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Abstract  The DNA methylation level of 18 Chinese kale in the initial flowering stage was detected by MSAP in order to
analyze the epigenetic genetic diversity and impact of DNA methylation. The phenotype results showed that average initial flowering
time and leaf numbers was 50 days and 10 individually and there was no relationship (correlation coefficient was 0.296). Coefficient
of variability was 21% and 18% individually. genetic distance varied between 0~40 and average was 12.2276. Three classes were
grouped at genetic distance 10.62.432 bands were amplified with 5 EcoR I I+Hpa II and EcoR I +Mspl primer combinations in
MSAP. 201 bands were polymorphic bands and polymorphism percentage was 47%. Nei’ s genetic distance varied 0.004~0.467 and
average was 0.0958 so one can conclude that genetic diversity was relatively low in Chinese kale. Three classes were grouped at
genetic distance 0.04. Correlation coefficient was 0.1366 between phenotype and MSAP genetic distance so there wasn’t correlation
between initial flowering time combined with leaf numbers and DNA methylation polymorphism. In DNA pattern analysis
monomorphic methylation bands were 110 and polymorphic methylation bands were 322 of which three clusters was grouped. The
first 110 was no methylation (EcoR I +Mspl/ EcoR I +Hpa II). The second 110 was methylation bands digested with EcoR I
+Mspl. The third 152 was hypomethylation band digested with EcoR I +Hpa II. The nomethylation and hypomethylation bands
displayed more between varieties compared with less methylation bands mean the methylation polymorphism came from
nomethylation and hypomethylation bands, hypomethylation was major methylation type in kales. As a result one can speculation
DNA methylation decreasd was related to initial flowering. The research also proved MSAP analysis can also be used functional
genomics research except for structural genomics.
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g TN

J¥ ¥4 (Brassica oleracea L varalboglabra Bailey) &% E /g 77 e ik, PARKAA =N E, BRI SF D,
R4 fEaa 8, SRR R IES g R AR K AR A K, RS ER R MR K, WRIERTH0AE
SO, e B A BRSSO, 1989 4 MEFig o, 2002 4F; XIJE
WEE, 2003), [, FFFHAMER AR B R R R AR, a2 B AR T B U R ) AR A

A S YA T T R I, A 3 T AR S TR 1 K T ) DNAFF AL 7K~ B A AH 5 (Burn et all,
1993; Finnegan et al., 1996; 1998; Sheldon et al., 1999), DNAR ALKV IR AES S AR, 0. & MIF
SRS BT AL (2 255, 2002; 2003; VEMN R4, 2005; MIELKHESE, 20065 EAk%F, 2008; T-2%:%%,
2008), N ADNAHEALE MR ML E EZIL N, S 5HE M0 IF 7] fe e 5 B4 B+ 1E H (Sheldon et
al,2000;Schmitz and Amasino, 2007), 145 HF 7T A NDNAF FEAL KPR AEAL M A B AR A i@ a5 S
FEAE I 7] 544 3L IFLOWERING LOCUS C (FLC) F £ i4 ) (Finnegan et al,2005).

R B L4k 3% 2 D5k, MSAP (methylation sensitive amplified polymorphism) 5 AFLP JEFEAR[E, 15
HHET THERNATFHER, RAKEZHTREILGIEET PCR KN, FIH 5 P B R 347 P24 5y
5, BERY RFLP (w5 AR PCR MRS MER maktE, oM Z BRI ZCR AT m i o FAoids R, A
[F] 2 Ak /& MSAP &£ F] Hpall 1 Mspl B§D] DNA, x5} [F] 2485 56 65 1 M 5 K120 DNA | CCGG A7 55 1) s mg H
fBIRZAS(McClelland et al.1994), 455 MSAP FEAES AFLP —HRERGTIIFE K41 DNA T4 25, SCReR I R
I G| LRI AL 22 57, AR — R 5 ThREAI S A 10 Fhnid, 75+ RHa it 75 B3 81 2 M
M, WlFEIr. A% WS, B MR E R MOREES T Pul s 05 AR H 16 5 T (Cervera et
al,2002; [ G s, 2005; S50y, 2006; ZERIALE, 2010; MPELAESE, 2006; Salmon et al,2008). {H7ETF iR
PSR FICW RIS, BTSRRI R AT, SRS ISR R, H L AR I AR BRI
BERH LA T, RIAT A MSAP Kl 18 SFF 1 DNA I AKCSE, /M5 DR S L 2R, IR
T DNA FUEAL XS 57 DU SN, B ERIT I B R B A P R AR B A A

L& R 54
1L1FFHESF O T

18 I IF WA 5 AR 3 R A 45 R F (3R 1), SR /DA 35 R(BIIT R MK FTITIE), W2 M 75
ROEJEEIFH LTI, ZH0 RN 40-60 K, “FH4 50 K. 55 M A3/ b 8 F (IEJRPY 28 5T 3
AERMAE I . G TEIER M IT 1), WE M 15 Fr(BEIFE), “FHH A EC8 10 Ao 55 DA A5
X RECN 0296, BEAMIE, HIM FHORBEST D HIAR L. 25 RECGE R MR S BUERRE, S EARER MR
BORRIE R, ABFFEHFE BN 21%, R ECN 18%, R IASF AR AR K S5k L.

WG 18 ASFrI T DA 4, FIA] DPS Hfm A B AR Srit SR i s, ALV & 0~40, “PIMEN
12.2276. 1RV A 2% 7T B AN I O R )0 % 2 B A K (40), A7 L FR B T A IR PR S SR AE T iR . IR YR Y
TR A SR I, FAEIR A & ST B AR G S AL IF M A SR B B fie s, R LA S MOR Gk R i
.

H R R B R 28 VA EAT IR0 i, fEIHLEEES 10.62 47k 3 28, B5—2K/2 7 NIy 35-50 K [A]
Fre A, BAEEERTTIE . B A AERM TR . RE RIS A IR A FB AR . EERFE AT
BATRAETT L TR AR E BT MG SRR T . KR IAEE IT . B RS
17y 55-60 RMIEL AN, WIEIEEAFEFGEITE . SOSIIZFEL T 104, IEPFRFRIET . RETFE. 1EH
VUZEFHOT 2R TS . 20 =205 LU 75 RN IRV I 2% T i

1.2 3+ MSAP 217

FIF 5% MSAP 514 &4 38 18 NIviE hFl, —3L153] 432 5%, P& 514 86 %, Hr 201 % Bt
T AN, HENTT W PR Z SR 47%(201/432), T W, MSAP K6 I 75 5 fh 57 % 5% 22 REE 1 2%
RIRE, FEBEZ R EE (K 2).

e EcoR | Al Msp Il A &3R3 2 M4, FIF GenAlEx 6.4 #IEiH5 18 43 Al ) Nei AL FE R, 2
a2 0.004~0.467, “FI¥JMEH N 0.0958, R EHBEL 2 FEME KRG, H 8T AN E I 3 19 84% B5 55 %/
(0.004), Z&[E FIRTEH 2RI M IF 5 5 ¥ I I 52 5 K (0.467)
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Table 1 variety of 18 Chinese kales and phenotype characters

¥ H3 2 ¥ H3Y “
It It
G D mial TR s g midal T/
code Variety Flowering code variety Flowering
. Number - Number
Time Time
CEATT I e
1. White Flower 50 11 10, REITE 60 15
Thailand Kale
Sweat Kale
FHsEERI TS . I
; KitS Y24 19T 35 104
2. Hong Kong White 4 1 11 Thick Stem Annual Kale 104 60 1
Flower Sweat Kale
HAETT IR I = ¥
L Med Maturity Kale 45 9 12. Shun Bao Kale 40 10
EJRA BRI I P
2. Zhen Yuan Yellow 45 11 13. [%\/Jjéggjrj(lale 55 8
Flower Thick Stem Kale
N P2 S .
3. Zhen Yuan Thick 60 12 14, é‘ig‘”ﬁKam 35 9
Stem Sweat Kale 9
IERRFIBE T HACS I & #i T iR
4, Zhen Yuan Thick Stem 60 9 15.  White Flower Thin Leaves 40 8
Late Maturity Kale Thick Stem Kale
IEEV R 25T IR i S N A
5. Zhen Yuan Chinghai 75 10 16.  Yellow Flower Thin 40 8
Thick Stem Kale Leaves Sweat Kale
IEVR DY 2R T IS il A SN A
6.  Zhen Yuan Annual 55 8 17.  White Flower Thin Leaves 50 10
Sweat Kale Thick Stem Kale
AR R RAEHL 2R 1 N
7. Thailand Thin Leaves Thick 50 9 18. Chen’ Ifl];??(ale 35 10
Stem Late Maturity Kale Y
3
1 12
17 2 5
9 16
2 ] L6
- —%
3 2
: 1
15 ;'_ 17
1o 14
12 ] :1
3 4
1 18
é
10 15
. 10
13 — 8
7 9
0.00 531 1062 1593 2124 26.55 ' ' ; ' ! ' |
0.14 012 0.0 0.08 0.04 0.02 0.00
B 1 7S R B R 2 Hr K] 2 77 MSAP B0 ¥7
e 1~18 A AR LR 1 VE: 1~18 PP A FR L 1
Figure 1 the phenotype cluster of Chinese kales with flowering Figure 2 the cluster of Chinese kales with MSAP
time Note: 1~18:table 1

Note: 1~18: table 1
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%18 UPGMA 7735, FIH Nei BifERE ST R B0, 7EBALEE 0.04 &b, wTLK 18 i Fi ol 3 285,
BRI EFE . R RAEGE TG MR T BV RFREIT . SEITE. AA
TEEHTTHE . IEVRVIRRL A TT . B AR IR IS . KFEFTH . KIOTIFEHLE I 104, OFEETTE . EJEK
SWATTE . VIS, AR E R RS . BB TN RE IR, B ONIETRIUEM T, IR AR
HIREA 2R R IR 5 (K 3)

1 2 3 45 67 8 910 11 12 13 14 15 16 17 18
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K 3 18 T HE AL A MSAP R Jk

e 1-18 AL 1; H. M AUEE EcoR 1 +Hpa 1L Al EcoR [ +Mspl E#t404; M: marker

Fig 3 A MSAP profiles of 18 Chinese kales

Note: 1~18:table1 H, M represent combinations of EcoR I +Hpa II and EcoR [ +Mspl;M: marker

1.3 FFHESF O HIF MSAP AL

18 I+ AT MSAP 555 RIS 45 A —5, NIGUEFI A M A SSFEEE, FIH mantel test #5655
1A AL B S5 A MSAP 1AL IR S5 AH S, A6 R %H-0.1366, RIS, I F SR RE R 2 DNA AL 40 A 56
NTE N

1.4 V5 DNA HEAER T

DNA HJEfb Z M A Bl LRGN 3 Rl B (R 2), 88— N A oy D) i 2% &8 B b i 17 7Y
(EcoR T +Mspl/EcoR T +Hpa 1I), fRFIAEH I 27—y EcoR 1 + Mspl B b7 AL, R~ XU A e FR 4k,
(M); £ 2 18 I+ 85 i fh MSAP i B 038 =y EcoR 1 +Hpa [T B U157, o B 4N T i s e (1 > FR AL,
(H). ABFFAER R BN 110 %, WM Z M BN 322 %, T4y 3 PRy, KM —p ki )y 110
h(TRIEFTIESE)~160 25 (FREHIRTEM ZERMITE), KA 08 63 4k (BIEITIESE)~172 25 (FRE IR fEA 2L ent
TFE), FA=h 52 k(ATEFTITIE)~116 & (FHAMLRITIE). KM FIEEN 110 4%, S TR = 152
%%, A= AR . E ORI S P2 (8], 78%(86/110) I -IE T JE Ak i BE RN 929%(141/152) i) 2 FH 34k Fr B
BEUZEMN, MR BT, 2EMERSEMEARKR, RPIFFER K MSAP LM F B RE T AT
H, HREEACLEF R N,

23

ENEE T X B2, FFEESMIRET, HAh S O N E R AP B R, IR (R A2
R ERKREMA. MR FEA LT S RS RGeS, 1989; B4, 2002; KFHLE,
2008). AHFFT184r I+ H 7% L AR S R BUA21%, 1ER LR RSSO, B HT oh A i A Al 5T
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* 2 18 f3FT W b A MSAP 7 84434
Table 2 DNA methylation patterns of 18 Chinese kales

EZOY Kk
MSAP 27! polymorphic bands
MSAP TYPE B TEH L Z AP S
monomorphic bands polymorphic bands total
AL B (85—, EcoR I +Mspl/ EcoR I +Hpa I1) ” 86 110
non methylation (First, EcoR I +Mspl/ EcoR 1 +Hpa II )
A X
H ﬁc)#Ex_ 39
Total methylation
H KA —,
EF'L@C,EEQ (KA, EcoR I +Mspl) 50 60 110
methylation (Second,EcoR I +Mspl)
S2 KM=
JFEF'_%%}#% (ﬁif, EcoR I +Hpa 1I) 1 141 152
Hemimethylation (Third, EcoR I +Hpa II)
HAhAs
Fofth A A B 5 5
Other

Wi IEPERFASEAETT R . AR R & BT REATEH W BAERH TR I A, R 1400 I AR AR ST LU 2028, ik
B TR CUAR D o B Y5 46 5 (KD W] SE 4R bR, (B P AR SH TR AN I JROR S BRI, AR SR IR o B O A
wH MG B AR R M I B AT AR /N AR B R, B HORGOR R B, M SRAEA LT R T A R A i A ()
75, 1997), X ULHIFT U R EA R IRTE, ASHE S He R BAFAE, P DAAER HI R BB gt A% %
FEVERS, PR — R B AR, W] e S A 5 B Y R SO S AR

L I DNAR H R AL L5138 40 1R K (Finnegan et al, 1993), S5#LEEIF. HE. MM E M ERIMSAP Y
HrAH L, AHE5E s MSAPAS I ) I 15 SR AL LU B A47%, R TIF 8555 b DO A5441130.61%~33.10%(F4~F10) (%
FA%E, 2010)F0H ¥ [£153.3~60.7%(Salmon et al, 2008), =T Ul Fg IF [124%~34%(Cervera et al, 2002). M3
15%(F i %F, 2005)F15%~13.4%(MIZ4=HESE, 2006), BR[FENTFIERMEY), REEGRRE%, HERNA
F LAk 7K P A6 S 5] 4 b 2 8] 3 A 22 S 16 . MSAP 28 28 3 #r kB e ) 38t A% R B9 e/, 20 A Y8 FBLEE
0.004~0.4672.[a], L RAPDFISRAPHI ML, RILA— (M0 CEE, 2011; ZpE4ESE, 2011), HPIFiEEift 2 FEi
ACPEAR, BIMEAT A SRR . AR E SRS, raem 7 AR IE B 22 5, ER R AR AT
(1) 22 0 P RIE T [ 9 4 7 — 4

T A IERHED R AN FHRiC o A — 8 KPR S e Tk 45 is P U PR J8t A% 22 e M LU 3 7
HER 0SS, 20024145, 2005). ASCIFHETF DML A0 DNA R 2 B ARHIE, EWREURE—
Tl 5 5 SRAEMNEAL Z FEPEA T BAE . AL R AT REAE T OF Y B = BERE TR e i 1 IX,  3834% 2 B M 52 3k
PRI AR SCCEE, 2011 AFEAESE, 2011), FHXHT MSAP HAill CCGG A7 s ALK, BIASHE S ik
AR SRR F A AR S, A R 1R R A A RAR, S5 E A AN HE B R P 51 A8 4k, B LA B e 43 A — 2
MIELG . TIF F0 K DADL B 2 W38 A% A8 S5 BT oy A AR o 55 R AR ) 2 14 57 30%(Johannes et al. 2009), ifii Hk RS
A AT E A AR B A L], ARSRG O REE LR IT i T H L 2 A R AR IA N —
F(Cervera et al, 2002), [ifii DNA F AL 5 3 A AH I W] RE TG B 2043 AT 76 (Oliver et al, 2010), fEJFiE52Y
Nl DA R XA IR (R IASE, 2010), TE/KFE L5 R RS M2 WARIC T ] B8 H LA SR 200 R B 510
ZHi(Takata et al,2005), A7 MSAP 45 R 5 O A 7 FAnicd i AR, aged B R, AR ATFiEM
JRAIE T (B U 7

WEIFERL AR LZHANMLEEAENTRE, DNAF RS 5HFE A % (Michaels and Amasino,
1999; Sheldon et al., 2000; Schmitz and Amasino,2007). AHff 517+ W DNAF 4k 2 AW = BRI T HE B 284k v B
I HEAL Fr By, WAL A 9 3, BEWIAE H AR 5644 T 105 1 IDNA T EAL KBRS, 5R A 25
A1) (5-aza) A0 FE B IR DNA FF A6 7K S B 28R AR [R] (Burn et al., 1993; Finnegan et al., 1998; Z=iff 2 4%,
2002; 2003; VEMNRZE, 2005; F7%5F, 2008; 14544, 2008), FrLAASCINADNARZEA K REIGE I+
Fr U %, (ER A A sE b AL R T B E T RO 4518 (Filek et al, 2006), &4 15 )5 LRSI IESK,
WL R BIMSAP G FFric bk 17 H T @M R KA T, & n] DL T Dhae Bk R 4 ¢ .
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3B E ik
31 SR AP KA

WRIT 2008 EKEAE] PHRNBHA BRI P ORI AT, R s WE 1. Hik. NN HRERE
10 FRid RS FIAFI 2, SRERM i A R T--T0°CUKAH

3.2 DNA #HX

K CTABH) J7 % B02-3gM /i, FIVR B, I ADNARRBUR (S 1.5%H) CTAB, 1%3%ikkZ8F), 65°C/KI
90min, fMIAGMT: FREE(24: 1), fiR2k)G, IMRNABFI7CIBER, #Wy: &4 HREEQR5: 24: 1)4l
1k, £ 5 DNAH ddH, OV i FIARTE .

3.3 MSAP 4t

Zxiong M Bl IS5 775 . BRVIER: — BIE R BAA RFEIR: 25p ik & : Mse I adaptor ( 50 pmol/ul )
1ul, EcoR I adaptor ( 5 pmol/ul ) 1pl, T4 buffer 2.5ul, T4 ligase 1.5 U, 100>BSA 0.25ul, Mse 1 3 U, EcoR I3
U, DNA 2ul, MZEKFNEZE 25ul. ¥ LN AR RFPCREFEIT C/ARB A ALIEL0 hr, SRJ5HF|70°C 4 FE15
min, FiRE65, ENTY AR . Fid ik R: 10xbuffer 2ul, Mg,CL (25 mmol/l) 1.6ul, dNTP (10mM/L)
0.4pl, Taq fiF (2U/ul ) 0.5ul, Mse I ( 50ng/ul)1pl, EcoR I ( 50ng/ul ) 1ul, DNA 3ul, H,O 12.1ul. RS 41E:
94 C TiAEME3"; 94 CAEME30 ", 56 CiB-k30", 72 C #Eff 1/, —IL25MfEFF; T2°CLEMT'; 4CLRAF. Ty 14
51¥5 %1% 2% Salmon (2008). #EH 1A R 10xbuffer 2ul, Mg,CL (25 mmol/l) 1.6ul , dNTP (10mM/L) 0.4ul,
Taq B (2U/ul ) 0.5ul, Mse I ( 50ng/ul) 1ul, EcoR I (50ng/ul) Iul, DNA 3ul, H,O 12.1pl. N 4644 94 °C Tl
APE3’; 94 ‘CARTE30 7, 65°CIB-K30 "AHEFR FF#0.7°C, T2°CHE{H1, —IL23MR1EIR; 72°CHEM 7; 4CIRAT,
6 %6 5 T M I JE F2 P kRt U 47 384 7=, BRIk e B R

34BN

K F DPSE i Ab B 22 8 60 A€ AN Bt AT KA K0T MSAP 3 #ir 2% Salmon(2008), 1 3 1E #5 14
I3 R N 2 B, T AT LI 2R WO L, PRERAS BT DL BRI AN IS 1R 257 o0, RS E I Ak id o B e
B, FI A Excel il 5 H 34k 2 &M LR A SRR . I GenAIEX 6.4 #1F 115 Nei 4y 18 4% FE 25 Fl 2 0y
Hr, FIFH mantel #6562 AT 8% I 59 AH 1

Ve Tk
BRARREATH SR seit . L MBI ST A, SRR SRS B FKES 5MSAPL
By saanE, RIIRAL R KL ERES S EGR . B WA AR R R A SO,

B
R FRAF) TGO R B S AR 45 % 11(2012)Z06 FIFEA Rl 2012YTO05). | PUfE) 45 ok R A= H:
AR H ARG = T ORI (FERHRE 0815011-6-1) B8 Wy JEUHPF i A B V7 B =0 A Sl
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