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R B EEHSY, ST F BRI ANAT Yk 1 VP56,
Tk m®, ATRE S R A - JAM-A R H
MEAE, 258 M e MR, 765k
NG B TREEE, SRS PCR (RT-
PCR) Jj 5 %5 78 J2 Wi U A2 B GCRV 8L i) 357
P, [E IR A 45 F ML PCR ., 8236 & i PCR
(qQRT-PCR)., [ sk—IAA - 48R B HAR R 5
GEHURR LD vP4a Rl VP56 He R Fr By HAT 2
PREp AR E M, THTEEMRTFRM ., GCRV
Iy R 3 RhA, Hodh GCRV- T R H AT H AT 1926
B, TEEE T IE MG % B2 )8 (Orthoreovirus)™,
F TR A A P AL, A R 2R A B L R
G TR PE AN 30%!" . AN [R5 2 Ak HL 3 A
], 5 HE AR K e A0 3 g W 5 5R 55 6
Hrp GCRV-1T BRI, BUtR Y, &
2014 4%, 7RI [E O 2805 25 58 1 1L 40 0T iz IO 2
Mk 30 Bk, MI#KIEZE 2016 4F, SE R4 5L K 4
FFHIEERRE A 12 88", GCRV Wy i i H A A8y
fZ T, HOKIR N 25 °C~30 °C I b 2% &1
F RGN 2009—2011 4F P\ 4[5 45 Hs O 4R 1Y) B A0,
o L A A A T ARG I A A A TR R T, A R
R, TR R, 5 A R T2 o e
W%, ELHBRT BRI AR A J8ye A K I A I Y
ARG, HABEA R TR A BGe RAGm 2] 0, A
W, 7EmRBERMABET, GCRVIERYL a7 7F
RA R IE M

LHE 1986 4, K’ E B FH IR 0 5E LT
AR I A ZH 2 B R YT, e AR A
AN TG LA . 88, BpiE . R
' I RIS T A 2 B A A b, (ER X R
S £ 114 s PARCAE R R 2H 2295 BILRE DR 2R A7 b 5 R
B, A R £ 9 L 205 35 40 A B AT A9 . B
B E A XA TG GCRV- 1T R 75 it 5 £ 20 21
FRARE MBS, 95 ST S B0 45 AL 2L 09 7 o
A BLAESS EA B = X E SR K £ AN TR e
W R G LR SE . A T IR B A B B
BOR, FEAN AR YA TR, flnig
JE e B . BRI | AR R
B R AR s T SRR B AR IR AR IR
WAR, AEAR SRS 5T S s i 17 fr) =B s X
SRR RN TR 1 B DR N 4 200 B o0 AR
() 22 AT Z BIFY . A S 00 S I PR A . 2
Jig B 22 %X . qRT-PCR 2 Western blot 45 4% K F-
BEXF H AR S s fa RN N TR £ 1 it PR BHERE IR
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9K i A B R e ot I T AL 4 B X T
N X R FRAE g, R BT 20~30 g/, Pt
BT 2019 4F 3 A9 H, fmisf@ttigik,
WA s R AP i IO T GCRV-097 Bk, J& T
GCRV-1I 8, W ASY = /475 VP4l VP56 £
SLREHUAR RS20 % A I AR 47 ; PCR Mix, DNA
Marker, RNAiso Plus ) H TaKaRa /A 7 , qRT-
PCR Tii £ # (SYBR Green BioEasy Master Mix) Jl4
H AT H R R A R A H, M-MLV 4% 5%
e H 35 [E Promega /A ®l, A& qRT-PCR 54 H
ROUERHR A= PR A IR Wl A il

1.2 AT RGRSEI

P45 T ATt B B £ AR A RO R 2K
PR MR RG IR Td A, FEVLPkE 5 R
Fifh, FEHUZHZ RNA J5 47 PCRAGIN, 25 1
7~ GCRV N BT o BS99 % v DR A7 1 96 5 V2R A 7
SRRl 3 YR, 4°C F 12000 r/min 2.0 30 min,
PRI IS WGE AT 0.22 pum 4 0T U8 25 UE S
FRICBR AL, FER 30 BE M 2 4, &
15, LA REREES 0.2 mLigE, X
W82 A R vE 51 0.2 mL B9 TG B W IR 2% ob 3R A TR
(PBS), &40 ] [H] 7K il % il 78 (28+1) °C, &R WM
L2, HEEMEL 10d, O T-EOF N LA
P iR ) g S A AT AL B
1.3 HLAMGRRE . BIIKRLIE

H R &g @ TR — LI A it e R
Tl R 2K P 2R B SR A R G FR 2 2019 4F 6 1,
WIlE) A H R 8 s PR 2 WA RE, JRTE o
B M B R, R izt A B T
£ e AR, A R IR 7 R AR A AR,
W WAE . OFEEAE . LN . SKE . B RGIE
LG5 241, 141 10% i B IR T
BT 4°C T EHATHLSUREMIE, % 145
T80 °C VKA F T )5 S A% TR Fn & F A,
N T IR e i i 20 2R O A A0 B R A A7 T R Bk
KRR
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PHRAFTE 10% 1 b P 5 R 1) AL R i i
ey, 38Ok N R B A B 1) & B ZH UK
SR W ORXT A BT WAL B . A LH 2K
TSR A B AT, SBR[ S AT AT
BRUF, KR WF e A b, BT s
HEAT IS . B K SR ARG AL (HEE) Je s, JHh
PER RS B, BT R A2 i s TR L
SR AR IEFEARIC 5% . FH Image T #K{EXTAILIY . il Al
WRE 2] 7 2D AR TR AR L 2 Bk 2 2R AR
AN 2 21 4 3R TR 2 L E 5 L0 20 4t AR 32 L RN
TR BRI &

1.5 gRT-PCR

B 7 RN T S IR e £ RN [ AR s e A
AT 73 1 17 I S = SN e = o1 7B = 2 E A
40~80 mg & T 800 pL TRIzol(Invitrogen) 2% J5 ,
i IR UL P3RBT A A RNA, 5% B cDNA,
20 °C %1%, VP4, VP56 5& & 5% ] Primer pre-
mier 5 M BIHA A, BARTIYIIR KRR
60 °C, 18S7RNA fE NS EM, 5IUMFEEIE 1,
DARUEG S 7= ) i p, i FAE 0 51 932847 qRT-
PCR, W& Z Jy 15 uL, % 2xSYBR Green Bio-
Easy Master Mix 7.5 uL, c¢DNA 2 uL, K4k
51uL, L RiE5I#4% 02 uL, K ERF A 95 °C
AR 1 min, 94 °C7AEPE 15s, 60 °CiR K 15 s,
72 °C #EMH 205, 340 MEIR,

1.6 Western blot 1 A EIALA FHFENEL
FTIiA

1ML 7 B A AR R AN TR L R fn il | g
BE . BFBEAE . LA . KB hE R E A A
40~80 mg & T 400~800 pL ZHLI 2w, $LRi7E
H AR PN 1 mol/L 2 HY KER% ot 960 11 BHm

il (PMSF), SR 2 oy 2fa, B
VWS I ARG v E e, BRI 4 i
1T SR TN M Ik g 56 Jist H. Wk (SDS-PAGE), - %% i
BB RMRAERE NCE) B, T 2%
BSA H A =\ E A 2 h; —HN 121000 Fai
P& VP4 FlI VP56 I, 4 °CMEE R —Hh
1 : 5000 B HRP Aric £t B 1gG, 37 °CHE
FH 1 h; BRRN G ¥R TBSTYE 3~5 Kk, HEIK 10
min, Ll B-actin fEMANZS, —HiH 1 10 000 Fi ke
1) B-actin SR FATCREDTIA, —HT N 115000 FikE
) HRP Aric i E 40 1gG. H TMB I (5] &2 4
IEMERLE IR

17 HELESSHTF SR

SEESKE FH GraphPad Prism 7.0 #FE0EF 7504
G AVER, LA means + SD Fongi R, FAHILK
BRI R 3 R M LA by A AR A .
Student's two-tailed ¢ A% 5 X S 90 BG4 T 1245
Br, B RSRAZIAM R EER, RN ER
BF (P <0.05); “**FmRERNEE P <0.01),

2 4

2.1 IEREEIR L3R

N TS GCRV- T AR H R fE . H R KR
P B R A G RRE IR B A SR o, AN TR
Ye e ta ] ULAS O B A LA I B S , R
JEE, BREEPIAM . S R A L A LA A R HE 1
SYA A, SEARTTIN, ATTTZOM,
Ja TR s e A e K, BBk i A
SR A0 ] DR R A R M A, S A
FT i P93 LA B R BIE s 2 ¥ ot o, 08 e af
RETTL0 i, i) ol W s rh A 2o gk, LA
FifuhimMg, 5 AN TRGMFE AL, Wi

&1 EEPCR3Y
Tab.1 The primers of qRT-PCR for virus detection

ElEZEx Fe31l J1 BCR/Mbp H A A5
primers name sequences (5'-3") size target gene accession number

VF146 CGAAAACCTACCAGTGGATAATG 135 VP4 MN136091

VR147 CCAGCTAATACGCCAACGAC

VF73 AGCAGGCTATTCATCACCAGT 107 VP56 MK675081

VR74 GTTCTAACGCTCACCGTCTTTTC

18F99 ATTTCCGACACGGAGAGG 90 18S ¥rRNA EU047719

18R100 CATGGGTTTAGGATACGCTC
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BB, RRTER BB MR b B T R f
ST, BT, WUARA 6, WS

440 =4
Bk . BT (1), Gk, g 22 EEURIEFETA
TR GCRV- TR . [ 4% % P B 2546 1 98 5 A TR 5 £ 1 B o
IR BT . A TR e iR 3. BSIEABEI R A AR, Bk
W R e BRI R, IR TN (EBR-b. o). TR fi N

(b)

(©)
El1 ATESRER (). BREZRH (b) MERES (o) MEREREEE
Fig. 1 The clinical symptoms of artificial injection infection with GCRV-II (a),
naturally diseased (b) and healthy C. idella (c)
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Bl ALRE, BREZFNRREGNALRBEZYE SN
a (R, b EARR, c ATEY: 1B, 2 FFBEAE. 3 ML, 4 i, SOBRAE. 6. 6, 7.3k D LU il S A A -
BRI RTTR: | ARG o T A e BERPEIRAE: = N LI D WEERTE LIRS s = A PR AR
HIEF AL 5 \'%/J\%J:&?Hiﬂ’@ﬁ*ﬁ#ﬂ?ﬁ; > N TG A e PLEF YRR KM e ITAIE AL o BEREMAR SO,
> M 52 7

Plate Histopathological examination of artificial injection infection with GCRV-II, naturally diseased and healthy C. idella
a. healthy C. idella, 2. naturally diseased C. idella, 3. C. idella artificially infected with GCRV-II; 1. intestine, 2. hepatopancreas, 3. muscle, 4. trunk kid-
ney, 5. spleen, 6. gill, 7. head kidney; )» internal haemorrhage or accumulation of blood cells in tissue; => hemosiderin agglutination; 1 goblet cell;
B> the nucleus heavily biases to one side of the cell; * coagulation necrosis; =»curling and shortening of gill lamellae; P acidophily of reticular
structure; =» blurred boundaries and fibrosis of hepatic cell; \ granular degeneration of kideny tubular epithelial cell; » gap hyperplasia of gill
lamellae; S rupture and oedematous of skeletal muscle fibre; mep cytoplasm vacuolization of hepatic cell; melanin macrophage center; 3> hepatic

sinusoid hyperaemia
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FEIMBLGE, PR A0 A 0 50 43 D0 5 38 20 5 7 1E
B (BI-1a).  H 4R & 9 B Ao 1 21 240 i 3= L
H5.47%, N TR Y a2 40 IR T oA
11.23%(5% 2), b A [E 251 Y0 A BY 21 40 i 352
Fb S W2 SO AR FR B, U HH N T Bk e B £ 1 i 3
LT B H AR AR A B O R A SR AR
TN TRk Y £ (10 JHF i O 0 1 5% 7 il B 42
JHOAZ 7 Al 1) — 0, S A B s v Ak, A
Mo FRRASR, LA fb IS, FFARCHESI L,
TR AR AW (- R-2b, 2c), T fd B B 10 1 T &
Pl 28 rp e IOk 2 R HEAR , IFARCHES 355, 4niife
RS F 40 A ke 440 A IR 9 A (P& R -2a)
FENLPA oo BRAR Ak = 25 36 30 A 21 41 B 12 e A i
FIMEFAEZETL, AR F A LA KM, 40
J MR B i, /b 2T 40 B A P B A0 i LN (]
PR (EIh-3b), A TRGe s fa i L 4 s i, WL
YR 1k, KM, ToAkar, KRimgrgilRELEN
i M AT B (T RR-3c), T i R e fr AL A0 e 3 A
B, BESCHEMT, A PR ICZ A SR A (B hi-3a).
H SR & B A0 A 21 40 3R LR 0.56%, T T
JER L B ) ZT AR LA 3.31%(F 2), A TR
Y 2T A0 IR FE TR, BN TR
0 LA IS S, AR R, AR K
Ja PN TR R () v B B /NS K AR T, %88
W —i IR, S HIRG . IREL, 48

WL AAE, [B]T P M B R [ 1 IR AE R 4 4
A DR AMAFAE, HIUE /NG L 40 i
KRR P (BIRR-4b, 4c), T e 5 £ 1) v B 2 21
B /N I Bz 240 0 T o 40 A 50467 F A i o ol
M HES 35T, TP K AR ALBLS (B hi-4a). A
SR 95 AN T J e £t %) 190 T 2L 209 1 P TR IR &
L Aedl, S5H0ZTRBOM 53 SR SE IR 4 A B
Vs fipe W S R R B R OB B B, HLZ ™
A0 I A B 4 B s (T R-Sb, Sc), T i B
FO G B LT AR S AT, 2T A B S BR
(B RR-5a), [ 2R 0% A0 10 & 2 R UTRLY 1
H26.21%, TN TG B A 1) 5 4k i B 2= DU

Foo 11.47%(F 2), & MLBk 3 ZEUTR L e T 4
ZUN M A FR RS, B R e R AR ) R M B R DT
TR B, BAHT B 4K s = £ 1) gL AR 2H 2N
MG B A=, AR NS AR AR
{149 TN T J e B £ 4] 2% 8 /N e ) 0 KR 1) S
WAY), SRR REIREE, RIEE/N A5l
e, bR AN, SR/ R A U i R I Bk
(Kl hf-6b, 6c), T {8 5 A Y B /N i HES 3 55
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HEFN 5 1) B A — 2 (1K fit-6a). 4R 529 FIN TR
Yo £ 1) Sk 2 B I R SRR, 7 i
B, 2L AN R BLR (I RR-Tb, Tc), iR
A0 K ZH AU bk L SURI I SR A A, Skl
BRI A AT R R E R AR P (BT RR-Ta), D]
AR EE G image J BAFTHRE S R E I, N TR
FAMNLA, Bl SR A2 TR L A AR Ko,
T 1A SR 2595 1) S8 R G AT £ 25 A8 38 Bl N T J e
JEE, HARAGUE 2 g7 2T 2 BT 2
AR, AR AR O 250

*2 BREFEEMAIRIEGRHEN
VIR SR LR

Tab. 2 Histopathological analyses between artificial
injection infection with GCRV-II and
naturally diseased C. idella %
5 FRKT A TR
;0 s natural disease artificial infection
group C. idella C. idella
Jipy T (A 40 IR E) 5.47 11.23
intestine red cell infiltration ratio
JULPA (2140 a5 EL) 0.56 3.31
muscle red cell infiltration ratio
R (A it 3 22 0RR 5 L) 26.21 11.47

spleen hemosiderin agglutination ratio

2.3 qRT-PCREMAELELAFHREE

N TS GCRV- 1T B EE A [ 4R A9 B A TE
AR H LU 5 Feak i O He g SR o, DL 18S
FRNA N %, F VP56 Fll VP4 E &SI (F 1)
Xof T 2 HB T £ ) AN () 4 400 B 3 R AT E AR
W, ZE SR AR R Sk L R
LSRR N TR A ik 2 1 AR & A
O HLAE o FEN TR R 8, R
i FUNLIA e B B, i FL AR B Y £
M, F SRR A A (18] 2),

2.4 Western blot #| ~[E)¢AZH  GCRV &H
=ik

H SR & Fl N TR e w45 2H 40 h GCRV
MRk R SR, 76 VP4 FIl VP56 HLia I T,
N TR i £ 45 2] 20 v ARG B0 55 2 A A AEAE
WoR H—EBE R, S BRI PR A ]
(AT R, T v GG DU 1) Fr) 2R 3
4 (& 3-a, b), SEm4R RN BEIEA
H 4R K A0 45 Al 2T i R I B A, B L
P WAIE . SR R DU R R A A G 3]
iy, (AL A —B, JCIA 250 (& 3-c,
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NGt NGl R2AE
different tissue and organ different tissue and organ
(a) (b
W6 N "
:& = % Hk J;ﬁ 8 % l
30 , 080 O
S e = g2
283 248,
TE e S
Egéz-* %Egz
K< B E L
2EE SEE
% g : [j & 8 : RE:
Jm 0 . = | . . . — R 0 . o B — —1 . . . |
1 2 3 4 5 6 7 1 2 3 4 5 6 7
ARIMA RS E ARMARSBE
different tissue and organ different tissue and organ
(©) (d)

B2 ATRERJMBEREZHOESFFHLAH GCRV HIRIEKF
() N TR Bt e RN R ALST VP4 FRISR, (b) A TRRH A 4 AN ALUT VPS6 IRIERL, () VP4 1 FIIR RN 5 RS 2R ik

&, (d) VP56 fE AR FEAMARMAL P RILE; 168, 2 LA, 3. %iE, 4. K%,

5.E, 6 JBINE, 7 FBRAE; TR

Fig.2 GCRY expression levels in different tissues of artificial infection and naturally diseased C. idella

(a) the expression level of VP4 in artificial infection C. idella, (b) the expression level of VP56 in artificial infection C. idella, (c) the expression level of

VP4 in natural infection C. idella, (d) the expression level of VP56 in natural infection C. idella; 1. gill, 2. muscle, 3. intestine, 4. head kidney, 5. trunk

kidney, 6. spleen, 7. hepatopancreas; the same below

d)o BAWIFEN TG R, SK¥ T BRAE AL
PR B, T, v B I 4 B A
i, TITE B AR s e #1145 2L 2 1] 14 25 R DL 1
W, ATRER N B ARIE G T 0N B & 4180
B TE

3 e

GCRV 5 & it s AT 2 ket . Z=9 i
WAL L Yok A R A ARBIESE R ¥ B A
SRR EATE 6 A H B eIk, KR KB
FE 26 °C~28 °C {uFEI N, A TS i) B a2 7K iR
TE 28 °C AT AT o ARBIFSE Hh N TR YL AT [ 4R
RIREAY N2 BRI M A IS, 55
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e ds 4
| S

(d)

3 AILREMBEARLFENEAARREHLAH GCRV EERIAKTF
B

(@) AN TR A ANFEAL R VP4 BARIERE; (b) AN TIERE

RAREE, () AARKFEAAFRAZ T VP56 RAREE

[FIZHZ VP56 [ RIA &, (c) N H IR K HE A [F 4L 2 VP4

Fig.3 Protein levels of GCRYV in different tissues of artificial infection and natural infection C. idella

(a) the protein levels of VP4 in different tissues of artificial infection C. idella; (b) the protein levels of VP56 in different tissues of artificial infectionC.

idella; (c) the protein levels of VP4 in different tissues of natural infection C. idella; (d) the protein levels of VP56 in different tissues of natural infec-

tion C. idella
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Studies on pathological symptoms and virus distribution in natural and
artificial injection infection Ctenopharyngodon idella with
grass carp reovirus type Il

YANG Ling ">,  SU Jianguo "**
(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China,
2. Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for
Marine Science and Technology, Qingdao 266237, China;
3. Engineering Research Center of Green Development for Conventional Aquatic Biological Industry in the

Yangtze River Economic Belt, Ministry of Education, Wuhan 430070, China)

Abstract: Grass carp reovirus (GCRV) is one of the main pathogens harmful to the health of Ctenopharyngodon
idella, causing severe grass carp hemorrhagic disease. To explore the difference between naturally and artificially
injection infected C. idella with GCRV-II virus in clinical symptoms, pathological features, and virus distribution,
we used clinical necropsy, histopathological observation, molecular biology detection, real-time fluorescent quant-
itative (QRT-PCR), and Western blot detection methods for experiments. We compared the clinical symptoms of
naturally diseased and artificially injected C. idella, and found that the eye socket, operculum, mouth cavity, abdo-
men, fin base, intestine and muscle of the diseased C. idella showed obvious punctate hemorrhage. The bleeding of
the latter was more serious than that of the former. Compared with histopathological sections, it was found that the
infected tissues had different degrees of congestion and erythrocytes accumulation. Among them, the intestines,
muscles and hepatopancreas of the artificial injection of C. idella were more severely affected, showing more seri-
ous intra-tissue bleeding and lesions. The gills and spleen of naturally diseased C. idella were more severely
affected, the gills showed more serious hyperaemia and inflammatory hyperplasia, and large areas of hemosiderin
agglutination lesions appeared in the spleen. The results of qRT-PCR and Western blot tests showed that
GCRYV was distributed in different tissues. The head kidney had a relatively high viral load in diseased fish by the
two infection methods. The viral load of the hepatopancreas, intestine, and muscle was higher in artificially injec-
tion infected fish. The amount of virus is higher in the trunk kidney, gill, and spleen in naturally diseased fish.
Therefore, the hepatopancreas, intestine, and muscle may be the main target organs of GCRV invasion in artificial
injection infection, while the gill may be the main target organ of GCRYV invasion in the case of natural disease,
and the target organ for virus accumulation is the head kidney. The head kidney is the "virus library" of GCRV.
This study is helpful to deeply analyze the pathogenesis of GCRV and the immune responses of C. idella, and may
provide references for the prevention and treatment of C. idella hemorrhagic disease and the development of the
vaccine.
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