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Analysis on Genomic DNA Methylation Modification of Ginkgo biloba by
Methylation-sensitive Amplification Polymorphism
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(Key Laboratory of Agricultural Ecology and Environment, College of Forestry, Shandong Agricultural University, Tai’an,
Shandong 271018, China)

Abstract: To investigate the DNA methylated modification levels, patterns and sites of the Ginkgo
biloba at the genome-wide level, the double digestion of EcoR I and Hpa Il /Msp I was used to construct
the Ginkgo biloba genomic MSAP (methylation-sensitive amplification polymorphism, MSAP) analysis
system. By using 16 pairs of selective primers from the 54 pairs of MSAP selective primers, a total of 454
legible and repeatable amplified DNA bands were detected, on average 28.38 bands were observed after
amplification with each primer pair. Two-hundred DNA methylated sites were detected among all the
amplificated sites, which represented 44% ratio of methylated modification at CCGG/GGCC sites in
Ginkgo biloba genome. Eighteen methylated DNA sequences were isolated and sequenced by extracting
part of the amplificated sites. BLASTn comparison indicated that the DNA methylated modification
phenomenon was existed in multiple types of DNA sequences, including repeated sequences, transcription

regulators, retrotransposons, channel protein, promoter-binding protein, protein kinase, etc.
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DNA H At (DNA methylation) s&FE[K4] DNA [)—Fh LW AL (epigenetics) E1HEA,
RETTIE AR EET B OBt 25, 2009). S A SR AL h 295 20% ~ 50% 1) s e 5%
TR A AL, P2 90% M) AL T “CpG” A HREL “CpNpG” —IZHRAT ' (Zhang et
al., 2006). DNA HULAEM SILRRIE T WIBRE . Ao, SR e, PGt ki
DL 40 i ic 12 25 i 2 A i FE DA % (Monk & Maurizio, 1995). 2 H A 2B RNEi 57 AU )
POt BRI Z R, ERIARAE KR B AR RS 2 MR M B4 5 (Monteuuis, 1989;
Fraga et al., 2002a, 2002b), PIUXHA KK FIid T DNA FEAL KRB AR A0 R 50145
W,

WA IAARR TR h 5 2 e [ SR 5t 2 ) 1Y), 3T LA R AT DA ERAY 19 20 1 2E )
SITTFRE TIRAWIIL. HAZR (2004) R RAPD HiR, k745 (2003) FIHI ISSR HiAK, T
F4E (2006) SR AFLP #F58 T A OB AL ZREMERISR GO0 2R B0 (2004) #y3E THLAYH) RAPD
ALK FReMESE (2001) A RAPD Arid 3k99 | AL HATHEPEA G AR d, A AFLP Arid 3k
IR MEMEIE N TR Anid s YRR ESE (2005) H ISSR Arid BEAT T HRAT A 4 2 I F 9T .
AR HRA L, A IOCHAY 4L DR A v 25580 ) 2 M st A% 545 AN B 5 DB 70 L 8 R EAE, 0 O
[AIZH DNA B K B, 07 a5 R DN 3R e 2 WL 1A 42 4 Wb A% 22 A7 B A WLATF AR T

MSAP (LU 12 A1, methylation-sensitive amplification polymorphism) J&—FF3EF
EFEVE PCR BT, 454 7 AFLP (9734 v BUK B2 2 51, amplified fragment length polymorphism)
IDE AL, BEREAT AR A i DNA HrOR S I IR i, 28R, o TS AnIE 7 4t DNA )
FE, BIp k4 5L DR 20 Yo 1 3 ams g FRORAGRE RS EAT 200, eI DNA Fr Bk e A7 i FEAL,
R IO B IFE AL R 4 DNA B KRB K B 227772 (Zhang et al., 2007; Monteuuis
etal., 2008),

AT FT 3 F 1L 2R 48 28 2T — AR A MERR A A F 505 %2, K EcoR T Al Hpa Il /Msp T XUt ) 48
SLIE G TR LA MSAP BERER R, 7L AR DNA FEAL MK B 2 fr
MEAERWBLE R, BT DNA FIEOGAH DCHE A 22 S R I8 PV AE R HLH], B Ay s A%
2Tk i S (S T

1 MRS A

1.1 #RIREDNAREL

B MERRIE B 1L R 22, WL 1 300 4F. %W BT b it B A B A Ik 4h 360117,
IREE117°08", 4K 150 moe 2009 4F 4 H 1 HREF RGO BN EELS T (P BERER) A7 [F]S206 %,
FH 258 RT3, BT KR40 KT, ONEERS, B TUKEE 4 CHERFAH .. Sk
AKEMBEER (2001) FI77, RS R CTAB 4B H L K41 DNA. Fiit DNA £ 1.5%51 5
BB KA, FER eV e s a, - 20 CLRATA .
1.2 MSAPHH

MSAP 7M1 FE S M Vos 25 (1995) 1 AFLP JrikIt&E0ididr, 435 i EcoR 1 + Hpall,
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EcoR [ + Msp I (Fermentas Lithuanian) P VIRGALG X LN 4] DNA BEATEGD) . 158, iy 3. &+
PEY 38 6% 28 NI I I e i rLk ARG ASI Al B BB . EcoR T #3k K51 MIF 42 Vos
5 (1995) 1751, Hpall (Msp 1) #3kK&51HF41 L Xiong 45 (1999) WSS M (G 1.
T8 5519752 ZHE Bl A2 1. (Sangon, China) & .

F1 MSAP HTRIIESLFNSIHMFTI

Table 1 Sequence of adapters and primers used for MSAP analysis

LSS IEILY] ]l
Adaptor and primer (5'—3") Sequence
3k Adaptors (5'=3")
EcoR I adaptors CIF[7] Forward)
EcoR I adaptors (/% [7] Reverse)
Hpall-Msp I adaptors (iFE [ Forward)
Hpall-Msp I adaptors (/% [i] Reverse)
Ty 4851 4) Preselective primers (5'—3")
EA00 + A
E00 + A
Hpall-Msp I +T
P51 Y404 Selective primers combinations (5'—>3")

-CTCGTAGACTGCGTACC-3'
“AATTGGTACGCAGTCTAC-3'
-GACGATGAGTCTAGAA-3'
-CGTTCTAGACTCATC-3'

W W W W

W

-GTAGACTGCGTACCAATTCA-3’
“GACTGCGTACCAATTCA-3'
“GATGAGTCTAGAACGGT-3'

[V RV

EA00 + ACG 5-GTAGACTGCGTACCAATTCACG-3'
E00 + ACG 5'-GACTGCGTACCAATTCACG-3'
EA00 + ATG 5-GTAGACTGCGTACCAATTCATG-3'
E00 + ATG 5'-GACTGCGTACCAATTCAAG-3’

E00 + ACT 5'-GACTGCGTACCAATTCACT-3'

E00 + ACA 5'-GACTGCGTACCAATTCACA-3'

E00 + AA 5'-GACTGCGTACCAATTCAA-3'

E00 + AT 5'-GACTGCGTACCAATTCAT-3’

HM + TTC 5-GATGAGTCTAGAACGGTTC-3’

HM + TCG 5'-GATGAGTCTAGAACGGTCG-3’
HM + TAG 5'-GATGAGTCTAGAACGGTAG-3'

1.3 HELEIGMLAEY. =EENF

7t: PAGE JRBR A T8 2 B IS B A, RO TR 42, 48908, I 30 uL KX AL KW /K
5min, HARAH, W2 uL FIHEWCOAY MBI, DIAHNGSES 5141 & Ky 19 441217 PCR 4734 . PCR
PP 15%SE R RERERE EASI, DL PCR 2lifbikiR g7 B (TaKaRa, Japan). [ 454 A\
pMDI18-T #ff (TaKaRa, Japan), At KT RS2 AN, FhikPvE s el . palle &4t L
£ T. (Sangon, China) HEATH .

14 FHltext R4

B34/l BLASTn F£57E NCBI Chttp: //www. ncbi. nlm. nih. gov/) F#HT R, FEo)
{5 L5 3% GenBank Database ¥ /If . 7& GenBank (4 240 & [FUsiA% 11 /771 (Database: refseq rna).

2 R ET

2.1 SREBIMSAPY 18 EE

ZMSAPHHT, 3K15 T ieHr g T, B TEL, RO 25 & R AR AT MSAPY W &3 (P 1),
Hpall fiMsp [ (B0 A3 (CCGG/GGCC), 1H X BT i AL B M UM E AN H], Hpa
11 68 T 590 3 1) ) 3 38 b 02 19 054k A7 2 (CO™CCGG/GGCC ), M AN B U1 %1 4 H 38 4k A7
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(C™CGG/GG’™CC); Msp 1 AEGH FF U EIHE B 3L A R4 B REAR A 1 AS BE D) 021 PR REAR A

1M ARG R 2406 73 53l 5 EcoR T A& EATMSAP R NI, RN AT SARE —4 (CCGG/GGCO) fif
AU T EeHpa I 5 Msp T ASFl 4 5 AT S Wiz s AR S R JE (B D, K b2k
Borh: AR, ¥s, ARRAEF AT A CEURBE N LD BAY, Hpall 54 Msp I L, 1%
FFHEALAL A O/, Hpall 4. Msp I 47, QKA I 55

EH EM EH EM EH EM EH EM

MI OO IOoDmMIIOINODTIIODM [ ODNDIOIODM [ OO I I I

E1 RAEZEAELE DNA B MSAP i %
A: AEFIEAUAL A B EHIELAL A Co LA S, EH: EcoR I +Hpall XUAP); EM: EcoR I+ Msp I XY
M: 2000 #] DNA 4> FibbrifE; T ~T: EEWRK; a~d: AFEES 5199 Ha1.
Fig. 1 MSAP fingerprints of Ginkgo biloba genomic DNA
A: Non-methylated sites; B: Hemi-methylated sites; C: Full-methylated sites. EH: EcoR 1 + Hpa Il double digestion; EM: EcoR I + Msp [ double
digestion; M: 2 000 the DNA molecular-weight marker; [ - III: Repeats; a-d: Different primer combinations.

2.2 ERFBADNAREAIEIHKTE S

EcoR 1 14 5144 5 Hpall « Msp [ &4 519)EXS, M 54 %F MSAP &4 59 th 4 fa g5 ir
. 2SR mREMRbsE, K 16 WEIMAE, YRR 454 S al P AT
) DNA 445, RSP B3R 28.38 454 (£ 2). FEATRY 47 25, K £ F 3Lk
P73 200 4>, LRBIA 44%. L, AFIEARAL N 149 A, AT A AN 32.8%; 1 HIEAGAY
RO SUAS, (HEy AL 11.2% (R 2).

2.3 DNAHEALIEIRALE RS

X A A DR A R BB s AT R Db, BRI A T 18 4 AL &1 DNA J7
H| (3% 3). BLASTn L0 HT R, 1X 18 4 AL &1 DNA [P R 2RI RS, HR4EVCH)
[R5 75 DhRe B b T X s ROV A L R 2 rp R Sl R 7 (M4D, T (MI3). REE %
HRE (M10. MI3). lIEEE (M10. M1, JAZIF4aEA (M16). HAME (M9, M17).
BOEEH (M6 M7. M8, Ml1l. Ml4, M15). ZHEEA (M5). LEMARE (M16. M18) %[
Z IS ALK DNA 41 35474 DNA BB IR .
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F2 16 3 MSAP ¥ SIMASERELEFAPRIBNER
Table 2 Number of bands amplified using 16 MSAP selective primers combinations in Ginkgo biloba

E 519 HM 514 AL R 2 B AL A UL A
E primer H/M primer Amplification site Hemi-methylated site Full-methylated site
EA00-ACG H/M-TCG 23 2 7

E00-ACG H/M-TCG 22 3 6
EA00-ATG H/M-TCG 26 2 8

E00-ATG H/M-TCG 30 2 13
EA00-ACG H/M-TTC 35 5 10

E00-ACG H/M-TTC 23 1 7
EA00-ATG H/M-TTC 43 5 16

E00-ATG H/M-TTC 30 2 12

E00-AA H/M-TTC 56 8 15

E00-AT H/M-TTC 43 5 11

E00-AA H/M-TCG 46 6 13

E00-AT H/M-TCG 14 2 5

E00-ACA H/M-TCG 17 1 4

E00-ACT H/M-TTC 13 2 6

E00-ACA H/M-TTC 18 2 7

E00-ACT H/M-TCG 15 3 9

At Total 454 51 149

LA 25 A8/ % 11.2 32.8
Rate of methylated

F# 3 REEFEE DNA PR BURRLREFTI R LR
Table 3 Sequence analysis of the methylated sites in Ginkgo biloba

2]l K/bp  BLASTn (genome sequence) —EH/%  Efi
Sequence Length [A¥5)¥%] Homologous sequence Identity E value
M1 198 Pinus taeda clone PT_7Ba3204L22 (AC241320.1) 78 2.6
M2 198 Vitis vinifera, whole genome shotgun sequence, contig VV78X117801.19, clone ENTAV 87 9.1
115 (AM435357.1)
M3 99 Physcomitrella patens subsp. patens predicted protein(tPHYPADRAFT 105273)mRNA, 86 3.7
complete cds (XM_001758097.1)
M4 337 Lupinus luteus gene for glutamine synthetase X71399.1 88 4.8
M5 461 Populus trichocarpa predicted protein, mRNA (XM_002307215.1) 100 6.8
M6 273 Humulus lupulus clone ACA1-B21-1 microsatellite sequence (EU094937.1) 87 38
M7 198 Candidatus Amoebophilus asiaticus 5a2, complete genome (CP001102.1) 78 2.6
M8 167 Triticum aestivum chromosome 3B-specific BAC library, contig ctg0528b (FN564431.1) 92 7.4
M9 187 Carica papaya BAC clone 46019, complete sequence (AC238599.1) 89 6.00E-08
MI10 245 Tetrahymena thermophila cation channel family protein, (XM_001020203.1) 81 0.96
M1l 195 Sulfolobus solfataricus P2, complete genome (AE006641.1) 100 9
Mi2 130 Petunia integrifolia subsp. inflata S2 self-incompatibility ribonuclease (S2-RNase) and 92 9.00E-04
S2-locus F-box protein (SLF2) (AY136628.2)
M13 277 Geobacillus thermodenitrificans NG80-2, complete genome (CP000557.1) 90 3.9
Mi14 249 Arabidopsis lyrata subsp. lyrata hypothetical protein, mRNA (XM_002882620.1) 81 0.98
MI5 165 Arachis diogoi clone ADAF44 putative short chain alcohol dehydrogenase GU785017.1 100 0.6
Ml6 282 Vitis vinifera, whole genome shotgun sequence, contig VV78X109843.5, clone ENTAV 85 0.32
115 (AM446690.1)
M17 167 Campylobacter jejuni subsp. jejuni M1, complete genome (CP001900.1) 80 7.4
MI8 356 Cycas taitungensis mitochondrial DNA. DADH, complete genome (AP009381.1) 91 4.00E-07
» A
3 g

MSAP $iARJEAE AFLP AR 1) 3R b A J AL K (1) — o (1) 40 FFRid B, RIS [A] — gD 1051
£ (CCGG/GGCC)  H i m e FE AL AZ A U EAS [ — X [F] 2485 (Hpall/Msp 1) 0 AFLP
FORI Mse T 5 EcoR T X HEKIZH 43l BEAT R, JF Bt AH NSRS 14, 738 7 A F A U™
19 %2 25 PE A 1) — T R . Reyna-Lopez 25 (1997) IIWFSTIN K, MSAP A7 DNA £/, A


http://www.ncbi.nlm.nih.gov/nucleotide/297747436?report=genbank&log$=nucltop&blast_rank=4&RID=H6A43JM801N
http://www.ncbi.nlm.nih.gov/nucleotide/123700081?report=genbank&log$=nucltop&blast_rank=25&RID=H6A43JM801N
http://www.ncbi.nlm.nih.gov/nucleotide/168010914?report=genbank&log$=nucltop&blast_rank=30&RID=JBNACP4P011
http://www.ncbi.nlm.nih.gov/nucleotide/454311?report=genbank&log$=nucltop&blast_rank=58&RID=J5E8T9YB01S
http://www.ncbi.nlm.nih.gov/nucleotide/224084290?report=genbank&log$=nucltop&blast_rank=5&RID=H6AVDZGN016
http://www.ncbi.nlm.nih.gov/nucleotide/158829732?report=genbank&log$=nucltop&blast_rank=5&RID=H6B3FNP901S
http://www.ncbi.nlm.nih.gov/nucleotide/300681497?report=genbank&log$=nucltop&blast_rank=16&RID=HGWDD4C801S
http://www.ncbi.nlm.nih.gov/nucleotide/262073147?report=genbank&log$=nucltop&blast_rank=1&RID=J9BPJHKG011
http://www.ncbi.nlm.nih.gov/nucleotide/118374021?report=genbank&log$=nucltop&blast_rank=5&RID=J7RCJMEJ01S
http://www.ncbi.nlm.nih.gov/nucleotide/25307963?report=genbank&log$=nucltop&blast_rank=4&RID=J7ZVSTAY011
http://www.ncbi.nlm.nih.gov/nucleotide/52139490?report=genbank&log$=nucltop&blast_rank=76&RID=J80VR543015
http://www.ncbi.nlm.nih.gov/nucleotide/52139490?report=genbank&log$=nucltop&blast_rank=76&RID=J80VR543015
http://www.ncbi.nlm.nih.gov/nucleotide/134265192?report=genbank&log$=nucltop&blast_rank=1&RID=J8D8TWER01S
http://www.ncbi.nlm.nih.gov/nucleotide/297829567?report=genbank&log$=nucltop&blast_rank=1&RID=J8E14T2501S
http://www.ncbi.nlm.nih.gov/nucleotide/301087292?report=genbank&log$=nucltop&blast_rank=3&RID=J8EBGHYP01N
http://www.ncbi.nlm.nih.gov/nucleotide/123688748?report=genbank&log$=nucltop&blast_rank=4&RID=J8FRZE1901S
http://www.ncbi.nlm.nih.gov/nucleotide/123688748?report=genbank&log$=nucltop&blast_rank=4&RID=J8FRZE1901S
http://www.ncbi.nlm.nih.gov/nucleotide/307746964?report=genbank&log$=nucltop&blast_rank=23&RID=J8H9MT8G01N
http://www.ncbi.nlm.nih.gov/nucleotide/166706933?report=genbank&log$=nucltop&blast_rank=1&RID=J8GMKVBV01S
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Southern #¥A%, MUBMEMR, — MR A2, RIGLE R ETIE, EH TSR ALK 3R
FUMHT, JUHGE TR AL A R . MSAP 5K, %) 32 N T 2 Rhka ) 8 WAL 2400157
H (Ruiz-Garcia et al., 2005; Salmon et al., 2005; Sharmaetal., 2007).

Zhang %5 (2007) BF5TARIE, MSAP BARTERPIIT ST T2 K41 DNA FEEAGES 2 7E 4.7% ~
45%2.[0), FIY)FHER 4] DNA H GBS AN, B T ZE R AP 2= etk . Aurscd, ik
SRR, THIES 1AL, SRA3 TG0 Fa IR AT MSAP & 34357, A0 21 F S AAE AT 55 200
A, HEALBHEE] ) 44.0%, SH2K (20.66% ~25.40%) CHEAF 25, 2009). 2 (13.4% ~23%),

(Monteuuis et al., 2008). F&5ffa (30% ~35%) (Fragaetal., 2002). %I#s (20%) (Greenwood
etal., 1989). ZLGAZ (12.4% ~ 16.2%) (ZFIZEEE, 2009). ZEH (13.7 ~ 35.0%) (Hasbin et al.,

2005). R (4.7% ~15.0%) CUEMIRIAS S8, 2005). B (51.72%) /N (41.56% ~ 44.83%)
IKFE (15.9% ~ 16.3%)+ 1I7EE (30.2% ~ 33.2%) (GKH 2§, 2009) ZF iR 5E 2] DNA FJE
PAB A, H AT FTANIR], IR HE— 20 [ e T SEP 4170 DNA B J2 10 IR0 Rl 2 50 o 8 Bl a3z 45 (2005)
WY, T MSAP A# (1 1A 24l H AR5 “ CCGG/GGCC” v f5 (1) i s g FH IE Ak, 177 AN BE X
“CCGG/GGCC” A7 i LAAME Mamsz g FEIEALIEAT B, SRAT 0 25 xS PRI AL Hp S o 11 H 64k 7K
AIRefvEANE . (HEh “CCGG/GGCC” Arsih, 2y 90%M LB T “CpG” IR
i “CpNpG” —“HHMRELIX K, KIbZEH5t# (Reyna-Lopez etal., 1997; Ruiz-Garcia et al.,

2005; Salmon etal., 2005) A KNAHXTT “CCGG/GGCC” A7 55 i FH AL AEAG EL 9], BERS 250 S WA
W DR AH R A AB AR AP o ARHIT 908 A AR AT 1R 4 3 38 A7 s A I 2 AL A AT 2000 A,

CCGG/GGCC {7 5 A SR LU 44% . A RS IR AR FTEEAL T — e 44l

DNA FHIEACAE U SE PR 30K , 5t 4 M 4k e R G0k 7 46 ok Rt v e A5 3 2 1) A 4002 T g (Huang
etal.,, 2010). FEZERIMIFERALT, KLY 20% ~ 50% [ MO IE kb1 L AR, IX SR 4E 5 13 1)
KRR ETBFRF (Monk & Maurizio, 1995; Zhang et al., 2006; Zilberman et al., 2007). Fraga
& (20022) WHRESIAARFI R BB B R EGFE AT SR I, 404F DNA HEKT 30% ~ 50%,
M A2 60%. Fraga 58 (2002b) X HEEEEZMAFHLUEIL M, I DNA & EEKERRAR,
2t 4 POESLIERG, MOmEnE AL S R B 35%. R, DNA ALK ErT 5 404
PGS AN DG, BEEFEIEI, DNA FIEA K2 EFHEH . M 1300 4 AL A4 L F AL LE
BIRFADAR ARG 5y, AU, Al e T X P AR b &9, ey KR gl fd, mH DNA H
BEWIKPARIE R, BEIRBORE R EE I NEEH 2R AR (Vaughn etal.,, 2007),

Zilberman 55 (2007) &I, AU SIERIAIH, RS 73 G i BE DR A Joe 1 e A A A0 A 24 LA 1)
DNA AL, FHIEAL R B2 B AN [] 55 A0 P 21 ) e s VB DA OG- ik T s i AR (1) 2R 28 o 461 4n /42
MIT ibml SRR, A R A AR DG IR F IR AR RIS, SRR R IR R . i AR
AN TFAEIEIR . FhFAR N SESER AR DA A F M T BRSEAE R (Saze etal., 2008). Cheng 5§ (2006)
B FUAR N A 2 JRE O A R — S8 B AT e 1) 2 TR AR S 1) A 1, IX 28741 DNA FEA A X e
AU RYIAE . B, EASREIMEIR. Yun 25 (2009) BF9T 45 R B8 EE Y SR S5
YR AAR .

AW, WRAFER A58 T 18 4-/71E DNA HEAL B 3L K4 741, 83 DT ) [ 95
FEHDIReIERE, RIVRA A P A KRR TS RIEREETIRY) BHEES) v, it
SRRIEIE R A M LTR I EUREAE ) B 2 Bl 2R DNA P51 )47 /E DNA FELIBIIN S, 454 Lid%
PLEEH A AL, HEMIX SO a7 P41 . SRS P 11741 BUTE 7 91 DA K D) R 2 TR 47 v
TREFIEF 1) DNA F AL B ] 85 4 FrAR Ay SE DR 2 /KT (0 S5 A A i A OGIE DR 1) 1E 8 R IA A %
DL “CpG” “AZTFRRP Imsng 5 R4 N IEY DNA FIIEEHE, & 28 M AR5 M f 1= B 1 7 =X
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