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methylation levels and patterns in foxtail millet (Setaria italica), the Methylation Sensitive Amplified Polymorphism (MSAP)
analysis (employing double digestion with EcoR | and Hpa 11/Msp 1) was established and applied in two foxtail millet cultivars
(Chaogu 58 and Yugu 1). The results showed that 32 pairs of MSAP primers were selected from 100 MSAP primers, and 1 615
and 1 482 clearly distinguishable and reproducible bands were amplified from Chaogu 58 and Y ugu 1 respectively, including
3 types of methylation patterns. Cytosine methylation levels of CCGG context in Chaogu 58 and Y ugu 1 were characterized as
6.93% and 8.77% respectively. Such different genomic DNA methylation levels between two foxtail millet varieties may
provide a preliminary reference for the cultivation of this crop from a novel epigenetic viewpoint.

Keywords. DNA methylation, foxtail millet (Setaria italica), methylation-sensitive amplification polymorphism (M SAP)
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JEHE7E DNA HILHEF4H (DNA methyltransferase)
PEAEAERTTS , ¥ SRR REAR (SAM) EiY
HH L5 A% 2 I s RE (4 265 5 (it + b, JE A 5-H
JEfumgng (5-mC)P. HYANMIT, DNA AL
FERAFE CG. CHG Al CHH fii 5 (H4E AL
C. T =Fhos%E), HIAFAK DNA HIEFE RSB
18 DNA AL 300 A5 T35 20k X RN &2 )
G, A e 1 Rl AL, (ARG
SRR R R A KT 23
Pkt 48E A KREHAR AR, IF LR IS
WYEKRRE . Bt B i e+,
B XS DNA HEEELIETE AR A, C& KR T
RZ T kAl DNA HEELIgKF-, Hid MSAP
HARVUHZEM S FREK . BRIER A
JIZ 5 F TR DNA B S 0

LA U 1 25, Bl MSAP HOR
(Methylation sensitive amplified polymorphism)
7= M AFLP (Amplified fragment length
polymorphism) $7 A % J& i ok i), 1 st 312 32
B il o4 Py I Hpa 11 A1 Msp T i8] CCGG 41,
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BT NN, SRl TR E W LSRR
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T T RO L AL T MIRIE A 1 B B, 48 T eI 3
AR R AT A DR 4 Y AR AR K- 18 AR IR AT o
Wi, AT AR R —4F 58 S FIBR A
150, X457 BL 41 DNA Jif g g A B A K-
BEATVPAL, LA T A TR IE W A AR AR T kI
P AL K 25 S A URE i, DU BE— 20 A
PTG AL 22 1 A BB B 4 10T b AR A0 25 1y 3
WIRIERZS

1 HBS5FE

11 #MH

I 58 SHIBA 15, ARl 74 K LR
FRWE ST T A A FBHF BEAE R F ST IR
Heb, B4 15 & Bara Fut e s o i 2
Rl R LI G S AR 948 58 2
3L P T R TR IX R AR BT A, HE
Wik, FE RS, B THUSE R 2 R
AR PSRRI R T O R, I

12 F#*
1.2.1 DNA #H

FKH R CTAB ke U+t i 5L A
2 DNAPS i FHA 00 g 1 b 5tk [ B e R
A BRAEAH
1.2.2 DNA HEACBURZ EH 5T

35 EcoR I /Hpall . EcoR I /Msp I 414
XTI 41 DNA BEATREYD, 8k (R 1), LR
Pt K H NEB A Hl, BB YT 8 A 14
YT () B RARAER (& 2). fXt
SIPEAT BVl 2R PN s TR A T4 JC L TK L R e S5
W RTHE . AT EE A AT R O S, R A
11 MSAP 43 #HT o SERGHR G VK N o4, KiE
AR =R 3 o Taly Rl M IR (VA i S B i Ty

#1 MSAP#EL
Tablel MSAP adapters

Adapters

Sequences (5'-3")

EcoR I -adapter | CTCGTAGACTGCGTACC

AR A, 8 JERIREUT /98 4 @I EcoR | -adapter Il AATTGGTACGCAGTC

HE# 2098 =k Ay 5 R4E, B Hpall /Msp I - adapter I GATCATGAGTCCTGCT

BBV G E—80 “C kA H AR AT . Hpall/Msp I - adapter T  CGAGCAGGACTCATGA

T2 MSAP¥H#5|4

Table2 MSAP amplification primers

EcoR I primers Sequences (5'-3') Hpall /Msp I primers Sequences (5'-3')

E+A GACTGCGTACCAATTCA H/M +0 ATCATGAGTCCTGCTCGG
E-AAC GACTGCGTACCAATTCAAC H/M-TCT ATCATGAGTCCTGCTCGGTCT
E-AAG GACTGCGTACCAATTCAAG H/M-TCG ATCATGAGTCCTGCTCGGTCG
E-ACA GACTGCGTACCAATTCACA H/M-TCC ATCATGAGTCCTGCTCGGTCC
E-ACT GACTGCGTACCAATTCACT H/M-TTC ATCATGAGTCCTGCTCGGTTC
E-ACC GACTGCGTACCAATTCACC H/M-TTG ATCATGAGTCCTGCTCGGTTG
E-ACG GACTGCGTACCAATTCACG H/M-TTA ATCATGAGTCCTGCTCGGTTA
E-AGC GACTGCGTACCAATTCAGC H/M-TGA ATCATGAGTCCTGCTCGGTGA
E-AGG GACTGCGTACCAATTCAGG H/M-TGT ATCATGAGTCCTGCTCGGTGT
E-AGA GACTGCGTACCAATTCAGA H/M-TGC ATCATGAGTCCTGCTCGGTGC
E-ATC GACTGCGTACCAATTCATC H/M-TAC ATCATGAGTCCTGCTCGGTAC

Note: E and H/M represent EcoR [ and Hpall /Msp 1 , respectively.
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AT A 5T L Al 20 W B LG 8 Ak BE
PEY BESZE, LISAAS 58 5 oM, BRI 32 X5l
WL & B L BG4 g T 0 L3R 3.

MSAP 1 Hpall #il Msp I EFifh[a %40, &
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IFF &Ml i i e > HE AR 5, Msp T A] LU
FUITF P 0 s i 4 PR AR A 5 0 R DNA
FinZt EcoR I /Hpall (H) #1 EcoR 1 /Mspl (M)
B934 J5 i 77 07 PAGE JIiE 4B R 3 #h
HIJE R, [ &, E+H FI E+M #AH, %W
CCGG fi miA A A AL ; 118 E+H A4, E+M
Joifi, KW CCGG fimikh T2 HEALRA, H
DNA HIEEAL ROk A7 — 2k b, HHEAME 1k
A [IAY. E+H 645, E+M A7, £ CCGG ¥
FIH BN CG i a5 4b T4 H AR, B DNA
FR 35 b [R] Bsf e A 7 T e 1 PR I P i e |- &1 1
@R T4 58 5 R4 LS ANH 5 [k FEE
WS, & 4500 T4 58 SRR 15 0 s
W H ALK
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®k3 BHIR 585 R2X5MEEREY EEFTHITER
Table 3 Statistical table of 32 pairs of primers and
their amplified bandsin Chaogu 58

No. EcoR I+3 primers H/M+3 primers Amplified bands

1 E-AAC H/M-TCT 46
2 E-AAC H/M-TTC 51
3 E-AAC H/M-TTA 40
4 E-AAC H/M-TCC 49
5 E-AAG H/M-TTC 55
6 E-AAG H/M-TTA 48
7 E-ACA H/M-TTG 66
8 E-ACA H/M-TTA 53
9 E-ACT H/M-TCG 44
10 E-ACT H/M-TTA 58
11 E-ACT H/M-TGT 30
12 E-ACT H/M-TGC 38
13 E-ACC H/M-TCG 43
14 E-ACC H/M-TTG 45
15 E-ACC H/M-TTA 55
16 E-ACC H/M-TGC 40
17 E-ACG H/M-TTA 39
18 E-ACG H/M-TCC 28
19 E-AGC H/M-TTC 42
20 E-AGC H/M-TTA 61
21 E-AGG H/M-TCC 54
22 E-AGG H/M-TTA 50
23 E-AGG H/M-TGC 43
24 E-AGA H/M-TCT 51
25 E-AGA H/M-TCG 52
26 E-AGA H/M-TTC 57
27 E-AGA H/M-TTA 72
28 E-ATC H/M-TTC 66
29 E-ATC H/M-TTG 73
30 E-ATC H/M-TTA 48
31 E-ATC H/M-TGT 69
32 E-AGC H/M-TCG 50

Note: E and H/M represent EcoR [ and Hpall /Msp 1,
respectively.
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Fig. 1 Selective amplification plot of Chaogu 58 (A)
and Yugu 1 (B) by different primer combinations. Primer
combinations: a E-AAC H/M-TTA; b: E-ATC H/M-TTG;
c: E-AGA H/M-TCT; d: E-AAC H/M-TCC; e: E-ACT

H/M-TTA; f: E-AGG H/M-TCC; » : methylation
variation site.
22 BENBIHEKESH
221 ¥4 58 5B EAKF
M\ 100 XF MSAP &4 519, ki 32 XhiE G

HI4F 58 51 MSAP 5 |4 &, 44 1615 4%
THMWT AT HE LA B A DNA . WK 4 [ LUE
H, UTARESFEA 58 ERERAKT L
CCGG i i Mumsng AL L i 6.93%, iy
42 FBEAL L9 g 4.27%, Bk FEREAL L0
2.66%. MZ5HRFE H#I4s 58 5 1E CCGG i i 1
it g R A, B R A A R s E I

x4 FAA S8 SHEKE 1 SHIRMEIEREWKT
Table 4

222 BA 1SHHERMKFE

M 100 Xf MSAP &4 514, k) 32 Xfid
HATHBA 1 58 MSAP 5144, Ly -4
1482 s Wi nl HF H ] B 42 1Y DNA 5508 . fE 5k
LKV | CCGG 17 s ) FE SLAK L BBl Ry 8.77%,
R S fr A Geat, e Ay 00 i s 0 4 R Ak e
B8 6.41%, HEALHLBIN 2.36%, B4 15
#£ CCGG v b iy s g FH LAk th =22 B AR RN
L B I
223 HIRS8S5BA 152K KN F RKF
B L3 AT

TEH S RFEN A CCGG A 5, b 1 i s e i 5t
KRG (G5 4), EIEA4T 58 5 F I KR T
B 15, PP AT 19 22 S8 T Al fh
FfLms e P4 F AR A s 25 S . RIS, A
sl P e I A 0] 4 B A KO 38 1 L o
FALKF-, %%Eﬁ?ﬁéﬂﬂ!ﬂﬁﬁm%ﬁm@ﬂ%
W A4 R AR i 2 AR B T ) R 2 X
b, B A s F AR KO LE A ﬁlﬂlﬂ&ﬁfﬁ
BER AGAALGEPIEE ] MSAP HARBISE £ K2R
SRR HSEA LN 4] DNA e Fp Ak K S
HOE IS —4H 354 Mo 17 5 Suwan 5 14 F 34k,
IKEA3 5 17.1%FH1 24.4%, 55 _2H3EA Suwan 1
5K 3221 14 W EALKF-43 518 24.6%F1 21.6%,
ARSI R A RARTR], 8B [RIFPE AN )
T 22 ] iy 4 F AR AKSEA AN TR

Cytosine methylation levels of Chaogu 58 and Yugu 1

S Band type  rota amplified Non methylated  Total methylated  Fully methylated  Hemi methylated
P T O m bands rate (%) rate (%) ratio (%) ratio (%)
Chaogu58 1503 43 69 1615 93.07 6.93 4.27 2.66
Yugu 1 1352 35 95 1482 91.23 8.77 6.41 2.36

Note: total methylated rate (%) = [(II +III)/( I +II +1II)]x100; fully methylated ratio(%) = [(III)/( I +II +1II)]*x100; hemi

methylated ratio(%) =

&: 010-64807509

[(T1)/( T + 11 +II1)] x100; non methylated ratio(%) = [( T )/( T + 1 +IIT)] x100.
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3 Wi
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J G F DNA R AR A8 Ak S 4 T A 24
AMFFT 1 100 X 51 )2 A 0 e R AT 32 %A A
I G, K AN F il PP AE CCGG i 5 DNA
HIEAKF-. W14% 58 S HIEA 1 543 Akl 2|
1615 451 1482 4545, (HH T° MSAP AR ]
8 B 4 P DD S e TR AR CCGG ¥ 41, X
A A7 S5 B AR AS ARSI, LA A S B R
B, i DG T 356 IR 4 v 52 B Al KT TR AG
i K20, BB FI#IS 58 SRS 15
S FE K2 CCGG J7 41 ffu ms e B B A0 T o 1 L 461
6.93%71 8.77%, ZAX T4+ F P> ah AP B 1y
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AL rh R B, kA Zhenshan 97 Al
Minghui 63 1% Jifd 1 B F 5 Ak oK P 564 46 [ 4
16.3%, 1M %385 U Shanyou 63 () fifd i i F 3
AR F IR EA, i A58 J5 AR E A Z
[6] F) T AL KO-t 2 A7 e 22 52200 48 7O [
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