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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 10�5) 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-

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 DDBJ. 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].

HBV 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

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
HBV. 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
HBV 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.

Fig. 1. The increase of HBV genomic sequences in public databases.
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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

Area HBsAg (% of population
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
Parts of China, Southeast Asia, tropical Africa 8–20

G. Wu et al. / Progress in Natural Science 18 (2008) 13–20 15



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

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

Fig. 3. Geographic distribution of HBV genotypes in public databases.

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 A1 (X02763),
A2 (X51970), A3 (AF090842); B1 (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). n, Genotype C; n, genotype
B; }, genotype A; r, C/D types.
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was from Fujian, and AY862868 and AY862867 from
Qinghai Province. The 17 C/D hybrids were from Tibet,
Qinghai, and some other parts of northwest China [24–26].

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

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-

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

G. Wu et al. / Progress in Natural Science 18 (2008) 13–20 17



graphic location, ethnic background, and particularly
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.

5. Construction of Chinese HBV reference sequences

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

Fig. 6. Chinese HBV reference sequence CHNHBV07-C.
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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 B1 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,
C1 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 D00329, AF100309,
AB033554 are genotype B), AF100309 is from China;
D00329, X04615, M12906, and AB014381 are from Japan;
AB033554 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 CHNHBV07-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
HBV 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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