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PR TTiRim T2 fEDNA R E LB s ST A E X
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TXE O EEE ¥ oxm o ox & 2XE F R AHAE
(R LI DR (0 P R P S O 5 R FE T T4 T A s s, 1 7 D B R e DX P AR 5 5 R I A5 R o,
rh R RGN 25 A R 2E 2 Bt 1R 430074)

BE A IRty-RIL T 8 (y-aminobutyric acid, GABA)* DNA =72 (C) F 244(5mC) 7T 449
WA, EZAR A D@ T 9 iR Fe A LB R AR TATAL, AT T Zy-B A TBRAEE, SmChy 4=
B H 3T GABAME 5 teh LA, 45 R AP, GABAX 3 B 41K T 08 54k F DNA 5mChy 4%, 3%
AT 5-% F I (ShmC) 22 ; 2GABAKL F 3 Ao T ARG 4L & SmCA =, KT SmCey & F
EAiE A2, X —I R AR ALK IR M1k s e (p WOXS5-GFP4 5 M 4792 & K B | 49 T 4m
e (surrounding stem cells)#9 2 K32 ARG AH AR FHF2 T —F e, ARERIEETHNARM
GABAZ 5 fi & #9DNA F 2489 3h & TALE B I 69 AR B A5 2142 649 4 K P 2 GABA #9 ) iz £
H AR 69387 X, IAHEX T 465 GABAX T a0t 6 o F A0 T o dprid e e A % .

FEEIR -2 TR 0y S-SR g S L s e T4 i

Dynamic Changes of DNA Methylcytosine in Arabidopsis Root
Stem Cells and Their Responses to y-aminobutyric Acid

Wang Shengjie, Cui Guopeng, Qin Rui, Liu Hong, Gong Hanyu, Li Gang, Yu Guanghui*
(Hubei Provincial Key Laboratory for Protection and Application of Special Plants in Wuling Area of China,

Engineering Research Centre for the Protection and Utilization of Bioresource in Ethnic Area of Southern China,
College of Life Sciences, South-Central University for Nationalities, Wuhan 430074, China)

Abstract In order to study y-aminobutyric acid (GABA) on cytosine methylation (SmC) in genomic DNA
and its possible regulatory mechanisms, we use Arabidopsis roots and root calluses as the research materials to
analyze SmC content and its responding mechanism to GABA signal. The results showed that GABA (1.0 mmol/L)
treatment significantly decreased SmC content in Arabidopsis root, and concurrently increased 5-hydroxymethyl
cytosine (ShmC) content. In contrast, GABA had increased the content of SmC in the calluses arising from roots,
and reduced the product of SmC demethylation (via ShmC). This phenomenon was also observed and validated in
the subculture of callus deriving from quiescent centre cells (pWOX5-GFP marker) and their surrounding stem cells.
Our results demonstrated time that the dynamic changes of DNA methylation triggered by exogenous GABA signal
had different patterns in Arabidopsis growing roots and their calluses. These different patterns are possibly linked
with cell division and the maintenance of stem cell fate.

Keywords  y-aminobutyric acid; quiescent center; 5-methylcytosine; 5-hydroxyl methylcytosine; stem cell
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704U B I AR 2 T, i b a0 41 i (quiescent
centre cells, QCs)ill 7 h2~44~, 24t 221, 4
B R e b b 4 B 25 TR 11 40 i, Pl T I et
D ON G o d ot S RTIN il & T T  1 B
(surrounding stem cells, SSCs)(K&l1). 1 #f 1k 0o 4]
i B JEC ] L ) 4 B [ 2 T 14l i 52 (stem cell
niche). ML L BZA M. H el = 40 i LA
e TR A Y T A Fh 4 i 40 K40 A T B (B
1),

DNA FF LAV 38 # HEDNA MR e 55 S A7 85 b 1 1
AL IE LA B8 I(5mC) . DNA FF AL fE 512 L (0, )5t
45 K. DNAK% . DNAKE P ADNA S i (1 f A
TAEH 7 g, a2k ik . DNARH
A kB R R R E, 20
PRI R 3960 455 0 RH R 40 1 PN /85 A2 R 1 2 i
RDNAH B B &R P

AR RS TR IR ) A0 B A 1 R A AR KRR
T R TR AR O . A 2 AL E R A A
TR A0 ) )k AR B A A R L PR S )5
2R RS FERE P A0 M i s A 235 5 R RS
Frak R b, 20 P 1) R O T A A K
VAT AR 0, FURE ) 40 14 B 1 1 4 R BL T SO
FRATOR T A I35 2 R, dh 4
e () S T R 380 4 it ) B g R0 2, PRI 2 DNA
() R JEAN A 25 F A R #4256 T 22 A T /R A

v-% T BR(GABA)E — Bl E & 1 41 93 1
AR, GABAJE T 1% 2 R, 16 4 2 R W R

Quiescent centre cells

(glutamic acid decarboxylase, GAD)-5 ¥ % i (GABA
transaminase, GABA-T) {1 H] '~ 5 Ak sl 3% H11R 2
fi# (succinic acid semialdehyde, SSA), sXJ57E 3§
% ) [ i %0 B (succinic acid half aldehyde dehy-
drogenase, SSADH) )/ H N 1#E N =R IRTEH . B
FURW], GADAEAE T 40 i 2k Jit , TGABA-TA
SSADHAF7E T & ki 1k, [A L A7 7 H GABAR 5 £k
LA L [ #1270, GABAR] LAAE 4 A5 420 149 1w i 80
Ui, HERFC/NCPE . U8 M BT K pH L 0] 3 55 Bk e
8 B UAE AR 550 F, YK E il s E
LW AR T WU, ML AR AR AR A
If, GABAR] LLE Ry — M5 5731, Wi NAR ) 52 21
Jpie, JUILE YA 2 R JEA . Ml TR
JopIE I, GABATERE ) vh 10 5 45 LA 9 It iy
R TR B, GABA W] LULE A —Fh AR5 A 5 2
B 1 2B AT HL AT DU Ca> R 1 e 1) 12,
2T 40 M I 9T K B, GABAW] DLl i 32 444 &
(45 5 3 i e 3t 4 B FTH2 AXIP) B R AL A FH, AT
SEUENG T 41 Bl (embryonic stem cell) Rl £ 5 I T
41 ffl(neural crest stem cell){5 ¥ 7ESHA™!, {HGABA
A2 17 A LAAE A — B AR U5 PR (S 5 il R DNA IR AL 1)
AL S 50 R W) 20 M i o 8 T R LR
o AHEFT LA I AR S it A 2L A ok
HHC 40 R L A s A 2 BTN R, R
TR i 40 I 2 A AT 2 43 Akl B TP DNA AL
)3 A& T GABATE 5 Wi B (1) AR, R iR M@
GABATEAH YR 31+ 40 10 73 2453 Ak T (R R P L 92

Differentiating cells

\- -+

< & Surrounding stem cells
VX
W .

]‘ Stem cell niche

— Differentiating cells

LR TR o e b ohCo A R T I 2L T S8 (R (48 Rk b ) S AR F A5 T2 40

In Arabidopsis root tip, stem cell niche (marked by black outline) constituting of quiescent centre cells and surrounding stem cells differentiated into

surrounding different tissues.

Bl #ETFRRAE B EGRTE S Rk [1-2112250)

Fig.1 Schematic longitudinal section of the Arabidopsis root tip (modified from references [1-2])
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1 MRI5AEE
1.1 BEFREGAELRIFESNIES

FlF &AM B AR 3~4 he 7RI T
G, KB AT 2 Bl B E & A MSE IR EE (A
T RERE, pHS.8)I1 J5 TE ¥R KI5 R ML(10 cmx10 cm) -,
P& s d, HUE T4 CCUKARFRIGS d, AR5 i
B HREPREFR06/8E. BEHIR, W K22 °C).

AGARTE T 7 AR I0IE R 4T, 4581
TAEG b, UIEE RO /N B (3~4 mm), F L& T
ARG I FREE L, B O S G 725 °C
PRI L TR b TR . IR A NS R IR R
MS+0.5 mg/L 2,4-D+0.5 mg/L KT+2% i H+1%35 fIg
(195.2 mg/L MES, pH5.8).
1.2 gl E Sk

FH O 6 AL B8 45 LI (Zeiss LSM700, 1 [H Zeiss
A F)LEET A IR FOL R AR ) L O g R, S
Mo Hf 1 o0 4h i HpWOXS5-GFPHE 53 14 A% id
[F& 5 % 4% 110 Bl 1 HiBen Scheres# #%(Wageningen
University Research) & 4], /& %¢ )6 & =0 12 T 85
(SMZ1500, NiKonZ ) T, FH il 51t K Rl & 41 21
rhO i 2R C I 41 M EEAT R B, SRS TR SR TR Ok
o3 [FHD) EEAT AR IR, A M 1Y, X B S0 2
Kt .
1.3 y-2]ETERLIE

Wi B S0 56 I b P O A AL B AR
1.0 mmol/L GABA(SigmaZA w1 F= 56 b 4k A%
204
1.4 DNABREFIZRELESENE

PUFGIFT AR MR A 23 DL R 43 B i fk
A7 FF a voC AR0 T T 40 P 1 4 2 23 P R L P
H ) 3 DS 4 DN A B B ) 40 (25 0 4 28, BioTeke A
A TDNASEE, $ 0D B U W AT R
DNA ¥ & F NanoDrop2000(Thermo Scientific 22
ANEEATAL I, B2 DL R @A A 2R kAR ER TR I
I S INy-24 3 T R(1.0 mmol/L GABA)YE g 52
KM Ab R, FLDNAWIZ I FR 78T g .

RS Ak DL S RS A A D: DNA 5 46(5SmC)
F¥E B LA (ShmC) [ 7€ &I 2 FH 7 £ (Epigenetek
o8 w)EEAT LE vk A I, A B Tecan Infinite M200
Pro% I fig B b5 1 (Tecan A 7)) 7E450 nmAb #HAT EE 1

M2 o SmCFIShmC I 75 5 7™ 4% Fc B8 U8 W45 1% 07 1%
BT EAERIT AT o
1.5 ¥BEFHKITHH

AN H Ry 2~3 YRS S 56 (P (A 7 2,
78 5 W S P e AR SER AT A0 M, P<0.05TAH ZE 5
HAAG 245

2 HFR
2.1 pWOX5-GFPHRigE: It ORI S BS54t
FpWOX5-GFPHE 54 A 1 #0078 T A i 11 v
AT, F SR B2 A GFPHRC 41 i (B2 AR E2B) .
WX B @G 4L S 7R3 G, LI B AT E
GFPI @A P(E2C); &2 ko kUG, £33
SRR L Ol L B 4L A (EI2D) . SRl i
(100 FH X & €0 TR TR AR 2 5 i 1 v 00 40 TR E 1) 4 5
(SRR LA B A A R R FE (SR 35 7K o
2.2 GABAAIEXIRFAA{HLAZADNAR E L F20
=
Ey-2E TR N BN R 7R 2 s, /b b

50 um

200 pm

A: BHRLEF GG B ARG S B SR TFAR 26 6 %E, C: WAL ET
AR @ AL D: AR G4 92, Hrp gk i
pWOXS5-GFPhriL. .

A: Arabidopsis root under bright and fluorescence field; B: Arabidopsis
root under fluorescence field; C: calluses of root under bright field; D:
callus of root under fluorescence field. Green fluorescence is the label of
pWOXS5-GFP marker.

E2 #lETrEeL T MRS B S KIS
Fig.2 Isolation and subculture of Arabidopsis quiescent
center cells
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(A) 30
2.5

2.0

5mC (%)

1.0

0.5

Root/-GABA Root/+GABA  Root callus Root callus
B /~-GABA /+GABA
(B)
4.0 *

3.5 I
3.0
25
2.0
1.5

5mC (%)

1.0
0.5
0 —

QCs/~-GABA QCs/+~GABA SSCs/-GABA SSCs/+GABA

Ar BURIFAR S L @05 412U SmC oK 5 B: QCs S L J) 1 -1 4t i 1)
5mC/K . *P<0.05, i INGABA 55 A Jili IGABAA FL A
A: the DNA methylation levels of root and root callus; B: the DNA
methylation levels of QCs and SSCs. *P<0.05, GABA treated group vs
untreated group.

E3 RFIREY A G ELEFEHDNAREL(SmC)BIKF R

HIFGABA(E S #IN 57
Fig.3 DNA methylation (SmC) of root and root callus and
their methylation levels respond to GABA signal

SSCs/+GABA -

SSCs/~-GABA &

oA B B L TR P 4 i RO B S . &5
ST, o6t KA 40 i A DNA AR o 5 DR 2 i
(1) 75 5 h2.28%(KI3A). 1E A IIGABA(1.0 mmol/L)
Ab 3, FEDI4IDNARY B 4G 5 500 1.45%(E3A),
KUIGABAPEAL 7 AL 040 o 55 KT 41 DNA 1) HH 24k 7K

7 A HE K A1 A1 2 DNA F LA & ik 1.45%(1&]
3A); Al 4L, GABA(1.0 mmol/L)¥s N 3 1% 77 %=
S, AT BRATCHE 1) A 405 2 2 DR 4 1) PR A K,
MR T & 412U DNA F IEAL I K, &8 T
2.16%(KI3A). XKW, GABAXT UL FE T+ HE AR A
LUK A R A [

GABAKL # 5, 52 W T QCsHISSCsi) H I 4t
JKF, QCHDNAH &AL IA £ T 1.73%, Lot 4l &
32%(E3B); 1M /EGABAALHI[{]SSCs 41 i, DNA
LA P38 0 T 165(I3B). Bk 4 R, AR AN
AL A KA GABALS 5 Wi B B AN [7) f) PR
AR AR
2.3 GABARCEFIRFNIRAHLHLADNAL R EAL
AL

AR TR AR I A 4L 2R (L FRQCs RISSCs) #E
ARG FE T, ShmCoKF R A AN R RE B 1) A8 4k, SE°F
B AT A% frA; (HARE RIS, R TR
GABA, A [AIFEFEH P TR QC4H i (1) 5ShmCoK
P, AEHE I T AR A LR FISSCs [ ShmCK - ([€l4) .

QCs/+GABA %
QCs/~-GABA p—
Root callus/+GABA —— *
Root callus/~GABA - =
Root/+GABA —
Root/~-GABA —
0 1 3 4 5 6
ShmC (%o)

*P<0.05, Jili INGABA 5 A Jili INGABAA EL AL«
*P<0.05, GABA treated group vs untreated group.

El4 RFANREGHAEFREDNAR R E(ShmC)BIKF R EIGABATE S BN
Fig.4 DNA hydroxymethylation (ShmC) of root and root callus and their hydroxymethylation levels respond to GABA signal
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(A) 25

*
20
sl B
10
5
0 . . "

Root/~GABA Root/+GABA  Root callus
/-GABA

| MY

QCs/-GABA QCs/+GABA SSCs/~-GABA SSCs/+GABA
A LR IR K @5 AL 2R 1 ShmC/K - B: QCs A ) [l 14 Jifa 1)
ShmC/KFo *P<0.05, i NIGABA 5 A fi INGABAMI L 4% o
A: the 5ShmC levels of root and root callus; B: the ShmC levels of QCs
and SSCs. *P<0.05, GABA treated group vs untreated group.
El5 GABAXRFNIREYAGLALREFEEADNAREL BT

5 {k(Z A 5hmC)RY E2 M
Fig.5 Effect of GABA on the dynamic methylation (change
to ShmC from SmC) in root and root calluses

— %

ShmC alteration (%)

Root callus
/+GABA

(B) 40 ¢
35t
30 t
25 ¢t
20 t
15 |
10}
5|
0

ShmC alteration (%)

2.4 ShmCERFMAGELEN T EARE

T ShmCAE AN FE K 41 P SmC T 40 2 =11 45
B, AE B R L BE S IDNA L Ak 1 A8 Ak R4
gEILR I, LR SFARLE AR KO e, 5 R 41 DNA 1)
HH A (5mC)16.79% Kk A2 T 2 IR e B ik T
5hmC), BIShmCH) & E=3E 0 7 16.79%(#5A), GABA
AbPRJE, ShmC )7 XN T 3.25%(P<0.05). {EAR
WALZT, ShmCAR i XA 12.46%, Kr 773508 0
GABAJ5 5hmCI#) 7 & F [ 39.99%(J¥5A), ik 2| &
2 K (P<0.05) . {E R HZRQCsFISSCs
W15 B AL 45 S (KI5B), Hi, GABAAL#K)QCs
HISSCs [P 5hmC & & 73l T % 1 15.14%H13.36%, Hif
FIA R P2 % 7 IKF(P<0.05)(EI5B) .

3 i1t
R A K i 2 — A 4 3 LR A ) e 7,
T S 58 T MR 1 S 05 4 27 e U S — A B 44 (i

1.6 cm

ORI A2 Ldii; + MRETE A2 R o o
»¢ denotes the morphological top of roots, * denotes the morphological
bottom of roots.

Elo #lEFFRAMGARIERED)FSHEXTEE
Fig.6 Sketch map of Arabidopsis root calluses (swollen
parts) induction

FEUM, LRGN 2> RN o34k I R R 9 S 21 3L R 41 DNA
ANE I LA B A Y o AHIEFT AR, AR s 41 21
FDNA ) FEEAL 7K PG T AR AR el 7 1 T 24k 7K
F(EIBA), X gty Lk 72 B 2 R R Rk
AR fEROGALME TS, g2t
e N ALY AR OBEA 2 i) FIFIARIR AL B2
2T win) K (K16), X LEH A 7] R A2 AR O I
h BRI AT, ) ST A, s R 2 0 S i R () S AT
T 1P AR Ay R i 1 R A 1) 0 S (FHp WO X5 -
GFPFRic) &t 725 2 PR 0 7 i A 42 (K12), R
A b A PR P R AL B AR R A BT R AL T
Jifii.

PR IFARAE A2 KT R R K 3IDNA 4L 1)
FALAEIBFIE4). 1 725 GABARN N FEAIG
T ML DNARY F AL SmC I K F-(183), 5 itk [R] i
T ShmC) & (Kl4). ShmC/ESmCA 1k 2
FEAC R ) — AN R e, R R S AR
b S i T DNA R JEAG I Zh &8 fk . Bk &5 R 1,
GABATS 5 filt % T DNAJE i ShmCig 48 1 25 H 3L 4L
TERE . R s A B I 43 2R Ak 5 AR 1) A K 3 D AH
Ky RN ELAFGABARIIE R HH Ak A5 Ak 1) T B2 5 b
K E, A BT T GABATE X — 41 i =4 o 1 i
FEft,

EJRR AR K R O AR J, T840 R TR R 11
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Bt 40, AR LT GABARI I &0 14 hn 7 &4
ZH 2L PP DNA R 1 3 AL B SmC I /K S (K13), A —
0, GABAFEAK T & 4% 41 Z{DNA *F ShmC ) 7K (¥
4). T EAGAINF TS B K FE R M 3R
JA B, BN, 7R AR K R, GABA
(RS NPT e 1) 5 D Dh e AR R RE T . X —
SE LR W] T DNA R A 3 2 AR A0 75 A [F] 1 41 21
T GABASE 5 Ry W HAT AN ] AR

WS, T4 A R mT LS FH & FloAs
] (AR ) HEAT 5 RIS A5 AH O I T g AR, AR
WA AR AEAR KRR RS E S T4l e iy asl e,
5 FR S5 A — 5, GABATE (b 0041 g A0 5
FEL 14D - 400 1 PR RS A 11 3 25 08 1 v e 35 o 1)
WTE (B3R E4) . MR E, GABAT
TG I T # b O R B 40 S DR ZH DN A
FA K TF-(KI3), 4 T DNAH SmC2: H 3 4b (4 H
ShmCH 1] =) 1) L FE(K]S), R PIGABA T g H A
YEFET- AN AR AEMVE R . EREENLE, 5 T4
REAE A FE AR IS N, 73 125 A4k 1R UL g AR g i 1 O
Y AE AR KT IR I RE v A K M, HLARAR KT 77 R 3
h3~4J . 5 SR T R oRUE ) A 2,
e SRR S (0w P A 0 AR KA, (AR SR 3 R S AR
BAFENG, B I AL T I G (U5 T 5L 50 W 5%)
RIS AR B, AR G 4 ) O 2 A G2,
MGABAMIN LT 25 Tix— i B4 Fr. 4k
X B2 45 T GABA Y Y I AH OC 1 55 KD T 2R
X — AT T GABALS 5 M W (1 ML A B )
X
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