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Table 1 Theinformation of testing animal

) S RS R AR g | o FEABRK FEA Y S FEASE [ 1
NER SPF 6 )t BALBI/c 10 JIF SM1~SM10 35
C57BL/6 5 SM11~SM15
KM 20 SM16~SM35
TBIE N 6 )i C57BL/6 24 ik CM1~CM79 79
ICR 15
KM 20
NIH 20
KR i TR S - 10 JH Mgl~Mg10 10
&R SPF JRAE - 20 JIF Gh1~Gh10 20
PREE R D BRI JRAE - 63 JIF NL1~NL63 63
i NB1~NB63 63
B ot b B3 24 H - 4 itk Gsl~Gs4 4
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AL Gs13~Gsl6 4
Jifi Gs17~Gs20 4
B Gs21~Gs24 4
=17 Gs25~Gs28 4
it 211 298

12 FERFIRLE
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/N TR UR (DBT) 41 il 5 . SV . Reo3. PVM .
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cDNA, %Af¢T -30 CT#HH .
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F2 BT EERAMSIMS TagMan IR F5
Table2 The sequences of primers and TagMan probes of used for amplification of E gene

14 SIWEHIE — 3) LA 3 BOR/IN Top
MHV-1F TGCCTTCCTTGCGTCTATTAAACTT 28 86728 891 104
MHV-1R AAAGCTGCTTACTCCCATTATACACATAAAT 28 940~28 970
Pkt (FAM) CATAAACCGCAAAGTTG (NFQ) 28 914~28 898 -

17 8RR WERIREREEL
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SAEK, MM 50 CRFF2 min; &
Jrii 95 CHIAZME 10 min; #5795 C 15s, 60 C
1 min, 340 MEIR, FEREANE I AD 25
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Figurel The standard curve of 10°-10* copies
standard
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Cycle

1: MHV; 2-6: SV. PVYM. Reo3. BCV. DBT 4ij
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Figure2 The specific test results of MHV Q-PCR

i 2 (B 4)nT DL, 10X 100~1 X 10° 4% 1 /jul
Pl b A B R B I () B34 5), SRRV R . )
RNy -3.546, K FRER? ) 0.996(>0.99), 414
WHE Eff% A 91.433%(90%~110%), 1554 kv
M SRRk ARl AR 10 #5 U1 jul 93
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Table 3 Therepeatability and stability of fluorescence quantitative PCR method

Bt i F% DUEC jul S0 R E A C A 3 KA Ct¥E CtSD CV (%)

10° 1 17.019 17.710 0.604 341
2 17.969
3 18.141

10° 1 20.742 20.988 0.547 2.60
2 21.614
3 20.607

10¢ 1 23.957 24.402 0.814 333
2 25.342
3 24.247
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Standard Curve
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Figure 3 The standard curve of 10°-10!
copies standard
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Figure 6 The sensibility test results of MHV
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Cycle Cycle
1: MHV; 2~64: NG1~NG63; 65: N/C 1: MHV; 2~29: Gs1~Gs28; 30: N/C
7 63 RERFRATHLMRN AR [ 8 28 i & FRABLEAADMLE R
Figure7 Thetesting results of 63 liver Figure 8 Thetest results of 28 tissue samples
tissues of naked mole-rats of ground squirrels
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Figure9 Theamplification curveof 33 (CM1-CM33) liver  Figure10 Theamplification curve of 107-10° copies
samples of clean mice standard

252 FiEehEiE RT-PCREMZERZ R, 79  HRFHIUATIOHN, HFEVEMESTE 91% DL E. 3
PIEE YN RIF AR T 16 A (S5 - fFEAI o H M =, a5 B3PIk
CM1. CM3. CM5. CM7. CM8. CM9. RT-PCR J5iE Kl 79 433 i 4N T 2H 41
CM10. CM12. CM14. CM15. CM17. CM18. MHV %8 FH P2k 20.25%(16/79) . L5 Sz 9%
CM19. CM30. CM31. CM32)r] W H 4% (4 o i PCR J7 iE K I 45 R 754 %0 97.47%
264 bp). AR SG = 4ia A T A TR (k) I (77/79). L CM1~CM21 51 CM22~CM42 5
AR AT, W4 RS GenBank H' MHV 4 FEARJp o, Wauk &5 R 207 L& 11~12,
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Table4 Thetesting results of positive samples from

clean grade mice

FEfgRYS  CtfE IR RIZER BAPER %
CM1 30676  117.097 ¥ 22.78(18/79)
CM3 28866  393.384 +
CM5 27677 892527 .

CM7 25511 3867.860 .

CM8 25255 4602572 .

CM9  27.045 1368753 .
CM10  27.924 754601 .
CM11 33439 18.019 .
CM12 30812  106.789 .
CM14 29605  241.790 .
CM15 31172 83.676 .
CM16 32204 41,597 .
CM17 28766  426.668 .
CM18 31647 60.632 .
CM19 28462  524.202 .
CM30 21935 43594578 .
CM31 23913 11418306 +
CM32 23563 14475984 .

W “+7 RN N E 5 PCR il 45 58 54 4,

“=7 7R PCR RN 45 3 0 BA Pk

bpmM P/CN/C1 2 3 4 56 7 8 910 11 12 131415 16 17 18 19 20 21

3 it

PREE U DMk A SR, AR KN 5/ A
I, HAEERAA 93% XS A, MRl K
PR R (R R R R M, [N L HAT AR i K
SERRMEF (D) 22 e, DR R OR B 2 g
T AEAMRFE IR (HARRE B RS H 5
B Z HE B SR, B N A
A A TR AR AE, DR REER BT 1 TGk
IEREAN G, il e R R . A2
R R A HARAE . MHV AMESE /N B2 1899
[Fi At b B o e 32— 1828, T AR B Bl 2 55/
SRR (Vo A 2R 80, DRI, il R e
)R PERIARUER, MHV 2 1 562 J8 225 A
HEBR T2 — o H AT A AME B 5% T R
R EGE MRV (AR SCAL RS o« PRI AS SO %
HARAERAE . UK. F om0 9w &
PCR T4 B L%t MHV (R AR HEAT 07 A5

P ST 1) J7 00 63 SUARRE RLZEAT A0,
KRB A PEL RO N HTE . BT IR A 1) 4RE
BLAS 5 HAT PO BE I 20190, T B Aif S ANk G

= oF

=

M: 100 bp DNA marker; PIC: MHV; N/C: DBT 411jig; 1~21: CM1~CM21 ‘5 F 4143 kA
11 CM1~CM21 SHFHELHA RT-PCR &l 45R
Figure 11 The electrophoresisresults of RT-PCR to detect CM1-CM 21 liver samples

bpM P/CNC1 2 3 4 56 7 8 910 11 12 131415 16 17 18 19 20 21

M: 100 bp DNA marker; P/IC: MHV; N/C: DBT 4l jfs; 1~21: CM22~CM42 * T4 A
12 CM22~CM42 SRR RT-PCR #ill4E R
Figure 12 The eectrophoresisresults of RT-PCR to detect CM22-CM 42 liver samples
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MHV 5 2) 5236 AG I 110 R 5 R 48 3 Bt o A I3 ] 5
RREE R, hFIEE . MREAMENSE, B
TR . 2T 86 RS & & B
MHV, Hfd—2uoR.

FHEEAL 77100 10 LB TE VP I 20 1L SPF
BB 4 M pERE B 1) 25 1) 2 BRI MRV 2[R
UKL, AR, UL I ) B i S AN
FA{E MHV By, H S L 7R BN 7 A4
BT IERT 1) 35 M SPF /N FHEAT R, A &5 2R
¥ R BIE .

FH ST IR 73245 I a6 A 1) 79 LU vl /s
(3928 ELISA T30 MHV A4 B 4 B/
), MHV FiiABH % Yy 26.58%(21/79), MHV
FERBA I % 22.78%., 183 [H] R F s R 44
MEATAS I AT, BeAA BE P 114 /] B B B e s A
ATREA BRSO BE A 1 /) Bl B U ST A4 A W mT
RE I BHYE,  dE—20 ULIHTE SN I SEAFAE B s
Pk 2z k20, 3 R AT R U SR AR T
KT BE, Rk SURE 1 5T & 4 o 4 B I &L

IR 79 B VE Y/ A FH S ST ) S I R
o & PCR I 77 yE A I ¥ [N, SR A SEi s Lk
B RT-PCR JEAT R INET, k%R BH P 2 24
20.25%(16/79), —FHTHEH 97.47%. HIR L
HRAE MHV X RS I 77 325 (i g 12024, fH i+
EWEATHET N A, W EARRARE R
WEAR R A MHV 2856 A ik &, ik
SIS AE ST M RT-PCR J7 kM0 [R] I g 57 1
MHV 5 f: PCR J7 7, A il & (1 kil 85
T A

MHV AU (SEER3IY) B K ARE) oG
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W T AR AL (P EZ ) AT WHO & ik 48
I B O3 R TG P AR AR rhoe) B T AR P A
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FEAN AT DL TR B B i e (1 i A, JRmT A
TR VPR A A UG 2R S B ) I A I

53 3K
(1] WFEARs. SER PR aR e IM]. bt H A R

#t, 1992:76-83.
[2] BUE, XS4 S e M]. 2 2 . Abat BREhiR

11, 1997:692-694.

[3] Mo, e, X7 as, 2T aEs M), sl WidbE
S AR AL, 2000:324-330.

[4] KuoL, Masters PS. Genetic evidence for astructural inter-
action between the carboxy termini of the membrane and
nucleocapsid proteins of mouse hepatitis virugJ]. J Virol,
2002, 76(10):4987-4999.

[5] YangZ,DuJ, ChenG, et d. Coronavirus MHV-AS9infects
the lung and cauises severe pneumoniain C57BL/6 mice[J].
Virol Sin, 2014, 29(6):393-402.

[6] Bt X MHV WFFTHERE[]. 2018, fif 20k i, 24
(4):438-440, 443,

[71 Asano A, Torigoe D, Sasaki N, et al. Identification of
antigenic peptides derived from B-cell epitopes of nucleo-
capsid protein of mouse hepatitis virus for serological
diagnosis[J]. J Virol Methods, 2011,177(1):107-111.

[8] L, DAL, £, & KR EMHY RT-PCREGIT7 7%
IR ST SR N ). A B L e A2k, 2013, 23(2):
58-63.

[9] Singh M, Kishore A, Maity D, et a. A proline insertion-
deletion in the spike glycoprotein fusion peptide of mouse
hepatitis virus strongly alters neuropathology[J]. J Biol
Chem, 2019, 294(20):8064-8087.

[10] X3 B, MBS . BREE BUEW R 0T T R 9], s
A b LR BE 2, 2013, 33(5):400-405.

[11] AT . BRRE R AR D2 P S A AT 5. P
SLIGBNYAR, 2016, 24(3):313-320.

[12] Lagunas-Rangel FA, Chéavez-VaenciaV. Learning of nature;
The curious case of the naked mole rat[J]. Mech Ageing
Dev, 2017, 164:76-81.

[13] £, TAL, 150, & s iiae 1 2950 E &
PCR J/VAM AL KA N[, LR e a6k,
2014, 24(12):50-57.

[14] T3, 75, 2medk, 5. - ElEieE 3 24(BPIV3)sk
25 ' 58 e PCRAS U535 (14 N7 B A/ YRFE A o
BN L) A EE N 243k, 2018, 8(5):393-399.

[15] E9B95, 3%, IR K. E R 28 (BCV) SEIN 9O E
i PCR W 7 VAR g X wE v ). o LA
2Rk, 2019, 29(4):69-73.

[16] Ff, A5, WA, & dbath X AR aE 1 2405
3 I S5 [J]. i AEAR, 2018, 34(5):744-753.

[17] W SCiH, AR . T 2 AT AR R BRI 1R . A 3G
AR IR CE R [ ). FE SE AR B4R , 2018, 26
(4):518-522.

[18] MEBEV-, BREF, WA, 45, Wi G IO BUw 25 A4
ELISARHU VA £ [J). o ESL56 sh )i 4, 1995,



Apr. 2020, 40(2)

SEE A S LIPS 2% Laboratory Animal and Comparative Medicine 103

15(1):24-27.

[19] M, A B, ARHN D, S5, BRME SRR 25 A AL
HALREARZTIRN .%EﬁZdJJf/J':J LbAiPE 2, 2014, 34(5):422-
427.

[20] 25kt /N BR = lold BEAZ R AS I 77 v L A % 5 I
SRS %S LT [D). Abat: b stHnpEa#p, 2018.

[21] HEJE, ¥, TKoi, 2. MHVAZFRYCER I 77 V2 (K £ 0
MHI[J). sE3Eh¥)ELE, 2013, 30(4):1-5.

[22] GB/T 14926.2-2011. K5 ) Tl A=) 55 4 ) IS

[23] DB11/1461.5-2018. 8256 K JINb i MEM PLER M
s

[24] DB33/T2110.1-2018. 5K 56 K N> R Sk B4 25 2 % W

sy

[25] MXZME T2
el AL, 2015.

[26] AW, A 28 o 5 o5 B E A (19 2 ) 28 S T iV 4
T IR T[] H s 56 RV A 8524 A4, 2018, 32(5):
449-457.

[27] World Health Organization. Global advisory committee on
vaccine safety, 9-10 June 2005[J]. Wkly Epidemiol Rec,
2005, 80(28):242-247.

[28] WHO. Japanese encephalitis vaccines: WHO position
paper, February 2015-recommendation[J]. Vaccine, 2016,
34(3):302-303.

s E 2 [M] AL s R 2R

Establishment of Real-time Fluorescent Quantitative PCR Method for
Mouse Hepatitis Virus and Application in Some Rodents

WANG Ji, WANG Shasha, FU Rui, WANG Shujing, LI Wei, QIN Xiao,
HUANG Zongwen, LI Xiaobo, GONG Wei, Y UE Bingfei, HE Zhengming
(National Institutes for Food and Drug Control, National Center for Quality of
Laboratory Animal, Beijing 102629, China)

[Abstract] Objective To establish areal-time fluorescent quantitative PCR (Q-PCR) method for
detection of mouse hepatitis virus (MHV) in naked mole-rats and other rodent animals. Methods The
specific primers and probe were designed and synthesized by selecting conserved regions of MHV E
gene to establish the Q-PCR method. Then the linearity, specificity, sensitivity, repeatability and
stability of this method was verified. Meanwhile, the established method was used to detect 79 clean
grade mice, 63 naked mole-Crats, 35 SPF mice, 10 Mongolian gerbils, 20 golden hamsters and 4
ground squirrels for MHV. Results  The real-time fluorescent quantitative PCR method for MHV
was successfully established. The linear range of the method was 10* copies/uL to 10°copies/uL. The
method has no cross reaction with Sendai (SV), reovirus type 3 (Reo3), pneumonia virus of mice
(PVM), bovine coronavirus (BCV).The detection sensitivity could reach 10 copies/ul, the results of
repeatability and stability showed that the coefficient of variation between experiments was less than
5%.The positive rate of MHV in 79 clean grade mice was 22.78%, and that of 63 naked mole-Crats,
35 SPF mice, 10 Mongolian gerbis, 20 golden hamsters and 4 ground squirrels were all negative.
Established method was compared with RT-PCR, the coincidence rate was 97.47%. Concluson The
established Q-PCR method for MHV is good in linearity and specificity, it can be used for the
detection MHV in multiple varieties rodents.

[Key wor ds] Mouse hepatitis virus; Real-time fluorescent quantitative PCR; Rodents




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


