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Bk ke BRSO RAET 20 Bak’ HEH

[#Z]1 B FHIon Torrent PGMUREE M FHIA, it LBUBF R BiTEehin (HBeAg) B
Mk ZBAF % (CHB) B ZBIBF R Wi (HBV) HEAM LS FRIRTCIK AN L. A3k W
HBeAgBH 4 CHB & 3G £ 42541, $2EUHBV DNA, RHHXPCREY HHBVEAZ O HEIT
FIRTCIK BBy, R YR EME CE, %5 TlIon Torrent PGMYF & VR EMIT, M B 25240 BT 5848 o7 1
FHGEAF A R HBVEE AN L 3 2T RIHTCIX 548 BURIMS A= Y 25 2% Jpehar, A Dy R B 0 e B8 o

LR 1r250HBeAgH Tk CHB 5 HBV AL 0 R 20 7 T CIX A HH AT %218 20% 1 S AR A7 s 104
G1746A. A1752G/T. T1753C/G. A1762T. G1764A. C1817G/A. T1825C/A. A1846T. G1896A.
G1899A; G1746AFITI825C/ARTFAT 2843 Mik92%F1100% . SEAZA7 MFEHBY B3 PR 18 i1 C e PR 71 Jak
P A ATELL R R, A1752G/TRIGIBI6A F- BT TBIE N ALK YL (63.6% vs 0.0%, »* =12.374,
P=0.0007; 72.7% vs 28.6%, x'=4.812, P=0.0472) , A1762THIG1764A =S4T T CHRE DRI AL ge 2
(27.3% vs 78.6%, x'=6.579, P=0.0172) ; CIERNREYFA1762T/G1764AAE R 3% TBIL A
RURE, AERTHEI X (25.7% + 28.4% vs 68.4% + 42.7%, t=1.614. P=0.1326) . 254
HBeAg[I:CHBHEE 1, 32.0%HFINAAIT62T/G1T64A5AS, 24.0% B N4 G1896AKAE, 24.0%
BH RN HE T AL1T62T/G1764AFIGI896ASE A . #8538 YRFEIF 4 M Al A T € it AT HBV A A% 0 JH
FITREICX 548, NHBVISARGT MG IR N R4 T H AR
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[ Abstract] Objective To explore the characteristics of mutations in the basal core promoter (BCP)
and precore (PC) regions of hepatitis B virus (HBV) genome in HBeAg-positive patients with chronic
hepatitis B (CHB) using Ion Torrent Personal Genome Machine (PGM) deep sequencing. Methods Serum
samples from 25 HBeAg-positive patients with CHB were collected, which were used for HBV DNA
extraction. Nested PCR was used to amplify the BCP and PC regions of HBV genome. The PCR product
was subjected to deep sequencing libraries preparation and subsequently Ion Torrent PGM sequencing. The
variants and mutant percentages were detected through bioinformatics analysis. HBV BCP/PC wild type and
mutant type reference plasmids were constructed, which were used as quality control in deep sequencing.

Results Ten single nucleotide polymorphisms (SNPs) that had variant types with prevalence of greater than
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20% were observed in the BCP and PC regions among the 25 HBeAg-positive patients with CHB: G1746A,
A1752G/T, T1753C/G, A1762T, G1764A, C1817G/A, T1825C/A, A1846T, G1896A and G1899A; the
prevalence of G1746A and T1825C/A were 92% and 100%, respectively. The prevalence of these mutants

was analyzed in patients with different HBV genotype infection. The A1752G/T and G1896A were mainly

prevalent in genotype B infection HCV patients (63.6% vs 0.0%,

=12.374, P = 0.0007 and 72.7% vs 28.6%;

1 =4.812, P=0.0472), A1762T and G1764A were mainly prevalent in genotype C HCV infection patients (27.3%
vs 78.6%; *= 6.579, P = 0.0172). Patients with genotype C HCV infection had higher A1762T/G1764A mutant
percentages than those with genotype B HCV infection, but without statistical significance (25.7% + 28.4% vs
68.4% + 42.7%; t = 1.614, P = 0.1326). Among the 25 CHB patients with HBeAg-positive, 32.0% cases had
BCP mutants only, 24.0% had PC mutant only, and 24.0% had both BCP and PC mutants. Conclusions Deep
sequencing could be used for quantification of HBV BCP and PC mutants, providing a suitable technology

platform for the clinical application of HBV mutant research.

[ Key words] Hepatitis B virus; Basal core promoter; Precore; Deep sequencing

P2k O 8 (hepatitis B virus, HBV)
BRRGL R, FEAE R I MUR R R )
EHS, HBVIRAS R AN, PLEEARZ L E )
¥ (basal core promoter, BCP) FIFJC (precore,
PC) X 5AR b WU, RAWFIREBCPAIPC
S5 LM R i rEePUR (hepatitis B e antigen,
HBeAg) L35 4% 4, JH-Al A0 R0 JH- 40 i 98 1Y) A2
RBSEARDCE . R, L4 TR H BCPRIPCR AL
YT FIRIRPUR BEVRYT « PGt e B AT R
B R o DMEAH IS 22 BCR Y T H00 Al
HBVRAZ, (AR HHRARIL20%LL EIRAR, )
T AT AR e AR AR RASAL pU 4z 1A o Bl
FR— RN P AR AW, Wilon Torrent™ A
AR LR 4L /7 (Personal Genome Machine,
PGM) , i & il i B0 vk 5 2 34 . Ton
Torrent PGMARJE M 756 T AR AR, HAMCK
A KHBE, mmuRmR Al RWtk, AR E
764 Flon Torrent PGMYREM -5, IRFE /325
BIHBeAgFH L2 LR % (chronic hepatitis B,
CHB) H#HHBV BCPHIPCIX RAFUEFIE L, W
HBeAgBH :CHB & #HBV BCPHIPCIX F3A5 k4
BCREAE, RIEMR .

BRERE

—. WIS

gy N b 5K 2 N R BE B i 1) 25491 & B
R EERMPUR Chepatitis B surface antigen,
HBsAg) BHYE. HBeAgFHPECHBZE# . AHFFTH
SSE TGRSR E SR, T IR

e NIGPE BE s 2 A B 23 Gy 25 (WAt RS a2
BAE RS T . B IIIE AR AT — B
17T —80 CUkHA .

T RS AR B

QIAamp DNA Blood Mini Kit (%[5 QIAGEN
AT) s AmpliTaq Gold® 360 Master Mix (3%
[H Applied Biosystems’ ) ; QIAquick” Gel
Extraction Kit (fE[EQIAGEAH]) ; LM R+
Bl e mA AR & (MR E 2 K2 RAFD
LI R FE R I TR ARG G AR
AFD 3 PCRY MY (fE[E EppendorfAw]) 5
11120004 [ S E A CGEETERE A FD .

=\ SER L

1. MFHBV DNA$ZHL: #% M QIAamp DNA
Blood Mini Kitii# 200 plifili&FE A HEEHBV
DNA. HEHEM 25 HTHBVIE R Y

2. LR sEaba Al M HBYV DNAE
HAHHBVZ IR & s & A HBsAgE
SAHH B 2% FE R T HTRUE AN & il
T HBeAg ¥ K H H EWF A ik e,

3. HBV BCPHIPCIX §:PCR ¥ 1t .
i fHAmpliTaq Gold® 360 Master Mix it
&P HHBYV BCPHMPCX H B . 1%
PCRY 54 HB935 (1 240~1 260,
5'-GAAGGTTTGTGGCTCCTCTG-3') HIMDCI
(2304~2324, S-TTGATAAGATAGGGGCATTTG3) M, 4~
#84k 2 420 pl, 45 ul HBV DNA, 0.1 ul B935,
0.1 pl MDCI1, 0.5 ul 360 GC enhancer, 10 pl 360
Master mix, 4.3 ul ddH,0, 5|2k 0.5 pmol/L;
95 CHiAEMES min, 40MEH (95 C. 30 s,
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55C. 30s, 72 °C. 90s) , 72 C. 7 min.
2%PCRY MY, RSl —3kW 7 & h 2 FE AR
B, Y W5 CPRFL (1 678~1 695,
5'-CAATGTCAACGACCGACC-3") f5'-3i i 4%
KIF B oy 7 A 2= R bR B 4, 1T IX
SREAME R, P54 CPRRT (1 928~1 948,
5'-GAGTAACTCCACAGTAGCTCC-3") f)5'- ki
R —BUR R8s AR R S50 ul,
F2.5 ul IR Y), FRZFE2R5IM%2.5 ul,
1.25 pl 360 GC enhancer, 25 pl 360 Master mix,
16.25 ul ddH,0, SIMZWKEE R pmol/L; 95 C
WA PES min, 4073 (95 C. 30s, 59 C.
30s, 72 °C. 90s) , 72 ‘C. 7 min. X} T 524
PCR™ W LUK 45 M IR 99 I FE AR, B 55250 PCR V.
PR B S A%

4. HBV BCP/PCZ 7% JFURify - HR4Es A 91540
OYAE AN LB A 0, 8 A A AN AL S v B T
Ko, WP IR LT BCP (A1762/G1764) /PC
G1896HIBCP (T1762/A1764) /PC A1896[) )i
$i 53 54 W HBV BCP/PCHEF A AR 58 A48 4 5 2% Jiit
ke CE1 , RSBy B i . 255 Ok
S b S S AR R A R H] 5

Ji o

5. VREENY SCPER . BE2HEPCRI L0 2% I
Rt e s vk 402 (2D, YO IRi B 4%
F 1 QIAquick”™ Gel Extraction Kitiit W] 45414k =4
S S e SCZE AL 5 M Ton Torrent PGMAR M ph 2
R (R AL ARAF SEK.

6. WG D=0 EAE{EHIBWA (Burrows
Wheeler Aligner, Version: 0.7.5a-r405) 351 LbXf
A FASTQM J3 30 F 5 HBV BE CH P 1Y I [A]
HZHFH (%P H R ANCBIEE ) AT
XF, A plisam SCA; AR5 48 H Samtools (Version:
0.1.1944428cd) #A%Fsam L EHE4T call snpAbFE,
SRIRARL i L RAR A, A flimpileup A
S5 9 5 R A Bl mpileup KA, i R piE S (K
3) .

V9. Seilsphbs

KHISPSS 1708k A AT GLvE 0 Mo BB
ERY . B E K. HBVAR A7 5 1 RAR R A
HEBR, Dlx+ s8ox, WAL R HBCR H ks
Koy HARBORNIF SR, SR AR K Sk Fisher
UMLK, DIP < 0.05 8 R HA 4% =
”o

VE: reference sequence: HBVILAZ1Z % F%); mutant type: HBV BCP/PCRASHIZ I Fiki (T1762/A1764) /A1896) ; wild type:

HBV BCP/PCH AR % JFiki (A1762/G1764/G1896)

E1 HBV BCP (1762/1764) /PC 18965875 I F1HT Az 1 23 3 i fir

HFEA; Genotype B: BIE[RIBUFEA
El2 HBV BCPFIPC[X i PCRY 1 ™4y i vk &l

B3 AW R A
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& R

—\ BFSLBABIRHIE

WRFTR, AL 256HBsAghH 1k
HBeAgPHECHB & #, I EILHBV CH Y
B LI 456.0%, EKYLHBV BEED A 1 LL A5 o
44.0%, F1E B A8 80.0%. HBV DNAJK Y
BI> 1 x10° # 0l/ml, WNRREILHEEE (alanine
transaminase, ALT) 7K~F/rF2~10f51E % H LR

F 1 WAL

FEAE CHB (n=25)

g (x£s, ) 302 +8.6
PER [ (%) ]

kS 5 (20.0)

% 20 (80.0)
HBVAF A (4] (%) ]

B 11 (44.0)

ci 14 (56.0)
Hi-HBe [#5] (%) ]

[ 0 (0.0)

4k 25 (100.0)
MIEHBV DNAZKT [#] (%) ]

10°~10*4% Il /ml 18 (72.0)

= 10%% Jl/ml 7 (28.0)
L HBsAg/K - [ (%) ]

100~10 000 IU/ml 6 (24.0)

= 10 000 IU/ml 19 (76.0)
ALT (x*s, U/L) 1743 +75.9
AST (x%s, U/L) 86.9 = 62.6

¥E: CHB: 181k Z7UIT4; i -HBe: LM RIRE e HUABUA;
HBsAg: HBV KHEHUR; ALT: WRBREILHBE; AST: KITAR
TR S RS i

QEHAE ERRh40 UL

. B AR R B EHBY BCPAIPCIX 58AR
L

A5 i Ton Torrent PGMEEE M -, £E
25BHBeAglHECHB & &, AT RKiA
20%[FHBV BCPRIPCIX S4BT 15 H : G1746A.
A1752G/T. T1753C/G. A1762T. G1764A.
C1817G/A. T1825C/A. A1846T. GI1896A.
G1899A (#2) . H:AGI1746AFITIS25C/AIIRATH
I592%F1100%, “FH5EAR RS0 (144 +£6.6) %
A (27.6+11.5) %, HEIMICHIHRIE, A1752G/TEL
HR H28%, W MAT THBV BEERREE (63.6%
vs 0%, y'=12.374, P=0.0007) , JfHAE M
RAFH (85.4% +29.9%) . BCP A1762T/G1764A
FIPC G1896AYEHBYV BJE K Y FICHE K Y [ 43 A7
UL 7R, BCP A1762T/G1764A5AF X3k E T
CHREPIM % (78.6% vs 27.3%, x'=6.579, P =
0.0172) ; PC G1896A5AS -4 s A T-BIL K 1 i
H (727 % vs 28.6%, y'=4.812. P=0.0472) .

=. BRI R EFHBCP A1762T/G1764A
FIPC G1896 ARAZHFAE

W5 IEBCP A1762TFIG1764AX 5 AL g 2%
IO, ABFFE25 00 5 v B e 45 b o T
ALT62THIG1764A B EAHHE (RP=0.999) (K
4) , LLFLLA1762TIRRBCPRAL, G1896AFAR
REPCHRAE . BCP/PCHRAZ L2541 i (AT 15
WoR: CHEPIAYFBCPRAL AU & T BAE A AL,
HER LG %2 X (68.4% + 42.7% vs 25.7% +
28.4%, t=1.614, P=0.1326) ; 32.0%HEHNA
BCPHA, 24.0%EFHNAHPCRA, 24.0%E 4 [A
I % BCPFIPCRAR ,

2 1BM: R4 B HBV BCP fl PC [X S48 i,

X 35 FEALL 4, Bl (%) SR (x5, %) CHEREM (n=14) BEHA (n=1D

BCP (1 742-1 849) G1746A 23 (92.0) 144+ 6.6 13 (92.9) 10 (90.9)
A1752G/T 7 (28.0) 85.4+299 0 (0.0 7 (63.6)
T1753C/G 6 (24.0) 89+7.6 5 (357) 1(9.1)
A1762T 14 (56.0) 59.3+43.1 11 (78.6) 3(27.3)
G1764A 14 (56.0) 4744433 11 (78.6) 3(27.3)

PC (1814-1900) CI1817G/A 6 (24.0) 27+1.1 1(7.1) 5 (45.5)
T1825C/A 25 (100.0) 27.6+11.5 14 (100> 11 (100)
A1846T 7 (28.0) 21.7+21.6 2 (143) 5 (45.5)
G1896A 12 (48.0) 10.7+16.6 4 (28.6) 8 (72.7)
G1899A 5 (20.0) 59+8.1 4 (28.6) 1(9.1)

e BCP: SEAMLLHENT; PC: B Cs A: JRUEW; G: S, C. Jumkng; T, MRmEme
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=3 1B AT 4 B HBV BCP A1762T/G1764A 1 PC

G1896A FEARKFHIL
KBNS Bl (% RAEFR (x5, %) PiH
BCP A1762T 0.1326
BAE[R 1Y 3 (27.3) 25.7+28.4
CHAM 11 (78.6) 68.4+42.7
PC G1896A 0.4995
BAE[RI Y 8 (72.7) 13.2+19.6
CHEPR 7Y 4 (28.6) 59+8.0
BCP/PC41 % 0.1869
W/W 5 (20.0) 0/0
W/M 6 (24.0) 0/ (149+229)
M/W 8 (32.0) (88.6+£27.5) /0
M/M 6 (24.0) (20.2£23.6) / (6.5+5.8)

W BCP: AL HENT: PC: |l C; W: BPAER, M. SRR
W

18 PEHB VK G 7E G IR Evl 51 & 12 B9 W
B, MARTE ISR B E R R, i
TEf A R 40 o i 250 . CHBER B 10 A ARG AL, TG
FO T B4 LR AL (0 J 3, nT Bh g Ry S i 52
W BRI, AEREEEEAPIREDY . CHBER#H
H G988 1 52 B N S B iG B S, AN ) (19 5848
PR, DUBCPHIPCIX 5848 5 0 L. W50
TR AL . HBV DNAZK AL, HBVI 2%
At 4 B CHBI HE e, AHF 573l id Ton Torrent
WEEMFE, 23471 T 256 HBeAgPH ¥ECHB % HBV
BCPFHIPCIX FEAL [RIERNREAL -

AW FEAEHBY BCPHIPC X K H 10448 5
i G1746A. A1752G/T. T1753C/G. A1762T,
G1764A. C1817G/A. T1825C/A. A1846T.
GI1896ARMIGI899A . WfFT#kiE, BCP A1762T/
G1764ARINAFRLL . FFJ A A2 A 52 17181 pe
G 1896 A AR I8 i KUR™; BCPRIPCHRAZE#E
R T H 69T 5 K (HBe AgILiG S #54, JHiR
H AT U P BCPFIPC I AR 21 & 4= H K HBeAg
IV 25 e 45 R I ) B4 32997 15 K HBe A g IfiLid
SRR LRES 2, A, T1753VAIA1846TH
5 IR AR AT g 1 2 A B AR 5 s VA P
PRIk EIE, BRBCP A1762T/G1764AFIPC G1896A
Gb, HABTARAL SN LLF & Bk, BT —
Tl e BEBBURK )R FE M P B, FU A T A Hh R AR
R AL, XTI B398 77 97 ORI 9% g ke
AAEHEENRARE L. ARG 746AF!

&4 HBV BCP A1762THIG1764A 5878 ZAH I 43t

T1825C/AVRAT H iE92% M 100%, “F-HJ5RAZ LKy
Wk (144 £ 6.6) %1 (27.6 £ 11.5) %, HHIM
TR

A5 L BCPFIPCIX €4 fEHBV B
B PR 7R RN C 35 R Y J L 3 o IR IR AT I O R R,
A1752G/THIG1896A F KA T BIL KN A &Y ¥,
A1762T/G1764A T E R LT CHF B YL . WA
i, B RURGLE A LG, CIE PR YR %)
TP E N2 RAL TBIE R By 5>, B bt
Ji& g JFF 4 5 2421, T BCP A1762T/G1764A14
JHF 9 & A2 U™ ™, PC G1896 A BAAR T 40 it ) XL
G DRI, 0 C 5 DR 7R 398 o e e 26 XU 7T i
LI B LA R A BCP A1762T/G1764A%i
ATAH DG, B8 0 40 g ke 2 DR 11 TR 38 90 3 A C 3
KT IE JEBCP A1762T/G1764A% £33 — W5 E

i BTk, AWFFTHE T Ion Torrent PGMIRE
Wy, Eidx25#HBeAgkYECHB & #HBV BCP
FIPCIX AR 5 f 4041, WAL iR T HBeAgFH 14
CHBH #HBV BCPHIPCX A [FEFFAE, bt
TR FHA, JFRABVA R 5 U 51797
SRR HE FR AT I (AT FU B 5 T A

2 % x #
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