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Abstract 

Abstract 

Infection of hepatitis B virus (HBV) causes acute and chronic hepatitis and is 

closely associated with the development of cirrhosis and hepatocellular carcinoma 

(HCC). Approximately 60-80% of world's HCC is related to HBV, and it is the third 

most common cause of cancer death in Asia-Pacific region. Almost 400 million 

people are chronically infected with HBV and one-third was likely to die of 

complications of cirrhosis, including liver failure and HCC. As there is a shortage of 

effective curative treatments, detection and prognosis of the risk of cancer 

development will be essential to improve survival of patients with chronic HBV 

infection. 

A case-control study was previously carried out to identify HCC-associated 

genomic markers on HBV. Some of them are clustered at the preSl and X promoter 

regions of HBV genotype B and core promoter of HBV subgenotype Cs. The 

functional significance of these markers to the virus was investigated in our study. 

Our result showed that one of those markers, the G1613A mutation on core promoter, 

can significantly increase the promoter activity in a genotype-dependent manner and 

the effect is reversible by the A-to-G back mutation. We have established an in vitro 
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Abstract 

full-length HBV genome transfection system and the result suggested that the 

G1613A mutation suppressed the e antigen (HBeAg) secretion and enhanced virus 

DNA production by downregulating the precore (preC) mRNA transcription. In 

consistence to the clinical study, the mutation was associated to serum HBV DNA 

level higher than 6 log copies/ml in female HBV carriers in a univariate analysis. In 

addition, we demonstrated that the G1613A mutation is a hot spot mutation situated 

on the negative regulatory element (NRE) on the core promoter in an alignment 

analysis. To further investigate the molecular mechanism of the mutation, two 

unknown protein complexes had been shown to bind on the NRE. They showed 

different binding affinity to the G1613-wild-type and A1613-mutant NRE sequence. 

Moreover, we showed that in vitro synthesized RFX1 protein could bind to the 

mutated NRE probe at a higher affinity than that to wild-type NRE probe. Overall, 

our result suggests that the G1613A mutation exerts its effect by differential binding 

to some proteins via the NRE region. Studying the mechanism of the mutations may 

provide insights to the viral pathogenesis and HBV-associated HCC, which has long 

been a health burden in Asia-Pacific countries. 
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摘 要 

摘 要 

感染乙型肝炎病毒（H B V )可以引起急性和慢性肝炎，也是與肝硬化和肝癌的 

發展密切相關的。全球大約有 6 0 - 8 0 %的肝癌與乙肝炎病毒有關，並且肝癌是 

在亞太地區第三大最常見的癌症死亡原因。現在全球將近 4 0 0萬人有慢性乙肝 

病毒感染’其中三分之一可能死於肝硬化併發症’包括肝衰竭和肝癌。由於缺 

少有效的治療藥物’透過癌症發展的風險檢測和預後評估以提高患者的生存機 

會對慢性乙肝病毒感染者將是至關重要的。 

我們之前進行了一個病例對照研究’以找出與肝癌相關的乙型肝炎病毒的基因 

組熱點變異。其中的三個基因組熱點變異分別落在乙肝病毒 B 型 p r e S l 區和 X 

區啟動子和乙肝病毒 C s 型 C 區啟動子。本研究目的是想探討那些位於啟動子 

上的熱點變異對病毒的功能性意義。结果顯示位於 C 區啟動子的熱點變異— 

G 1 6 1 3 A可令啟動子的作用增加’並且對於不同的病毒基因型有不同幅度的影 

響。當變異了的啟動子’被回復為野生型的時候（A -至 -G的回復突變），啟 

動子的作用便相對減低了。此外，我們對此熱點變異作更深入的功能分析，已 

經建立了一個具複製力的全長乙型肝炎病毒基因體外轉移感杂系統，结果表明 
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摘 要 

G 1 6 1 3 A突變透過減低p r e c o r e mRNA的生產從而抑制了 e抗原（H B e A g )的分泌 

和增強病毒D N A的生產。這結果和臨床研究結果是一致的。在單因素分析當 

中’女性乙肝病毒攜帶者有G 1 6 1 3 A突變與乙肝病毒於血清的D N A水平高於一 

百萬拷貝 /毫升有明顯的關係。另外，我們在一個對比分析中顯示了 G1613A 

突變是位於C區啟動子的反式調控元件（N R E )上的一個熱點變異。為了進一 

步探討基因突變的分子機制，我們發現兩個未知的蛋白複合物可以與N R E結 

合，而且他們對G 1 6 1 3野生型和A 1 6 1 3突變體的N R E序列具有不同的咭合視和 

力。此外，我們發現在體外合成的R F X 1蛋白結合到突變了的N R E探針比野生 

的N R E探针有更高的結合親和力。總括來說，我們的結果表明G 1 6 1 3 A突變通 

過某些蛋白複合物於N R E結合力的不同來發揮影響。乙型肝炎病毒感染一直是 

亞太國家的健康負擔，因此研究這個突窆的機制有助提供病毒發病機理和乙肝 

病毒引起肝癌的理解。 
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Chapter 1 INTRODUCTION 

Chapter 1 INTRODUCTION 

1.1 Health Burden of HBV Infection 

1.1.1 HBV infection worldwide 

Hepatitis is a general term meaning inflammation of the liver. It can be 

caused by a variety of different viruses such as hepatitis A, B, C, D and E viruses. 

Of the many viral causes of human hepatitis, hepatitis B virus (HBV) is of a 

greater global importance that chronic HBV infection is a considerable burden to 

health in the Asian-Pacific region (Ganem et al., 2001; Hollinger et al., 2001; 

Mahoney et al., 1999; Robinson et al” 1995). According to the World Health 

Organization Report of 2006, about 75% of the world's population live in areas 

where the rate of chronic HBV infection is higher than 2%, with more than 2,000 

million people have been infected by the virus at some time in their lives. Of these, 

350-400 million people remain chronically infected and become carriers of the 

virus (WHO report 2006, Genava, Switzerland). 
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Chapter 1 INTRODUCTION 

1.1.2 HBV chronic infection and hepatocellular carcinoma 

It is estimated that chronic HBV carriers would have 100 times higher risk to 

develop HBV-related hepatocellular carcinoma (HCC) compared to uninfected 

individuals (Beasley et al, 1981). Fig. 1.1 shows the area of high prevalence of 

HBV infection correlated with the high annual incidence of primary HCC. High 

endemic areas include south-east Asia and the Pacific Basin (excluding Japan, 

Australia and New Zealand), sub-Saharan Africa and some countries in Eastern 

Europe. HBV-related liver diseases results in about 1- 1.5 million deaths each year 

(Maynard et al., 1988; Maynard et al., 1990). The virus can cause up to 80% of 

global cases of HCC worldwide, second only to tobacco among known human 

carcinogen (Bosch et al., 2004; McGlynn et al,, 2005; Llovet et al., 2003; Yeung 

et al, 2005). 

HBV is not cytopathic that the host hepatocyte is not killed by HBV infection. 

Actually, infected heptocyte can survive for many months, releasing large amount 

of virions and non-infectious particles. The liver becomes damaged is usually due 
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to the killing of HBV-infected cells by the body's immune system. It was 

concluded that the immune-system-mediated chronic inflammation of liver. 

continues cell death and subsequent cell proliferation might increase the 

frequency of genetic alterations and the risk of cancer (Chi sari, 2000; Chi sari et 

aL, 1985; Ferrari et al, 2003; Visvanathan and Lewin, 2006). The permanent liver 

inflammation resulting in a degeneration and regeneration process confers to the 

accumulation of critical mutations in the host genome. 

The integration of HBV DNA into the host genome occurs at early steps of 

clonal tumor expansion. Almost all HBV-associated HCCs harbor chromosomally 

integrated HBV DNA (Beasley et al, 1981; Brechot et al, 1980; Paterlini-Brechot 

et al., 2003). In many cases, these integrated genomes are characterized by 

rearrangements and/or partial deletions in the host genome (Thorgeirsson and 

Grisharn, 2002). Integration can cause deregulation of key regulators of cell cycle 

control, genes regulating cellular signal transduction cascades, proliferation 
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control and cell viability. For example, cyclin A gene (Wang et al., 1990), the 

retinoic receptor beta gene, the mevalonate kinase gene and sarco/endoplasmic 

reticulum (ER) calcium ATPasel gene (Paterlini*Brechot P. et al., 2003, Brechot 

C. et al., 2000). Recently, hTERT (human telomerase reverse transcriptase) that is 

part of the telomerase ribonuclear protein complex was found to be targeted in 

different HBV-associated HCCs (Paterlini-Brechot et al., 2003, Horikawa and 

Barett, 2001; Hytiroglou, 2006). 

Apart from the direct effect of integrated HBV DNA into host genome, HBV 

X protein (HBx) and PreS2 regulatory protein can induce a tumor promoter-like 

function. HBx can interferes with signaling cascades that trigger activation of 

transcription factors like A P - 1 (activator protein-1), NF-KB (nuclear factor kappa 

B), SP1 and oct-1 (Zhang et al, 2006; Waris and Siddiqui, 2003). HBx affects the 

expression of a variety of genes that are involved in the control of the cell cycle, 

proliferation or apoptosis. In addition, HBx can interact with p53. It has been 
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shown that HBx causes a transcription repression of the human p53 gene (Lee and 

Rho, 2000) and also there is evidence for HBx to bind p53 (Elmore et al., 1997; 

Ueda et al., 1995). Therefore HBx was considered as a crucial viral protein for the 

process of HBV-associated carcinogenesis (Cougot et aL, 2005; Chan and Sung, 

2006; Koike et a/., 2002; Staib et al., 2003). Apart from the HBx, the PreS2 

protein could also be a trans-activator due to ER stress induced by intracellular 

retention and accumulation of the protein inside ER. The PreS2 activators bind 

protein kinase C-a (PKC-a) in the cytoplasm, resulting a DAG (sn-1, 2, 

diacylglycerol) dependent activation of PKC, which is transduced by the 

c-Raf-1 /MEK/ERK (extracellular signal-regulated kinase) signal transduction 

cascade (Hildt et al., 2002). This cascade can exert a tumor promoter-like function 

in carcinogenesis (Boutwell, 1974). 

In order to reduce the mortality rate related to HCC in countries with high 

prevalence of HBV infection, risk stratification of patients is crucial to help 
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predict the chance of developing HCC after HBV infection. Therefore, the 

molecular mechanisms underlying HBV-associated HCC development and novel 

diagnostic markers should be further investigated as therapeutic and preventive 

targets for HCC. 
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〇 < 2 % 
® <2-7% 
• >8% 
O Poorly documented 

Annua丨 incidence of primary 
hepatocellular carcinoma (HCC) 

Cases/100 000 population 

81-3 
3-10 

# 10-150 
O Poorly documentBd 

(Adapted from www.medscape.com/viewarticle/471470) 

Fig. 1.1 Diagram showing world prevalence of HBV carriers and annual 

incidence of primary HCC. 
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1.2 HBV Genotypes and Subgenotypes 

HBV has been classified into 8 genotypes (A-H) according to more than 

8% divergence in the HBV genome sequence. Different HBV genotypes 

demonstrate a distinct geographic distribution in the Asian-Pacific region (Chan et 

al., 2005; Kao et al, 2000; Lesmana et al’, 2006; Miyakawa et al., 2003) (Fig. 

1.2). HBV genotype A is found predominately in Northern Europe, North America 

and Central Africa. HBV genotype B is the most prevalent genotype in south-east 

Asia including the southern China, India, Indonesia and Philippines. HBV 

genotype C is predominately found in Far East Asia including Japan, Korea, 

central and northern China. Subgenotypes of HBV genotype B (Bj and Ba) and 

genotype C (Ce and Cs) have been identified on 4-8% genome divergence. 

Subgenotype Ce is more prevalent in Far East (Korea and Japan) and northern 

China whereas Cs is more prevalent in south-east Asia, including Vietnam, 

Thailand and Malaysia, and southern China. In Hong Kong, HBV genotype C is 

predominant with 80% is subgenotype Cs (Chan et al., 2005). 

Now, more and more studies suggested that HBV genotypes and 

subgenotypes may differ in clinical manifestations of HBV-related liver diseases 

and treatment responses. Some studies showed that genotype C is associated with 
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delayed seroconversion, a more aggressive clinical course, increased risk for HCC 

and increased resistance to interferon therapy, as compared with genotype B 

(Chan et al., 2004; Kao et al., 2000), Moreover, subgenotype Ce is associated 

with increased risk of HCC compared to Cs (Chan et al., 2008). In Japan, 

subgenotype Ba appears to be associated with more severe liver disease and 

higher prevalence of HCC then subgenotype Bj (Orito et al., 2001). The actual 

molecular mechanism leading to the genotypic effect is still unclear, but it has 

been an evolving area of investigation. 
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Geographic Distribution of Hepatitis B Virus Genotypes 

(Adapted from Epidemiology of Infectious Diseases, http://ocw.jhsph.edu) 

Fig. 1.2 Geographic distribution of HBV genotypes. Genotypes B and C are 

prevalent in south-east Asia, including Hong Kong. 
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1.3 The Hepatitis B Virus 

1.3.1 The structure of HBV 

HBV is the smallest hepadnavirus of about 42 nm in diameter, which has a 

partially double-stranded circular DNA genome of 3.2 kb. The viral genome 

together with the viral polymerase are packed inside the nucleocapsid core 

(HBcAg), surrounded by an outer lipoprotein coat (envelope) containing the 

surface antigen (HBsAg). The schematic diagram of the structure of HBV is 

depicted in Fig. 1.3. Compared to other human viruses, HBV is unusual in that it 

contained a vast excess of noninfectious sub viral particles composed only of viral 

surface proteins and lipids, appear predominantly as 22 nm spheres and filaments 

with a diameter of 22 nm (Fig. 1.4). 

- 1 1 -



Chapter 1 INTRODUCTION 

Hepatitis B Virus 

(Adapted from Epidemiology of Infectious Diseases, http://ocw.jhsph.edu) 

Fig. 1.3 Schematic diagram illustrating the HBV structure. HBeAg: HBV core 

antigen; HBsAg: HBV surface antigen; HBeAg: HBV e Antigen. 
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(Figures adapted from www.klinikum.uni-heidelberg.de) 

Dare particle 
40nm Filamenttxis particle 

diameter Up to 20Cnm long 

(Adapted from http://pathmicro.med.sc.edu/viral/hepatitis-virus) 

Fig. 1.4 An Electron Microscope Presentation of HBV Particles (A) and a 

schematic diagram showing HBV Dane, filamentous and spherical particles 

(B). 1: Dane particle; 2: small empty spheres; 3: the filaments; Pol: polymerase. 
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1.3.2 The genome of HBV 

HBV DNA is a relaxed circular, partially double-stranded molecule of 3.2 kb. 

The positive strand DNA is less than unit length and of variable length (Robinson 

et al., 1995). The viral polymerase can repair this gap and generate a fully duplex 

genome. It contains four partially overlapping open-reading frames (ORFs) 

which codes for seven proteins as shown in Fig. 1.5 as coloured regions. The 

PreC/C region encodes the core protein and e antigen (HBeAg); the polymerase 

gene that encodes the viral polymerase-reverse transcriptase; the preS/S region 

that encodes the large, medium and small surface proteins (HBsAg); and the X 

gene that encodes a transcriptional transactivator X protein (HBx). 
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PreS/S region 

(Adapted from Rehermann and Nascimbeni，2005) 

Fig. 1.5 Schematic diagram showing the HBV genome organization. 
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1.3.3 The life cycle of HBV 

The life cycle of HBV is illustrated in Fig. 1.6. The HBV virion first attach to 

an unknown receptor on the surface of hepatocytes (Ganem et al., 2004). The viral 

envelope then fuses with the cell membrane, releasing the nucleocapsid into the 

cytoplasm. Followed by uncoating, the viral genome and polymerase are 

transferred into the nucleus, where the semi-circular DNA is repaired by the viral 

polymerase to yield a covalently closed circular DNA (cccDNA). The cccDNA is 

the form which HBV persists in host cells and serves as a template for 

transcription of four viral RNAs. These transcripts are polyadenylated and 

transported to the cytoplasm. The 3.5 kb pre-core mRNA (preC mRNA) is 

translated into the precore antigen, which is post-translationally modified to form 

the e antigen (HBeAg) as a secretory protein. The 2.4 kb mRNA is translated into 

large, middle and small surface proteins (HBs). The 0.8 kb mRNA is translated 

into the transcriptional transactivating HBx (Chisari et al., 1997; Ganem and 

Schneider, 2001; Mahoney et al., 1999; Robinson, 1995). Another 3.5 kb RNA 
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species, called pregenomic RNA (pgRNA) spans the entire genome, is 

encapsidated together with the viral polymerase and a protein kinase into the core 

particles. The pgRNA serves as a template for translation of core protein and viral 

reverse transcriptase/polymerase (POL). It also serves as a template for the 

reverse transcription of the negative-strand DNA inside the nucleocapsid. (Ganem 

and Schneider, 2001; Mahoney et a!., 1999). The new, mature viral particles can 

then either follow the assembly pathway and secreted out, or the genome 

amplification pathway which the nucleocapsids retained inside the cells as the 

intracellular reservoir of the cccDNA. 
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(Adapted from Rehermann and Nascimbeni, 2005) 

Fig. 1.6 Figure showing the life cycle of HBV. HBV enters the hepatocytes 

through an unknown receptor on the cell surface, and the envelope is subsequently 

removed. Within the nucleus, the partially double-stranded DNA is repaired to 

form a cccDNA，which serves as the stable template for the transcription of the 

viral mRNA necessary for productive viral replication. This cccDNA template 

remains in the nucleus during chronic viral infection and may persist in the liver 

for the lifetime. The mRNAs are then transported into the cytoplasm and 

translated into viral proteins. The pgRNA, together with the POL, is encapsidated 

into the core capsid and serves as a template for the reverse transcription to DNA. 

Finally, new mature viral particle is released after the assembly of the envelope 

proteins. 
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1.3.4 Encapsidation of pgRNA and viral replication 

The core protein of HBV can be dimmerized and assembled into 

nucleocapsids. It is known that the core protein can self-assemble, because 

capsids can be formed in Escherichia coli recombinants expressing the HBV core 

gene. During the life cycle of the HBV, the pgRNA is packaged into the 

nucleocapsid in a process called encapsidation, The HBV polymerase-reverse 

transcriptase binds to the pgRNA within a site, called the epsilon (E) that has high 

degree of secondary structure. The e sequence is within the terminal repeat and so 

is present in both ends of pgRNA. However, the polymerase only binds at the 5 

end. The 8 structure with its bound polymerase protein acts as the packaging 

signal for incorporation of the pgRNA into capsid. 

The reverse transcription (RT) domain of viral polymerase (Fig. 1.7) carries 

out DNA synthesis and the terminal protein (TP) domain acts as the primer for the 

initiation of the negative strand DNA synthesis. A covalent bond is formed 

between the -OH group of a tyrosine residue near the N terminus of the 
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polymerase and the first nucleotide. The pgRNA acts as template for DNA 

synthesis. Initially a 4-nucleotide DNA of negative strand was synthesized and 

transferred to a complementary sequence direct repeat 1 (DR1) near the 3' end of 

the pgRNA. DNA synthesis continues until the 5' end of the pgRNA, afterwards 

the RNase H activity of the polymerase degrades the pgRNA from the DNA-RNA 

hybrid. All the RNA is removed except for a short sequence of 15-18 bp including 

the cap, which the -OH group at the 3' end of the RNA remains as the primer for 

the positive strand DNA synthesis. The RT and RNase H domain are conserved, 

and necessary as structural components for pgRNA encapsidation. 

At present, no direct structural information on any hepadnaviral polymerase 

protein is available although homology based models for RT (Das et al., 2001) and 

RNase H domain (Allen et al., 1998) have been proposed. 
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Fig. 1.7. The Schematic diagram of the HBV polymerase. TP: Terminal protein 

domain; RT: reverse transcriptase domain; RH: RNase H domain. 
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1.3.5 The mutations on HBV genome 

Although mutations can occur randomly along the HBV genome, the 

overlapping genes of HBV limit the number and location of viable mutants. 

Mutations in the pre-S/S, preC/C and polymerase regions have been more fully 

characterized (Ganem et al,, 2004; Jean-Michel, 2005; Kao et al., 2003, Kramvis 

and Kew, 1999; Lesmana et al., 2006; Noboru et ah, 2007; Osama and Makoto, 

2006). Despite HBV is a DNA virus, its replication is through an RNA-replicative 

intermediate requiring an active viral reverse transcriptase/polymerase enzyme. 

However, the enzyme is believed to lack a 3' to 5' exonuclease proofreading 

capacity (Gunther et al., 1998). The mutation rate of HBV is approximately 2 x 

10"4 base substitutions/site/year, which seems to be 10-fold higher than that of 

other DNA viruses (Gunther et al., 1998). As a result, HBV has a “quasispecies" 

distribution in infected individuals which implies that HBV circulates as a mixture 

of genetically distinct but closely related variants that are in equilibrium at a given 

time point of infection in a given replicative environment. The quasispecies 
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distribution of HBV implies that any newly generated mutations would give a 

selective advantage to the virus in a given replicative environment that allows the 

corresponding viral population to overtake the other variants. Under particular 

selection pressure, both endogenous (host immune clearance) and exogenous 

(vaccine and antivirals), strongly influence the predominant HBV quasispecies in 

an infected individual. The fittest virus, i.e. the virus that replicates best, becomes 

dominant species. Viruses encoding changes associated with antiviral resistance 

often have reduced replication in vitro, but the accumulation of additional 

mutations helps restore viral fitness. These compensatory mutations may occur 

not only in the polymerase gene, but also in other genes such as overlapping 

envelop gene, the precore gene or in regulatory regions such as the basal core 

promoter. However, until now, there is no report on mutations on RNaseH domain 

and terminal domain that can significantly alter the viral replication (Sheldon et 
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1.3.6 The core promoter of HBV 

The HBV core promoter includes 238 bp between nt. 1575 to 1813 in our 

study (numbering from the unique ^coRI site). It overlaps the 3' end of the X ORF 

and the 5' end of the preC/C region. Fig. 1.8A show the schematic diagram of the 

structure of core promoter. Basically, the core promoter can be divided into 2 parts, 

the basal core promoter (BCP) and the upper regulatory region (URR). The BCP 

(nt. 1742-1849) is defined as the region consisting of c/5-acting element which 

initiates the pgRNA and pre-C mRNA transcription (Moolla et al.. 2002). Multiple 

start sites of preC mRNA have been identified (Fig. 1.8B), which may due to lack 

of a canonical TATA box within the BCP (Kramvis and Kew, 1999). The URR 

consist of the negative regulatory element (NRE, nt. 1613-1636) and the core 

upstream regulatory sequence (CURS, nt. 1637-1742) overlapping the enhancer II 

(enhll, nt. 1627-1774). The CURS can activate the BCP in well-differentiated 

hepatoma cells by 200-2000 folds, in an orientation- and position-dependent 

manner (Yuh et al., 1992). Its stimulatory effect can be abolished by the upstream 
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NRE. The NRE has a minor inhibitory effect on its own but is strongly repressive 

in the presence of a functional enhll. Co-operative interaction of various 

liver-enriched transcription factors is necessary for the liver-specific expression 

from the core promoter such as HNF-4, HNF-3 and C/EBP (Kramvis and Kew, 

1999). Therefore conserved sequence of the core promoter is crucial for 

maintaining the active viral replication. Any mutations in core promoter may 

contribute to the persistence of HBV within the host, leading to chronic infection 

and the risk to HCC. The most frequently reported mutations in the core promoter 

are the A-to-T and G-to-A mutations at positions nt. 1762 and nt. 1764, 

respectively (A 1762T/G1764A) on the BCP region (named the BCP mutation in 

this study) (Gunther et ah, 1998; Jean-Michel, 2005.). This double mutation is 

well known to accompany by a reduced level of HBeAg expression in chronic 

hepatitis and HCC patients (Gunther et al., 1998; Jean-Michel, 2005; Laras et al.\ 

2002), which is believed to exert a selective advantage to the viral propagation. 
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The HBV core promoter plays a central role in the replication and the life 

cycle of the virus by directing the synthesis of two types of 3.5-kb viral transcripts 

that differ at their 5' initiation sites (Will et al, 1987; Yaginuma et al, 1987). The 

shorter pgRNA, initiated at nt. 1815 ± 5, serves as the mRNA for the core and 

polymerase genes and following encapsidation as the template for reverse 

transcription to generate viral DNA. The slightly larger preC mRNA is initiated 

15-35 bp upstream of the pgRNA start sites and contains an additional upstream 

in-frame translational initiation signal. Translation from this start codon leads to 

the synthesis of the preC protein, the HBeAg precursor, which is secreted in the 

serum after posttranslational modification (Takahashi et al, 1991). The synthesis 

of the preC and pregenomic RNAs is regulated by two separate promoters which 

the expression can be differentially regulated by ubiquitous (e.g., Spl) and 

liver-enriched (e.g., HNF4) transcription factors and a HNF4-binding site, called 

the DR1 HRE, spanning the TATA box-like sequence of the pre-C promoter (Yu 

and Mertz, 1996). 

-26 -



Chapter 1 INTRODUCTION 

AC1 
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(Adapted from Andreas et al., 2002) 

Fig. 1.8 Schematic diagram of the HBV core promoter and its transcripts. 

(A) Schematic representation and organization of the core promoter and 

precore/core regions of HBV. The negative regulatory element (NRE) nt. 

1613-1636, core upstream regulatory sequences (CURS) nt. 1636—1742, basic 

core promoter (BCP) nt. 1742—1849, and enhancer II (ENII) nt. 1627—1774. The 

position of the HBV encapsidation signal (nt. 1846-1908) is also indicated. The 5' 

ends of the 3.5-kb transcripts and the 3' ends of the preS/S and X gene transcripts 

are shown. Closed triangles indicate the translation initiation codons for precore 

and core and the open triangle the polyadenylation (Poly A) signal for HBV RNA 

transcripts. (B) Nucleotide sequence of the BCP region (nt 1742-1849). PreC 

mRNA and pg RNA initiation sites are marked with vertical lines attached to 

horizontal arrows, indicating the origin and direction of transcription. The TATA 

boxes and the initiators for preC mRNA and pg RNA are underlined. 
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1.4 Aims of Our Study 

A case-controlled study was previously carried out to find out genomic 

markers on HBV genome. 100 HBV-related HCC patients and 100 chronic HBV 

carriers (both age- and sex-matched) were recruited from the Hepatology Clinic in 

the Prince of Wales Hospital of the Chinese University of Hong Kong. The serum 

HBV genomes were sequenced. There are 3 identified HCC-related mutations on 

HBV promoter regions. They are the C1165T mutation on X promoter, T2712C 

mutation on the preSl promoter in HBV genotype B, and G1613A mutation on 

core promoter in HBV subgenotype Cs. In this project, we have several 

objectives: 

I. Construct promoter/luciferase plasmids to study the effect of HCC-related 

mutations on the promoters in human hepatoma cell lines. 
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II. Determine the relationship of the mutation(s) and serum viral load in 

chronic carrier. 

III. Prepare the 1.3-fold HBV full-length constructs and determine the effect 

of the mutation(s) on the in vitro viral replication and protein synthesis 

(HBsAg and HBeAg). 

IV. Determine the involvement of regulatory proteins (if any) in regards to the 

effect of the mutation(s). 

In order to reduce the mortality rate related to HCC, and guide resource 

allocation in Asian countries with high prevalence of HBV infection, risk 

stratification of patients is important to help predict the chance to develop HCC 

upon HBV infection. In long term, this study might help in understanding the 

pathogenesis of HBV-induced HCC development, which has long been a 

complicated problem in Asia-Pacific countries. 
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Chapter 2 MATERIALS AND METHODS 

2.1 Patient Samples in the Study 

2.1.1 Case-control study 

One hundred of each HBV-related HCC and HBV-infected non-HCC 

individuals (carriers) were recruited from the Joint Hepatoma Clinic, Prince of Wales 

Hospital, Hong Kong from July 1999 to December 2000 (Sung et al, 2008). They 

were sex- and age-matched. The fiill-length HBV sequence in their serum were 

determined by DNA sequencing. Among the 100 cases of HCC, there were 37 cases 

of genotype B and 63 cases of genotype C (47 cases of subgenotype Cs and 16 cases 

of subgenotype Ce). In the carriers, 51 cases were infected with genotype B and 49 

cases with genotype C (39 cases of subgenotype Cs and 10 cases of subgenotype Ce). 

2.1.2 HBV carriers of subgenotyope Cs 

Residual serum samples from a cohort of chronic hepatitis B patients 

undergoing a surveillance program for hepatocellular carcinoma recruited from the 

Hepatology Clinic, Prince of Wales Hospital from October 1997 to November 2000 

was studied (Chan et al., 2008). Based on sequencing of the HBV S gene, 255 
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chronic carriers were confirmed to have subgenotype Cs HBV infection. The 

configuration of nucleotide 1613 was determined in the available residual serum 

samples of these patients by direct DNA sequencing. 

2.2 Template Selection for Promoter Study 

The HBV sequence with greatest homology to the consensus was chosen as 

template for polymerase chain reaction (PCR) amplification. The consensus sequence 

is obtained by aligning multiple patients-derived HBV isolates of the same 

genotype/subgenotypes and setting the consensus threshold at 80% for each 

nucleotide. The positions of promoter regions were determined according to Renee 

McKay (School of Molecular and Biomedical Science, University of Adelaide, 

Australia) and Benjamin J Dewar (Department of Pathology, the University of 

Melbourne, Australia). 

2.2.1 The X promoter (nt. 980-1373) 

Eighty-eight HBV genome sequences from patients' database were aligned with 

genotype B consensus sequence. HBV isolate each from a carrier and HCC patient, 

with nucleotide 'C' and 'T' at nucleotide position (nt.) 1165 respectively have 99.8% 

and 98.2% similarity to the consensus sequence. 
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2.2.2 The preSl promoter (nt. 2706-2887) 

A HBV isolate from a carrier was chosen as it had 99.9% similarity in pre-S 1 

promoter region with the consensus sequence of genotype B. Since the pre-S 1 

promoter sequence of the carrier and HCC only differed at nt. 2712, which was the 

site of mutation. Therefore only one isolate was chosen for cloning. 

2.2.3 The core promoter (nt. 1575-1813) 

Two templates were selected for HBV subgenotype Cs, one in carrier and one in 

HCC. They have 99.9 % similarity with the consensus sequence. They contained the 

BCP mutation (A1762T/G1764A)，with a 'G' and 'A' at nt. 1613 respectively. Only 

one isolate from carrier was selected for subgenotype Ce and genotype B. They have 

92.1% and 99.2% similarity to the corresponding consensus sequence in subgenotype 

Ce and genotype B respectively. Both isolates contained the wild-type BCP region 

(A1762/G1764). The HBV DNA sequence between nt. 1587-1823 was missing from 

one isolates in genotype B (patient number 841). Therefore, there were only 87 HBV 

sequences for alignment for core promoter region in the template selection for 

genotype B. 
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2.3 Construction of HBV Promoter Clones from Patient Isolates 

2.3.1 Naturally occurring HBV promoters from patients 

A construct of core promoter of genotype A was a generous gift from Dr. 

Angeline Bartholomeusz of Victorian Infectious Diseases Reference Laboratory 

(VIDRL), Melbourne. The construct served as a positive control (the BCP mutation) 

in the luciferase assay. Other core promoter constructs were derived from HBV 

isolates extracted from patients' serum. The primers used in the amplification of HBV 

promoters in patients' isolates are listed in Table 2.1-3. The PCR reactions included 

0.2 mM dNTP, 0.2 jiM each of forward and reverse primers, 5jiil of extracted HBV 

DNA, 0.25jj,1 Advantage™ cDNA polymerase (Clontech Laboratories, Inc.) plus 

0.25p,l of Pfu DNA polymerase (Promega) and IX Advantage™ cDNA polymerase 

PCR buffer (Clontech) in a total volume of 50 [i\. The PCR was performed with a 3 

min initial denaturation at 94°C, followed by 15 cycles of amplification (94°C for 36 

s, 55°C for 45 s and 68°C for 50 s) and a final extension at 68°C for 10 min. 

Afterwards, 2 jj,l of the PCR product was re-amplified in a reaction volume of 50fil 

with components same as above except for the buffer and DNA polymerase, which 

were changed to IX Pfu DNA polymerase buffer (Promega) and 0.5 jul of Pfu DNA 
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polymerase (Promega). The purified PCR products were cleaved by 0.5 |ul each Xhol 

and Hindlll (Amersham Biosciences) in IX buffer K, incubated at 37�C for 4 hours 

(hr) followed by enzyme inactivation at 85°C for 15 min. After purification, the 

digested product was Iigated into 2 [d of pGL3-basic vector with T4 DNA ligase 

(New England Biolabs) in 10X T4 DNA ligase buffer in a total volume of 20 and 

incubated at 4°C overnight. The Iigated product was transformed into competent 

DH5a cells, and selected on Lurin-Bertani-ampicillin (LBA) agar plate at 37�C for 16 

hr. The confirmed recombinant plasmids were purified by the Rapid Plasmid 

Purification System (Marligen Biosences) according to manufacturer's instruction. 

The purified clones were sequenced with vector primers for further confirmation, and 

prepared in a large-scale by Hi-speed™ Plasmid Midi Kit (Qiagen) according to 

manufacturer's instruction. 
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Restriction 
Primer Isolate Sequence (5' to 3') Start End Direction 

site 

GGCTCGAGGGAAAG 
Carrier/ 

B980-Xhol-F TATGTCAACGAATTG 980 1004 Forward Xho\ 
HCC 

TGGG 

GCAAGCTTGGGAAT 

BHX-HINDIII-R HCC GATGTATACTTGCG 1352 1373 Reverse Hind\\\ 

GG 

GCAAGCTTGGAAAT 

BCX-HINDIIl-R Carrier GATGTATACTTGCG 1352 1373 Reverse Hind\\\ 

GG 

Table 2.1 Primers used in cloning HBV X promoters from patient isolates. The 

restriction enzyme sites were underlined. 
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Primer Isolate Sequence (5' to 3') Start End Direction 
Restriction 

site 

CCCTCGAGCCAG 

CBPreS1P-F Carrier AGTATGTAGTTAA 2706 

TC 

2724 Forward Xho\ 

CCCTCGAGCCAG 

^HBPreS1P-F HCC AGCATGTAGTTAA 2706 

TC 

2724 Reverse Xho\ 

PreS1-R 
Carrier/ 

HCC 

CACTAAGCTTTCC 

CCATGCCTTTTC 2887 2905 

GAGG 

Reverse Hind\\\ 

Primer HBPreS1P-F containing the T2712C mutation was used as the mutagenesis 

primer, which the site of mutation is indicated as red colour in bold. 

Table 2.2 Primers used in cloning HBV preSl promoters from patient isolates. 
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HBV 

Genotype 
Primer 

Sequence Restriction 
Isolate Start End Direction 

(5' to 3') site 

A ACoreP-R 

Given by Dr. 

Angeline 

Bartholomeusz 

ACTTAAGC 

t t a g t g c t 

GGTGCGC 

AGACC 

1813 1796 Reverse Hindlll 

B BCoreP-R Carrier/HCC 

ACTTAAGC 

IJGGTGCT 

GGTGAAC 

ACACC 

1813 1796 Reverse Hind\\\ 

C 

'CCoreP-
Carrier/HCC 

CCCTCGA 

GCCGTGT 

GCACTTC 

GCTTC 

1575 1592 Forward Xho\ 

ACTTAAGC 

TTGGTGCT 
CCoreP-R Carrier/HCC 一 1813 1796 Reverse Hind\\\ 

GGTGAAC 

AGACC 

"Genotype A and B shared the same forward primer as that used in genotype C. 

Table 2.3 Primers used in cloning HBV core promoters from patient isolates. The 

restriction enzyme sites were underlined. 
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2.3.2 Site-directed mutagenesis of promoter constructs 

Mutations were introduced by PCR-based site directed mutagenesis using 2x 

PicoMaxx® master mix (Stratagene) with appropriate primers (listed in Table 2.4 and 

2.5). In the case of preSl promoter, the cloning primers for the HCC isolates contains 

the site of mutation. Therefore, no additional mutagenesis primer is needed. In each 

pGL3-promoter clone, two fragments were amplified. The PCR reaction included 0.2 

fiM each of forward and reverse primers, 3 jil of purified HBV naturally occurring 

promoter construct (1:100 dilution) and 25 jj.1 2x picomaxx mastermix reaction in a 

total volume of 50 jj,1. The PCR was performed with a 3 min initial denaturation at 

94°C, followed by 32 cycles of amplification (94°C for 36 s, 55°C for 45 s and 72°C 

for 50 s) and a final extension at 72°C for 10 min. These 2 fragments are overlapped 

with a few bases including the target site of mutation. The PCR products were 

examined in 1% TAE agarose gel and purified by gel extraction kit (Qiagen), 

followed by amplification without any primers for 10 cycles (94°C for 36 s, 55°C for 

45 s and 72°C for 50 s) and a final extension at 72°C for 10 min. During the extension 

period, RVprimer3 and GLprimer2 were added and PCR resumed for 20 more cycles. 

After gel purification, the fragments were digested by Xho\ and Hindlll and cloned 
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into pGL3-basic vector as previously described. The BCP mutation 

(A 1762T/G1764A) was naturally occurring in the core promoter constructs in 

subgenotype Cs (pCl and pC2). Construct pC3 and pC4, which contain wild-type 

BCP (A1762/G1764), were constructed to investigate the effect of G1613A mutation 

with/without the combination of BCP mutation in subgenotype Cs. 
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Primer Isolate Sequence (5' to 3') Start End Mutation Direction 

CX-Mut-F Carrier 
TCGGCAACGGTCTGG 

TCTGTGC 
1155 1176 C1165T Forward 

CX-Mut-R Carrier 
GCACAGACCAGACCG 

TTGCCGA 
1155 1176 G1165A Reverse 

BHX-Mut-F HCC 
TCGGCAACGGCCTGG 

TCTGTGC 
1155 1176 T1165C Forward 

BHX-Mut-R HCC 
GCACAGACCAGGCCG 

TTGCCGA 
1155 1176 A1165G Reverse 

The sites of mutation are indicated as red colour in bold. 

Table 2.4 Primers used in site-directed mutagenesis in HBV X promoter. 
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HBV 

Genotype/ Primer 

subgenotype 

Isolate Sequence (5' to 3') Start End Mutation Direction 

MutCC CGTCGCATGGAAA 
Carrier 1602 1622 G1613A Forward 

3Cor-F CCACCGTG 

MutCC CACGGTGGTTTCC 
Carrier 1622 1602 C1613T Reverse 

3Cor-R ATGCGACG 

B, Cs and Ce MutHC 
3Core-

CGTCGCATGGAGA 
HCC 1602 1622 A1613G Forward 

CCACCGTG 

MutHC 

3Core-

R 

CACGGTGGTCTCC 
HCC 1622 1602 T1613C Reverse 

ATGCGACG 

Cs 

BCP- TTGGGGGAGGAG 

WT- Carrier ACTAGATTAAAGG 1740 1768 

CC3-F TCTT 

T1762A/ 

A1764G 
Forward 

BCP- ACAAAGACCTTTA 

WT- Carrier ATCTAGTCTCCTC 1742 1771 

CC3-R CCCC 

A1762T/ 

T1764C 
Reverse 

BCP- TGGGGGAGGAGA 

WT- HCC CTAGGTTAAAGGT 1741 1770 

HC3-F1 CTTTG 

T1762A/ 

A1764G 
Forward 

BCP- CAAAGACCTTTAA 

WT- HCC CCTAGTCTCCTCC 1770 1741 

HC3-R1 CCCA 

A176217 

T1764C 
Reverse 

(to be continued) 
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MutA-

<31613 

A-F 

CGTTGCATGGAAA 

CCACCGTG 
1602 1622 G1613A Forward 

MutA-

C1613T 

-R 

Clone given 

by Dr. 

CACGGTGGTTTCC 

ATGCAACG 
1622 1602 C1613T Reverse 

A 

MutA-

C1613T 

-R 
Angeline 

Bartholome 

usz 

A 

ACoreP 

-Mut-F 

Angeline 

Bartholome 

usz 

GGGGGAGGAGAT 

TAGGTTAATGATC 

TTT 

1742 1769 
A1762T/ 

G1762A 
Forward 

ACoreP 

-Mut-R 

CAAAGATCATTAA 

CCTAATCTCCTCC 

CC 

1770 1743 
T1762A/ 

C1764T 
Reverse 

The sites of mutation are indicated as red colour in bold. 

Table 2.5 Primers used in site-directed mutagenesis in HBV core promoter. 
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2.4 Construction of 1.3-fold Full-length HBV Genomes of HBV 

Subgenotype Cs 

The serum HBV DNA of subgenotype Cs from a chronic carrier was used as 

the template. As part of the work of a former M.Phil student, Miss Sophie Chan, our 

labpratory has successfully cloned a replicative competent 1.3-fold full-length HBV 

into pUC18 vector (designated as clone ‘pGl,). A schematic diagram (Fig. 2.1) 

indicates the organization of the construct. The 1.3-fold HBV clone was designed to 

follow the organization of the 1.5-fold HBV clone (genotype A) from VIDRL 

(designated as clone 'PA'), only with a shorter genome length. It started from the X 

promoter and extended more than one genome length to include two copies of X ORF. 

It ended at 80 bp downstream of the poly A signal to include the c/^-regulatory 

elements for effective replication. 
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•3-fold HBV genome 

3215/1 
980 1821 I 1825 2000 

FufMength HBV genome 
p u c i b 

FufMength HBV genome 

Fig. 2.1 The schematic diagram of the organization of 1.3-fold HBV construct. 

P: polymerase; pro: promoter; ORF: open reading frame; PreS/S: preS/S region; 

PreC/C: preC/C region. 
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2.4.1 Site-directed mutagenesis of 1.3-fold HBV genomes 

Since the 1.3-fold genome spanned from nt. 980 to nt. 2000，which implied that 

the nt. 1613 appeared in the genome twice. This makes it more complicate to 

introduce mutations into the repeated region of the genome. Therefore, the genome 

needs to be separated into 2 parts for site-directed mutagenesis. Schematic diagrams 

are shown to illustrate the strategy of cloning as follows. 

2.4.2 Introducing G1613A mutation in fragment nt. 980-2617 

A 1,000-fold diluted 1.3x HBV genome construct (pGl) was used as template for 

the PCR as follows: 0.2 pM each of forward and reverse primers, 2 \i\ of diluted 

DNA template, 2x PicoMaxx® master mix (Stratagene) in a total volume of 25 

First, fragment nt. 980-1622 was generated using the forward primer (HindIII_980-F) 

and mutagenesis reverse primer (MutCC3Cor-R) and fragment n t 1602-2617 was 

generated using mutagenesis forward primer (MutCC3Cor-F) and reverse primer 

(SacI-2617-R). Each of them was overlapped with a few bases including the target 

site of mutation (G1613A). The PCR condition was as follow: 94�C for 36 s, 55°C for 
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45 s and 72°C for 2 min for 30 cycles and a final extension at 72°C for 10 min. The 

PCR products were loaded to 1% TAE agarose gel and desired bands were purified by 

gel extraction kit (Qiagen) according to manufacturer's instruction. One microlitre of 

each purified fragment was linked together by a second round PCR without any 

primers for 10 cycles of amplification (94°C for 36 s, 55°C for 45 s and 72°C for 2 

min) and a final extension at 72°C for 10 min. During the extension period, 

Hindlll—980-F and SacI-2617-R were added and PCR resumed for 20 more cycles. 

This extended fragment contains an intrinsic Apal site at nt. 2598. The final PCR 

products were loaded to 1% TAE agarose gel and desired bands were purified by gel 

extraction kit (Qiagen). After purification, the fragments were digested by Hindlll 

and Apal in Buffer M and Buffer L respectively at 37°C for 16 hours. Then it was 

subsequently ligated into Hindlll/Apal digested pGl plasmid for mini-scale 

purificaition (Qiagen) according to manufacturer's instruction. This clone, 

p 1.3xHBV_980_2617_A, was used as a template for an additional mutation as 

described below. The schematic diagram of the mutagenesis is indicated in Fig. 2.2. 

The primers used are listed in Table 2.6. 
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nt. 980 nt. 3215/1 nt. 2000 

. p U C 1 8 .3x HBV genome (pG1) 

Hindlll 980-F~> 
Fragment 1 Fragment 1 and 2 are amplified by PCR 

MutCC3Cor-R 
MutCC3Cor-F-

Fragment 2 

^― Sacl-2617-R 

Overlapping and 10 PCR cycles without primers 

Fragment 1 
Fragrr^nt2 

Hindlll 980-F — 

Add primers and resume 20 PCR cycles 

Apa\ 

:ragment 1 +2 

H/wflll Sacl-2617-R 

I Hind\\\/Apa\ digestion 

fragment 1 
ifililiiTj"''-"""III 

A1613 

Ligation 

A1613 

Fig. 2.2 Schematic diagram illustrating the cloning strategy to generate the first 

G1613A mutation in the 1.3-fold HBV genome. 
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2.4.3 Introducing G1613A mutation in fragment nt. 905-2000 

Similarly, fragment nt. 905-1622 was generated using the forward primer (Kpnl-

905-F) and mutagenesis reverse primer (MutCC3Cor-R) and fragment nt. 1602-2000 

was generates using mutagenesis forward primer (MutCC3Cor-F) and reverse primer 

(SacI-2000-R). They were then overlapped with a few bases including the target site 

of mutation (G1613A) and linked together by a second round of PCR without any 

primers for 10 cycles of amplification (94°C for 36 s, 55�C for 45 s and 72°C for 2 

min) and a final extension at 72°C for 10 min. During the extension period, Kpnl-

905-F and SacI-2000-R were added and PCR resumed for 20 more cycles. The PCR 

products were loaded to 1% TAE agarose gel and desired bands were purified by gel 

extraction kit (Qiagen) according to manufacturer's instruction. After purification, the 

fragments were digested by Kpn\ and Sacl in Buffer L at 37°C for 16 hr, and then 

ligated into Kpnl/Sacl digested p 1.3xHBV 980 2617_A plasmid for mini-scale 

purification (Qiagen). This clone was designated as pAl, which harbored G1613A 

mutations in the repeated core promoter regions. The schematic diagram of the 

mutagenesis is indicated in Fig. 2.3. The primers used are listed in Table 2.6. 
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nt. 980 nt. 3215/1 nt. 2000 

1.3x HBV genome (pG1) p U C 1 8 

Kpnl-905-F ^ 
Fragment 3 

Fragment 3 and 4 are ampfified by PCR Mutccacor-R 
MutCC3Cor-F— 

•4~ Sacl-2000-R 

Overlapping and 10 PCR cycles without primers I 

* _ 

Add primers and resume 20 PCR cycles 

Fig. 2.3 Schematic diagram illustrating the cloning strategy to generate the 

second G1613A mutation in the 1.3-fold HBV genome. 
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Name Sequence (5' to Start End Direction 
Restriction 

site 

Sacl-Nt2617-R 
GCGAGCTCTTTTCGTTAAC 

TGTAAGAGGGCCCACATA 
2617 2589 Reverse Sac\ 

Kpnl-905-F 
AAGGTTGGGGTACCTTGC 

CACAG 
897 919 Forward Kpn\ 

Hindlll-980-F 
GCAAGCTTGGAAGTATGT 

CAAAGAATTGTGGGTC 
980 1005 Forward Hind\\\ 

Sacl-N2000-R 
GCGAGCTCCGGTGTCGAG 

GAGATCACGAAT 
2000 1978 Reverse Sacl 

Table 2.6 Additional primers used in PCR amplification of HBV fragments from 

1.3x HBV construct. 
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2.4.4 Introducing the BCP back mutations in the pl.3x genomes 

The G1613A mutation and the BCP mutation were introduced into the 

genome by site-directed mutagenesis in a strategy similar to that in described in 

section 2.4.2 and 2.4.3. The primers used in mutagenesis of the BCP back mutation 

are listed in Table 2.7. The sequences of all the full-length HBV clones and specific 

mutations were confirmed by DNA sequencing by using primers listed in Table 2.8. 
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Name Sequence (5' to 3') Start End Direction 
Restriction 

site 

C4-BCP-WT-F 
TGGGGGAGGAGATTAGG 

TTAAAGGTCTTTG 
1741 1770 Forward Sacl 

C4-BCP-WT-R 
CAAAGACCTTTAACCTAA 

TCTCCTCCCCCA 
1770 1741 Reverse Kpn\ 

Site of mutations are indicated as red colour in bold. 

Table 2.7 Primers used in mutagenesis of BCP back mutation. 
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Name Sequence (5' to 3') Position Direction 

Seq2 TTGGCCAAAATTCGCAGTC 300-318 Sense 

2356 CCCCACTGTTTGGCTTTCAG 715-734 Sense 

970-991 GACATACTTTCCAATCAATAGC 970-991 Sense 

3026 GCTGACGCAACCCCCACTGG 1186-1205 Sense 

PC5 TCGCATGGAGACCACCGTGA 1607-1626 Sense 

Core2ALT CTCGGAACATTGTTCACCT 2031-2050 Sense 

1075 AAGGTGGGAAACTTTACTGGGC 2469-2490 Sense 

JM TTGGGGTGGAGCCCTCAGGCT 3037-3057 Sense 

1460-1441 GGGTCGTCCGCGGGATTCAG 1460-1441 Antisense 

PC2 GGCAAAAACGAGAGTAACTC 1959-1940 Antisense 

2076-2060 ATAGCTTGCCTGAGTGC 2076-2060 Antisense 

903 GTTGATAAGATAGGGGCATTTGGTGG 2325-2300 Antisense 

1798 CCACTGCATGGCCTGAGGATG 3219-3199 Antisense 

M13U GTAAAACGACGGCCAGT Vector Sense 

M13R CAGGAAACAGCTATGACC Vector Antisense 

Table 2.8 Primers used in sequencing of 1.3-fold HBV genomes. 
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2.5 Cell Lines and Culture Medium 

Three cell lines were used in this project. Human hepatoma cells HuH-7 from 

Japanese Collection of Research Bioresources Cellbank (JCBR) were cultured in 

Dulbecco's Modified Eagle Medium (DMEM) (Sigma-Aldrich) supplemented with 

10% (v/v) heat-inactivated fetal bovine serum (FBS) (HyClone) and 1% 

streptomycin-penicillin (Invitrogen) at 37°C in 5% CO2 incubator. Culture of another 

two hepatoma cell lines, HepG2 and Hep3B cells, were similar but RPMI-1640 

medium (Invitrogen Life Technology) was used. 

2.6 Transient Transfection of Promoter Constructs into Hepatoma 

Cells 

2.6.1 HuH7 cells 

2.2 x 105 HuH-7 cells were seeded on 60-mm plate (Iwaki Glass) in 5 ml of 

DMEM to obtain approximately 60% confluence on the next day of transfection. The 

ratio of FuGENE6 (Roche Applied Science) to DNA used in HuH-7 cells had been 
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optimized as 8:5. Therefore, 4 jil of FuGENE6 was added directly to 100 (il of serum-

free DMEM and the mixture was incubated for 5 min at room temperature. Then 2.5 

p,g of pGL3-promoter clone and 0.025 fig of pRL-CMV plasmid were added for 

transaction efficiency control. The complex was mixed and incubated for 20 min at 

room temperature and 100 jil of complex was added to each 60-mm dish in a drop-

wise manner. Transfection of each type of pGL3-promoter clones were performed in 

triplicate. Cells were incubated at 37°C in 5% C02 incubator for 2 days. 

2.6.2 HepG2 and Hep3B cells 

Transfection in 6-well plates was performed using the lipofectamine and 

PLUS reagents as per manufacturer's instruction (Invitrogen Life Technology). 

Lipofectamine and PLUS reagents were used instead of FuGENE6 because of the 

poor transfection efficiency of the FuGENE6 in these cell lines. In brief, 1 }xg of 

pGL3-promoter construct and 0.01 昭 of pRL-CMV were diluted in 100 \i\ plain 

medium and was pre-complexed with 6 îl of PLUS reagent at room temperature for 

15 min. During the incubation, 4 (il of lipofectamine was diluted in 100|xl of plain 

medium and the culture medium for the cells was replaced with plain medium. After 

incubation, the DNA mixture was combined with the diluted lipofectamine and 
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liposomes were allowed to form at room temperature for 15 min. The mixture was 

then added into the cells and the transfection was allowed to take place in a 

humidified CO2 incubator for 5 hr. After that, cells were incubated with 3 ml new 

complete medium at 37°C in 5% CO2 incubator for 2 days. 

2.6.3 Dual-luciferase reporter assay system 

Cells were harvested at 2-day posttransfection. After washing with phosphate 

buffer saline (PBS), cells were lysed with 400 [il of IX Passive Lysis Buffer 

(Promega) for 15 min at room temperature. Cell lysates were centrifuged at 13,000 

rpm for 30 s to remove cell debris and nuclei. Luciferase assay was performed 

according to manufacturer's instruction. 5 îl of cell lysate was added with lOOfil 

LARII (Promega) in 12 x 75 mm PYREX borosilicate glass tubes (Comings 

Incorporation), which was then immediately placed into the single-tube luminometer, 

Lumat LB 9501，for the measurement of luminescent from Firefly luciferase at a 5-

second measurement period. Afterwards, 100 JJ,1 of Stop & Glo Reagent (Promega) 

was promptly added to quench the Firefly signal and simultaneously activate the 

Renilla luciferase. A second luminescent signal was measurement for Renilla 

luciferase as the transfection efficiency control. Results were expressed as fold 
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increase relative to the corresponding control, which was set as 1. Data were reported 

as means ± standard deviations (S.D.) of 3 independent experiments, with triplicate in 

each experiment. The means between the control and mutant were compared by 

student t test. Analysis was performed using SPSS 11.5 or updated version. A P value 

< .05 was considered statistically significant. 

2.7 Transient Transfection of 1.3-fold HBV Genomes in HuH7 Cells 

Cells were seeded on 60-mm dishes in 5 ml of DMEM to obtain approximately 

60% confluence on the next day for transfection. Eight microlitres of FuGENE 6 

(Roche) was added directly to 100 (il serum-free OPTI-MEM (Invitrogen) and 

incubate for 5 min at room temperature. The diluted FuGENE6 was then added to 5 

of 1.3-fold HBV genome, together with 0.1 \xg of pSEAP-Control plasmid as 

transfection efficiency control. After incubation at room temperature for 20 min, the 

complexes were added to the cells and incubated at 37°C and 5% CO2. Growth media 

were changed 2 days after transfection. Cells and medium were harvested at 5-day 

post-transfection. The transfection efficiency was normalized by the secreted alkaline 

phosphatase (SEAP) activity in the culture media. 
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2.7.1 Extraction of HBV DNA from core particles 

2.7.1.1 Intracellular core particles 

At 5-day post-transfection, intracellular HBV DNA was prepared by adding 

800 nl lysis buffer (10 mM Tris pH 7.5, 1 mM EDTA，50 mM NaCl and 0.5% 

Nonidet P-40) at 4°C for 15 min. Cells lysates were spun at 13,000 rpm for 5 min to 

remove the nuclei. Transfected plasmid DNA was eliminated from eel� lysate by 

treatment with DNasel (20U) and MgCb, and incubated at 37°C for 2 hrs. Then 

followed by adding 5X stop buffer [2.5% (w/v) sodium dodecyl sulphate (SDS), 100 

mM Tris pH 7.5 and 125 mM EDTA] inactivation and 15.6 mg/ml proteinase K 

(Invitrogen) digestion, which gave a final concentration of 0.5 mg/ml. The samples 

were incubated at 37°C overnight for complete digestion of the core particles and 

release of HBV DNA. Finally, the intracellular HBV DNA was extracted using 

Qiamp DNA mini kit (Qiagen) according to manufacturer's instructions. DNA was 

eluted into 50 of nuclease-free water. 
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2.7.1.2 Extracellular HBV core particles 

Extracellular HBV DNA was collected in cell culture media at 5-day post-

transfection. The core particles in the media were precipitated by adding half volume 

of 26% polyethylene glycol buffer (Sigma) and incubated at 4°C overnight Then it 

was spun at 14,000 rpm for 20 min at 4°C. The pellet was then resuspended in 200 pi 

virus buffer (10 mM Tris pH 7.5 and 5.5 mM MgC^) and inactivate DNase 1 activity 

by adding 5X stop buffer. After that，the sample was subjected to proteinase K 

treatment as the same as that in intracellular HBV DNA preparation. Finally, the 

extracellular HBV DNA was extracted using Qiamp DNA mini kit (Qiagen) 

according to manufacturer's instructions. DNA was eluted into 50 p,l of nuclease-free 

water. 

2.7.2 Detection of HBsAg and HBeAg 

Fifty microlitres of supernatant and cell lysate were collected for extracellular and 

intracellular HBeAg and HBsAg detection respectively by Microparticle Enzyme 

Immunoassay technology (AUTOBIO Diagnostics Co. Ltd). Mouse monoclonal anti-

HBeAg antibody against HBeAg or anti-HBsAg antibody against HBsAg was 
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immobilized on the 96-well microtitre plate. After adding samples, the plate was 

incubated with enzyme conjugate at 37°C for 30 min. After washing 5 times with 

wash buffer provided by the kit, 50 \i\ of substrate A followed by 50 p.1 of substrate B 

was added, and immediately incubated at 37°C for 10 min in dark. Then the reaction 

was stopped by stop solution and the colour developed was measured at wavelength 

450nm by a microplate reader. All readings exceeded the cut off value were 

interpreted as positive. They were normalized to the result of SEAP reporter assay as 

transfection efficiency control. 

2.7.3 SEAP reporter gene assay 

The SEAP Reporter Gene Assay (Roche Applied Science) was performed 

according to the manufacturer's instruction. Briefly, 50 (xl of culture medium was 

diluted at a ratio of 1:4 with dilution buffer and incubated at 65°C for 30 min. After 

centrifugation at 13,000 rpm for 30 s, 50 (xl of sample was added to a 96-well opti-

microplate in triplicates, followed by 5 min incubation with 50 jtil inactivation buffer 

at room temperature. Finally, 50 jil of Substrate Reagent was added and incubated for 
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10 min at room temperature with gentle shocking. The light signal was detected by a 

multiplate reader. 

2.7.4 Real-time quantitative PCR of HBV DNA 

Two microlitres of 50-folds diluted DNA extracted were used in 10 (il real-time 

PCR reaction mixture. The reaction was carries out using a commercial 2X SYBR-

green power master mix and 7500 Fast Real-Time PCR System (Applied Biosystems). 

Intracellular and extracellular HBV DNA was detected by primers according to a 

previous reported protocol (Maimuna et ai, 2006). The primer sequences are listed in 

Table 2.9. Each test run included positive and negative controls. The reaction 

conditions were modified to 95 °C for 10 mins followed by 40 cycles of 95°C for 15 

sec and 60°C for 1 min. The level of HBV DNA was expressed in relative to the 

samples transfected with the constructs containing a ‘G’ at nt. 1613 with or without 

the BCP mutation. 
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Name Sequence (5' to 3') Start End Direction 

HBV_S_F2 GTGTCTGCGGCGTTTTATCA 379 398 Forward 

HBV一 S—R2 GACAAACGGGCAACATACCTT 476 456 Reverse 

Table 2.9 Primers used to detect HBV DNA using real-time quantitative PCR. 
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2.7.5 Primer Extension Assay 

Primer extension assay for preC RNA and pg RNA was performed using a 

commercially available kit (Primer extension system-AMV reverse transcriptase, 

Promega). Huh7 cells were lysed at 5-day posttransfection using Trizoi reagent 

(Invitrogen Life Science), and total cellular RNA was extracted with chloroform, and 

precipitated with isopropanol. RNA concentration was determined by spectrometer 

and confirmed by running an aliquot in a 1% TAE agarose geJ. Ten microgram of 

RNA was annealed at 58 °C for 20 min with an antisense oligonucleotide 5'-

GGAAAGAAGTCAGAAGGCAA -3' (positions 1974-1955) that had been end 

labeled with y-32P ATP using T4 polynucleotide kinase. The annealed 

oligonucleotide was extended by AMV reverse transcriptase at 42 °C for 30 min. The 

product was heated at 90 0C for 10 min and separated in 5% polyacrylamide gel 

containing 7M urea in lx TBE buffer. The Hinfl digested c()x-174 DNA was end 

labeled with y-32PATP and run in parallel to serve as molecular size markers. The gel 

was dried and radioactive signals were detected by autoradiography or 

phosphoimager. 
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2.8 Data Analysis 

The data in studying viral load in clinical samples were analyzed by the 

software SPSS 11.5 for Windows. Continuous variables were expressed as mean with 

standard deviations (S.D.), and compared by t test or Mann-Whitney U test as 

appropriate. Categorical variables were compared by Chi-square test or Fisher's exact 

test as appropriate. All statistical tests will be 2 sided, and P values less than .05 will 

be considered as statistically significant. 

2.9 Alignment of HBV NRE Sequences of HBV Genotype C 

The HBV sequences were obtained from National Center for Biotechnology 

Information (GenBank) database (http://www.ncbi.nlm.nih.gov/). A total of 805 HBV 

sequences were aligned within the NREBP consensus binding site (nt. 1611-1619). 

The counts of each nucleotide were calculated. 
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2.10 Negative Regulatory Element Binding Protein (NREBP) 

2.10.1 Cloning of NREBP binding domain (BP15) 

The DNA sequencing encoding the DNA-binding domain of NREBP, BP 15 (nt. 

3941 to 5638), was cloned into the pCMV-myc vector (Clontech) using 1:50 fold 

diluted Hep3B cDNA as template. The PCR reaction contained 25 fil of 2x PicoMaxx 

master mix (Stratagene), 0.2 (iM of forward and reverse primers (listed in Table 2.10) 

in 50 jxl reaction. The PCR was performed with a 3 min initial denaturation at 94�C, 

followed by 10 cycles of amplification (94°C for 36 s, 53°C for 30 s and 72°C for 

lmin 15s) and a final extension at 72°C for 10 min. Afterwards, 2 jil of the PCR 

product was re-amplified for 30 cycles in a reaction volume of 50 with components 

same as above. The purified PCR products were cleaved by 0.5 [i\ each EcoRl and 

Sail (Amersham Biosciences) in IX buffer H, incubated at 37°C for 16 hr followed 

by enzyme inactivation at 85°C for 15 min. After purification, the digested product 

was ligated into 2 of pGL3-basic vector with T4 DNA ligase in 10X T4 DNA 

ligase buffer in a total volume of 20 fxl and incubated at 4°C overnight. The plasmid 

was transformed into E.coli (DH5a) and the purified clones were sequenced with 
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vector primers for further confirmation, and prepared in a large-scale by Hi-speed™ 

Plasmid Midi Kit (Qiagen) according to manufacturer's instruction. 
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Primer Sequence (5'to3') Start End Length Tm Enzyme 

Forward GAATTCaaatactaacaaaaaacattctaaaa 3941 3964 24 58 EcoRl 

Reverse GTCGACfcattccctaaacttaaatctatacttta 5638 5613 26 56 Sa/I 

Table 2.10 Primers used to clone BP15. A stop codon was added to the reverse 

primer 3' to the Sail site (Italic). The restriction enzyme sites were underlined. 
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2.10.2 Transient overexpression of BP15 in HuH7 cells 

Transfection in 6-well plates was performed using the FuGENE6 reagent as 

per manufacturer's instruction (Roche Applied Science). In brief, 3 jil of FuGENE6 

reagent was diluted in 100(xl of plain medium and incubated at room temperature for 

5 min. Then 1 |j,g of plasmid was added and the mixture was incubated for 20 min at 

room temperature. Afterwards, 100 [4,1 of mixture was added into the cells and 

incubated at 37°C in 5% CO2 incubator for 2 days. 

2.10.3 Total protein extraction 

Cells in 60-mm plate were washed with 1 x PBS twice. Then 500 |il of lysis 

buffer (2% SDS, 10% glycerol and 0.0625 M Tris-HCl, pH 8.0) supplemented with 

cocktail protease inhibitor (Roche Applied Science) was added and incubated on ice 

for 15 min. The lysate was then centrifuged at 12,000 rpm for 15 min at 4°C and the 

supernatant was kept in a microcentrifuge tube at -80°C for storage. 
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2.10.4 Protein quantification using bicinchonic acid solution 

Three microlitres of protein lysate or BSA protein standard were added in 

duplicates into a 96-well plate and 200 of assay reagent (49 parts 100% BCA : 1 

part 4% CUSO4.5H2O) was mixed with the protein samples, and the mixture was 

incubated at 37°C for 30 min before the spectrophotometric measurement at 540 nm 

using the water as blank. 

2.10.5 Western blot analysis of BP15 

Total protein was extracted according to section 2.6.5. The overexpression of 

the N-teraiinal c-myc tagged BP 15 protein was examined by Western blot analysis. 

Ten micrograms of protein was separated in 10% SDS-polyacrylamide gel and 

electroblotted onto a PVDF membrane (Millipore). The blot was incubated in 5% 

non-fat milk in TBST at room temperature for 30 min, and then primary rabbit anti-

myc antibody (Santacruz, SC-789) at a dilution 1:1000 was added for incubation 

overnight at 4�C. The blot was washed in TBST for 40 min and incubated with 

secondary antibody goat anti-rabbit IgG conjugated to HRP at a dilution 1:5000 for 1 

hr at room temperature. After that, the blot was washed in TBST for 40 min and the 
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signals were detected using the Enhanced Chemiluminescence Western Blot Kit 

(Amersham Bioscience). After detection, the antibody on the blot was washed away 

by stripping buffer (Bio-Rad) at 37°C for 20 min with rocking, and then washed with 

TBST. Mouse anti-j3 actin IgG conjugated to HRP was added at a dilution 1:10000 in 

TBST and the blot was incubated at room temperature for 1 hr. Afterwards, the blot 

was washed in TBST for 40 min and signal were detected using the Enhanced 

Chemiluminescence Western Blot Kit. 

2.10.6 Co-transfection of BP15 with HBV promoters 

HuH7 cells were seeded on 24-well plate at a confluency of 60%. Then, 0.6 (il 

of FuGENE6 was diluted in a dropwise manner in 20 of plain medium and 

incubated at room temperature for 5 min. Afterwards, 0.1 pg of each of pCMV-BP15 

plasmid and pGL3-HBV promoter plasmid and 0.001 of pCMV-PRL plasmid were 

added to the diluted FuGENE6 and incubated at room temperature for 20 min. Then, 

20p,l of mixture was added into cells and incubated at 37°C in 5% CO2 incubator for 2 

days. Dual luciferase reporter assay was performed according to manufacturer's 

instruction (refer to section 2.5.3). 
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2.10.7 Real-time PCR of endogenous NREBP 

Eighteen paired HCC and non-tumourous tissues cDNA were generously 

given by Professor Winnie Yeo, Department of Clinical Oncology of the Chinese 

University of Hong Kong. The relative quantification of gene expression between 

HCC and non-tumourous tissues was examined using Applied Biosystems 7500 Fast 

Real-time PCR system. The real-time PCR contained 5 of Power SYBR Green 

PCR Master Mix (Applied Biosystems), 1 \i\ of diluted cDNA template, 0.125 juM of 

forward and reverse primers (listed in Table 2.11). The PCR was performed at initial 

heating at 94°C for 3 min, followed by 40 cycles of 94°C for 15 s and 60°C for 30 s. 

The gene expression levels were normalized to an endogenous control gene, 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 
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Gene Target Primer Sequence (5'to3') 

BP15 
Forward TGGAACCAGCGGTGTCAGT 

Reverse TGGACTCTATAGCCACCTCAGTTG 

GAPDH 
Forward CGCCCCACTTGATTTTGA 

Reverse TTGCCATCAATGACCCCTTCA 

Table 2.11 Primers used in real-time quantitative PCR ofBP15 and GAPDH. 
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2.11 Regulatory Factor XI (RFX1) 

The cDNA clone of Homo sapiens regulatory factor XI (RFX1) was 

purchased from OriGene Technologies, Inc. (catalogue no. RC207872). The plasmid 

has been derived from single clone E.coli cultures and purified through ion-exchange 

chromatography. The eluant was normalized via UV spectroscopy, aliquoted into a 

Matrix vial as 10 pg transfection-ready dried plasmid DNA. The plasmid contained 

the full-length RFX1 ORF with a myc-DDK tag at the C-terminal cloned into the 

pCMV6 Entry vector (pCMV-RFXl). The sequence of this clone matched the 

reference sequence published in the National Center for Biotechnology Information 

with accession no. NM_002918.3 The DNA sequences of the RFX1 construct was 

confirmed by sequencing using primers listed in Table 2.12. 
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Primer Direction Sequence (5'to30 Position 
Priming 

site 

RFX1-seqF1 Forward CAGCCAGGTGCAGTATGTG 876-894 RFX1 

RFX1-seqF2 Forward GGAACACTGTGAGGCCATTG 1839-1858 RFX1 

VP1.5 Forward GGACTTTCCAAAATGTCG -185 
pCMV6 

vector 

XL39 Reverse ATTAGGACAAGGCTGGTGGG +199 
pCMV6 

vector 

Table 2.12 Primer used in DNA sequencing of pCMV-RFXl constructs. 
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2.11.1 Subcloning of pCMV-TNT-RFXl 

The full-length ORF of RFX1 in pCMV-RFXl plasmid was subcloned into 

pCMVTNT™ Vector (Promega), which is designed for the convenient expression of 

cloned genes using in vivo or in vitro expression systems. Both the SP6 and the T7 

polymerase promoters lie in tandem adjacent to the multiple cloning sites, allowing 

for highly efficient synthesis of RNA in vitro from either promoter. Protein can be 

expressed in vitro from a gene cloned into the pCMVTNT™ Vector using an SP6- or 

T7-based, coupled in vitro transcription/translation system. The pCMVTNT™ Vector 

contains a 5' -globin leader sequence reported to enhance expression of certain 

genes in vitro. For in vivo expression, the vector contains a CMV enhancer/promoter 

region that can allow strong constitutive expression in many cell types. A /3 -

globin/IgG chimeric intron and a late SV40 polyadenylation site are located 

downstream of the enhancer/promoter region. The primers used in subcloning are 

listed in Table 2.13. The PCR reaction included 0.2 jiM each of forward and reverse 

primers, 1 jil of 1000-fold diluted pCMV-RFXl and 25 of 2x PicoMaxx mastermix 

in a total volume of 50 jil. The PCR was performed with a 3 min initial denaturation 

at 94�C, followed by 32 cycles of amplification (94°C for 36 s, 58°C for 30 s and 
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72°C for 3 min) and a final extension at 72°C for 10 min. The PCR products were 

examined in 1% TAE agarose gel and purified by gel extraction kit (Qiagen), 

followed by Xho\ and Mlul digestion in IX NEB buffer 3 at 37°C for 16 hr. After that, 

the digested fragment was ligated to XhoVMlul digested pCMV-TNT empty vector 

and subsequently transformed to E.coli and purified. The DNA sequences of the 

RFX1 construct (pCMV-TNT-RFX 1) was confirmed by sequencing using primers 

listed in Table 2.12 and 2.13. 
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Primer Direction Sequence (5'to3f) 

site 

Xhol-RFXI-F Forward GCCTCGAGA TGGCAACACAGGCGTATACTGAG Xho\ 

Mlu 卜 RFXI-R Reverse GCACGCGT77AGCTGGAGGGCAGCGCC Mlu\ 

Table 2.13 Primers used in subcloning of RFX1 to pCMV-TNT vector. A start or 

stop codon (Italic) was added to the reverse primer 3' to the restriction sites, which 

are underlined. 
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2.11.2 In vitro transcription/translation of RFX1 protein 

The RFX1 gene was in vitro transcribed and translated using TNT® Quick 

Coupled Transcription/Translation Systems (Promega) according to manufacturer's 

instruction. In brief, the reaction contained 40 of Quick TNT master mix, 2 jal of 

radioactive 35S-methionine (1000 Ci/mmol) (Perkin Elmer) or 20 (iM of methionine, 

and 1-5 jig of DNA in 50 jxl of reaction. The mixture was incubated at 30°C for 90 

min and the labeled translation products were analyzed by 10% SDS-PAGE. Then, 

the gel was blotted on 3mm Whatman paper and dried at 75°C for 1 hr, followed by 

signal detection by autoradiography or phosphorimager. 

2.11.3 Co-transfection of pCMV-RFXl with HBV promoters 

Refer to section 2.10.6. The plasmid, pCMV-RFXl, was used instead of the 

pCMV-BP15 in the experiment. 
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2.12 Electromobility Shift Assay (EMSA) 

Nuclear and cytoplasmic extracts of HuH7 cells was prepared by NE-PER® 

Nuclear and Cytoplasmic Extraction Reagents (PIERCE Biotechnology) according to 

manufacturer's instruction. The protein was aliquoted and kept at -80°C until use. 

Annealed G1613 (wild-type) and A1613 (mutant) NRE probes and a non-specific 

oligo were end-radiolabeled with 32P by T4 kinase (GE Healthcare). Unincorporated 

nucleotide was removed by G-25 column (GE Healthcare) according to 

manufacturer's instruction. The DNA binding reactions contained 5-20 îg of protein， 

1 of labeled probe, 2 …of lOxbinding buffer (500 mM NaCl, 100 mM TrisHCl， 

pH 7.5, 25 mM MgC12, 40% Glycerol, 5 mM DTT), 1 of 1% NP40 and 1 |nl of 

poly (dl. dC) (GE Medical Systems) in a reaction volume of 20 The reaction was 

incubated at room temperature for 1 hr and then analyzed in 5% native 

polyacrylamide gel. After that, the gel was blotted to a filter paper and dried at 75°C 

for 1 hr, followed by signal detection by autoradiography or phosphorimager. To 

validate the specificity of the binding, up to 250 times of cold probes were added to 

the binding reaction before the addition of the labeled probes. The difference in the 

binding affinities was reflected by the relative intensity of the specific gei-shifted 

bands. The sequences of the NRE probes and non-specific oligo are listed in Table 
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Probe Name Direction Sequence (5，to3，） 

G 1 6 1 3 NRE30-G-F Sense GCACGTCGCATGGAGACCACCGTGAACGCC 

(wild-type) NRE30-G-R Antisense GGCGTTCACGGTGGTCTCCATGCGACGTGC 

A 1 6 1 3 NRE30-A-F Sense GCACGTCGCATGGAAACCACCGTGAACGCC 

(mutant) NRE30-A-R Antisense GGCGTTCACGGTGGTTTCCATGCGACGTGC 

Non_ NS30-F Sense GGAATTACGTGGCCACTCGAGGGAATTACG 

specific NS30-R Antisense CGTAATTCCCTCGAGTGGCCACGTAATTCC 

The position of nt.1613 is indicated as red colour in bold. 

Table 2.14 The sequences of the wild-type and mutant NRE probes and non-

specific oligos used in EMSA. 



Chapter 3 RESULTS 

Chapter 3 RESULTS 

3.1 Effects of Three Promoter-related Mutations on HBV Genome 

At the beginning of this study, we investigated the individual effect of 3 

previously identified HCC-related mutations on HBV promoter regions. They are the 

C1165T mutation on X promoter, the T2712C mutation on preSl promoter and the 

G1613A mutation on core promoter. For each mutation, 2 naturally occurring isolates 

each derived from the serum from a HBV carrier and a HBV-related HCC were 

obtained. They have the highest similarity to the HBV consensus sequence according 

to our database (see Chapter 2 Materials and Methods for details). For each isolate, a 

wild type and mutated promoter construct were cloned into pGL3-Basic vector 

(Promega) with a downstream Firefly luciferase gene. The corresponding promoter 

activities were examined by the luciferase reporter assay, and normalized to the co-

transfected Renilla luciferase as the transfection efficiency control. Part of the work 

in the luciferase assay was finished by collaborating with Miss Sophie Chan, a former 

M.Phil student in my laboratory. 
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3.1.1 C1165T mutation does not alter HBV X promoter activity 

Two HBV isolates of HBV genotype B derived each from carrier and HCC 

patient were obtained as templates. The configuration of the nt. 1165 in the isolate 

derived from the carrier is 'C' and we generated the mutant'T' at this position by site 

directed mutagenesis. This pair of construct demonstrated the CI 165T mutation on X 

promoter in the luciferase assay. Similarly, the configuration of the nt 1165 in the 

isolate derived from the HCC patient is 'T', so it was mutated to 'C' to demonstrate 

the C1165T back mutation. The pGL3-basic was the empty vector control. The 

Firefly luciferase activities were normalized to the co-transfected Renilla luciferase as 

the transfection efficiency control. Our result showed that the CI 165T mutation and 

the T1165C back mutation did not cause significant change in the X promoter activity 

in HuH7 cells (Fig. 3,1, upper panel). Similar result was obtained in HepG2 cells (Fig. 

3.1, lower panel). The activity of the X promoter was strong with several hundreds 

folds greater than that of the promoterless pGL3-Basic vector. The positive control of 

the luciferase assay was the BCP mutation in core promoter (genotype A), which is 

indicated in Fig. 3.3. 
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Fig. 3.1 The effect of C1165T mutation and T1165C back mutation on HBV X 

promoter. 1 (ig of pGL3-promoter constructs and 0.01 ^g pRL-CMV were 

transfected into hepatoma cells. Cells were harvested for luciferase assays at 2-day 

posttranfection. Results of luciferase assay in HuH7 (upper panel) and HepG2 cells 

(lower panel) are shown. The promoter constructs derived from the carrier 

demonstrated the C-to-T mutation, while those derived from the HCC patient 

demonstrated the T-to-C back mutation. The mutation did not alter the activity of the 

HBV X promoter. Results were presented as relative luciferase activity in 3 

independent experiments with triplicates (mean 土 S. D.) after normalizing to the co-

transfected Renilla luciferase activities as transfection efficiency control. 
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3.1.2 T2712C mutation does not change HBV preSl promoter activity 

Since the sequence of the preSl promoter from the isolates derived from the 

carrier and the HCC patient were the same except the site of mutation, only the 

promoter constructs obtained from the carrier's isolate and its mutant were examined. 

The isolate is belonged to HBV genotype B. The configuration of the nt. 2712 in the 

isolate derived from the carrier is 'T' and we generated the mutant 'C' at this position 

by site directed mutagenesis. This pair of construct demonstrated the T2712C 

mutation on X promoter in the luciferase assay. The pGL3-basic was the empty 

vector control. The Firefly luciferase activities were normalized to the co-transfected 

Renilla luciferase as the transfection efficiency control. As shown in Fig 3.2, the 

T2712C mutation did not affect the preSl promoter activity in HuH7 and HepG2 

cells. The activity of the preSl promoter was relatively weak with only 10-20 folds 

greater than the promoterless pGL3-Basic vector. The positive control of the 

luciferase assay was the BCP mutation in core promoter (genotype A), which is 

indicated in Fig. 3.3. 
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Fig. 3.2 The effect of T2712C mutation on HBV preSl promoter. 1 jig of 

pGL3-promoter constructs and 0.01 jug pRL-CMV were transfected into 

hepatoma cells. Cells were harvested for luciferase assays at 2-day posttranfection. 

Results of luciferase assay in HuH7 (upper panel) and HepG2 cells (lower panel) 

are shown. Results of the luciferase assay in HuH7 (upper panel) and HepG2 cells 

(lower panel) are shown. The mutation did not show any significant effect on the 

activity of the preSl promoter. pGL3-basic was the empty-vector control. Results 

are presented as relative luciferase activity in 3 independent experiments with 

triplicates (mean 土 S. D.) after normalizing to the co-transfected Renilla luciferase 

activities as transfection efficiency control. 
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3.1.3 Effect of G1613A mutation on HBV core promoter activity 

3.1.3.1 G1613A mutation enhances the core promoter activity 

Two HBV isolates of HBV subgenotype Cs derived each from carrier and HCC 

patient were obtained as templates. The configuration of the nt. 1613 in the isolate 

derived from the carrier is ‘G’ and we generated the mutant ‘A’ at this position by 

site directed mutagenesis to demonstrated the G1613A mutation on core promoter in 

the luciferase assay. Similarly, the configuration of the nt. 1613 in the isolate derived 

from the HCC patient is ‘A，，so it was mutated to 'G' to demonstrate the A1613G 

back mutation. The pGL3-basic was the empty vector control. The Firefly luciferase 

activities were normalized to the co-transfected Renilla luciferase as the transfection 

efficiency control. In Figure 3.3 showed the G1613A mutation caused a significant 

increase in core promoter activity by 57% (P < .003) in HuH7 cells. The effect was 

reversed in the A-to-G back mutation, by 47% (P < .003). The constructs 

demonstrated the BCP mutation (genotype A) was included in the assay as a positive 

control, which caused 40% decrease in the core promoter activity (P < .05). Similar 

result was also obtained in HepG2 cells (Fig. 3.3, lower panel), in which the core 

promoter activity was significantly increased by 30% (P < .02). The effect was 
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reversed in the A-to-G back mutation by 30% (P < .02). Moreover, the BCP mutation 

decreased the core promoter activity by 22% {P < .05) which indicated the effect of 

the G1613A mutation is comparable to that of the positive control, despite their 

effects are opposite. 
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Fig. 3.3 The effect of G1613A mutation and A1613G back mutation on HBV 

core promoter. 1 pg of pGL3-promoter constructs and 0.01 (j.g pRL-CMV were 

transfected into hepatoma cells. Cells were harvested for luciferase assays at 2-

day posttranfection. Results of luciferase assay in HuH7 (upper panel) and HepG2 

ceils (lower panel) are shown. The promoter constructs derived from the carrier 

demonstrated the G-to-A mutation, while those derived from the HCC patient 

demonstrated the A-to-G back mutation. The G1613A mutation significantly 

enhanced the promoter activities and vice versa. pGL3-basic was the empty-

vector control. Results are presented as relative luciferase activity in 3 

independent experiments with triplicates (mean 土 S. D.) after normalizing to the 

co-transfected Renilla luciferase activities as transfection efficiency control. 
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3.1.3.2 G1613A mutation enhances core promoter activity in different HBV 

genotypes/subgenotypes 

To investigate whether the G1613A mutation can enhance the core promoter 

activity in different HBV genotypes/subgenotypes, core promoters from different 

genotype background isolated from patients' serum were examined. Fig. 3.4 showed 

G1613A mutation increased the activities of core promoters in all genotypes and 

sub genotypes examined. The promoter activities were increased from 1.69 folds to 

4.46 folds in HuH7 cells (Fig. 3.4, upper panel) (P < .05). Similar results were 

obtained in HepG2 cells (Fig. 3.4，lower panel). In contrast to the result in HuH7 cells, 

the G1613A mutation caused a weaker induction which ranged from 16% to 63 % in 

HepG2 cells (P < .05). Overall, the induction of promoter activity in genotype B was 

weaker than that in genotype C. Besides, the core promoter activity of subgenotype 

Ce was examined in Hep3B cells (Fig. 3.5), and it was induced by 2.8 folds by the 

G1613A mutation (P <.01). 
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Fig 3.4 Effect of G1613A mutation on HBV core promoter of genotypes A 

and B, subgenotypes Cs and Ce. The HBV isolates were derived from patient's 

serum. They were all G1613 wild-type and mutated to A1613 by site-directed 

mutagenesis. 1 jig of pGL3-promoter constructs and 0.01 jig pRL-CMV were 

transfected into hepatoma cells. Cells were harvested for luciferase assays at 2-

day posttranfection. Results of luciferase assay in HuH7 (upper panel) and HepG2 

cells (lower panel) are shown. The mutation enhanced the core promoter activities 

in different HBV genetic background. Overall, the induction of promoter activity 

was weaker in genotype B than that in genotype C. Results were presented as 

relative luciferase activity in 4 independent experiments with triplicates (mean 士 S. 

D.) after normalizing to the co-transfected Renilla luciferase activities as 

transfection efficiency control. 
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Fig. 3.5 The effect of G1613A mutation on core promoter activity of 

subgenotype Ce in Hep3B cells. The HBV isolate was derived from a patient's 

serum. The G1613A mutation was generated by site-directed mutagenesis. 1 jig 

of pGL3-promoter constructs and 0.01 jig pRL-CMV were transfected into HuH7 

cells. Cells were harvested for luciferase assays at 2-day posttranfection. The 

mutation enhanced the core promoter activity by 2.84 folds. pGL3-Basic was the 

empty vector control and the BCP mutation was the positive control. Results are 

presented as relative luciferase activity in 4 independent experiments with 

triplicates (mean 士 S. D.) after normalizing to the co-transfected Renilla luciferase 

activities as transfection efficiency control. Ce: HBV subgenotype Ce. 
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3.1.3.3 The effect of G1613A mutation was independent to that of the BCP 

mutation in subgenotype Cs 

The BCP mutation is commonly found in HBV genotype C in both carriers and 

HBV-related HCC individuals (Orito et al., 2001) Some studies suggested that the 

BCP mutation was associated to increased risk of HCC (Fang et al., 2009; Kao et aL, 

2003). In our study, the G1613A mutation increased the core promoter activity. Yet, 

the effects of the G1613A mutation and the BCP mutation on promoter activity are 

opposite. Therefore, it is worthwhile to test on the combined effect of the mutations 

on core promoter. In regard to this, two core promoter constructs, named pCl and 

pC2, with a 'G' and 'A' at nt. 1613 respectively, and their BCP back mutated 

constructs, named pC3 and pC4 respectively, were included in our study. Figure 3.6 

showed the BCP back mutation in subgenotype Cs caused a slight increase in 

promoter activity (16% in pC3/pCl and 20% in pC4/pC2). In contrast, the G1613A 

mutation significantly increased the promoter activity (57% in pC2/pCl and 64% in 

pC4/pC3). The effect caused by the G1613A mutation is about 3-fold greater than 

that of the BCP mutation. Interestingly, the activity in pC2 was significantly higher 

than that of pC3 (by 32%, P < .03). This suggests that the effect of G1613A mutation 

can overcome the effect of the BCP mutation. 
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BCP Mutation + + - -

Core promoter constructs 

Fig. 3.6 The combined effect of the G1613A and BCP mutation on core 

promoter in HuH7 cells. The promoter constructs were derived from one 

patient's isolate of HBV subgenotype Cs. The constructs pCl to pC4 contains the 

same core promoter sequence except the site of mutations as indicated. The 

G1613A and BCP mutation were generated by site-directed mutagenesis. 1 jig of 

pGL3-promoter constructs and 0.01 jxg pRL-CMV were transfected into HuH7 

cells. Cells were harvested for luciferase assays at 2-day posttranfection. The 

G1613A mutation increased while the BCP mutation decreased the promoter 

activity. The effect of the G1613A mutation was independent to that of the BCP 

mutation, with the enhancement caused by the G1613A mutation overcome the 

reduction caused by the BCP mutation (pC2 vs pC3). Results were presented as 

relative luciferase activity in 4 independent experiments with triplicates (mean 土 S. 

D.) after normalizing to the co-transfected Renilla luciferase activities as 

transfection efficiency control. 
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3.2 G1613A is the Only Hotspot Mutation in the NRE of HBV 

Genotype C 

The G1613A mutation is located in the NRE region, which has been shown to 

repress the activity of CURS region and enhancer II by 10-20 folds (Chen and Ou., 

1995; Lo and Ting, 1994). In regard to this, we have obtained 803 HBV complete 

genome sequences reported in National Center for Biotechnology Information (Table 

3.1). All the sequences are belonged to HBV genotype C. The NRE region including 

nt. 1604-1636 were selected for alignment (data provided in appendix). Our result 

showed that the nt. 1613 is the only hot spot mutation in the NRE within the nt. 1611-

1619.. Among the 803 HBV sequences, 583 (72.6%) of them confers to 'G', 209 

(26%) of them confers to 'A', while 11 (1.4%) of them confers to 'R' which defines 

purines. 
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Position Nucleotide on HBV NRE 
region Count % 

1611 G 803 100.0 

1612 A 795 99.0 
C 8 1.0 

1613 G 583 72.6 
A 209 26.0 
R 11 1.4 

1614 A 798 99.4 
G 5 0.6 

1615 C 803 100.0 

1616 C 803 100.0 

1617 A 799 99.5 
T 2 0.2 
C 2 0.2 

1618 C 803 100.0 

1619 c 803 100.0 

Table 3.1 Analysis of 803 NRE sequences of HBV genotype C. The nucleotide 

1613 is the only hot spot mutation within the NRE region (nt. 1611-1619). The HBV 

NRE sequences were obtained from National Center for Biotechnology Information 

(GenBank) database (http://www.ncbi.nlm.nih.gov/). 

- 9 9 -

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


C h a p t e r 3 R E S U L T S 

3.3 Prevalence of the G1613A Mutation in HBV Carriers and HBV-related 

HCC Individuals 

In a statistical analysis of the prevalence of the G1613A mutation in 99 HBV 

carriers and 100 HCC patients, we found that the G1613A mutation was present in 

HBV isolates of genotype B and subgenotypes Cs and Ce (Table 3.2). The prevalence 

of the mutation increased from 22% (in carriers) to 35.1% (in HCC) in genotype B, 

and from 10% (in carriers) increased to 37.5% (in HCC) in subgenotype Ce. Despite 

of that, it was found as statistical insignificant. The reasons will be discussed in 

Session 4.2 in Chapter 4. In contrast, the mutation was significantly associated to 

HCC in subgenotype Cs. The prevalence of the mutation increased from 10.3% (in 

carriers) to 36.2% (in HCC) (P =.003). 
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HBV Genotype/ 

Subgenotype 
Cases 

Number of 

cases 

Nucleotide at 1613 

G(%) A(%) R (%) 

P 

value 

B 

(N=87) 

Carriers 

HCC 

50 

37 

39 ( 

24 ( 

：78.0 ； 

：64.9 ； 

) 1 1 (22.0 ) 

)13(35.1 ] 

I 0(0.0 ) 

I 0(0.0 ) 
.175 

Cs 

(N=86) 

Carriers 

HCC 

39 

47 

33 ( 

29 ( 

；84.6 ； 

；61.7 ； 

) 4 (10.3 ] 

)17(36.2 ] 

I 2(5.1 ) 

丨 1 (2.1 ) 
*.003 

Ce Carriers 10 9 ( ：90.0 ； ) 1 (10.0 ] I 0(0.0 ) 
.179 

(N=26) HCC 16 9 ( ：56.3 ； ) 6 (37.5 ] 丨 1 (6.3 ) 
.179 

*The G1613A mutation was found significantly higher prevalence in HCC patients 

in subgenotype Cs. 

Table 3.2 The prevalence of G1613A mutation in HBV carriers and HCC patients. 
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3.4 Prevalence of the G1613A Mutation to High Serum Viral Load in HBV 

Subgenotype Cs 

In this study, we obtained the configuration of nucleotide 1613 on HBV core 

promoter from 255 chronic carriers. The quantification of HBV viral load and a-

fetoprotein (AFP) level were determined. This part of work was assisted with Prof. 

Henry L. Y. Chan in Prince of Wales Hospital. The correlation of the HBV viral load 

and the prevalence of the G1613A mutation on the HBV genome were determined in 

a univariate analysis. As high serum viral load often indicates higher risk to HCC 

(Liu et al., 2008), especially for vial load higher than 6 log copies/ml (Wong et ai, 

2010). Therefore, the cut-off value of the viral load in our study was set as 6 Jog 

copies/ml. Among the HBV carriers, 129 patients (41 females and 88 males) had their 

serum viral load more than 6 log copies/ml. As shown in Table 3.3, the G1613A 

mutation was significantly associated to high serum viral load (more than or equal to 

6 log copies/ml) in female carriers (OR = 3.657, P = .01). This indicated that the 

G1613A mutation may correlated to the high viral load in patients and increase the 

risk to HCC. Meanwhile, the relationship between the prevalence of G1613A 

mutation and serum AFP level was also investigated. However, we found no 

significant difference between the groups of wild-type G1613 and mutant A1613 

(Table 3.4). 
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Cases Viral load Nucleotide at 1613 Harzard Ratio 
P value 

(Total N=255) (log copies/ml) G (%) A (%) (95% CI) 

Male 0.81 
<6 62 (78.5) 17 (21.5) 5 8 9 

(N =167) (0.378-1.737) 
>6 72 (81.8) 16 (18.2) 

Female 3.657 
<6 40 (85.1) 7 (14.9) * 0 1 

( N = 8 8 ) >6 25 (61.0) 16 (39.0) ( ⑶ - 瓜 ⑶ ) 

* The G1613A mutation is associated with higher (more than or equal to 106 

copies/ml) serum viral load in female carriers. 

Table 3.3 The relationship between the prevalence of G1613A mutation and 

viral load in HBV chronic carriers of subgenotype Cs 
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Cases 
(Total N=255) 

Male 

(N =167) 

Nucleotide AFP Level (ng/ml) 
at 1613 Mean (± S. E. M.) P value (95% CI) 

G(N=134) 

A (N=33) 

3.74 (± 1.08) 

3.15 (±1.21) 

•252 (-3.91-5.05) 

Female 

(N =88) 

G (N=65) 

A (N=23) 

6.04 (± 2.78) 

2.91 (±1.40) 

•658 (-6.33-12.59) 

Table 3.4 The relationship between the prevalence of G1613A mutation and AFP 

level in HBV chronic carriers of subgenotype Cs. 
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3.5 In vitro Effect of the G1613A Mutation on Virus 

3.5.1 G1613A mutation suppressed HBeAg production with no change on 

HBsAg level. 

The effects of the G1613 A mutation on viral HBsAg and HBeAg production were 

examined in a full-length HBV genome transfection assay. Four constructs of 

subgenotype Cs (pGl, p A l , pG2 and pA2) containing 1.3-fold HBV genome were 

used to test the single or combined effect of the G1613A and BCP mutation. We 

found that the intracellular and extracellular levels of HBsAg and the intracellular 

level of HBeAg were not affected by the mutations (Fig. 3.7 and 3.8A). In contrast, 

when compared with the corresponding 1613 wild-type constructs, the G1613A 

mutation significantly decreased the extracellular HBeAg level by 90% and 86%, in 

the presence and absence of the BCP mutation respectively (Fig. 3.8B). 
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Fig. 3.7 Intracellular (A) and extracellular (B) HBsAg level at 5-day 

posttransfection of 1.3x HBV plasmid into HuH7 cells respectively. All the 
constructs had the same genetic background except the mutations as indicated in 

the figures. The mutations were introduced into the HBV genome by site directed 

mutagenesis. 5 jig of 1.3-fold HBV genome was cotransfected with 0.1 jig of 

pSEAP-controI plasmid. The relative amounts of intracellular and extracellular 

HBsAg were measured by ELISA. Result showed that the G1613A mutation did 

not cause any significant changes on the level of the HBsAg production when 

compared to the G1613 wild-type. Results were normalized to the activity of the 

co-transfected alkaline phosphatase (SEAP) activity as the transfection efficiency 

control. Data were presented as normalized values in 4 independent experiments 

(mean 土 S. D.). 
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Fig. 3.8 Intracellular (A) and extracellular (B) HBeAg level at 5-day 

posttransfection of 1.3x HBV plasmid into HuH7 cells respectively. All the 
constructs had the same genetic background except the mutations as indicated in 

the figures. The mutations were introduced into the HBV genome by site directed 

mutagenesis. 5 |ig of i,3-fold HBV genome was cotransfected with 0.1 (ig of 

pSEAP-controI plasmid. The relative amounts of intracellular and extraceiluiar 

HBeAg were measured by ELISA. Result showed that the G1613A mutation 

drastically dropped the level of the extracellular HBeAg, while no change on the 

intracellular HBeAg level when compared to the G1613 wild-type. Results were 

normalized to the activity of the co-transfected SEAP as the transfection 

efficiency control. Data were presented as normalized values in 4 independent 

experiments (mean 土 S. D‘). 
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3.5.2 Effect of the G1613A mutation on viral DNA production 

To investigate the effect of G1613A mutation on HBV DNA production, 1613 

wild-type and mutant 1.3-fold HBV genomes (pGl, p A l , pG2 and pA2) were 

transfected into HuH7 cells. The core-particle associated HBV DNA was collected 

and extracted in both cell lysate and culture media as the intracellular and 

extracellular HBV DNA respectively at 5-day posttransfection. The HBV DNA levels 

were determined by real-time quantitative PCR using primers specific to HBV S gene. 

The results were normalized to the HBV DNA level of the corresponding 1613 wild-

type constructs, which were set as '1'. G1613A mutation did not alter the level of 

intracellular HBV DNA (Fig 3.9A). In contrast, Figure 3.9B showed the mutation 

significantly increased the level of extracellular HBV DNA by 2-fold and 4-fo】d in 

the presence and absence of the BCP mutation respectively (P < .05).. 
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Fig. 3.9 The relative intracellular (A) and extracellular (B) HBV DNA level at 5-

day posttransfection respectively. HuH7 cells were transacted with 5(ig i.3-fold 

HBV genomes. All the constructs had the same genetic background except the 

G1613A and BCP mutations as indicated in the figures. The G1613A mutation 

significantly increased viral DNA production to the extracellular media, while no 

significant change in the intracellular viral DNA level. Results were shown in mean 

values 士 S.D. from 3 independent experiments, compared to the G1613 wild-type 

constructs which were set as '1 ' for comparison. 
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3.5.3 Effect of G1613A mutation on differential transcription of preC mRNA 

and pgRNA from core promoter 

The HBV core promoter plays a very critical role on the HBV replication as it 

directs the transcription of the preC mRNA and pgRNA. The preC mRNA is 

translated to the precore protein, which is the precursor protein of HBeAg. The 

pgRNA is the template of the viral DNA synthesis. The preC mRNA and pgRNA are 

both 3.5kb long and they only differ by their 5' end, which the preC mRNA is 30 

nucleotides longer. To further investigate the functional effect on the G1613A 

mutation on virus RNA transcription, primer extension assay was performed to 

measure the relative amount of the two transcripts after the transfection of the 1.3-

fold HBV genomes. Total RNA was extracted after transient transfection of 1.3-fold 

HBV genomes into HuH7 cells at 5-day posttransfection. As shown in Fig. 3.10, the 

integrity of the RNA remains after extraction and appeared as sharp bands of 18S and 

28S ribosomal RNA in 1% 丁AE agarose gel stained with ethidium bromide. 

The result of the primer extension assay is indicated in Figure 3.11 A. The 

product of preC mRNA (145 bp) and pgRNA (115 bp) were successfully amplified in 

the experiment. Their relative signals were calculated by densitometer and 
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normalized to the SEAP reporter activity as the transfection efficiency control (Fig. 

3.1 IB). As shown in Figure 3.11C, the preC mRNA level was significantly down-

regulated by 53% (pAl vs pGl) and 46% (pA2 vs pG2) by the G1613A mutation in 

the presence and absence of the BCP mutation respectively. Since precore protein 

was encoded from the preC mRNA, and it is the precursor protein for the HBeAg 

synthesis. Our results revealed that the G1613A mutation suppressed HBeAg 

production on the transcription level. In contrast, the BCP mutation did not caused 

significant change on preC mRNA level. This was consistence to the insignificant 

change on the HBeAg level (Fig. 3.8B). On the other hand, the pgRNA is the 

template for HBV DNA synthesis. Our result showed that the levels of pgRNA in the 

A1613 mutants were decreased by 21% (pAl v^ pGl) and 39% (pA2 vs pG2) in the 

presence and absence of the BCP mutation respectively (Fig. 3.1 ID). Interpretation of 

this observation would be discussed in details in Section 4.4. 
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.3-fold HBV genome 

pG1 pA1 pG2 pA2 

1613 G A G A 
BCP mutation + + - * 

28S rRNA 
18S rRNA 

Fig. 3.10 Gel electrophoresis of total RNA extracted at 5-day posttransfection of 

1.3-fold HBV genomes in HuH7 cells. Distinct bands of 28S and 18S rRNA showed 
the integrity of RNA on 1% TAE agarose gel. 

-115 -



C h a p t e r 3 R E S U L T S 

p< 0 01 

2-0x10-®-

1.0x10-®-

pG1 pA1 pG2 pA2 

P < 0 0 1 

0-1-
pG1 pA1 pG2 pA2 

Mutation 

G1613A 

BCP 

M 

G 
+ 

pG1 

A 
+ 

pA1 

G A 

pG2 pA2 

^ (145 bp) 

pgRNA 
(115 bp) 

SEAP 

•--::••.•:--::••:•->".:•••
 

:-:••:--::-•:-":•-::•-:
 

.
-
.
'
s
i
?
 

I
 

t
n
x
j
i
v
)
 

一
 I
 i
 o
a
j
d

 >
g
x
p
i
i
z
 

f
 

I
I
2
I
I
I
Z
 

懸發灘 
‘三:::：：三:f ：纪：:：： 
：-:'-:；:

：
：

：
：

：
：

：
:
：
:；:：:：:' 

;：：>：;>：;>：；>>：：：：： 

※坛敏故:it 
WW*-*，*,-%'.；-'. 

纖総籍 
_ _ _ _ 

-116 -



C h a p t e r 3 R E S U L T S 

Fig. 3.11 Result of primer extension assay showed the effect of G1613A mutation 

on the relative amount of the preC mRNA and pgRNA transcription. Total RNA 

was extracted at 5-day posttransfection of 1.3-fold HBV genomes in HuH7. The 

constructs had the same DNA background except for the site of G1613A and BCP 

mutations as indicated in the figure. 10 jag of RNA was used in each primer extension 

reaction. The preC mRNA (145 bp) and pgRNA (115 bp) were successfully amplified 

and revealed on the 8% acrylamide gel. The gel photo is the representative from 4 

independent experiments (A). The relative levels of the preC mRNA and pgRNA 

were normalized to the co-transfected SEAP activity (B). Results were presented as 

the mean values ± S.D. from 4 independent experiments for preC mRNA (C) and 

pgRNA (D). 
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3.6 Overexpression of Candidate Proteins that Bind on the HBV 

Negative Regulatory Element 

By literature search, there are 2 protein candidates that have been reported to 

bind on the NRE on the HBV core promoter. They are the Negative Regulatory 

Element Binding Protein (NREBP) (Sun et al., 2001; Lo and Ting, 1994) and the 

regulatory factor X I (RFX1) (Buckwold et al., 1997). The full-length NREBP cDNA 

is about 8 kb long and the predicted protein size is 262kDa, which is too large and not 

easily cloned. Therefore, only the DNA-binding domain of NREBP (BP 15) had been 

cloned in our study. 

3.6.1 Overexpression of myc-tagged BP15 and RFX1 proteins 

The DNA-binding domain of NREBP (BP 15) (nt. 3939-5639) was cloned into 

pCMV-myc vector with an N-terminal myc-tag, and the RFX1 protein expression 

construct with a C-terminal myc-tag was purchased from Origene (www.origene.com) 

(Cat no. RC207872). These two constructs were named pCMV-BP15 and pCMV-

RFX1 respectively in our study. They were transiently transfected into human 
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hepatoma HuH7 cells for overexpression and examined by western blot using mouse 

monoclonal anti-myc antibody (Santa Cruz). Fig. 3.12A showed these proteins were 

overexpressed after transient transfection. The /3 -actin was the loading control of 

proteins (Fig. 3.12B). 
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Fig. 3.12 Western blot showing the overexpression of myc-tagged BP15 (A) and 

RFX1 proteins and ^ -actin (B) at 2-day of transient transfection in HuH7 cells. 

10 jiig of protein was used in each lane. Primary antibody of mouse anti-myc (1:1000 

in 3% BSA in TBST) was added and incubated at 4°C overnight. After washing with 

TBST, secondary antibody of goat polyclonal anti-mouse conjugated with HRP was 

added (1:5000) at room temperature for 1 hour followed by washing with TBST and 

film exposure. Myc-tageged BP15 was successfully expressed as 63kDa, while myc-

tagged RFX1 was a protein of 130kDa. The house keeping gene, /3 -actin of 42 kDa, 

was examined as the internal loading control. 
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3.6.2 Differential expression of endogenous NREBP in HCC tissues and non-

tumorous counterparts 

In order to investigate the involvement of NREBP in HBV-related 

HCC, we obtained cDNA of 16 samples of HCC tissues and their neighboring 

non-tumorous counterparts to examinate the endogenous NREBP expression. 

The cDNA of the tissues were provided by Prof. Winnie Yeo in Prince of 

Wales Hospital. The clinical background of the samples is listed in Table 3.5. 

A l l of the samples are HBV-positive. The transcriptional level of the 

endogenous NREBP in HCC tissues and their non-tumorous counterparts 

were examined by real-time quantitative PCR. Among the 16 pairs of samples, 

11 of them (68.8%) showed significant higher transcription level of NREBP 

in the non-tumorous counterparts for more than 2 folds, when compared to 

their tumor counterparts (Fig. 3.13). In addition, when the samples were 

grouped according to the presence of hepatitis and cirrhosis, the average fold 

change of NREBP in samples of hepatitis group (4.48 folds) was higher than 

that of cirrhosis group (2.49 folds). 
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Tissue No. Age Sex Diagnosis Liver status AFP level HBV 

360 45 F HCC c 32 p 

370 43 M HCC c 48 p 

381 59 M HCC c 121 p 

382 58 M HCC c 8 p 

383 43 M HCC c 7720 p 

389 62 M HCC c 2 p 

414 72 F HCC c 35 p 

426 45 M HCC c 116600 p 

368 39 M HCC h 2 p 

385 52 M HCC h 4 p 

412 27 M HCC h 380 p 

418 59 M HCC h 480 p 

420 59 M HCC h 4300 p 

422 53 M HCC h 610 p 

425 38 M HCC h 14200 p 

427 53 M HCC h 3 p 

HCC: hepatocellular carcinoma; Liver status: c= cirrhosis; h= hepatitis only, 

no cirrhosis; AFP: a-fetoprotein; HBV: p= positive; n= negative 

Table 3.5 Table showing the clinical background of 16 HCC patients. 
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Endogenous NREBP Expression in Non-tumorous Counterparts 
in HCC Patients 

m Cirrhosis 
• • Hepatitis 

*P< .05 
(above 2 folds) 

360 370 381 382 383 389 414 426 368 385 412 418 420 422 425 427 
Tissue Number 

6.29 2.67 1.03 2.75 2.20 3.57 0.55 0.90 2.88 7.38 11.24 0.67 6.50 0.28 3.74 3.16 

Average = 2.49 (± 1.86) Average = 4.48 (土 3.69) 

Fig. 3.13 The level of endogenous NREBP mRNA in non-tumorous counterparts 

relative to the HCC counterparts in 18 HCC liver samples. 11 out of 16 pairs of 

samples showed more than 2-folds of NREBP mRNA level in non-tumorous 

counterparts when compared to that in their HCC counterparts. Results were 

normalized to the housekeeping control, glyceraldehyde -3- phosphate dehydrogenase 

(GAPDH), mRNA level, and presented as relative fold change to the tumor 

counterparts (mean 士 S. D.) in triplicates. 
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3.6.3 Co-transfection of protein-expression plasmids and HBV core promoters 

3.6.3.1 BP15 overexpression and core promoter activity 

To investigate whether the BP 15 protein could exert its effect on the HBV core 

promoter and its A1613-mutant, the pCMV-BP15 construct was transiently co-

transfected with pGL3-core promoters in HuH7 cells and examined by luciferase 

assay at 2-day posttransfection. As shown in Fig 3.14, the overexpression of BP15 

protein slightly decreased the HBV core promoter activities by about 20%, in wild-

type (G1613) and mutant (A1613) core promoter constructs respectively. The pGL3-

Basic and HBV preSl promoters served as controls. There was a slight decrease in 

the preSl promoter activities by 20% in wild-type (T2712) and mutant (C2712) 

respectively, after the transient overexpression of the BP 15 protein. This indicated 

that the overexpressed BP 15 protein has no specific effect on the HBV core promoter 

activity. This may be due the BP 15 protein is not the full-length functional protein 

NREBP. Therefore the specific effect of the DNA-binding domain BP 15 on core 

promoter could not be revealed in this assay. 
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HBV Promoters and Mutants 

BP15 Overexpression and Co-transfection with HBV Core Promoter 

Fig. 3.14 The relative luciferase activity of the HBV promoters after the 

transient overexpression of BP15 protein at 2-day posttransfection in HuH7 cells. 

0.1 jig of each pCMV-BP15 plasmid and pGL3-promoter plasmid and 0.001 \ig of 

pCMV-PRL were transfected. The overexpression of BP 15 caused a slight decrease 

in HBV core and preSl promoter activities, in wild-type and mutant. Results were 

presented as relative luciferase activity in 3 independent experiments with triplicates 

(mean 士 S. D.) after normalizing to the co-transfected Renilla luciferase activities. CP: 

HBV Core promoter; PreS 1: HBV preS 1 promoter. 
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3.6.3.2 RFX1 overexpression and core promoter activity 

Similarly, to investigate whether the RFX1 protein could exert its effect on the 

HBV core promoter and its A1613-mutant, the pCMV-RFXl construct was 

transiently co-transfected with pGL3-core promoters in HuH7 cells and examined by 

luciferase assay at 2-day posttransfection. Result showed that the overexpression of 

RFX1 protein drastically enhanced the HBV G1613 wild-type core promoter activity, 

by 2.7 folds and further increased the A1613 mutated core promoter by 1.8 folds (Fig. 

3.15). In contrast, the activities of the controls, the pGL3-Basic and HBV preSl 

promoters, did not show any significant change after the RFX1 protein expression. 

This indicated that the RFX1 protein could act on the core promoter specifically and 

induced its activity. 
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RFX1 Overexpression and Co-transfection with HBV Core Promoter 

• ‘ — j ~ — I ~ — i I — I 
pGL3-Basic G1613/CP A1613/CP T2712/PreS1 C2712/PreS1 

HBV Promoters and Mutants 

Fig. 3.15 The relative luciferase activity of the HBV promoters after the 

transient overexpression of RFX1 protein at 2-day posttransfection in HuH7 

cells. 0.1 jug of each pCMV-RFXl plasmid and pGL3-promoter plasmid and 0.001 

(ig of pCMV-PRL were transfected. The overexpression of RFX1 caused a significant 

increase in HBV core promoters in wild-type (G1613) and mutant (A 1613) 

respectively. The control preSl promoters did not response to the RFX1 

overexpression. Results were presented as relative luciferase activity in 3 independent 

experiments with triplicates (mean 士 S. D.) after normalizing to the co-transfected 

Renilla luciferase activities. CP: HBV Core promoter; PreSl: HBV preSl promoter. 
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3.7 Electromobility Shift Assay 

3.7.1 Endogenous proteins bind to wild-type and mutant NRE probes 

To investigate i f there are any endogenous proteins bind to the NRE region, 

Electromobility Shift Assay (EMSA) using HuH7 nuclear extract and 32P end-labeled 

NRE wild-type and A1613 mutant probe were examined. The non-specific oligo (NS) 

was used as a control. Fig. 3.16 showed two protein complexes (named CI and C2) in 

HuH7 nuclear extract that can shift the labeled probes, but not the NS control. 

Besides, the wild-type probe seemed to bind to CI at a higher affinity when 

compared to the mutant probes. The cytosolic fraction served as a protein control in 

the assay and it did not cause any specific band shift in the binding neither with NRE 

oligo nor the NS control. 

Fig. 3.17 showed the intensity of the band shifted was directly proportional to 

the amount of nuclear extract used in the binding reaction. Similar to the result shown 

in Fig. 3.16, CI seemed to have differential binding ability between the wild-type and 

mutant NRE probes and bound to the wild-type probes with a stronger affinity. In 
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contrast, C2 seems to preferentially bind to the mutant probes more strongly than the 

wild-type probe. Moreover, to further investigate the difference in the binding ability 

between the wild-type and mutant probes in CI and C2, unlabeled wild-type and 

mutant oligos in increasing concentrations were used to compete with the labeled 

probes. As shown in Fig. 3.18, the band caused by CI was totally disappeared by 

adding 250X unlabeled wild-type oligos. In contrast, the band could not be competed 

when using 25OX of the unlabeled mutant oligo. This indicated the CI protein bound 

to wild-type probe with higher affinity than that to the mutant probe. On the other 

hand, the band caused by C2 was easily displaced by adding small amount of 

unlabeled competitors (e.g 10X). Furthermore, the addition of NS competitor could 

not abolish the bands contributed by CI and C2, which reveals the binding in CI and 

C2 to the NRE are specific. 
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Fig. 3.16 Binding of HuH7 nuclear and cytosolic fractions to the wild-type and 

mutant NRE oligos. 5-10 (Ag of HuH7 nuclear extracts were used to bind to the 

G1613 wild-type and A1613 mutant NRE probe. Result showed there are two 

specific protein complexes (CI and C2) bound to the NRE probes, with different 

binding ability between the wild-type and mutant NRE probes. The cytosolic fraction 

and non-specific probe controls (NS) showed no specific band shift in the gel. No 

protein was added in the free probe controls and also no band shift was observed. NE: 

Nuclear Extract; Cyto: cytosolic fraction; WT: Wild-type probe; Mu: Mutant probe; 

NS: Non-specific probe; CI : Protein complex I; C2: Protein complex II; *: non-

specific band. 
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Fig. 3.17 Figure showing the titration of the HuH7 nuclear extract and binding 

to the wild-type and mutant NRE probes. 10-20 pg of protein were used to bind 

with G1613 wild-type, A1613 mutant and non-specific probes as indicated in the 

figure. As the amount of protein increased, the band intensity for the protein complex 

CI and C2 increased proportionally. CI has a stronger binding ability to the wild-type 

probe than that to the mutant probe, while C2 bound to the mutant probe stronger 

than the wild-type probe. No protein was added in the free probe controls and no 

band shift was observed. NE: Nuclear Extract; WT: Wild-type probe; Mu: Mutant 

probe; NS: Non-specific probe; CI : Protein complex I; C2: Protein complex II; *: 

non-specific band. 
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Fig. 3.18 The competition binding using unlabeled wild-type and mutant NRE 

oligos. 10 (j,g of HuH7 nuclear extract was used in each lane. Increasing 

concentration of the cold wild-type and mutant oligonucleotides were added to 

compete the specific binding between the probes and proteins. As the concentration 

of the unlabeled wild-type and mutant oligos increased, the band intensity of CI and 

C2 decreased. The band of CI was totally displaced under 250X of unlabeled wild-

type but not the mutant oligo indicating CI had higher affinity towards the wild-type 

oligonucleotides. In contrast, the band of C2 was easily competed by adding low 

concentration of unlabeled competitors indicating C2 had higher affinity towards the 

mutant oligonucleotide. NE: Nuclear Extract; WT: Wild-type probe; Mu: Mutant 

probe; NS: Non-specific probe; CI : Protein complex I; C2: Protein complex II; *: 

non-specific band. 
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3.7.2 In vitro transcribed/translated RFX1 and NRE oligo binding 

The identities of proteins in C1 and C2 are unknown. By literature search, 

NREBP and RFX1 are the proteins likely to bind on the NRE region on core 

promoter. As the size of the NREBP is too large，in vitro translation of this protein is 

not feasible. Therefore, we have cloned the RFX1 coding sequence into another 

protein expression vector (pCMV-TNT) and expressed the protein using an in vitro 

protein synthesis system (Promega). Fig. 3.19 showed the RFX1 was successfully 

transcribed and translated in vitro using radioactive S methionine. The smear of the 

bands may due to protein degradation or partially translated product for a large size of 

protein (apparent size is 130 kDa). The protein lysate obtained by using non-

radioactive methionine in the same protocol was used in gel shift experiment. As 

shown in Fig. 3.20, the expressed RFX1 protein shifted the wild-type and mutant 

NRE probes to a position correspond to C2. This suggested that RFX1 may be one of 

the endogenous proteins in HuH7 that can bind to the NRE region on the HBV core 

promoter. Moreover, under the same amount of protein loading, the mutant NRE 

probe had a stronger binding ability to the RFX1, indicated by stronger band intensity. 

Besides, there was no protein shifted in the NS control, indicated the protein complex 

was specific to the NRE probes. 
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Fig. 3.19 In vitro expression of RFX1 using radioactive 35S methionine. 1-5 ̂ ig of 
RFX1 -expression construct was used for each reaction. The in vitro synthesized 

RFX1 protein was revealed using 10% SDS-PAGE and the signals were detected by 

autoradiography for 2 days. RFX1 of apparent size of 130 kDa was successfully 

expressed. The smear observed may be due to the degradation of proteins of large 

size. No band was shown in the empty vector control. The 62 kDa protein in the 

control correspond to the luciferase protein expressed from a control plasmid 

provided by the kit. 
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Free 10 pg NE RFX1 Control 

Fig. 3.20 Gel shift assay using in vitro translated RFX1 protein binding to wild-

type and mutant NRE probes. 10 |iig of HuH7 nuclear extract and 3 fil of in vitro 

synthesized RFX1 or control proteins were used in the binding. It showed the in vitro 

expressed RFX1 protein caused the shifting of the probes to a position correspond to 

C2. Besides, the RFX1 protein had a higher binding affinity to the mutant probe than 

the wild-type probe for a band of higher intensity, which was also observed in C2. 

RFX1 maybe one of the candidate protein that binds to the NRE region in HBV core 

promoter. NE: HuH7 Nuclear Extract; WT: Wild-type probe; Mu: Mutant probe; NS: 

Non-specific probe; CI : Protein complex I; C2: Protein complex II; *: non-specific 

band; Control: in vitro transcribed luciferase protein from the kit. 
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Chapter 4 DISCUSSIONS 

4.1 The C1165T and T2712C Mutations do not Affect the 

Promoter Activity 

In the beginning of our study, we aimed to investigate the individual effect of the 

HCC-related hot spot mutations in HBV promoters, which has been identified in 

our previous study (Sung et al., 2008). Among the 3 mutations in our study, the 

C1165T mutation on X promoter and T2712C mutation on PreSl promoter did not 

confer aay change on their respective promoter activity. Despite of that, their 

potential effects on the overlapped HBV genes cannot be neglected. Because the 

ORFs in the genome of HBV is partially overlapping. Any single mutation on the 

genome may affect more than one gene/promoter depends on the position of the 

mutation. 
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The nucleotide 1165 is located on the X promoter overlapped to the enhancer 

I region, but it is also situated at the RNaseH domain of the polymerase gene. It 

caused an amino acid change from serine to proline at residue 2 of the polymerase. 

According to Lai and Locarnini (2002), the RNaseH domain is responsible for the 

degradation of RNA template after the minus-strand DNA synthesis during viral 

replication. However, this step is not critical when compared to the priming step 

and the reverse transcription in the life cycle of HBV. Until now, there is no report 

on mutations on RNaseH that can significantly alter the viral replication. In this 

regards, the potential effect of this mutation on the virus still needs further 

investigation. 

For nucleotide 2712, it is not only located at PreSl promoter, but also located 

at the polymerase gene of HBV. The T2712C mutation could lead to an amino 

acid change from tyrosine to histidine at residue 136, which is located at the 

terminal protein (TP) domain of the viral polymerase (tpY136T). The TP domain 
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mainly involves in the priming step during the initiation of minus-strand DNA 

synthesis from pgRNA (Lai and Locarnini, 2002). It was achieved by the 

formation of a phosphodiester bond between the tyrosine residue 63 and the first 

nucleotide of the minus-strand DNA (Lanford et a!., 1997). Therefore, the effect 

of the tpY136T on viral polymerase, especially on the priming step and viral 

replication capacity should not be overlooked. 
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4.2 Prevalence of G1613A Mutation in HCC and HBV Genotypes 

There are some studies showed that the G1613A mutation was commonly 

found in HCC patients (Cheng et al, 2006; Shinkai et al., 2007; Takahashi et al., 

1998). However, the effect of the G1613A mutation on the virus has not been 

studied before. Our study demonstrated that, in genotype B and C, the prevalence 

of G1613A mutation increased in HBV-related HCC when compared to HBV 

carriers a case-control study. Moreover, the mutation was significantly associated 

to HCC in HBV subgenotype Cs. In correlation to the core promoter activity, we 

have demonstrated that the G1613A mutation can up-regulate the HBV core 

promoter activity in different genetic background including genotype B and C. In 

general, the induction in genotype C was stronger than that in genotype B. The 

result suggested that the effect of G1613A mutation could be genotype-dependent. 

Besides, despite of the mutation was not found associated to subgenotype Ce in 

our study, the induction of promoter activity was the highest. There are 2 possible 

reasons for this discrepancy. First, the sample size in subgenotype Ce was very 
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small (N=10). The statistics would be less reliable in dealing with small sample 

size. Moreover, subgenotype Cs and Ce share great similarity in their genome 

sequences. By the definition of genotyping, their genome sequences only differ to 

each other by 4-8%. Therefore, it is predictable that the mutation may have similar 

effect on the core promoter activity in subgenotypes Cs and Ce, In contrast, the 

genome sequence of genotype B differs from that of genotype C by at least 8%. 

This is likely to be the reason why the promoter activities were induced differently 

by the same mutation. Second, the template in the promoter study was selected 

from one individual in each genotype only. The relative promoter activities maybe 

sample-specific. Nevertheless, our study provided a good model to elucidate the 

relationship between the G1613 A mutation and HBV genotypes/subgenotypes. 

Besides，many reports showed that HBV carriers infected with different HBV 

genotypes/subgenotypes differs in clinical manifestations. Genotype C is 

associated with more aggressive liver disease, increased viral load and higher risk 
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to HCC when compared to genotype B (Kao et al, 2000; Sumi et aL, 2003). 

However, the reasons remain poorly understood. Involvement of c-myc-regulated 

genes in HCC related to HBV genotype C (Iizuka et al., 2006) may be one of the 

possible mechanisms leading to the genotypic response of the virus. In conclusion, 

our results suggested that studying the G1613A mutation on core promoter could 

help understand the genotypic effect of the virus. 

- 1 4 1 -



Chapter 4 DISCUSSIONS 

4.3 Relationship Between G1613A Mutation and High Viral Load 

Serum viral load is not only affected by viral factors, such as mutations on 

the viral genome, but also by host factors such as age, administration of antiviral 

drugs and immune response. Generally, the viral load is higher in HBeAg positive 

patients (Xie et al, 2003). Persistent elevation of a serum HBV DNA level in the 

A 7 
10 -10 range increases the risk of HCC (Liu et al., 2008). Most recently, a study 

reported that high HBV viral load (more than 6 log copies/ml) is associated with 

HCC in both univariate and multivariate analysis (Wong et al, 2010). In this study, 

we showed that the G1613A mutation was associated with a serum viral load of 

more than 6 log copies/ml in female carriers. The reason for the discrepancy 

between sexes is still not clear. This may be because the study was a univariate 

analysis. More clinical information is required for a multivariate analysis to be 

carried out. 
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In addition, using the in vitro full-length HBV genome study, we consistently 

demonstrated that the G1613A mutation significantly increased the extracellular 

HBV DNA level. This implied that the mutation enhanced the viral replication. In 

general, there are a few possible ways for the increase in the viral DNA: (i) 

increase the production of core protein; (ii) enhance the pgRNA encapsidation and 

(iii) enhance the virion packaging and secretion. Up to now, there are several core 

promoter mutations that have been identified to alter viral protein production or 

replication efficiency by creating additional transcription factor (HNF-K HNF-3, 

HNF-4 and C/EBP) binding sites (Gunther et al, 1996; Pult et al., 1997; Zheng et 

al., 2004). In our study we have demonstrated that the G1613A mutation on the 

NRE on HBV could play a role on changing the binding affinity of some 

endogenous nuclear proteins to the NRE region. Moreover, despite further 

investigations are needed, our result suggested that RFX1 protein could be one of 

those. 

- 1 4 3 -



Chapter 4 DISCUSSIONS 

4.4 The G1613A Mutation Suppressed HBeAg Secretion through 

downregulating the preC mRNA transcription 

HBeAg is known as an indicator of HBV infectivity and active virus 

replication in HBsAg-positive individuals (Cappel et al” 1977, Nordenfelt et al, 

1975). It serves as an immunomodulatory protein to buffer the anti-core protein 

immune response in early viral infection. Once the host develops an anti-HBe 

immune response, seroconversion from HBeAg to anti-HBe usually occurs to 

prevent the destruction of HBV-infected hepatocytes through membrane-bound 

HBeAg. Therefore, as a result of selection pressure, viral variants with less or 

none HBeAg expression are thereby favoured for the viral survival (Parekh et al., 

2003; Tacke et al.，2004). There has been considerable work on the possibility that 

some o f the more rapidly progressing HBV infections result from exposure to 

HBeAg-negative mutants. It is also hypothesized that HBeAg functions to 

suppress cell-mediated immunity to the virus core protein by depleting the 

respective Th l helper cells involved in stimulation of the core protein specific 
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CTL response. However, it fails to explain how viruses lacking the capacity to 

produce HBeAg often replace wild-type viruses, as an infection evolves. 

Nonetheless, in the absence of experimental models to compare the intrinsic 

pathogenicity of the wild-type and mutant HBV strains, this issue is likely to 

remain unresolved. 

The precore protein is a precursor protein of HBeAg, and it has been reported 

to inhibit viral replication in vivo in transgenic mice (Guidotti et al, 1996). Our 

study demonstrated that the G1613A mutation is likely to favor for the viral 

production by diminishing the HBeAg secretion. And we revealed that the 

G1613A mutation suppressed HBeAg production on the transcription level of 

preC mRNA (Fig. 3.11C). The pgRNA is the template of viral DNA synthesis. 

Although we demonstrated that the G1613A mutation enhanced. HBV DNA 

production (Fig. 3.9B), our result showed that the levels of pgRNA in the A1613 

mutants were decreased. This reflected that there are some other factors played a 
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role on regulating the viral DNA production. In fact, HBV replication is a highly 

regulated process that involves a few critical steps, such as the encapsidation of 

the pgRNA into nucleocapsids, which requires a defined capsid environment and 

specific interaction between the encapsidated pgRNA and core particles. Also, 

functional viral polymerase and some heat-shock proteins are needed to be 

packaged together with the pgRNA in order for the reverse transcription of the 

pgRNA to viral DNA take place. Baumert et al, demostrated that the increase in 

pgRNA encapsidation and viral replication was largely independent of the level of 

pregenomic RNA transcription (Baumert et al., 1998). In addition, some studies 

showed that the precore protein is inhibitory to viral replication in vitro and in 

vivo (Lambert, 1993; Scaglioni et al., 1997 Guidotti et al., 1996)，and precore 

protein was shown to suppress HBV virus production at the encapsidation step 

(Guidotti et al., 1996; Lamberts et al., 1993, Buckwold et aL，1996). In this 

regards, it seems that the level of precore protein is a more critical factor in 

regulating the HBV replication when compared to the level o f pgRNA 
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transcription. Taken together, our study indicated that G1613A mutation on the 

core promoter enhanced HBV replication and suppressed HBeAg secretion by 

down-regulating the preC mRNA transcription in the cells. 

In contrast to HBeAg, we did not find any correlation of the HBsAg level to 

the G1613A mutation. HBsAg is an indicator of chronic viral hepatitis. It is a viral 

envelope protein on the surface of HBV. Therefore, it is expected that it wi l l 

accompany increase in viral load. However, a correlation between the serum level 

of HBsAg and the HBV DNA level has not been found so far. In a few studies, 

the HBV DNA level was found to be higher in patients with a higher HBsAg 

serum level (Deguchi et al” 2004, Lei et al., 2006). However, there were patients 

with high HBV DNA level who tested negative for HBsAg (Mendenhall et al., 

1991; Pares et al., 1990; Sawada et al, 1993). In fact, the HBsAg are not only 

incorporated into virion envelopes but also appear as subviral particles without the 

component of core capsid and viral DNA secreted from the infected cells. These 
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subviral particles are usually highly overexpressed relative to virions. It is 

assumed that the massive HBsAg overproduction influences the host's immune 

system in a way that is advantageous for the vims. 
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4.5 Independent Effect of G1613A and BCP Mutation 

ince the effect of the BCP mutation has been extensively characterized. It 

was included as the control in the luciferase assay. The effects of G1613A and 

BCP mutation are antagonistic. In Fig. 3.6，G1613A enhanced the promoter 

activity in regardless to the presence of the BCP mutation. In addition, the 

promoter activity of pC2 is higher than pC3, showing that the effect of G1613A 

counteracts the effect of BCP mutation, and could even further increases the 

promoter activity. This indicates that the G1613A mutation alters the core 

promoter activity through a way independent to that of the BCP mutation. 

The BCP mutation has been extensively reported to decrease the HBeAg 

secretion and increase viral replication (Buckwold et al, 1996; Parekh et al., 2003; 

Tacke et al., 2004). In our study, we demonstrated that the BCP mutation only 

caused a slight change in the core promoter activity (Fig. 3.6) together with an 

insignificant change in the HBeAg production (Fig. 3.8B) in subgenotype Cs. 
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These results are contradictory to the other studies. This is possibly caused by the 

use of HBV genome of different genotype background. In Fig. 3.6 when 

comparing pC l and pC3, the decrease of promoter activity attributed by BCP 

mutation was retained in HBV subgenotype Cs. But surprisingly, this decrease is 

smaller than that we have obtained earlier using clones of genotype A (Fig. 3.3), 

wi th only 16.5%. Similar result was obtained when comparing pC2 and pC4. 

In fact, the BCP mutation is highly prevalent in genotype C，indicating the 

BCP mutation is commonly found in both chronic carriers and HCC patients. This 

is also observed in our patient database. Dong et al. showed that the BCP mutation 

decreased the core promoter activity by about 50% in genotype B (Dong et al., 

2008). In contrast, Jammeh et al. (2008) showed the BCP mutation had no 

significant effect on the replication capacity of the virus in genotype C, which the 

result coincides with ours that the BCP mutation did not show significant effect on 

the intracellular and extracellular level of HBV DNA in the background of 
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subgenotype Cs. It suggested the BCP mutation could also exert its effect on HBV 

in genotype-dependent manner. This would be an interesting topic for 

investigation as the BCP mutation is commonly found in HBV-related HCC 

patients. 
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4.6 G1613A Mutation in Negative Regulatory Element of Core 

Promoter 

4.6.1 G1613A is the only hotspot in NRE 

We demonstrated the drastic effect of the G1613A mutation on enhancing the 

HBV core promoter activity. The effect was reversed when the nucleotide was 

back mutated from A to G. The core promoter can be divided into BCP and the 

CURS (Kramvis and Kew, 1999). CURS is a cis-acting element upstream of BCP 

and known to activate BCP in an orientation- and position-dependent manner 

(Yuh et a/.， 1992; Guo et al., 1993). Its stimulatory effect can be partially 

abolished by a regulatory sequence further upstream, known as negative 

regulatory element (NRE) (nt. 1613-1636). The NRE can repress the activity of 

CURS region of core promoter and enhancer I I by 10-20 folds (Lo and Ting, 1994; 

Chen and Ou, 1995). The G1613 A mutation is located at this region. 
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The NRE sequence from nucleotide 1604 to 1610 is not required for its 

negative regulatory function (Lo and Ting, 1994). A number of studies showed 

that mutations in region within nt. 1611-1619 destroyed most of the NRE activity 

and increased the core promoter activity (Chen and Ou, 1995; Gerlach et al., 1992; 

Lo and Ting, 1994; Park et al, 1997; Sun et al, 2001). However, all these studies 

have not investigated the specific effects of the G-to-A mutation at nt. 1613. 

Moreover, in an alignment analysis of a total of 803 sequences of HBV full length 

genome obtained from NCBI database (Table 3.1)，the G-to-A mutation at the 

nucleotide 1613 is the only hot spot for mutation within the NRE region (nt. 

1611-1619). Here, we are the first group to demonstrate that a single mutation in 

the NRE can modulate the characteristics of the HBV. 
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4.6.2 The negative regulatory element binding protein (NREBP) 

and HBV core promoter 

A protein that binds to the NRE called NREBP has been characterized (Sun 

et al, 2001). NREBP mRNA is 8,266 nucleotides in size and encodes a protein of 

2386 amino acids (262 kDa). It is expressed in all tissues including liver and has 

shown to be localized in the nucleus in HuH7 cells (Sun et al, 2001). Sun et al. 

(2001) also demonstrated that transient overexpression of a N-terminally 

truncated NREBP strongly repressed the HBV core promoter activity in the 

presence of NRE, resulting in the inhibition of the transcription of HBV genes and 

the production of HBV virions. Moreover, they showed that the middle portion of 

NREBP, called BP15 (amino acid 1298-1236), was the DNA binding fragment 

and can interact with wild-type NRE sequence (nt. 1611-1634) specifically but not 

with mutant NRE (contained mutations from n t 1611-1619) by southwestern 

analysis. In regard to this, we have cloned the BP 15 fragment and investigate its 

effect on HBV core promoter. 
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On the other hand, the consensus sequence for BP 15 binding is 

AG(G/T)AN(C/G)(A/G)CC (Sun et al, 2001). As shown in Fig. 4.1, this 

sequence perfectly matches with the NRE sequence in the HBV genome 

(GAGACCACC), in which the underlined nucleotide is corresponded to the 

nucleotide 1613 in our study. Although there are studies showed the NREBP can 

bind to the wild-type but not randomly mutated NRE sequence, the single 

mutation at nucleotide 1613 has not been tested before. We speculated that the 

G1613A mutation on the NRE sequence could weaken the binding of NREBP to 

the core promoter, which leads to the increase in the promoter activity. 

However, as shown in Fig. 3.14, overexpression of BP 15 could only cause a 

mild repression of the co-transfected core promoter, and the effect was not 

specific to core promoter. The possible reason would be the BP 15 is the 

DNA-binding domain but it does not contain the activity domain that responsible 

for the function of the protein. Despite of this, the gel shift experiment revealed 
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that an endogenous protein of a smaller size form a protein complex (CI). We 

demonstrated that this complex would bind to wild-type NRE probe in a manner 

stronger than the mutant NRE, which contains the G1613A mutation, by 

competition experiment. Although the BP 15 is not the full-length form of NREBP, 

it is naturally occurring inside hepatoma cells as it was initially isolated and 

identified by cDNA expression cloning using concatamers of NRE probe (Sun et 

al., 2001). Furthermore, Fig. 4.1 showed that the G1613A mutation is located at 

the consensus BP 15 binding site to the NRE region. Taken together, we cannot 

rule out the possibility that the protein in C I complex contains the endogenous 

BP 15 protein. However, at present the antibody against BP 15 is not available, 

therefore the identity of the CI protein complex remains to be identified. 

In addition, we showed that the endogenous NREBP mRNA transcription 

level in tumor counterparts was lower than that in non-tumor counterparts in 

clinical samples. This suggested the possibility that the lower expression level of 

NREBP in tumor enhances the activity of HBV core promoter in HCC patients. 
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4.6.3 RFX1 increases the HBV core promoter activity possibly 

via the binding to NRE 

The NRE contains three subregions which act synergistically to suppress 

core promoter activity. One of these subregions, called NREy (nt 1605-1625), is 

active in HuH7 cells. In contrast to NREBP，RFX1 is reported to be the 

transcription activator which binds to the NREy on the core promoter (Buckwold 

et aL, 1997), The consensus RFX1 binding sequence has extensive homology to 

the sequence of NREy, from nt. 1605 to 1617 (Reinhold et al, 1995，Buckwold et 

a!., 1997). As shown on Fig. 4.1, the G1613A mutation on the NREy site further 

matches the consensus RFX1 binding sequence. In addition, overexpression of 

RFX1 can activate the transcription in an NREy-dependent manner (Chen and Ou, 

1995). Taken together, we speculated that G1613A could enhance the binding of 

RFX1 and hence core promoter activity. 

RFX1 is approximately 130 kDa in size. It was found to be the 

methylation-dependent DNA binding protein (MDBP) (Zhang et al, 1993). Our 
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study showed that RFX1 overexpression could significantly enhance the HBV 

core promoter activity by 2-3 folds in wild-type and mutant (Fig. 3.15). This is 

consistent to a study demonstrating that the presence of NREy can lower the core 

promoter activity by 2-3 folds in HuH7 cells (Chen and Ou，1995). Moreover, we 

showed that the in vitro expressed RFX1 could shift the labeled NRE probes to the 

same position as that of the C2 complex in the gel shift experiment using the 

HuH7 nuclear extract (Fig. 3.20). A previous study had demonstrated that RFX1 

synthesized in vitro could bind to the NREy probe but not to the mutated NREy 

probe (Buckwold et al., 1997). Here we showed that RFX1 could bind to the 

mutant NRE probe at a higher affinity when compared to the wild-type, revealing 

that the G1613A mutation on NRE could favor the binding to RFX1. Together 

with the result of luciferase assay, it is possible that RFX1 could be the 

endogenous protein which can bind to the NRE regions, and enhanced the core 

promoter with G1613A mutation. However, since we do not have an antibody 

against RFX1, the identity of the protein complexes remains to be elucidated. 
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In addition, it has been proposed that RFX1 can form a heterodimer with the 

myc intron-binding protein (MIBP1) and possesses a gene-suppressive activity 

(Reinhold et al, 1995). Therefore, it is hypothesized that RFX1 functions as a 

positive regulator of the core promoter, and converted into a negative binding 

regulator when binds to MIBP1 to suppress core promoter through the NREy site. 

This is suggested that the dual activity of RFX1 could be important for differential 

regulation of HBV gene expression during the viral life cycle (Buckwold et al, 

1997; Reinhold et al, 1995). 
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Fig. 4.1 Schematic diagram showing the consensus binding sequence of RFX1 

and BP15 and the similarity to the NREy site (nt. 1605-1625). The 1613 

position on the NREy site is indicated as the red ‘G’. The A1613 NRE sequence 

perfectly matches the consensus binding sequence of RFX1, while the G1613 

wildtype NRE sequence matches to the BP 15 binding sequence. 

Sun et ai., 
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4.7 Other Possible Effects of the G1613A Mutation on HBV 

4.7.1 Effect on HBV core protein synthesis 

Despite the effect o f G1613A mutation on viral DNA, HBeAg and HBsAg 

that has been demonstrated, our attempts to reveal the core protein expression by 

Western blot analysis failed. One of the possible reasons could be the low 

transfection efficiency of the HBV genome in HuH7. Transient transfection of a 

GFP-tagged plasmid into HuH7 cells by the same protocol revealed that the 

transfection efficiency was only about 10-20%. Although it is considered as high 

enough for us to study the HBV replication (Lai and Locarnini, 2008)，the level of 

protein expression may not be adequate for a conventional western blot analysis. 

In the contrary, the method used for quantification of HBeAg and HBsAg levels is 

much more sensitive. Another possible reason is that the primary antibodies used 

in our study were not specific enough to the target protein (HBeAg), although we 

had used more than one antibodies purchased from different companies. 
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4.7.2 Effect on HBV polymerase 

Furthermore, the G1613A mutation is not only positioned on the core 

promoter, but also on the overlapped viral polymerase gene, leading to a amino 

acid change from arginine to lysine (R151K) on the RNaseH domain on the 

polymerase protein. As mentioned before, the RNaseH domain is responsible for 

the degradation of RNA template after the minus-strand DNA synthesis during 

viral replication (Lai and Locarnini et al.，2002). Despite this step is not critical 

when compared to the priming step and the reverse transcription of HBV, we 

could not rule out the potential effect of G1613A mutation on the viral 

polymerase. 
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4.8 In Vitro Model System Used for Studying HBV Replication 

The molecular study of HBV has advanced greatly during the last few 

decades, and results generated from a variety of model systems have deepen our 

understanding of the HBV life cycle. Unlike the other viruses, higher primates, 

such as chimpanzee, are the only animal models for HBV infection. Although in 

vivo models using related hepadnaviruses such as duck hepatitis B virus (DHBV) 

and woodchuck hepatitis virus (WHY) have been developed, the hosts for these 

viruses are distinct from HBV. Therefore, the importance of in vitro models for 

direct study of HBV has been emphasized. In our study, we have adopted an in 

vitro system to study HBV replication and protein production in HuH7 cell lines. 

The advantages of using an in vitro system includes the availability of 

established cell lines and relatively inexpensive of cell culture system. 

Manipulation of cultured cells is easier and allow more experimental throughput 

than whole animals. However, the lack of convenient and reproducible cell culture 
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systems that support HBV infection has been a major impediment to the study of 

HBV. Fortunately, transfection of HBV full-length DNA makes it possible to 

study most aspects of HBV replication in vitro. Transient transfection is 

commonly employed to study HBV gene expression in vitro as it is rapid and 

flexible. A number of HBV mutants could be tested systematically without 

spending a long time to establish stable cell lines with mutant HBV genomes. 

However, transient transfection is lack of reproducibility and has a relatively 

lower level of HBV replication. 

For optimal in vitro expression of HBV, the organization of HBV sequences 

in the transfected DNA construct should be considered. During a natural infection, 

the transcriptional template for HBV is the 3.2 kb cccDNA. The circular nature of 

this DNA allows production of the 3.5 kb pgRNA and preC mRNA. In regard to 

this, recombinant plasmid vectors containing a single unit-length HBV genome 

are thus not replication competent because at least one HBV coding region wi l l be 

-164 -



Chapter 4 DISCUSSIONS 

interrupted. To overcome this, our study used HBV constructs of more than a 

genome length of DNA including the polyadenylation signal located downstream 

of the core promoter. Moreover, in well-differentiated hepatic cell lines such as 

HuH7, natural HBV promoters and enhancers function sufficiently to drive HBV 

transcription. In our study, we aim to investigate the effect of mutations on HBV 

promoter regions. Therefore, foreign promoter sequences such as cytomegalovirus 

(CMV) immediate early promoter could not be used to drive HBV expression 

because this would alter the ratio of HBV transcripts and trigger unknown effects 

on HBV replication. In regard to this, a cloning vector, pUC18, without 

mammalian expression promoter was used in our study. 

HuH7 and HepG2 cells used here is suitable for HBV transfection study 

because they could support the viral replication. Both cell lines have been 

extensively characterized and are considered to be well-differentiated. Neither of 

them contains any integrated HBV DNA and therefore, HBV expression can be 
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attributed solely to transfected DNA. 

Among the methods of transfection available, lipid-based transfection 

reagent, such as FuGENE6, was used in our study. Although the transfection 

efficiency is around 10-30%, it is considered to be high and enough to investigate 

the viral replication. When compared to the method using lentiviral or adenoviral 

vectors, which is of very high efficiency, such vectors have major drawbacks such 

as biosafety considerations, the expression of foreign proteins and toxicity. 
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4.9 Conclusion 

To conclude, mutations C1165T and T2712C did not alter the X and preSl 

promoters respectively. In contrast, by establishing a replication competent in 

vitro system to study HBV, we demonstrated that the G1613A mutation markedly 

decreased the extracellular HBeAg production by downregulating the preC 

mRNA transcription and lead to increased viral production. This was possibly 

through increasing the core promoter activity by regulating the binding of some 

endogenous proteins on the NRE of HBV. The identities of these proteins 

deserved further investigation. Despite of this, NREBP and RFX1 could be one of 

those. In addition, we demonstrated that the differential expression of NREBP in 

HCC and non-tumorous tissues could possibly play a role on HBV-related HCC. 

As a whole，our study was the first to demonstrate a novel single mutation on the 

NRE region could alter the viral replication and protein synthesis. 



4.10 Future Perspectives 
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There are still a few ways through which the mutation G1613A could take 

part to alter the HBV characteristics via the core promoter, including the core 

protein synthesis and viral polymerase. They may also take a role in the viral 

pathogenesis which involves the process of pgRNA encapsidation and DNA 

replication. Together with the other two mutations in this study, the S2P mutation 

on the RNaseH domain (C1165T mutation) and tpY136T mutation on viral 

polymerase (T2712C mutation), these mutations await further investigation so as 

to broaden our understanding the molecular phathogenesis of HBV-related HCC. 
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Appendix 
Alignment of sequences from chronic carriers with the HBV genotype B consensus 
sequence in carriers (B). The sequence from patient number 1939 is most similar to 
the consensus sequence. It was chosen as the template for X promoter (nt. 980-1373). 

N t 9 8 0 1037 
B GGAAAGTATGTCAACGAATTGTGGGTCTTTTGGGGTTTGCCGCCCCTTTCACGCAATG 

1 9 3 9 GGAAAGTATGTCAACGAATTGTGGGTCTTTTGGGGTTTGCCGCCCCTTTCACGCAATG 

N t l 0 3 8 1095 
B TGGATATCCTGCTTTAATGCCTTTATATGCATGTATACAAGCRAAACAGGCTTTTACT 

1 9 3 9 TGGATATCCTGCTTTAATGCCTTTATATGCATGTATACAAGCAAAACAGGCTTTTACT 

N t l 0 9 6 1153 
B TTCTCGCCAACTTACAAGGCCTTTCTRMGTAAMCAGTATCTGAACCTTTACCCCGTTG 

1939 TTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTATCTGAACCTTTACCCCGTTG 

N t l l 5 4 1 2 1 1 
B CTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGTTGGGG 

1939 CTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGTTGGGG 

N t l 2 1 2 1269 
B CTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGTCTCCTCTGCCGATCCAT 

1939 CTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGTCGCCTCTGCCGATCCAT 

N t l 2 7 0 1327 
B ACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGRGCAAAACTCATCG 

1939 ACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGGGCAAAACTCATCG 

N t l 3 2 8 1373 
B GGACTGACAATTCTGTCGTGCTCTCCCGCAAGTATACATCMTTTCC 

1939 GGACTGACAATTCTGTCGTGCTCTCCCGCAAGTATACATCATTTCC 
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Alignment of sequences from HCC patients with the HBV genotype B consensus 
sequence in HCC (BHCC). The sequence from patient number 14 is most similar to 
the consensus sequence. It was chosen as the template for X promoter (nt. 980-1373). 

N t 9 8 0 1037 
BHCC GGAAAGTATGTCAACGAATTGTGGGTCTTTTGGGGTTTGCCGCCCCTTTCACGCAATG 

14 GGAAAGTATGTCAACGAATTGTGGGTCTTTTGGGGTTTGCCGCCCCTTTCACACAATG 

N t l 0 3 8 1095 
BHCC TGGATATCCTGCTTTAATGCCTTTATATGCATGTATACAAGCRAAACAGGCTTTTACT 

14 TGGATATCCTGCTTTAATGCCTTTATATGCATGTATACAAGCGAAACAGGCTTTTACT 

N t l 0 9 6 1153 
BHCC TTCTCGCCAACTTACAAGGCCTTTCTRMGTMAACAGTATCTGAACCTTTACCCCGTTG 

14 TTCTCGCCAACCTACAAGTCCTTTCTAAGTAAACAGTATCTGAACCTTTACCCCGTTG 

N t l l 5 4 1 2 1 1 
BHCC CTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGTTGGGG 

14 CTCGGCAACGGTCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGTTGGGG 

N t l 2 1 2 1269 
BHCC CTTGGCCATAGGCCATCAGCGCATGCGTGGRACCTTTGTGTCTCCTCTGCCGATCCAT 

14 CTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGTCTCCTCTGCCGATCCAT 

N t l 2 7 0 1327 
BHCC ACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCMGGTCTGGGGCRAAACTCATCG 

14 ACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCGAACCTCATCG 

N t l 3 2 8 1373 
BHCC GGACTGACAATTCTGTCGTGCTCTCCCGCAAGTATACATCRTTTCC 

14 GGACTGACAATTCTGTCGTGCTCTCCCGCAAGTATACATCATTCCC 
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Alignment of sequences from chronic carriers with the B control consensus sequence 
in carriers (B). The sequence from patient number 727 is most similar to the 
consensus sequence. It was chosen as the template for preSl promoter (nt. 2706-
2887). * ‘ 

N t 2 7 0 6 2763 
B CCAGAGYATGTAGTTAATCATTACTTCCAGACGMGACATTATTTACACACTCTTTGGA 

727 CCAGAGTATGTAGTTAATCATTACTTCCAGACGCGACATTATTTACACACTCTTTGGA 

N t 2 7 6 4 2 8 2 1 
B AGGCGGGKATCTTATATAAAAGAGAGTCCACACGTAGCGCCTCATTTTGCGGGTCACC 

727 AGGCGGGGATCTTATATAAAAGAGAGTCCACACGTAGCGCCTCATTTTGCGGGTCACC 

N t 2 8 2 2 2879 
B ATATTCTTGGGAACAAGATCTACAGCATGGGAGGTTGGTCTTCCA7\ACCTCGAA7\AGG 

727 ATATTCTTGGGAACAAGATCTACAGCATGGGAGGTTGGTCTTCCAAACCTCGAAAAGG 

N t 2 8 8 0 2887 
B CATGGGGA 

727 CATGGGGA 
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Alignment o f sequences from HCC patients with the HBV genotype B consensus 
sequence in HCC (BHCC). The sequence from patient number 13 is most similar to 
the consensus sequence (H2). It differs with that in patient number 727 in carrier by 
only 1 nucleotide, which is the site of mutation at nt. 2712. 

N t 2 7 0 6 2763 
BHCC CCAGAGYATGTAGTTAATCATTACTTCCAGACGMGACATTATTTACACACTCTTTGGA 

13 CCAGAGCATGTAGTTAATCATTACTTCCAGACGCGACATTATTTACACACTCTTTGGA 

N t 2 7 6 4 2 8 2 1 
BHCC AGGCGGGRATCTTATATAAAAGAGAGTCCACACGTAGCGCCTCATTTTGCGGGTCACC 

13 AGGCGGGGATCTTATATAAAAGAGAGTCCACACGTAGCGCCTCATTTTGCGGGTCACC 

N t 2 8 2 2 2 8 7 9 
BHCC ATATTCTTGGGAACAAGATCTACAGCATGGGAGGTTGGTCTTCCAAACCTCGAA?VAGG 

13 ATATTCTTGGGAACAAGATCTACAGCATGGGAGGTTGGTCTTCCAAACCTCGAAAAGG 

N t 2 8 8 0 2887 
BHCC CATGGGGA 

13 CATGGGGA 
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Alignment of sequences from chronic carriers with the HBV subgenotype Cs 
consensus sequence in carriers (Cs). The sequence from patient number 1644 is most 
similar to the consensus sequence. It was chosen as the template for core promoter (nt. 
1575-1813). ^ 

N t l 5 7 5 
1632 

Cs CCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCGMC 
1644 CCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCGCC 

N t l 6 3 3 1690 
Cs AGGTCTTGCCYAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGCAATGTCAACGAC 

1644 AGGTCTTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGCAATGTCAACGAC 

N t l 6 9 1 1748 
Cs CGACCTTGAGGCATACTTCAAAGACTGTGTATTTAARGACTGGGAGGAGTTGGGGGAG 

1644 CGACCTTGAGGCATACTTCAAAGACTGTGTATTTAAAGACTGGGAGGAGTTGGGGGAG 

N t l 7 4 9 1806 
Cs GAGAYTAGRTTAAWGATCTTTGTACTGGGAGGCTGTAGGCATAAATTGGTCTGTTCAC 

1644 GAGACTAGATTAATGATCTTTGTACTGGGAGGCTGTAGGCATAAATTGGTCTGTTCAC 

N t l 8 0 7 1813 
Cs CAGCACC 

1644 CAGCACC 
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Alignment of sequences from HCC patient with the HBV subgenotype Cs consensus 
sequence in HCC (CsHCC). The sequence from patient number 541 is most similar to 
the consensus sequence. It was chosen as the template for core promoter (nt. 1575-
1813). 

N t l 5 7 5 1632 
CsHCC CCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGARACCACCGTGAACGCCCGCC 

5 4 1 CCGTGTGCACTTCGCTTCACCTCTGCACGTCGCATGGAAACCACCGTGAACGCCCGCC 

N t l 6 3 2 1690 
CsHCC AGGTCTTGCCYAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGCAATGTCAACGAC 

5 4 1 AGGTCTTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGCAATGTCAACGAC 

N t l 6 9 1 1748 
CsHCC CGACCTTGAGGCATACTTCAAAGACTGTGTATTTAARGACTGGGAGGAGTTGGGGGAG 

5 4 1 CGACCTTGAGGCATACTTCAAAGACTGTGTATTTAAAGACTGGGAGGAGTTGGGGGAG 

N t l 7 4 9 1806 
CsHCC GAGAYTAGRTTAATGATCTTTGTACTRGGAGGCTGTAGGCATAAATTGGTCTGTTCAC 

5 4 1 GAGATTAGGTTAATGATCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGTTCAC 

N t l 8 0 7 1813 
CsHCC CAGCACC 

5 4 1 CAGCACC 
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Alignment of core promoter (nt. 1575-1813) sequences from chronic carriers with the 
HBV genotype B consensus sequence in carriers (B). The sequence from patient 
number 1390 is most similar to the consensus sequence. It was chosen as the template 
for core promoter. 

N t l 5 7 5 1588 
B CCGTGT GCACTTCG 
1390 CCGTGT GCACTTCG 

N t l 5 8 9 1638 
B CT TCACCTCTGC ACGTCGCATG GAGACCACCG TGAACGCCCA CGGGAACC 
1390 CT TCACCTCTGC ACGTCGCATG GAGACCACCG TGAACGCCCA CGGGAACC 

N t l 6 3 9 1688 
B TG CCCAAGGTCT TGCATAAGAG GACTCTTGGA CTTTCAGCAA TGTCAACG 
1390 TG CCCAAGGTCT TGCATAAGAG GACTCTTGGA CTTTCAGCAA TGTCAACG 

N t l 6 8 9 1738 
B AC CGACCTTGAG GCATACTTCA AAGACTGTGT GTTTAATGAG TGGGAGGA 
1 3 9 0 AC CGACCTTGAG GCATACTTCA AAGACTGTGT GTTTACTGAG TGGGAGGA 

N t l 7 3 9 1788 
B GT TGGGGGAGGA GGTTAGGTTA AAGGTCTTTG TACTAGGAGG CTGTAGGC 
1390 GT TGGGGGAGGA GATTAGGTTA AAGGTCTTTG TACTAGGAGG CTGTAGGC 

N t l 7 8 9 1813 
B AT AAATTGGTGT GTTCACCAGC ACC 
1390 AT AAATTGGTGT GTTCACCAGC ACC 
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Alignment of core promoter (nt. 1575-1813) sequences from chronic carriers with the 
HBV subgenotype Ce consensus sequence in carriers (Ce). The sequence from patient 
number 343 is most similar to the consensus sequence. It was chosen as the template 
for core promoter. 

N t l 5 7 5 
Ce CCGTGT 
343 CCGTGT 

GCACTTCGCT 
GCACTTCGCT 

TCACCTCTGC 
TCACCTCTGC 

ACGTCGCATG 
ACGTCGCATG 

1624 
GARACCACCG 
GAGACCACCG 

TGAA 
TGAA 

N t l 6 2 5 
Ce CGCCCA 
343 CGCCCA 

CCAGGTCTTG 
CCAGGTCTTG 

CCCAAGGTCT 
CCCAAGGTCT 

TAYATAAGAG 
TACATAAGAG 

167 4 
GACTCTTGGA 
GACTCTTGGA 

CTCY 
CTCT 

N t l 6 7 5 
Ce CAGCAA 
343 CAGCAA 

TGTCAACGAC 
TGTCAACGAC 

CGACCTTGAG 
CGACCTTGAG 

GCATACTTCA 
GCATACTTCA 

1724 
AAGACTGTKT 
AAGACTGTGT 

GTTT 
GTTT 

N t l 7 2 5 
Ce AARGAC 
343 AAAGAC 

TGGGAGGAGT 
TGGGAGGAGT 

TGGGGGAGGA 
TGGGGGAGGA 

GAYTAGGTTA 
GATTAGGTTA 

1774 
AWGATCTTTG 
AAGGTCTTTG 

TACT 
TACT 

N t l 7 7 5 
Ce AGGAGG 
343 AGGAGG 

CTGTAGGCAT 
CTGTAGGCAT 

AAATTGGTCT 
AAATTGGTCT 

1813 
GTTCACCAGC 
GTTCACCAGC 

ACC 
ACC 
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Appendix 
Alignment of 803 HBV NRE sequences (HBV genotype C) from nucleotide 1604 to 
1636 (including the RFX1 binding site (nt. 1605-1617) and NREBP binding site (nt. 
1611-1619). The nt. 1613 is underlined. The HBV sequences were obtained from 
National Center for Biotechnology Information (GenBank) database 
(www ncbi nlm nih gov). 

2 2 1 2 2 8 7 3 6 1 g b I F J 5 1 8 8 1 0 
2 2 1 2 2 8 7 5 2 | g b | F J 5 1 8 8 1 3 
2 60184344 丨 g b | G Q 3 7 7 6 3 2 
9 4 4 6 8 0 1 8 | g b | D Q 4 7 8 9 0 0 . 1 
9 4 4 6 7 9 4 3 | g b | D Q 4 7 8 8 8 5 . 1 
94468013 I g b | D Q 4 7 8 8 9 9 . 1 
2 5 3 5 6 0 6 0 3 | g b | G Q 2 2 7 695 
2 5 3 5 6 0 5 8 9 1 gt)丨 GQ227 693 
2 5 3 5 6 0 6 0 9 1 g b | G Q 2 2 7 6 9 6 
2 5 3 5 6 0 5 9 6 | g b | G Q 2 2 7 6 94 
2 5 3 9 7 1 0 5 7 | g b ] G Q 2 5 9 5 8 8 
253560616丨gb(GQ227697 

g i 2 5 3 5 6 0 5 8 3 | g b | G Q 2 2 7 6 9 2 . 
g i 94468008 gb DQ478898 . 1 
g i 94467933 gb DQ478883 . 1 
g i 94467978 gb DQ478892 . 1 
g i 94467953 gb DQ478887 . 1 
g i 9 4 4 6 7 9 6 3 gb DQ478889 . 1 
g i 94468003 gb DQ478897 . 1 
g i 94467958 gb DQ478888 . 1 
g i 94467988 gb DQ478894 . 1 
g i 94467983 gb DQ478893 . 1 
g i 9 4 4 6 7 9 9 3 gb DQ478895 . 1 
g i 9 4 4 6 7 9 7 3 g b DQ478891 . 1 
g i 9 4 4 6 7 9 9 8 gb DQ478896 . 1 
g i 94467938 gb DQ478884 . 1 
g i 94467923 g b DQ478881 . 1 
g i 94467928 gb DQ478882 . 1 
g i 94467948 gb DQ478886. 1 

2 5 6 0 2 9 0 2 4 | g b | G Q 3 7 2 9 6 8 
2 6 0 1 8 4 1 4 9 丨g b i G Q 3 7 7 5 9 1 
2 601838 60 丨gb丨 GQ377529 
260183999丨 gb|GQ377 560 
1 8 9 1 7 1 0 9 7 | g b | E U 4 9 8 2 2 7 
281191015 Igb|GQ924 64 3 
1644 52829 IgbIEU305542 
164452821|gb|EU305541 
1 6 4 4 5 2 8 1 3 | g b | E U 3 0 5 5 4 0 
9 4 4 6 8 0 2 2 | g b | D Q 4 7 8 9 0 1 . 
2 2 7 3 3 5 9 1 9 1 g b | F J 9 0 4 4 2 3 
28119107 9|gb|GQ924655 
254732794丨 g b ! G Q l 8 4 3 2 6 
2547327 90 IgbIGQ184325 
8 6 5 1 5 9 2 6 | g b | D Q 3 6 1 5 3 4 . 
2 8 1 1 9 X 0 5 1 1 g b | G Q 9 2 4 6 5 0 
28119104 5 I gb|G<2924649 
281191095丨gb |GQ924658 
9 4 4 6 7 9 6 8 ( g b | D Q 4 7 8 8 9 〇 . 

2 0 7 5 5 9 6 1 8 I g b j E U 8 3 3 8 9 1 
2 8 1 1 9 1 0 9 0 | g b | G Q 9 2 4 6 5 7 
7 0 6 1 0 0 5 7 | g b | D Q 0 8 9 7 8 9 . 

N t l 6 0 4 1636 
I I Hep TCGCATGGAGACCACCGTGAACGCCCTCCAGGT 
I I Hep TCGCATGGAGACCACCGTGAACGCCCATCAGGT 
11 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

Hepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hepa TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

1丨 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

I I Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

1丨 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

1！Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

I I Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

11 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

1丨Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

iHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

I Hepa TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

iHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

！Hepa TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

I Hepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCTGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

IHepa TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

. 1 I Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

.1丨 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

.11 Hep TCGCATGGAGACCACCGTGAACGTCCACCAGGT 

• 11 Hep TCGCATGGAGACCACCGTGAACAACCGCCAGGT 

. 1 I Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

.1丨 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

.1丨 Hep TCGCATGGAAACCACCGTGAACGCCCGACAGGT 

.1丨 Hep TCGCATGGAGACCACCGTGAACGCCCGACAGGT 

.1丨 Hep TCGCACGGAGACCACCGTGAACGCCCGACAGGT 

11Hepa TCGCATGGAGACCACCGTGAACGCTCGACAGGT 

.1丨 Hep TCGCATGGAGACCACCGTGAACGTCCGCCAGGT 

.1丨 Hep TCGCATGGAAACCACCGTG71ACGCCCGCCAGGT 

.1丨 Hep TCGCATGGAGACCACCGTGAftCGCCCGCCAGGT 

.1丨 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

1丨 Hepa TCGCATGGAAACCACCGTGAACGCCCGCCAGGT 

.11 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

. 1 I Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

.1！Hep TCGCATGGAAACCACCGTGAACGCCTGCCAGGT 

1丨 Hepa TCGCATGGAGACCACCGTGAACGCCCACCTGGT 

.1丨 Hep TCGCATGGAGACCACCGTGAACGCCCACCTGGT 

.11 Hep TCGCATGGAAACCACCGTGAGCGCCCACCAGGC 

1丨 Hepa TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
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g i 7 0 6 1 0 0 5 2 g b DQ089788 1 Hepa 
g i 70610047 gb DQ089787 1 Hepa 
g 土 7 0 6 1 0 0 6 2 gb DQ089790 1 Hepa 
g i 7 0 6 1 0 0 4 2 gb DQ089786 . 1 Hepa 
g i 70610037 gb DQ089785 1 Hepa 
g i 7 0 6 1 0 0 2 7 g b DQ089783 1 Hepa 
g i 7 0 6 1 0 0 2 2 gb DQ089782 1 Hepa 
g i 7 0 6 1 0 0 3 7 gb DQ089785 1 Hepa 
g i 7 0 6 1 0 0 1 7 gb DQ089781 . 1 Hepa 
g i 70610007 gb DQ089779 1 Hepa 
g i 7 0 6 1 0 0 1 2 gb DQ089780 . 1 Hepa 
g i 7 0 6 1 0 0 0 2 g b DQ089778 1 Hepa 
g i 70609997 gb DQ089777 1 Hepa 
g i 7 0 6 0 9 9 9 2 gb DQ089776 1 Hepa 
g i 7 0 6 0 9 9 8 7 gb DQ089775 1 Hepa 
g i 7 0 6 0 9 9 8 2 gb DQ089774 1 Hepa 
g i 70609977 gb DQ089773 1 Hepa 
g i 7 0 6 0 9 9 7 2 gb DQ089772 1 Hepa 
g i 7 0 6 0 9 9 6 2 g b DQ089770 1 Hepa 
g i 70609957 gb DQ089769 1 Hepa 
g i 7 0 6 0 9 9 3 8 gb DQ089765 1 Hepa 
g i 7 0 6 0 9 9 3 3 gb DQ089764 1 Hepa 
g i 7 0 6 0 9 9 2 8 gb DQ089763 1 Hepa 
g i 7 0 6 0 9 9 0 8 g b DQ089759 1 Hepa 
g i 7 0 6 0 9 9 1 3 gb DQ089760 1 Hepa 
g i 7 0 6 0 9 9 4 8 gb DQ089767 1 Hepa 
g i 7 0 6 0 9 9 2 3 gb DQ089762 1 Hepa 
g i 7 0 6 0 9 9 1 8 gb DQ089761 1 Hepa 
g i 7 0 6 0 9 9 4 3 gb DQ089766 1 Hepa 
g i 7 0 6 0 9 8 9 3 g b DQ089756 1 Hepa 
g i 3 2 3 4 6 2 6 4 gb AY167092 1 Hepa 
g i 7 0 6 0 9 9 6 7 gb DQ089771 1 Hepa 
g i 7 0 6 0 9 9 0 3 gb DQ089758 1 Hepa 
g i 7 0 6 0 9 8 9 8 gb DQ089757 1 Hepa 
g i 7 0 6 0 9 9 5 2 gb DQ089768 1 Hepa 
g i 3 2 3 4 6 2 9 2 gb AY167099 1 Hepa 
g i 2 6 9 9 9 4 0 3 6 | d b j | A B 4 7 1 8 5 0 l | H e 
g i 2 6 9 9 9 4 0 2 6 | d b j I A B 4 7 1 8 4 8 1 | He 
g i 2 6 9 9 9 4 0 3 1 | d b j I A B 4 7 1 8 4 9 11 He 
g i 3 2 2 5 0 9 7 5 i g b | A Y 3 0 6 1 3 6 1 Hepa 
g i 3 2 3 4 6 2 5 7 | g b | A Y 1 6 7 0 9 0 1 Hepa 
g i 3 0 0 2 6 4 4 8 g b | A Y 2 0 6 3 9 2 . 1 Hepa 
g i 3 0 0 2 6 4 2 0 g b | A Y 2 0 6 3 8 8 1 Hepa 
g i 3 2 3 4 6 2 8 0 | g b | A Y l 6 7 0 9 6 1 Hepa 
g i 3234 627 6 |gb丨AY167095 1 Hepa 
g i 3 0 0 2 6 4 2 6 | g b | A Y 2 0 6 3 8 9 . 1 Hepa 
g i 6 0 4 6 0 4 7 5 | g b | A Y 8 0 0 2 4 9 1 Hepa 
g i 5 5 4 2 0 2 9 4 | g b | A Y 6 4 1 5 6 3 1 Hepa 
g 土 5 5 4 2 0 2 8 5 | g b | A Y 6 4 1 5 6 1 1 Hepa 
g i 2 6 9 9 9 4 0 5 1 | d b j I A B 4 7 1 8 5 3 1 ] He 
g i 2 6 9 9 9 4 0 4 6 | d b j | A B 4 7 1 8 5 2 1 | He 
g i 2 6 9 9 9 4 0 4 1 | d b j I A B 4 7 1 8 5 1 l | H e 
g i 5 5 4 2 0 2 7 1 | g b ! A Y 6 4 1 5 5 8 . 1 Hepa 
g i 5 5 4 2 0 2 9 0 | g b ) A Y 6 4 1 5 6 2 1 Hepa 
g i 5 5 4 2 0 2 8 0 | g b | A Y 6 4 1 5 6 0 . 1 Hepa 
g i 5 5 4 2 0 2 7 6 | g b | A Y 6 4 1 5 5 9 . 1 Hepa 
g i 3 2 3 4 6 2 6 0 g b | A Y l 6 7 091 1 Hepa 
g i 3 0 0 2 6 4 5 5 g b | A Y 2 0 6 3 9 3 . 1 Hepa 

丨4 1 6 3 6 

TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGARACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGARACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAAACCACCGTGAACGCCCGCCAGGT 
TCGCCTGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAAACCACCGTGAACGCCCGCCAGGC 
TCGCATGGAGACCACCGTGAACGCTCGACAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGACAGGT 
TCGCATGGAGACCACCGTGAACGCCCGACAGGT 
TCGCATGGAGACCACCGTGAACACCCGACAGGT 
TCGCATGGAGACCACCGTGAACGCCAGACAGGT 
TCGCATGGAGACCACCGTGAACGCCCAACAGGT 
TCGCATGGAGACCACCGTGAACGCCCGACAGGT 
TCGCATGGAGACCACCGTGAACGCCCGACAGGT 
TCGCATGGAGACCACCGTGAACACCCGACAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGACAGGC 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAAACCACCGTGAACGCCCGCCAGGC 
TCGCATGGAAACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAAACCACCGTGAACGTCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAAGT 
TCGCATGGAGACCACCGTGAACGCCCGACAGGT 
TTGCATGGAGACCACCGTGAACGCCCGACAAGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAAGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCATCCGGT 
TCGCATGGAGACCACCGTGAACGCCCATCACGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

• 178-



Appendix 

g i 3 0 0 2 6 4 0 6 g b A Y 2 0 6 3 8 6 . 1 t Hepa 
g i 3 0 0 2 6 3 9 8 g b A Y 2 0 6 3 8 5 . 1 I Hepa 
g i 3 0 0 2 6 3 9 0 g b A Y 2 0 6 3 8 4 1 I Hepa 
g i 1 8 2 5 2 5 3 3 g b A F 4 5 8 6 6 4 1 1 Hepa 
g i 1 5 7 7 8 3 3 2 g b A F 4 1 1 4 1 1 . 1 I H e p a 
g i 1 5 7 7 8 3 1 8 g b A F 4 1 1 4 0 8 1 i H e p a 
g i 1 8 0 3 2 0 3 1 g b A Y 0 6 6 0 2 8 . 1 I H e p a 
g i 1 5 7 7 8 3 2 2 g b A F 4 1 1 4 0 9 . 1 I Hepa 
g i 1 5 7 7 8 3 2 7 g b A F 4 1 1 4 1 0 . 1 1 H e p a 
g i 3 0 0 2 6 3 6 8 g b A Y 2 0 6 3 8 1 . 1 I H e p a 
g i 1 8 2 5 2 5 3 8 g b A F 4 5 8 6 6 5 . 1 I Hepa 
g i 2 3 1 9 4 2 4 6 g b A F 5 3 3 9 8 3 . 1 I H e p a 
g i 1 5 7 7 8 3 3 6 g b A F 4 1 1 4 1 2 . 1 1 Hepa 
g i 3 0 0 2 6 3 7 5 g b A Y 2 0 6 3 8 2 . 1 I H e p a 
g i 3 0 0 2 6 3 4 8 g b A Y 2 0 6 3 7 8 . 1 I Hepa 
g i 1 5 0 7 2 5 3 9 g b A Y 0 4 0 6 2 7 1 I H e p a 
g i 1 3 4 9 1 1 4 8 g b A F 3 3 0 1 1 0 . 1 I Hepa 
g i 2 9 1 2 3 2 3 1 g b A Y 2 1 7 3 7 3 . 1 | H e p a 
g i 3 0 0 2 6 3 5 5 g b A Y 2 0 6 3 7 9 . 1 | Hepa 
g i 3 0 0 2 6 3 3 4 g b A Y 2 0 6 3 7 6 . 1 I Hepa 
g i 3 0 0 2 6 3 2 0 g b A Y 2 0 6 3 7 4 . 1 I Hepa 
g i 2 5 1 8 2 2 2 3 4丨d b j 丨AP011107 . 1 i He 
g i 2 5 1 8 2 2 2 2 4 丨 d t ) j 1AP011105 . 1 |He 

g i 2 5 1 8 2 2 2 2 9 | d b j I A P 0 1 1 1 0 6 . 1 丨 He 

g i 2 5 1 8 2 2 2 3 9丨 d b j I A P 0 1 1 1 0 8 . 1 |He 
g 土 22 6 8 7 7 0 9 1 | g b | F J 3 4 9 2 4 1 . 1 I H e p 
g i 2 9 1 2 3 2 4 1 | g b | A Y 2 1 7 3 7 6 . 1 I H e p a 
g i 2 9 1 2 3 2 2 5 g b ( A Y 2 1 7 3 7 1 . 1 I Hepa 
g i 2 9 1 2 3 2 4 6 g b A Y 2 1 7 3 7 8 . 1 | Hepa 
g i 2 9 1 2 3 2 3 6 1 g b A Y 2 1 7 3 7 5 . 1 I Hepa 
g i 1 2 2 4 6 9 9 3 g b | A F 2 2 3 9 5 9 . 1 1 Hepa 
g i 1 2 2 4 6 9 6 9 g b | A F 2 2 3 9 5 6 . 1 I Hepa 
g i 1 2 2 4 6 9 6 1 | g b | A F 2 2 3 9 5 5 . 1 I H e p a 
g 土 2 9 1 2 3 2 2 9丨g b丨A Y 2 1 7 3 7 2 . 1 I H e p a 
g i 1 2 2 4 6 9 5 3 g b | A F 2 2 3 9 5 4 . 1 I H e p a 
g i 1 2 2 4 7 0 0 1 g b A F 2 2 3 9 6 0 . 1 I H e p a 
g i 1 2 2 4 6 9 8 5 g b A F 2 2 3 9 5 8 . 1 I H e p a 
g i 1 2 2 4 7 0 0 9 | g b | A F 2 2 3 9 6 1 . 1 I H e p a 
g i 1 2 2 4 6 9 7 7 | g b | A F 2 2 3 9 5 7 . 1 ！ Hepa 

g i 2 2 6 8 7 6974 丨g b i F J 3 4 9 2 2 5 . 1 I H e p 
g i 2 2 5 4 2 1 3 3 4 | g b | F J 3 6 1 7 7 2 . l | H e p 
g i 2 9 1 2 4 8 7 5 g b丨A Y 2 1 7 3 5 8 . 1 [ H e p a 
g i 2 9 1 2 4 8 7 0 g b | A Y 2 1 7 3 5 7 . 1 1 H e p a 
g i 2 9 1 2 4 9 2 2 | g b | A Y 2 1 7 3 6 9 . 1 I Hepa 
g i 2 9 1 2 4 9 0 7 | g b | A Y 2 1 7 3 6 5 . 1 ! H e p a 
g i 2 9 1 2 4 8 8 6 g b丨A Y 2 1 7 3 6 0 . 1 I Hepa 
g i 2 9 1 2 4 8 8 0 | g b | A Y 2 1 7 3 5 9 . 1 I Hepa 
g i 2 9124 913 丨 g b ( A Y 2 1 7 3 6 7 . 1 1 Hepa 
g i 2 9 1 2 4 9 1 1 | g b丨A Y 2 1 7 3 6 6 . 1 I Hepa 
g i 2 9 1 2 4 9 1 6 g b | A Y 2 1 7 3 6 8 . 1 1 Hepa 
g i 2 9 1 2 4 8 6 5 | g b | A Y 2 1 7 3 5 6 . 1 I H e p a 
g i 2 9 1 2 4 8 6 0 g b | A Y 2 1 7 3 5 5 . 1 I H e p a 
g 土 2 9 1 2 4 8 9 6 g b | A Y 2 1 7 3 6 2 . 1 I Hepa 
g i 2 9 1 2 4 8 9 2 | g b | A Y 2 1 7 3 6 1 . 1 I H e p a 
g i 2 9 1 2 4 9 2 5 | g b | A Y 2 1 7 3 7 0 . 1 丨 Hepa 

N t l 6 0 4 1 6 3 6 

TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAAACCACCGTGAACGCCCACTAGGT 

TCGCATGGAAACCACCGTGAACGCCCACTAGGT 

TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAAACCACCGTGAACGCCCACCTGGT 

TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGC 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCCTGGAAACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACACCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCTGGT 

TCGCATGGAAACCACCGTGAACGCCCAATAGGT 

TCGCACGGAGACCACCGTGAACGCCCAC-AGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGACAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGACAGGT 

TCGCATGGAGACCACCGTGAACGCTCGACAGGT 

TCGCATGGAGACCACCGTGAACGCCCGACAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGAACGCCCACGGGAA 

TCGCATGGAGACCACCGTGAACGCCCACGGGAA 

TCGCATGGAGACCACCGTGAACGCCCACGGGAA 

TCGCATGGAGACCACCGTGAACGCCCACGGGAA 

TCGCATGGAGACCACCGTGAACGCCCACCGGAA 

TCGCATGGAGACCACCGTGAACGCCCACCGGAA 

TCGCATGGAGACCACCGTGAACGCCCACAGGAA 

TCGCATGGAGACCACCGTGAACGCCCACAGGAA 

TCGCATGGAGACCACCGTGAACGCCCACAGGAA 

TCGCATGGAAACCACCGTGAACGCCCACAGGAA 

TCGCATGGAAACCACCGTGAACGCCCACAGGAA 

TCGCATGGAGACCACCGTGAACGCCCACCGGAA 

TCGCATGGAGACCACCGTGAACGCCCACCGGAA 

TCGCATGGAGACCACCGTGAACGCCCACGGGAA 



Appendix 

g i 2 9 1 2 4 9 0 2 | g b | A Y 2 1 7 3 6 4 . 1 1 Hepa 
g i 1 8 2 5 2 5 6 8 | g b | A F 4 6 1 3 6 2 . 1 I H e p a 
g i 2 5 1 8 2 2 1 8 9 d b j I A P 0 1 1 0 9 8 . 1丨He 

g i 1 9 5 9 5 7 3 0 9 gb丨 E U 9 1 6 2 1 6 . 1 I Hep 

g i 1 9 5 9 5 7 4 7 8 g b i E U 9 1 6 2 4 1 . 1 I Hep 
g i 1 9 5 9 5 7 4 6 2 g b i E U 9 1 6 2 3 9 . 1 (Hep 
g 土 1 9 5 9 5 7 4 7 0 g b ! E U 9 1 6 2 4 0 . 1 | H e p 
g i 1 4 9 2 1 1 6 1 4 g b ! D Q 9 9 3 6 9 2 . 1 |Hep 
g i 1 4 9 2 1 1 6 0 7 g b i D Q 9 9 3 6 9 1 . 1 丨Hep 

g i 1 4 9 2 1 1 6 2 1 g b i D Q 9 9 3 6 9 3 . 1 I Hep 
g i 1 9 5 9 5 7 2 9 3 gb! EU916213. 1 | H e p 
g i 195957282 g b i E U 9 1 6 2 1 1 . 1 I Hep 
g i 195957297 g b i E Q 9 1 6 2 1 4 . 1 I Hep 
g i 1 9 5 9 5 7 2 8 7 g b i E U 9 1 6 2 1 2 . 1 | H e p 
g i 195957454 g b i E U 9 1 6 2 3 8 . 1 ！ Hep 

g i 1 9 5 9 5 7 4 4 6 g b i E U 9 1 6 2 3 7 . 1 | H e p 
g i 1 9 5 9 5 7 4 3 8 g b i E U 9 1 6 2 3 6 . 1 丨Hep 

g i 1 9 5 9 5 7 3 4 4 g b i E U 9 1 6 2 2 2 . 1 丨Hep 

g i 1 9 5 9 5 7 3 3 1 g b i E U 9 1 6 2 1 9 . 1 丨Hep 

g i 1 9 5 9 5 7 3 4 0 g b i E U 9 1 6 2 2 1 . 1 I Hep 
g i 1 9 5 9 5 7 3 3 9 g b i E U 9 1 6 2 2 0 . 1 | H e p 
g i 1 9 5 9 5 7 3 5 2 g b i E U 9 1 6 2 2 3 . 1 I Hep 
g i 1 9 5 9 5 7 3 6 8 g b i E U 9 1 6 2 2 5 . 1 丨Hep 

g 士 1 9 5 9 5 7 4 1 1 g b i E U 9 1 6 2 3 2 . 1 | H e p 
g i 1 9 5 9 5 7 3 7 6 g b i E U 9 1 6 2 2 6 . 1 I H e p 
g i 1 9 5 9 5 7 3 6 0 g b i E U 9 1 6 2 2 4 . 1 I Hep 
g i 1 4 9 2 1 1 5 9 8 g b i D Q 9 9 3 6 8 9 . 1 IHep 
g i 1 4 9 2 1 1 5 9 3 g b i D Q 9 9 3 6 8 8 . 1 | H e p 
g i 1 9 5 9 5 7 2 7 4 g b i E U 9 1 6 2 1 0 . 1 I H e p 
g i 1 9 5 9 5 7 2 6 6 g b i E U 9 1 6 2 0 7 . 1 丨Hep 

g i 1 9 5 9 5 7 2 6 9 g b i E U 9 1 6 2 0 8 . 1 IHep 
g i 1 9 5 9 5 7 2 7 1 g b i E U 9 1 6 2 0 9 . 1 IHep 
g i 1 9 5 9 5 7 4 0 2 g b i E U 9 1 6 2 3 0 . 1 I Hep 
g i 1 9 5 9 5 7 4 3 4 g b i E U 9 1 6 2 3 5 . 1 I H e p 
g i 1 9 5 9 5 7 4 1 9 g b i E U 9 1 6 2 3 3 . 1 I H e p 
g i 1 9 5 9 5 7 4 2 7 g b i E U 9 1 6 2 3 4 . 1 I Hep 
gi 1 9 5 9 5 7 2 6 0 g b i E U 9 1 6 2 0 5 . 1 IHep 
g i 1 9 5 9 5 7 2 5 7 g b i E U 9 1 6 2 0 4 . 1 ！ Hep 

g i 1 9 5 9 5 7 2 6 2 g b i E U 9 1 6 2 0 6 . 1 I Hep 
g i 2 2 2 1 4 2 3 7 5 g b i F J 5 6 2 3 4 0 . 1 I Hep 
g 士 1 9 5 9 5 7 4 0 7 g b i E U 9 1 6 2 3 1 . 1 丨Hep 

g i 1 9 5 9 5 7 3 1 6 g b i E U 9 1 6 2 1 7 . 1 I H e p 
g i 1 9 5 9 5 7 3 0 1 g b i E U 9 1 6 2 1 5 . 1 I H e p 
g i 1 9 5 9 5 7 3 2 4 g b ( E U 9 1 6 2 1 8 . 1 IHep 
g i 1 9 5 9 5 7 3 8 2 g b i E U 9 1 6 2 2 7 . 1 I Hep 
g i 1 9 5 9 5 7 3 9 7 g b i E U 9 1 6 2 2 9 . 1 I H e p 
g i 1 9 5 9 5 7 3 8 9 g b i E U 9 1 6 2 2 8 . 1 I H e p 
g i 1 4 9 2 1 1 6 0 4 gbi D Q 9 9 3 6 9 0 . 1 I H e p 
g i 2 5 1 8 2 2 1 8 4 d b j I A P 0 1 1 0 9 7 , 1S He 
g i 2 5 1 8 2 2 2 1 9 d b j ！AP011104 11 He 

g i 2 5 1 8 2 2 2 1 4 d b j I A P 0 1 1 1 0 3 1 [ He 
g i 2 5 1 8 2 2 2 0 9 d b j I A P 0 1 1 1 0 2 1 ]He 
g i 2 5 1 8 2 2 2 0 4 d b j I A P 0 1 1 1 0 1 11 He 
g i 2 5 1 8 2 2 1 9 4 d b j I A P 0 1 1 0 9 9 1 |He 
g 土 2 5 1 8 2 2 1 9 9 d b j I A P 0 1 1 1 0 0 1 |He 

4 1 6 3 6 
TCGCATGGAAACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACAGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTG7^ACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGGCCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCACGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGAT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTG7\ACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCGTGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCATGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAGCGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCATCAGGT 
TCGCATGGAGACCACCGTG7y\CGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TTGCATGGAGACCACCGTGAACGCCCGACAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACATGGT 
TCGCATGGAGACCACCGTGAACGCCCACTTGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

• 180-
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g i 2 2 2 1 4 2 3 5 7 gb F J 5 6 2 3 3 6 . 1 
gi 2 2 2 1 4 2 2 9 8 gb FJ562324. 1 
gi 2 2 2 1 4 2 3 1 3 gb F J 5 6 2 3 2 7 . 1 
g i 2 2 2 1 4 2 3 5 2 gb F J 5 6 2 3 3 5 . 1 
gi 222142362 gb FJ562337 1 
gi 2 2 2 1 4 2 3 7 2 gb F J 5 6 2 3 3 9 1 
gi 222142323 gb F J 5 6 2 3 2 9 . 1 
gi 222142333 gb F J 5 6 2 3 3 1 . 1 
g i 2 2 2 1 4 2 3 4 2 gb F J 5 6 2 3 3 3 1 
g i 2 2 2 1 4 2 3 2 8 gb F J 5 6 2 3 3 0 . 1 
g i 2 2 2 1 4 2 3 4 7 gb F J 5 6 2 3 3 4 1 
g i 2 2 2 1 4 2 2 6 8 gb F J 5 6 2 3 1 8 1 
g i 2 2 2 1 4 2 3 3 7 gb F J 5 6 2 3 3 2 1 
g i 2 2 2 1 4 2 3 0 3 gb F J 5 6 2 3 2 5 1 
g i 2 2 2 1 4 2 2 7 3 gb F J 5 6 2 3 1 9 1 
g i 2 2 2 1 4 2 2 7 8 gb F J 5 6 2 3 2 0 1 
g i 2 2 2 1 4 2 2 9 3 gb F J 5 6 2 3 2 3 1 
g i 2 2 2 1 4 2 3 0 8 gb F J 5 6 2 3 2 6 1 
g i 2 2 2 1 4 2 2 6 3 gb F J 5 6 2 3 1 7 1 
g i 2 2 2 1 4 2 3 1 8 gb F J 5 6 2 3 2 8 1 
g i 2 2 2 1 4 2 2 4 6 gb F J 5 6 2 3 1 3 1 
g i 2 2 2 1 4 2 2 2 4 gb F J 5 6 2 3 0 8 1 
g i 2 2 2 1 4 2 2 5 5 g b F J 5 6 2 3 1 5 1 
g i 2 2 2 1 4 2 2 0 9 gb F J 5 6 2 3 0 5 1 
g i 2 2 2 1 4 2 2 1 9 gb F J 5 6 2 3 0 7 1 
g i 2 2 2 1 4 2 2 1 4 g b F J 5 6 2 3 0 6 1 
g i 2 2 2 1 4 2 2 5 0 gb F J 5 6 2 3 1 4 1 
g i 2 2 2 1 4 2 1 9 4 gb F J 5 6 2 3 0 2 1 
g i 2 2 2 1 4 2 2 0 4 g b F J 5 6 2 3 0 4 1 
g i 2 2 2 1 4 2 2 3 2 gb F J 5 6 2 3 1 0 1 
g i 2 2 2 1 4 2 1 8 9 gb F J 5 6 2 3 0 1 1 
g i 2 2 2 1 4 2 1 7 9 gb F J 5 6 2 2 9 9 1 
g i 2 2 2 1 4 2 1 5 3 gb F J 5 6 2 2 9 3 1 
g i 2 2 2 1 4 2 1 4 9 gb F J 5 6 2 2 9 2 1 
g i 2 2 2 1 4 2 1 4 4 gb F J 5 6 2 2 9 1 1 
g i 2 2 2 1 4 2 1 5 8 g b F J 5 6 2 2 9 4 1 
g i 2 2 2 1 4 2 1 7 1 gb F J 5 6 2 2 9 7 1 
g i 2 2 2 1 4 2 1 6 3 g b F J 5 6 2 2 9 5 1 
g i 2 2 2 1 4 2 1 7 4 g b F J 5 6 2 2 9 8 1 
g i 2 2 2 1 4 2 1 8 4 gb F J 5 6 2 3 0 0 1 
g i 2 2 2 1 4 2 1 4 1 g b F J 5 6 2 2 9 0 1 
g i 2 2 2 1 4 2 1 2 6 gb F J 5 6 2 2 8 7 1 
g i 2 2 2 1 4 2 1 1 9 gb F J 5 6 2 2 8 5 1 
g i 2 2 2 1 4 2 1 1 4 g b F J 5 6 2 2 8 4 1 
g i 2 2 2 1 4 2 1 3 1 gb F J 5 6 2 2 8 8 1 
g i 2 2 2 1 4 2 1 2 4 g b F J 5 6 2 2 8 6 1 
g i 2 2 2 1 4 2 1 0 9 g b F J 5 6 2 2 8 3 1 
g i 2 2 2 1 4 2 1 0 4 gb F J 5 6 2 2 8 2 1 
g i 2 2 2 1 4 2 1 0 4 g b F J 5 6 2 2 8 2 1 
g i 2 2 2 1 4 2 0 9 4 gt> F J 5 6 2 2 8 0 1 
g i 2 2 2 1 4 2 0 2 5 gb F J 5 6 2 2 6 6 1 
g i 2 2 2 1 4 1 9 1 8 gb F J 5 6 2 2 4 4 1 
g 土 2 2 2 1 4 2 0 8 9 gb F J 5 6 2 2 7 9 1 
g i 2 2 2 1 4 1 9 5 7 gb F J 5 6 2 2 5 2 1 
g i 2 2 2 1 4 2 0 6 5 gb F J 5 6 2 2 7 4 1 

Ntl604 1636 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGARACCACCGTGAACGCCCACCAGGT 
H e p TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGY 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAAGT 
Hep TCGCATGGARACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGARACCACCGTGAACGCCCACCWGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAAGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGY 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGCGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGCGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGARACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCATCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGM\CCACCGTGAACGCCCACCAGGT 
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g i 2 2 2 1 4 1 9 0 8 gb F J 5 6 2 2 4 2 . 1 
gi 2 2 2 1 4 2 0 7 0 gb FJ562275. 1 
g i 2 2 2 1 4 2 0 4 5 gb F J 5 6 2 2 7 0 . 1 
gi 222141987 gb F J 5 6 2 2 5 8 1 
gi 222141942 gb F J 5 6 2 2 4 9 . 1 
g i 2 2 2 1 4 2 0 8 0 gb F J 5 6 2 2 7 7 . 1 
gi 222142040 gb F J 5 6 2 2 6 9 . 1 
g i 2 2 2 1 4 1 9 5 2 gb F J 5 6 2 2 5 1 . 1 
g i 2 2 2 1 4 2 0 5 0 gb F J 5 6 2 2 7 1 1 
g i 2 2 2 1 4 2 0 0 2 gb F J 5 6 2 2 6 1 . 1 
g i 222142020 gb F J 5 6 2 2 6 5 . 1 
g i 2 2 2 1 4 2 0 5 5 gb F J 5 6 2 2 7 2 . 1 
g i 2 2 2 1 4 1 9 3 7 gb F J 5 6 2 2 4 8 . 1 
g i 2 2 2 1 4 2 0 6 0 gb F J 5 6 2 2 7 3 , 1 
g i 2 2 2 1 4 2 0 1 5 gb F J 5 6 2 2 6 4 . 1 
g i 2 2 2 1 4 1 9 1 3 gb F J 5 6 2 2 4 3 . 1 
g i 2 2 2 1 4 2 0 3 5 gb F J 5 6 2 2 6 8 . 1 
g i 2 2 2 1 4 2 0 7 5 gb F J 5 6 2 2 7 6 . 1 
g i 2 2 2 1 4 2 0 8 4 gb F J 5 6 2 2 7 8 1 
g i 2 2 2 1 4 1 9 7 2 gb F J 5 6 2 2 5 5 . 1 
g i 2 2 2 1 4 2 0 3 0 gb F J 5 6 2 2 6 7 , 1 
g i 2 2 2 1 4 1 9 2 3 gb F J 5 6 2 2 4 5 1 
g i 2 2 2 1 4 1 9 7 7 gb F J 5 6 2 2 5 6 1 
g i 2 2 2 1 4 1 9 4 7 gb F J 5 6 2 2 5 0 , 1 
g i 2 2 2 1 4 1 9 3 2 gb F J 5 6 2 2 4 7 1 
g i 2 1 3 4 9 5 1 5 2 gb F J 3 8 6 6 5 7 1 
g i 2 1 3 4 9 5 0 6 8 gb F J 3 8 6 6 4 5 1 
g i 2 2 2 1 4 1 8 9 3 gb F J 5 6 2 2 3 9 1 
g i 2 1 3 4 9 5 2 4 4 gb F J 3 8 6 6 7 0 1 
g i 2 1 3 4 9 5 1 9 7 gb F J 3 8 6 6 6 3 1 
g i 2 1 3 4 9 5 1 2 3 gb F J 3 8 6 6 5 3 1 
g i 2 2 2 1 4 1 8 7 3 gb F J 5 6 2 2 3 5 1 
g i 2 1 3 4 9 5 1 6 7 gb F J 3 8 6 6 5 9 1 
g i 2 1 3 4 9 4 9 7 4 gb F J 3 8 6 6 3 2 1 
g i 2 1 3 4 9 5 1 8 9 gb F J 3 8 6 6 6 2 1 
g i 2 1 3 4 9 5 1 8 2 gb F J 3 8 6 6 6 1 1 
g i 2 1 3 4 9 5 2 2 4 gb F J 3 8 6 6 6 7 1 
g i 2 1 3 4 9 5 0 0 8 gb F J 3 8 6 6 3 7 1 
g i 2 1 3 4 9 4 9 8 2 gb F J 3 8 6 6 3 3 1 
g i 2 1 3 4 9 4 8 8 4 gb F J 3 8 6 6 1 9 1 
g i 2 2 2 1 4 1 8 8 8 gb F J 5 6 2 2 3 8 1 
g i 2 2 2 1 4 1 8 3 5 gb F J 5 6 2 2 2 7 1 
g i 2 1 3 4 9 5 1 0 4 gb F J 3 8 6 6 5 0 1 
g i 2 1 3 4 9 5 0 9 6 gb F J 3 8 6 6 4 9 1 
g i 2 1 3 4 9 5 2 6 6 gb F J 3 8 6 6 7 3 1 
g i 2 2 2 1 4 1 9 0 3 g b F J 5 6 2 2 4 1 1 
g i 2 2 2 1 4 1 8 6 3 g b F J 5 6 2 2 3 3 1 
g i 2 1 3 4 9 5 0 3 6 gb F J 3 8 6 6 4 1 1 
g i 2 1 3 4 9 5 3 6 5 gb F J 3 8 6 6 8 7 1 
g i 2 2 2 1 4 1 7 9 1 gb F J 5 6 2 2 1 8 1 
g i 2 1 3 4 9 5 0 2 0 g b F J 3 8 6 6 3 9 1 
g i 2 1 3 4 9 5 3 6 0 gb F J 3 8 6 6 8 6 1 
g i 2 1 3 4 9 5 3 5 2 g b F J 3 8 6 6 8 5 1 
g i 2 2 2 1 4 1 8 3 0 gb F J 5 6 2 2 2 6 1 
g i 2 1 3 4 9 4 9 3 6 g b F J 3 8 6 6 2 7 1 

Ntl604 1636 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAAGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGARACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGTCCGCCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACACCCGCCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGARACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCTCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACMAGGT 
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N t l 6 0 4 1636 

F J 3 8 6 6 7 9 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 3 5 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 3 8 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 3 0 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 9 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 5 6 2 2 3 0 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 5 6 2 2 3 2 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 6 5 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 7 8 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 7 1 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 4 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 5 2 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 3 1 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 4 3 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 5 6 2 2 2 5 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 7 2 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 8 9 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 0 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
A B 2 0 5 1 5 2 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 4 7 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCTCCAGGT 
|AB298721 .： 1 He TCGCATGGAGGCCACCGTGAACGCCCACCAGGT 

IAB298720.： | He TCGCATGGAGGCCACCGTGAACGCCCACCAGGT 

F J 5 6 2 2 2 1 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 5 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
F J 3 8 6 6 7 7 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 4 4 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 5 6 2 2 2 8 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 5 6 2 2 2 0 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 5 1 . 1 Hep TCGCATGGARACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 8 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 6 4 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 3 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 2 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 6 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 2 1 . 1 Hep TCGCATGGCAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 4 0 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCGGAT 
F J 3 8 6 6 4 6 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCGGRA 
F J 5 6 2 2 2 9 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 7 4 . 1 Hep TCGCATGGAAACCACCGTGATCGCCCACCGGAA 
F J 5 6 2 2 2 3 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 5 9 5 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 5 7 4 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
FJ38 657 9 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
EQ939642 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 0 3 2 3 6 0 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 0 3 2 3 5 9 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 0 3 2 3 6 1 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
EU939614 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
EU939613 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 1 8 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 0 4 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
EU939656 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
EQ939655 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 6 0 9 . 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
F J 3 8 6 5 8 1 . 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

g i 213495310 
g i 213494994 
g i 2 1 3 4 9 5 0 1 5 
g i 2 1 3 4 9 4 9 5 9 
g i 2 1 3 4 9 4 9 5 1 
g i 2 2 2 1 4 1 8 4 9 
g i 222141858 
g i 2 1 3 4 9 5 2 1 0 
g 土 213495302 

g i 2 1 3 4 9 5 2 5 1 

g i 213494915 

g i 213495115 

g i 2 1 3 4 9 4 9 6 6 

g i 213495052 

g i 2 2 2 1 4 1 8 2 5 

g i 2 1 3 4 9 5 2 5 8 

g i 2 1 3 4 9 5 3 7 9 
g i 213494892 
g i 8 8 5 9 5 3 4 8 | 
g i 213495080 
g i 157679138 
g i 157679133 
g i 2 2 2 1 4 1 8 0 6 
g i 213494922 
g i 213495295 
g i 2 1 3 4 9 5 0 6 0 
g i 2 2 2 1 4 1 8 4 0 
g i 2 2 2 1 4 1 8 0 1 
g i 213495108 
g i 213494944 
g i 213495202 
g i 213494908 
g i 2 1 3 4 9 4 9 0 3 
g i 2 1 3 4 9 4 9 2 9 
g i 2 1 3 4 9 4 9 0 0 
g i 213495028 
g i 2 1 3 4 9 5 0 7 5 
g i 2 2 2 1 4 1 8 4 5 
g i 2 1 3 4 9 5 2 7 3 
g i 2 2 2 1 4 1 8 1 5 
g i 213494718 
g i 2 1 3 4 9 4 5 6 1 
g i 213494597 
g i 197292820 
g i 2 0 2 0 7 2 6 9 1 
g i 202072684 
g i 2 0 2 0 7 2 6 9 5 
g i 197292705 
g i 1 9 7 2 9 2 7 0 1 
g i 2 1 3 4 9 4 8 7 6 

g i 2 1 3 4 9 4 7 8 1 
g i 1 9 7 2 9 2 8 7 6 
g i 1 9 7 2 9 2 8 7 2 
g i 2 1 3 4 9 4 8 1 7 
g i 2 1 3 4 9 4 6 1 1 

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b
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b

b

b

b

b

b

b

b

b

b

b

b

b

b

b
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g

g
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g
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g
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g i 213494643 gb F J 3 8 6 5 8 5 1 
g i 213494592 gb FJ386578 1 
g i 2 1 3 4 9 4 7 0 3 gb F J 3 8 6 5 9 3 1 
g i 213494697 gb FJ386592 1 
g i 1 9 7 2 9 2 8 1 1 gb EU939640 1 
g i 202072552 gb F J 0 3 2 3 4 1 1 
g i 202072544 gb FJ032340 1 
g i 2 1 3 4 9 4 7 4 6 gb F J 3 8 6 5 9 9 1 
g i 197292692 gb EU939611 1 
g i 213494732 gb FJ386597 1 
g i 213494738 gb FJ386598 1 
g i 197292727 gb EU939619 1 
g i 2 1 3 4 9 4 6 8 9 gb F J 3 8 6 5 9 1 1 
g i 2 0 2 0 7 2 5 7 9 gb F J 0 3 2 3 4 5 1 
g i 213494584 gb FJ386577 1 
g i 197292832 gb EU939645 1 
g 土 2 0 2 0 7 2 6 2 1 g b F J 0 3 2 3 5 1 1 
g 土 202072614 gb F J 0 3 2 3 5 0 1 
g i 202072505 gb FJ032334 1 
g i 197292687 gb EU939610 1 
g i 197292722 gb EU939618 1 
g i 2 0 2 0 7 2 6 6 0 gb F J 0 3 2 3 5 6 1 
g i 202072652 gb F J 0 3 2 3 5 5 1 
g i 2 1 3 4 9 4 8 4 0 gb FJ386612 1 
g i 2 0 2 0 7 2 5 2 9 gb FJ032338 1 
g i 202072516 gb F J 0 3 2 3 3 6 1 
g i 2 0 2 0 7 2 5 2 3 gb FJ032337 1 
g i 2 0 2 0 7 2 5 3 6 gb F J 0 3 2 3 3 9 1 
g i 197292682 gb EU939609 1 
g i 2 1 3 4 9 4 7 1 0 gb FJ386594 1 
g i 2 0 2 0 7 2 5 1 3 gb FJ032335 1 
g i 197292828 gb EU939644 1 
g i 197292888 gb EU939659 1 
g i 2 1 3 4 9 4 8 5 3 gb FJ386614 1 
g i 197292835 gb EU939646 1 
g i 197292880 gb EU939657 1 
g i 2 0 2 0 7 2 4 8 5 gb F J 0 3 2 3 3 1 1 
g i 197292697 gb EU939612 1 
g i 2 1 3 4 9 4 6 7 3 gb FJ386589 1 
g i 213494846 gb FJ386613 1 
g i 2 1 3 4 9 4 8 7 1 gb FJ386617 1 
g i 2 1 3 4 9 4 7 6 0 gb F J 3 8 6 6 0 1 1 
g i 1 9 7 2 9 2 8 4 3 gt> EU939648 1 
g i 197292816 gb EU939641 1 
g i 2 1 3 4 9 4 8 6 6 gb F J 3 8 6 6 1 6 1 
g i 213494568 gb FJ386575 1 
g i 2 1 3 4 9 4 8 0 3 gb FJ386607 1 
g i 213494767 gb F J 3 8 6 6 0 2 1 
g i 197292855 gb EU939651 1 
g i 197292838 gb EU939647 1 
g i 2 1 3 4 9 4 5 7 6 gb F J 3 8 6 5 7 6 1 
g i 197292714 gb EU939616 1 
g i 197292868 gb EU939654 1 
g i 1 9 7 2 9 2 8 4 8 gb EU939649 . 1 
g 土 197292884 gb EU939658 . 1 

N t l 6 0 4 1636 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAAACCACCATGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCATGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGG^AACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGT^ACGCCCACCAGGC 
Hep TCGCATGGAAACCACCGTGAACGCCCATCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCACATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCTCCGTGAACACCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGG^ACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGG^ACCACCGTGAACGCCCACCAGGT 
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E U 9 3 9 6 5 2 . 1 
F J 3 8 6 5 8 7 . 1 
F J 0 3 2 3 4 7 . 1 
F J 0 3 2 3 4 6 . 1 
F J 0 3 2 3 4 8 . 1 
F J 0 3 2 3 3 2 . 1 
E U 9 3 9 6 5 0 . 1 
F J 3 8 6 5 9 6 . 1 
F J 3 8 6 6 0 6 . 1 
F J 3 8 6 6 0 3 . 1 
F J 3 8 6 6 0 5 . 1 
E U 9 3 9 6 4 3 . 1 
F J 3 8 6 5 8 8 . 1 
E U 9 3 9 6 1 5 . 1 
F J 3 8 6 6 1 1 . 1 
E U 9 3 9 6 5 3 . 1 
F J 0 3 2 3 3 3 . 1 
E U 9 3 9 6 1 7 . 1 
I A B 2 7 0 5 3 5 . 
I A B 2 7 0 5 3 4 . 
F J 3 8 6 5 8 6 . 1 
F J 0 3 2 3 4 3 . 1 
E U 9 3 9 6 2 6 . 1 
E U 9 3 9 6 2 5 . 1 
E U 9 3 9 6 2 4 . 1 
F J 3 8 6 5 8 0 . 1 
E U 9 3 9 6 2 3 . 1 
E U 9 3 9 6 2 0 . 1 
E Q 9 3 9 6 2 2 . 1 
E U 9 3 9 6 2 1 . 1 
E U 9 3 9 6 0 8 . 1 
E U 9 3 9 5 9 9 . 1 
E U 9 3 9 6 0 6 . 1 
E U 9 3 9 5 6 6 . 1 
E U 9 3 9 5 9 2 . 1 
E U 9 3 9 5 7 8 . 1 
E U 9 3 9 5 8 0 . 1 
E U 9 3 9 5 7 1 . 1 
E U 9 3 9 5 9 7 . 1 
E U 9 3 9 6 0 7 . 1 
E Q 9 3 9 5 9 3 . 1 
E U 9 3 9 5 7 3 . 1 
E U 9 3 9 5 8 2 . 1 
E U 9 3 9 5 6 9 . 1 
E U 9 3 9 5 7 2 . 1 
E U 9 3 9 5 8 8 . 1 
E U 9 3 9 5 8 5 . 1 
E U 9 3 9 5 8 3 . 1 
E U 9 3 9 6 0 1 . 1 
E U 9 3 9 5 8 7 . 1 
E U 9 3 9 5 7 9 . 1 
E U 9 3 9 5 7 7 . 1 
E U 9 3 9 6 0 2 . 1 
E U 9 3 9 5 8 4 . 1 
E U 9 3 9 6 0 5 . 1 

N t l 6 0 4 1636 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGA^ACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAAGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCATGAACGCCCACCAGGT 
！He TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

I He TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGTCCGCCAGGT 

Hep TCGCATGGAAACCACCGTGAACGTCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACACCCGCCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGCAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGC 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGC 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAAGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

g i 197292859 
g i 213494657 
g i 2 0 2 0 7 2 5 9 5 
g i 202072587 
g i 202072602 
g i 2 0 2 0 7 2 4 9 3 
g i 197292852 
g i 2 1 3 4 9 4 7 2 6 
g i 2 1 3 4 9 4 7 9 6 
g i 2 1 3 4 9 4 7 7 3 
g i 213494788 
g i 197292824 
g i 2 1 3 4 9 4 6 6 5 
g i 197292709 
g i 2 1 3 4 9 4 8 3 3 
g i 197292864 
g i 2 0 2 0 7 2 4 9 9 
g i 197292718 
g i 125995352 
g i 125995350 
g i 2 1 3 4 9 4 6 5 1 
g i 2 0 2 0 7 2 5 6 6 
g i 197292754 
g i 1 9 7 2 9 2 7 4 9 
g i 1 9 7 2 9 2 7 4 6 
g i 2 1 3 4 9 4 6 0 5 
g 土 197292742 
g i 197292732 
g i 1 9 7 2 9 2 7 4 0 
g i 1 9 7 2 9 2 7 3 6 
g 土 1 9 7 2 9 2 6 8 1 
g i 1 9 7 2 9 2 6 4 3 
g i 1 9 7 2 9 2 6 7 3 
g i 197292507 
g i 197292613 
g i 197292552 
g i 1 9 7 2 9 2 5 6 1 
g i 197292527 
g i 197292635 
g i 197292677 
g i 1 9 7 2 9 2 6 1 8 
g i 197292537 
g i 197292569 
g i 197292519 
g i 197292532 
g i 197292594 
g i 197292582 
g 土 197292574 
g i 197292652 
g i 197292590 
g i 197292557 
g i 197292549 
g i 1 9 7 2 9 2 6 5 6 
g i 197292578 
g i 197292668 
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g i 1 9 7 2 9 2 6 0 8 gb EU939591 1 
g i 197292603 gb EU939590 1 
g i 1 9 7 2 9 2 4 9 2 gb EU939562 1 
g i 197292487 gb EU939561 1 
g i 1 9 7 2 9 2 4 8 3 gt> EU939560 1 
g i 197292627 gb EU939595 1 
g i 197292598 gb EU939589 1 
g i 197292505 gb EU939565 1 
g i 1 9 7 2 9 2 5 4 5 gb EU939576 1 
g i 1 9 7 2 9 2 5 2 3 gb EU939570 1 
g i 1 9 7 2 9 2 5 4 1 gb EU939574 1 
g i 197292664 gb EU939604 1 
g i 1 9 7 2 9 2 4 9 6 gb EU939563 1 
g i 1 9 7 2 9 2 6 4 0 gb EU939598 1 
g i 197292543 gb EU939575 1 
g i 197292623 gb EU939594 1 
g i 1 9 7 2 9 2 5 8 6 gb EU939586 1 
g i 1 9 7 2 9 2 5 1 1 gb EU939567 1 
g i 197292647 gb EU939600 1 
g i 197292564 gb EU939581 1 
g i 1 9 7 2 9 2 6 5 9 gb EU939603 1 
g i 1 9 7 2 9 2 5 0 0 gb EU939564 1 
g i 1 9 7 2 9 2 6 3 1 gb EU939596 1 
g i 1 9 7 2 9 2 5 1 5 gb EU939568 1 
g i 197292478 gb EU939559 1 
g i 1 9 7 2 9 2 6 8 1 gb EU939608 1 
g i 1 9 7 2 9 2 6 4 3 gb EU939599 1 
g i 1 9 7 2 9 2 6 7 3 gb EU939606 1 
g i 197292507 gb EU939566 1 
g i 1 9 7 2 9 2 6 1 3 gb EU939592 1 
g i 1 9 7 2 9 2 5 5 2 gb EU939578 1 
g i 1 9 7 2 9 2 5 6 1 gb EU939580 1 
g i 197292527 gb EU939571 1 
g i 197292635 gb EU939597 1 
g i 197292677 gb EU939607 1 
g i 197292618 gb EU939593 1 
g i 197292537 gb EU939573 1 
g i 1 9 7 2 9 2 5 6 9 gb EU939582 1 
g i 1 9 7 2 9 2 5 1 9 gb EU939569 1 
g i 197292532 gb EU939572 1 
g i 197292594 gb EU939588 1 
g i 197292582 gb EU939585 1 
g i 197292574 gb EU939583 1 
g 士 1 9 7 2 9 2 6 5 2 gb EU939601 . 1 
g i 197292590 gb EU939587 1 
g i 197292557 gb EU939579 1 
g i 1 9 7 2 9 2 5 4 9 gb EU939577. 1 
g i 1 9 7 2 9 2 6 5 6 gb EU939602. 1 
g i 197292578 gb EU939584 1 
g i 1 9 7 2 9 2 6 6 8 gb EU939605. 1 
g i 197292608 gb EU939591 1 
g i 1 9 7 2 9 2 6 0 3 gb EU939590 1 
g i 1 9 7 2 9 2 4 9 2 gb EU939562 1 
g i 197292487 gb EU939561 1 
g i 1 9 7 2 9 2 4 8 3 gb EU939560 1 

Nt l6〇4 1636 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCGGGT 

Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

Hep TCGCATGG7^AACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCCCCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGARACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACAGGAA 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTG^ACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAAGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCGGGT 
Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
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N t l 6 0 4 1 6 3 6 

E D 9 3 9 5 9 5 . 1 j H e p TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

E U 9 3 9 5 8 9 . 1 I Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

E U 9 3 9 5 6 5 . 1 丨H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E U 9 3 9 5 7 6 . 1 IHep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
E U 9 3 9 5 7 0 . 1 |Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 9 3 9 5 7 4 . 1 | Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
E U 9 3 9 6 0 4 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 9 3 9 5 6 3 . 1 丨H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E Q 9 3 9 5 9 8 . 1 丨H e p TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

E Q 9 3 9 5 7 5 . 1 1 Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
E U 9 3 9 5 9 4 . 1 I Hep TCGCATGGAGACCCCCGTGAACGCCCACCAGGT 
E U 9 3 9 5 8 6 . 1 I H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
E U 9 3 9 5 6 7 . 1 I H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGC 
E U 9 3 9 6 0 0 . 1 丨H e p TCGCATGGAGACCACCGTGA?VCGCCCACCAGGT 

E U 9 3 9 5 8 1 . 1 IHep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

E U 9 3 9 6 0 3 . 1 I Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGC 

E U 9 3 9 5 6 4 . 1 1 Hep TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 

E U 9 3 9 5 9 6 . 1 I Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

E U 9 3 9 5 6 8 . 1 IHep TCGCATGGARACCACCGTGAACGCCCACCAGGT 
E U 9 3 9 5 5 9 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACAGGAA 
E U 5 7 0 0 7 4 . 1 [Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 5 7 0 0 7 3 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 5 7 0 0 6 8 . 1 |Hep TCGCCTGGAGACCACCGTGAACACCCGCCAGGT 
E U 5 7 0 0 6 7 . 1 I H e p TCGCATGGAGACCACCGTGAACACCCGCCTGGT 
E U 5 6 0 4 4 0 . 1 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 5 6 2 2 1 9 . 1 | Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 5 6 2 2 1 8 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 5 6 0 4 4 1 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
I A B 4 2 6 4 6 7 . 1 |He TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 4 3 9 0 1 6 . 1 I Hep TCGCATGGAAACCACCGTGAACGCCCATCAGGT 
E U 4 3 9 0 1 5 . 1 丨H e p TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

E U 5 6 2 2 1 7 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 5 6 2 2 1 5 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 5 6 2 2 1 6 . 1 丨H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E U 3 0 6 7 2 8 . 1 | Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 2 6 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 2 4 . 1 ！ Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E U 4 3 9 0 0 9 . 1 ! Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E U 4 3 9 0 1 4 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCGGGT 

E U 3 0 6 7 2 9 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 2 5 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 2 3 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 4 3 9 0 0 5 . 1 ！ Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E U 3 0 6 7 2 7 . 1 丨H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E U 3 0 6 7 2 2 . 1 IHep TCGCATGGAGACCACCGTGAACACCCACCAGGT 
E U 4 3 9 0 1 3 . 1 1 Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 4 3 9 0 0 7 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 1 8 . 1 I H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 2 1 . 1 I H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 2 0 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 3 0 6 7 1 9 . 1 I Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 4 3 9 0 0 6 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 4 3 9 0 2 5 . 1 I H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
E U 4 3 9 0 1 2 . 1 丨H e p TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

E U 4 3 9 0 0 8 . 1 IHep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

g i 1 9 7 2 9 2 6 2 7 
g i 1 9 7 2 9 2 5 9 8 
g i 1 9 7 2 9 2 5 0 5 
g i 1 9 7 2 9 2 5 4 5 
g i 1 9 7 2 9 2 5 2 3 
g i 1 9 7 2 9 2 5 4 1 
g i 1 9 7 2 9 2 6 6 4 
g i 1 9 7 2 9 2 4 9 6 
g i 1 9 7 2 9 2 6 4 0 
g i 1 9 7 2 9 2 5 4 3 
g i 1 9 7 2 9 2 6 2 3 
g i 1 9 7 2 9 2 5 8 6 
g i 1 9 7 2 9 2 5 1 1 
g i 1 9 7 2 9 2 6 4 7 
g i 1 9 7 2 9 2 5 6 4 
g i 1 9 7 2 9 2 6 5 9 
g i 1 9 7 2 9 2 5 0 0 
g i 1 9 7 2 9 2 6 3 1 
g i 1 9 7 2 9 2 5 1 5 
g i 1 9 7 2 9 2 4 7 8 
g i 1 8 2 2 6 0 4 8 9 
g i 1 8 2 2 6 0 4 6 3 
g i 1 8 2 2 6 0 2 8 2 
g i 1 8 2 2 6 0 2 4 6 
g i 1 7 2 0 5 2 3 5 3 
g i 1 7 2 0 3 4 7 8 5 
g i 1 7 2 0 3 4 7 7 7 
g i 1 7 2 0 5 2 3 6 1 
g i 1 6 9 4 0 3 9 2 0 
g i 1 6 8 4 9 5 2 5 5 
g i 1 6 8 4 9 5 2 5 0 
g i 1 7 2 0 3 4 7 6 9 
g i 1 7 2 0 3 4 7 5 3 
g i 1 7 2 0 3 4 7 6 1 
g i 1 6 4 6 5 4 8 0 7 
g i 1 6 4 6 5 4 7 9 1 
g i 1 6 4 6 5 4 7 7 8 
g i 1 7 1 7 6 9 1 3 4 
g i 1 7 1 7 6 9 1 3 1 
g i 1 6 4 6 5 4 8 1 5 
g i 1 6 4 6 5 4 7 8 3 
g i 1 6 4 6 5 4 7 7 2 
g i 1 6 8 4 9 5 2 1 6 
g i 1 6 4 6 5 4 7 9 9 
g i 1 6 4 6 5 4 7 6 4 
g i 1 7 1 7 6 9 1 2 9 
g i 1 6 8 4 9 5 2 2 6 
g i 1 6 4 6 5 4 7 3 5 
g i 1 6 4 6 5 4 7 5 6 
g i 1 6 4 6 5 4 7 4 8 
g i 1 6 4 6 5 4 7 4 0 
g i 1 6 8 4 9 5 2 2 1 
g i 1 6 8 4 9 5 2 9 4 
g i 1 6 8 4 9 5 2 4 5 
g i 1 6 8 4 9 5 2 3 0 
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1 6 8 4 9 5 2 4 0 
168495235 
182260426 
1 7 2 0 5 2 3 4 6 
1 7 2 0 5 2 3 3 8 
1 7 1 3 4 5 9 0 1 
171345894 
1 5 6 5 7 1 7 9 1 
171345878 
171345886 
156571806 
171345870 
1 6 8 4 9 5 2 5 9 
156571784 
1 5 6 5 7 1 7 9 9 
1 6 4 6 5 4 7 2 6 
1 6 4 6 5 4 7 2 1 
1 6 4 6 5 4 7 3 0 
1 6 4 6 5 4 7 1 3 
164654705 
1 6 4 6 5 4 5 4 3 
164654527 
164654535 
1 6 4 6 5 4 5 4 9 
164654705 
1 6 4 6 5 4 5 1 9 
1 6 4 6 5 4 5 1 1 
1 6 4 6 5 4 5 0 3 
1 6 4 6 5 4 4 8 9 
164654497 
151936657 
3 9 7 4 8 6 3 1 
1 6 4 6 5 4 4 2 9 
1 6 4 6 5 4 4 2 3 
1 6 4 6 5 4 4 1 5 
1 4 8 5 2 4 6 9 8 
1 4 8 5 2 4 6 9 3 

1 4 8 5 2 4 6 8 8 

119672884 
1 5 5 9 6 8 6 5 3 
155968648 
1 6 0 3 5 8 2 9 1 
1 6 0 3 5 8 2 9 6 
1 6 4 6 5 4 4 0 9 
1 6 4 6 5 4 4 0 2 
1 4 8 5 2 4 6 8 3 
148524678 
1 4 8 5 2 4 6 7 3 
148524668 
1 4 8 5 2 4 6 6 3 
1 4 8 5 2 4 6 5 8 
1 4 6 2 1 7 4 6 2 
146217454 
1 4 8 5 2 4 6 1 8 
1 4 8 5 2 4 6 1 3 

g b | E U 4 3 9 0 1 1 . 
g b | E U 4 3 9 0 1 0 . 
gb |EU570〇72. 
gb|EU560439. 
g b | E U 5 6 0 4 3 8 . 
g b | E U 5 4 7 5 6 2 . 
g b | E U 5 4 7 5 6 1 . 
g b | E F 4 9 4 3 7 7 . 
g b | E U 5 4 7 5 5 9 . 
g b | E U 5 4 7 5 6 0 . 
g b | E F 4 9 4 3 7 9 . 
g b | E U 5 4 7 5 5 8 . 
g b | E U 4 3 9 0 1 7 • 
g b | E F 4 9 4 3 7 6 . 
g b | E F 4 9 4 3 7 8 . 
g b | E U 3 0 6 7 1 6 . 
g b | E U 3 0 6 7 1 5 . 
g b | E U 3 0 6 7 1 7 . 
g b | E U 3 0 6 7 1 4 . 
g b | E U 3 0 6 7 1 3 . 
g b | E U 3 0 6 6 9 2 . 
g b | E U 3 0 6 6 9 0 . 
gb|EU306691. 
g b | E U 3 0 6 6 9 3 . 
g b | E U 3 0 6 7 1 3 . 
gb|EU306689. 
g b | E U 3 0 6 6 8 8 . 
g b | E U 3 0 6 6 8 7 . 

Igb丨EU306685. 
I g b | E U 3 0 6 6 8 6 . 

IgblEF688062. 
dbjIAB112063. 
Igb|EU306675. 
Igb|EU306674. 
|gb|EU306673. 
IdbjIAB195957 
IdbjIAB195956 
IdbjIAB195955 
Idbj(AB288026 
Idbj|AB2〇2072 
IdbjIAB202071 
IdbjIAB368296 
Idb j丨AB368297 
Igb|EU306672. 
IgblEU306671. 
Idbj丨AB195954 
IdbjIAB195953 
Idbj1AB195952 
IdbjIAB195951 
Idbj丨AB195950 
IdbjIAB195949 
I g b | E F 5 3 6 0 6 6 . 
I g b | E F 5 3 6 0 6 5 . 
I d b j I A B 1 9 5 9 4 1 
I d b j I A B 1 9 5 9 4 0 

N t l 6 0 4 1636 
Hep TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

TCGCATGGAGACCACCGTGGACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGAATGGCGACCACCGTGAACGCCCACCAGGT 
TCGCATGGCGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGACAAGT 
TCGCATGGAGACCACCGTGAACGCCCGACAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCTGGT 
TCGCATGGAGACCACCGTGAACGCCCACCATGT 
TTGCATGGAGACCACCGTGAACGCCCATCAGAT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TTGCATGGAGACCACCGTGAACGCCCACCAGGT 
TTGCATGGAGACCACCGTGAACGCCCACCAGGT 
TTGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGGCCACCGTGAACGCCCACCAGGT 
TCGCATGGAGGCCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TTGCATGGAGACCACCGTGAACGCCCACCAGGT 
TTGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 
Hep 

. 1 |He 

. 1 丨 He 

. 1 |He 

. 1 (He 

. 1 |He 

. l l H e 

. l | H e 

. 1 |He 

1 丨 Hep 

1 丨 Hep 

.11 He 

.11 He TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

. l | H e TCGCATGGAAACCACCGTGAACGCCCACCAGGT 

.11 He TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

.11 He TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

• 11 He TAGCATGGAGACCACCGTGAACGCCCACCAGGT 

1 I Mu t TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
1 I Hep TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
. 1 | H e TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
.11 He TCGCATGGAGACCACCGTGAACGCCCACCAGGT 

• 188-
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N t l 6 0 4 1636 

1 4 8 5 2 4 6 0 8 | d b j 

1 4 8 5 2 4 6 5 3 | d b j 

1 4 8 5 2 4 6 4 8 丨 d b j 

1 4 8 5 2 4 6 3 3 1 d b j 

148524628 I d b j 

148524623丨 d b j 

8 4 0 9 5 0 9 1 | d b j 

110613494 I g b 

1 1 0 4 5 6 0 3 3 | g b 

1 1 0 4 5 6 0 3 0 I g b 

1 4 8 5 2 4 6 4 3 1 d b j 

1 4 8 5 2 4 6 3 8 1 d b j 

1 4 8 5 2 4 6 0 3 | d b j 

1 4 8 5 2 4 5 9 8 | d b j 

95007765 
95007760 
95007755 
95007750 
95007745 
60098337 
39979297 
60279615 
29123245 
3 9 7 4 8 6 3 6 
42558175 
39930180 
39840922 
3 9 7 4 8 6 4 1 
39979292 
2 9 1 2 3 2 3 5 
11071965 
1 1 0 7 1 9 6 3 
60279610 

I A B 1 9 5 9 3 9 . 1丨 He 

| A B 1 9 5 9 4 8 . 1 | H e 

I A B 1 9 5 9 4 7 . 1 | H e 
| A B 1 9 5 9 4 4 . 1 | H e 
IAB195943 . 11 He 
I A B 1 9 5 9 4 2 . 1 1 He 

AB182589.1丨Hep 

D Q 6 8 3 5 7 8 . 1 | H e p 
D Q 5 3 6 4 1 2 . 1 ( H e p 
D Q 5 3 6 4 1 0 . 1 | H e p 
I A B 1 9 5 9 4 6 . 1 | H e 
I A B 1 9 5 9 4 5 . 1 | H e 
I A B 1 9 5 9 3 8 . 1 ! H e 
I A B 1 9 5 9 3 7 . 1 [ H e 

14 8524 5 9 3 ( d b j i A B 1 9 5 9 3 6 . 1 1 He 
87886469 I d b j | A B 2 5 0 1 0 9 . 1 1 H e p 
148524 57 3 1 d b j | A B 1 9 5 9 3 2 . 1 | H e 
1 4 8 5 2 4 5 6 8 | d b j | A B 1 9 5 9 3 1 . 1 1 He 
14 8 5 2 4 5 6 3 1 d b j 丨AB195930 .11He 

8 7 0 8 0 7 6 4 | d b j | A B 2 4 7 9 1 6 . 1 | H e p 
74474927 丨db j 丨AB206817 .11Hep 
74 47 4 922 I d b j | A B 2 0 6 8 1 6 . 11Hep 
1 1 0 4 5 6 0 3 8 I g b I D Q 5 3 6 4 1 4 . i l Hep 
1104 56037 丨 g b | D Q 5 3 6 4 1 3 . i l Hep 

110456032 I g b I D Q 5 3 6 4 1 1 . i l Hep 

d b j | A B 2 4 1 1 1 3 . 1 | H e p 

d b j | A B 2 4 1 1 1 2 . 1 | H e p 

d b j I A B 2 4 1 1 1 1 . 1 | H e p 

db j丨AB241110.1丨Hep 

d b j丨A B 2 4 1 1 0 9 . 1 | H e p 

e m b | A J 7 4 8 0 9 8 . 1 | H e p 
db j！AB112472.1丨Hep 

d b j I A B 2 0 5 1 2 5 . 1 | H e p 

g b | A Y 2 1 7 3 7 7 . 1 | H e p a 
d b j 
d b j 
d b j 
d b j 
d b j 
d b j 

AB112065.1丨Hep 

A B 1 1 1 9 4 6 . 1 | H e p 

AB112408 

AB112348 

AB112066 

AB112471 
g b | A Y 2 1 7 3 7 4 

11 Hep 
11 Hep 
1 丨 Hep 

1 |Hep 

1丨 Hepa 

d b j I A B 0 4 2 2 8 3 . 1 | H e p 

d b j I A B 0 4 2 2 8 2 . 1 | H e p 

d b j I A B 2 0 5 1 2 4 . 1 | H e p 

6063437 I d b j | A B 0 3 3 5 5 3 . 1 1 H e p a 
6063452 I d b j | A B 0 3 3 5 5 6 . 1 1 H e p a 
6063432 I d b j | A B 0 3 3 5 5 2 . 1 1 H e p a 
6063427 I d b j | A B 0 3 3 5 5 1 . 1 1 H e p a 
6063422 I d b j | A B 0 3 3 5 5 0 . 1 1 H e p a 
5 6 3 4 2 1 3 1 1 d b j I A B 1 1 3 8 7 9 . 1 1 Hep 
11071969 I d b j | A B 0 4 2 2 8 5 . 1 1 H e p 
18252573 I g b I A F 4 6 1 3 6 3 . 1 1 A F 4 6 
1825254 3 | g b I A F 4 6 1 3 5 7 . 1 1 A F 4 6 
_ 9 7 7 5 I d b j I A B 0 2 6 8 1 4 . 1 1 H e p a 
6 0 0 9 7 7 0 | d b j | A B 0 2 6 8 1 3 . 1 | H e p a 

TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGG^AACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCATCAGGT 
TCGCATGGAGACCACCATGAACGCCCATCTGGT 
TCGCATGGAGACCACCATGAACGCCCATCTGGT 
ACGCATGGAGACCACCGTGAACGCCCACCAGGT 
ACGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCGCCAAGT 
TCGCATGGAAACCACCGTGAACGCCCGCCAAGT 
TCGCATGGAAACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCATGAACGCCCATCTGGT 
TCGCATGGAGACCACCATGAACGCCCATCTGGT 
TCGCATGGAGACCACCATGAACGCCCATCTGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TTGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
AGGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAAGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACACCCACCAGGT 
TCGCATGGM.CCACCGTGAACACCCACCAGGT 
TCGCATGGAAACCACCGTGAACACCCACCTGGT 
TCGCATGGAAACCACCGTGAACACCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
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g i 60097651 d b j I A B 0 2 6 8 1 2 . 1丨 Hepa 

g i 6 0 0 9 7 6 0 | d b j丨A B 0 2 6 8 1 1 . 11 Hepa 

g i 18252553 1 g b | A F 4 6 1 3 5 9 . 1 IAF4 6 
g i 18252548 | g b | A F 4 6 1 3 5 8 . 1 IAF4 6 
g i 60279605 Idbj丨AB205123 .1 1 Hep 

g i 18252563 I g b | A F 4 6 1 3 6 1 . 1 |AF4 6 
g i 11071967 I dbj IAB042284 . 1 I Hep 
g i 56342116 I d b j IAB113876 . 1 I Hep 
g i 5 6 3 4 2 1 1 1 I dbj IAB113875 . 1 S Hep 
g i 5 6 3 4 2 1 2 1 I d b j 1AB113877 . 1 丨Hep 

g i 6 0 6 3 4 5 7 | d b j | AB033557 . 1 | H e p a 
g i 56342126 I d b j IAB113878 • 1 I Hep 
g i 4 2 5 5 8 1 8 1 I d b j IAB115417 .1 I Hep 
g i 3 8 6 0 3 6 4 1 I d b j IAB115418 . 1 IHep 
g 土 13365550 I d b j IAB048705 . 1 丨Hep 

g i 13365548 Idbj IAB048704 .1 IHep 
g i 21280247 I dbj IAB073831 .1 |Hep 
g i 21280245 I d b j IAB073830 . 1 | Hep 
g i 2 9 1 2 4 9 0 1 | g b | A Y 2 1 7 3 6 3 . 11 Hepa 
g i 21280249 i d b j IAB073832 . 1 | Hep 
g i 2 1 2 8 0 2 5 3 1 dbj IAB073834 . 1 S Hep 
g i 2 1 2 8 0 2 4 1 I d b j IAB073828 .1 IHep 
g i 2 1 2 8 0 2 3 9 1 dbj IAB073827 . 1 I Hep 
g i 2 1 2 8 0 2 5 1 I d b j IAB073833 . 1 | Hep 
g i 21280265 I dbj IAB073840 . 1 | Hep 
g i 21280237 I d b j IAB073826 .1 IHep 
g i 21280229 Idbj IAB073822 . 1 I Hep 
g i 2 1 2 8 0 2 4 3 I d b j |AB073829 . 1 I Hep 
g i 21280259 Idbj IAB073837 . 1 I Hep 
g i 2 1 2 8 0 2 3 1 I d b j IAB073823 .1 | Hep 
g i 21280263 I d b j |AB073839 . 1 I Hep 
g i 21280233 I d b j IAB073824 . 1 IHep 
g i 21280267 I d b j IAB073841 . 1 | Hep 
g i 21280227 I d b j IAB073821 . 1 IHep 
g i 21280257 I d b j IAB073836 • 1 IHep 
g i 21280235 I d b j [AB073825 . 1 IHep 
g i 2 1 2 8 0 2 5 5 I d b j |AB073835 . 1 ！ Hep 

g i 21280299 i d b j |AB073857 . 1 I Hep 
g i 21280297 I d b j IAB073856 • 1 I Hep 
g i 21280287 i d b j IAB073851 . 1 丨Hep 

g i 21280277 I d b j IAB073846 . 1 I Hep 
g i 2 1 2 8 0 2 8 1 I d b j IAB073848 . 1 I Hep 
g i 2 1 2 8 0 2 6 1 I d b j IAB073838 . 1 I Hep 
g i 21280273 I d b j IAB073844 . 1 IHep 
g i 2 1 2 8 0 2 7 1 I d b j |ABQ73843 . 1 | Hep 
g i 2 1 2 8 0 2 7 5 I d b j IAB073845 • 1 IHep 
g i 2 1 2 8 0 2 6 9 I dbj 丨AB073842 . 1 IHep 
g i 2 1 2 8 0 2 8 5 I d b j |AB073850 . 1 IHep 
g 土 2 1 2 8 0 2 7 9 丨db j IAB073847 . 1 IHep 
g i 2 1 2 8 0 2 9 5 I d b j IAB073855 . 1 丨Hep 

g i 21280293 I d b j |AB073854 . 1 IHep 
g i 21280289 I d b j !AB073852 . 1 I Hep 
g i 2 1 2 8 0 3 0 1 I d b j IAB073858 . 1 IHep 
g i 21280283 I dbj IAB073849 . 1 IHep 
g i 2 1 2 8 0 2 9 1 I d b j IAB073853 . 1 IHep 

'4 1636 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGCAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACACCCACATGAT 
TCGCATGGAGACCACCGTGAACACCCACATGAT 
TCGCATGGAGACCACCGTGAACGCTCACCGGAA 
TCGCATGGAAACCACCGTGAACGCCCACTGGAA 
TCGCATGGAAACCACCGTGAACGCCCACTGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACAGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACTGGAA 
TCGCATGGAAACCACCGTGAACGCCCACAGAAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACGGGAA 
TCGCATGGAGACCACCGTGAACGCCCACAKTAA 
TCGCATGGAGACCACCGTGAACGCCCACTGGAA 
TCGCATGGAGACCACCGTGAACGCCCACTGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAAACCACCGTGAACGCCCACCGGAA 
TCGCATGGAAACCACCGTGT^ACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAAACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACTGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
TCGCATGGAGACCACCGTGAACGCCCACCGGAA 
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g i 1 1 3 3 6 5 5 4 6 1 d b j | A B 0 4 8 7 0 3 . 1 1 H e p 
g i I 1 3 3 6 5 5 4 4 | d b j | A B 0 4 8 7 0 2 . 1 1 H e p 
g i 1 1 3 3 6 5 5 4 2 ] d b j | A B 0 4 8 7 0 1 . 1 1 H e p 
g i | 2 8 1 1 9 0 9 0 4 | g b | G Q 9 2 4 6 2 3 . 1 | H e p 
g i 1 2 8 1 1 9 0 7 9 4 | g b | G Q 9 2 4 6 0 4 . 1 | H e p 
g i I 2 8 1 1 9 0 8 7 6 I g b I GQ924 6 1 8 . i l Hep 
g i 1 2 8 1 1 9 0 8 6 0 1 g b I G Q 9 2 4 6 1 5 . 1 1 Hep 
g i I 2 8 1 1 9 0 8 8 2 | g b丨 GQ924 619.1丨Hep 

g i | 2 8 1 1 9 1 0 0 9 | g b | G Q 9 2 4 64 2 . 1 | H e p 

g i丨 2 8 1 1 9 0 8 6 5 Igb丨GQ924616.1丨Hep 

g i 丨281190824 !gb丨GQ924609 .1丨Hep 

g i I 2 8 1 1 9 0 8 4 8 | g b | G Q 9 2 4 6 1 3 . 1 1 H e p 

g i 丨 2 8 1 1 9 0 8 4 2 | g b | G Q 9 2 4 6 1 2 . 1 | H e p 

g i I 2 8 1 1 9 0 8 5 4 | g b ! G Q 9 2 4 6 1 4 . 1 1 H e p 

g i I 70610125丨 gb丨 DQ089803.1丨 Hepa 

g i 1 2 8 1 1 9 0 9 3 6丨 g b | G Q 9 2 4 6 2 9 . 1丨H e p 

g i | 2 8 1 1 9 0 9 7 6 | g b | G Q 9 2 4 6 3 6 . 1 | H e p 
g i丨 7 901307 2 | g b | D Q 2 4 6 2 1 5 . 1 1 H e p a 
g i I 7 0 6 1 0 0 7 2 | g b | D Q 0 8 9 7 9 2 . 1 1 H e p a 
g i 1 7 0 6 1 0 0 6 7 | g b | D Q 0 8 9 7 9 1 . 1 I H e p a 
g i i 7 0 6 1 0 1 3 0 | g b 丨 DQ089804.1丨 Hepa 

g i I 7 0 6 1 0 0 9 0 I g b I DQ0897 9 6 . i l H e p a 
g i I 70610085丨 gb 丨 DQ0897 95 .1丨 Hepa 

g i 丨 2 8 1 1 9 0 9 5 8 Igb丨 GQ924633.1丨Hep 

g i 丨 7 0 6 1 0 0 9 5 丨 g b | D Q 0 8 9 7 9 7 . 1丨 Hepa 

g i | 7 0 6 1 0 0 8 2 | g b l D Q 0 8 9 7 94 .1丨Hepa 

g i丨 70 6 1 0 0 7 7 | g b ( D Q 0 8 9 7 9 3 . 1 I H e p a 
g i | 7 0 6 1 0 1 0 0 | g b丨D Q 0 8 9 7 9 8 . 1丨 Hepa 

g i ( 7 0 6 1 0 1 1 0 i g b I D Q 0 8 9 8 0 0 . H e p a 
g i I 7 0 6 1 0 1 0 5 | g b丨 DQ08 97 9 9 . 1 j H e p a 
g i丨 7 〇 6 1 0 1 2 0丨g b | D Q 0 8 9 8 0 2 . 1 ( H e p a 

g i | 7 0 6 1 0 1 1 5 | g b | D Q 0 8 9 8 0 1 . 1 | H e p a 
g i | 2 8 1 1 _ 9 9 ( g b | G Q 9 2 4 6 2 2 . 1 ( H e p 
g i I 2 8 1 1 9 0 8 8 7 | g b | G Q 9 2 4 6 2 0 . 1 1 H e p 

4 1636 
TCGCATGGAGACCACCGTGAACGCCCACCAATT 
TCGCATGGAGACCACCGTGAACGCCCACCAATT 
TCGCATGGAGACCACCGTGAACGCCCACCAATT 
TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGTCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCTGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAAGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAAACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCTCCGTG7\ACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCGCCAGGT 
TCGCATGGCGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCCACCAGGT 
TCGCATGGAGACCACCGTGAACGCCAACCTGGT 
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Dataset of univariate analysis of HBV viral load and G1613A mutation in HBV 

carriers. 

Serum 
Number 

6
 7

 8

 9

 
旧
 r
i
2
 

5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
 

—
丨
—
丨
 
—
 
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
 

F 

AFP Viral load 
(copies/ml) 

HBV 
genotype Nucleotide 

0 479.25 Cs A 
0 1016.31 Cs A 
0 1280.36 Cs G 
0 1776.79 Cs G 
0 2109.32 Cs A 
0 2374.64 Cs G 
0 2742.25 Cs G 
0 4079.33 Cs G 
0 7755.13 Cs G 
0 8151.00 Cs G 
0 8408.90 Cs G 
0 10525.72 Cs G 
0 11307.89 Cs G 
0 11635.21 Cs A 
0 13100.00 Cs G 
0 13858.92 Cs G 
77 17774.21 Cs G 
0 22677.87 Cs G 
0 26373.09 Cs G 
13 40857.83 Cs G 
0 57980.60 Cs G 
0 61375.84 Cs G 
10 89764.45 Cs G 
0 116049.87 Cs G 
17 131614.20 Cs G 
0 133975.26 Cs G 
0 148205.28 Cs G 

20 153666.97 Cs A 
83 186255.10 Cs G 
0 203254.56 Cs G 
0 232478.34 Cs G 
0 251452.42 Cs G 
0 286000.00 Cs G 
0 310015.00 Cs A 
0 334586.55 Cs G 
0 361164.50 Cs G 
0 375644.25 Cs G 
0 393493.03 Cs G 
0 483000.00 Cs G 
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0 530000.00 
0 560000.00 
0 590000.00 
0 800000.00 
0 840000.00 
0 915000.00 
10 945000.00 
15 975000.00 
0 1065000.00 
10 1145000.00 
0 1230000.00 
0 1235000.00 
14 1275000.00 
0 1500000.00 
0 1510000.00 
0 1565000.00 
0 1955000.00 
0 2000000.00 
0 2130000.00 
0 2265000.00 
0 2380000.00 
0 2530000.00 
0 2615000.00 
11 2625000.00 
18 3880000.00 
0 3895000.00 
0 4655000.00 
0 4910000.00 
0 5150000.00 
0 5350000.00 
0 5450000.00 
0 6100000.00 
0 6650000.00 
0 7600000.00 
0 11550000.00 
0 12350000.00 
0 12750000.00 
0 18850000.00 

143 19150000.00 
0 27050000.00 
0 41150000.00 
0 46300000.00 
0 122000000.00 
19 130500000.00 
0 165000000.00 
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F 0 181500000.00 Cs G 
F 0 259000000.00 Cs G 
F 0 391500000.00 Cs G 
F 0 580000000.00 Cs A 
M 0 163.38 Cs G 
M 0 180.75 Cs G 
M 0 206.87 Cs G 
M 0 430.89 Cs G 
M 0 756.90 Cs G 
M 0 1057.96 Cs G 
M 0 1075.09 Cs A 
M 0 1103.60 Cs G 
M 0 1271.21 Cs G 
M 0 1494.32 Cs A 
M 0 1578,01 Cs G 
M 0 1807.61 Cs G 
M 12 2634.96 Cs G 
M 11 2705.89 Cs G 
M 0 5034.71 Cs A 
M 0 5062.98 Cs G 
M 11 8151.63 Cs G 
M 0 10288.35 Cs G 
M 0 12249.43 Cs G 
M 0 12555.93 Cs G 
M 0 14171.31 Cs G 
M 0 14375.88 Cs G 
M 0 14427.36 Cs G 
M 10 14461.90 Cs G 
M 0 15653.36 Cs G 
M 0 15685.07 Cs G 
M 0 16862.01 Cs G 
M 0 19517.66 Cs A 
M 0 20490.69 Cs G 
M 16 20510.40 Cs A 
M 0 20759.88 Cs G 
M 0 21976.71 Cs G 
M 0 25442.23 Cs G 
M 24 30153.22 Cs A 
M 0 35048.80 Cs G 
M 0 35139.98 Cs G 
M 0 40542.88 Cs G 
M 0 64131.45 Cs G 
M 0 70858.72 Cs A 
M 10 85887.42 Cs G 
M 0 87560.83 Cs G 
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130 M 0 120782.50 
131 M 0 124904.21 
132 M 0 127181.03 
133 M 0 130000.00 
134 M 0 131331.03 
135 M 0 134288.16 
136 M 0 157378.99 
137 M 0 158457.66 
138 M 0 162587.50 
139 M 0 169500.00 
140 M 0 175711.14 
141 M 0 178325.00 
142 M 0 189376.28 
143 M 0 277640.91 
144 M 0 283933.86 
145 M 0 286405.00 
146 M 0 295416.11 
147 M 0 314003.55 
148 M 0 315943.03 
149 M 0 324797.07 
150 M 0 331317.33 
151 M 0 362372.32 
152 M 0 396532.69 
153 M 0 401674.57 
154 M 0 413745.52 
155 M 0 422522.99 
156 M 0 444960.49 
157 M 13 483915.78 
158 M 47 505000.00 
159 M 0 590000.00 
160 M 0 620000.00 
161 M 10 705000.00 
162 M 0 725000.00 
163 M 0 730000.00 
164 M 0 770000.00 
165 M 0 805000.00 
166 M 19 860000.00 
167 M 0 860000.00 
168 M 0 1045000.00 
169 M 0 1055000.00 
170 M 0 1060000.00 
171 M 0 1115000.00 
172 M 0 1115000.00 
173 M 0 1125000.00 
174 M 0 1145000.00 
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175 M 0 1160000.00 Cs G 
176 M 0 1185000.00 Cs G 
177 M 0 1190000.00 Cs G 
178 M 0 1245000.00 Cs G 
179 M 0 1265000.00 Cs A 
180 M 25 1345000.00 Cs G 
181 M 0 1370000.00 Cs A 
182 M 0 1505000.00 Cs G 
183 M 0 1515000.00 Cs G 
184 M 0 1525000.00 Cs G 
185 M 17 1540000.00 Cs G 
186 M 0 1620000.00 Cs G 
187 M 15 1680000.00 Cs A 
188 M 0 1780000.00 Cs G 
189 M 0 1785000.00 Cs G 
190 M 12 1970000.00 Cs G 
191 M 0 2060000.00 Cs G 
192 M 0 2115000.00 Cs G 
193 M 0 2340000.00 Cs G 
194 M 14 2400000.00 Cs G 
195 M 0 2425000.00 Cs G 
196 M 0 2440000.00 Cs G 
197 M 0 2655000.00 Cs G 
198 M 0 2695000.00 Cs G 
199 M 0 2900000.00 Cs G 
200 M 0 3020000.00 Cs A 
201 M 0 3215000.00 Cs G 
202 M 0 3295000.00 Cs G 
203 M 0 3320000.00 Cs G 
204 M 0 3355000.00 Cs G 
205 M 0 3565000.00 Cs G 
206 M 16 3605000.00 Cs G 
207 M 0 3775000.00 Cs G 
208 M 0 4090000.00 Cs G 
209 M 0 4150000.00 Cs G 
210 M 0 4240000.00 Cs G 
211 M 11 4420000.00 Cs G 
212 M 0 4670000.00 Cs G 
213 M 0 4815000.00 Cs A 
214 M 0 5250000.00 Cs A 
215 M 0 6600000.00 Cs A 
216 M 0 6800000.00 Cs A 
217 M 0 7650000.00 Cs G 
218 M 0 7900000.00 Cs G 
219 M 0 7950000.00 Cs G 
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220 M 0 8650000.00 
221 M 0 9150000.00 
222 M 0 9400000.00 
223 M 17 10250000.00 
224 M 0 10500000.00 
225 M 0 11600000.00 
226 M 0 12850000.00 
227 M 0 14000000.00 
228 M 0 14700000.00 
229 M 0 14800000.00 
230 M 0 16200000.00 
231 M 0 17050000.00 
232 M 0 18900000.00 
233 M 0 18900000.00 
234 M 0 19650000.00 
235 M 30 20450000.00 
236 M 114 22250000.00 
237 M 0 24600000.00 
238 M 12 24650000.00 
239 M 0 28350000.00 
240 M 35 28400000.00 
241 M 0 29550000.00 
242 M 0 34150000.00 
243 M 0 34600000.00 
244 M 21 39500000.00 
245 M 0 55000000.00 
246 M 0 57500000.00 
247 M 0 60500000.00 
248 M 0 63500000.00 
249 M 17 73500000.00 
250 M 0 294500000.00 
251 M 0 320000000.00 
252 M 0 341000000.00 
253 M 21 377000000.00 
254 M 0 454500000.00 
255 M 43 482000000.00 
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