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FRANE FHBLE S ARRT W7 . A2 3 o g BRI
YUl 1gG Tl G 3 Fe 2R B 6 206 )L
ARG A7 v B L AR AR R IR A,
TR SR 75 5 2R B 1) B9 3 A DR
RIT BE R T 1gY RO, M T,
KM, 0 EREYR G 1 1 58 8 F o ke 2P A
Wi, B NAMEE CBAERZERE (Scophthalmus max-
imus)!'™ W % (Oncorhynchus mykiss)'®, # 8
(Pelteobagrus fulvidraco)!'" FJe B Z a1 (Oreochro-
mis niloticus)"® % Z AR S AP IESE, fREab
Ja BEAS AT DL BRI S - an S g sk 8 1 M (imm-
unoglobulin M, IgM). #MA (complement, C), ¥ B
fify (lysozyme, LZM) FlI&ELE 2 (lectin) 1538 45 T 1L,
TE R I h A AE e e R R, B e B A7 T
B, FF MBS FU IR IR AN BE 5 44 (Danio rerio) 1)
2K B H XA D B T B R A #MA T B(comple-
ment factor B, Bf)!"?, BF & 11 vp (1) H 22 4 45 5 5
4E % (mannose-binding lectin, MBL) 7& 5 8 £ i
RIFERPERYAER, DR R B R IRIBA Z 14
A I ) SRR L B B TR S e i e, BT
EL 4 E B (Ctenopharyngodon idella) ., B 5 £ Fl
KREEWPEFRI A R, KIS
G B8 BEAS 1) 5 1% e A A5 B 5 G g8 IR 7 FE REAS AR Y
wERBIF M R AL S, BAEF R4
FRERC ] 022230 2 oA 1 5 0 00 ) ) S B
BARTBL,

A SR TR 7 R 1 R SR IR K 8 2R SR
Fir, 2019 4F = hk 553.3 7 (%9, KALDER, K&
111 I Ji7 99 B (grass carp reovirus, GCRV) 5] i fiY)
et e M EE I 24 R SR (R R R, i
WEEEF RPN EAfa, A FEH GCRV
fig 77 0 R TR M R RE R, AR BIBAH 2014
AR B X RE R S 8 Bl T SRR SY, AR B,
GCRV 55 B %5 1 i 7Lt B A RE B 15y H B OF J
FIE G f 1gM Fl LZM 55 e 6o, IR — 8
FERE L5 6 A mFh IgM. T F (interferon,
IFN). [ 4094~ 2 1B(interleukin-1p, IL-1pB) 1 Toll
FEZAK (toll-like receptor, TLR)3 Ay K ik KT
K GCRV 55 7 2 1 (0.5 mL/kg) f 9 Fl g (£ £
BH (0.2%) T2 Ab PHEY 1 AT ISR G e IR 7 IgM . C3 .,
LZM 7 Ffi 5 B #2387k GCRV BIHt
JRYLRE 120, SR, AR R G AR T 1 R
S, 3 AT AT GG R R R G A REAS R L
TARZAEUP 2 1 % a7 A3 o (R & R ARt A i
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A, AR TRy —2mk, 2
e N T AL K-, g e e I 5 TH AR, E
T 0B A 922 TR 7~ R AP s 38, DA vy A R A o Ji
& ERES]

BT LRI, A SRE S GCRV 557
FEw e R MR, SRR AR MR . TR
] J2 7 B[R] B 1 IR ity B 4y £ A 800 i, 3 oo IR
A E W B 256 (enzyme-linked immunosorbent assay,
ELISA) Fl15E B} %¢ 6 %€ & PCR(real-time quantitative
PCR, qPCR) $ A 43 BG4 A B A AR Ko H K
5P g (IgM. C3. LZM. MBL #l Bf) W4
P9 AR DA 2 ik K Y el AR AR R, DA
PR GCRYV %2 B oy 1538 I R] 2 DA K H J5 i ik
BRI G $2 m RE AP S TS L T REIR
LRI B R SE B it B AR

1 MESIHE

1.1 SEIHR

2 W FH 8500 3 A 1 B T I KR
R, TR MR, TR
W (9.0+1.0) kg, 4TS AT TS0 e -
UM IC T GORV B3Ry (1T A0aE k) 1 1 o
K PR BF S BEBR VT A ST . 1 B Bt T
SRR RR AR T 4 08, KRR A 28+
1)°C, HRIRTTIE 2% LRI 2 e R

1.2 E&fARE

I8 SRR R B B 10 BB Bk A
) fi BRI B0 KA i e v v, Horp S R GCRV
PEWRPELL, SREOMNTIEL . 2018 4F 4 H R =
T 40 K, [ S0 20 BV I8 v B9 21 B A B i 12
S$PF1HER 0.5 mL/kg B9 GCRV 59358 1 (18 FHRTE
0.2 g SSTELEE T8 H 100 mL 0.65% A= BER K Fi
FE) 5 XoF R ZH R R A e 55 ) S ) o 1) A BRER K

1.3 BARMK. FREPERKESEERRE

ST 2018 4E 2, 5. 11 H K 2019 4F 3
H 4 A~ a] R A 206 4H RN A 21 S f0 R AR I3
Horp 2018 4F 5 H R faBEAR Ml T 2= 00 fe R 2k
FAEE TR A 10 mL — YR T S o SR 4 Bt )
ARIME L) 6 mL/JE, B2 mL MUK 203045 ML 20 i,
I E 2 E MR E P BWMARA, HTERE
mRNA FEKFIE 5 Tl A MR A A 400 puL
BLEERIM 15 mL EP &5, R RIS, 4°C
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W E T 1 000xg B0 20 min, B S I
B 1SmLEPE T, T-80°CifF, HTEN
TG PE AT E S

2018 4F 5 H FAT BA L0, S ™ g o fa bk
A RHEDN, B — A o Tk N TRRS 1515
ZHEIN . REESLIOA (B IR R B TAR) FXS A
H R B B AR f i S2RE 00 . I i i 10
(6 hy, #EIEMY 24 by, BLBEAILIS 36 h). /K
@d., ZfFrA5d). kA SCHIR)., &5 8 H
1) AR B (11 %) 5. R BENLIER 5 IR
BE T, RSB B E] S I 3 At E
W . B TSI SRR K, i T 7 )5 22
SIS, WWOKIGSZREO0 . R . S
IR B R 5 A1 4753 R 5 A TCAZ R g 51 9K
(Bertin, A [E) B, AR IR 5 LS
B LA KSR E T, BABRA T IR
B LaRIRRG . g By BeRE S, B4 IA 1% DEPC
ALBR ) 3~5 A B B EE B , %1 50 mg : 500 uL kb
A 1xPBS, f# ¥ {Y (Bertin, %) 4 000
t/min, BERAIHK 10s, 21K 3R, SIHWAE 4 °C

T 10 000xg B.0> 10 min, WC4E LI, SRR
S G S RGN 1 6.
14 SEREFEREMKFER

i FH £ 2% 1gM/C3/LZM/MBL/Bf ELISA £ il
W& (R A YRR A PR A W B SR
M. FACH ARG B 4l fa B B b X 5 A~ a5
T G HEACEHEATARRIN , ISR o O A R
JEARRILASE , il S se s L R . &
PrdEahfL . BEARSLRIZS AL, B —AnifEdh . Rl
FEARFIZS (AT BRI 3 AN E R AL, FrdE L4
TN [ 9 £ BB o 50 WL (4% 50 328 R T A v i
WRERLEE | R ITE I S B Ik 1), REASLH
AFFFEA 50 L, 25 LA BRzs (fLAk, #r
Y AL AR AL B L A BAR i S AL 1 (hor-
seradish peroxidase, HRP) #&iC HT {4 100 uL, 37 °C
A 60 min; ZVEEHRIEEHAMAREAER A, B
% 50 uL, 37 °C #EHFH 15 min; BEALINAZIE
W 50 uL, fdi FEEARAY (Thermo, 3% ) M 5E 4% 4L
() OD f& (1 Ky 450 nm),

®1 BRERFIERRERE. ©NEE RSB

Tab.1 Standard concentration gradient, detection range and unit of each immune factor

YR T A B T HE it AR LR B oG LA
name of immune factors standard concentration gradient detection range unit
IgM 1.25, 2.50, 5.00, 10.00, 20.00, 40.00 1.25~40.00 pg/mL

C3 5, 10, 20, 40, 80, 160 5~160 pg/mL

LZM 6.25, 12.50, 25.00, 50.00, 100.00, 200.00 6.25~200.00 ng/mL

MBL 12.5, 25.0, 50.0, 100.0, 200.0, 400.0 12.5~400.0 ng/mL

Bf 0.625, 1.250, 2.500, 5.000, 10.000, 20.000 0.625~20.000 pg/mL

1.5 %% EFEE mRNA FIEKFEN

RNA {ZFA cDNA % —# 4% WS
FAn REA AN . WRG S 4 £ B BeRE e A E)
A 1 mL RNA-Solv Reagent (Omega, 3 [E) F1 2
TTCTR AN ER B9 51 A, IV URTR 5 BRI St
FImpiEs, IR 55 Hz 1650 /s, HR¥E EZN.AS
Total RNA Kit II (Omega, 3% [E) i1 45 $LH 41 2
AL RNA, RNA 5 o v 8 R HIAZ R A A A
HEATRLIN , Ape/dago LA 1.8~2.05 RNA HY5E %
PEME T 1% B9 350080 B8 K i DK AG I o AR 4 Rever-
tAid™ First Strand cDNA Synthesis Kit (Thermo, 3%
F) BERH 4345 8 cDNA S5 —4E, 505 KO8 4
T=20 °C AF# HI

qPCR #&7)
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e 18S rRNA F1 p-actin £

HEZELH, fi B Oligo 7.0 #AF B M58
FERG|Y) (% 2). qPCR WA FR : ChamQ™ Uni-
versal SYBR” qPCR Master Mix (Vazyme, i &)
S5uL, . TSI (10 umol/L) 4% 0.4 uL,
cDNA ity (Fke 54%) 1 uL, ddH,0 3.2 uL, qPCR
SN FRF: 95°C 10 min; 95°C 10s, 60°C 10's,
72°C 15, 35, M4 : 65 °CH =
95°C, % 5sHM0.5°C, K244 Ikt
WS HIENE HWER X RRE, )
B I 5 E WS FE bR AL A5 2, ix4h
W /] Bio-Rad CFX Manager 3.1 3473154

1.6 ¥IESHT

ELISA F1 qPCR Il 5& 429 A ¥ £ 1 il mRNA
FeR T H4SE Rl Excel 2016 #1F HE4 T 508
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%2 qPCRETAS|4
Tab.2 Primers used for PCR in the experiment

514 515 53

primers primer sequences 5'-3’
IgM-F TGGTCATCAGGTGGCAAAT
IgM-R GCGGCTGTCTTCCATTCTT
C3-F GATTTTCTCTCTGACGCCCAA
C3-R TGATGAAACTGTGATGCCTT
LZM-F ACTTGCCTTGTTCAGATTTGC
LZM-R CATGATTTCAGTCCTCCGGTT
MBL-F CATTTAGTGCTGATCGCCAGA
MBL-R CAGCACAGACTCCATTAGCAG
Bf-F GCACCAATCTGTATAAAGCC
Bf-R TTGCGATGATTATGACGTTC
p-actin-F GCTATGTGGCTCTTGACTTCG
p-actin-R GGGCACCTGAACCTCTCATT
18S rRNA-F ATTTCCGACACGGAGAGG
18S rRNA-R CATGGGTTTAGGATACGCTC

P, R JH SPSS Statistics 25.0 Ze it F #EAT ¢ K
WEVE AT, BE R IR Ty 1 O S S (R R o R 2
(mean + SE), L EMIKP-FRIRITIE N P<0.05,
“xx» p <001 fl“x**” p<0.001, 3 GraphPad
Prism 6.0 ZX{4HE R .

2 4

21 BEGRABEGESARSHEREEFHS
=T
FREBABEZGHRSHLERATEE
EHEKFE s ELISA A 7 BRI i b B2
kAR 5 PP F dgM. C3. LZM. MBL il
Bf) M G K. 85 R B, SXTAMLIL,
2t GCRV S9Rp¥E i e fn, HAaBEA M 5 Fh
G E R TR TS PRI S 305G LIRS R RER a3,
H e A= (2018 4F 5 H) ik Bl (.
B A REARTE P HT 40 KA TRE M e b B )5, A
BEAS 7= DI 100 2 1 e A IgM. C3. LZM,
MBL 1 Bf {4 8 FH 16 P K 7 44 18 3 5 T X BR 4l
43 )2 X AL 19 2.67 % (P < 0.01), 2.81 fi5 (P <
0.001), 2.64f% (P < 0.01), 1.571% (P < 0.01) flI
2.14 % (P < 0.001), REH e REb BB M REA 11 4
H (2019 4F 3 J1), FEWRPEL 5 Fh e A+ 1 &
I KT 01 22 -5 06 BEZH AR 4[] — K7 (B 1),
TR KB GHR S LR AT RE
F kKR i 52 qPCR A B Y5 G 5 Ab 3 B A
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BEA SFh g I F RO S R IAKE R B, &
GCRV S8 e, etk ARmi b 5 i
£ DN 0 e R ek e o R A 38 (0 25 B, (HRA
A ARNE, IgM. MBL., Bf SRS FIF
5 FREr s (18 2-a, d, e), C3 Hl LZM(E] 2-b, c)
SRR RIS TR L. GCRV %
RIS, B AOBEAS 7 O I R i A
4 IgM. C3. LZM. MBL F Bf (5L H 63k K F-43
) S X BR A 2.35 /% (P < 0.001), 227 % (P <
0.01), 1.88 ff(P<0.01). 2.34 f%(P<0.001) F11.90 1%
(P <0.001), M pAEMAIEMEA 11N )E
(2019 4F 3 H), FEW Edl 5 Fp by 7 3L A
FIRACE SR RATC 22 7 (P> 0.05, K 2),

22 BERENBEGETFKSHEERFHS
2T

FaTRLHINEAL SHLEBTEE
KR wAFRZREWERR, Sk
PR 4 85 11 37 KT Bl £ R % B R TR ARk, A
RSN RE B RS RGN 2K A6 45 B B
FEW R PEL IgM. LZM, MBL Fl Bf (1) 8 (116 Pk
IR AT X R4 (P < 0.05, & 3-a, c~e)o 24
iR E B ZESIFH, BEH B dl S B s 1
BTG PR S50 B Y 25 S, P i A
REL IgM ., C3 Fll Bf 3 Fh S0 [+ 1Y 2R 1 IG P KF
PIms m FRHRA (P> 0.05, & 3-a,b,e). IALH
BRI, B RREA C3 M LZM MY 6 P K
S A b S 2 TR BT (P < 0.01, 8] 4-b, ¢). BR
Bf b, HAx 4 Fifus I FAEMIR R § 28 7 i g
T G0 P A1 AR 1A R KT R R (P>
0.05, & 4),

FaFRIHINERR SAFLAERTARA
R kKT A FRZEWERR, SRR
[A - JE R R TR 7K 5 8 G MK R s a g A
A, FEMREA S X A PR T IgM. C3
H1BF 1A 3L R 23R 7KOF SR 2 58 1 TR T B R
(¥l 5-a, b, ¢); MBL S A2 I EH (K 5-d);
1M LZM W) 5 A Rkl , SR 2 e
TR BT S (K 5-c). Hidp, B gl
IgM. MBL. Bf {£lffiG & & 80 00 JE P = 1k 7K
B HRAG, (B Z/KAERT 5 8 3 5 T X B4
(P <0.05, ¥l 5-a,d, e); C3H LZM{EZ K500 & 1
1745 % 8 B B e 1 e e 41 5 0 BRZH LA TG 18 3%
225 (P> 0.05, & 5-b, ¢). FEW AL 1 I T4
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concentration

W JE/(ug/mL)

o2 3 4
Ak FEH

treatment groups

(a)

P i e L
vaccine immunization group
= XtHRZH  control group

~ = 100 —~c 150
= 3 80 = 3
=] E g
®E 60 w g 100
S5 4 =%
w2 =3 50
¥ 38 ¥ 3

0 0

AbFREH
treatment groups
©

o s el
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o s i e L
vaccine immunization group
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—~ 80
ERI
o
S 40
2 20
¥ 8

0
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treatment groups
(b)

e P S L
vaccine immunization group
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mE 6
3
=g 4
M = 2
¥ 8
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1 2 3 4
piseibeN AbFREH
treatment groups treatment groups
(d) (©

E1 BEGRELBEEEEERTFEREMKTE
(a)~(e) 2> B~ IgM. C3. LZM. MBL 1 Bf & EAE KT 1~4 HHIFR R 2018 4E2 AL 5 AL 11 AK 201943 A; “*FRBEMER (P<
0.05), “***FIRKBEFEMEZER (P<0.01), “***FRRHBEEER (P<0.001); RELBRIFMERZE 1=5); TH

Fig. 1 Protein concentration of immune factor in C. idella treated with maternal immunity

(a)-(e) represent the protein concentration of IgM, C3, LZM, MBL and Bf, respectively; 1-4 represent 2018.02, 2018.05, 2018.11 and 2019.03,

respectively; “*”

ively; error bar was shown as the standard error (n=5); the same below

BBy IgM e 8 DA S (IFRE . e . BE . Sk
B . B LA R) A Rk, Hrh 7R
JIEFN B I oA B 2R ak s LZM FEBEAE B AL
Rk, EHRAL PR RBEAERA; €3,
MBL . Bf TENTFIE R kK e (32 3). 5 Fhfugis
K TE Rt RO B8 45 B Bor) Kk o 21
b, s A YRR R R AR KT 2 v TR RR A
HA A IgM . MBL F Bf 155 1 H i 435073 4H 21

(AR5 I 2 R T X R (P < 0.05, % 3).

3 Wi

GBI & B W B e R gt T
KEE, &M%l AR, AR
FOEB PR RIERE Y, REHFMH KN R
TORAE, OPF IR BRUR S A 0 B AR, P
W KIS IR EE . AR R BROE AR, B
PRAPE T 10 IgM . #MAS ) . LZM 1B BT
F i (vitellogenin, Vg) 55 1] LITE 2B At N & HE R 1K
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, “*¥*F” and “***” mean significant differences (P < 0.05) and extremely significant differences (P < 0.01 and P < 0.001), respect-

I AT A A i, A AP g koK
I T JF REAERR AT A, AT A
I IR B HRPTRE ) 2 P FE R H R IR Y B,
G K& B 2 RS RNA R USRI, Bl
B KB AT, KRR T2 5
TR W, Z RS B RNA BRI
THRNAF Y, HAr, SA ORISR S M
AR R R A m A, AR T mRNA
B TR, KRB WA R IR A
AWIFER I, LV G AR B 75 0 7FRRY 5 Rl
P N 11 A U0 2 IR AR 4 7 B B, mRNA
TRV RAAFRE R TREESE, FRERI
DR A2, HED 5 o G5 [N 5 ml A e £ B AR A%
L O AV N TR T (R R AW 7 N R T
RS PR G TR 1ML 2 s 00 1 0 BT D 38
JE AU U G 8 L 25 7 A B U, i A 1
e B B e B 1, BEAS AU RE5 A R
IS G LK I S S MR 2 i R R A
S AMERRGEA ALY . LZM R YR N
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FE v 2l P e 2l

° vaccine immunization group o) vaccine immunization group

5 = @4 control group 5 = X4 control group
w o 150 & o 040

) )
§21W . égom .
; D 7 2
® 5 50 % ® e 0 .
78 v . 2 5 010 |
22 _ Z2 0 _

5] =

E E

AEREH Ab PR
treatment groups treatment groups
(a) (b)
o T S 5 T S8 AL e P ] S AL

vaccine immunization group
= W4 control group

vaccine immunization group
? KHHRZL  control group

vaccine immunization group

© ) ©
E = AR control group E §
gz 0.6 o i w10
K 202 gl Re 4
z 57 =z 25
m 9 m 9 m 2
<z 0 <20 <z 0
< < <
g b4 ) ub A = ubEEA
treatment groups treatment groups treatment groups
© (d) ©

B2 HRRELEESRERTFEREREKE
(a)~(e) 7> B A IgM. C3+ LZM. MBL F Bf 3K 2k K F
Fig. 2 Relative expression level of immune factor in C. idella treated with maternal immunity

(a)-(e) represent the relative expression level of IgM, C3, LZM, MBL and Bf, respectively

PEH Gl PEH G el
vaccine immunization group vaccine immunization group
= XFHRZE control group = XTHEZH  control group
- 25 s 80
S S
£ 5 £
o) 5 en =
SR -
= 0 = 0
w2 = 2
X3 ¥ 8
AR E B AFRK BB
different developmental stages different developmental stages
(a) (b)
o ST SR o L o E AL
vaccine immunization group vaccine immunization group vaccine immunization group
= XHEZE control group = XFHEZH control group = X4 control group
~ o 150 ~ = 200 . ~ g 15
= 3 ) = 3
£ 5100 £ 2150 £5
- Z £ 100 2E
5( 8 50 \P< 8 5( 8
2 ® 2 50 w2
¥ S ¥ 3 X3
0 0
AFRK BB AFR BB AR EI B
different developmental stages different developmental stages different developmental stages
(c) (d) (e)

E3 HaFHEkeRETFEREEKTE
(a)~(e) 7214 IgM+ C3. LZM. MBL Ml Bf 8 IR T 5 1~6 2 AIRORSAEI0 . SIS (6 ). #8 BR MUY (24 by, HLREIE 46T (36 h)-
KAE (4 d)s B (15d)
Fig. 3 Protein concentration of immune factors in early embryo stages of C. idella
(a)-(e) represent the protein concentration of IgM, C3, LZM, MBL and Bf, respectively; 1-6 represent fertilized ovum, gastrula stage (6 h), organogen-

esis stage (24 h), stripping and hatching stage (36 h), larval stage (4 d), and juvenile stage (15 d), respectively
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P8 T G B AL P T S A
vaccine immunization group vaccine immunization group
3'(? &4 control group 10'5I &L control group
Os . O
&5 £5
2 2
= o = o
2 = 2
i ¥ 5
ANFER B BB AR B BB
different developmental stages different developmental stages
(a) (b)
e ey al P G 4L e S
vaccine immunization group vaccine immunization group vaccine immunization group
— 106‘ 2L Ctﬂtro] group . 40[6' KB4 control group — 2[6' AL control group
45 g0 7 5 = R= = 3
= g5 300 g% 15
w60 o § B
EE 40 £ = 200 =Ze 10
=~ O < O < O
22 5 2 100 2E s
&3 oL - ¥ 8 oL ‘ | ¥ 838 o
1 2 3 1 2 3
AR E BB AR B BB AR B BB
different developmental stages different developmental stages different developmental stages
() (d) (e)

B4 BEEFRRREERAREETEREMKTE
(@)~(e) 73109 IgM. C3. LZM. MBL M Bf EHIFTEK T 1~3 AR BT (5 Al &7 8 Ak) MR (11 Ak)
Fig. 4 Protein concentration of immune factors in larvae fish of C. idella

(a)-(e) represent the protein concentration of IgM, C3, LZM, MBL and Bf, respectively; 1-3 represent young stage (5-month-old), young stage (8-month-
old) and young stage (11-month-old), respectively
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Fig. 5 Relative expression level of immune factors in early embryo stages of C. idella

(a)-(e) represent the relative expression level of IgM, C3, LZM, MBL and Bf, respectively; 1-6 represent fertilized ovum, gastrula stage (6 h), organogen-
esis stage (24 h), stripping and hatching stage (36 h), larval stage (4 d), and juvenile stage (15 d), respectively
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®3 SHREETFEEAMAZERMEREAEAPRIERERIAKFE

Tab.3 mRNA expression levels of five immune factors in different tissues of larvae C. idella

KA &t B

_ﬁE‘EIKI?%IZ] i young stage (5-month-old) young stage (8-month-old) young stage (11-month-old)
e tissues BEGRA RN REREE e wwema Al
vaccine immunization control vaccine immunization control group vaccine immunization control

group group group group group

IgM i gill 0.42+0.10" 0.10+0.02 0.41£0.12 0.32+0.05 0.13+0.03" 0.04+0.01
JFME - liver 0.10:£0.00 0.19+0.10 0.34+0.10 0.28+0.10 0.09£0.01" 0.02+0.00
MEAE  spleen 1.05+0.28 2.20+0.65 1.65+0.55 1.71£0.13 0.73+0.04™ 0.34%0.07
BIE  kidney 1.31+0.38 0.77+0.15 0.73+0.10 0.91+0.26 0.28+0.05 0.17+0.04

Sk head kidney 0.25+0.03 0.28+0.10 0.76+0.20 0.77+0.24 0.88+0.27 0.29+0.11

Jf  intestines 0.10+0.04 0.14+0.07 0.33%0.06 0.47+0.13 0.09+0.02" 0.02+0.01
LA muscle 0.03+0.02 0.06+0.03 0.22+0.10 0.12+0.03 0.03+0.02 0.01+0.00

Kk skin 0.05£0.00 0.04+0.01 0.84+0.59 0.15+0.02 0.11+0.02" 0.03+0.01

3 i gill 0.000.00 0.00+0.00 0.00:0.00 0.0120.01 0.05+0.02 0.02+0.01
FERE  liver 2.02+0.94 1.00£0.40 2.35+0.88 4.61+0.29 2.96+0.50 3.32+0.29

B spleen 0.09+0.01 0.04+0.02 0.02+0.01 0.92+0.56 0.08+0.02 0.05+0.01
B kidney 0.000.00 0.00+0.00 0.000.00 0.00:£0.00 0.03+0.00 0.01+0.00
3L'%  head kidney 0.000.00 0.0120.00 0.000.00 0.010.00 0.05£0.01 0.02+0.00

Jé  intestines 0.01£0.00 0.00+0.00 0.00£0.00 0.01:£0.00 0.04+0.02 0.020.01
LA muscle 0.000.00 0.00+0.00 0.010.01 0.19+£0.18 0.01+0.00 0.01+0.00

Bl skin 0.01=0.00 0.01+0.00 0.010.00 0.03+0.01 0.04+0.01 0.05+0.01
LZM 2 gill 0.00:£0.00 0.00+0.00 0.01£0.00 0.00:£0.00 0.00+0.00 0.000.00
JERE  liver 0.00+0.00 0.00+0.00 0.00=£0.00 0.01£0.00 0.00+0.00 0.0120.00
JBE  spleen 0.00£0.28 0.00+0.00 0.010.00 0.01£0.00 0.00+0.00 0.02+0.02

PE  kidney 1.62:£0.40 1.33+0.55 1.12+0.13 1.16+0.16 1.12+0.25 0.96+0.31
3L head kidney 0.84+0.07 0.510.13 0.58+0.33 0.99+0.18 1.52£0.15 0.93+0.25
% intestines 0.00£0.00 0.000.00 0.000.00 0.00£0.00 0.00+0.00 0.000.00
WL muscle 0.00:£0.00 0.00+0.00 0.01£0.00 0.01:£0.00 0.00+0.00 0.000.00
Rk skin 0.000.00 0.01=0.01 0.06+0.05 0.00:£0.00 0.01+0.00 0.01+0.00
MBL i gill 0.04+0.01 0.03+0.01 0.02+0.01 0.04+0.01 0.01+0.01 0.01+0.00
JFIE - liver 4.51£0.32"" 1.17+0.41 4.54+0.88 4.42+0.92 2.79+0.63 4.19+0.40
MEAE  spleen 3.64+1.37 0.110.04 2.94+0.78" 0.28+0.11 0.20+0.13 0.09+0.03
BIE  kidney 0.05+0.01 0.04+0.04 0.010.00 0.19+0.17 0.00+0.00 0.02+0.00

k"% head kidney 0.25+0.09 0.07+0.03 5.56£1.217 0.090.03 0.14+0.04 0.06+0.01

[ intestines 0.09+0.04 0.00+0.00 0.04+0.00" 0.25+0.06 0.01+0.00 0.02+0.01
LA muscle 0.000.00 0.00+0.00 0.10+0.08 0.08+0.01 0.00+0.00 0.01+0.00
Kk skin 0.05+0.04 0.03+0.01 0.18+0.08 0.06+0.01 0.01+0.00 0.05+0.00

Bf i gill 0.000.00 0.01+0.00 0.01=0.01 0.09+0.01 0.04+0.02 0.010.01
FERE  liver 3.53+0.63" 0.85+0.28 4.22+1.01 2.99+0.63 5.19+1.08 2.51+0.63

B spleen 0.51+0.15" 0.08+0.04 0.45+0.11 0.89:£0.60 0.30+0.13 0.09+0.01
B kidney 0.01=0.00 0.010.01 0.29+0.09 0.230.18 0.00+0.00 0.01+0.00
Sk head kidney 0.02+0.01 0.02+0.01 4.71+0.48™" 0.05+0.01 0.23+0.11 0.54+0.14

Jé  intestines 0.04+0.02 0.00+0.00 0.03+0.01 0.20+0.07 0.01+0.00 0.02+0.01
LA muscle 0.000.00 0.00+0.00 0.010.00 0.890.39 0.00+0.00 0.01+0.00

Bk skin 0.01£0.01 0.0120.00 0.25+0.05 0.39+0.19 0.02+0.00" 0.06£0.01

VB G RERNTIMERUE R E(n=5); “ORREREF (P<0.05), “*FREFWEF (P<0.01), o KpRzEFHHEE (P<0.001)
Notes: results were expressed as meantSE (n=5); “*”, “**” and “***” mean significant differences (P < 0.05) and extremely significant differences (P <
0.01 and P <0.001), respectively
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PAERE S R T, *MER G A S iy
B WS AAE RN, X9 B SR L ) A B AT — 2 1Y)
WARAVERT, BRI EE X 18 32 AR A IR R g AP,
LZM A1, 0] 7E 40K i 8 AR T 2 Ik e i & 4 i
PEGRAPE Y FEEER AL RT3 4> H AT
WIR e, (28 0 5 A Ja R ek 1gM K i
E b, RO A S A0 I T BT RN KR 1R
F e [R) — 7K, 3 o H A A 45 F 2 1 (viral
structural protein, VP) 7 J-4 5 21 Ji ki A R 9% i B
RE 25~30 g it , FERPE 28 d 5 KB IgM Fil C3
Fk R FE LMWL SR GCRV B s (K i
H20~50 g By ELAE, IgM TG PEAE 14~90 d B &
FZE TR, C3 M LZM HE I IEMAE 7~14d i
i TR IRASW AR5 R, R REATE 7 B
HIZ: GCRV 558 i e 2y 6 Al 5, 5 Fhf e Al
TR AT R BB TR, (HREE
B HERS , S )a B RE AR g P S Al e A
THREFNEE S BAR—KFE, 359
GCRV 55855 11 REE 175 T 7Lt REAS ™ A G fie 0 28
PRARE IR S8 PR T 76 77 B SR AR TR ) 1 & R 3k
i 7~ B B 33 T LB e A e R 1 AR ] AR 1Y
i K-, I HE SR AR A BT BE S,

O A7 R a5 50 2 W R R G028 (5 1T | SR ff
AT, BRRRGE N e R R a2 h Rk
P AF . RIS AREE TR )E, HFARE
fiEfk 40 d i, IgM 25 & i R BT i o,
IFAEWEAL 55 d WA T R RE; C3 A =AE 40d
FIAI XS B4 5E , 7E 40~55 d I S T S 7AC
LZM & [ & A AR 40 S 2 8 T IR, 5
DU AR ™ SR FH L 2E 1gG X 2085 8 (Lutjanus san-
guineus) FEFAIEFT R E, K ILLLFG 68 B IR T AR 7E
TACH R AT 4 5E 7 A9 FEARERST T, B G
PEFICK T 2KAE 4 d) I, IgM. C3. MBL Fl Bf
3 PR R IR K3 TXTIRAL; R B2 B4F (154d)
iF, IgM. C3 Fl Bf B2 TG PR K P 35 v 146 R
4 ME/RIET GCRV 55 808 1 S il £ i F A0 1
AN g 7 i e ik, AT 5 71X ) B gee f
PrRe ). FPRIIIRAG I e T A B AR A,
FEMNBAMG IR, EES A S RERGIT
WERE, A H S8R R S KRR
TU, RER S s TR (S AR BB,
5 PG I B PSR AL AT (15 d) Ik, B
TR I R AR AL 33 R O S PR T 8 T BT HE
UL R IR R R RE M AR LB A, AW
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GRENFRIRE BT . 7 5~11 Hid S fafr k&
R, 5 R T LS ORI B S T
TR, mRNA EEAEAFNE ., MO . B0
L E R E R, ULl 5 AR R AR R
GHRKE, A H SR RG SRR S,
M G2 T AR Y s BRI S~11 1
TN, ARG R LI, Gy H RS kK
SRR TG HE AP IR e 4 — 30, nT R RER S
PE QL IE RN F % 7 19 mRNA FE G TRk
HRR, W ARAEF R mRNA X FHE A £
IRTE T — R, hE BRI FE H mRNA &
o R A B 4t 2 5 T B 2 TR R T I AR
AW AR, Eit GCRV 555 1 4 i B
PE G I F AR A R FRR N I & SRR B A —
SE IR, B fa R A2 GCRV 55 #5058 1 s
Jo SR AR SR AR B AR Y R A T Y
SSIUAH, Kk 1A, Wik, R4
FEAERAEN , FESLPRA R T, AR RO
A0 MR R O AT SRR AR B, DA SR AR AR
RER S e R 1 B R 3 ak (R0 55 £ B YR g
(4 4% 356 S8R AL 5 R T UR A SR, X535 e i
TG S — 2B i, TR A e AR Ak
REf . AR T IREEEEIE, DIRZE s 1Y
THFE, MMAffE GCRV 557558 i AT AESUR
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Preliminary study on the annual variation of five immune factors in female
parent and offspring of Ctenopharyngodon idella with maternal
immunization by grass carp reovirus (GCRYV) attenuated vaccine

LIUYi', DING Chunhua', LU Zhao', YU Jianbo', WANG Hongquan', ZHANG Xuewen ',
SHI Cunbin®>, REN Yan’  WANG Qing’, LU Ligang', LIUKejun',
LI Dongfang ', XIAO Tiaoyi ", LIU Qiaolin "
(1. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,
Hunan Agricultural University, Changsha 410128, China;
2. Key Lab of Aquatic Animal Immune Technology of Guangdong Province, Key Lab of Fishery Drug Development of
Ministry of Agriculture and Rural Affairs, Pearl River Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Guangzhou 510380, China)

Abstract: Ctenopharyngodon idella is the most productive cultured freshwater fish species in China, while the
healthy development of grass carp industry has been restricted for a long time by grass carp hemorrhage disease
caused by grass carp reovirus (GCRV) infection. The selective breeding of C. idella with high resistance is a
research focus of industry and academia. Our previous research found that maternal immunization could signific-
antly enhance the offspring resistance to GCRV. To investigate the expression characteristics of maternal immune
factors in the female parent treated with GCRV attenuated vaccine and its offspring, the protein concentration and
gene expression levels of five different immune factors (IgM, C3, LZM, MBL and Bf) were detected by ELISA
and qPCR in the blood of female parent, the early development embryos and juvenile fish of offspring. The results
showed that the protein concentration and gene expression level of five immune factors in female parent blood by
GCRYV attenuated vaccine (experimental group) were 1.5 times higher than those in the control group, but there
was no significant difference between the two groups after 11 months of immunization. The gene expression level
of IgM, C3, MBL and Bf'in experimental group offspring were higher than those of the control group on day 4. The
protein concentration level of IgM, C3 and Bf in experimental group offspring were slightly higher than those of
the control group on day 15. Five immune factors were still highly expressed in experimental group offspring
immune organs such as liver, spleen, kidney and head kidney at the age of 5-11 months. The results indicated that
the expression levels of immune factors in the female parent treated with GCRV attenuated vaccine and its off-
spring significantly increased after maternal immunization by GCRYV attenuated vaccine, but it has a certain time-
effectiveness. The high expression of immune factors in the female parents and offspring might last up to 11
months, which provides a reference for the maternal immune procedure in C. idella and molecular information for
the breeding of C. idella with viral resistance.
Key words: Ctenopharyngodon idella; grass carp reovirus (GCRV); maternal immune factor; early development;
time-effectiveness; preventive effect
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