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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 12.227 6. Three classes were
grouped at genetic distance 10.62. 432 bands were amplified with 5 EcoR [ +Hpa II and EcoR [ +Msp [ 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 0.095 8 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 0.136 6 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 +Msp I/ EcoR I +Hpa II). The second 110 was methylation bands digested with EcoR I
+Msp [ . 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.

Keywords Chinese kale (Brassica oleracea L. var. alboglabra Bailey); Epigenetic genetic diversity; Methylation-sensitive AFLP
markers (MSAP)
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J+ 1% (Brassica oleracea L. var. alboglabra Bailey)
FRE R TR, KA N, BRI ST
CU, BPamErieaa, th bk B4 s Ak
[ AT AR A, 2R R AIR R, Wik
BRI THAAER S5O0, msiR K,
fICSEEL ™ B0 o S5 (OC MR AN 2 2k i, 1989; 173
Mgz, 2002; XIEEE, 2003), Hit, 55 H A
R B B Mo b, 2 R R
BEUR S5 1) R bR

A T SR I, B ST
5T R 1) DNA H ALK F B AH 5S (Burn

ot

et al., 1993; Finnegan et al., 1996; 1998; Sheldon et al.,

2000), DNA FEAL/KT R BAE IS5 T 38 Sl
B NIE LSS Z T AL (M =245, 2002; 2003;
TEI R4, 2005; F7%%%, 2008; 18574, 2008). £
T IA DNA HEAL/E R M A 1 B2,
Z5FNERAEIFTREER S T1EH
(Sheldon et al., 2000), thA 7T 1A ) DNA FIEALIK
S BAR AN AL AE FH A [R] R 4% & 42 5 5 T
A} [A] X g3 [ FLOWERING LOCUS C (FLC) T i
F3& 1 (Finnegan et al., 2005).

I H A 1% 2 07, MSAP (methylation
sensitive amplified polymorphism)5 AFLP [ EEAH
[, WRELTHE T REERATIIELE, KAK
FALTFRBENL T YT PCR JBE, FI 3R R Tk i
EERHAT = 0 8, REORER RFLP ()] S AR B
PCR IFIREBAMERD =, O 2 A PRI AR AR
B FARCE AR . AFEZ A2 MSAP ] Hpall
AT Mspl BT DNA, X0} 7] SR e % hr 0 4 bRl 21
DNA | CCGG A7 s M ras g H B AL R A (McCle-
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TR MG AL 22 57, AR S — P48 5 D REAH
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(Cervera et al., 2002; Ffiotim4s, 2005, B} i@k,
50(24): 2750-2756; F%L», 2006; Z= %A%, 2010;
Salmon et al., 2008), {H7ETF Wi B2 6 %8 Bk
WARTE . T IR R, 55 1S 25
IR, U T AR e R AR e A I H 2 (R 21
SRR, RUARHE SR A MSAP Al 18 NFF i
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(1 75 d (IEJEEIGRL 26 0T 8E), 2805 Fih 40~60 d,
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Table 1 Variety of 18 Chinese kales and phenotype characters
5 A M A CERER Y F O e
Code  Variety Initial Leaf No. Code  Variety Initial Leaf No.
flowering flowering
time time
1 HAERH T 50 11 10 TR E v 60 15
White flower sweat kale Thailand kale
2 R S VLA BANA 45 11 1 KASWZFEFH T 104 60 1
Hong Kong white Thick stem annual
flower sweat Kale kale 104
1 HHAETT 45 9 12 It = 5 i 40 10
Med maturity kale Shun Bao kale
2 TRV R SE BRI 45 1 13 GEIFTE 55 8
Zhen Yuan yellow Lv Bao Kale
flower thick stem kale
3 NRV-PN 25 i 60 12 14 REFE 35 9
Zhen Yuan thick Da Feng kale
stem sweat kale
3 IEVRR IR IETT K 60 9 15 HAERMFERMITIE 40 8
Zhen Yuan thick White flower thin
stem late maturity kale leaves thick stem kale
4 IR R AR T 75 10 16 il R RN 40 8
Zhen Yuan Chinghai Yellow flower thin
thick stem kale leaves sweat kale
5 IEVR Y Z=EE T i 55 8 17 e HAERH T IR 50 10
Zhen Yuan annual White Flower thin
sweat kale leaves thick stem kale
6 REHIEERZERMTTEE 50 9 18 BT 35 10
Thailand thin leaves Cheng Hai kale
thick stem late maturity
kale
1 3
___{E17 _ﬂ?m
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2 f
—{' —
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11 18
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8 — 8
13 9
1 1 1 1 1 ] 7 b * : : t . : !
26.55 2104 15.93 10.62 531 0.00 0.14 0.12 0.10 0.08 0.06 0.04 0.02 0.00

Bl 1 P ST D AR BRI
VE: 1~18 SRR WK 1

Figure 1 The phenotype cluster of Chinese kales with flowering time

Note: 1~18 variety names were showed in table 1
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B 2 FF i MSAP 2K 47
v 1~18 SR BRI 1

Figure 2 The cluster of Chinese kales with MSAP
Note: 1~18 variety names were showed in table 1
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FIFH GenAlEx 6.4 B F T4 18 £ ft Fil ¥ Nei 183 4% R
B, AR 0.004~0.467, “FHME N 0.095 8, F
I8 AL 2RI . AR ST 3 R =R 7 38 1 Joi
FEFE B 5% /7(0.004), 2= [E iR fER 255+ 15 5
T K (0.467).

%I UPGMA 7772, FIH Nei 4% fH g 17 5%
Kb, EBALIEE] 0.04 4b, ATLLEF 18 £ S Fh 4y

N3, BRI NFEITE. IERRAE
GEOT L RHMESRAERM IR . IR IBAE ST

SEEITWE . FHHS LTS . EVRVEER AR T
R B IRIE . KRFETTIE . KOS ZEFws T
104, FAEATTEE . BRI . I
Sy ATERMHEMITIE. 3 RANRETTE. 5
ZRONIEEDUZE T . SV E IR fEA 22
RIF I (B 3)s

8910 MN121314151617 18

M
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1234567
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FhE MSAP HLik &l
1~18 fHFF WFE 1; H,M: EcoR I +Hpall #1

B 3 18 NI i
¥ M: Marker ;
EcoR I +Mspl FgYI4 &

Figure 3 MSAP electrophoresiso of 18 Chinese kales

Note: M: Marker; 1~18: 1~18 variety names were showed in
table 1; H,M: Combinations of EcoR [ +Hpa II and EcoR I
+Mspl

1.3 FFBEFF OB MSAP A3tk I6

18 MyFTiE) MSAP 555 AR 7t 45 R A
— 3, YRR HT FIAEOCHRERE , R mantel test
R 55 11 HH8 44 BE B9 A0 MSAP 38t 4% PR B9 AH 1, A1
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KAZHCHN-0.136 6, FKIAFF IR M HORIBE R A
DNA HFEALM AR .

1.4 3+ DNA HEAE X1

DNA HELZ M BT LUAS N 3 Fhis i
(R 2), KA—APFNYIEEAREREY) B (ECOR T
+Mspl/EcoR I +Hpall), AFRIEFH I, KM
EcoR [ +Msp T B 1) B, 3o XUk P Mo i g HH A
b (M). 2654 ="K EcoR I +Hpall B 1) AL, FonH
S A7 R ) 2 A (H) o ASHIF 7T I B A0 B
9110 %, HELZAEMR BN 322 %4, w0 3 FhE
A, BT EA 110 2 (T 2%)~160
(R EHIRIEAH 2R M T E), KA TN 63 (I
HEIVIESE)~172 2% (Fe E iR AU 224 mIFR), KA
=9 52 % (EERIIT )~116 2% (B ik LR IT ).
FH T PIHEN 110 %%, D TRA =11 152 4%,
R =R AR, FEAF MR 2 8], 78%
(86/1L0) -l KL 1k, P B 92% (141/152) 3 H 5t
W BERZENE, mMPEMAFBY, 28558
BHEAHEAKR, RPITFEB M MSAP Z48M: 1%
FIRTRIME, AL R v
2 T

PENEE T L X (R B 3, Rl A AR E
B, S O N E B R SRR, 2
BRRERAGR) . A RREIE. Wfh. SR
JiE TR R UK O IIR AT K i, 1989; 1
iz s, 2002; skMTKENI, 2008). AHF7 18
P IFEE 57 AR S REUE 21%, 1E 2% L MR &
MLRE IR BRI hBR A B LRI 1EJE
REBTTIE . BAEI R & BT WAl s fE 2R
IR, R 14 MIF AR ST 25, F
B S5 A AT DA S ot B2 48 0 IR T SE 4R bR, (B
P TGN IS A IRV R A S AR TT IR . HAERIHH &
FHF T WA RN B e 2 AR S T I B AT 4R /N g4 R
B, BoRHIEGOCRRE, MM At iiE T
ANTR] IR 5 i Aoh R TE 5 AT S, 1997), 1% S i3t B
F A AT HA RBR 1, ASBE S et e R AR
ik, BT DAFER F R AU T8 AL Z AR VRS, IR —E
B E AR, A n] B S R 5T BE IR IR B SRR

Y DNA 1 H B AL B AR 4k 1R K
(Finnegan et al., 1996), SIEEIF. HIE. WM
4 NEE) MSAP S i A EL, AR50+ MSAP A5
(R AL L 47%, IR TIF 05 54 b POASA
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Table 2 DNA methylation patterns of 18 Chinese kales

MSAP 7! LML

MSAP Type Polymorphic bands
AT Z AT SH
Monomorphic bands Polymorphic bands Total

e HAL A BL (AL —, EcoR T +Mspl/ EcoR I +Hpall) 24 86 110

Non methylation (First, EcoR I +Mspl/ EcoR [ +Hpall)

S HIEE R B 322

Total methylation

HIEAL  BE(J8 2 —, EcoR [ +Mspl) 50 60 110

Methylation (Second, EcoR I +Mspl)

AL By (R =, EcoR I +Hpall) 11 141 152

Hemimethylation (Third, EcoR I +Hpall)

o R AR - 60 60

Other

1) 30.61%~33.10% (F4~F10) (254425, 2010)F1H 1
1] 53.3%~60.7% (Salmon et al., 2008), 7= T-#\F I
24%~34% (Cervera et al., 2002). JHIZZH] 15% (F iz
252005, FliEik, 50(24): 2750-2756) 1 5%~13.4%
(MIZ=HESE, 2006, YLIRALENE, 6: 203-206), K 7R[A
N FARHEY), RERGKREE, HEFAH
FAACPIEA R 2 (8382 Z 5. MSAP %R
853 AT I st o T a8 A R B A A0S, A Y L AE
0.004~0.467 2 [a], 5 RAPD #1 SRAP il 4 J 5k A4
—H(MROCCEE, 2010; FRE(ESE, 2011), RIvEEEHE
ZREMECPRUE, BMEART R S R R D . A
FRE RS B2, ATRERBR Tt PRI 1Y) b 3 22
T, TR Z BRI T E o — 4
T FARHEY RN T ARl 7 K EA 2,
V4T B 25 T TR A s R VRN A 2 AR L
WA MBI TR (ER 0, 2002, #4145, 2006). A
CIFEETE L A BOR DNA B AL £ 2R
Ky IR NARYE —Fh 4 R s 4% 2 FE AT
SyPEAE . FUHC R AT REAE T W R IR H S M A

7 X, 38 4% 22 R M S M R ) T A (R S 4,

2011; #H:AE4s, 2011), FRXEHT MSAP Hisill
CCGG i s AL /KT, BUAEE R B e SRR
FEAAR R, R B A KRG, B A AN
HIER A 750481, BT DA B R 2 A — S B
BRo BT IANFEG TR A% AL 57 AT o R v FEE A
FFAC I 7] 2 H4745 57 30% (Johannes et al., 2009), ifi H.
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PLRE AN A AR S B LA A TR ) R SR R L, A
RRGRARBENMREITH T FREAZEEAH
FKMAREVT N —2(Cervera et al., 2002), [X1fj DNA
Ak 5 R 2 AH G 1 ] R TG B R ML T 78 (Oliver et
al., 2010), ZEFFIESE ARl EWAFEX MR (2
FHNEE, 2010), TE/KFE_ b5 R AL M R bR iCE
A B8 HPLTE SE 2 0% R B 1§ R (Takata et al,
2005), A&3C MSAP 45585 O 7 Fhsic it 5 A A,
W RS Ha s BLAE IR, AN 2R D F 3 o T
LIQ SR

IR — A2 2 E M Z AR
¢, DNA HI:AZ 5 FMAE 4% (Michaels and
Amasino, 1999; Sheldon et al., 2000). Z<HF 7¢I+
DNA HEEAL 2 25 14 32 SRR T H R4k v Bofn
IR B, AR DL B N =, i AE
AR A T HIFE D DNA HIEALKFERES, 57
FH 2= R EAL IR 77 (5-aza) Ab HEL MK DNA FR LAY /K
USR5 A [F] (Burn et al., 1993; Finnegan et al.,
1998; ZEMg 4%, 2002; 2003; VEHH K2, 2005; F 7
&, 2008; T#%5%, 2008), FrLAASCIA DNA H
FA AP BRAR ST 555 DR O, (75 o
3 b2 IR R F B AR FH R 4518 (Filek et al.,
2006), A F5 5 SESRIGIESE, AR MSAP
S FARCER T TS MR, b n] DL T I
REZE R 7T
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IMELEHE
3.1 ik Fh K

RIS T 2008 FRKZELE) PHAR MR Bk sE b
OBCEEEMEAT, MM s R 1. B WA
FhIEEE 10 Radsk 55 DA 3, SREEM
BAGET-T0°CUKAA -

3.2 DNA $2H

% FH CTAB 7712 B 2~3 g M, PRI,
B\ DNA $#2HUR (5 1.5%[1] CTAB, 1%L 2.1%),
65°C7K¥ 90 min, MIANEAT 7 IKEE(24:1), ik 2
KJ5E, I RNA B 37°CIR It %, 28 547 5 I I
(25:24:1)404k, F5 DNA A ddH,0 i AIRAE .

3.3 MSAP 43t

Z: 8 Xiong % (1999) F1 i i £5(2005, Rl2%iE
fi, 50(24): 2750-2756) 1) 77 % - g VL — A% B
1R R AR 25 uL B4k £ : Msel adaptor (50 pmol/uL)
1 L, EcoR I adaptor (5 pmol/uL) 1uL, T4 buffer 2.5 L,
T4 ligase 1.5 U, 100X BSA 0.25 pL, Msel 3 U, EcoR
13U, DNA2 L, MZEKEMNER 25 pl.o ¥ TN
& Z 1) PCR & /E 37°Cokitt s 4b#E 10 h, A5
F| 70°CALBE 15 min, B 10 15, 1E AT SEAR .
Ty Wik 2. 10X buffer 2 uL, Mg,CL (25 mmol/L)
1.6 uL, dNTP (10 mmol/L) 0.4 uL, Taq & (2 U/uL)
0.5 uL, Msel (50 ng/pL) 1 pL, EcoR I (50 ng/uL)
1uL, DNA3 pL, H,0 12.1 pL. ikt 94°CT
Ak 3, 94°CARE 30", 56°CiEk 30", 72°CIEfd 1,
— 3L 25 (pEES; T2CHEMP 7' 4CLRAE. T 519
%1 2% Salmon %5(2008). 1% 4 1444 % : 10 X buffer
2 UL, Mg,ClI (25 mmol/l) 1.6 uL, dNTP (10 mmol/L)
0.4 pL, Taq A (2 U/uL) 0.5 pL, Mse | (50 ng/pL)
1L, EcoR 1 (50 ng/uL) 1 uL, DNA3 pL, H,0 12.1 uL.
SN FAE: 94CTTIAME 3, 94°CAEME 307, 65°CiE
K 30" R 0.7°C, 72°CHEfH 17, —3t 23 17
PEIR; T2CHEMH 7's A CIRAF. 6%IR AL R
PRSI 7=, ARGUEGE R

3.4 ByE T

K H DPS Hdi Ab B R Gt AL HAFI I 7 $idk A7
RGEIK M. MSAP 732 Salmon %5(2008),
TCBOEEENEY 1Y S S 257 480, T AT LB SR 1
N1, WHRAS ] WEBSIANE 415N 0, 4t
& IE BT RS, R Excel THE AL 2 251
Eb RN FR IR . R GenAlEX 6.4 #4415 Nei
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oy TR B AR A, R mantel #a56; PP
APy PSR

1 & TTik

SLRARAEATH ST SRR FEAIEE 2 BT AR
TN, SERBCEESBS. FKES 5MSAPLL: #in
2. BRI IR R ES 5EE . 2
AR I A R A A R SUA

£S48}

A FEAR AT TG Al B B B AR R L 2% & T
(20123706 FIFEA £12012YTO05) | PUAEM) B AL ek B AEMH AR
SR S T RO T R A (FE R B 0815011-6-1) B B . Ik
AT BV R A O
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