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REX FIF & E E 20 DNA HE AL/ o

REF, FAFK'T, FEE', BRR, TAW,
AEM, FEE, AER

1. S B S B SRR P ST , 4 M 64 A K 7 U 5 P 5605, T 510380
2. LHRHEER K S A BE, B 201306)

WE: WEARAESLRPELTRAORT P E AW ES RN ZRAM B, KA DNA ¥ H A8
By £ A ¥ (methylation sensitive amplified polymorphism, MSAP) 4 #7 77 i ) 4 3 B 41 Kk F
FHRIFTRIEZEN N ZEE DNA JFF & CCGC L m Wy F AN AT, £RET,% A
B 18 X FMY M P ERNE 849 Mg, WEERZABIME WL E KA 411 A, BAN
438 A Hop Kk A R B Al T2 Fn 104 A, B R 9 R F 17.52% £ 23.74%
A EHENAE A K 3T A 65 A, 2B HENELH N 9.00% Fn 14.84% ;2 F H AL & 2 7l
K35 AAIIAN S HEMEH A 8.52% 7 8.90% , LERANMKXA,RFFFEMER R
MEFEMLKF 2FEMKRTFRLIEMKPRABAN A -—ERENTHE, GXHELHH
W REZZHEEMERRAKXEH A DNAFEMEEKFTHET 6.22% , P UL FHEMNMLEL
AAE,ETHREZLAAL, H584%, TN, 23 EESRNREBETSTHRREE Z
k& DNAWENKFRERE, KAET EFEMRE, RANEEHF EAAEE BERKW 4

fE, U7 DNA WAL 5 T s B MR N FWH X
X§EWR: RF P& (RiE; DNA FEMA; FRUKRTE LN

HESKS. Q784; S917.4

DNA F 3 AR A Sy 40 i A 35 2 A 1) — B 42
W 3k A B 07, 2 B R 2 DNA [t — Fifr 32 2 36 0L
Sl B WA P e S e A D R
Bt DNA HIJEAR i A= ) 2% 1 P 2 22 Ok 0 e 2
R 55 DR 21 B A2 MR R TR R R 2 S RO T
DNA AR AR 25 5 B A1) A= iy B 5 %% U0 4
X, I SE R AU e o fR R R e X R ik
SR SR DAL IR (e S A A g
TIORGOS RS R UUIR 4, DNA I EfRIR
A A AR RT3 S5 D) 2 A R ) RE R, T i ok B
AT AR I HLX e A2 ST il 20 B A 22 9%
GURBROY B3 A5 R 2507 o A AR ORI — 2 F 5
F W], W8 (AN BE T8 ER 38 ) X DNA Yy H
SR K P22 T BRI, 0] LS 5 Ak (R 2 7 A DNA

%5 H #5:2013-03-11 &8 H 85 :2013-05-24

XEiFRER A

A Z 250, B F 2 52 W R AL AR AR 5 = 1 2
PRI [ Jo 31 2 A7 5%, W1 T DNA HEJE Ak 2 5 2R
BEfhin T S Rk b Y . DNA HJE g
A DAy 3 A A 2 WL 18R A 2 B 5 08K ey S T ) A
2 M g A SR T K, Ol gk R O
TE PR AR W 5 R AR IR B

DA N A E R IR K2 — 7
[ B iR K 1858 5y v ELBR 2 3 7, A UK T i £ A
fig iy, H 2 A £ S BT #2808 R 1) T 52 RiE
22, E KR o XA BE B SR A i HL i T X
R B U, W B AR AERERTIEXR
IO T FERE ) 22 — EOR I 49 B AR ol kR
A Z — o LA RAERRAR KT R T,
el S g 7 PR R SO e, A 45 2 A £ 3% B o T Il

BENIE :[H 5K A RBL A3 TH (31001108) 5 5[5 K )™ B2 01 58 Be S A BHIF Al 55 9% (201240404 ) 5 B ™ M B AR (K R 3%
i (CARS-49) ;| A4 H SR RF 2 3 4: 391 H (9451038001003595)
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B R & 2008 A Y vk 7R K 45 E
T A il AR 7 S B RE TR, o)™
KAEHA T Tt P AR, 29528 P HE
AR RISy 2 —, B, JT 2 3 it 9 Pk
FHOGHIFTY , $ i FL T JE BB T, X AR 57 4 LA
P 2 FRIE AL A, (2 2 R Al 0 AT R S fd B Kk
Je HA o mERE L,

B HAA )z 0 A A N A B R A
PO ) e R 23 A 55 B 5 5 T 2 A5 2 )T Ok
O, T W R £ S [ 41 DNA F LAk i
ST LA K BE W38 XF DNA 1 JE A 7K - A fo] 52 0,
1CAEEILARGE . AWESE N DNA HY 3 Ak U™
W £ & M ( methylation
polymorphism , MSAP ) £ A £ Il F1 73 A1 A< 52 55 ==
ZLZE®FHE WP P IR ( Orecochromis
niloticus ) i 7€ 5 75 3 K 41 DNA H S ALK, 4
5 e B B e PrIE PR 53 41 DNA H 2L g
A5 Ak 22 ] 4 5 & DL Sz A DNA 7K |48 7R B 4
Xof AV iR R 3 A B L ATL o 4 it — i A BRI AR A 1R
% DNA B AL 72 W JE B HT 9 3k & b iy i A 7
T3, Ry 0 28 AR i R AE T SR AL T A SR

LR Tk

1.1 Sk

S 2 5 9 A e ph B TR 7 DA T R K
R R TR B, 3% 92 50 B Ok A A 4 SR
I 452 2 PR 7 96 16 5 T 9675 O T 98 0 R ()
PRI A (73,89 £2.21) g, X HR 24 A it 98
F 06 5 1 HE RV P B BLR S 1 B (D F, ) L 1A
FA My (80. 43 +3.18) g i it 2% 1Ay 1% dh Wy 5

sensitive amplified

55 (A5 12 h B 1 °C) KB T 28 5 R SE T IR
JEEH 7.3 ~8.5 T, LI LT, 7.81 T,
X BRI BET IR Bl 8.6 ~9.8 C 2B HUEAR
I LTk 9.26 C. @it T A 7 Fhric 8 AR X
Tiif € it 22 FE B 1 3t % 22 S TR W B AT 2
] 11 352 1% 7 1k R 8L F {6 280. 032 17 (F, <0.05),
22 Wi S i 28 FOXT B2 R O (] 1) 35 4% 4 A0 A B2 AR
/IN(P>0.05) , B FEAR & B 20 F2 57 i 2% 4
L4 DNA,
1.2 EF 4 DNA gyiREX

KR WA R 7 B Universal Genomic
DNA Extraction Kit $#£ B3 K 2 DNA 0. 8% FiIg
W B I L VK R ) DNA 52 4% Pk fiff [T 28 41 43 6 O
JETT A I DNA ) i B F a4l 4 TE 3% i (pH
8.0) i B, & b SR i i ok RE R R L — 3K, T
-20 CLRAE#=HL
1.3 BELHEYESEME(MSAP) 5

H AL U 3 2 35 1 (MSAP) S50 20 3R
A Xiong 27 [y J7 ¥, S 41 DNA 43 5 7
FEBR S 44 PN B0 i X 2] ( EcoR1/Hpall 1 EcoR1/
Mspl) VIR FR N 15 pL, Hoh 547 300 ng K& A 21
DNA, EcoRI Hpallf1 Mspl4% 3 U,3 pL 5 x Y] 2%
iy (0. 05 mol/L Tris-HC1 0. 05 mol/L MgAc, .
0.25 mol/L KAc), 37 C/KinHYI 8 h, EI4E
J&i 2R 1. 0% Byl W58 e v Uk A D il DD R0CR . B
J& 1€ B VI 7= 0 v 4y i A EcoR 14z 3k 51 4 50
pmol, Hpall-Mspl#3% 514y 5 pmol, T, DNA i % i}
1.5 U,2 uL T, DNA J#HEHGSE il , #h SEAZE K 2
20 pL,F 16 CHEHES R, BLTIWIFHIIE 1,
B YRR 10 A5 5 T Y1

R1 BEX BYEMEFEETESINFT

Tab.1 Adapters,pre-and selective amplification primer sequences

5|4y primer EcoR T (5'-3") Hpall /Msp1 (5'-3")

#3 1 adapterl CTCGTAGACTGCGTACC GATCATGAGTCCTGCT

#23 2 adapter2 AATTGGTACGCAGTC CGAGCAGGACTCATGA

Hiy- 854 pre-amplification primer GACTGCGTACCAATTCA ATCATGAGTCCTGCTCGGT
El:GACTGCGTACCAATTCAAC HM1 ; ATCATGAGTCCTGCTCGGTAA
E2:GACTGCGTACCAATTCAAG HM2 ; ATCATGAGTCCTGCTCGGTAC
E3:GACTGCGTACCAATTCAAT HM3 ; ATCATGAGTCCTGCTCGGTAG

I E4: GACTGCGTACCAATTCACA HM4 ; ATCATGAGTCCTGCTCGGTCA

selective amplification primer E5:GACTGCGTACCAATTCACC HMS5 ; ATCATGAGTCCTGCTCGGTCC
E6: GACTGCGTACCAATTCAGA HM6 : ATCATGAGTCCTGCTCGGTCT
E7:GACTGCGTACCAATTCAGC HM?7 : ATCATGAGTCCTGCTCGGTTA
E8:GACTGCGTACCAATTCATA HMS : ATCATGAGTCCTGCTCGGTGA
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o 37 %

Y3 RRLAR F 20 WL, o S i 1 U
FEW 1 wL,1 x PCR Buffer,200 wmol dNTPs, Fi#"
WHIY (FH WF 1)4 10 umol,0.5 U Tag DNA
AW, PHIAF N 94 C 30 5,56 C 1 min,
72 C 1 min, 3647 20 NG, Y1 P06 R
20 £ T PEVEY G SR PR PEDT 1Y SON R R S T
Pk Z A . PCR FEJ7 28 94 € 30 5,65 C (5}
MERTFRE0.7 T)30 5,72 €T 1 min, #4710
MES 94 T 30 5,56 T 30 5,72 T 1 min,
AT 25 D, B3 pl PR S R
DNA R MIR G G, WK 22 PE 5 min, i 3
JCE VK E 2 min, AT 5% AR PR SR DY A T i R S H
VK, LUK ZE G SR AR Y ik 8 o A IR )5 2L 8K
P o3 B A AT SR X TR 5 M AT 3 R
SEPHE A IR B A W R TS
LR 3 HT
1.4 MSAP HiEHS

XTEETT*"‘E’E@mE’J T 1) 7 A 0 RN
ﬁ%@fﬁﬁa%&%?ﬁ 15538 [Fl— i, A it h
“17, At 07 ,?ﬁﬂ“ﬂﬂ: 50 ~1 000 bp Z [H]
EI’J{FJ WhT AT B A5 O X B HEAT 40 BT o Rl 2L Hpa
LA Msp 1 #8 AT LLR 5] A0 ) e 21 i 57-

CCGG-3"FZH MRkl ( EAZ LY b £ 2 W A
BE i) A B AL ) B E AN [R] . Hpa T X H

FEAC B, T S RUEE Hh Py A0 i s e R R Al K
A — > s e B 5 Ak (BURE FY 640 ), AR B iR
FEUI#EI(C"CGG/GGC"C) fH g D) 2 I H AL ¥
SICHA 1 4 5E 1 Hms g P {L, BI" CCGG/
GGCC) , 1fii Msp 11 fig P43 F1 U] 1 o5 Bl Xk |-
PALAO0 L s g Y 4k (CT CGG/GGC™ C) J7 41 H AN
AE V) HIF H ALY 51 (" CCGG/GGCC) , A igf2
Hpall & Msp 1 5 EcoR | & HY) G, iy 14
ok i AR R B # AR ER — A 57-CCGG-3' iy i 1]
A7, BT 3 R i A A I R AR Y SR A
], 28 PCR S Bi 4 3Gt 22 385 M Bt 5 e i i Aor
SUBYHEAIRAS KRR EE . R AE EcoR 1 /Hpa Il )
ity )R il v B B 3G Sl AR — A W AR AL
8, HAE EcoR T /Msp T WU VIFE S b s 8L 5
b L AV S e o B 3 ¥ VA W o (WO T T
SRR F AL s B, A 2 AP AR B Y Ok
it o AR B B R

2 4

2.1 MSAP Bi&E 47

M 32 % EcoR T +3N fil Hpall /Msp T +3N
MR RETE Y M 51 W 20 & b, D0 3k 18 X i &2 4
U RS M R I AL G, AT MSAP SR PR
M,y Ry -2 28 (K1)  fEPAGE i

B1 EFFE&EFZAE DNA FEHL MSAP

3&&“.‘5

e

ERETEELE (SIMEE AN EcoR1 +AAC 1 Hpall /Msp 1 +TAA)

M. DNA 73 FHpn il 1~ 10 2 4 M 5 5 R FE 11 ~20 XS BB AR fAER 5 1 ~5 Fl 11 ~15 24 EcoR 1 /Hpa Il (EH) XU )
it ,6 ~10 H1 15 ~20 3y EcoR 1 /Msp T (EM) WU UIRES o A AR AN 5 B. IR AL C. 2 HIEAL A

Fig.1 Genomic DNA MSAP patterns of Nile tilapia amplified by primer
combination EcoR I + AAC and Hpall /Msp 1 + TAA
M. the DNA molecular weight marker; Lanes 1 — 10 represent samples from cold tolerant Nile tilapia; Lanes 11 — 20 represent samples
from the control. 1 =5 and 11 —=15:Hpa Il + EcoR I double digestion; 6 - 10 and 15 -20:Msp [ + EcoR I double digestion. A. non-

methylated sites; B. full-methylated sites; C. hemi-methylated sites
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A E 3 A R R A I 2 Y CCGG A7 KL,
AP B 4 RS (1) AR P AR AL
JICH HAL 5 (2) Hpa 11 /EcoR 1 B V) )5 3 48 TG 47
1M Msp 1 /EcoR 1 U] ) 47 34 A7 4, AX A% AL R
N RUEE N AL, B CCGG A s, XUEE A0 A i P
WE H AL, RO 4 4L (C"CGG) 5 (3) Hpa 11/
EcoR | MiYlJ5 3474710 Msp 1 /EcoR 1 V))&
Py oA AR SN 4L, B CCGG
7 P A0 B v E YRR A, B O oE Y AR A

("CCGG) ; (4) #TCA , A 3 Flig &L, AR FRIZ AL A1
A2 AE BLUEE Y A ) YR Ak L R RE A Y R Ak B) TG
CCGG Jy71 .
2.2 HE[FE4 DNA BEWLKTFESH

K bk BRI 7 vk ge it H AR A 2 5K
L 18 Xf g Wy A 4y 849 AN g, H R T € A
RAW AL, G0 37 A 2RI 50 35 4>,
X} REZH B A 4 B BRAG AT A0 65 A H AR A
K391 (5£2),

®2 B MSAPSYASERFFEEMEMAMMBRAPNREARNER

Tab.2 Genomic DNA methylation bands amplified using 18 pairs of primer combinations in

cold tolerance Nile tilapia and the control Nile tilapia

[CESTEIE i X e
B4 A TIRAL AL cold tolerance Nile tilapia the control
number of
primer combination 4 sito S 315 ESE A0 Fe I 2 ESE A0
hemi-methylated site  fully methylated site ~ hemi-methylated site  fully methylated site

1(El + HM1) 22 6 5 3 8
2(E2 + HM3) 12 1 2 4 5
3(E3 + HM6) 16 2 3 2 9
4(E3 + HM7) 8 1 2 1 4
5(E4 + HM2) 8 2 1 2 3
6(E4 + HM6) 10 2 3 3 2
7(E4 + HMS) 9 2 1 2 4
8(E5 + HM4) 6 1 1 3 1
9(E5 + HMS) 9 0 3 1 5
10(E6 + HM1) 11 3 4 2 2
11(E6 + HM3) 6 0 2 2 2
12(E6 + HMS) 9 3 1 3 2
13(E7 + HM3) 8 3 2 0 3
14(E7 + HMS5) 7 1 2 2 2
15(E8 + HM1) 7 1 0 2 4
16 (E8 + HM2) 5 2 0 2 1
17 (E8 + HMS) 7 3 1 2 1
18 (E8 + HM8) 16 2 4 3 7

Bt total 176 35 37 39 65

ERRERHALN 5'-CCGG-3" i s B &,
THE T 1 9 i R B A RIS B A R TR A

DNA [ JEAb K (£ 3)

*3 MERRFFEMNMNBATEEEFHE DNA BEALKF
Tab.3 Genomic DNA methylation level of cold tolerance Nile tilapia and the

control Nile tilapia based on MSAP analysis

g R AR HH FE AL A 2 H IR AL 1 AW AL A LA A
i ial none-methylated hemi-methylated fully methylated total of methylated
material
site site site sites
Je % B 9 fa it 9§ & cold tolerance Nile tilapia 339(82.48% ) 35(8.52% ) 37(9.00% ) 72(17.52% )

% B& 4 the control 334(76.26% )

39(8.90% ) 65(14.84% ) 104(23.74% )
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o 37 %

XF BE 20 %l #0341 DNA 3L 4L 2 i & 1)
(2 3), FEPH Al AR B AR A7 2580k 334 A4S, 4
Kl 2% 2 By 76. 26% Y R AR K S
23.74% ,Ho 58 IR AL A5 5 14.84% )
FEACAL S (5 8.90% o % A £ i € il R AL 1
I H R AL 7 s8R 339 A, b SR I 2% B
82.48% , I k) H HE AL 2 Ry 17.52% , Hih 58 4
HEAE A 8 7 9. 00% , > AR SRR 4 15 8.52% .
XTI, Je B B 3 i 9E i R Sk R ALk
P 35 T T 4 R Al 53R R Y 3R A0 R I 77 A T [ 11
A, B IALRTRET 6.22% , Hoh D) 4 F 3t
TR R 3, 355 5. 84% , Jy 224y B 36 89, Tt
FEMM ARG X IRAL M B S RAFE B E 2R
(P<0.01),

3 e

Ak 1 WF 5K 6 W], DNA HT 3L 4k J2 Bk (5 41
DNA ) —Fp 2R WL Wi X, & mT KLgliE
DNA S 45224k, N 51 & — RS LY
HrfieAE Ak, I HL R LA i e 2 B 2 Witk 4%
B bR B I A oA L i AR T e 1) JE AR
MBS T WAL 2 5 A A 7 YA
K, B A i BE A W ST A0 ST UY AT Y 1
K,

3.1 RFFEEFLE DNA BEMLKE

AN G R WoR X A B 4 5L 41 DNA
f F G Al A8 M A 1 2R O 23, 74% | Tt 9E i R e B
B Ak fh B H 2 DNA [ B BE AL 18 1 K i R
17.52% , X 5 ¢ 4 ( Cyprinus carpio var. Jian)
(18. 6% ~ 20. 7%)"7 . & #k ( Misgumus
anguillicaudatus) (10.98% ~16.72% )" Fi Lk
U ( Chlamys farreri) (32. 79% ) F1 4F 3¢ i N
( Patinopecten yessoensis) (24.13% ) "' 2 K 7= 5
Y1 % K #G (Oryza sativa) (15.9% ~24.2% )72
SEYIRN AL 4 DNA - HT G Al 48 1 4Gt 58 450 AH
3T, 8 5 K T 5 A4 ( Crenopharyngodon idella) %]
AP £ 1 1 S DR A1 ALK (75.9% ) 7 I
T&E B LW (Sus scrofa) . 3 ( Gallus gallus)
40% ~ 50% 27 B ML Wy 2 U0 B & ( Secale
cereale) 51. 72% "' /N ( Triticum turgidum )
(41.56% ~44.83% ) SR JLw 5 Al Y Y i i 2
RIZH DNA HUEEAE A8, X i A W] 49) F ) DNA
FEAG K- 19 22 53, — O T AT RE S AR Oy vk (dn gl

PECH B3 A5 0F A O 1 A ) RS I b R (i
AR AR BRI AR LS K, 55—
A BB A2 A [R) 47 ol 56 PR 4 ] A0 A& M KO- A7 AE 22
S Es A A BETE I AR R U A ], T T R R
DNA [ & 55 #8 ok B T M 7 & & W19 180 £, AT Do
DGR E . A, BT Hpa Il 1 Msp 13X 2 F
WYIEE HBERE ) & 4 T CCGG/GGCC i & 1 fifg
W I FY AR 1 B4, TS BB AT 3 — 7 5 LA S 1Y
JH e i P A A AT A o R U SR B e T Y
FeAb K F AT fE LG SE PR g AR, H B S CCGG/
GGCC i Z AL T CpG HEE XN, 1M H HAZE
Py BB 1 2 AR XN, A F SR W]
X2 Fofr oA U G T AN 8 TR 3 ) FE Ak IS T s 3 A
FARM, ZHH 5NN CCGG/GGCC i 5 11 H
FEARAB AL HY LU A5 R £ 2 0 sz il B PR 4 R RE A A
Wik

ULAh AT FE 2R B e B B A f i 9 T R AL
21 DNA 1y F AR A& it 58 4 B Ak bE 1) A2
AL L B AR T, 29 9] 5 9. 00% #i1 8.52% ,iX 5
Xu 2 AR R 4 BF 5T 45 SR o R AL T X
W2 % 4 40 5L 9 41 DNA [ 58 4 H 354k L ] 5
14.84% > H EAL LB 5 8.90% , LA 58 4 H 2k Ak
B AL D7 30, X KRR AL, T A 2R
VR NI 5 VR DU A R Y o
DNA WAL LA B B4R T 0 32 il % 1 A1
MASP 73 A 1 Ff A= 99 9 25 D5 20 P Ak 7K P B, DA
A FH A 2% JIr o L ) A K i 4 FR A 2
A Ty ST 45 ) A 1) W —Ffr, W] e AS [ 14 4 o e
di LB —#, BETIR KA it %] DNA
HEAE N EZE A RN FENTFBREZ —, A FH
H) R BE Ak D7 AR AN [) A% ARy 5 D] 4 o i oy
BVEAR—HE
3.2 REMEFTIELERFLA DNA BELH
2 m

A e SR B T JE P 41 DNA 3Lk K -
SRR BB T DNA TR L K P 1Y
WUE 5] 4 B0 B8 38 A OG, A DNA B {E
IKF- B AR AR 2 T3l R AR A PR B I AR AL —F
s . B AR i 98 R 5 % B LA e, SN
21 DNA HUIEAL SRR TRET 6.22% 4550k
W], &t 2 AN AR A aT 51 R e B B Ak f
DNA H S b K FORE & A8 78, 136 B DNA
AL 5 2 R P IEvE SO B VI OC . JF H e
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% A fa i 2E 5 R 1 FE R 41 DNA 34k 7K 25 57
PLA B AR 07 3 Oy 32, 0T B B L ) )
(5.84% ) , ik 58 b—J7 i 5 R UAT & F, 1 F
T DNA H 54k 78 5 2L CCGG 4 W AL A5
FRLERARW

A5 B A A 2E ) B [ 4 DNA WL &
A BB G BAEAE T H e W R, WK R i
P48 h )5, A — 28 CCGG i 5 H B A X
FIOKSP- % 4 W 0 ol A 0 LA 25 53 s R 4
BRI T 16 S ECRAL W R 5 4 b 2 ]
—2p Db S PR B RN A O, I AR S 0 bR
AT RERY W B R PR P SRR ST EA R AL
HL K (Zea mays) A% 2 AH LI DF 58 45 5L I
o 2% H AR AT BB IR AT Oy 32 BR B IR - R 4 1 2
PR 28 2L TF OG , 78 R85 00T A= 0 1 RT3 3ot 8%
15 H DNA - H 3 A6 IR 25 00 B AR i X 538 55 4k o
B, Wada 25N A BRI T IR E
LR 4w ] LLs ] AR W aa B B A A
85 45 i O L A% R RN B 1 5 LA IR M A 9
PEEEF A S0E M R T R, A T g e bl &
AR T 56

FIGLEREW VAt e E R T LB, &
2 T AR W 38 0 IE N R S AR R XA A AR v oR] R
L TR A Dok iy HR B A 22 B 5 e, ) A= s
SfO6F W38 (4 RE S REEOL , KA L SRR L
e AH G B DRI R T A SR 3R R, S R WL s A% AR
SRR DI 3 i il 38 ST i D R A RE S
B b T RN R ) R H AR R A O
AT 55, 55 0 A £ Tt 9 oK 6 B0 VA 9%, ik 28 437
ST 38 A% A 2 R Xt 35 PR 45 4 0 T R 1) 52 L)
T 3% 4 i R ] 8 5 6K 3 B 36 7 35 R 7 1 AL
HIEF—2HEAMG . B2, 8 i 5% 0 28 B X
WEE W 38 % DNA H 3L A6 1 5% o, A B F i B
DNA H Ak () 1 I HLER A1 F- 4% 5 36 55 38 B 7 4
RIEBILN , i — L KK DNA H AL fE S
Ak G0 7 A A N 4 HE T BB R 2

S E WK
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Effect of low temperature on genomic DNA methylation in
Nile tilapia( Oreochromis niloticus )

ZHU Huaping', LU Maixin'* , HUANG Zhanghan', GAO Fengying', KE Xiaoli',
LIU Zhigang', LI Qingyong'’, LIU Yujiao'’
(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation ,Ministry of Agriculture ,

Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Guangzhou 510380, China;
2. College of Fisheries and Life Sciences,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; In this study, using the methylation sensitive amplified polymorphism ( MSAP ) method, we
globally assessed the effect of low temperature adaptation on the level and variations of cytosine methylation
alterations at CCGG sites of genomic DNA in Nile tilapia ( Oreochromis niloticus) strains with good cold-
resistance characters developed by the successive and directional selection breeding of multi-generations.
Total of 849 fragments were identified by 18 pairs of selective primer combinations of which 411 and 438
were detected in cold-resistance tilapia strain and the control, respectively. Among these fragments, the
methylation sites were 72 and 104, and the corresponding total-methylation levels were at 17. 52% and
23.74% ,respectively. The full methylation sites at the internal Cs were 37 and 65 ,and the corresponding full
methylation levels were at 9.00% and 14. 84% ,respectively,and the hemi-methylation sites at the external
Cs were 35 and 39, and the corresponding hemi-methylation levels were at 8. 52% and 8. 90% in cold-
resistance tilapia strain and the control, respectively. Further analysis of DNA methylation indicated that a
statistically decrease in the overall level of total-methylation levels and both methylation types was detected
in cold-resistance tilapia strain compared with the control ( decrease at 6. 22% ,5. 84% and 0. 38% ,
respectively ) ,and the changes of DNA methylation pattern were recognized mainly in the full methylation
sites. The level of decrease in DNA methylation suggested that the levels of genomic DNA methylation were
changed during the successive cold stress of multi-generations in tilapia, and it also indicated that DNA
methylation alteration in tilapia treated with cold stress was mainly through de-methylation that occurred in
some CCGG sites. All these results implied that the change of DNA methylation was closely associated with
cold tolerance of tilapia. The present findings are valuable to further explore the application potential of DNA
methylation alteration in tilapia genetic improvement and provide a new method and theoretical basis for fish
stress resistance breeding.

Key words: Nile tilapia( Oreochromis niloticus) ; low temperature; DNA methylation; methylation sensitive
amplified polymorphism ( MSAP)
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