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1827
Baer, 1792-1876 )
and the Origin of Man

(Karl Ernst von
On the Mammalian Egg

1842
(Johannes Miiller, 1801-1858 )

(von Baer’s laws)

, (comparative
embryology) ( )
19 (Arthur,

2002)
1859 (Charles Robert

Darwin, 1809-1882 ) On the Origin of Species
(natural selection)
(Darwin, 1859),

(Gilbert, 2003)

(Ernst Haeckel, 1834-1919

),
(Sander, 2002)
, 1866 (biogenetic
law, ), (ontogeny)
(phylogeny) ,
(recapitulation)(Haeckel, 1866; Gilbert,
2003)

’ 19 ’
(Bowler, 1996; Hall, 1999),
(homology)

(taxonomy)

1.2 —_—

19 80-90 ,
embryology)

(descriptive

(Wilhelm Roux, 1850-1924 )
(Hans Driesch, 1867-1941 )

(experimental embryology)
(1) ( )
( ) ; (2)

(Gilbert, 2003) ,
20 ,

(Raft, 1996) ,

1900 , * " 35
Gregor Mendel, 1822-1884 ) ,
(Hugo de Vries, 1848-1935 )
(Carl Erich Correns, 1864-1933
) (Erich von Tschermak-
Seysenegg, 1871-1962 )
, 1915
(Thomas Hunt Morgan, 1866-1945
) The Mechanism of Mendelian Heredity ,

(Johann



, 1926
The Theory of the Gene, ,
(Gilbert, 1988)
. Drosophila melanogaster

1953 (James Watson, 1928 -)
(Francis Crick, 1916-2004 ) DNA
(Morgan, 1932) ,
(population genetics) 3 ,
(Ronald Aylmer Fisher, 1890-1962 ) (John

Burdon Sanderson Haldane, 1892-1964 )
(Sewall Wright, 1889-1988 )

(gene frequency) ,
20 30-40 ,
, 4
- (Theodore
Dobzhansky, 1900-1975 ) (Ernst
Mayr, 1904-2005 ) (George

Gaylord Simpson, 1902-1984 )
(George Ledyard Stebbins, 1906-2000 )

1937
gin of Species ,
( )(population)

Genetics and the Ori-

(speciation) , (mutation)

(selection) (isolation) 3 ,

(genetic drift) (gene flow)

(inheritable variation) ,

10
1942 Systematics and the Origin of Spe-
cies (species)
20 40
1942 (Julian Huxley,
1887-1975 ) Evolution: Modern Synthesis
(the modern
synthesis, ) 1947

(microevolution)

( ) ,

tion)

(macroevolu-

(Richard Goldschmidt, 1878-1958 ) 1940
The Material Basis of Evolution ,

(1) (
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) (hopeful
monsters),
, ; (2)
rearrangements) ,
(Goldschmidt, 1940) ,

(chromosomal

(developmental genetics)

1.3 —_—

(Goodman
and Coughlin, 2000)

20 80 ,
homeobox )
Hox (mutant) ,
homeobox ,
Hox
Hox ,
20 50 , (Edward Lewis,

1918-2004 )
(saturation selection),
, (homeotic

genes)

1983
(Atsushi Kuroiwa)
(Michelle Pellissier Scott)

(Richard Garber)
(Walter Gehring)

homeobox (Garber et al., 1983;
Scott et al., 1983) 1984
homeobox ,
homeobox 180 bp DNA

( homeobox)(McGinnis et al., 1984; Scott and

Weiner, 1984) homeobox
homeobox ,
homeobox
——homeobox ,
60 DNA ,
homeobox
1999 (The Society for

Integrative and Comparative Biology, SICB)

(Goodman
and Coughlin, 2000)
(
) ( )
(Irish, 2002) ,

(gene

duplication) (1)

(neofunctionalization),

(function-gain); (2) (subfunc-

tionalization),
(partial redundancy); (3) (pseudogenization),
, (pseudogenes)(Moore and
Purugganan, 2005)
, (developmental

regulatory genes) ,

(key innovation)



, homeobox )

, (1),

, DNA , (Arabidopsis thaliana)

, , (Antirrhinum majus) (Oryza sativa)

, (heterochrony)

(heterotopy)
' ; . ABC (Coen and
Meyerowitz, 1991; Weigel and Meyerowitz, 1994)
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20 90 )
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Figrue 1 The developmental history of evolutionary develop-
mental biology (Love and Raff, 2003) A B C
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, Coen ABC (ABC model)(Coen and
Meyerowitz, 1991; Weigel and Meyerowitz, 1994;

Theissen, 2001): ,

A B C (floral organ iden-
tity genes), A B C A
B
; C A C
, A APETALA 1(AP1)

APETALA 2(AP2)(Mandel et al., 1992; Jofuku et al.,
1994), B APETALA 3(AP3)
PISTILLATA(PIl)(Jack et al., 1992; Goto and
Meyerowitz, 1994), C AGAMOUS(AG)
(Yanofsky et al., 1990) ,

SQUAMOSA(SQUA)(Huijser et al., 1992);
DEFICIENS(DEF) GLOBOSA(GLO)(Sommeretal.,
1990; Trobner et al., 1992); PLENA(PLE)
FARINELLI(FAR)(Carpenter and Coen, 1990; Davies
et al., 1999)

ABC ,

hybrida) 2 (ovule)
FBP7(FLORAL BINDING PROTEIN7)
(Angenent et al., 1995; Colombo et al., 1995),

(Petunia

FBP11

D , (master
control gene), ABC ABCD
(Colombo et al., 1995; Angenent and Colombo,
1996) AGL11(AGAMOUS-
LIKE11, SEEDSTICK)(Rounsley et al., 1995;
Pinyopich et al., 2003) ,

AGL2 AGL4 AGL9 3 ,

(Ma et al., 1991; Flanagan
and Ma, 1994; Mandel and Yanofsky, 1998) ,
1 3 1

, 3
(Pelaz et al., 2000) 3
SEPALLATAL(SEP1) SEP2 SEPS3,

E , , ABCD ABCDE
(Pelaz et al., 2000; Honma and Goto, 2001;
Theissen, 2001; Theissen and Saedler, 2001)
, AGL3 ( SEP4)
(Ditta et al., 2004), E

AP2
APETALA2/EREBP (Riechmann and
Meyerowitz, 1998) MADS-box
(Shore and Sharrocks, 1995; Theissen et

al., 2000) , MADS-box

MADS
maintenance gene)(
1988; Herskowitz, 1989), AG(AGAMOUS)(

)(Yanofsky et al., 1990), DEF(DEFICIENS)(

)(Sommer et al., 1990; Schwarz-Sommer et

MCM1(Minichromosome
) (Passmore et al.,

al., 1992) SRF(Serum response factor)(
)(Norman et al., 1988)4

180
bp DNA (Shore and Sharrocks,
1995), MADS-box; 60

MADS (MADS-do-
main M-domain),
DNA (Theissen et al., 2000)

, MADS-box MADS-box
(Schwarz-Sommer et al., 1990) MADS-box

(Shore and Sharrocks, 1995; Theissen and
Saedler, 1995; Theissen etal., 1996, 2000; Riechmann
and Meyerowitz, 1997)

MADS-box 2 .1 (type 1)
I (type I)( 2)(Alvarez-Buylla et al., 2000)
Il MADS-box MIKC ( MADS-
box | K-box C 4 )
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Figure 2 The evolution of MADS-box gene family (Becker and
Theissen, 2003)

, MIKC
MADS-box MIKC®
MIKC* (Henschel et al., 2002) MIKC® MIKC*
, MIKC*
I MIKC® I 20

, MIKC* K-

box (Henschel et al., 2002; Riese,
2005)

MADS-box
, MIKC MIKC MADS-box

, (Rounsley et
al., 1995; Alvarez-Buylla et al., 2000),
, MIKC MADS-box
MIKC  MADS-box
(Becker and Theissen,
2003) SQUA/AP1 DEF/AP3 GLO/PI
GGM13 AG SEP

2.2

, MADS-box
221
(charophycean) (Graham
et al., 2000) , MADS-box
3 e (Chara globul-
aris) (Coleochaete scutata) (Closteri-
um peracerosum-strigosume-littorale)
MADS-box , CgMADS1
CsMADS1 CpMADS1
, 3 MADS-
box MIKC® ,
MIKC® MADS-box
(Tanabe et al., 2005) ,
MADS-box ;
(Tanabe et al., 2005)
, MADS-box
, MADS-box
MADS-box (Tanabe et
al., 2005)
2.2.2
(bryophytes) MIKC MADS-box

(Krogan and Ashton, 2000; Henschel et al.,
2002; Hohe et al., 2002)
(Physcomitrlla patens) ,

9 MADS-box : PPM1-PPMA4
(Henschel et al., 2002) PPM6(Riese, 2005)
PPM7(Riese, 2005) PpMADS1-PpMADS3
(Henschel et al., 2002)

PPM1 PPM2 PpMADS1 MIKC®
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Figure 3 The major clades of plants and the appearance of the key innovations

; PPM3 PPM4 PPM6 PPM7 PpMADS2

PpMADS3 MIKC* , MIKC*
PPM6 PPM7 I
K-box
MIKC® MIKC*
(Purugganan,
1997; Tanabe et al., 2005) MIKC*
, (Kofuji
et al., 2003)
(last common ancestor)
MIKC* (Kofuji et al., 2003; Pauenicov
et al., 2003)
2.2.3
(Ceratopt-
erisl) (C. richardii) (Chasan, 1992)
15 MADS-box (Munster

et al., 1997; di Rosa, 1998*; Hasebe et al., 1998;
Kofuji et al., 2003) ,

MIKC MADS-box (Weigel and
Meyerowitz, 1994) MADS-box

3 :CRMl-like CRM3-like CRM6-like
CRM6-like
N , AGAMOUS
(Hasebe
et al., 1998)
(Ophioglossum

pedunculosum) OPM1 OPM3 OPMA4

OPM5 MADS-box , OPM1 OPM5
CRM6-like CRM7-like (Minster et al.,
1997)
MADS-box
, MADS-box
4
MADS-box (CRM1 CRM4 CRM6 CRM9)
(alternative splicing)
(Olson et al., 1995; Theissen et al., 1996) ,
CRM11 CRM12 CMADS5
MIKC , MADS-box
(N)MIKC (Hasebe et al., 1998)

* di Rosa A (1998). Molekularbiologische untersuchungen zum ursprung homdootischer gene in pflanzen am beispiel der MADS-
box-genfamilie aus dem farn Ceratopteris richardii. PhD thesis. Mathematisch-NaturwissenschaftlicheFakultét der Universitét zu
Kdéln, Germany. pp. 1-87.



MADS-box , 11

HD-Zip : Crhb1-Crhb11, homeobox

(Aso, 1999)
HD-Zip HD-
Crhb4 Crhb8 Crhbill
HD-Zip |

11 Crhb
Zipl Il IV,
HD-Zip|
, Crhbl Crhb3
, Crhb1 ;
Crhb2 Crhb3 Crhbll .

Crhb1l
Crhb

HD-Zip
, HD-Zip

2.2.4
4 (cycads)
(gnetophy-

(ginkgoids) (conifers)

tes)

(Picea abies) (P.
(Pinus) (P.radiata)
MADS-box ,

mariana)
(P. resinosa)
AGL6- DEF/GLO-
MADS-box

AG- AGL2- TM3-like

AGL6-like PrMADS3
(Mouradov et al., 1998); TM3-like
DAL3 , AGL6-like DAL1
(Tandre et al., 1998) ,
AGL6-like PrMADS2/
PrMADS1
(Mouradov et al., 1998); AG-
like DAL2 ; AG-like

3 AGL2-like

SAG1 ,
AG-

AGL2-  AGL6-like

(Winter et al.,
1999)
13 MADS-box
TM3-like ,
; GGM2 DEF/GLO-like ,
; GGM3  AG-like ,
, ; GGM9 GGM11
AGL6-like GGM2 C
paleocAP3 (motif),

(Gnetum gnemon)

: GGM1-13 GGM1

palecAP3
TM6 C
(paleoAP3 TM6 DEF/GLO
), GGM2
GLO-like , GGM2
DEF/GLO-like

DEF/

(Ginkgo biloba)
AGAMOUS GBM5(Jager et al.,
2003) GBM5
, DAL2
SAG1 (Jager et al., 2003)
LEAFY(LFY) ,
(floral meristem identity
gene),
2 LFY :NLY PRFLL, NLY
, PRFLL
(Mellerowicz et al., 1998) Frohlich Parker(2000)
LFY 2 ,

1 y 1
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, (the mostly male

theory)
3
, 7 MADS-box ,
AG- AGL2- AGL6- DEF/GLO- GGM13-
STMADS11- TM3-like ,
DEF/AP3
GLO/PI ,
3 ,
B (Winter et al., 2002a) B
(
) , B
, (
B , B )

(Albert et al., 1998; Winter et al., 1999, 2002a;

Theissen et al., 2002) , DEF/
AP3 GLO/PI ,
(Winter et al., 2002b) ,
AG-like ,
, AG 3-4
(Theissen et al., 2000)
AG-like :

(Tandre etal., 1995,
1998; Rutledge et al., 1998; Winter et al., 1999),
( )
(Haughn and
Somerville, 1988; Winter et al., 1999)
SEP (Mouradov et al., 1998),
, 3 (Becker and Theissen,
2003)

2.2.5
, DNA ,
(basal angiosperms,

) (eudicots,
) (Soltis and Saoltis,
2004) (eudicots),
(basal eudicots) (core

eudicots)

(Johann Wolfgang Goethe, 1749-1832 ) 1790

“ "(the abominable

mystery)
(Kramer and Hall, 2005)
MADS-box ,
MADS-box
2.2.5.1 (basal
angiosperms) ANITA

(magnoliid dicots) (Chloranthac-
eae) (monocots) (Ceratophy-
llales) (Qiu et al., 1999; Soltis et al., 1999, 2000;
Zanis et al., 2002; APG, 2003; Soltis and Soltis,
2004) ANITA

(Nymphaeales) (

(Amborellaceae)
(Nymphaeaceae)
(Cabombaceae)) (Iliciales)(
(llliciaceae) (Schisandraceae))
(Trimeniaceae)

(Qiu et al., 1999)

(Austrobaileyaceae)

a. ANITA
(1998)

Kramer
(Micheliafigo)
(Liriodendron tulipifera)

(Magnoliaceae)

(Piperaceae) Peperomia hirta
AP3 PI

Piper magnificum
(Kramer et al.,
1998)



B
AP3 TM6
C Pl-derived
paleoAP3 , AP3
C Pl-derived
euAP3 , euAP3 AP3
, euAP3
(Kramer et al., 1998) B Pl
C Pl (Kramer et
al., 1998)
Kim  (2004) (Amborella)
(Nuphar) (lMlicium)
25 AP3 PI
B ,
Pl 5
(exon 5) 42 bp,
) Pl
5 , 30 bp
. A.trichopoda AP3 PI
DEAER,
AP3 PI
C ;
Stellari  (2004) ANITA
29 B ,
(Magnoliales) (Winteraceae) Drimys
Bs DrwBs ,
Pl ,
, ANITA Pl
5(exon 5) 12
Kim (2004)
Kim (2005)

(Asimina) (

11

: MADS-box
, AP1
; AP3/PI
 AG
Jaramillo  Kramer(2004) (Aristolo-
chiaceae)( ) (Saruma) (
) (Aristolochia)( ,
) , SrhAP3  SrhPI
B , ArmAP3-1
ArmAP3-2 ArmPIl-1  ArmPI-2 B
: SthAP3  SrhPI
AP3 PI
b. Li (2005) (

) MADS-box
, (Chloranthus

spicatus) AP1 CsAP1, AP3
CsAP3 SEP3 CsSEP3
: CsAP1 , SQUA
; CSAP3 ,
AP3
; CSSEP3 , MRNA
, SEP
C.
MADS-box '
(Zea mays) (Oryza sativa) (Triticum
aestivum) (Sorghum bicolor) (Lilium
regale) (Tulipa gesneriana)

(Asparagus officinalis) (Orchidaceae)
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AG — CID
R GGM13 — Bs
A= i AGLMAGLES — E
—
4 ABCDE
SQUA DEF GLO GGM13 AG AGL2 AGL6 SQUA-like DEF-like GLO-like GGM13-like AG-like AGL2-
like AGL6-like MADS-box ; DEF/GLO DEF- GLO-like
, AGL2/AGL6 AGL2- AGL6-like A B Bs C D E ; C/ID C D
IM ;. FM
Se: ; Pe: ; St ; Ca: ; Ov: ; Pa: ; Le: ; Lo: ; Male rep. Org.: ; Female rep. Org.:

Figure 4 The extended ABCDE model in the vascular plants (Theissen et al., 2000, 2002)

SQUA, DEF, GLO, GGM13, AG, AGL2, AGL6 mean the MADS-box gene subfamilies of SQUA-, DEF-, GLO-, GGM13-, AG-, AGL2- and
AGL6-like genes. The relationships between representatives of these gene subfamilies and homeotic functions are symbolized by
arrows. DEF/GLO, a precursor of both DEF- and GLO-like genes, AGL2/AGLS6, a precursor of both AGL2- and AGL6-like genes.

A, B, B, C, D and E, the floral homeotic functions; C/D, a precursor of floral homeotic functions C and D; FM, function in the specification
of floral meristems; IM, function in the specification of inflorescence meristems

Se: sepal; Pe: petal; St: stamen; Ca: carpal; Ov: ovule; Pa: palea; Le: lemma; Lo: lodicule; Male rep. Org.: male reproductive organs;
Female rep. Org.: female reproductive organs.

(Schmidt et al., 1993; Chung et al., 1994, 1995; An, 1997)

Fischer et al., 1995; Theissen et al., 1995; Mena et MADS-box
al., 1995, 1996; Greco et al., 1997; Cacharron et al., (Lu et al., 1993),

1995, 1999; Kang et al., 1995, 1997, 1998; Kang and



(Greco et al., 1997) (Murai et al., 1997)

AG
ZAGLl/ZMM2 ZAG2/ZMM1 (Theissen et al., 1995)
, ZAG1l/ZMM?2
ZAG2/ZMM1 )
,  ZAG1l ZMM2 ,
ZAG2 ZMM1 (Theissen et al.,
1995) ZAG1 , ZMM2
ZAG1 , AGL1 (Ma et
al., 1991), ZAG1
,  ZMM2 (Theissen et
al.,1995) ZAGl1 ZzZMM2 AG

(Theissen et al., 1995) AGL6
ZAG3 ZAG AP1 ZAP15
(Mena et al., 1996) , AP3
SILKY1, (Schmidt and
Ambrose, 1998) , 30
MADS-box ,

(Schmidt et al., 1993; Fischer et al., 1995;
Theissen et al., 1995; Cacharroén et al., 1995,1999;
Greco et al., 1997)

AGL2
OSMADS24 AGL4 OSMADS45(Greco
etal., 1997) GLO-like OMADS4 (Kang et al.,
1998) MADS-box
3 1
ABCDE , B
2252 30 ,

(Drinnan et al., 1994)

13

(Ranunculales) (Proteals)

(Sabiaceae) (Buxaceae)
(Trochodendraceae)
(Ranunculaceae) (Berberidaceae)
(Menispermaceae) (Circaeasteraceae)
(Lardizabalaceae) (Papaveraceae)

(Eupteleaceae);
(Proteaceae) (Platanaceae)

(Nelumbonaceae)

(flowering
plants) ;
(asterids) (rosids),
(Lamiales) (Scrophulariaceae)

(Antirrhinum majus), (Solanales)
(Petunia hybrida)

(Lycopersicon esculentum)

(Solanaceae)

(Solanum

tuberosum) (Nicotiana tabacum),
(Gerbera hybrida);

(Brassicaceae)

(Asterales)

(Arabidopsis thaliana) (Sinapis alba)
(Brassica oleracea) (Brassica napus),
(Leguminosae) (Medicago sativa)
(Pisum sativum) , (Caryophyllidae)
(Caryophyllaceae) (Silene latifolia)
(Dianthus caryophyllus), (Polygonaceae)

(Rumex acetosa)

(Becker and Theissen, 2003)

ABCDE ( 4)
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, BCD
(Theissen et al., 2000), A E

B
MADS-box
' MADS-
box : SQUA/APL (A-
class) DEF/AP3 (B-class) GLO/PI (B-class)

GGM13 (Bs-class) AG (C/D-class) SEP(E-class)

, (Ranunculaceae)
, (Ranunculus)

(Aquilegia); ,
(Pulsatilla);

, (Clematis)

al. SQUA/AP1

SQUA/AP1 Litt  Irish(2003)
19 :
SQUA/AP1 ( AP1/FUL )
eUAP1 euFUL
, euFUL
FUL-like , BUAP1

euAP1 ,

euFUL FUL-like palecAP1

a2. DEF/AP3 GLO/PI
(Coen and Meyerowitz, 1991)

ABC

1 B 1
(Friedman et al., 2004)

(2003) 9 AP3

Pl ,

Kramer

AP3

1 3

AP3 , AP3-I APS-II APS-III

(Kramer et al., 2003)
(A.alpina)
, A.clematiflora

RT-PCR

(Kramer et al., 2003), 3

AP3 1 PI , B
;. A. clematiflora

AP3-III ,

integrifolia 1 ,
AP3-llI ,
, AP3-111

AP3-IlI

C.chiisanensis

Shan (2006) (Lardizabalaceae)
(Akebia trifoliata) , 3 AP3

Pl



AktAP3-1 AKktAP3-2 AktAP3-3 1 PI

AktPI , 3 AktAP3
, AKtAP3-2
AKtAP3-3 Akebia
2
AktAP3-3  AktPI ,
B
RT-PCR
AktAP3-1/2/3 AktPI
, AKtAP3 3
MRNA ,
AP3-like
, ABC
a3. AG Zahn (2006) (Eschsch-
olzia californica) 3 AG : ESca-
AGl EScaAG2 EScaAGL11, AG
, : AG
AG AGL11 ,
EScaAGl EScaAG2 AG
, EScaAGL11 AGL11 MADS-
box
, Zahn (2006) EScaAGl
EScaAG2 ,
AG ,
AG
EScaAGl EScaAG2 AG
, AG

15

a4. SEP SEP
, Zahn (2005) EScaAGL9
EScaAGL9 ,
EScaAGL9 ;
; , EScaAGL9 ,
, EScaAGL9
SEP3 (Zahn et al., 2005)
SEP , Zahn (2005)
, SEP ,
AGL2/3/4 AGL9
, , AGL2/3/4
, AGL2( SEP1
SEP2) AGL3( SEP4) FBP9 (Zahn et
al., 2005)
b.
, , MADS-box
bl. SQUA/AP1 SQUA/AP1

APETALA1(AP1) CAULIFLOWER(CAL)
FRUITFULL(FUL)( AGL8)(Mandel et al., 1992;
Kempin et al., 1995; Gu et al., 1998) AGAMOUS-
LIKE79(AGL79) (Hecht, 2005), SQUA-
MOSA (SQUA)(Huijser et al., 1992),

PFG FBP26 , PROLIFERATING IN-

FLORESCENCE MERISTEM (PIM)  (  PEAM4)

(Berbel et al., 2001; Taylor et al., 2002),

LeMADS-MC(Vrebalov et al., 2002) POTML1 (
POTM1 ,
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: )

(Kang and Hannapel, 1995), SAMADSC
(Menzel et al., 1995), BOAP1
(Anthony et al., 1995), SLM4  SLM5

(Hardenack et al., 1994)
(Theissen et al., 1996),
(Becker and
Theissen, 2003) AP1 FUL CAL
FUL

(valve identity genes),

(Gu et al., 1998) CAL

AP1 CAL
FUL , AGL79 ,
(Parenicov, 2003) , AP1
(Mandel et al., 1992),
A APl AP2
A , A
AP1 SQUA
(Huijser et al., 1992),
AP2 A
(Maes et al., 1998) AP1 SQUA/AP1
A ( , B
)(Litt and Irish, 2003)
A SQUA/AP1
SQUA/AP1
(Theissen, 2000; Theissen et
al., 2000)
b2. DEF/AP3 GLO/PI DEF/AP3

AP3 (Jack et al., 1992);
DEF (Sommer et al., 1990),
B : ;
PMADS1 , ,

, AP3 DEF (van
der Krol and Chua, 1993); STDEF ;
SLM3 (Garcia-Maroto et al.,
1993; Hardenack et al., 1994); RAD1
RAD2 , B ,

, (Ainsworth
et al., 1995) )
DEF/AP3 ,

NMH7 ,
(Theissen et al., 1996); TM6
, , B
(Pnueli et al., 1991);
PD2, TM®6 , DEF
GLO/PI : Pl (Goto and
Meyerowitz, 1994); GLO (Trobner et
al., 1992), B )
; FBP1 , Pl ,
GLO (Angenent et al., 1993; Goto and
Meyerowitz,1994), B
PMADS2 (Kush et al., 1993), FBP1
, FBP1
, GLO/PI
, DEF/AP3
, euAP3 TM6
, DEF/AP3
palecAP3 , TM6 palecAP3
; C
palecAP3 , , €eUAPS3
euAP3 euAP3 /
palecAP3 Pl-derived .
GLO/PI C Pl
, DEF/AP3 GLO/



Pl
Pl , paleocAP3 , ,
GLO/PI paleoAP3 , Pl
, DEF/AP3 Pl ,
, EBUAP3
paleocAP3 euAP3 Vandenbussche
(2003) DEF/AP3 C
, palecAP3 DNA
8 , :
, euAP3 DNA
2006 , Kramer ,
25 AP3 ,
) , euAP3
paleocAP3 DNA ,
(Kramer et al., 2006)
Lamb Irish(2003) paleocAP3 euAP3
, paleoAP3
euAP3 , ap3-3 ,
palecAP3
, DEF/AP3
euAP3 ,
DEF/AP3
b3. GGM13 GGM13
(Becker et al., 2000),
ABS TT16 AGL32 GGM13
, 3
(Becker
etal.,, 2002) GGM13 B
. Bsister(Bs) (Becker et al., 2002)
Bs
( ) , (
Bs , Bs
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) B Bs
3-4
(male microsporophylls) (female
megasporophylls)
(Becker et al., 2002)
b4. AG AG AG

STK( AGL11) SHATTERPROOF1(SHP1)(
AGL1) SHP2( AGLS5) (Yanofsky et al., 1990;
Ma et al., 1991; Rounsley et al., 1995);
PLENA(PLE) (Bradley et al., 1993) FARINELL1

(FAR) ; BAG1 (Mandel et al.,
1992a); NAG1 (Kempin et al., 1993);
TAG1 (Pnueli et al., 1994);

PMADS3(Tsuchimoto et al., 1993) FBP7 FBP11
(Angenent and Colombo, 1996);

SLM1 (Hardenack et al., 1994); RAP1
(Ainsworth et al., 1995) , AG

STK SHP1 SHP2

,  MADS-
box AG
SHP1 ,
, AG (Ma et al., 1991),
SHP2 SHP1 ,
., AG (Savidge et al.,
1995), , SHP1 SHP2 ,
STK
, AG
SHP1/2 (Zahn et al., 2006)
PLE AG ,
, PLE euAG ,
FAR AG , FAR
AG PLE ,
PLE
(Zahn et al., 2006) SHP1/SHP2
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PLE , SHP1/2
, AG
, (neofunctionalization)
(Zahn et al., 2006)

, STK FBP7 FBP11 D

, (Becker and Theissen, 2003),
C , SHP1/SHP2 C D

' AG
(subfunctionalization) (Force et al., 1999),
D
C
, AG

euAG PLE
(Irish, 2003; Kramer et al., 2004; Causier et al.,
2005),

AG AGL11 (Kramer et al., 2004; Zahn et
al., 2006)
b5. SEP SEP SEP1
(  AGL2) SEP2(  AGL4) SEP3(  AGL9)
SEP4( AGL3) (Maetal., 1991; Mandel and
Yanofsky, 1998) 4
, E (Theissen, 2001) SEP1/
2/3 , SEP4

(Ditta et al., 2004; Zahn et al, 2005) 4

, SEP1/2/3

(Pelaz, 2000), SEP4

(Ditta,
2004) FBP2
(Angenent et al., 1994); TM5 TM29

(Pnuelietal., 1994; Ampomah-Dwamena et al., 2002);

GRCD1 GRCD2 (Kotilainen et al.,
2000; Uimari et al., 2004); DEFH49
(Davies and Schwarz-Sommer, 1994) FBP2 TM5
SEP ,
(Becker and Theissen, 2003),

SEP3 (Theissen et al.,
1996) GRCD1 E ,
GRCD2 (Kotilainen

et al., 2000; Uimari et al., 2004) DEFH49
SEP (Davies and Schwarz-
Sommer, 1994) SEP
LeMADS-RIN, ,
(Vrebalov et al., 2002)
, SEP
(Pnueli et al., 1994; Savidge et al.,
1995) ,
E
SEP

(Malcomber and Kellogg, 2005) SEP

(Theissen et al., 1996) , SEP
MADS-box

MADS-box
(Fanetal., 1997; Honma
and Goto, 2001; Theissen, 2001; Theissen and SaedI-

er, 2001) , SEP SQUA
DEF/GLO AG
AB(C/D)E
A SQUA/AP1
FUL-like
euAP1 euFUL ,



, 3 . euAP1
AGL79 euFUL;B DEF/AP3
euAP3 TM6
AG
euAG PLE ; ,
,AGL2/3/4
, AGL2( SEP1 SEP2) AGL3(
SEP4) FBP9 (Shan et al., 2006) ,
L (
: : )
3
3.1
(perianth)
(Takhtajan, 1991; Theissen
et al., 2000) ,
(petaloid organs) (
tepal), ;
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(sepaloid) , B
(sliding
boundary model),
(1) ; (2)
, B
( ); ,A C
(Bowman, 1997)
, AP3 Pl B (
) (Irish and
Kramer, 1998), ) )
AP3 PI
, AP3 PI
(tissue- or

cell-type-specific)
(Kramer and Irish, 1999)

(Kramer and Irish, 1999)

( B );
( B
)(Kramer and Irish, 1999; Cronk, 2001)

B B (Ainsworth et
al., 1995)
3.2
( zygomorphy)
(specialization)(Cronk and Mdller,
1997), ,

(Orchidaceae) ( 2.5 ) (Fabaceae) ( 2
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) (Asteraceae) ( 1.8 )
(Cronk, 2001) )

(Coen and Nugent,
1994; Coen et al., 1995)
:TCP
MYB TCP
- - TCP (basic helix-loop-helix (bHLH)
TCP domain)(Howarth and Donoghue, 2006)
TCP
(dorsal identity)
Donoghue, 2006) TCP
. PCF CYC/TB1
(Cubas et al., 1999) CYC/TB1
, R-box
domain) (Cubas et al., 1999; Geeta, 2003),
TEOSINTE BRANCHED1(TB1)
CYCLOIDEA(CYC)
DICHOTOMA (DICH) TCP1 TCP12
TCP18 (Howarth and Donoghue, 2006) TB1

(Howarth and

(R-box

CYC DICH
(Luo et al., 1996,
1999), CYC ,
(Gaudin et al., 2000),

(adaxial)
(Coen et al., 1995; Luo et al., 1996) ,

(floral orientation)(Geeta, 2003)
DICH ,
(Luo et al., 1996), DICH CYC
, (Cronk, 2001)
CYcC TCP1

, CYC

(Cubas et al., 2001) CYC
DICH
(branch development) (Shepard and
Purugganan, 2002)
CYC/TB1
(Cubas, 2002), ECE (clade),
TB1 CYC/DICH TCP1/12/18(Howarth and
Donoghue, 2005) CYC
(Reeves and Olmstead, 2003; Howarth
and Donoghue, 2006)
ECE :CYC1 CYC2 CYC3(Howarth
and Donoghue, 2005, 2006), cyCc1
(Howarth and Donoghue, 2006)

ECE
) , ECE

CYC1 CYC2/3 ,

CyC2 CYCs (Lukens and Doebley, 2001;

Citerne et al., 2003; Howarth and Donoghue, 2005,

2006) CYC1 , TB1; CYC2 , CYC

DICH; CYC3 , TCP12 ,
CYC1 , CycC2

(Lukens and
Doebley, 2001; Citerne et al., 2003; Howarth and
Donoghue, 2005, 2006), CYC ,

(Cronk, 2001)
cycC MADS-box

(Howarth and Donoghue, 2006),



3.3
3.3.1 KNOX
(compound
leaf)
(Goliber et al.,
1999) (simple leaf),
(Sattler and
Ritishauser, 1992) ,
knotted-like homeobox (KNOX)
(Cronk, 2001) KNOX
(SAM) KNOX
SHOOT MERISTEMLESS(STM)

BREVIPEDICELLUS(BP)
Arabidopsis thaliana2(KNAT2),

, (Kerstetter et
al., 1994; Lincoln et al., 1994; Long et al., 1996)
KNOX
(Sinha et al., 1993; Chuck et al., 1996; Hareven et
al., 1996; Janssen et al., 1998),

KNOX

(Friedman et al., 2004)

knottedl-like from

KNOX

(Goliber et al., 1999),
KNOX ,
PHAN ,
(Kim et al., 2003),
PHAN
(Friedman et al., 2004)
KNOX MYB
(the myb-domain protein family)
, ASYMMETRIC
LEAVES1 (AS1) PHANTASTICA
(PHAN) ROUGHSHEATH2 (RS2)(Waites
etal., 1998; Timmermans et al., 1999; Tsiantis et al.,
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1999; Byrne et al., 2000), KNOX
, AS1 KNAT1
(knotted1-like from Arabidopsis thaliana 1) KNAT2

, SHOOTMERISTEMLESS

(STM) (Cronk, 2001)
KNOX :
, KNOX LEAFY
(LFY) UNIFOLIATA(Gourlay etal.,

2000) UNUSUAL FLORAL ORGANS(UFO)
PEA FIMBRIATA(PEAFIM)(Taylor et al.,
2001) LFY UFO
AP3 ,
(Shepard and
Purugganan, 2002)

3.3.2 FLORICAULA/LEAFY-like

FLORICAULA/LEAFY-like
, , FLO/LFY
(Busch and
Gleissberg, 2003)
leaves) ,
FLO ,
(marginal blastozone,

1 )
(Molinero-Rosales et al., 1999; Gourlay et al., 2000;

(dissected
(Vitis vinifera),

Carmona et al., 2002) , Busch  Gleissberg
(2003) FLO-like ,
EcFLO ,
FLO-like
, FLO-like
(Fabales) (Vitales)
(Busch and Gleissberg, 2003)
, FLO/LFY
, , KNOX1

FLO/LFY (Busch and Gleissberg,
2003)



22 24(1) 2007

(floral genome project, FGP) ,

, (synteny)
(collinearity) ,
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Abstract The discipline plant evolutionary developmental biology has emerged over the last 10 years. It is a major clade of
evolutionary developmental biology or evo-devo. Evo-devo has been established step by step, with integration of evolutionary
biology and embryology, genetics and developmental biology. The discipline has its origin in comparative embryology founded by
von Baer in the early nineteenth century. Following a quiescent period of almost one century, evo-devo erupted out of the
discovery of the homeobox genes in the early 1980s and the proposal of the floral ABC model in the early 1990s, in addition to the
flourishing research on developmental genes. Evo-devo has become one of the hot topics in life sciences in the twenty-first
century. In this article, we review the history of evo-devo, and then focus on the progress of plant evolutionary developmental
biology in the last 10 years. We mainly introduce studies on the MADS-box genes that play a key role in revealing plant development
in the major clades of plants. Moreover, we discuss the implications of such important evolutionary issues as perianth origin, flower
symmetry, and leaf evolution.
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