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Mo ASHFFELL JIA 22 54 CyHV-3 s 5 Wi
A1) e S AL Ty 53 By 22 57 3238 TLR18 \MyDS88 Fil
TRAF6 J: Nt IRFS F1 P65 K:[Hh H By L, 15
P2 LR A CyH V-3 e i F2 v iy 2 ik R
HANTHUR B T R F, AHSEAPURLE, LAY
HIRAWISE TLRs 7E CyHV-3 Bt K 4t 45 i 126
H & F, PORPLHR MBS IR 3 4 Hofth fa 24t
ok B AR B

U BPRS ik

1.1 ##

Firie FISEgR fa B s e & R F, =
BEEE T &R B0k At E KRR B R e T
ISR B T fa) K e . E AR R
JEAE S | A R ) St R AR RN 43
THIBIEE T J7 1515 2 AL F2 0 AR B 0t % 5%
FEARAP . AU FE 78 [ 4 Ak R ny SR
FFREH CyHV3 & F , kT 38 F, Byummike
FoE o
1.2 XRHERERKE

WAL JIA 52U S uh gy vk —80, 0k 4
o, WA GEB A S REEAL) SR (P E
SRWEEA) , HA S5 & AR R, B A
S5 ST 3RS WOM A B 4L R /K8, 76 B0 IR
YuJe , B0 48 /NI o3 IR A 4 A1 £ 1) JEUIEAT: i
(29 5% i

1.3 & RNA i2El5 ¢cDNA &5

* H QIAGEN RNA #& B 77 & ( RNeasy
lipid tissue mini kit ) #2HURE & B RNA, FJ Nanovue
TEE P E GRS I RNA e B, 1. 5% By B8 b
BERCR I RNA (i i, K RNA fifif7 T - 80 C
VKA o R RNA 0 sgialn) &b RNA ife sy
cDNA I AR 2 € 1R & 2K 76 B ¢DNA,
fitj52E RT-PCR ffi ],

1.4 LWH*E

K HSEmF 956 E # PCR (RT-PCR) £0A, LA
Beactin 1B IE I, 4B B25 CyHV-3 BRI
TLRIS .MyD88 F1 TRAF6 }; IRF5 1 P65 F&[H #H
XfFIA R BT SR 3 A REAS AR A W
HA,

i SYBR Green [ 54l & (FEHh
Bl Ultra SYBR Mixture ) 7£ Agilent Mx3005p ¢
JtE t PCR AR AT SN o A S5 e 9 51 49
By A TAEY) TR (Rl ) A IRA R4t 519 {5
B 1, RT-PCR A% % 20 pl:2 x Ulira
SYBR Mixture 10.5 pL, FiE5[#(10 wmol/L)0.
8 L, F U319 (10 wmol/L) 0. 8 wl., 46 [A 41
¢DNA 2 ul, ddH,0 %} £ % 20 pl. RT-PCR 72
J: AR 95 °C,30 5595 °C 78S s B A X C,
Bk 34 5,40 NG ER, U6 PR A5 R S, 25 i A
2£:95 °C,15 s;60 °C,1 min;95 C,15 s,

*1 SlMF73
Tab.1 Primers used in the present study
GIE7E2 S GenBank %5 3% 5 SIFAN(5'3") B &
Primers GenBank accession No. Sequences(5'-3") T,/C Application
F:CAAGTGTACCATCCCGAGCGTTG
PTLRIS MES79562. 1 R:GCACAGAAGCGTCAGAGCAAGG 61.5 RT-PCR
F:GGCATCCAAGCTAAGTGTAGA
) : o
PMyD88 HQ380208. 1 R.CCACGGGGTTTGTTGGATTC 62.5 RT-PCR
F:GGCATGCATGCTACGTGTAGG .
PTRAF6 HM535646. 1 R.CCACGCCCTATGTCGGTTTG 62.0 RT-PCR
S F:CGCTAAGGTGGAGGACCAGGTTA
PIRES Kp979609. 1 R:TTAGGTTCCATTGTGCTGCGTTCA 61.5 RT-PCR
F.TTCGCTACAGCCCGGAAACT .
P-P65 MN167531.1 R.GTACGGATGGCCTTGGGACA 61.0 RT-PCR
, F: GCCGTGACCTGACTGACTACCT
p-actin M24113.1 R: GCCACATAGCAGAGCTTCTCCTTG 61.0 RT-PCR
1.5 HEHH IR RS A R B AT ST 0 b, 22 5 LR

{1 2% J5 i H 5 RT-PCR S5 50 8041 75
HYAE X 3k &, >R A SPSS 19.0 A1 Graphpad 8.0

K JH One-way ANOVA Fll ¢ K560 7347 , 45 RAELSS LA
P <0.05 J2ER HA G,
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2.1 TLRIS BEREARFBREM KRR MALEE
RIEEFE R

1E CyHV-3 J& G5 A A B Bt , TLR18 J& P 3%
BRI ETHA TR TP B JF AL 48 h k3
THeE . WK 1 (a) s, RIEFHAE4 h 50
h .96 h AH HLIA B 3% 22 5% (P <0.001) ,££ 96 h
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0 48 144 192 240 288
BTIEH Time/h

(a) RIBBHTLRISEF Non-breeding strain TLRIS gene

15

AN RIAE
Relative Expression
[$)]

0 48 96

5 144 h IR FIMR B2 2250 (P <0.01) 5 4nfal 1
(b) Fi7s , EH414E 48 h 50 h .96 h A HLI%ik 3]
w225 (P <0.001),

FEPI4L A ], WAL 1 (e) BraR, 16K BUEE Al
CyHV-3 Y5, i § AT RIEF A, I £ 0
h .48 h A FH 5% 25 (P <0.001) ,7E 96 h 240
h 288 hiAFI M B E 25 (P <0.01), 7 144 h,
192 h KF|EE 2T (P <0.05)

ek kkk

> [=})

X RIEE
Relative Expression
[\]

L] ﬁl‘llllﬁﬁ

0 48 192 240 288
B'J'IE] Tlme/h
(b) EEHTLRISERF Breeding strain TLRI8 gene

=& F4H Breeding stain
10 j m REFH Non-breeding stain

144 192 240 288
iFE] Time/h
(c) TLRIS¥:[K TLRI8 gene

FRiC * FRANFTE B EMEER( # P<0.05, % % P<0.01,  * * P<0.001),
The different * indicate significant differences within groups ( * P <0.05, * % P <0.01, % % %= P <0.001).

1 FEBEREMEREFAEE TLRIS EEHENRESEER

Fig.1 TLRIS8 relative expression levels of fish at different infection stages and between two groups

2.2 #3LEH MyDSS R EBi{k TRAF6 EE
AE LM R AEE EENRIEEFER

16 CyHV-3 J& YL J5 A6 B B, anf&l 2 (a) (2
(¢) 7R RIET 4H MyD88 5 TRAF6 K7, 7£ 0 h
5548 h AL ETH&H, 435035 Bk W35 22 55
(P<0.01)fIEE#EF(P<0.05) ;7 48 h 596
h AL T R #, 3 lis 3] P <0.01 5 P <
0.001 4% & 2% 5 7F 96 h 5 144 h fH [, MyDSS
HERETREER, KB R EER(P<0.05),
TRAF6 JE & FTHEH, ik B 22 7 (P <
0.001) ;7E 144 h 5 192 h L4 2 T REEH,
MyD88 H KA B 7% 22 5% (P <0.01) , TRAF6
FERTOZE 516 192 h 5 240 h AHEH 2 ETHE
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POHREIBEZET(P<0.05) 5k E#HxER
(P <0.01);7F 240 h 5 288 h #H [, MyD8S }:[H
& FFHaRGR | 22 5 (P <0.05) , TRAF6 %
PR B Ak B 2 25 5 (P <0.001)

mEl 2 (b).2(d) fis: & H 4 MyDS8 5
TRAF6 J:H ,7E0 h 5 48 h AL 2 B F-#a#, 1
IRBIR R 22 5 (P <0.01) ;7E48 h 596 h #H It
PR TREBE, AR EEZER(P<0.05)5
W iE 2% 5 (P <0.001) ;7E 96 ~ 192 h,MyDS8 3
R R A Hs B 3 22 5 (P < 0.001)
TRAF6 J:R JC 25 5784k 7 192 h 5 240 h 4Lk
PIE BT MyDSS JEH R BIH 8.3 25 5% (P <
0.001) ,TRAF6 JEPH AR E| 2 FAKF;7E240 h 5
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288 h AfIEL, MyDS8 JEIN &t BT S IFRFIEE BEER(P<0.05),
ZE5# (P <0.05) , TRAF6 K[ 52 [ ¥ Hak 2|

2.5 . 4
§ i1 § i
= 2.0} = 3
1 o 1 o
HE L5f Qe 2
<2 1.0} <2
Eg EZ 03
& 5
z 0.5 < 0.2
* R ﬁ
0 0
96 144 192 240 288 192 240 288
Ff 18 Time/h E‘J‘]ET] T1me/h
(a) AEEHMyDSSERE Non-breeding strain MyD88 gene (b) EEHMyD8SE:ER Breeding strain MyD88 gene
L5p M 10 -
: T s 3
() L (9]
£ E 1.0 £ 9
e I ga)
B -ERY
Z05] 303 B
3 2 0.2 ﬁ
& €01
0 48 144 192 240 288 0 48 96 144 192 240 288
HTIETI Time/h i) Time/h
(c) KRiEEHTRAF6EERH Non—breeding strain TRAF6 gene (d) % B TRAF6HH Breeding strain TRAF6 gene

ric « FoRHNGIERENZER(*P<0.05, % *P<0.01, % % * P <0.001),
The different * indicate significant differences within groups ( * P <0.05, * * P <0.01, * % * P <0.001).

B2 AEREEMER MyDS8 5 TRAF6 EFEEXFRiLEFER
Fig.2 Relative expression levels of MyD88 and TRAF6 at different stages of CyHV-3 infection

WE 3(a) 3(b) frn, fEP L falE] MyDSS & <P<0 05) ;7 144 ~288 h EHFHM T RIEF
TRAF6 3£, 760 ~96 h e F & FARET 41, 20, Horhr MyD8S JEHAE 144 h 240 h % 288 h ik
o . MyD88 FEHTE 0 ~96 h iK% T B % 2 F @JE%%#(F <0.05) ,TRAF6 F:HTE 144 h 240
(P<0.01),TRAF6 JEHZEO0 h 48 h A% THE  hAFEEXESF(P<0.05),

F2H (P <0.001),7£96 h K5 TR #EHER

i

—

= B A Breeding stain
i m CRiEFEH Non-breeding stain

= % E 4 Breeding stain
- FKik B Non-breeding stain

»—aww»&

Fkek

S IO wOo
—

HNREE
Relative Expression
=

HMRIER
Relative Expression

0.4}
0.2} 0.5 p .
. 0 48 96 144 192 240 288 0 0 48 96 144 192 240 288
18 Time/h B} 1E) Time/h
(a) MyDSSEEER MyD88 gene (b) TRAF6X:[N TRAF6 gene

FRIC # FORANIAAERE MRS (= P <0.05, % # P<0.01, * * %P <0.001),
The different * indicate significant differences within groups ( * P <0.05, * * P <0.01, * % * P <0.001).

3 EBASRKIEEE MyDS8 5 TRAF6 EFEEXRZEFR
Fig.3 Relative expression levels of MyD88 and TRAF6 in breeding and non-breeding strain
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2.3 TiEBETF IRF5 5 P65 EEEARE REEH
BRFHEEEEMNRIEIEER

fE CyHV-3 JR YL J5 R [F B B, il 4 (a) (4
() Fim: REHU IRF5 5 P65 3,70 h 5
48 h HHEE 34 2 B TF e, 73 )ik B4k 2 2 2%
(P<0.01)fillg 225 (P <0.05);7£ 48 h 5 96
h FHEE ) SRS, Horik 3] P <0.001 &5
P<0.014 25255 /£ 96 h 5 144 h AL, IRFS
R BT S BHIFE R B 255 (P <0.05), P65
FERTC2 78 144 h 5192 h AL 2 TR &
POIRFS FER TG 22 5, P65 BEA IR B 8 35 25 7+
(P<0.01) ;7 192 h 5240 h A1, IRFS 3L i
FE TR, BB 2 5% (P <0.001), P65 JFE[H
T, IR 25 5 (P <0.01) 578 240 h

8 M
§ 6t —
@  4r
gg ! (!
A L = —_ e
-19,—(.“,0.5- m
Bz 04
Eg-g' M
e Var

o1t []

0 48 96 144 192 240 288
B8] Time/h
(a) REFHHIRFER Non-breeding strain IRF5 gene

3¢ __—

w2
X 8
®aS | w
75‘?'3 [
za | e == (|

]

<R L =] 1

05t =
0 48 96 144 192 240 288

i) Time/h
(c) FREBEHP65EH Non-breeding strain P65 gene

HAXTRER

FAXRIER

5288 h A LI IR 2 T B, 43 ik 20 Ak
F2EF(P<0.001) fiEgFEER(P<0.05),
mEl4(b) 4(d) iR : LB 41 IRFS 5 P65
L 7E 0 h 548 h AL, IRFS JEH 2 FTH s,
IFRFIN B #E 25 (P <0.001) , P65 BN
Feash, k3B %22 5% (P <0.05) ;76 48 h 5 96
h A7 L3S 2R RS, 3k 8] P <0.001 5 P <
0.01 BB E 25576 96 h 5 144 h AHIL, IRFS K&
R TREEE IR B 2% (P <0.01),
P65 FEF R BT BRI B E 25 (P <0.05);
fE144 ~240 h, B RIE TR LI IRFS 5
G 3 22 57, P65 LR 43 ik 3] P <0.001 5
P <0.01 #¢ {8 325 5 ;76 240 h 5288 h AH LI 5
TR, R R 25 (P <0.05)

150 e
o
- 100 =
3
E" 50
&
o 3 ”
’,g 2 |
3 "
Halln, e
0 | e I —— I__I__I r—
0 48 9% 144 192 240 288
FF1E] Time/h
(b) EEHIRFSHEE Breeding strain IRF5 gene
1.5
§ 1
2 10 .
g /i o
B ; i
2 05 L
2 0.3 . e
< 0.2 i
= 0.1
. =]
0 48 9% 144 192 240 288

i} 1E) Time/h
(d) EBEHP65%RF Breeding strain P65 gene

Fric « FoRH NAFAE R FHPEZE (% P<0.05, P <0.01, % * % P<0.001),
The different * indicate significant differences with in groups ( # P <0.05, # # P <0.01, * * * P <0.001).

El4 CyHV-3 BEAEME IRFS 5 P65 BEREXRIEZEFSR
Fig.4 Relative expression levels of IRF5 and P65 at different stages of CyHV-3 infection

& 5 (a) S(b) P PidifaE], 76 0 h RIL
BRI IRFS BN R F AR T R F A, P6S
FEIN S AR B, PR Ik 3% 22 5+ (P <0.01) 51X
BERYYS  IRFS FEINTE 48 .96 h Ik H A B ¥ & T
REFUL(P <0.05), 75 144 192 h S H A B #
RTAREFH (P <0.05), £ 240,288 h 7 41
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s TOAREE AL, AR 2 (P <0.05) 5
& 225 (P <0.001) ;P65 JFENAEHCRE e nd
FErp , REEFAI R TEE, I 48 ~192 h ik
PR 225 (P <0.01) , 75 240 ~288 h K| 2
H2ER(P<0.05),
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200 =3 B4 Breeding stain
150 | . m CRiEEZH Non-breeding stain

100 f ’ll-

kR

HNRIEE
Relative Expression
=
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0 48 9% 144 192 240 288
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(a) IRF5E:H IRF5 gene

£ B
o o o1 o
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ﬂ.L S FLI -

0 48 96 144 192 240 288
FF1E] Time/h
(b) P565:(H P56 gene

M RER
Relative Expression
e = =

e e
S = DN

Frid « R NFFFAER FTEZE R (+ P<0.05, P <0.01, % * P <0.001),
The different * indicate significant differences with in groups ( # P <0.05, % % P <0.01, % * % P <0.001).

ES5 @EEASKIEEHIRFS 5 P65 ERBIFRIEEFER

Fig.5 Relative expression levels of JRF5 and P65 in breeding strain and non-breeding strain

3 e

TLRs J& T4 217 51 32 {4 ( Pattern-recognition
receptors, PRRs) , 7E 55 K G 3% S b o HAT FEL
YEM . BR TLR2/3/4 i it A K MyD88 i% 12 2
GiE 5 AN, Hiflh TLRs M58 14 MyD88 #&4%
HEAT A5 5 8 S, e K i MyD88 & 42 +h,
MyD88 FEHA] LLFH 55 TRAF6 FE[H , I J5 8 T
Jit NF-xB fil/5 IRFs W2 5F55#FH SR
JER TR T BT 7= A, e AR B A 5
FPER R . HFT 6T TLRIS He R e 41 Ik
et B 4 X 2 B B SR B, (H#E CyH V-3 J&k
G T v Y G g R T AR A B AR

AT R Bt TLRIS 3k RAR A 32 1k
1E5% GCRV JRYLJE 78K B Ml 40h B 3% 1,
TERRAE L2 p H i 25 A, B LPS H 35,
TLRIS JE[H Fe ikt i 7" . Mt TLRIS 3t
PR LBEBR R IR YL 5 , TE AN R L 4 () ik A
SRR, AT SE R TLRIS LM % 5 2%
FHSEAE I o AN S PR B 1 %7 CyHV -3 JE i
J&  AERLAR L 20 i TLRIS 35 PR AH N 38 1k 1 2 50
ThiJa B T 7 R i b 3, EL7E oA o0 Ik e
I, REF L TLRIS FEPRI AN ik il 8 2 /T
VEH UL (P <0.001) , #EM TLRI8 3£ H 5 CyHV-3

MyD88 5 TRAF6 3L IHJ& T TLRs FKJG A 71 11
Aoy 7, TR AL h W b, TRAFG LR (1) B
R FEARA MyD88 312 1) TLRs {5538 f& 2k
W FEARE T Rk FEp A
Kb, MyD88 3E[H ) TRAF6 LK B 29l iE 55
7E TLRs 56K g Fie b B BB MR

[FIFETE 2, MyD8S SE K5 TRAF6 S [H A5 it
AR Y Ho 22 B 78 v & #E FE ZEVE F, H7E TLRs
R G 28 107 285 BT Hh LA A T s ke g 1 0
ABFFE K, 16 W 4 fa 2% e CyHV-3 B,
MyD88 \TRAF6 FEHARXS Fib mAFE F A3
FETAREEA, DAL R 258 BT %
It T FRp a7 48 h iK% T i . H
SHCHED 8 TLRIS FE A ] fgil i MyDSS H:[H 354
TRAF6 3£ 255 CyHV -3 JEYe 1 6 K s v i
o

£ TLRs-MyD88-TRAF6 38 1% 4 # 15 J , v #%
1% T Ui IRFs Fl/8% NF-kB 7 A= 4005 B S0 A1/ 5X
RIS GHUARI AT . IRFS 3K & IRFs
FR R Y PeS Sk & NF-«B Y 45 &
0 B RO RO R S RO
A AT EEER . AR BZ CyHV-3 J&
YeJ , IRFS JEDAR R 6 1 RE7E P4t P 2 5L S T
1 e BRI VK R SRR ka3, IR AE 48 h 35 3 i
&, PeS FEFAXT R BEERFTAT RS E
FEARIF IR BRI IR /K- ka3 IFAE 48 h ik 3] T
e, MAEEE 4 P65 SEAEX Rk | 2T
KT e Mk 2 32000 ik 22 S i a5 R ZE ML B K
AR IR R . HEMAE CyHV-3 &Ry o) 2
R B A RRIE B AL IRFS LR 930S , 5
S 5HETE N, T 7 NF-kB {553 i, ik
B 3 BOE , M 7EE T 4L+, NF-«B {5 5l
BEARBMGE . AHESE Fe W G g KL D ) A8k 25
S I &3 o 1 B MLAAR 1) G 38 iy 25 B Sl s
JIA 2PV BRFR45 B R, W2 7 CyHV -3 g
Ja  ARTEE A R R B s Tk A AL,
VR TE & 47 A= 5 ™ 3 1 S R, WE & 4
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Fﬁﬁzyﬁﬁﬁkr}i ﬂﬂiﬁﬁéﬂ%t%{*&i% participation in the NF-«B signaling pathway [ J]. Fish &

mTEELL, I TE 144 h BB E . ADFR LS
SRR L 0 A R O YL B, IRFS FEPRUAR )
KR EEEFTHA PR TRETA, IFR8 T 5
X (P<0.01),M7E48 h 96 h, ¥EH H %
RERMETFRETH, HEHBEER(P<
0.05) ;P65 JEPRAHXS B 5 BR 0 h B8 & 4 Pl
FRmTRIEFHIN(P <0.01) , HAEHH L
TAREFHIFIRF2EFKF. HENTE CyHV-3 &
Yot b SRR b S F AR R F A1
e KA et BE S F TRFS 3 B P2 A B 25 19 3
FETT AR AN, W] B oK 18 B 2803k 7 4 i NF-kB
{5538 6 7 A 2B R )™ I SRORE RN, 3X T g SR TR
BB T A o AR PRt =
25 b, A S5 7E BE KO b A ) R
CyHV-3 i #&rf TLRI18 FE N8 27 MyD8S J[F 45 5%
TRAF6 JER G e IRFS5 J5 PR35 B 75 14 [ st
WG NF-«B {5530 B LA A RAE N, B H
R B AL IRFS KL H 7 AP0 5 1 1 72
FOARRAN, AR F 4 ik B 4L ) NF-«B {55
A 7 A T Y R AE R . AIFIE A5 RN IR
TS T 3K B AAENUAR B B KT P8 R
JEE N A R R O CyH V-3 470 1P 10 3 i, 3 g 0 —
HFFE I B A PURLE B F28 TLRs 7695 5 Bk e

H AR DGR IA R M5 5 e AR IS AR

S 30k
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Expression pattern and related signal pathway of TLRI18 in CyHV-3 infection
of cyprinid carp

REN Wanying' ", JIANG Xiaona®, GE Yanlong”, TIAN Lijing’, LI Yan®, LI Chitao®, TIAN Jingwen’, HU
Xuesong”, SHI Xiaodan®, SHI Lianyu®, 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 expression patterns of TLRIS, MyD88, and corresponding ligand TRAF6, downstream factor
IRF5, and P65 in spleen tissues of breeding strain F, and German mirror carp were determined by RT-PCR.
The difference of related genes in disease resistance mechanism between breeding strain F, and German mirror
carp was analyzed. The results show: the expression of TLRIS, MyD8S, TRAF6, and IRF5 showed the same
trend between the two groups, which increased first, then decreased and stabilized, and reached the highest
at 48 h, while the relative expression of P65 in non-breeding strain increased first, then decreased and
recovered to the initial level, and reached the highest at 48 h. In breeding strain, the expression trend
decreased and then recovered to the initial level. The relative expression of TLRI8 and IRF5 in breeding
strain was significantly lower than that in the non-breeding strain without CyHV-3 infection. The relative
expression levels of MyD88, TRAF6, and P65 in breeding strain were significantly higher than those in non-
breeding strain. At the early stage of CyHV-3 infection, the relative expression levels of TLRI8 and P65 in
breeding strain were significantly lower than those in non-breeding strain, while the relative expression levels
of MyD8S, TRAF6, and IRF5 in breeding strain were significantly higher than those in non-breeding strain. It
is speculated that during CyHV-3 infection, TLRI8 generateed IRF5 by binding to TRAF6 through the MyDS8S8
pathway, which cleared the virus and activated the NF-kB signaling pathway to produce inflammatory factors.
In breeding strain, more IRF5 was produced and the NF-kB signaling pathway was not significantly activated
to resist the virus. This result may be related to breeding. These results not only verified the improvement of
CyHV-3 resistance in breeding strain in the body basic condition and innate immunity but also laid a
foundation for further study of the role of fish TLRs in the process of virus infection and related signaling
pathways.

Key words: common carp; TLRI8; CyHV-3; breeding
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