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1.  

1-1  

 (Solanum lycopersicum L.) 

Solanum pimpinellifolium

S. lycopersicum var. cerasiforme  (Ranc et al., 2008)

16

19

 (Jenkins, 1948)

2014 1 7 ×

 (FAOSTAT, 2017)

2012 “Heinz 1706”

 (Tomato Genome Consortium, 2012)

360

 (Blanca et al., 2012; Lin et al., 2014) ’

“

 (Solanum tuberosum L.)  

(Capsicum annuum L.)  (Solanum melongena L.)  (The 

Potato Genome Sequencing Consortium, 2011; Kim et al., 2014; Hirakawa et al., 2014)

 (Tomato Genome Consortium, 2012)  

 (van der 

Knaap et al., 2014; Pesaresi et al., 2014)



 (Quantitative trait locus; 

QTL) 

Uniform ripening (U) 

U Solanum lycopersicum GOLDEN 2-LIKE (SlGLK2) 

 (Powell et al., 2012)

2013 2015 fruit weight 3.1 

(fw3.1) fasciated (fas) locular number (lc)  

(Chakrabarti et al., 2013; Xu et al., 2015; Mu et al., 2017; Rodríguez-Leal et al., 2017)

QTL  (Ye et al., 

2017)  

 

1-2  

“

”

 ( ) 

 (NBRP: http://www.nbrp.jp/) 

 Micro-Tom   [NBRP  (

; http://tomato.nbrp.jp/)]  

Micro-Tom 10 20 cm

” 70 90

 (Scott and Harbaugh, 1989; Martí 

et al., 2006) Micro-Tom Heinz1706

SNP  (Kobayashi et al., 2014) NBRP  

Micro-Tom EMS (Ethylmethane sulfonate)  

(Saito et al., 2011; Shikata et al., 2016)

 ( MutMap ) 



 (Abe et al., 2012; Ariizumi et al., 2014)

TILLING (Targeting Induced Local Lesions IN Genomes) 

 (Okabe et al., 2011; Okabe et al., 2012; Okabe et al., 2013)  

 (Pattison et al., 2015, Zhang et al., 2016)

Tomato eFP browser 

(http://bar.utoronto.ca/efp_tomato/cgi-bin/efpWeb.cgi) TomExpress 

(http://tomexpress.toulouse.inra.fr/login) Tomato Expression Atlas (http://tea.solgenomics.net/) 

 BioGRID (https://thebiogrid.org/) STRING 

(https://thebiogrid.org/) 

 

EMS TILLING

  

 

2. GA 

2-1 GA 

 (Gibberellic acid, GA) ent-

GA 2016 136

GA  (Hedden, 2016) GA ’

 ( 1)



 (Achard and Genschik, 2009)  

 

2-2 GA 

GA  (Auxin, Aux) 

 (de Jong et al., 2009) ( 2A)

Aux

Aux  (Gillaspy et al., 1993) Aux

GA GA

GA GA

Aux

GA Aux

 (Serrani et al., 2007) Aux GA

GA GA  

 

2-3 GA 

 (Pressman et al., 

2002; Sato et al., 2000; Müller et al., 2016)

Aux GA  (Mapelli et 

al., 1978; Ho and Hewitt, 1986; Kataoka et al., 2009) ( 2B) ‘ ’

GA GA  (CK) 

 ( , 1973)

 (Abad and Monterio, 1989; , 1962; , 1994) 



pat-2 pat-3/pat-4

 (S. lycopersicum) S. habrochaites

 ‘Severianin’ 2

‘PR75/59’ ‘Severianin’

pat-2

 (Gorguet et al., 2008) ‘PR75/59’

 (Philouze and Maisonneuve, 1978) GA

 (Fos et al., 2000, 2001; Olimpieri et al., 2007; Serrani 

et al., 2007; Ruiu et al., 2015)

 pat-2 ‘Severianin’ GA

 (Kataoka et 

al., 2003, 2008) GA -P

 (Kataoka et al., 2008) pat-2

 (

) 

GA  (Paclobutrazol, PAC) 

 ( , 2011) pat-2

GA

GA  

 

2-4 GA  

GA

GA GA2 oxidase (GA2ox) ’

 (Chen et al., 2016) PAC

GA  (Serrani et al., 2007; Chen et al., 2016)

GA

 ( 2B) GA



’

GA  (Kondo and 

Kawai, 1998) GA ’

  

 

3. GA  

3-1 GA  

136 GA GA

4 GA (GA4 GA1 GA7 GA3) GA4 GA1

GA

GA4 GA1 GA

 (Derkx et al., 1994; Talón et al., 1990; Bohner et al., 1988;Koshioka et al., 1994; Fos et al., 

2000; Serrani et al., 2007). GA (GA4 GA1) GA20 oxidase 

(GA20ox) GA3 oxidase (GA3ox)  ( 3)

GA (GA4 GA1) GA2ox GA34 GA8  

(Hadden and Thomas, 2012) GA  (GAMT1 GAMT2) 

 

(Varbanova et al., 2007) GA

 (Sun, 2011a)

GA

1 Knotted-like homoeodomain  ( KNOX) 

GA20ox  (Sakamoto et al., 2001; 

Hay et al., 2002) KNOX POTATO HOMEOBOX1 

(POTH1) BELL1-like homoeodomain  (BELL) StBEL5

StGA20ox1  (Chen et al., 2004a; Lin 

et al., 2013)  

GA  [ent-copalyl 

diphosphate synthase (CPS) GA20ox] GA

GA  (Serrani et al., 2007a; Pattison et 

al., 2015)  



 (GA) 

GA (GA1 GA4)  

 

3-2 DELLA  

GA GA

GA DELLA GA

DELLA DELLA

( )

DELLA  

(Peng et al., 1999; Boss and Thomas 2002; Chandler et al., 2002; Gubler et al., 2002; Itoh et al., 

2002; Lawit et al., 2010)  

DELLA  

DELLA  (GA ) 

 (GRAS )  ( 4) GA 3

 (DELLA KLE PolyS/T ) 

GA GIBBERELLIN INSENSITIVE DWARF 1 (GID1) 

DELLA GRAS 5  

(LHRI VHIID LHRII PFYRE SAW ) 

 (DELLA INTERACTING PROTEIN, DIP) 

5 DELLA  [GA 

INSENSITIVE (GAI) REPRESOR OF ga1-3 (RGA), REPRESOR OF ga1-3 LIKE proteins (RGL1

RGL2 RGL3)] DELLA  [SLENDER RICE 1 (SLR1) 

SlDELLA]  (Peng et al., 1997; Wen and Chang, 2001; Lee et 

al., 2002; Tyler et al., 2004; Silverstone et al., 1997, 1998; Itoh et al., 2002; Jones, 1987; Jasinski 

et al., 2008) DELLA DIP 2 GA

 ( 5) 2

DELLA DIP [PHYTOCHROME INTERACTING FACTOR 

(PIF) jasmonate ZIM-domain (JAZ) CONSTANS (CO) ETHYLENE RESPONSE FACTOR 

(ERF) ] DIP DNA



DIP

 (Hauvermale et al., 2012; Wang and Deng, 2011, 

2014, 5) 2 DELLA DIP DNA

 ( 5) DELLA

GA GA

DELLA GA GID1 DIP

 ( SUMO O-GlcNac O-fucosyl ) 

DELLA

DELLA DIP GA

 

 

DELLA  ( 5) 

GA DELLA

DELLA DELLA GA

GID1 GA GA

GA

DELLA  (Ueguchi-Tanaka et al., 2005; Ueguchi-

Tanaka et al., 2007; Murase et al. 2008; Shimada et al., 2008; Yamamoto et al., 2010; Hao et al., 

2013) GID1 DELLA F-box SLEEPY1 (SLY1) 

Skp1/Cullin/F-box (SCF) E3

26S  (McGinnis et al., 2003; Wang et al., 2009b; 

Wang and Deng, 2011) DELLA

GA  (Hauvermale et al., 2012)

GA DELLA GID1 DELLA

GA (Ariizumi et 

al., 2008; Ueguchi et al., 2008) 3 GID1  (SlGID1b-

1 SlGID1-b SlGID1ac) GA GA SlDELLA

SlGID1



 

SlDELLA SlGID1s 2  

 

DELLA  ( 6A) 

Early Flowering 1 (EL1) 

casein kinase I

DELLA SLR1  (Dai and Xue, 2010) SLR1

DELLA GA SLY1

GID2 SLR1

DELLA TYPE-ONE PROTEIN PHOSPHATASE 4 (TOPP4) 

 (Qin et al., 2014) TOPP4 DELLA DELLA

DELLA

DELLA

DELLA  

 

DELLA SUMO  ( 6B) 

 (Achard et al., 2006, 2008a, 2008b) 

Small-Ubiquitin like modification (SUMO) 

DELLA  (Conti et al., 2014) DELLA

SUMO 1 DELLA

SUMO SUMO OVERLY 

TOLERANT TO SALT 1 (OTS1) SUMO protease DELLA

OTS1  (Conti et al., 2008)

GID1 N SUMO SUMO

GID1 GID1 ’

DELLA GA DELLA SUMO

GID1 DELLA DELLA

OTS1 DELLA

SUMO DELLA

 



  

 

DELLA O-GlcNac O-fucosyl  ( 7) 

Zentella  (2016) 5 DELLA

RGA O-linked N-  (O-GlcNAc)  (OGT) SECRET 

AGENT (SEC) sec 1996 GA

GA SPINDLY 

(SPY) 

OGT UDP-GlcNAc 

O-GlcNAc monosaccharide 

 (O-GlcNAcylation O-GlcNAc )  (Hanover et 

al., 2010; Liu et al., 2012a; Nagel and Ball, 2014; )

SEC O-GlcNAc DELLA DIP

GA

SPY SEC DELLA O-GlcNAc 

SPY DELLA O-linked 

fucosylation (O-fucosyl )  (Zentella et al., 2017) O-

fucosyl O-GlcNAc 

 (Miyoshi et al., 2008; Miyoshi et al., 2012; Tu et al., 2017) Zentella  

(2017) SPY DELLA O-fucosyl DELLA DIP

GA DELLA O-

GlcNAc O-fucosyl SEC

SPY 2 DELLA

 

 

3-3 DELLA  ( 8) 

GA DIP

DELLA  [FLOWERING LOCUS C (FLC)

CO SQUAMOSA PROMOTER BINDING PROTEIN-LIKE (SPL), WRKY ] (Xu et al., 2016; 

Li et al., 2016; Yu et al., 2012; Hou et al., 2014; Chen et al., 2017)



 

NAC29/31 (Huang et al., 2015)  (Fe2+) FER-LIKE IRON 

DEFICIENCY-INDUCED TRANSCRIPTION FACTOR (FIT) (von Wiren and Bennett, 2016; 

Wild et al., 2016) 

DIP  

 

3-3-1 1  

DELLA  

GA

PHYTOCHROME-

INTERACTING FACTORs (PIFs)  (Leivar and Monte, 2014)

GA DELLA

GA DELLA  (Achard et al., 

2007) GA DELLA

PIF3 PIF4  (Feng et al., 2008; de Lucas et 

al., 2008) GA DELLA PIFs DNA

GA DELLA

PIFs PIFs

DELLA PIFs

 (Li et al., 2016)  

 

 (Brassinosteroid, BR)  

 (Brassinosteroid, BR) 

 (Wang et al., 2012)

BR  

( )  (Li et al., 1996)

BR BR BRASSINOSTEROID INSENSITIVE1 (BRI1) 

 (Li and Chory, 1997; Wang et al., 2012) BRI1-EMS-

SUPPRESSOR1/BRASSINAZOLE-RESISTANT2 (BES1/BZR2) BZR1



 

BES1 BZR1 BR

BR DELLA GA

PACLOBUTRAZOL-RESISTANT (PRE) 

 (Lee et al., 2006) DELLA BZR1 BZR1 DNA

BR BR

 (Bai et al., 2012a, 2012b) DELLA BR

GA  

PHOTOMORPHOGENIC1 (PKL/EPP1) 

(Ogas et al., 1999) , PIF3 BZR1 H3

27  (H3K27me4) 

 (Zhang et al., 2012; Zhang et al., 2014)

, PIF3 BZR1 DELLA PKL/EPP1

 (Zhang et al., 2014; Park et al., 2017)  

 

Aux  

Aux AUXIN RESPONSE FACTOR (ARF) 

 ( ) Aux  (Auxin 

responsive element, AuxRE) 

ARF ARF

ARF  (Ulmasov et al. 1999; Zouine et al., 2014) ARF

AUX/IAA

 (Tiwari et al., 2001; Gray et al., 2001) AUX/IAA ARF 

Aux Aux AUX/IAA 

ARF Aux

Aux TRANSPORT INHIBITOR RESPONSE 1 (TIR1) TIR1

SCFTIR1 E3 AUX/IAA 26S

 (Darmasiri et al., 2005; Kepinski 

and Leiser, 2005; Maraschin et al., 2009; Calderón Villalobos et al., 2012) ARF

 

(Worley et al., 2000; Gray et al., 2001; Tiwari et al., 2003)  



 

DELLA (RGA) ARF

AtARF6 AtARF7 AtARF8 DNA

Aux  (Oh et al., 2014) DELLA

ARF GA

Aux   

ARF AUX/IAA

ARF SlARF7

GA  (Zouine et al., 2014; de Jong et al., 

2007) AUX/IAA SlIAA9

 (Wang et al., 2005; Saito et al., 2011)

ARF AUX/IAA

Aux

21 SlARF (Zouine et al., 2014) SlDELLA

AtARF8 SlARF8A ’

 (Fu, 2013) GA Aux

  

 

 (Ethylene, ET)  

ET

 (2015) 

ET GA Aux ET

GA GA

GA ET

 (Vriezen et al., 2008; Wang et al., 2009a; Pattison et al., 2015)

ET

 (Carbonell-Bejerano et al., 2010)  

ET

ET 1) ET 2) 

3) ETHYLENE INSENSITIVE 3 (EIN3) 4) 



 

 (Ju and Chang, 2015) DELLA ET

2 ETYLENE RECEPTOR 1 

(ETR1) 5 ET

CONSTITUTIVE RESPONSE1 (CTR1) ETHYLENE INSENSITIVE2 (EIN2) 

ET  [

RESPONSIVE TOANTAGONIST1 (RAN1) cytochrome b5 (Cb5) REVERSION-TO-

ETHYLENE SENSITIVITY1 (RTE1)] 

 (Hirayama et al., 1999; Woeste and Kieber, 2000; Binder et al., 

2010; Resnick et al., 2006, 2008; Dong et al., 2008, 2010; Barry and Giovannoni, 2006)

ARABIDOPSIS HIS PHOSPHOTRANSFER (AHP) 

 (Scharein et al., 2008; Scharein and Groth, 2011) 

ET CTR1  (Kinase 

domain KD) EIN2 C  

 (Chen et al., 2011; Qiao et al., 2012; Ju et al., 2012; Wen et al., 2012)

EIN2 F-box ETHYLENE INSENSITIVE2 

TARGETING PROTEIN1 (ETP1) ETP2 26S

 (Qiao et al., 2009) EIN3 F-box 

ETHYLENE INSENSITIVE3 BINDING F-BOX1 (EBF1) EBF2 

26S  (Guo and Ecker, 2003; Potuschak et 

al., 2003; Gagne et al., 2004; Binder et al., 2007; An et al., 2010)

ET ET

CTR1 EIN2

EIN2

EIN2 C  (C-EIN2)  (Chen et al., 2011; Qiao et al., 

2012; Ju et al., 2012; Wen et al., 2012) C-EIN2 EBF1 EBF2

EIN3 ETHYLENE RESPONSIVE FACTORs 

(ERFs)  (An et al., 2010; Li et al., 2015; 

Merchante et al., 2015) ERFs

C-EIN2

 (Zhang et al., 2016, 2017)  



 

EIN3 ET

DELLA (RGA, GAI) EIN3 EIN3-like1 (EIL1) DNA  (200 - 500 aa) 

EIN3

 (An et al., 2012) GA EIN3 HLS1

SlEIN3

SlDELLA

procera (pro) GA

SlEIN3  ( )  

EIN3 ERF/AP2

DELLA  (Marín-de la Rosa et al., 2014; Zhou et 

al., 2016) 122 ERF/AP2  

(Nakano et al., 2006) Marín-de la Rosa  (2014) ERF

RELATED TO APETALA2.3 (RAP2.3) GAI

 (Marín-de la Rosa et al., 2014) RAP2.3 ERF/AP3 

VII  (Nakano 

et al., 2006; Gasch et al., 2016; Yao et al., 2017) DELLA RAP2.3

RAP2.3 DNA RAP2.3

ET Zhou  (2016) 

 ERF VIII-B-1a AtERF11 DELLA

RAP2.3 AtERF11

EAR  (DLNxxP; McGrath et al., 2005; Nakano et al., 2006) 

 (Li et al., 2011) RGA GAI AtERF11  (AtERF4

AtERF8 AtERF10) 

VIII-B-1b AtERF88 DELLA

ERF AtERF11

’ ET ACC SYNTHASE (ACS) 

GA GA4 Arabidopsis 

eFP browser AtERF11 ET

 ( ) AtERF11 ET

ET GA



 

AtARF11 ’ erf11-1D GA

della ’ rga-Δ17 rga-Δ17

AtARF11 ET

DELLA DELLA

DELLA AtERF11

ET GA

 

 

 (Jasmonic acid, JA)  

JA  (Westernack and Hause, 

2013) JA CORONATINE INSENSITIVE 1 (COI1)

Myc-related transcription factor 2 (MYC2) MYC2

Jasmonate ZIM-domain protein (JAZ) 

 (Chini et al., 2007; Thines et al., 2007; Yan et al., 2007)  

DELLA JA JAZ

 (Huot et al., 2014; Major et al., 2017)

DELLA GA JAZ JAZ MYC2

GA DELLA JAZ MYC2

JA  (Hou et al., 2010)

JAZ9 RGA RGA PIF3

JAZ-DELLA-PIF 

 (Yang et al., 2012) DELLA JAZ DELLA

MYC2  (Hong et al., 2012)  

JA

JA

 (Dobritzsch et al., 2015; Li et al., 2004) COI1  (SlCOI1) 

 (Li et al., 2004)

JA

 (Liu et al., 2012b) JAZ EIN3

 



 

(Zhu et al., 2011) GA DELLA

JAZ DELLA-JAZ-EIN3 GA-JA-ET

 

 

3-3-2 2  

GA  

GA GA GA

GA DELLA DNA

GAI-ASSOCIATED FACTOR1 (GAF1) INDETERMINATE1 DOMAINs 

(IDDs) SAW

IDDs GA20ox GA3ox  

(Yoshida et al., 2014; Fukazawa et al., 2014, 2017) GA DELLA

IDDs TOPLESS-RELATED (TPL) SCARECROW-LIKE 3 (SCL3) 

 

(Fukazawa et al., 2014)  

 

 

DELLA GA

(Cytokinin, CK)  (Abscisic acid, ABA) 

GA DELLA

CK ABA

 (Marín-de la 

Rosa et al., 2015; Piskurewicz et al., 2008) DELLA (GAI RGA) CK

ARABIDOPSIS RESPONSE REGULATOR (ARR) 

CK  (Marín-de la Rosa et al., 2015)

DELLA RGL2

ABA ABA-INSENSITIVE 3 (ABI3) ABI5

ABA ABA

 (Piskurewicz et al., 2008)  

 



 

3-4 DELLA  

PREFOLDIN (PFD) DELLA  

DELLA

PFD  (Locascio et al., 2013)

DELLA PFD

DELLA PFD

GA DELLA PFD

PFD

 (Millán-Zambrano and Chávez, 2014; Millán-Zambrano et al., 2014) DELLA

PFD

 

 

3-5 SlDELLA procera  

DELLA DIP

DELLA 1  (SlDELLA/PROCERA) 

GA procera 

(pro) procera2 (pro2) SlDELLA

 (Bassel et al., 2008; Jasinski et al., 2008; Marti et al., 

2007; Carrera et al., 2012) ( 9A, B, C) pro

‘ ‘  ( 9D)

SlDELLA GA

GA

SlDELLA GRAS  (pro∆GRAS) 

GA 95% SlDELLA

 (Liven et al., 2015) 5

DELLA 3 GID1 DIPs



DIPs

DELLA 1 DIP

DIPs

SlDELLA

 

GA

SlDELLA GA

GA

GID1 DELLA GA

SlDELLA DIPs

 

 

4.  

4-1  

GA

GA

SlDELLA  (DELLA-

INTERACTINF PROTEINs, DIPs) (1) 

GA (2) 

GA DIPs (3) 

DIPs (4) SlDELLA DIPs

4  ( 10)

GA

 

 

4-2  

1  GA



 

 (Pistil-specifically expressed genes, PSGs) 

PSGs SlDELLA GA

pro

GA

PSGs

GA

SlDELLA  

2 SlDELLA GA

SlDELLA SlDELLA

GA SlGID1 SlDELLA

mRNA cDNA SlDELLA

 (CANDIDATE OF DELLA INTERACTOR, CDIs) 

1 CDIs , 

SlDELLA

 (Yeast two hybrid Y2H) SlDELLA

 

3 2 SlDELLA

Y2H

GA

CDI5 CDI5

  

SlDELLA CDI5

SlDELLA GA  

 

 

 

 

 



図1. ジベレリン (Gibberellic acid, GA) の植物発達における役割
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図2. ジベレリン (Gibberellic acid, GA) の果実発達における役割
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図3. ジベレリン (Gibberellic acid, GA) の代謝経路
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PFYRE SAWPolyS/T KLEDELLA LHRII VHIID LHRI

DELLA GRAS

図4. DELLAタンパク質の機能ドメイン
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図5. DELLAタンパク質の機能
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図6. 翻訳後修飾による DELLAの安定性の調節
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図7. O-GlcNAcylation及びO-fucosylationによるDELLAの親和性の調節
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図8. DELLAとDIPの相互作用を介した様々なシグナルのクロストーク
DELLA"ĸ��ƻ ÊÜ�Š}�Ś�1���ǫĹŞÊÜ!ƻ ņā4Ċ¨,��"�ǃ�ǫwŇ!řŘŗƴ4

¨þ�1ǬDELLA"Hbpnr (Gibberellic acid, GA) 4¹å��GA¹å�GIBBERELLIN INSENSITIVE DWARF 1

(GID1)  ƮƳ�2ǫSkp1/Cullin/F-box (SCF) E3n?tLƠ½� .��enk]@Or±�21Ǭ�!ûǫ26Sa

qQ7th .��£Ʀ�21ǬAUXIN RESPONSE FACTORs (ARFs)ǫBRASSINAZOLE-RESISTANT 1 (BZR1)ǫ

PHYTOCHROME INTERACTING FACTORs (PIFs)ǫPICKLE (PKL) �DELLA!Š}�Ś"ǫŷƉ�ǒ!¨þ Ǖy

�1Ǭ(�ǫPIFs�!Š}�Ś"GATA NITRATE-INDUCIBLE CARBON-METABOLISM INVOLVED (GNC) -GNC-

LIKE (GNL)!ŝŗ4Ʊů4���ǫƖſ�ŝǆ-ƐĆƯè%!Ǖy,ťÆ�21ǬNUCLEAR FACTOR-Y (NF-Y)ǫ

CONSTANS (CO)ǫFLOWERING LOCUS C (FLC)ǫSQUAMOSA PROMOTER BINDING PROTEIN-LIKE (SPL) �

DELLA!Š}�Ś"ǫmicroRNA172 (miR172)ǫFLOWERING LOCUS T (FT) -SUPPRESSOR OF CONSTANS

OVEREXPRESSION 1 (SOC) !ŝŗ4¨þ�ƐĆƯè%Ǖy�1ǬJASMONATE-ZIM DOMAIN (JAZ)ǫMYC-

RELATED TRACNSCRIPTION FACTOR 2 (MYC2)ǫETHYLENE INSENSITIVE 3 (EIN3)ǫETHYLENE RESPONSE

FACTORs (ERFs) �DELLA!Š}�Ś"ǫǖþĀŭ�řƇ!ZmrI!Ʊů-Ƅ±!Ʊů%Ǖy�1ǬE7AO

btNt��� INDETERMINATE DOMAIN (IDD)ǫARABIDOPSIS RESPONSE REGULATORs (ARRs)ǫABA-

INSENSITIVEs (ABIs) �Š}�Ś�1���GAř½Ć!_8tTZPAsCKGBUo!�ǃsABAGBUo!�

ǃ%Ǖy�1Ǭ=t@Gr (Auxin, Aux)ǫ7`GHrǌ (Abscisic acid, ABA)ǫF9S>9Vr (Cytokinin, CK)ǫ

Ring-type E3 ligase (XERICO)ǫAPETARA2 (AP2)Ǭ

PKL

GA

JAZ

DELLA

GID1

MYC2

EIN3

ERFs

PIFs

BZR1

ARFs

CO

FLC

IDD

ARRs

Aux

FT

SOC1

SPL

NF-Y

GNC/GNL

miR172

AP2

Light

花成誘導

CKシグナル

防御応答 葉緑体発達

ABIs

細胞伸長

老化

非生物ストレス
（低温，塩ストレス）

?

XERICO

ABA

種子発芽

WRKY45

29



図9. トマトSlDELLA変異体の特性
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図10. SlDELLAを介したジベレリン (Gibberellic acid, GA)シグナルの果実発達における役割の理解に向けて
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# ITAG ID Description in ITAG2.40

1 Solyc01g007270 Cytokinin riboside 5&apos;-monophosphate phosphoribohydrolase LOG (AHRD V1 **-- LOG_ORYSJ)

2 Solyc01g008540 Cinnamoyl CoA reductase-like protein (AHRD V1 ***- B9HNY0_POPTR); contains Interpro domain(s)  IPR016040  NAD(P)-binding domain 

3 Solyc01g010600 Homeobox-leucine zipper-like protein (AHRD V1 *-*- Q3HRT1_PICGL); contains Interpro domain(s)  IPR001356  Homeobox 

4 Solyc01g016530 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR008507  Protein of unknown function DUF789 

5 Solyc01g068440 Os06g0207500 protein (Fragment) (AHRD V1 ***- Q0DDQ9_ORYSJ); contains Interpro domain(s)  IPR004253  Protein of unknown function DUF231, plant 

6 Solyc01g079560 B3 domain-containing protein Os11g0197600 (AHRD V1 ***- Y1176_ORYSJ); contains Interpro domain(s)  IPR003340  Transcriptional factor B3 

7 Solyc01g081360 Unknown Protein (AHRD V1)

8 Solyc01g090300 Ethylene responsive transcription factor 1b (AHRD V1 *-*- C0J9I8_9ROSA); contains Interpro domain(s)  IPR001471  Pathogenesis-related transcriptional factor and ERF, DNA-binding 

9 Solyc01g090820 Expansin B1 (AHRD V1 ***- C8CC40_RAPSA); contains Interpro domain(s)  IPR007112  Expansin 45, endoglucanase-like 

10 Solyc01g095760 UDP-glucosyltransferase (AHRD V1 ***- Q8LKG3_STERE); contains Interpro domain(s)  IPR002213  UDP-glucuronosyl/UDP-glucosyltransferase 

11 Solyc01g104390 Blue copper protein (AHRD V1 **-- B6TT37_MAIZE); contains Interpro domain(s)  IPR003245  Plastocyanin-like 

12 Solyc01g106140 F-box protein family-like (AHRD V1 *-*- Q6ZCS3_ORYSJ); contains Interpro domain(s)  IPR005174  Protein of unknown function DUF295 

13 Solyc01g106730 MADS box transcription factor 1 (AHRD V1 *-*- D9IFM1_ONCHC); contains Interpro domain(s)  IPR002100  Transcription factor, MADS-box 

14 Solyc01g106980 Endo-1 4-beta-xylanase (AHRD V1 *--- B6SW51_MAIZE); contains Interpro domain(s)  IPR013781  Glycoside hydrolase, subgroup, catalytic core 

15 Solyc01g108380 Protease inhibitor protein (AHRD V1 -**- B3FNP9_HEVBR); contains Interpro domain(s)  IPR000864  Proteinase inhibitor I13, potato inhibitor I 

16 Solyc02g022860 FAD-binding domain-containing protein (AHRD V1 **-- D7MFI0_ARALY); contains Interpro domain(s)  IPR006094  FAD linked oxidase, N-terminal 

17 Solyc02g032150 Unknown Protein (AHRD V1)

18 Solyc02g067630 Polygalacturonase 1 (AHRD V1 ***- O22311_SOLLC); contains Interpro domain(s)  IPR000408  Regulator of chromosome condensation, RCC1  IPR000743  Glycoside hydrolase, family 28 

19 Solyc02g069330 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR006501  Pectinesterase inhibitor 

20 Solyc02g072280 Subtilisin-like protease (AHRD V1 **-- Q9LWA3_SOLLC); contains Interpro domain(s)  IPR015500  Peptidase S8, subtilisin-related 

21 Solyc02g077170 X1 (Fragment) (AHRD V1 *--- Q7FSP8_MAIZE); contains Interpro domain(s)  IPR005379  Region of unknown function XH 

22 Solyc02g078090 Unknown Protein (AHRD V1)

23 Solyc02g079080 F-box family protein (AHRD V1 ***- B9GFH4_POPTR); contains Interpro domain(s)  IPR001810  Cyclin-like F-box 

24 Solyc02g084140 Unknown Protein (AHRD V1)

25 Solyc02g085190 GATA transcription factor 19 (AHRD V1 *-** B6TS85_MAIZE); contains Interpro domain(s)  IPR000679  Zinc finger, GATA-type 

26 Solyc02g086290 Receptor serine/threonine kinase (AHRD V1 ***- Q9FF31_ARATH)

27 Solyc02g087490 Prolyl 4-hydroxylase alpha subunit-like protein (AHRD V1 ***- Q9LSI6_ARATH); contains Interpro domain(s)  IPR006620  Prolyl 4-hydroxylase, alpha subunit 

28 Solyc02g092030 Cbs domain containing protein expressed (Fragment) (AHRD V1 *--- A6N095_ORYSI); contains Interpro domain(s)  IPR002550  Protein of unknown function DUF21 

29 Solyc02g093540 Cytochrome P450

30 Solyc03g020000 Pentatricopeptide repeat-containing protein (AHRD V1 *-*- D7L041_ARALY); contains Interpro domain(s)  IPR002885  Pentatricopeptide repeat 

31 Solyc03g025240 Multidrug resistance protein mdtK (AHRD V1 *--- MDTK_YERP3); contains Interpro domain(s)  IPR002528  Multi antimicrobial extrusion protein MatE 

32 Solyc03g031660 Unknown Protein (AHRD V1)

33 Solyc03g058330 Unknown Protein (AHRD V1)

34 Solyc03g096190 Receptor like kinase, RLK

35 Solyc03g111190 Auxin-independent growth promoter-like protein (AHRD V1 ***- Q9FMW3_ARATH); contains Interpro domain(s)  IPR004348  Protein of unknown function DUF246, plant 

36 Solyc03g115350 Expansin 2 (AHRD V1 ***- C0KLG9_PYRPY); contains Interpro domain(s)  IPR002963  Expansin 

37 Solyc03g116410 Zinc finger CCCH domain-containing protein 39 (AHRD V1 ***- C3H39_ARATH); contains Interpro domain(s)  IPR000571  Zinc finger, CCCH-type 

38 Solyc03g123770 Unknown Protein (AHRD V1)

39 Solyc03g123970 Lipid-binding serum glycoprotein family protein (AHRD V1 *-*- D7LAX8_ARALY)

40 Solyc04g007310 Thaumatin-like protein (AHRD V1 ***- C1K3P2_PYRPY); contains Interpro domain(s)  IPR001938  Thaumatin, pathogenesis-related 

41 Solyc04g008670 Gibberellin 2-beta-dioxygenase 7 (AHRD V1 **** B6SZM8_MAIZE); contains Interpro domain(s)  IPR005123  Oxoglutarate and iron-dependent oxygenase 

42 Solyc04g014750 TNFR/CD27/30/40/95 cysteine-rich region (AHRD V1 ***- Q2HT38_MEDTR)

43 Solyc04g025740 Homeobox-leucine zipper protein ROC3 (AHRD V1 ***- ROC3_ORYSJ); contains Interpro domain(s)  IPR001356  Homeobox 

44 Solyc04g051070 Unknown Protein (AHRD V1)

45 Solyc04g058040 Laccase (AHRD V1 ***- Q9AUI3_PINTA); contains Interpro domain(s)  IPR011707  Multicopper oxidase, type 3 

46 Solyc04g072870 Beta-D-xylosidase (AHRD V1 **** Q8W011_HORVU); contains Interpro domain(s)  IPR001764  Glycoside hydrolase, family 3, N-terminal 

47 Solyc04g074320 Zinc finger protein (AHRD V1 *--- D7KHP2_ARALY); contains Interpro domain(s)  IPR007087  Zinc finger, C2H2-type 

48 Solyc04g074890 Unknown Protein (AHRD V1)

49 Solyc04g078240 Natural resistance associated macrophage protein (AHRD V1 *--- B3W4E1_BRAJU); contains Interpro domain(s)  IPR001046  Natural resistance-associated macrophage protein 

50 Solyc04g081180 Unknown Protein (AHRD V1)

51 Solyc04g082520 Ring zinc finger protein (Fragment) (AHRD V1 *--- A6MH00_LILLO); contains Interpro domain(s)  IPR008166  Protein of unknown function DUF23 

52 Solyc05g005240 YABBY-like transcription factor CRABS CLAW-like protein (AHRD V1 **-* Q6SRZ7_ANTMA); contains Interpro domain(s)  IPR006780  YABBY protein 

53 Solyc05g008320 Fasciclin-like arabinogalactan protein (AHRD V1 ***- B9N201_POPTR); contains Interpro domain(s)  IPR000782  FAS1 domain 

54 Solyc05g010190 Unknown Protein (AHRD V1)

55 Solyc05g010200 Unknown Protein (AHRD V1)

56 Solyc05g013230 Unknown Protein (AHRD V1)

57 Solyc05g052440 Os03g0291800 protein (Fragment) (AHRD V1 **-- Q0DSS4_ORYSJ); contains Interpro domain(s)  IPR004253  Protein of unknown function DUF231, plant 

58 Solyc05g052530 Endoglucanase 1 (AHRD V1 ***- B6U0J0_MAIZE); contains Interpro domain(s)  IPR001701  Glycoside hydrolase, family 9 

59 Solyc06g007380 Os08g0119500 protein (Fragment) (AHRD V1 *-*- Q0J8C9_ORYSJ)

60 Solyc06g048400 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR008502  Protein of unknown function DUF784, Arabidopsis thaliana 

61 Solyc06g060450 Transmembrane emp24 domain-containing protein 10 (AHRD V1 ***- B6SSF8_MAIZE); contains Interpro domain(s)  IPR000348  emp24/gp25L/p24 

62 Solyc06g070950 ATP-binding cassette (ABC) transporter 17 (AHRD V1 ***- Q4H493_RAT); contains Interpro domain(s)  IPR003439  ABC transporter-like 

63 Solyc06g073100 GDSL esterase/lipase At3g27950 (AHRD V1 ***- GDL54_ARATH); contains Interpro domain(s)  IPR001087  Lipase, GDSL 

64 Solyc06g074160 B3 domain-containing protein Os03g0212300 (AHRD V1 ***- Y3123_ORYSJ); contains Interpro domain(s)  IPR003340  Transcriptional factor B3 

65 Solyc06g075200 Unknown Protein (AHRD V1)

66 Solyc07g007520 Unknown Protein (AHRD V1)

67 Solyc07g032700 Unknown Protein (AHRD V1)

68 Solyc07g043410 UDP-glucosyltransferase family 1 protein (AHRD V1 **** C6KI43_CITSI); contains Interpro domain(s)  IPR002213  UDP-glucuronosyl/UDP-glucosyltransferase 

69 Solyc07g053400 Unknown Protein (AHRD V1)

70 Solyc07g054360 Unknown Protein (AHRD V1)

71 Solyc07g062320 Unknown Protein (AHRD V1)

72 Solyc07g064780 Unknown Protein (AHRD V1)

73 Solyc08g015750 F-box family protein (AHRD V1 ***- B9I6K2_POPTR); contains Interpro domain(s)  IPR001810  Cyclin-like F-box 

74 Solyc08g061120 Unknown Protein (AHRD V1)

75 Solyc08g066400 Protein kinase (Fragment) (AHRD V1 *-*- A2Q5N5_MEDTR)

76 Solyc08g074920 Aspartic proteinase nepenthesin I (AHRD V1 **-- A9ZMF9_NEPAL); contains Interpro domain(s)  IPR001461  Peptidase A1 

77 Solyc08g080020 Serine protease inhibitor potato inhibitor I-type family protein (AHRD V1 ***- D7LT19_ARALY); contains Interpro domain(s)  IPR000864  Proteinase inhibitor I13, potato inhibitor I 

78 Solyc08g082260 Integrin-linked kinase-associated serine/threonine phosphatase 2C (AHRD V1 **** ILKAP_RAT); contains Interpro domain(s)  IPR015655  Protein phosphatase 2C 

79 Solyc09g011280 Unknown Protein (AHRD V1); contains Interpro domain(s)  IPR006501  Pectinesterase inhibitor 

80 Solyc09g011290 Invertase inhibitor homolog (AHRD V1 ***- O49603_ARATH); contains Interpro domain(s)  IPR006501  Pectinesterase inhibitor 

81 Solyc09g025200 Ribosomal protein L18 (AHRD V1 *-*- B7FMF5_MEDTR); contains Interpro domain(s)  IPR000039  Ribosomal protein L18e 

82 Solyc09g042760 ZIP4/SPO22 (AHRD V1 **-- A5Y6I6_ARATH); contains Interpro domain(s)  IPR013940  Meiosis specific protein SPO22 

83 Solyc09g047860 HAT family dimerisation domain containing protein (AHRD V1 *-*- Q2R1C3_ORYSJ); contains Interpro domain(s)  IPR008906  HAT dimerisation 

84 Solyc09g056030 Unknown Protein (AHRD V1)

85 Solyc09g056040 Ubiquitin-protein ligase 1 (AHRD V1 ***- Q5CHN2_CRYHO); contains Interpro domain(s)  IPR000569  HECT 

86 Solyc09g066050 Homeodomain-containing transcription factor FWA (AHRD V1 **-* B5BQ02_ARASU); contains Interpro domain(s)  IPR002913  Lipid-binding START 

87 Solyc09g073020 Unknown Protein (AHRD V1)

88 Solyc09g075110 Unknown Protein (AHRD V1)

89 Solyc09g089590 Ramosa1 C2H2 zinc-finger transcription factor (AHRD V1 *-*- D0UTY8_ZEAMM); contains Interpro domain(s)  IPR007087  Zinc finger, C2H2-type 

90 Solyc09g089960 Unknown Protein (AHRD V1)

91 Solyc09g091300 Self-incompatibility protein (Fragment) (AHRD V1 -**- C8C1B5_9MAGN); contains Interpro domain(s)  IPR010264  Plant self-incompatibility S1 

92 Solyc10g005170 Purine permease (AHRD V1 *--* B6TET5_MAIZE); contains Interpro domain(s)  IPR004853  Protein of unknown function DUF250 

93 Solyc10g005440 Serine/threonine-protein kinase receptor (AHRD V1 **** B6U2B7_MAIZE); contains Interpro domain(s)  IPR002290  Serine/threonine protein kinase 

94 Solyc10g017990 Cytokinin oxidase/dehydrogenase 2 (AHRD V1 *-** C0LPA7_SOLTU); contains Interpro domain(s)  IPR015345  Cytokinin dehydrogenase 1, FAD and cytokinin binding 

95 Solyc10g044690 Annexin (AHRD V1 ***- D2D2Z9_GOSHI); contains Interpro domain(s)  IPR009118  Annexin, type plant 

96 Solyc10g047720 Unknown Protein (AHRD V1)

97 Solyc10g050750 Pectinacetylesterase like protein (Fragment) (AHRD V1 *--- Q56WP8_ARATH); contains Interpro domain(s)  IPR004963  Pectinacetylesterase 

98 Solyc10g051370 LRR receptor-like serine/threonine-protein kinase, RLP

99 Solyc10g055600 S-phase kinase-associated protein 1A (AHRD V1 **-- B2VUU5_PYRTR); contains Interpro domain(s)  IPR001232  SKP1 component 

100 Solyc11g005500 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ); contains Interpro domain(s)  IPR010701  Protein of unknown function DUF1278 

101 Solyc11g005540 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ); contains Interpro domain(s)  IPR010701  Protein of unknown function DUF1278 

102 Solyc11g006840 Unknown Protein (AHRD V1)

103 Solyc11g012650 TPD1 (AHRD V1 *-*- Q6TLJ2_ARATH)

104 Solyc11g043160 Endo-1 4-beta-xylanase (AHRD V1 ***- B6SW51_MAIZE); contains Interpro domain(s)  IPR013781  Glycoside hydrolase, subgroup, catalytic core 

105 Solyc11g070010 F8A5.6 protein (AHRD V1 **-- Q9ZP57_ARATH)

106 Solyc11g072650 Trans-2-enoyl CoA reductase (AHRD V1 **-- C5MRG3_9ROSI); contains Interpro domain(s)  IPR002085  Alcohol dehydrogenase superfamily, zinc-containing 

107 Solyc12g019050 Exostosin-like (AHRD V1 ***- A4Q7M8_MEDTR); contains Interpro domain(s)  IPR004263  Exostosin-like 

108 Solyc12g042340 Genomic DNA chromosome 5 P1 clone MAC9 (AHRD V1 ***- Q9FLS4_ARATH)
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# ITAG ID Homologue in
Arabidopsis

Length (aa) Name or predicted function in Arabidopsis

1 Solyc01g007270 AT5G06300 217 56/68 82 -

2 Solyc01g008540 AT5G19440 326 223/315 71 NAD(P)-binding Rossmann-fold superfamily protei

3 Solyc01g010600 AT1G69780 294 150/300 50 ATHB13

4 Solyc01g016530 AT1G73210 314 32/69 46 Protein of unknown function (DUF789) 

5 Solyc01g068440 AT2G42570 367 166/341 49 TBL39 (TRICHOME BIREFRINGENCE-LIKE 39 )

6 Solyc01g079560 AT3G18990 341 30/92 33 VRN1, REM39

7 Solyc01g081360 - - - -

8 Solyc01g090300 AT2G44840 226 69/107 64 ATERF13, EREBP, ERF13

9 Solyc01g090820 AT1G65680 273 119/249 48 ATEXPB2, EXPB2, ATHEXP BETA 1.4

10 Solyc01g095760 AT5G49690 460 164/471 35 UDP-Glycosyltransferase superfamily protein

11 Solyc01g104390 AT1G17800 129 49/116 42 ARPN

12 Solyc01g106140 AT3G25750 348 41/162 25 F-box family protein with a domain of unknown function (DUF295)

13 Solyc01g106730 AT5G60440 299 95/160 59 AGL62 

14 Solyc01g106980 AT4G33840 576 276/545 51 Glycosyl hydrolase family 10 protein

15 Solyc01g108380 AT2G38900 88 27/61 44 Serine protease inhibitor, potato inhibitor I-type family protein

16 Solyc02g022860 AT4G20820 532 243/532 46 FAD-binding Berberine family protein 

17 Solyc02g032150 - - - - -

18 Solyc02g067630 AT2G43860 384 232/389 60 Pectin lyase-like superfamily protein

19 Solyc02g069330 AT5G64620 180 26/80 33 C/VIF2, ATC/VIF2

20 Solyc02g072280 AT5G67360 757 335/761 44 ARA12

21 Solyc02g077170 AT1G15910 634 96/259 37 XH/XS domain-containing protein

22 Solyc02g078090 - - - - -

23 Solyc02g079080 AT5G02930 469 108/440 25 F-box/RNI-like superfamily protein 

24 Solyc02g084140 - - - - -

25 Solyc02g085190 AT3G50870 295 127/292 43 MNP, HAN, GATA18

26 Solyc02g086290 AT1G66940 332 76/267 28 protein kinase-related

27 Solyc02g087490 AT3G28490 288 176/265 66 Oxoglutarate/iron-dependent oxygenase 

28 Solyc02g092030 AT2G14520 423 283/423 67 CBS domain-containing protein with a domain of unknown function (DUF21)

29 Solyc02g093540 AT3G50660 513 193/470 41 DWF4, CYP90B1, CLM, SNP2, SAV1, PSC1

30 Solyc03g020000 AT2G22410 681 181/487 37 SLO1

31 Solyc03g025240 AT4G25640 514 273/398 69 DTX35

32 Solyc03g031660 - - - - -

33 Solyc03g058330 AT5G06760 158 57/144 40 LEA4-5

34 Solyc03g096190 AT3G47570 1010 441/1003 43 Leucine-rich repeat protein kinase family protein

35 Solyc03g111190 AT5G63390 559 343/557 62 O-fucosyltransferase family protein 

36 Solyc03g115350 AT5G39280 259 146/223 65 ATEXPA23, ATEXP23, ATHEXP ALPHA  1.17

37 Solyc03g116410 AT3G19360 386 54/199 27 Zinc finger (CCCH-type) family protein 

38 Solyc03g123770 - - - - -

39 Solyc03g123970 AT3G20270 722 26/51 51 lipid-binding serum glycoprotein family 

40 Solyc04g007310 AT4G38670 253 108/252 43 Pathogenesis-related thaumatin superfamily protein

41 Solyc04g008670 AT4G21200 336 166/302 55 ATGA2OX8, GA2OX8 

42 Solyc04g014750 AT1G12064 109 34/73 47 Unkown protein 

43 Solyc04g025740 AT1G73360 722 52/125 42 HDG11, EDT1, ATHDG11

44 Solyc04g051070 - - - - -

45 Solyc04g058040 AT5G09360 569 82/212 39 LAC14

46 Solyc04g072870 AT1G78060 767 445/756 59 Glycosyl hydrolase family protein

47 Solyc04g074320 AT1G34790 303 143/200 72 TT1, WIP1

48 Solyc04g074890 - - - - -

49 Solyc04g078240 AT1G47240 530 73/95 77 NRAMP2, ATNRAMP2

50 Solyc04g081180 - - - - -

51 Solyc04g082520 AT4G37420 588 233/500 47 Domain of unknown function (DUF23)

52 Solyc05g005240 AT1G23420 231 100/184 54 INO

53 Solyc05g008320 AT5G40940 424 114/328 35 FLA20

54 Solyc05g010190 AT3G42565 119 48/121 40 ECA1 gametogenesis related family protein

55 Solyc05g010200 - - - - -

56 Solyc05g013230 AT3G23880 364 21/57 37 F-box and associated interaction domains-containing  protein

57 Solyc05g052440 AT2G40320 425 279/411 68 TBL33

58 Solyc05g052530 AT2G44550 490 292/476 56 ATGH9B10

59 Solyc06g007380 AT5G01710 513 258/510 51 methyltransferases

60 Solyc06g048400 AT3G30387 115 34/97 35 Protein of unknown function (DUF784)

61 Solyc06g060450 AT1G2190 216 108/210 51 emp24/gp25L/p24 family/GOLD family  protein

62 Solyc06g070950 AT3G47780 935 503/937 54 ATATH6, ATH6

63 Solyc06g073100 AT3G27950 361 197/375 53 GDSL-like Lipase/Acylhydrolase superfamily protein

64 Solyc06g074160 AT3G06160 374 38/131 29 AP2/B3-like transcriptional factor family protein

65 Solyc06g075200 AT5G37474 80 28/83 34 Putative membrane lipoprotein

66 Solyc07g007520 - - - - -

67 Solyc07g032700 - - - - -

68 Solyc07g043410 AT2G15480 484 166/487 34 UGT73B5

69 Solyc07g053400 - - - - -

70 Solyc07g054360 - - - - -

71 Solyc07g062320 - - - - -

72 Solyc07g064780 - - - - -

73 Solyc08g015750 AT5G02920 469 58/200 31 F-box/RNI-like superfamily protein 

74 Solyc08g061120 - - - - -

75 Solyc08g066400 AT2G25760 676 217/333 65 Protein kinase family protein 

76 Solyc08g074920 AT5G33340 437 206/437 47 CDR1 

77 Solyc08g080020 AT3G46860 85 32/86 37 Serine protease inhibitor, potato inhibitor I-type family protein

78 Solyc08g082260 AT2G29380 362 134/298 45 HAI3 

79 Solyc09g011280 AT3G17220 173 31/131 24 ATPMEI2

80 Solyc09g011290 AT5G64620 180 52/173 30 C/VIF2, ATC/VIF2

81 Solyc09g025200 AT3G05590 187 31/50 62 RPL18

82 Solyc09g042760 AT5G48390 936 527/936 56 ATZIP4

83 Solyc09g047860 AT5G33406 509 52/173 30 hAT dimerisation domain-containing protein / transposase-related

84 Solyc09g056030 AT4G12570 873 17/44 39 UPL5

85 Solyc09g056040 AT4G12570 873 153/413 37 UPL5

86 Solyc09g066050 AT1G73360 722 211/587 36 HDG11, EDT1, ATHDG11

87 Solyc09g073020 - - - - -

88 Solyc09g075110 - - - - -

89 Solyc09g089590 AT3G23130 204 78/192 78 SUP, FON1, FLO10

90 Solyc09g089960 - - - -

91 Solyc09g091300 AT3G26880 161 35/135 33 Plant self-incompatibility protein  S1 family

92 Solyc10g005170 AT1G30840 382 208/330 63 ATPUP4, PUP4 

93 Solyc10g005440 AT4G21390 849 440/858 51 B120, S-locus lectin protein kinase family protein

94 Solyc10g017990 AT2G41510 575 214/525 41 ATCKX1, CKX1

95 Solyc10g044690 AT5G12380 316 173/316 55 ANNAT8

96 Solyc10g047720 AT5G26805 156 44/163 27 unknown protein

97 Solyc10g050750 AT4G19420 397 234/381 61 Pectinacetylesterase family protein 

98 Solyc10g051370 AT2G16250 915 105/198 53 Leucine-rich repeat protein kinase family protein

99 Solyc10g055600 AT4G34210 152 38/47 81 ASK11, SK11

100 Solyc11g005500 AT1G76750 158 63/124 51 EC1.1

101 Solyc11g005540 AT2G21750 125 61/130 47 EC1.3

102 Solyc11g006840 - - - - -

103 Solyc11g012650 AT1G32583 179 66/112 59 TPD1-like

104 Solyc11g043160 AT4G33840 576 217/545 40 Glycosyl hydrolase family 10 protein

105 Solyc11g070010 AT1G60500 669 117/391 30 DRP4C

106 Solyc11g072650 AT3G45770 375 215/335 64 Polyketide synthase, enoylreductase 

107 Solyc12g019050 AT3G42180 470 203/349 57 Exostosin family protein

108 Solyc12g042340 AT5G61865 417 136/368 35 unknown protein

Identities (%)



表1-3. トマトの雌蕊特異的発現遺伝子 (PSGs) の子房での細胞種別発現パターン

Üć!Ŝ�1ŷƉ�!PSGs!ŝŗǐ (RPM) 4ť�ǬRtN"��RtN (Pattison et al., 2015).0�ĉ��Ǭ

RPM, Read per million; DAF, Day after floweringǬ
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表1-4. PSGsに含まれた小タンパク質 (200aアミノ酸以下+TPD1) のリスト

�2�2!ǈ�Ü
EtT�1Nr[Aƶ!7gYǌǊ¤��!£ńGBUoǊ¤ (Secreted signal) !
Ħő4ǫSignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/) 4Ś��ĶŶ��Ǭaa, amino acid (7gYǌ)Ǭ
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ITAG ID Description Length (aa) Position of
secreted signal

Solyc01g016530 Unknown Protein 87 -
Solyc01g081360 Unknown Protein 151 1 - 29
Solyc01g108380 Protease inhibitor protein 77 -
Solyc02g069330 Unknown Protein 180 1 - 19
Solyc03g058330 Unknown Protein 108 -
Solyc04g081180 Unknown Protein 79 -
Solyc05g010200 Unknown Protein 115 1 - 25
Solyc06g048400 Unknown Protein 155 -
Solyc06g075200 Unknown Protein 81 1 - 22
Solyc07g062320 Unknown Protein 79 -
Solyc08g080020 Serine protease inhibitor potato inhibitor I-type family protein 104 1 - 19
Solyc09g011280 Unknown Protein 178 1 - 23
Solyc09g089590 Ramosa1 C2H2 zinc-finger transcription factor 197 -
Solyc11g005500 ECA1 protein 130 1 - 26
Solyc11g005540 ECA1 protein 136 1 - 16
Solyc11g006840 Unknown Protein 126 -
Solyc09g025200 Ribosomal protein L18 72 1 - 22
Solyc09g056030 Unknown Protein 82 -
Solyc01g007270 Cytokinin riboside 5&apos;-monophosphate phosphoribohydrolase LOG 70 -
Solyc01g079560 B3 domain-containing protein Os11g0197600 109 -
Solyc02g032150 Unknown Protein 147 -
Solyc02g084140 Unknown Protein 132 -
Solyc03g116410 Zinc finger CCCH domain-containing protein 39 117 -
Solyc04g025740 Homeobox-leucine zipper protein ROC3 148 -
Solyc04g051070 Unknown Protein 80 -
Solyc04g078240 Natural resistance associated macrophage protein 161 -
Solyc05g013230 Unknown Protein 118 -
Solyc07g054360 Unknown Protein 142 -
Solyc08g061120 Unknown Protein 190 -
Solyc09g073020 Unknown Protein 50 -
Solyc09g075110 Unknown Protein 63 -
Solyc10g047720 Unknown Protein 172 -
Solyc10g055600 S-phase kinase-associated protein 1A 51 -
Solyc01g104390 Blue copper protein 122 1 - 27
Solyc02g078090 Unknown Protein 105 1 - 26
Solyc03g123770 Unknown Protein 112 -
Solyc03g123970 Lipid-binding serum glycoprotein family protein 116 1 - 17
Solyc04g014750 TNFR/CD27/30/40/95 cysteine-rich region 105 1 - 32
Solyc05g005240 YABBY-like transcription factor CRABS CLAW-like protein 192 -
Solyc05g010190 Unknown Protein 138 1 - 23
Solyc07g032700 Unknown Protein 120 -
Solyc07g053400 Unknown Protein 97 -
Solyc09g011290 Invertase inhibitor homolog 188 1 - 24
Solyc09g091300 Self-incompatibility protein (Fragment) 148 1 - 23
Solyc11g012650 TPD1 204 1 - 28



表1-5. トマトの雌蕊特異的発現遺伝子 (PSGs) の着果及びGAシグナルへの応答性

ǏřÎ�.#procera×Ŝ� (pro)!šĮģħÜć�!ŝŗǐ (RPKM value)4ǫ¼ǈ�Ü�ĥÙ�4ǩƏǫĥé�4
ǟ���ŏŉ�Šçǐ4ť��Ǭŝŗǐ4¼Fraoǔ�łƽ��� (Ratio) "2��v!í4Ʒǫ1/2�w!í4ǟ
�ť��ǬHbpnr (Gibberellic acid, GA) GBUo .1ƆÙǓÚû ŝŗ
¨þ�21ǈ�Üƃ [(d0/D0�í�
�,	�d4e/D0�í�0,	�d4e/D4e�í�0 (G1)]ǫǓƐģ ğ GA .1¨þ4¹ĮãƆÙǓÚû,¾ĸ!¨
þ4¹1ǈ�Üƃ [d0/D0�í�0,	�d4e/D0�í�0,	�d4e/D4e�í�0 (G2)]; GA .��ŝŗ
žď�2ǫ
šĮ���Ó½ !)×±�1[Ntr [d0/D0�í��, 	�d4e/D0�í��, 	�d4e/D4e�í�0 (G3)]; šĮģ
!)ŝŗ
×°�1ǈ�Üƃ [D4e/D0�í��,	�D4p/D0�í�0;Õ® (F1+)(�"ŋê (F1-)];šĮģ Ĩ¹ű
!Ó½�ƿ!×°4ť�ǈ�Üƃ [D4e/D0�í�0, 	�D4p/D0�í�0, 	�ƿ![Ntr; Õ® (F2+) (�"ŋ
ê (F2-)]; šĮ���Ó½!)ŝŗ
×°�šĮ��Ó½ "ǓƐģ�!ŝŗ
žď�21ǈ�Üƃ[D4e/D0�í�
0, 	�D4p/D0�í��; Ĩ¹ű�Õ® (F3+) (�"Ĩ¹ű�ŋê (F3-)]; pro×Ŝ�!šĮģ ŝŗ
vġ�1ǈ�
Üƃ (d4e/d0ǲ 2)4UPǫŝŗ
�w�1ǈ�Üƃ (d4e/d0ǰ 0.5)4DOWNǫŝŗ
×±���ǈ�Üƃ (2ǲ d4e/d0
ǲ 0.5)4KEEP�Ɲƪ��Ǭ¼Frao!ƭŷ"Ë1-5B4´ŒǬ
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D0 D4p D4e d0 d4e D4p/D0 D4e/D0 d0/D0 d4e/D4e d4e/D0 d4e/d0 d4e/D4p
GA
-regulated

Fruit set
-regulated Pattern Group

Solyc05g008320 0.02 0.51 0.07 0.07 0.58 28.13 3.72 3.98 8.69 32.33 8.12 1.15 G2

Solyc01g090300 0.13 1.37 0.48 0.10 2.60 10.40 3.64 0.77 5.43 19.73 25.55 1.90 G1

Solyc04g014750 0.06 1.42 0.06 0.39 0.46 23.41 0.93 6.42 8.22 7.64 1.19 0.33 G2 F1+ KEEP Others

Solyc02g077170 0.35 2.83 0.12 0.65 1.67 8.04 0.34 1.86 13.92 4.74 2.55 0.59 G1 F2+ UP Others

Solyc09g056040 0.34 0.87 0.22 0.41 0.53 2.54 0.63 1.19 2.43 1.54 1.30 0.61 G3 F1+ KEEP Others

Solyc03g025240 0.54 2.71 0.03 1.84 2.40 5.00 0.05 3.40 81.86 4.43 1.30 0.89 G2 F2+ KEEP Others

Solyc07g053400 2.20 5.66 0.54 3.50 3.99 2.57 0.25 1.59 7.33 1.81 1.14 0.71 G3 F2+ KEEP Others

Solyc02g085190 0.85 1.18 0.19 0.72 1.00 1.39 0.22 0.84 5.37 1.18 1.40 0.84 G3 F3- KEEP Others

Solyc09g091300 31.92 111.98 15.71 72.19 20.10 3.51 0.49 2.26 1.28 0.63 0.28 0.18 F2+

Solyc09g056030 0.63 1.11 0.36 0.69 0.39 1.77 0.57 1.10 1.07 0.62 0.56 0.35

Solyc02g078090 5.22 178.90 62.22 2.31 17.36 34.29 11.92 0.44 0.28 3.33 7.51 0.10 G2

Solyc01g079560 0.06 0.61 0.00 0.00 0.14 9.76 0.00 0.00 #DIV/0! 2.31 #DIV/0! 0.24 F2+

Solyc03g020000 0.42 0.85 0.21 0.33 0.42 2.01 0.51 0.78 1.98 1.01 1.29 0.50 F1+

Solyc07g062320 0.00 1.26 0.00 0.00 0.00 1.25 1.00 1.00 #DIV/0! 1.00 1.00 0.00

Solyc03g031660 0.05 1.00 0.03 0.04 0.05 19.97 0.52 0.76 1.79 0.93 1.23 0.05 F1+

Solyc01g108380 0.43 4.99 0.07 0.59 0.07 11.48 0.17 1.36 0.95 0.16 0.12 0.01

Solyc08g080020 1.26 5.56 0.00 0.98 0.09 4.43 0.00 0.78 #DIV/0! 0.07 0.09 0.02

Solyc06g060450 0.73 1.60 0.11 0.16 0.17 2.21 0.15 0.22 1.50 0.23 1.06 0.10

Solyc05g010200 2.22 2.32 1.07 1.48 0.56 1.04 0.48 0.67 0.53 0.25 0.38 0.24 F3-

Solyc02g067630 0.00 0.13 5.83 0.00 1.67 1.00 5.83 1.00 0.29 1.67 1.67 12.43 G3 F3+ KEEP Others

Solyc04g007310 6.78 1.44 28.80 5.78 7.69 0.21 4.25 0.85 0.27 1.13 1.33 5.35 G3 F2- KEEP Others

Solyc01g008540 1.93 1.33 4.52 2.22 2.05 0.69 2.35 1.15 0.45 1.07 0.92 1.54 G3 F3+ KEEP Others

Solyc04g082520 0.75 0.28 2.25 0.86 0.47 0.37 2.99 1.14 0.21 0.62 0.55 1.67 G3

Solyc03g123970 0.28 0.12 1.41 0.31 0.10 0.43 5.03 1.11 0.07 0.37 0.33 0.87 G1

Solyc01g068440 2.21 0.26 7.92 1.12 1.10 0.12 3.59 0.51 0.14 0.50 0.98 4.23 G3

Solyc11g012650 4.79 2.94 16.46 2.26 2.22 0.61 3.44 0.47 0.14 0.46 0.98 0.76 G2

Solyc10g005170 2.89 8.65 13.88 1.86 3.18 2.99 4.79 0.64 0.23 1.10 1.71 0.37 G3

Solyc09g089960 20.50 49.72 43.33 15.18 4.17 2.43 2.11 0.74 0.10 0.20 0.27 0.08 G1

Solyc09g075110 146.68 111.36 58.94 138.43 114.13 0.76 0.40 0.94 1.94 0.78 0.82 1.02 F3-

Solyc02g087490 0.59 0.47 0.15 0.78 0.16 0.80 0.26 1.33 1.05 0.27 0.20 0.34 F3-

Solyc03g096190 1.41 0.43 0.49 2.55 0.22 0.31 0.35 1.82 0.45 0.16 0.09 0.51 G1

Solyc03g115350 0.21 0.00 0.00 0.62 0.02 0.00 0.00 3.04 #DIV/0! 0.10 0.03 #DIV/0!

Solyc01g090820 2.36 0.06 0.07 2.98 0.08 0.03 0.03 1.27 1.12 0.03 0.03 1.20

Solyc01g010600 20.12 0.00 0.98 22.12 0.02 0.00 0.05 1.10 0.02 0.00 0.00 #DIV/0! G1

Solyc04g074890 1.69 0.62 2.90 3.06 0.46 0.36 1.72 1.81 0.16 0.27 0.15 0.74 G1 F1- DOWN Group1

Solyc05g052440 2.87 0.08 6.17 0.95 0.54 0.03 2.15 0.33 0.09 0.19 0.56 6.84 G2 F2- KEEP Others

Solyc09g011280 14.81 4.47 29.24 12.33 2.07 0.30 1.97 0.83 0.07 0.14 0.17 0.46 G1 F1- DOWN Group1

Solyc06g070950 21.16 3.37 28.10 13.66 2.79 0.16 1.33 0.65 0.10 0.13 0.20 0.83 G1 F1- DOWN Group1

Solyc06g048400 18.57 0.37 29.14 6.60 2.25 0.02 1.57 0.36 0.08 0.12 0.34 6.07 G2 F1- DOWN Group2

Solyc07g007520 5.08 0.08 6.76 1.96 0.62 0.02 1.33 0.38 0.09 0.12 0.32 7.81 G2 F1- DOWN Group2

Solyc07g032700 0.88 0.39 1.23 0.42 0.05 0.44 1.41 0.48 0.04 0.05 0.11 0.12 G2 F1- DOWN Group2

Solyc06g073100 2.29 0.19 2.09 0.63 0.47 0.08 0.91 0.27 0.23 0.21 0.76 2.47 G2 F1- KEEP Others

Solyc11g005540 7.31 0.08 7.33 3.39 1.89 0.01 1.00 0.46 0.26 0.26 0.56 23.37 G2 F1- KEEP Others

Solyc02g022860 1.09 0.05 1.06 0.45 0.08 0.05 0.97 0.41 0.08 0.08 0.19 1.57 G2 F1- DOWN Group2

Solyc01g081360 23.03 0.04 15.83 8.84 1.06 0.00 0.69 0.38 0.07 0.05 0.12 29.57 G2 F1- DOWN Group2

Solyc01g106730 2.29 0.00 1.85 0.92 0.10 0.00 0.81 0.40 0.05 0.04 0.11 #DIV/0! G2 F1- DOWN Group2

Solyc04g058040 7.20 3.12 7.37 5.33 1.53 0.43 1.02 0.74 0.21 0.21 0.29 0.49 G1 F1- DOWN Group1

Solyc03g058330 2.50 0.00 2.83 1.66 0.16 0.00 1.13 0.66 0.06 0.06 0.10 #DIV/0! G1 F1- DOWN Group1

Solyc05g005240 86.85 0.11 77.61 50.60 1.49 0.00 0.89 0.58 0.02 0.02 0.03 12.99 G1 F1- DOWN Group1

Solyc01g095760 0.51 0.08 0.41 0.37 0.17 0.16 0.81 0.72 0.41 0.33 0.46 2.12 G1 F1- DOWN Group1

Solyc01g016530 0.90 0.13 0.41 0.42 0.10 0.14 0.45 0.47 0.25 0.12 0.25 0.82 G2

Solyc08g074920 2.51 0.06 0.94 1.44 0.25 0.02 0.37 0.57 0.26 0.10 0.17 4.13 G1

Solyc04g072870 1.54 0.00 0.64 0.76 0.10 0.00 0.42 0.50 0.16 0.07 0.14 #DIV/0! G2

Solyc10g044690 3.33 0.11 2.09 2.15 0.30 0.03 0.63 0.65 0.15 0.09 0.14 2.89 G1 F1- DOWN Group1

Solyc07g064780 4.09 0.00 2.43 2.11 0.21 0.00 0.59 0.51 0.09 0.05 0.10 #DIV/0! G1 F1- DOWN Group1

Solyc11g043160 2.91 0.04 1.51 1.50 0.14 0.01 0.52 0.51 0.09 0.05 0.09 3.18 G1 F1- DOWN Group1

Solyc09g089590 9.44 2.95 6.46 6.97 0.83 0.31 0.68 0.74 0.13 0.09 0.12 0.28 G1 F1- DOWN Group1

Solyc09g011290 64.64 6.05 41.13 55.93 4.74 0.09 0.64 0.87 0.12 0.07 0.08 0.78 G1 F1- DOWN Group1

Solyc08g015750 1.09 0.32 0.69 0.84 0.32 0.29 0.63 0.77 0.47 0.29 0.38 1.02 G1 F1- DOWN Group1

Solyc04g074320 7.75 0.40 3.46 4.92 0.13 0.05 0.45 0.64 0.04 0.02 0.03 0.32 G1

Solyc10g017990 2.02 0.16 0.91 1.62 0.09 0.08 0.45 0.81 0.10 0.04 0.05 0.55 G1

Solyc11g005500 5.87 0.28 1.81 1.62 0.96 0.05 0.31 0.28 0.53 0.16 0.59 3.48

Solyc01g104390 25.55 1.67 7.18 15.37 1.39 0.07 0.28 0.60 0.19 0.05 0.09 0.83 G1

Solyc05g010190 65.04 0.16 18.58 29.90 1.49 0.00 0.29 0.46 0.08 0.02 0.05 9.33 G2

Solyc08g082260 0.95 0.00 0.16 0.40 0.00 0.00 0.17 0.42 0.00 0.00 0.00 #DIV/0! G2

Solyc06g075200 11.22 0.51 1.25 5.57 0.15 0.05 0.11 0.50 0.12 0.01 0.03 0.29 G2

Solyc02g093540 1.03 0.32 0.60 0.45 0.11 0.31 0.58 0.44 0.18 0.11 0.25 0.35 G2 F1- DOWN Group2

Solyc04g008670 1.08 0.12 0.50 0.32 0.05 0.11 0.46 0.30 0.10 0.05 0.16 0.43 G2

Solyc11g072650 0.89 0.40 0.59 0.40 0.02 0.45 0.67 0.44 0.03 0.02 0.05 0.05 G2 F1- DOWN Group2

Solyc10g051370 19.17 1.74 16.78 22.41 1.36 0.09 0.88 1.17 0.08 0.07 0.06 0.78 G1 F1- DOWN Group2

Solyc02g069330 8.66 0.03 4.06 9.08 0.16 0.00 0.47 1.05 0.04 0.02 0.02 5.00 G1

Solyc05g052530 2.14 0.58 0.02 1.04 0.04 0.27 0.01 0.48 1.85 0.02 0.04 0.07

ITAG ID
RatioRPKM value
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(Ezura et al. 2017)

図1-1. トマトの様々な組織の網羅的遺伝子発現解析 (江面，修士論文，2015)
A) Ʀĭ Ś��17FraoǬıǦÉà!Frao���ĖŨû3ǂǔ!ĪƖǫĖŨû1ǂǔ!ÜƖǫƓǫĳ4Ś�

�ǬuĞǫ13�!řĿÉàFrao���2−2.5 mm ƚśĬ!ǝƙǫ3-4 mmƚśĬ!ǝƙµ#ǜƙǫǓƐ1Ġª!

ǝƙµ#ǜƙǫǓƐĠ!ǝƙǫǜƙǫƐóµ#ƕǫǓƐ5Ġû!ÜćǫǓƐ7Ġş!ÜćǫſœħĮãǫƷœħĮ

ã4Ś��ǬB) RNAGtA<rGrB!ƦĭĉǢǬntT"ĴÐŨSfS’Heinz 1706’!n_6prIDYh 

CLC Genomic Workbench4Ś��fP^rB��Ǭ

A) B)
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(Ezura et al. 2017)

図1-2. トマトの雌蕊特異的発現遺伝子の選抜
A) 17Frao!RNAGtA<rGrBRtN4§Ś��!{Ć££ĭǬǝƙ (P)ǫƗ (A)ǫǓƐª (DBF)ǫǓƐû

(DAF)ǬB) �Ɵǈ�Ü!Ǉč�ZntRtGlrǬ17Frao!ǈ�ÜŝŗRtN4Ś��ǫǝƙśĬFrao!

ê���,ǭ��RPKM ǲ 0.5�ǫ	��!�!Frao�RPKM ǰ 0.5!ŝŗ4ť�ǈ�Üƃ4Ǉč�� (532ǈ

�Ü)Ǭ��RtN (Pattison et al., 2015)4Ś��ǝƙ�!ŝŗ4ŤƮ�� (206ǈ�Ü)Ǭ(�ǫıǦÉàsřĿÉà

4À*ĸ��ŸƁ!ŝŗRtN�ŝŗ
ŤƮ�2�ǈ�Üƃ (376ǈ�Ü) !�ǫıǦÉàFrao�ŝŗ!��ǈ

�Üƃ4Ǉč�� (275ǈ�Ü)Ǭǝƙ�!ŝŗ
ŤƮ���ǈ�Üƃ�ıǦÉà�!ŝŗ
Ƣ/2�	��ǈ�Ü

ƃ4łƽ�ǫ�ǀ�ÞÌ���1ǈ�Ü4ǝƙŕŜŞǈ�Ü (PSGs) ���Ǉč��ǬC) PSGs!\tSfPaǬ

\tSfPa"ǫŝŗǐ4log2×Ē��Ě�4Ś�MeV��Ć��ǬAmINnrB�"ǫPeason CorrelationŅ4

Ś��Ǭǝƙ (P)ǫƗ (A)ǫǓƐª (DBF)ǫǓƐû (DAF)Ǭ D) Gene Ontology (GO) ƦĭǬ AgriGO

(http://bioinfo.cau.edu.cn/agriGO/) 4Ś��7YQtGlr!����152ǈ�Ü4Ʀĭ��ǬCarboxylesterase

activity (GO:0004091) À(21ǈ�Ü
Çu�� Ø�À(2�．

A)

D)

B)

C)
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A)

B)

胚珠及び胚
優先的発現遺伝子

図1-3. トマトの雌蕊特異的発現遺伝子 (PSGs) の細胞種別の発現パターン
A) ǏřŨSfS (S. pimpinellifolium) !ǝƙ�!ŷƉŨ¦ŝŗ[NtrǬØ�!PSGs"ƈŖ,��"ŨÜ��Ş�

ŝŗ4ť��Ǭ\tSfPa"ǫ��RtN (Pattison et al., 2015) 	/Ĉý��ŝŗǐ4log2×Ē��Ě�4Ś�

MeV��Ć��ǬAmINnrB�"ǫPeason CorrelationŅ4Ś��ǬOPEǫovule preferentially expressed genes (ƈ

Ŗ��Şŝŗǈ�Ü); EPEǫembryo preferentially expressed genes (ƈ��Şŝŗǈ�Ü)ǬB) OPEsǫEPEsµ#3�!

ƻ ÊÜ (TF) [SlATHB13/23-like (Solyc01g010600), SlINO (Solyc05g005240), SlTT1 (Solyc10g051370)]!ŝŗƦĭǬRT-

PCR .0ŝŗ4Ʊİ�ǫ'�5�!ǈ�Ü
ǝƙŕŜŞ�ŝŗ[Ntr4ť��Ǭ�ÌāErSqtoǈ�Ü�

��SAND4Ś��Ǭǝƙ (P)ǫƗ (A)ǫǓƐª (DBF)ǫǓƐû (DAF)Ǭ

(Ezura et al. 2017)
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(Ezura et al. 2017)

図1-4. 選抜された雌蕊特異的なシステインリッチペプチド (CPRs) とLRR-RLK様遺伝子
TAPETUM DETERMINANT 1 (TPD1) ĸǈ�Üǫ2�!EGG CELL 1 (EC1) ĸǈ�Üǫĝƣ!CYSTEINE RICH

PEPTIDE (CRP) ĸǈ�Ü
ŝƢ�2�Ǭ(�ǫpKaNtĸNr[Aƶ4EtT�1OVULE-PREFERENTIALLY

EXPRESSED 5 (OPE5) �.#q9GrnPOn^tSpKaNtm9A@UtL (LRR-RLK) ĸǈ�Ü
ŝƢ�2

�ǬƌƵǀǣÏ (Transmembrane) µ#£ńGBUo (Secreted signal) !�Ƃ"SignalP4Ś��|ō��Ǭq9Gr

nPOn^tSTi9r (LRR) µ#Knr/Ip=VraqQ9r@UtLTi9r (Serine/threonine protein kinase

domain)"NCBI CDDCD-search (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)4Ś��|ō��Ǭ
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図1-5. トマトの雌蕊特異的発現遺伝子 (PSGs) の開花日及び開花後4日目での発現
Űë/ (ĨŝƝ) !RNAGtA<rIRtN4Ś��PSGs!šĮģħǝƙ�!ŝŗ�Hbpnr (Gibberellic acid,

GA) GBUo%!Āŭā4Ʀĭ��ǬA) ÜćF9JǬǓƐĠµ#ǓƐû4Ġş!ǏřÎ (WT) �procera×Ŝ� (pro)

!Üć!ĥÙĺú4ƨō�ǫtĶá4Ś��ĦĄí!Ħő4Ʊ&�Ǭ(nǲ 30;��, p-value < 0.01; n.s.,ĦĄí��)Ǭ

B) PSGs!GAGBUoĀŭā!Ʀĭ Ś��Frao!ŝǆIQtHǬD0, ǏřÎ-ǓƐĠ; D4pǫǏřÎ-ǓƐ4Ġ

(¹ű�0); D4eǫǏřÎ-ǓƐ4Ġ (¹ű��); d0ǫpro×Ŝ�-ǓƐĠ; d4eǫpro×Ŝ�-ǓƐ4Ġ (¹ű��)ǬC) 72�!

PSGs!ŝŗ[NtrǬŝŗ!ŤƮ�2�PSGs [1Frao�v�ŝŗ (RPKM ǲ 0.5) 
ŤƮ���ǈ�Üƃ]ǫGAĀ

ŭǈ�Ü [ǓƐĠ(�"ǓƐ4Ġû!Frao�ǏřÎ�łƽ��pro×Ŝ��ŝŗ4ť��ǈ�Üƃ]ǫšĮĀŭǈ

�Ü [ǏřÎ�Ĩ¹űģ�łƽ��šĮģ ǫ×°,��"ŝŗ
žď�2�ǈ�Üƃ]Ǭ¼Ě�"ǈ�ÜĚ4ť�Ǭ

c7!łƽ�ǫ2��v,��"1/2�w!ŝŗí4ť��ǈ�Ü4ŝŗ
×°�ǈ�Ü���Ǭ
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図1-5. トマトの雌蕊特異的発現遺伝子 (PSGs) の開花日及び開花後4日目での発現 (続き)
Űë/ (Ĩċũ ) !RNAGtA<rIRtN4Ś��ǫPSGs!šĮģħ!Üć �1ŝŗ!Hbpnr

(Gibberellic acid, GA) GBUo%!Āŭā4Ʀĭ��ǬD) 72�!PSGs!ŝŗ[NtrǬ1Frao�v�ŝŗ

(RPKM ǲ 0.5) 
ŤƮ���ǈ�Ü!ŝŗ[Ntr4\tSfPa�ť��ǬGENE-E4Ś�Peason correlationŅ�

AmINnrB��ǬD0, ǏřÎ-ǓƐĠ; D4pǫǏřÎ-ǓƐ4Ġ (¹ű�0); D4eǫǏřÎ-ǓƐ4Ġ (¹ű��); d0ǫ

pro×Ŝ�-ǓƐĠ; d4eǫpro×Ŝ�-ǓƐ4Ġ (¹ű��); IǫšĮsGAGBUo�ŝŗ�ǃ; IIǫšĮsGAGBUo�

ŝŗžď; IIIǫšĮsGAGBUo�ŝŗĊ¨Ǭ\tSfPa"ǫ¼ǈ�Ü��!ĥÙ��.#ĥé�4�2�2ǩ

Ə�.#ǟƏ ƫá��ģ!Šçŝŗǐ4ť�ǬRPKM, Reads per kilobase of exon model per millionmapped readsǬ

D)

III

II

I

相対発現量

低 高

Solyc05g008320 0.02 0.51 0.07 0.07 0.58 Fasciclin-like arabinogalactan protein (AHRD V1 ***- B9N201_POPTR)

Solyc01g090300 0.13 1.37 0.48 0.10 2.60 Ethylene responsive transcription factor 1b (AHRD V1 *-*- C0J9I8_9ROSA)

Solyc04g014750 0.06 1.42 0.06 0.39 0.46 TNFR/CD27/30/40/95 cysteine-rich region (AHRD V1 ***- Q2HT38_MEDTR)

Solyc02g077170 0.35 2.83 0.12 0.65 1.67 X1 (Fragment) (AHRD V1 *--- Q7FSP8_MAIZE)

Solyc09g056040 0.34 0.87 0.22 0.41 0.53 Ubiquitin-protein ligase 1 (AHRD V1 ***- Q5CHN2_CRYHO)

Solyc03g025240 0.54 2.71 0.03 1.84 2.40 Multidrug resistance protein mdtK (AHRD V1 *--- MDTK_YERP3)

Solyc07g053400 2.20 5.66 0.54 3.50 3.99 Unknown Protein (AHRD V1)

Solyc02g085190 0.85 1.18 0.19 0.72 1.00 GATA transcription factor 19 (AHRD V1 *-** B6TS85_MAIZE)

Solyc09g091300 31.92 111.98 15.71 72.19 20.10 Self-incompatibility protein (Fragment) (AHRD V1 -**- C8C1B5_9MAGN)

Solyc09g056030 0.63 1.11 0.36 0.69 0.39 Unknown Protein (AHRD V1)

Solyc02g078090 5.22 178.90 62.22 2.31 17.36 Unknown Protein (AHRD V1)

Solyc01g079560 0.06 0.61 0.00 0.00 0.14 B3 domain-containing protein Os11g0197600 (AHRD V1 ***- Y1176_ORYSJ)

Solyc03g020000 0.42 0.85 0.21 0.33 0.42 Pentatricopeptide repeat-containing protein (AHRD V1 *-*- D7L041_ARALY)

Solyc07g062320 0.00 1.26 0.00 0.00 0.00 Unknown Protein (AHRD V1)

Solyc03g031660 0.05 1.00 0.03 0.04 0.05 Unknown Protein (AHRD V1)

Solyc01g108380 0.43 4.99 0.07 0.59 0.07 Protease inhibitor protein (AHRD V1 -**- B3FNP9_HEVBR)

Solyc08g080020 1.26 5.56 0.00 0.98 0.09 Serine protease inhibitor potato inhibitor I-type family protein (AHRD V1 ***- D7LT19_ARALY)

Solyc06g060450 0.73 1.60 0.11 0.16 0.17 Transmembrane emp24 domain-containing protein 10 (AHRD V1 ***- B6SSF8_MAIZE)

Solyc05g010200 2.22 2.32 1.07 1.48 0.56 Unknown Protein (AHRD V1)

Solyc02g067630 0.00 0.13 5.83 0.00 1.67 Polygalacturonase 1 (AHRD V1 ***- O22311_SOLLC)

Solyc04g007310 6.78 1.44 28.80 5.78 7.69 Thaumatin-like protein (AHRD V1 ***- C1K3P2_PYRPY)

Solyc01g008540 1.93 1.33 4.52 2.22 2.05 Cinnamoyl CoA reductase-like protein (AHRD V1 ***- B9HNY0_POPTR)

Solyc04g082520 0.75 0.28 2.25 0.86 0.47 Ring zinc finger protein (Fragment) (AHRD V1 *--- A6MH00_LILLO)

Solyc03g123970 0.28 0.12 1.41 0.31 0.10 Lipid-binding serum glycoprotein family protein (AHRD V1 *-*- D7LAX8_ARALY)

Solyc01g068440 2.21 0.26 7.92 1.12 1.10 Os06g0207500 protein (Fragment) (AHRD V1 ***- Q0DDQ9_ORYSJ)

Solyc11g012650 4.79 2.94 16.46 2.26 2.22 TPD1 (AHRD V1 *-*- Q6TLJ2_ARATH)

Solyc10g005170 2.89 8.65 13.88 1.86 3.18 Purine permease (AHRD V1 *--* B6TET5_MAIZE)
Solyc09g089960 20.50 49.72 43.33 15.18 4.17 HAT family dimerisation domain containing protein (AHRD V1 *-*- Q2R1C3_ORYSJ)

Solyc09g075110 146.68 111.36 58.94 138.43 114.13 Unknown Protein (AHRD V1)

Solyc02g087490 0.59 0.47 0.15 0.78 0.16 Prolyl 4-hydroxylase alpha subunit-like protein (AHRD V1 ***- Q9LSI6_ARATH)

Solyc03g096190 1.41 0.43 0.49 2.55 0.22 Receptor like kinase, RLK

Solyc03g115350 0.21 0.00 0.00 0.62 0.02 Expansin 2 (AHRD V1 ***- C0KLG9_PYRPY)

Solyc01g090820 2.36 0.06 0.07 2.98 0.08 Expansin B1 (AHRD V1 ***- C8CC40_RAPSA)

Solyc01g010600 20.12 0.00 0.98 22.12 0.02 Homeobox-leucine zipper-like protein (AHRD V1 *-*- Q3HRT1_PICGL)

Solyc04g074890 1.69 0.62 2.90 3.06 0.46 Unknown Protein (AHRD V1)

Solyc05g052440 2.87 0.08 6.17 0.95 0.54 Os03g0291800 protein (Fragment) (AHRD V1 **-- Q0DSS4_ORYSJ)

Solyc09g011280 14.81 4.47 29.24 12.33 2.07 Unknown Protein (AHRD V1)

Solyc06g070950 21.16 3.37 28.10 13.66 2.79 ATP-binding cassette (ABC) transporter 17 (AHRD V1 ***- Q4H493_RAT)

Solyc06g048400 18.57 0.37 29.14 6.60 2.25 Unknown Protein (AHRD V1)

Solyc07g007520 5.08 0.08 6.76 1.96 0.62 Unknown Protein (AHRD V1)

Solyc07g032700 0.88 0.39 1.23 0.42 0.05 Unknown Protein (AHRD V1)

Solyc06g073100 2.29 0.19 2.09 0.63 0.47 GDSL esterase/lipase At3g27950 (AHRD V1 ***- GDL54_ARATH)

Solyc11g005540 7.31 0.08 7.33 3.39 1.89 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ)

Solyc02g022860 1.09 0.05 1.06 0.45 0.08 FAD-binding domain-containing protein (AHRD V1 **-- D7MFI0_ARALY)

Solyc01g081360 23.03 0.04 15.83 8.84 1.06 Unknown Protein (AHRD V1)

Solyc01g106730 2.29 0.00 1.85 0.92 0.10 MADS box transcription factor 1 (AHRD V1 *-*- D9IFM1_ONCHC)

Solyc04g058040 7.20 3.12 7.37 5.33 1.53 Laccase (AHRD V1 ***- Q9AUI3_PINTA)

Solyc03g058330 2.50 0.00 2.83 1.66 0.16 Unknown Protein (AHRD V1)

Solyc05g005240 86.85 0.11 77.61 50.60 1.49 YABBY-like transcription factor CRABS CLAW-like protein (AHRD V1 **-* Q6SRZ7_ANTMA)

Solyc01g095760 0.51 0.08 0.41 0.37 0.17 UDP-glucosyltransferase (AHRD V1 ***- Q8LKG3_STERE)

Solyc01g016530 0.90 0.13 0.41 0.42 0.10 Unknown Protein (AHRD V1)

Solyc08g074920 2.51 0.06 0.94 1.44 0.25 Aspartic proteinase nepenthesin I (AHRD V1 **-- A9ZMF9_NEPAL)

Solyc04g072870 1.54 0.00 0.64 0.76 0.10 Beta-D-xylosidase (AHRD V1 **** Q8W011_HORVU)

Solyc10g044690 3.33 0.11 2.09 2.15 0.30 Annexin (AHRD V1 ***- D2D2Z9_GOSHI)

Solyc07g064780 4.09 0.00 2.43 2.11 0.21 Unknown Protein (AHRD V1)

Solyc11g043160 2.91 0.04 1.51 1.50 0.14 Endo-1 4-beta-xylanase (AHRD V1 ***- B6SW51_MAIZE)

Solyc09g089590 9.44 2.95 6.46 6.97 0.83 Ramosa1 C2H2 zinc-finger transcription factor (AHRD V1 *-*- D0UTY8_ZEAMM)

Solyc09g011290 64.64 6.05 41.13 55.93 4.74 Invertase inhibitor homolog (AHRD V1 ***- O49603_ARATH)

Solyc08g015750 1.09 0.32 0.69 0.84 0.32 F-box family protein (AHRD V1 ***- B9I6K2_POPTR)

Solyc04g074320 7.75 0.40 3.46 4.92 0.13 Zinc finger protein (AHRD V1 *--- D7KHP2_ARALY)

Solyc10g017990 2.02 0.16 0.91 1.62 0.09 Cytokinin oxidase/dehydrogenase 2 (AHRD V1 *-** C0LPA7_SOLTU)

Solyc11g005500 5.87 0.28 1.81 1.62 0.96 ECA1 protein (AHRD V1 *-*- Q53JF8_ORYSJ)

Solyc01g104390 25.55 1.67 7.18 15.37 1.39 Blue copper protein (AHRD V1 **-- B6TT37_MAIZE)

Solyc05g010190 65.04 0.16 18.58 29.90 1.49 Unknown Protein (AHRD V1)

Solyc08g082260 0.95 0.00 0.16 0.40 0.00 Integrin-linked kinase-associated serine/threonine phosphatase 2C (AHRD V1 **** ILKAP_RAT)

Solyc06g075200 11.22 0.51 1.25 5.57 0.15 Unknown Protein (AHRD V1)

Solyc02g093540 1.03 0.32 0.60 0.45 0.11 Cytochrome P450

Solyc04g008670 1.08 0.12 0.50 0.32 0.05 Gibberellin 2-beta-dioxygenase 7 (AHRD V1 **** B6SZM8_MAIZE)

Solyc11g072650 0.89 0.40 0.59 0.40 0.02 Trans-2-enoyl CoA reductase (AHRD V1 **-- C5MRG3_9ROSI)

Solyc10g051370 19.17 1.74 16.78 22.41 1.36 LRR receptor-like serine/threonine-protein kinase, RLP

Solyc02g069330 8.66 0.03 4.06 9.08 0.16 Unknown Protein (AHRD V1)

Solyc05g052530 2.14 0.58 0.02 1.04 0.04 Endoglucanase 1 (AHRD V1 ***- B6U0J0_MAIZE)
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図1-6. 雌蕊特異的GA応答遺伝子 (Pistil-specific GA-responsive genes; PS-GRGs)
šĮ Ǖǁ��SlDELLA4���Hbpnr (Gibberellic acid, GA) GBUo .01¨þ
ťÆ�2�ǝƙŕŜŞŝŗǈ�Ü!
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Üć!ŝǆIQtH4ť�ǬDBAǫdays before anthesis (ǓƐª) ; DAAǫdays after anthesis (ǓƐû); pǫ¹ű�0; eǫǘǜ (¹ű�

�)ǬƷįǫGAGBUo .��ŝŗ
�ǃ�2�ǈ�Ü; ǟįǫGAGBUo .��ŝŗ
ǓƐû Ċ¨�2�ǈ�ÜǬ

RPKM, Reads per kilobase of exon model permillion mapped readsǬ
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図1-7. インベルターゼインヒビター様遺伝子は着果に関連した発現パターンを示す
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A)

C)

B)

図1-8. EGG CELL 1 (EC1)様遺伝子の雌蕊特異的発現遺伝子の選抜
A) ³Ǟ�2�EC1ĸǈ�Ü!ŸƁ¦ŝŗǬ�ÌāErSqtoǈ�Ü (Control) "SAND4Ś��ǬEC1"ǓƐģħ
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図1-10. 第１章の解析のまとめ
Īţū�ǫšĮ Ǖǁ��SlDELLA4���Hbpnr (Gibberellic acid, GA) GBUo .0Ưè�21ŝŗ[

Ntr4ť�ǝƙŕŜŞǈ�Ü (PS-GRGs)
³Ǟ�2�Ǭ³Ǟ�2�ǈ�Ü"ƈŖµ#ƈ���Ş�ŝŗ4ť�ǫ

GAGBUo .��"Ċ¨Ş�¨þ4¹���ǬļƊĨŢ!ǈ�Ü
Ù²��1
ǫƈŖ!ŝǆ-¹Ų Ǖ3

1ǈ�Ü!djqB,À(2�ǬSlDELLA4���GAGBUo .1¨þ4ťÆ�1�¾ģ ǫprocera ×Ŝ�-

pat-2�!ĐŨā!�w!ơÊ%�2/!ǈ�Ü
Ǖy���1ºƊā4ťÆ�1Ǭ

PSGs : 108 遺伝子

組織別トランスクリプトーム解析

細胞種別発現データ

胚珠及び種子優先的発現遺伝子が多数

procera変異体発現データ

GAシグナルとの関連の評価

着果との関連性
開花後抑制：14 遺伝子
恒常的に抑制：8 遺伝子
その他：12 遺伝子

機能未知遺伝子が多数単離された
胚珠発達・受精関連遺伝子がprocera変異体で変動した
抑制的な制御を受ける遺伝子が６割以上であった

SlDELLA依存的なGAシグナルで
誘導される着果に関連したPSGs
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図2-1. GA受容体GIBBERELLIN INSENSITIVE DWARF 1 (GID1) ファミリーの系統樹
Hbpnr (Gibberellic acid, GA)¹å�GID1_6gntNr[Aƶ!ŴżĻǬ¶ÜƖǤ!GA¹å�"GID1acN9a

�.#GID1bN9a!F`Bota £Ǥ�21ǬSfS"1�!GID1acN9a�2�!GID1bN9a!GA¹å�ǈ

�Ü4ď�Ǭuǉ!irZt (�)"ǫGAǠ�ÞŞ DELLA�Š}�Ś�1 (Yamamoto et al., 2010)ǬAt, Arabidopsis

thaliana; Os,Oryza satiba; Gm,Glycine max; Br, Brassica rapa; VIT, Vitis vinifera; Sk, Selaginella kraussianaǬ

*

*

*

dicot GID1b group

dicot GID1ac group

*

*

*
*

����GIDb����

����GIDac����
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図2-2. GA受容体GIBBERELLIN INSENSITIVE DWARF 1 (GID1) ファミリーのアラインメント
A) Hbpnr (Gibberellic acid, GA) ¹å�GID1_6gntNr[Aƶ!7gYǌǊ¤!7m9rirSǬSfS

"2�!GID1bN9a�ǫ1�!GID1acN9a!GA¹å�4ď�ǬGA�!Ńŵź½ (Ʒ) µ#�!�!ź½ (ǩ)  

Ǖ317gYǌ4ť��Ǭ(�ǫDELLA�!GAǠ�ÞŞ�ź½ Ǖy�1otaǣÏ (ſį) 4ť��ǬB) ot

aǣÏÂƾ!Ǌ¤ǬřŔǔ�,řŔ��,Ǌ¤!�Þā
��ǬAt, Arabidopsis thaliana; Os, Oryza sativa; Gm,

Glycine max; Br, Brassica rapa; VIT, Vitis vinifera;, Sk, Selaginella kraussianaǬ

A)

B)
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図2-3. GA受容体GIBBERELLIN INSENSITIVE DWARF 1 (GID1) ファミリー遺伝子のトマトでの発現
A)SfSÅŨ ‘Heinz 1706’�!ŝŗ (Tomato genome consortium, 2012).ſœħ (MG)ǫ`pt>tšĮã (B)ǬB) S

fSÅŨ ‘Micro-Tom’�!ŝŗ (Ezura et al., 2017).ǝƙ (P)ǫƗ (A)ǫǓƐª (DBF)ǫǓƐû (DAF)ǬC) SfSÅŨ

‘Moneymaker’!ǝƙ�!ŝŗ (Zhang et al., 2017). ov, ovule (ƈŖ); ow, ovary wall (ÜćÖ); DPA, days after pollination

(¹űûĠĚ)Ǭ0 DPA"¹űª!���śĬFraoǬRPKM, Reads per kilobase of exon model per million mapped

readsǬ
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図2-4. Yeast Two Hybrid (Y2H) システム
IQPa1) ǋŁ!÷ƶƻĒ�÷ƶƻĒŷƉ!ǇčǬBaitbANtµ#PreybANt "�2�2q9Grř½Ćǋŵ

ǈ�Ü (LEU2) µ#SnaS_6rř½Ćǋŵǈ�Ü (TRP1) 
EtT�2��0ǫ�2/!ǋŵ
ĽĔ���1ǋ

ŁPJ69-4AĲ"ǫ2�!bANt
è��2�Ó½�!)SD-WLÐÍv�řƇ��1ǬĹŞNr[Aƶ "ǫGAL4ś

ĬDNAź½Ti9r (GAL4-BD) ,��"GAL4śĬƻ ņā±Ti9r (GAL4-AD) 4�2�2ƛ½���1ǬI

QPa2) BaitNr[Aƶ!=tS7AObtGlrņā!ŤƮǬŠ}�Ś�1PreyNr[Aƶ4¾ģ è����Ó

½�,ǫ=tS7AObtGlrņā4ď�Nr[Aƶ (X2) 4Bait���§Ś�1�SD-WLHÐÍ�řƇ�1ǬI

QPa3) Š}�Ś!Ƭ�ǬǋŁPJ69-4AĲ"\IOHrř½ĆǕǁǋŵǈ�Ü (HIS3) 
ĽĔ���1�+ǫŠ}�

Ś
Ƹ�0HIS3!ŝŗ
Ưè�21Ó½ !)SD-WLHÐÍv�řƇ�1ǬIQPa4) Š}�Ś!öñ!Ƭ�ǬŠ

}�ŚƬ�ÐÍ%3-amino-1,2,4-triazol (3-AT) 4Ŋ®�1���ǫNr[Aƶ!Š}�Ś .��Ưè�21HIS3!

ņā4Ŋ®ǐ�ÞŞ Ǘä��1Ǭ�2 .0ǫŠ}�Ś
ö�Ÿ)½3�'�ŏ�3-ATŏñw�,ŷƉ
řƇ�

�1�+ǫŠ}�Ś!öñ
ĶƩ��1Ǭ
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ステップ１. 形質転換及び形質転換酵母の選抜
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ステップ４. タンパク質間相互作用の強度の評価
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図2-5. SlDELLAのオートアクチベーション活性
=tS7AObtGlrņā!Ħő!ŤƮãǧǬSlDELLA!EtR8rBǣÏ�ǒ4AqtVrB��pDEST32b

9SbANt (SlDELLA-bait) �pDEST22ap9bANt (empty-prey) �� ǋŁPJ69-4AĲ%è��1�ǫErS

qtoÐÍ��1SD–Leu–Trp aptS (SD-WL)ǫǇčÐÍ��1SD–Leu–Trp-HisaptS (SD-WLH) �.#SD–

Leu–Trp–His–Ade aptS (SD-WLHA) v�!řƇ
ŤƮ�2� (aptSvǉ )ǬuĞ�ǫempty-baitµ#

SlDELLA-prey!Ÿ)½3��"ǫSD-WL!)�ǋŁ!řƇ
ŤƮ�2�ǬaptS Ɣ4ĕ¸�ǫ30°C�3ĠǔÐ

Ǧû ƥæ��Ǭ(n = 2)Ǭ

-WL  

-WLH -WLHA 

SlDELLA × empty 

empty × SlDELLA

SlDELLA-bait x 
empty-prey

empty-bait x 
SlDELLA-prey
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(Shinozaki et al. unpublished)

図2-6. sldella変異体
ǏřÎ (WT)�łƽ��ǫsldella×Ŝ� (proǫpro-2)"Hbpnr (Gibberellic acid, GA) GBUo~ǃ ��üǒ4

ť�Ǭpro-2×Ŝ�"SlDELLA!GRASTi9r�!SAWTi9r ×Ŝ (L567F)ǫpro×Ŝ�"SlDELLA!GRAST

i9r�!VHIIDTi9r ×Ŝ (V302E) 4Ħ�1ǬĖŨû6ǂǔ!ĵŔ�ǬICtoZt = 1 cmǬaa, amino acid

(7gYǌ)Ǭ

GRAS domainGA perception domain

588 aa1

PFYRE SAWPolyS/T KLEDELLA LHRII VHIID LHRI

V302E
(pro)

L567F
(pro2)
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図2-7. SlDELLAとSlGID1sの相互作用またpro変異及びpro2変異の影響
A) ǋŁ÷ƶƻĒ� (PJ69-4AĲ) !SD–Leu–Trp (SD-WL) aptS (ErSqtoÐÍ) (�"SD–Leu–Trp–His–Ade 

(SD-WLHA) aptS�!řƇǬBǪǋŁ÷ƶƻĒ� (PJ69-4AĲ) !3-amino-1,2,4-triazole (3-AT) Ŋ® SD–Leu–Trp-

His (SD-WLH) aptS�!řƇǬC) ǋŁ÷ƶƻĒ� (PJ69-4AĲ) !3-ATŊ® SD–WLH +100 µM GA3aptS�!

řƇǬSlGID1_6gntirZt4BaitǫSlDELLA�.#Zn7rS4Prey Ś��Ǭ30°C�5ĠǔÐǦû ėøǬ

(n = 2)Ǭ

A)

B)

C)

SlGID1b-2 

SlGID1ac

SlGID1b-1
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SD-Trp-Leu-His-AdeSD-Trp-Leu

Prey  

Bait  
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SlGID1b-1
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SD-Trp-Leu-His

Prey  

Bait  

3-AT 20 mM3-AT 0 mM 3-AT 50 mM

SlGID1b-2 

SlGID1ac

SlGID1b-1

empty 

SD-Trp-Leu-His+GA

Prey  

Bait  

3-AT 20 mM3-AT 0 mM 3-AT 50 mM
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SlDELLAWT SlDELLApro2

with GA (100 μM)

without GA

SlDELLApro

SD-WLHで生育
SD-WLH + 3-AT (20 mM) で生育

SD-WLH + 3-AT (50 mM) で生育
SD-WLHでわずかに生育

no no
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SlGID1b-1
SlGID1b-2

SlGID1ac

SlGID1b-1
SlGID1b-2

SlGID1ac

no SD-WLHで生育しない

図2-8. SlDELLAとSlGID1sの相互作用
SlDELLA"Hbpnr (Gibberellic acid, GA) ǠÞÌw�3�!GA¹å�SlGID1s�Š}�Ś�1ǬSlGID1ac"GAÞ

Ìwµ#GAǠÞÌw¶Ğ�ö�SlDELLA�Š}�Ś�1ǬSlGID1b-1µ#SlGID1b-2"ǫGAǠÞÌ	�łƽ��

GAÞÌw�SlDELLA�!Š}�Ś
ö(1ǬSlDELLApro2"SlGID1s�!Š}�Ś
�w���1�ťÆ�21Ǭ

SlDELLApro"Š}�Ś
�w���1	ǫŝŗ
�w���1	ǫ,��"Nr[Aƶ!ßáā
�w���1�

ťÆ�21Ǭ
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図2-9. SlDELLA相互作用因子のスクリーニング
IAntVrB1) SlDELLA!GRASTi9r À(212�!F`Ti9r (PFYRETi9rǫSAWTi9r) 4Bait

 ǫSfSǝƙ!StNoRNA.0�Ć��cDNAm9`mnt4Ś��Ǉč��ǬMatchmaker system (Clontech,

USA) 4§Ś��ǬIAntVrB2) DELLA!GRASTi9r�ǒ4Bait ǫSfSĮã!StNoRNA.0�Ć�

�cDNAm9`mnt4Ś��Ǉč��ǬULTImate Y2H SCREEN (Hybrigenics SA, France) 4§Ś��ǬDELLA-

INTERACTING PROTEINs, DIPs; aa, amino acidǬ

PFYRE (109 aa) GRAS domain (393 aa) 

雌蕊由来cDNAライブラリー 果実由来cDNAライブラリー

スクリーニング 1 スクリーニング 2
SAW (79 aa) 

× × ×

Matchmaker system ULTImate Y2H SCREEN

20 遺伝子 37 遺伝子

DELLAドメイン：DELLAの分解機構
GRASドメイン：DIPsとの相互作用

SlDELLAの二次構造と機能ドメイン
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図2-10. SAMSsとSlDELLAの相互作用の検証1
A):<INr`qPQ8rBãǧǬBaitbANt (ì)µ#PreybANt (»)!ŝŗǮBait"HAČ�ǫPrey"FLAG

Č�4Ś��Nr[Aƶ!Ķ¢4Ɯ�ǫBaitµ#Prey!ŸĒ�Nr[Aƶ"��2,ŝŗ
ŤƮ�2�ǬNtDP

S!F9JǮBait-empty (20kDa)ǫ SAMS1-4 (43kDa+20kDa)ǫPrey-empty (20kDa)ǫSlDELLA (64kDa+20kDa)Ǭ(n =

2)ǬB) Yeast two hybridãǧ�SAMS1-44Bait SlDELLA4Prey ��Yeast two hybridãǧ4Ɯ��źĮǫSD–Leu–

Trp–HisaptS (SD-WLH) �!÷ƶƻĒ�!řƇ"ŤƮ�2�	��ǬHIS3ǈ�Ü!ŝŗ
Ưè�2�����

�4ťÆ�1ǬŷƉ"2ŀǙ!OD� îǍ��Ė�� (ì41���»
5�ŏñ)Ǭ(n = 3)Ǭ

A)

B)

SD-WL SD-WLH

α-HA (bait) α-FLAG (prey)

SlDELLA

86

Empty

Empty

SAMS1

SAMS2

SAMS3

SAMS4

SlDELLAEmpty SlDELLAEmpty

Bait
Prey

SlDELLAEmpty

Prey

Bait



図 2-11. SAMSsとSlDELLAの相互作用の検証2
A) :<INr`qPQ8rBãǧǬBaitbANt (ì) µ#PreybANt (») !ŝŗǮBait "HAČ�ǫPrey"

FLAGČ�4Ś��Nr[Aƶ!Ķ¢4Ɯ��ǬSAMS14ǘ���&�!Baitµ#Prey!ŸĒ�Nr[Aƶ!ŝŗ


ŤƮ�2�ǬNtDPS!F9JǮBait-empty (20kDa)ǫSlDELLA-CT3 (44kDa+20kDa)ǫPrey-empty (20kDa)ǫ

SAMS1-4 (43kDa+20kDa)Ǭ(n = 2)ǬB) Yeast two hybridãǧǬSlDELLA!Cĩ4©��SlDELLA-CT34Bait ǫ

SAMS1-44Prey Yeast two hybridãǧ4Ɯ��Ǭ�!źĮǫSlDELLA-CT3"autoactivationƊ
�0SD–Leu–Trp–His

aptS (SD-WLH) �,řƇ�1
ǫSAMS3µ#SAMS44¾ģ ŝŗ���Ó½"÷ƶƻĒ�!řƇ"Ċ¨�2

� (3-AT 10 mMǫ25 mM)ǬSlDELLA-CT3 .1HIS3ǈ�Ü!ŝŗƯè4Ċ¨�1��
ťÆ�2�ǬŷƉ"2ŀ

Ǚ!OD� îǍ��Ė�� (ì41���»
5�ŏñ)Ǭ (n = 3)Ǭ

A)

B)

SD-WL
SD-WLH + 3-AT
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vs SlDELLA-CT3
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図2-12. S-adenosylmethionine synthesis (SAMS) による遺伝子の発現抑制抑制モデル．
A) \S�đÈ�2��1SAMS (MAT2a) !ƻ Ċ¨Ơ½�; DNAź½ÊÜ (Ʒµ#ǩƏ) �Š}�Ś�ǫDYhv

!ŕá!ǣÏ�iOo±!Ñƶ��1SAM!�Ż4Ɯ�wŇ!ǈ�Ü!ŝŗĊ¨4Ɯ� (Katoh et al., 2011)ǬB) S

fSSAMS .1ǋŁ��!ƻ Ċ¨!jRo; SAMS
DNAź½Ɗ4Ħ�1Ó½ (SlDELLA�Š}�Ś,��"

DNAź½Ti9r!ƛ½)ǫpetNtǈ�Ü!ŝŗĊ¨4Ɯ�ºƊā
�1ǬGAL-AD, GAL4śĬƻ ņā±T

i9r; GAL-BD, GAL4śĬDNAź½Ti9r; MET, Methyltransferase.

ATP + メチオニン
SAM

MATII
(SAMS)

ターゲット遺伝子

A) B)
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図2-13. SlDELLAとSlCNR13の相互作用の検証
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(26.3kDa+20kDa)Ǭ(n = 2)ǬB) Yeast two hybridãǧǬSlDELLA!Cĩ4©��SlDELLA-CT34Bait ǫSlCNR134Prey

 Yeast two hybridãǧ4Ɯ��źĮǫSlDELLA-CT3 (Bait) �empty (Prey) 4è���Ó½ ł&ǫSlDELLA-CT3
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.	��ǬSlCNR13
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図2-14. CDI3とSlDELLAの相互作用の検証
A) CDI3!�ǒ (CDI3-1) µ#CDI3!DUF724Ti9r (CDI3-2) 4Bait ǫSlDELLA!�ǒ4Prey ��Yeast two

hybrid ãǧ4Ɯ��Ǭ�!źĮǫCDI3-1�SlDELLA4è���Ó½ǫSD-WLH�řƇ
ŤƮ�2���	/CDI3�

SlDELLA"õ�Š}�Ś�1�ƅ�/2�ǬuĞ�ǫCDI3-2�SlDELLA4è���Ó½ "ǫ3-Amino-1,2,4-triazole

(3-AT)450 mMŊ®��SD–Leu–Trp–HisaptS (SD-WLH)�,řƇ
ŤƮ�2���	/ǫSlDELLA"CDI3-2�

ö�Š}�Ś�1Ǭ>PE�!ĚÝ"ÐÍ Ŋ®��3-ATŏñ4ť�Ǭ(n = 2)Ǭ

CDI3-1 × SlDELLA

CDI3-2 × SlDELLA 

CDI3-1 × empty 

CDI3-2 × empty 

empty × SlDELLA

empty × empty 

Bait × Prey 

A)
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図2-15. CDI7とSlDELLAの相互作用の検証
CDI7!�ǒ (CDI7) 4Bait ǫSlDELLA!�ǒ4Prey ��Yeast two hybridãǧ4Ɯ��ǬCDI7�SlDELLA4è�

��Ó½ SD–Leu–Trp–HisaptS (SD-WLH)µ#3-Amino-1,2,4-triazole (3-AT)45 mMŊ®��SD-WLH�,řƇ

����	/ǫSlDELLA"CDI7�Š}�Ś�1��
ť�2�Ǭ>PE�!ĚÝ"ÐÍ Ŋ®��3-ATŏñ4ť

�Ǭ(n = 2)Ǭ

CDI7 × empty 

CDI7 × SlDELLA

empty × SlDELLA

empty × empty 

Bait × Prey 
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図2-16. CDI5とSlDELLAの相互作用の検証
Yeast two hybridãǧǬA) CDI5�ǒ�SlDELLA�ǒ!Š}�ŚǬCDI5!�ǒ (CDI5) 4Bait ǫSlDELLA!�ǒ4

Prey Yeast two hybridãǧ4Ɯ��Ǭ�!źĮǫCDI5�SlDELLA4è���Ó½ 3-Amino-1,2,4-triazole (3-AT) 4

50 mM Ŋ®��SD–Leu–Trp–HisaptS (SD-WLH) �,řƇ
ŤƮ�2���	/ǫSlDELLA"CDI5�ö�Š}

�Ś�1��
Ęď�2�Ǭ(n = 2)Ǭ

A)

CDI5 × empty 

CDI5 × SlDELLA

empty × SlDELLA

empty × empty 

Bait × Prey 
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図2-17. 第2章の解析のまとめ
Īţū�ǫSlDELLA�Hbpnr (Gibberellic acid, GA) ¹å�SlGID1s!Š}�Ś
Ú+�ãǧŞ ť�2�Ǭŝŗ

ǐ	/GID1bN9a!SlGID1b-1µ#SlGID1b-2
ÜćsĮãŝǆ�i9r!GA¹å��ƅ�/2�Ǭ×ŜÎ

SlDELLA�SlGID1!Š}�Śãǧ	/ǫSAWTi9r
SlDELLA-SlGID1Š}�Ś Ǖy�1��
Ęď�2�Ǭ

ě���Y2HãǧŴ4Ś��ǫSlDELLA!ĝƣŠ}�ŚÊÜ!IAntVrB4Ɯ��źĮǫ�2(� ÒÁ!�

�ĝƣDELLAŠ}�ŚÊÜ43ǈ�ÜǇč��Ǭ

Yeast two hybrid (Y2H)実験系の整備 ３つのSlGID1全てと相互作用

候補遺伝子のスクリーニング

３遺伝子 (CDI3, CDI5, CDI7) との相互作用を再確認
(全て果実cDNAライブラリー由来)
これまで報告のない新規相互作用因子

変異型SlDELLAとSlGID1の相互作用実験

SlDELLAとSlGID1の相互作用評価

候補遺伝子の絞り込み

SlDELLAとCDIsの相互作用の再評価

17 遺伝子を最終候補として抽出
Candidate of DELLA Interactor 1~17 (CDI1~17)

子房及び果実ではGID1bタイプがメイン

GID1acタイプがGA非依存的相互作用

SAWドメインの変異が相互作用を低下
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