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WE: W BFXFREF 5% 55 H# F %% FE T 1(signal transduction and activator of tran-
scription 1, STATI) # % 7% o #, 55 % A fl cDNA K 3 bk # 3 8 (RACE) % A K 7 7 F IR
8 STAT1(4 4 % ScSTAT1), ScSTATL ty cDNA 4 £ 3% 2922 bp, %47 718 /N 4 £ & .
ScSTATI1 4 STAT int. STAT alpha. STAT bind F1 SH2 4 4N % 5F oh & £ . 7 48 3 1L 0 #F
B, SCSTATI £ 5 & & STATI R A — %, BE5F&. IUREFHEERY —X.
T AL EMICAT R Y AT =, ScSTATI ok /> 4 22 & B 8% B L AL & B9 C-K ooy 4% K &
Th & 4 A4 B (transcriptional activation domain, TAD). 3t B Xk 047 & 7=, & I ScSTATI
XA ERDEGTHMUAR, MIFEFTRELAERK. 2H9F L UMK L4 LPS). Wik
RNA 2 ) 4 2 AL 4 8 (Poly I: C) X ¥ & »F J7 I % % (GCRV) F| %k J5 , 7 IR 48 & ik Fo ik
4 4t SeSTATI % 3k A B4Rk . GCRV R J5 12 h JE ik 41 48 ScSTAT1 %3k % § %
T, MEBREHF EHA; GCRV A& 12 f172h, K § 414 ScSTAT1 £k &8 % & T 1t
BB 45 F FR 6 4% 4 41 L R (ScF) SeSTAT1 %2 RNA TH#H e W &k K PR EZ FTH, B
IRF3. IRF9 VA F Mx ¥ #& GCRV #| # 48 h f R & F T M. AR A H#H —FRERANEK XK
ScSTATV ¥ 3700 o fie 5 2 T At o

KBRIE): RIR; STAT;, THZEH, FaHmK,; £M5068

FEISES:Q781; S942.1

0 S A7 7 AR R 5 1 e 8 RN R R PR A % 2 Fh
FEAREE N AR . T4 K (interferon, IFN) &
GEAE A AR e 0 A g B R A R
TETE EPUM FE B b 85 T OCsE Y, IFN &
PTG i R S U —Janus JBB/AE 5
3 5 %% 5% 300% Bl 7 (Janus kinase/signal transducer
and activator of transcriptions, JAK/STAT) 1% % 4
PE{5 5, STATs fE N JAK/STAT 15 5 ik &2
M EBRLA, & — KA T M BAE S

Wi HE: 2019-11-26
BHMIA -

& HER: 2020-06-05

M EREHFE S (20191750231)

B 5 B AR 3k 4 (31802288, 31572615); i [ 18 & J5 Bl 5 2k 4 (2018T110833, 2017M612560); il

SEARER: A

TR SRS WEAE R DRe R A Y, w4 S 4
LRI A KR R R A 2 A ML AME S i A
Y, HATE R STAT %l 5 f045 STATI .
STAT2, STAT3. STAT4. STATS5a/b Fl STAT6Y,
STAT FJGHE H FEEALE 7 A58, 43302 N i
X . ¥ M2UHE X 4 . DNA 45 & X3, % ek .
[FIIRZE A5 2. W A R BRI 1k o7 s5 AR f- 5F TAD
i B, STATI S UE SRR T T
RS h", V£ STAT K G4 1 Mo &8

&
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MR, TE MR 51 3 h & DGR Y,

VLAER, BEE X T R IFN {5 538 5% 0 58 19
AWE A, STATI 25 H o I aed 15 LLig b
b, BUYRRES, MRS — RIE 5L 8T
S T RLIFN #9742, i =AM TEN 55 50 20 i
TR 3 455 IR B0 T 9 JAK/STAT {55
WA, BT REN IFN 5 TR 2k 4, ;@
B P9 15 52 AR 25 4 19 Tyk2 5 JAK 1 M B iR 1k
(108 SEINE 11K B e - N I B 15 5 3 A L
MR Ak H% 3, i STATI 5 STAT2 4244531 1%
Mo MU STATI A STAT2 1 SH2 45 ¥4 388 75 45
AN 5 Z a6, AP R IR AR I
YRR Y, SEAAE S TR R 9
(interferon regulatory factor-9, IRF-9) 1 FJE B,
P ZE R/ A F 3 (interferon-stimulated gene factor 3,
ISGF3) &5 1k o %5 5 Wk A 4 L A% 5T 45 45 2
TP F B R S 3l R 5 07 81 (IFN-stimu-
lated response sequence, ISRE) I+ LA i 1 4 ¢ 5
Bk, AU APURREIREY ., HATCIESE
Yo WK 7 R B (myxovirus-resistant, Mx) X T3
2 ) 3 L A 15(interferon-stimulated gene 15, ISG
15) 51 i1 IFN {553 #% 155 T Rk,

A FLEh Y b STATI 5 iR 40 it 4 % 4=
FJA T2k FRAHOCHK , B oA Ay o — b i g 4100 ] PR
T, A, STATY B Fi 23 5 300 ik 75 1Y B Ik
PRV SIFLEh Y AH G, 2K STATI B#F5E &
HHRH R BB MBI RIT R, HAlg e
P44 (Danio rerio)!'” . 4l (Carassius auratus)!'™
K VG (Salmo salar)'® . I &} (Paralichthys oli-
vaceus)"”", i fili (Tetraodon nigroviridis) ", M7
A1 BE AL (Epinephelus malabaricus)™ F1 K Z2 B (Sco-
phthalmus maximus)'® 55 22 £ 2 v i ) v B 3R A
STAT1 P40 . WHoERWT, A Bt fh 2 IR 58
R 75 5 H e 41 4P STATT By 3k EIR™, 4
IFN A A% R 74 3 & 40 it o STAT1 B R 1k 7K
P15 IF HoA s AR G 20 fif rp R R SR
ik STAT1 7] DAYE 3R ISGs 12 3K LA KA1 i 455 8% 1)
REJT, T ER TAD %544 355 58 A8 1 Y i 2 3K ) %
REAIK 1SGs 223k HARI P #ERE /112, I iSTATI
I STAT2 fili3 1% 1 4 1 15 IRF9 2558 Ji 19 ISGF
3EAY N LS 24 ISRE i f5, 38 5 o] i
Mx )3 8 T I 3G S ", R sr a5 AR R
12 STATI B A 5 3L 3 ¥ STAT1 25009 4= 1)
2R, 25 m AU R
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IR A5 (Squaliobarbus curriculus) 5 % A (Cte-
nopharyngodon idella) |7} J& T # % 1 W F} (Leucis-
cinae), {H X} & £ I Ji7 900K 7 (grass carp reovirus,
GCRV) HAV B PIPE™ . AL TR T SeSTAT1 [
¢DNA 4= KIS HA Y E B op b A7 o0 dr s Al 1
ScSTAT1 7E4 1E i 42U AU YL GCRV J5 UL 5 B
JUE v ) A PR R TR RRAIE 5 e S5 d i RNA 4T 34
STAT1 F XKW T HASEINBE, B 15 ScSTAT1
4T GCRV Hy% Ty e A o8 S IR 2= i .

1 MBS IE

L1 SRR

S FH AR IR 620 [ 30 BH T b A e e 3
2018 4F 5 HEH AR, PR E N (14.50+
1.25) go W 1A J5 F 80 L/AH By fE IR (28 °C) fiF ¥R /K
FIMAGE 4T, 20 B4, BREFEE12h
I AR R Y 3% W . BR A S 1 R AARL, 1
R H GCRV (1T #4) F1 40 il 2% 3 F] GCRV (JX-
0901 B %) ¥ H o [ 7K 7= Bk 2E 0F 58 Be 4 V0K 7=
5T 2

1.2 2 RNA I2EUK cDNA & A%

1 J8 At B A IR 0 1 LD 2H 2 30 mg, SR
Total RNA Kit I (Omega, % [®) #£ 5 & RNA, 4
W R AR ORI A RNA Ao B, I 1% A9 3
R R R L R T G o A L RS R O
K 4f 1Y) RNA (ODygop80 TH K 1.8~2.2, HL K 5 28S
FRNA : 18S rRNA 4 SEBE 55T 2 0 1) 2 pg, %
8 RevertAid First Strand cDNA Synthesis Kit (Fer-
mentas, J[EH) WA cDNA, T 42K cDNA
JEA I e R Be ik . % SMARTer RACE 5/
3" Kit (Clontech, & [E) i 5% & Ui B 5 43 0l & Bk
51 3 RACE cDNA 55 —4#, FIfE 5'/3' cDNA K
Uit i A R ASEAR o
1.3 ScSTATI cDNA &K 5 (&

M4 GenBank il (AY242386.1) FIBiff (KU-
508677.1) STATI1 1] cDNA JF5{FSF X, 8] Oligo
7.0 B AF it [ PCR 514 ScSTAT1-F/ScSTATI-
R (# 1) H DL 5@ B ScSTAT1 f) cDNAKE 73 ¢ 51 .
PCR JZ W &1 : 95 °C FAE 1 5 min; 95 °C 30's,
58°C30s, 72°C2min, 30 MEF; 72 °C I i
7 min, PCR =¥ £ 1% 3 B W 58 J i Ik >k
HiPure Gel Pure DNA Mini i 7] & (Magen, i)
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alifb Y, 7= 3% 3 &= pEGM-T easy # /& (Pro-
mega, JCAT), BB BE R 6 A b T BB
PR A BR A RIIT o LLE RIS SeSTAT1
51 cDNA J¥ 8 Bt , & i1 %¢ = 1k RACE #h 5|
¥ ScSTATI-5'R1 Hl ScCSTATI1-3'F1 L K P 514
ScSTATI1-5'R2 fIScSTATI1-5F2 (1), 5 RACE
PCR: B # L)L ScSTATI-5'R1 Il RACE & H 519
UPM Mix (long primer il short primer) (¢ 1) 4 #"
WalY, VS 95°C WA YE 3 min; 95 °C
10s, 60°C30s, 72°C2min, 35 ME¥H; 72°C

FEAH 7 min, B §& PCR =) H5 B 50 f5VE it
FI FH ScSTATI-5'R2 1 RACE i JH 51 % NUP 17
HAYHE, KR 95 °C HZEM: Smin; 95°C305s,
64 °C30s, 72°C 2 min, 5 ¥ ; 95°C 30s,
62 °C30s, 72°C2min, 57fE¥; 95°C30s,
60 °C 30's, 72°C2min, 25 MEH; )5 72 °C
ZLSGE{H 7 min, 3’ RACE #3815 5" RACE M A,
H4 PCR AP 5F 51 ScSTATI-3'F1, HAH"
H4FH ScSTATI-5'F2 (% 1),

®1 KMREX5Y
Tab.1 Primers used in this study

S1¥4 7K primers name 5|¥FF%15'-3  primers sequence 5'-3' FAAL  usage
3'-RACE CDS primer A AAGCAGTGGTATCAACGCAGAGTAC (T) 30VN (N:A, C, G, or T; V:A, G, or C) RACE
5'-RACE CDS primer A (T) 25V N-3' (N:A, C, G, or T; V:A, G, or C) RACE
UPM Long primer CTAATACGACTCACTATAGGGCAAGCAGTG RACE
UPM Short primer CTAATACGACTCACTATAGGGC RACE
NUP AAGCAGTGGTATCAACGCAGAGT RACE
ScSTATI-F1 TCGCGGGTAATGTATCCTTG Hh i) BEE R
ScSTATI-RI1 TGGTACACCCCTCTCATTCGGA Hh i) BEE R
ScSTATI1-5'R1 ACCAAGAAGTTTGTCGGCCAGCAT RACE
ScSTATI-5'R2 GGCATACACGGCTGTCTCTCCACCAC RACE
ScSTATI-3'F1 AGCACTACAGCCGCCTCAACCTGGGA RACE
ScSTATI1-3'F2 AAACGAGCGCTGAACTCTGAGCA RACE
ScSTATI1-YF AGCTGGTTCCAAAGTGCCATCTTAC qPCR
ScSTATI-YR CAAGCAGTGGTATCAACGCAGAGTA qPCR
IRF3-YF TGTGGACACTGACGGACCCTTC qPCR
IRF3-YR CGGCTGCTGATATGCTGGAGAA qPCR
IRF7-YF CGCCTGTGTTCGTCACTCGT qPCR
IRF7-YR GGTGGTTGGAAAGCGTATTGG qPCR
IRF9-YF TGCACAGGAAATTGTCCCAC qPCR
IRF9-YR ACTGCCTCAATTGTTACGTT qPCR
Mx-YF CGACCACAGAAGCATTGCAGA qPCR
Mx-YR CCCTTCAGTGCCTTTATCCACCA qPCR
B-actin YF GCTATGTGGCTCTTGACTTCG qPCR
B-actin YR GGGCACCTGAACCTCTCATT qPCR
EFlo YF CGCCATTGTTGAGATGATCCCT qPCR
EFla YR GACACCAACAGCAACGGTCT gPCR
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1.4 E¥EEZESH

ffi J§ DNAMAN # {4 Bf $ 4k 7% SeSTAT1 )
cDNA 2K J¥51; FlIH] ExPASy-Translate tool (https:/
web.expasy.org/translate/) 15 Il H: ¥ i 2] 152 HE I
SEILRIFY); N ExPASy-ProtParam tool(https:/
web.expasy.org/protparam/) Il SMART (http://smart.
embl-heidelberg.de/) 7 £k B {4 4F & £ 2 ¥ 51 #l b
PEFOFI R F B 5 A SR T 5 38 i DNAMAN 4/
X} ScSTAT1 #TZJFHILNT; RHI-TASSER (https:/
zhanglab.ccmb.med.umich.edu/I-TASSER/) #
PYMOL #1f4xf H gt 47 86 H o = R &5 70 Hr 5 IF
FH MAGA 7.0 3K 14 (88823, 1000 ¥k H & A )
P R G

1.5 ScSTATI BERFRE# M

BE LI 4 2 i B AR AR 8, 4> S 3R B . AT
FE M. RZRR L OMRAE . BE L MAE DGR 8 A
211 5 RNA JF5 805 —4E cDNA. R4 ScSTAT1
TR A 7 51 R e 55 14 ScSTATI-
YF 1 ScCSTATI-YR (¥ 1), & # p-actin Fl EF1-
la fE 5% 3 A, FIH CFX96 Touch™ Real-Time
PCR Detection System (Bio-rad, 3¢ [E) 17 5L} %¢
Y& % & PCR (quantitative real-time PCR, qPCR) K
W, J WK Z A 10 uL: 5 pL 2xChamQ Universal
SYBR qPCR Master Mix (i &% i ME B8 A= W) B 47 i
WHWAR), L. FHLIY4 04ul, SR
() cDNA BiMR 1 puL FIJCTE 7K 3.2 uLo J B 554
95°C30s; 95°C5s, 60°C40s, REFNES,
39MER; T4 N 65 °C EJHZ 95 °C,
5s EFF0.5°C, REKNFES . BAIOFEMIKE 3
WHEAREE,
1.6 ScSTATI Xt % & R A A N B 323K 48

B, S5 ] SR S G S AL R BE AL AL R, 5K
0 2H 4 3] JE S Sp 40 T S AL IR 24 (lipopoly-
saccharide, LPS). X% RNA &1 ¥ 2 WL # iR
(polyinosinic acid-polycytidylic acid, Poly 1:C) I II
A GCRV, XJ B8 20 33 If % W2 £k 22 vh %5 W (phos-
phate buffer saline, PBS), 4 fj &b %  #2 IE 200
uL/J i 0] o A o A 2 S g H A i B T 44
FEIEA . EESER 6. 12, 24, 7271 168 h 43
I 4 D FRFEFA A FEHLIE R 3 B, HI& B
TRV W 0 e S B O R AR B 4, BRI
RNA JGA A —4E cDNA; FIH qPCR il ScSTAT1
FUAHXT ikt , T[] “ScSTATT 441k K,

https://www.china-fishery.cn

1.7 siRNA F#t ScF & SeSTAT1 fiFRiA

PL ScSTAT1 AR EEA, F| A DSIR Home page
(http://biodev.extra.cea.fr/DSIR/DSIR.html) I
siDirect (http://sidirect2.rnai.jp/) 2 ™ 7E £& P o 15 1T
3 4R 51 siRNA. H8JF 51 4301 8 siRNA 1 (5'-
GGAACAACGTCTAAAGTTA-3'), siRNA 2 (5'-
AGATCAGATCACTAGTCAA-3"), siRNA 3 (5'-
GAATGAAGAGAGAAAGATA-3") LIS BA: X} R
NC-siRNA (5'-AATAAGGAGAGAAGAGTAA-
3", #R#E T7 RiboMAX Express RNAi System (Pro-
mega, JLE0) UEHH 54 siRNA, 5% YL hi 24 h
A4 AP T 25 om® AU, 7E 40 MRk AR IR
F] 40%~50% I}, F% 1B Lipofectamine 3000 %% 44 iz,
R G UL T Y, 2B Lipofectamine 3000
Mt 7.5 uL, siRNA B 5pg. HAMEE 1 H
Tt geia ) g % B4 (MC), A b PR E 34
R, TERHY)E 48 h AR, $2ICE RNA Jf
B LA — 5% cDNA; A5l 40 i H SeSTAT1 i) 33k
TKAF- LA 1 1 TR RO S A 1Y siRNAL T HAL
SR d HE Y SiRNA % A ScF,  [R] i A NC 4 % B8 .
TEREYL 24 h I GCRV Yy, F 2 THE 335N
1 uL A #ER, WAR IR IS 24, 48 DL K& 72 h Y 4H
o, BRI AL RNA I G 55 — 5% cDNA. Fl
FHl qPCR #ill ScF #1 ScSTAT1., IRF9. Mx. IRF3
HIRF7 1Y) mRNA /K-, 5 ik[a] “ScSTAT1 HE
S22 11 S

1.8 HUEAIE

{#i /] Bio-Rad CFX Manager # {4, R 27
Bt B AR S A SR A Ak B,
SPSS 17.0 3K A #E A7 5 K 38 J7 22 3 Hr Je 2 L LU X,
YK R *P<0.05 Fll**P<0.01,

2 4

2.1 ScSTATI 5\ 4E¥) 53 %7

ScSTAT! [F) cDNA 4K A 2 922 bp (GenBank:
MNG636786), 17 67 bp A 5'AEZRAGIX, 2 157 bp
{14 FF i el (2 HE A1 698 bp 1 3" AR A X 5 7E 3'E 4
X HA 3 “aacaa” By “aataaa” 22 B JIF 1 BE
BAGS . 3/ mRNA RFEE 3T “attta” DL J LAY
1 Poly A F& (18] 1), i%3& [ H g fith 718 2 JE 2
T B 1A X4 ik 82.92 ku, BRIBSEHL AN
5.74. SMART %544 73 #1 .7~ , ScSTATI &% 44
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fRApLERIE, /0%)A STAT int (2~122 aa), STAT
alpha (138~315 aa). STAT bind (317~566 aa) Fll
SH2 (571~656 aa) 4% #4 4 (8] 2-a). I-TASSER 3D
S5 P A AR T 25 S B R, ScSTAT1 A 45 25 4> a
IRE AN 13 4> BT &, Hh STAT int H 74> o 12
e R, STAT alpha i 4 /4~ o S2HE B, STAT

bind Bl DNA % #:4k ih 9 > o B EA 8 D BT &
ZHN; T STAT G 4 #i iy SH2 Z5 ek iy 3 1> «
WHERN 4 4 B 18 SL [EAA B (8] 2-b)s

2.2 ScSTAT1 [EBRFFIEL X K R G i#H Lt

PADRHRBE R OXE R, Bk Fifa . 768 (Mylo-
pharyngodon piceus). AE Y JNUE (Xenopus laevis).

79

157
31
235
57
313
83
391
109
469
135
547
161
625
187
703
213
781
239
859
265
937
291
1015
317
1093
343
1171
369
1249
395
1327
421
1405
447
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atgtatcttgtctgcttatcctgagaaatactgcttttgtgccttgacctaacttctatgttgaaagGCACTTTG
M A LW
GAACCAGCTGCAGCTGCTGGACTCTCTGTATTTGGAGCAAGTGGACCAGCTTTACGATGAGGCTTTCCCCATGGAGAT
NQLQLLDSLYLE® VDA QLYDEHATFPMEI
CCGACAGTATCTCAGTCAATGGATCGAGAGTCATGACTGGGAATCCGTCGCAAGTAATGTATCCTTGGCCACCCTGCG
RQYLSQWTIZESHDWESVASNVSLATTILR
CTTCCATGAACTCCTCAACCAACTGGATGAGCACTACAGCCGTCTCAACCTGGGAAACAACTTCCTCTTACAGCATAA
FHELILNQQLDEHYSRLNLGNNEFTLTLZGQHN
TATACGCAAAATTAAGCGGAACCTACAGGAGCACTTCCAGGAGGATCCTGTTCACATGGCCATGATCATAGCTAATAC
I R K I KRNLGQEHFQEDPVHMAMTITIANT
TCTGAATGAAGAGAGAAAGATACTGGAAACTGCACTTAGTTTGCAAGGTAAAGGTGACTCATCACAAGGGAGTTTCAT
L NEERIKTILETALSTLAGQGEKS GDSSQGSTFM
GATGGAACAACAAAATGAGCTGGCCAATAAAATCAACAATTTGAAGACGAGCGTGCAGGAAATAGAACAGGACATTCA
MEQQNELANZEKTITNNTLZE KTS SVQETE- QDTINAQ
GGTTTTGGAGGATGTACAAGATGAGTATGACTTCAAGAGAAAGACCTTGCAGAGTCGAGTGGAAGCTGAAATGAATAG
VLEDVQDEYDFI KRIEKTILA SRV EAEMNS
CCAGAAAACAAAAGAGATCCAGCTGGAGGAAATGGCAATTCGACAAATGTTTATTGGGCTAGGCATGAAAAGAGAGGT
Q K TKETOQULEEMATIIRAQMTEFTIGLGMZKTREV
GGTGATAAGGGAAATGGCTAATGTACTGACTCTAGCAGAGCAGATCCAGTTCACACTCATTTCAGATGAGTTACCCGA
VIREMANVILTLAEAGQIAQFTILTISDETLPE
GTGGAAGAAGCGGCAACAGATGGCTTGCATCGGTGGTCCGCCCAATGCATGTCTGGACCAGCTGCAGAGCTGGTTCAC
W KKRQQMACTGGPPNACLDA QLA QSWEFET
AGTGGTGGCAGAGTGTCTGCAGCAGATCCGTCAGCAGCTGAAGAAAGTTCAGGAATTGGTGCAGAAGTTCACCTACAA
VVAECLQQIRQQLKI KV QELV QKT FTYN
CAACGACCCCCTCACTCTGGGCAAGAGCCAGCTGGATGAACAGGCCCTTTCACTCTTCAAAAACCTTATATTAAATTC
NDPLTLGEKSQLDEA QAL STLTFZ KNILTITLNS
TCTTGTGGTGGAGAGACAGCCGTGTATGCCCACACATCCTCAGAGACCCTTGGTGATAAAGACAGGAGTTCAATTCAC
LVVERQPCMPTHPQRPLVIIKTG GV QFT
AGTCAAGATCAGATCACTAGTCAAACTCGCTGAATTGAACTGTCAACTCAAAGTAAAAGTCTTTATTGACAAAGATTT
vVKIRSLVKTLAELNCA QLTI KVYVKVFTITUDIKTDIL
AACAGAGAGTGACACACTAAAAGGATGTAGGAAATTCAATATTTTAGGAACAACGTCTAAAGTTATGAACTTAGAGGA
TESDTLI KSGC CRIKT FNTILGTTSZ KVMNTLE E
ATCCAATGGATGTCTAGCAGCTGAATTTCGCCATTTGCAATTAAAGGAAATGAAATGTAACAACAGAACCAATGAGAC
S NGCLAAETFRHLA QLI KEMKT CNNRTNET
TCCTCTTATCATTTCTGAGGAGCTGCACTTACTTAGATTTGAAACTCAACTCATTCAGCCAGAACTATGTGTTGATTT
pLITSEELHLTLRTEFETA QQLTIAOQPETLTCVDL
ATCGATCATATCACTTCCTGTTGTGGTGATATCCCACGTAAATCAGTTACCTAGTGCTTGGGGCTCCATCTTATGGTA
s 1T I1sLpvvvVISHVNAQLPSAWGSTITLWY

(Bl'1 Fig.1)
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1483 CAACATGCTCTGCAGTGAACCACACAATCTGACGTTCTTCTTGAATCCGCCACCAGTGAAATGGGAGCAGCTTTCAAA
473 NMLCSEPHNLTTEFFLNPPPVKWEAZ QLSHK
1561 AGTCATAAGCTGGCAGTTTTCTTCGGTCACGAAACGAGCGCTGAACTCTGAGCAGCTGAGAATGCTGGCCAACAAACT
499 v IiswaeQFSSVTIKIZRALNSEA QLI RMLANTKL
1639 TCTTGGTCATGAAGCCCAAGGTGACCCTGAGGGTCTCATCTACTGGAATACATTTTGTAAGATGTCTTCTAATGAGAG
525 L GHEAQGDPEGLTIVYWNTT FCI KMSSNER
1717 GGGTGTACCATTCTGGCTGTGGATAGATGGAATTCTGGACCTTATTAAAAAACACCTGCTCAACATCTGGAATGATGG
551 GVvVPFWLWTIDSGTIULDULTIZ KIZ KHLTLNTIWNDG
1795 GCATATTATAGGGTTTTTAAGTAAAGGGCAAGAGAAGGCTTTGTTGAGAGACAAACTCCCAGGCACTTTCCTCCTGCG
577 HITOGPFULSI KSGA QEZ KALTLTRDIEKTLZPGTTFTILTLR
1873 CTTCAGTGAAACCTGTCGAGAAGGAGGAATCACCATCACATGGGTGGAATATTCAAAGAATGGTGAACCTAAGATGCA
603 FSETCREGGTITTITWVEYSI KNS GEUPZKMH
1951 TTCGGTGAAGCCTTACACTAAATCGGATCTGGCGTCCATCTCCTTGCCTAACGTCATCCGGGACTACACCCTCACTGC
629 S vVvVKPYTIKSDULASTITITSLPNVIRDYTTLTA
2029 TGCAGAGAAGGTTCCAGTGAATCCCCTCATCTACCTTTACCCAGACATCCCAAAAGATGAAGCTTTTAGTCGCTACTA
655 A°EXKVPVNPLIYLY®PDTI®PIKTDEHATFSZ RYY
2107 TACCAGCGCACCTGATGATTCAGAAGAGATGGAGACAGACAACCCTATCAAGCCATATATACCCAGACGCATGATTTC
681 T SAPDDSEEMETDNPTIIKPYTPRRMTIS
2185 TGTGTCAGAAAACCCTGTTTCAAGACTCCAAAAGTGTagcacatcgaggcaacgctggtttgaggaacgtttctc
707 VSEN PVSRL QK C =*

2263 caccaatgcatgctgcatctgacacatagataactataatgaacgatggaaacaaatagtgatacccaaatgattcat
2341 ctttgcacaggtcttetctetactatattagtcataagaatgtactacatttactetccacttettgtgtgaagaaga
2419 ggagccattttcttttgtcaaattacagaatttatagttaaaacagtgtaatcctatttettttagtttgtttgtttt
2497 tatataaaaaatgtgaatatatggtcaaaaaacctgttgagaatgcattttttagtctgtgtaccagtattgeccataa
2575 tggatacaaatactctgaaaatctgtttcttttaagacatttgtttgtgaacaggacatectectetatettgtgaag
2653 gacttatttatttttgcacatcaaaatatctttactgtatataccattgecttaattgeacaaacacacacacactga
2731 tttcagtcagccaggtacagtctaacagaaataaacaacaaccatccttctecagtcagagatactgettcagattcg
2809 agccggaatcattttgtttectatgttttgaacattagacagtgtttcataatgtgaattactaataaagactattaaa
2887 tgctttataaaaaaaaaaaaaaaaaaaaaaaaaaaa

1 FREREG STATI B F5| RS R FT
BRI F B oy M B, AR B S o bR I LA HEIN DA B AW K GBI R AR R, AT E S KK STAT int (2~122
aa). STAT alpha (138~315 aa). STAT bind (317~566 aa) fll SH2 (571~656 aa); mRNA R £ & 15 5 ATTTA) Ml Z IR HF R L & 15 5
(AATAAA) FIXUF R 22 A 7R
Fig.1 Nucleotide sequence and deduced amino acid sequence of STATI from S. curriculus

The start codon is highlighted by the box, and the termination codon is marked with “*” and indicated in box; the main domains are
marked with gray shadow, and from front to back are STAT_int (2-122 aa), STAT_alpha (138-315 aa), STAT_bind (317-566 aa) and
SH2 (571-656 aa), respectively; the mRNA unstable motif (ATTTA) and polyadenylate termination signal (AATAAA) are double-

underlined

Hh AL B (Pelodiscus sinensis). 41 Ji 39 (Gallus gal-
lusy. /N Bl (Mus musculus) VL . N 28 (Homo sapi-
ens) VE HZ M, i@ 3 DNAMAN %% 4%} STAT1 F
BLZE RS AT 2 7 50 X (K] 3). A5 AR ER
STAT! [y STAT int (121 aa). STAT alpha (179 aa).
STAT bind (250 aa) A % SH2 (86 aa) 4 /~%% ¥4 s 43

A& 70, 75, 153 DS 48 AMRSFaE SRR, H STAT

bind 454388 7 1) -E 4o B-F1-V,45 VV-5 3 15 DNA 45
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A IIReA P, M SH2 45 44 38 P i KS & R -Regn
CAEMFL 3 W STATI H 80k 55 8 SH2 i 22 R 45
AT EIERRPY . STATI 74 7R AR S5 R B2 ] (1Y
JEONRSF R s LA, S STAT1 Z MR Y
G L HAF HES YR, B C R Y e s B0
L REZE ¥4 4, (transcriptional activation domain, TAD).,

R T B0, ScSTATI e 5 fa
Rh—%, BEHORN 1IN0, &HFEIRKRS

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

348 B, G aRIREE(E S5 5 55 S B T 1 SR (SeSTAT) )3 5 454k K S 9 D fig 387

G

STAT bind

E.'.H{>
600 700

2 ScSTATI £5 #4915 F0 3D L5 #g4E AU
(a) i@ i SMART %% 14 T3l /) ScSTATI 45 #4938, £ & STAT int.
STAT alpha. STAT bind 1 SH2 4 4> %5 #4438 ; (b) 5 F] I-TASSER
WA B[ ScSTAT1 5 [ 3D LAY

Fig. 2 Structural domains and 3D model of ScSTAT1

(a) Structural domains of ScSTATI1 domainds predicted by SMART,
including STAT int, STAT _alpha, STAT_bind and SH2; (b) ScSTAT2
3D protein model predicted by I-TASSER

il % 61 7 H (Cypriniformes) 135, %5 B (Siluri-
formes) B i ffi. (Pelteobagrus fulvidraco). JJg 8 H
(Characiformes) 5% P4 & 5 8 (4styanax mexicanus)
DI K #EJE H (Clupeiformes) 1) V7 3k # (Denticeps
clupeoides) T h 1 1~ K32, XY Fh STATI &
F C i ¥ > B 22 2 IR B R A6 7 1Y TAD 45
s, BeAh, WELZE . BIE . PR AT E 4
AN SZ DA M i & 1 H (Osteoglossiformes) 2 fif
H (Anguilliformes). #JZ H (Salmoniformes)., fif
¥ H (Tetraodontiformes). & & H (Pleuronecti-
formes). #J H (Perciformes) LA & ) fii H (Esoci-
formes) SE M H ISR B 1N (F4), A%
Hh SR T R A A B (S, trutta) AR AT 2 ) XS W)
5| (Rhinatrema bivittatum) 4, HALYF ) STATI
HA C o A TAD S50
2.3 ScSTATI HLARIZE FH

K HI qPCR J5 I ScSTAT! ik e 71 ML 6
HAP Rk, GRER, SeSTAT 7 kil
1y 8 MM LH A rh A7 ik (B 5), H7EME iy A
Xof A AR 3 R T AR 7 AN (P<0.01), T
FE I A fR AR 2 8 i B A1
2.4 ScSTAT1 R0 R 53 4

xR, ARERESZ 53 LPS, Poly I:C
VL K T AY GCRV 3 A [] G 38 i fil i s, T A

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

W JF2H 23 SeSTATI mRNA SR £k B, &%
J3E T 38 24 b S SI2 56 20 IR IE ScSTAT1 3 3k 7K -
PIb % w5 TR BE2H (P<0.01) (8] 6-a). LPS B3
24 h B AR SeSTAT1 2R3k &t fx 7 (P<0.01), B )5
TR TR, 15 72 h BT & 3 = T X6 BB 4 (P<0.05);
%5 Poly I:C 40 B 12 F1 24 h I 8L JJE SeSTAT1 3 3k
B TR (P<0.01), H[FRELE 24 h i
FKikE i mE; 4 GCRV Jl# G, 7F 12 h Bl &k
Je i MR (P<0.05), SRJE XA 3 A (P<0.01),
TR b R B A LPS ZH, FERSINY 5 A
6] 5, ScSTAT1 F2ik & ¥ 8 ¥ T X 4l , J+7F
72 h i 35 B {5 Poly I:C AL FH 6 A1l 12 h B4 B
ScSTAT1 3k W 35 15 T XA, T AE 72 hitf 3%
ik A 3T R4 (P<0.01); A GCRV
I3 12 F1 72 h I SeSTAT1 263k 4 B 3 1 T 4 1
4 (&1 6-b).

2.5 siRNA F#E ScF /1 SeSTATI1 HIFR 1%L

ScF 40 i i) RNA T#HLSE a5 R KW, 5
MC A, %Y NC-siRNA 48 h Ji7 ScF H ScSTATI
Rk KT B E AL T siRNA 1 40 # 4]
SeSTAT1 323k K V-4 e 3 T I8 (P<0.01), T3k
F M 40%; siRNA 2 b BE AL B0 8 3%~
(P<0.01), TH&ZE N 60%; i siRNA 3 b HH £
MITE i 281 (8] 7-a). BT IRACR A= 1) siRNA
2HER TR EF LI, NC AL, k5 H
W24 h B, ScSTAT! B FRiE K- NC 41 T
P (P<0.05) (&l 7-b), T H T FHEE K IRF3 (& 7-¢).
IRF9 (& 7-e) LA Fe Mx (& 7-f) 5 78 4l 3% 48 h Bf
3% T (P<0.01),

3 iR

AN TR P Fh Y TFN 3% 75 3 3 STAT Fll JAK &K
e L RO 1) TAK-STAT 18 % & $5E 000 7 T 35 VE
FH™I, Zhang %51 i) FH 25 58 A2k K306 £ 1 1fn,
I o B R YL BB IR AL JS , K JAK-STAT {5 %
AR T i R A Z 215 T, R JAK-STAT
W% S5 T IFN {5 515 3 FI PO 5 %% ; Hor-
vath® [ BFSEIES2 T STAT1 VEH IFN R 455097 15
T Re A B b i 20 B 53N AT Bk

MHEAL K RSB E . ScSTATI F [H) & Hit & 1
WP R B STATIL H R — 32 . BE4h, ScSTATI
1) 2 HE IR 7 41 5 HA Wy A i STATL i BE R 5F
HHA STAT RIEH) 4 MRSF A, & 75
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S. curriculus

C. idella
M. piceus
5 X laevis
P, sinensis
G. gallus
5 M. musculus
}\//'i H. sapiens
4 7 51| consensus
RS S, curriculus
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P, sinensis
G. gallus
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)\3*3 H. sapiens
4 7 51| consensus
IR S, curriculus
iR C. idella
Hi M. piceus
AR X, Laevis
hiEEs P sinensis
)75 G. gallus
N M. musculus
ANE H. sapiens
49 7 5] consensus ey
IR S, curriculus SATEdlp_h‘
Hff C. idella 5
Hi M. piceus 5
AEIHTIE X [aevis c
HhAEES P sinensis ”
27X G. gallus B
B M. musculus &
ANE H. sapiens 7
J:49 ¥ 5] consensus o
ﬁ'ﬁﬁﬂ i S. curriculus pg
Y Cidella
T M. piceus
AR X laevis
thAEES P sinensis
253 G. gallus
/N M. musculus
AN H. sapiens
459 ¥ 5] consensus
RS S, curriculus
rifh C. idella
H M. piceus
R TE X laevis
hiEds P sinensis
L JRXS G gallus
/R M. musculus
N H. sapiens
FL4 ¥ %) consensus =olpsguasiluyn
STAT bmd
RS S, curriculu -
rifh C. idella
" M. piceus
R ITUE X laevis
iEEs P sinensis
L JRX G gallus
/INER M. musculus
N2 H. sapiens
45 ¥ 5] consensus
RS S, curriculus
B Cidella
7 M. piceus
E[S 5 X laevis
2] P, sinensis
Ean G. gallus
/NER M. musculus
N H. sapiens
4 7 51| consensus
RS S, curriculus 2 ; S T vy
rifh C. idella R : ¥
T M. piceus % CEan]
AP X laevis c 3 EMEBRFETEUARI Y CoAEFE TVMCS NS 751
EF“F% P, sinensis & = - H -r:]aij.Lszvavag.ﬂ IDTVHCIAYP 752
253 G. gallus TRKE SPENLIEMSBREEEDEVERMY DEAR T TVMCSA YT 754
/INER M. musculus z PMSEEFFNEMSRING. DEELSMMSTY . . 749
N2 H. sapiens ] { : 3 EMSEEEEDEVSRIVGSVERD SUMNTY . . 750
34 7 51| consensus i b Irrepesfdevsr vopaefdzvmes
TAD

3 REHH STAT1 EAFFILL Xt 5347
AN AR A 3 LR A ME R AR R R W RR AL A b0 DLZL (U A Sk s STATI D ReAH 56 R <7 &R IR AL HE R R
Fig. 3 Blast analysis of STAT1 proteins from different species

Different domains are indicated by 3-line red boxes; the tyrosine phosphorylated site is highlighted in a red arrow; the conserved amino acids required for

STAT function are indicated by red boxes
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100 1757 VISR Pongo abelii NP 001126683.1
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8 N3Z& H. sapiens ADA59516.1 HEES
B K RUE Rousettus aegyptiacus NP 001310520.1 mammals
67| — /MR M. musculus AAA19454.1 A
——4LJE3Y G. gallus NP 001012932.1 ]
100 J& £ Falco cherrug XP 014136419.1 %K
87 8§|E it #% Dromaius novaehollandiae XP 025954902.1 birds

68L g3y Anas platyrhynchos QCY58620.1

100 . RS X laevis AAMS51552.1 T

XMW R. bivittatum XP 029461951.1 _| amphibians
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5

EQYIli Pogona vitticeps XP 020658544.1 7| 4z

100 _I— B E W Podarcis muralis XP 028606482.1 reptils
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93 60

60
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718 Erpetoichthys calabaricus XP 028661928.1 ]
WM Scleropages formosus XP 018599341.1
H A8 Anguilla japonica ALD49741.1
K76 S. salar ABS53147.1
100 ——— &fill Tetraodon fluviatilis AAL09414.1
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92 K4 Larimichthys crocea XP 019120649.1
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100 — WL Oncorhynchus mykiss XP 021452655.1
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Wi Skt D. clupeoides XP 028846316.1
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TRHREE S. curriculus MN636786

it C. idella ANP93609.1

BEl4 ScSTATI RGAEWH
Fig. 4 Phylogenetic tree of ScCSTAT1

FHALL M B [ U5 45 #4 Re AiF 3% B T 7% ¢DNA JF7 51 8
ScSTAT1., STAT_int 45443 T N ¥, 7 STATI
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5 IRF9 i HAEPY; STAT bind ¥ B 78 5 ) 3L A
e sk Pl R FEAE TP T SH2 Z5 A N
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Bl 5 ScSTATI EAMREERE. BEPHRESH
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Fig. 5 Distribution of ScSTATI transcript in different
organs and tissues of S. curriculus

1. intestine, 2. liver, 3. brain, 4. skin, 5. spleen, 6. gill, 7. trunk
kidney, 8. head kidney; “**” means extremely significant differ-
ence (P<0.01); n=3
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* KON 2 7 W3 (P<0.05), **FRoR 2 7R E#E (P<0.01)

Fig. 6 Expression levels of ScSTATI in spleen (a) and trunk kidney (b) after infection of
S. curriculus with LPS, Poly I:C and GCRV

Tree biological replicates were performed in the experiment and the data were shown as mean + SD (n=3), the ¢ test was used to analyze the significance

of differences between the gene expression levels of experimental and control group, single asterisks and double asterisks denote significant differences

(P<0.05) and extremely significant differences (P<0.01), respectively
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(a) siRNAs %% Y 7 IR i 6% 2 40 i 5, qPCR il ScSTAT1 2215 ; siRNA 2 5% Y/ HR 64 4% 26 40 i 24 h i5F, F GCRV #3440 A 24, 48, 72
h/g, qPCR M ScSTATL (b)« IRF3 (c)~ IRF7 (d)~ IRF9 (e) Jt Mx () HI3RIE; (a)l. =¥ U0 HRAH (56 Juil 7 ), 2. B PEXTRR4H, 3. siRNA
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(P<0.01)
Fig. 7 Expression characteristics of related genes in ScF after siRNA interference

(a) Expression of ScSTAT1 by qPCR after siRNAs were transfected to S. curriculus fin (ScF) cells; expression of SeSTAT1(b), IRF3 (c), IRF7 (d), IRF9
(e) and Mx (f) by qPCR after ScF cells were transfected with siRNA 2 for 24 h and then stimulated with GCRYV for 24, 48, 72 h; (a) 1. mock control, 2.
negative control, 3. siRNA 1, 4. siRNA 2, 5. siRNA 3; error bars indicate the mean £SD (n = 3). * represents significant difference, P < 0.05; ** repres-

ents exrtemely significant difference, P <0.01
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Sequence structure and immune function of signal transduction and
transcriptional activator STAT1 of barbel chub (Squaliobarbus curriculus)

LUO Hong, LIYaoguo', LIDongfang, ZOU Jun, XIAO Tiaoyi

(Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,

Hunan Agricultural University, Changsha 410128, China)

Abstract: The grass carp hemorrhage disease poses a serious threat to the long-term expansion of the aquaculture
industry. The barbel chub (Squaliobarbus curriculus) could hybrid with the grass carp to produce progeny possess-
ing resistance to GCRV infection and, therefore, are considered valuable genetic resources for studying the
molecular mechanisms of grass carp hemorrhage. To investigate the immune function of barbel chub STATI
(ScSTAT1) against GCRV infection, the RACE (rapid amplification of cDNA ends), qPCR (quantitative poly-
merase chain reaction) and RNAi (RNA interference) techniques were applied to obtain the full-length cDNA
sequence of ScSTAT1, to detect its expression profile in healthy and GCRV-infected tissues, and to explore its
basic immune function. The ScSTAT1 was 2 922 bp in length and encoded a protein of 718 amino acid residues.
The ScSTAT1 contained conserved domains for STAT int, STAT alpha, STAT binding and SH2. Phylogenetic
analysis revealed that the ScCSTAT1 was closely clustered with the homologue from Ctenopharyngodon idella,
forming an extended clade with those from Mylopharyngodon piceus, Carassius auratus and Tachysurus
fulvidraco. Compared to the homologues from mammals and reptiles, ScSTAT1 lacked a C-terminal TAD domain
where a serine phosphorylation site is present. The expression level of ScSTAT1 was shown to be the highest in the
spleen among the tissues analyzed, with the lowest level detected in the liver. Treatment of fish with LPS, Poly I:C
or GCRYV resulted in upregulation of expressions of ScSTAT1 in the spleen and kidney. At 12 h post GCRV infec-
tion, the ScSTAT1 expression was down-regulated in the spleen, followed by increases. At 12 h and 72 h post
GCRY infection, in trunk kidney the expression levels of ScSTAT1 were significantly higher than those in the con-
trol group. In the S. curriculus fin cell (ScF) line, knockdown 60% of ScSTAT! expression by RNA interference
led to decreased expression of IRF3, IRF9 and Mx at 48 h post GCRYV infection. The results of the present study
proved that ScSTAT!1 participated in the signal transduction of the IFN system and played a key role in immune
reaction against GCRV infection. The results also provide research basis for further study on the functions of
ScSTAT! in disease resistance in fish.
Key words: Squaliobarbus curriculus; signal transduction and activator of transcription 1 gene (STAT1); inter-
feron pathway; grass carp hemorrhage; structure and function
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