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A new method for simultaneous quantitative determination of hepatitis B virus pregenomic RNA and DNA
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[Abstract] Objective To design and establish a new method for simultaneous determination of hepatitis B virus
(HBV) pregenomic RNA (pgRNA) and DNA from nucleic acid extracts. Methods We established a duplex fluorescence
quantitative PCR system to determine HBV pgRNA and DNA. DNA gel electrophoresis and quantitative PCR were used
to test the specificity and sensitivity. We tested the feasibility and accuracy by determining the HBV pgRNA and DNA in
HepG2.2.15 cells and the culture supernatants. Results The established duplex fluorescence quantitative PCR system
has a good specificity and sensitivity. When it was used to determine cell culture supernatants with different dilution ratios,
the dilution ratios and results were well correlated. However, this method was more suitable for the determination of HBV
pgRNA and DNA in cell culture supernatants, rather than cell samples. Conclusion Our method can avoid inaccuracy of
HBV RNA determination caused by HBV DNA contaminant in nucleic acid extracts, and realize simultaneous detection of
HBV pgRNA and DNA in one PCR reaction, which greatly improves the determination efficiency and has potential clinical
application value.
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I B AKX 5T N G S A RS it I IR DNA (relaxed
circular DNA, rcDNA ) , [6]H}%65E A 5¢ 8% A0 iE 40
B W56 B 95 5 WORLIE B B Al e b, SR 5 PR
NG 40 B, 7F 40 B A% ) reDNA #1851 0
SEHE I cocDNA, TFEAHT I — 2k E ™ . -
R HBV ) 2 i i 72 45 75 JH N cccDNA 1 77 7 &
HBV & il 1% R SEal . WK R KB, N EES
K %] cccDNA J& HBV J& 75 85 U IS 36 A 1Y 5 4%
FRUT L TE A T P S R AL AU A AT L R A
cceDNA, (R 28 il & T4 Bl ks 2, ABEAE b I IR
WK AT B, HETIG R L8 4% N — 26 1
R b B A BRI, 40 H HBsAg. HBcAb,
HBV DNA % Wil fF ;N HBV (1) & il K S, {Hix 26
Febr A HRRIE. Flin, HBV B#FH &2t iHk
RIIAYT IS, 1iLiE HBV DNA 7K A T F A S 46
DR BR, AHFEG 12U A SR RERE H cccDNA,
R 2h, R BT e e

W5 s IS Th A 7E A % HBV pgRNA Y25
5 TR URE, L R AR R YIIG T R 2 R R
BEMYA AR HAA MO, ARG IR S %45
FR L ER AT A 2 AR HBY RNA (446 )
Tiik o FA B R 2 SCHR R AOASHIN i S R A
RNA, S 35 FHyE = PCR ™, {H RNA #2504
Hn] BEA7/E HBV DNA 5 %%, MM 580 245 5
e BB B o A SCRAE S % S i {8 DNA i
{L HBV DNA ', {H X — i 7 fE 75 58 4= 4 /i HBV
DNA WA, BLAMHE LT 25 B RNA A fER%
AT R . AR BT T —F#HT A HBV RNA
Rl 3%, 207 AN BE AT 3% D HBV DNA [
T YL ), A R AE—E BN R RS A A s
1% 71 () HBV DNA il pgRNA, #% #8146 I &%
R, BRI T A1 B AR, B ETE A R
VIR

1 #RfFnFiE

1.1 314534 AORUEASKS I Ty vk ()38 4,
M HBV database [ - F#E T 8 & A [FH HBV 4
FHA )P (HBV ERA A, B, C. D& 25%) ,
XF LCHAEA ORSF R BT 5 AR o AR A i
4045 reDNA Fl cccDNA 7E 1 5 HBV DNA,
rcDNA FH ¢ T cccDNA 78 1E 55 A &R sk e, A i
HEFF reDNA IEBEFR TRy, L4 reDNA Fl cccDNA

ARG VT B RS AERE, silar s
4 AF. AR, PA, PCR“¥Jseq A KN 173 bp, &
f7F HBV N ZH A9 S [X; HBV RNA 145 0.7, 2.1,
24, 35kb 4 PR EEfY 5 FHRNA (1) 1,
R T RESERG I peRNA , i A RNA T4, 76
pgRNA 53 1 kb NI [l b RS [ At
(X B XA N T8 A 3.5 kb e KA A LA,
AR RNA F AR ER BB 781, R nT LS
I pgRNA BIFEF RN ) |, 435444 4 BF. BR,
PB, PCR ™ ¥Jseq BKJEEH 118 bp, /i T HBV
KR CIX, 519, WEFRAETAEY TR (L)
AR A BRA F A B, IR A 1) EIES 1Y) AF
(7711 53", FIE) J¥ %18 GTG GTG GAC TTC
TCT CAA TTT TCT AG, FiiF51% AR J¥ %15 TGA
GGC ATA GCA GCA GGA TG, 541 PA FiM& ikt
J£%1 5 FAM-ACG CCG CAG ACA CAT-MGB; 5|
FREH B 1 L 1iE5 |9 BF J¥51) 24 CCC TAT CTT ATC
AAC ACT TCC GGA, F i 51 # BR J¥ 51 AGA
TCT TCT GCG ACG CGG, #%l PB FlM& i 5 4]
%1} Texas Red-CGT CTG CGA GGC GAG-MGB,

Pre
<52 By
e,

1 HBVreDNA. EFE. mRNA 514, #R§t
Bt s rsE (BRERaEt (1] O
Fig1 Diagram of rcDNA, genes, mRNAs of HBV and
sites of primers and probes (modified from reference[ 11 ])
HBV: Hepatitis B virus; rcDNA: Relaxed circular DNA;
pgRNA: Pregenomic RNA; HBsAg: Hepatitis B surface
antigen; HBx: Hepatitis B virus X; DR1: Direct repeat 1;
DR2: Direct repeat 2; AF, AR: Forward and reverse primers
of PCR (seq A); BF, BR: Forward and reverse primers of PCR
(seq B); PA, PB: Probes for seq A and seq B, respectively;

PCR: Polymerase chain reaction
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12 @l iR A7y iE  ANFEAIE R HepG2
SMMC-7721 Wy A R = B 4l s Faf% & HBV
SR IEF A, FIEZ HBV Dane Tk i
NITFFE AN 2 HepG2.2.15 | rp [ B2 25 Rh 24 b 5L Ak
I 22 W 52 0 B i i BB . HepG2. SMMC-7721
SRR TR T 5 10% FBS (24 Gibeo A ) 1)
DMEM % 5% ¥ ( 25 8 Gibco 2 7 ) » HepG2.2.15
40 i H AR 8 9% T 10% FBS i MEM 85 35 7 (1%
[F Biowest A H] )

13 # Ik JikipHBVI3 & A 1.3 % 4 K HBV
A (K B 4 A BAY, GenBank % Sk 5
IN406371.1) , ZRAAE4A pBluescript 1T KS™, FE[A
AR AR ARGV 52050 EcoR 1 H1Sal T,
P ] R 2 B B i 5 B2 T e ol 2
1.4 HA¥ RNA, HBRFEBRELHER RHHEL
% (RNAfast200 i RNA Sl A7 &, Bl K
P HARGBRA A ) BEHCANME RNA, RATHE
Ak (I RNA B BOAR &, % M E R4
VIR A PR ) BEBANIE RS 35 L1 T A RNA,
KREERT: (BB A iR &, Mk e
R B0 A BRA R ) B HAN i sl 355 3% 13 v i) A
M2, HIFESRF] & ( HA Toyobo 23 ) ) % RNA
Fi A A cDNA, - 442 G & U B A5 3 AL
1.5 M EZFPCRAK A K] qRT-PCR IR | &
CHE M A AR DR A BR A ) SE TN G
PCR, M WAKRZ N 20 uL, HH 10 umol/L 5149
TREF A 0.33 L, REIUFEAR 1 L, HAxls &
[FAH & Bl K LightCycler 96 %Y H sh{k2¢
St B PCRAY (Hi+: Roche 24 H] ) #EATHM, %6
18 18 43058 FAM KR % PA Fil Texas Red £l
AN PB. W S5A4M 95 C HAZE 10 min, 95 °C
PR 12 s, 60 C IR AKHEM 25 s, 40 MEH . E i
J7 vk R4t g i, ARdES o pHBV L3 #ifdk, {H ]
NanoDrop 73 )66 ( 3€ [ ThermoFisher 22 ] )
D W I35 DUBUR, FH DNA R B [ 2 T
Y TR (R B A BRA R ] e I8 10 £586 5
Tl o R 2.13 X107, 2.13X10°, 2.13X 10,
2.13X10*, 2.13X10° 45 Ul /uL 5 S, 1E R 46 %t
SERARES . A T HAOUER % it PCR AN B2
PCR 45 30— 2k, 20 ni il E M. W E & PCR
0 260 ¥ B R 2.13 X 10° 42 01 /ul A FR7E &, i
SEUTH (BHEZ10%) . (1) HHERE

PCR Y1 seq A Y45 DL%L;  (2) W #HLE i PCR Y
4 seq B AYFE DL%G;  (3) XU 2 & PCR [R]HH 18
seq A fll seq B 345 45 A 0¥ D18, G227k
WA A 5 PRk BE A T LUK

1.6 DNA % K & i WL PCR = 4 & 44 2.5%
WRETE 1 X TAE 2 i in AZRREHER A, TR
POMBE IR, WEIZE 40 'C J5H 1 1 10000 kb
BIMARZRG R (L RERHARAR ) , FHA
TIREASEELEE [ e B, W BTN B 1 X TAE 2
MR B FL Uk RE . 7E DNA KL S rpoin AGE & 6 X i
Wk EAEZE PP ( H A TaKaRa 23w ) el s T/E#k
BE, A mEEAL R, 100 V HL3K 30 min, T
WG RS ( Ll REERHEAIRA R ) T 5ok
JEAARE

1.7 3% iE HepG2.2.15 #m it 3% 7= £ % + 4 A HBV
peRNA & i1 52 56 F. (1) #E ¥k 2 #h 2
HepG2.2.15 4 5 5% B iy SR, FAEH 519
BR U sk alE AN (TR AL RS o mAOK,
BTN S e s AR IR ), SR JE 43 B FH A2 & PCR
MIAE seq B (014G 5 DUEOR S 5% 3% Je 48 DUEL, oA
“HEATLESR; (2) HRNATE A (RNase A) 4
b B AR FE, B BR 558, o Bl it
i PCR Jll %€ RNase A AbFEFIAAEEELH 1) seq B #5111
B, leE _EAHILES . RNase A HALIS AN F -
FH7K #4510 mg/mL ) RNase A ( £ CST A H] ) &
WRBCH A 100 pg/mL B2, B 1 uL A 9 ul #%
FREZIUYI R, i RNase A 5% 10 pg/mL A TAEHE,
37 °C Ak 30 min, FEFAIA 1 pL 52 RNA P
| ( A TaKaRa A ] ) ZE1kHfb. X HRATUARALBE,
FE 9 UL AZFRFEE HOINIK 2 pnl F AT 11 pl.

1.8 BedEid i R4 G N HOMR I KA an e 3%
7~ £ P HBV pgRNA &9 7T47H IR & & PCR
e 00 240 i 5 7 L3 A TR AR B T seq A Fseq B W)
HPEDIEL, W HATESR; i BR X% i
I R S s AN A B, 43 SRS seq A AT Ui 45 D
BORN R e Ja ¥ DUE, e A A o2 5%

1.9 & 4E K 75 ik 4l 48 Be P HBV pgRNA #9 7T
AriE fhdE HepG2.2.15 4HAEAY SRR, HFHAUE E
i PCR ¥ seq A Fll seq B f W) &% D1 %%, Lbds —
BRI AR T AR ML R SEIY)
YEAT RUFE SEFFRUCINAE seq A 5 seq B #5 DUKL, Hds
SR SRR I seq A Fl seq B HENAAHE DIECH o225 .
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110 42 3 A 75 skl 2 R B Fe 5 IR R JE 69 48
XM ¥ HepG2.2.15 A% 3% 11 B 55 5 W
HEAT 2 A5 0 4 F5HG RS, SRJG 0 IR U 75 L8 TR
2AGEMRERG R LG . 4 SRR RS IR s L B
W CBAEXT R ) Hh B A% R, WU % & PCR I
£ HBV DNA . pgRNA [#5 U1LEL, 55 [RIH B
BRI I 22 18] (R A S

1.11 %t &2 i GraphPad Prism 5.0 31 {FiF
TPBAE AT, BIESAA TR TR X+ s 2R,
WIZHIA] AR Student ¢ G5 . XTSI B A5 40
I B R L A S DR R R D R, B
SERG R BT AR S8 DA VE X R 4, BIAR J
L2 SRR A R A kb8 DUB X8, SR A 0 =
PEAT Pearson AHICHEMT. KK HE (o) 4 0.05,

Conventional Duplex
AT ('C) MseBSesa53 54 55 56 57 58 59 60 M

2 &% B

21 MEZEFPCRIKAMEL
211 sk EBER K, EMIEE O 60°C DNABEIK
HLUK s, R U BE BRI S AR F 2577 A 118
bp A1 173 bp H #9554 ISMRAER: e 4570, Bl
FETHR AR R Y 1A, 60 C BHHERE S 72
S (FI2A) 5 ME60C. 62°C, 64°C. 66 C
G IR MR, B RE T m R R A
WS, UL 60 CHARAEMY AR, ikiRE
T HepG2 1 SMMC-7721 cDNA Rk 35 WA 14 4545
(1 2B) ;5 £ 60 CIiR k. FEMWREET, &M o
PCR U 3¢ 5 PCR &7l (i # —3, JFH 5 173 bp
i seq A F1 118 bp 1Y seq B K/IMHAF (E 2C) &

Conventional Duplex

Seq A
M Seq A M Seq B MsggB

Duplex

HepG2.2.15

HepG2 SMMC-7721

AT ('C) M 60 62 64 66 60 62 64 66 60 62 64 66

B2 PCR =) DNA SRR kE
Fig2 DNA gel electrophoresis images of PCR products

A: Conventional and duplex PCR were performed at 53-60 ‘C annealing temperature (AT) with templates of HepG2.2.15 cDNA; B:
Duplex PCR was performed at 60-66 C with templates of HepG2.2.15, HepG2, and SMMC-7721 ¢DNA; C: Conventional PCR of

seq A, conventional PCR of seq B and duplex PCR of seq A and seq B were performed at 60 ‘C. M: Marker; PCR: Polymerase chain

reaction

2,12 W EE & PCR W AR vE oh & B R o4 3
BE MR 0 R FXTEUE R x . CHEAE R y 221
FruEph 2k, seq A FUZEPEIRNH 7 #2 R y=—3.352x+
37329, PR K 99%, R°=0.997 6; seq B HYZk
PE LT J5 T2l y=—3.443x+37.341, § BHK K
95%, R*=0.996 6.

213 WEEEPCRE#H EEPCRIEESERY
5 SRR — 3 KBl 2.13X10° $% 01 /uL
(48 DUBUH & X B 5 5328 #5 D1 /uL ) A
e, RN 25 S DL DUECRY B B R 7R . R
7E 1 PCR Kl seq A #9#5 DI ECH (5.353£0.058)
$£ U1 /uL, XHEE 2 5 PCR K I seq A 1 $5 DL EC N
(5.343+0.040) $£ 01 juL, —H LR LG %=
X (P>0.05, n=10) ; ‘& # & & PCR K I seq
B ¥ DL (5.35540.060) 42 01 /ul, W E &

i PCR Kz seq B 1945 DLECh (5.31240.048) 5
DL, —FERBLEGEI=E X (P>0.05, n=
10) o FREER 5PRETT AL, 2 5HE81T
RS (PY>0.05) .

22 3iE HepG2.2.15 tm M 3% 7= £ i% ¥ 4/ HBV
pgRNA i J] 3 (A 4% 55 % 51 ¥ BR |2 #% % )=,
4 g 15 3% b3 B R 2 B W) 1Y seq B ¥5 DL KN
(40131£319) ¥ /uL; RZ R EE AL FR )X IR
2 seq B4R ¥ D5 Ry (2 3544156 ) #% 1 /uL,
THEERAGIEE L (P<0.01, n=5) . HH]
RNase A JH L 40 fL1E 37 g% R Y, Z0d BR
JG S A N A2 1Y seq B #5 VLK (2 3404287 ) #5
DI /uL; K% RNase A JHAL I XTHEZH, Z548 BR 2
SRR seq BHEDIEICH (3 776£516) #6501 AL,
THEEFASIEAE L (P<005, n=5) .
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23 el il R4 RGN HOAR R KA e s
F L P HBV pgRNA 69 7T4TH 455 LiEH
FREEHUY) T seq A IR IRYE DIECH (2 323+£108)
P UL /UL, seq BRYWILAYE DIBCH (2 354+156) +5
DL, ZFHZERTEHE L (P>0.05, n=5) ;
i BR R, seq A BIFE IS (2298+159)
PEUL L, 5 seq A BRI LA HE DUECHA L, — 22 R0
it X (P>0.05, n=5)

24 KFikARiEA TN 285 F HBV pgRNA #)
K- HepG2.2.15 4HMIAZIREE Y T seq A I
PEULECK (3 5284166) #5 01 /ul, seq B HwILA+HE
NECH (2 746£165) #6801 /WL, — & Z5A 51T
2 E N (P<0.01, n=5) ; i AR ¥ * )5,
seq A BEMAYPE LK (54 180+1 115) #4011 /uL,
seq B IAHNAGFE DI (3 796+383 ) $401 /uL, —
HERAGIEEL (P<0.01, n=5)

2.5 K kegml R Ry miiE i Lk b SRkt
HBV BA%8 69 4% SBT3 £ & XK IZE
FHATLL 2 IR ARTEUE R, HepG2.2.15 ISR I
15 5 HBV DNA (1945 DL 4Ch (13.052£0.066 )
£ 01 /uL, HBV pgRNA # I8 (11.556+0.270 )
P& U1 /uL; 2 %5 %% B 15 9% 1 1E 1 HBV DNA 4% Dl
oA (11.85040.125) #5 Ul /ul, HBV pgRNA %
DA (10.911£0.520) #5 D1 /ul; 4 435 #6 B B
F% W HBV DNA 45 DL % (11.023£0.123) #
Dl /uL, HBV pgRNA # Dl % &y (9.8341+0.319)
$£ 01 /uLs BRSO B AR AS 15 oK 46t HBV DNA 5§
PERNA . X X457 46t J 10 A o8 5 50 S0 % D1 450
HEAT ARG PR 43 B, B B 20F HBV DNA 5 D14
WA 2% r=—0.986 1, R*=0.972 4 (P<0.01,
n=15) , KU FAES HBV DNA 5 1L H A
BRI SRR OCHE ;. B ECR HBV pgRNA 45 D%
HAH 2%k r=—0.870 2, R*=0.757 2 (P<0.01,
n=15) , FHHBAES HBV pgRNA #45 DUt 2
A BGR A TAHOCHE

3 3t 8

ARG BT T —FP BT B9 HBV RNA ()6 I 5
Ik, ECHR A DNA FI RNA 76N B SRR, SR
Je o BE PRVRE S 1 5 |4 5 2 S5 3 HBV pgRNA,
30 A AUEE A i PCR [RIAE 7 HBV JEF 4] ok
2% [ 55 55 B ) HBV DNA 5 D1 B0ORN 28 35 I % 55 B

) HBV DNA+pgRNA # D1E, 45— AH s e 3R
73 HBV pgRNA 145 Il %, PCR-DNA % JI Hi Uk 25
RN, AT A9 RE A 5 PCR R R 1 e fE
B AGREEJE 60 C, MR BAT B0 () 45 S5 A 2R A
BE. H2.13X107~2.13X10° # U1 /uL 5 4~ A [\l ik
JE FRRR U i 22 1 XU S B PCR ARERNZE, 2 Scbnife
MBS Y IEROR (=95% ) , KbnifEdh i
— BB, KB 2 ShnifE i TRy
AR Z 213X 107 #£ 01 /uL (455 R B ), Pii
AR A 2 B B 1) R

T PREAS R ks i MR, T DA

T2 (1) %507 seq A Fl seq B BY#I LR
LR S (2) e skad #EXt seq A (B HBV

DNA) AY#5 DUECC I Wi . A SEgi 48 LR i,
TELL HepG2.2.15 4 3% 5% WS VEAAEAC T 2 I
WA AF, BRIy T A 3R B R
HBV DNA Fll pgRNA HA 0] 1704 {H 27K 20
JAEA B 2 W seq A 9] Ui #5 DL B >seq B, K BHAE
MR A T AL RN 41/ HBV DNA. A58 E
X HepG2.2.15 Al R AT 1 B 41 A1 RNA 7K1
AR, 45 R ER HepG2.2.15 RN AT
HBV DNA Jf H 25 354 07 9 mRNA ™ 5 FIAA
SEERINE SR8, TN S HBV DNA 1)
FE1E, seq A Fll seq B BIMILATE DIECASTR], PRIk ad aod
P2 DUBCAS (] 42315 HBV pgRNA Al g 25 |6 i
i LFLITR, ARSEYG HE ST ARIIR RS A F T
TE 400K 3% 3 P B9 HBV DNA Hl pgRNA, A
FHINE AAEREAR, X2 — 5 7 B Y )
S3 R HepG2.2.15 4R35 g R . 2 %
MBI LG . 4 A5 BERE 95 i Th HBV DNA Fll
peRNA 7K, 258 /R B BEAS BOM S0 DNA
PgRNA 8 DU AR R 1 SR DG, BERARSE S
(ARSI R % 45 A 2 Wi S REAS Hh HBV DNA Fl
pgRNA [ SEhRue B, EA RS R HERRPE
5% & PR IMLTE HBV DNA F1 RNA 254 7K F
XTI W HBV IR YL [ B B s B B2
S DR M R S B v A ] A I HBY
DNA FI RNA ., ASAFFE BT ARG Tk i XU ¢
Jt5E# PCR, A —YK HE HBV DNA Hl pgRNA (1
KA, BRI A A 4 A sh bR T A, #E
IFPE 2 h DL (2 & 3RS0kl 5 RNA Il E HBV
RNA 17741, DNA BHE A B 2NN,
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T EL 2 AR I ) A58 1, RIS R I
HNEERT 40 min, 4153 4ME HBV DNA s i [ALHE:
HK ) o ARSI R 7 AR LT 43 i A HBY
DNA H1 pgRNA firdz iUFEA w50 (g B HS% A
T —2F ), [RIFRE 2 A ) MR A4S A5 oA
Y BT B IR 2 T

AR S 36 ST 04 R DU A R R 08 AT S0kE it HBV
DNA 15§t 45 5 iy, ] [A]ip Al i HBV DNA
FIpgRNA, & TR, BARMERR, 74
MR AT S AL, IR SE TR R . 2 )R
FRM RS T AL N 4119 HBV DNA 7] GE 2% I
TELE W R, RIS RS T 40 A,
B 0 5 A B 5% BT RS TP Y HBV DNA
1 pgRNA.

(& % X #f]
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