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ABSTRACT

Familial Hypercholesterolemia is caused by a mutation within the low density
lipoprotein receptor (LDLR) gene. The mutation impairs proper function of LDLR
and results in very high level of plasma cholesterol. Such levels result in early and
severe atherosclerosis and hence substantial excess mortality from coronary heart
disease. Diagnosing FH on clinical grounds is relatively difficult, and previous genetic
methods are too cumbersome for routine use. Thus, there is a need to develop
screening strategies to ensure that more patients are being correctly diagnosed and
treated. In this study, restriction enzymes were used to digest hypermutable CG region
of some PCR-amplified exons to increase the sensitivity of multiplex SSCP. These RE
digested-PCR products were selectively combined and analyzed by multiplex SSCP.
Moreover, the multiplex SSCP was analyzed in gradient polyacrylamide gel to
increase the resolution. The conditions of these multiplex-SSCP analyses were
optimized until individual exon of each multiplex set was separately apparent. Six
combination sets of PCR-multiplex SSCP were set up and five of them were validated
by known mutations (M412T, S554L and IVS3+1G>T) and known polymorphisms
(G1414A). No validation in combination set 3 was made because no mutation or
polymorphism was available in this combination set. The common Avall (exonl3 in
combination set 4), Hincll (exonl2 in combination set 5) and a novel polymorphism
in exon 8 (in combination set 5) were readily detected in these samples using the
PCR-multiplex SSCP protocols developed in this study. These optimized PCR-
multiplex SSCP protocols are expected to be useful for screening mutations and
polymorphisms in the whole coding region (plus promoter) of LDL receptor gene. It
was rapid, simple, sensitive and was expected to be a potential tool for mutation
screening of large numbers of clinical samples.

KEY WORDS: Familial Hypercholesterolemia, LDLR, PCR-multiplex SSCP,
gradient polyacrylamide gel, Novel polymorphism
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CHAPTER1
INTRODUCTION

Coronary artery disease (CAD) is a multifactorial disorder resulting from the
interplay of genetic and environmental factors. It is a major cause of morbidity and
mortality in most Western countries. In Thailand it is also a major cause of death in
our population. This multifactorial disease presents a particular challenge to different
medical disciplines and is frequently associated with acquired familial
hypercholesterolemia. It is clearly that the increase in plasma LDL (Low density
lipoprotein) cholesterol is due to genetic alterations of LDLR (Low density lipoprotein
receptor) gene specifying the formation of the LDLR, leading to defective catabolism
of LDL (1). The LDLR gene spans 45 Kb on the short arm of chromosome 19 and
consists of 18 exons and 17 introns. RNA splicing results in an mRNA of 5.3 Kb, with
a coding region of 2.5 Kb and a protein product of 860 amino acids (2). Mutations in
two other genes also cause the clinical FH phenotype. One of these is the
apolipoprotein B-100 gene (APOB), located on chromosome 2p23-24, that codes for
the protein component of LDL particles. In contrast to LDLR, only a small number of
functional mutations have been identified in APOB. The third gene, proprotein
convertase subtilisin/kexin type 9 (PCSK9), was recently identified on chromosome
1p32. To date, no epidemiologic research has investigated mutations in PCSK9.

LDLR mutations can be classified according to the effect they have on LDL
receptor protein function. The LDLR protein is a cell surface receptor that removes
LDL particles from the plasma by way of receptor-mediated endocytosis. In class 1
mutations, the LDLR protein is not synthesized; in class 2 mutations, the LDLR is not
transported to the Golgi; in class 3 mutations, the LDLR does not properly bind with
the LDL particles; in class 4 mutations, bound surface receptors are not internalized;
and in class 5 mutations, the internalized LDL particles are not released in the
endosome (3).In most populations, the prevalence of heterozygous FH is 1 in 500; 1 in

10° is found to be homozygous. Heterozygous patients carry a high risk of coronary
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artery disease or myocardial infarction in their fourth or fifth decade of life and
homozygous or compound heterozygous patients in their first or second decade of life
(4). Early diagnosis of at-risk individuals will allow early pharmacologic and dietary
treatment with the potential of reducing the risk of CAD. Diagnosis of FH is currently
based on clinical, biochemical, and genetic criteria rather than on the identification of
disease-causing mutations. Molecular diagnosis of FH by the identification of disease-
causing mutation is labor-intensive, time consuming, and expensive because of the
large size of the LDLR gene (45kb encoding 18 exons for a 5.3 kb mRNA). In
addition, there are many rare or “private” mutations, including deletions in
approximately one third of patients that add to the complexity of the molecular
genotype. Consequently, very few clinical laboratories offer general molecular testing
for FH, and those that do limit the analysis to a subset of mutations that are prevalent
in certain ethnic groups (6).

Different strategies for mutation screening in the LDLR gene have been
described. Most defects have originally been detected by restriction fragment length
polymorphism (RFLP) analysis, but the method limited in the detection of point
mutations, small deletions or insertions. Therefore, other, more sensitive
methodologies such as analysis by denaturing gradient gel electrophoresis (DGGE) or
single strand conformational polymorphism (SSCP), followed by DNA sequence
determination, are more appropriate (2, 5). SSCP analysis was originally described by
Orita et al. (13). This technique is a method capable of identifying most sequence
variations in a single strand of DNA, typically between 150 and 250 nucleotides in
length. Under nondenaturing conditions a single strand of DNA will adopt a
conformation (presumably dependent on internal base-pairing between short segments
by fold back) that is uniquely dependent on its sequence composition. This
conformation will usually be different if even a single base is changed. Most
conformations seem to alter the physical configuration or size sufficiently that, even
though the variant sequence has the same charge, the configuration-to-charge (size-to-
charge) ratio is different enough to be detectable as a mobility difference upon
electrophoresis through a retarding matrix such as acrylamide gel (8). The optimal
length of DNA for SSCP analysis appears to be from 150 to 200 nucleotides with

mutation detection sensitivity for fragments size ranging from 70-90%. Sensitivity of
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this technique decreases with increasing size of the fragment (7). Many modifications
to the original protocol were developed (9-12).

At present, blood cholesterol levels tend to increase in Thai populations leading
to high risk of coronary artery disease (37). This incident may be due to life style and
genetic factor such as LDLR gene mutations. In case of genetic abnormality at the
LDLR locus, DNA-based tests can provide unequivocal diagnosis of FH (5, 19). These
DNA-based tests require a database of mutations, which are mostly ethnic specific.
However, in Thai ethnic populations, database for LDLR gene mutations is not
available. To establish a database of LDLR gene mutations for Thai ethnic
populations, molecular analysis of the LDLR gene in Thai people should be essentially
undertaken. However, molecular analysis using previous genetic methods such as
PCR, PCR-RFLP, and large gel SSCP analysis are too cumbersome for routine
screening (14). To avoid these problems and to obtain efficient and rapid genetic
testing for all mutations in the LDLR gene, method of high sensitivity and rapid
screening is essentially required. This project is thus proposed to develop such a
method for identification of polymorphisms and mutations of the LDL receptor gene
in population of Thai ethnic background.

In this development, restriction enzymes were used to digest hypermutable CG
regions of some PCR-amplified exons to increase the sensitivity of multiplex SSCP.
These RE digested-PCR products were selectively combined and analyzed by
multiplex SSCP. Moreover, the multiplex SSCP was analyzed in gradient
polyacrylamide gel to increase the resolution. The conditions of these multiplex-SSCP
analyses were optimized until individual exon of each multiplex set was separately
apparent. Therefore, abnormal mobility shift in an exon could be specified in each
multiplex set and then subsequent DNA sequencing analysis could be made for that
specified exon. Six combination sets of PCR-multiplex SSCP were set up and five of
them were validated by known mutations (M412T, S554L and IVS3+1G>T) and
known polymorphisms (G1414A). No validation in combination set 3 was made
because no mutation or polymorphism was available in this combination set. These
optimized multiplex-SSCP protocols were subsequently used to screen for
polymorphisms and mutations in the whole coding region (plus promoter) of LDL

receptor gene in a number of hypercholesterolemic patients (n=13). The common
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Avall (exonl3 in combination set 4), Hincll (exon12 in combination set 5) and a novel
polymorphism in exon 8 (in combination set 5) were readily detected in these samples
using the PCR-multiplex SSCP protocols developed in this study. These optimized
PCR-multiplex SSCP protocols are expected to be useful for screening mutations and
polymorphisms in the whole coding region (plus promoter) of LDL receptor gene. It
was a rapid, simple, sensitive and was expected to be a potential tool for mutation

screening of large numbers of clinical samples.
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OBJECTIVES

1. To optimize multiplex SSCP method.
2. To investigate polymorphisms and mutations in whole coding region of the
LDL receptor gene in Thai subjects with primary hypercholesterolemia, using the

developed multiplex SSCP method.
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CHAPTER 11
LITERATURE REVIEW

1. Cholesterol Metabolism

Cholesterol is an important structural component of cell membranes and a
precursor molecule for the synthesis of steroid hormones, bile acids and vitamin D.
The cellular requirement for cholesterol is satisfied either by de novo synthesis within
the cell, or by being supplied from extra-cellular sources. Cholesterol accumulating
within the cell above the amount capable of being utilized by the cell is esterified with
a long-chain fatty acid and stored within the cytoplasm as cholesteryl ester droplets.
Efflux of excess cholesterol from the peripheral tissues occurs via reverse cholesterol
transport, a pathway necessary to maintain cellular cholesterol homeostasis (15).

1.1 Lipoproteins

Both de novo synthesized cholesterol and cholesterol derived from the

diet are transported in the plasma predominantly as cholesteryl esters associated with
lipoprotein particles. Lipoprotein particles are spherical with a central core of nonpolar
lipids (primarily triglycerides and cholesteryl esters) and a surface monolayer of polar

lipid (primarily phospholipids) and noncovalently bound apoproteins (Fig.1).

APQO-B-100

PHOSPHOLIPID

TRIACYLGLYCEROLS —==

CHOLESTERYL
ESTERS

Figure 1 Low density lipoprotein structure

(http://www.med.unibs.it/~marchesi/biotec/slides/lipoproteine/LDL.gif)

Lipoproteins are classified by the type and ratio of protein and lipids that they contain,

which determines their size and density (Table 1)
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Table 1 Composition of the major human plasma lipoproteins

Lipoprotein Source Apoliporoteins % Core lipids | Diameter | Density
Protein | %TG/%CE (nm) (g/ml)
Chilomicrons Intestine AL 11, IV), 2 86/3 75-100 <0.95
B-48,
C(I, I, III), E
VLDL Liver B-100, 8 55/12 30-80 0.93-
C(, IL, IIT), E 1.006
IDL VLDL B-100, 19 23/29 25-35 1.006-
] e B S E A 1.019
LDL VLDL B-100 22 6/42 18-25 1.019-
1.063
HDL,,HDL; | Intestine,liver: | A(L II, IV), 40-55 | 3-5/13-17 5-12 1.063-
Chylomicrons, | C(I, II, IIT), D, 1.21
VLDL E

1.2 Lipoproteins Metabolism

Dietary lipids are packaged in intestinal mucosal cells and secreted into
the lymph as large triglyceride-rich particles called chylomicrons. Cholesterol
absorption is mediated in part by the ABCGS5 and ABCGS transporters. Upon entering
the circulation, lipoprotein lipase (LPL) rapidly lipolyzes the chylomicrons, thereby
delivering free fatty acids (FFAs) to tissues such as muscle and adipose. The LDL
(apoB/E) receptor and the LDL receptor-related protein (LRP) mediate the rapid
uptake of the resulting remnant particles by liver (Fig.2) (16).

The liver actively synthesizes triglycerides and cholesterol, which,
along with intestinally derived lipids, are packaged and secreted as very low-density
lipoproteins (VLDLs). Like chylomicrons, VLDL particles are large and triglyceride-
rich, but they have a different metabolic fate. VLDLs undergo lipolysis in the
circulation and give rise to intermediate-density lipoproteins (IDL). Hepatic receptors
remove a significant fraction (about half) of IDLs from the circulation, and the
remainder undergo further lipolysis by LPL and hepatic lipase (HL) to produce LDLs.
LDLs have a long half-life in the circulation and, in most individuals, are the

predominant cholesterol-carrying particles. The LDL (apoB/E) receptor, which is
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present in both liver and peripheral tissues, largely mediates the removal of LDL from

the circulation.

HDLs are formed in the circulation from precursors secreted by liver

Literature Review /

and intestine, and from chylomicron and VLDL surface remnants. HDLs facilitate the

removal of cholesterol from cells, a process mediated in part by ABCAIl. The

cholesterol is then esterified by lecithin cholesterol acyl transferase (LCAT) and

transported to the liver, the only tissue capable of metabolizing and excreting excess

cholesterol. The liver’s uptake of HDL cholesterol is mediated partially by the

scavenger receptor class BI (SR-BI). Hepatocytes can oxidize cholesterol to bile acids

by a pathway involving cholesterol 7a-hydroxylase (7-a-hydroxylase) (16).

Dietary fat, cholesterol

Bile salts, cholesterol
APO BIE receptor

) g

)\ ABCGS,

LR\ < J ABCGS
// Sterol
[ .~ Transporters

|

CHYLOMICRON

Nascent

Cholesterol, PL

! I
) M
ABCA1 CD36

transporter

PERIPHERAL TISSUES

O Triglycerides (TG)

© Cholesteryl ester (CE)
{ir. Phospholipid (PL)

@ Protein

APO(a)

B100

M

APQO BIE
receptor

Figure 2 Lipoprotein metabolism (16)
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1.3 Lipoprotein Disorder
Lipoprotein disorders are some of the commonest metabolic diseases
seen in clinical practice. Currently there is no satisfactory comprehensive
classification of lipoprotein disorders. Genetic classifications have been attempted but

are becoming increasingly complex as different mutations are discovered.

Table 2 Some genetic causes of dyslipidaemia (17)

Disease Genetic defect Fredrickson  Rick
Familial Reduced numbers ITa or IIb CHD
hypercholesterolaemia of functional
LDL receptors
Familial Possibly IVorV
hypertriglyceridaemia single gene defect
Familial combined Possibly IIa, IIb, CHD
Hyperlipidaemia single gene defect IVorV
Lipoprotein lipase Reduced levels of I Pancreatitis
deficiency functional LPL
Apo C-II deficiency Inability to synthesize I Pancreatitis
apo C( cofactor for
lipoprotein LPL)
Abetalipoproteinaemia Inability to synthesize Normal Fat soluble
apo B vitamin
deficiencies,
neurological
deficit

In practice, lipoprotein disorders are simplistically classified as being:

Primary-when the disorder is not due to an identifiable underlying
disease. The Fredrickson or World Health Organization classification is the most
widely accepted for the primary hyperlipidaemias (Fig.3). It relies on the findings of
plasma analysis, rather than genentics. As a result, patients with the same genetic
defect may fall into different groups, or may change grouping as the disease
progresses or is treated. The major advantage of this classification is that it is widely

accepted and gives some guidance for treatment (Table 2). The six types of
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hyperlipoproteinaemia defined in the Fredrickson Classification are not equally

common. Types I and V are rare, while types Ila, IIb and IV are very common.

Lipoprotein N T Chylomicrons TLDL TibL TVLDL T Chylomicrons
TvLoL - |.TwoL

Total N Nor T A 3 il Nor T Nor T

Cholesterol 2

Triglycerides N ™ N ar i T ™

LDL-CHOL N Nord T & Nord N N

HDL-CHOL N Nord Nord Nord Nord Norl Nord

Figure 3 Fredrickson (WHO) classification of dyslipidaemia (17)

This classification is based on the appearance of a fasting plasma sample after

standing for 12 hours at 4°C and analysis of its cholesterol and triglyceride content

Secondary- when the disorder is a manifestation of some other disease.
Secondary hyperlipoproteinaemia is a well-recogniged feature of a number of diseases
which can divided broadly into two categories:
e C(linically obvious disease such as renal failure, nephritic
syndrome and cirrhosis of the liver.
e Covert conditions which may present as hyperlipidaemia. There
include hypothyroidism, diabetes mellitus and alcohol abuse
17).
1.4 LDL-cholesterol and atherosclerosis
The presence of LDLR and reverse (HDL) cholesterol transport
pathways allows for a sensitive regulation of cellular cholesterol content throughout

the body. Unfortunately, this regulation is not always flawless. Absorption of excess
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cholesterol can potentially increase the amount of cholesterol stored in the liver. This,
in turn, can result in increased VLDL secretion, and subsequent LDL formation, and
also down regulation of hepatic LDLR activity. Such events will potentially increase
plasma LDL-cholesterol levels. Defects in the cholesterol metabolism can further
induce accumulation of cholesterol in the periphery causing cardiovascular disease.

Atherosclerosis is a life-long process that begins with innocuous fatty
streaks in childhood and progresses through several stages of plaque formation and
gradual narrowing of the large arteries to subsequent heart attacks, strokes and
peripheral vascular disease. As a major cholesterol-carrying lipoprotein in human
plasma, LDL plays a major role in the development of atherosclerosis. The central
process in the development of atherosclerosis is the infiltration of atherogenic
cholesterol-rich lipoproteins, including LDL and VLDL, into the artery wall where
subendothelial macrophages are activated by oxidized LDL particles via the scavenger
receptor pathway. Total cholesterol levels of >6 mmol/l in the circulation are
associated with substantially increased risk of CHD. According to the current
hypotheses, a priming factor in the development of atherosclerotic plaques is
endothelial dysfunction due to oxidative stress, inflammation, infectious micro-
organisms, or shear stress.

Generally atherogenesis 1s considered a polygenic disease and
numerous candidate genes are proposed. In addition to environmental factors, gene
mutations affecting any of the metabolic pathways involved in the development of
atherosclerosis may contribute to the risk of CHD. Not all cardiovascular diseases are
polygenic in nature, and among patients with CHD onset before the age of 55, about

5% of cases are attributable to heterozygous FH (15).
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2. Familial Hypercholesterolemia
2.1 Clinical features
FH was the first genetic disease of lipid metabolism to be clinically and
molecularly characterized. It is a dominantly inherited autosomal disease characterized
by extremely high levels of plasma cholesterol and LDL, which contribute to the
formation of cutaneous and tendon xanthomas, arcus corneaec and premature
cardiovascular disease. Clinically identified FH usually results from defects in the
LDLR gene. Homozygous deficient patients with two abnormal LDLR genes, either
identical or different mutant genes, typically exhibit life-threatening coronary
atherosclerosis and subsequent myocardial infarction before age 30 (15).
2.2 Prevalence of FH
FH is the most common and most severe form of monogenic
hypercholesterolemia. In most countries the prevalence of the heterozygous form of
FH, in which a defective gene for the LDLR is inherited from one parent and a normal
gene from another, is 1:500 and that of the homozygous form of FH is 1: 1,000,000
individuals, which renders FH probably the most common disease caused by a single-
gene mutation in humans. It has been estimated that worldwide there are 10,000,000
people with FH of whom less than 10% are diagnosed, and less than 25% treated with
LDL-lowering drugs. In many cases the diagnosis is missed until a dramatic clinical
event occurs. In small number of genetically relatively isolated communities the
prevalence of heterozygous FH is much higher than in most populations. In these
populations, few LDLR mutations predominate. Increased prevalence of FH due to the
founder effect can be detected in such populations as Ashkenazi Jews, Afrikaans-
speaking white South Africans, French Canadians, Lebanese Christian Arabs,
Icelanders and Finns (15).
2.3 Diagnostic of FH
Three groups have developed diagnostic tools for FH: The US MedPed
Program, the Simon Broome Register Group in the United Kingdom, and the Dutch
Lipid Clinic Network (18).
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2.3.1 Biochemical diagnostic
The MedPed criteria use cutpoints for total cholesterol levels
specific to an individual’s age and family history. Cholesterol levels vary with age,
and in men and women, and they are population specific. The cut-off level for
diagnosis of hypercholesterolaemia should thus ideally be gender, age and population
specific. In FH patients HDL-levels are within the normal range (or low), and so it is
more specific to make the diagnosis using LDLcholesterol levels. LDL-cholesterol is
usually calculated using the Friedewald formula, and consequently a fasting lipid
profile is required, which is less convenient and more costly, and so the diagnosis is
usually made using total cholesterol levels in the first blood measurement (often non-
fasting), and then LDL-cholesterol measurements for a second (fasting) test. However,
cholesterol levels alone are not sufficient to confirm a diagnosis of FH because the
range of blood cholesterol levels in FH overlaps with that of people with non-genetic
polygenic hypercholesterolaemia, leading to a false positive and false negative rate of
between 8 and 18% (19).
2.3.2 Clinical diagnostic
A diagnostic definition of FH, which supplements cholesterol
measurements with clinical signs and family history has become widely used (Table
3.). The Simon Broome Register criteria in the UK, take into account that total and

LDL levels differ for adults and children.
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Table 3 Simon Broome Familial Hypercholesterolemia Register diagnostic criteria

for familial hypercholesterolemia

14

Criteria

Description

A

Total cholesterol concentration above 7.5 mmol/liter
(290 mg/dl) in adults or a total cholesterol
concentration above 6.7 mmol/liter(260 mg/dl) in
children aged less than 16 years, or

Low density lipoprotein cholesterol concentration

above 4.9 mmol/liter(190 mg/dl) in adults or above
4.0 mmol/liter(150 mg/dl) in children

Tendinous xanthomata in the patient or a first-degree
relative

DNA-based evidence of mutation in the LDLR or
APOB gene

Family history of myocardial infarction before age
50 years in a second-degree relative or before age 60
years in a first-degree relative

Family history of raised total cholesterol
concentration above 7.5 mmol/liter(290 mg/dl) in a
first- or second-degree relative

Diagnosis

A "definite" FHt diagnosis
requires either criteria a and
b or criteria ¢

A "probable" FH diagnosis
requires either criteria a and
d or criteria a and e

The criteria also take account of evidence of dominant

transmission and the age of onset of coronary disease in the kindred. Using this

approach, cases are categorised as ‘definite’ and ‘probable’. The presence of tendon
xanthomata is the key feature in the ‘definite’ diagnosis of FH according to the criteria
of the Simon Broome Register. These are most commonly found in the knuckles and
in the Achilles tendons, and they are a result of cholesterol accumulation. Tendon
xanthoma are usually not present until the fourth decade of life, and are therefore not

helpful in systematic case finding among younger relatives. A family history of

hyperlipidaemia or of premature coronary heart disease does not confirm a genetic

cause or a monogenic pattern of inheritance. The specificity of family history of CHD
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as indicating a genetic risk depends strongly on the prevalence of coronary heart
disease in the population being studied. A similar diagnostic tool has been developed
by the Dutch Lipid Clinic Network. This includes similar features to the Simon

Broome criteria, but adds the calculation of a numeric score (19).

2.3.3 Genetic diagnostic

A definitive diagnosis of FH may be made using DNA-based
mutation screening methods. At present these methods are relatively expensive.
However, once the causative mutation in the patient has been found, relatively cheap
molecular testing in relatives is possible. Molecular testing is relatively easy in
countries with only one or a few different mutations causing FH, but in the majority of
countries with high genetic heterogeneity at the present time the mutation screening
methods available fail to identify a mutation in all patients with a clinical diagnosis of
FH, with detection rates in general being 30—50%. In the UK up to 5% of FH patients
are reported to have large deletions of the LDLR gene, and deletions in the gene have
been widely reported, and these are routinely detected with time-consuming Southern
Blot methods, although PCR based methods have been reported for deletion screening.
In a study using Single Strand Conformation Polymorphism (SSCP) screening,
Southern blotting, DNA sequencing and RNA analysis, only 66% of patients had
detected mutations. SSCP analysis is routinely reported to have a sensitivity of 75—
85%, suggesting that a mutation may have been missed for technical reasons in
possibly 15-25% of patients (15). Although the low detection rate in genetic testing
may be due in part to the insensitivity of the methods or because not all of the LDLR
and APOB genes are screened, it is probably also the result of misdiagnosis using the
clinical and blood cholesterol criteria. Finally, in some patients mutations may not be
present in the LDLR or APOB but occur in the unidentified FH3 gene on chromosome
1, and to date the relative contribution of mutations at this locus to FH is unknown

(20,21).
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2.4 Current treatment method
2.4.1 Dietary intervention

Diet alone is not sufficiently effective for the treatment of
heterozygous or homozygous FH. However, it should be the starting point of any
management program. Dietary intervention relies upon the reduction of LDL-C by
changing the type of fatty acids, reducing dietary cholesterol, including foods rich in
soluble fiber that bind bile acids, and weight loss when indicated. Reducing
cholesterol absorption with foods containing plant stanol- and sterol-esters may also
prove effective. Both LDL-C production and removal rates appear to be affected by
these dietary changes. Estimates suggest that a diet consisting of whole grains,
legumes, fruits, vegetables, nuts, fishs, and fat-free dairy products, and no more than
100 mg/day of cholesterol, 20% of calories from fat and 6% from saturated fatty acids
reduces plasma LDL-C levels by between 18 and 21% in heterozygous FH adults and
children. LDL-C reductions of 30% from an initial mean of 260 mg/dl were seen in
FH subjects changing from a diet rich in butter (34% fat calories) to diets rich in either
salmon or safflower oil. Thus, FH patients, despite their genetically elevated LDL-C,

are as responsive to diet as other hypercholesterolemic subjects (22).

2.4.2 Pharmacotherapy

The primary aim of drug therapy is to decrease plasma LDL-C.
This may be achieved by increasing LDL removal via an increase in LDL receptors on
the surface of hepatocytes and/or a decrease in LDL production. Treatment strategies
that deplete liver cholesterol stores will upregulate LDL receptor gene transcription
via the sterol-regulatory element-binding protein (SREBP) pathway. The bile
sequestrants were the first class of drugs to exploit this pathway by preventing the
absorption of bile acids from the ileum. Increased excretion of bile acids produces an
increase in the conversion of cholesterol into bile salts, a decrease in liver cholesterol
and a compensatory rise in LDL receptor synthesis by the liver. Although bile acid
sequestrants have been shown to reduce plasma LDL-C levels by between 15 and 30%
in heterozygous FH individuals, their effectiveness is limited by a simultaneous
increase in de novo cholesterol synthesis which is also mediated by SREBP. Statins

provide the most dramatic reductions in plasma LDL-C levels in heterozygous FH



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 17

adults and children when compared with other lipid-reducing therapies. The statins act
by blocking the HMG-CoA reductase enzyme, which catalyses the rate limiting step in
de novo cholesterol synthesis. Competitive inhibition of this enzyme by the statins
decreases hepatocyte cholesterol synthesis, which causes the heptocytes to synthesize
more HMG-CoA reductase and LDL receptors. Although the increase in HMG-CoA
reductase ensuring a steady state is maintained between cholesterol synthesis and
utilization, the level of plasma LDL-C is reduced due to the increase in LDL-C
receptors. There is clear evidence that statins also reduce the production of very low-
density lipoprotein (VLDL) in the liver, and this may add to their LDL-C and
triglyceride lowering effects (22).

2.4.3 Other treatment options

Patients with homozygous FH respond poorly to treatments
known to be effective in heterozygotes because they produce few functional LDL
receptors. Current treatment options for these individuals and nonresponsive
heterozygous FH patients include LDL apheresis and liver transplantation. LDL
apheresis uses a continuous-flow blood cell-separator to directly remove LDL from
plasma. Data suggest that repeating this procedure every 1-2 weeks, in combination
with nicotinic acid therapy, produces a reduction in the mean plasma cholesterol level
of around 50%. Liver transplantation can successfully reduce plasma LDL-C levels by
providing an external source of LDL receptors. However, this procedure is associated
with substantial risks and recipients require life-long treatment with

immunosuppressive drugs (22, 23).
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3. Low density lipoprotein receptor (LDLR)
3.1 LDLR protein and domain structure

The LDL receptor is a cell surface glycoprotein that contains
approximately two asparagines-linked (N-linked) oligosaccharide chains of the
complex type and approximately 18 serine/threonine-linked (O-linked)
oligosaccharide chains. About two-thirds of the O-linked sugars are clustered in one
region of the molecule (24). The receptor is first synthesized in the rough ER and then
sent to the Golgi apparatus. The Golgi apparatus subsequently targets the LDLR to the
cell surface, where they gather in clathrin-coated pits. Clathrin coated pits are
specialized regions of the plasma membrane that are lined on the cytoplasmic surface
by a protein called clathrin. After the LDLR binds to LDL, the coated pits internalize
and the clathrin coat disintegrates. Multiple endocytic vesicles fuse to form endosomes
where the pH begins to fall below 6.5. At this acidity, the LDL dissociates from the
receptor while the LDLR returns to the cell surface. LDL that is dissociated from the
receptor is delivered to the lysosome where hydrolytic enzymes degrade LDL for

metabolic use (25).
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The LDLR protein consists of five distinguishable domains (Fig.5). The first domain
of the LDL receptor consists of the NH,-terminal 292 amino acids, which is composed
of a sequence of 40 amino acids that is repeated with some variation seven times. Each
of the seven 40-amino acid repeats contains six cysteine residues. A striking feature of
each cysteine-rich repeat sequence is a cluster of negatively-charged amino acids near
the COOH-terminus of each repeat. The charges on these sequences are
complementary to a cluster of positively-charged residues that are believed to occupy
one face of a single a-helix in apo E, the best studied ligand for the LDL receptor. The
second domain of the LDL receptor, consisting of - 400 amino acids, is 35%
homologous to a portion of the extracellular domain of the precursor for epidermal
growth factor (EGF). The third domain of the LDL receptor lies immediately external
to the membrane-spanning domain and consists of a stretch of 58 amino acids that
contains 18 serine or threonine residues. This domain is encoded within a single exon.
Proteolysis studies reveal that this region contains the clustered O-linked sugar chains.
The fourth domain consists of a stretch of 22 hydrophobic amino acids that is believed
to anchor the receptor in the cell surface by spanning the membrane. The fifth domain
is the cytoplasmic tail. It contain a COOH-terminal segment of 50 amino acids that
projects into the cytoplasm. The cytoplasmic domain of the LDL receptor plays an
important role in clustering in coated pits, either through interaction with clathrin itself
or with some protein that is associated with clathrin on the cytoplasmic side of the

membrane (24, 26).
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3.2 LDLR gene

The LDL receptor gene is located on the short arm of chromosome 19.
It consists of 18 exons and 17 introns that span 45 kilobases (kb) (Fig.6). The gene
encodes a single-chain transmembrane polypeptide of 839 amino acids, which consists
of five functional domains. The amino-terminus of the protein contains the LDL-
binding elements the recognize apolipoprotein B (apo B), the major apolipoprotein in
LDL. The correspondence between gene exons and functional domains of the mature
protein is well established. Exon 1 encodes the 21 amino acids of the signal sequence
which is cleaved from the protein during translocation into the endoplasmic reticulum
(ER). Exons 2-6 encode the ligand-binding domain, which is made up of seven
repeats of 40 amino acids each. Exons 7-14 encode a 400 amino acids sequence that is
33% identical to a portion of the human epidermal growth factor (EGF) precursor

gene. Exon 15 encodes 58 amino acids that are enriched in serine and threonine
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residues, which serve as attachment sites for O-linked sugar chains. The 3* end of
exon 16 and the 5 end of exon 17 encode the 22 hydrophobic amino acids of the
membrane-spaning domain. The remainder of exon 17 and the 5’ end of exon 18
encode the 50 amino acids that make up the cytoplasmic domain. The remainder of
exon 18 specifies the 2.6 kb 3’ untranslated region of the mRNA (27).
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Figure 6 LDLR gene

(http://www.people.virginia.edu/~rjh9u/ldlrecep.html)

3.3 Mutations of LDLR gene

In general, mutations causing a premature stop codon, or a frame-shift
mutation or a large deletion or re-arrangement of the gene, are all likely to result in the
generation of a truncated protein which in almost all cases will be dysfunctional. If
such a mutation is detected, it is almost undoubtedly the cause of FH in this patient.
For missense mutations two types must be distinguished. The first are those that alter a
critical amino acid, for example one that changes or adds a residue such as cysteine, or
substitutes a large bulky amino acid such as Tryptophan for a small one such as
Glycine (19). Mutations causing such substitutions are very likely to result in a
defective LDL-receptor and therefore to be the cause of FH in the patient (19). The
second group are those missense mutations that cause a conservative amino acid
change, or that occur in a non-critical region of the protein, and these may not be FH-
causing and their effect must be interpreted with caution (19). The analysis of the
updated data gives the following informations: (i) 63% of the mutations are missense,
and only 20% occur in CpG dinucleotides; (ii) although the mutations are widely
distributed throughout the gene, there is an excess of mutations in exons 4 and 9, and a

deficit in exons 13 and 15; (iii) the analysis of the distribution of mutations located
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within the ligand-binding domain shows that 74% of the mutations in this domain
affect a conserved amino-acid, and that they are mostly confined in the C-terminal
region of the repeats. Conversely, the same analysis in the EGF-like domain shows
that 64% of the mutations in this domain affect a non-conserved amino-acid, and, that
they are mostly confined in the N-terminal half of the repeats. The database is now

accessible on the World Wide Web at http://www.umd.necker.fr (28, 29).
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Mutations in the LDLR gene have been classified into five functional groups

based on the characteristics of the LDLR produced (Table 4.) (22,27).

Table 4 Classification of LDL receptor gene mutations

Class of mutation Nature of the mutation

1 Gene fails to produce immunoprecipitable protein
(null alleles).Variety of mutations including promoter
deletions, splice site mutations, frameshift mutations
and other large deletions. Some nonsense mutations
may cause accelerated receptor protein degradation.

P Proteins are encoded that are blocked, either com-
pletely (2a) or partially (2b), in transport between the
endoplasmic reticulum and Golgi complex
(transportdefective alleles). Abnormal folding of the
protein appears to be the basis of the blocked transport.
Most defects are in the binding and EGF precursor
homology domains.

3 Gene encodes proteins that are synthesized and
transported to the cell surface normally, but fail to
bind LDL (binding-defective alleles). Defects are in
the binding and EGF precursor homology domains.

4 Proteins are encoded that move to the cell surface and
bind LDL normally, but are unable to cluster in
clathrin-coated pits and thus do not internalize LDL
(internalization-defective alleles). Defects are in the
Cytoplasmic domain.

5 Gene encodes receptors that bind and internalize
ligand in coated pits, but fail to discharge the ligand
in the endosome and do not recycle to the cell surface
(recycling-defective alleles). Defects are in the EGF
precursor homology domain.

4. Mutation detection methods

Analysis of DNA variation (polymorphisms and mutations) is one of the most
common challenges faced by molecular biologists. Studies of polymorphisms and
mutations as molecular markers of or underlying causes of disease have confirmed the
importance of mutations and polymorphisms detection. With mutation detection

currently being so important for the study of genetic diseases, gene discovery, and
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solving problems of basic biology, there is a large demand for quick and relatively
cheap methods for mutation detection. Therefore, many different methods have been
developed for detecting new mutations and screening populations for known mutations
or polymorphisms (29). Mutation detection can be performed in two fundamental

processes.

-To detect mutations for the first time in a piece of DNA: This is a

search and is referred to as screening for, or discovery of, mutations.

- To detect on subsequent occasions mutations in DNA once they have
been detected initially. This may be for diagnosis of disease in a family, when the
methods are referred to as diagnostic methods, or in the case of population studies
when assessing single nucleotide polymorphism for linkage or other studies, when the

methods are called genotyping methods (30).

4.1 Single-Strand conformation polymorphism (SSCP)

Single-strand conformational polymorphism (SSCP) is one of
the most widely used mutation scanning techniques because of its simplicity. The
principle of this method is based on the fact that the electrophoretic mobility of nucleic
acids in a non-denaturing gel is sensitive to both size and shape. Unlike double-
stranded DNA, single-stranded DNA is flexible and will adopt a conformation
determined by intramolecular interactions and base stacking that is uniquely dependent
on sequence composition (Orita et al., 1989). This conformation can be affected when
even a single base is changed. Conformational changes can be detected as alterations
in the electrophoretic mobility of the single-stranded DNA in non-denaturing
polyacrylamide gels. SSCP is still largely empirical because of the absence of a robust
theory for predicting the dependence of conformation on sequence, and of mobility on
conformation. SSCP is, nonetheless, a convenient mutation screening method.
Detection levels of 70% to greater than 95% in certain model systems have been
achieved. Achieving such high detection rates by SSCP may require running gels
under several conditions, because the conformation of single-stranded DNA is

sensitive to a number of parameters, including ionic strength, the type of gel matrix,
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fragment length, and temperature. Originally, SSCP was performed on large
sequencing gels in a cold room to control temperature and using radioactive
nucleotides. The procedure was cumbersome and not always reproducible. The
developments of non-radioactive  techniques and temperature-controlled
electrophoretic units, and the modification of the technique for standard and mini-gels,
have increased the simplicity and reproducibility of this method. Basic Protocol: The
target sequence from genomic DNA or cDNA is amplified by PCR. The amplicon is
denatured to single-stranded DNA and electrophoresed on a non-denaturing gel. Bands
of the single-stranded DNA at positions in the gel different from the wild-type indicate
the presence of a mutation. In general, a wild-type sample will generate two SSCP
bands. Similarly, a homozygous mutant sample will also generate two SSCP bands,
but these will migrate differently from the wild-type. If it is a heterozygous mutant,
four bands will be generated: two with the same mobility as the wild-type and two
with different mobility. There may be only three bands if the mutation changes the
conformation of one strand but not the other. Generating the product DNA products
used for SSCP is generally amplified by PCR. The sensitivity of PCR-SSCP tends to
decrease as fragment length increases. For fragments of about 200 bp, greater than
90% of single-base changes can be detected; whereas for fragments of 400 bp, the
detection rate is lowered to 80%. Although mutations have been detected in fragments
as large as 800 bp, the sensitivity of the assay will probably not be as high. Sequences
longer than 400 bp should be divided into shorter segments before analysis by SSCP.
This can be done by generating over-lapping subfragments separately or by amplifying
the intact fragment and then digesting it with restriction enzymes. It is important that
PCR conditions be optimized for stringency, as artifacts will interfere with the assay.

The PCR product should be checked prior to SSCP analysis (38).
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Takao Maruyama et al. (1995) developed simple SSCP methods
for detecting these mutations and investigated four Japanese FH homozygotes and
identified five point mutations: a splice site mutation in intron 12 (the 1845+2 T—C
mutation), a missense mutation in exon 7 (the C317S mutation), a nonsense mutation
in exon 17 (the K790X mutation), a missense mutation in exon 14 (the P664L
mutation), and a missense mutation in exon 4 (the E119K mutation)(32). Humphries et
al. (1997) developed SSCP for high-throughput mutational analysis and applied screen
for mutations in the LDL receptor gene in patients with familial hypercholesterolemia
(33). Using SSCP, Lee et al. (1998) also detected mutations in exon 4 of the LDLR
gene in 15 of 80 of these individuals; 7 of 15 had the same C163Y mutation (34).
Jensen et al. (1996) performed the PCR-SSCP analysis. This method was as sensitive
and efficient as DNA sequencing in the ability to identify the sequence variations in

the LDLR gene of patients with heterozygous and in 2002, they have shown that the
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PCR-SSCP analysis is a highly efficient and sensitive technique for detection of
mutations in the 18 exons including intronic splice-site sequences and the promoter

region of the LDL receptor gene in FH patient in Denmark (35, 36).
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CHAPTER 1III
MATERIALS AND METHODS

MATERIALS
1. Subjects

DNA samples from a group of unrelated patients with primary
hypercholesterolemia from Departmaent of Preventive Medicine, Siriraj Hospital
(N=11) and Navy hospital (N=13) were invited to participate in this study. Diagnosis
of primary hypercholesterolemia (hyperlipidemia type Ila) was based on the presence
of increased plasma total cholesterol and LDL-cholesterol before lipid-lowering
therapy: total cholesterol levels > 290 mg/dl, LDL-cholesterol levels > 190 mg/dl and
triglyceride levels < 200 mg/dl. Patients with secondary causes of hyperlipidemia such
as diabetes, hypothyroidism or hyperthyroidism and nephrotic syndrome were
excluded. The normalipidemic subjects (N=100) with total cholesterol levels < 200
mg/dl, LDL-cholesterol levels < 130 mg/dl and triglyceride levels < 200 mg/dl were
recruited as control. Informed, written consents were obtained from all participants.
The study was approved by the Committee on Human Rights Related to Human
Experimentation Mahidol University and the Ethical Committee on Research
Involving Human Subject, Faculty of Medicine Siriraj Hospital, Mahidol University.
2. Oligonucleotide Primers

The whole coding region of the LDL receptor gene (promoter and 18 exons)
were amplified by PCR. For the amplification reactions, we used oligonucleotide
primers designed by Charlotte et al. (promoter), Pocsai ef al. (exon 4), Leitersdorf et
al. (exon 1,2,3,5,6,7,8,9,10, 11, 12, 13, 14, 16, 17) and Hobbs et al. (exons 15 and
18). The primer sequences, size of amplicons, and respective annealing temperatures

were listed in Table 5.
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Table S Sequences of oligonucleotides used in PCR assay for amplifying  all exons
and the promoter region of the LDLR gene.

Region/ | Primer Oligonucleotide sequence Size | T,
Exon Name (Sense & antisense, 5’ to 3”) (bp) | (°C)
Promoter |Forward| GAG GCA GAG AGG ACA ATG GC 380 |62

Reverse [CCA CGT CAT TTA CAG CAT TTC AAT G
Exonl |SP90 |[CAT TGA AAT GCT GTA AAT GACGTG G 210 |58
SPI1 TTC TGG CGC CTG GAG CAA GCCTTAC
Exon2 |SP57 |CCTTTC TCC TTT TCC TCT CTC TCA G 183 |58
SP58 |AAA ATA AAT GCA TAT CAT GCC CAA A
Exon3 |SP59A |TGA CAG TTC AAT CCT GTC TCTTCTG |178 |58
SP60B [AAT AGC AAA GGC AGG GCC ACA CT
Exon4 |P4.1 TGC AGC CCC CAA GAC GTG CT 386 |58
P4.2 CGC AGT TTT CCT CGT CAG AT
Exon5 |SP62 |CAA CAC ACTCTGTCCTGTTTITCCAG (173 |68
SP63 GGA AAA CCA GAT GGC CAG CGC TCA C
Exon6 |SP64 |TCC TTC CTC TCT CTG GCT CTC ACA G 173 |58
SP65 |GCA AGC CGC CTG CAC CGA GACTCA C
Exon7 |SP66 |AGT CTG CAT CCC TGG CCCTGC GCA G |169 |68
SP67 |AGG GCT CAG TCC ACC GGG GAATCAC
Exon 8 [SP68 CCA AGCCTCTTT CTC TCT CTT CCA 176 |62
SP69 |CCA CCC GCC GCC TTC CCG TGC
Exon9 |SP70 |CCT GAC CTC GCT CCC CGG ACCCCCA (223 |70
SP71 GGC TGC AGG CAG GGG CGA CGCTCAC
Exon 10 |SP72 |ATGCCCTTCTCT CCTCCTGCCTCAG (278 |68
SP73  |AGC CCT CAG CGT CGT GGA TAC GCA C
Exon 11 |SP74 |CAGCTA TTC TCT GTCCTCCCACCAG (173 |68
SP75 |TGG CTG GGA CGG CTG TCC TGC GAA C
Exon 12 |SP76 |TCT CCT TAT CCA CTT GTG TGT CTA G 188 |58
SP77 |CTT CGA TCT CGT ACG TAA GCC ACA C
Exon 13 |SP78 |GTC ATC TTC CTT GCT GCC TGTTTA G |219 |54
SP79 |GTT TCC ACA AGG AGG TTT CAA GGT T
Exon 14 |SP80 |CCT GAC TCC GCT TCT TCT GCCCCA G 204 |60
SP81 ACG CAG AAA CAA GGC GTGTGC CAC A
Exon 15 |FH16 |GAA GGG CCT GCA GGC ACGTGG CACT |246 |68
FH35 |GTG TGG TGG CGG GCC CAGTCTTTAC
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Table S Sequences of oligonucleotides used in PCR assay for amplifying  all exons
and the promoter region of the LDLR gene. (Continued)

Exon 16 [SP84 |[CCT CAC TCT TGC TTC TCT CCT GCA G 128 |62
SP85 |CGC TGG GGG ACC GGC CCG CGCTTAC
Exon 17 [SP86 |TGA CAG AGC GTG CCTCTCCCTACAG |207 |58
SP87 |TGG CTT TCT AGA GAG GGT CAC ACT C
Exon 18 [FH19 |[TCC GCT GTT TAC CAT TTG TTG GCA G 135 |68
FH38 |AAT AAA ACA AGG CCG GCG AGGTCTC

3. Enzymes

All of the enzymes used in this study were molecular biology grade. Haelll and
Hpall restriction endonucleases were purchased from BiolLabs, USA. Taqg DNA
polymerase used for PCR and PCR-multiplex SSCP was expressed from a
recombinant plasmid according to the Protocol of Pluthero (39). Commercial Tag
polymerase perchased from Fermentus (Germany) was used to confirm the results and

to perform DNA sequencing.

4. Chemical substances

Table 6 List of chemical substances

Chemical substances Molecular Weight Source
Acrylamide (CsHsNO) 71.08 BDH, England
Absolute ethanol (C,H,OH) 46.07 Merck, Germany
Agar-C - Bio Basic Inc.,
Canada
Agarose - SeaKem, USA
Ammonium acetate - Sigma, USA
Ammonium chloride 53.49 Sigma, USA
Ammonium Persulfate ((NH4),S,05) 228.20 Sigma, USA
Amp1c1111n (C16H18N3ONaO4S) 371.4 Bio Basic Inc.,
Canada
Boric Acid (H3BO3) 61.83 Merck, Germany
Bromophenol Blue(C;9H9BrsOsSNa) 691.9 USB, Austria
Bromophenol Blue-Xylene Cyanole Dye solution Sigma, USA
Calcium Chloride 147 Sigma, USA
Deionized Formamide - Bio Basic Inc,

Canada
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Chemical substances Molecular Weight Source
2’-Deoxynucleotide 5 triphosphate (ANTP) - BioBasic Inc,
Canada
DL-Dithiothreitol (DTT)(C4H;00,S,) 154.25 BioBasic Inc,
Canada
DNA Ladder Marker - Fermentus,
Germany
Dimethyl Sulfoxide (DMSO) (CH3),SO 78.13 Merck, Germany
Ethidium bromide (C,;H,oN3Br) 394.31 Sigma, USA
Ethylenediamine tetraacetic acid (EDTA) 372.24 Bio Basic Inc.,
( disodium salt, dehydrate) Canada
37% Formaldehyde (CH,0) 30.0 Merck, Germany
Formamide dye mix - Amresco, USA
Glacial Acetic Acid (CH3COOH) 60.05 Merck, Germany
Glycerol (HOCH,CH (OH) CH20H) 92.09 Merck, Germany
Guanidine-HCI (NH,),-C=NH.HCI) 95.53 Sigma, USA
Hydrochloric 36.46 Merck, Germany
IGEPAL - Sigma, USA
Isopropyl-B-D-Thiogalactopyranoside (IPTG) - Sigma, USA
(CoH1305S) 238.31 Sigma, USA
Lysozyme - BioBasic,Inc,
Canada
Magnesium Sulfate (MgSo4.7H,0) 246.5 Sigma, USA
Magnesium Chloride (MgCl,.6H,0) 203.30 Sigma, USA
N, N'-methylene-bis acrylamide 154.2 Sigma, USA
(C7H10N20,)
N, N,N' N'-Tetramethyl-ethylenediamine ~ 116.2 Bio Basic Inc.,
(TEMED) Canada
PCR purification Kit - QIAGEN,
Germany
Potassium chloride 74.5 Sigma, USA
Proteinase K - Invitrogen,
Germany

Silver Nitrate (AgNO3) 169.87

Sodium carbonate (Na; CO3) 105.99

Sodium chloride 58.44

Sodium dodecyl sulphate 288.4
(SDS, C12H2504SN3)

Sodium hydroxide (NaOH) 40.0

Tris (hydroxymethyl)aminomethane, 121.4
(C4H11NO3)

Tryptone powder -

Merck, Germany
Merck, Germany
Bio Basic Inc.,
Canada

Sigma, USA

Merck, Germany
Research
Organics,USA
Bio Basic Inc.,
Canada
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Chemical substances Molecular Weight Source

Tween 20 - Research
Organics, USA

Xylene cyanol FF 554.6 Research
Organics, USA

Yeast Extract - BioBasic Inc.,
Canada

5. Instruments

Table 7 List of instruments

Instruments Source

Autoclave Hirayana, Japan

Centrifuge Heraeus Sepatech, USA

DNA Thermal cycler (Gene Amp PCR system 2400, 9700) Perkin Elmer, USA

Horizontal agarose gel electrophoresis set

Hoefer SE260
Hotplate stirrer SM22
Hot air oven
Incubator
Microcentrifuge

pH meter

Pipetteman

Poraloid Camera (Fotodyne)

Power supply

Refrigerator
Spectrophotometer

Spin down
UV-Transilluminator
Vortex mixer

Vertical electrophoresis set
Water bath

Mupid II, Japan
Pharmacia Biotech, USA
Stuart Scientific, UK
Memmert, Germany
Heraeus, Germany
Hettich, Germany

Orion Research, USA
Gilson, France

Pharmacia Biotech, USA
Sharp, Japan

Shimudzu, Japan
Herolab, Germany

IKA Work Inc., USA
Thailand

Precision Qualitron Inc.,
USA
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6. Miscellaneous

Table 8 List of miscellaneous

Miscellaneous Source

Cellophan membrane Thailand

Camera film (Polaroid) USA

Glove Thailand
Microcentrifuge tube (0.6, 1.5ml) Scientific Plastic, USA
Parafilm Chicaco,USA

Plastic centrifugue tube (15, 50 ml) Elkay, UK

Plastic trays Thailand

Thin wall PCR reaction tube (0.2 ml) Scientific Plastic, USA
Micropipette tips (0.2, 200, 1000 pl) Sorenson, Promega, USA
Nalgene filter Pall Corporation, USA

Whatman Filter paper Whatman Ltd, England
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METHODS
1. Determination of lipid profiles

Lipid profiles were analyzed by Department of Clinical Pathology, Faculty of
Medicine Siriraj Hospital, Mahidol University. Venous blood (5-10 ml) was taken
after 12-14 hours of fasting. Plasma cholesterol and triglyceride levels were
determined with automation by Hitachi 917 Autoanalyzer. The concentration of
plasma HDL was measured after precipitation of LDL and VLDL fractions with
dextran sulfate and MgCl, and plasma LDL level was calculated using the formula
described by Friedewald et al (40).

The experimental design presented in Fig.8. The methods used in this study are

described as followings.

Primary hypercholesterolemia

without CAD Normal
Control

Whole Blood

L ]
Genomic DNA extraction

|
v

PCR all 18 exons and promoter

l

Individual SSCP
all 18 exons and promoter

l

Different migrating bands of each exon
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Search for restriction sites at
CG bases of some exons
by bioinformatics tools
“Webcutter or NEBcutter”

l

v
Digestion of some exons in
v v V < each PCR product set
by RE at hypermutable CG

| | region

Pooled all PCR products
into combination set
l — 8%T(2%C)
Non-gradient or gradient gel multiplex 4%T(1.5%C)-8%T(2%C)
SSCP analysis
l — 6%T(1.5%C)-10%T(2%C)

Abnormal SSCP

l

DNA Sequencing

l

RFLP
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2. Genomic DNA extraction
2.1 Reagent preparations
2.1.1 10 N NaOH

The preparation of 10 N NaOH involved a highly exothermic
reaction which can cause breakage of glass containers. This solution was prepared
with extreme care in plastic breakers. To 200 ml of sterile water for injection slowly
add 100 g of NaOH pellets was slowly added with continuous stirring in a breaker
placed on ice. When the pellets have dissolved completely, the volume was adjusted to
250 ml with sterile deionized water. The solution was stored in a plastic container at
room temperature. Sterilization was not necessary.

2.1.2 5%EDTA, pH 7.4

25 g of EDTA disodium salt was weighed and dissolved in 400
ml of sterile deionized water. The pH of the solution was adjusted to 7.4 with 10 N
NaOH. The volume of the solution was adjusted to 500 ml. The solution was sterilized
by autoclaving.

2.1.3 Solution A, pH 7.2

6.35 g of NH4Cl, 1.33 g of EDTA and 0.92 g of Trizma base
were weighed and dissolved with 800 ml of distilled water. The pH of the solution was
adjusted to 7.2 with HCI and the volume was adjusted to 1 liter. The solution was
autoclaved. Working solution A was prepared by diluting solution A with 2 volume of
sterile deionized water before use.

2.1.4 Proteinase K (10mg/ml)

A lyophilized powder of proteinase K was dissolved at a
concentration of 10 mg/ml in sterile deionized water. The stock solution was into
small aliquots and stored at -20°C until use.

2.1.5 10% SDS

10 g of SDS was weighed and dissolved with sterile deionized
water. The solution was stirred until it was homogeneous and the volume was adjusted
to 100 ml. The solution was incubated at 56 ° C for 1-2 hours until it was dissolved.

This solution was used with no need to be autoclaved.
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2.1.6 1 M Tris-HCI, pH 7.6
60.6 g of Tris-HCl was weighed and dissolved with sterile
deionized water. Approximately 13 ml of 6 M HCI was added to the solution to adjust
pH to 7.6. The volume of the solution was adjusted to 500 ml. The solution was
sterilized by autoclaving.
2.1.7 7.5 M Guanidine-HCI, pH 7.6
72.0 g of Guanidine-HCI was weighed and approximately 10 ml
of 1 M Tris-HCI was added to adjust the pH to 7.6. The volume of the solution was
adjusted to 100 ml with autoclaved sterile deionized water. The solution was filtered
by 0.2 um Nalgene filter.
2.1.8 0.5 M EDTA, pH 8.0
93.0 g of EDTA disodium salt was weighed and approximately
400 ml of sterile water for injection and 10.0 g of NaOH pellets were added. The pH
of the solution was adjusted to 8.0 with 10 N NaOH. The solution was sterilized by
autoclaving.
2.1.9 TE 10-1 buffer
10 ml of 1 M Tris-HCI, pH 7.6 and 2 ml of 0.5 M EDTA, pH
8.0 were diluted in sterile deionized water and the volume were adjusted to 1 Liter.
The solution was sterilized by autoclaving.
2.2 Procedure
Genomic DNA was isolated from peripheral leukocytes in 10 ml EDTA
blood samples by Guanidine-HCI method described previously (UCLA,1993). Ten
millilitres of whole blood were collected into 50 ml capped tube which contained 400
pl of 5%EDTA. Two volumes of working solution A was added to the whole blood,
mixed by vortex the pellet to prevent clumping and left for 10 minutes at room
temperature. The pellet was collected by centrifugation at 3,000 rpm for 10 minutes.
The supernatant was discarded. Two volumes of working solution A was added to the
pellet and the previous step was repeated until supernatant was clear. This step was not
repeated more than three times. The supernatant was discarded and the packed WBC
was added by the following reagents. First, 400 pl of sterile water and 40 pl of
Proteinase K was added into the packed WBC and then mixed with 1ml pipette-tip in

order to thoroughly mix the content. Second, 400 ul of autoclaved sterile water was
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added and resuspended further. Third, 300 ul of 10% SDS was added, and the sample
was mixed gently by rocking the tube back and forth, air-bubble was avoided. After
mixing, the solution was incubated at 37 °C for overnight. Finally, 300 pl of 7.5M
Guanidine-HCl was added and gently mixed. The whole solution was mixed
vigorously and incubated at 68-70 °C for 1 hour. The mixture was centrifuged at 3,000
rpm for 10 minutes at 4 ° C. Only the above clear solution was gently mixed and
reincubated at 68-70 °C for additional 30 minutes. The mixture was recentrifuged as
above. The supernatant was transferred to the new labeled 50 ml cap tubes with 5 ml
of cold absolute ethanol. The tube was gently rock back and forth until cotton- like
strands of DNA was appearent and then the mixture was stored at —20 °C for 1 hour.
The cotton-like strand of DNA was transferred with 800 ul of cold absolute ethanol to
a new 1.5 ml eppendorf tube. The mixture was centrifuged at 10,000 rpm for 5
minutes and the alcohol supernatant was discarded. 800 pul of 70% ethanol was added
to the sample. The sample was then inverted to loosen the pellet and the sample was
let strand for 1 minute. The mixture was centrifuged at 10,000 rpm for 5 minutes and
let stand the supernatant was discarded. The DNA sample was then subjected to air
dry at 37 ° C for 2 hours or at room temperature until the sample was dry with the cap
open to evaporate the ethanol. 100-250 pl of TE 10-1 buffer was added to the sample
and the sample was incubated at 37 °C for overnight. The sample was stored at —20 °C
until use. To determine the integrity of DNA, 3 ul of DNA was mixed with 2 pl
loading dye and analyzed on 1% agarose gel electrophoresis in 1X TBE buffer
comparing with ADNA/HindIIl fragment. The agarose gel was then stained with
ethidium bromide and visualized by UV Transilluminator. The gDNA quality was
verified by Polymerase Chain Reaction and agarose gel electrophoresis.
3. Polymerase Chain Reaction (PCR)
3.1 For multiplex PCR assay
3.1.1 Reagent preparation
3.1.1.1 10XPCR buffer (20mM MgCl,)
80 pul of 25 mM MgCl, stock and 20 pl of 10X Taq
Bufer with KCI were mixed in 600ml eppendorf tube.
3.1.1.2 10mM dNTPs
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10 pl of each 100 mMdNTPs (dATP,dGTP,
dTTP,dCTP) were aliquoted and diluted to 100 ul with autoclaved sterile deionized
water.

3.1.1.3 Tagq DNA polymerase
As described in Appendix A.
3.1.2 Procedure
Each 25 pl reaction mixture consists of 0.1-0.3 pg of genomic
DNA, 1X PCR buffer (2 mM MgChL), 2 mM each of dNTP, 1uM of each
oligonucleotide primer and 1U Taq polymerase. After initial denaturation, 35 cycles
were performed in a programmable DNA thermal cycler (ThermoHybaid PCR) using
the temperature profile of 1 min at 94°C, 1 min at 49°C (annealing temperature) and 2
min at 72°C. The primer extension of the 35th cycle was extended to 12 min. The
multiplex PCR products were electrophoresed on a 2% agarose gel in 1X TBE buffer
for 30 min at a voltage of 100V. The fragments were dyed with ethidium bromide and
were visualised by ultraviolet illumination. And the multiplex PCR products from
DNA samples of primary hypercholesterolemia and control subject were subsequently
used for SSCP analysis.
3.2 For multiplex SSCP assay
3.2.1 Reagent preparation
3.2.1.1 10XPCR buffer (15mM MgCl,)

60 ul of 25 mM MgCl, stock and 40 ul of 10X Tag
Bufer with (NH4),SO4 were mixed in 600ml eppendorf tube.

3.2.1.2 10XPCR buffer (20mM MgCl,)

80 ul of 25 mM MgCl, stock and 20 pl of 10X Tagq
Bufer with (NH4),SO4 were mixed in 600ml eppendorf tube.

3.2.1.3 10mM dNTPs

10 ul of each 100 mMdNTPs (dATP,dGTP,
dTTP,dCTP) were aliquoted and diluted to 100 pl with autoclaved sterile deionized
water.

3.2.1.4 Taq DNA polymerase
As described in Appendix A.
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3.2.2 Procedure
Each 25 pl reaction mixture consists of 0.1-0.3 pg of gDNA, 1X
PCR buffer (1.5-2mM MgCl,), 0.2 mM each of ANTP, 0.4uM each of oligonucleotide
primer and 0.5U Tag polymerase. After initial denaturation at 95°C 5 min, 35 cycles
was performed in a programmable DNA thermal cycler (GeneAmp® PCR System
2400 or 9700) using the temperature profile of 1 min at 95°C, 1 min at annealing
temperature (Table. 5) and 1 min at 72°C. The primer extension of the 35th cycle was
extended to 5 min. The PCR products will be electrophoresed on a 2% agarose gel in
1X TBE buffer for 30 min at a voltage of 100V. The fragments will be dyed with
ethidium bromide and visualised by ultraviolet illumination. PCR products from DNA
samples of primary hypercholesterolemic and control subjects were subsequently
combined into a set of multiplex for SSCP analyses. Each set was composed of 3 or 4
exons in l:1:1 or 1:1:1:1 ratio, respectively. (For RE-digested amplified exon, 2
volumes were applied in the relevant combination set.)
4. Restriction digestion
Restriction endonucleases are enzymes that cleave DNA at specific sequences,
yielding defined fragments of DNA molecules. They can be used to cleave a DNA
molecule at unique site. In this study, there were two reasons to use this technique;
first to generate the optimal sensitivity for SSCP of LDLR gene. Second, LDLR gene
is a large gene which contains many hypermutable CG regions. RE digestion of
hypermutable CG regions in the LDLR gene is expected to find new mutations and
polymorphisms in this gene.
4.1 Procedure
Ten ul of PCR reactions were digested with the relevant restriction
enzymes in the buffer recommended by the manufacturer. The reaction mixture will be
incubated at 37°C for over night.
5. Electrophoresis
5.1 Agarose gel electrophoresis
5.1.1 Reagent preparation
5.1.1.1 10XTBE
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108 g of Trisma base, 55g of Boric acid and 9.3 g of
EDTA disodium salt were weighed and dissolved with sterile deionized water. The
volume of the solution was adjusted to 1 liter and mixed.
5.1.1.2 1X TBE buffer
100 ml of 10x TBE buffer was diluted to 1 litre with
distilled water.
5.1.1.3 1X loading dye
0.125 g each of bromophenol blue and xylene cyanol FF
were weighed and 15 ml of glycerol was added. The volume of the mixture was
adjusted to 50 ml with autoclaved sterile water for injection.
5.1.1.4 100 bp DNA Ladder marker
5 ul (0.5ug) of stock Ladder Marker and 5 pl of 6X
loading dye solution were taken and then 20 pl of steriled water was added.
5.1.1.5 1% Agarose gel electrophoresis
I g of agarose was weighed and dissolved in 100 ml of
1X TBE buffer. The mixture was heated. The melting gel was poured into an
electrophoresis chamber set with a comb inserted. The agarose gel was left to
polymerize at room temperature for 30 min.
5.1.1.6 2% Agarose gel electrophoresis
2 g of agarose was weighed and dissolved in 100 ml of
1X TBE buffer. The mixture was heated. The melting gel was poured into an
electrophoresis chamber set with a comb inserted. The agarose gel was left to
polymerize at room temperature for 30 min.
5.1.1.7 Ethidium bromide solution (10 mg/ml)
1 g of ethidium bromide was weighed and dissolved in
100 ml of reverse osmosis water. The container was wrapped in aluminum foil or the
solution was transferred to a dark bottle and store at room temperature.
5.1.2 Procedure
5.1.2.1 Analysis of PCR amplification
PCR products were checked for successful amplification
on 2% (w/v) agarose gel in 1XTBE buffer. The gel was allowed to cool and solidify
for 30 min. The gel was immersed in 1xTBE buffer at a depth of 1-2 mm. 5 ul of PCR
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amplified products were pipetted and mixed with 2 pl of gel loading buffer. The
mixtures were loaded in each well on 2% agarose gel and electrophoresed for 20-30
minutes at 100 volts. After electrophoresis, the PCR products were stained with
ethidium bromide solution for 1-2 minutes and visualized under ultraviolet light. The
size of fragment was estimated by comparison with 100 bp DNA ladder marker under
the same condition.

5.1.2.2 Analysis of PCR product purification

PCR products were purified on 1% agarose gel in 1X TBE. The
gel was allowed to cool and solidify for 30 min. The gel was immersed in IxXTBE
buffer at a depth of 1-2 mm. 100 pl of PCR amplified products were pipetted, mixed
with 10 pl of gel loading buffer and 10 pl of ethidium bromide solution. The mixtures
were loaded in each well on 1% agarose gel and electrophoresed for 20-30 minutes at
100 volts. After electrophoresis, the PCR products were visualized under ultraviolet
light.

5.2 Acrylamide gel electrophoresis
5.2.1 Reagent preparation
5.2.1.1 50% (49:1) stock acrylamide solution
49 g of acrylamide and 1 g of N, N’-methylene-bis-

acrylamide were weighed and dissolved in 100 ml sterile water for injection. The
solution was filtered through Whatman paper no.1, kept away from light and stored at
4°C.

5.2.1.2 20% ammonium persulfate

0.2 g of ammonium persulfate was weighed and
dissolved in 1 ml of sterile water for injection. The solution was freshly prepared, kept
away from light and stored at 4°C.
5.2.2 Procedure

Polyacrylamide gel for determination of PCR products was
prepared by dilution of the stock 50% acrylamide solution (49:1(w/v) of acrylamide
and N, N'-methylene-bis-acrylamide) to give 8% polyacrylamide solution. For Hoefer
SE260 apparatus : 1.6 milliliters of the 50% acrylamide stock solution and 0.5 ml of
10xTBE buffer were pipetted and adjusted to a total volume of 10 ml with sterile

water for injection. After mixing, the solution was added with 50 pl of 20%
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ammonium persulfate and 5 pul of TEMED and mixed. The gel solution mixture was
immediately poured between the minigel glass plates using 1000 pl pipette until the
glass plate sandwich was full. A comb was placed in the assembled gel sandwich. The
gel was left to polymerize for at least 30 minutes at room temperature. 2 pl of loading
buffer and 5 pl of digested PCR products were mixed, and then the mixtures were
loaded in each well of 8 % polyacrylamide gel. An electric current was applied at 100
volts for 60 minutes to resolved DNA fragments. After electrophoresis, the gel was
stained by ethidium bromide solution for 1-2 minutes and visualized under ultraviolet
light. The size of PCR fragment was estimated by comparison with 100 bp DNA
ladder marker under the same condition.

6. Single strand conformation polymorphism (SSCP)

Single-strand conformational polymorphism (SSCP) is one of the most widely
used mutation scanning techniques because of its simplicity. The principle of this
method is based on the fact that the electrophoretic mobility of nucleic acids in a non-
denaturing gel is sensitive to variation of both size and shape. Unlike double-stranded
DNA, single-stranded DNA is flexible and will adopt a conformation determined by
intramolecular interactions and base stacking that is uniquely dependent on sequence
composition (Orita et al., 1989). This conformation can be affected when even a single
base is changed. Conformational changes can be detected as alterations in the
electrophoretic mobility of the single-stranded DNA in non-denaturing polyacrylamide
gels.

6.1 Reagents preparation

6.1.1 50% (49.25:0.75) acrylamide stock solution with 1.5% cross link
49.25 g of acrylamide and 0.75 g of N, N’-methylene-bis-
acrylamide were weighed and dissolved in 100 ml sterile water for injection. The
solution was filtered through Whatman paper no.1, kept away from light and stored at
4°C.
6.1.2 50% (49:1) acrylamide stock solution with 2% cross link
As described in 4.2.1.1
6.1.3 4% acrylamide with 1.5% crosslink



Patthamawadee Charoensuk Materials and Methods / 44

4.54 ml of 50% (49.25:0.75) Acrylamide stock solution with
1.5% cross link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of

6 ml with sterile water.
6.1.4 6% acrylamide with 1.5% crosslink

0.72 ml of 50% (49.25:0.75) Acrylamide stock solution with
1.5% cross link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of

6 ml with sterile water.
6.1.5 8% acrylamide with 2% crosslink

5.02 ml of 50% (49:1) Acrylamide stock solution with 2% cross
link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of 6 ml with

sterile water.
6.1.6 10% acrylamide with 2% crosslink

1.2 ml of 50% (49:1) Acrylamide stock solution with 1.5%
cross link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of 6 ml

with sterile water.

6.1.7 20% ammonium persulfate
As described in 4.2.1.2
6.1.8 1X Loading dye
As described in 4.2.1.3
6.1.9 Formamide dye (Bromophenol blue — Xylene cyanol stock
solution)
200ul of Bromophenol blue-Xylene cyanol FF solution, 800ul
deionized formamide, 200 pl of 0.5 M EDTA were aliquoted. The solution was
homogeneously mixed and kept at -20°C in dark.
6.2 Glass plate preparation for mini gel
The plates were cleaned with tap water and detergent and then
thoroughly rinsed with distilled water to remove residual detergent. The plates were
then washed with 70% ethanol. For each sandwich, one notched glass plate one
rectangular glass plate and two spacers were required. The notched plate was laid on

the flat surface and each spacer was placed along each edge extending along the side
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of notch. The glass plates were fit onto the spacers. The top of the T of spacers were
rested along the sides of the gel sandwich. On a flat surface, the spacers were aligned
with the sides and also bottom of the glass plates. The sandwich was hold into the
clamp assembly, making sure the bottom edge of the sandwich was rested on the flat
surface. While holding the sandwich in place, slide each clamp into position and
gently tighten the screws. The bottom- edge alignment of the sandwich was checked
and adjusted the glass and spacer to ensure that the bottom edges were completely
flushed. The caster was standing upright or hung from the Hoefer chamber.
6.3 8% Non-denaturing polyarylamide gel preparation

1.6 milliliters of 50% (49:1) acrylamide stock solution and 0.5 ml of
10X TBE was mixed and adjusted to the total volume of 10 ml with sterile water for
injection. 50 pl of 20% ammonium persulfate and 5 pul of TEMED were added and
mixed gently. The gel solution mixture was immediately poured between the minigel
glass plates using 1000 pl pipette until the glass plate sandwich was full. A comb was
placed in the assembled gel sandwich. The gel was left to polymerize for at least 30
minutes at room temperature. The electrophoresis was pre-run for 10 min at 100 volts
before samples were loading.

6.4 4%-8% gradient non-denaturing polyarylamide gel
(1.5%-2%crosslink)

The glass plate was set as previously described (6.2). The gradient
maker was set up with a stirrer in the downstream chamber and tubing leading from
the gradient maker to the top of the gel plates. The top middle of the glass plates was
attached by a yellow tip. The valve separating the two sides of the gradient maker and
the tubing valve were initially close. Before pouring the gel 40ul of 20 % ammonium
persulfate and 4l of TEMED were added to both 4%and 8% acrylamide solution and
the gel solution were mixed gently. The high percent gel mix was poured into the
down stream chamber and low percentage gel mix into the upstream chamber of the
gradient maker. The stirrer was ensured to mixing well in the downstream side. The
valve between the two site of the gradient maker was then opened and also the valve in
the tubing that leads to the gel plates. In the gradient maker, the 4 % gel mix flowed
into the 8% gel mix forming the linear gradient of decreasing percentage concentration

(in order to decrease percentage of gel from bottom to top). After the sandwich plates
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were full with gel, insert the comb without trapping small bubbles, under the wells.
After pouring the gel, the gradient maker was immediately rinsed with distilled water.
The comb was removed after the gel was polymerised. The electrophoresis was pre-
run for 30 min at 100 volts before samples were loading.

6.5 6%-10% gradient non-denaturing polyarylamide gel
(1.5%-2%crosslink)

The glass plate was set as previously described (6.2). The gradient
maker was set up with a stirrer in the downstream chamber and tubing leading from
the gradient maker to the top of the gel plates. The top middle of the glass plates was
attached by a yellow tip. The valve separating the two sides of the gradient maker and
the tubing valve were initially close. Before pouring the gel 40ul of 20 % ammonium
persulfate and 4ul of TEMED were added to both 6%and 10% acrylamide solution
and the gel solution were mixed gently. The high percent gel mix was poured into the
down stream chamber and low percentage gel mix into the upstream chamber of the
gradient maker. The stirrer was ensured to mixing well in the downstream side. The
valve between the two site of the gradient maker was then opened and also the valve in
the tubing that leads to the gel plates. In the gradient maker, the 6 % gel mix flowed
into the 10% gel mix forming the linear gradient of decreasing percentage
concentration (in order to decrease percentage of gel from bottom to top). After the
sandwich plates were full with gel, insert the comb without trapping small bubbles,
under the wells. After pouring the gel, the gradient maker was immediately rinsed
with distilled water. The comb was removed after the gel was polymerised. The
electrophoresis was pre-run for 30 min at 100 volts before samples were loading.

6.6 Procedure

SSCP was performed by the method as described by Orita et al. (13).
One pl of each set of PCR products was mixed with 10 pl of 5x formamide dye mix,
incubated in a boiling water-bath for 10 min before loading. Electrophoresis was
carried out in 8% non-denaturing polyarylamide gel or 4%-8%, 6%-10% gradient non-
denaturing polyarylamide gel and 0.5XTBE buffer without glycerol at 100 volts for
2.30-4 hour at 4°C with Hoefer MIGHTY SMALL II SE260, Amersham Biosciences,
USA) electrophoresis unit. Then SSCP was visualized by silver staining (14).
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7. Silver staining
Highly sensitive detection of nucleic acids in the nanogram range has been
achieved by the specific chemical reduction of silver ions. The methods for silver-
staining nucleic acids of employ either a histologically derived procedure that uses
ammoniacal solutions of silver, or a photochemically derived reaction in which silver
binds to nucleic acid bases and is then selectively reduced by chemical agents or light.
These silver staining protocols can be as sensitive as radioisotopic methods. However,
they are complex and time consuming and require the preparation and handling of
several solutions. In an attempt to simplify the routine use of silver stains to detect
nucleic acids, Bassam et. al. (52) optimized the photochemically derived silver stain
originally introduced by Merril et. al. (53) for protein staining and later applied to
nucleic acids which uses formaldehyde to selectively reduce silver ions to metallic
silver under alkaline conditions (41).
7.1 Reagent preparation
Reagents for silver staining method comprise three solutions, fix and
stop solution (10% glacial acetic acid), staining solution, and developing solution.
7.1.1 Fix/stop solution (10% glacial acetic acid)
100 ml of glacial acetic acid was added to 900 ml of
distilled water.
7.1.2 Staining solution (0.2% AgNO3)
2 g of silver nitrate was weighed and homogeneously
dissolved in 1 L of sterile deionized water.
7.1.3 Developing solution (3%NaCOj; with 37% formaldehyde;
100ml: 150ul)
3 g of sodium carbonate was weighed and dissolved in
100 ml of sterile water for injection. The solution was chilled to 10° C in the
refrigerator. Immediately before use, 150 pl of 37 % formaldehyde was added.
7.2 Procedure
The staining procedure consists of just a few steps. After
electrophoresis, the gel frames were removed from the electrophoretic apparatus. The
screws were loosening, and the plates were removed out of the frame. The glass plates

were separated by spacer at a lower corner. The short glass plates adhered with the gel
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was placed in a plastic tray, fixed with 100 ml of fix solution, the glass plate was taken
out and the gel in the fix solution. The gel was agitated well for 30 minutes or until the
tracking dyes were no longer visible. Fixative was saved for later use in terminating
the development reaction. The gel was rinsed three times in sterile water for injection
with two minutes of agitation each time. After the gel was completely rinsed, it was
transferred to 100 ml of staining solution and was agitated for 30 minutes. The gel was
removed from the staining solution and rinsed for no longer than 5-10 seconds to
remove an excess of silver nitrate in sterile water for injection. The gel was then
placed in a chilled tray containing cold developing solution and was agitated again. As
soon as the bands were clearly resolved, the fixative solution from the first step was
poured directly into the developer, and the mixture was agitated for 3 min. The gel
was rinsed twice in distilled water. The gel was collected by wrapping with cellophane
membrane, and then air dried for over night at room temperature.
8. DNA sequencing

When SSCP variants were detected, the original genomic template was used
for DNA sequencing analysis. The original DNA template was amplified and purified
using QIAquick Gel Extraction Kit (QIAGEN, Germany), and automated DNA
sequencing by automatic sequencer 3730x (DNA Sequencing Services of Macrogen
Inc, Korea).

8.1 DNA template preparation

The PCR products was used as sequencing templates have to be

cleaned to remove primers, nucleotides, Tag polymerase and salts which affect the
sequencing reactions. 100 pl of PCR products were run on 1%gel electrophoresis (as
described in 4.1.2.2). The DNA band was purified by using QIAquick Gel Extraction
Kits. The QIAquick Gel Extraction protocol for DNA purification from agarose gels
was described as followings. The DNA fragment was excised from the agarose gel
with a clean, sharp scalpel. The excised DNA fragment in agarose gel was transferred
to 1.5 ml microcentrifuge tube and weighed. Three volumes of Buffer QG were added
to 1 voloume of gel (100 mg ~ 100 ul). An incubate was made at 50°C for 10 min or
until the gel slice was dissolved completely. To assist dissolve gel, the gel mixture was
mixed by vortexing the tube every 2-3 min during the incubation. One gel volume of

isopropanol was then added to the sample and mixed. A QIAquick spin column was
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placed in a provided 2 ml collection tube. The sample was applied to the QIAquick
column and centrifuged for 1 min at 13,000 rpm. For the gel mixture volumes of more
than 800ul, the excess volume of the gel mixture was simplyed load and spun again.
Flow -through was discarded and QIAquick column was placed back in the same tube.
A 0.5 ml of Buffer QG was added to QIAquick column and centrifuged for 1 min at
13,000 rpm. To wash the column, 0.75 ml of buffer PE (150ul of PE and 600ul of
absolute ethanol) was added to QIAquick and centrifuged for 1 min at 13,000 rpm.
The flow-through was discarded and the QIAquick column was centrifuged for an
additional 1 min at 13,000 rpm. The Place QIAquick column was placed into a clean
1.5 ml microcentifuge tube. To elute DNA, 30 ul of buffer EB or H,O was added to
the center of the QIAquick membrane, let stand for 1 min and then the column

centrifuged for 1 min.
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CHAPTER 1V
RESULTS

Multiplex assay

Multiplex assay is the assay in which several parts of gene are co-analyzed in
one assay. It can be performed by two ways. First, multiplex at the PCR step and
second multiplex at the SSCP step. In this study, multiplex PCR-SSCP was initially
proposed to develop. Only three DNA fragment (exon 3, exon 4 and exon 13) of
LDLR were performed multiplex PCR prior SSCP analysis. This multiplex PCR-
SSCP  technique was applied in 11 wunrelated patients with primary
hypercholesterolemia from Department of preventive medicines. The others DNA
fragment of LDLR were not performed multiplex PCR because there were not the
optimal condition for multiplex PCR. Therefore, PCR-multiplex SSCP was thus
subsequently developed. Multiplex assay in this study was shown in figure 9.

Multiplex assay
|
| |
Multiplex PCR-SSCP PCR-Multiplex SSCP
(N=11) (N=13)
| |
Exon 3 + Exon 4 + Exon 13 Gradient multiplex SSCP

|
Avall polymorphism
in normal PH,, PHjs

Figure 9 Multiplex assay of LDLR gene in this study
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1. Multiplex PCR assay

We have been attempting to develop a rapid, effective screening assay
enabling the simultaneous analysis of DNA alteration in the LDL receptor gene.
Reaction conditions, including both reagent components and cycle condition were set
up to optimize the assay. For preliminary experiment, multiplex PCR-SSCP has been
developed for simultaneous analysis of mutation in exons 3, 4 and 13 of LDLR gene in
primary hypercholesterolemia patients. The temperature profile of 1 min at 94°C, 1
min at 49°C (annealing temperature) and 2 min at 72°C were found to be optimal to
co-amplify DNA fragments of exon 3, exon 4 and exon 13 in one PCR reaction. The
amplification fragment of multiplex PCR products was shown in Figure 10. One pl of
multiplex PCR products was mixed with 10 pl of 5x formamide loading dye,
incubated in a boiling water-bath for 10 min before loading. Electrophoresis was
carried out in 8% polyacrylamide gel with 1.3%crosslink and 0.5XTBE without
glycerol at 100 volts for 2.5 hour at 4°C with the Mini PROTEAN II cell
electrophoresis unit (BioRAD). And then SSCP gel was visualized by silver staining,
wrapped by cellophane and air dried. Multiplex PCR-SSCP pattern of exons 3, 4 and
13 at the LDLR gene locus of hypercholesterolemic patients and control subject was
shown in figure 11. Two identical mobility shift was observed in PH, and PHs
samples. These differences were confirmed by SSCP analysis of individual exon (data
not show) and further characterized by automated DNA sequencing. There were Avall

polymorphism in exon 13 of PH; and PHs.
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100bp N PH] PHZ PH3 PH4 PH5

xon 4
xon 13

Exon 3

1 2 3 4 5 6 7

Figure 10 The amplification fragment of multiplex PCR of exons 3, 4 and 13 of
LDLR gene. Lane 1 was 100 bp ladder markers. Lanes 2-7 were multiplex PCR
fragments of N, PH;, PH,, PH; , PH4 and PHs , respectively.

N PH; PH, PH; PH; PH;
SRV B

—— Mobility shift

Figure 11 Multiplex PCR-SSCP pattern of exons 3, 4 and 13 at the LDLR gene locus
of hypercholesterolemic patients and control subject. Electrophoresis was carried out

in 8% polyacrylamide gel with 1.3%crosslink at 100 volts for 2.5 hours at 4°C.
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2. Multiplex SSCP assay
2.1 Optimum PCR-multiplex SSCP condition

PCR-multiplex SSCP was developed for diagnosis of FH. The
specific PCR primers that amplified all 18 exons and the promoter region were listed
in Table 5. During the design of the combination sets, we combined different
migrating bands of each exon in the multiplex SSCP analysis. All PCR products of 18
exons and promoter of the LDLR gene were multiplexed into 6 combination sets.
Some amplicons of the combination sets were digested with RE for two purposes.
First, it was expected that exon with abnormal pattern would be specified right away
from the multiplex SSCP pattern. Second, the RE digestion was expected to increase
sensitivity of the multiplex SSCP. Webcutter or NEBcutter were used to identify site
cut of some exons. Combination of amplified exons or RE-digested amplified exons

for multiplex SSCP analysis was shown in Table 9.

Table 9 Combination of amplified exons or RE-digested amplified exons for
multiplex SSCP analysis

Set | Exons in combination Restriction Modification
Exon(s) Enzyme

1 9,11,14 11 Hae 111
2 3.4,15 34,15 Hpall
3 Promoter,1,5 Promoter Hpall
4 2,6,13,18 2 Hhal
5 7,8,12 7 Hae 111
6 10,16,17 - -
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To determine the best resolution setting, we evaluated different gradient
polyacrylamide gel and time. Optimal combination sets were achieved by testing
under non-gradient (8%T) or gradient [4%T(1.5%C)-8%T(2%C) or 6%T(1.5%C)-
10%T(1.5%C)] polyacrylamide gel electrophoresis. The gradient polyacrylamide gel
was of better resolution than non-gradient polyacrylamide gel. The 4%T(1.5%C) to
8%T(2%C) gradient polyacrylamide gel electrophoresis was used in PCR-multiplex
SSCP combination set 1, 2, 5, 6 and the 6%T(1.5%C) to 10%T(1.5%C) was used in
PCR-multiplex combination set 2 and 4. The optimal running time was 2.30-4 hours
depending on DNA fragment. The conditions for these multiplex SSCP assays were

summarized in Table 10.

Table 10 The conditions for multiplex SSCP assays

Combination | PCR product : % gradient Running | Voltage

Set formamide dye | polyacrylamide | Time
(ul) gel (hrs.)

1 1:5 4-8 3 100

2 | 4-8 3 100

3 1:3 6-10 4 100

4 1:3 6-10 4 100

5 1.8 5 4-8 2.30 100

6 el 4-8 3 100

2.2 Validation of PCR-multiplex SSCP setup in LDLR gene

There were 6 combination sets of PCR-multiplex SSCP. Only 5
combination sets can be validated. They were combination sets 1, 2, 4, 5 and 6.
Previously reported known mutations M412T and S554L were used to validate
combination set 1. IVS 3+1 G > T (313+1G>T) was used to validate combination set
2. G1414A common polymorphism was used to validate combination set 6. The
common Avall and Hincll polymorphisms can detect in exon 13 and exon 12 by PCR-
multiplex SSCP combination set 4 and 5, respectively. Twenty four unrelated patients
with FH were screened for mutations and polymorphisms in all 18 exons and the

promoter region of the LDLR gene. We did not observe any mutation or
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polymorphism in promoter, exon 1 or exon 5 of these 13 unrelated patients with
primary hypercholesterolemia from Navy Hospital. Therefore, we can not show the
validation of combination set 3.
2.2.1 PCR-multiplex SSCP of the combination set 1

This combination set 1 was validated with M412T (exon
9) and S554L (exonl1) mutations. The M412T mutation caused by a transition of T to
C at nucleotide position 1235 in exon 9. This nucleotide change was predicted to cause
the substitution of a threonine for methionine at codon 412. The amino acid at this
position has been changed from an amino acid with nonpolar side chain (M) to
uncharged polar side (T). The S554L mutation caused by a transition of C to T at
nucleotide position 1666 in exon 11. This nucleotide change was predicted to cause
the substitution of serine to leucine at codon 554. The amino acid at this position has
been changed from an amino acid with uncharged polar side chain (S) to nonpolar
aliphatic side chain (L). The abnormal SSCP patterns of M412T and S55L were shown

below.

Haelll MP

digested
Ds E9 Ell E14 N DN PP Hoolr Hoo2
= . ' ] A

Figure 12 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex
SSCP combination set 1. DS in lane 1 was double stranded DNA. Lanes 2-4 were
individually amplified PCR fragments of exon 9, Haelll digested exon 11 and exon 14

of normal control. Lanes 5-9 were fragments of PCR-multiplex SSCP of normal
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control, DN, PP, HOO1 and H002, respectively. DN, PP, HOO1 and HO02 were patients
with FH phenotype.
2.2.2 PCR-multiplex SSCP of the combination set 2

The combination set 2 was validated with IVS3+1G>T
of exon 3. The IVS 3+1 G>T mutation caused by the G to T transversion at position 1
of intron 3. The GT dinucleotide at 5’ end of an intron is highly conserved serving as
part of the consensus recognition signal for mRNA splicing in vertebrate genes. The
multiplex SSCP of the combination set 2 showing the abnormal SSCP pattern of
IVS3+1 G>T. The data was shown in figure 13.

Hpall
digested MP

Ds E3 E4 E15 N PS Hoo1 Hoo2 H003

Figure 13 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex
SSCP combination set 2. DS in lane 1 was double stranded DNA. Lanes 2-4 were
individually amplified PCR fragments of Hpall digested exon 3, Hpall digested exon
4 and Hpall digested exon 15 of normal control. Lanes 5-9 were fragments of PCR-
multiplex SSCP of normal control, PS, HO01, H002 and HO0O03, respectively. PS, HOO1,
H002 and HO03 were patients with FH phenotype.
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2.2.3 PCR-multiplex SSCP of the combination set 6
The common polymorphism G1414A in exon 10 was
used for validation of this multiplex set. G225 was a 14 years old girl previously
diagnosed as homozygous FH patient. This patient has homozygous A at this
polymorphic site. This nucleotide alteration did not change amino acid ( arginine to
arginine) at codon 471 of the LDLR gene. G1414A( R471) polymorphism has been
reported in NCBI database.

MP

Ds E10 E16 E17 N G225 Hool

Figure 14 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex
SSCP combination set 6. DS was double stranded DNA. Lanes 2-4 were individually
amplified PCR fragments of exons 10, 16 and 17 of normal control. Lanes 5-7 were
fragment of PCR-multiplex SSCP of normal control, G225 and HO01. G225 and HOO1
were patients with FH phenotype.
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Figure 15 Nucleotide sequences from amplified exon 10 of the LDLR gene, after
direct sequencing of PCR products. (A) Heterozygous for a G to A transition at
nucleotide position 1414 (26463 including intron) of normal control. (B) Homozygous

A at the same nucleotide position of G225 and HOO1.
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2.2.4 PCR-multiplex SSCP combination set 3
No mutations or polymorphisms in Exon 1, Exon 5 or
promoter in our FH patients. Furthermore, we did not found mutations or
polymorphisms in promoter, exon 1 or exon 5 of 24 unrelated patients with FH.
Therefore, we can not show the validation of the PCR-multiplex SSCP combination
set 3. Although, there were not mobility shift in this combination set but SSCP
patterns were clearly and should be useful for screen mutations and polymorphisms in

El, ES and promoter of LDLR gene.

Hpall MP
digested

El ES Pro N Ho003 H005 Ho06 H007

Figure 16 Silver staining of 6-10% gradient polyacrylamide gel of PCR-multiplex
SSCP combination set 3. Lanes 1-3 were individually amplified PCR fragments of
exon 1, exon 5 and Hpall digested promoter of normal control. Lanes 4-8 were
fragment of PCR-multiplex SSCP of normal control, HO03, H005, HO06 and HO07,
respectiy. H003, HOO5, HO06 and HOO7 were patients with FH phenotype.
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2.2.5 PCR-multiplex SSCP combination set 4

The abnormal SSCP pattern was observed in exon 13 of

HO0O07. The data have been shown as below.

Hhal
digested MP

E2 E6 EI3 E18 N Ho002 Hoo3 Ho13 H007

S s

= Missing band

Figurel7 Silver staining of 6-10% gradient polyacrylamide gel of PCR-multiplex
SSCP combination set 4. Lanes 1-4 were individually amplified PCR fragments of
Hhal digested exon 2, exon 6, exon 13 and exon 18 of normal control. Lanes 5-9 were

fragment of PCR-multiplex SSCP of normal control, H002, HO03, HO13 and HO007,

respectively.
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Then sequence variations were confirmed by direct sequencing. There were
heterozygous for a T to C transition of HOO7 at nucleotide position 33039. The
nucleotide change did not disturb amino acid sequence (GTT/GTC—Val/Val). The
other subjects i.e., H002, HO04 and HO13 were of homozygous T at this nucleotide.
This nucleotide change was the common Avall polymorphism (SNP) in exon 13 of

LDLR gene. The representative sequence results have been shown as below.

A B
() BN /i85 i 33039
100 100
G G T N'C T Cul B G T TCTCT TCC

*
J |'| |

Figure 18 Nucleotide sequences from amplified exon 13 of the LDLR gene, after

direct sequencing of PCR products (A) Heterozygous for a T to C transition at
nucleotide position 1959 (33039 including intron) of HO07. (B) Homozygous T at the

same nucleotide position of HO13.
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The PCR products of E13 were digested with Avall to confirm the presence
of this common SNP in our subjects. The amplified product of this region was 219 bp.
The digestion of the amplified product with the restriction enzyme Avall reveal two
fragments of 182 and 37 bp, indicating the presence of the restriction site. The Avall
restriction map and the RFLP result were shown in figure 19.

(A)

Wildtype
Allele }7 CAGAG GATATG GTTC TCTTCCACAA4{ 219 bp

Avall (5°GGWCC3’)

Mutant v
Allele — CAGAG GATATG "GTCC TCTTCCACAA—
s — 182 Dbp >=< 37 bp >
B
i Uncut Cut

100bp Normal Ho002 Hoo4 Hoo7 Hoi3

219 bp
182 bp

37 bp

Figure 19 (A) The schematic drawing of Avall digestion site in the PCR product of
exon 13 of LDLR gene. (B) Agraose gel electrophoresis of Avall polymorphism in
exon 13 of the LDLR gene.

From RFLP result, we conclude that H0O07 was heterozygous for T to C
transition and the other subjects i.e., H002, HO04 and HO13 were homozygous T
corresponding with the DNA sequence data. This Avall polymorphism was recorded
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in the LDLR database (Appendix B). The allele specific frequency of this
polymorphism of C is 0.37.
2.2.6 PCR-multiplex combination set 5
The PCR-multiplex SSCP gel of combination set 5 was
shown in figure 16. We found that HO04 had the same SSCP pattern as normal control,
HOO1was the same as H002 and HOO3 was different from the others. The mobility
shifts were apparent in exons 8 and 12. Therefore, exons 8 and 12 of these DNA

samples were subjected to DNA sequencing.

Haelll MP
digested
DS E7 E8 El12 N Hoo1 Hoo2 Hoo3 Hoo4

J

1 MBS 4 \§ o2 8 9

Figure 20 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex
SSCP combination set 5. DS in lane 1 was double stranded DNA. Lanes 2-4 were
individually amplified PCR fragments of Haelll digested exon 7, exon 8 and exon 12
of normal control. Lanes 5-9 were fragment of PCR-multiplex SSCP of normal
control, HOO1, H002, HO03 and H004 respectively. HO01, H002, HO03 and HO04 were
patients with FH phenotype.

From DNA sequencing results of ES8, there were heterozygous for a G to A
transition at nucleotide position 24494 in normal control, HOO1, H002, HOO3 and
HO004. The nucleotide change did not disturb amino acid sequence

(GAA/AAA—Lys/Lys). It might be novel polymorphism. In exon 12, there were
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heterozygous for a C to T transition at nucleotide position 29800 in H003 and
homozygous C in normal control, HO01, HO02 and H004. The nucleotide change did
not disturb amino acid sequence (AAC/AAT—Asn/Asn) as well. Previous study in our

lab shows that this is Hincll polymorphism.

2449400
ST eEXCACHN A RAGLNL

_ _AAARALN \
Figure 21 Nucleotide sequence from amplified exon 8 of the LDLR gene, after direct

sequencing of PCR products. Heterozygous for a G to A transition at nucleotide

position 1167 (24494 including intron).

(A)

50 29800 60
G TCAANG GGG G CA

Figure 22 Nucleotide sequence from amplified exon 12 of the LDLR gene, after direct
sequencing of PCR products. (A) Heterozygous for a C to T transition of HO03 of
nucleotide position 1773 (29800 including intron) (B) Homozygous C of normal

control.
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CHAPTER V
DISCUSSION

In most populations in the world, the frequency of heterozygous FH is
estimated to be 0.2%. At the molecular level, FH is a heterogeneous disorder caused
by more than 900 different mutations in the LDLR gene and the number of identified
mutations is increasing steadily (4). Identification of a LDL receptor gene mutation in
an FH individual is of value for several reasons. An unequivocal diagnosis can be
made, and affected relatives can be identified at an early age, when a clear-cut
diagnosis based on clinical criteria is not possible. Mutation detection can be divided
into two categories: a scanning mode, where a stretch of DNA is searched for
unknown mutations, and diagnostic mode, where specific tests are designed to detect
known mutations (42). To answer the questions in a genetically heterogeneous
population, new molecular genetic techniques had to be established that allow a rapid
and sensitive screening for new mutations. SSCP analysis of PCR-amplified genomic
DNA fragments (Orita et al 1989) has become a simple and sensitive standard method
for the detection of small genetic alteration. We further modified this technique by
performing PCR-multiplex SSCP. In this study, we devised a PCR-multiplex SSCP to
reduce the workload involved in performing mutation analysis in large regions of
LDLR gene. The protocols were validated via known mutations or polymorphisms.
In the analysis of DNA segments of which no genetic variation existed, validation was
made by performing DNA sequencing when abnormal SSCP pattern or mobility shift

was apparent.

Multiplex assay is the assay in which several parts of gene are co-analyzed in
one assay. It can be performed by two ways. First, multiplex at the PCR step: more
than one primer pairs were simultaneously used in one PCR reaction mixture prior to
SSCP analysis. Pocsai et al developed multiplex PCR assay for screening deletions in
the LDLR in 2001 (1). In this study, multiplex PCR and subsequently followed by

SSCP was initially tried. However, it did not work because in multiplex PCR
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condition, primers of some exons co-amplified with other part of gene so non-specific
PCR product was apparent. For successful multiplex PCR assay, the relative
concentration of primers, PCR buffer, balance between MgCl, and dNTP, cycling
temperature, amount of DNA template and 7ag DNA polymerase are important (43).
Second, multiplex at the SSCP step: PCR for individual exons or for individual part of
the gene were performed and then these PCR products were pooled in multiplex assay
by SSCP. Previous study, the former students used both techniques in the EGF
precursor homology domain (E7-E14) and the ligand binding domain (E2-E6) of the
LDLR gene (48, 49). In this study, multiplex PCR-SSCP was initially proposed to
develop. After several trials of multiplex PCR-SSCP upon various combinations of
amplified exons, only the combination of exons 3, 4 and 13 of LDLR gene gene was
successfully optimized (as presented in Fig. 10). Therefore, PCR-multiplex SSCP was
thus subsequently developed. The development was fairly successful and the protocol
was applicable to investigate the whole regions of LDLR gene (promoter plus 18
exons). PCR fragments of some amplified exons were digested with restriction
enzymes to increase sensitivity of the multiplex assay. There were 6 combination sets
of amplified exons or RE-digested amplified exons for multiplex SSCP analysis.
Several factors such as temperature, pH, running time, gel composition and size of the
DNA fragments can influence the sensitivity of SSCP analysis (35). Many
modifications to the original protocol developed by Orita et. al. include variables that
affect the gel matrix, e.g., percentage of acrylamide monomer, cross-linking ratio,
buffer systems, addition of neutral compounds to the gel and electrophoresis
temperature. The most preferred gel characteristics for successful differential
separation of single strand conformers in the range of 200-300 bp, where the method
should be most sensitive and reliable, are 12% acrylamide and cross-linking ratios
(%C) between 1 and 3 (10). Several publications have detailed the different effects
that different conditions can have on resolving a particular sequence variation.
Reduced cross linker ratio (bis:acrylamide 1:49) and 50-100 ml/l glycerol are popular
(44). The sensitivity of the multiplex SSCP was also increased by using gradient
polyacrylamide gel electrophoresis. To determine the best resolution setting, different

gradient polyacrylamide gel and running time were evaluated. For PCR-multiplex
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SSCP, the gradient [4%T(1.5%C)-8%T(2%C) or 6%T(1.5%C)-10%T(1.5%C)]
polyacrylamide gel revealed better resolution than non-gradient (8%T) polyacrylamide
gel. The optimal running time of these multiplex SSCP in gradient gel was 3-4 hours
depending on DNA fragments. So far no publication reported gradient acrylamide gel
electrophoresis in SSCP analysis. This study in our laboratory is thus the first report
on multiplex SSCP analysis for mutation screening at the LDLR gene locus.

The sensitivity of a mutation detection method has usually been evaluated by
the rate of detection of already known mutation (35). We have demonstrated the use of
PCR-multiplex SSCP method for detection of M412T (exon 9) and S554L (exon 11)
in combination set 1, IVS 313+1 G > T (exon 3) in combination set 2 and G1414A
(exon 10) common polymorphism in combination set 6. In the combination set 1
(figure 9), abnormal mobility shifts of DN and PP samples were observed. Mobility
shifts in exon 9 of M412T mutation and in exon 11 of S554L mutation were observed
in the corresponding exonic banding patterns of the multiplex SSCP set 1. In the
combination set 2 (figure 10), abnormal mobility shift of PS sample was observed.
This mobility shift was correspondingly apparent in the region of banding pattern of
exon 3. In the combination set 6 (figure 11), the multiplex SSCP banding pattern of
G1414A (exon 10) in normalipidemic subject was apparently different from the
banding pattern of homozygous A in FH patients (G225 and HOO1). For the multiplex
SSCP in the combination set 3 (figure 13), there was no genetic variation for
validation at present time. However, the profile of this combination set 3 was fairly
clear. It should have revealed the mobility shift pattern for any genetic variation if it is
existing in any DNA segment of this multiplex set and it should thus be applicable for
screening mutations and polymorphisms in exon 1, exon 5 and promoter of the LDLR
gene. On the other hand, the profiling of these DNA segments can be collected as
genetic profile for each FH patient. The common Avall (exon 13) and HincllI (exon12)
polymorphisms could be detected by PCR-multiplex SSCP combination set 4 and 5,
respectively. In combination set 4 (figure 14), the heterozygous T to C transition in
exon 13 is the common Avall single nucleotide polymorphism (SNP). It is the
variation at nucleotide position 33039 with an allele frequency of C is 0.37(Appendix

B). Previous study, the genotype frequencies at Avall sites of Thai population were
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57.9%, 36.6% and 5.5% for the (-/-), (+/-), and (+/+) genotypes, repectively (50). In
combination set 5 (figure 17), the heterozygous for C to T transition in exon 12 is the
common Hincll polymorphism (SNP). In addition, there was a heterozygous G to A
transition at nucleotide position 24494 in exon 8. This polymorphism did not change
amino acid (GAA/AAA—Lys/Lys) and it has not been reported elsewhere. From
LDLR database (http://www.ucl.ac.uk/fh/), only Stul polymorphism in exon 8 has

been reported. Therefore, this G—A transition is a novel polymorphism observed via
PCR-multiplex SSCP analysis in this study.

In this study, we tried to optimize PCR multiplex-SSCP condition and used
known mutation to validate this technique. The optimized PCR-multiplex SSCP were
subsequently applied in 13 unrelated patients with primary hypercholesterolemia. The
multiplex SSCP screening was performed for all 18 exons and promoter region in
these patients. The mutations and polymorphisms used for validation of the PCR-
multiplex SSCP assays and the genetic variations observed by the multiplex SSCP

assays were summarized in Table 11.
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Table 11 Mutations and Polymorphisms in 13 unrelated patients with primary

hypercholesterolemia using PCR-multiplex SSCP technique.

PCR-multiplex Change in Nucleotide | Change in | Mutation name
SSCP of the Exon nucleotide No. amino
combination sequence acid
set sequence
1 Q ATG>ACG 1235 Met/Thr M412T
11 TCG>TTG 1666 Ser/Leu S554L
14 - - - -
2 3 IVS 3+1 G>T [ 313+1 G>T
4 4 - - -
15 - - - -
3 1 - - - -
5 L - - -
promoter - - - -
Z 2 - - - -
6 A y g -
13 GTT/GTC 1959 Val/Val Avall
polymorphism®
18 - - - -
5 7 - - - -
8 GAA/AAA 1167 Lys/Lys Novel
polymorphism®
12 AAC/AAT 1773 Asn/Asn Hincll
polymorphism*
6 10 AGG/AGA 1414 Arg/Arg G1414A°
16 - - - -
17 - - - -

a= Heterozygous T/C in patient HO07,
b= Heterozygous G/A in normal control and patients HO01, H002, H0O03, H0O04
c= Heterozygous C/T in patient HO03,

d= Heterozygous G/A in normal control,

Homozygous TT in patients H002, H004, HO13

Homozygous CC in normal control and patients HOO1, H002, H004
Homozygous AA in patients G225 and H0O01
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The patients under this study were primarily tested for the ApoB common R3500Q
mutation prior to the LDLR gene screening. These patients have not been screened for
the mutations in the PCSK9 gene (45) which also causes FH-like phenotype. Although
new and recurrent mutations were not found in these patients, the polymorphisms
observed in this study should be useful. In the general population, LDL receptor gene
polymorphisms have been shown to be associated with variations in cholesterol levels
(46) as well as a wide variation in the age of onset and the expression of coronary
heart disease in FH patients (47).

SSCP analysis is reported to have a sensitivity of 75-85%, suggesting that a
mutation may have been missed for technical reasons in 15-25% patients. This
technical problem should be partly solved by trying the other optimal conditions. In
case that several optimal SSCP conditions fail to reveal any mobility shift or mutation,
the patients may be deserved to search for large insertion, deletion or large
rearrangement by other appropriate techniques. SSCP is suitable for screening only
one base change or small deletion or insertion.

The multiplex SSCP method developed in this study can considerably reduce
cost (such as chemical reagents for polyacrylamide gel preparation, staining solution,
etc.) and time involved in mutation detection by more than 50%. The availability of
new methods that speed up the process of finding genetic aberrations in genes should
allow the identification of an ever-increasing number of LDLR gene variants that

cause hypercholesterolemia.
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CHAPTER VI
CONCLUSION

For establishing a molecular diagnosis, the whole LDL receptor gene of each
individual patient has to be screened for new and recurrent mutations. The 6
combination sets of PCR-multiplex SSCP analysis developed in this study seem to be
a suitable method. It is relatively rapid, simple, sensitive and has been successfully
applied for known mutation detection. The comparison between original SSCP method

(51) and PCR-multiplex SSCP in this study was summarized in Table 12.

Table 12 Comparison of original SSCP method (Orita et. al.) and PCR-multiplex

SSCP developed in this study.

\w
Property

Original SSCP

PCR-multiplex SSCP

Rapid - screening 1 DNA - screening 3 or 4 DNA
fragment/ lane/SSCP gel fragments/lane/SSCP gel
( 3-4 times more rapid)
Simple - large gel (20x40%0.2 cm) - minigel (10x10.5%0.075 c¢m)
(easy to handle)
- hybridization detection - detection by silver staining
(using 32p_labled DNA (avoid hazardous radioactive,
probes—>cumbersome, dangerous | inexpensive)
and expensive)
Sensitive | - restriction endonuclease - restriction endonuclease in

hypermutable CG region
(increase sensitivity of multiplex
SSCP gel, expect to find new
mutation at CG region)

- gradient SSCP gel
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Table 12 (Cont.) Comparison of original SSCP method (Orita et. al.) and PCR-
multiplex SSCP developed in this study.

\w Original SSCP PCR-multiplex SSCP
Property

(increase sensitivity and resolution)

The new technique has a great potential for mutation screening of large
numbers of samples in clinical diagnosis. We can use this multiplex assay to screen
mutation and polymorphism in DNA sample and can also create a DNA profile for an
individual subject. At an individual level, when an individual tested positive for a
mutation, we can use that mutation to screen his or her family members so that
preventive treatment for the family members at risk can be made and/or therapeutic
intervention for patient can be managed in the right direction. At population level,
identification of mutations in our population will generate a database. Availability of
such database for LDLR gene mutations can likely lead to an implementation for
population-based genetic screening program such as those programs established in
Scotland and Netherland (18). Now, CAD is the leading cause of death in many
countries, including Thailand. In the future by the year 2020, CAD is predicted by
WHO to be a major cause of death for global population, especially in developing
countries. So if we have our own mutation database, we can use possibly this database
for diagnosis and prevention in our population.

In conclusion, this knowledge will be integrated in our routine molecular
diagnostic strategy for FH. This should simplify diagnostic testing, facilitate genetic
counseling and make it possible to diagnose FH at the molecular level at a

presymptomatic early age.
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APPENDIX

A. Taq DNA polymerase preparation
A.1 Reagents Preparation
A.1.1 LB broth
5 g of Bacto-tryptone, 2.5 g of yeast extract and 2.5 g of NaCl
were weighed and the volume was adjusted to 500 ml with sterile deionized water.

The solution was sterilized by autoclaving.
A.1.2 LB agar (LB broth +1.5% agar)

3 g of the agar was weighed and dissolve in 200 ml of the LB
broth.

A.1.3 Ampicillin stock (10 mg/ml)
0.1 g of ampicillin was weighed and dissolved in Iml of
autoclaved sterile water.
A.1.4 50 mM CaCl, and 10 mM Tris-HCI, pH 8.0 solution
200 pl of 1 M CaCl, and 40 ul of 1M of Tris-HCI, pH 8.0 were

aliquoted. The volume was adjusted to 4 ml of autoclaved sterile water.

A.1.5 SOB solution
2 g of Bacto-tryptone, 0.5 g of yeast extract and 0.005 g of NaCl
were weighed and the volume was adjusted to 100 ml with sterile deionized water.

The solution was sterilized by autoclaving. The solution was stored at 4 °C until used.
A.1.6 1 M glucose

1.8 g of glucose was weighed and dissolved in 10 ml of

autoclaved sterile water. The solution was filtered by 0.2 um Nalgene filter.

A.1.7 1M MgSo4
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24.65 g of MgSos was weighed and dissolved in sterile
deionized water and the volume was adjusted to 100 ml. The solution was filtered by

0.2 uM Nalgene filter.

A.1.8 SOC solution
200 pl of 1 M MgSO,4 and 200 pl of 1M glucose were aliquoted

into 10 ml of SOB. The solution was mixed and stored at 4 °C until used.

A.1.9 Buffer A solution
1 ml of 1M Tris-HCI (pHS), 2 ml of 1 M glucose and 80 pl of
0.5 M EDTA were aliquoted and diluted in sterile deionized water. The volume was

adjusted to 40 ml of autoclaved sterile water.

A.1.10 Prelysis buffer
0.004 g of lysozyme was weighed and dissolved in 10 ml of
buffer A.

A.1.11 1 M KCI
7.455 g of KCI was weighed and dissolved in sterile deionized
water and the volume was adjusted to 100 ml. The solution was sterilized by

autoclaving.
A.1.12 100 mM PMSF

0.0174 g of PMSF was weighed and dissolved in 1ml of

absolute ethanol. The solution was stored at —20 °C until use.
A.1.13 Lysis buffer

100 pl of 1 M Tris-HCI (pH 8.0), 500 pl of 1 M KCI, 20 ul of
0.5 M EDTA, 100 pl of 10 mM PMSF, 50 ul of autoclaved Tween 20 and 50 pl of
IGEPAL were aliquot and diluted in sterile deionized water. The volume was

adjusted to 40ml of autoclaved sterile water.

A.1.14 1M DTT
0.1543 g of DTT was weighed and dissolved in 1ml of

autoclaved sterile water.
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A.2 Preparation of fresh competent E.coli cells

The following procedure was modified from that of Sambrook et al.
Frozen stock of E. coli cells (DH5&) were inoculated in LB broth and then incubated
overnight at 37 °C with shaking. The 500 ul fresh overnight inoculum was subcultured
into a further 50 ml LB broth and incubated with shaking for approximate 2.50-3 hrs at
37 °C until the cells reached logarithmic phase, optimal density at 550 nm was 0.5.
Three milliliters of inoculum was aliquot into Focal tubes, chill on ice for 10 min and
centrifuge at 2,000 rpm for 5 min at 4 °C in a pre cooled rotor. The E.coli cell pellet
was resuspended in 1.5 ml ice-cold steriled solution of 50 mM CaCl, and 10 mM Tris-
HCI (pH 8.0) and stand on ice bath for 15 min. This suspension was centrifuged for 5
min at 2,000 rpm in a pre cooled rotor. The E.coli cell pellets were then resuspended
in 200 pl of ice-cold steriled solution of 50 mM CacCl, and 10 mM Tris-HCI (pH 8.0),

then the cells were transferred to 1.5 ml eppendorf tube.
A.3 Transformation of competent E.coli cells

The recombinant molecules of pTaq plasmid (2 ul) were mixed with
200 pl of competent E.coli cells. The mixture was incubated on ice bath for 30 min,
then heated at 42 °C for exactly 2 min and let stand on ice again for 1 min. One
mililiter of SOC/LB medium (with 100 mg /ml Ampicilin) was added to the mixture
and incubate for 1 hr at 37 °C. After incubation, the cells suspension was centrifugue
at 5,000 rpm for 1 min. The supernatant was discard about 900 pl and then vortex and
gently resuspended with pipette tips to disperse cells. The cells then were spreaded on

LB agar plate with ampicillin (100 mg/l) and incubated at 37 °C overnight.
3.3 Gene Expression

A single colony (or 3-5 colonies) is used to innoculate 2 ml LB broth, with
ampicillin (100 mg/l) and then incubated overnight at 37 °C with shaking. The 100 pl
fresh overnight inoculum was subculture into a further 10 ml LB broth with ampicillin
(100 mg/l) in a 125 or 250 ml flask. The incubation of the culture is made at 37 °C
until the OD 550 1s 0.2 (usually 2-3 hrs) with shaking. The culture is cooled in on ice
bath to prevent overgrowth until use. 1.25 mg of IPTG was dissolve to 1 ml LB broth,

and then take to 10ml of inoculum and incubate it at 37 °C for 12 hrs (should be
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exactly). The inoculum was transferd to Folcol tube and chill on ice bath. This
inoculum was centrifuged for 5 min at 2,000 rpm, 4 °C in a pre—cooled rotor. The
E.coli cells pellet were resuspended and vortex gently in 5 ml buffer A. The cell
suspesion were centrifuged for 5 min at 2,000 rpm, 4 °C. The supernatant were discard
and the pellet cells were resuspended in 0.5 ml of prelysis buffer (0.5ml buffer A + 2
mg lysozyme). The cell suspension was mixed gently and place at room temperature
for 15 min. 5ml of lysis buffer were added and mixed gently. The mixture were
transferred into glass tube and incubated at 75 °C for 1 hr. The mixture was transferred
into 1.5 ml eppendrof tubes and place on ice bath for 5 min then centrifuge at 1,200
rpm at 4 °C for 10 min. The supernatant were transferred into new 1.5 ml eppendorf
tubes. 100 ul of 10 mM DTT was added in a 1 ml of the lysate. The Taq DNA
polymerase was assay activity by PCR.
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B. LDLR database

[Accession Number: AY 324609]

[Available from: http://droog.gs.washington.edu/parc/data/Idlr/ldIr.ColorFasta.html ]
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CCAAGTAGGT
LTTTATCTGT
TTCTTATCAT
TARAGCCAGC
TGEALAGCTAGE
LTARDAARDLD
CTAGCTATTC
CGCTGCAGAG

IGIGGGGTTC

TEGCLACCCC
FOTCTC

50|
100
150
z00
z50
300

il

400
450
500
550
£00
650
700
750
&00
850
000 |
950 |
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450

1500
1550
1600
1650
1700
1750
1800
1550
1900

w1950

2000

Cz 2050
r 2100

BATCGCGGGA
GGTCGGGACA
ALATTGCGCT
E L R

TCTT
CAGTGGCACG
AGTCTCCTCT
CCACGCCCGC
TTGEGCCAGGT
CTGGGATTAC

Z150
2200
2250
Z300
Z350
2400
2450
]
2500
22
2550
Zs00
ZBE0
2700
Z750
ZEB00
2850
2900
Z850
3000
3050
3100

REFEAT

wvar (163):[T:0.01]

SaariiEsoy ¢ [T:0.18]

REPEAT

war (689):[T:0.01]

war (851) s [L:0.07]

REEFELT
var (953) : [G:0.02]

eSS ) - [ T:0.01]

e (1497). 5[ T:=0.041]

war (1694) s [A:0.01]
war (1733) : [T:0.01]

war eSSy S Ts
war (2206) : [T:

Exon 1 | UTE
war (2507)  [4:
var (2673) i [G:
REPEAT

P = i L AT AT R e P
SEArrZ Q5 S RE
war (3004) :[T:

.01]
.01]

.01]

.01]

.01]

.01]
.0E]

war (172) :[L:0.01]

war (700) s [C:0.20]

war (978) : [A:0.07]
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TTALGTCCTT
GAGGTCACCG
CGCCACTGCC

CCGEGELCGESE GG

CCCCCCGAAT
CCCCTTGTCC
GGGGCTTGTS
CTTGTCIGGE
TCCTGTCACA
GACATACACG
CGGTTTCCGT
GEGGCGCCCT
CCACCCTCAL
CTCCCCGCCT
AGCTATCCCC
TGTGLATGGC
AAATGGATTA
TGAGTTAGAG
CGCCCTAGAC
CCTAGAALAG
TTTTTTTTAL
ACTGCCTTGA
CCAGLAGAGGG
TTTATTTACT
GGTTGCTCAG
CAGCCTCCCA
GEGLTGATGL
AGAGGCACTG
AGAGLLAATG
TAGTTTCTCT
AAGGAGLCTA
GTGTTECTAG
AGGCATATCC
TGTTGGALTC
CGGTGAGCGC
GGAGTTGGET

ARATACCTAT
GLGLCLGALL
GTAGACTTCC
TGCTTTGATG
TTATTATTTT
CCALCTGTCL
CGLCCAGCLG
ATTGCTGAGL
CTGATCAATT
GTCACCCAGG
GCCTCCCGGE
ATTATAGGCG
GATGGGGETTT
GATCCACCCG
CTGTGCCAGT
CCCTTAAGCC
TTCTAGCTAC
GALAGLARLC
AAGCAGAALT
TTGTTACTCG
GLGGTGTTTT
TGCAGTGGCG
CGATTCTTCG
ACCACACCCA
TATTGGTCAL
GTTTCCCALL
TTGTGTTTTT
GCGTGLGALL
TTTTTTTGAG
ACTTCTGCCT
GCTAGGATLC
TAGLGLC LG
TCAGGTGAGC
GLGCCLCCGT
ATATGLARLL

CTGGGGGECGA
CGGGCTCAGG
ATCCTGAGTT
CCACCZCCT
TCCATTGGGT
LATGTGAGGT
TACGAGTGGG
GLGAGGCGGL
AAGGCGACGA
AGTCGCCCTC
TGTGCTCTGT
CECCCCACCR
GGCCTCGGTT
CTCCTTGGTC
CEGGACTGAC
TTCGGTTCAG
GATTTTAGAT
CTTTTTAGGT
AACAGCTACH
GATTGGGATT
TTGGCALGGE
LATTCAZGCT
LGEGLGGGTS
TATTTATTTT
GCTGGTCTTG
LAGTETTGGG
TGATTGCALA
GATTLATGTES
TTAAGGLLGT
CTCCCGGGAT
CACCCCTGAT
CACTTTCTEE
AGGGEGEGAGT
TEAACCGC AA
AGCTCCLALG
GCTTTAACGA

CTTCCAGGGA
LACCTGTLGGG
TCCCTGATAA
GGTGCTTTGE
GATGGGCTTT
AGCALATAGC
CLAACAGTGA
TCACTCTGGG
GATGTCTALTT
CTGGAGTGCA
TTCCAGCLLT
CCTGCCACAA
CACCACGTTG
CCTCAGCCTC
CLATCAATTG
AGGGGATTTT
AGTTTTGATT
ATCGLAAGCA
GTGTLTTCTC
TGACTTGAGA
TTTTGTTTGT
CLATCTCGGC
GCCTCAGCCT
GCTALTTTTT
GCTGGCCTCG
GTGCTGGGLG
GTGTTTTTGA
ATCTGGGGLT
ATGGAGTCTC
CCGGEGETTCL
GEGCACCCGC
GTTTCGCCLC
CEECTGEECTT.
GCTTGGCCTL
CGCCAMCCTT

GGGCOGACTGG
GGTCCCGLTC
GEGTGCAGTC
TCCCGCCCCT
GTAGTCCGAL
GGTGGAGGCG
GCGGEGCTGG
TECAGGGGAG
CLAGTCCCGG
CGTTATCCTG
GGOGACACCT
GOCCCGLTCR
CCTTACGLGG
TECAGCCGAG
CCCCTGGGET
CTGTCCLLGT
TTCGLCALGA
GGCTTTLLAT
TGGCCCTTTC
GCCTGATGAL
GGTTGGC TN
GTALACTALCH
TLLTGALLTH
TTAACTTTTT
ALCTCCTGGC
ATTACAGGAG
CATTCTGCCA
TATCTCACTC
CTTAGGCLAG
GECTGAGLAT
LT TETCCTCR
CTGCLCCLCC
TTCTTGTCCA
BEERTENETT
GTGTCALTGA
GCCGCAGGGT

ACACTGGGARA
GLATTCTGTT
GATCCRETEE
TGGECTTTAT
TTGATGTCCC
CTTTTGTTGC
GTCAGGCTCT
GLARATACCC
LT T THE T
ATGGCATAAT
TCTCEREECT
CACCCGGCTA
GLCAGGCTGE
CCARAGTCCA
ATTTCTCATT
CGTTTGTTTG
TCCTTGTACA
TTCACCACCT
TTTTTTTGTT
GATCAGAGGG
TTATTTTTGT
TCACTGCALC
CCTGAGTAGC
GTATTTTTCA
AACTCCTGAC
TACAGGCGETG
GAGGAGCTCR
CCATGCTCTA
GCTTAGATTG
AGGGATTCTC
TACCATGZCT
GTTGGHCCAGE
GECCTCCCAR
ATTTGCTTTT
GCTTGALLGRE

AGACCCGGAT
CGCTTTGCGC
CCGGGATTCC

CLGGCCACCC
FAGGCGGGCG
CGCGGRAGTC
GCCTGGCGTT
GTCCCCGGAG
GGCCCTCCTG
CCGTCCCCAC
AGTTCACLGL
TTGALACGTT
ATCTTCAGCC
GGCCTCGCTT
GGCGATTTTT
GGCTGGTTAG
TAGTTGCAGL
CCTCCTGAGL
CACALGGATT
GLCTGGATGH
CLCCAGTTTC
COGATGATT:
GTAGAGATGA
CTCALGCGAT
TGLGCCACCG
CTCAGTTTTL
ACCALATCEAC
GCCTTGTTTG
GTGATGTTTC
AGLCTTCTGL
TCIEGETGTL
TTTCCTTTAC
LGACCARLAT
CTCACCCALL
G LT TCCOTRES

BMALAC LGEGA
QCTCATTCCT
TAGATGGG TG
TLTTATTATT
THRERCCTTEE
TAAGAGLCTG
CTCTTCCGGA
ACCTTATTTG
TTGLGTTGGL
CTCGCCTCAC
CAGCCTCCTG
ATTTTTGTAT
TCTCGLACTC
AGGATTGCAG
CATTTTCAGC
TTTCCCCTTC
ACTGTTTTCL
CATTTGTGTG
TCGLTGACCT
CTAGAGGACT
TCGLGTTGCC
CILCTGECTCE
TGGAMCTACA
GTLGAGATGG
CTCGTGATCC
AGCCGCCGTGE
TTGCTTTTTA
GTTTACTTCC
CCTAATCTCA
GTGTCTCAGT
GGCTALTTTT
CTGETCTCGR
AGTGCTGAGL
CCTGALATTC
ATLAGLALGR

GTCCAGCCTG
FACCCCAGGG
GCCGCGTGCT
CTTTGGECCCG
TCGAGCCLCT
TCGGEAGGAC
TGLGZCTCAC
CCTCCGCGGT
CCGCCTCCGC
GCGALGTCCC
CTTGTCCTGG
GEGCCCCCGGE
GCCTCAGLAT
ACGGTGGGGEE
CTTCAGAGGT
CCTCTGGGTG
TGCATGATCC
GAGACAGCCT
ACCAGCCTLG
GCAGGALALCT
AGAGCTTTGA
CTCTGGEGAGS
TTCTTTTATT
GGTCTCGCTT
CCTCCTACCT
CGCCCCACCG
CLALAGLALG
CTCTTCETTA
TTCATCACTT
CTCTGTEGTC
GLGCTGGTGT
GCTGGETTCL
ARAGGGALGT
CLGGTAACAG
TEIGLTLAG
TCLTTTCEGS

GAC CRT T & L
GCTCTTATCT
GGTTGOTCCT
ATTLTTATTA
ACAGTCTGTC
CAGLTGTLAC
AGCRALATCR
GLALGLAGCR
GTCTCGCCCT
TGCAATCCCC
AGTAGCTGGR
TTGTAGTAGA
CTGACCTCGT
GCGTGACCCA
TGECTCTGTT
AAGGALATGR
GTAGCLC LGS
CTGGGEGALL
TGTTCCTGAC
AGLATTTATAR
CLGGCTGGLG
CAGGTTCALG
GGCGCCCGEC
GATTTCACCA
ACCCGCCTCA
CCCGGCCTTT
GGCTTCCCTA
o g G e A e
GCTCATTGCA
CTCCTGGGTA
GTACTTTTALG
ACTCCTGACC
TTACAGGCGT
ALATGGTCTA
GGTGCGGTTT

3150
Jz200
3250
3300
3350
3400
3450
3500
3550
3600
3650
3700
3750
3300
3850
3200
3950
4000
4050
4100

4150
4200
o)
4300
4350
4400
4450
4500
4550
4600
4850
4700
4750
4500
4850
43900

AES(0
S000
5050
Si00
5150
sz0o0
5250
S300
5350
5400
5450
5500
5550
Se00
5650
5700
5750
5800
5850
5500
5950
a0oo
6050
al00
6150
az00
6250
6300
6350
6400
6450
6500
6550
600
aas0
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NOT SCANNELD

REPEAT

war (4504) : [T:0.13]

wvar (4658) 1 [A:0.01]
war (4714) : [C:0.02]
war (47671 : [A:0.02]

et AR [T.i0501]

REFPELT

=l L i e B [ ] |

REFPELT
arar:Es9 59 ETi0E03]

var (6252) : [T:0.01]

var (6411) :[4:0.01]

wvar (6545) 1 [T:0.06]

REFEAT



Patthamawadee Charoensuk

ATTTTTTGGL
TATAGCTCAC
CAGCCTCCTG
LGTTTGTTTG
CTCTTGCTGC
CCTCCACCTEC
TGGGATTACA
AGAGATGGEG
TCAGGTGLTC
GAGCCCCCGL
TGTTCGTTTG
CECAGATCALC
CAGCCTCCCA
AGTTGTGTAT
CCTCGGTTGG
TCCCARGGTG

GAGTCTCGCT

ACTGCAGCCC
CGAGTAGCTG
GOCACCTGLG
TTTTGTATTTR
TCGAACTCCT
GAGATTACAG
TCARLACACT
ATCAGGLALC

AAGAGTTTGA
ARAATALATRE
GCTGTTEAGT
GGCGHCCGTE
GTGRLAGCCG

GTAGTGGCTT
GAATTTGGAA
AGTTGCLATC
CAGGCATAGE
GCACTCAGTG
CTCCCTCCAG
GAGCAGTCGA
CTCCCTGTCG
AGTGCCACTC
CACAGALGAT
TTTTGTLGLG
TGGGCTCALL
ATGAGCCACT
TTTTTTTTGL
ATCTCAGTTC
CTCAGCCTCC
TAATTTTTTT

GGCAGGETCT
TGCAGCCTCC
AGTAGCTGGG
TTETATTTATT.
CCAGGCTGGL
CTGGTTCLAG
GGCATGCACC
TTTCTCCZACL
CACCCGICTC
ACCCGGICAL

TTREETATTTT.
TECATCCTTG
AGTAGCTGGG
TTTTTGTALGL
TCTCARACTC
CTGGGGALAT

CTGTTGICCA

CTGCCTCCTG
CAATTACAGS
CAGCTGGGAT
TTAGTAGAGL
GAACTCAGGT
ACGTGAGTCA
CTCTAGGLAG
TGAGTCCCAG
T 4
TAAC

AAATGGATAI
CTTTGGGAGS
GACCAGCCTG
AABAGTTAGT
TAGGCTTAGS
AGCCTCAGTC
GTGTCCGAAL

AATGACTCAT
AAAACAACAC
GCAGCACAGC
BABATATTGS
BAGACTTGGE
GCTCTTGGCT
CTGCTTGAGT
TCCAACAATG
TCTCTACATT
CAGGGGAGAC
GCGGETCCTAT
ATGGGGTCTT
CAATCCTGTC
GCACCTGGTC
GACAGAGTCT
ACTGCAGCCT
TGAGTAGCTG
AGTAGAGATG

FCTGCGE

TGCCCTGTCG
AGCTTCTGTA
ACTATACGCA
TATTTATTTA
GTGCAATGGC
CGATTCTCCT
ACCACGCCCG
TTGGTTCAGE
AGCCTCCCAL

TTGAGACAGL
ACCTCCCAGS
ATTACAGGTG
GATGGGGTTC
CTGGGCTCAL
BCNE TG

CATTTAGTTT
TTGGATTAGT

» CTCCTCCCTT

TTATTTATCG

[ GTGTCAGCLC
C GAGCTGTGAG

CAGTATTGAC
CACAGCAGAT

CTCAGGCTGA
CTCRACTGAT
CGTGTTACCA
TTTATTGAGAL
GCGATCTCGG
GCCTCAGCCT
GCTRATTTTG
CTGTTCTCGA
AGTGCTGEGGA
GTTTA I
GTCTCCCGCT
CTTAAGCCAT
TGTGCCACTA
AAGGGATTCT
GCAGTCCTCC
AACATTGTCT
GTGGEGTCCT

TTT

[ ATTTGGAGLA

GTTTTTCTTC
CCTTCLGGTG
GTARGCTGGG
GETCACCALL
BAGATCTTGA
CAAGCCTCCT
BAGRALTGLS
TCAGTGAGET
AGATCTGTLG
TCCALAGCTC

I T
AGTGTGCAGT
CCTCCTCTCT
CTCCCACCTL
TGGAGTTTTG
CTCACCGCAL
CCTGAGTLGS
TATTTTTCGT
ACTCCCALCC
TTATAGGCGT

R LG T T

CAGGITGGAG
CETECCELET.
TGCTTGGCTA
CGCTTTGTTG
CTCCTCAGCC
GGAGLGTTGC
TCCCATGGET
TAATAGTCAG
BGGGALAGGT
TTACTGACAT
CCOTCGTACA
GUTGCGGTCL
TTEFCCLACGE
GEALTCTCAL
TELTT BT
GIGTACGATA
TTGGGCALNGH
GAGTeLTTTT

BT TTTRET.
GGCTGGAGT G

GGTTCAALTG
CATTCGGGTT
TACAGGCGCT
CEGEETTTCL
GATCCGCCCA
CCGCGCCCAG
TAGLGLCTGC
LAGGATTTAG

LATGRAGCC

COGLGATGGG
GGCARCATAG
TGEAGTGTGAT
CAGGAGGLTC
ATGCCACTGE
GAGALAGLADL

TTCTTGCTAC
ATTTATGATT
TAGACGGTTC
CAGGAGAGAL
THGEGTTEAL
GELGGCCTCL
GGLCTCATGL
AGCATGHCCL
TTCCTATCAG
GAATTAGGCT
IR P Rl
GGETATGTTGC
TCTGCCTCCC
ATGTGGTCAT
CTGTCGICCL
CCGOCTCCCG
GGATTACLAGG
GGGTTTCACC

AL B B I I A
CAGTGGCACHL

ATTCTCALTGT
CLAGTGATTC
CGCCACCACG
CCATGETTGGC
CTTCGGCCTC
BERSTEC TG
CATTCTCCCC
(S T TEEE
CAGGLTTGTC
ATGLATGTGE
ATGCGGTGGC
TiFGETGEELTT
TGAGLCACCT
GETFCACCCC
GCATGALCCT
ACTCCALCCT
ARAAGACATR
LACTCAGTTT
ATATCALATT
TCTCAGTTTT
CAGCTCAGGG
ARACATATTT
GEATCCLCTT
GTTCCCTGCT
CATGCAGCTG
TGALACTLGGT
LBAGCLAGTCA
CTGCCTTCTG
TLAAATTATT
CTAGHFCCAGT
BAAGTGTTGE
LT TETCTTTT.
GECTHGLGTA
GETTCALGCG
CGCCCGCCAL
ATGTTAGCCA

TTTTTTGACL
ATCTGGGCTC

TTCAGCCTCC
PCC/T B 1
CCCGGCTAAT
CAGGITGGTC
CCARAGTGCT
TCTTTLATTC
CATTTTACAG
BAGTTGTTCT
TATCTEACCE
TGGGETCALCT
TGATGCCTGT
GUTTGAGCCT
GTCTCTGCAL
TCTAGTCACL
GEGAGGTGGL
GGGCARCAGL
GATACATCTT
CAACTGTGCT
AGCCCALAAT
TGCGTGTCAG
TCTCTCATGA
TCAGRRGCTG
CCAAGRATGGE
GCGTGGAGCT
GCCTCCCCTG
TCAGARGCCL
TTARLAGTCT
AAAGGATTAT
CTTTTTTTTA
CTGGAATTCC
GATTACAGGT
TET LT T,
TGGTGGCGTS
ATTCTCCTGC
CATGCCCAGC
GGATGGTCTC

G700
G750

- G300

6350
5900
5250
Tooo
7050
7100
7150
Taon
Ta50
7300
7350
7400
7450
7500
7550
Te00
TE50
7700
7Y50
TEO00
750
7900
Ta50
S000
S050
S100
8150
S200
3250
300
8350

S400
8450
S500
8550
Se00
S650
3700
8750
S800
8850
S900
S950
S000
S050
S100
9150
Sz200
Sz250
9300
9350
S400
9450
S500
9550
Se00
9650
o700
9750
SE00
9550
S900
9950
i00ao
10050
10100
10150

wvar (6825) 1 [T:0.04]

REPEAT | war (7014):

var (7180) : [A:0.07]

REEFEAT
dgar (7359) 2 [C0.01]

war (7555 P00 01]

var (8173) : [L:0.45]
var (8238) : [T:0.02]
REFEAT
REEPELT
war (8522) 1 [A:0.01]
war (8622) : [T:0.01]
wvar (B728) : [C:0.01]
war (8773) 1 [G:0.27]
REEPELT
war (8927) : [C:0.10]
wvar (9059) : [A:0.01]
war (9167) : [A:0.10]
REPELT

NOT SCANMNED

REFELT

REPELT

Appendix /86

REPELT

[G:0.01]

war (7195) : [A:0.01]

war (7378) 1 [G:0.01]

REPEAT
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GATCTCCTGA TTTGGTGATC CGCCCACCTT GGICTCCCAA AGTTT 10z00
[ 3 [ C5T AGCTAGHCAC GGTGGCGCGT 10250
GCCTGTALTC CCAGCTACTT GGAAGGGTTL AGGCAGGAGA ATCGCTTGAA 10300
CCTGEGAGGE AGAGGTTACA GTGAGTCAAG ATCATACCAT TGCACTCCAG 10350
TCTGHFCAAC AGAATGAGAC TCTGTCTCAL AAACARLANA CALR 10400
(5T [ ¥ [CT ¥ [ 10450
GF CTGGEECATGG TGGCTCACAC CTGTAATCCC AGCACTGAGL 10500
GGECTEAGGCA GGCAGATCAC TTGAGGTCAS GLATTTGAGA CCAGGCITGGE 10550
CAGCATGGTG AALCCCCGTC TCTACARAAL ATACAALAAT TAGCCGGGTG 10600
TGETETCACG CACCTGTATT CCCAAGCTAC TCAGGALGCT ALAGGCAGGAG 10650
AATCACTTGA ACCCAGAGGT GGALGGTTTSC AGTGAGTTGA GATTGTGCCL 10700
TTGCACTCCA GCCTGGGCGA CAGAGTGAGL CTCTGTGTCA AARATAAAAT 10750
AAARTAALRT TTTAMARLL I TTTTCTTCTT GGTATTGTTA 10800
[ LATCA 10850

GGCCGG GCATGGTGGC TCCAGCCTAT AATCCCAGCA 10900

CTTTGGTCAG GAGTTCALGS CCAGCCTGGC CALATATALGTG AAATCCATCT 10550
CTACTAALAT ACAAGAAATT ACCTGGGCAT GGTGGCAGTT GCTGGTGATC 11000
CCCAGCTACT TGGGAGGCTG AGGUAGGAGL ATCGCTTGAA CCTGGGAAGC 11050
AGAGETTGCA GTGAGCCLAG ATTGCACCAC TGCACTCCAG CCTGGGETGAC 11100
AGAGTGAGAZ TCTGTCTGAL ATAATAATTT GTTATTGCTT 11150
¥ LGTTTACATA GTTTATACTT TGATTTATAA 11200
GATTCTAGTT CACAGAACCH GLATCTTTCA TATARAGGTA 11250

TTAGLAGGGCE CAGTGTGGTS GCTCATGCCT GTAATCCCAG CATATTGGGA 11500
GGUTGAGGAG GGAGGATCAC TITAGGLGTT TGAGGCCAGC CTAGGCAACA 113550
TAGTGAGACT TTGTCTCTAC ARARAATTCC AACATTAGCT GGGCATGGTG 11400
GCATGTGCCT GTAGTCCCAT TTATTTGGGS GGCTGAGGCA GGAGGATCAC 11450
TTGAGCCCAC GAGGTTCAAT CCAGGTTGCL GTALGCCATG ATCCTGCCAC 11500
TGCACTCCAG TTTGGGTLAC AGAGCGAAGC TATGTCTCAA AAMARGAAAR 11550
AALRAGTL TCCAA ATTTAATATA TAARACTEAY TGCAGGCCAA 11600
GTGTGGTGGC ATATACCTAT RATCACRACL CTTTGGGAGG CTGAGETGGG 11650
AGGATTGCTT GAGCCCALGA GTTCAAGACC AGCCTAGGTA ACACAGTAAG 11700
ACCCCATCTS TACAAARAGT AGARAALTTA GCCTGGCATG GTGGTEAGTG 11750
CTTTTAATCC CAACTACTTA GGGGGCTGAG ATGGGALGAT TGCTTGAGCC 11800
TCAGLGTTTG AGGCTGCAGT GGGCCGTGAT CGCTCCLCTG ATCGCTCTAR 11850

REFELT

REFELT

var (10595) : [T:0.02]

L TAGTG

REPEAT

NOT SCANNED
REFELT

REFELT

var(11773) : [A:0.06]

Aj [GTT. GGCCGGE GCATGGTGGC TCCAGCCTAT AATCCCAGCA 10900
CTTTHETCAG GAGTTCAAGS CCAGCCTGGC CAATATAGTG ALATCCATCT 10950
CTACTAALAT ACAAGLAATT ACCTGGGCAT \GGTGLCAGTT GCTGGTGLTC 11000
CCCAGCTACT TGGGAGGHCTS AGGCAGGAGA ATCGCTTGAL CCTGGEGALGC 11050
AGAGGTTGCA GTGAGCCALG ATTGCACCAC TGCACTCCAG CCTGGGTGAC 11100
AGAGTGAGALC TCTGTCTGAL AATAATAATA ATAATAATTT GTTLTTGCTT 11150

e LCATE GG TC L GTTTATLCTT TGATTTATLL 11200

L] LTTCTI I LGLACCA & TTTCL TALTALAGGTA 11250
TTAGLGGGFCC CAGTGTGHGTG GCTCATGCCT GTAATCCCAG CATATTGRGA 11300
GGCTGAGGLG GGAGGATCAC TTTAGGAGTT TGAGGCCAGC CTAGGCALCA 11350
TAGTGAGACC TTGTCTCTAC AARALATTCC BACATTAGCT GGGCATGGETG 11400
GCATGTGCCT GTAGTCCCAT TTATTTGGGG GGCTGAGGCL GGAGGATCAC 11450
TTGAGCCCAZ GAGGTTCAAT CCAGSTTGCA GTAAGCCATS ATCCTGCCAC 11500
TGCACTCCAG TTTGGGTAAC AGAGCGAAGC TATGTCTCAL ALAAAGALANL 11550
BALRL LY AL LATATI LAnRT TGCLGECCAL 11600
GTGTGGTGGC ATATACCTAT AATCACRACA CTTTGGGAGG CTGAGGTGGG 11650
AGGATTGCTT GAGCCCALGR GTTCAAGLCC AGCCTALGGTA ACACAGTLAG 11700
ACCCCATCTC TACAALAAGT AGAAAMAATTA GCCTGGCATG GTGGTGAGTG 11750
CTTTTAATCC CAAMCTACTTA GGGGECTGAG ATGGGLAGAT TGCTTGAGCC 11800
TCAGAGTTTG AGGCTGCAGT GGGCCGTGAT CGCTCCACTG ATCGCTCTAA 11850
AGTGAGACCT TGTCTCALAL AARAMGARLADL TAGALGALRL LAATAC 11500
11950

1z000

12080

12100

12150

12200

12250

LG LTAGAAMCA] ACI 12300

ARCTTT TAARLAALI LTRATAGATA AAGGGTCTCA 12350

CTACGTTGTC CAGGCTGATC TCATACTCCT GGGCTCAALGC AATCCACCCA 12400
CCTCTGCCTC CCAAAGTGCT GGGATTACAG TCATGALGCCAL ACATGCCTGG 12450
GCJ AC] TTTTTTTTGA GACGGAGTTT TGTTCTTGTT GCCGAGGCTG 12500
GAGTHCALTG GCACAATCTT GGCTCACCAC ALAGTCTGCC TCCCZAGGTTC 12550
AAGTGATTCT CCTGCCTCAG CCTCCTGAGT AGCTGGGATT ACAGGCATGT 12600
GCCACCACGT CCAGCTAATT TTGTATTTTT AGTAGLGACG GGGTTTCLCC 124650

REPEAT

NOT SCANMNED
REFELT

REFELT

var (11773 : [A:0.06]

REFELT
var(12354) 1 [T:0.01]

var(12451):[C:0.10] | REFPEAT
var (12511 : [A:0.11]
var (12583 : [T:0.01]



Patthamawadee Charoensuk

ATGTTGGCCA GGCTGGETTTC GRACTGCTGA CCTCAGGTGL TCTGCCCACT
TCGECCTCCC ARAGTGCTGG GATTACAGGC ATGAGCCACC ATGCCCAGCT

GLCAGLTGCG
I R C
CTACALGTGG
¥ GEEOAE
AGTCCCAGGA
EE 150 L@ cF
TTTTGTRALTA
TTCTGGTCTC
BCAGGCRACCL

ACCAGCTCAG
TATCTTGTTC
TTTGAGRC GG
TCTCAGCTCA
TCAGCCTCCC
AATTTTTHEE
GTCTCGATCT
TGGCATTLCA
GATGGELAGTCT
CTTCACTGCA
CTCCCARLGT

TGGGAGGCTG
TTTGAGGECC

TAATLALT

TTTTTTTTGL
CGCGATCTCL
CTGCCTCAGC
CAGCTALTTT
AGGATGGTCT
BAGTGTTGGG

GAATCCCAGC
AGTTTGLGAC
AAbLAR

ACTTTCLGAG
TCCTGCTAL
TAGCCAGGCG
LGGCAGGAGL
ATCGTGCCAC
DAhARADALL

TGTGTGACGG
TCTCGGCTCA
TCAGCCTCCC
BATTTTTGTL
GTCTTGLACC
GCTGGGATTA

ATCCGGGGEAC
3¢ G I
TCTGFAGETG
F w R C
GGCTGETC
G 2

ALAGRAACGR
E R N E
GTCTGCGATG
A G D
GACGTGCT
T. C
GLGLCAGGGT
AAGTGATCCG
CGCCTGGCOT

T T T'C s
TGGECATTRLT
CLARACTTTG
AGTCTCGTTC
CTGCRACCTC
GAGTAGCTGG
ATCTTTAGTA
CCTGACCTCG
GGCGTGAGCC
AATTCTGTTG
GCCTTGACCT
ATTGGGATTA

SFCCGGECL
AGGCAGARAG
ACCTGGGTGG

GACGGAGTCT
GCTCACTGCR
CTCCCGAGTA
TEIGTPATTTT
CAATCTCCTG
ATTACAGGCG

ACTTTGGGAR
CAGCCTGCTC

GGTCL
GCCGAGGCLG
CACGGTGALR
TGGTGGCGGE
ATGGCGTGLRE
TGTACTCCAG
BAARGTGGGR

AGTCTCACTC
CCGCLACCTC
GAGTALGCTGG
TTTTTAGTLG
CCTGACCTCR
CAGGCGTGAG

TTCAGCTGTG
I A
CEATGGCCLR
b G 0

GTTCCAGTGC
B @ G
GCRAGCGCTGR

G 3 L E

CTCGCCATGT
CTGGCCTCGG
: e

TTGALTGTGAL
ACATCTGCAL
CATAACCTAL
CATCACCCAG
CGCCTCCCAG
GACTACAGGC
GLAGATGGGTT
TGATCCACCT
ACCATGCCCG
CCCAGGCTGE
CTTGGGCTCR
CAGGTGTGAG
ATTTALATGC
CAATGGCTTG
GCAGAAAGAT
CATAGCTAGR

CLAGACGGGL
QD G
GTGCCLGEAT
cC Q D

TEGCCAGECT
CCTCCCALAG

M) I'T Ay
TTTCACATAL
TGECTGETGTGS
ANEAUEMFIIEEIEA
GCTGGEAGTGE
GTTCACGCCH
ACCCTCCACC
TCACCATGTT
(efefeaiaelefelehn
GCCTATTTTT
AGTCCAGTGG
ALGTGATTCTC
CCACCGCALCT
ETE ¢ TR
TGTCTGTAGT
TGCTTTATAL
B Ty TR

1z700
12750
1800
12850
1z900
12950
13000
13050
13100
24

13150
41

13200
S

13250
63

13300
13350
13400
13450
13500
EESIE 5 ()
13600
13650
13700
13750
13800
13850
13500
13350
14000
14050
14100
14150
14z00
14250
14300

TGGGC

ST
AATGCATCTC
B eGL ST oF
GGCTCTGATG
-

TTTAT

GGTCTTGALT
TGCTGGGATT

AGCCATTALA
CATGRAATTA
CCACCACCTC
ST T TR
AGTGGTGTGL
TCCTCCTGCC
ACATCCGGCT
AGCCGGGATG
CCCARAGTGC
TTTTTTALGA
TACCATCATA
TTGCCTCGLA
CAGCCTRATG
GACCCATRLA
CCCAGCTRCT
AGCCCAGGAG
AAARRATRLG

" TN ISR

TCEIREETRIE:
AGCTGETGCCT
GCTGGGACTA
TAGTALGLGAT
ACCTCGTGAT
TGAGCCLCTG

ic WCCR
GCTGLGGTAG
BACATGATGAE
GGCACGGTGS
GLGGATCATG
CCCCGTCTCT
TGCCTGTAGT
CCOCGGEGELGGC
COTGGECGAC
TTGACATTCT

TGCCLCCCAG
CTCCTCCCAG
GLCTACLGGT
AGACAGGGTT
CGETGATCCAC
CCACTGTGCT

GEGGCCGTGT
= G R WV
GTGGLCTGCG
Vv Db

IS T T2 =T
CCCOAGGCTGG
CCTGGGTTCA
CALGGCGCCCA
GEGGTTTCAC
CCGCCAGCTT
AGCCCGCCCC
GECATGGTGE
GOGGLTCACT
AACTTCTATC
CTCACACCTG
AGGTCAGGAG
ACTALARRLALR
CCCAGCTACT
GGAGCTTGCA
AGAGCAAGAC
CTTCALAAGTT
LT
GCUTGGAGTGC
GTTALAGTGR
GCCCGCCACC
TCACTATATT
CCGCCTTGGC
CFGCC
TGTCTG
L 3
CAACCGCTGC
N¥ R B
ACAACGGCTC
I N G 3

i TR L-PT .
AGTGCAGTGG
TGCCATTCTC
CTACCACGCC
CLCGTTAGCC
TEGCCTCCCA
ATATGTAT
CTCATGCCTA
TGAGGCCATG
TCTACTLAAL
TAATCCCAGT
ATCGAGACCA
TACALARAAT
CAGGLGGCTG
GTGAGCCAAG
TCTGTCTCAL
IS

TGETGTETGTG
AATGGCAGGA
TTCTCCTGCC
ACACCCAACT
GGCCAGGCTG
CTCCCARAGT

14350
14400
14450
14500
14550
14600
14850
14700
14750
14300
14350
14900
14950
15000
15050
15100
15150
15200
15250
15300
15350
15400
15450
15500
15550
[3=]
15600
g5
15850
102
15700
104
15750
15800
15850

TCACCTGCAL
v T C K
ATTCCTCAGT
I P~ 0
AGACGAGCAL
L E @

Exon 2

war (131093 : [T:0.09]

REPEAT

war (132743 : [&:0.12]

war (13362) : [A:0.01]

REFPEAT

REPEAT

REPEAT

war (14085) : [T:0.03]

EEFEAT

REFPELT

REFELT

REFELT

NOT 3

w
8]

INMED

REFELT
var (15234) : [A:0.01]

war (15368) 1 [C:0.01]

Exon 3

Appendix /
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war (13377) 1 [T:0.01]
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TCCALATCCA
ALCGTCTTGA
GATTTCGGAT
AGGCTGACCG
CACGGTGGCT
GGATCACTTG
CCCCATCTCT
CTGTAATCCC
GEGAGGCAGA
GGGGGACRAG
CLAACTATGT
TGCGTAAATA
GFCTGATAGA
ACTGCACALA
CTCCALGCRAG
TGGGAGACTG
CTGGCCAACA
CCAGGCGTGG
CAGGAGAATC
TTGCCATCGC
ALAALAARAL
CTCTTGCTGA
TTCTGGAATA
TCTTTECETT
AGTGGTGCAA
TTCTCCTGCC
ACGCAGGCTA
GICAAGGTGG
TCCCARAGCG
ACAACTGTCT

GTGCTCACCC
CAGALALATA
AATCCALALC

AGTTTAACAG
GGAALTGTGT

GTGCTCCCAG
G 25,
AGTTCGTCTG
LG o ¥
TCCTGCCCGE
3. UG AB
CACCTGCATC
T @ oI
ATGGCTCGGA
D dG =5, 4D
GEGGACAGTA
G 4D o5
GTGCATCCAC
G oI AH
AATCTGACGA
K 25 4D AE

G

TTTTTGTTTT
GCAGTGGCGC

ALACCCCGAA
GCACTGACCT
TTTTALCCACT
AACCAARGGA
CACCCCTGTA
AGGTCAGGAG
ACTGLALRTA
AGCTLCTCGG
GGETTGCAGTG
AGCGLAATTC
ALCTCTGCCT
ACTCCTTATC
ALATTGCALG
GCCCTCTTCA
CGGCCAGGTG
AGGCGGGCGE
TGGTGALACC
TEFILGETGC
GCTTGALCCC
ACTCCAGCCT
ALATTCCCAG
CCTGCTCATT
AATCTGTCTT
TTGAGATGGA
TCTCLGCTEH
TCAGCTTCCC
ATTTTTGTAT
TCTTGALCTC
CTALGGATTLC
TGATLAATTC

ACARACATTALL
TTCCAACTCT
ACTTCTGGTC
G T WEET
ACAGATGAGS

GLCGAGTTTC
D GE: JE
TGACTCAGLC
D L3, D
TGCTCACCTG
o L T e
CCCCAGCTGT
P O L
TGAGTGGCCG
E W P
GCCCCTGCTC
S, AB @ 25
TCCAGCTGEC
S, BS. Sl
GERAAACTGC
Ei tN g

ATTCALAGTC
TTAGAAGGAL
GLGTGTGHELG
AAGCALTALLL
ATCCCAGCCT
TTCGAGAGCL
CLALAACTAG
GLGGCTGELGL
AGCCALTATC
TGTCTCARLL
TTCTCCATGG
TTGCHGCRC &
TTAGCTCLCT
GUGCACAGCAL
CLGTGGCTCA
ATCACCTGAG
CCGTENERSE
CTGTALTCCT
GOGAGETEGL
GGGGGACALG
CLAGCCTTTG
G EEETERTIGE
TETGTAGET I
GTETELETET
CTGCAACCTC
GLGTAGCTGG
TTTTAGTALGL
CTGACCTCAL
GECCATGAGT
TTACCCCCLAC

GELATATTCCA
GALLALTATTC
CCALAGCATTT

TLAATTGT
ATTAGCGCAC
AAACTGAGEC

GITGCCACGA
R C “Higall
CEGEACTGCT
R 4D GG
TEGTCCCGECC
G P A
GEGICTGCGA
w A C D
CAGZGCTGETA
Q. IR C
GECCTTCGAG
4 IF IE
GITGETGATGE
B @ D UG
&

C
TTGAGCACCC
ATGCTTATTG
TCCTAATTAG
AGAAGGCAGL
TTTGAGAGGC
GCCTGGCCAL
CCAGGTATGG
CAGGAGAATC
RCGCCATTGC
ALALAGARMGEA
TCCAGAACAC
CAGCTATCAT
GCALCCTCGG
CLAGCACCAT
TACCTGTAAT
GTCAGGAGTT
TAALAATACH
AGCTACTTGG
AGTTGCAGTG
AGTGAGACTT
TCTTCTGGCL
BAGGTATTTT
CLACTACCTT
GTTTGCCCRG
TLCCTACTGG
GATTACAGGC
GLCGGGGETTT
GTGATCCTCC
CACTGAGHCC
ACCACTGGTC

AATTTGARLC
CLARATCCLR
TAGLAGAAGGS
GCTACCATCT
CAGTGCTCLT
ACCGAGAGGG

TGGGALGTGC
L 5
TGGACGGCTC
L 4D G &5
AGCTTCCAGT
5. AE g
CAACGACCCC
N D P
GGGGTCTTTA
B G L T
TTCCACTGCC
E: AH: GC
TGGCCCCGAC
G IB D

TTT

TATTTTGAGL CGGAGTCTCG CTCTGTCGCC
GATCAGCTCA CTGCZAMCCTC CGCTTCCTGG
TTCTCCTGCC TCAGCCTCCC LAGTAGCGCG GATTACAGGC

ALGTGGCACA
GLALATTCTGA
GLGCATTTTG
GLLAARARCC
TAGGGTCAGG
TGAGGCGGGT
CLCGGTGRAA
TGGCGTCTGC
ACTTGRACCT
ACTCCAGCCT
AGLAGGCCGA
ACAGCCCTCC
CAGACACCTC
CATTATALGT
TCTATAARLT
CCCAGCATTT
TGAGACCAGC
ALAAAATTAG
AAGGCTGAGG
LAGCCGAGATC
CGTCTCARAA
GTCAGCTCCT
L PEE S
TTTTALAAATT
GCTGGAGTTC
GTTCEAGCGA
GTGCLCCAGC
CACCATGTTG
CACCTCAGCC
GGCTGCACCT
CAGATAGTCA

ATTCCALALT
BARAATTCLL
ATACTCLACC
TGCAGGTCTC
AGCAGTGCTG

T
CCCCCALGLC
P E " W
ATCTCTCGGEC
T it
AGRACGAGHCIC

L E &
GCRLCAGCTC
LG
GLCTGCGALG
Dl @ JE
CGTGTTCCLL

BT )
TAAGTGGCGL
L @3 G IE
TECALGGACL
C K D

GTTGTTTTTG
AGGGTGGAGT
GTTCALAGCCL
ATGTGCCACC

15200
15950
1000
16050
16100
16150
lez00
1250
16300
16350
16400
15450
1e500
16550
16600
16650
le7o0
16750
16300
16850
16200
15350
17000
17050
17100
17150
17z00
17250
17300
17350
17400
17450
17500
17550
17600
17650

17700
17750
17300
17850
17300
17350
1000
13050
15100
108

15150
124

13z00
141

13250
158

13300
174

18350
19T

15400
Z08

15450
Z24

13500
231

15550
13600
134650
13700
18750
1s300
13350
13200
133950
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wvar (15864) @

var [(15954)

REPEAT

EEPELT
EEPEAT
var (16375)

REPEAT
var [(16728)
wvar (16780) :

wvar [16519)
REPEAT

war (17070) :

NOT SCANNED

REFEAT

[4:0.

Hi{ I

s LGrOL
.01]
B[ T:0.

[T:0.

| REBREAT

0z]

01]

.01]

41]

01]

01]

war (17534) : [C:0.01]
war (17590) : [T:0.01]

REFPEAT

REPEAT

var (18041} : [C:0.12]

Exon 4

wvar (185600 : [A:0.01]

REPEAT

war (18812} : [G:0. 44]
war (188600 : [T:0.01]

REFELT

war (18895) : [G:0.09]
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ACCTCCGGCT
TAGTCAGGCT
CCTCCCARAG
TTTGTTTTTT
GCACGATTLT
CTCACTTCLG
TGGCCAATTT
AGCAATCCTC
CCGCTGCACC

GCCCTGACGL

B: B D SE

CLGTGTGACC
@ -G D

CGTTAATG
Vv ON

GCTCTGCACC
CTCACTTCCT
AGTGCTGTGS
GTGATTCTCC
CALCCACGCCC
ATGTTGGCCL
TCGEECCTCCT

T T§0 T
CTGGTCTCGA
AGTGCTGGGA

AGCGGCGRAT
3 G E
CCGEGACTGS
R DWU

T

TTTTTTCATT
GECGCGATCT
TCCTGCCTCA
CCCGGGTAAT
CCAGGCTGGT
CABAGTGCTG

GGGALGCTGL
GCTALTACGG
GTGTGGTGGC
AGAATCGCTT
CATTGCACTC
ADAABALRAL

TGCTCTGTCG
ACCTCCGGCT
GCTGGGATTA
AGTAGAGATG
CCTCGAGTGA
CACCTCGTCC

CTGTLAGTCTC
AGGAGTTGGA
GGGCLACAGA
CACTGTGGGEC
TGAACACALC
AGALLATGTT
GTGTCATGAL
TTAALTATGT
AATCCCAGCA
TCGAGACCAT
ALAALATTAL

RTTTTTTLLT.
GGTCATGALT
TGCTGGGATT
TGAGACAGGG
GECTCACTGE
CCTCTCALGT
TTTTGTAZLG
CTGCCTTGGC
CGGC

ATTCCAGTGE
F Q C
GGGAATATGL
B: $E: @& D

AGCTGTGCGT
TTTGTTTTGA
CACAATCALCA
TGCCTCAGCT
GGCTAATTTT
GGCTGGTCTT
BAAGTGCTLG
GTATTTTTLG
ACTCCTGGGT
TTACAGGCLC

CTTE

! 5C T
LGTGACACTC
8 T N
GCATCACCCT
c I T
TCAGATGLLT
5. D E

' T
TTGAGACAGT
CEGCTCACTG
GCCTCCTGAG
TTTTTGTATG
GTTGLACTCC
GGATTACLGG
GCTGGEECGE
GGCAGGCLGL
TGAALCCCCA
AGGCLCCTGT
GLACCCAGGL
CAGCCTGGGET
LAp

Tl
CTCAGGCTGG
CCCAGGTTCL
CAGCTGALTG
GGGTTTCLCC
TCTGCCCGEC

AGCTLATCLAG
GLCTGTAGTG
GCAAGAGRCC
CATACGGTCT
CACGCACAGL
ATTTATGGAC
ALTGATTTCC
ALAAGCCATT
CTTTGGGLGE
CCTGGCCALC
CCOLGGCTTG:

CTATTTAGTL
TCTTGACCITC
ACAGGCGTGC
TCTTGCTGTC
GECCTTGATC
AGTTGGLACT
ACACAGGITG
CTCCCALAGT

TCTGATGGAL
3 D G
CTGCAAGGLC
S g T)

CTGTGGGCAL
GLCGGAGTCT
GCTCACGGCAL
TCCCGAGTAG
TTGTATTTTT
GLACTCCTGG
GATTACAGGT
TAGAGATGCG
TCAAMGCGATC
ALACCACCGT
TTATGTGAAT
GLCACACCTG
TGCGAGGGLC
G
GGACAMAGTC
D K V
CCATCAALGL
I AC T

GGGAGCCAGG
CCACTCTGCC
CTCGCACGET
CALZCTCTGC
TALGCTGGEGAT
TTTAGTAGAG
TGACCTCATG
CETGACCCAC
GETGHGATCAC
TCACGAGGGT
TCTCTACTAL
GATCCCAGCT
GETGHGAGGETT
GLACAGAGTGL

TGTTGTTGTT
AGTGCAGTGG
AGCGATTCTT
CCAZCTTGCT
ATGTTGECCA
TCCTGAAGTG

GLGGCTGLGS
AGCTGTGATC
CTATCTCTAL
CTGGETGCAGT
ACGTAANCCA
ACLALAATTG
CTTTTTATTL
TTTAGGCCTG
TCGAGGCGEG
ACAGTGAALC
TEGOGCGCET

GLGATGGHSGT
AGGTGATCCA
ACTGCTGCAC
ACCCAGGTTG
TCCTTGHITC
ACAGGCTGTL
GTCTTGALCT
GCTGGGATTC

CTGTG

Lov

ACTGCATCCA

L ERaT==

ATGAGCGATG
M S D

GTGACTTGAC
CGCTCTGACL
GCCTCTGCCT
CTGAGLTTRL
ATTAGAGACAH
TCTCAGGTGL
GTGAGCCLCT
GTTTTGCCAT
TGCCTGCCTT
GCCCGACGCT
ALACTATTET
LN §TEC
CCAACLAGTT
BN T ol
TGCAACLTGG
C N N

GTGCGETGAG

C

LAAGEGACTG
GAC TGC
CGCCCAGGCT
CTCCCAGGTT
TACAGGCGCC
ATGGGGTTITC
ATCCGCCCAC
C

GCCTGTAATC
AGGAGATTGL
ARCTLCLAAL
ACTCLGGAGG
GCAGTGAGCC
GACTCTGSTCT

GTTATTTCGL
CATGATCTTG
CTGCCTCAGC
GGGCTALATTT
GGCTGGCCTC
CTGGGATTAC

GEGCATGE
ALGGLGGATC
ACACCACCAC
ARAALAGTAL
TTCTCAACAT
ATACACGTGG
GLATTTCATL
TTATTTTTCT
GCAGGATGGT
AGGATCACGL
CCCGTCTCTA
CTGTAGTCCC

TTCACCATGT
COCGCCTCGG
CCAGCCTTTT
ALGTAAGGTG
RAGCGATCCT
CCACCLAGCT
CCTGGHECTCL
CAGGCATGAG

GCCACCTSTC
LA T C
TEGCAGCCGG
G 5 R
ALGTTGGCTG
N Ve & C

I CA
TTCTCAGLGC
CCCAGGCTGS
CTGATGTCCA
AGGCGTATAC
GGGTTTCTCC
TCCACCCGCC
GOGCCAGGCC
ATTGCCCAGS
GECCTCCCAL
ITTTCTTLAT
FALTGLGT
CE T e
CALAGTGTCAC

el
CTAGAGACTG
F SER @D &S
TCTCGGTGEC L

AGACATGAGT
LELGEGCTCE
GGAGCGCALT
CLAGTGATTC
CACCACCLAG
ACTATGTTGG
CTCGGCCTCC

CCAGCACTTT
GACCATCCTG:
ALTTALGCCGG
CTGAGGCAGG
GGGATCACLC
CLARRARLALL

ALCAGAGTCT
GCTCLCCACA
CTCCTGAGTL
TTGTATTTTT
GLACTCCTGL
AGGCGTGAGC

TGGCATLCTC
GOTTGGECCC
ACTTCALTCT
GTATTTCGGA
GGCTGTTGGE
CTGTGGHECCC
TLLCTGTTTT
TCTCLAGTAT
TCACLGCTGT
GETCAGGAGL
CTRAAALTAC
AGCTGCTCLG

15000
19050
12100
19150
18z00
159z50
19300
12350
19400
19450
236

19500
253

19550
Z70

154600
272

124650
192700
18750
15500
19850
12200
19950
Z0000
Z0050
20100
20150
Z20z00
Z0Z50
20300
285

20350
30z

20400
313

20450
20500
20550
Z0a00
20650
20700
20750
20800
0850
20900
20950
21000
21050
z1100
21180
21Z00
21250
21300
z1350
21400
21450
21500
21550
z1a00
216580
21700
21750
21800
z1850
21900
21950
22000
22050
Zz100
221850
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war (18963) : [C:0.01]

wvar (19077) :[A:0.02] | REPEAT

Exon 5

REPEAT

REFEAT

REFEAT

Exon &

war (20394) : [T:0.01]

REFELT

REFELT

var (Z0908) : [T:0.32]

REPEAT | wvar (21181):[-:0.25]
war (21246} : [T:0.05]

REFELT

REPEAT
war (217660 1 [A:0.01]

REPEAT
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GAGGCTGAGG
AGCCGAGGTT
GCCTCAAACA
BAGCTATCTG
GCTACAGCGC
CTTGTTTTAT
GTAALALLCL
CAGTTCTGTG
CATCTCCAGA
ACTCGTCGCA
CTCCACCTAC
TGGGATTACL
AGTAGAGACT
CTGACCTCAL
AGGCATGAGT
GAAGCTCTGT
GGCACCCACC
CCTCCTCTGA
TCACTGAGCC
GACCGAGGCG
CAACATGGTG
ATGGTCGTGG
AATCGCTTGT
TTACACTCCA
RCAALRAALT
TGGGAGGCTG
ATGAGCCLAG
GTCTGCATCC

CALGGLGLATC
GULACCACTGC
ALAAAATGTT
CCTGCCTTGG
CCGGLCTTTT
GTATATATAT
TGTAACATAL
CCATTAGCAL
A TR T
CGEEGCTGGAG
CAGGTTCLAG
GGTGCCCGTC
GLCTGGGTTT
GTGATCCTCC
CACTGCGCCC
CCCCATGALL
ATTCTACTTT
GTGGAATCAG
AAGTGCGGTG
GHCGCATCAC
BRAMCCCCATC
GTGCCTGTAL
ACCCAGGLGG
GCCTGGGCAL
TALGCTGGHGCA
AGGCALGGAGL
GTTGGCGGCG
CCTGGCCCTG

GCTTGAATGC
ACTCCAGCCT
TGCCCATGCT
TCTCCCALLG
GTTGTTTTLT
LACTTGTTTT
ALTTTACCTT
ATTCACACTG
TTTTTTTTAT
TGCAGTGGTG
CAATTCTCCT
CTACCACGCC
CLCCATGTTG
CACCTCAGCC
GECCCCAGLA
BT L CTCT
CTGTCCCTAT
ACAGCATTTT
GCACACGCCT
CTGAGGTCLG
TCTAGTALLA
TCCCAGCTAL
CGGAGGTCGC
CAAGAGTGLA
TGGTGECACA
ATCACTTGLA
ALGGGATGGG
CGCAGGGACC
G T
TCCCACGTCT GCAATGACCT
H § i € AN DE E Y 1
CGGCTTCCAG CTGGTEGCCC
G K g L Vv &
LCTGAGCCES TGGECCCCET
TCATGCCTCA GTTTCCCCAT
SGTTTCATGESGATTCCACCT

I EFs
CEFCGGECTCET

G & §C =
TGTGCCCCGA
L 'C @P§ D

“TGGCCAGAS TTTCTTGCCT
CGGGTGCGTL ATCCCTGTAL
GATCACCTGL GGTCGGGLGT
CCCGTCTCTA CTARLAATAC
ATRATCCCAG CTACTCAGGL
GAGGTGGAGS TTGTGGTGAG
GCAACRAGAG TGARACTCCA
e S

CTGGGGATTA
TCCCAACACC
TCCAGACCAG
ARMATTAGCC
GGCTGAGGCA
CCAAGATCGT
TCCAARALAA

e T

iy
I
TCAGGATCCC GACACCTGCA GCCAGCTCTG
Q D P D T C F o L C
ACAAGTGCCA GTGTGAGGAA GGCTTCCAGC
¥ WK C D C: JE. .E G F Q L D P
TECALGGCTS TGGSTGAGCA CGGGALGGCG
[ W

CCCTTGCAGS CAGCAGTGGT

GGGGGAGTTT
GACTCATATC CCCTGACT ey TTT

ATTAGCTGGG
TGAGGCGGEGL
TCAGCCTCCG
LAATTTTCTTT
TGCCCAGGCT
CTCCCGGGTT
TACAGGAGCC
GACGGGGTTT
GATCCGCCCA
CTGCGCCCAG
ATGTTGGCCA

AAGAALMALL
CTCAGALGGC
TCCTCCCACT
ATGCCTGGCT
CTCGCTCTGT
CLAGCTCCGC
TAGCTGGGAC
TTTTAGTAGL
CTGACTTCGT
GOGTGAGCCAL
GGGTTTCACT

i TTA
GTCCCAGCTL
FATTGGTTGA
GCATGCCACT
GAGACGGLGT
CGECTCACTS
GCCTCCCCAG
TTTTTTGTAT
TCTCGATCTC
CEFATTAC LG
AGTALAARCH

RGGAGGCGGL
GLGCGACAGL
GGTCTTGAAC
TTCTGGGATT
ATCTATATAT
ATATATATAC
CTCARACCTT
TTGTACALRCA
TCTTTTTGAG
CGATCTCGGT
GCCTCAGCCC
CAGCTALTTT
GCCAGGCTGG
TCCCARLGTS
CFCTTTTATC
CCATCCCCTC
GLATGTGATG
CCTTTTTTGA
GTRATCCCAL
GAGTTCGAGL
ATACLALRAL
GTGGGAGGCT
AGTGAGCCGA
ACTCCGTCTE
TGCCTGTAGT
CCCGEGAGET
TAGGGGCCCG
ALCGAATGCT

TAAGATCGGE

G

AGCGLAGLATG
SN By, =T
B Sl CIRREC
CTGTTALGTS
GEATGGARLL

GTAATTRAG L
TTGGGACGCC
CCTGACCAALT
GGEGCTTGGETG
GGAGLATCAC
GCCATTGCAC
ALAGARNXAGH

Y

TTCCAGATA

CGTGAACCTG
¥ N L
TGGACCCCCA

GCGGETGEGG

CATCCTCTGA

CATGGTGCCA
GEATTGCTTG
GALGTLGCTGG
TETCTTTTTE
GGAGTGCAGT
CLCGCCATTC
CGCCACTGCA
CALCTGTGTTA
CCTCGGCCTT
CCGCTALTTT
GGCTAGTCTT

GGTTGTAGTG
GTGLGAGTCC
TCCTGGGCTC
ACAGGCATGA
CTATATATLA
ATRAACTGCA
ATTARGTGCA
TCACAACCLC
ACAGAGTCTC
TCACTGCALC
CCTCAGTAGC
TTGTATTTTC
TCTCGALCTC
CTGGGALTAC
TTCCCALAACT
COC A NCTHCC T
GCTCTAGGGA
CTGGCTTATT
LACTTTGGGA
CCAGCCCGGC
TTAGCCTGTC
GLGGCAGGAG
GATCGTGCCA
TCCTALAALT
CCCAGCTACT
GGAGGTTGTA
AGAGTGACCA
TGGACAACAA
T, ¥ D LIRS
TACGAGTGCC
A R

CGAAGGTGLT

E

TGACATGEC A
TECTTGALALG
CTATCATTGG

LATTTCAGGC
GAGGCGGECA
ATGGLGLAAC
GTGCATGCCT
TTGALCCTGG
TCCAGCCTGG
ALAGARALAL

CCATTGGS
TCGATGALGTG
B o
GAGGGTGGCT
E ¢ G
CALCGAAGGCC
T K ok
GCGGCCTCAC

ACTTTGCACH

CACACCTSTG
AGGGCAGGLG
GACCTCLGGT
TETETTTTTC
GGCAGGATCT
TCCTGCCTCA
CCAGGCCAAT
GCCAGGATGG
CCAALGTGSCT
TCATATTTTT
GAACTCCTGA

Zzzoo
22250
Zza300
22350
Zz400
Zz450
223500
22550
Zze00
Zzes0
Zzwao
22750
Zas00
22850
Zzs00
Zz950
23000
23050
23100
23150
23200
23250
23300
23350
23400
23450
23500
23550
&5

23600
338

236850
353

23700
23750
23800

23350
23900
23950
Z4000
Z4050
Z4100
24150
24200
24250
24300

. 24350

Z4400
358

24450
374

24500
3G

24550
385

z4a00
Z4650
24700
24750
24300
24550
Z4900
Z4950
ep=tululu]
25050
25100
25150
Z5Z00
Z5Z50
Z5300
25350
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MOT SCANNED
REFELT
REPELT

REFELT

REFELT

REFPELT

REFELT

MOT SCANNED
Exon 7

REFELT
var (23754) : [G:0.09]

REFPELT

Exon S

NOT ICANNED

REFELT
var (24879 : [L:0.0&]
REFELT
REPELT

war (25184) : [C:0.04] | war(25185) :[4:0.04]

REFELT
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CCAGCCTGTA
CTCCTGGGTT
TACTGGCATG
GACAGAGTCT
GCTTACTGAL
CTTCTGALGTA
TTGTATGTTT
GATTCTCCCG
CCGTGCCTGG
TTGTCTTGCC
CCTCAGCCTC

GCTCCATCG
G S Gl
GLCGCTGGLC
T. L D
TGGETCGCTCT
Vv vV 4 L
CTGTCCCAGR
L 5 @Q
G

CL

CGTCATCAGC
T S
TCCACAGCARL
I H SN
GCGGATACCA
L D T
CLAGCCLAGG
E Bl B

ITLGTGG
TTGGGAGGCC
GLAMCCTCGT
GCACCTGTAL
ACCTGGGAGL
GCCTGGETGA
ACALAALAC

G 2
ATTTGAGATG
ATCACGGCTC
CTCAGCCTCC
TLATTTTTTG
TGGTCTLALT
GCTTGGATTA
ATTTTTTGLG
GTGATCTCGG
TGCCTCAACC
GLCTAATTTT
GGCTGGETCTC
ALACAGC GGG

CALCTGAGTCT
CTCTTGGGCT
TACAGGTGLL
ATGLGGTCTC
CLATCCTCCT
ATTGCGCATG
CGTCTCAGTC

TTATTL
GTGCAGTGCL
CACGTGATCG
TGCCACCATG
CATTCTGTCA
LCCTCCACCT
GCTGGGATTA
LGTAGLGACA
CCTCAGCCTC

TTTTTTAGLG
GCCTCCATCA
TCCCGCCTAL
CCTGGTTAAT
CCCAGGCTGG
CCCAGGTTCC
CAGGTTCC
GGGTTTCACC
CCALAAGTGCT

ETLTTTTTTTT
CAGGCTAGCC
CCALAGTGCT

CCTACCTCTT
A Y I GFE
CEGLGCGAGT
B: 8 JE
GGACACGGLG
D .5
GLATGATCTG
R ST T JF
CCCAGCTTGA
I QWL D
AGGGACATCC
Bi DU &I
CATCTACTGG
I ¥ W
AGGGCGTGLL
E G VS
GCCATCGTGG
JRNST T

GCTGGGCATG
AAGGTGGGTG
CTCTACTALL
TCCCAGCTGC
TGGLGGETTGC
CAGAGTGAGL

GLATCTCGCT
ACTGCALGCT
CGAGTAGCTG
GATTTETLTT
CTCCTGACCC
CLAGCGTGLG
ACGGAGTCTC
CTCACTGCLAG
TCCCAACTRL
TTGTATTTTT
GLACCCTTAG
GATTACLGGC

2 it
GGAGTGCAGT
CAGTTGATTC
CACCACTGTG
ACTATGTTGC
GCCTTGGTCT
GCT TTC
TGCCACCCAG

15 1 09 0
TTATGCTCCT
GGGATTACLG

CTTCACCALAC
E gyt g1l
ACACCAGCCT
L FT. oy L
GTGGCCAGCL
V 4 3
CAGGTGI
k=)

TGGCG
CAGAGCCCAC
E LS
AGGCCCCCGA
[l &
ACCGACTCTG
TSI
GLGGALALCG
BRI
TGGATCCTGT
TR
ATGGAGGGLG

GTGGCTCALL
GATCATCALG
AATACALALL
TCGGGAGGCT
AGTGAGCCALL
CTCOGTCTCA
) ACAG

% ITT
CTGTCGCCCA
CCGUCTCACL
GGACTACAGG
AGAGACGGGG
TGTGATCCAC
CCACCACGCC
GCTCTGTCGC
CCTEEGEITE
TTAGGATTALC
AGTAGAGACT
CCTCAAGTAL
ATGAGCCACT

TGTTTGTTTT
GGCGCALTCL
TCCCACTTCA
CCCAGCTALT
CCAGGCTGGT
CCCLAAGTGC
TTGTGTTTCT
GCTGGAGTGC

ACAGGGTGCT
TAGCTCGCTG
GCCTCTGGAG

GCTCTATCTT
CAGCCTTGLC
GLGCTGGGAG

15 50 00 0
LGTGCGGETGE
LGCLATTCTC
CTACCARLCC
LATGTTGGTGL
GGGATTACLG
TTTGTGGCLL
AGCCTCAAGT
GTGGGCGCCA

CGGCACGAGSE
B: JH E
CATCCCCAAC
L P N
ATAGLATCTA
I
I'C TGC

CTGATGEEET
GGCGTCTCTT
G =
CGGEGECTGGECT
G L &
TCCTGGGCAC
S R ST
TTATTCAGGG
GRS R
TCATGGSTGC

H &
CAGEAAGGAG

GCACCTGTLL
ACCAGCCTGA
TTAGCCGGGET
GAGGCAGGAG
GACAGCCCCL
ADADLBDARD
GATGGTATCT

WLATTTTTAT
GACTGTALGTG
GGTTCACGCC
CACCCGCCAC
TTTCACCGCG
CCGCCTCGGC
CGGCCCCCTT
CCAGGCTAGL
CCAGGTTCALL
ALGCATGTAC
GGGTTTCACC
TCTGCCTGCC
GTGCCCLACC

GLGLCAGGGT
GLGTTCALCTG
GCCTCCCALG
TTATTTTATT
CITFACETEE
TGGEATTACL
TECELETTCT
AGTGGTGTGA

TTTTTTTTGA
TGCGATCTTG
TCACE
AGTTT
CTGGTCTC

GCTTGAGCCL
TLAGGTCTCL
GATCCTCCTC
CTGTGCCTG

TCAGGALGALT
V' Rl 0
CTGLGGLACG
L FYeN
CTGGTCTGLC
w3 D
CTGEAGECTT

BETE TEETEE
CCTATGACLC
5 e
GTGGACTGGL
7 b 1}
TGTCTCTGTT
A el
AGALCGGCTC
g T

GTATCCLC

CTTCAGGALC

IREE € LG EMER
CCALCATGGT
GTGGETGGTGG
AATCACTTGA
CTGCACTCCA
ALANRACTAL

TTATTTATTT
CAGTGGTGCG
ATTCTCCTGC
CACGCCCGGET
TTAGCCAGGL
CTCCCTAAGT
TTTATTTTTT
TTGCAGTGGC
GTGLTTCTCC
CACCATGCCT
ATGTTGGCTA
TCAGCCTCCC

GTCGCTCTGT
CAGCCTCALL
TAGCTGGALC
TTTAGTALGLG
TAGCCTCALG
CETGCGAGCC
TTCGAGLTGG
TCATAGCTCL

25450
25500
25550
25600
25650
25700
25750
25800
25850
25900
25950
Ze000
26050
26100
26150
26200
41z

26250
425

26300
445

26350
453

26400
26450
467

26500
453

26550
s00

26600
=l

26650
SHE

26700

26750
26500
26850
26900
26950
27000
27050
27100
27150

S 27200

27250
27300
27350
27400
27450
27500
27550
27600
27650
27700
27750
27500
27850
27900
27950
25000
28050
25100
28150
ZBz00
28250
28300
28350
25400
25450
25500
28550

REFELT

REFELT
NOT SCANNED

REFELT

Exon 9

Baar (26355)a [T:0.09]
Exon 10

var (26463) 1 [A:0.29]

var (26689) 1 [G:0.41]

REPELT
war (26790) : [G:0.04]

var (268700 : [T:0.03]

wvar (27130) : [A:0.09]

war (27352) : [L:0.10] |

var (27543) : [G:0.07]

var (275590) 1 [A:0.10]

REPELT
war (27713) 1 [T:0.30] |

REFELT

var (26442) 1 [L:0.02]
wvar (268455) 1 [T:0.01] |
war (26520) : [C:0.02]

Appendix /

var (26379) 1 [T:0.32]

REFELT

var (277E29) ( [A:D0.01]

REFELT

92

war (27750) 1 [T:0.02]
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CTGTAGCCTC ALCTTCCTGG GCTCALGCAL TCCTCTTGAT TTCAGCCTCC 28600
CEGGCCTGEEC CAGCATGGTG LAACCCCGTC TCTACTAALLL ATACLARLAT 28650
GTAGCCAGGEC GTGGTGETGE GCGCCTGTAL TCCCAGCTAC ACCAGAGGCT 28700
GLGGCAGGLG AATCGCTTGA GCCTGGALGG TGGAGGTTGC AGCALGCCAL 28750
GATCGTGCCA CTGCACTCCA GCCTGGGCAL CAGAGACAGAL CTCTGTCTCL 28500
ALADAADALDE ADABDARL 28850
25900
28950
CTT CATGTACTGG ACTGACTGGS GLACTCCCGC 295000
E ¥ uw T I W G T P A 540
CLAGATCALG ALAGGGGGCC TGAATGGTGT GGACATCTAC TCGCTGGTGL 29050
E I K E G G L N G W D T ¥ 3 LW 556

REFELT

war (28730) : [T:0.058] | wvar(28741):[G:0.27] | wvar (25748) : [4:0.01]
var (28766) : [T:0.07]
var (285817) : [C:0.01]

Exon 11 | war (289958):[T:0.08]

CTGLALACAT TCAGTGGCCC AATGGCATCA CCCTAG 23100
T EN I QWP N G I T L 568
SAGGLCLG ACGGGGGTTG 29150 | var (29142):[T:0.26]
P TCTT 29200 | REFEAT

TCTTTTCTTT GTTTTTTCTT TTTTTGAGAT GAGGTCTTGG TCTGTCACCC 29250
AGGCTGGAGT GCACTGGTGC AATCGTAGCT CACTGCAGCC TCCACCTCCC 29300
AGGCTCAAGT GATCCTCCTG CCTCACCCTC CTGAGTAGCT GAGATTACAG 29350
ACACGTGCCA CCACGGCAGA CTAATTTTAT TTTATTTTTG GGLAAGAGACL 29400
AAGTCTTGTT ATGTTGGCCT GGCTGGTCTC ARACTCAGGG TGCALGCGAT 29450
CCTCCCGCCT CAGCCTTCCA BACTGCTGGE ATTACAGGCG TGGGCCACCG 29500
TACCCAGCC GA ] CTCCCC TACCTGCCCA 29550
GGCTCACATG TGGTTGGAGC 29600
CTGGECAGGGE GTCTTCCTGC 29650
GCCC CTCTGGGACT GGCLTCAGCL 29700
STGTCT LGATCTCCTC AGTGGCCGCC 29750
I L L 5 e O (STt
TCTACTGGGET TGACTCCALL CTTCACTCCA TCTCAAGCAT CGATGTCAAC 29500
L ¥ W v I 5 K L H =3 I & & I D SUIRESEGE
GEGEEGCLAACC GGALGACCAT CTTGGAGGAT GALAALGAGGC TGGCCCACCC 29850
G G N E K TJ§o L E D E K R L it B EEEE
CTTCTCCTTG GCCGTCTTTG AGGTGTGGCT TACGTACGLG C 289500
F =i L M E 1z 615
GLCTATAGAT CACTCLLG 5 29850
GGAGGAGGTC TTAGACCTC 30000

var (29268) : [C:0.43] | wvar {29295} :[T:0.24]

war (20490) : [4:0.08]
var (20524) : [G:0.29]

war (29664) : [T:0.25] | wvar (29678) : [A:0.28]
Feeimisieie S )t [L:0.01] | Exen 12

TTTTCTTCTT TCTTTTTTTT TTTTTTTTTG AGACAGAGTT TTGCTCTCGT 30050
TTCCCAGGCT GGAGGGCALT GGCATGATCT CGGCTCACCS CLAACCTCCAC 30100
CTCCCAGSTT CAAGTGATTC TCCTGTCTCAL GGCTCCCCAG TAGCTGGGAT 30150
TACAGGCATG CACCACCACC ATGCCCGGCT AATTTTGTAT TTTTAGTAGA 30200
GACGGAGTTT CTCCATGTTG GTCAGGCTGG TCTCGAACTC CCGACCTCAG 30250
GTGATCTGCC TGCCTCGGCC TCCCRAAGTG CTGGGATTAC AGACTTGAGC 30300
CACCGCGCCC AGCTATTTCT "T TTCERRERN NN Tl )l DT TIRINCT 77 8505 5
TTTTCTAAGE GACAGGATCT CACTCTGTCC CCAGGCAGGA GTGCAGTGCT 30400
GTGATCATAG CTCACTGCAG CCTTAACCTC CTGGGCTCAA GTGATCTTCC 30450
CACCTCAGCC TCCCAAGTAG CTGGAACTAC AGGTGCACAC CACCATGCCC 30500
AGCTCATTTT TGTATTTTTT TTTTTTTTGL GACAGTCTCG TTCTGTCACS 30550
CCG TGCAGTGSTA CAATCTTGGC TCACTGCAAC CTCTGCCTCC 30600
CAGY » CGATTCTCCT GCCTCAGCCT CCTGAGTAGT TGAGATTACA 30650
» CCATCATACC TGGCTGATTT TTSTATTTTT TTTTAGAGAT 30700
el » TATGTTGACC AGGCTTGTCT TAAACTCCCG GCCTCAAGTG 30750
LTCCTCCCAC TTCAGTCTCC CAARAGTSCTG GGATTACAGG CATGAGCCAC 30800
TGCGFCCGET TTGTTTTCTT TTTTTTTTCG TTTTTTGGAG ACGGZLATTTC 30850
ACCTTTGTTSG CCCAGGATGG AGTGCAATGS CACGATATCS CCTCACCACA 30900
ACCTCTGCCT CCTGGETTCA AACCATTTTC CTGCCTCAGC CTTCTTAGTA 30950
GCTGEGATTA CRAAGCATGTG CCACCACGCC CGGCTGATTT TGTATTTTTA 31000
GTLAGAGATGSG GGTTTCTCCA TGTTGGCCAG GCTGGTCTCS ALCTCCTGAC 31050
CTCAGGTCAT TCGHCCCACCT CTGCCTCCCAL AAGTGCTGGE ATTACAGGCG 31100
TGLGCCACCGE TGCCCGGETGE TTTSTATTCT TTTTLA 31150
GGCAGTGATC CTCTGTCACE TGETGATCTTSG GCTCTCAGGS GLCATTTGGC 31200
AATTTCTAGAE GATTTTTTGG TTGTCACAAG TCALATGGGGA AGACTGTTGS 31250
CATTTAGTGG GTAGAGGCTG GTGACGCTGC TGALCACCCA GLACAGGGAL 31300
GTLGCAGSCC CTAGATAGLG CCATCGTGGG GAALCCCTG 31350
31400

AGTGT GTTCGTCCAT TTGCATTGCA GTALAGGALT 31450

AGCTGAGSCC GGGTAATTTA TAAAGALAAG C TGEETATGSC 31500
AGTTTATGCC TATAATCCCR GRACTTTGG: AGGCTGAGGC AGGAGGATCG 31550
CTTGAGTCCA GGAGTSTGLG ACCGAGACCL GCCTGGZCCAL CATGALCGAAL 31600
CTCTGTCTCT ACALAAAATE CAARAAGTAG GCCAGGHCALCG GTGGTTCACG 31650
CCTGTAATCC CAGCACTTTG GGAGGCCGAG GCGGGCGGAT CACGALGSTCA 31700
GEAGATCGAG ACCATCCTGG CTAACACGGT GAALCCCCGT CTCTACTALA 31750
AATACALARAL CRAAMATTAGC CGGETGTGET GGCAGHCGCC TGTAGTCCCA 31800
GCTACTCGEG AGGCTGAGSC GGEGAGALTGS CGTGAACCCG GGAGGCGGAG 31850

REFPEAT

REFEAT

wvar (30337) 1 [A:0.22]

REFPEAT NOT SCANNED

REFEAT

war (30981) : [T:0.35]

var (31063) : [4:0.22]
war (31110} : [4:0.03] | REPEAT
war (31151} : [4:0.01] | REPEAT | war(31163):[4:0.36]

var (31416) : [G:0.29] | REPEAT | war (31425):[4:0.03]
REPEAT

REFEAT

var (31722) : [C:0.09]
wvar (31775) 1 [C:0.36]



Patthamawadee Charoensuk

CTTGZAGTGL
TTGAGLCTCC
CCAGGTGTGS
TGAGLLTTGC
GCCRACTGCAC
ARCALAALAL
AACRAGCGTGL
GAGATGGTAC
TETGGECCAG
TCAGAGGGAG
CATGGTGALL
TGGCACATGC
GCTTGALCCT
ACTCCAGCCT

ALARLALTTL

CACTTTGGGA
CCAGCCTGGC
TTLGTCAGGT
AGCAAGAGAL
TTGFFCCACT
ACRAACALAC

CATTTTCAGT
I Fi¥3
ARDRCCTACT
E ‘M BL¥ L
CCARGAGSTL

F R
TGTGGLALCT
TGATGATCTC

CTGGTGTGAG
U CEE
TCCCTGCCCC
L B Ae

CCGGLCGGCL
P D G

GEETETETET:
CTCATGLGTC
GGCTTGACAT
GCCCCCTGAL
TGGTCCCCTT
TGCTGTCACT
CTCTCCCACT
GGGATTACAL
ACAGACAGGS
CLGGTGATCC
AGCCACCGCG

ACLACARCAR
CCCAGCTACT
CLAGGCTACL
ARAGTGRALAC

CALT

CGAT

GICALGATCG
GTCTCALLAL
TEGCAGGCAC
CTGACCCCAG
TCCAGCCTGE
AAGTTCTGGL
ATCTGCTTAL
ATTTTATGTT
GTGTGGTGET
GTGGATCATG
COCCATCTCT
CTGTAGTCCC
GEGAGGCTLL

GACCGAGGTL
CLACLTGGTG
ATGTTGGCAC
TCGTTTGLAC
GTACTCCAGT
ALACLAACAL
TGTGTCTCAT
TTTAGGACAL
L K
GCCALCCGCC
L N R
GTCCCCAGAG
3 B N
TGGGEC

CTGGLATGTT
GTTCCTGCEE

AGGACCACCC
R T | &
GCAGLTCLAC
LG R |

TGCTGCTGGC
My L li®™ i

. TTGTTTCTGC

GCTCATCTGT
GEGLTALCCA
TTACCCAGTT
GAGGTGATCT
TGTTGACTTT
CAGCCTGGLA
GEGETTCLAGC
GCATGCGCCA
TTTCTCCATG
TCCCACCTCT
EEC.
ATAACAATAT
CGGELGGCTE
GAGAGCTATA
CCTGTCTGLA

LAGTAGL

LTTTTTTTTT
TEGAGTGCAG
TCAAGCGCTT
TCTGCCTCAG
CCAGCTLATT
CCAGGATGGT
CLLAGTSTTG
TTTTTTTTTG
GGTGTGATCT
TCCTGCCTCL
CCTGGCTAAT
CAGGCTGGTC
CCAALGTTCT
CCTTTTTTAG
TTACTCCGTC
ALGCTCCGCC

ITTITTTTITT
TGECACGATC
GGCTCACTGC
CCTCCCCAGT
TTTTGTALTTT
CTCGATCTCC
GEATTATGGE
AGATGGAGTT
CGGCTCACTG
GCCTCCCGLG
TTTTGTACTT
TCARLCTCCT
GGGATTACAG
TTATTTCETT:
GCCCAGGCTG
CCCTGGGTTC

CGCCACTGCA
ARAARALLAL
CTGTALTCCT
GAGGTGGLGG
GCGACAGAGT
AATGGATGGT
GGCCACTGAL
ATGTGTATTT
TCATGCCTET
AGGTCAGCAG
ACTALRALATR
AGCTACTTGA
GATTGCLGTG
GTGAGLZTTC
AGGCLRCTGTG
GGTGEATGGEC
ARAGCCCGTC
ACCTGTAATC
CCAGGAGGTG
CTGGFGCALCL
ACAGLCALAC
CCCAGTGTTT
AGTATTTTGG
i GF S

TCACLGGTTC
I S
GATATGGTTC
[DETTE s

MGEEEE ECEE

CTGGLLATTT
TGACTCCGCT

TGAGCALATGG

IS

CCCCACTCGC
ERHENSS

CAGGGACLATG
R T
GTCCTGTCNE
CLALATGGGTA
TALCTTTTCTT
CCCCTTTGAT
GATTTCTGAC

CTCCAGCCTG
ALAAMALATL
GGGTTCTCGL
CTGCAGTGAG
GGGACTCTGT
GGTGATGGTG
CTGTGCACTC
CALCCACLATT
ARATCCCAGCL
TTCGAGLACCL
CALLALATTAG
GLAGGCTGALG
AGCCGAGATC
GTCTCALRLL
GCTCACGCCT
CTGAGGTCAG
TCTACTALAL
CCAGCTACTC
GACGTTGCAG
ARAGTGARAC
ALAALALCTL
BACGGGATTT
ACAGATATCL
ey

CGATGTCLAC

DAY 1)

TCTTCCACALL
[ERFENI Y T
B 1T C T

CTGGAATCTT
ITC TECTLLULC

CGGCTGCCAG
2{ O V{is]
CCLAGTTTAC
PSRN, T

AGGAGCTGCC
iR\ GRS
CTECAACTGC
CCTCALGGTC
GEATGGEACLC
GCCTGGTTTC
AGGAGCCCTG

TSET T TRRCHT iy
TGCAGTGGTG
AATTCTCCTG
CCATGCCTGG
GTGGCCAGGT
GCCTCCCGAL

GLCCCAGLACG
AGGTGTGAGS
ATCACACCAC
ALAARDCADAL
TATTCATAGT
TGAGALCGGA

TTGGCTCACT
ALCCTCCGCC
AGCTGGGACT
TTTAGTLGLG
TGACCTCGTG
CATGAGZCAC
TCGCTCTTGT
CRACCTCTGC
TAGCTGGEGAT
TTAGTAGLAGL
GLACCTCAGGT
ACATGAGCCAL

T GALT

TR TR T T'TRC
CCATCTTGGC
CCTCAGCCTC
CTAAGTTTTG
TGETCTTGAA
GTGCTACGAT

GGTGLACCGAG
CAAALAGTAG
GACCGAGGCL
CCAAGATCAT
CTCALAALAC
ATACTTCCAC
ACAALTAGTC
ABAARCTAGT
CTTTGGEAGG
GCCAGGZCAL
CCAGGCGTEG
CAGGLGLLTC
GTGCCACTGC
AAAARCTAAL
GTAATCCCAG
GAGTTCGAAT
ATACRALLAN
GGGAGGITGL
TGAGCCGAGA
TCTGTCTGAL
GTTGTGGLGL
GLRCATETTEE
TCAACGALGC
TSI R
TTGTTGGCTG
L SE: S

CCTCACCCAG

L T ¢

GALAACCTCCT

CTGGETALTAGE
CAGGAGTGAL
G g S
TATCTGTGCC
b SN
CTGCGCCTGC
G|\

TCACLGGTGT
L T

CLCCTCCTGA
GTTGTRAAGGL
ATCAGCACCG
CTCTTTCCCG,
RGGGAGGLAL
TTTTGAGATT
TCACTGCTAC
CCAAGTAGCT
TATTTTTAGT
CTCCTGACCT
TACAGGCATG

LATC
TGGTGGCTCA
ATTGCTTGLG
TTCACTCCAG
AAAGAAALLG
TATT
TCTTGCTCTG
GCAGZCTCTG
TCCTGGGTTC
ATAGGCACGT
ATGGGETTTC
ATCTGCCTGC
TGCACCTGGC
TGCCCAGGCT
CTCCTGGGETT
TACAGGCACC
CGGGGTTTCT
GATCCACCCA
CCGCGCCTGG

0 ol
GAGTGCLGCG
ATGCCATTCT

TTTTTTTTTG
GTGCGATGTC
CCTGCCTCAG

CACCTGTGGT
CCCAGGAGGT
CCTGGGGGAC
GLAALRGALL

sTACTCTTT
TTGCCCAGGC
CCTCCCAGGT
ALGCGCTTCT
CCCACTACGC
LACTATGTTAG
CTTGGGCTCC
ETFEEETTTETT:
GGAGTGCLAT
CLAGCRATTC
TECCLACCACG
CCATGTTGGT
CCTCGGCCTC
CCGTGTCTGG
BGACAGAGTC
TECGCACTGC
CCTTCTGAGT

31900
313950
Fz000
32050
32100
32150
32200
32250
32300
32350
32400
32450
32500
32550
32800
32650
32700
32750
Fagno
32850
32900
32950
33000
G627

33050
G643

33100
660

33150
6E2

33200
33250
665

33300
631

33350
695

33400
ks

33450
33500
33550
33600
33650
33700
33750
33800
33850
33800
335950

34000

34050
34100
34150
34200
34250
34300
34350
34400
34450
34500
34550
34600
34650
34700
34750
34500
345850
34500
34550
35000
35050
35100

Appendix /

NOT SCANNED | REPEAT

REPEAT

EEFELT

EEPELT

Exon 13

war (33079) 1 [C:0.37]

Exon 14

WNOT SCANNED | REPEAT

REPEAT

REPEAT

EEFELT
NOT SCANNED

REFELT

REFELT

94
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AGCTGGGACT GZAGGCGCCT GCCACTACGC CCGGCTACTT TTTTGTATAT 35150
TTAGTAGAGL TGGAGTTTCA CTGTGTTAGC CAGGATGGTC TCGATCTCCT 35200
GACTTTGTGA TCCGCCCGCC TCGGCCTCCC LAAGTGCTGG GATTACAGGC 35250
GTGAGCCACC ATGCCAGGCT TTTTTTTTTT TTTTTTTTTT TGAGACGGAG 35300
TCTTGCTCTG TCGCCCAGGT TGGAGTGCAG TGCCATGATC TCAGCTCALCT 35350
GCAAGCTCCA CTTCCCAGGC TCACGCCATT CTCCAGCCTC AGCCTCCCAL 35400
GTAGCTGAGL CTACAGGGGC CCGCCACCAC ACTCGGCTAL TTTTTTTGTL 35450
TTTTTAGTAG AGACGGEGGTT TCACCATGTT AGCCAGGCTG GTCTTGZALCT 35500
CCTAACCTCA GGCGATTCAC CTGCCTCGGC CTCCCAAAGT GUTGGGATTAL 35550
BAGETATGAG CCACCTCGCC TGGTGTGLGC CACCTCGCCC AGCCTGAGCC 35600
ACCTCACCCA GICTRAGCCA CTGTGCCTGG CCOTGATTT TTTTTAL 35650
BAATTT I'T TTATT TTTGGGTTTC TTTTTTTTGA GACAGGGTCT 35700
TACTCTGTCL TCCAGHECCAT CCTGTCTGTC TGTCATCCCL GTGATGGGAT 35750
CATACCTTGC TECAGICTCT ACCTCCTGGG CTCAAGCGAT CCTCCCCCCT 35800
CAGCCTCCTG AGTAGCTGGG AGTACAGGTG TGCACCACCAL CACCTGGCTAL 35350
ATTTTTTTTT TTTTTTTTGT ATATAGAGAT GGTATTTTGC CATGTTGLCC 35900
AGGITAGTCT TAAACTCCTG GACTCACTCA AGAGATCCTC CTGCCTTGGC 35950
CTCCCAAGGT I'T .G TTTCGTCATT "4 ATGAGALG 36000
TR T( LAGACG TT I'T I'T [TTCLGAGG 36050
E il
CTGAGGCTGC AGTGGCCACC CAGGAGACAT CCACCGTCAG GUTAALGGTC 36100
L E ol ol o4 T (16 "G 3 T I G AR S,
LGCTCCACAG COGTALGGAC ACAGCACACE ACCACCCGGC CTGTTCCCGL 36150
3 3 T 'V BR T o H i FTE TR BN RNEERNETIET
CACCTCCCGG CTGCCTGGGE CCACCCCTGG GCTCACCACG GTGGAGATAG 36200
T 8 B L. P W3 A TAEEEEENE L T T %, /TR TEd

REFPEAT

NOT SCANNED

REPEAT

war (35876) 1 [C:0.19]

Exon 15

war (36139) : [L:0.18]

TGACAATGTC TCACCAAGGT AALGACTGGG CCCTCCOTAG GEEGECTCTTC J6250
VT M S H Q rarin}
LG A TTC AGTGGICALCG LACATTTTGS TCACGAGLTG 36300
AGGET G TCA CTCCCTTGCT GACCTTCTCT C TEGCE 303500 [ war (36308) : [C:0.01] | wvar(3e3l4d):[i:0.02]

TCTCT GGGECCCTCAG TTTCCCTATC TGTALAGTGS GTCTLATAAC 36400 REFPEAT

LGTTCTTGCC CTCTTTGCAL GGATTAAATG GGCCAAATCAL TATGAGGGGC 36450

TTCCCAALGT CAGUCACGCLA CUGTGTEGGT 36500
CATTEGTREE G TELGE TREL TCTSECC 36550
CAAGGAGLGG GLGGGLTTCC TALCTCA 36600

war (36525) : [T:0.03]

LG e CLA AAGGCTAAGG AATCCAGTAL CGTTTTALCA 36650
TTTTACL ATTTTTTTTT TTGAGACGGA GTTTTGCTCT TGTTGECCAG 36700
GOTGGELGTGC AGTGGCACGE TCTCGGCTCA CTGCALCCTC TGGCTCCCGG 36750
GTTZALGCGL TTCTCCTGCC TCAGTCTCCC GAGTAGCTGG GATTACAGGC 36300
ATGCGCCACC ACGCTCGGCT AATTTTGTAT TTTTAGTACL GAAGGGGETT 36350
CTCTGTTGGT CAGGCTGGTC GTGLACTCTC LACCTCAGGT GAGCCALCCCG 36900
CCTGAGCCTC CCARAGTGCT GGGATTACAG GTGTGLGCCL CIACGCCTGG 36950
CCTTTTTTTT GAGACALGAGT CTCGCTCTCG CECATGCTGT ACTGCLGTGL 37000
CGCAGTCTGG GCTCACTGTAE ACCTCCGCTT CCCAGGTTCL AGTGATTCTT 37050
CTGICGCAGS CTCCCATGTA GAGTAGCTGG GATTACAGGC ACCCGCCACC 37100
ATGICTGECT AATTCTTGCA TTTTTAGTAG AGATGGGGTT TCACAGTGTT 37150
GECCAGGCTG GTCTCLALCT TCTGACCTCAL AGTCATCTGC CTGCCTTGGC 37200
COTGCCARAG TECTGEGATT ATAGATGTGA GOCACCGCGC CTGGCCT 37250

TTTAT [T TGGETGGCTCA CACCTGTAAT CTCAGCACTT TGGGAGGCCA 37300
AGGTGGGAGL ATGGCTTGAG CCCAGGAGTT CLAGTCCAGC CTGGGCALCL 37350
TAGIALGACC CTATCTCTAC TACLALATAL AT Tk I TLLTT 37400
TTT LTTT A I' AT T G LAT ATAT Li 37450
LATTTTTTTT TTCTTTGALL CGGAGTCTCT CACTGTCACT CGGGCTGEAG 37500
TGECAGTGTCG CCATCTTGGC TCACTGCALAC CTCCGCCTCC CAGGTCCLAG 37550
TGEATTCTCCT GCTTCAGCCT CCCGAGTALGC TGGGATTACL GECACCCLCC 37600
ACCATACCCL GITAATATTT TTGTATTTTT AGTAGLGATG GEGTTTCLCT 37650
ATGTTGGECL GECTGETCTG GRACTCCTGA CCTCGTGATC TECCCGAGGL 37700
TCGFCGGCCT CCCRALGTGC TGGEGATTGC AGGCATGAGC CACCGTGCCC 37750
LGCC T TTTTTATTTT TATTTTTTTG GGACACGGTC TCACTGTGTL 37800
COCCAGACTG GAGTGATALGAL GTGCTGTCAT GGCTCALCTGC AGCCTCALCC 37850
TCCCTGGECT CAGGTGATCT TCCTGCTTCA GTCTCCCAGE TAGCTGGGAC 37900
TACAGGCATG AGCCACCACE CCCAGCTAAT TTTTGLATTT TTTTGTAGAG 37950
ACAGGGTTTC ACCTTGETGGC CCAGACTTGT CTCTALCTCC AGGGCTCLAG 38000
CEATCTGCCC ACCTTGGCCT CCCLALGTGC TGEAGATTL 3 TTT 3E050
LALATTTTTT G GICAGGCCTG GTGECTCATG CCTGTATTCL CAACACCTTG 35100
GEAGGCALAG GTGGGCAGAT CACTTGAGGT CAGGAGTTCG AGACTAGCCT 38150
GECCALCATG GTGRALCCCC CTGTCTACTAL ALAMARTACL AAALTTACCT 38200
GEGIACAGTS GTGGGTGCCT GTAATCCCAG CTACTTGGGL TSCTGALGGET 38250
GEAGALTTGC TTGRACCTGE GAGGCAGLAG TTGCAGTAAG CCALGATCAT 38300
GOCACTGEAC TCCAGCCTCAL GTGLCAGLGC ALAACTCTGT CTCCALALAL 38350
ATT: I I i TCAT I GECITSE 38400

REPEAT

war (36759) 1 [L:0.43]

REPEAT

REPEAT | war (37288):[T:0.21]

REPEAT | war (37453} :[4:0.04]
war (37535) : [A:0.07]

srar (37702) : [T:0.20] | wver (37703) : [4:0.10]
REPEAT
war (37828) : [A:0.01]

REPEAT

war (383781 :TA:0.297 | REPEAT
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35450
35500
38550
38600
35650
35700
3E750
38500
38850
35200
38950
39000
39050

C 39100

A TECATECLT
AGATTGGTCT
TLATGTGCTG
TTGALATGTT
TTGTATGGTT
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ot GELTT
CALOTEEEEE
T TG NENE
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TAGCTGGGAT
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GACCTCAGEC
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TCACTCTGTT
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GTAGAGACLG
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GTAGGTTGLC
I CTGC L
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GGCTGAGGCA
CAACATAGCC

GLCGTTGCTG
D ¥V A
GTCCATTGTC
{5 e o it

BT
TGCAGTGGCA
GATCCTCCCA

GCCTGTALTC
TCAGGAGTTC
ALAGGTACLA
ACTTGAGGGC
GCAGTGALCT
ACCCCGTCTC

TCTTT

> 39150
- 39200

39250
39300
39350
39400
39450
39500
39550
39600
39650
39700
39750
39500
39850
39900
39950
40000
40050
40100
40150
40200
40z 50

40300
40350
40400
40450
40500
40550
40600
40650
40700
40750

- 408500
- 40850

40200
7re

40950
793

41000
=l

41050
41100
41150
41z00
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41300
41350
41400
41450
41500
41530
414600
41650
41700
41730
41500
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REPEAT | war (38576) :[A:0.45]
var (38609) : [T:0.02]

REFELT

var (38679) : [T:0.01]
var (38904 : [G:0.01]

war (39002) :[C:0.33]
var (39203) :[C:0.08]

REPEAT | war(39467):[A:0.21] | var(39494):[C:0.35]
war (39522) :[L:0.14]

war (39655) : [G:0.01]

REFELT

sar (39970) : [L:0.30]

war (40062) 1 [G:0.11]

REFELT

war (40174) : [T:0.01]

war (40438) : [C:0.40]

war (40527) :[A:0.05] | REPEAT

srar (40598) :[A:0.21]

war (40672) :[L:0.49] | war (40691) :[G:0.29]

war (40747) s [L:0.12]

war (40812) 1 [L:0.01]

Exon 14

REFPELT

wvar (41351) = [-:0.16]

REFPELT

var (41817) 1 [L:0.14]

REFELT
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var (422529 : [A:0.21]

Exon 17

REPEAT

REPEAT | NOT ICANNED

REFELT

var (43627) : [L:0.08]

REPEAT

war (44009) @
var (44076) :
var (44103) @

Exon 15 |

wvar (44-240) @

war (44332)

var (44414)

var (44506)

var (44695)

var (44557)
var (44905)
var (44964)
war (450958)

var (45173

[
[
[&:
UTE
[
il G
e

e

L el G

B
L el G
=[G
=[G

i

o.
-20]
-12]

20]

-02]

.07]

.02]

-20]

-26]

-3a]
03]
2]
-02]

- 0E]

| war (44114) :[G:0.34]

| war(44243) :[A:0.21]

| war (44529 : [A:0.01]

| war (44594) 1 [T:0.01]
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AAGCCATTCA CTTCCCCALT CTTGTCGTTG ATGGGTATGT GTTTALAALCL 453500
TGCACGGTGA GGCCGGGCGEC AGTGGCTCAC GCCTGTAATC CCAGCACTTT 45350
GEGLGGCCGA GECGEGTGGA TCATGAGGTC AGGAGATCGL GACCATCCTG 45400
GCTAACALCG TGAALCCCCG TCTCTACTALA AAATACAAAL AATTAGCCGS 45450
GCGTGGETGGC GGGCACCTGST AGTCCCAGCT ACTCGGGAGS CTGAGGCLGG 45500
AGAATGGTGT GLACCCGGGA AGCGGAGCTT GCAGTGLGCC GAGATTGCGC 45550
CALCTGCAGTC CGCAGTCTGG CCTGGGCGLC AGAGCGALGAC TCCGTCTCAL 45600
ADADAAARAD CAARDAAADA CCATGCATGG TGCATCAGCL GCCCATGGCC 45650
TCTGGCCAGE CATGGCGAGG CTGAGGTGGG AGGATGGTTT GAGCTCAGGC 45700
ATTTGAGGCT GTCGTGAGCT ATGATTATGC CACTGCTTTC CAGCCTGGGC 45750
ALCATAGTAL GACCCCATCT CTTARALALT GAATTTGGCC AGACACAGGT 45800
GCCTCACGCC TGTAATCCCA GCACTTTGGG AGGCTGLGCT GGATCACTTG 45850
AGTTCAGGAG TTGGALGACCAL GGCCTGLGCAL ACALAGCGLG ATCCCATCTC 45900
TACLAAALCC ADAALGTTAA AAATCAGCTG GGTACGGTGG CACGTGCCTG 45950 | war (45935) :[T:0.28]

TGATCCCAGC TACTTGGGLG GCTGAGGCLG GAGGATCGCC TGAGCCCLGG 46000

AGGTGGAGGT TGCAGTGAGC CATGATCGALG CCACTGCACT CCAGCCTGGS 46050

CLACAGATGA AGACCCTATT TCAGAAATALC AACTATAIAAL AALTAAATAL 46100

ATCCTCCAGT CTGGATCGTT TGACGGGACT TCAGGTTCTT TCTGLAATCG 46150

CCGTGTTACT GTTGCACTGA TGTCCGGAGA GACAGTGACL GCCTCCGTCL 46200

GLCTCCCGCG TGAAGATGTC ACAAGGGATT GGCALTTGTC CCCAGGGLCL 46250

BARACACTGTG TCCCCCCCAG TGCAGGGALC CGTGATAAGC CTTTCTGGTT 46300

TCGGAGCACG TAAATGCGTC CCTGTACAGA TAGTGGGGAT TTTTTGTTAT 46350

GTTTGCACTT TGTATATTGG TTGAAACTGT TATCACTTAT ATATATATAT 46400

ATACACACAT ATATATAALA TCTATTTATT TTTGCALACC CTGGTTGCTG 46450 | war (46402) :[-:0.67] | wvar (46410) :[C:0.01]
TATTTGTTCA GTGACTATTC TCGGGGCCCT GTGTAGGGGG TTATTGCCTC 46500

TGALATGCCT CTTCTTTATG TACARAGATT ATTTGCACGA ACTGGACTGT 46550

GTGCAACGCT TTTTGGGAGA ATGATGTCCC CGTTGTATGT ATGAGTGGCT 46600

TCTGGGLGAT GGGTGTCACT TTTTALACCA CTGTATAGLA GGTTTTTGTA 46650

GCCTGAATGT CTTACTGTGA TCAATTAALT TTCTTALATG LACCIATTTG 46700

r TCG AT TC /TSNS T T T L TRISIRE e F et EeReEilie [ T:0.02] | war (46731):[T:0.01] | REPEAT
TTTTTTCCTG AGATGGAGCC TGGCTCTGTC ACCCCTGGCT GGAGTGCAGT 46800

GGCATGATCT CGGCTTACTG CAAGCTCCGC CTCCCAGGTT CALGCALTTC 46850

TCCTGCCTCA GOCTCCCTAG TAGCTAGGAT TACAGGTGAG TGCCALCCACG 46900

CCTGGCCAAT TTTTTTTTTT TTTTTTTTTT TGAGACAGAG TCTCGCTCTSG 46950 | REPEAT | NOT SCLNNED

TCACCCAGGC TGGAGTGCAG TGGTGTGATC TCGGCTUACT GCAAGCTCTG. 47000

CCTCCCAGGT TAATGCCATT CTCCTGTCTC AGCCTCCTGL GTAGCTGGGE 47050

CCACAGGCGC CTGCCACCAC GCCCGGCTAL TTTTTTTITG, TACTTCTTTT 47400

LAGTLCAGACG GGGTTTCACC ATGTTAGCCL GGATGGTCTC GATCTCCTGA 47150

CCTTGTGATC CALCCTGCTTC GGCCTCCCAL AGTGCTGAGE TTACAGGCGT 47200

GLGCCACCGC GGGTGGCCAL CGCTAATTTT TTTGTTTTTT TAGATGGAGT 47250 | REFEAT | REFELT

CTTGCTCTGT CGCCCAGGCT GGAGTGCAGT GGCGTGATCT CTGCCTACTS 47300
CLAGCTCCGC CTCCCGGGTT CATGCCATTC TCCTGCCTCA GCCTCCTGALG 47350
TAACTGGGAC TACAGGCACC CGHCCACCACG CCCGGCTAAT TTTTTGTATT 47400
TTTAGTAGLG ACAGGGTTTC ACCGTGTTAG CCAGGATGGT CTTGATCTCC 47450
TGACCTTGTG ATCCACCCGT CTCGGCCTCC CAAAGTGCTG GGATTAGAGG 47500
TGTGAGCCALC CACACCTGGC CTAGCCTGGC TAATTTTTGT ATTTTTGGTL 47550
GLGLCGGGGT TTCACCATGT TGGTCAGGCT GGTCTTGLAC TTCTGACCTC 47600
AGGTAATCTG CCTGCCTCAG TCTCCCALAG TGCTGGGATT ACAGGTGTGA 47650
GCCACCGCGC CTGGCCTCAC TTCCTTCTGT CATCT e TTGGAC 47700
TCCCCLGGAG LAG i — 47750
I 47500
CTCT GCTGTCGCTT CTCTGAGTTG GAGATTTTGT 47850
CLAGTY CT T CCAT TCATACACTC GALCALATATC TGTTGAGTGC 47900
TAAGTGCGALL CCATGCTCTG CCOGTAGGCTT GTGGGACALCT ACAGGGGATL 47950
TAAGARALTGA ALGCCGGGTG TEGTGGCTCL CACCTGTALAT CCTAGCALGTT 48000
TGEGEGAGGCCG AGGCGGECAG ATCATGAGGT CAGGAGATCG AGACCATCCT 48050
AGCTAACACE GTGAARACCCC ATCTCTACTL ALALTACALAL ALATTAGCCL 485100
GECGTGETGE TGGGCGCCTE TAGTCCCAGC TGCTTGGGAG GUTGAGGCLG 485150
GLGLATAGCG TGAACCTGGG AGTTGGAGCT TGCALGTGLGC CGAGATCGCL 48200
CCACTGCACT CTAGCCTGGG CALCAGAGCL AGACTCCATC TALCALALARLL 48250
ALADRALGAE ATGLLGTCTT CGEGTGE CTCATGCCTG TAATCCCAGC 485300
ACTTTGGGLG GUCALGGCAG GCOGGATCACG AGCTCAGGAG ATCGAGLCCL 48350
TCCTGGCCAL CGTGGCGALL CCCAGTCTCT ACTLAAGALTAE CLARLALTTA 485400
GCCAGGCATG GTGGCGGGCGE CCTGTAGTCC CAGCTACTTG GGAGGCTGLG 485450
GCAGGAGALT GGCATGLACC CAGGLGGCAG AGCTTGCALGT GLGCTGLGAT 48500 | NOT SCALNNED
CGCGCCACTG CACTCCAGCC TGGGCGACAG AGCGAGRCTC TGTCTCALALL 48550

ALADAACALD ADAGAAALTGAL BAATCTCCCT GTCTGTCCTT ALGGACCTGAL 48600

{04

REPEAT
var (45359) : [A:0.20] | wvar(45364):[C:0.01]

war (45577) : [T:0.07]
var (45622) : [T:0.12] | wvar (45645) :[G:0.23]
REFEAT

war (45702) : [C:0.17]

REPEAT | war (45792):[T:0.19]

REFELT

TGGL

var (47669) : [G:0.25]

T

war (47774) : [C:0.05]
var (47504) : [4:0.19]

REPEAT

wvar (47908) : [A:0.20] | war(47911):[T:0.09]
REPELT | war(47971):[C:0.22]

var (45014) : [A:0.24] | wvar (48039) :[G:0.21]

REFELT
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