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R FEBEAT I, 28 MS-222 FRIFE ML IR, A5 e B
JHFLOBE L SR DR B BELORN . BRIP4
M, BT S E TR AT, MR 2-80C
UKFA IR, T HREUE RNA,
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B 15 2% (et B B 8 FH B A S 0 R 9 B R UL 52 56

A S5y i FH B A 8 0 R 9 2 R AR e AR KA A
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N = | A T E A B 3 ARV 1 N I AR
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1.2.3 poly I:C ik st & 94 i tm oL % NS
F2 A RIRAS R A () B0y 6 A A e R A 12 LAk L
24 h J5 A7 35 K F) 90% 5 A . K 12 LR RYIH
Br R R 35, i FHJCH PBS (0.01 mmol/L, pH 7.2)%k
% 3 WK dFHJCE PBS (0.01 mmol/L, pH 7.2)B i poly
LC (LR AR A R AR, WE S
25 mg/ml. MK, | BV EE(50. 100, 200 pg/mL),
B & A poly 1:C By L-15 B3 (b Rk £ =R

ARARD, MAREFER T, BKE 3 A~HEE, X
REZH A5 v v B ZH AR [ AR PBS ZERI 6 h ),
Wi B3R 5L, A Trizol (TaKaRa)WSE4IML, 1R4FT
-80°CUKAffFH . MMLImER 3K,

1.3 5 RNA REXS cDNA &/

i F Trizol XJ A ft FE LA R e Jm A o 12 L
RNA, $2HUS T H] Pultton AR FE SN2 W BE M Aogo o/
Aogo nm FOIHE, (0 FH BOREHE 8 FL DR ARSI T 52 RNA 1Y
i, A RNA, ffif] PrimeScript™ I 1st
Strand cDNA Synthesis {7l & (TaKaRa) % i cDNA.

1.4 Opirf7 EEF ORF XIiE

MR P45 5, 395 Opirf7 51 ORF X751,
fdi 1] Primer 5.0 #5115 149 Opirf7-F/Opirf7-R, i
AFEALURS cDNA BifififT PCR ¥4, SRR N
15 uL: PCR Mix (TaKaRa) 7.5 pL, Opirf7-F 1 puL,
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TERIRE f iR T S R AE YRR FRA FIIIT .
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FEHMG I 1), LEAES M TaKaRa 26T K
Mg, RHAMEE, RNBRT: 95 CHiAM: 30 s, 951C
5s,58C 30s, 340 MFEFH; 60°C 30s, 72°C 30s,
R IR 55~95°C . LL B-actin iy N HEAT
qRT-PCR 4347 o I 2724 )5 34158 Opiry7 FE IR A
Xt F ik, ST R R SPSS B AFHEAT O 2200 bt
(one-way ANOVA), BE5E P {H<0.05 i 2R W3, ff
FH GraphPad Prism 1A,

2 RS9

2.1 Opirf7 ORF X F 341
PIBEA 202 cDNA AR, SRABEA 88 Opirf7

FEN ORF X 4K N 1332 bp, b5 443 MR ILR . #
P SRR P 5 44T, U374k 50.5 kDa, 45
RN 5.546 (B 1), k8 A B, K BHS
A IRF FERFE5 L, 4 DNA 254 5 (DNA
binding domain, DBD). IRF HHCZ5#)38(IRF-associated
domain, IAD)fll SRD %41k (Serine-rich domain,
SRD) (/&1 2), H:r ,DBD i T2 ik N K3 , H1 26 4~112
DNEBERAN, Z XA E 4 AR ESE X5 GIAD
B FZ b Ao (5 222~395 NEIEIR); ZERE
B XA T 22 IR 3 o
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Tab.1 Primers used in this study

5|% Primer J¥%1 Sequence (5'~3") H 1Y Purpose
Opirf7-ORF-F ATGTTCCCTCCCAGCCTTCCC OREF verification
Opirf7-ORF-R TCAGATCGGGTGTAGAAAAGGCGC OREF verification
Opirf7-qRT-F TTTGCCAGCACCAGTGACCC qPCR
Opirf7-qRT-R GACCACCTTGACAACGATAA qPCR
p-actin-F GCTGTGCTGTCCCTGT qPCR
f-actin-R GAGTAGCCACGCTCTGTC qPCR

1

ATGTITCCCTICCCAGCCTTCCCAAGCCTCAGTTTGCCAGCTGGCTCATAGAGCAGCTGGAGACCGGCCAGTACACG
1 M F P P 5 L P K P © F A S5 W L I E © W E T G © ¥ T

76 GGCCTATGCTATGIGGGCCARAACARGT TCAGAGT CCCCTGGARAGCACAACT CCAGGARAGGACTGCARCGACGAG
26 & L ¢ ¥ VvV 6 0 N K F R ¥V P W K H N S R K D C N D E
151 GACAGTARAATATTCCGEGCATGGGCAGTAGCGAGTGEARAAATCARCGAGT TCCCCARCGACARGGCCAGGTGE
5] b s ¥ I F R A W A V A S G X I N E F P N D K B R W
226 ARARCCARCTTCCGATGTGCICTGARCAACCTCTICIGAGCGC T TCARAGATGATGACGGATARTTCCARARRTTCT
76 ¥ T N F R € A L N N L S E R F K M M T D N S K N S
301 GACGACCCCCATARAATCTACGAGATTATCAACACAGAATACARCTATGARACCCTGCCARCGCARAGACTCCCAG
Wl e 8 ® 2 ¥ 823 " T E ¥ ¥ ¥ E T L P T @ D S Q
376 GAGGATTCTGACATGATTCCAGATATCTACAGC TCCCCCATAGAGTGCTACCCTGCAGGARATGAGCTCARACCTA
126 = b = b M« T P D I ¥ S S5 P I E © ¥ P B & N E L HN L
451 CTACACAACTTCATGGCCTTGGATCTTGGGAACCATCCATCAGAGGAGCARCCATGGGCAGAGAACTACGGTCAG
151 . #= "mw ¥F M A L. D L 6 N H P S E E Q P W A E N ¥ G Q
526 CCAAATCCAGCTGIGCTCGGAAGCTATTCTGTAGCAGCCGAGAACCCCCCACACCTGTTACCARATCTGCTGCTC
176 » " P A v L & S ¥ S ¥V A B E N P P H L L P N L L L
601 CCAGATCAGCCGTACTACGAGGTAAATCCTCCACCGGTCCTCAGTTCACCTCTGCAGCCAAGTATATATGACCTG
201l P D o P ¥ ¥ E V N P P P ¥W L S5 S P L @ P S I ¥ D L
676 GAGATCTCCATCCACTATAGGAAGAAAGAAATGCTAAAGACCAGGCTGACCACGGCCCGTCTCCAGCTCCACTAC
226 FEE e e T e T e e
751 CAGCATGAGGCCCCTGAGCTCAATGCCGATCATCTCIGCTTCCCCTCCACTGATGGTCTGCTGGACCACARARCAG
25 NN e R e
856 ATTGATTTCACCARCCGCATCCTTARCAGCATCCAGAATGGTCTGCTCCTGGAGGTACAGGAGACTGGTATCTAT
/6 B e e e e e e e e
901 GCCTGGAGGCAGGACAGGTGCCACGTGTTTGCCAGCACCAGTGACCCCAGTGTGGCTCACCCAGACCCAAGRARARAG
W e e
976 CTGCCCCAGARCACCATGGTAGAGCTCCTCAGCTTIGAGAAGTATGTGAACGARCTGARACAGT T TARAGAGARC
6 O T e R v T T RO B S el T
1051 AATGGCGGCICTCCTGACTACACCATCAACATGTGCITIGGGEAGAAGTITCCTGATGGGARACCTTTGGAGARG
oy e e A e S S e
1126 AAGCTTATCGTTGICAAGGTGGTCCCTCIGATCTGICGACACTITCATGAGATGGCCCAGATGGAGGGGGCTTCG
o e T ch I TR ol M FE G A S
1201 TCTCTTCACAGTGCCAACGTCAGCCTGCAGATCTCACACARCAGCCTCTATGATCTCATTAACTCTGTCTTTAGT
L # S A N vV S L @ I S H N S L ¥ D L I N S ¥V F S

1276 CTGCCAACTGTTGAAGAGTCAGCACGGGCTGCTGCGCCTTTICTACACCCGATCTGA

426 . P T ¥V E E S A R A A A P F L H P I *

FERITIVERFRITIN T, BEEMT “ATG” WA ORI, LIS “TAG” HESHI,

K1 Opirf7 B BRI 51 B A 1) 2 2L 1R P 9

Fig.1 Opirf7 nucleotide sequence and deduced amino acid sequence

DBD Z5 3 H K G B R, TAD 4544 5T 2 @ A ARl .

The amino acid sequence is below the nucleotide sequence, the start codon “ATG” is marked with red, and the stop codon “TAG”
is marked with an asterisk. The IRF domain is indicated by gray shading, and the IRF3 domain is indicated by yellow shading.
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K2 BEAHH Opirf7 & 45 H L HHm
Fig.2 Protein domain prediction of Opirf7 in O. punctatus
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Fig.3 Multiple alignment of the deduced amino acids of irf7 among O. punctatus and other different species
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TPSSIO] ASTSDPSVAH . |aNPR . PONTVEELLNFETEV KEN . NG. EK 361
TINSIO] (FASTSDPSVAH . J2DPR . PONTMVELLSIFEKYV. KEN . NG EK 357
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TPNSTO] ASTSDPSVAH PONT TVELLSFEKYV KEN . NG EK 360
RIPNSIO] [FASTSDPSVAL . |ZDPR . . KINPONTMVQOLLSIIEKYVN KEN . NG EK 360
RVIINS IO [FASTSDPSVAH . [ZEPS . PONNIVELL YA KEN . NG EK 360
KRIWDSIO! EVSTSDECEIQKIZEPR . OONYKEQLLSIJDKY IRDMLDIZKEN . RG YLOFEEK 360
EDLWEVA . . (FWALSQOLEGG . HRDOETTIFDIFRVECT:! [RDSRRE! FLCIFE0C 28
EELIRHVA WEVGGPPGSAS|ZSTPACLISBRNCDT PIFDIgRVEF [RARORR YLGIFEOD 475
EELWRHVA EVGGEPGSAS|ZSTPACLIPRNCDTPIFDIFRVEF IRARORR! LGFE0D 437
ETLEOHVS EVGSEMGTTGESTPPQLWERNRHT PIF DS TEFREMEEJRARRRO! YLGIHEOD 391
stsdpsvah klpant vellsfekyv elk fken nggsp ytinmcfgek
b SVESLPTVEESARAAAPFLHP 442
1| SAFELPAPDETVQAFLH. . . . 433
I SSVESLPTAELDSALAAELY. . 431
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Tab.2 The species information used in the irf7 for sequence alignment and phylogenetic tree analysis in this study

Y)Fh Species

GenBank %% 5 GenBank access No.

AU Similarity /%

N Homo sapiens

Bt Macaca mulatta

/N Mus musculus

- Gallus gallus

UM EBY Cynoglossus semilaevis
FBE Paralichthys olivaceus
KA Larimichthys crocea
Bt Danio rerio

RV Lates calcarifer

it Miichthys miiuy

LR Tl Takifugu rubripes

NP_001563.2 30.00
XP_028688388.1 32.71
NP_058546.1 31.00
QDO67136.1 47.17
NP_001281157.1 73.74
ACY69214.1 79.95
NP_001290279.1 81.99
AAH65902.1 46.77
XP_018519912.1 82.92
AUD11407.1 81.91
XP_003967453.2 73.00
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Fig.4 Phylogenetic analysis of Opirf7 and other species
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Fig.6 Real-time quantitative expression analysis of Opirf7 gene in immune tissues of O. punctatus infected with Iridovirus
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Cloning and Expression of irf7 Genein Spotted Knifejaw
(Oplegnathus punctatus) Under Virus Infection

SONG Yu', LI Kaimin'?, XU Wenteng', CHEN Songlin', WANG Lei'"

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,; Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs; Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China;

2. Shandong Normal University, Jinan, Shandong 250014, China)

Abstract Interferon regulatory factor (i7f7) is an immune regulatory factor that plays an important
role in the antiviral process. To explore the role of irf7 in Oplegnathus punctatus (Temminck & Schlegel,
1844) under viral infection, we cloned the coding DNA sequence (CDS) region of irf7 through PCR and
analyzed the expression patterns at both tissue and cell levels. The results showed that the CDS region of
Opirf7 was 1 332 bp and encoded a peptide with 443 amino acids. The predicted molecular weight was
50.5 kDa and the theoretical isoelectric point was 5.546. Protein structure analysis showed that Opirf7 has
three conserved domains: the DNA binding domain (DBD), IRF-associated domain (IAD), and serine-rich
domain (SRD). Amino acid similarity analysis showed that OpIRF7 had the highest similarity to the IRF7
of Lates calcarifer, which was 82.92%. The similarity of Opirf7 with the IRF7 of Larimichthys crocea,
Paralichthys olivaceus, and Cynoglossus semilaevis were 81.99%, 79.95%, and 73.74%, respectively.
Phylogenetic analysis showed that Opirf7 and other fish irf7 genes were clustered into one branch, and
irf7s from Gallus gallus, Mus musculus, Macaca mulatta, and Homo sapiens were clustered into another.
Tissues from healthy O. punctatus were collected, including the liver, spleen, kidney, head kidney,
intestine, gill, skin, muscle, brain, heart, and blood. After RNA extraction and cDNA synthesis, real-time
PCR (qPCR) was performed to detect the expression level of Opirf7 using the comparative CT method
(274" method). The results of gPCR showed that Opirf7 was expressed in different tissues of healthy
individuals and its expression was highest in the liver, followed by the skin and intestines. The lowest
expression was observed in the head kidney. In this study, the expression profiles of Opirf7 before and
after viral infection were determined at the tissue and cell levels. For the in vivo challenge study, fish were
intraperitoneally injected with spotted knifejaw iridovirus, and the expression level of Opirf7 was tested in
the spleen, kidney, and liver. Compared with the control group at 0 h, the expression level of Opirf7 was
15-fold in the spleen and 3-fold in the kidney 4 days after infection, and the expression peak was at 7 days
after infection. However, the expression of Opirf7 was not significantly altered in the liver. A poly
I:C-infected O. punctatus brain cell model was established, and the expression profiles of Opirf7 mRNA
were detected before and after infection. The expression of Opirf7 mRNA in the low and medium
concentration groups (50 pg/mL and 100 pg/mL, respectively) increased by 13 to 17 times, and the
expression level of Opirf/ mRNA in the high concentration group (200 pg/mL) increased by
approximately 8 times. It was speculated that the high concentration of 200 pg/mL caused some damage
to the cells and that the expression level in the high concentration group was lower than that in the low
and medium groups. In this study, the full-length open reading frame sequence of Opirf7 was cloned and
characterized for the first time. The deduced amino acid sequence displayed a structure similar to those of
other vertebrates. Further functional analysis showed that Opirf7 has a significant response to viral
infection at both tissue and cell levels. This study demonstrated that the Opirf7 gene might play an
important role in the antiviral response of O. punctatus and provide a potential molecular marker for
antivirus breeding of O. punctatus.

Key words Spotted knifejaw (Oplegnathus punctatus); Interferon regulatory factor-7; Anti-virus gene;
Immune response
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