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Abstract

The number of Hepatitis B virus (HBV) whole genomic sequences in public nucleotide databases (GenBank, EMBL, and DDBJ) had
reached 866 by January 1, 2007. Coming from 46 countries and regions, these sequences were categorized as eight genotypes (A—H). With
the statistical and phylogenetic analysis on all available complete genomic data of HBV, we here present an overview of HBV sequences
in public databases. From all registered 229 HBV genomes in Chinese regions as well as 59 sequencing data from our research group, we
report the establishment of reference sequences of HBV strains prevailing in China. These analyses provide clues for the effects of HBV
genotypes in host clinical progressions, geographic distribution of the infection, and the viral evolutionary history. Moreover, the viral
sequence reference would be helpful in the identification of various HBV mutations. Based on the analysis of various public databases,
we suggest that the Chinese HBV database with the clinical information should be constructed.
© 2007 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in

China Press. All rights reserved.
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1. Introduction

Hepatitis B virus (HBV) infection is a major clinical
problem. According to World Health Organization, about
30% of world population, approximately two billions, are
estimated to carry detectable HBV antigens. Nearly 350
millions are chronically infected. At least one million
deaths annually are caused by hepatic failure, hepatocir-
rhosis, and liver cancer as a result of HBV infection. In life
cycle of HBV, there is a reverse transcription process which
leads to the four orders higher in its mutation rate than
other DNA viruses (up to 107°) due to the lack of proof
reading activity by viral reverse transcriptase [1,2]. Such a
high mutation rate of HBV makes the coexistence of vari-
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ous sequences within one infected individual, called as
“quasispecies”’. Generally speaking, under the pressure of
host immune system or clinical antiviral treatment, the
dominant HBV strain in quasispecies may be depressed
but the virus populations are not completely eliminated
and remain a low level of replication. Thus, the strains that
are resistant to medication and are escaped from the
immune surveillance may become a new dominant type,
resulting in drug resistance or virus rebound.

The first HBV DNA was sequenced by Galibert in 1979,
which initiated HBV genomic research [3]. In 1988,
researchers in Japan cloned three HBV strains of adw sub-
type from sera of chronic asymptomatic HBV carriers. The
sequence divergence of 3.9-5.6% was shown in these three
strains, whereas 8.3-9.3% of difference was seen between
the strains from Japan and the United States. Based on
the divergence of 18 HBVs they classified these viruses into
A, B, C, D genotypes [4], taking a sequences difference of
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8% as a cutoff. With the increase of HBV sequences identi-
fied worldwide, further phylogeny analysis found four
more genotypes, resulting in the present eight HBV geno-
types and several subtypes.

Up to January 1, 2007, there had been 866 HBV geno-
mic sequences deposited in public nucleotide sequence dat-
abases (GenBank, EMBL, and DDBJ) [5], 387 out of
which are with genotype identifications and 436 were indi-
cated by countries and regions. These data include
sequences of wild types, natural mutants, dominant drug
resistant mutants, dominant immune resistant mutants, as
well as all types of clone sequences in quasispecies, provid-
ing important information to the research on HBV poly-
morphisms, genotype features, virus epidemiology, and
evolution [6]. China is a country with a large number of
hepatitis patients. In public databases, sequences from
China count approximately one quarter of the total. These
data are valuable resource to study HBV spreading in
China and to provide the knowledge of HBV genomics
to the clinical research.

Detection of HBV mutants is very important in research
of hepatitis B pathogenesis, prevention, and treatment.
Reference sequences are fundamental for mutation identifi-
cation. Due to the variation of HBV sequences obtained
from different localities, reference sequences from a certain
area are very necessary as the representative to that locality.

In this study, 866 sequences retrieved from public dat-
abases were analyzed with statistical and bioinformatic
softwares including CLUSTALW, PHYPLIP, MEGA3.1,
Perl script, etc., to obtain an overview of these HBV gen-
omes. Moreover, 229 from Chinese regions and 59 whole
genomes sequenced by our laboratory were genotyped
from which Chinese reference sequences of genotypes B
and C were further established.

2. HBV genomic sequences in public databases

Until January 1, 2007, 866 HBV genomic sequences
were deposited in GenBank, EMBL, and DDBIJ. These
sequences were from 46 countries and regions in Asia,
Africa, North America, Latin America, Europe, and Mid-
dle East. As shown in Fig. 1, the number grew much faster
after the completion of the draft sequence of the Human
Genome in 2001 [7].

HBYV infection and epidemic in Asia appear more severe.
China has the largest infected population (8%). Similar in
public databases, sequence number from Mainland China
ranks the highest, and then in order are China Hong Kong,
Japan, Africa, Europe, and North America. The number of
reported HBV sequences is closely related with infected size
(Fig. 2 and Table 1) [8].

About 50% of the HBV genomic sequences in public
databases have geographic and genotype annotations, from
which information including viral epidemiology, demo-
graphic distribution of genotypes could be obtained easily.
However, little information about host clinical status is
provided. If sufficient clinical information from the patients
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Fig. 1. The increase of HBV genomic sequences in public databases.

were included in the databases, the integration of clinical
and genomic research would lead to the discovery of more
significant HBV mutations through high throughput bioin-
formatics analysis. Therefore, better clinical interpretations
and solutions could be reached [9]. For instance, research-
ers in England are making effort on establishing the Inter-
national Public Health Repository for Hepatitis B-HepSeQ
[10]. Such a new database would include detailed clinical
information as well as molecular biology information of
HBYV. HepSeQ is a pilot project demonstrating the direc-
tion integrating results of HBV genomic and clinical
studies.

3. HBV genotypes associated with host clinical status and
viral geographic distribution

Based on the divergence of genomic sequences, HBV are
classified into eight genotypes (A-H). These genotypes
were found to correlate with demographic features and
clinical symptoms [11]. Therefore, it is crucial to study
HBYV genotype epidemiology and the relationship between
genotype and clinical outcomes.

We used two methods to estimate HBV genotype distri-
bution in public databases. For the sequences with identi-
fied genotypes, a simple Perl program was applied to
count and then to calculate the percentages of each type.
In another approach, BLAST [12] was used to align eight
genotype reference sequences from NCBI (http://www.
ncbi.nlm.nih.gov/projects/genotyping/formpage.cgi) with
all entries from public databases to group different HBV
genotypes followed by the percentage calculation. Both
methods yielded similar results. Genotype C counts the
most in the databases (about 1/3), and then Genotype B,
A, D in a descending order. These four genotypes represent
about 80-90% of HBV sequences in databases and the rest
are E, F, G, and H. In addition, there are also a few CD
and GC types.

Various studies have indicated that HBV genotypes
have different geographic and demographic distributions.
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Fig. 2. Geographic distribution of HBV sequences (names of countries and regions are from GenBank annotations).

Table 1
World prevalence of HBV

HBsAg (% of population

Area

positive for infection)
Northern, Western, and Central Europe, North America, Australia 0.2-0.5
Eastern Europe, Mediterranean, Russia and the Russian Federation, Southwest Asia, Central and South America 2-7

8-20

Parts of China, Southeast Asia, tropical Africa
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Genotype A is widely distributed and found dominant in
West Europe, North America and Central Africa, and
genotypes B and C are dominant in East Asia, Southeast
Asia, China, and Japan. Genotype D is actually the most
widely distributed type although with less infected popula-
tions in patients of types A, B, and C. This genotype is
found dominant in Mediterranean area, Middle East, and
India. Genotype E is the major type in Africa and F mainly
distributes in American Indians and Central America. Type
G is seen in West Europe and North America and H is dis-
tributed in USA, Mexico, and Central America such as
Nicaragua [13] (Fig. 3).

The most prevalent genotypes in China are B and C.
Type C is dominant in North and B is mainly in South
China. D is found in certain remote areas including Xinji-
ang, Tibet and littoral regions. Only a few cases of A and F
types are found and no E, G, and H have ever been
detected [14].

The clinical outcome of HBV infection varies as a result
of different host immune status, infection pathways, as well
as the virus genotypes. In Asia where genotypes B and C
are dominant, it is proved that genotype C is closely related
with more advanced liver diseases and poorer prognosis in
comparison with genotype B [15]. In India where genotypes
A and D are prevalent, genotype D is more commonly
detected in severe liver diseases and young liver cancer
patients [16]. In Europe, chronic hepatitis B is closely
related with genotype A and acute hepatitis is closely
related with D [17]. On the other hand, different reactions
upon antiviral treatments were also seen among various
genotypes. Research on the interaction between HBV
genotypes and interferon medication indicates that sero-
conversion is more commonly found in genotype B in com-
parison with type C, and similarly more in genotype A
while comparing with D. Although more and more evi-
dence supports above correlations between genotypes and
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Fig. 3. Geographic distribution of HBV genotypes in public databases.

epidemiology and clinical status, it is still unclear whether
the HBV genotype distribution pattern is the consequence
of susceptibility difference among populations [17].

The circular form of HBV genome results multiple start
points in sequencing data from different research groups.
The EcoRI recognition site is the most commonly used
start point although no unanimous one is appointed. The
circular genome with different start points in the public dat-
abases hinders high throughput sequence analysis. Here we
suggest an unanimous start point be selected or annotated
when uploading sequences to the public databases to facil-
itate multiple sequence alignment and homologous
analysis.

4. HBV sequences from China

Currently there are totally 229 HBV genomic sequences
from China in public databases. We did multiple sequence
alignment on these 229 genomes with 23 references from
NCBI [18,19]. Kimura’s two parameter model was used
to calculate genetic distances [20]. A neighbor-joining [21]
tree was constructed and 2000 bootstrap tests were then
carried out to verify the phylogenic analysis. The final
result was displayed by MEGA software [22]. As shown
in Fig. 4, B (75 sequences) and C (134 sequences) are the
two dominant genotypes in China, representing 32.8%
and 58.8% of the total, respectively. Furthermore, three
genotype A and 17 C/D hybrids were reported in China
(Fig. 4). The genotyping results based on phylogenetic
analysis was then verified with NCBI genotyping tool
[23]. In the three sequences of genotype A, AY707087

T

Fig. 4. Phylogeny tree of 229 HBV genomes from China and 23 reference
sequences of NCBI. The alignment resulted 75 B, 134 C, 3 A, and 17 C/D
genotypes, respectively. NCBI reference sequences include Al (X02763),
A2 (X51970), A3 (AF090842); Bl (D00329), B2 (AF100309), B3
(AB033554); C1 (X04615), C2 (M12906), C3 (AB014381); D (X65259,
M32138, and X85254); E (X75657 and AB032431); F (X69798, AB036910,
and AF223965); G (AF160501, AB064310, and AF405706); H
(AY090454, AY090457, and AY090460). A, Genotype C; W, genotype
B; ¢, genotype A; @, C/D types.
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Qinghai Province. The 17 C/D hybrids were from Tibet,

Qinghai, and some other parts of northwest China [24-26].

The epidemiology
China from 1992 to 1995 reported that an average
infection rate of 57.6% and carrying rate of 9.75%,
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surveys

CTCCACCACT
TGGTGGETCC
AATCTTATCG
AGGACCCCTGE
ACAGAGTCTA
TGGCCAALAT
TCCTGGTTAT
ATGCCTCATC
AATTCCAGGA
AGGAACCTCT
TATTCCCATC
TTTCTCTTGE
TGTCTGECTT
GAGTCCCTTT
CACARAACAL
GGCACATTGE
GTARRCAGGC
GCCCCTTTCA
ARACAGGCTT
CTTTACCCCE
ACTEETTEGEE
CCGATCCATA
CTCATCGGGA
CTAGGCTETE
CTGAATCCCE
CTGTTGTACC
TCTCATCTGE
TGAACGICCA
TGTCAACGAC
TGEEGGAGEA
GTTCACCAGT
TGTTCAAGCC
AGAATTTGGA
TCGAGATCTC
TTGITCACCT
TCTAGCCACC
CTATGTCAAC
TCTTACTTTT
CACTCCTCCT
TGTTGTTAGA
GTCTICAATCG
GGACAHCATAS
CTAARRTEECA
GTAAGCAATT
CTGCTAGSTT
ATTATCCAGA
GRAAGGCGGE
CATATTCTTG
ATGEEGACAS
CCTGCATTCA
TGECCGEACE
BGEEEACTET
CCTCCTCCTG
CTAASGGACA

on HBV

TTCCACCAAR
AGTTCAGGAA
AAGACTGEGEGE
CTCGETGEITAC
GACTCGTSGET
TCGCAGTCCC
CGCTGGATGT
TTCITGITGE
TCATCALCAA
ATGITTCCCT
CCATCATCTT
CTCAGTITAC
TCASTTATAT
ATGCCGCTGT
AAAGATGEGEGE
CACAGGLACA
CTATTGATTG
CGCRATGTGG
TTACTTTCTC
TTGCTCGECA
GCTTGGCCAT
CTGCGGALCT
CTGACAATTC
CTGCCALCTG
CGEACGACCC
GACCGRACCAC
CGGACCGTGT
CAGGAACCTG
CGACCTIGAG
GGTTAGGTTA
ACCATGCLAC
TCCAAGCTGET
GCTICTGTGG
CTCEACACCE
CACCATACGE
TGGETGEEEAA
GTTAATATGG
GGGAGAGAAM
GCATATAGAC
CGARGAGHCA
CCGCGTCGCA
GGETEEGALAC
AACTCCTTCT
TGTEEEECCC
TTATCCCAAT
GTATGTASTT
GATCTTATAT
GGAACALGAT
ATCTTTCTGT
AAGCCARCTC
CCARCARGGT
TGEETGEAG
CCTCCACCAA
CTCATCCTCA

infection in

CTCTTCAAGA
CAGTGAGCCC
ACCCTGETACC
AGGCGEEETT
GGACTTCTCT
AAATCTCCAG
STCTGCGECE
TTCTITCTGGEA
CCAGCACCGG
CATSTTGCTG
GEECTTTICGE
TAGTGCCATT
GGATGATSTG
TACCAATTTT
ATATTCCCTT
TATTGTACAR
GAALGTATGT
ATATCCTHCT
GCCALACTTAC
ACGEFCCTHGT
AGGCCATCAG
CCTAGCCGCT
TGTCGTGCTC
GATCCTGCGE
CTCCCEEEGEE
GEEFCFCACC
SCACTTCGCT
CCCRAGHGTCT
GCATACTTCA
AAGGTCTITTG
TTTTITCACCT
GCCITGEEETE
AGTTACTCTC
CCTCTGCTCT
CACTCAGGCA
GTAATTTGGA
GCCTAARLAT
CTGITCTITGA
CACCAARTGC
GGTCCCCTAG
GAAGATCTCA
TTTACGFEGE
TTTCCTGEACA
CTTACAGTAA
GTTACTALAT
AATCATTACT
AAADGAGHGT
CTACAGCATG
CCCCAATCCC
AGALAATCCA
GEEAGTEEGA
CCCTCAGHCT
TCGGCAGTCA
SGCCATGCAG

TCCCAGAGTC
TGCTCAGAAT
GALCATGGAG
TTTICTTGTTG
CAATTTTCTA
TCACTCACCA
TTTTATCATC
CTATCALGGT
ACCATGCAAR
TACAAALCCT
AARLTACCTA
TGEITCAGTGE
GTITTGEGEGE
CTTITTGICTT
AACTTCATGE
AARLTCARLAR
CALCGALTTG
TTAATGCCTT
AAGRCCTTTC
CTGTGCCAAG
CGCATGCSOTG
TGITTTGCTC
TCCCGCALGT
GEZACGTCCT
CGCTTEEEGC
TCTICTTTACG
TCACCTCTGS
TGCATARGAG
AAGHCTETGT
TACTAGGLGE
CTGCCTAALTC
GCITTGEEEGC
TTITTTGCCT
STATCGERAG
AGCTATTCTG
AGATCCAGCA
CAGACALCTA
ATATTTGGTG
CCCTATCTTA
AAGHAGRLCT
ATCTCGEGAA
TTTATTCTTC
TTCATTTGCA
ATGLAAMCAG
ATTTGCCCTT
TCCAGACKCG
CCACACGTAG
GGEAGGTTIGET
CTEEGATTCT
GATTGGEACC
GCATTCGEGC
CAGSGCCTAC
GGELAGGCAGC
TGGAA 3215

AGGGCCCTET
ACTSTCICTG
AACHTCGCAT
ACRLARRTCC
GEEEGALCAC
ACCTGTTIGTC
TTCCTCTHCA
ATGTTECCCE
ACCTGCACARA
ACGGACGGAR
TEEEAGTEEE
TTCSTAGHGE
CCAaGTCTET
TEFETATLCA
GATATGTAAT
TGISTTITAG
TGGSTCTITTT
TATATGCATG
TAASTARLCA
TGITTGCTGEA
GAACCTTTGT
GCAGCAGHTC
ATACATCATT
TTSTTTACGT
TCTACCGCCC
CEEACTCCCC
ACGTCGCATG
GACTCTTIGGEA
GTTTAATGAG
CTGTAGGCAT
ATCTCATSTT
ATGGACATTG
TCTSACTTCT
GCCTTAGAGT
TEITGEESETE
TCCAGGRAAT
TTGTGGTITTC
TCITTTGGAG
TCAACACTTC
CCCTCECCTC
TCTCAATSTT
TACGGTACCT
GGEAGGACATT
GAGACTALAR
AGATAAMGGG
ACATTATTTA
CGCCTCATTT
CTTCCALLCC
TCCCCGATCA
TCALCCCHTA
CAGSGTTCAC
TCACAACTGT
CTACTCCCTT

Fig. 5. Chinese HBV reference sequence CHNHBV07-B.

ACTTTCCTEC
CCATATCSTC
CAGGACTCCT
TCACAATACC
CCGTETETCT
CTCCAATTTG
TCCTGETSCT
TTTISTCCTCT
CTCCTGCTCA
ACTGCACCTG
CCTCAGTCCG
TTTCCCCCAC
ACRACATCTT
TTTAAACCCT
TGEEAGTTGE
GAAACTTCCT
GGGSTTTGCC
TATACALGCH
GTATCTGAAC
CECAACCCCC
GTCTCCTCT G
TGGGGCAAARL
TCCATGGCTG
CCCETCGECG
GCITCTCCGEC
GTCTGTECCT
GAGAHCCACTE
CTTITCAGCAR
TGGEAGGAGT
AAMMTTGGTGT
CATSTCCTAC
ACCCGTATAR
TTCCTTCTAT
CTCCGGAACA
AGTTGATGAL
TAGTAGTCAG
ACATTTCCTG
TGIGGATTCG
CEzAAACTAC
GCAGACGAAG
AGTATTCCTT
TGCTTTAATC
GTTGATAGAT
TTAATTATGC
ATCAAACCGT
CACACTCTTT
TFCGGETCAC
TCzAAALGEC
TCAGTTSSAC
CAAGGACAAC
CCCTCCCCAT
GCCAGCAGCT
ATCTCCACCT

17

converting as a population of 690 million infected,
120 million of carriers, and 20 million of chronic hep-
atitis patients. From the phylogenic analysis one can
draw the picture of genotype and subtype distribution,
as well as the possible evolution history of hybrid types
[27]. However, if detailed host information such as geo-
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graphic location, ethnic background, and particularly 5. Construction of Chinese HBV reference sequences
the clinical reports could also be included, phylogenic
analysis with these data will greatly help us understand
the infection pathways, evolution history of HBV in
China, as well as assist us in disease prevention, con-
trol, and treatment.

Detection of HBV mutants is very important in research
of pathogenesis, prevention, and treatment. Reference
sequences are fundamental for the mutation identification.
Because of the variation among HBV sequences obtained
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CTCCACAACA
TGETRGCTCC
AATCTTCTCG
AGFACCCCTG
ACAGAGTCTA
TGECCARAAT
TCCTHGCTAT
ATGCCTCATC
ACTTCCAGGA
AGZARCCTCT
TATTCCCATC
TTTCTCCT G
TGTTTGECTT
GAGTCCCTTT
ALTARMMCCA
GGTACTTTAC
GTAARTAGAC
GCCCCTTTTA
AAGCAGHCTT
CTTTACCCCE
ACTEEATEGE
COGATCCATA
CTTATCGAN
CTAGGGTETE
CTEARTCCCE
CTECCGTTCC
TCTCATCTGC
TGAACGCCCA
TGTCAATGAC
TGEEEGAGGEA
GTTCACCAGC
TGTTCAAGCC
AGRATTTHGA
TCEAGATCTC
TTETTCACCT
TCTGHCCACC
CTATGTCAAT
TCTTACTTTT
CACTCCTCOCC
TGTTGTTAGA
GTCTCAATCG
GGACTCATAA
CTEAGTECA
GTCAACAATA
CTGCTAGSTT
ATTATCCTGA
GGAAGGCTGE
CATATTCTT
ATGIEGACGA
CCTGCGTTCE
TG CAGAGE
GGCEETCTTT
CCTCCTCCT
CTAAGAGACH

TTCCACCAMS
AGTTCCGEAR
AGGACTGEGE
CTCGTGTTAC
GACTCGTEGT
TCECAGTCCC
CGCTRGEATGT
TTCTTGTTGE
ACATCAACTA
ATGTTTCCCT
CCATCATCCT
CTCAGTTTAC
TCAGTTATAT
TTACCTCTAT
AACSTTGEGE
CGCAGZAACA
CTATTGATTE
CACARTGTG
TCACTTTCTC
TTECCCEECA
GCTTGECCAT
CTECHEAACT
CCEACAACTC
CTEICAACTG
CGERACGACCC
GGCCHACCAC
CGEACCGTGT
CCAGGTCTTE
CGACCTTRAG
GATTAGGTTA
ACCATGCAMC
TCCAAGCTGT
GCTTCTGTGE
CTCGACACCE
CACCATACAG
TGHFETHASAR
GTTAATATGE
GLAAGAGAMA
GCTTACAGAC
CGACGAGGCA
CCGCHTCECA
GGTEEGEAAMC
AACTCCCTCC
TGTGGECCCT
CTATCCTAAC
ACATGCASTT
CATTCTATAT
GLAACAAGAG
ATCTTTCTGT
GAGCCAACTC
CAAATCASGT
THAGGTEEAS
CCTCCACCAR
GTCATCCTCA

CTCTGCTAGA
CAGTAMACCC
ACCCTECACC
AGECGEGETT
GGACTTCTCT
CAACCTCCAA
BTCTGCGECE
TTCTTCTGGA
CCAGCACHGE
CTTSTTGCTE
BGECTTTCGC
TAGTGCCATT
GGATGATGTIE
TACCAATTTT
CTACTCCCTT
TATTGTACTA
GAAAGTATGT
CTATCCTHOC
BCCAMCTTAC
ACGETCAGGET
AGGCCATCGE
CCTAGCAGCT
TGTTGTCCTC
GATCCTGCGE
BTCT CEHAEEC
BGEECECACT
BCACTTCECT
CCCAAGGTCT
GCATACTTCA
ATGATCTTTG
TTTTTCACCT
GCCTTEEETE
AGTTACTCTC
CCTCTECTCT
CACTCAGHCA
GTAATTTGGA
GCCTAAAAAT
CTGTTCTTGA
CACCAMRATGC
BETCCCCTAG
GAAGATCTCA
TTTACTGGGC
TTTCCTCACA
CTTACAGTTA
CTTACCAAAT
AATCATTACT
AAGAGAGALR
CTACAGCATE
TCCCAATCCT
AMACARTOCA
AGEAGCGHEGA
CCCT CAGHCT
TCGECAGTCA
BGCCATGCAG

CCCCAGAGRTE
TGTTCCGACT
GAACATGHRAL
TTTCTTGTIT
CAATTTTCTA
TCACTCACCA
TTTTATCATA
CTACCAAGGT
ACCATGCAAS
TACAAMACCT
AAGATTCCTA
TGTTCAGTGE
STATTEEEGE
CTTTTGTCTT
AACTTCATGE
AAACTCARGT
CAAAGAATT
TTAATGECCTT
AMGHCCTTTC
CTCTGCCAAG
CGCATGCHT
TGTTTTGCTC
TCTCGEAAAT
SGGACGTCCT
CGTTTHEAC
TCTCTTTACE
TCACCTCTGC
TACATAAGAG
AAGACTGTTT
TACTAGGAGS
CTGCCTAATC
GCTTTHFEGC
TTTTTTGCCT
GTATCGEEAS
AGCTATTCT=
AGACCCAGCA
CAGACAACTA
GTATTTGGTE
CCCTATCTTA
AAGAAGAHCT
ATCTOGGEEAR
TTTATTCTTC
TTCATTTACA
ATGAAAAMAG
ATTTGCCCTT
TCAAMMCTAG
CTACACGCAG
GLAGGTTGET
CTEEGATTCT
GATTGEGACT
SCATTCGEGC
CAGGGCATAT
GLAAGACAGC
TGGAS 3215

AGGEGCCTAT
ACTECCTCAC
AACACAACAT
ACAAGAATCC
GEGEGEAGCAC
ACCTCTTHRTC
TTCCTCTTCA
ATGETTEICCE
ACCTGCACGA
TCGEACGEAR
TEGEAGTEGE
TTCHTAGEGC
CCAAGTCTGT
THSTATACA
GATATGTAAT
AATGTTTTCE
TEEETCTTTT
TATATGCATG
TGTSTAAACA
TGTTTGEOTGA
GAACCTTTGT
GCAGCCGETC
ACACCTCCTT
TTGTCTACGT
TCTACCGTCC
CEGTCTCCOC
ACGTCGCATG
SACTCTTGGA
SGTTTAAAGAC
CTGTAGGCAT
ATCTCATSTT
ATGRACATT
TCTRACTTCT
GCCTTAGAGT
TGTTGEEETE
TCCAGHGAAT
TTGTGETTTC
TCTTTTGEAG
TCARCACTTC
CCCTCEICTC
TCTCAATHTT
TACTGTACCT
GEAGGACATT
GAGATTAAAR
GEACAAAGEC
GCATTATTTA
CGCCTCATTT
CTTCCAAACC
TTCCCGEATCA
TCAACCCCAR
CAGGGTTCAC
TGACAACAGT
CTACTCCCAT

Fig. 6. Chinese HBV reference sequence CHNHBV07-C.

ACTTTCCTGS
CCATATCSTC
CAGGATTCCT
TCACAATACC
CCACGTGTCC
CTCCAATTTG
TCCTGCTHCT
TTTSTCCTCT
TTCCTGZCTCA
ACTHCACTTG
CCTCAGTCCG
TTTCCCCCAC
ACARCATCTT
TTTGAACCCT
TH3AAGTTGGE
AAARCTGCCT
GEFECTTTSCT
TATACAATCT
ATATCTGAMAC
CECAMCCOCC
GGCTCCTCTS
THGAGCGAMA
TCCATGGCTG
CCCETCGECGE
CCTTCTTCAT
GTCTGTGCCT
GAGACCACCG
CTCTCAGCAA
TEHFEAGEAGT
ARATTEGTCT
CATSTCCTAC
ACCCGTATAA
TTCCTTCTAT
CTCCGEAACA
AGTTGATHAR
TAGTAGTCAG
ACATTTCCTG
TGTEGATTCG
CEEAAACTAC
GCAGACGAAG
AGTATCCCTT
GTCTTTAATC
ATTAATAGAT
TTAATTATGC
ATTAAMCCGT
CATACTCTGT
TGTEGETCAC
TCGACAAGEC
CCASTTGEAC
CAAGGATCAC
CCCACCACAC
GCCAGCAGTA
CTCTCCACCT
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Table 2

Comparison between Chinese HBV reference sequences and NCBI HBV reference sequences

Reference sequences Source Number of nt differences compared Percentage of Subtype
with CHNHBV07-B difference

D00329 Japan 117 3.6 Bj

AF100309 China 27 0.8 B2

ABO033554 Indonesia 127 39 B3
CHNHBV07-C

X04615 Japan 33 1.0 Cl

M12906 Japan 51 1.6 Cl

ABO014381 Japan 41 1.3 Cl

from different locations, only the reference sequences from
a certain region are representative and reliable in related
studies [28].

There are also subtypes found within genotypes. Four
subtypes were found in genotype B and Bl is dominant
in Japan, B2 dominant in China and Vietnam, B3 domi-
nant in Indonesia, and B4 prevalent in Vietnam. B2 is also
known as Bj and B2-B4 are also called Ba. In genotype C,
Cl1 is dominant in Japan, South Korea, and China; C2 in
China, Southeast Asia, and Bengal; C3 in Oceania; and
C4 in native residents of Australia [29]. In NCBI reference
sequences of genotype B and C (X04615, M12906,
AB014381 are genotype C and DO00329, AF100309,
AB033554 are genotype B), AF100309 is from China;
D00329, X04615, M12906, and AB014381 are from Japan;
ABO033554 is from Indonesia. D00329 is type Bj and
AB033554 is type B3.

Based on 51 HBV sequences of genotype C and 8§
sequences of genotype B identified in our laboratory, as
well as 113 sequences of genotype C and 70 genotype B
in public databases, we established Chinese HBV reference
sequences of genotype B and C, named as CHNHBV07-B
and CHNHBVO07-C (Figs. 5 and 6).

Comparing CHNHBV07-B and CHNHBV07-C with
other NCBI references from other Asia countries, we found
higher diversity in genotype B with 3.6-3.9% of sequence
difference. As our constructed reference sequences came
from the alignment of all currently available public data
as well as from our recent analysis of whole genome sur-
veys, we believe these two reference sequences are uniquely
representing the local types in China (Table 2).

6. Prospect

As shown in this review, HBV genomic sequences in
public databases provide rich resources for both genomic
and clinical research. Considering the high mutation rate
of HBV, more data with high sequencing quality and par-
ticularly more detailed annotations (such as genotype/sub-
type, serotype, and host information) will be very valuable.
With this additional information, the correlation of viral
mutation patterns with clinical progress, the evolutionary
history and the molecular epidemiology of HBV could be
further elucidated. Stratification of genomic sequences

based on comprehensive clinical information is crucial in
HBYV research. Feeding back the genomic implications to
clinical research to verify the result from genomic studies
is also vital for HBV clinical research. A good interaction
between genomic and clinical studies is certainly a promis-
ing approach of tackling problems of both basic research
and medical treatment.

In the public databases of GenBank, EMBL, and
DDBJ, the number of HBV sequences from China ranks
the most (about one quarter of the total). This amount of
data is a valuable resource for Chinese HBV genomic
study. As the country with the largest infected population,
it is more important for China to integrate clinical research
with genomic study. A good form of interaction of these
two scopes of HBV research would be a database including
sequencing data and clinical reports as we suggested here.
To explore the dynamics and evolution of the host—virus
interaction, molecular biological information of HBV such
as DNA and protein sequence, and mutation map should
be described with clinical information including pathogen-
esis, treatment, and drug resistant history. Such combina-
torial research will greatly promote all our actions to
eliminate the virus from our people.
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