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�� ��������	ABC
��
�����ABCD, ABCDE����
�, �������

������ 
�!"#�$%, &'()*+,-./01�23�	42�567, �,8�

9:�5;%, <-=./�>-=./01�?@�ABCDE. FG���HI, ��	����

�JKLMNOP��QB�RSCT��
UVW1�?@�ABC.

��� ABC �� ������	
 ���
�
 �������

1 ���� ABC ��

���(Arabidopsis thaliana)�����	
�

�
����
, ����������� 4���,

� !� 4"#$%& 2� 4"�'%& 3� 6"(

)*& 4� 2+�,, -.������ 3�/0�

�123456[1](7 1). A8456��9 !�:

 ;�<=��,%()%()>�,, B8456

���#$%#$%�,>�,, C8456���

#$%�'%�'>#$. ?@A�����
BC

D(Antirrhinum majus)��EF� 4 ����> 3 8

456[2], /GHI, JKLMN�O�
P���

>BCD��QRS, � 3 8TUVWXY, 4 ��

��Z[\]^, _`abc�QR� ABC �3[1].

38TU� A, B> C8TU. L���S, A8TU

de APETALA1(AP1)[3,4]> APETALA2(AP2)[5], B8T

Ude APETALA3(AP3)[6]> PISTILLATA(PI)[7], C 8

TUde AGAMOUS(AG)[8]TU. f�3gh[1]: (i)

j8TULEkl����VWXY, � A 8TU

L& 1>& 2�%B8TUL& 2>& 3�%C8T

UL& 3 >& 4 �SQmno, `. A > C 8TU

Epqr, st�uv A8TUw45x, C8TU

yL& 1 >& 2 �z{, `v C 8TUw45x, A

8TU|L& 3 >& 4 �z{; (})TU�XY�]

^���, � A > C 8TU~�VWXY��]^

#$>�,, ` A+B* B+C���no��]^�

'>().

�QR�ABC�3�ab�x���[:Q�.

v FLORAL BINDING PROTEIN 11(FBP11)w���

]^���TU�, /G|���� D TU, -a

bc ABCD �3[9]. -., U� SEPALLATA1(SEP1),

SEPALLATA2 (SEP2)> SEPALLATA3 (SEP3)TU�@

�'%()>�)�]^����[10,11], /G��G

��� E8TU, -_`abcABCDE�3(7 2)[12].

ABCDE �3�ab�������QR�����

wT ¡¢[13].

£¤�� , /Gabc¥@¦§TU¨Epn

o���©ª��3.  «��“¬­6�3”[13](7

3)®�, � 4����QR�? A, B, C> ETU�

¯°±²
³]^�¬­6´µ� . L���S ,

AP1-AP1-?-?(?�¶·¯°)¬­6W& 1 ����Q

R^#$, AP1-AP3-PI-SEPW& 2����QR^�

', AP3-PI-AG-SEP W& 3 ����]^(), AG-

AG-SEP-SEP W& 4 ����]^�,. ¤!, ¸�

A 8TU²
�¬­6y¹ª¸� C 8TU²
�

¬­6�]^, º�»¼. ¦t� A8> C8TU¨

�Epqr. ½¾“¬­6”�3, ¿§¯°ÀÁ]^

Â­6, ¦§Â­6Y£ÃTUÄÅÆ� CArGÇ�

(5È-CCA/TGG-3È)É2ÊË�. ¼x 2 +Â­6ÌÍ

¯°� C ÎÏ]^¬­6.  Ð¬­6ÑÒ�¹ª

ÃTU�z{, 9`LÉµ��]^Éµ����.

tL���>BCDS�Ó: AG > DEFICI-

ENS(DEF) [ 1 4 ]�x , /GQÔ¦ 2 +TU£/�

SRF[15]>ÕÖ�MCM1[16]��×Ø�EFÊ, �ÙL

NÏ¸� 1+Ú 180 bp�ÛÜÆÝ. U¤, /G|¦

4+TU��Þ�& 1+ÞÖßà^MADSx, áf

ÆÝ� MADS-boxÆ(MADS-box domain), -|��

fÆÝ�TUâá� MADS-boxTU[17]. ABCDE�

3Sã*�TUäå��æ@ MADS-box TUç

è [ 1 8 ] . �QRS� M A D S - b o x TUéc¸�

MADS-boxÆ\!, ê¸� 1+Ú 90 bp� I-boxÆ, 1

+Ú 210 bp � K-box Æ> 1 +ëìí5� C Î
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� 1 ��� ABC ��(�� Coen 	 Meyerowitz[1])
(a) ���; (b) A���; (c) B���; (d) C���. ��	
��
�������� 3��������, ����������.

���������� !", #$% 1 &% 4 �'(-�)-*+-,-. . A���/, 4 012,--*+-*+-,-, 324

5 A64��7, 89:;� C64. A64�<=>?@AB; 8CDE, . C���/, 4 012'(-�)-�)-'(; . B

���/, 4 012'(-'(-,--,-

� 2 ABCDE ��(�� Theissen[12])
FG2HIJ,-��01. KL A, BM C64, DM E64N.�O

P/@AB. Q B+C+E2*+OPRS��TU�VW

�[19]. ������, �	
���
� MIKC �

MADS-box
�[20,21].

�����, ������� 27� 39����

 !"#$ MADS-box 
�, %&'()
�*+

,-./012345 MADS-box 
�567, 8

34!9:; 71 <[22]MADS-box 
�, /01!:

; 80 < MADS-box 
�[23]. =�>?, ���@�

� [24,25]ABC� [26]2DE� [20,27]!FG�$

MADS-box 
�. HIJKL5', MNBC� !

O; ABC P�!K	
�5QR
�, H�	
�

�BC� 5STUV!5WXYZ;[K\ , ]

^���� 5STUV![K\WX [28]. _�`

a, �b�� STUV5cdef!, MADS-box


�"g$hijk5�l [18]. 
��� mnU

V5oRpcd , ;`(�qrPs� Lt5m

"uP�5
vw, xeyz MADS-box 
��{

Cb�� !5cd|};m� {9C~!�Q

��m5"u��]��J|��.

� 1995������m"uABCP�p���

 m5oR2���d��o� [29], ��yz��

F��c�$�� [30,31]. |�j�������l

"u� ����yzm5oR2 ¡\|}mU

V5QR\�¢5£kc¤.

2 �������

X¥¦l“§¨>©”�ª«��¬­®(¯°:

1.3±� 9²³��) � ¡5��� ��´wµ

8¶�5t# , �¡��� ·;5m5oR`ª

�“©!>©”. ¸¹m5oR; 2�º�[18]: » 1�

'¼m�(Euanthium), ½�moR¹�¾¿5ÀÁ

ÂÃC5Ä\Å�Æ´. qr�K��, �ÇÈ5m

'ÉÊA;m�5, m�AËÌ2ÍÎ�Æ\UV, 8
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� 3 ��
����“�����” (�� Theissen[12])
��������	
��
��������������, ������ !"�#$, %&'()*
�+,-./. AP1, AP3, PI, AG,

SEP0%1���23456, ? #78923

#Ï5ÐÑÒ(Magnolia)5m. p¼m�CÓ5Ô;

��Lt5“�m� ”(Anthophyte)º� , Õ½�À

ÁÂÃ�(Bennettitales)AÖ×ÐÒ(Pentoxylon)2Ø

ÙÚ�(Gnetales)Û;CÓ¹m5STUV]p��

� ¸�Ü�. “Ýºm�” (Neopseudanthium)Þ½�

ØÙÚC(Gnetophyte)'��� 5ßàáâ]�ã

ã'��C~ [32]. » 2 �'ºm�(Pseudanthium),

½�moR¹CÓ¹��B5É\5STUV . q

r�K��, �ÇÈ5mäm�, ]ËÌ2ÍÎ'Ê

\UV, 8åæÒ(Archaefructus)5m[33].

���� m5oRyz! , ØÙÚC`�½

�'K<“?C~”. ØÙÚC5STUV'É\, ç

“m”èéêÍAÁê�A?ê� (outer integument/

envelope), Ë“m”èéëÅ�ì2íî[34,35]. ��)

ïðØÙÚ(Gnetum gnemon)5“m”!�ñJ� 13<

MADS-box 
�, Y�ò�c�$�ó"u�ô[25],

õæW� , ØÙÚ5
�6pö÷C5
�ø�K

o, ]p��� 5
��ñù�, �W�ØÙÚp

ö÷C(]h��� );ú�5�ó"u¸�[25]. p

�Qû , ��"#�ØÙÚ5?ê�wWX5' C

Cü(
�5QR
�, ]h B C
�5QR
�,

��ØÙÚ5?ê�`(p��� 5ê� [25]ý�

ÍÎ[18] (]hmþ)QR, �¡ØÙÚp��� 5

�ó"u¸�Y�� Anthophyte[32]º�5�¡� .

�	õæúÝ$���� �ó"u¸�5½� ,

Y������ 5áâ`(�;É\5�Tõ

�[36]. �	, ��)É\�Ä\5cdefz
'�

¡c�5�? “�Ë\” (mostly male)
�½�, ��

ê��QR��UV�Ë\STUVw��� , Ä

\STUV�t#[37]. �K���', Ë\��5w

n��WX B
�û, �n����ç\UV, )]

��Ä\UV. �?, ç\��5�n���WX B


�û, �n����Ë\UV[38].

�ØÙÚ!, CC
��Ë\2ç\STUV!

WX, ]���UV!�WX; ] BC
��Ë\S

TUV!WX, �ç\STUV!�WX[25], ò�5

WXPsp��� 5 B 2 C C
�5WXPs'

�Ó5. ��, ���� !, C C
�5ü(`(

'�STUV2��UV�&ù� , Y��ò�¤

���UVc�WXû ,  ���UV��STU

V, )]!JSTUV"#$%d[25]; B C
�5ü

('�Ë\2ç\STUV��ù� , �]���

�� cd!5\&�d5��
v[25]. �?, �Ä

C
�&'5WXPs()��� 5STUV`

('� 3±��K*\oR5[25].

@�� äm�`('ò�+,$ A 
�[28],

H'��)�C~�ñ�$ AP1 	 AP2 5QR


� [24,39]. ÇÈ5mF-äm� [18,33], CÓ¹./0

(Sarcandra glabra)5m . p@�� 5STUVK

¡, ��m^1k B2 C
�Õ`��[18]. m�5�

�Þ;2¹ A
�5��. 3ó54�½�, ÇÈ5

m;m�[18]. m�k	ùÈ^;WX A 2 B 
�5

mþðUV(petaloid organs), ]^WXA
�5m5

'����5; k	ùÈ^;WX A 
�5m5ð

UV(sepaloid organs), ]mþ'B
�6?�¤�Á

7m5ðUV���5[18]. ��, �$��m�5o
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R, ��1k�
n��� !� A C
�c�y

z . 89Ñ:589ÑÒ (Chloranthus)A./0Ò

(Sarcandra)} Ascarina äm�, ];<ÑÒ(Hedyo-

sum);m�. �C~�;�¬­®5d=>?, Ò¹

ÇÈ5��� [29]; ���� 5@A�ó! , ò

p��� 5
nC~äBCÒ(Amborella)}C�

(Laurales)QÒ¹CA(Lauropsida)[40]. ���89Ñ

:ù¤"ucd� �yz;D¹EFm�oR

GH.

`I5', B
�5yzJK$�mþoR5


E. �LMC(Ranunculidae)5NO9(Papaver nudi-

caule), Dicentra eximia, PQðLM(Ranunculus bul-

bosus)2 Ranunculus ficaria!, ��"# B
��m

þ!5WXR�óKS�TU , ];&¹¶V¼W

�Æ� 5 B
��mþ!5WXPs[41,42]. �õæ

()LMC5mþ2¶V¼W�Æ� 5mþ;X

�QoR53ó4�[41,43,44].

_�`a , ¼m�2ºm�Y5Z�[\$m

5oR5yz , ]"ucd� �5"¤JK$�

�<GH5
E, ���ù]$Ý5^_.

3 ��������	

�� ¡\'cd� �yz5£H>K , ¶

`3
v'�¸ab
�5�� [45], ��m5 ¡

\p ABC P�c}
�de5��;¸. )/01

5K	N�f~, ��l PCR(polymerase chain re-

action)J�$ A 
�5g6QR
� CAULI-

FLOWER(CAL)
�2 B C
�, N��h×c�$

cd�ô, õæW�, �	
���Á�;ij5k

lm2n
m��[45].

opq Silversword~(r:(Asteraceae)6"st

(Heliantheae)5ut(Madiinae)5 3 Ò Argyroxiphium,

Dubautia 2 Milkesia, v 30 <opq%;�)� '

yzw�xy5z{| , ò�5�}~\2STU

V;�9��. 2001�, ����$ò�5 A2 BC


�|}K<���l�¸
� , Yp��

Tarweeds ~ (Heliantheae-Madiinae 5 Aisocarupus

scabridus2 Carlruistia muirii� 11�)� c�$


�cd��5�Ü [46]. õæ�� , �opq Silver-

sword ~!, A2 BC
�5hQ��
��pQ�

�
��5�I���� , H'!\µ�Z;��

w�; p�����5', ���l�¸
�5hQ

��
��pQ��
��5�I��Ü�. �� A

2 B C
�5��pw�xy!��5�� ¡d

�¸, `('�6\���l¹STUV, )]��

$�	
�5w�\xy.

�	
�h×w5��'�¡��mUV5�

� ¡\5�? yzW� , �'_¹�	
�5ü

("�$�d. ��m:� ��(Brassica oleracea)

5 AP1 5QR
�; 2 <�� , Õ; iü(5

BoAP1-A2ä iü(5 BoAP1-B; AP12ò5g6

QR
� CAL�m��*¡!vQ"g�l(AP15

�Kü('��m�). BoAP1-B2 CAL
�µ��,

����Q�m; H'_¹ BoAP1-A' i5, ��

Q�m�; i5m�. p���5'/015 AP1

^; 1<��, 8æò2 CAL
�¢µ�, �£�ã

��Q�m, ]�mä i5m�[47]. �?, /01

CAL 
� ¤N��K	��
�, �	
�5ü

(Ï�¥�, �]�������� ¡\[44,48,49].

klmh×5��F`(¦om"u
�5W

X�§5“¨©ª«”, )]��m5 ¡\[49]. ¬Æ

­:� ®¯°±�(Clarkia concinna)5m; 4²5

îA4 ²mþA4 ²ËÌ2 1 <�³; 1992 ���´

µ$ò5K<¤N��(var bicalyx), ò5m; 8²5

îAZ;mþ, ËÌ2�³ i, �N5î¶·$m

þ. _¹�K���¸¤¹�u\�º, ��ò`(

'K<¤N � . %¹»¼W�¶W�'_K<½

\
�b�5 . ��É
�5�d¦o$¤N5�

� ¡\[50], Y`(' B C
�5WX¾¿6!À

ÁÂ!mþ��$5î[49].

�? , �8ÃÄ (Potentilla fruticosa), Sangui-

naria canadensis, Actaea rubra2ÅÆ(Hibiscus rosa-

sinensis)!, _¹ C C
�6!À5ÁÂ!?7ËÌ

��mþ, )]��jþm[49]. �ÐÑ:� !, _

¹m�! B C
�5WX6!À¾¿ÁÂ, mt#

)m�î�ÇÈ�d�m52mþ5�Q��. CC


�6!ÀÁÂ!É�(Zingiberales)�Q:5m{

;¤Ê5%Ë , ÌÍ:(Musaceae)AÉ:(Zingibera-

ceae)2��Í:(Cannaceae)� 5�ÇÀX�ËÌ

5 6<�Îw"��Q��5mþðõ�.

MN“¨©ª«”P�ß4���$5îAmþ2

ËÌY5Ï�, H'ò�(EÐLM:!5ÑÒ. L

M:K	� 5m; 2 7mþ, Ó��Q, HÔ75

mþK¡. ��yz"#, B C
�5$�}�dp
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LMC5mþ5 ¡\�¸ [51]. 
���2�ó"

u�ôW�, �LMC5 9<Ò!; 3C AP35QR


�, Y�(Õ.� AP3-Ö5� !¾9n��;

» 27mþ, ×>ØN. �� AP3-ÖpLMC5» 2

7mþ;¸, ]AP3-Ù, AP3-Ú`(p»17mþ;¸.

p¾9 7� ; 47UV5m�Q, �Û.:

(Triuridaceae)� Lacandonia schismatica 5m!"

#, m�î>Á"�ÍÎ, �Ü¢t#ËÌ, �`(

' B
��!À�ÝÞß�[49].

àáât5', m"u5 ABC P�Y�»+F

�`(EÐm5ß; ¡\. ABCP�'¸¹
��

§\WX2mUVQR��5P� , ��ã|��

_
�WXä¸2ûY¦o5mUV5�d [52,53]|

}mUV5\&[18,54]A7�29ë[1,29]A�ª\[1,55,56]

��¢5�d. ��, ABCP�^'åù$Kæx6

m ¡\yz59ç.

4 �
���
�

QR\'`3èéêë\¦o5�Ó\ [57], F

�'�^;�ì;vQáâ5�L� , �(í§Q

R\[58]. QR
�; 2�, Õxe ���îï��

5ß�QR
�(orthologous genes)2xe
�$�

îï��5g6QR
�(paralogous genes). �
�

5�ó"ujð|}QRUV5ñ&! , ^;ß�

QR
��;ò�[58].

1986 �, ;�½�ØÙÚC5?ê�p���

 5mþQR[59]. 1999�, S;�LtØÙÚC5?

ê��óË , ���� 5m!òZ;��ô [35];

��QK�, S;�"#ØÙÚ5?ê�WX C C


�]�WX B C
�, ��?ê�`(QR¹�

�� 5ê�õÍÎ[18]. ��, ��� Y5UVQ

R\1k�"ucd� �3ªw�jÝö÷.

øù�ú5Ëm; 1 <?ûA1 <ÁûA2 <ü

î2 3<ËÌ, çÌýu. �ú5çm; 1<?ûA1

<ÁûA2<üî2 1<�þð��5çÌ. silky1Ë

\µ��;?û2Áû , H'üî�CÓ¹?û2

Áû5õ�Î�, þðµt ��r$ËÌ5�Î.

=; i5çÌ?, silky1 ç\µ��Ô�?; 3 <

çÌ. SILKY1' BC
�, ��üîQR¹mþ, ]

?û2ÁûQR¹5î[60].

�É�Æ� ��uA(Alismatidae)5K	� 

! , mUV"�5yzW�m�pËÌoÈ¹·�

5Ç
 , m�2ËÌÇ
Y5fY�}!m�2Ë

Ì"�$*�	�[31]. ��, ;�½���m�pË

Ì5��·W$ 1<íî2 1<Ëm, Y[.;5�

�uA� 5moR¹Z;mh2m�d5ÇÈS

Tõ�, �õ�' Ê5, £Ê�dt“mh”, 
Ê

�Â�“m”[31]. 8æ��(����C� 5 A C

õ BC
�, F-(���º�!m�2ËÌAm2

mh5¸�.

�mUVQR\�¢Ô; 2<
���[18]. ��

:� 5m�i; 2 7, Ô7O 3 ²mþðUV, �

» 17WX BC
�]pmþQR; ]�:}K	�

�3�� 5m�'m5ðUV, �» 27�WX B

C
�, ��pm5QR. �	�����cK�


Em5�d2{�C~5�ó"u¸�L�$��.

5 ��

cd� ������  ¡\5À� , ��

�cd� ��"# 1 <õ�7�<ab
��(

����ù¸b���5"�û , V�ú;èÍí

z����5����. )���
�, ±_
�5

cd�$E��5cd , 8�"ucd� ���

]�. m"u5 ABC P��)��3ªwyzm5

cdL�$`��5��� . `�yz5
�"

#! , 
�"#5$%J|ð�; ���ã`|y

z&'h× , Ô`yzabh× [61~66]; yzÔ`)


�3ªw��(¬�3ª[67,68]. �?, ��� �

ó"u5� 
ÀwJ�ð� [69~71], Ý5�C�ó

wû��Lt [40], ���mcdyzL�$�{2

�H5â0. ß|
¹m"u ABC P�ù¤mcd

yz)*¶û , �l
�*+,2`3+,yz-

<��� A%&'“.,/0” (missing links)C~

5m"u , à�[c�m5oR2 ¡\5


E[72,73], Y`(��  ¡\5&1L�2r. �?,

�"ucd� ��:$%����>û [74], m"

u5cdyz�de��:5Á3, 4cò5"¤.

�� ��������	
��
���������

�� . ���������� !"#�$ (%&' :

30121003, 30100011� 30130030).
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