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Abstract: [ Objective] A rapid, accurate qRT-PCR method for detecting bovine kobuvirus (BKoV) was established and
clinically tested for application. [Method] A pair of specific primers and a probe were designed and synthesized according to
the 3D gene sequence of BKoV published on GenBank for the establishment of a TagMan fluorescence qRT-PCR assay. The
reaction system of the analytic was optimized prior to verification on clinical specimens. [Result] The optimal upstream and
downstream primers were 300 nmol-L™" in concentration, and the applied probe 400 nmol' L™, A linearity with a correlation
coefficient of R’= 0.999 was achieved in the range of 1 X 10'-1x10° copies~uL71. The amplification efficiency reached 103%.
The assay demonstrated a high specificity among the pathogens related to diarrhea in calves, a high sensitivity with the
minimum detection limit of 1X10' copies-uLfl on BKoV plasmid standard, in comparison to that of 1X 10° copies-uLfl by
conventional RT-PCR, and a high repeatability with a coefficient of variation of less than 3% within and between groups. In 37

bovine fecal samples collected from different pastures in Inner Mongolia from March to May 2021, the assay showed a positive
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detection rate of 24.3%. The calculated viral loads using the standard curve had an average on the feces from diarrheal animals

at 3.7X10° copies'uL”" and at 8.65X 10 copies'uL ™" on the specimens from healthy calves. [ Conclusion] The newly

developed TagMan fluorescent qRT-PCR assay was specific, repeatable, and sensitive in detecting BKoV. It could be applied

for clinic diagnosis and epidemiological investigation on the disease.

Key words: Bovine kobuvirus; fluorescence QRT-PCR; calf diarrhea; specificity; sensitivity; repeatability

nu\:

0 7l

[ fos 5 S0 Y B2 VS 78 4 [ 45 s 33 7 4 &
AL W R, fadFEm ok, HaNEECh E AR,
[F o 22 APV B IR B B, R R I 2 S|
AT, FEm 2 E R, ™56 244 5751
Wb &R SH: K. M LA AT R s A R,
9% ¢ ( Bovine kobuvirus, BKoV ) A S J& LA
b AU A ERTE . BOK . R B T
AL S HALBUR A RIS IR, A AR R
TR, FLIE VS HE A S A I G A L R R
TR AR FEAS K 2, 3 BT abbps 2 T LA S B0
sUfE E AR RS, LR @ — A, R
5519 TagMan 2¢ 56 5E 7 RT-PCR A 28 U895 25 1)
Pe, RIOF NS X AR IR TS 4 - A T 2 TR A
AL RSP, [T AWRSE dEJE Y - ik 202 B
LRI BSR4 REVE AU B W IR, &/ RNA R
R G 7 B — Fh GBI G RNA TR, Lk
gl K JE 2 83 kb, 57,
A LA — g b R A 22 R8RS A
(ORF) #Hi", ORF /KMt )50 & i 45+ 2 11 Y P1
X MgmidAr i A P2, P3 X, Hirb P1 X4H
VPO, VP3. VP1iX 3 M5ty H, P2 IXYIHI N 24,
2B, 2C A 3RS E, P3 IXPIEI N 3A. 3B,
3C, 3D 4mpAE s E Y. % H AR 2730
nm'™, PR T TR 7 T 225 4 U107 A S R SR T
194 . HHAR I A= 0890 5 19 7 7 © 41 RT-PCR Kl 7
B Yekl ik Seat 928 PCR 7 386K E PCR
JriE. 20184, FCHE i # 7 RT-PCR £
J7 6 TR B AR ML XA AR 3 2R AT AR 0 o B 0 R A B
5%, K DU 2 A 08 5 0 PH RO 4.72%,  BRURHE R
223X 10° copies-ul '3 2021 4F, Ui AR i ko
37 T YRk SEI 985 PCR J7 K il A= S 35, 1% 07
BRI U IR 1.08X 10" copies'ul |, 2022 4F, %%
H ST R R A PCR 5 ik 4 BKoV i 17 22 it A
W, HXT BKoV ARG HiH 4 1.1X 10" copies-ul ',
AR A A3 BIA% R 25 44 AT LAY s | 40 0 445 fi
TR, HR v R RE 7 DL BOR) A T B 3 1Y 4o B e
H, ABFRAES Y 3 AR SHAIN T B RS, DL fE

3'dE# X (UTR) .,

f& 15 7 B RT-PCR B BUB MR Sk . CHMR DR G
S AR Y 3 5 5O B RT-PCR 5 | W) FIHR ST B2 (4R
o, BT ERC. R R R AR G Y T
2, HE— DR R A I T A I A I %

1 M55 %

1.1 I sR

LR B IE W # 1% (Bovine viral diarrhea
virus 1, BVDV-1) . 4R #E MK 5% 7 2 % (Bovine
viral diarthea virus 2, BVDV-2), 4 %Ik % 3%

(Bovine rotavirus, BRV ). 4 5& Ik % ¥ (Bovine
coronavirus, BCoV). W1 (Salmonella). KW
¥ ( Escherichia coli, E.coli), ¥JHWZ i &k
B B AR Y e B AR AT 3T AR
PR T NS X O, A REA T80 C A7
1.2 FERF

RNeasy Mini Kit 1 H QIAGEN /3 & ; One Step
gqRT-PCR Kit ¥J ) H promega /A &) ; pMDI19-T ZH 4K |
DH5a/# 32 25 40 iff . Premix TagTM. EASY Dilution,
6 X Loading Buffer. 500 bp DNA Ladder Marker ] Jif]
H TaKaRa 2y ] ; DNA Bt DGR & 04 H Axygen
o) Bk /43R & . RNase-Free ddH,0 14 A
TIANGEN 2 7",

1.3 SI¥FMRIRIT S &K

4% GenBank /) BKoV-3D JL[H ¥4 ( KF728683 .
KY260614. AB097153. ABO084788. HQ650180.
MN336260 ), H|H Lasergene % if MegAlign 72 5
HEAT [ PR 73 B, S BUOR <Y P 1 153 T — X BKoV
FIM— & 8E, Il Bl A TREARA
AN, BEmEEAY TR (k) ERAR A
o G SARE AL 1,

14 HUEFRE TagMan K FE 2 RT-PCR #7574 HY
f=:va
141 HESGH &

i H8 RNeasy Mini Kit i 51 & 5 B 45 XJ 151 i 56
BKoV #% % FH P ZEFEFE I RNA, FH R U519 1
FABER, B Ml 4lifk PCR 7= 4, % 4% % pMDI9-
T #5540 8 K % #F 1 DHSo &2 S 4, IR
B, it B o B TR O R AT I TR R AR, R RSOk



AR H % % g% & TagMan K & € 2 RT-PCR 420 77 k69 # 5 B 5 R 853

®1 HFIEFRFSINERRGFIIER
Table 1 Sequences of BKoV primers and probe
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A~E: 5I¥KE 45 500, 400, 300, 200, 100 nmol-L .
A-E: Concentrations of primers at 500, 400, 300, 200, and 100 nmol~L71,
respectively.
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Fig. | Optimization on primer concentration for detecting
BKoV by qRT-PCR
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TBHHL Cycles

A~E: FREFIREESF 51k 500, 400 300, 200. 100 nmol-L™.
A-E: Concentrations of probe at 500, 400, 300, 200, and 100 nmol-Lfl,

respectively.
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Fig. 2 Optimization on probe concentration for detecting BKoV
by qRT-PCR
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Fig. 3 Standard curve of qRT-PCR for BKoV detection
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Fig. 4 Specificity of qRT-PCR assay for BKoV detection
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A~H %y 51 Bkl DNA % 5 1.0X10°~ 1.0X 10" copies-pyL; T:
B PERS M T: 1.0X 10° copies L™ Jiiki DNA.
A-H: plasmid DNA at 1.0X 10°-1.0x 10" copies-p.Lfl, respectively; I:
negative control ; J:1.0 X 10’ copies~uL71 plasmid DNA.
5 BKoV K} EE RT-PCR BUEMIRINLER
Fig. 5 Sensitivity of qRT-PCR assay for BKoV detection
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M: 500 bp Ladder DNA Marker; 1~9: Jii ki DNA ] & 73 5l b
1.0X10°~1.0X 10° copies-puL™'; 10: BT} .

M: 500 bp ladder DNA marker; 1-9: plasmid DNA concentrations at
1.0X10*1.0% 10" copieS‘uLfl, respectively; 10: negative control.
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Fig. 6 Sensitivity of qRT-PCR assay for BKoV detection
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Table 2 Intra- and inter-group repeatability of qRT-PCR assay
for BKoV detection

HANELNE AR
Reproducibility intra-group  Reproducibility intra-group

PRUE S

Plasmid standard

concentration/ @
FEIME

. . AR5 R H P A5 AR
(copies-uL )

(M=ESD) 1% CVI% (M=ESD) /% CVI%

1x10° 21.9940.23 1.0 22.020.04 0.2
1X10° 25.3020.03 0.1 25.31%0.09 0.4
1X10* 28.76+0.24 0.8 28.9140.13 0.4
1X10° 32.0420.03 0.1 32.1940.29 0.9
1X10° 34.8240.49 1.4 34.7740.63 1.8
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Table 3 Detection of BKoV load on calf fecal samples
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