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The Effects of 5-azacytidine on DNA Methylation and Heat Tolerance of
Seedlings of Non-heading Chinese Cabbage

XU Hui-hui, LIU Wei-xin", SUN Yan, and LIN Duo
(College of Landscaping & Horticulture, Qingdao Agricultural University, Qingdao, Shandong 266109, China)

Abstract: The effects of 5-azacytidine (5-azaC) on DNA methylation levels and heat tolerance of two
commercial cultivars of non-heading Chinese cabbage [Brassica campestris L. ssp. chinensis (L.)
Makino] , e.i. ‘Xiadi” and ‘Dongshangwei’ , were studied. The results showed that DNA methylation levels
of seedlings of the two cultivars were significantly decreased, no abnormal growth or development was
observed. Pre-treatment of seeds of non-heading Chinese cabbage with 0.1 - 0.2 mol - L of 5-azaC would
slow down the decreasing of growth, POD activity, and soluble protein content of seedlings under heat
stress, and decrease MDA content and cell membrane permeability as well.
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N A, 2007; BRDARE 4E, 2010).

W RAE 5T A I DNA 23 R4 ] 8 15 0l 4 308 455 4 T ek R v ) i A4 A O OR824, 2009
5- AT (5-azaC) &P EFEAIN], W SEMYREKE (Bad %, 2009 et
PR IFRI AT L (2RH2% 25, 2002),

AT H IIAE TR S-azaC ALBNS (1 SEMN ACE (5% 00, D 5530 FLi FAOL R A i Bk (1 1 45 4
BES TR

QY L SRS DARE

11 MRl EAE

IS Bl CABRT R B Bl BT R RENG T R A R FIAR M E B R AT
5-azaC Zj|6 H Sigma A F] . 56T 2009 FRKEER 2011 FFFHALT B AR # = kT .

2010 4E 10 H 7 H, ¥ AR T 2e AR 1 h 5 70% 185 90's, 5o B KWL 4 ~
5. BRGNP ICT4A H 5-azaC ARIRIEIEACII R R, EAEEFRAT (20 'C) i 4,
5-azaC VAT EE 42 54 04 0.05+ 0.10 1 0.20 mol - L™ 45 7% JFH 396 8 (K e 44 1 1Ry B e, b
L 5d. 2010 4F 10 H 12 FURR AR PR S 7RSS K e G B Ak T3, IR B

VIR K301 30 d A N LRH-400-GSZ 2 G5 N TR F2 40 rh MEAT i b 38, vl i
EVEE CH/D K 36/28 °C, el 12h-d?, SHREE (H/M b 20/12 C.

12 HKIBRSEEIERNE

P AL EE USRI 5 AR s TR KR e TR SR bR . A 7 d A D B
(P fef o B R T, AR 0 R A AT AR (A 1) %% B ARG K. BL 20/12 C a3 & )
W THEA KB il - 40 YR o) TR B R B0 K % 100D .

PR AR FE 48 h i I TR AR A DG AR BRFE bR o BB P SR H SO e, DAHL AR TUANS R K
7o MDA 7t BAR B G Z VA 58 o« PP B 1 0 3 R T 25 E 2 88 G-250 Je ikl 2 « SOD
TR SR NBT J6id J5 52 o POD Wl MR T 29 06 06 BE VA 5

1.3 DNA BIREREHREKTENE

AN S S-azaC ALBERJS, 23 Sl By Rl RO FE 30 d 5 4o #4280 DNA. FRE 0.2 g
WA EL IR W G A 2 mL B0, I 600 uL Fil# (65 °C) FIFEEGHE (1 mol - L™
Tris-HCI pH 8.0, 0.5 mol - L' Na,EDTA, 5 mol - L NaCl, 20% SDS, 3.8 g- L' Na Bisufite) Ji&%J,
65 ‘C/K#Y 60 min, HAME] L FEUERA]LIK; AEIRZEINA 600 pL H—5i— KEE (25:24: 1)
BAERSIAL, 12000 r-min™ B0 5 min, BUEEREER ZHBOE T, SRR Wi —
JREE (24:1) AT, 12000 r- min” B0 5 min, BCETEW, B 28O T A 3 uL RNase (10
mg-mL™") , FEEAAH 1.0 he

7£100 pL KZJ 4 DNA 30 ug DNA ¥ AIA10 L 3 mol - L™ NaAc (pH 5.2) , FHHIA200 pL
VKA IITEK 288, 7F - 20 ‘CJRCE 1 h, DNA YLiE)512 000 r - min 305 min, 765 N AKX T .

FEXT[¥ DNA HIIN 70%[8) 48R 50 uL, e /K /KM% 1 h, $R8)5 M KOH (1 mol-L™)
PHHEE pH 3 ~ 5, B KClO, YUIEJE 12 000 1 - min™ B0 5 min.

BT i Nl AR 28 0 21 Aglient 1100 By AH (435 A () Aglient XDB C18 . FFi N
30 °C, WA H 100%[1 F EEAT 50 mmol - L™ (@R 2080 (pH 5.9) 415k, i 4 0.80 mL - min™,
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HEREEE Y 40.0 pL. W SIGMA A ) [ IERE (C) F1 Alfa Aesar A H) [ 5 - FIEEHumsnE (™C)
FRFEVERT IR, T A WU 2 A S A I 2%, R I Ky 273 nme I 155 °™C R A/ C™C (R
A + C TR @ arLlh, #0 DNA & B EAL KT,

2 HR50Hr

2.1 5-azaC 4B H3E DNA BHELKFaIZ N

5-azaC WIRALEE 5 d J5 AN AP P H40 1 DNA B REAL KT 35) 43 3 o) IR 2 2% 1 B, FF LA 0.10
mol - L™ WS I A EEI 2 (B 1, A,

30 d Ja AN SRR () DNA FFE4L KP4 B T, 0.05 mol - L' 5-azaC Ab#E 5 [ %t I B
FHZESE, CHEA 0.1 8102 mol - L 5-azaC KB BT, C&HME 0.1 mol - L' 5-azaC Ab
HEZILTXH (K1, B,
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Fig. 1 Effects of different concentrations of 5-azaC on DNA methylation levels of two cultivars of non-heading Chinese cabbage
at the cotyledon stage (A, 5 d after germination) and seedling stage (B, 30 d after germination)

2.2 5-azaC AEMBERGDEERLEHEME
WA 1 PR, CEAT R CRBRT ESRA AR 5-azaC ALBE, 30 d WANRTAIRR R T
JERE. WA RENISE B S X R TC R 5, MR WIE AR H

F£ 1 FRERE 5-azaC AIBW FRASISIRRI RN

Table 1 The effects of different concentrations of 5-azaC on morphological traits of two cultivars of non-heading Chinese cabbage

A 5-azaC/ KR /em JFJ B /em I K:/em I %% /cm
Cultivar (mol - L) Plant height Plant width Leaf length Leaf width
h 0 622+0.12a 6.98+038a 5.07+036a 152+0.11a
Xiadi 0.05 6.58+0.19a 7.28+0.26a 536+0.33a 1.80+0.11a
0.10 6.50+0.31a 7.58+0.65a 4.69+0.44a 1.76 £0.07 a
0.20 5.16+0.36a 6.70+£0.32 a 461+030a 1.71£0.08 a
EUS 0 7.90+0.35a 830+0.61a 745+024a 236+0.10a
Dongshangwei 0.05 7.43+0.36a 9.60+0.82a 6.84+0.26a 2.04+0.09 a
0.10 7.18+042a 10.54+0.56 a 6.68 +0.56 a 2.16+0.09 a
0.20 843+0.32a 9.70+0.72 a 7.88+0.34a 2.41+0.07a

TE: W= Rl — AR RERORTE P < 0.05 RSP P27 B3 RPN 5 MR £ ArvfiiR,

Note: Different letters in the same column indicate significant difference at the P < 0.05 level; Values were average + SE of 5 plants.
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2.3 5-azaC XM SEMIE T BRE K5 IEBIERNFN
23.1 AAEKRELH@RREH

DAIE H W R R R IR B 4] 2R K58 100 TH I, KRZE S-azaC AL PRAS St AP 4 P (1)1 5T
SR 0T e AR AR KRN 14.08 ~ 19.76 (3% 2).

0.1 mol - L' 5-azaC AbF Al & 25 58 hn il N 4 Ao A B, iy HoAd B AN S 1) 5-azaC #
AL BRI 5 R AL BN M R .

ANFIA B 5-azaC AL BRAS =l B T P AN R 4 Ve 40 IS P ALC T L, Lo A B e 8 o o o
G, Hh 0.2 mol - L™ 5-azaC 4b 73 {1 40 i JI55 3% 1k S G T 60 I (32 2), W] 5-azaC AbFE AT k2S5
T P JE T 3 A0 A £ TR H

R 2 FERE 5-azaC LB FHEMME TR EREMEE N E K EMMARBIEER I
Table 2 The effects of different concentrations of 5-azaC on relative growth and cell membrane permeability of two
cultivars of non-heading Chinese cabbage under high temperature

5-azaC/ T % TR % A IBLENE %

(mol - L™ Fresh weight Dry weight Cell membrane permeability
L B LS Eh LS Eh K US
Xiadi Dongshangwei Xiadi Dongshangwei Xiadi Dongshangwei

0 19.76 b 14.08 b 19.64 b 15.18 b 2641 a 22.86 ab

0.05 22.13b 21.84 ab 18.72b 16.62 b 19.51 be 2325a

0.10 4482 a 3471 a 39.38 a 4095 a 21.28b 20.99 b

0.20 14.48 b 16.49b 27.97 ab 16.92 b 17.54 ¢ 18.75 ¢

Ee IR AR FRERIRAE P <0.05 KT FERES .

Note: Different letters in the same column indicate significant difference at the P < 0.05 level.

232 MDA 4%

HE 2 ATLAE H, 7E 20/12 CXP R LT, PIAS SR AR 5-azaC AbPETR] MDA 2 &G 0 & 2 5%
T AE SRl E N MDA 55 5 350 I A 1wl H 5-azaC AbPE 250G S-azaC ARSI R
HPRAC, RWIIE HIKE S5-azaC BEW FRAC P ia T BB 2 H
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Fig. 2 MDA contents of two cultivars of non-heading Chinese cabbage treated with different
concentrations of 5-azaC under high temperature
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2.3.3 SOD #= POD # %
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g.3 Effects of different concentrations of 5-azaC on SOD activities of two cultivars of non-heading
Chinese cabbages under high temperature
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g.4 Effects of different concentrations of 5-azaC on POD activities of two cultivars of non-heading
Chinese cabbage under high temperature
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Fig. 5 Effects of 5-azaC concentration on soluble protein contents of two cultivars of non-heading
Chinese cabbage under high temperature
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DNA FJEAIESE DNA &5, 75 DNA FEIEHBEI/ERN TR/ S - IR BEF MR (SAM)
T BRI RS ) DNA 4> 1P B s ek L 1 5 7R 7 . DNA HI3E4L 3 53R iha R 5L 1)
KR RE, EAKE LR EEREZENIEH (Bastow etal., 2004; & AH %, 2009). 5-azaC
PER—Fp 2 AR, A FREA) IS T REVEE T — R0 5 AR KR I 55 DG 2L A .

AARIE 5 RK W, AFKEE 5-azaC HHAEER B 3P0l BRAR40 1 DNA HIEMLK, H 0.1
mol - L' 5-azaC AbFERURAE 30 d JEIB a2, X H2EME 244 (2002) 76K HZE LS 15
A8 DNA & F AT S8 7+ A& F (Finnegan et al., 1996). AR FPAN K 5-azaC 4bFE
S AN R MR WL S R B S (3R Do T ANHRIE 22 50T 5-azaC o 2 (522 25, 20025 2003 ).
B EE 2, 2005) FIEAEsE (P82 2, 2008) FAURIITAEHIsEmT, K I HMEE & 55
HUEE

AR W B N S SR P S 80 MDA & BB INA gl I As 2, 3K i AR 45 3

CUEAERE 738, 1992 WL 48, 2007; BRUDAE 45, 20100 —3. KBTS KW S-azaC At
PR — B R BRI SEPME T B3¢ MDA AR, 0 7RG AR, RIS et T 40 i
i A, M AE KRS N, G0 T HE. AHRE DNA HIMLS 5 T a T IER M RE
Wi, 1 DNA LHIEAE AT Re S FH il R it f e o8 GB A8 55, 2009). AR
KW, 7€ DNA KF EiGHEA (ROS) B ST EAAY) 8 - BRI SAF LI, AW iRIE L DNA i
SEACEAEAL I D) B S HLET AT LME X P44k 451407 (Christmann et al., 2003) . B 2% (2009)
M, FEPYILERZ B0 fa rEa 5 - IR MM S DNA B R R % . SOD Fl POD 15 4 41 My HKARS
PR (0 R B ARG B B BRI B ey R B 2R . AP A R, mni
18T S-azaC ALFF 138 SOD yi A TC AR FINS B o il e S F1 32 R 1K) POD W T3 BT
B%, 15 0.2 mol - L™ 5-azaC AL FRYRZE T 1 F#AFA  £E S Wit |~ A Sl i Fnl bk 8 (A 5 & i R B,
I 5-azaC AbFRATAf R RERR S DREE . Uk dfEdl, & 4K S-azaC Kb3AG AT AR Ik (R4 il e
SOD F1 POD g, HETTFARME MRt SRR, DASRE R (S A0, i A ol 404 1 FH 2 52 2% 1)
M PN 2 — (Kotak etal., 2007).
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