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9Ǯ4(8GyoQT3Hw}j'PRK��&Ƽƍ"�9�#Ŭ�:!�9 (Petersen et al. 

2006)��:7'�ä(ǮGyoQT'ƜƉ�Ǯ©!ƀƟƷĽ"�9#�	��"(%�ǮƀƟ

ƜƉ�'žƆ'%�"3ǜñ&ǤƍăǨ�3'"�9�#=Ŭ�!�9ǫÑ 3ǮÂ¡'žƆĬǬ�

İū&(ǮQ[uqadAw|bj[Ɵ|Gvj[Ɵ&²
ǮļǞĴƟǤ%$�7%9?wkD

u}TǫǨǍ'Ǡ=½ŅǬ'ƜƉ�3GyoQT#ÄĪ'ŉÿ=ĉ�!�8 (ơ 1)ǮƀƟƷĽ'

ƜƉ�=3��įªŒŒňƒ(�Gyp?wkDu}T�#�!/#27:!�9 (Cavalier-Smith 

2004, �� 2007, Keeling 2009)� 

 

ơ 1� Gyp?wkDu}T�6*ƀƟ'ƜƉ�&07:9®ßşöƴ'ĳƹ 

 bj[Ɵ Gvj[Ɵ �źĴħň ?wkDu}T ƀƟ ĕŋ 

GAPDH ƂƕƴÔ ƂƕƴÔ ƂƕƴÔ ƂƕƴÔ u{ƟÔ Harper & Keeling (2003) 

FBA Class II Class II Class II Class II Class I Patron et al. (2004) 

rpl36 c-type c-type p-type p-type p-type Rice & Palmer (2006) 

 

41�������'(*�7�

� ƜƉ�&Ǔ�9öƴ"(Ƽƍă=Ŭ�GyoQTǫǭ?wkDu}TǬ"�9ǮĥJap"

($	%9'�ǳĜƼ&%�!Úǎ'O}I{QZ}T&3# �ǮŤĥŒň©�'žƆƱ�

7:96	&%8Ǯ/�/�řƱ3Ù�3''ǮŤĥŒň©�= 6-8  Ųô'Q}d}Hw}j

&<�9Ɣ
ėǮó�ƃ��:!�9 (Simpson & Patterson 2006, �� 2007, Baldauf 2008, Lane�
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& Archibald 2009)�Gyp?wkDu}T(Ǯ�'6	%Q}d}Hw}j'~�#�!Å°

ċ�7:9�#3�9Ǯä(ĥJap&3# �žƆƪġ"(ǮQ[uqadAwǫǭ?wk

Du}TǬ#Ǯbj[ƟǮGvj[Ɵ'ǒ'¹žƆă=ǮŵĨş&ĊŬ�96	%ƅĢ(ü7:

!�%� (Harper et al. 2005)��:$�;�ǮĜƼ"(Q[uqadAwǭ?wkDu}T(vN

v?ǫvNv?&��!(ÜŔ'Ǡ=½ŅǬ#�	¯'Q}d}Hw}j#Ƽƍ"�9#�	ƅ

ĢÖÈ�:ǮSARǫ�9�( RASǬ#�	Hw}jÅ"/#27:9�#�9 (Burki et al. 

2007, Hackett et al. 2007, Baldauf 2008, Hampl et al. 2009, Reeb et al. 2009ǲÑ 3Ǯî¡'žƆĬ)�~ė

"bj[Ɵ#Gvj[Ɵ'Ƽƍă=Ŭ�žƆƪġ'ƅĢ3ÖÈ�:!�9 (�Ƭ�ǮPatron et al. 

2007)�/�ǮRice & Palmer (2006) &69#Ǯbj[Ɵ#Gvj[Ɵ'ƜƉ�rpl36ǫribosomal Protein 

L36Ǭǆ�ß(Ǯc-type#6):9cGYv?&Ƨ7:9ǆ�ß&Ɛ�đ<�!�9#�	�ƀƟ

4ōƟǫƉƟ4ŀƚƟ'ƜƉ�Ǯu{Ɵ"3Ǭ"(Ǯp-type #6):9Ǯc-type #(Č¨ĮÝd

T}{"·¯"�9¯'TAjƧ7:9�2Ǯbj[Ɵ|Gvj[Ɵ&07:9 c-type(Ǯ�

Hw}j'Ƽƍă=Ŭ�!�9#ǮRice & Palmer (2006) (�õ�!�9�bj[Ɵ|Gvj[Ɵ

'¹žƆă&��!(Ǯ�'6	%ƭĈ3�#Ɲŵ�:!�9ĀƦ�9#Ɣ
7:9ǮG

yoQT�9�(Gyp?wkDu}T¹žƆƒ"�9#Ɣ
9'(ǮŎĚł"(�%8ǚ�

�#�
9� 

 

51�!�%�������
0��-�	���

� Q[uqadAw#bj[Ɵ|Gvj[Ɵ¹žƆ"%�#�9#Ǯ�:7'Hw}j'ƜƉ

�Ōü($'Ěł"Ǯ�ÎƷ��'"�;	�ǳGyoQT�ƯǮ�9�(�'ēƫŇ#3�


Ñ 3� GyoQT�6*?

wkDu}TǮvNv?'

žƆǓ��ĥJapǫîǬ

#ƜƉ�JapǫÂǬ'�

:�:&3# �žƆǓ

� ' æ ĳ = Ŭ � �

Sanchez-Puerta et al. (2007) 

%$=3#&�Ñ�ĥJa

p&3# �žƆĬ'ł

Ƌ'ǈ®(žƆǓ�ě

ę%�#=Ŭ�ǮǪ"�2

�:�Gx}\(§Ãć

ŒňƒǮŀƚ'Gx}\(

ǜ§ÃćŒňƒ=ơ��G

yp?wkDu}T'Ɯ

Ɖ�(ǮƀƟ'�'ǰžƆ

&ŕğ�9�vNv?'Ɯ

Ɖ�ǫƉƚħňŕğǬ'ž

Ɔ&��!(ţŘ��� 
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9Gyp?wkDu}T�Ư"(Ǯªƿŭ¦" 1ô���įªŒ&69ƜƉ�'ŌüƷ���

#Ɣ
9 (Cavalier-Smith 2004)�~ė"ǮQ[uqadAw#bj[Ɵ|Gvj[Ɵ¹žƆƒ"

%�%7)Ǯ�:�:'žƆƒ"�įªŒƷ���(�"�9�7ǮƣĔÎ'�įªŒ=ąã

�9�#ĀƦ&%9�ƣĔÎ'�įªŒ=�ã�9#Ǯƾ&ƜƉ�&07:9ƼƍăƯĘ"

�%�%9#�	ÍǣŒ�9��įªŒ"ƜƉ�=Ōü��bj[Ɵ=?wkDu}T|Q[

uqadAw'ŭ¦�įªŒ&68ƜƉ�#��#Ɣ
9�Ư3Đ�:9 (Sanchez-Puerta 

& Delwiche 2008, Archibald 2009) %$Ǯ�įªŒ'ÎĔ��=0!3ǮƅƱ"9/"&�)7

�Ěǒ��8�	%ĵǉ"�9� 

� ƜƉ�Ōü'TAo{H&��!(Ǯ»ƛ'©Japƪư&��!ǮƜƉ�ŕğ'ǆ�ß0

��9#�	ǮƙÊĻ�ƅĢÖÈ�:!�9 (Tyler et al. 2006)��	/"3%�»ƛ(ŎÒ"

(ƜƉ�=3�%�ǮǕ�ħň'ś¼Œň"�9»ƛ'~ų Phytophthora sojae # P. ramourum

'Jap=ƪġ��ƅĢǮ855  3'Ǯu{Ɵ�9�(ƀƟŕğ'ǆ�ßáÒ�9�#Ę7

�&%����'Z}T(Ǯ��!(»ƛ3ƜƉ�=ĉ�!��ÀƖă=Ŭ�3'"�9�ÄĪ

'Z}T(?wkDu}T'�ǒ"�9ƏĴƠ"3ÖÈ�:!�9 (Reyes-Prieto et al. 2008)�Ŏ

Ò(ƜƉ�=ĉ�%�Ƽƍƒ��!ƜƉ�=3�!���$	�(ǮƜƉ�Ōü'TAo{H

=ďã�9�"ǌƦ%mA{["�9� 

� ��:&�6ƜƉ�Ōü'ıÁ&��!(�ú'�7%9ŪŶ=ù�%�!(%7%���°

#(ĳ-3'&%7%��7�ƪ£ô���#(�
ǮĥJap&3# �žƆƪġ&��

!(ǮQ}d}Hw}j'ǒ'žƆǓ�=68İū&ďã�9�#ĀƦ"�9�/�žƆƪġ

��"(%�ǮŎÒ(ǴŃƚǵ'Hw}j'Japƪġ=ǂ2Ǯ�ƜƉ�'ŜƸ�=Ď9�#�ú

�įªŒŒň'ǂ¶=Ď9�"ǌƦ%ĄÖ&%9#�ą�:9� 
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ŴĨƌǇ;_GpbnCHǇĲƾĨƋǀ# 3�#Ó�!ņĻŷ"���	#ß�!ņĻŷ9¥

��ŪŽö®ņņĻ#sÓŦŭŷ
“;mc?krQņĻŷ (Alveolata)”�Š�6��5��6

,�Ǉ�63#ƪŲö$lfPri RNA ư�Ö0ƕĊ#Qp]CƠ#ư�Ö9ƭŬ��ň��

Ŧŭƙė"2��Ď3	��6��5 (Gajadhar et al. 1991ǇWolters 1991ǇFast et al. 2002ǇHarper et 

al. 2005)����Ǉ�ƫ#îúØŕļó���Ǉ®îƠƂ9Ɠý��5üè!ƒĽ#ƂğƬĻǄŴ

Ĩƌ�$ cortical alveolusǇ;_GpbnCH�$ inner membrane complexǇĲƾĨƋǀ�$

amphiesma vesicle�½%65ǅ9ā��;mc?krQ (Alveolata) $Ǉ�#ļó"Ŋĕ�5·�

�5 (Cavalier-Smith 1998)� 

 

 

 

  �    
ÂǊ� ;mc?krQņĻŷ"¹,65|!ǋ�#ņ�Ļ��ǄLErm\r$ 20 µmǅ�� a. Ŵ

ĨƌǎhWlP>liJǄParamecum bursariaǅ�� b. ;_GpbnCHǎ^VơƎł{#ĺæĺg

Âǉ� ;mc?krQ�#Ŧ

ŭƸ�ǄMoore et al. 2008ćÐǅ 
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kl;®ƌǄPlasmodium falciparumǅBiIęƆ�Ń�ǇRǎ lpDÇǄring-stageǅǇTǎVoeP

=VǄtrophozoiteǅǇSǎJPpVǄschizontǅ�HpbmĄ�ǍƵâÓØǇÆ²Ŷ�Öļ�¦ĉ�� c-d. 

ĲƾĨƋǀǎc. ľŤĚǂöŢ Peridinium willei� d. ñàĚǂöŢGyrodinium spirale 

 

:�:91(4 

ŴĨƌ$ǇŪŽƑƽ"ÒĊ#ŴĨ9ā�ǇÓě�ßě9ā� 2ěö�ļó�365��#î

ú$ÒŢÒĠ�ŧ 8,000 Ţ
ƛƦ�6��5Ƽç"Ó�!Dmrb��4Ǉƥƪ!Ī0ŉ:+�

���ıĩ{	3įĩ{Ǉ�3"$ÄÏ{! �4��315��7"Ĝ÷�ǇĩÃņúŦqÄ

ÏņúŦ"���Ăǁź���Ƽç"ƳƗ!ï¤9Ā���5�“P>liJ”ǄParamecium 

caudatumǅ�ƚ�%ǇŃş#ĉşđ�ô�Ŗ"�5Ē/Ś·ë#ǃ�ŴĨƌ��5��#*�:

 
Ù�!ñàĚǂö��5
Ǉ{"$Ăǁ��ŰƋǀ#ConkǄChlorellaǅ9ŪŽ��ņ�

���±4ƨ:��5hWlP>liJ (Paramecium bursariaǎÂ 2a) 0ǇClbVƋǀ! #

�#Ƌǀ9Ăǁ��#ƈŰ�9sďŕ"¡ň�5CnbVCoobkLVǄkleptochloroplstǎƜŪ

$Ǉá²Đ�3 20089¯ĸǅ9Ə�Ţ/Ś36��5�,�Ǉ|"aQ0HmǇ^V#ÓƁ"Ý

ņ�ĵ��wŒ9í�ƣ��\kpSK>iŐ#®Á�!5Balantidium coli$^V"Ýņ�5¿

s#Ţ���Ś36��5� 

 

:�;9�������� 

;_GpbnCHǄApicomplexaǎŽÖƌǀǅ$ǇķƀĞ§ĻǇƀĞ§Ļ#ŪŽ�ŮÞÝņö�

�4ǇPlasmodium "25gkl;0 Toxoplasma "25VAObkMgŐ�����ǀ0ÜŌ"

Þ�5ƳÓ!ŏ®ö9ŝ�/#/Ś36��5��#ņĭ´$ƕƺ�Ǉ��%Ǉĺæĺgkl;

®ƌ��5 Plasmodium falciparum�$Ǉ^V"���ķöņĦ9ǇƍǄ[gRk@ǅ"���ē

öņĦ9Ə��#Ʒ�,�,!îú9ā��ƍ#ºƎ"2��^V#��"�4ƎĮ"}��Ż

ƃ"šƏ�ǇŻŪŽ��Ċ«�#joP=V"ÍĦ�5��#ðƎĮ"Ĉ��6ơƎł"���Ǉ

lpDÇ (Â 2b-R)ǇVoeP=V (Â 2b-T)ǇJPpV (Â 2b-S) 9ū� 10~30 �#ûĹjoP

=V
ÝņơƎł9ŜÎ�ƎĮ{"Ĉ��6 (Â 2c)Ǉ�&Č�!ơƎł"���5�ơƎł"�

���	3Ĉ�,�ŧ 48ďƷ��5 (ŉƧ3 2000)� 

� ƽŔ���"Ǉ�#ŮÞÝņö#;_GpbnCH
őƤŕ!ƈŰ�Ǆapicomplexan plastid9

Řō��“apicoplastǎ;_GbkLV”�½%65ǅ9ā���5 (Köhler et al. 1997)��#;_G

bkLV$Ǉ�µûž9Ô���5
ǇľƄ#ŅĽ DNA 9ā�ǇſżƲ! #ņµû°õ#Ë

���Ģž���4ņ×"ôƿ��5��
�	���5��#;_GbkLV#ƣĳ9ă5ś

ţ$ĊÒ�Ə86��5
Ǉư�Öƙė	3$ŨƋŊĕ��5��Ǉ,�Ǉ�#îú
ǌƳ©Ƃ

��5��	3~ģ�ņ"2��Ŀò�6����Ñ#øÊ$ò36��!��ħé�2� 3�5

��
ùę�ǇéƷ 100t��v#¾9Õ���5gkl;®ƌ
Ǉ�#2�!ŪŽ�ßÀÚ9

ā�^V�$Ŏ!5®ěņĻÇ#ņµû°õŦ9ā���	3Ǉ�#;_GbkLV9QrFT

V���^V(#£�ň#!�ÿgkl;Ɖ#ƶœ
Ʈ.36��5 (Waller & McFadden 2005,)� 
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"ļó#Ŏ!5 2Ĕ#ƾĨ9ā�Ǉ�5�5�Ĳ9ã�2�"Ưī�5�ĲƾĨƋǀ#�Çŕ!

ƈŰ�$Ǉ3Ƴ#©Ƃ9ā�ǇCoo`<m aǆc�dlU<Yp����#Ƌǀ"$Ƙ36!�

�µûƔ¦Ɔũ9ā�ƇƆ9»�5�,�Ǉ�#ĝĻ#ƈŰ�FZi�$ŅĽ DNA v"ƕĊ#

ư�Ö
z'#"Þ�ǇĲƾĨƋǀ#ƈŰ�ư�Ö$ǇÉĔŕ"s�#ư�Ö$s�#ß�!H

rCmǄhYHrCmǅ9���×Å���5 (Zhang et al. 1999)��#2�"Ƽç"ļŎŕ!Ĳ

ƾĨƋǀ#ƈŰ��$�5
Ǉ�ÖŦŭƙė#ŬĘ	3ŨƋǀ#~ģ�ņ"Ŋĕ�5��
Ď3

	�!���5 (Zhang et al. 1999ǇIshida & Green 2002)�ĲƾĨƋǀ$Ǉ�#·#ƫ4ƈŰ�9ā

�“Ƌǀ”���þ86��5
ǇÛƹ"$�6,�ŧ 2,000 Ţ
Ś36��5{�Ǉ�#ŧ¬Ċ

�	ƈŰ�9ā�� (ÂǊc)Ǉĥ4$ƈŰ�9ā�!� Â 2dǅ��#ƈŰ�9ā�!�Ţ$Ǉ~

ģŕ"�Çŕ!ƈŰ�9İÔ���Ź�365 (Saldarriaga et al. 2001)� 

� ĲƾĨƋǀ$ǇıĩÈ	3įĩÈ,�ê��å�ǇņŇźǇ,�İƞź���ĩÃņúŦ"�

��ƳƗ!ï¤9Ā���5�ƈŰ�#ēķ"2��Ó��~���5
Ǉ�#ĚǂĿòĠì�

ņĭĠì$ǇƼç"ÒĠ��5�1) ƈŰ�9ā�ƄŊņĭ�5ľŤĚǂöǄautotrophǅǇ2) ƈŰ

�9ā�
Ăǁ/�5/#ǄmixotrophǅǇ3) ŀń0CkF! "�ņ���5/#ǄƖƌƋ�/

½%65ǎsymbioticǅǇ4) �#ņĻ9Ăǁ�5ñàĚǂöǄheterotrophǅǇ5) �#Ƌǀ9Ăǁ�Ǉ

�#ƈŰ�9sďŕ"¡ň�5CnbVCoobkLV9Ə�/#Ǉ6) ŰƋǀ#sŢ9ŪŽ��

ņ����ā�/#Ǉ7) ƊƋǀ9ŪŽÑ�ņ����ā�/#Ǉ8) �#ņĻ,��0ĲƾĨƋ

ǀ"/Ýņ�5/#Ǆparasiticǅ
Ś36��5� 

� �3"ƽŔ���"Ǉ�#Ƌǀ�$�ǀŷ��"¶�Q=b#ƈŰ�9�ē���5
ǇĲƾ

ĨƋǀ"$�Çŕ!ƈŰ��$!� 3 �#Q=b
Ś36��5�1ǅLepidodinium#ƈŰ�$Ǉ

ŰƋǀ#sŢ#bkJZƋǀ"Ŋĕ�5�2) KareniaǇKarlodinium0 Takayama#ƈŰ�$Ǉ[b

VƋǀ"Ŋĕ�5�3) Durinskia0 Kryptoperidinium! #ƈŰ�$ǇŁƋǀ"Ŋĕ�5���6

#Ëµ"���/Ǉ�Çŕ!ƈŰ�Ǉ�,4~ģ�ņ"25ŨƋŊĕ#ƈŰ�9İÔ�ǇČ�!

ƈŰ�"ŵ�ą���Ź�365�1) "���$Ǉ�&~ģ�ņ"2��ƈŰ�9Ŀò���5

��	3Ǉƭůŕ~ģ�ņǄserial secondary endosymbiosisǅ�½%6Ǉ2) � 3) "���$~ģ�

ņ"25ƈŰ�9ā�Ƌǀ9±4ƨ:��5#�Ǉuģ�ņǄtertiary endosymbiosisǅ�½%6�

�5��#2�"ǇĲƾĨƋǀ$�#ņĻ��ƅ�Ǉ�3"$ĆƱ�¡ň�5#"Ƶ��5ņ

Ļ��5� 

 

� ;mc?krQ�ŴĨƌǇ;_GpbnCHǇĲƾĨƋǀ�$�ƫŞ�9ā�Ǉ�#�œĶ$

¶���5
ǇsƘ��/��	!��,�,!“	��”"Ʈª�Ǉ�,�,!“ņ�5Ɛ”9ű

-���ņ�Ļ����5� 

 

;9��������20 �6*�Chromera velia�/5
�$�	�'��

ĲƾĨƋǀ�;_GpbnCH#ƈŰ�$Ǉ�"~ģ�ņ#ŨƋŊĕ��5��$�	���5


Ǉ��#Ƹƭö"���$xĎ������	�Ǉ2008é"ƻ�6�ŀń"�ņ�5Č�!

ņĻ
�#ť�9y���6��Chromera velia�·�36��#ņĻ$Ǉ;mc?krQ�5

ÉĔğƬǄalveolus ! ǅ9ā�Ǉ�µûž9ē�5ƈŰ�9ā��ņö#Ƌǀ��5��#ě
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�ƈŰ�#ư�Ö9ƙė����7ǇC. velia$;_GpbnCH�ƪŲ��4Ǉ�#ƈŰ�$;

_GbkLV�ƪŲ��4Ǉ�3"$ĲƾĨƋǀ#�Çŕ!ƈŰ��/ƪŲ��5��
ŝ�6Ǉ

;_GbkLV�ĲƾĨƋǀ#ƈŰ�
sƣĳ��5��
 .�ŝ�6� (Moore et al. 

2008)�;mc?krQ#ƈŰ�#ƣĳ"���ĲƾĨƋǀ	3;_GpbnCH,�Ʃ5��


�����6�$ǇŴĨƌ"���$ �!#��7�	Ǐ�6,�ǇŴĨƌ"ƈŰ�#őƤŕ

!ÀÚ$Ƙ�	���!����7
ǇReyes-Prieto et al. (2008) $FZiư�Öƙė9Ə�ǇŴ

Ĩƌ/ƈŰ�ư�Ö9ā���9Ê¼���ư�Ö#ĩèš§#³žö/�5�.Ǉ�3!5ś

ţ
ôƗ��65
Ǉ/�ǇŴĨƌ	3/ŨƋŊĕ#ƈŰ�#őƤ
Ƙ�	6%Ǉ~ģ�ņ"2

5ŨƋŊĕ#ƈŰ�9ā�ņĻŷǄClbVƋǀǇ[bVƋǀǇLVkjZ]=mǀǇ;_Gp

bnCHǇĲƾĨƋǀǅ�)�$Ŧŭ��4Ǉ�#ƈŰ�#±4ƨ-$���së�����

�5Coi;mc?krQņĻŷ�ƝǄChromalveolate hypothesisǅ9Ćā�5�3!5sĤ�!

5� 
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� 2005äƻe]a/��ÊÎ1¥ŗŬĵĬ4Ĺž�MnpQ4ŉÓƬƂ

Science2À³�G( (Okamoto & Inouye 2005)�e]a�Ĺž�G(�/

5đ1ÿŪBƬƂ.¨Ex�DGƻ,�25Íð¸Ơ.AŘ��G(�

1&ƻe]a��G<0RsvYM\i�G(4)H��ǀ 

� 'G5ƻe]a��=�2 Ĭ�DďĬ21H�/!-�Fĵ�Ĭ)

/©�Ė@DG(�D.�F�ďĬ5ùƵï4ĽčĵĬ�ŗŬ�2ŵƴ

J¨EƏ?�/.Ƅĵ!(/��ŗŬ��ĵƆ5ı¹.5å�©��G

DG-�F�ƻ'4Ɩ¢�04C�2ƖK)4�ƻØ5C�I�+-�

1��ň(*5Çă2[NmXp\i!-ƻƘ§2ƌ�+(ŗŬ��ĵ

4wƛÏřJŃŏ#F�/5.�1��.5ƻ0�!(D��)H��ǀ

�=�2ďĬ21H�/!-�Fƻe]a 4C�1ĵ�ĬJŃŏ#G

6��4.�F�e]a 5ƻĵġĴ41�.ƻ Ĭ4C�2ùƵ!-

ĵ�FŗŬ/ƻ�®õJŷ�ŗŬ4{ĀJĵ>�#�,=Eƻe]a5

Ąć2C+-ƻ� Ĭ�.�Eƻ�ďĬ�14.�F�0�!-�4C�

1�/�«ŭ14)H����G�e]a�ğĻ�GFĳķ.�F� 

 

A?�������1&� #�/"�$�

� e]a 4ėç°Ŋ5Hatena arenicolaƹe]auMrbToƺ/Ɓ�ƻÞ°4Hatena 5ā

Ĉƅ4zîƊ1/��ƁųJo]tƅ¢!(A4.ƻōÝ°4arenicola 5o]tƅ.łĢ2

�?/��ó´.�F�ōÝ°4ƔEƻe]a5łĢ4łŕ4��)4ĝ4|2ĵñ!-�

F�łŕ/��ƪÙĬJƚ�-ĵġ#F42Ɯ®���4�ƻŗŬ5Ʈã2;+(K�.ƻ

ŗŬ4ơé530-40 µmƻŁé515-20 µm.2Ĉ4ƯĜJø, (¸1)��G5¥ŗŬ4¦ĵĵĬ

¸ 1� e]a4�ÓƳ

ëƟ�Ľ�NƿčƻĿư

ƿľĨƻ bar= 10 µm 

(Okamoto & Inouye 

2006)�� � � � � � � � ��  
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4|.5ŗŬVNY4Ç��ƛƴ2²=GF�=(ƻe]a5

ƗĠJ%$ƻº:(JƓ�,�6FC�2 �� 

� e]a4wĸ4ĭì5'4ŗŬ�21-4�4�ĵŵ (¸1) J

ø,wĀ.ƻ�ĵŵJø(1�ŗŬ (¸24á)AÒ¹#F�/

.�F��ĵŵJø+-�F/�25ƻ�ĵŵ4þ2��ID

$ŗŬ�ő21�4ľĨJø+-�F�ľĨ/5ŗŬ��4Ā

±JƃƉ#F4J��FŗŬ�Đƕ4�/.�F�=(ƻŰ´

Ħ��/2ƻ�ĵŵJø(1�ŗŬ5ƻ,32�ĵŵJø,ŗ

ŬCEAÝ��� 

 

B?�������/9�462�7�

� e]a5Ŗŝĺ25Q[hrgLpXďĬƢ

ƹ=(5ƻQ[hrgLpXƢƺ2Þ#�Q[h

rgLpXƴ5ĥĝ½Bģ½2��-ƻ9,�2ž

DGFùƵï4¦ĵĵĬ.�F�ĈƢ2��-ƻų

Ţ�Jø*�®õJ#F/îIGFō5e]a�

ÅŀDG-�1�� 

� =(ƻQ[hrgLpXďĬƢ2wĸƐŤ1�ƴŨ5ƻRpi_ďĬƢBei_ďĬƢ.

�F�/��ÑŖŝƀċ4ŜČ�D~ò�G-5

�FA44ƻƀċ#Fƙ�Ñ2C+-�GD4Ƥ�

�üø�G1�Á®A�EƻØ5C�I�D1� 

(¸3)� 

� wĀƻe]a�¨EƏK)�ĵŵ5ŢűďĬƢc

gsZqlXŵŠ2Þ#FNephroselmis Þŵƴƹ�

yƻcgsZqlXƺ (¸4) .�F�/�I�+

-�F�ƻ'4|404ō�e]a4�ĵŵ21+

(4�5zĂ.�F�cgsZqlX52Ĉ4ƯĜ.ƗĠ!ƻŗŬ251,4ųŢ�/1�4ľ

ĨJø,�Ý�1�ƴŨ)�ƻģĝ½2��-Ʊť2�ı#F� 

 

C?����58�!5(=�

� 9,�ƻŗŬ�2¨EƏ=G(ŵƴ5OV/!-ƃƉ�Gƻ#�2Ĥ¢�G-!=��ƻ

e]a5¨EƏK)ŵƴJwĄĺ1ųŢ�/!-�ø#F�/�«ŭ.�F�¨EƏ=G(

�ĵŵ5e]a4ŗŬ�.04C�21+-�F4)H��ǀ 

� ¸55e]a��ĵŵJ�ø!-�F/�4ŗŬ4ëŗĐƕJĒçĺ2Ÿ!(A4.�F�

e]a2¨EƏ=G(cgsZqlX�A/A/ø+-�(čƻl_Tt`pMƻUqW�

5ĘÒ!-�F�Ʈã2ƒ¢ĺ.ƻƯĜƻŗŬƸĎƻÝŬ�2ů+-5Õ�2ÉIG-�F�

wĀ.ƻųŢ�5ūÇ¢!ƻfrdN`4þ5Ůķĵġï4cgsZqlX�1�!�ø(1

¸ 2� ŗŬ�ŹĄ4�ÓƳ

ëƟ�Ľ�NƿčƻS=�ĵ

�ƻĿưƿľĨƻbar= 10 µm 

(Okamoto & Inouye 2006)�� � � � � � � � � �  �  

¸ 3� e]a4Ŗŝĺ�ŧ�(Kim & Graham 

20084ŖŝēJ¿2�¸��� � � � � � � � ��  

¸ 4� e]a4�ĵ�)/îIGFcgsZ

qlX4Ƽō� bar= 10 µm�� � � � � �� �

�
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�42Ü!ƻe]a�ĵŵ.5żþ�ſ

Û�GF�=(ƻ¨EƏ=G(�ĵŵ4

ųŢ�25ľĨ��F�ƻ�Å1�e]

a4ŗŬ�őJ±�-Ɲŧ�G-�F� 

� � �x4�/�Dƻe]a2/+-5

�ĵŵ4ųŢ��Ʈã2ƞŽ.�F/

ũ�DGF�'4ųŢ�Jşø#F42

zíŽ1A450K0KÉIGFĀ±

2�F/îIGƻ�4�/5�4�ĕď

Ĭ.AžDGFƹRsooRbPtďĬ

/Rpi_ďĬ.5�ĵŵ4ųŢ��

Å2č�ƒ¢ĺ)�ĘÒ!-�Fƺ�=(ƻ

ľĨ5�4Ā±ïJƃƉ#F42ƞŽ.

�F�ƻ�ĵŵųŢ�4ľĨJ�,.A¯"�ŧ2Ɲŧ#F10ƻe]a��ĵŵJŮ�4

wƛ.�F�4C�2Ìƫ¢!-�Fđ���F� 

 

D?������	58�:�/*.�

� � ¥ŗŬĵĬ2��-ƻĆïĵę4Ò¹�

ŀDG-�F�5=G.ƻÆ�5ĩïĺ1ƽ

�Ź2CFÃę4>�ŀDGF�e]a2�

�-AƻĆïĵę4Ò¹5ŀDG-�D$ƻ

A+7Dĩïĺ2Ãę#F/ũ�DGF� 

� ďĬŗŬ4ŗŬ�ŹĄ25ƻ9,�ÐŗŬ

2żŻ�G(ųŢ��»Œ2�Ɲ�GF�!

�!ƻe]a.5ã2wĀ4ÐŗŬ24>�

ĵŵ�©�Ş�GF (¸2, 6)��ĵŵ�©�Ş

�G1�+(ĩű4ŗŬ.5ƻ�ĵŵJø+

-�FŗŬ2��-ľĨ�Ɲŧ�G-�(Á

÷2ùƵźŧ�ÿ(2�ı#F (¸7)�ùƵź

ŧJø+(ĩű4e]a5ƻÿ(2�ĵŵ.

�FcgsZqlXJú!�!ƻ¨EƏ>ƻ

�ø#F�/2C+-ƻ9((8�ĵŵJø

+(e]a2öF/ũ�DGF�,=Eƻe

]a5wæ�Ź#F�/2ùƵï4ŗŬ/�

®õï4ŗŬ4�ĵĶJŷ+-�F4.�F� 

� �x4ŜČ�Dû×�GFe]a4ĵġĴ

J¸82ņ#��4C�2e]a5ŗŬ�Źê

¸ ���ĵ�JA+-�F/�4e]a4ŗŬĒç¸�� � � � � � � � �� �

¸ 6� e]a4ŗŬ�Ź4ƘŌ�NƿčƻS=�ĵ

�ƻĿưƿľĨ�bar= 10 µm (Okamoto & Inouye 

2006)�� � � � � �        
        

¸ 7� �ĵŵJø,ŗŬ.4ľĨ4�ŧ/ĩű

4ŗŬ2��FùƵźŧ4�ŧ��
        

植物科学最前線 1: 18 (2010)

BSJ-Review 1: 18 (2010)



H. Yamaguchi - 4 

2¤�5ŵƴ/!-ƻĘE4¤�5ùƵï4ƯĜŶ/!-į4C�2ĵ�-�F��4¤ŵ

¤į/AƁ�:�ĵġĴ5ƻùƵïĽčĵĬ�ďĬ¢#FƘŌ.ƔƘ#FX]\i41,)/

ũ�DGF��4Įô�Dƻe]a/ųŢ�4¯ƈ�Ź�ƌ�G6ƻe]a5ąG-Õ�2

�ďĬ21+(�/Ɓ�C��ĽčĵĬ�Ƅĵ!(ĄĨ.�A/A/ďĬ)+(�ĵĬ5Ò

¹%$ƻ Ĭĺ1ùƵïĽčŗŬ�ŵƴJŗŬ��ĵ�%FNjt_Jś-ƻ�ďĬ¢�!(

4.�F� 

 

�

E?A)�/
��'+��>3�

� �4C�2e]a5ƻŗŬ��ĵ2C

FďĬ4õŐJũ�Fx.Ʈã2Ű´Ħ

�ıƋJž%-�GF�Ľčŵƴ4ŗŬ

��ĵ2C+-ÿ(1ďĬ�ĵ=GFƖ

¢J�ĕ�ĵ/���e]a5Ľčŵƴ

J¨EƏK.ďĬ21H�/#F�ĕ�

ĵ4|ƣĚƨ4ĵĬ.�F�Ø5e]a

/¯đ2ƻı¹Ɩŷè.ďĬ21H�/

!-�F��,�4¦ĵĵĬ�ŀDG-

�Eƻ�ĕ�ĵ4�= =1��2,�

-4ŀž�ŴŎ�G-�F�'GDJš

®#F/ƻ2ĕ�ĵ2CFďĬ¢4ƘŌ5

¸94C�.�+(/ûħ�GF (�x 

2007)� 

¸ƾ û×�GFe]a4ĵġĴ�ƹØţ5ſÛ�DĂD�2�G(X]\i.ƻńţ5~ò�GFX

]\iJņ#ƻOkamoto & Inouye 20064¦¸JA/2ýÄƺ� 

¸ 	�û×�GF �ĕ�ĵ2CFďĬ¢4ƘŌ��
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� X]vW15ƻ¨EƏK)ŵƴJOV/!-Ĥ¢%$ƻŁćƣ)�ŗŬ�2şø#FĚƨ.

�F��4Ěƨ.ƻĭ×4ŵƴ)�5Ĥ¢!1�ƙ�ĺ!�>�ŅŐ�GF/îIGF�!

�!ƻ�ĵƤ��z£�.�F(@ƻÚ}5�ĵ�JŦEƑ!¨EƏ?íŽ��F� 

� X]vW25Ú}/�ĵŵ4�Ź�¯ƈ#FĚƨ.�F�l_Tt`pM10�ĵ�4ŗŬ

Ý¶Ö�ĘÒ!-�F�ƻųŢ��ÑÔ2��DGF4.ƻĔŭĺ25ďĬ.�F� 

� X]vW35�ĵŵ4l_Tt`pM�ĤÉ!ƻ�ĵŵ4č4ƙ�Ñ4Çƛ��Ú}č2ƍ

ŋ#FĚƨ.�F��ĵŵķĉ4ųŢ�5A5BÚ}4wƛ2Ś>Ə=G-�EƻďĬ/!

-ŅŐ!-�F�Rpi_ďĬ10��4Ěƨ4ĵĬ.�F� 

� X]vW45�ĵŵ4č�ĤÉ!ƻųŢ�4>�ĘÒ#FĚƨ.ƻ�ĕ�ĵ4ÕŜ.�F�

zŒĜďĬ�'4�.�F� 

� e]a4�ĵĚƨ5ƻďĬ¢4ƘŌ4X]vW1�DX]vW24ƣ2�F/ũ�DGF�

Ø5ƻX]vW2�ƥ4Ěƨ4ĵ�Ĭ5ěƎĺŔ¥2¾ƶ�.�F�ƻX]vW12�Fĵ�

Ĭ5¾ƶ�·ƭ.�F�¾ƶ�.�G6SdmƀċBESTƀċ�«ŭ21F�ØƩƻ�4C

�1ĵĬ2,�-�= =1ƙ�ĺ^v[�ŴŎ�G,,�F�ıĄĨ.¾ƶ�.�1�(

@2ƻX]vW2��4ĵĬ2,�-5ƻƦDG(ØƷ!�.�$ƻďĬ¢4���ć2��

ƌ�+(�2,�-5�=)ho\Rk\RX4==Ę�G-�F�ďĬ¢4�ćƖ¢4ƀ

Ă25ƻX]vW14ĵĬ4¾ƶ/ƙ�ĺƀċ�ƇƲ.�F� 
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arenicola gen. et sp. nov., a Katablepharid undergoing probable plastid acquisition, 401-419, 
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nLn=& Cavalier-Smith (2002) �ā¹

��¨ōōŁ%uƁ �6ǝďÏƍǔǝĄ

ąƍǔǝHoJQ=ǔ;²0ŜĚōŁ%u

ŮŸƁ;èú���7 (½ 1)�nLn=%

¥ŮŸõ&ǝƳá%ƒĆǀ�Î$47�Î

ŮŸƘē$4��2ăþ�8��7� (�

!�'ǝBurki et al. 2007ǝ2008, 2009, Hackett 

et al. 2007Ǜǝ�%ųƄèø&Ǒß$ÈĢ 

�7�nLn=%È&�ƫǚĂƫǛ�ě

%4�$�Ė�7=jt^Ń;³�72

%�Èǝ�%łð�nLn=!��°

�%ơļǚEnM=ơ: rhizoǡěǛ!#�

��7� 

ĎƳ Cavalier-Smith (2009) &�ÎŮŸVtR$ǝųƄ��ǝƼ ĢäǝōĴĢäǝƾóÝ

Ū%VtR;ƃù�ǝŜĚōŁ%ŮŸƺ¢;ƥ���đƦĽ &ǝCavalier-Smith (2009) $Á

��ǝnLn=%ŮŸŘ�ƀ;ū¥$Ŵ�����Cavalier-Smith%ŮŸ�Ƣ$Á�!ǝŜ

ĚōŁ&lYJrW!^?JrW%~ÉGotd$��587�2)
� lYJrW& ŁǝƊ

ǔǝ=jtfQ=%Ɓ
5#6ǝ^?JrW&ŅƂ%ĝŁǚuĦĝŁǡŻƉĝŁǜŰƉĝ

ŁǜľƉĝŁǛǝFqi=oeBmtRǚǡFqhNRǜ=oeBmtRǛǝnLn=ǝAF

NCetWǝ=dPQ=%Ɓ
5ġú�8��7�Cavalier-Smith (2003) &ǝŅƂ%ĝŁ	

4)Fqi=oeBmtR;JoU>CtR!��.!1�	6ǝCavalier-Smith (2009)  &ǝ

nLn=;JoU>CtR%ÍÌƁ!��ý���7�3) ĎƳÂ´�8�Èǀ�Î$47É

ƕģ�ÎŮŸƘē$	��2ǝJoU>CtRǜnLn=%¥ŮŸõ&ŸƛŘ$æăþ�

8��7 (Burki et al. 2007, 2008)����ǝBurki et al. (2007, 2008)  &ǝFqi=oeBm

½Ǟ nLn=ōŁ%ŮŸǉ��Bass et al. (2005) ;

ªƃ$�½�ūŔ¢%�1ǝProteomyxidea, Metopion

Ū%ŮŸƁ&śŔ��� 

植物科学最前線 1: 21 (2010)

BSJ-Review 1: 21 (2010)



S. Ota - 2 

tR&¥ŮŸ!#5�ǝNWmj\_?oǜ=oeBmtRǜnLn=Ɓ!FndWĝŁǜ

]dWĝŁƁ$�Ǐ���7�4)� �wǝū¥$nLn=%ŮŸŘ�ƀ$���ƙ8��ǝ�

� ǃƓ#�!&ǝnLn=&^?JrR%�Đ$�Û��œpeo$£ć�7ŮŸƁ!ƚ

�7Ŀ �7� 

 

<:����%�6
�#'*1.�

<�;:$1"�������9�

uĦĝŁǚŅƂ%ĝŁǛ%ƋŻ��M=\^FUn=%ųƄ��ō;ƪļ!�7BoD[

m �7�!&âş58��7ǚuĦ�ō!·*Ǜ�uĊǝŜĚōŁ��;Ɣ7!ǝ~Ħǚ�

7�&vĦǛ�ōőĒ%ƋŻ�;þ�Gotd2ÈĆş58��7�.��8�8%ƋŻ�

 &ǝÕ|!�ō�%Ÿ®%ťãǚǀ�Ř#Ÿ®ǝųƄµĐ%Ÿ®ǝ�ƧŘ#Ÿ®Ǜ2Ģ�

 �7��ō�!ƋŻ�%ǈ%żå�ǝ�#:��ō�
5ƋŻ�$Ƈ7"%ƺ¢ĩǌ�w

;ǢBoD[mǣ!��·,'��%
&ǐ��ƨƥ �7�Keeling & Archibald (2008) &ǝ

�ō�%ǀ�Î�Ě+ŤƏ�ǝ�ō�+Rr_FƩ�ƲƵ�8��7Ńø;BoD[m%�

ƷƔƘ!���7�ǝé5&.��%żå�&Ò�$&ċš$#5#��9�!2ƴ,��

7�đƦĽ &ū¥$ǝÕ|%ųƄµĐ!¯ƤŘ$�Ƒ�7ĩǌ�w;ƋŻ�ǚBoD[mǛ

!��ƃ�7��%4�#ƋŻ�;þ�nLn=ōŁ$&ǝPaulinella chromatophora!Fq

mmFYBrĝŁ�Ð¾�7�ďÏƍsĄąƍ&ǝÿǖ$4���ō�ǚĻǒĬƌŪǛ;�

þ���7Gotd�Ð¾�7�ǝ�85%�ō�&¥ń 2ōÐ¬ƅ �7�1ǝ�� 

&ƨƥ
5ǊÇ�7� 

 

<�<:Paulinella chromatophora 

Paulinella chromatophora&HoJQ=%@qJCinř$�ǔ�87¨ōōŁ ǝķĭ¿


5įĭ¿$Ĝö�7�ųƄ&�§è ǅê 30-40 µmǝňǂƩ%ÇĪ;þ��ÇĪ$&Ǉ«

ǁ�Ð¾�ǝ��
5ŭŃ�ƫ;�ǅ��=jt^Ƽ ;Ə��P. chromatophora&ǝųƄ�

$ chromatophoreǚ�xǝďƉ�Ǜ!·'87�ō�;þ��ďƉ�&èøŘ$M=\^FU

n=Řłð;ÈĨ��	6ǝŮŸŘ$2 Synechococcus/Prochlorococcus FptX$�ƀ�

7�!�ş58��7 (Marin et al. 2005)�P. chromatophora&ǝ100á�w�ǚ1895áǛ$Ɲ

Ʊ�8�ōŁ �7�ǝƳá�%ōŁ%ÀǗę�šŨ�8��!$46ǝP. chromatophora%

Šŧ�ǕƮŘ$ƺħ���ĎƳ Nakayama & Ishida (2009) &�®úǉƹǀ�Î%(!� psaE

� P. chromatophora%Õ|Ě$JtX�8��7�!;Â´���psaEǀ�Î&ďƉ�$&

JtX�8�	5�ǝ�%�!& psaEǀ�Î��ō�
5Õ|Ě+ƯŤ���!;ţ���

7��%Šŧ&uĦĝŁ!_mpo#BoD[m%ņîƽť ǝM=\^FUn=�ō�ǚď

Ɖ�Ǜ!Õ|%ǀ�Îpeo%Ÿ®;ţ��Ď�%Â´ �7��%�!&�.6 P. 

chromatophora�ǝuĦ�ō&ƽ©$��u»ƪ��!�7ÓƢ%�Ç!#7¬ƅõ;ţ��

�7����ǝƉŲƄ!Õ|%�ō%ťã&.��Đĩǌ �7!ƃ�58�	6ǝ�%�

1ǝP. chromatophora%ďƉ�&ǝBoD[m%�Đƺ¢%kVo!��Ǒß$ƈ¶ĸ�ǚĎ

Ƴ%źƢ!�� Keeling 2010Ǜ� 
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FqmmFYBrĝŁ2HoJQ=$Ù�7�ǝP. chromatophora!&ŕ#7ŮŸŘ�ƀ$

�7 (Bass et al. 2005)�.�ǝ�8�8%ƋŻ�ǚƉŲ�Ǜ%ƪļ2�ŕ#7�¦� P. 

chromatophora &ǝƋŻ�&M=\^FUn=ǚ¨ĚōŁǛƪļ �7�ǝFqmmFYB

rĝŁ%Ã®&ǝHoJQ=ōŁ�Żƌ;ųƄ�$�ō���ŷĕBoD[m¢��2% 

�7� (Ơ�& Takahashi et al. 2007)� 

�� FqmmFYBrĝŁ%�ǔ%Æƿ;ū¥$Ŵ�����Ď�$ŗƔ�8�

Chlorarachnion reptans &ǝ1930 á Geitler $4��ǙŻƌŹ%ƌ!��ƝƱ�8���%ů

50áëǝHibberd & Norris& C. reptans%ÀǗę%šŨ$ú����é5&šŨ�8�ÀǗę

;ŏ���ĞƜ;Ə�ǝíĒ%ƌǔGotd!&ŕ#7łð;Ɣ���ǚHibberd & Norris 

1984Ǜ��%łð!&ǝ1) ƋŻ�&Fqqb>o a+b;þ��!ǝ2) ƋŻ�& 4ǃƆ ¼.

8��7�!ǝ3) ƋŻ�µž¤Œ$ZFpBkobǚ�ō�%ŖƬĚǛ;þ��!ǝ4) ŝ

Ŀ;þ�#��!ǝ5) Vrdr;ĥ�! �7��%4�#èƩ%ŵ/®:�;þ�ōŁ

Ɓ&çČş58��#
���1ǝHibberd & Norris&ĉ�#ĝŁǆ!��FqmmFYBr

ĝŁǆ;ƞŨ�� (Hibberd & Norris 1984)�2009áŉ¾ǝđĝŁ$& 7Ù 12Ŧ�ş58�	

6ǝ�,�ĵŎŦ%/ �7�FqmmFYBrĝŁ%Ù&ǝ1) ap\?XïųġƸǝ2) Z

FpBkob%�ƀǝ3) ĘǗųƄ%R?dǚ=jt^ŃǝŊŃǝ�7�&ƻĲõǛ Į15

87��%èƩ ÓƂ�87Ù&ǝ�ÎŮŸ!ŞŚ�#�ǚOta et al. 2009; ��� Lotharella

Ù%/ÈŮŸǛ� 

đĝŁ%ĘǗųƄ&ŭŃ�ƫ;þ�=jt^Ń;³�72%�È��ǝųƄÅ;þ�ŊŃ

%Ŧǝ�7�&ǞđǒĬ;þ��ƻĲõ%Ŧ2ş58��7�=jt^Ń;³�7Ŧ&ǝĹ

®ĘǗǚ�®úǜÿǖǛ;Ə��ǝ46ĝŁŘ#y %ŊŃųƄ+%ƺ¢%Ċ±õ;ţ�Ů

ŸƁ3ǝÇĳ%ƐÚĭŌÄ+%ƾó;ţ�!ô:87dmrFWrõ%ŮŸƁ#"�ş58

��7��%4�$ǝFqmmFYBrĝŁ&Ģ�#ĘǗĢä;þ�ǝİÜ¿
5Çĳ¿.

 ]`RTW2ÈÛ$ĺ���7�1ǝōĴŌ�Ǒß$ÈĢ¢���7%�łð �7� 

FqmmFYBrĝŁ&ƋŻ�µž¤ŒǚƋŻ�¡Ɔ% 2Ĕř! 3Ĕř%ǈ%¤ŒǛ$Z

FpBkob!·'87Ě$��ġƸ;þ��ǝ�8�Ôǎ$�ōƌ%ŖƬĚ �7!Ɵċ

��%&ǝMcFadden et al. (1994)  �7�ZFpBkob&èøŘ$Ě$���7�ǝI\

iK?O�Ġũ$ſ×���7���'ǝ�ZFpBkobI\i�Ƙƣ�8� Bigelowiella 

natans%Ã®ǝ�%I\iK?O& 373 kbp. ſ×���7 (Gilson et al. 2006)��.6ǝ

ZFpBkob%ǀ�Î&Éǁ��Õ|�%Ě$Ť�8�
ǝ�7�&ĶË��!ƃ�58

��7��
�ǝ�%I\i&Ò�$&Ķ��	5�ėƉ��Ĩ�8��7��%�1ǝđ

ĝŁ%ƋŻ�&Ò�$BoD[m¢�7u�ü�%ĩǌ �6ǝƋŻ�$&.�ŜĚŘ#õ

Ʃ�Ĩ�8��7!ô:87 (Ơ�& Archibald 2007)� 

 

=:3����

=�;:#'*����1.�	�,.&�07�

nLn=ōŁƁ&-!<"�íÙĘǗōŁ ġú�8�	6ǝ�®úōŁ!��&ǝ:�
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$ P. chromatophora !FqmmFYBrĝŁ%ǟGotd�ş587%/ �7��
�

wƴ%4�$ǝzōŁƁ&ƋŻ�ņîƽť%ƶ{ĩǌ$�7�1ǝƋŻ�%ņîĤġǝƺ¢

;ŋƘ�7w ıř�8��7��ëǝP. chromatophora &ǝI\iǝųƄōŁÑŘ=dq

tS$46ǝƋŻ�ņîĤġ3�%ƺ¢ÑŘŠŧ�ØǇ�8��!ô:87�ł$ P. 

chromatophora &uĦĝŁ!&_mpo#ƺ¢Ŷƭ$4��M=\^FUn=;BoD[m

!��ņî��	6ǝ�����ƋŻ�Rr_FƩƲƵĤġ%Šŧ&ǝBoD[m%�Đƺ

¢;ŋƘ�7w Ď2ƈ¶ĸ�Utg%u� �7�uĊFqmmFYBrĝŁ&ǝƋŻ�

$ZFpBkob��Ǎ���7Ŀ ƈ¶ĸ��¯Ģ#ōŁƁ!��&ǝFndWĝŁ�ş

58��7�ĎƳǝzĝŁƁ$	��ZFpBkob%I\iK?O;īư�7Šŧ�#�

8�	6ǝ�ǔƁ�!$I\iK?O�ÈĢ �7�!�ċ5
$�8� (Tanifuji et al. 2006ǝ

Silva et al. 2007)��85%Šŧ&ǝ�ōƌĚ%I\i%ſ×Ĥġ;Ā7ÁŢŠŧ!��ǃƓ

 �6ǝ�ë�5$ZFpBkob%I\i�"%4�$�Žú�8�
!���ƈ¶ĸ�

Šŧ$ŗØ�7�9��.�FqmmFYBrĝŁ%uŦ Lotharella amoebiformis &ǝ� 

$ǀ�ÎÖ�Ů�šŨ�8�	6 (Hirakawa et al. 2008)ǝđĝŁ$	�7ƋŻ�Rr_FƩƲ

ƵĤġ2ì�$ċ5
$�8���7�
5)
  uĊǝZFpBkob%�ƑĢä#"ųƄōŁÑ

ŘƗĿ
5FqmmFYBrĝŁ3FndWĝŁ;Šŧ�7�!2òƓ �7!ƃ���7�

�8&ZFpBkob;²0ƋŻ��"%ťã�ŜĚōŁŘõƩ�;Ĩ���7%
!��

�ƈ¶ĸ�ŠŧUtg%�ŗĿ!#6ǝ�ō�%BoD[m¢%Ĥġ;ŋƘ�7�!$�#

�7!ƃ���7� 

 

=�<:����������!8������

Fqi=oeBmtR�Ƣ (Cavalier-Smith 1999) !&ǝŰƌőĒǚFqqb>o a+cR?

dǛ%ƉŲ�;þ�~ĦĝŁǚĻǒĬĝŁǝyŪĬĝŁǝFndWĝŁǝ]dWĝŁǛ;²

0FqhNR!=oeBmtR�¥ŮŸƁ �7!�7�Ƣ �7�Fqi=oeBmtR

%¥ŮŸõºǓ&ŉ¾ 2ÈĆ%ƨƥ��:�8�	6ǝƋŻ�%ƺ¢ÑŘŠŧ$	��ǃ

Ɠ#�ğ�Ƣ!#���7 (ĎƳ%źƢ!��& Archibald 2009, Keeling 2009, 2010)�nLn

=$&ŰƌőĒ%ƉŲ�;þ�Gotd&ŗƔ�8�	5�ǝǅ5nLn=&Fqi=o

eBmtRƨƥ%ƎÞ%Ç$�����
�ǝƳá%Éƕģ#�ÎŮŸƘēŠŧ&ǝFqi

=oeBmtRǚNWmj\_?oǜ=oeBmtRǛ!nLn=�¥ŮŸ �7�!;ţ

�� (Burki et al. 2007, 2008, 2009, Hackett et al. 2007)��%�!&ǝ�8
5%Fqi=oe

BmtR%ŠŧǚŰƌƪļ%ƉŲ�%ƺ¢ŠŧǛ$	��ǝnLn=ōŁ2ƖǄ$�8�ƨ

ƥ���òƓ��7�!;ţ¸���7� 
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Õȍ SuTLtƵȁ'Ƿ�ŀŞ+ƑƘǴ�ȈMcCourt et al. 2004, Trends Ecol. Evol.BĤå��Ùû � 2009, 

BiophiliaBĤå�Elsevier'DbUx~+ǅÈBċ%Ģǘȉ�SuTLtƵȁ*, 6#My~kȈSuTLt

ȁȊPzHN~_ȁȊmSqb{ȁȊLzjXyq`EGrȁȊL{{KjUȁȊsXU_EMpȉ��>�

�+Õ,Ê�*Ǥ52(Ƿ�ŀŞ*ǝ	�'BĕÏ�%�=ȊĲǝ+źƆ&,SuTLtȁ�Ĳ7Ƿ�ŀŞ

*ǝƛ'Ƣ�<?%	>�ĺ+�*,Ǥ¼+ǧƃ&šċȈȇȉ3�,ŒéȈǑȉ��ĆėůşĎBŽ�%	

>� 

�
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> 2¢�+ƓƧ²ƺ©ƪBµČ�>Ôí&�>�'�ĭ<*)"%	> (Tanahashi et al. 2005) 

(Õ 6)� 

 

 

 

 

 

 

 

 

 

 

ÕȐ hs]xJeQN*��>Ƨí�ĆĘǧƃȈTanahashi et al. 2005, DevelopmentBĤå��Ùû� 2009, 

Biophilia;=Ǖǘ�The Company of Biologists'DbUx~+ǅÈBċ%Ģǘȉ�a-h. ǢÄÓ+ƜĩǼÕ�a-e. 

ǮŦĽȊf-h. FLO/LFYǩ�íB�1%Żã��ĽȊi. ņĀ)Ƨí��ŷÃȈ�ȉ,ľȊŷ�=Ȉ � ȉ,Ə

í�a, f. Əí�¨¶Ȋ b, g. Əí�¨ĉȊc, h. ÇƏĉ*ĆĘ�?�ġËíȊd. Ĳ³+ƓƧ²ƺ�ǒ��ġ

ËíȊe. 2ƓƧ+Ʀ�ǮŦĽ&,ÇƏĉ*ġËí�ĆĘ�?>'ȊƓƧ²ƺ�ì3=ƦBĆĘ�%Ƨí�0

'ĘǱ�>��īȊFLO/LFY ǩ�íB�1%Żã��Ľ&,ÇƏĉ*ġËí,ĆĘ�?>�ȊƓƧ²ƺ�

ǒ�<�ņĀ)Ƨí��ĆĘ�?)	� 

Õȏ Ƿ�ŀŞ*��>Ƨí�+ǒŗȈŕ

Ǫ}ß 1996;=¬ŨơȆÖ+ǅÈBċ%Ǖ

ǘȉ�SuTLtȁȊ3�,PzHN~_ȁ

*ȁ���çƓƧ+Ǭ¤� �+ŦŏťB

ğ#Ƶȁ*�	%ȊġËí+ŔĦ²ƺ+ǲì

�ǥ?Ȋø�)çƓƧ+ 2¢���ȈƧí�ȉ

�ĆĘ�?�ȈĪŦǉ'Ð-?%	>ȉ� 
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���"%Ȋ�+Ôí�(+;
*Ǥ¼�%��+Bĭ<*�>�',Ȋ�2¢�+�Ɠ

Ƨ²ƺ�+µČSU_r+Ǥ¼BŤǂ�>
�&ǭƾ')>'�Ĕ�?>�FLO/LFYǩ�í�æ

*7S{FdcVc*�	%Ʊǽ²ƺƕƞĆĘ*ǭƾ)ć·BĹ��%	>LwUȋ 

KNOTTED1-LIKE HOMEOBOX (KNOX) ǩ�í,Ȋhs]xJeQN*�	% 2¢�+ŭŦ*Ǵ�

�%	>�'�àÍ�?%	> (Sakakibara et al. 2008)�SuTLtƵȁ*�	%7�+;
)ǩ

�í+ǂĸBƶ
ďƾ��=ȊŢ×źƆ�Ǥ6<?%	> (Tanabe et al. 2005, Floyd et al. 2006, 

Floyd & Bowman 2007, Nishiyama 2007)�3 źƆÞŲ,¾²&,)	�ȊĲǝȊSuTLtƵȁ

+�ǫ&,æĶǩ�í+÷¨7Èƨ*)=##�>�6Ȋ�ĉȊ�+;
)ǩ�í+ńƨBȊŦ

�Bŧ	%ǂĸ�>źƆ+ùǲ7ĴĈ�?> (Abe et al. 2008)� 

 

4/�����%.��)������ 

� �+;
*ȊSuTLtƵȁ*,�Ƿ�ŀŞǇŦ+ǋ�Bǂ�ĭ�Ƃõ+ēà����Cǹ

�?%	>����"%ȊSuTLtƵȁ*��>²íǩ�ïůźƆÞŲ+żƈ��ō6<?%

	>��+�6*,Ȋ 

1) ŦŏťBŸĴǳ*ðƖ&�>ÝȂƑ+żƈ 

2) ĆǐǕģƑ+żƈ 

3) OfrȈ©ǩ�íȉǂǊȈĲǝ,ƎÀ*Ǌ6>;
*)=##�>ȉ 

�ďǾ&�=ȊƳƣ<+źƆMy~k,�+ôŢ*º¸�%	>��?�ôŢ��įȊ�SuTL

tƵȁ�,ŀŞǤ¼ï+è�)jzFLUy~B7�<�'ĴĈ&�>� 

 

5/���
�

� ĵƅ&,Æ=��%,	)	�ȊSuTLtƵȁ+�&7è�)Ǥ¼�	�#7ǒ�"%	>

ȈÕ 3ȉ��'�-ȊSuTLtȁ'PzHN~_ȁ,çƓƧ+Ǭ¤�Bğ!ȊÄ'ƏíB�>�Ȋ

�?<;=ž§ů)ĒǐBğ#hsqI^Kt)(+ġËƵȁȈmSqb{ȁȉ+�ǳ&,ȊǬ

¤�,ÀƓƧ3�,Ì�Ć+ƓƧ�ǣ)"�Ơ�+;
)�µ&�=Ȋ�<?> 2Ƅȁ+Ǭ¤í

,ȊĆė<,Ä'Əí+;
*½´�>�'�&�)	 (Ǵĵ 2002)��+;
*ȊǤ¼ïů

)ȅ¸B���Cğ"�SuTLtƵȁ+źƆBĐ�Ȋű=��%�?>Ʈƣ+ŮáBƀ,Ĉ!

ĳC&	>� 

 

&'�

� ĵƅBÜƌ�>ǧƃ&ȊƽûıĭÁäȈǯŎèïïǸƁïôȃW|Y~ȉȊǴĵą�ÁäȈĬ

ĵëíèïŤïǫȉȊ�ƴ¦þÁäȈķ�èïèïǵƙËĨ¼źƆƁȉ<ç�+¹ǄBǽ	��

�DbUx~+Ź�ñĂŋ<,ĵƅ+�6*ç�+Õ'ĨƉ+ǕǘǅÈBǽ	��ĵƅ&Ɣ�

��Ƴƣ<�Ţ×ƶ"%	>źƆ+�ǫ,ȊĬĵïƷĠƩ�ƁïźƆǏƻ¹ǯȊĨǫƁïŴƁï

źƆǏƻ¹ǯşóǿÛźƆ�ŉǗOfr�ȊȈǎȉ.:
�ƁïĝƷ¿�ê»źƆ¹Ę+Ro~a

BÇ�%	>���*Ȋœ�Ėǌ+ĕBƸ��	� 
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� �I\O,ĕİ�¢İ�ǒ�&Ó*;>�&�=&ǍÆ�+vŸ�,�ĕİ�&ř=�&�

?�����7�ƍ*�ņø��ǄÎŲ%
>-Ǎ�I\O,ĕİ%7¢İ%7(��&ř=�

7�>(��I\O,³©đǆï%�®öŴ Aû��ǍƸwĕİ:<7¢İ)Ɵ��&�Ŋ;

>$�=�Ǎvą%¢İ)²6=@�)7��(��6Ǎ�ĕİ%7¢İ%7(���&)(=�

%,fXmgQ+:�(ƿĠAû!$Ƥ¢�=ſǄ,'��?��ǒ�ſǄ+{),ė�(ŞŨ

ů�²3>$�$Ǎ�+ù�,ƱàĦ~�$�����%��%,ĕİĽ��)'+:�(Ĺİ�

²6;>$��+�ǍźǄ&ſǄAÞ=ƕƒA²6$Ǎ�+ÄƨAƞ!$4���

 

65����'( 

� Ɵ�ł(�ǄÎ+¿ŎAś��mr[ǋCarl von Linné: 

Carolus LinnaeusǍ1707-1778ǌ,ǍŷĮİA�öƱ�=�ư

İĽǋLapideumǌǍ�öƱ�$Ĺ�$�=�ĕİĽǋVegetabileǌǍ

�öƱ�$Ĺ�$�$ǍŊƊAû!$�=�¢İĽ

ǋAnimaleǌ)�Ǆ�� (Linnaeus 1735)�mr[+�Ǆ�Ş

,ǍƢİ|�Ǎưİ:<7ǈŘ(ĕİǍĕİ:<7ǈŘ(

¢İǍ��$ŊïAû"&��ī%¢İ+{%Ċ7ǈŘ(

`WAƢ!�Ǎ&��őÎłîñ)ē��$����+ǀ

),3�ĕİ+�®ö,Łƈ�>$�(�!��6Ǎĕİ

,�ŊƊAû�(��ǋ"3<ŊƊ)í�$Ƥ¢�(�ǌ&��ī%¢İ�;¤��>$����

+ŧďǍmr[,I\O('+źǄ7Ǎǃż(Ƥ¢A�(�ĤŪ+:�(¢İ7Ǎĕİ)�Ǆ�

��vą%GG`NeqmǋVolvoxǌ+:�(ƿĠſǄ,¢İ)�Ǆ�>� (¼ 1)� 

� 19 zş+{ǀ)(!$ƣ£ƒ�«ǂ�$�=&Ǎƣ£A¨Ĉ���Ǆ�Ş+ĖśAńü�ŋŖ

                                                        
1) 
Ĺİ,ƹØł)�Ǆ�>Ǎ�+ƹŢ,w�;ǁ)ǍĽǍƲǍũǋ��ǌǍńǋ7�ǌǍŒǍ×Ǎŕ&(!$

�=��-`W(Homo sapiens),¢İĽ ŵŤ¢İƲ ·�ũ ƼƱń `WŒ `W×)�Ǆ�>=�ĕİ,

�-�-ĕİĽ(Plantae)&�$ù@>$���6Ǎ��%,�ĕİ�A�ĕİĽ)�Ǆ�>=Ĺİ�&�=� 

¼ 1 mr[+�ĽƐ��
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Ų��$���bTMnǋErnst HaeckelǍ1834-1919ǌ,źǄAĕİ+ŞŨ+ē�Ɵ�)�Ů#�Ǎ

ĕİĽǋPlantaeǌ)�Ǆ���Ǎ¥ťųĹİ,ſǄ%
?�&ƿĠƀ%
?�&¦ĹĹİǋProtistaǌ

)�Ǆ�>� (Haeckel 1866)�bTMn,Ƹwĕİ&ƟŬ(ĕİĽǍ`W&ƟŬ(¢İĽAŞŨ

ƴ�)¿#�$Ǝ6=vą%Ǎƣ£+Ŕã)í�$¥ťųĹİAÆťųĹİ�;¤������

�¦ĒĹİ&ňĒĹİ2Ǎ�®ö+ċĭ('+Ʀ��ƭƇƉ�>=:�)(=&Ǎ�Ǆ�Ş+ƈŅ

�7ëƇ)(!�� 

 

75��#�
�4-�'( 

� bTMn�ƵǍźǄǍſǄǍ��$¦ĒĹİ+ù�AÞ!$ǍĹİ+�Ǆ,Ħ~����>)

.&3�+ĢŉA���+�dETSHuǋRobert H. WhittakerǍ1920-1980ǌ%
=�æ,¦ĒĹ

İ�;ňĒĹİ0+ƣ£&Ǎ¥ťųĹİ�;ÆťųĹİ0+ƣ£AƭƉ�Ǎ¯ĉ)ÆťųĹİ+

Ĺò+Ʀ�)ŉń��� 

� dETSHu+�ĽƐ%,ǍžſǄA²5¦ĒĹİ,i[lĽǋMoneraǌ)ǍňĒ¥ťųĹİ

,¦ĹĹİĽǋProtistaǌ)�Ǆ�>����$ÆťųĹİ,�®öAƁ�ĕİĽǋPlantaeǌǍ³©

đǆï+ňźĽǋFungiǌǍþǅđǆï+¢İĽǋAnimaliaǌ)¤��>� (¼ 2; Whittaker 1969)�

ĹòÎŲ%
=dETSHu,ŞŨƴ�:<7Ĺò+Ʀ�AƭƉ�ǍĕİĽ8ňźĽ,ć;�)

ŞŨA¨Ĉ�$�(�!��æ+ĕİĽ),ĳŷ)Æťų£Aď���ūŹĕİǋūſǄ&Ƹw

ĕİǌǍƅſǄǍŠſǄ+ 3 ŞŨ�²3>$�$ǍŞŨƴ�AƭƉ��Æ�+�ǄÎŲ+¨ŁA

ª�=�&)(=� 

� �-euJjmRǋLynn Margulis, 1938-ǌ,ĕİĽA:<ǈŘ(Ƹwĕİ)ƶÐǍ¥ŞŨů

&�$�ÐŰ�Ǎ
;9=ňĒſǄA¦ĹĹİǋProtista3�, Protoctistaǌ)��Ǆ�� (Margulis 

1971, 1974)�euJjmR):=�ěį+�ĽƐ%,ĕİĽǍňźĽǍ¢İĽ,ŞŨł):�3

&6;>��Ǎ¦ĹĹİĽ,Ơ)ǍŞŨƴ��xć(ƺÆ(¦Ĺ¢İ8ſǄǍňź%(�źǄǋ�

źǄǌ('A²5:�)(!�� 

                                                        
2)

 ¦ĒĹİ&ňĒĹİ,ĒŶ+ċĭ('Ǎťų�ƫ+ĖƢ�Ç��ľ(!$�=�¦ĒĹİ+{%7žſ

ǄǋQD\^KUmDǌ,ƬţŁĹ¾+�®öAƁ�Ǎĕİ&�$ù@>=�&7
!�� 

¼ 2 dETSHu+�ĽƐ

ǋſǄAūĐ%ŏ��ǌ� 
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� vƫ+�ǄÎŲ,ŞŨł)ƺÆ(¦ĹĹİAƋ�tăĸ�=�&Ańü�ǍňĒĹİAĊÇ 18 

Ľ)�Ǆ�=Ĕ7��>� (Leedale 1974)��+:�(ÆĽƐ+{),ǍĕİĽ&��°œ�;

ĺ��ǍƸwĕİAūſǄ&�)ūŹĹİĽǋChlorobiotaǍViridiplantae ('ǌ&�$ù�7+7


!� (Jeffrey 1971, Cavalier-Smith 1981)������>+�Ǆ�Ş)��$7ǍňĒĹİ+{%

ſǄ8Ƹwĕİ���+Ľ)�Ǆ�>$�$ǍŹţ�+ƣ£AƐć�=�&,%�(�!�� 

 

85'(��1.��$���� 

� dETSHu�ƵǍĕİĽ+Ś»�Ð3;(�!�Ƈº&�$Ǎ��ťųĖƢ+ľ(=ſǄů

�Źţ�Aû!$�=&��Ɠ�ƋĢ%�(�!��&&ǍſǄů+ƳǍ
=�,ſǄů&�

+¦ĹĹİ+Ƴ+ŞŨƴ��xć�!��&�ý�;>=��+Ħ~AƋĢ)Ô��+,Ǎ�Ě

�Ĺ&��ķƖ+Łƈ&Ǎ�ËŞŨƋĎ+ŁÖ%
!�� 

� ňĒĹİ+Źţ�,Ǎ��¦ĒĹİ+žſǄ�ňĒĹİ)ťų��ĹǋvĚ�Ĺǌ��7+�

&ű;>$������vƫ+ſǄ+Źţ��Źţ�Aû!��+ňĒĹİ+ťų��Ĺǋ�

Ě�Ĺǌ)ļč�=�&�ć;�&(<Ǎ��ľ(=ťųĖƢAû!�ſǄ�:���Źţ�A

û!$�=�&�Ɛć%�=:�)(!�� 

� �Ě�Ĺ):=ƣ£Aűó)�>$ǍňĒĹİ+�ǄA�Ėö��+�HsCmFǑRfR

ǋThomas Cavalier-SmithǍ1942-ǌ%
=�æ,¦Ĺ¢İ&:���ťųĖƢAû"ſǄů+Æ�

�Ǎ�+ňĒĹİ�;Źţ�Aĵè��ËÏ%
=&ű����$�Ě�Ĺſ,vĚ�Ĺĕİ

ǋƸwĕİ7²5ǌ&,Źţ�+ƚĨ�ľ(=�6ǍĕİĽ�;ƷÅ�ǍvĚ�Ĺĕİ%
=Ī

ŹſǄǍŠſǄǍūŹĕİAĕİĽ)3&6� (Cavalier-Smith 1998, 2002, 2007)� 

� vą%�ËŞŨƋĎ+ƣĜ):!$ǍåòÎ%,Ƌ�(�!�ǍňĒĹİ��+ŞŨƴ��ć

;�)(!$���ķ½ǍňĒĹİ),Ç�� 3 "+ŞŨ�Í½�=&ű;>$�=�v",

¢İ&ňźǄǍƆƿĠƀ('�;(=çąƿĠǄǋopisthokontsǌǍv",ŻĲĀƜAû!�Dh

u^8ŜźǄŘA²5Dhu^¢İǄǋamoebozoansǌǍ��$Ċç)ſǄ8ƸwĕİǍÆ�+¦

ĹĹİ�;(=^EOrSǄǋbikontsǌ%
=�̂ EOrSǄ),DncGluSǄǋAlveolataǐ

ŭĠƀ8ħƿĠſǄ('ǌǍFKRHsCuSǄǋExcavataǐfXmgQ8ė�(ƿĠƀǄǌǍm

PmDǄǋRhizariaǐŝĲĀƜAû"Dhu^ǍKpllKZGſǄ('ǌǍRWlh\_EnǄ

ǋstramenopilesǐ�źǄ8á"�+ƿĠƀǄǍxŘĠſǄ('ǌǍ]aWſǄǍKmaWſǄǍ�

�$ 3 ŞŨ+vĚ�Ĺĕİ�²3>=� 

� ƄĂ+ƪ�Ë%ňĒĹİ��+ŞŨƋĎ�Ɓ@>=&ǍvĚ�Ĺĕİ���)ƟŬ%
=�&

��ËŞŨ�;7āû�>� (Baldauf et al. 2000, Moreira et al. 2000)��>):<HsCmFǑR

fR+ĕİĽ,ƃ��;>Ǎ�ĕİǑvĚ�Ĺĕİ�&���Ǆ�ª��>;>=:�)(!�� 

 

951.����	�'(< 

� 21 zş)�<Ǎ:<Æ�+ƪ�ðÀ�:<Æ�+Ĺİ)"�$ƋƑ�>=:�)(=&ǍÇƯ

+VuSAĺ��ňĒĹİ��+ŞŨƋĎ�ŃB)Ɓ@>=:�)(!��&�?����$è

;>�ŞŨĘ%,Ǎë��7vĚ�Ĺĕİ���)ƟŬ&,(;(��&�ć;�)(=� 

� ňĒĹİ+ſǄ��$^EOrS)²3>=�&,Ǎ'+ŞŨƋĎ%7Ä@;(��Ǎ^EO
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rS+�ƫ+ŞŨƴ�,ƋĎ)ĺ�=ƪ�Ë+Ʃ/ą8ƋĎøģ):!$ľ(=ŧď�è;>$

�=��-ƮÝ}ŰǋHisayoshi NozakiǍ1955-ǌ;,^EOrS+{%ŠſǄ,FKRHsCu

SǄ)ǍĪŹſǄ8ūŹĕİ,RWlh\_EnǄ8DncGluSǄ):<ƟŬ%
=&��

ƋĎŧďA��$�=� (Nozaki et al. 2003, 2007, 2009)ǍƠ)vĚ�Ĺĕİ���)ƟŬ�&�=

ƋĎŧď7ŏ�>$�= (Rodríguez-Ezpeleta et al. 2005, Patron et al. 2007, Hackett et al. 2007) (¼ 3)� 

 

¼ 3 ĴŰ+ĕİĽ&�ƛ�ĕİĽ�vĚ�Ĺĕİ,ū%Ǎ�Ě�Ĺſ,ƽ%ŏ���Lnua+{)�Ě

�ĹſA²5Á®,Ǎúä�)ŏ����

 

� Źţ�+ƪ�Ë8�ƔŞ+ŋŖ�;ǍvĚ�Ĺĕİ+Źţ�,��vã�<+vĚ�Ĺ)ļč

�=&ű;$�=��+�67�ƮÝ;+ŞŨĘ�ě��&�=&Ǎ^EOrS+�ơŐ�,

Ć)Źţ�Aû!$���&)(=�¡$ǍÆ�+¦Ĺ¢İǋ�-DncGluSǄ+ŭĠ

ƀǄ8mPmDǄ+ŝĲĀƜDhu^Ǆ('ǌ8�Ě�Ĺſ+Ƨ�Ő�7vĚ�ĹŹţ�Aû!

$���&)7(=�?�� 

� �+�Ɛ)¿#�$ǍƮÝ;,vĚ�Ĺĕİ&ǍŹţ�AÈ!��$+ĹİA.!�=6$ĕ

İĽ)�Ǆ�=�&AÿĔ�$�=�æ;,�+LnuaA “ƛ” ĕİĽ&µB%�$ǍŹţ�

AÈ!�&î@>=¦Ĺ¢İ(')ƪ�Ë+ŀƝ7À´�>$�= (Tyler et al. 2006, Maruyama 

et al. 2008, 2009, Reyes-Prieto et al. 2008)�“ƛ” ĕİĽ),�>3%ĕİ&,ű;>$�(�!�

¦Ĺ¢İ('7²3>$�=�Ǎ�+¿ĩ,7,8vĚ�ĹŹţ�A�û!$�=�&��ıê

%,(��ĕİ&,Õ(�&7Ő��vĚ�ĹŹţ�A�û!$���Ĺİ%
<ǍvĚ�ĹŹ

ţ�+ĵè&��ƥ§+�č�)¿#�$�=+%
=� 

 

:5'(�3����� 

� ĕİĽ+ÐŰ,ĉ�AŦ$Ç��ÄƗ�$����¢�(�Ĺİ�&��¥š%�Ĭł(ÐŰ�

;Ǎ�®öAƁ�ÆťųĹİ&��ƣ£ğƹA¨Ĉ��ÐŰ)(<Ǎ��$�8vĚ�ĹŹţ�

+ĵè&��ĝ¬&ŞŨ)¿#��ÐŰ)(!$�=�ČŊ+Ĺİ�ƈ"�!�&�)Ǎ�>�

ĕİ(+�'��Aƈ��=+,vØƻ��(!��Ǎ¯ĉ)Ą��ÐŰ,ĕİ&��Ĺİ0+

:<ĥ�ĸƋ)¿#�$�=&7ƌ=� 

� ĊĄ+ĕİĽ+Ś»%,ǍÕ(�&7ĪŹſǄǍŠſǄǍūŹĕİ+ 3 ŞŨů�vĚ�Ĺ):
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B'+¦ĹĹİ7ĕİ&µ1=+�7�>(��ĕİ+Ś»�'�3%â�=+�,Ǎ�ç+ŋ

Ŗ+ƣÖ)Ê*;>$�=� 

� �+:�)�Ǆ&,¥)��>,ĕİ%
=Ǐ(��&��¹řAy=7+%,(�ǍĹİ

+ƣ£tĝ¬)Ò�=ĥ�ĸƋAƂķ�=7+%
=�7�
=Ĺİ�ĕİ�'��&ƌ�Ŀ¸

Aû!�(;Ǎ�+Ĺİ+ƣ£¬)7î�AǇ�$4$,����?��� 

 

, ǎ'(������*(�
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\^KUmDǌ('�Ŋ;>=�ǍžſǄ���ƬţŁĹ¾�®öAƁ��ƾƬţŁĹ¾+�®

ö,�ËęĖ�3=%ľ(<ǍžſǄ�Å+�®öťź,ſǄ)7ĕİ)7²6(��(�žſ

Ǆ,Źţ�+ļč)(!�� 

tźǄ 

� đǆťų)Ƥ¢ï�(��®ö7Ɓ@�ǍųË%ÃĞ�=Ĺİ��"$,¦Éł(ĕİ&ű

;>��ķ½%,źǄ)7ė�(ŞŨ�²3>=�&�Ŋ;>$�<Ǎvƫ+ſǄ&ƟŬ(źǄ

7Í½�=��@9=I\O+�Ƴ,ĳŷ+ňźĽǋFungiǌ)�Ǆ�>=� 
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7²6=�&�
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]aWſǄǍħƿĠſǄǍxŘĠſǄǋƅſǄǍĶſǄ('ǌ�
<Ǎ��)�®öŹţǍƘŽ

İƙǍŹţ�8ƿĠ('ťų+éť(ĖƢ�Ç��ľ(=�Ƹwĕİ,ūŹſǄ�;ƏĹ��&

ű;>=� 

� žſǄ�ňĒĹİ)ťų��Ĺ�=vĚ�Ĺ):<ĪŹſǄǍŠſǄǍūŹſǄǋ&Ƹwĕİǌ

+Źţ��ƏĹ�ǍŹţ�Aû!�ňĒſǄ��+ňĒĹİ)ťų��Ĺ�=�Ě�Ĺ):!$

kuLoYſǄǍKpllKZGſǄǍKmaWſǄǍ]aWſǄǍħƿĠſǄǍxŘĠſǄ+

Źţ��Ĺ3>���Ě�Ĺ,Õ(�&7 3 ¹ƚ�!��Ǎěō(¹Ă,@�!$�(��Ɵà

,vĚ�Ĺſ+4Aĕİ&�$Ǝ6Ǎ�Ě�Ĺſ&,¤��=�±)
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