
������� ��
��� 	��
�
�

 

  
�

�������������
���	��
�
�
E. Shoguchi-1 

 
�+$(1'- Symbiodinium�"+$������������0 �

�
 

Ï¤Ąs�

ĔŒĺÈîŨÀÈƚÀÈqelpK]fVHRi[VX�


���������ĔŒį°ƢƏçńĀÆźš�������

�

Eiichi Shoguchi 
Genome evolutions in symbiotic dinoflagellate Symbiodinium and parasitic apicomplexans 

Key words: alveolates, Apicomplexa, comparative genomics, gene duplication, Symbiodinium 
Marine Genomics Unit, Okinawa Institute of Science and Technology 

1919-1 Tancha, Onna-son, Okinawa, 904-0495 Japan 
DOI: 10.24480/bsj-review.8c4.00123 

 

2��
����

� AmcEkrT&�
İĆģĞ*À�(Imrb)+ƬĚƟđťƤƬA`LpbnHNƤƬŕ

đŦƤ�|ūImrb&�$©0;:�ĚƟđťƤ)+Ƭ�7� 2,500 ļ�Ĳ8;$�9Ƭ�ģ

5Ìģ&�" ċ	(ģėċÜ�ŮÍ�;:ƪHoriguchi 2015ƫ��*Ń�ö+ŢŎ�ƪ�¦ìŜ
�ƫ>ï"$�:�sø%ƬĲ8;$�:A`LpbnHN+ņś�ŋÎÌģæ%�9ƬŕđŦ

+�*¿��àÓĄƧæ%�:ƪƩƔŗ� 2010ƫ� ÿōų%+ƬĎx�PrJpNr*Ī¹ß)

�3$�K]gůā�ŧ=; Ƭ�ģæĚƟđť Symbiodinium *K]gůŴ)#�$Ň��:�

0 A`LpbnHNƤ*ÃÂŖHohkƤ*K]g&*Đž)79Ŭ�$� ƬÌģæA`L

pbnHN*K]gƉ�*ĉū>ųù�:�eklA Ŧ>©2A`LpbnHNK]g%+Ƭ

¿�*Ǝ�ÅoR���"$�9ƬƎ�ÅƓŪ(')7:Ǝ�Å*Ġá+Ñ(���;%+ƬN

pM�ŚŢņś�)�ģ�:Symbiodinium*K]g%+'*7
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� ĚƟđť* SymbiodiniumÓƪSymbion 

�)ģ�:+ dinos �:�:­�ƫ

ƪFreudenthal et al. 1962ƫ+ĘĒ´)ģè

�ƬŢŎ�>ï"$�:ƪ¯ 1ƫ��ģæ
%�: Symbiodinium+Ƭċ	(�Ğ�8

Ŭ#�"$�$�9ƪPochon et al. 2014, 

¯ 2ƫƬNpM*�ģť&�$ûƁ7�ĵ
ľ�;$�$�:ƪYamashita & Koike 

2015ƫ��
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ƪFrommlet et al. 
2015ƫƬüæģď*Ů

Í+¸ª�;$�(

�ƪThornhill et al. 
2017ƫ�Symbiodinium

Ó+Ƭġģ*ĚƟđ

ť*{%+Ɖ�ī)

+ƬĐžīûƁ)�

Ô� Imrb%�

:ƪJanouškovec et al. 
2017ƫ ���+ 1

ļƤ&ř�8;$� �ƪKevin et al. 1969ƫƬ�ÅłŊÈīůā)79|ūHnrY A�8 Iƪ¯

2ƫ)�Ƥ�;$�:ƪPochon & Gates 2010ƫ����(�8Ƭ�*HnrY�*¿ċæ)#�$
+ŹŶ�Ō�$�:ƪYamashita & Koike 2015ƫ��* Symbiodinium*K]g+ƬĚƟđť*{%

+ĐžīÐ�(ĆK]g>ï#�&�¸ª�;$�:ƪLaJeunesse et al. 2005ƫ��*{%4ğ)Ð

�(HnrY B* Symbiodinium minutumƪLajeunesse et al. 2012ƫ*K]g�Ƭû�)ůŴ�; � 

�

4�������� Symbiodinium minutum�����
� ĚƟđť*ĆK]g��*İĆģĞK]g)18;(�i[rH(ĆK]gĊƇ>4#�&+Ƭ

���8¸ª�;$� ƪDodge, 1965; Lin, 2011; Wisecaver and Hackett 2011ƫ����(�8ƬK

]gNBS��*ÃÂŖ&�$Ĳ8;$� A`LpbnHN(')Đ/ƞØ)À��ƪ1.5-250 

Gbpƫ&�
�&('4�9ƬPjVXFpPrHDpPpIĕ)7:K]gůŴ+Ƭ�*Am
cEkrT)Đ/Ɗ;$� ƪEisen et al. 2006; Gardner et al. 2002ƫ�2013Ú)í	*Imrb+

Ďx�PrHDpNr& S. minutumƪ�ą: NIES-3808ƫ>ĥ�$ƬĚƟđťƤ%û�*ĆK]g

ĉūƑ�>ēÉ� ƪũ 1; Shoguchi et al. 2013ƫ�¿�*~ê¾*ŉĂ*{*s#+Ƭƛò�¦

Ǝ�Å�§�¨�)z?%�:&�
4*%�" ƪ¯ 3ƬKoyanagi et al. 2013ƫ�0 ƬBpX

oplVU(Ǝ�Å�ƞØ)¿�u, ���u*RbkBRNBX��=6: GT-AGmrm)
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�LrY�;Ƭ�;8*Ǝ�Åö+¼��$�:�&�ù8�)(" ƪShoguchi et al. 2013ƫ�

�*7
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       S. kawagutii 935 44 36,850 3 (36) GT/GC 17,888 �9�

S. minutum 616 44 41,925 19 (5) GT/GC/GA 2,064 �9�

S. microadriaticum 808 51 49,109 21 (2) GC/GT/GA 3,633 �9�

HohkƤ�        
Chromera velia 194 49 26,112 2 (24) n/a 989 n/a 

Vitrella brassicaformis 73 58 22,817 6 (5) n/a 92 n/a 

A`LpbnHNƤ�        
Plasmodium falciparum 23 19 5,268 2 (46) GT 1694 (��

Aranda et al. (2016), Gardner et al. (2002), Lin et al. (2015), Shoguchi et al. (2013), Woo et al. (2015)>Ýĥ� 

 

� 0 ĚƟđť%+ŢŎ�K]g*ĊƇ4ƥ½=9%�:�S. minutum*ŢŎ�+Ƭ14TBb*
f[NrHm DNAƪ1.8-3.3 kbpƫ>ï"$�9Ƭ�;�;)ƭ#*Ǝ�Å�LrY�;$�:�

�*Ž�ĤĞ+ 9TBb* RNAŐƜ>£�:�&)79ƬčŜ>ï#Tp_HŻ.&ŘŰ�;

$�:ƪMungpakdee et al. 2014ƫ��*�*ŢŎ�Tp_HŻ+�/$Ć)LrY�;$�9, �
*{%û4ö*¼�$�:�£ÊTp_HŻ*Ǝ�Å+ 145��9, HnrY B* Symbiodinium

*łŊ%¿ċ��$�$�:ƪMaruyama et al. 2015ƫ��;8*�&+ƬSymbiodinium*ŢŎ�+

û4¿ċ��$�:E

mF\k*s#%Ƭ�

*ĩġŵŁ+Ģ»ƍä

)ğ)Ɠū(*%+Ʈ

&�
�&>ê���

:ƪXiang et al. 2015ƫ� 
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A*K]g+ƬLrY
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ĝ)��$eklA Ŧ Plasmodium falciparum& S. minutum&*Ƙ%�Ç�;$�:��*

{)+čŜþĲ* small RNAƎ�Å�©0;:ƪShoguchi et al. 2015ƫ�í	*Imrb%+Ƭ

Symbiodinium*Ë|*s#%�:NpM Acropora digitifera*K]g>ůŴ�$�9ƪShinzato et 
al. 2011ƫƬK]gé¸>·ĭ&�$ƬĚƟđť&NpM*�ģƙ�>ù8�)�:ĵľ>Ɖ3

$�:ƪShinzato et al. 2014ƫ� 
 

5��Symbiodinium����!&$�
� HnrY B* S. minutum*K]g)Ō�$ƬHnrY F* S. kawagutii*K]g�ůŴ�;ƪũ

1; Lin et al. 2015ƫƬS. minutum)+18;(�" S. kawagutiiK]g*ğâ���#�¸ª�;$

�:���, S. kawagutiiK]g%+ƬƅŽ�ƒŅ*Ǝ�Å*ö�û4¼À�ƬBpXop*(�

Ǝ�Å*�¦�Đžī¿�ƪũ 1ƫ��*�&+ƬƎ�Å*Ġá*�(9*Ɛ��ƬmRNA�8ƅ

Ž�ƒŅ)7"$#�8; cDNA�K]g�)÷ )ň1ƀ0;:�&)79ż�"$�:�
&>ķ¬��: ƪSlamovits and Keeling, 2008ƫ�0 Lin8ƪ2015ƫ+ƬS. kawagutii *microRNA

ƪmiRNAƫ*Ç±)#�$ű��ŵ/$�9ƬmiRNA)7:ŵŁ>£�$��
(Ǝ�ÅŖ)

ıĮ�$�:�NpMƎ�Å&*Ƒ�Đž)79ƬSymbiodinium*miRNA�NpM A. digitifera

*XkpRdrTrƎ�Å('*ĩġŵŁ)ƙ=:¥Ŝæ>ƃ/$�:ƪLin et al. 2015ƫ��ßƬ

Symbiodinium*miRNA�NpMņś�)'*7
)ſƄ�;$�:*�Ƭ0 +�*¢Îø¨

.*ſƄ4�:*�>ŵ/$��ãū��:&å=;:�� Ō�$ 2016Ú)+Ƭ�ý)�Ô� 
&ř�8;:HnrY A* S. microadriaticumK]g�ůŴ�; ƪAranda et al. 2016ƫ�HnrY

A+�*HnrY�81:& ÄīImrb&ř�8;Ƭ�&+�7� 5000tÚ�)�Ô� &

óÉ�;$�:ƪPochon et al. 2006ƫ��*K]g¡-HnrY B& F*K]g>©3Ƭ�*İĆ
ģĞK]g&*Đž�(�;$�:��*Đžůā*{%4ƬSymbiodiniumK]g*ğâ*s#

+Ǝ�ÅƓŪ%�:&�
�&�Þŵ�;:��8) Aranda8ƪ2016ƫ+ƬļğĨī)¿ċ��

 Symbiodinium*XkpRdrTrƎ�ÅŖ���ƬË|&*�ģƙ�)+Ɠū(*%+(��

&�
�&>ķ¬��:ŉĂ>¸ª�$�:�ƓŪ� Ǝ�Å�¿�&�
ŉĂ&�)Ƭƛ�


Ǝ�Å�§�¨�)z?%�:&�
ğâ+Ƭ3ļ* SymbiodiniumK]g)��$ĶŲ�;:�

%+�8)ÖÀ(K]g>4#ŞĦģėæ*ĚƟđť%+Ƭ�*ğâ+'*ĻÛ18;:*%�

<
�Ʈ�*K]gĊƇ&ģėċÜ)+'*7
(ƙ���:*!<
�Ʈ÷ŭ*K]gƑ�é

¸*ţĽ)79ĚƟđťK]g*¿ċæ&Ɖ�*űņ�0�0�ù8�)("$�:!<


ƪJanouškovec et al. 2017ƫ� 
 

6��"+$�������������0 �

� ĚƟđťƤ*|ū(ÃÂŖ%�:A`LpbnHN+ƬÌģæ%�9�¦ìŜ�>ï"$�(

��5000ļ�u�Ĳ8;Ƭ100tļ�u�:&óě�;$�:ƪAdl et al. 2007; Pawlowski et al. 2012ƫ�

�*A`LpbnHN)Ɓő(Imrb%�¦ìŜ�>ï#HohkƤ 2ļ*K]g�ůŴ�;

 ƪWoo et al. 2015ƫ��*HohkƤ*K]g>ACXImrbƪĹ�³ƫ&�$Đžůā>ŧ

�&)79ƬA`LpbnHN*�ƆĹ�+ƬƞØ)¿�*Ǝ�Åƪ�7� 3800ƫ>ôÁ� 

&�
¥Ŝæ�ķ¬�;$�:��;8+�¦ì5RWorm¦ìł&�" �Ÿł*oR)Ä
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�;*łŊ%Á"$�:����

(�8ƬsƐ*Tp_HŻ*Ǝ�

Å*ö+Ƭ�:Ɖ�*TBfpI�

&)¼� 7
%�:�Woo 8

ƪ2015ƫ+ƬRNAŉ¦Tp_HŻƪÌ

ģŜ�>Ġá�:�*RWrQ 1ƫƬ
ņśƨćłTp_HŻƪHohkƤ

&�Ôß*ÌģŜ�>Ġá�:Ƙ*

RWrQ 2ƫƬņś¾Tp_HŻ&
ApiAP2Ž�®ÅƪÌģŜ�>Ġá�

 ß*RWrQ 3ƫ*Ơ)¿ċ��

ż�" ¥Ŝæ>ķ�$�:ƪ¯ 4ƫ�ğ)ņśƨćł*ƟđTp_HŻƎ�Å*Ɖ��Ƭņś�
)�"$��Ŝ�>Ġá�:u%*GrdBpX!" *%+(��&óě�$�:� 
 

7������ 
� ĐžK]gůā)79ƬÌģæA`LpbnHNƤ��Ğņś)Ìģ�:Ŝ�>Ġá�:Ɖ�

ƋĻ%+Ƭ�¦ìŜ�5�ŸłƎ�ÅŖ*ÀŭČ(oR)Ō�ƬÌģŜ�>Ġá�:TBfpI

)��:ƟđĊƇƙƈƎ�Å*Ɖ��Ɩ&(" *%+(��&ŹŶ�;:�K]gNBS*œ

Ð4ż�"$� 7
%�:�sø% SymbiodiniumÓ*K]g%+Ǝ�Åa@flr*oR79
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