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26 TRAFI E X 5afZ, SNP (U mAFik
RESTHEREIRAIRZERS T

g1 BB B R OKEEO
REEE’ & O RAR PR’
(. KFRFERFERESTORD DESEASK=SERRE L8 20130
2 IAEEEAERAN IHEEKECEHEATRE BE 22600

BE IR IEIRTLE MBI E F(tumor necrosis factor receptor-associated factor, TRAF)E
EZikF TRAF1 52fF(Acanthopagrus schlegelii)if{RMEIRAIFERRZ/ER, AFAZIEIY RACE £
ARFFEIK1S 7 27 TRAFL EERY cDNA £KF5, FIRREHEMEEENTEERSND, FE
SCAPSREER PCR IEDTTHERRAZELNIFRAEURREINE FESPDBRFHFRLER, 7]
TIRR TRAFL EFERAIHEXINEE. NTT2A SEURE R imrs STHEERAVEL TRAFL EE SNP (i
M. ERER, B TRAFL EF cDNA £179 3528 bp, B2 5'UTR (93 bp). ORF (1 566 bp)fQ
3'UTR (1869 bp), HAmiD 521 MNREER, A 1 NMMNELEHIEIN MATH G51als, TRAFL ERETERER
FHAE. B, ALY, 88, 5. ORMBSARFIgERE, HP, E5RPHNREERS, BEST
Hfth4AZR(P<0.05); {GRANET, SXIHRAELL, ZiE TRAFL ERTOM. BB, A, XFIFFEE
LY EREMZARAETS. (NESBRERASMREERIER. BT EFNEURE R
TRAF1 £ERI DNA 751, H&TL 16 4~ SNP fizms, HH, 24 SNP IR FMEFXIE, 14 M
F3UTR X, fF4mABXAT SNP 9.5862 AN/ FIFmASXAT SNP ¢.7827 RZRILAR SNP ¢.8229
=19 GG EF S RERRIMHMTEMIA EZ X (P<0.05) ; SLAFSKEEE PCRIGNE R, F8EE TRAFL
EHE 3/ SNP fiZm £, 84 SNP =Y 3 fEREY, 6C EFENFRAENEESTHIN 2/
EHRFETY(P<0.05), AIEAEMBIHTEIEIRS FiricHE B RYRIEIRC,

KR B, ([KEMWS; TRAFLER,; ERFEFE; SNP I

FESES S9174 NEMFRE A MNEHRS  2095-9869(2025)00-0000-14

* L8 BARIFES (BK20221268)F1 LAE /XK RFMRFIINE (2024-SJ-004)2EFEIEE, 51 S, Email: 1766480206@qq.com
@ BiEEE: KEMFB, HARR, Email: zhzhwei2005@126.com
KRS HEA: 2025-05-20, WHEEFE BER: 2025-06-27



2 mooW ®

FEi65

i 988 3R 58 [H F 32 ¥ 18 3% & F (tumor necrosis
factor receptor-associated factor, TRAF)2—3XEKH
BELER, RITRVRERIEN TNF—R BRIENT
HESEBEPHN—R, BEXRAI TRAFs 2 TNFR #
TLR.NLR EXRENESESBERFEENESES
EF (4TS, 2017), TRAFs BEfZIETS MAPK (52
BRRAUEGE, 85 TNF Z{R(TNF receptor, TNFR),
B4RAE/ 2 | S (interleukin-1 receptor, 1L-1)F] Toll
FESZ{AR(Toll-like receptor, TLR)ZEZ N RIENEEE

SiE(Arkee et al, 2020; Bishop, 2004; Wajant et al, 2001;

Bradley etal, 2001), BB IMMIEAIEE. FiE. B
T, &5XMRN. RENEESTINE, 2HIERN
BENESIESER(Inoue et al, 2000),

124571k, TRAFs SRIEHAI 7 # TRAF EE
(FEHFME, 2000), 95I&ER N TRAFL~7, TRAFLE
E&#F 1994 FH Rothe EF) BB TAM
/NER(Mus musculus)fIfBE T HBR CT6e h R TS
TNFR2 EER 2 &R, FHEiImE8 TRAFLH]
TRAF2 (Rothe etal, 1994), BREAFAFZEER, TRAFL &
H5 TRAF2 HE/ERXY T AIEHRY TNFR2 555

SERETIIEAang etal, 2024), (BEITAIFFREH,

TRAF1 £ TNFR2, CD30 #1 LMP1 N"&EEEBIR T
TFEIEETER, BES TRAF2 18X (Zheng et al,
2010; Greenfeld et al, 2015), RE AEFSHEF+H
B TRAFL 925, BEEXIEX T K (B35S, 2017),
fRB EITHL(Zhang et al, 2015), AREBEOBUIRID (XIEL
%, 2024)F1 B (Wpk, 2012)5F, (BXIEKAFX TRAFL
HEANHAFRIRERD,

2@ (Acanthopagrus schlegeli)REB X141
(Chordata) . %E & £ ¥ (Actinopterygii) . ff 2 B
(Perciformes). #8%}(Sparidae). Hf#E/E (Acanthopagrus),
BIRENS. BZNSHESE, FESHEALNFEF
Hi% BT, AMETIEERENE, NETHTRILERE
WP Ea Bt EEE 29, HTFEEGRKE
X, BEFMMERS. R #h. BNEERSS, B
NEEEENEKFEEZEZ—(Wang et al, 2023),
A, AERILAtRE, BRFEIEPNHSER
BERNANEREDREINARRIENNETER
H, HIZATHR, Alt, $REHATERAISEE

1518, RETWAREIINMAMERCNRE RN ERE
BEN. ETREERHERRREMEEREANRE
R, AMEEHHASKEMRARNFEEEERE
REE TRAFL, BEEEBMNRENERAET —E
HOEIEIER, {826 TRAFL EREEEME THE
HRRAENEREE. PHARLURG TRAFL EEH
MRVR, HITERGHINERMENHET SNP
BT, LAERAFTRBEX A RIMEAE N
RIZMHEMEGE.

1 #MH5EE
L1 SLRMERFEREIE

ALY P P R ISR B A8 8 K=
RETENFEEM, 1% 605 FE[(20.243.04) cm,
(34.53%2.52) gIHIAEHEIR. FToMA. MBI NEF
R MR FEEELIE. FEBEE 5 B2, 5IEL
FREE. BX. AR, 88, 5. OB, SREERER,
BETF-80 °Cuk#E, BTF/E4E AsTRAFL ERERERZA
AREEDT. T 600 EBAFKEMELR,

B LA 600 B 1 REBMIENSEER 2 N
3mx3 mxL.5 m NERFERF, BNFEEFEE
FrRIANMAK 300 B, FREKIARS 2.7 m* fEIRIK, KR
(RI51E 15 °C, EHRiFsE 2 B, KIERIHITRsCIRF04E
KR, 15 CREFEHIEFEEERBENGERERER
IR, FEERERIEE, BRENEENGESRETK.
Hitt, 15 C B{ERANMREE. BXRIER 2 X/
BORIIR#4(009:00 #0 18:00), RIBENEYER 3%,
FXRER—¥FEK, LRFFIART 24 h E1EIBE, —
NKGHERKRRIFAZE, 379 15°C, AXIERA(CG);
F—ANKBEIKGRLL 3 C/d BIEERE., EEANLE
g2, FEKEFEKEFFEES. BEERE
HIBRAE, —Le MRS A1, B EFNEER TS RIEEK,
ENHEESRA(CS), tRIKIBERN 3.8 T, BEEK
IRIRERIRE, BB 20%89 MART LAB HikED, XL
REN AGEMSZECT), WhKER 2.8 C,

MITERAE(CG). (IR BURA (CS)FKIRM ZH
(CT)REHLEX 5 BB, SUENSZAERFAE. K. AE. O
FEFNRERAE, RRIER, BET-80 CkfEEA, BTG
4k ASTRAF1 BREFRIXEX DT, X 200 BRERE—
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ATHRRIAS AR RV BB 1T /R 9IWLSEEE, SCREERE,
3L 1 °C/d BIRZERBITIER, BEFFEaKHIKSE,
MERERASEREE L, B/ 1 Fa=2EL, Bt 5s
WAABERIENSR, BUEEEAL. SMBUFE MAEME
, ICRREFKAERRE. URSHIKER 60 B2
HMEEBUREHA, LISREXERY 60 R /H(NRMISZET
K, X 2 BRHBAEIREHTICR. BHNNALRR
RIRFFET-80 Cikis, FIT/E%L SNP Lk,

1.2 AsTRAF1 E[E cDNA £K5f#

{32 RNA IR ZE{LIX 7 &5 RNase-Free DNA
BERIAFIRIREBUZ RNA, HITIRENEY RNA REHTT
1, RA M-MuLV 55—4% cDNA S§aRFIE[ET
EYTREBROEBRAR, BREIEMIERE
S HEAY RNA #1T cDNA k. 1RIEIRSERTHA
FFiE e RAB IR FIREM AsTRAFL EF CDS KX,
FUFA Oligo 6.0 FHIRITEI1H(ER 1), #HiTHEAFERHN
PCR 18, ¥ B4R 1%IRBENE R AREE kI S5
TiREENRF, K18 AsTRAFL EEDEHER, &
ENEHY ASTRAFL EE cDNA FEFSI% Bligit
F 3'RACE 1 5'RACE FKigd BRI 1),
AT PCR #183%45 3'UTR 1 5'UTR, # 1EF4)
2 1%IIEFERREIXEN, REKECENRE,
BE/S 5 pMD19-T BifiRiEE, F454EI DHSo =S

*=1

Hpeh, SR MFIRIGEE MY REHHTER PCR
£, REEETEYNRF. REHEUFREH CDS
X, 3'UTR #] 5'UTR F5IFIF DNAMAN 8 3R{4i#H1T
B, B/53KE AsTRAFL EE cDNA I2 K.

1.3 AsTRAF1 ER&YIEEZEST

{$5F NCBI FUUFFAIEIEAHE(ORF) R RS L
F51;i5F8 ExPASY Y ProtParam TENHEAD F&.
HCEBAFRWIMR; I SMART. Wolf psort,
Signal P, TMHMM, NetNGlyc 1 NetOGlyc FillZ&EH
[R=REEE. DrERRseEEE,. R FINE
B4 FIIFH DNAMAN i TRERFFIZELL
XJ, FIF MEGA 5.1 #3iH{UR (FeE ke, 2019).

1.4 AsTRAF1 IZRABHATRIARKEINE FESRD A
[hRPRIXER DT

FFASERYSEEE (QPCR)TTIEIEN AsTRAFL B
HEEERFEARBRPNREZUREEEIHELE
ZIEXERLE(CG). (RIRBURAH (CS)FKIEMSZ4H (CT)
FREBDALRAIEXTFRIAE. FIA Oligo 6.0 g
TS ER p-actin & AsTRAFL ELE LRSS E B
SMSI¥ER 1). 58 ABI 2F]HJ 7300 plus Real-Time
PCR system #1T qPCR, M 22 iEitHE. BEF

514955

Tab.1 Primer sequences

5|4 Primer 7% Sequence (5'~3") FHI& Purpose
TRAF1-F GTCAGCAGTGTCTCCAGGTC CDS Xi 1
TRAF1-R GACAAATATCCCATCGTAGGT Amplification of the CDS region
1-AGCTGCTTGAAACAGTGCACACA RACE -1 5
TRAF1-5'-R 2-CTGGTAAAGAGTTGACGCACTCC 5' end amplification by RACE
3-CTCCATGGGCACTGACAGCACAC
1-GGTTACGCTGGAGGCTTTCTCAC RACE /12 31
2-CTGGAGCGGACGGTCACAATGAA 3' end amplification by RACE
TRAF1-3'-F 3-AGCAGCCCATCAGTGAGATGAAC
4-GATATTGATCAGCTAATATTCTCC
5-AGCTGCTGGGTTAAATACCTG
TRAF1-RT-F TGGAGCGGACGGTCACAATGA SCRTSSYEEE PCR
TRAF1-RT-R TGTCTGCGGCGAGAGAAGTCA Real-time fluorescent quantitative PCR
B-actin-RT-F TCCTGACAGAGCGTGGCTACTC
B-actin-RT-R ACCGAGGAAGGATGGCTGGAAG

SNP1F

AGGATATAGCACCAGATTGATGG
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SNP1R GGCGAGCAGAGGTAAGAAGC
SNP2F CTACTTGAGCTGTGATCCATACTGC
SNP2R ACTTCCTGTTCTCTCCACTCTGC
SNP3F CATATAAACTAGACCATTCACGCAC
SNP3R ATGGGTGTGGTATCAATCTACTCGT
SNP3FC TGAAAGGTTTTTAGGAAATGGTGC
SNP4F TTTATGAAGCATCAGTTACACCCCT
SNP4R GAGATTTTGGGGCTTTCAGGT
SNP5F CAAGGGAAATTCCACTTCACTACAC
SNP5R ACCGAGCTGTGGCGTTTA

SNP5FC GGAAGCTACACCAAGCAAACAAT
SNP6F TTAGAATTTGATGAGAGGTCAGAGG
SNP6R AATTATGCTGAAAATGTACAGAGGT
SNPERC ACTCTACATTTCAAAAAGTGGCGTG

SNP i s 15k
SNP site screening

IR E 3 MNMEMZIAT 3 IAES.
1.5 AsTRAF1 E[HX SNP o#fr

F FRTAASEIE PIRBRVRIR BURARTIR T 5
BEFEREEEF R, 128 DNA @, RIEEENS
HEBHIE(Zhang et al, 2018), 3X18 TRAF1 EEH
DNA £KFHEIIRITS HIGR DT 18, P42 1.0%
IFiEmERRE XN, BEEEMASESERERS
B TR, NEERKA SnapGene #H1T
FFHIELRT, 6k SNP i, FEFERNFER, 7
F3 Chromas 3R{AMENFFIEE (MEZR, 2022); FIA
1% Haploview 4.2 i+& D{EH R2 ERFITEGAR
o FRER ST, (£ PopGen 32 BIGHLT 5
T SNP RUERE, ERENR, MUREEH.). 5
BREE(H) AR IBE-REEFEHEHWE)FEES
Y, RIESUERBREMEFIA PIC-CALC BiHE
SNP UmHISHEERIE(PIC); FRERESTHE
mIHRE RO HTRA SPSS 25.0 34HHE) ANOVA %
HITD T RIRFSE, 2023), LRSS EE IR
MFELEHAY SNP (R ZEE B AsTRAFL EEIEXIER
KB, WRTHIGHBX SNP M at{TEE ST
WAL .

2 FER5SHT

2.1 AsTRAF1 E[X ¢DNA €K &FHDHTr

AsTRAF1 E[X cDNA £1< 3528 bp, 5'UTR

93 bp, ORF < 1566bp, 3'UTR $ 1869bp, —Itim
13 521 MEER, 81F 10 MMEF 9 MEF
(B 1), HigEHBRA 767, FMUEHSFE/ 58.91
kDa, Asp+Glu FrtaFBTRIZRELL 65 4, Arg+Lys 7
IEEBfTAYTRELL 67 1>, AERLTEENDN 77.89, AREE
94272, AAREEH, BKMER-0.375, ERLE
¥a13, /9 373~498 bp, WHHREEN AABIMER. ZE
BEESK, TBEEXE, E8EREN. FH
SWISS- MODEL il AsSTRAF1 EAR=44EEM, &
BRUNE 2 Fi7~. {8 NetPhos 3.1 1 NetNGlyc 1.0 Ifj
BN RTNERESR, AsTRAFL RIERFFIFHE 29
MNLEERHBRAIR. 12 NSRBI, 3 M.

2.2 AsTRAF1 ERRIBIERFFILLITRAEFH

PR iy

% ASTRAF1 RIEER % SE & (Ctenopharyngodon
idella), #8£a(Cyprinus carpio). B (Danio rerio), BF
M X 2 #fil(Ictalurus punctatus) F[1 25 £ £ (Pelteobagrus
fulvidraco)RIEIIRFFIFHITELXS 247 (B 3), FRFIRI—
HMITE 34.51%~45%, AIRFTEHH (Acanthopagrus
schlegelii)® TRAF1 AU RIER 2 SEMBYIFFAILR
TFHXR, AARIENT 14 MIMNORERRFYH
ITREFRHURIEE, RIEE 4 915, #URoH 24
Ax, H, BRSEESERANI—KZ, WAXSR
WEFMCITERN—AZ, FaHHE,
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2.3 AsTRAF1 EF&AR
BRARKIKEX DM

BiT gPCR A AsTRAFL EFEERFEH
AhRIAR, HREKFUE 5 i, HEERER
FFAE. A%, BLEY. 8. &. OEFMBFEERE. H
1, ASTRAFL EEESHHIRAERS, EERTH
ftBZH43(P<0.05), EURZMNMA. OIEFIFE, ®AE
ERENER.

Z(CRMBLEERIREER D HLAP AsTRAFL
BERFIAECWE 6 Fra~, O, BB, B, X
FORFAR, SXIEREMELL, AsTRAFL EEZEIER
mMIZEAPRAERETE(P<0.05). ELEEURAES
FRIAEREAVER. NAPERSERE AsTRAFL EH
BABIETARIA, OIESHE AsTRAFL ER(EESUk
BEXMRETEEER(P>0.05), HILERIA, AsTRAFL
HERERRIAS RENERINERNRRA ZTIEX.

2.4 AsTRAF1 EHE SNP (VR Z& DT

& AsTRAFL EERY DNA 2K SR8, #T
AL, EEIHER TN 2), 7 AsTRAFL EH
FHIRET 16 4~ SNP, HAF, 24 SNP IR F/NE
FXig, 14 MUF 3'UTR X, I3 SNP (=ASEIEER
SRR, (KESURAE SNP {3753 PIC /3 0.062 3~0.356
6, Hp, REZESM(PIC<0.25) SNP m 714, HE
2254 (0.25<P1C<0.50) SNP 3753 9 4 (iR MHS%4H SNP
fSIFPIC /90.116 8~0.373 9, H, {EESZ A (P1C<0.25)

EEREEINE TED

SNP {313 4 14, FESZSME(0.25<P1C<0.50) SNP {ir
12 4, {EEUEE H, /9 0~0.466 7, H. 9 0.064 4~0.464
4; {GEMS4E H, 79 0~0.600 0, H. /g 0.124 4~0.497 8;
RIERARE, MESEEFREMZESSEIE 2
1 1 4 SNP {8 HWE {B/\F 0.05, {®mE Hardy-
Weinberg &R (P<0.05),

2.5 AsTRAF1 ERE SNP mEREAISBIER N

REEX DT

SNP U RERESHMDITE, Hikd 5 MRA
B FREZSHERRE Hardy-Weinberg -4
REH SNP f7m, MEWADMEHAHITERSE, &R
N3 3 Fir~. A ANOVA DA T ERE S R
(CRMRERIXRE DT, RIBDITERATEBER 4),
HNBF X HAT SNP g.5862 AImLAK 3'UTR XHHY
SNP ¢.7827 {SIESF1 SNP ¢.8229 i/ 5 BBHIIMHER
HREZEX(P<0.05), HRRY 3'UTR LAY SNP

Z5(P>0.05), £ SNP g.5862 {i/r35 SNP g.7827 {i/
+.GC ERENMIEFLTIRE LEEFET AATD AG
ELFEY(P<0.05); 7£ SNP g.8229 fiis -, GG EFEA
REFETEE EREET CC 1 G EFEEL(P<0.05),

2.6 AsTRAF1 E[X SNP U 5FRIAKFEXEKD

JitE—E95H AsTRAFL EE SNP A 5mHER
MR BEXE, REALHXYAXEEEZRNT
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1 AsTRAF1cDNA £ KR HERBNIERF7!
Fig.1 The full-length cDNA of ASTRAF1 and its encoded amino-acid sequence

FEANEREBFNEZLEERF, BRERKIBFRRIIEEIIE (ring-finger, 30~68aa); SREBIEF X RS HIRNELS
¥3(coiled-coil, 324~360aa); KEBIAFTTXKIHRR MATH £5K315(373~498aa); EIEN I N intEEUAIR,; 3inBSERRE
BRI {5 (polyadenylation signal) A TR 43R, IBIEFXIEHERTR ploy(ABE.

The start codon and stop codon are within the box; the yellow-filled region represents the ring-finger domain (ring-finger, 30-68
aa); the green-filled region represents the coiled-coil structure (coiled-coil, 324-360aa); the grey-filled region represents the

MATH domain (373-498 aa); the N-terminal glycosylation site is within the circle; the polyadenylation signal at the 3’ end is
underlined; the red-filled region represents the poly(A) tail.
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2 AsTRAF1 EHR=RE
Fig.2 The tertiary structure of ASTRAF1 protein

SNPg.5862. SNP ¢.7827 1 SNP ¢.8229 =/ Miumh,
SMHERE AsTRAFL ERENEKEE. ERER
(B 7), 31 SNP LRI AMBEREE GG EFEE
HAFRELERESTHH 2 FHERE,

2.7 AsTRAF1 E[E SNP ¢.5862 Rl
Fum

SNP ¢.5862 iR HIfGEHR _REETN
E 8, EHR=REMETUUE 9, SNP ¢.5862 fif
RAHSBRTHLIERNIFRINRET, #ms R
RRERNFN=REMRINEE, BIARINA o-125ER
D p-irERD>. TTRINSEIENN.

3 AsTRAF1 fERSEMYIMEIRIERF5ILIT

Fig.3 Sequence alignment of ASTRAF1 amino acids and homologous amino-acid sequences from other species
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4 ASTRAF1 RUEERR RS LR
Fig.4 The AsTRAF1 amino acid phylogenetic tree

5 AsTRAFL EEZHAFRAE
Fig.5 The expression level of ASTRAFL1 in various tissues

NEAEFEERTEREEMER(P<0.05), TH.
Groups labeled with different letters indicate a significant
difference (P<0.05). The same below.

3 3718

YE7 TRAF FIRRVIREFALR, TRAFL BEWIHAR
ZF, BERTERISOESYIIPRI TRAFL AR
5, N8 EER(Cynoglossus semilaevis) (Li et al,
2020). #gsLf(Channaargus) (Han et al, 2025)f136 5
i (Cromileptes altivelis) (Xu et al, 2024)%, HEIXJ
TRAFL IR T ERETHANI P, TERPEH
RIS, AW, @it RT-PCR 1 RACE FRfERA
$R18 7 ASTRAFL EERIL K cDNA, FFI 5 HTREE,

AsTRAFL EE N inZB—1 RING &M, X5
ZHIRZX TRAFL HNEMARERHA—, ZH

6 {KIEHHNET AsTRAFL EEZHERAFKIAE
Fig.6  The expression patterns of the ASTRAF1 gene in some
tissues under low-temperature stress

CG: YR, H 15°CRERER; CT: {EMZAH,
AEEMBELE T FENREE,; CS: ([RRSURE,
AEEMNBLIE T KIERIRRE,
CG: Control group, consisting of black sea breams treated at
15°C. CT: Cold-tolerant group, including black sea breams

that survived under cold stress treatment. CS: Cold-sensitive
group, comprising black sea breams that became inactive
under cold stress treatment.

3319580 TRAFL A& RING 35451915 (Sabbagh et
al, 2008), BRITERAZ TRAFL FHEHIRET, B
TRAF1 EXZREHE (JLILTE, 2023)5h535h—1 N
HmAE RING IBEMEBHNEZE, EEoTED
AsTRAF1 EFAIREE RS RIESHERARN
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EMFINEE. MBEREEE, EBES E3IZRIER
BEENS RS MEBRURSSEBZENE

FH(Jang et al, 2024), C iH&EHI MATH g5#aig AN
TRAF RIEHBNEEE—TRAF SiaigEi5H

2 AsTRAF1 E[F SNP 2354
Tab.2 AsTRAF1 gene SNP polymorphism

5353 s BHA BREUEFEE WNREGE HEREGE SHEERE KRE-REREE
No. Position Group Ne Ho He PIC HWE

. SNP 5862 {EEBUREE LTSG 1.867 2 0.466 7 0.464 4 0.356 6 0.907 8
: (CEMTSE LTTG 1.7241 0.600 0 0.4200 0.3318 0.1213
) SNP g.7011 {REUREE LTSG 1.300 6 0.1333 0.2311 0.204 4 0.0513
: (CERTSE LTTG 1.2195 0.2000 0.1800 0.1638 0.729 4
3 SNP . 7381 {RIREURAE LTSG 11421 0.1333 0.122 4 0.116 8 0.8437
: (CERTSE LTTG 1.142 1 0.1333 0.122 4 0.116 8 0.847 3
A SNP 7669 {EEBUREE LTSG 1.557 1 0.3333 0.357 8 0.293 8 0.681 3
: (CERTSA LTTG 1.470 6 0.400 0 0.3200 0.116 8 0.3830
. SNP .7704 {REUREE LTSG 1.068 9 0.066 7 0.064 4 0.062 3 1.000 0
: (CETTSE LTTG 1.2195 0.2000 0.1800 0.268 8 0.729 4
6 SNPG.7737 {RIREURE LTSG 1.867 2 0.466 7 0.464 4 0.356 7 0.907 8
: (CEMS4E LTTG 1.9912 0.400 0 0.497 8 0.163 8 0.370 7
. SNP 9.7827 KR8V LTSG 15571 0.3333 0.357 8 0.2938 0.681 3
: (CETTSE LTTG 1.642 3 0.533 3 0.3911 0.3739 0.1926

o SNP 0.7833 {ERSUAE LTSG 1.470 6 0 0.320 0 0.268 8 0.000 028

: (CETTSE LTTG 1.9231 0 0.480 0 0.314 6 0.000 058
o SNP .6224 {RIREURAHE LTSG 1.724 1 0.200 0 0.4200 0.3318 0.028 0
: (CEMS4E LTTG 1.965 1 0.600 0 0.491 1 0.364 8 0.467 5
10 SNPg8220 {RIBBURE LTSG 1.642 3 0.400 0 0.3911 03146 0.962 8
: (CERTSE LTTG 1.470 6 0.400 0 0.3200 0.3705 0.3831
11 SNP g8 {ERSUAE LTSG 17241 0.466 7 0.420 0 0.3318 0.763 2
' (CEMS4E LTTG 1.642 3 05333 0.3911 0.268 8 0.192 6
1o SNP Q8378 {RREURAE LTSG 1.300 6 0.266 7 0.2311 0.204 4 0.6111
9 (CERTSE LTTG 1.642 3 0.533 3 0.3911 0.314 6 0.192 6
13 SNP 8479 {KREUAHE LTSG 1.800 0 0.5333 0.444 4 0.3457 0.517 3
g (CETTSA LTTG 1.642 3 0.533 3 0.3911 03146 0.1926
14 SNPg8530 {REEU4HE LTSG 1.384 6 0.2000 0.2778 0.2392 0.194 3
: (CETTSE LTTG 1.642 3 0.5333 0.3911 0.3146 0.1926
15  SNPQ8538 {RIREURE LTSG 1.384 6 0.200 0 0.2778 0.2392 0.194 3
: (CERTSE LTTG 1.642 3 05333 0.3911 03146 0.1926
16 SNP Q8550 {RIREURE LTSG 1.2195 0.200 0 0.1800 0.1638 0.729 4
g (CETTSA LTTG 1.642 3 0.533 3 0.3911 03146 0.1926

ftb TRAF1 EEZ5#—E(Liu et al, 2020), TRAF £5#4
%4> 59 TRAF-N #] TRAF-C, BiIE NS5 kfIH i
SERSEONSGSM LFEEER, & TRAF Ih8E

R RIFEEE(EM (Takeuchi etal, 1996), SHEAthEH#ER]
YIEIEEYPHELL, TRAF-C &M 2 AsTRAFL EE
R ERRSTHIEES, T TRAF-N LM AR AR, X
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5 TRAF ik XtF TRAF-C = ERRF] TRAF-N 1R
Z A R—E(Carpentier et al, 1999). #EHRIE,
TRAF ZiEidEERTH C inEbDEEBS TNFR2,
CD40. CD30. LT-BR. 41-BB. BCMA FI—Lt4AfE
REBNERARDES, XNTF AsTRAFL EFES
o FREREEGEXEEZMNVER (Eliopoulos et al,
2003; Fotin-Mleczek et al, 2004), 2589 TRAF-N i
ZrENEET TRAFL EHRIBER{L(Rothe et al,
1994), AsTRAF1 EREFFILLIILEREKA, KFEEH
BRNSERFIIBERT, XLFFIRIERIT HEF
AsTRAF1 EREIFIINEEN TR E EE/ER.

BRI, TRAF1 EER mRNA FRIAERILNILA
REHEDYPHIEERE. EHA, Fla0/N6EF
A(Homo sapiens)d, TRAF1 7EfmbbiR. BRAE. AbAD

7 34 SNP{UMRAREEFEER AsTRAFL RiAE
Fig.7 The expression levels of ASTRAF1 among different
genotypes at the three SNP loci

23, HiEIR M FRIA (Mosialos et al, 1995), TI7ERN. O
. BPREE. SN ARERE, XS5EEMESHERD
WP RAEXFH A EEFEA (JULN, 2023)RY
&I, TRAFL mRNA [ 25 HmERERIIA
BAR, Hp, AiRRIAERS, HXZERE, &
EEhRIXE R (P<0.05); £ (Xu etal, 2008)RIHH
3, TRAFL mRNA B2 D EME A EL

FEOEYRAERS, RELE. WR+F, BEE
. 88, FFFORRRES, MERTHISPREERE,
EARRRF, TRAFL EREMHARIERZMNER
BEHEARRENFX, B, £5EPHNRIEERS,
EESTHMALR(P<0.05), EIRZNA. (OBIEFIFF
i, REAERENEWEAL., B/ LFHEHEDY
TRAF1 mRNA BRFRAEN SHEL DB, aTLA
EHETYMER, EEHENIH TRAFL EEAT8EE
RIEEFERIER. RESERNRLAERRER,
AsTRAF1 mRNA EREHEXENATIERERIELE,
X5 TRAF1 EEMINEEEME—, HEENEER
S 5% ENERTTHEXIRR (&I, 2017), AsTRAF1
ERERAREMELRPZHEERIPOERFH
FEAEXDTRE, HEMBARFENEKEMZ
HEFL, EREHBREPRREISE, WHER
BINET, AsTRAFL EFS 57T BHRENKEMNENE,
JTLEENRS, AsTRAFL ERRXKEMSESIKE
HRAEREEEER, METANARIEE, BXAE
(R BB A =18 13 13 B2 S B BR 4E Ak SR R X 7 R IR IR
LY, (Hsieh etal, 2003), ALPRASAGHUBIREZENIAR
BE, TUASZIRERNERT, FARHESFEEERLL
IEHIIMNRIREZE (L (Mourente et al, 2002), TITERSSZR
J3fil(Takifugu obscurus)flEiEMHE FALRIEL MAPK
BEOFARTP SRS MAPK BIRAEGERH T
AIEHER SRR (IS, 2021), HMBNTRER
ASTRAF1 B3 iE#E T MAPK (E51BEEH INK EEEH
it (Sabbagh et al, 2008)&i&T5 NiFAEALHEHI D 1L
LR, NiESakEBE—ERE LRDERS
B SRR ERIRANEXT & R F= 4 IR0,

SNP R A 53 A4miB XFNIEmIBX SNP {7,
mIBXAY SNP I RAT LA EHRIKER TR
MmIngeRk, MIEMIBXE) SNP (IRFTEEHEER

# 3 AsTRAF1 E[H SNP £ 2 MNEHAFHEREBUE T
Tab.3 The genotyping results of the ASTRAF1 gene SNP in two populations

EIEHBURAE LTSG

EEMZALTTG

= HEH
Position Genotype t‘gztﬁ Eﬂ}/‘ﬁg ﬁéz!géﬁ Ei”ﬁ)ﬁ‘_._z‘
Sample size Genotype frequency Sample size Genotype frequency
AA 4 0.066 7 0 0
SNP 9.5862 GG 28 0.466 7 24 0.4000
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AG 28
AA 2
SNP 9.7827 GG 38
AG 20
cC 2
SNP 9.8229 GG 34
CG 24
AA 2
SNP g.8326 AG 24
GG 30
AA 26
SNP g.8479 AG 32
GG 2

0.466 7 36 0.600 0
0.0333 0 0
0.633 3 28 0.466 7
0.3333 32 0.5333
0.033 3 0 0
0.566 7 36 0.600 0
0.400 0 24 0.400 0
0.033 3 0 0
0.466 7 32 0.5333
0.500 0 28 0.466 7
0.4333 28 0.466 7
0.5333 32 0.5333
0.033 3 0 0

MR N REFHESUREIIUR, Aoy EE
RYRIBRSEE 75 (Reumers et al, 2008), FEAFAZ
&, R TRAF ERRILEXAIT 2 4 SNP i
=, ERBRAIWT 1449 SNP fiIm, EEEESE
ST, YILTHEHSIHRRMIREXRA SNP IR
B5, BEHTIHEEMHRXES T, RILIT5H
BXE) SNP ¢.5862 fIRFIfIFIEmAZXAY SNP
9.7827 fumLAR SNP ¢.8229 RS RMRERIKIETIIE
BX. mIEXAY SNP 9.5862 ImFNIF4mASXAY SNP
0.7827 9N GC EREEMZBEEREST AAE
EZ, [ SNP ¢.8229 iimANIE GG EFEMZIRE
RBEST CCERE, AL, W GG ERBINER
MHEREEREEL, SNP 9.5862 (B TIFR N RE,
HHRIERT LSRR, LR BRIZRETRES I NBRRIL
I, FEMIBETS, NEERTREERE,
ZAL RIS, o-SEBER D B-?ﬁéﬁ"\ f%)”uﬁl]%
HIgM, TREaXERRREMEFIRE=E£R0m,
IR EESES IJJﬁu, yelinki Eﬁﬂ?ﬁﬁmﬂ’ﬂﬂﬁjﬁﬁﬁ
N, NEBR=REWRKE, KL/ MATH &

(373~498aa) B EPHIR KL RTE, LHE p3-strand
Xi#., MATH £51915%2 TRAF1 5 TNFR2, TRAF2 B
EROXHERXE, HMRTI R Reatgm RN,
{E# TRAF1-TRAF2 SEYIFRL, IEVEE NF-xB &
B&(Zheng et al, 2010), M/ FIFGRIBXAT SNP g.7827
fImLAK SNP ¢.8229 i EAREESSEHEN
FAER, BETEESY TRAFL EEAVHEREEE
mRNA SSJEHEEIEEER, BRI REALER
BB X P EERI(Gao et al, 2014), AEHM
RNA-155 (hsa-miR-155)8Ei%1813 SHEERE 3 EFE
XEGRBZEXERERIA, rs5186 (A1166C)2
AGTR1 £ 3'UTR XiFAI— SNP, 5H/MENK
E£ZNEX, HRAM, Al166C SEFRTTRGEIT
B miR-155 RUEERIM, S5 AGTR1 FRIAKEFH
=, NMENEMmERXKEE. 15, Wang Z(2011)6#
REWM, MTHIEEZE P4503A4 EE(CYPIAY)NS
FRIEFH— SNP A iZEFNEEEEREE
FA, B5i% SNP {1/ CC HEEE MRS, FFIEAER
B mRNA FRIXKFEEZE LA, INHE(2019)

F& 4 AsTRAF1 EH SNP RAEEREE SHHMEREIRFZEESHT

Tab.4 Analysis of the association between different genotypes of SNP in the ASTRAF1 and the low-temperature tolerance trait

{3753 Position 28 Type E AT Genotype S-1#18E Unbalanced temperature/C
AA 4.7340.49¢
SNP g.5862 SMNEBF GG 3.2740.342
AG 3.9340.39P
AA 4.8740.42b
SNP 9.7827 3'UTR GG 3.3340.262
AG 3.7430.51%
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cC 5.5740.55¢
SNP .8229 3'UTR GG 3.1340.372
CG 4.2640.49°
AA 4.53+).19
SNP g.8326 3'UTR AG 4.94+.27
GG 4.7240.45
AA 4.6740.20
SNP .8479 3'UTR AG 4.8540.20
GG 4.7540.22

i A—AHES, HRFERFZURAREREZAERAEE(P<0.05), FRAFERTEREZ(P>0.05).
Note: In the same set of data, the same letter indicates that the difference between different genotypes at the same locus is
not significant (P<0.05), while different letters indicate significant difference (P>0.05).

&5 ASTRAFL EERTRIEEBR_REHTIN
Tab.5 Prediction of secondary structure of protein before and after mutation of the ASTRAF1 gene

REREEAR_REN a-4EE p-frE TR & HH
The secondary structure of the protein before and after the mutation a-helix B-sheet Random coil
F52=22% No mutation 45.11% 11.52% 43.38%

SNP ¢.5862 {i/FA2€32% SNP ¢.5862 mutation 42.99% 10.36% 46.64%
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8 AsTRAF1 EFH =g

BEEBRZREETTN

Fig.8 Predicted protein secondary structure before and after ASTRAF1 gene mutation

A: AsTRAF1 TZRZAIM; B: AsTRAFL BRI SNP 0.5862, h: o-#ZfE; e: p-iTE; c: THMNEH,
A: AsTRAF1 without mutation sites; B: ASTRAF1 with the mutation site SNP g.5862. h: a-helix; e: B-sheet; ¢c: Random coil.

9 AsTRAF1 ERERZRIFERR=REITN
Fig.9 Predicted three-dimensional structure of the protein
before and after ASTRAF1 gene mutation

ARAEI, NFLEE(Haliotis diversicolor)MSTN ERE{E
HNINRERKEBRAZEEF, UTHRBXA SNP
g909C>T =Y TT EEE /MK mRNA RIXEEE
XFBE5 2 HEREE, TRAFL EEFTLUBE RN S
HERATER, IREMAEBTE, BLHRMGEIRRE,
ERIRBRIATCAEIITAT=EIRE , G ATLIEEE
JF(Kalliolias et al, 2016), MEAHRH, I FHBEX
FIEMBXA SNP U AMBERE GG MK
AsTRAF1 EEFRIAEHNEES TR/ 2 HERE, iR
BA 3 MR GG ERE SRIATKEEREEREX.
ZER51 EIREHE—, SNPg.5862, SNPg.7827
SNP 9.8229 fiImlIzR T < Eif TRAFL EFRIFRILE,
NiEEREMEREEN. &4t AARERTIER
LAMHMEIE A B Birio Finic, BT EEh KRR
REREB.

2 & X
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Structure and SNP Locus Screening of TRAF1 in Black Seabream and
Analysis of Its Association with Low-Temperature Tolerance Traits

YU Han'?, GAO Bo?, ZHANG Zhiwei'?®, ZHU Fei?, JIA Chaofeng®, MENG Qian®, XU Dafeng?, DU Shuran?

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,
Shanghai 201306, China; 2. Jiangsu Key Laboratory of Marine Fish Genetics and Breeding,
Jiangsu Marine Fisheries Research Institute, Nantong 226007, China)

Abstract To investigate the function of the tumor necrosis factor receptor-associated factor (TRAF1)
gene in black seabream Acanthopagrus schlegelii under low-temperature stress, the full-length cDNA
sequence of TRAF1 in black seabream was obtained using RACE cloning technology. Gene structure was
analyzed using bioinformatics tools, and the expression levels in various tissues of black seabream. Gene
expression patterns under low-temperature stress were analyzed using qPCR. The SNP sites of TRAF1
related to low-temperature tolerance in black seabream were screened by direct sequencing. Genetic
polymorphism analysis was conducted on the selected SNP loci, including genotype typing, correlation
analysis for low-temperature tolerance, association analysis between SNP loci and the expression level
of TRAFL1 in black seabream, and protein structure prediction encoded by the coding region loci. The
results showed that the full-length cDNA of TRAFL1 in black seabream was 3,528 bp, including a 5'UTR
of 93 bp, an ORF of 1,566 bp, and a 3'UTR of 1,869 bp, encoding 521 amino acids, including 10 exons
and 9 introns, with a theoretical isoelectric point of 7.67 and predicted molecular weight of 58.91 kDa.
A total of 65 negatively charged residues (Asp + Glu) and 67 positively charged residues (Arg + Lys)
were identified. The fat and stability indices were 77.89 and 42.72, respectively, and were classified as
unstable proteins. The hydrophobicity was —0.375 and the protein domain was 373-498 bp. Subcellular
localization was observed in the extracellular matrix. This protein had no signal peptide or
transmembrane region and the entire protein was located outside the membrane. In addition to one ring
finger domain and one MATH domain, there were 29 serine phosphorylation, 12 threonine
phosphorylation, 3 tyrosine phosphorylation, 1 N-terminal glycosylation, and 1 C-terminal glycosylation
sites. In the black seabream, TRAF1 expression was detected in various tissues, including the liver, brain,
muscle, gills, kidney, heart, and intestine, with the highest expression level in the kidney tissue, which
was significantly higher than that in other tissues (P<0.05); the lowest expression was observed in the
brain. Under low-temperature stress, compared to the control group, the expression level of TRAF1 was
high in the low-temperature tolerant group and decreased in the tissues of the heart, spleen, muscle, brain,
and liver in the low-temperature sensitive group. By comparing the full-length DNA sequences of TRAF1
between the tolerant and sensitive black seabream groups, 16 SNP loci were identified through screening.
Among them, two SNP loci were located in the exon region and 14 were located in the 3'UTR region.
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The SNP g.5862 locus in the exon region and the SNP g.7827 locus in the 3'UTR region were significantly
correlated with the low temperature tolerance trait of black seabream (P<0.05). At the SNP ¢.5862 and
g.7827 loci, individuals with the GG genotype had significantly lower death temperatures than those with
the AA and AG genotypes (P<0.05). At the SNP ¢.8229 locus, individuals with the GG genotype had
significantly lower death temperatures than those with the CC and CG genotypes (P<0.05). Quantitative
real-time fluorescence detection revealed that among the three SNP loci of TRAF1 in the black sea bream,
the GG genotype at each locus exhibited significantly higher gene expression levels than did the other
two genotypes (P<0.05). The SNP at g.5862 was a non-synonymous mutation in which glycine was
changed to serine, which in turn caused alterations in the secondary and tertiary structures of the protein.
Specifically, it was characterized by a reduction in a--helices and B-sheets, and an increase in random
coils. This SNP can be used as a candidate marker for the molecular marker-assisted breeding of black
sea bream having low-temperature tolerance traits.

Key words Acanthopagrus schlegelii; Cold tolerance; TRAF1 gene; Gene cloning; SNP locus



