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CHAPTER 1
INTRODUCTION

Background

Uric acid is a useless product from purine nucleotide metabolism in human. Uric
acid can be eliminated by renal. Due to lacking of hepatic uricase enzyme (urate oxidase)
in humans, uric acid cannot be changed to allantoin. So, serum uric acid can be elevated
in patients 7% The prevalence of hyperuricemia is predominant in adult males (24-29
percent) more than adult females (2.6-20 percent). On the contrary, there is a rare
prevalence in children “?. During 2007-2008, the prevalence of hyperuricemia and gout
in the USA increased from 3.9 percent to 21.9 percent, respectively . Nowadays, the
incidence of hyperuricemia is about 4. 3-5 persons per 100,000 in the Thai population.
Moreover, males have a high risk of progression to gout from hyperuricemia @ In addition,
a report from Khonkaen province found 11.8 percent in prevalence of hyperuricemia @,

The definition of Hyperuricemia described as serum uric acid over 7 mg/dL in
females, and over 6 mg/dL in males — Asymptomatic hyperuricemia can be evaluated
by a high level of urate without signs and symptoms of inflammatory arthritis.  About 10-

)

30 percent of asymptomatic hyperuricemic patients can progress to gout o, Gouty

arthritis, the most common inflammatory arthritis characterized by swelling, redness, and
pain around a joint, is originated from the accumulation of urate crystals that is called

monosodium urate (MSU) in the joint space % There are several criterias for a diagnosis

10, 13- 15
d ! )

of gout are utilize Currently, the criteria of the American College of

Rheumatology/ European League Against Rheumatism collaborative initiative
(ACE/EULAR) 2015 is generally used """

Several studies identified the association between hyperuricemia and diabetes

(18-23) (20-29)

mellitus type 2 (DM2), metabolic syndrome , and cardiovascular disease

Although evidence of renal destruction causing hyperuricemia has not been
demonstrated °”, some cohort studies reported the relationship of serum uric acid and

. . . . . 24, 26, 28, 31-34
risk of chronic kidney disease progression { /)



In contrast, some studies have shown that there was no association between

. . . . 35, 36, .
hyperuricemia and other diseases as mentioned above®*?. Several studies were found

that 30-50 percent of asymptomatic hyperuricemic patients have urate deposits in joint or
tendon detected by ultrasonography 0749 Moreover, there was a lot of monosodium urate
crystal accumulated on the cartilage surface in people with prior history of gout @,
Hyperuricemia is the imbalance of endogenous production and excretion of uric
acid “. There are rare diseases caused by their inherited diseases involving enzymes in

purine metabolism abnormality ( X- linked superactivity of PRPS7 and defect of

(42)

hypoxanthine-guanine phosphoribosyltransferase [HGPRT]) . Currently, it has been

claimed that several factors affect the level of serum uric acid, for example, genetics,

(23,43-48)

obesity, alcohol, and smoking . Moreover, many studies have been reported the

association between genetic and serum uric acid ranged from 25 to 63 percent (5:6:49),
The production of uric acid is an average of 600-800 mg per day in the body. In the

normal physiologic pH (pH=7.4), about 98 percent of uric acids are in the form of “urate

(50, 51)

anion” . Urate transporters that locate on renal proximal tubules are important to

51)

excrete the urate The deficiency of enzymes in purine metabolism leads to

(52)

hyperuricemia . Furthermore, limitation of excretion of urate and/or decline renal

function can cause precipitate of urate crystal in joint spaces and other tissues leading to

a gouty attack. Over 90 percent of gout patients are caused by under excretion (12.93)

Contrastly, the cause of hyperuricemia from overproduction is only found in 10 percent

52 . . . .
(92) " So, urate homeostasis involved the balance of production, excretion, and

reabsorption of urate 69
Genome-wide association studies (GWAS) have been developed and used to
be an important tool for a detect the association between genome and hyperuricemia

including gout (00)

. GWAS studies reported the importance of urate transporters. So, the
studies of single nucleotide polymorphisms (SNPs) of many groups of genes including
SLC22A12, SLC2A9, and ABCG2 are encoded to urate transporters URAT1, GLUT9, and
ABCG2, respectively. Thus, urate transporters are necessary to transport urate and to

maintain homeostasis ©”. All of the urate transporter genes have been reported in patients



with hyperuricemia and gout in foreign countries 69, Dysfunction of some urate transporter
genes can increase the level of serum uric bring about gout. Moreover, the largest GWAS
that studied more than 140,000 subjects of a European country has been found 28 genetic
loci associated with serum uric acid and gout o

Greater understandings of SNPs of genes related to urate have led as important
tools to identify the risk that develop hyperuricemia. Moreover, it can find a biological
marker, construct an innovation to detect and predict the risk of gout in a patient with
asymptomatic hyperuricemia, and use appropriate medication for gout patients.

Accordingly, the study is aimed to determine, and identify genetic associated

with hyperuricemia and gout in Thai NCD patients.



CHAPTER 2
REVIEW OF THE LITERATURE

The review of the literature was included biosynthesis and degradation pathway
of uric acid, types of hyperuricemia, urate transporters, genetic associations with urate

levels, SNPs, and methods to detect SNPs.

2.1 Biosynthesis and degradation pathway of uric acid

Purine metabolism: purine is a building block of DNA and RNA, components of
nucleosides such as adenosine and guanine. Adenosine and guanine are important
factors for ATP, GTP, cyclic AMP, S- adenosyl methionine, nicotinamide adenine
dinucleotide (NADH), and nicotinamide adenine dinucleotide phosphate ( NADPH,) .
Purine and its derivatives comprise adenine, guanine, isoguanine, hypoxanthine,

xanthine, theobromine, caffeine, and uric acid (as shown in Figure 1) %

wsllesissRaci o

Purine Adenine Guanine  Hypoxanthine Xanthine
I o NHg
2 X ke 2
N N N
: , NN 4
Theobromine Caffeine Uric acid Isoguanine

Figure 1 Chemical structures of purine and its derivatives 57

Uric acid is a waste product from the metabolism of purine nucleotides and
excretes via the kidney. Purines are produced from dietary riches purines, de novo
biosynthesis pathways, and salvage pathways of purine nucleotides. There are
biosyntheses, and degradation pathways of metabolism of purine nucleotides, as

described following.



Biosyntheses pathways are occurred in liver cells, comprising of de novo
synthesis and salvage pathway, respectively (98:9% " For de novo synthesis, the synthesis
of nucleotides from phosphoribosyl pyrophosphate(PRPP) is a precursor of nucleotides.
The first step is to use PRPP synthetase (ribose- phosphate pyrophosphokinase 1) and
PRPP Glutamyl amidotransferase, which is a rate-limiting enzyme to control the rate of
synthesis. There are 11 steps in the process until the first purine nucleotides, inosine
monophosphate (IMP). The IMP is processed until receive adenosine monophosphate
(AMP), and Guanine monophosphate (GMP), respectively. For the salvage pathway, this
is a recycling of degradation product of purine nucleotide backs to build new purine
nucleotides. The salvage pathway is used less energy, and a short step of the pathway.
Hypoxanthine- guanine phosphoribosyl transferase ( HGPRTase) , and adenine
phosphoribosyltransferase (APRT) are necessary enzymes in this pathway. HGPRTase is
used for the synthesis of IMP, and GMP. APRT is used for the synthesis of AMP. Feedback

¥ " rate-limiting enzymes are controlled by-

inhibition is a regulation of biosynthesis
products of reactions. For example, PRPP synthetase is inhibited by ADP and GDP. Next,
amidophosphoribosyltransferase that can excite by PRPP, is inhibited by its product.
Another way, feedback inhibition occurs in the junction of the reaction of IMP to AMP or
GMP.

Uric acid is an end product from the degradation of purine nucleotides™ *”. Uric
acid metabolized in the liver and excreted via the kidney (Figure 1, 2). In most mammals,
purine is transformed into uric acid, and subsequent to allantoin by uricase enzyme,
respectively. Allantoin can pass through the bloodstream and filtrate in the kidney. Due to
lacking of uricase enzyme in humans, so uric acid cannot be converted to allantoin,
(Figure 2). Figure 2 is shown purine catabolism, uric acid formation. Pathways of
metabolism include reactions catalyzed by different enzymes such as AMP deaminase,
adenosine deaminase, 5’ - nucleotidase, purine nucleoside phosphorylase, guanine
deaminase, and xanthine oxidase. So, a higher level of uric acid is also found in the serum

57
of human ©”.



The level of uric acid in serum depends on the rate of synthesis in the liver,
degradation of purine nucleotides, and renal excretion of uric acid ®” Renal excretion is
an important factor for uric acid. More than 90 percent of patients with hyperuricemia

. . 61
defects in renal excretion ©”.

AMF deaminase
AMP ——+|MP XMP GMP
[5-tucleotidase | |[5-Nuctectidase |  |[5-Nucleotidase | |[ 5-Nuctestidase
Adenosine
deaminase | o -
AdenOsing s N05ine Xanthosine GUanosine
Purine nucleoside Purine nucleoside Purine nucleoside
phosphorylase phosphorylase phosphorylase
H EI _ . ¥

[ xanthine oxidase | | | Guanine deaminase |

Uric acid
Figure 2 Metabolic pathways of uric acid formation "

Seventy-five percent and 25 percent of uric acid are excreted via renal, and
extra-renal (gastrointestinal tract), respectively. Free form of uric acid is filtrated via
glomerulus, most of them are reabsorbed in proximal tubule via urate transporter. Ten
percent of uric acid is secreted in the late proximal tubule to filtrate again ©) Dysfunction

. . . . (63-65)
of urate transporters is a common cause of renal excretion of uric acid .

2.2 Types of hyperuricemia

Types of hyperuricemia are classified by urate excretion and urate clearance of
renal *®. There are categorized into overproduction, under-excretion, and combine types.
(Figure 3). The overproduction hyperuricemia group is defined by urate urine excretion

(uuE) more than 25.0 mg h™' /1.73 m’ (600 mg per day/1.73 m?). Underexcretion



hyperuricemia group is defined by fractional excretion of urate (FEUA) less than 5.5 %.
The combined type is defined by meeting the criteria of overproduction and
underexcretion hyperuricemia. The normal type is defined by uukE less than 25 mg h'/1.73

m”and FEUA is more than 5.5%. uuE unit, mg h'/1.73m? respectively o,

(Overproduction tyvpe)  [(Combined typall  (Underaxcration type)
ULUE = 25 ULE = 25 UUE <25

and and and
FE = 5.5% FEyp=55%

e

(Ovarproduction hyperuricemis)
ULIE = 25

Figure 3 Classification of hyperuricemia depends on uuk and FEUA 67

Recently, Ichida K et al (67) showed a new model to classify hyperuricemia.
Extra-renal urate excretion is added to the model. The model is categorized into renal
overload and under-excretion types. Renal overload type is classified as overproduction
and extra- renal under- excretion types ( Figure 4) . The current classification of
hyperuricemia is categorized to urate ‘overproduction type’ (A), ‘renal under-excretion
type’ (B), and the combined type. The new classification is categorized as ‘renal overload
type’ (A), and ‘renal under-excretion type’ (B). Subtypes of renal overload are categorized

as ‘overproduction’ (A1) and ‘extra-renal under-excretion’ (A2) ©”.
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Figure 4 Model of pathophysiology and classification of hyperuricemia

(67)

2.3 Urate transporter

Uric acids in blood vessels are freely filtrated via the glomerulus. Most of the uric
acids are reabsorbed by using urate transporters protein that locates on the proximal
tubule. Ten percent of uric acid is secreted and filtrated at the late proximal tubule €269
Therefore, 75% of uric acid is excreted via the kidney. More than 90% of patients with

hyperuricemia are caused by dysfunction of urate transporter protein excreting uric acid

(61) (68-71

. Later, Genome-wide linkage scans ' and Genome-wide association studies
(GWAS)(46’ #7% are studied, the objective of the studies is analysis the role of urate
transporters such as a solute carrier protein 2 family and member 9 (SLC2A9 that control
uric acid in serum.

The function of urate transporters is to control uric acid via the renal proximal
tubule. (Figure 5). Uric acid is freely filtrated via glomerulus. Then, it is reabsorbed via a
urate transporter at the renal proximal tubule. After that uric acid is excreted in urine by

different urate transporters. In figure 5, the solid line is demonstrated in the reabsorption

of uric acid. Dotted is demonstrated in the secretion of uric acid °”.



Urate transporters are regulated by genes that encode urate transporters.
Dysfunction of genes involving urate transporters can lead to hypouricemia,
hyperuricemia, and gout. Genes that associate with urate transporter are classified as
urate reabsorptive, and urate excretion transporters, respectively. SLC22A12 (URAT1)
and SLC2A9 (URATv1/GLUT9) are identified as the main control of the reabsorption of
uric acid (73-75, 77-79). But SLC22A6 (OAT1), SLC22A8 (OAT3), SLC17A3 (NPT4),

ABCC4 (MRP4), and ABCG2 (BCRP) are involved renal secretion (63,8083 (Figure 5).

I Glomerular filtration |

Blood Uine [ L
- H
) NH
- 0 .......... ( } .
SLC2AD SLC22812
(URATVA/GLUTE) {URATT)
Uric acid
ABCG2
BCRP)

Uric acid

SLCITAZ
(NFT4)

Figure 5 Renal reabsorption and excretion of uric acid 57

2. 3.1 Urate reabsorptive transporters include urate anion transporter 1
(URAT1), Organic anion transporter 4, and Glucose transporter 9, respectively.

2.3.1.1 Urate anion transporter 1 (URAT1) is encoded from SLC22A12 (solute
carrier family 22 (organic anion/ cation transporter), member 12). It is located on the long
arm of chromosome 11 (11g13.1) that is discovered in 2002 "”. URAT1 is located on the
luminal side of the proximal tubular epithelial cell membrane. URAT1 can interchange
(77

uric acid with CI- or organic anions in epithelial cells through proximal tubular lumen

URAT1 is a protein that comprises 12-transmembrane domains and 555 groups of amino
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84, 85)

acid residue ' . URAT1 is a key to control the hemostasis of uric acid in the blood, it

can reabsorb urate from the proximal tubule back to epithelial cells. Many studies were
found that drugs such as probenecid, sulfinpyrazone, and benzbromarone interfere with
the function of URAT1, and subsequently increase uric acid excretion 9 " Several drugs
have an influence on the level of uric acids such as valproic acid, fenofibratet, losartan,
and trimethoprim (87-89) Angiotensin Il receptor blockers such as losartan can affect
URAT1 by increase uric acid excretion, and decrease the blood level of uric acid,

respectively ©9 " Losartan can suppress URAT1 and lead to decrease the level of uric

acid in hypertensive patients -

The expression study of the URAT 1 gene in the animal model was found

(

predominant in males than female mice, ratio 2.3:1 *) The previous report was shown

that testosterone could increase the promoter activity of the human URAT1 gene ©2

Many studies reported 25 mutations of the URAT1 gene that affect

(62,77, 93-100

disease ) Other studies reported 5 variants of URAT1 that were gout phenotype,

101)

one variant increased FE-UA "®", and 2 variants were associated with decreasing FE-"

(102, 103)

. Mutation of SLC22A12 that translates to URAT1 transporter was reported in the

majority of idiopathic renal hypouricemia "%,

2.3.1.2 Organic anion transporter 4 (OAT 4) is encoded from SLC22A11. OAT

104, 105

4 is located on the apical membrane of epithelial cells ( ' OAT 4is important in the

process of reabsorption of urate by using an intracellular dicarboxylate gradient 1oe),
2.3.1.3 Glucose transporter 9 (GLUT 9) is encoded from SLC2A9 that located
on the short arm of chromosome 4 (4p15.3—p16)“07>. GLUT9 is a member of glucose
transporter (GLUT)“OB). The structure of GLUT9 is a type Il GLUT isoform that comprises
12 domains of transmembrane. There is a huge extracellular loop, amino and
carboxyterminal end on the cytoplasmic side between transmembrane domains 1 and 2

(109)

Firstly, GLUT 9 was defined as glucose and/or fructose transporter but

106)

now it is known as urate transporter ( A genome- wide perspective study was

demonstrated the important role of SLC2A9 to control the level of uric acid, it could explain
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(72)

about a 3.5 percent change in the level of uric acid . Later, a study was found a

relationship between single nucleotid polymorphism (SNP) in SLC2A9 gene and the level

110

of uric acid in the serum "', Another study was shown that mutation of SLC2A9 leading

to dysfunction of GLUT9 was correlated with hypouricemia caused by the reduction of

1)

reabsorption of uric acid " Knockout systemic GLUT9 in mice study was reported to

112,113

inhibition of reabsorption of uric acid ( ) Several studies detected the relation between

73, 74, 78)

GLUT9 and serum uric acid ' . Moreover, transporter proteins such as ABCG2,

NTP1, and NPT4 are located on late proximal tubule, the function of the transporter
proteins are to secrete uric acid e
Genome-wide association studies (GWASs) from foreign countries have

72,74-76,78, 115-118) .
, excretion

reported the relationship between SLC2A9 and level of uric acid (
fraction of uric acid, gout, and body mass index (74, 75, 119). However, the study in the
African, American, and European population have not shown a correlation between single
nucleotide polymorphisms (SNPs) and gout ! i

Sperling O.(1992) 29" defined hereditary renal hypouricemia. It is an
inherited defect of urate transporter protein that locates on proximal tubular cells. Renal
hypouricemia is defined as the level of serum uric acid less than 2.0 mg/dl and no renal
or systemic diseases such as Fanconi syndrome, Wilson disease, and drug-induced
tubulopathy. Renal hypouricemia is classified as dysfunction of the SLC22A12 gene

77, 93-96

(URAT1) as Type 1' ) and SLCA9 (GLUT9) as Type 2 "* ™", Tasic V, et al. (2011)®”
reported the clinical characteristic and function of URAT1 variants, dysfunction of URAT1
can cause hypouricemia, and renal stone due to increasing the excretion of uric into the
urine, and develop a serious complication such as acute renal failure. Moreover, the study
was found an association between heterozygous missense mutation of SLC22A12 in 32
Macedonian and British populations that presented with hypouricemia.
2. 3.2 Tubular secretion of uric acid transporters is comprised of a urate
transporter, multidrug resistance protein 4 (MRP4), and ABCG-2.
2.3.2.1 Urate transporter (UAT). It is located on the brush border of the renal

(122
)

tubular epithelial cells of the rat. Leal-Pinto E. etal. (1997 ' found that UAT has 322
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amino acids and the function of UAT involved urate efflux from systemic cells and
electrogenic urate transporter.  Uricase inhibitors such as adenosine , oxonate, and
pyrizinamide have been found to inhibit the activity of UAT channel o)

2.3.2.2 Multidrug resistance protein 4 (MRP4/ABCC4). ltis in the role of urate

123 (124)

secretion in the proximal tubule 129 MRP4 is located on HEK293 cells in human , and

promote ATP-dependent urate extrusion from the cell into tubule lumen that resulting urate

(81,

excretion 12 Contrastly, Hoque MT et al. (2009)(126) reported that organic anions like

cAMP, cGMP, and methotrexate can be secreted in tubule lumen via MRP4. Human

MRP4 is inhibited by benzbromarone and probenecid, uricosuric drug e,

2.3.2.3 ABCG2 It is an ATP-binding cassette of half-transporter protein.
ABCG2 is located on chromosome 4, that is (4922)(127) or 4925 129,
Urate transporter protein, ABCG2 is a high- capacity transporter to

(63,129

). The first study that

(72)

excretion of uric acid via the kidney, liver, and small intestines
analyzes the association of uric acid and SNPs was reported by Dehghan et al (2008)

Genome-wide association studies (GWAS) were reported the mutation of ABCG2 causing

(130, 131)

hyperuricemia Nonsynonymous SNP in the ABCG2 Q141k study was found a

124)

negative effect on the function of ABCG2 (
Analyses of the human genome and in an animal model found that
abnormal function of ABCG2 could be caused by gout. Several genome-wide association

studies (GWASSs) identified the relation of uric acid and urate transporters including ATP-

(56,72, 115, 132-134

binding cassette, subfamily G, member 2 (ABCG2) . Furthermore, functional

studies found significant biological mechanisms and pathophysiology of ABCG2 ** ™",

The analyzing of ABCG2 variants in Western and Asian populations were reported (138,

136)

. Previously, GWASs of SNPs of ABCG2 and SLC2A9 with gout were reported in the

(116,117)

European population . However, the study was done on African, American, and

European individuals who have been found no association between SNPs and gout 1oy,
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2.4 Genetic associations with urate levels

As mention above, the genetic variations of urate transporter are leading to
hyperuricemia and gout. The large GWAS was studied by the Global urate Genetic
Consortium (GUGC), the subjects of European ancestry had more than 140,000 subjects,
and the study found that 28 genetic loci with association to serum uric acid and gout 56,

The genetic location related to serum uric acid level and gout is shown in Tables 1 and 2.



Table 1 Genetic associations with serum urate and gout (137

Location

Gene

Protein

Genetic association with gout/hyperuricemia

40221

ABCGZ2

BCRP

Multiple common variant associations with serum

urate levels, renal under-excretion gout, and

. 6, 115-118, 132, 138-143
overall risk of gout® "'®"1® 132198149

4p16.1

SLC2A9

GLUT9

Multiple common variant associations with serum
uric acid levels, renal overload gout, renal under-
excretion gout, and overall risk of gout. Low-
frequency variants associated with renal

56, 115-118, 138, 139, 141-143)

hypouricemia type 2 (

6p22.2

SLC17A1

NPT1

Multiple common variant associations with serum

. . . 56, 118, 138, 140, 143-146
uric acid levels and gout risk ( )

6p22.2

SLC17A3

NPT4

Multiple common variant associations with serum

uric acid levels. Rare loss-of-function variants

found in patients with hyperuricemia (56,140,147

11913.1

SLC22A12

URAT1

Multiple common variant associations with serum
uric acid levels, renal overload gout, renal under-
excretion gout, and overall risk of gout. Low
frequency variants associated with renal

. . (56, 77, 95, 98, 99, 115, 138, 141, 143, 148)
hypouricemia type1

14



Table 2 Genetic association with serum urate

(137)

15

Location | Gene Protein Genetic association with serum
urate levels
2Q922.3 ACVR2A Activin A receptor type 2 | Common variant association with
serum urate levels™
10911.2 | ASAH2 N-acylsphingosine Common variant association with
amidohydrolase 2 serum urate levels®™
17923.2 | C170RF82 | Chromosome 17 open Common variant association with
reading frame 82 serum urate levels
2p23.3 GCKR Glucokinase regulator Common variant association with
serum urate levels
17922 HLF HLF, PAR bZIP Common variant association with
transcription factor serum urate levels ®
8021.13 | HNF4G Hepatocyte nuclear Common variant association with
factor 4 gamma serum urate levels ¥
15026.3 | IGF1R Insulin-like growth factor | Common variant association with
1 receptor serum urate levels
2q14.2 INHBB Inhibin beta B subunit Common variant association with
serum urate levels
12913.3 | INHBE Inhibin beta E subunit Common variant association with
serum urate levels
2931.1 LRP2 LDL receptor related Common variant association with

protein2

(115)
serum urate levels




Table 2 (continued)
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Location | Gene Protein Genetic association with serum
urate levels

11913.1 LTBP3 Latent transforming Common variant association
growth factor beta with serum urate levels *®
binding protein 3

16g23.2 MAF MAF bZIP Common variant association
transcription factor with serum urate levels

7g11.23 | MLXIPL MLX interacting Common variant association
protein like with serum urate levels

3p21.1 MUSTN1 Musculoskeletal, Common variant association
embryonic nuclear with serum urate levels
protein 1

16922.1 NFATS Nuclear factor of Common variant association
activated T-cells 5 with serum urate levels

15924.2 NRG4 Neuregulin 4 Common variant association

with serum urate levels

19211 PDZK1 PDZ domain Common variant association
containing 1 with serum urate levels ** ¥

1922 PKLR Pyruvate kinase, liver, | Common variant association
and RBC with serum urate levels

7936.1 PRKAG2 Protein kinase AMP- Common variant association
activated non-catalytic | With serum urate levels
subunit gamma 2




Table 2 (continued)

Location | Gene Protein Genetic association with serum
urate levels
179251 PRPSAP1 Phosphoribosyl Common variant association with
pyrophosphate serum urate levels ¥
synthetase associated
protein 1
12924.13 | PTPN11 Protein tyrosine Common variant association with
phosphatase, non- serum urate levels ¥
receptor type 11
6p24.3 RREB1 Ras responsive Common variant association with
element binding serum urate levels *”
protein 1
10021.2 SLC16A9 Solute carrier family 16 | Common variant association with
member 9 serum urate levels
119131 SLC22A11 OAT4 Multiple common variant
associations with serum uric acid
Ievels (56, 138, 139, 141)
8p21.2 STC1 Stanniocalcin 1 Common variant association with
serum urate levels
5013.2 TMEM171 Transmembrane Common variant association with
protein 171 serum urate levels
6p21.1 VEGFA Vascular endothelial Common variant association with

growth factor A

(56)
serum urate levels

17
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Although hyperuricemia can be causing gout, several factors such as age, diet,

. . . 150, 151
drugs, and genetics are related to the level of serum uric acid ( !

Hypouricemia defines as serum uric acid less than or equal to 2 mg/dL. About

0.8 percentage of inpatients and 0.2% of general people were reported in hypouricemia

® " However, the prevalence of hypouricemia is high than current data but no diagnosis

152 . . . . . .
ez Hypouricemia can occur from reduction of fractional excretion of urate and elevation

. . 153 . g . . .
of xanthine excretion "*”. The lower level of uric acid is related to high fractional excretion

77, 154)

of uric acid, caused by the mutation of genetics such as SLC22A12 (URAT1)( , and

SLC2A9 (GLUT9) 7999 o drugs such as uricosuric or renal tubulopathy and neoplasms(5’

154)

Previously report the renal stone and exercised-induced renal failure in patients
who have mutations of SLC22A12 (URAT1), and SLC2A9 (GLUT9), but have been not
found in XDH (XO) genes G5

2.5 Single nucleotide polymorphisms (SNPs) and screening methods.

A single variant of DNA sequence can lead to SNP. The variation of genes
presents when a single nucleotide (A, T, C, or G) vary from the members of species (10
It must occur in at least 1 percent of the population D (Figure 6). Contrast to mutation, it
is found in less than 1 percent of the population. Most SNPs are found outside of coding

sequences. SNPs found within a coding sequence alter the function of a protein.
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Figure 6 Location of SNP (*

The location of SNPs is classified into inside and outside coding sequences.
Outside coding sequence such as a promoter, 5’ untranslated region (5 UTR),
3’untranslated region (3'UTR), exon-intron splicing, conserved noncoding sequence.
Types of SNPs are categorized into non-coding regions and coding regions (en (Figure
7). The coding region is classified as synonymous and non-synonymous. Synonymous
means the only change of nucleotide but no effect on the protein sequence. But, non-
synonymous means change of nucleotide that leads to the change of amino acid
sequence, that occur missense and nonsense. Missense means SNPs on codon that

translate to amino acid code resulting in protein non-function. Nonsense means point

mutation in DNA sequence leading to stop codon and nonfunctional protein.
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TYPES OF SNPs

/N

Non-coding region Coding region
Synonymous Non-Synonymous
Missense ‘ Nonsense

(157)

Figure 7 Type of SNPs

SNPs may cause diseases such as cystic fibrosis, B—thalassemia, and sickle cell

(159-161

anemia ', Moreover, SNPs can be a biological marker to detect the risk of disease

such as the apolipoprotein E gene associated with Alzheimer's disease (162

, infectious
diseases (AlDs, leprosy) neuropsychiatric disorder, dyslipidemia, diabetic type, stroke,
cancer, gastrointestinal disease, and cardiovascular disease. Important, the variation of

(163

SNPs effect to pharmacogenetics " and the association of different drug metabolism

(164-166)

The interest in SNPs is increasing leading to develop the method to detect SNPs
such as single-strand conformation polymorphism (SSCP), restriction fragment length
polymorphism (RFLP), PCR-based methods tetra-primer amplification refractory mutation
system PCR (ARMS-PCR), real-time PCR with high resolution melting analysis (RT-PCR &
HRM), and DNA sequencing.

The SSCP and RT-PCR & HRM have used the property of temperature melting
and single-stranded conformation. These methods can identify specific alleles of SNP
under the appropriate conditions for better results. The SSCP is widely used due to its
simple technique, and inexpensive. The disadvantage of the method is low sensitivity
because it depends on temperature. The sensitivity is decreased when sequences longer

167)

than 400 base pairs aen,
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The RT-PCR & HRM is used as a melting curve analysis to detect the pattern of
double-stranded DNA during heating. When the temperature increases, the double-strand
break to single strand. We can detect a DNA-intercalating fluorophore (SYBR green), and
demonstrate in the different graphs. The advantages of the method are high sensitivity,
less expensive, easy to design probe. However, large samples must be processed in
genotyping applications aesror

The RFLP method is uncomplicated and not difficult to do. It uses the restriction
endonuclease enzyme to cut the specific restriction sites. The results are analyzed
through a gel assay. The disadvantages of the method are required of specific
endonucleases, use more than single experiments, and low throughput analysis"™" ™.

DNA Sequencing is the current method to detect SNPs. The first DNA
sequencing using dideoxynucleotide triphosphates (ddNTPs) to terminate DNA synthesis
is discovered by Frederick Sanger in 1977 1) The synthesis of DNA has used a 4 tubes
reaction. Each tube is added primer to bind with DNA template, DNA polymerase, and
deoxynucleotide triphosphates (dNTP) to the synthesis DNA strand, respectively. The
different deoxynucleotide triphosphates (dNTP) such as ddATP, ddCTP, ddGTP, and
ddTTP is added into reaction. The synthesis of DNA is stopped when ddNTP bind with
complementary DNA. The reaction is analyzed by using polyacrylamide gel. The band of

") " The method can

DNA is shown by using autoradiography and fluorescence dye (
detect the sequencing between 500 and 800 base pairs. Later, shotgun sequencing is
developed by cutting and overlapping pieces of DNA and then mapping DNA
sequencing. It is better than the Sanger technique in the analysis of the large sequencing
(175)

Currently, next- generation sequencing ( NGS) including second and third-
generation sequencing are developed. The second-generation sequencing (SGSTs)can
analyze massively parallel sequencing for DNA library by using the template from PCR.
Later the third-generation sequencing (TGSTs) can detect sequencing without using the

DNA library. This technique can analyze each sequencing from single natural molecule

sequencing, not synthesis in the lab. Thus the sequencing data is accurate, and not be



22

in error from synthesis by PCR. The advantage of TGSTs is large amounts of information,
rapid, multiple coverages, no using de novo assembly, low price, a small quantity of DNA
“7%) " The favored SGSTs are MiSeq, 454/Roche, HiSeq/ lllumina, Solexa, SOLID/ Life
Technology, and lon Torrent/Life Technology. The selection of SGSTs should depend on
the type of research. The appropriate SGST to detect SNPs is HiSeqg/ lllumina,

. (176)
respectively .

177 .
70 The reversible

The Hiseg/ Illumina has used the principle of synthesis
terminated chemistry concept is applied to the machine e Figure 8 is shown the steps
of HiSeqg/illumine sequencing. The principle of the method includes build a DNA library
and use reversible dye terminators to identify sequencing. Make the DNA library (Figure
8-11), the step is following, first to prepare genomic DNA sample, make the DNA to small
fragmentation around 200 to 600 base pairs, repair both ends of DNA to blunting end by
exonuclease, and ligate the adapters to both ends of the fragments. Second, the single-
stranded DNA fragments are bound into the surface (or flow cells), the surface is covered
by oligonucleotide that compliments with adapter, leadint to the template DNA fixed on
the flow cells. Third, bridge amplification by the PCR technique is done before denature
the double-stranded molecules, and bring them to the next step 79 The next stepis to
find sequencing by lllumina, by using the reversible terminator nucleotide technique as
shown in Figure 10. To start the first cycle of sequencing, primer; all four labeled reversible
terminator nucleotides; DNA polymerase enzymes are added to the flow cell. The
nucleotides have chemical structures that protect from extension in the 3’OH end. So, the
synthesis of DNA is stopped. Second, the uncoupled nucleotides are washed, and
captured the image from fluorescence of each cluster. It records the first base for each

cluster. Third, the chemicals that protect extension at 3° OH end are deleted. The

reversible terminator nucleotide is used in the next cycle (Figure 10).
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Due to the DNA sequence by synthesis is analyzed base-by-base, it provides an
accuracy of sequencing. It is appropriate to identify SNPs. Due to lots of DNA sequence,
and short read is leading to high coverage. The DNA sequence can be aligned to the
references and identified matches or difference in the sequence. Data from sequencing

183)

is shown in FASTQ or BAM



CHAPTER 3
METHODOLOGY

In our study, the experiment was divided to phase | and Il. The details of the

phases were described below.

3.1 To Identify the new SNPS associated with hyperuricemia as phase | study

The objective of this phase was to identify new SNPs associated with
hyperuricemia and gout.

3.1.1 Study design, subjects, and data collection

The study “Genetic variation of urate transporter genes in hyperuricemia and
gout among Thai population (GUHGTHS)” by Tanunyutthawongse C, et al was conducted
during 2017-2018 as cross-sectional study. Subjects with an age older than 25 years who
health check-up in Srinakharinwirot university were included in the study. All participants
with acute heart disease, kidney disease, and using anti-depressive drugs were excluded
from the study. The study was approved by the review board and ethical committee of
Srinakharinwirot University, Bangkok, Thailand (MEDSWUEC- 148/60E). Clinical profiles
of our subjects including age, gender, comorbidities, blood pressure (BP), and body
mass index (BMI) were collected. Blood chemistry including fasting blood sugar (FBS),
serum uric acid (SUA), total cholesterol (TC), high-density lipoprotein cholesterol (HDL),
low- density lipoprotein cholesterol ( LDL), triglyceride ( TG) were collected from all
participants.

In phase 1 of the study, we would like to find the new variants of genes
affected with hyperuricemia. Thus we choose the 4 subjects from GUHGTHS to analysis.
One subject with hyperuricemia, 2 patients with gout, and one subject with no presence
of hyperuricemia or gout disease were selected in this phase. Whole genome of their
participants were sequenced by using next generation sequencing. All subjects were

matched with gender, and age. The workflow of phase | was summarized in Figure 12.
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3.1.2 DNA preparation and whole-genome sequencing.
All DNA was extracted from whole blood by the standard phenol/chloroform

method"®"

. Red blood cells were lysed using RBC lysis buffer. Subsequently, the blood
was centrifuged by 30 microliters of 20 mg/ml proteinase K (Invitrogen, Carlsbad, CA,
USA). Three hundred microliters lysis buffer was added for protein denaturation. DNA
precipitation was obtained by absolute alcohol. After precipitation, the sample was
recovered and separated the DNA pellet by centrifugation.70% ethanol was used to clean
the DNA samples. The DNA pellets for each sample were re-suspended by TE buffer.
DNA (ng/HL) was measured by a Nanophotometer. The ratio of absorbance at 260 nm
and 280 nm was used to assess the optimal and adequate quality of DNA.

Whole-genome sequencing (WGS) was performed at Macogen Inc, Korea
(llumina Inc., San Diego, CA, USA). The sequencing coverage of the whole genome was
15X. Library preparation was prepared on TruSeq PCR-free (350bp) shotgun library prep
kit. Sequencing was performed on HiSeq X-ten 150 pair-end. WGS can detect both coding
region (exon) and non-coding region. Non-coding region can effect to gene expression
such as promotor region, 3'UTR, 5’UTR.

3.1.3 SNPs variants analysis.

All DNAs were sequenced using the lllumina HiSeq X Ten platform

185
" and

(Macrogen, South Korea). Sequence reads were quality checked by FastQC (
mapped by the Burrows-Wheeler Alignment tool (BWA version 0.7.17) (http://bio-

bwa. sourceforge. net/) (186) using the human reference genome GRCh37 (hg19)

downloaded from the UCSC Genome Browser. Variants were called by SAMtools version
1.10 """ and BCFtools version 1.10.2 "* | followed by the variant annotation by SnpEff

version 4.3t "* using the dbSNP (https://www.ncbi.nlm.nih.gov/snp/), 1000 Genomes

(https://www.internationalgenome.org/), ESP6500 (https://evs.gs.washington.edu/EVS/),

and ClinVar databases (http://www. ncbi. nlm. nih. gov/clinvar/). The variants were

compared and visualized by using the BasePlayer version"”” and IGV version 2.8.2 "?"
The overview of the next-generation sequencing workflow is shown in Figure 13. The

definition of sequencing reads, coverage, and variants are shown in Figure 14.


http://bio-bwa.sourceforge.net/
http://bio-bwa.sourceforge.net/
https://www.ncbi.nlm.nih.gov/snp/
https://www.internationalgenome.org/
https://evs.gs.washington.edu/EVS/
http://www.ncbi.nlm.nih.gov/clinvar/
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Whole genome sequencing by
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l
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l

Phase I

Figure 12 Workflow of the proposed experiment in phase |
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Biospecimen Nucleic Acid Library Next Generation Raw Data Variant Calling and
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Blood Germline DNA 1. Target Enri Frag lysi 1. Machi 1. Variant calling:
RNA (if needed) (single read) formatted base calls SNPs, indels,
[ = o CNVs, SVs
Normal DNA 2. Fragmentation Paired-end analysis 2. Nucleotide
Tissus L'> Disease DNA (if needed) formatted base calls 2. Data visualization
Mate-pair analysis
Normal RNA* 3. End repair 3. ing and 3. Variant validation
Disease RNA* A-tailing aligning to
Linker modification reference human 4. Annotation
Cell DNA Amplification genome including
cul‘lure':> RNA* (e.g., emulsion or PCR) local realignment 5. Segregation analysis
Linkage analysis
4. Marking of Association testing
duplicate Pathway modeling
sequencing reads Interaction analyses
5. Base quality 3
recalibration = >
(Phred-like scores) Additional studies
(including genetic,

Figure 13 Overview of the next-generation DNA sequencing workflow

Figure 14 Definition of sequencing reads, coverage, and variants

6. Analysis ready
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genomic, molecular

and cellular biology)

O

disease
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of the genetic basis of

(176)

SEQUENCING READS

Next.

g (NGS) technologies use massive parallel re-sequencing of DNA
fmgmems They produoe in some cases, in excess of one billion short reads per instrument run. These
reads may be single-end (where only one end of a DNA frag is being d) or paired-end
(when both ends of a DNA fragment are sequenced). NGS reads are aligned to a refi

either in forward or reverse direction. Palmd-end reads during alignment are kept together with (helr mate,
align more accurately and provide more jon on structural variants such as deleti

Single-end reads Variant Calling

total read depth 7

reference allele depth 0

variant allele depth allele 7
allele frequency (diploid) 101
allele frequency (pooled) 101

121> 12| > >] >

\Al V2 V3
READ DEPTH AND COVERAGE
Each position in the genome is covered by multiple reads. The number of reads that cover each genomic
position is called the read depth. The average number of reads covering the genome is called coverage.

VARIANTS AND ALLELE FREQUENCY

Variants are nucleotide differences ) the read seq and the genome. Allele
frequency (AF) is the proportion of reads at a genomic site that contain the variant allele. For homozygous
variants AF=1. For heterozygous variants, AF=0.5. In reality, allele frequencies are more variable. Variant
callers for diploid samples will determine if a variant is homozygous or heterozygous and assign it one of
the two values 1 or 0.5. For mapping pooled samples, the exact allele frequency is used. This can be
calculated as the number of variant reads / total read depth or by running genotypers in pooled mode.

(192)
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3.2 Identification of the frequency of LRP2 variants as phase Il study

As results from phase |, we found the LRP2 variant (rs2228171), Ala2872Thr
(G>A) in hyperuricemia and gout samples. Moreover, we found GLUT9 Ala17Thr only in
gout patient. Because LRP2 variant was not present in normal patient so it may be the
factor that promote hyperuricemia and gout disease. Changing of nucleotide from G to A
at position 2872 resulted in the conversion of alanine to threonine. Missense mutation may
lead to changes in protein structure which affects the function and can lead to disorders
of uric acid. Of all the above, the objective of phase Il was to identify the frequency of
LRP2 variants in Thai population. We focused on the patient with non-communicable
disease whether we would find the prevalence and relationship of variants in patients with
hyperuricemia, heart disease, cerebrovascular disease, hyperlipidemia, hypertension,
and obesity (Figure 15). Findings the correlation of genes with diseases provide a greater
understanding of pathophysiology. The results can lead to early detection and prevent

further disease.

Test variants of LRP2 gene in NCDs samples

p

Polymerase chain reaction

p-

DNA sequencing by Sanger method

@

Nucleotide sequence alignment

@

Statistical analysis by Stata
Hardy-Weinberg equilibrium (HWE) for genotypic and allele

distribution, significant level at p<0.05

Figure 15 Workflow of the proposed experiment in phase |l
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3.2.1 Study design, subjects, and data collection

A cross-sectional study was conducted from November 2018 —January 2019.
All subjects were selected from patients who diagnosed with non-communicable diseases
in Nakhon Nayok hospital, Thailand. All participants had age between 25-60 years.
Patients with heart disease (end-stage heart disease, recent myocardial infection within
30 days), stroke (recent stroke within 90 days, bedridden), long term dialysis, cancer,
psychiatric disease, pregnancy were excluded from the study. Our study was approved
by the review board and Ethics committee of Nakhon Nayok hospital (EC-011/2018).
Written inform contented was obtained from all participants.

The sample calculation was used by Cochran (1963). N=1.96" x P x (1-P) /
d’0=0.05, power (B):O.SO, d=0.2, P=0.11 were calculated in the formula. A total of 550
patients with NCD subjects were recruited in the study (P =prevalence of hyperuricemia
in Thai, 11.8 percent)”.

After screening 550 individuals, we chose 78 whose males with no previous
history of gout. Seventy-eight participants had no cancer, no acute heart disease, no
receiving uric lowering agents, and on dialysis. Patients with incomplete data were
excluded from our study. All participants were given informed consent, reviewed history,
collected blood sampling including genotyping. Clinical profiles of our subjects including
age, gender, comorbidities, smoking, alcohol use, blood pressure ( BP), waist
circumference (WC), hip circumference (HC), and body mass index (BMI) were collected.
Blood chemistry such as fasting blood sugar (FBS), serum uric acid ( SUA), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), triglyceride (TG), HbA1C, blood urea nitrogen (BUN), creatinine (Cr),
and glomerular filtration rate (GFR) were collected from all participants. Genomic DNA
was extracted from peripheral blood to find the frequency of variation in patients with
hyperuricemia, diabetes mellitus (DM), hyperlipidemia, hypertension (HT), heart disease,

and overweight.
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3.2.2 Definition of terminology
Hyperuricemia was defined as SUA levels over 7 mg/dL in men, and over 6
mg/dL in women (10). Overweight is classified based on BMI 25-29.99 kg/m’ by WHO
criteria. Diagnosis of DM was described as fasting blood sugar (FBS) equal or greater
than 126 mg/dL or 2-hours after glucose tolerance test found plasma glucose equal or
more than 200 mg/dL or HbA1C equal or greater than 6.5% "% .HT was diagnosed follow
by systolic BP equal or greater than 140 mmHg or diastolic BP equal or greater than 90
mmHg or antihypertensive medication. Dyslipdemia was defined as cholesterol (over 200
mg/dl), hypertriglyceridemia (over 150 mg/dl), low-density lipoprotein cholesterol (LDL-C
over 160 mg/dl) or received lipid-lowering agents. Heart disease was defined as coronary
heart disease, ischemic heart disease, hypertensive heart disease, cardiomyopathy
excluding congenital heart disease, heart valve diseases, and arrhythmias. Stroke was
diagnosed by a physician.
3.2.3 Genetic analysis
3.2.3.1 DNA extraction

The isolation of genomic DNA from peripheral blood was performed using
QlAamp DNA Blood Mini kit (QIAGEN, Germany) and stored at -20 C. The DNA
concentration and quality were determined using a Nanodrop (Thermo Fisher Scientific,
Waltham, MA, USA), a 260/280 ratio of ~1.8, and a 260/230 ratio between 2.0-2.2 were
generally accepted.

3.2.3.2 Polymerase chain reaction (PCR)

Forward and reverses primers for rs2228171 were designed by Primer 3
program.  Primer sequences of forwarding 5° - 3 and reverse 5 - 3 were
TCCATTTTCCAGGCTCAGTC and AGCATCAATCAGCAGCTTCC, respectively. Forward
and reverse primers were checked with Primer Blast program. PCR product size was 477
based pair. PCR products were done by PCR Thermal Cycler (Biorad). Then PCR
products were run on agarose gel electrophoresis, eluted and purified, respectively.

3.2.3.3 DNA sequencing analysis

DNA sequencing from PCR products was performed using Sanger

Sequencing (Macrogen). Chromatogram was analyzed to identify genotypes.
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3.2.4 Statistical analysis
All baseline characteristic analyses were performed using STATA version 14
(Stata, College Station, TX). The Hardy-Weinberg equilibrium (HWE) was used to describe
genotype and allele distribution. Chi- square test was used to confirm HWE among

genotypes (p<0.05)(194).



CHAPTER 4
RESULTS

The study results were separated into 2 phases according to the study method

as shown below.

4.1 Identification of the novel genetic variation in phase |

The identification of the novel genetic variation related with hyperuricemia

and gout was studied in this phase. Two-hundred and fifty participants were enrolled in

GUHGTHS. Baseline characteristics according to gender are shown in Table 3.

Table 3 Baseline characteristic of all participants in GUHGTHS (n=250)

Gout & HUA Healthy controls
Characteristics p-value
(n=125) (n=125)

Gender (no. Male/Female) 90/35 38/87

Age (years) 58.99 + 14.47 47.97 + 15.23 <0.001
Body mass index (kg/m?) 26.21 +5.26 23.91 £ 3.99 <0.001
Systolic Blood pressure (mmHg) 137.34 £ 18.87 123.83 £ 17.51 <0.001
Diastolic Blood pressure (mmHg) 79.81 +13.36 76.78 £ 11.04 0.058
Creatinine (mg/dL) 1.49 +1.69 0.87 +0.66 <0.001
Total cholesterol (mg/dL) 197.10 + 48.56 204.90 + 37.10 0.165
Triglycerides (mg/dL) 154.62 + 96.98 119.16 + 60.56 <0.001
HDL-C male (mg/dL) 51.36 £ 24.24 55.27 £10.43 0.374
HDL-C female (mg/dL) 59.73 + 16.92 62.60 + 13.81 0.373
LDL-C (mg/dL) 112.07 +45.30 124.05 + 37.58 0.039
Fasting blood sugar (mg/dL) 106.57 + 30.19 99.53 + 33.91 0.091
Serum uric acid (mg/dL) 6.59 +2.03 5.25+0.92 <0.001

HDL- C: high density lipoprotein cholesterol; LDL-C; low density lipoprotein cholesterol Data was

presented as mean + SD and their p-value using independent t-test; gender was presented as p-value

using chi-square test
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The four male participants including normal uric acid, hyperuricemia, gout, and
early onset gout were selected from 193 subjected in the GUHGTHS.They were identified

by number A, B, C, and D (flow chart as shown in Figure 16).

Sample 1: -
Normal SUA (A)
SUA = 4.50 mg/dl
Genetic variants associated with
Sample 2: hyperuricemia and gout are unknown

Hyperuricemia (B)

SUA = 8.70 mg/d il

DNA preparation and whole genome

Sample 3:

Gout patient (C)

y

SUA = 7.50 mg/dl
Identified and replicated all SNPs

with hyperuricemia and gout

Sample 4:

Early onset gout (D) ==
SUA = 9.00 mg/dl

Figure 16 Overview flowchart for investigating variants

Their anthropomorphic and clinical parameters were summarized in Table 4. All
4 participants were male. Subject A, B, and C were mached in age (+ 5 years). Subject
D was not match in age. Subject A and B did not receive drugs or food effecting uric acid
level. The extraction of DNA from whole blood was performed, quality checked by
nanodrop and gel electrophoresis. Figure 17 showed genomic DNA on gel

electrophoresis.
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Table 4 Summary of Clinical observations of 4 subjects in phase | of study

ID Groups  Agely) BMI SBP  DBP HDL LDL TG TC FBS
A Normal 43 22.75 129 85 34 137.0 290 197 344
B HUA 43 2483 128 60 55 160.0 66 207 83
C Gout 37 26.89 121 84 41 137.0 152 209 87
D Early gout 21 29.40 119 61 39 109.8 166 182 82

BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL: High-
density lipoprotein, LDL: Low-density lipoprotein, TG: Triglyceride,

TC: Total cholesterol, FBS: Fasting blood sugar

Figure 17 DNA of 3 subjects by 0.8% gel electrophoresis (A, B, D)

A=normal SUA, B=hyperuricemia, D=early onset gout, sample C: DNA was sheared after manual
DNA extraction, so whole blood was sent to DNA extraction and

genome sequencing at Macrogen (South Korea).
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Next generation sequencing analysis was performed on genomic DNA from 4
adult men participants. The data set comprised 118, 599 single- nucleotide variants
(SNVs) were selected. Figure 18-21 showed the Genetic variants identified in four
participants with hyperuricemia and gout.

We found variants in 17 genes in normal patient (Subject A) such as Adenosine
adenase RNA specific (ADAR), Activin A receptor type IIA (ACVR2A), Low density
lipoprotein receptor-related protein 2 (LRP2), Musculoskeletal embryonic nuclear protein
1 (MUSTN1), Soluble carrier family 2 member 9 (SLC2A9) or glucose transporter 9
( GLUT9), Transmembrane protein 171( TMEM171), Ras responsive element binding
protein 1(RREB1), Soluble carrier family 17 member 3 (SLC17A3) , Hepatocyte nuclear
factor 4 (HNF4), N-acylspingosine amidohydrolase 2 (ASAHZ2), Soluble carrier family 16
member 9 (SLC16A9), Soluble carrier family 22 member 12 (SLC22A12), Soluble carrier
family 5 member 8 (SLC5A8), ATP-binding cassette subfamily C member 4 (ABCC4),
Purine nucleoside phosphorylase ( PNP), Chromosome 17 open reading frame 82

(C170rf82) and : soluble carrier family 13 member (SLC13A3) as shown in Figure 18.
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SNPs in normal control (Subject A)
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Figure 18 SNPS in normal control (Subject A)

(ADAR: ADAR: Adenosine adenase RNA specific, ACVR2A :Activin A receptor type IIA, LRP2: Low
density lipoprotein receptor-related protein 2, MUSTN1: Musculoskeletal embryonic nuclear protein
1, SLC2A9 (GLUT9): glucose transporter 9, TMEM171: Transmembrane protein 171, RREB1:Ras
responsive element binding protein 1, SLC17A3: Soluble carrier family 17 member 3, HNF4:
Hepatocyte nuclear factor 4, ASAH2: N-acylspingosine amidohydrolase 2, SLC16A9: Soluble carrier
family 16 member 9, SLC22A12: soluble carrier family 22 member 12, SLC5A8: soluble carrier family
5 member 8, ABCC4: ATP- binding cassette subfamily C member 4, PNP: Purine nucleoside
phosphorylase, C170rf82: Chromosome 17 open reading frame 82, SLC13A3: soluble carrier family

13 member 3)

Variations of 16 genes were found in hyperuricemia ( Subject B) such as
Adenosine adenase RNA specific ( ADAR), Low density lipoprotein receptor- related
protein 2 (LRP2), Musculoskeletal embryonic nuclear protein 1 (MUSTN1), Soluble carrier
family 2 member 9 (SLC2A9) or glucose transporter 9 (GLUT9), Transmembrane protein
171(TMEM171), Ras responsive element binding protein 1(RREBT), Soluble carrier family
17 member 1 ( SLC17A1), Soluble carrier family 17 member 3 ( SLC717A3), N-

acylspingosine amidohydrolase 2 ( ASAHZ2) , Soluble carrier family 16 member 9
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(SLC16A9), Soluble carrier family 22 member 12 (SLC22A12), Soluble carrier family 5
member 8 (SLC5A8), ATP-binding cassette subfamily C member 4 (ABCC4), Purine
nucleoside phosphorylase (PNP), Chromosome 17 open reading frame 82 (C170rf82)
and Soluble carrier family 13 member (SLC713A3) as shown in Figure 19.

SNPs in hyperuricemia (Subject B)
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Figure 19 SNPs in hyperuricemia (Subject B)

(ADAR: Adenosine adenase RNA specific, LRP2: Low density lipoprotein receptor-related protein
2, MUSTN1: Musculoskeletal embryonic nuclear protein 1, SLC2A9 (GLUTY): Soluble carrier family 2
member 9 (glucose transporter 9), TMEM171: Transmembrane protein 171, RREB1:Ras responsive
element binding protein 1, SLC17A7: Soluble carrier family 17 member 1, SLC17A3: Soluble carrier
family 17 member 3, ASAH2:: N-acylspingosine amidohydrolase 2, SLC16A9 : Soluble carrier family
16 member 9, SLC22A12: Soluble carrier family 22 member 12, SLC5A8 : Soluble carrier family 5
member 8, ABCC4: ATP- binding cassette subfamily C member 4, PNP: Purine nucleoside
phosphorylase, C170rf82: Chromosome 17 open reading frame 82, SLC13A3: Soluble carrier family

13 member)
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We found variation of 16 genes in gout patients (Subject C) such as Adenosine
adenase RNA specific (ADAR), Activin A receptor type IIA (ACVR2A), Low density
lipoprotein receptor-related protein 2 (LRPZ2), Musculoskeletal embryonic nuclear protein
1 (MUSTNT), Soluble carrier family 2 member 9 (SLC2A9) or glucose transporter 9
(GLUT9), Transmembrane protein 171 (TMEM171), Ras responsive element binding
protein 1(RREBT), Soluble carrier family 17 member 1 (SLC17A7), Soluble carrier family
17 member 3 (SLC17A3), N-acylspingosine amidohydrolase 2 (ASAH2), Soluble carrier
family 16 member 9 (SLC16A9), Soluble carrier family 22 member 12 (SLC22A12),
Soluble carrier family 22 member 11 (SLC22A11), Soluble carrier family 5 member 8
(SLC5A8), ATP-binding cassette subfamily C member 4 (ABCC4), Chromosome 17 open
reading frame 82 (C170rf82) and Soluble carrier family 13 member (SLC713A3) as shown
in Figure 20.

We found variations in 15 genes in early gout patient (Subject D) such as
Adenosine adenase RNA specific (ADAR), Activin A receptor type lIA (ACVR2A), Low
density lipoprotein receptor-related protein 2 (LRP2), Musculoskeletal embryonic nuclear
protein 1 (MUSTN1), Soluble carrier family 2 member 9 (SLC2A9) or glucose transporter
9 (GLUTY9), Transmembrane protein 171( TMEM171), Ras responsive element binding
protein 1( RREBT) , Hepatocyte nuclear factor 4 ( HNF4A) , N- acylspingosine
amidohydrolase 2 (ASAH2), Soluble carrier family 16 member 9 (SLC76A9), Soluble
carrier family 22 member 12 (SLC22A12), Soluble carrier family 5 member 8 (SLC5A8),
ATP-binding cassette subfamily C member 4 (ABCC4), Chromosome 17 open reading
frame 82 (C170rf82) and Soluble carrier family 13 member (SLC713A3) as shown in Figure
21,
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SNPs in gout patient Subject C)
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Figure 20 SNPs in gout patient (Subject C)

(ADAR: Adenosine adenase RNA specific, ACVR2A: Activin A receptor type lIA, LRP2: Low density
lipoprotein receptor- related protein 2, MUSTN7: Musculoskeletal embryonic nuclear protein 1,
SLC2A9 (GLUTY): glucose transporter 9, TMEM171: Transmembrane protein 171, RREB7: Ras
responsive element binding protein 1, SLC17A3: Soluble carrier family 17 member 3, ASAHZ2: N-
acylspingosine amidohydrolase 2, SLC16A9: Soluble carrier family 16 member 9, SLC22A171: soluble
carrier family 22 member 11, SLC22A12: soluble carrier family 22 member 12, SLC5A8: soluble carrier
family 5 member 8, ABCC4: ATP-binding cassette subfamily C member 4, C170rf82: Chromosome 17

open reading frame 82, SLC13A3: soluble carrier family 13 member 3)
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SNPs in early onset gout patient (Subject D)
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Figure 21 SNPs in gout patient (Subject D)

(ADAR: Adenosine adenase RNA specific, ACVR2A: Activin A receptor type lIA, LRP2: Low density
lipoprotein receptor- related protein 2, MUSTN7: Musculoskeletal embryonic nuclear protein 1,
SLC2A9 ( GLUT9) : glucose transporter 9, TMEM171: Transmembrane protein 171, RREB17: Ras
responsive element binding protein 1, HNF4A: Hepatocyte nuclear factor 4, ASAH2: N-acylspingosine
amidohydrolase 2, SLC16A9: Soluble carrier family 16 member 9, SLC22A12: soluble carrier family 22
member 12, SLC5A8: soluble carrier family 5 member 8, ABCC4: ATP-binding cassette subfamily C
member 4, C170rf82: Chromosome 17 open reading frame 82, SLC13A3: soluble carrier family 13

member 3)

Figure 22 and 23 showed non- synonymous or missense mutation and
synonymous in 4 male participants. In our study, we would like to the find the new variant
of genes that may be associated with hyperuricemia. So we mentioned on the genes in

patient with hyperuricemia (Subject B).
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Figure 22 show non-synonymous SNPS in hyperuricemia and gout
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Figure 23 show synonymous SNPs in hyperuricemia and gout

We classified the variants into 4 group by 1) urate transporter gene that evidence
to related diseases 2) urate transporter gene which to be investigated for its relation to
diseases 3) genes involving in metabolic pathway of urate and 4) unclear of pathway

(Figure 24).
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Non-synonymous variant in hyperuricemia (Subject B)

Metabolic
pathway of
uric: salvage
pathway

Urate
transporter
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evidence)

Urate
transporter
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ESLC17A3 B ASAH2 mSLC16A9 mABCC4 H PNP m C170rf82

Figure 24 Classification of SNPs in hyperuricemia (Subject B)

When analyzing compare between 4 male participants, genetic variants
associated with gout and uric acid were shown in Table 5. The early onset gout subject
(Subject D) was identified a missense Ala17Thr, C>T variants in the founder mutation of
GLU9, which is a gene located on 4p16.1. We also found a Pro1146Pro synonymous
mutation, a known variant of RREB1, in hyperuricemia subject (Subject B), gout patient
(Subject C), and early-onset gout subject (Subject D). The 1le223lle (C>T) mutation of
ATP binding protein cassette subfamily C member 4 (ABCCC4) was identified as
heterozygous in gout patients (Subject C). However, the lle223lle (C>T) mutation was
found homozygous in hyperuricemia (Subject B) and early-onset gout subject (ON-652).
A missense Ala2872Thr (G>A) variant in LDL receptor-related protein 2 (LRP2) gene was
identified in hyperuricemia subjects (Subject B), gout patients (Subject C), and early-
onset gout subject (Subject D). The detailed properties of the four mutations on GLUT9,

ABCC4, RREB1, and LRP2 are shown in Table 6.



Table 5 Genetic variants found in 4 male participants
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Sample ID Groups GLU9 ABCC4 RREB1 LRP2
Subject A Normal - - - -
Subject B HUA - lle223lle Pro1146Pro Ala2872Thr
Subject C  Gout - lle223lle Pro1146Pro Ala2872Thr
Subject D Early gout  Ala17Thr  lle223lle - Ala2872Thr
GLU9: glucose transporter 9, ABCC4: ATP Binding Cassette Subfamily C Member 4,
RREB1: Ras responsive element binding protein1, lle: Isoleucine, Pro: Proline,
LRP2: LDL receptor related protein 2, Ala: Alanine, Thr: Threonine
Table 6 Identification of causative and mutations by WGS
Sample ID Gene Zygosity Genomic Amino acid Locatio Mutation
change change n type
SubjectD | GLU9 Heterozygosity G49A Ala17Thr Chr4 Non-
Exon 3 | synonymous
(missense)
Subject B, | ABCC4 Homozygosity C669T lle223lle Chr13 Synonymous
Subject D Exon 6
Subject C | ABCC4 Heterozygosity C669T lle223lle Chr13 Synonymous
Exon 6
Subject B, | RREB1 Heterozygosity | A3438G | Pro1146Pro Chré Synonymous
Subject C Exon
10
Subject B, | LRP2 Heterozygosity G8614A | Ala2872Thr Chr2 Non-
Subject C, Exon46 | synonymous
Subject D (missense)

WGS: whole genome sequencing, Ala: Alanine, Thr: Threonine, lle: Isoleucine, Pro: Proline,

Chr: Chromosome
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4.2 ldentify frequency of polymorphism of LRP2 in phase Il

Of 78 males from 550 participants was selected to analysis in phase Il study. The
flow chart of experiment was shown in Figure 25. Baseline characteristic of 78 participants
were shown in Table 7. After the isolation of genomic DNA from whole blood, LRP2
rs2228171 was genotyped by PCR (Figure 26-28). Genotyping analysis was performed
using Sanger sequencing. All participants’ chromatograms were shown in appendix A.

Pattern of polymorphism was exhibited in Figure 29-31. Data have been described below.

_ DNA sequencing
LRP2 Polymerase chain
—> , —> by Sanger
(rs2228171) reaction
method
|
\2
Statistical analysis (STATA, Hardy-Weinberg
Nucleotide
—> equilibrium (HWE) for genotypic and allele
alignment

distribution, significant level at p<0.05)

Figure 25 Flow chart of experiment in phase |l

4.2.1 Frequency of LRP2 polymorphism and association in hyperuricemia

In our study, we focused on genetic variation in LRP2 rs2228171. We clarified
allelic frequencies and heterozygosity between hyperuricemia and non-hyperuricemia.
We categorized into 3 groups for these SNPs 34 homozygous major G-allele carriers, 36
heterozygous carriers, and 8 homozygous minor A allele carrier, rs rs2228171 for G/A).
We identified no deviation of genotype frequencies from HWE SNP (Table 8).

Analysis of baseline characteristics between hyperuricemia and non-
hyperuricemia group found that no difference between age, smoking status, alcohol

status. But BP, TC, TG, LDL, HDL, FBS, BUN, Cr were found more than in the
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hyperuricemia group (Table 7). We found no correlation of serum uric acid and genotypes
(Table 15). Moreover, there was no association of genotypes and hypeuricemia (Table
16).
4.2.2 Frequency of LRP2 polymorphism and association in diabetes Mellitus
We identified the allelic frequencies and heterozygosity in diabetes mellitus.
We found 34, 36, and 8 in homozygous G, heterozygous, and homozygous A in diabetes
mellitus, respectively (Table 9). There was no deviation in genotypes between group from
HWE SNP.
In data, we found diabetic patients have more than alcohol use, WC, HC,
SBP, FBS, HbA1C, BUN, and GFR (Table 7). We found the negative correlation of
genotype and serum urate in diabetes mellitus (Table 15). We did not find the relationship
of diabetes mellitus and LRP2 genotypes (Table 17).
4.2.3 Frequency of LRP2 polymorphism and association in hypertension
We found 33, 28, and 5 in homozygous G, heterozygous and homozygous A
in the HT group, respectively (Table 10). There was a difference in genotypic frequencies
from HWE SNP between HT and non-HT (p=0.0099). We found the hypertension group
had older age, smoking, alcohol use, HC, WC, TC, TG, LDL, SUA, BUN, Cr greater than
the non-HT group (Table 7). We did not find the correlation of hypertension and uric acid
(Table 15). However, we found genotype GA associated with hypertension (Table 18).
4.2.4 Frequency of LRP2 polymorphism and association in heart disease
We identified 10 patients with heart disease. There were 2, 7, and 1 patients
of homozygous G, heterozygous, and homozygous A (Table 11). There was no difference
in genotypic frequencies from HWE SNP between group. We found a greater level of age,
WC, HC, TG, LDL, FBS, HbA1C, BUN, Cr in the heart disease group (Table 7). We did not
find the correlation of heart disease and serum uric acid (Table 15). Moreover, we did not
find the association of genotypes and heart disease (Table 19).
4.2.5 Frequency of LRP2 polymorphism and association in stroke
There were 6, and 1 patient in the stroke group with heterozygous, and

homozygous A. We did not find homozygous G in this group (Table 12). Comparison
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between stroke and non-stroke patients, we found older age, a greater level of WC, HC,
TC, HDL, LDL, SUA, HbA1C, BUN, Cr in stroke group (Table 7). We did not find the
correlation of stroke and serum uric acid (Table 15). We could not be analyzed the
association of genotypes and stroke due to no genotype GG in stroke patients.
4.2.6 Frequency of LRP2 polymorphism and association in dyslipidemia
We analyzed the variants of LRP2 among the dyslipidemia group.
Homozygous major G-allele carriers, heterozygous carriers, and homozygous major AA
were found 34, 36, and 8, respectively. We found no difference in genotypic frequencies
from HWE SNP (Table 13). We found smoking, alcohol, a higher level of WC, HC, TC, TG,
LDL, HbA1C, GFR in the DLP group (Table 7). We did not find the correlation of
dyslipidemia and serum uric acid (Table 15). Moreover, we did not find the association of
genotypes and dysplidemia (Table 20).
4.2.7 Frequency of LRP2 polymorphism and association in overweight
In our participants, we found half of the patients coexist with overweight. We
found 16, 19, and 4 patients with homozygous G, heterozygous, and homozygous A in
the overweight group. We found no deviation of genotypic frequencies between groups
(Table 14). In patients with overweight, we found frequencies of smoking more than the
non-overweight group. WC, HC, SBP, DBP, TG, FBS, and GFR were found in obesity than
no obesity (Table 7). However, we did find the correlation of overweight and serum uric

acid (Table 15). In Table 21, we did not find the association of genotypes and overweight.
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2% agarose gel electrophoresis (product 477 bp)

Figure 26 PCR product of LRP2 rs2228171 (samples 1-23)

24 M 25 26 2728 2930 3132 33 34 3536 37 38 39 404142 43 44 4546

2% agarose gel electrophoresis (product 477 bp)

Figure 27 PCR product of LRP2 rs2228171 (samples 24-46)
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2% agarose gel electrophoresis (product 477 bp)

Figure 28 PCR product of LRP2 rs2228171 (samples 63-78)

130 140 150 160 170 180 190
GTTCCAATGCBCAYCT GGGCGETGTATTCCT CAACAT TGGTATTGT GATCAAGAAACAGATTGT TTT

Figure 29 Pattern of chromatogram of LRP2: homozygous G (G/G)
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180 190

Figure 30 Pattern of chromatogram of LRP2: heterozygous (A/G)

130 40 150 160 170 180 190
GTTCCAATGYACAF CTGGGCGCTGTAT TCCTCAACATTGGTATT GT GATCAAGAAACAGATTGTT'

Figure 31 Pattern of chromatogram of LRP2; homozygous A (A/A)
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Table 8 Frequency of LRP2 in hyperuricemia

SNPs Group n Genotype, n(%) Allele, n (%) HWE
G/G G/A A/A G A p-value
rs2228171 HUA 40 17 19 4 53 27 0.97

(42.50) (47.50) (10.00) (66.25) (33.75)

No 38 17 17 4 51 25
HUA (44.74) (44.74) (10.52) (67.11) (32.89)

* Hardy-Weinberg equilibrium test; SNPs: single nucleotide polymorphisms; HUA:

hyperuricemia; HUA defined as serum uric acid over 7 mg/dL

Table 9 Frequency of LPR2 in diabetes mellitus

SNPs Group n Genotype, n(%) Allele, n (%) HWE
G/G G/A A/A G A p-value
rs2228171 DM 44 20 19 5 69 29 0.82

(45.45) (43.18) (11.36) (67.05) (32.95)

NoDM 34 14 17 3 45 23
(41.18) (50.00) (8.82) (66.18) (33.82)

* Hardy-Weinberg equilibrium test; SNPs: single nucleotide polymorphisms; DM:
diabetes mellitus; DM defined as fasting blood sugar more than or equal 126 mg/dL or

receiving antidiabetic drug



Table 10 Frequency of LRP2 in hypertension

SNPs Group n Genotype, n(%) Allele, n (%) HWE
G/G G/A A/A G A p-value
rs2228171 HT 66 33 28 5 94 38 0.0099

(50.00) (42.42) (7.58) (71.21)  (28.79)

No HT 12 1 8 3 10 14
(8.33) (66.67) (25)  (41.67)  (58.33)

* Hardy-Weinberg equilibrium test; SNPs: single nucleotide polymorphisms; HT:

hypertension; HT was defined SBP over 140 mmHg or DBP over 90 mmHg

Table 11 Frequency of LRP2 in heart disease

SNPs Group n Genotype, n(%) Allele, n (%) HWE
G/IG G/A A/A G A p-value
rs2228171 Heart 10 2 7 1 1 9 0.22

(20.00) (70.00) (10.00) (55.00) (45.00)

No 68 32 29 7 93 43
heart (47.06) (42.65) (10.29) (68.38) (31.62)

* Hardy-Weinberg equilibrium test; SNPs: single nucleotide polymorphisms; Heart

diseases were diagnosed by physician

58
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Table 12 Frequency of LRP2 in stroke

SNPs Group n Genotype, n(%) Allele, n (%) HWE
G/G G/A A/A G A p-value
rs2228171 Stroke 7 0 6 1 6 8 0.013

(0.00) (85.71) (14.29) (42.86) (57.14)

No 71 34 30 7 98 44
Stroke (47.89) (42.25) (9.86) (69.01) (30.99)

* Hardy-Weinberg equilibrium test; SNPs: single nucleotide polymorphisms; Stroke was

diagnosed by physician

Table 13 Frequency of LRP2 in dyslipidemia

SNPs Group n Genotype, N(%) Allele, n (%) HWE
G/G G/A A/A G A p-value
rs2228171 DLP 53 23 24 6 70 36 0.9

(43.40) (45.28) (11.32) (66.04) (33.96)

No 25 11 12 2 34 16
DLP (44.00) (48.00) (8.00) (68.00) (32.00)

* Hardy-Weinberg equilibrium test; SNPs: single nucleotide polymorphisms; DLP:
dyslipidemia; DLP defined as total cholesterol over 200 mg/dL, triglyceride over 150
mg/dL, low-density lipoprotein cholesterol over 160 mg/dL or received lipid-lowering

agents
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Table 14 Frequency of LRP2 in overweight

SNPs Group n Genotype, n(%) Allele, n (%) HWE
G/G G/A A/A G A P-value
rs2228171 Overweight 39 16 19 4 51 27 0.89

(41.03) (48.72) (10.26) (65.38) (34.62)

No 39 18 17 4 53 25
overweight (45.15) (43.59) (10.26) (67.95) (32.05)

* Hardy-Weinberg equilibrium test; SNPs: single nucleotide polymorphisms; Overweight

was defined as BMI 25.00-29.99 kg/m2



Table 15 Correlation of serum uric acid with multiple factors (n=78)

Factors r 95%ClI p

GG -0.061 -0.280 to 0.164 0.5964
GA 0.058 -0.167 to 0.277 0.0577
AA 0.005 -0.218 to 0.227 0.9675
Hypertension 0.109 -0.116 to 0.324 0.3424
Dyslipidemia -0.042 -0.262 to 0.182 0.7143
Diabetes mellitus -0.284 -0.476 to -0.065 0.0118
Heart 0.037 -0.187 to 0.257 0.7502
Stroke 0.088 -0.138 to 0.304 0.4452
Alcohol drinking -0.006 -0.228 to 0.217 0.9594
Smoking 0.085 -0.140 to 0.302 0.4568
Exercise -0.099 -0.315t0 0.126 0.3862
Overweight -0.030 -0.251t0 0.194 0.7966
Systolic blood pressure 0.079 -0.146 to 0.297 0.4903
Diastolic blood pressure 0.025 -0.199 to 0.246 0.8280

GG: homozygous G, GA: heterozygous (G/A), AA: homozygous A, r=correlation



Table 16 Association of genotypes and hyperuricemia

Genotypes OR (95%Cl), p-value Adjusted OR (95% ClI), p-value
GG 0.91 (0.37-2.24), 0.84 1

GA 1.12 (0.46-2.72), 0.81 1.12 (0.44-2.86), 0.816

AA 0.94 (0.22-4.08), 0.94 1.00 (0.21-4.67), 1.00

GG: homozygous G, GA: heterozygous (G/A), AA: homozygous A

Table 17 Association of genotypes and diabetes mellitus

Genotype OR (95%Cl), p-value Adjusted OR (95% Cl), p-value
GG 1.19 (0.48-2.94), 0.706 1

GA 0.76 (0.31-1.87), 0.55 0.96 (0.35-2.60), 0.930

AA 1.32 (0.29-5.98), 0.715 1.43 (0.25-8.29), 0.687

GG: homozygous G, GA: heterozygous (G/A), AA: homozygous A

Table 18 Association of genotypes and hypertension

Genotype OR (95%Cl), p-value Adjusted OR (95% ClI), p-value
GG 11.0 (1.34-90.12), 0.025 1.00

GA 0.37 (0.10-1.35), 0.131 0.11 (0.012-0.90), 0.040
AA 0.25 (0.05-1.21), 0.084 0.05 (0.004-0.59), 0.017

GG: homozygous G, GA: heterozygous (G/A), AA: homozygous A



Table 19 Association of genotypes and heart disease

Genotype OR (95%Cl), p-value Adjusted OR (95% ClI), p-value
GG 0.28 (0.06-1.42), 0.125 1

GA 3.14 (0.75-13.18), 0.118 3.86 (0.74-20.11), 0.108
AA 0.97 (0.11-8.82), 0.977 2.29 (0.18-28.86), 0.523

GG: homozygous G, GA: heterozygous (G/A), AA: homozygous A

Table 20 Association of genotypes and dyslipidemia

Genotype OR (95%Cl), p-value Adjusted OR (95% Cl), p-value
GG 0.98 (0.37-2.54), 0.960 1

GA 0.90 (0.35-2.33), 0.822 0.96 (0.35-2.60), 0.930

AA 1.47 (0.27-7.85), 0.653 1.43 (0.25-8.29), 0.687

GG: homozygous G, GA: heterozygous (G/A), AA: homozygous A

Table 21 Association of genotypes and overweight

Genotype OR (95%Cl), p-value Adjusted OR (95% ClI), p-value
GG 0.79 (0.32-1.94), 0.606 1

GA 1.21 (0.50-2.95), 0.675 1.27 (0.49-3.25), 0.622

AA 1.12 (0.26-4.84), 0.878 1.27 (0.27-5.92), 0.764

GG: homozygous G, GA: heterozygous (G/A), AA: homozygous A
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CHAPTER 5
CONCLUSION AND DISCUSSION

The study conclusions and discussion were separated into 2 phases according

to the study method as shown below.

5.1 Conclusion and discussion in phase |

In phase | study, we have found the non-synonymous SNPs in the Glucose
transporter 9 (GLUT-9)* 1118 198, 18141149 “gq1ple carrier family 17 member 1 (SLC17A1)
or NPT %118 138,140,143 “anq Soluble carrier family 17 member 3 (SLC17A3) or NPT4
19140 that were previously reported to be associated with hyperuricemia and gout.
Moreover, we have found the non-synonymous SNPs which previously report associated
with serum uric acid such as Soluble carrier family 16 member 9 (SLC16A9)™, Low

(115)

density lipoprotein receptor related protein 2 (LRP2 , Musculoskeletal embryonic
nuclear protein 1 (MUSTN1)*®, Transmembrane protein 171 (TMEM171)*®, Chromosome
17 open reading frame 82 (C170rf82) ®”, Ras responsive element binding protein 1
(RREB1) ¥ and N-acylspingosine amidohydrolase 2 (ASAH2) * in patient with
hyperuricemia.

After comparison of 4 participants (normal uric acid, hyperuricemia, gout, and
early onset gout) we have found the missense Ala17Thr (G>A) glucose transporter 9
(GLUT9) mutation in only early-onset gout. We identified the synonymous Pro1146Pro,
A>G ras responsive element binding protein1 (RREB1) mutation in hyperuricemia and
gout. Whole-genome sequencing also identified 11e223lle (C>T) ATP Binding Cassette
Subfamily C Member 4 (ABCC4) mutation and Ala2872Thr (G>A) LRP2 mutation as the
genetic finding in patients with hyperuricemia, early-onset gout, and gout, respectively.

SLC2A9 gene encodes soluble carrier family 2 member 9, also named glucose
transporter 9 (GLUT9). GLUT 9 is a major role in urate homeostasis. GLUT 9 is a
reabsorptive urate transporter. Multiple common variant of GLUT9 have been linked to
increased risk of development of hyperuricemia, renal overload gout, renal under-

excretion gout, and overall risk of gout. But the low-frequency variants associated with
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renal hypouricemia type 2% 1"*71 138130141999 51 JT9 variant also identified in early-onset
gout in our study similarly to previous reports.

LRP2 gene encodes low-density lipoprotein receptor-related protein 2 (megalin),
it is @ member of the low-density lipoprotein receptor (LDLR) family. The expression of
Megalin is found on epithelial of renal proximal tubules and endocytosis“%). LRP2 is a
glycoprotein, its molecular weight is about 600 KD. The structure of LRP2 consists of a
large amino-terminal extracellular domain which has a one transmembrane domain and
a carboxy-terminal cytoplasmic tail. The extracellular domain has four clusters (I-1V) of
LDLR class A that replicates on ligand-binding regions. Ligands of Megalin include

(196, 197)

apolipoproteins B, E, and lipoprotein lipase . Several study reported positive and

negative correlation of LRP2 gene associated with hyperuricemia (192,195, 196-200)

. Recently,
the study showed an intron variant of LRP2 rs2544390 on chromosome 2g24-31 that is
associated with hyperuricemia(m). Study from Japanese population found the association
of LRP2 gene rs2544390 with body mass index and urate level @V Previous reported the

(202)

LRP2 polymorphism associated with plasma lipid levels . Several study reported

positive and negative correlation of LRP2 gene associated with hyperuricemia (192,139, 196-

200)

Our previous study in phase | have found the polymorphism of LRP2 Ala2872Thr
(rs2228171) in patients with hyperuricemia and gout. LRP2 expressed on the glomeruli
and proximal tubular cells of kidney(m). So, LRP2 may be affect to urate hemostasis. For
this reason, we continued study in phase Il to identifiy the association between rs 2228171

and hyperuricemia.

5.2 Conclusion and discussion in phase Il

Previous phase | study “GUHGTHS” identified that one novel locus mapped to
LRP2 (rs2228171) (Ala2872Thr, G>A) has been found in hyperuricemia, and gout in Thai
men, but a small number of a participant. So, we need to evaluate the LRP2 gene in a

large population. Our study was designed to identify the frequency of the LRP2 gene
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(rs2228171) in hyperuricemia, heart disease, cerebrovascular disease, hyperlipidemia,
hypertension, and obesity among Thai NCD patients.
LRP2 is the member of the low- density lipoprotein (LDL) receptor family.

LRP2/Megalin expressed on the apical surface of absorptive epithelial tissues. Itis mainly

5)

in the kidney, particulary in glomeruli and proximal tubular cells (199), Interestingly, the

previous study demonstrated that the LRP2 protein is important for reuptake of numerous
ligands such as lipoproteins, nutrients, morphogens, protease- protease inhibitor
complexes including vitamin-vitamin binding protein complexes (195209 " These proteins
also have a role in cell signaling. Mutation of LRP2/Megalin can lead to Donnai-Barrow

syndrome (DBS) and facio-oculoacoustico-renal syndrome (FOAR). Megalin is still

03)

expressed on thyrocytes, it is a receptor for thyro lobulin®* Megalin mediates
yrocy yrog g

(205

transcytosis of thyroglobulin (Tg), thyroid hormone precursor ). Previous study in mice

with megalin deficiency found thyroid dysfunctionmﬁ).

5.2.1 LRP2 gene associated with hyperuricemia, and gout
LRP2 could be associated with serum uric acid through urate- binding
proteins endocytosis. In our study, we have not been found significant genotypic
frequencies between SNP in the gene encoding LRP2 and hyperuricemia among Thai
NCD patients. Some previous GWAS in a Japanese population identified common novel

variant in LRP2 (rs2544390) associating with serum uric acid pres) However, GWAS in a

Chinese population revealed no significant association of rs2544390 and urate (192

Moreover, study in Japanese population reported the relationship of rs2544390 and body

98)

mass index including serum uric acid 2on, Study in Chinese population “ and cohort

199)

study in Maori and Pacific Island ( also showed rs2543390 influencing on gout

199)

susceptibility. However, the protective effect was identified in European study< and no

association of gout susceptibility was reported in a Japanese population 200
However, megalin medidates transcytosis of thyroglobulinQOS). It is known that
thyroid functions in the metabolism, growth and development of human body. Variant of

LRP2 may be induced to thyroid dysfunction. We propose that polymorphism of LRP2

may be additional factor to metabolism that controls urate homeostasis.
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Because positive and negative results of LRP2 were reported. Therefore, we
cannot be concluded that having variant increased the risk of hyperuricemia. Although
the position of LPR2 in our study is different from the Japanese and Chinese populations.
But this is a novel position that has been found in Thai people. Even the results were not
related to hyperuricemia. New information on this gene is found.

5.2.2 LRP2 gene associated with DM and hyperlipidemia

LRP2 mediated endocytosis of LDL. LRP2 is a lipoprotein receptor that play
role in cholesterol transport (207), use with its coreceptor cubilin 209 Moreover, megalin is a
receptor for apoJ/clusterin that involve HDL particles (209210 9nd Lp (1), Lp (1) is an

(211, 212)

atherogenic particle Apolipoprotein M is found in pre- B-HDL particles,

chylomicrons, LDLs and VLDLs. Liver and kidney secreted Apolipoprotein M, and

213) (214, 215 . .
i ) Cubilin is a coreceptor of Megalin.

megaling receptor involve in this secretion (

ApoA1-1 and ApoA-Il are structure of HDL that need Cubilin and Megalin @10 Ty

megalin involves with the regulation of HDL metabolism. A report from the study in the

Japanese population found a level of cholesterol- related to genetic variation in the
. (202)
megalin gene ~ .

Dyslipidemia can increase insulin resistance and serum uric acid levels (218).

A report from the Japanese population showed LRP2 (rs2229268) variants related with

@02) Although, we did not find the association of

LDL and serum uric acid level in humans
genotypes with dyslipidemia and diabetes mellitus. The fact that we cannot find the
association may be due to the difference in positions of the LRP2, ethnic diversity, and
the number of population studies is relatively small. Therefore, further investigation is
required.
5.2.3 LRP2 gene associated with hypertension

Megalin and its ligands are involved in some disease in kidney and brain 209,
Ligands of Megalin including PTH, albumin, insulin, leptin, and angiotensin Il need
megalin receptor to endocytosis and bring the ligand into lysosome. Previous report
showed the rold of Megalin associated with disease including hypertension, diabetes,

219-225)

renal and obesity ( . In our study, we found the patients with homozygous A had
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protective effect in HT. So variants of the LPR2 gene might be protect hypertension.
However, since the majority of the population studied coexisted with HT. There were few
patients without HT. Therefore, we cannot conclude whether homozygous A presence
decrease s the risk of HT. The authors suggest further study is required.

5.2.4 LRP2 gene associated with stroke and heart disease

Several risk factors such as dyslipidemia, hypertension, and diabetes mellitus
increase risk of stroke and heart disease. Variants of LRP2 may promote DM, obesity,
HT, and DLP @22z \which leading to stroke. We cannot define the association of
genotypic, stroke, and heart diseae due to small smple size. We need to investigate and
design the study to find the risk of genotype in stroke disease.

In conclusion, our study is the first cross-sectional study of the frequency of
the rs variants in the LRP2 rs2228171 gene in Thai NCDs patients. We identified the
genetic frequencies of LRP2 rs2228171 with hyperuricemia and DM, hyperlipidemia,
heart, stroke, HT, and obesity. Although we did not find the association of genotypes in
hyperuricemia. But our results provide the association of LRP2 genotypes in HT patients.
Furthermore, the study will be done to clarify the effect of LRP2 variation and metabolic
diseases such as HT. The future research will lead to a better understanding of the

association of LRP2.
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Appendix

macrogen
File: S1_LRP2F2.abl Run Ended: 2020/10/30 20:6:46 Signal G:78 A:76 C:103 T:81 %}
Sample: SI_LRP2F2 Lane: 94 Base spacing: 14.387844 458 bases in 5436 scans Page 1 of |

10 20 30 40 30 60 70 80 90 100 110 120 130
€ ACCCITTTGALTTTATIC SAGCTCT AG TAG AGACAGT TGT TAAGACT GATGGGAMATGCTTAT GTTTTGCTCT TGGGTTTTATCTTCTTTCCCT CCTGCAGCCAC TCACACGTGCAGCAGE AGTG

350 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGAT CAGGATACGGAAGCTGCTGAT TGATGCTAAMA A

| ) [ f f
A "“AA ) F@/\"ﬁ-"ﬂ/\m‘/\mﬂﬂfﬂ ARl A {"‘J‘V,LM/\“\ .

VAWl : A

Figure 32 Chromatogram of sequencing from PCR-LRP2 sample 1

macrogen
File: S2_LRP2F2.abl Run Ended: 2020/10/30 20:6:46 Signal G:780 A:674 C:1010 T:768 é
Sample: S2_LRP2F2 Lane: 92 Base spacing: 14.452193 452 bases in 5442 scans Page 1 of 1

10 20 30 40 30 60 70 80 90 100 110 120
CTGE ACT TTAT CTA GCT B GAGTAGAGGCAG T TGT TAAGACTG AT GGG AMCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

Figure 33 Chromatogram of sequencing from PCR-LRP2 sample 2
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0
macrogen
File: S5_LRP2F2.abl Run Ended: 2020/10/30 20:6:46 Signal G:743 A:680 C:1064 T:858 %
Sample: S5_LRP2F2 Lane: 86 Base spacing: 14.416757 452 bases in 5438 scans Page I of 1

10 20 30 40 50 70 80 90 100 110 120
CTTG@ATCT T TAT CTA GCT AGAGTAGAGGCAG I TGTTAAGACTGATGGGAMCAT GCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG A

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCT CAACAT TGGTATTGT GATCAAGAAACAGATTGT TTT GAT GCCTCTGAT GAACCT GCCTCTTGTGGT AAGAGAGT AAGCAAGCAT GAAAAACATCAC

\‘Hm ﬂ’\ﬂ ‘ ‘MNWLA\“UIL;‘P ” A fﬁ:‘l‘v‘J\'ﬂl'ﬂ A .&/\,“J\‘ﬁu‘l\ﬂ\L‘ﬂlﬁm‘\f‘mﬂ;ml f\fbﬂ\[\f\f'\r“ﬁ“"ﬂ‘ﬂ/l /\A/\‘ Al A

280 290 300 310 320 330 340 350 360 370
GATGC ‘GCT AGACA \CTTC AGTCTCTTCCAACTGCTTCAAMTACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCT GTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGATATT

Al M AN AL A AN AN

A J\J"J‘\-’\m"v\ AR ntaltnnafaastnantsaflanshanananafsaans snfnanssafasafaaninnnnnn

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCT GATCAGGAT ACGGAAGCTGCTG T TGATGCT AAAA A

Figure 34 Chromatogram of sequencing from PCR-LRP2 sample 3

macrogen
File: S6_LRP2F2.abl Run Ended: 2020/10/30 20:6:46 Signal G:1507 A:1070 C:1785 T:1656
Sample: S6_LRP2F2 Lane: 84 Base spacing: 14.4910145 450 bases in 5436 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CTT G ACY TTAT CTA GCT AGAGTAGAGGCAG T TGT TAAGACTGATGGGAMCATGCTTGTGTTTTGCTAATGGGTTTTATCTTCTT TCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

130 140 150 160 170 180 190 200 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCTCAACAT TGGTATT GT GAT CAAGAMACAGATTGTTTTGAT GCCTCTGAT GAA CCTGCCTCTTGTGGT WAGAGAGT \\GC x\GC\TG AAAAACAT CAC

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGANTGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGC TCAGCGGATATT

st AN A A AN AR s A A 1 nneafManssannfnan s satnatanafian,

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTG TTGAT GCTAAAA A

Figure 35 Chromatogram of sequencing from PCR-LRP2 sample 4
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macrogen
File: S7_LRP2F2.abl Run Ended: 2020/10/30 20:6:46 Signal G:1368 A:1154 C:1857 T:1466 é
Sample: S7_LRP2F2 Lane: 82 Base spacing: 14.500477 452 bases in 5463 scans Page 1 of 1

10 20 30 40 50 60 70 80 20 100 110 120
CTT @G ACT TTAT CTL GCTAGAG TAGAGGCAG T TGTTAAGACTGATGGG ACATGC TTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG

190 200 210 220 230 240
AACAGATTGT TTTGAT GCCTC TG AT GAACCTGCCTCTTGTGGTAAGAGAGTAAGCAAGCAT GAAAAACAT

250 260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAAT ACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGAT A

A aAAAANR L AAA A ainn AR aRAAANAAA AR A

380 390 400 410 420 430 440 450
TTCATTAAGACCTGTTAGT GGAGAGCACT GTGT GGGGAGCT GATCAGGAT ACGGAAGCT GCTGAT TGAT GCTT AAA A

AN AN AN AAANAN AN ANAAA

Figure 36 Chromatogram of sequencing from PCR-LRP2 sample 5

"
File: S8_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:250 A:229 C:360 T:301
Sample: S8_LRP2F2 Lane: 15 Base spacing: 14.347047 454 bases in 5450 scans Page I of 1
10 20 30 40 50 60 70 80 90 100 110 120
CCTGOE ACAT T CTA G CT A GAG T AGAGGCAG AT TGT TAAGACTG AT GGG AMAT GCTTGT GTTTTGCTCATGGGT TTTAT CTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTT CAAAT ACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CTGGAATGCTGACACCGCTCAGCGGAT AT

AnLAAAA A AN DA AAB AN A ARAARAAN AJ“AN!'\/\ ALA wiaanafnasfassiv sfaanfiainanasafana AnAA- AN AN AR ASAANAAS , ASA

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATT GATGCTAAAA A

Figure 37 Chromatogram of sequencing from PCR-LRP2 sample 6
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0
File: S9_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:315 A:252 C:408 T:332 %
Sample: S9_LRP2F2 Lane: 13 Base spacing: 14.222003

451 bases in 5427 scans Page 1 of 1

130 140 150 160 170 180 190 200 210 220 230 240 250
AGTTCCAATGCGCATCTGGGCGCTGTATTCCTCAACAT TGGTATTGT GATCAAGAAACAGATTGTTTTGAT GCCTCTGAT GAACCT GCCTCTTGTGGTAAGAGAGTAAGCAAGCATGAAAAACAT CA

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CT GGAAT GCTGACACCGCTCAGCGGATATT

nal AR AN AANAN AR A AR aoaMancafaarfnsassafnanh

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAAGCTGCTGATT GAT GCTAAAN

Figure 38 Chromatogram of sequencing from PCR-LRP2 sample 7

macrogen
File: S12_ LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1074 A:1045 C:1657 T:1407

Sample: S12_LRP2F2 Lane: 7 Base spacing: 14.215177 453 bases in 5447 scans Page I of 1

10 20 30 40 50 60 70 80 90 100 110 120
CCIT GACT T TVT CTA GCTOGAGAAGAGECAG T TGT TAAGACTGAT GGG AATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTGA

AN AAARASA AN nonealinanaansalasananssnfanahasananafsnanc anfinnnannfatoslasa

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGT GTGGGGAGCTGATCAGGATACGGAAGCTGCTG TTGATGCTAAAAA

Figure 39 Chromatogram of sequencing from PCR-LRP2 sample 8
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File: S13_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:415 A:346 C:545 T:519
Sample: SI13_LRP2F2 Lane: 5 Base spacing: 14.282008 454 bases in 5451 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
AW TTAT CT GCTC G AGAAGAGGCAG AI' TGTTAAGACTGATGGGAMAT GCTTGT GTTTT GCTCAT GGGTTTTATCTTCTTTCCCTCCT GCAGCCACTCACACGTG CAGCAGCAGTGA

130 140 150 160 170 180 150 200 210 220 230 240 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCTCAACAT TGGTATT GTGAT CAAGAAACAGATT GTTTT GAT GCCTCTGATGAACCTGCCTCTTGT GGTAAGAGAGT AAGCAAGCAT GAAAAACATCA

m"'iffﬂﬂ MMﬂJ\f\&w\w;"J‘i/mx- Y ﬁM/&n‘Lﬂm‘J\ AR A ,"\f"vA‘“a:"‘u‘"f“ﬁ e o mat Rl i mna Rk

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGT CTCTTCCAACTGCTTCAMATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CTGGAATGCT GACACCGCT CAGCGGATATT

AnfANA AR AR Anasaanfiann A Annncalanafnans s afnsafiainnn

380 3% 400 410 420 430 440 430
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCT GAT CAGGATACGG AMGCTGCTGATTGATGCTAA AAAA

Figure 40 Chromatogram of sequencing from PCR-LRP2 sample 9

t
macrogen
File: S15_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:635 A:508 C:827 T:658 %
Sample: S15_LRP2F2 Lane: 1 Base spacing: 14.548801 454 bases in 5475 scans Page 1 of 1

90 100 110 120
CTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAG

10 20 30 40 50 60 70 80
GGTAGEGCT TTAT CTA GCTAGAG TAGAGGCAG T TGT TAAGACTG ATGGGANCATGCTTGTGTTTTGCTCATGGGTTTT,

260 270 280 290 300 310 320 330 340 350 360 370
TCACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCAT GGCTGCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGA

ANAN AN A ptdrc AN s e B M an st an sl A A A AR A

380 390 400 410 420 430 440 450
TATTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGANGCTGCTGATTGATGCTTAATA

Figure 41 Chromatogram of sequencing from PCR-LRP2 sample 10



o
macrogen
File: S16_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:319 A:315 C:488 T:403 %
Sample: SI16_LRP2F2 Lane: 16 Base spacing: 14.206499 453 bases in 5448 scans Page 1 of 1

0

10 20 30 4
CGTT GGCM TTAT CTA GCT AGAGTAGAGGCAGTTGT T

50 60 70 90 100 110 120
GACTGATGGGAMCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTGA

i
‘\M f\
i\

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGT CTCTTCCAACTGCTTCAANTACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

10/ AAAR AN A Pt AAR A A AARAAANRS s ABAAR MonaAnaahnantsnfnn sAadinnsan s anAnsansAA s AR Aan aaliana

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCTAAAA A

Figure 42 Chromatogram of sequencing from PCR-LRP2 sample 11

macrogen
File: S17 LRP2F2.abl ~ Run Ended: 2020/10/30 21:3:0  Signal G:957 A:878 C:1327 T1055 f)
Sample: SI7_LRP2F2  Lane: 14 Base spacing: 14.19355 454 bases in 5452 scans ~ Page I of I

20 30 40 50 60 70 100 110 120
LT CIAGCTO.GAGTAGAGGCAG I TGT T LCTGATGGG AMCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAMTACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGATAT

AN AS AAANAS A AAARN AARAANAARN r‘ﬂN"‘ nonealinnn Do alnanfaandeafia

AAMANAAAA A ANSAA ANAAN A AAAAA Y

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCT AAAT A

Figure 43 Chromatogram of sequencing from PCR-LRP2 sample 12
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[
macrogen
File: SI8_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:569 A:477 C:729 T:596 %
Sample: SI8_LRP2F2 Lane: 12 Base spacing: 14.09682 455 bases in 5459 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GAGGGGEGACA TTAT CTA GCTOLGAG T AGAGGCAG T TGT TAAGACTGATGGGALCAT GCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCT GCAGCCACTCACACGTGCAGCAGCAGTGA

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCT CAGCGGATATT

AR A A AR A AN ;AR s A AAA AR A acalitancafnanfiaantaafins flalfinan,

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAAGCTGCTGATTGATGCTAAAL Ann

Figure 44 Chromatogram of sequencing from PCR-LRP2 sample 13

macrogen
File: S19_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:974 A:909 C:1360 T:1097 {)
Sample: S19_LRP2F2 Lane: 10 Base spacing: 14.075026 453 bases in 5457 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CGGAGG ACA TTAT CTA GCTOGAGAAGAGGCAG AT TGT TAAGACT GAT GGG ACATGCT TGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACT TCAGT CTCT TCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGAT AT

AN AANS AL AN AABN

pane s aananis e vaaniafinanfasnissfaasfalansnashanas AARNAAAANASAANARAL AA \s

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGA T TGATGCTA A A An

Figure 45 Chromatogram of sequencing from PCR-LRP2 sample 14
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f
File: S20_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:475 A:456 C:714 T:574 {)
Sample: S20_LRP2F2 Lane: 8 Base spacing: 14.10511 455 bases in 5460 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GGEA GAGLCA TTAT CTA GCTOLGAGTAGAGGCAG AT T GTTAAGACTGATGGGALATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCANCTGCTTCAANTACAGACCAGGGT CATGGCT GCTGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CT GGAATGCT GACACCGCTCAGCGGATATT

Aa AN a0 AL AN AN AN AN AN A s AN s A AN AN AR AN AP S AN BARAAAA AAANAAAAANSANAA A

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGAT CAGGATACGGAAGCT GCTGATT GATGCTTAAA

Figure 46 Chromatogram of sequencing from PCR-LRP2 sample 15

[
macrogen
File: $21_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1025 A:1206 C:1702 T:1481 %
Sample: S21_LRP2F2 Lane: 6 Base spacing: 14.13007 453 bases in 5455 scans Page 1 of I

10 20 30 40 50 60 70 80 90 100 110 120
CGIACG ACATINT CTAL GCT A GAG TAGAGGCAGATTGT TAAG ACTGATGGGAMAT GCTTGT GTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGT GCAGCAGCAGT G

60 170 180 190 200 210 220 230 240 250
ACATTGGTATT GT GATCAAGAAACAGATTGT TTTGATGCCTCTGATGAACCTGCCTCTTGTGGTAAGAGAGT AAGCAAGCAT GAAAAACATCA

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCT TCCAACTGCT TCAMATACAGACCAGGGTCATGGCTGC TGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CTGGAAT GCTGACACCGCTCAGCGGATAT

AL AR AN AAAAAN ANAANANAA, J\"\AN::"«/\ AN Ananssfasnfaantsfaana/\naannal\ansn aadanssanafaiinfan AAAA

380 39 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGG AT ACGGAAGCTGCTG ATTGATGCT AAAT A

Figure 47 Chromatogram of sequencing from PCR-LRP2 sample 16



7

[
File: S22 LRP2F2.abl ~ Run Ended: 2020/10/3021:3:0  Signal G:703 A:637 C:1015 T:805
Sample: S22 LRP2F2 ~ Lane:4  Base spacing: 14.298215 453 bases in 5443 scans ~ Page I of I

10 20 30 40 50 60 70 80 90 100 110 120
CTTGEGACMT TWT CTA GCTC GAGTAGAGGCAG I TGT TAAG/CTGATGGGACATGCTTGTGTTTT GCTCATGGGTTTTATCTTCTTTCCCTCCT GCAGCCACTCACACGTGCAGCAGCAGTGA

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGT CTCTTCCAACTGCTT CAAATACAGACCAGGGTCATGGCTGCTGANT GCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGATATT

ANAL AN AL A AANAAS ANAAARAN AN AN ASAAALA, Aansafinasfnansoafaanfaiasanaa\sann

380 3%0 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGATACGG AAGCTGCTGATT GATGCTTAAT A

Figure 48 Chromatogram of sequencing from PCR-LRP2 sample 17

File: S23_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:649 A:552 C:888 T:699
Sample: S23_LRP2F2 Lane: 2 Base spacing: 14.376652 452 bases in 5445 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GGTAGG ACA TTAT CTA GCTC GAGTAGAGGCAG AT TGT TAAGACTGATGGG AMCATGC TTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCTCAACAT TGGTATT GT GAT CAAGAAACAGATTGT TTT GAT GCCTCTGAT GAACCT GCCTCTTGT GGTAAGAGAGTAAGCAAGCATGALANACAT CA

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCT TCCASCTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGATATT

A MR AN AAAA A AROA wlaneafiaanfanansafaanfnfisannnafsanns sadnsnsnanafsnfias ANAAN

An AN AANATA

380 390 400 410 24 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCTAMT A

Figure 49 Chromatogram of sequencing from PCR-LRP2 sample 18
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macrogen
File: 24 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:230 A:212 C:294 T:236

Sample: $24_LRP2F2 Lane: 31 Base spacing: 14.170493 457 bases in 5459 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CCGTAEG.CATTAT CTA GCTO GAGTAGAGGCAGT TGT TAAGACTGATGGGAMCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG

\
J

130 140 150 160 170 180 190 200 210 220 230 240 250
AGTTCCAATGCGCATCT GGGC GCTGTATTCCTCAACAT TG GTATT GT GAT CAAGAAACAGATTGT TTT GAT GCCTCTGAT GAACCTGCCTCTTGTGGTAAGAGAGT AAGCAAGCATGAAAAACATCA

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCT TCCAACTGCTTCAAATACAGACCAGGGTCAT GGCTGCTGAAT GCTTGGACTTC CT GTCCCAGCTTTCAT CT GGAATGCT GACACCGC TCAGC GGATAT

atfnnnana\n YAVT A VA VY AP annincdy

A AAAARAANANA AAARAAANA s\ AR AN AR iaMansaManfinanialy

380 390 400 410 420 430 440 4350
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATT GAT GCTAAAAMA

Figure 50 Chromatogram of sequencing from PCR-LRP2 sample 19

File: S25_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:471 A:383 C:561 T:461

Sample: S25_LRP2F2 Lane: 29 Base spacing: 14.159193 433 bases in 5446 scans Page 1 of 1

60 90 120
\lGLllGlGlllI(IIC‘]GGGITIT\ILIl'Cl’llCCC!C(_'lGC\GCL\(.I ‘sC LGIGC\GC WGCAGTGA

30 40
GGAT GG ACA l’l\l L’[\GLIG\G\G'I AGAGGCAG T TGI TAAGACTG le(‘iG'-~

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCTCAACAT TGGTATTGT GATCAAGAAACAGATTGTTTTGAT GCCTCTGATGAACCTGCCTCTTGTGGTAAGAGAGT AAGCAAGCATGAAAAACAT CA

e N\!\WU‘ LT e e A ottt e s

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAAT ACAGACCAGGGTCATGGCTGCT GAATGCTTGGACT TCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCT CAGCGGATATT

AAAAAN, ;‘-ﬂ,\ Mancahassfasai ARRAANANAAAAAANAAAAL A AAAAA AAANARAANAA AANAA, v,

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGT GTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCTTAAN A

RVATVAY AL

Figure 51 Chromatogram of sequencing from PCR-LRP2 sample 20



79

macrogen
File: $26_LRP2F2.abl ~ Run Ended: 2020/10/30 21:3:0  Signal G-268 A:248 C:360 T:297
Sample: $26_LRP2F2  Lane: 27 Base spacing: 14.0752 454 bases in 5455 scans  Page 1 of |

10 20 30 40
CATGAGGGCMT TAT CT4 GCTC € AGTAGAGGCAGATTGT TAs

320

260 270 280 290 300 310 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCANATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCT GTCCCAGCTTTCATCT GGAATGCTGACACCGC TCAGCGGATAT

A\ A Al sAAAAAAAS Mann A AnasaafinanfmananaNaaahaSrannaala o 5 .

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCA GGATACGGAAGCTGCTGATTGAT GCATA AA A

Figure 52 Chromatogram of sequencing from PCR-LRP2 sample 21

I
macrogen
File: $28 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:177 A:149 C:227 T:179
Sample: S28_LRP2F2 Lane: 23 Base spacing: 14.044867 456 bases in 5454 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GAGITGACAT TAT CTAG CTOGAGTAGAGGCAG A TGTTAAGACTGATGGGAMCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCT TTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 7
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGANTGCTTGGACTT CCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCT CAGCGGATATT

A ) A aoafancsAnanfannnssAan s alinnsnan s AAAA

AaltAfA A A

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGG AGCTGATCAGGAT ACGGAAGCTGCTGATTGATGC AT AAA AL A

Figure 53 Chromatogram of sequencing from PCR-LRP2 sample 22



80

macrogen
File: S29 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:247 A:215 C:317 T:250
Sample: $29_LRP2F2 Lane: 21 Base spacing: 14.133353 454 bases in 5455 scans Page 1 of 1

80 100 110 120
ATGGGTTTTATCTTCTTTCCCTCCTGCAGCCAC TCACACGTG CAGCAGCAGT

10 20 30 40 50 60 70
AGTIGGACT T MT CTL GCTAGAGATAGAGGCAG I TGTTMGACTG ATGGG AMCATGCT TATGTTTTGCT

A

250

130 140 150 160 170 180 190 200 210 220 230 240
GAGTTCCAATGCACATCTGGGCGCTGTATTCCTCAACATTGGT AT TGT GATCAAGAAACAGATTGTTTTGATGCCTCTGATGAACCT GCCTCTTGT GGT AAGAGAGT AAGCAAGCATGAAAAACA

260 270 280 290 300 310 320 330 340 350 360 370
TCACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTT CAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTT CCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGAT

AAARL AAA AN A A A ANAA 2 AN s AN AR AR AN MancaAasafnsnis sMaaaAAAAAAAAAAAAN A ARAAA AAAAA AN A NAAAAS

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGT GGAGAGC ACTGTGTGGGGAGCTGAT CAGGATAC GGAAGCTGCTGATTGATGCTTA M

Figure 54 Chromatogram of sequencing from PCR-LRP2 sample 23

0
macrogen
File: S30_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:673 A:545 C:881 T:683
Sample: S30_LRP2F2 Lane: 19 Base spacing: 14.206215 453 bases in 5447 scans Page 1 of 1

90 100 110 120
TCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTGA

10 20 30 40 50 60 70 80
CGTACG ACA T TAT CTA GCTOLGAG T AGAGGCAGATTGT TAAGACTGATGGGACATGCTTGTGTTTTGCTCATGGGTTT

4
N
WKl \

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTT CAGTCTCTTCCAACTGC TTCAAAT ACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

ANANAS AN A DA AN NS SAARAAN, M\ rnnnnasna AansaAnaahsansnafanaiy

380 3%0 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCT GAT CAGGATACGGAAGCTGCTGATTGATGCTAAAN

ANKAKDA, ; ARG

Figure 55 Chromatogram of sequencing from PCR-LRP2 sample 24



81

File: S31_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:380 A:344 C:542 T:429
Sample: S31_LRP2F2 Lane: 17 Base spacing: 14.271263 453 bases in 5470 scans Page 1 of 1

10 20 30 a0 50 60 70 80 90 100 110 120
GGTIT G AC AT TAT CTA GCTOGAGAAGAGGCAGATTGT TAAGACTGATGGGAAMCATGCTTATGTTTTGCTCATGGGT TTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGT

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAAT ACAGAC CAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CTGGAATGCT GACACCGCTCAGC GGAT

A alaanfnnaianfassdh T Ranana

A ANAA A AR AAANS aABAANAA, /x“}\z

380 390 400 410 420 430 440 430
ATTCATTAAGACCTGTTAGT GGAGAGCACTGT GTGGGGAGCTGATCAGGATACGG AAGCTGCTGATTGAT GCTT AAA A

Figure 56 Chromatogram of sequencing from PCR-LRP2 sample 25

. ) macrogen
File: S32_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:306 A:253 C:385 T:314
Sample: S32_LRP2F2 Lane: 32 Base spacing: 14.135392 454 bases in 5455 scans Page 1 of 1

20 30 40 50 6
CTA GCTOGAGTAGAGGCAG I TGT TAAGACTGATGGGANCAT GCT

Ahaha
Mul't‘”’ f

A

Al fwl'“""JMMU\MJ\-"\j”aJ'\?M“wﬂ 0 "\M o AR WA ANAAAANAARA A e s s sp

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTT CAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCT GTCCCAGCTTTCATCTGGAATGCTGACACCGCT CAGCGGATATT

AaNaA A A AANNAS ANAAAAANA s AR AR A AnancaAnanh Aaash annnns AAANANAANA S NA S "

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGC TGATCAGGAT ACGGAAGCTGCTGATT GAT GCTT Aa s an

Figure 57 Chromatogram of sequencing from PCR-LRP2 sample 26
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&
macrogen

File: §33_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:636 A:562 C:829 T:645

Sample: S33_LRP2F2 Lane: 30 Base spacing: 14.078066 455 bases in 5472 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CATTAEGGCA TIAT CTA GCTOGAG TAGAGGCAG AT TGTTAAGACTGATG GG AMCATGCTTATGT TTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGT

AN
AN

]

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCANATACAGACCAGGG TCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCT GGAAT GCTGACACCGCTCAGCGGAT

ARNAAAS (AN A FANRA A ARANAAAR s A A AAAA A A At oA ANA S AN s AR AAAAS AR AR AARAAAARANGARAAAAA A 9

380 390 400 410 420 430 440 4350
ATTCATTAAGACCTGTTAGT GGAGAGCACTGTGT GGGGAGCTGAT CAGGATACGGAAGCTGCTGATTGATGCT AN AT A

Figure 58 Chromatogram of sequencing from PCR-LRP2 sample 27

v
macrogen
File: S34_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:748 A:626 C:919 T:696
Sample: S34_LRP2F2 Lane: 28 Base spacing: 14.017577 454 bases in 5441 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CATTGWCA T BT CTL GCTO GAGTAGAGGCAG AT TGT TAANGACTGATGGG AMCATGCTTGTGTTTTGCTCATGGGT T TCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTGA

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAATGC GCATCT GGGCGCT GTATTCCTCAACATTGGTAT TGT GATCAAGAAACAGATT GTTTT GATGCCTCTGATGAACCTGCCTCTTGTGGTANGAGAGT AMGCAAGCAT GAAAAACAT CAC

alliy “'W\A/\M | JV‘LRMW\M"'\‘Jﬂ",‘!‘!‘m\iﬁ‘f\ i ;‘“\}‘.'An'"*ﬂ O o A A e o o W st et

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGATATT

ol Ananannan wann

A'«!W\ N

A e A AR '\J"J\%“J’U‘ nalnnnaanafianfiaan ol niing

380 390 400 410 420 430 440 430
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTG TTGATGCTAANAC A

A

Figure 59 Chromatogram of sequencing from PCR-LRP2 sample 28
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0
macroge
File: S35_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1131 A:1024 C:1566 T:1227
Sample: S35_LRP2F2 Lane: 26 Base spacing: 14.078329 452 bases in 5445 scans Page I of 1

10 2 30 40 50 60 70 80 90 100 110 120
CGI GGACAT T CTA GCT A GAGT AGAGGCAG AT T GTTAAGACT G ATGGGAMCATGC TTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTGA

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAAT GCTTGGACTTCCT GTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

sl A i it A A AR AR A s aManeallnardnasiealmanfaliansnasiansss anf nafaiinfias Anarnaanalin

A

380 3% 400 410 420 430 440 4
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATT GAT GCT AA A

Figure 60 Chromatogram of sequencing from PCR-LRP2 sample 29

macrogen
File: S37_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:855 A:693 C:1077 T:812
Sample: S37_LRP2F2 Lane: 22 Base spacing: 14.007291 453 bases in 5448 scans Page 1 of 1

90 100 110 120
TCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGT

10 20 30 50 60 70 80
GITTG ACA T TAT CTA GCT A GAG T AGAGGCAGATTGT TAAGACTGAT GGG AMCATGCTTGIGTTTTGCTCATGGGTTTTATCTTCTT

130 140 150 160 170 180 150 200 210 220 230 240 250
GTTCCAATGC GCATCTGGGCGCTGTATTCCTCAACAT TGGTATTGT GATCAAGAAACAGATT GTTTTGAT GCCTCTGATGAACCTGCCTCTTGTGGTALGAGAGT ALGCAAGCATGAAAAACATCA

260 270 280 290 300 310 320 330 340 350 360 370
COATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

AN AN AP A ARAAS ASANAAIN m\asansiia Ananvcsnanfnaan s s alinannssana AARALAAANANAANAA A LA

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCT A AA AN

Figure 61 Chromatogram of sequencing from PCR-LRP2 sample 30
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File: S38 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:637 A:543 C:852 T:669
Sample: S38 LRP2F2 Lane: 20 Base spacing: 14.130564 454 bases in 5463 scans Page lof 1

10 20 30 40 50 60 70
GATCGGACT TTAT CTA GCT AGAGTAGAGGCAG A TGI TAAGACTGATGGGAACATGCTTGTGTTTT GCT

250

A

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCT GCTGAATGCTTGGACTTCCTGTCCCAGCTT TCAT CTGGAATGCT GACACCGCT CAGCGGAT AT

KA ADAC  APARAA AT " T T T . -

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGT GGAGAGCACTGTGT GGGGAGCTGATCAGGATACGG AAGCT GCT GATT GAT GCTTAAAAMA

Figure 62 Chromatogram of sequencing from PCR-LRP2 sample 31

0
e

File: S39_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:190 A:175 C:264 T:224
Sample: §39 _LRP2F2 Lane: I8 Base spacing: 14.152069 460 bases in 5478 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CAGGACAGA TTAT CTA GCT O 4G TAGAGGCAGATTGT TAAG ACT G AT GGG AMCATGCTTGTGT TTTGCTCAT GGGTTTTATCTTCT TTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 370 380
CGATGCAGCTAGACAACT TCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTT TCAT CTGGAATGCT GACACCGCTCAGCGGATATT

A Al ANANAN alann LA iy, AnasAnn FAV. 9N aananfia Ansaaanal, A

390 400 410 420 430 440 450 460
CATTAAGACCTGTTAGTGGAGAGCACT GTGTGGGGAGCTGATCA GGAT ACGGAAGCTGCTGA TT GAT GCTA AA A

Figure 63 Chromatogram of sequencing from PCR-LRP2 sample 32



85

[
File: S40_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:355 A:281 C:427 T:354
Sample: S40_LRP2F2 Lane: 47 Base spacing: 14.204974 457 bases in 5466 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CGAAT GG ACWMT T CTA GCTCC AGTAGAGGCAGATTGTTALGACTG ATGGGANCATGC TTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG
\

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTT CAGTCTCTTCCAACTGCTTCAMAT ACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

AR AN AT AAA: aANAANARA-aanANA A BAnncalnasAnannsaAanshataninnsi ARA RS . " B

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGT GGGGAGCTGATCAGGAT ACGGAAGCT GCTGATTGATGCTTAAAAA GT

Figure 64 Chromatogram of sequencing from PCR-LRP2 sample 33

(s
macrogen
File: S41_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:505 A:412 C:647 T:575
Sample: S41_LRP2F2 Lane: 45 Base spacing: 14.119898 454 bases in 5456 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CATACG ACA TTAT CTA GCT AGAGTAGAGGCAGAT TGT TAMGATGATGGGAXCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTGA

260 270 2680 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCANCTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

i in A AAASaNAANT rann A Aornsal\anafnesnn sl 0T WL o7 VO i . -

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGAT CAGGATACGGAAGCTGCTGATTGATGCTT AAAAA

Figure 65 Chromatogram of sequencing from PCR-LRP2 sample 34
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I
File: S43 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:932 A:778 C:1160 T:935
Sample: S43_LRP2F2 Lane: 41 Base spacing: 14.054439 456 bases in 5468 scans Page 1 of 1

40

20 30 50 60 70 80 90 100 110 120
TCRGCTOGAGTAGAGGCAGA TGT TAAGACTGATGGG ACATGCTTGTGT TTTGCTCAT GGGTTTTATCTTCTTTCCCT CCT GCAGCCACTCACACGTGCAGCAGC AGT G

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTT CAAATACAGACCAGGGTCAT GGCTGCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCT GGAATGCT GACACCGCTCAGCGGAT AT

AN - ABAS ARNANAN AV O A Adca-sANanfing Pnn A AARANAA RS A

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCT GATCAGGAT ACGGAAGCTGCTGATT GAT GCTAAAAAAAN

Figure 66 Chromatogram of sequencing from PCR-LRP2 sample 35

macrogen
File: S44_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:359 A:291 C:448 T:363 %
Sample: S44_LRP2F2 Lane: 39 Base spacing: 13.990053 455 bases in 5464 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CTTTGACATTAT CTAGCTOGAG TAGAGGCAG T TGT TAAGACTGATGGGACATGCT TGTGTTTTGCTCAT GGGTTTTATCTTCTTTCCCTCCT GCAGCCACTCACACGTGCAGCAGCAGTG A

5'1‘:“"1 i f',

ViYY

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTT CAGTCTCTTCCAACTGCTTCAAATACS GACCAGGGTCATGGCTGCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

ANAAAAN Ad\AAA s AnzaAas Anaa ARG . ; >

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGAT CAGGATACGGAAGCTGCTGATTGAT GCT A AAMAA

Figure 67 Chromatogram of sequencing from PCR-LRP2 sample 36
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File: S45_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:341 A:295 C:443 T:353
Sample: S45_LRP2F2 Lane: 37 Base spacing: 14.006107 455 bases in 5474 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CGIGAGGGA CAAT TAT CIA GCT AGAG T AGAGGCAGATTGT TAAGACTGAT GGG ANCATGCTTATGTTTT GCTCATGGGT TTTATCTTCT TTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGT

i
A

i
8]

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCANCTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCT GTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGC GGAT

a\ans X L T

s Aalin A ANL AL

380 390 400 410 420 430 440 4350
ATTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCTT A A A A

Figure 68 Chromatogram of sequencing from PCR-LRP2 sample 37

macrogen
File: S46_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:274 A:232 C:349 T:289 %
Sample: S46_LRP2F2 Lane: 35 Base spacing: 14.159613 458 bases in 5466 scans Page 1 of 1

10

10 20 30 40 50 60 70 80 90 100 1 120
GIGTAG AT TAN CTA GCT AGAG TAGAGGCAG AT TGTTALGACTGATGGGAMCAT GCTTGTGTTTTGCTCATGGGT TTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 370 380
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGC TT CAMATACAGACCAGGGT CATGGCTGCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCT GGAATGCTGACACCGCT CAGCGGATATT

Al A AN A AACAA AR af\aan A ARndinalSA AR A aliami AAAARG ARNnsain s -
390 400 410 420 430 440 450
CATTAAGACCTGTT AGTGGAGAGE ACTGTGTGGGGAGCT GAT CAGG AT ACGG AAGCT GETGAT TGATGCTAAAAAA A A

Figure 69 Chromatogram of sequencing from PCR-LRP2 sample 38



88

File: S47_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:406 A:338 C:528 T:424
Sample: S47_LRP2F2 Lane: 33 Base spacing: 14.16117 455 bases in 5469 scans Page 1 of I

1 20 30 40 50 60 70 80 90 100 110 120
GITGG GCA TIT CTA GCT A GAGTAGAGGCAG A TGT TAAGACTGATGGGAMACATGCT TGIGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGT G

) A o “‘“\' ‘,In‘
AR AN i Y V)

130 140 150 160 170 180 190 200 210 220 230 240 250
AGTTCCAATGCACATCTGGGCGCTGTATTCCTCAACAT TGGT AT TGT GATCAAGAAACAGAT TGTTTTGATGCCTCTG AT GAACCTGCCTCTTGT GGTALGAGAGTAAGCAAGCAT GAAAAACATC

260 270 280 290 300 310 320 330 340 350 360 370
ACGATGCAGCTAGACAACT TCAGTCTCTTCCAACTGCT TCAAATACAGACCAGGGTCAT GGCTGCTGANTGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGC GG ATA

AAA A ANAAAL f\ans A S RARNA A ANAR O o, ) P

380 390 400 410 420 430 440 450
TTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCT GATCAGGAT AC GGAAGCT GCTGATT GAT GCT TAAMAAA

Figure 70 Chromatogram of sequencing from PCR-LRP2 sample 39

macrogen
File: S48 _LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:318 A:256 C:403 T:325
Sample: S48_LRP2F2 Lane: 48 Base spacing: 14.141442 454 bases in 5448 scans Page 1 of 1

10 20 30 40 S0 60 70 80 90 100 110 120
CGGEWACATT AT CIL GCTOGAGTAGAGGCAG T TGTTAMG CTGATGGGANCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAAT GCGCATCTGGGCGCTGTATT CCTCAACAT TGGT ATTGT GATCAAGAAACAGAT TGTTTTGAT GCCTCTGATGAACCTGCCT CTTGT GGT AAGAGAGT AAGCAAGCATGAAANACATCAC

NJ‘JLM ] “VLMW\‘A"‘ ""“ “ U“A/l J‘U\hﬂ A A/\.‘“w.n“' AAMARAM :’\J\“J\/L\“uf\"‘f\ﬂf\[\s‘u‘ AVAAAAANAAR

260 300 320 330 340 350 360 370
GATGCAGCTAGACA CTTC\GTCTCTTCC \CTGCTTCx ATACAG ACCAGGGTCA TGGCTGCTG AMTGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGATATT

wallafl AL A NN afAnns N Anansalsanfaannsafnsn I .

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCT GATCAGGATACGGAAGCTGCTGATTGAT GCTAA A AA

Figure 71 Chromatogram of sequencing from PCR-LRP2 sample 40



v
macrogen
File: S49_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1086 A:875 C:1352 T:1088
Sample: §49 LRP2F2 Lane: 46 Base spacing: 14.163387 455 bases in 5462 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CTITG ACT TTAT CT GCTOGAG TAGAGGCAGATTGT TAAGACTGAT GGG AMCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCT CCTGCAGCCACT CACACGTGCAGCAGCAGTGA

130 140 150 160 170 180 190 200 210 220 230 40 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCT CAACATT GGTAT TGT GATCAAGAAACAGATTGT TTT GAT GCCTCTGATGAACCT GCCTCTTGT GGTAAGAGAGTAAGCAAGCATGAAAAACATCA

/L”m ‘I\M‘ﬁ ﬁLMJW\J ”‘ '”\" ”t JUUALY ﬂ MJM\ i !L/\‘f\.'% f\f'U"LW}"L anafaandatfiainn AAAAAAA S ARAAR

CGATGC \GCT AGACA \CTTC \GTCTCTTCC A \CTGCTTC AAATACAG. \CC\GGGT(‘ \TGGCTGCTG \ TGCTTGG \CTTCCTGTCCC \GCTTTC\TCTGO\ ‘TGCTG C\CCGCTC \GCOG ATATT

Ao anhsAnnancaanans AAA AnsncaNAAAAA AASANSPAK

390 400 410 420 430 440 450
GACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATT GAT GCT AAAAAAN

Figure 72 Chromatogram of sequencing from PCR-LRP2 sample 41

File: S50_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1045 A:857 C:1295 T:1036 f)
Sample: S50_LRP2F2 Lane: 44 Base spacing: 13.983523 453 bases in 5472 scans Page 1 of 1

CGTMG

10 20 30 40 50 60 70 80 90 100 110 120
ACATIAT CTAGCTGGAG TAGAGGCAGAT TGT TAAGACTGATG GG AMCAT GCTTATGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGT

130 140 150 160 170 180 190 200 210 220 230 240
GAGTTCCAATGCACATCTGGGCGCTGTATTCCTCANCATTGGTATT GT GATCAAGAAACAGATTGTTTTGATGCCTCTGATGANCCTGCCTCTTGTGGTAAGAGAGT AAGCAAGCATG AN AN

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGC TTCAAAT ACAGACCAGGGTCATGGCTGCTGAATGCTTGGACT TCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGC GG AT

AN A AR 2 afnan AN s aNAAAARAAS ANARANAANANAA SIS ARAAGA

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAANGCTGCTGATTGATGCTAA AL A

Figure 73 Chromatogram of sequencing from PCR-LRP2 sample 42



90

t
File: S51_LRP2F2.abl Run Ended: 2020/10/30 21:3:1 Signal G:866 A:772 C:1145 T:890
Sample: S51_LRP2F2 Lane: 42 Base spacing: 13.982327 452 bases in 5473 scans Page 1 of 1

60 70 80 90 100 110 120
ATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGT

10 20 30 40 50
CATAG ACA TTAT CTA GCTOGAG TAGAGGCAG AT TGT TAAGACTGATGGG A

130 140 150 160 170 180 190 200 210 220 230 210
GAGTTCCAATGCGCAT CTGGGCGC TG TAT TCCT CAACATTGGT ATTGT GATCAAGAAACAGATTGTTTT GAT GCCTCTGATGAACCT GCCTCTTGTGGTAAGAGAGT AAGCAAGCATGAAAAACAT

Wi EMNJM«UL Aﬂﬂl\;ﬂ\f‘aﬂf'hf‘\ /\““/A/x“.f"ﬂu‘wf\ AR A AAAAAAAAAR A e ansanen i

300 310 320 330 340 350 360 370
C \CG ATGCA GCT AGACA. \CTTC\GTCTCTTCC A ~CTGCTTC AAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CTGGAAT GCT GACACCGCT CAGCGGAT

\anns A analAan-sNAANAAS AARANAAAAAR AN AAAnAR 2\

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCTAA AA A

Figure 74 Chromatogram of sequencing from PCR-LRP2 sample 43

macrogen
File: S52_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1570 A:1042 C:1714 T:1593 %
Sample: S52_LRP2F2 Lane: 40 Base spacing: 14.0308 456 bases in 5443 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CGITAG AMCA T TAT CTA GCTOLGAGAAGAGGCAGAT T GTTMGACTG AT GGG AMCATGCTTATGTTTT GCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTGA

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAATGCACAT CTGGGC GCTGTAT TCCTCAACAT TGGTATT GT GATCAAGAAACAGATTGTTTT GAT GCCTCTGATGAACCT GCCTCTTGTGGTAAGAGAGTAAGCAAGCATGAAAAACATCAC

J\MWU\' f”h A ‘“‘ w‘h')\”ﬂ" L e VA A f\Pqu’\mﬂA N T T

260 290 310 320 330 340 350 360 370
GATGCAGCTAGACA \CTTC \GTCTCTTCC SACTGCTTCAAATAC, \G ‘CC VGGGTCATGGCT GCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

R AR AN R M sas ol eaRnsn AR fin sansans shAsa R fasnasa Knnsss AR ANA AR AN A AN ’

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGAT CAGGATACGGAAGCTGCTGATTG AT GCT AsAAAA

Figure 75 Chromatogram of sequencing from PCR-LRP2 sample 44



91

macrogen
File: S53_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1940 A:1495 C:2393 T:1866 %)
Sample: S53_LRP2F2 Lane: 38 Base spacing: 13.984767 450 bases in 5448 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CTTG ACATIAT CTA GCT AGAGAAGAGGCAG AT T GTTAAGACTGATGGGAMCATGCTTGTGTTTTGCTCAT GGGTTTTATCTTCT TTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTGA

35

260 270 280 290 300 310 320 330 340 0 360 370
GATGCAGCTAGACAACTT CAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGATATT

wfady A fas AARRAZ AAARAAMA 2 anRAAA . ANAAA AN ANA AN ANAR AN PAAAANDNAN RN o ARAA A A —— -

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAANGCTGCTGITTGAT GCTAA A AA

Figure 76 Chromatogram of sequencing from PCR-LRP2 sample 45

macrogen
File: S54_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:639 A:565 C:898 T:722
Sample: S54_LRP2F2 Lane: 36 Base spacing: 14.070514 455 bases in 5460 scans Page 1 of 1

50 60 70 80 90 100 110 120
MGACTGATGGGACATGCTTGTGTTTTGCTOANTGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTGA

10 20 30
GGITGGACA TIRT CTAGCTOGAG A AGAGGCAGATTGT

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACT TCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGATATT

AANaBAAAARA asfansa A Afnncalnan NIV POV snnncAn An 2 a = e

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGATAC GGAAGCT GCTGATT GAT GCTAAAAAAA

Figure 77 Chromatogram of sequencing from PCR-LRP2 sample 46



92

macrogen
File: S$56_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:388 A:314 C:477 T:385 %)
Sample: S56_LRP2F2 Lane: 63 Base spacing: 14.092233 456 bases in 5460 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CATAGGACA T MMT CTA GCTOC AGAAGAG GCAGATTGT TAAGACTGAT GGG AMCAT GCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG A

260 270 280 290 300 310 320 330 340 350 360 370 380
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCT GACACCGCTCAGCGGATATT

AR AR AAAA A AANAAAA Aaan A nnr A ansaNA s AMA A A xafA s AAAMAAAAR AANAA A A AR A . L

390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGAT GCT AL AN A4

Figure 78 Chromatogram of sequencing from PCR-LRP2 sample 47

File: S57_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:435 A:367 C:492T:413 %
Sample: S57_LRP2F2 Lane: 61 Base spacing: 14.172148 455 bases in 5484 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CATG@ AAAT T T CT4 G CTOC AG TAGAGGCAG AT TGT TMGACT GAT GG GALGT GCTTGTGT TTT GCTCATGGGT TTTAT CT TCTTTCCCTCCTGEAGCCACT CACACG TG CAGCAGCAGT
i

250 260 270 280 290 300 310 320 330 340 350 360 370
TCACGATGCAGCTAGACAACTT CAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGAT

A A ANA: AAARAS al\ansnsns ABAAAAN A ANA AR s ARAARA S NAANAASNA AARAE KRR ARG A

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCT GATT G AT GC T AN

Figure 79 Chromatogram of sequencing from PCR-LRP2 sample 48



93

3
macrogen

File: S58 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1143 A:997 C:1430 T:1159

Sample: S58_LRP2F2 Lane: 59 Base spacing: 14.082645 451 bases in 5429 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CATC ACACA TTAT CTAGCTC C AGAAGAGGCAGAT TGT TAAGACT G AT GGG AMCAT GCT TGTGTTTTGCTCAT GGGTTTTATCTTCTTTCCCT CCTGCAGCCACTCACACGTGCAGCAGCAGTG

sl
A

260 270 280 290 300 310 320 330 340 350 360 370
COATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCT TGGACTTCCTGTCCCAGCTTTCAT CTGGAAT GCTGACACCGCTCAGCGGATAT

At AR A s s fnan AR ar s AR AsA s s AnA AP AR A AN AN A AAARA: AR AN P AAA s ARADWAR

An AN AN SN BANS,

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTG T TGATGC T A AN

Figure 80 Chromatogram of sequencing from PCR-LRP2 sample 49

File: S60_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1284 A:967 C:1528 T:1180
Sample: S60_LRP2F2 Lane: 55 Base spacing: 13.985713 452 bases in 5443 scans Page 1 of 1

10 20 30 40 50 60 70 90 100 110 120
GTTIGGACA TTAT CT8 GCTC GAGTAGAGGCAG T TGTTAAGACTGATGGG VCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTT TCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCT GGAATGCT GACACCGCTCAGCGG ATATT

weeanfann pnraAAAR AARAAAAANL E ANANAN A SAARRA A ANANANANANAADN A AT A

LA AN ADNA ANASS

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGITTGATGCT AN A AN

Figure 81 Chromatogram of sequencing from PCR-LRP2 sample 50



94

File: §61 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:954 A:754 C:1222 T:933
Sample: S61_LRP2F2 Lane: 53 Base spacing: 14.019564 452 bases in 5443 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GTTGGACA TAAT CTA GCTOGAGTAGAGGCAG T TGTTAAGALTGATGGG AVCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTT TCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTGA

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCTCAACAT TGGTATTGT GATCAAGAAACAGATTGTTTT GAT GCCTCTGATGAACCTGCCTCTTGTGGTAAGAGAGTAAGC AAGCATGAALAACAT CAC

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAMATACAGACCAGGGTCATGGCTGCTGAATGCT TGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATATT

AL AN A AN AANMANAAR AR MDA ALY AN Jr\/\r\ LA A/\/\.‘ AR /\I\ A AN \[\:J\"n/\/\‘

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGC ACTGTGTGGGGAGCTGAT CAGGAT ACGGAAGCTGCTG TTGATGCTTAAN A

Figure 82 Chromatogram of sequencing from PCR-LRP2 sample 51

File: S62_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:298 A:228 C:340 T:276 %}
Sample: S62_LRP2F2 Lane: 51 Base spacing: 14.111895 453 bases in 5459 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
AGITT AACA T AT CTA GCTAGAGAAGAGGCAG AT TGTTAAGACTGATGGGAMCATGC T TGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTG

1
I
| "1“‘\\,

260 270 280 290 300 310 320 330 340 350 360 370
ACGATGCAGCTAGACAACTTCAGTCTCT TCCAACTGCTT CAMATACA GACCAGGGTCAT GGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATA

Ann, A fa Al aan AAAN

AALNAN AAAAA LN AR A ANAAANAN J\.v“f\/v‘w“m AMA Marcafnanfnsnioalann

380 390 400 410 420 430 440 450
TTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAAGCTGCTGATTGATGCT AN A A A

Figure 83 Chromatogram of sequencing from PCR-LRP2 sample 52



95

f
macrogen
File: §63 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:105 A:89 C:133 T:111
Sample: S63_LRP2F2 Lane: 49 Base spacing: 14.205566 457 bases in 5502 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
ATAGGG AAAMT TAAACTAGCT AGAGTAGAGGCAG AT TGTTAAGACTGATGGG ACATGC TTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAG

260 270 280 290 300 310 320 330 340 350 360 370
TCACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAMATACAGACCAGGGTCATGGCTGCTGAATGCT TGGACTTCC TGTCCCAGCT TTCATCT GGAATGCT GACACCGC TCATCGGAT

ANAAANAA 2 AARAAN SR Mt sAAAAAAL Mana

AAAAL BN, iyl A L

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGG G CTGATCAG GATA CGG MG CTGCTGATT AATGCTT A AAAAA A

Figure 84 Chromatogram of sequencing from PCR-LRP2 sample 53

{
macrogen
File: S64_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:185 A:156 C:213 T:187
Sample: S64_LRP2F2 Lane: 64 Base spacing: 14.126941 458 bases in 5447 scans Page 1 of 1

10 20 30 40 50 60 70 0 90 100 110 120
CATIAGGACT TTIATETAAACT C CAG T AGAGGCAG AT TGTTAAG ACTGATGGGANCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGC CACT CACACGTGCAGC AGCAGTG

130 140 150 160 170 180 190 200 210 220 230 240 250
AGTTCCAATGCGCATCTGGGCGCTG TATTCCT CAACATTGGTATT GT GAT CAAGAAACAGAT TGTTT TGAT GCCTCTGATGAACCT GCCTCTTGT GGT AAGAGAGT AAGC AAGC AT GAAANACATCA

san AN AN AR A A alAatAaAaL nAn s AN MAsAAR AN ARARL AN AN 7

AnliaAA £ D SAAAN A AR

390 400 410 420 430 440 4350
CATTAAGACCTGTTAGTGGAGAGC ACTGTGTGGGGAGCTG AT CAGGATACGGAAGCT GCTGATTGATGCTTA AdaAA

Figure 85 Chromatogram of sequencing from PCR-LRP2 sample 54



96

File: S65_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal Gi:633 A:493 C:714 T:584
Sample: S65_LRP2F2 Lane: 62 Base spacing: 14.063634 455 bases in 5471 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GGITAGGYCA TTAT CIAGCTAGAGTAGAGGCAG T TGTTAMG ACTGATGGGAMCATGCTTATGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTG CAGCAGCAGT

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCANATACAGACCAGGG TCATGGCTGCTGAATGCTTGGACTT CCTGTCCCAGCTTTCATCT GG AAT GCT GACACCGCTCAGCGGAT

\ AAAS o AN A AASAARAA o ARAAAA AAAA, A AAAAANANAAABAA 2 NAAAAANANAAAANAANAS s ARAR ARARALNGA KA~ -

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGT GGAGAGCACT GT GTGGGGAGC T GATCAGGATACGGAAGCTGCTGATT GATGCTTAA AN

Figure 86 Chromatogram of sequencing from PCR-LRP2 sample 55

macrogen
File: S66_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:819 A:605 C:851 T:691
Sample: S66_LRP2F2 Lane: 60 Base spacing: 14.003684 455 bases in 5457 scans Page 1 of 1

50 60 70 80 90 100 110 120
GACTGATGGGAMATGC TTGTGTTTTGCTCAT GGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

10 20 30 40
CITT@ ACATTAT CTA GCT A GAG T AGAGGCAGAT T GT TA

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGTCTCT TCCAACTGCTT CAAMTACAGACCAGGGTCATGGCTGCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGATATT

AP OANS A ANAAC A ANRAAN anfannns-ns AAAASAAAAAA ANHAR SRARERA AR Ak s i

380 350 400 410 420 430 440 430
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGG AAGCTGCTGATTGATGCTTACT AC

Figure 87 Chromatogram of sequencing from PCR-LRP2 sample 56



97

I
macrogen
File: S67 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:774 A:581 C:800 T:636 %
Sample: S67_LRP2F2 Lane: 58 Base spacing: 13.977322 452 bases in 5439 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CATTGAAC AT TAT CTAACTCC AGAAGAGGCAGATT GTTAAGACTG ATGGGAMCAT GCTTGTGTTTTGCTCATGGGTTTTAT CTTCTTTCCCT CCTGCAGCCACTCACACGTGCAGCAGCAGTGA

260 270 280 290 300 310 320 330 340 350 360 370
GATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCT GTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGATATT

Al r\ﬁf“.fLA«Tf\u"afk."m"«ﬂf\NA/\JE."‘:A Ao nnalanealianfans ﬂ/b\f-ﬁﬂa ot i iafaaninanaasaanalnin

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGG ATACGGAAGCTGCTG TTGATGCTAAAT A

Figure 88 Chromatogram of sequencing from PCR-LRP2 sample 57

(s
File: S68_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:819 A:641 C:951 T:725
Sample: S68_LRP2F2 Lane: 56 Base spacing: 14.01091 454 bases in 5445 scans Page 1 of 1

100 110 120
CCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTGA

10 20 30 40 50 60 70
CAGAGGCAT TAT CIAGCT CLGAGAAGAGGCAG T TGTTANGACTGAT GGG AMCATGCTTGTGTTTTGCTCAT GGG

AANANARA Mansofnasannsoafinn sfalinsanssfians ANAAAAAA AR A
as0

ANAE AAA A SR AARAAA A MAANAAAN AN A

380 390 400 410 420 430 440
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATT GAT GC

Figure 89 Chromatogram of sequencing from PCR-LRP2 sample 58



98

0
macrogen
File: §69 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:600 A:502 C:722 T:542
Sample: S69 _LRP2F2 Lane: 54 Base spacing: 14.03609 452 bases in 5468 scans Page 1 of 1

1
GGECGG T

20 30 50 60 80 90 100 110 120
AT CTAGCTC C AGATAGAGGCAG AT TGT GACTGATGGGAMCATGCTTAT GT TTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGT

A
\
1l

fl
|

U'l
VIFYY

DAAAARS AN AL AN 1Y A Manafnanfasnie sfnanialinan

ARAAAAAAAAA N PO x

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCT TA AL A

Figure 90 Chromatogram of sequencing from PCR-LRP2 sample 59

macrogen
File: S70_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:348 A:289 C:424 T:342 %
Sample: S70_LRP2F2 Lane: 52 Base spacing: 14.059224 457 bases in 5476 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CG GEAGHCAT T TAT CTA G CTCWC AG T AGAGGCAG AT TGT TAAGACTGATGGG AMCATGCTTGT GTTTTGCTCATGGGTTTTATCTT CTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGT

250
GCAT GAAAAACAT

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGAT

A A AAA: AANSAARAN = AN

AAAAzA Al\aa aal\nani\ AL

380 39 400 410 420 430 440 4350
ATTCATTAAGACCTGTTAGT GGAGAGCACTGTGT GGGGAGCTGAT CAGGATACGGAAGCTGCTGATT GAT GCTAA AAAN

Figure 91 Chromatogram of sequencing from PCR-LRP2 sample 60



99

0
macrogen
File: S71_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:996 A:820 C:1235 T:967
Sample: S71_LRP2F2 Lane: 50 Base spacing: 14.163154 452 bases in 5450 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GATGGGACA TTAT CTA G CTC GAGAMAGAGGCAGAT TGT TAAGACT G ATGGG ANCATGCTTGT GTTTTGCTCATGGGTTTTAT CTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTGA

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACT TCCTGTCCCAGCT TTCAT CT GG AATGCT GACACCGCTCAGCGGATATT

AL A AR aaAnnassalans, pancafiani oA anc sAAAAARAAL AN S ANASAARAA AAAAR A A ANBARARAANS 8RR A
380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGATACGGAAGCTGCTGA TTGATGCTAA AN A
Figure 92 Chromatogram of sequencing from PCR-LRP2 sample 61
File: S73_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:364 A:318 C:421 T:351

Sample: S73_LRP2F2 Lane: 77 Base spacing: 14.144931 454 bases in 5460 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CG: GACA TTAT CTA GCTC C AGTAGAGGCAG AT TGT TAAGACTG AT GGG AMCAT GCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCAC TCACACGTG CAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 370
ACGATGCAGCTAGACAACTTCAGTCTCTTCCAACT GCTTCAAATACAGACCAGGGTCATGGCTGCTGAAT GCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGAT A

AR AR AN A AR A nafnan alnasfsanrsalisand, vaafiA AnA e s \AAA,

380 390 400 410 420 430 440 450
TTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAAGCTGCTGATTGATGCTTA AN A

Figure 93 Chromatogram of sequencing from PCR-LRP2 sample 62



100

File: S75_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1796 A:1328 C:1999 T:1807

&
[
Sample: S75_LRP2F2 Lane: 75 Base spacing: 13.974055 458 bases in 5514 scans Page 1 of 1

90 100 110 120
ATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGT

10 20 30 40 50 60 70 80
GAT GACA TIT CIAGCTOGAGTAGAGGCAG A TGT TAAGACTG ATGGG ACATGCTTGTGT TTTGCTCATGGGTT

130 140 150 160 170 180 190 200 210 220 230 240 250
GAGTTCCAATGCACATCTGGGCGCTGTATTCCTCAACATTGGTATT GTGAT CAAGAAACAGATTGTTTT GAT GCCTCTGATGAACCTGCCTCTTGT GGTAAGAGAGT AAGCAAGCATGAAAAACAT

Al n""ﬂ:"-j\/\NWl‘ﬁ'ﬂﬂ A el

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCT TCCAACTGCTT CAAATACAGACCAGGGT CAT GGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCT GACACCGCTCAGCGGAT

-jL"u/\ Arallean '~*\f“fbf=”n'u/\ AAAARAA AN AAAAAANAA AN A A R

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGTGGAGAGCACTGTGT GGGGAGCT GATCANGATAC AGAAGCT GCTGATTGATA (G AAGTTT A AAN

Figure 94 Chromatogram of sequencing from PCR-LRP2 sample 63

File: S76_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:851 A:602 C:859 T:741

B
-
Sample: S76_LRP2F2 Lane: 73 Base spacing: 14.0241995 452 bases in 5466 scans Page 1of 1

10 20 30 40 50 60 70 110 120
CATE G GCA TTAT CTA G CTALGAGTAGAGGCAG AT TGTTAAGACTGATGGGAMCATGCTTGT GTTTTGCTCATGGGTTT CACGTGCAGCAGCAGT

180 190 200 210 220 230 240
AACAGATTGT TTTGATGCCTCTGAT GAACCTGCCTCTTGTGGTAAGAGAGT AAGC ANGCATGAAAAACAT

130 140 150 160 170
GAGTTCCAATGCACATCTGGGCGCTGTAT TCCTCAACATTGGTAT TGT GATCAAGA

250 260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGT CTCT TCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGANTGCTT GGACTTCCTGTCCCAGCTTTCATCTGGANTGCTGACACCGCTCAGCGGAT A

[N

Alann n Anascalimasion A aPAB A AN —_— il SRR

380 390 400 410 420 430 440 450
TTCATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCT GAT CAGGAT ACGGAAGCTGCTGATTGATGCT AN A A A

Figure 95 Chromatogram of sequencing from PCR-LRP2 sample 64
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macrogen
File: S77_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1246 A:1035 C:1505 T:1218 %
Sample: S77_LRP2F2 Lane: 71 Base spacing: 14.019411 452 bases in 5471 scans Page 1 of 1

250 260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAG ACAACTTCAGTCTCTTCCANCTGCTTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGAT

A A ANAA A ANRARS AN AN i Adan af\nanfinansicnfnse A afnn AAARKRAA

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGAT CAGGATACGGAAGCTGCTGATTGATGCTAAAAA

Figure 96 Chromatogram of sequencing from PCR-LRP2 sample 65

macrogen
File: 79 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:282 A:225 C:327 T:273 %
Sample: S79_LRP2F2 Lane: 67 Base spacing: 14.146402 455 bases in 5452 scans Page 1 of 1

10 20 30 40 50 60 70 80 9% 100 110 120
GGTTGG T TTA CT8 GCTOGAGTAGAGGCAG AT TGT TAAG ACTGAT GG GACATGC TTGT GTTTTGCTCATGGGTTTTATCTT CTTTCCCTCCT GCAGCCACT CACACGTGCAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCANCTGCTTCAAMATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCT CAGCGGATATT

AN 3 LA AAN atanadsns sl A Mnannafnanfnan s af\a s nA~PAnA ARAAA

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAAGCTGCTGATTGAT GCAAAAAAAN

Figure 97 Chromatogram of sequencing from PCR-LRP2 sample 66



102

"
macrogen
Signal G:154 A:130 C:189 T:151

File: S80 LRP2F2.abl Run Ended: 2020/10/30 21:3:0
458 bases in 5475 scans Page 1 of 1

Sample: S80_LRP2F2 Lane: 65 Base spacing: 14.244683

50 60 70 80 90 100 110 120
ACTGATGGGANCATGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG

10 20 30 40
ACAATTGGICT TTAT CTAG CTOGAG A AGAG GCAG AT TGTT

130 140 150 160 170 180 190 200 210 220 230 240 250
AGTTCCAATGCGCATCTGGGC GCTGTATTCCTCAACAT TG GTATT GT GAT CAAGAAACAGATTGT TTTGAT GCCTCTGATGAACCTGCCTCTTGT GGTAAGAGAGT AAGC AAGCAT GAAAAACATC

Mafaninallflanin sasnsanna

\

A ‘.[Ll/\ﬂ;'ﬂ-‘“ﬁf\hﬂﬂ\ﬂfﬂwr‘n'f\ﬂ.f‘ﬁll;!\ f‘.ww\m’t AR i s oo oot

260 270 280 290 300 310 320 330 340 350 360 370 380
ACGATGCAGCTAGACAACTT CAGTCTCTTCCAACTGCTTCAMTACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCAT CTGGAATGCTGACACCGCT CAGCGGAT AT

A

Anl\AA, A ANAARAAA AAAAA A AR a AN AR sAn v .

390 400 410 420 430 440 450
TCATTAAGACCTGT TAGTGGAGAGCACTGTGTGGGGAGCTGATC AGG AT ACGGA AGCT GC TAATTG AT GCTTAASATT

Figure 98 Chromatogram of sequencing from PCR-LRP2 sample 67

6
Signal G:136 A:109 C:154 T:141

File: S82_LRP2F2.abl Run Ended: 2020/10/30 21:3:0
460 bases in 5502 scans Page 1 of 1

Sample: S82_LRP2F2 Lane: 78 Base spacing: 14.161335

10 20 30 40 50 60 70 80 90 100 110 120
AAGTTGGACA TITAT CTAGCTOWG AG AAGAGGCAGATTGT TAMGACTGATGGGACATGCTTGIGTTTTGCTCATGG GTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAG

A fin (I st st
T
(VYUY

260 270 280 290 300 310 320 330 340 350 360 370
ATCACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTTCAAATACAGACCAGGGT CATGGCTGCTGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGA

ANAL o ANANAIA \ann o AN ns sAKABAN sA B ARA A A AR R ANAANARN

A A A

380 390 400 410 420 430 440 450 4
TATTCAT TAAGACCTGT T AGT GGAG AGCACT GT G TGGGGAGCTG AT CAGGATACCGAAGC TGCTGATTGAT GCTTAAMAAT T

Figure 99 Chromatogram of sequencing from PCR-LRP2 sample 68



0
macrogen
File: S83_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:842 A:645 C:966 T:784
Sample: S83_LRP2F2 Lane: 76 Base spacing: 14.023441 433 bases in 5451 scans Page 1 of 1

10 20 30 40 50 60 70 90 100 110 120
GGIT GGACAT AT CTA GCT G GAGATAGAGGCAGAT TGT TAAGACTGATGGGMCATGCTTGI GTTTTGCTCAT GGG [CTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGTGA

Afan
l U
l“l.

130 240
GTTCCAATGC GCA TCTGGGCGCTGT ATTCCTCA ‘C ATTGGT. \TTGTG AT CA \G \ ACAGAT T GT'! TTGA TG(.(.T(.TG TGA \CCTG(.(.TCT'I GTGGT LAGAGA Gl' LGCAAGCAT GAN

/l'"m MY A"NULW “.J:\Iquﬂ”t W 1 Af\ uﬂf\ /\“ A A AR A s nafaaad A An AR SARAAA AR A

CGATGCA GCT \GACAA CTTC ‘GT(JCTTCC\ CTGCTTC MATACAG \CC GGGTC A TGGCTGCTG\\TGCTTGG \CTTCCTGTCCC ‘GCTTTC TCTGG AATGCTG \C AWCCGCTCA GCGG ATATT

AR al\san A A AR A AN AAAA L KNAAR RARRNERR AR AAKA,

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAAGCTGCTGATTGATGCTTAA AN

Figure 100 Chromatogram of sequencing from PCR-LRP2 sample 69

macrogen
File: S84_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1040 A:767 C:1109 T:923
Sample: S84_LRP2F2 Lane: 74 Base spacing: 14.064965 454 bases in 5451 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GAT GGCA TTAT CTL GCTA GAG T AGAGGCAG I TGT TAAGACTGATG GG ACATGC TTGT GTTTTGCTCATGGGTTTTATCTTCTTTCOCTCCTGCAGCCACT CACACGTGCAGCAGCAGTGA

130 140 150 160 170 180 190 200 210 220 230 240
GTTCCAATGC GCATCTGGGCGCTGTATTCCTCAACAT TGGTATTGT GATCAAGAAACAGATTGT TTT GAT GCCTCTGATGAACCT GCCTCTTGTGGTAAGAGAGTAAGCAAGCATG A

1

I “M I 'I\Nrj “AMWEJMP‘JU“JM‘ \ )\ | I‘ ;;)“lﬂ‘ﬂ 1‘“‘){\ A fl/\"ﬂ‘."lﬂfﬂ i)Y f’N\l’\"\‘l\/“ﬁ M ‘/\Nﬁlf\ﬁf‘cf\-‘”-‘“‘ﬂ:‘aﬂ/\f" Al AN AN AARAR A

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACT TCAGTCTCT TCCAACTGCTTCAAATACAGACCAGGGTCATGGCTGCTGANTGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGATATT

Aa AR A A\aan AR AAAA-aAAAAR AA AN A ARAN AN AT A 5 i A

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGTGGAGAGCACTGTGT GGGGAGCTGAT CAGGATACGGAAGCTGCTGATT GATGCTAA AN A

Figure 101 Chromatogram of sequencing from PCR-LRP2 sample 70



macrogen
File: S85_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:214 A:166 C:246 T:209
Sample: S85_LRP2F2 Lane: 72 Base spacing: 14.102794 455 bases in 5452 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
AGATGEGMACA T TVT CTA GCTOIGAGAAGAGGCAG T TGT TAAGACTGATGGGAMCAT GCTTGTGT TTT GCTCAT GGGTTTTAT CTTCT TTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTT CCAACTGCTT CAAAT ACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCT GTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATAT

anannfla

Mencalnanhannsanl\n

Al AN AN AL SN A NS S A

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGANGCTGCTGAT TGAT GCATAA AN

Figure 102 Chromatogram of sequencing from PCR-LRP2 sample 71

File: S86_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:419 A:323 C:464 T:389
Sample: S86_LRP2F2 Lane: 70 Base spacing: 14.061687 455 bases in 5481 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
GAGAACA TIAT CTA GCTOLGAGTAGAGGCAGAT TGT TAA GACTG ATGGGAMCATGCTTGTGTTTTGCTCATGG GTTTTAT CTTCTTTCCCTCCTGCAGCCACT CACACGTG CAGCAGCAGT

260 270 280 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGT CTCTTCCAACTGC TTCAAATACAGACCAGGGTCATGGCTGCTGAATGCTT GGACTTCCTGTCCCAGCTTTCATCTGGAATGCT GACACCGCTCAGCGGAT

Al GAN S AR Afn s nAsnasnas s\ asn S Aan:aln i Aasafinranonnsa ANAA AN 4

380 390 400 410 420 430 440 450
ATTCATTAAGACCTGTTAGTGGAGAGCACTGTGT GGGGAGCTGATCAGGATACGGAAGCTGCTGATTGATGCTT AAAAA

Figure 103 Chromatogram of sequencing from PCR-LRP2 sample 72



105

File: S87_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:261 A:233 C:328 T:272
Sample: S87_LRP2F2 Lane: 68 Base spacing: 14.125917 458 bases in 5478 scans Page 1 of |

110 120

10 20 30 40 50 60 70 80 90 100
CGTTAGGACA T TAT CTA G CTOLGAG T AGAGGCAGAT TGT TAAGACTGAT GGG AMCAT GCTTGTGTTT TGCTCATGGGTTTTATCTTCTTTCCCT CCTGCAGCCACT CACACGTGCAGCAGCAGT G

260 270 280 290 300 310 320 330 340 350 360 370
ACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTT CAMATACAGACCAGGGTCAT GGCTGC TGAATGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAAT GCTGACACCGCTCAGCGGAT AT

AALAAD, allanh A Afa Anasfan Anarf - An sl

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGT GGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGGAAGCT GCTGATTGATGCTTAAMAA T A

Figure 104 Chromatogram of sequencing from PCR-LRP2 sample 73

macrogen
File: S88 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:137 A:118 C:170 T:136 %7
Sample: S88_LRP2F2 Lane: 66 Base spacing: 14.161487 456 bases in 5467 scans Page 1 of 1

20 30 40 50
AT CTA GCT AGAGTAGAGGCAG T TGTTMGACTGATGGGA

60 70 80 90 100 110 120
TGCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACTCACACGTGCAGCAGCAGT

260 270 80 290 300 310 320 330 340 350 360 370
CACGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTT CAAATACAGACCAGGGTCAT GGCT GCTGAATGCTTGGACTTCCT GTCCCAGCTT TCATCTGGAATGCTGACACCGCT CAGCGGATA

A AAA A

AR anflana A Rix o PionnioiNious Afnan e, - SR

380 390 400 410 420 430 440 450
TTCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGG TACGGAAGCTGC TGATTGATGCTTAM A0

Figure 105 Chromatogram of sequencing from PCR-LRP2 sample 74



106

6
macrogen
File: S10_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:804 A:701 C:1066 T:842
Sample: S10_LRP2F2 Lane: 11 Base spacing: 14.175502 452 bases in 5450 scans Page 1 of 1

50 60 110 120
GACTGATGGGACATGCTTGI GT ACACGTGCAGCAGCAGTG

10 20 30
GGTT G ACA TTAT CTA GCTAGAGTAGAGGCAG AT TGT

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAANCTTCAGTCTCTTCCAACTGCTTCAMATACAGACCAGGGTCATGGCTGCTGAATGCTTGGACTTCCT GTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGATAT

Aaliafins sanadnannas stdsAntAAs AN s s A M A A AR A R AR A AR AR AR AR A AR
0

ANANDY Va¥

380 390 400 410 420 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGTGGGGAGCTGATCAGGAT ACGG ICTGCTGA TTGAT GCTAAAT A

Figure 106 Chromatogram of sequencing from PCR-LRP2 sample 75

[
macrogen
File: SI14_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:1155 A:1033 C:1569 T:1227
Sample: SI14_LRP2F2 Lane: 3 Base spacing: 14.420324 453 bases in 5452 scans Page1of 1

10 20 30 40 50 60 70 90 100 110 120
GGAGGG ACA TTAT CTA GCT O GAG A AGAGGCAG I TGT TAAGAC TG ATGGGAMCATGCTTGTGT TTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG

130 140 150 160 170 180 190 200 210 220 230 240 250
AGTTCCAATGCACATCTGGGCGCTGTATTCCTCAACAT TG GTATT GT GAT CAAGAAACAGATTGTTTT GATGCCTCTG ATGAACCTGCCTCTTGTGGTAAGAGAGTAAGCAAGCATG AAAAACAT CA

260 270 280 290 300 310 320 330 340 350 360 370
CGATGCAGCTAGACAACTTCAGTCTCTTCCAACTGCTT CAAATACAGACCAGGGTCATGGCTGCTGANTGCTTGGACTTCCTGTCCCAGCTTTCATCTGGAATGCTGACACCGCTCAGCGGAT AT

s AR MencafnasAanasoafaasaliannannfAn

380 390 400 410 420 430 440 450
TCATTAAGACCTGTTAGTGGAGAGCACTGTGT GGGGAGCTGATCAGGATACGGAAGCTGCTG TTGATGCTAANTA

DAL DA AN AL DA SANBAR AN

Figure 107 Chromatogram of sequencing from PCR-LRP2 sample 76



107

File: S27_LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:354 A:310 C:457 T:376
Sample: $27_LRP2F2 Lane: 25 Base spacing: 14.002806 456 bases in 5460 scans Page 1 of 1

10 20 30 40 50 60 70 80 90 100 110 120
CGIGGGACA T TAT CTA GCTOL GAGTAGAGGCAG AT TGTTAAGACTGAT GGGAMCAT GCTTGTGTTTTGCTCATGGGTTTTATCTTCTTTCCCTCCTGCAGCCACT CACACGTGCAGCAGCAGTG A

130 140 150 160 170 180 190 200 210 220 230 240 250
GTTCCAATGCGCATCTGGGCGCTGTATTCCTCAACAT TGGTATTGT GAT CAAGAAACAGATTGT TTTGAT GCCTCTGATGAACCTGCCTCTTGT GGTAAGAGAGT AAGCAAGCAT GAAAAACAT CA

IUJ\‘IL il | MW uﬂ'ﬂ ”"'J‘W J\LF AA u‘ﬂ"ﬂ WA Wi ,".v‘"A' MM 1MA&’A A \f’ﬂf\l\"‘f\*“*“ﬂ il Wnatnannn AR

370
CGATGC \GCT AGACA \CTTC ‘GTCTCTT(.C \CTGCTTC\ AATACA G ‘CC\GOGTC \TGGCTGCTG‘ \TGCTTGG CTTCCTGTCCC xGCTTTC \TCTGG AA TGCTG \CACCGCTCAGCGGATATT

ARNAAA AAAR AT AR A AR AN A AN A AR AR A AN Adsaenfaanfnansisalansfafiassnnsfn AAAAAPAAANAANA SN ARARAN

380 390 400 410 420 430 440 450
CATTAAGACCTGTTAGT GGAGAGCACT GTGTGGG GAGCTGAT CAGGATACGGAAGCT GCTGATTGAT GCA T ¢

Figure 108 Chromatogram of sequencing from PCR-LRP2 sample 77

macrogen
File: S81 LRP2F2.abl Run Ended: 2020/10/30 21:3:0 Signal G:264 A:199 C:306 T:253
Sample: S81 LRP2F2 Lane: 80 Base spacing: 14.186232 454 bases in 5435 scans Page I of 1

10 20 30 40 50 60 70 80 90 100 110 120
CCAGTGEACA TTAT CTAGCTC GAG T AGAGGCAGAT TGT TAAGACTG ATGGGAMCATGCTTGTGTTTT GCTCATGGGTTTTATCTTCTT TCCCTCCTGCAGCCACTCACACGTGCAGCAGC AGTG

130 140 150 160 170 180 190 200 210 220 230 240 250
AGTTCCAAT GCGCATCTGGGCGCTGTATTCCTCAACATT GGTATTGT GAT CAAGAAACAGAT TGTTTT GAT GCCTCTGATGAACCT GCCTCTTGT GGT AAGAGAGT AAGCAAGCATGAAAAACATC

M J\'ﬁ/\ ‘MMWM"‘H”. f‘ ;”w“j\ »-MJ\"‘I\:.‘“\ \ /\.‘ '\Af"ﬂf\:ui AAAMAMAN i apAaAAAAAAAN AN o s s anmn A

310 350
ACGATGC/ \GCT AGAC A \CTTC ‘GTCTCTTCC\ \CTGCTTC AATACAG \CC WGGGTCATGGCTGCTGA \TGCTTGG \CTTCCTGTCCC \GCTTTC ATCTGGANTGC TG, \C ACCGC TC: \GCGG ATATT

AAA S A AN o A AARR AAAAAAAA s a ANAAA A FO R BTN RS a A ASR AN AR AT AR ey P N P

380 390 400 410 420 430 40 430
CATTAAGACCTGTTAGTGGAGAGCACTGT GTGGGGAGCTGATCAGGATACGGAAGCTGCTG ATTGATGCT AL A A

Figure 109 Chromatogram of sequencing from PCR-LRP2 sample 78
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