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Zxe' K oMY kEE' EZi9°

(1. P E RSB BEEK = WETE BT A A Tl T 2 e R i S
H MR AN T TR EYHAELALRE F 2660715 2. FRMPPOKARAF M

261400)

BE AR eelfrdBR B dEEA DNA § AT R, KPR KA T R0
A 3 % A M (Methylation-sensitive amplification polymorphism, MSAP)# K # il = 40 & 3t #
(Epinephelus moara) ., #: # # 3t # (Epinephelus lanceolatus) % = 20 # B # (Q)x ¥ 4 7 3¢ # (34 K Fy
3ANEREEEE M DNA B AKFE, o &R F 5FARLE4 DNA FEM KT ER, 228
T, s AR AfME T OHMANEA A DNABTRFEMBRERGNER; o ae, By an
R HR F By DNA B EMRHH A 60.62%. 59.38%7F 55.78%, DNA 4 B 1R 455 4
31.37%. 30.67%7%1 29.27%, DNA 3 ¥ F AR 4551 h 29.25%. 28.71%F 26.51%; Z2 % F, #) DNA
R AR AN FME T EMEHRTHE, FHFEEREEZ F(P<0.01), 3 MEEHLF
HUR[RTFEEME, HAREKW, 2R E (¥ HHA(T)EK F DNA FHA KT S
ML EMAIKR, 2% FIDNA FHEAKFHERTHREVRIELERKELHEENREEZ —,
KR LR E; i aits; 4% F; DNA B

hESES S917.4  XEAARIREE A XEHRES  2095-9869(2019)06-0098-07

2 Tof DG B2 AN T 3[R R A SR AR ZR 52 7 A I 2 22
FAIEAE R G | DTSR, TS D5 TR0 T 0%

e, JEREE e 4 2L K /Y £ 3K (Cheng et al,
2008), Cedar(1988)HF57 #HH, LK 41 DNA 1) H 34k

RS o 26 Wik AL 24 248 B TR 3L PR 7 51 i 48 iy 80
WK, FEAHE DNA Ik HEAB
M. G R 25 A 0 PR 1 FAE gn D RNA P8 #55 .

Hrh, DNA HSAb R i B A 3 P g i =02
—, JUHOZ fms g H AL, e PR R SE N 41 DNA

KA B o3 A 55 R R R R E A G

MTF 0t DNA WAL TTERZ, s R
1o i VTS B NN B e SR 7/ S 1 T E 5 3 NI
CEE IS LR A KT NN LR A D5 23 a1l ¢ T 53 NN
Y A 2 PR B T G I 5 A R P R A A S e A
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55 6 1] RS mOCABEM ., El 4 B 938 Fi i) DNA B L5t 99

W5y B AR AT o, H AL U 3 2 5 (MSAP)
BORPITEE | SRk, AIEESERr A 2Nz i, wf
TEAFE A KR CCGG o 5 i o ms i Y LAk 72
B, BEMEUERR BT AR LR 4] DNA b2z, H
A, B E N T /K 6 (Oryza sativa) (Xiong et al,
1999) . %% (Sus domesticus)( ¥ B f#, 2004) , % fi
(Ctenopharyngodon idellus)(& ¥ B4, 2007). @A
(Pinus elliottii, @)>M#jLtL#A(Pinus caribaea, 3)4:%¢
Fi (& LK%, 2018), FfifLks Ul (Chlamys farreri, Q)x
¥R 35 ki D1 (Patinopecten yessoensis, §)7432 F (T %54,
2010) . 8 4 % R o ¥ JE fa (Oreochromis
mossambicus, Q)x fif AP Jg ¥ JE i (Oreochromis
hornorum, 3)Z438 F\( 25305, 2017)5ZF A9 LA
K228 Fy H5EAR BSR4 DNA B 3BT

75 80 47 B £1 (Epinephelus moara) il #z #5 £7 B ff
(Epinephelus lanceolatus) ¥ J BE iR PEREM s, = 4L
AP E BT HA . wh [E DL TR Y AR W R
Mg, BHAMNER . AR RS R R PR 2
55, 2008; RIRFE, 2012); el A BEM E A0 TR
W RIS, EFRE F 200 TrIEE S, 25
WA, BAREAR AR RS, HAERKE
FEPL . BUm PSR . B IR = ST (Heemstra et al,
1993; Sadovy et al, 2000). RiHIAFFTREE, =LA
Q)< WA A BEAA ()5S FL(IR AR L4, 2016) 74
K. PLasitk (R Z M4, 2017), B35 A (E RS,
2018)45 J7 T ¥ 2 A Wl o iy 2 AR 3, R AEA5 I & 1)
PE RGBT AP . ARBFFEE ] MSAP H AR 2= 8041 B
. $ A B0 S SUA BEAGL( Q)< BT A BE A0 (D) AR
3T Fy 3 DRHAME N 4H DNA R4 K, Srdrdess
Fi 52RAHE 240 DNA B K- 2257, TS
FEHZH DNA ALK 12840 5 28 ML A my G &

SR MR LI A% 25 D7 THI 4 78 A0 BRE £ I H B AL
il 42 PR LAl

1 #MREFE
1.1 LI

LY AAREETECE IASSR N I A BR A R ik
Wz g Bt [ 52 AR A | i 0 B [ 22 1
PRGN FRER L B 22 047 BE £ ( Q)< B A1 BE AL (3) AR 58
Fy g oREAS, AT I BELE I 30 2,
R EETIOK LB, 20 CH-AFE&

1.2 DNA ZE

DNA F$2HCR F AR M7 s Wy 4 215 [ 4 DNA
BBGAF &, SHIRF S H BT EE. H 1%
Byt B B 1 B UK 2R AR e G FE TG I DNA i &
5k,

1.3 HREAYEHRSEEMSAP) ST

MSAP 73 #7125 I8 Xiong Z5(1999)f )7 ¥, JERfSe
5 ST AL
131 R AEIER B X 45 H K 41 DNA 43 5]
ffl EcoR I + Hpall il EcoR I +Msp I #4731 52
N o SNARZ LG 200 ng FEKZH DNA, 2 U Hpall
/Mspl . 2 U EcoR I . 2.5 ul 10xBuffer Tango, fill
ddH,0 % 20 pl, 37°C/K Y] 6 h, P 65 CRFI AL PE
10 min, JEEAR RHE 5 ul BEYVIZY . 1 pl HM 423k
1ul E#3k. 5U T, DNA #E#E§. 4 pl 5xT, DNA %
FEBGLZ M, N ddH,0 % 20 pl, 16°CHEHEMRHK, ™~
YRR 10 Ty . LTk S5 A s
JEHNZR 1 iR

x1 FRELMSIMFT
Tab.1 Sequence of adapters and primers used for the MSAP analysis

15 H Items EcoR [ (5'~3) Hpa T/Msp I (5'~3")
230 EA,: CTCGTAGACTGCGTACC HMA,: GATCATGAGTCCTGCT
Adapters EA,: AATTGGTACGCAGTC HMA,: CGAGCAGGACTCATGA

Wy 514

Pre-amplification primers

Eo: GACTGCGTACCAATTCA

HM,: ATCATGAGTCCTGCTCGG

gz R 7]

Selective amplification primers

E;: GACTGCGTACCAATTCAAC
E,: GACTGCGTACCAATTCAAG
E;: GACTGCGTACCAATTCACA
Es: GACTGCGTACCAATTCACT
Es: GACTGCGTACCAATTCACG
E¢: GACTGCGTACCAATTCAGC
E;: GACTGCGTACCAATTCATC

HM,:ATCATGAGTCCTGCTCGGTCG
HM,:ATCATGAGTCCTGCTCGGTTA
HM;:ATCATGAGTCCTGCTCGGTGA
HM4:ATCATGAGTCCTGCTCGGTGT
HM;5:ATCATGAGTCCTGCTCGGTGC
HM4:ATCATGAGTCCTGCTCGGTCC
HM;:ATCATGAGTCCTGCTCGGTCT

HM;5: ATCATGAGTCCTGCTCGGTTC
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2 R %40 &

132 Wy R E WY R REIE 2 Wl W%
=, 1 ul Eo B HM, B8 514, 0.5 ul Tag DNA
Polymerase. 2.5 ul 10xTaq Buffer. 0.5 pl dNTPs, il
ddH,0 % 25 pl. Fi g H F2 /5 % B 8 94°C AR PE 2 min
94°CAsPE 30 s, 56°CiIBk 30s, 72°CHEAH 80s, ik
17 30 MEH, 72°C 5 min. FEYIREE 20 570 Tk
PEY 18 IR

133 #®HFEHT R L Y WA RATE 2 w
P B T4 14 7= 4 .1 ul HMn Al En #5754 .0.5 ul Taq
DNA Polymerase . 2.5 ul 10xTaq Buffer. 0.5 pl dNTPs,
JddH,0 % 25 plo BEEEPEY 1S SN 3B R 94°C TR
PE 2 min; 55 1Y HSHON 94C 30s. 65C 305,
72°C 80s, ZJEHHARIESA, RMEEMIK 0.7°C, LitfT
12 M 55 2 8P ¥ S50 94°C 305.55C 30,
72°C 80 s, LT 23 AMEFR, 72°CHEMH 10 min, 4°C
A7

1.3.4 F i F1 ABI Prism 377 B33 743 . 7k
K B RN, T8 i3 GENESCAN #0447 50H Wi g
FATHT, ot O PR VK RT3

135 #¥#E%itE 54 X} ] —F 5 DNA 4351 F
EcoR I +Hpall I EcoR I +Msp I IL5I3f¥)% CCGG
A, PR R R BEAR IR 1A CCGG I A,
£ MSAP E3E% |, RENEES A BIXRA H A M A
VKB, [ —f 8 A A BT e, AR
“0”, MRYEY R WAE 2 ADUKENA LR,
FEARREI N 4 2R TR, 2 ANUKGE A, BI<H .
MR k<1, 17, R RP RS TR, HikiER
i, MUK TGS, BPAr AL« 07, S aE Ak AL,
AT A s A, H Uk T, M UKIE A,
R YR 0, 17, S BUEE N FE AL, A4 F AR 7 A
IVEL, H Ml M JKEEAH<0. 07, XI5
e fr s, VG SR T ST, Seit 50~500 bp (1)
Ay, TR HHARR L LR | 2P SRR
AR, FHHAIH SPSS 19.0 #-17H Z 00 H A %k
2 R (%)= B AR A B (T ) i G 45
BT+T+M)x100%, 4 AR (%)=4 F Hib &A1
B/ B 55T+ +1)x100%, s H JEqp %
(MSAP)(%)=H 34k S 451 £ (T + T )/ 8 14 2% 4L
(I +I+M)*x100%,

2 H#R

2.1 S|¥MASE

B BT e A B AL R 2 80 BEALL( Q)< BT
LB ()AL F RN ZH DNA &FEY) . &R F i

PHfE, B 74 E M8 A HM 514l s 4 &
HATIEREMEY 3G, AR PTAY B R, it 8 X BHA
ML EEMEE . FAEW Y I WA
(E\HMg. EsHM;. EsHM,. E;HM,. E;HMg. EsHM,.
EsHM; Fll EsHM)#E17FE 240 DNA ) MSAP 431
MSAP ¥4 i Be K B2 K278 50~1000 bp, FE A TR
50~500 bp, KT 500 bp 7 1RAD>, Kk, AWF5RSG
TR EE K 50~500 bp Y 4571 o

22 37 EAWAEEMFEREZADNA BEWLX MSAP BiE

3 ANE B EEAL N4 DNA BEd =4 8N
LR B BTG, R 1450 MSAP Kk an
Kl 1 Fm. 458 5E2n, DNA HEE L MSAP EIEIE i,
T 3 FOREZRAEIR 200, AFECH, MP&A <L, 17
By TR C“H, MY el 07 I B AICH ., MY&
R0, 17 TAY 3 Fp B BL AR 2R

BYARA FACF1 e apem
E. moara hybrid F1 E. lanceolatus
HMHMHMHMHMHMHMHMHM

BB & Lia

LN N

e ERRINE

SRINIEF N BN FINT
T WINPT mew e

QEIW T RN T I
T R D

Lol Ll S LLUL L LR O R O S R T ST

LN R T T

CEUUUNT I I TTR T I
ST TRUE ] B

L
i
daie i

§ 2
K1 3 A aBEmfEAEN 4 DNA Hi3kfl
MSAP & #(E,HM;)
Fig.1 Genomic DNA methylation MSAP profiles of
E.moara, E.lanceolatus and the hybrid F;(E;HM;)
H: EcoR I /Hpall X{ff); M: EcoR I /Msp I XY ;
I EWPEARALR; T EHIEAa; : 2AEALR
H: EcoR I /Hpall double digestion;
M: EcoR I /Msp I double digestion;
I: Unmethylated sites; II : Hemi-methylated sites;
I: Fully methylated sites

23 3ANABIEE{MFE DNA BEY/KTEEZRST

8 XWXt 3 A A B BEAR AP E 25 I N 2 B
TN BB | O A BRI RS Fy 3 AN EEIARY
B AL S B ) 5840, 5781 Fll 6246, Hip, HH
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LA 490K 3540, 3433 Fll 3484, =4l f BEfafE
i S AL 60.62%, i, W L% R
31.37%, EHEAE R 29.25%; i1 BEAREHAR
ML RN 59.38%, Hi, & HEALEN 30.67%,
AL 28.71%; 2858 Fy KRR B EAL 30
55.78%, M, @HEAERSE 29.27%, FHE AR
H26.51%, SRR, F58 Fi ) DNA SH L3
G F AL AN B AL R IR TR AR, 4238 F) 53
FZIE K DNA H 3 Ak K SF 2 77 7 i e 5 2 7
(P<0.01), 3 AR 4 AL R R T2 LR

3 i
3.1 DNA HEMHKEHERM

AR P B B ALK AR A —E I 22 5%, T REJ&
T EEEAY AR YR, DNA B 3L H IR
VBT 5 1 S B AN TR I v 8, TRl AN TR b A
[i) 20 2 LA B[] — ) o AS ) 4 20 B 6 Ak 7K S 24 777
Z5, TAEk, B MSAP £ RBAK & &, MSAP
SR RS2 T Z N . Brs R, #AE

(Gossypium spp.) 1.k F EALKSE R 20%~27.1% (K =7,
2007); M 3L 3h B W R R 41 210 8 H SRR K OF R
40.6%Fll 44.8%, “F(Caprinae)}y 45.7%(JF i85 4%,
2006); B (Gallus domesticus) A~ [ 2H 21 fy i
HAIKT R 44.6%F 47.9%, TR 40.7%(E 0T %,
2006); TFEKF=sh¥r, BH ALK K27
20%~50% 0], GuAifLEs DR 32.79% . MR35 DN
24.13%( T4, 2010) . KF-VE4E15(Crassostrea gigas)
4 26% (Jiang et al, 2013) . ] 2 (Apostichopus
japonicus) iy 23.36%~56.52% (3’14 2013; Zhao
et al, 2015; Z£Z B%%, 2016). ¥4 15 (Anodonta
woodiana) } 35.5%~56% (& ¥ B4, 2009). XA
(Meretrix meretrix)h 26.7%~30.0% (44500, 2011)., JE
% % HE411(O. niloticus) My 23.74% (AAELF-45, 2013), 1E
Jil =24 (2017 HaE b, A A B £f (E.fuscoguttatus)
By A BE ) R S R 4y B 57.18% AN
63.16%. FEANIFEH , 2 80 BE R £ 5 fa s H
FEALR RN 60.62%H1 59.38%, 5 JHAE5(2017)H)
WFIT S5 B E T, I, A B B R R A
DNA J& F H LA R A i i S B

&2 3N ABERKE DNA BENKFER
Tab.2 Comparison of DNA methylation levels of E.moara, E.lanceolatus and the hybrid F,

A F SE Ak A7 A5 5K FH 3L AL A7 5 Methylated sites
11 548 E\fﬁﬁ YEERI SHFEAAL S LA R P EALALE A% IO S A
Grouper  Total sites Non-methylation  Total methylation sites  Full methylation sites ~ Hemi-methylation sites
sites and percentages and percentages and percentages and percentages
~E 5840 2300(39.38%) 3540(60.62%) 1832(31.37%) 1708(29.25%)
E. moara
it 13840 5781 2348(40.62%) 3433(59.38%) 1773(30.67%) 1660(28.71%)
E. lanceolatus
AL F
, 6246 2762(44.22%) 3484(55.78%) 1828(29.27%) 1656(26.51%)
Hybrid F,

32 DNA REHUXKFERERMABIBXESH

5200, DNA H Ak nT LUJE 45 36 5 i ik
(Cedar, 1988), fE/4 34L&, FARFEH 4 DNA H At
e i A L, R R L A )5
oA, FEPZH DNA Y H A0 AN 25 F Ak K- 2 &
T,

AR, 2 2 T ALK 2 DNA H ki
T AR GRS AR 2 S, DO Rl 25 55 5%
PO L R . HEAFEEQ009) I K TR, AL F,
() AL KO 5 g b i s, IR SR e fofs
A B IR %) s P e 3435 5t B 2 B A OG5 F R M
4-(Bos taurus)Z:2¢ Fy fEAR 0y S H 340K . B g

KR AR AR T80, JF 3 R4E K
LR I N S S v e Ve T E iR P U
2008); FIFLEE DL (@)= R B D1 (3)4%5C Fy 1Y 6 H 34k
FEEAL, s DNA HIELR 54 KA SRR 2 7
MR (RIEAE, 2012); BOF S EM . ke
BRI AAE F) B B HE AT i 1 5 i B B 5
A3 5N 32.21% ., 38.03%F1 29.77%, 438 F, I H
AR T RE, 2958 F, e b KRR | mifih
JoiraE T B I S A 2 R LA A I, 20145 2 36 o,
2016), WFFEHEN, 2458 F, FEH4 DNA H3EEKF
F14) AR AR AT PR 5 A A= 1) 5 9 0] BB 55 T 3 e 3 1 A
A (14 2 SCEE, 2017) 3 4% 550 BEATL( Q) <t 41 B
()43 F B AP J5E . A K U AR AR
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PRI Z A IR, A B A | By A B N2 38
F, [ DNA & H AR5 508 57.18% . 63.16% Fl
54.76%, %38 F| i) DNA S H AL RMLTXGE, HiEm
AR KT 19 AT R 2% b AR 34 4 TR B (] 22 45
2017),

ARG, = BCABEA(Q) < o A B (F) 2458
F, i) DNA B Al 3 (55.78%) % T = 40 4 Bt
(60.62%) Fl A7 41 BE£11(59.38%), Z<38 F, ) DNA 4
F AL SR T A Rt 1 B T RGE, X5 Lk
WFFE & B2 38 F Y B LAk 7K ST R 14) 45 S A0 — 2
3 AMNABEAREARSLN 4] DNA 4 W 307 S5 £
T2 F AR A7 05 8%, 5 L sh i 3 DR A 4 TR AR A
LS ANIE S A AR N E AT R (s w i h )
45 2006), 2438 Fy (SREIHEE, 2016)TE4 K . Btk
(HREFRAE, 2017), BB (EAREEE, 2018)55 /7
Y EAT W S B 2RI A 25 B AR ST, 245 F) ) DNA
F ALK 5 2R 3 S A O, HEMI 23S F 2
20 DNA H AL AT R BRAIS . FF S A =X i) ek A
BT VR A T BE R Y PR A K S A AR A 1 2 R
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RS HEY) DNA ALK 5 22 Fp il #4504 5
KRR, WFUE T 24P IR IE 52258 F, 3
2 DNA & F A0 KT I B AR 56 . — ok 156, DNA
HEA L SRHER R AR, 2/ RERA
DNA HIEALAKERRAC, W6 TIFZ DI, HEH
P 21K 1% PRI I8 (Tsaftaris et al, 1997), 258505
B R B o6 TR 3 R A Y 3R AR KO 5 24 R
PR FR, DL IXEE DNA IR A A% 7
3 XTI R 254 K T e i AR AR L i A Rtk —
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DNA Methylation Analysis of Epinephelus moara,
Epinephelus lanceolatus and Their F; Hybrid

LI Yanlu', CHEN ChaOKD, CHEN Jianguol, ZHAI Jierning2

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao Key
Laboratory of Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao  266071; 2. Laizhou Mingbo Fisheries Limited Company, Yantai  261400)

Abstract DNA methylation is one of the most important epigenetic modifications. It is vital to
maintain the stability of the whole genome and regulate the expression of tissue-specific genes.
Methylation level and distribution throughout genomic DNA are significantly correlated with gene
expression rate. In order to investigate the changes of genomic DNA methylation level associated with
heterosis of Epinephelus spp., we applied methylation-sensitive amplification polymorphism (MSAP)
technology to detect the genomic DNA methylation levels of longtooth grouper (E. moara), giant grouper
(E. lanceolatus), and their F; hybrid [E. moara () x E. lanceolatus ()], and we analyzed the difference of
DNA methylation level between the F; hybrid and parents. The results showed that overall genomic DNA
methylation was higher in E. moara and E. lanceolatus. The total methylation rates of E. moara, E.
lanceolatus, and the F; hybrid were 60.62%, 59.38%, and 55.78%, respectively. The rates of fully
methylated sites were 31.37%, 30.67%, and 29.27%, respectively, and the hemi-methylation rates were
29.25%, 28.71%, and 26.51%, respectively. The total methylation rate, the full methylation rate, and the
hemi-methylation rate of DNA of the F, hybrid were all significantly lower (P<0.01) than that of either
parent. The full methylation rates were all higher than the hemi-methylation rates of E. moara, E.
lanceolatus, and the F; hybrid. The study also showed that the DNA methylation level of the F; hybrid is
negatively correlated with heterosis. Moreover, reduced DNA methylation level of the F; hybrid may be
one of the reasons for the heterosis phenomena such as rapid growth. In general, DNA methylation is
negatively correlated with gene expression. The DNA methylation level of the hybrid was lower than
either parent, allowing otherwise silenced genes to be activated, enhancing gene expression activity, and
resulting in the hybrid progeny exhibiting heterosis. The relationship between methylation level of
specific genes and heterosis, the genetic pattern of these DNA methylation sites, the effect on gene
structure and function, and the regulatory mechanism require further study.
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