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I tE A B & B B HAE E 25 DNA
FHELR F-MSAP 4347

® | MRE REF WHE ARAT

(AR KRR IE R At 210095)

 E  DNA WIEARJE F W ist A% P8 45 00 T ZEALMH] , 78 BOAZ A W S D Rk v 42 b R T B4R . AR Sl d 9Ok
FRic i B L AL U 18 2 5 M B R (F-MSAP, fluorescence-labeled methylation-sensitive amplified polymorphism) X} —
PENF I Tetranychus urticae Koch 4 A~ &1 (BY 2l 5 56 i ) JE K 20 DNA o CCGG A7 o5 %) it 1 gt B RE Ak 7K S A
B HEAT Mo BFSE 4R W 3 P AL L0 TR Sk 4k (Type 1), &AL (Type 1), 42 3E4L (Type 1) 7E 4
AU R B, B R A AT AT 641 A o B R AR (Type 1) 3 T2 B EEAE R (Type 1) , %4
U 10 1) - 35 B AL 36 (Type 1T+ Type 1) 2 16.01% , 32 B SE4L RN 10. 24% V-3 & IR R 5.77%
F-MSAP 7317 5 R R WA 7] & 5 I 19] 59 — B - 56 36 AT 41 DNA iy BY JE AL K S O 7 22 57

XEIE DNAH IL L, —BEnti, F-MSAP

Using F-MSAP to investigate genomic DNA methylation in the different
developmental stages of Tetranychus urticae

XU Min  YANG Si-Xia ZHAO Jing-Yu SUN Jing-Tao HONG Xiao-Yue ™
(Department of Entomology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract DNA methylation is a key mechanism underlying epigenetic regulation and plays a very important role in
regulating gene expression. The level and pattern of cytosine methylation in genomic DNA CCGG sites of the four stages
(egg, larva, nymph, adult) of Tetranychus urticae Koch were assessed using the Fluorescence-Labeled methylation-
sensitive amplified polymorphism ( F-MSAP) technique. The results indicate that all three types of methylation patterns
(Type 1 : unmethylated, Type II : hemi-methylated, Type Il : full methylated) were observed in all four stages. The
total number of amplification methylation sites was 641, in which the hemi-methylated ratio was higher than the full
methylation ratio across all four stages. The average total methylated ratio (Type I + Type Il ), hemi-methylated
methylated ratio (Type II ), and full methylation ratio (Type I ) were 16.01% , 10.24% and 5.77% , respectively.
The results of F-MSAP analysis demonstrate that the genomic DNA methylation level and pattern were different across the
four different developmental stages of T. urticae.
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2009) . DNA FEE AL 7 4 455 240 il 1F 3 DO RE kP 3k
ik R R E AT TR A AR R AR R R
Wit 1% 2% 09 BF 98 R . 2 — ( Weinhold et al.
2006) .

METFR T Z M AN DNA B I AR 45 1 3
ARI7 % 5 BOW AR 3% 5 (HPLC) ( Fraga et al. ,
2002) B3 AL fe g At B0 UE R ( MeDIP-seq )
(Yoshinao et al. ,2010) | &3 £ W 77 5 047 B2 £k Ak
W R 25 4 ¥ (BS-Seq) ( Xiang et al. ,2010; Liu
et al. ,2012) %, H.f BS-Seq S H T & & W H
DNA Ak o hs 2 A 181, 23 B 3 5 v 31 58 kK
- ORI SE B R AE SE 4] DNA H LA 43 7 7 I
SEILT BT 5 M, AH AR AR R, S S 56 X DL R
Mo B AL U 1 2 25 M (MSAP, methylation-
sensitive amplification polymorphism) &7 15 F B
K E £ & M ( AFLP, amplified fragment length
polymorphism ) JEAili |k B9 H T4 00 DNA 3G
AR E R IT ¥ (Vos et al. ,1995) o % T7 ik Z 5
i, AT 4 R 2 P CCGG A a1 i g W )
AR AT 20 M. BLE ) 2 W T4 e o
X R A 2 M S A Y DNAH S A B9 AF 58
(Cervera et al. ,2002; Xu et al. ,2005 ; 3B ik ik &,
2011;Lo et al. ,2012) ., FEF ARG AE AFLP 3
A F 1 % 26 ( Terefework et al. ,2001) , MSAP
BORTG ) 1 AR N 0 & J , 52 6 Fn 10 14 HY i Ak fi%
P £ & M FE R ( F-MSAP, fluorescence-labeled
methylation-sensitive amplified polymorphism ) ( Zhao
et al. ,2000) Nz 1 A4 . F-MSAP F| 4] 5¢ St ic 1Y
1% DNA #4738 £tk 3%, 45 4 GeneScan 3. 1
software 73 BT {f 45 5 5 ok 1 n] 5, BHOE T 00 %
(e

RAP i Tetranychus cinnabarinus ( Boisduval )
M BE 4§ Tetranychus urticae Koch & 1971 4 1F
E & IR & A Bl 44 -Tetranychus telarius L. 2Z J5 B
b S ST TS B AL (L e T A DX 0 5 PR
AT IR, 7E B N A — BAFTEAR KA. 1/ A
Shy S ) 3 At gl AT T R RS AR S
5T, DA ME i 0 A R 25 R e v 2 A A8 P
MR AR 5 % 5] P R i B ( Boudreaux, 1956
Brandenburg and Kennedy,1981) {H i T X & &
FRAEAR S K e PEA , I AR XE AT 285 2 T T e
B 550 5 78 A 26 J7 T, T ESE N DR A AR
FE 52, SR FH 0 ok 6 b, JER o S [, 52 B4 T A2 46

N — % (Saba, 1975; Gotoh et al. ,1993; Suhasawa
et al. ,2002) , R IH =7 3 X0 = BRE - dglh A0 24 120 I 14
Sy ML AL AT A IR W5 AR o 1 bR g 5 T,
mtDNA (TS FIf T8 45 53 b 10 H AR X = B i 0§
A W 5 1) 15 A 5C 2 80T 0 28 WF 5E (Navajas
et al. ,1996;Li et al. ,2009,2010) , {H3d i 43 T #5
IC B ARATI SRS 8 W 0 ) 38 3k 190 o I ol ) 3 2 1k
KFR . B, EA AR 2 58150 09 25 5 f 43
FhR i F AR ARG 45 B I 096 R A D - 06 1 43 2
Hi A7 25 ARG 0 5 18

HIN B ST 45 SR W 7 1 5 gl A A b - Al
10 B KA1 K 7 AT 22 5, SO 4 68 B i 3 25 e
ATREUR B 5% s KT 19 22 5, BV H 3RO 352 1% 8 4% 3
BCHY o BFFEFRIT, B K ZH DNA HY AL 7E X B dU 3k
AU ks vh al B8R A 3E 4 1 29 4E ] (Kucharski
et al. ,2008 ) , i £ — B M i 0 2 120 i il Py 66 D] 20
DNA HUEEAR K-8 24K 7 U 2 i 28 A 22 i T
A €2 AH OG5 P % 58 718 3 Y 36 2 DNA- P ok
SRR 7k Be R 2 ) U O A 1, A
THRE . WS E 56 UL B0 44 8}, L DNA
AL VI L, SR F-MSAP SR XS — B i
Wi ANTR) 75 I 30T C B, 4 i G R ) ik PR A
DNA A 7K - R 50 23 A 4G I 73 A, 400 20 At 57
- i B [ 2 DNA R AR K P B A AR 3R, Sy ik —
AP L A8 B 5 R D I g A S PN 4 DNAHY S
B R R I N 4 DNA B L Abx) i g A2 K &2 &
AR FH B 5 1 68 2% S5 1 R DG 1 B 0 R il Oy IX 43
VT AU b AT 1 Bk 0 LB A B T 4 Bl R W st
fe e B B R 2E E R

1 #MBERE

1.1 kRl

AR T 2011 4E SR A o E AR gL IR E S
SF0ITS-RFLP J5 vk %858y — BEm- g JH & /K ik
TESE G b E AT B8 B i 3%, ) 3% 55 1 (25 £ 1) C,
FHXTIRBE 50% o P4 98I0, RO 0P &) 25 i
B, 2% 400 Sk, 43 0 TS TR g 1Y RS 0 A
-20°CHRAF# o
1.2 XBHE
1.2.1 EEZ DNA {2 AL Wizard"

SV Genomic DNA purification System ( Promega
USA) BE P 2H DNA 2 O 7] & i 045 e 40 A AR 1Y
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TEMT, LM RS, UL DNA [ />, J& RNA 5
Ye (1) gl ad 8 A R I E AU A DNA BE iy

1 “HEmM iR E A DNA B k&

Fig.1 Electrophoresis results of

Tetranychus urticae genome DNA
M: marker; 100 egg;2: 40 larva;
3. 45 I nymph ;4 i adult.

OD {3 17 K 3, 0D F 2 {8 76 2.0 ~ 2.2 2
6], d B 2 1 T AT AL G /b s e BE 24 Oy 100 ng/
plo $2ICHY DNA W 2 B U #k 1% # & PCR 97
B2 JE SRS I EOR, - 20°CRAF AT .

1.2.2 F-MSAP AWM (1) FRHi 1% 5 )
PR ¥4 N V) B Hpa 1L A0 Msp 1 6852 32 51 Jf: B U1 AH
[F ) CCGG o7 s, {HJ2 X Y 5 Ak it ms i 1 i Jse
AN o Hpa A BE P50 P 2% B b P9 41 195 0] 17 i
WE B FH R Ak, B RE il U 7E XUEE |- & A1 "CCGG,
C"CGG,"C"CGG M ., (A E REPUM AL — 46 &
F1% JEL 1 i P R AR B 2 55 Misp Tl AU B
XUHE 1 P i s E i TP A, (HOR BB TR AR
it ms i e HY A, BDORS BB B D) 5" CCGG 1y £ 5
(McClelland et al. ,1994) (£ 1), FHFR &l )
i EcoR 1 (20 U/pL)/Hpa Il (10 U/pL) F1 EcoR
I /Msp 1 (20 U/pL) ( New England Biolabs) X} &
20 DNA #E47 XUEGY) . B U)4K & 3k 25 L 4k
%, R [H 20 DNA 500 ng,EcoR1 0.5 uL,Hpall 0.5
pL,NEB Buffer | 4 pL,ddH,0 5% 25 uL, ¥
R IRAT,3TCHEE 3 h, EcoR 1 /Msp T ] 5 i
] Msp 1 QU Hpa I, HoAlb 25 455 EcoR 1 /Hpa
10 6%y 010 B2 L 2% A 58 4 — 3K

F 1 FEL SRR IR S A DB RO iE 1

Table 1 Methylation sensitivity and restriction pattern of isoschizomers

3 A R 2 "G RIS 1] 4 6 775 1 Digestibility of enzyme restriction pattern
Types Methylation status Hpa T Msp 1 H M
Type 1 CCGG CCGGGGLLGGLC A G A + +
Type 1l CCGGGGCC A P T P + -
Type II € CGGGG CC JE i 1 A - +

T+ PHIEARN, - P TRAN T RIZ 0 C 45 W AL o A m e

+ means band present, — means band absent;underlined cytosine is methylated cytosine.

(2) 4k &4 WU N Ja AT 3% 42 ).
HEREHTF EcoR T Hpa Il /Msp T (3 2) B Y 45
KA E R ARG, BY 95°C A8 ¥ 3 min, H R &)
FEEW, -20CREFHEM. L5507 521
Xiong%(l999)ﬂgﬁ%o ¥E 1% 1K 1 Y R Y 1
65°C I H 10 min, fdf BR & M 4 VI 26 05 o % 414
325 WL IR R, BV =9 10 pL, EcoR 1 (5
pmol/L) %3k 1.5 wL, Hpa I /Msp 1 (50 wmol/L)

3k 1.5 pL, NEB T4 Ligase (400 U/pL) ( New
England Biolabs) 0.3 L, T4 10 x Buffer 4 ulL,
ddH,0 #hFEZE 25 pLl, ¥RV IEA,16°CHEEF S h,

(3) WY 4 iR R L 25 pL KR, B
W B4 5 WL, TaKaRa Ex Taq(5 U/ wL)0. 1 uL,
dNTP Mixture (4% 2.5 mmol/L) 1.6 wlL,MgCl, (25
mmol/L) 1.2 wL,10 x Ex Taq Buffer( Mg’ Free)2
wL,EcoR T + A (10 pmol/L) 0.6 L, Hpa 11/



2 4 o OB RN [ & F I3 40 DNA W 3R g F-MSAP 43 < 339 -

&2 F-MSAP S BT AMEL 554 F 7l
Table 2 Sequences of adapters and primers used for F-MSAP analysis

ek K4 &£ W He 3k K51 9y
Adapters and primers Name Adapters and primers sequences

5’-CTCGTAGACTGCGTACC-3’
5'-Phosphate' -AATTGGTACGCAGTCTAC-3’
5'-GATCATGAGTCCTGCT-3’

5'- Phosphate' -CGAGCAGGACTCATGA-3’
5'-GACTGCGTACCAATTC + A-3'
5’-ATCATGAGTCCTGCTCGG + T-3'
5'-GACTGCGTACCAATTC + AAC-3’

EcoR 1 -Adapter |

EcoR | -Adapter II
Hpall /Msp 1 -Adapter [
Hpa 1l /Msp 1 -Adapter Il
EcoRT + A

Hpall /Mspl + T
EcoR1 + AAC

%3k Adapters

WP 5] 4) Pre-amplification primers

PP 1 Selective-amplification primers

EcoR1 + AAG 5'-GACTGCGTACCAATTC + AAG-3’
EcoR1 + ACA 5'-GACTGCGTACCAATTC + ACA-3’
EcoR1 + ACT 5'-GACTGCGTACCAATTC + ACT-3'
EcoR1 + AGA 5'-GACTGCGTACCAATTC + AGA-3’
EcoR1 + AGT 5'-GACTGCGTACCAATTC + AGT-3’
EcoR1 + ATC 5'-GACTGCGTACCAATTC + ATC-3'
EcoR1 + ATG 5'-GACTGCGTACCAATTC + ATG-3’

Hpall /Msp1 + TG
Hpall /Msp1 + TC

5"-FAM’-ATCATGAGTCCTGCTCGG + TG-3'
5"-FAM*-ATCATGAGTCCTGCTCGG + TC-3'

T 1S5 AT DR AL AE 1 52 .5 47 FAM &1

1: primer with 5'Phosphorylation;2: primer was labeled with 5'FAM.

Msp 1 + T(10 wmol/L)0.6 wL,ddH,0 ¥h % % 25
who W FRFE :94°C 5 min;30 MEFR (94°C 30 s,
56C 1 min,72°C 1 min) ; &% Ji5 # A 72°C #E{# 10
min, FY = YTE - 20C LR A5 o

(4) BEREEY 1 VAR 4L 25 pL K&,
K W47 W A ddH, O ik 10 £ (Ve V) HIfE %
PETEY WA, MBER WY WS ul,
TaKaRa Ex Taq(5 U/wL)0.1 pL,dNTP Mixture ( 4%
2.5 mmol/L) 1.6 pL,MgClL, (25 mmol/L) 1.2 pL,
10 x Ex Taq Buffer(Mg** Free)2 pL,EcoR 1 + 3
(10 pmol/L)0.6 pwL,Hpall /Msp I + 2(10 wmol/
L)0.6 wlL,ddH,0 #p3E & 25 pL, KW FEF:94C
5 min; [ 7% PCR, 13 touch-down PCR 94°C 30 s,
65C (BN EH FFE 0.7C )30 5,72°C 1 min;35
MEIA(94°C 30 5,56°C 30 5,72°C 1 min) ; B J5 B
FT2CHEAH 10 min, BFEEPEY =P 1E - 20°C £}
e
1.2.3 #®MER HO0.5 wL #E£EM: PCR ™),
¥ 1:1(V:V)TF loading buffer (65% deionized
formamide, 10% blue dextran, 25 mmol/L EDTA
loading solution,25% GeneScanTM-500ROXTM size
standard ) ,95°C JI# 5 min, vk ¥ 20, R )5 ¥ & A

REYINTE 4% Long Ranger gel 25 ¥4 it |-, 7E ABI
PRISM 377 DNA il F¢ 4% b 3 17 W 3k, & Jo
GeneScan 3. 1 software 43 #7 £ Fh 5| #) 7 14 J5 1) HF
Hefk Z 851 A B ( Yang et al. ,2011)

2 HBRE5SMW

2.1 Z“HMHEAREG AR DNA RELKEHR

AFHIR T 16 X515 ) 8 4% EcoR
L 519,45 2 % 5% FAM & 4fi i) Hpa Il /Msp [ 5]
W——2H4E& (F 1), T GeneScan 3.1 software
(Applied Biosystems ) %t 4 51 915" 44} Bt it 17 4>
Br, AT LA I BE K 20 DNA 78 CCGG AL s i HY 34k
KRR, 25 R R IX 16 X A 58 & 1y 5
W& — P I 4 004 A Fr B, s 5| e Y
A R BEBURE K 207 30 ~ 85 Z 0], K28 A BL oy
Fi7E 100 ~300 bp Z[d], H GeneScan 3.1 software
3 M F-MSAP 252 LA 2,

2.2 "B AN B e HA Y B F 42 DNA R E L&
Ko

SEu R MR 3E Hpa T AN Msp 1 BV S5 W) 5 R 41
DNA "3 1) F-MSAP 547 B9 A [A], ATRE DNA AR
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A
200 bp
220 bp
B 1 3 4
H M H M H M H M
194 0 0 194 194 0 0 194
0 196 196 196 0 196 196 196
200 200 0 0 200 200 200 200
202 0 0 202 202 0 202 0
0 204 204 204 204 0 0 0
206 0 0 206 0 0 0 206
208 208 208 208 208 0 0 208
212 212 0 212 0 212 212 212
220 0 220 220 220 0 220 220
| 2r | 222 0 | 222 0 222 |22 | 0

B2 hEEFEE_BIHE 4128 DNA H EcoR1 + AAC/Hpall -Msp 1 +TG

Sl 488 ik it AR 4 B R

Fig.2 Methylation profiles of Tetranychus urticae ( Fujian,China) with the
primer combinations EcoR 1 + AAC/Hpall /Msp1 +TG
A:F-MSAP i JK &l ;B : [ GeneScan Analysis Software X} A Hi ¥k A9 45 52 3647 20 M7 60358 20 8045 s H #0 M 48 EcoR 1 /Hpa 11 Fil

EcoR1 /Msp 1 BEUIHY DNAT ~ 4 45 4 A% 1 (59 47 i |

)

Ji W6 ) s Marker: GeneScanTM-500ROXTM size standard

(200 bp % 220 bp) .
A ; the profile from F-MSAP;B: part data from (A) quantitated using GeneScan Analysis Software ;H and M refer to digestion

with EcoR 1 /Hpa I and EcoR 1 /Msp 1 ; 1-4 represent four stages ( egg, larva, nymphs, adult) ; Marker; GeneScanTM-
500ROXTM size standard (represent 200 bp to 220 bp).

a1k 3 A (& 3) 825 (Type 1), Hpa 11 il
Msp 1 BEYIS Y REY™ 1S ) 4570, % W] DNA Jg I &
s8I (Type 1) , Hpa 1T B U1 )5 (9 DNA fig 9
34 45 (0 Msp 1 BV 9 DNA f AR [ 47 8 9%

A3 AN, W] DNA LGRS T AL, B
AL B0 (Type I1) , Hpa 11 1) 9 DNA 3%
AP IR0 Msp T V)5 19 DNA 14 A [7] {3
B A, R U] DNA BUEE Y AL, BD 4>



2 3 TR HAE  ZBE R[] B I U R D 4 DNA 2R (R F-MSAP 2p 47 - 341 -

WAL, T I AT 19 26 HEAT e 0 A 45 B AR Il + Type 1)K 16.01% , -3 H HAL AR (Type
FE TR Il A 1 300 1 1 2 T A U 0 2 )% 10.24% , ¥ ¥ 42 P L AL (Type W) Ny
PE(MSAP) AR BIF- 25 S 88 07 05 AL R (Type 5.77% (£ 3) .

R3I HEFBEEZZHEME 4D HE DNA B R E WA KF

Table 3 DNA cytosine methylation level of four stages in Tetranychus urticae ,Fujian , China

2T Types 5l Egg %4 Larva A i Nymphs JA Adult
Type | 798 816 835 914
Type Il 111 121 91 87
Typelll 73 57 53 48
BT 47 8L Total amplified bands' 982 994 979 1 049
488 1 24 34k 37 5 Total methylated bands’ 175 186 144 135
> 1 3 Ak % Hemimethylation ratio” (% ) 11.31 12. 17 9.29 8.29
42 W 4L % Full methylation ratio® (% ) 7.43 5.74 5.41 4.57
S B 34k 22 Methylation ratio® (% ) 18. 74 17.91 14.70 12. 86

VE L BP I 4T 3K total amplified bands = T + 11 + T ;2 97 3 A% 5L 1 3L /L 17 3 total methylated bands = T + I ;3 . 2 /1 34k
3 hemi-methylation ratio= [/ 1 + I + Il ;4.4 B 34k 3 full methylation ratio = M/ T + I + M ;5: & f B Z£ A4k K total
methylation ratio= 11 + I/ 1 + I + 1.
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<
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B3 H EcoR1 +AAC/Hpall -Msp1 +TG 5| ¥ @i R ELER
Fig.3 Cytosine methylation patterns with the primer combination EcoR I + AAC and Hpall/ Mspl + TG
A F-MSAP 13K I8 ;B : ] GeneScan Analysis Software X A F, ¥k 18 25 5 HE47 20 B (09358 73 B85 s C . MSAP 4R 4L 1
FLUK I H F M EcoR 1 /Hpa Il Fl EcoR T /Msp 1 JXEEYIHY DNA T (11 V0 500 48 R H A 2 HE SR AL 4 O
b3 A
A : the profile from F-MSAP;B. the data from ( A) quantitated using GeneScan Analysis Software;C: the profile from
MSAP using silver stain;H and M refer to digestion with EcoR | /Hpa Il and EcoR 1 /Msp 1 ; 1 , 1l and Il refer to

unmethylated , hemi-methylated and full methylated sites, respectively.
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2.3 "HMIHAE# A DNA BEL KT R
KB LB

ARG T 16 XA A 2GR0 51 ) X
o [ A B Y SE P A1 DNA AT P SR
F-MSAP J5 &4 73 # 7 CCGG A g - Ml W5 WE (1)
ARG . X 16 Xt 5] #3414 i 4 004 4~ |
B, o Type T A8 364 3 363 4>, Type I i s
H 410 4, Type M7 S 3LAH 231 4>, 4 A1 1
(R Gy 5 6 ) 0 B 3 7 A Ak R )
Wk 18.74% ,17.91% ,14.70% ,12.86% ;> F %t
fhZ (Type 1) 435K 11.31% ,12.17% ,9.29% ,
8.29% ; 4 W B Ak (Type ) F 435K 7.43% ,
5.74% ,5. 41% ,4.57% , 4 % W — 5 - g 1%y Jif v
WE FBE b 7K P B 45 b FBE AR B 2P o 1 A [
BB A R Y T P R
6 B9 S 1 7 S AR 3 (Type 1T+ Type
1) e (18.74% ), B h e AR (12, 86% ) ; &)y ik
Hp IR R (Type IT) Sz (12, 17% ), 1 o
AR (8.29% ) 5 BF vh 4 H B Ak 3R (Type 1) %
(7.43% ), J06 h Fe AR (4. 57% ) (£3) .

3 it

F-MSAP i R4 T AFLP £ AR & e ok 1y,
S — Tl iR RCHR B A AGL I ) b B A4S Sk A 2 DNA
CCGG {7 g b Jfmig g W e AL 7K 7 (9 J5 ¥ . F-MSAP
HAUTA: 1) 28w, 71t i 5, @&
TS 4R 1 BT 43 Bt DNA {9 )7 41, W] %t 42 5 DY) 4 915 1]
W CCGG fi7 g [ g ms e F 3 A0 A% B8 i A7 20 A5 2)
K HZOCHRIC T, 38 T 4% 58 1 T80 Br g K ok
T AR Y SRR AR S N 4y, PR EE S 3) AR
JEFRIC B VY W B W EAT Y, 455 ABI
PRISM 377 DNA | 54 Fl GeneScan3. 1 software 43
Br A 15 Y 5570 5V I, 45 2R S ME R T &, AT S
PR e B S0 P ME B L E AT ( Yang er al.
2011) o ZHARMAFTE—BEER 11 1) X HE P2 DNA
) Jo e B R AR, R K 41 DNA (1% il 1) i i 2 e o2
SN 5 A B OB 5 2) HURE AT AR R L T
50 ~500 bp U [l A 1 R B, 23 7 6 R EE /N
Tovk o il 45 = A% 225 3) [ Hpa 11 Fil
Msp T HEgR A CCGG £ 55 ( Xiong et al. ,1999) ,
JIF LAGX )7 ik HURE ARG D PR 2H DNA R 3 HY B4k
Ko BRI, 7E R F-MSAP R B, 228 & ikt T
HORRE, RAEILAR S A Fe 45 Rl 2% B

HAip, R i S b e &I T
BZ 1 DNA B I AL 75 T /) BF 58, 40 Salzberg 45
(2004 ) F H] 5-F 25 i ms e 470 44 ok 4G ) 8 i 2R g
Drosophila melanogaster Meigen %t [K w1 ) B 3 ¢
%1 ; Kucharski %5 (2008 ) % BF 5 1E W] 70 % 6 4 K&
AR, DNA FT K Al 2 9 45 T e R T 0 )
TR et N 2, 540, DNA ISt fb s 5 4 b 3
BRMIE, W Field 45 (1989) % 8 0 #% 2 Bk of
it A A A 2 TR 0 T 2 i DNA R A 3 i
o ARBFFEIE LT F-MSAP £ AR 9020 #5716 4
RN 4 A [R) i 0T CBRL Al R )
BLDZH DNA HEAR R AR R, 40 B 1 50 i ol
FEHZH DNA h CCGG A g b i 18 g HY L Ak 7K 1
R il F-MSAP $ AR 48 45 A = B i 16 25
AN I R 2 DNA 2578 5043 51 ok 982,994 979
1049  Ge 3173 Bt 285 R o, — BE g oA [7) & & g 40
Hh L HY A 3 R 4 HY R A e 1 2 O i, 16
AR 2 Ak 3 A U 2 &0y 09 v v, G TR
i, X Fh 4 5 LUEY)A R & & I DNA B EE 4L
MIBF A5 R ARAF o 4N, 78 SR i i PR 20 vp g s g
ARARIMAA S, BZ2HERHGET R k4
DNA H 3 Ak, B s 09 AR X Ao 0 2] HY 2 Ak B s g
(Lyko et al. ,2000) ; 7E @530 H B B FL K20 DNA H
FAL RIS T, B IAE H W R M Mamestra brasscae
AN TF] % F B B 11 6 PR 2 v s g R AL Y 5 R
[7] ( Mandrioli and Volpi,2003) , BeAb A X B
- B D 2 DNA B AR B 20 T s, & A 1
] CCGG o7 i b i i iy FP e AR A5 BT o Fe 1A
[, 4> 0 0T Ay 2 TP BE Ak 3R 3 T 4 T LAl 32, D
Kt DNA B A1 i g g RS Al I 4 e A L
B DNA R mEmE F L MR 2, X 5K &
Bombyx mori 3K 20 DNA t CCGG ) H Ak (£
TGS, 2008 ) A ST S5 SRARAL o AN [R]i% 399 o R
[7] F) B BE AR T BEAT PN IS . — , m BB Tl
L858 ) TR, CCGG A1 1% Jif s g B 25 ) & A= 1
Bl s — AT RE S 1 N B AR K R B AR
FE DN B BB 263k, DNA & B B0 &7 Y 31k
BE £ B R4 (Matsuo et al. , 1998 ; Hsieh,
1999) .

AW T F-MSAP £ A X B - 5 A [7] 5%
WIEL 4 DNA v CCGG A 5 | i g G 4k ok
SRR AT A6 43 BT, 0 26 1S T i i R 2
DNA HUEEAK PR AR & o BFSE S R R ], — 5



2 4 o OB RN [ & F I3 40 DNA W 3R g F-MSAP 43 < 343 -

55 R [ 5 390 DNA PR S A AP BBt AR 1 22 5
I Bt B 2 00T 010 B TR b K T 5L I
I 19 B B . M %5 B 5 25 DNA L 4L 5 — B0t
WA K R REAE AR BI M O B L T B i
TS I 9 DNA 1L ALK T 75 f7 42 25 53, %
T A 4 2 5 75 LA VR Y R A 3
TR o B — 2 (0 SR RAE . 7 %E, T LA
JHI F-MSAP $ A4 4 55 -85 1 By DNA H 3ok
-, e BENT AR U kY DNA IS Ak ok
2 S, 4 HF DNA 1SS 4 15 700 v il 02
S R S 5 PV, 3 2o 2 BRE I 2
DNA FI M 2% 5 F Bt AT [0 30 , T i 55
92 2 55 19 A B IR B, T 1L
R U 5 R 5 b B AR ( BS-Seq ) 42 ] —
B 5 AT I TR 4 DNA AR R L 5
TRIR]  7 W B e A 7 T O 3 2
AW R IR 4 DNA Tl X 95 ol - 5 6
695 10 W, ik 2\ 35 003 £ 25 7 T R it e 2
O 05 O 0 1 5345 2 M 7 1 A
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