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PP H2014E77 15p ;BXpH 201487 50p
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*EEF R m%;ﬁﬂ W E 4 I OsPP2Ac-2 A Fl ke imie (O BRLZFERER T w
"z 2_4 £ A, > I 12 Nitroblue tetrazolium (NBT) # 3, 3’-diaminobenzidine (DAB) %
¢ 0 33t OsPP2Ac-2 ATl 5 PGB 2 AR o S5 B k5% v ) OsPP24c-2 7k 7]
2GR BB R B P2 A8F > 1 %ﬂ}& FHE 72 SR fEY B8 & IR OsPP24c-2 A %) &
7 hygromycin 12 2 2 GER Z A KA Fronwe B> UEA e L RE
P X5 13%° 12 PCR~ 3 * R 2404782 T pF 2§ PCR 4 17393 P 5 OsPP2Ac £ FliE &
ke e % 5 Ox55 2 Ox89 & B ‘mbe k35 %03 m,fl‘ 4r 0.3 M sorbitol MSD,
BAAY o BAEgHE 2 TNG6T - % B*ﬁ%%%%mﬁmwggﬁmﬁmiﬁv%ﬁ
7o mbe f TR EBRAILT 2 e WA A £ E 105 FIE B { SR R g AR o X

B AT T Ox89 #7tim%e x NBT 54 % J $if > @ DABF 40 ¢ % d Bk » 37 i tm
R AR IARFIERE T IRERCDEF VA JPT AL RS LG B
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A4
=
CLIES

¥ FEd B0 L mhE 2 3 B
R EELIN-T FEE R ST
PAEFTEHRRER AL L LR
#] (Cho and Xu, 2007; He et al., 2004; Xu
et al., 2007; Zhou et al., 2004) - #ips i 1 &
{%’ﬁfr} F-v cfiF(protein kinase, PK)i% - fi%
%Lﬁ%aimﬁﬂﬂ%ﬂ}ﬁﬁﬂﬁ’
BEEEZ A A ABRGFE TR
i T‘t s PKA2D & 8% > @ }E’ Kk fEfE en

i B E_PK hF » (8% 2 2R am W F AT Y D
‘)9:’3 R & ,%?;“’&Jff 0 B AT EERL
J\—'L%xr\ﬁ’p PK AEVEA P 5 EX B
v BEfRfE O & v’bﬂg Tie fEREE R
Fhme 4 B¢ g & (Cohen,
1989 ; Ingebritsen and Cohen, 1983) -

B BRFREE 2 B 7 Ap 021~ B 2
gL it 7 5 (catalytic function)? fe ¥ 4 = =
D% 0 Bk e ROE BN REL FROOREL AL
fi# (protein serine/threonine phosphatase, PP,
EC 3.1.3.16) » H =% & f&i'=pk d-v i f2fs
(protein tyrosine phosphatase, PTP, EC
3.1.3.48)% % F® % "&fk F-v Bk % f* (protein
aspartate-based phosphatase) » & 4 & 4 &
PP ¥ PTP i1+ 2 gif%fs(dual specificity
phosphatase; DSP) » 357 5d 2 4 @ % 3L
B riwmre 4 £ 22 4 it (Singh et al, 2010;
Smith and Walker, 1996) - PP iz 43 7 I % *}ﬁ
BB LA B AT g T A
%= PP1 2 PP2 (Ingebritsen and Cohen, 1983)
PPl $¢f s & pifh i s e B X B ~ e
LB E LR 27 I-1 & 12
(inhibitor-1+2) fr4] ; PP2 W;ﬁ‘rﬁ i peps

)
=

g

A~

o H AE g o 23R -1 122 e
FlopEEanRt A EATEBFA T

F i &t ~ipid & (Cohen, 1989) -
PP2 % e M & i Hf B Ho
Bl chikigmjlie- H &2 5 = B L ¥
PP2A ~ PP2B % PP2C - #77% 1 PP2A =4
— i i = H ~(catalytic subunit; PP2Ac)

o

28

fo- B % T#"” ¥ = A(scaffolding subunit A >
PP2Aa) e = H $1.w » PP2A s e 7 3
65 kDa 5% ##4 H < 4r36 kDa g it =& E
7 PP2Ac PP2A 5 7 B3 HF AT eha
B2 % 1 Flet € 7 5 4kt 50-130 kD 333
=t H ~(regulatory subunit B, PP2Ab)%% &
A58 & F = ~4F & 48 (Cho and Xu, 2007) -
SEbEYRY - BASGHE A 2R
=xH A4 B-B~B” 2 Bw B
HeY Br #3a~Py 0 E=xH ~ »PP2A
SRR A 7 Tl u% I 3+ (McCright et
al, 1996 ; Millward et al., 1999; Tehrani et
al., 1996; Virshup, 2000; Wera et al., 1995) ;
PP2B Hri— f&if+* Ca’’/Calmodulin #3-
v OEHfERE o d - BRI HE A fo- BAE
< H ~4ps ; PP2C & - fEH 8 3 Bifz
[ =T R ¥ Mg®* (Shenolikar and
Ingebritsen, 1984) - d ** PP2A 4f fecnzy B
FHRXFTHER F* (substrate specificity)fr
-n ﬁ\q#rﬂ Moo BHAREBEY ittt jud
A Q frés 5548 52 (Janssens et al., 2007;
Sontag, 2001; Xu et al., 2006) °

14 e PP2A %¥3F 5 fmie 4 10y
FORg o bl4odh fr e S Hp S 34 1§¢$42_
P4l iz 4 £ 3% 7 % (Janssens and Goris,
2001; Lechward et al., 2001; Virshup, 2000)
;%—*"‘ Fe i n 2 GUS . B?*"L§i¢‘5 )
iFJ’ifv' PP2A 2. £ IR {Z % > 3 F FRE7 4 TN
W F o B FRME FE R a?q\\ 2
fﬁr.ﬁm"?’f?fb,. ’f"'—"-agﬂ L_’fq “fq-h » m
N AR P e Picer TR (Xu
et al., 2007; Pernas et al., 2007; Michniewicz
etal., 2007) -

4 PP et 2 BT 2 HEG 5
BEY EERA ST ’]’v;]mn—’u»:‘ CAN
45 B PP2A ML % H A C HfhF 3
BREEE S APRF2 BAELE A
Gk Fl 4 B S5 A Bk Fle 2 f[as
& = H < Bk F] (Haynes ef al., 1999;
Smith et al,, 1996) « # * 5 PP2A = ¥
= A e RCNI {rd &=t H ~ B”e7 TON2
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LIz S22 4 £ 4 ~ABA fre JTF =Rl

%5{, @ vE 27 24 o4 0 B 5k X 48 phototropins 2
(Camilleri et al., 2002; Kwak et al, 2002;
Larsen and Cancel, 2003; Tseng and Briggs,
2010)-PP2A 2 4 & H B 5 ¥ 0B 12
Hiapnd2ygy ibi £8P PP2A %
WA E A AZBR A LR
#v (PIN) (Friml et al., 2004) > PP2A % & #
fc P70 PIN & 2 s i 0 PIN e |4 4 IR
Pl iR AR E g @B o d A0
LSRR T A |y 4 F%m;ﬁ%‘“”ﬁ
W2y g %a 2 F Ll N6 S e 4‘1 ¥ 4
Fe+Ballesteros et al., 2013; Kleine-Vehn et
al., 2009; Michniewicz et al., 2007)

PP2A L:’ ;’% (brassmostermd BR):t
Ll o 4”*’—& H AL BEgdl
Hoard E g L.‘_mi § 3B fANA T AN
AR E2 7 e BR UL S8
% & BR 1 & 75 {pF > BIN2 (brassinosteroid
insenstive-2) ¢ i& (TREAEL It BRs 45 7

3 2 PP2A ¢ 3 Hifk * BR 475 0 ik
g 7 ALY 2 0 Mie BZR1 & r i i b
AT X BR FHEAFLRL 7 1
BR & 3 &pF > £ BRIl (brassinosteroid
insensitive 1) % i 53 SBI1 (suppressor
of BRII) § fim® k@ f it PP2A hii
itxHEACrRHEFEMfod - 2> PP2A R
¢ 2 #ipit BR %48 BRIl > BR £48 ¢ 2
FF M aFs ) BR X # (Di Rubbo et

al., 2011; Vert et al, 2005; Wu et al,
2011)
KAe? AREE D S5 B PP2A it H

< C £ %] (OsPP2Ac-1 ~ OsPP2A4c-2 ~
OsPP2Ac-3~ OsPP2Ac-4 4v OsPP2Ac-5) »

H ¥ OsPP2Ac-14v OsPP2Ac-3 }wfgml
efeE F ¥ 334 & > OsPP24c-1 &R7 4

i o e OsPP2Ac-3 5?79 ® 4R o 0% v
% @& OsPP2Ac-14v OsPP24c-3 & ¥ 7 ¢
i R 0 BEBRFE OsPP2Ac-3 et
4 :Fk ¢ A IR > R grdrd) OsPP2Ac-1 &
Poend g g B R T OSPP2AcI fr'
OsPP2Ac-3 %% 7 feid 8 v ¥ Yuet al,

29

2003)« PP2A A F| 5k 4 o B A
ARFA N ZAFBFIRAT 2R G F
MR F N K fE OsPP2Ac-2 i & 2k T &
T 78 w2 % & 4k > 12 Real-time PCR £
7)o 47 fisin e L £ 72 DAB & NBT
Fd a4 RFLHZAFEZE2 S EHR 2
#Brﬁgfig‘—,ﬁ: fe 2o A TE gy o

Mk

- R FEERE B AR L
KAeE B 67 5. (Oryza sativa L. cv.
TNG67) s+ + 37Cie 7 5 A % (52 48
AR A kPR o B 28CHAEF D
TR 3~4 E&ud) B2y 300
mM sorbitol B2 1 = ~3 X B2w 4R KR
f6 32 BHp P30 R fEF FE
B3 3>-80C # % oo
s k46 OSPP2Ac-2 %3 T i B AR ¥ 2
A F R
APpHRNTEIEREPFEHF
( quantitative real time polymerase chain
reaction; qRT-PCR) 4 47 OsPP2Ac-2 # 7]
2 AR AR 231 F B (e 1) iRIR
3-UTR # R 5 7k 0 F&x
Ubiquitin A& F] 1% 3 p 384HPR o
1.RNA # f
BT T2 RAER SR F PR
e B 15mL g @ oo 4o r 500
pL 2z Trizol (Invitrogen) #&| > 7§
TEE S A4 FE A 2200ul F 7 o
AR E S 4 CHpe 11,000 g 3
15 A4 oo rR B~ H /Fini’ # 3 ’T?méﬁ—
g ® oo e~ A4 isopropanol o iR
L3095 15004 Cls 811,000 g 4
5 &4 # f,‘ ¥ Fikis 70%/?‘]‘}%/;
# B 50% c RNA 125 Fj2 DEPC
(diethyl pyrocarbonate) ki3 f%fs » £
12 TURBO DNA-free TM kit (Ambion)
fedB 1 4 % P 22§ DNA - Bl 2
RNA k& &> %3 >-80Ck#" &

pE
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* o it RNA %k &2 MMLV Reverse
Transcriptase  Ist  strand cDNA
Synthesis Kit (Promega) » & {7 cDNA
& = (complementary DNA synthesis) »
I H-L = {8 e cDNA %73 30-20°C 7k
B o
2.Quantitative real time PCR (qRT-PCR)
A4

AR E B RS S st
strand cDNA Z #cfr > BT/ RF &
(Illumina Eco Real Time PCR System) »
PCR #25% 3% TnA2 5 Ac4n R MR R 5
94°C 3min; # 1 E R 94°C 30 sec -~
LR R S8C 30sec B A 72C
I min - &7 40 B a8 @ (o7 F
L& 47 o A 3EBR L Ubiquitin 15 5 p 3R
¥ A 7] (Internal Control) » @ £ F] 4

;FLZE_‘_ v 2-AACt ',,E'-_ j{ L -ﬁi o

= ~ Ubi::OsPP2Ac % 5 §* iﬁ’}#jﬁ L 33 3

7E

1.Genomic DNA % iv

P~ TNG67 % WcE % 12 Urea 2 i&
7 Genomic DNA it » Bvif § K4S
Er Ao 2 RGEF 0 R B R
#Fr15mL 3o g ot B RSN
## #1 Urea extraction buffer ( 7 M urea;
0.3 M NaCl; 50 mM Tris-HCI; 20 mM
EDTA; 1% sarkosin, pH 8.0 ) » ¢ 4 ;&
£t > £ 4 > T 8 A 5 phenol/
chloroform (pH 6.7~7) » ;R £323 {4 &
WEEREY S A4 £ 2 11,000 g Hrew
6 & 48> M-t Fie# r 1.5mL B g
P e~ FRRAE R4 2 isopropanol &
Bt T E Ty o0 4 SORRIES D
sk 11,000 g 3w 5 4480 13
H gk Awr 70% ~ 100% FpE
kTR 40 $ B2 DNA 12 50 ul &
Fokis fE o Rl 2 2 DNA R & {8 i3
20C # * o

30

2.0sPP2Ac-2 %78 8t Ubi::PP2A4c-2 §* %8

o
. NCBI F# £ (http://www.
ncbi.nlm.nih.gov/) 4 & OsPP2Ac-2
mRNA (accession number: AC135563) »
R A7k - Hsl+ > 245
#5l+ 735 Pst1(CTGCA/G)* ] p%
% 7= 3=l 3 7 3 EcoRV
(GAT/ATC) 4% % *» = - TNG67
cDNA Fi1#* Fits5l+:2¢7 PCR F J&
fo 0 #pARiEF T o R Gel
Elution Kit (Genemark) w {z i it o w
Yok i 18 e DNA Y 8 * yT&A cloning
Kit (Yeastern Biotech) i& {7 B &5 7|
B F ) T 4 %48 F XL1-blue %
Eimre > PP & H - R UG pE
2 PCR # % FEiu i 4 DNA 4 &
RAEECISNERE (F - 9 A - SRS |
it % (Pst 1/ EcoRV) F PFESEFE0
FlmE2 B4 DNA %2 7 % 5f fad &
Ubiquitin #x ¥12. pBS % %8 DNA (Fig.
2) o # OsPP2Ac-2 % 7|# & 1 pBS
B DNA £ > L #prii= = 4l
DNA ™ U] A2 i3 > 1 87 i 314
8 pSMYIH 2748 & F > Z# 41 1
EHAI01 R % Fp ¢ > #4522 & &7
BERAARERLE - FE o B
B 48 DNA ¥ 120" fs &2 PCR F23d ©

oY

ARG R AR S R TR
TNG67 # 78 » $4+ P~ if © fwil 2
EHAIOl ¥ - Fi¥ % 3 mL 3 i
B2 2 LB ¥ A AR > 4 28C
BB ERR > P 100 uL Fik bc »
40mL F 44 3 AB i s A¢ 28
CTEE 12/ pF > RiEE 4 » 100 uM
acetosyringone (AS) % 5% glucose > %
FH28CHRIER 4 |2 4TCH
ST 5 2 8000 g A 10 Ads o ¥
2 “,/TTJ ‘}f;‘i;’if v fF 02z 100 uM AS 15
mL MS % 132 % AR5 A o Biw
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2T DNA #it o &
& F] (hygromycin phosphotransferase, HPT)
% 3 = E gL# 3 7 (Southern blot) »

BEF kBl ¢ BREFRER R
(co-cultivation) 5~10 4 4& > £ #5-75‘ &
A B 2N6-AS A AL 0 3 28C
: i‘*% 3 = oﬁxﬂ:)ﬁb B 487 5
“‘ » 14 ﬁ’kiﬁ"%ﬁé » 4e ~ 100 mL
MSD, % f& # % & (7 300 mg/L
cefotaxime) > ¥=F ¥ % 1~2 /| pF > £
AT MS R R AicE G 0 o
%&ﬁ@ﬁ%”éﬁiﬁﬁﬁjaﬁ
RF DR LA s eRT g
*+ 7 50 mg/L hygromycin £ 250 mg/L
cefotaxime 2. & ER HF A » B F &
28C2p kRT2EHP 530 218
GRCEE S IUE]. Ll BT AE
g%%éﬂﬁﬁiﬁgm%aw@ﬁ
Mg vz okfeHEE L (Wu et
al.,2011) -

WA & o AR
-+ iﬁ%fﬁ_ﬁ] £ Pz 2 it Urea =

B PRI SVl

ks e k2 R B ke
1.Genomic DNA PCR 4 #7

513 B 7|4 Table 1 ' PCR 4= 45 %
MR RELZ94C 3min;: M ERE 94T
30s &8 A& 58C Imin~ 2t B B
72°C 1.5min > &7 35 X fhFkis » £
MT2CF B Tmin BEF B S B F R
PCR #3# 2. A 411 1% g @ ik 7
oA FT s 0 B S B A £ 302 nm
UV Z7TR2x Rip

2.4 % BB A 45

B A2 DNA 778
= & ghiE A 470 £ P~ 10~15 ug DNA 11
* %) 30 units 7 Pst T P pF 0 A
%30 uL > 3+ 37°C 1% 4~5 | p& > 3%
(B%ﬁ?ﬁwﬁulﬂﬁaﬁﬁﬂ’ﬁ
14~16 -] P o 7 7k = N (5 » -V A8 208
%QNHEHIO&@,umo&m

31

fs > #-%4 %8 /% ¢ = denaturation solution
(0.5 M NaOH, 1.5 M NaCl)® - 12 45
rpmﬂfzﬁft%’}%f2 °'] HQO d"/ft»lb ’
R R R e neutrahzatlon solution
(0.5 M Tris-HCI pHS8.0, 1.5 M NaCl)*#
1445 rpm dE MR 2 0] PE o JE Y Bf
1L it * (1% DNA #7% T nylon
membrane } ° ## F F§ & {8 > B~ ! nylon
membrane >+ 80°C Y4 ® M£4% 90 4 4&
% Z_DNA ** nylon membrane * {& >
%] Z_% = P nylon membrane *x > & i
w o FL? 0 A 41* wash buffer I (2X
SSC, 0.1% SDS)Fg ;& > I 4 > 5 mL
DIG Easy Hyb> # 4¢v » i~ J\ SRIPAE:: R
7kin 5 4 48200 pl ke 4o+ DNA »
B 68CImiR Y iEFIEAE 2 BF
B H#-3~5 uL & B 98Cevfkip e ivn
10 2 48 > B >Y ok F 5 & 4B cndF 440 ~
7z 7 Ff 2 & 4% nylon membrane & {1
7y FELP o BT 68Tl dar T
£ 1% 1 I§* o B~ nylon membrane
2 wash buffer I (2X SSC, 0.1% SDS)
wERT A5 rpm ik 10 A 4

2 wash buffer 11 (0.1X SSC, 0. 1%
SDS)’*/\68C]‘ fq}F R -
30 443 - % % washing buffer (1X
maleic acid buffer, 0.3% Tween-20)*
=S A 4w 0 #X {2 #-nylon membrane
BT R ALE FHLY 0 e xS
mL blocking solution (0.5 mL blocking,
4.5 mL maleic acid buffer) > ** ¥ /8 T &
F 2 o} B o £ 4~ 03 pL anti-
Digoxigenin-AP & 41w 3P &
.-:».ar.—rﬁ_f % 30 ~ 480 E* ~~‘L‘§\’l'
#-nylon membrane B~} » ¥ 00 % § 0
washing buffer /7% 3 =t » & =t 15 4 48
3 2 20 mL & detection buffer (0.1
M Tris-HCI, 0.1 M NaCl, pH 9.5)is * 5
& 4 o FR 18 #4200 uL CDP-Star solution
F g E DL EmREN o LRGN
BT EE AR E ki
OS5 g o A Ao At B

-

o
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* H 2% B 7 ¥_nylon membrane fr

GRS L pE T2 ﬁﬁloﬁ
PRI R AR RS T B
A4 e

. ’}\fgz A F et A iR T2 4 B

RALZRAFIZRAY

P~ 1mL BiFwe ¥z 3 50 mL
MSD, % fi 32 % A2 125 mL & BF = & a3y
P> MSDy i i 32 % & (MS AL A f&f]‘
¢ 2 mg/L 24-D) » %3 7 300 mM
sorbitol (MSD283)1;£’ £ /77? 4t (MSD,Sy) ° BF
‘wmre 3 TNG67 - OXPPZAC-Z-SS (Ox55)&
OxPP2Ac-2-89 (Ox89)% B i & # Ji# 78 ‘w
ek o MH R AN M ABRELF -
Eﬁﬁéi’NHSmm%jﬁﬁﬁ%’

HHE 055101520 % p| € e T A
# (packed cell volume, PCV) > * % %] ‘m*2
4 E W AR o LR i e <irtg 4 2 e
BAFA 2 —RM >33 BiEE & REE
fm e ¥ % £ ¢ 5357 F2 }a 50 mg/L

hygromycine ¥ ¢t >3t % 0~5 % J2 P~ 300 mM
sorbitol A&J {8 ef@ iFmre > M- b bRl
7 RNA it (= 2 F i) (84 1
GRT-PCR 4 45 A F4 1 -

'/;\‘7k'|'$l‘l‘—r4‘£’ j\fﬁ:}
% NBT % ¢
Nitroblue tetrazolium (NBT) it ¥ iF 8
%EA 4 g § a3+ (superoxide; Oy ¢ )

V¥ % DAB

Z & A5 = ¥ 4 formazan i+ & P
( Romero-Puertas et al., 2004 ) ; @ 3,

3’-diaminobenzidine (DAB) R ¢ &2 &%
§ % ¢ giiF § i & (hydrogen peroxide;
HQOZ)"‘—‘—}I—@I' -z ¢ 2 v &
( Thordal-Christensen et al., 1997 ) » = —;,z p=)
R RS SRy 3
2R 2 J}Fl 1o b J\7ft5‘ & 5 P2 3t MSD)S
% MSD,S;3 3 %3 % 20 % pF ﬂ{ﬁ’*ﬂ %f:/-‘f—
iz iE (7 NBT & ¢ & 470 R ivimre 2y
1.5 mL é}ﬁ‘.'u? poo T A B 4e ~ 0.25 mM

32

NBT (NBT 3 ** 50 mM K-phosphate
buffer, pH 7.8) 2 DAB % /% (1 mg/mL
DAB-HCI, pH 3.8)» % ** 8 T kBB F Jis /i
T 24 | PELS S T E‘?F@/i}-“‘ﬂ”?’ NBT
2 DAB & ¢ &% ¥ 4p R % & (Barcelo,
1988) -

[23
R %

- ,}\,&,% RS REE AEIET 2 ¢4 A

2 OsPP24c-2 A 5|4 1

WA ARk TNGE = Fars
% 7 300 mM sorbitol A 4 % ok % ¢
fe 2 3B 3 X2 A AR
F% BT E 5 sorbitol B2 {8 B - X TR
TP AEY > S AFEFEY RIS
BeE 0 © B4R R4 (Fig la) > @ k4R
-k EREAE 3 XS ESBY EP
Bpecd o 2 E real-time PCR 4 47 -k £ %
B 30 OsPP2Ac-2 3R %12 42 > B % &
TR EHB AR 24 P HATFIAR
BWE T N EIE 3 X (ShA P PR
Wi — X 4piT > AR 3 X 2 A F 4
> OsPP2Ac-2 # .8 B3 1R4R 3 3 5 i
T 48 % (Fig. 1b) o o 2 % & 7 -
OsPP2Ac-2 % T} % %3 R if B #r | 7R
@( °
= ~pUbi::OsPP2Ac-2 -k & 78 i 2.

AR )

7 f# OsPP2Ac-2 # %122 %4 R i3 B
WAL B kR R
% Wend ¥ L% Ubiquitin fx# + 5%
OsPP2Ac-2 # %] ~ I¢ %14 hygromycin 7 &
E AT (A pUbi::OsPP2Ac-2 #
7+ 5 Fig.2) » & 17 B 4% E»‘]Bfé;g_,z R o2
TNG67 # Fldg 78 > pUbi::OsPP2Ac-2 78
M2t R At A T (hygromycin
phosphotransferase - HPT):& i= PCR & 5 =
ERE LA KGRI EERZ LAY ZE
e A FEa 2 HEg A 72 ko
e S B EEE 5 9T 603K

o E -
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=h
S
¥

RN
N I e
e
P HE |

o E‘E‘_?_BL F—*-—E?PL

O -

T
[
A

e btk g 32 T[%«‘)ﬁ}é‘ ..“:E_,?%‘i? £
Z hygromycin 4 -% 2_EFiER AR A I “ﬁh
WA ATenimre B 0 B U e kG
REH W F G5 13% - ﬂ\ﬁﬂ”"i&é‘«
saimie kB FHRE 4 0 X EE 14 K TO
WAtk WKL 58% (B% A7) o pi
VAR 10 B e LGB (T AR (S
FHera st $ETF EA T kY
HPT 513 i&£ {7 PCR> 3=2% 1 p|3] 975 bp e
BARiES > & 2 AE AR 2 TNG6T P
£ 047 X305 o mre i (Fig. 3a) o
& 7w mre k2. DNA &~ ) 55 Pstl "W %
EFE £ A1 HPT Fuid 2L 7] 5 3R 443
Fa>@iesr R 2587 10 BiEgm
wmPe kv “,f THELI2BE8ELL2E(F) M
tenggammre kb HAR B B (MMEL 6T
9+13-14~55-65~% 89) &7 2 BE #
BH £ OsPP2Ac-2 # F# 7 s (Fig.3b) °
W RREG AR S B A
78 ;% #-pUbi::OsPP2Ac-2 # 78 3 TNG67 -k
ft:./gt £laskd o

= ~iBE 4R OsPP2Ac-2 @ m% s 2
OsPP2Ac-2 1 714 3

AT E A B pUbi:OsPP2Ac-2 i
B % Bk fedk i mre & Ox55 22 Ox89 » 14
Z_¥ real-time PCR 4 {7t $#ix¥? TNG67
OsPP2Ac-2 A% H > 25K 1ra BEE
% 2 #E78 wme k OsPP2Ac-2 # %14 .35
BMEF T AEA2 TNGOT(FA A7) fm
"z & % 300 mM sorbitol &2 7 % {5 5 Ox55
2 Ox89 & B mre kb REFF
OsPP2Ac-2 3 %1% .8 (Fig. 4) > » 2 >
TNG67 OsPP2Ac-2 A F1 4 RE B3 T "%
%% > 82 % 5 ¥ OsPP2Ac-2 3R Fl& X%
FEREB I E - R o

33

= ~ B E % R pUbi::OsPP2Ac-2 #7 m¥e
AN RF NG EREE RILT 2
e 4 £ A5

¥t it BiEE & IR pUbi::OsPP2Ac-2
o mre KON ERE R R A Y R A 2 J L
4% » 7 50 mg/L hygromycin 2. MSD; %
%3 (MSD,H) P # 5% s3> B2 1
b ERHARE- o UBT ST
K2R F e ko TNG67-0x55 3 Ox89
> B3z % 4t MSD,So 2 MSDyS;22 % & ¢
53 e R 4 K a5
kot = ‘%’V\ MSD,S, # MSDZS:;ZE‘ ?EE»“ ’
:’”ﬁ SR % X ﬁii‘g 4 fm e & ,ﬁrft\g 4v erdf
oA L mE A EW fs‘ﬂ( growth curve )
ERIL AR - HY TNGOT Bixiwre i
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Table 1. Primer sequences and PCR amplicon sizes for different gene in this study.

Primer Primer Sequence (5'—3") Product size (bp) Application
HPT-Fw GCCTGAACTCACCGCGACGT
975 PCR
HPT-Rv CGAGTGCTGGGGCGTCGGTT
OsPP2Ac-Tw CTCACCAGTTGGTCATGGAG
109 qRT-PCR
OsPP2Ac-Rv CAAGATTGATGCCATGTTCC
Ubiquitin-Fw CGCAAGTACAACCAGGACAA
o 160 gRT-PCR
Ubiquitin-Rv TGGTTGCTGTGACCACACTT

HPT, hygromycin phosphotransferase; Fw, Forward; Rv, Reverse; PCR, polymerase chain
reaction; qRT-PCR, quantitative real-time PCR.
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Relative quantification
(OsPP2Ac-2/Ubiquitin)

0.2 1

0.0

0 1 3 3

Days after treatment

Fig. 1. Phenotypic observation and gene expression of OsPP2A4c-2 in TNG67 seedling under
sorbitol treatment. (a)The 4 leaf-age seedling grown in at Kimura hydroponic solution
containing 300 mM sorbitol for 0, 1, and 3 days. then moved to Kimura solution for 3
days. (b)The shoot mRNA are used for qRT-PCR. The expression of Ubiquitin gene
was used as the internal control. DAT, days after treatment; r3, recover for 3 days;

Bar=5cm -
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Hindlll  Pstl Pstl FEcoRV Hindlll

pBS

Fig. 2. pUbi.:OsPP2Ac-2 construction map. Hph, hygromycin phosphotransferase; RB, right
border ; LB, left border -

(a) pUDbi::OsPP2Ac-2

M TNG67 6 7 8 9 12 13 14 55 65 89

pUbi::OsPP2Ac-2

(b)

Fig. 3. Molecular analysis of transgenic rice cell lines of pUbi::OsPP2Ac-2. (a) Genomic
PCR of HPT resistance gene. (b) Southern blot analysis. The genomic DNA was
digested by Pstl and HPT gene used as the probe. P, plasmid was used as the positive

control.
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Relative quantification
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Fig. 4. qRT-PCR analysis of OsPP2A4c-2 gene in different rice suspension cells under 300
mM sorbitol treatment. Ox55 and Ox89 are transgenic cell lines of pUbi::OsPP2Ac-2.

The expression of Ubiquitin gene was used as the internal control.
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Fig. 5. Packed cell volume measurement of different rice suspension cell incubated in MSD,
medium with or without 300 mM sorbitol for 20 days. Ox55 and Ox89 are transgenic
cell lines of pUbi::OsPP2Ac-2. The suspension cell are initiated from resistance callus
and amplified on selection medium containing 50 ppm hygromycin. Originally, 1

mL/50 mL suspension cell are used and PCV are measured every 5 days.
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pUbi::OsPP2A4c-2

TNG67 <) 89

0 mM sorbitol

300 mM sorbitol

Fig. 6. NBT staining of different rice suspension cells treated with 300 mM sorbitol for 20
days. Ox55 and Ox89 are transgenic cell lines of pUbi::OsPP2Ac-2. Bar=0.25 cm -

pUbi::OsPP2Ac-2
TNG67 No 89

0 mM Sorbitol

300 mM Sorbitol

Fig. 7. DAB staining of different rice suspension cells treated with 300 mM sorbitol for 20
days. Ox55 and Ox89 are transgenic cell lines of pUbi::OsPP2Ac-2. Bar=0.25 cm °
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The putative role of protein phosphatase 2A catalytic subunit isoform 2

as a negative regulator on osmotic stress tolerance in rice

Ching-Wen Chiu', Shu-Tseng Lin?, Shin-Lon Ho’, Wen-Lii Huang"’
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Abstract

The study aimed to understand the possible role of protein phosphatase 2A catalytic subunit
isoform 2 (OsPP2Ac-2) on osmotic stress in rice by genetic transformation approach. The
growth curve, nitroblue tetrazolium (NBT) and 3, 3'-diaminobenzidine (DAB) staining of
transgenic cell lines under osmotic stress treatment were determined. The results showed that
OsPP2A4c gene expression was inhibited under sorbitol treatment at seedling stage. The
transformation efficiency is approximately up to 13%. All transgenic cell lines were confirmed
by genomic PCR, Southern blot and quantitative real time PCR analysis. The growth curve of
two transgenic cell lines, Ox55 and Ox89, either grown on MSD,S; or MSD,S; medium are
similar to wild type, TNG67. But their growth efficiency are significantly decreased under
sorbitol treatment owning to hypersensitive to osmotic stress. Besides, The NBT stain is
stronger and DAB stain is lighter in OxOsPP2Ac-2 overexpression line, Ox89, under sorbitol
treatment for 20 days than in TNG67 which may derive from higher level of superoxide and low
level of hydrogen peroxide accumulation. It may cause from lower enzyme activity of
superoxide dismutase in Ox89 under sorbitol treatment. We concluded that OsPP2Ac-2 gene
may act as a negative regulator for osmotic stress tolerance in rice by affecting downstream
stress responsive genes. In the future, more study is necessary to clarify the possible role of

OsPP2Ac-2 gene on stress tolerance in rice.

Key words: Oryza sativa, Protein phosphatase 2A catalytic subunit isoform 2, Osmotic stress,

Negative regulation.
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