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Establishment and preliminary application of a real-time fluorescent
quantitative PCR assay for detection of murine norovirus

GAO Jie, HE Zheng-ming
(Laboratory Animal Institute, National Institutes for Food and Drug Control, Beijing 10050, China)

[ Abstract] Objective To establish a real-time fluorescent quantitative PCR ( FQ-PCR) method for detection of
murine norovirus (MNV) in laboratory mouse and provide the basis for establishment of a standard detection method for
MNV. Methods Specific primers were designed and MNV DNA standards were prepared according to the MNV genome
sequences published on NCBI. The specificity, sensitivity, repeatability and stability of the established Q-PCR method
were tested. The established Q-PCR method was applied to detect 766 mouse caecum content samples to explore
preliminarily the infection status of laboratory mice in Beijing. Results No cross reaction showed in human norovirus and
feline calicivirus with the established Q-PCR method. The sensitivity was up to 10 copies/pL. The coefficient of variation
(CV) of intra-assay and inter-assay was less than 2% . There were 301 positive cases detected in the 766 samples of
laboratory mice. Conclusions The established FQ-PCR method is accurate and effective with high specificity, sensitivity
and repeatabiliy in the quantitative detetion of nucleic acid, and can be applied to rapidly and quantitatively screen MNV in

laboratory mice.
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1.5 5|¥avigit

¥ NCBI A1 60 4~ MNV 43 B kg 3L R 41 )7
HIBEAT XS, ﬁ*ﬁ,\/\ﬁﬂﬁ%ﬂ‘fhﬁﬂ *JH ABI
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®1 MNV HOER PCR 514
Tab.1 The sequences of primers used for amplification of MNV gene

Elk7] SIWIFEFI(5 -37) R Y HF R/ (bp)
Primers Primer sequences Sequence site Amplicon size
MNVA4F CAGGAAYGCTCAGCAGTCTTTGT 5031-5053 126
MNV4R GGYTGAATGGGGACGGC 5140-5156

&2 MNV ZOtER PCR AR
Tab.2 Real-time PCR reaction system of MNV

N A 2 LSiN

Volume

Reaction systems

SYBR Premix Ex Taq GC(2x) 10 pL

PCR Forward primer (10 mM) 0.4 pL
PCR reverse primer (10 mM) 0.4 pL
ROX reference dye I1(50x) 0.4 pL
Template 2 pL

RNase free water 6. 8L

Total 20 pL
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P s R (K 1), HAGHEIE (CT) 4 20. 03,
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HE BN, o 3 AT FUGR e N A A = G e
(A, TR N AT SR (] CT {8 & 95 D30
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JEE I S 2 520 5 = 8 DL ol 1. 074 x 10°
copies/pL. 1.118 x 10° copies/pL, 1.092 x 10*
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BA B4 E AR E Tk

2.4 EMRERTEE PCR Bl AEREE®RD
&R

LJTORE B o VR M AR AR, 10 1546 B 7 B 10°
copies/ L ~10° copies/pL, #E1779¢ 62 & PCR X
N ZE R R I LR (K 6) A FR R LRI BE 45T B
HEMZ (B 7) VRS R A7, FTLAE ARl B
F] 1.1 x 10" copie/nL B A7 B P 3£k, CT {H K
33.871, ¥ D150 1. 08 x 10" copie/ L, 78 7] A& 1l 75
Rz ,1%(@15‘3%*%@] 1.1x10° copie/ L A 47 1 iy
LA HLTCY 1, @ A E L, Rk, AR
T B B A I FR R 10 Copies/pJL,-/E:ﬁ K419
R,
2.5 SAPEEEE PCR &NF i%HI N

W I EE ST I S SO E 1 PCR ik H T
HTT 9 A AT 1 766 03 /NEUE I N B WIRE S 1Y
I o S B RL FH A ) A ot A T A2 G, B A A
3 AN R A3 4E DR R B RE S iR AT %8 PCR
& R ( MNVCF: CAGATCACATGCTTC CCAC;
MNVCR: AGACCACAAAAGACTCATCAC) Jf-I )5 %6
WE, 7E 766 3 /NEUE I NS W0 E b st PR
301 By, PHME 3 39. 3% , WP 45 3 Bon ki A 5
MNV BJ10-2062 J341 [Al I =ik 97% LA L

P MNV BJ10-2062 417 Jg&3y 8 J&l i M KM |
BABL/c C57BL/6 NIH P&, 2 B9/ R, 45 3 8w
oh Z/NR A Y 24 h BDJTEAHER:  HETRRT IR 29
30 d, Y4 10 d.21 d J5 BN RO E I G E
it CEFRE N K B BB R AR 4
BN EYHATRD, 25 R B Je 88 10 d.21 d 1Y
ANECHMUIE R N B W B i S A T
PR I UE B A E W 25 9 B 4 DU
w (& 8,9) , A STHER 3 A M Hh ot ] K
MNV A YR S 56 A 6 R rfogss th, n) e 5 5 7 ik J%
g 25 BRI MR R A O, IEE /MR
SRR/ BRI E 1 557 48 h J 288 b BHERG H

R3 MNV qPCR K86 P9 iR ) 85 & 1

Tab.3 Repeatability of the intra-assay and inter-assay of MNV real-time PCR detection

- RN CT FE P8 DAL
HE R (v _— .
o ) ( Cycle threshold) (Quantitative copies )
Repeatability Copies/ L
Mean SD CV(% ) Mean SD CV(% )

PR A 10° 18. 833 0.052 0.3 1. 074 x 10° 0. 036 x 10° 3.4
Intra-assay 10° 22.275 0. 067 0.3 1. 118 x 10° 0.063 x10° 5.6
(n=5) 104 25.767 0.012 0.05 1.092 x 10* 0.008 x 10* 0.8
SR ] 10° 18.579 0. 196 1.1 1.032 x 10° 0. 026 x 10° 2.5
Inter-assay 103 22.043 0.138 0.6 1.024 x 10° 0.06 x 10° 5.9
(n=3) 10* 25.529 0.202 0.8 1. 052 x 10* 0.054 x 10* 5.1
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Fig.7 Standard curve of the 1.1 x10° to 1. 1 x 10"
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Fig.8 The amplification curve of cecum
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Fig.9 The standard curve of caecum content
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344) 00 BJE  ERMBE S BT L SUHLX 600 £
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(30.94% )" [ PHFEE X E X 80 173 [ 4R
TG /N R REAR UEAT RT-PCR A, 25 5% /R

MNV FHHER N 13.75% , SEHF 566 & B PCR Kl
J5: 5 ELISA A Lb, nf g s ksl /) B MNV 76 44 %
YR, H5 RT-PCR A H , LRSS H

HATEASNE A KT MNV 2865E & PCR 7
SCHRARIET" AT R AR MNV-1 RS0 3ET5 14
st Taqman WRENE A SEIRGE ", BTMA T 1
FEXF T 44 4~ MNV 43 B RRAZ R 1751, 6] P9 40 19 7
B FEELL MNV-1 P8 2% 80514, 8L NCBL |
NI MNV 43 BSR4 LR 4P 51 2 60 Bk, MNV
VE Ay e 2 A8 A RN HE 58 JR 10 1) RNA 2, R 1Y
PRSP A A BIIREE & A AR 5 4500 B AR A TR 7
2SN KL, A LB O B AL
(77 2R I MNV 78 /N BUHp ) iR e 5 L, e A1,
Kitajima 25" #2371 Taqman REFEEKIIFR N 1.0
x 10% copies/ L, A< YCHE ST (R 77 3k 5 AR HE R
TOEH R,

ARSI ST ) MNV 2862 5 PCR AN 7 i
SRR, A5 R A AR R R M I
N7, 2 LT, T RHORS o i, bR Rt A
¥ CT {HAS S R B/ T 2% , R H R G M E
PELE, WA F MNV R e s A, HIZ 5 ik
XL ETT 9 A REAE ALY 766 FUNRE BN A YRR
AR FEBA R N 39.3% , 6 A 1EHG B A B
Rrth o XFIRAGAE AT, R MNV R B4R
ORRER 0 FHAERE & 20k A TR — 26K 5y, H
MNV &Y DL sl 1 52 56 3% it o0 32, Ho R R AT g S
MNV E4E iR 18 RSt A ¢, /NRUR YL MNV
JG FBEAI BB, 5 G &Y oK s ok
2 A SCHRARGE MNV A 25 S AERE T M) il 37
[ Fg /0N BR S T R JER Y, 1 e 18t it AR e A 0 A v
PRIEBR MNVY N T S0 56 32 W] MNV A9 22
BRI L K NNE , HEEE T E] R 30 d 247,
X ) — HU/IN B E W 928 R T 2 R AT 5Ol
JE B PCR K AT ELISA R, 45 5 B /R 250t a8 &
PCR [HMERG 2l 44% (291/666) , 7 T ELISA [H
PERG 13 (224/666) .

ARSI AL T RE R R AH MNV SO E
PCR 0 777 , S DR W 52 55 50 4 A= 40 o R 52
HE TSl 50 A B I R S o MNV 4y
TR JEYRAE A T R T

SE Lk

[ 1] Karst SM, Wobus CE, Lay M, et al. STAT1-dependent innate
immunity to a Norwalk-like virus [ J]. Science, 2003, 299



76

R F A R A 2R 2016 4F 12 A48 26 545 12 9] Chin J Comp Med, December 2016, Vol. 26. No. 12

(2]

[3]

[4]

[5]

[6]

(7]

(8]

(5612) : 1575 - 1578.

Fischer AE, Wu SK, Proescher JB, et al. A high-throughput
drop microfluidic system for virus culture and analysis [ J]. J
Virol Methods, 2015, 213 111 - 117.

Wobus CE, Karst SM, Thackray LB, et al. Replication of
Norovirus in cell culture reveals a tropism for dendritic cells and
macrophages [ J]. PLoS Biol, 2004, 2 (12): e432.

Compton SR, Paturzo FX, Macy JD. Effect of murine norovirus
infection on mouse parvovirus infection [J]. J Am Assoc Lab
Anim Sci, 2010, 49 (1). 11 -21.

Chen X, Leach D, Hunter DA, et al. Characterization of
intestinal dendritic cells in murine norovirus infection [ J]. Open
Immunol J, 2011, 4. 22 -30.

Papafragkou E, Hewitt J Park GW, et al. Challenges of culturing
human norovirus in three-dimensional organoid intestinal cell
culture models [ J]. PLoS One, 2013, 8(6) : e63485.

Herod MR, Salim O, Skilton RJ, et al. Expression of the murine
norovirus ( MNV ) ORF1 polyprotein is sufficient to induce
apoptosis in a virus-free cell model [ J]. PLoS One, 2014, 9
(3): €90679.

Mihler M, Kohl W. A evaluate

serological survey to

contemporary prevalence of viral agents and Mycoplasma
pulmonis in laboratory mice and rats in Western Europe [ J].
Lab Anim (NY), 2009, 38(5): 161 —165.

Ohsugi T, Matsuura K, Kawabe S, et al. Natural infection of
murine norovirus in conventional and specific pathogen-free
laboratory mice [J]. Front Microbiol. 2013, 4, 12.

EAE, DAL, fFHR, S B EE 1RSI YOG E H PCR
TRk AR (1], P R A, 2014, 24
(12) ;47 -54.

ZWel, M, HERC, AF B IR EE R B S R

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(1], EREEEZE, 2011,1(5) @ 293 -296.

Goto K, Hayashimoto N, Yasuda M, et al. Molecular detection
of murine norovirus from experimentally and spontaneously
infected mice [ J]. Exp Anim, 2009, 58 (2): 135 - 140.
FOC, Ei, SR, S B5E BRI/ B I T O E
4 RT-PCR G 7 3 (s RS [, RS sh ¥
%, 2015, 23(1) : 49 - 56.

FOC, TRER, XA, S TR SRR/ R SRR B
FRRERIEEE (1], i R 2A 2R, 2010, 20(2) ;78 - 82.
Xiang Z, Tian S,Tong W, et al. MNV primarily surveillance by
a recombination VP1-derived ELISA in Beijing area in China

[J]. J Immunol Methods, 2014, doi. org/10. 1016/j. jim.

2014. 05. 007.
. RT-PCRAGI 56 /0N B ) 4R R S 56 e B BC 5w
IR [ D], RA4EK¥, 2013.

Kitajima M, Oka T, Takagi H, et al. Development and
application of a broadly reactive real-time reverse transcription-
PCR assay for detection of murine norovirus [ J]. J Virol
Methods, 2010, 169(2) : 269 —273.

Hanaki K, Tke F, Kajita A, et al. A broadly reactive one-step
SYBR green I real-time RT-PCR assay for rapid detection of
murine norovirus [ J]. PLoS One, 2014, 9(5) : 98108

Wobus CE, Thackray LB, Virgin HW 4". Murine norovirus: a
model system to study norovirus biology and pathogenesis [ J]. J
Virol, 2006, 80(11): 5104 -5112.

Hsu CC, Riley LK, Wills HM, et al. Persistent infection with

and serologic cross-reactivity of three novel murine novoviruses

[J]. Comp Med, 2006, 56 (4) . 247 -251.

(1&E BHHA)2016 —06 - 16

(E#E% 44 7)

[13]

[14]

[15]

Furr PM, Taylor-Robinson D. The establishment and persistence
of Ureaplasma urealyticum in oestradiol-treated female mice [ J].
J Med Microbiol. 1989, 29(2): 111 —114.

BERRTE. JERE 157 IR MEPE /DN Bl A FEL T A S DR g f)
SHAGE (D], dbat. st EZ R, 2011.

NI, ZEo03C, TRAIAE, R SRR R ) R
[J]. "hEMER, 2012, 21(3) : 24 -25.

[16]

Zhu GX, Lu C, Chen CJ, et al. Pathogenicity of Ureaplasma
urealyticum and Ureaplasma parvum in the lower genital tract of
female BALB/c mice [ J]. Can J Microbiol. 2011, 57(12) ; 987
-992.

(&M@ B#3)2016 -07 -01



