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Table 1  Adapters and primers of MSAP analysis

519 45 FR % IFFI(5"-3"
Name of primers Code No. Sequence(5'-3")
EcoRT #3k E-1 CTCGTAGACTGCGTACC
EcoR I adapters E-11 AATTGGTACGCAGTC
Hap Il /Msp 1 % H/M-1 GACGATGAGTCCTGAG
Hap 1l /Msp 1 adapters H/M-II CGCTCAGGACTCAT
Ty B 51 E+A GTAGACTGCGTACCAATTCA
Pre-amplification primers H/M+T GAGTCCTGAGCGGT
EREMED R T E+AAG GTAGACTGCGTACCAATTCAAG
Selective amplification primers E+ACG GTAGACTGCGTACCAATTCACG
E+ACA GTAGACTGCGTACCAATTCACA
E+ACT GTAGACTGCGTACCAATTCACT
E+AAC GTAGACTGCGTACCAATTCAAC
E+AGA GTAGACTGCGTACCAATTCAGA
H/M+TCT GAGTCCTGAGCGGTCT
H/M+TAC GAGTCCTGAGCGGTAC
H/M+TAG GAGTCCTGAGCGGTAG
H/M~+TTA GAGTCCTGAGCGGTTA
H/M+TCC GAGTCCTGAGCGGTCC
H/M-+TGT GAGTCCTGAGCGGTGT
H/M+TGG GAGTCCTGAGCGGTGG

Sl 18 AT DL S L BCR AR LA BRI
15 EWHITSHW

Xof SR P M Tk i e e PR AT N T S S o 4%
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R LA (GR 2) . AR (E D, EHE A CCGG
A7 R 2 H AR L3 3 3k 3.6 96,36 Y0 Il 3.4 %6, 42
FSEAb L5 00 ok 27,090 .27.3 %0 R 27.2 %, S Bk
A R 51 R 30,6 %6.30.9 % F1 30.5 %, i Fl SPSS
16.0 BTGt 45 ik 17 W F e 22 5 o b & L 7
AN B DNA B L b 45 26700 0 19 3% 25 55 CBUds
KA . P ok e 4 B R R A A e
(type | Jtypell ctypelll) &7 By L R K 3L A 41 DNA
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Table 2 DNA methylation bands and ratio from in vitro shoots of different arris
k8 PR 247 25 Band type (Ratio) B MR R/ %
Arris Individuals Type 1 Typell Typelll Total bands Total methylation ratio
La 18 102 260 380
Lb 14 105 270 389
ik Lb' 1 106 270 387
Three arris Le 14 104 266 384
{4 Mean 14(3.6%) 104(27.0%) 267 385 30.6
La 20 102 260 382
Lb 10 107 268 385
e Lb' 9 107 272 388
Four arris Le 16 103 264 383
Y Mean 14(3.6%) 105(27.3%) 266 385 30.9
La 16 100 268 384
Lb 10 106 266 382
T Lb’ 11 106 270 387
Five arris Lec 14 104 262 380
Y Mean 13(3.4%) 104(27.2%) 267 383 30.5

HFa b 2R AR A B L f Lb" R BT H R — kR B4 =1type I +typell +typell . ME I E= type] +
typell)/(type I +typell +typelll); FH ., Note:a,b,c represented different shoots; Lb and Lb' represented that from the

same shoot; Total bands=type | +typell +typelll ; Total methylation ratio= (type I +typell )/(type I + typell +typelll);

The same as follows.

Bl FAEEHHNERAEHE
Fig.1 Pitaya in vitro shoots of different arris
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pg/mL), FZIH 5 DNA AL ARk (0 A e



%5 M XUME K S5 O R BB DNA YR A6 A28 Ak K Ry 2 o 5 3R 2800 21
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3L ALSL A3 AR R =4 L DUB M AR . F IR, 3L.4L,5L represented 3 arris.4 arris,5 arris,respectively,the same as the following.
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Fig.2 Electrophoresis profiles of MASP amplification from in vitro shoots of different arris
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Table 1 DNA methylation patterns from in vitro shoots of different arris

5 7 A28 4k Pattern change 17 S BCCHE# /%) Number of sites (Ratio)
Type H M — H M 3L—>4L 3L—>5L AL—~5L
Al 1 1 1 0 1 1
T L A2 1 1 0 1 1 1
Re-methylation A3 1 1 0 0 2 3
/it Subtotal 1 (5.6) 4 (22.2) 4 (21.1)
Bl 1 0 1 1 3 5
K H A B2 0 1 1 1 2 2
Demethylation B3 0 0 1 1 1 3 1
/N Subtotal 4(22.2) 5(27.8) 8 (42.1)
C1 0 1 1 0 3
c2 0 0 1 0 1 1 1
3L AR X e A C3 0 0 0 1 3
Change in methylation ca 1 0 0 0 6 5 1
tt
pattern Cs 0 1 0 0 3 5
/N Subtotal 13 (72.2) 9 (50.0) 7 (36.8)
el XA
(ESR/%) 18 (1.2) 18 (1.2) 19(1.2)

Total variation sites (Ratio)

T H UK EcoR | /Hpa Il VI A MUK EcoR 1 /Msp | BEUIH A 1 2R B B BLAR .0 SR B EBA A4, AL-A3.
B1-B3,C1-C5 fAF BRI 30, A8 5 8 = B8 S (30 s 80/ B4R W 80X 10026, R 1] . Note: H represented the EcoR T/
Hpa Il digestion combination.M represented the EcoR | /Msp | digestion combination.1 and 0 indicated presence or absence of
the band,respectively,in the gel. A1-A3,B1-B3, C1-C5 represented the detailed change of methylation pattern. Variation ratio=

Total variation sites/Total bands X 100% ,the same as the following.
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Table 4 DNA methylation levels of in vitro shoots with different culture duration

K5 FEmHA] Culture time

SR
MSAP band types 24~ H 2 months 34 H 3 months 44~ H 4 months 54~ H 5 months
Type | 28 30 32 30
Typell 130 127 139 136
Typelll 498 494 506 501
B4 Total bands 656 651 668 667
I 5 2 b= /0
M\H@ EJFLP%“SH:X/A 4.3 4.6 4.8 4.5
Hemi-methylation ratio
[L:w: IE 4> - ,-«/ﬂ
YA DE LH%HSH:}: % . 19.8 19.5 19.5 20.4
Internal full methylation ratio
=3 : /0
- Eﬁ%{“ﬂh% ) 24.1 24.1 24.3 24.9
Total methylation ratio
x5 TAEABREXHTAES DNA BEN KT
Table 5 DNA methylation levels of in vitro shoots with different subculture cycles
S AR R EL Subculture cycles
MSAP band types 4 R 4 cycles 5% 5 cycles 6 1 6 cycles 7% 7 cycles
Type | 28 28 25 27
Typell 130 129 140 139
Typell 498 495 494 499
B4 Total bands 656 652 659 665
¥ 55 1 . %0
I\H@% E*@ET{]:[Z&/A 4.3 4.3 3.8 4.1
Hemi-methylation ratio
% I 3 /0
PR E S LTI 520 19.8 19.8 21.2 20.9
Internal full methylation ratio
58 =Y
BEELLR/S 24.1 24.1 25.0 25.0
Total methylation ratio
F6 GAMEIANRRALEE DNA BENKFEHE MW
Table 6 Effects of GA treatment on DNA methylation level of pitaya in vitro shoots
St R Xf B& Control GA it ¥ /(mg/L) GA concentration
MSAP band types 0.0 1.5 3.0 4.5 6.0
Type I 5 9 7 6 4
Typell 57 54 57 56 58
Typell 162 165 160 162 158
JAH Total bands 224 228 224 224 220
I 2 Y%
PGB = 2 AL L 3K /4 2.2 3.9 5.1 2.7 1.8
Hemi-methylation ratio
TR I K/
WAL BE 2 7 AL LU/ %6 25.4 23.7 25.4 25.0 26.4

Internal full methylation ratio

=} 3 /0
@\Eﬁji»r’ﬂﬁt[ﬁi/ﬁ 27.7 27.6 28.6 27.7 28.2

Total methylation ratio
HE— P X 2% b B B AR AL EAT ST e B, R B I REE AR O L M BB R s gt A L BEE
AL BT A Z A DNA Gl HEAEIE ARG GA Kb 2357 9 B2 9 8800, 28 S o s oAy B i /b, A8
B3 Won AL SN2 M 22tk hi R mRARIBE .60 >4.50%0 >3.1% —>2.7%0).
7l UL DNA AR 3 B 2 DUAS [R5 SR e SR 20 0 e X U e e B Y G A S0 X i
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Table 7 Effects of GA treatment on DNA methylation pattern of pitaya in vitro shoots
A5 B2k, Pattern change A SEC (FEF /%) Number of sites (Ratio)
ZAl papiist Qb B
Type Control Treatment Ji W /(mg/L) GA concentration
H M e H M 0 —>1.5 0 —>3.0 0 —>4.5 0 —>6.0
Al 1 1 1 0 1 1 1
EiE iR e
Re-methylation Az 1 1 0 0 2 1 2
/N Subtotal 1(12.5) 3 (30.0) 2 (28.6) 2 (33.3)
Bl 0 1 1 1 2 2 1 1
XA
Demethylation B2 0 0 1 1 1
/I Subtotal 2 (25.0) 3 (30.0) 1 (14.3) 1 (16.7)
C1 0 1 1 0 1 2 1
Cc2 0 0 1 0 2 1 1
M ST S0 2 3 0 0 ot ! ! ! !
Change in methylation C4 1 0 0 0 1 1 1
pattern C5 1 0 0 1 1
/N Subtotal 5 (62.5) 4 (40.0) 4 (57.1) 3 (50.0)
B S A R (A R/
RS RS 70 8(3.6) 10(4.5) 73D 6(2.7)
Total variation sites ( Ratio)
E+ACG/HM+TTA E+AAG/HM+TAG
1 l I
. 1.5 3.0 4.5 6.0
H M H HMHMHMHMHM
1 ! *
T T3 1%
0~6.0 F/RANFEAHFA GA FiEEE ,mg/L 0~6.0 indicate different GA concentrations.mg/L.
5l 3 A GA RERE B EL KN B K E
Fig.3 Electrophoresis profile of MASP amplification from in vitro shoots of different GA treatment
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IR A AT 22 57, U B oK e 2R 21 3% e b B2 1k
R DNA HIAL K A AR A G PE . W 2
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HIEAL . T2 DNA H AR S ] LU 2% 5 U]
WD MR E 1 DNA Ak A8 5 0] 58 2% 335
BRI A BEAE 2R AU AL i . AR 2 e, — 284>
PRI Y DNA I JE AR 25 55 07 o AT AE 2 AL %2 2 19
W BEALIA 2R, 3 B H 40 i 1] foy B R Ak 2 R
TR A AR 38 A% P AR O 80T S B S e

Xt K e SR A [ 4 B =8 22 8] ) 22 56 s SE 3 o A
S B 3 2 50T RE A fh T Rk ] B9 P RE AL 2 RE R
G A 5 2 — 2 67 e 189 A2 A 0 A B L A7 e TR 114 72
P B — E ML B3 6 22 S 437 i 5 4 B0 AR A
Ko AHFTE B A ZE BRI I DNA X HE AL (7
MBS Z T £ W Ao 5 B NS A A
JEHI S B AR i1 i DRI AT i 9 R — 26, HE I AT g
R L R AU R A T RS AR
e L% B 21 B SR Ak R B IR T4 T I
e B3 78 A I 2L 8 AR 1 TR R A B B R >
B 3R FE AR WS K B 22 I A D ) T SO
ZERE BB PR ALY TR bR T kO 2R
MR L2 =0 (B4 25 [R] A A B AR KA 22 4
AR L A1 2 0 AR i T Sl RH O BE % 2 Tt o3 AR 2H 2
ST IBEEZ R SR TR A AR B AR

M R A 5 R e A R AT TR R 2
Ko A2 B B A AR R RS2 R S A R X 2 R S
A RE SR K AR R L AT BE 2 RS LA AR ] 4 2 B
TEFNAE YN 4G 1 DA A B G A i A f e AR 45D X
SEAR S G BNy 5 R B AL A . AL TR s iR
TEHR T LA X A2 E 18 % 22 A AR T HL & B L X Al AE
- H HH B DR AS ] 35 DA 28 g 28 355 6 ek v 28 B AN [ L B
B D R SO s FOUR AR R T DL I L B 4
Ao 5 R AR RO S LR S A Y — 14
T AERKEE HE B AL oL AR SRR AR 0 B B
NG A At R — PN BR E B B AR W AL T
A A R 3O T IE R OKF X 0L 5 R
e, MH 2, 4D R A " W0, MR
XX S B G B B A A B 255 K e
ARG AR AT T 8 —LE R, AT LUy R 80%
FX AR E MR I, R T IR AR

B A B A AR R AR Ak AT R VS B BB I
32 AREEZKNRY DNA BELHFIE

YER—F* true-to-type " 1938t % 77 X, B 44 15 57
AT DATE S 0T N R f 7 1 B0 2 s R Y — PR R B
BE AL A 7 TR 2B 5 B E WA R FE R 5 — T
T, 32 22 Fl N A1 R 210 52 ), A48 S5t SR — 3 A7 AE
MBS . o XA 58 C R W, 5t 1% R 3R W st 1% A8 55
A BE 23 B A B (E) ) A T AR LT DNA 34k
AR ST g Sy it — A P EGR L AR S e K B AR
18400 T A SR VR R L 2E A A e D ke O K 3
B AR Y kA T P IR RS TR
e, ER TR AR I T SR R O R AR I 4 AR 1 A
TRLRAF A B 5E T AR M AR AR . BT DL, A b 22X
X AR AT 34T e MR I DA S AR T K
AT AR S X B PR AT Y T I R Y st A% R
A3 B R A TR R A B L R AT 2R 4 DNA %
Bk ZBPEAEE B DNA ALK RRARD ™, %F
Bi ik 24 a f9%i 038 i3 AFLP 1 MSAP ¥ %
B, S S A AR E] 1106 A0 18 %61 i it 2 4K 4k 4K
Brgead fh i) DNA F 38408 16 4 B & B, 25 718
Z[E] AN [ A A Uk K ] 34 47 FE AN [ B2 B2 1) DNA H
AR AR S0 ] D B 35 B[] 4R AR Ok B0 A B b
LB It A5 AR P B AN o] Z R R, i HL A T
DNA F A0 i 5 5 25 1, DNA- 3 Ak 2 1 1 48
S A S R F

ABEFER T MSAP $ AR % K OE S 4 855 1 i 47
TR R (R AT AR AR R 19 DNA T B ARG, 45
LR S BB S I 4 DNA i 3L 4 7k - 24 5 9
Wi 55 5 BsF () SEE K R A AR R S v G v A, X
5 HT N B0 45 R — B, B 0 XA 8] A BAR I B AT
WFoE &I, L EL P 4 DNA B4 7K - Bl 2 4F 1 1
BT RGN 5 T AE G S A R B SR R b, & L
WARAR B 55 2 )5  DNA H L AL 7K SF- B 2 36 i, Ak
DNA H HeAb KP4 S 80U & A2 e 1 i k0,
3.3 FEZEX DNA BELEZ M

EER (GA) B T YA N A — 25 DU 3R i 28
G GAENH YA RKEBEZ — eI
P& . ZERMK . iR R E L AE R S B
BCEE A AR AR Rh R R R
ZE U R RV B T AR S X R R MR AR R R E
AERE R HE TP BRI 25 R BRI R B
ROBMTHRAWIERE AL P TH B EE G
S AT AE R B T T IR 2 R
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XUME TR A SRR BT i DNA 0 A8 Al K 3 287 7% 8 R 300 25

5 R 0 S RIEA T o BB

FEAH ) B A 3 55 o AR v, TG IR 2 A AN AR B 43
USRI TSP o IR (T APV R M=l 4
SRR AR 3542 T 18P A A PR & T 2 0 2% P I Ak A
MEE A, EDFSE 8 MR IR kB R R,
2,4-D 5418 DNA 19 H A 0C . 3 B e hs
Y LTE S MR BE Y 2,4-D 553 5 F . DNA H 54k
M 16 V6B E] 45 % . DNA F A3 i, 22 W % 35
FEIR B IEIAE R R K 2Bk 25 2, 4-D I BRI 40 il %
JERE, DNA i b F A% B AR ZS 1T LA AH N 19
FPHFIEPY . 6-BA Il GA 5 Z 70 M W B K 85 3¢
stz Al [ RE S 51 DNA W 3 A e,
ARHFFE T DNA H LB BN R GA F it i 2 31 —
FE R P AR AL, N TR B RV B GA AE 3N TR GA
JoT ViR B 5 S T R S AR R B, T it fin A1 U
GA 250k e SR 4135 1 DNA H 3RS K N i
GA 5 ,DNA HIEAN S5 Tk — il i,
W ARl DNA AR X 2z 6] w] LB AR 8 9, 31
He4F DNA B LA AKCE X e . BEAMIE GA
b B FE 3N, DNA F LR A 0 10 A8 R R AIG L %
BH e SR 21 55 7 R IC MR 1 GA B0 T % s R
) GA BUBEMEREL .

H AR DNA H B AR — 2 i 2k, B
B BB WP A7 (3 0 ANV R A e e e ik — 20
WFIE . Bl X B R PP DL IR AR E , DNA H B
2 5 X — i B 09 P8 45 4 100 X Bl B n] S AR
B R 5 B RET R SRR 0 & R 4R A B
SR B

& % x Mt
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DNA methylation variation of in vitro pitaya
shoots and its response to exogenous GA application

LIU Pengfei QIAO Guang WEN Xiaopeng

Key Laboratory of Plant Resources Conservation and Germ plasm Innovation in Mountainous Region ,
Guizhou University/Ministry of Education ,Institute of Agro-bioengineering ,
Guizhou University ,Guiyang 550025,China

Abstract Based on MSAP system,we investigated the potential relationship between genomic DNA
methylation variation and arris variation of in vitro pitaya (Hylocereus undatus ‘Zihonglong’) shoots.
DNA methylation levels and patterns were detected under different subculture duration and cycles using
MSAP marker. Also, the relationship between exogenous GA concentration (0,1.5,3.0,4.5,and 6.0
mg/L) ,endogenous GA content and DNA methylation variation were illustrated. The results showed that
no significant correlation was observed between arris and DNA methylation variation. DNA methylation
levels of in vitro shoots increased along with the elongation of culture time and subculture cycles. The ra-
tio of semi-methylation in external cytosine were firstly reduced. followed by an increase, which was
somewhat consistent with variation of endogous GA contents (406.7,424.3,440.6,398.6 and 409.1
pg/mL).Ratio of full methylation in internal cytosine of CCGG sites demonstrated a negative correlation
with the change of ratio in external cytosine,indicating that,exogenous GA might considerably influence
the accumulation of endogenous GA.Furthermore,different forms of methylation patterns might be con-
verted to each other,and thus remained the stability of total DNA methylation level. Along with the in-
crease of the exogenous GA concentrations, the mutation rate of DNA methylation decreased (3.6% —
4.5%>3.1%—>2.7%) , which revealed that, DNA methylation variation of pitaya was more sensitive to
low GA concentration.

Keywords pitaya; in vitro shoots; DNA methylation; GA; MSAP
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