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Abstract

The metabolic and morphological adaptations against low-oxygen stress in plant cells have been
investigated extensively. However, the molecular mechanisms of the hypoxic response, especially at
early stage, are poorly understood. We have previously identified about 800 genes as hypoxia
inducible in rice root. To characterize the molecular components that mediate the hypoxia response in
rice, we analyzed expression profiles of ten genes for putative transcription factors (OsHRTF1 to
OsHRTF10), which showed high responsiveness in the microarray experiment. OsHRTF3 was induced
the most among these genes, at 30 min after submerged in N, gas-bubbled solution. The expression
levels of most genes increased within 20 min, reached maximum level at 30-40 min, and decreased
thereafter. The responses of these genes were earlier than that of ADH1 or PDCL1 that have been
known as hypoxia-inducible gene. OsHRTF3, OsHRTF8, OsHRTF9 and OHRSTF10 genes were
unaffected by salinity, drought, or cold stresses. The expression profile of OsHRTF3 and OsHRTF7
showed oxygen concentration dependency. OsHRTF may be candidates for transcription factor
mediating the hypoxia response at early stage.
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Fit
A R DFEE

43 (HARK) OKPEFREIX, Kimura’s B
solution Vf1, 28°C, I F T 2 HH THF SH7-1%,
[FEEOE HIC 28°C, 16 KEMIBIFT 8 WefHmF AT O %
TEFTITo 7z, BREHTOREEIL, 1U2x 57
Ve A7 =27 (MS) ERHAIRAHEE (Fokhl
TR AH), U2xMS B4 2 v, 02% 7 L7
A F B ETIERIEM E TR ST, 05% 7 L
TA N ELRERE-ICBA L, fti & THEL
7-.
A XDFEFEA N L ALER

A RDOFEKIC K DIREEHE A b L AP, FERE
%8 HHADA XN E, BRI ALNTY TS
7= Kimura’s B solution 1 CA > F 2 _X—1/ 3 >
LK S22 & TIrole. ABITERH T,
28°C TITo7-. LD AN
TV T uAT ol BHRA A & AT AR R L
L, BREEM E TR L7 5 HHOMEW 2 7 % 1
Ry 7 (ZZH0 MRS NICTARL, Ry
JNORKEBIT D Z L TiTo7c. M, fol,
RIRALER X, KB 8 HHE DA X%, ZhEh
250 mM NaCl % & ¢ Kimura’s B solution, A,

BT 2 & TiTo . ABRRFFIZEN TN 1
WifE] & L7z, #7-7¢ Kimura’s B solution |2 L 7=
bOxarbr—LE LT
AFDY T a~F I R

KERIE L72A %% 10 uM 7 B AaF I R
% & ip Kimura’s B solution H1C 3 REfH] A o % =X
Z D%, A XK EZER D D WNIT
BRI AwNT ) 7 SETFEREOTERIZ 30 5
K S 7.
RNA Dt} & & & RT-PCR
BB AT o To A RO A [ENL L, total RNA
DO 21T~ 7=. Total RNA O 21X RNeasy
Plant Mini Kit (QIAGEN) # M\ 7=, WilizBE i
13 2 ug @ total RNA 7> &, StrandScript First-Strand
Synthesis System (STRATAGENE) % F\> random
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L, 2 ul ZE &M PCR KGIZH Wz, & &1 PCR
& It~ 1% Power SYBR Green PCR Master Mix
(Applied Biosystems) % H\>, Sequence Detector
7700 (Applied Biosystems) (Z LV E&E L7-. 51
a1 O3 BRI 18S rRNA OJIE i THIE L7z,

KA B L AT K o TEHE I N7 HEE RS K+
s
~A 7 a7 LA AT ORER, 2 5L IS D
EAMPRSNTZHK 800 #EAR 12D T Gene
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ESINDBIOHERIGEICEAD S & FHl s
WETFREFNERRLEES TR TV Y. 55
KF LHEE SN DBIZFIZTOWTHEEITo T2
L2 A, Zinc finger ¥ A4 7k b %<, T
Myb 7 7 SV —IZBT Db DNRLNn-o72 (X 1).
A FOEFIRF O & i 5 L 19, bzIP,
ERF (ethylene response transcription factor) 7 7
—IZET DL ORORL N OO
B EAmICH T, =F Lo v 7 iEs

FRE DTSR ER O HBL 2 & DIBRERIZ LI
BET5ZRmbnTn5 Y. ERF LB K

FAIE T L VR ERINCE ST A L ONE S
NTEY, = F L Z2i LT ERERIGEICE ST
HHDONEENTVDATRE
KEETHFENMONTND A RDOEER A+
Myb7 1@ %5 Sub1B ”, v A XF XF AtMYB2 ©
OHFELEFOFRIIR LN o7
AR A b VAN KD HEEER G K AR D FE B
FHE ORI

~A 7T LA ORI, 10 5L o
FEHFHEN RO A7 10 BAR SOV THEMT & 1t
Wiz, BHFEO BT b DD, b OiE
+ & OsHRTF1 n b OsHRTF10
(Hypoxia-responsive transcription factor) & L7z
(£ 1. ZNHOBEBEFIZONWT, FARLEIC
X B RBFFE OISV T real-time PCR
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B Zinc finger
B Myb

O bZIP
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B Jumonji

0 Homeobox
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0 GRAS

B HSF

0 MADS
ONAC
OpbHLH

M 1 ~A 2787 LARITIZBNT, KA
L RIZ LD BBEOFENH LN HEERT
K87 D558

BBz TTORLE.

13 30-40 /3 Tk &R D, TORIKTTH L0
LEE AR L=, ¥ 2121, OsHRTF3, OsHRTF7,
OsHRTF10 OfE % /R L=, Ji~<7= 10 s 1 H1,
OsHRTF3 73k b K& <iFE S h, KLE 30

57 CRLEERT DK 165 i, BT U v ZALE & d
ol CITR 275 (51038 & 7=, OsHRTFS,
OsHRTF8, OsHRTF9 (ZoW\W T, 2 %Iz
DUV ZE TREREPMET LTV, ZOMmo
BARFIZOW T 2 5L EORBHOFEE I HE
TWiz. 72, WTFhoB{EFH 10-20 47 TikE
WIAE D HWSEE R LTz, 1 TH OsHRTF7 1%
JEBEDH S 10 3 BITHEDR KN L RoTo. KR
REHFTCTHFEINOIRPBERERTCHDLT L a—
NT e Ra 4 —¥ (ADH1) RELVEVEERT
NARF T —E (PDCL) 1%, £HE4L 40747, 1
IRFfH C AL E ALK 100 15, #9 10 fi5 & FEBLFHE
BRKERDLZENRESN TS Y. AEFH~7=
R BE XIS OREEESRE LV ELSH
HINDZEnh, IHOIREICEHETHLZ &
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OsHRTF5, OsHRTF7, OsHRTF8, OsHRTF9 o™
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OsHRTF3 OsHRTF7 OsHRTF10
180 25 90
. = =
3 160 3 g &
< 440 £ 20 E 70
8 8 2
2120 ) £ 60
8 100 g1s 2 50 -Air
2 80 210 £ 40 -o-N2
% 60 E gm
.% 40 .% 5 B 20
3 20 2 € 10
5 0 = 0 = 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min) Time (min)
2 OsHRTF3, OsHRTF7, OsHRTF10 @K A b L AT L AiHE
ORFfORBLER 1 & L THMME TR LT,
# 1 OsHRTF1~OsHRTF10 DjiK, #fg, H, (KIRA b L AT 505
Representative Microarray Real-time PCR
Annotation _
Public 1D A R W H IECIR
OsHRTF1 BE230287 162.6, 103.3 41.4 3.8 3.8 2.7
OsHRTFZ2 9629. m01103 136.0 33.5 1.7 9.0 0.5
OsHRTF3 AK108249. 1 88. 7 275.2 1.2 2.6 1.9
OsHRTF4 9636. m04399 74.0 78.9 0.4 11.6 0.1
OsHRTFS AK108311. 1 62.0 15.0 1.6 3.9 1.3
OsHRTF6 AY297447. 1 53.6 77.3 7.5 43.5 1.5
OsHRTF7 AY345233. 1 28.3 9.4 15.8 133.6 13.2
OsHRTFS NM_190762. 1 15.5, 13.0, 10.9 12. 8 1.2 2.7 0.9
OsHRTF9 AK105882. 1 11.5 22. 4 0.4 0.4 1.1
OsHRTF10 U25284. 2 10.5 44,3 1.0 1.0 1.0
KA N L AIZOWTIE 30 40, ®okg, iR, (REAERIZ OV 1 A 2T 72, EhEh

DOBIETORBLEIL, 2 b — V0B AE 1 & U THIME TR L.

KEEE A N L RITKET 5 RARREID, — 38
T O FHGERE 23 B W R T2 W T o
JEBEND A N L AT DA & & D T2 S B
B % AIREMEN R S 4172, OsHRTF3 1%, 2 o
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