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HRX, AEAR, Ix4, FHE",
SER, & @', Fax'”
(LR A K2, IR AR oK RIER A TREEAR TG, W K 410128;
2. 7K e A A AR 7 U R A B R BT R, TR E AR 415000)

WE: Y HEAGCRVEFEHH R RN EEaFARAREFR % KEF(gM. C3.
LSZ) % 3k e V£ BRI 2 3 2 i, & A ELISA. Rt-qPCRZE J7 3k 40 Il 7 ¥ & £ A 7 7740 d
FEEE, BALK. FRENAXENBBK AR Y @3M 2B FHEAFEEREE X
EAF. FREFR, AGCRVEF LR U A AN EEA T RAMR. EHEMR R4 & H &
IgMEEEREHEZEG T HRAHE. TRENEF, 288 B Z L& &IgME A F &
ATP&E, M5B ALFERFEAEERNK, AZBEIFRFTEIHR AN, LHh4
MR ETCIFLSZW R A E AL F e T R4, 241 & F1gM. C3IfLSZE g 1y 7&
MATFHAEREHT, RERLEEETREATNAY, AN EHEE3E % AL H K& EH
AAFRCIFLSZE A ER K FHE Fd T B A, LRARAZE INIgMIERE B x
KARFEREA, LRARAENNBANIAE. MN24hBEH K E30 8 AL H &
B, ERACIHENKAARTEERG T HRA. AWAMEIhERHNE, TR
LSZHERA kA K FREGTHEL. TRA2A R EEMKE. LG, BELA R PIgMERE
kB EHRERTHRYA,; REGCRVEFE, ERAATREHCRKTHREAR TR
BGR). HARENHBERAZTEESRTRELE, I FRED — 282 EH £ER

FEA.

KEIE: £ 4, GCRV; HFRE4Z; BMAH;, 4 RAET

FESES:S941.41

BEPE M G 2 48 o BRI BT A% 38 45
B e Re I3, o S HE B W v B PR S R A
SECAH M URA, A FL SRR IR M PR AT 22 iR
FFL A% 6 5 IR IG F) AR AR, OF R ¥ e e R
FERY; SRR EBUR O] R IE A B &
G B RO S A AR BRI S
N4y Bk 2 I M(immunoglobulin M, IgM)®! | #MA&
7 F(complement, C)'*7 | ¥ & i (lysozyme,
LSZ)MHIEE S F (lectin)™ ., 38 48 928 1 H0 928 7 T 14k 1
AL, U1K ZZBF(Scophthalmus maximus)'

Wi HHEA: 2016-12-19 &R HHA: 2017-04-18
BT : BACRO = b B AR Ak R 8 %% 101 (CARS-46-42)

ERFRERRD: A

B3 W2 6% (Labeo rohita)'", % HE ffi(Oreochromis
mossambicus)'” . 43k W] (Sparus aurata)"'% , HE
b 25 B i B R G D Y 3R Ak K IR AL B 45
JE ARG JF R 0 S BEJE M S e A 5 DAL BR o AR
WyURRE I R EENEFMFRZ —

Wi Af (Ctenopharyngodon idella) 2 3% [E KR
IKHEFRGE R, R F M, Hodh LR AR
I 7 (grass carp reovirus, GCRV)EGe S 1Y H 1fiL
Joa fe M o U, AR AR 20 A R R,
JUE 2T R SRl i A Y X B A T
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GCRVAH LM sE i & BL, I HGCRVIIE B
o R R S, RSP IgM
C3HEN A FRIKFILSZ . C3WH PR /K - i 3 1 T %)
4, UL R E N T2 5 T AT GCRVIE
Pl G e O AP R T ERE T L
ERA M Z et E LR, KRMBGCRVIEEN
) A2 20 BRI, X — PR R 42 i B F T4
T e i B JE M e F oY TAE . B, LBk
B A 25 UL I R IR g £F 4 T (Cytophaga colum-
naris) X} H A ) BEIR R ST, UESE T BESE BT
WREAR ] A 38 o HER X BT £ GCR VI 1 A B 5Pk
G SREHIF 5T i A DL 43

BT LR R RN T2 5 ®AaPiGCRVAR
PE N RN fa 2 BE R e e I LAl L ST AL
i i GCRV 55 B 952 1 A 8 7 Hij 40 diy 55 REA
F A I A BRI S TR R E B Beh
3P E R T B 2R G R AL R AR, B
Tl T SR 4 5 0 IR B s 22 ROR AR
GCRV 55 5 22 1 VB Pt e idE A7 B PR M G 9 19
LT . MR IE 45 S o G s TR 19 s AR AL
10 T T G e B R PR AR BEORL O SR B R A,
£ 2 3 T REJR PR G B (B0 B R AR ST 4R AL SR

1 MRS IE

L1 SEREMR

S FIF £ 28 AR A AT e O A S Tl
Oy BENA IR VLRl S A5 54 (9.0+1.0) kg
A IS 55 B B0 A b E K TR A B AR B
BRVTIK =058 i o /NPT B fa TgM p B L Se R T
A Hr o B2 B K AR A ) BE 5 T S O O DR
% ; GCRV 1068 ¥k H it [E 7K 7= Bl 2 1 5% B 4 71
IR ARG T G A L Ao D1 FR AR

1.2 E&aBARFESE

TE B 102 fa B LM e s i b B,
SR N RRRME e S IR o, SREONXTIRL . fiFe
40 d, S50 20 550 AR AHE0.5 mL/kg ) i T i e
T SR £ HY 005 589 T E V(R TR K 1L 0.65%4: B
EROKFRRE); Xt R 4 B A R AR U S AR ) o AR B R
Ko 28H A Y B AT AR IO B, TR AR SR
iz BEAA I 1 2% 4% M 2 55 ¥ (Lolium perenne) I . £f1
SEARFLA RGP RRE, WIR).

1.3 ¥EAXE~ARFRIES
AN SRR TR0 RS, S0 2 RN IR

A AR MAT S 55 o R R AR
KA, BT EN TS A Z G0, S0
YRR RE AL 32K U0 4y e Ak, X 3~15 H i fa f 4%
WG TR B G, 15 H S IS £0 1 TR R
CRAbA R, dbat). 28 W 0T = AR K
TR FY A, KR HITEQ28+1) °C, ik
5 £ 2% LU 5] 45 W AL 3 e £ R

14 SAMR. FREMERESBFRRE

5 FH S mL RS — Yk T 5 2 R 4R 52 56 4 AN
Xif BEA vp 7= O BEAS B ) R R K L, R
KefEa mLo FH T 28O0 o Jk PR 3R 25 A6 I A 1 v
FEM WAL FH T A B A AL 48 BRI %2 A9 1
WHE S T80 CCUKFIIRAT o SRAE S50 41 FHX R ZH
AN . SZHEON . 3 h(EEY) . 6 h(F ATk
W, 12 h(Fh L)) . 24 h(EFETE A . 36 h(ii
BEAEAL ) . 3 dOKAE). 5 d(UP BB L WK AE)
14 d(Z4F)F128 d(E )R il o B 20 Bl AIL 36 B 54
AR S fa i, B B B ol i ) A SR 3 AR W 2
HEREBE . BTSSR, BT E
JR BRI, FROKE R Z RGN . 6h, 12 h,
24 WIRIGHRE S 14 d. 28 A1 53 S 54N TC A% R it
SJHE (Bertin, 1 D) S AF L, A I AL
SAESEA IN KE ARG T, BIARA
TRAF

L5 RERETFIEMEEN

IgM7& 448 ) B ERIR G . 4B Boke
i, BRI 1% DEPCAL B 4 3~ 5 M % BF B
Bk, FIE50 mg : 500 pLEL I fin A 1xPBS, fii Ff 34
X (Bertin, :[E)4000 r/min, 10 s/¥ )3 31K,
SIMAES °C R 10 000xgE5 0310 min, WesE L
W, SRR SSRGS RA N U o R BRI T
PE LT AR & o 7 ez I S 55 20 RN X IR 4 B A i
. SRR BOAE S, . G ke B W IgME A
&, %1 2 4000 L Bl R B IgM—HT TAEWL, LA
100 pL/ALE#E T REbRAR (BT, £ ), 4°CIEH
B BVEBEERAE)G NS0 LA M RE 5, 37 °CHiF
B30 min, #4250 pL/ALINA BAR i 2 AL S AR il
B L 2E TN B IgM i, 37 °CH¥E 30 min, FHIK
VERAE S 50 pL TMB & 0 %) (1 1, 3%
), #1115 min, S50 pL 2 mol/LAYH,SO,
Yk N . il AR (Thermo, 3% )T 450 nm
WK I i 45 R S FLODAE .

C37E M4 ) FH A C 346 3 771 & (B
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FIRRE, WiiL), T G b ph el a2 bR R i
C3M I ME . #5250 uLAH R AR 52.5 nL A M AE i
R4, 37°CHEE 10 min, VKAWL ILN, BibR
X340 nm F ARG OGAE ; PL2.5 pnLZ&MH /K (Mili-
QYRR FE S AE R 25 X HE o AR 48 b o i WO
JE 2 bR AE 2P A C3 o &

LSZi% P46 | o8 FH 5 AT I R B (e o
A I 2 A A LS ZiE M o K200 WL i FH TR RN
20 uLAFIEE SR A, 37 °CIFE 15 min, vK/KIA3 min
J&i F530 nmAb i 7 W BE (R . 43 5 ZE R K RN
2.5 pg/mLi B B bR o a1 RS R 5 1 R s xR
FARAESL L, FFETHFRE S FL AN bR o i FLIB G R
1.6 REBEEEFZIESH

RNA#R IR 5 cDNA % — 4k & 5%, 5359 [ BF
RN BB . G . G BOE s R
T A 1% DEPCAL 3 (1) 3~5%7 Fig %2 BF B Bk F1600 uL
Buffer RLZf# Wk (TaKaRa, Ki%), f# LA
I, 4500 r/min, 10 s/ARAIIIR . 21w faFliAL
PEH R G AT A B R B OF £ OB . (5 . Sk
B 29100 mg, ~FATHGHHAE, b3 J7 i [ BEA O
TSRS o $2 B Mini BEST Universal RNAfH #21
& (TaKaRa, Kif)FRAEZORIZHCARNA, JIfH
Recombinant Dnase 122 B 5 R 41 DNA, i 5 5l
PR IR AR AT 1 RNAKE 5 LA SAS R AT IR &
fili A% 2 5 H A (Eppendorf, FE ) HI1% B bl
BE UK A RNA W B 5 528 . Al
RevertAid™ First Strand cDNA& il iR 57 & (Thermo,
2% E)AE B —BEcDNA,

% K E ZFPCRYT R ¥ GenBank {7 BL 1
IgM. C3MLSZIEN P, & M Primer 6.03K {41
THREEESIYI(EFED. i HCFX96 Touch™ Real-
time PCR{Y (Bio-Rad, &) #1750} 22 & PCR,
WK Z . SYBR Green 19¢ . Y4kl (TaKaRa, K
#)10 uL, 10 umol/L5|#14-0.4 uL, k2055
() cDNAREAR9.2 nLo J I 55 fF: 95.0 °CTHA: ¥
30s; 95°C5s. 60°C40s, H40MEH, K
W £E 043 #7 ¥4 4 FH CFX manager software 3.1(Bio-
Rad, FE[E), KA 25 B i 2 aaCr )y ik
8, R p-actinff 2% F3IH

1.7 GCRVE:EM AR E &N REEETRIEADHT

VI FaRszugeH . XRRA 2 AW Al
PR SCIGZH RN X FR AL 43 S SR 1208 f, B2
H570.2 mL GCRVIR R - B4 B AL BE B30

http://www.scxuebao.cn

*1 KMRFABSIHFT

Tab.1 Primers used in this study

ElEY 5151 53"

primer name primer sequence 5'-3’
IgM-F TGGTCATCAGGTGGCAAAT
IgM-R GCGGCTGTCTTCCATTCTT
lysozyme-F TTCGACAGCAAAACAGGACAACT
lysozyme-R GATATGATGGCAGCAATCACAGC
C3-F AATACGCCATTCCTGAGGTTTCC
C3-R CTTCCACCATTTCACTGCCACTT
Actin-F GCTATGTGGCTCTTGACTTCG
Actin-R GGGCACCTGAACCTCTCATT

T ARG LR, Fre2 B WS & fsET:
T, A TR AY 1 90 B fa FH T 58 i E 40T
I3 R AR S A A B2 T ST GCRVF 0, 6. 12,
24, 48, 72H196 hity AT 5 3k B 4 2129100 mg
(BEAN B TE] 5 B LR B3 R AR SIR A, AT ER
3. FERTIR T EE IR BUBRNA, &l cDNASE —4%
I Pt E S PCRAG I IgM . C3. LSZIEH 3%
kIR

1.8 BUIESDH

H] I SPSS Statistics 19.04% 4 347 2H R 5478 14
B % J7 2% (One-Way ANOVA)Y 41, I F1] 1 Graph-
Pad Prism 6414 X 545 40 M 25 SRAE K

2 4

21 EaBANGERERFEAEESER
FRIBIKFE

XoF 28 FE AL I 55 BE RE T Ho RE 1Y S5 4 A
B AR K T S 45 50 AR B R K 0 0 R 2 £ R
A MLEHRE fHIgM . C3RILSZ A H I M L SE T &
IR AKSE AT TR I K o Ay o B AR I 55 BE RE
MR EANARNS, W IgM. C3HLSZIHE
SRR R e O SN =l aD O DIV e = R VR TR
(P<0.05), 55 T72.5. 1.9f13.0f% (K 1-2),
SCIG 2 ML WRRE S IgM . C3FTLSZIP) 3 PF 3 35 7K
SEJR B 2 T R ZH (P<0.05), FEK 2k KE )
AT 2.5, 2.2F13.0f% (& 1-b)

22 ERRS54&EAIgM. C3FILSZERAE M

S5 21 e LR iR 5 4 £ 301 4% B Bl TgMER
PR 2 18 7K P 249 25 iy 1 0T 62 X I A it 1) 2
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=3 X841 control group 3 4 control group
amm 404 experimental group 52554 experimental group
1000 7 * s
800 ° 121 *
3g 7 J }LL) ’ -
a8 g
EE 400+ 2.2
2= 207 L
=3 151 * gy "
2E 254
£3 10 £z
* 52
57 o *
0 0
1 2 3 1 2 3
 REET REET
immune factors immune factors
(a) (b)

1 E&8AMRIMEEEFERFEMERRIEKF
(@FAIEM: 1.IgM. 2.C3. 3.LSZ; (b)FEREIX: 1.IgM. 2.C3. 3.LSZ; * T3 M%7 (P<0.05); meantSD, F[A
Fig. 1 The protein activity and gene expression level of three immune factors in the maternal blood of C. idella

(a) protein activity: 1. IgM, 2. C3, 3. LSZ; (b)gene expression: 1. IgM, 2. C3, 3. LSZ; *. significant differences (P<0.05); mean+SD, the same below

7K (P<0.05). 220 45 B B A i IgMAR 1 1) 3% FeJa LIHRa3A, MBIAN N 23 H # K 16)SL 50 241
BOKFRIET A BT . MIRAMEE RS C3IRMILSZE 1 IE MK T 24 8 35 w5 T X R 2
P LL28 H W (2 AE)FE il IgMAR 11 1Y R 35 K F (P<0.05)(2).

fem, TXIFES H i (U9 55 48 3 ¢ WK 26 )RE & v .
kTR izés(aﬁ%(ﬁﬁ), O — 23 RS 4h@EEIIeM. C3FILSZERERIAKTE
PE VO P55 1Y) S 06 £ A0 TR TgMER 14 /K F Sk X R S 21 T BR 4 Hh g M TR 3638 7KW % %
2. 745, e T-CIMLSZAE LI ANt 4] AW E M E A, Sk 2B TERE LI B
WIS 2 @ s PE AR e Bk B RET BRI =R L E 6 h(R I IR I )45 Wy BERE fh IgM

#*2 EaBRHRKKRSS&EIgM,. C3ALSZERE M
Tab.2 The IgM, C3 and LSZ protein activity in early embryo stages and larvae fish of C. idella

IgM/(ng/mL) C3/(g/L) LSZ/(pg/mL)
pagiiEil SEEGAA xf 2 AR ZH payiieicl A
control group experimental group control group experimental group control group experimental group
EC 0.60+0.17 1.3840.13 0.24+0.02 0.53+0.02" 1.5240.15 2.95+0.22"
FE 0.54+0.16 1.14£0.10° 0.23+0.01 0.47+0.03" 1.50+0.04 2.86+0.21
3h 0.53+0.13 1.03+0.10° 0.23+0.02 0.43+0.02" 1.4940.13 2.77+0.13"
6h 0.47+0.08 1.02+0.09° 0.22+0.01 0.42+0.03" 1.3840.10 2.69+0.19"
12h 0.44+0.05 0.95+0.09° 0.21+0.02 0.39+0.02° 1.36+0.09 2.59+0.19"
24h 0.34+0.09 0.86+0.09° 0.20+0.01 0.38+0.03" 1.2240.12 2.39+0.11
36h 0.26+0.04 0.75+0.08" 0.18+0.01 0.36+0.06" 1.1840.12 1.99+0.07
3d 0.17+0.05 0.45+0.08" 0.17+0.02 0.28+0.02" 0.64+0.16 1.2440.07
5d 0.16+0.05 0.37+0.08" 0.16+0.01 0.21+0.02 0.86+0.13 1.26+0.23
14d 0.60+0.06 1.58+0.10° 0.25+0.01 0.29+0.02 1.65+0.15 2.08+0.13
28d 0.83+0.07 2.24+0.12° 0.35+0.04 0.42+0.03 2.01£0.11 2.21+0.14

VE: BRI T R AT R bR RN 4R 22 57 B3 (P<0.05), mean+SD. EC. UP4HMI; FE. SZH500; T

Notes: the superscript in the same row * means significant differences (P<0.05), mean+SD. EC. egg cell; FE. fertilized egg; the same below

http://www.scxuebao.cn
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L Y 2R GA 1 0 3 TN B (P<0.05) . TE
12 h(P 2RI 28 5 H 18 (99 2 9% T 25 017K A6 )R i
R DU B Ig ML R ) R ik s MAE 14 H % (S
£7)F128 H i (B AL )R & v oy 330 46 D 28] Zg MYy
FERIL, HELEHATRE EI-EE, LmA
FUGE HEALRE 5 v D)2 RS 0 B B Ig Mk P9 1) 2235 7K
25 SR K, LI 2 IgMFE R ) 3k R o R4
93.44% o XF C3FNLSZEE PR i & 3k A6 i 245 SR B R
S 55 21 RN R ZH 1 B 20 AR 12 h( 2 R ) B Bt
KK B C3IFEF 15 ; 24 h(Z B IR B A I
LHAS I Bk . 24 h(E B TE DS H il ok
FRES T, SR C3IE R B R A KB T
Xof R 4 rfi 3 R 0 26 15 (P<0.05) . (RS K& & 1)
ARSLIEAT, UL 240 a5 By Bk i i C3 B R Y 3%
KK TP ZEFARE . MO 23 h(R IR S5
M LSZF IR IR 135 18 T X BRZH (P<0.05)(#3).

24 2BWESIgM, C3MLSZEFBEE N
HFIE

SCU A2 H R A AR L S B R 2 2
T Ig M3 R 3% 36 1 1 35 R 16 B4 (P<0.05);
Forb 22 (8] Sk B A R IgMEE H 3% 3k K - 25 5 B
K, SLEFRE AN BAM4.365, C3FEKELE
A B Sk 5 2 b Y AR KO ARG, (EL R B E
WE B mEIR . LSZHEHEIF e i I H
Fik, HPERE b REK P, 24 fasd
ZULSZHE R L1k 5 Y 0 i 3 25 5% (P>0.05)(#:4)
25 GCRVHEFH2A R E & REEREMELNRIA

Bifi 75 SR YL GCRV T[] A 4, 52 56 21 Fn X R
22 F i A AR AR & Ig MR R 3R 8 K OF B

RS FFHE TR Y 12 W IR E96 h,
TgMOE DR T 552 36 2 v (19 R 3K /K1 1 4 25 1 T X R

*3 EafEBRAES5y&EHAPIgM. C3AMLSZERERIEKTE
Tab.3 IgM, C3 and LSZ gene expression levels in the early embryo stages and larvae of C. idella

IgMABR FRIEIKF C3MRTRIE AP LSZIAXSFRIBIKF
IgM relative expression level C3 relative expression level LSZ relative expression level
xR A LI xof B 4 S Xof JE2H. S
control group experimental group control group experimental group control group experimental group
EC 0.51+0.13 1.3240.12° 0.00+0.00 0.00£0.00 7.53+0.19 12.38+0.57"
FE 0.14+0.00 0.48+0.03" 0.00+0.00 0.00+0.00 5.3240.32 10.51+0.33°
3h 0.11+0.02 0.20+0.05 0.00+0.00 0.00+0.00 3.23+0.06 6.06+0.26"
6h 0.02+0.01 0.10£0.03" 0.00+0.00 0.00+0.00 1.86+0.10 1.92+0.13
12h 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.36+0.01 0.32+0.01
24h 0.00+0.00 0.00+0.00 0.39+0.06 1.38+0.14° 0.13+0.01 0.13+0.00
36h 0.00+0.00 0.00+0.00 0.32+0.09 0.75+0.20" 0.10+0.01 0.10+0.00
3d 0.00+0.00 0.00+0.00 0.31+0.02 0.44+0.17" 0.14+0.01 0.16+0.01
5d 0.00+0.00 0.00+0.00 1.31+0.35 1.74+0.46 0.1940.00 0.2240.01
14d 0.62+0.02 0.70+0.05 9.41+0.16 10.82+0.70 1.63+0.03 1.84+0.11
28d 1.30+0.10 1.49+0.07 7.64+0.51 8.89+0.55 1.9140.09 2.19+0.10
®4 IgM. C3. LSZERA2RKE & BAPHRTIAKF
Tab.4 The expression levels of IgM, C3 and LSZ genes in tissues of two-month old C. idella
IgMARRS R IL IR CIMR FIE KT LSZIXTRIE KT
IgM relative expression level C3 relative expression level LSZ relative expression level
X A S pagiGEe! Sl pogiGEe| S
control group experimental group control group experimental group control group experimental group

&% trunk kidney 0.40+0.02 0.65+0.03" 0.03+0.00 0.04+0.00 0.69+0.09 0.61+0.02
L% head kidney 0.26+0.02 1.110.12 0.02+0.00 0.01+0.00 0.23+0.02 0.21+0.01
BEAE  spleen 0.12+0.01 0.35+0.02" 2.100.04 2.3740.14 0.42+0.02 0.47+0.04

http://www.scxuebao.cn
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ZH(P<0.05); FHrpAE72 hSz B 20 b IgMIE R 2635 K
ik B Bl , X IR 92,845 (K12-a), k'H
L, IgMIEN R KA 24 £ % 0~24 h
BB 2 TRk . MEEYL24 h)5 IgMF ik KT
Fas B, HSCm Al b 3R aE AKOF 3 S T R
4E(P<0 05), 240 faJE& YL 5 72 Wik S b IgMAEE IR 3%
K R OR B I (BT 2-b) o C3FE IR £ 241 fo L Ak A

== %4 control group
w5205 2H experimental group
" ¢

[

O—=NWRAU\J OO

[T

HHXS ALK
relative expression level

1 2 3 4 5 6 7
TR e T

time post infection

(@

R

relative expression level

S R o N N o A O = N OB
P, BYGCRVIG, LA CIE KN FKAKFTE
QAKX R, (H R EER.
LSZHE TR 3R 35 7K - A 52 50 20 FOGF B A R 5t G A
TG B R s 24T Sk B T LSZ O R R kK
I RETRESE LTRE, H 241 R 5 SR
FRK PR EEER

= S HEZH control group
w500 2H experimental group

Ju—

O—NWEAUNAINOO

| W NN NN NN NN SN SN S

*

1 2 3 4 5 6 7
T I B 1)

time post infection

(b)

2 GCRVEER2AKRE® IgMERFERIL
(ENE P IgMINER L s (b)K'E H IgMINER IS s BEARAR 1~T0 N B R0 64 124 24, 48, 72H196 h
Fig.2 The IgM gene expression of two-month old C. idella after GCRY infection

(a)expression of IgM in spleen; (b) expression of /gM in head kidney; the numbers 1-7 in the horizontal axis represents 0, 6, 12, 24, 48, 72

and 96 h after being infected by GCRV

ANT YL GCRV/5, X556 41 frst 202 A
W4 0 Y g o PR AN BE T R A AT ULER e it
FEHUR AR S HEA TR . X BE 4 TR 3R
R GCRVIERJLAE R (Rt & B, REEh Sl
o, WIS AEERA T G); MWE3EE TR
A0 BAER, Ho 5., LmANE
4RI IR B LR GCRVIER L AEIR s W3R
TR ESLsSER AL R IR, AT 2R (B )

3 Wi

T fa R REAC T L A0 T | BE AR TR N
A BT A B R e T ek . BEUE
B B8 R 7 0] DL 4R 9 3 AL 16 45 710, 7E IR R
VAT FEARD K A48 B 26 0 A AR IS e 4 4 8 1
PR ARBEIE BV G e B AR R I T
H 3 3 DR T 1 B P T PR S 3 D kK1 B
FE TR IEAT SR BN} R4 (P<0.05), #iPGCRV
55 B 2 v N BUE BB A S A0 R AR P A 0 R N B
I BRI TR R, IS T R Y
BEARGRERR .

o BE I F IgMJE f Btk L 4 e stk = HE 2 5
9o L 3% A 4T o) R S e AR T Ry S
RERIFPY, FHEWEDPIR A, BHMEH EIgM
B 1 40 i 7 o BT A0S 17 H O A7 Sk o
AHIFFE 25 5 7R DO 40 it 225 H % 0 A7 B B
TgMAT AR TG 1 B 3 PR 26 3R 7K R T R, H s A
A BE A% B B TgM 3 B R T RE AR A A ] 5 3
IENSCR =R IR N A L NTRTER AT N SO
41 RN SIS A1 7E S H % O B A I R K AR A
TgMBLIR ik K24 8 R I, (HRE R e 2
TARAT) 4 15 5 35 v 6 B AL KO 1 TgM T ik &
Ko R RGP RER M G R IR iR T IgMI 1%
HEEARRL, (AR ERORTETT, GRE R e R
(1) 22 S5 1T fig 5 B U5 M 028 1 8 1 R B I S e B
[ A A 56, FE5~28 H i W faf1fa % & ad A
IgMBLAAR I 1 5 3k R 3838 B il 7t R
Al BEJE TS AR TgMPH o 40 i B AR g T
IgM#FE A KT o 7E5~28 H s B fa 41 bt
RIgM I L, H AR e 2 S5 2 TP IgM Y
PR A B3 T IR . AR A S B
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TR B 9% 85 501 £01 (Pelteobagrus fulvidraco)™' ) 5256
ZEIAL . Y AT GCRVES #5058 1 G 938 55 £ 1)
AJe, AL PR MY Rk K H 2 A —
FE BYAE IR AR SI2 56 JUR iR B B g MoK PR 3R 3K #1L
5515 85 (Dicentrarchus labrax)®—%L, 1 Hy%
RV i 8 5 e e U ) . S B AE3 H i
FF AT BRI B IgM BRI 35k, X Al R M
Fp2 . TgMEL AL AL A1 08 1 3 BRI AL TgMAE A 5
A K, BFFERGE s 78 IR G B B 2 IgMak A
(35 Al od g 28 5 Ui AT . —J2 IgM mRNATE
OISR 240 JH P ey O BE D - O e s, 2 MU B 4
MOHEH P B)S , Bespis ks O UNAn M A A
FE RS, T LK D BEYR R IgM mRNABH IR
BUEE L BTARAE T ORI, SRR M TgMAR H 1R ]
)24 AR5 235 2R 5 s o ok 5 8 W RV S
Pela, FAL T AT 19 IgM mRNAW fg 2 555
FEMIgME I, S 5PURR B Rfidr.

e KA G P28 P F HMA CIFILS ZAE 41 il 3 7 1
VA TR TG P v R A B e AR TR B £ (Danio
rerio) " FIAR K (Anarhichas minor) 51 240 il F0 5. 11
JVR A7 AE B U MR C3R B (TR M . AR S E
o RE R S S, PR AR CNE M A
I ] 16 0 4y £ 5 B AL o (ELBE G £ £ O
AW, B AS i BRI 1 C3 B M i IH AR, TR 1
IRV AR o B PR 3R TR 435 2R 73 At S 7 7 7L £
G 2 12 WiRJIG Th R ARG I B C3RE R R ik, X
W (Cyprinus carpio)*” . KVGHEE(Salmo salar)* 1y
WFIE A5 RARDL . WA, IR IG B B AF 7E C3 4R
FIE PR R 1 B C3FE P SRR Ry B4, AT Ag st A
SRR A LU T C3 3 PR 258 B 51 A 1 B s G LR A
IF 22 Un A A% 3k 2 5 AN, (HEWIRIG & & BB
C3HEH i ARB T kKb, HE H B RERER
KRB 5EHE, 24 h(Z B U A I A I 2] A
B C3EER M RIL . AW 5T, B AR IR G
gy o By BRI B LSZI M o 2888 1 f o8 e 1 05
AJE S 2H VR JIG AN L &)y £8 T R4S d B AR
HAZBLSZIE I, 18w TV LSZIE o K S
RE 1. MRS R 584 W (Oncorhynchus
kisutch) " F % HE 1 U A SCHRGE AR BL, Hh 2 HE
1A SEIE S TR i G B 1 i T K E R
HANHAMBEAR M R G . XN T P IR 45 51
WAL, BE 800§ A7 AELSZEE N R IL il ad
R RBERAJE , Al ALSZ 1 Uk B A
o X2 A e SR A5 R R, IgMEEIN
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FEIFN e 28 B A 2aE, RN g Je X AR
M G E Tyl FELE B2 H iy . AN TRYLGCRV/F,
AL R e MBE AT B 5 22 5%, W58 T 4%
SRR ETRETEM AHEEZEIEN . Wi
ST A WY, X B4 B o I R IR
FmH, HAAT-HHE G TEBEAH, s
GCRVHS #9& 1 e (1 L g 2l F A — e R b
P T HEHTGCRVIER YL (1 AE
AWFFERAE T LLGCRVES B9 B 1 R bt J5 ok
178 R R P S e B AT AT, MR T A g
K FIgM ., C3FILSZZE 1 i P A5 R 3 3k A 1K ]
e EL A RN o B A0 BE TR T e T e AR X
GCRV/E YL i B v R 35— W e A/ H
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The expression and transmission of immune factors between
generations in maternal Ctenopharyngodon idella after immunization with
GCRY attenuated vaccine

XIAO Tiaoyi ', ZHOU Zhiyu', WANG Ronghua', LI Yaoguo 7,
JIN Shengzhen', LIWei', WANG Hongquan ">

(1. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,
Hunan Agricultural University, Changsha 410128, China;
2. Collaborative Innovation Center for Efficient and Health Production of
Fisheries in Hunan Province, Changde 415000, China)

Abstract: In order to investigate the expression characteristics and transmission effects of immune factors between
the female parent and the progeny of Ctenopharyngodon idella, after being vaccinated with GCRV attenuated
vaccine to female grass carp (40 days old). the protein activity and gene expression levels of IgM, C3 and LSZ
were detected in the blood of female parent during the early development embryos of progeny and juvenile fish.
The activities of IgM protein in the blood, early embryos and juvenile stage of grass carp were significantly higher
than those in the control group by GCRYV attenuated vaccine. In each stage of progeny, the expression level of IgM
protein was the highest on d 28, while the protein activity was the lowest on d 5. From the fertilized egg to the 3 d
water stage, the protein activity of C3 and LSZ were significantly higher in the experimental group than those in
the control group. The activity levels of IgM, C3 and LSZ proteins in both groups showed a trend from decline to
rise. The activity levels of C3 and LSZ protein in the experimental group were significantly higher than those in
the control group from the stages of egg cell to 3 d. The expression level of IgM gene had a big difference between
the experimental group and control group, the expression level of the experimental group was 3.4 times that of the
control group. From the period of organogenesis (24 h) to the stage of 3 d, the mRNA expression of C3 was
significantly higher than that in the control group. From the egg cell to the blastula stage, the mRNA expression of
LSZ was significantly higher than that in the control group. After being immunized by attenuated vaccine of
GCRYV, the mRNA expressions of /gM were significantly higher than those in the control group in the tissues of
body kidney, head kidney and spleen of 2-month-old progeny. The number of death fish caused by the GCRV
infection in the experimental group (2 fish died) was lower than that in the control group (5 fish died). The results
showed that maternal immunization can transmit between generations, and it played an important role in the
immune protection of progeny.

Key words: Ctenopharyngodon idella; GCRV; maternal immunity; early development; immune factor
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ElhR GCRVHEGE2RAIKE S RHAEK K ALRFHE
BOE LR R R O B, BORE RN B A LN R R R M ;2D R SR RS LA H I
Plate The symptoms and tissue characteristics of two-month old C. idella after GCRYV infection

Thin black arrow means body color black and swim to the side; bold black arrow means fin congestion; thin red arrow means gill cover bleeding; bold

red arrow means muscle bleeding
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