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JHESL BN 48 A RAE A TR, 455R  AZNAEEST FHV-1 SERT 5062 8 PCR ik %0y ik B 2 M3 [
H(1x10° ~1x10”) copies/ wL, FEAZHTHE | £ (HSV-1) ( RAGEHEE (CHV) JENIERBGEE (PRV) i 41/
FEFE (FPV ) #9038 XUR, K I R AU T 355 10 copies/ wL, HEPIAEF ZBI/INT 5% o W HZ T 48 134t I
PREEAS PRSI 33 1 FHV-1 R BAYE, &1 57 AH) FHV-1PCR ATk B A 457 BUR BN S & & T
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Establishment and preliminary application of a real-time fluorescent
quantitative PCR assay for detection of feline herpesvirus 1

WANG Ji, FU Rui, LI Wei, LI Xiao-bo, WANG Shu-jing, GONG Wei, YUE Bing-fei, HE Zheng-ming,
(National Institutes for Food and Drug Control, National Center for Quality of Laboratory Animals, Beijing 100050, China)

[ Abstract] Objective To establish a real-time fluorescent quantitative PCR ( Q-PCR) method for detection of
feline herpesvirus 1 (FHV-1) in experiment cats and clinical sick cats. Methods  Primers and TagMan probes were
designed and synthesized according to the published FHV-1 specific sequences of TK gene. FHV DNA standards were
prepared using molecular biological techniques. The linearity, specificity, sensitivity, stability of the established Q-PCR
method were tested. The method was used to detect 48 samples of cats. Results The linear range was 10* copies/pL to
10° copies/pL. The developed Q-PCR method showed no cross reaction with herpes virus type 1 ( HSV-1), canine
herpesvirus (CHV) , pig pseudo rabies virus (PRV) and cat parvovirus (FPV). The sensitivity was 10 copies/ L. The
coefficient of variation (CV) was less than 5% . There were 33 positive cases detected in the 48 samples of cats.
Conclusions The developed Q-PCR method is good in linearity, specificity, sensitivity, stability, and may be used for
rapid quantitative detection of FHV-1 in cats.
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W2 BE 1 Y (feline herpesvirus 1,FHV-1) X
Y5 B S A8 R IR FE (feline rhinotracheitis virus) |, J&
IR TR, A PEE R RS DNA R EE, R 8 AR
128 nm ~ 168 nm, REFEA IR FF | il LA K 52 L 41 it
B IRy RS AL AR, 200 R REEUR N B S
BRI IR APME— 1Y B 2R 1a i £ AL
YU, B AR Y REREATA B
AREAR ™ E I, AR T v B Y e R R
Pelt =4 R BSAE R R ATIE 100% ,FET- 50 35
50% o JARETE A A B WA IR T R SRR DL
T GEIBESE BRI IG A, % B RN S I B Bl
JRAEEER JEE fir 22 i 25 ) B Sk 30
A7, & E C 2 % &k B0 B 6, IF 5 5 )
JREED

A S5 s W e BE 2 AR W) o SR UE S UL
VASEEE S S o P d v g S (1] SR RS N A ()
S5 LN WA AU K v IR e 3l ) A5 A0 45 B AR ] AR
(AT 0, R S 56 30 ] 5 X b s
Hh, BT X I R ARG I SR B A SR

A S B A SR BRI R R Y
FHV-1 SEH 525656 B PCR R 5 i 85 4 FAE 9
SEFB RS FHV-1 BRI, X4 5
RS20 1 B K T 2 526 0 5 5L
A TR B RV P[] B 3 3k X0 i 980 925 o 25 4841 17
BURASIN | R g o 2 T s o 1) 1 o 4R AE S 5 Rl

1 #RFn7E

L1 mEREM

WEZ PiTs 1AL (FHV-1) SR (SRR
Wiz 409 9k 2D 5iE ) (feline panleukopenia virus,
FPV) .l A L E ATCC A H], 45 53 514 ( VR-636
VR-652) ; P4 IZ N B | 8 (herpes simplex virus 1,
HSV-1) . RHIZ 945 5 ( canine herpesvirus , CHV) J&
PAFER IR FE ( porcine pseudorabies virus, PRV) ; H H
B it 2 AR E T ST B S 30 3 ) o A ) 2 i 43
pGEM-T Easy-pol FUhitnife it . ZHCFEEY) THE (K

ﬁ)ﬁﬁﬁi&ﬁjé’ﬁi;pGEM T Easy Jii#% ( Promega 2
Al T TR (RGE) ABRA R 33 HUAY 48 4y
R (IR W) | S 53 W) RR G 53 W) ) R U8 T
7 A,
1.2 FERH

DNA R £ BUs 50 & 0 A 78 [F Qiagen 2 Al
Taq HS . B & & B B = 8% B2 ( deoxy-
ribonucleoside triphosphate ,dNTP) (10 x PCR buffer
100 bp DNA marker ¥J0 F A ) T8 (K% ) A R
/5 H) 3 pGEM-T Easy-pol BURARIE S ZHEE AW T
B(KRE) ARA A S W; pGEM T Easy Jit i
(Promega A F]) : FAEY) TR (KE) AR A ;10 x
Q-PCR MIX: 3 ABI 4 F], PCR {¥:2£[E Bio-Rad
~F) MyCycler; #% P& Bi g 0 8 i HE UKk AY : 52 [E Bio-
Rad /A &) PwerPac Basic; ¥ i B 1% 43 BT (X . 32
Kodak /A H] GL212Pro; 24652 5 PCR 1 3 [# ABI
AH) 7500 Fast Real-Time PCR System.

1.3 fRAEEMEREmE &

Bt 1 XY TK S AR SF XS 519 P-1F
ATACTGTCCGCATTTACATAGA ; P-1R.
CGGTTCTTGAGCGTCCC, ¥ 8 F Bt K 531 bp
(66442 ~66972 nt) , Z R BCE S TIRE LHG W
JITSEE I AR I Y B, %7 W) Al A R i HE B
pGEM-T Easy # {4, I BEAT F e, BH A% o e 3l o )
FribAT S o B A% P v B T 0T 4 SRUBORE, FHAZ R
TGN E Ay nm F ALy nm, FFTHEFEEAY
JFORE 5 e, UKL - 20°C A7 U1
1.4 TaqMan R$T K581

AR FHV-1 95 8 17 51 2L 17 Ho X, 264 TK
SR (JF 9155 FI478159) fRF X IR SR AT ABI
PrimerExpress 3. 0 3£} 28 Y6 % & PCR 5|95 114K
F, 835 W TaqMan #85F X 519, 3R B9 26 HR
ICHERE FAM (5° o1 ) VB 4l & & OGEEHAT, NFQ (3”
Uiy ) A AT BRET A | ) e 26 [ ABIL 28 \) 5 Ao
FPAIINTR (£ 1)

R1 TV TK EHNE 5195 TagMan FEH 71

Tab.1 The sequences of primers and TagMan probes used for amplification of TK gene

SIMIFEHI(5 -3")

5|%¥) Primers .
Prlmel‘ Sequen(‘,es

FEFIL

Sequence site

P TR/ (bp)

Amplicon size

FHV-1F
FHV-1R
e Prope

CAGGATATCAGAAAGTTGTATGTGAGGAA
GGCGAGAGGGTGTCTATCTATGATT
(FAM) CACCCCGACGTGACCC(NFQ)

66733 ~66761
66803 ~ 66779
66762 ~ 66777 /

71
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1.5 SCR3E¢EE PCR ¥ IBK R RIRAMEZEN
= v

W AL TEDEGE F PCR RUNAAR 22 Pl FH A 45
B 51,10 x Q-PCR MIX ¥R JE i i Fe W AR £
410 x Q-PCR MIX 10 pL, %t + 514 1 wL, DNA
1 wL, #hK 2 20 pL, i e RO 2544 R - 50°C ff
F5 2 min; SRJ5 95°C FAE P 10 min; 55 95°C 15 s,
60°C 1 min, 340 PMER , 7ERAIEIR A LE 25 SR AT
BT B SR, 7E 96 FLATH R LU R IR R ke,
BAFEREAER

H&H B R B BB pGEM-T Easy-pol 1E 4
B fi, R 4 25 20 copies/pL = (6.02 x 107) x
(ng/pL x 107%)/(DNA length x 660) % Hi ki
PRt 8 DUE, %*%7@ 10° copies ~ 10° copies,
VE R B HE AT 52 I 5 a2 i PCR RN, #E ST B 7
I:H:Igjé 12,13] .
1.6 EHIEHEEE PCRANFEZNERE.EE
AN R TE 1A

WSE FHV-1  FPV HSV-1 CHV . PRV } CRFK
B IS ARG FHV-1 SERF 2862 /& PCR ASIN 5 ik
(RS Pk 5 S ) 2 O 8 & PCR R I J7 5 %) 10°
copies/ L 10* copies/ L 107 copies/ L 3 AN [A] i
FEBRPERRE S, 53 3 AN [RIE R A A 3 1k, 115
LIRS 5 2B, PPN AS Ty 1 i A PE AR E 1k
1.7 SERP3ESEEE PCR W&MF % R St

B 10% ~10° copies FrifE i, HEAT LI 9 2
PCR Hilll , A5~ BE AR o 5 454 3 AL Fﬁﬁb 103
DU o /N W 32 6 3 PO 0 A (L ( CT) =35, #5 D14k
(copies) =10 I, IR B2 hy J5 2 ARG R B

1.8 SERKHEEE PCR HiEHIMNH

SO E B PCR KU, 48 3% 5 43 2 UK
L% 1 A bl ~ b15, 55 2 {MMIJ yl ~yl5,
yb56 .yb64 | yb65 ( x16 ., x18  x19  x24  x28 . x29  x38 |
x40 x41 x44 x46 x47 x56 x57 x63, FFKE 107 ~
10° copies BRUEM AT CRFK 20 itg B X IR AR 5
BT B SR it 24 3 AN AR

FUWTAR IR B 22 < FE ST BRI 1 4 25 Slope 7F
-3 ~ -3.5 Zl R* KT 0.99 Eff% 7E 90% -
110% Z[a] , 5255 a7 il T Al

FEMAEFRI{E (CT) =35, [A] A #5 D1 %L (copies)
=10, FIE 12 FE S A I 25 5 R BHM: 15 20 (8 ( CT)
=35 ¥ D14 (copies) < 10, B TH I HMH (CT) <
35 ¥ DIEL (copies) =10, s ETH IR (CT) <35,
5 VUKL (Copies) < 10, BUFE SR A I BR , AN BEHf 2
PUARSAE S PHAERE S, 2 5 R B

2 SLIGZER

2.1 FRAEPRMERIES E’]‘rﬁ]%
sy #EfTEe, WraRS
GenBank /1 FHV-1 TT/EHQVHMTMWL# Fe Xt
[ IEPEY 100% , WL 1, BEBH il 45 1 B o
REARIE i, W] AR 920 E B PCR ARG I 1) A 1 X
AT
2238 VBG83 copies/pL = (6.02 x 107)
x (ng/pL x 107°)/(DNA length x 660) 315, it
BLBRUE S R BE A 2. 55 x 10" copies/ uL,
2.2 LMK HEE PCR FEEREIRAERZLHN
= v

3

Felid I'|C‘I|JQ;VIFI_I= 1 atr’all"\ [ 2? complete gc\non'\e

Sequence ID: gh|FJ478155 2] 1

Range 1: 66442 to 66972 Genbank
Score Expoct
981 bits(531)

Query GG
Sbiet GO44Z  ATAC

1
Skict 88502

with: 135797 M

Wher of Matches: 1

Gaps Stranc 1

Query : ] #4855 ; shjet: FHV-1 SRk 51
1 [HPEFIFE S GenBank A7 FHV-1 541 %45

Query: The sequencing results;sbjct: Literature FHV-1 sequence

Fig.1 Results of comparison of positive clones with FHV-1 in GenBank
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X 1) KR e B AT AL fS , 75 3 FHV-1 37
a4k B 2, FHV-1 96 36 B CT 15 K
14. 023, % D10 K 2. 597 x 107 copies/pL,

H&F BB R B BUR AR E &, 43518k 1.0
x10°.1.0 x10* 1.0 x 107 1.0 x 10° . 1. 0 x 10° ,
1.0x10% 1.0 x 10° [1. 0 x 10> copies/ L, 7F Jy 5
Mo 47 S 56 6 58 B PCR OB, 938 ph 26 an & 3,
Pl 2 45 H BB BE R BE 3 5], R PEYE IRl 1 A log
(1 x10° ~1 x10° ¥ 01) | b v fh 28 40 5 2 %L Slope
H3.23(fE -3~ -3.5 znﬂ) R H 4 0.997 ( >
0. 99) UM JCPE By | fE 45 R A R, P HEROR Eff
9103, 418% (90% ~ 110% Z [8]) o #5513
MFEA =AFEZ AR 2E (CT of) /T
0.232, W E R M HE S, BARIFMER
PEo #4280 O T A o 0 R
B, AT T A

IR

854 ey |
R0 et
01 llr
6.51
604 1
551
504
545 /
= T |
440 FHV- l\ /
304 /
251 {
201
L51
Lo
03 P
o —
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Cyele

E 2 FHV-1Q-PCR 4" 144k
Fig.2 The Q-PCR amplification curve of FHV-1
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Fig.3 The amplification curves of 10° ~ 10> copies standard

2.3 ELHREHEE PCR BN FENERE. AR
HEMRE AR

2.3.1 SEWPEEE R PCR KN )7 245 S PR AG I

3 #ILL FHV-1  FPV HSV-1 .CHV PRV K CRFK 4f
LA AR AT R, 45 SR a1l 4 FroR BT LUE DA
FPV HSV-1 CHV PRV SR, 97 14 th 2 3 B4k
JCY 38 XTI CRFK 40t ok T2k o34, i LA
FHV-1 R 3 2680 & 156 B ST (R 20 it
PCR 7 vk 2 A E%E’J% Sk

2.3.2 SEmPEOGE R PCR J5 Bk & MRS E TG
k5 AR E 4358 1 x 10° copies/plL . 1 x 10*

copies/ L1 x 10° copies/ WL FFR UE fiy B F5c 28 52 0
H A4 ME 43 591 47 0. 991 x 10° (1. 060 x 10* 1. 005 x
10° copies/wL, XTI CTy, B K& CV B4 510 WL 3% 2.,

3AUREERRRE 3 IRE S0 Ce HWAE S RE(CV)
BUNT 5% ,RUIEEE N Rtk R,

Amplification plot
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1:FHV-1;2 -6. FPV HSV-1 CHV PRV CRFK
B4 FHV-1Q-PCR $5 5 PRI 45 5
1. FHV-1; 2 -6.:FPV HSV-1 .CHV PRV CRFK
Fig.4 Results of specificity test of FHV-1Q-PCR
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R2 FOLER PCRAGINTr % iy H A MRS E Mg 45
Tab.2 The results of repeatability and stability test of the Q-PCR

T i S

FEUAGI CT H41H

3 WA CT ¥9{E BRZRECY (%)

fifl 2 g
(copies/pL) standard The number of Mean CT value of Mean CT value of CT Coefficient of
(copies/pL) experiment every time detection three times detection sv variation (% )
1 18. 694
10° 2 17. 264 18. 052 0.726 4.0
3 18. 197
1 22.354
104 2 21.726 22.291 0.536 2.4
3 22.793
1 25.957
103 2 25.021 25.876 0.817 3.2
3 26. 649
Standard curve Amplification plot
ars 9.0
85
anao 80
o8 ‘:‘-‘
Slepe=-3.156. R2=0.593. Eff*%=107.052 :':
= 228 2 :;5 _.'f
@ 200 < 40
._;< /
1sQ0 1] f |I’ f
: [ /]
128 15 I
e 10 4 /! ) )’j
05 ’ 3 /
e - onl —— —
o o o e e e e ——— 002 4 6 8 1012 13 16 1820 22 24 26 28 30 32 34 36 38 40 82
Quaniity Cyele
B 6 10° ~10° copies Frif it bR HE M 26 B7 1~15 SHE0WH (bl ~bl15) P HEihk

Fig.6 The standard curve of 10° to 10° copies standard

2.4 WHEE PCRWNTTERFERN

w5 & 6 AT, 4 2 A A B R BE Y
A1, ERMETEE (1 x10° ~ 1 x 10° copies/pL) , B4,
P 26 &% Slope N —3.156 AL ZREL R® [H N
0.993( >0.99) , ¥ HBOR Eff% A 107. 052% (90%
-110% Z[f)) . FrifEmFREE] 1.0 x 10" copies/pl.
WA BT i 4, CT {64 31.856, #5 L4
10. 23 copies , //57E A {E T Z A5 1.0 x 10° copies/
pL BEE 8R4, CT {58 34. 705, %5 DLECH 1. 121
copies, B I FIE VG, T LAIm A RBEE S 1. 0 x
10" B, X 995 DUECK 10, PRI S AR ARG 00 B 2 Sy
10 DL/ L, Ui B8 ST i 2 6 E & PCR Tk A
TR REE
2.5 SEBEPEEEEZ PCR HiEHIMN A

4 B 37 ) SERE SO E i PCR 7 T 33 H
A 48 Dy FE S AN A5 B B i 2 & 3 -7 4 bl
~b15 P ; & 8 Syl ~yl15 ¥igihk; &1 9

Fig.7 Fig. 7 The amplification curves of tested

1 — 15 nasal secretions

yb56 .yb64 | yb65 ( x16, x18  x19  x24  x28 . x29  x38,
x40 x41  x44 x46 x47 x56 . x57 .x63 ¥ ph <k, 2
YA IR S 3 i e 230 ok 16 10 18 11 A ofe it
LR A5 22 KU Slope 43510 3.19 3. 27 (¥4 -3 ~ —
3.5 ZIA) ,R* {H43 514 0.996 .0.994 (] >0.99) ,
P HEROR B 4354 105. 127% (101, 639 (47E 90%
-110% zZIf]) ,

283 9¢ g f PCR il b3 (b4 (b5 (b6 b7 b8 |
b1l ~ bl5, y4.y5,y6.y7,yll ~ yl5, yb56 yb64 |
yb65 . x16 x19 x24 x28  x38 . x41 ,x47 .x56 ,x57 .x63
HIPEABAE (Ct {H 3 =35) Fl4E DLEL ( copies 3 =
10) B7ER I BR 2 P9, B UK RE B3R & o 26 6 e
SRTIBEPE . oM 15 0% S S E PR A (CT) 8
oIS e A 1 N 1L S S [ oL
BRZAN, e LIS O B P (RE S A T 45 2R W3R 3)
48 1A b A I &5 S BH SR Sk (33/48) 68.75% , 33
S 2RI FHV-1 BHPE %R (23/33)69. 70% |
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Amplification plot
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Fig.8 The amplification curves of 1 — 15 eye secretions
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Fig.9 The amplification curves of 3 eye and nasal

secretions and 15 serum samples
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FrIEH M, 7624 i B R 4 kG 2 op 284k v
] 24 L5 B 256 sh 1O ke k22 i TR
I BIZFPE T R A S S
¥y, AR Ok Bz ) (B E Y H R R
AT TFJRAR BRI, SRR AE 1999 4F | i 46
SR ST S S RS S B I SR N 7 %, 2011 AR
ARSI MR w2 e @S2 T FHV-1 PCR
R i (HER A HE T ok, SE e R ) B ATy
Ik AR . B AT, SC It 22 2 AR
WU B8 WA ) 78 ] 5 A W 3, R R 2%, it AR AR IS |
TAE AN AF A A G S O, S0 B 22,

Amplification plot
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Fig.10 The standard amplification curves of
the first testing

Amplification plot
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Fig.11 The standard amplification curves of the

second testing

SERRAAERMHERMNEm Y FHV-1 2AMC
R i TS )0 VI R 2 — , H R AR T
Ry G F M AR, H AT Nk B T R
THIRLIZ I 2 S B TR B i R A I B9 LA, A5 oK WL
A TFRE S FHA FHV-1 A i Hi 38, = N A A
AR G

T AF Sk, 52 BF 2% O 2 & PCR ( real-time
fluorescent quantitative PCR, FQ-PCR) #7 R DI H R
HERE AR DR R S e o S O T R A 3 R KR
O3 GEALTN 22 AR TE e JELAAR 14 s M R A
WA D5 AR B S RO ORI T T
XF FHV-1 JE A7 520 ¢ 5 52 B PCR A I A9 51 4 A
TaqMan R4, DASCEUAG FHV-1 8% B2 10 2 A, 42
e R DN PR e P R Af 12
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F3 JOLEE PCR JTEAI 48 Ok 2 R
Tab.3 The results of Q-PCR detection of 48 samples

P TR EIE EURTHI Ko Z: AP %
Sample number CTy Average copies Result positive rate
bl 36. 117 /
b2 33.913 5.183
b3 30.735 79.42
b4 29. 661 147. 446
b5 30. 473 87. 094
b6 29. 549 97.575
b7 25.148 730.59
b8 28. 627 313.54
b9 33.617 6.397
b10 36.923 /
bl1 21.701 10944. 562
b12 22.476 8676. 703
b13 27.314 790.912
b14 21.901 8932. 266
bl5 25.042 745. 164
vl 35.438 /
W2 36. 662 /
V3 35.534 /
v4 31.288 49.022
yS 30. 786 83. 697
y6 27.964 597. 084
y7 30. 453 89.292
8 36.204 /
¥ 36. 990 / 6575
¥10 36. 137 /
yl1 21.123 23867. 362
yl2 18. 308 232076. 439
yl3 23.313 7932. 428
yl4 23.679 7157. 634
yl5 22.610 1. 0086. 526
by56 28. 565 357.692
by64 29. 126 117.524
by65 32.257 15. 623
x16 30. 167 63. 654
x18 34.737 1.537
x19 32.552 17.239
x24 30. 879 59. 627
x28 32.387 19. 253/
x29 36.572 /
x38 31.124 45.321
x40 35. 656 /
x41 31.339 39. 685
x44 34.038 3.657
x46 35.124 /
x47 31.671 31.525
x56 31.215 42.324
x57 31.885 27.362
x63 32.061 21. 543

CRFK £ 18
Control CRFK cells
+ 378 PCRAZINES RN BHYE ; - 2878 PCR KNS BAME ; /3R 907E B PCR K IN 25 SR8 DL R0H Hh A FR ;
Note. + indicates a positive result of PCR assay; - indicates a negative result of PCR assay; / indicates that the number of copies exceeded the
measurement limit of Q-PCR.

ND /
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SCIG FTEEST AY TagMan R4 520} 56 Y6 %€ 7 PCR
D71, AT AL TR R A o &, 30 il 2 45 BB
[ E I 5] LRPETEE 8 4 log (107 ~ 10° $£01) 2 Bl
Rl 9 , o R ZRAF G R0 R® (X0 > 0. 99, Ui B AH
D e o S A AR, ST A PR ME I 28 S5 (Slope
e -3 ~ =3.5 Z [ R* ¥ KT 099 Eff% ¥ 7
90% ~ 110% Z[8]) HAEM e o Z N, B FhrifE,
SRR PRI S A/ EE AR EE 1 B R
YR B S DAE RIS B 38 JE 38 SR N, TE BA 7 1%
FRSetE RAF, SR BRI, bR SRR 10" B
A LR BT R E) 10 $5 01 /pl, LR
WRE 51 1 x10° (1 x10* 1 x 10° #5 0L/ L B4R
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