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Background:

Hepatitis B Virus (HBV) is the prototype human hepadnavirus. Unified reference sequences
are important for informing phylogenetic analysis, studying diversity within and between
hosts, identifying sequence changes (sites of polymorphisms / insertions / deletions) and
providing standardised sequence numbering. We have developed a database of HLA Class |
epitopes within HBV, ‘hepitopes’, (on-line at http://www.expmedndm.ox.ac.uk/hepitopes),
for which we required a unified approach to HBV sequence numbering in order to provide a
reference by which epitopes can be located. This work provides aligned and numbered HBV
sequences, subdivided by genotype where possible, in the form of a pdf file and an xIs
spreadsheet.

Methods:

1. Recently published HBV reference sequences! were used as a baseline. The
sequences were retreived from Genbank (https://www.ncbi.nlm.nih.gov/) where
they can be found under the following accession numbers:

= Pol: AIW31599

L] Large HBs: AJW31600

= HBX:AJW31597

- Pre-core: AJW31591 (first 29 residues only, as remainder of sequence is Core protein)
= Core: AJW31598

2. Amino acid sequences were downloaded from The Hepatitis B Virus Database
(https://hbvdb.ibcp.fr) for large HBs, HBx, Core and Pol, for all proteins for which
>100 sequences were available. (Download dates 30-Sept to 18-Oct 2016; see Table
for numbers of sequences).

3. Downloaded sequences were converted to fasta format using
https://hcv.lanl.gov/cgi-bin/FORMAT CONVERSION/convert.cgi

4. Sequences were aligned using clustal omega (up to a maximum of 2000 sequences
per alignment) at http://www.ebi.ac.uk/Tools/msa/clustalo/

5. Aconsensus sequence and entropy data was generated from each alignment using
tools available on-line at the Los Alamos website
https://www.hiv.lanl.gov/content/sequence/ENTROPY/entropy one.html

6. Aligments for sequences for Genotype E Pol and the first 29 residues of genotype D
pre-core protein failed to align, so these are not represented in the consensus

sequences.
Protein GenoA GenoB GenoC GenoD GenoE GenoF
Pol 1020 1403 1869 982 272 229
Table: Number of sequences informing | Largesurface 1271 1799 1897 1167 292 237
consensus for each HBV protein / genotype LB 862 1224 2000 1058 288 340
984 1149 1738 768 313 219
Core 1371 1500 1991 1433 453 252
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HBV Pol Amino Acid Alignment (page 1/5)

Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.

Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods
(page 1).

‘" designates a residue the same as that within the reference sequence.

‘. designates missing data

Residues that differ from the reference sequence are specified.

The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

[ |Terminal protein

[ |spacer

[ |Reverse transcriptase [ |RNAse H

Position

Reference MPLSYQHFRKLLLLDEEAGP.LEEELPRLADIEGLNRRVAEDILNLGNPNVSTI
Geno A - - - - - - - — - —i- - —— - D---mim e e = = = = = AD--=-=- === =im === = L----
(/=3 ¢ e T - i e I i I e L e L----
Geno C - - - - - - - = = —im === = D I R e e L----
Geno D --------- Ri= == -- D- s s sl e e e e e e e e e e e m e m e — - - L----
Geno F - ---- P —im == — = | I il e -=-=-QL-=----
Position

Reference PWTHKVGNFTGLYSSTVPCFINPKWQTPSFPDIHLQEDIVDIRCEQFVGPLT
Geno A | - - - - - - = — = e — = - - — = — I-i--E-==-=-=-- K- ==- IN--Q-==-=-=--
Geno B @ - - - - - - - e e e e e e e e e e e e e e e e - - = - -=-K=-=-=-===--
Geno € — - - - - - - — e — m— - — = = Vei—-—E-==-==-- H-=-=----- IN--Q-Y-=----
Geno D @ - - - - - - - - - e — - — - - -~ V-i-=—-H-K-=---- N---HQ--IKK-=-=-=-==-—---
Geno F - — - — - — - — - =i — — — — — — — A-i==D-L-=-======-- HO-LISK-----—--—--
Position

Reference VNETRRLKLIMPARFYPNVTKYLPLDKGIK:PYYPEHVVNHYFQTRHYLHT
Geno A I G i TH-i-— === === - - - —=--DQ - - - - - -~
Geno B R B R il e i e
Geno C e G I e e i A---i--K-=--=--—--
Geno D —==K---Q0--im - s s e - m m e e e e e e e - - L e - === = =
Geno F Roohooooo Vieoooo F-K--i——-F-ME-=-—-—im == —— = — = — — ceRoco=oooae
Position

Reference LWKAGILYKRESTRSASFCGSPYSWEQDLQHGRLVFQTSKIRHGDKSFCPQ
Geno A - ----—--—--- e B it T E--i-—-=--- IK--Qi----E---S5-
[e1=) + Lo I - R ittt e R it L i
Geno C - -----—-—--- e B ot L E--im=-==--- Q--Ti----E---S5-
Geno D -~ —-——-————- —lcflocccogoococooo Bo=f==0 0000000 ...AE--HQ-
Geno F |l e g E--i--STSLND--G--TE-L-A-

= continues on next page




HBV Pol Amino Acid Alignment (page 2/5)
Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.
Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods
(page 1).
‘" designates a residue the same as that within the reference sequence.
‘. designates missing data
Residues that differ from the reference sequence are specified.
The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

[ |Terminal protein

Geno A PS---SR---
Geno B - ---- PR---
Geno C -S---SR-P-
Geno D -S---SRPP-
Geno F -S---SRP-A
Position

Geno
Geno
Geno

Geno

Geno

[ |spacer

-—-CVR---KQ
-S-L--KH--
-S---GKFQQ

HBV alighments / vl Oct 2016

- —HIDHSVNN-—-—-—-——-—— oo HL-i-—--RQ-----
RN - 2N (S A
co=lEIDsBoo=loccooossas -—-T---HL-i-=-RQ-----
-—-HTT-L--K-A---Y--Pi-————— PAV--FEK----—--—
-T-CAN-L--R-A--F----i-—EK-NPSL-i-—-R-T-T--

S--RGKS-R-
H--R----R-
---NGK--R-

[ |Reverse transcriptase [ |RNAse H

Geno A ---F-CL--S
Geno B ----------
Geno C - ---- NI--S
Geno D ----- N
Geno F ----NSV--G
Position

—A@cc=Q=foflccccooo=a
______ Qoo dhcccccosos
sAcococoBooiiiccccooooc
cAccccBReolPocccosss
-V--EGK-S-F-----—-—- D

-K---D---T
-K---D---8
PocooDoo=@

= continues on next page
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HBV Pol Amino Acid Alignment (page 3/5)

Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.

Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods
(page 1).

‘" designates a residue the same as that within the reference sequence.

‘. designates missing data

Residues that differ from the reference sequence are specified.

The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation. YMDD motif is marked with a box (residues 549-552 in this alignment).

[ |Terminal protein [ |Spacer [ |Reverse transcriptase [ |RNAse H

. . FANMOIFIFNOT0NOO " NMIENVOEOANAO—TNMINVOSEOANANOTANMINOMEOANOANMT N OSSO0 O
Al IS RS U RS S U R U R R R R RS S S R RS U RS R S R R RS I RS U R IR R R R

vy . ANMOIODOENDNOANMINOENONOANMIONONDANO ANMINOSNONO HNMINONSDAND
Position 00O WOWOLINNOWOOOOOOWOWOWONMNSMNSMNSNSNSNINININOOOOOOWOWOWMWOY OO oy oy oy Oy O
I I I I IS SISSSSSII S S S0

vy . ANMOIONOENDNOANMINONONOANMIONONDANOANMINONSNONO ANMINONSDND
Position D00 WOOOOINL0NWOWOWOWYWYWOWOWOWOWWNMNSMNSMNSNSNSMNSMNNNOOOOOWOMOWOWMMO oo ooy O
L0100 0 0 O O 10 10 10 0 0 W0 0 0 0 0 0 0 0 10 0 10 0 1O 10 10 10 10 10 10 0 10 10 10 10 10 10 10 10 10 10 10 1O 10 10 10 10 10 O

= continues on next page
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HBV Pol Amino Acid Alignment (page 4/5)

Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.

Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods
(page 1).

‘" designates a residue the same as that within the reference sequence.

‘. designates missing data

Residues that differ from the reference sequence are specified.

The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

[ |Terminal protein

[ |spacer

[ |Reverse transcriptase [ |RNAse H

Position

N HTANMOHIOOEDNOAANMNIVOEDNO ANMNIOVOEDNO ATNMIOOSONO = NO LW
Position L0 OLLWLOWINIWOWO OOV WVYWVWOWWNNMNNNSSNSS0 000N MA A
L0 L0 10 10 VOV WY VIO WYL W WL WILILWWIOWWILWWYIWLILLWWILWYWILLWLWVWLLWLWYWLLLLY

GEeno A | - - - - - - - — - i - —— - - T — e - m m m — m m m e e e e m e e - S - -
[e1=) + Lo I - R it R R e R
(e s Lo I o e i i e e e
(=) s Lo T » i e et e i E e S--
Geno F - — - — — — — — = —le — o m e m e e e e e e e e e e m e m

= continues on next page



HBV Pol Amino Acid Alignment (page 5/5)

Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.

Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods
(page 1).

‘" designates a residue the same as that within the reference sequence.

‘. designates missing data

Residues that differ from the reference sequence are specified.

The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

[ |Terminal protein [ |Spacer [ |Reverse transcriptase [ |RNAse H

Position

Reference LLRLLYRPTT.GRTSLYADSP.SVPSHLPDRVHFASPLHVAWKPP

Geno A ----PFQ---i-=-=-=-—-—-- Veomim e - = = Vo e o = = = -—--
[e=) 1 Lo T - B it o i e -=--
Geno C --H-PF----im == == - A e L i ---
Geno D e N e e it e ---

Geno F |[EEEE el R e L L L LT T TS S —==
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HBV Large S Protein Amino Acid Alignment (page 1/2)

Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.

Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods (page

1).

designates a residue the same as that within the reference sequence.

‘. designates missing data

‘“

Residues that differ from the reference sequence are specified.

The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for

ease of navigation.

-Pre—SZ

[:::]Surface antigen

S NM 0O~ 00

Position

Reference MGGWSSKPRKIGMGTNLSVPNPLGFFGDHQLDPLFRANSENPDWDLNPHKD

Geno D

.L-WTVPLEW-K-H-TT-i~------------A----TR-i----H--N--

Geno E

--APLSTT-R---Q------——-—-—--—-—----——--—---88----F-KN--

Geno F

Position

Reference NWPDANKVGV.GAFGPGFTPPHGGLLGWSPQAQGRLTTVPAAPPPASTNROQ

H--A--Q-----=----L---ic--T-=-----ic--T----8STI---~------

Geno A

_________________________________L________________

Geno B

H--E--Q--A----—--———im - — oo o T oo mm oo

Geno C

T--------A----L-----im——--=-—----i-—--I-Q-L--N--------~-

Geno D

H-TE-----—-—--—-—-—-—f-——————— - -M-K-L--D---------

Geno E

~=-M------i~GY-------i——--=--—-------V---L--D--------R

Geno F

LPAGGSSSGI

LODPRVRALY

OQWNSTTFHQT

Reference SGRQPTPLSP:PLRDTHPQAM

Position

PVPNMENISSGLLGPLLVLQAAGFFLLTKIL

ISSILSTTGD

Reference VSPAQNTVSA

Geno A

Geno B

---TT--F--------i-—-—---R--

Geno C

Geno D

Geno E

Geno F

= continues on next page



HBV Large S Protein Amino Acid Alignment (page 2/2)
Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.
Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods (page

1).

‘" designates a residue the same as that within the reference sequence.
‘. designates missing data
Residues that differ from the reference sequence are specified.
The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

[:::]Pre-SZ

Position

Reference TIPQSLDSWW

Geno
Geno
Geno
Geno
Geno

Geno

Position

M M O QW

Reference LRRFIIFLCI

Geno
Geno
Geno
Geno
Geno

Geno

Position

A

Reference PAQGTSMFPS

Geno
Geno
Geno
Geno
Geno

Geno

Position

Reference VPFVQWFVGL

Geno
Geno
Geno
Geno
Geno

Geno

M M O QW

[:::]Surface antigen

TSLSFLGGTP

LLLCLIFLLV

CCCTKPTDGN

SPTVWLSVIW

VCLGQNSQSOQ

————————— P
T-P------ P
————————— P
————————— P
G-P------ P

LLDYQGMLPV

CTCIPIPSSW

MMWYWGPSLY

ISSHSPTCCP
T-N---

CPLIPGSSTT

AFAKFLWEWA

NILSPFMPLL
S-V---I---

______ L—— -
S----- L---
______ T---
S----- I---

PICPGYRWMY

STGPCKTCTT

SVRFSWLSLL

PIFFCLWVYTI




HBV X Protein Amino Acid Alignment
Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.
Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods (page

1).

‘" designates a residue the same as that within the reference sequence.

‘. designates missing data
Residues that differ from the reference sequence are specified.
The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

Position

Reference MAARLCCQLD

Geno
Geno
Geno
Geno

Geno

m M O QW

Geno

Position

Reference
Geno
Geno
Geno
Geno

Geno

M M O QW

Geno

Position

Reference
Geno
Geno
Geno
Geno

Geno

m MmO QO W

Geno

Position
Reference
Geno A
Geno
Geno
Geno

Geno

M M O QW

Geno

dNmtnornoan 3SR 0SER8AR

PARDVLRLRP
_____ Y_____S________
____v _______________
__________ _T________
SARIRRERNBTTBIBEEIEBR
AHLSLRGLPVICAFSSAGPCA
S-—-------- -S--------
5883885833838 3I8EGRAR
T A A A A A A A A A A A A A A A A A A
SAMSTTDLEAYFKDCVFTEW
P---- - - - - - - - KD -
_________________ KD_
—V--- - — - oo o= L-KD-
——————————————— L-KD-
~GR-M-WI-E-I----- KD -

S--F-T--SP

S----T-SSP
S-S--D-SSP
S-S---V--P
FIBILREIBR
TTVNAHRNLP
______ 0T - -
______ oV - -
______ OF - -
______ 0T - -
_____ P-§--

ANONITNON OO
ST ITSITIST N
SPPVVPTDHG
--SA--A---
--SA--A---
--SA-S----
--SA--A---
--SA--A-D-
SN ON RS
DRI D G
KVLHKRTLGL
P e — — — — — — — —




HBV Pre-Core Protein Amino Acid Alignment (first 29 residues only)

The remaining residues (30 onwards) are represented in the alignment for core sequence (see page 11)
Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.

Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods (page
1).

‘" designates a residue the same as that within the reference sequence.

‘. designates missing data

Residues that differ from the reference sequence are specified.

The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

Position

10



HBV Core Protein Amino Acid Alignment

The pre-core protein incorporates an additional 29 residues upstream of this sequence (see sequences
represented on page 10).
Reference sequence is from Liu WC, et al., Hepatol. Int. 2016;10:147-57.
Consensus sequences are derived from all available sequences at (https://hbvdb.ibcp.fr); see methods (page

1).

‘" designates a residue the same as that within the reference sequence.
‘. designates missing data
Residues that differ from the reference sequence are specified.
The sequence is numbered consecutively from 1 and divided into blocks of ten residues (dashed lines) for
ease of navigation.

Position

Reference MDIDTYKEFG

Geno
Geno
Geno
Geno
Geno

Geno

Position

Reference HHTALRQAIV

Geno
Geno
Geno
Geno
Geno

Geno

Position

M M O QW

m M O Q W

ASVELLSFLP

CWGELMNLAT

Reference LWFHISCLTF

Geno
Geno
Geno
Geno
Geno

Geno

Position

HT M O QW

GRETVLEYLV

Reference RRGRSPRRRT

Geno
Geno
Geno
Geno
Geno

Geno

m MmO QO W

PSPRRRRSQS

SDFFPSIRDL

WVGSNLEDPA

SFGVWIRTPP

LDTATALYRE

SRELVVSYVN

______ N- - -
S -
—eEe—e - =
A-—-—--- N---

AYRPANAPIL

PRRRRSQSRE

ALESPEHCSP

VNMGLKIRQL

Te-m - F---
Teeom - F---
L

STLPETTVVR

11




