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 E:BHR #i—#AasEREKEN AT K RFHBV W& 7k, Fik #2017 F1—10 A
GGG TATFKEF 30BN L., REEF hFHF KRR HBV B 44 B4R R, idid HBV
DNA # # 0 & 7 & B 4848 5 5 (PCR) 3% %384t % 12 HBV DNA # K#t /72 340, &84 HBV<4X
10° copy/mL #5% & DNA 6 4] , 5 A 74 LR —F FxaE A AL X PCR ¥F3Eka& &, KA Illumina Miseq
& 3¢ My AT E R BT A :V:Véf_%ﬁa.\,%ffiwﬂﬁ HEHRITHoMN., HR 5 HBVBAAXARA
ot AR R A —F ok EERFRA, BKE K, RXPCRY W EA LA FX 75.61%, A REE
BRNBREEIF, 6 BIKFEN HBV HEAE LRI 29 AMNB A SNV, AELE ISAKARE, i £X
PCR ¥ 3% HBV 2 A W& /7 5@ 20 5T A TIKE N HBV e94n], B X AR R X .
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Application of low-copy hepatitis B virus detection method based on high-throughput sequencing
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Abstract : Objective
ods 30 patients with hepatitis B admitted to the hospital from January to October 2017 were selected as the

To establish a detection method for clinical low copy hepatitis B virus (HBV). Meth-

subjects of study. Serum samples were collected for HBV genome extraction, and HBV DNA samples were
quantitatively detected by the quantitative detection kit of HBV nucleic acid [ polymerase chain reaction (PCR)
fluorescent probe method]. 6 cases of viral nucleic acid with HBV<C4 X 10° copy/mL were selected to construct
whole-genome one-step library and nested PCR library respectively. Illumina Miseq platform was used to se-
Compared with HBV B ref-

erence genome, the matching rate of one-step genome library construction was very low and the data output

quence the constructed library. The data were analyzed by bioinformatics. Results

was low. The matching rate of nested PCR was 75. 61% ,and the sample coverage and sequencing depth were
good. A total of 29 iSNVs were found in 6 low-copy HBV samples with 15 low-frequency mutations. Conclu-
sion The whole genome library of HBV amplified by nested PCR and high throughput sequencing can be
used to detect low-copy HBV and detect low-frequency mutations.

sequence analysis,DNA; mutation
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RO IE HBV Y AHEL 90 R TT - i 3 M 0
ZEEY . EL HBY B2 7 B v X A iR
JYRAEEAER. A AT K BV iR I 3 24008
F o R A W 55 R (PCR) B AR I8 B Sanger
WP AR . SR BEAE HBV O AL 3 i i 28722
JEHJE R AR AR AL Y B 38 R T AL SR I B R Y
MERE . AN, XK HE D HBV BEA% TR DNA WK Z .
()RR S i 8 R U ) Jg R i — L8P AE 1 HBV

EHE I :

VR 22 L 2 W) AT O L 32 A S B B A I 5 1] 5
ARSI A B =2 N L R 2. R T e AR DL 2 R S EE R I 5k Y

HEAT I P« 92 B9 2 AR 28 A8 i A o AR T . IR
HE AR DNA i K 3800 1 00 R 5 X s 2 B4 o
B i i 2, JC R AR5 DL HBV Il . A WF SRR &R I
ML — M RE S B PE DU HBV R Jr 25, BAE N
ARl R A2 HBV IR UL 1912 W2 LR S8
1 #AMETE
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14 B, 2 16 Bi]; B WS 22~57 %, (43.5E12. 7)
%o A BE S MW TR IR I AR
A2 0 HBV UL BH M . AR 9% O 2 AR Be 48 7
ZOV o bE, AR E B IT RN R E .

1.2 ik

1.2.1 HBV REREAI 30§ HBV Yy i &
TR R K 5 mL, 43 B g . R I 2 A
21 DNA £ Bl R & (KRR AR b st A IR A FD .
P UL A4 AR 2R X 4 HBY DNA #4705 &
T —80 CHfF# .

1.2.2 HBV ¥ EEM & AR5 DL HBV FEA R R
1 HBV SZEF 5 & PCR IR0 & (PCR 264K
BEVE BRI 8 o B 2R W) R A BR A R L LR R
HBV DNA AR , #7630 W 15454 647 30 4]
HBV J& 4L [H P 8 1 % HBV $8 D% e i ke il
ABI7500 %y E i PCR (X ¥ e W #E /i 37 °C 5
min; 94 °C 2 min;94 °C 20 s,55 °C 305,72 C 10 5,40
AMEFR:25 C 10 s, #EF FAM Oy HBV 751 {5 5,
VIC Jy W AR 36 {5 55 K HBV T AE b5 ofE 5 i R
“Standard” -y A 156 BT 45 b (9 2 50 1R M0 AE & R R
il BE N Sample”, Ff T 45 oG 32 BORE & (8L 20 B
Bl . MAEIGIK HBV $5 DUEGE [ L £ HBV <4 X
10° copy/mL i 8 DNA 6 il 1 K+ I HBV £
LIPS

1.2.3 23N PR VN HBV g &2 E 6
) HBV 45 2 % W ] DynaMag-2 Magnet 12321D
J1 88 F AMPure XP beads % ¥ (3£ [H, Beckman
Coulter 24 w]) X HBV ik 8 4% B #F 17 104 2k W Bt 2li4k .
K Qubit dsDNA HS Assay Kit (3 [H, Invitrogen
oy ED XA HBV & i DNA FEARWKE . #i¢ Nex-
tera XT DNA Library Preparation Kit &7 & (£ H ,
Hlumina 23 w5 36 W] 5 #E47 HBV 9 8 CE . 1
5 SCEE R Aligent2000 {4 #8 (36 [H , Agilent Tech-
nologies 7 w)) X S it &2 #E 47 PRAR

1.2.4  H50 PCR ¥ 10 IR45 D1 HBV 95 1 2
oI T HBV R 20 9 Fr ok 454, TR Tk F 2 B
ik k4T PCR 9734 . o HBV &K IEH 4R
A(ntl 825~0~702) i Bt fl B(nt503~1 823) kB .
454 GUNTHER %" 311 A B 101 X A 55 51 99 S Pt
MEE T 55X PCR 519, A BFSE 1T T HFL,
HF2 . HR1,HR2.P3 & P4 6 45|14 . H¥y 5|4 P3
(Reverse)5'-CTC GCT CGC CCA AAT TTT TCA
CCT CTG CCT AAT CA-3'}&% P4(Reverse)5'-CTG
GTT CGG CCC AAA AAG TTG CAT GGT GCT
GG-3" /5t 0 X K u24. HFL (Forward) 5 -GTC
TGC GGC GTT TTA TC-3',HF2(Forward)5'-TGC
CCG TTT GTC CTC TA-3',HR1(Forward)5-ACA
GTG GGG GAA AGC-3' ¢ HR2 (Forward) 5 -AGA
AAC GGR CTG AGG C-3" N5t a F 7 R5F X B3

WEMLI Y. A WFEN Y mA TAY TR L
) e A1 BR 2 |l A R B S vk B R A 10
pmol/L, 4346 J5 —20 ‘CLRfF, HxU PCR YK A A
B B it AT 2 e P, Hh A R B 14
P LA P3 #HRL 514, 2L HBV DNA AR 317
PCR ¥ #; A R EEE 2 e 9734 DL P3 Ml HR2 K514,
LA FERSE 1Y) AR 21T PCR Y34, B i
BEAS 1 91 2L HEL f1 P4 514, 2L HBV DNA
BAR 1T PCR P14 ;B B8 2 #6415 UL HF2 Fi1 P4
5l LB R B s 1 W oy AR #E4T PCR 9
W A RV EIRH LA Taq BEHE G U/pl, HA,
TaKaRa AF]D . AB F B 1 9 3 RN FE T R
94 CHIZEME 4 min; 94 CA8 M 30 5,58 ‘CiB k 30 5,72
CZEf# 2.5 min,35 PMEFH ;72 CLEAf 5 min, AB
BLME 2 fe i i FR )P o 94 CHAE M 4 min; 94 °C
A 30 5,58 “CiB 2k 30 5,72 “CIEAH 2 min, 20 1
;72 CHEMH 5 min, &% PCR ¥ 3 e b 5 ¥ 3547 1
aift. AB2E PCRE 2 229 H /¥4 Qubit ds-
DNA HS Assay Kit(Z H ,Invitrogen A ) & & 5%
JEE IR EL B A PR AT M 8 | . ] Nextera XT
DNA SCPE U5 & 42 10d B 5 4 82 0 SO % .
1.3 it s 6 B fk#E D1 HBV FEAR L 2 FhoJy ik
P4 S P J5 38 5 Tllumina MiSeq I 77 °F- & #E 47 5 il
I . TS R GG s 2 R R R A Sk A B A
H IR 53815 clean reads, R J5#F clean reads #4745 3
JG #4158 Raw tags, it GATK T H A1 SAMTOOLS
A AR - (1) ZEAR A 15 6 reads B35 8 =205 (2) b
XF B MQ=30, % i 3 N A% R 2 S (ISNV) i 4T
2 % R
2.1 A4l##F HBV ik HBV 3 10° ~107 copy/
mL, <4 X 10° copy/mL MW FEAE IR 6 5], >4 X 107
copy/mL W EEZIR 13 ], WK 1,

1 ANEAEE HBV iRE

e Pt # PCR B ¥otE i PCR
(copy/mL) (copy/mL)
1 3.83X10°% 16 1. 85X 105
2 2.46X10% 17 9.03X107
3 5.42X108 18 4,11 X107
4 8.35X107 19 8.42X10°
5 2.08X10°% 20 1. 15X 107
6 5.22X107 21 2.47X10°
7 8.31X107 22 3.05X107
8 7.42X10% 23 4,18 108
9 5.95X107 24 5. 71X 107
10 1.37X108% 25 1.06 X103
11 2.59X10* 26 5.95X107
12 1.38X10° 27 4,96 X107
13 3.15X10% 28 3.14X10°
14 2.45X107 29 1.01X 108
15 9.69 X107 30 2.18X107
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2.2 L PCR ¥ k45 01 HBV g 7 2 7 4
HBV Z N4 § 50 PCR R LA Taq BEEAETT 2 B
PHg. 28 PCR Y145 A Ml B Bt PCR 7“4 K/h oy

Wk 2 092.1 320 bp, WK1,
M

b
TE:a 3R A B 6 MKFE DL HBV BEACY 3k 18] b (3% B )
B 6 MR I HBV FEAY Ak . MAUCKR > 7 AR e 9. & K
/N BB R AR A 2 000,1 000,750,500,250,100 bp
1 HBV &3 PCR ¥ 1% B8 ik &

2.3 AR P XLEE I HBV 9 5 2 4 1 5%
L PSR SN 4 R e SR S e € iR
BHAERIG .6 DMREAR -8Ry 1.8 M, IF A $idis
VCPCE e dE 8 e . R W T EREGEE T,
RN — Bk EE AR AL I HBV 9k 3 4
A,

2.4 HX PCR Y IR FE D1 HBV i 35 8t 7 1 5%
e 6 K45 DL HBV FEAE- Y 8cdli &2y 5 496, 5
HBV B % %% 3 [F 41 (AB981583) L% . F- 4 VT Jig i
k75,61 % S PR R 59. 7, WL 2.

%2 HAPRYVBEBESEENFLER

B

TR TR Bt VRS JE (25) W SNV i
1 5118 77.13 58.7 6
2 4985 73.05 63.5 4
12 5095 68.91 61.4 10
21 5910 75.56 63.2 4
25 6022 77.35 57.9 3
28 5845 81.65 53.6 2

2.5 fEEWNISNV T 6 AR TG 29 4>
iISNV, L3 2, 6 MREATA iISNV H 58 48 47 3 I 1K
k0,02, Ffm k0. 93, HAFTE 15 A ZARMI R <20 %
i 1ISNVs,
3 i i

HBV J&—F5 WL g FPE DNA J5 8 .t o2 —Fp i
BEFERRTE . NRTERY: HBV W55 )5 2 LKA B i
17 00 K # R MR TR, Kk 28k HBV S e (85 19 11 IR
TP AR

DNA & #HilJ& G 5 HBV e i 1 & R 1%
R BRI OIS S T R B9 HBY 54 & S 5

AN e PE HBV e, 5 & Zbk HBV et SR,
It 2 W b &8 43 HBV 864t FH M 28 5 B #5417 19 HBV
¥ 0L 5K, £ 52 HBV £ 2 W7 Jr %, ok % & =
PCR AR S M Sanger W ¥ H AR Jo ik 647 HE B 19 K
TUET S A T B AR ) 4 K 3 R 414 i B A R BR
PR eI 2 15 3 1A N 0 3o B R T 1 K AR
AR AN REME AT 5 AN g BT 5 S W B ZE AR Y I O .
ARG S D) HBV 95 8 JE 47 =l i 5, g Sr T
—F R R R T 7E HBV B 5B 5 s W 7 vk .

W SE & B, HBV 35 R 21 25 M 5 53 S R 4 op
ETE 2 Ab BT, HAF7E 5% DNA 258, [6) i), 38 A7 76
T4y W EE DNA g5 #91 , HAT. HBV 4 3L K 4§ 4
2. —FRETEOX I Wi T HBY 4
KERNHA LY. —FfERETHEA PCRYZ
RBZ Ry, WA R T BOR B R R
R A0 L R B PR 2 T R, 4 A HBV 2t
PRI 2 4 550 R0 505 HIL ] PR AIE 52 B2 43t T 1T fig

e 2 R AR AR SR R S SRR T
SOl AR A LY. AR AR
R ARFE D HBV T8 X PCR § 34 J5 19 43 1 2
JE s o BRI 7 1 3 S DU e T i 5 1 B T HBV
RN Bk . & T HBV 5 8 4% R $2 1L
B s 5 K 1E A5 8 X 285 B 76 Bl 25 38 o ) )7
RO 7= A e B N RIE A b, SR, 7E EE X
HBV 5 R 21 B0 5 77 A= A i i i 25 4 0% 2 B o 75
LR AN A AR B R R B AR B B
B g e T S B R E HBV BRR A BRI (5 B8R
D TR IEAT G S8 . B3N PCR 973 + g 1%
KAHERR T 16 15 8 T4, 2L HBV DNA Jy 54 2t
TP 1G58 T HBV 8 DL TSI 1 W0 5 /9 A 2L
PeRE . BRAh A ST AT XK HE DI HBV A A R 4 3K
P 5 ey ) B 7 L DU TE B % B35 B K IR TE T ik
AT EE R,

AWFFEIE i X iISNV HE1T 43 1 4L BB 29 4 iS-
NV, HAF7E 15 A48 5 3R <20 %0 i iISNVs, X SE 4§
BN o (5 oL I I w7 s < 3 I < B S (3 A
HBV 5845 ()0} 58 ¢ /0 AR #5 DL 955 B FF A 1 1K 40 28
TR N 26 f 5 B B e 1 (CHIV) B £ 7. PROS-
PERI 4% % 1 ,<<10° copy/mL (1) HIV FE A 5L P4 4
MR Z P rE R . FRULEE I HBV FEA A K
DUAE 1 DR Hh R 4 4 3 AR, IR0 28 A8 AT fig 5 3% HBV
TETE IR A G
4 % it

A 5E T 55X PCR ¢ 8% J5 & #4718 45 N
HBV A ) 4 5 193 O 45 6 & P HoR
SEILTAREE DL HBV AR A 28 A5 i R, Sk o oK B B A
W77 2 T0 2 H W v 7E HBV R B s it 1
FE R HEIE AR TR
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