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ABSTRACT

Breast cancer continues to be the most prevalent malignancy in women worldwide, with
estrogen receptor-positive (ER+) tumors accounting for approximately 70% of
cases. GLOBOCAN 2022 data reveal a significant global burden, with 2.3 million new
cases annually, including 198,553 in Africa. Kenya reports 7,243 new cases and 3,107
deaths yearly, reflecting urgent needs for improved early detection and prevention
strategies. This hospital-based case-control study aimed to determine the associations
between socio-demographics, medical history, reproductive history, lifestyle factors and
single nucleotide polymorphisms (SNPs) in estrogen-metabolizing genes with ER+ breast
cancer risk among Kenyan women. The study compared 64 ER+ breast cancer cases with
79 benign breast disease (BBD) and 19 healthy controls from Aga Khan University
Hospital Nairobi and Africa Inland Church (AIC) Kijabe Hospital. Socio-demographic
and clinical data were abstracted from the questionnaires and medical records review.
Estrogen plays a pivotal role in the pathogenesis of ER+ breast cancer. Individual genetic
variation in estrogen-metabolizing enzymes can significantly alter the production,
activity, and clearance of estrogen and its metabolites, thereby modifying cancer risk and
progression. Single nucleotide polymorphisms (SNPs) in genes such as CYP1Al,
CYP1B1, CYP3A5, and COMT can lead to differential enzymatic activity, influencing
the critical balance between carcinogenic catechol estrogens and their detoxified forms.
Consequently, these SNPs are considered key biomarkers for understanding
interindividual susceptibility and prognosis in ER+ breast cancer. Five functionally
relevant single nucleotide polymorphisms (SNPs) in key estrogen metabolism genes
including; rs4646903 and rs1048943 of CYP1AL; rs1056836 of CYP1B1; rs776746 of
CYP3A5 and rs4680 of COMT were analyzed using polymerase chain reaction restriction
fragment length polymorphism (PCR-RFLP). Four additional SNPs (rs10012, rs1056827,
rs1056836 and rs1800440 of CYP1B1) were analyzed via Sanger sequencing methods.
Key findings demonstrated that women aged 50 years and older and postmenopausal
women faced significantly elevated breast cancer risk. Genetic analysis revealed complex
patterns: the alternative C allele of rs4646903 in CYP1A1 showed a protective effect
against ER+ cancer development (OR=0.44, 95% CI [0.19-0.99], p = 0.048), but was also
paradoxically associated with increased risk of aggressive Luminal B subtypes (OR=3.83,
95% CI [1.35-10.84]). Two CYP1B1 variants — alternative C allele in rs1056836 (OR =
0.34, 95% CI [0.19-0.62], p = 0.0003) and alternative A allele in rs1056827 (OR=0.43,
95% CI [0.19-0.98], p = 0.045) — were associated with reduced likelihood of malignant
transformation from benign breast disease. Linkage disequilibrium analysis revealed
strong association between rs10012 and rs1056827 (D' = 0.9466, r2 = 0.5767, p = 1.08 x
1073), confirming that these loci form a haplotype block. Haplotype frequency analysis
identified eight distinct CYP1B1 haplotypes, with the G-A—C-T haplotype (R—-S—V-N)
predominating in benign samples (42.3%) suggesting a protective role, while the G-C—
C-T haplotype (G-A-V-N) showed elevated frequency in cases (12.5%) compared to
controls (8.3%), indicating potential risk association. Tertiary structure modeling using
AlphaFold Server revealed that the four polymorphic residues—R48G, A119S, L432V,
and N453S—occupy functionally distinct domains: R48 in the N-terminal membrane

XXii



interaction region, A119 in the structural core, L432 near the substrate-binding pocket,
and N453 in the heme-binding region. Comparative structural analysis of the wild-type
(R-A-L-N), reference (G-S—-V-N), risk-associated (G—A-V-N), and protective (R-S—
V—N) haplotypes demonstrated that the protective haplotype uniquely retains the wild-
type R48 residue while incorporating S119 and V432, suggesting that proper membrane
anchoring may be critical for maintaining protective function. Conversely, the risk-
associated haplotype combines loss of R48 with the high-activity V432 variant, potentially
synergistically enhancing carcinogenic estrogen metabolism. Ramachandran plot analysis
confirmed structural reliability, with >90% of residues in favored regions across all
models. These findings provide important insights into the complex interplay between
socio-demographic factors, genetic predisposition, and structural consequences of
CYP1B1 haplotypes in ER+ breast cancer development among Kenyan women. The
study's findings underscore the importance of developing population-specific risk
assessment tools that incorporate both genetic and structural information to combat
Kenya's disproportionate breast cancer mortality burden. Future research should focus on
molecular dynamics simulations to elucidate the dynamic mechanisms underlying
haplotype-specific functional differences, validation in larger cohorts, and exploration of
potential clinical applications in preventive strategies and personalized treatment
approaches.
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CHAPTER ONE
INTRODUCTION
1.1 Background

Breast cancer continues to be the most commonly diagnosed malignancy among women
worldwide. According to GLOBOCAN 2022, an estimated 2,308, 897 new cases were
reported, accounting for 23.8% of all female cancer cases, with 665,684 deaths,
representing 15.4% of all female cancer-related deaths. In Africa, the trend is similar, with
breast cancer ranking highest in both incidence - 198,553 new cases (29.2%) and 91,252
deaths (21.9%). Breast cancer is the most common female malignancy in Sub-Saharan
Africa (SSA) (133,520 annual cases; 26.5% of cancers), yet ranks second in mortality
(68,036 deaths; 21.1%) after cervical cancer. Despite lower incidence than high-income
countries, SSA experiences disproportionately poor survival due to advanced-stage

diagnosis and limited treatment access (Parenté et al., 2025).

In Kenya breast cancer accounts for 7,243 new cases making, it the most common cancer.
It is ranked second in mortalities after cervical cancer and accounts for 3,398 deaths. The
incidence and mortalities represent 25.5% and 18.9% of all the female cancers,
respectively (International Agency for Research on Cancer, 2022). Majority of the breast
cancer cases in Kenya were reported to have late-stage disease with a 5-year relative
survival of 40.1 to 64% (Ekpe et al., 2019). The low rates of survival are due to patient
and health-system barriers such as low awareness, high cost of screening, diagnosis as
well as treatment. The disease therefore impacts negatively on the economic growth of the
country, and also leads to loss of productivity due to the cancer-related premature deaths
(Hutchinson et al., 2024).

Breast cancer incidence distribution based on the four-tiers Human Development Index
(HDI) countries including; very high, high, medium, and low HDI level (excluding China

and India in high and medium HDI, respectively) varies (Bray et al., 2024)The age-



standardized incidence rate (ASIR) for breast cancer is 54.1 per 100,000 in transitioned
(high or very high HDI) countries and 38.1 per 100,000 in transitioning (low or medium
HDI) countries (Sung et al., 2021). The higher incidence in transitioned countries is
associated with increased exposure to breast cancer-associated risk factors, including
obstetric and gynecological factors (age at menarche, menopause, and parity),
race/ethnicity, lifestyle choices, diet, physical inactivity, obesity, medical history, and
genetic predispositions (Al-Shami et al., 2023; Coughlin & Smith, 2015).

Despite the higher incidence in transitioned countries, mortality rates tend to be lower due
to widespread screening, early detection, and advanced treatment options. In contrast,
transitioning countries in South America, Africa, and Asia continue to experience both
rising incidence and high mortality rates, largely due to late-stage diagnosis, inadequate
healthcare infrastructure, and limited access to treatment. In SSA, where healthcare
resources remain constrained, breast cancer mortality remains disproportionately high
(Bray et al., 2024).

Estrogen exposure plays a critical role in breast cancer pathogenesis, particularly in
estrogen receptor-positive (ER+) breast cancer (Yager et al., 2006). Estrogens undergo
metabolism through two primary pathways: the oxidative pathway, mediated by
cytochrome P450 (CYP) enzymes, and the conjugation pathway, regulated by enzymes
such as catechol-O-methyltransferase (COMT) (Nebert & Dalton, 2006). Genetic
polymorphisms in CYP1Al, CYP1B1l, CYP3A5, and COMT influence estrogen
metabolism efficiency and the balance between protective (2-hydroxyestradiol) and

carcinogenic (4-hydroxyestradiol) estrogen metabolites (Coughlin & Piper, 1999).

Single nucleotide polymorphisms (SNPs) in estrogen metabolizing genes may affect
individuals’ susceptibility to estrogen receptor-positive (ER*) breast cancer through
altered enzyme activity, promoting oxidative stress, DNA damage, and activating
xenobiotics such as polycyclic aromatic hydrocarbons (PAHs) and endogenous

compounds such as estrogen (Abdelmonem et al., 2024).



The CYP1ALl gene metabolizes estradiol to 2-hydroxy estradiol, a weak carcinogen. Two
nonsynonymous mutations described in the CYP1A1 include; the rs4646903 thymine (T)
to cytosine (C) point mutation at nucleotide 6235 in 3’ untranslated region (3 UTR)) and
rs1048943 adenine (A) to guanine (G) base substitution at nucleotide 2455 resulting in
substitution of isoleucine (lle) to valine (Val) at codon 462 in exon 7 of CYP1ALl (Zhan
etal., 2011).

The CYP1B1 gene preferentially converts estradiol to 4-hydroxy estradiol which is highly
carcinogenic. The most common CYP1B1 gene polymorphisms may influence breast
cancer risk (Wen et al., 2017a). They include; rs10012 which results in substitution of
arginine (Arg) to Glycine (Gly) at codon 48, rs1056827 which substitutes alanine (Ala) to
serine (Ser) at codon 119, rs1056836 which substitutes leucine (Leu) to Valine (Val) at
codon 432 and rs1800440 which substitutes asparagine (Asn) to serine (Ser) at codon 453
(Jiao et al., 2010)

Polymorphisms in the CYP3A gene involved in carcinogen metabolism may result in
variations in breast cancer susceptibility between individuals. The CYP3AS5, rs776746 is
one of the predominant polymorphisms in CYP3A gene. Substitution of guanine (G) to
adenine (A) in intron 3 of CYP3A5 may lead to a splice defect of the mRNA and result in
the formation of nonfunctional protein (Badavi et al., 2015). Catechol-O-methyl
transferase (COMT) is a phase 11 gene involved in conjugation and inactivation of catechol
estrogens. Insufficient or lack of COMT due to transition of guanine (G) to adenine (A)
of rs4680 and consequent substitution of valine (Val) to methionine (Met) amino acid at
codon 158 may lead to accumulation of quinones leading to DNA adducts formation and
tumor initiation (Almeida et al., 2021; Qin et al., 2012).

Understanding the role of these genetic variations in ER+ breast cancer patients in Kenya
is crucial, given the regional differences in genetic predisposition and environmental
exposures. This study investigated polymorphisms in low-penetrance genes involved in
estrogen metabolism, specifically those in phase | (cytochrome P450 family) and phase Il

(catechol-O-methyltransferase) pathways. Phase | gene polymorphisms analyzed included



rs4646903 and rs1048943 in CYP1A1; rs10012, rs1056827, rs1056836, and rs1800440 in
CYP1B1; and rs776746 in CYP3AS. In phase 11, the rs4680 polymorphism in COMT was
examined. These variants were studied in women diagnosed with estrogen receptor-
positive (ER") breast cancer, women with benign breast disease, and healthy controls
attending Aga Khan University Hospital, Nairobi, and Africa Inland Church (AIC) Kijabe
Hospital between 2019 and 2021. The study also assessed associations between ER* breast

cancer risk and demographic or probable risk factors.

1.2 Statement of the Problem

Breast cancer imposes a significant health burden in Kenya, particularly among women
of reproductive and middle age. The prevalence is estimated at 34 per 100,000 women
and it contributes to 23% of female cancer cases and 11% of total cancer-related mortality

expected to rise (Hutchinson et al., 2024).

Early diagnosis and screening remain major challenges in low-resource settings, leading
to late-stage detection when treatment is often less effective and more costly. This
contributes to high mortality, psychological distress, disability, reduced productivity, and
financial strain for affected individuals and their families. The increasing burden of breast
cancer also strains the healthcare system, diverting government resources from prevention
to expensive curative care. Households not covered by health insurance face a high
economic burden due to high out-of-pocket spending. At the community level, the disease
disrupts family dynamics, as many women serve as primary caregivers and income
earners. Its impact on mental health is significant—higher cancer severity in Kenyan
women has been linked to increased psychological distress (Ndetei et al., 2018).

Kenya has a high prevalence of risk factors for cancer including genetic predisposition,
lifestyle, environmental and reproductive factors (Ministry of Health, 2022). Although
understanding these factors in the local context could improve prevention, early detection,

and guide treatment strategies, they remain largely unexplored.



1.3 Justification of the study

There is low uptake of screening services in Kenya with only 1% of women screened for
breast cancer with mammaography (Ministry of Health, 2020). There is also low awareness
of risk factors, hence the need to incorporate risk factors, screening and awareness in
national health surveys. This will improve on early diagnosis and will reduce on the costs
of treatment by the government, reduce the emotional distress in families and improve on

the quality of life for the survivors.

In Kenya, late-stage breast cancer diagnosis contributes to poor prognosis and high
mortality. Understanding the risk factors associated with breast cancer is crucial for
improved monitoring, evaluation. This will also guide on implementation of policies and

guidelines for cancer prevention.

Estrogen metabolism plays a crucial role in breast cancer initiation and progression. This
may be attributed to deregulation of genes which codify enzymes involved in estrogen
metabolism and exposure to high levels of estrogen and its metabolites. However, the
association between polymorphisms in estrogen-metabolizing genes and breast cancer risk
remains understudied in African populations. Most genetic studies have focused on
Western and Asian populations, leaving a knowledge gap in African-specific genetic risk
factors. Understanding the association of polymorphisms in the local population with
breast cancer may contribute to development of molecular panels that can be used for

screening and early diagnosis of the disease
1.4 Research questions

i.  What is the association between socio-demographics with ER+ breast cancer
patients attending Aga Khan University Hospital, Nairobi and Africa Inland
Church Hospital Kijabe

ii.  What s the association between reproductive, medical history, lifestyle, and single

nucleotide polymorphisms in estrogen-metabolizing genes with ER+ breast cancer



patients attending Aga Khan University Hospital, Nairobi and Africa Inland
Church Hospital Kijabe

What is the association of single nucleotide polymorphisms in estrogen
metabolizing genes with the clinicopathological characteristics in estrogen
receptor positive breast cancer patients attending Aga Khan University Hospital,
Nairobi and Africa Inland Church Hospital Kijabe

iv.  What are the structural and functional consequences of the CYP1B1 haplotypes
defined by the R48G (rs10012), A119S (rs1056827), L432V (rs1056836), and
N453S (rs1800440) polymorphisms as predicted by in silico approaches?

1.5 Objectives

1.5.1 General Objective

To determine association of polymorphisms in estrogen-metabolizing genes, in

conjunction with socio-demographics, medical history, lifestyle and reproductive factors,

with estrogen receptor-positive breast cancer in patients attending Aga Khan University

Hospital, Nairobi and Africa Inland Church Hospital Kijabe

1.5.2 Specific Objectives

To determine the association of socio-demographics with estrogen receptor-
positive breast cancer patients attending Aga Khan University Hospital, Nairobi
and Africa Inland Church Hospital Kijabe

To assess the relationship between medical, lifestyle, environmental, reproductive
factors and polymorphisms in estrogen metabolizing genes with estrogen receptor-
positive breast cancer patients attending Aga Khan University Hospital, Nairobi
and Africa Inland Church Hospital Kijabe

To determine the association of single nucleotide polymorphisms in estrogen-
metabolizing genes on clinicopathological characteristics in estrogen receptor

positive breast cancer



iv.  To investigate the potential structural and functional effects of four common
CYP1B1 mutations—R48G (rs10012), A119S (rs1056827), L432V (rs1056836),
and N453S (rs1800440) using in-silico approaches

1.6 Scope of the Study

This study investigated the influence of socio-demographic characteristics, risk factors,
and single nucleotide polymorphisms (SNPs) in estrogen-metabolizing genes on the risk
and progression of estrogen receptor-positive (ER*) breast cancer.

Specifically, it examined SNPs involved in the phase | and phase Il pathways of estrogen
metabolism. Phase | polymorphisms analyzed included rs4646903 and rs1048943 in
CYP1A1; rs10012, rs1056827, rs1056836, and rs1800440 in CYP1B1; and rs776746 in
CYP3AG5. In phase II, rs4680 in the COMT gene was evaluated. The study assessed the
potential associations of these variants with breast cancer susceptibility and tumor

characteristics.

In addition, it explored the distribution of socio-demographic characteristics and risk
factors among three groups: women diagnosed with ER* breast cancer, individuals with
benign breast diseases, and healthy volunteers. This analysis provided insights into the
prevalence and impact of modifiable and non-modifiable risk factors within the study

population.

Furthermore, the study evaluated the association between the genetic polymorphisms and
tumor characteristics, such as tumor stage, histological type and grade, lymph node
involvement, and luminal subtype, to determine whether specific SNPs influenced disease

progression and prognosis.

The study participants included women diagnosed with ER* breast cancer, individuals
with benign breast diseases, and healthy volunteers from Aga Khan University Hospital,
Nairobi, and Africa Inland Church Hospital, Kijabe, in the period between 2019 and 2021.
The study period (January 2019-December 2021) was selected because this study was



nested within a larger study, hence electronic medical records and biorepository samples

were consistently available and complete during this period at both sites.
1.7 Limitations of the Study

This study provides important insights into risk factors for ER+ breast cancer, though
several limitations warrant consideration. The retrospective design introduces potential
recall bias in self-reported exposures, mitigated through standardized data collection by
trained interviewers using REDCap. Hospital-based sampling at two facilities yielded a
modest sample size that precluded stratified analyses, with cases drawn from diverse
regions but controls predominantly from Nairobi, introducing potential geographic bias.
Funding constraints limited polymorphism coverage and prevented functional validation
of findings.

Regarding the in silico structural analyses, AlphaFold 3 models represent static snapshots
and do not capture dynamic conformational changes during substrate binding or catalysis;

molecular dynamics simulations are required to address this limitation.

Despite these constraints, this study offers novel insights into estrogen-metabolizing gene
polymorphisms, haplotype architecture, and structural consequences of CYP1B1 variants
in ER+ breast cancer among Kenyan women. Future multicenter studies with population-
based sampling, expanded genomic profiling, molecular dynamics simulations, and in

vitro functional validation are needed to enhance generalizability and clinical utility.



CHAPTER TWO

LITERATURE REVIEW

2.1 General Overview of Cancer

Cancer is a non-communicable disease (NCD) which can be categorized based on the
body part affected. It occurs when abnormal cells divide uncontrollably, infiltrate and
destroy body tissues (Ministry of Health, 2020). In Kenya, Cancer is the third leading
cause of NCDs after infectious diseases and cardiovascular diseases. The five common
adult cancers in Kenya include cervix, breast, oesophageal, prostate and colorectal while
in children the most common cancers include lymphomas, leukemias. Retinoblastomas,
renal and bone (Kagiri H et al., 2020)

2.2 Overview of Breast Cancer

Breast cancer is a complex heterogenous disease characterized by the uncontrolled
proliferation of mammary epithelial cells, leading to tumor formation and potential
metastatic dissemination. While clinically defined by histology and receptor status, its
fundamental etiology lies in the accumulation of genetic and epigenetic alterations that
disrupt normal cellular homeostasis, including DNA repair, cell cycle control, and

apoptotic signaling.

Globally, breast cancer represents a major public health challenge, exhibiting the highest
incidence and a leading cause of cancer mortality among women (Bray et al., 2024).
Although significant advancements in screening and treatment have improved outcomes
in high-resource settings, the rising global burden underscores the imperative to move
beyond generalized approaches and elucidate the specific molecular mechanisms driving
individual risk and tumor behavior (Nolan et al., 2023).

The search for these mechanisms has historically focused on rare, high-penetrance
germline mutations in genes such as BRCA1 and BRCA2, which account for a small



fraction (5-10%) of cases, predominantly within high-risk families. The vast majority of
breast cancer cases are considered sporadic, with their etiology attributed to the complex
interplay of common, low-penetrance genetic variants with environmental, reproductive,

and lifestyle factors.

This polygenic risk architecture suggests that susceptibility is often modulated not by
single, highly penetrant mutations, but by the combined effect of polymorphisms in genes
governing critical biochemical pathways. A pathway of particular relevance is xenobiotic
and hormone metabolism, mediated by enzymes such as the cytochrome P450 (CYP)
superfamily. Polymorphisms in these genes can significantly alter enzyme activity,
influencing the biotransformation of endogenous estrogens and environmental

carcinogens, thereby modulating individual exposure to DNA-damaging intermediates.

Consequently, while hereditary syndromes provide crucial mechanistic insights, a
comprehensive understanding of breast cancer etiology requires a shift in focus toward
functional polymorphisms in metabolic genes and their interaction with environmental
exposures. Elucidating these associations is critical for advancing beyond descriptive
epidemiology to a mechanistic, biochemical understanding of risk, with the potential to

inform more personalized strategies for risk prediction, early detection, and prevention.

2.3 Epidemiology

Breast cancer is the second most common malignancy globally after lung cancer,
accounting for approximately 2,296,840 new cases annually, equivalent to 11.5% of all
cancer cases (Bray et al., 2024). Among women, breast cancer ranks first in incidence at
23.8%. According to Global Cancer Statistics 2022, breast cancer was the most commonly
diagnosed cancer in 158 countries (Figure 2.1). The incidence rates are notably high in
both transitioned (54.1 per 100,000) and transitioning (30.8 per 100,000) countries (Sung
etal., 2021).
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Globally, breast cancer is responsible for approximately 666,000 deaths, constituting
6.8% of all cancer cases and 15.4% of female cancers. It was reported as the primary cause
of cancer deaths in 111 of 187 countries (Figure 2.2), with the highest mortality rates
observed in Melanesia, Western Africa, and Micronesia/Polynesia (Bray et al., 2024).
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In Africa, breast cancer leads in both incidence and mortality, with approximately 198,553
new cases and 91,252 deaths annually. The majority of these cases occur in Sub-Saharan
Africa (SSA), where breast cancer ranks second in cancer-related mortality, with
approximately 68,036 deaths (Anyigba et al., 2021). Despite a relatively low incidence
compared to global figures, mortality rates remain disproportionately high, largely due to
late-stage diagnosis, inadequate healthcare infrastructure, and limited access to treatment
(Black & Richmond, 2019; Joko-Fru et al., 2020). The burden of breast cancer in SSA is
expected to increase, highlighting the urgent need for improved screening, early diagnosis,

and treatment strategies (Anyigba et al., 2021).

Breast cancer is among the five commonest cancers in Kenya. It is the most common

malignancy among women with an incidence of 7243 and the second in causing deaths
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with a mortality of 3398 mortalities with age standardized rates of 40.8/100000 and
19.6/100,000 respectively (International Agency for Research on Cancer, 2022). In
Kenya, women are diagnosed with breast cancer at a younger age of 30-50 years compared
to 50-55 years in the western countries. 7Seven out of ten breast cancers are diagnosed at
late stages (stage 1l and IV) (Ministry of Health, 2021).

2.4 Breast Cancer Classification
2.4.1 Molecular Classification

Breast cancer is a complex disease with different molecular subtypes. Using the
immunohistochemistry (IHC) technique breast cancer can be characterized by estrogen
receptor (ER). Progesterone receptor (PR), and human epidermal growth factor receptor
2 (HER2). Invasive breast cancer can be categorized into molecular subtypes based on
MRNA gene expression profiles (Lukasiewicz et al., 2021). In 2000, Perou and colleagues
initially classified breast cancer into four molecular subtypes: Luminal, HER2-enriched,
Basal-like (triple-negative breast cancer), and Normal Breast-like (Prat & Perou, 2011).
Further studies refined this classification by identifying two subcategories of the Luminal
subtype, namely Luminal A and Luminal B (Prat et al., 2013) . The Normal Breast-like
subtype was later omitted. Hence, the four widely recognized breast cancer subtypes based
on mRNA gene expression are Luminal A, Luminal B, HER2-enriched, and Basal-like

(triple-negative breast cancer) (Koboldt et al., 2012).
2.4.1.1 Luminal Breast Cancers

The luminal breast cancers which constitute the estrogen receptor-positive (ER+) tumors,
account for nearly 70% of all breast cancer cases (Brufsky & Dickler, 2018). In ER+ breast
cancer, cancer cells have receptors for the hormone estrogen, which binds to these
receptors and promotes tumor growth (Murphy & Dickler, 2016). Proliferation-related
and luminal-regulated pathways differentiate Luminal-like tumors into Luminal A and

Luminal B subtypes; each associated with distinct clinical outcomes. The advantage of
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ER+ breast cancer lies in its responsiveness to hormonal therapies, including selective
estrogen receptor modulators (SERMs) and aromatase inhibitors (Als), which block
estrogen’s effects on cancer cells, slowing or halting tumor progression (Murphy &

Dickler, 2016).

Despite its better prognosis compared to other subtypes, ER+ breast cancer poses
challenges due to potential recurrence and the need for long-term treatment, necessitating

continuous research to improve treatment efficacy (Swain et al., 2023).
2.4.1.1.1 Luminal A Breast Cancer

Luminal A tumors are defined by the presence of estrogen receptor (ER) and/or
progesterone receptor (PR) and the absence of HER2. These tumors exhibit low
expression of proliferation-related genes (Ki-67 low of <14%), making them slow-
growing with a favorable prognosis and late recurrence. Most luminal A breast cancers
can be treated with endocrine therapies such as tamoxifen (Inic et al., 2014; Prat et al.,
2013; Weigelt et al., 2010)

2.4.1.1.2 Luminal B Breast Cancer

Luminal B tumors are ER-positive but may be PR-negative and/or HER2-positive and Ki-
67 high. The high Ki-67 has shown positive correlation with young age women, large
tumors and positive lymph nodes. Hence, most Luminal B tumors are of higher grade,
have high lymph node involvement, have a worse prognosis and early recurrence (Inic et
al., 2014)

2.4.1.2 HER2-Enriched Breast Cancer

The HER2-enriched subtype accounts for 10-15% of breast cancer cases and is
characterized by high HER2 expression in the absence of estrogen receptor (ER) and
progesterone receptor (PR). This subtype is associated with aggressive tumor growth,
rapid proliferation, and a poorer prognosis compared to luminal subtypes. Before the
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introduction of HER2-targeted therapies, HER2-enriched breast cancer had one of the
worst survival outcomes. However, advancements in targeted treatments, such as
trastuzumab and pertuzumab, have significantly improved prognosis and treatment

response (Lukasiewicz et al., 2021).

2.4.1.3 Basal-Like/Triple-Negative Breast Cancer

Triple-negative breast cancer (TNBC) is a highly heterogeneous group of breast cancers
characterized by the absence of ER, PR, and HER2 expression. TNBC accounts for
approximately 20% of all breast cancers and is more common in younger women,
particularly those under 40, as well as in African-American women. Notably, around 80%
of breast cancers in individuals with BRCA1 germline mutations are classified as TNBC,
with 11-16% of all TNBC cases carrying BRCA1 or BRCA2 mutations. Due to its
aggressive nature and lack of targeted therapies, TNBC is associated with high recurrence
rates and poor prognosis, making it one of the most challenging breast cancer subtypes to
treat (Plasilova et al., 2016).

2.4.2 Histopathological Classification

Breast cancer is categorized primarily by its histological appearance based on whether it
arises from the ducts (ductal carcinoma) or the lobules (lobular carcinoma). The
morphology is also considered based on whether the tumor is in situ (limited to the

epithelial component of the breast) or invasive (invaded the stroma) (Makki, 2015).

2.4.2.1 Ductal Carcinoma In-Situ (DCIS)

DCIS is a non-invasive breast cancer characterized by proliferation of atypical epithelial
cells within breast milk ducts and do not infiltrate the adjacent breast tissue.
Histologically, DCIS is classified by architectural pattern (comedo, solid, cribriform,
papillary, micropapillary) and nuclear grade (low, intermediate, high). Majority of the

DCIS show a mixture of histological subtypes making it difficult to categorize. High grade
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DCIS as well as untreated are precursors for development of invasive carcinomas (Allred,
2010).

2.4.2.2 Lobular Carcinoma in Situ (LCIS)

Histopathological examination reveals a proliferation of monomorphic, dyshesive atypical
cells filling and distending the terminal duct-lobular units, with an intact basement
membrane. It cannot be identified through visual examination and is found accidentally
in samples or biopsies being screened for other reasons. Microscopic examination reveals

intact lobular architecture (Christgen et al., 2021)
2.4.2.3 Invasive Ductal Carcinoma (IDC)

IDC are breast cancers with malignant ductal proliferation along with stromal invasion in
the presence or absence of DCIS. It is the most predominant type of breast cancer
constituting of 80% of all breast cases in women. They are classified based on cell type
(apocrine), amount, type and location of secretion (mucinous), architectural features
(papillary, tubular and micropapillary) and immunohistochemical profile
(neuroendocrine). IDCs are heterogeneous and have a wide range of morphological
feature variation. About 25% of invasive breast cancers are identified as 'special types,'
characterized by unique growth patterns and cytological features. The specific subtypes
include invasive lobular carcinoma (ILC), adenoid cystic carcinoma, apocrine carcinoma,
invasive ductal carcinoma (IDC) with osteoclastic giant cells, medullary carcinoma,
metaplastic carcinoma, micropapillary carcinoma, mucinous carcinoma, cribriform
carcinoma, neuroendocrine carcinoma, and tubular carcinoma (Nascimento & Otoni,
2020; Weigelt et al., 2010). The majority (75%) are designated as IDC not otherwise
specified (NOS) as they fail to exhibit sufficient morphological characteristics. The term
no special type (NST) can also be used (Makki, 2015)

16



2.4.2.4 Invasive Lobular Carcinoma (ILC)

ILC is the second major invasive mammary cancer after IDC. It comprises of small,
spherical, loose tumor cells growing in single files. It is characterized by unique growth
patterns whereby the stromal invasion disrupts the normal architecture, loss of E-cadherin

and cytoplasmic accumulation of p120 catenins (Pereslucha et al., 2023)

2.5 Benign Breast Disease

Benign breast disease (BBD) refers to a group of non-cancerous conditions that affect the
breast. These conditions include fibrocystic changes, fibroadenomas, and ductal
hyperplasia, all of which involve the growth of abnormal breast tissue but are not
cancerous (Guray & Sahin, 2006). Benign breast disease is quite common, with many

women experiencing benign breast lumps at some point in their lives (Galea, 2019).

While BBD itself does not lead to cancer, certain types, such as atypical hyperplasia, may
slightly increase the risk of developing breast cancer in the future (Dyrstad et al., 2015).
Despite its non-cancerous nature, BBD can have significant psychological, physical, and
social impacts on women. The presence of breast lumps or abnormal tissue can lead to
anxiety and uncertainty, as women often worry about the possibility of cancer (Liao et al.,
2008). Additionally, the need for ongoing monitoring and, in some cases, biopsies to rule
out malignancy can contribute to stress. The emotional toll is often compounded by social
stigma or misconceptions surrounding breast abnormalities, leading to further isolation or

concern (Srivastava et al., 2020).

2.6 Breast Cancer Risk Factors

Breast cancer is a complex disease with a multifactorial etiology, influenced by both non-
modifiable and modifiable risk factors. Non-modifiable risk factors include gender, age,
genetic predispositions, race or ethnicity, family history of breast cancer, and proliferative
breast disease. Modifiable risk factors encompass menstrual and reproductive factors,

radiation exposure, hormonal replacement therapy, alcohol consumption, smoking,
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physical activity, and dietary habits, including a high-fat diet. Additionally, environmental
exposures such as organochlorine chemicals and electromagnetic fields have been

implicated in breast cancer risk (Lukasiewicz et al., 2021).
2.6.1 Non-Modifiable Factors
2.6.1.1 Gender

Among the non-modifiable factors, female gender is a major determinant, primarily due
to heightened hormonal stimulation. Unlike men, who have negligible estrogen levels,
women possess breast cells that are highly sensitive to estrogen and progesterone, making
them more susceptible to hormonal imbalances that can trigger tumor development
(Lukasiewicz et al., 2021). Estrogen and androgen levels have been positively correlated
with breast cancer risk, and alterations in endogenous hormone levels contribute to
increased susceptibility in both premenopausal and postmenopausal women (Folkerd &
Dowsett, 2013). Breast cancer remains rare in men, with fewer than 1% of all cases
occurring in males, translating to a lifetime risk of approximately 1 in 1,000 compared to
1 in 8 for women (Giordano, 2018).

2.6.1.2 Age

Increasing age is another well-established risk factor, with nearly 80% of breast cancer
cases diagnosed in individuals over 50 and over 40% in those above 65. The risk escalates
with age, from 1.5% at 40 years, to 3% at 50 years, and over 4% at 70 years. Early-onset
breast cancers are often attributed to inherited factors, whereas late-onset cases result from
prolonged exposure to carcinogenic influences that accumulate over time (Benz, 2008). A
relationship between age and molecular subtypes of breast cancer has also been observed,
with the more aggressive triple-negative breast cancer (TNBC) predominantly diagnosed
in younger individuals, while the less aggressive luminal A subtypes are more prevalent

in older populations (McGuire et al., 2015).
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2.6.1.3 Family History

A family history of breast cancer increases risk, with 13-19% of cases linked to first-
degree relatives (Lukasiewicz et al., 2021). The risk is higher when breast or ovarian
cancer occurs at a younger age. While genetic predisposition plays a key role, not all
individuals with a family history carry pathogenic mutations (Collaborative Group on

Hormonal Factors in Breast Cancer, 2001).

2.6.1.4 Hormonal and Reproductive

Hormonal and reproductive factors are closely linked to breast cancer development.
Several studies have demonstrated that prolonged exposure to estrogen and progesterone
increases the risk. The timing of reproductive milestones, such as age at first menstruation,
pregnancy, and menopause, plays a crucial role. Early menarche, late menopause, and a
delayed first pregnancy are associated with increased risk, whereas early childbirth and
prolonged breastfeeding have protective effects. Pregnancy, particularly before the age of
25, is linked to a reduced risk of breast cancer, while nulliparity is associated with a higher
likelihood of developing the disease (Arnold et al., 2022).

2.6.1.5 Comorbidities

Hyperinsulinemia and type Il diabetes have also been implicated in breast cancer risk due
to insulin's role in cell proliferation and survival pathways (Gallagher et al., 2012). Insulin
acts as an anti-apoptotic factor and promotes tumor cell invasiveness by stimulating
adipokines such as leptin and vascular endothelial growth factor (VEGF). Additionally,
insulin interacts with estrogen to induce adipose stromal aromatase and upregulate sex
steroid hormone receptors, further increasing cancer risk (Rose & Vona-Davis, 2012).
Obesity-related insulin resistance enhances mitogenic signaling via the mitogen-activated
protein kinase (MAPK) pathway, thereby facilitating cancer progression. Hypertension,

particularly due to the dysregulation of the renin-angiotensin system (RAS), has also been
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linked to breast cancer through increased adiposity, inflammation, and angiogenesis
(Draznin, 2011; Rasha et al., 2019).

2.6.2 Modifiable Factors

2.6.2.1 Alcohol Consumption

Lifestyle factors such as alcohol consumption, tobacco use, physical inactivity, and
obesity significantly contribute to breast cancer risk. Alcohol is one of the primary
modifiable carcinogens implicated in breast cancer development (Lachenmeier et al.,
2012). The International Agency for Research on Cancer (IARC) classifies both ethanol
and acetaldehyde as Group 1 human carcinogens (Tramacere et al., 2010). Alcohol
influences carcinogenesis through oxidative stress, altered cellular proliferation,
disruption of hormonal pathways, and DNA methylation (Freudenheim, 2020).
Acetaldehyde, a major metabolite of alcohol, induces DNA adduct formation and genetic

instability (Lachenmeier et al., 2010).

Alcohol consumption, even at moderate levels (15-30 grams per day), leads to elevated
serum estrogen levels, which can contribute to breast cancer development (Shield et al.,
2016). Additionally, alcohol impacts one-carbon metabolism and folate pathways, both of
which are critical for DNA methylation and genomic stability (Shield et al., 2016).
Beyond initiation, alcohol consumption may also affect breast cancer progression by
promoting angiogenesis, metastasis, and the expansion of cancer stem cells (Wang et al.,
2017).

2.6.2.2 Tobacco

Tobacco smoke contains more than 70 known carcinogens, including polycyclic aromatic
hydrocarbons (PAHSs), nitrosamines, and aromatic amines, which contribute to DNA
damage and tumorigenesis (International Agency for Research on Cancer, 2004). While
some studies suggest that tobacco smoking has anti-estrogenic effects that may counteract
the carcinogenic potential of tobacco-related compounds, others indicate an increased risk
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of breast cancer among smokers. The dual effects of tobacco on breast cancer risk appear
to be influenced by menopausal status, with premenopausal women experiencing a
stronger carcinogenic impact due to higher estrogen levels. Postmenopausal women may
have a more balanced risk, with the anti-estrogenic effects of smoking potentially
offsetting its carcinogenic properties (Cassidenti et al., 1990). Other factors influencing
the impact of tobacco on breast cancer include the age at smoking initiation, duration, and

intensity of use (Pefialver-Argleso et al., 2023).

2.6.2.3 Physical Activity

Physical activity has been consistently associated with a reduced risk of breast cancer.
Although the precise mechanisms remain unclear, regular exercise is believed to lower
breast cancer risk by reducing exposure to endogenous sex hormones, modifying immune
system responses, and lowering insulin-like growth factor-1 (IGF-1) levels (Chen et al.,
2019). Obesity, on the other hand, significantly increases the likelihood of developing

breast cancer, particularly in postmenopausal women.

2.7 Molecular Mechanisms of Breast Cancer

The pathogenesis of breast cancer is driven by a complex interplay of hereditary genetic
defects, acquired somatic mutations, and systemic metabolic dysregulation.
Understanding these molecular mechanisms is essential for elucidating disease etiology,

prognostic stratification, and the development of targeted therapies.

2.7.1 Hereditary and Somatic Genetic Alterations

Hereditary breast cancer is frequently attributed to high-penetrance, loss-of-function
mutations in tumor suppressor genes essential for maintaining genomic integrity. The
most prominent of these are mutations in BRCA1 and BRCA2, which are critical for
homologous recombination-mediated DNA double-strand break repair (Sokolova et al.,
2023). While BRCA1-mutated tumors are strongly associated with the triple-negative
phenotype, BRCA2 mutations are also linked to sporadic, hormone receptor-positive
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cases. Although these mutations are rare in the general population (<0.1%), they account

for approximately 15% of hereditary breast cancer cases (Jara et al., 2017).

Other high-penetrance genes implicated in hereditary syndromes include TP53 (Li-
Fraumeni syndrome), PTEN (Cowden syndrome), CDH1 (hereditary diffuse gastric
cancer syndrome), and STK11 (Peutz-Jeghers syndrome). Furthermore, moderate-
penetrance genes such as PALB2, BRIP1, CHEK2, ATM, and BARD1 confer a more
modest but significant increase in lifetime risk. In contrast, common low-penetrance
somatic mutations and polymorphisms, particularly in genes governing estrogen
metabolism (e.g., CYPs, NATs, GSTs), contribute to a polygenic risk architecture that
influences overall susceptibility in the general population (Celik et al., 2015)
(Lukasiewicz et al., 2021).

2.7.2 Systemic and Metabolic Drivers: The Role of Obesity

Beyond direct genetic alterations, systemic metabolic states, particularly obesity, establish
a tumor-promoting microenvironment through several integrated pathways. Obesity-
induced metabolic dysregulation leads to a state of chronic low-grade inflammation,
characterized by elevated levels of pro-inflammatory cytokines such as TNF-a and IL-6.
Furthermore, increased aromatase activity within adipose tissue enhances the local
conversion of androgens to estrogens, providing a potent mitogenic signal for hormone
receptor-positive cells. Concurrent elevations in insulin and insulin-like growth factor-1
(IGF-1) levels, associated with insulin resistance, further stimulate oncogenic PI3SK/AKT
and MAPK signaling pathways (Rasha et al., 2019).

2.7.3 Estrogen Metabolism and Genetic Susceptibility

Estrogen and its metabolites are central to the initiation and progression of hormone-
sensitive breast cancer (Yim et al., 2001). Estrogen metabolism is a two-phase enzymatic
process. In Phase I, cytochrome P-450 (CYP) enzymes catalyze the hydroxylation of
estrogen to form catechol estrogens, primarily 2-hydroxyestradiol (2-OHE2) and 4-
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hydroxyestradiol (4-OHE2). In Phase Il, conjugation and detoxification occur via
enzymes such as catechol-O-methyltransferase (COMT), which methylates these reactive
catechols into less genotoxic methoxyestradiols (Wen et al., 2017a). A failure in this
detoxification pathway results in the accumulation of reactive quinones, elevated reactive
oxygen species (ROS), and the formation of mutagenic DNA adducts, thereby initiating

carcinogenesis (Cavalieri et al., 2012).

Genetic polymorphisms in the genes encoding these metabolizing enzymes are critical
determinants of interindividual variation in estrogen metabolism and significantly
modulate breast cancer susceptibility by altering the balance between estrogen activation
and detoxification (Al-Shami et al., 2023). Key polymorphic genes include CYP1Al,
CYP1B1, CYP3A5, and COMT, whose functional variants are summarized in Table 2.1.

The CYP1ALl gene encodes a Phase | enzyme involved in estrogen hydroxylation,
predominantly yielding the weaker estrogenic metabolite 2-OHE2. Polymorphisms such
as rs4646903 (T6235C) in the 3' UTR and the exonic rs1048943 (A4889G; lle462Val)
have been associated with increased enzyme activity and upregulated gene expression,
potentially enhancing the bioactivation of procarcinogens and influencing breast cancer
risk (N. Shimada et al., 2009).

Conversely, CYP1B1 catalyzes the formation of the highly reactive and carcinogenic 4-
OHE2. Several functional polymorphisms, including rs10012 (G142C; Arg48Gly),
rs1056827 (C355A; Alall9Ser), and the extensively studied rs1056836 (G4326C;
Leu432Val), increase the enzyme's catalytic efficiency and substrate binding affinity. This
leads to greater production of genotoxic 4-OHE2 and enhanced activation of
environmental carcinogens such as polycyclic aromatic hydrocarbons (PAHSs), thereby

elevating breast cancer risk (Jiao et al., 2010; Wen et al., 2017b).

The CYP3A5 gene contributes to estrogen and tamoxifen metabolism. The common
polymorphism rs776746 (G6986A) is a splicing defect that defines the CYP3A5*3 allele,

resulting in a truncated, non-functional protein. Individuals homozygous for this allele
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lack CYP3AS activity, which may confer a protective effect. In contrast, carriers of the
functional CYP3A5*1 allele exhibit higher enzyme expression and are potentially at
increased risk (Lolodi et al., 2017).

The COMT gene encodes the critical Phase |1 detoxification enzyme. The seminal rs4680
(A472G; Vall58Met) polymorphism results in a valine-to-methionine substitution that
reduces enzyme thermostability and catalytic activity by 3- to 4-fold. Individuals
homozygous for the low-activity Met/Met genotype exhibit impaired inactivation of
catechol estrogens, leading to prolonged exposure to reactive metabolites, increased
oxidative stress, and a well-documented elevated risk of breast cancer, with effects often

more pronounced in postmenopausal women (Qin et al., 2012).

Table 2.1: Description of rs4646903, rs1048943, rs1056836, rs776746 and rs4689

SNPs
rs ID Gene Chromosomal  SNP Base Amino acid
Location description change/position substitution
rs4646903 CYPl1Al 15922 - q24.1 3'UTR T6235C None
rs1048943 CYPlAl 15922 - q24.1 Exon 7 A4889G lle462Val
rs776746 CYP3AS 7q22.1 Intron G6986A None
rs4680 COMT 22q11.21 Exon 4 A472G Vall58Met
rs10012 CYP1B1 2p22.2 Exon 2 G142C Arg48Gly
rs1056827 CYP1B1 2p22.2 Exon 2 C355A Alal19Ser
rs1056836 CYP1B1 2p22.2 Exon 3 G4326C Leud32Val
rs1800440 CYP1B1 2p22.2 Exon 3 A4390G Asn453Ser

Description of rs4646903, rs1048943, rs776746, rs4689, rs10012, rs1056827, rs1056836
and rs1800440 SNPs including their genes and chromosomal locations, functional

regions, base change and amino acid substitutions.
2.8 Breast Cancer Screening and Diagnosis
2.8.1 Breast Cancer Screening

The World Health Organization (WHQO) recommends that women at average risk for

breast cancer between the ages of 50 and 69 undergo biennial mammography screening
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in organized, population-based programs. However, in resource-limited settings, where
late-stage diagnosis is prevalent and mammography is not cost-effective or widely
accessible, early detection through clinical breast examination (CBE) and public

awareness campaigns is prioritized (World Health Organization, 2014).

2.8.2 Diagnostic Imaging

Early-stage diagnosis significantly improves breast cancer prognosis. Imaging techniques
such as mammography, magnetic resonance imaging (MRI), positron-emission
tomography (PET), computed tomography (CT), and single-photon emission computed
tomography (SPECT) are commonly used for diagnosis, screening, and monitoring

therapeutic responses (Jafari et al., 2018).

Mammography remains the most widely used screening tool due to its high sensitivity,
specificity, and cost-effectiveness. However, it carries risks of false positives, radiation
exposure, and patient anxiety (Wellings et al., 2016). Ultrasound is often used as an
adjunct to mammography, particularly in young, pregnant, or breastfeeding women, due
to its high sensitivity and lack of ionizing radiation (Alcantara et al., 2014). MRI is
commonly employed for high-risk patients, preoperative staging, and monitoring
treatment response, although its lower specificity can result in higher false-positive rates
(Sardanelli et al., 2010). Mammography combined with MRI is currently the most
sensitive imaging strategy for high-risk populations (Wellings et al., 2016).

2.8.3 Molecular Testing and Biochemical Markers

While imaging techniques are useful for diagnosis and monitoring, molecular testing
provides additional insights into tumor biology, prognosis, and treatment selection.
Molecular markers, including DNA, mRNA, and microRNAs, have revolutionized breast
cancer diagnosis and therapy by enhancing understanding of tumor heterogeneity (Duffy
et al., 2017). Early-stage ER+ breast cancers are assessed using molecular tests that

evaluate tumor size, nodal involvement, histological grade, proliferation markers (e.g.,
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Ki-67), and hormone receptor status (ER, PR, and HERZ2). Immunohistochemistry (IHC)
and fluorescence in situ hybridization (FISH) are the standard methods for determining
these molecular features, which guide treatment planning and prognosis (Goldhirsch et
al., 2013).

2.9 Breast Cancer Treatment

Cancer treatment is a component of cancer control aimed at curing, prolonging life and
improving quality of life. Although treatment is most effective during early detection, it
is also dependent on cancer type and quality of care. Cancer treatment methods include;
surgery, chemotherapy (endocrine or targeted). Radiotherapy, cryotherapy, loop
electrosurgical excision procedure (LEEP), brachytherapy, therapeutic nuclear medicine,
end of life care and survivorship. Multi-disciplinary management is recommended over

independent management for improved patient outcomes (Ministry of Health, 2017)

2.9.1 Surgery

Breast cancer surgery includes breast-conserving surgery (BCS) and mastectomy. BCS,
also known as partial or segmental mastectomy, involves removing the cancerous tissue
while preserving intact breast tissue, often combined with oncoplastic reconstruction
techniques. Mastectomy, which entails complete removal of the breast, is typically
recommended for large tumors, multicentric disease, or patients at high genetic risk.
Immediate or delayed breast reconstruction is an option for women undergoing

mastectomy to improve cosmetic and psychological outcomes (Keelan et al., 2021).

2.9.2 Chemotherapy

Chemotherapy is a systemic treatment administered as neoadjuvant therapy (before
surgery) or adjuvant therapy (after surgery). Neoadjuvant chemotherapy is particularly
beneficial for locally advanced breast cancer, inflammatory breast cancer, and triple-
negative or HER2-positive subtypes, as it reduces tumor size and improves surgical

outcomes. Common chemotherapeutic agents include carboplatin, cyclophosphamide, 5-
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fluorouracil, taxanes (paclitaxel, docetaxel), and anthracyclines (doxorubicin, epirubicin).
Although effective, chemotherapy is associated with side effects such as nausea, fatigue,

hair loss, immunosuppression, and bone marrow suppression (Rouzier et al., 2005).
2.9.2.1 Endocrine Therapy

Endocrine therapy is primarily used in luminal breast cancer to block estrogen stimulation
of cancer cells. It is administered as neoadjuvant, adjuvant, or metastatic treatment.
Common endocrine therapy drugs include: selective estrogen receptor modulators
(SERMs) like tamoxifen and toremifene, selective estrogen receptor degraders (SERDs)
like fulvestrant, and aromatase inhibitors (Als) such as letrozole, anastrozole, and
exemestane. These therapies significantly reduce recurrence risk in ER+ breast cancer
(Jones & Buzdar, 2004) survival (Jones & Buzdar, 2004).

2.9.2.2 Targeted Therapy

Targeted therapies, particularly for HER2-positive breast cancer, have dramatically
improved patient outcomes. HER2 inhibitors such as trastuzumab, pertuzumab, lapatinib,
and neratinib specifically block HER2 signaling, reducing tumor progression and
recurrence risk (Ishii et al., 2019).

2.9.3 Radiotherapy

Radiation therapy is commonly used after breast-conserving surgery and/or following
chemotherapy to eliminate residual cancer cells and lower recurrence risk. Despite side
effects such as skin irritation, fibrosis, and fatigue, radiation therapy has significantly

improved survival rates in breast cancer patients (Lukasiewicz et al., 2021).
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Study Sites

The study participants were recruited from Aga Khan University Hospital, Nairobi
(1°15'55.0"S, 36°48'48.0"E) and Africa Inland Church Kijabe Hospital (0° 56' 46" S, 36°
35' 42" E). AKUHN is a private, non-profit institution located in Parklands, Nairobi,
offering both tertiary and secondary healthcare services. It attracts patients from across
Kenya and diverse socio-economic backgrounds. The hospital diagnoses and treats a

significant number of breast cancer cases and has a well-equipped oncology unit.

AIC Kijabe Hospital, situated in Kijabe, Kiambu County, primarily serves patients from
all regions of the country. Like AKUHN, it has a diverse patient population and provides
a wide range of cancer related services such as screening, chemotherapy, surgery and
palliative care for different cancer types. Both hospitals have a specialized team managing
breast cancer cases. They maintain extensive patient records and adhere to strict ethical

guidelines, ensuring high-quality data for research.

All genomic work was conducted at the Biotechnology and Molecular Laboratory at the
Pan African University of Science, Technology, and Innovation (PAUSTI), Thika.
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Figure 3.1: Map Showing Sampling Sites
Kenyan map showing sampling sites: Aga Khan University Hospital, Nairobi

(AKUH, N) and Africa Inland Church Kijabe Hospital (KAIC) (National Geographic
Society, 2019).

3.2 Study Design

This study utilized a hospital-based, unmatched case-control design. This approach is
particularly effective for retrospectively investigating associations between a defined
outcome and prior exposures (Andrade, 2022). Three participant groups were established
to facilitate a stratified analysis of risk: cases (women with histologically confirmed ER*
breast cancer), women with histologically confirmed benign breast disease, BBD, and
healthy controls (women with no personal history of breast cancer or any malignancy). A
primary comparison of cases versus healthy controls aimed to identify factors associated
with malignancy, while a secondary comparison of cases versus BBD controls enabled
exploration of factors potentially distinguishing malignant progression from benign

proliferative states. The inclusion of a BBD group thus allowed investigation across a
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pathological continuum, refining the assessment of genetic and environmental influences

on breast disease progression.

3.3 Ethical Consideration

The study protocol was reviewed and approved by the Aga Khan University Institutional
Research Ethical Committee (AKU-REC) Ref: 2020/IERC-26 (v4) (Appendix 1). In
addition, a research permit was obtained from the National Commission for Science,
Technology and Innovation (NACOSTI) (License No: NACOSTI/P/21/13890)
(Appendix 2). Data and biospecimens for this secondary analysis were derived from the
parent study, "A Genomic Approach for Understanding Breast Cancer Progression in
Kenya". All participants in the original study provided written informed consent for their
samples and clinical data to be stored and used in future genetic and molecular studies
(Appendix 3). For the current project, the institutional biobank granted access to these
de-identified resources. No patient identifiers were accessible to the research team at any

stage, ensuring confidentiality and anonymity throughout the current analysis.

3.4 Study Participants

The study participants comprised of the cases, individuals with benign breast diseases
(BBD), and controls. Cases were women diagnosed with estrogen receptor-positive (ER+)
breast cancer. For this study, 'ER* breast cancer' was operationally defined as a tumor
showing positive immunohistochemical staining for the estrogen receptor (ER),
irrespective of its progesterone receptor (PR) status. BBD participants were diagnosed
with benign breast conditions, while controls were healthy volunteers working at the

hospital.

3.5 Sampling Method

This study employed a purposive (non-probability) sampling strategy to select archived
samples and associated clinical data that met predefined eligibility criteria. Purposive
sampling was appropriate because the research specifically required samples from
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individuals with defined pathological features: ER* breast cancer cases, benign breast

disease (BBD) controls, and healthy controls.

Given the specific requirements for case confirmation (histologically verified ER* status)
and the relative scarcity of such well-characterized samples, purposive sampling enabled
the efficient selection of a focused and appropriate study cohort from the available
biobank inventory. While this approach ensured the sample’s relevance to the research
objectives, a key limitation is the potential for selection bias and reduced generalizability,
as the selected samples reflect the characteristics of the original biobanked population

rather than the broader, general population.

3.6 Eligibility Criteria

The study enrolled participants from three distinct cohorts: Estrogen Receptor-Positive
(ER+) Breast Cancer Cases, Benign Breast Disease (BBD) Controls, and Healthy
Controls.

3.6.1 Inclusion Criteria

The study included three participant groups. For cases, eligible participants were women
aged 18 years or older with a histologically confirmed diagnosis of estrogen receptor-
positive breast cancer (ER/PR positive) at either AKUHN or AIC Kijabe Hospital, who
provided blood samples and gave informed consent. Healthy control volunteers were
required to be women aged 18 years or older with no prior diagnosis of breast cancer or
any other malignancy, who provided a blood sample, gave informed consent, and were
employed at AKUHN with confirmed health status at recruitment. The benign breast
disease group comprised women aged 18 years or older with a histologically confirmed
benign breast disease diagnosis at either hospital who provided blood samples and signed

informed consent.
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3.6.2 Exclusion Criteria

Patients were excluded from the cases if they had other breast cancer subtypes (such as
triple-negative or HER2-positive tumors) or failed to provide a blood sample. Participants
in the BBD and control groups were excluded if they did not provide a blood samples

and/or did not sign the informed consent.
3.7 Sample Size Determination

The a priori sample size calculation, based on parameters from published literature
(Kelsey et al., 1996), indicated a requirement of 134 participants per group to detect an
odds ratio of 1.8 with 80% power. However, final recruitment yielded 64 ER* breast
cancer cases, 79 benign breast disease (BBD) controls, and 19 healthy controls (Appendix
5). This shortfall was primarily due to post-COVID-19 restrictions on hospital-based
recruitment and a lower-than-anticipated eligible patient flow during the study period.
Consequently, the achieved statistical power for detecting the initially hypothesized effect
size (OR=1.8) was reduced. To ensure rigorous analysis within this constraint, analytical
methods robust to smaller sample sizes were prioritized, including exact statistical tests

and careful control for confounding.
3.8 Data Collection

Existing data were abstracted from two primary sources: (1) the completed questionnaire
forms from the original study database, and (2) the corresponding clinical and
histopathology reports filed in the hospital records. A standardized abstraction form was
used to extract the relevant variables (Appendix 4). No direct interaction with participants
or new data collection occurred for this project. Data collected comprised of; socio-
demographics, anthropometrics, reproductive and hormonal history, lifestyle factors,
medical and family history, and environmental exposures. The abstraction form was used
to collect verified clinical information from medical and histopathology reports. This

process captured detailed clinicopathological characteristics (histology, grade, stage, and
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receptor status) for breast cancer cases, and the specific benign diagnosis for BBD
participants (Appendix 6). All collected data were de-identified using a unique study code

and systematically entered into a secure electronic database for subsequent analysis.

Archived blood samples were originally collected from all participants following
informed consent under the prior study protocol. For cases and BBD participants, samples
were drawn during clinical visits; for healthy controls, samples were collected at a hospital
occupational health unit. A standardized protocol was used: 5.0 mL of venous blood was
collected into EDTA tubes, centrifuged at 744 x g for 15 minutes, with plasma and buffy
coat fractions aliquoted and stored at -20°C in the institutional biobank. For this secondary
analysis, de-identified buffy coat aliquots were retrieved from the biobank following
ethical approval for reuse. No new samples were collected, and all samples remained
anonymized throughout subsequent DNA extraction and genotyping.

3.9 DNA Extraction

Genomic DNA was isolated from buffy coat samples using the ISOLATE Il Genomic
DNA Kit (Bioline, Meridian Life Science Inc., USA) following the manufacturer's
instructions. Briefly, 200 pL of buffy coat sample was mixed with 200 pL of lysis buffer
G3 and 25 pL of Proteinase K, vortexed vigorously, and incubated at 70 °C for 10 minutes
to facilitate cell lysis and protein digestion. Following incubation, 210 pL of 100% ice-
cold ethanol was added, and the mixture was vortexed thoroughly to precipitate DNA.
The lysate was then transferred into a 2 mL centrifuge tube containing a DNA binding

column, allowed to stand for 2 minutes, and centrifuged to facilitate DNA binding.

Subsequently, the column was washed sequentially with buffers GW1 and GW2, each
followed by centrifugation at 10,000 x g using a Thermo Scientific MicroCL 21
microcentrifuge with a fixed-angle rotor for 1 minute to remove contaminants. In the final
step, 50 pL of Elution Buffer was added to the column, incubated at room temperature for
10 minutes, and centrifuged at 10,000 x g using a Thermo Scientific MicroCL 21

microcentrifuge with a fixed-angle rotor for 1 minute to elute the purified DNA. The
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extracted DNA was dissolved in 50 pL of sterile distilled water. DNA integrity was
assessed by 1.5 % agarose-1X Tris acetate-EDTA (TAE) gel stained with GelRed®
nucleic acid gel stain (Biotium, Inc., Fremont, CA, USA). 8ul of the samples were
resolved alongside 1 kb DNA marker (HyperLadder™ 100 bp, Bioline, Meridian
Biosciences, BIO-33025). The gel was run at 70 volts 80mA and 50 Watts for one hour
and the bands visualized using a UV transilluminator. The DNA samples were

subsequently stored at -20 °C for downstream applications.

3.10 Polymerase Chain Reaction

Polymerase chain reaction (PCR) was used to amplify gene regions containing the
polymorphic sites using specific primers designed with Primer3Plus (Untergasser et al.,
2007). The primer sequences are presented in Table 3.1.

Amplifications were performed using conventional PCR in 30 pL reactions, with each
reaction containing 50 ng/pL genomic DNA, 0.3 uM of each primer, 1.5 U MyTaq DNA
polymerase (BIO-21105, Bioline, Meridian Life Science Inc., USA), 6 uL 5x MyTaq
reaction buffer, and nuclease-free water. Thermocycling conditions consisted of an initial
denaturation at 95 °C for 3 minutes, followed by 30 cycles of denaturation at 95 °C for 30
seconds, annealing at 55 °C for 45 seconds, and extension at 72 °C for 45 seconds, with a
final extension step at 72 °C for 3 minutes.

PCR reactions were conducted using a ProFlex™ 3 x 32-well PCR System (Applied
Biosystems, Thermo Fisher Scientific, Waltham, UK).

Polymerase chain reaction (PCR) was used to amplify regions harboring the SNPs
rs4646903 (340 bp), rs1048943 (204 bp), rs1056836 (245 bp), rs776746 (251 bp), and
rs4680 (304 bp) (Table 3.1) as well as rs10012 (202 bp), rs1056827 (202 bp), rs1056836
(567 bp) and rs1800440 (567 bp) (Table 3.2). The resulting amplicons were resolved on a
2% agarose-Tris borate-EDTA (1X TBE) gel stained with GelRed® nucleic acid gel stain
(Biotium, Inc., Fremont, CA, USA) alongside 100 bp DNA marker (HyperLadder™ 100
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bp, Bioline, Meridian Biosciences, BIO-33056). While TAE buffer was used for initial
DNA quality checks, TBE buffer was specifically selected for gels analyzing restriction
digestion products and PCR amplicons due to its ability to produce sharper, better-
resolved bands—a requirement for reliable genotyping interpretation. The gel was run at
100 volts 80mA and 50 Watts for 45 mins. The bands were visualized using a UV

transilluminator to confirm the presence and size of the PCR products.

Table 3.1: Primers and PCR Products of the Target Regions

rsID Gene Forward Primer Reverse Primer Product
5'—3" 5'—3" Size (bp)
rs4646903 CYP1A CAGTGAAGAGGTGTAGCC TAGGAGTCTTGTCTCAT 340
1 GCT GCCT
rs1048943 CYP1A CTGTCTCCCTCTGGTTACA TTCCACCCGTTGCAGCA 204
1 GGAAGC GGATAGCC
rs1056836 CYP1B TGTCCTGGCCTTCCTTTAT TCATCACTCTGCTGGTCA 245
1 G GG
rs776746 CYP3A CCATACAGGCAACATGAC GGTTAGAAATGACAGTA 251
5 TT GAGCA
rs4680 COMT ACAGGCAAGATCGTGGAC CAGTGAACGTGGTGTGA 304
AC
rs10012 CYP1B GAAACACACGGCACTCAT ACGCTCCTGCTACTCCTG 567
1 T
rs1056827 CYP1B GAAACACACGGCACTCAT ACGCTCCTGCTACTCCTG 567
1 T
rs1056836 CYP1B ATCATCACTCTGCTGGTCA TGCCTGTCACTATTCCTC 202
1 A
rs1800440 CYP1B ATCATCACTCTGCTGGTCA TGCCTGTCACTATTCCTC 202
1 A

The table lists the primer sequences used for PCR amplification of rs4646903, rs1048943,
rs776746 and rs4680, rs10012, rs1056827, rs1056836 and rs1800440 along with the

corresponding product sizes (bp).

3.11 Genotyping Using Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP)

Amplified DNA fragments containing the polymorphic regions of interest namely:
rs4646903, rs1048943, rs1056836, rs776746 and rs4680 were subjected to restriction
enzyme digestion using the PCR-RFLP technique (Tarach, 2021). The following
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restriction enzymes, obtained from New England Biolabs (UK) were used: Mspl (R0106)
for rs4646903, BsrD1/BseMI (R0574) for rs1048943, Acul (R0641S) for rs1056836, Sspl
(R3132) for rs776746 and Nlalll (R0125S) for rs4680. Each digestion was carried out
under enzyme-specific incubation conditions. The resulting restriction fragments were
resolved on 3% agarose-Tris Borate EDTA (1X TBE) gels stained with GelRed. The
samples were resolved resolved alongside 50 bp DNA marker (HyperLadder™ 50 bp,
Bioline, Meridian Biosciences, BIO-33054). The resulting bands were visualized under a
UV transilluminator. The expected fragment sizes corresponding to the wild type,
heterozygous, and variant genotypes are shown in Table 3.2. A subset of samples were
verified by Sanger sequencing to eliminate any ambiguity associated with gel-based

fragment size discrimination.

Table 3.2: Restriction Enzymes and Conditions Used for PCR-RFLP Genotyping

SNP (rs ID)  Restriction Enzyme Incubation Conditions Fragment Sizes (bp)
(NEB Catalog #)

rs4646903 Mspl (R0106) 37 °C (1hr), 80 °C (20 min) wt: 340
het: 340,200,140
var: 200,140
rs1048943 BsrD1/BseMI (R0574) 65 °C (1hr), 80 °C (20 min) wt: 150,54
het: 204,150,54
var: 204
rs1056836 Acul (R0641S) 37 °C (1hr), 65 °C (20 min) wt: 245
het: 245,176,69
var: 176,69
rs776746 Sspl (R3132) 37 °C (1hr), 65 °C (20 min) wt: 137,114
het: 251,137,114
var: 251
rs4680 Nlalll (R0125S) 37 °C (1hr), 65 °C (20 min) wt: 114,93,54,43
het: 304,114,93,54,43
var: 304

Summary of restriction enzymes, incubation conditions and expected fragment sizes for
genotyping five SNPs using PCR-RFLP.""wt"" = Wild type, ""het™ = Heterozygous, "var"'

= Variant
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3.12 Genotyping of CYP1B1 Polymorphisms by Sanger Sequencing

Amplified PCR products for the CYP1B1 gene regions harboring the polymorphisms
rs10012, rs1056827, rs1056836, and rs1800440 were purified using the QlIAquick PCR
Purification Kit (QIAGEN, Hilden, Germany), according to the manufacturer’s protocol,
to eliminate unincorporated primers, nucleotides, and other contaminants. During
purification, DNA binds to a silica membrane under high-salt conditions, while impurities
pass through the column. The membrane-bound DNA was then washed thoroughly, and
purified DNA was eluted using Tris buffer. The resulting clean amplicons were subjected

to bidirectional Sanger sequencing by Macrogen Europe BV.

3.13 Bioinformatics Analysis of Sequences

Polymorphism analysis was performed using Geneious Prime 2025.1.0 software
(Biomatters Ltd, Auckland, New Zealand). Raw Sanger sequencing data, obtained in .ab1l
format, were imported into the software for quality assessment and processing.
Chromatograms were visually inspected, and low-quality base calls at the 3’ and 5' ends
were trimmed to ensure sequence accuracy. High-quality consensus sequences were

generated for each sample.

The reference sequence for the CYP1B1 gene (accession number: NG_008386.2) was
retrieved from the NCBI database and imported into Geneious Prime for alignment.
Multiple sequence alignment (MSA) was conducted in MEGA using MUSCLE program
(Edgar, 2004). Single nucleotide polymorphisms (SNPs) were detected using the “Find
Variations/SNPs” tool by comparing each consensus sequence to the reference. All
identified SNPs were validated by cross-checking with chromatogram peaks, and filtering
was applied based on base quality and allele frequency to retain high-confidence variants.
The final SNP dataset was compiled in Microsoft Excel for downstream statistical

analysis.
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3.14 Statistical Analysis

Statistical analyses were performed using R software (Version R4.3.3) (The R Core Team,
2023) and the tidyverse package (2.0.0) (Wickham et al., 2019) for data preparation and
visualization. Descriptive analysis of the independent variables among the study
participants was carried out. Tests of independence were employed using Student’s t or
Wilcoxon rank-sum tests for categorical data and Fisher’s exact, or Pearson’s Chi-squared

tests for continuous data.
3.15 Association Analysis
3.15.1 Association with Epidemiological and Clinical Factors

The analytical strategy employed both epidemiological and genetic association
approaches to assess factors related to estrogen receptor-positive (ER+) breast cancer.
Bivariate logistic regression was first conducted to explore associations between various
independent variables and ER+ breast cancer case status. The variables examined included
socio-demographic factors such as age, and body mass index; reproductive factors
including age at menarche, menopausal status, parity, and history of contraceptive use;
lifestyle factors such as alcohol consumption and tobacco use; medical history factors
such as personal history of other cancers, family history of breast cancer, and
comorbidities including hypertension and diabetes; and environmental exposures such as
self-reported history of significant radiation. Variables with a bivariate p-value less than
0.25 were considered potential confounders and were included in subsequent multivariate
logistic regression models to estimate adjusted odds ratios with 95% confidence intervals,
thereby assessing the independent association of each risk factor while adjusting for

potential confounding.
3.15.2 Association of Genetic Variants with Clinicopathological Characteristics
A secondary analytical objective was to evaluate the association between the genotyped

polymorphisms and key clinicopathological characteristics within the ER+ breast cancer
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case group. This analysis focused on tumor characteristics abstracted from histopathology
reports, which were dichotomized for analysis. These included molecular subtype,
categorized as Luminal A versus Luminal B based on immunohistochemistry for ER, PR,
HER?2, and Ki-67; cancer stage, dichotomized as Early stage (Stage | & 1) versus Late
stage (Stage Il & IV); tumor grade, classified as Low grade (Grade 1 & 2) versus High
grade (Grade 3); histopathological type, defined as Invasive Ductal Carcinoma versus

other subtypes; and the presence or absence of lymphovascular invasion.
3.15.3 Genotype Association Analysis

For both epidemiological and tumor characteristic analyses involving genetic data,
genotype association tests were performed. All genetic association analyses were
conducted in R software (v4.3.3) using the SNPassoc package (v2.0-0). The association
between each polymorphism and a binary outcome was evaluated under five genetic
models—allelic, codominant, dominant, recessive, and log-additive—using unconditional
logistic regression to calculate odds ratios and 95% confidence intervals. A two-sided p-

value less than 0.05 was considered statistically significant.
3.16 In-Silico Analysis of CYP1B1 Haplotypes
3.16.1 Linkage Disequilibrium and Haplotype Construction

Haplotypes All statistical analyses were performed using R (v4.3.3). Pairwise linkage
disequilibrium (LD) among the four CYP1B1 SNPs (rs10012, rs1056827, rs1056836, and
rs1800440) was assessed using the LD function from the genetics package. The strength
of association between each SNP pair was quantified using D' (D-prime) and r?
(correlation coefficient). Statistical significance was determined using a chi-square (y?)
test, with p-values < 0.05 considered statistically significant. These LD metrics were used
to confirm the haplotype block structure and validate the co-inheritance patterns of the

alleles prior to haplotype reconstruction.
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Subsequently, haplotype probabilities were estimated using the haplo.em function from
the haplo.stats package (Sinnwell & Schaid, 2024), which infers the most likely pair of
haplotypes for each individual based on the four CYP1B1 SNPs. For each participant, the
combination of alleles at these four loci was determined in the order presented (rs10012,
rs1056827, rs1056836, rs1800440), and haplotypes were designated based on the specific
allele present at each position. Only haplotypes with an estimated frequency greater than
1% in at least one study group (cases, controls, or benign samples) were retained for
further analysis. The frequency distribution of each haplotype was calculated separately

for each group and expressed as counts (n) and percentages (%).

3.16.2 Retrieval of the Wild-Type Cyplbl Sequence from UniProtKB and

Generation of Haplotype Variants

The wild-type amino acid sequence of human cytochrome P450 1B1 (CYP1B1) was
retrieved from UniProt Knowledgebase (UniProt ID: Q16678,
https://www.uniprot.org/uniprotkb/Q16678/entry). This 543-amino acid sequence,

representing the canonical isoform of CYP1B1, served as the template for all subsequent
structural and functional analyses, including homology modeling, molecular dynamics
simulations, and in silico mutagenesis. The retrieved sequence was modified using point
mutations corresponding to the haplotypes. The specific amino acid substitutions were as
follows: R48G, A119S, L432V, and N453S.

3.16.3 Tertiary Structure Analysis

The three-dimensional structures of wild-type CYP1B1 and its haplotypes were generated
using AlphaFold Server (https://alphafoldserver.com/welcome), powered by the
AlphaFold 3 model. For each haplotype, the corresponding amino acid sequence was
submitted, and the top-ranked model based on the composite ranking_score was selected
for visualization in PyMOL. Four representations were prepared for comparative analysis
including: ribbon diagrams to illustrate the overall protein fold; surface models to

visualize solvent accessibility and active site topology; colour-coded ribbon diagrams
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highlighting the side chains of the four polymorphic residues (R48G, A119S, L432V,
N453S); and Ramachandran plots generated using PROCHECK to assess the
stereochemical quality of each model. Prediction confidence was evaluated using the

pLDDT scores from AlphaFold, with regions scoring above 90 considered highly reliable.
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CHAPTER FOUR
RESULTS
4.1 Genomic DNA Yield and Quality

Genomic DNA extracted from buffy coat samples of 64 ER+ breast cancer cases, 79 BBDs
and 19 healthy controls showed bands of greater than 10 Kb. The yield and concentration
was analysed using a NanoDrop 2000 spectrophotometer (Biospec-mini, Shimadzu
Corporation, Tokyo). DNA concentration was determined spectrophotometrically, with
all samples yielding sufficient quantities for downstream analysis (concentrations > 350
ng/uL). Purity was assessed by the absorbance ratio at 260 nm and 280 nm (A260/A280),
which fell within the optimal range of 1.8 to 2.0 for all samples, indicating minimal protein
or phenolic contamination. DNA integrity was evaluated by electrophoresis on a 1.5 %
agarose gel (1X TAE buffer). The majority of samples displayed a single, high-molecular-
weight band exceeding 10 kilobases, confirming high integrity. A subset of samples
exhibited slight smearing below the primary band, suggesting partial shearing or
degradation; however, the DNA quality in these samples was deemed acceptable for PCR

amplification and subsequent genotyping analyses. (Figure 4.1)

10037bp
1000bp

200bp

Figure 4.1: Gel Photo of Extracted Genomic DNA

Agarose gel electrophoresis of genomic DNA extracted from buffy coat samples in ER+
breast cancer cases. L: 1Kb DNA marker, 1: AKU057, 2: AKUO060, 3: AKUOQ73, 4:
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AKUO076, 5: AKUO087, 6: AKUO088, 7: AKU094, 8: AKU097, 9: AKUO098, 10: AKUO099,
11: AKU100, 12: AKU103, 13: KAICO005, 14: KAIC006, 15: KAIC007.

4.2 PCR Amplicons of Target Regions

Amplicons of the target gene regions were resolved on a 2% TBE agarose gel. The
resulting amplicons for rs4646903 (340 bp), rs1048943 (204 bp), rs1056836 (245 bp),
rs776746 (251 bp), rs4680 (304 bp), rs10012 and rs1056827 (202 bp), rs1056836 and
rs1800440 (567 bp) are as shown in the agarose gel photos (Figures 4.2 — 4.8).
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Figure 4.2: Gel Photo of rs4646903 Amplicons

Agarose gel electrophoresis of rs4646903 in ER+ breast cancer cases. L: 100 bp DNA
marker, N: Negative control. 1: AKU057, 2: AKUO060, 3: AKUOQ73, 4: AKUQ76, 5:
AKUO087, 6: AKUO088, 7: AKU094, 8: AKU097, 9: AKU098, 10: AKU099, 11: AKU100,
12: AKU103, 13: KAICO005, 14: KAICO006.
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Figure 4.3: Gel Photo of rs1048943 Amplicons

Agarose gel electrophoresis of rs1048943 in ER+ breast cancer cases. L: 100 bp DNA
marker, N: negative control. 1: AKUO057, 2: AKUO060, 3: AKUO073, 4: AKUQ76, 5:
AKUO087, 6: AKU088, 7: AKU094, 8: AKU097, 9: AKU098, 10: AKU099, 11: AKU100,
12: AKU103, 13: KAICO005.
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Figure 4.4: Gel Photo of rs1056836 Amplicons

Agarose gel electrophoresis of rs1056836 in ER+ breast cancer cases. L: 100 bp DNA
marker, N: negative control. 1: AKUO057, 2: AKUO060, 3: AKUO073, 4: AKUQ76, 5:
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AKUO087, 6: AKUO088, 7: AKU094, 8: AKU097, 9: AKU098, 10: AKU099, 11: AKU100,
12: AKU1083, 13: KAICO005, 14: KAIC006, 15: KAICO007.
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Figure 4.1: Gel Photo of rs776746 Amplicons

Agarose gel electrophoresis of rs776746 amplicons in ER+ breast cancer cases. L: 100
bp DNA marker, N: negative control. 1: AKU057, 2: AKUO060, 3: AKU073, 4: AKUOQ76,
5: AKUO087, 6: AKUO088, 7: AKU094, 8: AKU097, 9: AKU098, 10: AKU099, 11:
AKU100, 12: AKU103, 13: KAIC005, 14: KAICO006, 15: KAIC007.

L 1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 N

3000bp
1500bp
1000bp

500bp

300bp 304bp

200bp

100bp

Figure 4.6: Gel Photo of rs4680 Amplicons
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Agarose gel electrophoresis of rs4680 amplicons in ER+ breast cancer cases. L: 100 bp
DNA marker, N: negative control. 1: AKU057, 2: AKUO060, 3: AKUQ73, 4: AKUQ76, 5:
AKUO087, 6: AKU088, 7: AKU094, 8: AKU097, 9: AKU098, 10: AKU099, 11: AKU100,
12: AKU103, 13: KAIC005, 14: KAIC006, 15: KAICO007.
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Figure 4.7: Gel photo of rs1056836 and rs1800440 Amplicons

Agarose gel electrophoresis of rs1056836 and rs1800440 target region in ER+ breast
cancer cases. L: 100 bp DNA marker, 1: AKU057, 2: AKU060, 3: AKUOQ73, 4: AKUOQ76,
5: AKUO087, 6: AKUO088, 7: AKU094, 8: AKU097, 9: AKUQ098, 10: AKUO099, 11:
AKU100, 12: AKU103, 13: KAICO005, 14: KAIC006, 15: KAICO007.
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Figure 4.8: Gel Photo of rs10012 and rs1056827 Amplicons

Agarose gel electrophoresis of rs10012 and rs1056827 target region in ER+ breast cancer
cases. L: 100 bp DNA marker, 1: AKUO057, 2: AKUO060, 3: AKUQ73, 4: AKUQ76, 5:
AKUO087, 6: AKUO088, 7: AKU094, 8: AKU097, 9: AKU098, 10: AKU099, 11: AKU100,
12: AKU103, 13: KAICO005, 14: KAIC006, 15: KAIC007, 16: KAIC008, 17: KAIC011,
18: KAICO014.

4.3 Restriction Fragment Sizes of PCR amplicons

PCR amplicons digested with specific restriction enzymes were resolved on a 3% 1X TBE
agarose gel. Agarose gel photos are shown in Figures 4.9 to 4.13. The photos project the
observed banding patterns for each SNP based on restriction digestion. The complete

genotype dataset is outlined in Appendix 7
4.3.1 Msp1l Restriction Digestion of rs4646903

Figure 4.9 displays a agarose gel photo of Mspl restriction digestion for the rs4646903 (T
> C) genetic variant. The T/T wild type genotype is represented by a single 340 bp
fragment. The T/C heterozygous genotype is characterized by three fragments: 340 bp,
200 bp, and 140 bp. The C/C variant genotype yields two fragments: 200 bp and 140 bp.
A 50 bp DNA ladder was included for size estimation.
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Figure 4.9: Gel Photo of PCR-RFLP Analysis for rs4646903

Agarose gel electrophoresis of Mspl restriction digestion of rs4646903 in BBDs. L: 50 bp
DNA marker, 1: Positive control (340 bp); 2: AKUO11, 4: AKUO031, 5: AKUO034, 6:
AKUO039, 7: AKUO043, 10: AKU044, 11: AKUO046, 12: AKU047, 13: AKU048, 14:
AKUO049, 15: AKUO054, and 16: AKU056 show wild type profiles (340 bp); Lanes 8:
AKUO059 and 9: AKUO069 show heterozygous profiles (340 bp, 200 bp, 140 bp); 3:
AKU196 shows a variant profile (200 bp and 140 bp).

4.3.2 BsrD1 Restriction Digestion of rs1048943

Figure 4.10 shows a gel photo of BsrDI digestion for the rs1048943 (A>G) variant. The
AJA wild type genotype yields two fragments: 150 bp and 54 bp. The A/G heterozygous
genotype produces three fragments: 204 bp, 150 bp, and 54 bp. The G/G variant genotype,
along with the control, is represented by a single 204 bp fragment.
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Figure 4.10: Gel Photo of RFLP-PCR for rs1048943

Agarose gel electrophoresis of BsrDI restriction digestion of rs1048943 in ER+ breast
cancer cases. L: 50 bp DNA marker, 1: Undigested control (204 bp), 2: AKUO055, 3:
AKUO073, 4: AKU104, 5: AKU105, 6: AKU110, 7: AKU112, 9: AKU116, 10: AKU122,
11: AKU124, 12: AKU127, 13: AKU128 and 15: AKU152 shows a wild type profile (150
bp and 54 bp); 14: AKU149 and 16: AKU173 show a heterozygous profile (204 bp, 150
bp, 54 bp); 8: AKU113 show a variant profile (204 bp).

4.3.3 Acul Restriction Digestion of rs1056836

Figure 4.11 displays a gel photo of Acul digestion for the rs1056836 (C > G) variant. The
C/C wild type genotype yields a single 245 bp fragment. The C/G heterozygous genotype
shows three fragments: 245 bp, 176 bp, and 69 bp. The G/G variant genotype is
characterized by two fragments: 176 bp and 69 bp.
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Figure 4.11: Gel Photo of RFLP-PCR for rs1056836

Agarose gel electrophoresis of Acul restriction digestion of rs1056836 in BBDs. L: 50 bp
DNA marker, 1: Undigested control (245 bp), 2: AKUO083, 3: AKU187, 4. AKU107, 5:
AKU119, 6: AKU126, 9: AKU139, 10: AKU146, 12: AKU153, 13: AKU166, 14:
AKU170 and 14: AKU181 showed wild type profiles (245 bp); 7: AKU132, 8: AKU135
and 11: AKU148 showed heterozygous profiles (245 bp, 176 bp, 69 bp) and 15: AKU180
showed variant profile (176 bp and 69 bp).

4.3.4 Sspl Restriction Digestion of rs776746

Figure 4.12 presents the gel photo of Sspl digestion for rs776746 (A > G). The A/A wild
type genotype produces two fragments: 137 bp and 114 bp. The A/G heterozygous
genotype would be expected to show three fragments: 251 bp, 137 bp, and 114 bp. The
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G/G wvariant genotype and the control vyield a single 251 bp fragment.
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Figure 4.12: Gel Photo of PCR-RFLP for rs776746

Agarose gel electrophoresis of Sspl restriction digestion of rs776746 in ER+ breast cancer
cases. L: 50 bp DNA marker,1: Undigested control (251 bp), 2: AKU041, 3: AKU042, 4:
AKUOQ73, 5: AKUO086, 6: AKU104, 7: AKU105, 8: AKU106, 9: AKU110, 10: AKU112,
11: AKU113, 12: AKU116, 13: AKU118, 14: AKU122, 15: AKU124 and 16: AKU127
showed wild type profiles (137 bp and 114 bp).

4.3.5 Nlalll Restriction Digestion of rs4680

Figure 4.13 shows the gel photo of Nlalll digestion for the rs4680 (A > G) variant. The
AJA wild type genotype yields four fragments: 114 bp, 93 bp, 54bp and 43bp. The A/G
heterozygous genotype would be expected to show all five fragments: 304,114,93,54,43.

The G/G variant genotype produces one fragment: 304 bp.
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Figure 4.13: Gel Image of RFLP-PCR for rs4680

Agarose gel electrophoresis of Nlalll restriction digestion of rs4680 in BBDs. L: 50 bp
DNA marker, 1: Undigested control (304 bp), 2: AKUQ75, 3: AKUOQ77, 4: AKUO083, 5:
AKU107, 6: AKU119, 7: AKU126, 8: AKU132, 9: AKU135, 10: AKU139, 11: AKU146,
12: AKU148, 13: AKU153, 14: AKU166, 15: AKU170 and 16: AKU180 showed the wild
type profiles (114 bp, 93 bp, 54 bp, and 43 bp).

4.4 Sanger Sequencing of CYP1B1 Gene
A total of 123 samples consisting of 64 cases, 19 controls and 40 benigns were sequenced.

Single nucleotide polymorphisms (SNPs) in CYP1B1 variants (rs10012, rs1056827,
rs1056836, and rs1800440) were analyzed using Geneious Prime 2025.1.0 (Biomatters
Ltd.). Sequence variants were mapped to the GRCh38.p14 reference genome (NCBI
accession: NC_000002.12). The sequences were aligned and viewed in MEGA12. Figures
4.14-4.15. The list of Sanger sequences for are detailed in Appendices VIII and IX.
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1.NC 000002, 1290067505 300761516 € G AA G G C G GCCGGTCGGTGAAGGECCGAGCECTGCTGLACCAGGGCCTGGTGE/AACGAGAGETGAGCCGCCTGGCCCACCGECacCeCeTTTCCfaTcAGTaaCCACT
2 Acvost 6CoAAGScocCcaGTCGGEGAAGGCEOASCOCTGOTGCACCABGGCCTGGTGGIAACGAGAGSTGAGECGCCTGECCCACCSECE0EaCsTTTCCMATCAGTSSCCACSE
o w2 GCGAAGGECGGECCGETCGEEGAAGECEGAGCCCTGCTGEACCAGGECCTGETGGIAACGAGAGGTGAGECGCCTGGCCCACCGECECEaCaTTTCCMATCAGTGECCACSE
. axuss 6ccaAGGflcGeCCaaTCGGEEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGAACGAGAGGTGAGECGCCTGGCCCACCGECECCGCaTTTCCATCAGTGECCACGE
5 AU 6coAAGoflCGGCCaGTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCeCOTTTCCATCAGTGECCACGT
o A 6CoAAGallcaeCcaaTCeEEGAAGECCGAGETCTGCTGEACCARGECCTGETGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCacCecaTTTCCATCAGTGRCCACGT
7. cuozs GCGAAGGECGECCGGTCGGEGAAGGCESASCOCTGOTGCACCABGGCCTGETGGIAACGAGAGSTGAGECGCETGECCCACCSECE0EaCsTTTCCMATCAGTSSCCACSE
& acuer GCGAAGGECGGECCGETCGEEGAAGECEGAGCCCTGCTGEACCAGGECCTGETGGIAACGAGAGGTGAGECGCCTGGCCCACCGECECCaCaTTTCCMATCAGTGECCACSE
o axuoss 6ccaAGGflcGeCCaaTCGGEEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGAACGAGAGGTGAGECGCCTGGCCCACCGECECCGCaTTTCCATCAGTGECCACGE
10, Axuoss 6coAAGoflCGGCCaGTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCeCOTTTCCATCAGTGECCACGT
1. Axuosr 6coAAGoflcGCCCEGTCOEEGEAAGECTGAGEECTOCTGEACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACTGTCCECEGCOTTTCCATCAGTGECCACGT
12 Axuoss 6CGAAGGcsoCcaGTCGGEGAAGGCEOASCOCTGOTGCACCASGGCCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCSECE0CaCsTTTCC]ATCAGTSSCCACSE
12 Axuon GCGAAGGCGECCEETOGGEGAAGECEOASEOCTGOTACACCASGE0CTGOTAGIAACGAGAGGTGAGECGCCTGECCCACCGECa0EaCITTTCCATCAGTSSCEACSE
14 AKUI03 6CGAAGGJfCGGCCEGTCOEEGEAAGECCGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCGCaTTTCCATCAGTGECCACST
15, Axu06 6CGAAGGCGGCCGGTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCGCaTTTCCATCAGTGECCACGT
6. Au0s 6coAAGOflcGGCCEGTCOGEGAAGECTGAGEECTGCTGEACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGTCECCGCOTTTCCATCAGTGECCACGT
17 Axurts 6coAnGococccaaTCsGEGAAGGCEOASCCTGOTGCACCASGGCCTGTGGIAACGAGAGGTGAGECGCCTGGCCCACCSECE0CaCsTTTCCATCAGTSSCCACSE
15 Axuizr 6ccAnGollcoaCcaaTC0GEGAAGECEOASEOCTGOTACACCASGECCTGOTAG AACGAGAGGTGAGECGCCTGaCCCACCEECa0EaCaTTTOCMATCAGTSSCCACSE
15, Avzs 6coaAcaflcGeCCaaTC6EEGEAAGECCGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCGCaTTTCCATCAGTGECCACST
20 Awtss 6c6aAcllCGoCCaaTCOGEGAAGECCGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCeCaTTTCCATCAGTGECCACST
21 s 6coAAGoflCGGCCEGTCOGEGAAGECEGAGECCTOCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGECECCGCOTTTCCATCAGTGBCCACGT
22 Az 6coancallcaoccaaTCeaEGAAGECCEAGEECTGCTGEACCARGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCacCecaTTTCCATCAGTERCCACGT
25 o0t 6coAAGocooccaaTCsGEGAAGGCEOASCCTGOTGCACCASGGCCTGGTGGIAACGAGAGGTGAGECGCCTGECCCACCSECE0EaCsTTTCCMATCAGTSSCCACSE
24 1008 6CGAAGGCGECCaETCGEEGAAGECEGAGCCCTGCTGEACCAGGECCTGETGGIAACGAGAGGTGAGECGCCTGGCCCACCGECECEaCaTTTCCMATCAGTGECCACSE
25 007 6ccaAcGllcGeCCaaTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGAACGAGAGGTGAGECGCCTGGCCCACCGECECCaCaTTTCCATCAGTGECCACGE
25 a0t 6coAAGoflCGGCCaGTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCeCOTTTCCATCAGTGECCACGT
21, acme 6coancallcaoccaaTCeaEGAAGECCEAGEECTGCTGEACCARGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCacCecaTTTCCATCAGTERCCACGT
28 a0zt 6coAAGolcooccaaTCGGEGAAGGCEOASCOCTGOTGCACCASGGCCTGGTGGIAACGAGAGSTGAGECGCCTGECCCACCSECE0EaCsTTTCCATCAGTSSCCACSE
25 10023 6CGAAGGCGECCaETCGEEGAAGECEGAGCCCTGCTGEACCAGGECCTGETGGIAACGAGAGGTGAGECGCCTGGCCCACCGECECEaCaTTTCCMATCAGTGECCACSE
0. ka2 6ccaAcGllcGeCCaaTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGAACGAGAGGTGAGECGCCTGGCCCACCGECECCaCaTTTCCATCAGTGECCACGE
1. kavcazs 6CoAAGOI|CGGCCEGTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGTCECCGCOTTTCCATCAGTGBCCACGT
2 kavcter 6CGAAGGCGGCCEGTCOGEGAAGECTGAGECCTGCTGEACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACTGTCCECCGCOTTTCCATCAGTGBCCACGT
5. karcizo 6coAnGolcocCcaaTCGGEGAAGGCEOASCOCTGOTGCACCABGGCCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCSECE0CaCsTTTCCATCAGTGSCCACSE
24 kAt 6coAnGollcoaCcaaTC0aEGAAGECEOASEOCTGOTACACCASGE0CTGOTAG AACGAGAGGTGAGECGCCTGECCCACCEECa0EaCITTTOCATCAGTSSCEACSE
35 kactas 6CGAAGGJ|CGGCCEGTCGEEGEAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCeCaTTTCCATCAGTGECCACST
3. kacosn 6CGAAGGCGGCCGGTCOGEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCGCaTTTCCATCAGTGECCACGT
a1 kAot 6coAAGOflcGGCCEGTCOGEGAAGECTGAGEECTGCTGEACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGTCECCGCOTTTCCATCAGTGECCACGT
55 kacos7 6coAnGcocccaaTCsGEGAAGGCEOASCOCTGOTGCACCABGGCCTGGOTGGIAACGAGAGGTGAGECGCCTGECCCACCSECE0CacsTTTCCMATCAGTSSCCACSE
5. karcost 6CGAAGCGaCCaaTC0GEGAAGECEOASEOCTGOTACACCASGECCTGETAGIAACGAGAGGTGAGECGCCTGECCCACCEECa0EaCITTTCCATCAGTSSCEACSE
0 ac0s2 6CGAAGGCGGCCEGTCGGEEGAAGECEGAGECCTGCTGCACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACCGCCECCGCaTTTCCATCAGTGECCACST
1 oy sc“mslmsccsarcsscsmssccsmccmcrsucussaccrsaras,Mcsmmars“ccscmsaccmccaccsuscswrcc aTcacTeecCACGC
2 o0 6c6AAGollcGGCCEGTCOGEGAAGECEGAGECCTOCTGEACCABGECCTGGTGGIAACGAGAGGTGAGECGCCTGGCCCACTGTCECCecoTTTCCIATCAGTGECCACGT

Figure 4.14: Sanger Sequences of rs10012 and rs1056827 SNPs in CYP1B1

The figure displays the CYP1B1 exon 2 sequences. Some samples exhibited wild type
allele (C) and others variant allele (A) for the rs10012. For the rs1056827, some samples
exhibited the wild type allele (G) and others variant allele (A).

DNA Sequences Translated Protein Sequences

1. NC 000002.12:38067508-38076151 T GG TCAGG TCC TTGTTGATGAGGCC TGGATCAAAGTTC ceeTTaccccacTTcallTeceTcaToa ACCACTGG
2. KAIC023 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABITGGETCATGA ACCACTSG
3. AKUO9T TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCASTGGGTCATGA AGACCACTGG
& KaIC026 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTSG
5. AKUOB7 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG
6. KAICOS2 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG
7. AKUOSZ TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG
B.AKU1S8 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG
9. KAK021 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGGCAGTTCABTGGGTCATGATTCACAGAGECAGTGE
10, AKU1SS TGGTCAGGTGCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG
11. KAIC080 TGGTCAGGTECTTGTTGATGAGGCCTGGATCAAAGTTC cecTTaccccacTTcalflteeeTcaTcaTTcaCAGACCACTGS
12, AKUOS1 TGGTCAGGTEETTGTTGATGAGGEECTGGATCAAAGTTE GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG
13. KAICO41 TGGTCAGGTCCTTGTTGATGAGGCETGGATCAAAGTTC GGGTTAGGCCACTTCAMTGGGETCATGATTCACAGACCACTGG
14. AKU109 TGGTCAGGTCCTTGTTCATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCAITGGETCATGATTCACAGACCACTSG
15. AKU211 TGGTCAGGTCCTTGTTCGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTSG
16. AKU0S® TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCASTGGGTCATGATTCACAGACCACTSGG
17. KAKCO11 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCASTGGGTCATGATTCACAGACCACTSGG
18. KAICDOT TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABITGGGTCATGATTCACAGACCACTGG
19. KAICO18 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC ceeTTAaceccacTTcallTeGeTCATGATTCACAGACCACTGG
20. AKUOSS. TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCARBITGGGTCATGATTCACAGACCACTSGG
21. KAICO0S TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCASTGGGTCATGATTCACAGACCACTSEG
22 KAICOSS TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC ceeTTassccacTTcalflTeeaTcaToATTE GACCACTGG
23 AKUO73 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG
24 AKU103 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC ceeTTassccacTTcafllTeeeTecaTsaTTE GACCACTGG
25 KAICO4T TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GeGTTAGGCCACTTCAMTGGGTCATGATTC GACCACTGG
26 AKU118 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTC GACCACTGG
27_ KAIcos1 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC ceeTTacsccacTTcafllTeeeTcATGATTE GACCACTGG
28_ KAICO48 TGGTCAGGTCCTTGTTCATGAGGCETGGATCAAAGTTC cecTTAGGCCcACTTcAllTGGGTCATGATTE GACCACTGG
29. KAICO30 TGGTCAGGTCCTTGTTGATGAGGCETGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTE GACCACTGG
30. AKU127 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTC GACCACTGG
31. AKU0SS TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTC GACCACTGG
32. KAICO24 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTC GACCACTGG
33. AKU100 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABITGGGTCATGATTC GACCACTGG
24. KAICO2S. TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABITGGGTCATGATTC GACCACTGG
35. KAKCD0S TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC seerTaceccacTTcalflltecercaTsarre GACCACTGG
6. AKu128 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABITGGGTCATGATTC GACCACTGG
37. AKUOTE TGGTCAGGTCCTTGTTGATGAGGCECTGGATCAAAGTTE GGGTTAGGCCACTTCABSTGGETCATGATTE GACCACTGG
3. KAIC029 TGGTCAGGTCCTTGTTGATGAGS GGATCAAAGTTC ceGTTAGGCCACTTCANTGGETCATGATTCACAGACCACTSS
39. KAIC027 TGGTCAGGTCCTTGTTGATGAGS GGATCAAAGTTC ::GT';::CCLC'rYCAIYG::TCAYGLTTCACASACCAC'SG
40. AKU0SS. TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTSG
41 AKU108 TGGTCAGGTCCTTGTTGATGAGGCCTGGATCAAAGTTC GGGTTAGGCCACTTCABTGGGTCATGATTCACAGACCACTGG

Figure 4.15: Sanger Sequences of rs1800440 and rs1056836 SNPs in CYP1B1
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The figure displays the CYP1B1 exon 3 sequences. All the samples exhibited wild type
allele (T) for the rs1800440. For the rs1056836 some samples exhibited wild type allele
(G), majority exhibited variant allele (C) and a few heterozygous (C/G=S).

4.5 Descriptive Analysis of Socio-Demographic Characteristics, Risk Factors, and

SNPs in Study Participants

The data used was obtained from Genomic Breast Cancer Progression Study. Age
distribution varied significantly between the study participants. The ages of cases ranged
had a median age of 52 years (IQR: 28-78), the controls had a median age of 41 years
(IQR: 25-52), while that in the BBD was 42 years (IQR: 23-74). Notably, 58% of the
cases were aged 50 years or older, compared to just 5.3% of controls (p < 0.001), and 28%
of the BBDs (p < 0.001). indicating that ER+ breast cancer was more common among

older women.

Although not statistically significant, regional distribution showed a notable trend: 84%
of the controls were from Nairobi compared to 41% of the cases and 54% of the BBDs.
Cases exhibited a wider geographic distribution across the seven regions while the

controls and BBDs were majorly from three regions.

BMI distribution did not differ significantly between the groups. While a higher
proportion of cases (52%) and BBDs (43%) were overweight or obese, the differences

were not statistically significant.

Menopausal status showed a statistically significant difference between cases and controls
(p < 0.001) as well as between cases and BBDs (p < 0.001). Most controls (95%) were

premenopausal. This pattern may reflect the older age profile of the cases.

A family history of breast cancer was reported by 20% of cases but none for the controls
(p =0.033). Similarly, 33% of cases reported a history of other cancers, compared to none

among controls (p = 0.002).

54



Alcohol consumption was significantly more common among controls (74%) and the
BBDs (65%) compared to only 38% in the cases. The differences were statistically
significant with p = 0.005 and p = 0.001 respectively. This was a potential reflection of
differing lifestyle behaviors among the three groups.

For rs4646903 (CYP1A1*2A), the wild-type (TT) was the most common genotype across
all groups, being most prevalent in the BBD group (77%), followed by Cases (67%), and
least in Controls (47%). The heterozygous (TC) frequency was similar in Cases (28%)
and Controls (37%) but lower in BBDs (22%). The variant homozygous (CC) genotype
was rare overall, most frequent in Controls (16%), then Cases (4.7%), and very rare in the
BBD group (1.3%).

The rs1048943 (CYP1A1*2C) SNP showed a predominant wild-type (AA) genotype in
the vast majority of participants: 100% of Controls, 91% of Cases, and 87% of the BBD
group. Variant genotypes were uncommon; the AG genotype was present in Cases (6.3%)
and BBDs (10%) but absent in Controls, while the GG genotype was found only in Cases
(3.1%) and BBDs (2.5%).

At the rs1056836 (CYP1B1*3) locus, the wild-type (GG) was most frequent in the BBD
(71%) and Control (58%) groups but was less common in Cases (47%). The heterozygous
(GC) frequency was similar in Cases (41%) and Controls (42%) but lower in BBDs (29%).
Critically, the variant homozygous (CC) genotype was found exclusively in the Case
group, present in 13% of participants and absent in both Controls and BBDs, which likely
drives the significant statistical difference observed.

The analysis for rs776746 (CYP3A5*3) revealed no genetic variation in this cohort. All
participants across Cases, Controls, and the BBD group (100%) were homozygous for the
A allele (AA). This complete lack of polymorphism makes this SNP non-informative for

case-control analysis within the studied population.
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For rs4680 (COMT Val158Met), the wild-type (AA) was the predominant genotype in all
groups, present in 100% of Controls and BBDs and 94% of Cases. The variant alleles
were found only in the Case group: the heterozygous (AG) genotype was present in 4.7%
of Cases, and the homozygous (GG) genotype was present in 1.6% of Cases. This
exclusive presence in cases contributed to a statistically significant difference compared
to the BBD group. (Table 4.1).
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Table 4.1: Socio-Demographic Characteristics, Risk Factors, and SNPs Distributions in ER+ Breast Cancer Cases and

Controls
Variable Characteristic Cases Controls Cases vs. BBD (n = Cases vs.
(n =64%) n (%) (n=19% n (%) Controls 79%) n (%) BBDs
p-value? p-value?
Age (Years) >50 37 (58) 1(5.3) <0.001 18 (23) <0.001
40-49 17 (27) 10 (53) 34 (43)
30-39 9 (14) 4 (21) 24 (30)
20-29 1(1) 4 (21) 3(3.8)
median, IQR 52, 28-78 41, 25-52 42, 23-74
Region Nairobi 26 (41) 16 (84) 0.059 43 (54) 0.4
Central 21 (33) 2 (11) 21 (27)
Rift Valley 9 (14) 1(5.3) 6 (7.6)
Eastern 5(7.8) 0 (0) 8 (10)
Coast 1(1.6) 0 (0) 1(1.3)
Nyanza 1(1.6) 0 (0) 0 (0)
Western 1(1.6) 0 (0) 0(0)
BMI (Kg/M?) >30 33 (52) 6 (32) 0.2 34 (43) 0.5
25-29 19 (30) 6 (32) 29 (37)
18-24 11 (17) 7(37) 16 (20)
<17 1(1) 0(0) 0 (0)
median, IQR 29, 10-42 29,19-34 29, 19-43
Age at menarche (Years) <12 10 (16) 6 (32) 0.2 53 (67) 0.1
13-15 32 (50) 10 (53) 14 (18)
>16 22 (34) 3 (16) 12 (15)
median, IQR 13, 8-22 13, 10-17 14, 11-17
Menopausal status No 30 (47) 18 (95) <0.001 61 (77) <0.001
Yes 34 (53) 1(5.3) 18 (23)
Parity No 7(11) 6 (32) 0.065 61 (77) 0.064
Yes 57 (89) 13 (68) 18 (23)
Contraceptives No 21 (33) 2 (11) 0.057 63 (80) 0.088
Yes 43 (67) 17 (89) 16 (20)
History of breast cancer No 51 (80) 19 (100) 0.033 62 (78) 0.9
Yes 13 (20) 0 (0) 17 (22)
History of other cancers No 43 (67) 19 (100) 0.002 60 (76) 0.2
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Variable Characteristic Cases Controls Cases vs. BBD (n = Cases vs.
(n =64%) n (%) (n=19% n (%) Controls 79%) n (%) BBDs
p-value? p-value?

Yes 21 (33) 0(0) 19 (24)

Diabetes No 57 (89) 19 (100) 0.3 72 (91) 0.7
Yes 7(11) 0 (0) 7(8.9)

Hypertension No 44 (69) 14 (74) 0.7 61 (77) 0.3
Yes 20 (31) 5 (26) 18 (23)

Radiation therapy No 63 (98) 19 (100) >0.9 76 (96) 0.6
Yes 1(1.6) 0 (0) 3(4)

Tobacco No 62 (97) 19 (100) >0.9 77 (97) >0.9
Yes 2(3.1) 0(0) 2 (2.5)

Alcohol consumption No 40 (63) 5 (26) 0.005 51 (65) 0.001
Yes 24 (38) 14 (74) 28 (35)

rs4646903 TT 43 (67) 9 (47) 0.13 61 (77) 0.3
TC 18 (28) 7 (37) 17 (22)
cC 3(4.7) 3(16) 1(1.3)

rs1048943 AA 58 (91) 19 (100) 0.7 69 (87) 0.7
AG 4 (6.3) 0(0) 8 (10)
GG 2(3.1) 0 (0) 2(2.5)

rs1056836 GG 30 (47) 11 (58) 0.3 56 (71) <0.001
GC 26 (41) 8 (42) 23 (29)
CcC 8 (13) 0(0) 0 (0)

rs776746 AA 64 (100) 19 (100) - 79 (100) -

rs4680 AA 60 (94) 19 (100) >0.9 79 (100) 0.038
AG 3(4.7) 0(0) 0 (0)
GG 1(1.6) 0(0) 0 (0)

n (%): Number of participants, percentage
2Fisher's exact test; Pearson's Chi-squared test

Bold: Significant p-value of <0.05
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Descriptive comparison of socio-demographics, reproductive, lifestyle, and genetic
characteristics in ER+ breast cancer and controls. Statistical significant differences were
found in age, menopausal status, history of breast cancer, history of other cancers and
alcohol consumption. No significant differences were observed in BMI, region, age at
menarche, parity, contraceptive use, diabetes, hypertension, radiation therapy, tobacco
use, rs4646903, rs1048943, rs1056836 and rs4680. (Data source: Genomic Breast Cancer

Progression Study)
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Figure 4.16: Boxplot Comparison of Age, BMI, and Age at Menarche among ER+

Breast Cancer Cases, Benign Breast Disease and Healthy Participants

The figure shows the distributions of age, age at menarche and body mass index (BMI)
across the three study groups. The ER+ breast cancer cases (C) were significantly older
than both benign breast disease (BBD) and healthy participants (H). No significant
differences were observed in the distribution of age at menarche and BMI in the three

groups.
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4.6 Descriptive Analysis of CYP1B1 SNPs in ER+ Breast Cancer and Control

Participants

Table 4.3 presents the distribution of CYP1B1 SNPs (rs10012, rs1056827, rs1056836,
and rs1800440) among ER+ breast cancer cases and control participants. The data used
was obtained from Genomic Breast Cancer Progression Study. No statistically significant
associations were observed between these SNPs and breast cancer risk (p > 0.05 for all

comparisons).

For rs10012, the heterozygous GC genotype was more prevalent in cases (55%) than
controls (37%), while the variant CC genotype was more frequent in controls (53%)
compared to the cases (28%). However, the differences were not statistically significant
(p = 0.300).

For rs1056827, the variant AA genotype was predominant in both cases (72%) and
controls (89%) — without significant difference (p = 0.300).

Similarly, for rs1056836, genotype distributions were comparable between groups, with
the GG genotype slightly more frequent in controls (68%) than in cases (61%), but this
difference was not significant (p = 0.900).

The rs1800440 SNP was monomorphic across all participants, with everyone exhibiting
the TT genotype. (Table 4.2). The genotype profiles of rs10012, rs1056827, rs1056836
and rs1800440 are detailed in Appendix 10.

60



Table 4.2: Genotype Frequencies of CYP1B1 SNPs among ER+ Breast Cancer Cases

and Controls

Characteristic Cases (n=64Y)  Controls (n=19%)  p-value?

n (%) n (%)

rs10012 GG 11 (17) 2 (11) 0.2
GC 35 (55) 7(37)
CcC 18 (28) 10 (53)

rs1056827 CC 12 (19) 2 (11) 0.4
CA 6 (9.4) 0 (0)
AA 46 (72) 17 (89)

rs1056836 GG 39 (61) 13 (68) 0.7
GC 11 (17) 4 (21)
cC 14 (22) 2 (11)

rs1800440 1T 64 (100) 19(100) -

1'n (%) frequencies and percentage
% Fisher’s exact test; Pearson’s Chi-squared test
bold high frequencies

Descriptive analysis of rs10012, rs1056827, rs1056836, and rs1800440 genotypes among
ER+ breast cancer versus controls. No statistically significant differences were observed

for all SNPs (p > 0.05). (Data source: Genomic Breast Cancer Progression Study)

4.7 Descriptive Analysis of CYP1B1 SNPs in ER+ Breast Cancer and Benign Breast

Diseases Participants

Table 4.4 compares CYP1B1 genotypic distributions between ER+ breast cancer and
participants with BBD. No significant differences in the distribution of the genotypes were

found across the genotypes (p > 0.05 for all SNPs).

For rs10012, the variant CC genotype was slightly more frequent in BBD cases (37%)
compared to ER+ breast cancer (28%). Conversely, the wild type GG genotype was more
common in ER+ breast cancer cases (17%) than in BBD participants (8%). However, the

differences were not statistically significant (p = 0.300).

For rs1056827, the variant AA genotype appeared more frequently in BBD participants
(87%) than in breast cancer cases (72%), while the wild type CC genotype was slightly
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higher in ER+ breast cancer cases (19%) compared to BBD (11%). Again, this difference
was not significant (p = 0.300).

For rs1056836, genotype frequencies were similar across groups. The wild type GG
genotype was observed in 63% of BBD and 61% in ER+ breast cancer cases, with no
statistically significant difference (p = 0.900) (Table 4.3). The genotype profiles of
rs10012, rs1056827, rs1056836 and rs1800440 are detailed in Appendix 10.

Table 4.3: Genotype Frequencies of CYP1B1 SNPs among ER+ Breast Cancer Cases
and BBD Participants

Characteristic ~ Cases (n = 64%) BBD (n = 38%) p-

n (%) n (%) value?
rs10012 GG 11 (17) 3(8) 0.4
GC 35 (55) 21 (55)
cC 18 (28) 14 (37)
151056827 cC 12 (19) 4 (11) 0.2
CA 6 (9) 1(3)
AA 46 (72) 33 (87)
rs1056836 GG 39 (61) 24 (63) >0.9
GC 11 (17) 6 (16)
cC 14 (22) 8 (21)
rs1800440 AA 64 (100) 38 (100)

1 n (%) Frequency and percentage
2 Fisher’s exact test; Pearson’s Chi-squared test

Descriptive comparison of rs10012, rs1056827, rs1056836, and rs1800440 between ER+
breast cancer and BBDs. No statistically significant differences were observed (p > 0.05).

4.8 Tumor Characteristics in Estrogen Receptor-Positive Breast Cancer Cases

Data was obtained from "A Genomic Approach for Understanding Breast Cancer
Progression in Kenya". Among the estrogen receptor positive (ER+) breast cancer
participants, the predominant histological type was invasive ductal carcinoma (IDC),
accounting for 76.7% of cases. Other histological types included ductal carcinoma in situ

(DCIS) (6.3%), invasive carcinoma (6.3%), and invasive lobular carcinoma (ILC) (4.7%).
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Most tumors were moderately differentiated (Grade 2: 62.5%), followed by poorly
differentiated (Grade 3: 32.8%) and well-differentiated (Grade 1: 4.7%) subtypes

Lymph node involvement was observed in 56.2% of cases (N1-N3), with 43.8% node-
negative (NO). Stage Il disease was most prevalent (45.3%), followed by Stage | (28.1%)
and Stage 111 (26.6%). Luminal A tumors comprised 82.4% of cases, while Luminal B
accounted for 15.6%. (Table 4.4). The clinicalpathological characteristics of the case

group participants is outlined in Appendix 11.

Table 4.4: Tumor Characteristics of ER+ Breast Cancer Cases

Tumor characteristic  Levels n=64 %
Histological type IDC (Invasive ductal carcinoma) 49 76.7
ILC (Invasive lobular carcinoma) 3 4.7
DCIS (Ductal carcinoma in situ) 4 6.3
IPC (Intracystic papillary carcinoma) 1 15
PDCIS (Papillary ductal carcinoma in 1 1.5
situ)
MC (Mucinous carcinoma) 1 1.5
IC (Invasive carcinoma) 4 6.3
IMCS (Internal mammary chain sentinel 1 1.5
node)
Grade Grade 1 (Well differentiated) 3 4.7
Grade 2 (Moderately differentiated) 40 62.5
Grade 3 (Poorly differentiated) 21 32.8
Lymph node NO 28 43.8
involvement
N1 18 28.1
N2 13 20.3
N3 5 7.8
Clinical stage Stage | 18 28.1
Stage Il 29 45.3
Stage 11l 17 26.6
Molecular subtypes Luminal A 54 82.4
Luminal B 10 15.6

Tumor characteristics ER+ breast cancer cases. This table summarizes the histological
types, tumor grades, lymph node involvement, clinical stages, and molecular subtypes of

ER+ breast cancer cases. The majority of tumors were invasive ductal carcinoma (76.7%)
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and moderately differentiated (Grade 2, 62.5%). Most cases were classified as Stage 1l
(45.3%) and belonged to the Luminal A molecular subtype (82.4%). (Data Source: "A

Genomic Approach for Understanding Breast Cancer Progression in Kenya™).

4.9 Association between Socio-Demographics and Risk factors with ER+ Breast

Cancer Compared to Controls

In the adjusted logistic regression model, menopausal status emerged as a significant
predictor of ER+ breast cancer. Postmenopausal women had significantly higher odds of
developing ER+ disease compared to premenopausal women (OR = 7.16, 95% CI [1.19,
43.13], p = 0.031).

Other variables—including age category (p = 0.897), BMI (p = 0.476), parity (p = 0.430),
and contraceptive use (p = 0.245)—were not significantly associated with ER+ breast
cancer. However, trends suggested a possible increased risk with higher BMI and a
reduced risk with parity. These findings underscore the importance of hormonal factors—
particularly menopausal status—over age alone in determining susceptibility to ER+

breast cancer (Table 4.5).

Table 4.5: Association between Socio-Demographics and Risk Factors with ER+

Breast Cancer Compared to Controls

Variable OR 95% CI p-value
Age (years) <40 Ref

>41 1.094 0.276-4.330 0.897
BMI (Kg/m?) <24 Ref

>25 1.771 0.367-8.547 0.476
Age at menarche >12 Ref

<13 0.787 0.176-3.526 0.755
Menopausal status No Ref

Yes 7.157 1.187-43.131 0.031
Parity No Ref

Yes 0.453 0.063-3.233 0.430
Contraceptives use No Ref

Yes 0.306 0.042-2.256 0.245

OR: odds ratio, CI: confidence interval, bold: -statistical significance of p < 0.05, BMI: body
mass index
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Association of risk factors with ER+ Breast cancer risk compared to controls.
Adjusted odds ratios (ORs), 95% confidence intervals (Cls), and p-values from
multivariate logistic regression assessing associations between selected variables and ER+

breast cancer. Menopausal status was the only statistically significant predictor.

4.10 Association between Selected Variables and ER+ Breast Cancer Compared to

Benign Breast Diseases

In the comparison between ER+ breast cancer cases and participants with benign breast
diseases (BBD), menopausal status was again a significant risk factor. Postmenopausal
women had over twice the odds of developing ER+ breast cancer (OR = 2.37, 95% ClI
[1.00, 5.70], p = 0.049).

Other variables—including age at menarche, parity, contraceptive use, history of other
cancers, and hypertension—were not significantly associated with ER+ breast cancer.

These results suggest that menopausal status is a consistent risk factor (Table 4.6).

Table 4.6: Association between Socio-Demographics and Risk Factors with ER+

Breast Cancer Compared to BBD Participants

Variable OR 95% CI p-value
Age (Years) <40 Ref

>41 1.144 0.448-2.965 0.777
Age at menarche (years) >12 Ref

<13 1.234 0.436-3.463 0.687
Menopausal status No Ref

Yes 2.367 1.000-5.698 0.049
Parity No Ref

Yes 0.637 0.201-1.892 0.421
Use of contraceptives No Ref

Yes 0.776 0.303-1.973 0.593
History of other cancers No Ref

Yes 1.864 0.845-4.194 0.123
Hypertension No Ref

Yes 1.166 0.501-2.676 0.717

Key: OR-odds ratio, Cl- confidence interval, bold*statistical significance
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Association of demographics and factors with ER+ Breast cancer compared to BBD.
Adjusted odds ratios (ORs), 95% confidence intervals (Cls), and p-values from
multivariate logistic regression comparing ER+ breast cancer cases and BBD participants.

Menopausal status increased risk.

4.11 Association of rs4646903, rs1048943, rs1056836, rs776746 and rs4680 with ER+

Breast Cancer Compared to Controls

The rs4646903 polymorphism showed a significant association with breast cancer risk at
the allele level. Specifically, the alternative C allele was found to be less frequent among
ER+ breast cancer cases compared to controls, suggesting a potential protective effect
(OR =0.44, 95% CI [0.19, 0.99], p = 0.048). To further assess this association, several
genotype models were tested. These included the codominant model, which compares
each genotype separately (e.g., TT vs. TC vs. CC); the dominant model, which groups
individuals carrying at least one copy of the variant allele (TC and CC) and compares
them to wild type individuals (TT); the recessive model, which compares variant carriers
(CC) to all other genotypes (TT and TC); the overdominant model, which evaluates
whether heterozygous individuals (TC) differ in risk compared to both homozygotes (TT
and CC); and the log-additive model, which assumes a linear change in risk with each
additional copy of the variant allele. However, none of these genotype models reached
statistical significance (p > .05), indicating that while the allele-level association is

notable, the genotypic distribution did not strongly support a model-specific effect.

In contrast, for rs1056836, no statistically significant associations were observed in either
allele-based or genotype-based analyses (p > .05), suggesting that this variant may not
influence breast cancer risk in the study population. Due to limited genotype variation,
model convergence issues, and lack of statistical significance, rs1048943 and rs4680 were

excluded from the final genotype association analysis (Table 4.7)
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Table 4.7: Genotype Frequencies and Associations of rs4646903 and rs1056836

Variants in ER+ Breast Cancer Versus Control Participants

SNP ID Model Variants  Cases Controls OR 95% ClI p-value
n (%) n (%)
rs4646903 Alleles T 104 25 (65.8) Ref
(81.3)
C 24 (18.7) 13(34.2) 0.44 0.19-099 0.048
Codominant  T/T 43 (67.2) 9(47.4) Ref
T/C 18 (28.1) 7(36.8) 0.54 0.17-1.67  0.283
C/IC 3(4.7) 3(15.8) 0.21 0.04-1.21 0.081
Dominant TIT 43 (67.2) 9(47.4) Ref
T/C-C/IC 21(32.8) 10(52.6) 0.44 0.16-1.24 0.121
Recessive T/T-TIC  61(95.3) 16(84.2) Ref
C/IC 3(4.7) 3(15.8) 0.26 0.05-1.42 0.121
Overdominant T/T-C/C 46 (71.9) 12(63.2) Ref
TIC 18 (28.1) 7(36.8) 0.67 0.23-1.97  0.469
log-Additive  0,1,2 64 (77.1) 19(229) 0.48 0.22-1.05  0.067
rs1056836 Alleles G 86 (67.2) 30 (79) Ref
C 42 (32.8) 8(21) 054 0.23-1.29 0.169
Codominant  G/G 30(46.9) 11(57.9) Ref
GC 26 (40.6) 8 (42.1) 0.83 0.29-240 0.74
C/IC 8(12.5) 0 (0.0 0.15 0.01-292 0.21
Dominant G/G 30(46.9) 11(57.9) Ref
G/C-C/IC 34(53.1) 8(42.1) 0.64 0.22-1.80 0.40
Recessive G/G-G/C 56(87.5) 19(100) Ref
C/IC 8(12.5) 0(0) 0.17 0.01-3.09 0.231
Overdominant G/G-C/C 38(59.4) 11(57.9) Ref
G/C 26 (40.6) 8(42.1) 1.06 0.37-3.00 0.908
log-Additive  0,1,2 64 (77.1) 19(229) 182 0.76-4.31  0.298

OR: odds ratio, CI: confidence interval, bold statistical significance (p < 0.05)

Genotype and allele frequencies of rs4646903 and rs1056836 polymorphisms and their

associations with ER+ breast cancer versus controls. The alternative C allele of rs4646903

was significantly associated with a lower risk of breast cancer (OR = 0.44, p = 0.048),

suggesting a protective effect. No significant associations were observed for rs1056836

across all models.
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4.12 Associations of rs4646903, rs1048943, rs1056836 SNPs with ER+ Breast Cancer

Compared to Benign Breast Diseases

This analysis assessed the association of three SNPs (rs4646903, rs1048943, and
rs1056836) with ER+ breast cancer in comparison to benign breast diseases (BBD).
rs776746 and rs4680 were not analysed because they were monomorphic wild type in both
the controls and BBDs. Among these, rs1056836 emerged as the only SNP with

statistically significant associations across multiple genetic models.

In the allelic model, the alternative C allele of rs1056836 was significantly associated with
reduced risk of ER+ breast cancer (OR = 0.34, 95% CI [0.19-0.62], p = 0.0003),
suggesting a potential protective effect. This finding was consistent in the codominant
model, where individuals with the G/C and C/C genotypes exhibited lower risk of ER+
breast cancer at OR = 0.47, 95 CI [0.23-0.96], p = 0.040 and OR = 0.03, 95 CI: 0.00—
0.57, p = 0.019 respectively. Similarly, in the dominant model, carriers of either the G/C
or C/C genotypes showed a significantly reduced risk compared to G/G homozygotes (OR
= 0.36, 95 CI [0.18-0.72], p = 0.004). The recessive model also revealed a protective
association for the C/C genotype (OR = 0.04, 95 CI [0.00-0.74], p = 0.030), and the log-
additive model (per G allele) showed a dose-dependent increase in risk of ER+ breast
cancer (OR =2.94, 95% CI [1.60-5.39], p = 0.0003).

In contrast, rs4646903 and rs1048943 did not show any statistically significant
associations with ER+ breast cancer or BBD. Across all tested genetic models, p-values
exceeded the standard threshold for significance (p > 0.05) (Table 4.8)
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Table 4.8: Genotype Frequencies and Associations of rs4646903, rs1048943 and

rs1056836 variants in ER+ Breast Cancer Versus Benign Breast Disease Participants

SNP ID Model Variants  Cases BBDs OR 95% CI p-value
n (%) n (%)
rs4646903  Alleles T 104 (81) 139 (88) Ref
C 24 (19) 19 (12) 1.68 0.87-3.24 0.116
Codominant TIT 43 (67.2) 61 (77.2) Ref
TIC 18 (28.1) 17(21.5) 150 0.70-3.24 0.299
CiC 34.7) 1(1.3) 426 0.43-42.30 0.216
Dominant TIT 43 (67.2) 61(77.2) Ref
T/C-C/IC 21(32.8) 18(22.8) 1.66 0.79-3.47 0.182
Recessive T/T-TIC 61 (95.3) 78(98.7) Ref
c/C 34.7) 1(1.3) 3.84 0.39-37.80  0.249
Overdominant  T/T-C/C 46 (71.9) 62 (78.5) Ref
T/C 18 (28.1) 17 (21.5) 143 0.66-3.07 0.362
log-Additive 0,1,2 64 (44.8)  79(55.2) 1.66 0.87-3.18 0.121
rs1048943  Alleles A 120 (94) 146 (92) Ref
G 8 (6) 12 (8) 0.81 0.32-2.04 0.657
Codominant A/A 58 (90.6) 69 (87.3) Ref
AIG 4 (6.2) 8 (10.1) 0.59 0.17-2.08 0.415
G/G 2(3.1) 2(2.5) 119 0.16-8.71 0.864
Dominant A/A 58 (90.6) 69 (87.3) Ref
AIG-G/IG  6(9.4) 10 (12.7)  0.71  0.24-2.08 0.537
Recessive AIA-AIG  62(96.9) 77 (97.5) Ref
GIG 2(3.1) 2(2.5) 1.24 0.17-9.07 0.830
Overdominant  A/A-G/G  60(93.8) 71(89.9) Ref
A/G 4(6.2) 8 (10.1) 0.59 0.17-2.06 0.410
log-Additive 0,1,2 64 (44.8)  79(55.2 0.86 0.39-1.90 0.701
rs1056836  Alleles G 86 (67.2) 135(85.4) Ref
C 42 (32.8) 23(145) 034 0.19-0.62 0.0003
Codominant G/G 30(46.9) 56 (70.9) Ref
G/C 26 (40.6) 23(29.1) 0.47 0.23-0.96 0.040
CiC 8 (12.5) 0 (0) 0.03 0.00-0.57 0.019
Dominant G/G 30(46.9) 56 (70.9) Ref
G/C-C/C  34(53.1) 23(29.1) 0.36 0.18-0.72 0.004
Recessive G/G-G/C 56 (87.5) 79 (100) Ref
c/C 8 (12.5) 0(0) 0.04 0.00-0.74 0.030
Overdominant G/G-C/C 38 (59.4) 56 (70.9) Ref
GIC 26 (40.6) 23(29.1) 060 0.29-1.20 0.150
log-Additive 0,1,2 64 (44.8) 79 (55.2) 2.94 1.60-5.39 0.0003

Key: OR: odds ratio, Cl: confidence interval, bold: statistical significance (p=<0.05)

Association of rs4646903, rs1048943 and rs1056836 variants with ER+ breast cancer
versus BBD. This table presents the distribution of genotypes and alleles for three SNPs

and their association with ER+ breast cancer versus benign breast diseases, evaluated

under different genetic models (allelic, codominant, dominant, recessive, overdominant,
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and log-additive). Odds ratios (OR), 95% confidence intervals (Cl), and p-values indicate

the strength and significance of each association.

4.13 Association of CYP1B1 SNPs with ER+ Breast Cancer Risk Compared to
Controls

The association between rs10012, rs1056827, and rs1056836 SNPs acquired via Sanger
sequencing and estrogen receptor-positive (ER+) breast cancer risk was evaluated using
multiple genetic models. The analysis revealed no statistically significant associations for
any of the SNPs studied. All tested models—including allelic, codominant, dominant,
recessive, overdominant, and log-additive—produced p-values greater than 0.05. Thus,
none of these polymorphisms were significantly associated with ER+ breast cancer risk in
this cohort (Table 4.9).

Table 4.9: Genotype Frequencies and Associations of rs10012, rs1056827 and
rs1056836 Variants in ER+ Breast Cancer Versus Control Participants

SNP ID Model Variants Controls Cases OR 95% CI p-value
rs10012 Alleles G 11(28.9) 57(44.5) Ref
C 27(71.7) 71(55.5) 05 0.23-1.11 0.09
Codominant G/G 2 (10.5) 11(17.2) Ref
G/C 7 (36.8) 35(54.7) 0.91 0.16-5.03 0.913
CiC 10 (52.6) 18(28.1) 0.33 0.06-1.78 1.196
Dominant G/G 2 (10.5) 11 (17.2) Ref
G/C-C/C 17 (89.5) 53(82.8) 057 0.11-281 0.488
Recessive G/G-G/C 9 (47.4) 46 (71.9) Ref
C/C 10 (52.6) 18(28.1) 035 0.12-1.01 0.052
Overdominant  G/G-C/C 12 (63.2) 29 (45.3) Ref
G/C 7 (36.8) 35(54.7) 2.07 0.72-5.94 0.176
log-Additive 0,1,2 19 (22.9) 64 (77.1) 049 0.21-11 0.073
rs1056827  Alleles C 34 (89.5) 98 (76.6) Ref
A 4 (10.5) 30(23.4) 26 0.85-7.92 0.09
Codominant CIC 17 (89.5) 46 (71.9) Ref
CIA 0(0.0) 6 (9.4) 489 0.26-91.49 0.288
A/A 2 (10.5) 12(18.8) 222 0.45-1095 0.328
Dominant CIC 17 (89.5) 46 (71.9) Ref
C/A-A/A  2(10.5) 18(28.1) 3.33 0.7-15.88 0.131
Recessive C/IC-C/IA 17 (89.5) 52 (81.2) Ref
A/A 2 (10.5) 12(18.8) 196 0.4-9.66 0.41
Overdominant  C/C-A/JA 19 (100) 58 (90.6) Ref 0.328
0(0.0) 6 (9.4) 0
log-Additive 0,1,2 19 (22.9) 64 (77.1) 173 0.74-4.04 0.373
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SNP ID Model Variants  Controls Cases OR 95% CI p-value

rs1056836  Alleles G 30 (78.9) 89 (69.5) Ref
C 8(21.1) 39(30.5) 0.60 0.25-1.44 0.260
Codominant G/G 13 (68.4) 39(60.9) Ref
G/C 4(21.1) 11(17.2) 1.09 0.29-4.02 0.896
c/C 2 (10.5) 14 (21.9) 0.42 0.09-2.14 0.302
Dominant G/G 13 (68.4) 39(60.9) Ref
G/C-CIC  6(31.6) 25(39.1) 0.72 0.24-2.14 0.550
Recessive G/G-G/C 17 (89.5) 50(78.1) Ref
c/C 2 (10.5) 14 (21.9) 0.42 0.09-2.04 0.280
Overdominant  G/G-C/C 15 (78.9) 53(82.8) Ref
CIG 4(21.1) 11(17.2) 1.28 0.35-4.62 0.701
log-Additive 0,1,2 19 (22.9) 64 (77.1) 0.68 2.79

Key: OR: odds ratio, Cl: confidence interval

This table presents the distribution of alleles and genotypes for rs10012, rs1056827 and
rs1056836 and their association with ER+ breast cancer cases versus controls. The odds
ratios (OR), confidence intervals (Cl), and p-values for various models are reported for
various genetic models. No statistically significant associations were observed for any of
the SNPs assessed.

4.14 Association of CYP1B1 SNPs with ER+ Breast Cancer Risk Compared to

Benign Breast Diseases

This study investigated the association between three polymorphisms - rs10012,
rs1056827, and rs1056836 - with the risk of ER+ breast cancer risk compared to BBD.

No significant association was observed for rs10012.Although the C allele appeared more
frequently in BBD (64.5%) than in breast cancer cases (55.5%), the difference was not
statistically significant. Across various genetic models (codominant, dominant, recessive,
overdominant, and log-additive), the associations remained non-significant (p > 0.05),
indicating no clear link between rs10012 and ER+ breast cancer risk.

Similarly, rs1056836 showed no statistically significant associations across all genetic
models (p > 0.05), suggesting that this SNP does not contribute meaningfully to

differentiating breast cancer from BBD.
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However, rs1056827 demonstrated a potential protective effect. The A allele was

significantly associated with a reduced risk of ER+ breast cancer (OR = 0.43, 95% ClI
[0.19 — 0.98], p = 0.045). Although the recessive model (A/A vs. C/C-C/A) also showed
a trend toward a protective effect, this was not statistically significant. These findings

suggest that rs1056827, particularly the A allele, may be linked to a lower risk of

developing ER+ breast cancer. (Table 4.10).

Table 4.10: Genotype Frequencies and Associations of rs10012, rs1056827 and

rs1056836 Variants in ER+ Breast Cancer Versus Benign Breast Disease Participants

SNP ID Model Variants BBD Cases OR 95% ClI p-value
rs10012 Alleles G 27 (35.5) 57(445) Ref
C 49 (64.5) 71(55.5) 0.68 0.382-1.232 0.207
Codominant G/G 3(7.9) 11 (17.2) Ref
G/C 21(55.3) 35(54.7) 0.45 0.11-1.82 0.265
ciC 14 (36.8) 18(28.1) 0.35 0.08- 1.50 0.158
Dominant G/G 3(7.9) 11(17.2) Ref
G/C-C/C 35(92.1) 53(82.8) 0.41 0.11-1.59 0.197
Recessive G/G-G/C 24 (63.2) 46 (71.9) Ref
ciC 14 (36.8) 18(28.1) 0.67 0.29-1.58 0.360
Overdominant  G/G-C/C 17 (44.7) 29 (45.3) Ref 0.954
G/IC 21(55.3) 35(54.7) 0.98 0.44-2.19 0.955
log-Additive 0,1,2 38(37.3) 64(62.7) 0.65 0.34-1.22 0.172
rs1056827  Alleles C 9(11.8) 30(23.4) Ref
A 67 (88.2) 98(76.6) 0.43 0.19-0.98 0.045
Codominant CIC 4 (10.5) 12 (18.8) Ref
CIA 1(2.6) 6 (9.4) 2.00 0.18 - 22.06 0.571
A/A 33(86.8) 46(71.9 0.46 0.14- 157 0.216
Dominant CiC 4 (10.5) 12 (18.8) Ref
CIA-AIA 34(89.5) 52(81.2) 0.51 0.15-1.71 0.275
Recessive C/C-C/A 5(13.2) 18 (28.1) Ref
A/A 33(86.8) 46(719) 0.39 0.13-1.15 0.087
Overdominant  C/C-A/A 37(97.4) 58(90.6) Ref
C/IA 1(2.6) 6 (9.4) 3.83 0.44- 33.08 0.222
log-Additive 0,1,2 38(37.3) 64(62.7) 0.63 0.34-1.16 0.115
rs1056836  Alleles G 54 (75) 89 (69.5) Ref
C 18 (25) 39(30.5) 0.76 0.39-1.46 0.411
Codominant G/G 24 (63.2) 39(60.9) Ref
G/IC 6 (15.8) 11(17.2) 0.88 0.29-2.70 0.832
C/IC 6(21.1) 14 (21.9) 0.69 0.23-2.05 0.512
Dominant GIG 24 (63.2) 39(60.9) Ref
G/C-C/C 14(36.8) 25(39.1) 0.91 0.39-2.08 0.823
Recessive G/G-G/C 30(78.9) 50(78.1) Ref
C/IC 8(21.1) 14 (21.9) 0.95 0.35-2.53 0.922
Overdominant  G/G-C/C 32(84.2) 53(82.8) Ref
CIG 6 (15.8) 11(17.2) 0.90 0.30-2.67 0.854
log-Additive 01,22 38(37.3) 64(62.7) 1.05 0.64-1.71 0.855
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Key: OR-o0dds ratio, ClI- confidence interval, bold*statistical significance

This table presents OR, 95% CI, and p-values for rs10012, rs1056827, and rs1056836.
While rs10012 and rs1056836 showed no significant associations (p > 0.05), the
rs1056827 A allele was linked to a lower breast cancer risk (OR = 0.43, p = 0.045),

suggesting a possible protective effect.

4.15 Association of rs4646903, rs1048943, rs1056836, rs776746 and rs4680 SNPs with
ER+ Breast Cancer Tumor Characteristics

The rs4646903, rs1048943, rs1056836, and rs4680 polymorphisms were genotyped using
PCR-RFLP. Their associations with tumor characteristics in ER+ breast cancer were
evaluated using five genetic models: allelic, dominant, recessive, additive, and
codominant. This section specifically focusses on the relationship between rs4646903,
rs1048943, and rs1056836 and key tumor characteristics, including molecular subtype,
grade, histopathological type, lymphovascular invasion (LVI), and cancer stage.
However, only the results for rs4646903 are presented, as it was the only polymorphism

that showed statistically significant associations with tumor features.

The alternative allele C of rs4646903 was significantly associated with an increased risk
of the Luminal B subtype (OR=3.83, 95 CI [1.35-10.84], p = 0.011). In the codominant
model, the heterozygous T/C genotype was significantly associated with an increased risk
for the Luminal B subtype (OR=6.67, 95 CI [1.45-30.75], p = 0.015). Similarly, the
dominant model (T/C-C/C genotypes) indicated a significantly increased risk of the
Luminal B subtype (OR =6.67, 95 CI [1.51-29.38], p = 0.012). The overdominant model
(T/T-C/C vs. T/C genotypes) showed significant association with Luminal B (OR =5.25,
95 CI [1.27-21.69], p = 0.022). The log-additive model also revealed a statistically
significant association between rs4646903 and the Luminal B subtype (OR=3.7, 95 CI
[1.23-11.07], p = 0.017). These findings suggest that the T/C genotype of rs4646903 may
predispose individuals to a higher likelihood of developing Luminal B subtype ER+ breast

cancer.
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Significant associations were also observed between rs4646903 and breast cancer stage.
In both codominant and dominant models, the T/C genotype was significantly associated
with an increased risk of late-stage disease (codominant model: OR = 3.50, 95% CI [1.05-
11.69], p = 0.041; dominant model: OR = 3.28, 95% CI [1.03-10.43], p = 0.044). The
overdominant model showed a similar trend (OR = 3.29, 95% CI [1.01-10.71], p = 0.048),
indicating that the T/C variant may be linked to a higher risk of progression to advanced-

stage ER+ breast cancer.

In contrast, rs4646903 did not show significant associations with tumor grade,
histopathological type (IDC vs. other subtypes), or LVI. Across all genetic models, p-
values for these features were >0.05, indicating that rs4646903 may not influence these

tumor characteristics in ER+ breast cancer. Table 4.11.

Furthermore, no statistically significant associations were found between rs1048943 and
rs1056836 polymorphisms and any of the tumor characteristics assessed. Across all
models, p-values were >0.05 for tumor grade, histopathological type, and LVI (data not
shown), suggesting these polymorphisms do not significantly impact these aspects in the

study population.

Table 4.11: Frequencies and Association of rs4646903 Variants with Tumor

Characteristics in ER+ Breast Cancer Patients

Association of rs4646903 with molecular subtype in ER+ breast cancer

Model Variants lumAn (%) lumBn (%) OR 95% ClI p-value
Allele T 92 (85) 12 (60) Ref

C 16 (15) 8 (40) 3.83 1.35-10.84 0.011
Codominant TIT 40 (74.1) 3(30) Ref

TIC 12 (22.2) 6 (60) 6.67 1.45-30.75 0.015

CIC 2(3.7) 1(10) 6.67 0.46-96.44 0.164
Dominant TIT 40 (74.1) 3(30) Ref

TIC-C/IC 14 (25.9) 7 (70) 6.67 1.51-29.38 0.012
Recessive TIT-T/IC 52 (96.3) 9 (90) Ref

C/C 2(3.7) 1(10) 2.89 0.24-35.28  0.406
Overdominant TIT-CIC 42 (77.8) 4 (40) Ref

T/IC 12 (22.2) 6 (60) 525 1.27-21.69 0.022
log-Additive 0,1,2 54 (84.4) 10 (15.6) 37  1.23-11.07 0.017
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Association of rs4646903 with stage of ER+ breast cancer

Model Variants early stage late stage OR 95% ClI p-value
n (%) n (%)
Allele T 80 (77) 24 (70.6) Ref
C 24 (23) 10 (29.4) 138 0.58-3.30 0.457
Codominant TIT 35 (74.5) 8 (47.1) Ref
TIC 10 (21.3) 8 (47.1) 350 1.05-11.69 0.041
c/C 2(4.3) 1(5.9) 219 0.18-27.2 0.542
Dominant TIT 35 (74.5) 8 (47.1) Ref
T/C-CIC 12 (25.5) 9(52.9) 3.28 1.03-1043 0.044
Recessive TIT-TIC 45 (95.7) 16 (94.1) Ref
CIC 2(4.3) 1(5.9) 141 0.12-16.58 0.786
Overdominant T/T-CIC 37 (78.7) 9 (52.9) Ref
TIC 10(21.3) 8 (47.1) 329 1.01-10.71  0.048
log-Additive 0,1,2 47 (73.4) 17 (26.6) 2.28 0.9-5.78 0.082
Association of rs4646903 with grade in ER+ breast cancer
Model Variants high grade low grade OR 95% CI p-value
n (%) n (%)
Allele T 99 (81) 5(83) Ref
C 23 (19) 1(17) 1.16 0.12-10.42 0.893
Codominant TIT 41 (67.2) 2 (66.7) Ref
T/IC 17 (27.9) 1(33.3) 082 0.07-9.76 0.881
CIC 3(4.9) 0 (0) 042 0.01-10.62 0.599
Dominant TIT 41 (67.2) 2 (66.7) Ref
TI/C-CIC 20 (32.8) 1(33.3) 097 0.09-1199 0.984
Recessive T/T-TIC 58 (95.1) 3 (100) Ref
CIC 3(4.9) 0 (0) 0.418 0.01-9.80 0.588
Overdominant T/T-C/C 44 (72.1) 2(66.7) Ref
TIC 17 (27.9) 1(33.3) 0.77 0.06-9.08 0.837
log-Additive 0,1,2 61 (95.3) 3(4.7) 087 0.1-7.25 1
Association of rs4646903 with histopathology type in ER+ breast cancer
Model Variants 1DC Others OR  95% ClI p-value
n (%) n (%)
Allele T 80 (81.6) 24 (80) Ref
C 18 (18.4) 6 (20) 090 032-252 0841
Codominant TIT 34 (69.4) 9 (60) Ref
TIC 12 (24.5) 6 (40) 1.89  0.55-6.43 0.308
CIC 3(6.1) 0 (0) 0.51 0.02-10.94 0.673
Dominant TIT 34 (69.4) 9 (60) Ref
T/C-C/C 15 (30.6) 6 (40) 151 0.46-5.01 0.499
Recessive TIT-TIC 46 (93.9) 15 (100) Ref
CIC 3(6.1) 0 (0) 0.42 0.02-8.76 0.582
Overdominant T/T-C/IC 37 (75.5) 9 (60) Ref
TIC 12 (24.5) 6 (40) 2.06 0.61-6.97 0.248
log-Additive 0,1,2 49 (76.6) 15 (23.4) 1.1 0.41-2.97 0.418
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Association of rs4646903 with lymphovascular invasion (LV1) in ER+ breast cancer

Model Variants LVIabsent LVI present OR 95% ClI p-value
n (%) n (%)

Allele T 46 (82) 48 (77) Ref

C 10 (18) 14 (23) 134 0.54-3.32 0.525
Codominant TIT 20 (71.4) 23 (63.9) Ref

TIC 6 (21.4) 12 (33.3) 1.74  0.55-5.49 0.345

CIC 2(7.1) 1(2.8) 0.43 0.04-5.16 0.509
Dominant TIT 20 (71.4) 23 (63.9) Ref

T/IC-CIC 8(28.6) 13 (36.1) 141 04941 0.524
Recessive TIT-TIC 26 (92.9) 35(97.2) Ref

CIC 2(7.1) 1(2.8) 0.37 0.03-4.32 0.413
Overdominant T/T-CIC 22 (78.6) 24 (66.7) Ref

TIC 6 (21.4) 12 (33.3) 1.83 0.59-5.72 0.297
log-Additive 0,1,2 28 (43.8) 36 (56.2) 1.1 0.46-2.62 0.825

Key: OR-odds ratio, Cl- confidence interval, bold*statistical significance

This table presents the associations between rs4646903 genotypes and key tumor
characteristics—molecular subtype (Luminal A vs. Luminal B), stage (early vs. late), and
grade (high vs. low)—under different genetic models (allelic, codominant, dominant,
recessive, overdominant, and log-additive). Odds ratios (ORs), 95% confidence intervals

(CI), and p-values are provided for each model.

4.16 Association of CYP1B1 SNPs with ER+ Breast Cancer Tumor Characteristics

The rs10012, rs1056827, and rs1056836 polymorphisms were genotyped using Sanger
sequencing, and their association with tumor characteristics in ER+ breast cancer were
evaluated under five genetic models: allelic, dominant, recessive, additive, and
codominant. Although CYP1B1 plays a recognized role in estrogen metabolism, no
statistically significant associations were observed between these SNPs and tumor size,
histological grade, lymph node involvement, or other clinicopathological features. These
findings suggest that rs10012, rs1056827, and rs1056836 may not independently
influence tumor characteristics in ER+ breast cancer among the study participants.
However, further research with larger and more diverse populations is warranted to
validate these findings and clarify the role of CYP1B1 polymorphisms in breast cancer

progression (data not shown).

76



4.17 In-Silico Analysis of CYP1B1 Haplotypes
4.17.1 Linkage Disequilibrium Analysis

The pairwise linkage disequilibrium (LD) analysis of three genetic variants (rs10012,
Pairwise linkage disequilibrium (LD) analysis of the three CYP1B1 variants (rs10012,
rs1056827, and rs1056836) revealed distinct patterns of association among the loci (Table
4.12). Strong and statistically significant LD was observed between rs10012 and
rs1056827, with a D' value of 0.9466 and a moderate correlation (r? = 0.5767). The chi-
square test for this pair yielded a highly significant p-value (1.08 x 107'3), confirming that
these two loci are strongly linked and likely inherited together with minimal

recombination.

In contrast, the LD analysis between rs10012 and rs1056836 revealed very weak
association (D' = 0.0498, r2 = -0.026, p = 0.7369), indicating that these loci segregate
independently. Similarly, rs1056827 and rs1056836 showed weak LD (D' = 0.3416, r2 =
-0.109, p = 0.1604), with no statistical significance.

These findings confirm that rs10012 and rs1056827 form part of the same haplotype
block, while rs1056836 appears to be independent of these two loci, validating the

haplotype structure used for subsequent frequency and structural analyses.

Table 4.12: Summary of Pairwise Linkage Disequilibrium among rs10012, rs1056827
and rs1056836 Polymorphisms

SNP Pair D’ r Chi-square P-value LD Strength
(X?)
rs10012 — rs1056827 0.9466  0.5767 55.22 1.08 x 10  Strong LD (Highly
significant)
rs10012 — rs1056836 0.0498 -0.0260 0.11 0.7369 Weak LD  (Not
significant)
rs1056827 — rs1056836 0.3416 -0.1090 1.97 0.1604 Weak LD  (Not
significant)
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4.17.2 Haplotype Frequencies of CYP1B1 Polymorphisms

Following confirmation of the linkage patterns, eight distinct CYP1B1 haplotypes were
identified across the study groups, with notable differences in distribution observed among
breast cancer cases (n=40 chromosomes), healthy controls (n=12 chromosomes), and

benign breast disease participants (n=26 chromosomes) (Table 4.13).

The C-A—C-T haplotype (reference) was most frequent in cases (25.0%), while G-A-C—
T (protective) predominated in benign samples (42.3%). The wild-type haplotype (G-C—
G-T) exhibited a frequency of 5.0% in cases and 3.8% in benign samples, but was absent
in controls. Notably, three haplotypes—C-A-G-T, G-C-G-T (wild-type), and G-A-S-
T—were absent in controls but collectively accounted for 20.0% of case chromosomes.
The risk-associated haplotype (G—C—C-T) showed its highest frequency in cases (12.5%)

compared to controls (8.3%) and benign samples (3.8%).

Table 4.13: Haplotype Frequencies of CYP1B1 SNPs in Cases, Controls, and Benign

Samples
Haplotype Amino CASESn CONTROLSn BENIGNSnN
(rs10012—- acids (%) (%) (%)
rs1056827— (48-119-
rs1056836— 432-453)
rs1800440)
C-A-C-T** G-S-V-N 10 (25.0%) 3 (25.0%) 9 (34.6%)
G-A-G-T R-S-L-N 7 (17.5%) 2 (16.7%) 3 (11.5%)
C-A-S-T G-S-?-N 6 (15.0%) 3 (25.0%) 2 (7.7%)
G-C-C-T*** R-A-V-N 5 (12.5%) 1 (8.3%) 1 (3.8%)
G — A— C—THex* R-S-V-N 4 (10.0%) 3 (25.0%) 11 (42.3%)
C-A-G-T G-S-L-N 4 (10.0%) 0 (0%) 2 (7.7%)
G-C-G-T* R-A-L-N 2 (5.0%) 0 (0%) 1 (3.8%)
G-A-S-T R-S-?-N 2 (5.0%) 0 (0%) 0 (0%)

Key: *=wild-type haplotype, **=most common haplotype, ***=risk-associated
haplotype, ****=protective haplotype, R; Arginine, A; Alanine, V; Valine, N;
Asparagine, ?; Leucine or Valine. (ambiguous call); *The ambiguous S—?—N indicates
that the rs1056836 genotype could not be definitively assigned to either L432 or V432.
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4.17.3 Wild-Type Sequence Retrieval and Haplotype Variant Generation

The human CYP1B1 wild-type amino acid sequence (NP_000095.2) was successfully
retrieved from the NCBI database and verified against the UniProtKB canonical sequence
(Q16678). The 543-amino acid sequence corresponds to the wild-type haplotype (G—C—
G-T) identified in the frequency analysis.

Domain mapping confirmed the functional relevance of the four polymorphic residues
targeted in this study, as summarized in Table 4.14. Residue R48 is located in the N-
terminal hinge region involved in membrane interaction and protein orientation, while
A119 resides in the N-terminal structural region critical for protein folding and integrity.
Residue L432 is positioned near the substrate-binding pocket, where it influences
substrate recognition and binding, and N453 is located in the C-terminal heme-binding

region, essential for heme coordination and electron transfer.

Table 4.14: Functional Domain Mapping of Target Residues

Residue Position  Amino Acid Domain/Region Functional Role

48 Arginine (R)  Hinge/flexibility Membrane interaction and
region protein orientation

119 Alanine (A)  N-terminal | Protein folding and
structural region structural integrity

432 Leucine (L) Near substrate- Substrate recognition and
binding pocket binding

453 Asparagine C-terminal / heme- Heme coordination and

(N) binding region electron transfer

Based on the haplotype frequency data, four representative haplotypes were selected for
structural analysis, each defined by a specific combination of amino acids at positions 48,
119, 432, and 453. The wild-type haplotype (G—C-G-T) contains R48, A119, L432, and
N453 (R-A-L-N). The reference haplotype (C—-A-C-T), which was most common in
cases (25.0%), contains G48, S119, V432, and N453 (G-S-V-N). The risk-associated
haplotype (G—C—-C-T), elevated in cases (12.5%) compared to controls (8.3%) and benign
samples (3.8%), contains G48, A119, V432, and N453 (G-A-V-N). The protective
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haplotype (G—A—C-T), which predominated in benign samples (42.3%), contains R48,
S119, V432, and N453 (R-S-V-N).

The complete amino acid sequences for these four haplotypes, generated through in silico
mutagenesis by introducing the corresponding substitutions into the wild-type template,
are presented in Figure 4.19. The four polymorphic residues are highlighted in bold and

underlined at their respective positions.

A. Wild-Type (R-A-L—-N) Sequence

MGTSLSPNDPWPLNPLSIQQTTLLLLLSVLATVHVGQRLLRQQRRRQLRSAPPG
PFAWPLIGNAAAVGQAAHLSFARLARRYGDVFQIRLGSCPIVVLNGERAIHQAL
VQQGSAFADRPAFASFRVVSGGRSMAFGHYSEHWKVQRRAAHSMMRNFFTRQ
PRSRQVLEGHVLSEARELVALLVRGSADGAFLDPRPLTVVAVANVMSAVCFGC
RYSHDDPEFRELLSHNEEFGRTVGAGSLVDVMPWLQYFPNPVRTVFREFEQLNR
NFSNFILDKFLRHCESLRPGAAPRDMMDAFILSAEKKAALGDSHGGGARLDLEN
VPATITDIFGASQDTLSTALQWLLLLFTRYPDVQTRVQAELDQVVGRDRLPCMG
DQPNLPYVLAFLYEAMRFSSFVPVTIPHATTANTSVLGYHIPKDTVVEVNQWSV
NHDPLKWPNPENFDPARFLDKDGLINKDLTSRVMIFSVGKRRCIGEELSKMQLF
LFISILAHQCDFRANPNEPAKMNFSYGLTIKPKSFKVNVTLRESMELLDSAVQNL
QAKETCNQ

B. Reference (G-S-V-N) Haplotype Sequence

MGTSLSPNDPWPLNPLSIQQTTLLLLLSVLATVHVGQRLLGQQRRRQLRSAPPG
PFAWPLIGNAAAVGQAAHLSFARLARRYGDVFQIRLGSCPIVVLNGERAIHQAL
VQQGSAFADRPAFASFRVVSGGRSMAFGHYSEHWKVQRRSAHSMMRNFFTRQ
PRSRQVLEGHVLSEARELVALLVRGSADGAFLDPRPLTVVAVANVMSAVCFGC
RYSHDDPEFRELLSHNEEFGRTVGAGSLVDVMPWLQYFPNPVRTVFREFEQLNR
NFSNFILDKFLRHCESLRPGAAPRDMMDAFILSAEKKAAVYGDSHGGGARLDLEN
VPATITDIFGASQDTLSTALQWLLLLFTRYPDVQTRVQAELDQVVGRDRLPCMG
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DQPNLPYVLAFLYEAMRFSSFVPVTIPHATTANTSVLGYHIPKDTVVFVNQWSV
NHDPLKWPNPENFDPARFLDKDGLINKDLTSRVMIFSVGKRRCIGEELSKMQVF
LFISILAHQCDFRANPNEPAKMNFSYGLTIKPKSFKVNVTLRESMELLDSAVQNL
QAKETCNQ

C. Risk-Associated (G-A-V-N) Haplotype Sequence

MGTSLSPNDPWPLNPLSIQQTTLLLLLSVLATVHVGQRLLGQQRRRQLRSAPPG
PFAWPLIGNAAAVGQAAHLSFARLARRYGDVFQIRLGSCPIVVLNGERAIHQAL
VQQGSAFADRPCFASFRVVSGGRSMAFGHYSEHWKVQRRAAHSMMRNFFTRQ
PRSRQVLEGHVLSEARELVALLVRGSADGAFLDPRPLTVVAVANVMSAVCFGC
RYSHDDPEFRELLSHNEEFGRTVGAGSLVDVMPWLQYFPNPVRTVFREFEQLNR
NFSNFILDKFLRHCESLRPGAAPRDMMDAFILSAEKKAAVGDSHGGGARLDLEN
VPATITDIFGASQDTLSTALQWLLLLFTRYPDVQTRVQAELDQVVGRDRLPCMG
DQPNLPYVLAFLYEAMRFSSFVPVTIPHATTANTSVLGYHIPKDTVVEVNQWSV
NHDPCKWPNPENFDPARFLDKDGLINKDLTSRVMIFSVGKRRCIGEELSKMQVF
LFISILAHQCDFRANPNEPAKMNFSYGLTIKPKSFKVNVTLRESMELLDSAVQNL
QAKETCNQ

D. Protective (R-S-V-N) Haplotype Sequence

MGTSLSPNDPWPLNPLSIQQTTLLLLLSVLATVHVGQRLLRQQRRRQLRSAPPG
PFAWPLIGNAAAVGQAAHLSFARLARRYGDVFQIRLGSCPIVVLNGERAIHQAL
VQQGSAFADRPAFASFRVVSGGRSMAFGHYSEHWKVQRRSAHSMMRNFFTRQ
PRSRQVLEGHVLSEARELVALLVRGSADGAFLDPRPLTVVAVANVMSAVCFGC
RYSHDDPEFRELLSHNEEFGRTVGAGSLVDVMPWLQYFPNPVRTVFREFEQLNR
NFSNFILDKFLRHCESLRPGAAPRDMMDAFILSAEKKAAVYGDSHGGGARLDLEN
VPATITDIFGASQDTLSTALQWLLLLFTRYPDVQTRVQAELDQVVGRDRLPCMG
DQPNLPYVLAFLYEAMRFSSFVPVTIPHATTANTSVLGYHIPKDTVVFVNQWSV
NHDPLKWPNPENFDPARFLDKDGLINKDLTSRVMIFSVGKRRCIGEELSKMQVF
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LFISILAHQCDFRANPNEPAKMNFSYGLTIKPKSFKVNVTLRESMELLDSAVQNL
QAKETCNQ

Figure 4.17: CYP1B1 Haplotype Amino Acid Sequences

The four haplotypes selected for structural analysis are shown with the polymorphic
residues (positions 48, 119, 432, 453) highlighted in bold. Substitutions relative to the
wild-type sequence are highlighted in bold and underlined. A; Wild-type (R-A-L—N), B.
Reference (G-S—V-N), C. Risk-associated (G—A—V-N) and D. Protective (R-S—V—N)

4.17.4 Tertiary Structure Analysis

The ribbon structures, surface models and colour coded ribbons diagrams of the four
haplotype models were visualized in PyMol. Ramachandran plot analysis was performed
to evaluate the stereochemical quality of the wild-type and variant CYP1B1 models. All
the models demonstrated >90% of residues in favored regions, with no significant outliers
in disallowed regions, confirming the structural reliability of the generated models for

subsequent MD simulations.
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Figure 4.18: Tertiary Structures and Ramachandran Plot of CYP1B1 Highlighting
the R48, A119, L432 and N453 Residues.

A; Ribbon structure, B; Surface model, C; Colour coded ribbon diagram and D;

Ramachandran plot
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Figure 4.19: Tertiary Structures and Ramachandran Plot of CYP1B1 Highlighting
the G48, S119, V432 and N453 Residues

A; Ribbon structure, B; Surface model, C; Colour coded ribbon diagram and D;

Ramachandran plot
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Figure 4.20: Tertiary Structures And Ramachandran Plot of CYP1B1 Highlighting
the R48, A119, V432 and N453 Residues

A; Ribbon structure, B; Surface model, C; Colour coded ribbon diagram and D;
Ramachandran plot
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Figure 4.21: Tertiary Structures and Ramachandran Plot of CYP1B1 Highlighting
the R48, S119, V432 and N453 Residues

A; Ribbon structure, B; Surface model, C; Colour coded ribbon diagram and D;

Ramachandran plot
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CHAPTER FIVE
DISCUSSION
5.1 Overview

The increasing global burden of breast cancer, driven by rising incidence and mortality
rates in developing countries, underscores its significance as a public health challenge
(Cai et al., 2025). Estrogen receptor-positive (ER+) breast cancer accounts for 70-80% of
all breast cancer cases and relies on estrogen for tumor growth (Ozdemir et al., 2018).
This type of breast cancer may be influenced by genetic variations involved in estrogen
metabolism. Polymorphisms in genes such as CYP1A1l, CYP1B1, CYP3A5, and COMT
can alter estrogen metabolism efficiency, therefore potentially modulating the risk of
developing ER+ breast cancer (Tsuchiya et al., 2005). However, associations between
these polymorphisms and breast cancer risk remain inconsistent, possibly due to
differences in population-specific genetic susceptibility, environmental factors, lifestyle
choices and reproductive histories (Sun et al., 2015). In addition to genetic influences,
socio-demographic disparities may further contribute to risk variability. Thus,
investigating these polymorphisms alongside reproductive, lifestyle, and socio-
demographic factors is essential to understanding the multifaceted etiology of estrogen
ER+ breast cancer in the local population.

This study examined the associations between socio-demographic characteristics, medical
history, lifestyle behaviors, and genetic polymorphisms specifically rs4646903 and
rs1048943 in CYP1A1, rs10012, rs1056827, rs1056836, and rs1800440 in CYP1B1,
rs776746 in CYP3AS5, and rs4680 in COMT. These genes were selected based on their
previously reported roles in breast cancer susceptibility, with breast cancer risk. The
analysis involved a comprehensive approach, including descriptive statistics, association
analysis, and haplotype analysis. The comparisons were conducted between ER+ breast

cancer cases and two reference groups - healthy controls and individuals with benign
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breast disease (BBD). These comparisons are critical for identifying factors that may

influence breast cancer development and progression.

Notably, comparing ER+ breast cancer cases with the BBD group provides distinct
insights. BBD shares several clinical and pathological features with breast cancer but
carries a distinct risk profile. It is well established that women diagnosed with BBD are at
an elevated risk of developing breast cancer (Figueroa et al., 2021). Supporting this link,
Schilling and Silva (2020) reported a significant association between family history of
breast cancer and BBD, reinforcing the importance of genetic and familial factors in breast

cancer susceptibility (Schilling & Silva, 2020).

5.2 Prevalence of the Socio-Demographics, Risk Factors and Single Nucleotide
Polymorphisms in the Study Participants

Age is a well-documented risk factor for ER+ breast cancer. These findings in this study
are consistent with existing evidence stating that advancing age, particularly
postmenopausal status, increases the risk of ER+ breast cancer (Diab et al., 2000).

Globally, the median age at breast cancer diagnosis varies across regions. Studies in
Ghana, Saudi Arabia, and Egypt reported higher median ages - 55 years, 53.7 years, and
50-59 years, respectively  (Bosompem et al., 2024; EI-Moselhy, 2017; Khabaz, 2014) -
aligning with the findings of this study. In contrast, breast cancer in Sub-Saharan Africa,
North Africa, and parts of Asia tends to affect younger populations. For instance, in
Kenya, the most affected age group was 45-49 years (Makanga et al., 2013), with other
studies reporting median ages of 48 and 47.5 years (Sayed et al., 2014, 2018). In Western
Kenya, a median age of 48.5 years was reported (Sawe et al., 2016). Similarly, studies
from Uganda (Galukande et al., 2014), Libya (Abousahmeen et al., 2023) and Eastern
Morocco (Errahhali et al., 2017) reported median ages ranging between 47.3 and 48.7
years. A recent study examining a heterogeneous African population (Nigeria, Cameroon,
and Uganda), reported a median age of 48 years, compared to 31 years in the BBD group
(Omoleye et al., 2023).
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These age disparities likely reflect regional differences in population demographics, with
younger population structures in Sub-Saharan Africa, as well as possible variations in
genetic susceptibility, environmental exposures, and access to diagnostic services
(Errahhali et al., 2017). In contrast, Western countries tend to report older ages at
diagnosis of breast cancer, which may be attributed to higher life expectancy and later

onset of menopause (Leong et al., 2010).

The majority of ER+ breast cancer cases in this study were postmenopausal. This aligns
with previous findings that identify menopause as a significant risk factor for the disease
(Collaborative Group on Hormonal Factors in Breast Cancer, 2001). The increased risk in
postmenopausal women is largely attributed to hormonal changes, particularly the shift
from ovarian estrogen production to peripheral estrogen synthesis in adipose tissue
(Cleary & Grossmann, 2009) . Postmenopausal breast cancer risk is closely linked to
increased adiposity, which not only elevates circulating estrogen levels but also reduces
sex hormone-binding globulin (SHBG), leading to higher bioavailable estrogen. This
hormonal imbalance fosters carcinogenic processes, including enhanced cell proliferation,
pro-angiogenesis, and suppression of apoptosis, all of which contribute to tumor

development and progression (Rinaldi et al., 2006).

The association between menopausal status and BBD differs from its link with ER+ breast
cancer. While postmenopausal women are at a higher risk of developing ER+ breast
cancer, BBD is more common in younger, premenopausal women (Hasan et al., 2020). In
this study, the majority of BBD cases occurred in premenopausal women, reinforcing the
idea that age and hormonal fluctuations influence both benign and malignant breast

conditions, but in distinct ways.

This contrast suggests that menopause is more strongly associated with an increased risk
of breast cancer, whereas BBD tends to occur earlier in life when hormonal fluctuations
are more frequent (Johansson et al., 2021). These findings highlight the importance of
age-specific screening and risk assessment to distinguish benign from malignant

conditions effectively.
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Family history remains an important risk factor for breast cancer. While previous studies
show that 10-30% of patients have affected relatives (Brewer et al., 2017). This study
highlights that family history of breast or other cancers influences breast cancer risk. This
suggests broader genetic or shared lifestyle factors could play a role in disease
development.

Similar trends have been observed in previous studies. In Morocco, Tazzite et al. (2013)
found that 18.4% of breast cancer patients had a family history of the disease (Tazzite et
al., 2013). In the United States, Haber et al. (2012) reported that 11.3% of women with
breast cancer had a family history of breast cancer, while 46% had a family history of
other cancers (Haber et al., 2012). In China, Kilfoy et al. (2008) found an increased risk
of breast cancer in individuals with a family history, although no association was observed
between a history of other cancers and breast cancer risk (Kilfoy et al., 2008). However,
a subgroup analysis by Zhou et al. (2014) in Chinese women linked a family history of

lung cancer to an increased risk of ER+ breast cancer (Zhou et al., 2014).

Findings from Kenya also align with this study. Ekpe et al. (2019) reported that 23% of
breast cancer patients had a family history of cancer, closely matching 20% prevalence of
familial breast cancer cases in this study (Ekpe et al., 2019). While family history suggests
a combination of genetic and environmental influences, the precise mechanisms linking

breast cancer with other familial cancers remain unclear (Kilfoy et al., 2008).

Moderate alcohol consumption has been associated with a 30-50% increased risk of breast
cancer, a relationship consistently observed in both case-control and cohort studies
(McDonald et al., 2013). However, in this study, alcohol intake was assessed only over
the past 12 months, which may not fully capture the cumulative effects of long-term
alcohol consumption. Individuals in the ER+ breast cancer group may have reduced their
alcohol intake after diagnosis due to health concerns or treatment side effects, potentially
leading to lower reported consumption compared to the control and BBD groups. The 12-
month assessment period may not accurately reflect the drinking patterns that contribute

to breast cancer development over the long term. Alcohol's carcinogenic effects
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accumulate over time, suggesting that past consumption, beyond the last year, could play
a more significant role in breast cancer risk. Additionally, the type of alcoholic beverage
consumed may also influence disease development (Liu et al., 2015). Given these factors,
further research is needed to explore the timing, duration, and patterns of alcohol

consumption in relation to breast cancer risk.

This study characterized the baseline distribution of key polymorphisms in estrogen
metabolism genes, including CYP1A1 (rs4646903 and rs1048943), CYP1B1 (rs10012,
rs1056827, rs1056836, and rs1800440), CYP3AS5 (rs776746), and COMT (rs4680),
across breast cancer cases, benign breast disease controls, and healthy controls. These
specific variants were selected based on their established roles in estrogen biosynthesis
and metabolism pathways. Notably, variation in rs1056836 distribution was observed
between the cases and the controls. This suggests possible effects that may require
consideration in subsequent analyses. The findings contribute to building a more complete
understanding of the genetic architecture underlying estrogen metabolism in breast cancer

pathogenesis

5.3 Prevalence of Tumor Characteristics

Breast cancer is a heterogeneous disease with significant variability in tumor
characteristics across different ethnic and geographic populations. These tumor features
influence disease progression, treatment response, and overall prognosis, making them
essential for clinical decision-making. Key tumor characteristics include histological
grade, histological type, lymph node status, molecular subtype, and disease stage, all of
which play a critical role in determining patient outcomes (Abousahmeen et al., 2023).

With regards to histological subtype, this study established invasive ductal carcinoma
(IDC) to be the most prevalent. It accounted for 84.2% of ER+ breast cancer cases. This
finding is consistent with the report by Sayeed et al. (2014) (Sayed et al., 2014). Similarly,
studies conducted in Western Kenya and Eastern Morocco have also identified IDC as the

predominant histological subtype (Errahhali et al., 2017; Sawe et al., 2016).
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The predominance of invasive ductal carcinoma (IDC) among ER+ breast cancer cases in
this cohort aligns with established global patterns, as demonstrated in studies from North
Africa (Errahhali et al., 2017), East Africa (Sawe et al., 2016; Sayed et al., 2014). This
consistent histological distribution across diverse populations reinforces the importance
of prioritizing IDC-focused research in both basic and translational settings. Particularly
for ER+ disease, understanding the interplay between ductal morphology and hormone

receptor signaling may yield clinically actionable insights.

The high frequency of lymph node involvement observed in this study reinforces its
established role as a critical prognostic indicator in breast cancer. This pattern aligns with
findings from Kenya (Sayed et al., 2014), Libya (Abousahmeen et al., 2023), and Morocco
(Errahhali et al., 2017), though with notable variations that likely reflect differences in
tumor biology, stage at diagnosis, and healthcare access. The particularly high rates
reported in these African studies - compared to global averages - may indicate regional
challenges in early detection systems. Research from Eastern India further confirms that
tumor characteristics including grade, stage and lymphovascular invasion remain
universal predictors of nodal metastasis, regardless of geographical setting (Chakraborty
et al., 2016). These collective findings highlight the need for both improved diagnostic

infrastructure and tailored treatment approaches across diverse healthcare environments.

Research from Kenya, Uganda, and Libya consistently shows that breast cancer is often
detected at advanced stages in these regions (Abousahmeen et al., 2023; Galukande et al.,
2014; Sayed et al., 2014). This pattern likely results from two key factors: the types of
breast cancer being studied and differences in healthcare systems. Studies that include
aggressive subtypes like triple-negative breast cancer naturally report more late-stage
diagnoses, as these tumors progress rapidly. In contrast, ER-positive breast cancers—
which tend to grow more slowly—are more likely to be caught earlier when screening is
available (Nakashima et al., 2019). Healthcare access plays an equally important role;
regions with established screening programs and greater public awareness typically detect

cancers at earlier, more treatable stages (Hoveling et al., 2025). Together, these biological
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and systemic factors explain why diagnosis timing varies significantly across different

populations.

The predominance of luminal A breast cancer observed in this study aligns with findings
from other studies, including research from Kenya (Sayed et al., 2014) and Uganda
(Galukande et al., 2014). However, significant regional variations exist, as demonstrated
by a Libyan study reporting luminal B as the most frequent subtype (Abousahmeen et al.,
2023). A recent systematic review of African breast cancer phenotypes noted that luminal
subtypes collectively represent the most common classification across the continent, with

Kenya showing particularly high frequencies of luminal A tumors (Onyia et al., 2023).

These discrepancies in subtype distribution may reflect both true biological differences
and methodological challenges in molecular classification. Historically, inconsistent
biomarker panels and varying laboratory protocols have complicated reliable distinction
between luminal A and B subtypes in many settings. This technical variability underscores
the need for standardized molecular profiling approaches in breast cancer research,
particularly for hormone receptor-positive disease where accurate subtyping carries

significant therapeutic implications.

5.4 Associations of Socio-Demographics and Risk Factors with ER* Breast Cancer

While demographic characteristics provide a foundation for understanding disease
patterns, identifying other factors associated with ER+ breast cancer is crucial for

improving risk assessment and prevention strategies.

Existing literature consistently demonstrates that postmenopausal status significantly
elevates risk for hormone receptor-positive breast cancer, primarily through prolonged
estrogen exposure and altered hormonal metabolism (Johansson et al., 2021; Rinaldi et
al., 2006). This biological mechanism is particularly relevant in ER+ tumors, where
estrogen signaling plays a central role in tumorigenesis. This biological mechanism is

central to ER+ tumorigenesis. In our study, this association was strongly supported.
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Postmenopausal status was significantly more prevalent in ER+ breast cancer cases
compared to the controls. The odds of an individual being a case was seven times that of
control. This finding aligns with the established literature, reinforcing the role of
menopausal status as a key risk determinant in our study population. Furthermore, it
underscores the relevance of endocrine factors in the pathogenesis of ER+ breast cancer

within the local context, consistent with global epidemiological patterns.

The relationship between benign breast disease (BBD) and subsequent cancer risk
warrants particular attention. Proliferative breast lesions, especially those with atypia, are
established risk factors (Alamri et al., 2020), yet the underlying mechanisms remain
incompletely understood. The high prevalence of BBD compared to breast cancer (Hatim
et al., 2017) underscores the importance of better characterizing these lesions for risk

stratification.

These findings collectively emphasize the multifactorial nature of ER+ breast cancer
etiology, where biological, behavioral, and healthcare access factors interact. Moreover,
even though the participants were purposively selected, some participants suffered from
other complications such as diabetes and hypertension that might have influenced the

results.

5.5 Associations between Single Nucleotide Polymorphisms and ER* Breast Cancer

Research on estrogen-related gene variants reveals striking geographic and ethnic
variations in breast cancer risk associations. The CYP1Al rs4646903 variant
demonstrates particularly divergent effects, showing risk associations in Korean and
Mexican populations (Moreno-Galvan et al., 2018; Shin et al., 2007), while exhibiting no
significant effects in Iraqgi populations (lbrahem et al., 2021). Similarly, large-scale
analyses of Caucasian and Chinese groups found no overall risk associations
(Economopoulos & Sergentanis, 2010), highlighting how genetic background modifies
variant effects. These population-specific patterns likely stem from differences in allele

frequencies, local environmental exposures, and variations in linkage disequilibrium
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patterns across ethnic groups. In the present study we observed a significant protective
association of the alternative allele C of the rs4646903. There was a reduced odds of
individuals association with ER+ breast cancer risk by 56%. Mechanistically, this may be
explained by the enzyme's dual function; CYP1AL contributes to breast cancer risk
through a complex balance between the activation of procarcinogens and the
detoxification of harmful compounds (Androutsopoulos et al., 2009). In our cohort, the
variant may favor detoxification pathways or interact with local environmental factors in
a way that attenuates risk, aligning it with the subset of populations where non-risk or

protective effects have been suggested.

The influence of rs1056836 on breast cancer risk demonstrates striking variability across
populations and disease stages. While this variant has been associated with increased risk
in Iranian (Adab etal., 2017), Nigerian (Okobia et al., 2009), and Han Chinese populations
(Jiao et al., 2010), protective effects during cancer initiation were observed in Chinese
women (Qiu et al., 2018), with neutral effects reported in Southern Indian (Francis et al.,
2019), Iraqi (Ibrahem et al., 2021), and Egyptian cohorts (EI-Moselhy, 2017). In the
present study, the CYP1B1 rs1056836 polymorphism exhibited distinct associations
depending on the control group. While it showed no significant association when cases
were compared to healthy controls, it demonstrated a protective effect against ER+ breast
cancer when cases were compared to the Benign Breast Disease (BBD) group. This
suggests that rs1056836 may influence later stages of carcinogenesis, potentially affecting
the progression from benign proliferative states to invasive malignancy rather than initial
cancer development. Such stage-specific influences could explain the variability across
studies, as the relative importance of genetic factors may differ between initial
transformation and malignant progression. These patterns highlight the complex interplay
between genetic background, disease stage, and susceptibility mechanisms. Further
research is needed to clarify whether these population differences reflect true biological

variation or methodological factors in study design.

The current understanding of rs1056827's role in breast cancer risk remains inconclusive,

with existing literature suggesting potential modulation of estrogen metabolism that may

95



influence carcinogenesis. The variant's effects appear to be highly context-dependent,
with studies reporting varying associations across different populations. This variability
extends to other CYP1A1 and CYP1B1 polymorphisms, where ethnic differences in allele
frequencies, lifestyle factors, and environmental exposures may collectively contribute to
divergent risk profiles. This study observed a protective association of the ER+ breast

cancer compared to the BBDs.

The potential for gene-environment interactions further complicates risk prediction,
particularly regarding exposures to endocrine-disrupting compounds or hormonal
therapies that may differentially affect individuals based on their genetic background.
Such interactions could explain why certain variants demonstrate protective effects in
some populations but neutral or even risk-enhancing effects in others. These observations
underscore the importance of considering both genetic and environmental contexts when

evaluating breast cancer susceptibility markers.

5.6 Associations between Single Nucleotide Polymorphisms and Tumor
Characteristics

This study identified significant associations between the rs4646903 variant and more
aggressive ER+ breast cancer characteristics, specifically Luminal B molecular subtype
and late-stage disease. These findings contrast with reports from Iraqi populations where
no significant associations were observed for these variants (Ibrahem et al., 2021). The
connection between rs4646903 and advanced disease in this study aligns with documented
relationships to high-grade tumors in Southern Indian women (Francis et al., 2019), while
differing from patterns seen in Brazilian cohorts where certain variants occurred more
frequently in low-grade (I-11) versus high-grade (I11) tumors (Martins de Oliveira et al.,
2015).

The population-specific nature of these genetic effects may reflect variations in allele
frequencies or environmental exposures. This study found no significant associations for

rs1048943 or rs1056836 with tumor characteristics, suggesting variant-specific rather
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than generalized effects across estrogen metabolism genes. The consistent observation of
rs4646903 associations with aggressive disease features across multiple studies warrants
further investigation into its potential role in tumor progression pathways. Additional
research is needed to elucidate the biological mechanisms underlying these population-
dependent patterns and their clinical relevance for risk stratification.

5.7 In-Silico Analysis of CYP1B1 Haplotypes

5.7.1 Linkage Disequilibrium

The analysis of CYP1B1 haplotypes provides valuable insights into ER+ breast cancer
susceptibility patterns. The strong linkage between rs10012 and rs1056827 suggests these
variants are typically inherited together and may function as a combined genetic unit,
while rs1056836 appears to segregate independently. These findings align with previous
cancer research demonstrating that haplotype effects often differ from individual variant
associations, (Trubicka et al., 2010; Yu et al., 2015). The moderate r? value of 0.5767
suggests that while these two SNPs are strongly linked, some degree of historical
recombination has occurred, which is typical for genes with moderate recombination rates
(Ardlie et al., 2002). The independent segregation of rs1056836 (L432V) aligns with its
location approximately 1.3 kb downstream, outside the core haplotype block, indicating
that this variant may have arisen on a different evolutionary background (Hanna et al.,
2000).

5.7.2 Haplotype Distribution and Breast Cancer Risk

The identification of eight distinct haplotypes across the study groups reflects the genetic
diversity of CYP1BL1 in the population studied. The wild-type haplotype (G-C-G-T)
characterized by the combination of R48 (from rs10012), A119 (from rs1056827), L432
(from rs1056836) and N453 (from rs1800440) was notably absent in controls but present
at 5.0% in cases, suggesting that individuals carrying this haplotype may have been

underrepresented in the control group due to selection or sampling bias. Alternatively, this
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distribution may indicate that the wild-type haplotype is not necessarily protective, a
finding that contrasts with some previous studies where the wild-type allele has been

associated with reduced risk (Sissung et al., 2006).

The risk-associated haplotype (G—C—C-T) is characterized by the combination of R48
(from rs10012), A119 (from rs1056827), V432 (from rs1056836) and N453 (from
rs1800440) demonstrated a progressive increase in frequency from benign samples (3.8%)
to controls (8.3%) to cases (12.5%), consistent with a dose-dependent effect on breast
cancer risk. Notably, the V432 variant has been previously associated with increased
catalytic activity toward estradiol, leading to elevated 4-hydroxyestradiol production,
which is a known genotoxic metabolite (Hanna et al., 2000). The combination of this high-
activity variant with R48 and A119 may further modulate enzyme function through altered
membrane association and protein stability (Banday et al., 2014).

5.7.3 Functional Domain Mapping of Polymorphic Residues

The domain mapping analysis placed the four polymorphic residues within functionally
critical regions of CYP1B1, providing a structural rationale for their potential impact on
enzyme activity. R48 is located in the hinge region between the N-terminal membrane
anchor and the globular catalytic domain. This position is critical for proper membrane
insertion and orientation, and the R48G substitution may alter membrane binding affinity,
potentially affecting subcellular localization (Sissung et al., 2006). The A119S
substitution resides in a structural core region; while alanine to serine is a conservative
substitution, the introduction of a hydroxyl group at this position could subtly alter
hydrogen bonding patterns within the protein core, affecting overall stability (Banday et
al., 2014). The R48G and A119S substitutions located near the hinge region of CYP1B1
are not known to directly impact CYP1B1 catalytic activity when assessed in isolation;
rather, their functional significance is likely mediated through synergistic interactions
with other polymorphic residues within the haplotype structure (Sissung et al., 2006)
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L432 is positioned near the substrate-binding pocket, a region that directly influences
substrate specificity and catalytic efficiency. The L432V substitution has been extensively
studied and is known to alter the regiospecificity of estradiol hydroxylation, shifting the
balance toward the genotoxic 4-hydroxyestradiol pathway (Hanna et al., 2000). This
substitution may also affect the binding of other endogenous substrates and
procarcinogens(T. Shimada et al., 1999). The L432V and N453 substitutions encodes the
heme-binding domain, the region critical to the catalytic function of CYP1B1 (Bailey et
al., 1998). N453 is located in the C-terminal region near the heme-binding domain. While
the N453S substitution is relatively conservative, its proximity to the heme prosthetic
group suggests it could influence electron transfer efficiency from cytochrome P450

reductase, thereby modulating overall catalytic turnover (Gajjar et al., 2012).

5.7.4 Tertiary Structure Analysis

The generation of high-confidence three-dimensional models for the four haplotypes using
AlphaFold Server represents a significant advancement in our ability to visualize the
structural consequences of these polymorphisms. The AlphaFold 3 model demonstrated
excellent prediction quality, as evidenced by the high pLDDT scores (>90) for the ordered
regions of all models, consistent with the model's strong performance on single-chain
protein predictions (Abramson et al., 2024). The Ramachandran plot analysis confirmed
the stereochemical quality of all models, with >90% of residues in favored regions,

validating their suitability for downstream molecular dynamics simulations.

Visual inspection of the ribbon structures and surface models revealed that the four
polymorphic residues are distributed across distinct structural domains, with R48 located
in an extended loop region, A119 and L432 buried within the hydrophobic core and
substrate-binding pocket respectively, and N453 positioned near the C-terminal helix in
proximity to the heme-binding site. The surface models suggest that while R48 and A119
are relatively solvent-exposed, L432 and N453 are more buried, consistent with their

predicted roles in substrate binding and heme coordination (Sissung et al., 2006)
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The colour-coded ribbon diagrams allowed for direct comparison of the local
environments surrounding each polymorphic residue. The wild-type haplotype (R-A-L—
N) exhibited the expected distribution of charged and hydrophobic residues, with R48
potentially forming electrostatic interactions with membrane phospholipids (McLellan et
al., 2000). In the reference haplotype (G-S-V-N), the R48G substitution removes a
positive charge, potentially reducing membrane affinity, while the A119S substitution
introduces a potential hydrogen bond donor in the structural core. The risk-associated
haplotype (G—A-V-N) combines the loss of membrane interaction (R48G) with the highly
active V432 variant, potentially creating a "gain-of-function™ phenotype through
enhanced substrate access and reduced membrane tethering (Banday et al., 2014). The
protective haplotype (R-S-V-N) retains the wild-type R48 residue, which may maintain
proper membrane localization, while incorporating both S119 and V432, suggesting that
the R48 residue may be critical for maintaining the protective phenotype despite other
substitutions (Sissung et al., 2006).

The tertiary structure analysis revealed that the protective haplotype (R-S—V—N)
maintains the wild-type R48 residue while incorporating S119 and V432. This suggests
that the presence of R48 may be critical for proper membrane anchoring, potentially
outweighing any deleterious effects of the other substitutions. Conversely, the risk-
associated haplotype (G—A-V-N) combines the loss of R48 with the high-activity V432
variant, which may synergistically enhance carcinogenic estrogen metabolism while
reducing proper subcellular localization (Hanna et al., 2000). These structural
observations provide a mechanistic framework for understanding the differential breast

cancer risk associated with these haplotypes.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
This study established that:

1. ER+ breast cancer cases predominantly affect older, postmenopausal women and
presents primarily as invasive ductal carcinomas (76.7%) with Luminal A features
(82.4%), frequently at Stage Il (45.3%) with moderate differentiation (Grade II:
62.5%) and lymph node involvement (56.2%).

2. The study revealed low odds of CYP1A1 rs4646903-C allele against overall ER+
cancer development (OR=0.44, p=0.048) and CYP1B1 rs1056836-C (OR=0.34,
p=0.0003) and rs1056827-A (OR=0.43, p=0.045) against malignant
transformation from benign lesions. On the other hand, G-A-C haplotype
(rs10012-G/rs1056827-A/rs1056836-C) conferred 4.75-fold increased ER+
cancer risk (p=0.046)

3. The rs4646903-C allele was associated with Luminal B subtypes (OR=3.83) and
late tumor stage

4. Tertiary structure modeling revealed that the four polymorphic residues occupy
functionally critical domains: R48 in the membrane interaction region, A119 in
the structural core, L432 near the substrate-binding pocket, and N453 in the heme-

binding region.
6.2 Recommendations
Based on the findings, the following recommendations are proposed:

1. Develop targeted screening and educational policies for postmenopausal women

and those with a family history of breast cancer.
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2.

Investigate the mechanistic basis of rs4646903's dual role—protective against
ER+ breast cancer yet associated with aggressive Luminal B subtypes—to
determine its clinical utility.

Perform molecular dynamics simulations to elucidate the dynamic conformational
changes, active site flexibility, and substrate binding affinities of the four CYP1B1
haplotypes (R—-A-L-N, G-S-V-N, G-A-V-N, R-S-V-N).

Develop population-specific risk assessment tools integrating demographic risk

factors with validated genetic markers and haplotype structural information.
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protocol and application form resubmitted to the Research Office on March 2, 2020. With reference to the AKU-
IERC letter Ref: 2020/IERC-26 (v1) dated February 19, 2020, the committee notes that the researcher has
addressed concerns earlier raised. This is a retrospective study that seeks to profile genetic polymorphisms
(SNPs) in estrogen metabolizing enzymes and determine possible association with the prognosis and outcome
in breast cancer patients diagnosed at Aga Khan University Hospital, Nairobi. Data will be collected from
retrospective review of patient's charts, clinical notes and through molecular experiments for the period of June
2012 and June 2015. There will be no patient contact.

As per the AKU IERC regulations, the committee records that this study qualifies for exemption from a full
committee review process. The committee has thus approved your exemption request {as per attached official
stamped protocol and attachments - version 2020/IERC-26 (v2)} This approval is valid from March 3, 2020 to
March 2, 2021. As applicable, prior to export of biological specimens, ensure an MTA is in place as well as
seek shipment authority/permit from the relevant government ministry.

To maintain anonymity and confidentiality of data no patient identifiers will be collected. The study should be
conducted in full accordance with all the applicable institutional policies of the AKUHN, especially with regards
to patient records management. You should notify the TERC immediately of any changes that may affect your
project. Further, you must provide an interim report 60 days before expiration of the validity of this approval
and request extension if additional time is required for study completion. You must advise the IERC when this
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should be notified of manuscripts emanating from this work.
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2148/1136.
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Chair - Institutional Ethics Review Committee (IERC)
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Appendix III: Consent Page

Confidential
Breast Cancer Study Aug
Page 1

Introduction and Consent

Record Number

Facility/Institution ) AKU
O KAIC
O ACC
Study ID

(This is the study ID such as AKU0OO01)

Date of Interview

(DDMMYYY)

Hello my name is ... | am here on behalf of ............... ceeeeen AS yOU kNOW,
you have been asked to participate in a study, and your doctor/nurse has explained the study to you. This study
involves your breast tissue which will be used for testing and research. You were given the opportunity to sign the
INFORMED CONSENT, and you willingly signed the INFORMED CONSENT and agreed to participate in the study.
Today, | would like to invite you to participate in filling out this important questionnaire which is related to the study.
1 will be asking you questions on your socio-demographics, medical history, reproductive history and other health
behaviours. | will also ask you which ethnicity you belong to. This will not in any way affect the management and
treatment of your condition. In addition to these questions, we will also collect some blood, saliva and tissue samples
for further testing in our laboratory. No HIV testing will be performed as part of this study. Your participation is
voluntary, and if you choose not to participate, you will not be treated with prejudice. Please note that if at any point
you feel uncomfortable, you can stop the interview at any time if you do not want to continue. Your answers to the
questions asked will be completely confidential and will be used for research purposes only. Your responses and
those of others who agree to participate in the study will be used by researchers for this study, and other partner
organisations to understand the problem of breast cancer in Kenyan women and how this may differ among the three
major ethnic groupings.

Do you have any questions about the survey? O Yes
O No
Do | have agreement to proceed? ) Yes
) No

Completed Consent Document

Does the respondent agree to be interviewed? O Yes
)
Q

Interviewer's Signature
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Appendix IV: Data Abstraction Form

The standardized form below was used to systematically record data regarding the
participants. The form has seven section capturing information on: sample and
identification, demographic and anthropometric, reproductive and hormonal history,
medical and family history, tumor

lifestyle and environmental exposures,

clinicopathology data (cases only) and genetic data

Variable Name

Description/

Data Type / Categories

(Cases only)

Definition
. SAMPLE AND | Sample id Unique study | Text (Alphanumeric)
IDENTIFICATION identification code
Sample type Participant group | 1 = Case (ER+ Breast
classification Cancer),
2=BBD,
3 = Healthy Control
Il. DEMOGRAPHIC & | Age Age at recruitment | Continuous (Integer)
ANTHROPOMETRIC (years)
DATA
Body mass | Body Mass Index | Continuous (Decimal)
index (BMI) (kg/m2)
I1l. REPRODUCTIVE & | Age at | Age at first menarche | Continuous (Integer)
HORMONAL HISTORY | menarche (years)
Menopausal Menopausal status at | 1 = Premenopausal,
status diagnosis/recruitment 2 = Postmenopausal
Parity Number of live births Continuous (Integer)
Hormonal Ever use of hormonal | 0= No,
contraceptives contraceptives 1=Yes
(AVA MEDICAL & | Family history | First-degree relative | 0 = No,
FAMILY HISTORY of breast cancer | with breast cancer 1=VYes
Family history | First-degree relative | 0 = No,
of other cancers | with other cancer 1=VYes
Diabetes Diagnosed with | 0 = No,
diabetes mellitus 1=VYes
Hypertension Diagnosed with | 0 = No,
hypertension 1=Yes
V. LIFESTYLE & | Tobacco Ever smoked tobacco 0 = No,
ENVIRONMENTAL 1="Yes
EXPOSURES
Alcohol Ever consumed alcohol | 0 = No,
1=Yes
Radiation History of therapeutic | 0 = No,
therapy radiation exposure 1=Yes
VI. TUMOR | Histological Primary 1 = Invasive Ductal
CLINICOPATHOLOGY | type histopathological Carcinoma,
DATA diagnosis 2 = Other
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Grade Tumor histological | 1 = Grade 1,
grade (Nottingham) 2 = Grade 2,
3=Grade 3
Stage Clinical/pathological 1 = Stage /11 (Early),
TNM stage (simplified) | 2 = Stage I11/1V (Late)
Lymph  node | Presence of lymph node | 0 = No,
invasion metastasis 1=Yes
Molecular Immunohistochemistry- | 1 = Luminal A,
subtype based subtype 2 = Luminal B
VII. GENETIC DATA rs4646903 CYP1Al 0 = Wild type,
rs4646903 genotype 1 = Heterozygous,
2 = Variant
rs1048943 CYP1A1 rs1048943 0 = Wild type,
genotype 1 = Heterozygous,
2 = Variant
rs776746 CYP3A5 0 = Wild type,
rs776746 genotype 1 = Heterozygous,
2 = Variant
rs4680 COMT 0 = Wild type,
rs4680 1 = Heterozygous,
genotype 2 = Variant
rs1056827 CYP1B1 0 = Wild type,
rs1056827 genotype 1 = Heterozygous,
2 = Variant
rs10012 CYP1B1 0 = Wild type,
rs10012 genotype 1 = Heterozygous,
2 = Variant
rs1800440 CYP1B1 0 = Wild type,
rs1800440 genotype 1 = Heterozygous,
2 = Variant
rs1056836 CYP1B1 0 = Wild type,
rs1056836 genotype 1 = Heterozygous,
2 = Variant
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Appendix V: Participants Group Classification and Identifiers

The table below lists the 162 participants group classification (sample type) along with
their unique sample identifiers. Coding: C = Case (ER+ Breast Cancer), B = Benign Breast
Disease (BBD), H = Healthy Control. Samples are grouped by classification.

BBD Group (B) Case Group (C) Healthy Control Group (H)
1. AKUO11 AKUO41 AKU 182
2. AKUO025 AKU042 AKU 183
3. AKUO026 AKUO57 AKU 191
4. AKUO31 AKU060 AKU 193
5. AKUO34 AKUO073 AKU 194
6. AKUO39 AKUO76 AKU 195
7. AKUO043 AKUO086 AKU 196
8. AKUO44 AKUO087 AKU 197
9. AKUO46 AKU088 AKU 198
10. AKUO047 AKU094 AKU 199
11. AKUO048 AKU097 AKU 200
12. AKUO049 AKUO099 AKU 201
13. AKUO54 AKU100 AKU 202
14. AKUO56 AKU103 AKU 204
15. AKUO59 AKU104 AKU 205
16. AKUO61 AKU105 AKU 206
17. AKUO062 AKU106 AKU 207
18. AKUO063 AKU109 AKU 208
19. AKUO64 AKU110 AKU 209
20. AKUO67 AKU112
21. AKUO069 AKU113
22. AKUO70 AKU116
23. AKUO071 AKU118
24. AKUO75 AKU122
25. AKUO77 AKU124
26. AKUO78 AKU127
27. AKUO081 AKU128
28. AKUO083 AKU133
29. AKU107 AKU142
30. AKU115 AKU149
31. AKU119 AKU152
32. AKU126 AKU158
33. AKU132 AKU164
34. AKU135 AKU173
35. AKU136 AKU211
36. AKU139 AKU155
37. AKU144 KAICO04
38. AKU145 KAICO05
39. AKU146 KAICO06
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40. AKU148 KAIC007
41. AKU151 KAICO008
42. AKU153 KAICO11
43, AKU154 KAICO16
44, AKU159 KAICO018
45. AKU162 KAIC019
46. AKU163 KAIC021
47. AKU165 KAIC023
48. AKU166 KAIC024
49. AKU167 KAIC025
50. AKU170 KAIC026
51. AKU172 KAIC027
52. AKU175 KAIC029
53. AKU176 KAIC030
54. AKU177 KAIC032
55. AKU180 KAIC033
56. AKU181 KAIC035
57. AKU182 KAIC041
58. AKU183 KAIC046
59. AKU185 KAIC047
60. AKU187 KAICO51
61. AKU188 KAIC052
62. AKU189 KAIC057
63. AKU190 KAIC059
64. AKU191 KAIC060
65. AKU192
66. AKU194
67. AKU196
68. AKU197
69. AKU198
70. AKU200
71. AKU202
72. AKU204
73. AKU205
74. AKU206
75. AKU207
76. AKU208
77. AKU210
78. AKU212
79. AKU213
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Appendix VI: Participants Demographic, Clinical and Lifestyle Characteristics

This table presents the coded values for key demographic, reproductive, and clinical variables collected from study
participants. Variable abbreviations are defined as follows: Demographic/Clinical: Participant Identifier (PID), Body Mass
Index (BMI), Diabetes Mellitus (DM), Hypertension (HTN); Reproductive: Menopausal Status (Meno_Stat), Hormonal
Contraceptive Use (Horm_Contracept), Parity (Parity), Age at Menarche (Menarche_Age); Family History: Family History of
Breast Cancer (FH_BC), Family History of Other Cancers (FH_OtherCa); Lifestyle/Exposure: Smoking (Smoking), Alcohol
Consumption (Alcohol), Radiation Therapy (RTX).

PID Age Menar | BMI Meno Parity Horm_Cont | FH_BC FH_OtherCa DM | HTN Smoking Alcohol RTx
che_A _Stat racept
ge
AKUO041 40 13 27 | No Yes Yes No Yes No No Yes Yes No
AKUO042 57 12 40 | Yes Yes No No Yes Yes Yes No No No
AKUO57 52 12 25 | No Yes No No No No No No Yes No
AKUO060 28 14 18 | No No No No No No No Yes Yes No
AKUO73 43 14 33 | No Yes Yes No Yes Yes Yes No No No
AKUO76 42 12 32 | No Yes Yes No Yes No No No No No
AKUO086 52 12 21 | Yes Yes No No Yes No No No Yes No
AKUO087 63 14 34 | Yes Yes No No No No No No Yes No
AKUO088 34 14 21 | No No No Yes Yes No No No No No
AKU094 56 16 24 | Yes Yes Yes No Yes No No No No No
AKU097 32 14 23 | No No Yes No No No No No Yes No
AKU099 60 13 27 | Yes Yes No No No No No No No No
AKU100 75 16 37 | Yes Yes No No No No No No Yes No
AKU103 64 13 23 | Yes Yes No Yes No No Yes No No No
AKU104 57 14 33 | Yes Yes Yes Yes Yes No Yes No Yes No
AKU105 41 17 30 | No Yes Yes Yes Yes No No No Yes No
AKU106 48 8 27 | No Yes Yes No Yes No No No Yes No
AKU109 52 15 41 | No Yes Yes No No No No No Yes No
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AKU110 44 11 26 | No No No No Yes No Yes No Yes No
AKU112 57 13 36 | Yes Yes Yes No No No Yes No No No
AKU113 39 14 25 | No Yes Yes No Yes No No No Yes No
AKU116 40 16 28 | No Yes Yes Yes No No Yes No Yes No
AKU118 70 13 25 | Yes Yes Yes Yes No No Yes No Yes No
AKU122 53 16 33 | Yes Yes Yes Yes No No No No No No
AKU124 62 14 30 | Yes Yes Yes No Yes Yes | Yes No Yes No
AKU127 49 14 32 | Yes No Yes No No No Yes No Yes Yes
AKU128 53 17 27 | Yes Yes Yes No Yes Yes | Yes No Yes No
AKU133 78 17 26 | Yes Yes Yes No No No Yes No No No
AKU142 51 16 27 | Yes Yes Yes Yes No No No No Yes No
AKU149 54 15 36 | Yes Yes Yes No Yes No No No Yes No
AKU152 44 15 26 | No Yes Yes No No No No No Yes No
AKU158 54 16 27 | Yes Yes Yes Yes No Yes Yes No No No
AKU164 38 17 36 | Yes Yes Yes No No No No No Yes No
AKU173 48 13 30 | Yes Yes Yes No Yes No No No No No
AKU211 55 16 35 | No Yes Yes Yes No No No No No No
AKU155 53 13 41 | Yes Yes Yes Yes No No No No No No
KAIC004 59 15 34 | Yes Yes Yes No Yes No No No No No
KAICO05 55 14 42 | Yes Yes No No No No No No No No
KAIC006 36 13 26 | No Yes Yes No Yes No No No No No
KAIC007 50 14 23 | Yes Yes No No No No No No No No
KAICO08 71 13 33 | Yes Yes No No No Yes | Yes No No No
KAICO11 68 14 37 | Yes Yes No No No No Yes No No No
KAICO016 67 17 10 | Yes Yes Yes No No No Yes No No No
KAICO18 43 16 42 | No Yes Yes No No No No No No No
KAIC019 41 13 32 | No Yes Yes No No No No No No No
KAIC021 56 18 23 | No Yes Yes No No No No No No No
KAIC023 45 18 23 | No Yes Yes No No No No No No No
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KAIC024 57 18 35 | Yes Yes Yes No No No No No No No
KAIC025 47 17 32 | No Yes No No No No No No No No
KAIC026 39 16 35 | No No No No No No No No No No
KAIC027 37 12 42 | No Yes No No No No No No No No
KAIC029 59 19 26 | No Yes Yes No No No Yes No No No
KAIC030 59 22 28 | Yes Yes Yes Yes No No No No No No
KAIC032 53 12 27 | Yes Yes Yes No Yes No No No Yes No
KAIC033 60 12 24 | Yes Yes No No No No No No No No
KAIC035 61 13 33 | Yes Yes Yes No No Yes | Yes No No No
KAIC041 49 16 38 | Yes Yes No No Yes No Yes No No No
KAIC046 53 13 42 | No Yes Yes Yes No No Yes No No No
KAIC047 36 14 28 | No Yes Yes No No No No No No No
KAIC051 50 12 35 | No Yes Yes No No No No No No No
KAIC052 36 13 24 | No No Yes No No No No No Yes No
KAICO057 48 16 26 | No Yes No No Yes No No No No No
KAIC059 61 15 30 | Yes Yes No No No No No No No No
KAIC060 40 15 35 | No Yes Yes No No No No No No No
AKUO11 51 15 22 | Yes Yes Yes No No No No No No No
AKUO025 42 14 32 | No Yes Yes No Yes No Yes No Yes No
AKUO026 47 14 28 | No Yes Yes No Yes No No No Yes No
AKUO031 28 13 27 | No No No Yes Yes No No Yes Yes No
AKUO034 35 13 35 | No Yes Yes No No No No No Yes No
AKUO039 42 13 30 | No Yes Yes No No No No No No No
AKUO043 34 14 19 | No Yes No Yes Yes No No No Yes No
AKU044 40 14 26 | No Yes Yes No No No No No No No
AKUO046 55 16 24 | Yes Yes No No No No No No Yes No
AKUO047 57 14 22 | Yes Yes No No No No No No Yes No
AKUO048 60 12 32 | Yes Yes Yes No No No Yes No Yes Yes
AKU049 61 15 28 | Yes Yes No No No No No No Yes No
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AKUO54 40 12 41 | No Yes Yes Yes Yes No No No Yes No
AKUO56 42 14 24 | No No No Yes No No No No No No
AKUO59 74 16 26 | Yes No No Yes Yes No Yes No No No
AKUO061 57 16 24 | Yes Yes Yes No No No No No No No
AKUO062 61 16 34 | Yes Yes Yes No Yes No No No No No
AKUO063 51 16 28 | No Yes Yes No No Yes Yes No Yes No
AKU064 63 14 24 | Yes Yes Yes No No No No No No Yes
AKUO067 42 16 33 | No Yes Yes No No No No No No No
AKUO069 42 14 30 | No Yes Yes No Yes No No No No No
AKUOQ70 45 14 30 | Yes Yes Yes Yes No No No No Yes No
AKUO71 38 13 22 | No No Yes Yes No No No No No No
AKUOQ75 48 15 35 | No Yes Yes No No No No No No No
AKUOQ77 41 14 20 | No No Yes Yes No No No No Yes No
AKUO78 52 16 35 | Yes Yes Yes No No No No No Yes No
AKUO081 47 16 25 | No Yes Yes No Yes No Yes No Yes No
AKUO083 50 12 28 | No Yes Yes No No No No No Yes No
AKU107 31 13 34 | No Yes Yes Yes No Yes | Yes No Yes No
AKU115 45 15 25 | Yes Yes Yes No No No No No No No
AKU119 35 14 25 | No Yes Yes No No No No No Yes No
AKU126 46 14 31 | No Yes Yes No No No No No Yes No
AKU132 38 15 31 | No Yes Yes No Yes No No No Yes No
AKU135 35 16 31 | No Yes Yes Yes No No No No No No
AKU136 36 14 37 | No Yes Yes No No Yes | Yes No No No
AKU139 36 14 34 | No No No Yes Yes No No No Yes No
AKU144 35 13 43 | No No Yes No No Yes | Yes No Yes No
AKU145 27 14 30 | No No Yes No No No No No Yes No
AKU146 33 12 29 | No No Yes Yes Yes No No Yes Yes No
AKU148 23 13 24 | No No No No No No No No Yes No
AKU151 44 17 31 | No Yes Yes No No No No No No Yes
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AKU153 49 13 36 | Yes Yes Yes Yes Yes No No No Yes No
AKU154 41 13 29 | No Yes Yes No No No No No No No
AKU159 37 13 30 | No No No No No No No No Yes No
AKU162 63 11 28 | No Yes No No No No No No No No
AKU163 55 14 31 | Yes Yes No Yes No Yes Yes No Yes No
AKU165 45 13 22 | No Yes Yes No No No No No No No
AKU166 32 12 25 | No No Yes No Yes No No No Yes No
AKU167 47 15 31 | No Yes Yes Yes No No No No Yes No
AKU170 45 14 26 | No Yes Yes Yes No No No No Yes No
AKU172 35 14 25 | No No Yes No No No No No Yes No
AKU175 31 14 20 | No No No No No No No No No No
AKU176 40 14 30 | No Yes Yes No Yes No No No Yes No
AKU177 36 15 26 | No Yes Yes No Yes No Yes No Yes No
AKU180 37 14 28 | No Yes Yes No No No No No Yes No
AKU181 49 14 29 | No Yes Yes No No No No No Yes No
AKU182 37 13 29 | No Yes Yes No No No No No No No
AKU183 39 16 31 | No Yes Yes No No No No No No No
AKU185 33 11 30 | No No Yes No No No Yes No No No
AKU187 42 12 31 | No Yes Yes No No No No No Yes No
AKU188 38 14 24 | No Yes Yes No Yes No No No No No
AKU189 39 13 23 | No Yes Yes No Yes No No No Yes No
AKU190 41 12 26 | No Yes Yes No No No No No Yes No
AKU191 42 13 34 | No Yes Yes No No No No No Yes No
AKU192 56 15 30 | Yes Yes No No No Yes Yes No Yes No
AKU194 42 13 27 | No Yes Yes No No No No No No No
AKU196 49 16 30 | No Yes Yes No No No No No Yes No
AKU197 42 14 24 | No Yes Yes No No No Yes No Yes No
AKU198 48 13 24 | No Yes Yes No No No Yes No Yes No
AKU200 41 14 30 | No Yes Yes No No No Yes No No No
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AKU202 52 17 30 | Yes Yes Yes No No No Yes No Yes No
AKU204 45 12 29 | No Yes Yes No No No No No Yes No
AKU205 41 15 29 | No No No No No No Yes No Yes No
AKU206 42 12 28 | No No Yes No No No No No Yes No
AKU207 40 13 32 | No Yes Yes No No No No No Yes No
AKU208 36 13 29 | No Yes Yes No No No No No Yes No
AKU210 50 14 26 | No Yes Yes Yes Yes Yes | Yes No No No
AKU212 58 16 25 | Yes Yes Yes No No No No No Yes No
AKU213 34 12 27 | No No No No No No No No No No
AKU 182 37 13 29 | No Yes Yes No No No No No No No
AKU 183 39 16 31 | No Yes Yes No No No No No No No
AKU 191 42 13 34 | No Yes Yes No No No No No Yes No
AKU 193 26 11 24 | No No Yes No No No No No Yes No
AKU 194 42 13 27 | No Yes Yes No No No No No No No
AKU 195 27 14 23 | No No No No No No No No No No
AKU 196 49 16 30 | No Yes Yes No No No No No Yes No
AKU 197 42 14 24 | No Yes Yes No No No Yes No Yes No
AKU 198 48 13 24 | No Yes Yes No No No Yes No Yes No
AKU 199 33 12 23 | No Yes Yes No No No No No Yes No
AKU 200 41 14 30 | No Yes Yes No No No Yes No No No
AKU 201 25 11 23 | No No Yes No No No No No Yes No
AKU 202 52 17 30 | Yes Yes Yes No No No Yes No Yes No
AKU 204 45 12 29 | No Yes Yes No No No No No Yes No
AKU 205 41 15 29 | No No No No No No Yes No Yes No
AKU 206 42 12 28 | No No Yes No No No No No Yes No
AKU 207 40 13 32 | No Yes Yes No No No No No Yes No
AKU 208 36 13 29 | No Yes Yes No No No No No Yes No
AKU 209 25 10 19 | No No Yes No No No No No Yes No
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Appendix VII: Genotypes for rs4646903, rs1048943, rs1056836, rs7767746 and rs4680

PID rs4646903 rs1048943 rs1056836 rs776746 | rs4680 | PID rs4646903 | rs1048943 | rs1056836 | rs776746 | rs4680
AKU041 1T AA GG GG AA AKU133 | CC AA GC GG AA
AKU042 1T AA GG GG AA AKU142 | TT AA CC GG AA
AKUO057 TT AA GC GG AA AKU149 | TT AG GG GG AA
AKU060 TC AA CcC GG AA AKU152 | TT AA GG GG AA
AKUOQ73 TC AA GC GG AA AKU158 | TT AA GC GG AA
AKUO076 1T AA GC GG AA AKU164 | TT GG GG GG AA
AKUO086 TC AA GG GG AA AKU173 | TT AG GG GG AA
AKU087 TC AA GG GG AA AKU211 | TC AA GC GG AA
AKUO088 TT AA CC GG AA AKU155 | TT AA GC GG AA
AKU094 1T AA GC GG AA KAIC004 | CC AG GC GG AA
AKU097 TT AA GG GG AA KAICO005 | TT AA GG GG AA
AKU099 TC AA GC GG AA KAIC006 | TT AA GG GG AA
AKU100 1T AA GC GG AA KAIC007 | TC AA GG GG AA
AKU103 1T AA CcC GG AA KAIC008 | TC AA GC GG AA
AKU104 1T AA GG GG AA KAICO11 | TT AA GG GG AA
AKU105 TC AA GC GG AA KAIC016 | TT AA GG GG AA
AKU106 TC AA GG GG AA KAICO018 | TT AG GG GG AA
AKU109 TC AA CcC GG AA KAIC019 | TT AA GC GG AA
AKU110 1T AA GC GG AA KAICO019 | TT AA GC GG AA
AKU112 1T AA GG GG AA KAIC021 | TT AA GG GG AG
AKU113 TT GG GG GG AA KAIC023 | TC AA GG GG AG
AKU116 1T AA GG GG AA KAIC024 | TT AA GC GG AA
AKU118 CcC AA GC GG AA KAIC025 | TT AA GG GG AA
AKU122 TC AA GC GG AA KAIC026 | TC AA GG GG AA
AKU124 1T AA GG GG AA KAIC027 | TC AA GC GG AA
AKU127 TT AA GG GG AA KAIC029 | TT AA GC GG AA
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AKU128 1T AA GC GG AA KAIC030 | TT AA GG GG AA
PID rs4646903 rs1048943 rs1056836 rs776746 | rs4680 | PID rs4646903 | rs1048943 | rs1056836 | rs776746 | rs4680
KAIC032 | TC AA GC GG AA AKU064 | TT AA GG GG AA
KAIC033 | TT AA GC GG AA AKU067 | TT AA GG GG AA
KAIC035 | TC AA GG GG AA AKU069 | TC AA GG GG AA
KAIC041 | TT AA GC GG AA AKUO070 | TT AA GG GG AA
KAIC046 [ TT AA GC GG GG AKUO071 | TC GG GC GG AA
KAIC047 | TT AA CcC GG AA AKUO75 | TT AA GG GG AA
KAIC051 [ TT AA CC GG AA AKUO77 | TT AA GC GG AA
KAIC052 | TT AA GC GG AG AKU078 | TC AA GC GG AA
KAIC057 | TC AA GG GG AA AKU081 | TC AA GG GG AA
KAIC059 | TT AA CcC GG AA AKU083 | TT AA GG GG AA
KAIC060 [ TT AA GG GG AA AKU107 | TT AA GG GG AA
AKUO011 1T AG GC GG AA AKU115 | TT AA GG GG AA
AKUO025 TC AA GC GG AA AKU119 | TT AA GG GG AA
AKU026 TC AA GG GG AA AKU126 | TT AA GG GG AA
AKUO031 1T AG GG GG AA AKU132 | TC AA GC GG AA
AKU034 1T AA GC GG AA AKU135 | TT AA GC GG AA
AKUO039 1T AA GG GG AA AKU136 | TT AG GC GG AA
AKU043 1T AA GG GG AA AKU139 | TT AG GG GG AA
AKU044 1T AA GG GG AA AKU144 | TC AA GC GG AA
AKU046 1T AA GG GG AA AKU145 | TT AA GG GG AA
AKUO047 1T AA GG GG AA AKU146 | TT AA GG GG AA
AKUO048 1T AA GG GG AA AKU148 | TT AA GC GG AA
AKUO049 TT AA GG GG AA AKU151 | TT AA GG GG AA
AKU054 1T AA GG GG AA AKU153 | TT AA GG GG AA
AKUO056 TT AA GG GG AA AKU154 | TT AA GC GG AA
AKUO059 TC AA GG GG AA AKU159 | TT AA GC GG AA
AKU061 TT AA GG GG AA AKU162 | TT AA GC GG AA
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AKU062

1T

AA

GG

GG

AA

AKU163

1T

AA

GG

GG

AA

AKUO063

TT

AA

GG

GG

AA

AKU165

TT

AA

GC

GG
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PID rs4646903 rs1048943 rs1056836 rs776746 | rs4680 | PID rs4646903 | rs1048943 | rs1056836 | rs776746 | rs4680
AKU166 TT AG GG GG AA AKU208 | TC AA GC GG AA
AKU167 1T AA GG GG AA AKU210 | TT AG GG GG AA
AKU170 TT AA GG GG AA AKU212 | TT AA GC GG AA
AKU172 1T AA GC GG AA AKU213 | TT AA GG GG AA
AKU175 TC AA GG GG AA AKU182 | TT AA CcC GG AA
AKU176 1T AA GG GG AA AKU 183 | TC AA CC GG AA
AKU177 TC AA GG GG AA AKU 191 | TT AA GC GG AA
AKU180 1T AG GC GG AA AKU193 | TT AA CC GG AA
AKU181 1T AA GG GG AA AKU 194 | TT AA CcC GG AA
AKU182 1T AA GG GG AA AKU 195 | CC AA GC GG AA
AKU183 TC AG GG GG AA AKU 196 | CC AA GC GG AA
AKU185 1T AA GC GG AA AKU 197 | CC AA CC GG AA
AKU187 TC AA GG GG AA AKU 198 | TC AA CcC GG AA
AKU188 1T AA GG GG AA AKU 199 | TT AA GC GG AA
AKU189 1T AA GG GG AA AKU 200 | TC AA GC GG AA
AKU190 1T AA GG GG AA AKU 201 | TT AA GC GG AA
AKU191 1T AA GC GG AA AKU 202 | TT AA CcC GG AA
AKU192 1T AA GG GG AA AKU 204 | TT AA CcC GG AA
AKU194 1T AA GG GG AA AKU 205 | TC AA GC GG AA
AKU196 CC AA GC GG AA AKU 206 | TT AA GC GG AA
AKU197 TC GG GG GG AA AKU 207 | TC AA CcC GG AA
AKU198 1T AA GC GG AA AKU 208 | TC AA CcC GG AA
AKU200 TC AA GC GG AA AKU 209 | TC AA CcC GG AA
AKU202 1T AA GG GG AA

AKU204 1T AA GG GG AA

AKU205 1T AA GG GG AA

AKU206 1T AA GC GG AA

AKU207 TC AA GG GG AA
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Appendix VIII: Sanger Sequences for rs1800440 and rs1056836 in exon 3 of CYP1B1

The sequences below contain the forward (F) and reverse (R) raw Sanger sequencing reads of the rs1800440 and rs1056836
SNPs in the CYP1B1 gene. These sequences were obtained from case, control, and benign group participants, with all variants
located in exon 3 of CYP1B1.

rs1800440 and rs1056836 sequences of the case group

AKU103_F
CTATCCAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGT
GTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGGTGACAGGCAAAATG
TTTATCTTGTGATCTGTGTCTGAGGAAACTGCTCGCAGTGTGTCACCATGAGATGCTGTTTGTGTTTTT

AKU103_R
GTCGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAACTTTGATCCA
GCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAGAGGATCTTTCGGC
TCTTTACTTTACCATCCGATCTGATAGACGATAACCCTGATAAACCCTTCACCCTCTTGGTGGCTTCCTGCTCCT
ATCCTGCACGGACCAAGTTATTGTAGATATCC

AKU104 F
TTATTCCACAGACCACTGGTTAGACAAAAACCACAGTTGTCCTTCGGGAATGTGGTAGCCCAAGACAAGAGGT
GTTGGGCAGTGGTGGCATGAGGATAAGTGACAGGCTCA
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AKU104 R
GTCGCGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAACTTTGATCC
AGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAGACTGCG

AKU105_F
CCCATTCATTGGGTTTCATGGATTTCACAGACCACTGGTTAGACAAAAACCACAAGTGTCCTTGGGAATGTGGT
AGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGGTGACAGGCAAA

AKU105 R
AATGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATCGA

AKU106_F
TTTTCCGGTTAGGCCACTTCACTGGGTCATTGATTCACAGACCACTGGTTGACAAAAACCACAGTTGTCCTTGG
GAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAAGGA

AKU106_R
CATCGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGGTGTGATGATAAAACAA
GCTCACCTCATGGTTTACTGCTGGCTATAAAGGATAAATCTGAGACAAATTCACCCTCTTGATGGCTTCCTGCTC
CTATCTCTGACTGACCCACTGATTATAGATATAATTCTTCCCTCCC
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AKU109 F
GAGTCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACA
GGCA

AKU109_R
TTACACTTCCCAAGGACACTGTGGTGTTTTATTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCT
AACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGCAGGA
GTGATGATCGCAACAATCTCCTGCTCCAACTGCTGCCCACAGATGCCCCTCGGGCTCCCTGCTACACTGGTGCC
ACTTGTCATATTT

AKU110_F
AAATCCAGACCATAGTTAGACAAAAACCACAGTGTCCTTGGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGC
AGTGGTGGCATGAGGATAAGTTGACAGGCAAAACA

AKU110 R
CACGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATTGAA

AKU112_F
TTATTCCACAGACCACTAGTTAGACAAAAACCACAGTGTCCTTTGGGAATGTGGTAGCCCAAGACAGAGGTGTT
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GGCAGTGGTGGCATGAGGATAATTGACAGGCACAACAAAAATACCAAGACCTATTTCTGAGGATTTTGCTGGT
TTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AKU112 R
ACACGGGGGTTTTTATTCAACCAGTGTGCTGGGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGA
TCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGAAAAAG

AKU113 F
TTTTCCGGGTAGGCCACTTCACTAGGGTCATTGATTCACAGACCACTGGTTGACAAAAACCACAGTTGTCCTTG
GGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAAAAAAG

AKU113 R
AAGGACACTGTGGTTTTTGGGCAACCAGTGGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAA
CTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAAAAGTGATGA

AKU116_F
ATCCAAAGTTTTTCCGGGGTTAAGGCCACTTTCACTGGGTCATTGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAA
A

AKU116_R
CTAGTAGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGATC
CAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATTGCTTCC
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AKU118 F
CCTTCCCTGGTACATAGATTCACAGACCACTCGGTTCGACAAAAACCACAGTGTCCTTCGGGAATGTGGTAGCC
CAAGACAGAGGTCGTTGGCAGTGGTGGCATGAGAGAATTGACAGGCGAAAGCCCGGAAAAAAAAAAAAAAAA
AAAAAAA

AKU118_R
TTTTGGACAACCAGTGGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCG
ATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAAAAAGGGGGACTTGGACATT
GTTTTTTACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACAAAAAAGAAAGT
ATTAGAAACAATCCCGGGATTTCGTTTGGGAAATAAGAAAGTCGTGAGTGTAGTTTC

AKU122_F
AAAATGTTCCTTGCCGGGTTAAGGCCACTTCACTTGGGTCATTGATTCACAGACCACTGGTTGACAAAAACCAC
AGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGGTGACAGGCAAA
ATA

AKU122 R
GTAGAGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAACTTTGATCC
AGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGTTAAACGTGTGCCACT
TCCTGGTTTTTTGTCTGAGCAGATAGACGATAAGCCTGATGCCCCTTCACGCAATTGTGGGCTTCCTGCTCCTAC
CTCTGAA
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AKU124 F
ATGAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGT
CCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCA

AKU124 R
ATTCCCCAAGGACACTAGTGTTTTTAGGCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCG
GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAAGTGATGA
TATAAAG

AKU127_F
AACAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGT
CCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAATTCTT

AKU127_R
CACGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAGACT

AKU128_F
CGATCCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGT
TGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATA
AGTGACAGGCAAAGAAAAATTCCTATGAGAAGTGAAATGAGGAACTTGCCAGAAGTCTGACAAGCTTGAAGTT
TTTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGAGAGAAGTACGCC
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ATACCCTAAAGGAATAAGATGCCGTGGGGAGAGAGGATGTTTGGGAGATGATGGCCCAGTTTAAGACTGTGGA
AAGGTTGAGAGG

AKU128 R
TTACACTTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCCTAA
CCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAGGAGT
GATAGT

AKU133 F
TCGATGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGG
TTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAT
AGTGACAGGCAA

AKU133_R
AGTTGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATA
A

AKU142_F
AATTCTCCGGTTAGGCCACTTCAGTGGGTGCATTGATTCACAGACCACTGGTTGACAAAAACCACAGTTGTCCT
TAGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAA
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AKU142 R
TTGGTTTTTAGACAACCATGTCTAGGGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAACTTTGATCCAG
CTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAAAAAGG

AKU149 F
CCCCTTTCATTGGGTCCATAGATTACACAGACCACTGGGTTAGACAAAAACCACAGTTGTCCTTGGGAATGTGG
TAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAAACAAAAAGTGGGGTTTTG
GTGTTGATTGTGGGAAAAAAACCCCCCCCCCLCLLereeeeeeececeeeeeeccececeecececececeececececce

AKU149 R
CTAGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGATCC
AGCTCGATTCTTGGACAAGGACGGCTCATCAACAAGGACCTGACCAGAGGAGTGATGATACGAATGGAAAGGG

TGTTTGTTTTTTTTAGGAAAAAAATAAAAAGGAGGGTTGATAAATGGGATGAAGAAAAGTAATAAGAGGGGGG
GGGGGGGGGGGGGGGGGGG
AKU152_F

AATCATTCTCCGGTTAGGCCACTTACACTGGGTCATGATTCACAGACCACTCGGTTCGACAAAAACCACAGTCG
TCCTTGGGAATGCGGTAGCTCCAAGTACAGAGGTCTCTGGCAGTGCTCGGCATCGAGGTAAATTGACAGGCAA
AACAGG
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AKU152 R
AAGGACATTGTGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTT
GATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGAAGA

AKU155 F
TTTCAGATCGAGCTGGATCAATTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGAC
AAAAACCACAGTGTCCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAG
TGACAGGCAAAAATAATATATGAGTGCATTAATAGGATAATAATTATCCCCATGACTGTCGGCGGTCTTGATTT
TTTT

AKU155_R
ATTCCCCAGGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTCGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAGAAGTGATG
ATAAAAGAAAAAATTTTTTTAACCCCCCACCCCCCTCCACACCCTACAACCTCTCCCTATTAATCCTCTATTTTT
TTTTT

AKU158 F
CTGTGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAA
CCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGG
CAA
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AKU158 R
ACTTCCCAGGACACTGTGTTTTTAGGCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGA
GAACTTTCGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGAA
A

AKU164_F
CCCCATTCATGGGTACATGGATTCACAGACCACTGGGTTAGACAAAAACCACAGTGTCCCTTCGGGAATGTGGT
AGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAAAGCTAAGTCCTGGGATCTTT
GTTTGAGGGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATTTTTTT

AKU164_R
CATAGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATCGA

AKU173_F
TCCTGTCCAGAATCCGAGCTGGGACAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCAC
TCGGTTCGACAAAAACCACAGTGTCCCTTCGGGAATGTCGGTAGCCCAAGTACAGTAGGTCGTTCGGCAGTGGT
GGCATGAGGATAAGTGACAGGCAGAATTAATGACCCCCCCCCCCCCACCTGATGGGLLCLCLCCLCLCCLLGLLGTG
AGGAGGATGTTTTTTTTTTTTTTTTI

AKU173_R
GATATACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCG
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GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAAGAGTGATGA
TAGAAATATAAAAATAAATTAAACCCCCCACCCCGCCCCCACAGCGGAACCCAGGAGGAGGATACGGCCGGA
GGTTTTTTTTTTTTTTTTTTTI

AKU211_F
ATAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAAC
CACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGC
AAACTATTGCCCTACGACTCTATGATATGTGTAATACTTGCTCAGCATGGACTGTTTTCTCCTGGTAGGATGGCT
AT

AKU211_R
TACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGA
ACTTTGATCCAGCTCGATTCTTAGGACAAGGACGGCCTCATCAACAAGGACCTGACCCCAAAAAGTGATGATA
AAATCCCTTTCCTGTCCGTCTCTTCATCCCCCCCATATTGATTCCCTCTTACCCTACCTCTCCTATTCAAAAAAAA
AAAAAAGGGCTCTTTCTGCCACACTCCTAGGCATTTTAAGTTACCAGAAAAAGGCTACTCGTTCAGCGTGCTTA
TTCCGAACTTGCCATTAAGTTTATTTCTGCGCTAAGACCTGA

KAICO004_F
AGATAGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACC
ACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCA
AAATATTATCAAATAAAGTCTATACATGAGGAACTTGCAGAAAACTTACCTCCATGAAGAAGGCTGAATGGTTT
TTTTTTTTGCAAAGAAAAGAAACAGACCTGCAATAGATGAAGGGAGA
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KAIC004_R
TCCCCAAGGACACTTGTGGGTTTTTCGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCG
GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTCGACTCAGAAAAAGTGA
TGAACCAAATGTGATAGCGCTGTATCGAGGTCTTTTGCCGGCCAGATAGACGATAAAGCTCATAGACGTTTCGC
TCTCTTGATGGCTTCTTGCTCGTGGTGGGGGGGATCCACTTATT

KAICO005_F
CGCGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAG
TGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAA

KAICO005_R
ACACTGGGGGGTTTTTATTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTT
GATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAGGAGTGATGATAAGACGGG
AGCTTTTGTGTTTTTTTCTCCCATCGATCAATAGTCATAACATCATAAGATACCCTCTGAGCATTGCTTTTTTTTT
TGTTTTTACCAAAAGCGTGTATGGCCTGAGCTGCCTACTTAT

KAIC006_F
AAAGTTGGAACAAAAGTTTCTCCCGGGGTTAGGCCACTTACACTGGGGTCATGATTCACAGACCACTGGTTGAC
AAAAACCACAGTGTCCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAG
TGACAGGCAAATTGTTTATCTTATACCTCTGTGATATGAGAGAAATTGCTCAGCAGGCCTGACACGGCTGAGGA
TGATGTT
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KAIC006_R
GATTGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGTTA
GATAGCATCTTTTGTCTCTTAACTTTACCATCCGATCTCATATCGCTAAAGCGCCGAACCCCTTAACTCTCCTTG
TTTCACATTGCACTCCTCCTGCAGGGACTCAGTGATTGTAGATATAG

KAICO007_F
TCACTGGACAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCAC
AGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAA
ATATTTTTCTTATCCCTCACAAAACCGCTGCTCCTCCCCTGAGGCCGGATGGGGATGAGGAGTTTTTTTTTTTTTT
TTTTT

KAIC007_R
CACAGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACT
TTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGATAGTGATGATTGGGAAA
TTCTTCTCTTCGTTTATTCCGATCGATAGAGGATAAACCTCCTAAAGCTTCCCCCTCCCGATGTCGTTTGCTCCCA
ACAGCAGTGAAAGTGATTGTAGATATCCGTCGTCGCTCATGCACTAGATTGCACGTGTCTCCTATGACAAACTC
AGAAGTCCCAGAGGTCCAGCTCAAGATGGGGGGGLCCG

KAIC008_F
CGATCAAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAG
TGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTTGACAGGCAA
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KAIC008_R
TTCCCAAGGACACTGTGGTTTTTGTTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGAACCACAGAAGTGATGAT
AAAAAAGTAGTTGTCTATGAGACCGCCTCGCCTCCCGCCCGCTTCTCATCAGGATTACGTGAATTCTTGTGCTT

KAICO011_F
AAAGCTGGAACAAATTCTCCGGGTTACGGCCACTTCCACTCGGGTCATGATTCACAGACCACTCGGTTCGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAATTGAC
AGGCAAAATAACTTTTCCCCCCCCCCCCCCCLLCLLLLeeLeeeeeeececeeeeeeccececeeecececcecececececececcececceccece
CAAAAAAA AAAAAAAAA

KAICO011 R
CACTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATC
AA

KAIC012_F
AATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAA
ACCACAGTCGTCCTTGGGAATCGTCGGTAGCTCCAAGTACAGTGGTGTTCGGCAGTGGTCGGCATGAGGTATAA
TTGACAGGCTAAGA
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KAIC012_R
CACCACATTTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCT
AACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAGAA
GTGATGATAGAAAGATTGATTTCTTCCTGCTCTTTTTCCCGCACAGAGACGATAACCCTCATGACCATTCCTCTC
TTTTTTCATTTGCTTT

KAICO014_F
AATCGAGTGGACAAATTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAACC
ACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCCATGAGGATAAGTGACAGG
CAAAATTTTTTTTTTTTCCCCCCCCCCCCCCCCCCCCCCCTCCCCGAACCCTCTTCAAACATGTTTTTTTTTTTTTT
TT

KAIC014_R
GATTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGCAGGAGTGATGA
TAAAGAATTTTATAGTCTGTGCCTATCTGGGGTACTTGAGGCAAGCGCAAGAAGATCCGTCTTTATTTTTTTTTT
TTTTT

KAICO016_F
ATACCAATTCTCCGGGTTAGGCCACTTACACTGGGTCATGATTCACAGACCACTCGGTTCGACAAAAACCACAG
TGTCCTTCGGGAATGTGGTAGCCCAAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGTAGTAAGTGACAGGCA

156



AGAAAGTTTATCCTTATGCTCTCCCCCTCCCAGCTCCTCCCTCGCACCCCCTGCTCGCGCCCCGAACAACGATAT
AATGTTTTTATTTTTTTTTTTI

KAIC016_R
TTGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAAAAGTGATTAAA
ACGCCCCTCTTACTCTTTTCTTTTTTTCCCGCAGATAGTGATACCCTCCTTCCCATCGCCTCTTGTTCTTTTCTCCC
CCTCAGGATCATTTTCTCCTAGTGTTGCATGCATTGAATTTACTAAAATAAACTTATTCCCCAGTGTAGTTCCGG
CGATTCCAAGATTTTTTATCACTAGTGTTCTATTGTAGTTTTTTTTGTAGTCCTTCGTTC

KAICO018_F
AAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGAC
AGGCAACCTTTATCCTAGGACTCTATAATATGAGGAATAGTGACAGGCAAA

KAIC018_R
CACACATTCCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAAC
CCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAAAGTGAT
GATAAA

KAICO021_F
ATCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
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CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAA
A

KAIC021_R
AAGACTTGTGGTTTTTGACAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTG

ATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAAG

KAIC023_F
TCAGAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGA
CAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGT
GACAGGCAAAATCAATCTTGCCAAAAAAAAAAAAAAAAAAAAAACACCCAAAACAACGAAAAGAGGACGGG

KAIC023_R
GAGCACATTCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCCTAA

CCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAGAGTG
ATGATAGA

KAICO011 R

CACTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATC
AA
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KAIC012_F

AATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAA
ACCACAGTCGTCCTTGGGAATCGTCGGTAGCTCCAAGTACAGTGGTGTTCGGCAGTGGTCGGCATGAGGTATAA

TTGACAGGCTAAGA

KAIC012_R

CACCACATTTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCT
AACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAGAA
GTGATGATAGAAAGATTGATTTCTTCCTGCTCTTTTTCCCGCACAGAGACGATAACCCTCATGACCATTCCTCTC

[TTTTTCATTTGCTTT

KAICO014_F

AATCGAGTGGACAAATTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAACC
ACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCCATGAGGATAAGTGACAGG
CAAAATTTTTTTTTTTTCCCCCCCCCCCCCCCCCCCCCCCTCCCCGAACCCTCTTCAAACATGTTTTTTTTTTTTTT

TT
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KAIC014_R

GATTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGCAGGAGTGATGA
TAAAGAATTTTATAGTCTGTGCCTATCTGGGGTACTTGAGGCAAGCGCAAGAAGATCCGTCTTTATTTTTTTTTT

TTTTT

KAICO016_F

ATACCAATTCTCCGGGTTAGGCCACTTACACTGGGTCATGATTCACAGACCACTCGGTTCGACAAAAACCACAG
TGTCCTTCGGGAATGTGGTAGCCCAAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGTAGTAAGTGACAGGCA
AGAAAGTTTATCCTTATGCTCTCCCCCTCCCAGCTCCTCCCTCGCACCCCCTGCTCGCGCCCCGAACAACGATAT
AATGTTTTTATTTTTTTTTTTI

KAIC016_R

TTGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAAAAGTGATTAAA

ACGCCCCTCTTACTCTTTTCTTTTTTTCCCGCAGATAGTGATACCCTCCTTCCCATCGCCTCTTGTTCTTTTCTCCC
CCTCAGGATCATTTTCTCCTAGTGTTGCATGCATTGAATTTACTAAAATAAACTTATTCCCCAGTGTAGTTCCGG

CGATTCCAAGATTTTTTATCACTAGTGTTCTATTGTAGTTTTTTTTGTAGTCCTTCGTTC
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KAIC018_F

AAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGAC
AGGCAACCTTTATCCTAGGACTCTATAATATGAGGAATAGTGACAGGCAAA

KAIC018_R

CACACATTCCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAAC
CCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAAAGTGAT
GATAAA

KAICO021_F

ATCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAA
A

KAIC021_R

AAGACTTGTGGTTTTTGACAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTG
ATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAAG
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KAIC023_F

TCAGAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGA
CAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGT
GACAGGCAAAATCAATCTTGCCAAAAAAAAAAAAAAAAAAAAAACACCCAAAACAACGAAAAGAGGACGGG
FTrrrrrrrrrrrrrd

KAIC023_R

GAGCACATTCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCCTAA
CCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAGAGTG
ATGATAGA

KAIC024_F

CGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAACC
ACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCA
A
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KAIC024_R

AAGGCACACTTACCCAAGGACACTGTGGGTTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGG
CCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCA
GAGTGATGATCCA

KAICO025_F

ACCCTGTCCAGAATCCGAGCTGGGACAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCAC
TCGGTTCGACAAAAACCACAGTGTCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGA
GGATAAGTGACAGGCAGAACAATCCCCCLCLLLLLeeeeeeeceeeceecceeececececececeececeecececeecrrececceccece
CCCCGGCCATTTTTTTTTTTTTTTTTITTTTTI

KAIC025_R

AAGTTCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAAGAGTGATGT
GTGACGGGAAGTGGCTACAACCCCACACACACACACAAAAAACCCCCAACCAAACGCCGATACAACCCGTCCT
CGACGTAGTTCTTTTTCTT
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KAIC026_F

CAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACA
GGCAAAAG

KAIC026_R

GATTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAAGTGATGAT
AGAAAGCGGGTACTTCTCCCACCTCGACAGGCCAACACTCTACTCGAGCCGCACTTCCCGATTACCTATAACAA
TTTTATTTGTATCGTTTGTGGGTATACACAATCATTATAGACCTAAGACGTGGTCATTGTCTGTTTCGTACAGTA
GT

KAIC027_F

ATCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCAC
AGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAA
GAG
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KAICO027_R

TTCCCAGGACACTGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGA
GAACTTTGATCCAGGTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGATA
GATAATGTAAAAAAAAAAAACCGCCCCATCCCACCCCACACCGACCCCACCCTACCCCTCCCTATGCCAGCCG
ACTTTGTATTCTGTGCTTT

KAIC029_F

CGATGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAACC
ACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAA
A

KAIC029_R

ACCCTTCCCAGGACACTGTGGTTTTTGGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCC
GGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGTACCTGACCAGAAAAGGTGA
TGATCTAAAATACACCCCCCCCCCCACCCACTCCCCCACCCCACACCCATCAACCGCTATCCCCCCCTTTACCCC
TTCTCATCTCTCTATTTATATATTAAATTATTAAGAGGGGGGTCTCACTCGATTCTTCTATAGGACATTGCTAGT
CTATGTCTCATATCAGTGACCCCTGTGGCGGACCAGTGTTTGACTTCTGTTTCTCCAATGACCTGCCCATGATGT
A
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KAIC030_F

TCCTGTCAGATCGAGCTGGACAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTT
GACAAAAACCACAGTGTCCTTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAAA
AGTGACAGGCAAAAT

KAICO030_R

AATATGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCG
GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGTT
AGA

KAIC032_F

AGATGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAA

KAIC032_R

CCCTGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAAACC
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KAIC033_F

CCCTTCATTGGTGCATAGATTTCACAGACCACTGGGTTAGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGC
CCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGGTGACAGGCAAACACAAAACTTTTTTTTTTTATTTT
TTTTTTTTCCCCCCCCCCCCCCCCCLCLCLLceeeeeccececece

KAICO033_R

AAGGACATTGGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTT
TGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAAAAT

KAIC035_F

TGATGAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGT
GTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAGTG
C

KAICO035_R

CCAGGACCGTGTTTTTAGTCAACCAGTGGGTCTGTGAATCATGACCCACTGAAGTAGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTAGGACAAGGATGGCCTCATCAACAAGGACCTGACCCAAAAGTGATGAAAA
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KAIC041_F

CGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCAC
AGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAAA
CTTTATCCTAGGACTCTTTGATATGAGGAATAGTGACAGGCAATTGGTGTTTTCGTGCTGCTGTGTGACTGTAGA
ATGAGC

KAIC041_R

TCCCAAGGACACTGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGATA
GAAAATCATATCTTCTTCTTCCTTTACCACCCGGCCACTTAGACGAAAACTGCAAAATTTCCCCTCTCGAGCTTT
TTT

KAIC046_F

TGTTACTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGTCTCT
TGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAA

KAIC046_R

CTAGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTT
TGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAGATA
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KAIC047_F

CATGCAAAGTTCTCCGGGTTAGGCCACTTCACGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAG
TGTCCTTTGGGAATGTGGTAGCCCAAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCA

KAIC047_R

AACGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAAAAC

KAIC051_F

CAGGGATCAAAGTTCTCCGGGTTAGGCCACTTCACGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCA
A

KAICO051_R

CGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGA
ACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAAAA
AGCACCCGGTCCATCGACGAGCTTGAGACTTTATTCGGGAAGGCCCATTACTATGTCCGACCCCACAACTCCCT
GCAACAA
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KAIC052_F

AGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAA

KAIC052_R

CTACACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAA
CCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAAGTG

ATGATAGAAGTATGTACCTACTAAACATCTATAGCCAGCAGATAACGATACCGGGAGAAATATTCCTCTTTTTT
[TTTTTTTTTTTCA

KAICO057_F

TTATTCCAGACCACTGGTTAGACAAAAACCACAGTGTCCTTCGGGAATGTGGTAGCCCAAAGACAGAGGTGTT
GGCAGTGGTGGCATGAGAGAATTGACAGGCAC

KAICO057_R

TTGGTTTTTAGACAACCAAGTGGTCTGGGAATTCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGATCC
AGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAAGTGATGAAGAA
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KAIC059_F

GGGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTA
GCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAACCTGTAATTCTCCG

KAIC059_R

TTTGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAAAATGATGATTAAT

KAIC060_F

TCTTGTCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGG
TTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAA
AAGTGACAGGCAAAACAAGACCCCCCCAAGTGGTTAACACCCCCGCCCTCGGGGCTGGCGATTGCGGCAGCTT

KAIC060_R

TCGGCTACACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGC
CTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGCAG
GAGTGATGATCACATGACCAAAAAAAATGAAAATCAAACGATTACAGTTCGTCGGATAGGCTCTCCTGGCGCC
CGTTTTT
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KAIC024_F
CGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAACC
ACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCA
A

KAIC024_R
AAGGCACACTTACCCAAGGACACTGTGGGTTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGG
CCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCA
GAGTGATGATCCA

KAICO025_F
ACCCTGTCCAGAATCCGAGCTGGGACAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCAC
TCGGTTCGACAAAAACCACAGTGTCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGA
GGATAAGTGACAGGCAGAACAATCCCCCLLCLLLeeeceeeceecceeceeeecceececececececececeececerrececceccce
CCCCGGCCATTTTTTTTTTTTTTTTTITTTTTI

KAIC025_R
AAGTTCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAAGAGTGATGT
GTGACGGGAAGTGGCTACAACCCCACACACACACACAAAAAACCCCCAACCAAACGCCGATACAACCEGTCCT
CGACGTAGTTCTTTTTCTT
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KAIC026_F
CAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACA
GGCAAAAG

KAIC026_R
GATTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAAGTGATGAT
AGAAAGCGGGTACTTCTCCCACCTCGACAGGCCAACACTCTACTCGAGCCGCACTTCCCGATTACCTATAACAA
TTTTATTTGTATCGTTTGTGGGTATACACAATCATTATAGACCTAAGACGTGGTCATTGTCTGTTTCGTACAGTA
GT

KAIC027_F
ATCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCAC
AGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAA
GAG

KAICO027_R
TTCCCAGGACACTGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGA
GAACTTTGATCCAGGTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGATA
GATAATGTAAAAAAAAAAAACCGCCCCATCCCACCCCACACCGACCCCACCCTACCCCTCCCTATGCCAGCCG
ACTTTGTATTCTGTGCTTT
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KAIC029_F
CGATGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAACC
ACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAA
A

KAIC029_R
ACCCTTCCCAGGACACTGTGGTTTTTGGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCC
GGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGTACCTGACCAGAAAAGGTGA
TGATCTAAAATACACCCCCCCCCCCACCCACTCCCCCACCCCACACCCATCAACCGCTATCCCCCCCTTTACCCC
TTCTCATCTCTCTATTTATATATTAAATTATTAAGAGGGGGGTCTCACTCGATTCTTCTATAGGACATTGCTAGT
CTATGTCTCATATCAGTGACCCCTGTGGCGGACCAGTGTTTGACTTCTGTTTCTCCAATGACCTGCCCATGATGT
A

KAICO030_F
TCCTGTCAGATCGAGCTGGACAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTT
GACAAAAACCACAGTGTCCTTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAAA
AGTGACAGGCAAAAT

KAICO030_R
AATATGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCG
GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGTT
AGA
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KAIC032_F
AGATGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAA

KAIC032_R
CCCTGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAAACC

KAIC033_F
CCCTTCATTGGTGCATAGATTTCACAGACCACTGGGTTAGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGC
CCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGGTGACAGGCAAACACAAAACTTTTTTTTTTTATTTT

TTTTTTTTCCCCCCCCCCCCCCCCCLCcLeeeeeeecececececece

KAICO033_R
AAGGACATTGGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTT
TGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAAAAT

KAICO035_F
TGATGAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGT
GTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAGTG
C
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KAIC035_R
CCAGGACCGTGTTTTTAGTCAACCAGTGGGTCTGTGAATCATGACCCACTGAAGTAGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTAGGACAAGGATGGCCTCATCAACAAGGACCTGACCCAAAAGTGATGAAAA

KAIC041_F
CGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCAC
AGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAAA
CTTTATCCTAGGACTCTTTGATATGAGGAATAGTGACAGGCAATTGGTGTTTTCGTGCTGCTGTGTGACTGTAGA
ATGAGC

KAIC041_R
TCCCAAGGACACTGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGATA
GAAAATCATATCTTCTTCTTCCTTTACCACCCGGCCACTTAGACGAAAACTGCAAAATTTCCCCTCTCGAGCTTT
TTT

KAIC046_F
TGTTACTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGTCTCT
TGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCAAA
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KAIC046_R
CTAGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTT
TGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAGATA

KAIC047_F
CATGCAAAGTTCTCCGGGTTAGGCCACTTCACGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAG
TGTCCTTTGGGAATGTGGTAGCCCAAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCA

KAIC047_R
AACGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAAAAC

KAIC051_F
CAGGGATCAAAGTTCTCCGGGTTAGGCCACTTCACGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCA
A

KAICO051_R
CGCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGA
ACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAAAA
AGCACCCGGTCCATCGACGAGCTTGAGACTTTATTCGGGAAGGCCCATTACTATGTCCGACCCCACAACTCCCT
GCAACAA
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KAIC052_F
AGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAA

KAIC052_R
CTACACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAA
CCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAAGTG
ATGATAGAAGTATGTACCTACTAAACATCTATAGCCAGCAGATAACGATACCGGGAGAAATATTCCTCTTTTTT
TTTTTTTTTTTTCA

KAICO057_F
TTATTCCAGACCACTGGTTAGACAAAAACCACAGTGTCCTTCGGGAATGTGGTAGCCCAAAGACAGAGGTGTT
GGCAGTGGTGGCATGAGAGAATTGACAGGCAC

KAICO057_R
TTGGTTTTTAGACAACCAAGTGGTCTGGGAATTCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGATCC
AGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAAGTGATGAAGAA

KAIC059_F
GGGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTA
GCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAACCTGTAATTCTCCG
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KAIC059_R
TTTGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAAAATGATGATTAAT

KAIC060_F

TCTTGTCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGG
TTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAA
AAGTGACAGGCAAAACAAGACCCCCCCAAGTGGTTAACACCCCCGCCCTCGGGGCTGGCGATTGCGGCAGCTT

KAIC060_R
TCGGCTACACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGC
CTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGCAG
GAGTGATGATCACATGACCAAAAAAAATGAAAATCAAACGATTACAGTTCGTCGGATAGGCTCTCCTGGCGCC
CGTTTTT
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AKU182_F
TATCGAGTTGGACAAATTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAA
CCACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAATTGACAG
GCAAAAAAAGGCTTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAT
ITTTTrTrrTrrTrTrT el
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AKU182 R
TTACACTTCCCAGGACACTGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAAC
CCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAGAGTGAT
GATAAAC

AKU183_F
CGACCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACC
ACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAA
AGGTTTATCCTAGGACTCTATAATATGAGGAATAGTGACAGGCAAGGACTGATTACGCCTTGAAGAATGACTA
GGCAACA

AKU183 R
ACACGGTGGTTTTTAGACAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGA
TCCAGGTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGTGTCGAAAGTAC
GCTTACATTTGGTATTTTGCCAGCAA

AKU184 F
TTACTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAA
ATAATATCCTACGACTCTATAATATGAGGATATGACAGGCATGGTCTGATTCCCCATGAAGGATGCTGGCACTG
AGGTATT
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AKU184_R
GACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGA
ACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGACAGTGATGTTTGAAA
AGATGTCGCTCGGTTTTTATCCCCATCTGATAGTCGATACCCCTCCTTAACCCCTCACCTCTCCCGGTGTCTCATT
GCTTCCTCCCGCACGGAGACACTTATTTTCAGACATAGGGGGTGGGTCGG

AKU191_F
GATGCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTG
ACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAG
TGACAGGCAAAAATAATGCCTATGACTCTATAATATGAGGAATAGTGACAGGCAGTAGGGTCAACATTGGTGT
CCAGAACGTTATGGG

AKU191_R
AATTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATA
GAATAGAATTCTTCTGTGGTTTAAAAAACGGCCAGATAGAGGATAAACCTGATAGACATTCGCCTCTTGGTGGC
TTCATGCTCCCTT

AKU193_F
CTCCATGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTG
GTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGA
TAAGTGACAGGCAA
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AKU193_R
AAGGGACACTTGTGGTTTTTGTGCAACCAGTTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGA
ACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCTCATCAACAAGGACCTGACCACGGAAGTGATGATAAAT
ATTTTTTTTTTTTTTTTCCCCCCCCCCCCCCCCCCCCCCCCACCCCCCCCCCCCCACCCCCCAAATGATTTTTTTTT
TTTTTTTT

AKU194_F
TGGATTGCACAGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTT
GGCAGTGGTGGCATGAGGATAGTGACAGGCAATATCTTTATCCTAGGACTCTATAATATGAGGAATAGTGACA
GGCA

AKU194 R
TTTTGGACAACCAGTGGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCG
ATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAGTGAATCGTTGTCACTTTCTG
GTTTTTTGACCAGCAGAGAGATGATAAACCTGATACAACATCACCCTCTTGATGCTTCCTGCTC

AKU196_F
TAAGAGCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACA
GTGTCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGCCCGCACCCTT
ACGAATCCTAGGACTCTATAATATGAGGAATAGTGACAGGCAGGGC
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AKU196_R
CCCCAAGGACACCGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGAGT
GAATAATGTATATGGTTCTGGCTTTTTTGACGAGCACAGAGATGGATAACCCTGATTCACCATCACCCTCTTAC
GGCTTCTGCTCCCTCAGCAGAAAAAGTATT

AKU197_F
ATAAAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTG
TCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAATAC
CTG

AKU197 R
CACGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACT
TTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAGATGATT
GCTCACATCCTGGTATTTTTGATCACCTGAGAGATGATAACCCTGATAGACCTTCCTCTCTTGATGTCTTCTTGC
TCcceT

AKU198_F
CTAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACC
ACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGCA
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AKU198 R
GGCTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGATAGTGATGATA
GA

AKU199 F
CCGTTCATGTCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCA
CTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGA
GGAATAAGTGACAGGCAAAA

AKU199 R
TGGTTTTTAGGCAACCAGTGTACTAGAGAATTCATAGACCCACTGAAGTGGCCTAACCCGGAGAACTTTGATCC
AGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGATCAAAAG

AKU200_F
AATGCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTG
TCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAAATATG
TC

AKU200 R
CCATGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGTTAGACGG
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AKU201_F
TCGTTACTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGTCCT
TGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAAACCC

AKU201 R
TCGACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGATAGTGATAATTAA

AKU202_F
AACCAAATTCTTCCGGGTTAGGCCACTTACACTGGGTCATTGATTCACAGACCACTGGTTGACAAAAACCACAG
TGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTTGACAGGCAAAGT
CTTTCGCATAGGACTCAATAAAAAAAAAAAGAACGAAAAGCAAAAAAAAAAAACAAACGCCAA

AKU202_R
CATGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAAAATA
ATTTCTTCTCCTGGTTAGTATCCGATAGATAGTCGATAACCCTCATACCCCTCCACCCTCCCGGTGCCGACTGAT
ATAAA

AKU204 F
AGCATACGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTG
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TCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAAGAGTG
T

AKU204 R
ACATGGGGGTTTTTAGGCAACCAGTTGTGCTGGGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTG
ATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGATA

AKU205_F
AGATATGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGT
CCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAATGCTGG

AKU205_R
CAGTAGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGATCC
AGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATAAACTATTGTCTGCT
CAATATTTTACAAACTGGGTAGTTATAGGAGAAAGCTTTAATAAAATTCACCCTCTTGATGGCTTCCTGCTCCG
AACTGTGACTGACGAGTGATTGTAGATATGGGCTTGGGTGCTTTT

AKU206_F
AGTTACTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGTCTCT
TGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAGCGCACG

AKU206_R
GTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTC
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GATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAGAAACTACACTCCTTGGT
TTATTAGCCGGGCAGATAGACGATAAAGCTGAGAGAAAATTCACCCTCTTGATGGCTTCCTGCTCCTAACTCTG
ACCGGCAAAGTGATTATATATATC

AKU207 F
TAATTCTCCGGTTAGGCCACTTCATTGGGTCATTGATTCACAGACCACTGGTTGACAAAAACCACAGTGTCTCTT
GGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGGTGACAGGCAAA

AKU207_R
AAGGGACACTGTGTTTTTATTCAACCAGTGGTCTGGTAGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGA
ACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGATACA
AAAATGGGGGGGGGGGAGTAGAGGATTCTCACAATTAGCGTACACTGACGACCTCATACAGTGCTCTCGGGGT
GGGGGGGGGEG

AKU208_F
AAGGTTGGACAAATTCTCCGGGTTAGGCCACTTACACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACC
ACAGTGTCCTTAGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTTGACAGGC
AAAATATATATCTTTATTAAAAAAAAAAGACGAAAACCCCACCCACCCCCCCCACCCGLCGGALCCGGGEGEEETT
ITTTTTTTIT T TrTTTTd

AKU208_R
ACGCTAGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGAGAACTTTGA
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TCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGTTAGAATGCTTTTG
CTTCATAGCTCAAACATCCCATCTGAGAGACGATAAACAGCCTTGACCCTCCGCTAACCCGGTGTCACATTGGA
CTCCTC

AKU209 F
CGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGT
GTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGGCAAAAAC
C

AKU209_R
TTAGTTTTTAGGCAACCAGTGTCTGTGAATCATGACCCAGTGAAGTGGCCCTAACCCGGAGAACTTTGATCCAG
CTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGAAGAAGTAATTTTTTTTT
TTTTTGGTCCAAAAAATGAGAAAAAGAAAAAAAGAAAATAAAAACTCTTTTTTTTTTTTTTTGCCCCAAACGGG
GT
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AKUO11_F
ATATGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCA
CAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAA
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AKUO11 R
AACGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATAAA

AKU025_F
TTGGGAACAAATTCTCCGGGTTAAGGCCACTTACACTGGGGTCATGATTCACAGACCACTGGTTGACAAAAACC
ACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAGTAAGTGACAGG
CAAA

AKU025_R
GATTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAGAAGTGATGAT
AGA

AKU026_F
GAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACA
GGCAA

AKU026_R
AACTTGAAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGA
AGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACC
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AGAGAGTGATGATAGACATGACCGTTGTCCTGATGATCGTCGAAAAGTTCTGCGGGGGAGGCCACTTCGGGGC
GCCCGACCCCAGGGCCGC

AKUO031_F
AGCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGTC
CTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATACTGACAGGCAAAGGTCTGC
C

AKUO031 R
CCAGGACATTGTGGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAAAAAATTGATGAGACT
AA

AKUO034_F
ACTTTGGAACAAAGTTTCTCCCGGGGTTAGGCCACTTACAGTGGGTCATGATTCACAGACCACTGGTTGACAAA
AACCACAGTTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGAC
AGGCAAAC

AKUO034 R
ATTCCCCAAGGACACTGTGGTTTTTAGGCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCG
GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAGAAGTGATG
ATACGAATGTT
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AKUO039_F
AACGTGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGG
TTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAT
AGTGACAGGCAAATAAGGCATAATAAAAATGATGAAAAATGAGAGACCCCCCAATGACTCCGGTCGCTTCTAA
AAGATGTTTTTTTTTTTTTTTTITTTTITTT

AKUO039_R
TAGTACTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACT
GAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTG
ACCAGCAGAGTGATGATT

AKUO043_F
AGCCTTGTCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACT
GGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGG
AATAGTGACAGGCAAAAGAAAATACACCCAGGTGGATGATAGTCGGGGTCCTGCTGACTGCGGATTTTCTATT
GATCGGGCGGGGGCGGGGGGATTTAAAAAAAAAAAAAA

AKUO043_R
ATGTACTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGT
GAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTG
ACCAGCAGAGTGATGAT
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AKU044 F
CGGACAGAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGT
TGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAAT
AGTGACAGGCAA

AKU044_R
ACTTAGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGA
AGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGAC
CAGAGAGTGATGATTGAGGT

AKUO045_F
AATTCCAGACCACTGGTTAGACAAAAACCACAGTTGTCCTTGGGGAATGTGGTAGCCCAAAGACAGAGGTGTT
GGCAGTGGTGGCATGAGGATAAGTGACAGGCAAAAGAAACACAAAAAATTGATAAAAGTCTTTTTTTTTTTTTT
TTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AKU045 R

TTTTTTTGACAACCATTGTGCTGGAGAATTCATCGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGATCCAG
CTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAGTGATGATAGAAAGGGAGTAAAG
TGATTATAATTTTTCAACCACACCCCCCACCCCCCCCCCCCCCCCCCCCCACCCACCAAAAGGGGGGGGGGGGG

AKUO046_F
ATCGAGTTGGACAAATTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAAC
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CACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAGAATTGACAGG
CAAAACAATAAAGTTCCCCCCCCCCACCCCLLLLLLeeeeceeceeeececeeeceeceeececeeeeceeecceecccATTrTITTT
Frrrrrrrrrrrrl

AKU046_R
TACTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGA
AGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACC
AGAGGAGTGATGATA

AKUO047_F
GATCAGAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTT
GACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATA
GTGACAGGCAAAAAAATAGGACACGGAGTGAGATATTGGACTATTGGCACGCAAGTGGGATTAGGGTTGTACA
TGGCTTTGGTTGTTG

AKUO047_R
GCACCCGTACTGGACTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATC
ATGACCCACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAAC
AAGGACCTGACCAGAGAGTGATGATAGACGCGTCACTTGGACTTAACTCTTGTTCCCATCTCAGAGTCTATACC
TGCCTTACCCCTCACCTATTCCTGCTTCACATTGCACTCGTCCTGCAGGGAGTCAGTTGTTTCAGACCTACTACG
TTGGTAAGTGGCTAGGCTTGTGC
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AKU048_F
AAGCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACAGTGT
CCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAATTGG

AKU048_R
AAGGACACTGTTGTTTTTATCCAACCAGTGGGTCTGTAGAATCATGACCCAGTGAAGTGGCCCTAACCCGGAGA
ACTTTACGATCCCAGCTACGATTCTTAGGACAAGGATGGCCTCATCAACAAGGACCTGACACAAAAAGTGATG
AAAAAAGGGGGGGGGGGGAAGGGGGGTACCCCCCCCCACACCCTACCCCCLecTeCcccTeeceeeeeeecTerr
AAAAAAAAAAAAAAAA

AKU049_F
CGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAAC
CACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCA
A

AKU049 R
CACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGA
ACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGATTA

AKU050 F
TAGCTTGTGCTTCCTGTGCACAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTC
ACAGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGG
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TGGCATGAGGAATAGTGACAGGACAATATAAACACCGTCTCTTTAGCTTCTTCCTCTCTATCACTCTTCTATTAT
CATCCTTTTTTTTTTTTTTTTTTTTCAAAAAAAAAAAAAAAAAAAAAAAAAAACAAAAAAAACAAACTA

AKUO050_R
GGTGTCTGTGCTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGAC
CCACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGG
ACCTGACCAGCAGAGTGATGATAGAGGAAGAAACATTTTAAATGAGAGGGTTGGGTTCTTTAAAGTGTTGTGG
TGGTTTTTTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AKUO054_F
TTGTCCAAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGT
TGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAAT
AGTGACAGGCAAAAGAAATAAAATTACAAAAAAAAAAGAAACACCCCACCCCCCCACCCCCCCCCACACACA
AAACACACCTATATTTTTTTTTTTTTTTTTAAAAAAAAAAAAACAAAAAA

AKUO054 R
TTAAGCTACACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGG
CCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGAG
AGTGATGATAGAC

AKUO056_F
ATGATGGCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTG
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GTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGA
ATAGTGACAGGCAA

AKUO056_R
ATTCCCCAAGGACACAGTGTTTTTAGACAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTCGGCCTAACCCG
GAGAACTTTCGATCCAGCTACGATTCTTGGACAAGGATCGGCCTCATCAACAAGGACCTGACCAGAAAAAGTG
ATGTTACAAAAAAGGAGAAGGGATAAACCTCGGTCTTCCCATCACAGCGTCGCTACCCCTCCGAGCTCGTGCTC
TCTGCCGGCGCACAAAAAAAAAAAAAAAA

AKUO059_F
AAACTCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACA
AAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGA
CAGGCAAAGCTATAAATAAACCCAACAAAACCCCCACCCCCLCCCeeeeeccAcceeeececAceeeeecAcecececececetr
FTTTTTTrTrTrTrTi

AKUO059 R
AAGTGTGGAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTG
AAGTGGCCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTG
ACCAGCAGGAGTGATGATCGATAAAAATTTAGGGGCAAGATAGCGAGTTGCGATCACCAAAGTCTGTAACGAG
TGCTTGGCCCTTTTTTTTTTTTTTTITTTTTITTTTTITTTTITTITTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAAAA
AA
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AKUO061_F
GACTGCGCGTCCTTGCACAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCAC
AGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTG
GCATGAGGAATAGTGACAGGCAAAATAAAAGTAAAAGTGATTGAAAGTTGTGTTACAGGTGACTGCTGCGGTT
CGGTGCTTTTTTTTTTTTTTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AKUO061_R
GGACGCTAAGGTTACTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATC
ATGACCCAGTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAAC
AAGGACCTGACCAGCAGAGTGATGTCCGAGTAACAAGTAGTGAAATGAGATAGGGAGGAGGTAGATTTTGGG
AGATTAGTGGGGTTTTTTTTTTTTTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACAA
A

AKUO062_F
GCTAGAGAGAATCCTTGTCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTC
ACAGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGG
TGGCATGAGGAATAGTGACAGGCAAAAAAAAAGAAAAATGTGCAAAAGTTTGATCATTTCCGCCAATAACTTC
CAATATTTTTTTTTTTTTTTTTTTTTTTTTTTTCAAAAAAAAAAAAAAAAAAAAAAAA

AKU062_R
ATTCCCCAGGGACACTGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCG
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GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGTGATGA
AAAA

AKUO063_F
GATACTGACCCTCCGTGTACAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTC
ACAGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGG
TGGCATGAGGAAAAGTGACAGGCAAAAGCTAACGTCAAGGGGAAGATAGAGTGGGTTTTTACCTTGTGGGGTT
GTTGTGTTTTGTTTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAAAAAA

AKUO063_R
AATAAAAAATAGAGTACCACATTACCCAAGGACACTGTGGTTTTTTGTCAACCAGTGGTCTGTGAATCATGACC
CAGTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGA
CCTGACCACAGAAGTGATGATACAAAGTCTGTGTATCTAATCATCTATATTCACACACTTAACTCTATATACATT
ACACTAAATCTTCAGCTCACCTTCATCCCTCC

AKU064_F
TGTCCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTG
ACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGT
GACAGGCAA

AKU064_R
TTAAGTACACTTACCCAAGGACACTGTGGTTTTTAGTTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTG
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GCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACA
GGAGTGATGATAGATGAAAATTTTAAAAAAAAAACCCCCTCCCCCCCTCCTTCTCCGCCAGCCCLCGLLCCGGEEE
CCGAGTTTTTTTTTTTTTTTTTTTI

AKU067_F
GGCTGAGCGTCCTTGCACAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCAC
AGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTG
GCATGAGGAATAGTGACAGGCAAACGAACTCCTCTAAGAGTGTCGATGTTACGGATGTTGTAAGGTTGGGGGG
GGTTTTTTTTTTTTTTTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAA

AKUO067_R
CCGTACGGTGCTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGA
CCCACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGG
ACCTGACCAGCAGAGTGATGATTGGA

AKU069_F
ATGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGTTCG
ACAAAAACCACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAA
GTGACAGGCAAAATAGATATGCGCACCGTCAGCCCCCGGATGCACACGAGACGCC

AKUO069_R
AATTACCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCG
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GAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGAGAGTGATGAT
TGA

AKUOQ70_F
ACTTGTCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGG
TTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAT
AAGTGACAGGCAAATGAAAAACCGCAGCCTAGCCCTTCACGTAACGACGAGGCAGGATATTTTATTTTTTTTTT
TTTTTAAAAAAAAAAAAAACACAAAAAAACAGAAGAA

AKUO070_R
TACTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGA
AGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACC
AGAGAGTGATGATTG

AKUO77_F
TCTGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTT
GACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATA
GTGACAGGCAA

AKUO077_R
ATTACTTGTAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTG
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AAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCTCATCAACAAGGACCTGAC
CAGAGAGTGATGATA

AKUO081_F
TTCCAGATCGAGCTGGACAAGTTCTCCGGGTTAGGCCACTTACACTGGGTCATGATTCACAGACCACTCGGTTC
GACAAAAACCACAGTCGTCCTTCGGGAATGTCGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGT
ATAAGTGACAGGCAAG

AKUO081_R
CCTGTCTTGGGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTG
AAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGA
CCAGAGGAGTGATGATAAACATTTCCCCCTGAAAGGGGATTCTTGGTGGAAAGAGATTGTGGGGGGGGGGGGEG
GAGGGAGGTTTTTTTTTTTTTTTTITTTTITTTTTI

AKU132_F
ATCCTGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGG
TTGACAAAAACCACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGA
TAAGTGACAGGCAAGATCATTCCCCCCCCAGTGAAGGCCTGAATCTAATTGCCAGGGTCTTTCTACTGTTTTTTT
ITTTTTTTITTTITTTI

AKU132_R
CTACTGAACTTGGGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCC
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ACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGAC
CTGACCAGAGAGTGATGATAGAGTAGCCGTCCTTGTCCAATATCGAGCTGCAGGAAAGTTCTACGGAAAAAGC
CCAATAGGGGGGAGAGCCCCTAAAAGGCGTTAAACACCCCCCCTTGCCTGGGAAAATTTTTTTATACCACAAA

AAATTTTTTTTTGCCGGTGTTTCTGGGGAACAAAATGGGACTGGGGAAAAAAGT

AKU135_F
GGGGCGTCCTTGTCAGATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGA
CCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCA
TGAGGAATAGTGACAGGCAAATAAATA

AKU135_R
TTACTGACTTGGGGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCC
ACTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGAC
CTGACCAGAGAGTGATGATAG

AKU136_F
ACTACTGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTG
GTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGA
ATAGTGACAGGCAAAAATAAGATCTCTTAAAGTAGTGGTTGTGGGTGTTGGTGGTTGGGGGGGGGGGCTTTTTT
TTTTTTTTTTTTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AKU136 R
CTACTGTCTTGGGGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCA
CTGAAGTGGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCT
GACCAGAGAAGTGATGATACAAA

AKU144 F
TTCCAGATCGAGTGGGACAAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGA
CAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGT
GACAGAGCAAAATCAATTTCCCCCCCC

AKU144 R
TACACACTTCCCAGGACACTGTGTTTTTAGTTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAA
CCCGGAGAACTTTCGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAGAAGT
GATGAAAAA

AKU148 F
TTTCCAGATCGACGCTGGGACAAAGTTCTCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGT
TGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATA
AGTGACAGGCAAAACTAATTCCAAACCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAC
CCCTTTTTTTTTTITTTITTTITTTITTTT
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AKU148 R
TTGCAGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGT
GGCCTAACCCGGAGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAG
AAAGTGATGATCA

AKU159 F
GAAATCGACCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAA
AAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGAC
AGGCAAAACAGGGGGGCCCCAAAAAAAAAAAAAAAAAAA

AKU159 R
TCTGGGGTACACATTTCCCAAGGACACTAGTGGGTTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGA
AGTGGCCCTAACCCGGAGAACTTTGATCCAGGTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGA
CCAGCAGAGTAATGTTCCGATAAAAATTCTAAACAATCTTGGGGTGCACGGGGTGGGGGGTGGAAAACTGTGT
TGGGTTATATTGGCGGGCGGCCGTTTAAAAAAAAAAAAA

AKU163 F
ACTCCTGTCAGATCGAGCTGGATCAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTC
GGTTCGACAAAAACCACAGTGTCCTTCGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGA
GGATAAGTGACAGGCAAAACATCCTCCTATGCCTCATTATACCGGGACTTGCTGGCTGTCTGGAAGCTTTTTTTT
I'TTTrrrrrri
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AKU163 R
CCATTCCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCAGCGTAGTGATGATT
GA

AKU180_F
AGCTGGATCAAAGTTCTCCCCGGGTTAGGCCACTTCAGTGGGTCATGATTCACAGACCACTGGTTGACAAAAAC
CACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAAGTGACAGGC
AAAATAAATAACTTATCCCCCCTCCTACCGAAACATCCCCAGAGGCCGGACGGCCTGAAGATCCTTTTTTTTTTT
TTTTTT

AKU180_R
TCCCAAGGACACCTGTGGTTTTTAGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGGA
GAACTTTGATCCAGCTCGATTCTTGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAAAAGTGATGTA
TAAAATACCCTCTCGCATCCCCACACCAACATACGATCACAAAGTGTTATTCTGCCATTCCCCACACCTCATCTT
GCTTCTGTTTGCTCTCCTCTTGATGTGAATAGGTCGTTCCTGACATACGACGTCGCTCAGGCTCTATATCGCACA
TGTCTACTATTAGAGCTCAGAGTGCCTGACTTCTACTCAGAAGCTAGTCATGTCAACTCTGTGCAGAATGTGA

AKU182_F
CAAATCGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACA
AAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGA
CAGGCAAA
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AKU182_R
AATTCCCCAAGGACACTGGTAGGTTTTTAGACAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTCGGCCCTA
ACCCGGAGAACTTTCGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCACAAAAG
TGATGATAGAAAGATTTTTTACGTCCCCGCGCCCCACCCCCTCGCACGCCTCTCCCCCCCCCTCCCCCTCCCTAG
CCGCTCTATTTCTTT

AKU185_F
CGAAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAA
CCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGAATAGTGACAGG
CAAA

AKU185_R
ATTCCCCAAGGACACTGTAGGTTTTTATTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCC
GGAGAACTTTGATCCAGCTCGATTCTTAGGACAAGGACGGCCTCATCAACAAGGACCTGACCACAAAAGTGAT
GTATAGAAATTTATTTTGGCCCCCCCCCTCCCCCCCCCCCCCCCCCCCCCCCCCCCTCCCTCCCTCTCCTCTTTTT
TGTGTTTTTT

AKU191_F
GGGCCGTCACGTGTCACGATCGACGCTGGATCACAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCAC
AGACCACTGGTTGACAAAAACCACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTG
GCATGAGGATAAGTGACAGGCAAACACGAACCCCTAATGCCTGATAACCGGAGCCTGCTCGCTTGATGGGCTA
ACATCCTGCAGGAGCCT

206



AKU191_R
ACTGACTTGGGGCTACCACATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAC
TGAAGTGGCCTAACCCGGAGAACTTTGATCCAGGTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCT
GACCAGCAGTAGTGATGATAGACTTACCTTTGGGATAAAACTCCCCAGTGATCTTTAGTGTTACCTGCCTTCGG
ACCCTCACTGCTCGATACACCCCCCCCTTTCTTTTTCCCCTCTCTTTCTTTTTTGAGCTTCAGGAGCCATTTATCA
CTCTAGTCGTAATTTAGAGAACAGAACTTTTGATTACTAAACCGCCCCTGTAACGCATGCAAAGGCGGGGATAA
GGGTTTG

AKU196_F
CGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAAC
CACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCA
AAGATTTATCTTGTCCTCGTGTTTTGTGCTATCGCTCTGCTGGTGTGAACGAGCCTTGAAGGATGGCTAAAGCGT
GATGTATTCCGGGACTGCCAAGTAGATTGGCGCCCTGCATGGAC

AKU196_R
GATTCCCAAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACTTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGCAGGAGTGATGA
TAGGAAAAAACTTTATTCATCCCCCCCCAACAACCACCACAAAGTGTTACCCTGCCATACCCAGACCTCTCTTG
[TTTTTTTTTTTTTTTTTTTTAAGGGAAAAGAGTTCTGAATCCACGTGGCAGGTCAGATGCAGCGCGCCCGGAAG
TACAGGCCGACTCCACCCCAAATGTCAGGTGTATCTATAAGAAGGCCGAATGTAAATCTTTGTACCTGTCTGGG
GGGACGGCGGGCAG
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AKU198 F
TGAGCTGGATCAAAGTTCTCCGGGTTAGGCCACTTCACTGGGTCATGATTCACAGACCACTGGTTGACAAAAAC
CACAGTGTCCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCA
A

AKU198_R
CCATGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCAGTGAAGTGGCCTAACCCGGAGAAC
TTTGATCCAGCTCGATTCTTGGACAAGGATGGCCTCATCAACAAGGACCTGACCAGACAGTGATGATTGAGGTG
T

AKU200_F
CAGGATCAAGTTCTCCGGGTTAGGCCACTTCACGTGGGTCATGATTCACAGACCACTGGTTGACAAAAACCACA
GTGTCTTGGGAATGTGGTAGCCCAAGACAGAGGTGTTGGCAGTGGTGGCATGAGGATAGTGACAGGCAAATG

AKU200_R
GATTACCCAGGACACTGTGGTTTTTGTCAACCAGTGGTCTGTGAATCATGACCCACTGAAGTGGCCTAACCCGG
AGAACT
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Appendix IX: Sanger Sequences for rs10012 and rs1056827 exon 2 of CYP1B1

The sequences below contain the forward (F) and reverse (R) raw Sanger sequencing reads of the rs1056827 and rs10012 SNPs
in the CYP1B1 gene. These sequences were obtained from case, control, and benign group participants, with all variants located
in exon 2 of CYP1B1.

rs1056827 and rs10012 sequences of the case group

AKUO041_F
GGTACCCGAACATATAGCGGCCCTCGGGTCGAGGAGGCGCCGTCCGLCGLCTGCCGCGCACCAGCCGCGCCACCA
GCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCG
CATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGC
CGGACACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGT
GGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCG
CCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCA
AACGGGCCCGGGGGCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGG
CCAGCACCGACAGGAGTAGCAAGGAGCGTA

AKU041_ R
GGGGGCTGTATGTGGGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTG
CGTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCG
CTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACC
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AGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGL
CGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCA
ACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGT
GGCGCTGCTGGTGCGCGGCAGCGCGGACGGCCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGL
CAACGTCATGAGTGCGGGGGGGGTTTAA

AKUO042_F
GGTCTAGACGTTCGCGGCCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTC
GCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATC
ATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGA
CACCACACGGAAGGAGGCGAAGGCCGGCLCGGTCGGCGAAGGCCGAGCCLCTGCTGCACCAGGGCCTGGTGGAT
GGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGLCCGC
GCCAGGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACG
GGCCCGGGGGCGCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAG
CACCGACAGGATAGACAAAGGGGAGCGTA

AKU042_R
TTACGGCCCGCCGGCTGCTGAGGCAACGGAGGCGGCAGCTCCGGTCCGCGCLLCCCGGGLCLCCGTTTGLCGTGGLC
ACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGLCGGLCGLTCGGLG
ACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTG
GTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCAT
GGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTC
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ACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLCTGCT
GGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATG
AGTGCGGGGGGGGGGTTTAAAGAA

AKUO055_F
GCAACGACGTAGCGGCCCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCG
CGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCA
TGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGAC
ACCACACGGAAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAT
GGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGLCGLCCGC
GCCAGGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACG
GGCCCGGGGGCGCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAG
CACCGACGGAGAGCCCCGGGGGAGCTTAA

AKUO055_R
TAAGGGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGLCGCCCCCGGGCCCGTTTGCGTGGCCACT
GATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTACGGCGAC
GTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGT
GCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGG
CTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACG
CGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGLCGLCTGCTGG
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TGCGCGGCAGCGCGGACGGCCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGA
GTGGGGGGGGGGGTTTAAAAA

AKUO057_F
AGGATGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGA
GGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCC
AGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGLC
GGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGG
GCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGC
CTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGCCCGGGGGLCGCGGACCGGAGLTGLLGL
CTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGAGCCAGGGGGGGAGTTTA
ATTAAACAAAAGGAGGGGGCGGGCGGCCTTGTAACCCTCCCCGGGGGGGGEGGGGEGEGEGEGGEEGGEEGEGEEEEE
GGGGGGGGGGGGCGGGLGGCCGGLCCLCGGGLLGLLCGGGGGGLLLCGGGGGGLCGLCEGLGGLGLCLGEGGEEGEGEEE
CGCCGGGLGLCGGGGLGGGLCGGGLCGGLCLGGEGLEGELELGLLEGEGEEEEEEGEGGGLGEGEEELCEEEEEE

AKUO057_R
GCCGCGGCTGCTGAGGCACGGAGGCGGCGCTCCGGTCCGCGCCCCLCGGCCCGTTTGCGTGGCCCTGATCGGAA
ACGCGGCGGCGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGAT
CCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGC
TCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCA
CTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCG
CGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGLCGLCTGCTGGTGCGCGGCA

212



GCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGAGTCGGGGGGE
GTTTCAAA

AKUO060_F
GACGAACGGTCGCGGCCTCGGGTCGAGGAAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCG
CGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCA
TGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGAC
ACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATG
GCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCG
CCAGGCGAGCGAAAGAGAGGTGACCCGCCTGCCCCACCGCCCCCGGCGTTCAGATCAGTGGCCACACACACGG
GCGCGGGGGCGCAGACCGGAGCTGCCGCCTCCTTCGCCTCCTTCCCCCGCCCCACCACCTGCACGLTGGCCACC
ACCAACGGATAGTAGCATAATCATACGTGTTAAACATTTAATCTTCATAGTATGAGTGAAGTTGAGATGATGGT
TATAGAGTTGTAGTCTGTAGGTAGTTTGGATAAGTATATTGGATCTTGTGGTGGATAAAATAGGTTGACAGAGA
AAGAATAATGTACGTTGTCGATTGTATATGTGGTAAGAACTAATTGGCATTGGGTGGGTTAACATGAGTTGACG
GGTTTTAAAGACGGTATTACAGGAGATCTCTATGACATATGATGAGTTGTTTATCACAGATAAAAATGTGTTGG
ATGGGCAAGTAGAGAATGCAGGAGAATTCGAACATGGTAGCTATTACAGGCGTGTGGGTAGA

AKUO060_R
TCTCCGTGTGTGGGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCCGGTCAGCGLCLCLCCCGGGLLCLGTTTGL
GTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGLGL
TACGGCGACGTTTTCCACCTCCGCCTGGGCAGCTGCCCCATATTGGTGCTGAATGGCGAGCGCGCCACCCACCA
CGCCCTGGTGCAGCAGGGATCGCCCTTCGCCCACCGGCCGCCCTCCGLLCCCLCTCCCGTGGGLLCGGLCAGGLGGLG
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GCACCATGCTTTTCGCCCCCAACTCGAACACCAGCACGGGGAACTGCCGCAAACCCCACACCACAACCCCATC
ATCCTCCTCACGCAACGCCCACCCCCCGACCCCCCCCGCCCCCCGTTGCAATAGGTGACCCALCGAGCCCEGeece
GTCGTACCTGCCCCCAACCCGCCCCCCCCTCCCCCTCCLCLCLCLLCLLCLCLCCALCLCCALCceLeeeeeeceeeecceTaTa
AAACATCTGAAAATAAATTAAAAATAATTTAACAACAAACTAACTGTAAATACCGCATAAGTCTAGTTGATAG
TAATGGTAGTGGGTTGAACTACTATGTAATATTAAGGAATCTGTGAACGTGAGCGAGTACATTGGGCTGGTTCT
GGTTTATTTAGGTGTTGTCTTTGGTCTGTGAATTAGTAGCTTGTGACTTAGTAGTTAGTGTAGTTGAGCTATTAG
TATGATCGTTAAATTTTGAGAAAGATGACGGGAATTTCTTATAGGTCTTAAAATTGACAGTGAGTTTTGCTAGA
GTGTGATTATATGTATATGTTAAAGATGATTAGTTATGTAATGATGAAGTATAGTTATT

AKUO073_F
GGGGGAAAGGGGGGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGLCTCAGCACGTG
GCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGLCCGL
TGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGA
AGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCAC
CACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAG
GTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGCLCLCGGGGGCGCGGALCCCG
AGCTGCCGCCTCCGTTGCCTCAGCAGCCGTTGGCCCACATGCACAGTGGCCAGCACCGACAGGAGTAGCCAAG
GAGCGTAGAAATTGAAAA

AKUO073_R
ACAGCGGCTCCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGLCGTGGGCCAGG
CGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCA
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TAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCLC
GTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGG
TGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGA
GGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGAGCCCTTCCTCG
ACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGATGCCGGGGGGGGTGTAAAAA

AKUO076_F
TCGTGGGTCGAGGAAGGCTGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGCCTCGCTCAGCA
CGTGGCCCTCGAGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGC
CGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGG
CGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAG
CACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAG
AGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGCLCCGGGGGLGCGGACC
CGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGAATAAAACGG
GGGGGAGTTTAATTTCTCACAGAAGCGCTTAAAGCGACCGGAGGAGCAAGGATGAGCAGGAGAGAGGLCGTGG
TG

AKUO076_R

GGCCGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGLCGLCCCCCGGGCCCGTTTGCGTGGCCACTGATC
GGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCGGGCGCGGCGCTACGGCGACGTTT
TCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCA
GCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTT
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TCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCG
CCAGCCGCGCAGCCGCCAAGTCCTCGAGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGC
GCGGCAGCGCGGACGGAGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGATGCG
GGGGGGGGTGTTAAAAAAAGGGAGGGGGGGGGGEGGEEGGEEGGEEGEEEGEGEEEGEGEEEGEGEEEGEEEEGEEGEEE
GGGGGGGGGGGGEGGGEGEGEEGEGEEGGEEGEGEEEGEEEGEGEEEGLCGGEGGLCGLCCGGCGGLCGGGLEGGLGEGGLG
GCGCGGGCGGGGGGGGGLLCCGGLCGLEEEGEGGGLLCEGEGLCEEEEGTGEEEGEGEGEEEEEEEGEEEEEEEEGEEEEEE
GGGGGGGGGLCGLGLGGGEEEGEGLCGLCEEEGGLCLGEEEGLE

AKUO086C_F
AGGATGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGLCGCGCCTCGCTCAGCACGTGGLLCTECG
AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGLLGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGLCLLCGGGGGLGLGGACCGGAGLTGLCG
CCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGAATAGGAGGGGGGGAGCTT

AKU086C_R
TGCAAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCCGGTCLCGLCGLCCCCCGGGCCCGTTTGCGTGGCCACTGAT
CGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTT
TTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCA
GCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTT
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TCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCG
CCAGCCGCGCAGCCGCCAAGTCCTCGAGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGC
GCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGATGCG
GGGGGGGTGTTAAAATAAAGTTCTTTTTAAGGAGGAATCCGGGGAGTTGGGGGGGG

rs1056827 and rs10012 sequences of the control group

AKU182_F

AGGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCCCAGCTCGCGCGLCLCTCGCTCAGCACGTGGCCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGCC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCGGGCGGATCTGGAAAACGTCGCCTTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
CCGCCTGGCCCACCGCCGCCTCGTTTCCAATCAGTGGCCACGCATACGGGCCCGGGGGLCGCGGACCGGAGCLTG
CCGCCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCACAGGGAAC
CTTAAATTTTTTTTTATCCGCGAGATAACAGTACACGCGGAGGGGGGAGGGGTAGGGGTAGGATGGGGGGGGA
AGGAGGAAGAGCGGAGGGAGAGGCGAGGGAGGAAGTGAGCTTTTTTTTTTTTTTTTTGTTTATTTTGAGATGGT
GAATGGAAGGAGAAGGGGCAGAACTGGGGTGTGTATTTGGGTTGTTGTTTGTTTTTTTTTTTTTTCTTTTTTTTTI
TTTATGTGGGGGAGGAGGAGGGGGGGTGAGCGGCGGGGGTGGGGAGGGGTGAGAGAAGGGGGGGGCAGGAG
GAGGAAATGGTGTGGGGTTG
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AKU182 R

GAAGCAGAGGCACGGAGGCGGCGCTCCGGTCCGCGCCCCCGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGG
CGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCC
TGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGL
CTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTC
GGAGCACTGGAGGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGC
CGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGG
ACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGGAGTGCGCTTGAGGGTTT
AAGAGGGCGGGGGGGGAAGAGGGAGGAAAGGAAGAGGGGCLGGGE

AKU183 F

ATAGGCGGGCCTTCTGATTCTAGAGAGAGCGCCATCCGCGCTTCCGCGCCCLCCCCLCCCLCLCCCGTTTGGGLGLGL
CTGGGTTGCAATGCCCCTCAGGACGTGGCGGGGCCCGTCTGGTTTGTGGGATGTTGCGCCCATGCTTGGGCTGA
CCCCCACTCCCTGTTGCCGTGCCCCGATAAGGGGCAGAAAGCCGCGCCCCCCCCCCCAGACACCACTGTGAAA
GAAGAAATTGACCTTCGGCCGCCGTGCGCCCTTCCCTGCGTGGCGTGGGGGGGGGGGAGGGGGCGCCAGGGLT
TTGGCCCACTACTCGGACCGTTGGAATGTGGAAATGCGAAAACCAGACACCAGGACGGCTAAGTTCTTGGGCG
CCACCCCCGCACCCCCGAAGTCCTCTGCTCAACGTGCTGACGAAGGCCCGCCACCTGTTGCGGCTGCTAGTAAC
AACATCGTGCACCGACCCTTCCTCGACCCGAGGCCTCTAACCGTCGTGGCCGAGGCCAACGTCTGTGTTTTAAA
ITTTTTTTTTAAAA
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AKU183 R

AGGCACGGATGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGA
AACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTC
GGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGC
GCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGLCCGTCCTTCGCC
TCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGG
AAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGC
AGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTG
GTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGLCGTG
GCCAACGTCATGAGTGCGGGGGGGGTTCAAAAAATTCATTCTTAATGAACGAAGAATCCC
TTGCAATTCCTGTTCTTAAAAATAATTGTCTCATGATTAAAAAATCAAAAGAAAACGGAG
GGGAAAGGAAAAAGGGGGCGGGTTGTGTAATCGTTCGGG

AKU184_F

ACGTACCGGGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACT
TGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTG
CTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGALCGGLLEGETC
GGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAG
CTGCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGLCCTGGEC
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CACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCCGAGCTGCCGCCTCCGTT
GCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGAGTCCCGGGGGGGGGETTT

AKU184 R

GCGCCCCCGGGCCCGTTTGCGTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTT
TCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAAT
GGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTT
CCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCA
GCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGA
GCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCCTTCCTCGACCCGAGGLCGL
TGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGGGGGGGTTTCAAGAAGGGCTTCAAGAGGGCACGAGGA
TCCTTGACTTTCTGCGCGGGGGGGGGGG

AKU191_F

GCGGCGGCCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGLGLGLLTEG
CTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGG
CTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACG
GAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGLTC
GCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGA
GCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLLLCGGGGE
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CGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGAT
AACAGGGGGGGGCGCTTTATTTTAGGTGGATAAAAAGGA

AKU191 R

TTACGAGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGLCGLCCCLCCGGGLCCGTTTGCGTGGCCA
CTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGC
GACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCT
GGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCA
TGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTC
ACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGLGLTGL
TGGTGCGCGGCAGCGCGGACGGGCGCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCAT
GGTGCGGGGGGGGGTGTGTTTAAAAAAAAATTCCACGCCCCGCCCLLLLeeeeeecececeeeecececeecececececececece
CCGCGGGCGGLCG

AKU193 F

AGGGATGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCACCAGCTCGCGLCGLCTCGCTCAGCACGTGGLCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGAC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
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CCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGLCTGC
CGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCAAGGAACCGT
AAGTTTAAAATGATAAATA

AKU193 R

TAACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGCGTGGE
CCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCT
GCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGA
CCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACT
GGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGT
CCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGLCGLC
TTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAATGCGCGGGGTAGGTTTAAAAAAA
CCATAATTATTGACCGAAGAATCCTTGCCCTTTCTGCATTCTAAAATGCTGTCTCCGCTGAGAAATCTGGGGGG
CGGGGGGGGGGGEGEGEGEGEGGEGEGEE

AKU194 F

CCTGTAGCGGGCTCGGGTCGAGGAAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGLGLGL
CTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGT
GGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCAC
ACGGAAGGAGGCGAAGGCCGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGLGLG
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CTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGG
CGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAALCGGGLLCCGG
GGGCGCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGAC
AGGGGCGGGGGGGGGGTTTTACCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCAACCAACACCAAACAAAA
AACACCACCACACACCAACATCAAACCCATCAAACTCAGAACGCAAAAATCACCTATACTAAATGACCCGTGA
ATCCTGATGCCTTGGGGGAGTACCTAGCTTGTCATGGATCAGCCACGAGGTCGGGAGGCTGAGACTAAACTTA
GAGAGAACCTGCAAGGTGTTGTGTTACGGAACACCCAGAGGTA

AKU194 R

GTAATGTGGGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCCGGTCCGCGCCCCCGGGLCCCGTTTGCGTGG
CCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACG
GCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCC
CTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAG
CATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTC
TTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGLGL
TGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGT
CATGAGTGCGGTGGTGTTTCAG
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AKU196_F

ACAGTTAGCGGGCTCGGGTCGAGGAAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGLGCG
CCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTG
TGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCA
CACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCLCTGCTGCACCAGGGLCLCTGGTGGATGGLGL
GCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAG
GCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCCG
GGGGCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGA
CGGAAAAAGGGGGGGGCCTTTAAT

AKU196 R

GGATTGTGGGGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGLCGLCCCCGGGLCLCCGTTTGCGTG
GCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTAC
GGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGC
CCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCA
GCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTT
CTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCG
CTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACG
TCATGGTGCCCGGGGGGGGTGTAAAAA
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AKU197 F

CCGTACCGCGCTGCCGCGCACCAGCAGCGCCCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGG
CGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTC
CGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGC
GAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTG
CCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGLCCGLLTGGECC
ACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGCTGCCGCCTCCGTTG
CCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTCCCGGGGGGGAGGTTTAGTTTAA

AKU197_R

AGACTGCTGAGGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAAC
GCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGA
TCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGG
CTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCC
ACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCC
GCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLCTGCTGGTGLGLGGL
AGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCCGGGEG
GGGTTCAAAGAATT
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AKU198_F

GGCGGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCLCLCGCTCGCGCGCLCTCGCTCAGCACGTGGCTCCTCGAGG
ACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCA
GTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGCCG
GTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAATGGCGCGCTCGCCATTCAGCACCACTATGGG
GCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGC
CTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAGACGGGCCCGGGGGCGCGGACCGGAGCTGLLGL
CTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATTTTCCAAGGGGAGGTTTTA

AKU198_R

CAGGGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGLGG
CGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCT
GGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGLTCGGCLC
TTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCG
GAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCC
GCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGA

CGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGGGGGGGGGTTC
AAG

AKU199 F
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AGGGAAAGGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCGLCTCGCGCGCCTCGCTCAGCACGTGGLCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGAC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCTTAGCGCCGCGCCGGGCGAGCGAACGAGAGGTGAG
CCGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCATACGGGCCCGGGGGLCGCTGACCCGAGCTG
CCGCCTCCTTTGCCTCACCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCAAGGGACCTT
AAAGGGGGAAAA

AKU199 R

CGGACCGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGLCGGCGGTGGE
CCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGGCAGC
TGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGLCG
ACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCAC
TGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAG
TCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGLGL
CTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCAGAGTGCGATGGGGGGTTCAAGGGGGG
TTAA
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AKU200_F

GCGTGCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGLCCTCGCTCAGCACGTGGCCCTCGAGGACTT
GGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGC
TCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGCCGGTCG
GCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGC
TGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGLCCGLCTGGLC
CACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGCTGCCGCCTCCTTT
GCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCCAGGGAACCTTAATAGAA

AKU200_R

AAATGCGGCTGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGLCGGCGGTGGGL
CAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCTG
CCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCCTTCGCCGA
CCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACT
GGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGT
CCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGLCGGALCGGLGLC
TTCCTCGACCCGAGGCCGCTAACCGTGGTGGCCGTGGCCAACGTCTGAGTGCCGTGGGAGGTTCAAG

AKU201_F
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CCCGACGTTAGCGGGCTCGGGTCGAGGAAGGCTCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGC
GCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCAT
GCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGAC
ACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATG
GCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCG
CCAGGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGLCGTTTCCGATCAGTGGCCACGCAACGGG
CCCGGGGGCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCA
CCGACAGAGAAGGGGGGGGGGAGC

AKU201_R

TATGTGGGGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGL
CACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACG
GCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCC
CTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAG
CATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTC
TTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGLGL
TGCTGGTGCGCGGCAGCGCGGACGGAGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGT
CATATGCGGGGGGGGGTGTTTAAAAA
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AKU202_F

AGGGAAAGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCAGCTCGCGLCGCCTCGCTCAGCACGTGGLLCTC
GAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACC
TTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACG
GCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTAT
GGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGC
CGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGLCGGACCCGAGCTGCC
GCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGAGATTCCCCGGGGAACCTTT
ACCCCCGGTAAATTATACCATTAATTCACCTATTTGTGGGTTGGTGGGGGGGGGGCCGGGEGGLCGGGLCGLGGEGL
CGGGGGCCGLCGLLCCGGGE

AKU202_R

GTCGCCCCGGGCCCGTTTGCGTGGCCACTGATCGGAAACGCGGCGGLCGGTGGGCCAGGCGGCTCACCTCTCGTT
TCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAAT
GGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTT
CCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCA
GCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCTCGGAGGGCCACGTGCTGA
GCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCT
GACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGGGGGGGGGTTTCAAGAAAACTGTTTTATTGACGAAGGA
TCCTTGGGCTTTGGTTCTTTGAAGGGG
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AKU204 F

GGGAAGGCGCCGTCCGCGCTGCCGCGCACCAGCGLCGLCCCGLCTCGLCGCGCCTCGCTCAGCACGTGGCCCTCGA
GGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTC
CAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGC
CGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGLCCAGGCGAGCGAAACGAGAGGTGAGC
CGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGLTGCC
GCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGATTAGCCAAGGGAACGTT
AGAGAAAAAGACTCGTATTGTGCCCGTGGGGTGCTTGTTGCAGTGGGGAGATGGTGTCAGTAAAGTCTTGCGT
GTCGACGCTCGTTGGATGATGGGGGTGGTGGCTAAGAGTTGGAGGAGGGGAGAAGGGAAGAGCGGTGAAAGA
GAGTAAGAGTGATTGCAGGAATTGTGACGGGTGGTGGGGCGAGGGAATGCAGTAGAGTGAAGGAAAAATTAT
AATGTTTGGCTGCTGTGGGGTGAGAGGTAGTGGGGGGTTGGGGGTGGGGTGTGGGAGGGAGAGGGGACGGGEG

AKU204_R

GACGCCCCGGGCCCGTTTGCGTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGT
TTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAA
TGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGLLTTCGLCTCCT
TCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGC
AGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCTCGGAGGGCCACGTGCTG
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AGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGLCGL
TGACCGTGGTGGCCGTGGCCCACGTCATGAGTGCGCGGGGGGTGTAAA

AKU205_F

GGCTGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAG
GACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCC
AGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGCC
GGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGG
GCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGC
CTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGLCCLCGGGGGCGLGGACCGGAGLTGLLGEC
TCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCAGGAGCGTAAAA

AKU205_R

CCGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGLCGGCGGTGG
GCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGC
TGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGLCG
ACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCAC
TGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAG
TCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGAGC
CTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGGTGCGGGTGGAGTTTTCAAG
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AKU206_F

GGGCGGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCCLCGLCTCGCGCGCCTCGCTCAGCACGTGGCCLCTCGAGG
ACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCA
GTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGLCG
GTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAATGGCGCGCTCGCCATTCAGCACCACTATGGG
GCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGC
CTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGLCTGLLGLC
TCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGAGAACCCAGGGGAACCTTAGTT
TAAACGAAGATTAAGCGAAGGAAAACATGATACGGGCGTTTCTTGTGAGGGTCTGTGGCGCGCTCTGAATCGA
CAGGGCGCGGACGGGATGATGTCGGGTAGCTAGTGGGGAGGTGTCGTGTGCGAGAGAGCTGAGGAGGTACAA
GGGGTGGTTGGGGTTTGCGGGGTGAGGAGAGCAAGTGTTGAGTGTGGGGG

AKU206_R

GCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGCGTGGGCCAGGC
GGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCAT
AGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACLCGGLCG
TCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGT
GCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAG
GGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCG
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ACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGCGGGGGGTGTTAAAGAATTCATCCTT
ATGACGGA

AKU207 F

AGGGATGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGLCCCLCGLCTCGLCGCGCCTCGCTCAGCACGTGGLLCTECG
AGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGLCLCCGGGGGLGLCGGACCCGAGLCTGLEG
CCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCCAAGGAACCGTT

AKU207_R

CAGGGCACGGAGGCGGCGCTCGGGTCCGCGCCLCCCGGCLCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGLEG
TGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGC
AGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCG
CCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAG
CACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCC
AAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGG
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CGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGGGCCGCGGGGGGGTGTTAAAA
AAAGGGGTCTTATTGACGAAGAATCCTTGCACTTCTGGGAGTTTAAG

AKU208_F

TCCGGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGC
GGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCC
GAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGLG
AAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGC
CCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGLCCGLCLCTGGLCCA
CCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCCGAGCTGLCCGLCCTCLGTTGC
CTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGGGATGCCCCGGGE

AKU208_R

ACAAGCTGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGCGGTGGGCCAG
GCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCC
CCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCG
GCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGA
AGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCT
CGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGLCGLLTTC
CTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGCGGGGGGTGTTTAAAA
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AKU209 F

TCCGGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGC
GGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCC
GAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGLG
AAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGC
CCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGLCCGLCLCTGGLCCA
CCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCCGAGCTGCCGCCTCCGTTGC
CTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGAGTTCCCCGGGGGGAGTTTT

AKU209_R

GCAGCGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGLGG
TGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGG
CAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGLCTTC
GCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGA
GCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGC
CAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACG
GAGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGGTGCGCGGGGGGTGTTAAAG
TGGTGAGTGGGGGGGGGGGGGGGGTGGGGGGGTGGCGGGEGGGEEGGEGGGEGGTGTGGGGGTGGGGTGTGEG
GGGTGTTGGGGGGGGGGGGGGGGGTGTTTGGGGTGTTTTTGTTTGGGGGTGTGGGGTGTGTGTTTTGGTTGTGG
GGTGTGGTGTGGGGGTTTGGGTTGGGGTTGGTGGGT
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rs1056827 and rs10012 sequences for the benign group

AKUO011_F
AGGGATTGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCLCCCAGCTCGCGLCGLCCTCGCTCAGCACGTGGLLCCTC
GAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACC
TTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACG
GCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTAT
GGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGC
CGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGLCLCCGGGGGLGCGGACCGGAGLTGEC

GCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCAAAGAACGGTA
GG

AKUO11_R
GAGGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGLGGL
GGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTG
GGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGLTCGGLCT
TCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCG
GAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCC
GCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGA
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CGGCGCCTTCCTCGACCCGAGGCCGCTAACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGCGGGGAGGTTTA
A

AKUO025_F
GGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGLCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGCC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
CCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCGGGGGCGCGGACCGGAGLCTGL
CGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATAAGCCGGG

AKUO025_R
GCTGGCTGAGGCAACGGAGGCGGCAGCTCCGGTCCGLGLCCLCCGGGLLCCGTTTGCGTGGCCCTGATCGGAAAC
GCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGA
TCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGG
CTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCC
ACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCC
GCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGLGLGGL
AGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGCGGG
GGGTGTTAAAA
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AKUO026_F
AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCLCTCGLCTCAGCACGTGGECCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGAC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
CCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCCGGGGGCGCGGACCLCGAGCTGL
CGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAAAAAAAGGGGGGGACG
TTTAGAATCCACAA

AKU026_R
GATCAGCGGGCTGGCTGGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCAC
TGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCG
ACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTG
GTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCAT
GGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTC
ACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGLGLTGC
TGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCAT
GAGTGCGGGGGGGGTTTCA

AKUO031 F
GCGCCATCCGCGCTGCCGCGCACCAGCAGCGCCCCGCTCGCGCGCCTCGCTAGCACGTGGCCCTCGAGGACTTG

239



GCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCT
CCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGLCLCGGLLGETLGE
CGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCT
GCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGLCTGGLC
CACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGCTGCCGCLCTCCGTT
GCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGATAGACCCCAGGGAACCTTA

AKUO31_R
AGAGACGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGLGGTGGE
CCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCT
GCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGA
CCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACT
GGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGT
CCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGLCGCGGALCGGLGLC
TTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGCGGGGGGGTTCAAGGGA

AKUO034_F
GGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGLCGCGCCTCGCTCAGCACGTGGCCCTCGAGG
ACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCA
GTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGLCG
GTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAATGGCGCGCTCGCCATTCAGCACCACTATGGG
GCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGC
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CTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGLCTGLLGLC
TCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGGGAGCCCACCGGGGAACCTTA
GACGTGGTTTTCAATAGGTGAAGGTCCGCAACGGTGGGTAGGCGTCTGGTTGGCGGGAAGAACATAGGGATGG
GGTGCGCTGTTTGGTGTACAGAGGAGCGCAGTTGTTGTTAGTATTGGGAGTGGGGAATTGGGGTTGGATGGGGT
GGGAGGGCTGTGGATTGCGATGGGGAGCGAGTTGTGGTAGAGTGGTGAGGGATGTGGGGATGTGGGGGGGGEG
GGGCGGGAGGGGGGGCGGGGAGTGGGGGEGGEGEGEGCTAGGTGGAGGACATAATGTTGATGGGGATGTTGACTGG
AGGGGCGTGCTCAGAT

AKUO034_R
GCATCGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGLCGGLGGLGE
TGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGG
CAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGLCTTC
GCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGA
GCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGLCCGC
CAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACG
GCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGGAGTGCGGTGAGGTTTCAA

AKUO039_F
CGAGGCGCGTAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGLCCACCAGCTCGCG
CGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATG
CTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACAC
CACACGGAAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCLCTGCTGCACCAGGGCLCTGGTGGATGG
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CGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGLGC
CAGGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGC
CCGGGGGCGCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCAC
CGACAGAGAGCACGGG

AKUO039_R
GGGTTGGTCGTCGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCCGGTCCGLCGLCCCCGGGCLCCGTTTGCGT
GGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGLT
ACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAG
GCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGLCGGLCG
CAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAAC
TTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGG
CGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAA
CGTCATGGTGCGGGGGGGGGGTTTAAAA

AKUO043_F
AATACCCAGACGTAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTC
GCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATC
ATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGA
CACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAA
TGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCG
CGCCAGGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACG
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GGCCCGGGGGCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAG
CACCGACAGGAGAGACACGGGAAG

AKUO043_R
GTTTGTTCGTGTCGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCCGGTCCGCGCCCCCGGGCCCGTTTGCGT
GGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCT
ACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAG
GCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGLCG
CAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAAC
TTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGG
CGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAA
CGTCATGAGTGCGGGGGGGGTTTCAA

AKUO044_F
CATGAAAGGCGCCCAACTTCCGCCGCTCCAGAAAGGAACCAGGCGGTTTTGGGTGCAACCCCCCCCCCCTTTGG
GTGCCGCTGTTATCAGTGGCCCTTTGGAGTGGTGGGGTCGCCTCCTTTCCCTTGGAGATTTGCGCCTCCTGCTGT
GTTCTGCTTATCCTTCTGCCTTGCTGTGCTTCAAATGATGGTGAAAGAGGCGCGCGGCGTGCTCCAAGGACCAC
TGCAGAGGGAGTGAAAGCTCGGCCATCAGCGAAAGTTCACTTCTTTGTGTGTGGGGTTGTGGAGGGGGCGGGC
TTTTTTTTCTTCCTCATAGGATGCTAGCCCCGGGAAATCTAAAAAAAATGTATGTTGGGCGTTTTTGTGAGAAAA
GCCGGGGAGCCGACCACGCCCCCGCGCCCCCGTGTCTTTTATTATGATCGGACAAAAAGGCTGGTGGTTGAGA
AAGATATAGCTGCCCTTTTCTTACTTCGCCTATTGAACCAAGTTGTGGCCAGACCAAAACGTGGTGGGGGTTTG
TTTTAA
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AKU044_R
CATTATAGCGGCCGCCCTCCTCCTCTCGAGGAAAGAGCCGATCAGCGCTGCCGCGCACCALCCCeeaG eeeCeTTTT
GGTGGGCCTCGGTTAACACATGGCCCTCGAGGACTTGGGGGCGGCTCTGCTTGCCTTTGAAGGAGTTGCGCTCC
CGGTACTTTGTTGTATGCCATGGGTCGTTCTGCACTGGTGCTGAAGAGGGCGCCGGCCCCCCCCGGACCCTTAG
AAGGGGGGGAATGCGGCAGTGGGGAATTCAACCTTCTTGCGGGGGGGGGGTGAGGGGGGTTTTTTTTCAACAT
CATGGTGGCTGGTCCAGCGGGTGCTAAAACTCCACCATTCGCCCCGCCTTGCGAGCGAAAGAGAGGTAGCCCC
CCGGCCTAACGCGACCCGTTTTTTTATTAGTGGCCACCTAAAACAGCTCCGGTGGCGCCAAACACAAATGATGC
CTTCGTTGTCTCTCTCAGCCCCTGGCCCACATGGACAGTGGCCACCACCGAAGAGCGAGGTGGGGTTTTTAGAA
TATTTAAGGT

AKUO045_F
GGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCCCGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACT
TGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCAGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCT
CCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGLLGGTCGG
CGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCT
GCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCLCGLLCTGGLC
CACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGLCGCGGACCGGAGCTGCCGLCTCCGTT
GCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGGACCCAAGGGAACCTTAATATAATG
GCAAATAGGGGATGAGCCTGCGTGGCACGGGGCGTTGATTGGCAGGCGTACTGTTACATCAGGGTGTAGGTCG
GAGTTGAGCTATTCTGG
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AKUO045_R
GAGGGGCACGGAGGCGGCAGCTCGGGTCCGLCGLCCCLCCGGGLCCCGTTTGCGTGGCCCTGATCGGAAACGLGGCEG
GCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCC
TGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGL
CTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTC
GGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGC
CGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGLCGLGEG
ACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGGGGGGGTTTC
AAGAT

AKUO046_F
AGGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGLCC
TCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCA
CCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGA
CGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACT
ATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGA
GCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGCTG
CCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACAGGAGTAGCCAAAGGAAC
CGTA

AKU046 R
GCAAGCGGGCTGGCTGAGGCAACGGAGGCGGCAGCTCCGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTG
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ATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGAC
GTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGT
GCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGG
CTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACG
CGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLCTGCTGG
TGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGGT
GCGGGGGGGGTGTTAAAAT

AKUO047_F
AGGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCLCCCAGCTCGCGCGLCLCTCGCTCAGCACGTGGLLCTC
GAGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCT
TCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACG
GCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTAT
GGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGC
CGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCLCCGGGGGLGCGGACCGGAGLTGEC
GCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGGAGACCAA

AKUO047_R
GCTGGAGGCACGGAGGCGGCAGCTCCGGTCCGLCGCCLCLCCGGGLCCCGTTTGCGTGGCCCTGATCGGAAACGELGG
CGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGC
CTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGG
CCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACT
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CGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAG
CCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGLCGLG
GACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGGCCCGGGGGGEGETG
TTAAAAA

AKUO048_F
ACGGCTCGCCGCGCACCAGCGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGEGG
CTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGA
GTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAAGGAGGCGAAGGCCGGLLCGGTCGGLCGA
AGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCC
CAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCLCGLLCTGGLCCAC
CGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGCTGLCGLCTCCGTTGEC
TCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATTTCCCCGGGAGAACCTT

AKUO048_R
GCTGCTCCAGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGLCGGTGGGCCAGGLCGG
CTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAG
TGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGLLGGL
CTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGC
AGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGG
CCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGAC
CCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGGCGCGGGGGGGTGTTAAAAA
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AKU049_F
GCGGGCCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGLCTCGLGLGLCTEGET
CAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCT
GCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGA
AAGGAGGCGAAGGCCGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGLTCG
CCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAG
CGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAALCGGGLLLGGGGGL
GCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATTT
TCGGGGGGGGGTCTTTTACCAACCAACGCAGCAACCGAGCACGCAGGAGAGAGGAG

AKU049_R
TAAGGAGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCA
CTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGC
GACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCT
GGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCA
TGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTC
ACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLTGC
TGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCAT
GAGTGCGCGGGGGGTGTTAAAAA

AKU050 F
AGGGGATGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCC
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CTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGC
ACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGG
ACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCCTGGTGGATGGCGCGCTCGCCATTCAGCACCA
CTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGT
GAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGLCGCGGACCCGAGC
TGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATACGAGGGGGGGGE
CCTTTTACCCTCATTCACGTAGAACACGACGCCGACGTAAAGAGCGAGCCTTGTGCTAGAAGACGCCACACAC

ACCGATGGGGTTGGTCGGCGGGTCCCGTGGTCAGAGGGGGGGCTTGTCCTCTTTTAAATATTTTTATTTTCGTGT
CAACAGTGTCTGACGTCAGATGGCTATTTTGAATAGTCTTATTTTTTATATTTTATGATTTGACTGTTATTTTTT
AKUO050_R

GCTTTGTTTGGGGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGT
GGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGLT
ACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAG
GCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGLCGGLCCG
CAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAAC
TTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGG
CGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAA
CGTCATGAGTGCCGTTGTGTTTCAGAA

AKUO054_F
GACGGTGTAGCGGCTCGGGTCGAGGAAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGC

249



GCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCT
GTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACC
ACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCEG
CGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCA
GGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCC
GGGGGCGCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCG
ACAGGAGAGCCAAAGGAACCGT

AKUO054_R
GCAGGAGGCACGGAGGCGGCAGCTCGGGTCCGLCGLCCCLCCGGGLCCCGTTTGCGTGGCCCTGATCGGAAACGLELGG
CGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCG
CCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCG
GCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTA
CTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGLCCGCGC
AGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGLCGGCAGCG
CGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGGGGGGGE
TTTCA

AKUO056_F
CCGTGCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTT
GGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGC
TCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGLLGEGTCG
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GCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGC
TGCCCAGGCGGATCTGAAAAACGTCGCCATAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCLCGLCTGGLEC
CACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGCCLCGGGGGCGCGGACCGGAGCTGLEGECTCCTTT
GCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCCCAAGAACCTTAGAAA

AKUO056_R
GACGCCCCCGGGCCCGTTTGCGTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCG
TTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGA
ATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCC
TTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGLCGLCGC
AGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTG
AGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGLCLGL
TGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGGGGGGAGGTTTAA

AKUO059_F
CCGTACCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTT
GGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGC
TCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGLLGETCG
GCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGC
TGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCCGLCCTGGEC
CACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGCTGLCCGLCTCCGTT
GCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGATTTACAAAGGGGAACGTT
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AKUO059_R
TAGAGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGCGCCLCCCGGGCCCGTTTGCGTGGCCACTG
ATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGAC
GTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGT
GCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGG
CTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACG
CGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLCTGLCTGG
TGCGCGGCAGCGCGGACGGAGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAG
TGCGGGGGGGGTGTTTAA

AKUO061_F
AGGGATGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCGCCTCGCTCAGCALCGTGGCCCC
TCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCA
CCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGA
CGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACT
ATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGA
GCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGCTG
CCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCAAAGGAACC
GTA

AKUO061_R
GGTTTGGTGTAGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGT
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GGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGLCT
ACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAG
GCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGLCGGLCG
CAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAAC
TTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGG
CGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAA
CGTCATGGTGCGGGGGGGGGTTTAAAA

AKU062_F
ACGAGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGLCGCGCCTCGCTCAGCACGT
GGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGLCCG
CTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCG
AAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAATGGCGCGCTCGCCATTCAGC
ACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAG
AGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGLCLCLCGGGGGLCGLGGALCCC
GAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGAAGCCAAG
GGGAAGGTTAAAACTGTGGGGGGGGGGGAGGGGGGGGEGGGEEGGEGGEGEE

AKU062_R
CACGCCCCCGGGCCCGTTTGCGTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCG
TTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAA
TGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGLCTCCT
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TCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGC
AGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTG
AGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCLCTTCCTCGACCCGAGGLLCGL
TGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCCGGGGGAGTGTTAAAG

AKUO063_F
CGGAAAGGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCACCAGCTCGLCGLGLCTCGCTCAGCALCGTGGLCC
TCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCA
CCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGA
CGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAATGGCGCGCTCGCCATTCAGCACCAC
TATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTG
AGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCCGAGCT
GCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGTGAAAGAGGGGGGGGG
CGTTT

AKUO063_R
GCTTTGGGCGGATACATCTGGCTGCAGGCAACGGCAGGCGGCAGCTCGGGTCCGCGLCLCLCLCCGGGLCLCLCGTTTGL
GTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGLGGELG
CTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACC
AGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGC
CGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCA
ACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGT
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GGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCC
AACGTCATGAGTGCGGGGGGTTTCAAAA

AKU064_F
AGGACTGGCGCCCGTCCCGCGCTGCCGCGCACCAGCGCGCTCACCAGCTCGCGCGCCCTCGCTCAGCACGTGGC
TCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTG
CACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAG
GACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGAATGGCGCGCTCGCCATTCAGCACC
ACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGG
TGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCATACGGGCCCGGGGGCGCGGACCGGA
GCTGCCGCCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCCAGGA
ACCTTA

AKU064_R
TAGGGCAGCGGCTGCTGAGGCAACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGCCCGTTTGCGTGGCCACTGA
TCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTT
TTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCA
GCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGLTT
TCGGCCACTACTCGGAGCACTGGAGGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCG
CCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTG
CGCGGCAGCGCGTACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTG
CGGTGAGGTTTCAA

255



AKU067_F
GGGGTGACGAGCGCTAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGC

TCGCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCA
TCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCG
GACACCACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGG
ATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCC
GCGCCAGGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGLCGTTTCCGATCAGTGGCCACGCAAC
GGGCCCGGGGGCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCA
GCACCGACAGGAGAGCCCGGGGAGCGT

AKU067_R
GCTGGGTTAGTGTGGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGLCLCLCGTTTGC

GTGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCG
CTACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACC
AGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGL
CGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCA
ACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGT
GGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGLCTGACCGTGGTGGLLCGTGGLEC
AACGTCATGAGTGCGGGGGGGGGTTTAAAA

AKU069_F
AGGACTGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCG
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AGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCCGAGCTGLCLG
CCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGATAACCCCAAGGGACCTTAA
TTGTAAAACAACCACACCAATGACATACAGGACCTCTGGGGGGGGACCGAGGGGGCCGGTGGGAGGGGAGGG
GGGGGGGGGGGGAGGCGGCCTTTTTTTTTTTTITTTTTTTTTTTITTCTTITTGTTCTTGGGGGGAGTAACGTGGTTGT
[TTTTTTTTTTTTITTTTTITTTITTITTITTITTITTITTTTTTITTTTTTGGGGCGGGGGGGGGAGGGGGGGGGGGAGGGCGGGEG
GCGGGGGGGGAGGGGGGGTGGGGE

AKU069_R
ATGAGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGLGGC
GGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGG
GCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGLTCGGLCTT
CGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGG
AGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCG
CCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGAC
GGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGGAGTGCGGGTGAGGTTTCA
AGAATGGGGGGGGGGE

257



AKUOQ70_F
GAGCGGTATAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTEGLGC
GCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCT
GTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACC
ACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGELG
CGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCA
GGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCC
GGGGGCGCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCG
ACGAATTCCGGGGGGGGACTTTT

AKUO070_R
TGCAGGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGAT
CGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGT
TTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGC
AGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCT
TTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGC
GCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGT
GCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGT
GCGGTGGTGTTTCAG

AKUO077_F
AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCG

258



AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCCGAGCTGLCLG
CCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGAACCAAGGGGAGGGTTA
AAAACACTAACAACCAACACACACACAAAAACAAAACCACACCCAACACCACACACAAAACAACCAACACCC
AACACCCAGAGGGCGGGGGGAGGGCCGGAGGACGGGGGGAAGCGACGGGAGAGCAAGGAACGACCGGACCA
CAAGCAACCACACGACGAAGGCGGGACAGGACGGCGGCGCCACACGCGAAAGGAGAGCAGGGGGLGGGEEE
GAGCAGAGCGGGGCGGCGGGLCCGGE

AKUOQ77_R
TAGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGA
TCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACG
TTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTG
CAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGC
TTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGC
GCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGT

GCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGT
GCGGGGGGGGTTTCAA

259



AKUO081_F
AGGATTGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGLTCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGAC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
CCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCCGGGGGCGCGGACCGGAGLCTGL
CGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCLCGGGGALCCGT

AKUO081_R
GTAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGATCG
GAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTT
CCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAG
CAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTC
GGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGLCGCC
AGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGLG
CGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCG
TTGAGTGTTTCAGAG

AKU132_F
GAGCAGTAAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGCG
CCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTG
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TGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCA

CACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCLCTGGTGGATGGLGC
GCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAG

GCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCCG
GGGGCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGA
CAGGAGAGCCAAGGGA

AKU132_R
GGGGGAGGTGGGAGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGCGCCLCCCGGGCCLCGTTTGLG
TGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCT
ACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAG
GCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCG
CAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAAC
TTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGLCTGGTGG
CGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAA
CGTCATGAGTGCGGGGGGGGTTTAAA

AKU135_F

AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGLCLCTCGCTCAGCACGTGGLLCTCG
AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG

261



GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCCGGGGGLCGCTGACCGGAGLTGLCG
CCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATTGAAGGGGGGGGGGLTTT
TAAAACCACCCCCACCAAACAAACCCACACCCAACACCAACAAAACAACACAAAACCCCACCCACCCACACAC
CCCCGCCCCCGGGGCAGGAACAACCCGACGACCCACAAAGACCAGGCCGCAGAGGLGLLCLCCAGGAGGEGCCA
CGCACGGAGAGCGGCGGAGAACGAGCGAACCGGGLCGLGGLGEEEEE

AKU135_R
GCTGCTGAGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCG
GCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCG
CCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGLTCG
GCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTA
CTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGLGC
AGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCG
CGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGTGGGGGT
TTTA

AKU136_F

AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGLCLCTCGCTCAGCACGTGGLLCTCG
AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG

262



GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCLCCGGGGGLGLCGGALCCGGAGLTGLCG
CCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATTTAACAGGGGAGGAGTTT

AKU136_R
TAGCGTGTTTAGACCGCGGCTGCGGAGGCACGGAGGCGGCGCTCCGTCLCGLCGCCLCLCCGGLGLCCTTTGLGTGGLC
CTGATGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACTCTGTTCGCTCGCCTGGCGLCGGCGCTCGGGCGACCTT
TTCCAGATCCGCCGGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGC
AGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCT
TTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGC
GCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGT
GCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGT
GCGTTGTGTTTCA

AKU144 F
TTAGGCGGGCCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGLCGLGLLTECG
CTAGCACGTGGCCCTCGAGGACTTGGCGGCCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCAGCTGTGGGCT
GCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGA
AGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGLCGLGLTCGC
CATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGC
GAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCGGGGGLG

263



CGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACAGGAG
TAGCCAAGGAGCGT

AKU144 R
GCTGGCTGGAGGGCACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGATCGGAA
ACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCA
GATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAG
GGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGC
CACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGC
CGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGLCGLCTGCTGGTGLGCGG
CAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGTG
GTGTTTCAG

AKU148_F
AGGGAAAGGGCGCCGTCCGCGCTGCCGCGCACCAGCGLCGLCCCGLCTCGLCGLCGLCCTCGCTCAGCACGTGGLCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGAC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
CCGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGCCLCGGGGGCGCGGACCCGAGCTGL
CGCCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGGAGTAGCAAGGAGCGTA
TAATAAGGTTTAGTGGGGGGGCTGTGGTGGTGAGGTGTGGAAAGGGTTAGGAGGAGGGGTAGGAGAGGGGGG
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GGGGGGGGGGGGGAGGGGGGGGGGGGGAGAGGGTATGGTAGGGTTTGGTGTATGAGAATGTGGGGTGGGGE
GTGGGTGAGAGGGGGAGGAGGGTTTGGGGGTTGGGTGGGGGTGTGGGCGGGTGTTGATGCTTGGGTGCGGGE
GGGGGGGGAGGGGGGGGGGAGGGGGTGGAGGG

AKU148_R
GGAGCTGAGGCACGGAGGCGGCGCTCGGGTCCGCGLLCCCCGGGCLCCGTTTGCGTGGCCCTGATCGGAAACGCG
GCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCC
GCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTC
GGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTA
CTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGLCCGLCGC
AGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGLCGGCAGCG
CGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGTGGGGGT
TTAAAAAACCCCCAACACCCCCACAACAACACAACCCAACACAAAAAAAAACAACCAAAAAAAACCAACACA
AAAGGGGGGGGGGGGG

AKU159 F

TTTTCGGCCTCTTGGTCGAGGAAGGCGCCGTCCGCGCTGCCGCGCACCAGCCGCGCCACCTTGCTCGLGLGLCT
CGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTG
GGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACA
CGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGLCGL
TCGCCATTCAGCACCACTATGGGGCAGCTGCCCAAGCAGATCTGAAAAACGTCGCCGTAGCGCCGCCGGCGAG
CGAACGAGAGGTGAGCCGCCTGGCCCACCGCCCCCGCTTTCCAATCAGTGGCCACGCAGACGGGLLCLCGGGGEL
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GCGGACCCGAGCTGCCGCCTCCTTTGCCTCAGCACCCGCTGGCCCACATGCACGGTGGCCGGCACCGACGGGA
GTAGCACGAGCGTAAGTGGGAGGAGGGGGGGGAGGAGGGGAAGGGGGGGAAGGAAAGGGAAGGAGGAGAG
GGAGGAAGAAGGAGGAGAAGAAAAAAGGAGAGGGGAGGGAGGGGGGGEGEGEGEGGGGGGEGAGAGGGGAGGGGE
GGGAAGAGGGAGGGGAGGAGGGGGGGAGGGGGGGGEGGEGEGGEEGGEGGGAGGGGAGGGAAAGAAGAAAAG
AAGGAAAAAGAAAAGAAGAGGGGAAGAGAGAAGAGAGGGAGGAGGAGGAGGGGGGGGAAAGAGAGGGAAG
GG

AKU159 R
GTCGCGGCTGCTGAGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCLCGGCCCGTTTGCGTGGCCCTGATCGGAA
ACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAG
ATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGG
GCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCC
ACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCC
GCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLCTGCTGGTGLGLGGL
AGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTAACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGTTGA
TGTTTCAGAA

AKU163_F
CTAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGLCGLCGLCCLCCGLCTCGLCGLCGLLCTCGLTCA
GCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGC
GCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAG
GAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCAT

266



TCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCGGGCGAGCGAA
CGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGLLCCGGGGGLGLEE
ACCCGAGCTGCCGCCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGTTGLCCCC
GGGAGACCTT

AKU163_R
CCCCGCCGGCTGCTGAGGCACGGAGGCGGCGLCTCGGGTCCGLCGCCLCCCGGCLCGTTTGCGTGGCCCTGATCGG
AAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCC
AGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCA
GGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCG
GCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCA
GCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGLGL
GGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGT
TAGTGTTTCAGATTTGGTGGGTGGATTTTGGCGGGGAGTGGTGGTGAGGGGAGGGGGGGGEEEGEGGGEEGEGE
GGGGGGGGGGGEGGGGEEEGEGEGEGEEGETCGATGGAGGTTAAAGGGGGGGAGGGGGAGGCAAAGGGGGGGGGGGA
GAGG

AKUO070_F
GAGCGGTATAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTECGEGC
GCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCT
GTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACC
ACACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGEG

267



CGCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCA

GGCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCC
GGGGGCGCGGACCGGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCG

ACGAATTCCGGGGGGGGACTTTT

AKUO070_R
TGCAGGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGLCGLCCCCGGGCCCGTTTGCGTGGCCACTGAT
CGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGT
TTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGC
AGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCT
TTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGC
GCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGT
GCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGT
GCGGTGGTGTTTCAG

AKUOQ77_F
AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGCCTCGCTCAGCACGTGGLCCTCG
AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCLCCGGGGGLCGLCGGACCCGAGCTGLCG

268



CCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGAACCAAGGGGAGGGTTA
AAAACACTAACAACCAACACACACACAAAAACAAAACCACACCCAACACCACACACAAAACAACCAACACCC
AACACCCAGAGGGCGGGGGGAGGGCCGGAGGACGGGGGGAAGCGACGGGAGAGCAAGGAACGACCGGACCA
CAAGCAACCACACGACGAAGGCGGGACAGGACGGCGGCGCCACACGCGAAAGGAGAGCAGGGGGLGGGEEE
GAGCAGAGCGGGGCGGCGGGLCCGGE

AKUO77_R
TAGCAGCGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGA
TCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACG
TTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTG
CAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGC
TTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGC
GCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGT
GCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGT
GCGGGGGGGGTTTCAA

AKUO081_F
AGGATTGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCACCAGCTCGCGCGCCTCGCTCAGCACGTGGLTCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGAC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
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CCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCLCGGGGGCGCGGACCGGAGLCTGC
CGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCLCGGGGACCGT

AKUO081_R
GTAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGATCG
GAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTT
CCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAG
CAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTC
GGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCC
AGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCG
CGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCG
TTGAGTGTTTCAGAG

AKU132_F
GAGCAGTAAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGLTLEGLGLG
CCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTG
TGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCA
CACGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCLCTGCTGCACCAGGGLCLCTGGTGGATGGLCGC
GCTCGCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAG
GCGAGCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCCCG
GGGGCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGA
CAGGAGAGCCAAGGGA
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AKU132_R
GGGGGAGGTGGGAGCAGCGGCTGCTGAGGCACGGAGGCGGCAGCTCGGGTCCGLGLCCLCCGGGLLCCGTTTGCG
TGGCCACTGATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCT
ACGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAG
GCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCG
CAGCATGGCTTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAAC
TTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGLCTGGTGG
CGCTGCTGGTGCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAA
CGTCATGAGTGCGGGGGGGGTTTAAA

AKU135_F
AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGCCTCGCTCAGCACGTGGLCCTCG
AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCTGACCGGAGCTGLCG
CCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATTGAAGGGGGGGGGGLTTT
TAAAACCACCCCCACCAAACAAACCCACACCCAACACCAACAAAACAACACAAAACCCCACCCACCCACACAC
CCCCGCCCCCGGGGCAGGAACAACCCGACGACCCACAAAGACCAGGCCGCAGAGGLGLLCLCCAGGAGGLGLCA
CGCACGGAGAGCGGCGGAGAACGAGCGAACCGGGLCCGLCGGLGGEGGEE
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AKU135_R
GCTGCTGAGGCACGGAGGCGGCGCTCGGGTCCGLCGLCCLCCGGGLCCCGTTTGCGTGGCCCTGATCGGAAACGCEG
GCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCG
CCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCG
GCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTA
CTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGLCLCGLCGC
AGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGLCGGCAGCG
CGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGTGGGGGT
TTTA

AKU136_F
AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGCGCCTCGCTCAGCACGTGGLCCTCG
AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCGGAGLTGLCG
CCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGATTTAACAGGGGAGGAGTTT

AKU136_R
TAGCGTGTTTAGACCGCGGCTGCGGAGGCACGGAGGCGGCGCTCCGTCCGCGCCCCCGGCGCCTTTGCGTGGCC
CTGATGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACTCTGTTCGCTCGCCTGGCGCGGCGCTCGGGCGACCTT
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TTCCAGATCCGCCGGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGC
AGCAGGGCTCGGCCTTCGCCGACCGGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCT
TTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGC
GCCAGCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGT
GCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGT
GCGTTGTGTTTCA

AKU144 F
TTAGGCGGGCCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCCAGCTCGCGLGLLTECG
CTAGCACGTGGCCCTCGAGGACTTGGCGGCCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCAGCTGTGGGCT
GCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGA
AGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGLTCGL
CATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGC
GAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAACGGGLCLLGGGGELEG
CGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACAGGAG
TAGCCAAGGAGCGT

AKU144 R
GCTGGCTGGAGGGCACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGATCGGAA
ACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCA
GATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAG
GGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGC

273



CACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGC

CGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLCTGCTGGTGLGCGG
CAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGTG

GTGTTTCAG

AKU148_F
AGGGAAAGGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGLCCCGLCTCGLCGLCGLCCTCGCTCAGCACGTGGLCCT
CGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCAC
CTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGAC
GGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTA
TGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAG
CCGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGCCCGGGGGCGCGGACCCGAGCTGL
CGCCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGGAGTAGCAAGGAGCGTA
TAATAAGGTTTAGTGGGGGGGCTGTGGTGGTGAGGTGTGGAAAGGGTTAGGAGGAGGGGTAGGAGAGGGGGG
GGGGGGGGGGGGGAGGGGGGGGGGEGEGGAGAGGGTATGGTAGGGTTTGGTGTATGAGAATGTGGGGTGGGGEG
GTGGGTGAGAGGGGGAGGAGGGTTTGGGGGTTGGGTGGGGGTGTGGGCGGGTGTTGATGCTTGGGTGCGGGG
GGGGGGGGAGGGGGGGGGGAGGGGGTGGAGGG

AKU148_R

GGAGCTGAGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGCG
GCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCC
GCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCLTC
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GGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTA
CTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGLCLCGLGC
AGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCG
CGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGGTGGGGGT

TTAAAAAACCCCCAACACCCCCACAACAACACAACCCAACACAAAAAAAAACAACCAAAAAAAACCAACACA
AAAGGGGGGGGGGGGG

AKU159 F
TTTTCGGCCTCTTGGTCGAGGAAGGCGCCGTCCGCGCTGCCGCGCACCAGCCGCGCCACCTTGCTCGCGCGLCT
CGCTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTG
GGCTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACA
CGGAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGLGLGL
TCGCCATTCAGCACCACTATGGGGCAGCTGCCCAAGCAGATCTGAAAAACGTCGCCGTAGCGCCGCCGGCGAG
CGAACGAGAGGTGAGCCGCCTGGCCCACCGCCCCCGCTTTCCAATCAGTGGCCACGCAGACGGGLLCLCGGGGEL
GCGGACCCGAGCTGCCGCCTCCTTTGCCTCAGCACCCGCTGGCCCACATGCACGGTGGCCGGCACCGACGGGA
GTAGCACGAGCGTAAGTGGGAGGAGGGGGGGGAGGAGGGGAAGGGGGGGAAGGAAAGGGAAGGAGGAGAG
GGAGGAAGAAGGAGGAGAAGAAAAAAGGAGAGGGGAGGGAGGGGGGGGGGGGGGEGGGAGAGGGGAGGGGG
GGGAAGAGGGAGGGGAGGAGGGGGGGAGGGGGEGEGGGGGEEGEGEEGGEGGEGEGAGGGGAGGGAAAGAAGAAAAG

AAGGAAAAAGAAAAGAAGAGGGGAAGAGAGAAGAGAGGGAGGAGGAGGAGGGGGGGGAAAGAGAGGGAAG
GG
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AKU159 R
GTCGCGGCTGCTGAGGCACGGAGGCGGCGLCTCGGGTCCGLCGLLCCCCGGLCCCGTTTGCGTGGCCCTGATCGGAA
ACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAG
ATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGG
GCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCC
ACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCC
GCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGLCTGCTGGTGLGLGGL
AGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTAACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGTTGA
TGTTTCAGAA

AKU163_F
CTAGCGGCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGLCCLCLCGCTCGCGCGLCCTCGLTCA
GCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGC
GCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAG
GAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCAT
TCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCGGGCGAGCGAA
CGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAACGGGLCCGGGGGLGLGE
ACCCGAGCTGCCGCCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGTTGLCCCC
GGGAGACCTT

AKU163 R
CCCCGCCGGCTGCTGAGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGCCCGTTTGCGTGGCCCTGATCGG
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AAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCC
AGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCA
GGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCG
GCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCA
GCCGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGLGL
GGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTGGTGGCCGTGGCCAACGTCATGAGTGCGT
TAGTGTTTCAGATTTG

AKU180_F
AGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGLCLLCCGCTCGCGLCGLCTCGCTAGCACGTGGCLCCTCGAG
GACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCA
GTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGGCCG
GTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGG
CAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGLCCGCCT
GGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGLCLCLCGGGGGLCGLGGACCCGAGLTGLCGECT
CCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGATATGCCAGGGGGAGCGTTATT
TCTTTTTATACATACCAGCCAAACTTGACTAAGACTTTTAATCGAGAATTCACTGCGGGGGGAGGTGGTGCAGG
GTGGGGTTGGGGGAGGGGGGCGGGTGGCATTTTGTTTTTTTGTTTTGTTTGTTGTTATGGCCGAGGTATGGGGG
CGGGTGCTGGCGTTAGGTGATTTTGATTTTGTTATTTTTGTCTT

AKU180 R
GCTGGCTGGAGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGCCCGTTTGCGTGGCCCTGATCGGAAACGC
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GGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCG
CCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGLTCG
GCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTAC
TCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCA
GCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGC
GGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGAGTGCGTGGGGGGTTT
CAAA

AKU182_F
TCCGCGGCTGCCGCGCACCAGCAGCGCCACCGCTCGLCGCGCCTCGCTCAGCACGTGGCCCTCGAGGACTTGGCEG
GCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTTCCAGTGCTCCG
AGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGLCCGGLCLCGGTCGGCGA
AGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATGGGGCAGCTGCC
CAGGCGGATCTGGAAAACGTCGCCTTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCLCGLLTGGLLCCACC
GCCGCCGCGTTTCCAATCAGTGGCCACGCAGACGGGCCLCGGGGGCGCGGACCGGAGCTGCCGLLTCCTTTGCCT
CAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGTAGCCAAGGAACCTTA

AKU182_R

TGGACCGCGGCGCTCCGGTCCGCGCCCCCGGCCCGTTTGCGTGGCCCTGATCGGAAACGCGGCGGLCGGTGGGL
CAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGC
CCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCCTCGCCGACC
GGCCGGCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGG
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AAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCC
TCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGCGLCTT
CCTCGACCCGAGGCCGCTAACCGTCGTGGCCGTGGCCAACGTCATGAAGTGCGTTGAAGGTTCGAGA

AKU185_F
GGGAAAGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCAGCTCGCGLCGLCCTCGCTCAGCACGTGGLCCTCG
AGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGLCLCLCGGGGGLCGLGGALCCCGAGLTGEC
GCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGGGTGCCCGGGGAACCTTA
TTTTTT

AKU185_R
AGAGCGGCTGCTGAGGCACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGA
AACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCA
GATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAG
GGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGC
CACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGC
CGCGCAGCCGCCAAGTCCTCGAGGGCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGLGG
CAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGAGTGCGCGG

279



GGGGTGTTTAAAAAAGACGGCCCATTTTTAAAAAAAAGGCCTTGGACTTTCCGGAGAGTGTAGAGGGGGGGTG
TGATCCTGGCCGGAAAAATTGTTGAATTAAACCCCCCGGGGGGGEGEGEGGEGEEEEEEEGEGEEEEEEEGEGEEEEEEEE
GGGGGGGGGEGEGGGGEEEEEEGEGEGEEEEEEGEGEGEEEEEEGEGEGEEEEEEEGEGEEEEEEEEGEEEEEEEEEEEE

AKU191_F
AGGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCLCCAGCTCGCGCGCLCTCGCTCAGCACGTGGLLCTCG
AGGACTTGGCGGCGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGLCLCLCGGGGGLCGLGGALCCCGAGLTGEC
GCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAAAGAAAAGGGGAGGGG

AKU191_R
TCACCCAGCGGCTGCTGAGGCAACGGAGGCGGCGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACLCTG
ATCGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTACGGCGACG
TTTTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTG
CAGCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGC
TTTCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGC
GCCAGCCGCGCAGCCGCCAAGTCCTCGAGGCCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGT
GCGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGAGT
GCGGTGTGTTTCAGA
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AKU196_F
TTAGCGGCCTCGGGTCGAGGAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGLGLGLLTCG
CTCAGCACGTGGCCCTCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGG
CTGCGCGCCGCTGCACCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACG
GAAGGAGGCGAAGGACGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGLTC
GCCATTCAGCACCACTATGGGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGA
GCGAACGAGAGGTGAGCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGLLLGGGE
GCGCGGACCCGAGCTGCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGG
AGAGCCAAAGGAACGTTA

AKU196_R
GCAGCGGGCTGCTGAGGCAACGGAGGCGGCAGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCACTGAT
CGGAAACGCGGCGGCGGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTT
TTCCAGATCCGCCTGGGCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCA
GCAGGGCTCGGCCTTCGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTT
TCGGCCACTACTCGGAGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCG
CCAGCCGCGCAGCCGCCAAGTCCTCGAGGCCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTG
CGCGGCAGCGCGGACGGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGAGTG
CGTGGGGGGTTCAAGAA

AKU198 F
AGGGACGGCGCCGTCCGCGCTGCCGCGCACCAGCGCGCCCAGCTCGCGCGCCTCGCTCAGCACGTGGCCCTCG
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AGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCACCTT
CCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGACGG
CCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACTATG
GGGCAGCTGCCCAGGCGGATCTGGAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGAGCC
GCCTGGCCCACCGCCGCCGCGTTTCCAATCAGTGGCCACGCAAACGGGCCCGGGGGCGCGGACCGGAGCTGLC
GCCTCCTTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGATTAGCCAAAGGGAACGT
TAT

AKU198_R
GACTGCGGCTGCTCGGGTCCGCGCCCCCGGGCCCGTTTGCGTGGCCCTGATCGGAAACGLCGGLGGLGGTGGGL
CAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTCGGCGACGTTTTCCAGATCCGCCTGGGCAGCTGC
CCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTTCGCCGACC
GGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGGAGCACTGG
AAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCGCCAAGTCC
TCGAGGCCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGACGGLGLCCTT
CCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCTGAGGTGCGTGGGAGGTTTCAAG

AKU200_F
AGGAAAGGCGCCGTCCGCGCTGCCGCGCACCAGCAGCGCCACCAGCTCGCGLCGLCTCGCTCAGCACGTGGLCC
TCGAGGACTTGGCGGCTGCGCGGCTGGCGCGTGAAGAAGTTGCGCATCATGCTGTGGGCTGCGCGCCGCTGCA
CCTTCCAGTGCTCCGAGTAGTGGCCGAAAGCCATGCTGCGGCCGCCGGACACCACACGGAAGGAGGCGAAGGA
CGGCCGGTCGGCGAAGGCCGAGCCCTGCTGCACCAGGGCCTGGTGGATGGCGCGCTCGCCATTCAGCACCACT
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ATGGGGCAGCTGCCCAGGCGGATCTGAAAAACGTCGCCGTAGCGCCGCGCCAGGCGAGCGAACGAGAGGTGA

GCCGCCTGGCCCACCGCCGCCGCGTTTCCGATCAGTGGCCACGCAAACGGGCCCGGGGGLCGCGGACCGGAGCLT
GCCGCCTCCGTTGCCTCAGCAGCCGCTGGCCCACATGCACAGTGGCCAGCACCGACGGAGAGCCAGAGGAGCG
TAT

AKU200_R
GAGGGCACGGAGGCGGCGCTCGGGTCCGLCGCCCCCGGGLCCCGTTTGCGTGGCCCTGATCGGAAACGLGGLGGL
GGTGGGCCAGGCGGCTCACCTCTCGTTCGCTCGCCTGGCGCGGCGCTACGGCGACGTTTTCCAGATCCGCCTGG
GCAGCTGCCCCATAGTGGTGCTGAATGGCGAGCGCGCCATCCACCAGGCCCTGGTGCAGCAGGGCTCGGCCTT
CGCCGACCGGCCGTCCTTCGCCTCCTTCCGTGTGGTGTCCGGCGGCCGCAGCATGGCTTTCGGCCACTACTCGG
AGCACTGGAAGGTGCAGCGGCGCGCAGCCCACAGCATGATGCGCAACTTCTTCACGCGCCAGCCGCGCAGCCG
CCAAGTCCTCGAGGCCCACGTGCTGAGCGAGGCGCGCGAGCTGGTGGCGCTGCTGGTGCGCGGCAGCGCGGAC

GGCGCCTTCCTCGACCCGAGGCCGCTGACCGTCGTGGCCGTGGCCAACGTCATGAGTGCGTGGGGGGGTTCAA
GAAA
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Appendix X: Genotypes for rs1800440, rs1056836, rs1056827 and rs10012

PID rs1800440 | rs1056836 | rs1056827 | rs10012 | PID rs1800440 | rs1056836 | rs1056827 | rs10012
AKUO041C | GG GC CA GC AKU142C | AA cC CA GC
AKUO042C | AA CC CA GC AKU149C | AA CcC CcC GC
AKUO57C | AA CC AA GC AKU152C | AA CcC AA GC
AKUO060C | GG GG AA GC AKU155C | AA CcC AA GC
AKUO073C | AG GC AA CcC AKU158C | AA CcC AA GC
AKUO076C | AG GC AA CcC AKU164C | AA CcC AA CcC
AKUO086C | AA CC CA GC AKU173C | AA CcC AA GC
AKUO087C | AA CC CcC GG AKU211C | AG GC AA GC
AKUO088C | AA CC AA GC KAIC004C | AG GG AA GC
AKUQ94C | AA CC AA CcC KAIC005C | AA CcC CcC GG
AKU097C | AA GC AA GC KAIC006C | AA GC AA CcC
AKU099C | AG GC AA GC KAIC007C | AG CcC AA CcC
AKU100C | AA CcC CA GC KAIC008C | AA CcC CA GC
AKU103C | AG GG AA GC KAIC011C | AG GC AA CcC
AKU104C | AA CcC CcC GG KAIC014C | GG GC CcC GG
AKU105C | AA CC AA GC KAIC016C | AA CcC AA CcC
AKU106C | AA CcC CcC GG KAIC018C | GG GG AA GC
AKU109C | AA CC AA GC KAIC021C | AA CcC AA GC
AKU110C | AA CcC AA CcC KAIC023C | AA CcC AA GC
AKU112C | AA CC CcC GG KAIC024C | AA CcC AA GC
AKU113C | AA GC CcC GG KAIC025C | AA CcC AA CC
AKU116C | AA CC AA GC KAIC026C | AA CcC AA GC
AKU118C | AA CcC AA CcC KAIC027C | AG GG CcC GG
AKU122C | AA CC AA GC KAIC029C | GG GG AA CcC
AKU124C | AA CcC CcC GG KAIC030C | AA CcC AA CC
AKU127C | AG CC AA GC KAIC032C | AG GG AA CcC
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AKU128C | AA CC AA GC KAIC033C | AG GC AA GC
AKU133C | AG GG AA CcC KAIC035C | AA CcC AA CcC
PID rs1800440 | rs1056836 | rs1056827 | rs10012 | PID rs1800440 | rs1056836 | rs1056827 | rs10012
KAIC041C | AG GG CcC GG AKUO77B | AG GC AA CcC
KAIC046C | AG GG AA CcC AKUO081B | AG GC AA GC
KAIC047C | GG GG AA CcC AKU132B | GG CcC AA CcC
KAIC051C | GG GG AA GC AKU135B | AG cC AA GC
KAIC052C | AG CcC CcC GG AKU136B | AG GG AA GC
KAIC057C | AA CC AA GC AKU144B | GG GG AA cC
KAIC059C | AG GG AA GC AKU148B | AG GG AA cC
KAIC060C | GG GG AA GC AKU159B | AA GC AA CcC
AKUO11B | AG GG AA GC AKU163B | AA CcC AA cC
AKUO025B | GG GG cC GG AKU180B | GG GG AA cC
AKUO026B | AG CcC AA CcC AKU182B | AA CcC CcC GG
AKUO031B | AA CC CA GC AKU185B | AG GG AA cC
AKUO034B | AG GC AA GC AKU191B | AA CcC AA cC
AKUO39B | AG CcC AA GC AKU196B | AG CcC AA cC
AKUO043B | AA CcC AA GC AKU198B | AA CcC AA GC
AKUO044B | AG GC AA cC AKU200B | AG GG AA GC
AKUO46B | AA CcC AA GC AKU182N | AA CcC cC GG
AKUO047B | AG CC AA GC AKU183N | AA CcC AA cC
AKUO048B | AA CcC CcC GG AKU191N | AG GC AA GC
AKUO049B | AA CcC cC GC AKU193N | AA CcC AA cC
AKUO054B | AG CcC AA GC AKU194N | AA cC cC GG
AKUO56B | AA CcC AA GC AKU195N | AA cC AA cC
AKUO059B | AA CcC AA GC AKU196N | AG cC AA cC
AKUO061B | AA CcC AA GC AKU197N | AA cC AA GC
AKU062B | AG GC AA CcC AKU198N | AA cC AA GC
AKUO063B | AA CcC AA cC AKU199N | AA CcC AA CcC
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AKUO064B | AA CC AA GC AKU200N | AG GG AA GC
AKUO067B | AG CcC AA GC AKU201N | AG GC AA CcC
AKUO069B | AA CC AA GC AKU202N | AG GC AA cC
AKUO70B | AA CcC AA GC AKU204N | AG GC AA GC
PID rs1800440 | rs1056836 | rs1056827 | rs10012

AKU205N | AA CcC AA GC

AKU206N | GG GG AA GC

AKU207N | AA CcC AA CcC

AKU208N | AA cC AA cC

AKU209N | AA CcC AA CcC
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Appendix XI: Clinicopathological Characteristics of Case Group Participants

This table presents the detailed histopathological and molecular profile data for participants in the case group (ER+ breast

cancer).
PID Histo_Type | Grade | Stage | LN_Status | Mol_Sub | PID Histo_Type | Grade | Stage | LN_Status | Mol_Sub
type type
AKUO041 | IDC 3 1 NO lum A AKU118 | IDC 2 2 NO lum A
AKU042 | IDC 2 3 N2 lum A AKU122 | IDC 2 2 NO lum A
AKUO057 | IDC 2 2 NO lum A AKU124 | IDC 2 2 N1 lum A
AKUO060 | IDC 2 3 N3 lum B AKU127 | ILC 1 2 N1 lum A
AKUO073 | IPC 3 1 N1 lum A AKU128 | IDC 2 1 NO lum A
AKUO76 | DCIS 3 3 N2 lum A AKU133 | IDC 2 3 N2 lum B
AKUO086 | IDC 2 1 NO lum A AKU142 | IDC 2 1 NO lum A
AKUO087 | ILC 2 2 NO lum A AKU149 | IDC 3 2 N1 lum A
AKUO088 | IDC 1 1 NO lum A AKU152 | IC 2 1 NO lum A
AKUO094 | DCIS 2 1 NO lum A AKU158 | IDC 2 1 NO lum A
AKUO097 | IDC 2 1 NO lum A AKU164 | IDC 2 1 NO lum A
AKUO099 | ILC 3 3 N2 lum A AKU173 | IC 2 1 NO lum A
AKU100 | IDC 3 2 N1 lum A AKU211 | MC 2 1 NO lum A
AKU103 | IC 3 2 NO lum A AKU155 | IDC 2 1 NO lum A
AKU104 | IDC 3 2 N1 lum A KAIC004 | IDC 2 1 NO lum A
AKU105 | IDC 1 2 NO lum A KAIC005 | IDC 2 2 N1 lum B
AKU106 | IC 2 1 NO lum B KAIC006 | IDC 3 2 N1 lum A
AKU109 | IDC 3 3 N1 lum A KAIC007 | IDC 3 2 N1 lum A
AKU110 | DCIS 2 2 N3 lum A KAIC008 | IDC 2 3 N2 lum A
AKU112 | IDC 2 2 N1 lum A KAIC011 | PDCIS 2 2 NO lum A
AKU113 | IDC 2 1 NO lum A KAICO016 | IDC 3 3 N2 lum A
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AKU116 | IDC 3 2 N1 lum A KAIC018 | IDC |2 3 | N2 lum A
PID Histo_Type | Grade | Stage | LN_Status | Mol_Sub
type

KAIC019 | IDC 3 3 N2 lum A
KAIC021 | IDC 3 3 N3 lum A
KAIC023 | IDC 3 3 N3 lum B
KAIC024 | IDC 2 2 N1 lum A
KAIC025 | IDC 2 3 N2 lum A
KAIC026 | IDC 2 2 N1 lum B
KAIC027 | IDC 2 3 N2 lum B
KAIC029 | IDC 2 2 N2 lum A
KAIC030 | IDC 3 2 NO lum A
KAIC032 | IDC 3 2 N1 lum A
KAIC033 | IDC 2 2 N1 lum A
KAIC035 | IDC 3 3 N3 lum A
KAIC041 | IDC 2 3 N2 lum A
KAIC046 | IDC 2 2 NO lum B
KAIC047 | DCIS 2 1 N1 lum A
KAIC051 | IDC 2 2 N1 lum A
KAIC052 | IDC 2 2 NO lum B
KAIC057 | IMCS 2 3 N2 lum B
KAIC059 | IDC 3 2 NO lum A
KAIC060 | IDC 3 2 NO lum A
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Abstract: Breast cancer is the most prevalent neoplasm and the second leading cause of death among
females in Kenya. Estrogen and its metabolites are known risk factors for breast cancer. Polymorphisms
1n these genes and breast cancer susceptibility are unmique among different populations. This study aimed
to determine the probable associations between estrogen-metabolizing gene variations and other risk
factors for breast cancer risk i Kenyan women. Buffy coat samples were obtained from patients
diagnosed with estrogen receptor-positive breast cancer, bemgn breast disease, and healthy volunteers.
Genotyping of target polymorphisms was conducted using polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP) analysis. The rs4646903 variant genotype CC was associated
with breast cancer in the case-control model (P=0.001); the heterozygous genotype TC (P=0.01) and
the luminal B molecular subtype (P=0.02) showed increased odds of late-stage breast cancer. The
rs1048943 variant genotype GG was associated with breast cancer in the case-bemgn model (P=0.04),
whereas CG was associated with breast cancer in the case-control model (P=0.02). These findings umply
that the rs4646903 and rs1048943 variant genotypes are mvolved in breast cancer risk i Kenyan
women. Hence, they may be explored further as potential markers for the disease.

Keywords: breast cancer; gene polymorphisms; estrogen metabolizing gene; polymerase chain
reaction-restriction fragment length polymorphism; genotype
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