K= 24, 2023, 47(8): 089607

;¢
2l s 2 ¢ nn
JOURNAL OF FISHERIES OF CHINA ‘
DOI: 10.11964/jfc.20221013755 Sclence Prass

@

ZHRRTEREMZMHHEXBEMUIRC T & RIEIE

KEES, FOHZ, EFET, gaa,
S
(LTRSS RPED PR E M E LIRS, WL T 315211
2. TR, WL R AU BRI U R B oG, HIVD T8 3152115
30T WK, AR TRER O R TR B SR E, WL T 315211)

WE: W FX=ZARTERETW AT AL, RATEAGEARE T HEBME Y
% 3% (methylation sensitive high resolution melting curve, MS-HRM) # 4T 7 = % #2 F % 1 2k it
ZHMARFEMCLENFLEEA. ERET, NZRRTELFUABFEEFTEFLT 8
ANEEAATIE, P oML EREEMZTHEEML, EREFEFGETEALEEN £
B L, X AR 4 A T V-ATP B (V-type proton ATPase). CLC A J & T i#
B I AT NADP) # A 8 (NAD(P). #f Bk CF2 L 14 %% B B . NADH i B L,
HZERTEMREFEANS TS EFTREFER TR, AREW, “TX1 570
Wb AR Fm TEHAHK, HRFAEFMLE PEML. PEM2 £ F AL 3k 5] 100%,
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W2 SR (MSAP)™ | fRT AL JE A 20 Y Ay 4
AR (Methyl-RAD)"™ &, Hirpr, HUREAL B & 53
R A5 i 1 28 5 (methylation sensitive high resolu-
tion melting curve, MS-HRM) i i £ | H 3 1 )
CpG FIR P EAL CpG 11 S5 22 7 i 5 | R A 945 it Tt
JEAEAL, KT DNA HEAL Y 23 RN FE 1)
JUI YA o B e R A il i e

A SR MS-HRM i 6 ) =P 1%
AR 52 PEAH OC FR A7 A, JF7E =i 7 i Ak
MR ER BT i R T4 15 FEF AR AT T 5
UES LLH, O =it 1 B R AR R 5 o b i) e 75 42
ft T E BRI T ARIC .

1 MRS TTE

1.1 {LE§F1%k & MS-HRM &M ARFF %

N S 30 ) ) — R T A SR A BT
e RS I . BB BRI A S AR AR
A8 5 1) 5% 5% F 51 300 45, >k H Methyl Primer
Express v1.0 %% 5 7 91 347 FH B0 (57 s0R I A2 75 |
it st 88 CGE RN 50%.,
ML CpG/IH I CpG M 0.6, B K IR ¥ & 7E 56~
60 °C, FpThEit514 96 X

FEZE AT B B I 7K 7 3% 5 1 15 FH A ft e
KRR TCH M = AR 7 [(25.8+3.1) g] 3k 200 H,
BEAILS> R 2 A TG, J3 o0l xf RR2H ($h
J& 26) MURER L GhEE 12), FE5 07 a4 F A AR iR
JEAE (28+1) °C, HF H G IFET- 50 IF 80 2 1k,
KBt iE BRI . 5 30 d 5, S ABENLEH 10
AR L, WARLRAE, SRR/ A7 k2
UL 4] DNA, J2KH EZ DNA Methylation-Gold
Kit (Zymo research, 3E[H), X} DNA #17VAiERER
B, 7E% IS Light-Cycler 480 Hh 47 HI B4k (i
SRR ARG, PCR WA & : SYBR Green I
Mix 10 uL, MgCl, 2.8 pL. Primer-R 1 pL.. Primer-
F1uL. DNA 100 ng/uL 1 pL. ddH,04.2 uL, HRM
PCR /% : 95 °C HiZEM: 10 min; 95 °C &1 30 s,
60 °C iR K 30's, 72 °C #EAH 30 s, 45 PMEH
72 °C YR ZLIEAH 5 min; B J5 9GRS ML
65°C20s, 65~95°C WHZOLFFLREE, 1E 40 °C
TARAE . MG MS-HRM £ R A9 JE B, 4 3L 4
DNA 752535 WV BB ER A BRINE, Rl PP LAk 1 i s
WE C 7EME S 3N R et PR RE U, A7 H
FE I P 1) i s W N 32 R R R I R ], TG T
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AL U, SR A S AR E R TM . 4
R4S B T R4k (C/C) . E R ("C/ C). 4
H3Lfk ("C/mC) 3 M, C FRFEAIN T 5 I i JE H
FAk, "C FRRFREIN A A H AR, 43 I R
AR s A 21, IR AT R rh AR S IR B
PE B E A T .

1.2 THEEAE X R E RIS AR

FEHH 30 d J5 X B AH R B AL R 30 H =
B8, 7EEREE 6 MMa iUk 1 mL R4 Hum
A DNA, FfxF H A 12 h 5 FRO S A E
Mk 1 mL JFPEHR M 40 M0 DNA, SR MS-HRM
D71 A TR BAR A7 SR IR 38 1T JS 1 7 L2 A

1.3 “TR1SVIHRE M RN R R R =
FHIE

Ry LA = e AR AR AR T R TR
15 (R Tt AR R P BB S B SE A A S5 7R 45 AL i 43 7
W =P 7R B AE R (YB) AR M R T4
1 5”(NB) %% 100 H [(70.3£1.1) g], #hJ¥ 26 B 3+
3dJE, REMME 1 mL BN L0 MEES,
T4 H DNA, #4713 F MS-HRM [ H Ak A7 45
B RAEIG, BARERAS BE L 90 A MARE
MLorh 34, BFHE6 FIa 72h, Fit&4
R, R ER T RE

1.4 BIESH

K SPSS 22.0 %K {4 Xt fir 45 B8 3547 43 H
CT G5 ARG 2 [A) A0S R ST A
A e K, Ak H Ak A A A 4 R) 4 A L AR
R*C KRR, BH P<0.05 WEitEREE,

2 4R

2.1 EEALALATFE N MS-HRM &7

MS-HRM X} 55 58 1% £ 41 F1 %t B 41 4% 10 4
A1 B AR A A 26 A I A U 2 R I, 5 8
AL AT R PR A R IR T, 22 TR e R (1),
R TM {H A9 22 55 AT 85 B R Ak 2 70 43k TG P 34k
(C/C)., EH AL ("C/ C). a=H FHAL ("C/"C)3 Fh,
XoF IO R 4 At it 2 DL I T(DAASE S5 Pe-M1 M),y B
FoRVOCESIREE, x BN IE IR T,
2.2 THEERHE X R E A ARICHITHIE

e B X FEZH (Bh BE 26)30 AN 28 5 (R 3
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F1 BEMMSRK MS-HRM #8515 75
Tab.1 Methylation loci and MS-HRM amplification primer sequence
B w5 FF5(5-3") Fe5l %S DIRevERe
locus ID primer sequence (5'-3") sequence ID function
Pt-M1 AAATTTTTTTTGGGTTAGAATTT CL1317Contig2 V-type proton ATPase
AATACCAACTCACCTTCTACCTA
Pt-M2 GGAGGAGGAGAGGAAAAT CL16793Contigl H'/CI exchange transporter
AACCACCGAAAAATAAAA
Pt-M3 CGTTGTTGTTTTTTTTTT CL8093Contigl A/G-specfic adenine DNA glycosylase
ACCCTCTACGATCCCTAT
Pt-MA4 TTTTTTTTAGGAGTGTTTGGG CL6565Contigl TATA-binding protein
AAAATCCTTACCCTAACCAACA
Pt-M5 AATGGTTTGTATAGGGTGATTT CL16122Contigl succinate dehydrogenase
CACTCCCCAATAAAAATACAA
Pt-M6 TATTGTYGAGATGGTGGATATT CL16883Contigl NAD(P)transhydrogenase
ACTTCCACACCCTAAAAACAA
Pt-M7 GTTTTGGTGAAGGTTATTGAGA CL9793Contigl phosphoglycolate phosphatase
AACCACAAATTCCAAATAAAAAA
Pt-M8 TTAGAAAATAAGATGGTTTTGAGATTT Comp128475-c0-seql NADH dehydrogenase
AAACTACTCCTCAAACACTCCA
2%
normalized and shifted melting curves
100 000 - —_—
— 80000
< E
-F 60000
= g /
2E 40000 | wCoC
= 2 20 000 1
N T e
725 735 745 755 765 775 785 795 805 815 825 83.0
K f i 2 /°C
temperature
1 Pt-M1 i 55 MS-HRM %5 R [E
C/C. KR EEAL, "C/C. Rk, "C/mC EREEL.

Fig.1 MS-HRM analysis of P¢t-M1
C/C. absence of methylation, "C/C. hemimethylation, "C/"C. full methylation.

JF 6 A 12 h JFAETG 16 DM, XF 13k 8 S HI 3
A7 SSAE B F S BURE Y 16 4> =it B iy
SRS AE I TR . SR, 4 DS AEARER
Jiipif 5 2R B B2 ) S W A (Pe-ML . Pe-M2 . Pr-
M6 Fl Pt-M8), H 2 H IALFIEF] 100%; 2 41
SPEARER P8 J5 R B I 0 Y SR AL Y (Pe-MS
HPe-MT); 2 A7 S AR AR ER W0 1 S H 3 Ak 43 7
e FH 25 (P>0.05)(Pt-M3 Fll P-M4)(F 2). &
ER W0 TS H AL o AU Y S O B X 6 {7
SPGB Ty 38 7 A B S R, 3k B A )
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Tab.2 Statistics of methylation sites in P. trituberculatus before and after low salinity challenge

HR 15 2 . . LA A ) )
SR sEmoveol L thallnge afrchllenge. 12 P || SO forothalongo e halonge. 2 7
modification (percentage)  (percentage) modification  (Pereentage) (percentage)
Pt-M1 Cc/C 16(100.0) 36.347 0.029 C 12(37.5) 32(100.0) 29.091 0
"C/C 12(75.0) nC 20(62.5)
"C/mC 4(25.0)
Pt-M2 Cc/C 16(100.0) 36.347 0.029 C 4(12.5) 32(100.0) 49.778 0
"C/C 4(25.0) nC 28(87.5)
mC/mC 12(75.0)
Pt-M3 c/c 12(75.0) 12(75.0) 0 C 28(87.5) 28(87.5) 0o 1
"C/C 4(25.0) 4(25.0) "C 4(12.5) 4(12.5)
"C/mC
Pt-M4 c/c 8(50.0) 8(50.0) 0 C 16(50.0) 16(50.0) 0o 1
"C/C 8(50.0) 8(50.0) nC 16(50.0) 16(50.0)
"C/m"C
Pt-M5 c/c 8(50.0) 13.042 0.001 C 24(75.0) 12(37.5) 9.143 0.002
nC/C 8(50.0) 12(75.0) nC 8(25.0) 20(62.5)
"C/mC 4(25.0)
Pt-M6 Cc/C 4(25.0) 16(100.0) 19.2 C 8(25.0) 32(100.0) 384 0
"C/C nC 24(75.0) 0
mC/mC 12(75.0)
Pt-M7 c/c 16(100.0) 36.06 0 C 32(100.0) 8(25.0) 384 0
"C/C 8(50.0) "C 0 24(75.0)
nCmC 8(50.0)
Pt-M3 c/c 4(25.0) 16(100.0)  19.2 C 20(62.5) 32(100.0)  14.769 0
nC/C 12(75.0) nC 12(37.5) 0
"Cc/mC
16, B2 1SR SR 45 Ko U B o] 5 24 3 100 W FPZERFYE wild populations
BT PR (21 2) (4RI 48 h i, B/ BE % | D TR1E Ningdang:]
WEERIEN 0, “F4 1 570 411% IR, 80 1 .
DUERWAREY, R BURERRRE <2 L |
TR R T s0 |
A 6 A IEHOCH AR I /E =gkt B 5 40|
TR R TG 1B R RV 19 4 A i 0 ol
kel g5 R R, SEARIKMEL, 21081 10 |
T AH AN A (P-M1 R Pe-M2) TR« T4 1 578 0
FFI GE12 LA (P>005), L% T Ak v fﬁ‘ omer
KT 100%(55 3), 5 (G ER AL 5 2 £ 5 FF P
TEAFIEAT— 205 3 M nl BY R AL RS (PrMS. E2 RKEBMET, ZHEBRFENRRE“TRIS"S
Pt-M6 F P-M8) TEBF AL REARFN T 2 1578 b & BFAE B TS R EL B

iR A 325 5 (P<0.05), 1/ & (Pe-MT) 1
“CTRISH M AR B ENHIRARES
(P>0.05), fH 5 ER W36 J5 1207 15 ) Y 3kt 3
*H&O
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* RONPENAAE R Z 75 (P<0.05).
Fig.2 Survival rate of “Ningxiang-1” and wild popula-
tions under low salinity stress
* means significant difference between the two groups (P<0.05).
K
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®3 FERENTRISVHKENREUNSES

Tab.3 Difference of methylation loci between wild population and "Ningxiang -1" population

R JE AL A2 L Ligacisdus AL B Segp Ligasrisau
P FEH A (el /07) (EL551/%) €3 (b /07) (KL fl/o%)
" H—) genotypeof i o ) wild 2 P basetype of (a0t o 1 wild 7 P
primers methylation ( lgiiﬁggé) population methylation ( l:r%);ltggé) population
modification P 8 (percentage) modification P 8 (percentage)
Pt-M1 c/IC 100(100.0) 50(50.0) 66.667 0 C 200(100.0) 150(75.0) 57.143 0
"C/C 50(50.0) "C 0 50(25.0)
mome
Pt-M2 c/c 100(100.0) 25(25.0) 12000 0 C 200(100.0) 125(62.5)  92.308 0
"C/C 75(75.0) "C 75(37.5)
"C/mC
Pt-M5 c/C 75(75.0) 75(75.0) 0 1 C 175(87.5) 175(87.5) 0 1
"C/C 25(25.0) 25(25.0) mC 25(12.5) 25(12.5)
mome
Pt-M6 c/c 50(50.0) 75(75.0) 80.000 0 C 150(75.0) 150(75.0) 0 1
mC/C 50(50.0) "C 50(25.0) 50(25.0)
"C/mC 25(25.0)
Pt-M7 c/C 50(50.0) 50(25.0) 33333 0 C 150(75.0) 125(62.5) 7273 0.01
"C/C 50(50.0) 25(25.0) "C 50(25.0) 75(37.5)
mC/mC 25(25.0)
Pt-M3 c/c 50(50.0) 50(50.0) 0 1 C 100(50.0) 100(50.0) 0 1
"C/C 50(50.0) 50(50.0) "C 100(50.0) 100(50.0)
3 WiE HKT JEH AL, N5 SLTT & 5 24 i R 2
Tk

TEHAZ YR N, DNA Ak 3 2R T
DNMT it S-RH H A (SAM) # ¥, #
HEL LA 775 2 CpG 5 Y REMEIE | ST S 36
IREGIIHITY . DNA H SEARAE Ry 3 PR S5 1 B 48
K, HEGAELE 3 BT ae ad o 1 3% P 4% s AL
DNA WU EAL AT T4 sk 1 5 CpG & FARN A
1R R IR S G IR DNA 24555 7
FH AL A&, dEm s K A 58 ; DNA
PR AR e € BT 9 4544l 3 LAY B-DNA [ AN e
FIBIRTE ) Z-DNA 22, Sofd 8 1 5T i L
AW O gE AR, T aE s R A TR

Rt 5 HY AL R B AL R SR, ok
M IO S T R, IR T
Yo FAnic B A AL . W Wu P E#NT T/
Z# (Triticum) Y& JR M A &) Ppd-B1 W 34k 531 Fr
e, NNESFEMIRUEATE . Akimoto 55" iE
o i % LA 25 B4R 1 X21a G 5L R 2B A K
& (Oryza sativa), $& 5 F KRG RIPURT 1 0 A 9
EHEST . Kumar ™ ZEH 48 5% 22 Kharchia-65 /N4
R BT B RE B R 2 5 Na /K s )

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

ft T BE IR . Xiu &P IF & T 2R 8 (Cyno-
glossus semilaevis) PLMHELCHRTE (Vibrio harveyi) 1)
F 324k, LBP-like 1 TNF-like #7104 . ASBIF5% BT
FFR T 8 ANA] ] MS-HRM 725 3 2t 4% A MR 43 4 1
HIAbbric, #E—2MFREN, F 6 Mrids
RER B 32 P B A O, EMRER B, PeM1 |
Pt-M2, Pt-M6 Fl Pt-MS8 i 5, DL 2 H 364k 32, i
Pt-M5 Fl Pe-M7 57 55 LV 364k 32, DA B H %Ak
AV 25 X6F A DG 5 PR 23K 118 5% e i A R ik — 2B Y
AL [R) B T AR TR B R R TR 1
5P BEA R TR ER 8, IR Hed T H R 3R
BRI 225 . SR BoRCT 4 1 SR EGE
S TR A RAMA, HIEERHATALE PeML ., Pr-
M2 )RR EALII R TS, HIKF] 100%, #E—2
FHLL L 2 A A 0 25 F Ak 5 ARk o B
FHG

HFE sl = 2E R B TR0 Mg™ . Ca™',
Na'Fl CI 45 15+ 1 8 47 > iy Xof S0 AL 24 5% 6 i (1) A%
P, FEARERE ST, =R T v i 42
i Na'| CI45 B 7 1Yz R U8 15 18 3% T 1 7 g™,
RBFFETIT K T 5, Pe-M1 . Pt-M2 JITAE B 5L R 475
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BT B R E EAEN], 2 R TS
AR R PRI 1 E R A L 2 — o HoP AL Pr-
M1 LT V-ATP BESEH, %5k PRE 3 K i ATP 3
FHRE K HOAE AN, AR A 5T N P AR A
s B 3522, NTA 3 Na iyis ", WF5e
R WIZHE R TEK ™ s i 2 35 b B 24
A, WAE LGNEXTER (Litopenaeus vannamei) 1 V-
ATP il 52 5 37 J5 9 19 £ 2R &P, 45 8%
(Sinonovacula constricta) i i3 34 Il V-ATP fif§ 3% ik
BEXF SR SRR et ARSzme b, RER SR T AL
HOPEML PR RERE P, rTREsE TS
Na'#%12 () B 7 AL, LUORER IR P 19 NaF- i .
B Pe-M2 T CLC BUSE RS il B A, %R
VE g v TR 1) B S8 B 7E ] 88 1 iz ol P
AR, ARSEe b, RER SR AL M2 7
AT B LA, ATRERY o T 0 SR TR
WSAERT , DACRIEIAR N A CLPAF . DT LA B A
P S A R A8 8 R X A O 185 1 i 140 941 1 1L i i
At —L 0

g brd, AW MS-HRM #iAR, M=
PErR T8 S BRI P T & T 8 N 3E4bdsid,
Hofr 6 Mhric SARER LN 32 M i E ARG, =0k
2 B8 AP i ot o %) 40 B i el B 32 4R L ik
BT H, @il EARicE =R T ECTR 15
A AR R T i 2 HP A R ARG R bR i
WEW, 741 ik B S TR AR
T, HEF RO S P-M1 . Pe-M2 15 AL
RIKF] 100%, °REA A FACER &4 F SR ER RN
Na'Fl CURF-AlF, X745 15 mHRER 68 1 12
A EEAEN, ATE N =R T KB
Fhisk & H 3 AARic

(& 7 WA A UL SE PR s A2 B Al 32 &)
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Development and validation of methylation markers related to
low salinity tolerance in Portunus trituberculatus

ZHANG Weiren ", LU Shaokun '?, LI Ronghua **", MU Changkao "**,
SONG Weiwei '*’,  WANG Chunlin >

(1. Key Laboratory of Aquacultral Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China;
2. Collaborative Innovation Center for Zhejiang Marine High-efficiency and
Healthy Aquaculture, Ningbo University, Ningbo 315211, China;
3. Key Laboratory of Green Mariculture (Co-construction by Ministry and Province), Ministry of
Agriculture and Rural Affairs, Ningbo University, Ningbo 315211, China)

Abstract: In order to develop methylation markers related to low salinity tolerance in Portunus trituberculatus, in
this study, methylation sensitive high resolution melting curve method (MS-HRM) was applied to screen and val-
idate methylation loci related to low salinity tolerance. A total of 8 methylation markers were developed from the
transcriptome database of P. trituberculatus, six of which were significantly related to low salinity tolerance,
exhibiting a significant demethylation or methylation pattern in the low salinity condition. They were located in V-
type proton ATPase, H/CI™ exchange transporter, succinate dehydrogenase, NAD(P) transhydrogenase, phos-
phoglycolate phosphatase, NADH dehydrogenase genes, and these markers provided useful tools for marker-
assisted breeding of low-salinity-tolerant strain of P. trituberculatus. The low salinity tolerance test and genotyp-
ing results of these 6 loci in wild populations and “Ningxiang-1” selective strain showed that the survival rate
of “Ningxiang-1” was significantly higher than that of wild populations under low salinity conditions, and the
demethylation of loci P¢-M1 and Pt-M2 in the selective breeding population was significantly increased to 100%,
which may be beneficial to maintaining the balance of Na" and Cl under low salinity conditions. This study

provides basic data and favorable tools for genetic improvement of low salinity resistance in P. trituberculatus.
Key words: Portunus trituberculatus; low salinity; methylation; markers
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