 forward primer.



Product

Exon_|Forward Primer Sequence Reverse Primer Sequence Size (bp) |Tm__ |[MgCI] |
1 GTCCGGGACAGAAAGAGAGG GCTAGAGGGAGTACGGGATT 357 81 [1.5
2 [TCCAGAAATATGCTTTCCTTAACA GCTGAATTATCAAGGGCGTATC  |400 59 |20
3 CTGTGTTTCCATGCACAAAAT CCAAAGCAACATGTGTGAAAA 357 62 ]1.5
4 TTTCACCATCATAACACACCAT CTCATTGCCCAGAGAAGGAA 417 62115
5 TGCAATAGGCCATCTTCCAT CTTCCTGCTGCCAGGATTAT 404 62 |15
6 AAACGTTAACTCCAGCCACA TCCTGCTTTTAAGGTGGATTG 302 60 [2.0
7 TGAACCAAATGAAACTTTGCT CAAAGAATGCTTTAGTGTATCCAG |391 61 {20
8 CACATGTATGGAGCATGATGG TGCAAGATCCCATGAGCATA 185 58 [2.0
9 TTTCAGGAGAGTAGGGGTGA TTGATGACCCATCAGGCTAA 411 60 |2.0
10 |TGTTTTGCCTTATTTGGTGAA GGGGAATTGTGCTGGATTAC 285 58 12,0
11  |[TTGTGGAATGAGAATGAACACAT TCCATGCCCTGACTAACTCC 499 58 2.0
Eb AATAGCGGCATTGTGGTAGG GCGAGATGGAAGCTACAAGG 439 61 12.0
112 |TTGTGGAATGAGAATGAACAC TCCAATAATGCATGAGCTTTTC {302 61 120
3* |GCTCTTTCTAGGTGTAAATTACCTCA |[CCAAAGCAACATGTGTGAAAA 258 62 |15
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Figure 3.1 A nonsense mutation in exon 3 of SGCE is found in family 28. Sequencing
results are seen to the left, followed by the corresponding genomic and amino acid
sequence for each individual on the right. Both M28-1 (A) and M28-3 (B) have a
¢.300G>A, indicated in red, within exon 3 of SGCE. This creates a pTrp100X nonsense
mutation. (C) M28-1 does not have this mutation. DNA for M28-4 was not available.
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Figure 3.2 A 1bp deletion in exon 3 of SGCE is found in family 29. Sequencing results
are shown to the left and the corresponding genomic and amino acid sequence for each
individual is on the right. All 5 affected individuals were found to have the novel
c.285del A mutation. This created a p.Pro95fs, causing a frameshift of the amino acid
sequence as shown in red. The WT sequence is shown for reference in brackets below.
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Figure 3.3 Confirmation of the c¢.285delA mutation found in family 29 by enzyme
digestion. Genomic DNA from individuals M29-1 to M29-1 was amplified for exon 3 of
SGCE. This amplicon was then digested (D) or not digested (N) with the BsiEI enzyme.
The ¢.285del A creates one BsiEI cut site in this amplicon, thereby creating two products:
112bp, 245bp. The uncut product is 357bp in size. This restriction enzyme digestion has
confirmed the presence of a heterozygous c.285del A mutation in all five symptomatic
MD patients in this family, since all three products are seen. A WT individual (non-
affected) was used as a negative control for the digestion. L= ladder (100bp long-range).
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Chapter 4 Screening for SGCE deletions using HPL.C and MLPA
4.1 Introduction

The majority of SGCE mutations identified in Myoclonus Dystonia patients
involve a single nucleotide change resulting in a nonsense mutation. Since more research
groups are now screening for large deletions as well, there is additional evidence to suggest
that they are more common than originally thought. Thus far there have been 6 large

5225 1: .
. Direct sequencing

deletions identified, many of these encompassing more than one exon
will not identify a deletion of an entire exon since primer binding will still occur on the
single undeleted allele, enabling amplification and subsequent sequencing of the single
exon. It is therefore necessary to perform an exon dosage analysis of the SGCE gene when
screening MD patients. Missed deletions could account for an unknown portion of reduced
penetrance reported. Groups have reported the deletions of exons 1, 5 and 6°7%%. As well,
Asmus et al (2007) described large deletions that spanned up to 8.8Mb and encompassed 44
genes on chromosome 7 in one patient, including SGCE®. This patient presented with MD
as well as other symptoms related to the haploinsufficiency of neighboring deleted genes.
Our group has also previously identified two large deletions spanning multiple exons in two
families™.

High Performance Liquid Chromatography (HPLC) was shown by Naimi et a/
(2005) as an effective method for exon dosage analysis™®. They were able to efficiently
screen 90 patients with peripheral neuropathies for genomic rearrangements in 17p11.2. By

amplifying the exon of interest and a control exon in a multiplex reaction, PCR products

were then able to be separated by size on an HPLC column. They obtained the peak area of
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each of the two products and then generated a ratio of the test to control exon. When
performed in triplicate and normalized to 10 WT unaffected controls, they found their ratios
to reflect the dosage of the particular exon of interest. An exon ratio between 0.75-1.25 was
considered to have both copies of the exon, whereas anything above or below could be a
potential duplication or deletion, respectively. There are other potential methods for exon
dosage analysis, such as southern blotting and quantitative-PCR (Q-PCR). However, HPLC
was initially chosen to be utilized fbr exon dosage analysis in families 19-27 due to its cost
effectiveness as well as its published success.

Another method of exon dosage has recently been developed by MRC Holland.
This company has created over 200 kits that screen numerous genes implicated in a variety
of diseases for exon deletions or duplications. They have recently developed a kit that can
screen an individual for SGCE, THI and GCH in a single reaction. As well, as opposed to
HPLC which uses one internal control exon, this method allows for 9 controls. The kit
contains probes for 5 of the 6 exons of GCH1, 5 of the 14 exons for TH, which are both are
implicated in Dopa Responsive Dystonia. All SGCE exons, excluding alternatively spliced
exons 10 and 11b, are included in the kit. Multi-Ligation Probe Amplification (MLPA) PCR
products are run on capillary electrophoresis where the peak height of each probe is
analyzed. This data allows for the generation of a dosage ratio for each exon analyzed. A
normal exon dosage would have a ratio between 0.82-1.17, anything above or below would
indicate a possible duplication or deletion, respectively. Research groups studying MD have
recently employed the use of MLPA for SGCE screening with success. Grunewald et al
(2007) have found two heterozygous deletions of the SGCE gene using this kit>%. As well,

this method is considerably more efficient than HPLC, since the SGCE, THI and GCH1
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exons are screened in one reaction. Therefore, we have also employed the use of the SALSA

MLPA Kit to screen for deletions in families 19-31.

4.2 Materials and Methods

4.2.1 DNA extraction

Genomic DNA was extracted from whole blood drawn from patients in yellow top
ACD Vacutainer tubes. Extraction was performed using the QIAamp DNA Blood Mini Kit.
Briefly, 20ul of protease was added to 200ul of whole blood along with 200ul of lysis buffer
(AL). Samples were incubated at 56°C for 10 min, after which 200ul of 100% ethanol was
added. The mixture was applied to a QIAamp Spin Column and centrifuged at 6000 x g for
1 min to remove cellular debris. Two washes were then performed using buffers AW1 and
AW?2, and purified genomic DNA was then eluted from the filter with 100ul of TE (10mM

Tris-HCl, ImM EDTA, pH 8.0).

4.2.2 High Performance Liquid Chromatography

Exon dosage of the SGCE gene was performed by High Performance Liquid
Chromatography (HPLC). A multiplex PCR was used to amplify each SGCE exon with
exon 7 from BX648242 on chromosome 5 as an internal control. In order to inhibit the over-
saturation of product that could impede the quantification by HPLC, 25 cycles was used for
all reactions. SGCE primer sequences are listed in Table 4.1. Ten WT (non-affected)
controls were also used for each SGCE exon analyzed, and each PCR was done in triplicate.

This ensured the average ratio of a normal exon dosage (2 copies) for each SGCE exon to be
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approximately 1. The non-denatured PCR multiplex products were then run through the
DNASep Prep HT column at 50°C. Triethylammonuim Acetate (TEAA) was used as an ion
pairing buffer allowing the bridging between the DNA and the polystyrene-divinylbenzene
(PS-DVB) copolymer beads within the column. A 0.1M solution of TEAA mixed with 25%
acetonitrile was used as the elution buffer. As the concentration of acetonitrile across the
column increased the smaller DNA fragments eluted off the column first followed by the
larger fragments. The fragments were eluted at a flow rate of 0.9ml/min and were detected
by using a UV detector set at 260nm.

Fragment size, determined by elution time, and intensity (in mV) was plotted using
Navigator software (Transition Technologies Inc.) in chromatogram form. This allowed for
the data retrieval of peak height, area, and size of each fragment. Normalized ratios were
determined by using the peak area values of the SGCE and control fragment exons using the

following formula:

Normalized Ratio = SGCE exon / Control exon [patient]
Mean SGCE exon / Control exon [10 WT controls]

A total of 3 normalized ratios were generated for each patient per exon since
amplifications were done in triplicate. The average of the three was used as the final exon
ratio and standard deviation was calculated. If one peak area value deviated outside the
range of the other two, it was discounted and not used for normalization calculation. Normal
exon dosage threshold was set to 0.75 to 1.25, as suggested by Naimi ez al (2005)*.
Anything above or below this range was considered a potential duplication or deletion,

respectively.
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4.2.3 Multi-Ligation Probe Amplification

Exon dosage of the SGCE gene was performed using Multi-ligation Probe
Amplification (MLPA). The SALSA MLPA Kit P099-B2, designed by MRC-Holland, can
detect deletions/duplications of exons. There are a total of 34 different probes with
amplification products ranging between 130 and 409 nucleotides (nt) in size, as well as 7
fragments smaller than 130nt that serve as DNA quality and denaturation controls. The
probemix contains probes for 5 of the 6 exons of GCH1I, 5 of the 14 exons for 7H and 11
SGCE exons. There are 9 probes that serve as internal controls that are specific for genes on
different chromosomes. For a complete list of probes and sizes please see Table 4.1. It is
important to note that the MLPA probes that are used to amplify SGCE exon 10 actually
correspond to exon 11, and exon 11 probes correspond to exon 12 of the gene. These
discrepancies were found through the use of inputting the probe chromosomal start and end
points into UCSC Genome Browser.

A volume of Sul of genomic DNA (100-200ng) was denatured at 98°C for 10 min,
after which the MLPA probe mix and ligation buffer was added. Ligation of probes to
patient genomic DNA was performed at 60°C for 17 hours. Ligase-65 was then added and
incubated at 54°C for 15 min allowing for the ligation of the probe pairs. PCR of the MLPA
probes was then performed (33 cycles: 30s at 95°C, 30s at 60°C, 60s at 72°C; 20 min at
72°C) and products were labeled using a 6-FAM dNTP mix supplied by the manufacturer.
The 3130x1 Genetic Analyzer was used to perform capillary electrophoresis for separation of
the amplified fragments. The instrument protocol FragmentAnalysis36 POP7 was used,

with default initial injection voltage and initial injection time changed to 1.2kV and 20s,
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respectively. The size standard GS600LIZ was used to determine MLPA product fragment
sizes.

Raw data from ABI files was inputted into the program GeneMarker
(SoftGenetics). Fragment peak data including height, area, and size, was analyzed for each
fragment. There were at least two wild type controls (having both copies of all exons being
analyzed) used for determining the normal ratios of each probe in the set. Peak intensity
normalization was performed using two methods: the first was based on setting height ratios
of the 9 internal control probes to approximately 1, and the second normalized peak
intensities based on median intensities. This second method is unique to the software and
corrects for peak variation over size, since the trend is for peak intensities to drop as DNA
fragment size increases. After intensity normalization, the data was plotted in two formats:
ratio and regression type. In ratio, the intensity ratios of identical probes from the patient
sample are compared to the wild type control samples. Outliers deviating outside of the
0.82-1.17 threshold lines (set by GeneMarker) were considered to be potential deletions or
duplications. The MLPA manufacturer claims a threshold of 0.7-1.3 is a suitable normal
dosage range; however the range we have used is more stringent and is used by the
Children’s Hospital of Eastern Ontario (CHEO) diagnostic lab. The regression plot format
was obtained by taking the square root of peak intensities and provided a 99% confidence
level of patient ratio compared to wild type ratio for each probe of normal copy number.
Those probes that deviated from the regression line were considered suspect (duplications >

1.33 and deletions < 0.75).
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4.3 Results

4.3.1 HPLC — Dosage Analysis

Myoclonus Dystonia families 19-27 were screened for genomic rearrangements
using HPLC. This cohort was previously tested for mutations by direct sequencing, after
which it was found that individual M21-1 had a R102X (¢.304C>T) nonsense mutation in
exon 3 of SGCFE (data not shown). This individual was therefore not included in the HPLC
analysis. Normalized ratios for each SGCE exon are given in Figures 4.1 through 4.6. Raw
data generated from HPLC as well as the calculated ratios for each triplicate for patients and
10 controls are listed in Appendix 1. A normal exon dosage range was observed for the
majority of exons for the patient set. Overall, 8 of the 13 exons tested in the patient set had
normalized ratios that were within the normal range of 0.75-1.25. Patients M19-1 and M20-
1 showed ratios above 1.25 for exons 4, 6, 7 and M19-1 had a ratio of 3.25 for exon 11b
(Figures 4.2, 4.3, 4.4). Results for exon 6 were also unexpected, with ratios above 1.25 for
patients M19-1, M20-1, M22-1, M23-1 and M25-1 (Figure 4.2). Exon 8 for individual M22-
1 had a ratio of 1.6, whereas all other patients for this exon indicated normal exon dosage
(Figure 4.3). This was investigated further by repeating the exon 8 analysis for this patient.
Four WT controls were used for normalization and patients M25-1 and M27-1 were also
repeated to test the reproducibility of the method. In this second analysis, M22-1 was found
to have a ratio within the normal dosage threshold (Figure 4.6, A). Patients M25-1 and M27-
1 were found to have normal dosage ratios of 0.95 and 0.8, respectively. These values were

consistent with the previous ratios of 0.85 for M25-1 and 0.95 for M27-1 (Figure 4.6, B).
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4.3.2 MLPA - Dosage Analysis

Myoclonus Dystonia families 19-31 as well as individual M1-39 were screened for
exon deletions or duplications using MLPA. Families 19-27 were previously screened using
HPLC however due to contradictory results; MLPA was also used to ensure there were no
missed genomic rearrangements. At least two WT controls (having both copies of all exons
being analyzed) were used for determining the normal ratios of each probe in the set. As
well, probe peak data of WT controls could only be used for normalization of the patient
samples of that particular experiment. For this reason, controls are included in each of the
three experiments performed, as illustrated in Figures 4.7 through 4.12. Raw data, including
probe ratios and peak area data, can be found in Appendix 2. The first experiment included 3
WT controls, families 28-31, and individual M2-1. Our group had previously screened M2-1
using HPLC and had identified a deletion spanning exons 2 and 3 of SGCE (data not
shown)**. This patient was therefore used as a positive control. Indeed the peak ratios of
exons 2 and 3 for this individual were 0.57 and 0.78, respectively, which were below the
0.82-1.17 ;10rma1 threshold (Figure 4.8). Patient M28-1 demonstrated a low peak ratio for
exon 3 of SGCE (0.79). This individual was previously shown to have a heterozygous
¢.300G>A mutation within exon 3 and was therefore determined to have both copies of the
exon. After repeating MLPA analysis of M28-1 in a subsequent experiment, the peak ratio
for this exon was within normal dosage range (0.87) (Figure 4.11). Both individuals from
family 31 had a number of probes that deviated from the normal copy number threshold.
Individual M31-1 showed SGCE exon 6 and TH exon 8 ratios of 0.75 and 0.78, respectively
(Figure 4.8). Patient M31-2 showed additional deviation, with 5 SGCE exons above or

below normal range: exon 2 — 0.76; exon 4 — 0.75; exon 5 — 1.28; exon 6 — 0.79; exon 9 —
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1.28. The sporadic distribution of these exons as well as their ratios being both above and
below normal threshold is indicative of a sample problem resulting in false positives. There
were no heterozygous variants found within these exons from direct sequencing to conclude
that these family members have both alleles. The next cohort to be tested included a total of
10 individuals from families 19 — 28 (Figures 4.10 and 4.11). Note that M24-1 was
unsuccessful and repeated in a subsequent analysis (Figure 4.12). Analysis was successful in
3 controls, however WT-3 had a single probe that was out of range. This control was
stricken from statistical analysis to ensure the normalization of this probe was not used for
patient analysis. The remaining 2 WT controls were subsequently used (Figure 4.9). Family
6 was previously found to have a large deletion spanning exons 2 through 5, therefore these
individuals were used as positive controls™. Dosage ratios for these four exons were below
the normal range for all three individuals in family 6 thereby confirming this deletion
(Figure 4.9). All exon peak ratios were normal for patients in this cohort, with the exception
of M27-1 which had 5 exons below normal range (Figure 4.11). Upon re-testing, this patient
was found to be within the normal threshold for all exons (Figure 4.12). M1-39 is an
individual from family 1 that was not previously tested for large SGCE deletions, and was

found to have both copies of all exons (Figure 4.12).

4.4 Discussion

Myoclonus Dystonia families 19 through 27 were screened for genomic
rearrangements using HPLC. The majority of SGCE exons were found to be within the
normal dosage range for this cohort of 8 patients. Exons 4, 6, 7, and 11b produced

unexpected results with various patients showing ratios above the normal exon dosage
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range. There is a pattern of ratios tending to be too high, alluding to the possibility that
different PCR efficiencies could exist for the SGCE exon versus the control exon. It is
possible that the SGCE primers for the exons mentioned above have increased binding
efficiency compared to the control primers at the particular melting temperature used in the
multiplex PCR. This would favor the increase in SGCE product over control product and
thus create a higher ratio. As well, the control amplicon is larger than the SGCE amplicon
for all exons tested, with the exception of 11b. It is possible that there is a bias for the
smaller SGCE products to be amplified over the control, which could also cause an increase
in SGCE product thereby reflecting high ratios. Prior to HPLC, each multiplex product is
run on an agarose gel to ensure the reactions were successful. By gel, it was generally found
that the two exon product bands had the same intensity, although small quantity changes
could be missed. Two exon 8 analyses via HPLC were performed on patient M22-1 and
yielded contradictory results, perhaps illustrating the unreliability of this method. However,
HPLC has worked previously for our group and has provided results consistent with MLPA.
Unfortunately, HPLC is much more technically demanding and time consuming, hence
MLPA is the preferred method of exon dosage analysis.

Families 19 through 27 were examined using MLPA, as well as the 4 families
recently recruited during this project. Individual M1-37 was also examined, resulting in a
total of 13 families analyzed by MLPA. Families 2 and 6 were previously found by our
group to have large deletions®®. By re-testing these individuals, we were able to both
confirm these mutations as well as validate the use of MLPA for exon dosage analysis. The
MLPA kit is not specific for finding point mutations, however a variant within the probe

binding sequence could possibly decrease probe hybridization to the target genomic DNA.
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Individual M28-1 has a ¢.300G>A mutation within the exon 3 probe binding sequence and
was initially found to have a low peak ratio of 0.79 that would indicate decreased probe
binding efficiency. When repeated the exon was found to have a normal dosage value of
0.87, but still had the lowest peak ratio of all 34 probes in the kit. Since this mutation is
within the probe binding sequence, MLPA probe hybridization is therefore likely to be
mildly affected by point mutations within these target sites.

The two individuals in family 31 showed a number of exons with peak ratios above
and below the normal threshold. Since a deletion or duplication would be spread through
adjacent exons as seen in families 2 and 6, a sporadic distribution of abnormal-dosage exons
would indicate a series of false positives. This could be a result of poor sample quality due
to impurities such as protein or excess salt within the extracted DNA, or a problem with the
MLPA process itself for those particular samples. Unfortunately there were no heterozygous
variants found within these exons from direct sequencing to conclude that these family
members have both alleles. These samples can be repeated when screening future affected
families recruited for our studies.

In conclusion, we had previously employed the use of HPLC for exon dosage
analysis, but due to contradictory and variable results, we have since moved to MLPA. This
method contains many more internal control probes (nine versus one for HPLC) and less
starting DNA is required. We confirmed the methodology by detecting deletions which were
previously described by our group. In our future studies, this will be an excellent tool for

screening MD families for genomic rearrangements.
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Table 4.1 SALSA MLPA Kit P099-B2 Probe List. There are a total of 34 different
probes with amplification products ranging between 130 and 409nt in size. The probemix
contains probes for 5 of the 6 exons of GCHI, 5 of the 14 exons for TH and 11 SGCE
exons. There are 9 probes that serve as internal controls that are specific for genes on
different chromosomes. SGCE exons 11b and 10 which are alternatively spliced are not
included in this kit.



Fragment
Probe# |Size Gene V: Chr, Position |Start Point [End Point _|Left Probe Sequence Right Probe Sequence
1 130 L4 control _105031.1 132037612 (132037671 [CTACATTGTCACTGCAAATCGACACCTAT TAATGGGTCTCACCTCCCAACTGCTTCCCCCT
2 142 GCHt 1A 140222 54439452 154438504  |CCTAGGGGCCGGCGCCCTTTTCCT TCCCTCCCTGCGCTTGCGAACCCCTCCG
3 148 DMR1__ jeontrol  |11p15.5 2121936 2121993 |GCGGCCCTTGBGTTTCTICCT TACACCCGGACGCCCGCTAAGCTCGGGCTGCCGE
4 154 SGCE |3 07921.3 94005518 194095500  |TTGTCCTTTGGATATATCGAAGCCATCCA GGTCGGTCTGGGTAACCCATTAAATTTGTATTAAATGTTATGGG
5 160 INSDt _ Jcontrol  105435.3 176629353 [176629426 |GGAGAGGGTGACGTGAGCAGCAAGGA TAAGATGGGCAAAGGAGTGGATGGGACATATAARAAAGGTAACTTTATCC
6 166 TH 1 11p15.8 2148521 2149573 {CCACGCCACAGGCCAAGGGCT TCCGCAGGGCCGTGTCTGAGCTGGACGCCAA
7 172 SGCE 19 07021.3 6008 194086079  |TCCTTTACACACAGACAACTATGATAGCACAA ACATGCCATTGATGCAAACGCAGCAGTAAGTGTCCACTTAG
8 178 GCHE |2 140222 54401796 154401869 |GATGAGATGGTGATTGTGAAGGACATAGAC ATGTTTTCCATGTGTGAGCATCACTTGGTTCCATTTGTTGGAA
9 184 TH 3 11p18.5 2147624 12147678  |CGTCCCCBCGGTTCATTGGGCGCA GGCAGAGCCTCATCGAGGACGCCCGCAAGGA
10 190 SGCE |4 Josﬁ 3 94090319 194090396 | TGTGTGTTATGATGGTGAAAACTCAGATAGG AAGCCAAACAGATAGTCCTCTTATTTCTCTAAGCCTTTTTCATTAC
" 196 G1P2 _833_ 01p36.33  [938742 938799 TGGCTGAGAGGCAGCGAACTCA TCTTTGCCAGTACAGGAGCTTGTGCCGTGGCCCA
112 202 GCHI 3 140222 54396148 396221 [CCGTCTCTICTCTGAAGGTCCATATTGGT TATCTTCCTAACAAGCAAGTCCTTGGCCTCAGCAAACTTGCGAG
13 211 TH 4 11p15.5 2146393 12146451 CCATCTAGAGACCCGGCCCGCCCAGA GGCCGCGAGCTGGGGGCCCCCACCTGRAGTAC
kL 219 SGCE 1A 07021.3 94123265 194123320  |CAGGAGCTGGGAGACCCCTGTGCTTGGAC GGGACAGGGTCGGGEGACACGCAGGATGAGCCCC
15 228 GCH1_I5 14022.2 54382235 154382300  |CAAATTGCTGTAGCAATCACGGAAGCCTT GCGGCCTGCTGGAGTCGGGGTAGTGGTTGAAGCAA
16 238 TH #. 11p15.5 2144737 |2144769 GGGGAGCACCTGGAGGCCTTT GCTTTGCTGGAGCGCTTCAGCGGCTACCGGE
17 247 SGCE 12 07021.3 94097023 194097093 [TCAAAGAGGACACCTGCTGATGGGTATACAT TCCGATCGGAGTGTACCTTGGAGAAAATACTGTACACTGA
18 256 GCHY |18 14022.2 54438805  |54438060 (CCACGCAGCGAGGAGGATAACGAGCTGA ACCTCCCTAACCTGGCAGCCGCCTACTCGTCCATCCT
18 265 TH 12 11p15.5 2143503 12143555  |GGTGGAGTICGGGCTGTGTAA GCAGAACGGGGAGGTGAAGGCCTATGGTGCC
20 274 SGCE {11 07q21.3 94052725 194052788  [TCTTCAGTCAGTTTTCTTTCTTCAGGGAT ACCATTTACCTGCAATGTGTAAGAATGAATATGGGCAGGAGTTA
21 283 GCH1 |6 14022.2 54380457 154380521  |GACTCGGGAAGAGTTCCTGACTCTCAT TAGGAGCTGAGCTTCATTCAGTGTGTGTGCGTTGGTT
22 291 SGCE |5 070213 94086069 [94086133  ICCAGTGAGGTTCTTGGAGACTTTCTTGGCGCAGT  [GAAAAATGTGTGGCAGCCAGAGCGCCTGAACGCCATAA
23 298 TH j» 11p15.5 2142146 12142204 |CACCAGGAGCTATGCCTCACGCATCCA GCGCCCCTTCTCCGTGAAGTTCGACCCGTAC
24 309 NF1 control  ]17911.2 26574638 128574712 |CTTAGTAGCACAGAAATTCTCAAGTGGTTCCG GGAAATATTGATCTGCAGGAATAAATTTCTTCTTAAAATAAGG
25 319 SGCE __ |7 07021.3 94067952 194068022 _ ICCCTTCTGATTCTTTGAAAAGCAGAGACT ATTACACGGATTTCCTAATTACACTGGCTGTGCCCTCGGCA
26 328 APC control 105022 112191530 112191603 {CCTGCTGTAAGTCTTCACTITCAGATTTTAGTT GGGCCACAAGTGCTCTCATGCAGCCTTTCATAGAGCATAG
21 337 SGCE__ |18 07021.3 94122630 12211 CATTTCTCGGTGACGGAAATCTCGRTT TTCTTCGGTTTTACGGAGCAGGGAAGCGGAATCATGARATGCT
28 346 IMGP__ Jcontrol _}12p13.9 14920056 114930014  |GACTGACCTGCAGGACGAAACCA TGAAGAGCCTGATCCTTCTTGCCATCCTGGCCGCC
29 355 SGCE |10 07021.3 04055929  [94055396  |CACTCACCTGTAGTCTGCTGTTGG GGAATCTGAGTCTGATGTGGCAAGTTCCTAGAAATGATGAACA
30 365 SGCE 16 07021.3 94070633 194070700 _ {TCGTTTATGTCATGGTTGGTGCAGA TGTCCCGTTTICTTCTTGTTTACGAGAAGTTGAAAATCCACAG
31 382 SGCE__ |8 07021.3 94066896 |94066975  |CTAGGGAAAAGAGAAACATGCAAACACCAG AGTAAGTGTCTTCTTTCCTGTTATTTTCTTCATCATTTTTICCCACCTC
132 39 RB1 confrol  §13¢14.2 47937195 147037285  |CGGTCTTCATGCAGAGACTGAAAACAAAT ATTTTGCAGTATGCTTCCACCAGGGTAGGTCAAAAGTATCC
3 400 SGCE 8 07021.3 CCTGGTTGCATTTAATAGTGACAATGTCA GCATTTCCACATCATGCAAGATCCCATGAGCATATAGTCTTAAT
kol 409 ATM___ Jcontrol _|11023 CGCAACTTCCGTAAGGCATCGTAACACATATGG TGTACGTTCCCCATGTCGLTGTTGGCCTAGAAGCTGAGATAGT
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Figure 4.1 HPLC dosage analysis of SGCE for exons 1-3. Normalized exons dosage
ratios are shown for SGCE exons 1-3. A range of 0.75-1.25 is considered normal dosage
range for the exon, whereas a ratio above or below this threshold is considered a potential

duplication or deletion, respectively.
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Figure 4.2 HPLC dosage analysis of SGCE for exons 4-6. Normalized exons dosage
ratios are shown for SGCE exons 4-6. A range of 0.75-1.25 is considered normal dosage
range for the exon, whereas a ratio above or below this threshold is considered a potential
duplication or deletion, respectively.
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Figure 4.3 HPLC dosage analysis of SGCE for exons 7-9. Normalized exons dosage
ratios are shown for SGCE exons 7-9. A range of 0.75-1.25 is considered normal dosage
range for the exon, whereas a ratio above or below this threshold is considered a potential
duplication or deletion, respectively.
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Figure 4.4 HPLC dosage analysis of SGCE for exons 10-11b. Normalized exons
dosage ratios are shown for SGCE exons 10, 11, and 11b. A range of 0.75-1.25 is
considered normal dosage range for the exon, whereas a ratio above or below this
threshold is considered a potential duplication or deletion, respectively.
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Figure 4.5 HPLC dosage analysis of SGCE for exon 12. Normalized exons dosage
ratios are shown for SGCFE exon 12. A range of 0.75-1.25 is considered normal dosage
range for the exon, whereas a ratio above or below this threshold is considered a potential
duplication or deletion, respectively.
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Figure 4.6 HPLC dosage analysis of SGCE exon 8. Exon dosage analysis was repeated
for exon 8 in individuals 22-1, 25-1 and 27-1. Four WT controls were used for
normalization of the patient exon ratios. These normalized ratios and their standard
deviations (SD) for each patient and experiment (B) is plotted in a graph to show the
contradictory results for patient M22-1 (A).
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Figure 4.7 MLPA exon dosage analysis of SGCE in 3 WT controls. WT non-affected
controls were used in the first MLPA analysis as well as 6 affected MD patients. All
probes are shown to have peak ratios within the normal exon dosage range. Blue dots
represent control probes (a total of 9), green dots represent exons of genes being tested
(SGCE, GCHI and TH), and red dots indicate a probe outside the normal exon dosage
threshold.
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Figure 4.8 MLPA exon dosage analysis of SGCE in 6 Myoclonus Dystonia families.
Patients M2-1, M28-1, M29-1, M30-1, M31-1 and M31-2 were analyzed for exon dosage
in this first MLPA analysis. Individual M2-1 was previously found to have a large SGCE
deletion of exons 2-3, shown by the two probes that are below the normal dosage
threshold. Blue dots represent control probes (a total of 9), green dots represent exons of
genes being tested (SGCE, GCHI and TH), and red dots indicate a probe outside the
normal exon dosage threshold.
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Figure 4.9 MLLPA exon dosage analysis of SGCE in three WT controls and three
Myoclonus Dystonia patients. WT-3 was not used for normalization of patient probes
since one probe was out of range; the remaining two WT controls were used. Three
individuals in family 6 (M6-1, M6-3, M6-4) were previously found to have a large
deletion spanning exons 2-5 in SGCE and were found to be below the normal dosage
threshold. Blue dots represent control probes (a total of 9), green dots represent exons of
genes being tested (SGCE, GCHI and TH), and red dots indicate a probe outside the
normal exon dosage threshold.
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Figure 4.10 MLPA exon dosage analysis of SGCE in S Myoclonus Dystonia patients.
Results from patients M19-1 through to M23-1 are shown. Blue dots represent control
probes (a total of 9), green dots represent exons of genes being tested (SGCE, GCHI and
TH), and red dots indicate a probe outside the normal exon dosage threshold.



M20-1

M19-1

IR 8 ."-J_..T#.TJ_:T-“-;:Vj_:_ﬂ:":“ﬂm_w
' 1 1 1 - + ' 3 ' + . ) 1 a ] ' . ] 0 -
v Py e T T
- HE Lo
lluln._— .wlllw- llllll L m |r_ll.—t..—VIL....—.IL<|Plllvﬁ|l||Lllr|‘.VI—1]|m
o I - S [ T
[ T nnu T 9 A
- ; . i
IR o R T o
S U S B L syt I - DUV S S S 1
R 8 AR &
t t I 1 '
[ A ] HE e n T
Voo e a . - . = N
R e e ..JH, { Bl ' SR EETEEETTEETEY TR - ol EEER R S 5 = S
[ R R S S L] ' 3“ o T S R [ ¢ 0 ™
. R I . k) [ a [
Lo v a , < N T o T
: I ;
colestacpeqanpegeayesftadabagachan um.ﬂ M cajmegeapananpageseeo]s . nu:n_au.‘uu“a-wnnum.m
' ' . T ° 1] ' + 0 ' v . 0 . v ' 0 ' 0 -
G e e a . w H . -] - i
a4 e o . SN o T TR A
P FEE I i Vo
NS REEEE AN o A Bl by :":“,:T.rL;_.LG;v.r%,vznzﬁwm
RN S U S RO S I N I = P S S R S O < N S O = A A 1
A 1% N & AR L T & i
[ ) : e R R
| S : | ; Coho ! Ve ! 8
o : : o oo nmm Ll Fe B R RN R R Wt 'm
e e e R A Rk A o - R o o r] R e e e e et B - o] e e R S T ] N [ ] L
A o | - A [ ™ VTR A
A i [ A 2 A | Coron e o s
P . . o0 0 4 P oo ¢ a -
[ - T T T A A B S AL < R . 2
RO TP QY Y A R (R NS (T S S S B e i S ) T = - 0
ARt Rl i R = AR R S N itk e = Pron d s
o e Vv oy ' R e e Jn -
Lanas T u v v v ¥ ¥ v v 1) ] t 1 l 1 t B
DT NNOO TN =D OT O N O NN OE TN O WO YO Y ~ ..".-T-_r-_..._rL:,»f.-u! -m
oo N - oo cooco o NN - - - ooo o QP ) m ] .
aipy yaad oy yead la V] [ wn : :
1 0 ) 1 1 ' ] t ) 1 [
M S Y S 0 :m_f et . v
r i
T A BT I [
[ A A A i ;
] 1] 1 1 L] ' 1 il v ) ' v . s v . . 0 I
-n"nn.“nnﬂnﬂuuﬂﬂLnu.ﬂiﬂ.anﬂnn pes=sve Hm uu_ﬂu.buu_rn.mnnrn.l.vuhvnn gn nlnurvu_uamuuﬁn-
e [ T §
[ T S R L I A A T §
R 3 A A
y..il»..rlL».r;L..rnu...W:.. ;nlm I Al [ o
P e R R R R AR A o B e R e R ol 71
T B ) | A A n-ﬁ TV @2
: [ 20 - Coon s e A,
o . ' ' ' . ' 1 o b 1 1 [ 3 t ] ] ) + [ 1 * 1 1
o » v B v 0 ' 1 t 1 i t 1 L} a ] 1 1 v 1 i I
JM rrTaTTe-n 4II||£I Ilﬁ l.ll».lrxu_vi—.leibl-=c|L|nrlL||rll_I->AIlm
A R (i A R e et
: 1 o - Lo . M RS
s s : O ) S e
o @ N . 1 . i v @ T o i 5 n & - 2 i i & W b
. ) o - ARSI RS SR A AR ASs AR Man 2ane non ansg aony
] 4 :.-Li..L..r.._.L.l.ﬁT. -1 8 e NN OQO TN~ 0 OO N
[ s a. A " ,3@.., [ Bs Na'l - - (= = = R e} Q
‘ M ° N . v . v )
I : ~ N ) oBY 383d
[ ! PN [ ar L o5
ey i IR e i
N L EE A i T%5
- : e o -
Poror s : [ o L
A & . o d L
', sloaflostedo ! . . : . : '
H IRt e nﬂl < cleodnotodoabadaabaalo Of nnum
: oo : ! | T m_ L &
: v ' mn ' e r
Rl P )
-1 n_.u 3 O L 18
. . . I o [ @
A e a ; : 3
[T S B e
. [ A
R R RN R bt b b L o .nln._..rn._:rnl..‘_.un.:bulP.Lnnr.n.nn»;Jﬁm
] . 1 ' L] A 1 4 1 t 1 N v 1 N v e ' . u
S S T
O 44 OO F O e O AN AGE OB AR ASAS AR RS RO 2ane pang aane nang nang pan
W =
Aaa 2222788 VT ANNDN BTN ~O O O N
NN - - o oo o =]
olBY jead onsx ¥8ad

67

Size (bps)



Figure 4.11 MLPA Exon Dosage Analysis of SGCE. Results from patients M25-1
through to the repeat of M28-1 are shown. Analysis for individual M24-1 failed and was
subsequently repeated. Blue dots represent control probes (a total of 9), green dots
represent exons of genes being tested (SGCE, GCHI and TH), and red dots indicate a
probe outside the normal exon dosage threshold.
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Figure 4.12 MLPA exon dosage analysis of SGCE in three WT controls and three
patients. Results for M1-39, M24-1 (repeat) and M27-1 (repeat) are shown. Patient M1-
39 is from family 1 and was not previously tested for genomic rearrangements via dosage
analysis. Blue dots represent control probes (a total of 9), green dots represent exons of
genes being tested (SGCE, GCHI and TH), and red dots indicate a probe outside the
normal exon dosage threshold.
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Chapter 5.

Confirmation of chri18p11 as the single disease locus for Myoclonus

Dystonia in family 1
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Chapter 5 Confirmation of chr18p11 as the single disease locus for Myoclonus

Dystonia in family 1

5.1 Introduction

Screening of four families affected with Myoclonus Dystonia by direct sequencing
has resulted in the identification of two mutations within exon 3 of SGCE. In this cohort
67% of the affected individuals (for which we obtained DNA) were found to have the SGCE
mutations. This is a fairly high proportion of SGCE mutations compared to the 30-40% we
found by studying the previous 27 recruited families. The incidence of SGCE mutations in
MD families varies greatly on the particular cohort being studied. Since many MD families
do not have SGCE mutations as demonstrated by both us and others, we can conclude that
MD is genetically heterogeneous. Other genes causing and accounting for its clinical
heterogeneity remain to be elucidated.

Family 1 was the first family recruited by our group and is an excellent pedigree
for linkage analysis due its large number of individuals, 15 of which are symptomatic
(Figure 5.1). There were no SGCE mutations found using both direct sequencing and HPLC.
A 25¢M whole genome linkage analysis was first performed by genotyping microsatellite
markers roughly every 25cM along the genome. This was performed for all family members
that had given consent to participate in these studies. Genotypes for each marker were then
entered into a linkage program and essentially cross referenced to the affected status of each
individual, allowing for a two-point linkage analysis approach to elucidating a haplotype
associated with the MD phenotype. LOD scores, indicating linkage to a region, were above
3.0 for a locus mapped to chr18pl11. As well, there were two individuals, #38 and #48, who

were affected and had recombination events which delineated this region to 3.18Mb. All
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affected family members shared alleles at 5 loci within the 3.18Mb region. These shared
alleles are referred to as the disease haplotype. There was one individual (#67) who was
designated as affected but did not share the disease haplotype. To test the possibility that we
did not identify the true locus, our group increased the resolution of our linkage analysis to
10cM. Like the original analysis, chr18p11 was again found to be the disease “critical”
region. Upon retrospection of the markers used in the 25 and 10cM linkage analysis, it was
found that gaps existed in which some genomic areas (greater than 20cM between markers)
were not covered in the analysis. Therefore, we genotyped additional markers to fill these
gaps to ensure linkage to the disease was not occurring elsewhere in the genome. We also
wanted to confirm that individual #67 did not have the disease haplotype, therefore he and
his first degree relatives were genotyped for the chr18pl1 critical region markers. This

group was also re-bled to ensure that we did not mistakenly mix or mislabel blood samples.

5.2 Materials and Methods

5.2.1 Genotyping and Linkage Analysis

Family 1 was genotyped for 39 microsatellite markers (see Figure 5.1 for a
complete list of markers). The di-, tri-, and tetra- nucleotide repeat sequences of these
markers were amplified by end-labeled primers listed in the CHLC Human Screening Set
(Weber Version 8) designed by Research Genetics Inc.. After amplification, an IR2 Stop
Solution containing IRDye 800RS (LI-COR Biosciences) was added to the sample. These
products were then denatured for 10 min at 95°C and run on an 8% polyacrylamide gel in
the LI-COR DNA sequencer model 4000. Fragment sizes were separated by gel

electrophoresis and the PCR products were analyzed using Saga Generation 2 software.
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Allele calls were entered into the LINKAGE version 5.1 program using the MS-
DOS (Microsoft) operating system. An autosomal dominant mode of inheritance was
specified, penetrance was set to 80%, gene frequency (disease frequency) was set to
0.000001 (1/100,000), and theta values (recombination faction; distance from the marker)
were set to start at 0 and increased in increments of 0.05. A LOD score above 3.0 was

considered linkage to the disease.

5.3 Results

Of the 39 microsatellite markers that were genotyped (Figures 5.2 — 5.7), none
showed LOD scores above 3.0 (Table 5.1). However, there were two markers that had LOD
scores above 1.0, D4S408 with a score of 1.19 and D17S2196 with 1.89. These markers
were further examined by constructing a haplotype surrounding the marker using the
previous allele data from the markers used in the 10cM and 25c¢M analysis. If a haplotype
was shared between the affected individuals, then this would be a potential disease locus.
The haplotype surrounding D17S2196 is not shared between the symptomatic individuals in
family 1, and is therefore ruled out as a possible disease locus (Figure 5.8A). The D4S408
surrounding haplotype has one marker (D4S2417) on its flank that shares a common allele
between the symptomatic individuals (Figure 5.8B). However, because this allele is also
shared between most of the unaffected individuals within the family (30/46 alleles, 65%), it
is likely uninformative. As well, the “1” allele for D4S408 is also common in the
asymptomatic family members (29/44 alleles, 66%) making this uninformative as well. To
investigate whether or not there is true linkage to this locus, additional informative markers

in this locus would need to be genotyped.
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These genotyped markers showed an unusually high number of allele calls that
were incompatible between individual #67 and his father. In total, there were 16/39
incompatible alleles for #67, and as well, 10/39 were incompatible between #69 and her
father. These siblings both had compatible allele calls with their mother. This
incompatibility was not observed in any other individuals within the pedigree.

Individual #67 and his first degree relatives were re-genotyped for six chr18pl1

critical region microsatellite markers, allowing us to confirm that the original haplotypes for

these individuals were correct. We observed the same haplotypes as previously reported, and

confirmed that individual #67 does not have the disease haplotype common among all other

affected individuals in family 1 (Figure 5.9A). These first degree relatives were also re-bled

and this new batch of genomic DNA was genotyped once more, again revealing the same

results and thereby ruling out the possibility of a tube or labeling mix-up.

This group within family 1 was also sequenced for the GAG deletion in exon 5 of

the Torsin A gene that is known to cause Primary Torsion Dystonia. This was screened
because there are two individuals within this group (#35 and #36) that have unexplained
severe mental retardation, which is a common phenotype seen in patients with a
homozygous GAG deletion in this gene'”. As well, other groups studying Myoclonus
Dystonia often screen patients for this mutation, although it almost always results in WT
sequence. Likewise, our sequencing analysis showed no Torsin A mutations in this group
(data not shown), thereby ruling out the involvement of Primary Torsion Dystonia within

family 1.
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5.4 Discussion

A locus for Myoclonus Dystonia has been mapped to a 3.18Mb region on
chr18pl11 in the large family 1. Because individual #67 does not share the disease haplotype
for this region, we thought it necessary to thoroughly complete the 10cM linkage analysis
previously performed. This enabled us to ensure that chr18p11 was the only locus
segregating with this disease. There were two microsatellite markers that had generated
LOC scores above 1.0. One (D17S2196) was ruled out as a possible disease loci by
generating haplotypes of the affected individuals using previously analyzed markers directly
up and downstream of the marker. The marker D4S408 has a flanking marker (D4S2417)
that shares a common allele with the symptomatic individuals in the family, however both of
these alleles are uninformative. To properly investigate if there is true linkage to this region,
additional informative markers are required to be genotyped.

Individual #67 was confirmed to not have the ch18p11 disease haplotype. It is
possible that individual #67 is a phenocopy for the disease. This would occur if there is
another locus other than chr18p11 and SGCE that causes the same MD phenotype in this
patient. Another possibility for this anomaly would be if this patient has been misdiagnosed.
However, this individual has been accessed by two neurologists, both of whom agree on the
diagnosis. The only counter indication of this patient is the presence of tics, which is not
commonly seen with this disease, however all other symptoms point to MD. To rule out
SGCE as a causative gene, individual #67 was screened for SGCE rearrangements by MLPA
(Figure 4.1, see M1-39) and direct sequencing (data not shown), both demonstrating WT

sequence for this gene.
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Strangely, there were obvious incompatibilities seen between the alleles of
individual #67, as well as his sister #69, and their father. In comparison, the allele calls
match up with their mother’s alleles. Questionable paternity was initially suspected,
however we first ruled out the possibility of a tube or labeling error by re-genotyping six
chr18p11 markers both before and after re-bleeding the 9 individuals within this group in
family 1. We then sought out a potential alternate father within the pedigree by haplotype
comparison; this resulted in no consistent allele matches to the males in the family. It is
possible that there are more individuals in the pedigree that have not been identified for our
studies, however we are limited to the information we are provided by the family. Indeed, if
the pedigree is incorrect and the father is unknown, it is highly coincidental that individual
#67 would have the MD phenotype but not be related to the family. Since these markers
clearly indicate that individual #65 is not the father of this individual (#67) and likely his
sibling (#69) as well, we are forced to conclude that they are not related to this family. Since
the mother is not affiliated with the family by blood, her son #67 and likely her daughter #69
can be removed from the pedigree. The markers for the daughter #68 match both the mother
and father, therefore this individual can remain in the pedigree. In conclusion, family 1
demonstrates linkage to the DYT15 locus of chr18p11 and members #67 and #69 are

deemed to be unrelated to this family.
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Table 5.1 Microsatellite marker LOD scores for the genome-wide 10¢M completion.
A total of 39 markers were genotyped to fill in gaps that were found in the 10cM
analysis. A gap was considered a distance of 20cM or more between two neighboring
markers. Marker names are listed along with their corresponsing genetic distance in both
Marshfield and DeCode. LOD scored are given at theta (0) intervals of 0.05, beginning at
0.00 and ending at 0.4. Theta represents an increase in genetic distance (in cM) both up
and downstream from the point of the marker (recombination interval), where 0.05 =
5cM and 0.1 = 10cM, etc. A LOD score above 3.0 is considered linkage to the disease.



LOD Score at 8=

cM cM

Marker  Marshfield DeCode 0.00 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Chr1
D151653 164 152 -8.64 -2.48 -1.45 -0.89 -0.53 -0.30 -0.16 -0.08 -0.03
D181677 175 162 -19.05 -2.00 -0.83 .26 0.06 0.23 0.31 0.31 0.26
D151589 192 176 -19.69 -4.06 -2.44 -155 097 -0.58 0.3 .13 -0.03
D151678 218 203 -17.05 -2.84 -1.66 -1.02 -0.60 .32 0.13 0.01 0.04
D1S547 287 259 -10.04 -0.48 0.12 0.39 0.50 0.52 0.49 0.41 0.30
Chr2
D251788 56 NK -12.19 -2.80 -1.74 -1.15 -0.76 -0.49 -0.29 0.16 0.08
D28441 87 9 -18.73 -4.61 -2.91 -1.97 137 -0.95 064 -0.42 0.24
D2s410 125 127 -18.92 -4.00 -264 -1.83 -1.27 0.87 -0.56 0.34 0.17
D25125 260 258 -24 47 .64 0.24 0.60 0.73 0.74 0.68 0.52 0.35
Chr3
D3S2409 Al 4l -19.11 -5.94 -3.76 -2.59 -1.83 -1.30 0.92 .63 0.40
D3S2406 102 NK -10.04 -0.93 .38 -0.10 0.07 0.16 0.20 0.20 017
D353045 124 117 -26.24 4.94 -3.04 -1.98 -1.29 -0.81 -0.48 -0.26 0.11
Chr4
D452632 NK 54 -11.91 229 -1.37 -0.88 -0.58 .38 -0.26 -0.17 0.11
D4S3243 NK 88 -13.83 -2.18 -1.21 0.67 .33 0.12 0.01 0.07 0.09
D45408 195 189 1.19 1.10 1.01 0.89 0.77 0.65 0.51 0.38 0.25
Chrs
D5S817 23 30 -1142 416 -2.65 -1.81 -1.26 -0.88 0.60 0.40 0.24
Chré
D6S1031 89 89 -5.52 1.3 -0.86 -0.59 -0.40 .26 .16 0.09 0.04
D8S1021 112 107 -21.67 -3.67 -1.62 -0.99 0.41 -0.05 0.16 0.26 0.26
D6S1040 129 NK -22.84 -2.61 -1.47 -0.86 -0.49 0.25 .10 -0.01 -0.03
Chr?
D7S531 18 23 -21.26 -2.91 -1.47 -0.69 022 0.08 0.24 0.30 027
D7S2195 162 NK -10.16 0.42 083 0.96 0.86 0.89 077 0.61 0.42
D7S559 182 183 -21.87 -1.18 -0.23 0.19 0.37 043 0.40 0.33 0.23
Chr3
D8S1130 23 18 -10.80 -5.10 -3.47 -2.51 -1.85 -1.36 -0.98 067 0.42
D852324 94 NK -13.77 -266 -167 1.1 0.75 -0.49 -0.32 .20 0.1
D8S1179 NK 129 -18.72 420 -2.57 -1.63 -1.01 -0.58 .28 -0.08 0.02
Chri0
GATA121A08 88 NK -24.54 446 -2.73 -1.79 -1.18 0.77 -0.48 0.28 0.15
Chri1
D1151986 105 NK -28.96 -6.08 -3.80 -2.55 -1.73 -1.17 0.77 0.49 -0.29
Chr12
D1251301 56 58 -19.48 -3.59 227 -1.49 096 .58 -0.31 013 .02
D12S1064 95 NK -23.29 -4.88 -2.99 -1.62 -1.23 -0.75 -0.42 -0.19 -0.06
D128392 166 168 -13.23 -2.93 -1.92 -1.30 -0.87 -0.56 -0.33 0.17 0.07
Chri4
D14S588 66 68 -18.89 -3.98 -2.57 -1.78 -125 0.87 .59 -0.38 0.22
D14553 86 76 -11.82 -2.07 -1.23 0.74 0.44 0.24 0.12 0.05 0.01
chris
ACTC kil NK -31.31 -1.69 -4.88 -3.30 -2.25 -1.50 .86 -0.56 0.28
Chrié
D1685621 130 NK -16.23 4.21 -2.53 -1.63 -1.08 067 -0.40 0.23 0.11
Chr17
D1752196 44 47 -3.17 1.89 1.87 1.7 149 122 0.93 0.63 0.36
D178784 117 129 -24 .48 -3.02 -1.64 -0.92 -0.48 0.20 -0.03 0.05 0.08
Chr20
D208478 54 61 -16.50 -1.76 0.711 0.1 0.10 0.25 0.30 0.30 0.24
Chr21
D2151440 37 45 -18.40 -3.68 -2.26 -1.48 -0.98 -0.63 -0.39 0.22 0.10
Chr22
D225685 32 39 -18.93 -2.56 -1.43 -0.81 044 0.21 0.08 -0.01 0.01
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Figure 5.1 Pedigree and chr18p11 haplotypes of Family 1. All 51 known members of
family 1 are illustrated in this pedigree. Of these members, 15 are symptomatic, and 7
have the chr18pl1 disease haplotype and are non-symptomatic, indicating reduced
penetrance. Haplotypes are listed for the chr18p11 microsatellite markers. Those markers
in blue fall within the 3.18Mb critical region. The disease haplotype is identified by a
shaded rectangle. Circles, female; square, male; slash, individual deceased; shaded,
affected; +, blood collected for individual; arrows, recombination event within the region
allow us to narrow the disease haplotype.
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Figure 5.2 Chromosomes 1-4: Markers genotyped for linkage analysis of family 1.
Complete lists of markers genotyped on these chromsomes are illustrated. The cytogenic
location of the marker as well as its genetic distance in Marshfield and DeCode are
indicated. If the marker was previously genotyped, the analysis in which it was used (ie.
25 or 10cM analysis) is given. Those highlighted in yellow were genotyped for
completion of the 10cM analysis.



Originof| M
Marker | Cytogenic] data | Marshfield
D15468 | 1p36.32 | 10cM 42
D1S1612 | 1p36.23 | 25¢M 16
D153669 | 1p36.43 | 10cM 37
D18552 1p36.13 | 25cM 45
D1S1622 1p35.2 10cM 57
D183721 1pX42 10ch 73
D153728 1p32.1 10cM 89
D151665 1p31.1 25cM 102
dis1728 | 10311 | 10cM | 109
D18551 1p31.1 10cM 113
D1S1588 1p222 | 25¢M 125
D1S1631 1p21.1 10eM 137
D183723 1p133 | 10cM 140
D18534 1p12 25cM 152
D181653 1g23.1 164
D1S1677 10233 175
D181589 1q25.1 192
D1S518 19311 | 25¢M 202
GATA124F08]  NK 10cM 237
D181678 1g32.1 218
D182141 1041 10cM 233
D18549 1041 | 25M | 240
D183462 10422 | 10cM 247
D18235 1423 [ 10c 254
D18547 1043 267
D151609 1644 25¢cM 215
Origingf| cM
Marker | Cviogenic | data | Marshfield
D3S2387 3p26.3 | 25¢M 6
D351304 3p26.1 10cM 2
D351259 3p252 | 10cM 31
0353038 | 3p243 | 10cM 45
D352432 3p223 | 25cM 58
D3S2409 | 3p21.31 7
D3S1768 3p142 | 25¢cM 79
D3S4542 3p14.1 10cM 90
D383023 | 3q13.33 | 10cM NK
D3S3045 | 3q1312 | 10cM 124
D3§2406 3pi3 102
D384529 3pi2.1 25¢M 192
D383045 | 3q13.12 124
D3S1764 3923 10cM 153
D3S1744 3g24 25cM 161
D351763 34261 10cM 177
D3S3053 3926.31 10cM 182
D382427 | 392631 | 25cM 188
D381262 3q27.3 | 10cM 204
D352308 3928 10cM 209
D352418 3928 25¢M 216
D3S1311 3929 10cM 225

Origin of cM cM
Marker | Cytogenic | data | Marshfield] DeCode
0252976 2p253 | 25cM NK 3
| _D262052 [ 2p251 | 10cM 18 19
0251400 2p251 25cM 27 29
D251360 20242 10cM 38 40
D28405 2p23.2 | 10cM 48 51
D2S1788 | 2p223 56 NK
| D251356 | 2p21 | 25¢M 64 NK
D2S441 2p14 87 91
| D2S1777 2p12 10cM 99 103
| D251780 2p1i.2 10cM 113 NK
D2S52972 2q11.2 | 25c¢M 114 116
028410 2g14.1 125 127
| _D251328 29143 | 25¢M | 132 127
D251334 2g21.3 10cM 145 NK
D25442 2g22.1 10cM 147 150
| 0251360 | 29223 | 26cM | 162 | MK
r_ggs1353 2924.1 10cM 164 168
0281776 2924.3 10cM. 173 NK
| 0251301 | 20321 | 25cM | 186 | 189 |
D251384 29332 | 25cM 200 201
GATA4G12 2034 10cM 210 NK
D25434 2q35 10cM 216 216
D251363 29363 | 25cM 221 229
D28427 29371 10cM 27 238
0252968 29373 | 25cM 252 250
D28125 2037.3 260 268 |
Origin of M M
|__Marker | Cvlogenic | data | Marshfield| DeCode
D452366 4p16.1 25cM 13 12
D452639 | 4p15.32 | 10cM 21 NK
D452397 4p15.2 10cM 43 NK
D482632 4pi5.1 54
D4S1627 4p13 25¢M 60 65
D453248 | 4q13.1 10cM 73 75
D482387 4913.2 10cM 78 NK
D4S3243 | 4021.21 NK 88 |
D452361 | 4q21.23 | 25¢M 93 92
D4S1647 4923 10cM 105 104
D452623 | 4925 10cM 114 114
0452394 40282 | 25¢M NK 128
0451644 | 4031.21 | 10cM 143 138 _ |
D4S1625 | 4a31.21 | 25¢cM 148 140
D481629 4932.1 10cM 158 152
D4S2368 | d4q32.3 | 10cM 168 162
Das2417 4934.3 10cM 182 176
D4S408 4q35.1 195 189
D451652 49352 | 25cM 208 204
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Figure 5.3 Chromosomes 5-8: Markers genotyped for linkage analysis of family 1.
Complete lists of markers genotyped on these chromsomes are illustrated. The cytogenic
location of the marker as well as its genetic distance in Marshfield and DeCode are
indicated. If the marker was previously genotyped, the analysis in which it was used (ie.
25 or 10cM analysis) is given. Those highlighted in yellow were genotyped for
completion of the 10cM analysis.



Origin of
Marker Cytogenic | _data
D552849 | 5p1533 | 10cM
D582605 | 5p15.32 | 10cM
D5S817 5p15.2
D552845 5p14.3 25¢M
D5S2848 | 5pi4.1 10cM
D5S1457 5p13. 10cM
D5S2500 5q11.2 25¢cM
D5S1501 5g14.1 10eM
D551462 5q15 10cM
D581453 | 59213 10:M
D551505 5q23.1 25¢cM
D5S816 5q31.1 10cM
D581480 5g32 10cM
D5S820 5933.3 10cM
D581471 5934 10cM
D58211 5935.2 10eM
D55408 | 5q¢35.3 10cM
Origin of M
Marker Cytogenic | _data | Marshfield |
D781819 7p22.2 25¢M 7
D78513 p21.3
D751808 7p15. 25¢M
D752846 7pi4.1 10cM
D7S3046_ | 7q11.22 | 10cM
D783046(8) | 7q11.22 | 10cM
D7$639 Tqi1.22 | 10cM
D78645 7q11.22 | 10cM
D782415 | 7q11.22 | 10cM
D75653 7q14.22 | 10cM
D7S1870 § 791123 { 10cM
D782470 | 7q11.23 | 10cM
D75668 7q21.11 | 10cM
D75660 7921.11 | 10eM
D752212 | 7q921.41 | 10cM
D7S806 72141 | 10cM
D78524 7q21.11 [ 10cM
D78820 7921.11 | 10cM
D7S644 792111 | 10cM
D78627 792113 | 10cM
D75492 792113 | 10cM
D782410 | 7q21.13 { 10cM
D78857 7921.3 10cM
D75821 7921.3 10cM
0782539 7921.3 10cM
D78515 7g22.1 10cM
D75798 19221 10cM
D781799 1q22.1 10cM
D7S2453 79222 10cM
D752459 7g22.3 10cM |
D751842 | 7q31.3 25¢M
D751824 7q34 10cM
D782185 1q35
D781823 7q36.2 25cM

Originof| cM oM
Marker | Cytogenic | dafa | Marshfield | DeCode |
0652434 6p23 25cM_ 25 31
D6S1959 | 6p223 | 10cM 34 NK
| GATA163810| 6p222 25¢cM 42 48
D6S2427 | 6p21.2 | 10cM 54 50
D6S1017 | 6p211 | 25c¢M 63 63
D6S 1053 6q12 25cM 80
D8S1031_| 6qi41 89 88 ]
D6S1056 | 6q16.1 | 25¢M 103 100
D6S1021 | 60163 112_ | 107
DBS474 | 6921 | 25cM | 119 NK
D6S1040 | 6q23.1 129 NK
D6S1009 | 69233 | 10cM 138 139
GATA184A08 | 64243 | 10cM 146 NK
0652435 | 6g252 | 10cM 155 161
| 068305 | 6926 | 10cM | 166 | 166 |
Des1277 6926 25cM 173 176
D6S1027 | 6927 25cM | 187 NK
Originof| oM oM
Marker | Cytogenic | data | Marshfield] DeCode |
| DBS264 | 8p233 | 25cM 1 3
D8S277 8p23.1 | 10cM 8 15
D8S1130 | Bp23.1 23 18 |
D8S1145 8p22 10cM 37 31
DaSt36 | 6p213 | 10cM 4 39
D8S1477 8p12 25¢M 60 NK
0851110 1 891125 | 10oM | 67 1 65
D8s1136 8g13.1 10cM 82 NK
D352324 | 8g21.14 94 NK
GATAIM NK 10cM EAA NK
D8S592 | 802411 | 10cM | 125 119
D351178 | B8q24.13 NK 128
D8s1128 8q24.21 25¢cM 139 135
D8S256 | 892422 | 10cM 148 145 |
085373 | 80243 | 25cM | 164 164
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Figure 5.4 Chromosomes 9-12: Markers genotyped for linkage analysis of family 1.
Complete lists of markers genotyped on these chromsomes are illustrated. The cytogenic
location of the marker as well as its genetic distance in Marshfield and DeCode are
indicated. If the marker was previously genotyped, the analysis in which it was used (ie.
25 or 10cM analysis) is given. Those highlighted in yellow were genotyped for
completion of the 10cM analysis.



Originof{ ¢M
| Marker | Cviogenic | data | Marshield
D9S2169 | 9p241 | 25cM | 14
D9S921 | 9p23 | 10cM | 22
DOS925 | 9p222 | 25eM | X
D9S1121 | 9p213 | 10cM | 44
D9S1118 | 9p211 | 25¢M | 58
DOS301 | G112 | 10cM | 66
D951122 | 8a21.43 | 10cM | 76
D9S922 | 92131 | 25cM | 80
D9S257 | 942133 | 10cM | 91
D9S38 | ga3id | 10cM | 111
085930 | 993 | 100M | 120
D9S934 | 9q331 | 25cM | 128
D9S282 | 94333 | 10cM | 136
DIS2157 | 9q342 | 10cM | 147
095158 | 94343 | 250M | 163
] Orginct] cM
| Varcer | Cyiogenic | data | Marshield| DeCage |
D1151984 | 11p155 | 25cM 2
151} _D1152362 | 11p154 | 10cM 9
D1151999 | 11pt64 | 250M | 17
D11S1981 | 11p15.1 | 10cM | 21
[GATAMEDB] NK_ | 10cM | M4
¥ ID1Is1302 | 11p13 | 25¢M | 43
D1151985 | 11a121 | 10cM | 58
1 DI1S23T1 | 119134 | 25M | 16
D1152002 | 11ai41 | 10cM | 85
1221 01152000 | 119223 | 26cM | 100
D1151986 | 119231 105
D1154464 | 110241 | 250M | 123
D115912_ ] 110243 | 10cM 1 131
133 D1152360 | 11q25 | 25¢M | 14

Origin of oM oM

Marker | Cytogenic | data | Marshfield { DeCode
D1081435 | 10p15.3 | 25cM NK NK
0108189 10p14 10cM 19 20
D1082325 10p13 25¢cM 33 K|
D1081423 | 10p12.33 | 10cM NK “4
D10S1426 | 10p11.23 | 10cM 59 58
D1051208 | 10p11.21 | 10cM 63 NK
D1081221 | 100211 | 10cM NK NK
| GATA121A08| 10021.3 88 NK
D10S1432 | 100221 | 25¢cM 94 94
| _D1082327 | 109223 | 10cM 101 98
D10S1419 | 10g23.3: 10cM 113 i1
D10S1239 | 10924.32 | 25cM NK 122
D10S1237 | 109253 { 10cM 135 NK
| D1051230 | 10926.12 | 10cM 143 145
D10S1213 | 10926.13 | 25¢cM 148 NK
D10S1248 | 100263 | 25cM 165 NK
D10S212 109263 | 10cM 171 177
Origin of cM cM

Marker Cytogenic { data | Marshfield} DeCode
D128372 | 12013.32 | 25cM 6 NK
GATA48012 | 12p13.31 | 10cM 18 NK
D128373 12p123 | 10cM 36 35
D1281042 | 12p11.23 | 25cM 49 51
D1251301 12q12 56 58
D128398 | 12913.13 | 10cM 68 87
D1281294 12915 10cM NK 82
D1281052_ | 12921.1 10cM a3 87
D1251064 | 1292133 g5 NK
D1251300 | 12923.1 | 10cM NK 93
PAH 129232 | 25cM 115 NK
| D1252070 | 12924.21 | 10cM 128 NK
D128385 | 12024.23 | 10cM 136 140

| D1252078 | 1292432 | 10cM NK | 152 |
D1251045 | 12924.33 | 25cM 160 NK
D125382 | 12924.33 166 168
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Figure 5.5 Chromosomes 13-16: Markers genotyped for linkage analysis of family 1.
Complete lists of markers genotyped on these chromsomes are illustrated. The cytogenic
location of the marker as well as its genetic distance in Marshfield and DeCode are
indicated. If the marker was previously genotyped, the analysis in which it was used (ie.
25 or 10cM analysis) is given. Those highlighted in yellow were genotyped for
completion of the 10cM analysis.
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Figure 5.6 Chromosomes 17-20: Markers genotyped for linkage analysis of family 1.
Complete lists of markers genotyped on these chromsomes are illustrated. The cytogenic
location of the marker as well as its genetic distance in Marshfield and DeCode are
indicated. If the marker was previously genotyped, the analysis in which it was used (ie.
25 or 10cM analysis) is given. Those highlighted in yellow were genotyped for
completion of the 10cM analysis.
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Figure 5.7 Chromosomes 21-22: Markers genotyped for linkage analysis of family 1.
Complete lists of markers genotyped on these chromsomes are illustrated. The cytogenic
location of the marker as well as its genetic distance in Marshfield and DeCode are
indicated. If the marker was previously genotyped, the analysis in which it was used (ie.
25 or 10cM analysis) is given. Those highlighted in yellow were genotyped for
completion of the 10cM analysis.
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Figure 5.8 Common affected haplotypes for markers surrounding D17S2196 (A)
and D4S408 (B). The closest markers both up and downstream analyzed previously were
used to generate a common haplotype surrounding two markers that had LOD scores
above 1.0. “X” indicates the allele is not shared between the symptomatic individuals in
family 1, however an allele number indicates this is shared among this group. The blue
box indicates the markers that were used to generate the haplotype. Note that in Figure B
there are no markers available beyond D4S1652, since this is the telomeric end of
chromosome 4.
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Figure 5.9 Confirmation of the chr18p11 haplotype in individual #67 and his first
degree relatives. Haplotypes are given for this group within family 1 generated from 6
markers within and flanking the 3.18Mb critical region (A). Haplotypes are in phase, and
the colors allow for tracking the inheritance of alleles, ie. the disease haplotype (indicated
by the box) is in red in the grandmother and is transmitted to the unaffected son. Shaded,
affected; asterisk, indicates individual #67 who is confirmed to not have the common
disease haplotype. B, the physical location of the 6 markers genotyped within the
chr18pll region.
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Chapter 6 Analysis of the chr18p11 critical region: Candidate gene and genomic

rearrangement investigation
6.1 Introduction

Completion of the 10cM linkage analysis provided further evidence for chr18p11
as the single disease locus associated with Myoclonus Dystonia within family 1.
Recombination events within the disease locus in two affected individuals narrowed this
region to 3.18Mb. This region contains a number of potential candidate genes that could be
responsible for MD. When candidate gene prioritization of this region began in 2003, there
were 17 genes within this region according to the NCBI database. There are now a total of
24 genes, both confirmed and predicted, within the region. Initial prioritization of candidate
genes was performed using what was known about their expression patterns, molecular
function, map position, and conservation with known genes. As well, genes that could
potentially be involved in the MD phenotype, such as those that were expressed but not
limited to brain and fetal brain, were given priority. Genes expressing proteins that were
known to interact with sarcoglycans, as well as any of the components of the dystrophin
glycoprotein complex (DGC) were given the highest priority. One such example is LAMAI,
which encodes for laminin alpha 1. This protein is an extracellular matrix protein within the
same family as the laminin alpha 2 chain, which binds to the DGC in the sarcolemma of
muscle®. It is also expressed in brain, making it an excellent candidate gene for this disease.
This gene and 11 others were previously sequenced in a panel of roughly 6-8 affected
individuals, two of which were from family 1 (Table 6.1). There were no common novel
variants found that could be responsible for MD. As well, there were no cases of all affected

individuals having different novel variants within the same gene, which would have also
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indicated a potential gene for MD. Many polymorphisms were found, however they were
found to be present in the general population through the HapMap database of single
nucleotide polymorphisms (SNPs).

For our studies we catalogued the remaining genes that had not yet been sequenced
and prioritized them based on the same criteria described above. Most of the remaining
candidate genes are cDNAs that have been sequenced from tissue expression libraries and
subsequently mapped to the chr18p11 genomic region by sequence homology. Therefore, it
is unknown if these predicted genes encode protein products, or if they are non-coding
RNAs. Genes that were strongly predicted to express a protein product (i.e. containing
transcriptional start and stop sites) were also prioritized to be sequenced in a panel of
affected individuals.

There have been a number of newly identified isoforms of previously sequenced
genes that are now present in the UCSC Genome database. Four candidate genes (LAMAI,
ZFP161, ARHGAP28, L3MBTL4) now have additional coding exons that have not yet been
examined. We have sequenced a total of 12 of these exons in a panel of affected individuals
in search of novel variants that may be responsible for MD.

We have also investigated the possibility of an inversion within in the chr18p11
critical region. It is possible that an inversion breakpoint within the region could potentially
fall within the coding region of a gene, or within regulatory regions that are necessary for
proper transcriptional control of a gene cluster. There has indeed been a large pericentric
inversion previously identified in a Scottish family with schizophrenia with a breakpoint
roughly 100bp upstream of the 7TMA gene within the critical region®. A series of three-

color Fluorescence In Situ Hybridization (FISH) experiments were designed to investigate a
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potential inversion. Specific bacterial artificial chromosome (BAC) clones were selected
based on their genomic position within the critical region and were fluorescently labeled
(Figure 6.4). Two clones were selected for hybridization outside the critical regions flanks
and were used as anchors to orient the position of the other clones in the probe set. A correct
order of hybridization of the three BAC clones along the region would indicate the absence
of an inversion, whereas an altered order would be a potential inversion. By using this
method on an affected individual (#16) from family 1 in comparison to a WT control, we
can determine the presence or absence of a pathogenic inversion within the mapped

chr18pl1 critical region.

6.2 Materials and Methods

6.2.1 DNA and RNA Extraction

The following Myoclonus Dystonia patients were used for sequencing of candidate
genes: from family 1 — M1-39, M1-15, M1-3, M1-13 and M1-7. From other families — SP1,
M8-1, M12-1, M16-1, M13-1. These individuals were chosen to be sequenced based on their
phenotype (early onset of MD and alcohol responsive) and they did not have SGCE
mutations. Genomic DNA was extracted from whole blood drawn from patients in yellow
top ACD Vacutainer tubes. Extraction was performed using the QlAamp DNA Blood Mini
Kit. Briefly, 20ul of protease was added to 200ul of whole blood along with 200ul of lysis
buffer (AL). Samples were incubated at 56°C for 10min, after which 200ul of 100% ethanol
was added. The mixture was applied to a QlAamp Spin Column and centrifuged at 6000 x g
for 1 min to remove cellular debris. Two washes were then performed using buffers AW1

and AW2, and purified genomic DNA was then eluted from the filter with 100ul of either
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buffer AE (Qiagen) or TE (10mM Tris-HCl, ImM EDTA, pH 8.0). A yield of ~30ng/ul was
typical with an A,gp/Azsoratio of 1.7-1.9. Remaining patient blood sample was aliquoted and

stored at -80°C.

6.2.2 Primer Design, PCR, and Bioinformatics Databases

Genomic DNA sequence was obtained from the University of California Santa
Cruz (UCSC) Genome Browser. Primers were designed using Primer 3 v.0.4.0 (Steve Rozen
and Helen J. Skaletsky) and had an optimal length of 20nt, 50% G/C content and a melting
temperature (Tm) of 60°C. Optimal amplicon size was dependant on the particular sequence
being studied and ranged from 150-3500bp.

Various conditions of the polymerase chain reaction (PCR) were used depending
on the characteristics of the product of interest being amplified. Conditions were optimized
for each primer set by adjusting the Tm, cycle number and time, altering MgCl,

concentration, or by using additives such as dimethyl sulfoxide (DMSO).

The UCSC database (http://genome.ucsc.edu/) was used to extract information
regarding previously identified polymorphisms within coding regions. NCBI

(http://www.ncbi.nlm.nih.gov/), Gepis Tissue

(http://www.cgl.ucsf.edu/Research/genentech/genehub-gepis/index.html), and published

microarray data available on UCSC were used to pull tissue expression data on candidate

genes. The Coriell Institute for Medical Research (http://www.coriell.org/) and Database for

Genomic Variants (http://projects.tcag.ca/variation/) was used to obtain information on

previously identified structural variants within the chr18p11 region.
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6.2.3 Sequencing

PCR products were purified using Exonuclease 1 and Shrimp Alkaline
Phosphatase (EXO-SAP). EXO removed single stranded DNA, including primers and
ssDNA produced from PCR and SAP digested unconsumed dN'TPs by binding to their
phosphate groups. A total of 3ul of PCR product was combined with 2ul of EXO-SAP along
with 5ul of sterile dH,O and incubated at 37°C for 15 min, followed by 15 min at 80°C for
enzyme inactivation. This product was then amplified using a single primer (3.2pmol), 5X
Sequencing Buffer (Applied Biosystems) and Big Dye 3.1 sequencing pre-mix (Applied
Biosystems) was used to fluorescently label the PCR product. The program was as follows:
1 min at 96°C; 25 cycles of 10s at 96°C, Ss at 50°C, 4 min at 60°C; 5°C hold. Labeled
sequence was then further purified by either ethanol precipitation or, if using a 96-well plate,
an automated magnetic bead system. The 16 capillary ABI 3130x1 Genetic Analyzer was
used to perform capillary electrophoresis of the products. Sequence was read using ABI
Sequencing Analysis 5.2 software and sequence variants were identified by the program as

well as manually.

6.2.4 Flourescence /n Situ Hybridization

Three color Fluorescence In Situ Hybridization (FISH) was performed on one
affected individual from family 1 with the chromosome 18 disease haplotype (#16). Blood
was drawn from the individual and sent to the TCAG Biobanking Facility in Toronto where
the lymphocytes were isolated and immortalized with the Epstein Barr Virus (EBV). The
lymphoblastoid cell line was then sent to the Cytogenomics and Genome Resources Facility

at the Hospital for Sick Children in Toronto where the FISH experiments were performed.
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Eight Bacterial Artificial Chromosome (BAC) clones were chosen from the RPCI-11
Human BAC library based on their location within the chr18 critical region as mapped in the
human Genome Browser (UCSC). Clone sizes ranged from 156kb to 231kb and were
approximately 500-700kb apart. BACs were fluorescently labeled with red, green or yellow
fluorophores and hybridized to the chrl8 critical region during metaphase, allowing

potential inversions to be visualized.

6.3 Results

A total of 24 candidate genes fall within the chr18p11 critical region, 12 of these
have been previously sequenced in a panel of symptomatic Myoclonus Dystonia patients
(Table 6.1). The remaining 12 genes are classified as predicted genes and are potential
candidates for this disease. There is limited tissue expression data available for most of these
genes besides the tissue library in which the cDNA originated. Two genes were prioritized
to have their predicted coding regions sequenced, first BC041875 due to its expression in
fetal brain. It potentially has three coding exons and has over 60 known polymorphisms
(Figure 6.2, A). TTMA is a single exon predicted gene that was sequenced next due to its
wide expression and the presence of transcriptional start and stop sites (Figure 6.2, B). Fifty-
one of the known polymorphisms within the BC041875 gene were catalogued in the panel of
9 affected individuals (Table 6.2). Four individuals in this panel are from family 1, since this
locus was mapped in this family. These 51 polymorphisms ranged from single nucleotide
polymorphisms (SNPs), to small insertions and deletions. There were also 11 novel variants
found, in which case WT unaffected controls were subsequently sequenced to determine if

these were also present in individuals not affected with MD. Variant “G” is novel and was
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found in one affected individual (M12-1). One WT control was screened and this variant
was not seen. Since this variant is not seen in the four affected family 1 individuals or any
other individuals in the panel, it is unlikely this variant is causing the disease. In addition,
the remaining 10 novel variants were all seen in WT controls and therefore ruled out as
causative mutations. If this gene was associated with Myoclonus Dystonia, we would expect
to find many of the affected individuals in the panel to carry mutations within the gene,
particularly family 1 since it was used to map this region. We have only observed one novel
variant in one individual (not in family 1) that was not present in a WT control; therefore we
are confident that this gene is not associated with MD. However, future screening of
additional controls will be performed for variant “G” to determine if it is seen in non-
affected individuals.

The candidate gene 77TMA was sequenced in a panel of 6 affected individuals and
one WT control. This analysis yielded 6 polymorphisms, two of which were novel variants.
These were both seen in patient SP1 only, making this unlikely to be associated with the
disease for reasons similar to those mentioned above for variant “G”. An intronic A-
insertion designated as rs34293594 was found in individual M13-1, however given its
intronic location as well as its absence in the rest of the panel, it is also unlikely to be a
causative mutation.

Four candidate genes, LAMAI, ZFP161, ARHGAP28 and L3IMBTL4 are considered
to be strong candidate genes based on their reported function (Figure 6.3). LAMAI encodes
laminin alpha 1, which has been found to mediate the attachment, migration and
organization of cells into tissues by interacting with other extracellular matrix components

and is closely related to the alpha 2 chain form of the DGC, making LAMA1 a prime
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candidate gene61. ZFP161 expresses a zinc finger protein known to be a transcriptional
activator of the dopamine transporter (DA7) gene by binding to its promoter®”. ARHGAP28
is thought to express a RhoGTPase activating protein involved in intracellular signal
transduction®’. L3MBTL4 encodes a protein with similar homology to a Drosophilia lethal
(3) malignant brain tumor-like 4 (I(3)mbt) protein. It has three mbt repeats and one sterile
alpha motif (SAM) domain®. These four candidate genes have recently had additional
isoforms identified, in turn revealing new coding exons. These 12 new exons were
sequenced in a panel of two affected individuals from family 1, and two WT controls. This
resulted in the identification of SNPs that have been previously found in the general
population (Table 6.4). In total, 36 SNPS were found, however none are likely candidates
for a potential disease-causing mutation, since these have previously been identified in the
HapMap population. Exon 1 of ZFP161 isoform 2 was unable to be sequenced due to
insufficient amplification using various primer sets. The remaining 11 newly identified
exons were successfully sequenced and ruled out as being potential sites for pathogenic
mutations within family 1.

A total of 7 FISH experiments were performed on the family 1 symptomatic
individual #16 for inversion testing. Two to three metaphase spreads were checked for each
experiment to confirm chromosomal localization of the probes to chr18p11. Varying number
of nuclei were scored for each experiment, ranging from 122-349. The number of nuclei in
which the middle probe of the probe set was seen between its two flanking probes were
counted. If there is no inversion present within the probe set, the middle probe would

theoretically be present in the center 100% of the time, however a range of 60-80% is
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usually observed. A heterozygous inversion would be indicated by the middle probe being
centered in roughly 50% of the nuclei counts.

Experiment 1 initially showed that centre probe 2 (yellow) was seen between its
flanking probes 1 and 4 in 50% of the 217 nuclei scored (Table 6.7). As well, probe 1 was
found to be in the centre of this probe set 28% and 37% of the time, in the original and
repeat experiments, respectively. These results are indicative of a possible inversion
involving probes 1 and 2. However, the data from this experiment has been deemed not
entirely conclusive by the TCAG Cytogenetics facility due to the variability observed when
experiment 1 was repeated. Experiments 2 through 5 show percentages that are not
indicative of an inversion in these probe sets since these middle probes are most often seen
in the centre of these sets. Experiment 6 initially showed the centre probe 5 to be in the
middle of the set in 49% of the nuclei counts, and its flanking probe 4 in the centre 42% of
the time, thereby identifying a possible inversion involving probes 4 and 5. When repeated,
very similar results were found, further supporting this theory. A WT control was also used
for this experiment and showed results indicative of the same inversion, suggesting this is
potentially a non-pathogenic inversion. In addition to experiment 6, 7 also shows a potential
inversion involving probes 4 and 5 which was also seen in a WT control. Both experiments

indicate that probes 4 and 5 are flipped heterozygously (50% of the time).

6.4 Discussion

Direct sequencing of the predicted coding regions of candidate genes BC041875
and TTMA showed a number of novel variants. However, since the majority of these were

also seen in WT controls, they are not responsible for the disease pathology of Myoclonus
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Dystonia. Three novel variants were seen in MD patients and not in one WT control. To
properly determine if these are also found in non-affected individuals, additional WT
controls will be screened. Sequencing of the newly identified coding exons within new
isoforms of four the strong candidate genes LAMAI, ZFP161, ARHGAP28 and L3MBTL4
showed the absence of novel variants in a panel of two affected individuals from family 1. In
conclusion, sequencing various coding regions of these 6 genes showed the absence of a
mutation responsible for MD.

We have used a series of BAC probes which are flanking and distributed
throughout the critical region, allowing us to access the possibility of an inversion as the
mutational event in family 1. The FISH experiments performed on the region in individual
#16 provided inconclusive evidence of a heterozygous inversion. Data from experiment 1 is
suggestive of an inversion of probes 1 and 2 (Figure 6.4; Table 6.5). However, additional
interrogation of this area is required to determine a specific inversion breakpoint.
Experiments 2, 3, 4 and 5 yielded results consistent with no inversion. Both experiments 6
and 7 indicate probes 4 and 5 are heterozygously inverted, since they are found to be in the
middle of their probe sets in 50% of the nuclei counted. However, the results from
experiment 5 (involving probes 2, 4 and 5) are compelling as probe 4 was found between
probes 3 and 5 approximately 75% of the time. This is contradictory to the results of
experiments 6 and 7 which suggest an inversion involving 4 and 5. In summary, based on
these results, there is potential for an inversion involving probes 1 and 2. A key experiment
to perform would involve a probe set with probes 1, 2 and 3 since it would allow us to

narrow the site of a potential breakpoint in this area. The potential inversion involving
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probes 4 and 5 is presently inconclusive, given that the results from experiment 5 are
contradictory with those from experiments 6 and 7.

There have been previously identified inversion breakpoints within the chr18p11
critical region, however given the results from our FISH experiments; it is unlikely these are
responsible for the potential inversion found within the family 1 Myoclonus Dystonia
patient. The breakpoint previously identified in a schizophrenia patient falls within the
sequence between probes 4 and 5, which according to experiment 5, has been ruled out as a
potential breakpoint region in patient #16. There has also been a small inversion (51,241bp)
identified and listed in the Database for Genomic Variants in one Chinese individual in the
HapMap Han Chinese in Beijing (CHD) population that spans the 5’ region of the LAMAI
gene (indicated by the green bar in Figure 6.5). This inversion is too small to be a candidate
for the potential inversion we are seeing in our FISH experiments. However, it certainly
should not be ignored as a potential candidate structural variant for Myoclonus Dystonia,
since the breakpoint would not have been identified through direct sequencing as it falls
within the intronic sequence between exons 42 and 43 of the gene. Searches in the HapMap,
Coriell and NCBI databases for clinical phenotypic information for this Chinese individual
were unsuccessful.

The genomic area within probes 1 and 2 contains very few genes, therefore the
potential effect of an inversion within this region is unknown. Conversely, the potential
inversion involving probes 4 and 5 could disrupt a number of genes, including 7TMA,
L3MBTL4 and 2 predicted genes. However, since the potential inversion was also seen in
one WT control, it is possible this is a common, non-pathogenic inversion. Additional

controls could be screened to further investigate this possibility. In summary, to fully
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investigate the potential inversions within this region and the specific locations of their

breakpoints, additional FISH experiments and subsequent sequencing is required.
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Table 6.1 List of candidate genes within the 3.18Mb critical region mapped to
chri18p11. Candidate genes are listed based on the order in which they were prioritized to
be sequenced. Genes within the grey box have previously been sequenced. The genomic
start and stop positions of each gene (as determined by UCSC) are listed, as well as their
size and a brief description. The status of the gene is either confirmed (C), predicted (P),
or discontinued (D). Asterisks indicate the gene is not found within the UCSC database,
only NCBI.



WO ~-NO O b WwhN =

Priority Gene Name

Genomic Start Genomic End

LAMA1
EPB41L3
PTPRM
ARHGAP28
L3MBTL4
ZFP161
LRRC30
MGC17515
LOC400643*
LOC645423*
LOC388460
LOC390826*
BC041875
TTMA
DA798915
AK095347
AKO097613
DQ596733
BC040631
LOC339290
LOC642597*
BC035413
LOCE45355*
LOC729309*

6,931,886
5,382,388
7557314

6,840,790
6,019,387
5,279,379
7,221,137
5,228,042
6915477

7,124,929
6,452,073
5122722

5,228,083
5,880,184
4765053

6,915,477
6,108,495
6,917,186
6,246,746
5,222,875
5187507

6,915,477
5740577

5888221

7,107,813
5,533,986
8396859

6,888,720
6,404,901
5,286,039
7,222,042
5,226,717
6918551

7,125,851
6,453,036
5123790

5,236,504
5,882,103
4994523

6,918,551
6,919,804
6,917,208
6,250,833
5,228,525
5135284

6,919,868
5783968

5885038

Size Status _Gene Description

175,927 C Laminin, aplha 1. Extracellular matrix protein
151,598 C Erythrocyte membrane protein band 4.1-like 3
839548 C Protein tyrosine phosphatase, receptor type, M
47930 C Rho GTPase activating protein 28 isoform b
385514 C 1(3)mbt-like 4 (Drosophifia)

6,660 C Zinc finger protein 161 homolog (mouse)

906 Cc Leucine rich repeat containing 30

1,305 P Homo sapiens chromosome 18 open reading frame 18, mRNA
3074 P Hypothetical gene supported by EST AK095347
32100 P Similar to mitochondrial carrier triple repeat 1

963 D Similar to 80S ribosomal protein L6

1,068 D Similar to peptidyl-Pro cis trans isomerase

8422 P expression)

1,920 P Hypothetical protein LOC645369 (widely expressed)
229470 P EST isolated from human fetal brain

3,075 P Homo sapiens cDNA clone CTONG2013222
10310 P Homo sapiens cDNA clone CTONG2013222

23 P NK

4,187 P Homo sapiens, clone, mMRNA

5,651 P Homo sapiens hypothstical protein, mMRNA (cDNA cione)
52223 P Similar to hCG1795978

4,392 P Homo sapiens cDNA, clone CTONG2013222
43,391 P Hypothetical gene, cDNA clone

3183 P Hypothetical gene, cDNA clone
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Table 6.2 Novel variants and polymorphisms identified in the candidate gene
BC041875. All novel variants and previously characterized polymorphisms found within
this gene are listed. A panel of 9 affected individuals were sequenced for the 3 potential
coding exons of this predicted gene. Four of these individuals originate from family 1
(indicated by M1-n). Variants that have been previously identified in the HapMap
populations are given an “rs” designation, and novel variants that have been found are
named A through K. The specific change is listed with its genomic location. WT
unaffected controls were screened for the novel variants found, the number of controls
screened is stated in brackets.



Exon Designation

W W W W wWwwwwwowWwwwb WWwwWwWwh N2 = @A A = -

Affected Individuals

Change Base Position Status  MM-33  MM48 M1 MI43  SP1  ME1_ W12 M1G1  M131_ Seenin controls?
rs35793060 G/A chr18; 5228119 known NK NK NK NK NK NK NK NK NK none tested
A crT chr18; 5228207 novel cr cr NK NK cr cr NK C/C NK yes (6/8}
rs1061666 AG chr18; 5228208 known AG AG NK NK AA AG AA AA AA no (1)
rs11363831  Ginsertion chr18: 5228230 kmown  NK NK NK NK NK NK NK NK NK none tested
rs9627 C/A chr18; 5228412 known CIC ciIc NK NK C/IA c/C NK C/A NK no (1)
rs11795 GIC chr18; 5228442 known G/G GIG NK NK GIG GIG NK GIC NK no (1)
rs12163 crT chr18: 5228499 known C/C CiC NK NK cic CiC NK c/c NK yes (111}

B AC chr18: 5228731 novel AC AC NK NK AC AC NK AC NK yes (111}
153087772 cr chr18: 5228828 known CT crT NK NK cic cT cic c/Cc c/C yes (3/5)
rs11541047  T/C chr18; 5228946 known  NK NK NK NK NK NK NK NK NK none tested
rs1047413 crr chr18: 5229264 known  NK NK NK NK NK NK NK NK NK none tested
rs1016374(3) G/A chr18; 5231517 known GIG GIG NK NK G/A GIG GIG GIG G/A none tested
154621073 AG chr18; 5231755 known AG AG NK NK AA AG AA AA AA none tested
c TIC chr18: 5233459 novel TIC m TIC TIC m i T T T yes (2/6)

E TIC chr18: 5233497 novel T m il TT T T TiC T TIC yes (2/5)

F G/A chr18; 5233527 novel GIG GIG GIG GIG GIG GIG GIA GIG G/A yes (111}
rs8084872 cT chr18; 5233567 known CIT NK ch cr cic CT(ho) CIC c/C ch none tested
rs11278848  gbpdefetion  chr18:5233614-622 known nodel  NK nodsl  nodel nodel nodel nodel nodel nodel  no(1)
1s11278595  @bpdelefion  chr18: 5233617625 known nodel  NK nodel  nodel nodel nodsl nodel nodel nodel no{1)

D 9bp deletion  chr18; 5233618627 novel . nodel nodel nodel  nodel nodel nodel Sbpdel nodel Sbpdel yes (2/5)
rs1212303 AC chr18; 5233780 known AA NK ANA AA AA AA AA ANA AA no (1)

G G/IA chr18; 5233960 novel GIG GIG GIG GIG GIG GIG GIA GIG GIG no (1)
rs11267425  10bp deletion  chr18: 5234169179  known nodel  NK nodel  nodel nodel nodel nodel nodel nodel no(1)
1559474841 11bpdeletion  chr18: 5234172 known nodel nodel nodsl  nodel nodel nodel  1ibpdel nodel  11bpdel yes (1/2)
rs1062837 crT chr18; 5234173 known CT NK ch ch cr CiC c/Cc cic cr no {1)
rs3184460 AG chr18; 5234261 known  AA NK NA AG AG AA AA AA AA no (1)
rs4798325 G/A chr18: 5234325 known GG NK GIG G/G GIG G/G G/G GIG GIG no (1)
rs1127990 TIC chr18: 5234343 known T NK T TC TiC il T T T no (1)
rs1127991 cT chr18; 5234487 known  CIC NK c/ic ch CiC CiC c/C c/Cc cic no (1)
rs1127992 cT chr18; 5234541 known  CIC NK c/ic c/c c/Cc CIC CiIC c/Cc cic no {1)
rs8962322 cr chr18: 5234751 known C/C NK c/Cc cr cr c/iC cic c/Cc C/IC no (1)
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Table 6.3 Novel variants and polymorphisms identified in the candidate gene
BC041875. All novel variants and previously characterized polymorphisms found within
this gene are listed. A panel of 9 affected individuals were sequenced for the 3 potential
coding exons of this predicted gene. Four of these individuals originate from family 1
(indicated by M1-n). Variants that have been previously identified in the HapMap
populations are given an “rs” designation, and novel variants that have been found are
named A through K. The specific change is listed with its genomic location. WT
unaffected controls were screened for the novel variants found, the number of controls
screened is stated in brackets.



Affected Individuals

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmml

Exon_Designation Change Base Position Status  M1-39  M1-15 M3 MI13 SP1 Mg-1 M2 M181__ M13-1__ Seenin controls?
1104465  TC chr18; 5234771 known  TIC NK TIC TIC TIC TIC m m TIC no (1)
rs1044658  G/C chr8; 5234776 known  G/C NK  GIC GIC GIC GIC GG G/G GIC no (1)
1s34514688  3bpinsertion  chri8; 5234934-933 known noins NK  noins  noins noins  noins noins  noins  3bpins  yes(1/4)
H TAGinserion  chri8; 5234935-934 novel noins  noins noins  3bpins(hoj noins  noins noins  noins  noins  yes {2/3)
110689927  ACTinsertion  chri8: 5234935334 known  3bpins NK  3bpins  noins bpins  dbpins (ho) 3bpins noins  noins  yes (204)
1s34495101  2bpinsertion  chri8: 5234963-962 known noins NK  2bpins 2bpins(ho) noins  2bpins(ho) noins  noins  2bpins  yes(2/4)
1s34232073  gbpinsertion  chri8: 5234964-963 known 2bpins NK  2bpins 2bpins  noins  noins noins  noins  neins  no(1)
1 TG insertion chr18: 5234966-967 novel noins  noins noins  2bpins(ho) 2bpins  noins noins  noins  noins  yes(1/2)
s15920  TC chr18; 5234995 known T NKTT TIC it TIC il T TIC no (1)
15764 ¢ chr18; 5235020 known  CIC NK  CiC cic cic cic ciC cic cic no (1)
rs35684186 T insertion chr18; 5235074 known nodel NK nodel  nodel nodel  nodel nodsl nodel nodel no(i)
111874542 A/G chr18; 5235176 known ~ A/A NK  AA AA AA AA AA AA AA no (1)
111877419 T chr18; 5235228 known  CIC NK CIC c cic cIc cic cic cic no (1)
187735 G/A chr18; 5235247 known GG NK GG GIA GIG efle} GIG GIG GIG no (1)
rs34934500 TGTGinsertion ~chriB: 5235372-371 known noins NK  noins  noins noins  noins noins  noins  noins  no(1)
rs34149046  Ghpinsertion  chr{8; 5235383-382 known noins NK noins  noins noins  noins noins  noins  noins  mo{f)
J TATAinsertion  chr18: 5235401-405 novel  noins  noins noins  4bpins noins  noins noins  noins  noins  yes(1/2)
1s34497936  ATAT insertion  chr18: 5235409-408 known noins NK  noins  noins noins  noins noins  noins  noins  no(1)
rs1542848 @7 chr18: 5235409 known  GIG NK GG G/G G/G GG GIG G/G GG no (1)
14548972 T/G chr18; 5235411 known  TT NK 1T TIG T T il il it no (1)
rs10889221  GAGA insertion chr18: 5235415414 known noins NK noins  noins noins  noins noins  noins  noins  no(f)
116947948  A/G chri8; 5235578 known  A/A NK  AA AA AA AA AIA A/A A/A no (1)
1s34274740  C insertion chr18: 5235638-637 known noins NK noins  noins noins  noins noins  noins  noins  no(f)
(169479349 TG chr18; 5235656 known T NK T il it it i) i) il no (1)
rs17379984  GA chr18; 5235824 known GG  NK GA G/A GG GG efle] GG GG  no()
K GIC chri8; 5235860 novel  NK NK  GIC GIC G/G GIC efle) G/G G/G yes {112)
1S755619 T chr18; 5235882 known  CIC NK  CiC cic cic cic cic cic cic no (1)
136058156 obpinsertion  chr18; 5236007-008 known noins NK  2bpins 2bpins(ho) 2bpins 2bpinstho) noins  noins  noins  no(f)
rs33924005 AC insertion  chr18: 5236014-013 known noins NK  noins  noins noins  noins noins  noins  noins  no(1)
rs8576 e chr18: 5236398 known  CIC NK  CT{ho) CIT o CTho) CIC cic c no{1)
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Table 6.4 Novel variants and polymorphisms identified in the candidate gene TTMA.
All novel variants and previously characterized polymorphisms found within this gene
are listed. A panel of 6 affected individuals and 1 WT control were sequenced for the 1
predicted coding exon of this gene. Two novel variants were found, and were designated
as “A” and “B”.



Affected Individuals

Exon Designation Change Base Position M-3 M43 §P1 M81  M16-1  M13-1  Seenin Control?
1 rs34293594  Ainsertion chr18:5880016-5880015 noins  noins  noins  noins  noins  Ains  no(Y)

1 rs11751 C/A chr18:5880385 Cic CiC CIC CiC CiC cIC ne (1)

1 7506026 CT chr18:5880571 Cic Cic Cic cIc Cic NK yes (11)

1 rs28656885 AIC chr18:5881637 AA ANA AA AA AA AA no (1)

1 A v chr18:5880589 Cic Cic CiA CiC Cic cic no (1)

1 B C/A chr18:5881636 CIC CiC C/A(ho) CIC CiC cic ne {1)
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Table 6.5 Sequencing newly identified exons in new isoforms of four strong
candidate genes. Newly identified coding exons from genes LAMAI, ZFP161,
ARHGAP28 and L3MBTL4 were sequenced in a panel of 2 affected individuals from
family 1, as well as 2 controls. One WT control was a blood relative within family 1
(M1-7), and the other non-related (Q63). The polymorphism designation, their genomic
location and heterozygosity (population diversity) are listed. A deletion is indicated by “-
/” followed by the nucleotide(s) which is deleted, and an insertion is indicated by “+/”
followed by its inserted nucleotide(s).



Affected Patients W/T controls
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Function Location M1-13 M1-3 M1-7 Q63
LAMA1 1 1 r31940970 C/A 0.496 +/- 0.046 intronic chr18:6946194 C/IA C/A C/A CcIG
LAMA1 1 1 rs949215 GIT 0.360 +/- 0.224 intronic chr18:6945676 GIT GIT G/IG GIG
LAMA1* 2 1
ZFP161* 1 1
ZFP161 1 2 rs11327444  -/A NK intronic chr18:5282218 -IA (ho) -IA -IA -IA
ZFP161 1 2 rs620652 AG 0.233 +/- 0.249 coding-synon chr18:5282030 AIG (ho) AIG A/G (ho) AJG (ho)
ZFP161** 2 1
ZFP161 2 2 rs11665417 G/A 0.432 +/-0.171 intronic chr18:5283943 GIG G/A G/A G/A
ARHGAP28 1 17 rs12185460 C/T 0.488 +/- 0.077 intronic chr18:6888415 cT C/T C/T (ho) C/T (ho)
ARHGAP28* 2 1
ARHGAP28* 3 16
ARHGAP28 3 17 rs1056408 AIC 0.371 +/-0.219 coding-missense chr18:6902143 A/C (ho) A/C (ho) AJ/C (ho) AJC (ho)
ARHGAP28 3 17 rs2163467 cIT 0.322 +/- 0.239 3'UTR chr18:6902317 C/T (ho) CIT (ho) C/T (ho) C/T (ho)
ARHGAP28 3 17 rs1431390 AIG 0.398 +/- 0.202 3 UTR chr18:6902332 AIG (ho) AJG (ho) AJ/G (ho) A/G (ho)
ARHGAP28 3 17 rs4398174 AIG 0.382 +/- 0.212 3'UTR chr18:6903378 AJG (ho) A/G (ho) A/G (ho) AJG (ho)
ARHGAP28 3 17 rs4486988 TIC 0.359 +/-0.225 3'UTR chr18:6903420 T/C (ho) T/C (ho) T/C (ho) T/C (ho)
ARHGAP28 3 17  rs4588059 TiC NK 3 UTR chr18:6903447 T/C (ho) T/C (ho) T/C (ho) T/C (ho)
ARHGAP28 3 17 rs7236448 cT 0.178 +/- 0.239 3'UTR chr18:6903534 (o) cIT C/C ciC
ARHGAP28 3 17 rs35586134 -/T NK 3'UTR chr18:6903627 -IT (ho) -IT (ho) -IT (ho) -IT (ho)
ARHGAP28 3 17 rs1052890 TiIC 0.476 +/- 0.107 3'UTR chr18:6903671 T/C (ho) T/C (ho) T/C (ho) T/C (ho)
ARHGAP28 3 17 rs1052891 AIG NK 3 UTR chr18:6903674 AJ/G (ho) A/G (ho) AJG (ho) AIG (ho)
ARHGAP28 3 17 r$1052892 AG 0.368 +/- 0.220 J'UTR chr18:6903716 A/G (ho) A/G (ho) AJG (ho) AJ/G (ho)
ARHGAP28 3 17 rs1431388 AIG 0.293 +/- 0.246 J'UTR chr18:6904033 A/G (ho) AJG (ho) A/G (ho) A/G (ho)
ARHGAP28 3 17 rs1431387 G/IC 0.380 +/- 0.214 3'UTR chr18:6904054 GI/C (ho) G/C (ho) G/C (ho) G/C (ho)
ARHGAP28 3 17 rs1060012 TiC 0.293 +/- 0.246 3'UTR chr18:6904458 TIC (ho) TIC (ho) T/C (ho) T/C (ho)
ARHGAP28 3 17 rs34628151  -/A NK 3'UTR chr18:6904589 -IA (ho) -IA (ho) -IA (ho) -/A (ho)
ARHGAP28 3 17 56506454 AG 0.290 +/- 0.247 3'UTR chr18:6905219 A/G (ho) AIG (ho) AJG (ho) A/G (ho)
ARHGAP28 3 17  rs56059808 +/T NK 3'UTR chr18:6905526 +/T (ho) +/T (ho) +/T (ho) +/T (ho)
ARHGAP28 3 17 rs16735 -/ACTA 0.401 +/- 0.199 3'UTR chr18:6905543-546 -/ACTA (ho) -/ACTA (ho) -/ACTA (ho) -/ACTA (ho)
ARHGAP28 3 17 rs1060027 TiC 0.349 +/- 0.230 3'UTR chr18:6905639 T/C (ho) T/C (ho) T/C (ho) TIC (ho)
L3MBTL4 1 12 rs10670178 +/CAA NK 3'UTR chr18:5944818-817 +/CAA +/CAA +/CAA NK
L3MBTL4 1 12 rs3833206 +/AAC  NK 3'UTR chr18:5844813-812 +/AAC +/AAC noins NK
L3MBTLS 1 12 rs3811 TIA 0.262 +/- 0.250 3'UTR chr18:5944871 T/A TIA T NK
L3MBTL4 1 12 rs1940621 TIC 0.474 +/-0.111 3 UTR chr18:5944987 T/IC TIC c/C T/IC
L3MBTL4 1 12 r$1940622 G/A 0.474 +/-0.110 3'UTR chr18:5945181 GIA G/IA GIG G/A
L3MBTLS 1 12 rs719153 AIG 0.701 +/- 0.099 3'UTR chr18:5945554 AIG AIG GIG AIG
L3MBTL4 1 12 rs2298535 CIT 0.479 +/- 0.101 3 UTR chr18:5945911 cr (o2} c/iC (o)
L3MBTL4 1 12 132298534 G/A 0.468 +/- 0.122 3'UTR chr18:5945932 G/IA G/A G/IG G/A
L3MBTL4 1 12 rs3737351 G/A 0.477 +/-0.104 3'UTR ¢hr18:5946116 G/A G/A GIG G/A
L3MBTL4 1 12 r$3737352 TIC 0.478 +/- 0.103 3'UTR chr18:5946145 T/IC T/IC TIT T/IC
L3MBTLS 1 12 rs3737353 CiT 0.478 4/- 0.103 coding-fn NK chr18:5946238 (a) crT ciC cIT
L3MBTL4* 3 1



Table 6.6 Specifications of BAC clones used. (A) List of BAC clones used and their
genomic start and stop sites. (B) The distances between probes used in each experiment
are listed.



Clone# BAC clone Genomic start  Genomic end
1 RP11-1106L23 3,824,819 4,003,843
2 RP11-398H11 4,680,166 4 884,468
3 RP11-835E18 5,127,620 5,309,190
4 RP11-241F3 5,852,452 6,049,963
5 RP11-431J12 6,286,196 6,458,429
6 RP11-76K13 7,039,214 7,195,350
7 RP11-653010 7,580,286 7,737,010
8 RP11-434M7 8,382,056 8,542 655
Expt# Clone Distance (Kb) Clone Distance (Kb) Clone
1 1 678 2 614 4
2 8 627 7 965 5
3 1 819 3 756 5
4 8 1169 6 996 4
5 2 614 4 415 5
6 7 965 5 415 4
7 4 415 5 581 )
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Table 6.7 Nuclei counts for 3-color metaphase FISH for each test probe set. Results
for a total of 7 FISH experiments are listed. Probes used for each experiment are given in
their fluor-labeled color, as well as the probe number in brackets. Two to three metaphase
spreads were used for each experiment, and the number of times a specific probe was
seen in the centre of its respective probe set was counted. A percentage is determined
using the number of nuclei counts in which a probe was seen in the middle, in relation to
the total number of nuclei counts.



Inversion Test Probe Set Total
Expt # (color indicates fluor) nuclei
RP11-1106L.23 (1) (2) {4)
#1 1 30 44 27
2 17 30 13
3 13 34 9
28% 50% 22% 217
#1 repeat RP11-1106L23 (1) (2) (4)
1 35 48 21
2 38 48 14
3 49 55 24
37% 46% 17% 332
#2 : (8) RP11-653010 (7) (8)
1 17 76 20
2 16 91 30
13% 67% 20% 250
#2 repeat (5) RP11-653010(7) (8)
1 15 36 20
2 7 70 30
12% 60% 28% 250
#3 RP11-1106L23 (1) e - (3) (5)
1 23 85 26
2 8 53 16
15% 65% 20% 211
#4 - (4) RP11-76K13 (6) (8)
1 19 82 15
2 15 55 5
18% 72% 28% 191
#5 RP11-.398H11 (2) (4) (5)
1 13 78 16
2 3 55 25
9% 70% 21% 190
#5 repeat RP11-398H11 (2) (4) (5)
1 6 60 9
2 3 59 10
3 4 55 12
6% 80% 14% 218
#6 : (4) (5) RP11-653010 (7)
1 42 47 9
2 61 59 11
3 38 61 11
42% 49% 9% 339
#6 repeat 7Y (5) RP11-653010(7)
1 61 59 10
2 39 62 7
3 50 53 8
43% 50% 7% 349
#6 on WT (4) (5) RP11-653010(7)
control 1 26 29 4
2 15 26 1
3 1 1 0
42% 54% 4% 123
#7 4) (5) RP11-76K13 (6)
1 37 46 9
2 21 67 10
3 38 62 10
32% 58% 10% 299
#7 on WT {4) (5) RP11-76K13 (6)
control 1 21 23 4
2 18 22 6
3 1 15 2
41% 49% 10% 122

105



Figure 6.1 Genes found within the chr18pl1 critical region, in relation to the
microsatellite markers used to generate the disease haplotype. Schematic
representation of the 3.18Mb reduced region for DYT15 on chr18p11. The previous
flanking recombinant (R), non-recombinant (NR) microsatellite markers, and the
recombinant (red) SNPs are indicated as nucleotide positions of these markers. Black
arrows indicate genes that have previously been sequenced; blue indicates those that have
not yet been sequenced. Asterisks indicate genes in which the NCBI record has been
discontinued. Physical distances are determined by UCSC Genome Browser.
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Figure 6.2 UCSC representation of the two candidate genes, BC041875 and TTMA,
sequenced in MD affected patients. (A) BC041875 is represented and is predicted to
have 3 coding exons. It is expressed in fetal brain and a good candidate for sequencing. It
is overlapped by three additional predicted genes. (B) TTMA is represented and has one
predicted coding exon. It is widely expressed and contains a transcriptional start and stop
site. It was also considered to be a good candidate gene for sequencing.
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Figure 6.3 UCSC representation of four candidate genes which have recently had
newly identified isoforms reveal additional coding exons. All four strong candidate
genes (A — LAMAI, B — ARHGAP2S8, C— L3MBTL4, D — ZFP161) that were found to
have newly identified coding exons (circled in red) were sequenced for these exons in a
panel of two affected individuals. These representations are taken from UCSC Genome
Browser.
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Figure 6.4 FISH experiment design. The design of 7 FISH experiments is illustrated.
Each experiment consists of three fluorescently labeled BAC clones, the particular color
of each probe in each experiment is indicated and their location corresponding to the
3.18Mb critical region is shown. Green brackets above the probe locations indicate the
probes that are involved in potential inversions. The small green bar under the LAMA 1
gene corresponds to a previously identified inversion.
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Chapter 7 Future Directions
7.1 Recruitment and Screening of Myoclonus Dystonia families

Recruitment of additional Mycoclonus Dystonia families is ongoing and on
average results in the gain of one family every 1-2 months for our studies. Our current
collaborating neurologist will continue to be in contact with movement disorder clinics
across the country for this purpose. Newly recruited families will be screened for SGCE
mutations using PCR and direct sequencing, as well as MLPA for identifying large
deletions. The recruitment of large families (and of additional family members of SGCE-
negative families) could allow us to perform linkage analysis which could either confirm the
chr18pl1 as a disease locus for MD, or provide additional loci. A study involving the
linkage analysis of 5 MD families revealed linkage to the chr18p11 region in one family, but
not in the remaining four™. These four families did not have linkage to chr7q21 (SGCE
locus) either, suggesting additional loci could be responsible for MD. Recruiting additional
families for our studies is therefore an integral part of identifying the genetic components of

Myoclonus Dystonia.

7.2 Elucidating a novel gene in the DYT 15 locus responsible for Myoclonus Dystonia

A total of 39 microsatellite markers were genotyped to complete the 10cM linkage
analysis on family 1. Additional informative markers that map to the region surrounding
D4S408 will need to be genotyped to confirm the chr18p11 (DYT15) locus as the single
disease locus in family 1. Analysis of the various candidate genes using PCR and direct

sequencing of their coding regions has not resulted in the identification of a gene responsible
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for MD in this family. Since only coding regions are studied, it is possible that a mutation is
located within a regulatory region and has been missed. We have sequenced the intron-exon
boundaries of the coding exons, therefore we would expect to identify potential donor and
acceptor splice-site mutations. It is also possible that a large deletion in one of these
candidate genes is responsible for MD. This would not be identified by direct sequencing
unless the deletion breakpoint was within the exon coding sequence. However, since we
have not observed a large stretch of homozygosity in the genes we have studied, which
would indicate a deletion, we can predict that none are present.

Currently, there are a total of 24 candidate genes, both confirmed and predicted,
within the chr18p11 region. Ten are yet to be sequenced and are classified as predicted
genes. The continuation of candidate gene analysis by exon sequencing has its flaws, as
previously mentioned, and is time consuming. Since whole sequencing technologies have
advanced and are now increasingly cost efficient, we have decided to employ the use of a
sequence capture method followed by high throughput sequencing to analyze the entire
3.18Mb chr18pl1 region. This will be performed using extracted genomic DNA from two
affected individuals in family 1. A custom derived chip (designed by NimbelGen)
containing oligonucleotides specific to the region will be used to hybridize the genomic
DNA, thereby allowing for the capturing of our region of interest. A coverage of 60-70% of
the region of interest is typical of this chip based capture method. The chip is washed after
hybridization and the region-specific DNA is all that remains. This is then denatured and
labeled for downstream high-throughput Roche 454 pyrosequencing (performed by TCAG
in Toronto). A sequencing fold coverage of 25-30X is expected, allowing for sufficient

accuracy of the sequence read. By using a WT reference sequence for comparison, we will
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collect a database of all novel variants. These will then be cross referenced to the SNP data
we have accumulated through our sequencing of candidate genes. We can then disregard
these as disease-causing SNPs, since they have been found in WT patient screening. As
well, these SNPs can be used as positive controls to validate this method. The novel variants
remaining and shared between the two affected individuals will then be considered
candidate variants and will be screened in WT controls.

There are many advantages to using this sequence capture method. Firstly, it is cost
and time efficient, with the entire process taking roughly 1 month. In comparison with direct
sequencing, this is quite significant. Secondly, this will identify all polymorphisms and
novel variants, including point mutations, insertions, deletions, etc. It will also provide
coverage of all non-coding regions which could potentially harbor regulatory regions, non-
coding RNAs, or even genes that have not yet been identified. This method will also
investigate inversions, as a breakpoint would be identified by a sudden change in sequence
that maps to a different region of the chromosome. This is advantageous, since we have
identified a potential inversion within the chr18p11 region in individual #16 from family 1.
One could argue the results from the FISH experiments performed on the region are
contradictory, given that experiment 5 does not agree with experiments‘6 and 7. As well, the
potential inversion involving probes 4 and 5 are also seen in one WT control, and the
potential inversion involving probes in experiment 1 is unknown. These lingering
uncertainties lend additional support to the use of the proposed sequence capture method.
This whole region sequencing would confirm or refute an inversion within the chr18p11
region, and its breakpoints would be specifically mapped allowing us to screen WT controls

and subsequently determine if this is a non-pathogenic polymorphic inversion. In
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conclusion, we are confident that this method will identify a mutation, and subsequently a

gene responsible for Myoclonus Dystonia.
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Appendix 1. Raw peak data from High Performance Liquid Chromatography
(HPLC) triplicate experiments of SGCE exons. Exon dosage analysis of all SGCE
exons was performed on 8 individuals affected with Myoclonus Dystonia. The peak area
under the HPLC curve is given for the SGCE exon and a control exon (BX648242 — exon
7), which are then used calculate the ratio of each triplicate. These ratios are then
normalized using the average of 10 WT control samples of each triplicate. An average of
these three ratios gives the normalized ratio for the SGCE exon for the MD patient. A
ratio between 0.75 and 1.25 is considered to be the normal dosage range, whereas a ratio
above or below this is indicative of a potential duplication or deletion, respectively. Box
with slash, indicates the value is not consistent with the other two values in the triplicate
for this individual, and was removed from normalization calculation.



SGCE-EXON 1

Triplicate
1 2 3 Average __ Normalized ratios

Sample Exon{ IntControl Rafio | Exonq IntControl Ratio | Exon{ intControl Ratio ] 1 2 3 Average
MF-19 1 45002 35303 1.303 | 30047 20540 1.400 | 38900 28055 1387 | 1.363 { 0842 0829 091 | 0360
MF-20 | 41235 24340 1694 | 40130 28179 1424 42309 30301 1.396 | 1505 [ 1.094 0844 0916 | 095
MF-22 | 32167 20851 1543 | 30858 20321 1523 ) 31033 21244 1461} 1509 | D897 0802 0959 | 0.853
MF-23 | 45791 25833 1.793 | 44311 26413 1678 | 40821 21481 1800 | 1.790 | 1.158 0894 1247 | 1133
MF-24 | 21574 13841 1559 20443 17442 1459 21349 12987 1544 | 1554 | 1.007 0864 1.079 | 0983
NF-25 | 14311 ND ND | 23816 14130 1685 19352 11643 1662 | 1674 | ND 0998 1091 | 1.045
MF-26 | 48015 27595 1.740 | 47260 21768 2171 | 49021 28705 1.708 | 1873 | 1.124 1286 1421 | 1177
_MF27 | 22335 14151 1578 22870 14850 1540 22705 15283 1486 ) 1535 |1.019 0912 0975 | 0969
contro{ | 23528 15777 1481 | 18362 e 4012 15606 1539 | 1515

conrol2 | 25862 18484 1398 | 26691 19830 1346 | 22742 17090 1331 | 1.3%9

confrol3 | 33822 25630 1320 | 30568 20622 1724 | 35337 25096 1408 | 1.484

control4 | 50616 29239 1.728 | 40007 21306  1.878 | 39047 21342 1830 | 1812

conrol5| 29698 19537 1520 | 18413 16232 1196 | 37279 26310 1417 1.378

confrol6 | 39251 23353 1681 | 40075 21198 1933 ) 35778 23259 1538 | 1.717

control 7 [ 27567 18305 1.506( 23419 18355 1603 | 26340 17276 15205 1544

conroi8 | 23127 15150 1527 22681 14049 1614 | 23414 15883 1474 | 1538

conrof9 | 29976 19960 1502 | 25618 1485t 1725 28511 19551 1458 | 1.562

Sontrol 10} 59392 32880 1806} 39101 17963 2477 41734 24238 1.722 [ 1902 |

SGCE Average 1.525 1.528 151 1568

Contro} Average 1.548 197 152 1575

SGCE-EXON 2

Triplicate
1 2 3 Average _ Normalized ratios

Sample Exon2 intControl Rafio | Exon2 IntControl Ratio | Exon2 IntControl Ratic Rafio 1 2 3 Average
MF19 | 24154 30869 0782 | 25691 31206 0821 | 26848 31798 0844 | 0816 | 0.804 0886 0955 | 0882
MF-20 | 33966 36126 0.040 | 33858 36478 0923 ) 27575 29781 0926 0930 | 0966 0996 1.043 | 1.003
MF22 | 21037 25182 0835 | 4707 24060 D607 1850 24242 0764 | 0800 | 0858 ND 0864 | 0861
MF23 | 30498 3357 0900 | 16517 26731 _06f| 27167 31961 0851 | 0880 | 0834 ND 063 | 0949
MF-24 | 13818 15810 0874 | 14988 18569 0807 13062 16591 0787 | 0.823 | 0.898 081 089 | 0886
MF-25 | 16222 16632 0975 14797 15604 0948 | 11468 14354 0789 | 0908 | 1.002 1.023 0904 | 0876
MF-26 | 33427 33597 0895 31288 34324 0896 | 26169 31452 0832 | 008 | 1.022 0967 0941 | 0877
_MF27 | 17234 17533 (0883 16083 17404 0920 | 13820 16334 0B46 | 0816 | 101 0992 0957 { 0986
conrol 1| 17414 18316 0951 | 16262 18450 0681 | 16301 19508  0.836 | 0.889

contol2| 18272 _ 42815~ i415] 19672 20585 0956 | 17588 17910 0962 | 0.969

confrol3| 31088 31562 0985 | 31265 29922 1.046| 28195 28320 0.996 | 1.009

control4 | 43385 34935 1242 | 28638 26304 1.089 | 17636 22888 0.771 | 1.0M

conrol 5 16506 17984 0918 | 20433 22065 0926 | 21261 22282 0.954 | 0933

control 6 | 23891 26475 0806 | 26793 30516 0878 | 24351 28456  0.856 | 0.880

confrol 7| 18780 20127 0834 17718 20939 0846 | 16263 21089 0770 | 0.850

conrol8 | 17533 17583 0997 | 16276 18306 (0.888 | 16780 16636 1.009 | 0865

control9 | 18151 21254 0854 | 19695 24613 0800 | 17049 22031 0.774 | 0.809

control10] 28938 20912 0867 | 29350 30514 0967 | 23408 26258 0.881 | 0.940

SGCE Average 0.868 0.754 0834 0850

Control Average 1.034 0939 0.864 0928
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SGCE -EXON3

Triplicate
1 2 3 Average ___Normalized ratios

Sample _Exon3 intConiro] Ratio | Exon3 iIntControl Ratio | Exon3 IntControl Ratio Ratio 1 2 3 Average
MF19 | 35741 31687 1128 31184 35560 0877 29184 33197 0879 | 0961 | 1205 0919 0806 | 1.010
MF-20 | 36335 32776 1100 34548 31174 1108 | 35938 33765 1064 | 1.094 | 1485 1161 1.097 | 1.148
MF-22 | 24568 23127 1062 | 30068 27607 1.089 | 24928 23183 1076 | 1.076 | 1.135 1442 1108 | 1128
MF-23 | 28267 3275 0863 | 29148 33085 0881 [ 25759 30916 0833 | 0859 ] 092 0823 0.859 | 0901
MF-24 | 19206 17608 1.096| 16770 17828 0941 [ 15880 16585 0857 | 0998 | 1.t71 0986 0987 | 1.048
MF-25 | 15238 14810 1029 10327 13453 0.788 | 16318 16685 0978 | 0925 | 1.089 0805 1.008 | 0.9
MF-26 | 37831 34885 1084 3734 37530 0985 | 36019 34021 1059 ( 1.046 | 1.158 1043 1.092 | 1.088
JMF27 | 15524 16773 0926 18256 19985 0914 ) 16220 18863 0860 | 0.800 | 0980 0958 0.887 | 0.945
control 1 | 15342 27179 0564 | 15633 29097 D537 | 16244 29683  0.547 | 0.55D

control2 | 14540 23286 0624 | 12614 20149 0629 | 16045 26825 0598 | 0617

control 3| 40158 437110 0919 | 28162 28460 0990 ) 31333 32104 0976 | 0.961

control4 | 29176 25948 1424 | 27925 26670  1.047) 32833 31945 1028 | 1.066

control 5] 21605 20507  1.054 | 26680 22351 1194 | 24402 23429  1.042 | 1.086

corol6{ 23403 26510 0917 | 26127 20306 0862 { 37079 31681  1.470 | 0993

controf 7{ 21336 18806 1.072 | 23000 22508 1.022 | 14020 14846 0938 [ 1.011

controf8 | 19145 19061 1.004 | 19314 17979 1074 | 22160 20663 1.072 | 1.050

conrol9 | 21237 22604 0940 | 23835 25389 0938 | 25207 22007 1104 | 0994

confrol 10} 37931 33187 1143 ] 36705 30085 1221 | 39115 31883  1.227 | 1.197

SGCE Average 1.052 0.97 0962 0998

Control Average 0.931 0.899 0920 0817

SGCE-EXON4

Triplicate
1 2 3 Average __ Normalized ratios

Sample Exon4 IntControl Ratio | Exon4 (ntControl Ratio | Exon4 IntControl Rafio 1 2 3 Average
CMF19 | 15832 9675  1.635| 13268 7200 1818 26265 17562 1404 | 1640 | 1.998 2470 1974 | 2148
MF-20 | 16332 8625 1894 ] 16001 8919  1.794 | 14997 9003 1666 | 1.784 | 2313 2437 2201 | 2347
MF-22 | 10052 12038 O777) 9560 9986 0057 | 20834 19416 1.063 | 0832 | 0949 1301 1404 | 1218
MF-23 { ND ND  ND | 7687 9860 0780 | 11983 12214 0979 ) 0880 | ND 1088 1284 | 1477
MF-24 | 8702 9061 0950 | 8058  B939 0901 | 12098 11686  1.034 | 0965 | 1473 1225 1.367 | 1285
MF-25 | 68684 8510 1020] 9020 8991  1.004 | 11602 95356 1217 | 1.080 | 1247 1364 1428 | 1346
MF-26 | 9373 9450 0992 | 10456 10717 0976 | 14685 13164 1116 | 1.028 { 1212 1.326 1474 | 1337
_MF27 | 5937 11102 0534 12814 9986 1293 25060 29171 0890 [ 0006 | 0653 4767 1475 ) 1485
control1 | 16532 24747 0668 | 14788 28585 0517 f 30M8 37783 0795 | 0.660

control 2| 17982 24343 0739 | 19587 27334 Q77| 27581 33462 0624 | 0.760

conrol 3| 16083 20325 0.789 | 20583 28965 0.784 | 23480 27762 0846 | 0750

controf4 | 16528 19989 0827 | 16475 22106 0748 | 2220 29170 0762 | 0.778

otrol 5| 18069 22259 0812 | 19028 23654 0804 21155 26631  0.784 | 084

corol6{ 26835 31100 0.863 | 19566 27249 0718 24000 30834 0778 | 0.786

control 7{ 20612 25083 0822 | 22615 27429  0.624 | 23979 3327 0.720 | 0.788

cotrol 8| 19583 31885 0614 | 24034 34316 0702 | 26447 42427 0623 | 0.647

control 9| 11196 10992  1.019| 27374 31834 0860 | 14383 21504 0.669 | 0.848

conro} 0] 10785 10441 1.033| 16009 22610 0708] ND ND ND | 0870

SGCE Average 1.116 1190 1182 1153

Contro} Average 0.818 0.7% 0.757 0774
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SGCE-EXON &

Triplicate
1 2 3 Average ___Normalized Ratios

Sample Exon5 IntControl Ratio | ExonS IntControl Ratio ] Exon§ IntControl Ratio Ratio 1 2 3 Average
MF-19 | 38824 24661 1574 | 33023 19917 1658 33824 21924 1543 | 1592 [ 1037 1.085 1.008 | 1.087
MF-20 | 40088 22116 1813 | 42423 26364 1609 36244 21397 1694 | 1.705 | 1.194 1033 1.101 | 1.108
MF-22 | 39575 25453 1565 | 31826 19660 1.619 | 23928 15027 1592} 1589 | 1.024 104 1035 | 19033
MF-23 | 46485 26930 1.726 | 46602 27186  1.714 | 35087 20977 1673 1.704 | 1137 1101 1.088 | 1.108
MF-24 | 22939 15136 1516 ) 21280 14751 1443 | 20017 13369 1497 | 1485 | 0989 0927 0873 | 0.965
MF-25 | 22630 14083 1.607] 18571 11284 1646 18401 11735 1568 | 1.607 | 1059 1.057 1.02 | 1.045
MF-26 | 53959 31900 1691 ) 46706 27446 1702 | 25947 14733 1761 | 178 | 1114 1.093 1445 | 1117
ME27 | 20085 13700 1612 | 20574 1315 1511 21143 o798 o459 1562 | 1062 097 ND [ 1016
control 1| 20549 23548 0873 ] 19500 22587 04681 | 15558 18208  0.854 ; 0669

contrd2{ 16630 18936 0878 | 18584 20474 0908 ) 17129 18542 0.824 | 0.903

control 3] 20530 12350 1661 | 18897 10491  1.811] 19632 10316 1803 | 1.792

controld | 24716 15304 1615 | 23358 15499 1507 | 24492 16023 1529 | 1550

control 5| 5711 ND  ND | 4105 ND ND | 4358 ND ND | ND

control 6 { 23222 11906 1.950 | 21341 10565 2020 | 22673 11653 1946 { 1972

contrel 7| 15215 9213 1651 | 11660 5697 20471 13331 7356 1812 | 1.837

conrol8| 10268 5357 1917 | 8921 __ a5 _366%) 8085 4602 1757 | 1887

control9 ] 22030 16404 1343 ) 16778 11412 1470 | 18045 13281 1.350 | 1.391

control10] 52040 28307 1.770| 42509 23456 18121 39920 22693 1.759 | 1.780

SGCE Average 1.637 1.609 1600 1615

Control Average 1583 1641 1691 1613

SGCE-EXON®

Triplicate
1 2 3 Average ___ Normalized Ratios

Sample Exon§ IntControl Ratio | Exon6 IntControl Ratio | Exon6 ntControl Ratio Ratio 1 2 3 Average
MF19 | 26974 9529 2831 25444 7952 3200 | 21665 9241 2344 | 2792 | 1312 1583 1440 | 1.448
MF-20 | 27181 7284 3732 | 24809 ND ND | 26033 8142 3197 3464 | 1730 ND  1.964 | 1847
MF-22 | 31919 13687 2332 25678 9514 2699 | 22186 9412 2357 | 2483 | 1081 1344 1448 | 120
MF-23 | 27201 10342 2638 | 23256 7319  3A77( 23421 8914 2627 | 2815 [ 1223 1582 1614 | 1473
MF-24 | 29172 12888 2264 | 22784 8296 2746 7254 ND ND | 2505 j 1049 13688 ND | 1.208
ME-25 | 19147 8085 2368 17886 5825 3071 18089 6712  2695{ 2711 [ 1.098 1529 1655 | 1427
MF-26 | 12414 6984 1.777| 23390 8540 2739 | 12468 7230  1.724 | 2080 | 0824 1364 1.098 | 1.082
MF-27 | 22957 10215 2479 26725 12942 2065| 17777 10158 1750 1998 11010 1028 10751 1038
control 1| 24126 12649 1907 | 24313 14604 1665 30340 19483 1557 1.0

tontrol2] 29088 13773 2112 ] 18146 9485 1913 | 26241 16708 1571 | 1.865

control3] 28987 13380 2166 2752 9953 2286 | 20598 11091  1.857 | 2103

confrof4 | 25820 11572 2231 24610 11622 2118 14497 7498 1933 | 2.084

control 5§ 27166 12458 2181 | 24118 11268 2140 ) 26580 15379 1.728 | 2.016

control 6] 31386 15826 1983 | 24389 12625 1829 | 17286 10985 1575 | 1.829

control 7§ 26938 13762 1957 | 22360 12277 1820 | 24732 15592  1.5B6 | 1.788

control B} 24602 14961 1644 | ND ND ND | 206830 15893 1280 | 1.467

control9 ) 19704 6764 2913} 20612 9452 2181 | 15677 8954  1.751 | 2.282

control10] 21608 8723  2477] 20160 9982 2020 | 18010 12549 1435 | 1817

SGCE Average 2.515 2814 2385 2603

Control Average 2157 2008 1628 1913
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SGCE -EXON7

Triplicate
1 2 3 Average ___ Normalized Rafios

_Sample Exon? IntControl Ratio | Exon7 IntControl Rafio { Exon7 IntContrel Rafio Ratie 1 2 3 Average
MF-19 | 15035 8360 1797 | 4913 ND ND | 9220 5141 1784 | 1.795 | 1366 ND 1477 | 1422
MF-20 | ND ND ND | 15867 7814 2031 | 745 ND ND | 2031 | ND 1524 ND | 1824
MF22 | 11385 8319 1369 | 25444 21033 1210 26137 21888 1494 | 1257 | 1.04 0807 0983 | 0877
MF-23 | ND ND ND | 15025 11185 1.343 | 5414 ND ND | 143 | ND 1008 ND | 1.008
MF24 | ND ND ND | 15356 10672 1439 5414 5079 0806 1472 | ND 108 0746 | 0813
MF-25 | 6772 ND  ND | 11672  B8B62 1317 4509 ND ND [ 1317 | ND 0888 ND | 0988
MF26 | 17219 14002 1230 | 26238 23039 1180 11585 9197  ND | 1205 [ 0835 0885 ND { 0910
JME-27 | 24017 14537 1652 { 48581 26893 1681 | 6152 ND ND | 1667 | 1255 1261 ND | 1288
contral 1] 10238 8187 1251 | 12335 8835 1.396| ND ND ND | 1323

conrof2 | 11766 8933 1317 3792 ND ND [ %411 6773 1390 { 1353

confrol 3| 6032 6199 0973 | 29687 27831  1.067 | 18524 15053 1231 | 1.090

control 4| 19196 12626 1497 | 37029 30924 1197 | 17218 11779 1462 | 1.385

control 5| 18484 13161 1404 | 13643 9192 1484 | 21081 14974 1408 | 1432

cortrol 6 { 26524 21510 1233 | 27449 24616 1.415] ND 9827 ND | 1174

conrol 7] 15222 10966 1388 | 14259 10243 1392 | 6658 11327 0588 | 11423

control8 | 27111 19544 1387 36163 26311 1371 ND ND ND | 1379

control9 | 17391 12832 1345 | 11787 7775 1516 | 14646 14082  1.044 | 1.301

corbrol 0] 20797 14458 1438 | 19326 13278 1465] 20584 14800 1382 | 1425 |

SGCE Average 1.797 1.468 1494 1486

Control Average 1.325 1320 1454 1313

SGCE-EXONS

Triplicate
1 2 3 Average __ Normalized Ratios

Sample Exon8 IntControl Ratio | Exon8 IntControl Ratio | Exon8 IntControl Ratio Rafio 1 2 3 Average
MF-19 | 7810  5T19 1366 | 32721 28041  1.127 ] 45475 46265 0.9B3 | 1159 [ 1.339 1076 0.846 | 1.087
MF-20 | 16703 18283 0013 | 34631 37465 0524 | 43328 3179 1106 | 0981 | 0895 0883 0952 | 0910
MF-22 | 17114 8334 1924 | 22084 14702 1501 34815 17691 1968 | 1.798 | 1.886 1434 1.694 | 167
MF-23 | 21383 2321 0921 | 25539 26533 0963 | 22517 21462 1049 | 0978 | 0903 082 0803 | 0809
MF-24 | 21995 27998  0.766 | 24450 2385 1.025| 15554 14488 1073 { 0861 | O.771 0979 0923 | 04881
MF-25 | 15804 16087 0980 | 19805 20408 0975 | 12507 11810 1.085| 1.016 | 097 0931 0934 | 0945
MF-26 | 21305 23287 0015 21693 21128 1027 ) 17047 14886 1.137 | 1.026 | 0.897 0981 0978 | 0952
_MP27 | 42427 51814 0734 | 28221 35946 0785 | 36354 32197 11281 0883 | 072 075 0972 | 6814
control 1| 23470 25928 0905 9250 8136 1437 ) 13186 11293 1168 | 1.070

control 2 | 28813 27469 1.040| 27485 26635 1032 | 24592 24083  1.021 | 1.034

conirof 3| 24580 26054 0944 | 24270 27501 0883 | 23726 21174 1421 | 0983

control 4 | 40855 43251 0947 33439 28135 1489 | 21832 18226 1198 | 1.1

controf 5 15100 14883  1.007 | 17810 17520 1017} 477 ND ND | 1612

cotrol 6| 13192 11735 1924 | 12448 12747 0977 5810 4822 148 | 1.0%4

control 7| 36146 38988 0927 31191 33755 0924 | 35560 K2 1073 0975

control 8 { 11248 10895 1.052 | 8112 7223 1423} 16706 14616 1143 | 1.106

control 9 | 18702 15860  1.180 | 17168 16032 1.071 | 10247 8077  1.269 | 147

control 10} 18848 17637 1063 18681 16686 1121 10486 _ 8160 1283 | 1.458

SGCE Average 1.069 1.041 1191 1.100

Control Average 1020 1047 1162 1072

124



SGCE - EXON 8 (Repeat)

Triplicate
1 2 3 Average __ Normalized Ratios

Sample Exon8 IntControl Ratio | Exon8 IntControl Ratio | Exon8 IntControl Ratio Ratio 1 2 3 Average
MF-22 | 25274 30406 0831 | 21642 24177 0895| 26128 33855 0772 | 0833 | 09 0927 0856 | 08%4
MF-19 | 18094 16217 1.116| 16868 13183 1281 ] 20418 17878 1.442 | 1180 | 12 1327 1.269 | 1.265
MF-25 | 18172 22867 0735 | 15680 19015 0625| 18042 24391 0777 | 0.799 | 0861 0855 0861 | 0859
_MF27 | 3177 425714 08730 33271 40528 0821 | 41165 54321 0803 | 0832 | 1.054 0851 0895 | 0833
control 1 | 28319 33231 0852 | 28548 28554 1000 ) 20978 34644  0.865 | 0.906

control 2 | 25271 27347 0924 | 28932 32538 0889 ) 305711 33369 0916 [ 0910

control 3| 25202 28832 0874 | 28721 31011 0926) 28339 29962 0.946 | 0915

controld | 26410 25363  1.041{ 30204 28946  1.047] 32135 36487 0881 { 0990 |

SGCE Average 0973 1.088 0957  1.006

Contro! Average 0.851 0.884 0.840 0862

SGCE-EXONS

Triplicate
1 2 3 Average ___Normalized Ratios

_Sample Exon9 intControl Ratio | Exond IntControl Ratio | Exond IntContro] Rafic Ratio 1 2 3 Average
MF19 | 20932 16413 1275 29978 25313 1184 | 24943 21760 1146} 1202 ] 1138 1.097 1.009 | 1411
MF-20 | 32712 27273 1199 2995 30428 0985 33316 33117 0994 | 1059 ! 1071 0913 0853 | 087
MF-22 | 20130 17783 1132 | 20886 17787 1474 | 24566 21802 1122} 1143 | 0843 1.088 1076 | 1.03
MF-23 | 18724 15155 1236 24060 21483 1120 | 25737 24540 1.032| 1129 | 1104 1038 0589 | 1.04
MF-24 | 15260 11649 1310 | 21337 16743 1274 | 23346 21125 1134 | 1239 | 147 1481 1.087 | 1148
MF-25 | a7~ _ 83" 27| 15613 15850 0984 | 22212 20871 1064 | 1585 | ND 0912 102 | 0986
MF-26 | 24140 21623 1.116| 22870 19841 1453 11947 11550 1.034 | 1101 ] 0896 1.069 0891 | 1.019
_MF-27 | 38674 28048 1378 | 41487 30555 1.358 | 20735 16142 1266 § 1341 {1231 1250 1233 | 1241
control 1| 29241 31905 0916 | 30445 33671 0904 | 371172 43211 0860 | 0.894

control2 | 27530 26769  1.028 | 32067 32139 0Q98| 7B  }NMD 0970 | 0988

conftrol 3 | 25792 26273 0.962 | 31968 33843 0045 ) 26064 28225 0923 | 0950

control4 | 37141 27401 1355 45225  M728 1302 ) 32361 27225 1489 1.282

controf5| 17831 17044 1045 22109 21529 1027 10646 9688  1.099 ] 1.057

confrol6 | 18822 16111  1.168 | 18858 16889 1117 12549 11207 1120 1135

comrol 7| 44345 34180 1207 | 55530 42400 1307 |_AGTTT __AEPT _sA86 | 1264

control 81 17367 15532 1118 | 26746 25311 1067 13656 12522  1.001 | 1.088

control 9 | 22284 19702 1431 | 25128 23469 1071 | 28733 27186  1.057 | 1.086

control 10} 23193 20001 1460 f 21003 19808 1.060 | 16615 17782 0934} 1051 |

SGCE Average 1531 1120 1082 1228

Contro! Average 1.141 1417 1073 1414
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SGCE - EXON 10

Triplicate
1 2 3 Average ___Normalized Ratios

Sample Exon{0_IntControl Ratio | Exon10 IntControl Ratio | Exon{0 IntControl Ratio Rafio 1 2 3 Average
MF-19 | 24680 17315 1425 30817 24100 1.279] 26865 17872 1503 | 1402 | 1191 11 1288 | 1.196
MF-20 | 25964 21620 1.201 { 22793 22233 1.025| 25691 25344 1014 | 1080 | 1.004 0881 0876 | 0920
MF-22 | 17827 12154 1467 18639 13810 1350 20022 16519 1212 | 1343 | 1227 1161 1.047 | 1145
MF-23 | 20203 15559 1298 | 22612 18085 1.250 | 25608 20246 1265 | 1.271 | 1.085 1075 1.082 | 1.084
MF-24 | 16871 10008 1547 | 21281 14505 1.467 | 24081 18463 1353 | 1456 | 1.209 1261 1168 | 1.241
MF-25 | 16006 11339 1412 | 19001 13576 14007 2251 16207 1380 | 1400 | 1481 1204 12 | 1195
MF-26 | 26255 18723 1402 | 24345 17044 1428 ) 16976 16713 1016 | 1282 | 1.172 1228 0877 | 1.092
_MF-27 | 19300 16844 1146] 37516 25318 1482 ] 37916 24744 1532 | 1387 | 0958 1274 1.323 | 1485
control 1 | 19192 13326 1440 22124 17235 1284 | 27262 19711 1379 | 1.368

conrol2 | 23436 16640 1408 | 25546 18806 1358 | 27082 21077 1285 1.350

controt3 | 22475 15587 1442 | 23366 16269 1436 | 27094 18559 1460 | 1.446

confrof4 | 33153 31980 1036 | 36983 39566 0.909 [ 40045 42592 0940 | 0.962

control5| 287056 27656 1038 | 35761 30992 1154 | 26100 27552 0.947 | 1.046

conrol6 | 37183 317683 4474 33821 MM 1421 | 4729 37206 1422 | 1.138

cotrol 7| 35461 40859 0868 | 32021 36780 0871 | 45793 456455 0986 | 0.908

conrol8 | 32221 26860 1200 34018 29088 1169 | 94557 14883 0S| 1.002

control9 | 34379 20904 150 | 38243 32055 1160 | 33573 30044 M7 1143

control10] 35984 20879 1204 | 34861 20987 1163 56477 47518 189 | 1185

SGCE Average 1.388 1.274 1269 1310

Control Average 123 1.244 1234 1229

SGCE -EXON 11

Triplicate
i 2 3 Average ___Normalized Ratios

_Sample _Exon 41 IntControl Ratio | Exon11 intConirol Ratio | Exon i1 IntControl Ratic Rafio 1 2 3 _ Average
MF-19 T _t 9802 12293 0797 | 8151 9734 0837 0984 | ND 0565 0803 | 0.734
MF20 | 36859 24559 _1d50T | 38472 M8 1146 | 42527 41498 1025 1224 | ND 0957 0984 | 097
MF-22 | 21281 13043 _3697| 19550 15355 1274 18964 16550 1446 | 1351 | ND 1063 11 | 1.082
MF-23 | 26304 17807 1511 27753 19845 1398} 27536 21043 1309 | 1406 | 124 1167 1.256 | 1.2
MF-24 | 23254 15307 1519 | 26257 18236 1.440) 29685 21001 1414 | 1458 | 1246 1202 1.357 | 1.268
MF-25 | 22752 15583 1463 21491 15519 1.385( 23984 17227 1381 | 1413 | 12 1456 1335 | 1230
MF26 | 26913 19430 1.385) 25513 18170 1404 | 26530 20479 1295 | 1362 | 1136 1472 1242 | 1483
_MF-27 ] 38120 26723 1464 | 36373 25344 1306 36424 28698 1260 | 1376 | 1201 1485 1218 ; 1485
controf{ | 31799 22302 1426 | 36091 26670 1353 | 19067 17203 11403 | 1284

conrol2 | 25453 19183 1327 | 24633 18980 1207 | 21613 20233  1.068 | 1.231

controf3| 36910 20795 1235 | 35407 30841 1145} 35688 628 1031 | 112

confrol4 | 37010 29980 1234 | 36619 30260 1.210 | 39558 35714  1.108 | 1.184

conrol 5 | 35065 28572 1250 ) 34960 27978 1250 | 41841 35660 1476 | 1.228

control6 | 56718 49791 1139 ) 33257 28212 1179 37504 34562 1.088 | 1.135

control 7| 47362 40570 1.67 ] 30240 27259  1.109 [ 35804 39178 0814 | 1.054

control8 | 32898 30801 1071 37009 34801 1.063{ 40280 42418 0950 | 1.028

control9 | 38657 33056 1.169 | 8688 16203 M 31906 30262 1055 | 0920

contro}10] 4918 4251 4457 ) 26R2 2266 1475 36246 38833 0933 | 1.088

SGCE Average 1496 1211 1146 1284

Control Average 1.310 1.284 1144 1248
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SGCE - EXON 11b

Triplicate
1 2 3 Average __Normalized Ratios

Sample Exon11b Int Control Ratio |Exon 11b Int Control Ratio [Exon 11b Int Control Ratio 1 2 3 Average
MF19 | 21286 4293 _4 31719 15961 1987 | 33682 15003 2245 2116 | ND 2839 3668 { 3.254
MF20 | 22475 11551 1946 | 16249 29580 0549 21946 30451 0721 | 1.072 ] 2985 0784 1.178 | 1.648
MF22 | 18513 9664 1916] 14166 16214 0874 | 10534 19265 0547 | 1.112 | 2939 1249 0894 | 1.694
MF-23 | 11822 12344 0858 | 7817 15312 0511 | 9120 16436 0555 0674 | 1469 073 0907 | 1.0%%
MF24 | 12854 10775 1193 | 7686 14091 0545) 9737 16520 0589 ) 0776 | 183 0779 0962 | 1.180
MF25 | 13307 8112 1640| 7111 11881 0509 | 6838 12447 0549 { 0929 | 2515 0856 0897 | 1.423
MF-26 | 14181 8065 1758 | 8388 16421 0511 | 11840 21185 0559 | 0943 | 2696 073 0913 | 1446
MF27 | 12040 4747 0680 | 20056 16207 1238| 20808 26723 0779 | 089S | 1043 1768 1273 | 1361
control1 | 14401 16685 0863 | 19506 13011 1402 | 23000 20199 1139} 1.135

control 2| 7208 14094 0487 | 7490 16750 0447 | 9671 21894 (0442 | 0459

control3 | 12749 25783 0484 | 13138 28290 0464 | 17105 35208 0485 | 0481

control4 | 16653 25995 0641 | 15800 27330 0580 | 18387 34500 0533 | 0585

control5| 16972 24893 0662 | 14885 26438 0563 | 19163 34239 0560 | 0.602

control6 | 33617 37956 0.886 | 14566 25569 0570 | 18131 35701 0508 | 0654

control7 { 19733 2383 0828 | 14374 27941 0514 | 17608 33533 0525 0623

control 8 | 14304 25971 0551 | 19020 26188 0726 | 21015 39594 0531 | 0603

control9 | 16625 20665 0560 | 26639 21742 1.225| 32038 36176 0.886 | 0.890

_controf 0] 16052 30327 0529 | 14315 28374 (0505 | 19258 37787 G510 0515

SGCE Average 2194 0.893 0931 1150

Contro} Average 0.896 0.689 0608 0731

SGCE -EXON 12

Triplicate
i 2 3 Average ___Normalized Ratios

Sample Exon12 IntControl Ratio | Exon42 Int Control Ratio | Exon12 IntControl Ratio Ratic 1 2 3 Average
MF-19 12939 _O 9050 10107 0895 | 21657 22681 0955{ 0926 | ND 0994 1.046 | 1.020
MF20 | 25403 25154 1.010j 19430 24986 0778 | 18633 23220 0802 | 0363 | 1.117 0863 0.383 | 0.954
MF22 | 23528 21987 1070 | 24179 25253 0957 | 23410 25164 0930 | 0985 | 1.183 1062 1.019 | 1.088
MF23 | 21004 21987 0958 | 18190 18226 0.998 { 17519 17283 1013 f 0990 | 1.06 1.108 1.11 | 1.083
MF24 | 15435 13888 1.116| 15958 14988  1.065 : 1080 | 1235 1182 ND | 1.209
MF25 | 13744 12680 1.084 | 13750 14001 0982 | 12338 12616 0978 | 1.015 | 1198 1.08 1071 | 1.120
MF26 | 23190 24163 0960 | 19271 17166 1123 | 20226 19932 1.015| 1032 | 1.062 1246 1.112 | 1.140
ME-27 | 25076 20424 12727 28481 24755 1151 30804 27935 1106 | 1476 { 1407 {1277 4241 | 1298
control1 | 16028 17865 G897 | 16286 17677 0921 | 17324 19073 1008 | 0942

controf2 | 14757 15326 0963 | 16386 15764 1.040; 16950 16868 1.005| 1.002

control3 | 22518 25990 0866 | 22242 24663 0902 23671 26897  0.887 | 0.885

controf4 { 20733 23816 0871 | 24130 27244 0886 24894 26265 Q.948 | 0901

control5| 20068 21398  0.938 1731 _Ds ND 5376  ND | 0838

control6 { 17489 21638 0808 | 19445 22568 0662 { 23338 30916 0755} 0.808

control 7 | 21674 23785 0911 | 22163 24772 0895 ( 25798 25628  1.007 { 0938

control 8 | 22761 22937 0892 | 23267 25702 0505 | 23427 27838 0842 | 0913

confrol 9 | 23277 24743 0941 | 22155 2525 0877 | 27803 31038  0.896 | 0.805

confrof 0] 26523 31055 0854 | 28081 34248 0820 32385 37119 0872 0849

SGCE Average 0.954 0.939 1.042 0974

Control Average 0957 0.904 0863 0954
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Appendix 2.1. Raw data derived from fragment analysis of Multi-Ligation Probe
Amplification (MLPA) products. Myoclonus Dystonia patients were tested for exon
dosage alterations using MLPA. Each of the 34 probes in the SALSA MLPA Kit P099-
B2 are listed according to their size (nt). Raw data values for height and area are
determined for each fragment and subsequently entered into the GeneMarker
(SoftGenetics) program. Normalized ratios for each exon are subsequently calculated
based on WT control values as well as the 9 internal control fragments within the probe
set.



Control-01 | Control-Q60 | Control- 053 M2t M2 W24 304 M3t ¥
Probe Name Location Size (nt} Gene/ Exon Height | Arca | Heioht | Avea | Height | Area | Height | Area | Height | Area | Height | Area | Height | Arca | Height | Area | Height | Area
Contrl probe 0797-L00463 | 0531 | 130 contol 194 | 7606 | 1075 | 6604 | 1231 | 857 | 673 | 4060 | 1116 | 6507 | 1603 | 8520 | 1508 | oh42 | 4% | 1430 | 1397 | smdf
GCH! probe 4610403894 | 1422 | 12 | 10544 GOH1ExonO1A | 1530 | 923 | 1081 | 84t4 | 1380 | 9640 | 636 | 4063 | 1034 | 6700 | 1667 | 0481 | 1623 | 9219 | 277 | 15022 | 178 | 10506
Contrlprobe 218-L01712 | 11p15 | 148 contol T9 | 4907 | 679 | 4593 | 785 | 5391 | 362 | 2407 | 76 | 4580 | 117 | M1 | 1003 | 5480 | 1548 | o1 | 1004 | 6628
SGCE probe TOMAOTIS) | O7g2t | 154 | O7-0841SGCEExon(3 | 1506 | oot | 1307 | 06t | 1580 | 1103 | 64 | 3631 | 1108 | 6702 | 2038 | 11017 | 1950 | 11014 | 2811 | 167% | 1682 | 10421
Corlrol probe 25702068 | 0536 | 160 contol $4 | 5019 | B0t | SO0 | G5 | 626 | 513 | 66 | 890 | 5564 | 357 | 739 | 40t | 775 | 268 | 1455 | 108 | 98 |
THprobe S3L611 | fipt6 ) 166 | 11-0021THExonO! | 917 | 7716 | 1098 | 7519 | 1147 | 876 | 550 | 4070 | 054 | 7095 | 1548 | 9380 | a7 | ssoe | 54 | tsee0 | 5 | oo
SGCE probe 1807106 { 0721 | 172 | O070941SGCEEwon(S | 683 | 6100 | 805 | 570 | &8 | 6390 | 499 | %9 | o3 | 548 | 1309 | 75 | 130 | 74 | 254 | ot | 3 | oo
GCH1 probe 3136-L02607 | Mq22 | 178 | 14S44GCHIBxon(2 | 1326 | 8540 | 1131 | 818 | 2% | 9 | 707 | 5028 | 1979 | 7654 | 1768 | 10377 | 1786 [ 1073 | 2884 | 18431 | 1738 | 1252
THprobe 314HL03587 | 11pt6 | 184 | 110021THExon0S | 951 | 6673 | o34 | 6800 | 100 | 7357 | 409 | 308 | 08 | eor2 | 117 | 76 | 132 | sod6 | oo | ose | 1363 | o7
SGCE probe J005-L07151 | O7g2! | 190 | OP0941SGCEExenOd | 707 | 11124 | 1394 ) 10708 | 1980 | 14nd9 | 100t | 7ad9 | 1536 | 40613 | 234 | 13625 | 2009 | ae08 [ o3t [ oom | oo 1 1oeg
Contrl probe 4689-L04452. | 01p3% | 195 contol 1350 | 8806 | 120t | 8807 | 1365 | 10668 | 675 | 4937 | 1216 | 8818 | 1750 | 10802 | 1803 | 11174 | 266 | 20105 | 1804 | 33t
GOHprobe 3140102608 | Mq22 | 202 | 140544 GCHTEwon3 | 1031 | 694 | 897 | 6684 | 1078 | 8370 | 554 | 4212 | out | 660 | toor | 74 | 1380 [ ot [ 2083 | 14083 | 1343 | oo
THprobe SMEA02613 | fpt6 | 211 | 110021THExnOd | 784 | 5611 | 757 | 6099 | 866 | 6983 | 305 | 2007 | 749 | et | 1007 [ 653 | 1122 | 7m0 | 6% | 1em | 40 | a7
SGCE probe 3382-L05789 | U7q21 | 219 | QT0M1SGCEBwn0A | 98 | 6699 | 859 | 781 | 963 | 7092 | 406 | %95 | o77 | 6784 | 1179 | 7692 | 1200 | 396 | 20t | 19053 | 187 | 9398
GCH1 probe 314110260 | 14q22 | 229 | 1A0S4AGCH1Exon(5 | 1199 | 8100 | 1038 | &4 | 1251 | 1094 | 618 | 4706 | 1045 | 7714 | 1410 | 937 | 1505 | 10263 | 2626 | 17076 | 1512 [ 109
THorobe 314602614 | tpt5 | 238 | 110021THExon(8 | 1205 | o002 [ 1466 [ 11892 | 1548 | 12988 | 708 [ 5601 | 1336 | 10324 | 1818 | fout6 | 03t | 136 | 2976 | 1w | 1697 | 1t
SGCE probe TOUSLOTIS | 0721 | 46 | OP094.1SGCEBxon02 | 1144 | 8923 | 1069 | Sad | 1345 | 11816 | 364 | 3180 | 1081 | o1 | 113 | 1254 | 674 | 12157 | 2047 | 17436 | 1247 | 10583
GCH1 probe 3662103686 | Mq22 | 296 | MOSA4GCHTEwon01B | 662 ¢ 5469 | 698 | 5088 | 77t | 6904 | 386 | 3015 | 532 | 4u4 | 65 | 5% | 472 | 6409 | 1399 | 11059 | 764 | o465
THprobe 37402615 | 11pt6 | 265 | 1MO1THExon12 | o8 | 7369 | 1081 | @6t | 1235 | 10722 | 53 | 4527 | 097 | 8999 | 1273 | 9105 | 1456 [ 10663 | 2521 | 18803 | 1392 [ 11a
SGCE probe J00M07153 | U7g21 | 274 | O-0841SGCEBxonit | 1376 | 1427 | 1347 | 11730 | 775 | 15988 [ 10 | 8410 | 1362 | 1133 | s77¢ | 13609 | 2083 | 1564 | 2511 | 2172 | 601 | 13088
GCH1 probe 3686-L03101 | 14922 | 283 | 14044 GCHTExon0S | 792 | 6580 | 784 | 6815 | o8 | 8199 | 430 | 3040 | 760 | oa66 | 968 [ 737 | 1169 | 74 | 859 | 503 | 1151 | o7
SGCE pobe 338405790 | 07q2t | 291 | OM4TSGCEEcon(5 | 469 | 37 | 424 | 3756 | 50 | 4678 | 264 | 2408 | 480 | 425 | 654 | 5085 | 745 | 5666 | 1126 | ot | 7196 | 695 |
THprobe 314840545 | f1p15 | 208 | 11.0021THExon™ | 837 | 7087 | 931 | 8198 | 1067 | or2 | ap4 | 430 | o2 | eoe0 | 10 | et | o9 | os | vom | sesoe | 1ar | 1159
Contol probe 2506102619 | 17q1t | 309 contrl 560 | 4706 | 612 | 543 | 72 | 654 [ 365 | 3319 | 603 | 5283 | 802 | 6204 | 960 | T4 | 1549 | t2seT | o1t | 80md
SGCE probe 338502778 | 07021 | 319 | OMOSATSGCEBxon0? | 474 | dont | 509 | 4486 | 55 | 5114 | 30 | 2196 | 558 | 4ro5 | e | st0 | o1 | etee | 1199 | o0 | eg | a8
Conlrol probe 177401340 | 06q22 | 330 contol 86 | 740 | 808 | o7ads | 073 | 103 | 4 | 4397 | eb | 757 | 1066 | 8866 | 1283 | foaat | 1684 | 16785 | 1102 | 998
SGCE probe T002-L06608 | 07q21 | 337 | 00941 SGCEExonO1B | 1117 | o786 | 1282 | 11782 | 1453 | 13876 | 664 | ©198 | 1178 | 10400 | 1308 | o634 | 134 | 1ani3 | 2696 | oy | 7 | w60
Contol probe 3288102645 | 12p13 | 346 contol ST | 4663 | SM2 | 482 | 568 | STAD | o8 | 2040 | 534 | 4769 | S0t | 0S5 | 77 | 6044 | 1124 | 1003 | 07 | 657
SGCE probe 3386-L02779 | 0721 | 355 | O7-094.1SGCEExont0 | 149 | 6745 | 692 | 6375 | 862 | 566 | 425 | 4008 | 140 | o%54 [ Gpt | o0M | 116 | 9593 | 2 | 15998 | {138 [ 10675
SGCE probe 7006-L08347 | 0721 | 366 | 07-0941SGCEExon06 | 1129 | 10142 | 1383 | 19033 | 1837 | 18200 | 867 | 8352 | 1303 | 12009 | 1708 | 14579 | 1897 | 15080 | 2308 | 2004 | 1625 | #5112
SGCE probe TRO1LOTIOS | 0721 | 382 | 0094.1SGCEExon8B | 660 | 6194 | 655 | 6025 | 801 | 7099 | 364 | 3655 | 78 | 6093 | G | 7968 | 1050 | 69 | te42 | 1053 | 1017 | 10086
Contolprobe 1795-L01358 | 1314 | 391 contol 648 | 6118 | 741 | 7309 | 840 | 8555 | 414 | 4% | 78 | 6850 | &m0 | 77 | 1091 | 9680 | 1645 | tsv08 | 108t | 10470
SGCE probe 7931108613 | 0721 | 400 | O74.1SGCEExon0BA | 720 | 693 | 706 | 7739 | 867 [ 9007 | 450 | 4850 | eor | 760 [ o78 | 784 { 1136 | 10247 | 1698 [ 16313 [ to08 | 11675
Contrlprobe 2663-02136 | 11q | 409 contrl 454 | 418 | 499 | 5016 | 625 | 644 | 288 | 2098 | 455 | 4410 | 57 | 5035 | 679 | 6007 | 1057 | 1072 | o4 | 654
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Control - 1 Control - 02 Control - 03 $P3 SP3-3 SP34 M19-1
Probe Name Location Size (nt) Gene/ Exon Height | Area | Height | Area | Height | Area | Height | Area | Height | Area | Height | Area | Hoight | Area
Control probe 0797-.00463 | 0531 | 130 control 3208 | 17935 | 1975 | 11872 | 1401 | 8133 | 1857 | 10924 | 1255 | 7632 | 908 | 544 | 2182 | 11585
GCH1 probe 461303804 | 14922 | 142 | 140544 GCHTExonO1A | 3305 | 18889 | 2030 | 12434 | 1479 | 8679 | 1323 | 9281 | 1220 | 7648 | oa7 | 59M | 2084 | 11532 |
Control probe 2218-L01712 | 11p15 | 148 control 1825 | 10043 | 1183 | 7429 | 833 | 4781 | 853 | se1 | ev3 | aam | 536 | 3364 | 1236 | 674
SGCE probe 7004107150 | 07q21 | 154 | 07-094.1SGCEExon(03 | 43g5 | 25275 | 271 | 6415 | 3416 | 20112 | 1191 [ 7782 | 82 [ 572 | 88 | 4335 | 310 | 17308
Control probe 2597-.02088 | 05¢35 | 160 control 2339 | 13077 | 1416 | 8798 | 1083 | 6330 | 1199 | 8271 | 905 | 5700 | 73 | 4440 | 1608 | s8¢
THprobe 3143-L02611 | 11p15 | 166 110021 THExon 01 | 2842 | 17269 | 1636 | 11923 | 1177 [ 7504 | 1453 | 10865 | 1095 | 8011 | 823 | 5002 | 1747 | 10099
SGCE probe 7892107706 | 07q21 | 172 | 07-094.1SGCEExon09 | 2520 | 14766 | 1536 [ 9961 | 1095 | 6705 | 1082 | so09 | 865 | 5561 | 721 | 4813 | 1675 | 9764
GCH1 probe 3130-L02607 | 14922 | 178 | 140544 GCH1Exon02 | 3670 | 22138 | 2026 | 13306 | 1545 | 9655 | 1689 | 123755 | 1323 | o052 | o8 | 6658 | 2307 | 1417
TH probe 3144-L03587 | 11pt5 | 184 10021 THExon®3 | 2231 | 13650 | 1348 | 9302 | 949 | 5004 | 1143 | 8610 | 880 | 6371 | 684 | 4648 | 1616 | 9660
SGCE probe 7005007151 | 0721 | 190 | 07-094.1SGCEExon04 | 49p1 | 30387 | 2928 | 20031 | 2098 | 1342 | 1525 | 11509 | 1101 | 8106 | 765 | 5193 | 3631 | 22074
Control probe 4689-L04452 | 01p36 | 195 control 3661 | 22587 | 2120 | 15753 | 1439 | 9614 | 1485 | 453 | 1242 | 9192 | 955 | 7051 | 2323 | 14089
GCH1 probe 3140-.02608 | 14q22 | 202 | 140544 GCH1Exon03 | 2620 | 16396 | 1467 | 10483 | 1080 | 7285 | 331 | 10303 | 960 | 7305 | 758 | 5317 | 17% | 10892
TH probe 3145-L02613 | 11p15 | 211 110021 THExonG4 | 1899 | 12397 | 1109 | 8065 | 721 | 5039 | 947 | 7504 | 696 | 5358 | 530 | 4098 | 1342 | &2
SGCE probe 3382005789 | 07q21 | 219 | 07-094.1SGCEExon (1A | 2142 [ 14206 | 1300 § o707 | 964 | 6762 | 959 | 7763 | 763 | se62 [ 12 | 431 | 1518 | o7
GCHI probe 314102609 | 14q22 | 229 | 14-0544GOHTExon05 | 2004 | 19620 | 1648 | 12741 | 1216 | 6646 | 1517 | 12507 | 121 | 9162 | 855 | 6290 | 233 | 14366
THprobe 3146-L02614 | 11p15 | 238 | 110021THExon08 | 3767 | 26258 | 2122 | 16955 | 1576 | 11651 | 2050 | 18807 | 1559 | 12509 | 1124 | a768 | 2880 | 18864
SGCE probe 7003107149 | 07g21 | 246 | 07-094.1SGCEExon02 | 456 | 25760 | 1968 | 16194 | 1404 | 11035 | 1097 | o049 | 757 [ 578 | 50 | 428 | 2047 | 19750
GCH1 probe 3682-103586 | 14022 | 256 | 140544 GCH1ExonOMB | 1640 [ 12463 [ o75 | 8160 | 709 | 5407 | o918 | &3 | em2 | 5640 | 499 | 4282 | a0t | wams
TH probe 3147-L02615 | 11p15 | 265 10021 THExon 12 | 2450 | 18751 | 1476 | 12154 | 1108 | 8923 | 1617 | 13081 | 1105 | 9081 | 810 | 6844 | 1920 | 14571
SGCE probe 7009-07153 | 07q21 | 274 | 07-094.1SGCEExont! | 4126 | 32076 | 2261 | 19692 | 1647 | 13756 | 2075 | 20545 | 1783 | 15383 | 1309 | 11188 | 3497 | 26145
GCH! probe 3686-L03101 | 1422 | 283 | 140544 GCHIExon06 | 2127 | 15985 | 1136 | 9481 | 846 | 6891 | 1126 | 9868 | o64 | 7289 | 650 | s4p4 | 1619 [ 11691
SGCE probe 3384-0057%0 | 07q21 | 291 | 07-094.1SGCEExon05 | 1276 | 10341 | 704 | 6184 | 500 | 4210 | 325 | 2940 | 256 | 237 T 193 | 1603 | 887 | 6891
TH probe 3148-L05945 | 11p15 | 208 11-0021THExon 14 | 2014 [ 16430 | 1119 | 9983 | 872 | 7517 | 1202 | 10098 | 832 | 7341 | 648 | 5715 | 1613 | 12049
Control probe 2506-L02619 | 17q11 | 309 control 1644 | 13756 [ 828 | 7503 | 701 § 6049 | 937 | eemr | w6 | 65 | st | | 1085 | 1047
SGCE probe 3385-L02778 | 07q21 | 319 | O7-004.1SGCEExon07 | 1224 | 10064 | 688 | 6148 | 575 | 4954 | 693 | 6480 | 504 | 4567 | 394 | 331 | 98 | 75%0
Control probe 1774-L01340 | 05622 | 330 control 2106 | 18115 | 1954 | 10605 | 889 | 8007 | 211 | 11676 | 873 | 8193 | 674 | 6205 | 1730 | 14397
SGCE probe 7002-L06608 | 07q21 | 337 | 07-094.1SGCEExon01B | 2873 | 24593 | 1499 | 13609 | 1229 | 10883 | 1582 | 15407 | 1210 | 11366 | 41 | 8538 | 2351 | 19461
Control probe 3288-L02645 | 12p13 | 346 control 1335 | 11707 | 669 | 6314 | 554 | 5126 | 741 | 7103 | 533 | 518 | 430 | 4086 | 1070 | 9102
SGCE probe 338602779 | 07g21 | 355 | 07-0%4.1SGCEExon0 | 1706 | 15186 | 960 [ 9221 | 717 [ o661 | 1055 | 40254 | 701 [ 6923 | 600 [ 5568 | 1400 | 12116
SGCE probe 7006-L08347 | 0721 | 366 | 07-0%4.1SGCEExon06 | 3744 | 33581 [ 1943 | 18237 | 1493 | 13781 | 2476 | 24423 | 1819 | 17644 | 1360 | 42781 | 3619 | 30887
SGCE probe 7891-L07705 | 07q21 | 382 | 07-094.1SGCEExon08B | 1683 | 15266 | 9% | 9043 | 658 | 6392 | 966 | 9865 [ 746 [ 7285 [ 538 [ 5110 | 1419 | 12701
Control probe 1795101358 | 13q14 | 391 control 1549 | 14278 | 781 | 7818 | 603 | 6544 | 1012 | 10347 | 700 | 7014 | 579 | 5574 | 1400 | 12443
SGCE probe 7931-L06613 | 07q21 | 400 | 07-0941SGCEExon08A | 1626 | 15224 | 860 | 8803 | 677 | 6750 | 1098 | 1527 | 79 | 7518 | 507 | 5785 | 1412 | 13169
Conrol probe 2669-L02136 | 11q | 409 control 179 | 11179 | 590 | 5874 | 485 | 4735 | o47 | 6847 | 497 | 5249 | 405 | 4008 | 105 | o482
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M20-4 M21-1 M2 M23-1 M25-1 M26-1 M27-1 M28-1
Probe Name Size (nt) Gene/ Exon Height | Area | Height | Area | Height| Area [Height! Area | Height| Area | Height| Area |Height| Area | Height! Area
Control probe 0797-L00463 | 130 control 2038 | 11571 | 1945 | 11102 | 1041 | 6159 | 637 | 4319 | 1288 | 2096 | 1149 | 6814 | 3698 | 21786 | 1167 | 6008
GCH1 probe 4619-L03834 | 142 | 14-0544 GCH1Exon O1A | 2115 | 11919 | 1917 | 11246 [ 1009 | 6171 | 626 | 4417 [ 1364 | 2213 | 1148 | 7165 | 4013 | 24361 | 1064 | 6540
Control probe 2218-L01712 | 148 control 1170 | 6669 | 1242 | 7135 | 597 | 3669 | 324 | 2260 | 759 | 2286 | 729 | 4734 [ 2168 | 13174 | 778 | 4870
SGCE probe 7004-L07150 | 154 | 07-0941SGCEExon03 | 3015 | 16791 | 2670 | 15537 § 1474 | 8969 | 916 | 6514 | 1777 | 2325 | 1310 | 8063 [ 3638 | 23669 | 1327 | eacs
Control probe 2597-L02068 | 160 control 1621 | 9008 | 1587 | 9277 | 777 | 4729 | 501 | 3435 | 1104 | 2375 | 929 [ 5843 | 3246 | 20089 | 882 | 5496
THprobe 3143-L02611 | 166 | 11-0021THExonO1 | 1798 | 10985 | 1776 | 11241 | 897 | 5098 | 540 | 4170 | 1169 | 2438 | 1003 | 7272 | 3000 [ 21487 | 1083 | 7558
SGCE probe 7892-L07706 | 172 | 07-094.1SGCEExon 09 | 1640 | 9606 | 1590 | 9556 | 781 | 4895 [ 496 | 3529 | 1080 | 2501 | 945 [ 5965 | 3390 | 21634 | 934 | 6168
GCH1 probe 3139-L02607 | 178 | 140544 GCH1Exon02 | 2224 | 13535 | 2097 | 13175 | 1061 | 6782 | 716 | 5243 | 1520 | 2570 | 1287 | s724 | 4428 | 29038 | 1277 | 8852
THprobe 3144-L03587 | 184 | 11-002.1THExon03 | 1610 | 0780 | 1426 | 9084 | 737 | 5038 | 442 | 3346 | 1001 | 2642 | 898 | 6260 | 2857 | 19200 [ 926 | 6404
SGCE probe 7005-L07151 | 190 | 07-094.1SGCE Exon 04 | 3615 | 22463 | 2958 | 19068 | 1601 | 10052 | 1013 | 7779 | 1861 | 2697 | 1504 | 10638 | 4845 | 30305 | 1873 | 13011
Control probe 4683-L04452 | 195 control 2381 | 14756 | 1976 | 12924 | 1057 | 7660 | 728 | 5581 | 1484 | 2742 | 1267 | 9360 | 4205 | 20332 | 1196 | 8337
GCH1 probe 3140-L02608 | 202 | 14-054.4GCH1Exon03 | 1793 | 11269 | 1679 | 11291 | 842 | 5749 | 546 | 4095 | 1093 | 2604 | 986 | 7095 | 3048 | 2205 | 933 | 6686
THprobe 3145-L02613 | 211 | 11-002.1THExon04 | 1354 | 9249 | 1182 | 8877 | 569 | 4074 | 357 1 2852 | 812 | 2884 | 705 | 5360 | 2231 [ 46136 | 721 | %62
SGCE probe 3382-L05789 | 219 | 07-094.1 SGCEExon 01A| 1497 | 10018 | 1406 | 10011 | 680 | 5200 | 452 | a774 | 1000 | 2958 | 802 [ 6003 [ 2475 | 18312 | a4 | 6300
GCH1 probe 3141-102603 | 229 | 14-044GCH1Exon05 | 2147 | 15086 | 1812 | 12849 | 991 | 7749 | 683 | 5560 | 1313 | 3065 | 1152 | 8864 | 3698 [ 27194 | 1093 | 8268
THprobe 3146-L02614 | 238 | 11-0021THExon08 | 2689 | 19773 | 2306 | 17238 | 1256 | 9661 | 761 | 6269 | 1475 | 3139 | 4301 | 10040 | 4048 | 20852 | 1422 | 10816
SGCE probe 7003-L07149 | 246 | 07-094.1SGCEExon02 | 2721 | 20256 | 1875 | 14344 | 1213 | 9930 | 740 | 6330 | 1430 | 3227 | 1127 | 9088 | 3242 | 25933 | 1315 | 10848
GCH1 probe 3682-L03586 | 256 | 14-0544 GCH1ExonO1B | 1219 | 9283 | 989 | 8038 | 504 | 4876 | 391 | 3393 [ 709 | 3338 | 600 | 5055 | 1938 | 46671 | 558 | 4853
THprobe 3147-002615 | 265 | 11-002.1THEwon12 | 1996 | 15318 | 1722 | 13538 | 844 | 6920 | 550 | 4820 | 1164 | 3418 | 1051 | 8673 | 3395 | 28194 | 1116 | 9355
SGCE probe 7009-L07153 | 274 | 07-094.1SGCEExon 11 | 3483 | 28266 | 2501 | 20713 | 1478 | 12495 | 965 | 8439 | 1669 | 3524 | 1396 | 12188 | 4202 | 35786 | 1668 | 14224
GCH1 probe 3686-L03101 | 283 | 14-054.4 GCH1Exon06 | 1627 | 12693 | 1306 | 10637 | 713 | 5950 | 480 | 4231 | 994 | 3507 | 840 | 7128 | 2791 | 23482 | 764 | eds7
SGCE probe 3384-L05790 | 201 | 07-094.1SGCEExon05 | 929 | 7536 | 772 | 6415 | 436 | 3607 | 216 | 2341 | 5% | 3669 | 520 | 4503 | 1680 | 14500 | 450 | 4002
THprobe 3148-105845 | 298 | 11-0021THExon14 | 1593 | 12900 | 1355 | 11308 | 727 | 6183 | 490 | 4385 | 915 | 3755 | 837 | 7404 | 2694 | 23065 | 890 | 7653
Control probe 2506-L02619 | 309 control 1372 | 11340 | 1025 | 8722 | 577 | 4958 | 403 | 3589 | 732 ! 3868 | 720 | 6689 | 2235 | 19585 | 617 | 5368
SGCE probe 3385-L02778 | 319 | 07-094.1SGCEExon07 | 951 | 7733 | 731 | 6234 | 454 | 3040 | 278 | 2589 | 537 | 3061 | 472 | 4206 [ 1530 | 13086 | 503 | 4371
Control probe 1774-L01340 | 330 control 1731 | 15142 | 1338 | 12060 | 744 | 6770 | 522 | 4847 | 1005 | 4069 | 877 | 8460 | 2612 | 23846 | 884 | 7943
SGCE probe 7002-L06608 | 337 | 07-094.1 SGCEExon 01B | 2405 | 20435 | 1919 | 16827 | 1003 | 8841 | 717 | 6633 | 1313 | 4150 | 1122 | 10400 | 3858 | 35035 | 1221 | 11098
Control probe 3288-L02645 | 346 control 1130 | 9763 | 755 | 6910 | 467 | 4316 | 308 | 2675 | 566 | 4235 | 522 | 5055 | 1822 | 16433 | 512 | 4844
SGCE probe 3386-L02779 | 355 | 07-094.1SGCEExon 10 | 1506 | 13587 | 1192 | 11035 | 670 | 6215 | 447 | 433 | 847 | 4330 | 736 | 7213 | 2584 | 23611 | 717 | e840
SGCE probe 7006-L08347 | 366 | 07-094.1SGCEExon06 | 3535 | 31391 | 2476 | 20062 [ 1635 | 15272 | 49 | 9012 | 1620 | 4434 | 1355 | 13549 | 3802 | 35509 | 1606 | 14969
SGCE probe 7891-L07705 | 382 | 07-094.1 SGCEExon 08B | 1438 | 12931 | 1081 | 10073 | 599 | 5796 | 449 | 4423 | 52 | 4578 | 670 | 7086 | 2508 | 23740 | 725 | 6786
Control probe 1795-L01358 | 391 control 1416 | 13120 | 1088 | 10428 | 619 | 6128 [ 421 [ 4176 | 833 [ 4687 | 695 | 7545 { 2552 | 24313 | 671 | 6361
SGCE probe 7931-L06613 | 400 | 07-094.1 SGCE Exon 08A | 1536 | 14595 | 1097 | 10745 | 652 | 6618 | 462 | 4677 | 867 | 4782 | 719 | 7817 | 2620 | 25488 | 763 | 7494
Control probe 2669-L02136 | 409 control 1035 | 9865 | 747 | 7430 | 432 | 431 | 310 | 3104 | 584 | 4866 | 492 | 5291 | 1774 | 17191 | 486 | 4692
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Control - 01 Control - 02 Control - 04 M24-1 M27-4 M1-39

Probe Name Location _Size (nt) Gene / Exon Height | Area | Height| Area | Height | Area | Height | Area | Height| Area | Height| Area
Control probe 0797-L00463 | 05q31 130 control 1919 | 10647 | 2193 | 122911 1901 | 11250 | 1191 | 7420 | 2092 | 13234 | 1419 | 8781
GCH1 probe 4619-L03894 | 14q22 | 142 |14-054.4 GCH1Exon01A] 2362 | 13711| 2784 | 15702 | 2511 | 15337 | 1620 | 14322 | 2765 | 19334 | 1615 | 10870
Control probe 2218-L01712 | 11p15 | 148 control 1294 | 7424 | 1521 | 9006 | 1420 | 8717 | 1018 | 6997 | 1526 | 10625 | 1043 | 6848
SGCE probe 7004-L07150 | 07q21 | 154 [07-094.1SGCEExon03| 2314 | 13490 | 2654 | 15449 | 2263 | 13861 | 1389 | 9637 [ 2255 | 14941 | 1579 | 10705
Control probe 2597-L02068 | 05q35 | 160 control 1588 | 9404 | 1883 | 11252 | 1749 | 10987 | 1233 | 8504 | 2009 | 14326 | 1223 | 8107
TH probe 3143002611 11p15 | 166 | 11-0021THExon01 | 1857 | 11870} 2241 | 14105 ] 1882 | 13220 | 1326 | 10033 | 2199 | 16585 | 1368 [ 10062
SGCE probe 7892-L07706 | 07q21 | 172 [ 07-094.1SGCEExon09| 1560 | 9651 | 1782 | 10960 | 1615 | 10279 | 1217 | 8775 | 1935 | 14011 | 1257 | 8935
GCH1 probe 3139-L02607 | 14922 | 178 |[14-0544 GCH1Exon 02| 2072 | 13256 | 2345 | 14937 | 2096 | 14056 | 1532 | 11357 | 2546 | 18587 | 1546 | 11372
TH probe 3144-L03587 1p15 | 184 | 11-0021THExon03 | 1517 | 9916 | 1688 | 10901 | 1480 | 10099 { 1218 | 9088 | 1830 | 13482 | 1240 | 9036
SGCE probe 7005-L07151 | 07q21 190 | 07-094.1SGCEExon 04| 2279 | 15164 | 2710 | 17284 | 2238 | 15617 | 1359 | 10705 | 2377 | 18178 | 1694 [ 12740
Control probe 4689-L04452 | 01p36 | 195 control 244 | 15256 | 2651 | 18112 | 2350 | 17097 | 1601 | 12225 { 2744 | 20787 | 1733 | 13384
GCH1 probe 3140-L02608 | 14922 | 202 | 14-054.4 GCH1Exon 03] 1559 |10525| 1874 | 12839 | 1594 | 11502 | 1224 | 9670 [ 1911 | 14490 | 1230 | 9362
TH probe 3145-L02613 1p1s | 21 11-002.1 THExon 04 | 1299 | 9393 | 1373 | 9796 | 1190 | 9128 [ o965 | 8010 | 1569 | 12516 | 1035 | 8120
SGCE probe 3382-L05789 | 07g21 | 219 07-094.1 SGCE Exon O1A] 1474 | 11082 | 1730 | 12627 | 1555 | 12202 | 1033 | 8428 | 1647 | 13235 | 1230 | 10156
GCH1 probe 3141-L02609 | 14q22 | 229 |14-0544GCH1Exon05] 1777 {13359 | 1809 | 13308 | 1697 | 13398 | 1292 [ 11080 | 2133 | 17675 [ 1311 | 10664
TH probe 3146-102614 1p1S | 238 | 11-0021THExon08 | 1942 | 15241 | 2197 | 17016 | 1867 | 14866 | 1444 | 12312 | 2330 | 19420 | 1524 [ 12887
SGCE probe 7003-L07149 | 07q21 | 246 | 07-094.1SGCEExon 02| 1627 [13310| 1746 | 14122 | 1353 | 11588 | 985 | 8939 | 1596 | 13938 [ 1177 | 10720
GCH1 probe 3682-L03586 | 14q22 | 256 |14-054.4 GCH1Exon01B[ 1046 | 8651 | 1120 | 9141 | 986 | 8301 | 718 | 6529 | 1206 | 10558 | 720 | 6443
TH probe 3147-L02615 1pts | 265 | 11-0021THExon12 | 1591 | 13266 | 1710 | 14024 | 1494 | 12531 | 1294 | 11607 | 1955 | 16858 { 1309 | 11697
SGCE probe 7009-L07153 | 07q21 | 274 |07-094.1SGCEExon11] 1903 | 16660 | 1948 | 16554 | 1497 | 13201 | 1239 [ 11423 | 2034 | 18031 | 1444 | 13274
GCH1 probe 3686-L03101 | 1422 | 283 | 14-054.4 GCH1Exon06 | 1239 | 10690 | 1287 [ 10691} 1140 | 9991 | 1021 | 9374 | 1493 | 13414 | 948 | 8711
SGCE probe 3384-L05790 | 07g21 | 291 |07-094.1SGCEExon05| 796 | 7115 | 832 | 7315 | 679 | 6061 | 649 | 6090 | 1037 | 9579 | 606 | 5653
TH probe 3148-L05945 1p15 | 298 | 11-0021THExon14 | 1390 | 12281 1387 | 12201 | 1146 | 10324 | 1067 | 9938 | 1709 | 15501 | 1155 [ 11005
Control probe 2506-L02619 | 17911 | 309 control 935 | 8540 | 808 | 7158 | 774 | 7050 | 766 | 7449 | 1147 | 10732 | 815 | 7866
SGCE probe 3385-L02778 | 07921 | 319 | 07-094.1SGCEExon07| 879 | 7914 | 868 | 7712 | 745 | 6836 | 727 | 6991 | 1085 | 10125 | 738 | 7017
Control probe 1774-L01340 | 05922 | 330 control 1284 | 12285 1280 | 11801 | 1097 | 10349 | 1014 | 10095 | 1497 | 14366 | 1090 { 10786
SGCE probe 7002-L06608 | 07q21 | 337 |07-094.1 SGCE Exon 01B{ 1700 | 16046 | 1565 | 14553 | 1344 | 12741 | 1363 | 13534 | 1976 | 19054 | 1443 | 14369
Control probe 3288-.02645 | 12p13 | 346 control 833 | 7928 | 752 | 7046 | 622 | 6105 | 648 | 6538 | 972 | 9526 | 656 [ 6597
SGCE probe 3386-L02779 | 07g21 | 355 | 07-094.1SGCEExon 10| 1121 | 11019 1108 [ 10445 951 | 9369 | 975 | 9889 | 1468 | 14667 | 992 | 10005
SGCE probe 7006-L08347 | 07q21 | 366 | 07-094.1 SGCEExon 06| 1533 | 14729 1380 | 13290 | 1121 | 11065 | 1091 | 11165 | 1828 [ 18145 | 1200 | 12252
SGCE probe 7891-L07705 | 07q21 | 382 |07-094.1 SGCE Exon 088 1096 | 10624 | 1008 | 9735 | 807 | 8025 | 829 | 8816 | 1284 | 13021 | 935 | 9708
Control probe 1795-L01358 | 13q14 | 391 control 1014 110148 | 896 | 8818 | 744 | 7497 | 911 | 9745 | 1286 | 13475 | 939 | 9904
SGCE probe 7931-L06613 | 0721 | 400 107-094.1 SGCE Exon 08Al 1209 [ 125491 1003 | 10168 | 880 | 9225 | 938 | 10168 | 1430 | 15000 | 1051 | 11680
Control probe 2669-L02136 | 11g 409 control 732 | 7523 | 669 ) 6744 | 568 | 5895 | 608 | 6630 | 927 | 9912 | 627 | 694D
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Appendix 2.2 Normalized ratios of each MLPA fragment for eighteen Myoclonus
Dystonia patients. Normalized ratios are listed for each WT control and MD patient
included in the MLPA exon dosage analysis. Note that these results were obtained in
groups, and that WT controls run within one group can only be used to normalize the MD
patient values in that same group. Controls and MD patients within the same MLPA run
are therefore listed in the same table. Shaded boxes indicate ratios that are not within the
normal exon dosage range of 0.82-1.17, the default threshold of the GeneMarker program
set by the Children’s Hospital of Eastern Ontario (CHEO) diagnostic lab.



Ratios
Probe Name Exon/location Bin Size Control 01 | Control Q60 Control Q63] M2-1 M28-1 M29-1 M30-1 M31-1 M31-2
Control 11p15 144 1 1.034 0.978 0.916 1.064 1.085 0.942 0.941 0.991
Control 11g 407 1.048 0.994 1 0.996 0.968 0.994 0.932 0.975 0.891
Control 12p13 343 1.06 1 0.955 0.969 1.068 0.94 0.972 0.977 0.94
Control 13914 389 1 1.011 0.933 0.981 1.023 1.023 1.023 1.023 1.009
Control 17911 306 0.992 1.051 1 1.084 1.034 1.083 1.103 1.165 1.079
Control 1p36 193 1.013 1 0.966 0.96 0.99 1.005 0.974 0.997 1.038
Control 5q22 326 1 0.928 1.011 0.95 1 1 1 0.979 0.865
Control 5931 126 1.013 1 0.971 1.07 0.981 0.925 0.95 0.925 0.89
Control 5q35 155 1.065 1 0.95 1.083 1.094 1.081 1.091 1.181 1.076
GCH1 Ex1 138 1.05 1 0.907 0.977 0.815 0.877 0.841 0.888 0.922
GCH1 Ex1b 254 0.992 1.094 1 0.964 0.834 0.995 0.885 0.904 0.809
GCH1 Ex2 175 1.044 1 0.911 1.065 1.016 1.037 1.04 1.072 1.045
GCH1 Ex3 199 1.029 1 0.984 1.045 1.02 0.984 0.996 0.973 1.008
GCH1 Ex5 226 1.018 1 0.995 1.003 0.991 0.958 0.953 0.98 0.973
GCH1 Ex6 279 1 1.001 0.976 0.965 0.968 0.935 1.013 1.029 0.985
SGCE Exi1 215 1.004 1 0.935 0.987 1.013 0.955 0.975 0.994 0.937
SGCE Ex10 352 1.132 0.955 1 1.022 1.06 1.052 1.061 1.091 1.082
SGCE Ex11 272 1 0.995 1.079 1.135 0.987 0.975 0.982 0.81 0.814
SGCE Ex1b 335 0.995 1.072 1 0.961 1 0.961 0.987 0.99 0.988
SGCE Ex2 242 1 0.983 1.005 0.574 0.977 1 0.987 0.88  |+-0.764
SGCE Ex3 150 1.004 0.988 1 0.781 0.796 0.988 0.959 0.881 0.84
SGCE Ex4 188 1 0.922 1.018 1.102 0.962 1.008 1.008 0.896  |-°0.755
SGCE Ex5 287 1.099 0.981 1 1.064 1.154 1.187 1.17 1.164 1,281
SGCE Ex6 363 0.884 1 1.075 1.098 0.968 1.036 0.921  }:0.751 0.799;
SGCE Ex7 316 1 1.019 0.915 1.081 1.123 1.038 1.059 1.063 1.134
SGCE Ex8 377 1.135 1 0.989 1.019 1.151 1.194 1.106 1.119 1.118
SGCE Ex8b 398 1.087 1 0.906 1.015 1.093 0.999 1.022 1.008 1.059
SGCE Ex9 168 1.064 1 0.923 1.054 1.106 1.106 1.08 1.169 1 -+1.282
TH Ex1 162 1 1.043 0.997 0.967 1.059 1.068 0.936 1.072 1.068
TH Ex12 262 0.884 1.053 1 0.915 1.081 0.926 0.964 0.975 0.927
TH Ex14 295 0.985 1.076 1 0.993 1.091 1 0.995 0.979 1.025
TH Ex3 183 0.97 1.112 1 1.001 1.054 0.975 1.032 0.992 1.108
TH Ex4 208 1 1.047 0.991 0.937 1.044 0.992 1.024 0.973 1.082
TH Ex8 233 0.944 1.152 1 0.985 1.01 1.021 0.99 0.786 0.914
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Ratios
Probe Name Exon /location Bin Size Control 01 | Control 02 M19-1 | M20-1 | M211 | M221 | M234 | M251 | M26-1 [ M27-1 | M28-1
Control 11p15 144 0.922 1 0.959 0.933 1.041 0.988 0.854 0.959 1.053 0.959 1.116
Control 11q 407 1 0.977 0.964 0.931 0.961 0.975 0.944 1 0.989 1 0.911
Control 12p13 343 1 0.939 0.965 0.978 0.871 0.965 0.921 0.896 0.953 0.974 0.923
Control 13014 389 1 0.969 1.019 0.979 1.072 1.064 0.996 1.072 1.055 1.099 0.996
Control 17q11 306 1 0.907 0.973 1.032 0.963 0.995 1.022 0.949 1.095 1.005 0.944
Control 1p36 193 0.981 1 0.924 0.958 0.897 0.913 0.981 0.958 0.947 0.977 0.9
Control 5g22 326 0.992 1 1 0.976 0.988 0.988 0.997 1 1.015 0.902 1
Control 5031 126 0.994 1 1.041 1.054 1 1.051 1.075 1 1.016 1.023 1.038
Control 535 155 0.968 1 1.033 1.062 1.097 1.024 1.103 1.129 1.109 1.194 1.048
GCH1 Ex1 138 1 0.975 0.963 0.999 0.949 0.949 0.983 1 0.97 1.064 0.928
GCH1 Ex1b 254 0.982 1 1.093 0.963 0.926 1.017 1.014 0.936 0.932 0.908 0.849
GCH1 Ex2 175 1 0.936 0.971 0.917 0.937 0.911 0.975 0.975 0.975 1.043 0.975
GCH1 Ex3 199 1 0.965 0.993 0.998 1.045 0.992 1.0114 0.998 1.027 1.028 0.984
GCH1 Ex5 226 1 0.987 1.039 1.019 0.968 1.028 1.075 1.018 1.041 1.0 1.002
GCH1 Ex6 279 1 0.954 0.976 0.968 0.986 0.962 0.991 1.011 1.002 0.998 0.895
SGCE Ex1 215 0.95% 1 0.963 0.981 1.019 0.937 0.963 1.048 0.972 0.929 1.019
SGCE Ex10 352 0.938 1 0.919 0.953 1.019 1.019 0975 0.981 0.984 0.943
SGCE Ex11 212 1 0.998 1.128 1.116 0.978 1.063 1.035 0.909 0.881 1.047
SGCE Exib 335 1 0.968 1.007 0.995 1.035 0.977 1.01 0.989 0.965 0.988 1.036
SGCE Ex2 242 1 0.974 1.127 1.059 0.865 1,041 0.976 0.93 0.835 | 0:748 ] 1.002
SGCE Ex3 150 0.995 1 1.093 1.054 0.994 1.075 1.099 0.994 0.829 | 079 0.87
SGCE Exd 188 0.999 1 1.069 1.085 0.982 1.012 1.026 0.883 0.838 0.791 1.059
SGCE Ex5 287 1 0.974 0.894 0.926 0.939 0.966 0.904 0.926 1.025 0.997 0.888
SGCE Ex6 363 1 0.966 1.123 1.061 1.022 1.18 0.963 0.88 0.863 [ 0.707.%1 0.998
SGCE Ex7 316 0.982 1 0.935 0.929 0.922 1.04 0.925 0.915 0.942 0.904 0.992
SGCE Ex8 317 0.947 1 0.906 0.883 0.924 0.911 0.946 0.982 0.902 0.97 0.946
SGCE Ex8b 398 0.976 1 0.977 0.985 1.003 1.021 1.021 1.021 1.025 1.057 1.045
SGCE Ex9 168 0.962 1 0.972 0.958 1 0.949 0.968 0.997 1.006 1.105 0.988
TH Exi 162 1 0.978 0.925 1.003 1.045 1.015 1.001 1.015 0.982 0.993 1.065
TH Ex12 262 0.954 1 1 1.007 1.062 0.967 0.981 1 1.055 1.028 1.113
TH Ex14 295 1 0.998 1.009 0.989 1.033 1.026 1.024 0.977 1.038 0.992 1.114
TH Ex3 183 0.987 1 1.059 1.053 1.016 1.016 0.988 1.055 1.083 1.066 1.1
TH Exd 208 0.997 1 1.005 1.039 1.025 0.939 0.906 1.01 1.04 0.978 1.024
TH Ex8 233 1 0.974 1.044 0.982 0.961 0.99 0.936 0.883 0.883 0.853 0.987
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Ratios
Probe Name Exon/location Bin Size Control O1 | Control 02 | Contro! 04 M24-1 M27-1 M1-39
Control 11p15 144 0.979 1 1.055 1.119 1.003 1.086
Control 11q 407 0.95 1 1.037 0.973 0.984 0.946
Control 12p13 343 1.014 0.974 1 1.004 0.977 0.964
Control 13q14 389 1 0.973 1 1.118 1.04 1.081
Control 17911 306 1.004 0.87 1 1.054 1.013 1.047
Control 1p36 193 0.933 1 1.019 0.918 0.968 0.953
Control 5922 326 0.986 1 1.034 0.98 0.925 0.98
Control 5q31 126 1.078 1 0.994 0.948 0.992 1.069
Control 5035 155 0.999 1 1.08 1.084 1.065 1.022
GCH1 Ex1 138 1.005 0.964 1 0.979 0.979 0.904
GCH1 Ex1b 254 0.989 1 1.041 0.912 0.943 0.865
GCH1 Ex2 175 1.009 0.983 1 1.02 1.021 0.986
GCH1 Ex3 199 0.957 1.002 1 1.022 0.952 0.984
GCH1 Ex5 226 1 0.925 1.026 0.988 1.002 0.922
GCH1 Ex6 279 0.999 1 1.061 1.09 1.001 0.941
SGCE Ex1 215 0.953 1 1.059 0.907 0.89 1.01
SGCE Ex10 352 0.954 1 1.04 1.035 1.017 0.977
SGCE Ex11 272 1.027 1 0.917 0.866 0.895 0.941
SGCE Ex1b 335 1 0.976 1.007 1.032 0.964 1.026
SGCE Ex2 242 1 1.009 0.916 0.819 0.822 0.912
SGCE Ex3 150 1.055 1 0.964 0.881 0.846 0.962
SGCE Ex4 188 0.994 1.047 1 0.831 0.877 0.97
SGCE Ex5 287 1 1.019 0.995 1.06 1.067 0.936
SGCE Ex6 363 1.028 1 0.995 0.917 1.014 0.938
SGCE Ex7 316 1 0.992 1.028 1.057 0.998 1
SGCE Ex8 377 0.986 1.015 1 0.955 0.946 0.999
SGCE Ex8b 398 1 0.926 1.004 0.953 0.953 1.003
SGCE Ex9 168 1 0.966 1.003 1.078 1.035 1.054
TH Ex1 162 1 1.016 0.972 1.003 1.008 0.957
TH Ex12 262 1 0.996 1.023 1.051 0.981 0.992
TH Ex14 295 1.001 1 0.977 0.988 1.009 1.005
TH Ex3 183 1.017 1 0.991 1.113 1.027 1.103
TH Ex4 208 1.05 0.972 1 1.07 1.049 1.069
TH Ex8 233 0.983 1 1.009 0.958 0.981 0.963
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