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Pathogenesis of Singapore grouper iridovirus (SGIV) and
its immune control strategies
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Abstract: Iridovirus is one of the most serious viral pathogens in marine and freshwater cultured fish. Up to now,
iridoviruses have been isolated and identified from more than 100 fish species worldwide. Singapore grouper
iridovirus (SGIV), a novel species of Ranavirus, was isolated from diseased grouper in Singapore. On the basis of
establishing a virus-sensitive cell infection model, morphology, ultrastructure, replication and biochemical
characterization of SGIV in grouper host cells were studied by electron microscopy and biochemical analysis. The
molecular biological characterizations of SGIV, including viral genome, transcriptome, envelope proteome and
viral microRNAs, were systematically analyzed by Omics analysis. The interactions between SGIV and host were

investigated from many aspects, including identifying the target tissues of SGIV infection, tracking the single virus
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entry and transport, non-apoptosis cell death induced by SGIV infection, functions of host immune related genes in

virus infection. Meanwhile, a variety of SGIV detection technologies have been developed, including antibody-

based flow cytometry, microfluidic chip detection technology platform system, loop-mediated isothermal

amplification (LAMP) and nucleic acid aptamer detection method. In addition, SGIV inactivated vaccine, subunit

vaccine and DNA vaccine were developed. The results provide a theoretical basis for better understanding of the

pathogenic mechanism of SGIV infection, and offer technical supports for the prevention and control of SGIV.

Key words: Singapore grouper iridovirus; molecular characteristic; viral-host interaction; detection

method; immune control
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(Iridovirus) <& B Hi i KRR 7K 77 58 8 28 5™ B (1)
B R 2 —, fEH RS C N 100 2 Fh &R 5
B E IR R MR RS R AR
PRI WUEE KX DNA i 7, ELAEN 125~380 nm, F& K
21 140~303 kb. HATHLAZREE AL Iridoviridae 73
2 AR 5 ANE, BV 28, B AIICAT Zh47) 1) BT
KisE o WAL, GG 58 Ranavirus. K240
B JB Megalocytivirus- B2 2 5 &
Lymphocystivirus, VARG TCHT HES W) ) UL R 5 5
B R, OFENLRIR T [ridovirus FISRIL R R B
J& Chloriridovirus®™ . A5 2 J& i) 572 42 1 4K
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HESN VD 22 FE I A A A 22 4, T HL45 7K = FR R L i
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grouper iridovirus, SGIV) #& M7 I3k 2 1) A1 5 f
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P& (ATCC) 55 [ b 1 48 M et v o0 o 3222 13X 2648
Ji 58 K 22 SRR T 4% 48 B i K 28, T 0T 2 R FRAT
1) L B 3 /K £ 205 B QAR 00 B RN A 4 2R BEE U
BB IR, AR K S A PR A JE
N TR T B R Gl B FR 5k, A R
3210 2R K f R R K A R, AL FE SRR
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MR R R TR B # A PR SRR i B
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B o B A B, 6 SR = A R ) AR A R A AR
W AT RIS E o 1998 4F, 2Bl )0 PR K
WATHS, I B LM R, B AR A
Epinephelus tauvina IR T D)7 B85 B 5 %06
BRI, TR 1 JE N oA BE AR T &R 0]k
90% LA bo AR A4 437 A A AR DR e A
AR, 20 B U B S MR 15 R B JE
AFh——tE 55 3 Y (Frogvirus3, FV3) #&#zir,
FEAK R EAE DNA Az BB K 11 7 51 A el i
7099 70% F1 69% . HRARE I ) 701 73 8 U,
BTN NIX R — P B B, JEH HE 4 N SGIV
(Singpore grouper iridovirus, SGIV)"'*''l, H #f,
SGIV T 13 2 & Brip 5 77 K& 03 = I IA, 7228
10 hi |5 Brovs 75 73 28 - i o 4 51 O R 9 55 BHEE S
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T SGIV—HUBR AN f AR Y 2 57 () Bl b, N FH R
Bi ARG G EL M T SGIV TR A M flZE 4
KA R ) EH AR R . SGIV /278 T
B EMM R, NIE =+ HEEk BHENT 154~
176 nm, XZ AL E 2 —A> 93 nm 1 T 805,
HAZARTEW ALy 5 nme. 4EA6 20 i 215 25 55
WA 3 BN, AR ENIRE TR,
] J2 9 B A R 51 ) B AR 7, e P )= N R
JEE o FE LT AR T W) OW 52 B TR B R AE
M A R AR AT S AN B B (B 1) RN T
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SR BT E A S A P R L, e A A A N A
JELJR A5 A2 A A N A P 4 R S R T FR R A Bl
T BE, 5 7 S I T 5 20 R R O 1 AR K
A ML AHEST 17— 10 9 T S A% AR T, AT £ 40
i S S 0 A ME PN b oF X R e VL N
A58 B K B SR 1 S AL AN R B B[R
I, R S5 R 1R SR 1 B
FE, 9 25 K1 IR — 8 R 2 R o v S i N
DRI IZAR e, SRR T A T
T e B IR T A TS, TR T A TR AT th 1 40
IR R U P B R A, DA H 2 2ORE TR R 4
b, TG T — R AR R (A Te~K] 1g).

a: ST A AL R PR IR s be TEH FRFr SRR AR s o2 SGIV /G 5| LR 400 AL B Sk RO 200 M 385 - SRR L ARDBR AL RO, VML TR ARG L IX, EC: 2
K5, MC: FRAZACTE, NU: 20, A5 1 pm; e~g 53 MIFoR SGIV 2R+ (¥ H 2, BRI IR ANI 4L, #7100 nm

a: The enlarged spleen of diseased grouper; b: Mock grouper spleen cells; c: The cytopathic effects induced by SGIV infection; d: Ultrastructural observation
of infected cells, VM: viromatrix, EC: empty capsid, MC: matured nucleocapsid, NU: nuclesus, scale bar is 1 pm; e~g indicate budding, release and reinfection

of SGIV particles respectively, scale bars are 100 nm
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Fig. 1 Isolation and purification of SGIV and its replication in cells
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F SDS-PAGE HiTj 75 B i 58 F A Z AR 52 . MH
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SGIV W # & A, 1 S A LC-MALDI-TOF-MS/
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FRL % w4 NS (ORF 016L. ORF
019R. ORF 088L F1 ORF 039L) w5 i ZEIE E 4 .
B S5, 38 I G 5 A 4 H B SR R — P IR E T
019R. 088L A1 039L Ay 75 M ZE B 1", Al
1) A2 75993 25 RS Rl 20 P i 25 5 B 5 AN w11
EH, AFEREE S ED. RO RES S

H. & FiliEEA. KahEa MR E s, #E
KEE A RS TR EEMNE &, 1£5H
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1 SGIV 5 8% HI % A A 0F 78 5 1D, 46 1 &
¥ SGIV Frfi ORF (4 R H HE R8s Fr s FFis F 24
RS A B 58 B SGIV Ak A s Y A BiE 21 JI 4 i
(GS) FifAs o JEk Gy B #1 JIR 20 23 ) e s R, )20 57
G SGIV B 3 KA [F] R 1 I A 1) 3% 5% A
SGIV HEPRI7E AR Y A 7 B Gl iad T2 o (1 S B XA 1R
K% 5F, SGIV TEMRAMEYL GS 4ifierh, L4 15 4
S EI R (Immediate early, IE). 89 5.3 (Early,
E) il 53 MBI (Late, L) #% A . SGIV 7E 44 Py &
Pefpy it e N N S 2, 1 BT Re R @ i 5
I3 2 G S TE A1 E B S AR R & 1 &
AL, AT =R G i B

R SGIV 1EH IS FE 2 540 miRNA,
FEGL T SGIV AR BA A B £ IR 40 B VR & J5
% /)y RNA &, i [lumina/Solexa VR FEE M, 3t
7331 34 400 N EERIE/N RNAs, 25— R514Y)
S EEOH S E 16 4 SGIV Zwtd ) miRNAs. H
H SGIV-miR-homoHSV 5 HSV-2 miR-H4-5p 74
FRABLEE 55 v, $27% miRNAs 78 176 Y5 5 25 F e He i 47
5Fo SGIV miRNAs 73 #7304 T H: K 2H 1, 763 335
B 573 A7 AE 7 A B BE (1) S o 1k o ZE IR S Y
J—PCR J& %t B 4 25 55 R 56 i s, o
11 > miRNAs 7E SGIV BUL 4 A Rk, HHE
AW,
2.2 SGIV BIhae EE B Z AR
2.2.1 IE % B 1E % K% O &
DNA & iill 2 B, 7T LA 95 75 25 R A =5 200 P 2L R 1)
FB AT W, FEREEE R 1 40 R . 4 A
TR P e 2 S S o ARG B A BT R e 2 24 )
Mr e ORFOS6R(ICP18) A1 ORF162L(ICP46) N
SGIV [ 2 /N 1E H:[R o ) FH 750 b T R e A 7 3k
1T 25N ERIESE T ICP18 A1 ICP46 4 1E 2
K. ICP18 1 ICP46 4379 SGIV #Z% AL 7 & H A
PR ERGEA E . HTREEEA 2 MR R
F AR 23 7 B S E A TR E A E S
HEW A G FE A = A T — o R . 40 R E
PR g KB, ICP18 A1 ICP46 N E A .
it %k ICP18 Al ICP46 ¥ AEAT 3k 40 A i A= K 0
SGIV 3858, FK I SGIV [ 1E &K 7] g8 i i 4%
1 e P A T A 1 A
222 EEEEG BEERBERABHEESTK
FEAE AR R, AR AR (R A AT R I
L5 ) BT R 25 B A 1 (W AR W2 TR, IR R R
BB R AL FE G IR . 76 SGIV FEF & (1 7 4L 220 7T
fIERE b, X 4> SGIV IR & (A HE4T T 4R E Al

INEEHT . SGIV VP88 2L B &kt 1 MR HI
WEEE L, ZE AR ARG B R OB R
e 2 K % 2 RT3 (Arg-Gly-Asp, RGD) 45
F38. VP88 fA1E T #E B 73 vh, FE e 67 T- Wi
T L, UEBH VP88 A SGIV I ZEE A . Ak,
PHRIG R B, VPSS ZHM T 4n sk, H VP88 #E 4
B S G A 0 23 B UL T 4 A, HED I AT
REELA /50 B RN P 1 E4E M Dy et

B ER A 2H S A s AR B, SGIV VP19 Al fig
NIRRT EA. 5 VPS8 AU, VP19 thif
15T 5 B A 4, Hose 4 F 95 5 B B, UIF sk
VP19 25 85 [ AR [ . FAK I 7 FI2] 4 30
UG 4E R F 27K, VP19 & SGIV [ #4 EA
TR, VP19 2SRRI T e A ks
fiE. Ak, VP19 HLAARKT B2 B SR Z B4
FH, #EI VP19 W] BETEN B R B H B E A
2,23 RERAT  EOULEHR ALK
DNA 5 #5238, 538 5 g A — L Gy 15 2 11 25 40L
VIR UA IR TR R A dvis . AR VR RER
B, SGIV VP136 mtd fI5 % ¥ 175 5 M8 I8 28 R+
(LITAF) 24 17 VP50, VP51 Fl VP96 4ifidh fifJeg
INBEIH F % 4& (Tumor necrosis factor receptor,
TNFR) KU, WK SGIV LITAF /F 5%
DA, 3= BEAEAH 5T N RIE, T MERAEAE G . LITAF
(2R R % B 2t 5 S A ML T, TR AR B 2 R A
JIEE FL S JRAIC A Caspase-3 VG R399 . b 41, 78
SGIV LITAF & & 140l #, NF-xB fil NFAT )
TE R TP 5 EERE, SGIV LITAF 55
40 KJE LITAF A77E 358 A, HEN P& n] gesdid
AR TR,

X} SGIV TNFR ZUIIAT Fi R B, R4 SGIV
VP50, VP51 F1 VP96 1514w ht iR YR FE R -1 52 AR B K]
F, (HE A 1) TNFR ThRESE My —E It R &
£E 25 M4, (Cysteine-rich domain, CRD) H%% H /77
B2 5, A0 4.3 Fl 2 A, B=F A
V40 7 v B 2 5E A AN — B, Hirt VP50 7E4H i i
W R IRECE 2] 4045, 2 1 A CRD X H 41N &
KRN REE R . SGIV VP51 58 7 T 4 ffa i o,
CRD1. CRD2 FiF5 5 45 ke 45 [ 5k 2K %6 VP51 748 i
ENE B KW . ERIERF L, 3 AN &3 R
ARAAF . VP50 F VP51 5 5 1 S5 B 5 5L ]
VP96 J9i B F AL, # 81X 3 AN EE ) TNFR
AU O] BELER B 1YL T AR R A R A .
Tk A R K 5 2H 5 2 (1B 45 IR AR B, MR Ah T R
X VP96 RS IR 4N AL K, FE4M B 815 5 140
MO T, I R IA VP51 23k 4 A i A= K R0 1 4
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M A, HidZRik VP51 &2 JH 25 S I 4n i
T2} Caspase-3 W& 4, MR Wi 5 . AHH,
B VPST 7 S AR T I RE 3G, TR RN EE )
IR, PN VPS1 2 B s 5 i 1 B B 8 g K]
o VPST SR T 9 T I G 20 i sl i A4 )5 T =
TPt F A O G 9% TR B DR 1 SR 0A o HE
VP51 1 g 88 8 2 8 ) R+, Al e i 8 9 1 &
1 6 970 A G 8 SRE SN, AT S M5 B PR g 5
HEHEP, %F SGIV TNFR ZRAU I D) Be R 705 T 14
B SGIV J& Gy it #2 (1) S e b ML i) A BB
224 JmEHAEmMBAEK 5 HFMEARG
HRe oA SGIV &R AN AEVE B0 b 1
FW, B AD ) — L R AT R S 5 TR T 4R ) A=
KHE 58S, i1 SGIV ORFO49R %itid 1 /R # e
i ERZ B AZ T IR BE IR 8 (dUTPase), %4 K vk
(1) 1E £:[H, 7 A5 7E 40 B A% A B 5 [X, HLAE RT3
HH PR R i R A 5 % 122 25 R 1 B HE 40 PR A A vk v
TER™). SGIV ORFO062R & 1 MESFINE S Z=AE
K KT (Insulin-like growth factor, IGF) &5 #J38,
IGF KM SGIV-IGF A fUCHR e O T M i o, 5%
15 SGIV IGF A {ig 1t 4 A A8 A& A8 55 48 A & 19\

G1 #A1A S #A%E#:RY, SGIV ORFI155R #ifi(E 5% Se-

maphorin KA, 9 E FHHFE R . SGIV semap-
horin 7£77 75/ 44 1) 40 i Hh 3 @ A T i 5T A 48 i
JIE I ik SGIV semaphorin X 40 it 4= K % 5
M), H R DAiE I e A B R S A (i SGIV B ™.
2.2.5 SGIV miRNA *f% A& R 69A4x  7EHTH
%5 SGIV 4w Tl miRNA [F:Al 1, 3F— 255 3 4)
R FEGM D ) miRNA FEbR I PR EAT 5000 o 3 75 2 K]
FEKFEE MCP 7415 SGIV miR-13 HAb,
H miR-13 A @5 SGIV MCP 35k, M52
SGIV &4, iF#] SGIV MCP /& miR-13 f#EJE K>,
AL, AW1E B B 8o, SGIV miR-homoHSV
S8R K J& SGIV LITAF. miR-homoHSV ] LA
#] SGIV i S A Mo H T2, HAZAE F AT fE i i 4 1)
SGIV LITAF Sz,

3 SGIV BE im0 20 A 2 A

3.1 SGIV EAM&EREFHEANRRES

XY SGIV (1) A0 B L 3E 47 % 45 1) 93 B A5 WL
SR, M2 SGIV R i EE AT . WA
SGIV fr M E A — T BERTEARFHEEF T
F, = bR AR 4 IR E X SGIV I
FBE S T AT R AR AL . AR, B
(0 B AE 5 o, FLUOR M I AT B AR
SGIV =& BB YL S g By 41 4L b 5 F1 P iz 40

3.2 SGIV BRABFMBINRAEN . SRIMITER

RN

P R P E N A MR R B — P OF
T2 B, WLREI B3 100 N 25 5 40 i 22 A0 T I A 2
HAVNE EAN FHINERE. EHYRER TR
ERH ARG 6 00 F A S K R FHAR, BT A], 2
6] R 2 2 37~ SGIV IR Gebliml . B4 Bk
B SGIV 3T =5 20 A 2 il iok 0 % 2 1 F0 R R
7, AR NEEAN F AR [F 75T 40
KPS I 2 SGIV 9 B v 5 U M 2218 3,
23 B M N AR, Bn BA VAR, B R Rt
NI TAK pHo HE— 2B 5T IESE SGIV 4 b5 i 95
BEEE [ VP69 Fil VP101 FI B8 P #4k Rab7 KA A
HAERP(E 2).

W ST TR T ) B AR I RO AR
W1 H 71— 1R EE AR N T 5T SGIV 12
et F BB o 975 B0 1308 N0 PR PR AL RS U A1 2
79 180.2 F1 81.0 nm, 7375 B -9 B br -3 AE
PR AT 2 T 00 T P 300 N 00 B ) 105 2 RS UL R 5
BRI HENGH BRI 1E] 23 00R 1.42 F100.82 s. i T
LT (1) B R BRI FE 248 200 nm/s o 1T B FH 1 58 A7
BRI R R R BRI & FAS SGIV i B kLT
BENTE F AU RIAE FH 7, B4 SGIV i 8 R 32 F
I P A 3R 60.8 pNEL, R S HIF 70 45 SR 4K
KM T X UR 9 B N1 = 40 7 =00,
AR & T B0 B AL TR BR B R TE KA 3K o 1
DNA Ji 20 78 IR
3.3 SGIV RRZFSHIZHAETE THLH

HAE T A2 2 A AR A iy i R B AR
PR IR o R R R, £ 5] A ik
A — RIS, &L RBET, SR AN [ 5
PR MR AE T 1 77 ORI Z 3 . BATTRIH B
FEI GS, L SGIV &Y 5] e fE F 4 GS Al
AE 75 F BEL 8 40 }0 (Fathead monnow cell line,
FHM) SETC 1 57 7], 45 R R W] SGIV 35 S 4 st
A Y 28 RAR A 1, B SGIV e GS 5 22K
T, &% FHM 512 8 -0, H SGIV i &
(10 2 I8 T A T B R R RR AR SR A R T
SGIV 75 5 [ 2 M 8 T2 AN 75 B0 75 5 ], 3% 010 23
i I RERS S SANIRE T 2R T2 2000 4
Sperandio A I B — FFr i 40 M B8 T2 2K AL, T
SGIV 5l R T2 i 8RR 15 S R T IR
iRIH .

3.4 SGIV X7E X MAaESBEAETHIER

N T M ) B SGIV G 250 18 7 T WL,

FA % e 20 i@ S0 P 43 M SGIV YA BiE 0 11 J
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Untreated Dynasore

Untreated Nystein

c Mock SGIV 120 min

Untreated Untreated

P& E AT A A

—. Clathrin-mediated

. endocytosis
-

[k A=K )

Clathrin-coated

p . i vesicle
W Actin -~ D 'L‘I' X 5
'r © i

LA A / Macropinoytosome E IR /MA
ekl W 391 1A £ o
endosome Late P

s

endosme &*”
F AR Lysosome
~

& Microtubule

2N A% Nucleus

a~c: SGIV i BEZE N T S 28 AN EL IR, T MO T /N8 88 1, 45 ROA 10 pum; d: SGIV #E N 4R Fry 5 X ]

a~c: SGIV enters grouper cells via the clathrin-mediated endocytic pathway and micropinocytosis, but not via caveola-dependent

endocytosis, scale bars are 10 um; d: Model entry route of SGIV into GS cells

2 SGIV mHEHANFHAFHR
Fig.2 The endocytosis mediated by SGIV entry
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A R SR O, K 20 N {5 5 %,
MAPK f£ SGIV &4 5 K A A FFEE Ey e T i,
e MAPK 7575 2% Gy 72 o nl B A #5545 B
YERP . E—2B R 5t R B, SGIV Be & # BU% ERK.
p38MAPK F INK 43 BB FR AL, (R0 T 20H B
B2, W EE SGIV L E il 5, {¢ ERK Al INK
F5RUTFEN, p38SMAPK 55| & 5 SGIV i %
40 P AET- 04 21 3) . NIRRT fi# SGIV X}
MAPK {55 [0, eI e | a2

(MAPKAPK-

[()126-{

}’FD -«

JRIE A SR PR 7(MAPkinase kinase 7, MKK7).
p38MAPK. JNKI. JNK2. INK3 } c-Jun 7£ SGIV /&
Jeid B H I IhfE, KB c-Jun 7E SGIV B YL 11 5%
AL F TR RE L X, HEM c-Jun ATRE 5B A KL
AH LA AT U 4200 2 5

2 R AR R G e BN B 5 R
{1%) B B AH R 4y, FE 2 P AR R R A AR
F o B4k, SRR s A, Mz R R4S
—SCHRN R E O R AR R BN, N2 5

21053 I Plasma membrane

- |SP(>()()]25

v N % Nucleus

1
EIk-T, MSK,

Elk-;/i MSK, (Myc, P53,
(Myc) AP-1)

EIk-1, c-jun,
(NFAT, P53,
AP-1)

|
|

MAPK 155 8 # 2 5 SGIV 2 4L & i
MAPK signaling pathway involved in SGIV infection and replication
a: SGIV BEWUT ERK HUBEIR AL b: SGIV IEHUN MAPK {5 53 B (0 1 00 S MAPK {5 5 38 B{ AR I AL 1 A8 P A P, SGIV S
LAl HLRA B, MAPK: 22 ¢ JR% A0 2 1 8, MEK: MAPK B, ERK: 40 AM 5 8 [ 30, INK: c-Jun 22 A3, MAPKAPK: MAPK % & H

s

a: SGIV induces phosphorylation of ERK; b: Activation of MAPK signaling pathway induced by SGIV infection and the action of MAPK signaling pathway
during virus infection, SGIV: Singapore grouper iridovirus, MAPK: mitogen-activated protein kinase, MEK: MAPK kinase, ERK: extracellular regulated
protein kinases, JNK: c-Jun amino-terminal kinase, MAPKAPK: MAPK-activated protein kinase

3 SGIV & ZEHE MAPK S BB P XBHESHF™Y
Fig.3 SGIV infection significantly activates the key molecules in the MAPK signaling pathway
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