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HE: N E kW5 (Megalobrama amblycephala) 5-F 2 3 BEIE (5-methylcytosine, SmC)fE £ L TET1(Ten
eleven translocation 1) Rl TN RE I HRIEHFME, R EAI 243 . qRT-PCREIARBAT TR HLAFRIES)
Mt e AR SRR AU T B LRI BRI A 81 3 b & SRR B, [ Skt TET15E R 42K 25526 bp, 4afid 18414~
FHER . qRT-PCRERERM, FILEATETI 2 RIET S ANHLAF, HEMARFRERIE. ERERKE TR
Wi, TET13E R\ SRS UR T IR 5t R 1A, FETE 2R J520—44h (20—44 hph) B 4ERRE — N SR o JRAT 4438 45
BRI, TETIIENAE 12 hpfls 5N 59, 1624 F136 hpffs 5B Wi 58, I HASSE P 7E ki FiA. BiLqRT-
PCRAG I ML BRAE AN TET1 (2605 58, 45 BRI, TET1 3 R 78 S8 A R &5 20 43 b 38 B2 T &(P<0.01), 7E <
Bk R A 2Rk 2 PR (P<0.01). AEIRMRH, TET1HREDRA X 20 B 2 v o FR 41, 0 L7624 hpffik
AL B2 2k B T 2 Hh i TN B A1(P<0.001) . 45 SRR I TET1 IR RIFEAR AN B0 IS R H5A BB A .
A FU 45 O TET1 3 RITEAR A e B &% D Re AR 57 5 40 A 7 T4 4L 138 AR A o
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2, Rz R & AR G R HIF-1THIF-25
AR A AT MIAEARSA S R, PHDs i BgE
MeZ 230, TET1 5PHD2 3 4+ SHIF-245 &, ¢
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™", TET(Ten eleven translocation) 1)& T-o- B
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Z 5 AR B O, FEAE RSB SN HH A B A
FAY. Tsai% B L W, TET LR BRAE S N T
(HIF-2)¥i#5. TETI/ENHIF-1aff 4 Bh S,
B IRHIF-110 5 308 M. Chen5! HEJe 1,
TET1Z 5 A RN SMEH S5 T Mg R AE .
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1.1 SEIe#R

ASIG BT FH AR B R K A Al
W 3k i 3845 5 Bl b o, 52K R D9 [ Sk 877 (F 44X 51 48
PN TARGI SR, #4 32 K UG 77 T 59 L(EAZ15 cm)
Z1100— 12050, 7£ 57 (22+1)°C, VA 58 (7.0£0.5) mg/
L8597, 224038510 H kK, B:4—5hife K.
FEBR%4h (0—40h)[f & —HEILAG, 7% RNALRAZ AL
FH 8 B4R A, AR AF T—80°C &4t . JR A7 24 %2 T
JERG 2 B0 IS T 4% R 22 v il4°C . 12h, 5 &
F It —20°C R A7 BUR 52 9 150—160 gffIF 4R ]
Sk iy B FEAE SL B0 B R KR AR (35 cmx55 emx
45 cm)H, HFRTd, WE(24.5£1.0)C. HHEE
(7.0£0.5) mg/L, £52 H # /K (24h < (1) H K K)1/3,
H P 7k (8:00H1116:00), {455 SR
1.2 TEKITEHEEXE

B30 F AR 3k 5 41 1 F-34 H sh 13 R4 1)
KA (S0 LY & 108, FLB2/NEHE /K, (KA A H 7
27 Zhang 25" WL T S 06 Y op BT 2 M IR 4R
ZH(1.5+0.5) mg/L; X} HE4H(7.0+0.5) mg/L, 2tk HL4A
Ab PR AR, S5 AH BEHLEN R A, MS-222(100 mg/
L)RRIE, BUAH 0 FFRE. M. 8. LN,
Jy HRERE . B ANEAE) —80°C AR-AE, 1M i B b HE
YR 2R E(7.040.5) mg/L, 24h )5 BUA 21-80°C
A7, BASLIRAINER . Bk AR, I
JETEAR S A AR 5 A0 T, WO T SE 46, R ARG
AAC TR A LI, 200G, KA A
(3.5£0.5) mg/L; X} B 41(7.0£0.5) mg/L, KA kb Ho6h,
REMFRAAEGS. 12, 18, 245230 hpfHUFE, AN
RNARAE, o 18 41 H 7 I6F 78 06 B A 8% B o B
WU, AR EINEE, BANEE20001G. K
A S K Tl o AR S SR SRR
i, FF i A DGRIIA 2 .
1.3 TET1ERT EEFFINE

i 3d 5 GenBank H FUIN (1) 2 Fh i R} #1 R TE T
mRNA T EEF, AR5 AR A 5256 25 1 3RS 11
Skt S b OB TETUF 1, Wit 51 IFU/RIGE 1),
DA A1 3k 675 o 2H 2 c DN A S — 8 WA AR 31T PCR, 43
By RIS TET1 2K A BT 9. PCRA=IEA fik Al
W 1% 2 pGEM-THUAA, 18 3R 15 BH 14 e f£ 1%
AR TN, IR 4t R B A TN B AT .
1.4 FHRHLH T

F|FIBioEdit 7.0.0.1. NCBI BLASTZ: #44: %}
Fif3 5 5 e SRAR TET1 R 751 . FINCBI BLAST

#1 FAsIHFT

Tab. 1 Primers sequences used in this study

B4 F  BI4)7 FPrimer sequence  SRERHE AR Assay

Primer name (5—3" technique
ACGATGTGCTAAATCC

RT-F1 TGGTG Fragment PCR
TTCCCTACAGCCCAGA

RT-R1 CGAC Fragment PCR

SRTFI aoe TCCOAAATOCTCA kg gment PCR

3RTR1I JOATOACGAACTECTA  krggment PCR
TGGAGGTGTTACGGTG

gRT-F1 TTGTC qRT-PCR

qRT-R1 égigAGTCACAGGAGG qRT-PCR

In situ-F CGCATCTCTCTGGTCTT  Fragment PCR-
CTAC WISH

In situ-R GGATGACGAACTCCTA  Fragment PCR-

st TTGC WISH
AGAAACGGCTACCACA

18S-F TCOA qRT-PCR
TCCCGAGATCCAACTA

18S-R COAG qRT-PCR

SRR I TET 1 2R (A 5005 71 k47 b
Clustal X1.81 A EL X 25 1741, Phyre2. Pymol4k
HIRMTET & A 454" . MEGA 6.064 &
TET1 24K & s,
15 ERFRREAZIZ(WISH) T

AR A S AT 2 22 R 0 vt U, REF 1 51 4
(£ 1), FPrimer5.03X 4 f/EORF 53" UTR Z 8] % 1145
£ 5191(700—1000 bp), BEATH ITA I, &0, ¥
JFCRLF N DB AT ST, B U0 = AR B AT
RANEE T, fR A1 A8 Y 4 i A e ™

JE U A S AR ARG K . 2R A BEK
AhFR, [EERRAG. ZRRIERE . TSRS, SR iREr
1) 2 B e 4 AU AAR L3751 3 DA R oA I 95 16 25 Bk
Vel G % IKBM YUk (A RSP IR
1.6 KAE=Z(QRT-PCR)THT

SE I E B PCRA# I PCR W G € B 1Y (BioRad,
Hercules, CA, USA), LL18SP' iy S5 A, 2145
F)(% 1), Mixf HHSYBR Green Premix Ex Tagq
(TaKaRa). A5 %04 LAMean+SER UK ~, H
SPSSHEAT FLIK 2877 22850 #T o

2 #£R

21 FSLSFTETIERERFS 247
A1k 5 TET1 2 K 4> K 25526 bp, 4ifih 18414
R, Wit Phyre2. Pymol#K AT TET 1 &
H 2450, ¥ S TET1 5 AKTETL. B 5
TET1XfEG, KIS, B E 5 HLETET1 4%
SERIARACL, HB S A HE TSR G S ol e (B 1)
HIEMEGA 6.06 i RG KB W 5T &
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B, TET15 X B4 Fh 58 6 B R 4F, H Sk 5 1
TETIRR S5 LB TET IR RN —Z, 1M
NEL MRS RIBEEEHEDIMEN X EBE
oy 3, Bk TET 1S &4k 60 . 5 i b B figs Al
P 0 T — Ny (B 2)
2.2 TETIVERRRRFNLALR P RIFRIZER

B G AL J L 45 R 7R, TET13EFILE 12 hpfif
TE S B A I 2 A0 B 5545 5 (4 3b), #£24H136 hpf
JARRG B, TET1HE A 5 ZETE S s U Rk (K] 3d A0
3f); qQRT-PCRAG M &5 R TR, [HISk 5 TET1HE K\ 5%
G IV aE A R05, BEE IR RGN R B AT R IE
KT BH S (4 15, 7520 hptlh 2 2% 7, F£7E20—44 hpf
HYEFFE — N R KT (E da), 1X 5 AL F AT 45
AR B W 4bffioR, BEKETET 2 %15 T
B, FAEMGL L b = R IE, TR O
{5 20 25 R TE AT R
23 TETVERRBRFELFRERERIESHT

I I qQRT-PCRA I S 4 AR 42 bl a b 2 [4] 3k B

FHLHPTETIHIFRIL &, 45 R B REMEMIE T,
TET1REDIAESR . AR O AT 2H 25 b b 3 35 3 T
= (P<0.01), (HAEMN B2k HEART'E Ik A i 5 b B
K (P<0.01), A& EWE 2405, SMNHLBH KL
s, (B R 2 M AR E B IEH RIEKF(E 5).
JVR i EG S8 e ) R 45 2R 5 7, AR A Ak B ZHL VR
TET13E: A X 608 & 0 B T IR (B 6), ot
7E24 hp £ 480 A P 20 1 32 T8 5 A il 2 b vy 10 R4
(P<0.001).
3 Tig

3k 4 & — FhA TR A I A BF R 2. A
W 7E FR 5 S B TET 1 HI R 5 S5 M 3EAT T 20 BTt 7L,
TET17 41 EERE Je 2546 3 A 45 SR o A Sk TET 14E
3" ity {8 AL 0 R B R, R A R X 4
(Cys-rich domain) F1DSBH& #4458, ¥ 5 #4) . B A XL
InAEBEE TE 454 . DSBHEE My AL & 34N 51 1
BT 4G XN T R 45 & X (2-oxogluta-

Human TET1

Zebrafish TET1

Megalobrama amblycephala TET1

1A Bt R KB TET1 — 454
Fig. 1 The predicted secondary structure of TET1 in human, zebrafish and blunt snout bream
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13k f; Megalobrama amblycephala TET1

Ik G240 Sinocyclocheilus anshuiensis TET1 XP 016343904.1
{EIh 4248 Sinocyclocheilus grahami TET1 XP 016133471.1

o1 TeMFES -5 Labeo rohita TET] RXN24827.1

BE L f8, Danio rerio TET1 XP 021328376.1

KVGEELE Clupea harengus TET1 XP 012694088.1

R BYGEL S Astyanax mexicanus TET1 XP 007240335.2
4k g Pygocentrus nattereri TET1 XP 017580910.1

B 5 SR AN Ictalurus punctatus TET1 XP 017320023.1

E.fif Bagarius yarrelli TET1 TTG62687.1

N2k Homo sapiens TET1 NP 085128.2

JINER, Mus musculus TET1 NP 001240786.1

Fefii Orcinu sorca TET1 XP 012392564.1
Kl 2 Bk TETIERE R 551 i G R Gudt At

Fig. 2 Phylogenetic tree of blunt snout bream TET'1 sequences in vertebrates

R F 55 NEF SRR, BB TETI S RIZhs h, Ron{ER B 100007 ) B 2 58 i

The gene serial number was retrieved from GenBank; The blunt snout bream 7ET71 is indicated by underline; The bootstrap values derived

from 1000 replications are shown
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rate (20G)-Fe(I)-dependent dioxygenases), Z 5%
SmCEAL N S5-F2 F L fu w5 IE (5-hydroxymethyl-
cytosine, ShmC). 5-H ik JE g % g (5-formyl-
cytosine, 5fC). 5-#& F 3 g B g (5-carboxylcytosine,
S5caC) FE 3£ EMIEFE . Foh, BATKIMANE
TETZ 13" i B F AT DR~ IR A 45 M) 48, IX M 46 44
AIREHRE T TET KR H0 B A AL SmCE FE AL I i
WM. TETL 5" i # A3 CXXC zinc finger do-
main, CXXCZ5 H 35 REHY 5 X DNA CpG & (& & Ml
WX IE (C) AT LA (G) I DNA X 38) 1) 5 M1 45 & BE 7,
M 56 Ji FE 2l 26 F AR )i A . — R 4 Tt 45
REoR, Bkt 5 AN, BES6 W TET1S5 /I FHAL,
Ut B A1 Sk 55 TET1 3 PR R kA0 72 b B e
ORI o HEAR 73 A 45 SR o R B L TET1 5

CTR

CTR 24 hpf
S
CTR 36 hpf

b 1 2R B RGP R IEC R, X L2 S B ]
SKEFTET &Rl R e BE A E il = A . TET1E
ERT R 5 (1) T e 1 &5 ) el R S 6 1R 1 71 Wl /s o T
i FEHaT e B A IR ST A F D RE .

B PR Bt b (BT ST R B, BE D TET1 3
[RI7E22 hpf 536 hpfF BLAE LKL, HEH S
TR SRR AF, AR T 25 R o, B3k 85 TET1 5%
BRI 7E L AR IR AN B S, A G iR IA S 5
W, # B SRR I . FSk I TET1 3 R )\ 52 K
YU AR A RIA, BE IR AR 8 TATI R IE K
P B AR S — i R, 5IRA A
REA . XRHUTETI W RES S5 R & T,
HAEM G R B e E EEAEH . A ARHTET
5 /I BB S Y 1) 4k FF A0 3 IR 3 9 40 e 1] 4 1 A

12 hpf

24 hpf

36 hpf

TET1

K3 KM TETTHE K 25 i R A 44 32 45 2R
Fig.3 Whole-mount embryo in situ hybridization analysis of blunt snout bream 7E7T1 mRNAs
hpf 7R 525 I 1/ 8L, BEAR 12 hpf 9 18] (a, b), 24 hpf (c, d), 36 hpf (e, 1), i kAR~ Sk FALE, LLHIL: 500 pm
hpf, hours post-fertilization, Embryos at 12 hpf (a, b), 24 hpf (c, d) and 36 hpf (e, ) were analyzed using TET1 probe, arrows show the head.

Scale bar = 500 pm
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Relative expression
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o
N S =

N2 S— T
I 1 o

2k
4

2 0o
K S—

He

TET1 345k 4
Relative expression
S

4 DSkt TETHE RZE R R 251 1 () B At £ 25243 (b) 11 52
T BRIE T

Fig. 4 qRT-PCR analysis of blunt snout bream 7E7T1 mRNAs
levels during embryogenesis (a) and in adult tissues (b)

AR R IL B LL18S mRNAMNZ, ka4 R I Mean+SDE IR, A
I - B8 22 57t |35 (P<0.01), ZgR 7R i U1, hpfRoR A
Ja BN R 1R

The relative expression levels of TET1 were calculated based on
the standard curve and normalized to 18S levels. The results are
given as mean+SE for separate fish (#=3). Columns marked with
different letters are significantly different (P<0.01). Zg, zygote;
hpf, hours post-fertilization. The same applies below

TET1 Fib k&
Relative expression
£ o)}
H
*

(3]
T

S Sl TET1 3 RAE RANE A T 12
RIE, FREM A S i B 3Rk, X 518/ B
FAAWI 4 . Kriaucionis fHeintz [l 78 K L,
ShmC7E/N R LA S 0 A . AR FER B, TET1
SN BB R 2 T R B EE AT, B
Ab, FATR ILBRIN L ZR 45, TET1 3 DR 7E R AN 25 5
PR R R IE .

AR EMRMAEAESERKECEE, A&
B 5% KRR R R, ERTERA SRS
AR AN AR AL I 2 R R R O AR A B A
LA 2 3 UG SR 1 R e I S A
IR Rk KT R A AR A FEBE T
AMpiascied, RIMREFZMG NIES T TETIT
mRNAKFE, Bl 25hmC/KF3h ™. A 0Fo0 R,
413k i TE T = DR 7 {1 S Pl 24 355 A B2 ) TR i v
EMiFEFRIE, G RERW, FEkE G I TETL
BRI AT A2 MR AU 105 S . FES R SRR
AME s, BATR I kL TET1 R R AEME . JF
IR A rh ik B2 i, 8 WA fz 25 2 b %
KB T, XA R R TET1 3 N RE N EH
HEEMH. A, BITRIBEE BRI,
AT L TET (1) 3R 08 B B8 T 5 31 1E % K
-, Ui B 24h K EIHAS A DLLE 4] 3k 65 TET1 3 R 7R A%
G A . JingZ ORE R I, 5 A
RUFH L, TET R SR A B A BUR . IRIE KA
PR 3B R R % 2H 2 3 e 3 Sk R AIE AT DA B 1] Sk
fii TET1 3£ DK T 56 2 551G S8 A ) 7, 338 17 384 55 L )
A RE R

4 Z5ig
A FEEIRI T BL 5 TET1 ) T Be 25 #4 A IR
[ ‘# % 4H Normoxia

fi£48 41 Hypoxia
IR M 4 Recovery

M s

e R i3
Liver  Spleen Gill

%
OlE WMl Bk iR i I
Heart Muscle  Skin Eyes Brain  Kidney

Bl5  TETUHERITE % 2 2rh (RIS s
Fig. 5 The effect of hypoxia on blunt snout bream 7E71 mRNAs in juvenile tissues
*FoR i E(P<0.01)
Columns marked with * are significantly different (P<0.01)
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Fig. 6 The effect of hypoxia on blunt snout bream TET1 mRNAs
during embryogenesis
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Columns marked with ** are significantly different (<0.001)
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THE EFFECT OF HYPOXIC STRESS ON TET1 EXPRESSION
IN BLUNT SNOUT BREAM

1,2,3 2

LIU Juan"**, ZHENG Guo-Dong"*’, CHEN Jie" " and ZOU Shu-Ming" >’

(1. Genetics and Breeding Center for Blunt Snout Bream, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory
of Freshwater Fisheries Germplasm Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,

Shanghai 201306, China)

Abstract: Ten eleven translocation 1 (TET1) protein is a S—methylcytosine (5SmC) hydroxylase. To study the func-
tions and expression characteristics of TET1 gene in blunt snout bream (Megalobrama amblycephala), the whole mount
in situ hybridization (WISH) and qRT-PCR technique were analyzed its expression in embryos and tissues and its re-
sponse under acute hypoxic stress. Sequence analysis results showed that TET1 gene is 5526 bp, encoding 1841 amino
acids. The gqRT-PCR results demonstrated that TET1 gene was extensively expressed in tissues of blunt snout bream,
especially in brain. During embryonic development, the TET1 gene was expressed from the fertilized egg and was
maintained at a high level of 20—44h (20—44 hpf) after fertilization. The WISH analysis results suggested that TE7'1
signal was relatively weak at 12 hpf, and gradually enhanced at 24 and 36 hpf, especially in the head. Hypoxia signifi-
cantly induced the expression of TET1 gene in gill, spleen, and other tissues (P<0.01), and significantly decreased its
expression in brain, skin, eyes, and kidneys (P<0.01). Hypoxia also increased the expression of 7ET1 gene in embryos,
especially in the 24 hpf hypoxia treatment group (P<0.001). The above results indicated that TET1 gene plays an im-
portant role in hypoxia response. This study provides a new perspective on the TET1 gene in terms of hypoxia response
and functional conservation and differentiation.
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