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(1. PEDK= RIS B s i K = se B IR I B Y R S A MG SRS 7 8 ik a2Eph 1
TRSEYHOREAIRE IR FE 2660715 2. 7 BEERS: S EOREZ IR E YA 5 Y HEAR
DRELHRE AR F/E 2660715 3. KERELWARAR L7 KiE  116600;
4. BURBARPEAERHECARAR WA AU 264404)

HE KW KBTI AR, AFNIRIES % 4 8 2K 77 f(Takifugu rubripes) =
WRAANE ., HHROERFTETRENSF, RFRXAR Lo KA EE PCR A, 2EE
H(AFP)AH . A% % RNA 4 6 & A(CIRP) A F . J#iL % & 8 KikE AHMGBD)HERE | Y-box 4
SEANYB-DEEESEEBELAHTASC, 13C., 8CHSC), R FENiF. B, K. .
N . A, ERAEIRF IR F N, EREr, AFPEFE) Zlhkk, ENAFTERELER
B(P<0.05), MEZEE WM, SA5F AFP ERAWME A ERXAEREFAHNAES, £ 5CHALE
REE, BEFETAEL(P<0.05), CIRP 3 F 7 LA F KK &% & (P<0.05), MAREZNEK, &
ALAH CIRPEFANEKAENARBREAAAR, EF. B, . 0. . ARFHWERELEE XA
mERREAGNEY, £R. LWAFERYRAEE EA#Y, HMGBl £RENA T LKL ER
8 (P<0.05), 7 i > | HF A R H A A 3% 8 By Sk ik 5 B A R B R R, IR BFIE AL, &4 44 4 HMGBI
HEWKAEEZAZRATERKRNAS, & SCARKR R AME, BEFFHTHMH4E4(P<0.05),
YB-1 2 EANA KK EHFHP<0.05), EHMAL T RE BRI, MEBENEK, KH2HE
PN LG VB ONARfE) R X EE A A G ERRE AT ES, E 8C A F| & /MA(P<0.05).
UEEREW, 4 RERKRAKTEAL, BEGFERT AR, KB T X 483 F ek 57,
ERBEMET, 4 HEEBRR BN, REEHREFEBZEZNEN, R 4743 F 28K H1K
BAFEEN T TREABENEEER . B4, NRETMAERE, 8°CH #2204 K J i J Xt
KR e oy X R 5 8, AR AR T 23 R LR R F 8, XN R A0 R O KR B AR AL
R AEAR KK
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XIS LTEEAR T AFP, CIRP. HMGBI1 1 YB-1 kB %I IR 3 14 mi o7 59

0 28 1) A A RN B0 32 IR S5 A B R YT, R AR
AL AT BB 25 TR 7K A8 R 58 0 2807 R ARG W, A K
R R, &R S S B O A K EREREAL, &
% K IET- (Abdel-Tawwab et al, 2014; Wen et al,
2017; Islam et al, 2019, 2020), ZL6& % J5 fili( Takifugu
rubripes) B AT AE TR E VI HI X | A2 5 F H A
M, HRFESS ., EREE, CiChRERZENS
CraiK FRIE 0 —  ZIBEAR iAo R a2
HIEHAERKIBE N 16~25C, SR, &ZKIEMT
B e s M AR KPR, W BRI OK AT 57
B, AH R T INATHE R 7k SR AR B BRI
JIAE L, SR KA R AR AR BN, L,
TF 5T 12 P Fh¥% 38 1 19 43 BIL ] S 355 B HA T 98 ek
R, A BT R I H B T AR AE T A L
Y2 N TE/T=E ] Vi O /53 n 280 Y E

Zgi T EY AT BAWE T, x5 a2
TRt 52 431 HLHI A 5T BOR B R A, — 28 5 1 KR
Tt 2 A 5 1) 5 PR A5 LA 0 R g FH & A TR iy S8
b 3BT 218 AR T P AT IR A SR 2 2 S BRI T A
4 A SRR SZ A SE B o LA (1 (AFP)SE R A
R R IRA BT IE LA, 3k A7 A T2 AEY)
EL | 4N A1 B (Duman ez al, 1993; #7485, 2019;
LA, 2019; SRR ITEE, 2020), AFP X uKin HA K
SER T, BERSENE BN vk a2, BHIEKRKR,
MR BN FE R H A (Raymond et al, 1977; 1E/b 2545,
2012), fEfaZErh, CA KRGS, MEPUA
HEWAR Tz B ESE, 2002; 2RISR,
2018). 25T RNA 455 H H (CIRP) 2 —FhiEfL b1
SFHY RNA 2568, CIRP ERERN—FaAmT 1z .
ER SR DIRE LA, 2 5 HLRHCE S SRR 19
F, ET RS mRNA MfRREM, NS 2R NE
SRR, AR AP HLR S 3Z IG5 7)1 (Al-Fageeh et al,
2006), ITAER, WEFREBL, CIRP 25T —Lfdi
IR e B AL 72, A4S B At (Nibea albiflora) (Xu
et al, 2018) . FtF-(Paralichthys olivaceus) (54555,
2015). K3 ff(Larimichthys crocea) (Hi525%, 2017)
S5 o e RS 2R 1 B0 R T (HMGB DR g — B g FE AR
SERYARZ R L A B DGR 1, HDD RR R AR UE %/ MA
HYIE i (Lange et al, 2009), Jf70 4% ¢ HFHEEH,
LA DNA FEHFIRTHRRE DNA B ai b4 ok
BB AR A 8 FE R (/) 6 3K (Park et al, 2003), flffi—48 5
IR AH 2 ) 3 [Hl (Vornanen et al, 2005), Y-box 254
H 1 (YB-)& TR KRB ARGR G, e b m B

{457 (Swamynathan et al, 1998), J&— 2 %1 I GE
Ho HATIMENE RN T 5 DNA. mRNA 454, 1
A DS HA G s A S R 3 EA R SE LR e o
BRI , 2 SRR AR BV E ] (Kloks er al,
2002; Eliseeva et al, 2011), YB-1 J& R4 Sy —Fl a6 1
f FELR XS AN [F] Rl ) 22 R i 30 25 7 A g, A A
Bian | AR . B4R %5 (Rauen ef al, 2016; Li et al,
2018), KT HMGBI JE AT YB-1 J P 9 AH SC W 58 41
ETEEAY iU, HAE T a2 5 )y TH (Cai et
al, 2014; Xie et al, 2014; Cai et al, 2018; He et al,
2019),

AR SCLALL 88 2R T7 B g WF SR &, SR PO 1
PCR H77 I5FE ik 4 Fi T PULEA [R]3t E | AN [
HGUP R S B0, I3 17K P BRA 21868 A< 07 fii (1441
W3 1R, AP O3 M £L 6 AR T B )y 0 B4 TE AL
il LA R i e S 7 b iC S A e R Y, kT oy
ST 638 277 Sl AVl 7 D T ST B S

1 MR5FE
1.1 SEIesH#

S HIZL 8 7R 7 i [ R34 R IE S A FR 2w
PR J(15.0+0.5) em, RAEERA: . JCH . &
GFIR 360 B4, T 12 PSEEHH(S00 Ly %, #K
RN RS, BHBK 1R, B2 H, E 44D
TEERERE(18°C L 13°C . 8CHI5C), 18 CHE NN IR,
BA R RE 3 41T, BATAT 30 B4,
BRI, RAGHEBOKEER 2, HedsgKm
(] EE A = 2 ] 25 S0 50 3 B8 A VK, L B 5 3] S
Y UR B, (T 3E5% 411-H SR aes , 2 HlE R fe
STERBEIE I, AR 2 h WEKIE . L A
FEWLTRL, VAR M (6.80+£0.12) mg/L, ARG,
B 24 h JEERSIE . BAFREME 3 B,
200 mg/L MS-222 J/RI¥ )5, M 7EvK b 5E i), &
2R 0 711 A L = S 1 TN 177N /| NS N 95
AR, BA 10 FERFUY RNA 77 T (TIANGEN),
4CHE 24 h |5 T80 CIR-AF

1.2 2 RNA HJ3REUK cDNA E—H# &K

f#i ] TIANGEN J& RNA $2 B 7 & (DP419)i#4 7
RNA $2HL, BifEEER HL UKD RNA Bl , (%50
IIVCICREAGIAR BE . B 1 pg & RNA, $% 8 TransScript
S SRR £ (AT311-03) W 5 A 1 cDNA 55 —4i
=Y T-80 CUKFRIRAE, i F— 5,
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1.3 LR HEEE PCR

KIS e e+ PCR(RT-qPCR)FY 5 32 461
H A JE K i 23816 0 , {4 Primer express 3.0 Wit
wHlY, mAETAY) TR B A BR 2 A5,
519 FHN UL 1, =88 TransStart BaFH A, 78 96 FLA
PR 20 uL & % . 2xSuperReal PreMix Plus 10 uL,
50xROX Reference Dye 0.4 pL, RNase-free ddH,O
7.4uL, b, THE5I#4% 0.6 uL, cDNA K 1 uL.
RT-qPCR JZ Wi 7£ ABI StepOne plus *F 547, PCR J%
NP : 94 CHUAEM: 30s, — 27 PCR (94°C 55,60°C
30's, 40 DMEER), SIS HE 2 i e h 2 DLaf AR 4
SR SRR 1

* 1 RT-gPCR BEIKSIMEFTI
Tab.1 Primers used for RT-qPCR

5|4 Primer

J¥%1 Sequence (5'~3")

B-actin F ATCGTTGGTCGCCCCAGGCACC
B-actin R CTCCTTGATGTCAGCACGATTTC
AFP-F TCACGAACGGAGGTCTTTCT
AFP-R TGCCACTTGTTTGGCTTGTA
CIRP-F ATGGCGACAGGAGTTATGGT
CIRP-R GTTCGTATCCACCCTGCATC
HMGBI1-F GACAAGGACATCGTTGCGTA
HMGBI1-R ATCCTCGTCGTCATCGTCTT
YB-1-F AGAGGCTTCCGACCAAGATT
YB-1-R GTTGGTTCTGACCACCTTCG

1.4 HIBFLESHT

B-actin fERNS IR, R 27247 g FAAR X %
kdk ., SRHI SPSS 22.0 FAFHEAT ST AT, SRATERA
E T £53 M1 (one-way ANOVA) I Duncan £ 56 L3545
SEUGIH Z Bl 255, P<0.05 BRI DEE2ZER,

2 #R

21 RIEMMBET AFP EEERALAFHRIZE

ZIEE AR Tl AFP JSERAE 18°C I RIRIHM A 1
B, FERTRM AL EIT, e S iz Rk,
TENLIA v 33k B i (P<0.05), JZlk . B Pk,
TEPERE P R AR, AHLURRR AL 24 h )5
IZERME 2 i, BEERBERG, 44400 AFP
FEH Pk EA B R TS R, E STk
mEE, Mk HRARSEES R HER B F
(P<0.05), IEMRER, HOREATH B IEWRAE 18 f5 LA

240 - e
200 | _]_

160 |- d d
120 |

be
80

b b
4 b
oL AL e
B H I K M SP SK GO

ZH 41 Tissue

Bl 1 AFP JEPH L2 %5k
Tissue-specific expressions of AFP gene
K: '&; L: iF; M: LA

SP: Jiit; SK: F; GO: PEMR,
AR R R 22 53 .35 (P<0.05) . T I
B: Brain; H: Heart; I: Intestine; K: Kidney; L: Liver;
M: Muscle; SP: Spleen; SK: Skin; GO: Gonad.

Different letters represent significant differences (P<0.05).
The same as below.

by FERGL O L WUAL HERRRIE R, STk
SR EFEET 8CHP<0.05), fE'E. . Fd 8C
HMSCHZ TR EES.

22 REMET CIRPEEERHLATHRIA

41 8 75 Jy fifi CIRP F: R 7E 18°C B £k 1B i in A 3
BTN, A I RGI 4) 4H 40 Fp i 5k R 34 5 S ) 2 B )
ik, TEWLA R385 i m (P<0.05), TEHRIAERK
%o & HLRFEEEE LB 24 h J5 45 R E 4 s,
BEE IR R FEAR, £54140h CIRP JE K B 3k 8 1 T+
FEREREA BT AN, BF. B ek 2 e T e 1%
T a3, 7E 13°CHAlEKA 8 B35 T0 g,

Oy Rz i 2858 i 2 S TH e IS RRAIR I e 94, #F 8°C
kB KM, H SCHM 5SCHAR R Z & T X Ea
(P<0.05); TN, WLA R BR b ek i 5 Th a3,
TE 5 CHLAR B fE, T8 T X E4H (P<0.05),

23 {REMET HMGBlL EFAE&ERAhERIE

LIS i HMGB1 JERAE 18°C Ak Bl in
Bl 5 TR, FEFTAG I B 2 2 iz 5 R 34 4 N [) R B 1)
ik, TEWLA HRIK 5 = (P<0.05), 7EMK . 0>, JIF
R A B ka7 bl 4l Rk i
%o B4 LURNEREALBE 24 h J5 45 001K 6 s,
B R (R R AG , BRIFAE AP 45 4140 HMGBI1 2K 1
TR A R TH S G LR S, IFTE 8 C 4k
R, W& R T HAB 4 (P<0.05), Hd, &/
HEWE HHIRAE LA 2T, B0 3 A5 DL L R iR

ARSI

Relative expression level

Fig.1

B: Mi; H: s 1
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Fig.2 Expression of AFP gene in different tissues of 7. rubripes at different temperatures
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Fig.3 Tissue-specific expressions of CIRP gene

TEMHL R, i 70 £504 s BFIE-R HMGB1 JE[H
MR TEAE 13°CLM 8 CHFKihi 2w T X A
(P<0.05), PHAHIHTCR & 25

24 REMET YB-1EFAEZSALAFHRILFR

LTEEA Jr il YB-1 FL[RAE 18°C YK IEM A A 7
Fﬁm, 12 R FE LA 2 36 1 g 5 (P<0.05), 7 HeAth
PP RIA AL, FHLARFRRELIE 24 h 500

Fig.5 Tissue-specific expressions of HMGBI1 gene

ZERLNE 8 PR, BEE IR AIEAL, S48 YB-1
FEPR 0 3k o 1 TR B A IR [R) , 7 KR 4 4 21
. o B, B LA FR SR 2T &G
BRI s, 76 S CAlk B m/ME, Hp, +
BRI H LA A 28 IR L 5 £5; BRia A,
HA A A1 ZU7E 8°C LAY FE I ik i A0 o 5 I T oA 4%
4 (P<0.05); TERZRAMERR b, ZFEH M FIRBEIE 5C
BB R, 03w T H ALK 4(P<0.05).
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Fig.4 Expression of CIRP gene in different tissues of 7. rubripes at different temperatures
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Fig.6 Expression of HMGBI gene in different tissues of 7. rubripes at different temperatures
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3(5)88: ¢ et al, 2002; Davies et al, 2016), TEPFLIEN T, 4

7 25001 + FERE . RS RS T WP RE ) (B IR A,
B-'g 1500 - 1997; Pk BE%E, 1998), FEEBE R i i S I Bt
57 'soo] W6 AFPs S A BETh fi [ I T 350 38 0 1 B % A
H.é? 80:i | b (Martinez-Paramo et al, 2009), FEZL#E4 it , ¢
Bz o0l T AFP LN 5HUFEM 5 R WIS M R ILRGE . AT
g d0f (7 LI, AEFRIABUROF . B B B D
il ﬁ{ﬁ AEN Y Mo, WP RIPERR), ZIEDN B R, X

B H K L M SP SK GO

ZH 4 Tissue

K7 YB-1JEHHLHEIL

Fig.7 Tissue-specific expressions of YB-1 gene
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155 2H ZUHR TR T I TG Y XU, , AFP 356 PR 7 1 X {1l
e ik B H LT E M, XS A H LU R R T
R, H 2 00 A A SRR R A T & 22
Ty, Jioh, fEAMSE Y, IGRMEA T AFP JEPHER
IRER AL PRy R —3, HAEAEm AR 5°C

PUOREE B AT oK b 9T L R 1 oIk AR B, PEObIEI, Z06EZ )5l AFP JEPI T
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Fig.8 Expression of YB-1 gene in different tissues of 7. rubripes at different temperatures
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32 KEWMET CIRPEREEZRALANRIES

A 5S RNA 254 1 CIRP S fEmFL sy
KB, B—FS 5 ML R B ST ) A (Nishiyama
etal, 1997), HIEHFREAER R T S0mEm, H
AN FRHEFAMAERKMEIER, B, iRk
S AYARIC K H (Nishiyama et al, 1998), A#FzEH,
CIRP & [H 78 TG ) 4 40 24975 AN R R B 1) 3k
TENLIA) H 23 e die g o XN Y2 PR Rk A e 2 b
BT A B, Q0 6F CIRP &R 76 i . & |
O WAL IF . BSEdHSEA ARRENRE, BA
BB FIRIE G 4 E4E, 2015); K CIRP KN 7E
JHFWE rp ekt , TEALPY . B L B IR . B
AN S AP A — R RGBT 5248, 2017), K
PUVEEE(Salmo salar)iF . & . O ABBEAE I 2 CIRP
WKL, HHAL BN N E 2% 5 (Feng et al,
2004), DL E45RFEN, CIRP BN AL VA 3
2k, NEHAYRMERRE, BN, ABRIE K, B
FERE AR, &2H20h CIRP LR 1 235 510 TH%
A T AN, 2B AR R, X0 §E5 A
A A BRRE . AT Y S REARR SN R A
Ko FIRFAMLA H CIRP 3 R AEAR IR T #5530 T 1)
s, H 3 AMIKEALER 2 E XA, X5 KA
(M52, 2017)BWFoE 45 AL, K fa 52 ST AL
A CIRP SEH7E R PR R R LT e, BAF
BARIR R RS . A4, W (017) K8,
JE Az H CIRP SN FRA B AL, HFRBLEMIRE
[ N RSN S D S 7 N i I =W XS I B o
A& 2 P R PTIEE REAN ] o AR U K B A KR AT
FEIF R M IRLT B A 7 b ()T 32 RE 1, 16 SE86 3R], CIRP
FETE R ZH LI TSR BN K 35 158 TR PR

33 {KBFMET HMGBL EEER AR RIENT

HMGBI1 j&—Fh e @ Fi A SC AR 1, X%/
PRI B, B SE I A AR R N HLAT TR . 7R L 3l
Y, ¥ HMGBI1 7EAZ/MAZERIES EPE . DNA HiHCE
82 RNIEH Pk i b & EEAEH (Bustin et al, 1999;
Stros et al, 2010; Tang et al, 2010), 7EREH o WA )
T8, HoAE a2 W R DA S S o 24 T ke 3 A
(Zhao et al, 2011; Cai et al, 2014), AWFITLEI, 16HTA:
MRS, ZFE N A R 2R3k, TENLA
ek im, e, O R R B R R IR
FEHMA LGP R B EAL . KRB LT
A HRGE, WA ERGH A, 2015) . Z0HE B (Lutanus
sanguineus) (Cai et al, 2014), Hfh(Ctenopharyngodon

idella) (Yang et al, 2013), 4t (Carassius auratus) (Xie
et al, 2014)% . AHEFEIE KL, FEE IR RIREIR, BRI
AESR, #4020 HMGBI1 JE R A RE S5 A R8T
JE PR RS, IEAE S CAlR IR KM, W3 M T HA
B TR W E BRI G, RefEHRAE 13
CHHYS SCHIWFEER, —Jrm, UL
BT HMGB1 %K &% T 4% Y BE(Vornanen et al,
2005); 53—, SCXFLLEEAR 7 ik e 22 Mt T
AEAFEIREE , Ik, HMGBI1 3£ N 7E 5CAMILEA ]
REM B IZ L A R . HT, 7RI E T
2 HMGBI1 HEF BT E AR D, B8 20 i
VML R 25T

34 RBMMET YB-1 EEERALAWRIESH

YB-1 FEPRAE Ry — A e o i 5L, R [l Fh 2R Y
IR Q1R NN = W i | VA G S vl DA N 7 &= W
2L I RS AR fih 2 YB-1 JE IR B0 13 (K oike et al,
1997; Kohno et al, 2003; Rauen et al, 2016; Li et al,
2018), FExstrt iy, YB-1 FP AT DIVE R 5N 1
T S B PR e S, dR] LATR] mRNA 454574
TR R . AR, YB-1 JEETENLA A R
i, WEE TEHMAL P RIA R, XFRIER
SR A P B 25 5 A BT AN Ta], AN B B AR (Cherax
quadricarinatus) Y-box 3k R % S I M i o 1) 1 22 pif
2, 10O S AL i 2k ARG R 45, 2012);
Y-box FE 78 H [RIERIEFAH(Strongylocentyotus intermedius)
R R I HEPEVERR . MEPEVERR . UL
Ml 7 DAFEALR A RE, (H2E 58 0 E (1%
45 02013); /NEUAY YB-1 ZERFEE IR th 2 A R R,
HUERE . 0 WAL S, DLEZEREY, ANFEY
Tl Y-box H PR xf BREEAR A J7 20F BT AN TR, 2168 7R
J5 il YB-1 J A ] BETE WL A b & 44 B 22 ) PR e 4 1
Mo ARFEIL K, 1ERZEBHL D P FEF 2=
MRIBHLUILA), 8CTUHRFRBRE R, BHEMTH
WL, Jf Hak 4l STH YB-1 2EHEX A A
[ FE 2 Y ] T, Gk Se g R — 7 6] YB-1 BERIAEZT
i 7R Jy fili rh 2 V5 5, TENILIA ARSI ER 38 1 20
XS IE s 55— 7, 8 °CHf iz Ik A & 5 F Z )
TAEH

4 it

B S 38 it '8 i PCR A XS L1 88 7R T fal JiF |
AW IR O . WL PERRRILE R 4 A SR
TSGR By b | E AT AR, SR o, 4 NJEA
TEARFENRBE SR AT o AN FEHS G AR R R R
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Response of AFP, CIRP, HM GB1 and YB-1 Gene of
Takifugu rubripesto Low-Temperature Stress

LIU Zhifeng'?, MA Aijun"*", SUN Jianhua', ZHU Liguang'?, BAO Yulong®, ZHANG Tao’, YU Lanliang

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Shandong Key Laboratory of Marine Fisheries
Biotechnology and Genetic Breeding; Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Qingdao, Shandong
266071, China; 2. Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and Technology
(Qingdao), Qingdao, Shandong 266071, China; 3. Dalian Tianzheng Aquaculture Co., Ltd., Dalian, Liaoning 116600, China,
4. Weihai Yinze Biological Co., Ltd, Yantai, Shandong 264404, China)

Abstract Environmental conditions regulate the growth and reproduction of fish. The increase in sea
temperature during winter may have adverse effects on Takifugu rubripes. To study the mechanism of
low-temperature tolerance of 7. rubripes, the expression of antifreeze protein (AFP) gene, cold-induced
RNA binding protein (CIRP) gene, high mobility group protein box-1 (HMGB1) gene, and Y-box binding
protein (YB-1) gene in the liver, spleen, kidney, brain, heart, intestine, muscle, gonad, and skin tissues of
T rubripes obtained from different temperatures [0](18°C, 13°C, 8°C, and 5°C) was analyzed by
quantitative real-time PCR. The results showed that the AFP gene was widely expressed in tissues, with
the highest expression in the muscle (P<0.05). With the decrease in temperature, the expression of the
AFP gene in each tissue showed a significant increasing trend, reaching the highest value in the 5°C
group. The expression of the CIRP gene was the highest in the muscle (P<0.05). With a decrease in
temperature, the trend of CIRP gene expression in various tissues was different. The CIRP gene
expression levels of liver, kidney, brain, heart, intestine, and skin showed a trend of initial increase,
followed by a decrease, and then an increase. The expression levels in the spleen, muscle, and gonads
showed an upward trend, reaching the highest value in the 5°C group. The expression of the HMGBI1
gene was the highest in muscle (P<0.05), followed by that in the brain, liver, heart and skin. As the
temperature decreased, the expression of the HMGBI1 gene in all tissues except the liver increased first
and then decreased, and reached the maximum value in the 8°C group, which was significantly higher
than that of the other groups (P<0.05). The expression of the YB-1 gene was the highest in the muscle
(P<0.05), with the lowest expression level in other tissues. As the temperature decreased, the expression
level of most tissues (brain, heart, intestine, kidney, liver, muscle, and spleen) increased first, then
decreased, and then increased, reaching the minimum value in the 8°C group (P<0.05). These results
show that the expression levels of the four genes are different at different temperature, reflecting the
functional specificity of these four genes. Under low-temperature stress, these genes responded positively.
Their expression changed to varying degrees, suggesting that the four genes may have potentially
important roles in the adaptation of 7. rubripes to low temperatures. In addition, by analyzing the law of
gene expression, 8°C may be the key regulatory point for 7. rubripes to deal with low-temperature stress.
Too low temperature may cause its regulation disorder. The results of this study can provide a relevant
basis for studying the regulation mechanism of the low-temperature response of 7. rubripes.

Key words Takifugu rubripes; Low-temperature stress; AFP; CIRP; HMGBI1; YB-1; Quantitative
real-time PCR
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