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Isolation and characterization of ethyl methane sulfonate (EMS) Arabidopsis mutants capable of germi-
nation under saline conditions. Moon Soo Chung, Jung Seong Chung and Cheol Soo Kim*. Department
of Plant Biotechnology and Agricultural Plant Stress Research Center, Chonnam National University, Kwangju
500-757, Korea — We conducted a seed germination screening under saline conditions to identify salt
tolerance (sto) mutants with ethyl methane sulfonate (EMS) mutagenesis seed pool. During the screen-
ing, we identified three mutant lines that seemed to confer elevated salt tolerance in high concen-
trations of NaCl. At 175 mM NaCl, germination rate of sto42-14 mutant (one of the EMS salt tfolerance
mutants) was 7-fold higher than that of wild-type plants. Interestingly, sto42-14 mutant exhibited in-
sensitivity to high glucose concentration and growth inhibition to gibberellin. Our results suggest that
sto42-14 is involved in salt stress tolerance as well as in glucose and gibberellin response in

Arabidopsis.

Key words — Gibberellin, glucose insensitivity, salt stress, seed germination

M B

rlo
ar =

= g
)

o 2

)
ol

[o
)
D
Ol
-
=

D REEEEE
SojAlsl 427 45

A4y BAE At
£ %ol 3]

o o
ol
S

A

Lo 2
JE oy Ml ox
= OlrL o
_C_)rlL
Ko}
wr gy
P

o
O

tu

L ok m off R

nofo

e oor e

>,

m

}

lul

=

).

to,

fd

ol
(v o

[ies

o

o

fo

e

Lo
e |
=

1)

[
ot

ot |
So,

=
2,
fo lo 10 Jy g N

o poh [ reh

> ki

o > rle
B

2 |y =

=)

o omy

rlo

S

|

2
oy =

=
=
™

S
» H oo M o rio S & @ ol

1>
=

T N
N
—«_?_‘_l_,
S :)
B el
=
i
%0,
,g_g‘

T
X

B

o I8 mo 2 opg [ Ob [N

1 A
2 L
do
R
Ry
lo

i

Mo
LS )
¥0, o o

o,
2

lo

oo oya
E'\’po[o
P 0
&

2
© T o

kel
2
[e3
WJ
1..
jalA
I~
|
=
[
2,
o o, pors
S 1L
=
i
o> o
]
%; lo
> L

{o, oo
N

D

[z

fote H

thake] abscisic acid (ABA)
2 343 ABA 597 2
Hkgo] A EH FHAE D3
ZAgHe,16].

1Y 2EH L digh AE W 9 o8 FEEM], &

1] 2 24 wjkd ME[813,17] T T&FF BEANA
A&Ho 2 AFHAA A AEA | of d W
£ 71Re oJAs] A SHAA G3 gk 3w E Aol gt

D
ol
2L

}O{I
(A
i)
o
o 2,

N
2
> rlo
o
mo [y M 2 & 1%

r
>
N
Ef
o
mo
2 >
&£ oo
o
P 2
2>
2L fm
m

of
o

Tk

-

@

o
oft ¢
O

F

2‘.‘,r
1

*Corresponding author
Tel : +82-62-530-2182, Fax : +82-62-530-2047
E-mail : cskim626@chonnam.ac.kr

(salt overly sensitivity) A& Ag A=7} A goh12,1521].
T3 HZ Bud 9, 98 2EY 2L glucose E H Y
T AFA dsixz dto] Atk BuEolA gUH7].
d 2Ef 20 gigt FA Lol FH A7E TAY
5 Aslg} o] F40l 93t dold FH11] Foll o
88 ARE AF F 4 lon, k3 19 FHE &

g ATE Aotk £ dFE 1s
T NaClojA o} F&o] gl ethyl methane sulfonate
(EMS)ol| 23] Hol® Arabidopsis S AWM A S AW3H I,
I gddolAe U 54 AFE FAs AT

ME o e

AE E ¥ Mg FA

dsl YA =ddolAE ALstrl Sk, AV
(Arabidopsis thaliana, ecotype Col-O) FA}o] ethyl methane
sulfonate (EMS)E #Z® M2 Ak 250,000 FAHE
Lehle Seeds (Round Rock, TX) Al H-E T34t £
Ae 70% A2 1%, 2% sodium hypochlorite §9 0.2
1087 Aad oS dgs2 58 $23] A4 §, 4T
A P E 297 A2 A st MS 71E wiA[10]¢) nF
At AE A% AU FAxAL 16/8X3F 871/
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AH=E -840

g =¥ EX dois 2A5Y XM

tokst o Fo gt E2F (wild-type, WT)2] £ 2
3S ZAS7] 98ted, 50, 75, 100, 125, 150, 175,

2250 mM NaClo] #718l MS 7)2 uj A o] £

@59 F, wobg-e 2ASNGT o] 4Ye 37 v

MS 7]E Aol BE g 2 &, A A %%‘ﬁﬂiﬂ% ﬁ
w4 ol @ AL Folo] 7)) EwolE A
Lol .o (salt tolerance; sto42-14, sto42-18, sto48-45 473),
A 3709 SRS M3 ArhelA 150 mM NaCl
T )&l single locus2 £ B8 S ¢ 4 AN M4 AT
‘A A EH homozygous EGH|AEL R HT

1 2ol AU off o nf
, rSL'

o5 37l EAWolHELwild-typed} W F A7
Z 7}A 3 (F1 2 F2), 150 mM NaClo] 4% MS %]
st} wob 4PE A% 94 TAWOIAYE
4 sk

AEY AN CHSt Xt WolE TAIR} ESE &
I1g 2EH 2 g T4 wopg s 3

175 mM NaClo] &858 MS 7|2 #x|o] 2} 3%

Z, dohg g Z/\}O}S’&E} T3 4% Olucose (Glo)7} &

o, g1bbere11m (GA) 3284 U3 34
o, 20 uM GA7} 348
F, A=A s S Hele dolg FAsA:

Total RNA &2} Northern blot 4

Total RNAE MS 7]& i x|o]| 212 51230 27 T}
g AEFNE 150 mM NaClo] 55 MS A wjAjo] &
200 %,0,3 2 6A7F Bt AEd AEAZHEE aurin-
tricarboxylic acid (ATA) HWe] 9l3le] F28HT9)]
Northern £4& ¢35 total RNA (20 pg)T 1.2% form-
aldehyde-agarose gelol A A7) 953 %, nylon membrane
(Roche, Indianapolis, IN)2.2 £7Zt} Hybridization#}
membrane wash 7 2Sambrook S[14]¢] W o2 F3)
3k

ol 714t 2 HE] RD29A §AAE B2]317] 935}, Forward
I primer (5-GATAACGTTGGAGGAAGAGTCGGC3)8}
Reverse I primer (5-CAGCTCAGCTCCTGATTCACTACC
-3)& 7FA 1 Reverse transcription PCR (RT-PCR)-S £ 3}

ZZ 5 DNAZ pGEM T-casy HE]o] 224514t}

Zof 9 ;&

NaCl S=% wild-type (WT) SXIQ| L0I2 ZAl
Aall YA =AW AE ARt 915t wild-type (WT)
FA dolo] Uig AA A TEE FAIATE 50 mMoj A
250 mM 742 9] thekdl NaCl =% HolA] WT Z A} dlst
ol ZAHe 23, NaClo] 8552 9= MS 71 & 1A
o)M= ZAbe] Wolgo] 90% o], 50 ~ 100 mM NaClej 4
= 55% o]}, L&) % 125 ~ 200 mM NaCle] A= 15% o] 3}

9] ol &S e, 225 mM o]4F9] Nall sx A+
WT 2217} A8 wolsln 24& @23 4 99l th(Figure
1). o] & AFoA, 125 mM NaCl S5& £x} wolsli=y|

Yo ok AT 9T MAE FEYS ¢+ Ak

salt tolerance (sto) SPMOIHSQ Mat

gl W EdMIAE AEaly] st EMS o 7130
(ecotype Col-0) M2 245 793}t 150 mM NaClo] &
H MS wj Aol 3F5 27 & 2AL A, FAAA da) W
A Aol 370 salt tolerance (sto) linesg (stod2-14,
st042-18 2 stod8-4) ksl gch AEEH sto SAWo|A S
ago iz WA A AAE7) A8 75 mM 2 125 mM
NaClo] g8 MS ujAlo] 45 3Fate] A& wjdHd
A 18 FRt 71§ R (WD)9} sto EQH|AES] 4]
24 A FEYL va BReEY. 1 A, stod2-14,
sto42-18 L stod8-4 EQHOAEL 75 mM 2 125 mM
Nadl s =4 WTej H 311 AEA 9 o] o} & At
4 WA E@Fo] Yehde 3935 chFigure 2). £, 75
9] da) AEF 2 Shol| A stod2-14% stod2-18

mM NaCl &
120 ¢
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Fig. 1. Germination of the wild-type seed in response to salt
stress. Germination of the wild-type (WT) was meas-
ured in the medium supplemented with indicated
NaCl, and the germination scored at 5 days. Germina-
tion was defined as complete protrusion of the radicule.
Data represent means standard deviation of three in-
dependent experiments (50 seeds per point).
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Fig. 2. Germination and growth of the wild-type and sto mu-
tants lines in response to salt stress. (A) Wild-type
(WT) and sto mutants (sfo42-14, stod2-18, and st048-4)
were grown on MS agar medium supplemented with
75 mM NaCl for 18 days. (B) WT and sto mutants
(st042-14, sto42-18 and sto48-4) were grown on MS agar
medium supplemented with 125 mM NaCl for 18 days.

9 sfod8-4 SAWolA Gy g AR
(Figure 24A), H4d ST042-14 GRAAE
STO48-4 F37sl &S & 4 ATk

Zol7k HYoZH
STO42-18 ®=

1 AEY A Chet sto42-14
stod2-14 &AM o] Ao A} <)

EQIHOINY Lot X
TG 2EY 2 g g o

38 2787 9)se] 175 mM NaClel MS ¥l Alol4] 57}
Bohg-g 2ARAG. FAE 5D 5Y F Lol 24}

3 AT, WT Fahs Zol 2 Hel wddo] 52 23 v
stod2-14 QWA E HYo] LBE ¢ 5 YU H(Figure
3A). NaClo| &5 #] eke MS w| Ao M= t) £} stod2-
14 gdwolA 9 A Folgo] 0% ]/}}Oi N ug

< el S, 175 mM NaClo] &6% MS sjx|oj A o
ET (WI)e F4 gobgo] 10% °f o}o_cﬂ whal, stod2-14 E
AdolAle 75%Y Hotgg B T 4 U ch(Figure 3B).
oleg ZHg F3hed stod2-14 —‘é—‘ﬂtﬂ olAE 1Y 2EH A

StiME WEdE AFAY & AAch

Glucose X2|0f|l 8t sto42-714 SCHO|R|Q) MAH T
o prat

stod2-14 Sl Ao A WA B4 ojof OB 4% ¥

Qi
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Fig, 3. NaCl tolerance of sto42-14 mutant. (A) Wild-type (WT)
and stod2-14 lines were germinated on MS agar me-
dium supplemented with 175 mM NaCl for 5 days. (B)
WT and sto42-14 lines were germinated on MS agar
medium (-) or MS agar supplemented with 175 mM
NaCl (+) for 5 days. Germination was defined as com-
plete protrusion of the radicule, and the germination
scored at indicated days. Data represent means stand-
ard deviation of three independent experiments (50
seeds per point).

Y EAL AR 959 glucose (Glo)7} &8 MS #j A
oA FA dolg X WY A ndFE AFIAG 4%
Gle} 38 MS wjA o] $A45 #4353 59 $9 T Fo}
7 159 $9 A 89S B2 A(Figure 4), WT
T stod2-14 EFolA T 5UA FA WolgfME Aol
2 UehiA goro(Figure 44), 154 A= WT =9
dreto] B2) ek v, EdwlolA| o] Holo] waEE Ao
2 Ho} stod2-14 EAH) A= Gle W) #AFA S 2t L&
TEY F YA o8 A= STOR-14 {447} Gle 3
A w9l ded 83 FARYE Yo

Gibberellin XM2|0 28t sto42-14 ELHOIHQ SIS
j|_|. HHE| 7|0| 3){-!
A% 7229 gibberellin (GAYE 19, 715, B9 2
87 2E# 29 7 UAld 98 Fo14 itk BRuso)
S5l 28 WA 2 B uRES 2 stod2-14 B
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Fig. 4. Glucose (Glc) effect on cotyledon greening. (A) Wild-
type (WT) and sto42-14 lines were germinated on MS
agar medium supplemented with 4 % Glc for 5 days.
(B) WT and sto42-14 lines were grown on MS agar me-
dium supplemented with 4 % Glc for 15 days.

Hi x| oA stod2-14 A A 2 el Sz W] A

7 f&3d o 20 pM GAZ} -8 MS s = o
BFete] A A 108 B 719 dHzeH
stod2-14 EAWol A 9] st &3} B9 dol& A H F74
gt 2% (Figure 5), 20 uM GAZ} F-H-8 WA A 279
3l & ZolE: 45 mm, ¥e) Uol: 7 mml ] W, stod2-
14 EQolAlY % Zole 15 mm, ¥ Zole 12
mmy-& FFE 5 AU HFigure 5B 2 5C). GAZ} - ¥
Bl A o] A stod214 Shol A= YRl s shu it B
g BFol AA3 JARE ¢ F AR ol AFHe
STO42-14 §AA7} GA 2R Wgai= Mme] 2 suj=
Zdol Ao #ATE ¢ 5 Ut

NaCl Xzlofl 28t RD29A MA}L ghal LAt

A A7 F, sto42-14 QoA & fE FAAM A}
s Yotry] 93t d KA RD29A #7149 RNA
By FFS FgAstArk MS V)2 wjA e FAE 3FEko
259 29 7]¢ & 150 mM NaClo] &8 MS 4 uvj=]
Z 0AI7E 341 B 6AITE U A st 7k AEAHZRH
total RNAZ 23 %, Northerng vl 243 ZAi,
stod2-14 E@Mol A 9] RD29A AN A& 279 vin P&

WT stod2-14

Hypocotyl length (mm)
[#]
Primary root length (mm)
>

WT sto042-14

WT sto42-14

Fig. 5. Gibberellin (GA) effect on hypocotyl and primary root
growth. (A) Wild-type (WT) and sfo42-14 lines were
grown on MS agar medium containing 20 pM GA for
10 days. (B, C) Hypocotyl and root length of WT and
sto42-14 seedlings was measured to quantify GA
response. Data shown are hypocotyllength (B) and pri-
mary root elongation (C) measurements at 10 days.
Values shown are means of data from three in-
dependent experiments (n=50 each); error bars indicate
standard deviations.

W NaCl Ag] & 3A 758 dlzTeo et 2ag
A F AU (Figure 6). oA 23 G 2EF
A, RD29A A& STO42-14 - AA ) o8] A% =& 7¢
AHo g 2HEE ¢ Atk

A9 4¥ 2AEE PR, stod2-14 FAAE 19 &

l-‘r1 ‘)’ ﬂq'

sto42-14 WT

0 3 6 0 3 6 (h)

RD294

rRNA

Fig. 6. Expression of RD29A gene in sto42-14 mutants. RNA
level of salt-regulated gene was determined by
Northern hybridization using total RNA isolated from
2-week-old seedlings. For the salt treatment, the plant
roots were submerged in 150 mM NaCl for 0-6 h with
gentle shaking. Ethidium bromide-stained rRNAs were
used as a loading control (bottom section).
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