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Development and application of a real-time RT-PCR for
serotyping of bluetongue virus strains epidemic in China

SONG Ziang®' LI Zhanhong®® YANG Zhenxing” LI Zhuoran® LIU Wei’
LI Huachun® LIAO Defang*2 YANG Heng*2

1 College of Veterinary Medicine, Yunnan Agricultural University, Kunming, Yunnan 650201, China

2 Yunnan Tropical and Subtropical Animal Virology Laboratory, Yunnan Animal Science and Veterinary Institute, Kunming,
Yunnan 650224, China

3 Inner Mongolia Academy of Agriculture and Animal Husbandry Sciences, Hohhot, Inner Mongolia 010031, China

Abstract: [Background] Bluetongue virus (BTV), one kind of arbovirus, causes seriously harms in
ruminants and twelve serotypes of BTV (BTV-1, -2, -3, -4, -5, -7, -9, -12, -15, -16, -21 and -24) are widely
prevalent in China. [Objective] To provide technical support for the diagnosis and epidemiology research
of BTV, we aimed to develop serotyping RT-qPCR method for 12 BTV serotypes which were epidemic in
China. [Methods] Primers and TagMan probes based on the Seg-2 sequences of Chinese BTVs were
designed and their specificity and sensitivity were evaluated. The reliability of the established RT-qPCR
method was assessed with BTV strains and BT V-positive blood samples then further applied to identify the
serotypes of BTV in Culicoides and blood samples. [Results] The established BTV serotype RT-qPCR
method showed highly specificity and sensitivity with the amplification efficiency (£) values larger than
90.3%, the correlation coefficient values (R®) ranging from 0.991 to 0.999 and the minimum copy number
of detectable BTV nucleic acid ranging from 25 to 48 copies. Serotype identification of 165 isolated BTV
strains by RT-qPCR and Seg-2 sequencing showed consistent results. Furthermore, serotype RT-qPCR
identification results of 194 BTV-positive blood samples from infected sentinel animals were consistent
with serotyping results of the isolated BTVs. Using the established RT-qPCR method, six serotypes of
BTV (BTV-1, -2, 4, -5, -16 and -24) were identified from the Culicoides and cattle blood samples
collected from Shizong county and Jinghong district of Yunnan province. [Conclusion] The BTV serotype
RT-qPCR established here could be used for diagnosis the serotypes of BTV in vectors and animals with
advantage of time saving, high specificity and sensitivity.

Keywords: Bluetongue virus, serotype, RT-qPCR, application

W5 W% B2 (Bluetongue  Virus, BTV)EYL5 [k
H sh %) W5 75 94 (Bluetongue, BT)J&—Fi ™ H {23 [
L FIEIL g, R ShY) LA 20K BT 41
LS RS, ORI S — 258
PERRU L BT (AT RIS & 45 4 2 SRl s B KA
VR, T E S T bR E PR Y .
20062008 4, JEMIRUEIY BTV-8 BUREFRTERRY K
TR0 K & G, BRI AT 1 53¢ UK A5l ™ E 1) BT
K, HREATHE RS 30 /2350 RN K
IF, AR AKAT BTV-8 B8 | o 4aE ),
BT A b4k 11 B9 5 8 sk s 484 32 1 1
Yo .

BTV s®J&FFI7 00 2R H Reoviridae) RS 25 &
(Orbivirus), JEEEELFIZH AN 20 kb, Hi 10 1B
(Seg-1-Seg-10)f* X% RNA (Double Stranded RNA,
dsRNAYL ™), BTV MRS, HRijiH #E R
INEL A ER 27 Rl BTV (BTV-1-BTV-27)17,
SRFEHER T BE 2 (Segment 2, Seg-2)Zmfidir) VP2 &
FIPRE BRI ISR, 255 AR s e ek
FHA F2E AP, Seg-2/VP2 JFH i REAS S,
[ ML/ BTV K Seg-2 # R4 AH L 7
41.4%-71.2%z 18], VP2 2 MR AL 7E
27.0%-77.6%Z [A], A& Seg-2 ARSE, Al 27 Ff
MR BTV 243 A A-L 55 12 FpREBE A ; i [ — i
RS BTV 3:0EAT %70~ Western Mg 71 (AL £ |
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B U507 BN 54k ) 5 Eastern st 1 (79 518
KA k) O

1979 4F, ASLEG = AEIR [ < M 2 I 5% B 4
ORI BT MU%K; 1996-1997 45, MNaFA
FmS A B3] 7 FhyE AR BTV (BTV-1, -2,
3. -4, -12, -15 F-16)MY; 2013-2017 4F, WN=H
BLVTRA . IARA SRR AR XL g
SIS ILAE) ARGk S B 12 RS BTV
(BTV-1, 2, -3, -4, -5, -7, -9, -12, -15, -16,
21 Fi-24)3 300 A4k REFAT BTV I
RIS, [l —KISAEZ R IIER BTV Wi
17, ARIMEE BTV SR BORMAAER R 2E S,
AR IE BT MR T IR Pk iR . BT iR
A BTV MG RIS E 1, AMUE BTV WA 1k
R EE NS, WERHEGE BT PSR
BLIRRE

135 H AR (Serum Neutralization Test, SNT)
58 AL (Viral Neutralization Test, VNT)/Z&
BTV I A% e 2 S R U (BAFAERERHK | A%
AR EEE, RT-PCR 55002 62 it RT-PCR
(RT-qPCR)E{ N BTV ML R%E (i AR,
RT-qPCR HATi@ L . R SRR e,
FEUE I RFEA B A o BTV I35 8 0 £ 259,
He [ Pirbright BFFE BT (B BTV 2% 5286 25 Y RAE T
KK BTV 225 bk 5 R4 A IERGL S i il i
FEAS, AFFR BTV 5% RT-qPCR & R AR 4RI
TR,

SEAMEE, FRETE BTV 2B A )y
R FEARXT e, AR IR AT BTV BB AEHEE,
BN ARSI BTV M A RT-qPCR A )y 13
B, W ATEATE A ERERIT R BTV A P 2Eit
9%, AR OV T IRE LA TE A1 BTV i
JE . BRI 9 5 a3 R 1T AR S AR A TR O
1T BTV ¥ Seg-2 JFHIHRHE, BUE ST B = AT 12 Ff
MIF A BTV ) RT-qPCR ERI )5, UM BTV
MIRATIR A AT S BT Bfa sk me i s SRt H R
FEo

1 MRS h %
1.1 fRE. Mgk mS%EREm

24 Fh BTV IMi5E(BTV-1-BTV-24)[E Prbrifi S
% 3 F H OIE R IF 2 % 52 K % (Onderstepoort
Veterinary Institute), 2012—2014 4, H[E 4325 12 F
MyE% BTV (BTV-1, -2, -3, 4, -5, -7. -9, -12.,
15, -16. 21 H5-24)RAT80kGEE 1), 19792020 4F
Tz TIOR8 T ARAEHL B 165 Bk BTV
ARSI B R (GR 2), LiREEfR T T Seg-2 )7
B RE A L TR0 A M Y L9695 25 (B pizootic
Hemorrhagic Disease Virus, EHDV)[ZO] PR EE
(Chuzan Virus, CHUV)®" 15 i - B 5 75 (Akabane
Virus, AKAV) P2 A2 256 5 A SE 040 153 B IRAE

BTV &8 ¥ EDTA #Hi &k i+ 4 33t
194 6y, F 20132020 4ERIEA B WL TP AR
SCRIMEES YNGR 2), XL BTV IS B A6
VA (1) i RN BTV B EDT
RS aEZIR Y, ) WS 4 Es i BTV,
Ifatrd Seg-2 M M/ B R AR M) (3) B
YR A B X532 BTV 2Rk rh BT

BTV 7B 10 (Seg-10)4 K 41 paké fiokn
pLB-BTV-NS3-T7%* 5 ['1 B2 95 % (Foot-and-Mouth
Disease Virus, FMDV)BHPERZ IR A S50 % P AT 5
R A TR BE(Bovine Ephemeral Fever Virus, BEFV)
BRPEAZIR H b Al A2 B =2 M- 2 A5 T S
1.2 EERFINEE

S E RNA filifiR 7 & MagMAX-96 Viral RNA
Isolation Kit, Thermo-Fisher /v F]; & RNA 2
7 RNAiso-Plus , S %¢ € 1 RT-PCR {77 & One
Step PrimeScript RT-PCR Kit (Real Time), SZH}%¢56
#E 1 PCR f| & Premix Ex Taq Kit (Probe gPCR) .,
SERTHE S E R qPCR X7 £&(SYBR Green), RNase
Inhibitor ., % %% 5 [ PrimeScript II Reverse
Transcriptase, TaKaRa /3], KingFisher' ™ Flex 1%
M2 [ SR 5 e 28t 7 PCR X, Applied
Biosystem /A Fl
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#1 HE12# BTV MBRRITERHN S BESSREBENKEES
Table 1 Source information and nucleic acid copy numbers of Chinese BTV strains belonging to 12 serotypes
27 5 M¥ER ey 3 S A (4E), Iy EHL R R DLEL
Strain No. Serotype  Isolation animals  Isolation time (Year)  Isolation place Copy numbers of nucleic acid (copies/pL)
YNSZ/V147 ~ BTV-l [ Goat 2012 ZH Yunnan 9.62x10°
YNPE/V146 ~ BTV-2 4 Cattle 2013 ZF Yunnan 1.28x10°
YNDH/V025 BTV-3 4 Cattle 2013 2 F§ Yunnan 3.46x10°
YNPE/V030 BTV-4 4 Cattle 2013 Z [ Yunnan 4.54x10°
YNSZ/V084 ~ BTV-5 [ Goat 2012 ¥ Yunnan 7.85x10°
GDST/V089 BTV-7 F Cattle 2014 ] 75 Guangdong 2 66x10°
YNDH/V008 BTV-9 4 Cattle 2013 ZF4 Yunnan 8.45x10°
GXNN/V007 ~ BTV-12 4 Cattle 2012 J”" P4 Guangxi 6.82x10°
YNPE/V061 BTV-15 4= Cattle 2014 ZFj Yunnan 1.43x10°
YNSZ/V109 BTV-16  [l|2E Goat 2012 ZF Yunnan 2.54x10°
JSXY/V057 BTV-21 4 Cattle 2013 VL5 Jiangsu 7 14x10°
YNDH/VOI5 ~ BTV-24 4 Cattle 2013 i Yunnan 8.45x10°
PEEPR O k=2 i 9 e S s
Note: Complete genome sequences of these strains have been acquired
%2 HESE 12 #IMEE 165 £ BTV 9 B15 2 5 M52 RT-qPCR BiF4E R
Table 2 Source information and RT-qPCR serotyping results of 165 Chinese BTV strains belonging to 12 serotypes
M¥ER e Iy e 73 B INFTR] (A7) TEREL RT-gPCR C {ti*
Serotype  Isolation place Isolation Isolation time (Year) Numbers of C; values of
animals virus strains RT-qPCR*
BTV-1 I i) ESNITER 1979, 1996, 1997, 2012, 2013, 15 17.6+4.1
Yunnan, Guangxi Cattle, goat 2015, 2016, 2020
BTV-2 =F. &K £ lE 1996, 1997, 2013, 2014 15 19.3+4.6
Yunnan, Guangdong Cattle, goat
BTV-3 ZF§ Yunnan 4= Cattle 1996, 1997, 2012, 2013, 2014 18 17.8+3.9
BTV-4 . L TR ESNITER 1996, 2012, 2013, 2015, 2016, 31 18.4+3.9
Yunnan, Guangxi, Guangdong  Cattle, goat 2017, 2020
BTV-5 =F. &K faE 2012, 2013, 2015, 2016 8 17.8+4.7
Yunnan, Guangdong Cattle
BTV-7 IR = ES 2014, 2020 3 20.245.0
Guangdong Cattle, goat
BTV-9 ~H =SS 2012, 2015 9 18.3+4.9
Yunnan Cattle
BTV-12 ~E. L TR s A4 E 1996, 1997, 2012, 2014 13 18.5+4.9
Yunnan, Guangxi, Guangdong, Cattle, goat
Jiangsu
BTV-15 ~F. T faE 1996, 1997, 2014 5 19.4+3.8
Yunnan, Jiangsu Cattle
BTV-16 =, . TR = ES 1996, 1997, 2012, 2013, 2014, 26 18.9£3.9
Yunnan, Guangxi, Guangdong  Cattle, goat 2015, 2017
BTV-21 . . TR = ES 1996, 2013, 2014, 2015 17 17.4+4.5
Yunnan, Guangxi, Guangdong  Cattle, goat
BTV-24 =~ Ae 2012, 2013, 2015 5 16.7+3.1
Yunnan Cattle
e % CHLMEFD BTV IS 8¢k RT-qPCR S CAE M35k 2 R

Note: *: The C; value of RT-qPCR detection for each BTV serotype was showed by the means of the C; valueststandard deviation
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1.3 SI¥FERET IR IT R E B

M GenBank H1 F % BTV ) Seg-2 J#41, {#i FH
MAFFT #5406 22 3R 3 Bl 12 b i 3
B BTV #bk Seg-2 2 K34 (31t 72 )47 )5 41
FEXT o JEPRTE [l — I 37 Y P vy B AR X 8,
Beacon Designer 8.0 B Rty 515

£ 3 12 # BTV M52 RT-qPCR 3| RIFEHER

TaqMan 54T AT 3). TREMAY S FRIC FAM
(6" R ILH LA i 5 SE 1A, 3 mbric BHQL (BB IR
VR EA) . 519w sS4 TR\ &L,
PREFI LN HPLC ROEAH M E2ik), & L
FI51 9 S5 R4 LIJE RNA BE/KFRFEN 10 umol/L
2=

Table 3 Information of RT-qPCR primers and probes for 12 BTV serotypes

MiER 514 51973 51 RN SEFME
Serotypes  Primers name Primers sequence (5'—3") Primer position Product Numbers of reference
size (bp) strains*

BTV-1 BTV-1_F GGTTATGATGGGAARCGAGC 261-281 197 China (9), India (8)
BTV-1 R GTATCCGCTTTCTTTGARTCAATT 415435 Australia (47)
BTV-1 Probe =~ TCTTTCATCATCCAYTGTACCCATCGCTC 320-349

BTV-2 BTV-2_F TAATACATTGGGAGTACCAGTTG 1288-1311 156 China (5), Taiwan
BTV-2 R CATYTATTATCTCCCCRACCAT 1 400—1 422 China (1), India (5)
BTV2 Probe  CTATCACGTCCTCATCGCTRTCTG 13641 389 Australia (2)

BTV-3 BTV-3_F ATTTACCGATTACRCACCCCGT 25972619 97 China (6), Japan (1)
BTV-3 R CTYCGTTTAAGCCTATCTATGCG 2 648-2 671 India (1), Australia (1)
BTV-3 Probe ~ CGCGTCTGAAACCTCRAAAGCAACCAAAC 2 623-2 651

BTV-4 BTV-4 F GTGCCGAGATTATTGGATATAAC 236-259 134 China (15), India (11)
BTV-4 R GGTTGTATATCCATYCGATCGTC 324-347
BTV-4 Probe =~ TCGCCCACTTCATCCACTTCGCATTA 299-325

BTV-5 BTV-5 F ACTAGTGAGCCGTTCCAGCC 626—646 94 China (5), South Africa
BTV-5 R TTGAAGTAAYCCTGCGCGGAA 716737 (3), France (1), Nigeria
BTV-5 Probe ~ ATACCCAGGATCAGCCATGTCAACCCT 683710 M

BTV-7 BTV-7_F AATATGTTTCCGTGCTTACGAG 1093-1115 157 China (2), Australia (1),
BTV-7 R GTGCGTACACGTARTTCTCATT 1206-1 238 South Africa (2)
BTV-7 Probe  TGCGAGCGAAACTCAATTCGGCGAT 1124-1 149

BTV-9 BTV-9 F GTACTCACGTCGYATATGGAG 1064-1084 130 China (3), India (8),
BTV-9 R CGMATGGCGTACACTCCAATTA 1172-1193 Australia (1)
BTV-9 Probe  TCCGCYGCAATCAACGTGCCCCG 1107-1 129

BTV-12  BTV-12 F GTTGGCGYATATGGTGGAGTAA 1067-1088 75 China (7), Japan (1),
BTV-12 R CRTCCCCTAGYTCCATCTCA 1123-1 144 India (1)
BTV-12 Probe  CGTAYCCCTGCTTACGAGGAACGAT 1091-1 115

BTV-15  BTV-15 F TTTAGTTCCRACAGAGAGAGG 22722293 81 China (5), Australia (2)
BTV-15 R CAATCTCCCARACTCCCATCA 23322332
BTV-15 Probe ~AGCTCCCTCCCAACCATCGCTGG 2306-2 328

BTV-16  BTV-16 F GAGGGAACTTCGAGCGAACA 821-840 259 China (9), Japan (8),
BTV-16 R CCGTTATTTGTGTCCGACGC 1 0601 079 India (5), Indonesia (3),
BTV-16 Probe CAACAACCGATCCGGAAAGAAACG 970-994 Australia (1)

BTV-21  BTV-21 F ATATTCACRTCRAAAGGCCAAAG 981-1003 169 China (5), Japan (2),
BTV-21 R ATGTCCARTACACRTCTCCAAG 1 1281 149 India (3), Indonesia (6),
BTV-21 Probe TTGGTGGACGAATCCGTACCCATGT 1070-1 094 st (1)

BTV-24  BTV-24 F TACCGCTTCTTTTYCTTATCCA 22282249 120 China (3), South Africa
BTV-24 R TCGCATAAGCTCCAACTTCAAC 23262 347 (2), Israel (6), France
BTV-24 Probe TGGTCTGTCCCAGTGATACTWTATGGC 2278-2 304 G memer (L)

TE: % S PIEEOR T O T 25 1 BTV SAkE

Note: *: Numbers in the parentheses indicate the number of the BTV strains used for primers design
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1.4 REZERATIEE

K 2 A AR HUR 2% R - (1) {8 RNAiso-
Plus $EHCHE 12 FRMiER BTV WATERCGE 1),
24 Fpimig BTV HEErZ% w8k, EHDV. CHUV,
AKAV 5RIERAMNIZIR; (2) 165 bkHE BTV #
M5 BTV ELs¥i EHDA $LsEIMmreA, (#H
RER R B TR IR U &, AR A Sy
ARV E VLRI IR . PRI ARG A EP 45,
F 94 °C 2% 3 min, 372 BIVKIA, A7 T80 °C %% H.
1.5 cDNABIEREEE

LB B HE A% B R AR, BEHLE 4
F1 PrimeScript 1T %% %l T cDNA AIE L. LA
10 fEHABER B pLB-BTV-NS3-T7 ik WA
(RERRFE VLR 1.3x10%1.3x10% 2 D1/uL gl v brifeth
2 B0 pL A Y 12 ROl iE Y BTV i1 185 cDNA
AR, i BTV BEFRSAE RT-qPCR K Jy Y
A4 E s qPCR Je i, Wil bRdE i a
cDNA 1195 U154,
1.6 BTV ;52 RT-qPCR 3|¥) 51R$H 8975 1%

BE S — R ITE R BTV, 43 913t 3 Bk
P51y, WL 3 ST (1) LA 24 B
Ii%% BTV, EHDV. CHUV. AKAV. FMDV 5
BEFV 1) ¢cDNA Wz, #47 qPCR J2 ) (SYBR
Green YuRhk), iy 3871 04 i th 2k (Melting
Curve) 5 HLUKETIN , X575 | 9 B e St A T 8 5 (2)
L 10 #% U1 /ul 1 12 R L35 7 BTV %8k cDNA
BN #EAT qPCR F2 % (SYBR Green Jekh:), #HE
3K, R RO E SRR B (Cycle Threshold,
CoSME ML, Mty WBCR R = 5195 (3) 7E
WiAP 5 W ELht |, & TagMan 541, LU
24 FhIfL i BTV ) cDNA HRHRFEA TR 41 +5]
P11 qPCR i, BING 905 BRET 24 A 1 5O
ERESE
1.7 tRAERZ AL HI TN SRR IS

PL¥E DUECH 2 19 12 AP i BTV ) cDNA K
FRAES, 10 R FRZ P4 D1 BCh 10°-10° $£ 01 /uL
X 9ABREE , BB T A 2 K QPCR W (REHE) o

DU REAZ IR HE DLECH BB i Ak A, DL CE Y-
PR A RREE SRR LR, AR R B RD A
PHCRE H), T ARFRMER BTV IR A%
Fer i #% D145 qPCR W AR : Premix Ex Tag 10 pL,
ROX Dye II (50x) 0.2 pL, I, FE5147(10 pmol/L)
£ 0.4 uL, TagqMan #£41(10 pmol/L) 0.8 uL, ddH,O
7.2 pL, BERFEAR 1 puL. qPCR W &fF: 95 °C
30s; 95°C5s, 60°C34s, 40 MEH,
1.8 EEEMHIRAW

ERUAR v BE (107 #5 DL/uL) S5 e e BE (107 4% DL/uL)
() 12 Fl A BTV 84k cDNA 1 uL gt , #547
3 AL AL IAIES T QPCR 5, RS C AR
Fi #E 22 (Standard Deviation , STD) 5 78 5 R %%
(Coefficient of Variation, CV), ;A5 J7 2 i) B
Sk
1.9 LIHESE BTV HEHRIEIE RT-qPCR SR

B 19792020 4FFEE 12 FhifiiE AL 165 £& BTV
(R )M 4 1 pL N BTHRIET T 25 1035 B Y
RT-qPCR #5ill . S W& % : 2xOne Step RT-PCR
Buffer III 10.0 pL; Ex Tag HS 0.4 pL, PrimeScript RT
Enzyme Mix Il 0.4 pL, . TFHESI#(10 pmol/L)
4 0.4 uL, TagMan #£1(10 pmol/L) 0.8 pL, ROX
Reference Dye II (50x) 0.4 pL, fill A RNase-Free
H,O #ME 20 pL. RWiZ&fF: 42 °C 5 min; 95 °C
10s; 95°C5s, 60°C34s, 40 MEH
1.10 LA BTV #%ZER PR iR A£ AR L8 IE RT-qPCR
F % SR

DL 12 FOR[RN M 5 BTV e ny 2 sh¥ bRtk
P IMBAEAR S 20 £, S pl $RIUAZ IR AR AR
AT BTV HYBERR L RT-qPCR RO Y, Bk
CAE>37.0 MIIZIRFEASS , B MRALFRAEAS 43Ry i
FHPEREA(C, fEAE 29.0-34.0 7] F155 FHYEAE
A(C fHFE 34.0-37.0 Z[a)), #F47 BTV Iiig A
RT-qPCR HY[EISZKAIE, L RT-qPCR S = A4 1
sk, mH C{E<38.0 K& N LS
1.11 BTV M;&E RT-qPCR #7755 895 A

2019 AEEE AN SR S (B9 E N
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E104°29'65" 1 N24°60'98", ¥4 1 000 m)A[F]4-F
Pl B AT, RGBT R AEA, TERMEE T
i RIS, IMAGE Y PBS SEATRES, ]
RNAiso-Plus #EHUZER, HL 20 pL $EEURZIR
SEE R cDNA, L) 2 uL cDNA Wit 3 BT 12 Fh
M¥ER BTV 1Y qPCR K&,

B 2019 FERmAFHETA . LI TREN
MVEFE S, 40 iU, it BTV BEfr sk
RT-qPCR ffiik i BTV FHERBRFEAR (C, {E<38.0)-
B BTV BHMERFRFEA S 10 L A TIR A, (SN
PEEATU0HE, DGR RNA BK T TIaR, [
A cDNA, HEFT BTV IiL7E R qPCR K, H 4
BTV IfiL 75 AU 24 SR Bt — 10y BTV FIEAZER 5 L
RSN, ARSI A BTV ) RT-qPCR %7€,
WINEEDY BTV BHMEAZBRAEAS (9 1M 3 7

2 HRE5HHh
2.1 BTV cDNA #NHMES

438 BTV L% BYRE 4% RT-qPCR J5 ik R
W, RS MIRE 12 B iR BTV (BTV-1,
2.3, -4, -5, -7, -9, -12, -15, -16, -21 fi1-24)
WATEEVRRY ¢cDNA, 48X} i qPCR 4l s
FEPE UK AE 2.54x10° 4% D1 /uL (BTV-16)—6.82x
10° $2 01 /uL (BTV-12)Z al(F 1).

2.2 BTV I;5%! RT-qPCR 3478975 1%

EI X —FEKE BTV LA B4 A% 3 X PCR §3%
5|#¥), XH qPCR (SYBR Green YR 15|
PIR SEPEIRIE . S50 BoR, BT PCR 3™
BB BAT A RORE S, (SRR MR BTV

bp M 1 2 3 4 5

500
400
300

200
150
100

50

B 1 12 Fh BTV ;55! qPCR =4 Bk E

1) cDNA f5AR 2 8] 7= A B —J i h 2, 9735 =4
B VKA WL B — B9 DNA 457 ; BTV-3., BTV-9,
BTV-12., BTV-21 Fl BTV-24 BI&A5—%F 5| ¥4 5
PEREZZE, A 2-3 NG R, TIRLLES X,

2t 1R, DL 102 #5016 12 #h BTV I
THEC R cDNA WAL, il qPCR (SYBR
Green Y RHE) TS |0 SRR, RIS [xt
PEATER 2 Felie, Mt HIBRY SR ¢
EIR IS, BeZe3RA5 T 12 PR smy sk
R LY, HyY 8P R/INME 75-259 bp Z
FI(E 1, & 3). MRAETEHEN PCR 9384594
%, TagMan #8%f, DA 24 FhE S BTV # cDNA K
FEMEATRET+5 91 qPCR KN, 2550 /R it
(51 SHE HA B RS, SO AH R 1 775 75
BTV ##kM) cDNA JAEY MLk, HHAbIm
BTV. EHDV., CHUV. AKAV. BEFV #l FDMV
WERASAR 2 B TC 3 i 4 7 A
2.3 RT-qPCR B4R/ B S FO gk 14

12 PP g BTV AREFERNY cDNA FBEN
10°-10° # D1/ 3% 9 AMEBRE , FEAMERE S 2
FiHAT QPCR R 5w, AFIMER BTV 1Y
qPCR JZ B " 38 3 % (E ) 7E 90.3% (BTV-1
)-107.0% (BTV-4 &) Z[0], ARV EEAZ RBAR ™
R RN A RIFIR MG R, AR B(RY)
{HTE 0.991 (BTV-3 £1)-0.999 (BTV-5 %) ] ; A ]
MyEAY BTV Bk #7E 25 #U1(BTV-16
R)-48 ¥ DL (BTV-1 B Z [H] (% 4), S BTV
M%7 RT-qPCR J7 ik HAT R AT A sttt
6 7 8 9 10 11 12

Figure 1 Electrophoresis analysis of the qPCR amplification products of twelve BTV serotypes

. M: DL500 DNA Marker; 1-12: BTV-1, -2, -3, -4, -5, -

L9 -12,

-15, -16, -21 F1-24 ) qPCR ¥ 3¥=4)

Note: M: DL500 DNA Marker; 1-12: qPCR products of BTV-1, -2, -3, -4, -5, -7, -9, -12, -15, -16, -21 and -24
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%4 BTV MEBEEF M RT-qPCR #0775 3% AtR M & AU E S 47
Table 4 Standard curves and sensitivity assay results of BTV serotype RT-qPCR

TR R e [ =1 5 /L& A Z B TR+
Serotype Slope Intercept Regression equation E (%) R** Sensitivity (copies/puL)**
BTV-1 -3.578 43.10 y=3.578x+43.10 90.3 0.998 48

BTV-2 —3.403 39.50 »=3.403x+39.50 96.7 0.997 32

BTV-3 -3.265 41.57 y=-3.265x+41.57 102.4 0.991 34
BTV-4 -3.165 39.90 y=3.165x+39.90 107.0 0.992 45

BTV-5 -3.391 42.30 y=3.021x+42.30 97.2 0.999 39
BTV-7 —-3.301 42.37 y=3.301x142.37 100.9 0.995 44
BTV-9 -3.239 41.23 y=3.239x+41.23 103.6 0.996 42
BTV-12 -3.327 40.13 y=3.327x+40.13 99.8 0.997 34
BTV-15 -3.475 42.56 y=3.475x+42.56 94.0 0.992 47
BTV-16 -3.523 40.36 y=-3.523x+40.36 922 0.996 25
BTV-21 -3.305 38.75 y=3.305x+38.75 100.7 0.997 35
BTV-24 -3.168 39.53 y=3.168x+39.53 106.9 0.998 42

Tee o RPAONAHCREG **: MU LUAT A 2 1 A 25 s DUBROR

Note: *: R? was the correlation coefficient; **: Sensitivity was denoted as the minimum copy numbers of viral nucleic acid could be detected
2.4 RT-qPCRHYEEH Za, SRR 0.48%—1.00%Z 7] (£ 5).

HEMARE R TR, NEEMRAPE  HEA R E R R R <1%, R
TEZETE 0.08-0.35 Z 0], A8 55 RHAE 0.41%-0.99%  AWFFLHE LAY RT-qPCR &1l ik B B iR &
Z )5 At A I AR fE2ZZ 1E 0.09-0.53 KTk

£ 5 BTV IMFE4FRM RT-qPCR HEEE
Table 5 Repeatability of the BTV serotyping RT-qPCR

LT B /AR R HENEIE ) E AL
Serotype/Concentration of template Intra-assay reproducibility Inter-assay reproducibility
(copies/pL) C i 75 5 ZAL CifH 75 5 AL
C; value (X£SD) CV (%) C; value (X£SD) CV (%)
BTV-1 10° 18.07+0.15 0.83 17.94+0.09 0.48
10’ 36.02+0.18 0.50 35.62+0.29 0.81
BTV-2 10 15.72+0.11 0.70 15.75+0.15 0.94
107 32.63+0.15 0.46 31.554+0.21 0.67
BTV-3 10° 18.84+0.08 0.41 18.69+0.13 0.67
10’ 34.99+0.35 0.99 34.83+0.25 0.72
BTV-4 10 15.72+0.11 0.70 15.74+0.12 0.77
10 32.63+0.15 0.46 32.70+0.23 0.70
BTV-5 10° 18.61+0.12 0.65 18.28+0.18 1.00
107 35.56+0.26 0.73 35.53+0.53 0.98
BTV-7 107 19.08+0.14 0.74 19.24+0.13 0.65
10 36.02+0.33 0.92 35.87+0.29 0.82
BTV-9 10° 18.62+0.14 0.77 18.61+0.18 0.95
107 34.65+0.33 0.94 35.35+0.25 0.71
BTV-12 107 16.97+0.13 0.76 17.79+0.17 0.93
10’ 33.96+0.33 0.98 34.07+0.34 0.98
BTV-15 10° 18.06+0.16 0.86 18.77+0.14 0.73
107 35.57+0.35 0.98 35.96+0.20 0.54
BTV-16 10° 15.42+0.14 0.88 15.43+0.11 0.70
107 33.33+0.23 0.70 33.93+0.30 0.89
BTV-21 10 15.60+0.13 0.83 15.04+0.10 0.66
10 32.10+0.31 0.95 32.87+0.28 0.84
BTV-24 10° 17.57+0.14 0.82 17.81+0.14 0.79
107 33.48+0.26 0.79 33.324+0.30 0.90
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2.5 HE BTV RITEHKMLEE RT-qPCR &
RS

J T BAE ST ) RT-qPCR Ky vk RE TS R 4
AR EAT BTV BERRA ISR, #E8E 1979-2020 4F
=M TP TR VLIRS 12 ol i A
BTV 3+ 165 #k, #E17 BTV I3 A RT-gPCR [H]
HEE, 45K, &Fh BTV i RT-qPCR ¥
ARG KT MY BTV bk, REUW C fi7E
11.2-25.8 Z[aAsfb(& 2. % 2), RIAEA BTV
IMEA RT-qPCR R R X [ AN ] s} [7] 5 45 [v]
BRATH BTV SRS T IS B2 o
2.6 BTV BRI &AL S B4 N 25

Bt 2013-2020 45 MLFER BTV ERYen s
Y RSB IMIRFEASS 20 13, $REUZERIET T BTV
HEFRE S RT-qPCR Kl , DA PH M A% R (B0 72
13-19 i Z [A) AR T BTV MLiE#Y RT-gPCR
R, YT BTV AZRR & 5 = s PR FE A,
BTV [fili % RT-qPCR Faill ) CEAE 27.8-34.1 Z
], 5 BTV BHG 51 RT-qPCR 3RBUH C, {H1E
(27.5-34.0)FAR— 0 X F BTV MR & AR A 55

0 &8

C, values
NN =
2N S »

T T T T
4 .

[\
(=)}
T

[\
[}

2 HE 165 # BTV ;52 RT-qPCR #1458
Figure 2 Serotyping results of 165 Chinese BTV strains by
RT-gPCR

e E Y $iEOR CE; X8 BTV MR X —
IZBRRERL Y CAH s “n R EF ISR BTV %0

Note: The Y-axis represents the C;values and the X-axis represents

the BTV serotype. Black dot represents C; value of each sample;
“n” represents the numbers of tested BTV strains for each serotype

FHPEREATBTV IfLif 5 RT-qPCR #IE) C, {H7E
34.1-37.3 ZJa], 15 BTV B4 RT-qPCR KL
i) CABTEFEI(34.1-37.0) A —% (3 6).
2.7 BTV M&E RT-qPCR B A

2019 FAE B I IR & RE M) I
AIEBZIR AT BTV IR RT-qPCR Kl i 45
FW] 7 XY R BT V-1 (C {H:33.5) . BTV-4
(CAH: 32.7). BTV-5(CfH: 30.8), BTV-16 (C/{H:
31.3)M1 BTV-24 (C ff: 34.2)iX 5 Fufl i BTV,
SRR 40 (AR E MRS 12 6328 BTV
KRB, CHAE 31.4-35.7 ZIal, % 12 #y BTV
FETR PRI — M RE S, A cDNA #EAT
12 # BTV Ifif % qPCR )i, 4595 R BTV-1,
2 4 RURGINZE RN BHTE(C S B 32.6. 30.5
534.2), 435I 12 G BHMERZ IR ES T BTV-1, 2 5
-4 B RT-qPCR A, 25 R R 5 A% RN BTV-1
A, 3 %l BTV-2 B, 4 (3% A BTV-4 A,
TE 2 {3 BTV-1 A% 82 FHEARE Rl AGI 21) BTV-4 7Y
R, M 2 kg RIE YL T BTV-1 5 BTV-4 #l,
3 i

HBARULE Y Pirbright HFFEATRIE T BTV IMLHE
%I RT-qPCR ERIF A, (H5 [ YEit 2% 1 751 &
FLIRRMAIZEMRA TR BTV #bkoh £, @@y
FIEEXT T, FRAT1 2 BRI LA 5 A 4 L7 7Y BTV
FEVRAY Seg-2 J& Western oI, 1k EHRITRHY
BTV-1, 2, -3, -4, 9, -12, -15, -16, 21 X
9 A iEAY BTV 8Pk Seg-2 J& Eastern 4, 5[]
M % &Y Western # #& 1Y Seg-2 J¥ 41l 25 = & ik
31.6%!""°1, Pirbright BF5EFHRIER PCR § 34514
MERE 5K E BTV MR Seg-2 JFH ZMAEAE
3-6 MRS, i, ABFTHME A EA T 12 Ful
HAL BTV W Seg-2 J¥4I, k&R~ X1
RT-qPCR ¥ 345 [ 5453 T, T eS8 A 3%
[EJiAT BTV IMLIE R 2 i RT-qPCR il 75 .

[ii] —JE PR RUR TR I35 7% BTV 1Y Seg-2 IR 751
FIUUEETE 70.3%—78.5%2 [6]2%1 ) Rt {4 BTV I
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&6 BTV BERzh¥)Migssm BTV B4 714 5 MBZHFH 1% RT-qPCR #aifll 45
Table 6 BTYV group and serotype RT-qPCR detection results of the blood samples collected from animals infected with BT Vs

I iE 7 el FEAREL BTV #4544k RT-qPCR BTV Ifili# %! RT-qPCR
Serotype  Sample type* Numbers of BTV group RT-qPCR BTV serotype RT-qPCR
samples  C., (A [ CoPMfEstiER  ClaiH OB
Range of C; Mean of C; valuest Range of C; values Mean of C; values+
values standard deviation standard deviation
BTV-1 Strong positive 6 29.4-33.1 30.5+2.2 30.6-33.5 31.3+1.6
Weak positive 11 34.1-37.0 35.9+0.7 34.9-36.4 35.8+0.5
Strong positive 29.7-33.4 32.3+1.7 29.1-34.0 31.3£1.9
BIV-2 Weak positive 9 35.0-36.7 36.3+1.0 34.4-36.8 35.6+0.9
BTV-3 Strong positive 29.2-33.8 31.5£2.3 29.7-33.2 30.6+1.7
Weak positive 11 35.2-36.7 35.9+0.8 35.4-37.0 36.1+0.8
BTV-4 Strong positive 10 29.1-33.7 31.5+1.3 29.7-33.3 31.442.3
Weak positive 7 34.3-36.9 35.6+0.8 34.9-36.8 35.2+1.0
BTV-5 Strong positive 9 29.6-33.8 31.5+¢1.6 29.1-32.8 30.1+1.7
Weak positive 7 34.3-36.7 35.6+0.5 34.9-37.2 36.1£1.0
BTV-7 Strong positive 5 29.1-33.3 30.6+2.8 29.4-33.9 31.74£2.5
Weak positive 8 34.8-36.9 35.6+0.8 34.2-36.5 35.34£0.9
BTV-9 Strong positive 10 29.1-34.0 31.8+2.0 29.3-33.5 31.9+2.4
Weak positive 7 34.9-36.8 35.5+0.6 34.7-36.9 35.9+0.8
BTV-12 Strong positive 6 29.5-34.0 31.7+0.5 29.2-33.2 32.3£2.1
Weak positive 34.2-37.0 35.5+1.2 34.1-36.4 35.9+0.9
BTV-15 Strong positive 11 27.5-33.7 31.0+2.5 27.8-33.5 31.4+2.1
Weak positive 6 35.0-36.7 36.0+0.7 34.8-36.4 35.5+0.6
BTV-16 Strong positive 10 29.6-33.9 32.0+1.3 29.3-34.1 31.7+1.8
Weak positive 7 34.6-36.6 35.5+0.9 34.2-37.1 35.1+£0.9
BTV-21 Strong positive 7 28.6-33.8 30.8+1.9 29.5-33.4 30.6+2.1
Weak positive 8 34.3-36.7 35.6+1.0 34.5-37.3 35.8+0.6
BTV-24 Strong positive 9 29.9-33.8 32.1£2.1 29.1-34.1 31.1£2.0
Weak positive 7 34.1-36.2 35.4+0.9 35.2-37.2 36.5+1.2

e % CAETE 29.0-34.0 Z[AlE XCOAEFAYE; C{ETE 34.0-37.0 Z [A]5E X 53 FAPE

Note: *: The samples with the C; values between 29.0 and 34.0 were defined as strongly positive, while C; values between 34.0 and 37.0 were

defined as weakly positive

R RT-qPCR AY4RSEME 40 e, HEE &
TaqMan #REFRIRIASES R, TG R 34 5 1 A
ARz, Hitk, FHxHERnIE A BTV, FATE 8K
3 XMk PCR §7H45 4, LA 24 FhfiiER! BTV 1)
cDNA HHikz, i#@ik gPCR (SYBR Green JLkHg)%}
SRR S E AT e . BIRR S HAbm 57 BTV
PR 2 (B E S X 15 19, TR RS [0
S

g iE—#d1d qPCR (SYBR Green Jek}k)

A3 IS MR HE D15 (10° ¥ D1 /uL) BTV ¢cDNA
B P HERCR, ey R R s B 1Y,
ST H, FRATREH 12 %F BTV IfiLi# % RT-gPCR 41
5113 3). TEHIINT PCR 145 | x4 S
RIPUENG, TATE L TagMan £, 175 197+
PR S USRI . R S A R BUR

PR BTV &% RT-qPCR 59 584+ HA R 1T
PFRESERE, USXHIMIERS BTV BRI IR
ZIREAY L Bt R R, PR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2930 A 2 A

Microbiol. China

PR BAT RIS R, MR BR)ETE
0.991-0.999 Z i), XIA[FIMIEE BTV HRRBAR Y
I fIRKE e 25-48 $ UL Z [R)(3R 5), RKEIHSIMY
BTV Ifi{5% RT-qPCR J5 i AT RAFIFE 5 R
bk

7 BTV L8 RT-qPCR 5 BB X 3 [
ANFIB A SR FE IR T BTV BEbR 0 IS R 7
YE, SRR AT E R bR . RATERET
1979-2020 FRE =FF . 4R, )P TLRAEHLAY
B 12 FF BTV LSBT 165 FREHE T LIS B
RT-qPCR &R I0iE, 45K &R, RT-qPCR %5E M
BTV I FI45 IR 518 5 Seg-2 ¥ 1) % 2 25 SR — 5L
(F 2. B 2). EUARMITEES W BTV LA
RT-qPCR ELAT RAFHE TR, TR e R EAR
BfE] . AR T BTV BRI IS Y

SEERE AT T AFIMER BTV B 5)
(] B — FA R AR I MR AR BTV B £ -
s BTV MG RiA:, ATES: T BTV Suikf%H
B 1 O R BTV HUiR i G 2 J5 Ok
IMLAE Ry ) L K BTV FLiiE5 BRI 3 A H (g i e
5B MR FEA 4T BTV BEF: S RT-qPCR #
D, B A Ry s BEAZ R 5 i 3 1 1) 5 BE R A A (o6
o7 75 B I r 04 0 ) 5 555 B Pk A A ORIz o e ek 4
W 5EY), ATRKIE BTV MR RT-qgPCR %
EHRMESTE . 2R ER, B BTV Mg A
RT-qPCR 7] it A~ [ Jk e s 1A 20400 0% o 499 2 34
A7 I3 7R 4, R B ST AR vk AT R AT A
JEE, TR RS s L BTV 9 1L
RS

FoAT I FH A ST ) R R SR 1) S U 5 A S I
WHEAIETT BTV MIERINSEE . X T REISEFEAR,
AR RN BTV MIERMEN, Hit
BRI G IR RR , $F17 12 Fhiis
Iy RT-qPCR [N, Z5HREIR, REMFEEEH
5AhMER BTV (BTV-1. -4, -5, -16 F1-24), X
BIATHTH N ZH XSS oy sy BTV #ibk
IR Y — 3, TR AR H Seidltth DX AR = 1 i A

A, AT S T BTV BEEEME RTqPCR, &
12 friEAEA BTV BRRIAYE, FHTEZR 30%
(12/40), # %t 12 #4y BTV BAMERERE—UE T 12 Fil
BTV IyE R BA, TAER AR, KW, FRA1H#
12 iy BTV FAYERER G I — A, [kt
i cDNA, i qPCR S0 B JeH Wi 7 7E MR L I 7
R BTV, M4/ BTV IR RINTE R,
X R AL IR HEFEASEA T 12 F BTV IMYE T (1) 3% —
R, $e T TARERCE,
4 g

AW T X ERAT BTV 8k
RT-qPCR IiE RS ik, 20 i AT R o
RGP S FARER DS, AT A sh g
BTV iR R el 5 Es iz, AR EFFE BTV
(A5 R 22 12 0 5 A T 2 TR A AR B 4 T AT )
IR PR .
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