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HLIC PCR ¥ 34 K#% W HBV A6 A D5 ik dear Je i

ko FH,E O OEPLRAEEN KT R RN R EAED

(P E AN RERES ——LER a. M&d.0 b, &8 RHUM 310013)
W OE.BH Z2i—FATHRENCAFELBEBV) RREAREA &K B4y 3e) §E X RS 84 X R K (nested PCR)
kAL AN, FiE @S K R -4 HBY &R B A (AB.C.D.E.F.G) DNA 3 LA £ & & 3§ 2 a9 38 A 5L
KAl 2AmFEr~E&(la, [ by [la, Ib, [, N)F3gikEN HBV LB, k&K R B R B &4 T PCR ¥ 3¢ &
e ol (GRKGRE IR E) 2 S —ArE A& TARHE N HBY AR WAy 386 7 ik B ek & A 3% F i 2 57 Ak k & HB-
sAg THF B & (HBsAg<<101U/mD ¢ & A B A #5753 0 5 Sttt 730, §8 #5200 2 8EF Tk 2510
ml, & Z A, 5t 57 AR E HBsAg THF B EH ATy 3 . AP AR B I 3 49 #(86. 0%, & & (L a, [ b, la, Il b,
M, V)3 325 %) 4 .53 41 (93.0%),52 41 (91. 2% ), 54 4] (94. 7%) .54 4] (94. 7% ) ,55 4] (96. 5%) F= 49 4] (86. 0%) , L #A
%7k E R TRMARKE HBsAg THF & 4§ 4% HBV DNA 2 Wy 3. &ie 2 LA RMBIKE HBsAg THIF & § 4 8
ARE RN RET H A BTG R, T EMKKRE HBsAg BRk F AT RFRAE P A EZTZ/ER R AE
K PCR 43 BB Ak R 9 RALIRAE T 2%,
K SRV RN B 5 (R4 DL s 4 R IA 5 S =55 i e = 5 s
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Abstract: Objective To establish and evaluate a nested polymerase chain reaction (nested PCR) method for the whole ge-
nome amplification of hepatitis B virus (HBV) with low copy in the different genotypes. Methods By designing and impro-
ving a set of universal nested degenerate primers with high amplification efficiency for all HBV genotypes (A,B.C,D,E,F,
G),and the low copy HBV genome was divided into six segments ( [ a, [ b, [l a, [[ b, Il . IV) which were amplified by the
two step method. The effects of different reaction conditions of the PCR amplification products (annealing temperature,
primer concentration) were compared. A method suitable for the whole genome amplification of low copy HBV was estab-
lished,and amplified,sequenced, spliced and evaluated of the whole genome of 57 hepatitis B infected persons with low-level
HBsAg (HBsAg<<10 TU/ml) was completed by this method. Results The sensitivity of the method was 25TU/ml and re-
producible,and 57 cases of hepatitis B infection with low-level HBsAg were amplified,in which total gene amplification was
49 (86%) cases. Each segment ( Ta, I b, Ta, I b, T,IV) was 53 cases (93%),52 cases (91.2%),54 cases (94.7%),54
cases (94.7%),55 cases (96.5%) and 49 cases (86.0%), respectively. This method was suitable for the amplification of
HBYV DNA of chronic hepatitis B infection with low-level HBsAg. Conclusion This study provides a highly sensitive and
highly specific method for the analysis of the whole gene sequence of chronic hepatitis B infection with low-level HBsAg. Tt
can play an important role in the epidemiological investigation of HBV infection with low-level HBsAg,and provides a refer-
ence for the optimization of the nesting PCR amplification reaction system.

Keywords: hepatitis B virus;low copy;complete genome;nested polymerase chain reaction
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SFE Y T W) 5 HBsAg FAE ABERY 6.9% ~
23.2% % NBE BB R H AT HOR A, BT E
HBsAg AN # /£ 76 HBVDNA & i it A% F 55 ¥k J&
HBsAg ABERIBL Y, R ks % M PCR 2% 42
MESE R HBV 96 5 4 56 [ A 47 4

RV 49 B (HBV) J& B8 I DNA % 2 B 3
R 2 3. 2 kb, R34 WU 2R DNA 9% 7, H
FERA A& B T, BRI 4K
A D) PR DR Y A 22 SR [R] . Pl TR T AR AE
PCR ¥4 HBV 4 3L KA X R X L 76 (1545 DL i) i AR
BB W, 1995 4F Gunther 2507 3% 31 19 1 4% K
Uit e 11 DX 5| 9, sk G T 3 PR R R 1 Ak ) AE
i, A SCH I 7E B PCR LRl | 2 <7 iy 8 5L
PCR (nested PCRO$ A, R HPXT PCR 514, 47
Wikt PCR ¥4 , S BN HE DL H 09 R B s 8 R 57
PR Y1, S ARAF IS S0 X519
&S AR H G PCR 7, XK # 11 HBV DNA 43
PR 386 05k Al ST D R RN A A Ak .
1 MBl5AEZ*
1.1 #Fssr% Ak 4E 10 41 HBV DNA &5 ik
FEREAR T 7 et Bl 5 s s w4k L IR e s TR B
2016~2017 4F I ¥ B HBsAg (<< 101U/ml) #5 A
574, Bk 28 B, Lotk 29 B, AR 15~82 &, h
BEAEWS 42 %, DLJCT Sml {2 %45 U 45 #6 ik i 3~
S5ml, FREFE 2h 5T 11 000X g B.0» 5 min, ]
W ERMEETCHE 1.5 ml BOE T, MiEEEA—
80°C R A7 » ik it J2 I R il
L2 R B R R R R B BOA R 5 1

B, W 7R B R B A R A S22
PCR i & A LAY A R A AL, PCR RN
Z ' Taq #, ANTP, PCR 2% ih ¥, JRL 2% 14 (pM-
DTM19-T), DNA Marker g [ H 4~ TaKaRa 2
AL BB [ PE B L S1000 B BE 54X L H Bk AR
W F 25 EMA SR A R BERC R R G LR RE
SR/

1.3 Fik

1301 BER A 42 B oy s v 52 b of < I T
HBV DNA #2585 Ay F 1.5 ml 8.0 %
H L B 500 pd I 50 pl 2 A BF K W1k (M4 5
) o Ay A 8 4 434 790 0 B 45 2R 4 (R B R
B L R 3R 1% 2l AU A% TR 5 $2 U TR 2R Bl 100
pl, 532%8 5 48 4% 20 pl B0 B b R F — 80°C Uk
R B — 32 Rk I B R R
P 3 1 e A R4S B DR AR o i B HE B B R
B AR (pMDTM19-T) |, #4k K % B DH5«
JE AT SR . VR M T B bR 4 PCR ANy %6 5
Je SRR DNA ) FH AZ T ks I A3 & 50k DNA
(VR B B DNA Y #5 DUEVE 0 bs o 5 2 BT
(10°~107 TU/mD) . K br o & a2 5 B RG BE 2 107
1U/ml, & —80°C#47F.

1.3.2 Hl¥i&it R HBV 4 3 H R [H W A8 Y
e & HBV 8 85 4% 2 19 45 1 15 1 H 514, 53 4
Sh 4 SCHR R R, 2R AT T M e ik, I dE AT
BLAST ( http://www. ncbi. nlm. nih. gov/tools/
primer-blast/) J¥ 51| Lt % 5 90F 5| 9 #F = %, HAKF
UL 1,519 h AR TR BRI,

* 1 HEK PCR OBy HBV ERAR A4
Fragments Primer set and names Sequence (57-3") Position(nt) Typical amplificationsize(bp)
la 251" F GACTYGTGGTGGACTTCTC 251~269 940
11907 TCAGCAAAYACTYGGCA 1190~1174
[ b 5951% CAC HTG TAT TCC CAT CCC A 595~613 1231
Py # AAAAAGTTGCATGGTGCTGG 1825~1808
la 2300f* # CCACMWAATGCCCCTATC 2300~2317 1131
21517 AGRAAMACMCCGCCTGT 215~200
b 28197 ACCWTATWCYTGGGAACAA 2819~2837
6177 GAYGAYGGGATGGGAATACA 617~598 1032
654r" GSCCCAMBCCCATAGG 652~637
[l 18591* ACTNTTCAAGCCTCCRAGCTG 1859~1879
18771 CTGTGCCTTGGRTGGCTT 1877~1894 959
9835, GTTCCCAVGWATAWGGTGAYCC 2835~2814
[V p3*# TTTTTCACCTCTGCCTAATCA 1823~1843
2331r% GGAAGYGTKGAYARGATAGGGGCATT 2331~2306 509
23961 GTCKGCGAGGYGAGGGAGTT 2396~2377

L

3R PCR L4 — 4850519, i £ "3R7R PCR SR SH RN 514

o SIWIF 5 S AR ERK (NC_003977)
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1.3.3 PCR ¥ 8 &4 ufk . Xk [ 6] 8 #5 4r
PCR ¥ 841 2 4 £ 47 1 00 A6 FBA 6, A% SCHE it 3¢
BRIEREZ Bl T —XF 80519 (R 1 P3,P4),
IR e SCEE AL RN P4 R AP 7E T b A IV B
1.3.3.1 BGRB8 A A F H R KR
JE(50~65C) 30 PCR ¥ HBV @3 K. 1L
BEH A 1 RAR KRS DL EIR KGR E T P Y
FEYRIGESE 2 ey AR R, 55 1 % PCR
SR BARFRA 25 pl, JONAR R 2 B2 TR A
WG (£ S22 E B PCR AT 101U/ mD 3 pl,
HBV DNA 55— % MU 5| # ik Bk 0. 2 pmol/L,
Mg? ¥4 3 mmol/L,dNTP ¥ )& % 0. 2 mmol/
L, Taq B 20 U/ml; ) W 5% 14 . 95°C #4814 3
min, 95C AP 30 s, 8 A~iB KR E 451 30 s,72°C
FEAH 1 min, FLHEI 35 K. )5 72°C LM 2 min,
BUR 139 379 3 pwl, RN G #1756 2 %
PCR ¥ 3, 8 A A [AlHR kR E (50 ~65°C)H iR
s Hofth A5 PEIRLEE 1 %8, Ml 10 o/ L IR b
YE 0 F PO T B2 28 PCR 774, WLER AN TR] B iR
HA X H50 PCR AERE S MY W B 52w

1.3.3.2 Sl BEEARAL . 76 C 0 45 1 IR iR B
LB S R A LS 15 PCR 25 H 2
XEAMU B 4 B 0. 2 pmol /L, Hofh K2 0 45 1A 7AE

M Je B 1 e 38 ™= o0 S AT P R B (1 = 2,1
$4,1 8,1 16,1 32), BUFBG =9 3 pl,
FHHBE A 0. 2 pmol/ L By NN 5 | ) 768 o 1 38 IR
JETHEATEE 2 58 PCR 9734 144 B[R] 1 4 8 L 451
WY RS (1, 2.3,4,5), HiAb R WA R 5 %
HARAE . R 10 g/L BNE B 66 B H vk A ) 3 X
PCR 7=, WEEAS[H] 51 9 v B 4 & % 5220 PCR
AR S EY W .

1.3.4 B b A8 BB AR #E & (1 600 TU/
mD DL 2 A% oA A R, e il 1T b, IV Besl )
(AR J5) 5 3CHR[5,6 B 519 (BRI, 1797r:
CCAATTTMTGCYTACAGCCTC; 1584f: ACT-
TCGMBTCACCTCTGCACGT) #4179 4, i |
10 g/L Bl W 5 i v vk S X PCR ™4, WX
P B PCR 438 2 0 ) R 8%

1.3.5 FEE VRSB 4 B FHAS W) e B 0 5T kL A
A (102 TU/ml, 10° 1U/ml, 10* TU/mD , #47 1
b, VESIWY 3G BAWEY S 3 Rl 10 g/L
Bt JIg W R M EL UK A T 5 28 PCR 7= 4, %8 PCR ¥
Wy s REE M.

2 #R

201 AR kRl RS RWE 1, Tb,IVE
T4 1 R AIEE 2 % PCR BB kIR EE R 59.5°C,

1 23 4 56 7 8 M 1 23 4 5 6 7 8 M
A B
1600bp 600bp

1 23 4 56 7 8 M 1 23 4 56 7 8§ M

C
600bp

D

00bp

TEACBARR Lb &5 1,2 54 47795 C.D 43 il o VA 1.2 547 397 5 1~ 8 43 5l 2 KN 5B il i (65°C, 64.1°C,62.5°C,

59.5°C,55.9°C,53°C,51°C ,50°C ) ; M N HLyk Marker,

1 XS5 ¥R NGR B IR A5 4 R vk

2.2 sl ke REB| YR E A IR
2, Ib.NBRWIARRMBESIWWEE R 1 b B
SMUEI ) 0. 025 pmol/L, WAIEI#) 0.2 pmol/L,
oy B —, FLARFRE SRR Y 3 R B B kBT
T2 IV B M 5| # vk B 0. 05~0. 4 pmol/L Z
6] NI 51 3 BE R 0. 2 pmol /L, 448 7=y H 4 5%

W, By B Y e B AN S ik <
0. 05 pmol/L B, 4" 3 %R W] W RE

2.3 EAgmohr W 3. Ib, VBB X 5]
Wy 3G R LT B s 15 W, RO 93 5 R
25 TU/ml,50~100 IU/ml,
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1 2 3

4 5 6 7 1 2 3 4 5 6 1
= * - 4 = * - # = + = *+ = + M - 4+ - 4+ - + - + - + - + - + M
-‘n.bp-z..b,

FEABESHNN, Tb By =Y A, 1~7 43R A 51 ¥ (0. 006 25,0.012 5,0.025,0. 05,0. 1,0. 2,0. 4 pmol/L) .,
2 SIMRESWE

6 7 8 M 6 7 8 M
6 7 8 M 6 7 8 M

TE:ACB M I b BS54 St A 51 i 57 2r C. D Bl IV BRSS9 Sl S 51 7= 10 1 . 1 R B PEXS B 2~ 8 Rk
25,50,100,200,400,800,1 600 TU/ml,

B3 REESFE
2.4 EH My ’W O VA TRl B2 R BB E B — T MRS E RN — B L
L Mg we i 64T 2R 1 L S5 R LI 4 77 ) 2kl

2 3 45 6 7 8 910M 2 3 45 6 7 8 910M

- ZOOb’-OOb’

FEABN T b, IVE 1T AR I 2~4 24 100 1U/ml,5~7 24 10° 1U/ml.8~10 24 10* IU/ml,
B4 EBEESHE
2.0 ol reaE PR IE S5, AN WA, 5 2% HBV DNA J¥ 81 =2 A 5 i R
IR — A MG E T, — DUk B C98%0) it — 20 UGB e 45 SR A Y
B RIAT I, BA B J5 i P 422 7 31, Y aE i Blast M,
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120 1" w0 150

160 170 140 1% 00

T TAT T AT T T T T T e T CTTCTCCATTATCAAGOTATCTTOCCCETTYTOTCCTCTAATTCCACCATCATC)

PG C ARG TCTeTACAACATCTTEAGTCCCTTTATOCCOCTOTTACCAATTTITCTTTTOTCTTTOOOTATACATTTAAACCH

130 1% ¥ 150

Mt

ATCTITACTATY CC”GGLCL(.\ HGGTGGGLHCTT'LCGGGGC l"AT’CT't"ACGG'AECT'GCT’TU'CC’HC'GI

10 n 18 W 400

TCCOOATTOOOACCTCAACCCOCACAACGACACCTOOCCOOACOCCAACAACOTOOCACTEOOACCATTCOCGCCACEO ATC)

i ‘M&M\M&M\

b

1 180 190 200
"GHGGhG't"GGlGG.\GN’CGG"GUGGC’GG&GGG'E CTGAGAC CTCCTOTCCAGCCTCTATATITCCCCATTOTA,

MN‘)\’!EH"E}‘UWWM’J“@ \

120

17

TH.\GGAG'CTHAGG AGGC'CGG C.\CG.\C’GGABGG'CTC’GAGAC'CGCCTGTG AMGTTTCTOOATATCAGTATAOTAL

B5 SEMARENRF

2.6 JKRJE HBsAg B F H A Adn  1BHEK
J& HBsAg &G E A 135 ], Hoh k27 &0
HERN HBsAg<<101U/ml ) 57 i, H v 4 3
R 3E 49 6](86.0%) .44 FBt(La. I b, [la, I b,
M, VO ¥ 3 453 k. 53 6] (93.0%), 52
(91.2%), 54 1] (94.7%), 54 i (94.7%), 55 4
(96.5%) .49 5 (86. 0%) .

3 ihE SRV RO TR E A R UL Y e 1 PRI
ROHE BT OB R 2 FEE WY 8 TIEARZ,
A CBIIF R 8 Y S AL & A s a, ir LFE Y™
R AR S By 1 BLAR R S 00 7 3 FRATT B 5 i) vk 2
HBsAg OG22 BV EAR B 75 2 1 &
DL T 4 N Y 4 56 DR 1 o oAy FRD s . T
[C PCR iz A o T AR 38 DURE A (9 97 1 [n) 2, 0
X TG R U T, H M A | A (R]
Gy MBAR R R E R A5G T LR RS E Y 2 ¢
i

HREE
ICHE DUREA S 38 H 0 7= W i ik S sl L A7
N 25 KR By m, 3o a8 51 Ok R R 5
P (B (TG ROR R R Mg® W R K
Il B2 AV TR]) A5 B e 32 200 3 0 58 B 1) | A fif
Il B2 VA [] ) 46 R 38 (9 5 e, 0 o] Xof AR 78 DUAE A
T RBY WTFELZANHE LG %R 15?‘4‘“
MR 7 Tk VLR e ) AR B IR PCR b ¥ 55d
E‘JE’E}L‘AE,ﬁf'ﬁf“%’ﬂ]ﬁl%%%ﬁﬁ\i&kﬁfﬁ\‘m
JE AT O 8 » A At A RE ORAIE S 22 1 i LA
7.

H1 Gunther %5 B9 085 A v B 1 X 514
E G T PCR FEG FT DX 1E 1, 32 5 1 9 34 800% , B
8T AR S8 ARy A A8 DR AR Y,
BT 0 K B 28 5 Hh B G DL S
ARG B O i HURERE A B Y R Be R E . 53 Ab
LRI RIREEA A H A GBI SF 2.
SIS 8 B A R TOME EEN, it Chook
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A RIIE S P B HBY @5, 456 T 77
Pryhpg K, R B R B & XKL A A
FHO BGOSR A B RS Y
o R A AR R SRS Y (S IR BEXT T8 P
WD UK RSB S ORERNASH
B SARCEEVRAN T X BT AR I
S B PERE KT e AT AT AT T RE

BT, i b 280 1w i il i & 2 S A
P3G ) SR A AR TR VE AL TR IR AT AE A L AR v, 3]
[ PCR 95| i B 0 200 A7 16, L 18] 2, 3R A7)
ATLLVE L S0 S IV BES i st . 51 9 76 %
W SE VLR (0. 2~0. 4 pmol/L) P, H: 2 B I H X 3
BB P 2 e B R (0. 025 pmol/L), i T
b By 8B, AU 51 4 =>>0. 025 pmol/L B}, HEA
P14 7= B A A S AR R L O B e [
BE BRI, A R R A 5 v B L A&
T 1N A it 2 51, o 2 04
1915 W5 T8 AR S A B 422 L 5000 7= 9 H Tk
B SO, 45190 0. 025 pmol/L B, 971 =4
LI i E I VE X /A

REE S HT (B 3L R LA 1. HBY 4
FEF BT X X T HBV ¥ 388 5952 9, Jo HJ2 IV B,
Z A R T S AT S R ZE A K] 3 A
S50 B R B e i R B AR R 5 M Y 4
UL Y R S B O R AR T HERE R YR
IS4 5 i 51 90, R 250 1 L B — L TG #2500
. TENG RS PE MR B2 HBsAg & & 3 i
HZER G, KRS T2 IY 15, X
S N o SR S W g

Zi LTk AR e 7 A ek R B9 1 G PCR 5 A
A8 v ) 8 R VR S LG8 T8 2 R AR IR
W HBsAg &Y &3 W 4. HiE T HBV
DNA fik#5 Il 4= 5L H 34
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