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A Zebrafish (Danio rerio) Model of Red Sea Bream Iridovirus Disease
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Abstract: Red sea bream iridovirus (RSIV) is a piscine, icosahedral, double-stranded DNA virus and belongs to the genus Megalocytivirus within the
family Iridoviridae. Red sea bream iridovirus disease caused by RSIV has been confirmed in over 30 cultured marine fish species in Japan. Here, we report
the successful infection of adult zebrafish with RSIV, indicating that zebrafish can be used as a useful model for developing RSIV vaccines. Zebrafish
intraperitoneally injected or immersed with RSIV began to die at 3 or 6 days post-infection. At the same time, more than 10° ORF407R and ORF380R
transcript copies per 10% B-actin transcript copies were estimated in the sampled individuals by quantitative real-time RT-PCR analysis, suggesting that the
expression levels of the two genes may be associated with mortality. All zebrafish were dead within 11 days after intraperitoneal injection with RSIV. The
cumulative mortality of zebrafish after immersion with RSIV was 91.5%. Moribund fish swam lethargically near the surface of the water. Dead fish showed
exophthalmos, severe anemia of the gill and hemorrhage of the internal organs. Basophilic enlarged cells were observed histologically in the spleen of the
dead fish, although whether the spleen was enlarged was unclear. By transmission electron microscopy, RSIV virions were detected in the intestine, the liver,
the heart and the gill of the dead fish. Microarray and gene ontology analyses revealed that 151 genes were up-regulated, which included apoptosis-related
genes in molecular function and cellular component, and 138 genes were down-regulated, which included immune response-related genes in biological
process, in both zebrafish at 5 and 10 days after immersion with RSIV when compared to control fish immersed with PBS. These findings provide a further

understanding of pathogenic mechanisms in RSIV disease.

XU e HAAY RIANA, BTTT 4 voa, Ml BRREAM, ~A 707 LA
Keyword: Red sea bream iridovirus, Zebrafish, Spleen, Enlarged cell, Microarray.



194 FHRF AT Y 5564% (20154F)

IITBHIT

~ZAA Y FUA /LA (Red sea bream iridovirus, RSIV) (31 U RUANARD AT 0 2 F T A VARTIET HIEHK 2 A DNA 71
NATHD (o 1END) . RSIV ZEE LT EHA A Y KA VAT 1990 450 8 A 9 ADNEIZET 53~ 4 A DR EHIT
X THIO THER S, FURIIIVE HAK 0D~ 2 A F0 CRIIRR RN R OND L HITRY, HERDBHR LTI BRIE LT
T EDLEEECRE AL 2ot (R RENY) L AROREIINE TS, AXXE 28, WL H2H Y78 | MO
FEACHERSIVTEY, RS, <& A, TV, BLo3F, eI, =T Y, AL, AVHXEA, ARXF, APF, sa~vrn,
LT A, FTTID 12 FRECEEIENENE SNTWD (ILHEDNY) . 20X S SR fiE CEEOEKRIE P R A
HOIRLTNDZ LD, wHAA Y RUANVAIFRIAF CTHRE L2V A VAR & U UIRFHIEOEL 52 T 5.

RSIV (IEFEHEOE RMEEIYEZ I 8 2 U, FRREaOIMERYRFRE LT, REERED LUTREE, AR A L,
EEEOIRERIEHAET O, SIRCE, #IORMm, RERORRHIN, IO RONS. RERREEIY, I B O, 2
(BT, MBS SR T —d DU BRI C e 5 5 FEEIGHIE & WH 3 RBSHIa 248 S, Z O SEEGHIE & f8
BRORERIE~ A A U ROA VAR ORE Svp GFHENY ) .

BE, ~FAA Y RUANRIRIFEENPEOKRE S0, L~ URNEEY 7 F o BB SIVERLESN TS (Nakajima 137>
D) . B ILIRIORIET, 2000 FELIRHCEN THBES LS RSIV I35 RSPICHEA L Qe b O LB PARMRR Y, HE, #E, 5
M7 T I ECHHE - ESICbDLFEICEITH D Z L0h, ERNAOHTARALIZ RSV BEBEMTL QWD T L, EBIZ, R
HIRSRHEASE Z 5 TWB 2 EZBASINC LT (Imajoh 132Y) . ZDZEMS, 51, AV RUZFALFRESNTND T 7 F Um0
TATRRE —BLL7ZRWVedIS, U7 F L OEMNMET LTS BENRE SN, FAURDDHTLWD 7 F L OBt A D T )Rl
U B, LinL, ~&A 7 EORERG LA D 7 F L OBFFBREAT O \ TR E W L 720, ET-, SR
VLTS (Nakajima 13200 ) . ZORREAFRT L, BxIIETTI 74 v 2% RSIVEREEFLE LTS ZEIEA L. ¥
TI7 4 yvaliafl, aAkl, F=AHERHIET S/ MNIDBHE THY, I IOMBAF LT WD E, ik JUSHOEFED
RBIES ThHDHZ L, WA IR CHL Z L, AN Z L7e s, FRET L& LTk 2RI AR 5. 7
T4 v 2 OFGLET VL UCOIERIEZAE TIDN 0D T A NV ARIFIEDIIE (LaPatra 1377, Sanders 137>, Phelan
1E?, Neely 132219, Prouty (&>, O'Toole 1322 72 L) THER STV, FRIRIC L > TE, BUSHOL LAV, JFRFRIEIME
T95, WEOHBRNRNENST2Z b, BT T 7 4 v adhd L bRRERASROBIRE 2R L3R G720, 2 2C, AT,
RSIV BULET I E LTETT 7 4 v 2 DRREMEH Z OV TIREE LT- D THRET5.
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YL RREE L REIC L VT o7 BEETIE, IR 17an OB 75 7 ¢ v = 170 % 4.7x10° TCIDsy/ml OJEEEZFHE L=
AVAHRIZ 2 BRFRE L. A O, ERR 29em OB T T 7 ¢ v = 132 BOFIZENIZ 2.4x10° TCIDs, ED VA VAR ETEF L
To. MR UC, U R Ak (PBS) ZAV Ve, BESMAHNE28°C /KR T C 1 BIZ D& 3 EIDAEAITY, % 3
WEE Lo, BYLs, SR 3 R OENT L TR RNA it L7, 72, BSOS TE BIOKE HIRY B, ~
v bRV v e AU (HE R ) LBEE AR LT
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Table 1. TagMan primers and probes used in this study.

Target gene Primer Oligonucleotide sequence (5' to 3' direction)
ORF59IR forward GGCTCTTGGGCAACCGTAA

reverse CCGGAGGCCTCACCACTT

probe CTGCACATATTAAATCGCAGCCTCATGCC
ORF407R forward CATGGATAACGCCAAGATGTTTAA

reverse TCCAGTGACGCCCGTTCT

probe CACGAGGCCGTCATGGACCTGTTC
ORF380R forward CGCAACGTGCAAAGCAAT

reverse GCAGATTCACCTTGTTGTTGACA

probe ACACCGCGGCCAGTCCCGT
J-actin forward TGCTCCCCGAGCTGTCTT

reverse ACCAACCATGACACCCTGATG

probe TCCATCGTGGGTCGCCCCA

HE %+

% 10% Y VEEER L~ U ARTETCEEL, FIETS ) —UZLDBK, FU LB RET, 7357 7 4 AR ST
BIZEHR LTz, T T4 @OV TUII 7 v b= EROCTEIGIF ZEUL, 2T NUTAD BT L — O - &
Tz ZO%, XULUBRL, BB )UK DAKEAT, ~A YD~ MUY UART S SO L~ A - A
1RC 5 HIORIEE AT o7, 20, K TEHL, FIE=Y ) —UZX DMK XL BHET, Yo7 VastAE, A
L SARDIENTIFEE BXS1 2 AW CHEIER A T 7

L fk 25%7 VA —)VT VT b NIRRT CRIEE L, T0%, 1.0%4 A IV ABEERIC L W SEEEITo7-. “HEE L)
TIUIFIEES ) — UL BRKEATO, BB CEEL, mRIUEIRICE L. B UL b T 27 h—AlC
K OEBHOIAZERL, 74V b N—LOFELEST2 7 ) v R OGS, REIIEIRY T & 7 T U L 5 —HEY @A
fiole. SHDY T L Ystth, S0%TH ) —/L EFRRKTHEL, | DO EEIT, ZRB/KCHOYES: L. Badg, wlisd-
Y 7T S RO Z G H-7100 2 AV CBER A1 T o 72

VT NE A DERERY A T —BEHINE (Y 7/VZ A ARTPCRIE)

RSIV (TR LT & LT 9T, WIHIEIaT & LT40 18, BB {nT & LT3 MHDEF 7DV AV AEHE=— FLT
W5 Lualdn®) . YT AZA L RT-PCR OERSERE LC, RHEE ) DARARSRER G4 71— F9°% ORFIIR, FIHEET
7135 ATPase & =1— R§°% ORFAOTR, TRINBHR 170 FEAMIEER B A2 = — 972 ORF380R D3 BEIETZ#RL, BT 7 F L ZPiE
MWEBIET-& Lz, 774 ~—BXO7 10— Di%EH T Primer Express version 2.0 V7 b7 = 7 & FAVTITV,  ZALH DR IIEHRE Table 1
(R U7z, IR L72defa7 5 QIAGEN #10D RNeasy Lipid Tissue Mini kit (2 & 0~ == 7/ UZHE> TRARNA ZH L, 1pg DR RNA R
%% FAV YT Invitrogen #1:0> Super Seript I Reverse Transcriptase (2 & ) WHEERE41T 572 PCR SOt 1 pl @ ¢DNA ¥%, Applied Biosystems
110> TagMan Gene Expression Master Mix, 7300 V) 7 /L% A L PCR ¥ AT L& FAWT 3 AT T T 7o BOI=T—X2 137 R0 Ru ek
L TA V a—= Iy B—% =51 (Fujioka 1302 ) (TE->Ta v —3ucfiEE@ L, B 77 Fo D B—Hr okl L=
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Fig. 1. Cumulative mortality of zebrafish after immersion and intraperitoneal injection with RSIV strain U-6.
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Fig. 2. Temporal expression of ORF591R, ORF407R and ORF380R genes quantified by qRT-PCR assay in zebrafish after immersion and intraperitoneal

injection with RSIV strain U-6. The transcript copy numbers were normalized to the 3-actin expression. Error bars represent standard deviation of three
replicates.
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Fig. 3. Clinical signs of dead zebrafish infected with RSIV strain U-6. Moribund fish swam lethargically near the surface of the water
(A). Dead fish showed exophthalmos (B), severe gill anemia and hemorrhage of internal organs (C).
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U7 NEA LPCR OFER, EARGX Tl | Atk RIEGLXCIIRYL 3 %) D, ORF59IR, ORF407R, ORF380R %5793 D
DRBEFOEGEWIRHESND X 212780, ZNoOFHEET, g CI3EgL6 A%, %E C3RGE 12 RRICENEhE— EIsE
Uiz (Fig2) . F7z, RO T BPE CHEEDEINL, U A /VAHFEAR R AR L. FECOMAEE o 7 ERRGX D
B3 F% L RGO 6 H#TIE, ORF407R & ORF380R DEZEREWRIT 10° 2 B —LIEETHML TRY, ZhboiL st
IR D LB X Biviz. F7z, ORFS9IR, ORF407R, ORF380R |FZAVEHUERIEC K 1) J7p o 1368l o — L o2 &
5 (ualdn?) , K2 OFBBORENEICIZERNGHD Z L4 TFRIL O, BYSR&ZE L CELAZ S A on-. Zh
VI & ORI R il & AP E IR IR A TR LT 7o & o

RSIV (ZJB% U7 SE L ERTOEIR KR 2572 <Fk LT (Fig 3A) . SELBADAMERZSER & U CIRERZSHZ -5 O
%< (Fig3B) , HIRTIL, MEORREG L NIBERRE OREE - MR Oz Fig3C) . ZHOFHMIT~ 51 Tl SHUCOAHRER
GFHEN?Y) LRICTHT2A, BYSROFL & SPAIIROIER (o 13227 ) 1220 T, YA RPVISTEI 72, SHEi7s
IAva W CE R oTo. UL, PERERFRIBIERODRER, ~ 2 A1 U RUA VAR ORIl eliE c R on, <, &
B C bR B8R Sz (Fig4) . EdE FERMERBERORR, e, i O #6429 HER) 200nm D
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Fig. 4. Histological sections of the liver (A), the kidney (B) and the spleen (C) of dead zebrafish infected with RSIV strain U-6. Arrows
indicate basophilic enlarged cell.
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Fig5. Transmission electron micrographs of the intestine (A), the liver (B), the heart (C) and the gill (D)
of dead zebrafish infected with RSIV strain U-6. Scale bar = 1pum.
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Fig. 6. Functional categorization of genes differentially expressed between zebrafish immersed with RSIV strain U-6 and PBS.
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