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LTwe

TR, BHE

WE: & 7 #4825 (Anguillid herpesvirus, AngHV) #y SYBR Green 1 52 Bt 7% ot
7€ & PCR(qQPCR) 4 Ml 77 3% , #| | PCR ¥ ¢ i AngHV ORF49 ¥ 7 7|, 3 [% % pET-32a #
1K, A7 &= 4 7 fr pET-32a-ORF49, 1 qPCR & #x ' & ; R 4B ORF49 7 7| %1t 51 4,
DA JE A B B BURL AR B o O AR AR, #E4T SYBR Green 1 qPCR 3§, #|1E 4R &, 2
i AngHV B qPCR &3l 77 i, HFiFM ARG, Rt AN AR, £REFR,
qPCR # [ 1 1 31 4k (cycle threshold value, Cy) 5 47 & 89 35 M S & e X 2 R#F, HAME
B, RAE RS &AM X R R A 20999, ¥ E K 100.855%; % 7 % A 7%
W, W R AN AngHV, T A 98 2 2 1A (Cyprinid herpesvirus 3, CyHV-3). & 4T
# ¥ # (Rana grylio virus, RGV) #n 2 fj 41 % /5 & (Eel iridovirus, EIV) T4 #; Z F £ 24
Mg, AANFAE R R REL A ANT 1% 2%; Z 7% R Em T L ®PCRE, &I
AR E| 10 AN a4 L, TG @ PCR % & 1000 AN &4 o qPCR A & 3, £ R %
AngHV By Rl 8 65 £ Z AR WA 2| AngHV, JFH#®. BREKERAN K EFE
DEBTHEMALR, XRFH25HEMNEHBE R ML SERAHTRM, BHELS
H & H 96%, T L PCR % 69 MM 1 & XA 76%. A B % & i 8 AngHV SYBR Green
I gPCR &M F ik R ME. HRrUER. EEWF, AT AngHV W bt fo g &40,
X 48R R A R A EEE L.

KHEIA: 42 4 8 5 % & ; L& & PCR; SYBR Green I ; # il 7 %

hE 5SS 941.41

158 8 965 92 95 7F (Anguillid herpesvirus, AngHV)
S SR 08 A 1 — P S FE M L, i Sano S
H IR H AR FRBE 1Y H A 828 (Anguilla japonica) Y&
o Eg, MeJE, D52 1l 0 AN [R] it A 6 i 4
N5 B AngHVE I T 27 A1 3% R 7 9 43 7
FRH, WEINFIRKIN /> 2509 AngHV R [a]—Jfht> ™,
AR ZH TSR B PCR i DA AR 48 119 37 i 68 fi

W#SBHA: 2020-07-08  {&EIAH: 2020-11-30

FENIE : X A AR S (31101933); AR 2 2 KR B I 25 A RHIF£ T (2017R1019-5); i g 48 Al

BH# B H (AC2017-1)

F—1EE: N, WK HEPHEMI, E-mail: liyingying80@126.com
BIEMEE: KEIH, E-mail: tieyingsong@163.com; %7 (B F), E-mail: jqge@163.com
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XRkARERRD: A

PR PRGN ) AngHV , I FT1 68 6 51 540 5 (Eel
ovary cell line, EO) M 5 fiff« 5t 7 W 1L 25 & 1iE 9
thgr i AngHV, 3O 3 R Rl i k4 B i
Joa B o < 2R D I £ 5 O > 2 i G0 i 4 6%
BBy 20, Wi SRR <43k
Wi SRR, B AR . YRR . SET
R AR AR R, MR A . WIEE,
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Z B RER,, SR KREIET:, SIRFEHE
R E RGP . TR S AR AT 2 o
Brail, AngHV J2 8 i JId 785 e il 25 5 AiF > 1) 2L
SRR R . AT F AL, AngHV B9 EUR M
55 KEEBE VMG, KR —BA L
W, KRR, RWERMZ IR Kk,
A . REU AngHV K53, XFTF AngHV
RS AP R A HE R L

AngHV J& TR 257 H (Herpesvirales) fii i
Wt 9% W 7 Bl (Alloherpesviridae) 8 5 % J% 7% )&
(Cyprinivirus), R4 2tk XU5E DNA, JEH
44K 248 kb, % 136 > FF il 4] 352 HE (ORF)"”,
i — B RE A 51 AR RN 11 kb B 2K i 2
JEOVH R FE 8 Ar RN, AngHV 5 £
0 96 92 o o R LAt s B 3 DXL e 41 1 [m] 95 34
%, AUH 19%~58%.

Hir, & 7 2 AngHV 1771,
ALFE G RE L E A )2 S (IPMA)Y L iAo 4
22 PCR" T Ay () B2 o e hi iR 5256 (IFAT)!
& MiESFAEY¥FHARNERE, qPCR L HAR
MR, MERAERE ST T SR I
NHES. AngHV [ gPCR RGN J572:, FRA 15X AngHV
M ZA-FE P F T T 2 X519, Ea i,
i 18 Hy —XF 9 38 ORF49 F 43 R 1IN 519, %51
YY1 AngHV K[ ZH DNA $7 S PEss | B s
o AngHV 15 K 41 )7 51 73 Ar & B, ORF49
2K 690 bp, TGt — 2 REE N, 5HE
¥ 9 7 M B (Cyprinid herpesvirus 3, CyHV-3)
ORF83 [Fl i, {HALA 26% 09— B0k, i 7 i
a1 B (Ictalurid herpesvirus 1, IcHV-1), 155
395 1% 1 AU (Ranid herpesvirus 1, RaHV-1) Fl ig:
e I8 (RaHV-2) H T Rl P 5 0 B R T-
ZER R IR TR, ORF49 M5 S 2 IR 11
O N A v BE AR SE L R TRy A T
AngHV WK J7 3%, A A T 8 n R A .
ARSI DA 6 1 51 % ok S ml g ST T AR R
SR, R CME R K I AngHVEY SYBR Green 1
qPCR Jrik, PRl . e e A I AngHV 2
HET BB R AR T B, T 68 figg < J3t 285 W UL 25 45 ik 1Y)
By 7t B R

IR

1.1 RS REH
EO 41 Jifd & . #8193 I £ 40l il & (Epithelioma
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papilloma cyprinid cell line, EPC) F 4% 52 5 & - 47 o
{68 i 963 92 95 75 4 R (AngHV-FJ) . B 0T % 9 B¢
(Rana grylio virus, RGV) Fl#& i 7 % J55 5 (Eel irido-
virus, EIV) A SE5G % 3 B IF A7 . CyHV-3 FlI4
iR 458 2% 41 24T L &R (Koi-fin cell line) F A7 1L K 2%
ARk B #E AG F R  EE
1.2 FEAFIRINLE

Premix Tag™ (Ex Tag™ Version 2.0 plus dye)
ik #| & . TB Green” Premix Ex Tag™ II (Tli RNaseH
Plus) i 77 & . DNA Marker. B il 14 #% & N V) i
BamH 1 . Xno 1MW HFHEAYHE AR L) AR
3]s IV /20 B /2H 2R PR 2H DNA 2 B0 &
W A RAARA AR 50 AR A 5 e it
Mg kiR &l A A TAEY TR (F
) B A BRA s Sl w R TAY TR (L
) By A PR A A G . 32 B AL PCRIX
(Applied Biosystems Veriti PCR, Thermo Fisher Sci-
entific), qPCR 1 (QuantStudio 3, Thermo Fisher
Scientific), ¥ it 58 40 AT WL 3 S6 O B 3 (DA-11,
DeNovix) ., #ER UL 38T RS (WD-9413C, bt
NIRRT 55

1.3 FRAFRESRBF &

& GenBank H AngHV 5 75 ¥ (1) 3 K 41 )7
H] (NC_013668.3), W iT4¢ 54 1 ORF49 J¥ %1
B 51 ¥ %t 49F (5'-GGATCCATGATTTGTTGG-
GCGG-3") Fil 499R (5'-GAATTCTCATACGCAG
CTCCCAAG-3"). ¥ AngHV-FJ #:5h EO ZiJf & ,
B 40 M 7 A B RLRG AR I, WOAR AN AR, il v /4
Ji /2 205 A 2 DNA #8 BC 5 &2 32 B EL DNA,
FHE W %T 49F/49R % £ Ui DNA ##£47 PCR 931,
P3G 7Y 1.5% BB WEE e i TR I, D) e [l
Wotgifk B R B, #EAT R UE. ¥ EH W R
B vl % pET-32a £, F KL 4 12 70) & 4 B
JBi A DNA J5 AT ) . WP %, 345 BRE
pET-32a-ORF49; I i i 55 &b 43 't ot BE 1+l
Hyk M4, F DNA/RNA copy number calcu-
lator (http://www.endmemo.com/bio/dnacopynum.php)
THE AR B (L) DNA KE & A FORL 8 #5008,
—80 °CIAFF & Ho

1.4 qPCR &M G EMEL

Fldpegiiit ARYEDAFHY AngHV-FJ ORF49
)% %), J1] DNASTAR lasergene V7.1 ¢ {1 % i1

R E K P72 22 3240 sponsored by China Society of Fisheries


http://www.endmemo.com/bio/dnacopynum.php
http://www.endmemo.com/bio/dnacopynum.php
http://www.endmemo.com/bio/dnacopynum.php
http://www.endmemo.com/bio/dnacopynum.php
https://www.china-fishery.cn

538 YL, . WBEIBNE T SYBR Green I 3R] 2Et 8 & PCR Kl J7 vk B £ 57 5 1 H 771

qPCR K 195 1% AngHV_qF (5'-CCGTGGTG-
GTGCCTCTTATCTACA-3") #l AngHV_gR (5'-
TCCTCCGCGGCGTCCACAG-3"),

MK ES # kL pET-32a-ORF49
DNA #% 10 i H i B g 10°~10" 4>/l 8 /> e & 46
B, VBN, H514%F AngHV_qF/AngHV_qR,
fff H§ TB Green® Premix Ex Tag™ 1I (Tli RNaseH
Plus) i/l & 47 qPCR Y14, B ERE 34
FAE, X A KR ddH,0 AR B HR, i1
bt 2 o s 7 4 2 LI R 2% 1 2 IR R) &1
VLRI T, RVARFR R 20 uL: 2xMix 10 pL,
L FUE514 (10 pmol/L) 4% 0.8 uL, Dye 11 0.4 uL,
DNA 1 puL, ddH,0 7 uL. #3854 95 °C WiZs
:30s; 95°C5s, 60°C34s, 40 MEH,

RHOH A M) VL &6 BE #i FE 19 pET-32a-
ORF49 Ay #itR , & it 1951 ¥ %5 AngHV_qF/
AngHV_qR %3 51347 qPCR F1% 5@ PCR ¥ 14, 43
BT 2 B0 5 BT RE A 1) 55 (1K AngHV 5 DUEKL

S ¥ AngHV-FJ. CyHV-3,
RGV 1 EIV 43 5l 4 R 40 L, 15 2 B0ai i & A
TR0 M A8 S WS HE A R, A a9 /40 /2 21 3k T
41 DNA $#2HGA5] & 2 0 DNA, 1B A, F#
SEHY qPCR JriEEA T 4, VPRSI R R

F A AR HC10Y, 10°, 10°4/uL 34
W 1Y) pET-32a-ORF49 {E WA AR E4T qPCR 474,
AR 3AESE, HHE B E L (cycle
threshold value, C7{H) #9748 5 R 500 Br iz Iy ik 1)
HNEEM; LRELE 3K, HrdnERE k.,

1.5 qPCR #& M 75 74K R B

Bg AngHV #9836 £ 22048 33 B M AngHV
7 A B Bl R AT B RO 68 (4.
anguilla) 20 &, & JEETE ST AngHV-FI, 7EX 85
557 K (R ) e BOEL B A L Mt R
RO 68 fi , SR AE R B (g . ME . BCARBER .
Bk . WUPA . D E . FFAE . RRAE . CBAE . A
i), JH I /40 /20 2 S K 4 DNA 2 BG 77
EIRHUE DNA, RN, FHEEST ) qPCR J5 ik
il 4 U B A, TR EE I A S O
K JH SPSS 16.0 for Windows Xif I 15 5 4% 37E 47 24 [H]
FHESH, Duncan =T 2 E L, 24 P<
0.05 i 22 57 3%, Fds PRl R .

& BRAE o 460 FHEE ST 1 qPCR A6 592
TR 2008—2019 4FRAEFHARAT Y 25 4y SEAL)
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S5 od 28 UL It 2 5 I > i 48 i 20 R 5 AT ARG
6] B 51 % % AngHV_qF/AngHV qR il Premix
Taq™ 7] & X B 5 047538 PCR Y1, LA 2
kG 77 ¥ 19 AngHV A6 3%

2 4R

2.1 AngHV ORF49 ] PCR ¥/ 1 F0 52 pZ

PEHUR YL AngHV-FJ ) EO 411t DNA, H5I
YIXt 49F/49R #E4T PCR 474, 13324 690 bp () F+
B (] 1-a)o WP R/R, P3R5 AngHV-FJ
ORF49 [fJJ¥315 GenBank H' AngHV Z# 1k ORF49
7558 4 — 3, P % v Be SO ke & pET-
32a #iAk, ZAEGFY) S 5 %0, ARAT AL TURL
pET-32a-ORF49(/4 1-b),

1 000
700

500
400

300

200

100

(b)

El1 AngHV ORF49 £ PCR 3 170 52 (&
(a) AngHV ORF49 [f] PCR 4", M.DL1000 DNA marker, 1. AngHV-
FJ, 2. FHMEX R, (b) pET-32a-ORF49 [ XU 1] % 5E , M. DL5000
DNA marker, 1. BamH 1 F1 Xho I XL 1]

Fig.1 PCR amplification and cloning of
AngHV ORF49

(a) PCR amplification of AngHV ORF49, M. DL1000 DNA marker, 1.
AngHV-FJ, 2. negative control; (b) restriction enzyme digestion of the
pET-32a-ORF49, M. DL5000 DNA marker, 1. double enzyme digestion
by BamH 1 /Xho 1

2.2 AngHV SYBR GreenIqPCR ¥rERIZANEST

DL 10°~10" 4~/uL10 % LU 7 B (1) JiT#r pET-32a-
ORF49 DNA J#itl , #E47 qPCR Y34, H B ki
IR CrehibniEfZe (51 2), Bokids D&
5 C MM RR N y=-32859x+37427, #
KRER H70.999, ¥ HIZHEH 100.855%, FKHi%
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qPCR 1) C, A 55 10°~10" #% U1 ) ORFA9 45 % 4f- 1 qPCR I PCR ¥4, 4R /R, 8 PCR 1Y
MR, Bl LR Bk, 10%~10" # U1 ks fICASE H #5 DLECA 1000 4> (5] 4-a), 11 SYBR Green
(s f M 28 85 AT — B fR g, Tm {0 88.34~ I qPCR (A HiF% DU T3k 10 4~ (51 4-b); SYBR
88.95°C, FHIZ Wi =411k ORF49 45 5efky~  GreenIqPCR ¥4 Hi %38 PCR A 1 R Mtk & 100 £,
B AR RS R SR A (] 3). DL AngHV-FJ, CyHV-3, EIV fll RGV 1) &
e [K41 DNA F1 pET-32a-ORF49 Witk , #4T SYBR
i;,% ri;f;;;f;mfrem PaPCREGREIME G cen 1 qPOR 3" B 0 5 5 HE R . 25 SR 5077
; ‘ AngHV-FJ l pET-32a-ORF49 47§ 38 i £ 7= 1
FH 10°%~10° >/l % DUAY 10 4% e M BERY pET- i CyHV-3, EIV. RGV HI 1 X B4 JC P 14 15
32a-ORF49 DNA Mt , /3517 SYBR Green I 2 (&1 5), WX LM S 4T,

35 70 000 {
60 000
30 +
N 50000
Q
= 25t 40 000 +
2 § 30 000
m 20 ¢ 20000 |
=
10000 &=
15} \
10 - . . . : : : : —10000 L . . : : : : g
0t 10> 10° 10* 10° 10 107 108 60 65 70 75 80 8 90 95
kL PE U4 I/, C
plasmid copy number temperature
Bl 2 AngHV SYBR Green I qPCR #& 0 B9 #706 #h 2% El3 AngHV SYBR Green I qPCR #& #Y 15 AR h 2%
Fig.2 Standard curve plot of the AngHV SYBR Fig. 3 Metting curve of the AngHV SYBR
Green I qPCR assay Green I qPCR assay
20 ¢
1.5t
M1 2 3 4 5 6 78 910
bp
500
400 = Lo
300 < 1/2/3/4/5/6 /7 /8
200 0.5
150 9 10
100 0r
50
-0.5

0 5 10 15 20 25 30 35 40
TEAEA
cycle
(@) (b)
4 LiE PCR # SYBR Green I qPCR #: R 81
(2)AngHV % j# PCR [ I R B4, M. DL500 DNA marker, 1~9 {K X 10°~10° 4~ 4% DU{f) |4 ki, 10. B4 B (b)AngHV SYBR
Green [ qPCR MG I R BME, 1~9 KK 10°~10° AN DLW S 2 5 R, 10, B 14 5T BR
Fig. 4 Sensitivity of conventional PCR assay and SYBR Green I qPCR assay in detection of AngHV

(a) detection sensitivity of the AngHV PCR assay, M. DL500 DNA marker, lanes 1-9 represent recombinant plasmid ranging from 10*-10° copies, lane
10. negative control; (b) plot 1-9 represent recombinant plasmid ranging from 10°-10° copies, 10. negative control
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B BHIJE 12955 T SYBR Green I 920 2% 510 & # PCR Kzl 75 ¥ 14 1 7. 45 B ] 773

53 U, 4.
20 ¢
1.5 ¢
. L0t
&
< 1/2
0.5
ol 3456
-0.5 . . . . . . '
0 5 10 15 20 25 30 35 40
TEA LA
cycle

5 AngHV SYBR Green I qPCR #8945 S 14

1. AngHV-FJ, 2. pET-32a-ORF49, 3. CyHV-3, 4. EIV, 5.RGV,

6. [F1 4 X I
Fig. 5 Detection specificity of the AngHV SYBR
Green I qPCR assay
1. AngHV-FJ, 2. pET-32a-ORF49, 3. CyHV-3, 4. EIV, 5. RGV, 6. neg-

ative control

B 10, 10° 1 10° 4>/uL #5 DL A4 ks pET-32a-
ORF49 i#£ 4T SYBR Green I qPCR 1Y 5 5 PE 46 1
iR, ANTRRZEHNT 1%, 755K
0.19%. 0.05% Fi1 0.42% (& 1); #1078 5 R 503y
INTF 2%, 43R 1.13%. 1.07% F1 1.13% (% 1),
FRONZ L EE L, v PR TEAS I 45 R 1 R e
PEFAT SEE
2.4 AngHV SYBR Green I PCR 75 %4 R F

FH#EST ) AngHV SYBR Green I qPCR J7 7545
I AngHV JE% Y 8 fig 3= 222 2V N 1) AngHV, %5
WoR, TESBENAYES . 68 MIRFE . KRR ML
L GO MR FFRE . UIE . B RE . IR E
AL B A v AngHV, IF ELZEBR . BE N
B2 BB B AngHV i g 2 T A 4 4
( P<0.05) (K 6),

45 A 357 /) SYBR Green I gPCR 5 F1 % i

PCR 5% 523628 2008—2019 44 1Y 25 4y BEL)
8 g . 285 DO I 2% 5 T LR A TR I o 25 SR UK
3l PCR LG 19 By BHMERE S, BH PR th %
S 76%; 1 qPCR ¥ K i 24 £ BHEAE &, BHA
i ok 96%, = Tl PCR 7o

3 iR

AngHV 5 2 77 5 15 fi (1% T 2 30017 14 00
—HRR, BERA . WEE. STRE, BT
DA R B R, R BRI & R
T A e R A i kR . BETE LY
Kol AngHV (9 J5 ¥ b, AL 2 A8 i R A %
HT A A ZEbRIS, XHERVE A B ]
RETFAE % B i s IPMA I IFAT 275 % AngHV
Poik, WRBLRA S KA # K PCR L L%
X HEAT WE A i, HLYG S T SR b L Uk
AT HEY AR, BIELRZ . TR A
qPCR BEARANAL A RS . R vy P
WERR SR o, HARAERISR . 5 Focal, Hubwk
I3z /K IR A I 022 AngHV i) B 22
HE 2 W AR YL A 57 AngHV (1) qPCR 5 il J7
B, ATXERE S AngHV SEAT PR | MEREE B,
FE RV AngHV 7 5 AR B AT 52 B i 12
Wi, A T A 00 F TSR BUA R0 B P 4 e
FEARZ iR

WRIE DA S FRic kA E, qPCR 43
JUBHEFIREN . van Beurden 559 #1537 T AngHV
(R I AR 7 3, O TR T A RORG T A 4
WA AngHV, ZHTIRIKRZW . 5%
FRAH LG, 2Ot Y RHE AR BAL . R 5 17 .
BTN . A WF 5 57 1Y AngHV SYBR
Green I qPCR Kl J7 i, b o i1 4 9 A OC FR 250
0.999, P HERLK K 100.855%, LYEFLE), i
MR . EE MG . R s, BEE

%1 AngHV SYBR Green I qPCR &I ES M4

Tab. 1

Detection repeatability of the AngHV SYBR Green I qPCR assay

AN RE C.V. in the group

A FRE C.V. among the groups

JFHLPE UUHy A .
plasmid copy number HNCHHE 5 2 EU% HIAICHE 5 R %
Cy values in the group C.V. Cy values among the groups C.V.
10° 16.70+0.07 0.42 16.74+0.19 1.13
10° 19.74+0.01 0.05 19.88+0.21 1.07
10* 23.05+0.04 0.19 23.3340.26 1.13
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10 ¢
T Ll
& " b
o > b
o %%
SIERFA!
X3 od cd od od
¥y 41 d
S &
Q
T 2|
=]
<
0

1 23456 78 91011
AFFIHALR

different tissues

6 AngHV ERRE86[EFTHLON

AngHV B3 75 1B
1, 2068, 3. FRREE, 4 Kk, SOULA, 6. Lk, 7. FFRE,
8 MEME, 9. AL, 10.6, 11 fpiE; ARFHRREREX
(P<0.05)

Fig. 6 Distribution of AngHYV in the main tissues of eels
infected with AngHV

1. gill, 2. fin, 3. skin mucus, 4. skin, 5. muscle, 6. heart, 7. liver, 8. spleen,
9. kidney, 10. brain, 11. intestine; different letters mean significant dif-
ference(P<<0.05)

PCR 19 100 %5 ; FEm kR, 5H ﬂﬁﬁﬁﬁ%‘%
DNA Jik 8 JC 38 XA 3 5l R 0 H 45 2R R 1T
7 X BE A AngHVﬁnnB@Eﬁ‘@@'ﬁH%ﬂ%ﬂ:j&
i PCRYE, PRl | o6 Hb o R AR T Y
AngHV &4 T8 iR I vk, o] T AngHV
I A2 B R A 90 22 09T o
R EE S, A I, 5
KM FE ARG, 8B THLSW R, Al fETE
FRN KB ARG, Y6 FERBERREZ
T SR BRI A BOR ™, B, ©&M
VR 20205 1 T 5 i 1E £ & IF R gET:,
H & 99 B BB AL FVRRAE R B0 2 A 4L, AN 96 2 0
# [ B (CyHV-1) A] 5[ (Cyprinus carpio) HREK i
MR EOREFET-P"; M2 E 11 8 (CyHV-
2) 5| 4 i (Carassius auratus) 15 Il 21 23R
Fe, SEATIML, FHMIETCY; CyHV-3 i) fif &
mﬁ%ﬁﬁ»ﬁﬁﬁﬂé WA WIE, JFal e EuE A
SURIE, BOLHEED; AngHV A] f JE% 4L i fig (4

KB IIG 2, WG A, BRIRAE, B
R, Bk S JULPR AT E AE O, 3 OR R
FETZ AN [a) ol 680 i S . AngHIV S 5 722 78 o2

%ui%ﬁﬁﬁﬁxlﬁl I AT R A 9 Ak 40 1 i A
AngHV, Z M3 45 I PR AE IR 5l 28 56 R 46 HF0E . 1%
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i1 = 19 A M Ny T g = SVl i)
SYBR Green I qPCR J5 15 K5 Il AngHV Jak e fi i
[FJZHZUN 1 AngHV, 3 B 2% 20 21 P 28 ] A6 0 )
Kt AngHV, o 68 R0 IR RGN 09 9 B
Gt T HAL A 2L, A BT 68 iR N AngHV
o B 250 I B BH MR A o R A i, AR v R DU Y
HERGR, X T AngHV i (9 739132 18 A7 2 AT 5
GEHAEEREY

2 & X #k (References):

[1] SanoM, Fukuda H, Sano T. Isolation and characteriza-
tion of a new herpesvirus from eel[M]// Perkins F O,
Cheng T C. Pathology in Marine Science. New York:
Academic Press, 1990: 15-31.

[2] UenoY, Kitao T, Chen S N, ef al. Characterization of a
herpes-like virus isolated from cultured Japanese eels in
Taiwan[J]. Fish Pathology, 1992, 27(1): 7-17.

[3] Davidse A, Haenen O L M, Dijkstra S G, et al. First isol-
ation of herpesvirus of eel (Herpesvirus anguillae) in dis-
eased European eel (Anguilla anguilla L.) in Europe[J].
Bulletin of the European Association of Fish Patholo-
gists, 1999, 19(4): 137-141.

[4] Lee N S, Kobayashi J, Miyazaki T. Gill filament nec-
rosis in farmed Japanese eels, Anguilla japonica (Tem-
minck & Schlegel), infected with Herpesvirus anguillae[J].
Journal of Fish Diseases, 1999, 22(6): 457-463.

[5] Haenen O L M, Dijkstra S G, van Tulden P W, et al.
Herpesvirus anguillae (HVA) isolations from disease
outbreaks in cultured European eel, Anguilla anguilla in
the Netherlands since 1996[J]. Bulletin of the European
Association of Fish Pathologists, 2002, 22(4): 247-257.

[6] Jakob E, Neuhaus H, Steinhagen D, ef al. Monitoring of
Herpesvirus anguillae (HVA) infections in European eel,
Anguilla anguilla (L.), in northern Germany[J]. Journal
of Fish Diseases, 2009, 32(6): 557-561.

[7] van Nieuwstadt A P, Dijkstra S G, Haenen O L M. Per-
sistence of herpesvirus of eel Herpesvirus anguillae in
farmed European eel Anguilla anguilla[J]. Diseases of
Aquatic Organisms, 2001, 45(2): 103-107.

[8] Chang P H, Pan Y H, Wu C M, et al. Isolation and
molecular characterization of herpesvirus from cultured
European eels Anguilla anguilla in Taiwan[J]. Diseases
of Aquatic Organisms, 2002, 50(2): 111-118.

o E K P2 2 320 sponsored by China Society of Fisheries


http://dx.doi.org/10.3147/jsfp.27.7
http://dx.doi.org/10.1046/j.1365-2761.1999.00197.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
http://dx.doi.org/10.3147/jsfp.27.7
http://dx.doi.org/10.1046/j.1365-2761.1999.00197.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
http://dx.doi.org/10.3147/jsfp.27.7
http://dx.doi.org/10.1046/j.1365-2761.1999.00197.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
http://dx.doi.org/10.3147/jsfp.27.7
http://dx.doi.org/10.1046/j.1365-2761.1999.00197.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01009.x
https://www.china-fishery.cn

54

PR, G

5 i 9% 925 9% 1% SYBR Green T 5 [ 2 ) 5 2 PCR A& Jy 32 (4 3 37 5 g 775

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

BYE, ek, B, S @R REN S B S %
SE[T]. K72 244, 2014, 38(9): 1579-1583.

Ge J Q, Yang J X, Gong H, et al. Isolation and identific-
ation of a herpesvirus from cultured European eels
Anguilla anguilla in China[J]. Journal of Fisheries of
China, 2014, 38(9): 1579-1583(in Chinese).

van Beurden S J, Bossers A, Voorbergen-Laarman M H
A, et al. Complete genome sequence and taxonomic pos-
ition of Anguillid herpesvirus 1[J]. Journal of General
Virology, 2010, 91(4): 880-887.

Aoki T, Hirono I, Kurokawa K, et al. Genome sequences
of three koi herpesvirus isolates representing the expand-
ing distribution of an emerging disease threatening koi
and common carp worldwide[J]. Journal of Virology,
2007, 81(10): 5058-5065.

Shih H H, Hu C W, Wang C S. Detection of Herpes-
virus anguillae infection in eel using in situ hybridiza-
tion[J]. Journal of Applied Ichthyology, 2003, 19(2): 99-
103.

Shih H H. A polymerase chain reaction for detecting
Herpesvirus anguillae in asymptomatic eels[J]. Taiwania,
2004, 49(1): 1-6.

Rijsewijk F, Pritz-Verschuren S, Kerkhoff S, et al.
Development of a polymerase chain reaction for the
detection of Anguillid herpesvirus DNA in eels based on
the herpesvirus DNA polymerase gene[J]. Journal of
Virological Methods, 2005, 124(1-2): 87-94.

BIE, e, BRIA, . W8 AR R
{588 i 60 72 95 2 ) PCRAG I [0]. A7 2 ARk 274, 2012,
27(9): 961-964.

Ge J Q, Yang J X, Li Y J, et al. Polymerase chain reac-
tion for the detection of Herpesvirus anguillae in eel
viral disease samples[J]. Fujian Journal of Agricultural
Sciences, 2012, 27(9): 961-964(in Chinese).

Varvarigos P, Vendramin N, Cappellozza E, et al. First
confirmation of Herpesvirus anguillac (HVA) and infec-
tious pancreatic necrosis (IPN) virus infecting European
eels Anguilla anguilla farmed in Greece[J]. Bulletin of
the European Association of Fish Pathologists, 2011,
31(3): 101-111.

RANE, BERA, KIE, % IBZEZEFKESYBR
Green 15E I %% 't 58 5 PCRAG Wl 77 ¥ 1 2 57 J L3
FHII. /K224, 2013, 37(12): 1829-1838.

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

(18]

[19]

[20]

[21]

[22]

[23]

Rong X J, Liao M J, Zhang Z, et al. Development of an
SYBR Green I real-time PCR assay for detection of
Edwardsiella tarda and its application[J]. Journal of
Fisheries of China, 2013, 37(12): 1829-1838(in
Chinese).

JA BB, A T, kMg, & 852 #1128 TagMan real-
time PCRA Wl 75 v ¥ 57 K 2 F [J]. /K™= 524k, 2013,
37(4): 607-613.

Zhou Y, Zeng L B, Zhang H, et al. Establishment of a
TagMan real-time PCR assay for detecting the Cyprinid
herpesvirus 11[J]. Journal of Fisheries of China, 2013,
37(4): 607-613(in Chinese).

ALKE, B, Ml I, S5, AP ARk ML B SR 9Ok
S B PCRAG I 77 V2 IR 7. % B R ], PR AL R B K
FEEAR(BRBHERRD, 2019, 47(8): 17-24.

Liu L H, Hu L, Yang Y Y, et al. Development and
application of a real-time PCR assay for detection of
Aeromanas schuberti[J]. Journal of Northwest A&F Uni-
versity (Natural Science Edition), 2019, 47(8): 17-24(in
Chinese).

van Beurden S J, Leroy B, Wattiez R, et al. Identifica-
tion and localization of the structural proteins of Anguil-
lid herpesvirus 1[J]. Veterinary Research, 2011, 42(1):
105.

HE, B4R, &, & KRBT % TagMan 321 252
Je & EPCRAS I J7 v I S [0]. /K= 2531, 2012, 36(5):
772-778.

Zhou Y, Zeng L B, Meng Y, et al. Establishment of a
TagMan real-time PCR assay for detecting the giant
salamander iridovirus[J]. Journal of Fisheries of China,
2012, 36(5): 772-778(in Chinese).

X, B, IR, 55 4 A g (B8 Q<13 g 3R
¥7i B TagMan 32 I 5¢ 516 52 B PCRAG I 77 325 (1 g 37 % i
FA[I]. K= 23, 2014, 38(1): 136-142.

Liu C, Zeng W W, Wang Q, et al. Establishment and
application of TagMan real-time fluorescence quantitat-
ive PCR for detecting the hybrid snakehead rhabdovirus[J].
Journal of Fisheries of China, 2014, 38(1): 136-142(in
Chinese).

XM, T3k, B A, % SER SO E BPCRY W RF 571t
vapAFE RIS B[], K724k, 2017, 41(12):
1928-1935.

Liu S, Wang D, Lu T Y, et al. Real-time PCR detection

https://www.china-fishery.cn


http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1128/JVI.00146-07
http://dx.doi.org/10.1046/j.1439-0426.2003.00353.x
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.1186/1297-9716-42-105
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1128/JVI.00146-07
http://dx.doi.org/10.1046/j.1439-0426.2003.00353.x
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.1186/1297-9716-42-105
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1128/JVI.00146-07
http://dx.doi.org/10.1046/j.1439-0426.2003.00353.x
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.1186/1297-9716-42-105
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1099/vir.0.016261-0
http://dx.doi.org/10.1128/JVI.00146-07
http://dx.doi.org/10.1046/j.1439-0426.2003.00353.x
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.1016/j.jviromet.2004.11.007
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3969/j.issn.1008-0384.2012.09.010
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38798
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.3724/SP.J.1231.2013.38441
http://dx.doi.org/10.1186/1297-9716-42-105
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
http://dx.doi.org/10.3724/SP.J.1231.2012.27923
https://www.china-fishery.cn

776

Ko AR

45 %

[24]

[25]

[26]

[27]

(28]

[29]

of Aeromonas salmonicida by amplification of specific
vapA gene[J]. Journal of Fisheries of China, 2017, 41(12):
1928-1935(in Chinese).

van Beurden S J, Voorbergen-Laarman M A, Roozen-
burg I, et al. Development and validation of a real-time
PCR assay for the detection of Anguillid herpesvirus
1[J]. Journal of Fish Diseases, 2016, 39(1): 95-104.
Hanson L, Dishon A, Kotler M. Herpesviruses that infect
fish[J]. Viruses, 2011, 3(11): 2160-2191.

Sano T, Fukuda H, Furukawa M. Herpesvirus cyprini:
biological and oncogenic properties[J]. Fish Pathology,
1985, 20(2-3): 381-388.

Sano T, Morita N, Shima N, et al. Herpesvirus cyprini:
lethality and oncogenicity[J]. Journal of Fish Diseases,
1991, 14(5): 533-543.

Jung S J, Miyazaki T. Herpesviral haematopoietic nec-
rosis of goldfish, Carassius auratus (L.)[J]. Journal of
Fish Diseases, 1995, 18(3): 211-220.

Goodwin A E, Merry G E, Sadler J. Detection of the

herpesviral hematopoietic necrosis disease agent (Cyp-

https://www.china-fishery.cn

[30]

[31]

[32]

[33]

rinid herpesvirus 2) in moribund and healthy goldfish:
Validation of a quantitative PCR diagnostic method[J].
Diseases of Aquatic Organisms, 2006, 69(2-3): 137-143.
Goodwin A E, Khoo L, LaPatra S E, et al. Goldfish hem-
atopoietic necrosis herpesvirus (Cyprinid herpesvirus 2)
in the USA: molecular confirmation of isolates from dis-
eased fish[J]. Journal of Aquatic Animal Health, 2006,
18(1): 11-18.

Hedrick R P, Gilad O, Yun S, et al. A herpesvirus asso-
ciated with mass mortality of juvenile and adult koi, a
strain of common carp[J]. Journal of Aquatic Animal
Health, 2000, 12(1): 44-57.

Davidovich M, Dishon A, Ilouze M, et al. Susceptibility
of cyprinid cultured cells to cyprinid herpesvirus 3[J].
Archives of Virology, 2007, 152(8): 1541-1546.
Hangalapura B N, Zwart R, Engelsma M Y, et al. Patho-
genesis of Herpesvirus anguillae (HVA) in juvenile
European eel Anguilla anguilla after infection by bath
immersion[J]. Diseases of Aquatic Organisms, 2007,

78(1): 13-22.

R E K P72 22 3240 sponsored by China Society of Fisheries


http://dx.doi.org/10.1111/jfd.12330
http://dx.doi.org/10.3390/v3112160
http://dx.doi.org/10.1111/j.1365-2761.1991.tb00608.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1007/s00705-007-0975-4
http://dx.doi.org/10.1111/jfd.12330
http://dx.doi.org/10.3390/v3112160
http://dx.doi.org/10.1111/j.1365-2761.1991.tb00608.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/jfd.12330
http://dx.doi.org/10.3390/v3112160
http://dx.doi.org/10.1111/j.1365-2761.1991.tb00608.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1007/s00705-007-0975-4
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1007/s00705-007-0975-4
http://dx.doi.org/10.1111/jfd.12330
http://dx.doi.org/10.3390/v3112160
http://dx.doi.org/10.1111/j.1365-2761.1991.tb00608.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1007/s00705-007-0975-4
http://dx.doi.org/10.1111/jfd.12330
http://dx.doi.org/10.3390/v3112160
http://dx.doi.org/10.1111/j.1365-2761.1991.tb00608.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/jfd.12330
http://dx.doi.org/10.3390/v3112160
http://dx.doi.org/10.1111/j.1365-2761.1991.tb00608.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1007/s00705-007-0975-4
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1007/s00705-007-0975-4
https://www.china-fishery.cn

538 YL, . WBEIBNE T SYBR Green I 3R] 2Et 8 & PCR Kl J7 vk B £ 57 5 1 H 777

Establishment and application of SYBR Green I real-time fluorescence
quantitative PCR for detection of Anguillid herpesvirus

LI Yingying, YANG Jinxian, CHENXi, CHEN Qiang, SONG Tieying’, GE Junqing"
(Institute of Biotechnology, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Abstract: China owns the largest eel culture industry in the world. Since 1990s, "mucus sloughing and hemor-
rhagic septicemia disease" has become one of the main epidemic diseases of cultured juvenile eel, with typical
symptoms of "mucus sloughing", "red head" and "hemorrhagic septicemia", and high morbidity and mortality. The
disease could also be found in adult eels with typical symptoms of "hemorrhagic septicemia", resulting in a huge
number of deaths, and enormous economic losses to the industry. Cultivation experience showed that the disease
might be caused by viral pathogen. We had Anguillid herpesvirus 1 (AngHV) isolated from the clinical samples of
the disease. Further pathogenicity and epidemiological analysis showed that AngHV was the pathogenic agent of
eel "mucus sloughing and hemorrhagic septicemia disease". A rapid and sensitive detection method for AngHV is
of great significance for the early diagnosis, prevention and control of AngHV disease. Real-time fluorescence
quantitative PCR (qPCR) method has been widely used in pathogen detection. To establish SYBR Green I qPCR
method for detection of AngHV, the sequence of AngHV ORF49 was amplified by PCR and cloned into pET-32a
vector to construct the standard plasmid pET-32a-ORF49. Primers were designed according to ORF49 sequence,
and a SYBR Green I qPCR method was developed for AngHV detection using serially diluted standard plasmid
as templates, then the sensitivity, repeatability, specificity and application effects of the method were evaluated.
The results showed that the cycle threshold value(Cy) of the qPCR assay had a good linear relationship with the
copy number of the standard plasmid, the correlation coefficient (R*) of the obtained standard curve was 0.999, and
the amplification efficiency was 100.855%. The melting curve analysis showed that there was only one melting
peak with Tm values of 88.34-88.95 °C. Amplication specificity analysis indicated that the method could specific-
ally detect AngHV, and had no amplification of Cyprinid herpesvirus 3 (CyHV-3), Rana grylio virus (RGV) and
Eel iridovirus (EIV). The coefficient of variation within and between groups was less than 1% and 2%, respect-
ively, which indicated that the method was repeatable. The qPCR method could detect a minimum of 10 viral cop-
ies with higher sensitivity than conventional PCR method which has detection limit of 1 000 copies. Application
analysis indicated that AngHV could be detected in the main tissues of AngHV infected Anguilla anguilla with
5.70x10" copies in gill, 1.91x10° copies in mucus, 1.31x10° copies in fin, 3.31x10* copies in heart, 1.75x10* cop-
ies in intestine, 1.25%x10* copies in kidney, 6.51x10’ copies in skin, 6.26x10° copies in muscle, 6.13x10’ copies in
brain, 2.48x10° copies in liver and 1.81x10’ copies in spleen. The amounts of virions in gills, fins and skin mucus
were significantly higher than those in other tissues. The positive detection rate of the qPCR method for the 25 sus-
pected Anguilla spp. "mucus sloughing and hemorrhagic septicemia disease" samples was 96%, while that of the
conventional PCR method was only 76%. In conclusion, the established SYBR Green I qPCR method has high
sensitivity, strong specificity and good repeatability, and can be used for rapid and quantitative detection of
AngHV, which would be helpful for the prevention and control of Anguilla spp."mucus sloughing and hemor-
rhagic septicemia disease".
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