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The entire genome of human hepatitis B virus (HBV) occurring in Latvia was sequenced. This sequence, 
which is 3182 nucleotides long. was compared with the other previously published HBV genomes and was 
shown to share maximum homology with HBV subtype ayw DNA. The coordinates of 4 main open reading 
frames as well as hairpin structures are very well conserved in the two genomes. The distribution of nucleo- 
tide substitutions among different HBV genomes suggests that the open reading frames P and X can fultil 
a coding function. On the basis of primary stucture comparison for hepadnaviral DNAs several evolution- 

ary conclusions can be drawn. 

Hepatitis B virus DNA sequence 

1. INTRODUCTION 

The human hepatitis B virus has the smallest 
genome among the known eukaryotic viruses and 
is composed of circular double-stranded DNA with 
a nick in the noncoding chain and a long gap with 
the fixed 5 ‘-terminal end in the coding one [l]. 
Three HBV-associated antigens are known in- 
cluding the surface antigen (HBsAg), core antigen 
(HBcAg) and antigen e (HBeAg). The HBsAg has 
a group-specific antigenic determinant ‘a’ and two 
pairs of mutually exclusive subtype-specific deter- 
minants: ‘d’ or ‘y’ and ‘r’ or ‘w’, therefore, it can 
be classified into 4 major subtypes: adr, adw, ayw, 
ayr. The cloning in bacterial cells has been per- 
formed and the primary structure of HBV DNA 
determined for the following HBsAg subtypes: 
ayw, 3182 bp [2]; adwz, 3221 bp [3]; adw, 3200 bp 
[4] and 4 variants of adr genomes 3214 and 3188 bp 
long [4,5] as well as for the nearly complete 
genome of the adyw subtype [6]. Since individual 

Abbreviation: bp, base pairs 
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Genetic variation Evolution 

HBV subtypes populate various geographical areas 
their evolution apparently proceeds, to a large ex- 
tent, independently. Hence, a comparison of DNA 
primary structures among various HBV subtypes 
permits investigation of the evolution of this virus. 
However, variation is observed within a single 
HBV subtype in the restriction maps of DNA [7], 
while the comparison of 4 variants of the HBV 
DNAs subtype adr shows that differences are 
observed within the subtype even with respect to 
the genome length [5]. Naturally, a comparative 
study of various HBV subtypes is expedient only 
when the normal range of variation within each 
subtype is known. To gain this knowledge, one has 
to compare at least several primary structure 
variants of the genome within the same subtype. 
Four genomic variants are known at present for 
the HBV subtype adr [5] and two for subtype adw 
[3,4]. This study offers another primary structure 
variant for the HBV subtype ayw genome DNA. 
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2. EXPERIMENTAL 

2.1. Isolation, restriction and electrophoresis 
of plasmid DNA 

The plasmid pHB320 DNA containing the com- 
plete HBV genome [S] and the replicative forms of 
phage vectors M 13 mp were isolated from bacterial 
lysates obtained according to Guerry et al. [9] us- 
ing chromatography on hydroxyapatite [lo]. DNA 
restriction endonuclease digestion was performed 
under conditions recommended by the suppliers. 
Recovery of DNA fragments from agarose gels 
was performed by electroelution into DE-81 paper 

1111. 

2.2. Sequence determination procedures 
The HBV DNA fragments were subcloned in 

phage vectors Ml3 mp 7, mp 8 and mp 9, and se- 
quenced by the dideoxy chain termination method 
[12] with some modification. 

3. RESULTS AND DISCUSSION 

3.1. The primary structure of HBV DNA 
Fig.1 shows the strategy of HBV DNA primary 

structure analysis, the determined nucleotide se- 
quence is given in fig.2. The viral DNA in question 
comprises 3182 bp and shows maximal homology 
(97~0) with the HBV subtype ayw DNA [2]. 
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Neither deletions nor insertions are detected in 
these two HBV DNAs. Thus the HBV genome 
dealt with in the present study (clone pHB320) is a 
new variant of the HBV genome subtype ayw. 

3.2. Open reading frames 
Four major open reading frames were observed 

in the short chain of the HBV DNA: S (with pre- 
S), C (with pre-C), P and X whose coordinates 
coincide completely with those of the subtype ayw 
DNA. As compared to the same HBV DNA, two 
amino acid substitutions in gene S (and 4 in pre-s) 
were detected in positions uncorrelated with sub- 
type change [5]. Three and 7 amino acid substitu- 
tions were found in genes C and X, respectively. 
The coordinates of nonessential open reading 
frames in the short chain are virtually coincident in 
the two DNAs. In contrast, considerabIe variation 
in open reading frame coordinates in the long 
chain is observed. For instance, in the pHB320- 
derived HBV DNA 5 new ATG codons appear 
(one codon disappears) along with 9 termination 
codons (7 codons disappear). Interestingly, the 
new termination codons occur predominantly 
downstream the new ATG codons or in places 
where termination codons disappear, despite the 
small length (20-40 bp) of the frames arising. The 
coordinates of the open reading frame correspond- 
ing to the in vitro transcribed DNA region yielding 
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Fig. 1. Restriction map of the HBV ayw DNA (clone pHB320). HBsAg and HBcAg genes are designated. Horizontal 
arrows show the strategy of DNA sequencing. B, BspI; Ba, BumHI; Bg, BgIII; S, Sau3A; H, EirindII. 
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1 AA~TCCACAA CCTTCCACCA AACTCTGCAA GATCCCAGAG TGAGAGGCCT GTATTTCCCT GCTCGTGGCT CCAGTTCAGG AACAGTAAAC CCTCTTCEGA 

"S-start 
101 CTACTGECTC TCCCXTATCG TCAATCTTCT CGAGGATTGG GGACCCTGCG CTGAACATGG AGAACATCAC ATCAGGATTC CTAGGACCCC TkTCGTGTT 

201 ACAGGCGGGG TTTTTCTTGT TGACAAGAAT CCTCACAATA CCGCAG4GTC TAGACTCGTG GTGGACTTCT CTCAATTTTC TAGGGGGAAC TACCGTGTGT 

301 

401 

501 

601 

701 

801 

901 

1001 

1101 

1201 

1301 

CTTGGCCAAA ATTCGCAGTC CCCAACCTCC AATCACTCAC CAACCTCkTG TCCTCCAACT TGTCCTGGTT ATCGCTGGAT GTGTCTCCGG CGTTTTATCA 

TCTTCCTCTT CATCCTGCTG CTATGCCTCA TCTTCTTGTT GGTTCTTCTG GACTATCAAG GTATGTTGCC CGTTTGTCCT CTAATTCCAG GAT&TCAAC 

A 
TAEACCACG GGACCATGC: GiACCTGCA: GACThTGCT CAAGCAACCT CTATGTATCC CTCCTGTTGC TGTACCAAAC CTTCGGACCG AAATTGCACC 

TGTATTCCCA TCCCATCATC CTGGGCTTTC GGAAAATTCC TATGGGAGTG GGCCTCAGCC CGTTTCTCCT GGCTCAGTTT ACTAGTGCCA TTTGTTCAGT 

GGTTCGTAGG GCTTTCCCCC ACTGTTTGGC TTTCAGTTAT ATGGJTGATG TGGTATTGGG GGCCAAGTCT GTACAGCATC TTGAGTCCCT TTTTACCGCT 

"Y-stop 
GTTACCPATT TTCTTITGTC TTTGGGTATA CATTTAAACC CTAACAAAAC AAAiAGATGG GGTTACTCT? TAiATTT:AT GGGZTATGTC ATTGGATGTT 

ATGGGTCSTT GCCACAAGA? CACATCATAC A&AAATCAA AGAATG:TTT AGAAAACTTC CT;TTAACAG GCCTATTGAT TGGAAAGTiT GTCAACGiAT 

G G 
TGTGGGTCTT TTGGGTTTTG CTGCCCCTTT TACACAATGT GGTTATCCTG CTTTAATGCC TTTGTATGCA TGTATTCAAT CkUGCAGGC TTT;ACTTTC 

TCGCCAACTT ACAAGGCCTT TCTGTGTAAA CAATACCTGA ACCTTTACCC CGTTGCCCGG CAACGGCCAG GTCTGTGCCA AGTGTTTGCT GACGCAACCC 

C~ACT::GCTG GGGCTTG~C ATGGGCCATC AGCGCATGCG TGGAACCTTT TCCTGGCTCCGTC TGCCGATCCA TACTGCGGAA CTCCTAGCCG CTTGTTTTGC 

C "X"_StaTt 

TCGCAGCAGG TCTGGAGCM ACATTtTCGG GACECATAAC TCTGTTGTTC T+TCCCGCAA ATATACATCC TiTCCATGGC TGCTAGGCTG TGCTGCCAAC 

14Ul TGGATCCTGC GCGGGACGTC CTTTGTTTAC GTCCCGTCGG CGCTGAATCC ~CGGACGAC CCTTCTCGGG GTCGCTTGGG ACTCTCTCGT CCCCTTCTCC 

C 
1501 GTCTGCCGTT TCGACCGACC ACGGGGCGCA CCTCTCTTTA CGCGCACTCC CCGTCTGTGC CTTCTCATCT GCCGGACCGT GTGCACTTCL CTTCACCTCT 

"P"-*top CAAA AC 
lb01 GCACGTCGCA TGGAGACCAC CGrGAAAGCC CAACCATTCT TGCCCAAGGT CTTACATAAG AGGACTCTTG GACTCTCTGT AATGTCAACG ACCGACCTTG 

C 

1701 A;GCATACTT CAAAGACTGT TTGTTTAAAG ACTGGGAGCA GTTGqGGGAG GAGiTTAGAT TAAAGGTCTT TGTAtTAGGA GGCTGTAGGC ATAAATTGGT 

Pre-C 
1801 

"X"-Stop 
CTGCGCACCA GCACCATGCA ACTTTTTCAC CTCTGCCTAA TCATCTCTTC TTCATGTCCT ACTGTTCAAG CCTCCAAGCT GTGCCTTGGG TGCCTTTGGC 

1901 CCTTAT AAAGAATTTG GAGCTACTGT GlAGTTACTC TCGTTTTTGC CTTCTGACTT CTTTCCTTCA GTACGACATC TTCTAGATZ 

2001 CdCCTCAGCT CTGTATCCGG AAGCCTTAGA GTCTCCTGAG CATTGTTCAC CTCACCATAC TGCACTCAGG CAAGCAATk T'kTGCTGGGG GGAACTAATG 

2101 ACTCTAGCTA CCTGGGTGGG TGETAATTTG GAAGATCCAi %TC AGGGA CCTAGTAGTC AGTTATGTCA ACACTAATAT F A GGGCCT AAA!i TTCAGGCAAC 

2201 TZTTGTGGTT TCACATTTCT TGTCTCACTT TTGGAAGAGA AACAGTTATA GAGTATTTGG TGTCTTTGGG AGTGTGGATT CGCACTCCTC CAGCTTATAG 

"P"-StaTt 

23Ul ACCACCAAAT GCCCCTATC; TATCAACACT TCCGGAGACT ACTGTTGTTA GACGACGAGG CAGGTCCCCT AGAAGAAGAA CTCCCTCGCC TCGCAGACGA 

"C"-st0p 

24111 AGGTCTCAAT CGCCGCGTCG CAGAAGATCT CAATCTCGGG AATCTCAATG TTAGTATTCC TTGGACTCAT AAGCTGGG c ACTTTACZGG GCTTTATTCT 

2501 TCTACTGTAC CTGTCTTTAA FCCTCATTGG -CACC!T CTTTTCCTAA TATACATTTA CACCAAGACA TTATcU ATGTGAAC& TTTGTAGGCC 

2601 CACTCACAGT LATGAGAAA AG~AGA~TGC AATTGATTAT GCJGCGAGG TTTTATCCAA A~GTTACCAA ATATTT~CCA TTGGATAAGG GTATTAAACC 

2701 TTATTATCCA GAA:AT:TAG TTAATCATTA CTTCCAAACT AGACAFTATT TACACACTCT ATGGAAGGCG GCTATATTAT A:AAGAGAGA AAC+ACACAT 

Pre-S 

2dUl A%%CTCAT TTTGTGLGTC ACCATATTCT TGGGAACAAG AECTACAGCA TGGGCCAGAA TCTTTCCACC AGCAATCCTC TGGGATTCTT TCCCGACCAC 

2901 CAGTT^,GATC CAGCCTTCAG AGCAAACACC GCAAATCCAG ATTGGGZCTT CAATCCCAAC AAGGACACCT GGCCAGACGC CAACAAGGTA CGAGCTGGAG 

3001 CATTCGGGCT GGGITTCACC CCACCiCACG GAGGCCTTTT KGGTGGAGC CCTCAGGCTC AGGGCATACT A AAACXTG CCAGCAAATC CGCCTCCTGC I 

3101 CTC ACCAAT $ CGCCAGTCAG GAAGGCAGCC TACCCCGCTG TCTCCACCTT TGAGAAACAC TCATCCTCAG GCCATGCAGT GG 

Fig.2. Nucleotide sequence of HBV ayw DNA (clone pHB320). The sequence of the L-strand is shown. Nucleotides 
are numbered as in [2]. Substitutions of the nucleotide that are observed in HBV ayw DNA [2] are shown above the 

sequence. The initiation and termination codons of the genes S, C, P and X are designated. 
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the 700 nucleotide mRNA [13] vary among the two 
variants of the HBV subtype ayw DNA. 

3.3. Nucleotide substitutions in comparison with 
published HBV ayw DNA [2] 

Differences in the DNA primary structure affect 
neither the coordinates of the open reading in the 
coding (short) chain nor the formation of local hair- 
pin structures. Interestingly, one of the nucleotide 
substitutions (T-C in position 2774) is located within 
the putative Hogness box of gene S (TATACAA 
instead of TATATAA) [14]. The degree of struc- 
tural conservatism of any region in the HBV ayw 
genome is strictly correlated with the number of 
genes located therein (with the frame shift). For ex- 
ample, the number of point mutations in the 
genome regions carrying two genes is 3-times 
smaller than the appropriate number in the one 
gene-carrying regions. The amount of point muta- 
tions in the genome segment where frame X over- 
lapped by frame P corresponds to the mutation 
rate in the HBV ayw DNA regions carrying two 
genes (0.8 and 1.3%, respectively). In the DNA 
region where frame X is the only open reading 
frame, the mutation rate coincides with that for 
HBV ayw DNA regions carrying a single gene (4.7 
and 4.1%, respectively). This suggests that frame 
X could code for a polypeptide. However, the dif- 
ference in length between any two HBV genomes 
under study is a multiple of 3, which allows one to 
assume that the whole of HBV genome has no 
regions failing to code for a polypeptide in any of 
the 3 reading frames (the only exception could be 
the cloned HBV adr DNA, 3214 bp long [4]). If 
this holds true, frame X codes for a polypeptide, 
since there is a region in the genome where it is the 
only open reading frame, and frame P codes for a 
polypeptide starting its first ATG codon for the 
same reasons. 

The validity of this assumption is also supported 
by the distribution of synonymous nucleotide 
substitutions (not leading to amino acid changes) 
in genes C, P and X (DNA molecules from the 
ayw, adw and adr subtypes were compared). The 
C-terminal region (48 codons) of gene C overlaps 
with the beginning of gene P and the number of 
synonymous substitutions in this region is con- 
siderably smaller than in the remaining part of 
gene C (2 and 26%, respectively, fig.3). 

The C-terminal part of gene P overlaps with the 
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Fig.3. The distribution of synonymous nucleotide 
substitutions in genes C, P and X from HBV DNAs of 
different subtypes. (A) HBV ayw DNA (clone pHB320) 
and HBV adw DNA [3] were compared. (B) HBV ayw 
DNA (clone pHB320), HBV adw DNA 131 and HBV adr 

DNA IS] were compared. 

beginning of gene X (82 codons), this also de- 
creases the number of synonymous substitutions in 
this part of gene X from 8.6 to 2%. It is interesting 
to note that gene P in the adr subtype DNA [5] 
shows no overlapping with gene X, and the synony- 
mous substitutions in the latter gene are evenly 
distributed (9 and 8.6%, fig.3). At the same time, 
gene X imposes restrictions on the variation in the 
synonymous sites of gene P. The synonymous sub- 
stitutions in the overlapping regions of the two 
genes drop from 15 to 3.5%. 

3.4. HBV subtype determinants and evolutionary 
implications 

Comparative analysis of amino acid sequences 
of HBsAg derived from 6 HBV DNA structures 
belonging to 4 different HBV subtypes allows 
determination of the coordinates of those amino 
acids whose substitutions are correlated with sub- 
type changes in HBsAg 15). A similar analysis of 
the amino acid sequences of pre-S, HBcAg and X, 
conducted by us leads to a conclusion that the 
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polypeptides in question also contain amino acids 
whose substitutions are correlated with HBsAg 
subtype changes. Interestingly, the polypeptides 
pre-S and X equally have amino acid substitutions 
correlated not only with the exchange of alter- 
native determinants (d-y and w-r), as in the case of 
HBsAg, but also with replacement of their com- 
binations (yw-dw-dr). Thus it is possible to 
assume the existence of hepatitis B virus HBsAg 
and HBcAg subtypes correlated with respect to 
their HBsAg subtypes. This also suggests the 
absence of genetic recombination among the 
known HBV subtypes. The study of geographical 
distribution of HBV subtypes leads to the same 
conclusion. 

This makes it possible to study phylogenetic 
relationship of different HBV subtypes and other 
hepadnaviruses by analysing nucleotide substitu- 
tions [15]. We compared only those regions of 
genes C and P that do not overlap with other genes 
(840-1373, 1903-2307, 2456-2848). Deletions and 
insertions were taken into account. The rate of ac- 
cumumalation of synonymous substitutions was 
taken as 5.1 kO.3. 10e9 per site annually [15]. 

The main conclusions of this part of our study 
are 
(i) 

(ii) 

(iii) 

(iv) 

as follows: 
Division of all HBV sequences into 3 phylo- 
genetic groups completely coincides with their 
division into HBsAg subtypes (HBV adyw 
DNA and pHB320-derived HBV DNA belong 
to the ayw group). 
The HBV DNA of the ayw and adw subtypes 
are closer related to one another than to the 
adr subtypes and diverged from a common 
ancestor -52-55 million years ago. 
HBV divergence began -60-65 million years 
ago. This date is approximately coincident 
with the time of origin of the primate order. 
The common ancestor of HBV and WHV 
(woodchuck hepatitis virus) existed - 180 
million years ago when mammals appeared. 
This enables one to infer that hepadnaviruses 
have evolved parallel to the species under con- 

sideration. In a recent study of Mandart et al. 
[16] a similar hypothesis has been proposed on 
the basis of genome structure comparison con- 
ducted for 3 hepatitis viruses: HBV ayw sub- 
type, woodchuck hepatitis virus and duck 
hepatitis B virus. 
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