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Studies on OsABF3 Gene Isolation and ABA Signal Transduction
in Rice Plants Against Abiotic Stress
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Abstract - Abscisic acid (ABA) is an important phytohormone involved in abiotic stress tolerance in plants. The group A
bZIP transcription factors play important roles in the ABA signaling pathway in Arabidopsis but little is known about their
functions in rice. In our current study, we have isolated and characterized a group A bZIP transcription factor in rice,
OsABF3 (Oryza sativa ABA responsive element binding factor 3). We examined the expression patterns of Os4BF3 in
various tissues and time course analysis after abiotic stress treatments such as drought, salinity, cold, oxidative stress, and
ABA inrice. Subcellular localization analysis in maize protoplasts using a GFP fusion vector further indicated that OsABF'3
is a nuclear protein. Moreover, in a yeast one-hybrid experiment, Os4 BF'3 was shown to bind to ABA responsive elements
(ABREs) and its N-terminal region found to be necessary to transactivate a downstream reporter. A homozygous T-DNA
insertional mutant of OsABF3 is more sensitive to salinity, drought, and oxidative stress compared with wild type plants &
OsABF30X plants. In addition, this Osabf3 mutant showed a significantly decreased sensitivity to high levels of ABA at
germination and post-germination. Collectively, our present results indicate that Os4BF3 functions as a transcriptional
regulator that modulates the expression of abiotic stress- responsive genes through an ABA-dependent pathway.
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(Leung and Giraudat, 1998; Shinozaki and Yamaguchi—
Shinozaki, 2000, Yamaguchi—Shinozaki and Shinozaki,
2005), oI5 &0l Al=o] AEg 2o 238 Z 2ol ABA-
oj7) 2o} ABA-H] o] A7} EAFH o] WAl
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Sh ek T A0}tk SAAES] WA} FE
H 4 s AT E Aol 2B A Aga AWE 7155 7

A S| FAET, 2R A8 s fHA)
A A 5G] w4 go] AEd2 Atgo] 4
A5 3th(Zhu, 2002),
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st 55 43 40 40 A 3% 52 38
AR 2 Al jek7]oll A 2527 = A SFITk28TC, 80%
humidity, 14/10A|7} day/night photoperiod), 257+ 7]—r H
£ Z}7+9] 71E(10% polyethylene glycol (PEG)), EH(250 mM
NaCl), AFSFAE A (10 #m Methyl Viologen (MV)), #1-2(4C),
ABA (100 pm) 2EHAZ0, 3, 6, 12, 24, 484|750t A 2]5}
ek,

cDNA €24

o8& W(Oryza sativa L, cv, Dongjin) oA OsABFS full
length cDNA, OsABF3/AN, OsABF3ACS 223} 98] 2+
Z}9] primerE A A3t 2(Table 1), Ex Taq (Takara)2 ©]-85}
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Table 1. Primer sequences used in the PCR

A 2219k ABA AISAE ot d+

Gene Primer sequence (5'-3')
OMABF3 - GGAATTCCATATGATGATTCAGGCAATGGCT
R' - CGGAATTCTCAGAAGGCGGCCGAG
OsABF3 /N F' - GGAATTCCATATGGCTGGGGTTGTCACGG
R' - CGGAATTCTCAGAAGGCGGCCGAG
OsABF3.AC F' - GGAATTCCATATGATGATTCAGGCAATGGCT
R' - CGGAATTCTAGCCACTGTGCTCCGGC
OsABF3 F' - GCTTGAGGATTTCCTGGTCA
RT-PCR R' - GCTTGTTCGCCTGAGTTGAT
Osdctinl F' - CATGCTATCCCTCGTCTCGACCT
sacn R' - CGCACTTCATGATGGAGTTGTAT
Osabf3-1 F' - CTCGATAGAAAAACGAGCGG
Genotyping R' - GTTCGCCTGATGTGTTGATG
Osabf3-2 F' - TAACATGCATGCATGTCTGC
Genotyping R' - ACACCTCATCCACCGTCTTC
OsABF3 - CACCATGATTCAGGCAATGGC
p2FGW7 - TCAGAAGGCGGCCGAGCTTGT
OsABF3 - CACCATGATTCAGGCAATGGC
p2GFW7 - GAAGGCGGCCGAGCTTGTTCG
~ _ - Shoot  Leaf
o PCR3}o] 242t SEA17] H 7471 F5L.2 2eIstgint. PCR Y osizrr X
ZE AREQ] Z17+o] DNA %27+ MEGAquick—spin PCR & Actinl
. L o ~ ) 0 3 6 12 24 48
Agarose Gel DNA Extraction Kit (iNtTON)& ©]-83}o] OsABF3

elution 3+ 5] Ndel, EcoRI restriction enzyme (NEB)S- 0]-2-3]
o] PCR product %F &3} pGADT7, pGBKT7 HE|E Aetst 5
Ztzke] wejel 22 Bsic,

RT-PCR -3}
Zh7to] 4 o] 2EEAS Al % Atk WE A
3} th] zzl 0.06 g~— oﬂxﬂ ;cl/\oﬂ oz _§_ 1_\17_1_5\417]9_] MM301
Ghnder@r bead= 2 ml e—tube @11 203], Z/1E7Frpm £ 2
5E0] 228 5kl 3t 5] e—tube BH| W80 2 E]7o] B} ¥
1 Z A& gl 31Tt Tk4f F 2212 RNeasy Plant Mini Kit
(QIAGEN) 2 E-2]%t %] RNA 4 g2 DiaStar 2X RT Pre—Mix
(SolGent co_, 1td,)E ©|-83}o] cDNAES SHAISI AL, OsABF3
RT—PCR Primer (Table 1)@} FR—7ag polymerase (Biomedic)
2 PCR (95C 53 -1 cycle/ 95C 18, 55C 1, 72°C 18- 30
cycle/ 727C 108 - 1 cycle) St ] 2% agarose gel 2 A7 %G5S
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Fig. 1. Expression analysis of the Os4BF3 gene in various
rice tissues under normal conditions and in leaves under
different stress conditions.

(A) Expression pattern of OsABF3 gene under various
tissues of rice. (B-F) Expression pattern of the OsABF3
gene under conditions of drought (10% PEG), salinity
(250 mM NaCl), oxidative stress (10 m MV), cold (4C),
and ABA (100 ¢m) treatment of rice seedlings at 0, 3, 6,
12, 24 and 48h after stress onset. The rice actinl gene was
used as an internal control. Similar results were obtained
from three repeat experiments.

-573 -



HEEHHGE Korean J, Plant Res, 30(5) : 571~577(2017)

GFP fusion Tl o] A|Z ] 23

cDNAE F38 © & 0sABFSp2FGWT7 (N— terminal) primer,
OsABF3 p2GWFT (C— terminal) primer, TaKaRa Ex Tag
(Takara)2 ©]-&38}o] PCR 3t OsABFS3 full-length cDNAS
pENTR/D-TOPO vector (Invitrogen)o]] 4FJ3t T LR clonase
(Invitrogen)=- ©[85}¢] destination HIE{Q] p2FGW7 (N—terminal),
P2GWF7 (C— terminal) o] E2Y 3}t CaMV35S promoter
7} £k WElof Z7F S 2 Y F GFP-OsABF3, OsABF3—-GFP
fusion clone2 PEG—calcium mediated methodS ©]-85}0] &
54 mesophyll HFAA ol FAASE & 12-2447F 52t
incubationdto] Wd-S TS T) o] W chlorophyll auto—
fluorescenceE: chloroplast marker 2 OsABF1-RFPE- nuclear
marker® A8}, fusion protein®] W& confocal
microscope (LSM 510 META, Carl Zeiss, Jena, Germany)E
o} gstol BT

Yeast one hybrid A&

OsABF3%} ABA responsive elements (ABREs) 7| A} 3.2
SH=X] Lolr 7] 3f yeast one hybrid A& 5} T Yeast
strain<-lacZ reporter system2 7}l pYC—Int WE{9] Sma I
cloning site®]] Emla element (GGACACGTGGCG) primerE 4}
ol5}o] AJ2FsE pYC—Int/ABRE, pYC—Int YIP yeast cell-2 0]-&
SHTh pGADTT WEf o] 212y 22y = OsABFS full-length
cDNA, OsABFSAN, OsABFSAC (Fig. 3A)E small—scale
LiAc ®H& 018519 pYC-Int, pYC-Int/ABRES] F2 <k 5}
o SD Ura—, Trp— i of|A] v ¥5}3Act. 21 3 SD Ura—, Trp—
v |0 A5} 1, O—nitrophenyl—B—D—galactopyranoside
(ONPG)E 7142 0]} —galactosidase activityS Z74

3h3T.

ano FEAHS T &4 g

OsABF39] transactivation 53 Z43}7] Y3l yeast
one-hybrid A8} o}48134K}, pGBKTT WEjo] 217} 22
% OsABFSfull-length cDNA, OsABF3AN, OsABF3ACZ&2}
Au|=(Fig, 3B)E small—scale LiAc WS o]-83}o] AHI09
straine] HRAHSH] SD Trp~ BAlo] BeFsIeleh, 1 5
AHI109 strain®] reporter 3212} 5= 511491 Histidine©®] W}l SD
Trp, His™ (+3AT) Hj|of] ‘=8 = uj¥5}o] colony A/ o3
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(7HE, GE, A&, ABA, Alsh 20X 718 98 242} A7)
2 RT-PCRE& 423 3}9ict. 234 0 & 7Ha(Fig. 1B), Akt
(Fig. 1D), A&(Fig. 1E) AEHAE A7] & 3A17F wj e
OsABF3] ZAAFeFo| Z71stgl o, A ~EY A= S7HE A

4

s -
6A17, 12412 T S 7Sk 21 B 4 9l
o}, E=3 H(Fig. 10), ABA (Fig. 1R)E #/2] F2 wj]
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CaMV35S 2 HE|o] oJf| Aloj=l= GFP-OsABF32} OsABF3—
GFP fusion T#.& 844 mesophyll 234 4114171
=) % @] 0.2 WS Pslo] OsaBR] AlEY) 91412
Selalict, OsABFI-RFPE 3} 3|2} AF5}9.0m, GFP-

(A) GFP-OsABF3

GFP-OSABF3  OSABFI-RFP  Chlorophyll Light Merged

(B) OsABF3-GFP

OsABF3-GFP

OsABF1-RFP

Chlorophyll Light

Fig. 2. Subcellular localization of GFP-OsABF3 and OsABF3-
GFP fusion proteins in transfected mesophyll protoplasts of
maize. (A) GFP-OsABF3; (B) OsABF3-GFP Chlorophyll
autofluorescence and OsABF1-GFP were used as chloroplast
and nuclear markers, respectively. A false color (blue) was
used to monitor chlorophyll autofluorescence to distinguish it
from GFP (green) and RFP (red) fluorescence.
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1 bZIP Domain 336
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Fig. 3. ABRE-mediated DNA-binding assays of the OsABF3
ptotein using Y1H assay.

OsABF3¢} OsABF3—GFP fusion protein 25 244~(mazie)
QA SOl WHBS o 5 UTHFg, 2. T
OsABF3&= &) thufalQlo] S =i},

OsABF32] ABRE-mediated DNA—-binding &1
22y H ZAn=EE A 2RSS yeast strain
YIPO] AF¢13}Fe] SD Ura—, Leu— Hlj Aol B k51333, ONPG 7|
22 0]g35}o] B-galactosidase activityS =435I tHFig.
3). 1 A} OsABF3ACR| B3| OsABFSANC] &7 574 % L
t}. Cis—acting element”} 33HE ABREs®} OsABF37} Agla}
=6 OsABF3 C—terminal 30| A olgh= AL 2015}
st

FZAAE $ 0sABF39| 4 &3
224 ¥ ZghAn| =9} oRAT|23¢] BD: OsABF1, BD:
OsABF2¢} SA | 24121 pGBKT7 HE|E yeast strain AH109
off ¥4 gs}o] SD Trp—, His— WAl TR 7|9 2=
U Aol 55 IEsIglaL(Fig, 4A), ONPG 7|85 o]8sto] B-
galactosidase activityS =73} ch(Fig, 4B), 7L 21} BD:
OsABF3ACO|Al= A7 Felo] T2 SIAIRE BD:OsABF3
2} BD: OsABF3ANO| A= T2HE] 2] 99k} o] A2 OsABF39]
N—terminal ¥ transactivation sh=t] & & Q 3} HHo]

= A8 4 491901, OsABF3 N—terminal £45-2 3+ &

A 2219k ABA AISAE ot d+

(A) SD/-Trp  SD/-Trp.-His
10° 10° 10t 10°
PGBKT7 )
DB:0sABF1 ) @ B
DB:OsABF2 ) ) b
DB:0sABF3
DB:0sABF3 AN )
DB:OsABF3 AC ) )
(B) B-Galactosidase assay (Miller's unit)
pGBKT7
DB:OsABF1 —
DB:OsABF2 —
DB:0sABF3
DB:OsABF3 AN
DB:OsABF3 AC =
0 5 1|o 1|5 20

Fig. 4. Transactivation activity assays of the OsABF3 protein
using Y1H assay.

ZR}e] HANE 2 A5|= transcriptional activatorgh= 22 &
=99tk o Yozt OsABF3 74| cDNASYA] transactivation
o] A= A F Ko} OsABF32] C—terminal ¥-50f trans—

activationS Aa||5l= HEo] ZAT Ao|gk= 22519t
H 2

ABA= Aol A H] 4 Wl Hofste
Qg @‘% §EE°1E}. o§71%¢ 0 2] group A bZIP HARIAR=
ABA A5 3P0 F- a3t a5 eitkal A Qlrk, 19
u ‘ﬁ‘)ﬂfﬂ% group A bZIP ZARRIALS] 7]50] 2 L&A QIA]
ek, Wb $-2l= HollA] group A bZIP HARRIRIR OsABF3
(Oryza sativa ABA responsive element binding factor 3)5 <1

%E]—X—] AE gﬂ

Fai5ict, ol slaf ule] thoyat 243} okt AEAAG}
B G AL ABA, A AEd|A)0] 12 0supry I oiel

£ BT, 8 maize] A0V GEP fusion W1E] S
ARTALE ) 917 4 B9 OsABFF e oei A
2 31015} T} Yeast one—hybrid A3 £3) OsABF32] C—
terminal 5-5-0| ABREs¢]| A%Fotth= A7} N—terminal &
o] &}9] S-AR}9] transactivation sh=4| & Q5}ch= AL &
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2= 91}l 1831 T-DNAZF AF91%El OsABF32] homozygous
Sluto|7} obaa sl vl wolsk ot 5 eA
oA isime] ABA] T WA} H A AS 2% 5 )
Sich 202 Fe) 2 o] OsABRR ABA®) OJE7]2)
BES 5ol vl A& AEY 20 WhEehs Ak W
= 2A8k= 7155 ok AAF 2AALITE T3 OsABF39]
transactivationS 4= Agof QloJA] ¢A] domaino] &

Agtth= A3E At
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