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J=Z\EUr=(Ŕ�%ƄĨƫ&��!zŗƄƅǃ#�!ȄǠ%ĞƄŽ"�7�ūş3ŭş

�&í�õÞ�7ȧƙŵ%$'�Ż��ƃèȧȤűȧ�űȧȤçŷēƃè#���Œȏƃè&

Ƅǆ�72'3ºŽ3ŏŽ, ǒȟ#¨Ƅ�72'2�6ȧßƁ{'Ŕ�%ƃè&Ē�Č�!�

7 (Whitton & Potts 1999)����ȧ�'ƄĨ&��!(Ń���!�%��#í���

ĞƄŽ'ƄĨ;Ĺ5�&�7{"ľ2ãŅƏ%Ǫȝ(ȧ�$<%Ơȟ'�ĞƄŽ�$�&�

�!��;��!�7'�ȧ#�	�#"�7��2�2ĞƄŽ(ǅƕ"(ǡ
%��1ȧ�'

íŔģ3Č;Ĺ5�&�7�#úĺ"(%���'�1ȧ�ƷƏ&(ȞĞȈǣþ#âȡ#�

	2�'ĶŤƆ�58!��ȧ�8�8ȧĖĨ&47ȟxÏ÷&(ȏƊ�7ȧƃè�'Ğ

ƄŽ'í�(úĺ&âȡ"�%� (Amann et al. 1995) #���Õȝ����ǵđ"(ȧ{ǧ'

ĶŤ&¸
!Ŏȃ;hyBy#�!ĞƄŽ'íŔģ3ǁȔœǷ;Ĺ5�&�!��ôƄŽƏī

Ťí�Ɔ�58!�7 (Dahllöf 2002, Kowalchuk et al. 2004)�Ņơ"(ȧ�'4	%ôƄŽö

ƏīŤ&4�!Ĺ5�&%�!��J=Z\EUr='Č3íŔģ&Ȍ�7Ɨǡ;Ʋ��7��

 

a_?SO�7I@�E�����DK�

a�`_>AY:���5^���DK���\U�

J=Z\EUr='ȟ(řÊƏ&ȧĖĨƏžğ&ã �!Ǚ:8!���ĖĨƏ&ï��

�7#ÂƱǇ'2'#íƱǇȥƪſ�Ȧ'2'&�8ȧÂƱǇ'2'(�5&�ǜ�7�(

ìƄǇô"éŜ�72'ȥChroococcalesȦ#©ƄǇôĖĩ;Ǚ	2'ȥPleurocapsalesȦ&ȧƪſ

�'2'(ƌǰƱǇȥheterocystȦ;2�%�2'ȥOscilatorialesȦȧƌǰƱǇ;2�ȧŋ�%�

2'ȥNostocalesȦ#ŋ�72'ȥStigonematalesȦ&�587��8&¸
!ŌȡƱǇ'ĖĨȧ

ƌǰƱǇ3�ƔǇôȥakineteȦ'�ƿȧHuYyĖſȧƪſ�'£ƦƱǇ'ĖĨȧȚȥsheathȦ3

ŬǇ'ĿŹ%$ă3Ơ'ȟ&Ɔ�587 (Boone & Castenholtz 2001)� 
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���ȧøȓ&ƃè�'J=Z\EUr=;�'4	%ĖĨƏžğ��"ȟxÏ÷�7'&

(ȏƊ�7��
)ƥƯÚ÷'æ"�7ƌǰƱǇ3ȠȢſĨ&�587�ƔǇô(Ď&õÞ�

7:�"(%�ȧƄĤƃè�'Ōȡçŷē&4�!ĖĨë¼�7��8�ì&2ŽƂƏ&Ĵż

¼��ƪſ�%$(Řƛ%ȟ×Ȗ"�7�.�ȧ^HJ=Z\EUr=#Ó)87ÂƱǇJ

=Z\EUr=ȥSynechococcusă, ProchlorococcusăȦ(ȧ�'ƱǇI?L'Ā��ȥȉę2 µm�

|Ȧ#ƱǇĖĨ'ÂƮ�ȥƁĖ-őªƁĖȦ'�1¤öȞĞȈ|"�'ƫƷƏ%ǻ�;ǡ¬�'(

×Ȗ"�7� 

âȡ(ȧ�'4	%ÕȝŸ;¥ŀ�7z�'ĶŤ"�7�âȡƱǇ'ĖĨƏžğ3ƄƂöƏȧ

Ƅ¼öƏžğȧ�7�(Ǿ�ĥå;ǫ+7�#"ȧŘƛ&ȟxÏ÷�7�#Éǈ#%7��


)ǉǰƳĩ (Kenyon 1972, Kenyon et al. 1972) 3Pw]EǰƳĩ (Lyra et al. 1997) (J=Z\E

Ur='ȟ&ĿƆ"�7�#Ɨ58!�6ȧ16S rRNAǾ�ô%$'çãȁ¯;Ɔ��ôƫ

ƷǤŉƫƷȟ&Ɔ�58!�7 (Woese 1987, Wilmotte & Herdman 2001)����ȧƃè�'§

!'J=Z\EUr=;âȡ�7�#(ƀÞ'#�9}Éǈ"�7��
)ȧȞĞȈǣþ&4�

!ǦŲ��ƃè�'§ƱǒƱǇĳ&ÿ�!ȧĐňŤ&4�!Ő¬"�7Ʊǒ'µÍ(1%&2Ŵ�

%��#Ɨ58!�7 (Amann et al. 1995)� 

�'4	&ȧĖĨǣþ3âȡ&47íŔģǤŉ'ĶŤ&(ÅƂƏȧĬǚƏȏƊ�7���"ȧ

ǵđ"(ƃè��5ƑĲŎȃ;Į¬�ȧ�'çãȁ¯;±Ɔ�!íŔģǤŉ;Ǚ	ôƄŽöƏ

īŤƆ�58!�7� 

 

a�a_28SO9WBK�

Ŏȃ;hyBy#�!ƃè�'ĞƄŽ'íŔģ3ǁȔœǷ;Ĺ5�&�7īŤ#�!ȧƃè�

�5ĝ58�Ŏȃ;ƑĲƆ�7īŤ#ȧPCR&4�!éď��DNA;Ɔ�7īŤ�7�ƑĲŎ

ȃ;Ɔ�7ĶŤ#�! DNA:DNA «�ÍÇĢǶēǤŉ (Torsvik et al. 1990)ȧŎȃ[?`rQ?N

yJow (Buckley et al. 1998)ȧǗ¤ in situ [?`rQ?NyJow (Christensen et al. 1999ȧ

Ravenschlag et al. 2000)ȧDNAh?Eu=t? (Rhee et al. 2004, Small et al. 2001)ȧkPGZjǤŉ 

(Handelsman 2004) %$�:8!�7�zĶȧPCR;Ɔ���ǛƏ%ĶŤ#�!(ȧëģ³ŷē

»ȁGsȗŞťºŤ (DGGE; Muyzer et al. 1993)ȧńƦŕǭ²ȏȂƯĴżíàŉ (T-RFLP; Liu et 

al. 1997)ȧ zŅȇȤŗœǷíà (SSCP; Schwieger & Tebbe, 1998)ȧrfOyjǾ�ôȋKdyIy

Ǥŉ (RISA; Ranjard et al. 2000)ȧǌºrfOyjǾ�ôȋKdyIyǤŉ (ARISA; Cardinale et al. 

2004)ȧEuywq?`qryŤ (Lane 1991, Olsen et al. 1986) %$�7��85'ĶŤ&(ȧ�

8�8ȉĪ#ƘĪ�6 (de Bruin et al. 2003)ȧƐƏ&Í:��īŤ'ǽĭġǠ"�7�J=Z

\EUr=&��!(ȧ�'�"2DGGE#Euywq?`qryŤȧ�7�(�85;�Ɔ�

���8."&ľ2í�åÑ�8!�6ȧŔ�%ƃè&��!J=Z\EUr='Č3íŔ

ģ&Ȍ�7ĵ�%ƗǡƄ/¬�8!�7� 
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a�b_���������#-/.+!(+,/K�

DGGE(ƑƼƏ&ëģ³ȥĂƯ#esj

=iXȦŷēë¼�7gr=Ers=i

XGs�"DNAȗŞťº;Ǚ	�#&4

6ȧ,-Ï�ȉ�'DNAĴż;çãȁ¯'

ǻ�&4�!ȕ�7ĶŤ"�7�ĞƄŽ

ƄĨö&��!(ȧƃè��5Į¬��

DNA;Ȇà#�!PCRéď;Ǚ�ȧĝ58

�DNAĴż;DGGE&4�!ȕ�7 

(PCR-DGGE)�Ő¬�8�Ì\wX;Gs

�5®6¬�ȧPCR"«éď��ěȧçã

ȁ¯;š÷�7�#&46ǁȔœǷ3íŔ

ģ;Ĺ5�&�7�#"�7 (Ù1)�ÅƂ

Ə&(Gs©"�ŅȇDNA'zǿëģ

�ȧƞºēë:7�#&4�!ȕ�8

7�1ȧaq?hy'ż &GCEqwa#

Ó)8740çãƟē'F=Yw#JWJw

�5ĩ7ȁ¯;�¸�7�#"DNAĴż

§�zŅȇ&%7';ȍ�"�7 

(Sheffield et al. 1989)� 

zĶȧEuywq?`qryŤ(ȧĮ¬��DNA;Ȇà#�!PCRéď��ěȧéďƅŽ;a

qKiXcEPy&ı¦�!ïǊǒ&È6Ǵ.�ȧâß{&¬ƀ��HuYyȥEuywq?`

qryȦ&��!ȧcEPy©&ı¦�8�DNAĴż'çãȁ¯;š÷�7ĶŤ"�7 (Ù1)� 

Euywq?`qryŤ"(ȧȁ¯;š÷�7Euyw'ĳ;é3�)é3�,$ȧƃè�'

øȓ'ĞƄŽǁȔœǷ;ÇĻ�7�#"�ȧƒÿƏ&õÞȅ'ā%�ƄŽ2Ő¬�7�#"

�7�.�ȧPCR-DGGE"Ǥŉ"�7PCRéďƅŽ'ȉ�(100-500 bp&ȏ587ȧEuyw

q?`qryŤ(46ȉ�PCRƅŽȥ�
)16S rRNAǾ�ô',-§ȉ: Ƭ1500 bpȦ;Ɔ�7�

#"�7�1ȧ46Ǥ¡ē'Ȥ�íŔģǤŉÉǈ"�7����ȧĳƎ�5ĳÀEuyw'

çãȁ¯;š÷�7&(Ǒï%ļȋ3HKW��7�1ȧļȋƏxƤȋƏ&ƌ%7ǝĳ'Iw

asȋ"ǁȔœǷ;ŝǳ�7æÍ3¢Ã�7ƄŽ'ºĨ;Ĺ5�&���æÍ&(ȧPCR-DGGE

'4	%_>wCyarwWŤǼ�!�7� 

 

b_I	�R6����$ &'#%, �2<�7I@�

b�`_ML�$ &'#%, ��
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ìŦȧž&ǯŌȡ%ūá&(ȧSynechococcusă3Prochlorococcusă'4	%^HJ=Z\EU

r=¢Ã�!�6ȧßƁ§�'zŗƄƅ&2ï��ü~�!�7�ž&ƱǇȉ0.5- 0.7 µm'

Prochlorococcus(½ƽ40ē�5Áƽ40ē'ȋ'ūá"Ů�100-200 m."Ē�Č�!�6ȧ½ð

ĐŦ'�Ġ"(\?AhK§�'60%;Ã17#2ǥ:8!�7 (Campbell et al. 1994, Partensky 

et al. 1999)��8."&ȕ�8�Prochlorococcus&(ĕ¤&ǼĢ��ōȥHLàȦ#Ĕ¤&ǼĢ

��ōȥLLàȦ�7�#Ɨ58!�6ȧ�8�8Ũ�æĪ#Ů�æĪ#�	ƌ%7YSR&

ǼĢ��ƄĨà (ecotype) "�7#ǂ
58!�� (Moore et al. 1998)�West and Scanlan (1999) (ȧ

ïǟŦ&��!PCR-DGGE;Ɔ�!Prochlorococcus'Ǿ�ôà;Ůē°&ǫ+ȧøȓ&HLàŨ

�æĪ&ȥ10-50 mȦȧLLàŮ�æĪ&ȥ50-110 mȦ�8�8Č�!�7�#;Ĺ5�&���

.�ȧƭū3ß�ū&��!Ǚ:8�PCR-DGGE&47Ǥŉ"2ÏŔ'ƀǮǡ58 (Zeidner & 

Béjà 2004)ȧƄĨàõÞ�7�#Ĺ5�#%��� 

ţćá&õÞ�7J=Z\EUr=&ÿ�!2ôƄŽöƏīŤ;Ɔ��Ǥŉ(Ǚ:8!�

7�ţć'Ć&�Ɩ�7ȥepilithicȦJ=Z\EUr=(hSW3\?A_>sj;Ėĩ�ȧŶȋ

č&��!zŗƄƅ3ƥƯÚ÷#���Ęµ;į�!�7�AyKWqr=ȧbuwĈ'ƙũ&

�7Ć'Ǜș&(ȧJ=Z\EUr=;Ð0hSW#\?A_>sjĖĩ�8!�6ȧDiéz et al. 

(2007) (ĖĨǣþ#PCR-DGGEȧEuywq?`qryŤ&4�!J=Z\EUr='íŔģǤ

ŉ;Ǚ���16S rRNAǾ�ô;Ɔ��PCR-DGGE'ƵŊȧĖĨǣþ"ǡ¬�8�462íŔ%J

=Z\EUr=Ő¬�8ȧ�'í�(ķƗ'ȕō'çãȁ¯#(ƫƷƏ&ƌ%��ĵ��ă

3Ơ"�7ÉǈģȤ�#ǂ
58��.�ȧhSW&��!ƥƯÚ÷Ǿ�ônifH;Ɔ��PCR- 

DGGE;Ǚ��#�9ȧƌǰƱǇ;2�%�ƪſ�J=Z\EUr='ƫƷǁ&ă�7ĵǢ%Ǿ

�ôà�Ǡ%\wX#�!Ő¬�8��hSW©"(îȋ&Ȥ�ƥƯÚ÷ŧģƛǩ�8!�

6ȧ�'ƪſ�J=Z\EUr=hSW©3�'ÒØ'ƥƯ�ƶ&ï��ü~�!�7�#

ƜÔ�8��.�ȧ�'hSW3\?A_>sj�5Ő¬�8�����'Ǿ�ôà(kDJH

3\[h'çų"2ǵƾ%ȁ¯Ő¬�8!�6ȧ�85'J=Z\EUr=(çŷē'Ȥ�ƃ

è&��7�ƖƄŽ#�!�Ɗ�&Č�!�7#ǂ
58�� 

 

b�a_NJR6�$ &'#%, �

Synechococcusă'^HJ=Z\EUr=(ūŦ��"%�ǯŌȡ%ųŢ&��!2¢Ã�!

�7����ȧųŢ'Synechococcus'íŔģ&Ȍ�7ƚƣ(ūŦ'�8&ŝ+!ā%�ȧ�.6

Ǹ<"�%��� (Callieri & Stockner 2002)�Becker et al. (2004) (ȧ�ñpyuS]'Lake 

Constance&��!ȧŪǹģ�4*�Ɩģ'Synechococcus&��!PCR-DGGE;Ɔ��ǁȔœǷǤ

ŉ;Ǚ���£Ǚƚƣ"16S-23S rDNAKdyIyȜáȥITS-1Ȧ;Ɔ��ƫƷǤŉ'ƵŊȧ Lake 

Constance�5ȕ�8�ŪǹģSynechococcus(ūŦ'Synechococcus3Prochlorococcus;Ð0Et

yX©"ÂƫƷǁ;Ėĩ�ȧ�'�"4�'EqKPy&�87�#:��!�� (Ernst et al. 

2003)�ūŦ'^HaqwEWw;Ð0�'ÂƫƷǁ(§!Ūǹģ'J=Z\EUr="�6ȧţ
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ć'Ć%$&�Ɩ�7^HJ=Z\EUr=(ȧ�85#(ƫƷƏ&ƌ%72'"�7#�Ħ�

8��#�9ITS-1;Ɔ��PCR-DGGE'ƵŊȧųş��5Ő¬�87Ǿ�ôà#�ƖƄŽ�5

Ő¬�87Ǿ�ôà'ȋ&ƫƷƏ%ǻ�(,#<$ǡ58�ȧ�85'Synechococcus(ŪǹƄŽ

#�!2�ƖƄŽ#�!2Ƅǆ�7�#Ĺ5�#%���.�ȧIvanikova et al. (2007) (=k

rBÍǘÛ'Lake Superior&ƄĤ�7^HJ=Z\EUr='íŔģ&��!ȧEuywq?`

qryŤ;Ɔ�!ƹǀƏ&Ǥŉ����'ƵŊȧLake Constance"Ő¬�8�2'#Ï�EqKP

y&ă�7ǝĳ'Ǿ�ôà&¸
!ȧ§�ĵ��ǝĳ'EqKPy;Ėĩ�7Ǿ�ôàŐ¬�

8���'4	&ȧųŢ'^HJ=Z\EUr='íŔģ&��!(ŃƗ'ǿí�ȧ�ě'

ƚƣ&4�!ŗƧ&Ĺ5�&%�!��#łĚ�87� 

zĶȧýŌȡ%şƫ&��!¢Ã�7J=Z\EUr=(ǯŌȡ%ųŢ#(ƌ%7�AqwQ

'Lake Loosdrecht(Ũ�ýŌȡų"�6ȧƪſ�'J=Z\EUr=¢Ã�7�#Ɨ58!

���ĖĨǣþ'ƵŊ�5ȧľ2í�J=Z\EUr=(Oscillatoria limnetica#Ï÷�8ȥ2�

�(Oscillatoria limnetica-likeJ=Z\EUr=Ȧȧ2ƋƐ&í�'(Euu_>sb;2�J=Z\

EUr=Prochlorothrix hollandica"�7#ǂ
58!�� (Dignum 2003, Pel et al. 2004)����ȧ

ȕâȡ3Euywq?`qryŤȧǉǰŉ#PCR-DGGE;Ƴ/Í:��íŔģǤŉ'ƵŊȧ

¢Ã�7J=Z\EUr=(Limnothrix redekei3Pseudoanabaena spp.;Ð0ƫƷǁ&ă�7ǝĳ

'Ơ"�7�#Ĺ5�#%�� (Zwart et al. 2005)�.�ȧÏøȣ&��!Prochlorothrix 

hollandica#óòǁ;Ėĩ�7ǝĳ'Ǿ�ôà2Ő¬�8��Ńâȡ'�1�'Ǿ�ôà;2�Ƅ

Ž'ǐƯƳĩ(}Ĺ�ȧçãȁ¯'ƒÏģƬ93%"�7�#�5ȧProchlorothrix hollandica#

ā%�#2Ơtcs"ƌ%7ƄŽ"�6 (Stackebrandt & Goebel 1994)ȧJ=Z\EUr='ǐƯ

Ƴĩ'íŔ¼;ǂ
7{"Ǹ¼Ə&ȄǠ%ƄŽ"�7#ǂ
587� 

 

b�b_H\R6�$ &'#%, �

ƙŵ'ÜêǛș&(Üǋ (crust) #Ó)87J=Z\EUr=3ǖȟ%$'ĞƄŽ�5ĩ7œ

ǷŽõÞ�7�Garcia-Pichel et al. (2001) (HuqXȤÅ'ƄŽģÜǋ;Ėĩ�7J=Z\EU

r=ǁȔ&��!ĖĨǣþ#âȡȧPCR-DGGE&47íŔģǤŉ;��%���Üǋ�&¢Ã�

7J=Z\EUr=(ĖĨƏ&Microcoleus vaginatus#Ï÷�8ȧPCR-DGGE"2�'ƄŽ&ƈņ

�7\wXľ2ŷ�Ő¬�8���8�ì&(ȧNostoc commune#Üǋ��5ĝ58�Ǿ�ô

à'/�5%74�'ŃƗ'ƫƷǁǡ¬�8���'	�2�(ȕ�8�ō'ĖĨ�5�8�

8Microcoleus sociatus, Oscillatoria spp.#Ï÷�8�ȧś62�'	�zĶ(PCR-DGGE"Ő¬�

8�Ńȕ'ƄŽ'/�5%6ȧ2	zĶ(ȕō'ĖĨƏžğ�5ĵă'J=Z\EUr= 

(“Xeronema”) "�7#ǂ
58��.�ȧK?K'Ą�&�7´�¬�&%��Xuh?W'©

ǿ&(Nostoc, Scytonema, Microcoleus, Chroococcidiopsis %$'J=Z\EUr=õÞ�7�#

PCR-DGGE&4�!Ĺ5�#%�� (Sigler et al. 2003)��'�&(HuqXȤÅ'Üǋ�5ǡ
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����Microcoleus sociatus#ǵƾ%2'2Ð.8!�6ȧ�85(�Ż3ưìƼ&�5�87#

�	ȟ���ƃè&ǼĢ��ƫƷǁ"�9	#ǂ
58�� 

J=Z\EUr=(ǲȤçŷē'ƃè&2Č�!�6ȧkDJH'�ĉǔƍŠ&�7ǲȤç

ŷē'ĞƄŽhSW��5(ǝĳ'J=Z\EUr=ȕ�8!�7��85'ȕ�8�Ƅ

Ž(ƛ�&âȡŬ�"Ȥ�çŷēǄģ;Ɯ�ȧøȓ&ǲȤçŷē'ĞƄŽhSW�"�85'

ƄŽ¢Ã�!�7�$	�(:��!�%����.�ȧǄģçŷēƩØ3ǍǼçŷēƠ&

4�!ƌ%�!��ȧ�'ƄƂöƏžğøȓ'ƃè�&��7Č#zǎ�!�7'�2}

Ĺ"������"ȧƌ%7çŷē'ǝĳ'ĞƄŽhSW&��!ȧPCR-DGGE&47ǁȔœǷ

Ǥŉ��%:8� (Nübel et al. 2000)��'ƵŊȧçŷē5-11%"(Microcoleus chthonoplastes&

ǵƾ%ƄŽ¢Ã�ȧçŷē14%'hSW"(Euhalotheceă3Halospirulinaă'ȕō#Ï�Eq

KPy&ă�7J=Z\EUr=¢Ã�!���Euhalothece3Halospirulina(ǍǼçŷēĒ

ƩØ"�7&2Ȍ:5�ȥ�8�81.5-25%, 3.5-20%Ȧȧ�'Čá(çŷē'ľ2Ȥ�hSW&

ȏ58!�6ȧøȓ'ƃè�"'Č&(�'²ȏǠÖėț�!�7#ǂ
58�� 

ÁŒ&�7Lake Fryxell'ĞƄŽhSW'��5(ǝĳ'ƫƷǁ&ă�7J=Z\EUr=

Ő¬�8� (Taton et al. 2003)�PCR-DGGE#Euywq?`qryŤ"ĝ58�Ǿ�ôà(22'

ƌ%7ƫƷǁ&�8ȧ�'	�9�(ÁŒ&žĿ'Ǿ�ôà�5'/ĩ�!�6ȧ�5&�'�

'2�(ķƗ'ȁ¯;Ð.%�ĵ��ƫƷǁ"�����'ƵŊ(ȧ�Ɗ�&Ē�Č�7HKl

grPwƠõÞ�7#Ïļ&ȧÁŒ#�	žŚ%ƃè&ÚĿ%ƫƷǁ2õÞ�7�#;ƜÔ�

72'"���� 

 

b�c_4GO�1S��$ &'#%, �

ūƺºŽ&(í�'ĞƄŽ¨Ƅ�!�6ȧ�',#<$(ĜăŌȡƱǒ#J=Z\EUr=

"�7�ūƺ&¨Ƅ�7J=Z\EUr=(ÂƱǇ�5ƪſ�."íą&:�6ȧSynechocystis, 

Aphanocapsa, Oscillatoria (Phormidium), Anabaena, Synechococcus%$"�7�#Ɨ58!�7�

�'�"2ĖĨƏ&Aphanocapsa feldmannii#Ï÷�8�ÂƱǇJ=Z\EUr=ľ2zǏƏ%

ūƺ¨ƄJ=Z\EUr=#ǂ
58!�� (Diaz 1996)����ȧ�'Aphanocapsa feldmannii

ŔJ=Z\EUr=¨Ƅ�79Ơ'ūƺ&��!ȧPCR-DGGE&47ǁȔœǷǤŉ;��%�

�#�9ȧÌūƺ���5Ő¬�8�J=Z\EUr=ƈņ'\wX(1Ņ"�6ȧ�85'çã

ȁ¯',#<$(Synechococcus/Prochlorococcus;Ð0ƫƷǁ&ă�!�� (Usher et al. 2003)� 

źč'ţćá&ƄĤ�7ǁ�fm'zǿ&(ÂƱǇ'J=Z\EUr=Prochloron spp.¨Ƅ

�7�#Ɨ58!�7 (Lewin & Cheng 1989)�ĖĨǣþ&4�!�'J=Z\EUr=(û�

'emǁ�'�&ÂzEuyw"õÞ�!�7#ǂ
58!�� (Lewin 1981)�PCR-DGGE&4

�!����'ǁ�fm©'J=Z\EUr=;Ő¬��#�9ȧ1�'ǁ�fm©�5(

Prochloron&ƈņ�7Ǿ�ôà1���Ő¬�8ȧ3(6ÂzEuyw"�7�#Ĺ5�#%

�� (Schmidt et al. 2004)� 
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Acaryochlorisă(Euu_>sd;�ǠǐƯ#�7J=Z\EUr="�7ȧ�'ƄŽ2.�

źč&ƄĤ�7ǁ�fm'¨ƄJ=Z\EUr=#�!ȕ�8� (Miyashita et al. 1996)��'

ěȧĸŅţć&ƄĤ�7ƭǖ'Ǜș&2�'J=Z\EUr=�Ɩ�!�7�#Ĺ5�#%

6 (Murakami et al. 2004)ȧEuu_>sdƭǖ'ĞȅǐƯ#�!Ő¬�8!��#�	ƴƽ�5 

(Manning & Strain 1943)ȧzǿ'ƭǖ&žƌƏ&�Ɩ�7#ǂ
58����"ȧAcaryochloris sp. 

ƍǡ�8�ƭǖ#�'ÒØ&ƄĤ�7�'ƭǖȧƻǖȧǞǖ&��!PCR-DGGE&4�!�Ɩ

J=Z\EUr='ǁȔœǷǤŉ�8���'ƵŊȧ§!'ūǖ�5Acaryochloris&ƈņ�7

Ǿ�ôà2�Ő¬�8 (Ù2)ȧ�'J=Z\EUr=(ƭǖ��"%�Ŕ�%ūǖ&�Ɩ�!�

7�#Ɯ�8� (Ohkubo et al. 2006)� 

Azollaă (JQŏŽ) 'Ǔ'©ǿ&(ƥƯÚ÷ǈ;2�Anabaenaă'J=Z\EUr=¨Ƅ

�!�7�#Ɨ58!�7 (Van Hove & Lejeune 2002)�Azolla&¨Ƅ�7J=Z\EUr='í

Ŕģ#û�žƌģ;Ĺ5�&�7�1&PCR-DGGE;Ɔ��ǤŉǙ:8� (Papaefthimiou et al. 

2008)�Ő¬�8�J=Z\EUr='Ǿ�ôà(Azolla'Ơȋ"ƌ%�!�6ȧÏzƠ©"2í

Ŕģǡ58��.�ȧAzollaÌƠ�5Ő¬�8�Ǿ�ôà(û�žƌģ;Ɯ�ȧAzollaă©'2

�'ƨȧAzollaƨ#Rhizospermaƨ'ȋ"ï��2�'ƫƷǁ&�8���85'ƵŊ(ȧAzolla

#J=Z\EUr='¨Ƅ#�	?cwWǺÆ&1ē��Ǳ�6ȧ̈ Ǹ¼�!��#�	�#;

ƜÔ�!�7� 
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c_I	����)+!*/�3T�

PCR;Ɔ��ǁȔœǷǤŉīŤ'æÍȧaq?hy'ǽ*Ķ(ȄǠ"�7�í�'æÍȧ16S 

rRNAǾ�ô;ÿǮ#�7ȧ�'ŖǈǾ�ôƆ�587�#2�7�.�ȧž÷'ƫƷǁ&ž

ƌƏ%aq?hy;Ɔ�7�#&4�!ȧƐƏ'ƄŽ;ǽĭƏ&Ő¬�7�#"�7� 

c�`_*/"/[08�

DNAhyBy#�!ľ2í�Ɔ�587Ǿ�ô(16S rRNAǾ�ô"�7��'Ƃƈ(ȧ§!

'ƄŽİ�!�7�#ȧœǷ3Ŗǈ�õ�8!�7�#ȧí�'ƄŽȋ&:��!�õ�8

�ǿ�õÞ�7�1aq?hy�63���#ȧƠȋ3ăȋ'ȟ&Ɔ�7'&¿%Ǥ¡

ē�7�#%$"�7�.�ȧVyP'ǕƢȅ�'Ǿ�ô&ŝ+!Ý�Ə&í��#2Ƃƈ

'z�"�7����ȧ16S rRNAǾ�ô;Ɔ��ƫƷǤŉ&2Õȝ�6ȧ�
)Ơ©3ōȋ'

íŔģ;ǡ��#�&(Ǥ¡ē}¿"�7��'�1ȧƠ©'íŔģ;Ĺ5�&�7#�	

ƐƏ'�1&(46Ǥ¡ē'Ȥ�ITSȜáƆ�58!�7 (Janse et al. 2003, Ernst et al. 2003, 

Becker et al. 2004, Erwin & Thacker 2008)�.�ȧ16S rRNAǾ�ôGZj�&ǝĳH^yõÞ�ȧ

��'ȁ¯ƌ%7æÍ2�7�1ȧGZj�&1H^y��õÞ�%�rpoB#�	Ǿ�ô;Ɔ�

7�2�7(Dahllöf et al. 2000)��'Ǿ�ô;�
)ȧĞƄŽ'õÞŝ;Řƛ&ǡƢ27�#"

�7ȧVyP'ǕƢȅā%��1ƀſ"(íŔģǤŉ&Ɔ�7&(ȏƊ�7��'ŖǈǾ

�ô&��!(ȧJ=Z\EUr="(nifH3psbA, ntcA%$Ɔ�58!�7 (Diéz et al. 2007, 

Bauer et al. 2008, Junier et al. 2007)�nifH(ž&ƥƯÚ÷ǈ;2��J=Z\EUr='íŔģ3

Č&��!Ĺ5�&���ļ&Ŀ¹%hyBy#%7� 

 

c�a_PVW)+!*/�

16S rRNAǾ�ô;ÿǮ#�7æÍȧ§!'ƓŘƱǒ;Ő¬�7�#'"�7nY\yIsa

q?hy����åÑ�8!�7 (Muyzer et al. 2004)����ȧ�'aq?hy"(J=Z\

EUr=��"%�ĜăŌȡƱǒ2Ð1!Ő¬�87�1ȧJ=Z\EUr=&žƌƏ%aq?

hyMSWNübel et al. (1997) &4�!Ȋƍ�8���'aq?hyMSW(CYA359F#�	_

@vyXaq?hyȥ5’ńƦ&GCEqwa;�¸�7Ȧ#CYA781R (CYA781R(a)#CYA781R(b)

'ůÍaq?hy) #�	r\yKaq?hy�5ĩ6ȧ,#<$§!'J=Z\EUr=#Ǔ

ƻ�'16S rRNAǾ�ô;éď�7�#"�7�1ȧJ=Z\EUr=3ĞƱǖȟ;ÿǮ#��

ƚƣ&Ē�Ɔ�58!�7� 

Boutte et al. (2006) (ȧr\yKaq?hyCYA781R(a)#CYA781R(b)'��'žƌģ&��!

ǫ+ȧCYA781R(a)(�&ƪſ�'J=Z\EUr=&ÿ�!žƌģȤ�ȧ,#<$'ÂƱǇJ

=Z\EUr=(CYA781R(b)&ÿĢ�7ȁ¯;2�!�7�#;åÑ�� (Ǜ1)�øȓ'ƃèI

was&ÿ�!2�85'aq?hy��&Ɔ�58!�7 (Boutte et al. 2008)�.�ȧǓƻ�

'16S rRNAǾ�ô(,#<$CYA781R(a)#ÿĢ�7ȁ¯;2��1ȧOhkubo et al. (2006)(ū

ǖ&�Ɩ�7J=Z\EUr=ǁȔ&ÿ�!�'2�'aq?hy;°�&Ɔ�7�#&4�!
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ūǖ'Ǔƻ�'ėț;Ű5�ȧAcaryochloris spp.;Ȥħē"Ő¬�7�#&ĩ·�� (Ù2)�.�ȧ

�8�ì&2ž÷'ă3Ơtcs'žƌƏaq?hyƆ�58!�7 (West & Scanlan 1999, 

Becker et al. 2004)� 

 

d_Z]�;F�

ôƄŽöƏīŤ;Ɔ��ĞƄŽ'íŔģǤŉ&(.�Ǫȝ2ś�8!�7�ĬǚƏ%Ǫȝ#

�!(ȧĮ¬��Ŏȃ'ǰ#aq?hy'ǰ"�7�ƃè�&õÞ�7ƱǇ'Ė3ï��ȧä�

(ƄŽƠ&4�!ƌ%6ȧ§!'ƱǇ�5Ŏȃ;Į¬�7'(×Ȗ"�7�.�ȧÜê3ŏŽ�

&(PCRÇĢ;Ȏù�7ŽǰÐ.8!�6ȧDNAĮ¬ļ&�85;ȑÆ�7ġǠ�7��8

5'Ǫȝ;Er=��ŎȃĮ¬Ĭǚ'ȊƍŁ.87�.�ȧƀÞƆ�58!�7aq?hy(

ķƗ'çãȁ¯;ã&�58!�7����!ȧŃƗ'çãȁ¯;2��ƄŽ;ǡǺ��ȧ�

7�(ǺĀǨ��!�.	ÄȒģ�7�çãȁ¯VyP'ǕƢ&��!ȧaq?hy'žƌģ

;ǡƑ�ġǠ�7 (Mühling et al. 2008)�2	z�'Ǫȝ(ȧŐ¬�8�ƄŽ'ø�ǡ
%�

#�	�#"�7�ƃè��5(�Ńȕ'�ĞƄŽ&ƈņ�7çãȁ¯í�ĝ58!�7ȧ

�'ƄŽ$<%Ė;�!ȧ$<%�Ǭ;��%�!�7'�ȧƫƷƏ&ǵƾ%ōõÞ�7æ

Í;ȑ�!(Ɨ6ĝ%��ƃè��5ĝ587çãȁ¯;ƄŽöƏžğ#ÿĢ��7�1&(ȧ

ĖĨǣþ3ȕxâȡ&47Ɨǭ'ǕƢ2.�ġǠ"�7� 
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���%5ȧPCR-DGGE3Euywq?`qryŤ#���īŤ(ȘĎ&ĕ¶%Tys"�

6ȧ�ě2Ƹ�#J=Z\EUr='Č3íŔģ&Ȍ�7Ŕ�%ĵ��ƗǡƄ/¬�8!�

�#łĚ�87� 

 

=TCQ�

Amann, R.I., Ludwig, W. & Schileifer, K-H. 1995. Phylogenetic identification and in situ detection of 

individual microbial cells without cultivation. Microbial Reviews 59: 143-169. 

Bauer, K., Díez, B., Lugomela, C., Seppälä, S., Borg, A.J. and Bergman, B. 2008. Variability in benthic 

diazotrophy and cyanobacterial diversity in a tropical intertidal lagoon. FEMS Microbiol. Ecol. 63: 

205-221. 

Becker, S., Singh, A.K., Postius, C., Boger, P. & Ernst, A. 2004. Genetic diversity and distribution of 

periphytic Synechococcus spp. in biofilms and picoplankton of Lake Constance. FEMS Microbiol. Ecol. 

49: 181-190. 

Boone, D.R. & Castenholz, R.W. 2001. Bergey's Manual of Systematic Bacteriology Volume 1: The 

Archaea and the Deeply Branching and Phototrophic Bacteria. Springer. New York. 

Boutte, C., Grubisic, S., Balthasart, P. & Wilmotte, A. 2006. Testing of primers for the study of 

cyanobacterial molecular diversity by DGGE. J. Microbiol. Methods 65: 542-550. 

Boutte, C., Mankiewicz-Boczek, J., Komarkova, J., Grubisic, S., Izydorczyk, K., Wautelet, F., Jurczak, T., 

Zalewski, M. and Wilmotte, A. 2008. Diversity of planktonic cyanobacteria and microcystin occurrence 

in Polish water bodies investigated using a polyphasic approach. Aquat. Microb. Ecol. 51: 223-236. 

Buckley, D.H., Graber J.R. & Schmidt, T.M. 1998. Phylogenetic analysis of nonthermophilic members of 

the kingdom Crenarchaeota and their diversity and abundance in soils. Appl. Environ. Microbiol. 64: 

4333�4339. 

Callieri, C., & Stockner, J.S. 2002. Freshwater autotrophic picoplankton: a review. J. Limnol. 61: 1�14. 

Campbell, L., H. A. Nolla, and D. Vaulot. 1994. The importance of Prochlorococcus to community structure 

in the central North Pacific Ocean. Limnol. Oceanogr. 39: 954�961. 

Cardinale, M., Brusetti, L., Quatrini, P., Borin, S., Puglia, A.M., Rizzi, A., Zanardini, E., Sorlini, C., Corselli, 

C. & Daffonchio, D. 2004. Comparison of different primer sets for use in automated ribosomal 

intergenic spacer analysis of complex bacterial communities. Appl. Environ. Microbiol. 70: 6147�6156. 

Christensen, H., Hansen, M. & Sorensen, J. 1999. Counting and size classification of active soil bacteria by 

fluorescence in situ hybridization with an rRNA oligonucleotide probe. Appl. Environ. Microbiol. 65: 

1753�1761. 

Dahllöf, I., Baillie, H. & Kjelleberg, S. 2000. rpoB-based microbial community analysis avoids limitations 

inherent in 16S rRNA gene intraspecies heterogeneity. Appl. Environ. Microbiol. 66: 3376-3380. 

Dahllöf, I. 2002. Molecular community analysis of microbial diversity. Curr. Opin. Biotechnol. 13: 213-217. 

Diaz, M.C. 1996. Molecular and ecological studies of sponge- microbial associations. PhD Thesis, 

University of California, Santa Cruz. 



 

 S. Ohkubo - 11 

Díez, B., Bauer, K. & Bergman, B. 2007. Epilithic cyanobacterial communities of a marine tropical beach 

rock (Heron Island, Great Barrier Reef): Diversity and diazotrophy. Appl. Environ. Microbiol. 73: 3656�

3668. 

de Bruin, A., Ibelings, B.W. & Van Donk, E. 2003. Molecular techniques in phytoplankton research: from 

allozyme electrophoresis to genomics. Hydrobiologia 491: 47�63. 

Ernst, A., Becker, S., Wollenzien, U.I.A. & Postius, C. 2003. Ecosystem-dependent adaptive radiations of 

picocyanobacteria inferred from 16S rRNA and ITS-1 sequence analysis. Microbiology 149: 217�228. 

Erwin, P.M. & Thacker, R.W. 2008. Cryptic diversity of the symbiotic cyanobacterium Synechococcus 

spongiarum among sponge hosts. Mol. Ecol. 17: 2937-2947. 

Garcia-Pichel, F., López-Cortés, A. & Nübel, U. 2001. Phylogenetic and morphological diversity of 

cyanobacteria in soil desert crusts from the Colorado plateau. Appl. Environ. Microbiol. 67: 1902-1910. 

Geitler, L. 1932. Rabenhorst's Kryptogamenflora von Deutschland, Österreich und der Schweiz 14 

Cyanophyceae. Akademische Verlagsgesellschaft, Leipzig. 

Handelsman, J. 2004. Metagenomics: Application of genomics to uncultured microorganisms. Microbiol. 

Mol. Biol. Rev. 68: 669�685. 

Ivanikova, N.V., Popels, L.C., Michael, R., McKay, L. & Bullerjahn, G.S. 2007. Lake Superior supports 

novel clusters of cyanobacterial picoplankton. Appl. Environ. Microbiol. 73: 4055-4065. 

Janse, I., Meima, M., Kardinaal, W.E. & Zwart, G. 2003. High-resolution differentiation of Cyanobacteria 

by using rRNA-internal transcribed spacer denaturing gradient gel electrophoresis. Appl. Environ. 

Microbiol. 69: 6634-6643. 

Junier, P., Witzel, KP. & Hadas, O. 2007. Genetic diversity of cyanobacterial communities in Lake Kinneret 

(Israel) using 16S rRNA gene, psbA and ntcA sequence analyses. Aquat. Microb. Ecol. 49: 233�241 

Kenyon, C.N. 1972. Fatty acid composition of unicellular strains of blue- green algae. J. Bacteriol. 109: 

827-834. 

Kenyon, C.N., Rippka, R. & Stanier, R.Y. 1972. Fatty acid composition and physiological properties of 

some filamentous blue-green algae. Arch. Microbiol. 83: 216-236. 

Kowalchuk, G.A., de Bruijn, F.J., Head, I.M., Akkermans, A.D.L. & van Elsas, J.D. 2004. Molecular 

Microbial Ecology Manual (2nd ed.) Kluwer Acaemic, Dordrechtm, The Netherlands. 

Lane, D.J. 1991. 16S/23S rRNA sequencing. In: Stackebrandt, E. & Goodfellow, M. (eds.) Nucleic acid 

techniques in bacterial systematics. pp. 115�175. John Wiley & Sons, New York. 

Lewin, R.A. & Cheng, L. 1989. Prochloron, a Microbial Enigma. Chapman & Hall. New York. 

Liu, W.T., Marsh, T.L., Cheng, H. & Forney, L.J. 1997. Characterization of microbial diversity by 

determining terminal restriction fragment length polymorphisms of genes encoding 16S rRNA. Appl. 

Environ. Microbiol. 63: 4516�4522. 

Lyra, C., Hantula, J., Vanio, E., Rapal, J., Roushiainen, L. & Sivoven, K. 1997. Characterization of 

cyanobacteria by SDS-PAGE of whole cell proteins and PCR/RFLP of 16S rRNA gene. Arch. Microbiol. 

168: 176-184. 

Manning, W.M. & Strain, H.H. 1943. Chlorophyll d, a green pigment of red algae. J. Biol. Chem. 151: 1-19. 



 

 S. Ohkubo - 12 

Miyashita, H., Ikemoto, H., Kurano, N., Adachi, K., Chihara, M. & Miyachi, S. 1996. Chlorophyll d as a 

major pigment. Nature 383: 402-402. 

Moore, L.R., Rocap, G. & Chisholm, S.W. 1998. Physiology and molecular phylogeny of coexisting 

Prochlorococcus ecotypes. Nature 393: 464-467. 

Mühling, M., Woolven-Allen, J., Murrell, J.C. & Joint, I. 2008. Improved group-specific PCR primers for 

denaturing gradient gel electrophoresis analysis of the genetic diversity of complex microbial 

communities. ISME J. 2: 379-392. 

Murakami, A., Miyashita, H., Iseki, M., Adachi, K. & Mimuro, M. 2004. Chlorophyll d in an epiphytic 

cyanobacterium of red algae. Science 303: 1633-1633. 

Muyzer, G., de Waal, E.C. & Uitterlinden, A.G. 1993. Profiling of complex microbial populations by 

denaturing gradient gel electrophoresis analysis of polymerase chain reaction-amplified genes coding for 

16S rRNA. Appl. Environ. Microbiol. 59: 695�700. 

Muyzer, G., Brinkhoff, T., Nübel, U., Santegoeds, C., Schäfer, H. & Wawer, C. 2004. Denaturing gradient 

gel electrophoresis (DGGE) in microbial ecology. In: Kowalchuk, G.A., de Bruijn, F.J., Head, I.M., 

Akkermans, A.D.L. & van Elsas, J.D. (eds) Molecular Microbial Ecology Manual, 2nd edition. pp. 

743-770. Kluwer Academic. Boston. 

Nübel, U., Garcia-Pichel, F. & Muyzer, G. 1997. PCR primers to amplify 16S rRNA genes from 

cyanobacteria. Appl. Environ. Miclobiol. 63: 3327-3332. 

Nübel, U., Garcia-Pichel, F., Clavero, E. & Muyzer, G. 2000. Matching molecular diversity and 

ecophysiology of benthic cyanobacteria and diatoms in communities along a salinity gradient. Environ. 

Microbiol. 2: 217-226. 

Ohkubo, S., Miyashita, H., Murakami, A., Takeyama, H., Tsuchiya, T. & Mimuro, M. 2006. Molecular 

detection of epiphytic Acaryochloris spp. on marine macroalgae. Appl. Environ. Microbiol. 72: 

7912-7915. 

Olsen, G.J., Lane, D.J., Giovannoni, S.J., Pace, N.R. & Stahl, D.A. 1986. Microbial ecology and evolution: 

A ribosomal RNA approach. Annu. Rev. Microbiol. 40: 337�365. 

Papaefthimiou, D., Van Hove, C., Lejeune, A., Rasmussen, U. & Wilmotte, A. 2008. Diversity and host 

specificity of genus Azolla cyanobionts. J. Phycol. 44: 60-70.  

Partensky, F., W. R. Hess, and D. Vaulot. 1999. Prochlorococcus, a marine photosynthetic prokaryote of 

global significance. Microbiol. Mol. Biol. Rev. 63: 106�127. 

Pel, R., Floris, V. & Hoogveld, H.L. 2004. Analysis of planktonic community structure and trophic 

interactions using refined isotopic signatures determined by combining fluorescence-activated cell 

sorting and isotope-ratio mass spectrometry. Freshwater Biol. 49: 546�562. 

Ranjard, L., Poly, F., Combrisson, J., Richaume, A., Gourbiere, F., Thioulouse, J. & Nazaret, S. 2000. 

Heterogeneous cell density and genetic structure of bacterial pools associated with various soil 

microenvironments as determined by enumeration and DNA fingerprinting approach (RISA). Microbiol. 

Ecol. 39: 263�272. 



 

 S. Ohkubo - 13 

Ravenschlag, K., Sahm, K., Knoblauch, C., Jorgensen, B.B. & Amann, R. 2000. Community structure, 

cellular rRNA content, and activity of sulfate-reducing bacteria in marine Arctic sediments. Appl. 

Environ. Microbiol. 66: 3592�3602. 

Rhee, S.-K., Liu, X., Wu, L., Chong, S.C., Wan, X. & Zhou, J. 2004. Detection of genes involved in 

biodegradation and biotransformation in microbial communities by using 50-mer oligonucleotide 

microarrays. Appl. Environ. Microbiol. 70: 4303�4317. 

Schmidt, E.W., Sudek, S. & Haygood, M.G. 2004 Genetic evidence supports secondary metabolic diversity 

in Prochloron spp., the cyanobacterial symbiont of a tropical ascidian. J. Nat. Prod. 67: 1341-1345. 

Schwieger, F. & Tebbe, C.C. 1998. A new approach to utilize PCR-single- strand-conformation 

polymorphism for 16S rRNA gene-based microbial community analysis. Appl. Environ. Microbiol. 64: 

4870�4876. 

Sheffield, V.C., Cox, D.R. & Myers, R.M. 1989. Attachment of a 40-base-pair G+C-rich sequence 

(GC-clamp) to genomic DNA fragments by the polymerase chain reaction results in improved detection 

of single-base changes. Proc. Natl. Acad. Sci. USA 86: 232�236. 

Sigler, W.V., Bachofen, R. & Zeyer, J. 2003. Molecular characterization of endolithic cyanobacteria 

inhabiting exposed dolomite in central Switzerland. Environ. Microbiol. 5: 618-627. 

Small, J., Call, D.R., Brockman, F.J., Straub, T.M. & Chandler, D.P. 2001. Direct detection of 16S rRNA in 

soil extracts by using oligonucleotide microarrays. Appl. Environ. Microbiol. 67: 4708�4716. 

Stackebrandt, E. & Goebel, B.M. 1994. A place for DNA-DNA reassociation and 16S rRNA sequence 

analysis in the present species definition in bacteriology. Int. J. Syst. Bacteriol. 44: 846-849. 

Taton, A., Grubisic, S., Brambilla, E., De Wit, R. & Wilmotte, A. 2003. Cyanobacterial diversity in natural 

and artificial microbial mats of Lake Fryxell (McMurdo dry valleys, Antarctica): A morphological and 

molecular approach. Appl. Environ. Microbiol. 69: 5157-5169. 

Torsvik, V., Goksoyr, J. & Daae F.L. 1990. High diversity in DNA of soil bacteria. Appl. Environ. Microbiol. 

56: 782�787. 

Usher, K.M., Fromont, J., Sutton, D.C. & Toze, S. 2004. The biogeography and phylogeny of unicellular 

cyanobacterial symbionts in selected sponges from Australia and the Mediterranean. Microbial Ecol. 48: 

167�177. 

van Hove, C. & Lejeune, A. 2002. Applied aspects of Azolla-Anabaena symbiosis. In: Rai, A.N., Bergman, 

B. & Rasmussen, U. (eds.) Cyanobacteria in Symbiosis. pp. 179�193. Kluwer Academic, Dordrecht. 

West, N.J. & Scanlan, D.J. 1999. Niche-partitioning of Prochlorococcus populations in a stratified water 

column in the eastern North Atlantic Ocean. Appl. Environ. Microbiol. 65: 2585-2591. 

Whitton, B.A. & Potts, M. 1999. Introduction to the Cyanobacteria. In: Whitton B.A. & Potts, M. (eds.) The 

Ecology of Cyanobacteria. pp. 1-11. Kluwer Acaemic, Dordrecht. 

Whitton B.A. & Potts, M. 2000. The Ecology of Cyanobacteria. Kluwer Acaemic, Dordrecht. 

Wilmotte, A. & Herdman, M. 2001. Phylogenetic relationships among the Cyanobacteria based on 16S 

rRNA sequences. In: Boone, D.R. and Castenholz R.W. (eds.) Bergey's Manual of Systematic 



 

 S. Ohkubo - 14 

Bacteriology. Volume 1: The Archaea and the Deeply Branching and Phototropic Bacteria. Second 

Edition. pp. 487-493. Springer. New York. 

Woese, C.R. 1987. Bacterial evolution. Microbiol. Rev. 51: 221-271. 

Zeidner, G. & Béjà, O. 2004. The use of DGGE analyses to explore eastern Mediterranean and Red Sea 

marine picophytoplankton assemblages. Environ. Microbiol. 6: 528-534. 

Zwart, G., Agterveld, M.P.K., van der Werff-Staverman, I., Hagen, F., Hoogveld, H.L. & Gons, H.J. 2005. 

Molecular characterization of cyanobacterial diversity in a shallow eutrophic lake. Environ. Microbiol. 7: 

365�377. 


