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New pieces on genetic diversity and
evolutionary history of hepatitis B virus:
Characterization of the novel subgenotype F6
Dear Editor,

Hepatitis B virus (HBV) is a globally distributed human pathogen
that causes acute and chronic infections. HBV shows a high genetic het-
erogeneity and has been classified into at least eight genotypes (A-H),
based on an intergroup nucleotide divergence greater than 7.5% in the
complete genome sequences. Moreover, “subgenotypes” are defined
as groups characterized by a divergence between 4% to 7.5%, and
Fig. 1. Phylogenetic analysis of HBV genotype F.MaximumLikelihood tree constructed on comp
RaxML v8.2.8. The new complete genome sequences reported in this work are shown in italic
values obtained with 1000 pseudoreplicates). The scale bar indicates genetic distances.
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“clades” are subgroups showing less than 4% nucleotide divergence
(Kramvis et al., 2008; Shi et al., 2013).

It iswidely accepted that genotype F is native from theAmericas and it
is believed that it might have been endemic in the continent during the
pre-Columbian times. At present, it has been found in native populations
from Alaska, Central and South America, and it is the most prevalent in
admixed populations with Native American ancestry (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., 2008). This is one of themost divergent
HBV lineages, showing a high intra-genotype diversity. Therefore, it is
currently classified into five different subgenotypes: F1 to F5 (Kramvis
et al., 2008; Martínez et al., 2014; Shi et al., 2013).

In a previous study published in Infection, Genetic and Evolution,we
have proposed a division of subgenotype F4 into two clades: F4a and
lete genome sequences of genotype F (n=216) and genotype H as outgroup (n=6)with
s. Statistical support for the main groups is shown in the corresponding nodes (bootstrap
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Table 1
Estimates of mean divergence (p-distance, % ± SE) between groups of HBV genotype F.
The analysis was conducted inMEGA6 and involved 216 genotype F complete genome se-
quences (F1 = 109, F2 = 21, F3 = 26, F4 = 51, F5= 2, F6= 7). Divergence between F6
and the closest group is shown in bold.

F1 F2 F3 F4 F5

F2 5.79 ± 0.38
F3 5.37 ± 0.36 4.39 ± 0.31
F4 5.69 ± 0.41 4.54 ± 0.28 4.23 ± 0.34
F5 6.61 ± 0.40 5.39 ± 0.32 5.34 ± 0.37 5.19 ± 0.36
F6 6.24 ± 0.41 5.14 ± 0.27 4.94 ± 0.35 4.11 ± 0.27 5.66 ± 0.37
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F4b. The latter was defined based on the report and analysis of three
complete genome sequences isolated from patients from the city of
Buenos Aires that confo\rmed a separate monophyletic cluster and
showed 3.8% divergence in genomic sequence with the previously
known F4 strains (Mojsiejczuk et al., 2015). While these features
allowed establishing a new cladewithin the genotype F, the genetic dis-
tance value is close to the lower limit conventionally accepted to consid-
er a group as a new subgenotype (4.0%). Recently, four new strains from
Argentina that grouped with the previously reported F4b sequences
were detected. One of them was obtained from a patient with chronic
HBV infection resident in the city of Buenos Aires. The other three addi-
tional sequences were identified in patients from the province of
Córdoba, in the central region of the country, and corresponded to par-
tial genomic sequences previously reported by Gallego et al. (2014).

Hence, we characterized these four strains and analyzed them in the
context of the genotype F evolutionary history. Complete genome
Fig. 2. Time-scaled phylogeny of HBV genotype F. Reconstructed on complete genome sequence
skyline demographic model and a relaxed clock model (UCLN) by calibration with a mean fixe
ancestor heights” algorithm. Posterior clade probabilities of main groups are shown on the no
value) are displayed and high posterior density interval of the nodal dates are represented b
reader is referred to the web version of this article.)
sequences were obtained by PCR and direct sequencing, and recombina-
tion signals were discarded with RDP4 v4.71 software package (Martin
et al., 2015). Then, a Maximum Likelihood phylogenetic analysis and
genetic distances calculation were conducted as previously described
(Mojsiejczuk et al., 2015). Datasets were updated for genotype F
complete genomes newly reported in GenBank, including Panamanian
sequences from the recently described groups: F1c and F5 (Martínez
et al., 2014).

The phylogenetic tree showed that the four new complete genomes
(D42_BsAs, CbaArg16, CbaArg25, CbaArg42) clustered together with
the previous named F4b sequences with maximal bootstrap support
(Fig. 1). Subsequently, the mean nucleotide divergence (mean ± stan-
dard error) between groups was calculated. After the addition of the
four novel strains, the nucleotide divergence over the complete genome
sequence between “F4a” and the previously named “F4b” cluster was
4.11 ± 0.27 (Table 1). The highly supported monophyletic group and
the genetic distance over 4% suggest that these two lineages should be
classified as separate subgenotypes (hereafter subgenotypes F4 and
F6). Moreover, the novel subgenotype F6, formed by the four novel
strains and the former “F4b” sequences, had distinctive nucleotide and
amino acid signature patterns (Supplementary Fig. Fig. S1).

To date, several recommendations were introduced for an accurate
designation of HBV genotypes and subgenotypes, including monophy-
letic origin, adequate bootstrap support and minimum sequence diver-
gences among themost relevant (Kramvis et al., 2008; Pourkarim et al.,
2010). Even the existence of specific nucleotide and amino acid patterns
and theminimum sequence number have been discussed to suggest the
existence of a new group (Pourkarim et al., 2010). Notwithstanding, the
s of genotype F (n=216) in BEAST v1.8.2. The analysiswas performed under the Bayesian
d on 1 × 10−5 s/s/y. Maximum clade credibility tree was summarized using the “common
des (*constrained group). For selected nodes, the ancestor date (based on tMRCA median
y the blue bars. (For interpretation of the references to colour in this figure legend, the
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suitability of an “appropriate sampling” cannot be judged a priori and
there is always the possibility that the incorporation of new sequences
may change the hierarchical status of the group. Thereby, increasing
the amount of data from different geographical locations might be par-
ticularly relevant in the case of genotype F, considering that it shows a
high intragroup divergence and probably it evolved in isolated native
populations scattered throughout the continent. In this context, a per-
manent review of classifications will keep being of utmost importance
in the future.

Additionally, a Bayesian coalescent analysiswas performed in order to
estimate the time to the most recent common ancestor (tMRCA) for F6
and to reevaluate the genotype F origin and divergence times. The dataset
included all non-recombinant American genotype F complete genome
sequences available at GenBank (n = 216). We previously reported
that Maximum Likelihood and Bayesian coalescent analyses of genotype
F suggest dissimilar hypotheses about subgenotypes diversification,
being the first better supported (Mojsiejczuk et al., 2015). Accordingly,
topological constraints were applied to the Bayesian analysis, to force
the best supported hypothesis, grouping subgenotypes F2, F4, F5 and
F6. A more detailed description of analytical conditions is provided in
Fig. 2 legend. The analysis showed that the starting point of F6 diversifi-
cation dates from approximately 930 CE [HPD95% = 251–1466 CE] and
lasted until around 1600 CE. The MRCAs for each subgenotype, including
F6, dates from1250 to 700 years ago, suggesting that the expansion of ge-
notype F strains that are currently circulating mainly took place during
the post-Columbian era (Fig. 2). The genotype F tMRCA was similar to
those previously calculated using the samemedian evolutionary rate, es-
timating an age of around 6600 years [HPD95% = 3280–12,856] (Mello
et al., 2013; Mojsiejczuk et al., 2015; Torres et al., 2011).

In summary, new complete genome sequences of HBV genotype F
from Argentina were described and, based on the genetic divergence
and phylogenetic evidences, it is proposed to classify these new isolates
along with the sequences previously reported as a novel “subgenotype
F6”. Accordingly, it is considered that the accurate classification of
HBV subgenotypes and a more exhaustive sampling might provide
new insights for understanding the evolutionary history of HBV geno-
type F and proposing new hypotheses addressing its diversification
process.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.meegid.2016.11.023.
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