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Tab.1 Primer sets used in this research

Jr B
E | ¥ FE o
J'IW 'J|%¥ 1 J /1 /bp JHi&
primer primer sequence . usage
size

F:GGGTTACCTGTACGAG

TK 409 Rl
R:CACCCAGTAGATTATGC HE
Q-TK F:AACGCGGGCCAGCTGAACAT 997 ~ P4 TK
i R:TGTGTGTATCCCAATAAACG 1007 FHFEkK

PL Q-TK 519147 34 ) PCR =45 28 1% 1) 3
NEAH LI i) , 15 pMDIS-T B4k i e id 1, i
PR &S E. coli DHS«, IR A 5 Amp )
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WIE(E 1) o BT d J5, Lo Al 2 FF e T, X
HTCAEATFEAR , 4 FRAENG o

IR 0 5 2 20 7

B1 R KHV §izeE

(a) A fa s (b) N TG

Fig.1 The infected koi

(a)naturally diseased fish; (b)experimentally infected fish

2.3 CCB 40 fa B 5 m W 52
LS WY CCB il f5 , & 1% 5 A LIfa
ﬁ”zﬂﬁ%%?%ﬂ WY ) 0 6 78 R < 40 S B K

23U, 0 A AR R X R 2 A0 A K B8 HL G
SHHICE 2) .

2 B KHV By CCB 48/ CPE 3 22

(a) Xt (b) e

Fig.2 CPE of CCB cell infected by KHV observed under microscope

(a)control; (b)infected cell
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2.4 BEYIRFUE
Hi i BLILRY CPE ) CCB 41 fitd i 47 8 1 L e
DI WS, e BRAE A0 50 o A7 R BRI AS

PR EERL T, LB TR BE RO R 20 R, B AR
#5100 nm( |8 3) .,

o

3 REFKHV ) CCB AMBHEY R YR

R Sk AR RSB B R0 T, 20 755 Sk A TR AR T80 2 UK
(a) B 9 700 £ 5 () JK 37 000 f%

Fig.3 Ultra-thin section preparation of CCB cell infected by KHV observed under EM

Thick arrows indicate mature enveloped KHV virions,and thin arrows indicate immature enveloped KHV virions

(a)9 700 x magnification; (b)37 000 x magnification

2.5 ERYESFISH

A OIE b #7719 % 5 KHV 519K B 2%
R g N IR o R G 240 i, 2490 3 S R
/NEY R B R A TO T A5 (] 4) .

E4 PCRGMLELR
M. Marker DL1000; 1. {gt R fa; 2. [k Lpifa; 3. AN Ty
fl; 4. FRGL A0

Fig.4 Detection results using PCR

M. DNA marker DL1000; 1. healthy fish; 2. naturally diseased

fish; 3. experimentally infected fish; 4. infected cell

T 5E 7> BRI TK S KA, oy B ik TK
FEN 4K 997 bp, A 2B 134 A MEGA 5.0 #

SEIEAERE (B S) | AIE S8 AR S 56 A BT A3 B8 RE R R
KHV 1 A 5 Bk, J7 91 L & & B8, 5 0 o A
(KHV-T) Hf5 — A 50 2 5, [\ %8
99.9% .
2.6 EEEBEEALIR

W L IR i TR AR 1 CCB. 4 i ) F PP e 3] o
HEAT ) 2 S e 9 6 L B . 25 R WL, R A & X
KHV W HL R AE R —H00% & 400, H FITC 479 19
TR AR B K B Ak 0o i B4R &
PR S M 2 5 5, i — P B IE GZ1301 fk n] LA
YL CCB 4 L, JF 9% KHV ¢ 57 Pk bt 44 i) 2]
(E6),

3 3t

HRYE 2 g 3 L (CyHV-3) L 9l Fk A 4 6
2T (KHV) | J2 5 PR 2 K/ 295 kb iy 2 L
BE DNA' o i KHV 51 [ 5 8898 9% 9% 5 5%
(Koi herpesvirus disease, KHVD) & 20 {20 K #%
Ty 5 %) — R 2B, ™ A R I R A
M4, TATIN B FE AW, o R R 0 1 1% 1
W, BT 22 ~27 T, 0 BRYAF o] 45 8 1Y 57
B 0 LG 0 R HLBE T R e
OTE 1 R Y 3k BR V5 K i B0 960 92 o 55 95 571 O o 20
R A R R LB O e s e e .
A B I S R A 0 4, 20 1248 3K [ 1)
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Indo 10C06WP4 HM347111
KHV-GZ1301

Indo 2K02J2 HM347101
Indo KO5 HM347098

Indo 1C02EJ4 HM347100
Indo CO7 HM347099

Indo 0K02SS1 HM347113
Indo 3C06WJ3 HM347102
KHV-J Asian
Indo 7CO6NS3 HM347107
Indo 7C04NS1 HM347106
Indo 8CO5EK2 HM347110
Indo 6C06SK1 HM347108
Indo 4C03SS2 HM347103
Indo 4C03B1 HM347104
UK G406 HM347097

Indo 5C04WS1 HM 347105
Indo 0CO5WNT2 HM347112
Indo 8CO5EK1 HM347109

genotype

European

genotype

| KHV-GZ11 JQ247183 —
| US F9850
KHV-U E—

——
0.0001

B s BT TKERF RAMEEEE KHV-GZ1301 Bt L #
Fig.5 Phylogenetic tree of KHV-GZ1301 based on neighbor-joining analyses of the TK gene sequences

100 um 100 um

(a) (b)

B 6 MEEfBERLENMER
(a) XI5 () IR UL M
Fig. 6 Detection results using IFAT

(a)control; (b)infected cell

BRIR AE R C N ROK IR B A B M B HRERMEIZ RN RN, ik 100% 1T TS AR
12.49% " 4 600 S IR B UL B f A SRR R, — 25 TR B UK 7 3R A RUL B 1 ol Al ok K 9 48
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2R PR G R R T B R 95 5 1 1 B T

KHV 7 40 i 7K - 1) 43 85 5 85 75 I BF 58 # i
P 95 95 7 95 D17 15 10 LA, X 25 4T R 4 7 gt
1) v 5] (1 3 00 R ORG  21) KHV L 8 A 475 AR X
AR 4 B 2] KHV . 550 76 v [ A 5% 5 40 i v
i 5 KHV , {H 2 oK (8 F A KE-1 40 s 5 58 2 43
BRI AR S R K e 4 4
P HE 4 4 058 I AR 40 i ( KFC) 3L 15 3% 19 O X4
B8 KHV % ¥k ; Dong %7 e 57 7 4 61 68 4% 41
Jil 22 KCF-1 43 8 BRI R KHV B2 B4 R A
FIH] CCB 41 g & i 20 43 25 3 KHV [ 4iE . A58
Kt T KHV 3 F 40 g K P 59 8% 2 4% 85 8
5 0T H IR 0 7 0 I K 7 R 1 43 B9 AN 4 e L
A — RIS

R TK 3 R AR 57 50 46 I KHYV 5% 3 2 H
H S5 TR I 2% 1% 7 B 9 A3 T OIE
BB, Bercovier 25 YE B, DL TK HE R AR 57
S04 H K #y PCR 5 IU 5 H KE-1 2 Jd 43 25
KHV 5 5 (1) KHV kI 445 fE 75 75 2 A A8 W] A0
MR BRI LA TK 3 R SE P 81 Sk B 3 Y
PCR 5 m] LAAR RS 78 2% i) 18] K 19996 75 00 38 7 i o
FEAS S h b IE 52, DL TK L PR SF R 40 B Y
FE 9 PCR kg I B A B4 0 4 5 v, OF FI % 7
¥ T Hu A T E KHY 5 7

RIFIH X KHV 5 0k 14 3 25 1 % 8 6 % KHY
R R T AN e~ Lo e R 01 o e s e )
kL FEBERT B _E LA 5 2B A
FIZ 6 S W, O L b, i TR [ 3 R R 2 bk
FFAE 22 5 P8 I 2 7538 FH T v o 4080 25 06 7 0
F149 B35 973 A A5 17 6, DR 0k, o [ R 2 2 7 R
Y S X DA Rl T A g i A R R
Mo BT, AL 36 E R H AR 3 A4S0y 48
B KHV 0k 19 4 38 R 41 7 91 2 g i, ok A DA
0,370 R 9% [ 1) ol 8 R 6 A W BRI AR, ok B H AR Y
KHV [ B RE B fiv 45 o8 S0 0 Rk, DA 3 IR 41 2 L %5 4
BT RIS T AT I 2 AF 55 7 160 405 UE W >k 1 3I0 91 0 Ik
I B4 Bl B T A % I S P PR 2 e 0T S g )
TK B:H 2 K7 51 B9 I 2 K KHV 35 8 X 7 R BR
IR W 5T AR S Gl S E S B Y
PRI TK 3L 4K 791, 3 317 4% 1 B2 )7 31 Blast
o, #  TK 423 3R G kAL AR, JIE 52 40 B3 4 11
GZ1301 2 KHV .Y B 8k , 5 Y0k (KHV-T)
A — AR AR R, B R TR R

ARSI B CCB 4 My & A 3 3t 4 55 5
KHV , 38 2 H 455 UL 8¢ Rl [A] 22 B0 92 98 6 S 3 ik 55 1
975 B 1 4 MR e R ICT GZ1301 BERRRY TK JE
2K JF A, IF kR 25 B & B GZ1301 g 3l
RUBERE . ASBEFE M IT R RE b KHV [ 4 5 FlE
PRAHERE AR SHE Aty A S P v 0 o 4 B
7E A
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Isolation and identification of koi herpesvirus( GZ1301) from
diseased koi( Cyprinus carpio)

LI Yingying, WANG Qing, ZENG Weiwei, PAN Houjun, WANG Yingying,
LIU Chun, LIANG Hongru, SHI Cunbin, WU Shugin*

(Key Laboratory of Aquatic Animal Immune Technology of Guangdong Province ,Key Laboratory of Fishery Drug Development of
Ministry of Agriculture , Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Guangzhou 510380, China)

Abstract: An unknown disease causing 100% mortality occurred in a koi ( Cyprinus carpio ) population
cultured in Guangdong Province,in April 2013. The moribund koi showed lethargy and unusual swimming
behavior such as floating on the pond surface until death. The diseased koi had a mean body length of 25 cm
with typical clinical signs including enophthalmia ( sunken eyes) and haemorrhages on the skin and base of
the fins, and fin erosion. The postmortem examination revealed that liver, spleen, kidney were obviously
swollen. No pathogenic bacterium was isolated from internal organs. Positive results were obtained from all
detected koi according to a standard PCR diagnosis of CyHV-3 proposed by Office International des
Epizooties( OIE ) . Comparative analysis of nucleotide sequences was performed with the GenBank databases
using Blast database network service. The results showed that the putative gene products from infected koi
shared 99% identity to that of reported KHV. After filtration treatment, the tissue suspension was injected
intraperitoneally into 20 koi. Similar signs appeared and all koi died within 7 days post-infection ( p. i. ).
After filtration treatment,the gills and kidney tissue suspension was inoculated to the CCB monolayer cells.
The stable cytopathic effect( CPE) was formed after five blind passages in CCB cells, characterized by severe
vacuolation in the infected CCB cells. Under electron microscope ( EM ) , icosahedral viral particles were
observed in the cell. The virus particles had an average diameter of 100 nm,and the shape was highly similar
to that of KHV. After indirect immunofluorescent antibody test ( IFAT ), specific fluorescence could be
observed on the cell. Based on neighbor-joining analyses of the TK gene sequences, phylogenetic tree was
constructed and the result indicated that the pathogen in our study was Asian genotype isolate which was
named tentatively KHV-GZ1301. The present study provided important material for virus genesis, evolution,
classification, and disease control.

Key words: Cyprinus carpio; koi herpervirus; TK gene; virus identification
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