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(1. Bl Rs KB E R R m B Rt , B 2013065 2. HrE K™ B0 55 Be S8 B 1L ™ W52 I Aall
AT = FE PRI 2 T e SC 0 %, BB YL WAVRIE 1500705 3. VR4 K™ st f% & R A0 gl bl aisr
£, B 201306)

A E: LIBETUERR RS A F, Oy S Ak, T SE I 99Ot E i PCR $R L TK (thymidine kinase ) 11
ORF72 JEN N bn s 5 I, 70 A B S IR2 i 55 ( CyHV-3) SE B P R F, 77 5 A AF B Be b 9 2k
o HUREAR 2 NIRRT B AR —B0,24 ~ 144 b &L BT 144 ~ 288 h BN [E
e, HAE144 hink 9 P AT A IR B iy o IRAHA 2 RN RBRIGIE T HAR. a2 4
FENTE 120 h BpRF 22 U % RIE T4 2 D EENIGTE 96 ~ 144 h 2Rl B3 B4 2 RN KRB AR
FTAREFTH. M EHR TK B IILE 96 ~ 168 h 22541 355 L F AL ORF72 FEPIXAE 96 ~ 192 h 72 574
W AL 216 h R R E . DLESPRUIE T A PUR TERESSR TR T4, Horh B ATt fe

S TIL, Hpk i P ShU e tERETS BB R o HH, R WA 8 8 i 1 B P FE BT PR b as B — A
e B B, X TR Rk AT TS il o Hofb SR A BT SR I 2 25 1
KA Gl BERDERNEE 3 B SN e ERIA

hESES: So17 MHRARER: A

5 #0953 925 5 B¢ T 58 ( Cyprinid herpesvirus 3,
CyHV-3) 2 i 47 # JG ¥ 4% 7 ( Koi Herpesvirus,
KHV) 5 [ 4 8 41 5 8 ( Cyprinus carpio) &3¢ If:
IO , A SRR B R D 1% By g
TR, CyHV-3 fYREN 410 295 kb HYZAE R
% DNA 731, 4t 156 VB E Y 2 B Pl ) 52
HECORF) , €0 & Horpr 8 oK 3 852 ORF, 2 hk [
AURKIRIE IR o CyHV-3 32 B R Al
e 0 S LA, SET R K 5% ~ 95% ™
TR T B B R M ) R

R, AT T 32000 7 B AT 5T, 78 A& R K
EF %) TK(thymidine kinase ) Fl ORF72 MR
SN, TKP RS SRR A BN T B )
Z—FZ 5 DNA & T 2 55 A% 1 B2 A5

%5 H#3: 2020-03-07 &[5 H#A: 2020-03-17

iy , o R 2 R0t 9 7 A H At DNA 5 75 2 i , 4
AR B (ASFV) (S 28 (VACV) FUL
Py . ORF72 L& T GIY-YIG B2
YIRS A W7 0l #5955 % DNA fiy
WA ¥, TU 27 ZHANG %% OUYANG
SR 45O 3 CyHV-3 R #E AT T T2
F5E, Horp X CyHV-3 {78 8 (AT 1 320 i
i BFFE B, ORFT2 B 3E BT AR m] LLVE b s
HAUIG REEA KT H CyHV-3 iz iy T 2",
PR A BF 58 356 4% CyHIV-3 i il it 185 0 A% 1 35 it
TK ARG A ORF72 Sy H 3L, BIF 5395 75 Sk e
Ja E AR PR 75 ) FRIBTE L

2001 4F, R 2 R TE R B IR B R JS , IK
SENRETE LR R X, i TR e

EETB : P RBA s ERMITBE T AEA RN 55 3% % 5 (2018 HY-ZD0205 ,2020TD31 ) 5 [ ZE S 7K #8287l B (A 2R WA [ 5T
5 b M R U H ( CARS45-06) 5 J& Jg 145 1 T £ AR BF 58 5 JF J 31 3 5 5 (GAI8B202 ) 5 5] 5% & i WF 5% i1 &l
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BT TR Bk 80% ~100% P 2008 4F
LK B 2005 B ( KHVD) 1 A b 2140 25 1)
P o KL, E AN TR T SRR T T
SRR IE R BORIEST , OISR AT T CyHV-3 J&
YL e 7 A A e B PR 0k M BT RE T A
IR, R K, AR R Em T F F, (P <
0.05),1M F, % F F, HWHFH LR EEZS
(P>0.05) , utl] F, Prigtk e 2ub 7 — e
RSN B, RS B HRTE 2% E s T
F, GBI e L R W F, PuitERe S R 2R
FE B HET X T R R G, R PR P R 1 3R
IRBE M B X B R IR AE AT 2, HoR
DLEEBE R AP MR Lk B 8 38— B B
IR SIS, BT LAASHIEGE N, FH B 6 F, 0 i R A
R SLgR RS I TK F ORF72 3% 2 ik B kA
HATHUR R F, TEA [RGB # R A e 1Y
5T, I e i & ROCR S k5, L
Ry HAt SO R e A R TS T

U BRI

1.1 SEIedhsy

ABIFE I FH 552 50 £ g 88 5] 5 60 0 5 8 7
F F, R B8 a0, Yok [ E K =R 2E i
FERE BRI TLA IR BT 5 ) 7K™ 1 o
1.2 Wikt

W N B R F 4L, I SE 56 fa 14
KHN10 ~15 em (R JF & K (72.13 £10.30) g, 7F
K/ K16 mx1.2 mx0.6 m BY7KFE P &K
300 Fefh, K ARIFAE 25 °C, FFRER LA 3% (Rt it
RE.
1.3 SLIEEFmMRE

FroLs th gk AOK A TR € JG , BUOFE 92 00 4% 1

ADAMEK 2170 {75 3k | g R 58 3 v T R B 1) 18
R RE AR N IEZH 2L, AT IR AW J5 1 Y 4%
R 2 gt rh, AT R R S . TS
B TFUR G 55 24 h #EAT ML A SRR R OR SR E
ZEEIRSET, K EH SRR T HIYTE 144
h SRBIFE T = 0, e ARG R 87. 3% Rt H
MR 62.3% , s REEFTH ARIEFH
S R I, 25 R AR 3 R, HAFAHI 2 A
AT R AR T RNA 4R B, BT RAERFEA
8 N JIELH 2L 84 57 BRI A7 72 RNAlater 1 7E 4 CF
12 h Z JGHEAFAE - 20 CUKR , Z IR B0 =
- 80 CH LI VKAR P IR A2
1.4 RWHZE

IS 56 E & PCR £0K, LA 188 RNA
NS AT OIE #EFERY CyHV-3 K528 1
ORF72( Capsid triplex protein ORF72)""™! i1 ity Jiit
WEBEARZ T4 TK ( Thymidine kinase ) A= NiOE "
K, LR B 4 5 R4 CyHV-3 5 8 L G
ENEINE SN iR =R

{fiFf] Applied Biosystems 7300 {¥ #% ( Applied
Biosystems, USA ) FlI Fast Start Universal SYBR
Green Master ( ROX ) ( Roche Diagnostics GmbH,
Germany ) #£47 PCR o B A7 51434 th A= T A=
WA (R ARAFRM, S EE L 1,
SEmF 2 & PCR W AR ZR 4 25 wl,2 x Ultra
SYBR Mixture ( highROX)12.5 ML,L%’?@l%(lO
wmol/L)0.5 wL, FiE5 14 (10 pmol/L)0.5 L,
HEF4 RNA 1 pl/cDNA 0.5 ulL,ddH,0 %p 2 25
WL, PCR ¥ Bt 95 °C 5 mins 04 C , Atk
30 5;56 °C/63 C, 3B k 30 s;72 °C, #EAf 30 s,
30 ~35 MEM;72 C IG5 2Ef# 5 min, 4 C 2 Ik
IV o

x1 HHXREEPCRS5|Y
Tab.1 Primers used in quantitative real-time PCR

5|4 Primers ¥ F%1(5'-3")  Sequences (5'-3") Bk Tm/C
. 1 . qF: CCCTTCACCGTCAGAATCTCTC
CyHV-3 thymidine kinase( 7K) R : AGCTCGTACTGGGCCATCC 60
N . F:CGAGAAGCAGGGTATGGTC
CyHV-3 capsid triplex protein ORF72( ORF72) R.GGCGTGTAGGGCACAAAG 60
188 RNA F:TCTGCCCTAACTTTCGATGGTA 60

R:AATTTGCGCGCCTGCTGCCTTCTTT
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1.5 RS

T 27885k A B e i 9L B B 3
SRR IR, (] SPSS 17. 0 F A H N R 5
227§ (One-Way ANOVA) PEAT Ik 35 1k 22 57 /1
Pro

2 4

2.1 FREBEMBRBERIEERL
TEN T IR R S B0 R AR BOAE o, L
ARSI S TR N B R0k . FERT Al

1.5¢

* %
e

1.0p

e
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I 1A] Time/h
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Breeding group TK gene
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Relative expression
(52}

3 *% kk
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N
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Relative expression
Ll

Xt RER
Relative expression

Il L

24 48 72 96 120 144 168 192 216 240 264 288
it fE] Time/h

(c) R E H TKEEF
Non-breeding group TK gene

FRIC * AEIFTRANAFAE R FME 2R (P <0.05, * » P <0.01),

Zirp e H A TK L ORF72 FEP B Rk 578
24 ~144 h R L, 144 ~288 h 2
ETEE N

TERRA LU SR F 4L TK FLH 1 ORF72 A
1E 144 h 5120 168 h M tL R R EIRE] T
W E 2R (P<0.05) , JLE 1a Fl b RIEH
2l TK JEPIF ORF72 F:N7E 144 h 5 120,168 h
I, WM R A ERR TREFER(P<
0.01), LI 1c Fi1d,

—
[$2]

—
[=)

S
o

e NA0en

24 48 72 96 120 144 168 192 216 240 264 288
Ff 1A Time/h

(b) % H 41ORF723: A
Breeding group ORF72 gene

. ®k Kok
4 ——

O;Hﬁﬁﬂ Hﬂﬂﬂmﬁ

24 418 72 96 120 144 168 192 216 240 264 288
itfE] Time/h

(d) Rk & 4LORF725: R
Non—breeding group ORF72 gene

w

—

MXT LR
Relative expression
[\

Marked # indicates significant differences within groups( # P <0.05, = % P <0.01).

&1

AE R RBARA R TK ZEEF0 ORF72 EEEITRIEESR

Fig.1 Relative expression of TK gene and ORF72 gene in spleen tissue at different infection stages

TER LU B AT AN TK £ H
fE 144 h 5120 168 h AL EE M Rk mikE| T
BEEZ R (P <0.05) , JLE 2a fll ¢ ik H
HFIARTEF 4L ORF72 3LFHAE 144 h 5 120,168
h AHE, R R B ERB TIREEER (P <
0.01), UL 2b Fi d,
2.2 BUBHEARSREIELRE

B TK FER AT ORF72 L9 8 B 4 2300 75 1Y
FeIR AT H, 2 AN R R 2 ) FE R TR
SRR E AU, HISPE 96,120 144 h H
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FERE AL, TK L [ 638 5 7F 96 h 4]
AR ELTHEHLI(P<0.05),7F 120,144 h %=
SR E K- (P <0.01), WLIE 3a; ORF72
FER IR HEAE 96 (144 h 31X 2 AN EYL T A, B4
HRFERTEHL (P <0.05), K 7E 120 h 35
PR E (P <0.01), WA 3b,

FEARER LR, TK FLHF ORF72 FLH 1 3k
IREEITE 96 120 144 h 3% 3 AN YL, fg 4] 21
el LT EHZU(P <0.01) , WA 3¢ 1 d,
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(c) KRB HTKEH
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bR = AIRFRRHNATE B E 22 5( + P<0.05, = P <0.01),
Marked * indicates significant differences within groups( = P <0.05, * % P <0.01).
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Relative expression
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TEIERM R EAA S TK EEF ORF72 EEEX RIAER

Fig.2 Relative expression of TK gene and ORF72 gene in kidney tissue at different infection stages
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BF 1A Time/h
(c) RiEHHTKER

Non-breeding group TK gene

T RIE R

Relative expression

Fric = AR WAL B FM2E 5 ( + P <0.05, % » P<0.01),
Marked # indicates significant differences within groups( * P <0.05, * * P <0.01).
3 MLEAREBEEMBEAREEANE . SEHR R TK EE ORF72 EFHEIFRILEFR
Fig.3 Comparison of relative expression of 7K gene and ORF72
gene in spleen and Kkidney tissue at different infection stages
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2.3 EBEASKEFARSREELK

P TK FEH F1 ORF72 L FHM AL T
ZH A, FERR AL AU 2 A3 DR A O T AL
FREABMKTREFTY.

PR 2 rp, TK JE A 96,120,144 (168 h
EHEARKIEMERETA, ZRWMEE (P <
0.01),0LK 4a; ORF72 J:[H7E 96 120 144 168 |

3 *% mEEH
g Breeding
o CES
I @ i Non-breeding
Wk e
Ko *%
Fl —
Eol
5]
>
~
0
24 48 72 96 120 144 168 192 216 240 264 288
fif /] Time/h
(a) AR TKEE A
Spleen TK gene
5 - Byl
— Breeding
4 - SESAY
—_ *% Non-breeding

HXNREE
Relative expression

24 48 72 96 120 144 168 192 216 240 264 288

Ffa] Time/h

(c) BHATEEF
Kidney TK gene

FRIC * ANRIFRRHNAFIERFZER (= P<0.05, = + P <0.01),

192216 h sk HFHR I EWM B ZEMN T REFT A
(P<0.01), i 4b,

EEFHS T, TK JLH7E 96,120 144 168 h
WHARBEMILARETH, ZRNEE (P <
0.01), WL 4c; ORF72 JEHAE 96 120 144 168 .
192 h S HF AKX EAAHLRETH, 27058 EH
(P<0.01), WK 4d,

— miEHA
g Br_eeding
T g ESET
1 o Non-breeding
I
ﬁg , ** wok kK g
To
=2
1 ﬁ
=
(]
e

0 24 48 72 96 120 144 168 192 216 240 264 288

B [A] Time/h
(b) B 4H 2 ORF728E A
Spleen ORF72 gene
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Marked different * indicates significant differences within groups( * P <0.05, % % P <0.01).
B4 ILEARREEREMRE. SARAD TK EEFF ORF72 EFERAHEXFIEFR

Fig.4 Comparison of relative expression of TK gene and ORF72 gene in

spleen and Kkidney tissues at different infection stages in two kinds of fish

3 ik

3.1 TK EF# ORF72 EFBEREELE
HAT TK 35 F1 ORF72 55 PR 2 % i 75
FIRFFE bR EHE P . SANFORD 281 i TK JE A
WFFEAS H , TK LR G2k 1 2 A0 3 % HLAT 52 il
Btk , I HA SRR P pf 2 oo gl 8L v AR i 2
SRS, TK JERE Ao 82 0 & P 2 g DA %
TR OR SRR iy A 7 R PR U R 0 B R, R U
TK 3& A LA b6 9 7 3% 36 & O i .
ORF72 3:HJ& T GIY-YIG ¥l N VI 0% , A it
g5 OV HEI H 5% 3 DNA (R A %, EiHae
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2 T R B R 95 W T K 5E R I
ORF72, 5 #fr K25 (1 45 40 55 o) g, 1 o 3k 1%
ORF72 JEP TP SEAE S 1 113 bp, % o B3
JiE B P& TCHNG 3 Fh R EE L. i
TG A S 2R [ R 0 FE B A A T
ARWFFE KB, TK FLRFI ORF72 JLH % &
AR 1k 7 2 A0 R X6 2k i R AR ], R A
24 ~144 h S F T, 144 ~ 288 h LB F %
G Hrp 144 h 5120 168 h AH L, 06 8 1 ik
HILF TR EMEZERIKF(P<0.05) . 2 HHEAE
144 h BRI R E R B i s (, Hak & 41 m
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AR F LA ], 605 2 76 14 N 3G 58 Fn Rk
ARt AR 2 v, FLAASX o 25 7 2F T P B8 B
BTG  MAE 144 h 2Z 5, HUAR L B 2R 24400
I BE 1) S8 1 BB A B d R R T, T A6 0 Tk s 2 1)
P WU A A A B TS DL HL#R
TK FEHF ORF72 F AEAS [RGB BOw 75 19 %
K, TR HZ I TK JEHITE 144 h AR ECHA
YL ) BT B35 22 5% (P <0.05) ,ORF72 kA
E 144 h i R A5 At J e s 300 HL A AR 3 22 S
(P<0.01),TK K5 F1 ORF72 J R 2 35 i il 3
AATA] (HE B A AN [, HED 2 A58 R AT
ANFFHIRE. ORF72 BRI LG TK He [ 35 1 25 5
K, UBA R ORF72 3 PAIF 5% 95 7 235 A5 A
3.2 BBHELAS CYHV3 FmHERIZEILER
WF5E A B, BRI G CyHV-3 J7E 28 24
B SR R REAG I B 1% 10, 3 B A Y
B R 2 4 R 9 K
ey 2 A EEARBEAL N AT LT
B R RER A R L
SR BN, R H AN TER TS Ak
HAHAMRIREN , EFHSRIEFTHMAL N E
R BR T B A, UL B R 20 B DUA
PEREIR T A, WRETH S REFTH, Kik
HLAE 2 3R 96 120,144 h B K% T #
FKF MAEEF 4 TK FEHFE 96 h (ORF72 %
RITE 96 h il 144 h #40 E VK- I &3k &
T 2 A 2H 2N B S 5 B T AEAE B 02
S, HoH R ZH 2R B AOCR SR, U e RE )
wen, R R — 25 F 5% 1 LA B2 400 B B 5
G TRV B TE A 92 5 B e vh A S BT LT, A
1117 A A S470 960 925 9 5 57 o b 18 T BE E  EL
fitlfo
3.3 EAEREEARSREEILER
UG R 5 e B PCR FEAR HL4R T
F, \F, Fy A & 005 56 PR 3 35 DL K 816 92
BRI FER IR . LA R AR, BT LS 0
BN ARG ¥, F, By, CyHV-3 i 3
BB F, BERTF, F,(P<0.05), #iH]
WEE LB R T R0 TR BE B4R &, e i Ak i 8
WREAR, By BIB0G ) HE SR IR E BB
AWFFELL By HREFER G, B 1 s L 4t
RMERE AR € o DHIE4s R BoR, 7E B 41

Hh ORF72 1 TK2 A~ JE DR 105 77 20 1A 7 4k
PR TARIET A, g ml L 7 2 06 9 7 A 3
] TR RGO T, LA 5 75 2 0k
R AE ST RE WU 75 RE T, DLW 16 75 %) B 47T
TG 1 ARCR, 1 F A RIS RE T
SRTAREE M. B E M MORET A2 4
YN ARAE A IKHE, 96 ~216 h,2 I
FORIRE] T A 22 5%, L AR RO B B
TR A B EYUE 2 R R PR RE A B T R 4R
5,216 hja, A S REFHILREES, I
BHTAEIREE . X TK BN, skl 5 Rk F 4
JELE LR E 96 ~ 168 h ) Wk 35 22 5 3Rk i
ORF72 BN ZUAE 96 ~216 h "B 4 ZU1E 96 ~
192 h 2259 385K, AR B R I 3 22 57 RK 5 7
SEN DN REAT K, Witk — B UL B ORF72 HEPR A6 5
VST TK B, DL ERER S SR, i F 4
SRE TR PERE R 1 F A5 2 1A B, UG
B F, il R EA B R DURTERE.
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Research on expression of virus in Cyprinid herpesvirus 3 ( CyHV-3) F,
disease resistant strains

SUN Jiaxin'*?, SHI Lianyu”, JIANG Xiaona’, LI Chitao’, GE Yanlong’, HU Xuesong’, ZHANG
Xiaofeng” , JIA Zhiying’

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University ,Shanghai 201306,
China; 2. Key Laboratory of Aquatic Genomics , Ministry of Agriculture and Rural Affairs, Heilongjiang River Fisheries Research

Institute , Harbin 150070 , Heilongjiang , China ; 3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding ,
Shanghai Ocean University ,Shanghai 201306, China )

Abstract; The new variety was bred to F,, and the disease resistance traits have reached stability. F, was
used as the experimental material, and TK and ORF72 were used as virus marker genes to analyze the
expression of F, ,a resistant strain of Cyprinus herpesvirus ( CyHV-3) ,in different stages of viral infection, to
investigate the effect of F, on disease resistance and its virus expression pattern from the perspective of virus
expression. The results showed that: The expression trends of spleen and kidney tissues of the two genes at
different infection stages were consistent, with an upward trend from 24 h to 144 h and a downward trend from
144 h to 288 h. The spleen and kidney of the unselected group and the kidney of the selected group were
significantly different at 144 h compared with other periods. The expression of both genes in spleen tissue was
lower than that in kidney tissue. The two genes in the breeding group and the non-breeding group were
significantly different between 96 h and 144 h,and the two genes in the breeding group were significantly
different at 96 h and 144 h in the ORF72 ,and the other periods were significantly different. The expression
levels of two genes in the breeding group were lower than those in the non-breeding group. The two genes in
spleen tissue were significantly different from 96 h to 168 h,and the ORF72 was also significantly different at
192 h and 216 h;the two genes in kidney tissue were significantly different from 96 h to 168 h; ORF72 was
also significantly different at 192 h. The above results show that the disease resistance of the selective group is
stronger than that of the non-selected group,in which the kidney tissue has better disease resistance than the
spleen,and the immune resistance of the selected kidney tissue is greatly improved. At present, no selective
breeding of other fisher has reached a stable stage in disease resistance. This study can provide important
guidance for other fishes in the study of viral expression.

Key words: mirror carp; Cyprinid herpesvirus 3 ; immune gene; viral expression
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