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Development and Application of Real-time Quantitative
RT- PCR Assay for the Detection of Hepatitis E Virus
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Abstract: Hepatitis E virus (HEV) sequences including four major genotypes representative strains available in GenBank were
aligned with the DNAMAN software. The highly conserved internal region of ORF2 was then subjected to design primers and a
probe. Furthermore, a 0.3 kb fragment of HEV ORF2 containing the amplification region was transcribed in vitro to synthese cRNA
standard and a universal real-time TagMan PCR assay was optimized and developed to detect and quantify main genotypes RNA of
HEV. The specificity and reliability of the real-time RT-PCR was confirmed by testing genotype I HEV, genotype IV HEV and
clinical samples. The detection limit of real-time RT-PCR was found 2.0x10' copies per reaction using in vitro transcribed cRNA.
Compared with nested RT-PCR in diagnosis of HEV, the real-time RT-PCR developed was 10 to 100-fold more sensitive than the
nested RT-PCR. The detection results from 54 clinical specimens indicated real-time RT-PCR was a rapid, sensitive and reproducible
diagnostic method for HEV. This assay will be useful as an early and rapid diagnostic assay for HEV.
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IS R A 20%~30%. [FIET ST 489 8512 A
TR ME I, Il RN Z R B AGHE,
JE 15 R M RN 2H At BRE (1 — ol i 2

HEV 2RI IESE RNA JieE, HEER
KLy 7.5 kb, £ 3 ANTFRRETEHE . MRAE HEV #4553
BRI R AT 500, DI 4 AN R
HA, TR FERAETWIEZHESR, U AT
PE8F; T 780 % A 55 [ R — SE RN [E 5% TV kA
T, ALY AT S, EFRIE R AR IR
TUFF 48 85 1R TV R 25 1 o),

HATA Lk, X SR 4R 1 AT A A% 8 v L F
B, R B s o 1 bl S R R, IR Rl
DUE X R A 5175 50 A BELIBIT 12290 10 A5 45 o o ool 5 2
ST — P Y, B ARURK LR S AR S I
FHF HEV (2" [\, HEV =5 2495 4L i K I
FIRBEALHE, o B U 993 S s I B2 ARt A3 B
Ay FIRATI R A R R FEARF AT R, FRAT
FIFH TagMan £ AR# . T HEV %66 & & RT-PCR
R F ik, FEBE T 3%y 6 A [R] 35 PR A 5 A
PRFE b i R 0

1 AR i

11 FZERFIFUR

TRIZOL, W H Invitrogen /A #]; Taq DNA B4
R & . Wizard PCR Preps DNA
Purification System (Cat#A7170. Lot#11356102).
PGEM-T Easy Vertor SystemlII(Cat# A1380 .
Lot#86893). Wizard Plus Minipreps DNA Purification
System(Cat#A7100. Lot#10454011). Ribo MAXTM
Large Scale RNA Production System-T7 (Cat# P1300 .,
Lot#125575). X-Gal Al IPTG W Promega 2\ #l;
RT-PCR [# {4 i ki (Beads), M i Amersham 23 ) .

FZAL N & X R = 3 2 0 ML (Eppendorf
Centrifuge 5417R); % # PCR X (GeneAmp PCR
System 9700, ABI); #¢ 5t PCR % | {% (Roche
LightCycler 1I); #& & B 1% 1L (UVP, Bioimaging
Systems); Hi7K{Y(BIORAD PowerPac Basic-041BR),
1.2 SI¥FIERET TRt ANE B
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JH 5 T2 A 5 J8 300 3 DX 8 43 A o XoF i SR B A it 3 IR
Invitrogen TRIzol Reagent 15 Bl 45117 RNA $2HL,
%5 TJC Rnase [ 587K, —70°C f-AEE .
14 {KIMNERE B cCRNA KRR

XF TR B RNA 2 H Promega 23 7] S 5% ik
G UL B AT R 5 i cDNA, - A 5 1
SIYP G 0.3 kb BT A BL(L & A 9L it
RT-PCR 4" # X $a), K¢ &7 14 7 Bt ol W 5 ve B T
PGEM-T Easy # /&, 4k Topl0 KIGHF Az 25
2/ . PEIRZE PCR %58 S FHPE R BBV, ] 3~5 mL
WK LB 8538255575, F Promega 2\ H Y Wizard
Plus Minipreps DNA Purification System(Cat#A7100 .
Lot#10454011)i 50 G A7 Bobr i 82 4l . A4 $L 2l iz
KR GIPE A IS Pyall Ak Ab 255 i 28 A v k1
il DNA F B¢, #]H Promega /A vl [ Wizard PCR Preps
DNA Purification System (Cat#A7170. Lot#11356102)
) AT 2l Ak i, 2 SR AR S B AR e IR
Promega /Al Ribo MAXTM Large Scale RNA
Production System-T7 (Cat# P1300 . Lot#125575)i&7]
TR S BSR4 JC RNase Y Dnase
(1 u/ng it DNA, Promega){ii tLFR & P i) DNA #
MeJ&, 75°C 10 min f DNase Kifi, £ RT-PCR K iiF fif
B cRNA, WIEI A260 WLISE FF T3 H
2.0x108#2 01/10 pL, f#47FF-70°C % .
1.5 HEV X#XEE RT-PCR KL &R 1L

2 B8 Amersham /A ] RT-PCR [ 1A i 45047 136 B
B, LA cRNA BRI T ROV AR R AL
it TG LR 5 1 v E K 0.1~0.8 pmol/L, HRE vk i I
0.025~0.2 pmol/L, Mg” ¥k &£ M\ 1.5~6.0 mmol/L & A
] (A6 P 2 B A T LA 52 30, DU B R R Ot E
it RT-PCR S I 4k %o
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JETARETT G o AE XS AN [R) 5 8 B A o it A R o, A
WIEE i RT-PCR REAG H K cRNA WK, JfH
AT 32 7 T R A B
1.7 HTEE RT-PCREFFRMHMEE KL

FH A ST 18 5 3 % DR I 8 AL et W R e
B SRR AR B . S ONIE RO R . B

AF076239 (D

PENRE | A TR A R A, [ ESEXE EE DR T A
IV 1 HEV FHPERE S EA TR, DABSIE Ty ik i 4 5
PE. HEEL S AR cRNA brifEBif, FlATE
ST B RS 98 995 75 ¢ ' RT-PCR J7 92543l i 246 ) 3
W, VLGSR vk i n] B B P AR e Pk
1.8 KK EE RT-PCR 5EK RT-PCR &M A A
B9 3 bk Kz X e PR 4 i RO A6

BHE T HEV S50 RT-PCR £ ) — FR 4]
514, FIBE ) HEV H30 RT-PCR A4S 2 B Xt
10 A5 76 B8 19 BH 1 s o b EA T A, I 5 26 0 o 1
RT-PCR (&5 FE b4 7% L o F B Ry e e T R 4
B 54 {531 PRAEE & A TR TV Y HEV BHEERE 8 251
HEATARIN, Z5 AT RAL .

CTGTT®AASCT TGCTGACACLLLICHICE e e IeCCACAGAATTGATTTCGTCGGCoyyele 1181

NIt I D IACECTGTTOAASCTTGCTGACACHMG I S G OMIC CCACAGAAT TGATTTCGTCCCCoIc RN M

M73218

PE)) CECTCTTEAASCTTGCTG ACACLHLLCMIC e eI CCACAGAATTGATTTCGTCGGCH e 1178

NSl G A COC TG TTOAA SCTTGCTGACACH I S IS CGACAGAATTGAT TTCGTCGGC o el N V]

D11092 (DB
L25547 (DA
M80581 (DA

CTGTTTAASCTTGCTGACA

a G
CTGTTTAASCTTGCTGAJA

AF082843 (I11/Ye
AF074918 (11
AF060668 (11
AB099347 (I
AB097812 (I
AB097811 (I
AB080575 (I
AB074915 (I
AB074917 (I
PRIMER

D11092  (1)GTALNEYNICS
125547  (1)GTACREYNIE
M80581  (1)GTGENINIE

GTATTGCAATCCCGCATGACATTGACCTTGGAGAATCT
GTATTGCAATCCCGAATGATATTGACCTCGGAGAATCT 1308
GTATCGCAATCCCGCATGATATTGACCTCGGAGAATCT 1311
GTATTGCAATCCCGCATGACATTGACCTCGGAGAATCT 1308
GTATTGCAATCCCGCATGACATTGACCTCGGGGAATCT 1313
GTATTGCAATCCCGCATGACATCGACCTCGGGGAGTCT

CTGTTTAACCTTGCTCACACIS IS IC CCACAGAATTGATTTCGTCGGC o e ClN kE=le)
CCTGCTTGGCCCTCTAw WY picTunfecaeelelecTcC 1221

ACQUITGTTTAALICTRGCTGACAC NS ol (oS I BRI\ GACAGAATTGATTTCGTCGOC RS R Y]
ACUCTGTTTAALCTTGCTCAIIAC e g I pIe e (el RV CGACAGAATTGATTTCGTCGGC YIS IR
ACICTGTTTAAICTTGCTGACAC I IeeeeeeeaiocGACAGAATTGATTTCGTCGGCYIC IR YR
CUCTGTTTAAJCTTGCTGACAC clomiaafetielecieel®i® G ACAGAATTGATTTCOTCGGCHIC RV
CTGTTTAA|ICTTGCTGACAC o piafecieeeleel®i® :ACAGAATTGATTTCGTCGGCHIC NPy

HEV-P: cgacagaattgatttcgtcgge

AF455784 (1)GTCYINyIceA oY Xelelyy:Vlele GTAT TGCCATACCGCATGATATAGACTTAGGGGACTCT 1308
AF082843 (11GTTIY eleGocoNele\ VX GCATTACCATCCCACACGATATAGATCTGGGTGATTCC 1308

AF074918 (I 1GTT(AeTvA[eleGealelon
AF060668 (I 1GTT[¢/Aervy[eleGeilelor
AB099347 (1VGT
AB097812 (IVGT
AB097811 (IVGT
AB080575 (IVGT
ABO74915 (IVGT
AB074917 (IVGT
PRIMER N6 CAGAATGCYCAGCAGGABAAG

HEV-R: gagaaYgctcagcaggYaagg

1 FREMEEFA(-IV)KERF R FES B ORF2 B9 AL F 5 LL Xt 45 R
Fig. 1 Sequence alignment within HEV ORF2 region of 26 complete HEV genomes and
position of primers (HEV-F and HEV-P) and probe (HEV-R)

Sequences in white boldface were used for the consensus sequence for primers and probe
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2 #X

2.1 S|¥FERE ARt

ka7 A R PSR LR HEV K60 A 18
HZ¢)tE i RT-PCR Jrik, M GenBank H43#H71 T 26
PREA R EE LW HEV L HA 27, 458 & WAE
LRI ZH 1~150nt, 5000~5500nt F1 6300~6700nt 25 [X 1,
(47 50 5 BE RN o iE— 25 43 BT 3K 26 R 5T 4 il AT
PCR Jz i B A3 & F2 B, 45 SR T ORF2 P
(6260~6551nt) Z A [ ¥ 5] G+C &K 50%~60%,
HRNG I B iR K 38 1 — /e i, oniE A
PCRY 14 (&5 R WL 1), T & B 514 HEV-F \HEV-R
FEREE HEV-P W3 1. #F—4G6 B 51 9 M
Y5 GenBank P HNHEAT ELXT, TESE5 0 RERER 1)
R R
22 HEV KAEE RT-PCR RN AY &M

FI AN S J5K) cRNA 1N, Mk
MR R I, AN A s ROV SRR 25 L,
H it 10 puL; Fal 51 HRE N 0.2 umol/L, R
EFHE A 0.1 umol/L, Mg” ¥ & 4 3.5 mmol/L; fxid

/

&R 250K 42°C/30 min, 94°C/3 min; ZJ5 92°C/10 s,
45°C/30 s, 72°C/60 s, 5 HY IR, 92°C/10 s,
60°C/60 s; 40 MEH .

F1 3514, REWBIR, FIEREFEBME
Tablel Primers and probe used for the detection of HEV
by real-time PCR assay

Primer

or probe Sequence (5-3") Location
HEV-F  acHctRttta aYcttgctgaYac Nt.6260-6279
HEV-R  ccttRtcetgetgageRttete Nt.6444-6463
HEV-P  FAM-ccgacagaattgatttcgtcggc-TAMRA Nt.6296-6316

The probe was labeled with 6-carboxyfluorescein (FAM) at the 5’
terminal and carboxy-tetramethylrhodamine (TAMRA) at the 3’
terminal. It was designed so that the predicted melting temperature was
at least 5°C~8°C higher than that of the primers. H: Aor Cor T, Y: C or
T,R:AorG

2.3 otk 2 BOFE L FRAG AR PR AN ZE

A 3 000 R A — T TR B A A Y CefEL, SR SR
T VR B G BB L vk Rl R T 25 SR an &l 2, FE T
N P W Y TR P, A i P VAR B 5 % B 1Y) Ce {2
PUHT 00 2 Pk A OGO &, H [l H il e Y R R R
-4.014, 4 30.52, HHERE R* N 0.998, frgk

hoUoumouo oo oo
1

Dilution of cRNA
standard Ct Value
1107 | 5992
2 (1072 9214
3 (107 12.77
4 (109 16.64
P .
/ 5 (109 20.43
6 (109 24.11
7 (107) 28.53
8 (Control) -

Fluorescence (F1)
OOO——NNWWAEA RN

264
241
221
204
181
16
141
121
10

8-

6_

Cycle number

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40
Cycle numbers

4 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10 14 1.8 22 2.6 30 3438 42 46 50 54 58 62 66 70
Log concentration

2 RHTER RT-PCR X 10 fEH6E #HBE CRNA FR /4 dm B4 I F0HR 6 #h 2 B932 31
Fig. 2 Quantification of serially diluted suspension (10~10° molecules) of quantified HEV cRNA standard obtained by
transcribed in vitro by Ribo MAXTM large scale RNA production system-T7 (Promega)
A: fluorescence curve of F1/F2 signal formation during the amplification of a 189 bp fragment of HEV gene; B: standard curve constructed
form the date in (A)

Journals.im.ac.cn



896 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

May 25, 2008 Vol.24 No.5

SETE IR B A 1107 pg(2y 2.0x10" #5 ) BF IR
SIS, [ b %ok BA PR it B 7 398 o B AT o B R
(5L
24 FFRMEMEBE LN

AL G 908 i RT-PCR X KT ) 1 G
VEE Rk sE, #SIH SR LS R B DO AR
RFRGTE . TR . RN B RE AT A I, 45 2R

R B X T IV 5ROR% I AT A% BH A R Sl
DB, ¥4 RAFH 3G 0, B 1 g 7 kil 5
A5 HAth 5 BE TCAE L

XIARUE S 10 575 B J5 7% HEV 286 ¢ & RT-PCR
TR, g5RmE 2, RERBHEH Ct i
FREZNLTF 0.21~0.86, AE5F RECH 2.6%~8.7%, UFSE
P W B L R R AT LA A I T 2

F 2 HEV XA E# NER cRNAFRERENNEE
Table 2 Reproducibility of different copies HEV cRNA standard by real-time RT-PCR assay

Ct Value of serially diluted cRNA standard

Ct for different copies cRNA 2.0x10? 2.0x10° 2.0x10* 2.0x10° 2.0x10°
1 22.39 17.45 12.29 9.196 5.884
2 21.24 17.17 12.86 8.313 5.522
3 21.74 18.20 13.98 9.894 5.898
Mean+SD 21.79+0.58 17.61£0.53 13.04+0.86 9.134+0.79 5.767+0.21
CV/I% 2.6 7.7 8.7 3.6
25 5E5K RT-PCR 77 By % bk B 33 I K 4 M W 1 2 3 Pos

ERY:0E

Bt T 83 RT-PCR §" 1 195 9y
3, XRIRIREREEE cRNA FrifE il i) $ 20 RT-PCR 5l
KFL, X RT-PCR ARG IR FRA T 2x10°~2x10° 4
P& DVER R RV (5 R 3), Mz R, %tE &
RT-PCR F 46 0 7 8088 22 55t 10~100 %5 . XFdbst 7
WA R AR T 8A TV A HEV PHM:
i, 28t ® RT-PCR AIHEA, RT-PCR 0] LIk
o dEmXE 54 4y R4 B A P B AR SR & B,
P it RT-PCR AT LIAG I H 4 43 PHPERE &L, AU
T H5L RT-PCR Rl Sy FHMERE &, BAH T —10
HixX RT-PCR Kl Ay B AR ff (S5 3 an ¢ 4), DA
PHE HE RT-PCR ANUAT LA 5% B A (i 1 A
AU T 8150 RT-PCR,
%3 HRX RT-PCRFASIMHMEIR. FIIRERAME

Table 3 Primers used for the detection of HEV by nested
RT-PCR assay

Primer or probe Sequence Location
Forward primer of the
first PCR: E1 ctgtttaaycttgctgacac Nt.6260-6279
Reward primer of the
first PCR: E5 WgaRagccaaagcacatce Nt.6568-6551
Forward primer of the gacagaattgatttcgtcg Nt.6298-6316

second PCR: E2

Reward primer of the

second PCR: E4 Nt.6486-6467

tcRtgYtgRttatcataatcctg

W:AorT,Y:CorT,R: AorG

Journals.im.ac.cn

189 bp

B3 XAENX RT-PCR X ARE#HBEE cRNA BN 4 R
Fig. 3 Nested RT-PCR analysis of serially HEV cRNA
standard
Pos: positive; W: water control; M: DNA marker; 1~3: 2x10°~2x10?
copies cRNA

%4 RHER RT-PCRMER RT-PCR * 54 4l R4
An 4G 25
Table 4 Analysis of 54 clinical Samples by both nested and
Real-Time RT-PCR

Real-time RT-PCR Nested RT-PCR
Samples Total
Positive  Negative  Positive  Negative
Stool 2 13 1 14 15
Livers 1 9 1 9 10
Bile 1 3 1 3 4
Serum 0 30 0 30 30
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3 it

P 9 o —F 32 L3 1 15 Y K A2 AL 1%
R, AL T ER S 52 S0 G T A 1) 2 X B 5% v it
95 B (RGN H A FE A SO T R AR Sk e
G ) 52 36 5y VA 9 i A 12 I ik LI T 2 12
O, BT HEV WYl fEIEA BT HEV 1)
IgG M IgM PR, BT LUK R A2 Wit +r 2, % H
B A B AL 4 RT-PCR A, Xe)y
AEN AR RBUEAR . AReE i afa, JE
DAl 2 A T R e 0 R 2 e S e L 5 A
M7t RT-PCR H1HE 5o ik Lok i, AUA H &
AR S R R BB, T LR K 4 e T A I B, A
ROk T E A RS s Y. BT, Ok
RT-PCR & i 2 i T X% Ye bk 2 R R0 8 A5
A S S AR, AR R TE IR B A
b e 58 T AP, 9k RT-PCR #A E8 A
SYBR Green 4k} A Fl TagMan # & AR P AP, 7
Fh 7 P e, TaqMan FREFH AR AT 547 (9 R =2 1
HAESRHEAL. 5 Tt

AWFFERIH Taqman FEARH . T ICH R 55 85
¢t RT-PCR PR AN HE A, H O ] U ] T4
DU AR5 | RERAT RO B e . PR T SR8 LA 5 | i
TRER, W S T RAK ke A5 B R
LU 5 A R R T 6 7 2 TR 4 e
FARSFRY X, HHBIY GC SRS AT {454
MO0 AEX HEV 3L H 41T 8 b &2 B, B
£ T HEV ORF2 11§ N A %ii 55 ORF3 il (19 )7 51 (R ~F
PEARm, (AFEE & GC, AFF PCR Y 1, A
ZERAAE AR AR AT ORF2 41 N EY)
FE SR AR B5F, H GC & st A FF PCR ¥~
w L AES it LT IV A, R SR
L, I, AR T iR 0@ S 19, FE0025 0t
TEAGAE i (R ARSI

UEAh, FEAHESE T, FRATHE RSN S, i
T 9t RT-PCR WY FHPEFRHERE A, FFXF9E1E PCR £
AT IEAT TRk, W T B AR 1 S R4S
DU BRE, - B6F T G 0 ) e S ek AR B A i ) T B
IV B HEV FHPAE b ARSI 45 SR AR 5L 1 3% 7 i)
T X PR EE T HEV BRI, X 11 B0 101
R HEV I BE ) i A i T — LR ik sE . 5
H3X RT-PCR Kl ARAH, 78X 26 A FE ff B A8
HRIE ST 7 vk O R . S, HES IR T fE

BRI RS HEV 6 5646 928 B9 8 22
AR LA o
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