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DNA-methylation Variation of the Different Offspring Derived from Somatic
Hybrids of Cauliflower and Black Mustard Revealed by MSAP
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Abstract In this research, we analyzed the DNA-methylation variations of three selfing offspring (S2, S3 and S4) and three
backcrossing offspring (BC1, BC2 and BC3) derived from cauliflower-black mustard somatic hybrids by using MSAP. The results
showed that it has no significant difference among three selfing offspring (S2, S3 and S4) and backcrossing offspring (BC1, BC2 and
BC3). But the cytosine methylation level of backcrossing offspring was higher than that of selfing offspring. Further analysis of DNA
methylation variation among parents and different offspring shown that the methylation variation were mostly classified as B type (ie
offspring had the same type of sites with one of the parents). This methylation partiality indicated that DNA-methylation variation is
not irregular, but tend to be a variation of the parental types, this may be involved parental dominance in crossing process, and it is
also the possible result of exclusion of those negative variation in the formation of new species.

Keywords Somatic hybrid; MSAP; DNA methylation; Cauliflower; Black Mustard
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DNA H 34k (DNA methylation) 1= % & 4= fECG
BUCNGHEEITF A, 5L Humsig /A DNA FH 2
P EE IR . R DNA FFIEAL R S DNA () i
Fe), ARHA B B IR ML N« VF2 IR,
YIRN AT S A8 T BT R L A4k, Horp
ML FEDNA fumsne FEAL AR 5, A BRI 3 IA AN
B 5% /K- #1424k (Chan et al., 2005; Salmon et al.,
2005). i X% KK B (Salmon et al., 2005). 7K

T EE DS ZH FRIDN A H EEAHIF 50 R IR, A8 e ARSI
AP DNAHAL SR AA W] W 2 5, JF R
ANF B, 30— L8R o A P
DABIF 5T A B AH AR X R A [F] IR DN A T JE A 52 X

1M (Brasica oleracea L. var. botrytis L.) 41
AR AR R, B AE RN
WA IR, BT AR S PR AR R B (AR 5+
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ZAN AR BE A5 AR AN [R] A 1 1 B AN S 5170 T8 B
AR, I ARG A . 4,
TEEFRNER WG AR A ) X e
e, DIMIRSZ B M LLAGH P8 5% . AHAEE
7 R R AR BRI PR B T IR B
FEH M T AR e = A T . PR TT(Brassica nigra,
2n=16) 25 E R A AT 2 —, BA LR, &
WEgis s AR MR BTIE o ARSI 5 0 i A M AT R
TN 2 T 2%Ff(Zhang et al., 2008), 7 HiH L P#H
) A 40 i 23 A8 Sk S IR0 66 DRI 7 38 o 1) (1) J s

ARSI ] BT 5 A B SR AR 41 L 2% ol 1R AS [t ARdE
ATMSAPZ AT, A0 A AR R A A7 AR Ak 5
B R N B 1105 9 i = (R RS v e

DUSTRIRAG A . R KB R 2454, HT
[FIAZH R AR R, B w2 SR .

1 RE S
LGS R B EAL KSR

th T [\ 24 i Hpa 11 F1Msp 1 f i ) A7 53 4
“CCGG/GGCC”, T 31X P P I 1) il 1) A7 1 11
DNAJT 1| AL BUBFR BEAS ], i LR % EiHpa
1 5Msp T AN[E] (R4 B 0T 4055 4. ABL (W)
Wy, AR LA 2 (B BE N 2L fL); B
A Hpall it Msp I oy, AR HIEARAT A
CH: Hpall il Msp [ 77, RFR5E4 AL
Ao I AR, LI H 160 IR R 1 5 [
HE, FAMSAPEIEHATS . P EIMSAPKE]
TP IL401 4507, S DRI 21 () H BE A4 5040 T
J395. 106+ 95, 105. 101. 99. 98. 984, JEA
) 3 A4 B IEAR KA 35.3%H139.1%; [H1A8 SR AR I 2
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Table 1 Statistical results of MSAP in different generation

PRI K53 3137.5% 39.3% 37.7%; HA)G
AR HEAR F AL KT 20 51 h 36.7% - 36.6% 36.4%
(D)o ATUL, [FIREJEARHN A Ja AR Z A1 1 F 34k K
2R, ARSR[EIAR JE AR AR T B AL
Ja AR ALK o BE—20 0 BT I, 8PP R
- FAL K 46.0% 6.5% 6.7%. 6.5% 6.2%-
6.7%- 6.5%- 6.2%. AH A THIK I17.7%-
20.0%-. 19.0%-+ 19.7%-+ 19.0%. 18.0%. 18.0%-
18.3% (£ 1).

BCl BC2 BC3 S2 S3 S4 B C

EHEM EHEM EHEM EHEM EHEM EHEM EHEM EHEM
=y ! =
== - . ] { ——
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—— !§==—' -
e
E———— _52' > -
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~E
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KT SIIERBER L2 f e A QIR AT AL IMS AP i< 4]

R Co AT

Figure 1 E primer on the parents and progeny genome map of
MSAP

Note: C: Brasica oleracea L. var. botrytis L.; B: Brassica nigra;
A: Non-methylated sites; B: Half-methylated site Brasica
oleracea L. var. botrytis L s; C: Full-methylation sites

L2EAMTFREMERSER

WRAESFPAF s B, BTt — RN 2
HTDNAFFFEALAE R AR FACR AL S5 DL o BATTHS
FITAT K 2t IR ST (R 2) o

PRI

AR IAAT RS EL(%) AT REALAL i S L (%) 1 AL KA BBl (%) e AT K3 S LA (%)

Tape Numbers of Non-methylated sites and Full-methylation sites and Half-methylated sites and Totlmethylation sites and

bands percentage (%) percentage (%) percentage (%) percentage (%)
B 401 174 (43.4%) 71 (17.7%) 24 (6.0%) 95 (35.3%)
C 401 165 (41.1%) 80 (20.0%) 26 (6.5%) 106 (39.1%)
BC1 401 163 (40.5%) 66 (19.0%) 29 (6.7%) 95 (37.5%)
BC2 401 162 (40.4%) 79  (19.7%) 26 (6.5%) 105 (39.3%)
BC3 401 167 (41.6%) 76 (19.0%) 25 (6.2%) 101 (37.7%)
S2 401 171  (42.6%) 72 (18.0%) 27 (6.7%) 99  (36.7%)
S3 401 170 (42.4%) 72 (18.0%) 26 (6.5%) 98 (36.6%)
S4 401 171 (42.6%) 73 (18.3%) 25 (6.2%) 98 (36.4%)
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F2 FBEAG R AR S AN AR ) it A 5 A8
Table 2 Methylation patterns in parents and offspring heredity and variation

P RA BT RS ERAY
type  of Brassica Brassica ol- offspring

loci nigra  eraceaL.var.
botrytis L.

LN = Sitetape H M H M H M BCl BC2 BC3 S2 S3 S4
Monomorp-hic
sites
A F AL X 11 11 11 117 117 117 109 114 115
Non-methylated (29.2%) (282%) (292%) (272%) (28.4%) (28.7%)
sites
H AL Al 01 01 0 1 9(2.2%) 11Q2.7%) 12(3.0%) 12(3.0%) 15(3.7%) 15(3.7%)
Methylation sites A2 1 0 10 10 3(0.7%)  4(1.0%) 5(1.2%) 4(1.0%) 5(1.2%) 5(1.2%)
ZAMEAL
Polymorphic sites
BRI Bl 01 00 0 1 25 28 26 28 27 25
Parental ~genetic B2 00 11 0 0 43 44 45 42 42 41
nigra B3 00 01 0 0 34 36 34 33 34 35

B4 11 01 11 25 23 25 26 22 23

B5 11 1 0 11 16 13 12 12 12 14

B6 10 11 10 11 12 14 12 14 13

B7 0 1 11 0 1 13 12 11 11 14 13

B8 00 10 0 0 13 14 15 14 15 15

B9 1 0 00 10 1 1 1 2 1 1

B10 11 00 11 1 1 1 1 1 1

Bl11 1 0 01 10 2 6 2 4 2 1
Total 194 190 186 185 184 182

(48.4%) (47.4%) (46.4%) (46.1%) (46.0%) (45.4%)

BAETERE R BI2 0 1 11 11 4 1 1 3 5 3
Parental genetic B13 1 0 0 0 0 0 3 9 7 3 4 2
oleracea B14 0 0 0 1 0 1 0 7 10 7 9 8

B15 11 0 1 0 1 2 6 5 1 6 7

B16 0 1 0 0 0 0 11 9 8 9 6 7

B17 11 0 0 0 0 5 3 6 3 2 3

B18 0 0 11 11 5 3 6 3 2 3
Total 29(7.2%) 36(9.0%) 38(9.5%) 30(7.5%) 37(9.2%) 35(8.7%)
HHEMAM S CL 01 01 0 0 22 10 11 15 6 11
C1 hypermethyla- C2 11 11 0 1 7 10 9 6 4 3
tion C3 1 0 11 0 1 0 1 1 0 1 1

c4 11 1 0 0 1 0 3 1 1 2 1

Cs 11 00 0 1 1 2 2 6 3 1

C6 11 11 0 0 12 10 11 11 12 15
Total 42(10.5%) 36(9.0%) 35(8.7%) 39(9.7%) 28(7.0%) 32(8.0%)
EHEMALE DI 00 00 10 2 3 3 5 4 5
D1 demethylation D2 0 1 0 1 1 1 0 1 1 5 4 5

D3 01 00 11 2 0 0 3 3 2

D4 00 00 11 2 1 1 4 3 2

D5 00 01 11 1 2 2 2 2 2

D6 1 0 01 11 0 2 1 3 2 1
Total 7(1.7%)  9(2.2%) 8(2.0%) 22(5.5%) 18(4.5%) 17(4.2%)
Total 401 401 401 401 401 401

(100%)  (100%) (100%) (100%) (100%)  (100%)
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L rp 2 v X7 AR AR ) R A ) B s
CCGGHL Ao AT 2 AT JHamis g FF LAk 1) o
B . BRMAERR R FREGEARZ —if i —
BN AL TC DRRRER TR E A LA A
—BUAL A, BIFAOB IR . AR LG
, BRALREAFE, HIAARS55%LLE, T
B SRAA LE R AR AR S A 1 AE10.7%~15.2% 2 1]

2118

VEZ IR, AN DNA s s B Ab A8
IV BB T B8N [F] 1) S PR 3 T8 FNEE S /K P 1 8 4k o
(Seheb et al., 2006). TMELHFFTLI, F238EH
FEKIZH DNA AL Sop A AH L A B I 22 57, 5o
AAH A SRR I AL, I —2ek
A Z: AL o A SCLAARRE ST BRI IR A4 41 i 2 Fel
IR FE AR R e F 2SR AR AR, EAMS APYEAS
T HumE g FEA KA DL R AR AR e 5

SRS A R R RIS fE AR A fE AR A
Kb K H37.5% 39.3%. 37.7%H136.7%- 36.6%-
36.4%. S AR 8] R4 KOP B I B 2 5
A BB T A SIS BT R 2 B A2 T AS
R RL,  FEPRIALIEE AL F— A AT E (1R
A, AR DNA F G0 AR S AN 5, 1y HLIRIRE
Ja AR B AL G AR TR A4 TR S Ak 7K P b G B 2
225 [RIAE fa AHN A2 fa AR A EAL K 2301
H6.7%. 6.5%. 6.2%K16.7%. 6.5%. 6.2%, 4=
T KT ) 4 19.0% 19.7% 19.0%F118.0%
18.0%- 18.3%, " LLE HAIRE AR G A AL
Je AR F A K P2 DL A FREAG KPR 32 225 5K,
i HLIAIA AR A A AT s T B AT A AR, R
HAZ Ja AR H A AR L A FRE

RGN SRy S IR PRI RN A
HIE By =R aw il E SR AVGEE TR IE IR 2o vs
RS FTAT AR A 55 1140.8% F142.5%, i W [F142 &
ARAN B A S5 AR ]SS AGAT R K0 40 ] DARS A 35t
&, LEFTE AR S i R DIBAOY 32, LA,
C. D= /b, KB DNAF AL AR 52 A7
AR, et TR AR, XA RS
SUR S AP S S N 7 12

H AR 4328 2 22 A 5 | S 25 PR 41 DNA 24k 7K
- AR N e — HE S 2% Bl (Houehins et al., 1997)+
FLF 7+ JE (Comai, 2000; Lee et al., 2001; Madlung et
al., 2002)H1/NA & (X E5E, 2000, AR/ YT
TERR] 5 A e ast A% 1) R s g FH R4 A 5, H AR}
2FHERE, 8: 710-715; Shaked et al., 2001; Kashkush et
al., 2003) T ER A B — R VIR SO, w] LA B
128 g P AR TR) O 1 4% 72 52 AN 5 DNA T 51 4%
A T H 5 DNA I mE g FH B AR 5 AT 06

MBS AHE
3.1k Al

AL N BETR(B. nigra, BB, 2n=16)5{E 32 i A
(B. oleracea var. botrytis, CC, 2n=18) 2 H.A&4H it 44
PG, 43 1S2. S3. SAAX e LIFEA R M [RIRE S AR,
fFMBCL. BC2. BC34R. A th b nt iy &R Mk R}
BB I O A AR T = B A

32/

DNAFHEH: AR R R HI SDSVEER
B SDNA, IS A 60 B TR I R B
MSAPAS W I D A1 PR A AR 5, b A ) 42
Sk Y51 FOkFEVEY 51 D IK P 41 LA Vos 55
(Vos et al., 1995)/ 7 A2, FEILER3. iP5 H
JEI B B I AR AT B A W) 45 /. FIECcoR [ /Hpa
[IF1ECcoR [ /Msp I WIZH BRI N DI B DNAFE it 73
AT HEY) - TaqBg FIPCR S W AR R34 06 [ Ik 5t
XS VARG WA F . BFYIERAR R (20 pL)
{45 5 uLIHRDNA, 2.5 uL 10 X Tango Buffer, 2.5 uL
ATP, 1puLBSA, 2 uLEcoR I #:3k, 2 uL Hpall/Msp I
23k, 2uLEcoR I, 2 pL Hpall (8kMsp 1), 1 uL T4
HERENE, AR ddHO04M . RIVIESIAE3TC )
N6h, 8C 4h, fJad’CRMNIER. R EETIER:
7 F ddH2ORRRE 104 J A S 047 184 5 I8 FRIASEARE
HP B B4 pLo S5 ¥ T 4 A PCR ™)
FRRESOfE o B T IR BRSSO, JF kAT AR %
IR VA TG e 4t Jse PV 4 5 R IR AR G (Al
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3 MSAP 3T BRI 14741
Table 3 MSAP adapters and primers used in this study

%3k
Adapters

5'-CTCGTAGACTGCGTACC-3'
5'-AATTGGTACGCAGTC-3'
5'-GATCATGAGTCCTGCT-3'
5'-CGAGCAGGACTCATGA-3'

EcoR I -adaptors |

EcoR I -adaptors Il
Hpall/Msp | -adaptors |
Hpa Il //Msp I -adaptors I
Ty 514(5'—3"
Preselective primers (5'—3')
EcoR [ +A 5'-GACTGCGTACCAATTCA-3'
Hpall//Msp [ +0 5'-ATCATGAGTCCTGCTCGGT-3'
MSAP &3 512415 (5'—3")

Selective primer combinations used in MSAP (5'—3")

EcoR I -AAC+Hpa Il  EcoR I -ACA+Hpall/Msp I -TCA
/Msp I -TCA

EcoR [ -AAC+Hpa II
/Msp I -ATA

EcoR [ -AAC+Hpa Il
/Msp I -ACT

EcoR I -AAC+Hpa II
/Msp I -CAT

EcoR I -AAG+Hpa II
/Msp [ -TCA

EcoR | -AAG+Hpa Il
/Msp [ -ATA

EcoR [ -AAG+Hpa II
/Msp I -ACT

EcoR I -AAG+Hpa II
/Msp [ -CAT

EcoR I -ACA+Hpall/Msp I -ATA
EcoR [ -ACA+Hpall/Msp I -ACT
EcoR I -ACA+Hpall/Msp I -CAT
EcoR I -AAC+Hpall/Msp I -TCA
EcoR I -ACT+Hpall/Msp I -ATA
EcoR I -ACT+Hpall/Msp I -ACT

EcoR I -ACT+Hpall/Msp I -CAT

(=S

X MEN S TR Z TS AT S Bt A S AT
FURIPAT N5 AR 88 A2 58 R TR SCHIRR M5 11 2
I (073 B LA G5 SR 1 o T HL RS 22 TS B8 SCiE AT T8
B AR AR B R A A R SUA

Bt
ARG AL BT RH R H (D0807050069— 0803) A1
Je st BRI H (209090501040902) 3L [7) % Bl o

S 3k
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