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AOS allene oxide cyclase

CRY cryptochromes

DAI day after imbibitions

DEPC diethyl pyrophocarbonate

DMSO Dimethylsulfoxid

IAA Indole-3-acetic acid

IPTG Isopropyl-beta-D-thiolgalacto-pyranoside

JA Jasmonic acid

JMT S-adenosyl-L-methionine: JA carboxyl methyltransferase

LB Luria-Bertani

LOX lipoxygenase

MeJA methyl jasmonate

MOPS 3-[N-Morpholino]propanesulfonic acid

NPA N-1-naphthylphthalamic acid

OPDA 12-oxo-phytodienoic acid

OsAOS Oryza sativa allene oxide synthase

OsOPR Oryza sativa 12-oxophytodienoic acid reductase

OsRMC Oryza sativa root meander curling

PHOT phototropins

PHY phytochromes

PKS1 Phytochrome kinase substrate1

RSOsPR10 root specific rice PR10

RT-PCR reverse transcription polymerase chain reaction

Ubi Ubiquitin

X-gal 5-Bromo-4-chloro-3-indoxyl-beta-D-galactopyranoside
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Abstract 

Light is an important environmental factor controlling plant growth and 

development. In this study, it was observed that continuous white light can induce the 

wavy growth pattern of seminal roots in germinating rice (Oryza sativa L. cv. Taichung 

Native 1; TCN1) seeds. However, the phenotype of light-induced wavy root was genetic 

diverse among rice cultivars; for example, the light-induced wavy root could be 

presented in seedlings of indica type rice (such as TCN1), but could not be presented in 

that of japonica type cultivars (such as Tainung 67; TNG67). According to the 

experiment with plants partially exposed to light, it was suggested that the light signal 

for inducing the wavy roots were directly sensed by root tissues. Analysis of 

longitudinal sections of wavy seminal roots indicated that light-induced root waving 

was caused by the asymmetric cell growth on both side of vascular cylinder cells in the 

root tips. In addition to white light, red light (90 μmol m-2s-1) could also induce root 

curling phenotype on seminal roots. However; the blue light with high intensity (90 

μmol m-2s-1) presented no effect on inducing root waving/curling. On the other hand, 

other results in our laboratory showed that low intensity (30 μmol m-2s-1) of blue light 

could induce root waving. Using Aspirin to inhibit endogenous jasmonic acid (JA) 

biosynthesis in TCN1 seedlings conducted the light-induced curling/wavy root 

phenotypes were absent. Furthermore, light effects on expressions of the genes involved 

in JA biosynthesis, i.e., allene oxide synthase  (OsAOS) gene family and 

12-oxophytodienoic acid reductase (OsOPR1), and a root specific JA-responsive gene, 

root specific rice PR10 (RSOsPR10) were observed. The data showed that transcript 

levels of most JA biosynthesis-related and JA-responsive genes were increased in 

white- and red-light conditions. Moreover, N-1-naphthylphthalamic acid (NPA), an 

inhibitor of auxin efflux carriers, was used to interrupt auxin polar transport in roots, 
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and then the morphology of light-induced wavy root was eliminated. Thus, the results 

suggested that JA biosynthesis and auxin polar transport were essential for light-induced  

seminal root waving in seedlings of indica type rice.
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1.

(Nye et al., 1979)

(seminal root)

Uga (2009)

root/shoot

root/shoot (Lafitte et al., 2001)

2.

(Feldman, 1984; Osmont et al., 

2007; Rebouillat et al., 2009)

(Nguyen et al., 1997)

(Clark et al., 2002)

(Clark et al., 

2003)

(Nhan et al., 2006)
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2.1.

(amyloplasts) (Sack, 1997)

(receptor) (

:auxin Ca2+) (Sedbrook et al., 1998; 

Rosen et al., 1999)

Wilson (1977)

Iijima (2003)

(1.5% agar)

90

(primary root) 45

(Okada and Shimura, 1990; Simmons

et al., 1995) Santner

Watson(2006) wag1 wag2

WAG1 WAG2

WAG1 WAG2 Pandey (2008)

xlg3 agb1 extra large G protein

XLG3 AGB1

XLG3 AGB1
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(Massa and Gilroy, 2003)

2.2.

Poerwanto (1989)

(satsuma mandarin, Citrus unshiu Marc. Cv. Okitsu Wase)

15 30

4 IR8 (Oryza sativa L. 

ssp. indica) (100 μmol m-2s-1) (100%)

(Chhun et al., 2007)

2.3.

(primary root) (lateral root)

(Linkohr et al., 

2002)

(Foehse and Jungk, 1983) Bates Lynch (2000) (rhd6)

(rhd2)
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2.4.

2.4.1.

(Sullivan and Deng, 2003; Franklin et al., 2005)

100 μmol m-2s-1

(Matsuda et al., 2007)

(photoreceptor)

phytochromes( PHY) cryptochromes(CRY)

phototropins(PHOT) B (UVB) (Jiao et al., 

2007) phytochromes

(multiple gene family) PHYA-PHYE

(Sharrock and Quail, 1989) PHYA-PHYC PHYA

PHYB PHYA PHYC

(Mathews and Sharrock, 1996; Takano et al., 2005)

cryptochromes CRY1 CRY2 (Casal, 2000; Matsumoto 

et al., 2003) phototropins PHOT1 PHOT2

(Briggs and Christie, 2002; Jain et al., 2007)

(Photomorphogenesis)

(Correll and Kiss, 

2002) phytochromes cryptochromes

(de-etiolation) phototropins

(Briggs and Christie, 2002; Sullivan and Deng, 2003)
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phytochromes (coleoptile) (Pjon and Furuya, 

1967; Xie et al., 2007)

2.4.2.

(Ohno and Fujiwara, 1967; Oyama et al., 1997; 

Ruppel et al., 2001; Molas et al., 2006)

(positive root phototropism) phytochromes

PHYA PHYB

(negative root phototropism ) phytochromes phototropins

PHOT1 PHY A

(Ruppel et al., 2001; Kiss et al., 2003; Boccalandro et al., 2008)

(seminal root)

(cell 

elongation) (cell multiplication) (Ohno 

and Fujiwara, 1967) Shimizu (2009) PHYA PHYB

(Torrey, 1952;

Wilkins and Wain, 1974) Wang (2002)



6 

2.4.3.

(Hangarter, 1997; Correll and Kiss,

2002) pgm

pgm (Kiss 

et al., 2003)

(Feldman and Briggs, 1987)

Boccalandro (2008) Phytochrome kinase substrate1 (PKS1)

2.4.4.

Shimizu (2009) (Oryza sativa L. cv. Nipponbare)

(coiled)

(crown roots)

3.

(leaf canopies)
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Mandoli (1990)

3.1.

Galen (2007)

PHOT1 green fluorescent protein (GFP)

PHOT1-GFP phototropin-1

Salisbury (2007) phytochromes GFP luciferase

phytochromes

Shimizu 2009

phytochromes

phytochromes

3.2.

Sun 2003 2005

(far-red light)

phytochromes

phytochromes
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3.3.

(Root cap)

(central columella 

cell) (lateral root-cap cell)

(Dolan, 1993) (root apical 

meristem)

(biological 

rhizosphere)(Hawes et al., 2003)

Wilkins Wain (1974)

(Mullen et al., 2002; Wang et al., 2002)

4.

(jasmonic acid, JA)

(Moons et al., 1997; Wang et 

al., 2002) (Wang et al., 

2003) Mo (2004)

IAA IAA

IAA IAA

(auxin)

(ethylene) WAG1

WAG2 WAG1 WAG2

serine/threonine kinase PINOID PINOID

auxin auxin 
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N-1-naphthylphthalamic acid (NPA) wag1/wag2

NPA wag1/wag2

WAG1 WAG2 (Santner and 

Watson, 2006) Buer (2003)

Okada and Shimura salt(OS salt)

OS salt

Jiang (2007) RNAi

OsRMC (Oryza sativa root meander curling gene)

(adventitious roots)

(curling) OsRMC

(jasmonic acid, JA)

OsRMC

OsRMC (negative regulator)

4.1.

(jasmonic acid, JA) (methyl jasmonate, MeJA)

jasmonates (plant growth regulator)
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(Creelman and Mullet, 1997)

octadecanoid lipase

(phospholipids) (linolenic acid) lipoxygenase (LOX)

13-hydroperoxylinolenic acid (13(S)-HPOT) allene oxide synthase (AOS)

allene oxide cyclase (AOC) 12-oxo-phytodienoic acid (OPDA) OPDA

12-oxo- phytodienoic acid reductase (OPR)

ß-oxidation jasmonic acid (JA) JA S-adenosyl-L-methionine: JA 

carboxyl methyltransferase (JMT) MeJA

(Creelman and Mullet, 1997; Mueller, 1997; Schaller, 2001; Turner et al., 

2002)

allene oxide synthase (AOS)

AOS AOS

(Agrawal et al., 2002) Haga Iino(2004) 4

OsAOS OsAOS1, 2, 3 4

OsAOS1 OsAOS4 phyA

OsAOS

OsOPR1 (Riemann et al., 

2003) 10 OsOPR

OsOPR1-10 (Tani et al., 2008) Peña-Cortés 1993 Aspirin

Pan (1998)

Aspirin AOS Aspirin AOS

AOS

(coleoptiles) (JA)

(oat)
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(IAA) (Ueda et al., 

1994; Irving et al., 1999)

4.2.

Indole-3-acetic acid (IAA) (auxin)

(tropism) (Teale et al., 2006) IAA

Trp-dependent Trp-independent (Zazimalova and Napier, 2003)

(polar transport system)

(Reed 

et al., 1998; Liung et al., 2005; Michniewicz et al., 2007)

(auxin influx carrier proteins)( AUX1

LAX (AUX1-like) ) (auxin efflux carrier proteins)(

PIN-FORMED (PIN) ) (Bennett et al., 1996; G lweiler et al., 1998; 

Michniewicz et al., 2007; Laxmi et al., 2008)

(chemiosmotic hypothesis)

(pH 5.5) (pH 7.0) pH IAA

IAA (IAAH)

IAA

(IAA-) IAA- IAA

(auxin efflux carrier)

(auxin influx carrier) IAA-

(Rubery and 

Sheldrake, 1974; Raven, 1975; Goldsmith, 1977; Michniewicz et al., 2007)

Zhou (2003)
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2,3,5-triiodobenzoic acid (TIBA) 9-hydroxyfluorene-9-carboxylic acid (HFCA)

N-1-naphthylphalamic acid (NPA)

(Goldsmith, 1977) Xu (2005)

NPA (adventitious roots) RNA

OsPIN1 NPA

NPA

(Garbers et al., 1996)

(Young et al., 1990; Dolan, 1998; Sedbrook et al., 1998)

PIN3

PIN3

(Friml et al., 2002; Michniewicz et al., 2007)

(PIN2) PIN2

PIN2 (Laxmi et al., 2008) Blakeslee

(2004) (hypocotyls)

PIN1

(IAA oxidase) Hillman

Galston (1956)
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5.

JA

TCN1

(1) (2)

TCN1 (3)

(4)

(5)

1 (TCN1) 67 (TNG67)
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1.

96 67

(Oryza sativa L. cv. Tainung 67 TNG67)

93 1 (Oryza sativa L. cv. Taichung Native 

1 TCN1 )

2.

2.1.

(1) 1 67 1 % (v/v) NaOCl 30

4-5

(2) 30 2

(3) 0.1- 0.3 30 500 mL

28

(4) 3-5

2.2.

2 TCN1 TNG67 (25/20 )

(28 , 100 μmol m-2s-1)

4

2.3.

2 TCN1 TNG67 500 mL

3-5
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2.4.

TCN1 2 2 (4

DAI) I2/KI (0.05% KI, 0.005% I2, 0.01N HCl) 1-2

2.5.

2 TCN1 (90 μmol m-2s-1) (90 μmol 

m-2s-1) (90 μmol m-2s-1)

1-3 (3-5 DAI)

RNA

2.6.

2 TCN1 (140 90 60 30 μmol m-2s-1)

(90 60 30 15 μmol m-2s-1) (180 140 100 50 30 μmol m-2s-1)

1-3 (3-5 DAI)

TCN1

RNA

3.

3.1.

2 TCN1 TNG67

90-95%

(40-50%) 2 (4 DAI)
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3.2.

2 TCN1 TNG67 0% 3%

(100 μmol m-2s-1) 2 (4 DAI)

4.

4.1.

(1) 4 TCN1 TNG67

0.5 20 (5 % , 5 % ,

90 % 50 % )

(2) 1

24

(3) 50 %

4.2.

5

(1) 10 % (butanol) 40 % 50 %

2 30

(2) 20 % (butanol) 50 % 30 % 2

(3) 35 % (butanol) 50 % 15 % 2

(4) 55 % (butanol) 45 % 2

(5) 75 % (butanol) 25 % 2

(6) (butanol)
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4.3.

4

(1) 1/3

(2) 60 2

4/5 60 2

4.4.

(1) (glycerol)

(2)

(3)

4.5.

95 %

(0.5 g gelatin, 0.05 g 

Chromium potassium sulfate, 99.45 mL ) 10

4.6.

(1)

(2) 56

(3)
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4.7.

(1) 120 mL xylene

10

(2) 120 mL xylene 10

(3) xylene 95 % 10

(4) 95% 120 mL xylene 10

(5) xylene 120 mL xylene 10

(6) xylene 100 μL (50 % Entellen, 50 % 

xylene)

(7) 45

(8)

5.

5.1.

Peña-Cortés 1993 Aspirin

Dimethylsulfoxid (DMSO, Merck, Germany)

Aspirin 2 0 1 10 100 μM Aspirin (Sigma, 

USA) (90 μmol m-2s-1)

2-3 (4-5 DAI)
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Aspirin TCN1

2 0 1 μM Aspirin (90 μmol 

m-2s-1) (90 μmol m-2s-1) (30 μmol m-2s-1) 2-3 (4-5

DAI) Aspirin

TCN1

5.2. (polar transporters)

N-1-naphthylphthalamic acid (NPA)

(polar auxin transport)(Goldsmith, 1977) Dimethylsulfoxid (DMSO, Merck, 

Germany) NPA

NPA 1

NPA 2 (90 μmol m-2s-1) 1 (3 DAI)

0 1 10 μM NPA (Fluka, Germany)

6.

(Allene oxide 

synthase, AOS) 12-oxophytodienoic acid reductase (OPR) Haga and Iino(2004)

4 OsAOS OsAOS1, 2, 3 4

RT-PCR 4 OsAOS cDNA Jiang 

(2007) OsOPR1 OsRMC RSOsPR10
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6.1. (Reverse-transcription polymerase chain reaction; 

RT-PCR)

3 ( 5 ) 1 RNA

QIAGEN one step RT-PCR kit (QIAGEN, USA)

RT-PCR 25 μL (5 μL 5X buffer, 5 μL 5X Q buffer, 0.04 mM dNTP, 

0.8 μM forward primer, 0.8 μM reverse primer, 2 μL enzyme mix, 10U RNasin )

50 30 94 15 94  1 58  1

72  1 40 72 10 10 μL

1 X loading dye 1.5 % 100

cDNA NCBI align 

RT-PCR

Gene Accession 
number

Forward primer (5’  3’)
Reverse primer (5’  3’)

Amplicon 
size (bp)

Annealing 
temperature( )

Ubiquitin D12629 CGCAAGTACAACCAGGACAA
TGGTTGCTGTGACCACACTT

101 60

OsAOS1 AB116527 TGGAGCTAGTAGCTAGCTCG
GCGACGCGAACGAGATGCAA

98 60

OsAOS2 AY310358 TTCAACCTCCGCCGTCAATC
GCCATGCAAGAATTCAGGTACG

133 60

OsAOS3 AK107161 CTCCTCGAACCAACCCAACA
AGCGGATGAAATGAGAGTAC

61 60

OsAOS4 AK105964 ATGCATGGTCGCTGTCAGTTG
ACACAATGACAAACCGAATCC

137 60

OsOPR1 AB040743 ATCAGATTATCGCCGTTCG
CAGCCACCACCTTGTTCC

253 60

OsRMC AY847141 CGGAGGTGTACCCGTTGTACA
ATTTGTGCCATTTTATTCTAGCTTCA

93 60

RSOsPR10 AB127580 GATGGGGGGTCATTCAAAAC
TGTCACGTGCGACTTGAGCT

120 60
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two sequences

6.2. (Ligaion)

RT-PCR OsAOS3 cDNA pGEM®-T Easy vector 

systems (Promega, USA) pGEM®-T Easy 10 μL (1X 

ligation buffer, 3 U T4 DNA ligase, 50 ng pGEM®-T Easy vector, insert DNA)

6.3. (Transformation)

(1) (JM 109 strain) 

(2) 10 μL 30

(3) 42 1.5

(4) 2

(5) 200 μL LB 37 30

(6) 4 μL 1 M isopropyl-beta-D-thiolgalacto-pyranoside (IPTG) 40 μL 20 

mg/mL 5-bromo-4-chloro-3-indoxyl-beta-D-galactopyranoside (X-gal) 

50 μg/mL ampicillin LB

(7) 37 16

6.4. PCR

LB PCR

OsAOS3 cDNA pGEM®-T Easy PCR 20

μL(0.2 mM dNTP, 2.5 U Taq DNA polymerase, 1X buffer, 1.25 μM forward primer, 

1.25 μM reverse primer) 94  5 94  1 52  1

72  1 30 72 10 10 μL

1 X loading dye 1.5 % 100
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NCBI align two 

sequences

7.

7.1. RNA

(1) -80

(2) 0.1 g

(3) 1 mL Trizol Reagent (Invitrogen, Carlsbad, USA)

(4) 5

(5) 7,830 Xg 4 5

(6) 0.2 mL chloroform (Riedel-de Haen)

3

(7) 11,270 Xg 4 15

(8) 0.5 mL 100 % Isopropanol (Fluka)

10 13,230 Xg 4 15

(9) 1 mL 75 %

(10) 13,230 Xg 4 15

(11) 10

(12) 100 μL 0.1% diethyl pyrocarbonate (DEPC, Sigma, USA) dH2O

RNA 37 30

(13) 9,750 Xg 4 3 95 μL

(14) RNA
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7.2.  TURBO DNase

TURBO DNA-free TM kit (Ambion,USA) RNA genomic 

DNA

(1) 6 μg RNA , 1X TURBO DNase buffer 2U TURBO DNase

40 μl

(2) 37 30

(3) 4 μL Inactivation Reagent 2

(4) 10,000 Xg 4 2 -20

7.3. RNA

(1) 1 μg RNA 10 μL denature buffer (15 mL Formamide, 

0.6 mL Formaldehyde, 3 mL 10X 3-N-morpholino propanesulfonic acid (MOPS, 

Amresco), Ethidium bromide (Sigma))

(2) 65 15

(3) 10

(4) RNA (1% Agarose, 75% Formaldehyde, 10% MOPS buffer (20 mM 

MOPS, 5 mM Sodium acetate (Merck), 1 mM Ethylene diamietetraacetic acid 

(EDTA, Merck), 0.01% DEPC, pH7)) (1% MOPS)

(5) 50 1

7.4. (real-time RT-PCR)

Brilliant® SYBR® Green QRT-PCR Master Mix Kit (Stratagene, USA)

Stratagene MX3000P TM MxPro 

QPCR Version 3.00

Real-time RT-PCR



24

25 μL (200 ng RNA template, 1X master mix, 0.5 μM forward primer, 0.5 μM 

reverse primer, 30 nM reference dye, 1 μL StrataScript RT/RNase Block Enzyme 

Mixture) 50 30 95 10 95 1

60 1 72 1 40 real-time RT-PCR

Ubiquitin internal control Ct

(Relative quantitation) :

Target gene/ Ubiquitin = 2 (Ct Ubiquitin-Ct Target gene)= 2-ΔΔCt
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1.

1 (TCN1) 67

(TNG67) 1

(TCN1) 67 (TNG67) 2 0.1- 0.3

2 (

4 ) TCN1

TNG67

TCN1

2.7% TNG67

1.5% TCN1 TNG67

( )

2.

2.1.

TCN1 TNG67 40-50%

(90-95%)

TCN1 TNG67 ( )

40-50%

TCN1 TNG67 90-95%
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2.2.

TCN1 TNG67 2 0% 3%

2 (4 DAI)

TCN1

TNG67 TCN1

TNG67 ( )

2.3.

TCN1

TCN1

2 TCN1

2 (4 DAI) TCN1

1 2 TCN1

( )

TCN1

3.

TCN1

2 TCN1

TNG67 (100 μmol m-2s-1)

TCN1 2

( 4 )
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TNG67

( )

TCN1

TCN1

4. 1 (TCN1)

TCN1

Wang (2002)

TCN1

TCN1 2 (4 DAI)

15 1 3

49.91 2.4 μm 32.39 1.6 μm T-test

( )

TCN1

TCN1

5.

5.1. 1 (TCN1)

TCN1 2 TCN1
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(90 μmol m-2s-1) (90 μmol m-2s-1) (90 μmol m-2s-1)

1-3 (3-5 DAI) 1 (3 DAI) TCN1

2-3 (4-5 DAI)

TCN1 (90 μmol m-2s-1) (curling)

(90 μmol m-2s-1) TCN1 (waving)

TCN1 (90 μmol m-2s-1)

( ) TCN1

TCN1

5.2. 1 (TCN1)

TCN1

TCN1 2-3 (4-5

DAI) 2

TCN1 (30 60 90 140 μmol m-2s-1)

(5 15 30 60 90 μmol m-2s-1) (30 50 100 140 180 μmol m-2s-1)

1-3 (3-5 DAI) 1 (3 DAI)

(180 μmol m-2s-1) 2-3 (4-5

DAI) 80-95% ( ) 3

(5 DAI) TCN1

80-90% ( ) 3 (5 DAI) TCN1

60 90 μmol m-2s-1

TCN1 5 15

30 μmol m-2s-1 TCN1 30-50% (
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)

6.

6.1. (Aspirin)

Aspirin (jasmonic acid, JA)

JA TCN1 TCN1

2 0 1 10 100 μM

Aspirin 2 (4 DAI) Aspirin

TCN1 2 (4 DAI)

Aspirin TCN1 70% 1 10 100 μM

Aspirin 15% 22% 8% ( )

TCN1

TCN1 1

μM Aspirin TCN1 (90

μmol m-2s-1) (30 μmol m-2s-1) 1 μM Aspirin

TCN1

3 (5 DAI) Aspirin

50% 76.7% 1 μM Aspirin

0% 20%( )

Aspirin TCN1

JA

TCN1
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6.2. TCN1

6.2.1.

JA TCN1

OsAOS OsOPR1

4 OsAOS

OsAOS1,OsAOS3 5’ coding region UTR

(untranslated region) OsAOS2,OsAOS4 3’

coding region UTR ( -A) RT-PCR OsAOS

cDNA ( -B)

6.2.2.

TCN1 2 (90 μmol m-2s-1) (90

μmol m-2s-1) 1-3 (3-5 DAI) TCN1 OsAOS

OsAOS1 1 (3 DAI)

2 (4 DAI) OsAOS1

2.3 3 T-test

3 (5 DAI) OsAOS1

OsAOS2 1 (3 DAI)

2 (4 DAI) OsAOS2

3.8 2.6 3 (5 DAI) OsAOS2

2.7 1.4 T-test

OsAOS3 1 (3 DAI)

5.7 11.1
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T-test OsAOS3

2 (4 DAI) OsAOS3

OsAOS3 2.8 3 T-test

3 (5 DAI) OsAOS3

OsAOS3 4.3 3.5 T-test

OsAOS4 1-3 (3-5 DAI)

( )

OsOPR1 (90 μmol m-2s-1) (90 μmol m-2s-1) 1-3 (3-5

DAI) TCN1 1-2 (3-4 DAI) OsOPR1

3 (5 DAI)

OsOPR1 T-test OsOPR1

1-2 (3-4 DAI) ( )

Jiang (2007) OsRMC

OsRMC

OsRMC TCN1

PR10 (RSOsPR10)

JA (Hashimoto et al., 2004)

TCN1 RSOsPR10

TCN1 JA OsRMC

1 (3 DAI) 3.1 2.8

T-test OsRMC 1 (3 DAI)

2 (4 DAI) OsRMC

3 (5 DAI) OsRMC 2.1

TCN1 OsRMC

RSOsPR10 2 (4 DAI)
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2.2 3 TCN1

JA ( )

TCN1

JA OsAOS

OsOPR1 JA

RSOsPR10 OsRMC

OsRMC JA

JA TCN1

OsAOS

OsAOS OsAOS2

OsAOS3

OsAOS2 OsAOS3

6.3. (NPA)

(Auxin)

(Teale et al., 2006; Michniewicz et al., 2007)

N-1-naphthylphalamic acid (NPA) (Hertel et al., 

1983) (Laxmi et al., 2008)

TCN1 NPA

TCN1 TCN1

2 1 (3 DAI) 0 μM 1 μM 10 μM NPA

TCN1

2 (4 DAI) NPA TCN1
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1 10 μM NPA NPA

TCN1

NPA ( )

NPA

TCN1 NPA

TCN1

TCN1
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1.

1 (TCN1)

67 (TNG67)

( ) Chhun (2007) IR8 (Oryza sativa L. ssp. indica)

(100 μmol m-2s-1) (100%)

Shimizu (2009)

(Oryza sativa L. cv. Nipponbare) 0.1 mM

(coiled)

(Lafitte et al., 2001) Uga (2009)

(Coly, 1980) Hsu Kao (2003) 1 (TCN1)

67 (TNG67) 67 (TNG67)

(Hsu and Kao, 2003) Maloof (2001)
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2.

TCN1 TNG67

(90-95%) ( ) Chhun

(2007)

TCN1

TNG67

TCN1 TNG67

( ) Shimizu

(2009) (Oryza sativa L. cv. Nipponbare) 0.1

mM (coiled)

Tanaka

(1993)

OS salt (low N)

OS salt (low N)

(Buer et al., 2003; Osmont et al., 2007)

(coiled) (waving)

( )
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(Okada, 1990; Simmons, 1995)

(Hangarter, 1997; Correll and Kiss, 2002)

(Hangarter, 1997; 

Sedbrook et al., 1998; Rosen et al., 1999; Correll and Kiss, 2002)

TCN1

TCN1

( ) Sasakawa Yamamoto (1979)

(nitrate 

reductase)

(Nobel, 1969)

TCN1

3. TCN1

(Sun et al., 2003; Sun et al., 2005) Wilkins Wain(1974)

TCN1 (

)

(negative phototropism) (Mullen et al., 2002; Wang et al., 2002)

Shimizu 2009 phytochromes

PHYA PHYB

phytochromes (Shimizu et al., 2009)

phytochromes (Salisbury et al., 
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2007) Galen (2007) phototropin-1

TCN1 Wang (2002)

TCN1 ( )

IAA

IAA IAA

IAA (Wang et al., 

2002; Mo et al., 2004) TCN1

4. TCN1

(Sullivan and Deng, 2003; Franklin et al., 2005)

TCN1 (90 μmol m-2s-1)

TCN1 (90 μmol m-2s-1) TCN1

(90 μmol m-2s-1)

( )

(Ruppel et al., 2001; Kiss et al., 2003)

(Ohno and Fujiwara, 1967)
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(Lambers and Posthumus, 1980)

(Wang et al., 2002)

TCN1

TCN1 (

) 60 90 μmol m-2s-1 5

15 30 μmol m-2s-1 TCN1 (

) TCN1

Matsuda (2007)

(100μmol m-2s-1)

Seibert (1975) UV

5. TCN1

Jiang (2007) OsRMC

JA JA

Hashimoto (2004) RSOsPR10

JA JA

OsAOS OsOPR1 (Riemann et al., 2003; Haga and Iino, 

2004)

real-time RT-PCR

Aspirin JA

Aspirin TCN1
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( ) real-time RT-PCR TCN1

OsAOS OsOPR1 OsRMC RSOsPR10

OsAOS1- 3 OsOPR1 RSOsPR10

OsRMC ( )

TCN1 JA JA

OsRMC

OsRMC

JA TCN1 JA

JA TCN1

NPA (Hertel et al., 1983)

NPA TCN1

( )

( )

(Blakeslee et al., 2004; Laxmi et al., 2008)

(Michniewicz et al., 2007)

(IAA oxidase)

(Galston and Baker, 1951; Hillman and Galston, 1957)

TCN1

JA IAA

(Ueda et al., 1994; Irving et al., 1999) JA IAA

Gutjahr (2005) JA IAA
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6.

(1) TCN1

TCN1 TNG67 (2)

TCN1 (3)

TCN1 (4) Aspirin NPA

TCN1

OsAOS OsOPR1 RSOsPR10

TCN1 ( )

TCN1 TCN1

(1)

JA

JA (2) JA

TCN1

(3)
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1 (TCN1)

Light intensity 3 DAI 4 DAI 5 DAI 

30 μmol m-2s-1 1.1 1.1% 90.0 5.1% 91.1 2.2%

50 μmol m-2s-1 2.2 1.1% 92.2 2.2% 92.2 2.2%

100 μmol m-2s-1 2.2 1.1% 92.2 4.0% 94.4 2.9%

140 μmol m-2s-1 2.2 2.2% 84.4 4.0% 88.9 4.0%

180 μmol m-2s-1 6.7 1.9% 92.2 1.1% 95.6 2.2%

2 30, 50, 100, 140, 180 μmol 
m-2s-1 1-3 (3-5 DAI) TCN1

3 standard error (S.E.)
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1 (TCN1)
A. 2 2 (4 DAI)

(100 μmol m-2s-1, 28 ) (25/20 )

30

B. A =5 mm
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4 TCN1 TNG67

(a) TCN1 40-50%

(b) TCN1 90-95% (c)

TNG67 40-50% (d) TNG67

90-95% 30

=5 mm
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2 TCN1 TNG67 0% 3%

2 (4 DAI)

30 =5 mm
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2 TCN1 (100 μmol m-2s-1)

2 (4 DAI) TCN1

A. 1

B. 2 =1 mm
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2 TCN1 TNG67 (S-L/R-L,

Shoot-Light/Root-Light) (S-L/R-D, Shoot-Light/Root-Dark)

(100 μmol m-2s-1) 2 (4 DAI) =5 mm



55

TCN1

2 TCN1 (100 μmol m-2s-1) 2 (4

DAI) TCN1 A. TCN1

B. A. C. B.

(n=15) 3 standard error 

(S.E.) T-test * **

p <0.05 p <0.01 =100 μm
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1 (TCN1)

TCN1 2 TCN1 (90 μmol 

m-2s-1) (90 μmol m-2s-1) (90 μmol m-2s-1) 1-3 (3-5 DAI)

30

=5 mm
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1 (TCN1)

2 30, 50, 100, 140, 180 μmol 

m-2s-1 1-3 (3-5 DAI) 30

DAI= day after imbibition

=5 mm
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TCN1

A. 2 (4 DAI) Aspirin (0 1 10

100 μM) 3

standard error (S.E.) DAI= day after imbibition B. TCN1 Aspirin

30

=5 mm
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A. (90 μmol m-2s-1) (30 μmol m-2s-1) 3 (5 DAI)

1 μM Aspirin 1 DAI= 

day after imbibition B. 1 μM Aspirin 3 (5 DAI) TCN1

30

=5 mm
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RT-PCR OsAOS cDNA

A. OsAOS RT-PCR B.

3 (5 DAI) TCN1 RNA RT-PCR Ubiquitin

OsAOS1 2 3 4 101 bp 98 bp 133 bp 61 bp 137 bp

M 100 bp DNA ladder
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TCN1 OsAOS

2 1-3 (3-5 DAI) TCN1

OsAOS A. OsAOS1

B. OsAOS2 C. OsAOS3

D. OsAOS4 3-4

standard error (S.E.) DAI= day after imbibition T-test

* ** p <0.05 p <0.01
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TCN1 OsOPR1

2 1-3 (3-5 DAI) TCN1

OsOPR1 3-4 standard 

error (S.E.) DAI= day after imbibition T-test

* ** p <0.05 p <0.01 
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TCN1 OsRMC RSOsPR10

2 TCN1

A. OsRMC 1-3 (3-5 DAI) B.

RSOsPR10 2 (4 DAI) 3-4

standard error (S.E.) DAI= day after imbibition T-test

* ** p <0.05 p

<0.01 
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TCN1

2 (90 μmol m-2s-1) 1 (3 DAI) 0

1 10 μM NPA

30 =5 mm
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TCN1 OsAOS

OsOPR1

TCN1 *

OsAOS



66

TCN1

2 TCN1 (30, 60, 90 140

μmol m-2s-1) 3 (5 DAI)

30

=5 mm ( )
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TCN1

2 TCN1 (5, 15, 30, 60

90 μmol m-2s-1) 3 (5 DAI)

30

=5 mm ( 1 )


