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H#F$R7Z DNA REL KSR T ZHMR

ARrir, MRS, K OfF, WhIEME, TR

QRN K22z BE, R AR SHETE NS0 %, LA 271018)

B OE: LOsh S e R R A R A M, CRAEET DNA AL BUsky 6 2 A v
(Methylation-sensitive amplification polymorphism, MSAP) Jjik, 7EAILKAACE LARFTHFFRA . WA
AR E I DNA Fealt CCGG A i 1 F AL K M AR RFAE . W3 HE ] 22 X519, FErFr iy
FURAT ARSI ENY BEAL 55 498 Kl 384 A, HILAUAL RS0 237 A1 165 A, JLR AR TN 47.6%F1
42.4%; JEMWIE 40 X518, LEMFFRA A AERER (YZ2). EMHEMER (YC) BARA (CKD) m e
R B M6 T 767 600 K 367 AN, HEAGAL 52350k 370, 244 F 152 4, HE LRS00 48.3%
40.5% 8 41.5%. S FR G IAMFFAR A . RA DNA HFIEE AR RHE T 00T, S50 B
W2 S S K AR S A AR LB R I U 07 5 (52.1%. 54.6% % 64.2%) DNA FIEALRIUK
A2 ASVEARAK, WHEIIRF LA AT TR SR A R A DA FRRRAE O s S i SR AR A A A IR R AR R
TP FFAR AT O AR R Bk AR TR AL I AR A A DUEE T A 2, HRFERES A 2R IR BRAE N T4 75 DNA
AR AR Sl SR, PR B, 0o R AR A FE R 21 40K (1) DNA FHSEALRFAE

KEIF: MR DNA FEAL: PEMGBURY 1 2 &b R

PEDHES: S6643 MHRFRERD: A XEHS: 0513-353X (2014) 08-1535-10

The Changes in DNA Methylation Levels and Patterns of Ginkgo biloba var.
epiphylla

LI Ji-hong, XING Shi-yan', ZHANG Qian, YAO Pei-juan, and WANG Cong-cong

(Key Laboratory of Agricultural Ecology and Environment, College of Forestry, Shandong Agricultural University, Tai’an,
Shandong 271018, China)

Abstract: Methylation-sensitive amplification polymorphism (MSAP) analysis was performed in
Ginkgo biloba var. epiphylla Mak. (epiphylla ginkgo) and Ginkgo biloba (ginkgo), at both the bud-burst
stage and the leaf-expansion stage, to characterize the DNA methylation levels and patterns of CCGG sites.
The results showed that 22 selected primer sets totally amplified 498 and 384 loci, respectively in bursting
buds of epiphylla ginkgo and ginkgo. And among them, 237 (47.6%) and 165 (42.4%) loci were found
methylated. While at the leaf-expansion stage, 40 selected primer sets totally produced 767, 600 and 367
loci, respectively in epiphyllous-ovule leaf of epiphylla ginkgo (YZ2), normal leaf of epiphylla ginkgo

(YC) and ginkgo (CK) . And among them, 370 (48.3%), 244 (40.5%) and 152 (41.5%) loci were
methylated. Further analysis revealed that more than half of the loci (52.1%, 54.6%, 64.2%) displayed

Wi H#A: 2014-03 - 17; EEAM: 2014-06- 19
BEWE: HEXARFEEEHHA (31070589)
* WW{51E# Author for correspondence (E-mail: xingsy@sdau.edu.cn)
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changes in DNA methylation patterns in epiphylla ginkgo compared with ginkgo both at budding stages
and leaf-expansion stages. Hypermethylation was found more frequent in both YZ1 and YZ2 than in CK,
YC or CK. The greater variation of DNA methylation and more frequent hypermethylation occurred in
epiphylla ginkgo suggested the unique DNA methylation profile of epiphylla ginkgo. These findings
undoubtedly laid foundation for further discussing the origin and phylogeny of epiphylla ginkgo from the
perspective of epigenetics.

Key words: Ginkgo biloba var. epiphylla; DNA methylation; methylation-sensitive amplification
polymorphism (MSAP); methylation patterns

¥R A (Ginkgo biloba var. epiphylla) 5z KR s AE T A IRER I AR, AT IR AT I R 4
RE ¥, EASEREAEZE X (Douglas etal., 2007).

221365 (2007) I TR (B & K AR L RE & 2F W F0N N, PR A T &2
T I T A PR AR, TR IR AHIN S o 3 I il RH I 2 1) Ji DR AT B2 B T PR AR A 0
JRERAS B R B BRI st ml i 4 FH RO 8 (B R, 1994).

CIRAFPE” PERA “IRAH” BB IR AE W] e KR — 2 R DR R s PR OB A BT A, S5 oK el
TSR A I BB AR R T CGEERIR 5%, 2005). LML s — BRI
Bt AR 25 FEUEY AR AR B AT R R, B 2 TS AR )1 1) 57 0 s ok 1) 228 (Reik, 20075
FRACAEHIER B, 2008).

HHES (2008) FEXTMFFARA SHA K trnS-trnG FEK T4 0T KB, P E I 2ZE RN £
HUHFEE (2009) BFFER I, MAFERAY LEARY J DAl R YA [ U8 e 20 6 DR AT R A AR o A=k (2008)
SRR AT RAR Y cpDNA matK 4> KIERF 41 (1539 bp) KM RIL, 1 96 bp (6.24%) K4
WS, AN ST AL RN AT, A WAME AL, XD BE B S e ARt 28 2
PG RIEAT RE R GBI E . I PR A i AR R R 1) i AR FE v o] BLP= ARV 2 AR
2 WL AR ) T AL AR S, VIR MR S 5 R AL A2 5 (epigenetic variation) 4K (it
/%, 2008,

DNA FIJE4L, (DNA methylation) A3 Wt f& (1) 2 ZUEAGIE, (ERYIIERZRIE . 40 716 BA
MAG R E PG EEPATER (Tariq & Paszkowski, 2004). 1T JLAE DNA FEEAL K 5 2 #H5CHH)
ANTRALZR AR A B B 1 A [ A S 3 FE SR A PR B 2R e R kg R 8 B A 2 0T 9 ) ARl (o
JeiE %%, 2005; Zhao etal., 2007; Monteuuis et al., 2008; Chen etal., 2009; &AL %%, 2009;
8P 4%, 2011; Yangetal., 2011). BHREEE (2011) YA FHFFALAT e -8 i T RS WL 4% 31 i
FFARAY AR R R IR st SO, A it SO A2 P A AR A P A IR T ) G BREINT S o A 50 3 00 5 e et SO o 7
B IR B, X HE— P 4R R R PR AY 2 SR B e AR ) ML AR 1 AT =
X, AR AL R 5 RN T, KA B T PEAR X SR S () 3E A 75 SR LA AR e R 1A 250
FHo A RMFFEA AN R A 6 I 0T P 264 19972 S o A LT o

AHFFH N BRI A BEH R, ISR B I AR A SR A ik, SRS T DNA
PR BB 15 22 2570 B1 - (Methylation-sensitive amplification polymorphism, MSAP) 751k, %%
R A2 IR BR A B L A2 1) DNA FIEAG KA S8 AR AL o 3 I FEDREAN [ B IR S AR A B 4
A IR K. B S, k20 GRMIE AL 27 1R A B R AR AT A2 U e R Ge K B LRI B e
Fen
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QY iR SRS DARES

1.1 #R&HEH DNA 12EL

FEFFALAY S 1 R YT UR Bl 5 (1) — AR AT LAY MERR, B4 1 300 4. 2009 4F 4 H 6 H RAEH]
B HAMFFR AT (0 2F, ) 205 i BOH e A R ISl v (YZD), SERPE TR rER I R 4R
HWAISERE R, TN 4 CUKFEIRAZ % H . 2009 4F 4 H 18 H, R &G At A IR BRI B (YZ2)
AUEEAEHEMAERERMIERE M (YO, MEBNBE IR, RS, 78 - 70 CukH R
R Tl (CKO MERRLE B IR RZMEH S, W) 1300 4. 2009 4F 4 H 1 HRAEW
B RN PR S T (RS ARl s, B TUKAE 4 ChORAFH .

KB K CTAB MEHEBUR AT 3L R4 DNA; HOFHR AT FEIR 41 DNA [ HR B R &
R B A TR BTHE DNA 328 1.5%E IR B EER B skl , I F e e vk e w40, - 20 C
TRAE%

1.2 @Y. %3%. PCR ¥ & ik

F 8 Xiong 55 (1999) W7 iEREATEED). &H: ) PCR §3.

54 XWHERY WG YR S B ZEFR S (2011) [FSCHR, 1 EA00 + (TC. GA. CG. TG)+ E00 +
(TC. GA. CG. TG). E00+ (GC. CC. CA. CT. GG. GA) MHINPHAHEHEL X EA0O + (AL T,
C. G M1 AN M5 TAG. TCG. TTC 584 &k 851 mEs) (% 1),

LRI SR SRS, B 10 pL BFET 6% PE 2 NI Ih i et lec gk A7 308 LUk, FLIK
3.5h AeAy e o

AL S 5P YR e A TAY TR (R A R A A5 e

R®1 MSAP Sy FsIHEs

Table 1 Sequence of adapters and primers used for MSAP analysis

4%, Fx Name EcoR I /7%l Sequence Hpall/Msp T J#%1| Sequence
3k 1 Adaptors 1 5'-CTCGTAGACTGCGTACC-3' 5'-GACGATGAGTCTAGAA-3'
$%3< 2  Adaptors 2 5'-AATTGGTACGCAGTCTAC-3' 5'-CGTTCTAGACTCATC-3'
T #4514 Preselective primers 5'-GTAGACTGCGTACCAATTCA-3' (EA00) 5'-GATGAGTCTAGAACGGT-3'
5'-GACTGCGTACCAATTCA-3' (E00)
WP HE5]H) Selective primers combinations EA00 + (TC. GA. CG. TG) TAG. TCG. TTC
E00+ (TC. GA. CG. TG) TAG. TCG. TTC
E00 + (GC. CC. CA. CT. GG. GA) TAG. TCG. TTC
EA00+ (A. T. C. G) TAG. TCG. TTC

1.3 BRELTRRAMNN S REESIT

FIEAL AR SR K1) 70 S 1 Chen 55 (2009) 1117772, MSAP 73tk & Hpall 5 Msp 1 [F] 24
(IR UIAT AR, {H EcoR T 5 35 WU 5 P9 # 0 BG U) AT s PR AUAE AR ANTR], o 0 B ARK
Sy 9 3 R, 1A Hpall 55 Msp I B34, AARAERIEALA S, T8 Hpall 4. Msp I
Toitts, ARFEHILALAL A T AL Hpall . Msp 1 4345, AARAFILAA L. AHich “17,
TAd A €07,
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B AFFRA (YZD) 5#AT (CK) 20/, AR AT A R ER (YZ2). MHFFRE G
HARRER (YC) FIARA (CKD 2 ] [1) Hms g AL AR B 2y RS T BRI,
RWILEMFFR AT SR AT T 820 BIAH [F] 1) CCGG s 1T RRIRZ AR, WP Mumsne F LA £
MR S 2 B A4k, X250 A 1T-A, 11-B. 1I-C. II-D. II-E HiF2K. 11-A EpRHF4R
5 FEXTFHLA (0 Ak 59 BT R A2 25 BRI s T1-B SRR R AL AH B AR AT (17) FF A0 184 53 YD
RAEBHFIEAMN A TT-Cy 1-Dy 11-E FRORMFFARA AN TARA, BRI IS 5
FIUA FFIEARIESR, (RS, TRRIUA 2 &ML, MXFh 2 &M 44T LU Mendellan i3tk
HEATAZ AURRE G, 2009),

2 L5

2.1 EATEAMFFERZS DNA faig R E L K ERERT RO
2.1.1  HAZH BT AR S A4S DNA Jergee F 4K

M 54 X MSAP 519kt 22 X5 A&, 738 AR R AT 498 453G T nl HE (1Y) DNA %47,
FEASTA AL i A ARSI 28 AT A 237 A, B SMERN 47.6%. o, AR A0k 139
A AHEEN 27.9%; VALY 98 4, PRIEMEN 19.7% (K 2),

22 WG, i AR 384 ARIEMT AT HEY DNA 45y, FEAXEy BIAr s, R 25
SAUAL 163 A, BFFIELEN 42.4%., Horp, AFILAL A0 98 4, AR N 25.5%; FH
FEAAL RN 65 A4, ERIALEN 16.9% (K 2).

W 0 PR R A R A 28 R B A 4 AR R /K v 12 FR A KF

F2 MFREMBREHHNNSEEHGPRELKTE
Table 2 Methylation levels of budding stage in Ginkgo biloba var. epiphylla Mak. and G. biloba L.

MSAP #1472 7]. MSAP band type

HE e I m

Material bands 1k 1 %4k Non-methylated - FAJE4Y Hemi-methylated 4= F3EAE Full methylated
417 %% Bands % 2717 4 Bands % %l # Bands %

HFHR A YZ1 498 261 524 98 19.7 139 27.9

A CK 384 221 57.6 65 16.9 98 25.5

2,12  #HHh AT A4R S A4R A DNA fosve ¥ A AR X 49 & 57

H B 1 ORISR 3 n A, IERFARA ARG TR A A 1 A e R AR IO PR A A 414 1S, R
LT R 47.9%, AT 450 A, B IR ) 52.1%; R AR RS, AL
XA KB HIE (R 3, I1-Al. 11-A2. I[-A3) (67500 1144, B B67 401 13.2%:
KA AL (83, 11-Bl. 11-B2. 11-B3) M7 820126 A4, (5 S A7 5511 14.6%; AHXS T1X
32K (%3, II-C. II-D. M-EAL8D MM AR 210 A, (5T B0 A 24.3%, RETEX
=R B I 2 0, AH 2 A 22 28 PR A AT LU i B 1) o R A% R

TR I FFAR A AR TR A AE A AR e 28 F DA A o 32, IRFARA 1588 Y 64k A
e T AR R
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1 BHHHFRESREFELEINTLE
H: EcoR I +Hpall Wfi); M: EcoR I +Msp I MEil); M: 2000 bp DNA 2 T EArfE; YZI: MFARA; CK: 4.
Fig. 1 The type of methylation amplified polymorphism sites of the Ginkgo biloba var. epiphylla and G. biloba L. at budding stage

H and M are the combinations of enzymes of ECOR I /Hpall and EcoR I /Msp [ , respectively.
M: 2 000 bp the DNA molecular-weight marker. YZ1: Epiphylla ginkgo; CK: Ginkgo.

F3 WEIHIHTREMRE RS TE
Table 3 Different patterns of methylation in Ginkgo biloba var. epiphylla and G. biloba L.,
numbers of sites, and frequencies at budding stage

eit] HEFFREY YZ1 B CK (OA=E LERD
Class EcoR [ /Hpall EcoR I /Msp | EcoR I /Hpall EcoR [ /Msp | Number of sites  Frequency
1 414 479
1-1 1 1 1 1 372
1-2 1 0 1 0 12
1-3 0 1 0 1 30
1I 450 52.1
1I-A 114 13.2
1I-A1 0 0 1 1 42
11-A2 0 1 1 1 36
11-A3 1 0 1 1 36
1I-B 126 14.6
I1-B1 1 1 0 0 36
11-B2 1 0 0 0 42
1I-B3 0 1 0 0 48
1I-c 66 7.6
II-c1 0 0 0 1 24
1I-c2 0 0 1 0 42
1I-D 90 10.4
II-D1 1 1 0 1 30
1I-D2 1 1 1 0 60
1I-E 54 6.3
1I-E1 1 0 0 1 18
1I-E2 0 1 0 1 36

e “0” RBEAT R 17 RRY W,

“p”

Note: “0” stands for the absence of a band, and stands for the present of a band.
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2.2 RRATHEIMFFIRE DNA REMENE R &K REX T RZ S

22.1 Rt et A4 b et DNA Jeegee F ALK

M 54 % MSAP 51k th 40 X5 A4, 3= B A ek (YZ2) SR (YOO 1)
HFFERAY JARAY (CKD 767 600 12 367 45i5 M7 nl 1) DNA §HI47 i, FEAEBH MG A7 s rhksri) 21 5
IR, AR 370 AN 243 AN K 152 4, B HELECN 48.3%. 40.5% K% 41.5%. Frb, HEALLT
KN 176 AN, 148 DR 107 A, AHIEALEN 22.9%. 24.7% 5 29.2%, - HIEALAT A4 194 4. 95
AN 45 A, EHIEAEE N 25.4%. 15.8% K 12.3% (K 4). iR ER, JEHIY YZ2. YC M2 CK 1
DNA Jimgng I K EAE, YZ2 K= T YC 5 CK, YC 5 CK IR LI /KP4 . i
KA I A2 R R R S PR R IR B 5 o A A G . HHFPARA I ORI, B alir 3 8654
FERFRIAUUER, WA HIURHING .t R AR A A BRI B RS LR G R B K

#4403 MSAP S4B A TERMAMHFIREMRS SR EA R RN HER

Table 4 Number of bands amplified using 40 MSAP selective primer combinations in Ginkgo biloba and G. biloba var. epiphylla at
leaf-expansion stages

L JrrgasEg MSAP §HEA 2SS MSAP band type

Material Total amplified [ 4EHI%E4k Non-methylated 11 2§54k Hemi-methylated I 4= F 4L Full methylated
bands 441741 Bands % %4l Bands % %l # Bands %

HERER YZ2 767 397 51.8 194 25.4 176 229

T AEREE YC o 600 357 59.5 65 15.8 148 24.7

AT CK 367 215 59.6 45 12.3 107 29.2

43 EcoR I +Hpall, EcoR I +Msp I (Fermentas Lithuanian) N JJEEAN A 5149020 5% Fg -3
MEOFFELAY . ARAY SRR ZH DNA BEATRGD). 8. P 3. EEMEY 1. 6% IR Bt k.
PRSI, SRAFIEAIEW . HEEG . WHIREABAL T E B R R A AR R R R
oA IR ER S AR A MSAP § B8 1% (& 2).

YZ2 YC CK YZ2 YC CK YZ2 YC CK Y72 YC CK

HM HMHMMHMHM HM

2 RHEMHFREMRAEFRLE DNA RELERGIAE MSAP i HEE %
T JEHEAAI AT T PR A T AT, H: EcoR I+ Hpall X§H); M: EcoR I +Msp I XUV
M: Marker; a~d: ANEILY S0P WL, YZ2: HHHRSAEMERSR: YC: FHFERE LML R CK: A,
Fig. 2 MSAP fingerprints of Ginkgo biloba var. epiphylla and Ginkgo biloba genomic DNA at leaf-expansion stages
[ : Non-methylated sites; Il : Hemi-methylated sites; III: Full-methylated sites. H: EcoR I /Hpall double digestion; M: EcoR I /Msp [
double digestion; M: Marker; a - d: Different primer combinations; YZ2: Epiphyllous-ovule leaf of epiphylla ginkgo;
YC: Normal leaf of epiphylla ginkgo; CK: Ginkgo leaf.
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PERLLAE: HOFFARAY DNA HIEEAE K SR AR 3 1 WL

1541

222 Ert vt Ar4R A Fe4R A DNA Joegve P A A X 69 & %
mB 3 2 5 Al 40, A 40 X4 8GRI B 1734 440, AR R R (YZ2) A

YZ2 YC
M H M H M

1 500 bp—s-, —=—I-al

1000 bp—=

500 bp—e

200 bp—e-
~—TII-El

-2

1500 bp —=
1000 bb]]: -

YZ2 CK
M H M H M

500 bp —e
-l -E1l
- I-A3
-— 1-A2

200 bp—e-
-—11-A2

-] 7

'
s

I -
-] -B2

~-—I1-B2

3 RAMFREREMLECERE

Fig. 3 The ratios of methylation amplified polymorphism sites of the Ginkgo biloba var. epiphylla at leaf-expansion stages

5 RHEPHFREMHERKENFLHEBRKRRERENERHEL
Table 5 Different patterns of methylation in Ginkgo biloba var. epiphylla and Ginkgo biloba L., numbers of sites,
and frequencies of at leaf-expansion stages

3 3 8 s
¥ f;j*m fgﬁ”m Gl % f;j A %CEK” Gl %
Class H M H M Site Frequency H M H M Site Frequency
I 261 454 179 35.8
I-1 1 1 1 199 1 1 1 1 116
1-2 1 0 1 0 11 1 0 1 0 10
-3 0 1 0 1 51 0 1 0 1 53
I 314 54.6 321 64.2
1I-A 47 8.2 24 4.8
II-A1 0 0 1 1 11 0 0 1 1 7
11-A2 0 1 1 1 30 0 1 1 1 14
11-A3 1 0 1 1 6 1 0 1 1 3
II-B 92 16.0 140 28.0
1I-B1 1 1 0 0 30 1 1 0 0 61
11-B2 1 0 0 0 35 1 0 0 0 34
11-B3 0 1 0 0 27 0 1 0 0 45
II-c 26 45 15 3.0
II-c1 0 0 0 1 10 0 0 0 1
1I-c2 0 0 1 0 7 0 0 1 0
II-D 84 14.6 81 16.2
11-D1 1 1 0 1 24 1 1 0 1 62
11-D2 1 1 1 0 14 1 1 1 0 19
II-E 65 11.3 61 12.2
1I-E1l 1 0 0 1 6 1 0 0 1 11
1I-E2 0 1 0 1 52 0 1 0 1 50

Vd: H: EcoR I+ Hpall X{#§Y); M: EcoR I+ Msp I XU .
Note: H and M are the combinations of enzymes of ECOR [ /Hpall and EcoR I /Msp I , respectively.
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XM AERER (YO, Ay (CKD RIS AR S 8RR I B R 1A 261 AN 179 A, (AR
YL I 45.4%. 35.8%, AR A 314 A 3210, (NPT AL K 54.6%. 64.2%; TEEA
AR, YZ2 0T YC Mo CK ORAEEHIAL (85, 11-Al. 11-A2. 11-A3) HIfisih 47
A 244, R AT 8.2%. 4.8%; KAHFFEAL (85, 11-Bl. 11-B2. I1-B3) HIfisi 92
AL 140, ERTHEAL ) 16.0%. 28.0%, AIXFTIX 32K (5, 1I-C. 1I-D. I-Ef7if) £&
PERT S50 175 S0 1574, RGHA7 251 30.4%. 31.4%. S5 SR, M-Sk 2R BEER I AT AR AT
FEOOS T TE AR R BR B R PR A S AR A PR AR S R DA 2 A AR S b 32, b AR IR BRARDG T T A i
BRRE A A 2 ST b BB IEAL (16.0%. 28.0%) T2 WAL (8.2%. 4.5%), YZ2 M
XFT CK 8 LR s, R iE At .

3 e

DNA HIEALIERDI AR KOk B ik il mE R, EARAESFE — AR AR E
BB, JER4] DNA (1 I ACE R A E 22 5 (Zhao et al., 2007). BliJEiiss (2005) [AFFTIE
B, F13% (Brassica campestris L.) P~ A ik Fe H [A] B kA2 RS AR 2 FR AL, DL2s AR SEA i
SR, SR AT e L AN B A Ry SRR IR R IE, R A e BRI AR KR B R A%
B

WA IR AT B F A KT (47.6%) W3 m TARAY (42.4%); et itk ik AR R BR .
A R ER S AR 1 B AR KT 43 0 48.3% - 40.5%F11 41.5% . NS L i S HIE & 30, HAFER Ay
(AL A AR A . WU R R, DNA IR EAGRR R, B SRR o D RE & (1 0 ) ml e Pk
BN BRI 55, 2009). MOFFARA I AL, UL R R S S BB I R —e 1
RIPE . RWMBL R E— B I ZE R LR & S EUEW AR E B A FE I S0, e 2 BB AR5
LMRE (Reik, 2007). HOFFERAT (1) AL 5 0B SRR AR AL 5V LA — @ IO AR DG . AT
TR RE— 20 IS AL 27 (1 £ B ER DT HFFAR A R e R G R B ML B T — e 2o

KGR PR AT S5 AR A 2 F] R S A S QA S R I, AN T8 A2 1 B 3 0 ot e e S I R R A
ERA A AR 2 AR e, 2BV R I Lo B s TSt e, e 280
SRR 2P AR TR, W L IR . SO R A AR R R S AR I A (H R TE AN AR
T EE =R 2 B MEAR 7R, IX 5 Chen 25 (2009) 7EXT KA 224 (Cymbidium hybridium) 855k
e S o I g S — 8, EWANITAEEFEMFRREAER. HlEER
(Sequoiadendron giganteum) S ARARIY) T ST AL, DNA FIEAL K AR B A AR K H
B B B 4y & AE 48 (Monteuuis et al., 2008).

BB, AR AN TAA FL S M LMK T 2 38 R L, fE 2 Sk R e . 7
AT R, R AR AR R BRAE KT R AR A JE I A R R SR A IR A I L I AR T2
ML, 762 AP L] b 2 IR LU Bl 8.2% 1 4.5%, 1T HE H AL LL 1 4 16%FH 28.0%, /R
JWRBRATOS T TG A Bk B ARAY LUK R B AR S 10 0 =, A RS AT T A L A A AP B
AR IR FE S . Santamaria 55 (2009) 7EXJRRKHHZE (Castanea sativa) ZF [ R & B B4 25
H LA 20 DNA FIEAE R 50 R IAFAE AR T AR A, WAETiZErp, 2R st 40 K F
B0, R AL ACT B IRCEE T ZE I I DNA AL 7K PE 2, DNA FILAL7E—4FE
PRI K . FEIREE (2012) FEXTTFALIZENPTIE TR,  FFACIH I 2 NPT 7] ik A= Ak R 2
I, (HR A 25 ORI R W1 B K TR A LA AR, $5e 20 B F LA KOP B S 3 BRI
AR R G AR, BARAZER, (SRR E AT E AR J kB mFF A A g
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WPE RO G RER 55, 2011), pbdfEl], wiokPER Ay o 9 AR AR ) vz AR S5 g JLnFF
BT A R ERTE e it 7 R M AL 7 BE AL, Ui W I RF AR AT A IR ER IR T i B AR B A B 1A oK
Haetagsite. BUNAESE (2009) HIBFFCAIN R, FE DRI S 40k PR RS AL S 03 s A ) RS DR R,
HIXFh S i 30 # 5 (methylation patterns) R inifE 44K,
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