
������� ��
��� 	��
�
�

 

�

�������������
���	��
�
�

 
Y. Ishii & S. Maruyama�1 

 (�1R^����=fgDC`kU�PN�;H�

 
 

Ƽ�Ĺɞ�ėƸ�Ť�

ūÌþćþćɂƫãǅćƽǋǅ 
�980-8578ČðƷ�ÚĜɍǻÍǸěąɍǻ6-3 

 
Yuu Ishii, Shinichiro Maruyama 

Methods for genetic transformation of coral symbiont algae:  
Current status and future directions 

Keywords: algae, cnidarian animals, endosymbiosis, Symbiodinium, transformation 
Graduate School of Life Sciences, Tohoku University 

6-3, Aramaki Aza-Aoba, Aoba-ku, Sendai, Miyagi, 980-8578, Japan 
DOI: 10.24480/bsj-review.8c5.00124 

 
poa_^t3M�1R��^l 
p�poa_^���

ÐǛǭǽɖ*�)+ƎƬƘǰŶÉƝ&µƫɀ§)	:ǈ�Ćì�ɞ�%5ÂǭÉƝɜJ{M�P�O�

BXI�[wJ('ɝ)Ǜǭ¶µƫ�:ƒɏƄǽɖɜSymbiodinium spp.ɝ+ȅǾǽ&â,;ɜêɝɞȝŰɘ

*ƛĝ��ƛĝƎñ*ƫĽǗ=Ő�:�ſƫƬǫ&�$*þ�(ĨÄ=ň"$
:�P�Oƿ)

$ɞ

µƫǽ%	:ȅǾǽ*²ÜĿ%¢8;�De}I�* 90%+Ď�%	:P�O)×�Ƒ�;$
:&5
Ȋ<;$
:ɜ�� 2007ɝ�(
ġǩ)+ɞȅǾǽɜzooxanthellaɝ&+ƎƬƘǰŶÉƝ)µƫ�:ɛǵ(


�Ƿȅǵ*ÐǛǭǽɖ*Ǥǆ%	:�ɞŧǉ%+ÂǭÉƝ)µƫ�:Symbiodinium spp. =Ƣǩ*ȅǾ

ǽ&�$Ń�� 

 

ê� ÂǭÉƝ&µƫ�:ȅǾǽ 

ɜAɝƛĝƎñ*P�OƿɜB, Cɝ

ȅǾǽ=µƫ��:ȩƿP�O

ɜÂǭÉƝȾǶǾǣBRP�O

ƴgbxPBP�OǅɝɜDɝ ȅ

Ǿǽ=µƫ���VBYFBX

I�[wJɜExaiptasia pallidaɝ

ɜEɝ �ƲË¹Ʃ�)79Ɏµƫ

ƠĽ)��VBYFBXI�[

wJɜFɝȅǾǽŻģêɜ�ɣƨħ

Ǜǭ��ɣȬƋǛǭɝɜGɝȅǾǽ

ɜSymbiodinium sp. clade BɝƨħǛ

ǭɜHɝȅǾǽɜSymbiodinium sp. 

clade BɝȬƋǛǭ 
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p�qo (��a_^�1RWY 
ȩƿP�O)

$+ɞµƫ*Ęø)79ȅǾǽ�P�O�8ņ�Ǻ!ɞŢǝƳ)P�Oǲ¡�ƁƖ

/&Þ���ƲËƧț��ȟ�:�&�ƻ8;ɞŔý�*ƽǋ�ȁ<;$���P�O*ƲËƧț)+

�ǵǙ*æā�&�ǽ¡*æā�&
��ƃɄ*ȭǇ�	:�&ɞź�(üƳèăɜƓĢɞśƚɞƌĶȵ

ǙɞpH('ɝ�ɀ��$
:�&('�óá�;$
:ɜBrown 1997, Takahashi et al. 2008ɝ� 

1�ɞP�O&ȅǾǽ*ǈ~p}*ƶ�ɀ§=Ŝ8�&�:�4ɞȅǾǽ*»ăǗǡćÔ.ǨɇîƩ

ćƳ@o��[)7:ƽǋ5ȁ<;$
:�P�O)µƫ�$
:ȅǾǽ+ħĽƳ)+Ý�)ȇ�$5ɞ

ċɅ)+ȄŔ*ǈɜ»ăǗǡ)79Ț¿�;:�J~�a�&�$Ń<;:�&5ý
ɝ�Ćì�ɜRowan 

& Powers 1991ɝɞP�O*ƫĸ�:Ǝñ)7"$ư(:J~�a*ȅǾǽ�µƫ�$
:ɜȗȌɞ�Ø 
2009ɝ��8)ÂǭÉƝ*�%5ɞP�O%+ƱƫƃɄ�ȫ3)Ĭ"$µƫ��:ȅǾǽ*ǈɖ�ƐĔ�

:ɜƞưĶ�ɚ�(:ɝ�ɞȅǾǽ=µƫ��:BXI�[wJ*�ǈ%+Ġƫ&Ŀ¡%Ýź*Ö9Ȣ

2¬Þ=Ŋ#�&�Ŝ8�)("$
:ɜHambleton et al. 2014ɝ� 
 

p�ro9+2\3M���1R&�#!%cG���$')" 
ȣğɞȅǾǽ*Ď�%	:P�O*Mftĺó�ȉȕ�;ɜShinzato et al. 2011ɝɞſ��R�L�P�
=Àƭ��ȱ�ăƱƧȸȉŬ%+ɞȅǾǽ&µƫ�$
(
Ġƫ*P�O�+�4$ȅǾǽ&µƫ�:

Ʌ)+ɞP�O*Ǜǭ¶%�șŽǮ6ɗǭ)ɀȪ�:ȱ�ă*ƱƧÁĮ���¾ť)*2ûË�:ÙǮ

Ķ�ǁä�;ɜMohamed et al. 2016ɝɞ�Ī79ȑǛ(ȉŬ�ȫ3�&�ťĩ�;:��řɞċəƳ(Ö
9Ń
*Ɋ�
P�Oǈ)�<9ɞȅǾǽ=Ǜǭ¶)µƫ��:ÂǭÉƝ*v_}ƫƝ&�$ɞȅǾǽ

=µƫ��(
ƠĽ%5ƫĆ%�:VBYFBXI�[wJ�Ɗƴ�;$
9ɞMftȉȕ5ĉ��$


:ɜBaumgarten et al. 2015ɝ�VBYFBXI�[wJ*µƫƠĽ&ɎµƫƠĽ)
�:o�^E�t
ȉŬ�ȁ<;ɞµƫƠĽ%+ǯȞ6ǍǙ�ș)ɀ��:Y�iJȞ*ƱƧ�ɚ�(:�&�ǁ�;:

ɜOakley et al. 2016ɝ('ɞĎ�ª*µƫƠĽ*»ăuFcUt=Ŝ8�)�:�4*]�}�ī�)ŕ

«�;##	:� 

�

p�soa_^���1R&�#!%cG���$')" 
Ď�ª�8*2(8�ɞȣğȅǾǽɡǈ*Mft�ȉȕ�;�ɜLin et al. 2015, Shoguchi et al. 2013ɝ�
&�8ɞȅǾǽª�8*µƫ)ɀ<:ȱ�ăƱƧ*ȉŬɞ�8)+ȱ�ă*ŽǮ)ɀ�:ƽǋ�ȫĖ�

:�&�ťĩ�;:��*�ř%Nl�Ŕ*ŸǏ)öÇ��ȱ�ăm?s|�6ɞ�*ƫƝǈ)+ȇ8

;(
ƞƂ(MftŹȩ=Ŋ#�&5ǁ�;ɜMaruyama et al. 2015, Shoguchi et al. 2013ɝɞȅǾǽ)ƞË
��ȱ�ă�Mft*ŽǮȉŬ]�}*ȿƱ=ȁ��&�ĵÊ&("$
:� 
 

qoK��/5BRM����=fgDL 
q�po=fgDL�Ab�
��QT�

ɒȱ�ćƳŁƉ%ûư¨¡=ȉŬ�:�&�%�;,ɞMftŽǮȉŬ=ȁ��%ɎĞ)ĥÅ(]�

}&(:�ɞįǛ(ȅǾǽ*ħĽûư6ɞÂǭÉƝ&*µƫ*Ùß('*ȃƧï=¯)ûư¡*TJ|

�c�K6Ðɉ=ȁ�*+ɎĞ)éɊ%	:��*7�(ôÜɞMftŽǮȉŬ)+Ȧȱ�ćƳŁƉ�

Àƭ%�:�'���ƽǋ=ȫĖ��$
��%*þ�(Ȼ&(:�ɞ�;)+ȱ�ăē³Ɖ*ȿƱ�
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�Ùž%	:� 
 

q�qo-�JM����=fgDmVI?Z^l�*@�n�

ȱ�ăē³Ɖ+´$*ƫƝ%µȨ*řƉ�ƾǎ�;$
:Ȏ%+(�ɞ¨¿*ǈ)đĴ��ē³Ɖ*

ȿƱ�Ɔ48;:��;1%)ý�*²ÜĿƫƝ%ȱ�ăē³Ɖ�ƾǎ�;$
9ɞē³řƉ*ȿƱ+

ƵŎƳ)ź�(ƫƝ)
�:ȱ�ăŽǮȉŬ*ȫĖ)Ȝƣ�$��ɜȃɝ� 
ȱ�ă*ē³řƉ+þ��»�$ɞɜɠɝƵŎüŪȱ�ă=ƝƩƳ�ËćƳ)ē³�:řƉ&ɞɜɡɝ

@K�hJ^|Ct6CB}T=���üŪȱ�ă/*ƫƝćƳĴǑŽŹ=Àƭ�$ē³�:řƉ�	

:�ɜɠɝ*řƉ&�$+ɞƧì%+PEGɜq|D[~�K|N�}ɝƉ6D~J`�q~�Rz�Ɖɜɋ
ƅǌĄƉɝɞi�^AJ}G�Ɖ��)ƭ
8;$
:�ǘǽ*Cyanidioschyzon merolae)+PEGƉ)7

:ȱ�ăē³�ţÈ%	:�&�óá�;$
:ɜMinoda et al. 2004, Ohnuma et al. 2008ɝ��©¡%	:

Òǖ¡=ħĿ�:ju]|GeNLɜPhyscomitrella patensɝ('%+ɞȴǙ)79Ǜǭ÷('=ƕ��o

�`o{T`*ƠĽ)�$�8D~J`�q~�Rz�Ɖ6 PEG )79ȱ�ăē³=�:řƉ�7�

ƭ
8;$
:ɜSchaefer et al. 1991, Schaefer & Zryd 1997ɝ�D~J`�q~�Rz�Ɖǲ¡)5ȿƱ�

ȫ>%
9ɞNEPA21RT^t=ƭ
�ƦǽɜPhaeodactylum tricornutumɝ*ȱ�ăē³%+ɞǛǭ/*ɋ

ƅi}T=ƃɄƳ)��:�&%79Ǜǭ/*Zu�S= Ɛ�ɞē³ÈƤ=��:�&)ĿÆ�$


:ɜMiyahara et al. 2013ɝ�1�ɞȹ6Y�KT^�Ǖă)ȱ�ăDNA=�ƺ��$ł!Ȣ3i�^AJ

}G�Ɖ+ý�*ƸŲįǛǽɖ%ƭ
8;ɞƦǽɜPhaeodactylum tricornutumɝɜApt et al. 1996ɝ6J�{
{JcE�ǽɜAmorphochlora amoebiformisɝɜHirakawa et al. 2008ɝ('%¤ƭ�;$
:�ɜɡɝ*řƉ

&�$+ɞŵƝ)ļŮ�$ DNA =ȥ9Ȣ3ĶȞ=Ŋ#@K�hJ^|Ct=ƭ
$üŪȱ�ăȳ½=

Ō³�:ħȞȠŏƉ�ŋ�8;:�v_}Ƀ�ŵƝ%	:R�BdbUbɜArabidopsis thalianaɝ6Be

ɜOryza sativaɝ%+ɞƞ¿(Žç=ĲȆ&��ɞē³ÈƤ�ɚ
�&�8�*řƉ�7�ƭ
8;$


:ɜClough & Bent 1998, Hiei et al. 1994ɝ� 
 

roa_^4�i[X����=fgD 

r�po	��
�76���j.8:0L�dZ�

ȭÓ)ȅǾǽ/*ȱ�ăē³+ɡ#*K}�o�8óá�;$
:�¾4$óá�� ten Lohuis and 
Miller+ÂǭÉƝ&µƫɀ§)	: Symbiodinium microadriaticum)ɞsilicon carbide ɜSiCɝ CATF�

ɜȺƠǠşɝ&üŪȱ�ă=ƏÜ�:�&%ɞȱ�ăē³=ȁ"$
:ɜten Lohuis & Miller 1998ɝ�ŧ

óá%+ɞǼÃǬĶȱ�ă=ƱƧ�:o{Tsa=òŧŹȩ&�ɞF|m{��vQBJCB}T*35S 
RNA Ƞ¸o�v�Y�1�+@K�hJ^|Ct* p1’2’o�v�Y�*�ƍ)~q�Y�Y�iJȞ

%	: β-K}J�cZ�WɜGUSɝ*ȳ½=#(�ɞȴǙÕĴ)79ǿ²»ă=Œº�:òȞ=ƭ
�

GUSǿ²ȉŬÔ.ɞȅǾǽ)ƱǵòȞ%	:X-Gluc=ÕĴ��ŷº�:GUSŮǵȉŬ)79ē³=ƾ
ȓ�$
:�ħȞȠŏÈƤ+5-24/107 ɜcells/cellsɝ%	"�� 

� ten Lohuis and Miller*óáĪɞȅǾǽ*ȱ�ăē³*óá+�,8�ȁ<;�ɞŘ�(ȱ�ăē³Ɖ�

Ʊȃ�;�*+17ğĪ*2015ğɞOrtiz-Matamoros8)7:5*%	"�ɜOrtiz-Matamoros et al. 2015a, 
bɝ�Ortiz-Matamoros8*óá%+ɞȣğMft�ȉȕ�;�Symbiodinium kawagutiiɜLin et al. 2015ɝ&ɞ

Symbiodinium sp. Mf11.5b.1ɜMf11ɝɞSymbiodinium microadriaticum subsp. microadriaticum ɜS.KB8ɝ)đ�
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$K{Tk�T&PEG=£ƭ��řƉɜOrtiz-Matamoros et al. 2015aɝ&ëùǛǹ*@K�hJ^|Ct

ɜAgrobacterium tumefaciensɝ=ƭ
�řƉɜOrtiz-Matamoros et al. 2015bɝ%ȱ�ăē³=ȁ"$
:�ħ

ȞȠŏÈƤ=Þ���:�&)ĿÆ��Īǫ*řƉ%+ɞŵƝ%ķĞƱƧ=Ȕē�:@K�hJ^|C

t* nos o�v�Y�=ƭ
$ɞR�BdbUbɜArabidopsis thalianaɝ* microtubule binding domain 

ɜMBDɝɞ actin-binding domain 2 of fimbrin ɜFABD2ɝɞReceptor for activated C kinase 1C ɜAtRACK1Cɝ

*Y�iJȞ*�ƍ)GFP=ȀÜ�$ƱƧ�:o{Tsa=¤ƭ�$
:�ē³*ĿÆ+RT-PCR)7
:ƱƧȸȉŬ&ɕįȽȈĐ)7:ȈĐ)79ƾȓ�$
:�ħȞȠŏÈƤ+ S.  kawagutii % 839/106ɞ

Mf11%640/106ɞS.KB8%460/106�ɜcells/cellsɝ%	"�� 

ten Lohuis and Miller8*óá%+ē³ȱ�ă=ĈĊƳ)ƱƧ�:ű�żǎ�;�&*óá�	:�ɞ
�*Īŷȏ�;$
(
�1�ɞOrtiz-Matamoros8*ɡ#*óá%+�ȭĶ*ȱ�ăē³�ÙǮ%	:

�&+ǁ�;��ɞē³�;�ȱ�ă�ĈĊƳ)ƱƧ�:ű=ĭ:�&+%�$
(
��*7�)ɞ

ȅǾǽ)đ�:ȱ�ăē³Ɖ*ȿƱ+Ŧ )ƱĖȧ�%	9ɞš(:ŁƉ*őǴ�ťĩ�;:� 
 

r�qoa_^�i[X����j.8:0�

��%+ȅǾǽ)
�:MftŽǮȉŬ*ƱĖ=ƟĤ�:7�(±ȁƽǋ=ǜ���
�ƒɏƄǽ*

ȣǧǈ%FH*ďƫǾ%	:i�H�PTɜPerkinsus marinusɝ%+ɞMftŽǮȉŬńȂ)#
$ý�

*ƽǋ�(�;$
:�Fernández-Robledo8*óá%+ɞP. marinus*ǛǭǱY�iJȞMOE*o�v

�Y�*�ƍ)ǿ²Y�iJȞɜGFPɝ=#(
 DNA N�T`{J`= Cell Line Optimization 
Nucleofector KitɜLONZAǃɝ&
�ǛǭűŢȯË)ƞË��D~J`�q~�Rz�Ɖ%ē³�$
9ɞ

�*Ş*ē³ÈƤ+38%&ɎĞ)ɚ
ɜFernández-Robledo et al. 2008ɝ�ŧóá%+ɞǿ²ɕįȽȈĐ)

79ɞȱ�ăē³�;�Ǜǭ=»ɉ�ɞRT-PCRƉÔ.PQ�n�\`Ɖ)$ȱ�ăē³=ƾȓ�$
:�
�8) Sakamoto8*óá%+ɞn~ErBR�ǬĶȱ�ă*ȳ½=N�T`{J`)Ǟ2Ȣ3�&%ɞ

ȱ�ăē³¨¡*ǼÃTJ|�c�K�ÙǮ&(9ɞȱ�ăē³)ĿÆ��¨¡*Ðɉ=čŝ)ȁ��

&�%�:7�)("�ɜSakamoto et al. 2016ɝ� 
 

r�roa_^�j.8:0���E]�����Ab�	��

±)Ȥ0�7�)ɞȅǾǽ*ȱ�ăē³)ɀ�$+ȭÓ)ɡ#*óá�	:5**ɞ�*ƽǋK}�

o)7:·ƧĶ+Ŧ ƾȓ�;$
8�ɞMftŽǮȉŬ/*Ĵƭ1%+ǳ"$
(
�ȅǾǽ*ȣǧ

ǈ%	:P. marinus)
�:ȱ�ăē³*ĿÆ)79ťĩ+ɚ1"$
:5**ɞ
#ɞ'*ƽǋŚȍ%

ȁ"$5Ýź*Ǡŭ�ĭ8;:7�(ɞǔ¦%ɚÈƤ(ȱ�ăē³*o�`N}*ƾǎ�ċƭË*�4

)+š(:řƉȘ*ŷȋ�ĲȆ%	:�ȅǾǽ�ü*ŵƝǛǭ%ȱ�ăē³�Ƈƭ�;$
:¥=ȇ:

)ɞƇƭĶ*ɚ
ȱ�ăē³Ɖ*ȿƱ)+þ��»�$ɢ#*ɑƴ*ŷȋ�ĲȆ%	:&Ǫ�8;:� 
 

ɠɟȱ�ăē³řƉ6ũ�*ŷȋɞȐǼ6ŽŴ*őǴ)7:ē³ÈƤ*őå 

ɡɟo�v�Y�ȳ½('ƱƧpJY�*őǴ)7:r�F�ȱ�ă*ƱƧÈƤ*őå 

ɢɟǼÃTJ|�c�K('*ȯ¼(ȰŇr�F�*Ȗů)7:ȰŇÈƤ*őå 
 

ɠ)ɀ�$+ɞ�;1%*ȅǾǽ*ȱ�ăē³)ɀ�:ŷȋ%+ɞƝƩƳ)SiCCATF�%Ǌ=ȿ
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�$ē³�:řƉ&ɞ@K�hJ^|Ct=���ē³řƉ�óá�;$
:�ɞ�*PEGƉɞD~J

`�q~�Rz�Ɖ('=ŷȋ�:�%ɞ79őå�;:ÙǮĶ�Ǫ�8;:� 

ɡ)#
$+¨�*ƫƝ�Ŋ#Mft*ĶƠ=ŢþɁ)Ǫľ�:ĲȆ�	:�ƒɏƄǽɖ+N@jT

`�=à3dJ~EX�tŹȩ=Ŋ�(
ɞMft�)ƸŲƫƝ)µȨ*TATAboxo�v�Y�ȳ½�

ȇ#�8(
ɜĒØ� 2014ɝ&
"�ƞƂ(ŲMft=Ŋ#�1�ɞmRNA*`{�TTo{BR�K

�ȟ�$
:ɜZhang et al. 2007ɝ('ɞȠ¸ĪȖǒ)

$ƞİƳ(uFcUt=Ŋ#�&5ƻ8;$

:��;8*�&�8ɞȅǾǽ*ƫƝćƳƞİ)Ü<��üŪȱ�ăƱƧpJY�=¢Ŀ�:�4ɞē

³�:üŪȱ�ă*ȳ½=ȅǾǽ*Na�¤ƭɔĢ)ŢȯË�:ɞċɅ)ɚƱƧ�$
:ȱ�ă*o�

v�Y�ɓñ=¤ƭ�:('*ĚĀ�ĲȆ&(:ÙǮĶ5ɚ
�ȣğȅǾǽ2ǈɜSymbiodinium kawagutii, 

Symbiodinium minutumɝ*´Mftȳ½�óá�;��&)79ɜLin et al. 2015, Shoguchi et al. 2013ɝɞƱ

ƧN�T`{J`=¨�*ȅǾǽű)ŢȯË�:�&�ÙǮ&(9ɞ79ċƭĶ*ɚ
ȱ�ăē³Ɖ*

ȿƱ)þ��Ȝƣ�:5*&Ǫ�8;:� 
ɢ)ɀ�$ɞċɅ)ȱ�ăē³=ƭ
�ċə=ȁ�ôÜɞǔÐ)ȱ�ăē³�;�Ǜǭ*2=ŅƫƝ

Ȟ)79Ȱņ%�:�+þ�(ĥ2&(:�ɞŅƫƝȞ*Èŭ+ǈ)7"$ư(:��8ɞȯ¼)ǼÃ

=ȰĊ�TJ|�c�K�:Ǘ=ƾǎ�:��ȷȆ%	:�� �ɞþȸ*ȱ�ăē³¨¡=¤ƭ�(


7�(ċə6ɞȰŇÈƤ�ɎĞ)ɚ�TJ|�c�K�ǔ¦%	:ôÜ('+ɞȱ�ăē³ÈƤǲ¡

+Ĳ��5ɚ
ĲȆ+(
�Hirakawa and Ishida*ƽǋ%+ɞJ�{{JcE�ǽ)ŢȯË��ƱƧpJ

Y�&ɞǼÃȰņ=ǟ:�&(�Ð�Ǜǭ¶%*Y�iJĕì=ȉŜ�:�&)ƞË��ċəǗ=ŹǓ

�ɞǻǥ¡/*Y�iJȞȡȥ*uFcUt=Ŝ8�)��ɜHirakawa & Ishida 2010ɝ��*7�)ɞ�

*v_}ƫƝ%ƾǎ�;$
:ũ�=Ɣ���&)� <8�ɞƽǋ*ƴƳ6Ũŗ)Ü<��ȱ�ăē

³Ɖ=ȰŇ�:�&�ȷȆ%	:� 
 

so,>�;H�

ȣğTALEN6CRISPR/Cas9&
"�MftǦɇńȂ*ȿƱ�ȫ>%
9ɞċə)ĲȆ&�;:ũ�
*ÁɁ�Ĕ(
�&�8ɞɎv_}ƫƝ)

$5Ĵƭ�;##	:ɜReid & O'Brochta 2016ɝ�ŵƝ)



$+ɞv_}ƫƝ%	:R�BdbUb6YhNɞNtI%ĿÆ¥�óá�;$
9ɜLi et al. 2013, 

Nekrasov et al. 2013, Shan et al. 2013ɝɞǥǽJ{savbTɜChlamydomonas reinhardtiiɝ6ƸƀƹƗǽ

Nannochloropsis%5CRISPR/Cas9RT^t)7:MftǦɇ�óá�;$
:ɜBaek et al. 2016, Shin et 
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