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Abstract In order to analyze the changes of DNA methylation level, the DNA methylation levels and genetic patterns in
F..BC; and their parents were detected using methylation sensitive amplification polymorphism (MSAP) and capillary

electrophoresis technology (CE). The results showed that: MSAP ratios in the maternal parent GT05-3256, paternal
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parent GXN1 and in the hybrid F, were respectively 59.6% ,60.5% and 56.4% —59.0% ,showing the MSAP ratio in F1
was lower than that in the both parents; the MSAP ratios in the maternal parent YC94-46, paternal parent T6-3 and BC;
were respectively 59.4% .59.0% and 56.9% —69.8% in with the average of 62.8% ,showing that the MASP ratio of
BC1 was higher than that in the both parents. The total methylation level in the BC, generation is slightly higher than that
in the F, generation; the methylation of CCGG loci in sugarcane genome of the individuals in F; and BC, mainly occurred
on the internal cytosine double-strand. A total of 70 different methylations were detected in the F, and BC,; populations,
and they were further divided into 5 types: type A, the methylation patterns in the hybrids were the same as their
parents; type B, demethylation, the methylation in the hybrids was weaken compared to that in the parents; type C,
hypermethylation, the methylation in the hybrids was enhanced corresponding to the parents;type D, hypomethylation,
the degree of methylation in the hybrids was lower than that in the both parents; and type E, uncertain type. Among
them,type A is the genetic transfer type from the parent to the hybrid, and types B, C,D and E are the methylation
variants of the hybrids. The results showed that the rate of methylation type A in the F; individuals was significantly

lower than that in the BC, while types B,C,D,and E were higher than those in the BC; . In conclusion,during the F; and

2019 4 55 24 &

BC; hybridization, the hypermethylation occurred in the whole genome.

Keywords  sugarcane;

polymorphism; capillary electrophoresis

Ak R R 40 i DNA B i g 5 22—, g
mEWE C-5 &1 2 B B WA —Fh 4k 0 XL 2
H it DNA B 5L B 58 (1 #4050 . DNA B SEfL B
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G .
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Narenga porphyrocoma (Hance); DNA methylation; methylation sensitive amplification
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Fig. 1 Genealogy diagram of materials
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Table 1 Sequence of adaptor and pre-amplification primers in MSAP
S| 5194 Fr J7 4]
List Primer Sequence
EAF 5'-CTCGTAGACTGCGTACC-3’
B3 EAR 5-AATTGGTACGCAGTC-3'
Adaptor H/MF  5-GATCATGAGTCCTGCT-3'
H/MR 5'-CGAGCAGGACTCATGA-3’
ER Il EcoR 1 5'-GACTGCGTACCAATTC-3'(E0)
Expected product H/M 1 5'-ATCATGAGTCCTGCTCGG-3' (H/M0)

Fz2 MSAPIEFMET S MFET

Table 2 Selective amplification primers for MSAP

EcoR 1Y 5149

H/M &Y 511

GiE/ 3 A TR T GiE/ Hpa Il /Msp | BY 519
Primer EcoR | primer Primer 3 A PR S
+3 selective bases H/M primer +3 selective bases
EAL EA0+AAC H/M 1 H/Mo+TAA
EA2 EA0+AAC H/M 2 H/M0+TCC
EA3 EA0O+AAG H/M 3 H/Mo+TAA
EA4 EAO+AAG H/M 4 H/Mo+TCC
EA5 EA0+AAC H/M 5 H/MO+TGG
EA6 EA0+AAC H/M 6 H/M0+TAC
EA7 EA0+AAC H/M 7 H/M0-+ATA
EAS8 EA0+AAC H/M 8 H/M0+TAG
EA9 EA0+AAC H/M 9 H/MO+TCG
EA10 EA0+AAG H/M10 H/M0+TGG
EA1l EAO+AAG H/M 11 H/Mo+TAC
EA12 EA0O+AAG H/M 12 H/M0+TAG
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1.4 FEWHEBKEN

VEREY 7= 1 R FH B A0 Uk R AT AT
M A T AW TRER AR RS AR F 5.
GS-500 LIZVENNS R . 15 &1 A LI1Z %56
F RO FRIC M BUEE DNA B4R, 43 F 1 K/
Ay ) & 50, 75,100, 139, 150, 160, 200, 250, 300,
340.,350,400,450.490 fl 500 bp. ¥ PCR /=¥ 5
WZIR A A 5. 78 W ¥ AL ABI3730XL [ #F 47
Rl
1.5 EWHRITS5HH

A b B UK S IR S 1, IR 0.

MSAP 737 v [7] 248 Hpall #1 Msp 15351 5 EcoR 1
YA HEAT LBV o A RE 5 R B0 A P 2Rk
S5 — kUK R EcoR 1/Hpa ll B V), 18 H, 56—
Fkiii Kk H EcoR 1/Msp 1 BH1 .18 M,

W Hpall Fl Msp 1 % CCGG 351 B 3 Ak &
HUR (R 3, W EE U145 5 MSAP i 2881 53 Oy
4*;,;1(7’8—\:

128 H. M #4754 , JCH 1k

1125 H A4 M Joiy , Bk s 84

M2&:H Joa . M A7k, Bk Py Ak

IV H. M ¥ a7 AU 4 34k

%3 Hpall #1 Msp 3 CCGG i 5 RELMNBRMUESR

Table 3

Il Lg% Sk 4E

I CGEW gk

B TP
WCREIER e

PN, Double chain Single chain
MYIDLA No methylation) _ e Other methylation)
Digestion methylation) methylation)

loci _ , ,

oct CCGG C"CGG "CCGG "CCGG "CmCGG

GGCC GG"CC GGCC GGC™C  GG"C"C

Hpall 1 0 1 0 0
Msp | 1 1 0 0 0

R PR AT U IF B U A B s M ORERAR AT BDIF R U A R B, T

Note:1 indicates recognizable enzyme cut fragments;0 indicates not recognizable enzyme cut fragments.

The same below.

1.6 HBELHEERER

o B A BT e B IR ST 4
P AB.C.D FILE 45 5 B H B2 A0, Forp A 26
SRR ] A2 AC Tl ) FH A A5 25 8 . BLC D E J2 4%
ZE ) B R A AR 2

A ORISR H b A2 AR 4 P L
FR AR H/M AR 0,1,0,1,0,15;A3 BUJEf
B e, P2 g H/M ARl 1,0,1,0,1,05 A1
AN U e 2T

B 2.0 5 W AR AL, 1% 28 R 4% 58 Bl AH X
FHEA Y H AR 855

C 2. gt ol i W SR 2R, %283k
AHXF T IR AR 1 B A o

D 2% ik B AR AL, Z 22 J5 AR 38 R 41 DNA
H ALK HEBUR Y B R AR 5 BRI 4

E 2 g A 2580, RN BB 2 XK A4 58 )5 4R
CIB i fa

A2 Fif

3
>

2 HRE5SH

2.1 ZFXHF BC, REFAK DNA BENLKFE

R 12 351 ¥4 &% FOBC, K HRGE R 15
5 DR 4 M s i R Ak A L ARG 7 A R 1 421 A,
I ARAR B 4 3G 2% B FIAE 548~643 J5 (3R 4),

F S HBEA CH:BE 05-3256 7 JL 47 38 ) 457 643
4, R S AR A B 383, F AL UK Y 16 2 A Mk H R
R 5 A A7 a5 B0 H 3R 02 59. 6 %0, e 1 3k Ak
TN AL F A I 34, 2% .25, 3% s XA )T
WNE 1SRy 88 25000 598 4%, B A £k 362
A AL UR Y 38 2 8 M R 60,500, & W3
Al R A2 B LA R 3 i 31, 8 %01 28.8% 54 4~ F,
Fesz B H O AL B PO 2 S Mk L R IR
56.4%~59.0% ,F¥ R 57. 5% . 4 H 34k OBUEE Y
LAk 2R 30, 5% ~37. 0%, F# 33.1%.,
A (o b P AR R 22, 0% ~27.5% .
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Sk 24.4%

BC, FHBEA B3 94-467 24 1Y i 4571 638
Z o B SRR B 379 A W AL RS 2 A L
gt 59. 4%, 4 I AR SR B3 bR 4 B 2
33.4%0.26. 0% ;BC, W 3LAL GRS 1 2 5 H &R IE
BETE 56.9% ~69. 8% , -1k 62. 8%, 1 4 FH KAk
OUUEE Y k) F P 20y 3204 00, 2 F B fk (.
AN AR SR 30,504,

HRES W N EM 38 F ACH AL AKCE 1 1 X
FAR. Fo W A T2 B AR R R H R

Az FEEAR Y T 2 32 2 P L e i X R AL 5 [m]
AR BC, v, BB BURY 1 2 A M LR
62.8% . T WE. BC, W S F V1 32. 4%,
TR B AL R 30, 5% .84k | BC, LR A=
PR 50 6 W OB kol L H 220 B R, A
fF 5% BC, AR A9 8 H 3 fb K E i = T Fo Ul B A 88
FHAE F AR R AW, #) BC, AR i F DNA
R b T AT 353X 5 H R R S BRI 2
WA, FE Fo AR BUMEIR 4> 2 R = T BC R
kL

F4 ZZTWF .BC REANBEMLKFER
Table 4 Methylation in F, ,BC, and parents
i ) % 25 Y By EE ] SRR i A B AL
T { digestion band L A5, g Gie AU /% /%
ypes ol digestion ban DAY i w N /0 /0
#1 KL PLs

) Total Total Total Total Half

Material lified lified hylated hylati hylati

ampliried amplirie met ate met ation met ation
I i m N P P Y MSAP Y Y

loci bends bends rate rate

3256 260 220 163 778 1421 643 383 59.6 34.2 25.3
GXNI1 236 190 172 823 1421 598 362 60.5 31.8 28.8
T6-1 282 203 166 770 1421 651 369 56.7 31.2 25.5
T6-4 278 215 145 783 1421 638 360 56. 4 33.7 22.7
T6-5 237 172 155 857 1421 564 327 58.0 30.5 27.5
T6-3 280 253 150 738 1421 683 403 59.0 37.0 22.0
94-46 259 213 166 783 1421 638 379 59.4 33.4 26.0
H4-4 273 160 201 787 1421 634 361 56.9 25.2 31.7
H4-11 252 219 170 780 1421 641 389 60. 7 34.2 26.5
H4-13 226 222 150 823 1421 598 372 62. 2 37.1 25.1
H4-27 225 159 164 873 1421 548 323 58.9 29.0 29.9
H4-29 222 164 229 806 1421 615 393 63.9 26.7 37.2
H4-43 187 188 244 802 1421 619 432 69.8 30. 4 39.4
H4-47 196 264 142 819 1421 602 406 67. 4 43.9 23.6

3256 WA CGT05-32567 s GXNT AR A Pl \E 1 27 ;94-46 N FF A  YC94-467 ; T6-1, T6-4, T6-5, T6-3 Jy Fy kt s Ha-4, Ha-
11,H4-12,H4-13, H4-25, H4-27, H4-29, H4-43, H4-47 % BC, ¥},
By AR =1+10+1:9 R s=1+ 1 :;MSAPY=[CIl +1)/ (T +1+M)>]*100; &M EMAEY=[1/C] +

M+ ]« 100k RBARY=M/CT+1T+1]=*100,

Note: 3256 means female ‘GT05-3256" ; GXNI1 means male ‘GXN1’;94-46 means female *YC94-46";T6-1,T6-4,T6-5,T6-3 means F;
H4-4,H4-11,H4-12, H4-13, H4-25, H4-27, H4-29, H4-43 and H4-47 mean BC;, Total amplified bends= T -+ [ + [l ; Amplified
total methylated bends= [l + [l ;s MSAP% =[CIl +1)/CI 4+ 11 + 1) ] * 100; Total methylation rate (%) =[11/CT + 11 +1)>] *
100; Half methylation rate (%) =[1/CT + I + )] * 100
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2.2 FRAMEBENKF BC WRELEBBEEZSHN
TEZACH Fy . BC, KoEA rhAe4a U 3] 70 &
FEARET (R 5) K XA I A.B.C.D.E
G5 WP AL AL, AR W], A SO P Al 1Y st
BRI F %2 He 2 5. 73% ~7.93% 3 B.C.D,
E %4z 2R h, B 25 B B B2 270 1206 ~
31.53% ,C 25 Ho 451 5 Bl 2 43. 809 ~53. 94 % ,D 2
Fb ) 3 B 10. 60 %0 ~ 14, 03%6 ., E 2 L i) 3 2
7.97%~11.28%,

BC, 1, A K Fl 2 14. 26 % ~28. 64% ,B
2 L5 B 13, 71 % ~21. 29 %, C 2 L 49 5 PRl 2
33.04% ~ 47.28% , D & Ik I i B & 7.49% ~
13.33% E 5 bl 3 Bl 2 7. 54 % ~9.51 %,

LU F, 1y H B A s L 2 A (A 20 T B A%
T BC,, HAE R 2 B.C.D.E & T BC,, X £ ¥
BC, AR B LR Z s (5 45 T BC, s W

xS
Table 5

FEARZIE W Fy b fE, J 4 DNA F2 k4T C
FEH AL 5 R A H AL i R AR Y B>D
>E, MfEZRZE W BC, i it EE A A M
AL, R B>D>E, B %% B 5L 4p 27
A D Ry H 3 AR 2 R Sl 5 A s A% o AR AR X T
A A PR AR B PR AR X P R AUP AR Fy orp
F A5 S B A 0 2 26, 77 % ~ 30, 7% H1 7. 82% ~
10. 98%% , MM 7£ BC, H 1) Hu il 161 43 531 & 16. 12 %6 ~
25.43% F1 8.69% ~10. 84% ., #H HfkL(C &)
W 5 A8 1 3l R A X TR A S AR Y Al R
Jnal A7 SR A F B A KO X AR 2R RLAE By oAb L
S 42. 62 % ~52. 91% . ££ BC, 1 He 4 7 FRl 2
40.05% ~52. 54 % , If AR ZEAN K, E 2507l 44
AZ It AR v e PR 20 i 2H A L S B A ) T RGE
RS LR 28 AL F, h i)l 9. 6806 ~10. 98,
BC, H Ik 8. 70% ~10. 84 % . FAHZE AR K,

REMEF SEABDNPENERREMSH
Methylation types and loci between hybrid F; and parents

P 3 k257 Methylation pattern

H 354k v &80 Methylation loci number

e
7K Female LA Male F,
Tape T6-1 T6-4 T6-5 T6-3
H pa Msp H pa Msp H pa Msp

Al 1 1 1 1 1 1 52 49 39 44
A2 0 1 0 1 0 1 16 10 13 19
A3 1 0 1 0 1 0 11 4 7 10
Mt BAZSVE( S %0 Number of monomorphic loci 79 63 59 73

Total {5 Percent 7.93% 5.93% 5.73%  6.92%
Bl 1 1 0 0 1 1 88 71 62 66
B2 0 1 0 0 0 1 47 43 42 54
B3 0 0 0 1 0 1 6 4 3 7
B4 0 0 1 1 1 1 4 8 8 12
B5 1 0 0 0 1 0 34 15 24 22
B6 0 1 0 1 1 1 2 13 5 4
B7 0 1 0 0 1 1 11 17 11 7
B8 0 1 1 0 1 1 8 0 3 5
B9 1 1 1 0 1 1 17 10 13 15
B10 1 0 1 1 1 1 6 5 4 8
B11 1 0 1 0 1 1 6 5 4 6
B12 1 0 0 0 1 1 17 14 20 21




%9 M R RES . W\ E 238 Fy JBCy J H 2648 DNA HEE AR /K - FI A X AR 1k 43
#5048
FF L4k 25/ Methylation pattern LAk A 5% Methylation loci number
*H £} A Female LA Male F,
Tape T6-1 T6-4 T6-5 T6-3
H pa Msp H pa Msp H pa Msp
B13 0 0 0 0 1 1 21 44 42 36
B14 0 0 1 0 1 1 5 5 10 6
B15 1 0 0 1 1 1 6 3 5 6
B16 0 0 0 1 0 1 5 6 3 4
B17 0 1 1 0 1 1 0 1 0 1
BI8 1 1 1 0 1 1 0 2 0 0
B19 0 0 0 1 1 1 4 4 6 3
B20 0 0 1 0 1 0 7 8 6 13
B21 1 1 0 1 1 1 5 5 0 13
B22 0 0 1 0 1 0 8 1 4 3
B23 1 0 0 1 1 0 5 1 3 7
B24 0 1 0 0 1 1 0 1 1 3
B25 0 1 1 0 1 0 2 2 4 4
Bt L A5PEAL S E Number of polymorphic loci 314 288 283 326
Total L 5] Percent 31.53%  27.12%  27.50% 30.90%
C1 0 0 1 1 0 0 100 104 105 99
C2 1 0 1 1 0 0 3 5 5 4
C3 1 1 1 1 0 1 3 6 7 7
C4 0 1 0 1 0 0 6 7 9 8
C5 0 1 0 0 0 0 77 75 84 70
C6 0 0 0 1 0 0 82 85 87 76
C7 1 1 1 1 1 0 6 3 5 5
C8 1 0 0 0 0 0 44 59 52 46
C9 1 1 0 0 0 0 25 34 52 39
C10 0 0 1 0 0 0 69 70 77 70
C11 1 1 1 1 0 0 0 5 10 6
C12 1 1 0 1 0 0 1 5 13 1
C13 1 0 1 0 0 1 6 4 2 3
Cl4 1 0 1 0 0 0 3 11 14 7
C15 0 1 1 0 0 0 6 11 6 2
C16 1 0 0 1 0 0 6 7 9 6
C17 0 1 1 1 0 0 4 8 5 5
C18 1 1 1 0 0 0 4 6 12 7
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FF L4k 25 A Methylation pattern LAk A 5% Methylation loci number
*H £} A Female LA Male F,
Tape T6-1 T6-4 T6-5 T6-3
H pa Msp H pa Msp H pa Msp
C19 1 1 1 0 0 1 1 6 0 0
C20 1 0 1 1 0 1 1 1 1 1
it Z A5 5% Number of polymorphic loci 447 512 555 462
Total F 0] Percent 44.88%  48.21%  53.94% 43.80%
D1 0 1 1 1 1 1 16 14 15 14
D2 1 1 0 1 1 1 12 9 8 6
D3 0 0 0 0 0 1 57 61 44 84
D4 0 0 0 0 1 0 35 55 27 36
D5 0 0 0 1 1 0 4 8 8 4
D6 0 1 0 0 1 0 5 4 3 4
D7 0 1 0 1 1 0 7 0 4 0
it Z A7 5 %5 Number of polymorphic loci 136 151 109 148
Total Hofil Percent 13.66%  14.22%  10.60% 14.03%
El 1 1 0 0 0 1 15 18 12 19
E2 1 1 0 1 0 1 5 7 1 5
E3 0 1 1 1 0 1 7 2 3 6
E4 1 0 1 1 1 0 5 5 6 2
E5 1 1 1 0 1 0 5 5 4 4
E6 1 1 0 0 1 0 9 12 13 25
E7 1 1 0 1 1 0 9 4 5 5
ES8 0 0 1 1 1 0 7 3 6 6
E9 0 0 1 1 0 1 15 10 8 13
E10 1 0 0 1 0 1 3 8 3 1
Ell 0 1 1 1 1 0 5 5 8 S
E12 0 0 1 0 0 1 4 14 2 10
E13 0 0 1 1 1 0 1 3 0 0
El4 0 1 1 0 0 1 3 5 6 6
E15 1 0 0 0 0 1 6 10 5 12
At Z A PEAL E %0 Number of polymorphic loci 99 111 82 119
Total Fefil Percent 9.95%  10.45%  7.97%  11.28%
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CA TR MSAP $OR 2 —Fh ] 41T KM
BEHEFTAE ) DNA H JE AL 7K SF- 28 16 AF 58 09 A 8805
O ARBESE ) MSAP $ R 43 H R m 2 4k
22 K 0 A2 e R 3 R AL CCGG A7 w5 Y B 3 AL 1
Bl AERER L EH S A Tmg &G F #H
41 [l 22 J5 A% BC, #EH4 b 4 Gl A 56, 4% ~
59. 0% i1 56. 9% ~69. 8% 1Y CCGG i i & A= B 3
b, KT A AR W kAR A R kAR R N B
41. 8% ~48. 7% [ E K 18. 07 % ~40. 1 %672 K
i 28. 6% ~33. 3% M 20. 026 ~27. 1% i
PIRGIT 3506 ~ 4306 A iF 5T, (AR T/
G228 JE A o R 3R KOF GF- 35 86. 200)
HESMNANEZ% AL, F . BC, R4 CCGG
A7 a5 A R B AR A R DR AR S A 2 S
A5G T IR A AR R R T R A K. X T
AHIF T 45 A e T RE A 5 by R B2 AL
SR AR GE TN S AN [R) TR ot o AS () 5 S5 3 Y
BRI H R 22 Sl . A, 2RSS FL
BC, 1) CCGG {7 s & A BURE FF 3L Ak L R 1 L%
LAk %, 50 2= B L A A R 5 A6 A oAt
HRERR G P ST A5 R 2L B R B 4L CCGG iz
A PR S L i P A 7 A R 1 T A S A e g
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