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BRI FECARARAT; @DNA H BT
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HEY, R L T IR Fst AL Z M AR 3%, 1E
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Y3y R AN % e A5 A mEAE A . e At
Wirh, DNAW S @R R 1, SR H S fboK
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WAk, Do TR 3 1Y
DNA H ALK TAEAS R M R & B R A I 5
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1.1 KR

AHIEGE BT 5 R 4 T2 i T S I IX
AR AR A A A AR A A A 5 A 2
PR 2021 4F 1—6 1, A H 30 W AR =
AP AR 05 (1) P B 2 2R 1 AN () & 7 e S 1 36
KA F DNA H AR AT, BEMLIZERE 6 AL
P ARG, BOLA4 S (6 SR ]
FEML. THARRR . IR LT M R e
Ji) PEATLH IR IR AT o T PR R 2L R 17
— Oy BRI 52, ) — Iy R R R R G R AT
1E—80 °C VKA o B 2H 207 I =X 40 9 { (Beck-
man Coulter, USA) [ #&:ilif5 4",

1.2 EMERESH

7E NCBI 45 & b fi F Blast £ /5 X} Htatip2
(1 SR T HN AT & o R DR SE R 5 4 il A
DNAMAN 9.0 #l MEGA 7.0 # {4 b 3# 47 [ ¥ 7 43
MR RGE LB, i HC k3R 0EE 5B
Htatip2 TE AN B PR A5 5 () DNA A
JFH IGV WY #s R,
1.3 DNA F1 RNA 1ZEX

FRIELL LT, W R AN = AR M P4
W R R 3 L BB A, A AR A Bl
I W5y A E B Bna) FIARE B 3nB). A DNA
PEHUAF & (Tiangen) MAS R & 7 15 309 A 4 i o 4
B FEF 2 DNA., A TRIzol i3] (Invitrogen) $2 B
RNA, H 30 mg 443/ 1 mL TRIzol, #AJ5 &
i, SNEEIE, 75% JEEBEY, &5 DEPC
JK A . DNA FIl RNA A9 e B A58 4 2 51
Thermo nanodrop 2000 73 & 45 4h 43 B 1R 1%
F14) R LK ASE DU
1.4 Htatip2 EKHHFAEHEEMERAE 4%
BRTHARY RIL 3 AR

{8 52 %% 5% 38 77 & HiScript® 1 Q Select RT
SuperMix for qPCR (+gDNA wiper) (Vazyme) ¥ 1 ug
RNA Jz #% 5% 2% ¢cDNA, {#i F§ ChamQ SYBR Color
gqPCR Master Mix(Vazyme) 7£ LightCycler 480 I
W 2 %4t (Roche) I ##F 175X A 2 # PCR, & #& PCR
M RNARZR Ry 20 L, AL4E 10 pL RS . 0.4 pL
51 H 10 ng cDNA (£ 1), RN FEF R 95 °C
5min; 95°C 15s, 56°C 15s, 72°C30s, 40
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SHEW ., BAFERHIET 3N EYFEEL M 24

FARTEE, [ 277 gt 8 3 K A9 A XF % 1k
K

®1 AWMRFAASH

Tab.1 Primers used in this research

ElE7 s 52 Fig
names sequence (5'-3") purpose
qHtatip2 F AACATTTTCTACATACCTCGTCC qPCR
qHtatip2 R CTGTCACACAATAAGATTCCTGG
BS-Htatip2 F TGTTGGAAAGGATTTTATAATTTTTG BS-PCR
BS-Htatip2 R TTATTTTTTACAATCCTATCCTAT

promoter_Htatip2 F

promoter Htatip2 R

GGGGTACCATGCTTACAGATATGATTTACATG

bifluorescence

CCCTCGAGACATTTCGAACGTTGTGGTG

1.5  Htatip2 ZE K H W51 BR AN [F] & B B EARY R
o

et FH 0 At 7 R AN . RAR ZE (R B
BBRAFD K 1 g AFEE TR DNA H1L
i B3 fb PCRAR Mt o 2xTag Plus Master Mix
Il (Dye Plus) fif§ (Vazyme) H1 T PCR ¥4, {# I
IS WY1 Htatip2 151 328~—1 019 bp 19 A B,
BABRE 3 MY ES GR D). P ERA
B 20 pL AR R, 46 10 WL IR G . 0.8
uL IE 5 [#F1 30 ng bz . PCRERIFIE N 95 °C,
3 min; 95°C, 155, 56°C, 20s, 72 °C, 30s,
40 MEF; 72°C, 5Smin; 4 °CRAF, @ Vi
W Hbr R B, #1854 5 pMD19-T (TaKaRa)
HARTE 16 °C T 5h, SRI5H1LE DHSo Ji5Z
DN, BEALEERE 10 4P 5g EHEFT Sanger ¥ o
FIHH BiQ_Analyzer #R{F#EAT WA R &R 1956 1L
M1 DNA H S A8 DL R i T Ak R s .

1.6 MRAEMIREEIMEREMTEEFTIEN
BIE1ER

T Htatip2 255 W 340 X BE& 1151 9 9176 1E
1 S mas N Kpn 1 BEVIAL 5, 2R 514
1) 53U N Xho 1 BYIA 84 (R 1), i 4 PCR £,
ARMFEH 4 DNA Ty 3812 5 BOFalifb B 9 R Bt
H i A B A pGL3.0 24414 F Kpn 1 B Xho | 1
Ak, SRJG H T, DNA % 32 B 3% 2 #4 # pGL3.0-
Htatip2 5L,

I Sss T B F:AL R (NEB) H 34k pGL3-Hta-
tip2 FORLI M IE . Sss 1 Y LAk il AE fi% 1R 1) AU
THATIRIF A (5-CG-3") I EmERE , IR A s
FRILH AL . 55 F MerBC i (NEB) T 4L 46 36 /1
SR TR, IR ORI T A e S

R E K7 2: 2 E /) sponsored by China Society of Fisheries

i Fi Lipofectamine 3000 i 5] £ (Invitrogen)
500 ng f) pGL3-Htatip2 F 3 Ak A1 B LAk 1Y 5
B3 W 5L YL 3] 500 pL i AR 293T (HEK 293T)
b, RIS G 50 ng AR5 FL K FORBL pRL-TK
DA 0 2 G 38 38 R4 Sl DA B BT A ) e e S
AT 3R, BRI AMEARER . Y 24h5HE
el e L, 48 h 5 1xPBS 22 s i vk 4, Jf
7E 100 pL 2 it 24 £ W Hh 4% . 7E Synergy NEO2
A% e 26 % 3K BEAS IN 3KF) & (Promega) #6101
2R =Y 9O CE MG, R Renilla %8E K i
A3 AR AR ARG T 25

1.7 #ESH

F bR (SE) 78 qRT-PCR %k,
7 22 T LB TH] 1 22 5% o R S6AbK o e A
HLAE B C (HamsnE ) 7 s B BR DL C A7 A B
i FH Pearson A 5¢ 22 H0FAl DNA H b Fn 3k R &
IRZ IR AYAHIEME, P<0.05 £RZEF T E,

2 4

2.1 K4 R Heatip2 [EFRMERZEALH 40

il NCBI 57 25493053 A7 SR, Hiatip2 £
£ CC3_like SDR_a 2544, %% 45k el ik 47 [A] P
FFEN XS AT 3R, KA WG Hiatip2 S SER IR SF 45
38 5 G AL WE (C. virginica) B Htatip2-like % 5k
PR ST 45 4 Sl ) U1 B i (88.73%); 5 % TR I
(Mytilus edulis). JE5¢ MG U1 (M. coruscus). UF 3 b
M (Mizuhopecten yessoensis), ¥ &G Il (M. gal-
loprovincialis) W) [a] Y8 P 88 &, 4390 8 67.61%.
67.14%. 61.32% M1 56.25%; 5¥7 B sh¥) =Pt T
& (Portunus trituberculatus) F1 JLANTEXTEF (Litopen-
aeus vannamei) ) Htatip2 [7) 7 V5 2 5L 1R 8- 57 45 14
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55 R 49.54% Fl 43.06%; 5 £ I UL 8 (Onco-
rhynchus mykiss) F1H ] (Cyprinus carpio haemat-
opterus) M R IETEYI N 51.64% (B 1-a), RGE AL
BRR, KA Heatip25 B 35 J& 5% P4 05 19
Htatip2 B H—3, SRIGHHFR I DR E— (8] 1-
b). KA4LWG Heatip2 5 H A TCH HES Y 1 Hiatip2
TR T — A 5 T HEZh 4 [R) IR 4 1 32 2R AR
(% 1-b),

2.2 Htatip2 EKHFAEHRFMERAE .
BETHAR RIEER

Htatip2 1¢ 8 NZUH Y qPCR 45K 8K, %
FEH AR 2 )z 33k HLTE MR A i AR b 238
i (8 2-a). Htatip2 7EVERRR TR & B HE IR
RAKCFEIR R, TE A5 A, Hiatip2 TEK 1E 1]
FIIE B0 1) 2 TR KO HAIR, 76 B 19 336 i 0
A SRR IR B Y 113 F5 R 11.8 £ .
FE = A5, Hatip2 TEAR ] . 385 58 30 B2 0]

AE R (Gne) 2B S AR RBE, [

ALVLGGTGEVGREL VREL Y ANP AF SRVVMVGRE
LRALNLOGSGE] GROEVOEL! NSPORSHI TEVTER. . .

100

100

LLCDREESRP E<FFRTVLKF \F YFFPTAI STETE VVAREN
LI COREESRPSESFFRTVLKPI FYFFPAALI STPTEVVA
VLMCDREESRPCE AFFRTVLKFFSYFFPTAI TTETDVVA

VLMCDREESRPCEAFFRTVLKPFSYFFPTAI TTPTDVV. RAAVS KSENTTEL
L LLCDRFESRP SETFFRTI LKPSYFFRTAVTTE VDVL, I NDAI H. PI RHEFVLL
RAAVS. }\S ENTTEL:

(@

TE =R A AT 3np) ', Htatip2 323k K
5 B AR F A o, 2 o 19 0.26 1,
W Htatip2 17687 B4 PR IR A9 R R A T e S
3nf A FEA K (K 2-b),

23 ZEAFMZEAKH YR EAEE Heatip2 B9
DNA BHE 1=

HIGV B s T %3k R A5 AR ] |
= AE R A AT F R 3na AR B A B AYH
FeAbik . Hiatip2 (WAL F 2R TR IX B,
TENEF XA LA DNA H3fL, HETE
FURE B = A5 A a5 1 F S AR B R B, Hia-
tip2 19 2 kb YU I N A 7E 22 2 W A X0, i
St B AL X S A vT = A R A v oA IR S
TEAE AL AR b Sk v F AR (A 3)

2.4 Htatip2 TE B IR 4 B FTHARY DNA BB E
17K F

MR 22 52 AL X3, 7 Hratip2 5 S8 16

SHENI GYTEE] GK VI VEELDE VEAEKRVVEVERRQTNI TORL 6AGFEERVER
AFVI OYTOETOKEL VEEL DL TRAFKRVVEI GRRE TNI TDKLGE GFEERVEIEF
TAFVLGYTGEVGRELL RELKRTRPEKK] VLI GRRI | DLDPDF GPEFEQRKEE
TAFVLOYTOEVORELLKELKRTRPFKEKI VLI GRR! [ DLDPDFOGPEFEQKE, F
AFVLGYTGEVGREL ! REBMALLEARSENVYEI GRRYVELP VHLGPEFEQY F
TAFVLOYTOEVORELLKELKRTRPFEEKI VEI GRR! [ DLDPDFOGPEFEQKE, F
EVCLDSDKAEGK

1 PAGEK VEI I
. KDGECKVEI L '-':-.'M:

KW C. gigas

TN C. virginica

IR FR DL M. yessoensis

100

=R T P. trituberculatus

FLERIERIER L. vannamei

100

(b)

WA O. mykiss

I C. carpio haematopterus

1 KHYFSH A% Heatip2 CC3_like SDR_a Z5 #9189 S E B4 551 bL 5t R L it 4
Fig.1 Multiple sequence alignment and NJ phylogenetic tree analysis of CC3_like_SDR_a of Htatip2 in

C. gigas and other species
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KB 12} L K g 257
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2o 081 =215t
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< 04t o) b
& £ S5tb b "L‘
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1 2 3 4 5 6 7 8 1 2 3 4 5 6 7
HH PENRA
tissues gonad tissues
() (b)

2 KW Heatip2 BRIKIER
(@ FAELK, LNA, 2R, 3R, 450 B, SIS, 6.4, 7.88, SMEMEMERR. (b) MEMEMERRAFE R FI S, 1. Res-2n, —
AR 2. Pro-2n, RGN 3. Mat-2n, RSB 4. Res-3n, =f5RMRIEHT; 5. Pro-3n, =f5AMETEN: 6. Mat-3na, =
R A a; 7. Mat-3nB, =REARHIN B, AFFER R ZE R B3 (P<0.05)
Fig. 2 Relative expression of Htatip2 in C. gigas
(a) different tissues, 1. muscle, 2. male gonad, 3. digestive gland, 4. mantle, 5. labial palp, 6. hemocyte, 7. gill, 8. female gonad. (b) different gonad devel-
opment stages of females, 1. Res-2n, diploid resting stage; 2. Pro-2n, diploid proliferating stage; 3. Mat-2n, diploid mature stage; 3. Res-3n, triploid rest-

ing stage; 4. Pro-3n, triploid proliferating stage; 5. Mat-3no, triploid mature stage o; 6. Mat-3np, triploid mature stage f3; different letters indicate signific-
ant difference (P<0.05)

3np-1 ||| al 11 Il | Nl 1/
3082yt ol 1L | b, Il | LIl

3063 b Gl 0 U ] I L

3 KHUF Heatip2 £ Z S48 = SRS 4R A DNA BELE
2n-1. 2n-2, 2n-3. 3no-1. 3ne-2. 3no-3. 3nB-1. 3nB-2 F1 3nB-3 73l Rom ik, =Rk o MEA B3 ANEMFEEE, KSR
DNA ALK (0~1.00), KEHERIRZE R FEALX IR, Hratip2 FoRFERER, FikFoRETTT

Fig. 3 DNA methylation profiles of C. gigas Htatip2 in diploid and triploid female gonads

0kb 1kb Htatip2
— C - - .
[0-1.00]
RN I TN L . Lo | 1/
2 gy, e L I L1 I |
3 Ll el [ | | | ] T
S T | L | 11 | [y
3n02 | 11y, I L | |1 | |
| | LW |
I l
l
|

|
I
3003 et 1y L I |
|
|
I

2n-1, 2n-2, 2n-3, 3no-1, 3na-2, 3na-3, 3nP-1, 3np-2 and 3nP-3 represent three biological replicates of diploid, triploid a and triploid B, respectively, the
height of the line represents the level of DNA methylation (0-1.00), the gray box indicates differentially methylated regions, Htatip2 represents the gene

structure, and the arrow indicates the direction of transcription

A7 a5 137 2 kb KB EEE 310 bp (17 21 > CpG WY H ALK PAERN R B T e AR T R 2 25 5%
O 80 AT BRI, R R AR PR AE 12~14 CpG 7 &5 A B A i 6 Il = 4%
T 214 CpG i mi A ZAG R MEME AR AR PRRESY B AYH ML /Ko, M 80.10%+3.12%,
1B SEEEIR I, DA AR R ARG ATE ARSI P IO R AR, N 45.10%+2.44%
A1 (3na) AR F AL (3nB) A2 B DNA B He bk TR, 1E 12~14 CpG i S 8], A5k
o X214~ CpG AL s Ja  F I B AL A4 R3] BB IR = A5 R Y B Y H 3R I K
BRI, 16 AR A ACF AR, O F ST AR A = A Y o0 A5ARM
65.24%+0.62%, 1 —fF AR B EHA B (1 B S 1k oK 7 DNA F ALK - Bt 25 VR BR 0 % 8 T FRARR (1 4)
B, M 82.38%42.86%. J2E4rHT i R, Htatip2
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CpG HEEALIK /%
CpG methylation levels

0 40 60 80 100
&
_\:] éb )OO O
& 2 et '*;“f 1 a 63.80+1.26
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[}
&n
S YOO
£2 | =2 PR 2 79052212
= g =] 3O0H @ . .
AR R it
© = B S )
Tz | Fs : -+ a 66.50+1.35
ﬁ% o 00t YOCO0
—
3 o,
[0}
&n
= e, ma——
£ o 388838 * )
= E 6238 ' H b 45.10+2.44
= 3
=z o - )
£ = oo 3 $ e 3 l;()!l:%
e | ®HE o3%s g Ib 56.00£0.78
e E 4 scoon wee
;’}E U, 2888 288
T < R =
(1|2 gaiddeitl I oo
£ “_';‘ ﬁ% E:’ .E.E.E.Eo 2 gxnm
= O X
3=

4 BEMKCH YR Heatip2 ZEARIMEBR & B BTHARY DNA BRELE

FALKT, KT EIRIR 12~14 CpG AL s i B4R KT, ARl BER R AL 72 57 8.3 (P<0.05)
Fig. 4 DNA methylation profiles of C. gigas Htatip2 at different stages of female gonadal development

Black dots indicate methylated CpG sites, white dots indicate unmethylated CpG sites, and gray boxes indicate 12-14 CpG sites, blue bars represent

methylation levels at all CpG sites and yellow bars represent methylation levels at 12-14 CpG sites, different letters indicate significant difference

between groups (P<0.05)

2.5 Htatip2 #) DNA BHEAL SEFEFRIAAHER M

fii ] Pearson #H ¢ R ¥ M Heatip2 TEPE MR H
(AN ik K5 Hratip2 J5 31 X s F 384k K7
B A KM . Pearson AT R, 21 4> CpG fif
RO H ALK 5 SRR B AR OC, AHC R AL
}9-0.52 (& 5-a), 12~14 CpG i 15 1 H 3Lk K- 5
LR IR AH O R A —0.71, R Hiatip2 ()3
Bl H A5 BE PR 3R 2 [H) A7 A W il ) 67 R G
WP N ZR W A5 S g g ik 1 FH AL R BE P A 1
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SRR IFIEME SN BT W], KALWS Hianip2 5
HALWFh—FE S A —ARESF B CC3-like-SDR-a 45
Fy, SDR & — 2 IRem b R &R %, B
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S .5 70 | relative gene expression 120 EL
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SEel 1
« g 55 1 10 5o
Z =50t 2
8Z a5t 1° &
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1 2 3 4 5

s

tissues

(@

HAX R IL &

212 .
#HZ 01
i 1.0 T
% 0.8 |
306t
B3
=2 04| .
2202}
v =

T 0

AR HEEAL G204
demethylation methylation
FR AL AL 2]
methylation treatment
(b)

5 K4t4F Heatip2 DNA B ELHIHIEE RIA
(a) &KL IEKF A 12~14 CpG 7 45 #) DNA H 54k 7K F#%, 1. Res-2n, 2. Pro-2n, 3. Mat-2n, 4. Mat-3n0, 5. Mat-3nf. (b) X%t & E ik
IR IRUE DNA (b 0] B R R A A HIVE T, AR BER R 22 53 i35 (P<0.05)

Fig. 5 C. gigas Htatip2 DNA methylation inhibits gene expression

(a) trend of gene expression levels and DNA methylation levels at 12-14 CpG sites, 1. Res-2n, 2. Pro-2n, 3. Mat-2n, 4. Mat-3na, 5. Mat-3nf. (b) double

fluorescence reporter assay verification of inhibitory effect of DNA methylation on gene expression, different letters indicate significant difference (P<0.05)

H—"MRSFH Rossmann #1& 45135 . —~ NADPH
A XM — NN C R X IR, BEfIEA)
THMEAER, mS5KER. wKEEW. IR
JoT R SR AR Y, R AR B R B
KAt WG Heatip2 STEMESN R —3, H51—3h
BHEDY, MR ERENW RGN RRIT .

K4 W5 Heatip2 TE T A AP F Rk, X
H5E/NRMAL DRSS R -, %
UL Htatip2 R EA R~FPE . FERGEWGH, Hia-
tip2 TEMEPE M BR AL AU By R A KPR, X T g
F TP B - P A SR S RN T 1 A A
B RPN, OB R R DL R ) EEORIE, A
{CRBELF & A PRt RE SR IR, T B T U4k R
=g, B RO B R B, Heatip2 3236
TROF-REAR AT LA T 240 A s i R 351, 9/
Y 10 T FE I 38 Ik Big T 1R A R i AR gt [
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Expression analysis of Htatip2 and its DNA methylation in sterile triploid
females of the Pacific oyster (Crassostrea gigas)

SUN Dongfang ', YU Hong '?, LIQi "
(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: Sexual maturation in triploid Pacific oysters (Crassostrea gigas) varies widely among individuals. In
addition to genetic factors, the influence of the environment on their gonadal development is also crucial. To
investigate the epigenetic regulation mechanism of Htatip2 DNA methylation in gonadal development in the
Pacific oyster, the homology, phylogeny, gene expression and DNA methylation profiles at different develop-
mental stages of fertile and sterile gonads in the oyster were investigated. The results showed that the conserved
structural domain of Htatip2 in the Pacific oyster had the highest homology with the Htatip2-like conserved struc-
tural domain in the Eastern oyster (C. virginica). qQPCR analysis showed that Hratip2 was expressed in various tis-
sues, with the highest expression in the female gonads. In addition, the expression of Hratip2 increased with gon-
adal maturation in fertile oysters and did not change significantly in sterile oysters. BS-PCR analysis showed that
the DNA methylation level of Htatip2 in oysters decreased with gonadal maturation and was negatively correl-
ated with the gene’s expression level. Finally, the results of dual luciferase reporter assay indicated that the
methylated Htatip2 promoter fragment significantly inhibited luciferase activity compared to the unmethylated
fragment. This study suggests that DNA methylation of Htatip2 may be involved in the gonadal maturation
through inhibition of gene expression. This study provides an important reference for the involvement of epigen-
etic regulatory mechanisms in gonadal development.
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