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The hepatitis B virus (HBV) genome has ∼3 200 nucleotides, coding for seven proteins in four overlapping open reading frames
(ORFs). Comparison of genomic coordinates between different samples and/or published literature requires manual conversion.
An online tool is presented to convert nucleotide or amino acid positions between ORFs, regions and domains of the HBV
genome. The user enters a position into an interactive web page, which then shows this position in all other applicable
ORFs, regions or domains and plots it on a diagrammatic representation of the HBV genome. This tool assists researchers to
convert coordinates, thereby facilitating comparisons between samples.
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Introduction
Hepatitis B virus (HBV), a member of the family Hepadnaviridae,
infects the liver of humans, primates and other animals, and
may cause liver disease or liver cancer. To date, nine human
HBV genotypes (strains) have been described, which are geo-
graphically distributed globally and named genotype A to I,
with a putative tenth genotype ‘J’ proposed.1 The HBV
genome, which is circular and varies in length by genotype
from 3 182 to 3 248 nucleotides, codes for seven proteins in
four partially or completely overlapping open reading frames
(ORFs): Core gene (HBcAg and HBeAg proteins), Surface gene
(PreS1, PreS2 and S proteins), Polymerase and X. The Polymer-
ase region consists of four protein subdomains (terminal
protein, spacer, reverse transcriptase (rt) and ribonuclease H).
The PreS1/PreS2/S ORF is completely overlapped by the Poly-
merase gene, which also partially overlaps the 3′ end of Core
and the 5′ end of X. Mutations in one ORF can therefore lead
to mutations in the alternative ORF.2 Genes in ORFs, which
overlap, are not in-frame with each other.

Historically, the start of the Core gene was considered as pos-
ition 1 of the HBV genome. However, the accepted numbering
system now in use considers the first ‘T’ of the EcoRI restriction
site (‘GAATTC’) as position 1. The start of the Core gene is at pos-
ition 1 901 in the contemporary system.

Depending on the region and context, mutations or positions
of interest in the genome may be referenced as a nucleotide
position or an amino acid position relative to the ORF or
protein sub-domain, or as an absolute nucleotide position rela-
tive to the entire genome. However, as multiple sequence
alignments of nucleotide or amino acid data are typically
sub-genomic and may not include an entire region, comparing
or contextualising positions is often difficult. This frequently
hinders comparisons, with different numbering systems being
used at various times and by different investigators, and for
the different regions of the genome. Therefore, the aim of
this tool was to develop an algorithm to output standardised
numbering for a position of interest from a genomic or sub-

genomic fragment, across all four ORFs and seven proteins,
for each HBV genotype.

Materials and methods
We developed a free, online tool to assist with conversion of
nucleotide or amino acid positions (coordinates) between
ORFs, regions and domains of the HBV genome for genotypes
A to I. The tool is an interactive web page, making use of client-
side JavaScript in the user’s browser to perform the calculations
and to plot the query position on a diagrammatic represen-
tation of the HBV genome (see Figure 1). JavaScript was used
as it allows calculations to be performed directly on the web
page in the user’s browser. No user data are transferred to
the web server to perform calculations. The tool may be
accessed from any web browser on desktop or mobile
platforms.

The genotype length and the coordinates of all ORFs and
domains, for each genotype, are coded into the tool using
values from the literature.3 The appropriate values are then
populated into the table when the genotype is selected on
the web page. The genotype length is required to correctly cal-
culate coordinates spanning the EcoRI position (position 1). Cal-
culations are performed according to the settings the user has
specified.

Results
The HBV Co-ordinate Conversion Tool is shown in Figure 1. Avail-
ability of the tool and the source code are described under
‘Availability’ below.

Overview
Usage of the tool involves selecting a genotype and entering a
query position, either as an amino acid position (relative to the
ORF, region or domain), or as an absolute or relative nucleo-
tide position. When the ‘Calculate’ button is pressed, the
query position is converted to nucleotide and amino acid pos-
itions in all other overlapping ORFs. The ‘codon offset’ value
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Figure 1: The coordinate conversion tool web page. Briefly, a genotype (flag 1) and modes (flag 2) are selected, the query position is input (flag 3) and
the ‘Calculate’ button (flag 4) is pressed. Coordinate results (flag 5) and diagrammatic position (flag 6) are then shown. The ‘query mode’ indicates
whether the query position entered represents an amino acid position or a nucleotide position. The ‘co-ordinate mode’ indicates whether the query
position entered should be considered relative to position 1 of the genome (EcoRI) or relative to the relevant ORF. Amino acid positions are always
considered relative to the respective ORF. The four orange columns on the right of the table show the query position as an absolute and relative nucleo-
tide position, and a relative amino acid position. The position of the nucleotide within the codon (position 1, 2 or 3 of the codon) is shown in the ‘Codon
Offset’ column. When an amino acid position is entered, this will be a 1 for the specified ORF, as the first nucleotide position of the amino acid is con-
sidered. ORFs and regions in the diagram are colour-coded to match the colours used in the input table above. See text for detailed description of the
tool.
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indicates the query position within a codon (1, 2 or 3) for the
ORF, region or domain of the original query, and for all over-
lapping ORFs.

Detailed usage
The tool is illustrated in Figure 1 with flags to demonstrate
typical usage, as described below.

. Flag 1: The HBV genotype (A to I) is selected. The length
and coordinates in the table below will change according
to the genotype selected.3

. Flag 2: The ‘Query Mode’ and ‘Co-Ordinate Mode’ are
selected. These modes indicate how the query value
(Flag 3) should be interpreted. Amino acid queries are
always relative to the ORF, region or domain. Nucleotide
queries may be relative to the ORF, region or domain, or
absolute from EcoRI as position 1.

. Flag 3: The query amino acid or nucleotide position of inter-
est is entered into the box next to the relevant ORF or
region after clicking on the relevant radio button to acti-
vate the edit box. In this example, amino acid number
204 in the ‘rt’ domain of the Polymerase gene has been
entered.

. Flag 4: The ‘Calculate’ button is pressed to convert the
query to all other overlapping ORFs, regions and
domains. An error message is displayed below this
button when there are errors in any of the input
parameters.

. Flag 5: The position of interest (amino acid number 204 in
‘Pol RT’ in this example) is converted to all other overlap-
ping ORFs, regions and domains, with values shown in the
orange areas of the table. ‘Codon offset’ indicates the
codon position (either 1, 2 or 3) in the relevant ORF,
region or domain. For amino acid queries, this will
always be 1. For nucleotide queries, this will be the pos-
ition of the nucleotide within the codon of the relevant
amino acid.

. Flag 6: The query position is shown by the black line on the
diagrammatic representation of the HBV genome. ORFs
and regions are colour-coded to match the colours used
in the input table. This output assists in visualising the pos-
ition of interest (and other ORFs and regions) in the context
of the complete HBV genome.

Additional usage
The tool may be used with genotypes that do not contain the
typical number of nucleotides because of the presence of del-
etions and/or insertions (‘indels’). This can be achieved by
editing the length and region values in the table directly. If
the genotype length is changed a warning dialogue is pre-
sented and the background colour of the length box is
changed to indicate this. No sanity checks on values are per-
formed by the tool when length and/or coordinate values are
changed in this way, as this usage is intended to accommodate
unusual or atypical genomes. Length and coordinate values in
the table can be reset by selecting another genotype from the
drop-down selector or by pressing the ‘Reset Table’ button
below the table.

This tool requires that either the genotype from which the
sample originates is known, or that the positions of all ORFs
and domains of a sample of unknown genotype are known.

The tool cannot be used to genotype samples and does not
make predictions regarding the position of ORFs.

Discussion and conclusion
This online tool will assist researchers to quickly and accurately
convert nucleotide or amino acid coordinates of the genome
between different ORFs, regions and domains for genotypes
A to I of HBV. This will facilitate the analysis of mutations in
the overlapping ORFs, which is important, especially in the
era of bioinformatics and biomarker discovery. Often,
mutations are numbered differently by various researchers
and as a result are not recognised as the same mutation,
leading to their exclusion from various analyses. For example,
Lamivudine-related resistance mutations at amino acid
rtL180M (previously amino acid 528, 526, 515, or 525) and
rtM204 V/I (previously 552, 550, 539, or 549),4 are still being
referred to using the old nomenclature. This new tool allows
nucleotide and amino acid mutations to be referred to in stan-
dardised nomenclature for each genotype, thereby assisting
comparisons. As it is web-based and available free of charge,
it can be used from any platform or region of the world
where Internet access is available.

Availability
The tool is available online at http://hvdr.bioinf.wits.ac.za/cct or
http://bit.ly/hbvcct (case sensitive). The source code is available
under the GNU General Public License, version 2, from GitHub at
https://github.com/DrTrevorBell/CCT. Researchers working on
other suitable genomes are encouraged to fork the project
and adapt it accordingly. This paper should be cited when any
research that makes use of the tool is published.

Future work
The following enhancements to the tool are planned:

. HBV coordinates from non-human primates and animals,
sourced from the literature, will be included in the tool as
additional ‘genotypes’ in the drop-down selector.

. The consensus nucleotide and amino acid for the query
position will be included on the output page, for reference.
This sequence data will be drawn from our curated mul-
tiple sequence alignments of each HBV genotype.5

. To assist with the comparison of positions between geno-
types, a ‘Universal Numbering System’, which is under
development, will be included.
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