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ABSTRACT

Hepatitis B virus (HBV) is hyperendemic in sub-Sama Africa with a correspondingly high

incidence of hepatocellular carcinoma (HCC). In-8®0 % of the HCC cases, HBV is found
integrated, contributing to HCC initiation and pregsion through direct mutation of host DNA, and
expression of truncated viral, and hybrid viralth@soteins; which may cause increased cell
division, apoptosis, aberrations in growth cyclel gmoliferation, and transformation. This study
aimed to determine the proportion of tumours wittegration of HBV and whether this was single
or multiple; to ascertain the sites of HBV integvatrelative to functional cellular genes and to

establish whether any integrants were expressed.

The tumour (T) and non-tumorous (NT) tissues stlidiere from 18 (+3) black southern African
males with HCC, mainly miners from South Africa asutrounding countries. DNA was analysed
by Southern hybridisation (SH) with single and deudigests of restriction endonucleases with
different numbers of target sites on the HBV gendBwRI, BamHI, andHindlll), and at different
DNA concentrations, using a full genome HBV prolbee full length (FL)-PCR, inverse (I)-PCR
andAlu-PCR techniques were attempted because PCR erihélebaracterisation of large numbers
of HBV integrants to be processed less laboriouslgidly, cheaply and with the use of less tissue
than library construction. In order to study th@mession of integrants in an African HCC patient,
we designed and used a novel adaptation of therdiftial gene expression technique. RNA was
extracted from the HCC tissue, reverse transcrilaeaplified by PCR with®*SdATP, and oligo
d(T).s/HBV-specific primers. Amplicons were resolved bylyacrylamide gel electrophoresis

(PAGE), purified individually, re-amplified and ssenced.

SH revealed multiple integrants in 9/11 individué® %) with 10 being the largest number of
distinct clonally expanded integrants in any oneCHG the only matched T/NT pair studied, both
tissues contained integrants, with the T havingemtistinct clonal expansions. In 3 HCCs, DNA
from different areas of the tumour did not yiele: t)ame pattern of integration upon subsequent
analysis. The PLC/PRF/5 cell line was found to aon6 or possibly 9 integrants, in accordance
with previous publications. No HBV integrants wemmplified by either I-PCRAIU-PCR or FL-
PCR. With the use of the novel adaptation of tHéeintial gene expression technique we report,
for the first time, the possible expression of megrant from an African HCC. A 396 bp rearranged,
hybrid mRNA, constituting 322 bp of HBV sequencenguising the end portion of thégene, DR1

(a hot-spot for integration), and the beginningtlod core gene (nucleotides 1820 to 2142), was
flanked by 74 bp of DNA sequence which appearedarged, comprisin@2bp of sequence that
could not be reliably mapped, 33 bp of posshteno sapiens VH1 region (AJ007320) and 19 bp of



Vi

adjacent sequence. When the sequence was subtoitBhbank at a later date it was revealed that
the region of the AJOO732¢H1 sequence to which it originally mapped appearedetove from the
plasmid pPCR-Script Amp SK(+). A number of consatems make it unlikely that the flanking
DNA of this possible integrant was from a HBV DNMred into pPCR-Script Amp SK(+), but the
possibility cannot be entirely eliminated. The poiity of the integrant being legitimate can also
not be excluded as portions or all of the flanksegluence may be a part of the human genome that
may not have been banked with GenBank yet. Furtbexithe T45.3 HBV sequence was found to
cluster with the HBV genotype E isolates, foundmaiily in the populations of sub-Saharan Africa,
and the T45.3 subject was a Mozambican male whonhigdated to South Africa. There was no
genotype E clone in the laboratory at the time. pbssibility exists that more of the HBV genome
could be present upstream to the genomic DNA flarkthis integrant. Specific cases of
rearrangement ok gene integrants, with 2 sections (or more) of HBNA separated by genomic
DNA have been reported in the literature. Phgene is the most frequently integrated regiorhef t

viral genome.

The sequence obtained for this integrant was ireth eonserved region of the HBV genome and
upon phylogenetic analysis of the integrant wasifbto cluster with the HBV genotype E isolates
relative to a representative selection of sequeatétBV isolates from the international databases.
The integrant was derived from a sample that ogitgid from a Mozambican male who had migrated
to South Africa. Unpublished data indicate that7%.of HBV isolates from Mozambique belong to
genotype E. Of all the HBV genotypes, E is the nmstvalent worldwide, found primarily in the
populations of sub-Saharan Africa — an estimatéd 20 HBV chronic carriers or approximately 60
million people, and may be the most important ggoetglobally. This is the first description of a

possible genotype E integrant and its expression.

In conclusion SH results corresponded with published literaturethat 80 % of samples had
integration and all had multiple integrants. SHutessalso indicated that 3 HCCs contained more
than one hepatocyte clone. We showed that the nuaflietegrants detected in the PLC/PRF/5 cell
line varies between studies. I-PCR FL &id-PCR methods were shown to have shortcomings, and
not to be easily reproducible. These methods haen lemployed to analyse mainly non-African
HCCs, primarily containing single integrants. Thregence of multiple integrants per sample makes
characterisation of such integrants more complitdteis clear from the present study that methods
developed to study single integrants in HCC tissgenot suited to study multiple integrants, which

are found in HCC tissue from Africans.
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MHBs Middle HBV surface protein

MHBs' Truncated middle HBV antigen polypeptide

MIG6 Mitogen-inducible gene 6

MK Mevalonate kinase gene

MLL2 (MLL4) Myeloid/lymphoid or mixed lineage leukaemia 2 gene
MLL5 Myeloid/lymphoid or mixed lineage leukaemia 5 gene
MOPS 4-Morpholinepropanesulfonic acid

MUC16 Mucin 16 gene

MWM(s) Molecular weight marker(s)

NA Not applicable

NCF1 Neutrophil cytosolic factor 1 gene

NEDDA4L Ubiquitin-protein ligase NEDDA4L-like; neural presor cell expressed, developmentally
downregulated gene 4-like gene

NER Nucleotide excision DNA repair

NL 'Non-HBV' liver

NMP Nuclear matrix protein p84 gene
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NT non-tumorous tissue

NTRK2 Neurotropic tyrosin receptor kinase 2 gene

OCIA OCIA domain-containing 1 gene

ODZ2 Homolog of odd Oz Drosophila gene

ORF(s) Open reading frame(s)

ORM1 Orosomucoid 1 gene

OuHV Orangutan hepatitis virus

P/C Phenol chloroform DNA extraction method

p42MAPK1 p42 Mitogen-activated protein kinase 1 gene
PAGE Polyacrylamide gel electrophoresis

PARKY Parkinson disease gene

PBMCs Peripheral blood mononuclear cells

PCR Polymerase chain reaction

PDE11A Phosphodiesterase 11A gene

PDEG6D Phosphodiesterase 6D, cGMP-specific, rad, delta gen
PDGFB Platelet derived growth factor beta polypeptideggen
PDGFRB Platelet derived growth factor receptor beta premugene
PDGR Platelet derived growth factor gene

pgRNA Pregenomic RNA

PI-3-K Phosphatidylinositol-3-kinase

PITPNC1 Posphatidylinositol transfer protein, cytoplasmigehe
PRE Postranscriptional regulatory element

RAB30 Ras oncogene family member 30

RAI 17 Retinoic acid-induced gene 17

RAR-f Retinoic acid receptor beta

RB1 Retinoblastoma 1 gene
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RBMY RNA-binding motif Y chromosome gene

RE/s Restriction enzyme/s

RSA Republic of South Africa

RT Reverse transcription

RT-PCR Reverse transcription PCR

S/O Salting out DNA extraction method

SCARAS3 Scavenger receptor class A, member 3 gene
SDS Sodium dodecyl sulphate

SERCA1 Sarco-endoplasmic reticulum calcium ATPase gene
SEST3 Sestrin 3 gene

SFXNS Sideroflexin 5 gene

SH Southern hybridization

SHBs Small HBV surface protein

SITA Alpha 2,3 sialyltransferase gene

SMAD2 Human homologue 2 of the Drosophila Mad gene
SMAD4 Human homologue 4 of the Drosophila Mad gene
SMOC1 SPARC-related modular calcium-binding 1 gene
SOCS4 Suppressor of cytokine-signaling 4 gene

SPG4 Spastic paraplegia 4 gene

SRP46 Splicing factor, arginine/serine rich 2B gene
SRPK2 Serine protein kinase 2 gene

SSCSodium chloride sodium citric acid

STAC SH3 & cystein rich domain gene

STX3A Syntaxin 3A gene

T Tumour tissue

TACC1 Transforming acedic coiled-coil-containing protéigene



TCEAS Transcription factor Sll-related protein 4 gene
TE Tris-EDTA

TERF2 Telomeric repeat-binding factor 2 gene

TGF-p Transforming growth factor-beta

TIAM1 T-cell ymphoma invasion and metastasis 1 gene
Tm Annealing temperature

TNF Tumour necrosis factor-induced protein gene
TRAP Thyroid hormone receptor-associated protein-158alpene
TRUP Thyroid hormone-uncoupling protein gene

TS Tumour suppressor

TTC30A Tetratricopeptide repeat domain 30A gene

UK United Kingdom

URF4 unidentified reading frame 4

USA United States of America

UV Ultra violet

VH1 Homo sapiens heavy chain variable region gene

VNTRSs Variable nucleotide tandem repeats

WBSCR1 Williams-Beuren syndrome (WS) chromosome regioriieg

WHO World Health Organisation

WHV Woodchuck hepatitis virus

WMHBV Woolly monkey hepatitis virus

WT1 Wilm's tumour gene

XPO4 Exportin 4 gene

YY1 Yin and Yan transcription initiation factor
ZNF521 Zinc finger protein 521 gene

€ HBV encapsidation signalr epsilon
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bp Base pairs

kb Kilobases

cm? Centimeters square
cpm Counts per minute
g Grams

Mg Micrograms

mg Milligrams

ul Microlitres

ml Millilitres

MM Micromolar

mM Millimolar

pmol Picomole

X g Multiples of the acceleration due to gravity (g)
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1.0 INTRODUCTION

1.1 Hepatitis and Hepatitis B Virus — a brief histoy

Hepatitis or liver inflammation is recognized incemt times, where Mesopotamian healers
record patients with yellowing of the skin and eyEsansmission of the disease through
contaminated blood is however, only recorded in51@&8irman, 1885: cited in MacCallum,
1971 - original article in German) and in 1947, Katlum distinguishes two forms of
hepatitis, that he terms A, for infectious hepstiind B for homologous serum hepatitis
(MacCallum and Bauer, 1947). In 1963 the Australiéigen, which is later shown to be
associated with hepatitis, is discovered in tharsesf an Australian aborigine (Blumbesg
al., 1964, 1965). This is the hepatitis B virus (HB3)rface antigen (HBsAg), which is
subsequently shown to occur only in individualeatéd with HBV (Okochi and Murakami,
1968; Prince 1968). However, it is not until 197@attthe complete HBV patrticle is isolated
(Daneetal., 1970). The production of the successful HBsAgruze against HBV is licensed
in 1981 (Blumberg and Millman, 1972; ACIP, 1985)

1.2 HBV Infection and Hepatocellular Carcinoma

HBV infection which most often results in spontangewsecovery but may run a fulminant
course, causes acute hepatitis, chronic hepatits,asymptomatic liver disease (Redeker,
1975; Lee 1997). Chronic infection with the virgsshown to correlate geographically with
hepatocellular carcinoma (HCC) (Figure 1.1), ansl@urrently estimated that approximately
350 million individuals are infected worldwide (WH&timates 2002). HCC is one of the
most common cancers, comprising 85 % of malignamiours of the liver (Hussaiet al.,
2001; Kao and Chen 2002; Zhu, 2003), and ranksififimen, eighth in women, and third in
terms of annual mortality rate (Parldaral., 2008). HBV DNA is found integrated in 80-100 %
of all HCCs (Shafritz and Kew, 198&réchotet al., 2000; Murakamét al., 2005). The reason
for the variable outcome of HBV infection (Somraeal., 1997) and the development of HCC
(Szmuness, 1978) has not yet been satisfactoplamed, although it has been postulated that
the host immune response, and HBV sequence vatyalilay play a role (Gunthest al.,
1998).
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Figure 1.1: Geographical distribution of HCC and chronic HBYeiction.

Slides reproduced from a presentation by kind permission oé$3af M.C. Kew.

Transmission of HBV occurs primarily by percutangenposure to infected blood, or blood
products, or semen (Szmunesal., 1975; Alteret al., 1975, 1977; Bancroé al., 1977). In
areas of high endemicity (defined as such if 8 ¥nore of the population is chronically
infected with the virus), the primary route of tsamssion is parenteral. The risk is high (70-90
%) and lower (10-40 %) when mothers are HBeAg pas(Beaslet al., 1977, 1981, 1982)
and negative, respectively (Stevenal., 1979; Xuet al., 1985). Infants infected perinatally
have a 90 % chance of remaining chronically infé¢Beasley and Hwang, 1983; Xual .,
1985; Frankset al., 1989; Hurieet al., 1992). In sub-Saharan Africa the major route of
infection is horizontal spread in childhood. Ofgaehildren 40-90 % will become chronically
infected (Kewet al., 1987). The exact mode of such transmission nesnanclear. A
case/control study performed in South Africa regddhat HBsAg positive carriers have a 9-
33 times increased risk of developing HCC (Kew,Z4)@han uninfected persons. Becoming a
carrier early in life allows for the 20-30 yeardaty period, which exists between initial
infection with HBV, and development of HCC (Matstdband Tokino 1990). The cancer often
occurs in several members of the same family,falllach are chronically infected with the
virus (Tonget al., 1979).

Factors other than infection with HBV may also cimite to HCC. Alcohol-induced

cirrhosis and the dietary intake of high levelgon, ingested chemical carcinogens such as



aflatoxin, all increase the risk of developing tancer (Edmondson and Steiner, 1954,
Lustbadeet al., 1983; Bassett al., 1986; Bressagt al., 1991; Hswet al., 1991; Katcet al.,
1996; Smela&t al., 2002; Kew and Asare, 2007). Hepatitis C virs®alauses HCC and co-
infection with the two viruses increases the risKGC development (Benvegetial., 1994;
Ye, et al., 1994; Kirket al., 2004).

Treatment of HCC is long-term, expensive, and mastisuccessful. The cancer may be
delayed with the use of HBV-inhibiting drugs, buice these are stopped, HBV replication
resumes in the majority of cas€onget al., 1999. Surgical resection of the tumour is not
always possible, and tumour recurrence occurs-#83%6 of cases in 5 years and in 73-92% of
cases by the tenth yegomeyaet al., 200§. Recurrence in large HCCs occurs after
transplantation i90-54% of patients after 5 years (Bgl., 2009). Currently the best defence
against HBV infection is vaccination, which decesathe prevalence of chronic infection by
50-93 % in children (Changf al., 1997;Ni et al., 2001; Tsebet al., 2001; Goldsteimt al .,
2002; Niet al., 2007). Unfortunately, because of logistical fastdigh cost, and lack of
education in most developing countries (which &e aften those where the virus is endemic)
vaccination is currently only implemented for rolygbne third of the world’s infants, and
infection and death rates remain high (Van Herak\aan Damme, 2008). To exacerbate the
problem, vaccination is unsuccessful in 3-4 % dafividuals. This may be as a result of
vaccine adjuvants and HBV viruses with genetic palgphisms and mutations (Carnetal.,
1990).

1.3 HBV

1.3.1 Classification

The familyHepadnaviridae comprises two genera: thgihepadnaviruses, which infect birds,
and theOrthohepadnaviruses, which infect mammals. The human HBV is the pxqie
member of the family (Summers, 1981) and the offirenate HBVs are: chimpanzee
(ChHBYV) (Vaudinet al., 1988) woolly monkey (WMHBYV) (Lanforet al., 1998) orangutan
(OuHV) (Warreret al., 1999) gibbon (GiHBV) (Nordest al., 1996; Lanforctt al., 2000) and
gorilla (Grtheet al., 2000). Other orthohepadnaviruses include thedelmack hepatitis virus
(WHV) (Summerset al., 1978) and ground squirrel hepatitis virus (GSHMagrionet al.,
1980a). The avihepadnaviruses infect domestic d(izk8V) (Masonet al., 1980) and the



heron (Sprenged al., 1988).

1.3.2 Animal Models

The role of HBV in HCC initiation and progressiasubstantiated by studies of non-human
Hepadnaviridae in their respective hosts. HCC develops in all dawcks, neonatally
infected with WHV (Bréchot, 1987; Korl& al., 1989; Gerin 1990) and in 30 % of ground
squirrels chronically infected with GSHV for five six years (Marioret al., 1983, 1986).
Many such tumours test positive for viral integratiData gathered from investigations into
animal hepadnaviruses in their respective hostsphagen invaluable as studies on the
molecular biology of HBV have historically been haaned by the virus’s relatively stringent

tissue and species specificity.

1.3.3 HBV Genotypes and Their Distribution

There are eight HBV genotypes. These are definea lajpvergence in their complete
nucleotide sequence of more than 8.0 % (Okaretatio, 1988; Nordeet al., 1992a; Kramvis
et al., 2008) and more than 4 % at the S gene level @atdal., 1992b). They display a
distinctive pattern of geographical distributiondaare designated A to H (Okamaitcal .,
1988; Nordeet al., 1992b; Magnius and Norder 1995; Stuysteal., 2000). There is some
relationship between the eight genotypes and tiodoggcal subtypes (serotypes) (Table I). In
areas endemic for HBV a higher proportion of vagajenotypes occurs (Bowyaral., 1997;
Carmanret al., 1997).



Table |: Relationship between HBV genotypes and setypes.*

Genotype Distribution Relationship to serotype

Pandemic but mainly in North America, north-

A west Europe and cerslltral Africa, Venezuela aow2, aywl, ayw?2, adwA

B Eastern Asia, Venezuela adw?2, aywl, adr

C Predominates in East Asia, Korea, Australia,adrg+, adrg, ayr, adw,
China and Japan adw?2, ayw2, ayw3, adwr
Pandemic but more common in the

D Mediterranean, the Middle East and India ayw2, ayws, aywd, adw3

E West Africa, Nigeria and Western and Central aywd
Africa, The Gambia

= Native South Americans and Polynesia, Franceadw4, adw4g-, adw2,
and Alaska ayw4

G France and the United States of America adw?2
Native Indians of Central America and |in

H I . adw4
California and Mexico

* Adapted from Kramvigt al., 2005a

1.3.4 Composition of HBV

Three types of HBV patrticles are found in humamsgithe complete virion or Dane particle
(42 nm) (Figure 1.2), and two non-infectious padetic which are spherical (22 nm) and

filamentous (22nm diameter, length variable) inpghand are composed entirely of HBV

surface proteins and lipids from the hepatocyte brame (Danet al., 1970; Robinson and

Lutwick, 1976), and may act as decoys for antib®tiiethe envelope proteins.

The Dane particle comprises an outer enveloperaff Siproteins and host lipids, and an inner

core consisting of a 27 nm spherical or icosaheshalped nucleocapsid (Robinson and

Lutwick 1976), composed of 21 kD phosphoprotein ¢AB), with the viral genome at its

centre (Figure 1.2) (Almeidet al., 1971; Robinson, 1974; Robinson and Greenmar$};197

Hruskaet al., 1977; Landerst al., 1977).
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Figure 1.2: Diagrammatic representation depicting the HBV Dpasicle.

Reproduced from Laat al., 2002.




1.3.5 The Genome and Expressed Proteins of HBV

The HBV genome is a partially double stranded :hZ2DRA molecule (molecular weight
2.1x10) (Figure 1.3) (Summent al., 1975; Sninksgt al., 1979; Deliust al., 1983).

The minus/full-length (FL) strand undergoes traision to yield the viral MRNAs and is
covalently linked to a polymerase protein (Gerkeld Robinson, 198@} its 5' terminus. The
complementary plus/incomplete strand is securdtetoninus strand at the 5' end by a 224 bp
cohesive sequence resulting in a circular viraloges(Figure 1.3 (Sattler and Robinson,
1979). The cohesive terminus has 11 bp direpeats (5T-T-C-A-C-C-T-C-T-G-C3’) on
either side, termed DR1 and DR2, respectively, Wisie conservedis-acting elements
(Galibertetal., 1979; Onaet al., 1983). The plus strand is attached to an oligowisteotide at
its 5 end(Will etal., 1987) and does not always terminate at the Samecleotide position
each time the viral genome is synthesised. Iteseffore of variable length, creating a gap

region in the genome.

The extremely compact genome contains four part@derlapping open reading frames
(ORFs) (Galibertt al., 1979): theS gene encompassing tpeeS (divided into peSl, and
pre2) andSregions; theoreC/C gene; thé® gene and th& gene(Figure 1.3.

Transcription and translation of the virus is fiynégulated by four promoterngreSl, pre2,

C andX) and the orientation independent enhancer elenhantsll(Figure 1.3 (Shaulet al.,
1985;Yee 1989; Matsubara and Tokino1990). There is@l&&RE (glucocorticoid-receptor
element) (Tur-Kaspet al., 1986). mRNAs range in size from 0.7 to 3.5 kb (@ed., 1991;
Yaginumaet al., 1993; Chisari, 2000) and all terminate at thig poly-adenylation signal on
the genome. This conserved TATAAA sequence is thotg be responsible for RNA
cleavage and poly-adenylation (Montgldl., 1983; Nevins 1983; Zarkowetral., 1986; Chen

et al., 1995). When transcripts are generated from fséreiam core/pregenomic promoter
(Section 1.3.7), which is in close proximity to ti@enylation site (Russnak and Ganem 1990),
the poly-adenylation signal is ignored on the frass of the host RNA polymerase Il and is
only honoured the second time around. This occarstWo reasons, firstly the poly-
adenylation signal is inefficient because it iscamonical and secondly the proximity of the 5’

end of the transcript weakens application of tigaal.
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Figure 1.3: The HBV genome structure and genetic organisation.
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At the second pass the efficiency is enhanced dynitreased distance to the 5’ end and the
presence of RNA elements which strengthen sigrejeisThese RNA sequences are found
only on the read-through transcript, because thé BBquences that encode them reside
upstream of the core promoter (Buckwetdl., 1996;Vyas and Yen1999). This feature is

essential for the generating of pregenomic RNA (B4R

1.3.5.1preS/S ORF
Structure and Proteins

ThepreS'S ORF contains three in-frame ATG start sites (Heamnet al., 1984; Eblest al .,
1986) and thegreSl and pre2 promoters (Figure 1.3). ThareSl promoter regulates
transcription of thereSl, pre2 andSregions (Cattaneet al., 1983, 1984; Standrirg al .,
1984). TheoreS2 promoter drives transcription of a family of mRN24 kb long (Cattanest
al., 1983, 1984; Standrirg al., 1984; Persingt al., 1985) (Figure 1.3).

Sgene transcripts contain a region known as thegoscriptional regulatory element (PRE),
which initiates their transport into the cytoplalsut prevents them from being spliced without
affecting their transcription initiation or cytoglaic RNA stability (Huang and Liang, 1993;
Huang and Yen, 1994)S protein is the major component of the viral eapel and
spontaneously assembles into 20 nm particles, wdnielsecreted. Each viral envelope is
constructed from some 100 S monomers, cross-linkatter-chain disulphide bon@€yaset

al., 1972). There are four major serological sulgypieS proteir(section 1.3.6), which are
antigenically heterogenous (Stibbe and Gerlich3188&ermanret al., 1984; Michekt al.,
1984; Milichet al.,1985; Neuratlt al., 1985). Hence HBV vaccines are directe8andpre-

2 epitopes.

Dane particles are comprised mainly of LHBs prateiwhile spherical and filamentous
particles contain little or no LHBs, making themnrafectious (Heermanst al., 1984).

Middle (MHBs) and small (HBsAQ) proteins are prodddn excess. The middle and large
(LHBs) HBV surface antigens may be involved in éttaent and entry into the hepatocyte.

MHBs supports virus-host interaction and has tiaetsrating capacity (Kann, 2002).



10

1.3.5.2preC/C ORF
Structure and Proteins

The precore/corep(eC/C) ORF codes for the core protein (HBcAg) and far HBV ‘e’
antigen (HBeAg). The core promoter, and both enbia@ssisted by a number of cellular
transacting factors and nuclear receptors, regtitegedranscription of precore mRNA and
pgRNA (Will et al., 1987; Yaginumat al., 1987a; Lopez-Cabrest al., 1990; Gucet al.,
1993; Raneyet al., 1997; Yu and Mertz 1997). The pgRNA (3.5 kb)deger than the
complete genome because of a terminal redundasaitirgy from transcription initiation at
DR1, upstream of the poly-adenylation site (secti@7) (Summers and Mason, 1982). This
results in duplicate copies of the DR1 and epgib(section 1.3.7) sequences (one copy at the
3’ end and the other at the 5’ end) in the pgRNg{(®n 1.3.7). The polymerase is expressed
as a result of ribosomal scanning of the pgRBi#an-Jeast al., 1989).

HBc dimer associations result in the productiorthef HBV nucleocapsid (Robinson and
Lutwick, 1976), within which the HBV genome and yrokrase is contained. The capsid
transports the HBV genome to and into the nuclels-strand DNA synthesis occurs within
the capsid (Kann, 2002). The basic core promot€RBegion (approximately 1744-1851) is
involved in transcription factor-binding and exagtiation of transcription of core mRNAs
(Yuhetal., 1992).

HBeAg is not a component of the virus but is a Bl@wantigenic protein secreted into the
serum and expressed on the cell surface. The emeig preceded by a short in-phase ORF
that encodes the precore protein, which is viryudintical in amino acid sequence to the core
polypeptide except for an extra 29 amino acid resscat the amino terminus (Matsubara and
Tokino, 1990). This protein has a hydrophobic traesibrane domain, which allows it to
travel to the Golgi apparatus and the endoplaseticulum (ER) lumen (Oet al., 1986;
Bruss and Gerlich 1988). During entry into the ERresidues of the protein are cleaved, and
the remaining 10 residues prevent the protein §elhassembling into nucleocapsids. In the
Golgi complex, the carboxyl end is cleaved at \@daegions. The purpose of this complex
series of modifications is unknown. It has beemppsed that HBe antigen may function as an

immune system suppressor (Cleeal., 2004).



11

1.3.5.3P ORF
Structure and Protein

TheP ORF covers 80 % of the HBV genome and overlapstier three ORFs. It encodes the
viral polymerase protein, which possesses polyrnediRf reverse transcriptase and RNaseH
functions (Tohet al., 1983; Bartenschlager and Schaller, 1988; Schédel., 1988;
Khudyakow and Makhov, 1989; Radziwdl al., 1990; Bartenschlager and Schaller, 1992).
The polymerase is responsible for minus and plasidtsynthesis and encapsidation of the
pgRNA. HBV nucleocapsids and polymerase may alsovadved in the transport of the HBV
genome through the nuclear pore (Jilkeedl., 2002; Kann 2002).

The P protein has four domains. The N terminusr(gse domain) functions primarily in
priming synthesis of the viral minus strand, aftéich it remains attached to the strand at its
5'end (section 1.3.7). The second domain is aespagion, while the RNA/DNA dependent
polymerase activity of the protein resides intiisddomain (Lanforet al., 1999). The protein
exhibits polymerase activity only in the presenicéhe HBV encapsidation signal (epsilai,
present in the pgRNA (section 1.3.7) and then wign metal ions are available to act as co-
factors (Bartenschlager and Schaller, 1992; Tethak, 1998; Urbart al., 1998). The RNase
activity of the protein is in its fourth and lastrdain (Changt al., 1990; Radziwillet al.,
1990).

1.3.5.4X ORF
Structure and Protein

The X gene is conserved among the mammalian hepadnesi(Leet al., 1988). It has its
own promoter and encodes the X protein (HBx), wisamportant in establishing infection
invivo but notinvitro (Yaginumaet al., 1987a; Blunet al., 1992; Chemrt al., 1993; Zoulim

et al., 1994) and is a transcriptional transactivat@l$Bnoet al., 1994). Its transcription is
regulated by HBV enhancer | (Antonucci and Rut@8%; Raneyet al., 1990; Ohneet al.,
1997). Although it is generally accepted thatXhgene transcript is 0.7 kb in size, mMRNAs
ranging from 0.7-0.9 kb may occur (Getaal., 1991). The HBx 17 kDa X protein is between
146 and 154 amino acids in size (depending on B¥ $frain)(Kidd-Ljunggrenet al., 1995).
Extensive research has been done oXipene and its protein, but its exact function rersai

elusive and the precise molecular mechanisms bghwhacts are still uncertain. One fact is
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however undisputed, HBx has an inordinate humbendiEcriminate interactions with a
variety of miscellaneous proteins, leading to salvefiten apparently conflicting outcomes.
HBx has been shown to interfere in regulatory patfsssuch as c, NH,-terminal kinase
(INK), phosphatidylinositol-3-kinase (PI-3-K) (Doriaet al., 1995; Kleinet al., 1997; Shilet
al., 2000; Diaoet al, 2001a) andt-Jun (Bennet al., 1996). It promotes unregulated cell
growth by interfering in theas-raf-map kinase pathway and preventing apoptosis (Benn and
Schneider 1994; Warggal., 1997) and has also been reported to activaf@dtein kinase C
signalling pathway (Kekulét al., 1993) and to have ribo/deoxy ATPase activityNtkdina
etal., 1994. HBx acts as a transcriptional co-activator andotdiieof variousis-acting DNA
elements of cellular and viral genes (Spandau a&®1988; Levreret al., 1990; Lee and
Rho, 2000; Nijharat al., 2001; Kim and Rho 2002; Shaneiwl., 2002; St al., 2007) and
may affect certain cellular promoters, therefogins-activating cellular genes. Which
promoters these are remains largely unknown. HBihéu hinders basal transcription
mechanisms and transcription factors @ial., 1997, 1998) by inhibiting nucleotide excision
and the repair of damaged cellular DNA (Groisnegal., 1999; Jieet al., 1999), possibly
through its physical interaction with the proteimglved in mediating the process (Letal .,
1995; Capovillet al., 1997).

Of particular interest is the relationship betwetx and the tumour suppressor (TE53.

The X protein has been documented to regB3promoter activity (Kwon and Rho, 2003)
by binding to the C terminus of the p53 proteind &orming a protein-protein complex,
thereby inhibiting its DNA sequence-specific birglend transcriptional transactivation of

cellular DNA sequences.

The net result is that HBx can modify cell prolédon, cause genomic transformation, and
both inhibit and induce apoptosis (Slethal., 2000; Diacet al., 2001a and b; Kinet al.,
2001b). Transgenic mice experiments have shown-exgression of X and in one case
concurrent initiation and development of HCC (Katal., 1991;Koikeet al., 1994; Slaglet

al., 1996; Terradillogt al., 1997; Yuet al., 1999).
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1.3.6 Serology

The course of HBV infection can be monitored segwlally with the use of laboratory tests

for the different viral markers (Figure 1.4).

Once an individual is infected with the HBV an ibation period of 4-12 weeks occurs before
the first antigen (HBsAQ) is detectdd.acute infection (Figure 1.4A), this is followby the
early acute stage with the emergence of HBeAg aokased HBsSAg levels. In the acute
phase, as symptoms begin to appear, total antigdBanti-HBc IgM emerge and their levels
rise, while HBeAg decreases and disappears astlepprogresses into the sero-conversion
period of the disease. HBsAg levels begin to desmrehuring the acute phase and are non-
detectable once sero-conversion is complete. Therpanters the convalescent period 3-6
months later, where anti-HBc total levels stabiliggle anti-HBc IgM decrease. Anti-HBe
initially increases before declining. In early reery almost constant anti-HBc total levels may
be observed, together with very gradually delinéwgls of anti-HBe and rising levels of anti-
HBs. Recovery takes years and differs from eadgvery in that levels of anti-HBs peak and
slowly decrease over time. In acute HBV infectiaraVDNA is detectable only in the early

acute and acute phases of infection (Hodinka, 1999)

Chronic infection arises (Figure 1.4B) when thetastiage of the disease is prolonged from 1
week to 6 months and HBsAg, HBeAg and anti-HBc peeadk remain constant thereafter. If
this continues for more than 6 months the patiastehchronic HBV infection. HBeAg levels
may decrease during the acute phase and disappiante the chronic stage which may be
marked by the appearance of anti-HBe with levatssiasing with time. In chronic infection
HBV DNA remains present indefinitely (Hodinka, 1999

Individuals with HCC are positive for HBSAg in asiny as 85 % of cases in those areas where
HCC is common and HBV is endemic, versus contrbjestis where the likelihood is 15 % or
less. HBsAg is less frequently found in patienthwirrhosis or chronic hepatitis than in those
with HCC (Arbuthnot and Kew, 2001).

Nine different serological subtypes of HBV are defi, based on S antigen reactivity with

subtype-specific antibodies. The determinants c@aphe & determinant, common to all



14

subtypes, and the mutually exclusive subdetermsnatitor ‘y’; ‘w’ or ‘r’. The nine
serological subtypes are designadgd (1, 2, 3 and 4)gyr, adw (2 and 4) anddr (adrg+ and
adrq) (Swensoret al., 1991, Blitzet al., 1998). This is not the only way of differentragi
HBYV strains or genetic variablitAdvances in molecular biology techniques, compuaecs

data handling programs, have permitted HBV to bedified according to genotype (section

1.3.3).
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Figure 1.4: Serologic patterns observed during acute and ahrBY infection.
Graphs taken from: Hodinka RL. InViral Hepatitis, Diagnosis, Therapy and Prevention, Ed. Steven
Specter, 1999 pages 200 & 202.
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1.3.7 HBV Replication and Life Cycle (Figure 1.5)

Upon infection, the virus enters thF
(1)peRHA

cell membrane of the hepatocyte

way of as yet unknown cell surfag
receptor/s (Leistnegt al., 2008). It

sheds its envelope and the cg

particle travels to the nucleus, whe
the partially double stranded virg
into

DNA

genome is converted

covalently closed circular
(cccDNA). Unlike the retroviruses

hepadnaviruses do not integrate ir

the host genome as part of their vin
life-cycle. They do not have the

own viral integrase, but under certa

5 end of newrly omdhesized
DS i covalertbyattached
to the pobyanerase protein.
Base pairs added to 3' end.

s ()DNA :

(51 Elongation of mhinns-sense DHA and BN A tanplate degraddion

circumstances they appear
B4 oligomer endsup
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454 Jrimer for phas DHA
strarud symthe cic.

integrate randomly making use of tt

host's own enzymes (Arbuthnot arn
Kew, 2001). Viral mRNAs required

for expression of X and surfag

(71 Elongation of phis strand D4

Phas etrand D HA eynthesic
coptirmes to 5 ed of mirms
straryd temp late

proteins, and larger than genon

transcripts, are transcribed from thie Figure 1.5: Diagrammatic representation of the

replication of the HBV genome.

cccDNA and exitthe nucleus into't Reproduced with modifications from: Letial., 2002.

cytoplasm. Transcription is c

ordinated by cellular transcriptional activatorarid in hepatocytes. The pgRNA is translated
into the core (C) protein (HBcAgQ) and the viralymokrase/reverse transcriptase (P), wherease
HBeAg is translated from the precore mMRNA becaugeNA lacks the ATG start codon for
HBeAg (Figure 1.5 [1]jEnderset al., 1987; Nassadt al., 1990). The encapsidation of pgRNA

is triggered by the binding of the viral polymer&sés 5' end (Figure 1.5 [2]), which is folded
into the stem-loog structure (Bartenschlaget al., 1990; Junker-Niepmanet al., 1990;
Bartenschlager and Schaller 1992). The core pm@igcumulate in the cytoplasm, and at a

critical concentration (~0.8) uM self-assembleawnt a capsid (Cohen and Richmond, 1982;
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Miyanohara et al., 1986; Junker-Niepmanret al., 1990; Seifer and Standring, 1995). The
e/polymerase interaction is followed by the packggihone pgRNA/polymerase per capsid
(Bartenschlageet al., 1990) and the subsequent activation (Figure[3])50f the reverse
transcription activity of the polymerase (Wast@l., 1994a). Ribosome-mediated suppression
is thought to prevent pgRNAs with the epsilon stadon from being packaged (Nasstal .,
1990). Positive and negative strand synthesis edouthe core particle (Figure 1.5). The
stem-loop functions as the template for the symshadshe first three nucleotides of the minus
strand DNA (Figure 1.5 [1]-[3]), after which nasteminus strand and attached polymerase are
transferred to the 3' DR1 on the pgRNA templategy@Fe 1.5 [4]), where DNA synthesis
reinitiates (Hirsclet al., 1990). As the minus strand is being reversestraibed the pgRNA
template is degraded by the RNAse H activity ofvinal polymerase (Figure 1.5 [5]), leaving
the last 18 ribonucleotides to serve as a primempfos strand synthesis, and the primer
translocates to DR2 (Figure 1.5 [6]) where synthesthe DNA plus strand commences. The
process continues until the free nucleotides withi& capsid become depleted or steric
hindrance occurs, resulting in the partially dotdilanded genome (Nassal and Schaller, 1996)
(Figure 1.5 [7]). The nucleocapsids, now contaimragure viral DNA, may find their way to
the nucleus where they release their DNA. Thossidamot headed for the nucleus interact via
their HBc proteins with S protein at certain arefhe Golgi complex and become enveloped.
From here the virions exit the cell by exocytogisafnvis and Kew, 1998; Wands, 2004).

1.4 Mechanisms of HBV-Related HCC and the Primary

Biochemical Pathways Modified in Human HCC

The classical observed features of cancer are:ofossllular differentiation, lack of spatial
inhibition and growth of the affected organ beyd@sdoundary, immortalisation of the cancer
cell, metastasis of cells within and beyond theaargf origin. Mutant cells with growth
advantages are selected for and develop into clehis those with mutations detrimental to
their survival undergo apoptosis. Massive celldizath and increased cell turnover results in
mechanical damage to the liver — an indirect meisharof HCC development (section
1.5.1.6). It is now generally accepted that camigation and progression occur as a result of
cumulative mutations. This is particularly truedBV-related carcinogenesis where no single

mechanism contributes to its aetiology and numeaadslivergent processes may be involved.
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The accumulation of mutations necessitates DNAaajbn and cell division. Mature, healthy
hepatocytes divide very infrequently. Their lifeénin adults is approximately 400 days
(Matsubara and Tokino, 1990). On the other hanady Bected hepatocytes are routinely
targeted and eliminated by the host immune sydtpatocyte regeneration occurs, allowing
for increased DNA replication and cell turnovereTdelection of mutant cells with growth

advantages and their development into clones fall(Matsubara and Tokino, 1990). Thus
genes involved in the pathways of DNA damage repgpotosis, cellular growth and

regeneration and control of the cell cycle wouldikely candidates for mutation in HCC.

Ozturk, (1999), suggests exactly that: altered gema&y be present in large numbers in HCC,
but will have low individual frequencies of mutatidHowever, the affected genes tend to be
involved in one or more common growth regulatorthpany/s that prove to be vital to the cell.
Several of these genes were grouped in four mamyags (Figure 1.6): thp53 pathway
(DNA damage response), tRB1 pathway (cell cycle control), thEGF-£ pathway (growth
inhibition and apoptosis), and thfecatenin/fadenomatosis polyposis coRC) pathway
(morphogenesis and signal transduction). Thesewaath are likely related, and could
represent individually a distinct step of hepathuat carcinogenesis. Regrettably, it is not yet
known exactly what events will lead to HCC initatj and whether these might accumulate in

a specific order in HCC progression (Ozturk, 1999).

The controlled cell cycle guarantees faithful dogtion of all cellular components in their
appropriate order and correct distribution intogtaar cells. In interphase the G1 and G2
phases of the cell cycle are characterised by $etanetabolic activity, cell growth and
differentiation. There are checkpoints at the &d @2 phases at which cell cycle arrest may
occur in case of errors. The crucial point in teahigithful DNA duplication is at the S phase.
In mammalian cells extracellular growth factorstagen antagonists, differentiation inducers
and spatial cues are taken into account befordl @wers S phase (Hartwell and Weinert
1989). It it therefore imperative that cells rettirir sensitivity to these stimuli and respond
appropriately. If problems are detected the callegan arrest. Once S phase is initiated, the

cycle runs to completion.
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p33 pathway

DNA damage response
(p53, HBx)

|

RBI1 pathway

Cell cycle control
(RB1, cyclin D, p16)

TGF-f pathway

Growth inhibition/Apoptosis
MOPAGFIE, SMADZ, SMAD4)

|

APC/f-catenin pathway

Cell-cell interactions/Signal transduction
(APC/B-catenin, E-cadherin)

Figure 1.6: Main regulatory pathways altered in human hepdiidae carcinomas.
Reproduced from: Ozturk, 1999.

The prevention of propagation of damaged DNA taytiéer cells is one of the main functions
of the p53-activated signal pathways, which appgeadelay G1 to S phase progression,
allowing time for DNA repair. The p53 protein altmrms part of the transcription-repair
complex TFIIH involved in nuclear excision repadio(and Prives, 1996) and may be involved
in inhibiting critical helicase activities requiréa DNA replication and recombination, thus
prohibiting single-strand recombination intermeésathat could result in gene duplication,
amplification, and activation of oncogenes (Lewehal., 1994; Wangt al., 1995). The p53
protein may also induce apoptosis if DNA damagexisessive (Lowet al., 1993) or if the

cellular environment appears abnormal.

Cyclins, cyclin dependent kinases (CDKs) and certdher genes (eg. cell division control
genes) are the key regulators of G1 and G2. Cycnde modified at cell cycle checkpoints
in a manner which induces them to halt the progpass the cell cycle. Checkpoint pathways
are influenced by availability of nutrients andtb factors, and can in turn be stimulated to

regulate levels or ability of cyclins to activat®Ks (Levineet al., 1994). The clue to one
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possible involvement of thel61NK4A, Cyclin D, RB1 geneproducts in human HCC is their
link to the CDK4 polypeptide, with which they in&et, in one way or another, at the G1/S
transition phase of the cell cycle. At G1/S cy@iand CDK4 protein form a complex, whereas
the retinoblastoma protein is the CDK4 substrake @16 protein in turn is known to inhibit
CDK4 activity (Serranet al., 1981). Individually, mutations in each of thgemes occurs in
10 to 20 % of HCCs; combined they n@use deregulation of the cell cycle in 30 % orenor
of HCCs (Nakamurat al., 1991; Fujimotcet al., 1994; Nishideet al., 1994; Ashideet al.,
1997). Similarly, theM6P/IGF2R (insulin-like growth factor Il receptor) and human
homologues 2 and 4 of the Drosophila M&AD2, SAD4) gene productare involved in
the regulation of transforming growth factor bet&k-4), which acts in hepatocytes as a
growth inhibitor and apoptosis inducer (De Soetza., 1995;Deryncket al., 1998).SMAD2
andSVAD4 mediate the activity ofGF-£, and mutations in these genes occur with 0 to 2 %
and 0 to 6 % frequency, respectively in HCCs (Kavehtl., 1999a and b; Yakiciest al.,
1999).M6P/IGF2R has been implicated ifiGF-$ activation, and 18-33 % of HCCs contain
mutations of this gene (De Souzaal., 1995; Piacet al., 1997a).

Jointly these genes result in modification of &4 pathway in approximately 25 % of
HCCs.

This pathwayis also involved in suppression of pRB phosphoigfatesulting in cell cycle
arrest at G1 and inducing cells to exit the catleand differentiate further (Weinberg, 1995).
pRB as a suggested component of the cellular ‘geio@al clock’, which acts to record the
number of divisions before a cell differentiateigsdor irreversibly exists the cell cycle, may
result in cellular immortalisation if inactivate@omplete absence of the RB1 protein (pRB)

would therefore result in unrestricted cell growth.

E-cadherin protein is the primary adhesion moletouépithelium (Shimoyamet al., 1989).
Cell-cell adhesion and cell invasion of surroundisgue are two of the main features that
characterise the development of malignant tumowssLof e-cadherin correlates with
decreased cell-cell adhesion, cellular phenotyipanges, development of invasive properties
and metastatic potential (Takeichi, 1991). In H@€ahepatic metastasis is common as is

intrahepatic recurrence after liver transplantafidagaocet al., 1990; lwatsukét al., 1991).
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Thep-Catenin protein in turn interacts with both the ARGd E-cadherin proteins, all of which
appear to be involved in intercellular interactiqgReifer, 1997; Hirohashi, 1998). Tle
catenin protein may have an additional role aargsgription regulator (Peifer, 1997). Somatic
mutations off-catenin occur in 19-26 % of HCCs (de La Costeal., 1998; Miyoshiet al .,
1998).APC mutations are relatively rare in HCC (Kégal., 1996), whereak-cadherin has
been shown to be mutated in HCC (Slagjl., 1993; Kanaet al., 1997). These observations
indicate that thg-catenin/APC gene pathway appears to be modified in at lea® 80HCCs.

1.5 Integration and HCC

Integrants comprising a complete and uninterrupte@V genome are rarely
isolated/cloned/identified in HCC specimens. Om#re HBV genome, with an additional 25
% of HBV DNA was documented by Dejedral., (1983). Generally integrants can be of two
types:

0 simple, consisting of single HBV genomes, withaarrangement but with deletions
(Nakamureet al., 1988)

o complex, comprising multiple HBV genome copies,hwét least one virus-virus
junction, often with complicated rearrangementsulteyy from post-integration
recombination (Ogstomt al., 1982; Dejearet al., 1984; Mizusawaet al., 1985;
Yaginumaet al., 1985; Ziemeet al., 1985; Hincet al., 1986; Berger and Shaul 1987;
Nagayeet al., 1987; Shitetal., 1987; Yaginumat al., 1987b; Zhowt al., 1988; Hino
et al., 1989).

Such integrants have also been found in non-tunsdissue adjoining HCCs, and in patients
with chronic hepatitis alone (Koshgy al., 1981; Shafritzt al., 1981; Hinoet al., 1984).
Generally it is not the type of integrant that earbetween these conditions and HCC, but the
subsequent additional mutations caused by the mresef the integrant and not directly
evident from the initial event. Such integrant @emay be subjected to selection by the host's
immune response. As previously stated, the exact gowhich a non-tumorous liver becomes

a HCC is as yet undefined.

Viral replication cannot occur from these disruptaegrated sequences as the viral genome

sequence is not preserved.
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In the viral genome certain sites are favouredritegration. Over half of all documented
integrants (section 1.5.4) have one of their jundiat the viral 5’ cohesive end sequence,
within the DRs (Dejeast al., 1984; Koclet al., 1984a; Mizusawet al., 1985; Yaginumat
al., 1985; Ziemeet al., 1985; Hincet al., 1986; Nagayat al., 1987; Yaginumat al., 1987b;
Shihet al., 1988; Zhotet al., 1988) and the cohesive end region is consideradtational
‘hot spot’ (Quadet al., 1992). Integration is proposed to occur durictiva viral replication
(Nakamureet al., 1988)(section 1.5.4). The second viral-host junctionas-specific with
respect to the virugnd is thought to comprise merelyegombination of HBV and cellular
DNA (Robinson, 1994). The preferential integratudipreC/C mutant viruses in HCC tissues
has been documented. Of those integrants analysddmget al., (2000) 65 % contained
preC/C mutations, comprising the 1896 stop codon, babkstigutions, missense mutations

and even deletion of the core sequence.

Although there is no common host genome site folHiftegration because it generally
appears to occur randomly (Naga&yal., 1987), it has been proposed that certain gestes (
hTERT) and chromosomes such as chromosomes 3, 11p #BdwWocket al., 1985; Rogler
etal., 1985; Hincetal., 1986; Minamgt al., 2005; Murakamét al., 2005) (Table II), may be

targeted more often than others, and thereforgraten may not be entirely random.

A number of lesions, which may have occurred immatsdly or at some time post-integration,
have been documented at integration sites (Todétiab, 1987; Zhouet al., 1988; Takadat
al., 1990; Tokincet al., 1991; Pineasat al., 1996).
0 microdeetions (10bp) and larger deletions of cellular DNA (Nag&yal., 1987;
Tokinoet al., 1991; Tokino and Matsubara 1991) resulting 8slof heterozygocity
(LOH)
o transocationswhere the viral DNA joins regions of two differaftromosomes (Hino
et al., 1986; Moroyet al., 1986)
o0 rearrangements such as reversed and duplicated sequences caogtaiih viral and
genomic DNA (Koshyt al., 1981; Shafritetal., 1981; Hincetal., 1984; Tsuedt al.,
1994; Simon and Carr, 1995). Rearrangements igratied viral DNA may also have
occurred before integration (Takagtal., 1990).
o amplification of cellular DNA at the integration site (Hatagtal., 1988)

o allelicimbalance (Al); polyploidy andpoint mutations far from the site of integration
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As in other cancers, the genes suffering thesegdsaare likely to be oncogenes, TS genes, or
genes involved in DNA repair (Figure 1.6) (OztutR99; Murakamet al., 2005).

1.5.1 Making Sense of Integration Events

From previous studies, the frequency of integr&t&¥ DNA in HBV-related HCCs is at
least 80 % (Bréchadt al., 2000; Murakamgt al., 2005). However, the true percentage of
HCCs with integrated HBV DNA may well approach ©8QMurakamiet al., 2005).

In order to facilitate the understanding of the reseleading to HBV-induced
hepatocarcinogenesis, Robinson, (1994) cataloguesnfiain possibly oncogenic events,
which occur with frequency of at least 25 % andraenecessarily mutually exclusive:

0 insertional mutagenesis, often coupled with DNA deletions, with the possitis-

activation of cellular genes or the generatibhybrid proteins with altered function

0 transactivation of cellular genes by HBV proteins

o amplification of cellular Oncogenes

o alteration of TSgenes or interference of HBx with TS proteins and thesaduent

effects on apoptosis and DNA repair.

Events not easily contained in these four groupse Heeen listed under ‘other’ (section
1.5.1.5).

1.5.1.1 Insertional Mutagenesis

Insertional mutagenesis occurs in the woodchuclerghin at least one-half of infected
woodchucks, the WHV enhancer region has integriateor close to, the-myc andN-myc
proto-oncogenes (Mordst al., 1986; Hswet al., 1988; Etiemblet al., 1989; MoOrdyet al.,
1989; Fourekt al., 1990, 1992). This results in increased levetsyafandmyc-WHYV hybrid

transcripts.

HBV-induced insertional mutagenesis has been dontedefor a number of genes with
different repercussions (Table Il). These studmsforce the notion that despite HBV

integration being random, it appears sometimesours certain chromosomes, areas of
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repetitive sequence, and possibly certain genesth®h this is in any way linked to its

mechanism of integration remains uncertain.

In a 2005 study, Murakarst al., identified 32 genes where HBV had integratedectosor in
the gene sequence (Table Il). These, together Mithenes they had previously published,
comprised a total of 15 cancer-related genes amelR8ar genes. Although the effect of the
integration event was not established in the migjoficases, it became evident that the genes
appeared to belong to distinct cellular pathwagsnely calcium-signalling-related genes
(SERCAL, ITPR1, ITPR2, SMOC1) (Table Il) 60s ribosomal protein encoding gere&(
L14, L17), and platelet derived growth factor and mixe@d#ige leukaemia encoding genes
(PDGRreceptor f; PDGF #; MLL2; MLL4) (Table ). Five genes were involved in apoptosis
control hTERT repeatedlyTRAP150a; SCARA3; MAPK1; BCL2L2) (Table II), and two were
TS genesAPCL; MGMT) (Table 11). Thus in the majority of cases (89.7, @cell growth
advantage could have resulted from the integraéeent. They also discovered HBV

integrants in or close to 19 sequences potentaliiyng for unknown proteins.



Table Il: HBV integration into, or in the region of, knownrhan genes and the effect of the integration efiekihown).

Gene name/ | Gene product Sample Integrant Region of Effect of integration References
symbol* function/protein type position HBV event
family relative to host | integrated
gene

RAR-p Regulates genes Human HCC | Sgene fused in- S Altered regulation of normally | Dejeanet al.,
Retinoic acid involved in cell and erythro- frame with most of poorly expresseBAR-f gene 1986, 1990;
receptor beta growth and cytes the host gene resulting in truncated chimeric | Garciaet al.,
RARB HGNC 9865 differentiation sequence protein and possible contribution1993

to cellular transformation
Cyclin A2 Cell division Human HCC In-frame in 2 Pre-S2/to Strong expression of stable Wanget al.,
(CCNA2) and rat kidney | intron middleS hybrid protein-containing signal{ 1990, 1992;
Cyclin A2 HGNC 1578 cells for cyclin degradation leading tq Berasairet al.,

possible increase in the rate of | 1998

cell division
Mitochondrial Encode components PLC/PRF/5 In promoter 3125 bp Possible expression of hybrid | Kochet al.,
geneURF4 of respiratory-chain integrant protein, effect unknown 1989
Unidentified NADH
reading frame 4 dehydrogenase
3' to theg- fS-olobin genes are | Human HCC In semi-repetitive Junction: Possible production of HBsAg | Quadeet al.,
globin gene gxpressed during sequences TBG41,| 1886 @dr) and | and truncated HBx, possible 1992
cluster tissue development of theKpnl®family, pre-core core/polymerase-host hybrid

in adult$ 3kb 3' to thep- 1970 at protein, effects unknown
globin gene cluster| cohesive end
region
I TPKB Calcium regulation | One each in 73 kb downstream | X andpreC/C Murakamiet al.,
Inositol 1,4,5- PBMCs of 3 2004
triphosphate-3 HBV-related
kinase B chronic
ITPKB HGNC 6179 hepatitis
patients unknown

RAB30 Growth-related PBMCs 4 kb downstream DR1 and
Member ofRAS protein preC/C

oncogene family

ve




TNE Involved in Liver tissue of | In intron between X Murakamiet al.,
Tumour necrosis | organisation and | patient with 2" and & exons 2004
factor-induced function of immune | acute hepatitis unknown
protein system
TNF HGNC 11892
MK Mevalonate PLC/PRF/5 Between gene pre2/S Over-expression of hybrid Graf et al.,
Mevalonate kinase| phosphorylation sequences and transcripts driven by HBV 1994
MK TAIR AT5G27450 | Regulation of cell promoter and promoter and over-production @
growth regulatory elements functionally active MK protein
possibly resulting in aberrant
growth

NTRK2 Cell survival, Human HCC 13 kb downstream X Possible modification of Paterlini-
Neurotropic tyrosin growth, expression of cellular gene, Bréchotet al.,
receptor kinase 2 differentiation possible modified function of 2003;
NTRK2 HGNC 8032 HBx Murakamiet al.,

2005
|RAK2 Ras-dependent cell{ Human HCC 6 kb upstreant* X Possible modification of Paterlini-
IL-IR-associated | Signalling intron downstream expression of cellular gene, Bréchotet al.,
kinase 2 from exon 3% possible modified function of 2003;
IRAK2 HGNC 6113 HBXx Murakamiet

al.,2005
p42MAPK1 Cell-signalling Human HCC 20 kb upstrean?* X Possible modification of Paterlini-
p42 mitogen- (Ras/MAPK 22 kb expression of cellular gene, Bréchotet al.,
activated protein pathway) downstream?® possible modified function of 2003
kinase 1 HBx
MAPK1 MGI 1346858
IP3R2 (ITPR2) Calcium channels inf Human HCCs | 45 kb upstreamc’* X Possible modification of Paterlini-
Inositol 1,4,5- ER membrane; cell 44 kb downstream expression of cellular gene, Bréchotet al.,
triphosphate transformation and possible modified function of 2003;
receptor type 2 progression HBXx Murakamiet al.,
ITPR2 HGNC 6181 2005
ITP3R1 Calcium channels inf Human HCC Within 39" exon X Integrant contained a 3' truncatedu et al., 2001,
(ITPR1) ER membrane; X gene whose protein had cell | Paterlini-
Inositol 1,4,5- cell transformation proliferation, viability and Bréchotet al.,
triphosphate and progression transformation control 2003

receptor type 1
ITPR1 HGNC 6180

capabilities

G¢




SITA Protein Human HCC | 3 kb upstreant* X Integrant contained a 3' truncat( Paterlini-
(ST3GAL6) glycosylation and 4 kb downstream® X gene whose protein had cell | Bréchotet al.,
Alpha 2,3 tumour invasion, proliferation, viability and 2003;
sialyltransferase cell differentiation transformation control Murakamiet al.,
ST3GAL6 HGNC 18080 capabilities 2005
TRUP (RPL7A) Interferes with Human HCC 8 kb downstream X Integrant contained a 3' truncatedu et al., 2001,
Thyroid hormone- | thyroid hormone and X gene whose protein had cell | Paterlini-
uncoupling protein | retinoic acid proliferation, viability and Bréchotet al .,
TRUP HGNC 10364 receptors inhibiting transformation control 2003
their interaction with capabilities
DNA
hTERT Catalyses telomere | Human HCC 5.2 kb upstreant* X Possible modification of Gozuaciket al.,
Human telomerase| Synthesis reactions 10.8 kb upstreant expression of cellular gene, 2001;
reverse possible modified function of Paterlini-
transcriptage HBXx Bréchotet al o
TERT HGNC 11730 2003;
Murakamiet al.,
2005
2 Human 0.3 downstream X Possible influence on apoptosis Murakamiet al.,
HCCs 16 kb downstream Core gene 2005
HuH4 In promoter Pre-S1 and | Cis activation ohTERT gene Kekuléet al.,
HBYV enhancer| expression 1990;
sequence Horikawa and
Barrett, 2001
Human HCC | 577bp of upstream | HBV Genotype| Resulting in upregulation of Ferberet al. in
promoter region, in{ C (2318-2396;| hTERT 2003
frame 2898-3215; 1-
545)
SNU449 cell Intron 2 (35782- 2 HBV
line 36418) fragments in
opposite
directions
(1451-1805;
1216-436
Genotype C)

9¢




SERCA1 Regulation of Human HCC 3% exon X HBV X/SERCAL1 hybrid protein| Chamiet al.,
(ATP2A1) calcium levels in with C-terminally truncated 2000, 2001;
Sarco-endoplasmic cell; SERCAL. Transcription driven | Gozuaciket al.,
reticulum calcium | neural signal by HBV X gene promoter via | 2001;
ATPase transmission, musclée cis-activation. Hybrid protein Murakamiet al.,
ATP2A1 HGNC 811 contraction, cell localised to ER, causing calcium 2005
proliferation and depletion & apoptosis
apoptosis
TRAP150« Coactivator of Human HCC In intron upstream X Possibly involved in apoptosis | Gozuaciket al.,
Thyroid hormone nuclear receptor to 6"exon 2001; 2003
receptor-associate( involved in Murakamiet al.,
protein-150 alpha | transcription 2005
hMCMS8 Control of DNA Human HCC Intronic sequence X c-terminally truncated hMCM8
Minichromosome | replication downstream of 8 protein produced, may affect
maintenance exon control of cell proliferation
protein-related
gene
MCM8 HGNC 16147
FR7 New gene on 12p, | Human HCC | 0.4 kb upstream X Chimeric transcript; effect
expressed in foetal unknown
and liver tumour
tissues
NMP Control of the cell | Human HCC Intronic sequence X Proposed possible disruption of
Nuclear matrix cycle Upstream from cell cycle control
protein p84 exon 11
RBMY Expressed in male | Childhood Intron 6, separating| Junction at Normally silentRBMY-activated | Tsueiet al.,
(RBMY1A1) germ cells only; Human HCC | N-terminal RNA- 1817 just prior | and expressed in tumour but ng 2002
RNA-binding motif possible signal binding motif from | to DR1 in NT
Y chromosome transduction and C-terminal auxiliary| sequence
RBMY HGNC 9912 RNA activation domain
TACC1 Belongs to a family | Human HCC 15 kb downstream X Murakamiet al.,
of proto-oncogenés 2005

Transforming
acedic coiled-coil-
containing protein

1
TACC1 HGNC 11522

unknown

Lc




IRF2
Interferon

regulatory factor 2
IRF2 HGNC 6117

Interferon regulation

Human HCC

Intronic sequence
downstream from
2" exon

Core gene

unknown

MUC16

Mucin 16
MUC16 HGNC 15582

Transmembrane
region and tyrosine
phosphorylation site

Human HCC

Intronic sequence
upstream from?
exon

unknown

PDGFRB
Platelet derived
growth factor
receptor beta
precursor; beta
platelet derived
growth factor

receptor
PDGFRB HGNC 8804

Growth factor

Human HCC

Intronic sequence
upstream from 12
exon

unknown

PDGFB

Platelet derived
growth factor beta
polypeptide (simian
sarcoma viral [v-
sis] oncogene
homologue)
PDGFB HGNC 8800

Growth factor

Human HCC

530 kb upstream

unknown

APCL (APC2)
Adenomatous
polyposis-coli-like
APC2 HGNC 24036

APC homology

Human HCC

15 kb upstream

unknown

GA (GLS2)
Liver mitochondrial
glutaminase/ breas

cell glutaminase
GLS2 HGNC29570

Glutaminase
proteins/proto-
oncogene

Human HCC

Intronic sequence
downstream from
17" exon

unknown

MGMT

O-6-
methylguanine-
DNA
methytransferase

MGMT HGNC 7059

DNA reparation

Human HCC

6 kb downstream

unknown

Murakamiet
al., 2005

8¢




EVER2

(TMCS8)
Epidermodysplasia
verruciformis 2
TMC8 HGNC 20474

Integral membrane
protein located in
the ER

Human HCC

Within 2"%exon

unknown

FN1

Fibronectin 1
FN1 HGNC 3778

Cell adhesion,
morphology and
surface architecture

Human HCC

14 kb downstream

unknown

NEDDA4L
Ubiquitin-protein
ligase NEDDA4L-
like; neural
precursor cell
expressed,
developmentally
downregulated
gene 4-like
NEDD4L HGNC 7728

Ubiquitin ligase

Human HCC

0.4 kb upstream

unknown

NCF1
Neutrophil

cytosolic factor 1
NCF1 HGNC 7660

NADPH oxidase

Human HCC

Intronic sequence
downstream
exon

unknown

CCT
Chaperonin-
containing TCP1,

subunit 8 (theta)
CCT HGNC 1614

Cell cycle regulation

Human HCC

36 kb downstream

unknown

TCEA3
Transcription factor
Sll-related protein

4
TCEA3 HGNC 11615

Binds to RNA
polymerase Il and
stimulates nuclease
activity

Human HCC

7.4 kb upstream

unknown

SCARA3

Scavenger receptor

class A, member 3
SCARA3 HGNC 19000

Apoptotic regulation

Human HCC

Intronic sequence
downstream from
6" exon

unknown

Murakamiet al.,

2005
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GCHFR

GTP
cyclohydrolase 1
feedback regulatory

protein
GCHFR HGNC 4194

Key enzyme of
tetrahydrobiopterin
biosynthesis

Human HCC

2 kb downstream

unknown

BIRC3
Baculoviral IAP
repeat-containing 3
BIRC3 HGNC 591

Apoptosis inhibitor

Human HCC

22 kb downstream

unknown

CHML
Choroideraemia-
like (Rab escort

protein 2)CHML
HGNC 1941

Geranylanylation of
most Rab proteins

Human HCC

5 kb upstream

unknown

ORM1

Orosomucoid 1
ORM1 HGNC 8498

Ubiquitin protein

Human HCC

Within 1% exon

unknown

BCL2L2

BCL-like 2
BCL2L2 HGNC 995

Apoptotic regulation

Human HCC

Within 4™ exon

unknown

RAI17 (ZM | Zl)
Retinoic acid-

induced gene 17
ZMIZ1 HGNC 16493

Co-regulator of
androgen receptor

Human HCC

6 kb upstream

unknown

CASPR3

(CNTNAP3)
Cell recognition

molecule CASPR3
CNTNAP3 HGNC
13834

Cell differentiation

Human HCC

Intronic sequence
upstream of 1
exon

unknown

SFXN5

Sideroflexin 5
SFXN5 HGNC 16073

Rab11-interacting
protein

Human HCC

70 kb downstream

unknown

SMOC1
SPARC-related
modular calcium-
binding 1

SMOC1 HGNC 20318

Calcium regulation

Human HCC

2.5 kb downstream

unknown

Murakamiet
al., 2005
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KIF3C Kinesin family Human HCC Intronic sequence X Murakamiet al.,

Kinesin family upstream of 4 unknown 2005
member 3C exon

KIF3C HGNC 6321

GRID2 Inontrophic Human HCC | 0.9 kb upstream X

Glutamate receptor] 9lutamate receptor unknown

ionotrophic, delta 2
GRID2 HGNC 4576

WBSCR1 Microdeletion at this Serum of acute| Within WBSCRL1 Portion ofX
(EIF4H) locus results in WS | hepatitis gene (7911.23) andS
Williams-Beuren (neurological patient

syndrome (WS) dgsorder,l_t_ ) unknown
chromosome region abnormalities.

1 EIF4H HGNC 12741 | P€havioural,
physical,
cognitivey°
MLL2 Transcriptional Human HCC | 12 kb downstream X
(MLL 4)*G regulator
Myeloid/lymphoid unknown
or mixed lineage
leukaemia 2
MLL2 HGNC 7133
MLL4 Transcriptional Human HCC | 26 kb upstream X unknown Murakamiet al.,
(M |_|_2)*G regulator. Membgr 2005
Myeloid/lymphoid | Of MLL gene family "4 Human Intron 3 1 possible FL | In-frame HBX/MLL4 (introns 4 | Saigoet al.,
or mixed lineage located on HCCs Resulting in HBV; X gene | and 5) fusion proteins sup- 2008
leukaemia 4 chromosome translocation of around DR1 pressed 11 genes
MLL4 HPRD 06017; | 19913.1 MLL4 gene incl. promoter | (AVIL;KERA;UBXD1;PIAS3;
MIM 606834 (t17;19)(p11:913.1) MYBPC2;PITPNM;EHD2;GJBL;

WASL; TNRC6C;BC1D10B)*"
involved in actin-binding and
polymerisation, signal
transduction, cytokinesis,
endocytosis and unknown
functions

Te




MLLS
Myeloid/lymphoid
or mixed lineage

leukaemia 5
MLL5 HGNC 18541

Likely indirect
transcriptional
regulator

Member ofMLL
gene family located
on chromosome
7q22

FOXF2

Forkhead box F2
FOXF2 HGNC 3810

Transcriptionally
activates several
lung-specific gends

ANKH

Likely involved in

Ankylosis phosphate level

ANKH HGNC 15492 controf

TIAM1 Involved in T-cell

T-cell ymphoma | lymphoma

invasion and

metastasis 1

TIAM1 HGNC 11805

SPG4 (SPAST) Member of AAA

Spastic paraplegia | family (ATPases

4 associated with

SAPST HGNC 11233 | variety cellular
activities)
Autosomal
dominant, spastifl

DIAPH3 Homolog to

Diaphonous Drosophila gene

homolog 3

DIAPH3 HGNC 15480

FDFT1 Cholesterol

Farnesyl- synthesi§'

diphosphate (also called squalen

farnesyltransferase| synthase)

1

FDFT1 HGNC 3629

Human HCC

98 kb upstream

39 kb upstream

177 kb upstream

21.5 kb upstream

Intron

Intron

Intron

Direct effect unknown, but no
evidence that HBV-X integratiof
was responsible for HCC in
these patients

Toyodaet al.,

2008
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ZNF521

Zinc finger protein
521

ZNF521 HGNC 24605

Regulator of diverse
immature cells
(likely involved in
nuclear remodeling,
histone

deacetylation,

trascriptional co-

repressiory
KIAA1181 New f:yg:ling
(ERGIC1) proteint
Endoplasmic

reticulum-golgi
intermediate
compartment 32

kDa protein
ERGIC1 HGNC 29205

XPO4

Nuclear exporf

Exportin 4

XPO4 HGNC 17796

DNAJB6 Molecular
DNAJ (Hsp40) chaperon€

homolog, subfamily

B, member 6
DNAJB6 HGNC 14888

A2BP1
Ataxin 2-binding

Binds ataxin-2°

protein 1

A2BP1 HPRD 16091;

MIM 605104

STX3A (STX3) | Intracellular
Syntaxin 3A membrane fusion

STX3 HGNC 11438

events/part of
SNARE (Soluble N-
ethylmaleimide-
sensitive factor
Attachment protein
Receptor)
machinery’

Human HCC

23 kb upstream

38 kb downstream

12.6 kb upstream

4 kb downstream

31.9 kb upstream

29 kb downstream

Direct effect unknown, but no
evidence that HBV-X integratiof
was responsible for HCC in
these patients

Toyodaet al.,
2008
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FLT3 Tyrosine kinase Human HCC 20 kb downstrean Direct effect unknown, but no | Toyodaet al.,
EMS-related evidence that HBV-X integratiof 2008
tyrosine kinase 3 was responsible for HCC in
FLT3 HGNC 3765 these patients
MACF1 Microtubule-actin Intron
Microtubule-actin | crosslinking
crosslinking factor
1
MACF1 HGNC 13664
PDEGD Phosphodiesterase | Human HCC 6 kb upstream Murakamiet al.,
Phosphodiesterase 2005
6D, cGMP- unknown
specific, rad, delta
PDE6D HGNC 8788
PDE11A Phosphodiesterase | Human HCC Intron 17 Exact effect unknown, possible| Minamiet al.,
Phosphodiesterase deregulation of gene expressiol 2005
11A causing cell death or survival
PDE11A HGNC 8773 and uncontrolled growth.
AXIN1 Regulatory protein Intron 2
Axis inhibitor 1 of Wnt signaling
AXIN1 HGNC 903 pathway — vertebral
dorsal ventral axis
formation (possible
TS gene)
SRPK2 Serine/threonine Intron 17
Serine protein kinase
kinase 2
SRPK2 HGNC 11306
KLF13 Transcription factor Intron 1
Kruppel-like factor | involved in
13 haematopoietic
KLF13 HGNC 1367 developmerif
KCNB2 Delayed rectifier Intron 5

Potassium voltage-
gated channel,
Shab-related
subfamily, member
2

KCNB2 HGNC 6232

potassium channgl

re




BBX Hypothetical protein
Bobby sox gene, homolog of
BBX HGNC 14422 Drosophila gene
AL713702 TAFA family
(FAM19A1) member — likely
AL713702 HGNC brain-specific
21587 chemokine or
neurokine
CTNND2 Component of

Catenin delta-2
CTNND2 HGNC 2516

adherens junction
complex

PITPNC1
Phosphatidylino-
sitol transfer
protein,
cytoplasmic 1
PITPNC1 HGNC 21045

Phosphatidylinositol
transfer from one
membrane
compartment to
another
(NM_012417)

EYA3

Eyes absent 3
EYA HGNC 3521

Homolog of
Drosophila gene,
phosphatase activity
in man

BC026191 Protein coding
0

(ENDOD1Y) gené

Endonuclease (AB385387)

domain-containing

1

BC026191 HGNC

29129

ODZ2 Possible

Homolog of odd
Oz 2Drosophila

transcriptional
regulator in man

gene
ODZ2 HGNC 29943

LHFPL3 Tetraspan
Lipoma HMGIC transmembrane
fusion partner-like | proteirf*

3
LHFPL3 HGNC 6589

Human HCC

Intron 3

Intron

Intron 20

Intron 14

Intron 14

Intron 1

Intron 7

8.6 kb downstream

Exact effect unknown, possible
deregulation of gene expressiol
causing cell death or survival
and uncontrolled growth.

Minami et al.,
2005
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TTC30A
Tetratricopeptide

repeat domain 30A
TTC30A HGNC 25853

Protein coding
gené®
(NM_152275)

STAC Possible protein

SH3 and cystein | coding gene

rich domain (AK313493

STAC HGNC 11353

TERF2 Component of

Telomeric repeat- | vertebrate
telomeres;

binding factor 2
TERF2 HGNC 11729

protective role in
cellular senescence

OCIA Novel protein gene
(OCIAD1) (NM_001079843
OCIA domain-

containing 1

OCIAD1 HGNC 16074

PARK?7 Positive regulator of

Parkinson disease
PARK7 HGNC 16369

androgen receptor-
dependent
transcription

MIG6
Mitogen-inducible
gene 6 or (ERRFI1
ERBB receptor
feedback inhibitor

1
ERBB HGNC 18185

Cytoplasmic protein
upregulated with
cell growti*

CDC42EP5
CDCA42 effector
protein (Rho

GTPase-binding) 5
CDC42 HGNC 17408

Regulates formation
of F-actin-
containing structure
through interaction
with downstream
effector protein®

Human HCC

150 kb upstream

114 kb upstream

168 kb upstream

6 kb upstream

22 kb downstream

4 kb downstream

1.5 kb upstream

Exact effect unknown, possible
deregulation of gene expressiol
causing cell death or survival
and uncontrolled growth.

Minami et al.,

2005
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LAIR2
Leukocyte-
associated
immunoglobulin-

like receptor 2
LAIR2 HGNC 6478

Unknown function

FALZ (BPTF)
Bromodomain
PHD finger

transcription factor
FALZ HGNC 3581

Possible
transcription
regulator

SRP46
(SFRB)

Splicing factor,
arginine/serine rich

Essential splicing
factor®

2B

SFRS2B HGNC 16988

SEST3 (SESN3) | Antioxidant
Sestrin 3 modulator of
SESN3 HGNC 23060 | peroxiredoxing’
SOCH Likely cytokine-

Suppressor of
cytokine signaling
4

SOCS4 HGNC 19392

inducible negative
regulator of
cytokine-signalling®

Human HCC

28 kb upstream

148 kb upstream

28 kb downstream

75 kb downstream

61 kb downstream

Exact effect unknown, possible
deregulation of gene expressiol
causing cell death or survival
and uncontrolled growth.

Minami et al.,
2005
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NOTES:

*Where possible the NCBI nucleotide database psrsaurce number has been given below
the name of each gene. If the official symbol fgraaticular gene differs on the NCBI site to
that given in the original publication (listed imetlast column) the one given on the NCBI site
is listed alongside in brackets.
http://www.ncbi.nlm.nih.gov/sites/entrez?db=nuceomditool=toolbarAccessed 15 Julg008.

*AEMurakamiet al., 2005 (Ref. 29) documents HBV integration intalose to 42 cellular genes,
10 of which they had previously reported (PatefBnéchotet al., 2003 [Ref. 30]; Gozuaci

al., 2001 [Ref. 31]). The genes are listed in refirkBable Il, p1165, and on a supplementary
table on the Web (address below) and when repariorg than one integration event (@BERT
gene) the gene is listed in their tables more trae for every event. There appear to be several
discrepancies, between Ref. 29, and the previqusdllished data in Ref. 30 and Ref. 31. The
authors do not make clear whether these discregmmberive from a difference in the
interpretation of their results or if they are &t referring to separate integration evenfs he
IRAK2 gene is reported to have an integrant 6 kb upstifahe start codon (Ref 30) and an
integrant downstream of exon 3 (Ref 2$Thep42MAPK1 gene is reported to have an integrant
20 kb upstream of the start codon (Ref 30) and ##kb downstream of the gene (Ref 29).
*The|P3R2 gene has an integrant 45 kb upstream of theidrn (Ref. 30) and then 44 kb
downstream of the gene (Ref. 29§The ST3GALVI has an integrant 3 kb upstream of the start
codon (Ref. 30) and then 4 kb downstream of the dBef 31). *Ref. 29 reports 3 separate
integration events in thBTERT gene (10.8 kb upstream of thdERT promoter; 0.3 kb
downstream of theTERT gene; 16 kb downstream of the gene). Howeveretimay be a fourth
such event, reported in Ref. 30, of an integrafiénhkb upstream of the gene. Data in the table
above is reported as given in the references listdte far right-hand column, and in Murakami
et al., (2005), supplementary table hattp://www.gutjnl.com/supplemental

*FAdvillin; Keratocan; UBX domain-containing 1; Pratenhibitor of activated STAT3; Fast-
type myosin-binding protein C; Phosphatidylinositainsfer protein membrane-associated; EH-
domain-containing 2; Connexin 32; Wiskott-Aldriclgnglrome-like; Trinucleotide repeat-
containing 6¢; TBC1 domain family, member 10B

*G Murakamiet al., 2005 reporMLL2 andMLL4 as two different genes. The NCBI
nucleotide database records them as the same Hfedely 2008).
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This led them to propose a mechanism of HCC devedo:
(1) HBV integrates into a cellular gene during #mite phase of viral infection,
resulting in gene changes;
(2) viral/cellular gene oncogenic activity possilpisovides the cell with selective
growth advantage (over viral propagation) duringpalic phase of infection;
(3) increasing accumulation of genetic changesnduliver cell proliferation may
result in HCC (Murakamet al., 2005).

Other known sites of integration include chromosobp36 (Simon and Carr, 1995)
chromosomes 3 (Dejeahal ., 1986) 6 (Hincet al., 1986), 15922-923 (Bowcoekal., 1985)
and 18 (Bowcoclet al., 1985; Hincet al., 1986).

HBYV integrants in human HCC are often found in téjwe DNA sequences (Ogstahal.,
1982; Nagayat al., 1987; Shitet al., 1987, 1988; Ogatet al., 1990; Quadet al., 1992;
Tsueiet al., 1994) (eg. minisatellite sequences), which ate@l associated with cellular
genes or gene clusters (Dover, 1989) and are krtowme involved in activation and
repression of transcription (Takedaal., 1989; Trepicchio and Krontiris, 1993nd the
binding of regulatory proteins (Trepicchio and Kiias, 1993). Although certain disorders
and cancers are known to be caused by mutatiomidarellite repeat sequences (Novelletto
etal., 1994; Limet al., 2006; Baca-Garcet al., 2007; Vairaktarist al., 2007; Buisinet al.,
2008; Marutaet al., 2008), it has yet to be demonstrated that a toutan a repetitive
sequence, generated by the integration of HBV DN, resulted in the incorrect regulation
of a cellular gene (or genes) with a subsequenbgemic outcome (Robinson, 1994).
However, expansion/contraction of microsatellitequences at two or more loci
(microsatellite instability) (Kazachkogt al., 1998) is considered indicative of genomic
instability and replication errors (Gabal., 1994), and may be important in a subset of HCCs
(Sheuet al., 1999).

Integration may occur more often in repeating sages such aélu repeats, satellite IlI
sequences;-satellite DNA and minisatellites or variable nuatide tandem repeats VNTRs
because their GC content is very similar to thadB¥ DNA (Ogstonet al., 1982; Shautt
al., 1984; Yaginumat al., 1985; Nagayat al., 1987; Shitet al., 1987, 1988; Ogat al.,
1990; Cheret al., 1994). Almost all integrants in the PLC/PRF/8 liee are located in GC
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rich isochors (Zeriadt al. 1986). Such sequences have a 52 % GC level whigdry close to
the 49 % GC content of HBV DNA (Orab al., 1983).

1.5.1.2 Transactivation

The two HBV genes most commonly integrated in HGXDs, tumour-derived cell lines aXe
andS, which have transactivating activity. THeegion is more commonly integrated tt&n
(Table Il) and neither gene integrates in its eifirln X gene integrants, the viral junction is
often found near or within th¥ open reading frame, close to one cohesive enldeo¥ital
DNA, resulting in the interrupted or most oftertrdincated form of the gene (Wollershestn
al., 1988; Chemt al, 2000), while retaining its transactivating functiBalsan&t al., 1991).
Moreover, the integration and truncation of a ragaf the preS2/S sequence bestows
transcriptional activation function upon the resgtruncated middle HBV antigen (MHBs
polypeptide (Caselmarat al., 1990; Kekulét al., 1990).

Some of these truncated HBx and preS2/S protesnsel as the viral/host hybrid proteins,
are expressed in HCCs (Table Il) and may inducesssiion of oncogenes or dormant genes,
or silencing of TS genes. In one studypheSregion of HBV was found integrated in-frame
with the retinoic acid receptor be®RAR-f) gene, but no expression of a fusion/hybrid protei
was confirmed (Dejeadt al., 1986) (Table II). In a HCC from a Chinese nireadyboy a
partially deleted and rearranged integrant was dooantaining bothX and S regions
oppositely orientated. Th& gene was c-terminally truncated, but retaineds@ativating
activity (Tsueiet al., 1994). In Kimbiet al., (2005), a partially deleted and rearranged
integrant is reported in th&BSCR1 gene (Table Il)Expressed truncated HBx has also been
shown in the G1, G2, G3 and G5 phases of the gelecsuggesting a further possible
involvement in the pathogenesis of HCC (Chiead., 2000). An interesting observation made
by Nagayeet al., (1987), is that when the upstream sequenceedf tiene suffers deletion,
the viral enhancer is brought closer to the virelsjonction, increasing the possibility of its

effect upon a cellular gene.

Other regions of the HBV genome may be integrasaaften as th& andSgenes but are not
as readily detected, because they are more pratedetion or gross mutation/rearrangement,

or because cells containing regions such as theeamd polymerase gene (whose proteins
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show intrinsic toxicity) have little chance of sival and proliferation (Ziemesat al., 1985;
Chenet al., 1988, 2000). The majority of primary tumoursestigated by Diamantis al.,
(1992), and Paterlirgt al., (1995), were found to contain integratédyene regions that
expressed mMRNA. However almost none of them shdveedcription of other integrated
HBV genesFurthermore in the PLC/PRF/5 cell line, unlike iBWvirions or HBV infected
tissues, there is stable methylation of some iar@grand definite transcription from those
integrated HBV sequences where little or no metioiiais present, such as tisegene
integrants. However, the integrated core gene seggeare methylated almost in their

entirety, and no production of HBcAg occurs (Milkrd Robinson, 1983).

1.5.1.3 Amplification of Cellular Oncogenes

Amplification and increased transcription of thenge gene is documented in ground squirrels
without mutation of, or viral integration withinhé gene (Transgt al., 1992). In the
woodchuck this appears to be entirely absbkut,it is documented in man, albeit rarely
(Trowbridgeet al., 1988; Transgt al., 1992).

1.5.1.4 Alteration of TS genes

LOH by deletion has been frequently detected oaralmsomes 1p, 4q, 5q, 8p, 10q; 11p, 13q,
16q, 17p, 22q in HCCs (Rogletral., 1985; Wang and Rogler, 1988; Buetetval., 1989;
Fujimorietal., 1991; Simomt al., 1991; Emetal., 1992; Noset al., 1993; Takahaslt al .,
1993; Yehet al., 1994; Kurokiet al., 1995; Yumotcet al., 1995; Nagaet al., 1997). HBV
DNA integrated at chromosome 11 p13 results in &lldeletion in a HCC (Roglet al.,
1985). The involvement of tumour-suppressor gertesitas of LOH seems likely. In
particular, the retinoblastomBB1) gene (Harbouet al., 1988; Leest al., 1988; Booksteist

al., 1990; Ashida&t al., 1997) the Wilm's tumouk\T1) gene (Gesslet al., 1992; Piaat al .,
1997b), the adenomatosis polyposis c8RC) gene (Piaet al., 1997b); thé&-cadherin gene
(Tsudaet al., 1990; Vleminckxet al., 1991; Shewat al., 1999) and the breast cancer-related
gene 2BRCA2) (Katagiriet al., 1996) contain mutations or deletions in humaaisamas. In
poorly differentiated HCCs cumulative LOH has b&enuently reported (Piagi al., 1997a
and b), possibly reflecting the multi-step natureancer progression (Tamusgal., 1997),

although it remains to be shown whether some oofalhese deletions contribute to the
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initiation or development of the actual tumour.

p53 gene mutations are of the most common found inamkCC and occur in 30-60 % of
tumours and in some HCC cell lines (Robinson, 1#4sieux and Ozturk, 1997). These
changes contain deletions, LOH rearrangementst puitations, and altered gene expression
without loss of an allele. In some cases the d@lBi€A is as a result of a HBV integration
event (Hinoet al., 1986; Slaglet al., 1991) although, loss or deletion of {#%3 gene is not
more common in HCCs with HBV integrants than insthevithout (Robinson, 1994).

1.5.1.5 Other

Integration events exist that cannot be easilytediotnto one of the four categories as
designated by Robinson. HBV integrants are unstabth the initial integrated HBV DNA
sometimes suffering post-integration mutation/@agement, often involving the cellular
flanking sequences (Nagaghal., 1987; Simon and Carr, 1995). Such rearrangenaats
documented in HCC progression in chronically irddgiatients and integrants have also been
found in non-tumorous tissue adjoining HCCs (Koattgt., 1981; Shafritetal., 1981; Hino

et al., 1984).Integrants may even be lost altogether, again plyssivolving the cellular
flanking sequences (Hireb al., 1986; Slaglet al., 1991). This could account for those HCCs
where no detectable integrants exist (~10-15 %BW¥Helated HCCs), although this is not
proven.As mutagenic events bring the liver ever closeH@C, chromosomal instability

increases (Moradpour and Blum, 2005).

Speculation that integrants behave as "hit andmutegens”, where the original HBV
integrant may translocate to another region ofgégr@ome (Hincet al., 1986; MOrdyet al.,
1986) taking a portion of the cellular DNA alongsubstantiated by the findings of integrants
flanked by different chromosomes; such as t(17(#i8)o et al., 1986), t(X;17) (Tokinet al.,
1987), t(7;17) (Meyeet al., 1992), t(3;8) (Pinea&t al., 1996) and t(17;19) (Saigs al.,
2008). One of the integrant's flanks reported meBuet al., (1996), is located at 8p23, in the
vicinity of the carboxypeptidase N gene, whose the product is present in large amsaont
normal liver, but known to be regularly deletedH@Cs. The second flank, at 3q27-29 has
been documented in different types of cancers inngla number of types of translocations

and is known to be involved in the control of clelhigrowth. In this case it was possible that a
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proto-oncogene may have been activated or a hylsaduct produced. In either case, a
growth advantage may have arisen in the clonalresipa, resulting from the fusion of the

heavily liver-transcribed carboxypeptidase N gerth the cell growth control region (Pineau

et al., 1996).

In a human HCC investigated by Hiel ., (1986), a translocation between chromosomes 17
and 18 is documented. It is postulated that theslted from mediation by two HBV DNA
sequences integrated within each of the two chromes. A section of approximately 1.3.kb
of cellular DNA appears to have been lost from aoiwsome 18, but any direct oncogenic

outcomes of the mutation are not evident.

In the PLC/PRF/5 cell line there are reports of Bincption and transposition of integrated
HBV along with its flanking cellular sequences (Kaat al., 1984b; Zeimeet al., 1985).
Evidence indicatesthe duplication, transpositionfragmentation, rearrangement and
subsequent divergence of integrants even aftegriatien (Ziemeret al., 1985). It is not
established however, whether the transpositionroedun the primary tumour or while the

cell line was being established.

1.5.1.6 Indirect Influence of HBV on HCC

There exists a line of thought that a significamniber of HBV-related HCCs arise as a result
of persistent injury to the liver and the consegasnof chronic viral infection (eg.
inflammation), rather than from a precise viral imaasm (Chisari and Ferrari, 1995 a and b).
This can be inferred from the fact that in abou?#d6f HCCs, the HBV DNA is at too low a
level to be detected by SH and many HBV infectelividuals show no hepatic dysfunction.
Even in those with acute hepatitis B, symptomsoéiserved a number of weeks after high-
level viremia. Furthermore, transgenic mice contgrHBV S region sequences develop
HCC only if substantial or moderate liver injurydencurrently observed (Cerutti, 1988;
Chisari, 1988). Furthermore, the virus is not disecytopathic and hepatocellular necrosis,
inflammation and regeneration occur as a resuth@hosts own immune response. It was
originally thought that cytotoxic T-lymphocytes (C3) are responsible for viral clearance
through the targeting and killing of infected heyzates, thereby leading to necrosis (Chisari,

1997). This is however not the complete picturbal been shown in the transgenic mouse
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model that all infected hepatocytes need not Ineiedited to ensure viral clearance (Guidotti
et al., 1994), but rather a cytokine-mediated mechanigonking at the posttranscriptional
level, can prevent HBV replication and gene expoess he subsequent substantial decrease
in viral antigens would lead to a diminished hastriune response, allowing some HBV
particles to persist. These would gradually reswaotve infection thereby arousing a
heightened immune response once again. In HBVnataitly infected humans, this could
explain the cycles of active disease broken byoperof quiescence (Hodinka, 1999). HBV
may also be indirectly involved through the gerieratof oxidants during hepatic
inflammation caused by chronic hepatitis (Moretes., 1989, 1990; Hodinka, 1999).

1.5.2 HCC and Clonality

In cirrhotic liver, HCCs develop in adenomatous fwoduced within regenerative nodules of
liver cells (Robinson, 1994). On scrutinising theseules investigators found one or more
integrant clones, each with its own singular pattdintegration (Aoki and Robinson, 1989)

indicating selective amplification of a single hejyte with integrated virus (Rogler and

Summers, 1984).

Clones may differ between non-tumorous and tumoligastissues of the same individual.
Several clones may develop concurrently in a HC@,ramumber may occur individually over
time (Shewet al., 1993; Matsumotet al., 2001).This is logical, as it has been documented
(section 1.4) that no specific integration evenseries of events in particular cause HCC.
Integration is therefore primarily random (sectidrsand 1.5.1.1) and as such the integration
events in a singleell will not mirror those in a different cell. Hacell may develop into a
clone. In each clone, the resulting genomic changassed or influenced by the initial
integration event and subsequent integration eveiitsesult in different repercussions at the
cellular level. Those cells that respond well te felection pressures already present will
thrive, whereas those with lethal mutation/s wik & and be ‘removed’ from the ‘clone
population’. One can therefore surmise that a cioneon-tumour tissue is simply non-
tumorous because the integrant event/s it conthimmge neither resulted in lethal
repercussions, nor have they crossed over themebbbundary of cumulative mutation that
will push them into HCC. However, this may simpe/dmatter of time. This is bourne out by

the generally accepted view that early stage HEEpalyclonal in origin, (Shegt al., 1993)
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whereas late stage tumours are primarily monocjatthlough there have been reports of the
occasionalpolyclonal advanced stage HCC (Esuehial., 1989). However, intrahepatic
spread, and metastasis in late stage tumours maneeusly indicate monoclonalifglum et

al., 1987; Sheet al., 1993).In this case the tumorous mass has progressed todtastatic
phase. Various tumour cells will have broken awaynf the original clone and settled at
various sites within the same liver, generatingertban one clone with the same integration
pattern. Any other clones originally present mayehbeen lost over time or may not have
responded as well to selection pressure, in whade ¢they may have been engulfed and
obscured by a faster growing clone-mass nearbutifgi|g them may not be possible as the
two clones would have to be differentiated by mscapy and shown by Southern
Hybridisation to have different integration profiléMonoclonal HCCs rarely contain one
integrant (Esumét al., 1989). Usually three to four integrants are@nésalthough as many as
ten or more have been reported, with each evenglaia different site in the host genome
and having occurred independently. Nonetheless, $HHC@ntaining large numbers of
integrants are rare. This is indicative of a pdssitrechanism of counter-selection, operating

in hepatocytes with too many integration eventst@dbara and Tokino, 1990).

The old debate as to whether multiple integratisenés occur during hepatocyte progression
to HCC or whether this is restricted to the penbdctive viral replication only, still endures
(Matsubara and Tokino, 1990). Whether or not HBMication is supported in HCCs also
remains a matter of some controversy. Thus fagratgs studied have been unable to support
viral replication because of mutation but HCCs ragtain replicating episomal HBV. A
HCC in a study by Chest al., (1982), contains both integrated and extrachsmnl DNA.
Simon and Carr, (1995), document viral replicafio@ non-tumorous tissue, but not in its
associated primary HCQNazarewiczet al., (1977), propose that replication is absent in

poorly differentiated HCC (ie. late stage tumoums) can be present in early carcinomas.

At times multicentric occurrence of HCC occurs atients with primary liver disease caused
by HBV. Multicentric HBV-related HCC can be diagedsby making use of the integration
‘pattern’ (clonality) of HBV within a tumour (Matsootoet al., 2001). The generation of

many clones with different integration patternsthwi and between individuals, bears
testimony to the fact that HBV integration may ¢dnite to HCC development via a number

of different mechanisms interfering with growth ameétabolic pathways within the cell.
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Clinically, different clones may show varied megdist abilities and responses to

chemotherapy regimes (Esuetial., 1989).

1.5.3 Integration in the PLC/PRF/5 cell line

The PLC/PRF5 cell line is possibly the most studiepatoma cell line. Other than the present
PhD study and the one by Kimdial., (2005), studies on the PLC/PRF/5 cell line casgr
the only other work where integrants from a southéfrican black individual are
characterised. The PLC/PRF/5 cell line currenthtams nine integrants per cell (Zeesdl .,
1986), none comprising the FL genome of the virus, bubeatrearranged fragments
(Alexanderet al., 1976; Edmaset al., 1980; Koshyt al., 1983; Shaudt al., 1984; Ziemeet

al., 1985). They express the HBV S protein (Alexartlal., 1976) from two integrated HBV

S gene sequences which contain TATA like box amg@r@ promoter regions, but lack the
HBV poly-adenylation signal. HBsAg must therefoegide from a hybrid mRNA resulting
from integrants positioned in-frame with a cellupaly-adenylation signal (Koctet al.,
1984a; von Loringhoveset al., 1985; Ziemert al.,1985). It is not known whether the
integrated HBV DNA was originally expressed in tieest liver. Other virus-host chimeric
transcripts have been documented in PLC/PRF/5 (@baktyet al., 1980; Ou and Rultter,
1985) but their function remains unknown and naaserproof exists that these were
categorically involved in transformation. The PLRFS integrants appear to derive from
four different adw (Ziemer et al., 1985) strains, a subtype prevalent in Mozambique
(Courouce-Pautgt al., 1983).

In 1980, Edmaet al., showed PLC/PRF/5 cell line integrants with juncsiam1400-2600 bp
of the viral genome. Koao#t al., (1984a), in turn analysed four integrants. Adrevintegrated
at the single stranded gap region of HBV but irdéign into the cellular genome was random.

These findings provided support for a model ofgnaétion (section 1.5.4).

1.5.4 Types of HBV Integrants and Models of Integraon

As initial studies of HBV integrants progressed hedame more numerous, the information
they yielded spawned various models of integrafidejeanret al., 1983; Koikest al., 1983;
Dejeanet al., 1984; Koclet al., 1984b; Shaudt al., 1984; Milleret al., 1985; Mizusawat
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al., 1985; Yaginumat al., 1985; Ziemeet al., 1985; Hincet al., 1986; Nagayat al., 1987;
Shih et al., 1987) some of which are conflicting and mostwdfich have since been
discounted. The prevailing models are discusse=l iaere is no one proposed mechanism of
integration that can explain every type of integieamd models are not necessarily mutually

exclusive.

Integrants can be thought of as falling into onewaf groups: those integrants that have one or
both of their end junctions, lying within the colesend region, and those that have neither
end within this regionThe majority of integrants in HBV-related human HQ&bout 67 %),
have one or both of the virus cell junctions at DRDR?2 or within the viral cohesive end
region (Dejeamrt al., 1984; Koctet al., 1984a; Mizusawet al., 1985; Yaginumat al., 1985;
Ziemeret al., 1985; Hincet al., 1986; Nagayet al., 1987; Shitetal., 1987). These cohesive
end region integrants (termed Coh) have been gbunpe four main types (1, I, lll and 1V)

by Shihet al., (1987), based on their strand polarity and guatigicity (Figure 1.7).

o Typel, the second most common type, integrate into tr'h®NA in the core-
surface-X gene orientation, with DR1 sequencesedixed end (Figure 1.7.1). Sheh
al., (1987), proposed a model by which such integranmgt arise (section 1.5.4.2).

‘ Basic core gene/pregenome promoter
Enhancer Il
B DRiandDR2
----- RNA attached to +ve strand
[ ] Polymerase covalently attached to -ve
strand

Figure 1.7: Diagrammatic representation of fleeir types of Coh Integrants (I, I, lll, \
often found in HBV related HCC.

Reproduced from: Arbuthnot and Kew, 2001.
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o Type I, the most common type (46.6 %), integrates in Xkeirface-core gene
orientation, with the cohesive end region or DRiest sequence present beforexthe
gene (Figure 1.7.11) (Nagahal., 1987). Such integrants are explained by the lmode
of Yaginumaet al., (1985), and the relaxed circle where cellulartDivades into the
single-stranded gap region (section 1.5.4.2). Tdftee displacement synthesis of the

cohesive overlap region occurs.

o Typelll integrates into the host’s DNA in there-surface-X gene orientation, but has
the cohesive end region or DR2 repeat sequenceryresfore the core gene (Figure
1.7.10).

o TypelVisthe same as type Il, but the DR2 sequencessept at the fixed end (Figure
1.7.1V). Such integrants are rare and can be exgthby the relaxed circle model
(section 1.5.4.2) (Shi&t al., 1987). Of the four types, | and Il are threegsnmore
common than Il and IV (Arbuthnot and Kew, 2001).

1.5.4.1 Intermediates of Replication as Substrates Integration

Currently the models of strand invasion and recorioon between viral intermediates of
replication and cellular DNA prevail in explaini@ph integrants. There are two reasons for
supposing that the most likely substrates of irgegn are viral replication intermediates
(Nagayeet al., 1987; Shitet al., 1987). Firstly, the fact that a large proportajnntegrants
are of the Coh type and that synthesis of botmdgaf HBV initiates at the DR sequences,
which are also required for the switching of thepéate strand during pgRNA reverse
transcription. Secondly, that in Coh type integsaone of the ends of the integrated HBV
DNA molecule lies within the cohesive end regioum, the other end lies at a variable position
within the HBV genome. This variable end can bea&xged if the pre-integration substrates
are replication intermediates of different sizdse Variable end may also result from a post-
integration rearrangement, but this requires ars#any event to the integration itself and
integrants exist where little or no rearrangemeat bccurred, and the second end of the
integrated DNA is variable (Yaginunehal., 1985; Dejeant al., 1986).
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Very little is known about the mechanism of illégiate recombination but in numerous
integrants the cellular and viral sequence at ar tiee integrant junctions show no evidence
of overall homologies. This is indicative of illéigaate recombination, usually associated with
free DNA ends, which enhance the process 10 tofdld0dolgeret al., 1984) and can be
involved in strand invasion (Cunninghamt al., 1979). Furthermore, illegitimate
recombination in eukaryotes appears to frequemtbylt in the non-uniform deletion of
cellular DNA (Henderson, 1987), as is often seemiegrants and suggests an integration
mechanism that does not involve a specific integr&ngle stranded linear replicative
intermediate HBV DNA is thought to initiate the omsbination with host DNA. The minus
strand is most commonly the one that invades, &mavading from the 5' end, type I
integrants occur (Nagaghal., 1987). If invasion occurs from the 5' end ofgsdtrand, a type

[l integrant results. Theoretically, invasion Iet3' end of both positive and negative HBV
strands would result in Coh integrants of typdéddayaet al., 1987) and 1V, respectively. A
model of single-stranded positive strand HBV DNAegration remains equivocal, as such
DNA has never been observed in the hepatocyte nsi¢®hihet al., 1987).

1.5.4.2 The Relaxed Circle

In 1983, Koshyet al., proposed a model of integration based upon icegaquence
homologies between the viral DNA and flanking germm@NA. In actively replicating
hepatocytes the HBV genome may align with the tallgenome at such homologous sites
and once the replication fork approaches, the Di§merase switches from the genomic
template to the single stranded gap of the viral grining the two. Recombination follows,

resulting in an integrant. This mechanism expl&ps IV integrants.

The triple-stranded structure and circular rolivindel of Shitet al., (1987), is similar to the
relaxed circle model and explains type | integralhigroposes that the terminal redundancy
resulting in the triple stranded region of the xelhcircular form of HBV DNA, found in the
nucleus of infected hepatocytes (Miller and Robmsk®84) may play a crucial part in the

process of integration.

However, the model makes provision for the fact tha relaxed circular form may not be

essential, or enough for successful integratiorvil replication in the hepatocyte is
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somehow hindered, it is likely that integratiorhextthan replication will occur (Shiét al.,
1987).

1.5.4.3 Other Possible Mechanisms and Substrateslafegration

Hinoetal., (1989), suggested that integrants not genefiaetdreplication intermediates may
result from topoisomerase | cleavage of cccDNA atDR1, with the resulting products
undergoing integrationThis profuse cellular enzyme may target the coleetvminus of
HBV because its DNA sequence is one of its prefenleavage substrates. The idea is
supported bynvitro studies of WHYV integration mediated by this enzyiWang and Rogler,
1991). Normally involved in DNA transcription aneplication, topoisomerase |, cleaves a
single strand of the DNA duplex thereby relievihg superhelical tension that arises during
these processes (Wang, 1985). Cleavage of thalpadbuble-stranded HBV genome in the
cohesive overlap linearises the viral DNA. The esqzbends of the linear molecule become
available targets for host nucleases, and arel&dldt’. The HBV DNA is now linear and
capable of ligating to the host genomic DNA. Integs are documented with microdeletions
at their virus-cell genome junctions (Dejeetnal., 1984), lending further support to this

hypothesis (Wang and Rogler 1991).

The complex structure of many integrants initidédlgl researchers to conclude that these had
suffered extensive mutagenic events post integratiowever, in 1982, Rogler and Summers
found free HBV rearranged genomes with structuiredar to those of complex integrants,

which they named ‘novel form molecules’ (Rogler @wmnmers, 1982).

1.6 Rationale/Justification for This Study

HBV-related HCC is prevalent in areas endemiclientirus, including sub-Saharan Africa
where, numerous individuals die of this cancer atipuand the manifold causes involved in
the initiation and progression of HCC are still bty understood (Kewet al., 1987; Giinther
etal., 1998; Kewet al., 2002a; Parkiet al., 2008). There is no known cure or cost-effective
treatment regimen (Gongt al., 1999) (section 1.2). Vaccination is still logistly
problematic and futile for those individuals alrgadfected with the virus (Van Herck and

Van Damme, 2008). There exists a very real neetuftiner study of HBV, the molecular
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mechanisms behind its mode of replication; relaiopm between viral variants and course of
the disease; the oncogenic potential of integrei®d and the development of new methods
with which to effectively combat chronic HBV inféah (Nassal & Schaller, 1996).

Furthermore, in studying integration sites, as wyatentified cellular genes involved in

cellular differentiation and proliferation pathwaysay be discovered. Studies on the
PLC/PRF/5 cell line comprise one line of work wherdew integrants from a southern
African black individual are characterised, howevtas highly likely that integration events

in a cell line, under controlled laboratory conafits, will not mimic exactly the repercussions
of integration events in individuals. Most studesHCCs (Table 1l) have been primarily
concerned with tissue from Europe, China and Jafyéwether the integration events in these
populations are the same, similar or distinct toséhoperating in the southern African
populations is unknown. Other than the present §thBy only one integrant from a southern
African black individual has been partially chased. Further research is therefore
important in order to gain improved insights inte fprocess of HBV-related HCC. Results
could allow for a comparison to be made againstipusly published data and thereby
contribute to an understanding of the moleculaoky of HCC, at least in the context of the

southern African populations.

All the carcinomas in this study were late stagedfing HCC in southern Africa has several
logistical problems, the main one being that thgonitsgt of HCC tumours are seen in
individuals from rural black populations. The waltne here was performed on tissue from

one of the few available HCC archives in Africa.

The objective of this study was therefore: to cbemase the pattern of HBV integration in
tumour and non-tumorous liver obtained at autopshaparotomy from southern African

blacks with HCC; and the aims were to:

1. determine the proportion of tumours with integratamd single or multiple
integrants
2. ascertain the sites of HBV integration relativdunctional cellular genes

3. establish whether any integrants were expresstgeitumours
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In short, research is required to establish thecter@anner in which HBV integration
contributes to the aetiology of HCC in the southAfrican populations, especially as it
becomes ever more evident that no single mechamigybe the sole culprit in most cases,

but that the processes are likely to be numerodsiarergent.

1.6.1 Thesis Structure

The chapters of this thesis have been structured $o divide the experimental work into
parts, allowing for greater clarity. There is nastard method for the detection of integrants.
Previous to the initiation of this study most oé twork done on HBV integrants had been
performed by screening of genomic libraries corstdifrom the DNA of individual patients.
This technigue, although excellent in terms ofdat it can yield, is both laborious and time-
consuming. Large amounts of tissue are usuallyiredand few integrants are characterised
at any one time. In HBV-related HCCs it can alsavprfrustrating because of the presence of
coexisting non-integrated free virus, which canfoand the identification of genuine

integrated viral sequences.

The development of laboratory techniques, whichmpsed the speedy processing of large
numbers of tumours from small amounts of matese&émed an auspicious approach to the
problem. However, these techniques had never lpgtied to African HCCs, which, contrary

to most HCCs found elsewhere, contain multiplegrdagon events.

Chapter 2 of this thesis, details the optimisatibvarious techniques applied in the attempt to
determine the proportion of tumours with integratimd single or multiple integrants, and to
ascertain the sites of HBV integration relativefuactional cellular genes (aims 1 and 2
section 1.6); while chapter 3 reports the resuitaioed for aims 1 and 2. Chapter 4 details
results obtained for aim number 3: determining Whetiny integrants are expressed in the

tumours.

1.6.2 Outline of Materials and Methods Employed

The structure of this thesis is unorthodox butesen employed to facilitate the understanding

of work performed in characterising integrants freouthern African HCCs. As various
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methods were used, some of which were abandonddthanwork is divided into several

sections, a figure is supplied below (Figure lo3ptilitate the understanding of the process.

-

Figure 1.8: Outline of methodology used for the characterisatid HBV

integrants by DNA analysis and expressed integriantBNA
analysis.
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2.0 OPTIMISATION OF LABORATORY
TECHNIQUES FOR THE DETECTION AND
CHARACTERISATION OF INTEGRANTS
(DNA ANALYSIS)

2.1 Introduction

When we initiated this study, the most common meéfoodetermining the number, clonality
and total percentage integration in HCCs was Soutfletting and hybridisation (SH), which
had been used since the early 1980s. Furthernmerentall number of integrants characterised
had been primarily investigated by cloning, andhilie use of DNA libraries. Investigations in
man, cell lines and animals models, have shownitit@gration could include deletions of
cellular DNA, LOH (often involving TS genes), trdmsations, rearrangements, transposition,
fragmentation, amplification of cellular oncogenasd point mutations and gene mutations
resulting in oncogene activation, TS gene inhibitio or post-integration
mutation/rearrangement and aberrant expressiorelaflar genes and HBV/host hybrid
proteins (section 1.5 &able Il). Integration was known to occur oftemepeating sequences,
with the S and X genes being the most commonly integrated and fRe & hot-spot for
integration events (sections 1.5.1.1 & 1.5.1.2 &) 1.

In order to fully characterise integrants in theitbern African population (aims 1 and 2
section 1.6) certain facts had to be establishéatd&dgand. These included:

(1) the percentage of HCCs containing integrardghat an adequate number of samples
could be investigated to allow for the greatest berof integrants to be characterised

(2) the samples which contained integrants, andhuilid not (these would be excluded), and
of those that did, how many integrants were preseeach tissue

(3) the size of individual integrants since theegrant size would affect the feasibility of
successful PCR amplification.

(4) a map of each integrant in order to obtainrimiation for primer design enabling further
characterisation by PCR (section 2.2.5.2; AppeAdiR15-A17).
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These requirements were met by restriction enzyRte @igestion of genomic DNA and
analysis by SH (sections 2.2.4&12.2.4.2-2.2.4.3). Further characterisation oegration
events (ascertaining the sites of HBV integratielative to functional cellular genes - aim
number 2 section 1.6), was also attempted by Ferligth (FL) PCR (Gunthet al., 1998).
This PCR was not originally designed to amplify HBWegrants, but rather as a method of
amplifying the complete HBV genome in one PCR rieactrom a HBV template DNA.
However, this PCR had previously been used in llaeacterisation of an integrant/genomic
DNA junction from the serum of an acute hepatiisignt (Kimbiet al., 2005) (Table II). It
was applied again in this study to DNA extractedrftumour tissue to see whether it might be

a useful method of routinely detecting HBV integsaim human genomic DNA.

2.2 Materials and Methods

2.2.1 Selection of Sample Tissues and Controls

2.2.1.1 Subjects

These were black southern African males with HC@inhg miners from South Africa and
surrounding countries. The greater proportion waszdmbican, as was evident from the
names. Subjects ranged in age from 20-40 years thetmajority being between 30 and 40.
As the subjects were migrant workers, there wasaacipy of information concerning
individual's personal and medical history. Ethit=matance was obtained from the University

of the Witwatersrand Human Research Ethics Comen(fitedical) (Appendix F).

2.2.1.2 Liver Tissues

Liver tissue was obtained at autopsy or laparotdrogen in liquid nitrogen (African Oxygen
Ltd, Germinston, RSAand stored at -70 °C. The tumours were classifiddte stage based
on the size of the primary tumour, the presencmetiastatic spread beyond the liver, the

patients’ general condition and death shortly aftagnosis.

Tissue from 18 of these HCCs and adjoining non-teu® liver tissue, when available, was
cut on dry ice and at ambient temperature, and fasd2NA, extraction (section 2.3.Table
). A further 3 samples were used for RNA studi€hapter 4). These were T40, T45 and
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T110. Those 3 samples did not undergo the sameimergal procedures as the 18 listed in
Table Il because the amount of tissue availablg altowed for the extraction of sufficient
genetic material for reverse transcription PCR (RJR) and was only sufficient for a few
amplifications. These samples were used in a coscustudy and the tissue for T45 became
depleted. Sample tissue was removed from th&C-Ti@ezer for short periods of time and
placed on dry ice so that it could be cut at anthiemperature with the use of a sterilised
hacksaw, and sterile blades (Swann-Morton, SheffigK). Every attempt was made to obtain
pieces of sample (about 5 g) as quickly as possblas to prevent extensive defrosting and

compromising of the DNA in the remaining portiontbé sample.

The corresponding serum for each tissue samplephadously been screened for HBV
markers: HBsAg, anti-HBs, anti-HBc, HBeAg, and a@ABe using commercially available
radioimmunoassays (Abbott Laboratories, Abbott Pdiiois, USA) (AUSRIA Il for
HBsAg; AUSAB for anti-HBs; CORAB for anti-HBc; HBegfA and anti-HBe).

2.2.1.3 Cell Lines

Frozen cell stocks of the liver cell lines PLC/PREAlexanderet al., 1976) and HuH7
(Nakabayashst al., 1982) were the kind donations of J. Alexandex@rtment of Molecular
and Cell Biology, Microbiology Unit, University ofthe Witwatersrand, RSA), and H.
Nakabayashi (Division of Pathology, Cancer Ins#it[l{.N.K.M., J.S.] and Department of
Orthopedics [T.Y.] Okayama University School of Nta@de, Japan), respectively. The cell

lines were cultured and used for total DNA and R&iraction.

The HuH7 cell line contains no HBV integrants andswised as a negative control for
integrant detection. This cell line was establisheda 1982 from the surgically removed,
well-differentiated HCC of a 57 year old JapaneatenDoubling time is approximately 35-44
hours, chromosome number ranges from 50-59, ariatlietype is stable (Nakabayastil .,
1982).

The PLC/PRF5 cell line was established circa 19@hfautopsy tissue of the HCC of a 24
year old Mozambican male with chronic HBV infectiGhlexanderet al., 1976). It was

originally known as the Alexander cell line. The@®PRF/5 cell line currently contains nine
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integrants per cell, none comprising the FL genarh¢he virus, but rather rearranged
fragments (section 1.5.3). The cells resemble loegtes in culture and do not produce HBV

particles but do express the HBV S protein.

RNA derived from HepG2.2.15 (Sebsal., 1987) was used as a positive PCR control in RT-
PCR, and HBV-specific PCR off cDNA template. Thedl tine was established circa 1987 by
transfection of the HCC HepG2 cell line (from th€®l of a 15 year old Caucasian male)
(Aden et al., 1979) with four 5’ to 3’ tandem copies of FL HR}nome. The cells contain
chromosomally integrated, relaxed circular, covéyeclosed, and incomplete copies of the
viral genome and support the production of HBV icgilve intermediates, and the assembly

and secretion of complete infectious (Dane) vigatiples.

2.2.2 Tissue Culture

Cell cultures (Appendix A section Al.1) were pregzhin a laminar flow hood (LABOTEC,
Bio-flow Model 660,Midrand, RSA), in a sterile laboratory (UV), exdkey reserved for
tissue culture. All regulations for the correctgedure for sterile tissue culture were observed.
The cell lines were maintained at 37 °C in a FoBugentific (Socotia, NY, USA) water
jacketed incubator (model 3164) with 5 % £®ledia and reagents were purchased from
BioWhittaker (Walkersville, Maryland USA), GIBCO ife Technologies, Carlsbad, CA,
USA) or Cambrex BioScience (Wakerville, MD, USAh&e monolayer cell lines were
cultured in 80 crhvented flasks (Nunclon). At 80 % confluency, callsre subcultured
(Appendix A section Al.2) to prevent nutrient apdse depletion and cell death, or they were
harvested (Appendix A section A1.3) for DNA or RM&traction. Fresh stocks of each cell
line were made routinely to ensure backups in ohsentamination, or accidental loss/death
of cells (Appendix A section Al.4). Stocks wererstbat -70 °C. For further details see

section Al, Appendix A.



58

2.2.3 DNA Extraction for the Characterisation of Integrants by DNA

Analysis

2.2.3.1 Phenol Chloroform (P/C) Method of DNA extration

This was according to Sambroetial., (1989), with modifications. For a detailed protoseé
Appendix A section A2.

Avoiding and Detecting Possible Contamination

To ensure that no cross-contamination occurred detwsample tubes, DNA from the
PLC/PRF/5 cell line, which is known to carry 9 HBWA integrants, was always extracted on
a separate day to any other sample, including DidMnfthe HBV DNA negative cell line

HuH7. Although reagents for P/C prepared in biikytwere aliquoted into amounts sufficient

for the extraction of 9 samples concurrently.

2.2.4 Detection of Integrants by SH (E.M. Southern1975)

2.2.4.1 RE Digestion of Genomic DNA and IntegrateEiBV DNA

The number and size of integrants present in algegap be established by digesting the DNA
with Hindlll, which does not cut HBV isolates from black swern Africans, and analysing
products by SH. Restriction enzyme (RE) digestsheke integrants, with various other
endonucleases, further enables the constructibgpithetical maps of each integrant, or at
least one integrant junction. Maps may be surmise@énowing the exact location of RE
cleavage sites on the DNA of interest (in this daseHBV genome — Figure A1, Appendix
A). Digestion with a particular RE allows for thiziag of those integrated HBVfragments
generated by the particular RE. The fragmentstoamte reconstructed into a map by locating
their positions on the HBV genome via the positbthe RE cleavage site, thereby allowing
for the design of primers at the cleavage sitegeBtion with single REs as well as

combinations of the same REs allows for more peetiapping (section 2.3.3.4).
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The REs used werdcoRI, BamHI and Hindlll. The HBV sequence V10460 (Genbank
Accession Number July 2007 - sequence originallyatterised by Galibegtal., 1979) was

used as a probe in SH and as the restriction dogestol.

The selection criteria for the REs were: (1) tineg tleavage sequence on human genomic
DNA be present very frequently, such that the degeéragments yield the classical smear
pattern observed upon agarose gel electrophoréjisthat the cleavage sequence be
infrequently present on the HBV genome — ie. igeatla single site but two or three sites is
also acceptable, (3) that one RE have no cuttieg sin the HBV genome, and (4) possibly
that they have been previously documented in tature as having been successfully used in
HBV digestion for SH or the design of PCR primédsachotet al., 1980; Chakrabortst al.,
1980;Edmaret al., 1980). In particular, REs were selected fromriBetial ., (1995), as it was
hoped that the I-PCR technique could be appligti¢acharacterisation of integrants in this

study.
For further detailssee section A3.1Appendix A.

Digestion Reactions

Digests were carried out as per manufacturer'sunogons, with modifications from
Sambrooket al., (1989), p9.32. To ensure that DNA was digestedompletion a

digestion control was included as well as otheitrcds (section 2.3.3.1).

Both single and double digests were performed.|8idigests involved the use of a
single RE whereas double digests were performddthét enzyme combinations. For

detailed protocols see Appendix A section A3.1.

2.2.4.2 Fragmentation of DNA for Transfer and SH

All control reactions were placed to one side efgll, away from the test samples, to reduce
chances of contamination, and prevent obscuringeoignal from the test samples. Before
the gels were prepared for SH, a 10 pl aliquot BfADdigest reaction was separated by
electrophoresis on a short (20 cm x 10 cm) tridl (668 % agarose gel D1-LE agarose
(Hispanagar, Burgos, Spain), in 1xTris-boric adiiTA buffer (Appendices A and D), and 3
% EtBr (Sigma-Aldrich) at 0.3mA/cffor 2 hours at ambient temperature in order tdion
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complete digestion. For detailed protocols seé@eé3.2, Appendix A.

The DNA was transferred to neutral membrane, Hy@9{\EC Amersham), by capillary
action, or with the use of a ‘Semi-dry electropltierblotting system’ (Sigma-Aldrich). The
exact protocol for pre-treatment of the gel prmbtotting depended on which method was
employed to transfer the DNA (Appendix gections A3.2.1 & A3.2.2.). Once transfer was
complete the membrane was hybridized to the ratiedy labeled HBV probe.

2.2.4.3 Probe used in SH

The probe used in SH was kindly donated by ProfddsW/ill (Appendix B) and comprised a
head-to-tail dimer of the complete genome of HBWWagpe D (subtypeyw, GenBank
accession number V01460) (Galibetrral., 1979) cloned via aBcoRlI cleavage site into the
plasmid pSM2 (Sommeet al., 1997) in JM109Eschericia coli strain. The sequence
characterised in Galibeet al., (1979), clusters with the South African D gempety which
comprise 25 % of the isolates existing in soutl#drita (Kimbi et al., 2004). This clone was
available in the laboratory and provided a convetreobe for SH (Appendix B). The probe
was amplified by FL-PCR (with primers P1 and P2 &pqiix C) from the cloned HBV DNA
template in plasmid pSM2. PCR product generated-arteBV genome (Appendix B). The
3.2 kb band excised from the agarose gel followlagtrophoresis in order to eliminate primer

DNA and residual pSM2 plasmid, before labeling (&ppendix A, section A3.5).

2.2.5 Optimisation of PCR for the Characterisationof Integrants

Primer sequences were obtained from the litergAppendix C), except for the 1374+ primer
used for cDNA amplification, which was designed hwihe aid of the Website tool:

http://www.hgmp.mrc.ac.uk/GenomeWeb/nuc-primer.htRrimer design incorporated the

standard conditions required for the design of @immal set of primers.

All primers were synthesized by Invitrogen, Lifechaologies, Carlsbad, California, USA; or
Ingaba Biotechnical Industries (Pty) Ltd, HatfigREA. DNA polymerases with proofreading
functions were selected for PCR, and appropriaés evere selected for long template (~40

kb) amplification. PCRs were optimized with annegliemperatures within a 10 °C range of
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Tm, and various MgGland DNA/RNA concentrations were optimized as nesgs All PCRs
were carried out under strict conditions, as oatlithy Kwok and Higuchi, (1989), so as to
prevent cross-contamination and false-positive ltesurhe different stages of DNA
preparation, namely extraction, amplification alet&ophoresis were carried out in different

rooms.

2.2.5.1 I-PCR (Bruniet al., 1995)

DNA is restricted with the correct RE (Figures AA&, Appendix A) and ligated, yielding
a circular template. Primers are orientated suatttie DNA synthesis is primed towards the
opposite ends of the template, hence the term fé@vBCR” (Figures A3 & A4, Appendix
A). After amplification by I-PCR, sequencing of theoduct permits characterization of a
section of the integrated HBV DNA. From this datlldar primer/s directing DNA
polymerisation towards integrated viral DNA, andedfic to the integration under
investigation, are designed (fixed flanking primei$he fixed flanking primers are used in
fixed-flanking-primer PCR (FFP-PCR) with genomimfgdate. Re-amplification of the FFP-
PCR product can be performed if necessary. A oin digest of the product is performed
with the original respective RE, and analysed d2f/@agarose gel to confirm product
specificity. The integrant is characterised by edated sequencingor a more details see

Appendix A section A4.

2.2.5.2 PCRs for the direct amplification of HBV integrants off genomic
DNA template

This technique may involve up to 5 rounds of anaiion, comprisingAlu-PCR and
digestion with uracil DNA glycosylase (UDG); Touawh PCR (product may be visualized
by SH); and Nested/heminested PCRs |, Il and I§yFe A5, Appendix A).

First round: “ Alu PCR”
The first round PCR is derived from a techniquesiigped by Nelsost al., (1989,
1991) (Figure A5), which permitted the amplificatiof human DNA against a

background of phage, yeast or rodent genomic DN# fgrotocol was adapted by
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Minamietal., (1995), for the amplification of HBV DNA agairtsie background of

a human genome.

In principle: the PCR requires the use of a HB\tHpeprimer (Appendix C), and a
primer for the most common SINE (short interspersadlear element) repeat
sequence (Appendix C) in the human genome (~5%talfgenome mass): tiA¢u
repeat (Szmulewicet al., 1998). Alu-repeat sequences are found in the human
genome on average every 4 kb, and are cAllebecause they can be restricted with
the REAIul. The primers used to amplify tiA¢u-repeat sequences were originally
designed to: hybridise either the 5' or 3' enchefiu-repeat, be highly conserved
(Britten, 1994) and to have a Tag sequence at'tbed

In theory, this PCR will amplify HBV-genomic DNA fetion/s that lie sufficiently
close (ie.<40 kb), either up or downstream from Alu repeat sequence, while
avoiding amplifications betweéxu sequences (Figures A5 & A6, Appendix A). For

a detailed protocol see section A4.2, Appendix A.

Second round (Touchdown) PCR (Dot al., 1994)

“Touchdown” PCR was initially devised to eliminates-priming by one or both
primers during PCR reactions involving the amptifion of a specific gene
sequence from a complex genome template. Mis-pgmesults in spurious bands,
which when visualized by agarose gel electrophsrase often found to prevail over
the desired product. This occurs with greater gem@e when the sequence of

interest is present in small amounts, as with HBgrants.

In “Touchdown” PCR the annealing temperature (deraperature above it) is

decreased by a unit of temperature (eg. 1°C) esezrgnd cycle for 10°C, at which
temperature 10 cycles are performed. “Any diffeesinclm between the correct and
incorrect ‘annealings’ will give an advantage db® per cycle, or 4-fold per °C, to

the correct product, all else being equal” (bal., 1994). For a detailed protocol
see section A4.2.2, Appendix A.
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Further amplification

“Touchdown” PCR may yield a smear of fragmentsgé&nerate discrete products a
third round of amplification may be required. If,sb ul of “Touchdown” PCR
product is used as template in nested or hemi-thd3@&R with internal primers
(MD60 and Tag5) (Appendix C). Two further roundsaaiplification may still be
required before final discrete, sufficiently conttated PCR products, are available
for further analysis (P. Paterlini-Bréchot - pemlocommunication). For “fourth
round” PCR MD26C sense primer (Pousairal., 1999) (Appendix C) and anti-
sense Tag primer are required. Amplification cdndi are identical to"2 round
PCR. For fifth round PCR MX2 sense primer (Appen@ixand Tag anti-sense

primer can be used.

PCR optimization and controls

Optimisation and positive control:

In the study reporting the original adaptation oél$dn’s technique to the
amplification of HBV integrants the PCR conditionsre “optimized using clone
20BB (Wanget al., 1992), [consisting of] ... an 18 kb human genoidA
fragment that contains 3 kb of HBV sequence intiegran human cyclin A gene and
anAlu repeat about 1600 bp downstream of the viraljuostion.” DNA from this
clone was “mixed with human genomic DNA to obtalwat a 2 kb band using a
modification of long PCR protocols” (Minarei al., 1995).

Negative controls:

Three negative controls were included in these #itgtion reactions to ensure that
HBV DNA was being amplified: (1) water blanks wémeerted as the first (tube 1)
and the last tube/reactions in the PCR (controtémtamination); (2) HuH7 DNA
was included as tube 2 (control for HBV DNA primgpecificity); (3) DNA
extracted from the liver tissue of a normal (HB¥d} subject (organ donor) was
included as tube 3 (control as per HuH7 DNA).
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2.2.5.3 FL-PCR

The FL HBV genome PCR protocol, developed by Giméhel., (1998), allows for the
efficient amplification of the entire HBV genomedne PCR. For details of this technique see

Appendix A, section A4.3.

Templates for FL-PCR

1. total DNA isolated from subjects (genomic tengla

2. the head-to-tail dimer HBV genotype (Bppendix B) for use as a probe in SH
(sections 2.2.4.3 & 2.2.4.1)

Controls

DNA extracted from the HuUH7 cell line, as well &sbquality water, was used as a template in
FL-PCR for blank or negative controls. Usually artd/water control was positioned at the
beginning (tube 1) and end of a PCR (last tube) jdenks were placed between every sample.
The pSM2/HBV clone template (Appendix B) was usedj@énomic DNA FL-PCR as the

positive control (fragment size ~3.2 kb).

2.3Results

2.3.1 Selection of Samples for Analysis

The first step in analysing integrants from thetBetn African black population was to select

suitable samples from the available tissues. Télection was based on four primary criteria.

1. Presence of HCC The presence of HCC in the samples of liver tigsu@ patients
known to have died as a result of the tumour weeenéned by Professor M. Kew,
Dora Dart Professor of Medicine, Faculty of He&ttiences of the University of the
Witwatersrand and the supervisor of the researofeqt;, and Professor A. Paterson
from the Department of Anatomical Pathology of Haeulty of Health Sciences of the
University of the Witwatersrand, with the naked eya under the microscope to
confirm that they contained HCC tissue. If HCCuiss/as confirmed, those specimens
were used in the study. If the specimens also awdanon-tumorous liver tissue they

were of particular value (section 2.2.1.1 & 2.2)1.2
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Presence of HBV Archived samples from individuals who were positier HBsAg
were chosen (section 2.2.1.1). In these sample¥, BIBA and possibly HBV DNA
integrants would likely be present. One patient.(l4) was HBSAg negative, but
positive for anti-HBsAg and anti-HBcAg. As the nuentof available samples was
limited, it was decided to keep this particular améhe study, considering that HBV
integrants have been reported in patients who haselved HBV infection
serologically (Kew 2002tKimbi et al., 2005).

Amount of availabletissue It was supposed that several DNA extractions nhglie to
be performed on any one sample in order to obtdfitEent genetic material. Samples

with at least 50 g of tissue or more were chosen.

Condition of available tissues Liver tissue from 18 individuals was selected (vagl
originally proposed to use 10-15). Of these, samplere accepted or rejected based
on the availability of tumour (T) and non-tumordd¥l) tissue, and on DNA vyield.
Four samples yielded very little, poor qualitynaorDNA, even after three attempts at
extraction. In these cases a second set of extractiere performed on tissue from
another area of the original sample. If this didyield good quality DNA/RNA, that
sample was excluded. In total 11/18 were selectedrfalysis (Tablél). A further 3
samples were used for RNA analysis (Chapter 4 -alseesection 2.2.1.2).

Table Ill: Selection of samples based on availability of tun{@d or non-tumorous

tissue (NT)

Sample number

T |3 9| 10 14| 15| 16| 17 3013132373969 70|87
NT 6 10| 11| 14 16 24 69| 70 | 87
AR|A|IRIAIR|IRIAJA|IR|R|RIAJAA|AA|A AR

Key: T — tumour tissue NT — non-tumorous tissué® A/accepted/rejected
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2.3.2 DNA Extraction

Good quality DNA in sufficient quantity was extradtby the PC method from liver tissues

(Figure 2.1) and cell lines.

2.3.3 Detection of Integrants by SH

2.3.3.1 SH Technigue Optimisation

Samples were digested with endonucle&seRI, BamHI, andHindlll, and subjected to SH.
Initially RE digestion was performed on {1§ of genomic DNA at the appropriate temperature
for the particular RE, for 16 hours. However, ti¢Aconcentration was increased tozfas

per some published protocols (Cletal., 1986) because HBV integrants occur in lower copy
number than host genes, and are therefore moreuttiffo detect, requiring a probe of high
sensitivity. The REs chosen would theoreticallgt@a: (1) the number, and approximate size
of HBV integrants present in each paired tumourfwonour sample to be established; (2) the
construction of a hypothetical RE map for eachgrdat, from which primers for PCR could

be designed.

1 23 456 7 8 91011 12 131415
A

Figure 2.1: Agarose gel resolution of T14 DNA extracted by B{€ technique.

Figure 2.1A: Estimation of DNA concentration against commercially kadé¢ standards. Lanes
1,2,4,5,7,8T14 DNA; 3,6,9 negative water controls for the extraction procedl®et1,14empty;12,13
100 ng and 5 ng lambda DNA respectivdly; 1 kb molecular weight arker (Promega). Aliquots of 1(
ng, and 5 ng of commercially available lambda DNA (Promegak included to allow approxime
estimation of DNA concentrations.

Figure 2.1B: Serial dilutions of T14 DNA allow for approximate estifoatof DNA concentratins.
(Composite photograph) Lanes1-7: T14 DNA dilutions 1:500, 1:300, 1:200, 1:100, 1:50, 1:10, &:1;
negative water control for the extraction proced@ret kb MWM (Promega). DNA concentration w
calculated from the faintest visible band (10 ng), ie. Bria this case 0.3g/ul.
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It was confirmed that endonucleases had no unspecifionuclease and exonuclease activity
in digests lasting 16 hours, as per the manufacsumtalogue (Nucleotide positions
numbered as per RE cutting site nucleotide positioBalibertet al., 1979). RE cutting sites
were confirmed using GenDoc and a compilation 0 BEquences representative of
worldwide HBYV isolates courtesy of Dr Anna KramyMHRU, Wits University Medical
School, 7 York Rd Parktown, RSA).

To ensure complete digestion, conditions were dptthusing 2@g of the negative control
HuH7 DNA combined with 18 pug of the HBV FL genomic DNA used as probe in SH
(Sambroolet al., 1989, p 9.32). For SH digested DNA from samplee resolved on agarose
gel alongside digested and undigested probe DNA RN& from the positive control
PLC/PRF/5 cell line (containing 9 integrants whegedted withHindlll). Digests were
deemed complete when even DNA smears with sign@iames for the particular RE were
present on agarose gels for digested genomic DNéd\uadigested genomic DNA was in the
high molecular weight region of the gel, with ngpaprance of smearing. Furthermore, all the
predicted fragments for digested probe and PLC/BRNA had to be presentin the digested
samples, and a 3.2 kb fragment and high molecuégghw fragment had to be present on

autoradiographs for the undigested probe and PLE/®?BNA respectively (Figure 2.2).



68

Figure 2.2: Agarose gel resolution &coRI digested DNA for the SH techniqt
Lanes 1. HUH7; 2: Hep3, 3: PLC/PRF/5; 4: (3 mmwide) 1 kb molecular weight
marker (Promega). The DNA was evenly digested (A: lane$Band the sarr

signature for th&coRI RE is clearly visible for both the samples ame ¢ontrols.

Initially the DNA in some samples appeared to loempletely digested, as was apparent from
slightly shortened smears and incomplete RE sigeatas well as undigested HBV probe in
the control reactions. This could have resultedhfr@riations in the local concentration of
DNA within the tube, where DNA forms secondary stanes and remains inaccessible to REs.
Similarly the half-life of the REs used is 2 houFs.improve DNA digestion, the DNA was
resuspended on a gently rotating shaker for selietak before digestion as recommended in
Sambroolet al., (1989). The amount of enzyme used was increfagedthe manufacturer's
recommended dose of 1 unit/1 ug DNA to up to 4safhitig. The RE was added in three doses
at two hourly intervals - 'spiking of the enzyns#¢tion 2.2.3.1) - thereby extending the period

of maximum enzyme activity. These measures resdegroblem.

As the volume of the digestion reactions often ereel the well capacity of the agarose gels,
DNA was precipitated with ethanol and re-susperukfdre resolution by electrophoresis.
Care was taken to ensure that as little of the §Ao0ssible was lost during this procedure,

however as the SH results were to be qualitatidenan quantitative, a small amount of DNA
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loss did not constitute a problem. To ensure marinNA transfer to the membrane,
capillary transfer was performed as per Sambrbak, (1989), but over a period of 3 days.
During this time, buffer was 'topped up' and thieagel buffer tank kept well sealed with the
use of plastic film to prevent dehydration of thel.d ater the purchase of a ‘Semi-dry

electrophoretic blotting system’ allowed us to anptish the transfer successfully in 5 hours.

2.3.3.2 Probe Labelling and Hybridisation
Labelling of the probe (section 2.2.48ppendix A section A3.5) initially yielded a low

specific activity (approximately 4x2@pmifig) and a probe of high specific activity was
required for integrant detection. The literaturggested 2-8 x f&pmjig (Cheretal., 1986;
Zerialetal., 1986). Initially doubling the time of the lakialy reaction increased the efficiency
of labelling by a factor of 2. Increasing the amiooffDNA used in the labelling reaction to a
maximum of 200 ng improved labelling by a factorsofHowever, increasing both DNA
concentration and duration of labelling reactiamyoncreased labelling efficiency by a factor
of 3. The labelling reaction was then attemptechWikE buffer instead of the deionised
distilled water suggested in the kit protocol. Timgproved labelling by a factor of 10 and
probe of 5-8 x 1dcpmiig was obtained for hybridisation. At this poinvis found that when
labelling with TE buffer, the difference betweerdX@®y and 200 ng of DNA was a factor of 2,
rather than a factor of 5. It was decided thahadabelling efficiency was already 10x higher,
the further increase by a factor of 2 was not#yrieecessary, and using less DNA was more

economical.

2.3.3.3 Rapid Hybridisation Solution (QuikHyb) versis Church and Gilbert
Hybridisation Buffer

The QuikHyb® hybridization solution (Stratagene)swesed for the hybridisation step as it
required a total hybridization time of 1-2 hoursowéver, upon exposure of the
autoradiographs for up to 3 days, the fragments Wwarely visible. In order to extend the time
of hybridization to 16 — 20 hours, QuikHyb® hybgdtion solution was replaced with Church
and Gilbert Hybridisation Buffer recommended in Hybond N Manual (AEC Amersham

International). Optimal signals were obtained @220 membrane with a hybridisation step

in 50 ml of buffer, 8 x 1®cpmiug of labeled probe, at 6& overnight.
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2.3.3.4 Interpretation of SH Results

It was assumed that if a target site/s for a padrdRE was/were present in an integrant, two
fragments from each site would be generated, eaghbte of binding the HBV probe. SH
results would be interpreted as follows: (1) unietgd sample DNA — band in high molecular
weight DNA region of blot indicated the presencemégrated HBV DNA; band in region
3.1-3.3kb indicated the presence of episomal HB\s&2nple DNA restricted witHindlll —
bands indicate individual integrants, the numbewbich corresponded to the number of
bands as Hindl does not cut HBV DNA; (3kcoRI, BamHI — two or moreébands showed the
presence of the site in the particular integragtt{en 2.2.4.1). Each sample was digested with

each RE, and with combination of the 3 endonuckase

Initially molecular weight markers were labelediwiadioactive isotope before being resolved
alongside the samples on the agarose gels. Afireg plotographed, the lanes containing the
markers were not cut off the gels before trandfieis enabled the markers to be visualised on
the autoradiographs, permitting better sizing of filagments present. Thereafter, two trial
hybridisation reactions were performed with samplesunlabeled molecular weight marker
DNA on the membrane and radioactively labeled HR\peobe. These were stripped and
exposed to confirm the absence of any visible baFusreafter they were re-hybridised with
both radioactively labeled HBV probe and the sarmtnular weight markers as probes. The
results were comparable between the blots, whichmethod was employed. There were no
extraneous fragments when the molecular weight enankere used as probes, indicating that
HBV probe was binding specifically and that the ewollar weight marker DNA was not
hybridising to potentially homologous regions oa btuman genomic DNA. Furthermore the
lanes containing DNA from the human HBV DNA negatoell line HuH7 remained devoid of
any bands in all autoradiographs proving that eeitiie molecular weight marker (MWM) nor
the HBV probe DNAs were binding to human genomic®DMll remaining SH analyses were
then performed with the use of both radioactivalydled HBV and molecular weight marker

DNA as probes.

2.3.4 PCRs for the Characterisation of Integrants

2.3.4.11-PCR

I-PCR was not performed (Discussion - section 213.4
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2.3.4.2 PCRs for the direct amplification of HBV mtegrants off genomic DNA template

The conditions used in first round PCR were fromXB95 publication by Minanat al., with
primers HB1 and A5/A3, and later again by Chatai., (2000), (Figures A5 & A6, Appendix
A). HB3 A5/A3 PCRs could not be attempted as thaipbed sequence for primer HB3 was
incorrect and did not map anywhere on the HBV gemo8everal attempts to obtain the
correct sequence were unsuccessful so an altezmqatmer to HB3 (FX3 Kawagt al., 2001 —
Appendix C) was used in combination with each efréverse primers (A5/A3) respectively.
The location of HB3 was unknown so the criteriatfar replacement primer were that it (1) be
a primer in the reverse orientation to HB1, (2)ddatively conserved, (3) be in a favourable
location of the HBV genome (4) be compatible to finevard primer. FX4 (Kawagt al.,
2001) was thus chosen, located in an ideal posffi8A6-1865) close to an integration hot-
spot and priming towards the X gene. The correqierce for the HB3 primer was eventually
published in 2004, by Murakarsi al., and was located at 1257-1288.

Before performing PCR on sample DNA, an attemptnvade to establish whether any of the
9 PLC/PRF/5 cell line integrants might be locatéfficiently close to am\lu-repeat to amplify
using this technique. If so, this would serve assaful positive PCR control, and PCR
conditions could be optimised with minimal use aimple DNA. A number of DNA
concentrations were used. The products obtaindd RLC/PRF/5 DNA were resolved on
0.8% agarose, and slight smears were observed@nasdanes (Figure 2.3). Minarsi al .,
(1995), found that in certain subjects, while ti2€IBB PCR control generated a distinct 2 kb
band, there were no other visible products othan fossibly a smear. These could only be
visualised by SH (with a HBV probe) of “TouchdowCR products, sometimes as a smeatr,
at other times as discrete fragments. Further mohdmplification should be performed in
order to attempt to generate discrete fragmentsothly if there is a product visible on SH
after Touchdown PCR, therefore SH was performettheproducts. The SH technique itself
was successful, as the molecular weight markes® (a$ed as transfer and hybridisation
controls) were present, but no distinct HBV specjfroduct was detected. The smears
observed on the agarose gel were most likely nen#spamplification, possibly betweéu-

Alu repeat sequences, or non-specific binding of HB¥hers to genomic DNA. The PCR
reaction thus failed to amplify any possible integs from the PLC/PRF/5 cell line.

Without a positive control is was not possible ptilmise conditions for the PCR.
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Alu-PCR was performed with primers HB1 and FX1 in coraton with A5 and A3 and
respective nested primers on DNA from HCC samp8¥ T37, T30, T69. The PCR reactions
generated only smears (Figure 2.3) and SH showatbsence of HBV DNA amplification.
Decreasing the amount of enzyme and using a highiugéer resulted in increased specificity
and reduced smearing, but smears are still eviddsmes 2-7 and especially in lanes 3-6. This
PCR reaction should amplify discrete fragmentsi§pego HBV sequences, however often a
smear is evident resulting from some amplificatbdfragments located betwediu repeat
sequences. Upon confirmation of the presence of HBM in the smear by SH, discrete

fragments can be generated with further amplificaby PCR.

1 2 3 4 5 6 7 8 9 10 123456 788a910

Figure 2.3: Agarose gel resolution of nestéldi-HBV PCR product, performed with prime
FX1/A5 (PCRI - A) FX2/Tag5 (PCRII - B).

Lanes 1& 8: negative water controls; 2: PLC/PRF/5; 3: T87; 4: T37; 5: T30; 6: T69; 7: HUH7; 8a: empty;
9& 10: 100 bp and 1 kb MWMs (Promega) respectively.

2.3.5 Amplification of integrants by FL-PCR

Of the several PCR products generated only somé&ib@derived from HBV DNA, making
it necessary to distinguish fragments unique teifipesamples in order to localise possible
integrants. HUH7 DNA, and DNA extracted from "nofimaver tissue or the blood of a

healthy HBV negative individual, was amplified ajgide HCC DNA samples. Upon
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resolution on agarose gel, unique fragments, aloséme normal controls and other samples,
were excised from the gel and sequenced usingribma PCR primers (Figure 2.4). The
fragments amplified from all samples were founccémtain only genomic DNA and this
approach was abandoned (Discussion - section 2)4This was clear on the autoradiograph
as only the DNA marker and PLC/PRF/5 samples géeabthe expected bands. The HUH7
negative control and the sample lanes were blahkwimg a complete lack of any

hybridisation of sample DNA to the radioactivelpddled HBV probe (data not shown).

Figure 2.4: Agarose gel resolution of DNA fragments generatgdhie FLPCR

technique (composite photos).

2.4A: Lane 1: negative water control; 2: T87; 3: T37; 4: T30; 5: PLC/PRF/5; 6: HUH7; 7: negative
water control; 8: empty; 9-10: 100bp and 1kb MWMs (Promega) respectively.

2.4B: Lane 1: T9; 2: T69; 3. PLC/PRF/5; 4: HuH7; 5-6: 100bp and 1kb MWMs (Promega)
respectively. The red dots indicate bands that appear to be uniqueatople or tht may be found i
one or two samples but are absent in the HuH7 control (or hoomtol when used). These bar

could indicate possible integrants and were candidates foefuanalysis.
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2.4 Discussion

2.4.1 Selection of samples for analysis

All tumours were at an advanced stage and becdulse paucity of available records (most
samples had been obtained at autopsy) no attengpmaae to correlate mutations with
clinical or other features of the individuals. Abstantial portion of the southern African
population is rural, patients are only seen by dioa practitioner at very advanced stages of
the disease and follow-up on any of them is vigualpossible. Therefore, attempting to draw
any conclusions requiring information dependergtage of HCC development is not possible

because of the advanced stage of the tumours.

In this study, considering the need for SH, variB@&R techniques and possible cloning and
expression studies, it was decided at the starstraples used should comprise at least 50 g

of tissue in case further DNA/RNA extractions bguieed in the later stages of the work.

Eighteen HCC tumours or tumour/non-tumour pairsaweitially used. At a later date some
samples were included (section 2.2.1.2) for whiety\ittle tissue was available. One such
sample yielded a partial integrant and could notfuréher investigated because of the

depletion of the tissue.

2.4.2 DNA and RNA Extraction from Tissue Samples

SH of RE digested DNA was performed in order talelssh which samples contained
integrants and what percentage of the whole thesgdsed. The results should also permit
the design of RE maps from which PCR primers cdidddesigned (sections 2.2.5.1 &
2.3.4.1). For SH, DNA should not be sheared so assure correct digestion with REs, which
is vital in establishing whether an integrant imat and in generating accurate maps. As 100-
300ung of DNA was required, several extractions wereuiameously performed, each on 0.5
g of tissue, by the P/C (Sambroeikal., 1989) protocols. Different extracts from the sam
sample, extracted by the same method were pookeslifitroduced both a major advantage
and several disadvantages. These 0.5 g samplesnatgways obtained from the same
area/nodule on the tumour (section 1.5.2). The rtdge was, that should the original tissue

comprise various separate clonal expansions afriags (Robinson, 1994), these would all be
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represented in the DNA/RNA extract. If individuateactions were not pooled, the different
extracts might contain different sets of clonallpanded integrants and would not be

representative of the total population.

Disadvantages of this approach were that by podlifigrent extracts, which could possibly
have derived from different clonal expansions,reaa containing no integrants, one would be
“diluting” down the integrants in the total mix, kiag them more difficult to detect. This was

however, unavoidable, and it seemed preferablate kufficient material to work with.

2.4.3 SH

SH remains the best method for the initial detectibintegrated HBV DNA in host DNA. In
this technique the detection of a target sequena#fected by the amount of complementary
sequence available for hybridisation, in termsha humber of copies of each integrant
present, the amount of DNA used, and the trans$fierency. Technically sensitivity is less
than 0.1 pg of DNA complementary to a probe radieled to a high specific activity (>10
cpm/ug) witha-*?P dCTP, after several days of autoradiographic sxmo(Sambrookt al .,
1989). Theoretically therefore, some integrants beayissed: namely those integrants present
in very few cells, or very small integrants (lesart ~100 bp) (specificity of probe-binding
should increase with the length of complementagueace). Nevertheless, because of the
drawbacks of the PCR methods of integrant dete¢tieations 2..4.4.2 & 2.4.4.3), SH was
successfully optimized and found to be the mosthbtd method of integrant detection in the

present study.

2.4.4 PCRs for the Characterisation of Integrants

2.4.4.11-PCR

The I-PCR was not used as fragments generated loygeEtion could not reliably be assigned
to any one of the multiple integrants present chesample. The original publication had used

European HCCs in which single integrants are ugtla#l norm (Giacchinet al., 1987).



76

2.4.4.2PCRs for the direct amplification of HBV integrants off genomic DNA template
Further characterisation of integration events dagaming the sites of HBV integration
relative to functional cellular genes - aim numBesection 1.6), was also attemptedAby
PCR with second round (Touchdown) PCR ([2bal., 1994). Drawbacks to this technique
include missing those integrants positioned too ffam Alu repeat sequences to be
successfully amplified by PCR, and those integrantghich the primer sequence has been
deleted. However, this series of PCRs was sucdissfed to amplify HBV integrants for
characterisation, at least in patients with singitegrants (Paterlini-Bréchot personal
communication) (Table Bection 1.5.1.1) (Chanat al., 2000, 2001¢ozuaciket al., 2001;
Paterlini-Bréchott al., 2003; Murakamét al., 2004, 2005). These PCRs had to be optimised

for southern African samples.

The original protocol developed by Nelsairal., (1989, 1991), was adapted by Minaatral .,
(1995), for the amplification of HBV DNA agains&lbackground of a human genome. They
optimized PCR conditions with the use of a clon@BR) (Wanget al., 1992), mixed with
human genomic DNA and with the use of a modificatiblong PCR protocols (Minarsial.,
1995). Minamiet al., (1995), found that in certain subjects, the 2@BBtrol generated only
one product - a distinct 2 kb band. Upon furthempbiication with “Touchdown” PCR
however, other products became visible. These amaysed by SH with a HBV probe. The
products were sometimes a smear, at other timesetisbands. If a smear was evident,
Minamietal., (1995), performed further rounds of amplificatin order to attempt to generate

discrete bands.

After attempting thélu-PCR using DNA from PLC/PRFS5 cells and several H@@ples, no
HBV-specific products were visualised on SH in #tisdy, but rather a smear was generated,
suggesting that non-specific amplification wasdhase, either from incorrect orientation of
the primers (the entire PCR protocol requires hmdependent reactions be performed per
sample because of the possible orientation ofiinegps in relation to the HBV integrant and
Alu sequence), or non-specific primer-binding. Theu@ledown’ PCR was then performed to
generate discrete bands, and products analyseH hy&discrete products were visualised,

indicating the need for further optimisation of #raplification conditions.
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To successfully optimise the PCRs and amplify irdag sequences without the help of a
positive control is difficult and laborious, espabi when two rounds of PCR are required to
generate discrete products and a further SH regjtareisualise them. Furthermore, this is
extremely difficult in samples where multiple intagts are present and partial PCR products
of various integrants may be obtained. Fragmenfdiied by Alu-PCR and made visible by
SH might still be too dilute for successful sequegcand require a further series of
downstream amplification reactions. With each newnd of PCR the combination of primers
for subsequent reactions increases exponentially P@aterlini-Bréchot — personal
communication). In Minameét al., (1995), the authors state that: “Efficiency loé imethod
should be enhanced by fine adjustment and [thdicgpion of long PCR protocols; however,
long PCR, at present, seems more sensitive to hagige in amplification conditions,
including primer design and the sequence to beifiegil Not an ideal recommendation for a
PCR where the first round conditions required adpesit and ‘fine adjustment’ and no
positive control was available. Generating suchoatrol would prove extremely time
consuming. It was not possible to obtain a corgteéwhere. After several attempts at, and
various changes to, the initial PCR conditiofls; and Touchdown PCR (followed by SH)
continued to show unsuccessful amplification. Withe positive control it was impossible to
re-design primers and optimize conditions for tidRPand it was decided to proceed with

another approach.

Currently, other than in the lab in which HBMu PCR was developed, and two other
collaborating laboratories with affiliated auth@urakami Y; Tu H.) one other study (Kawai
et al., 2001) in the literature reports the use of HBM-PCR to successfully amplify and
characterise integrants. Kavetil ., (2001), reported 10-14/17 HBsAg positive HCClsdwe
integrated HBV DNA by thé&lu-PCR method. However, they detected the integian&H
and did not report sequencing of the products. gla¢so appeared to be more than one
product per sample. This, jointly with the low centration of the PCR product may have
made the products difficult to sequence. The teplmimay not therefore be as easily

reproducible as the initial reports suggest.
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2.4.4.3 FL-PCR Technique

The PCR approach to characterising HBV integrantise host ideally enables large numbers
of integrants to be processed less laboriouslydigheaply and with the use of much less
tissue than library construction (Chetral., 1994). With libraries there is also the confasio
generated from the incorporation of the free (miegrated) HBV DNA, which competes with
integrant DNA during ligation. SH is useful for thetial analysis of possible integrants but
does not allow for precise characterisation. Furtioge, it requires the use of relatively large
amounts of DNA versus the minute amounts requive?CR. PCR however, does have the
main disadvantage that certain integrants can lssadibecause exact primers cannot be
chosen for an unknown target sequence. PCR musfohe be attempted with non-specific
primers, or with primers targeting a known sequdigaged to the unknown target prior to

amplification. No standard protocol exists for eitmethod.

The FL-PCR technique was initially developed to hipphe complete HBV genome in a
single reaction (GlUnthet al., 1998). In the laboratory of Professor Kew, algtan HBV
variants, involving this technique, had shown thetprimers P1 and P2 (Appendix C) used to
amplify HBV DNA, had amplified what appeared tosbgortion of a possible HBV integrant.
It was also discovered that these HBV specific prencould also randomly hybridise to
chromosomal DNA. The integrant was further analysi¢d the use of two subgenomic PCRs
(Kimbi et al., 2005) and was found to have integrated at 7@lih.2heWBSCRL1 gene. The
HBV DNA comprised a portion of th8 andX genes in opposite orientation with the right
junction mapping to 1774 (at the cohesive overtaminus) at a site for Topoisomerase |
cleavage. It was not possible to map the left joncfThis happenstance indicated that the FL-
PCR technique could possibly be used to amplify Hig#vilomic DNA junctions and it was
therefore applied to the HCC samples in this stirdyhis PCR fragments larger than entire
genome length could be considered integrants. Térasdler than entire genome length, could

be splice variants; replicative intermediates ¢egnants containing deletions.

The FL-PCR produced various fragments several afiwlespecially those which appeared to
differ between samples) were isolated and sequehtedl cases they proved to be purely
genomic DNA, although most of the sequences werefound to have homologous

counterparts in EMBL/GenBank, a scenario that isetimes reported in the literature
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(Murakamiet al., 2004). From these results it became apparenalifugh an integrant can
be isolated in this manner (Kim#i al., 2005) the likelihood remains low, as the integra
sequence will be indistinguishable from other fragils apparently unique to samples, which
are purely genomic DNA. The genomic DNA would bé&oman/host origin and derives from
the fact that the PCR primers are binding too irrilisinately. From this it becomes apparent
that the FL-PCR is a less effective method for iclgiHBV-host integration sites than those
PCR methods dependent on primer anchoring by mgppirRE sites on the integrant
sequence or HBV genome (eg. I-PCR, RS-PCR, lig&{©R). The recognition of HBV DNA
by the HBV specific PCR primers used in Kimdii al., (2005), appears to occur too
infrequently to allow for cloning of HBV-genomicnations from most HBV-positive HCCs.
A large (unknown) number of fragments would havbdscreened before a single integrant
was found making the technique clumsy and impraktar this purpose. A better solution
would be to analyse the PCR products by SH to ksltalvhich bands included HBV DNA
before proceeding to sequence analysis. SH ofamlkes in this study however, indicated a
lack of HBV DNA in the fragments generated by FLARC
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3.0DETECTION AND CHARACTERISATION OF
INTEGRANTS (DNA ANALYSIYS)

3.1 Introduction

SH was successfully optimized in order to study HBYégration in liver derived from
southern African HCC patients. This technique dbed in the previous chapter (section
2.2.4) was used to establish the:

0 presence or absence of integrants

o percentage of HCCs containing integrants

o number and size of integrants per sample and #eec$iindividual integrants.

3.2 Results

3.2.1 Integrationin theHCCs

Multiple integrants were detected in 9 out of 1diwduals (82 %) (Figures 3.1, 3.2 and Table
IV), with T3 having the largest number (10) (FigB& — lane 2) of clonally expanded
integrants. In lane 3 of Figure 3.1 the high-molacweight band is evident and a smear is
present towards the middle and bottom of the lpossibly indicating hydrolysis, however the
smear is not tapering and it was not present oagheose gel. Faint smudges hint at possible
integrants, but these are not present inHh@llll lane. The more likely explanation of this

result is that the smear is caused by salt, pgss#gbping residual RNA.

In the only matched pair (T/NT14) studied, both thenour and non-tumorous tissues
contained integrants, with the tumour tissue hamioge distinct clonal expansions (Table IV).

No integrants were found in T31 and T32.
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TablelV: List of tissue samples (with their antigen status] PLC/PRF/5 DNA, analysed
by SH and the number and size of integrants found.

Patient | Sample Antigen No. of clonally Size of integrantsin kb
No. status expanded
integrants
>10.0 5.0 2.7
HBsAg +ve 7.0 3.5 2.6
1 3 HBeAg -ve 10 6.0 3.0 2.3
1.0
2 >10.0
2 T9 HBsAg +ve 6.8
HBsAg —ve 28
T14 anti-HBsAg +ve 4 ’
anti-HBCcAg +ve 2:5
3 2.1
HBsAg —ve 24
NT14 anti-HBsAg +ve 2 2' 0
anti-HBcAg +ve '
4 T15 HBsAg +ve 5 unable to determine size (see Fig.
6.4 2.2
5 T30 HBsAg +ve 5 5.4 1.2
3.0
HBsAg +ve NA
6 T3l HBeAg —ve 0
7 T32 HBsAg +ve 0 NA
9.9 4.9
7.8 3.6
8 T37 HBsAg +ve 7 6.9 39
5.9
Diffuse pattern of
HBsAg +ve . .
9 T39 HBeAg —ve integration NA
>10.0 >
10 T69 HBsAg +ve 5 7.5 o L
band intensities
3.7 .
differ
3.9 2.8
11 T70 HBsAg +ve 6 3.5 2.0
3.2 1.75
. . >12.0 5.0
?
PLC/PRF/5 HBsAg +ve | O3 Possble |50 45 T
7.7 1.9? Y
Key:
T - tumour tissue
NT - non-tumorous tissue
kb - kilobases
NA not applicab
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Figure3.1: SH result for T3.

Lane 1: T3 EcoRlI digested; 2: T3 Hindlll digested; 3: T3 undigested.

T39 had a diffuse pattern of probe binding. Theas twbridisation of the HBV probe, but not
S0 as to generate distinct bands. Rather an evearsmthe background of thé&ndlll lane
was visible, while other lanes and the autoradipigras a whole remained free of any
background hybridisation. The smear was not tapenwedrds the bottom, and was absent in
the agarose gel, showing a lack of DNA hydroly$isis could be indicative of integration
sites differing with different hepatocytes. It igglhly unlikely that this was because of

replicative intermediates as no free-form HBV walent in any of the samples.

In the case of T9, T14 and T70 (Table IV) DNA egteal from different areas of the tissue
sample, did not yield the same pattern of integratipon secondary or tertiary analysis. It was

found that in the case of these three samplegrantés clearly visible on one blot were not
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present on another blot performed from a diffel2N#A extraction, despite the DNA from
both extractions having been of good quality, dredgositive and negative controls on both
blots having given the expected results. T9 hadihtegrants or none, and T14 had either
none or 4, depending on the blot. T70 in partichka previously been found to contain one
integrant when this sample was analysed overseasaipal communication, Dr C. Bréchot;
INSERM, CHU Necker, Paris, France). In the presgaty it was shown to contain no

integrants in one experiment and 6 in another.

Undigested DNA analysed by SH showed no fragmaerttss 3.1 to 3.2 kb region (established
with radioactively labeled size markers) in anyref samples, indicating a lack of FL HBV
DNA, and hence viral replication, in these tissuBse same applies to bands that could

possibly indicate cccDNA and nicked cDNA.

It was not possible to construct RE maps of intetgrhecause the fragments generated by RE
digestion could not reliably be assigned to anyairtée multiple integrants present in each
sample (Figure 3.1). Double digests, in which gepective REs were combined, did not help
to elucidate a RE map of the integrated HBV DNAg(Fe 3.2). The PLC/PRF/5 DNA has 6-
9 fragments visible in thidindlll digested DNA — lane 3. T37 (lane 6) was showndntain 7
integrants. At first glance, the undigested T37eapp slightly hydrolysed, however it does not
taper and was not hydrolysed on the agarose gelslight smear is likely the result of DNA
overload. T37BamHI digest (lane 7) yielded 8 fragments. TBZoRI digest yielded 12
fragments (lane 8). The band patterns are too axipt a map to be drawn as it is impossible
to determine accurately which of the 8 and 12 fragtsirespectively was generated from each
of the 7 fragments produced biyndlll digestion (See Appendix A, Figure A4). The déeib
digests (lanes11-13) did not help to elucidateREanaps for any of the integrants. Both the

Hindlll/ BamHI digest for example, yielded fewer fragments ttizare were integrants.
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Figure 3.2: Autoradiographic exposure of SH results for PLC/PRtell line and T3
DNA, single and double RE digests.

HBYV probe Lane 1: Hindlll; PLC/PRF/5 DNA Lanes 2-4: 2: undigested, 3: Hindlll, 4:
BamHI; Sample T37 Lanes5-13: 5: undigested, 6: Hindlll, 7: BamHlI, 8: EcoRlI, 9: Syl,
11: Hindlll/BamHI, 12: Hindlll /EcoRl, 13: BamHI/EcoRI ; Lanes 14-16: empty; Lanes
10 & 17: Lambda DNA MVWM (Promega).
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3.2.2 Integration in the PLC/PRF/5 and HuH7 cell lines

The HuH7 cell line, in agreement with the publishegtature (Nakabayashki al., 1982) did
not contain any HBV integrated DNA (Table V).

The PLC/PRF/5 cell line was found to contain 6 assibly 9 integrants (3 fragments were
very faint) (Figure 3.2 and Table V), in agreem@ith previous reports (Zeriat al., 1986)
(Table V), although the sizes of some of the irdaty differed from those published.

TableV: Sizes of integrants in the PLC/PRF/5 cell linesisblished by SH.

Fragment | >12000| >12000| 12000| 7700| ~5000| 4500| 1900| 1700| 1400
Size (bp)
D/M/F D D D D M D F F F

Key: band intensity on the autoradiograph dark (@3dium (M) or faint (F)

3.3 Discussion and Conclusion

3.3.1 PLC/PRF/5and HuH7

The HuH?7 cell line, in accordance with the publsheerature (Nakabayaséial., 1982) does

not contain any HBV integrated DNA and therefageved as a reliable negative control.

In agreement with previous reports (Zedzdl ., 1986) the PLC/PRF/5 cell line, which served
as the positive control, was found to contain pamsibly 9 integrants (Figure 3.2). Of the total
fragments detected, 6 correlated in size with stdecumented in the literature. The integrants
from the PLC/PRF/5 cell line are well documentedtlie literature (Table VI), but
discrepancies exist between studies on the integtaius of the PLC/PRF/5 cell line DNA in
terms of integrant number and size. The restrigbiatterns in the present study are in good
agreement with those published by Chedl., (1982), and several fragments agree in size with

those of other publications (highlighted in Tablg.V

Various studies have reported the number and sinéegrants in the PLC/PRF/5 cell line and
as is evident in Table VI, although the patterioisad to be similar between research groups,
the number and size of the bands differ. Bréehat., (1980), (Table VI Ref 2) claimed that
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their results were in agreement with those of Magt@l ., (1980b), (Table VI Ref 5), although
the number and size of the restriction DNA fragreewre different. The former documented
5 fragments when PLC/PRF/5 DNA was restricted windlll, and 8 fragments when
digested withEcoRI (Table VI). Fragments were sized by comparing BamHI digested
cloned HBV genome and tlwndIll digested DNA of plasmi@plac5cI857S7. Mariost al.,
(1980b), on the other hand, found only three fragsa the PLC/PRF/5 DNA when this was
restricted withHindIll. Fragments were sized by comparisordiadill digested phage PM2
DNA and the HBV genome. In the study performed bgpktabortyet al., (1980), (Table VI
Ref 1), four fragments were detected when digesigdHindlll and four differently sized
fragments when digested witkcoRIl. The length of the fragments was established by
comparison to the RE generated fragments of the3g@Bmplasmid. Edmast al., (1980),
(Table VI Ref 3) documented 6 fragments (4 200 89000 bp) upon digestion wiktindlll

and 10 withEcoRI. An intense band was observed at the 3 000 sk méheEcoRI digested
DNA (the band sizes from this study listed in tlablé are estimations as per the
autoradiographs shown in the original publicatiod are not conclusively stated as being of
this size by the authors of the publication). Fragta were sized by comparison to the 3 200
and 1 400 bp fragments generated from a cloned g@\0me. Common to all these studies
was the complete absence of discrete bands in esteig) PLC/PRF/5 DNA.

SH was used in all the studies and protocols wetaally identical except for the probe
activity and this may explain the discrepancieth@number of fragments reported. A higher
number of integrants was detected when higher paotdaty was used. As done in the present
study, Zeriakt al., (1986), used higher activity probe than thatiis¢he majority of the other
studies (8 x 1Hcpmiig DNA versus 1-2 x focpmirg DNA) and up to 9 integrants were

detected.

Other differences may involve DNA transfer, whemansfer may have been slightly more
successful in some studies than in others, or kdqtesed for slightly longer, and the fainter
integrant bands may not have been clearly vistBigall discrepancies in band sizes can be
attributed to human error, as these fragments appeoximately sized against radioactive
markers of known size, rather than mathematicallgutated A good example is the dark 3 kb

fragment obtained updicoRI digestion (Table VI row 16).
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However, another and possible reason for the giaai@es (both in number and size of
integrants) is that integrants may have underg@amesposition and/or mutation. Bréclebal.,
(1980), examined the RE pattern for the PLC/PREDth the 108 and 148 passages and
found it to be identical. However, mutation anchgposition events may require a significant
time period in which to occur (ie. more than 40ga@gs) and the generation of significantly
different restriction digest patterns would prolydidve resulted from differences in selection
pressure in different laboratories, despite thei@missdesire to have maintained culturing
conditions as close as possible to those previaeglgrted. These factors would be acting
synergistically as, were it solely a matter of tjrmee would expect the later work done on the
cell line (Koshyet al., 1983;Chenet al., 1986; Zeriakt al., 1986) to have revealed more
integrants than the earlier studies (Bréahat., 1980; Chakrabortst al., 1980; Edmast al.,
1980; Marioret al., 1980b), which is not the case. All nine integsadetected in this cell line
may not have resulted from independent integragients but rather from amplifications,
deletions and translocations of the four sequepcegosed to have integrated originally
(Ziemeret al., 1985; Zeriakt al., 1986; Kucet al., 1998).



TableVI: A comparison of band sizes obtained with SH inRh€/PRF/5 cell line when digested whtind [ll and EcoRlI
between this study and other published worksefeltiragment sizes were published).

Hindlll digested PL C/PRF/5 DNA fragment sizes-bp EcoRI digested PL C/PRF/5 DNA fragments-bp
1 >40000 >12000
2 >30000 x2 10000 10000
3 30000 ~950(
4 24000 24000 ~8000 ~8000 8000
5 23100 7800
6 17000 17800 ~18000 >12000x 7000 7000
7 12000 ~12000 ~690(
8 10700 10700 ~6500
9 10500 10500 ~10500 ~5700
10 >10000 4650
11 9000 4000 ~4100
12 ~7 700 3800 ~380D
13 | 6650 6500 6500 F ~6500! 3500 ~3600 ~3600
14 6000 6000 3250
15 | 5550 F 5500 ~3200 3300
16 5000 D ~5000 3000 D] ~3000D] ~3000 ~3100D
17 | 4500 ~4500 2800 ~2800 ~2700
18 4300 ~4300 2400 ~2500 ~2600
19 4200 4200 ~2300
20 | 3600 3500 D 2100 ~2100
21 1900 ~1900 ~2000
22 ~1700 ~1500
23 <1400
Ref 1 2 3 4 5 6 7 this study 1 2 3 7 this study
KEY: REFERENCES

Fragments (bp) in common with other studies afe Chakrabortyet al., (1980)Nature 286:531.

highlighted in yellow
Band intensity on the autoradiograph is
indicated as dark (D), medium (M) or faint (F) 4. Koshyet al., (1983)Cell 34:215

2. Bréchotet al., (1980)Nature 286:533.
3. Edmanet al., (1980)Nature 286:535.

5. Marionet al., (1980b)J. Virol. 33:795
6. Zerialet al., (1986)Nuc. Acids Res. 14(21):8373
7. Chenet al., (1986)Br. J. Exp. Path. 67:279.

88
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3.3.2 South African HCC samples

Originally 18 samples were chosen for this studyBhwere eventually analysed by SH, only
one was a T/NT pair. Overall, the SH results fergamples in this study correlated with those
previously reported in the literature. Of the 1inpées analysed, 9/11 contained integrated
HBV DNA, atotal of ~81.8 %. These results weresistent with previously published reports
where HBV DNA is found integrated in 80-100 % of @8€worldwide (Shafritet al., 1981;
Bréchotet al., 2000; Murakamet al., 2005), and in black Africans where 80 % inteigrat
was reported in HBV-related HCCs (Bréchtdl., 1981; Shafritz and Kew, 1981; Buendia
al., 1992).

As expected, most of the samples (9/11) had maltjpetween 2 and 10) integrants per
sample. Usually three to four integrants are preséthough as many as ten or more have been
previously reported (Matsubara and Tokino 1990)stvdrican and Chinese HCCs contain
multiple integrants (Matsubara and Tokino 1990) rehe in childhood and European HCCs,
single integrants are usually the norm (Tanetkal., 1986; Giacchinet al., 1987). Clonal
expansion was observed in 7/11 samples and haséyaamed to occur in both early (Shetu

al., 1993) and late stage HCCs (Blatal., 1987).

The T/NT14 pair from a HBsAg-ve individual had igtants in both the tumour and the non-
tumorous tissue. Integrants have been documentédTinissue, usually in HBSAg +ve
patients, but also in those with markers of pdstition (Kew, 2002b). Shafriet al., (1981),
showed integrated HBV DNA in anti-HBs+, HBsAg-vatk Africans. In HBSAg -ve patients,
virions may still be present but may be missed beeaf a lack of sensitivity in the laboratory
detection techniques employed, the formation of AtBantiHBs immune complexes may

render the HBsAg undetectable, or because thengifioesent are S gene mutants.

There were no fragments detected in the 3.1 t&t3r2gion in the undigested samples in this
study. However, should any characterised amplicons deries free virus rather than
integrated HBV DNA, this would later be resolvedonpsequencing, as integrants should
contain both HBV DNA and flanking genomic host seqges. Generally if no bands are
visible in the undigested lane of a SH autoradiplgrahose bands visible in thdindill

digestion lane are distinguished as true integramdsnot free replicative HBV DNA (Ogston
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etal., 1982). Furthermore, some authors have postulasgduch HBV DNA may be present
but not visible in the undigested lane becauseawiny been trapped in the high molecular
weight (HMW) DNA (Ogstoret al., 1982). All the tissues studied were late stageurs and
replication of HBV is reported to be absent in suate stage HCCs by some groups
(Nazarewiczt al., 1977 Matsubara and Tokino, 199Buisieuxet al., 1998; Simon and Catrr,
1995), but not others that maintain that the HC&@gain free replicating HBV (Chest al.,
1982). It has been proposed that the absence béatpn may be the result of the poor
differentiation of the HCCs (Nazarewietal., 1977).

In the case of two of the late stage tumours (TI9})Tintegrants clearly visible on one blot
were not present on another blot performed fronffardnt DNA extraction, despite the DNA
from both extractions having been of good qualitg the controls on both blots having given
the expected results and blank controls havingicoatl an absence of contamination. In one
case (T70) the sample clearly had 6 integrants ¢fiwdnich were represented by dark bands of
approximately the same intensity sized at 3.5 a2#I3) but only one integrant had previously
been documented during another study. Experimentad may be the cause. However, if the
previous study documented one integrant it wouldxpeected that the second band would be
resolved, considering the two darkest bands wegallly same intensity and only 0.3 kb apart.
Furthermore, on comparing the protocols used i Istiidies they were found to be very
similar, and identical in terms of the amount of DMsolved and transferred, as well as in the
intensity of labeling of the probe (Paterlini-Brétipersonal communication). Moreover, the
other two samples (T9, T14) contained some intégramone blot but no integrants in a
second blot using DNA from a different extractiesen though both blots had been subjected
to the same SH protocol and the controls workeekeflore experimental error is not the

explanation.

This result is supported by the literature. Esaial., (1989), reported a case of a polyclonal
advanced stage HCC where four sections of the tumere examined. Three sections gave
the same SH profile, while the SH profile of thartt section contained an extra integrant. It
was also determined that, on occasion, presumedctmral tumours are actually biclonal or
multiclonal, and may contain one or more subpopuiatof tumour cells without detectable
HBV DNA (Esumiet al., 1989). In cirrhotic liver, HCCs develop withimdules, each of

which may contain more than one hepatocyte cloh&lwin turn has a distinctive pattern of
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integration (Aoki and Robinson, 1989; Robinson,4;9%asuiet al., 1997). It is thought that
early stage hepatocellular carcinomas are primafilyolyclonal origin (Shet al., 1993)

while late stage HCCs are primarily monoclonal.
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4.0 DETECTION OF EXPRESSED INTEGRANTS
(RNA ANALYSIS)

4.1 Introduction

The third aim of the present study was to demoteseapression, if any, of integrants in

tumours derived from southern African HCC patiehysanalysing total and messenger RNA.

The first demonstration of the expression of aegreited HBV genome in a HCC was in 1984
(Yaginumaet al., 1984). Since then a number of studies have deanted integrants whose
expression has resulted in:
o0 truncated proteins
o hybrid proteins primarily incorporating those raggoof the HBV that are most
commonly integrated (the HB8andX gene sequences) (Section 1.5.1.2)
o0 over-expressed hybrid proteins driven by HBV proen®tand
o over-production of host proteins from the effecvisél promoters (Table Il section
1.5.1.1).

In the majority of cases, the ultimate outcomehafse events remains unknown. In a few
instances, however, the consequences have beewgededu proven. These include the
following possibilities: contribution to cellularansformation, increase in the rate of cell
division, aberrant cell growth, interference withl proliferation, viability and transformation
control capabilities, disruption of cell cycle casitand apoptosis (Table Il section 1.5.1.1).
Expression of integrated HBV DNA has also been shiovthe PLC/PRF/5 cell line (Section
1.5.3). It has therefore become increasingly evitleat expression of HBV integrants may
play an important role in the development and prsgion of HCC (Wang al., 1990; 1992;
Grasf etal., 1994 Berasairetal., 1998; Chamet al., 2000, 2001Gozuaciket al., 2001;Tu et

al., 2001; Paterlini-Bréchat al., 2003).

The expression of integrants has thus far beemestudostly indirectly. Integrants have been
detected by DNA analysis. Integrants and the atjgihost DNA are excised, cloned and

expressed in an appropriate system, in an effastablish the exact effect of the integration
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event on cellular pathways, such as the cell aychpoptosis, and possibly on initiation and
progression of HCC. Despite the increasing numbietegrants analysed in recent years, only
a few of these have been successfully functiorcdifracterised integrants (Table Il section

1.5.1.1). None of these integrants have been frémsah HCCs.

In this study, we attempted to detect expressexyiants directly, by analyzing RNA and
MRNA from HCCs for HBV/host hybrid transcripts. tinis manner, the limitations of the
previously attempted PCR techniques could be oweecd o our knowledge, only three other
studies exist where a technique has been modifieteweloped to investigate RNA from
HCCs for expressed integrants (Patestral., 1995;Poussiret al., 1999; Chet al., 2000).
These studies however, did not prove conclusiveithe expressed mRNA definitely derived
from an integrated HBV DNA, although in Pousdi@l., (1999), it was highly likely (section
4.4.4.5).

In order to study the expression of integrantssowhern African HCC, a novel adaptation of

the differential gene expression technique wasgdesi and applied.
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4.2 Materials and Methods

An outline of the techniques used in the analysRNA extracted from southern African
HCCs is depicted in Figure 4.1.

RNA Extraction from liver tissues
Quantification

RT PCR to generate cDNA using
Oligo(dT) 15 primer

GAPDH PCR
using GAPDH

specific primers
' —— to confirm

%S dATP PCR on cDNA using HBVX gene success of RT
specific 1732+ primer and Oligo (dT)s primer

Nested PCR using

' _ HBV specific
) 1765+ and
Separation of PCR products by Oligo(dT);s

PAGE primers
to confirm HBV

specific PCR
Excision of individual PCR products products
and DNA elution

Repeat PCR on eluted DNA of individual
fragments using1732+ and Oligo (dT) primers

Automated sequencing with 1732+ primer
GenBank Searches
DNA analysis

Figure 4.1: Outline of methodology used for the charactersatf expressed integrants
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4.2.1 RNA Extractions

RNA was extracted from frozen liver tissues (sewi®.2.1.1, 2.2.1.2), the HuH7 cell line, and
the HBV replicating cell line HepG2.2.15 (Sed#tsl., 1987) (section 2.2.1.3) using the classic
Guanidium-Acid-Phenol Method (Chomczynski and Sadd87) or the RNeasy® Mini Kit
(QlAgen) as per the kit protocol. RNA from a HBVgative liver (organ donor), and from the
cell line HUH7, was used as a negative PCR contitale that of HepG2.2.15 was used as a
positive control. PLC/PRF/5 RNA was not used asositive control because the RNA
required is HBV RNA, and the PLC/PRF/5 cell linalike HepG2.2.15, does not express all
HBV RNAs but only that of th&gene.

4.2.1.1 Maintaining RNA Integrity

Both the tissue and cell samples were preventenh flkawing during weighing and
homogenizing by ensuring that all steps were peréatron ice, and in liquid nitrogen (African
Oxygen). Extraction of RNA involved batches of nomnthan 7 samples at a time, to ensure
as short a handling time as possible. This predeRNA degradation, change in gene

expression, and subsequent false negatives by PCR.

The standard conditions and precautions for RNAaetion were followed, namely: the
creation of ribonuclease free environment and visgrreaction components specifically for

RNA work only (Appendix A section A5).

4.2.1.2 Guanidium-Acid-Phenol Method for the Extration of RNA from Tissues or

Cells (with Minor Modifications)

A 100 mg piece of liver tissue was cut quickly,ioa, from an interior section of the still
frozen sample. The tissue was ground in a steiidlenuclease free mortar and pestle, with
liquid nitrogen. While homogenizing, the liquidmigen was not allowed to evaporate leaving
the sample exposed to ambient temperature. Thereéfuid nitrogen was allowed to
evaporate and 1 ml of denaturing solution (4 M dggiam thiocyanate; 25 mM sodium citrate,
pH 7.0; 0.5 % sarcosyl; 100 mM 2-mercaptoethan®ppendix D) was added at ambient
temperature. For harvested tissue culture HepG2cells, 100 pl of denaturing solution was

used per 10cells. The homogenate was transferred to an ritlease free 4 ml disposable
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polypropylene tube and the following reagents veetded in order, with thorough mixing by
inversion after each addition: 0.1 ml 2M sodiumtate pH 4.0; 1 ml water saturated phenol
(nucleic acid grade) (BDH, West Chester, PA, USAR ml chloroform:isoamyl alcohol
(49:1) (BDH). Once all reagents had been addedube was shaken vigorously for 10
seconds. The sample was cooled on ice for 15 mipatel centrifuged at 10 00@pat 4 °C,
until the phases had separated completely. Theoagyghase was transferred to a fresh tube,
an equal volume of isopropanol was added, and #nepke was placed at -20 °C for
approximately 16 hours; followed by centrifugatatrilO 000 »g for 20 minutes at 4 °C. The
supernatant was discarded, the RNA pellet dissalve300 pl of denaturing solution, and
transferred to a fresh 2 ml tube. The RNA was pitatied by addition of an equal volume of
ice-cold isopropanol at -20 °C for 2 hours. The @amvas centrifuged at 14 00@Xor 10
minutes at 4 °C and the supernantant discardedbdllet was washed twice with 500 ul of 75
% EtOH, re-centrifuged, and left to air dry for inutes. The RNA was dissolved in 50 pl
DEPC-treated water, with incubation in a dry bl@digar) at 65 °C for 10 minutes and was
stored in 15l aliquots, to avoid repeated freeaind thawing, at -70 °C.

DNA digestion: RNA was rid of DNA contamination by digestion with unit of
deoxyribonuclease | (DNasel) (SIGMA Bio Sciencew)yene for every 1 pg of RNA, DNasel,
1 x buffer (200 mM Tris-HCI pH8.3, 20 mM Mag[SIGMA Bio Sciences), RNase free water
to a totalvolume of 50 ul; and incubated at 37 °C for 30 r@sulnactivation of the digest and
removal of digested DNA was performed with the #&ddiof an equal volume of RNA
standard water-saturated P/C(49:1)isoamyalcohal3rto 1 ratio (BDH). The reaction was
vortexed vigorously for 10 seconds, incubated erfac 10 minutes and centrifuged at 10.000
x g at 4 °C for 15 minutes. The agueous phase wasféraed to an RNase free tube, and the
RNA precipitated with 0.3 M NaAc, and 2 volumes POELOH at -70 °C for 1 hour. After
centrifugation at 10.000gand 4C for 15 minutes, the pellet was briefly rinseddtd 70 %
EtOH. RNA was air dried for a few minutes and regnded in RNase free water to a final

concentration of 0.5-2.5 pg/ul.

4.2.1.3 RNA Quantification

RNA concentrations were obtained with the use etspphotometry and quartz cuvettes

cleaned with 3 % KD, for 15 minutes and calculated as follows: RNA eartcation = 40
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ug/ml x A260 x dilution factor. The dilution factased was 200 in DEPC treated water. Purity
A260/A280 was 1.8 (ideal range 1.8-2.1). (Protdgnline:
http:/Avww.protocol-online.org/prot/u7GeneralLaboratoryfieitiues/Quantitation/RNA

Quantitation/

and RNA Isolation and Quantification Protocol:

http://www.ucc.ie/ucc/depts/physio/MolPhysiol/ Mo/ Protocols/pdfs/001.pgif

4.2.2 RT-PCR

DNA and RNA polymerases with proofreading functionsre selected for PCR, and
appropriate ones were selected for long templat® kb) amplification. RNA was reverse
transcribed using AMV Reverse Transcriptase (Pr@)agper manufacturers instructions, or
the ImpromIf™ Reverse Transcription System (Promega). The ImpfmReverse
Transcription System kit protocol has been optimiweproduce FL cDNA from rare or long
messages. The PCR components were defrosted asrdldsd on ice, and no more than 8
samples (including controls) were processed inrdmeeduce handling time to less than one

hour.

4.2.2.1 RT-PCR Controls

The controls included:

0 negative control 1: one extraction without cells or tissue, these wepdaced by
nuclease-free water, confirming absence of anyarnimating material in the extract
(extraction control);

0 negative control 2: for each sample two RT-PCRs were performed, améaining
template and reverse transcriptase enzyme; the otirgaining template and no
reverse transcriptase — this permitted confirmaiti@ amplification was off a RNA
template and not off a contaminating DNA templdtee expressed T45.3 sequence
was generated from RNA. DNA was digested with DNeeed there was a lack of
amplification in reactions lacking the reverse s@aiptase enzymé.hese controls
were performed with primers for the beta-cateninege the concurrent study from
which the aliquot of RNA was ‘borrowed’ and were nepeated with HBV specific
primer because of the limited supply of tissue (iEik et al., 2005).
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0 negative control 3: template replaced by nuclease-free water, comfgrabsence of
any contaminating material inadvertently introdudedng the RT-PCR set-up (RT-
PCR control)

0 negative control 4: HuH7 RNA template, which contains no HBV RNA, éoming
specificity of PCR;

0 negative control 5: RNA template extracted from HBV negative liverstie, which
contains no HBV RNA, confirming specificity of PCR,;

0 positive control: template was RNA extracted from HepG2.2.12 chkller cell line
known to express HBV, and HBV mRNA.

RT-PCR

(1) Experimental: 1 pg of total or mMRNA; 0.5 pg@ali(dT)s (Appendix C); nuclease free
water to a total volume of 5 pl; (2) Positive caifitring total or mRNA from HepG2.2.15
cells; remainder as per experimental; (3) Negatov@rol: no RNA — volume replaced with
RNase-free water; remainder as per experimental poitive control was placed in tube 8,
after the RT-PCR negative/blank control, to ensireras not carried over to sample
amplification reactions. Once RNA, primer and wdied been combined, the reactions were
placed at 70 °C for 5 minutes on a dry block, dnllied in ice water for 5 minutes. Tubes were
centrifuged for 10 seconds to precipitate condémsaand placed in ice water until the

reaction mix was added.

Reaction mix: This was combined in a 1.5 ml nuclease-free polyylene tube, onice. A 15
ul aliquot of mix per sample was prepared, whichuldaesult in a final reaction volume of
20 pl. Mix: 4.0 ul of 5 x reaction buffer; 1.5 mMd@&l,; 0.5 mM each dNTP; 20 units of
Recombinant RNasin® Ribonuclease inhibitor; Impridthteverse transcriptase (Promega) 1
ul (enzyme concentration undisclosed); nuclease Water to final volume. A separate
reaction mix was combined for the reverse transonpnegative control where the
ImpromlIl™ reverse transcriptase was replaced by 1 ul obaselfree water. The reaction mix
was dispensed in 15 pl aliquots into the 0.5 mlegase-free polypropylene tubes containing
the 5 ul RNA/primer/water on ice, and overlaid watbrop of mineral oil. Amplification was
performed in a pre-heated Robocycler® Temperatyote€(Stratagene), and equilibrated at
25 °C for 5 minutes. Extension was at 42-55 °Clfoour, followed by inactivation of the

reverse transcriptase at 70 °C for 15 minutes.
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4.2.3 Amplification of the Housekeeping Gen&lyceraldehyde-3-phosphate
Dehydrogenase (GAPDH) from cDNA Template (Weinberg et al.,
2000)

The housekeeping ger@APDH is constitutively expressed (Fettal, 1985), and served as a

control for successful RT-PCR.

4.2.3.1 PCR

10 ul RT-PCR product/cDNA; 1 x reaction buffer (TARA SHUZO CO.); 25 uM each
primer (Appendix C); 0.2 mM dNTP; and RNase fregaento a total volume of 49 ul; 1 unit
of TaKaRa Ex Tag™ DNA polymerase (TAKARA SHUZO CO.).

Amplification was performed in a TECHNE Thermal @&yqStaffordshire, UK). An initial
denaturation step at 96 °C for 10 minutes wasviahtb by 56 °C for 1 minute. The reaction
was paused and tHEaKaRa Ex Taq'™ DNA polymerase added to each reaction tube.
Amplification: 30 cycles of: 94 °C for 1 minute; 32 for 30 seconds; 72 °C for 1 minute and
30 seconds; with a final extension step at 72 Q@ @aninutes. The product was resolved on a
1x TBE/1 % /3 % EtBr agarose gel.

Controls: all the control reactions from the previous (RTR@mplification reaction were
included, along with fresh water blanks to ensuocecontamination was inadvertently
introduced in this PCR.

4.2.4 Amplification of Integrants UsingX Gene Primers 1732+ and 1765+

4.2.4.1 Amplification of Integrants UsingX gene Primer 1732+, From cDNA Template or
DNA PCR Product Purified From Polyacrylamide Gels

Given that almost 25 % of integrants include DReadpegions of the HBV genome (Skth
al., 1987; Robinsoet al., 1992), it was logical to use &hgene primer. The PCR reaction
consisted of 5 pl cDNA; 2.5 units 8KaRaEx Tag'™ DNA polymerase; 1 x reaction buffer;
1 uM HBV X gene sense primer 1732 (Appendix C)ideal Oligo (dT)s primer from RT-
PCR; 0.2 and 0.8 mM dNTP; and RNase free watetatahvolume of 25 ul. Amplification
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was performed in a TECHNE Thermal Cycler. An inidanaturation step was performed at
94 °C for 3 minutes, followed by 35 cycles of 94f8€30 seconds; 62 °C for 50 seconds; 70
°C for 1 minute and 30 seconds; and a final exéersi 72 °C for 10 minutes. Conditions for
re-amplification of PCR products extracted fromyaakylamide gels were identical with the
following exceptions: final ANTP concentrations 26aM instead of 2-41M, and no isotope

is added (Zhu and Liang, 1997).

Amplification of Integrants Using NestedX Gene Primer 1765+

This reaction amplified products from the previowsnd of PCR (1732) for further

confirmation.

Five ul PCR product (1732 PCR); 2.5 unitsTaKaRa Ex Tag"™ DNA polymerase; 1 x
reaction buffer; 1.25 uM HBYX gene sense primer 1765 (Appendix C); 1.25 uM QliJo.s
primer; 0.8 mM dNTP; and RNase free water to d tatlume of 25 pl. Cycling conditions
were as before, with the exception of the anneaéngperature which was 58 °C. Conditions
for re-amplification of PCR products extracted frpolyacrylamide gels were identical with
the following exceptions: final ANTP concentratiare 20uM instead of 2-41M, and no

isotope was added (Zhu and Liang, 1997).

Controls: as forGAPDH PCR (section 4.2.3). For DNA extracted from the/aorylamide
gels a further control was included. A DNA extraativas performed on an area of gel which
should have been DNA free. If 5 pl of this extriaded to amplify, it was concluded that no

contamination was introduced during the electropsisror gel DNA extraction procedures.

4.2.4.2 Amplification of Integrants Using 1732-4>*SdATP Radioactive Isotope

This reaction enabled the visualization of the P@Roduct on polyacrylamide
gels/autoradiographs, in order that the differéred fragments might be excised, purified,

amplified and sequenced separately.

The PCR comprised: 5 pl of cDNA (for 1732 PCR); @tfits of TaKaRa Ex Tag"™ DNA
polymerase; 1 x reaction buffer; 1.25 uM HB\gene sense primer 1732 (sequence Appendix
C); 1.25 uM Oligo (dTy)s primer; 0.8 mM each dCTP, dGTP, dTTP; 1 ul ofdiiGtion of
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o*’S dATP; and RNase free water to a total volumesqf 2 Cycling conditions were as before
(section 4.2.4.1).

4.2.5 Polyacrylamide Gel Electrophoresis (PAGE) anéxtraction of DNA

from the Polyacrylamide Gel

The radioactive 1732 PCR product was fragmente@l @npolyacrylamide denaturing gels
(Appendix D) in order that the different productgit be separated and extracted from the gel
for re-amplification. This technique was a slighddification of that used in Gene Differential
Display (DD), adapted from Zhu and Liang, 1997.

A total of 20 ul of the PCR product was mixed withul of loading dye (Appendix D). A gap
of 1 cm was left between samples to ensure thetoss-contamination occurred. One hundred
bp and 1 kb DNA molecular weight markers (Promédadison, USA) were radioactively
labeled (Appendix D) andd of each was mixed with @ loading dye and loaded at the end
of the gel. Gels were electrophoresed at 60 W faufs, transferred to Whatman 3MM paper
(Kent, UK), and covered with clean plastic film.|I&e/ere dried on top of a second sheet of
Whatman 3MM paper for 2 hours at 80 °C, on a Bid-Bal Dryer 583. Thereafter gels were
placed in an Okamoto cassette and exposed to didggraphy film for 48 hours. Film was

developed in an automatic developer for 30 seconds.

In order to excise the bands of interest, the &tdbradiograph was wiped clean with 3 %
H.0,, to avoid carry over of contaminating DNA to thed.grhe bands of interest, numbered
on the records autoradiograph, were marked wittomkhe film taped to the gel, and their
positions transferred onto the gel by piercing tigiothe film and gel with a new sterile needle
for each band. The bands were individually excisgdg a fresh sterile blade each time, and
placed in 2 ml polypropylene tube with using 3 %¥bisterilised tweezers. The tubes were
labeled according to numbering on the record flfach band yielded a section of gelffilter
paper approximately 3 cm long by 0.4 mm wide. A g0aliquot of ddHO was added to each
tube, and the gel/paper squashed into the tuberbottfter a 5 minute soak, another 200 ul
water was added, followed by a second soak foriB@t@s. The tube cap was tightly closed,
sealed with parafilm (Pechinery Plastic PackagMgnasha, USA), and the sample/band
boiled at 99 °C on a dry heating block for 15 masutA centrifugation step at 200@xvas



102

performed to collect condensation, pellet papergghdebris. The supernatant was transferred
to a fresh tube, with 40 ul of 3 M NaOAc, 10 uk6fmg/ml glycogen (Sigma-Aldrich), 1.8 mi
100 % molecular grade EtOH; and placed at —20 #roght. The sample was centrifuged at
2000 xg for 10 minutes at 4 °C to pellet DNA, and the sop&ant discarded. The pellet was
rinsed in 85 % ice cold EtOH, briefly centrifugehd residual EtOH aspirated. The DNA
pellet was dissolved in 10 pl of sterile dgiH at room temperature on a rotating wheel. A5 pl
aliquot of this DNA was used for re-amplificatiopnBCR, while the remainder was stored at —
20 °C for future use. For a more detailed explanand a diagrammatic representation of this

please refer to the Appendix A section A6 and Feghr.

4.2.6 Gel Electrophoresis of RNA

Five ug of RNA was visualized by AGE on 1 % D1-L@aeose (Burgos, Spain) in DEPC-
treated ddkO, 0.66 M formaldehyde, 1 x MOPS (Appendix D) g&ls.ensure that the RNA
migrated only with respect to its molecular weidghfig (up to 4.7 pl) of RNA was denatured
in 2 pl of 5x MOPS buffer, 3.3 ul of formaldelyeénd 10 ul of formamide and heated in a
dry block at 55 °C for 15 minutes. Each sample ezasbined with 2 pl of loading buffer (50
% glycerol; 1 mM EDTA pH 8.0; 0.4 % bromophenoldy@.4 % xylene cyanol) and resolved
by electrophoresis at 5 V per cm of gel lengthil diné bromophenol blue dye (Appendix D)
had migrated to approximately 80 % of the gel lan@giels were stained in 0.5 pg/ml
EtBr/DEPC treated water for 1 hour, de-stained weéhtle shaking in DEPC treated water for
16 hours and visualized and photographed on arréigilluminator. RNA concentration was
confirmed against RNA samples of known concentmatend sized against 3pl of RNA
markers (range 281-6.583 bp, 9 bands) (Promega). W& considered to be un-degraded if
the 28S and 18S subunits were present, and theR2& band appeared twice as intense as

the 18S rRNA subunit band. mRNA could often be se®a very faint smear in the lanes.

4.2.7 Sequencing

Sequencing reactions were analysed by automatedrseiqg at Inqaba Biotechnical Industries
(Pty) Ltd, Hatfield, RSA with a Spectrumedix SCER4denetic analysis system with 24
capillaries (SpectruMedix LLC in Pennsylvania, USA)
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4.2.7.1 Sequence data analysis

Sequences were read using CHROMAS 145.exe (Free cbérge from:
http://www.technelysium.com.au/chromas14x.htmtessed 2004-2006) and aligned using

GenDoc (current version 1.0-beta5, Free of charge:fhttp://gendiapo.sourceforge.het

Matched to GenBankitp://www.clcbio.com/index.php?id=4%12

4.3 Results: Detection of Expressed Integrants (A Analysis)
4.3.1 Study for RNA Analysis

This study was performed to establish whether esgive of integrated HBV DNA could be
detected in any of the southern African samplesARMNt had been extracted for another
study was reverse transcribed for T14, T24, T310,TB45, T69, T110. The reverse
transcription reaction was assessed by successipiifacation of the housekeeping gene
GAPDH (section 4.2.3). cDNA was amplified with the udetlee HBV-specific primer
(1732+) located in th¥ gene, chosen because of its proximity to the petleviral integration
site DR1 and the cohesive overlap “hot-spot” redimnintegration (Dejeart al., 1984;
Quadeet al., 1992). mRNAsexpressed off an integrated HBY DNA would theomstic
generate a PCR product of integrated HBV DNA comtg the 1732+ sequence, coupled to
genomic sequence with a termination codon, polygdéaon signal, and poly(A) tail.
Transcripts from free HBV genomes would also angplifth this technique. In late stage
HCCs this is unlikely to occur considering that taplication of HBV in these is reported to
be absent (Nazarewiat al., 1977;Matsubara and Tokino, 1990). However, even if such
transcripts are amplified they are distinguishdte integrant transcripts as they will be the
standard size HBV transcripts, and will not be fwdjacent to host genomic DNA.

Legitimate integrant transcripts can be traced hatke host DNA.

In this study, the PCR reaction amplified four loé seven RNA extracts (T14, T31, T110,
T45), two of which had multiple products (T31, T4B)gure 4.2).

A hemi-nested PCR was performed using 1765+/0tdo.6 primers. The products that had
amplified successfully in the initial PCR again difigd well, while those that initially
amplified poorly or failed to amplify again ampéfl poorly or failed to amplify (T24, T31 and
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T69). This indicated that amplicons for the T141T840 and T45 samples were most likely
HBV-specific (Figure 4.3).

1 2 3 4 5 6 7 8 9 10 11 12

Figure 4.2: Agarose gel resolution of PCR product using 173gt0di(T)15 primers

Lanes1,3,5,7,10: Empty; 2: T14; 4: T31; 6: T110; 8: T45; 9: PCRnegative (water) control; 11and12: 100
bp and 1 kb MWM s respectively.

PCR amplicons were generated for T14 (1600 bp),(I8%0 bp, 850 bp, 600 bp), T1
(40 kb), and %5 (1550 bp, 1400 bp, 800 bp). Sample T110 showght smearing
possibly indicative of non-specific amplification.
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Figure 4.3: Agarose gel resolution of hemested PCR product with prime
1765+/0ligo d(T)sfrom cDNA.

Lanesl: PCRI water controR: T14 (1600 bp)3: T24;4: T31 (1650 bp)5: T69;6: T110;7: T40;8: T45
(1550 bp);9: PCRII water control10: 1 kb molecular weight marker (Promega).

Nested PCR successfully amplified fragments in T14; T31; T48.

The PCR amplification of the samples T14, T31, TAA0 T45 was repeated using 1732+ and
Oligo (dT)s primers, but this time the dATP nucleotide wasssititted with radioactive®s
dATP (Figure 4.4). Three of the four samples angaifis before but T110 failed to amplify
and was discardedhese three samples were resolved by polyacrylagabelectrophoresis
(PAGE).
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100 bp MWM

Figure 4.4: Agarose gel resolution of radastive PCR fragments generated v
primers 1732+/Oligo d(T} anda®S dATP.

Lanes 1& 8: 100 bp and 1 kb MWMs (Promega) respectively; 2& 7: PCRwater controls; 3: T14; 4: T31,
5: T110; 6: T45. T14, T31 and T45 yielded the same fragments as befor@ {8A650 bp, 850 bp, 600
bp; and 1550 bp, 1400 bp, 800 bp respectively and possibly)0 b

It could be argued that there was a chance thag sepiicating virus could persist in these
samples, despite no amplification occurring in éhesactions lacking reverse transcriptase.
It was therefore reassuring to find that of thedpicis generated by 1732+/Oligo (g5 pnly
two (T31 and T45: 850 and 800 bp products) corneded to the expected size of the HBV
X gene mMRNAs generated by replicating virus (0.76pP(Guoet al., 1991;Yaginumaet

al., 1993;Chisari, 2000). Whether this RNA product was geteeraff a viral genome or a
HBYV integrant, would be resolved upon sequencirge ffagments on the autoradiograph
were compared to those from the agarose gel instefnsize and comparative intensity
(Figures 4.5, 4.&nd Table VII). Fragments of the correct size,nsiy, and sufficient
concentration, were good candidates for sequeri€aigie VII). Fragment T45.3 (1550 bp)

was particularly promising as it was an intensedban

Upon PAGE, the number of fragments for each sampleased as the resolving power of

polyacrylamide is greater than that of agarose. Ttg2+ PCR blank controls were also
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subjected to autoradiography, to confirm the abs@ficontamination and residual DNA.
The PAGE (Figure 4.5) distorted during electropbmend the fragments were not in
straight lines. The 1600 bp fragment present oragja@ose gels for T14 was evident (red
dots have been placed on the photograph to heipaitedthe location of the fragments).
There was also a somewhat smaller fragment pregech was very faint and therefore not
used. Such fragments are expected as the resqloimgr of polyacrylamide is greater than
that of agarose. All three of the fragments (16p0850 bp; 600 bp) apparent on the agarose
gels for T31 were present, as were the 3 fragmfent$45 (1550 bp; 1400 bp; 800 bp).
There were an additional 4 fragments (>1550 bp3garefor T45. All fragments were of
approximately the same intensity as when viewetheragarose gel. Fragment T45 (1550

bp) was an intense band.

T14 T31 T110

Integrant
fragment T45.3

Figure 4.5: Autoradiograph of polyacrylamide gel resolution raflio-active PCF
products generated with primers 1732+/Oligo ¢{@ndo>*S.

Lanes T14; T31; 3: T110; 4: T45. (Red dots have been placed on the photograph to help dia
location of the fragments). For this gel several wetise combined to form one large well (~5 cmIc
for each sample.

The DNA from each fragment on the polyacrylamidievgges eluted. The amplicons resolved
on the polyacrylamide gel were numbered from thgedlst to the smallest as T14.1 (1600 bp);
T31.1 (1650 bp), T31.2 (850 bp) etc. to facilitedeping track of the fragments during elution
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and further amplification. Each eluted DNA was regéified with the 1732+/Oligo d(T3
PCR and resolved on an agarose gel (Figure 4.€) PR products were as follows: T14.1
(lane2 - 1600 bp), T31.3 (lane 5 - 600 bp), T42550 bp -lane 8) and T45.3 (1400 bp - lane
9) - the fragments are present and the sizes ¢oimdane 3 the fragment of 1600 bp (T31.1)
is absent. This reaction was discarded. The fratgrietianes 4 (550 bp), 6 (750 bp), 7 (750
bp) and 10 (500 bp) were not the expected siz883df2 (850 bp), T45.1 and T45.2 (both
>1550 bp) and T45.4 (800 bp). These samples weoaudled because they were the wrong

size, possibly indicating non-specific priming.

1kb
12 3 45 6 7 8 9 10 1112 13 14 15,

Figure 4.6: Agarose gel resolution of 1732+/Oligo d{JIPCR products, elute

from polyacrylamide gel, and re-amplified with tseame primers.

Lanes: 1&12: PCRnegative controls, 2: T14.1; 3: T31.1; 4: T31.2; 5: T31.3; 6: T45.1; 7: T45.2; 8:
T45.3; 9: T45.4; 10: T45.5; 11: gel negative control; 13: empty; 14& 15: 100 bp and 1 kb molecular
weight markers respectively (Promega).

The T45.3 fragment T45.3 generated a good qualiysnce upon automated sequencing
with the primer 1732+. Of the initial (1550 bp) plified (Figure 4.7), 397 bp was
successfully sequenced, with 322 bp comprising lgBRome encoding the end portion of
theX gene and the beginning of the core gene (nuckeni@20 to 2142) (Appendix E). The
remaining 74 bp was not HBV sequence. Upon phyletieanalysis, the partial sequence of

the T45.3 integrant was found to cluster with ti@Mtjenotype E isolates (Figure 4.8).
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Table VII: Product sizes of samples amplified by 1732+/Oldjb){s radioactive PCR,

resolved by agarose gel electrophoresis auahsed by autoradiography.

Sample PCR product size| Fragment Decision Result
designation (bp) number
T14 1600 T14.1 sequence N1 sequenge
1650 T31.1 sequence genomic
T31 850 T31.2 sequence N1 sequence
650 T31.3 sequence genomic
>1 550 T45.1 nvoa Discard- NA
insufficiently
concentrated
>1 550 T45.2 nvoa Discard- NA
T45 insufficiently
concentrated
1 550 T45.3 sequence HBV integrant
1400 T45.4 sequence N1 sequenge
800 T45.5 sequence N1 sequence

KEY: nvoa = not visible on agarose gel; NA = nopkgable

N1 (multiple) sequences are unreadable becaukeioftiperimposition. Ingaba Biotechnology,
proposed that these are generated when more teanwmd of PCR amplification is performed
and the second round of amplification involves $8&s or more. Such sequences were most

likely produced as a consequence of mis-priminthefDNA, upon re-amplification with the

Oligo (dT)hsprimer.
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Figure 4.7: Diagrammatic representation of HBV sequence frath iffagment number 3.

nucleotide positions as per HBV genome V01460
whereEcoRI cleavage site is positior

Gendoc alignment and Genbank Blast searches reM@2kbp of HBV sequence (bp 1820-2143), phylogdesilt clustering with the genotype E isolates. TH
remainder of the sequence appeared rearranged55vith mapping to thomo sapiens heavy chain variable region (4e-13) of Wid1 gene (Identities =
53/57)(92%) or possibly to cloning vector pPCR-Script ABIS(+) (4e-13) (Identities 53/57)(92%) and 19 bp mapping to chromosome 16 clohe-

322SF13 (2.9) or possibly HBV DNA , (Identities 17) (100%). There appears to be an A at positi@#2astead of a C and a T missing at position 2122.
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Further characterisation of the DNA was attemptedias possible to use a sense primer
further along the sequence already obtained, ieraim extend the sequence downstream.
Amplification with the 1898(+)/Oligo (dT3 primers yielded a definite product, but
unfortunately it was insufficiently concentrated $equencing (Figure 4.9). A PCR was also
attempted with the 1732/1966 primers, but with draif the amount of cDNA template as the
remainder had been depleted. Unfortunately theseweay little cDNA remaining, and the
initial RNA extract yielded only enough RNA for geamplifications. As previously stated
this sample was also used in another study antsthee became depleted (Elmileikal.,
2005). The 1732/1966 PCR failed to amplify, despiie original sequencing data having
indicated the presence of the sequence used fdr9®@ primer. Further analysis of T45.3

became impossible.

Figure 4.9: Agarose gel resolution of PCR product for TU&nes: 1&8: 100 bp & 1 kb
MWMs (Promega); 2-4: 1898+/Oligo d(T):s PCR; 5-7: 1732+/1966- PCR; 2,4,5,7:
negative (water) controls, 3: T45.3 (1650 bp); 6: T45.3. Amplification with the
1898(+)/0Oligo (dT)s primers produced a 1650 bp product (lane 3).
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4.4 Discussion and Conclusion

4.4.1 Differential Display (DD)

Kim etal., (2001a), used DD-PCR cloning (Huang and Hsu518€uricet al., 1998) to study
the expression profile of cellular genes in HCC Knd et al., (1998), used the same method
in cell lines. To our knowledge, this is the fitshe that DD has been used to attempt to
characterise the expression of HBV integrants irfCHiSsue. A method was devised to study
cloned HBV genes and their expression in transfiectd lines (Dickens, 2002). The rationale
is similar to that applied for DD. Fragments ofirgst are amplified from reverse transcribed
RNA with the use of an Oligo d(T) primer and HBVngespecific primer. The fragments
would be compared between samples and betweenesiamad ‘normal’ controls (comprising
either normal liver or HBV negative liver cell lige In standard DD only the fragments that
differ between samples are subjected to furthdysisahowever in this case it was decided to
amplify very concentrated fragments as well, ag fant amplicons could be products of non-
specific amplification, while darker bands (morecentrated amplicons) should represent true
integrants, the sizes of which could not be prediets there would not be a standard length for
the genomic sequence adjacent to the integrated PIBX. Initially two rounds of PCR were
attempted. One PCR prior to fragment isolation@melPCR post-fragment isolation. A round
of hemi-nested PCR (with a second HBV-specific prim1765) was also performed to help
confirm the specificity of the first round PCR pumd.

4.4.2 Amplification with hemi-nested PCR

The hemi-nested PCR using 1765+/Oligo (g Primers amplified four of the seven RNA
extracts (T14, T31, T110, T45), two of which hadltiple products (T31, T45). Poorly
amplified products from this PCR were either theuleof non-specific amplification or else
they lacked the 1765+ sequence. There were cgmadtucts that amplified well, which were
later shown by sequencing to have been non-spedidic-specific priming could be therefore

a shortcoming of this technique.

4.4.3 Reverse trancriptase negative PCR control

The expressed T45.3 sequence was generated fromBRWRwas digested with DNasel, and
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there was a lack of amplification in reactions iagkthe reverse transcriptase enzyirteese
controls were performed with primers for the bet#enin gene in the concurrent study from
which the aliquot of RNA was ‘borrowed’ and were nepeated with HBV specific primer
because of the limited supply of tissue (Elmileikal., 2005). That DNA was effectively
eliminated in the sample could be intimated byfioethat these samples, did not amplify the
housekeeping beta-catenin gene in these sampléiseffoore, it was proven in all subsequent
PCR reactions with other samples prepared in threesgay that no product was generated
when amplified with HBV specific primer for thoseactions initially lacking reverse

transcriptase.

4.4.4 The sequence of T45.3

This DNA was derived from the HCC of a Mozambicanlamale. This specimen had not
been one of the tissues initially analysed by S¢abse of the small amount of tissue available
for this sample. T45.3 comprised 74 bp of flankKDTdA and 322 bp of positive strand HBV
DNA (Figure 4.7, Appendices E and G), which intégdan the 5’-3’ orientation of the HBV
genome. It could not be established whether thegmant had integrated in-frame. The
flanking DNA appeared rearranged, consisting obp®f Homo sapiens immunoglobulin
heavy chain variable regioVii1) (92%, 4e-13) (AJ007320.1 last accessed 28 Segtemb
2009, Appendix G page G6) in the reverse compleangotientation, or possibly the cloning
vector pPCR-Script Amp SK(+) (92%, 4e-13) (U4601ast accessed 28 September 2009,
Appendix G page G6) (Appendix G pages G2 to G2k avfurther 19 bp mapping komo
sapiens chromosome 16 clones CTD-3225F13 and 66H6 (100%bability 2.9)
(AC126538.1 & AC007014.1 - last accessed 28 Sepe2@09, Appendix G page G26 &
G30) and two HBV clones (LT6 :DQ464177.1; DQ46417&nd LT5 DQ336691.1 - last
accessed 28 September 2009, Appendix G page G2@% (@E00%, probability 0.19)
(Appendix G pages G23 to G32).

Over time major structural rearrangements and idelet possibly mediated by DR 1 and 2,
may occur in integrated HBV DNA (Shidt al., 1987; Schliteet al., 1994). Chert al.,

(2000), report expressed integrabédene with various deletions and multiple nuclestid
mutations. Two nucleotide differences were evidietihe HBV sequence of T45.3: an A at

position 2054 instead of a C and a T missing aitipos2122. These mutations were only
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detected in the forward sequence and could nobbh&rmed by sequencing in the reverse

orientation because of the lack of PCR product.

4.4.4.1 The T45.3 ‘heavy chain variable region’ sequence

The initial analysis of the T45.3 sequence map@biBof the flanking sequence to Md1l
gene (AJ007320.1) (100%, 5e-09 — last accessedBi8ber 2009, Appendix G page G11 &
G13) (Identities =83/33)(100%), which had previously been characterised tte mMRNA for
theVH1 region clone KC4, by Souto-Carneiro and Krenn (Uotished). Their sequence was
complementary and in the reverse orientation tséugience of T45.3. Subsequent to this, and
much later, when the T45.3 sequence was submdt&embank it was revealed that a region
of the AJO0732WH1 sequence appeared to derive fronpaemid pPCR-Script Amp SK(+)
(U46017.1) (100%, 5e-09 — last accessed 28 Septetibd, Appendix G page G11 & G14)
(Identities =33/33)(100%) used by Souto-Carneiro and Krenn to cloeeptirticulatvH1
sequence AJ00320.1 (last accessed 28 September 2ppéndix G page G16 & G17).
Subsequent analysis of the flanking DNA showedsitiiatwas a second possibility. Part of the
T45.3 flanking sequence could derive from the pldspiPCR-Script Amp SK(+), as this
plasmid was in use in the laboratory where T45.8 isalated. Therefore the possibility that
this portion of the T45.3 sequence could be pPCHSAmMp SK(+) sequence cannot be
excluded although it cannot be concusively progection 4.4.3.2 anfippendix G pages G2
to G22).

4.44.2 T45.3 as a legitimate integrant

The T45.3 sequence is arguably an integrant rétla@ra PCR artifact for five reasons.

1. Part of the sequence integrated was that oKtgene, the most frequently integrated
region of the viral genome (Wamal., 1991;Diamantiset al., 1992; Wangt al.,
1994b).

2. The integrated region of the HBV genome was ataatitle 1824 (nucleotide position
of HBV genome V01460 wheigcoRI cleavage site is position 1) close to the DR1 11
bp sequence (nucleotides 1824-1834) a preferredf@itHBV integration and the
junction lay within the cohesive-end overlap, a-spbt for integration (Quadst al .,
1992).
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3. The integrated viral DNA was adjacent to non-HBV Akt HBV nucleotide 1820,
possibly indicating that it was not generated fratrdBV mRNA, but rather from a
chimera mRNA produced from genomic DNA and adjad¢BV integrated DNA.
Rearrangement and mutation of integrated HBV gesom® well as their flanking
sequences, is well documented in HCC (Zbioal., 1988;Meyeret al., 1992;Hino
and Kajino, 1994Pineauet al., 1996; Poussidt al., 1999; Wangt al., 2004) and the
evidence suggests that such mutations are pogi-atiien (secondary) events (Rogler
and Summers, 1982) although in some cases therddes the indication that
mutant/rearranged genomes may be preferentiakbkgiated (Rogler and Summers,
1982; Kewet al., 1993). Specific cases of rearrangemen géne integrants, with 2
sections (or more) of HBV DNA separated by genddhA were documented in 1994
by Schlutert al., and in 2004 and 2005 by Murakaghal., who also reported eight
and seven integrants incorporating portions okthed part of the pre-core/core ORF.
A further 9 integrants comprisir)gene DNA and genomic DNA in or near a cellular
gene were documented in 2003 by Paterlini-Bréetat, by Murakamgt al., (2005),
and 10 integrants were documented in 2002, by Esaki most of which contained
the DR1 sequence.

4. The T45.3 mRNA was unlikely to have been generftad free viral DNA, as the
amplicon was of the wrong size for standard HBV mRNr splice variants, given the
position of the 1732 primer. Moreover, HBV replicatis reported to be absent in late
stage HCCs (Nazarewiaa al., 1977; Simon and Carr, 1995) and by extension,
transcription and translation should also be lagkin

5. The 1732+ and 1765+ PCR reactions could not hase then-specific and would have
amplified off HBV sequence further upstream (sectial.3.2). This is characteristic of
highly rearranged integrants (section 4.4.3.4).

6. The possibility of the integrant being legitimataoot be excluded, as portions or all
of the flanking sequence may be a part of the hugeamome that may not have been
banked with GenBank yet. Furthermore, the T45.3 BBYyuence was found to cluster
with the HBV genotype E isolates, found primariitihe populations of sub-Saharan
Africa, and the T45.3 subject was a Mozambican mdile had migrated to South

Africa. There was no genotype E clone in the latooyaat the time.
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Additional amplifications of T45 RNA were perform@eigure 4.9) with primers 1898/Oligo
d(T) and 1732/1966, to attempt further charactéaeaf the integrant. A faint amplicon was
generated with the 1898/Oligo d(T) primers but @swinsufficiently concentrated for
sequencing. Fresh cDNA gave the best amplificagsnlts and at this point this cDNA had
been used extensively over several weeks. The 198@/PCR failed to amplify, despite the
original sequencing data having indicated the presef the sequence used for the 1966
primer, but this was not unexpected as the reawtamperformed with only half the amount of
cDNA template (the remainder had been depletedjortimately the initial RNA extract
yielded only enough cDNA for these amplificatiofiiis sample was also used in another

study and the tissue became depleted.

4.4.4.3T45.3 Flanking sequence as pPCR-Script Amp SK(+)

As stated in section 4.4.3.1 the possibility exilstd part of the sequence (33 bp) adjacent to
the HBV DNA was generated from the plasmid pPCRgb&mp SK(+) (U46017.1) (100%,
5e-09 — last accessed 28 September 2009, Appenpliig&G11 & G14) (Identities33/33)
(100%). This vector was originally used by Soutav@&o and Krenn (unpublished) when
cloning mMRNAs of th&/H1 gene and as it was in use in the laboratory winesePhD study
was performed. The first 55 bp (Figure 4.7) of laeking sequence of T45.3 map to base
pairs 674 to 728 of the pPCR-Script Amp SK(+) plaktu46017.1) with Identities 53/57
(92%) with a probabilility of 4e-13 (Appendix G pagé), exactly the same statistics as for the
mapping of the sequence to ¥Md1 gene base pairs 283 to 229. Furthermore, base328ito
108 of theVH1 gene sequence banked by Souto-Caneiro and Kreppando the plasmid
sequence base pairs 728 to 699 (Identities 799809%) with a probablility of 4e-31. On closer
inspection it was noted that base pairs 23-55 63 #ap to both theH1 and pPCR-Script
Amp SK(+) with 100% homology and probability 5e-8&se pairs 1-22 do not map to pPCR-
Script Amp SK(+) with 100% homology but do map tauanber of sequences with extremely
high e values (ie. probability of 17 and aboveheyl cannot therefore be reliably mapped
(Appendix G pages G2 to G22).

In supposing that the sequence concerned is pP@R-B8mp SK(+), several issues must be
considered:
o the 1732 primer would have had to have primed kagmpid DNA non-specifically in

two separate PCRs, or the HBV sequence had toreawvenbined with the plasmid
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DNA so that the complementary primer sequences2 B/l 1765) were located
upstream to the PCR product; Non-specific primih@ %82 and 1765 to the plasmid
did not occur. The 1732+ primer maps to this plaisomly with a 7 base pair mismatch
for an 18 bp primer (position 386-404 on the plahnihe case would be the same for
the 1765+ primer which would only function as ateinal primer if it primed off the
plasmid sequence at 1305-1324 or 1752-1772, but agid 8 bp mismatches for a 21
bp primer, both despite annealing temperature§ @irttl 61 °C respectively;

o the Oligo d(T) primer would have had to prime theeparate PCR reactions non-
specificallyoff a stretch of adenosine nucleotides rather thpaly-A tail;

o all the blank water controls for all three PCRsfamened showed a lack of
contamination in the amplifications;

0 reverse transcriptase negative PCR reactions luadnsh lack of contaminating DNA
in the sample, albeit with the beta-catenin primers

o the plasmid sequence is not contiguous with the ldByuence but is separated from it
by 19 bp of DNA that is neither of plasmid nor HBYigin;

0 despite the presence of pPCR-Script Amp SK(+) enléiboratory in which the PhD
was performed, there was no cloned HBV genotypetie laboratory at that time —
that work began a year later. This makes it unyikieat the flanking DNA was from a
HBV DNA cloned into pPCR-Script Amp SK(+), but thessibility cannot be entirely

eliminated.

4.4.4.4 T45.3 chromosome 16/HBV sequence

The 17/19 bp (bp 56-74 Figure 4.7) were found t@ teaHBV clones LT6 (DQ464177.1;
DQ464176.1) and LT7 (DQ336691.1) with probabilityl® (ldentities 17/17) (100%)
(Appendix G page G26), as well B®mMo sapiens chromosome 16 clones CTD-3225F13
(AC126538.1) and 66H6 (AC007014.1), with probabpi®.9, (Identities 17/17) (100%)
(Appendix G page G26). The LT5 and LT 6 clones casepl PCR amplified full length
genomes (2966 and 3149 bp) of the same HBV sequespectively, beginning at bp 1821.
The last 217 bp of clone LT6 are extremely unugdppendix G page G31 & G32). Base
pairs 3091 to 3108 (17 bp) map exactly to the 1ddgignated as bp 56-74 (highlighted in
light blue — Figure 4.7) in this thesis. This 17d@guence does not however, map to any other

HBV sequence on the GenBank Database, or anywlsree the HBV genome. Base pairs
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3110 to 3132 (22 bp) map to bp 1-22 of the HBV s&ge of the same clone, and bp 3133 to
3149 (16 bp) map to bp 2971 to 2987 and 3056 td 8dthe same clone with 1 bp mismatch.
Clone LT5 has 2966 bp identical to LT6 but is mgdop 2967-3090 present in LT6. It does
however, contain the same 58 bp of sequence oantieas does LT6 — namely the 17 bp
designated as bp 56-74 (highlighted in light bluggure 4.7) in this thesis and the same 22
bp, followed by 16 bp, although these sequencealzment elsewhere on this clone. It is not
evident from this work (Pollicinet al., 2007) whether these two clones derived fronsémee
patient or two different patients. The probabilgythat this represents a PCR artifact. This
highlights the difficulties and potential pitfatié repeated PCR amplification in the molecular
biology laboratory (AC126538.1 and AC007014.1 -t lascessed 28 September 2009,
Appendix G pages G23 to G32).

4445 Expression of T45.3

The T45.3 sequence is thought to be expressed seta PCR product was generated from
DNA free RNA, digested with DNasel (section 4.2.Hpwever, it presupposes that the
established T45.3 sequence originally containedujstream portion of HBV sequence
containing the 1732+ primer sequence. Subsequamargement of the integrant resulted in a
segment of th&H1 gene being inserted in the complementary revaisatation inbetween
the HBV sequence containing the 1732+ primer secpiand the established T45.3 sequence
obtained in the sequencing reaction. The preseithese primers upstream is highly probable
as two independent 1732+ PCRs yielded strong bafriie same size of the T45.3 sequence.
Furthermore the 1765+ nested primer also producedractly sized product. This would not
have occurred by mis-priming. Furthermore, spedifises of rearrangement Xfgene
integrants, with 2 sections (or more) of HBV DNApaeated by genomic DNA were
documented in 1994 by Schlutral., and in 2004 and 2005 by Murakastial., who also
reported eight and seven integrants incorporatmggms of thex and part of the pre-core/core
ORF. A further 9 integrants comprisiXggene DNA and genomic DNA in or near a cellular
gene were documented in 2003 by Paterlini-Bréetalt, by Murakamet al., (2005), and 10
integrants were documented in 2002, by Tstel., most of which contained the DR1

seqguence.
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Transcribed chimeric genomic/HBV integrants are |wddcumented in the literature
(Wollersheimet al., 1988;Dejean and de Thé, 1990; Kobayasathal., 1997; Chamet al.,
2000;Horikawa and Barrett, 2001; Wartal ., 2004;Saigoet al., 2008). Most such integrants
contain truncated or mutatedl genes that retain their function, some of whichyrba

implicated in HCC progression (Chaebil., 2000, 2001) or show direct carcinogenic activity

Expressed integrants may contribute to the prootsarcinogenesis in a number of ways,
such as inducing cell proliferation, pro-transfanmieffects,chimeric proteins that induce
apoptosis, and express€dene integrants have transactivating potentialli@&heimet al .,
1988; Tsuekt al., 1994; Chamet al., 2001; Paterlini-Bréchat al., 2003).

Three other studies document expressed HBV integianRT-PCR (Paterliret al., 1995;
Poussiretal., 1999; Chemt al., 2000). The initial work (Paterlist al., 1995) was performed

on HBsAg —ve patients with HCC. HBS X andC transcripts were analysed by RT-PCR.
There were a significant numberXfproducts detected but or C sequences. The second
study by Poussiet al., (1999), duplicated the methods of Paterdinal., (1995), but also
analysedX gene sequences by SH and HBx expression. Howieuasth studies the use of 2
HBV-specific primers for each PCR resulted in PE8Jpicts containing only HBV sequence

in 12 patients. The assumption that these mRNAset:from integrated HBV rested on the
fact that the patients were HBsAg —ve, and thatbfene sequences were interrupted or
highly mutated. Theoretically, in HBsAg —ve patgnteplicating virus should be absent,
however, virions may still be present but may besad because of a lack of sensitivity in the
laboratory detection techniques employed, the ftionaof HBsAg-antiHBs complexes
(rendering the HBsAg undetectable), or becauseitiens present are quiescent®gene
mutants (Shafritzt al., 1981). A disrupte gene sequence has been documented in free
HBV, from which 6X-C-specific transcripts of differing sizes were déteqRhcet al., 1989;

Kim et al., 1992). Therefore, disrupteXi sequences are not restricted to integrants alone,
although disrupted integratédsequences have commonly been documented, andoproba
occur more frequently than disruptédsequences in free virus. The likelihood that the
expresse sequences amplified derived from integrated HB\é Wwigh but there was no
conclusive proof. Furthermore, 4¥0gene sequences showed no evidence of mutation and
could have derived from free virus genomes. Threl tstudy (Cheret al., 2000) attempted to

amplify expressed gene sequences from serum and liver tissue in B Bse patients with
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the use of variouX-specific primers. The rationale here was that eages found to be
expressed in the liver but not the serum couldrbsymed integrated, especially if disrupted.
As argued before, a disrupted sequence cannot atitathy be assumed to be integrated.
Furthermore it is known that HBsAg +ve tumours edmtfree replicative HBV genomes
(Michalaket al., 1994;Yotsuyanaget al., 1998; Marusawet al., 2000). The assumption that
sequences found to be expressed in the liver hihaserum could be presumed integrated is
worrisome, as several investigators have repoltettRCR sensitivity differs according to
sample type, ie. detection of HB¥region is more sensitive in serum samples, wheXeas
region detection is more sensitive in liver tissaenples (Jilgt al., 1995;Villa et al., 1995;
Takeuchet al.,1997; Koikeet al., 1998). The method performed in the present siayd be
advantageous over the above methods, in that paltgnexpressed integrants will amplify
along with at least one of their flanks, and oneguenced, can be back-tracked to the host

genome and mapped.

4.4.4.6 The partial HBV sequence in T45.3

Using phylogenetic analyses, the 322 bp integradéd3 HBV sequence was found to cluster
with the HBV genotype E isolates (Figure 4.8). Wheapped to Genbank the sequence
mapped to HBV E genotype isolates 0262-09 and @I2>Q060825.1 and DQ060824.1)
(Kramviset al., 2005a) (4e-162; Identities 320/322; 99%) and HBYenotype isolates M and
K precore/core protein gene (DQ297468.1 and DQ2B236(Mathetet al., 2005,
Unpublished) (4e-162; Identities 320/323; 99%)pendix G pages G33 to G43he region
mapped encompasses 1820-2142 (erXiggne beginning o gene), which is a conserved
region of the HBV genome among the mammalian hegpadrses (Laudeet al., 1993;
Mizokami et al., 1997). This is the possible first character@watof a genotype E HBV

integrant and its expression in HCC.

Of all the HBV genotypes, E is the most prevalemtrldwide, found primarily in the
populations of sub-Saharan Africa — an estimate@ 286 HBV chronic carriers or
approximately 60 million people (Kew, 1992; Muldetsl., 2004; Kramvis and Kew, 2007),
and may be the most important genotype internationBespite its wide geographic
distribution and high prevalence, its genetic dsitgris low, indicative of a short evolutionary

history in humans (Odemuyivehal., 2001; Kramvis and Kew, 2007), and its origin a&mns
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obscure. Its sequence has been extensively studisgtent years in order to attempt to
understand the spread of its strains, which aloitly its evolution, is poorly understood
(Hubscheret al., 2008). Those strains of genotype E detecteddgions outside of Africa,
such as Europe and America originate from caraeAdrican origin (Kramvist al., 2005a),
except for one, isolated from a Spanish nativectvimtimates that the genotype can spread in

the European population (Echevarial., 2005).

The T45.3 sample was from a Mozambican male whariigrhated to South Africa. Although
published data indicated that genotype E was veligtrare in South Africa, comprising less
than 3 % of the total population of HBV isolates(iet al., 2005), recent work indicates that
the E genotype may be significantly more prevailer@outh Africa than previously thought
(Dr A. Kramvis PC, unpublished data). In The Gamig& 0 patients with HCC carried
genotype E (Mendgt al., 2008). This is consistent with the fact that thest prevalent
genotype in chronic carriers in this country appéaibe genotype &w4 (93.9%) (Mendyt

al., 2008). It is accepted that chronic carrier satrrelates with HCC prevalence and a 20-30

year latency period occurs before the appearanteaancer (Matsubara and Tokino, 1990).

The distribution of genotype E includes a creseatending from Senegal to Namibia (iga
etal., 2005Kramvis and Kew 2007) and to the Central Africap&aic in the East (Mulders

et al., 2004), with those sequences from the southatroéthe crescent (South-west Africa
and the DRC) clustering together (Kramvis and K&07) and separately from those from the
Northern part of the crescent. The higher genatierdity of the isolates from the north
suggests that they have been present in the pmpuilat longer and subsequently spread south
(Hubscheret al., 2008).

Genotype E has unique characteristics differentiaiti from the other genotypes found in
Africa, namely genotype A (subgenotype Al) in seathand eastern Africa and genotype D

in northern African countries around the Meditegan Sea (Kramvit al., 2005a).

Genotype E strains have a unique genome lengt@1i? Bucleotides and despite their low
genetic variability (S gene 0.73%, entire genon7d %) (Hibschesmt al., 2008) there are a
number of new mutations of the preS/S gene. Treeedeletion of one amino acid at the

amino end of the pre-S1 region. This differentiaesotype E and genotype G (118 amino
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acids) from genotypes A,B,C,F,H (with 119 aminalatiand genotype D (108 amino acids)
(Kramvis et al., 2005b). Genotype E strains have the signaturetif mo
Leu*SerTrpThrValProLeuGluTrj and signature amino acids Thiarg®, His*, Thr? Mef®
Lys®® and Tht%. Most fully sequenced genotype E strains to datetain Me¥® the
consequence of which is a new translational stadbo downstream from the pre-S1 start
codon (Kramvist al., 2005a), resulting from an A-G mutation at pasitB095 within the D
region of the S2 promoter (Moolkt al., 2002). This may result in the production of an
elongated MHBs protein (317 amino acids versus 28ibse translation would be regulated
by the S1 promoter, and might interfere with tla@slation of the downstream MHBs. All but
two of the genotype E isolates, which hav&|leave His’ at that position. The pre-S2 region

appears to have no amino acids that are specifjettotype E (Kramvist al., 2005a).

The ‘a’ determinant of the HBV is the most divergesgion of the E genotype in relation to
genotype A (from which monoclonal antibodies aepared), with a difference of 5.7% at the
nucleotide level and 8.5% at the amino acid lezgu{valent to 8 amino acids) (Olingetial .,
2007). All genotype E isolates to date, have seichl subtypeayw4 characterised by A,
Lys'®°and Led?  residues of the S gene. Genotype E strains alsoAsi*®instead of Thrin
the core region; and 20 nucleotides upstream frioencore gene stop codon resides the
sequence CAGCTTCC, which translates into'Pada’’® instead of Ar§’®GIu'’®, a motif
shared with genotype F, G and H and non-human peimgpadnaviruses (Takahashal .,
2000; Kramviset al., 2005a). There is a Ser to Gly substitution ateatide 22 in the X region

of genotypes E and G. The amino acids'liend 11é*® of the terminal protein of the
polymerase are genotype E-specific and some isolsge also been found to carry the
specific amino acid ASf%(Arauz-Ruizet al., 2002). There appear to be 8 amino acids unique
to genotype E in the spacer region, namely'f1&iu™®, His?!, Arg®?, Asp™, Lys*®, Asnt*%and
His'*!, while the reverse transcriptase contains only geeotype-specific amino acid
substitution, MelF“(Kramviset al., 2005a).

There is a paucity of data on genotype E and Itsirothe clinical manifestation of HBV

infection. The unique characteristics of genoty@nd its geographical distribution, which is
restricted to a large proportion of the African tnaent, where the virus is hyperendemic,
makes it vital that this genotype is studied corhpresively, especially its hepatocarcinogenic

potential.
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5.0 CONCLUSION

At the time when this study began there was limdath concerning the details of HBV
integration in HCC in the southern African popudas. The literature documented integration
of the virus in at least 80 % of tumours, world-&/{&hafritzt al., 1981;Bréchotet al., 2000;
Murakamiet al., 2005). HBV integration was thought to contribtdeHCC initiation and
progression in a number of ways, from direct motatf the DNA of the host, resulting in
genomic instability, to de-regulation of cellulamtpways and cellular viability and
proliferation. These studies however, had beengmilynconcerned with HCCs from Europe,
China and Japan. Whether the integration eveitege populations were the same, similar or
distinct to those operating in the southern Afripapulations was unknown. The objective of
this study was thus to characterise the patteHBM integration in T/NT liver from southern
African blacks with hepatocellular carcinoma. Wmeaidl to (1) determine the proportion of
tumours with single/multiple integrants; (2) map #ites of integration relative to functional
cellular genes. These results could allow for a gamson to be made against previously
published data and thereby contribute to an unaiedsig of the molecular aetiology of HCC,
at least in the context of the southern Africanyapons. It was therefore necessary to
investigate a reasonable number of tumours (13) wetresponding non-tumorous tissue
where possible, and a reasonable number of integfab5). To this end library construction,
a laborious and time-consuming technique requilange amounts of tissue, and proven to be
most effective in the study of HBV integration etgmwas impractical. At the time, a number
of methods involving PCR had recently been pubtishéich promised the speedy processing

of several tumours from small amounts of material.

The tissue samples used in this study were from adnine few available HCC tissue

collections in Africa. They were late stage tumowgich did not pose a problem as we did
not hope to attempt to draw any conclusions reggimformation dependent on the stage of
HCC development. The paucity of records (sample® wbtained at autopsy) also impeded
any effort to correlate mutations with clinicalather features of the individuals. The amount
of tissue available was limited for certain sampled sometimes of poor quality because of
recurrent freezing and thawing. Many had been deglef either the tumour or non-tumorous

component, when ideally both should be used. Despése difficulties, it was a worthwhile
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and necessary study and a concerted effort prodaud&dient amounts of good quality DNA

and RNA for analysis.

This SH technique permitted the determination oé tbroportion of tumours with

single/multiple integrants. Overall, the results $amples correlated with those previously
reported in the literature. As expected for Afri¢#@Cs, 80 % of the southern African samples
analysed here had integration and all of them haltipte integrants. One HBsAg-ve sample
had integrants, in both the tumour and the non-toomtissue. This had been previously
documented in black Africans (Shafréizal., 1981;Kew 2002b). In at least one sample, SH
patterns indicated that the HCC contained more ¢tim@rhepatocyte clone, each with its own

pattern of integration.

The PLC/PRF/5 cell line was found to contain 6 pasisibly 9 integrants, in accordance with
previous reports (Zeriadt al., 1986). It was interesting to note that the sizkemtegrants
differed, not only between this study and publistvedk, but between a number of published
studies as well. It was concluded that this was assult ofintegrants having suffered
amplifications, deletions and translocations. Ti&isorroborated in the literature (Zienatr
al., 1985;Zerialet al., 1986;Kuo et al., 1998).

A new method based on the DD technique was devetliogais study for the characterisation
of expressed HBV integrants from mRNA. The meth®@n improvement in relation to
previously proposed methods in that potentiallypressed integrants will amplify along with

at least one of their chromosomal flanks, and eecgienced, can be back-tracked to the host
genome and mapped. Some degree of non-specificngrimay be observed and could be a

shortcoming of this technique.

A possible integrated, transcribed chimerioageic/HBV sequence of genotype E was found.

The flanking genomic DNA appeared rearranged, caimg22 bp of sequence that could not
be reliably mapped, 33 bp blomo sapiens VH1 region (AJO07320) and 19 bp of adjacent
sequence . Subsequent to this, and much later, thhesequence was submitted to Genbank it
was revealed that the region of the AJOO78P{1 sequence to which it originally mapped

appeared to derive from the plasmid pPCR-Script AK+). A number of considerations
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make it unlikely that the flanking DNA was from &M DNA cloned into pPCR-Script Amp
SK(+), but the possibility cannot be entirely ext#d. The possibility of the integrant being
legitimate can also not be excluded as portiomsl of the flanking sequence may be a part of
the human genome that may not have been banke®witBank yet. The ambivalent results
obtained highlight the potential pitfalls of databasearches, especially with short stretches
(<100 bp) of sequence, which one should be coghsiamhe T45.3 HBV sequence was
found to cluster with the HBV genotype E isolatesind primarily in the populations of sub-
Saharan Africa, and the T45.3 subject was a Mozeanhinale who had migrated to South

Africa. There was no genotype E clone in the latooyaat the time.

The fact that the HBV sequence is genotype E issogtrising as this genotype occurs in
western and central Africa (Bekordflial., 2007;Kramvis and Kew 2007) and is probably the
most abundant genotype worldwide. Although publistiata indicated that genotype E was
relatively rare in South Africa, comprising les&anh3 % of the total population of HBV
isolates (Kewet al., 2005), recent work indicates that the E genotyg be significantly
more prevalent in South Africa than previously tiouDr A. Kramvis PC, unpublished data).
Furthermore, in a recent study conducted in The I3an8/10 patients with HCC carried
genotype E (Mendgt al., 2008). This is consistent with the fact that thest prevalent
genotype in chronic carriers in this country appéaibe genotype &w4 (93.9%) (Mendyt

al., 2008). It is accepted that chronic carrier statrrelates with HCC prevalence and a 20-30
year latency period occurs before the appearanbe agancer (Matsubara and Tokino, 1990).
All specimens of the E genotype analysed to datstet together and are very well conserved
(1.2 % intragroup divergence) (Muldeastsal., 2004; Kramvist al., 2008).

Structural rearrangements and mutations of inteégramd their flanking sequences are well
documented in the literature (Sletral., 1987; Zhowet al., 1988; Meyeet al., 1992; Hino and
Kajino, 1994;Pineauet al., 1996; Poussiet al., 1999; Wangt al., 2004; Moradpour and
Blum, 2005). The integrated sequence comprisedpmse1820-2142 of the HBX andpre-
cC/C genes and included the DR1 repeat. This regiothijwihe cohesive-end overlap) is a
hot-spot for HBV integration (Quade al., 1992). TheX gene is also the most frequently
integrated region of the viral genome (Wahgl., 1991; Diamantist al., 1992; Wangt al .,
1994b). The possibility exists that more of the HgAhome could be present upstream to the

genomic DNA flank of this integrant. Specific casdsearrangement of gene integrants,
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with 2 sections (or more) of HBV DNA separated ®ngmic DNA have been reported
(Schliteretal., 1994; Tsuegt al., 2002; Paterlini-Bréchat al., 2003;Murakamiet al., 2004).
Transcribed chimeric genomic/HBV integrants are Iwddcumented in the literature
(Wollersheimet al., 1988;Dejean and de Thé, 1990; Kobayasathal., 1997; Chamet al.,
2000; Horikawa and Barrett, 2001; Waat@l., 2004). Expressed integrants may contribute to
the process of carcinogenesis in a number of vad) as inducing cell proliferation, pro-
transforming effectsshimeric proteins that induce apoptosis, and esge$gene integrants
with transactivating potential (Wollersheatal., 1988;Tsueiet al., 1994; Chameét al., 2001;
Paterlini-Bréchott al., 2003;Anzola, 2004).

No standard method for the characterisation of HB&grants (expressed or otherwise) existed
or exists. Previously published PCR methods weng@yed in this study, and were shown to
have shortcomings, and not to be easily reprodeciiitese methods have been employed to
analyse non-African HCCs, mainly containing singigegrants. The presence of multiple

integrants per sample makes characterisation ¢f isiegrants more complicated.

In short: SH results corresponded with publishesldiure. Results in the PLC/PRF/5 cell line

vary between studies in relation to experimentadreand human interpretation.

In this study a new technique for the charactadsadf expressed integrants directly from
MRNA, which is anmprovement in relation to the only other previgysioposed method. A
possible integrated transcribed chimeric genomi&/ldBguence of genotype E was found. This
genotype has never previously been reported agrategl. This highly rearranged sequence

comprises a portion of the HBX, DR1 andoreC/C genes, the hot-spot for HBV integration.

Further research, into the exact manner, in whiBN thtegration contributes to the aetiology
of HCC remains essential. Currently, other thartiwleepartially characterised integrants, one
from the present PhD and the other published iniKehal., (2005), characterisation of the
integrants in the PLC/PRF/5 cell line comprisesdhby other information available on the

sequences and consequences of integration evesdstinern African blacks with HCC.
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APPENDIX A

PROTOCOLS APPENDIX

Al Tissue Culture (section 2.2.2)

Al.1 Culturing of frozen stocks

Frozen stocks were initially cultured in 25 Ttissue culture flasks (Nunclon). Appropriate
medium (at 37 °C) was added to a 1 ml cryogenicoaataining 1 000 000 cells, thawed at 37
°C, one drop at a time, until a total volume of Pwas obtained. Cells were resuspended by
gentle pipetting and transferred to a 10 ml polpggtene tube (Nunclon), where the medium
was slowly topped up, 1 ml at a time until a tatllO0 ml was obtained. The cells were
centrifuged at 2 000 x g for 5 minutes, and theesogtant removed. Cells were resuspended
by gentle pipetting, in 10 ml of fresh medium, @lddn the 50 crculture flask with vented
lid, and allowed to incubate at 37 °C in a 5 %,@ubator (Forma Scientific) with moisture
(ddH.O tray). The cells attached to the flask surfater &4 hours. The depleted medium was
removed, the cells were rinsed with 1 ml 10 % PBS$7a°C to remove cell debris, and any
remaining depleted medium; and 5 ml fresh mediusmadaled, every second day. Once 80 %
confluency had beeachieved the cells were transferred to an 80flersk, and sometimes
thereafter to a 175 ciflask. Depleted medium was replaced every secapavith 25 ml (80
cn? flask), and 75 ml (175 chilask) fresh medium, after rinsing with 5 ml ar@éirhl 10 %
PBS at 37 °C, for th@0 cnf, and175 cnf flasks respectively. All reagents were warmedno 3

°C in a waterbath, before addition to the cells.

PLC/PRF/5 cell linewas cultured in Eagles Minimum Essential MediurilE8V) (GIBCO)
with Earles buffered salt solution (EMEM pH 7.5)pplemented with: (1) 10 % foetal bovine
serum (FBS) inactivated at 56 °C for 30 minutestetmove complement; (2) 50 units/ml

penicillin/streptomycin; (3) 1 % non-essential amacids; (4) 100 mM sodium pyruvate.

HuH7 cell line was cultured in Dulbecco’s Modified Eagle’s MedigBMEM) (GIBCO)
with four and a half M glucose, and 4mM L-glutamiseipplemented as for the EMEM

medium, with the exclusion of the sodium pyruvate.
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HepG2.2.15 cell linewas cultured in Minimal Essential Medium (MEM) (Clarex Bio
Science Walkerville, MD, USA) supplemented with®%(-BS and 380 pug/ml of G418.

Al.2 Subculturing

Depleted medium was removed from the flask andéfis rinsed twice with 10 % PBS at 37
°C to remove cell debris, and any remaining deglatedium, which might inhibit the action
of the cell detachment agent, trypsin (Cambrex)lsQere detached from the flask surface
with 1 ml (50 cn flask), 3 ml (80 crhflask), and 5 ml (175 chilask) of 1x trypsin at 37 °C,

the optimal temperature for activation of trypgor,5 minutes.

Cells were transferred to a 15 ml polypropylenet(funclon), centrifuged at 2 000 x g for 5
minutes, and the supernatant removed. The pelletresuspended in 5 ml warm 10 % PBS
with gentle pipetting to remove all traces of tiypand debris, centrifuged at 2 000 x g for 5
minutes, and resuspended in 5 ml warm medium \eitilg pipetting. Resuspended cells were
transferred to the appropriate sized flask, topgedith media, and returned to the incubator.
The amount of cells seeded per 8 élask was 1x18 and 80 % confluency was achieved

within 2-4 days.

A manual cell count of 1 x fOfor the 80 crf flask, was obtained with the use of a
haemocytometer (SIGMA Bio Sciences, Saint Louisssduri, USA), trypan blue stain
(Cambrex) and a microscope (Nikon Optiphot, Japadp0 x magnification.

Al1.3 Harvesting

Once cells attained 80 % confluency they were Isteek In order to detach the cells from the
flask 0.1 % trypsin was added and incubated foritutes at 37 °C. Thereafter, 5 ml of
medium containing serum, was added to inactivaeriipsin, and the cells were pelleted by
centrifugation at 30 000 x g for 5 minutes, theesnptant aspirated, and after two washes in 1
x PBS (Appendix D) and centrifugation, the PBS aspirated. The PBS washes ensured
complete removal of the culture medium which caaldbit the lysing buffer, and diluted the
lysate, resulting in decreased DNA/RNA vyield. Thellgt was immediately used for
DNA/RNA extraction or snap frozen in liquid nitragéAfrican Oxygen, Germinston, RSA)

and stored at -70 °C for up to 6 weeks.
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Al.4 Making stocks from mammalian cell lines

Stocks of each cell line were made routinely tauemdackups in case of contamination or
accidental loss/death of cells. The cells were temjrand harvested with the use of trypsin as
previously described. After centrifugation at 2 00Q for 5 minutes, the supernatant was
removed, and the pellet re-suspended in 10 ml & B\Bgentle pipetting. The suspension was
once again centrifuged at 2 000 x g for 5 minusepernatant removed, and the PBS wash
repeated, followed by a final centrifugation at @ g for 5 minutes, and removal of
supernatant. The pelleted cells were re-suspemds@iml of freezing medium (Appendix D)
by adding it slowly 1 ml at a time with gentle pitpeg to disperse the pellet. The cells were
aliquoted into sterile 1.5 ml cryotubes (Nunclonh}l anl freezing media/cell mix (1 000 000
cells per cryotube). The cell/freezing medium mixsvirozen gradually so as not to lyse the
cells, by first placing the full tubes wrapped otton wool at 4 °C for 2 hours, then at -20 °C
for 4 hours, and lastly at -70 °C for 2 hours befe@moving the cotton wool. Stocks were

stored at -70 °C for up to two years.

A2 Phenol Chloroform (P/C) Method of DNA extracton(section
2.2.3.1)

A 500 mg tissue sample, or 1 x°ifells, was used per extraction. The tissue wasficut
with a sterile blade before homogenisation. Batbue and cells were homogenised in a sterile
mechanical homogeniser (Ultra Turrax®, Polytron® 300, Kinematica AG, Littau,
Switzerland) with 1 ml lysing buffer (Appendix D)hereaftethey were transferred to a 50 ml
sterile polyethylene tube (Nunclon, KamstrupvejsRlole, Denmark), where the lysing buffer
was gradually topped up to 10 ml while the tissegavere further disrupted using a sterile
glass rod. A further 2 % SDS (Appendix D) was adaledl the tube placed on a tilting platform
for gentle agitation at 37 °C for 20 minutes. Ssso& washes were performed by addition of
10 ml tris-saturated phenol (pH 7) with vigoroualshg, and centrifugation at 6 00@ %or 15
minutes at 4 °C. The aqueous phase was aspiral@ld, avoiding the interphase as much as
possible, and transferred to a sterile 50 ml pblglehe tube. The P/C wash was repeated, and
the aqueous phase combined 10 ml of chloroformaistecohol (24:1) and shaken

vigorously. Centrifugation was performed at 600§ for 10 minutes at 4 °C, the aqueous
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phase recovered and DNA precipitated by additidh®¥olumes ice-cold ethanol with gentle
swirling in order to aggregate the DNA strandedfDNA was visible, the sample was placed
at -20 °C for 16 hours and centrifuged at 60@Gor 30 minutes. DNA was resuspended in 10
ml Tris-EDTA buffer (pH 8) overnight on a gentlytating wheel at 4 °C. The DNA was

treated twice with 200 pg/ml Proteinase K, &@fbr 2 hours with gentle shaking, in order to
remove residual protein; the P/C washes were regaatremove impurities and digested
proteins and the DNA was resuspended to a contemtiat 0.5-2 pg/pl in TE buffer (pH 8)

overnight at 4 °C. If DNA proved difficult to requsnd, it was placed overnight in a heating
block at 60 °C. If it precipated out of solution@hspun down on a tabletop microcentrifuge
for a few seconds, it was further diluted with TEBTA buffer (50 pl at a time) at 60 °C for 1

hour, and then overnight on a gently rotating wtatel °C. This was repeated until all the

DNA was in solution.

A2.1 Quantification of DNA

The extent of hydrolysis and estimated DNA conaditn were visually assessed by agarose
gel electrophoresis. The quality, purity and comicion of the DNA was analysed with the

use of a Philips PU 8700 series ultra violet (U4ilMe spectrophotometer.

Readings were taken using a serially diluted comiakgy available DNA standard (Qiagen) of
known concentration to confirm that the spectrophwdter was reading accurately. DNA
concentration was determined by measuring its Bhsae at 260 nm and 280 nm and applying
the formula:
DNA concentration in pg/ml = 50 pg/ml x Ageo X dilution factor;
and purity by the ratio of the readings taken & @6 and 280 nm, where:
280/260 = X.

If the ratio is greater then 0.75 the DNA is fréesignificant amounts of protein and is of an
acceptable purity (Sambroekal., 1989, p 9.19).

Quantification was confirmed by fractionating a DNAution series (1:500; 1:300; 1:100;
1:50; 1:10; 1:1) alongside four DNA standards odWn concentration (5ng, 50ng, 100 ng,
500 ng)on a 1 % agarose gel (5pug EtBr/100ml of gel) (Sigxithich). The band that was
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just visible contained 10 ng of DNA (Shagpal., 1972 as cited in Sambroekal., 1989
p6.2)

A3 SH (section 2.2.4)

A3.1 Restriction Enzyme Digestion of genomic DNA fd&5H (section 2.2.4.1)

A3.1.1Rationale

A map of each integrant is required, in order taobinformation for primer design, thereby
enabling further characterisation of integrant®@R. Maps may be surmised by knowing the
exact location of restriction enzyme (RE) cleavsifies on the DNA of interest (in this case
the HBV genome — Figure Al). Digestion of genomidAcontaining integrants, with a
particular RE, and its analysis by SH with the eisedioactively labeled HBV probe, allows
for the sizing of those integrated HBVfragmentsagated by the particular RE. The fragments
can then be reconstructed into a map by locatieig $aipposed positions on the HBV genome
via the position of the RE cleavage site. Digestiith single REs as well as combinations of
the same REs allows for more precise mapping. Téeegs of mapping an integrant becomes

impossible however, when more than one integraptasent.

A3.1.2 Cleavage sites for REEcoRI, BamHI and Hindlll:
(Nucleotide positions numbered as per RE cuttitegraicleotide position-41Galibertet al.,
1979).

TheEcoRI (Boéhringer Mannheim, Mannheim, Germany) resorcendonuclease has one
target site (at nucleotide 1) (Galibesttal., 1979; Marionet al., 1980) except in the
following isolates, AY233279AC (RSA) at nucleotid&¥75-2776, AY090460 at
nucleotides 2769-2770 F, and SAX75663 at nuclest®l&/0-2771 and the H subtype
isolates which do not occur in RSA. The V01460 seqge is cut byYecoRI only once at

nucleotide 1.
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1 target site on all RSA A2 isolates &
E, F &H, some C isolates, 1 B isolate
27128

BamHlI

BamH|
2903/29(

BanHl

EcoRlI 487/48¢

1/~3200
2775/2776 AY233279 only

EcoRl
2769/2770 AY090460 onl
2770/2771 SAX75663 or

BamH|
2131/2132
H genotypesnly

BamH|

1399/14l
Hindlll — no cutting sites or in any of the

RSA isolates

Figure Al: Diagrammatic representation of the HBV genome shgwhepositions of the
EcoRI, BamHI andHindlll restriction enzyme cleavage sites. In thoseesaghere further
cleavage site/s are known for an isolate theylaogg at the correct positions and the

isolates in which they occur are annotated alomgsid
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The BamHI (AEC Amersham, Little Chalfont, BuckinhamshiréJK) restriction
endonuclease one target site on all the RSA Aaties] the E, F, H, some C and one B
genotype at nucleotide position 27-28. It produadsirther cut in the H genotypes at
nucleotide position 2131-2132. The V10460 sequencet 3 times bpamHI at nucleotide
positions 487-488, 1399-1400, 2903-2904.

TheHindlll (Boéhringer Mannheim, Mannheim Germany) resioic endonuclease has no
target sites in sequence V10460 or in any of th& R6lates, but should be used with care
when investigating: C genotypes from Australia aina (AB048704; AB048705;
X75656) isolates from the UK (X80925) and GreeckE$X849); F isolates from Argentina
(AF223963) Costa Rica (090459) Al-Salvador (AY090D¥&nd H isolates from central
America (AY090454; AY090457) a B isolate from JagaB073855) and a D genotype
from Italy (X59795) and Greece (X97849) - whereuts once.

Enzymes were checked for absence of unspecificreradiease and exonuclease activity in
digests lasting 16 hours. RE cutting sites werdioorad using Gendoc and a complilation
of 175 sequences representative of worldwide HB\aies courtesy of Dr Anna Kramvis

(MHRU, Wits Univerity Medical School, 7 York Rd Raown, RSA).

A3.1.3Materials and Methods for Single and Double DigesReactions

A3.1.3.1 Single Digests

Initially 10 pg of genomic DNA was restricted asommmended in the literature. However, as
the SH results obtained were not optimal, 15 pd,2thpug of DNA were also restricted for
use in SH. Best results were obtained at a genbBik concentration of 20 pug. The DNA
aliquots of genomic DNA from liver, Huh7 and PLC/PR cell lines, 1ng probe (FL HBV
genotype D), and a genomic DNA (20 pg)/probe DNA@) control were each individually
combined in a polypropylene tube with nucleaseirater (Promega, Madison, WI, USA) to a
total final reaction volume of 50 ul, and 1 x REfbucompatible to the particular RE and
incubated at 4C for 4 hours, on a rotating wheel, to ensure cetepnd even suspension of
the DNA. Variations in the local concentration oNR lead to uneven digestion as DNA
secondary structures are inaccessible to REs. Jwaits of the respective RE was added to

the digest, gently mixed by careful pipetting amclibated at 4°C for 2-3 minutes. The digest
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reaction was transferred to an incubator (Labcoit gentle shaking, set at the optimal
temperature for activity of the particular endomadle (37 °C) for 2-4 hours, when the activity
of the RE began to decrease (half-life 2 hourg}ath time a second aliquot of 10 units of the
endonuclease was added, and the reaction allowpdoteed for another 12 hours. This
“spiking” of the enzyme ensured consistent activtier a longer period. Enzymes were
inactivated at 65 °C on a dry block (Hagar, PingsatuSA) for 15 minutes.

A3.1.3.2 Double digests

Double digests were performed with the enzyme coatlinsEcoRI/BamHI, EcoRI/Hindlll;
BamHI/Hindlll. Twenty-five ug of DNA was combined in a 1.5 polypropylene tube with 1

X SuRE/Cut buffer B (10 mM Tris-HCI; 100 mM NacCl; ®M MgCl;; 1 mM 2-
mercaptoethanol; pH8 at BZ) (Boéhringer Mannheim) (in which all four enzyniese 80-
100 % activity) and nuclease-free water (to a tétadl reaction volume of 100 ul). The
protocol was as for single digests with the follogvimodifications: digests were spiked 3
times at 2 hourly intervals with 30 + 20 + 40 urafseach enzyme instead of 20 + 10 units;

after the last addition of enzyme the reaction alimved to proceed for 16 hours.

A3.1.3.3 Controls:

Undigested DNA

An undigested aliquot of every DNA sample was pregaalongside digestion
reactions. All components of the digest reactioreyeesent in these tubes, with the
exception of the RE, which was replaced with nusdefiee water. This reaction was
subjected to the same conditions as the experifrsamtples, and the undigested DNA
was resolved by electrophoresis alongside its otispaligested DNA pair as a control

for DNA shearing or degradation.

HuH7 DNA
The DNA from this cell line contains no integraatsl was used as a negative control
(section 2.2.3) in SH.

PLC/PRF/5 DNA
The DNA from this cell line contains up to 9 intagts (section 2.2.3) and was used as

a positive control for DNA transfer and successiylbridisation. The 2@g Hindlll



A9

digested PLC/PRF/5 DNA served also as a contrdhi®detection of integrated HBV
sequences at the level of 1 copy/cell (Chieal.,1986).

Digestion Controls

Aliquots of the HBV FL genome probe PCR (sectioh2.2) were also digested with
each of the four REs, to ensure complete DNA digesThese controls comprised a
series of digests containing 20 pg genomic DNA, anery small amount of probe
DNA (eg. 1x10°, 1x10°% 1x10’ pg of plasmid) (Sambroodt al., 1989 p9.32) and
were resolved on the agarose gels for SH, withrafigested sample of the same.
These positive controls also helped to indicateiefit DNA transfer, and successful

hybridization.

A3.2 Fragmentation of DNA for Transfer and SH (sedbn 2.2.4.2)

After digestion DNA was concentrated with 0.2 M Na@d 2.5 x volumes ice cold 100 %
EtOH at -20°C overnight, recovered by centrifugat 12 000 >g for 30 minutes and re-
suspended in 20-40 pl nuclease-free water. Theraafras heated to 56°C for 2-3 minutes to
disrupt base-pairing between protruding cohesitmité and combined with 20 pl of 0.4 %
gel loading buffer (Appendix D). The glycerol comtef the loading buffer was increased to
>50 % glycerol with 10 % glycerol (Sigma-AldrichfeiScience, St. Louis, Missouri, USA) to
ensure no DNA was lost to the running buffer. Thd land 100 bp DNA ladders (Promega)
were de-phosphorylated and labeled with radioisotapthe 5’ ends with the use of T4
Polynucleotide Kinase (Promega) (Appendix D) andono the gels to allow accurate band

size determination on the final autoradiograph yldiso served as controls for DNA transfer.

DNA was resolved by electrophoresis at <1 V/cm @lf ¢pr a total of 16 hours on 0.6 %
agarose gels (D1-LE, Hispanaddnrgos, Spain), with 3 % EtBr. Samples were phaipged
on a Bio-Rad Gel Documentation System UniversaldHb¢Bio-Rad, Hercules, CA, USA)
and blotted onto Hybond N membrane (Amersham Iatenal, Little Chalfont,

Buckinghamshire, England).

The DNA/gel was pre-treated by depurination (0.28B®1 for 10-20 minutes), denaturation (1
M or 1.5 M NaCl/0.5 M NaOH for 20-45 minutes), nelization (3 M NaCl/1 M Trizma base
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(pH 7.5) or 0.5 M Tris-base (pH8.0), 0.5 % SDS3I0minutes), and soaking (20 x SSC or 0.3
X TBE in running buffer for 20-60 minutes). The DNvas transferred to neutral membrane,
Hybond N (AEC Amersham), by capillary action, ortlwithe use of a ‘Semi-dry
electrophoretic blotting system’ (Sigma-Aldrichh&exact protocol for pre-treatment of the
gel prior to blotting depended on which method employed to transfer the DNA (sections
A3.2.1, A3.2.2). Once transfer was complete, teentorane was rinsed in 2 x SSC (capillary
transfer) or 0.3 x TBE (Electro-Blotter transfeaid baked in an oven at 80°C for 2 hours, to
allow cross-linking of the DNA phosphate backborithihe membrane fibres. Successful
DNA transfer was confirmed by staining of the agargel in 0.02 % EtBr/deionised distilled
water for 20 minutes at ambient temperature, aedivig on an ultraviolet transilluminator

(UVP). The absence of DNA on the agarose gel inditafficient transfer.

A3.2.1 DNA transfer by capillary action

The gel was soaked in three stages (with a nucleasevater rinse between each stage). Stage
1: depurination of the gel with 0.25 M HCI solutighppendix D) for 10-20 minutes, or until
the loading dye turned from blue to a yellow-greelour. Stage 2: denaturation of the DNA in
the gel with 1.5 M NaCl/0.5 M NaOH solution (Appéx®) for 45 minutes, until the loading
dye reverted from the yellow-green colour, bachlte. Stage 3: neutralization of gel pH with

3 M NaCl/1 M Trizma base (pH 7.5) solution (Appendi) for 30 minutes. All stages were
performed at ambient temperature. Before DNA tngd the membrane, the gel was
saturated in 20 x SSIBr 20 minutes. The DNA was transferred to the Hybdl membrane

by capillary action for 24-48 hours (Figure A2.2).

A3.2.2 DNA transfer by Semi-dry electrophoretic bbtting system

As per manufacturer’s instructions: Gels were dgaied by soaking in 0.25 M HCI for 20
minutes, denatured in 0.5 M NaOH, 1.0 M NaCl fom@dutes, and neutralised twice in 0.5
M Tris-base (pH8.0), 0.5 % SDS for 30 minutes. Befassembly, the gels were soaked in
running buffer 0.3 x TBE (Appendix D) for 1 houthd membrane was cut to size and soaked
in deionised distilled water for 10 minutes, thei®i3 x TBE for 60 minutes. The blotter was
assembled, and DNA was transferred to the memlataro®m temperature for 4 hours at 50
mA (Figure A2.1).
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A3.3 Hybridisation with QuikHyb® Rapid Hybridizatio n Solution
(Stratagene, La Jolla, California, USA)

The QuikHyb® hybridization solution (Stratagene)swased for SH using radioactively
labeled probe (Appendix A section A3.5). This snienabled total hybridization time to be

reduced to 1-2 hours.

After baking the membrane was briefly rinsed irodesed distilled water, rolled lengthwise in
nylon mesh and placed in a conical hybridizatidret(Hybaid, Hampshire, UK). Fifteen ml of
QuikHyb® solution was used per 20 x 20%mf blot and pre-hybridisation performed in a
hybridisation micro-oven (Hybaid) at 65 °C for 10-&inutes. Eight x 0cpmfig of [o-
32P]dCTP labeled probe was combined with 1 mg ofcairdl salmon sperm DNA (SIGMA
Bio Sciences). The double stranded probe was batl@®°C in a dry block (Hagar) for 2
minutes and the membrane hybridized al®%or 2 hours. Thereafter membrane washes were
performed as follows: 2 x SSC/0.1 % SDS for 15 rréaat ambient temperature twice; 0.1 X
SSC /0.1 % SDS for 30 minutes at 60 °C x 1 fagh ktringency wash. The membrane was
sealed in plastic and exposed to autoradiograpty f{Amersham Biosciences,
Buckinghamshire, UK) in an Okamoto cassette witérigifying screen at -70 °C for 3 days or

2-3 weeks as necessary.
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Figure A2.1: The semdry Electrophoreti
Blotting System. The Sigma model B2529ais
plastic box (blotting chamber) inside which
contained two steel plates which act as electre
a stainless steel cathode and platinum cc
anode. The blotting chamber is closed on top
a safety cover o which the power leads can
inserted. (SIGMA, St. Louis, MO). Photogra
accessed on 1.8.2005, from the Web
http://www.Sigmaaldrich.cim/catalog/search/
uctDetail/SIGMA/B2529

Plastic cove

l«—— Cathod
3 x Sheets 3 M
filter pape

«—— Adgarose Ge

3 x Sheets 3 M .«— Hybond N
filter papne \b[ Membran

l«——— Anode

.-\ Plastic cove

Figure A2.2: Schematic representation of the seinyi£lectroblotting Unit DNA transfe
procedure. The anode sits on the bottom of thditdpthamber. Onto this is placed f
mylar mask which shields the uncovered portiorhefanode. Three sheets of 3M fil
paper, soaked in running buffer are placed ongdtimdow’ cut into the mask, directly
contact with the anode. The membrane is soakeddleasetree water for 10 minute
saturated in 0.3 x TBE for 20 minutes, and pladeg &his. The gel (6 mm thick)
soakedn 0.3 x TBE FOR 60 minutes, and placed DNA sidetioon the membrane.
pipette is rolled over it to remove trapped air les. A further three sheets of 3 M fil
paper, soaked as before, are added, and the catbeed into place, until the entife
ensemble is secure. The leads are attached tominectors protruding from the cathc
and anode, and a low current (15V @ 50 mA) apdbed! hours at room temperatu
The DNA travels downwards, driven by the currentrrthe cathode to the anodegdgn
becomes trapped on the membrane surface. Aftesfénaiine membrane is rinsed in 0.
TBE and baked at 80 °C for 2 hours, in an ovenkémdrom: Sigma-Aldrich Sendry
Electroblotting Unit Manual, SIGMA).
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A3.4 Hybridisation with Church and Gilbert Buffer a s per manufacturer’s

instructions for Hybond-N membrane (AEC Amersham) €ection
2.2.4)

The Hybond N membrane was prepared as describeidpséy and pre-hybridised with 50 ml
of Church and Gilbert Hybridisation Buffer (HyboNdVianual, Amersham International) in a

Hybaid hybridisation micro-oven at 65 °C, with tata, for 30 minutes.

HBV DNA FL genome probe was prepared as describesgction 2.3.3.2 and Appendix A
section A3.5. As this area of the work involved thge of radioactive isotopes, the

international rules for the handling of radioactimaterial were observed.

A 50 ng aliquot of FL HBV genome probe (GenBank emV01460) was radioactively
labeled with 17 pmold-*?P]-dCTP, specific activity 3000 Ci/mMol (Amersharma®macia
Biotech UL Limited, Little Chalfont, Buckinghamshir England) using the Megaprifife
DNA labeling systems (Amersham International) asypenufacturer’s instructionsor 50 ml

of Church and Gilbert hybridisation buffer, HBV pewith total activity of 6-8 x 7Gcpm was
used (Hybond N Manual, Amersham International, I&itChalfont, Buckinghamshire,
England). The appropriate amount of probe requweteld 6-8 x 10 cpm was calculated and
combined with 100 pl of 200 mg/ml salmon sperm D{§#gma Bio Sciences), denatured at
99 °C in a dry block (Hagar) for 5 minutes, andpsoaoled on ice for 5 minutes. The probe
was mixed with 1 ml of warm Church and Gilbert hgliwation buffer, and added to the
remaining 49 ml in the hybridization tube. The meamg was returned to the hybridisation

oven at 65 °C for overnight hybridisation.

Non-specifically hybridized probe was removed bycassive membrane washes: 2 washes 8-
15 minutes each in 2 x SSC /0.1 % SDS at ambeempérature; one wash for 10-30 minutes
at65°Cin1x SSC/0.1% SDS; one rinse at amipgenperature in 0.1 x SSC.

Membranes were sealed in plastic and exposed toraalibgraphy film (Amersham

Biosciences, Buckinghamshire, UK) as describedipuesiy.
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Once scored, blots were stripped of all probe bshivag the membrane twice in boiling 0.1 %

SDS for 40 minutes, and rinsing it three timesaitibg 2 x SSC. Thereafter, membranes were

sealed in plastic and placed at -20 °C to prevenhydration, and preserve the DNA.

A3.5 Probe labeling with Megaprimé" DNA Labeling System for SH
(section 2.2.4.3)

The probe was placed in a 2 ml polypropylene ttdgether with 5 pl of random nonamer
primers, and TE buffer to a total volume of 33Ttlis mixture was denatured at 99 °C in adry
block for 5 minutes. The reagents were mixed bepipg, placed on ice, and combined with
10 pl labeling buffer (AATP, dGTP, dTTP, in Tris-H&H7.5, 2-mercaptoethanol, MgGt
concentrations patented), 2 units DNA polymeraskehow fragment (in 50 mM potassium
phosphate pH6.5, 10 mM 2-mercaptoethanol, 50 %eghf; and 17 pmold->P-dCTP,
specific activity 3000 Ci/mMol. The mixture was uimated in a dry block at 37 °C for 5
minutes, 1 pl of 0.1 M spermidine (Sigma-Aldrichasvadded, mixed by pipetting, and the
tube returned to 37 °C for a further 15 minutes fidaction was stopped by heating to 99 °C
for 5 minutes, condensation precipitated by brégftafugation, and the mixture placed onice.

Fifty ul of TE buffer was added to the labeled moto adjust the total volume to 100 pl.

The Sephadex columns were prepared by loadingsymmiges (plugged with 1 mm of filter
wool [Aquarium Design, Hayward, CA, USA]) with 5 0 x grade) 1 x TE saturated
Sephadex (Sigma-Aldrich). The Sephadex was coragdotthe 0.9 ml mark by successive
centrifugation steps at 6 000 x g for 5 minutegoBethe probe was loaded onto the columns,
these were calibrated with 2 x 100 ul of 1 x TEgapdix D) buffer. A 1.5 ml polypropylene

tube was placed beneath the column to collectlthethrough/labeled probe.

The probe was loaded onto the Sephadex columrgemtdfuged at 3 500 x g for 5 minutes.
A 100 pl aliquot of TE buffer was added to the oofuand incubated at room temperature for
5 minutes. The column was centrifuged as before.prbbe, devoid of most unincorporated

isotope, was collected in the tube below. The v@lwas adjusted to 1 ml with 1 x TE buffer.
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A 10 ul aliquot of probe was combined with 5 mliidta-Gel Plus scintillation gel (Perkin

Elmer) in a scintillation tube, vigorously shakand counts per minute (cpm) measured on a

liquid scintillation counter (Perkin Elmer) for limute.

A4 PCRs for the Characterisation of Integrants gection 2.2.5)

A4.1 Inverse Polymerase Chain Reaction (I-PCR) (Bmi et al., 1995)
(section 2.2.5.1)

This PCR technique relies on the specific amplifaza(and later cloning) of the integrated
DNA via an initial pair of specific primers, whiatan only be designed with some fore-
knowledge of the sequence of the HBV integrant. Séwience and positioning of the primers

is vital so as to exclude non-integrated episomeélraplicative HBV DNA.

The results of the Southern Hybridisation technisueplied both an idea of the number of
integrants present in a sample, as well as thaisipte approximate size. The results of the
single and double RE digests could further endi#econstruction of a hypothetical map of
each integrant or at least one integrant junctioereby allowing for the design of primers
close to the conserved specific HBV restrictiors{fFigure A3 & A34). An as yet undigested
aliquot of the sample DNA would be restricted wiitle correct RE, and ligated, yielding a
circular template (Figure A3B, C & D). The primavsuld be orientated such that that the
DNA synthesis would be primed towards the oppomités of the template, hence the term
“Inverse PCR” (Figure A3B & A4D). After amplificain by I-PCR, sequencing of the product
would permit characterization of a section of thitegrated HBV DNA. From this data cellular
primer/s directing DNA polymerisation towards intagd viral DNA, and specific to the
integration under investigation, could be desigffized flanking primers). The fixed flanking
primers would be used in fixed-flanking-primer (FFECR with genomic template (Figure
A4D). Re-amplification of the FFP-PCR product coblel performed if necessary (Figure
A4D). A restriction digest of the product woulderformed with the original respective RE,
and analysed on a 2% agarose gel confirm prodecifspty. Automated sequencing of the

product would permit full characterization of tmeggrant
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DNA extraction from HCC tissue

Restriction analysis:

(1) GenomicDNA digestion by means of enzymes

with and without target sites on HBV genome
(2) Southern blotting and hybridisation with
a HBV full-length genome probe

Restriction map of integrated HBV regior

which allows, and is confirmed by,

the subsequent step

[J B

Inverse-PCR for amplification of

one or both cellular flanking

region(s)

Restriction analysis on PCR product

in order to confirm its specificity Restriction
enzyme

cutting site
Sequencing of PCR product 3 Primers

' \,' Direction of amplificatio
from primer
. K i i d —— Genomic DNA
Selection of a primer in the obtained cellular — Integrated HBV DNA
flanking sequence(s) -

Mapping of HBV integrated sequences
by means of FFP-PCR

Figure A3:  Outline of the procedure for the characterisatibRIBV integrants by
I-PCR.Reproduced fromBruni et al., 1995. See text for details.
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Figure A4: Outline of I-PCR concept for characterisation 8\HDNA integrants. &
autoradiograph of total sample DNA extracted frol@CGHtissue containing HB'
integrant/sA): DNA is digested with two REs and detected®dabeled HBV probe
Sizes of restdation fragments hybridised to probe are estimatéih Whe use o
commercially available molecular weight markersadjacent lane. Hypothetical F
map(B): results of the Southern hybridisation autoradiolyrape used to construc
hypothetical restrictin enzyme map of the HBV integrant. Outline of IP@Bhnique
(C): schematic representation of method ¢fGR used to amplifiy viral integra
junction/s (example shown for one junction). Prisnare arbitrarily designated P1 to
with arrows representing 5’-3’ orientation.

Reproduced fromBruni et al., 1995. See text for further details.
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A4.2 PCRs for the direct amplification of HBV integrants off genomic DNA

template (section 2.2.5.2)

The strategy of amplification for the characteiimabf HBV integrants from genomicDNA
by Alu-PCR involves several rounds of PCR, only the bfsivhich makes use of thdu

sequence based primers (Figure A5).

A4.2.1 First round: “Alu PCR” (Figure A6)

Ten cycles of amplification are performed in afirg@ction volume of 50 ul comprising 100
ng of DNA; 25 mM Tris (pH 8.9); 40 mM potassium &te (Promega); 2.5 mM magnesium
chloride (Promega); 4% glycerol (Promega, Madi&t$i\); 200 uM each dNTP (Promega),
10 pmolAlu-repeat specific primer (Invitrogen, Life Techndks); 100 pmol of HBV
primer (Invitrogen, Life Technologies); 1 unit T&NA polymerase (Invitrogen, Life
Technologies); 0.04 units high-fidelity Vefit DNA polymerase (New England Biolabs,
Ipswich, MA,USA). Cycling was performed in a Perkin-Elmer thataycler (Emeryville,
CA, USA) as follows: initially a hot start at 80°&ddition of the magnesium chloride;
denaturation at 94°C for 30 seconds; annealing§°& for 30 seconds; extension at 72°C for

3 minutes; with the initial denaturation step a@t®4or 60 seconds.

Uracil DNA glycosylase treatment of PCR primersprimers from the first round of PCR
were destroyed by the direct addition of 1 unitg(@mnit catalyzes the release of 1 nmol of
free uracil in one hour at BT from>H-poly-dU) of the enzyme UDG (GIBCO BR), Life
Technologies, Carlsbad, CA, USA) to each PCR reactind incubation at 37 °C for 30
minutes; followed by heating to 94 °C for 10 mirsute break DNA strands at apurinic
dUTP sites (Figure A5).

A4.2.2 Second round (Touchdown) PCR (Dost al., 1994)

Ten pmol of each internal primer (eg. HB2/Tag5 ag3, Appendix C) was added to each
PCR reaction from first round PCR, and a furtherit of ThermoPol'ag DNA Polymerase
(New England Biolabs) with 0.04 units of VeAtDNA Polymerase. Final volume was 51

ul, expected PCR product size unknown. Amplificatieas performed in a Perkin-Elmer
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thermal cycler: denaturation at 94°C for 30 secpadsealing at A°C (Appendix C) for 30

seconds; extension at 70°C for 3 minutes. The testyre was decreased by 1 degree
Celsius every second cycle until A-10°C (Appendpw@s attained, after which 20 cycles

were performed at 45°C. A final extension ste@&Cfor 8 minutes completed the protocol.

Alu-PCRHB1/A5 Nelsonet al., 1989
4 rxns/sample; 10 cycles; dig Minami et al., 1995

Chamiet al., 2000
Touchdown PCR (long templatelB2/Tag5
Nested HBV primer; tag primer; 40 cyc

Swuthern Hybridisation with HBV probe

v

\4 Heminested/Nested PCRMD60/Tag5
Nested HBV primer; tag primer

Barnes, 1994
Chenget al., 1994
Minami et al., 1995

v

\ 4

Heminested/Nested PCRMD26¢*/Tag5 Poussiret "f"-’ 1999
Nested HBV primer; tag primer *PCm 200
+ *PCmM2001 —
Heminested/Nested PCR MX2/Tag5 personal
Nested HBV primer; tag primer communication in
2001 by Dr

Paterlini-Bréchot

Figure A5: Outline of amplification strategy for the charattation of HBV
integrants from genomicDNA. (Primer names are iaidid in bold, for
sequences refer to Appendix C)

The procedure begins witlu-PCR, in which HBVgenomic DNA junction/s that li
sufficiently close (ie.<40 kb), either up or downsteam from Atu repeat ar
amplified, while amplifications betweeXiu sequences are avoided. The primer:
this PCR are constructed with dUTP instedTTP, and are destroyed after 10 cy
by a digestion step with UDG. Touchdown PCR folldgm®duct may be visualized
Southern hybridisation); and a further three rowfdsnplification, Nested/heminest
PCRs |, Il and lll, may be performed if necessary.
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Figure A6: Outline of primer design strategy f&lu PCR (Minamiet al., 1995).

(A) In order to achieve amplification, the orientatioritef HBV integrant andlu repeat sequences must b
considered in relation to each other, and primers mustdigngel accordingly. The annealing sites of the HE

specific primers HB1, HB3 and nested primers HB2 (for HBIB4 (for HB3), and thélu-repeat sequence|

specific primers A3/A5 and nested primers Tag3/Tag5 diedted A1-4 & B 1-3). The PCR begins with 10
cycles of amplification, performed in four separatdRR€actions, using the 4 primers: 2 HBV-specific (or
sense and one anti-sense, HB1 & HB3) addi2repeat sequence specific primers (one sense and one
sense, A5 & A3). These primers are combined in the fouitpegermutations: HB1/A3; HB1/A5; HB3/A3;
and HB3/A5, thus ensuring that every integration scenassilple has the potential to be amplifi@d1-4,
B1). The HB1/HB3 and A5/A3 primers are synthesized with duisRead of dTTP(B2) After the initial 10
cycles, a (UDG) digestion step is performed, which tesnlthe cleavage of HB1 and AR3) Thereafter
another 40 cycles of amplification are performed with treeafishe HBVinternal primers HB2, and Tag5

which is an internal primer complementary to the compleangfitag (cTag) sequence of A5. The rationale Tr

the use of primers HB3, A3 and their internal primers HEx3 is identical. Those PCR products resulti
from amplification between twélu-repeat sequences will have a Tag sequence at one endramher
amplification of these products after UDG treatmenittvils be inefficient, while the product containtigV

and Tag sequences will amplify logarithmically. Thetamally, Tag primer extension products could annealjto

each other and amplify, but this is rare (Minanal. 1995). Refer tAAppendix C for primer sequences

1%

\%

e
anti-

g

Reproduced from: Minanst al., 1995.
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The total number of cycles was 40. Products wgsarséed by agarose gel electrophoresis,

followed by Southern blotting and hybridization ki full-length HBV genome probe.

A4.3 FL-PCR (section 2.2.5.3)

A4.3.1 Amplification off Total DNA (genomic templag)

Per sample: 5ug of genomic DNA was combined, oymiitd 1 x reaction buffer containing
15 mM MgCh; 200uM dNTP mixture (Promega), dM each of sense (P1) and anti-sense
(P2) primers; and nuclease free water, to a tatiainae of 20 ul. This was overlaid with 40 pl

mineral oil.

A mixture comprising 3.75 units Expand High Fidelileoxynucleoside-triphosphate
deoxynucleotidyltransferase (Tag Polymerase) (Rddaenheim, Germany) in storage buffer
(20 mM Tris-HCL, pH 7.5, 100 mM KCI, 1 mM Dithiotéitol, 0.1 mM EDTA, 0.5 % Nonidet
P40, 0.5 % Tween 20, 50 % glycerol); 0.5 pl reachoffer; and nuclease free water to a total

volume of 5 ul; was prepared on ice.

Samples were heated in a pre-heated RoboCycler@aieture Cycler (Stratagene, La Jolla,
CA, USA), to 94°C for 2 minutes, and 58°C for 36mswals. Five ul of the enzyme mixture was
then added to each sample, while the temperatusenaintained at 58°C. Thereafter samples
were passed through 40 cycles of amplificationmasimg 10 cycles of 94°C for 40 seconds,
58°C for 90 seconds, 72°C for 3 minutes; and 30esyof identical conditions, with the

exception of the 72°C step, where the time wagas®d by 2 minutes with every 10 cycles.

A4.3.2 Amplification off pSM2/HBV Clone Template fa use as a probe in SH
All conditions as for genomic template, with theception that 5 ng of the template DNA,
were used. Both restricted human genomic DNA andPER products were subjected to SH

(sections 2.6, 2.4) to screen for integrants with FL-HBV genome probe.

Products were analysed by using 0.8 % agarosdeggta@phoresis, and the 3.2 kb (FL HBV

genome product) band excised on a UV transillumm@uVP), and purified with the
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MinElute QIAgen gel extraction kit (protocol as peanufacturer's instructions) for use as a

probe in SH.

A5 Creating a ribonuclease-free environment (RNA Aalysis
Handbook, Promega, 2004) (section 4.2.1.1)

RNA work was carried out in an area, and with lalavg@ipettes, ice buckets, apparatus,
plasticware etc.), dedicated exclusively for thafgpse. Latex gloves were used at all times to

prevent contamination of bacteria or mould from skim.

Working surfaces were treated with Recombinant Ri&sénhibitor (patented, Promega),
which inhibits most ribonucleases, and which isrgnteed not to interfere with downstream
applications. Once treated surfaces were wiped ghgan paper towelling, 3 %,B8,, and

copious amounts of Diethyl pyrocarbonate (DEPCated water (Appendix D).

All reagents used in RNA work were exclusively reee for this purpose, and handled with
the use of sterile technique, baked spatulas amifiespaper weighing boats. Solutions were
treated with DEPC (by overnight incubation andistiy at room temperature and autoclaving
at 121 °C for 30 minutes to inactivate DEPC). Tésed buffers, whose free amino group
would react with the DEPC, thus inhibiting theirflesing action, were prepared with

ribonuclease free tested Tris, DEPC-treated watet,correctly treated glassware etc.

Sterile, disposable ribonuclease and deoxyribumaseldree plastic-ware was used. Non-
disposable glassware was washed with Vircon (Rateg) and tap water, rinsed in tap water,
rinsed in 70 % EtOH (Roche) to remove residual saagd rinsed several times in deionised
distilled water; followed by 3 rinses in DEPC-treditwater (Appendix D). Each item was

wrapped in foil, autoclaved, and baked for 16 h@trd50 °C.

Items such as electrophoresis troughs were soakeldbfminutes in 3 % #D, and rinsed 3

times in DEPC-treated water before use.
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A6 Polyacrylamide gel electrophoresis (PAGE) anextraction of

DNA from the polyacrylamide gel (sections 4.2.4.4,..2.5)

The PCR generated fragments were resolved by PA@Ere A7). The polyacrylamide gel
was transferred onto filter paper, dried (FigurelAZ-1.3) placed in a photographic cassette
with an intensifying screen (Figure A7:1) and exqubt autoradiographic film (Figure A7:2).
The edges of the film were shaped, the film sectodte filter paper and the pattern at the
edges traced onto the filter paper for future afigpurposes. After developing, the bands on
the film were pierced through to the polyacrylangyeé(Figure A7:3) to mark the positions of
the fragments (Figure A7:2.1-2.3; A7:3.1-3.3). Fnegts were excised from the
polyacrylamide gel with a sterile blade and the DNdiled off in distilled water (Figure
A7:3.4) and re-amplified by PCR. By extracting amaplifying the DNA from each fragment

separately, the various products of one PCR caefeenced individually.
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Photographic cassette lid
(no intensifying screen)

Photographic cassette

Photographic film
3MM Filter paper

(3.3)The position of DNA
fragments seen as bands on
"~ thefilm can be transferred to
the polyacrylamide gel by
piercing through both film
and gel with a sterile needle

(3.4)Bands are cut fromthe
polyacrylamide gel with a
sterile scalpel using the needle
piercingsasa guide. DNAis
boiled off the gel and used for
re-amplification.

Figure A7: Diagrammatic representation of procedure for the
marking and excision of bands from polyacrylamigdesgOnce
excised, the gel/paper is soaked and boiled inntatenable
recovery of the DNA for further amplification. Byteacting

and amplifying DNA from each band separately, tagous
products of one PCR can be sequenced individually.

1A%
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APPENDIX B

Diagrammatic representation of plasmid pSM2

EcoRI (2)
Aval (7)
BamHI (9893) Smal (9) BamHI (12)
Aval (9422) Pstl (28)
ind
RNAZD mRNA19 - Hindlll (32)

Apall (1231)

\ Pstl (2055)

ApalLl (8568)
Aval (8452)

/\

BamHI (8389)
Ncol (8361)
mRNA18
MRNAS
mRNA13
HI (7477)

5

4 i

\V

OMO00000

10167 bp ApaLl (2477)

Al15

mMRNA14
Aval (7116)

EcoRI (6987)

BamHI (6711) /

Aval (6240)

G

N

1RNA9 MRNA12
polyA_signall

Eco RI (3805)
\ Aval (3934)

mRNALD ~~ TRNA7 BamHI (4295)

ApaLl (2477)

Aval (5270) MRNA4
BamHI (5207) MRNA1

Ncol (5179) mMRNAS

MRNAG

Figure B1: Plasmid pSM2 contains d@coRI| head-to-tail dimer of fullength HBV
genotype D, subtypayw (Galibertet al., 1979) which was cloned via &toRI site

(Sommetret al., 1997).Reproduced from a map kindly supplied by Professor H. (W@inrich-Pette-

Institut fur experimentalle Virologie und Immunologie an Waiversitat Hamburg, Germany).



APPENDIX C
PRIMER SEQUENCES

Table VIII: DNA oligonucleotide sequences for PCR.

C1

Name and Sequence Tm
position* if CC);
applicable 50mM
(Na")
HBV-specific primers
'HB1+ 5'- ACAUGAACCUUUACCCCGUUGC - 3 62
(1133-1154)
'HB2+ 5'- GCGCTGCAGTGCCAAGTGTTTGCTGACGC - 3 76
(1165-1193)
'HB3- 5 — GAGUUCUUCUUCUAGGGGACCU - 3 62
(2489-2510)
HB4- Sequence never published
“FX1 5'— ACCTTTGTGGCTCCTCTGCCGATCCATACT -3 73
(1243-1272)
“FX2 5'— GAACTCCTAGCAGCTTGTTT -3’ 56
(1276-1295)
’FX3 5 — TGAACAGTAGGACATGAACA -3 54
(1847-1866)
’FX4 5'— GCCCCAAAGCCACCCAAGGCACAGCTTGGA -3 77
(1871-1900)
14303- 5'- AGUGCCAAGUGUUUGCUGACGACUGCACUC 84
CAGCCUGGGCGAC - 3
'A5- 5'- CAGUGCCAAGUGUUUGCUGACGCCAAAGUG 81
CUGGGAUUACAG - 3'
*>MD60 | 5'- CTGCCGATCCATACTGCGGAAC - 8 66
(1258-1279)
“MD26C 5'- CATGGAGACCACCGTGAAC - 3 60
(1607-1625)
‘MX2 5'- TGCCCAAGGTCTTACATAAGAGGA - 3' 64
(1639-1662)
°1374+ 5'- ATGGCTGCTAGGCTGTACTG -3’ 60
(1374-1393)
1732+ 5 - CTGGGAGGAGTTGGGGGA - 3 61
(1730-1747)
1765+ 5 - GGTCTTTGTACTAGGAGGCTG - 3 61
(1763-1781)
1898+ 5'- GGCATGGACATTGACCCGTA -3’ 54
(1896-1916)
1966- 5' - GTCAGAAGGCAAAAACGAGAG - 3 60
(1946-1966)
°P1 5'- CCGGAAAGCTTGAGCTCTTCTTTTTCACCTC 55

(1820-1841)

TGCCTAATCA -3’ (HBV sequence underlined)




Cc2

°p2 5- CCGGAAAGCTTGAGCTCTTCAAAAAGTTGCATG 56
(1813-1853) | GTGCTGG-3’ (HBV sequence underlined)
Tag primers

Tag3 5'- CCAAGTGTTTGCTGACGACTGCA - 3' 65

‘cTag3 5'- TGCAGTCGTCAGCAAACACTTGG - 3 65

Tag5 5 — CAAGTGTTTGCTGACGCCAAAG - 3 62

'cTag5 5'- CTTTGGCGTCAGCAAACACTTG - 3 62

Primers for reverse-amplification of mMRNA
Oligod(Tys |5 -TTTTTTTTTTTTTTIT -3 24
“Anchored | Oligo d (Ty7 VN, where Vis A, GorC,andNisA, G, Cor[T -36
Oligo d(T)~
Beta-Galactosidase Gene Primers

YGAPDH + |5 - CCCTTCATTGACCTCAACTACATG - 3’ 64
““GAPDH - | 5 - CATGCCAGTGAGCTTCCCGTTCAG - 3’ 69

(+) sense (-) anti-sense

* Numbers in brackets denote nucleotide position of primeglation to HBV genome V01460 where
EcoRlI cleavage site is position 1.

AThis primer was a sense primer and should have been argi-#¢tesnpts to confirm that the incorrect
sequence had been published were unsuccessful.

BLater publications (Murakanst al., 2004; Saiget al., 2008) equated the HB3 primer with MD60, and
published the MD60 sequence as that of HB3. In this case MIB6[@I not be used as a nested primer for
HB3.

Note:

Primers:

1. were synthesized commercially by:
Integrated DNA Technologies (Coralville, lowa, US&IBCOBRL Life
Technologies (Paisley, Scotland, UK), and Sigman{Sauis, Missouri, USA)

2. were designed with the use of:
http://www.hgmp.mrc.ac.uk/GenomeWeb/nuc-primer.html

3. Tm values were calculated by Net primer Tm datcu for 50mM (N&)

http://www.basic.northwestern.edu/biotools/oligacaimi

References:
1 Minamiet al., 1995 8 Owiredet al., 2001
2 Kawaiet al., 2001 9 Glinthest al., 1998
3 Chumakowt al., 1992 10 Weinbergt al., 2000
4 P. Paterlini-Bréchot — personal 11  Zhu & Liang 1997

communication

Murakamiet al., 2004
Unpublished - primer designed in
house

7 Kramviset al., 1996

o Ol



APPENDIX D
RECIPES
Acrylamide solution 40%
38 g Acrylamide
2 g BIS
5 g Amberlite mixed bed resin
50 ml ddHO

Cover container with foil
Stir at room temperature for 30 minutes

Filter through Whatmann filter paper
Make up to 100 ml volume with ddB

Agarose Gels for RNA Resolution

Prepare a 1% agarose/formaldehyde gel (containlgglethidium bromide)
20.0 ml 5x MOPS buffer

72.0 ml DEPC-treated dgB

1.0 g agarose, molecular biology grade

Heat to boiling (in a microwave oven) and cool boat 55°C

In a fume hood, add 17.6 ml 37% formaldehyde aptds 10 mg/ml

ethidium bromide to the mixture

Gently mix

Pour the gel and allow to cool

Prepare the RNA samples by mixing 1 part RNA samjitle two parts

RNA sample buffer to a total volume of 1030 depending on how much
volume can be loaded on the gel

Heat the sample to 65°C for 5 minutes and then aoate for 2 minutes

Add 2l of RNA loading buffer

Pre-run the gel for 10 minutes in 1 x MOPS buffeompto loading the samples
Load the RNA samples and run the gel at 4-5 V/cm

Continue electrophoresis until the bromophenol lolye has migrated at least 2/3
to ¥ of the length of the gel

Bromophenol Blue Dye

20 mg of 0.1% bromophenol blue dye
4 ml of 0.1M EDTA
10 ml of 50% glycerol

D1



D2

Deionised Formamide

Pour formamide into a 2 L beaker

Add 5% amberlite MB-1

Stir for 30 minutes at room temperature

Remove fluid formamide by filtering through a Buelnfiunnel and Whatmann filter paper
Repeat the filtering step

Aliquot into 100 ml botlles

Store at -20°C

DEPC treated Water

1 ml DEPC
1L ddHO

Add the DEPC to the ddi® while stirring gently
Cap the bottle loosely and leave to stir gentlyroight
Autoclave

Store at room temperature

Freezing medium
A total volume of 50 ml of medium requires:

Complete medium

50 ml Commercially available MEM, DMEM, or EMEM) pmpriate for cell line.
Heat to 37°C

Require approximately 10 ml for 4 000 000 cells

FBS (complement inactivated)
5 ml FBS for a final concentration of 20% (completedium already contains 10% FBS)
Pre-heat to 37°C

Glycerol or DMSO
5 ml required for a final concentration of 10%

Combine complete medium, FBS, glycerol or DMSO, stirdwell
Make up fresh every time

Glycerol Tolerant Buffer

108 g Tris base

36 g Taurine

2 G NaEDTA.2H,0O
ddH,O to 500 ml
Filter sterilise



Modified Church and Gilbert Buffer for SH

0.5M phosphate buffer consisting of:

720ml of 0.5M NaHP O,
280ml of 0.5M NaHPO,
pH 7.2

7% wlv SDS

10 mM EDTA

Gel dye for differential display

95% formamide

10mM EDTA (pH 8.0)
0,01% Xylene Cyanol
0,01% Bromophenol Blue
Store at room temperature

Luria Broth

10 g bacto-tryptone

5 g bacto-yeast extract

5 g NaCl

ddH,O to 900 ml

pH to 7.5 with NaOH
Aliquot into 100 ml bottles
Autoclave immediately

Luria Broth Agar Plates

1 g Tryptone

0.5 g Yeast extract

1 g NaCl

ddH,O to 95 ml

1.5 g Agar

Autoclave and cool to 48°C

D3

Add 100 pl (50 mg/ml) selective antibiotic (usuadiypicillin or tetracycline), in hood,

using sterile technique

Pour into sterile culture plates (to thicknesscir in hood using sterile technique

Allow to set

Dry lid down in 37°C incubator overnight (also teeck for contamination)

Store at 4°C for up to 1 month



Lysing Buffer for Phenol Chloroform DNA Extraction

420.42 g of 7 M urea

17.53 g of 0.3 M NacCl

3.72 g of 10 MM EDTA

10 ml of 10 mM Tris (pH7.5)
ddH,Oto 1L

MOPS Buffer 5x

0.2 M MOPS (pH 7.0)
0.05 M Sodium Acetate
0.005 M EDTA (pH 8.)

83.72 g MOPS (free acid)

8.23 g Sodium acetate

1.6 L DEPC HO

20 ml DEPC-treated 0.5 M EDTA

adjust pH to 7.0 with 10 N NaOH

Make up to 2 L volume with DEPC,B
Dispense into 200 ml aliquots and autoclave

Phosphate Buffered Saline (PBS)
8 g NaCl

0.2 g KClI

1.44 g NaHPO,

0.24 g KHPO,

ddH,O to 800 ml

pH to 7.4 with HCI

ddH,Oto 1L

Autoclave

Polyacrylamide Denaturing Gel (0.6%)

31.5 g Urea

3.75 ml Glycerol tolerant buffer

15 ml 40% Polyacrylamide

26.25 ml ddHO

Stir until urea dissolves (~30 Minutes)
450 pul Ammonium persulphate

18.75 ul TEMED

D4



RNA Loading Buffer

50% high grade Glycerol
1 mM EDTA
4% bromophenol blue

Prepare in DEPC-treated:®

Dispense into single use aliquots
Store at -20°C

RNA Sample Buffer

10 .0 ml deionized formamide
3.5 ml 37% formaldehyde
2.0 ml 5x MOPS buffer

Dispense into single aliquots
Store in tightly sealed, screw cap tubes, at -Z0tQ@p to 6 months

SDS Buffer 10%

Autoclave 1 L ddHO

Dissolve 100 g SDS in 900 ml of this water with teimeat
Adjust pH to 7.2 with HCI

Make up to volume with remaining autoclaved doH

SSC Buffer 20x

350.7 g NaCl

44.13 g Na citrate

Make up to 2 L with ddkD
Autoclave

TBE Buffer 10x

108 g Tris base

55 g Boric acid

7.44 G NaEDTA

Add ~800 ml ddHO

pHto 8.0

Make up to 1 L volume with ddiD

D5



TE Buffer (pH 8) 1x

1 mlof 1 M EDTA

10 ml of 1 M Tris (pH 8.0)

Add ~800 ml ddHO

pHto 8.0

Make up to 1 L volume with ddiD
Autoclave

D6
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APPENDIX E

CHROMAS RESULTS FOR

SEQUENCE OF T45.3

Model 377 28-4 8car Signal G:340 A:211 T:205 C:1019 Page 1 of 1
m& Version 3.4.1 DT {BD Set Any-Primer} Tue, 8 Mar, 1904 12:10 ar
ABI100 4.3car dRHOD INSTRUMENT FILE Mon, 19 Aug, 2002 6:42 pn
Version 3.3.1 Lane 28 Points 925 to 8252 Pk 1 Loc: 925 Spacing: 10.97{10.97}

QMTAW@{MTM @ mmmmmmmm&cmmmmmnmmm1
R

’v“ A M “ ”M ’]w “ Mu mm“

6 TCACTGT (@AGIC TIMAGC TG TRC THGETGA TTTRAG0A TG TTACCC TR PAAGATTTGAG TRCTG TRAGTAC TC TG TTTTIRC TTCTACTTC U TAGDW
40 15 160 170 180 190 200 210 220 230 240 250

1

mj\lh!u i!x\tlﬁn\,MWJM,.MLm\mﬂwn\!].umm,\_.n ;L‘. [ W

(CAGATCTTCRGA A GCCTCTAC TNIG TATNGGATGC TTAAA TAT CTGAMGARTTGTTCAC THACA TACTONANTMACIGAMGCA TIT TTTGCTGGGAMA TTAATGANITTAGC TN

P70 280 290 300 310 320 330 340 350 360 370 380 390

lmmm1ﬂcm7mmmm GT AAAANINANGA TGGOWNTA NTTANGAMNITATGANGG TTTANNITTT TONIC @CCCCCCaccaa
{ 400 410 420 430 440 450 460 470 480 490 500 51@ 520



E2

Model 377 28-4 3car Signal G:340 A:211 T:205 C:1019 Page 1 of 1

ABI & Version 3.4.1 DT {BD Set Any-Primer} Tue, 8 Mar, 1904 12:10 ar

ABI100 4.3car dRHOD INSTRUMENT FILE Mon, 19 Aug, 2002 6:42 pn

Version 3.3.1 Lane 28 Points 925 to 8252 Pk 1 Loc: 925 Spacing: 10.97{10.97}

@MWAM‘MTM a Mmmmmmmsmnmc(ccmmccmmﬂmm TICPATATCICTIGTIAT,
56 g f: 70 0] 110 120 130

)' U"M RUL M [,.J‘le ‘,' Hl‘lWh HIMN

G TCACTG A G TARAGC TG TRCC TG GG GG TTTOGEEA TG@CA TTGACCC TR PAAGATTTGA G TACTG THAGTAC TG TTTTTGIC TTCTACTTCTTTC TAGRA
40 15 160 170 180 190 200 210 220 230 240 250 260

GAGATCTTCRGA R GICTCIGC TNIGTATNGGGA TGC TTAMA TCT CTGMGAITTGTTCAC THACA TARCTONINTMGIGAMAGCAT GCIGGGWATTAATGANITIAGC TQNT]
P70 280 290 300 310 320 330 340 350 360 370 380 390

IKI}HIGG(EF AMTTTGEAATTNGINATANGGGAONAGTANTANGTN G T AAAANIDANHA TGGNNTAN INTTANTAMNI TATGINGG TTTANNTTTT TN QCCCC CCOacaa
400 410 420 430 440 450 460 470 480 490 500 510 520

KKM@CM@WMCMMMCMMM@MMW@MMMMOC(IGIW
30 540 550 560 570 580 596 600 610 620 630 640 650 0
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ETHICS CLEARANCE CERTIFICATES

UNIVERSITY OF THE WITWATERSRAND. JOHANNESBURG

Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

R14/49 Martins-Furness

CLEARANCE CERTIFICATE PROTOCOL NUMBER M071048

PROJECT Characterisation of Hepatitis B Virus DNA
Integrants in Liver of Southern African Blacks with

Heptocellular
Carcinoma

INVESTIGATORS Ms C Martins-Furness

DEPARTMENT Department of Medicine

DATE CONSIDERED 07.10.26

DECISION OF THE COMMITTEE* APPROVED UNCONDITIONALLY

Unless otherwise specified this ethical clearance is valid for 5 vears and may be renewed upon
application.

DATE 07.10.30 CHAIRPERSON
(Professors PE Cleaton-Jones, A Dhai, M Vorster,
C Feldman, A Woodiwiss)

*Guidelines for written ‘informed consent’ attached where applicable

cc:  Supervisor : Prof M Kew

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10005, 10th Floor,

Senate House, University.

I/'We fully understand the conditions under which 1 am/we are authorized to carry out the abovementioned
research and [/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the

Commitee. 1agree to a completion of a yearly progress report.
PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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GENBANK DATA SEARCHES
FOR SEQUENCE T45.3
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NCBI Blast:Nucleotide Sequence (55 letters) Page 1 of 21 G3

BLAST Basic Local Alignment Search Tool

L
Edit and Resubmit Save Search Strategies Formatting options Download

Nucleotide Sequence (55 letters)

Results for: Icl|7243 None(55bp)

Your BLAST job specified more than one input sequence. This box lets you choose which input sequence to show
BLAST results for.

Query ID

icl|7243
Description

None
Molecule type

nucleic acid
Query Length

55

Database Name
nr
Description
All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental samples or phase 0, 1 or 2
HTGS sequences)
Program
BLASTN 2.2.21+ Citation

Reference

Zheng Zhang, Scott Schwartz, Lukas Wagner, and Webb Miller (2000), "A greedy algorithm for aligning DNA
sequences”, J Comput Biol 2000; 7(1-2):203-14.

Other reports: Search Summary [Taxonomy reports] [Distance tree of results]

Search Parameters

Program blastn
Word size 28
Expect value 10
Hitlist size 100
Match/Mismatch scores 1,-2
Gapcosts 0,0
Low Complexity Filter Yes
Filter string L;m;
Genetic Code 1
Database

Posted date Sep 27, 2009 5:41 PM

Number of letters 28,993,070,215
Number of sequences 9,897,685
Entrez query none

Karlin-Altschul statistics
Params Ungapped Gapped

Lambda  1.33271 1.28
K 0.620991 0.46
H 1.12409 0.85

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009




NCBI Blast:Nucleotide Sequence (55 letters) Page 2 of 21

Results Statistics

Length adjustment 29

Effective length of query 26

Effective length of database 28706037350
Effective search space 746356971100
Effective search space used 746356971100

Graphic Summary

Distribution of 100 Blast Hits on the Query Séquence

2

An overview of the database sequences aligned to the query sequence is shown. The score of each alignment is
indicated by one of five different colors, which divides the range of scores into five groups. Multiple alignments on the
same database sequence are connected by a striped line. Mousing over a hit sequence causes the definition and
score to be shown in the window at the top, clicking on a hit sequence takes the user to the associated alignments.
New: This graphic is an overview of database sequences aligned to the query sequence. Alignments are color-coded
by score, within one of five score ranges. Multiple alignments on the same database sequence are connected by a
dashed line. Mousing over an alignment shows the alignment definition and score in the box at the top. Clicking an
alignment displays the alignment detail.

Color key for alignment scores

<40 40-50 50-80 80-200 >=200
Qu e ry (I S — e e——)
| | | | I |
0 10 20 30 40 50

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009




NCBI Blast:Nucleotide Sequence (55 letters)

Descriptions
Legend for links to other resources: U] uniGene 3 GEO E Gene &4 Structure (M| Map Viewer

Sequences producing significant alignments:
(Click headers to sort columns)

AM087268.1 Uncultured ectomycorrhiza
rRNA gene
and 258 rRNA gene

(partial),

AB241267.1 Verasper moseri DNA, microsatellite marker

Vemosb64

AB241258.1 Verasper moseri DNA,_ﬁiCrosatellite marker

AB114435.1 Pseudorasbora parva DNA, microsatelite marker

Vemos43

PA19

AJ620495.1 Mus musculus partial MRNA for non-selective

cation channel TRPV1

(trpvl gene)

AF327894.1 Cloning vector pExchaﬁgé_ir-éoﬁplgie sequenéé-

AJ567368.2 Vitis vinifera samdc gene for S-

(Thelephoraceae) 188
ITS1, 5.8S rRNA gene, ITS2
(partial), clone 11-3C

Page 4 of 21

4e-13 92%

 4e-13 925

4e-13 92%

80.5 100% 4e-13 92%

G6

adenosylmethionine decarboxylase proenzyme, mRNA

AF076778.1 Cloning vector péMVfAESé, complete sequence
AF076777.1 5Ioning_béctor prVfAEng Eﬁmﬁiéte_ﬁé&aéﬁzg--
AF076312.1 -Eiahing-veétdr_ﬁCMVTAG5a,_c6551EEé EE&héﬁéé o
AF076311.1 blonihé-Vector pCMVTAG4c7_Eom51éEé-Seqdéﬁéé
AF076310.1 Cloning vectof_bCMVTAG457_ébmplefé_sgaheﬁée-
AF073000.1 Cloning veétdr-deVTAG4a[ ébmpfété_ggquencé
AF072999.1 Cloniﬂg vector pCMVTAG3c, complete sequencé
AF072998.1 Cloning vector'pCMVTAGjB,Hagﬁﬁiefg_Sequeﬂce-
AF072997.1 Cloning vector pCMVTAGBa,-complete séﬁueﬁce
AF072540.1 Clonind_ﬁeétor pCMﬁTAéibf_Ebmileté_géﬁﬁéﬁéé“_
AF072539.1 Cloning vector pCMVTAGébTIéBhiiéié_ééﬁuénce
AF072538.1 Cloniﬁé_vebtor PCMVTAG2a, éompleté éééﬁéﬁég__

AF067646.1__Ci5niﬂg vector_bCMV—séfiﬁfﬁif_Eompi%féngéqueﬂag-_§b;5

clone KC4

AF028239.1 Mammalian expfeésidh“6e5£6;_§CMV:Scriét}_

¥Y13161.1
U46018.1
U46017.1

X91477.1

X91293.1

AJ132233.1 Enterobacter éérdo&iaé bigc (béitial)-énd-gigA
strain 57-7

complete sequence

Sus scrofa microsatellite DNA isolate pGCﬁ6O

Cloning vector pCRSCRIPT Cam, complete sequence

Cloning vector pPCR-Script Amp SK(+), complete

sequence

‘Uncultured bacterium paffiél_iéé_iﬁﬁé_éeﬁémm

(clone group Ab54n)

Bacterial sp. partial 168 rRNA gene_(clbﬁé'éroup 80.5

G41)

(partial) genes,

AB2&125§.1__V€}§§§ef_méééri bNA,_miérdéatellité_ﬁérkéf'

AY303671.
AY303669,
AY299693.

AJ277653.
AF179626.

T

Vemos44

Broad host range expression vector pMHE7ITC,

complete sequence

Broad host range expression vector pMHE7,

complete sequence

_I_B_ré)aéi I_IC;S_t J_fé\nge expfession vector .pMFE2-,_____

complete sequence

http://blast.ncbi.nlm.nih.gov/Blast.cgi

Escherichia coli plasmid pGBG1

80.5 100%

780.5 80.5 100%

~80.5 80.5 100%
80.5 80.5 100%
"80.5 80.5 100%

~80.5 80.5 100%
80.5 100%
78.7 78.7 98%
75.0 75.0 94%
75.0 175.0 94%

" 75.0 75.0 94%
75.0 75.0 94%
75.0 75.0 94%
75.0 75.0 94%°

"~ 80.5 80.5 100%
AJ007320.1 Homo sapiens MRNA for EﬁmﬁﬁbéioﬁﬁiIﬁ_ﬁE5§§_Ehaiﬁ 80.5 80.5 100%
variable region,

80.5 80.5 100%
80.5 80.5 100%
80.5 80.5 100%
80.5

80.5 80.5 100%
80.5 80.5 100%

780.5 80.5 100%
80.5 80.5 100%
80.5 80.5 100%

80.5 80.5 100%
80.5 80.5 100%

de-13 92%

de-1392% [N

4e-13 92%

4e-13 92% '_m_'

4e-13 92%
4e-13 92%
4e-13 92%
4e-13 92%

80.5 80.5 100%
80.5 80.5 100%
80.5 80.5 100%

" 80.5 80.5 100%
80.5 80.5 100%

" 80.5 80.5 100%
~ 80.5 80.5 100%

4e-13 92%

4e-13 92%

4e-13 92%

4e-13 92%

4e-13

 2e-12

4e-13 92%
4e-13 923%
4e-13 92%
4e-13 92% m -
4e-13 92%

4e-13 92%

4e-13 92%
4e-13 92%
4e-13 92%

92%

92%

2e-11 92%
2e-11

2e-11

- 2e-11

2e-11
2e-11

9/28/2009
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NCBI Blast:Nucleotide Sequence (55 letters) Page 5 of 21 G7

Expression vector pGP100, complete sequence

AF179625.1 Shuttle vector pCS513, complete ééduence 75.0 75.0 94% 2e-11 92%
AF178582.1 Expression vector pCéiIE é&ﬁﬁié&é’éé&ﬁéﬁéé"' 75.0 75.0 94% 2e-11 92%

AB005666.1 Homo sapiens mRNA for GTPase-activating protein, 75.0 75.0 94%  2e-11 92%
complete cds

FJB34451.1 Expressibn vector pTiSO, Eomilete Eéihéﬁée - 73.1 73.1 92%  TJe-11 92%
FJ834450.1 'Exbreésion”vectof ﬁTLSS, comﬁigte sequence 73.1 73.1 92%  7e-11 92%
FJ602701.1 Expression vector pFJl.1-yk1350a08, complete  73.1 73.1 92% 7e-11 92%
sequence
FJ410917.1 _ﬁiﬁé£§-;ééféf_bNML54, complete sequencé o 73.1 73.1 92% Te-11 92%
FJ380063.1 Suicide vector pMQ200, complete sequence 73.1 73.1 92% TJe-11 92%
FJ380062.1 shuttle vector pMQ175, complete sequence  73.1 73.1 92% 7e-11 92%
FJ386489.1 Cloning vector pEX302, complete sequence 73,1 73.1 92%  Te-11 92%
AB464951.1 Secale cereale DNA, rye-species specific DNA  73.1 73.1 92% 7e-11 92% )
element, clone: lambdall-2,1.5subclone
AB304876.1 Shuttle vector pRS446TEF DNA, complete sequence 73.1 73.1 92% TJe-11 92% )
AB304875.1 shuttle vector pRS446PGK DNA, complete seguence 73.1 73.1 92%  7e-11 92%
2B304874.1 Shuttle vector pRS446GAP DNA, complete sequence 73.1 73.1 92%  Je-11 92% i
AB304873.1 Shuttle vector pRS446ADH DNA, complete sequence 73.1 73.1 92%  Je-11 92%
AB§b487§.I'_éﬁﬁttié“ﬁector-pRS445TEF DNA, complete sequence 73.1 73.1 92%  7e-11 92%
AB304871.1 Shuttle vector pRS445PGK DNA, complete sequence 73.1 73.1 92% TJe-11 92%
AB304870.1 Shuttle vector pR§455E£fTDﬁX:“béﬁﬁféfé_éequence 73.1 73.1 92%  7e-11 92% o )
AB304869.1 Shuttle vector pRS445ADH DNA, complete sequence 73.1 73.1 92% 7e-11 92%

AB304868.1 shuttle vector pRS444TEF DNA, complete sequence 73.1 73.1 92%  7e-11 92%

©92%  7e-11 92%
92%  Te-1192%
92%  7e-11 92%
92%  7e-11 92%

AB304867.1 sShuttle vector pRS444PGK DNA, complete sequence 73.1 73.
AB304866.1 Shuttle vector pRS444GAP DNA, complete sequence 73.1 73.
73.1 73.
73.
73.

AB304865.1 Shuttle Vector'p§S444ADH DNA, complete sequéﬁbe
AB304864.1 Shuttle vector pRS436TEF bﬁA,"EompleEe sédﬁéﬁaé_ 73
AB304863.1 sShuttle vector pRS436PGK DNA, cémbiefé-sequencé 73 92% Te-11 92%
7925 7e-11 92%
92%  Te-11 92%
92%  7e-11 92%
92%  7e-11 92%
92% Te-11 92%
92% Te-11 92%

73.

.1
.1
AB304862.1 Shuttle vector pRS436GAP-ﬁNA, éompleﬁe seduéﬁbe__73.l_'73.
AB304861.1 Shuttle vééfor-pRS§§6ADH_bNA,_Eoﬁpleté'Séqﬁenbe 73.1

.1

AB304860.1 Shuttle §€Et5f-§R§Z§STEF DNA&, Eoﬁpiéte sequence-'7§ 3.
AB304859.1 -Sﬁhttlé-vectér_bﬁgﬁégPaK-Bhﬁ,'Eéﬁﬁlete sequénce 73.1  73.
AB304858.1 Shuttle vector pRS435GAP DNA; éomplete sequence 73.1  73.

.1 73.

AB304856.1 Shuttle vector pR§Z3hiEF_BNK,_E5ﬁ§1eEe sequéﬁbe 73.1 73.

AB304857.1 Shuttle vecfof-§§§4§5iDﬁ DNA, combiete_ééﬁhénce 73

T92%  7e-11 92%
AB304855.1 Shuttle vector pRS434PGK DNA, complete sequence 73.1 73.1 92%  7e-11 92%
AB304854.1 Shuttle vector pRS434GAP DNA, complete sequence 73.1 73.1 92%  7Je-11 92%
AB304853.1 Shuttle vector pRS434ADH DNA, complete sequence 73.1 73.1 92% 7Je-11 92%
AB304852.1 Shuttle vector pRS433TEF DNA, complete sequence 73.1 73.1 92% 7Je-11 92%
92%  7e-11 92%

92%  7e-11 92%

AB304851.1 Shuttle vector pRS433PGK DNA, complete sequence 73.1 73.
AB304850.1 shuttle vector pRS433GAP DNA, complete sequence 73.1 73.
AB304849.1 Shuttle vector pRS433ADH DNA, complete sequence 73.1 73.1 92% 7Je-11 92%
73,1 73.1 92%  T7e-11 92%

R R e e R e Hi Pl R R R R R R R R R R R
| | | |

EU546§§2.1-_Eiéﬁzﬁg_vector pMQ125, compléie'seqﬁéﬁcé__

EU546821.1 EIShZhg vector pMQ124, complete sequence 73.1 73.1 92% 7e-11 92%
AM940001.1 Cloning vector pIMC  73.1 73.1 92% 7e-11 92%
2M940000.1 Cloning vector pIMK N ©73.1 73.1 92%  7e-11 92%
EU257522.1 Cioniﬁg vector pNC-GFP, complete sequence 73.1 73.1 92% 7e-11 92%
EU257520.1 Cloning bectof'bTOR, ébmpleﬁe éeqﬁénce 73.1 73.1 92% Te-11 92%
EU257519.1 Cloning vector pSAM, complete sequence T 73,1 73.1 92%  7e-11 92%

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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AM884385.1 Cloning vector pGHGWY 73.1 73.1 92% Te-11 92%

73.1 73.1 92% 7e-11 92%
73.1 73.1 92% Te-11 92%

AM884384.1 Cloning vector pGHGWG
AMB84383.1 Cloning vector pGHGWC

EUL186089.1 Binary vector pCLEAN-G144, complete sequence  73.1 73.1 92% 7e-11 92%

EU186088.1 B_i-n;y vector _pCLEAN—G146, complete sequenaé_'"_' 73.1 73.1 92% 7e-11 92% -
EU186087.1 Binary vector pCLEAN-GL47, complete sequence  73.1 73.1 92% 7e-11 92% T
EU147786.1 Binary vector _§G§£_6§, complete sequenae 73.1 73.1 92% Te-11 92%

AMB884388.1 Cloning vector pGBGWY 3.1 73.1 92%  Je-11 92%

AMB84387.1 mnil_uj vector pGBGWG o 73.1 73.1 92%  7e-11 92% :'
AM884386.1 Cloning vector pGBGWC 73.1 73.1 92% 7e-11 92% o ;
AM884382.1 Cloning vector pGKGWC o 73.1 73.1 92% TJe-11 92% o [
AMB84381.1 Cloning vector pGKGWG T 73,1 73.1 92%  7e-11 92% |
AM884380.1 Cloning vector pGKGWY 73,1 73.1 92%  7e-11 92%
EU048869.1 Cloning vector pGreenII 0229 62-SK, T-DNA region 73.1 73.1 92% 7e-11 92% - [
l_-?.a)4_8“8_6?._1_"ci-6_ni_ng vector ;-)GreenII 52_—S¥<, " T-DNA rggi_oni_fs; .1 73.1 92% Je-11 92% i
‘Elb_llm'fT_C_loan_g vector pGreenII 0229, T:EN_A__r_éW_ 73,1 73.1 92%  7e-11 92%
EU048866.1 Cloning vector pGreenIi 0179, “T-DNA region 73.1 73.1 92% Te-11 92%

EU048865.1 Cloning vector pGreenII 0029 62-SK, T-DNA region 73.1 73.1 92% 7e-11 92%

EU048864.1 Cloning vector pGreenII 0029, T-DNA region 73.1 73.1 92% Te-11 92%

EU048863.1 Cloning vector pGreenIl 0800, T-DNA region 73.1 73.1 92% 7e-11 92%

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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BLAST Basic Local Alignment Search Tool

e Your search parameters were adjusted to search for a short input sequence.
Edit and Resubmit Save Search Strategies Formatting options Download

Nucleotide Sequence (33 letters)
Resdults for: 1cl|6357 None(33bp) :

Page 1 of 18

Your BLAST job specified more than one input sequence. This box lets you choose which input sequence to show BLAST results for.

Query ID

Icl|6357
Description

None
Molecule type

nucleic acid
Query Length

33

Database Name
nr
Description

All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,&nvironmental samples or phase 0, 1 or 2 HTGS sequences)

Program
BLASTN 2.2.21+ Citation

Reference

Stephen F. Altschul, Thomas L. Madden, Alejandro A. Schéffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),

"Gapped BLAST and PSI-BLAST: a new generation of protein database search programs”, Nucleic Acids Res. 25:3389-3402.
Other reports: Search Summary [Taxonomy reports] [Distance tree of results)

Search Parameters

Program blastn

Word size 7

Expect value 1000

Hitlist size 100
Match/Mismatch scores 1,-3

Gapcosts 5,2

Filter string F

Genetic Code 1

Database

Posted date Sep 27, 2009 5:41 PM

Number of letters 28,993,070,215
Number of sequences 9,897,685
Entrez query none

Karlin-Altschul statistics
Params  Ungapped Gapped

Lambda  1.37406 1.374086
K 0.710603 0.710603
H 1.30725 1.30725

Results Statistics

Length adjustment 20

Effective length of query 13

Effective length of database 28795116515
Effective search space 374336514695
Effective search space used 374336514695

http://blast.ncbi.nlm.nih.gov/Blast.cgi

9/28/2009
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Graphic_ Summary

Distribution of 104 Blast Hits on the Query Sequence

2

An overview of the database sequences aligned to the query sequence is shown. The score of each alignment is indicated by one of five
different colors, which divides the range of scores into five groups. Multiple alignments on the same database sequence are connected by a
striped line. Mousing over a hit sequence causes the definition and score to be shown in the window at the top, clicking on a hit sequence
takes the user to the associated alignments. New: This graphic is an overview of database sequences aligned to the query sequence.
Alignments are color-coded by score, within one of five score ranges. Muitipl€ alignments on the same database sequence are connected
by a dashed line. Mousing over an alignment shows the alignment definition and score in the box at the top. Clicking an alignment displays
the alignment detail.

Color key for alignment scores
<40 40-50 50-80 80-200 >=200
Query

12 18 24 30

o
o]

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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Descriptions
Legend for links to other resources: [ unicene I3 ceo [E Gene B structure [ Map Viewer

Sequences producing significant alignments:
(Click headers to sort columns)

Page 3 of 18
G11

AM0B7268.1 Uncultured ectomycorrhiza (Thelephoraceae) 18S rRNA gene 65.9 65.9 100% 5e-09 100%

(partial), ITS1, 5.8S5 rRNA gene, ITS2 and 258 rRNA gene

(partial), clone 11-3C
BAB241267.1 Verasper moseri DNA, microsatellite marker Vemos64 65.9 65.9 100% 5e-09 100%
AB241259.1 Verasper moseri DNA,-ﬁicrosatelligé'marker Vemosd4 65.9 65.9 100% 5e-09 100%
AB241258.1 Verasper moseri DNA, microsatellite marker Vemos43 65.9 65.9 100% 5e-09 100%
AB114435.1 Pseudorasbora parva DNA, microsatelite marker PA19 65.9 65.9 100% b5e-09 100%
AJ620495.1 Mus musculus partial mRNA for non-selective cation channel  65.9 65.9 1005 5e-09 100% m

TRPV1 (trpvl gene)
¥14981.1  Brassica oleracea fael gene S ~65.9  65.9 100% 5e-09 100% o
AF327894.1 Cloning vector pExchange 1, complete sequence o " 65.9 65.9 100% 5e-09 100%
AJ567368.2 Vitis vinifera samdc gene for S-adenosylmethionine 65.9 65.9 100% 5e-09 100% UG

decarboxylase proenzyme, mRNA
AF076778.1 Cloniﬁg vecﬁéiupéﬁV%ﬁGSC, complete sequence N 65.9  65.9 100% 5e-09 100%
AFQ76777.1 C_lonirig vector E(W[‘A(ﬁ—b,cgapl-e_te éequence 65.9 65.9 100% 5e-09 100%
AF076312.1 Cloning vector pCMVTAG5a, complete sequence o 65.9 65.9 100% 5e-09 100%
AF076311.1 Cloning vector pCMVTAG4c, complete sequence 65.9 65.9 100% 5e-09 100% -
AF076310.1 Cloning vector pCMVTAG4b, complete sequence 65.9 65.9 100% 5e-09 100%
AF073000.1 Cloning vector pCMVTAG4a, complete sequence ) 65.9 65.9 100% 5e-09 100% -
AF(072999.1 Cloning vector pCMVTAG3c, complete sequence 65.9 65.9 100% 5e-09 100%
AF072998.1 Cloning vector pCMVTAG3b, complete sequence 65.9 65.9 100% 5e-09 100%
AF072997.1 Cloning vector pCMVTAG3a, complete sequence 65.9  65.9 100% 5e-09 100%
AF072540.1 Cloning vector pCMVTAG2c, complete sequence o 65.9 65.9 100% 5e-09 100%
AF072539.1 Cloning vector pCMVTAG2b, complete sequence o 65.9 65.9 100% 5e-09 100% B
AF072538.1 Cloning vector pCMVTAG2a, complete sequence 65.9 65.9 100% 5e-09 100%
AJ007320.1 Homo sapiens mRNA for immunoglobulin heavy chain variable 65.9 65.9 100% 5e-09 100% U

region, clone KC4
AF067646.1 Cloning vector pCMV-scriptEX, complete sequence 1 65.9  65.9 100% 5e-09 100%
AF028239.1 Mammalian expression vector pCMV-Script, complete sequence 65.9 65.9 100% 5e-09 100%
Y13161.1 Sus scrofa microsatellite DNA isolate pGC.60 65.9 65.9 100% 5e-09 100% o
U46018.1 Cloning vector pCRSCRIPT Cam, complete sequence 765.9  65.9 100% 5e-09 100%
U46017.1 Cloning vector pPCR-Script Amp SK(+), complete sequence 65.9 65.9 100% 5e-09 100%
X91477.1 Uncultured bacterium partial 16S rRNA gene (clone group A54n) 65.9 65.9 100% 5¢-09 100%
X91293.1 Bacterial sp. partial 16S rRNA gene (clone group G41) 65.9 65.9 100% 5e-09 100%
AJ132233.1 Enterobacter gergoviae glgC (partial) and glgA (pﬁrtial) 63.9 63.9 96% 2e-08 100%

genes, strain 57-7
AY303671.1 Broad host ra_nge expression vector pMHE7Tc, cofnpiéte sequence 60.0 60.0 90%  3e-07 100%
AY303669.1 Broad host range expression vector pMHE7, complete sequence  60.0 60.0  90% 3e-07 1008
AY299693.1 Broad host range expression vector pPMHE2, complete se&uence 60.0 60.0 90% 3e-07 100%
AJ277653.1 FEscherichia coli plasmid pGBGL 60.0 60.0 90%  3e-07 100%
AB045011.1 Homo sapiens hmGluR2 gene for metabotropic glutamate receptor 60.0 117 920% 3e-07 1005 [J

type 2, complete cds
AF179626.1 Expression vector pGP100, complete sequence i "~ 60.0 60.0 90% 3e-07 100%
AF179625.1 Shuttle vector pCS513, complete sequence 60.0  60.0 90%  3e-07 100%
AF178582.1 Expression vector pCS316 complete sequence 60.0 60.0 90% 3e-07 100%
AB005666.1 Homo -s_apiens mRNA for GTPase—activéting prétein, cbmple_te ods 60.0 60.0 90% 3e-07 100% F
AB447355.1 _'E_xi);ession vector pTYIZb DNA, cdﬂlp_l_eté" Eequence 58.0 58.0 87% le-06 100% )
FJ834451.1 Expression vector pTL80, complete sequence o 58.0 58.0 87% le-06 100%
FJ834450.1 FExpression vector pTL85,- comp-l_et_e”sequence 58.0 58.0 87% le-06 100%
aB512772.1 Gene silencing vector pSilent-Duall DNA, complete sequence 58.0 58.0 B87% le-06 100% o
FJ602701.1 Expression vector pFJl.1-yk1350a08, complete sequence 58.0 58.0 87% 1le-06 100%
FJ410917.1 Binary vector pNML54, complete seqhe_nce o i 58.0 58.0 87%  1le-06 1003
FJ380063.1 Suicide vector pMQ200, complete sequence " '58.0 58.0 87% 1e-06 100%
FJ380062.1 Shuttle vector pMQl75, complete sequence " 58.0 58.0 87%  1le-06 100%

'58.0 58.0 87%  le-06 100%

FJ386489

.1 Cloning vector pEX302, compl'ete sequené_e”

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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AB464951.1 Secale cereale DNA, rye-species specific DNA element, clone: 58.0 58.0 87% le-06 100%
lambdall-2, 1.5subclone
FM200852.1 Recombinase expressio-n vector pCre-ble, complete sequence 58.0 58.0 87% le-06 100%
EU606202.1 Neomycin resistance cassette pNeod NeoTet (neoTet) gene, 58.0 92.2 87% le-06 100%
complete cds

AB304876.1 Shuttle vector pRS446TEF DNA, complete sequence 58.0 58.0 87% le-06 100%
AB304875.1 Shuttle vector pRS446PGK DNZ:;- complete sequence 58.0 58.0 87% le-06 100%
AB304874.1 Shuttle vector pRS446GAP DNA, complete sequence 58.0 58.0 87% “1e-06 100% o
AB304873.1 Shuttle vector pRS446ADH DNA, complete sequence 56.0 58.0 87% le-06 100%
AB304872.1 Shuttle vector pRS445TEF DNA, complete sequence o 58.0 58.0 87% 1e-06 100%
AB304871.1 Shuttle vector pRS445PGK DNA, complete sequence 58.0 58.0 87% 1e-06 100%
AB304870.1 Shuttle vector pRS445GAP DNA, complete sequence 56.0 58.0 87% 1e-06 100%
AB304869.1 Shuttle vector pRS445ADH DNA, complete sequence 58.0 ©58.0 87% le-06 100%
AB304868.1 Shuttle vector PRS444TEF DNA, complete_se'é—u—e_nce 58.0 58.0 87% le-06 100% )
AB304867.1 Shuttle vector pRS444PGK DNA, complete sequence 58.0 58.0 87%  le-06 100% o
AB304866.1 Shuttle vector pRS444GAP DNA, complete sequence 58.0 58.0 87% le-06 100%
AB304865.1 Shuttle vector pRS444ADH DNA, complete sequence 58.0 58.0 87% le-06 100% o
AB304864.1 Shuttle vector pRS436TEF DNA, complete sequence 58.0 58.0 87%  1e-06 100%
AB304863.1 Shuttle vector PRS436PGK DNA, complete sequence S 58.0 58.0 87%  le-06 100%
AB304862.1 Shuttle vector pRS436GAP DNA, complete sequence 58.0 58.0 87% le-06 100%
AB304861.1 Shuttle vector pRS436ADH_]-3NA, complete sequence 58.0 58.0 87% le-06 100%
AB304860.1 Shuttle vector pRS435TEF DNA, complete sequence 58._0 58.0 87% le-06 100%
AB304859.1 Shuttle vector pRS435PGK DNA, complete sequence 58.0 58.0 87% 1le-06 100%
AB304858.1 Shuttle vector PRS435GAP DNA, complete sequence 58.0 58.0 7% le-06 100%
AB304857.1 Shuttle vector pRS435ADH DNA, complete sequence 58.0 58.0 87% 1e-06 100%
AB304856.1 Shuttle vector pRS434TEF DNA, complete sequence 58.0 58.0 87% 1e-06 100%
AB304855.1 Shuttle vector pRS434PGK DNA, complete sequence 58.0 58.0 87% 1e-06 100%
AB304854.1 Shuttle vector pRS434GAP DNA, complete sequence 58.0 58.0 87%  le-06 100%
BB304853.1 Shuttle vector pRS434ADH DNA, complete sequence 58.0 58.0 87% 1e-06 100%
AB304852.1 Shuttle vector pRS433TEF DNA, complete sequence 58.0 58.0 87% le-06 100%
AB304B51.1 Shuttle vector pRS433PGK DNA, complete sequence 58.0 58.0 87% 1le-06 100%
BB304B50.1 Shuttle vector pRS433GAP DNA, complete sequence 56.0 58.0 87%  le-06 100%
AB304849.1 Shuttle vector pRS433ADH DNA, complete sequence 58.0 58.0 87%  1le-06 100%
EU546822.1 Cloning vector pMQ125, complete sequence 58.0 58.0 87% le-06 100%
EU546821.1 Cloning vector pMQ124, complete sequence o 58.0 58.0 87% le-06 100%
EU546815.1 Cloning vector pMQ2, complete sequence 58.0 58.0 87% le-06 100%
BM940001.1 Cloning vector pIMC o 58.0 58.0 87%  le-06 100%
AM940000.1 Cloning vector pIMK o - 58.0 58.0 87% 1e-06 100%
EU327977.1 Binary vector pCCRE, complete sequence 56.0 58.0 87% 1e-06 100%
EU327976.1 Binary Vecto-r_waCRE, complete séqu_en_é-e "58.0 58.0 87% le-06 100%
aM889285.1 Gluconacetobacter diazotrophicus PAl 5 complete genome 58.0 146 87% le-06 100%
EU257522.1 Cloning vector pNC-GFP, _c_on_li;leqt_:e- Equence 58.0 58.0 87% le-06 100%
EU257520.1 Cloning vector pTOR, complete sequence”— 58.0 58.0 87% le-06 100%
EU257519.1 Cloning vector pSAM, complete sequence 58.0 58.0 87% le-06 100%
AM8B84385.1 Cloning vector pGHGWY = 58.0 58.0 87% 1e-06 100%
AMB84384.1 Cloning vector pGHGWG 58.0 58.0 87% 1le-06 100% T
AMB884383.1 Cloning vector pGHGWC 56.0 58.0 87% 1e-06 100%
EU186089.1 Binary vector pCLEAN-G144, complete sequence 56.0 58.0 87%  le-06 100% )
EU1B86088.1 Binary vector pCLEAN-G146, complete sequence  58.0 58.0 87%  1le-06 100%
EU1B6087.1 Binary vector pCLEAN-Gl47, complete sequence 58.0 58.0 87% le-06 100%
EU147786.1 Binary vector pGPro2, complete sequence 58.0 58.0 873 le-06 100%
AMBB84388.1 Cloning vector pGBGWY 58.0 58.0 87%  le-06 100%
AMBB4387.1 Cloning vector pGBGWG o 58.0 58.0 87% le-06 100%

58.0 58.0 87% le-06 100%

AMB884386. 1_‘—51'5n'ing vector pGBGWC

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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FLLETET LT |
Sbjct 715 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 683

>gb |AF073000.1|AF073000 Cloning vector pCMVTAG4a,
Length=4319

Score = 65.9 bits (33), Expect
Identities = 33/33 (100%), Gaps
Strand=Plus/Minus

5e-09
0/33 (0%)

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FIELTLE L L LR
Sbjct 715 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 683

>gb|AF072999.1|AF072999 Cloning vector pCMVTAG3c,
Length=4328

Score = 65.9 bits (33), Expect = 5e-09
Identities = 33/33 (100%), Gaps = 0/33 (0%)
Strand=Plus/Minus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FLLLLEE T L
Sbjct 747 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 715

>gb|AF072998.1|AF072998 Cloning vector pCMVTAG3b,
Length=4327

Score = 65.9 bits (33), Expect
Identities = 33/33 (100%), Gaps
Strand=Plus/Minus

5e-09
0/33 (0%)

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FLTELET T L
Sbjct 746 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 714

>gb|AF072997.1|AF072997 Cloning vector pCMVTAG3a,
Length=4326

Score = 65.9 bits (33), Expect
Identities = 33/33 (100%), Gaps
Strand=Plus/Minus

5e-09
0/33 (0%)

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

[T e
Sbjct 745 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 713

>gb |AF072540.1|AF072540 Cloning vector pCMVTAG2c,
Length=4325

Score = 65.9 bits (33), Expect = 5e-09
Identities = 33/33 (100%), Gaps = 0/33 (0%)
Strand=Plus/Minus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FYTLLTTTLEL L LR
Sbjct 744 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 712

>gb|AF072539.11AF072539 Cloning vector pCMVTAG2b,
Length=4324

Score = 65.9 bits (33), Expect
Identities = 33/33 (100%), Gaps
Strand=Plus/Minus

5e-09
0/33 (0%)

Query 1 ATATCGARTTCCTGCAGCCCGGGGGATCCGCCC 33

PITELET TP
Sbjct 743 ATATCGRATTCCTGCAGCCCGGGGGATCCGCCC 711

>gb|AF072538.1{AF072538 Cloning vector pCMVTAG2a,
Length=4323

Score = 65.9 bits (33), Expect = 5e-09
Identities = 33/33 (100%), Gaps = 0/33 (0%)
Strand=Plus/Minus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FIA LTV
Sbjct 742 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 710

>emb |AJ007320.1| [g Homo sapiens mRNA for immunoglobulin heavy chain variable region,

clone KC4

Length=308

Score = 65.9 bits (33), Expect = 5e-09
Identities = 33/33 (100%), Gaps = 0/33 (0%)
Strand=Plus/Minus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

http://blast.ncbi.nlm.nih.gov/Blast.cgi

complete sequence
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NCBI Blast:Nucleotide Sequence (33 letters)

FITELETE L e
Sbjct 261 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 229

>gb|AF067646.1|AF067646 Cloning vector pCMV-scriptEX, complete sequence
Length=4307

Score = 65.9 bits (33), Expect
Identities = 33/33 (100%), Gaps
Strand=Plus/Minus

5e-09
0/33 (0%)

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FITELTE L L |
Sbjct 715 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 683

>gb|AF028239.1|AF028239 Mammalian expression vector pCMV-Script, complete sequence
Length=4278

Score = 65.9 bits (33), Expect = 5e-09
Identities = 33/33 (100%), Gaps = 0/33 (0%)
Strand=Plus/Minus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FFLELEE L el
Sbjct 715 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 683

>emb|¥13161.1] Sus scrofa microsatellite DNA isolate pGC.60
Length=1350

Score = 65.9 bits (33), Expect = 5e-09 «
Identities = 33/33 (100%), Gaps = 0/33 (0%)
Strand=Plus/Plus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FUETLEET L
Sbjct 46 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 78

>gb|U46018.1|CVU46018 Cloning vector pCRSCRIPT Cam, complete sequence
Length=3389

5e-09
0/33 (0%)

Score = 65.9 bits (33), Expect
Identities = 33/33 (100%), Gaps
Strand=Plus/Plus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FITEAL LTI TR
Sbjct 696 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 728

>gb|U46017.1|CVU46017 Cloning vector pPCR-Script Amp SK(+), complete sequence
Length=2961

5e-09

Score = 65.9 bits (33), Expect
( 0/33 (0%)

Identities = 33/33 (100%), Gaps
Strand=Plus/Plus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FETELLTP R e
Sbjct 696 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 728

>emb |X91477.1] Uncultured bacterium partial 16S rRNA gene (clone group AS54n)

Length=338
Score = 65.9 bits (33), Expect = 5e-09
Identities = 33/33 (100%), Gaps = 0/33 (0%)

Strand=Plus/Plus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

FLLELTT L
Sbjct 65 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 97

>emb |X91293.1| Bacterial sp. partial 16S rRNA gene (clone group G41)
Length=322

Score = 65.9 bits (33), Expect = 5e-09
Identities = 33/33 (100%), Gaps = 0/33 (0%)
Strand=Plus/Plus

Query 1 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 33

PLLLT L
Sbjct 34 ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC 66

>emb |AJ132233.1|] Enterobacter gergoviae glgC (partial) and glgA (partial) genes,
strain 57-7
Length=1536

Score = 63.9 bits (32), Expect
Identities = 32/32 (100%), Gaps
Strand=Plus/Plus

2e-08
0/32 (0%)

Query 1  ATATCGAATTCCTGCAGCCCGGGGGATCCGCC 32
FPEEEEETERE R e e e

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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Identities = 53/57 (92%), Gaps = 4/57 (7%)
Strand=Plus/Minus

Query 1 GTCGACGGTA-CGAT-AGTCTTGCATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

CEPEYRTT L A PP
Sbjct 764 GTCGACGGTATCGATAAG-CTTG-ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

55
710

Page 10 of2b15

>emb |AJ007320.1| m Homo sapiens mRNA for immunoglobulin heavy chain variable region,

clone KC4
Length=308

Expect = 4e-13

Score = 80.5 bits (43),
(92%), Gaps = 4/57 (7%)

Identities = 53/57
Strand=Plus/Minus

Query 1 GTCGACGGTA-CGAT-AGTCTTGCATATCGRATTCCTGCAGCCCGGGGGATCCGCCC

CELEEEEE e b L P
Sbjct 283 GTCGACGGTATCGATAAG-CTTG-ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

55
229

>gb|AF067646.1|AF067646 Cloning vector pCMV-scriptEX, complete sequence

Length=4307

Score = 80.5 bits (43), Expect = 4e-13
Identities = 53/57 (92%), Gaps = 4/57 (7%)
Strand=Plus/Minus ’

Query 1 GTCGACGGTA-CGAT~-AGTCTTGCATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

CVEEEETE e e L L e
Sbjct 737 GTCGACGGTATCGATAAG-CTTG-ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

55
683

>gb|AF028239.1|AF028239 Mammalian expression vector pCMV-Script, complete sequence

Length=4278

Expect = 4e-13

Score = 80.5 bits (43),
(92%), Gaps = 4/57 (7%)

Identities = 53/57
Strand=Plus/Minus

Query 1 GTCGACGGTA-CGAT-AGTCTTGCATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

CELEEtr e A e e P L
Sbjct 737 GTCGACGGTATCGATAAG-CTTG-ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

>emb|Y13161.1| Sus scrofa microsatellite DNA isolate pGC.60
Length=1350

Expect = 4e-13

Score = 80.5 bits (43),
(92%), Gaps = 4/57 (7%)

Identities = 53/57
Strand=Plus/Plus

Query 1 GTCGACGGTA-CGAT-AGTCTTGCATATCGRATTCCTGCAGCCCGGGGGATCCGCCC

CETEETEE e e LT L
Sbjct 24 GTCGACGGTATCGATAAG-CITG-ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

>gb|U46018.1|CVU46018 Cloning vector pCRSCRIPT Cam, complete sequence
Length=3399

Score = 80.5 bits (43), Expect = 4e-13
Identities = 53/57 (92%), Gaps = 4/57 (7%)
Strand=Plus/Plus

Query 1 GTCGACGGTA-CGAT-AGTCTTGCATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

CEEEEETE e b L PP Pl
Sbjct 674 GTCGACGGTATCGATAAG-CTTG-ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

>gb|U46017.1|CVU46017 Cloning vector pPCR-Script Amp SK(+), complete
Length=2961

Expect = 4e-13

Score = 80.5 bits (43),
(92%), Gaps = 4/57 (7%)

Identities = 53/57
Strand=Plus/Plus

Query 1 GTCGACGGTA-CGAT-AGTCTTGCATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

NN N N N N AN NN RN NN NN NN RNy
Sbjct 674 GTCGACGGTATCGATAAG-CTTG-ATATCGAATTCCTGCAGCCCGGGGGATCCGCCC

55
683

55
78

55
728

sequence

55
728

>emb|X91477.1| Uncultured bacterium partial 16S rRNA gene (clone group A54n)

Length=338

http://blast.ncbi.nlm.nih.gov/Blast.cgi

9/28/2009



G16

LOCUS AJ007320 308 bp mRNA linear
PRI 22-JUN-1998

DEFINITION Homo sapiens mRNA for immunoglobulin heavy chain
variable region,

clone KC4.
ACCESSION AJ007320
VERSION AJ007320.1 GI:3250843
KEYWORDS heavy chain; immunoglobulin; variable region; VHI1
gene.
SOURCE Homo sapiens (human)

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;
Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates;
Haplorrhini; .
Catarrhini; Hominidae; Homo.
REFERENCE 1
AUTHORS Souto-Carneiro,M.M. and Krenn,V.
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 308)
AUTHORS Souto-Carneiro,M.M.
TITLE Direct Submission
JOURNAL Submitted (16-JUN-1998) Souto-Carneiro M.M.,
Pathologisches
Institut, Wuerzburg University, Josef-Schneider-Str.

2, D- 97080
Wuerzburg, GERMANY
FEATURES . Location/Qualifiers
source 1..308
/organism="Homo sapiens"
/mol type="mRNA"
/isolate="donor 194"
/db_xref="taxon:9606"
/chromosome="14"
/clone="KC4"
/sex="female"
/cell type="B-lymphocyte"
/tissue_type="lowerleg 'sheat"
/rearranged
/note="rheumatoid arthritis patient"
gene <1..>308
/gene="VH1"
CDS <1..>237
/gene="VH1"
/codon_start=1
/product="immunoglobulin heavy chain
variable region"
/protein id="CAA07460.1"
/db_xref="GI:3250844"



/translation="VSCKASGYTFTGYFIHWVRQAPGQOGLEWMGWI SANNGNTHYAHK
LOGRVTMTTDTSTRTAYMDLRSLRSDDTAIYYGRI"

V_region 1..237
/gene="VH1"

/product="immunoglobulin heavy chain
variable region"
ORIGIN

1 gtctcctgeca aggcttctgg atacaccttc accggctact ttatacactg
ggtgcgacag

61 gccectggac aagggcttga gtggatggga tggatcagtg ctaacaatgg
aaatacacac

121 tatgcacata aactccaggg cagagtcacc atgaccacag acacatccac
gaggacagcc

.

181 tacatggacc tgaggagcct gagatctgac gacacggcca tatattatgg
gcggatcecece .

241 cgggctgcag gaattcgata tcaagcttat cgataccgtc gacctcgagg
gggggcccgg

301 tacccaat

Notes:
Corresponds to pPCR Script Amp SK(+) with 100% homology

Corresponds to T45.3 sequence bp 23-55 with 100% homology

G17
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BLAST Basic Local Alignment Search Tool

e Your search parameters were adjusted to search for a short input sequence.
Edit and Resubmit Save Search Strategies Formatting options Download

Nucleotide Sequence (22 letters)

Results for: [cl|40741 None(22bp)
Your BLAST job specified more than one input sequence. This box lets you choose which input sequence to show BLAST results for.

Query ID
Icl[40741
Description
None
Molecule type
nucleic acid
Query Length
22

Database Name
nr

Description
All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental samples or phase 0, 1 or 2 HTGS sequences)
Program .

BLASTN 2.2.21+ Citation

Reference

Stephen F. Altschul, Thomas L. Madden, Alejandro A. Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), "Gapped
BLAST and PSI-BLAST: a new generation of protein database search programs", Nucleic Acids Res. 25:3389-3402.

Other reports: Search Summary [Taxonomy reports] [Distance tree of results]

Search Parameters

Program blastn

Word size 7

Expect value 1000

Hitlist size 100
Match/Mismatch scores 1,-3

Gapcosts 52

Filter string F

Genetic Code 1

Database

Posted date Sep 27, 2009 5:41 PM

Number of letters 28,993,070,215
Number of sequences 9,897,685
Entrez query none

Karlin-Altschul statistics
Params  Ungapped Gapped

Lambda 1.37406 1.37406
K 0.710603 0.710603
H 1.30725 1.30725

Results Statistics

Length adjustment 19

Effective length of query 3

Effective length of database 28805014200
Effective search space 86415042600
Effective search space used 86415042600

« (29 Designing or Testing PCR Primers? Try your s

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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Graphic Summary

Distribution of 103 Blast Hits on the Query Sequence

An overview of the database sequences aligned to the query sequence is shown. The score of each alignment is indicated by one of five different
colors, which divides the range of scores into five groups. Multiple alignments on the same database sequence are connected by a striped line.
Mousing over a hit sequence causes the definition and score to be shown in the window at the top, clicking on a hit sequence takes the user to the
associated alignments. New: This graphic is an overview of database sequences aligned to the query sequence. Alignments are color-coded by
score, within one of five score ranges. Multiple alignments on the same database sequence are connected by a dashed line. Mousing over an
alignment shows the alignment definition and score in the box at the top. Clicking an alignment displays the alignment detail.

Color key for alignment scores

<40 40-50 50-80 80-200 >=200
LILGESSS.. -~~~ ==
| | I I | |
0 4 8 12 16 20

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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Descriptions

Legend for links to other resources: M unicene I3 ceo [ Gene E structure [T Map Viewer

Sequences producing significant alignments:
(Click headers to sort columns)

Page 3 of 21

G20

AB231255.1 Melanotus koikei gene for 2B8S ribosomal RNA, partial sequence 32.2 32.2 12% 17 100%

AB231253.1 Melanotus cete cete gene for 28S ribosomal RNA, éafﬁial sequence 32.2 32.2 2% 17 100% )

CP000148.1 Geobacter metallireducens GS-15, complete genome ) ©32.2 32.2 2% 17 100%

CPO01715.1  Candidatus Accumulibacter phosphatis clade IIA str. UW-1, 30,2 30.2 68% 69  100%
complete genome

54;6_02_42_655'6.1 Pediculus humanus corporis e_\jll_;a?r_yatic translation initiation 30.2 30.2 68% 69 100% E
factor 4B, putative, mRNA

CP001638.1 Geobacillus sp. WCH70, complete genome ' 730.2  30.2  @8% 69 100%

ﬁG_065é34.3 Homo sapiens E2F transcription factor 3 pseudogene 1 (E2F3P1) on 30.2 30.2  68% 69 100% E
chromosome 17

AP00B955.1  Brevibacillus brevis NBRC 100599 DNA, complete genome  30.2 30.2 68% 69 100%

BE009439.1  Methanopyrus kandleri AV19, complete genome o 30.2  30.2 68% €3 100% 5

CP001364.1 Chloroflexus sp. Y-400-fl, complete genome T30.2  30.2  68% 69 100%

F3211062.1 Ne&p?)ra_caninum 24B (24B) _dene, coi'uplete cds T 30.2  30.2 69% 69  100%

CP000909.1 Chloroflexus aurantiacus J-10-fl, complete genome T 30.2 30.2 68% 69 100%

CP000680.1 Pseudomonas mendocina ymp, compléte Ee%me' ) 30.2 30.2 68% 69 T100% o

)?14'_0-61415-3441_ Ostreococcus lucimarinus éCE9901_gamxﬁa_tugul'iz_(TubG) mRNA, 730.2  30.2 100% 69 95% E
complete cds

CP000582.1 Ostreococcus lucimarinus CCE9901 chromosome 2, complete sequence 30.2 30.2  100% 69 95%

XM _001363270.1 PREDICTED: Monodelphis domestica similar to Cas-Br-M (murine)  30.2 30,2 688 69 1005 [e
ecotropic retroviral transforming sequence b, transcript variant
2 (LOC100011932), mRNA

XM 001363186.1 PREDICTED: Monodelphis domestica similar to Cas-Br-M (murine) 30.2 30.2 68% 69 1008 [
ecotropic retroviral transforming sequence b, transcript variant
1 (LOC100011932), mRNA

AB_ZZ:)JTS'LE.___mc_rgm_lo'rpgu_s_mg.wai'miwai gene for 28S ribosomal RNA, pa_rtial 30.2 30.2 68% 69  100%
sequence

CP000142.2  Pelobacter carbinolicus DSM 2380, complete geunome ©30.2 30.2 68% 69 100% i

AB223388.1 Aspergillus oryzae cDNA, contig sequence: AOEST0220 30.2 30.2  68% 69 100%

XM 745154.1 Aspergillus fumigatus Af293 RNA polymerase III transcription  30.2 30.2 68% 69 100% E
factor TFIIIC subunit (Tfc4) (AFUA_1G04980), partial mRNA

AY864330.1 Chrysodeixis chalcites nucleopolyhedrovirus, complete genome 30.2 30.2 68% 69  100% -

AY651069.1 Yarrowia lipolytica fructose-1,6-bisphosphatase (FBP1) gene, 30.2  30.2  68% 63 100%
promoter region and 5' UTR

AC015911.8 Homo sapiens chromosome 17, clone RP11-1094M14, complete 30.2  30.2 68% 69 100%
sequence

AP006627.1 Bacillus clausii KSM-K16 DNI?, complete genome - 30.2 30.2 68% [ 100%

AY666015.1 Grouper iridovirus, complete genome 30.2 30.2 F8% 69 T 100%

CR382127.1 Yarrowia lipolytica strain CLIB122 chromosome A complete 30.2  30.2 68% 69 100%
sequence

AL117559.1 Homo sapiens mRNA; CDNA DKFZp56601624 (from clone DKFZp56601624) 30.2  30.2 69 100 T3

M29149.1 N.crassa DNA (clone pEC25) before exposure to (RIP) repeat- ©30.2  30.2 68% 69 100% )
induced point mutation process

M29151.1 N.crassa DNA (clone pBJ20) after exposure to (RIP) repeat- ©30.2  30.2 68% 69 100%
induced point mutation process

BN001301.1 TPA: TPA_reasm: Aspergillus nidulans FGSC A4 chromosome I - 28.2 28.2  63% 271 100%

m_002582277.1 UEiHocarpus_reeZii 1704 conserved hypothetical protein, mRNA 28.2 28.2 63% 271 100% E )

CP001712.1 Robiginitalea biformata HTCC2501, complete genome 28.2 28.2  63% 271 100%

CP001688.1 Halomicrobium mukohataei DSM 12286, complete genome 28.2 28.2 63% 271 100%

GQ446419.1 Uncultured prokaryote clone DeadSeal IOBCFEO00L 18-A05-Fwd 28.2 28.2 63% 271 100%
genomic sequence

NW_003038009.1 Schistosoma mansoni genome sequence supercontig Smp scaff000234 28.2 28.2 63% 271 100% o

NW_OO§620079.1 “Penicillium chrysoge_nu_m ‘Wisconsin 54-1255 complete genome, 28.2 28.2 63% 271 100%
contig Pc00cl8

XM_002501109.1 Micromonas sp. RCC299 chromosome 3 hypothetical protein 28.2 28.2 81% 271 CIEE G |
(MICPUN_57383) mRNA, complete cds

CP001626.1 Rhizobium leguminosarum bv. trifolii WSM1325 plasmid pR132504, 28.2 28.2 63% 271 100%
complete sequence

FN357716.1 Schistosoma mansoni geno_me_ séquencé supércontig Smp_scaff000425 28.2 28.2 63% 271 100%

FN357525.1 Schistosoma mansoni genome 'sequence' supercontig Sl_np:s_caFf000234 28.2 28.2 63% 271 100%

FN357361.1 ~ Schistosoma mansoni cjerion_le seéﬁence 's'upe_r?:o_n{:'ig Smp_scaff000070 28,2 28.2 63% 271  100%

FN357336.1 Schistosoma mansoni ge_nome sequer?ce supercontig Smp_scaff000045 28.2 28.2 63% 271 7100%

FN357293.1 Schistosoma mansoni genome sequence supercontig Smp scaff000002 28.2 28.2  63% 271 100%

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Page 4 of2b21

CP001227.1 Rickettsia peacockii str. Rustic, complete genome 28.2 56.5 90% 271 100%
CP001612.1 Rickettsia africae ESF-5, complete genome B 28.2 28.2 63% 271 100%
CP001324.1 Micromonas sp. RCC299 chromosome"3', complete_s?quence 28.2 28.2 Bl% 271 94%
CP001323.1 Micromonas”sp. RCC299 chromosome 2, complete sequénce 28.2 28.2 63% 271 1008
AP009153.1  Gemmatimonas aurantiaca T-27 DNA, complete_genome 28.2  56.5 81% 271 100%
CU928129.15 Zebrafish DNA sequence from clone CH73-39022 in linkage group 5, 28.2 28.2  63% 271 100%
complete sequence
AC235194.1 Glycine max strain Williams 82 clone GM WBb0013G10, complete  28.2 28.2  63% 271 100%
seguence
AP009380.1 Porphyromonas gingivalis ATCC 33277 DNA, complete genome 28.2 56.5 81% 271 100%
CP001053.1 Burkholderia phyt?fiﬂn'a-ﬁs PsJN chromosome 2, C(_)rmete sequehée 26.2 28.2 100% 271 90%
AY536043.3 Lyngbya majuscula CCAP 1446/4 putative pyruvate flavodoxin 28.2 28.2 63% 271 100% )
dehydrogenase gene, partial cds; bidirectional hydrogenase
structural gene cluster, complete sequence; hypothetical
protein, XisH (xisH), XisI (xisI), hypothetical proteins, HoxW
(hoxW), and hypothetical proteins genes, complete cds; and
hypothetical protein gene, partial cds
CP001029.1 Meth_ylobacterium populi BJ001, complete 'éenome 28.2 28.2 63% 271 100%
CP001032.1 Opitutus terrae PB30-1, complete genome 28.2 28.2 63% 271 100%
XM_bOléb4828.1_Phaeosphaeria ‘nodorum SN15 hypothetic-eil firotein partial mRNA 28.2 28.2 63% 271 100% E
XM 0016801684. Phaeosphaeria nodorum SN15 hypothetical protein partial mRNA 28.2 28.2 63% 271 100% E
34 001793893.1 Phaeosphaeria nodorum SN15 hypothetical protein partial mRNA 28.2 2B8.2 63% 271 100% E
CU678735.1 Synthetic construct Homo sapiens gateway clone IMAGE:100020404 28.2 28.2  63% 271 1008 B
3' read CLINT1 mRNA
XM_O(_)_1758137'." Physcomitrella patens subsp. patens p}eai.?:ted protein 28.2 28.2 63% 271 100% m_
(PHYPADRAFT_161231) mRNA, complete cds
CP000937.1 Francisella philomiragia subsp. philomiragia ATCC 25017, T28.2  28.2  63% 271 1008
complete genome
CP000766.1 Rickettsia rickettsii str. Iowa, complete genome 28.2 28.2 63% 271  100% B
AMB8B89285.1 ‘Gluconacetobacter diazotrophicus PAlL 5 complete genome_ - 28.2 28.2 63% 271 T100%
EU145676.1 Stethorus sp. JAR-2007 285 ribosomal RNA gene, partial sequence 28.2 28.2  63% 271 100%
AM778940.1 Microcystis aeruginosa PCC 7806 genome sequenci_ng_ data, contig 28.2  28.2 63% 271 100%
C310
CP000683.1 "Rickettsia massiliae MTUS5, complete genome T 28.2 28.2 63% 271 100%
CP000848.1 Rickettsia rickettsii str. 'Sheila Smith', complete genome T 28.2 28.2 63% 271 100% o
CP000847.1 Rickettsia akari str. Hartford, complete genome 28.2  28.2 63% 271 100%
CR927050.34 Zebrafish DNA sequence from clone DKEY-217G21, complete sequence 28.2  28.2  63% 271 100% -
XM_001649113.1 BRedes aegypti inositol 1,4,5-trisphosphate receptor partial mRNA 28.2 28.2  63% 271 IWGE U G
CP000789.1 Vibrio harveyi ATCC BAR-1116 chromosome I, complete sequence 28.2 28.2 63% 271 100%
X4 _001640807.1 Nematostella vectensis predicted protein (NEMVEDRAFT vigi50083) 28.2 28.2  63% 271 10 [
mRNA, complete cds
m_001608'6.§'3'.1 " Babesia bovis hypothetical protein (BB0V71000210_)' MRNA, complete 728.2 28.2 63% 271 100@ E
cds
X 001549280.1 Botryotinia fuckeliana B05.10 predicted protein (BCIG 11879) 2.2 2B.2 63% 271 IV G|
partial mRNA
CPO00764.1 Bacillus cereus subsp. cytotoxis NVH 391-98§, complete genome 28.2 28.2 63% 271 100%
CcP000740.1 Sinorhizobium medicae WSM419 plasmid pSMEDO2, complete genome  28.2 28.2  63% 271 100% s
CP000738.1  Sinorhizobium medicae WSM419, complete genome 28.2  28.2 63% 271 1008
CP000698.1 Geobacter uraniireducens Rf4, complete genome 28.2 28.2 63% 271 100% o
XM 001402323.1 Aspergillus niger CBS 513.88 hypothetical protein (An04g10040) 28.2 28.2  63% 271  100% (G|
partial mRNA
XM 363059.2 Magnaporthe grisea 70-15 hypothetical protein (MGG_08643) 28.2 28.2 63% 271 100% 'E’ o
partial mRNA
CP000656.1 '_-My-cof)acteriu;\ gilvur_n PYR—GCK, complete genome - 28.2 28.2 63% 271 100%
CP000655.1 E;olynucleobacter necessarius subsp. asymbio_t'icus QLW-P1DMWA-1, 28.2 28.2 63% 271 100% -
complete genome
CP000586.1 Ostreococcus lucimarinus CCE9901 chromosome 6, complete sequencé 28.2 28.2 63% 271 100%
XM _001276096.1 Aspergillus clavatus NRRL 1 aminopeptidase, putative 28.2 28.2 63% 271 1005 g
(ACLA 000820), partial mRNA
XM_00126'9'661‘1 _Aspergillus ‘clavatus NRRL 1 RNA polymerase ITT -t-ra'n'scrip_tior'l ) 28.2 28.2 63% 271 100% E
factor TFIIIC subunit (Tfc4), putative (ACLA_029660), partial
mRNA
CU207366.1 Gramella forsetii KT0803 complete circular genome 28.2  28.2 638 271 100%
CP000423.1 Lactobacillus casei ATCC 334, complete_genome 28.2 28.2  63% 271 100%
XM 001195560.1 PREDICTED: Strongylocenffo’éus purpuratus similar to type-1 28.2 28.2 63% 271 100% m
corticotropin-releasing hormone receptor alpha isoform
(LOC585532), mRNA
XM__001176861.JT PREDICTED: Strongylocentrotus purpuratus similar to p34cdc2, 28.2 28.2  63% 271 100% .,m )

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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transcript variant 1 (LOC575965), mRNA

-)hdioo_ll'77'0'b'5'."1 PREDICTED: Strongylocentrotus p_u'r'purat_u's' similar to p34cdc2, 28.2 28.2  63% 271 100% m
transcript variant 2 (LOC575965), mRNA

XM_785357.2 PREDICTED: Strongylocentrotus purpuratus similar to type-1 " 28.2  28.2 63% 271 '100W
corticotropin-releasing hormone receptor alpha isoform
(LOC585532) , mRNA

XM_’?76322.2 - "PREDICTED: Strongylocentrotus purpuratus similar to p34cdc2 28.2 28.2 63% 271 idﬁ%w
{LOC575965), mRNA

NM_067456.2  Caenorhabditis elegans SCP-Like extracellular protein family  28.2 28.2 635 271  100%
member (scl-23) (scl-23) mRNA, complete cds

NM_001054513.1 Oryza sativa (japonica cultivar-group) 0s02g0724500 © 28.2 28.2 63% 271 100% BUGHE
{0s02g0724500) mRNA, complete cds

fM:(ﬁf20_9.%5.1 Asi)_ergillus'terréu_s'f\IIEGZ4 conserveﬁ_'hypothetical--izr_o_te_in T 28.2 28.2  63% 271 100% Ia T

(ATEG_06867) partial mRNA

N

DQBS§502.1 "~ Human herpesvirus 1 strain HF clone 1_(5, partial seqﬁénce 28. 28.2  63% 271 T100%
BX284684.8 Zebrafish DNA sequer;c_e from clone DKEY-14I10 in lirﬁca_ge gféup 8 28.2 28.2 81% 271 94%
Contains part of the plxna3 gene for plexin A3 and two CpG
islands, complete sequence

CP000352.1 Ralstonia metallidurans CH34, comi;;lete genome 28.

N

T28.2  63% 271 100%
AP007171.1 Aspergillus oryzae RIB40 DNA, ScC011 - 28.2 28.2 63% 271 100%

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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BLAST Basic Local Alignment Search Tool

e Your search parameters were adjusted to search for a short input sequence.

Edit and Resubmit Save Search Strategies Formatting options Download

Nucleotide Sequence (19 letters)

Results for: [cl|20163 None(19bp) -
Your BLAST job specified more than one input sequence. This box lets you choose which input sequence to show BLAST results for.

Query ID
Icl|20163
Description
None
Molecule type
nucleic acid
Query Length
19

Database Name

nr
Description

All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,&nvironmental samples or phase 0, 1 or 2 HTGS sequences)
Program

BLASTN 2.2.21+ Citation

Reference

Stephen F. Altschul, Thomas L. Madden, Alejandro A. Schéffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search programs", Nucleic Acids Res. 25:3389-3402.

Other reports: Search Summary [Taxonomy reports] [Distance tree of results)

Search Parameters

Program blastn

Word size 7

Expect value 1000

Hitlist size 100
Match/Mismatch scores 1,-3

Gapcosts 52

Filter string F

Genetic Code 1

Database

Posted date Sep 27, 2009 5:41 PM

Number of letters 28,993,070,215
Number of sequences 9,897,685
Entrez query none

Karlin-Altschul statistics
Params  Ungapped Gapped

Lambda 1.37406 1.37406
K 0.710603 0.710803
H 1.30725 1.30725

Results Statistics

Length adjustment 17

Effective length of query 2

Effective length of database 28824809570
Effective search space 57649619140
Effective search space used 57649619140

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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[ Designing or Testing PCR Primers? Try your s

Graphic Summary

Distribution of 142 Blast Hits on the Query Sequence

(21

An overview of the database sequences aligned to the query sequence is shown. The score of each alignment is indicated by one of five
different colors, which divides the range of scores into five groups. Multiple alignments on the same database sequence are connected by a
striped line. Mousing over a hit sequence causes the definition and score to be shown in the window at the top, clicking on a hit sequence
takes the user to the associated alignments. New: This graphic is an cverview of database sequences aligned to the query sequence.
Alignments are color-coded by score, within one of five score ranges. Multiple ‘alignments on the same database sequence are connected
by a dashed line. Mousing over an alignment shows the alignment definition and score in the box at the top. Clicking an alignment displays

the alignment detail.

Color key for alignment scores
<40 40-50 50-80 80-200 >=200
query | 1 I
(3 9 12 15 18

o—
w—
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Descriptions

Legend for links to other resources: U] uUniGene @ ceo [@ Gene B structure [ Map Viewer

Sequences producing significant alignments:
(Click headers to sort columns)

Page 3 of 27
s G26

DQ464177.1 Hepatitis B virus isolate LT6é clone 4 HBcRg protein and 38.2 66.4 100% 0.19 100%
HBsAg protein (S) genes, complete cds

DQ464176.1 Hepatitis B virus isolate LT6 clone 2 HBcAg protein and  38.2 38.2 1005 0.19 1005
HBsAg protein (S) genes, complete cds

DO336691.1 ‘Hepatitis B virus isolate LT5 clone 7 HBcAg and HBsAg (S) 38.2 36.2 1005 0.19 100%
genes, complete cds

CU633901.1 "Podospora anserina genomib DNA chromosome 1, supercontig 2 34.2 34.2 89% 2.9 100%

XM 001767234.1 Physcomitrella patens subsp. patens predicted protein 34.2  34.2 89% 2.9  100% |G|
(PHYPADRAFT 230074) mRNA, complete cds

XM_001752228.1 Physcomitrella patens subsp. patens predicted protein 34,2 34.2 89% 2.9  100% juGll
(PHYPADRAFT 174045) mRNA, complete cds

X4 001704768.1 Giardia lamblia ATCC 50803 Flongation factor 2 - 34.2 34.2 89% 2.9 1005 [
(GL50803 17570) mRNA, complete cds

CT027701.11  7Zebrafish DNA sequence from clone CH211-209D1 in linkage 34.2 34.2 890% 2.9 100% o
group 16, complete sequence

AC126538.1 Homo sapiens chromosome 16 clone CTD-3225F13, complete 34.2 34.2 89% 2.9  100% B
sequence

AC007014.1 Homo sapiens chromosome 16 clone 66H6, complete sequence 34.2 34.2 89% 2.9 1003

D29835.1 Giardia intestinalis mRNA for elongation factor 2, partial 34.2 34.2 89% 2.9 100%
cds

BN001305.1 TPA: TPA reasm: Aspergillus nidulans FGSC A4 chromosome V 32.2 60.5 84% 12 100%

kM_002502501.1_ Micromonas Eéi RCC299 chromosome 5-predibtea_proLein 32.2 32.2 84% 12 100% IEI o
(MICPUN~50300) mRNA, complete cds

CP001649.1 Desulfovibrio salexigens DSM 2638, complete genome  32.2 86.7 84% 12 100%

CP001326.1 Micromonas sp. RCC299 chromosome 5, complete sequence  32.2 32.2 84% 12 100%

CUB56378.10 Zebrafish DNA sequence from clone CH73-44P7 in linkage 32.2 32.2 84% 12 100%
group 7, complete sequence

CP001336.1  Desulfitobacterium hafniense DCB-2, complete genome 32.2 137 94% 12 100%

XM _002178919.1 Phacodactylum tricornutum CCAP 1055/1 predicted protein,  32.2 32.2 84% 12 100% m
mRNA

AC189384.2 ‘Brassica rapa subsp. pekinensis clone KBrBO52E10, complete 32.2 32.2 843 12 100%
sequence

AC199142.9 Canis familiaris, clone XX-240A15, complete sequence 32.2 32.2 84% 12 "100%

AL954747.1 Nitrosomonas europaea ATCC 19718, complete genome 32.2 58.5 100% 12  100%

XM 001272348.1 Aspergillus clavatus NRRL 1 conserved hypothetical protein 32.2 32.2 843 12 w00 g
(ACLA_065570), partial mRNA

BT026625.1 Gasterosteus aculeatus clone CFW60-KO1 mRNA sequence 32.2 32.2 843 12 1005 ]

CR937049.4 CH230-323M7, complete sequence o o 32.2 32.2 843 12 100% B

NM_126411.1 Arabidopsis thaliana F-box family protein (AT2G03610) 32.2 32.2 84% 12 1005 [T
mRNA, complete cds

AP008230.1 Desulfitobacterium hafniense Y5i_5ﬁi; complete genome B 32.2 84.7 84% 12 100% B

XM _384526.1 Gibberella zeae PH-1 hypothetical protein partial mRNA 32.2  32.2 B4% 12 1008 [

AC006836.7 Arabidopsis thaliana chromosome 2 clone F19B11 map RNSI, 32.2  62.4 B4 12 100% E
complete sequence

AL591038.9  Human DNA sequence from clone RP11-120El on chromosome 9  32.2 32.2 84% 12 100% i
Contains the 5' end of gene MGC23427 and two CpG islands,
complete sequence

AL117205.2 Caenorhabditis elegans YAC Y116A8A, complete sequence 32.2  32.2 84% 12 100%

CR513769.22 Zebrafish DNA sequence from clone CHZ11-212J20 in linkage 32.2 32.2  64% 12 100% i
group 22, complete sequence

BA000001.2 Pyrococcus horikoshii OT3 DNA, complete genome 32.2  60.5 94% 12 1008

AL954148.15 Zebrafish DNA sequence from clone CH211-212L17 in linkage 32.2  32.2 84% 12 100%
group 22 Contains the nr5a2 gene for nuclear receptor
subfamily 5 group A member 2 and four CpG islands,
complete sequence

AP006708.1 Lotus japonicus genomic”DNA, chromosome 3, clone: 32.2 32.2 84% 12 100%
IjT09T23, TMO590c, complete sequence

AP003B800.3 Oryza sativa Japonica Group génomic DNA, chromosome 7, BAC 32.2 32.2 84% 12 100%
clone:0Ji014_E0O9

AF250225.1 Helicobacter pylori TceA2 (iceA2) and CATG-specific 32.2 32.2 84% 12 100%
methyltransferase (hpyIM) genes, complete cds

BE000782.1 ) ) 32.2 111  100% 12 100%

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Archaeoglobus fulgidus DSM 4304, complete genome

Page 4 of 2

G27

ABO18435.1  Amphibacillus xylanus gene for alkyl hydroperoxide 32.2  32.2 B4% 12 100%
reductase C, NADH oxidase, complete cds
AF020707.1 Helicobacter pylori methylase Hpyl (hpyIM) gene, complete 32.2 32.2 84% 12  100%
cds
BN001307.1 TPA: TPA reasm: Aspergillus nidulans FGSC A4 chromosome 30.2 30.2 78% 46 100%
VI
FN393075.1 Saccharomyces cerevisiae EC1118 chromosome X, EC1118 1J11 30.2 30.2  78% 16 100%
genomic scaffold, whole genome shotgun sequence
FP236842.1  Erwinia pyrifoliae strain Epl/96 complete chromosome 30.2 30.2 78% 46 100%
CP001629.1 Desulfomicrobium baculatum DSM 4028, complete genome 30.2 30.2 78% 46 100%
BT097479.1 Soybean clone JCVI-FLGM-22G13 unknown mRNA 30.2 30.2 78% 46 ~100%  [7]
XM _002524312.1 Ricinus communis type I inositol polyphosphate 5- 30.2 30.2  78% 46 005 [
phosphatase, putative, mRNA
XM _002518470.1 Ricinus communis beta-glucosidase, putative, mRNA 30.2  30.2 78% 46 100% Ia
XM _002499864.1 Micromonas sp. RCC299 chromosome 2 SNF2 super family 30.2 30.2 78% 16 100% E
(MICPUN_56440) mRNA, complete cds
CP001431.1 Neorickettsia risticii str. Illinois, complete genome 30.2 30.2 8% 16 100%
34 _002422280.1 Candida dubliniensis CD36 patatin-like serine hydrolase,  30.2 30.2 78% 46 100 [
putative (CD36 33890) mRNA, complete cds
NM_126406.5 Arabidopsis thaliana ubiquitin-protein ligase (AT2G03560) 30.2 30.2 78% 46 w0 [
mRNA, complete cds
CP001614.2 Teredinibacter turnerae T7901, complete genome 30.2 56.5 78% 46 100%
GQ220325.1 Vitis vinifera strain PN40024 mitochondrion, partial 30.2 30.2 78% 46 100%
genome
AC213131.2 Oryza glaberrima clone OG_BBa0031E23, complete sequence  30.2 30.2 78% 16 100%
AC117096.5 Rattus norvegicus NOVECTOR CH230-268L9 (Children's 30.2 30.2 78% 46 T100%
Hospital Oakland Research Institute Rat (BN/SsNHsd/MCW)
BAC library) complete sequence
CP001389.1 "Rhizobium sp. NGR234, complete genome 30.2 82.8 84% 46  100%
CP001323.1 Micromonas sp. RCC299 chromosome 2, complete sequence 30.2  30.2 8% 16 100%
CP001114.1  Deinococcus deserti VCD115, complete genome 30.2  30.2 78% 16 100%
BX548175.1 Prochlorococcus marinus MIT9313 Eomplete genome i 30.2 56.5 B89% 46 100% B
FM204883.1 Streptococcus equi subsp. equi 4047, complete genome 30.2 56.5 84% 46 100%
FJ708746.1 Arabidopsis thaliana leucine-rich repeat receptor-1like 30.2 30.2 8% 46 100% U G
protein kinase (LRR-RLK) mRNA, partial cds
CP000857.1 Salmonella enterica subsp. enterica serovar Paratyphi C  30.2 58.5 84% 4 100%
strain RKS4594, complete genome
AE008691.1 Thermoanaerobacﬁé}_tengcoﬂbensis MB4, complete genome 30.2 30.2 8% 46 100% -
BAE008923.1  Xanthomonas axonopodis pv. citri str. 306, completé_genome 30.2 82.8 100% 46 100%
XM _002331779.1 Populus trichocarpa predicted protein, mRNA ' 30.2 30.2 78% 46 1005 [
XM _002317422.1 Populus trichocarpa predicted protein, mRNA ~ 30.2 30.2 178% 46 T100s [
CP001087.1  Desulfobacterium autotrophicum HRM2, complete genome 30.2 82.8 89% 46 100%
FM992695.1  Candida dubliniensis CD36 chromosome R, complete sequence 30.2 30.2 78% 16 100%
BC151172.1 "~ Mus musculus myb-like, SWIRM and MPN domains 1, mRNA (cDNA 30.2 30.2 783 46 100% g
clone MGC:184072 IMAGE:9088061), complete cds
BC150946.1 Mus musculus myb-like, SWIRM and MPN domains 1, mRNA (cDNA 30.2 30.2 78% 46 0s [
clone MGC:183857 IMAGE:9087857), complete cds
CP001390.1 Geobacter sp. FRC-32, complete genome o 30.2 112 78% 16 100%
CP001358.1 Desulfovibrio desulfuricans subsp. desulfuricans str. ATCC 30.2 86.7 84% 46 100% B
27774, complete genome
XM_00217431071 ScﬁEﬁosaccharomyceé Eaponicﬁé yES275 nucleopofzn Nupléf; 30.2 30.2 78% 46 100% IE’
mRNA
CP000855.1 Thermococcus onnurineus NAL, complete genome 30.2 112 89% 46  100% B
AE009949.1 SE;éptococcus byogeneg MGAS8232, complete éendﬁe"__ 30.2 30.2 TB% 46 100%
FM179360.1  Vitis vinifera complete mitochondrial genome, cultivar 30.2 30.2 78% 46 100% )
Pinot noir clone ENTAV115
CP000829.1 Streptococcus pyogenes NZ131, complete genome 30.2  30.2 78% 46 100%
CU855892.8 Zebrafish DNA sequence from clone CH73-131013 in linkage  30.2 30.2 76% 16 100%
group 14, complete sequence
FJ147546.1 ‘Uncultured bacterium clone RI41 membrane-bound nitrate 30.2 30.2 78% 6 100%
reductase (narG) gene, partial cds
FJ147542.1 Uncultured bacterium clone RI37 membrane-bound nitrate 30.2  30.2 8% 46 100%

reductase (narG) gene, partial cds
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AC232527.1 Brassica rapa subsp. pekinensis clone KBrB084N21, complete 30.2 30.2 8% 46 100%
sequence
XM 002093176.1 Drosophila yakuba GE20905 (Dyak\GE20905), mRNA B 30.2 30.2 78% 46 1005 [
XM_002086404.1 Drosophila yakuba GE22862 (Dyak\GE22862), mRNA  30.2 30.2 18% 16 1'0'6'%_"'@“'*’
CP001100.1 Chloroherpeton thalassium ATCC 35110, complete genome 30.2 56.5 178% 46 100%
AC229605.1 Brassica rapa subép. pekinensis clone KErﬁag§N21, complete 30.2 60.5 78% 46 100%
sequence
AP010486.1 Lotus japonibus genomic DNA, chromosome 3, clone: 30.2 30.2 8% 416 100%
L3TO5N10, TM2057, complete sequence
AP010485.1 Lotus japonicus genomic DNA, chromosome 3, clone: 30.2  30.2 8% 46 100%
LjB25M18, BM2091, complete sequence
CP000967.1 ~ Xanthomonas oryEae pv. oryzae PXOY99R, complete genoﬁE; ©30.2 82.8 100% 46 100% S
BX950229.1 Methanococcus maripaludis strain S2, complete sequence  30.2 30.2 78% 46  100%
NM_103869.3 Arabidopsis thaliana ATMTK (ARABIDOPSIS THALIANA S-METHYL— 30.2 30.2 78% 46 100%
5-THIORIBOSE KINASE); S-methyl-5-thioribose kinase (ATMTK)
mRNA, complete cds
NG 007481.1  Homo sapiens complement component (3b/4b) receptor 1 730.2 30.2 78% 46  100%
(Knops blood group} (CR1l) on chromosome 1
XM _001861253.1 Culex quinquefasciatus conserved hypothetical proteiﬁ, 30.2 30.2 78% 46 100% IE’
mRNA
CP000961.1 Shewanella woodyi ATCC 51908, complete genome 30.2 82.8 89% 46  100%
) ) - AR . T
AMS20689.1 Xanthomonas campestris pv. campestris complete genome, 30.2 82.8 89% 46 100%
strain B100
XM _001749905.1 Monosiga brevicollis MX1 predicted protein 30.2 30.2 78% 46 w00z [
MONBRDRAFT 38958 mRNA, complete cds
CU367257.1 Aphanomyces euteiches cDNA 30.2 30.2 18% 46 100%
CU356650.1 Aphanomyces euteiches cCDNA o '30.2 30.2 78% 46 100%
CU364510.1 Aphanomyces euteiches cDNA o 30.2 30.2 78% 46 100%
CU353601.1 Aphanomyces euteiches cDNA B 7 30.2 30.2 78% 46  100%
CU362623.1 Aphanomyces euteiches cDNA ) 30.2 30.2 18% 46 100%
1 Aphanomyces euteiches cDNA N T 30.2 30.2 78% 46 100%

CU362562.

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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Desligning or Testing PCR Primers? Try your s

Alignments Select All Get selected sequences Distance tree of results Multiple alignment Hew

>gb|DQ464177.1|
protein (S) genes,
Length=3149

Hepatitis B virus
complete cds

Score = 38.2 bits
Identities = 19/19
Strand=Plus/Plus

(19), Expect =
(100%), Gaps =

isolate LT6 clone 4 HBcAg protein and HBsAg

Page 6 of 27
G29

Sort alignments for this subject sequence by: |

E value Score

Query start position

0.19
0/19 (0%)

3109

Query 1 CCGGAAAGCTTGAGCTCTT 19
[EEEEEENE NN
Sbjct 3091 CCGGAAAGCTTGAGCTICTT
Score = 28.2 bits (14), Expect =
TIdentities = 14/14 (100%), Gaps =

Strand=Plus/Minus
AAGCTTGAGCTCTT 19

FITLDLTEL T
AAGCTTGAGCTCTT 2994

Query 6
Sbjct 3007
>gb|DQ464176.1|

protein (S) genes,
Length=3149

Hepatitis B virus
complete cds

Score = 38.2 bits
Identities = 19/19
Strand=Plus/Plus

(19), Expect
(100%), Gaps

CCGGAAAGCTTGAGCTCTT

FLLTEREEEEET Ll
CCGGARAGCTTGAGCTCTT

Query 1

Sbjct 3091

>gb|DQ336691.1|
complete cds
Length=2966

Hepatitis B virus

Score = 38.2 bits
Identities = 19/19
Strand=Plus/Plus

(19), Expect
(100%), Gaps

CCGGAAAGCTTGAGCTCTT

PELLEELT Lyl
CCGGARAGCTTGAGCTCTT

Query 1

Sbjct 2932

>emb | CU633901.1] lﬂ Podospora anserina genomic DNA chromosome 1, supercontig 2

Length=1337546

181
0/14 (0%)

isolate LT6 clone 2 HBcAg protein and HBsAg

0.19

0/19 (0%)

19
3109

isolate LT5 clone 7 HBcAg and HBsAg (S)

0.19
0/19 (0%)

19
2950

Features flanking this part of subject sequence:

922 bp at 5'
1505 bp at 3' side:
Score = 34.2 bits (17), Expect =
Identities = 17/17 (100%), Gaps =
Strand=Plus/Plus
Query 1 CCGGAAAGCTTGAGCTC
[LEEEErrrr il
Sbjct 1190979 CCGGAAAGCTTGAGCTC

side: unnamed protein product
unnamed protein product

2.9

0/17 (0%)

17
1190995

genes,

Percent identity

Subject start position

>ref | XM 001767234.1| m Physcomitrella patens subsp. patens predicted protein (PHYPADRAFT 230074)

mRNA, complete cds
Length=11643

GENE ID: 5930420 PHYPADRAFT 230074 |
[Physcomitrella patens subsp. patens]

Score = 34.2 bits (17), Expect =

hypothetical protein
(10 or fewer PubMed links)

2.9

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Identities = 17/17 (100%), Gaps = 0/17 (0%)
Strand=Plus/Plus

Query 3 GGAAAGCTTGAGCTCTT 19

PLCTTLETLrt i
Sbjct 3328 GGRAAGCTTGAGCTCTT 3344

>ref|XM 001752228.1| m Physcomitrella patens subsp. patens predicted protein (PHYPADRAFT 174045)
mRNA, complete cds
Length=399

GENE ID: 5915452 PHYPADRAFT 174045 | hypothetical protein
[Physcomitrella patens subsp. patens] (10 or fewer PubMed links)

Score = 34.2 bits (17), Expect = 2.9
Identities = 17/17 (100%), Gaps = 0/1 (0%)
Strand=Plus/Minus

Query 2 CGGARAGCTTGAGCTCT 18
|||||||||||||||||
Sbjct 123 GAAAGCTTGAGCTCT 107

>ref |[XM_001704768.1| [5 Giardia lamblia ATCC 50803 Elongation factor 2 (GL50803_17570)
mRNA, complete cds
Length=2697

GENE ID: 5697690 GL50803 17570 | Elongation factor 2
[Giardia lamblia ATCC 50803] (10 or fewer PubMed links)

2.9
0/17 (0%)

Score = 34.2 bits (17), Expect
Identities = 17/17 (100%), Gaps
Strand=Plus/Minus

Query 1 CCGGAAAGCTTGAGCTC 17

ELLEYE LRl
Sbjct 617 CCGGARAGCTTGAGCTC 601

>emb |CT027701.11| !! Zebrafish DNA sequence from clone CH211-209D1 in linkage group

16, complete seguence
Length=115132

Score = 34.2 bits (17), Expect = 2.9
Identities = 17/17 (100%), Gaps = 0/17 (0%)
Strand=Plus/Plus

Query 3 GGAAAGCTTGAGCTCTT 19

LTV ET LT
Sbjct 94763 GGAAAGCTTGAGCTCTT 94779

>gb|AC126538.1| lﬂ Homo sapiens chromosome 16 clone CTD-3225F13, complete sequence
Length=188015

Score = 34.2 bits (17), Expect
Identities = 17/17 (100%), Gaps
Strand=Plus/Minus

2.9
0/17 (0%)

Query 3 GGAAAGCTTGAGCTCTT 19

LR
Sbjct 3414 GGAAAGCTTGAGCTCTT 3398

>gb|AC007014.1|AC007014 lﬂ Homo sapiens chromosome 16 clone 66H6, complete sequence
Length=167080

Score = 34.2 bits (1
Identities = 17/17 {
Strand=Plus/Minus

2.9
0/17 (0%)

Query 3 GGARAGCTTGAGCTCTT 19

IEEELE L
Sbjct 60821 GGAAAGCTTGAGCTCTT 60805

>dbj |D29835.1|GIAEF2 Giardia intestinalis mRNA for elongation factor 2, partial cds
Length=2457

Score = 34.2 bits (17), Expect
Identities = 17/17 (100%), Gaps
Strand=Plus/Minus

2.9
0/17 (0%)

[l

Query 1 CCGGAAAGCTTGAGCTC 17

FLLTTEE L by
Sbjct 530 CCGGAAAGCTTGAGCTC 514

>tpe | BN001305.1] lﬂ TPA reasm: Aspergillus nidulans FGSC A4 chromosome V
Length=3145033

Sort alignments for this subject sequence by:
E value Score Percent identity
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>gi[102621374|gb|DQ464177.1| Hepatitis B virus isolate LT6 clone 4 HBcAg
protein and HBsAg protein (S) genes, complete cds

T RS EEREEE C T T TG T TCATGTCCTACTGTTCAAGCCTCCAAGCTGTGCCTTGGGTG

GCTTTAGGACATGGACATTGACCCTTATARAGAATTTGGAGCTTCCGTGGAGT TACTCTCGTTTTTGCCT
TCTGACTTCTATCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTTTCGGGAAGCCTTAGAGT
CTCCTGAGCATTGTTCACCTCACCATACTGCACTCAGGCAAGCAAT TCTTTGCTGGGGGAATCTAATGAC
TCTAGCTACCTGGGTGGGTGCTAATTTGGAAGATCCAGCATCTAGAGACCTAGTAGTCAGTTATGTCAAC
ACTAATATAGCCCTAAAGTTCAGGCAACTCTTGTGGTTTCACATTTCTTGTCTCACTTTTGGAAGAGAAG
TAGTTGTAGAGTATTTGGTGTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCTTATAGACCACCARATGC
CCCTATCCTATCAACACTTCCGGAGACTACTGT TGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAACT
CCCTCACCTCGCAGACGAAGGTCTCAATCGCCGCGTCGCAGAAGATCTAAATCTCGGGAATCTCAATGTT
AGTATTCCTTGGACTCATAAGGTGGGGAGCTTTACTGGGCTTTATTCTTCTACTGTACCTGTCTTTAATC
CTCATTGGARAACACCATCTTTTCCTAACATACATTTACACCAAGACATTATCAAAAAATGTGAACAGTT
TGTAGGCCCACTCACAGTTAATGAGAAAAGAAGAT TGARATTGATTATGCCTGCTAGGTTTTATCCAAAT
GCTACCAAATATTTACCATTGGATAAGGGTATTARACCT TATTATCCAGAACATCTAGTTAATCATTACT
TCCAAACTAGACACTATTTACACACTCTATGGAAGGCGGGTATATTATATAAGAGAGARACAACACATAG
CGCCTCATTTTGTGGGTCACCATATTCTTGGGAACAAGATCTACAGCATGGGGCAGAATCTTTCCACCAG
CAATCCTCTGGGATTCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCARACACCGCAAATCCAGAT
TGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCARCAAGGTAGGAGCTGGAGCATTCGGGCTGG
GTTTCACCCCACCGCACGGAGGTCTTTTGGGGTGGAGCCCTCAGGCTCAGGGCATGCTACARACTTTGCC
AGCAAATCCGCCTCCTGCCTCCACCAATCGTCAGTCAGGAAGGCAGCCTACCCCGCTGTCTCCACCTCTG
AGAAACACTCATCCTCAGGCCATGCAGTGGAACTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAG
TGAGAGGCCTGTATTTCCCTGCTGGTGGCTCCAGTTCAGAAACAGCAAACCCTGTTCCGACTACTGCCTC
TCCTTTATCGTCAATCTTCTCGAGGATTGGGGACCCTGCACTGAACATGGAGAACATCACATCAGGACTC
CTAGGACCCCTTCTCGTGTTACAGGCGGGGTTTTTCTTGT TGACAAGAATCCTCACAATACCGCAGAGTC
TAGACTCGTGGTGGACTTCTCTCAGTTTTCTAGGGGGARACACCGTGTGTCTTGGCCARAATTCGCAGTC
CCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAACTTGTCCTGGATATCGCTGGATGTGTCTGCGG
CGTTTTATCATCTTCCTCTTCATCCTGCTTCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTATCAAG
GTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCCTCAACCACCAGCACGGGACCATGCCGAACCTGCAC
GACTCTTGCTCAAGGAACCTCTATGTATCCCTCATGTTGCTGTACCARACCTTCGGACGGAAATTGCACC
TGTATTCCCATCCCATCATCCTGGGCT T TCGGARAATTCCTATGGGCGTGGGCCTCAGCCCGTTTCTCCT
GGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGT TAT
ATTGATGATGTGGTATTGGGGGCCAAGTCTGTACARCATCTTGAGTCCCTT TTTACCGT TGT TACCAATT
TTCTTTTGTCTTTGGGTATACATTTARAACCCTAACAARACAAARAGATGGGGTTATTCTTTARATTTTAT
GGGGTATGTCATTGGAAGTTATGGGTCCTTGCCACAAGAACACAT CGTACAAAAAATCARAGAGTGTTTT
AGAAAACTTCCTGTTAACAGGCCTATTGATTGGAAAGTATGTCAACGAATTGTGGGTCTTTTAGGTTTTG
CTGCCCCTTTCACACAATGTGGTTATCCTGCTTTAATGCCCTTGTATGCATGTATTCACTCTARAGCAGGC
TTTCACTTTCTCGCCAACTTACAARGGCCTTTCTGTGTARACAATACCTGAACCTTTACCCCGTTGCCCGG
CAACGGCCAGGTCTATGCCAAGTGTTTGCTGATGCAACCCCCACTGGT TGGGGCTTGGCCATGGGCCATC
AGCGCATGCGTGGAACCTTTCTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGC
TCGCAGCAGGTCTGGAGCAAACATTATCGGGACTGATAACTCTGTTGTCCTCTCCCGCARATATACATCG
TTTCCATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGG
CGCTGAATCCCGCGGACGACCCTTCTCGGGGTCGCTTGGGACTCTCTCGTCCCTTTCTCCGTCTGCCGTT
CCGACCGACCACGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCAGTGCCTTCTCATCTGCCGGACCGT
GTGCACTTCGCTTCACCTCTGCCTAATCATGCCCAGCATCATGCAACT T TTTGAAGAGCTCAAGCTTGCT
GGAARGCTGGAGGTCTTCTTTTTCACCTCTGCCTAATCAGCAGACCCCAGCACCATGCAACTTTTTGAAG
AGCTCAATTTC AN CAGETeN eSO AIER c CCCAGCACCATGCAAC

Notes:

CEERRACORIEABENENY -ps to bp 56-74 of T45.3

G31




_ maps to bp 2-22 at the beginning of the cloned

sequence LT6
GCCCAGCACCATGCAAC maps to bp 2971 to 2987 also in the cloned sequence
LT6

G32




G33

T45.3 bp 75-323
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BLAST Basic Local Alignment Search Tool

Edit and Resubmit Save Search Strategies Formatting options Download

Nucleotide Sequence (322 letters)

Results for: 1cl[49827 None(322bp)

Your BLAST job specified more than one input sequence. This box lets you choose which input sequence to show
BLAST results for.

Query ID
Icl|49827
Description
None
Molecule type
nucleic acid
Query Length
322

Database Name
nr
Description
All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental samples or phase 0, 1
or 2 HTGS sequences)
Program
BLASTN 2.2.21+ Citation

Reference

Zheng Zhang, Scott Schwartz, Lukas Wagner, and Webb Miller (2000), "A greedy algorithm for aligning DNA
sequences”, J Comput Biol 2000; 7(1-2):203-14.

Other reports: Search Summary [Taxonomy reports] [Distance tree of results]

Search Parameters

Program blastn
Word size 28
Expect value 10
Hitlist size 100
Match/Mismatch scores 1,-2
Gapcosts 0,0
Low Complexity Filter Yes
Filter string Lim;
Genetic Code 1
Database

Posted date Sep 27, 2009 5:41 PM

Number of letters 28,993,070,215
Number of sequences 9,897,685
Entrez query none

Karlin-Altschul statistics
Params Ungapped Gapped

Lambda  1.33271 1.28
K 0.620991 0.46
H 1.12409 0.85

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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Results Statistics

Length adjustment 31

Effective length of query 291

Effective length of database 28686241980
Effective search space 8347696416180
Effective search space used 8347696416180

Graphic Summary

Distribution of 100 Blast Hits on the Query Sequence

2]

An overview of the database sequences aligned to the query sequence is shown. The score of each alignment is
indicated by one of five different colors, which divides the range of scores into five groups. Multiple alignments on
the same database sequence are connected by a striped line. Mousing over a hit sequence causes the definition
and score to be shown in the window at the top, clicking on a hit sequence takes the user to the associated
alignments. New: This graphic is an overview of database sequences aligned to the query sequence. Alignments
are color-coded by score, within one of five score ranges. Multiple alignments on the same database sequence
are connected by a dashed line. Mousing over an alignment shows the alignment definition and score in the box at
the top. Clicking an alignment displays the alignment detail.

Coler key for alignment scores

<40 40-50 50-80 80-200 >=200
Guery S o S e ey e T e e e Sl
i | ] I i |
0 60 120 180 240 300

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009




NCBI Blast:Nucleotide Sequence (322 letters) Page 3 of 48G 36

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009




NCBI Blast:Nucleotide Sequence (322 letters)

Descriptions
Legend for links to other resources: [!] UniGene E GEO E Gene E Structure E'Il Map Viewer

Sequences producing significant alignments:
(Click headers to sort columns)
DQO060825.1 Hepatitis B virus isolate 0262-09,

genome

complete

DQ060324.i__ﬁé§étEtis B virus isolate 0121—20, 6bmpi§te

genome

579

579

DQ297468.1 Hepatitis B virus isolate M precore/core proEeiﬁ_éfb

gene, partial cds

Dbféj&%ﬁti_ ﬁebatitis-B virus isolate K é}ecoféycore_proggzg 579 579

AP007262.1 HBV genotyﬁe E DNA["coﬁgieEe_genome,'isolate:

gene, partial cds

HB-JI411F

57

EUé§667i.i__He§atitis B virus isolate Irish-16 X p}oﬁéin (X) 568
gene, partial cds; and precore/core protein
and core protein (C) genes, complete cds

AY738147.1 Hépatifis B virus Cldaénﬁll;_complete-genome

AY738145.1 Heﬁa%IEié B virus clone BS, compléEé_béﬁbme

Afﬁ38144:i-_Hepét£EI§ B_;I}ag_cloné-83, 66ﬁﬂiéfe géﬁoﬁe

DQ060823.1 Hepatitis B virus isolate 8504-91, complete

genome

AM110883.1 ﬁépatitis B virus partial pieC/C éene for
isolate NIE12255

preC/core protein,

AY738146.1 Hepatitis B virus clone B9, complete genome

AY739674

AY935700

.1 Hepatitis B virus

.1 Hepatitis B virus
genome

BabgbBEB.l Hépatitis-gnyfrus

DQ060827

DQ060826.

DQ060822.

genome

.1 Hepéiitis B virus
genome

1 Hepatitis B virus
genome

genome

AB194947.1

AF350200

AF350150.

GQl61816

AM494717.

AM494715.

AM494712

AM494708

AM494707

CMR954

.1 Hepaﬁitis B virus isolate Gaml713 preéore/core

ciong_iiz3§, complete genome 562

isolate 0443-03, complete

isolate 0317-04,

isolate 0433—20;

1 Hepatifzé B virus isolate 8510-91,

protein gene, complete cds

1__ﬁébéEiEis B virus isolate Gamll82FA41
precore/core protein gene,

compléte
Eompiéfe

'édmplete

complete cds

.1 Hepatitis B virus isolate GU1214, complete

genome

CAR187

1 Hépaﬁitis B virus
CAR171

.1 Hepatitis_E virus
CAR150

.i__HéEétitis B virus
CAR138

.1 Hepatitis B virus

1 Hepatitis B virus complete genome,

complete genome,

complete genome,

complete genome,

complete déﬁdﬁg;

http://blast.ncbi.nlm.nih.gov/Blast.cgi

isolate
isolate

isolate

isolate

isolate

(C)

568
568
568

568

562  5¢

isolate TH—HBV:dli, complete 562

562

562

1 Hepatitis'ﬁ_ﬁi}ué DNA, coﬁpieté genome,-iéoiéte: 562

556

562

Page 4 0f4%;37

I IR IR .

579 100% 4de- 99%
162

579 100% 4de- 993
162

579  100% 4de- 993
162

579  100% 4de- 99%
162

573 100% 2e- 98%
160

568 99% 8e—  98%
159

568 100% 8e- 98%
159

568 100% 8e—  98%
159

568 100% 8e- 98%
B 159

568 100% 8e— 98%
159

562 100% de- 98%
157

562 100% 4de—  98%
157

562 100% 4de- 98%
157

562 100% 4de-— 98%
157

562  100% 4de-  98%
157

562 100% de- 98%
157

562  100% 4de- 98%
157

562 100% 4e— 98%
157

562 100% 4de- 98%
157

562 100% 4e—  98%
157

562 100% de- 98%
157

556  100% 2e- 97%
155

556 100% 2e- 97%
155

556 100% 2e- 97%
155

556 100% 2e- 97%
155

556 100% 2e- 97%
155

556 100% 2e— 97%

9/28/2009



NCBI Blast:Nucleotide Sequence (322 letters)

CAR137 155
AM494706.1 Hepatitis B virus complete genome, isolate 556 556 100% 2e- 97%
CAR131 155
AM494704.1 Hepatitis B virus complete genome, isolate 556 556 100% 2e- 97% N
CAR112 155
AM494702.1 Hepatitis B virus complete genome, isolate 556 556 100% 2e- 97%
CAR106 155
AM494699.1 Hepatitis B virus complete genome, isolate 556 556 100% 2e- 97% N
CAR082 155
AM494693.1 Hepatitis B virus coﬁgiéte genome, isolate 556 556 100% 2e- 97%
CAR039 155
2M494690.1 Hepatitis B virus complete genome, isolate 556 556 1005 2e- 978
CAR00S 155
AM494689.1 Hepatitis B virus complete genome, isolate 556 556 100% 2e— 97%
CAR006 155
EU239226.1 Hepatitis B virus isolate PW6, complete genome 556 556 100% 2e- 97%
155
AB274974.1 HepaEItIE'B virus s gene for gqgfbtéin, complete 556 556 100% 2e- 97%
cds, strain:AB60 . 155
AM110903.1 Hepatitis B virus preC/C gene for preC/core 556 556 100% 2e- 97%
protein, isolate CAE306 155
AM110885.1 Hepatitis B virus partial preC/C gene for 556 556 100% 2e- 97%
preC/core protein, isolate NIE12106 155
AM110882.1 Hepatitis B virus partial preC/C gene for 556 556 100% 2e- 97%
preC/core protein, isolate NIE12243 155
AM110875.1 Hepatitis B virus partial preC/C gene for 556 556 100% 2e- 97%
preC/core protein, isolate Lag56l 155
AM110862.1 Hepatitis B virEE_E}éC/C gene for preC/core 556 556 100% 2e- 97%
protein, isolate NIE24175 155
BM110861.1 Hepatitis B virus preC/C gene for preC/core 556 556 100% 2e- 97%
protein, isolate NIE24028 155
AM110859.1 Hepatitis B virus preC/C gene for preC/core 556 556 100% 2e— 97%
protein, isolate NIE24106 155
DQ060829.1 Hepatitis B virus isolate 0350-03, complete 556 556 100% 2e- 97%
genome 155
AB201289.1 Hepatitis B virus genes for X protein, 556 556 1003 2e— 97% B
precore/core ORF, complete cds, isolate:Benin269 155
AF350151.1 Hepatitis B virus isolate Gamll1B84F41 o 556 556 100% 2e— 97%
precore/core protein gene, complete cds 155
X75657.1  Human hepatiti§ virus (Egnotyﬁg_ET-ﬁééy_presl, 556 556 1003 2e- 97%
preS2, S, C, X, antigens, core antigen, X 155
protein and polymerase
GQ161828.1 Hepatitis B virus isolate GU1399, complete 551 551 100% 8e- 97% o
genome 154
GQ161817.1 Hepatitis B virus isolate GU630, complete genome 551 551  100% B8e-  97%
154
GQ161804.1 Hepatitis B virus isolate GU1428, complete 551 551 100% 8e- 97%
genome 154
GQ161798.1 Hepatiltis B virus isolate GUL222, complete 551 551  100% 8e— 97%
genome 154
GQ161789.1 Hepatitis B virus isolate GU1169, complete 551 551 100% 8e- 97%
genome 154
éQléi?Gi.l Hepatitis B virus isolate GU766, complete genome 551 551 100% 8e- 97%
154
GQ161781.1 Hepatitis B virus isolate GU200, complete genome 551 551 100% 8e- 97%
154
GQ161776.1 Hepatitis B virus isolate GU1178, complete 551 551 100% 8e- 97% o
genome 154

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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GQ161771.1 Hepatitis B virus isolate GU896, complete genome 551 551 100% 8e- 97%
154

EF103285.1 Hepatitis B virus isolate Ranl2§, complete 551 551 100% 8e- 97%
genome 154

AM494713.1 Hepatitis B virus complete genome, isolate 551 551 100% 8e- 97%
CAR154 154

AM494710.1 Hepatitis B vi_r?s-gompl-e_te gené_me, isolate ~ 551 551 100% 8e- 97%
CAR144 154

2M494709.1 _Hep_atEis B virus complete genome, isolate 551 551 100% 8e- 97%
CAR143 154

AM494705.1 Hepatitis B virus complete genome, isolate 551 551 100% 8e- 97%
CAR115 154

AM494701.1 Hepatitis B virus complete_-g—enome,_iéo_iate_ 551 551 100% 8e- 97% B
CAR097 154

AM494697.1 Hepat_it_igB_virus_complete genome, isolate 551 551 1003 8e- 97%
CAR063 154

AB274972.1 Hepa?:itis B virus s gene for S protein, compleEé 551 551 100% 8e- 97%
cds, strain:AB250 154

AB274971.1 Hepatitis B virus s gene for S protein, -complete 551 551 100% 8e- 97%
cds, strain:AB295 154

AB27497OT_H_epatitis B virus s gene for S protein, ccEpTete 551 551 100% 8e- 97%
cds, strain:AB291 154

AM110909.1 I-Te_paEIt_ishg virus preC/C gene for preC/core 551 551 100% 8e- 97%
protein, isolate CAEch36 154

AM110904.1 Hepatitis B virus partial preC/C gene for 551 551 100% 8e- 97%
preC/core protein, isolate CAE375 154

2AM110896.1 Hepatitis B virus parE-ai -g;e—c_/.(f‘ge;lg for 551 551 100% 8e- 97%
preC/core protein, isolate CAE193 154

AM110894.1 Hepatitis B virus partial preC/C gene for N 551 551 100% 8e- 97%
preC/core protein, isolate CAE40 154

AM110887.1 “ﬁép_a_ti"t_is B virus partial preC/C gene for 551 551  100% S8e- 97% o
preC/core protein, isolate NIE12179 154

AM110886.1 Hepatitis B virus partial preC/C_h(jene_ for 551 551 100% 8e- 97%
preC/core protein, isolate NIE12195 154

AM110880.1 Hepatitis B virus partial preC/C gene for 551 551 100% 8e- 97%
preC/core protein, isolate NIE12260 154

AM110873.1 __Hépat:,itis B virus partial preC/C gene for 551 551 100% 8e- 97% -
preC/core protein, isolate NIE24258 154

AM110870.1 Hepatitis B virus partial preC/C gene for 551 551 100% 8e— 97%
preC/core protein, isolate NIE24261 154

BAM110869.1 Hepatitis B virus partial preC/C geme for 551 551 100% 8e- 97%
preC/core protein, isolate NIE24259 154

AM110868.1 Hepatitis B virus partial preC/C gene for 551 551 100% 8e- 97%
preC/core protein, isolate NIE24255 154

AM110867.1 Hepatitis B virus partial preC/C gene for 551 551 100% 8e— 97%
preC/core protein, isolate NIE24233 154

AM110866.1 Hepatitis B virus partial preC/C geme for 551 551 100% 8e- 97%
preC/core protein, isolate NIE24195 154

AM110865.1 Hepatitis B virus partial preC/C geme for 551 551 100% 8e— 97%
preC/core protein, isolate NIE24186 154

AM110858.1 Hepatitis B virus partial preC/C gene for 551 551 100% 8e- 97%
preC/core protein, isolate NIE24142 154

AM110857.1 Hepatitis B virus partial preC/C gene for 551 551 100% 8e- 97% N
preC/core protein, isolate NIE24146 154

AM110853.1 Hepatitis B virus partial preC/C gene for 551 551 100% B8e- 97%
preC/core protein, isolate NIE24095 154

AM110852.1 HeE_at?i_tis B virus partial preC/C gene for N 551 551 100% 8e- 97%

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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preC/core protein, isolate NIE24093 154

AM110848.1 Hepatitis B virus partial préE/C géne for 551 551 100% 8e-— 97%
preC/core protein, isolate NIE24008 154

AM110808.1 Hepatitis B virus partial preC/C gene for 551 551 1005 Be— 978
preC/core protein, isolate CAEch60 154

AM110806.1 Hepatitis B virus preC/C gene for preC/core T 551 551 100% 8e- 97%
protein, isolate CAEch57 154

AM110805.1 Hepatitis B virus preC/C gene for preC/core 551 551 100% 8e- 97% N
protein, isolate CAEch55 154

AY739675.1 _Hepatitié_ﬁ virus clone Al-35, complete genome 551 551 100% 8e- 97%

154

AB201290.1 Hepatitis B virus genes for X protein, 551 551 100% 8e- 97%
precore/core ORF, complete cds, isolate:Benin293 154

AB091256.1 Hepatitis B virus DNA, complete genome, 551 551 100% B8e- 97%
isplate:ABI-212 154

55091255.1 Heﬁétiﬁig B ;EEEé_Bﬁijmgoﬁpietemgggéme,- - 551 551  100% 8e— 97%
isplate:ABI-129 154

AM110908.1 Hepatitis B virus preC/CﬂEEhe for preC/core 549 549 100% 3e- 97%
protein, isolate CAEchl3 153

Eéi%i?SO.l Hepafitis B virus isolate GU50, complé%e genomg_ 547 547 100% le- 97%

152

AM110915.1 _ﬁepatitis B virus §E€E/b gene for préc/core 547 547 100% le- 97%
protein, isolate CAEch52 152

AM110906.1 Hepatitis B virus preC/C gene for preC/core 547 547 100% le- 97% T
protein, isolate CAEch4 152

AM110905.1 Hepatifis B virus preC/C geﬁe‘foi preC/core 547 547 100% 1le- 97%
protein, isolate CAEch3 152

AM110850.1 Hepatitis B virus partial preC/C gene for 547 547 100% le- 973
preC/core protein, isolate NIE24072 152

AM110804.1 Heﬁgiitis B virus preC7E gene for pfgb/core 547 547 100% le- 978
protein, isolate CAEch53 152

AM110914.1 Hepatitis B virus partial prec/é ﬁehg"far 545 545 100% 4de- 96%
preC/core protein, isolate CAEch48 152

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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Alignments Select All Get selected sequences Distance tree of results Multiple alignment New

>gb|DQ060825.1| Hepatitis B virus isolate 0262-09, complete genome
Length=3212

Score =

579 bits (313
Identities = 320/323 (

de-162

, Expect
1/323 (0%)

)
99%), Gaps

Ihn

Strand=Plus/Plus .

Query
Sbijct
Query
Sbijct
Query
Sbjct
Query
Sbijct
Query
Sbjct
Query
Sbijct

1
1820
61
1880
121
1940
181
2000
241
2060
301
2120

CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG

LT LT LT T L L R T
CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG

TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGTTACTGTG

LELEL LT T LT e il
TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCT TATAAAGAATT TGGAGCTACTGTG

GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC

LELETEE T L il
GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC

GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACAATACT

CEETEE TP e pr
GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACCATACT

GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT

EETET L L DL L i
GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT

GTAA-TTTGGAAGATCCAGCATC 322

L AL
GTAAATTTGGAAGATCCAGCATC 2142

>gb|DQ060824.1| Hepatitis B virus isolate 0121-20, complete genome
Length=3212

Score =

579 bits (3
Identities = 320/323

de-162
1/323 (0%)

), Expect
99%), Gaps

13
(

Strand=Plus/Plus

Query
Sbijct
Query
Sbjct
Query
Sbijct
Query
Sbjct
Query
Sbijct

Query

1
1820
61
1880
121
1940
181
2000
241
2060
301

CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG

LELEE L LT L L T
CTTTTTCACCTCIGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG

TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGTTACTGTG

LEDLT LT L L il
TGCCITGGGTGGCTTTGGGGCATGGACATTGACCCT TATARAGAATTTGGAGCTACTGTG

GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC

LETAL T LT LT L L |
GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC

GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACAATACT

LETET LT L L L T
GCCTCTGCTCTGTATCGGGATGCCTTAGAAT CTCCTGAGCATTGTTCACCTCACCATACT

GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT

LEEETT L LT Ly
GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT

GTAA-TTTGGAAGATCCAGCATC 322
R TR

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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60
1879
120
1939
180
1999
240
2059
300
2119

60
1879
120
1939
180
1999
240
2059
300
2119
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Sbjct 2120 GTARATTTGGAAGATCCAGCATC 2142

>gb|DQ297468.1| Hepatitis B virus isolate M precore/core protein gene, partial

cds
Length=489
Score = 579 bits (313), Expect = 4e-162
Identities = 320/323 (99%), Gaps = 1/323 (0%)
Strand=Plus/Plus
Query 1 CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCRAAGCTG 60

EELELET T L e
Sbjct 44  CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCARGCTG 103

Query 61 TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATARAGAATTTGGAGTTACTGTG 120

EELTET T L P L
Sbjct 104 TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTG 163

Query 121 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 180

CEET LT LT Ll
Sbjct 164 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 223

Query 181 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACAATACT 240

LELEE T L LT LR T
Sbjct 224 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACCATACT 283

Query 241 GCACTCAGGCAAGCCATTCTITTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 300

LY il
Sbjct 284 GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 343

Query 301 GTAA-TTTGGAAGATCCAGCATC 322

LI LTI el
Sbjct 344 GTAAATTTGGAAGATCCAGCATC 366

>gb|DQ297467.1| Hepatitis B virus isolate K precore/core protein gene, partial

cds
Length=489
Score = 579 bits (313), FExpect = 4e-162
Identities = 320/323 (99%), Gaps = 1/323 (0%)
Strand=Plus/Plus
Query 1 CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 60

EELTLCT T PR
Sbjct 44  CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 103

Query 61 TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATARAGAATTTGGAGTTACTGTG 120

EELTAEE L P LT e il
Sbjct 104 TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATARAGAATTTGGAGCTACTGTG 163

Query 121 GAGTTACTCTCGITTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 180

LEDET LT L L LT |
Sbjct 164 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 223

Query 181 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACAATACT 240

EECE T TP e i
Sbjct 224 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACCATACT 283

Query 241 GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 300

CICTAE Tt e e e LT e
Sbjct 284 GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 343

Query 301 GTAA-TTTGGAAGATCCAGCATC 322

LV T
Sbjct 344 GTAAATTTGGAAGATCCAGCATC 366

>dbj |AP007262.1| HBV genotype E DNA, complete genome, isolate: HB-JI411lF
Length=3212

Score = 573 bits (310), Expect = 2e-160
Identities = 319/323 (98%), Gaps = 1/323 (0%)
Strand=Plus/Plus
Query 1 CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 60

ELLTEET L P PP e
Sbjct 1820 CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 1879

Query 61 TGCCTTGGGTGGCTTTGGGGCATGCGACATTGACCCTTATARAGAATTTGGAGTTACTGTG 120

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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CULEL e e e et bbb e il
Sbjct 1880 TGCCTTGGGTGGCTTTGGGACATGGACATTGACCCTTATARAGAATTTGGAGCTACTGTG 1939

Query 121 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 180

CELLEEC L L LR
Sbjct 1940 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 1999

Query 181 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACAATACT 240

AN NN N R N N N N RN N NN NN N R
Sbjct 2000 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACCATACT 2059

Query 241 GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 300

RSN NNN N R N  NENN EN  N N A RN R R A NNRENEN
Sbjct 2060 GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 2119

Query 301 GTAA-TTTGGRAAGATCCAGCATC 322

LEEL TPt
Sbjct 2120 GTAAATTTGGAAGATCCAGCATC 2142

>gb|EU620071.1| Hepatitis B virus isolate Irish-16 X protein (X) gene, partial
cds; and precore/core protein (C) and core protein (C) genes,
complete cds

Length=761
Score = 568 bits (307), Expect = 8e-159 ,
Identities = 316/320 (98%), Gaps = 1/320 (0%)
Strand=Plus/Plus
Query 1 CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 60

NN RN N RN NN N NN NN NN RN
Sbjct 129 CITTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 188

Query 61 TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGTTACTGTG 120

LETTE TP e L TP e T
Sbjct 189 TGCCTTGGGTGGCTTTGGGACATGGACATTGACCCTTATAAAGAATTTGGAGCTACTGTG 248

Query 121 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 180

NN RN RN N NN R N NN RN
Sbjct 249 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 308

Query 181 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACAATACT 240

LTt et e e e e e bbbt i
Sbjct 309 GCCTCTGCTCTGTATCGGGATGCCTTAGRATCTCCTGAGCATTGTTCACCTCACCATACT 368

Query 241 GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 300

SRR NNNNNRNNENN RNRE N RN AN NN NN N NN
Sbjct 369 GCACTCAGGCAAGCCATTCTTTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGGT 428

Query 301 GTAA-TTTGGAAGATCCAGC 319

LVIE T
Sbjct 429 GTAAATTTGGAAGATCCAGC 448

>gb|AY738147.1| Hepatitis B virus clone Bll, complete genome
Length=3212

Score = 568 bits (307), Expect = 8e-159
Identities = 319/324 (98%), Gaps = 3/324 (0%)
Strand=Plus/Plus
Query 1 CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 60

CEETT LY L L L LR
Sbjct 1820 CTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTG 1879

Query 61 TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATAAAGAATTTGGAGTTACTGTG 120

CELELE e b b ey e bbb et
Sbjct 1880 TGCCTTGGGTGGCTTTGGGGCATGGACATTGACCCTTATARAGAATTTGGAGCTACTGTG 1939

Query 121 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCAGTAAGAGATCTTCTAGATACC 180

CIILERC L L L L el
Sbjct 1940 GAGTTACTCTCGTTTTTGCCTTCTGACTTCTITCCTTCAGTAAGAGATCTTCTAGATACC 1999

Query 181 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACAATACT 240

CEETEEE e L P e
Sbjct 2000 GCCTCTGCTCTGTATCGGGATGCCTTAGAATCTCCTGAGCATTGTTCACCTCACCATACT 2059

Query 241 GCACTCAGGCAAGCCATTCTT-TGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGG 299

RN N N N N NN NN AN AN NN
Sbjct 2060 GCACTCAGGCAAGCCATT-TTGTGCTGGGGAGAATTAATGACTCTAGCTACCTGGGTGGG 2118

http://blast.ncbi.nlm.nih.gov/Blast.cgi 9/28/2009
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