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Hepatitis B virus (HBV) is classified into eight main genotypes (A–H) and several subgenotypes. Here,
three new genotype F complete genome sequences isolated from patients from Buenos Aires city are
reported. The new sequences form a separate monophyletic group from the previously known subgeno-
type F4 strains. Based on results of phylogenetic, genetic distance and evolutionary analyses, the name
F4b is proposed for these isolates and F4a for the formerly known as F4. The identification of new clusters
allows deepening the knowledge about the diversification process and evolutionary history of HBV.

� 2015 Elsevier B.V. All rights reserved.
1. Introduction

Hepatitis B virus (HBV) has a compact, circular DNA genome of
about 3.2 kb in length with four overlapping open reading frames
(ORFs). The overlapping ORFs impose constraints on possible
nucleotide substitutions and variable substitution rates for
different genomic regions (Yang et al., 1995). The rate at which
HBV sequences evolve is, however, uncertain. HBV substitution
rates have been estimated in the order of 10�4–10�5 substitutions
per site per year (s/s/y) depending on the HBeAg status, suggesting
that viruses that do not express the e antigen (HBeAg (�)) would
evolve faster than viruses that do express it (HBeAg (+))
(Hannoun et al., 2000; Wang et al., 2010).

HBV is classified into eight main genotypes (A–H) (Arauz-Ruiz
et al., 2002; Norder et al., 1994; Stuyver et al., 2000) and two
additional (I and J) were tentatively proposed (Huy et al., 2008;
Kurbanov et al., 2008; Tatematsu et al., 2009). Some genotypes
have been further classified into several subgenotypes (designated
with numbers), defined by phylogenetic grouping with high
support values and intergroup divergences for complete genome
sequences ranging from 4.0% to 7.5% (Kramvis et al., 2008; Shi
et al., 2013). Subgenotypes have been defined for genotypes A, B,
C, D and F (Bowyer et al., 1997; Huy et al., 2004; Kramvis et al.,
2002; Sugauchi et al., 2002). Genotype F is one of the most diver-
gent HBV genotypes and its evolutionary history is not yet well
understood due to the lack of data (Kramvis et al., 2008; Torres
et al., 2011). It has been found in native population of Alaska,
Central and South America and four subgenotypes have been
described (F1–F4), two of which (F1 and F2) are subsequently
divided into two subtypes or clusters (a and b) (Arauz-Ruiz et al.,
1997; Campos et al., 2005; Devesa et al., 2008; Huy et al., 2006;
Livingston et al., 2007; Piñeiro y Leone et al., 2003).

In the context of an epidemiological screening, the phylogenetic
analysis on 44 isolates of HBV genotype F from patients from
Buenos Aires city showed that three sequences formed a separate
cluster among genotype F sequences available from GenBank,
using the S gene and precore-core genetic regions (data not
shown). These samples belong to three anti-HBe positive unrelated
individuals born in Buenos Aires city, who attended to Hospital
Italiano or Hospital F.J. Muñiz. The isolate F4_01 belongs to a
40-year-old man who was diagnosed in screening tests in 1996,
F4_02 belongs to a 70-year-old woman who underwent multiple
surgeries and was diagnosed in 1997, and F4_03 corresponds to a
65-year-old man; patients F4_01 and F4_03 did not disclose risk
factors to assess the source of infection. The study was carried
out according to the World Medical Association Declaration of
Helsinki and was approved by the Ethical Committee of the
School of Pharmacy and Biochemistry, University of Buenos Aires.
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Table 1
Estimates of mean divergence (% ± SE) between groups of sequences conducted in
MEGA6. The intergroup divergence between F4a and F4b is shown in bold.

F1a F1b F2a F2b F3 F4a

F1b 1.8 ± 0.2
F2a 5.1 ± 0.3 5.8 ± 0.4
F2b 5.3 ± 0.4 5.7 ± 0.4 3.2 ± 0.3
F3 5.0 ± 0.3 5.4 ± 0.3 4.3 ± 0.3 4.4 ± 0.4
F4a 5.4 ± 0.3 5.7 ± 0.3 4.6 ± 0.4 4.6 ± 0.4 4.3 ± 0.3
F4b 5.6 ± 0.3 6.0 ± 0.3 4.8 ± 0.3 4.8 ± 0.4 4.6 ± 0.3 3.8 ± 0.3
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Complete genome sequences were obtained for these three iso-
lates [GenBank ID: KJ676692, KJ676693, KJ676694]. Simplot soft-
ware was used to exclude a recombinant origin of these
sequences (Lole et al., 1999); the window and step sizes were set
to 200 bp and 20 bp, respectively.

In order to confirm the subgenotyping of the three isolates, a
phylogenetic analysis was performed. Complete genome
sequences obtained in this study and reference sequences available
at GenBank were aligned with the ClustalX (v2.1) software (Larkin
et al., 2007) and edited with the BioEdit (v7.1.3.0) software (Hall,
1999). Phylogenetic trees were constructed using the Maximum
Likelihood method performed with the PhyML (v3.0) program
(Guindon et al., 2010). Evolutionary models were inferred accord-
ing to the Akaike Information Criterion (AIC) statistics (Akaike,
1974) obtained with the jModeltest (v2.1) software (Darriba
et al., 2012). The robustness of the reconstructed phylogenies
was evaluated by bootstrap analysis (1000 replicates). The phylo-
genetic analysis revealed that all three samples grouped into a sep-
arate clade with high bootstrap support associated to subgenotype
F4 and that was tentatively named as F4b (Fig. 1).

A further comparative analysis of genetic distances between
groups of sequences was assessed in MEGA6 (Tamura et al.,
2013). The analysis involved 140 nucleotide sequences (F1a: 6,
F1b: 61, F2a: 14, F2b: 4, F3: 22, F4a: 30, F4b: 3). All positions con-
taining gaps and missing data were eliminated. Standard errors
(SE) were obtained by a bootstrap procedure (1000 replicates).
The new cluster and the other subgenotype F4 strains showed a
distance of 3.8% (SE 0.3%) (Table 1). This value is higher than the
Fig. 1. Maximum-Likelihood phylogenetic tree performed with the PhyML (v3.0) prog
sequence from each HBV/F subgenotype available at GenBank. Genotype H was used as
higher than 70%. The scale bar indicates the genetic distances. Sequences reported i
corresponding accession numbers and their country of origin is abbreviated with ISO th
distance between subtypes F1a and F1b (1.8%) and the distance
between F2a and F2b (3.2%), although it is lower than the conven-
tionally accepted 4.0% for considering a new subgenotype (Kramvis
et al., 2008; Shi et al., 2013).

By comparison with a subgenotype F4 consensus sequence, iso-
lates F4_01, F4_02 and F4_03 showed 90–102 nucleotide changes
along the entire genome (Supplementary Fig. S1) whereas 69 of
these changes are shared by the three isolates and would represent
the nucleotide markers of the group.

Thus, considering that the new sequences conform a separate
monophyletic group from the previously known subgenotype F4
strains, which is supported by high bootstrap values; observing
the nucleotidic intergroup divergence; and noting that the new
group have a signature pattern of nucleotide and amino acid, it is
proposed to name the new group as F4b, and the former F4 strains
as F4a, according to the actual recommendation (Kramvis et al.,
2008; Shi et al., 2013).
ram constructed on the complete genome of F4_01, F4_02, F4_03 and reference
outgroup. The numbers at nodes correspond to bootstrap values (1000 replicates)

n this work are shown in bold. Sequences from GenBank are indicated by their
ree-letter code.



Fig. 2. Time-scaled Maximum clade credibility tree (MCCT) for HBV/F complete genome sequences calibrated with a fixed mean rate of 1 � 10�5 s/s/y. The numbers on the
internal nodes represent posterior probabilities and only nodes representing MRCAs for the main groups are shown, for clarity purposes. The scale at the bottom of the tree
represents time (years).The shaded area shows the period of cladogenesis (Clades a and b) within the subgenotypes.
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Here, a Bayesian coalescent approach was used to estimate the
times to the most recent common ancestors (tMRCA) and popula-
tion dynamics of genotype F and its subgenotypes, calibrating with
a fixed mean rate of 1.0 � 10�5 substitutions per site per year
(s/s/y) proposed by Torres et al. (2011). For this purpose, once
again the dataset of 140 complete genome sequences previously
assembled was used. The analyses were carried out using an
appropriate substitution model estimated as described above.
Different combinations of molecular clocks (strict and uncorrelated
lognormal (UCLN)) and demographic models were analyzed in the
BEAST v1.8.1 software package (Drummond and Rambaut, 2007).
Bayes Factors (BF) were calculated comparing the marginal likeli-
hoods estimated using the Path Sampling (PS) and Stepping
Stone (SS) methods (Baele et al., 2012, 2013). The UCLN molecular
clock model and the Skyline demographic model were chosen as
the best-fit to the data (Supplementary Table S1). Accordingly,
the maximum clade credibility tree (MCCT) was obtained using
the TreeAnnotator v1.8.1 program and visualized with the
FigTree v1.4.2 program (available at http://tree.bio.ed.ac.uk/soft-
ware/figtree/). This analysis showed that diversification of
subgenotype F4 into F4a and F4b would have occurred previously
or concomitant to the diversification of subgenotypes F1 and F2
into their ‘‘a’’ and ‘‘b’’ groups. Moreover, the tMRCA of F4b would
be dated in the �1300 AD, similarly to the ancestral times of the
rest of currently circulating groups (F1a, F1b, F2a, F2b, F3, F4a)
(Fig. 2). It is remarkable that in the MCCT, F4 is shown as the sec-
ond subgenotype to diverge, after F1, unlike previously published
results with the same methodology (Mello et al., 2013; Torres
et al., 2011), where it was observed that F3 was the second
subgenotype to diverge. These analyses were based on datasets
that included all the different subgroups of genotypes F reported
until then. Hence, in order to evaluate the impact of the incorpora-
tion of the new cluster sequences, datasets of complete genome of
genotype F, with and without the F4b strains, were tested under
the same analytical conditions. The result indicated that the addi-
tion of F4b sequences changed the MCCT topology obtained by
Bayesian methods. The datasets were also analyzed by other two
methods (Maximum likelihood and Neighbor Joining). In spite of
the tree topologies were not congruent to that obtained by
Bayesian methods, they showed a significant decrease in the sup-
port values of the corresponding nodes (available upon request).
The discrepancy in the results may be due to a low phylogenetic
signal in the sequences under analysis that not provide enough
information to resolve the group formed by subgenotypes F2, F3
and F4.

A further analysis was performed to evaluate which topology
could better fit the data in the Bayesian context. Briefly, Bayesian
analyses were run in the conditions previously mentioned, con-
straining the groups (F2,F4) or (F2,F3) as monophyletic. Bayes
Factor favored the topology with (F2,F4) as a monophyletic group
(Maximum likelihood topology) over the topology with grouping
(F2,F3) (log BF = 4.35 for PS and log BF = 3.69 for SS
(Supplementary table S2)), suggesting that the former evolutionary
hypothesis would have a better phylogenetic and statistical sup-
port that the second one. In this regard, it is considered that the
incorporation of new sequences or groups in the future could shed
light on the phylogenetic relationship between subgroups of geno-
type F. This scenario highlights the importance of sampling prop-
erly the circulating strains and how the inclusion of samples
representing new groups or clusters can impact on the evolution-
ary history of HBV as it is currently accepted.

The identification of this new cluster has different implications.
Firstly, some studies have suggested the implication of different
genotypes and subgenotypes in clinical outcomes, HBeAg serocon-
vertion rate, and mutational patterns in precore/core promoter
region (Kao, 2002; Yuan et al., 2007). The identification of new
subtypes adds a piece of knowledge to the puzzle of the HBV diver-
gence and provides novel opportunities to study the evolutionary
behavior of HBV in relation with different clinical status.

Secondly, the geographical distribution of HBV genotypes and
subgenotypes is well characterized and some hypotheses about
the evolutionary history of HBV have been proposed (Holmes,
2008; Paraskevis et al., 2013; Torres et al., 2011). However, these
hypotheses are built based on currently available molecular and
epidemiological data. Thus, the finding of sequences belonging to
clusters that were not previously sampled allows deepening our
understanding about the diversification process and the evolution-
ary history of viruses.

Therefore, despite the new cluster would currently be a
minority population, it could represent the survivors of an ances-
tral lineage arising at the time of diversification of subgenotypes
F. Considering that all sequences of the new cluster are from
anti-HBeAg positive patients, it could imply a limited – or even
an absent-transmission in recent years. The high nucleotide
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divergence observed between these three isolates could be taken
as a piece of evidence of a long story of circulation of this strain
in the population.

In addition, epidemiological data indicated that all patients
were born and raised in Buenos Aires city. However, we speculate
that this lineage entered the city from internal migrations occurred
since 1940, which conformed part of the current population of big
cities in Argentina.

Finally, further research is needed to clarify the origin of new
lineages of HBV, their implication in the diversification process
and the evolutionary history of genotype F, and their impact on
the clinical outcome of HBV infection.
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