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dc:.SENCochlodinium polykrikoides�\&Y�=X�

d�dcC. polykrikoides��15+ 

ƃĕɣǉȻCochlodinium polykrikoides+ɣǉǩǞ*:<ʮmZEzhtz^sgMzCxez

QRH)(+ąǐ9ʠƨ+ʥ�ʞ�Ąʃ*Ʀǆ�ʮʘî'ɅŵƇ&,�>4&ıʉŮǫ}ʯ

ÍŮ·+ȶĄ)ǇƜɁĕ�Ǟ�%
=�ƇȈ+ƒʠȖȩ+Ǖň'�%ʮ1) ǏŌǬ�ºɂ&

ýƨʮ2) Ưǀ21~26
o
C+ʣƯǀ�&Ƹǩ*ýƨʮ10

o
C��&,ýƨ��ʮ3) ƃŌǞƨ+øá

,)
ʮ4) ʣ
ºɂɵĶ (1.3 divisions day
-1

) AǾ�ʮȍ�ţ�;>= (Kim et al. 2004, ĞǺ 

2006)�|ųʮhyaline cyst'ä->=Ȧ�Ō+	=SU^AľŔ�ʮɥ¸*ʁɆ)ŁÃAƐ�

�%
='Ȥ�;>%
= (Kim et al. 2002)�Ȯãƻ
�'*ʮhyaline cyst,�>4&ʘî+

¨�Ȣ&+5ǻɓ�>%
=�ƇȈ+ċï,1975ıʚ�;ǑƇǳ³�ƺ*
%ǻɓ�>%


��ʮ1980ı��ʌʮʘî:.ɅŵƇ

*
%ƇȈ+ºīõ,ǓǩǬ*ŠĄ���

4�2000ı�*±='ʮ�>4&ƃĕɣǉ

*:=Ɂĕ�2'B(øá�>%
)�"

�ŵƇƺĞʏƳĠõ*
%8ƇȈ+ɣǉ

�ǩǞ�ʮǽƖɠǄ'�%ʁɆ)Cxez

QRH)(AĄʃ*Ʀǆ���ʬì1ʭ�º

īõ,ǚï8)ŠĄ+|ɳAɮ"%
=

�ʮ�+ºīŠĄȘɨ*#
%,Ɔ ƆɌ

Ÿ+44&	=��>4&ƙǔisyL^
ì 1 ƃĕɣǉȻCochlodinium polykrikoides+ºī

ŠĄ� 
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y+ºʂ*
%ʮȈ¶+ɽ�ǬĀǧ9¨�Ȣ+ɽ�ĊƞɶAÍº*ɌƎ&�=ºĊm{J

{+øá,ě)�ʮʣ
ĂôŌAǾ�ºĊm{J{+ʈǩ�»Ƅ�>%���Ɓɯʮŕ�+

Mu{i,ʮC. polykrikoides+mELwQ\sE^m{J{+ʈǩAȽ
ʮʣĶĂôAƃ�=

15¨+m{J{¡Ŕ*ŔÅ��(Nishitani et al. 2007)�ƇǹȊ&,ʮÛƺõ*Ǟō�=C. 

polykrikoides¨�Ȣ+ɽ�Ǭƞɶ'�+ʞȠʊ¤AmELwQ\sE^Ăô*:"%ɌƎ�ʮ

ƇȈ+ºīŠĄȘɨAɌŸ�=�'AǰǬ'����

�

d�ec��������*(P<��

ŵƇ:.ʘîƳĠ+Ɏ11ñǍ�;ťʒ��ƺƯ�;ʮLw{yöʠƔʬÜɎ421ƔʭAǻ

ȋ��ʬì2, ɀ1ʭ�ʘî,2005ı'2007ıʮǑƇ&,2006ı'2007ı*�>�>Qyit

yMAđŴ�ʮɎ13QyiuAņ��²ƔAöʠzʒȻ��ńʮDNeasy Plant Mini Kit (QIAGEN)

*:<DNAAŞ¹���ʈǩ��15¨+m{J{+�!ʮPCRýį�ȱć&	"�10¨+m

{J{AǠ
%²Ɣ�;Ş¹��DNAAǠ
%PCRýįAȽ"��OuS{LHyQ{*:

<ÛPCRǟǔ+cy_QEV+ƲĐńʮÛ¨�+ɽ�ĊôAƲĐ���ʒêɽ�ĎǬɌƎA

ɄŮ+Xg^AǠ
%Ƚ
ʮÛĘȋɽ�Ċ+¹ǚʛĶʮ¨�Ȣʉ+ɽ�ɦʓʮʒêºÊ+ƃ

ŐĩƛĐʮʒêĭĝƛĐʮCtu´ƃĶ+ƬɩAȽ"��ÛQyiu*
%ʮ10¨+m{

J{AǠ
�PCRýį�ņ;>�Ɣ+ÃÜ,97-100%&	<ʮ
�>+m{J{8ʒêɽ�Ď

ǬɌƎAȽ��7*Íº)PCRýį�ɇ;>��4�ʮS{LHyUOu�+Ûcy_,1

Ƈ&	<ʮŅ"%ƇȈ+ƒʠȖȩ+ƕǲ,N&	<“Haploid”&	=�'�¾Ÿ����>4

&tlX{muRNAɽ�ĊʬLSUʭAǠ
�ʀ¼Ƭɩ*
%ʮȈ¶&,ĂôŌ�2'B(

ƛ¹�>)
 (Ki & Han 2008)�|ų&ʮ3#+ŸǶ)tlYEi+ċï�øá�>%
=�

(Iwataki et al. 2008) ʮƇǹȊ*
%¢Ǡ��öʠƔ,²%Ý|+PCR-RFLPdY{yAǾ�ʮ

23Ý�LSUʀ¼Aš#�'Aǻɓƾ5&	=��>*Ę�%ʮmELwQ\sE^AǠ


�ùÜʮÛɽ�Ċķ+CtuŮ,4-26ʬ9.9±6.1, İóþƠǅªĩʭʮɽ�ĊĂƟĶ(Nei 1973)

,0.00-0.90 (0.54±0.21)+ȑë*	<ʮƔʉ&ʣĶ+ĂôŌ�ɓ7;>ʮ¨�ɘ¿�×Ȫ)�

ɀ1 Cochlodinium polykrikoides+ťʒñǍ

'ºƎƔŮ� 

ì2 Cochlodinium polykrikoides+ťʒñǍì� 
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'�¾Ÿ���)ʮɽ�ǬĂƟŌ+ȅĶ*#
%,ʮ¨�Ȣʉ&ŸǶ)ĩǧ,ɇ;>)�

"� (Nagai et al. 2009)� 

�

d�fc$\&Z�Y�L0KaY�L_�4�\&�!�Y�,A b 

UPGMAƴ*:=]y_wMsoʬì3ʭAɇ='ʮ11¨�Ȣ,Ą��3#+LsUY{ʮ

1) ʘîzĘʡzʦÕz�ɿʬŵƇƺ+¨�Ȣʭʮ2) ǑƇʬ³�ƺ+¨�Ȣʭʮ3) ʧ°Ģz

ʇģzĄºzʣǷzŪǼz~ʁʬǋŗ¶ƺ:.ĆİƶĠ+¨�Ȣʭ*Ìº�>��ŵƇƺ

:.³�ƺ+¨�Ȣ¶&,ɽ�ɦʓ�ȸ

��Ě��ʮ�>;+¨�Ȣ�ɽ�Ǭ*Ɲ7

%ɯ��%
=�'AǾ��4�ʮ³�ƺ+

¨�Ȣ,QyityMı�ǧ)"%8ɽ�

Ċƞɶ,ďĐ&ĀÊ��ʮ³�ƺíƃ+¨�

Ȣ�ċï�=�'AǾ��Ƨ<+¨�Ȣ&4

'4"��ʮɽ�ɦʓ�ŵƇƺ9³�ƺ+¨

�Ȣ:<99Ą�
�'�@�"��4#+

ǧ)=ųƴAǠ
%ʒêºÊ+ƛĐAđŴ�

�șƐʮŵƇƺ+¨�Ȣʉ&,ƃŐĩ�ɇ;

>)�"��|ųʮʧ°ĢzʇģzĄºzʣ

ǷzŪǼz~ʁzǑƇ+Û¨�Ȣʉ&,ʮ2

3²%+kC¨�Ȣ&ƃŐ)ʒêºÊ�ɓ7

;>��',ʮ�>;+¨�Ȣ&,ǗȬ+¨�ȢAľŔ�%
=�7ɽ�Ǭĩǧ�Ǟ�%

<ʮ�+¨�Ȣ',÷ƇǬ*ƼÜ�%
)
�'AǾ��ñǜǬ)ŏøA±Ä��*ʮ² 421

¨�� ¨+LsUY{ʬʒêʭ*Ìº�>=�*#
%ʮɌƎXg^STRUCTURE ver. 2.2 

(Pritchard et al. 2000)AǠ
%ɖ1�șƐʮ2ʬŵƇƺ:.�>�āʭ8��,3#+ʒêʬŵ

Ƈƺz³�ƺz�>�āʭ*Ìº�>ʮUPGMA]y_wMso9ʒêºÊ+ƛĐșƐAū

š��ʬì4A, Bʭ�ŵƇƺ:.³�ƺ+¨�Ȣ&,ʮÛ¨��23Ï|+LsUY{1ʬɣ

Ȳʭ:.LsUY{2ʬʔȲʭ&Ð7;>%
=�'*Ę�%ʮǋŗ¶ƺ:.Ćİƶ+¨

�Ȣ,ʮʇģǳ+¨�ȢʬLsUY{3, ʪȲʭ�ā,LsUY{�Ƽï��� 

 

d-gc/`9A"��FLO%�3
	�B)ZUW 

Ûʒêʉ+²%+kC¨�ʉ&Ctu´ƃĶ (Chakraborty & Jin 1993)AɎȏ�ʮ10¨+m

ELwQ\sE^ɽ�Ċķ+�!7¨��+ɽ�Ċķ&Ý�ɽ�ĊôAƃ�=¨�+ÃÜA

ɖ1�șƐʮŵƇƺ'�>�ā+Ûʒêʉ+ȗ5Ü@�&,0.5%��&	"�+*Ę�ʮŵ

Ƈƺ+Ûʒêʉ&,8.1-28.9%+ȑëʬ14.5±6.5ʮİó±Ơǅªĩʭʮ�>�ā+Ûʒêʉ&,

0.0-7.3%+ȑëʬ1.1±1.4%ʭ*	<ʮǕ*ŵƇƺʒê&,ȸ��ʣ
©AǾ��ʬì4Cʭ�

�>;+șƐ,ʮ1) ŵƇƺ'ǋŗ¶ƺ:.ĆİƶƳĠ+ʒêʉ*ɽ�Ǭ)�ƹ�2'B(

ì 3 UPGMA]y_wMso�ɽ�ɦʓ, Nei 

(1972)*:=�C. polykrikoides 13ʒêʬ421¨

�ʭA 10 Ƈ+mELwQ\sE^AǠ
%Ɍ

Ǝ��]{YA¢Ǡ�ì�+©,h{^U^s

[i©&>50+©AǾ����
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)�ʮĄ�)ɽ�Ǭºű�Ǟ�%
=�'ʮ2) ŵƇƺʒê,Ï*ɽ�Ǭ*ɯ��%
=+&

,)�ʮʘîƳĠõ�;Ęʡſƹ*:"%ɪɲ�>%ŵƇƺ&ɣǉAľŔ���'ʮ3) ǋŗ

¶ƺ9ĆİƶƳĠ+¨�Ȣʉ*�ǎǬɆé*:=ɽ�ĊƹÉ�	=�'AǾæ�=�10¨+

Ûɽ�Ċķ&ņ;>�CtuŮʬȕ26ɴ<ʭ�;Ɏȏ�%ʮ7¨��+ɽ�Ċķ&ɽ�Ċô

�«ǐ*Ý�*)=ǻǘ,Ɲ7%��ʮ�ɏ&ƛ¹�>�kC¨�,«ǐ*ɽ�Ċô�|ȭ

��+&,)�ʮ�ʉ&ɍ�-Ý�Lw{y�ʮɊ®ĻĉĈ2(+ɯȠ)ʊ¤*	='ɍ�

=�ʦÕǳ+ǚùɖƑ*
%ʮC. polykrikoides�ʘîƳĠ&ĄʃǩǞ��Ůŵ~ŮÍŵń*

ĞʏƳĠõ&8ƇȈ+ɣǉ�ɋǁ�>%
=�4�ʮ2003ı:.2005ı*ʘîƳĠ&ƇȈ

+ĄɈơ)ɣǉ�ǩǞ��ż*ʮ�ĦȿŹǤ¬*:<LwwgDua+ʣǊĶĬ�ʮʘîƳĠ

�;Ƌɷ�ĞÖǳȷĪâɬƳĠ0ǈǵ�ʮ�+ńʮ�;*ĞʏƳĠ*Ƴ"%Ƌų0ƹ>%


�+�ǻɓ�>%
= (ĔÒ2� 2005)��;*ʮʘîƳĠ+ȹĞʮĨƾʮʨƯ:.ŵƇ

ƺƳĠ+İŗ+4ñǍ�;½ƅŝ±�>�ȓĊɱɧSnqv{Sry*:=ɌƎșƐ8ʮĘʡ

ſƹ*:=ƇȈ+ȄɲAĽ�ūš�� (Onitsuka et al. 2010)�Ęʡſƹ��+�ɚ�;¾ű�

� 4 STRUCTRURE (Pritchard et al. 2000) X]`oxqvkn>(FC. polykrikoides 13D� 421	�

K�SYgsijxX��Na`Jb>(O|�	�K�gsijxXWY5�Y�U��P`J

�b3OQza{F%'-I][
�-YD�zb{Z|@<G`HZE<U3OQ��YgsijxX�

�P`MVb3Pza{F ctu�&��(X]`	�BAzc{FC. polykrikoides 13 D�Ûʒêʉ+²

%+kC¨�ʉ&Ctu´ƃĶ (Chakraborty & Jin 1993) AɎȏ�ʮ10¨+mELwQ\sE^

ɽ�Ċķ+�! 7¨��+ɽ�Ċķ&Ý�ɽ�ĊôAƃ�=¨�+ÃÜAɖ1ʮkCʒêʉ&�

+ÃÜAìǾ��� 
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%ʮɯıʮƇȈ�ĞʏƳĠõ&ɇ;>=:�*)"�ɣǉ,ʮʘîƳĠ&ĄǩǞ��C. 

polykrikoidesɣǉ+|ɾ�Ęʡſƹ*:"%ƹ�>ʮĞʏƳĠ0ǈǵ���'*ɤé�=�'

,ŸǪ&	=�|ų&ʮñǜǬ*ʓ>�ʇģǳzµĸǳz~ʁǳ+¨�Ȣ&Ý�ɽ�ĊôA

š#ɄŮ+kC�ƛ¹�>�șƐ,ʮ�>;+ƺõ�PC')<�ǎǬ)Ɇé*:=ƇȈ+

ȄɲzĐǵAǾæ�=�ʇģǳ'~ʁǳ,ŵƇ*�=ǴǙʠƨ+ǟñ'�%Ƿ;>ʮǕ*

ʇģǳ,ǴǙɜȈȴ (Ʃɜzȇɜ)+ŵƇƃŮ+£Țñ&	=�~ʁǳ:.�+�+ƺõ&

,ʮɺÓ*ʇģǳ�;ʮǕ*ź~Ȃ*��%Ąʃ+ǴǙɜȈȴ+ɢ±zȄƙAȽ"%��ȘȞ

�	< (ư�ƽ�� ȁ¥)ʮ�>;+Ȉȴ''8*C. polykrikoides+ƒʠȖȩ�ɹŨ�>�×

ȪŌ,ÍºȤ�;>=�µĸǳŪǼǌ*#
%,ʮñǜǬ*ʮȰȯ*:=ɹŨ+�Ȝ÷ñ+

ŁÃAƐ��Ȁŗǂ*ɯ�ʮC. polykrikoides�ʮŪǼǌAȘǢ�%Ȅɲ�>�+�8�>)
� 

�

d�hc-M�H@#�[��

ƇȈ,10oC��+�Ưǀ&,Ǟċ&�)
�7ʮ¸č+Ɓ�Ưǀ�10oCA�è=ƺõ&,

ǃ¶&ɥ¸�%
=+�ʮāƶ&ɥ¸�%
=+�ʮ�>4&�Ÿ&	"�����ʮÝ|

ƺõ�;ʮǧ)=ı*ťʒ��¨�Ȣ+ɽ�Ċô+ȗŔ�2'B(Ā@;�ʮƺõíƃ+ȗ

ŔAǾ���'�;ʬì3, 4ʭʮǗȬ+ƺõ&ɥ¸�%
=�'�¾Ÿ����+�',ʮƳ

Ġõ+ĖƒʠÊʮñǛ+ǀſÊ*:=¸č+Ưǀ�ŷ*�
ʮ�ń�;*Ų�)ƺõ*�

=ɣǉǩǞ'ĐǵzºīŠĄ�Ǟ�=×ȪŌ�	<ʮĄ
*œŊ�>=����;ʮmEL

wQ\sE^m{J{*:=ʒêɽ�ĎǬɌƎAȽ��'*:<ʮÛƺõ*ºī�=¨�Ȣ

:.¨�AºĊvju&ɘ¿�Ǖň#�=�'*ŔÅ�ʮ4�ʮʒêƞɶ*ŀʙAÔ3�

ɆéAƛ¹�=�'�×Ȫ')"��ǚïʮ�ǎǬ)Ɇéʮ'<@�ƯǟȈȴ+Ȅƙ*��ʮ

ƃĕzƃƫisyL^y+ɪɲɺȅ*#
%ʮđʑ*Ɯȥʉ&ÿɞ�>Ȅƙ+�7ƺõʉȄ

ɲ�+Ȉȴ�;ʮǱŦʮisyL^yAƛ¹�=ǹȊ8Ƚ"%<ʮ�)<+ʃ+Ǟ��ƃ

ĕzƃƫisyL^y�ɪɲ�>%
=�'�Ÿ;�*)"%�� (ƌĞzĞÖ2008)��ń

,ʮŵƇ:.ʘîƳĠ*ºī�=ʒê+ɤǄAɌŸ�=1�ʮ�îzƋÎCTCȍ*ºī

�=C. polykrikoidesʒê+ɌƎ8đŴ�ʮ�>;AƬɩ�=�'&ñǛǬɈơ&+ƇȈ+ʒê

ƞɶ'ºīŠĄɆéAŸ;�*�%
��
� 

 

ec:>C^?NAlexandrium catenella�\&Y�=X 

d�dcA. catenella��15+ 

ǚïʮAlexandriumĝ,ʮ�ǥ�&28Ȉ+¹ǚ�øá�>%<ʮƃƫȈ'ǏƫȈ�Ƽï�

=�ŵƇ&,ʮ�>4&4Ȉ+ƃƫȈ+¹ǚ�Ƿ;>%
=�ƃƫƿʗƭȻAlexandriumĝ,

ľőĎǬ)ĩǧ�Ɲ7%ě)�ʮʝŇʆɋė*÷$
�ľő¾¿&,Ȉ¾¿ŜȾ*ǒȟ�Ɇ

Ʊ�>=��;*ʮÝ|Ȉ¶&ǧ)=ƺõ*ºī�=ʒêʉ+ʞȠʊ¤AŸ;�*�ʮŲ�

)ƺõ0+Ȅ±)(AɌŸ�=Śƴ,ʮľőĎǬŚƴ&,ɻŔ�Ȫ&	=��+ǰǬAɻŔ

�=�7*,ʮʣĶĂôºĊm{J{AǠ
%Û¨�:.ʒêAYEfyM�='
"�
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ʒêɽ�ĎǬŚƴ+ę±�Ɓ8ƃÈ&	='Ȥ�;>=�ʮ�>4&Alexandriumĝ+ʒêƞ

ɶ*#
%ɽ�ĊɌƎAȽ
ʮ�>;+ŏø*÷$
�ñõʒê+ʒêºÊ9ɽ�ĊƹÉʬƺ

õʉȄÉʭAɐŸ��øá,2'B()�"� (Nagai et al. 2007)�Ȓî+Scholin et al. (1995)

,ʮƕ+tlX{muRNAɽ�ĊAǠ
%ʮ�ǥƳĠÛñ�;ºʓ��Alexandriumĝ+ºĊ

ȔțɌƎAȽ
ʮ�+șƐʮA. tamarense / catenella / fundyense ,ʕĮ*ɯȠ&	<ʮºĊv

ju&,Ì¿&�)
�'�;ʮ�+3ȈAspecies complex 'Þ������%ʮŵƇ+A. 

catenella,I{U^stC+8+'û÷ʀ¼�|ȭ�=�'�;ʮƇȈ�ŵƇ�;+ĄôY

yJ{+csU^Ư*��"%ɹ->ʮI{U^stC&ɜƫAǩǞ��=Òé*)"�'

Ţũ��ʬì5ʭ��>�ƊʮŵƇ�Ŏȥś
�>%��ȘȞ�	=�1995ı*gsyUƳĠ

+Thau lagoon&ʮñ�ƺ&,½7%A. catenella+hu{o�ǻɓ�>��JKʠƨ+ǮB)

Thau lagoon&,ʮ1998ı*½7%ʟǠ+JK�ƫÊ� (Masselin et al. 2001)ʮ�Ɗʮ23ƪı

+:�*ƇȈ+¹ǚ*:=ʩǨŌɜƫ+ǩǞ�øá�>%�� (Genovesi et al. 2009, 2010)�

ƕtlX{muRNAɽ�Ċ*:=ȔțɌƎ+șƐʮThau lagoon*¹ǚ�=ʒê,ʮŵƇÔ.

CTCɤǄ+¨�'ʞ��=�'�;ʮŵƇ�;Thau lagoon0+JKȈȴ+Ȅƙ*�
ʮɹ

->�8+'ŧǁ�>� (Lilly et al. 2002, Penna et al. 2005)ʬì5ʭ����ʮł;+]{Y,ʮ

Ï*1ɽ�Ċ+ʀ¼ŏø�ʞ��%
=�'AǾ��*���ʮȃĎǬƖş*���ɔņÄ*

ƣ�=�Ȍȥ,ʮ�;*ȃĎǬ�#ĒɋǬ)ųƴ&ǴđAŸ;�*��
'
�Ȥ�+8'ʮ

rRNAɽ�Ċ:<ʣĶ+ĂôŌAǾ�ʮ�#ŏøʃ+Ă
ºĊm{J{'�%Ƿ;>=mEL

wQ\sE^m{J{+ʈǩ (Nagai et al. 2005, Nishitani et al. 2007) AȽ�''8*ɌƎA

Ƚ"� (Masseret et al. 2009, Genovesi et al. 2009, 2010)� 

 

e�ec��������*(P< 

ŵƇʬ8ñǍʭ��îʬ3ñǍʭ:.gsyU+ñ�ƺThau lagoonʬ1ñǍʭ+Ɏ12ñǍ�

;ťʒ��ƺƯ:.ƺĴƵ�;ʮLw{yöʠƔʬÜɎ644ƔʭAǻȋ��ʬì6ʮɀ2ʭ� 

²ƔAöʠzʒȻ��ńʮCTABƴ (Lian et al. 2001) *:<DNAAŞ¹���ʈǩ��21¨

+m{J{+�!ʮPCRýį�ȱć&	"�8¨+m{J{AǠ
%²Ɣ�;Ş¹��DNA

AǠ
%PCRýįAȽ"��OuS{LHyQ{*:<ÛPCRǟǔ+cy_QEV+ƲĐńʮ

Û¨�+ɽ�ĊôAƲĐ���ʒêɽ�ĎǬɌƎAɄŮ+Xg^AǠ
%Ƚ
ʮÛĘȋɽ�

Ċ+¹ǚʛĶʮʒêʉ+ɽ�ɦʓʮʒêºÊ+ƃŐĩƛĐȍ+ƬɩAȽ"��ÛQyiu*

�5 &+qswgnwY��!�

�?F%'J^YjwexYos

in,Y",\efY4*X]_

4CNaQVOT=$Y27;X

]_|%'K�; HNaTLQF 
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%ʮ8¨+m{J{AǠ
�PCRýį�ņ;>�Ɣ+ÃÜ,97-99%&	<ʮ
�>+m{

J{8ʒêɽ�ĎǬɌƎAȽ��7*Íº)PCRýį�ɇ;>��4�ʮS{LHyUOu

�+Ûcy_,1Ƈ&ʮŅ"%ƇȈ+ƒʠȖȩ+ƕǲ,N&	<“Haploid”&	=�'�¾Ÿ�

��mELwQ\sE^AǠ
�ùÜʮÛɽ�Ċķ+CtuŮ,2-13ʬ9.9±6.1, İó±Ơǅª

ĩʭʮɽ�ĊĂƟĶʬNei 1973ʭ,0.16-0.89ʬ0.61±0.15ʭ+ȑë*	<ʮƔʉ&ʣĶ+ĂôŌ

�ɓ7;>ʮ¨�ɘ¿�×Ȫ)�'�¾Ÿ���)ʮɽ�ǬĂƟŌ+ȅĶ*#
%,ʮʒ

êʉ&ŸǶ)ĩǧ,ɇ;>)�"� (Genovesi et al. 2010)� 

�

 

�

e�fc$\&Z�Y�L0KaY�L_�4�\&�!�Y�,A b�

OuS{NyQ{&Ûcy_QEVAƲĐ�ʮʒêɽ�ĎɌƎ+�7+țɎdsp{YA

Ʊ7=�7ɄŮ+Xg^AǠ
%ɌƎ���ŵƇʮ�îʮŵƇƺ:.gsyU+ʒê+c

y_dY{y�Ÿ;�*ǧ)"��7ʮArlequin ver. 3.1.1 (Excoffier et al. 2005) *:=

AMOVAɌƎ*
%ʮ	;��7ŵƇʮŵƇƺʮ�îʮgsyU+4ʒê*º�%ɌƎAȽ

"�'�?ʮĘȋɽ�Ċ+¹ǚʛĶʬFSTʭ:.Ęȋɽ�Ċ+QEVʬRSTʭ+
�>+ùÜ

*#
%8ʮ4ʒê,ɽ�Ǭ*ǧ)=ʒê&	=�'�¾Ÿ�� (Genovesi2� Ɔǩɀ]{

Y)�kCxEVFSTzRST'8*ʮ2'B(²%+kCʒêʉ&ƃŐ)ɽ�ǬºÊʬFST&27/28

kCʒêʮRST&25/28kCʒêʭ�ɓ7;>��4ʒê+kCxEVFSTzRST*÷$�ʒêºÊ

+ƛĐșƐ*
%ʮŵƇƺ'�>�āʬŵƇz�îzgsyUʭ+ʒêʉ+ɽ�ǬºÊ+

ȅĶ�ȸ��Ą��ʮ'<@�kCxEVRST&,ʮŵƇʯŵƇƺʉ&0.764ʮŵƇƺʯgsy

Uʉ&0.737'
�Ɲ7%Ą�)©AǾ��ʬɀ3ʭ� 

 

� 6 Alexandrium catenellaY#D�/� 

ɀ2 A. catenella+ťʒñǍ'ºƎƔŮ 

ɀ 3ʰAlexandrium catenella ʒê+ʒêºÊ

+ƛĐșƐʰkCxEV FST ʬħ�ʭ& RST

ʬÙ�ʭh 8 ¨+mELwQ\sE^m{J

{AǠ
%ņ;>�]{YA Arle1uin ver. 

3.1ʬExcoffier et al. 2005ʭ*:<ɌƎ���

ƃŐĩƛĐ, 10,100 è+d{nq\ESr

yAđŴ�ʮ�;*lygGwʯaƛĐ&¦

Ƥ���***, P<0.001; *P<0.05 
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�+șƐ,ʮ�>;+ʒê�Ęȋɽ�Ċ+¹ǚʛĶ+ĩ �&)�ʮǕ*Ęȋɽ�Ċ+Q

EVĩʬȡ<ɰ�ʀ¼Aà6PCRǟǔʇ+ĩʭ�Ą�
�'AǾ�8+&	<ʮɯı*ºğ

��ʒê'
�:<ʮƥØǬ*�
/BÀ*ºğ��ʒê&	=�'AĽ�Ǿæ���|ųʮ

�î+kCʒêʉ&,ƃŐ');)
ùÜ8ɓ7;>�ʬRST &2/3kCʒêʭ��;�ʮ

ÎS`ƺ�;ƋS`ƺ*��%Ë��=ƳĠƺƹ��Hu et al. 2000, Li et al. 2000) *:=ʒê

+Ȅɲ�	<ʮ	=ȅĶ+ɽ�ĊƹÉ�Ǟ�%��'ŋ@>=�ŵƇî¶+ʒê*#
%,ʮ

țɎĎǬ*ƃŐ)ʒêºÊ�ɇ;>%,
=�ʮkCxEVFSTzRST+©,îā+ʒêʉ+©

*Ƭ1%Ą�)©&,)�ʮ6�?ļ
ʒêƞɶ+ľŔAǾæ���4�ʮCochlodinium 

polykrikoides&ƛ¹�>�:�)�ǎǬ)Ɇé*:='ŋ@>=ɽ�ĊƹÉʬì4Cʭʮ#4<

�ʉƸÉ*:=ʒê+ƺõʉȄɲ,ʮƇȈ*#
%,ƛ¹�>)�"��PCAgen (Goudet 

2005) AǠ
%�ŔººƎ'STRUCTUREAǠ
�ʒêĭĝƛĐAđŴ��'�?ʮAMOVA

ɌƎ+șƐ:.kCxEVFSTzRST*:=ʒêºÊ+ƛĐșƐ&Ǿ�>�ɴ<ʮ12ʒê,4

¨+LsUY{*º�=+�Ɓɼ&	<ʮ×ɉǬ*8ʒêºÊ+ǚǖAǾ��'*ŔÅ��

ʬì7ʮ8ʭ�STRUCTURE*:=ʒêĭĝƛĐ+șƐ,ʮŵƇ:.�î+ʒê,(!;�

'ɍ�'2ʮ3+LsUY{&ƞŔ�>=ƼŔʒê&	=�'*Ę�%ʮŵƇƺ:.gsy

U+ʒê,ʮÏ|+LsUY{&ƞŔ�>=fqC)ʒê&	=�'AǾ��ʬì8ʭ��

�

�

� 7 ����(Y:)FA. catenella 12 D�

z644 	�{b 8 'Yrdgvhlsdnb1HT

>(OQmxjb�1FJapan|%' 7 D�}

china|�� 3D�}SOJ|%'Y%'- 1D�}

France|pswiThau  lagoonY 1D�b3PF

8 1~3���Y96��0Z 77.1yUGRQF�

� 8 STRUCTRURE zPritchard et al. 2000{ X]`oxqvkn>(FA. catenella 12D� 644	�K

�SYgsijxX��Na`Jb>(O|�	�K�gsijxXWY5�Y�U��P`J�

b3OQFJapan|%' 7 D�}China|�� 3 D�}SOJ|%'Y'- 1 D�}France|pswi Thau 

lagoonY 1D�F%'I][��YD�Z|2|3YgsijxY.�UG`MVX�OT|SOJ V France

YD�Z|��YgsijxX��P`MVb3PF�
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'<@�ŵƇƺ+ʒê,ʮȸ��ʣ
kCxEVRST©�Ǿ�ɴ<ʮ�+ʒê',ɽ�Ǭ*Ą

��ǧ)<ʮƥØǬ*ǧ)=ȨžAš#ʒê&	=�'�Ľ�Ǿæ�>��ŵƇƺʒê+ɽ

�ǬǧɡŌ,ʮC. polykrikoidesʮʥʞ9ǏȫƚÉǔ*
%8øá�>%<ʮƀŲ�ƅ+ƺ

Ưʖ+��9ǧ)=ƺƶƞɶ*:<ʮĄ�)ɽ�Ǭºű�Ǟ��×ȪŌ�Ţũ�>%
=�

(Liu et al. 2007, Tsang et al. 2008)� 

�

e�gc'�B����\&�7;������\&TDQ�8]�

Ûʒêʉ+²%+kC¨�ʉ&Ctu´ƃĶ (Chakraborty & Jin 1993) AɎȏ��'�?ʮ

ŵƇʒê¶&38.7±12.4ʫ (n = 45,158)ʮ�îʒê¶&27.4±12.5 (n=8,641)ʮŵƇƺʒê¶&

33.5±15.2 (n=528)ʮgsyUʒê¶&52.8±13.2 (n=2,451) ')<ʮŸ;�*gsyUʒê¶&

ʣ
©AǾ���4�ʮ8¨+mELwQ\sE^ɽ�Ċķ+�!4¨��+ɽ�Ċķ&Ý�

ɽ�ĊôAƃ�=kC¨�+ÃÜAɖ1�șƐʮŵƇʒê¶&35.6ʫʮ�îʒê¶&14.9ʫʮ

ŵƇƺʒê¶&28.6ʫʮgsyUʒê¶&70.5ʫ')<ʮ9,<gsyUʒê&,�:<ȸ�

�ʣ
©AǾ����>,ʮgsyUʒê�ʮ�+ƺõ:<8Ɋ®ĻzĉĈzɊŖȍ+Ǌ


ȼȠʒê&ƞŔ�>%<ʮƬɩǬƁɯʮ�+ƺõ�;š!ɭ4>�Ě�)ɽ�Ǭi{uA

š#ʒê�ºī�%
=×ȪŌ�ʣ
 (ì8)��ƺõ�;š!ɭ4>�×ȪŌ,ʣ
�ʮ�

�+ɌƎșƐ,ʮñ�ƺgsyUThau lagoonƳĠ+A. catenellaʒê��ŵƇ:.CTCɤ

Ǆ*	='�=�ɔ��Lilly et al. 2002, Penna et al. 2005��*Ę�%ßĐǬ&	=�ǚïʮ¨�

�'*ĂôŌAǾ�biwYEim{J{AǠ
�ɌƎ8Ƚ"%<ʮ�+șƐ&8ʮñ�

ƺgsyUʒê+ŵƇzCTCʒêɤǄɔ,ßĐǬ&	=�4�ʮCptJɅĠ9aq{T

{sy_+ʒê+ɌƎ8đŴ�%<ʮ�ńʮ�;*�ɯƋʮCgtJ9ÎȒ+ʒê8à7

�²ñǛɈơ+ɌƎAđŴ��
'Ȥ�%<ʮ�>;+ɌƎ+ɷȽ''8*ʮgsyUʒ

ê+ɤǄ9ƇȈ+�;*ɒȖ)ʒêɽ�ƞɶ�Ÿ;�*)='ƅŃ�>=��

�

RV�

ƇǹȊ+ɸȽ*	�<ʮƺƯťʒ*�ĜÄ
� 
�ʘîʅŒĄĎƓ Chang-Hoon KimƮʮ

ʘîîȋƯǟŤȮʍ Chang Kyu LeeƮʮʦÕǳƗöǇƜWyY{Ʈȱ�ƮʮĄºǳɫƏƯǟ

ǹȊWyY{ŰȺȣŻƮʮǑƇǳƯǟǹȊWyY{ƘǡƽŔƮʮĘʡƯǟƜŽÔŢęWyY

{ƈÒŉɝƮʮ~ʁǳȃĎŜȾŤȮWyY{�Ʌ¯�ƮʮµĸǳȋɫƏƯǟŜȾȝÜWyY

{ɅĤå�Ʈʮ�ɿĵȋƺƶWyY{ȺÒƤăƮʮʧ°ĢǳƯǟŜȾʈǩWyY{ƉǡðÇ

ƮʮʣǷǳƯǟɑʢùƏȳĺƮʮʇģǳȝÜƯǟɑʢùĞǺȆůƮʮǗȋȽŬƴ�ƯǟȝÜ

ǹȊWyY{ĔƷƗöǇƜWyY{ʇÂȧƮ*Ñ�ǿǣ���=�4�ʮƇȉA4'7=

*	�<ʮʕĮ*ƃǭ)�ÇɍA
� 
�(Ǘ)ƯǟȝÜǹȊWyY{ǋŗ¶ƺÌƯǟǹȊ

řòƇȐĊʮĞÖġǞʮȀĞČØʮɅəɛʮƍ§ȵƮ:. Universite de la Mediterranee 

(Aix-Marseille II) Benjamin GenovesiƮ*ƻɗ�=�ƇǹȊ,ʮ(Ǘ)ƯǟȝÜǹȊWyY{ɹç

ɟ��ʄiwTGL^ǹȊ�ƃĕɣǉƿʗƭȻPLw]DaFoɣǉ+ǩǞƢƞɌŸ'�
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