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Abstract 
Actin Depolymerizing Factors (ADFs) are small actin-binding proteins that 

involved in cytoskeleton remodeling in cells. Recently, ADFs were reported to play a 

role in plant growth, development, cell division, signal transduction and pathogen 

resistance. However the functions of rice ADFs (OsADFs) under abiotic stress still 

remained to explore. In this thesis, we took heterologous gene expression approach to 

overexpress rice OsADF2 and OsADF11 in Arabidopsis, and observed the phenotype 

difference between transgenic and wild type plants under normal growth and abiotic 

stress. The phenotype of OsADF2 and OsADF11 transgenic plants showed bigger leaves 

size than Col-0, moreover, the bolting time and flowering time was earlier. The 

germination rate of transgenic plants had no difference compared to wild-type under 

normal condition while the germination rate of transgenic plants was faster after 

treatment with 150 mM NaCl. We also transferred the 5-day old and 10-day old 

seedlings to the 150 mM NaCl medium and found that the root growth and survival 

ratio of transgenic plants were both higher than wild-type. Next we grown 21-day old 

OsADF2, OsADF11 transgenic and wild-type plants under drought, salt and cold 

stresses, and OsADF2 and OsADF11 transgenic plants tended to be drought tolerance 

while injury tissue occurred in OsADF11 transgenic plant under cold treatment. Using 

non-destructive infrared thermography camera recorded the leaf temperature change 

under salt stress condition, the result showed that no obvious differences were found 

between transgenic and wild-type plants under normal condition. However OsADF11

transgenic plants showed higher leaf temperature compared to wild-type but not 

OsADF2 after treatment with 200 mM NaCl. In addition, to understand the subcellular 

localization of rice OsADFs, we used maize ubiquitin promoter to express rice 

OsADFs-GFP fusion protein through rice protoplast mediated transformation. The 
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result showed that OsADF3-GFP and OsADF11-GFP were located in the nucleus and 

cytosol, and OsADF2-GFP was located in the nucleus, cytosol and also in chloroplasts. 

OsADF1, OsADF4, OsADF5 and OsADF6 were located in the chloroplasts. Taken 

together from above results, our study implied that rice OsADF2 and OsADF11 maybe 

involve in the plant response to drought and salt stress. 

Keywords : Actin depolymerizing factor, Cytoskeleton, Heterologous expression, 

development and growth, abiotic stresses 
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ADF Actin depolymerizing factor 

ABPs Actin binding proteins

AF  Actin filament 

At  Arabidopsis thaliana 

CDPK Calcium-dependent protein kinase 

DNA Deoxyribonucleic acid 

DREB Dehydration response element binding factor 

DW  Dry weight 

KD  knock-down 

KO  Knock-out 

LEAs Late embryogenesis abundant protein 

Lat B Latrunculin B

M  Molar 

MDA Malondialdehyde 

MF  Microfilament  

MS  Murashige and Skoog medium 

MT  Microtubule 

N3  atnced3 mutant 

Os  Oryza sativa L.

OE2  35S::lfNCED overexpressing line 

PCR  Polymerase chain reaction 

PEG  Polyethylene glycol

PK  Protein Kinase 

RNA Ribonucleic acid 
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ROS  Reactive oxygen species 

RT-PCR Reverse transcription polymerase chain reaction 

SOD Superoxidase dismutase 

TCN1 Taichung Native1 

TNG67 Tainung 67

Ubi  Ubiquitin 

WT  Wild type 
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(stress sensor) 

(Osakabe et al., 2013)

(Oryza sativa L.)

(mechanical 

sensor) (Orvar et al., 2000)
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(Blanchoin et al., 2010) ADF (15

21 kDa)

ADF Filamentous form actin (F-actin) Globular 

form actin (G-actin) 

ADFs

AtADF

(Ruzicka

et al., 2007) AtADFs

(plant-pathogen interaction) 

OsADFs

OsADF

gain of function (GOF)

OsADFs-GFP

OsADF
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(Marylin et al., 2002) (remodeling) 

(escape) (avoidance) (tolerance) (Chaves et al.,

2003)
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(Darwin, 1859) 

(review by Arbona et al., 2013)

(microtubules) (microfilament) 

(intermediate filament) 

(dynamic rearrangement of cytoskeleton) 

(Drøbak, 

Franklin-Tong et al., 2004; Hussey et al. 2006)
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(trichome) 

/

(Henty-Ridilla et al., 2013; Deeks and Hussey 2009; Ye et 

al.,2013)

(review by Nick, 2008; review by

Schmelzer, 2002)

1.

(Globular 

form actin, G-actin) (Filamentous form actin, F-actin) 

F-actin G-actin (Actin Binding 

Proteins, ABPs) Arp2/3 (Actin related protein 2/3 complex) , 

(profiling) (Actin depolymerizing factor, 

ADF/cofilin) (myosin) (fibrin) Geosolin/villin

(Wasteneys et al., 2004) ABPs C N

G-actin

ATP Mg2+

(1) (activation)

(2) (nucleation)

(3) (elongation)

(4) (annealing)

(Pollard et al., 1986) 

G-actin
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(Ono et al., 2007)

2.

(Nick, 2008) 

(Schemelzer, 2002)

(Yamaguchi et al., 2000) Eun

Lee 1997 (well-organized) 

(disorganized) (Eun and Lee, 1997) Hwang Lee

2014

(Hwang and Lee, 2014)

(Auxin) 

PIN

(Nick, 2013; Paque et al., 2014)

2. 1.

(Mazars et al. 1997; Orvar et al. 2000; Pokorna et al. 2004; 

D’Angeli and Altamura 2007)

(Fibrous actin, F-actin) F-actin (Globular actin, G-actin) 
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(Egierszdorff and Kacperska, 2001) LTRPK1 (low-temperature response protein 

kinase 1) I  (Casein kinase I, CKI) 

Liu

(2012) 

(Liu et al., 2012) Abdrakhamanora (2003)

ABA (re-organized) 4

7

(Abdrakjamanora, 2003)

Örvar (2000) DMSO (membrane rigidifier) cytochalasin D (actin 

microfilament destabilizer) 25

CAS30 (cold acclimation specific gene) 4

Benzyl alcohol (membrane fluidizer) Jaspakinolide (actin microfilament 

stabilizer) CAS30

Sangwan (2001) (Brassica napus) (leaf disc)

BN115 (cold-induced gene) GUS 25 DMSO

Latrunculin B (micro filament destabilize) oryzalin/colchicine (microtubule 

destabilize) GUS 0 Benzyl alocohol

Jaspakinolide taxol (microtubule stabilizer) Gd3+ (calcium channel blocker)

GUS

Oullet (2001)

(TaADF) TaADF

TaADF

(Oullet et al., 2001)

M ller (2007) 
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40~41

20 1-3

(M ller et al., 2007; Malerba et al., 2010)

2. 2.

Lu (2007) microtuble 

destabilizer stabilizer

(ABA)

ABA

(Lu et al., 2007)

Wang paclitaxel

oryzalin propyzamide

(Wang et al., 2011a) 

( LaCl3)

(Wang et 

al., 2007)

(Mittler et al. 2004)
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( Liu et al., 2012)

Komis (Chlorophytum) 

(Komis, 2002) Liu

(stabilizer/ destabilize)

( Latrunculin B) 

( phalloidin) 

(Liu et al., 2012) Actin-related protein 2/3 complex

Zhao 2013 Arp2/3

(Zhao et al., 2013) 

2. 3.

2005 Ghulam

10

Ghulam

OsADF

OsADF

OsADF (Ghulam et al., 2005) Liu
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OsADF5

IR64 3 ADF ADF 

ADF (Liu,

2005) ADF

2. 4.

(Cd) (Al) 

2012 Krtková

(Krtková et al., 2012) 

Cd

(Wan et al., 2012) 

(ADF)

ADF ADF

(Hussey et al., 1998; Jiang et al., 1997a; Jiang et al., 1997b;

Gungabissoon et al., 1998 ; Li et al., 2010) ADF

16-20 kDa

(Maciver et al., 2002)
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Mg2+ K+ ATP G-actin (globular)

F-actin (filamentous)

G-actin F-actin G-actin ADF

pH (Allwood et al., 2002; 

Smertenko, 2010; Dong et al., 2013) 

AtADF 11 Ruzicka (2007) 

AtADF AtADFpro::GUS AtADF

AtADF

(subgroup) 

(trichome) 

AtADF

callus AtADF

(Ruzicka et al., 2007)

1. (ADF) 

Dong 2001 AtADF1

AtADF1

AtADF1 (Dong et al., 2001)

AtADF7 AtADF10
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(Daher et al., 2012; Zheng et al., 2013) 

ADF

2013 Chi GbADF1

aligment ADF

(Southern and Northern blot) GbADF1

GbADF1 T1

GbADF1- GFP

GbADF1 (Chi et al., 2013) 

2. (ADF)

AtADF

2009 Tian (Reverse genetics approach )

AtADF4 Pseudomonas syringae pv tomato

AtADF4

ADF

(Tian et al., 2009; Katie et al., 2012) 

3.

2005 Liu

ADF (Liu, 2005) Feng 2006

ADFs

11 ADF (Feng et al. 2006)

OsADFs
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OsADF

OsADF2, 4, 5, 11 OsADF2, 4, 5, 11

OsADF1, 3, 9 11

( ) ABA OsADF1, 3, 5, 9, 11

OsADF3 OsADF3,

10 ( ) 35S OsADF3

OsADF3

OsADF3 (Huang et al.

2012)

ADF

/

ADF

ADF

OsADFs

OsADF2 OsADF11 OsADF A

ADF

PEG transfectin

OsADF GFP
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OsADF

Vector NTI AlignX (Vector NTI v9.0 Informax) 

KOME ClustalX (vl.83) 

Treeview  (vl6.6) ( )

NCBI database (http://www.ncbi.nlm.nih.gov) KOME database 

( http://cdna01.dna.affrc.go.hp/cDNA/)

1.

(Arabidopsis thaliana ecotype Columbia, Col-0) Col-0

T-DNA

Arabidopsis Biological Resource Center (ABRC, OH, USA) 

(http://abrc.osu.edu) 

(Chen et al., 2011) (Lilium formosanum ) ABA

NCED3 (9-cis-epoxycarotenoid dioxygenase 3) OE2 35S::LfNCED3

NCED3 N3 atnced3

2.

(Oryza sativa L. cv. Nipponbare) 67 (Oryza sativa L. cv. 

Tainung 67) 1 (Oryza sativa L. cv. Taichung Native 1, TCN1)

TCN1 99 TNG 67 99
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1.

1.5 mL

4

( = 2:1:1) 

22/18 ( / ) 16/8 ( 120-150 μmol/m2/sec) 

60% (60% RW) 2

3

1 mL 70% 7

1 mL 1-2% NaOCl  ( 0.05% Tween-20) 10

NaOCl 4-5 1

mL 4 1 mL 

22/18

( / ) 16/8

2.

2.1

(Col-0) 35S::LfNCED3 (OE2) atnced3

(N3) OsADF2, OsADF11 (T3) 100

1% sucrose, 8 g/L Agar 1/2 MS (SIGMA) 

1/2 MS 150 mM (J.TBaker) 1/2 MS

22/18 ( / ) 16/8

1~7
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2.2

(Col-0) 35S::LfNCED3 (OE2) atnced3

(N3) OsADF2, OsADF11 (T3) 100

1% sucrose, 8 g/L Agar, 1/2 MS (SIGMA) 

22/18 ( / ) 16/8 5 10

1/2 MS (SIGMA) 4

1/2 MS 150 mMNaCl (J.T Baker) 1/2 MS

3 22/18 ( / )

16/8 4

2.3

(Col-0) 35S::LfNCED3 (OE2) atnced3

(N3) OsADF2, OsADF11

3 22/18 ( / ) 16/8

10 21

4

12-15 4 200 mM NaCl 

12-15 7 4 4

12-15 7

2.4

Non-destructive infrared thermography
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(Stomata conductance) (Costa et al., 2013) 

(Col-0) 35S::LfNCED3 (OE2) atnced3

(N3) OsADF2, OsADF11 4

3 22/18 ( / ) 16/8

10 4 / 21

29 55% RW

200 mM NaCl 

(IRM-R300SR)

1. DNA

50-100 mg 2 mL (QSP)

5 mm 1,200 rpm 10

1 mL Urea extraction buffer 5 12,000 rpm

10 800 μL 2 mL 400 μL phenol 

(pH=8.0, Amresco) 400 μL Chloroform 12,000 rpm 10

500 μL 1.5 mL Isopropanol 

(Merck) 12,000 rpm 10 DNA (pellet) 

70% DNA 12,000 rpm 7

DNA DNA

20 μl DNA 10 DNA

2 μl DNA NanoVue
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2. DNA

1% (Agarose gel, 1 X TAE buffer) Agarose

ethidium bromide 6 x loading dye

1 X TAE

100V 2/3 UV

1. RNA

50-100 mg 2 mL 

5 mm 1,200 rpm 

15 1 mL TRIZoL (Invitrogen)

5 4 13,000 rpm 10 900 μl

1.5 mL 240 μl Chloroform (Merck) 10

4 13,000 rpm 10 500 μl 1.5 mL 

Isopropanol 10 4

13,000 rpm 10 75% DEPC EtOH

RNA 8000 rpm 

RNA 5-10 30 μl nuclear-free water

RNA -80 2 μl RNA NanoVue

2. RNase Free DNase I 

RNA genomic DNA RNase Free DNase I

RNA Ambition TURBO DNase Free kit 

10 μg RNA 40 μl TURBO mix 37 incubator 30

5 ul Inactivation Reagent 25 5
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13,500 rpm 5

NanoVue -80

3. cDNA 

RNA InvitrogenTM SuperScruptTM III First-Stranf 

Synthesis System for RT-PCR kit RNA DNA 

(cDNA) 1μg RNA 1 μl Oligo dT 2.5 μl 10 

mM dNTP DEPC 28 ul 65 5

1 22 μl cDNA synthesis mix (5 μl 10X RT buffer 10 μl 25 mM 

MgCl2 5 μl 0.1M DTT 1 μl RNaseOUTTM Recombinant RNase Inhibitor 1 μl 

SuperScript® III RT ) PCR 50 50 85 5

1 μl RNase H 37 20 RNA -20

4. (RT-PCR)

1 μl cDNA 2.5 μl 10X PCR buffer 2 μl 10mM dNTP mix 0.5 μl 

Forward (Fw) Reverse (Rv) 0.5 μl DNA Taq polymerase

25 μl PCR 94 94 denature 30 /55 annealing 

30 /72 extension 30 25 72 7

4 -20

1. 35S::OsADF2 35S::OsADF11

pCYH8 pCAMBIA1320 TNG67 cDNA library PCR
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OsADF2 OsADF11 Open Reading Frame PCR

(1) PCR

pGEM-T easy vector (Promega, USA) 

(2) DNA 35S::OsADF2

TIGR LOC_Os03g56790 coding sequence 438 bp

5’ 3’ KpnI OsADF2_KpnI_Fw

5’-GGTACCATGGCGTTCATGCGTTCCCA-3’ OsADF2_KpnI_Rv

5’-ACTAGTTTAATGAGCCCGCTCCCGGA-3’ PCR PCR-clean 

up kit DNA 4 pGEM-T easy vector

pTRA151 KpnI 1.1 kb HPT 16

KpnI OsADF2 OsADF2_KpnI_Fw tml-Rv

35S::OsADF11 TIGR

LOC_Os12g43340 coding sequence 438 bp 5’ 3’ BamHI

OsADF11_BamHI_Fw 5’-CGGGATCCATGGCATTCGTCAGATCACG-3’

OsADF11_BamHI_Rv 5’-CGGGATCCTCAATGAGCACGCTCTCTAA-3’ PCR

PCR-clean up kit DNA 4

pGEM-T easy vector pTRA151 BamHI

1.1 kb HPT 16 BamHI OsADF11

OsADF11_BamHI_Fw tml-Rv

2. (heterologous expression)

35S::OsADF2 35S::OsADF11 (Floral dipping)

(Clough et al., 1998) (Col-0) T1

Hygromycin (25 mg/L) T2 3:1 copy

T3
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25

3.

3. 1

E. coli XL1-Blue

LB tetracycline 10 μl/mL 37 12-16

5 mL LB tetracycline 10 μl/mL 37

12-16 500 mL LB tetracycline 10 μl/mL 37

OD600 0.5-1.0 4 8,000 rpm 15

200 mL 40 mL 10% glycerol

4 8,000 rpm 5

10% glycerol 40 μl 1.5

-80

3. 2

Heat Shock E. coli Transformation

2 μl DNA 15-20 42

Heat shock 1 30 2 200 μl LB

37 15-20 4 12,000 rpm 1

LB

37 12-16

3. 3 colony PCR

PCR 2.5 μl 10X PCR buffer 2 μl 10M NTP
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0.5 μl Forward Reverse 0.5 μl DNA taq polymerase

LB PCR

25 μl PCR 95 95 denature 30

/56 annealing 30 /72 extension 30 25 72 5

4 -20

3. 4 DNA

GeneMark® Mini plasmid kit 5

mL LB 37 12-16 2 mL 14,000 

rpm 1 200 μl Solution I 

200 μl Solution II 200 μl 

Solution III 14,000 rpm 5 spin column 2 mL 

collection tube 14,000 rpm 1

700 μl Wash Solution 14,000 rpm 1

14,000 rpm 5 spin column

1.5 mL 30 mL 5 DNA

14,000 rpm 1 DNA -20

4. DNA 

PCR

UV DNA 1.5

mL GeneMark® Gel Elution kit

DNA 1.5 mL Binding Solution

60 10 spin column

2  mL collection tube 13,000 rpm 1
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collection tube 500 μl Binding Solution 13,000 rpm 

1 collection tube 700 μl Washing Solution 13,000 rpm 

1 collection tube 13,000 rpm 

7 spin column 1.5 mL 20 μl 

5 13,000 rpm 1 DNA

-20

5.

5. 1

(Col-0) 4

22/18 ( / ) 16/8 ( / ) 10

4-6 3-4 1

5. 2

5. 2. 1

GV3101 LB ( Gentamycin 50 

μl/mL) 28 5mL LB ( Gentamycin 

50 μl/mL) 28 50 mL LB ( Gentamycin 50 

μl/mL) 28 OD600 0.5-1.0 4 4,500 rpm 5

10 mL 10% glycerol 4 4,500 rpm

5 10% glycerol 40 μl

1.5 -80
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5. 2. 2

1 μl DNA 5

(cuvette, Bio-Rad®) (Bio-Rad® micropluser) 

AGO1

1 mL LB 1.5 mL 28

30 4 8,000 rpm 1

LB 28

5. 2. 3 colony PCR

PCR 2.5 μl 10 X PCR buffer 2 μl 10M NTP

0.5 μl Forward Reverse 0.5 μl DNA taq polymerase

LB PCR

25 μl PCR 95 95 denature 30

/56 annealing 30 /72 extension 30 25 72 5

4 -20

5. 2. 4

(infiltration medium) (100 mL/construct)

GV3101 5 mL LB ( Gentamycin 50 μl/mL)

28 2 100 mL LB ( Gentamycin 50 μl/mL

28 OD600 0.5-1.0 4 4,500 rpm 10

Infiltration medium OD600 0.5

(Floral dipping)

5 12-24
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6.

6. 1

T1 Hygromycin B (25 mg/L)

1/2 MS medium 22/18 ( / ) 16/8 ( 120-150 

μmol/m2/sec) 

22/18 (

/ ) 16/8 ( 120-150 μmol/m2/sec) 

OsADF GFP

pCYH8 pCAMBIA1320

pHCC1300::GFP GFP

1. Ub::OsADFs-GFP

TNG67 cDNA library PCR OsADF1, 

2, 3, 4, 5, 6, 7, 10, 11 Open Reading Frame GFP open reading frame 

pHCC1300::GFP PCR

(1) PCR pGEM-T easy vector 

(Promega, USA) (2) 

DNA OsADFs GFP SmaI HindIII AvrII

pHCC1300 OsADFs GFP

pCYH8 Ubiquitin 

OsADF1, 2, 3, 4, 5, 6, 7, 10, 11 GFP SmaI SpeI

pCYH8 SmaI SpeI Heat Shock

DNA
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2.

TNG67 TNG67

70% 7 1-2% NaOCl 

( 0.05% Tween-20) 10 NaOCl 4-5

8% Agar 1/2 MS (SIGMA)

3.

Enzyme solution (1.5% Onazuka RS, 0.75% Macerozyme R10, 0.8 M 

mannitol, 0.1 M MES pH=5.7, 1 M CaCl2, 0.1% BSA)

0.5-1 mm 15 30

28 40 rpm 4 80 rpm W5 solution (3 M NaCl, 

1 M CaCl2, 1 M KCl, 2 mM MES pH=5.7 ) nylon mesh

50 mL falcon tube 4 250 xg 7

W5 4 250 xg 7 2-3 mL W5

4 250 rpm

7 MMg buffer (0.8 M mannitol, 15 mM CaCl2, 4 mM MES 

pH=5.7 ) 1 x 106 protoplast/mL

4. (PEG)

10 μl DNA ( 10-20 μg DNA) 200 μl 

(210 μl) PEG solution (PEG 4000) (40% w/v)

30 1 mL W5 4 250 xg 7
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1mL Incubation solution (0.8M mannitol, 4mM MES pH=5.7, 

4mM KCl) 0.1% BSA 26 16

5. (confocal microscope) 

(1-2μl)

(Zeiss LSM 510 META NLO DuoScan)

(Leica TCS SP5 II)

configuration 

( GFP 500 nm) 

( LSM Leica)

(zoom)
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OsADF2 OsADF11

1. OsADF2 OsADF11

35S OsADF2 OsADF11

Agrobacterium-mediated floral dipping

(Col-0) Hygromysin B (25

mg/L) T3 OsADF2

OsADF11 PCR T3 35S::OsADF2

35S::OsADF11 HPT ( )

HPT

(data not shown) OsADF2 OsADF11

RT-PCR ( Reverse Transcriptase Polymerase Chain Reaction) 

35S::OsADF2 OsADF2

35S::OsADF11 OsADF11

OsADF2 OsADF11

2. OsADF2 OsADF11

2.1 OsADF2 OsADF11

35S::OsADF2 35S::OsADF11

(Col-0)

Image J

35S::OsADF2 35S::OsADF11
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2.2 OsADF2 OsADF11

(bolting) 

35S::OsADF2 35S::OsADF11

Col-0 OsADF2 3-4 OsADF11

2-3 ( (A) (B) )

35S::OsADF2 35S::OsADF11 2-3

rosette leaf number (RLN) (data not shown)

3. OsADF2

3.1 35S::OsADF2

OsADF2

Col-0 1%

sucrose, 8 g/L Agar 1/2 MS

35S::OsADF2 Col-0 (

)

3.2 35S::OsADF2

3.2.1

35S::OsADF2

NaCl (100 mM 150 mM 200mM) 150 mM NaCl

150 mM NaCl 1/2 MS 35S::OsADF2

Col-0 ( )
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3.2.2

Wang 

(Wang et al., 2008) 5

10

35S::OsADF2 5 10

150 mM NaCl + 1/2 MS ( 1/2 MS ) 4

Col-0

35S::OsADF2 ( )

150 mM NaCl 

35S::OsADF2 Col-0 ( ) 4

( )

3.2.3

OsADF2

21 35S::OsADF2

3.2.3.1. 35S::OsADF2

21 (Col-0) 35S::OsADF2

7

35S::OsADF2

5 ( 12 ) N3

35S::OsADF2
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35S::OsADF2

5 Col-0

OE2

35S::OsADF2

( )

3.2.3.2. 35S::OsADF2

200 mM NaCl 21 (Col-0) 35S::OsADF2

12-15 200 mM NaCl 14

Col-0 OE2

N3

35S::OsADF2

OsADF2

( )

3.2.3.3. 35S::OsADF2

21 (Col-0) 35S::OsADF2

4 7

(Col-0) 35S::OsADF2

(trichome) 

14 (22 /18 )

5 ( )
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3.2.4 35S::OsADF2

35S::OsADF2

200 mM NaCl 3 (Col-0)

35S::LfNCED3 (OE2) atnced3 (N3) 35S::OsADF2 24

35S::OsADF2 (

(A) ) 200 mM NaCl 24 35S::OsADF2

( (B) ) 

4. OsADF11

4.1 35S::OsADF11

OsADF11

Col-0 1%

sucrose, 8 g/L Agar 1/2 MS

35S::OsADF11 Col-0 (

)

4.2 35S::OsADF11

4.2.1

35S::OsADF11

NaCl (100 mM 150 mM 200 mM) 150 mM NaCl
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150 mM NaCl 1/2 MS 35S::OsADF11

Col-0 ( )

4.2.2

Wang 

(Wang et al., 2008) 5

10

35S::OsADF11 5 10

150 mM NaCl + 1/2 MS ( 1/2 MS ) 4

Col-0

35S::OsADF11 ( )

150 mM NaCl 

35S::OsADF11 Col-0 ( ) 4

( )

4.2.3

OsADF11

21 35S::OsADF11
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4.2.3.1. 35S::OsADF11

21 (Col-0) 35S::OsADF11

7

35S::OsADF11

5 N3

35S::OsADF11

35S::OsADF11

5 Col-0

OE2

35S::OsADF11

OsADF11

( )

4.2.3.2. 35S::OsADF11

200 mM NaCl 21 (Col-0) 35S::OsADF11

12-15 200 mM NaCl 14

Col-0 OE2

N3

35S::OsADF11

( )
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4.2.3.3. 35S::OsADF11

21 (Col-0) 35S::OsADF11

4 7

(Col-0) 35S::OsADF11

35S::OsADF11

(trichome) 14

35S::OsADF11 7

14

(22 /18 ) 5

( )

4.2.4 35S::OsADF11

35S::OsADF11

200 mM NaCl 3

(Col-0) 35S::LfNCED3 (OE2) atnced3 (N3) 35S::OsADF11 24

35S::OsADF11 (

(C) ) 200 mM NaCl 24 35S::OsADF11

( (D) ) 
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GFP

PEG (PEG transfection method) 

OsADF

( GFP YFP

)

CYH8 OsADF1 OsADF2

OsADF3 OsADF4 OsADF5 OsADF6 OsADF7 OsADF10 OsADF11 GFP

ubiquitin promoter

CYH8-Ub::GFP

Ub::OsADF1-GFP Ub::OsADF2-GFP Ub::OsADF4-GFP Ub::OsADF5-GFP

Ub::OsADF6-GFP

Ub::OsADF2-GFP Ub::OsADF3-GFP Ub::OsADF11-GFP
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(ADF) 

ADF

ADF

OsADF2 OsADF11

(Agrobacterial-mediated floral dipping) 

T2 35S::OsADF2 35S ::OsADF11

(side effect) 

35S::OsADF2 OsADF2-3 OsADF2-4

OsADF2-6 35S::OsADF11 OsADF11-1 OsADF11-2

OsADF11-3

OsADF2 OsADF11

1. OsADF2 OsADF11

OsADF2 OsADF11

OsADF2

(Cytoplasmic streaming) 

(1 – 70 μm/s ) 
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(myosin) 15 (myosin I-XV) 

(actin) 

ATP ADF

(Shimmen and Yokota, 

2004; Yamamoto, 2008) XI 13

(Reddy, 2001) 

(Peremyslov et al., 2008, 2010, 2012; Prokhnevsky et al., 2008; Ueda et

al., 2010). 2013 Tominaga (Chara corallina)

(High-speed myosin XI-2/xi-2) (Homo sapiens)

(Low-speed myosin XI-2/xi-2) (XI-2)

(Tominaga et al.,2013) 

AtADF ADF

Dong (2001) 

AtADF1(anti-sense transgenic plant) AtADF1

ADF

ADF (Dong et al., 2001)

OsADF2 OsADF11 AtADF1

GhADF1 AtADF1
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GhADF1 (Li et al., 2010)

OsADF2 OsADF11 (binding site) 

OsADF2 OsADF11

OsADF2 OsADF11 ( )

( ) ( )

rossette leaves

OsADF2 OsADF11

OsADF2 OsADF11

(Marylin et al., 

2002)

(microtubule) 2008 Nick

(1) 

(2) 
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(3)

(reviewed by Nick, 2008) 

(actin) 

(Wang et al., 2008)

(ADF) 

35S::OsADF3

(Huang et al., 2012) ADF

35S::OsADF2 35S::OsADF11

OsADF

OsADF2 OsADF11 77%  ( )

OsADF2 OsADF11

OsADF2 ( )
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1. OsADF2 OsADF11

Wang 2007

(Wang et al., 2007)

( Latrunculin B) 

( phalloidin) 

(Liu et al., 2012)

OsAD2 OsADF11

35S::OsADF2 35S::OsADF11

150 mM NaCl

OsADF2 OsADF11

ADF 2013 Cheng

RNAi OsADF osadf

OsADF ADF

α–amylase

ADF ADF α–amylase

OsADF2 OsADF11

OsADF

α–amylase OsADF2 OsADF11

2003 Shi Na+/H+

SOS1
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OsADF2 OsADF11

Na+/H+

(Shi et al., 2003)

5 10 35S::OsADF2 35S::OsADF11

150 mM NaCl 35S::OsADF2

35S::OsADF11 2013 Ye

SOS3

sos3

(reorganization)

Ye sos3

(Ye et 

al., 2013)

OsADF2 OsADF11

200 mM NaCl 24 OsADF2

sADF11

ABA OE2

OsADF11

MDA H2O2

OsADF2 OsADF11
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2. OsADF2 OsADF11

Drøbak 2004

(Drøbak et al., 2004) 

ADF

4

(Trichome) 

(Marthur et al., 1999)

21

5 (35 )

35S::OsADF11

7 35S::OsADF2

( ) Fukaki 1996

3

4

(Fukaki et al., 1996) Egierszdorff Kacperska 2001

(vacuolated cell) 

(freeze)

(Egierszdorff & Kacperska, 2001)
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Ruzicka (2008) atadf5

-16 12 4 22

(ion leakage) 

OsADF2

OsADF11

3. OsADF2 OsADF11

21 35S::OsADF2 35S::OsADF11

7 (Negative control) N3 (atnced3)

Col-0

35S::OsADF2 (OsADF2-3 OsADF2-4

OsADF2-6)

OsADF2-3

OsADF2

35S::OsADF11

(OsADF11-1 OsADF11-2 OsADF11-3)

12

N3 Col-0

35S::OsADF2

35S::OsADF11 OsADF11-1

35S::OsADF2

35S::OsADF11
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35S::OsADF11 OE2

( 35S::LfNCED3) N3

5 35S::OsADF2 35S::OsADF11

( ) 35S::OsADF11

200 mM NaCl OsADF11

OsADF2

1997 Eun (ABA)

(fragement) ADF

(Eun et al., 1997) 35S::OsADF2

12 OsADF11

OsADF2 OsADF11

Col-0 OE2

OsADF2 OsADF11

2005 Ali OsADF

(Ghulam et al., 2005) 2005 Liu OsADF5

(Liu et al., 2005)

OsADF2 OsADF11

OsADF

Actin binding protein GFP (ABP-GFP)
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OsADF2 OsADF11

ABP-GFP

OsADF2 OsADF11

OsADFs

AtADF

(Ruzicka et al.,

2007) PEG OsADF1-GFP OsADF2-GFP

OsADF3-GFP OsADF4 –GFP OsADF5-GFP OsADF6-GFP OsADF7-GFP

OsADF11-GFP OsADF1-GFP

OsADF2-GFP OsADF4-GFP OsADF5-GFP OsADF6-GFP

OsADF2-GFP OsADF3-GFP OsADF11-GFP

OsADF2-GFP

CYH8-Ub::GFP

( > 50

GFP ) ( )

OsADF1-GFP OsADF2-GFP OsADF4-GFP OsADF5-GFP

OsADF6-GFP 2007 Ruzicka

( )

ADF ADF

( ) D AtADF1

AtADF2 AtADF3 AtADF4 F OsADF7 OsADF8 OsADF10
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ADF

ADFs ADF/Cofilins

PIP2 (phospholipid 

phosphatidylinositol-4,5-bisphosphate) protein kinase C ADF

(Nick, 2013) 

ADF

OsADF2 OsADF11 OsADF2 OsADF11

OsADF2 OsADF11

OsADF2 OsADF11
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(A) (i) 1/2 MS (ii) 150 mM NaCl + 1/2 MS Col-0

OsADF2
(B) 5 Col-0 OsADF2 1/2 MS 

(i) 1/2 MS (ii) 150 mM NaCl + 1/2 MS 4 10
Col-0 OsADF2 1/2 MS 

(iii) 1/2 MS (iv) 150 mM NaCl + 1/2 MS 4
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(A) Col-0 OsADF2
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(B) 200mM NaCl 24 Col-0 OsADF2
35S::LfNCED3 atnced3

(C) Col-0 OsADF11
35S::LfNCED3 atnced3

(D) 200mM NaCl 24 Col-0 OsADF2
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(A) (B)

(A) 
OsADF isoform

OsADF8 OsADF10 94 OsADF1 OsADF6 90
OsADF1 OsADF9 78 OsADF6 OsADF9 77 OsADF2 OsADF11

77 (B)
CLUSTAL W 1.83 Treeview powerpoint
bootstrap 700 6 : A

OsADF11 OsADF2 AtADF6 B OsADF5 AtADF5 AtADF9 C
OsADF9; AtADF7 8 10 11; OsADF1 OsADF6 D AtADF1 2 3
4 E OsADF3 OsADF4 F OsADF10 8 7 (Huang et al., 2012) 



80 
 

(A)
67 OsADF

(B) (A) (C) 67
OsADF (D) (C) RT-PCR OsUBI D12629

internal control Bars show means ± SE (n = 3) (Huang et al., 2012)
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(Marylin et al., 2002)



83 
 



84 
 

 


