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Abstract; Genomic methylation characteristics were influenced by environmental factors. In the study of epigenetics,
represented by DNA methylation, the preservation environmental of postharvest samples, especially the samples in the
remote place, would have an influence on the later experiment. In this reason, standard sampling and preserve opera-
tion were crucial in the field of epigenetic. But the related research was few. Therefore, we studied Castanopsis chinen-
sis in South China Botanical Garden with F-MSAP sampling strategy using wilcoxon signed rank tests and unweighted
pair-group method with arithmetic means( UPGMA ) methods, in order to find out the best way of sample preservation
in five different environments ( Liquid nitrogen, =20 °C, allochroic silicagel, hermetic bag and 75% alcohol). Using

the orthogonal experiment method, we optimized the F-MSAP system and screened nine pairs of primers (E3-H/M2,
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ES-H/M2, E6-H/M1, E6-H/M5, E8-H/M1, E8-H/M5, E9-H/M2, E11-H/M5 and E14-H/M1). Additionally, we

briefly described different periods of methylation level and genetic diversity. The results showed that hermetic bag pres-

ervation was the most appropriate way. And the half and total methylation rate of mature leaves was 27.83% and

51.13%, higher than that of young leaves. The full methylation rate of mature leaves was 23.30% , lower than that of

young leaves. The average percentage of polymorphic loci was 39.60%. Shannon information index was 0.207 + 0.002,

which showed a higher level of methylation and genetic diversity.
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HHr & A PSR IE Y] DNA F Ak i B 2L
(WA Oy 2 TERE ) A K R B Mtk ki AR i
HEZMEER, JF W& 2T 7E DNA XY
5 A% A5 53 3 & ( Johannes et al, 2009; Paun et al,
2010; Angers et al, 2010) , JT4E2k, DNA HILfLE
B R 8 RS 2 —  RR TR AR S0 5T |
H TR [ AR R R 1 =2 R ) DA R Y ]
PR B B PEBL] , B FSE DNA H AL XA )
T SR FRIR VA S RN 3 PR 728 A B 5 22 W AR )
A B 23S ML RN ) 32 T Be iz — (AR e
4,2008) , [HIZ, AT T FE P 417 51 F#1iE, DNA H
AW ) e PEPE T 35 AL R AE XS S S0 5T  2k (A) 5 Mi )
WD BAIESE

M H AT FE A, — 5 AR I 55 1 4 £
(Antirrhinum majus ) (%% ¥ Tam 3 J5 51 () H Ak
KPR B, A — A T AR P AT g me O I R E Al
(Hashinda et al, 2003) ; T Wrif 155 S K F& DNA H
BAIKP KA SR IR A T0% a1 52 B 0] 46 AR ZS
(Wang et al, 2010) ; 45 55 YL 0 )it DNA 32 2| i 38
Je WEEAEKF BT, 2S00 7 R 5 &8 2 vl 0 2
Ak (Kovar et al ,1997) . H— T, FZ W5 L,
FMBAL AL 57 58046 2 e A7 WA IR R, ol sl
) R 35 1% A8 S LA 3 I Pk T 8060 5 Wi 3 b7 174 ok
s A B F oAk (Kaeppler & Phillips, 1993
Stokes et al, 2002 ; Klironomos et al, 2013 ; Herrera et
al, 2013) . VF 2 1 BR85S 30 51 K R )
DNA HEEAL 3 3t A 22 73 AR 22, vl DLAE—
BEAH W) g5t % 0K ( Calarco et al, 2012; Klose &
Bird, 2006 ; Heard & Martienssen, 2014 ; Morgan et al ,
2005 ; Paszkowski & Grossniklaus, 2011) ,

FA AL A e RTE A P X LA R 1 AT 58t
R THRRMEOR . BERA W V2080 EH AR
TE RS E PRI, 25 2 70 S sk 8] P PR P 455 PR 3% A2
o UHAEARAKE Yy 0 A 2835 W HL I ) ot 5 v, I
SRAE 3 53 O 22, SR AR R A5 B S52 [) Jet, Jfe 12 57 B )

DNA JEFFHEE, 1 26 A Ak R 1R 3 1 e L ikt 4%
WFFE R, B i SR S AR A7 IR B X I 10 S 08 HL A S
DRI, AR ST a0 A R ) SR R AR b AR A7 B 1 L
A EREEMPLE L,

HETE W RN RENIREF, B EHE
A% SR T8 1 A 2 24 R e o %) i A7 (T 0 0 4
2001) . JEHE PO F B2 BIF 53 S35 AL 2 R 1 43
AT RS S R A BT 7 P IR T BILART AR SR T I I #A
( EUfrid 55 2004 ) , [HAERF TR, HE SR 5 OR 4
Ji , USRS SR ABE ST, A fal BE % 5 4 1 AR A7 BE &
IR AT RE /D A B R 855 R 22 %6 DNA LAk 1 52
), D A A ST AR AE R, AR SO S A e e el
HETEM B R RRAE 5 26 F-MSAP (5200, A [H] A4
KB B FH AL KO st AL Z RS BT T RGE0T
5, LIRS 4 5 FR 5 Ab 06 0 o B 2 45 B ) R
FESEME 3515 ZREE AT R A BRIE 48 5

1 MR 57

1.1 HARE

DIER A bel N 25 BREESEAE A TR X4, 43 5]
HEATHE A R A IR A 2 4l R

FEM AR B RRAE SEOR A 5 1 fdt R L
A 3125 o M RIETR Ik —ar o = 2R R S
H,—F RN IR, 2y AR 3 BRI AR I
AN BRRR 3 7 BRI 3 gt 218

S JE AR S AN BT [ 5256 2 AT — 2B
1.2 DNA 2B

FEA AR . 5 MR 2 (AR VRAG A
-20 CARURALIA AR RENE TR R 2% B 4%
EAFRA T5% NG R WA ) A0 EE 24 h e, H R
) CTAB HLH2 B DNA (R EEFA S5, 2004 ) , X JE 2T )¢
4IRS I R >R 5 7 BRI HC DNA
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FETH T 19 BB W 528 e HEL Uk 6F DNA 3R 47 7 e A U
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1.3 F-MSAP

DENEhR e W AL BUR Y 1 L2 5% (fluorescent
labeled methylation sensitive amplified polymorphism,
F-MSAP ) 52 7t 5& AL 85U 1 22 254 (methylation
sensitive amplification polymorphism, MSAP ) [ fii
EXFEPEPE S AT T ORI, F-MSAP 445 4
BB FR  BIIR R EHRFR YR R A I
PEMEY AR (W IR% 2011) . BN MR E S
B, A Z8 b B DD IR 1] | 32 S 1) R TR K
I IA) AR 3R, 256 AT 12, ) Ty 1 14 3 e 5
PEY IR RIEAT AL, 75 B4 5 F-MSAP £ /Y B
PERBIARZ . R FHIILER 1,

£ 1 F-MSAP #LFE7

Table 1 F-MSAP adapter sequences
Bk Ak Hek P91 (5'-3")
Adapter name Sequence (5'-3')
EcoR 1 -adapter | CTCGTAGACTGCGTACC
EcoR 1 -adapter Il AATTGGTACGCAGTCTAC
Hap T/Msp T -adapter 1 GATCATGAGTCCTGCT
Hap 11 /Msp 1 -adapter Il CGAGCAGGACTCATGA

A LI1A .50 wL(DNA 500 ng, 10xBuffer 5 wL,
EcoR 1 10 U,Hpa I1/Msp 1 10 U,10 mg + mL" 100
XBSA 0.2 pl),37 CIHEMEF 6 h, 65 C A
10 min,

AR .50 pL( BV 12.5 pl,5 pmol - pl!
EcoR 423k 1 pl, 50 pmol - l.Ll"Hpa ]]/Msp I3k 1
pL, 5 U - pL' T4 % 0.5 pL, 10xT4 Buffer 5
wh), 16 Ci#E g 7%, 65 C 221 8 min (Vos et al,
1995) ,

WY HEAR R 25 pL(5 U - wl'Taq R0 0.4
pL, 10xPCR Buffer 2.5 pL, fH 5 pL,2.5 pmol -
pL" dNTPs 1.6 pL,10 pmol - wL' 58145 1 ul) ,94
CHAEME 4 min;94 CAEH: 30 5,56 CiR Kk 30 5,72
CAEA 1 min, 25 MG ;72 CHEH 10 min,

WREMEY K R .25 pL(5U - pL' Taq A4
0.2 pL,2.5 pmol » pL" dNTPs 1.6 pL, 10xPCR
Buffer 2.5 pL,10 pmol - pL'5[#)4% 3 wL) ,94 °C il
AF P 4 min; 94 °C A5 30 5,65 CiE & 30 s, BEME
IR SR JE AR 0.7 °C, 72 CFEH 1 min, 12 ME
1394 CAEPE30 5,56 CiRk 30 5,72 CIEH 1 min,

23 AMIEHF ;72 °C ZEfH 10 min,
1.4 3| fHiE

TE EcoR 1. Hap 1/ Msp Lii FH5 1 9y 2l I, 8 1k
WINBEVLARFE, 215 H 128 519X} ( Xiong et al,
1999) . HLALIY F-MSAP 1A R il 4T Z8PEY 3, 7
Y5E T 1% B RIS F VK0 2L 0 i , I 6% 72 PE2R
PR IR BACERE R FL UK G | B 63t O X AT 4 48 i 5
W B2 SR A i 1 Xt (R 2, 1)
1.5 RS

FIH GeneMarker2.2.0 #4132 B9 Sehmic 514
PP 09 = 0B 4145 H UK ( High performance cap-
illary electrophoresis, HPCE ) it 1 ( R I fh &5 ,2014;
e IAE,2014) 5B RoR Y R BOR/IN 5O
{E AT, FEH 30~ 500 bp (9 BOdE AT R —LHIBE5E

P2 DX T i 20 2 e B o/ i Bt e 46
J% 0/1 IR I, BN e 7 1, A AT IE
“17JCARHTIC 07 (FRBK ISR, 2014 B FE UK AT,
2009) . H4E Hpa M/EcoR 1 1 Msp 1/EcoR T X
g DA s Y 22 e e PRI 21 Y B 20y 3 il
LY SRR 1-17 XU Py g e 4 T Al TR id
YE“1-07 , BABE AN g w2 Y BLAR s TR 32 /B 0-17,
Jif g g R H 4k ( Salmon et al,2008)

H34 Gervera et al(2002) 545, 418 MSAP —JC
KL A SRy W A SR 2 5 S S ( Methylation Sensitive
Polymorphisms , MSP ) , B¥ J5 5 B i 0-17 “1-07 1y
PLEIE R, Hegid o h« 07, DL ISR 2
A JH B% ( Methylation Insensitive Polymorphisms,
MISP) , B R R -1 e o < 17 e idh
“o”

5 R G BR AT log bR BUH — b4 E AL
P, Kolmogorov-Smirnova ¥ 535 , 73 B 5% 5 2H -5 % I 21
P14 BBUR B AT A IES A, IR A, 52
B2 55 0] HRZH TP C X, FH S H ik it — 20 70 #r
W), PP SHUG I (S8R BE45,2000)

2 HERH4M

2.1 AEHRREAXHEERENEMASIT S

AT 9 XF 5 4 e H 3 XF (E3-H/M2,
E5-H/M2,E9-H/M2) 43 5%} 5 Flke S AR AE AL FRZH )
DNA 47 F-MSAP 434, F& T FE PR 41 H 36 Ak Y
O3, GETT I A X HR A 45 L A b Ak B, Bk
i 38 3 WG W T P GE T AT v, AR IR A S X
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Table 2 F-MSAP adapters and primer sequences

Hk RGIWFII(5-3")

g AR Adapters and
Item Name primer sequence
(5'-3")
Y5 EcoR T +A GACTGCGTACCAAT-
Pre-amplify TCA
primer Hap I /Msp 1+T  ATCATGAGTCCT-
GCTCGGT

BB 1518
(FAM Ry etric)
Selective
amplification primer
(FAM: fluorescent
labeled )

= <1E7/b0)

Optimal primers

E1(E +AA)
E2(E +AC)
E3(E +AG)
E4(E +AT)
ES(E +CA)
E6(E +CC)
E7(E +CG)
ES(E +CT)
E9(E +GA)
E10(E +GC)
E11(E +GG)
EI12(E +GT)
EI13(E +TA)
E14(E +TC)
EI5(E +TG)
E16( E+TT)
H/M 1(H/M +AA)
H/M2 (H/M +AC)
H/M3( H/M +AG)
H/M4( H/M +AT)
H/MS( H/M +CA)
H/M 6(H/M +CC)
H/M 7(H/M +CG)

H/M$( H/M +CT)

E3-H/M2; ES5-H/M2; E6-H/MI; E6-H/MS5;
ES-H/M1; ES-H/M5; E9-H/M2; E11-H/M5;

E14-H/M1

FAM-GACTGCGTAC-

CAATTCAAA

FAM-GACTGCGTAC-

CAATTCAAC

FAM-GACTGCGTAC-

CAATTCAAG

FAM-GACTGCGTAC-

CAATTCAAT

FAM-GACTGCGTAC-

CAATTCACA

FAM-GACTGCGTAC-

CAATTCACC

FAM-GACTGCGTAC-

CAATTCACG

FAM-GACTGCGTAC-

CAATTCACT

FAM-GACTGCGTAC-

CAATTCAGA

FAM-GACTGCGTAC-

CAATTCAGC

FAM-GACTGCGTAC-

CAATTCAGG

FAM-GACTGCGTAC-

CAATTCAGT

FAM-GACTGCGTAC-

CAATTCATA

FAM-GACTGCGTAC-

CAATTCATC

FAM-GACTGCGTAC-

CAATTCATG

FAM-GACTGCGTAC-

CAATTCATT

FAM-ATCATGAGTC-
CTGCTCGGTAA

FAM-ATCATGAGTC-
CTGCTCGGTAC

FAM-ATCATGAGTC-
CTGCTCGGTAG

FAM-ATCATGAGTC-
CTGCTCGGTAT

FAM-ATCATGAGTC-
CTGCTCGGTCA

FAM-ATCATGAGTC-
CTGCTCGGTCC

FAM-ATCATGAGTC-
CTGCTCGGTCG

FAM-ATCATGAGTC-
CTGCTCGGTCT

32 52 61 65 81 85 92 115 14-1

250-

Bl 1 FiEE e 9 X5 M IKE M. DL2000; 9 X B4414
32.52.6-1.6-5.8-1.8-5.9-2 115 14-1,

Fig. 1 Electrophoregram of nine pairs of primers M. DI.2000;

nine pairs of optimal primers; 3-2, 5-2, 6-1, 6-5,
8-1, 8-5, 9-2, 11-5 and 14-1.

R 2H 22 S dc /N A BRLAH 3 HR e DR i DR A 7 X
Kolmogorov-Smirnova K345 5 (% 3) B, 30 414K
b A 18 AT G IES A, L, Sk 5
Xof B G XF 22 S M O B gk AR S BOR 5
Wilcoxon signed ranks tests , K 3625 5 UL 4

Wilcoxon signed ranks tests #5645 % g7~ , 5 H
B X IRAAHLE ] 75% RS DR AF RO S St 7, 3 b i
SEAREY 1 ZR B 22 S B3 5 T -20 CI8 R
TRAFI 2 WP AL 4 W AL 1 25 2022 S Yk
F ORI RT3 22 5 AR (O ik i AN R PR AT
f, 2 AR 4 AL 3 S B e AN B35 R
Al 22 S W S 35 5 TR B AR R A7 1Y, 3 i T AR
AT,

5 FRE AR A 7 2N DNA Y 3R Ak A8 114 52 i
P /NEI DRI g 5 B AR R AT IR IRAE A (8
FERRORAT (=20 C Y URERAT TS %R IRAT . W1
TEFRAERE AL ORAF T SR BRI
2.2 AEHFmRFA IR REAL MBI R LS

FIHHES B 30, GEit o B A R it R A 5
AT A RE S, a] L) 20 5 A [l b 255X
X DNA FBEARAB M 5 0 () K/ INVRR B (R TS T HE B L
MR ZE R R 22 5, IR R BT R
Fo T REARRIAL I Dy — 28 A S LR AT IX 3, ml LA
i TR A ) R, Bk B RS I8
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% 3 Kolmogorov-Smirnova #3645 R

Table 3 Results of Kolmogorov-Smirnova inspection

SR AL X AL

Exverimontal J 1% =4 I #4
Xperlmen a group an

control group Type 1 Type T Type Il
TR IR 0.017 0.200 * 0.200 =
Liquid nitrogen control

WA 0 0.200 = 0.200 *
Liquid nitrogen

-20 CXf1H 0.079 0.200 * 0.012
=20 °C control

-20 C 0.001 0.200 * 0.200 *
75% S KE X HE 0.200 * 0.058 0.200
75% alcohol control

75% P K 0.200 = 0.200 * 0.200 *
75% alcohol

B 0.007 0.200 * 0.044
Hermetic bag control

GoEa R 0.008 0.200 =* 0.200 *
Hermetic bag

G ERG IO 0.01 0.200 0.200
Allochroic silicagel control

AR 0.009 0.200 0.188

Allochroic silicagel

o« BFITR AFEIESD 0,

Note: *. A lower bound and does not meet the normal distribution.

% 4 Willcoxon signed ranks #3845
Table 4 Results of Willcoxon signed ranks

TAEMBR o TERHGE WA

. o0 G o . Lo .

Methylation 75% alcohol =20 C  Allochroic Liquid  Hermetic
type © alcono silicagel  nitrogen bag

AL 0% * 0 %% 0.165 0.341 0.097
Full methylation

A

Hemi-methylation

AH AL 0 s 0.692 0 # %

Non-methylation

0.001 s 0= 0.082 0.073 0.976

0.004 == 0.857

o ZREIHERFN/NT 0.001, 2550 BE; «. ZREHBEED
F0.05, 2R 8#,

Note: . Asymplotic significance (2-tailed) P<0.001, extremely significantly dif-
ferent; ** . Asymplotic significance (2-tailed) P<0.05, significantly different.

K 5 Fof b B 14 52 9 2 45 X R A% R — 2K,
AR L R 3243 21 MSP R B Nei [GGsAEHE RS
MEGA #4417 9E in AL 2 ( Unweighted pair-group
method with arithmetic means, UPGMA ) & 28/ #r
(E 2) (Zhang et al,2015) , 259 R, M st A4 B
BRI AN, A AL B S 2H 5 X BREE S R R E —
AR SR AE— R B S5 WUT |, HE AN R R b DR A7 7
OO AL RE I, S MRIRERE /N B MR Ry 2 4%
PRAF 8 R B RATF TRRARTE, —20 C IR URIRAT
75% KGR A7 . 5 B Wilcoxon signed ranks tests

liquid-nitrogen—control
allochroic—silicagel—control
al lochroic—silicagel

hermetic—bag—control

hermetic—-bag

liquid-nitrogen

minus—20degrees
— Eminus—mdegrees—control
alcohol—-control

alcohol

0.010 0.008 0.006 0.004 0.002 0.000

Bl 2 O [EIAE A R AT T S 5 0] IR 2 SR 2 2R

Fig. 2 Cluster results of different preservation environments

SEILILAR — 5, W AAS A5, I F-MSAP A
X HE S SR B M EA T T S ), 28 BRSO AR S5 i
FRE A, BE I R JEE s /D X J 1 SIE B0 ) 5 M, DAy e
FEORAF T2
23 HERRNEENERELIFREST

HE S B A RN 43 0 HEAT F-MSAP 93
P 2 828 2%, 43 377 5%, A2 T
164 (27.83% ) AL H 346K (51.13% ) ¥y F 4t
(21.35%,45.90% ) , 1 4= H FEAL % (23.30% ) (IR 40
M (24.55%) (% 5), [F—"MAEARF AT BB H
K25 57 RIS A KR B b R AR KA
BERARERT eSS T W 3R fb R, B T — e L
() 2% F b A (FMVEE M, 20135 26)5F,2011)

%5 FEAEBEHREDHRRLAT

Table 5 Methylation levels of different development stages

H B AL 7KK A gt
Levels of methylation( %) Mature leaf Young leaf
e AR 27.83 21.35
Hemi-methylation ratio

ERiE I S 23.30 24.55
Full methylation ratio

RENE R e S 51.13 45.90

Total methylation ratio

e TSR (%)= TE/ (T R+ TR+ A ; & P b 3R (%) = MR/
(T 0+ T+ T2 ) B P B A (%) = (T A+ T80 ) /(T A+ I A+ T 280 )

Note: Hemi-methylation ratio (%) = Type Il / (Type I + Type II + Type
) ; Full methylation ratio (%) = Type I/ (Type I + Type Il + Type 1) ;
Total methylation ratio (%) = (Type I + Type Il ) / (Type I + Type I +
Type II').

24 EFRREARKSHEESHESH
FHAE ol DR A 136X R 2H 50 o e g A Dol
SRR L SRR BT 00T, §
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FERGI 471 A7 A5, B8 S0 856 488 4%, Hirp
2 H A 25 015 920 4%, ~F Y Ak 4571 4013 340
2%, B AL R 51.80%, V3 2 540 0 B 4 BN
39.60% , F A4 {5 B %0 0.207£0.002 , Ui WA LRI HE W)
A B i KO I R ZHEPE (3R 6)

® 6 ERBEEZHERER

Table 6  Genetic diversity index

Na Ne 1 He uHe %P

0.840 = 1.224 =+ 0.207 =+ 0.136 + 0.157 =
0.009 0.003 0.002 0.002 0.002

39.60%

e Na. PYSEMAR AL Ne. FRCF AR AL 1 FARAFBHEEG He. F
WA B IE s uHe. Toli TR L %P. V2008 1 /4

Note: Na. No. of different alleles; Ne. No. of effective alleles; 1. Shannon’ s In-
formation Index; He. Expected Heterozygosity; uHe. Unbiased expected heterozy-

gosily; %P. Average percentage of polymorphic loci.

GenALEx {445 H 4 JE A~ 4358 1% B 85 1998 [
R 71~ 175, 380 5 A AR, 15 5] Nei Genetic
Distance FJFEE N 0.031 ~0.205 (15 5 5% %, 2010)
¥ MISP 4E 5 MSP %5 [ £ 17 Mantel K55, r =
0.806,P=0.001, % K 2H 38t 1% 78 5 55 e W 35 1% 712 S
2 G (RDOEEANE SN 9 ,2014) |

FIHT Pearson AH 3G 73 #4454 H B AL A~ BT 5L
fEF R H AR B S0 5 AR R TAH 5
K3, A 56 2R 5045 9 0.215 . -0.012 . —0.14 .0.131, B!
e I ERAR 3R 5 Ak e 5 i A% 52 WE R DG, o 3
b A H IR SR 2 A,

3 it

FEP BT & BIBE T RS At R, AR
Y AR AR R 05 SRS DNA F AL 1R
SR (Vanyushin & Ashapkin, 2011), DNA
FAGE Y A A, — R SR
FRAE G JRE 1~ 1 e, 1851717 8 428 5 IR %) 263K ( Chan et
al, 2005) , 7EMEEMME T @it DNA HEFE R Y
YEH (Goll & Bestor, 2005 ) FIAH &AL, & RNA F
L (RNAID) A5 ( Lukens & Zhan, 2007) , H 3L EL A
A DLV AT 3 X A P S TR 2 DNA 1T840 , dht
B sk U 1) AN (1% 5 IR 4 5 AR 2 B 1 ( Boyko
& Kovalchuk, 2008) . — E7EY)FhZ 385 Wpa Bt
DNA AR 0T A [] 338 455 W3 38 398 30 AN [] 114 7K
S ) ( Verhoeven et al, 2010) , {848 4 75 3855 il 36

TAE RPN % (Peng & Zhang, 2009; Fulneéek &
Kovatik, 2014) , T AR 45 & & B B PR 52375 A 14 722
A X 356 TR 3 ak A St A7 < ] S I Y ( Boyko &
Kovalchuk, 2008; Grant — Downton & Dickinson,
2006; Rapp & Wendel; 2005)

DNA H 3 Ak fT 43 8 1) WA~ 1 € (75 MSAP
WG LG AFLP 255 BN 2 L3, A Y 3
PRI 55,22 SR 38 7y e 22 S AN OKOF, R
Gt oM RIS 73, o BB T R TRl RE
PRAEDT 22 8] F-MSAP 1255, JESEUR 56 1% Wil-
coxon signed ranks tests Fll UPGMA 245 F L0,
KGR RAT 7 A 2 S R F-MSAP A4 RS 4RAE
24 h PN I T2 DR AR R A S e A /N T
PRAE 5 B 25 5 e SR 35 A5 A5 1
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