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, pMD™18-T DNA I ( RNA )
(PrimerScript™ RT-PCR Kit)
, TaKaRa ; RNA
, (DP431) ; DNA
(QIAquick Gel Extraction Kit)
QIAGEN ; (EasyPure
IRF3 , , Plasmid MiniPrep Kit), 2xEasyTaq PCR SuperMix
(open reading frame, ORF) Green Two-Step qRT-PCR SuperMix
IRF3 , RT-PCR
IRF3 1.2
, , 1.2.1 RNA
IRF3 : RNA -,
RNA
4ul  RNA 1% (W1V) , 2uL
1 RNA (
1.1 754 ) RNA oD , OD
1.1.1 1.9~2.1 RNA RNA TaKaRa
, 2 1), PrirnerScriptTM RT-PCR Kit , 10 puL
2.438 kg, 10°C 1, 500ng  RNA
, 1.2.2 IRF3
_80°C (1] IRF3
, (D, IRF3F1 1IRF3R1
, IRF3F2 IRF3R2 IRF3 5
, 3’ PCR
( ), 1 (days post-hathching, 94°C 5 min; 94°C 30 s, 58°C 30 s, 72°C 1
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-80°C 3 , , pMD18-T
5 , pMD18-IRF3a
1.1.2 LA Tag pMD18-IRF3b, DH5a,
(Escherichia coli) DH5a ( )
x 1 KBFARSY
Tab.1 Primers used in this experiment
primer name (5'-3") sequence(5'-3) purpose
IRF3F1 AGACAGCAGGACGGACAT IRF3 5
IRF3R1 GACGAGGCATTCAAGACAC IRF3 5
IRF3F2 ACGGGTCCTGTTGGTTCT IRF3 3
IRF3R2 CCCTCTTCCGCTTTCAGT IRF3 3
IRF3F3 CCTGCTGGGTGAGACGGTT IRF3 qPCR
IRF3R3 GGAGATGAGGATGGGGGAG IRF3 qPCR
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1.2.3 NCBI , IRF3  cDNA ,
BLAST (http: //blast.ncbi.nlm.nih. 1878 bp, 1 153bp S'UTR 1 348bp
izov/Blast.cta) 3'UTR, 1377 bp OREF,
; DNAMAN 5.0  DNAssist 2.0 459 , 51kD IRF3
cDNA , cDNA , 1
; DNAMAN 5.0 2.2 IRF3
; SeaView, IRF3 (Paralichthys oliva-
1.2.4 PCR IRF3 ceus) (Cyprinus carpio) (Danio rerio)
pMD18-IRF3a (Mus musculus) (Homo sapiens) 1RF3
, 51% 39%
, : =(6.02x10"x 40% 47% 28% : N
Y[(2692+ %6607, DBD , 5 (W)
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10° 10* 10° 10> 6 . IRF3F3  main, IAD), 13

IRF3R3( 1) , PCR
, 3 Chromo4 2.3
Real-Time Detection System (MJ Research) , NCBI
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Excel 2010 SPSS 19.0 , IRF3
(One-Way ANOVA), 87°C , PCR ,
Duncan , P<0.05 )
IRF3 4 (Y=
2 -3.3449X+41.001, Y ¢ X
2.1 IRF3 cDNA R*=0.9896,
PCR ,
5! 3 E=96.261%
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1 CCGAGAAGCCGTGTTGGGGGGTGAGAACCGGTGAGAACCGAGTACTCCCTGCCTGAGATCAGA
64 GCTCCCCTCTTCCGCTTTCAGTCTAGCTTTTAATAGACAACTCTGAAAAGCTCTCTGAATTTAAAGTGTTTGGCGGGCGGAAGTTAAGGC
154 ATGGCTCAGCCCAAGCCACTCTTCATCCCCTGGTTGAAGGCCAGGATCGACAGCGGGCTGTTCCCCGGGGTAGACTGGACCGACCCGGGC

I M A Q P K PL F I P WL K AR T DS G LF P G VDW TD PG
244 AGGACTGAGTTCTCTGTCCCCTGGAAGCACGCTCTCAGGCAGGACTCCTCCAGCATTGACATCCTCATATTCAAGGCCTGGGCGGAGGTG
3. R T E F S VP WKH A L R Q D SS S 1 D1 L I F KA WATEV
334 AGCGGGAACGGCCAGGCCCAAGGGGACCCCTCCGTCTGGAAGAGGAACTTCCGCAGCACCCTTCGGGCCAAGAAGTTCGTCATGGTAACA
66 S G N GQ AQ G DP S VW KR NFR S TULR A KK FVMVT
424 AACAACAGCAAGGAAAACGCCAACCCCATCAAGGTGTTCCGCTGGCCAAAGCCAAGCTCCTCCCCCTCCTCAGCATCGCCCCCTGTGGAG
99 N N S K E NA N PI K V F R W PK P S S SP S S A S P P VE
514 TCCCAGGAAGAGGAGGAGCTCTCCACTCCGGTCCAGGAAAAGAACCAACAGGACCCGTTCATCTTTCTAGATCACAACGTTGAAACCATC
26018 Q E E E E L S TP V Q E K NQ Q D P F I FL D HN VET I
604 TTGCTCCAAGACGACAACATCTTTCTAGCCACCACCACCATTAACGACGACGACCTCCAGGACTGCCTGATGGCCCTCAACATCCAACCT
5L L Q b b NI F LATTTTINUDTDTDTLIQDCL M AL N 1QFP
694 TCAGACACCGCTGCCATGCCGGAGGAGCTTCCCCAGCCCGTTGAAGACCTTGCTTGTGCCGGCTGGCGGGTGCCACAGCTGTCCCCCATG
89S D T A A M P E EL P Q P VE DL A C A G WRVYV P QLSPM
784GCGACGGGCGGAGAGGCTGCTGCTGAGGGGCATCCGACCACGGAGGTGGCGCCCGTGGGGGCGGGGGAGGCGGGGCAGCAGCAGCCCGTG
20A T G G E A A A EGH P T T E V A P V G A G EAG QQQFPV
874 GCGGAGCAGTTCCTTCAGTCTCTGTCCCAGACCTGGGTGGACGAGGCATTCAAGACACAGTTCAGGGTGTCGGTGTTCTACAGAGGGGTG
21 A E Q F L Q S L S QT WV D E A F K T Q F R V SV FYRG GV
964 AAGGTTTCTGAGAATCTGGTGGATAACGAAACTGGTTTCAGACTTGTCTACAGCCCGGAGATGAGGATGGGGGAGGTGGACCCCCAGTCA
277K V S E N L V D NET G F R L V Y S P E M R M GEVDEPAOQS
1054 GGCCTGACCCTGATGACCCTGCCAACACCCCCCGTGACCTTCGACTCGGTGCAGAACCGTCTCACCCAGCAGGTGCTGGACAGTCTGGGG
%1 G L T L M T L P T PP V T F D S V Q NRLTQ QVLDSTLG
1144 GCGGGGGTGGACGTGGGCGTGTCAGGCCCCGTGGTGTACAGCCATCGCCGTGGAAACGCCAGAGCGTTCTGGAGCCGCTGTAAGTTCGAC
33 A G VD V GV S G PV V YS HR R G N AR A F WS RCKTFD
1234 CGCAGCCGAGAGCCGCAGCAGGTGGCCAAGATGGAGCCCCAGGCCCTCTTCCGGTTCCAAGACTTTGTGGGAGGGATACAGGAATTCATC
%1 R S RE P Q Q V A K M E PQA L F R F Q D F V G G I Q E FI
1324GCGGGGGGGAAATGTCCGTCCTGCTGTCTGTACATCTGTCTGGGGGAAGAGTGGCCGGACAGAAGGCCCTGGGAAAAGAAGCTCGTGATG
% A G GK C P S C C L Y1 CL G EE W PDU RIRUZPWEIKIKLVM
1414 GTGGAGGTGGTCTTCACGTCTCTGGAGCTCCTGAGGATGATGGCGGAGGACGGGGGCGCCTCCTCCCTGCAGTCGGTGGAACTGCAGATG
29V E VV F T S L E L L R M M A EDG G A S S L Q S V E LQM
1504 TCTCTGACGGAGATGATGGAAGTGGAATA GGTCAGCGAGAGGCCTCAGACCTCATGGGAAAAGTAGTCATTAAATGGAGTCCTAAGTTCT
451 S L T E M M E V E *

1594  TGGAGGGGCGTCTTTATCATGTTTACATTTTTTTTAATCATTTTTACAAAGGATATTTA TTTTATTGTTTAATGTGTTCTTATTGTTATT

1684  GATGCTATCATTGTGACTATCACGTCTTATCATCTCATAATTCAGTAGCCATGAACATAATACAATGTTATCCATCGATTATTGGATTAT

1774  CTTTGATCATAAGATGGTGCTTTTAATTGATTCTCTCTGATTGGCTGTAGAGACTGTCCATTTGTAGTTTACATGTGTATTAAAACCATT
1864  GCCCACATATTAAAA

1 IRF3
;* ; ATG TAG ; mRNA
AU(ATTTA) , DNA (DNA binding domain, DBD) (W)

Fig. 1 The nucleotide sequence and deduced amino acid sequence of Gadus macrocephalus IRF3
The gray area is the deduced amino acid sequence; * is the terminator; initiation codon ATG, termination codon TAG and AU(ATTA)
are expressed by boldface italic; the conservative tryptophan residues (W) of the DNA binding domain (DBD) are expressed by bold.

2.4.2 IRF3 ,
5 dph , 25 dph
, IRF3 (P<0.05)( 5B) :
, , 6.189 copies/ng; 1 dph, 6.809 copies/ng; 5 dph,
(P<0.05), i 8.066 copies/ng; 9 dph: 5.009 copies/ng; 17 dph,

5.005 copies/ng; 25 dph, 10.390 copies/ng; 33 dph,

6.177 copies/ng
(P<0.05)(  5A)

1102.775 copies/ng; , 419.927 copies/ng; 3

551.195 copies/ng; , 231.244 copies/ng; R (interferon, IFN)

516.649 copies/ng; , 13.016 copies/ng; , ,

198.548 copies/ng; , 101.758 copies/ng; , (7] I IFN

695.158 copies/ng; ,2128.273 copies/ng IRF3 “,
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DNA-binding domain (DBD)

GIRF3 QPKPLF IPWLKARIDSGLFPGVDWTDPGRTEFSV QDSSSIDILIFKAWAEVSGNGQ. . . AQG
PIRF3 HSKPLL IPWLRTQIDSGRYPGVQWTNPE S QDSSDTDILIFKAWAEVSGNGR. . . AHG
CIRF3 QPKPLFVPWLYKQIQSGSYPGVCWSNEELKQFSTPWKHASRQDSNSDDVLIFKAWAQTSVSGD. GRING
DIRF3 QAKPLFVPWLYEQIQSGRYPGVCWKNEDCTQFSI QDSNSDDVLIFKAWAQTSAAGD. GRLNG
MIRF3  \METPKPRILPWLVSQLDLGQLEGVAWLDESRTRFRIPWKHGLRQDAQMADFGIFQAWAEASGAYTPGKDKP

HIRF3 TPKPRILPWLV DLGQLEGVAWVNKS RIPWKHGLRQDAQQEDFGIFQAWAEATGAYVPGRDKP
a a a
. ! ? *
GIRF3 RNPRSTLRAKKFVM\/ T. NNSKENANPIKVFRWPKP. . . . .. S...SSPSSASPPVESQEEEELS
PIRF3 /WKRNFRSALRSKGFKMVN. DKKNETAD! HWPDE. . . .. SASGASSKS. . SPGTLDKEDPALF
CIRF3 /WKRNFRSALRAKGFKI IF. DSKNDAA QFPSEPHSAVSGSEGSQETDFSPELLEESD. . . .
DIRF3 LRAKGFKMIS. DKKNDGAD! QFPSDPHSAASGSEGSQETDISPHLYVDN. . . . .
MIRF3 DV RNFRSALNRKEVLRLAADNSKDPYDP EFVT...... PGARDFVHLGASPDTNGKS. . . . .
SKDPHD! FVN...... SGVGDFSQPDTSPDTNGGG. . . . .

HIRF3 [ LPTEKRNFR SALNRKEGLRLA

GIRF3  |TPVQEKNQQDPFIFLDHNVETILLQDDNIFLATTTINDDDLQDCLN

PIRF3  |[EKCGLPIQESQDITCFDDCLYLAEETV. .. FAVPTINQDILQECLNELHIGPETEGTTAFEPVPEQQQLQ
CIRF3 | VFPTHPPQDLEQDF TGLNLQESPSQVHEVWNPDQLYLGL
DIRF3 | ... VFTAS. . FDLDQHLTGLHLQD. PS. ... AR..D......
MIRF3 | SLPHSQE. NLPKLFDGLILGPLKD. ..............
HIRF3 | STSDTQEDILDELLGNMVLAPLPD. ..............
GIRF3  |CAGWRVPQLSPMATGG. . .. v v veeeenns EAAAEGHPTTEVAPVGAGEAGQQ. . . . . . c,#z .....
PIRF3  [EEVVIGGYALP. ... o've o eeeeaeeanns. GQQQYPVTLEGAGSETGLPEQPAHPAGGAVGG
CIRF3  |[EEQVLFQETSPCPESQYTEIHYQIVDTCGQFSSAEGAIGGLGQIPPSEGATAAGHHP. . . .. PADQPDGE
DIRF3 | EGAVGGLGQISPTEGAMAVNHISREYQQTATQPHLG
MIRF3 | EGSSDLAIVSDPS. .. .. QQLPSP. ..
HIRF3 | PGPPSLAVAPEPCP. . . . QPLRSPSLD

GIRF3 [ V....AEQFLQSLSQTWVDE:
PIRF3  |ACGGQLVEQFLHTMNQSNDGD
CIRF3  |GVGHQGSIP.......... VA
DIRF3 |AVPDHTAIP.......... EPN
MIRF3  INVNNFLNPAPQENPLKQLLA. E

KTQFRVSV VKVSENLVDNETGFRLVYSPEMRMGEVDPQSGLT
KTQFRVSVYYRGLKVMEHEVVNEAGLRLVYSPEVTGTLLDKESGLTM
ETSFQIKVCYRGKVVKEELVENDAGFRLMYQGNMDES. . MGSADLPV
ATFFRIKV KMVMEQLVENDSGFRLMYHRNMDESGLQDGAGLP
QWEFEVTA RQVFQQTLFCPGGLRLVGSTA. . . . .. DMTLPWQ
HIRF3  INPTPFPNLGPSENPLKRLFVPGEEWEFEVTAFYRGRQVFQQTISCPEGLRLVGSEVG. . . . . DRTLPGW

3 3 IRF-association domain (IAD)

1 o

GIRF3 LPTPPVTFDSVQNRLTQQ. V VDVGVSGPVVYS VARAFWSRCKFDRSRE. . . . PQQV!
PIRF3 LPAPGAMSDQTQAKLTRR. I LDVGVSGYVVYG IKAFWSFSKFDSSQQ. . . . PQEI
CIRF3 LPIPEGILDQIQTRHTED. I LEIRKLDSVVCG CRIYWGL NSQ. ... TPREL
DIRF3 LPPAEGMPDQMQTRLTND. I LEIRRSDGVIHG! SRIYWGL RSQ. ... TPREL
MIRF3 LPDPEGFLTDKLVKESD. ... .CLHG. ........................ ITLP. . .........

HIRF3 LP \{SLTDRGV\ISYVRHVB LALWRAGQWLWA@.-[CHTYIWSEELLPL\'SGHGPDGEVH

GIRF3 PQALFRFQDFVGGIQEETAGG. K CCBYIC DR . MV
PIRF3  [KLQPQPLFMFKDFVRGIMDEINGRD. CPPCSLFFC DPP) 1TV \{EL
CIRF3  [RNRPEAIYYFRDYISGLMERMQTSCKSPSYALYFF D MI '\lI
511111{{1;33 NTPQPIYLMKDYISGLM IQTGGE CTLYFF D IMI
HIRF3 I kisbbif%bi'cb’?iirbiiitsosékéih%m' DWFCVGESHPQD - QPWTRREVMVKWVPIC 'LRAlv' A EVIR
GIRF3 |DGGASSEQ. ............... /ELQM EM\!EV ...........
PIRF3 |GGGASSLQ................ /ELQUSEEEMMEMC. . .........
CIRF3 |ANGASSLQ. ............... /KLRLSLEQUMELC. . .. .......
DIRF3 |EQGASSLQ. ............... ELQLSLEQVMELC. . . . .......
MIRF3 VVLHGGNVAPG. . . ....... PAVGQEACDGQG. . CSYMS
HIRF3  [VGGASSEENTVDLHISNSHPLSLTSDQYKAYEQDLVEGMDFQGPGES. . .
2 IRF3
; , DBD
, (W) « ;IAD “[r , GIRF3 , PIRF3 , CIRF3 , DIRF3
, MIRF3 , HIRF3

Fig. 2 Multiple alignments of IRF3 amino acid sequences between species
Gray area is the conservative district of amino acid sequences; the black vertical arrows indicate the different amino acid sites be-
tween Gadus macrocephalus and others; the horizontal black arrows indicate the DBD structure domain; the conservative tryptophan
residues (W) are marked by a; the IAD structure domain is surrounded by “[ ]”; GIRF3 is Gadus macrocephalus, PIRF3 is Paralichthys
olivaceus, CIRF3 is Cyprinus carpio, DIRF3 is Danio rerio, MIRF3 is Mus musculus, HIRF3 is Homo sapiens.
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0.2

LLB§A T il Takifugu rubripe IRF7s, XP_003967453.1

7ﬁﬁ Paralichthys olivaceus IRF7, ADZ96213

SNESE 22 1 Stegastes partitus IRF7, XP_008279980. 1
t4 Larimichthys crocea IRF7, ADD14594.1
KVGHTS Gadus morhua IRF7, AJR33028.1

WS WLEE B Poecilia formosa IRF7, XP_007571850.1

T Xenopus laevis IRF3, AAH45003.

A Homo sapiens IRF3, BAG37040
W5 Sus scrofa IRF3, BAD06317.1
|

% Bl Mus musculus IRF3, ACD67887.1
T Paralichthys olivaceus IRF3, ACY69213.1
Scophthalmus maximus IRF3, AEC48642.1
Dicentrarchus labrax IRF3, CBN81356.1
#i 4 Larimichthys crocea IRF3, AFE88606.1
L Oreochromis niloticus IRF3, XP_005448377.1
WEADT Gl Takifugu rubripes IRF3, XP_003961331.1

=

SEPEES Gadus macrocephalus IRF3

—{jf!ﬂﬂ Cyprinus carpio IRF3, ADZ55456.1

BEL 6 Danio rerio IRF3, XP_009304688.1
— % [l Mus musculus IRF2, AA110667.1

.

3T Cynoglossus semilaevis IRF2, XP_008325952.1
T Paralichthys olivaceus IRF2, ADZ96216.1
LAEAES Poecilia reticulate IRF2, XP_008417981.1

Y X Homo sapiens IRF2, CAG33358.1
BELYth Danio rerio IRF2, AA164907.1

LIGEA Il Takifugu rubripes IRF2, XP_011618356.1

KPGFEES Gadus morhua IRF1, ACJ06730.1
j(;‘a"‘% Larimichthys crocea IRF1, ADE75397.1
i Oryzias latipes IRF1, XP_004076147.1

LIGEA Tt Takifugu rubripes IRF1, XP_011609627.1

3 IRF

258 Cynoglossus semilaevi IRF1s, NP_001281167.1

Fig. 3 The phylogenetic tree of IRF amino acid sequences from different species
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Cloning and expression analysis of IRF3 in Gadus macrocephalus us-
ing absolute quantitative PCR

SUN Hang, JIANG Zhiqgiang, JIANG Jielan, WEN Shihui, LI Xing, BAO Ning, SU Peng, MAO Mingguang

Key Laboratory of Mariculture Stock Enhancement in North China’s Sea, Ministry of Agriculture, Dalian Ocean Uni-
versity, Dalian 116023, China

Abstract: Gadus macrocephalus is a marine teleost that is economically important throughout the world. The species
has a high nutritional value and is processed into a variety of products. As a result of the increase in fisheries targeting
this species, the abundance of wild populations has declined. Our laboratory has successfully carried out artificial
breeding and rearing of G macrocephalus. However, we observed significant mortality as a result of immune system
dysfunction. To improve artificial breeding techniques for G: macrocephalus, the molecular mechanisms and expression
characteristics of immune-related genes needs to be understood. Interferon regulatory factor 3 (IRF3) is a member of
the interferon regulatory factor family. It is an important transcription factor for the expression of the interferon o/p
gene and plays an important role in the host antiviral response mechanism. We obtained a cDNA sequence of G. mac-
rocephalus IRF3 gene for the first time using gene cloning. The sequence was 1878 bp in length with a whole open
reading frame (ORF) of 1377 bp that encoded a 459 amino acid protein. The molecular weight of the encoded protein
was ~51 kDa. Amino acid sequence alignment revealed that the protein included a DNA binding domain (DBD) con-
taining five conserved tryptophan residues and a conserved C-terminal IRF association domain (IAD). The phylogenetic
tree revealed that the IRF3 of G macrocephalus was clustered with the IRF3 of other species, distant from IRF1 and
IRF2. The tissue and age-specific expression of IRF3 was detected using absolute quantitative PCR. Additionally, the
effect of interferon during the larval stages was analyzed. The expression levels were highest in the gonad, liver, and
thymus. The copy number of IRF3 in the different tissues was: 231.244 copies/ng, 516.649 copies/ng, 695.158 cop-
ies/ng, 2128.273 copies/ng, 198.548 copies/ng, 101.758 copies/ng, 419.927 copies/ng, 13.016 copies/ng, 1102.775 cop-
ies/ng, and 13.016 copies/ng in the intestine, heart, thymus, gonad, gill, muscle, spleen, brain, liver, and kidney, respec-
tively. The expression of IRF3 was detected in fertilized eggs and remained relatively constant to 5 d post-hatching (dph)
but increased by 25 dph. The copy number of IRF3 at different ages was: 6.189 copies/ng, 6.809 copies/ng, 8.066 cop-
ies/ng, 5.009 copies/ng, 5.009 copies/ng, 10.390 copies/ng, and 10.390 copies/ng in the fertilized egg, 1 dph, 5 dph, 9
dph, 17 dph, 25 dph, or 33 dph, respectively. Our results suggest that the gonad, liver, and thymus are the primary or-
gans for IRF3 expression. Additionally, our results suggest that interferon plays an antiviral role at 25 dph. The results
of this study lay the foundation for further study of the mechanism of interferon action during the early development of
G. macrocephalus and provide basic data for studies of the immune system function in G Macrocephalus.
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