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Ɇ 1Ƀ� ɢʝ 

� bH\ (Glycine max [L.] Merr.) /˸ˍǢ˸ûă˸ɒʡ˸ʡɰ,+ƣƲ.˯ƞá-Ǒ���

*.)�,˯þ.èƟ*�(Öș�@?#�),�˸ĵȠ˰Ɵ;Ǣɏ˸oHMȉƟ (oH

MgG�^�) .èƟ*�(Öș�@(�>˸�ȝȨ-ˢʆ.˵�ʆ,²Ȏ)�?˹}�

ȷǄȎ)�?bH\/ b˸H\ǁɍɸ.ŲƼ-<%(ǁ-ǁɍ*ü0@?ÉȗĄİCŚŶ�˸

 .ĄİCʷ�(bH\ǁɍɸ-<%(ĥǛ��=Čı�@"ɁɕCF��kF*�(ȒŢ

�? b˹H\-ŲƼ�?�,bH\ǁɍɸ*�( B˸radyrhizobium japonicum; Bradyrhizobium 

elkanii E˸nsifer / Sinorhizobium fredii�ȱ=@(? (Jordan 1982 S˸cholla and Elkan 1984 C˸hen 

et al. 1988˸Kuykendall et al. 1992˸Young 2003)˹ŷ�č.bH\ǂė)/˸ÈɁɕ. 50�80%

Cǁɍ.ČıɁɕ-¶Ĭ�(�>  ˸.ʱǇȨ·¾/˥ŋ-˵*�@? (ĥł 2006) Ȕ˹Ē

6)-˸ǜȚʭƑȞ-��?bH\.Ʋ²á�ʼɽ�?-�">˸²§˦Ⱦ/ɑ 13� ha˸ȗ

Șˑ/ɑ 23 � t -ˀ�(?˹���,�=˸bH\.čÊɱɜȓ/ɑ 5�6%*¦.ȽȎ*

ǚʯ�?*°ǜǽ-�>˸čÊ)ǲʤ�@?bH\.4*D+Cǰģ�=.ʰÇ-¶Ĭ�

(?˹�.èć*�(˸ǜȼ*ǚʯ�(ȗȘÞȓ�Ů�* (ōŶ 24ŎŒ 180 kg 10a-1˸

ʱƹǜȘȮĥʡ˖ʺg�a˝åí.Əȹ h˸ttp://www.maff.go.jp/j/seisan/ryutu/daizu/d_data/) Ħ˸

½-<>íˑ;þʦ-Ŝ˧Cï�Ʀ�*�Ƈ�=@ b˸H\.Įıµɜ�ǟ9=@(?˹

bH\.ȗȘŬC÷���?�&.źǗ*�(˸Ưșǁɍɸ*ü0@?Â@"ŚʦCƯ�?

bH\ǁɍɸCbH\ǂėƨ.bH\Ȼī-ƎȻ�?�*�Ƈ�=@˸�@-<>íˑCğ

Ý��<�*ʕ7=@(?˹Ưșǁɍɸ.ƯșŬ-&(/˸Öș.ȫȨ;ƎȻ�@?Đ

Ġ.ƴª-<%(ȣ,?�˸�ɵȨ-/˸ķ�ǄȎ-Ļ�(ʊýŬ�˵�˸ĐĠ�)ʸ;�

-ğǖ�˸ȏ-˸ĐȰǁɍɸ-Ļ�?ɅôÜ-Â@(ķ�ǄȎǁ-ǁɍCŚŶ�˸ǁɍŚŶ

ş.ɁɕČıǬŬ�˵*%"ƴªCǻ"�ŧʆ��? (ǯǣ 2004) ǁ˹ɍɸ-<?ɁɕČ

ıìŨ-/kh�Tj�^*�ˋɕ�˖��(�>˸�.kh�Tj�^-<?ɁɕČı

ìŨ/ǜɕȥȗìŨ*Éŝ�(?˹š%(˸kh�Tj�^-µɜ�@?Kl�Q�.�

ˈ�ǜɕ.ˌá-Öș�@?"9-˸�@�Kl�Q�.�[*,>ɁɕČıÞȓ�°��

? (ǯǣ 2004) *˹�A� b˸H\ǁɍɸ.�-/ȥȗ�?ǜɕCËÖș�?ˋɕ)�?ùí

ĕqi�Tj�^ (Uptake hydrogenase; Hup) ǬŬCƯ�?bH\ǁɍɸƿ�ȱ=@(�>˸

�. Hup �ɁɕČıÞȓ.ƙĂ-ˏʆ)�?�*�ƥ=�*,%(? (Ư˳ 1999˸ǯǣ
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2004) A˹lbrecht et al. (1979) / h˸upˆ¬īC¹Ư�? Hup+ƿ* hupˆ¬īCǑƓ�"Ģȣĕ

. Hup-ƿCș(bH\3.ƎȻʕ˴Cɽ%"*�A˸bH\ǄȎ±.ÈɁɕˑ� 26�49%

ğÝ�"*Ěú�"˹©�.�*�=˸<>Ř HupǬŬCƯ�?�*�ƯșbH\ǁɍɸ

.ƴª.�&*�(Ƈ�=@˸ƯșbH\ǁɍɸ.ƎȻ/ɁɕČı.ƙĂ-&,�>˸ɛƺ

*�(˸bH\.íˑCğÝ��?*ɪ�=@?˹���,�=˸ƯșbH\ǁɍɸ�˸Đ

Ȱ.bH\ǁɍɸ*.Ʌô-Ż$à&�*�ÐƵ,˸ķ�*,?bH\*ƯÞ,Éȗ˖¸

CȳɂÐƵ,,+.ěô-/ƎȻÞƺ�Ţ=@,˹ �)˸Ĳ˜-bH\ǂė.ɽB@

?Ȕě-(�.ƯșbH\ǁɍɸ.ƎȻÞƺCŢ?"9-/˸ƎȻ�"ƯșbH\ǁɍɸ�

ĐĠ�)ʸ;�-ğǖ�(ǁď-ıȰ�˸ĐȰbH\ǁɍɸ*.Ʌô-Ż$à&�*)bH

\ǁ).ǁɍæƯȓC˵9?ŧʆ��?˹�@=.āˬCʍǠ�˸ĲșȨ,ƯșbH\ǁɍ

ɸ.ƎȻŽɾ.ȳɂ."9-/˸ƯșbH\ǁɍɸ*ĐȰbH\ǁɍɸ˕.Ʌô�Nk\�

Cʍƥ�(�ŧʆ��>˸ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ;ēȕȨÑň˸ĐȰá�Âæ

á-˖¸�?ȖĞćī.ȏı˸ȗųȨ�ȗȕȨȏŬ˸ȖĞ˃ŨŬ˸�<1˸ķ�bH\*.

ʊýŬ-˖�?ȱʈ.ɻȾ�ǟ9=@?˹ 

� Saeki et al. (2006) /˸ƣƲ. 5ēȃ (âǰʿ˸ȶŃȯ˸£ˉő˸Ĵńȯ˸ǡɧȯ) �=Ñ˟

�"ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑňC˸16S-23S rRNA gene internal transcribed 

spacer (ITS) ˪Ė. PCR restriction fragment length polymorphisms (PCR-RFLP) ʍƸ-(ʜƽ�˸

ĐȰbH\ǁɍɸ.ēȕȨÑň�ƣƲ.â�=ä3*Ģ˄�(?�*CĚú�"˹6"˸

Saeki et al. (2008) /˸ƣƲ.ĐȰbH\ǁɍɸ.Ñň�ɦŒ*Řȭ˖Cȵ��*Cƥ=�

-�" (r2 = 0.924)˹�=-˸Ñ˟�@"ĐȰbH\ǁɍɸ.¨ʀȨ,R�[a�/˸B. 

japonicum USDA 123˸110˸6T.ɐɝƿ˸ �(˸B. elkanii USDA 76T.ɐɝƿ)�>˸�@

=.R�[a�-Ł�?ĐȰbH\ǁɍɸ�ɦŒ-Ǥ%(â�=ä3*˨-Ģ˄�?�*�

ƥ=�*,%"� (Saeki 2011 S˸aeki et al. 2013) S˹aeki et al. (2010) / B˸. japonicum USDA 6T˸

38 1˸23�<1 B. elkanii USDA 76T. 4ɸƿCǵôƎȻ�"ǿɸĐĠ�<1ǳ±ėēC 4 1˸5˸

25˸35˚C .ǹŒƴª�)˓ư˕H�P�x�Y���˸4 ɸƿ.óǹŒ-��?ɚƨȨ,æ

Ưȓ.ĢáCʜƽ�"*�A˸ĐĠ-�( USDA 123�<1 USDA 76T.æƯȓ�ǹŒƴ

ª-%"ĢáCȵ�""9˸ǹŒ�bH\ǁɍɸ.ĐĠ�).æƯȓ-Ŝ˧C��?ȖĞ

ćī)�?�*Cƥ=�-�"˹Adhikari et al. (2012) /˸lp��.˵Œ¶ĬȨ,Ǜ½Ģá
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;ĐĠ pH *%"ĐĠȏŬ-˖¸�"ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬCƥ=�-�"˹

�=-˸Suzuki et al. (2014) /˸lp��.ǹŊ�<1¡ȈŊēĖ- @!@Âæ�("

B. japonicum.ɐɝƿ* B. elkanii.ɐɝƿCș˸ǹŒ��@= 2ɸƿ˕.Ʌô˸�<1˸

lp��-��?bH\ǁɍɸȻ.Ñň-Ŝ˧Cë5��*Cƥ=�-�"˹�@=.Ěú

�=˸ɦŒ;˵Œ.Ģá-�ǹŒ.Ģá�ĐȰbH\ǁɍɸ.ĐȰá�Âæá-Ŝ˧Cë

5�ȖĞćī.�&)�?*ɪ�=@"˹6"˸ǹŒ#�),�˸ĐĠ pH :ĐȰbH\ǁ

ɍɸ.ĐȰá�Âæá-Ŝ˧Cë5�ȖĞćī.�&)�?*ɪ�=@?˹Saeki et al. (2005) 

/˸xhj�.F�N�ŬĐĠ-��?ĐȰbH\ǁɍɸ-&(ʜƽCɽ%"*�A˸S. 

fredii.ɐɝƿ�Âæ�(?�*CĚú�"˹Suzuki et al. (2008) :6"˸ǡɧȯ.F�N

�ŬĐĠ-�( S. fredii.ɐɝƿ�Âæ�(?�*CĚú�(?˹�@=.ɛƺ�=˸

ĐĠǹŒ;ĐĠ pH /ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ;ēȕȨÑň-Ļ�(ĹƎ-˖¸�

(�>˸bH\ǁɍɸ.ȖĞ˃ŨŬ.ʍƥ/ŧ˩)�?*ɪ�=@?˹�=-˸�ȝƭĥ.

bH\ȗȘ�ʰÐč*�(ȱ=@?F��N/˸ƣƲ.čĐ*45õɦŒ-¯ɨ�˸�ʆ,

bH\ȗȘē.ɦŒ:˭®�(�>˸F��N-��?ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*

ēȕȨÑň.ʍƥ/˸bH\ǁɍɸ.ȗųCȕʍ�?�)ˏʆ,ȱʈ*,>˸˵ɁɕČıɯ

CƯ�?bH\ǁɍɸ.ƎȻŽɾ.ƫ,?ȥŀ-&,�?*ɪ�=@?˹ 

� ƯșbH\ǁɍɸ.ƎȻŽɾ-&(˸bH\ǁɍɸ.ķ�*,?bH\-&(Ȱȫ�

?* b˸H\-/ ȏ˸ı.bH\ǁɍɸ.ŲƼCſØ�?ǁɍŚŶʜɊˆ¬ī (Rjˆ¬ī) C

¹Ư�?þȻ.ĬĒ�ȱ=@(? R˹j ˆ¬ī/ĦȆ.:.*�(�@6)- r˸j1 R˸j2 R˸j3˸

Rj4˸ �(˸non-Rj.ĬĒ�Ěú�@(? (Williams and Lynch 1954˸Caldwell 1966˸Vest 

1970˸Vest and Caldwell 1972˸Devine and Kuykendall 1996)˹ .�):˸rj1/È(.bH\

ǁɍɸ-Ļ�?ǁɍŚŶC˸Rj2/ B. japonicum USDA 122ɐɝ.bH\ǁɍɸ-Ļ�?ǁɍ

ŚŶC˸Rj3/ B. elkanii USDA 33ɐɝ.bH\ǁɍɸ-Ļ�?ǁɍŚŶC˸Rj4/ B. elkanii 

USDA 61ɐɝ.bH\ǁɍɸ-Ļ�?ǁɍŚŶCſØ�?�*�ȱ=@(?˹bH\ǂė

-�(˸Rj ˆ¬īC¹Ư�?bH\þȻCș?�*/ɁɕČıǬŬ.°ĐȰbH\ǁ

ɍɸ.ŲƼCƋ˙�˸ȭĻȨ-ƯșbH\ǁɍɸ.ŲƼȓC˵9Ţ?ðɯŬ�˵"9˸b

H\.íˑğÝ-&,�?�&.źǗ-,>Ţ?*ɪ�=@?˹Yamakawa et al. (1999) /˸

ȣ,? Rj ������������� IAC-2 (Rj2Rj3) * Hill (Rj4) �= Rj����˝Ⱦ�"
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Rj2Rj3Rj4�����ɐɝC²Ð�˸���������� B. japonicum USDA 110ɐɝƿC¦

. Rj ˆ¬ī¹ƯbH\þȻ<>:<>Ĥ�˅ƁȨ-ǁɍȰȗ�?Śʦ)�?�*Cȵ�"˹

Minami et al. (2009) /˸non-Rj˸Rj2Rj3˸Rj3˸Rj4˸ �(˸Rj2Rj3Rj4. 5ˆ¬īĕ 13þȻ.b

H\Cș(ĐȰbH[ǁɍɸCÑ˟� 1˸6S-23S rRNA gene ITS˪Ė. PCR-RFLPǦ-(ʍ

ƸCɽ R˸jˆ¬īĕ.ˁ-<?ǁɍȰȗ.Á÷-&(ʔ·�"*�A R˸j2ˆ¬īC¹

Ư�?ˆ¬īĕbH\þȻ* .¦.ˆ¬īĕbH\þȻ˕)ǁɍȰȗ�"ĐȰbH\ǁɍ

ɸ.ɩ˝Ǌʹ-ˁ�ʙ9=@˸Rj ˆ¬īĕ/bH\ǁɍɸ.ǁɍȰȗ-Ŝ˧Cë5��*

�ȵÿ�@"˹���,�=˸�.Ȳȿ)/˸ȣ,?ǂėǹŒȖĞ�-��?ĐȰbH\ǁ

ɍɸ.ǁɍȰȗÁ÷-&(ʜƽ�@(,˹Rj ˆ¬īĕbH\þȻCș"ƯșbH\

ǁɍɸ.ƎȻŽɾCȳɂ�?"9-/˸bH\ǂėēĖ.ǹŒȖĞCɪŴ�"ŲƼbH\ǁ

ɍɸ.ɩ˝ǊʹCƊ�?ŧʆ��?*ɪ�=@?˹ 

�  �)˸ƲȲȿ)/˸ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň-˖��?*ɪ�=

@?ȖĞćī.�&)�?ǹŒ-Ȱȫ�˸õɦŒēĖ-��?ɦŒ-¶ĬȨ,ǹŒĢá-

�ĐȰbH\ǁɍɸ.ēȕȨÑň;ɩ˝Ǌʹ.Ģá˸�1-˸ǂėǹŒ;ķ�bH\. Rjˆ

¬īĕ�ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ-ë5�Ŝ˧-&(ƥ=�-�?�*CȫȨ-Ȳȿ

Cɽ%" �˹=- b˸H\3.ǁɍȰȗ-˖��?bH\ǁɍɸ.ǁɍŚŶˆ¬ī-Ȱȫ�˸

�.ˆ¬ī.ǹŒ-Ļ�?ŨɈ*ȣ,?ǹŒȖĞ�-��?ǁɍȰȗɯ-&(ʜƽCɽ˸

ǹŒ-<?ǁɍŚŶˆ¬ī.ȥȔ�x�.ˁ�bH\ǁɍɸ.bH\3.ŲƼ�<1ɩ˝

Ǌʹ.Ģá-ĸ��?�ćī)�?.�ǅʐ�"˹ 
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Ɇ 2Ƀ� ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ-��?ķ�bH\. Rjˆ¬īĕ*ǂėǹŒ.Ŝ˧ 

 

2�1� ɢʎ 

� ƣƲ-��?ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň/˸â�=ä3*ɦŒ-Ǥ%

(�ı.kdc (ȗųȨē¯) .Ģ˄Cȵ��*�Ěú�@(�> ɦ˸Œ-%"Ǜǹ.Ģá

�bH\ǁɍɸ.ĐȰá�Âæá-Ŝ˧Cë5��ćī)�?�*�ȵÿ�@(? (Saeki 

et al. 2006˸2008˸2013˸Saeki 2011)˹6"˸ķ�bH\. Rjˆ¬ī/˸ȏı.bH\ǁɍɸ

.ŲƼCſØ�?#�),�˸bH\-ǁɍȰȗ�?bH\ǁɍɸ.ɩ˝Ǌʹ-Ŝ˧Cë5

��*�ȵÿ�@(? (Minami et al. 2009)˹ �)˸ƲĲ˴)/˸ǹŒ* Rjˆ¬īĕ-Ȱ

ȫ�˸3pa��.ǂėǹŒ* 4ˆ¬īĕ 13þȻ.bH\.ə7ôB�-<?ĐȰbH\ǁ

ɍɸɩ˝Ǌʹ3.Ŝ˧-&(ʍƥ�?�*CȫȨ-˸16S-23S rRNA gene ITS ˪Ė.

PCR-RFLP ʍƸCș(Ñ˟�"ĐȰbH\ǁɍɸ.R�[a�ʍƸCɽ˸�.ɛƺC:

*-˸ƜȕȗųĭȨźǦCș"ɩ˝ǊʹʍƸ-<>˸ǂėǹŒ* Rjˆ¬īĕ.ɩ˝Ǌʹ3

.Ŝ˧-&(ʔ·�"˹ 

 

2�2� ƳƟ�<1ơǦ 

2�2�1� µʕbH\þȻ�<1µʕĐĠ 

� µʕbH\þȻ*�( F˸PY�� B˸ragg M˸�q� (non-Rj) {˸�~m� C˸NS H˸ardee˸

IAC-2 (Rj2Rj3)˸FP]�VR˸tR�aN˸Hill (Rj4)˸A-250-3˸B-349˸C242 (Rj2Rj3Rj4) . 4

ˆ¬īĕ 13þȻCș"˹µʕĐĠ*�(˸Saeki et al. (2006) .ʜƽ-�(˸ƣƲ. 5ē

ȃ.ĐĠ.�)ĐȰbH\ǁɍɸ.ƭ:˵ĤǋŒƆƜCȵ�"ȐɂɽƚǦ¤ʱǇ�˯þȘ

ǇŽɾɠôȲȿǐǊƶâʱǇȲȿ]�a�ȶŃȲȿƅȃ.bH\ǂėǔ.,˷{RĐĠ 

(pH [H2O] = 5.04˸EC = 0.05 dS m-1 ) Cș". 

 

2�2�2� bH\.ǂė�<1Ȱȗǁɍ.Ñ˟ 

 µʕĐĠ�=ĐȰbH\ǁɍɸCÑ˟�?"9-˸µʕbH\þȻ.|dhǂėCɽ%"˹

6� b˸H\ǂėș.|dhCo�~P��Hh*ȅɁɕǜɬǳ)ʜʄ�" 1˹ L.ɹȟǜ-

KH2PO4 95.5 mg K˸2SO4 9.6 mg C˸aCl2�2H2O 262 mg M˸gSO4�7H2O 245 mg E˸DTA�Fe�3H2O 
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43.9 mg M˸nSO4�4H2O 1.32 mg Z˸nSO4�7H2O 0.25 mg C˸uSO4�5H2O 0.25 mg H˸3BO3 0.25 mg˸

Na2MoO4 0.05 mg˸CoCl2�6H2O 0.03 mgCǵô�˸ȅɁɕǜɬǳ*�" (Saeki et al. 2000)˹1 

LĶ TPXr�N�-ɑ 1 L.o�~P��HhCÄĝ� ǜ˸Ñøˑ� 40% (vol/vol) *,?<

�-ȅɁɕǜɬǳCÝ�˸M�hR��uǿɸ (121˚C 20Ñ) �"˹ǒ-˸bH\Ȼī.ʀȩ

ǘɸCɽ%"˹70% Kam��) 30 ȸ˸2.5% ǒ¡Ĝɕˌjh�I�Ǿǳ (ƯÞĜɕȂŒ 

0.25%) - 3Ñ˕Ǳ�˸ǿɸɹȟǜ) 5ĆȺŒǫǮ�"˹ʜʄ�"|dh.o�~P��Hh

ʀ˦�=Ǵ�ɑ 3 cm-µʕĐĠCɑ 2�3 gɨ�˸ .�-ʀȩǘɸ�"ȻīCƔȻ�˸o�

~P��Hh)ʇ˸|dh.ˏˑCǺı�"˹ǂė/S��[c��o� (MLR-351˸

SANYO) ) 4ʻ˕ɽ˸ǂėư˕�/ 1ʻ˕Ǚ-ǿɸɹȟǜC|dh.Óưˏˑ*,?<�

-Ý�"˹S��[c��o�Ê-��?ǂėȖĞ/˸˵ǹ (ƥư 33˚C 16ƨ˕˸ƪư 28˚C 

8ƨ˕)˸�ǹ (ƥư 28˚C 16ƨ˕˸ƪư 23˚C 8ƨ˕)˸°ǹ (ƥư 23˚C 16ƨ˕˸ƪư 18˚C 8

ƨ˕) - @!@ʒı�" 4˹ʻ˕.ǂėş˸bH\ǁ-Ȱȗ�"ǁɍCÑ˟�˸R���x

�cÊ) 70% Kam��- 3Ñ˕ 2˸.5% ǒ¡Ĝɕˌjh�I�Ǿǳ (ƯÞĜɕȂŒ 0.25%) 

- 30Ñ˕Ǳ�(ʀ˦ǘɸ�"ş˸ǿɸɹȟǜ) 5Ć©�ǫǮ�"˹óǂėǹŒ.þȻǙ-ǁ

ɍC��b�- 20»˅ƀ� 1˸»�& 1.5 mLĶ}HR�c��u-Ćí�" ǫ˹Ǯş.ǁɍ

/˸-80˚C)¹Ĭ�"˹ 

 

2�2�3� bH\ǁɍɸ.Tm� DNAƂÐ 

� óǂėǹŒ.þȻǙ-��b�- 20 »˅ƀ�"ǁɍ�=ȬƎbH\ǁɍɸ.Tm� DNA

CƂÐ�?"9-˸Hiraishi et al. (1995) .źǦCƙĢ�"źǦ (Saeki et al. 2000) Cș"˹

BL buffer (40 mM Tris-HCl˸1% Tween 20˸0.5% Nonidet P-40˸1 mM EDTA˸pH 8.0) *ǿɸ

milliQǜ�<1 1 mg mL-1 Proteinase K (nacalai tesque) C 5˺ 4˺ 1.Ûô)ǵô� T˸m� DNA

ƂÐɥɿǳCʜʄ�"˹�.ɥɿǳCǁɍ.Ç%" 1.5 mLĶ}HR�c��u- 100 µL�

&Ý�˸z�ZjH\�˸u�dRH�P�x�a�-( 60˚C) 20Ñ˕˸ �(˸95˚C)

5 Ñ˕H�P�x�h�"˹�@-ľˑ. Polyvinylpolypyrrolidone (PVPP) (SIGMA) CÝ�

20,000 ×g˸25˚C) 10Ñ˕˂Ŧ�"ş-�ǷCĆí�˸Tm� DNAƂÐǳ*�"˹6"˸Ƃ

Ð�" DNAW�v�/˸°ǹ (Low) .FPY�� (AK)˸Bragg (BR)˸M�q� (OR)˸{

�~m� (BO) C˸NS (CN) H˸ardee (HA) I˸AC-2 (IA) F˸P]�VR (AG) t˸R�aN (FK)˸
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Hill (HI) A˸-250-3 (A2) B˸349 (B3) C˸242 (C2) *�( LAK 1�20 L˸BR 1�20 L˸OR 1�20 L˸BO 

1�20˸LCN 1�20˸LHA 1�20˸LIA 1�20˸LAG 1�20˸LFK 1�20˸LHI 1�20˸LA2 1�20˸LB3 1

�20˸LC2 1�20˸�ǹ (Middle) .FPY�� (AK)˸Bragg (BR)˸M�q� (OR)˸{�~m

� (BO) C˸NS (CN) H˸ardee (HA) I˸AC-2 (IA) F˸P]�VR (AG) t˸R�aN (FK) H˸ill (HI)˸

A-250-3 (A2) B˸349 (B3) C˸242 (C2) *�( MAK 1�20˸MBR 1�20˸MOR 1�20˸MBO 1�20˸

MCN 1�20˸MHA 1�20˸MIA 1�20˸MAG 1�20˸MFK 1�20˸MHI 1�20˸MA2 1�20˸MB3 1�

20 M˸C2 1�20˸˵ ǹ (High) .FPY�� (AK) B˸ragg (BR) M˸�q� (OR) {˸�~m� (BO)˸

CNS (CN) H˸ardee (HA) I˸AC-2 (IA) F˸P]�VR (AG) t˸R�aN (FK) H˸ill (HI) A˸-250-3 

(A2)˸B349 (B3)˸C242 (C2) *�( HAK 1�20˸HBR 1�20˸HOR 1�20˸HBO 1�20˸HCN 1�

20˸HHA 1�20˸HIA 1�20˸HAG 1�20˸HFK 1�20˸HHI 1�20˸HA2 1�20˸HB3 1�20˸HC2 1

�20*ȢòC§�˸ôʏ) 780W�v�CŢ"˹ 

 

2�2�4� 16S-23S rRNA gene ITS˪Ė. PCRğŌ 

� ǁɍ�=ƂÐ�"Tm� DNAƂÐǳCf�v��h*�(˸16S-23S rRNA gene ITS˪Ė

Ca�Tdh*�" Primer set (Saeki et al. 2006) Cș( PCRğŌCɽ%" ǝ˹�) 1˸W�

v�ř">ǿɸ milliQǜ 18.375 µL 1˸0 × Ex Taq Buffer 2.5 µL 2˸.5 mM dNTP Mixture (2.5 mM 

each)  2 µL˸10 µM Forward primer (Bra-ITS-F: 5’-GACTGGGGTGAAGTCGTAAC-3’) 0.5 µL˸

10 µM Reverse primer (Bra-ITS-R: 5’-ACGTCCTTCATCGCCTC-3’) 0.5 µL˸5 U µL-1 TaKaRa Ex 

Taq DNA polymerase 0.125 µL (TaKaRa Bio) f˸�v��h 1 µL Cǵô� ì˸Ũǳ*�" P˹CR

ìŨ-/ PCR Thermal cycler (TaKaRa PCR Thermal cycler Dice®˸TaKaRa Bio:��/ Gene 

Amp® PCR System 9700 A˸pplied Biosystems) C³ș� ì˸Ũ/ 94˚C 5Ñ˕ĢŬ��"ş 9˸4˚C 

30ȸ˸55˚C 30ȸ˸72˚C 1ÑC 30WHR�˸72˚C 10Ñ˸4˚C ¹Ĭ*�ƴª)ɽ%"˹PCR

ɘ�ş˸PCRȘȎ.ğŌCȳʙ�?"9-˸FO��[T�ˡǛǩßCɽ%"˹ 

� 50 × TAE buffer (2 M Tris˸1 M CH3COOH˸50 mM EDTA˸pH 8.0) C milliQǜ) 50¼ŉˎ

�" 1 × TAE buffer*FO��[ (SeaKem GTG Agarose B˸io Products) Cș( 1˸% FO�

�[T�Cʜʄ�" P˹CRȘȎ 1.5 µL* 10 × Loading buffer  (1% SDS 5˸0% Glycerol 0˸.05% 

Bromophenol Blue˸TaKaRa Bio) 1.5 µLCp�tG���)sydfG�S�˸ÈˑC 1% F

O��[T�.IJ�-Fv�H�˸100 V) BPBɶɕ�T��ˈ�= 3Ñ. 2ȺŒ.¯ɨ
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-×ˀ�?6)ˡǛǩßCɽ%"˹ˡǛǩßş˸1% FO��[T�C 0.5 µg mL-1 KcZI

�u�}HiǾǳ (NIPPON GENE) - 20Ñ˕Ǳ�(Ƽɶ� �˸~m�H��ZFj�HX� 

LAS-4000 EPUV mini (FUJIFILM) )ğŌȘȎ.o�iCȳʙ�"˹ 

 

2�2�5� êȇɸƿ.ė˲˸Tm� DNAƂÐ˸16S-23S rRNA gene ITS˪Ė. PCRğŌ 

� µʕ�"ȶŃ.ĐĠ�=/ B˸. japonicum USDA 6T 3˸8 1˸10 1˸15 1˸23 B˸. elkanii USDA 76T˸

94.R�[a�-Ł�?ĐȰbH\ǁɍɸ�Ñ˟�@(? (Minami et al. 2009)˹ĐĠ�=

Ñ˟�"ĐȰbH\ǁɍɸCõı�?"9- B˸. japonicum USDA 4 6˸T 3˸8 1˸10 1˸15 1˸23˸

124 1˸35 B˸. elkanii USDA 46 7˸6T 9˸4. 11. Bradyrhizobium USDAêȇɸƿCș" (Saeki 

et al. 2004)˹6�˸êȇɸƿCė˲�?"9. HMǳ±ėē (Cole and Elkan 1973 S˸ameshima 

et al. 2003) Cʜʄ�" 1˹ L.ɹȟǜ- Na2HPO4�12H2O 0.3153 g N˸a2SO4 0.25 g N˸H4Cl 0.32 

g˸MgSO4�7H2O 0.18 g˸FeCl3�6H2O 0.0067 g˸CaCl2�2H2O 0.013 g˸HEPES 1.3 g˸MES 1.1 

g˸Yeast Extract (nacalai tesque) 0.25 g˸L(+)-Arabinose 1.0 gCÝ�˸<�ƘƄ�"ş- pHC

6.8-ʜƝ�˸�@CM�hR��uǿɸ (121˚C 20Ñ) �"˹ʜʄ�" HMǳ±ėē 1.5 mL

-êȇɸƿC @!@Ǆɸ� 2˸8˚C) 3ƣ˕ė˲�" �˹.ė˲ǳC 1.5 mLĶ}HR�c�

�u-ȹ�˸ã�˂Ŧǐ (DISKBOY˸KURABO) -( 4,350 ×g˸ĳǹ) 3Ñ˕˂Ŧ�˸˝ɸ

�"˹˝ɸş˸�ǷCî>˙�˸0.9% NaCl 500 µLCÝ�(ŵȁ�˸ɸ±.ǫǮCɽ%"˹

�.ŵȁǳCõǋ-˂Ŧ�(˝ɸ�˸�ǷCî>˙"ş--20˚C) 20Ñ˕Îɛ��"˹ 

� ǒ-˸˝ɸ�"y�dh�=êȇɸƿ.Tm� DNA.ƂÐCɽ%"˹ǿɸ milliQǜ 40 µL

C 1.5 mLĶ}HR�c��u-ǶÝ�(ŵȁ� �˸@- 2�2�3)ș" BL buffer 50 µL�<

1 1 mg mL-1 Proteinase K 10 µLC @!@Ý�˸u�dRH�P�x�a�-( 60˚C) 20

Ñ˕˸ �(˸95˚C ) 5 Ñ˕H�P�x�h�"˹H�P�x�hş˸20,000 ×g˸25˚C )

10Ñ˕˂Ŧ�"ş-�ǷCĆí� T˸m� DNAƂÐǳ*�" �˹.Tm� DNAƂÐǳCf

�v��h*�(˸PCR ìŨǳ.əŶ�<1ìŨƴª-&(/ 2�2�4 *õǋ- 16S-23S 

rRNA gene ITS˪Ė. PCRğŌCɽ%"˹  

 

2�2�6�  Ø˗ˋɕÏȕ�<1Ø˗ˋɕǲáǳ.ˡǛǩß 

� PCR-<%( 16S-23S rRNA gene ITS˪Ė.ğŌ�ȳʙ�@"óǂėǹŒ.þȻǙ-Ñ˟
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�" 20ɸƿ. PCRȘȎ�<1êȇɸƿ. PCRȘȎC 4Ȼ˭.Ø˗ˋɕ Hae III H˸ha I˸Msp 

I˸Xsp I (TaKaRa Bio) )Ïȕ�"˹ǝ�-(˸Hae III˸Hha I˸Xsp I (5 U µL-1) . 3ˋɕ/ 1

W�v�ř">ǿɸ milliQǜ 12.5 µL˸10 × Buffer (óØ˗ˋɕ-ĻŨ�?odtE�/ Hae 

III˸Hha I� M Buffer˸Xsp I� K Buffer) 2 µL˸óØ˗ˋɕ 0.5 µL˸PCRȘȎ 5 µLCǵô�

"˹6"˸Msp I (5 U µL-1) /˸1W�v�ř">ǿɸ milliQǜ 10.5 µL˸10 × T Buffer 2 µL˸

0.1% BSA 2 µL˸Ø˗ˋɕ 0.5 µL˸PCRȘȎ 5 µLCǵô�"˹�.ìŨǳC 37˚C) 16ƨ˕

H�P�x�h�"˹ 

� Ø˗ˋɕÏȕ�"ǲáǳCǀˌP�s���ˡǛǩßʁɨ QIAxcel System (QIAGEN) C

ș(ˡǛǩß�" T˹�N�h�dZ-/ QX DNA Screening Cartridge (QIAGEN) Cș"˹

20 µL.ǲáǳ- DNA dilution buffer (QIAGEN) :��/ TE (10 mM Tris-HCl˸1 mM EDTA˸

pH 8.0) C 40 µLÝ�( 3¼ŉˎ�˸�.ŉˎǳC QIAxcel)ˡǛǩß�"˹ǩßş˸W�v

�. RFLP pa��*êȇɸƿ. RFLP pa��Cǚʯ�"˹óW�v�.ˡǛǩß.ɛƺ

C:*-˸õ�. RFLP pa��Cȵ�"ɸƿ.��= 1 ɸƿC¨ʀɸƿ*�(˅ƀ�"˹

ǒ-˸˅ƀ�"¨ʀɸƿ�<1 11 . USDA êȇɸƿ.Ø˗ˋɕǲáǳCFO��[T�-

(ˡǛǩß�"˹Hha I)Ïȕ�"ìŨǳ-/ 4% FO��[T�C˸Hae III˸Msp I˸Xsp I

)Ïȕ�"ìŨǳ-/ 3% FO��[T�C²ʄ�" 1˹0 × TBE buffer (500 mM Tris 4˸85 mM 

H3BO3˸20 mM EDTA˸pH 8.2) C milliQǜ) 20¼ŉˎ�" 0.5 × TBE buffer*FO��[ 

(NuSieve® 3:1 Agarose L˸onza)� Cș( 4˸%�<1 3% FO��[T�Cʜʄ�"˹Ø˗ˋ

ɕǲáǳ 5 µL* 10 × Loading buffer 2 µLCp�tG���)sydfG�S� È˸ˑCFO

��[T�.IJ�-Fv�H�˸100 V) BPBɶɕ�T�.ƱɄ-ǩß�@?6)ˡǛǩ

ßCɽ%"˹l Ǜǩßş S˸YBR® Green I (Lonza) C 1000¼ŉˎ�"Ǿǳ-FO��[T�C

20Ñ˕Ǳ�(Ƽɶ�˸�~m�H��ZFj�HX�)FO��[T�.ƕŜCɽ˸êȇ

ɸƿ. RFLPpa�� (Fig. 2-1) *¨ʀɸƿ. RFLPpa��Cǚʯ�"˹  

 

2�2�7� ĐȰbH\ǁɍɸ.R�[a�ʍƸ�<1ɐɝǏ²Ŷ 

� 2�2�6 )Ţ=@"ɛƺC:*-˸ȅÝˏōĔʩ˟Ǧ  (Unweighted Pair Group Method with 

Arithmetic average˺UPGMA) Cș(R�[a�ʍƸCɽ%"˹ 

� 6�˸Ñ˟ɸƿ.¨ʀɸƿ*êȇɸƿ. RFLPpa��C˝ɑ�˸t�S��hWH\. 
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1�M� 2� 3� 4� 5� 6� 7� 8� 9� 10� 11�

M� 1�M� 2� 3� 4� 5� 6� 7� 8� 9� 10� 11�

1�M� 2� 3� 4� 5� 6� 7� 8� 9� 10� 11�

1�M� 2� 3� 4� 5� 6� 7� 8� 9� 10� 11�
Hha I� Hae III�

Msp I� Xsp I�

Fig. 2-1 Electrophoresis patterns of restriction fragments in PCR-RFLP analysis of the 16S-23S rRNA gene 
ITS region of 11 USDA reference strains. The numbers indicate reference strains: 1, 2, 3, 4, 5, 6, 7 and 8 
represent Bradyrhizobium japonicum USDA 4, 6T, 38, 110, 115, 123, 124 and 135, respectively, and 9, 10 
and 11 represent Bradyrhizobium elkanii USDA 46, 76T and 94, respectively. M: 50 bp ladder marker.�
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ĥ�:.�=˨-ȢòC&�˸óɸƿ˕) RFLP pa��Cǚʯ�˸Éʷ.o�i�<1

 .ɸƿČƯ.o�iCǅɖ�"˹Éʷ.o�iƜ�<1ČƯ.o�iƜC©�.ŕ (1) -

¨Ç�˸ɸƿ˕.ˆ¬Ȩʩ˟ (D) CɉÐ�" (Nei and Li 1979˸Sakai et al. 1998)˹ 

                           D ˼1 – [2NAB / (NA + NB) ]                       (1) 

NAB/ɸƿ AB˕)Éʷ. RFLPo�iƜC N˸A�<1 NB/ɸƿ A�<1ɸƿ B @!@.

RFLP o�iƜCʀ�(?˹ɉÐ�" D ¾�= UPGMA Ǧ-Ę'(ɐɝǏC²Ŷ�˸Ñ

˟ɸƿ.R�[a�ʍƸCɽ%"˹ɐɝǏ.²Ŷ-/˸PHYLIP software program Ver. 3.69 

(Joseph Felsenstein and the University of Washington) Cș"˹ 

 

2�2�8� ĐȰbH\ǁɍɸɩ˝.ĤǋŬʍƸ 

� ĤǋŬ.ˑȨĿŒ-»±Ɯ*ĔɇŬ.Ŝ˧�ľ, Shannon-Wiener˖ƜCș(˸óbH

\þȻ-Ȱȗ�"ĐȰbH\ǁɍɸ.ĤǋŬCƜ¾á�" (MacArthur 1965˸Pielou 1969˸

Saeki et al. 2008)˹Shannon-Wiener˖Ɯ (2) C©�-ȵ�"˹ 

                             H’ = � ∑ Pi ln Pi                             (2) 

Pi/ ni/N)ʀ�@˸�@/Ñ˟ƿ.ÂæȓCȵ�(�>˸N/Ñ˟ƿ (n = 20) .ôʏC˸ni

/�?ȏı.R�[a�-Ł�?Ñ˟ƿ.ôʏCȵ�(?˹ 

� 6"˸Whittaker (1972) .ƐĀ�"ȗȎ.ĤǋŬ.ǉŪ-Ę'�*˸�&.ķ�bH\-�

�?ǁɍɸ.ĤǋŬCǚʯ�?ěô˸ķ�bH\�= @!@Ñ˟�@"bH\ǁɍɸɩ˝

.ĤǋŬƆƜ.ÝˏōĔC αĤǋŬ (H’α) ǚ˸ʯ�?�&.ķ�bH\�=Ñ˟�@"bH\

ǁɍɸɩ˝˕.R�[a�ǊŶ.Ň.ŒôC βĤǋŬ (H’β) ǚ˸ʯ�?�&.ķ�bH\�

=Ñ˟�@"bH\ǁɍɸɩ˝È± (n = 40) .ĤǋŬ.ŒôC γĤǋŬ (H’γ) *ɪ�?�

*�)�? (Saeki et al. 2008)˹óR�[a�-Ñ˭�@"Ñ˟ƿƜ.È±.Ñ˟ƿƜ-Ļ�

?ǚ (Pi) Cǟ9 �˸ʑ.ŕ-¨Ç� ǚ˸ʯ�?�&.bH\ǁɍɸɩ˝˕.ÝˏōĔ)�?

H’αCǟ9" ǒ˹- ǚ˸ʯ�?�&.bH\ǁɍɸɩ˝ (ǂėǹŒ˕6"/ Rjˆ¬īĕ˕) C

�&.ɩ˝*�(Ɗ�˸õǋ-óR�[a�-Ñ˭�@"Ñ˟ƿƜ.�&.ɩ˝È±.ɠÑ

˟ƿƜ-Ļ�?ǚ (Pi) Cǟ9˸�ʑ.ŕ-¨Ç�˸γ ĤǋŬCȵ� H’γCǟ9"˹6"˸�

@=�&.ĤǋŬ.Œô.˖¸/˸H’β˼H’γ� H’�.ŕ)ʀȔ�@?"9˸H’��= H’�C

Ň�Ŗ"¾)�ĤǋŬCȵ�˸�ɩ˕.ŇȣCǟ9"˹�=-˸�&.ɩ˝˕.ĤǋŬ.
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ŇȣCʍƸ�?"9-/È±.ĤǋŬCȵ� γ ĤǋŬ� @!@ȣ,?"9˸È±.ĤǋŬ

Cʀ� γĤǋŬ-Ļ�?�&.ɩ˝˕.ĤǋŬ.ˁCʀ� βĤǋŬ.ǚ (H’β/H’γ) Cǚʯ�

?�*)ʔ·Cɽ%"˹�.¾�Ľ�ěô/Ȱȗ�"ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ�˭®

�˸ìĻ-ĥ�ěô/ĥ��ȣ,?�*Cȵ�˹ 

 

2�2�9� MDS�<1R�[a�ʍƸ-<?ĐȰbH\ǁɍɸ.ɩ˝ǊʹʍƸ 

� ĐȰbH\ǁɍɸɩ˝˕.ȭˁCʔ·�?"9-˸Bray-Curtis ˭®ŒƆƜ-Ę'"Ĥǒ

ÃĿŒǊŶǦ (Multi-dimensional scaling; MDS) -<?ʍƸ*R�[a�ʍƸCɽ%"˹�.

Bray-Curtis ˭®ŒƆƜ/˸Ĳ˜.ȗȎɩ˝˕.Ŭʦ.ŇCƭ:<�ìƧ�?�*�)�?Ɔ

Ɯ.�&)�?*ʔ·�@(? (Faith et al. 1987) B˹ray-Curtis˭®ŒƆƜ (BC) /�ʑ-ȵ

�"ŕ (3) -<>ɉÐ�"˹ 

                         BCAB = ∑ |nA � nB| / ∑ (nA + nB)                      (3) 

BCAB/ɩ˝ A�<1 B˕.˥˭®ŒC n˸A�<1 nB/ɩ˝ A�<1 B.ȏı.R�[a�

-��?ƿ.ôʏ.ƜC @!@ʀ�(? (Bray and Curtis 1957˸Michie 1982)˹MDSʍƸ

�<1R�[a�ʍƸ/˸the R software ver. 2.12.1 (The R Project for Statistical Computing˸

http://www.r-project.org/) Cș(ɽ%"˹6"˸R�[a�ʍƸ/ UPGMA ǦCș(ɽ%

"˹ 

 

2�3� ɛƺ�<1ɪĺ 

� 16S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ.ɛƺ 1˸1. Bradyrhizobium USDAêȇɸƿ

Cø8˸ôʏ) 36. OTU (operational taxonomic unit) �ǅÐ�@" (Fig. 2-2)˹�.ɛƺC:

*-R�[a�ʍƸCɽ˸²Ŷ�"ɐɝǏC Fig. 2-3 -ȵ�"˹˭®Ŭ.ƭĥ¾� 86%C

ȵ�" B. japonicum USDA 38* USDA 115˕C˸R�[a�CʠÕ�?"9.Ęǽ*�(˃

ș�"*�A˸11 .êȇɸƿCø8 11 .R�[a�CŚŶ�"˹�ǹ�<1˵ǹǂė-(

Ñ˟�"ĐȰbH\ǁɍɸ/ B˸. japonicum USDA 6T.R�[a�-Ł�? Bj6 U˸SDA 38.

R�[a�-Ł�? Bj38˸USDA 110.R�[a�-Ł�? Bj110˸USDA 115.R�[a�

-Ł�? Bj115˸USDA 123.R�[a�-Ł�? Bj123˸ �(˸B. elkanii USDA 76T.R

�[a�-Ł�? Be76˸USDA 94.R�[a�-Ł�? Be94. 7&.R�[a�-Ñ˭� 
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@"˹�ơ˸°ǹǂė-(Ñ˟�"ĐȰbH\ǁɍɸ/ B˸j6 B˸j38 B˸j110 B˸j115˸ �(˸

Bj123. 5&.R�[a�-Ñ˭�@" °˹ǹ�<1�ǹǂė-��?ĐȰbH\ǁɍɸ.ĥ

ˈÑ/˸Bj6˸Bj38˸Bj110˸Bj123. 4&.R�[a�-Ñ˭�@˸˵ǹǂė-��?ĐȰb

H\ǁɍɸ.ĥˈÑ/˸Bj6˸Bj38˸Bj110˸Be76˸Be94 -Ñ˭�@"˹Bj123 R�[a�.

ĐȰbH\ǁɍɸ/˸˵ǹǂė)/�ʆ,R�[a�*/,=,�%" (Fig. 2-3)˹ 

� R�[a�ʍƸ�<1ɐɝǏ.ɛƺC:*-˸Rj ˆ¬īĕbH\þȻǙ-6*9"óR�

[a�.ǁɍæƯȓC Fig. 2-4�<1 Table 2-1-ȵ�"˹°ǹǂė-��? non-Rj˸Rj4ˆ¬

īĕ)ƭ:Âæ�(" Bj123 R�[a�.æƯȓ/˸Rjˆ¬īĕ-˖B=�˸ǂėǹŒ.

�Ƥ-%(Ưű-Ǹľ�"˹�ơ B˸j110R�[a�.æƯȓ/˸ǂėǹŒ.�Ƥ-%(

ğÝ�?Á÷-�%" B˹e76; Be94R�[a�.æƯȓ/ B˸j110R�[a�*õǋ.Á÷

Cȵ�"� B˸j110R�[a�.æƯȓ<>:°�%"˹�@/˸ƲĲ˴)µʕ�"ĐĠ�-

/˸:*:*�@=.R�[a�-Ł�?ĐȰbH\ǁɍɸ.ĬĒÛô�Ľ��%"�*-

ʧć�?*ɪ�=@" (Saeki et al. 2006˸Minami et al. 2009)˹�=-˸Rj2ˆ¬īC¹Ư�?

Rj2Rj3; Rj2Rj3Rj4ˆ¬īĕbH\þȻ/˸¦. Rj ˆ¬īĕbH\þȻ*ǚʯ�( Bj110 R�

[a�� 50�73.8%.˵æƯȓCȵ�"�*�=˸ķ�bH\. Rj ˆ¬īĕ/ȏı.bH

\ǁɍɸ.ǁɍȰȗ-Ŝ˧Cë5��*�ȵÿ�@" (Table 2-1) Y˹amakawa et al. (2003) /˸

B. japonicum USDA 110.ƎȻ-�( R˸j2Rj3Rj4ˆ¬īĕbH\Ĳ˴ɐɝ�¦. Rjˆ¬īĕ

bH\þȻ<>:Â@(?�*CĚú�"˹ƲĲ˴)/˸B. japonicum USDA 110.ƎȻÞ

ȓ-&(/ǅʓCɽ%(,� Ʋ˸Ĳ˴)Ţ=@"ɛƺ/ R˸j2Rj3; Rj2Rj3Rj4ˆ¬īĕb

H\þȻ�ƎȻɸ*�(. B. japonicum USDA 110.ǁɍæƯȓC˵9Ţ?�*Cȵÿ�"˹

6"˸Rj2Rj3Rj4ˆ¬īĕ-��? Bj110 R�[a�.æƯȓ/ʕ˴�" 3 pa��.ǂėǹ

Œ˕)Ưű,Ň�ʙ9=@,�%"�*�=˸Rj2Rj3Rj4 ˆ¬īĕbH\Ĳ˴ɐɝ/ǂėǹŒ

.Ŝ˧Cï��- B. japonicum USDA 110.ƎȻÞȓC˵9Ţ?�*Cȵÿ�"˹ 

� óbH\þȻ-��?ǂėǹŒ˕.ĐȰbH\ǁɍɸɩ˝Ǌʹ.Ňȣ.ȺŒC˸

Shannon-Wiener˖ƜCș"óĤǋŬƆƜ)ʀ�":.C Table 2-2-ȵ� H˸’β/H’γ.¾)ʔ

·�"ó Rjˆ¬īĕ.ǂėǹŒ˕.ĐȰbH\ǁɍɸɩ˝Ǌʹ.Ňȣ.ȺŒC Fig. 2-5-ȵ

�"˹°ǹ*˵ǹǂė˕-��? H’β/H’γ.¾/˸¦.ǂėǹŒ˕.ə7ôB�.¾<>˵�

%"� ó˸Rjˆ¬īĕbH\þȻ˕.ĐȰbH\ǁɍɸɩ˝Ǌʹ.Ģá�ĥ��%""9-  ˸



 16 

 

 

 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Akis
hir

om
e 

Brag
g 

Orih
im

e 

Bon
mino

ri 
CNS 

Hard
ee 

IA
C-2 

Akis
en

go
ku

 

Fuk
uy

uta
ka

 
Hill 

A-25
0-3

 
B34

9 
C24

2 

Be94 
Be76 
Bj123 
Bj115 
Bj110 
Bj38 
Bj6 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Akis
hir

om
e 

Brag
g 

Orih
im

e 

Bon
mino

ri 
CNS 

Hard
ee 

IA
C-2 

Akis
en

go
ku

 

Fuk
uy

uta
ka

 
Hill 

A-25
0-3

 
B34

9 
C24

2 

Be94 
Be76 
Bj123 
Bj115 
Bj110 
Bj38 
Bj6 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Akis
hir

om
e 

Brag
g 

Orih
im

e 

Bon
mino

ri 
CNS 

Hard
ee 

IA
C-2 

Akis
en

go
ku

 

Fuk
uy

uta
ka

 
Hill 

A-25
0-3

 
B34

9 
C24

2 

Be94 
Be76 
Bj123 
Bj115 
Bj110 
Bj38 
Bj6 

N
od

ul
e 

oc
cu

pa
nc

y 
(%

)�
N

od
ul

e 
oc

cu
pa

nc
y 

(%
)�

N
od

ul
e 

oc
cu

pa
nc

y 
(%

)�

A�

B�

C�

Fig. 2-4 Nodule occupancy of indigenous soybean-nodulating bradyrhizobia in each cultivation temperature.  
A; Low cultivation temperature condition, B; Middle cultivation temperature condition, C; High cultivation 
temperature condition. Five clusters, Bj6, Bj38, Bj110, Bj115 and Bj123 showed identical or similar RFLP 
patterns to Bradyrhizobium japonicum USDA 6T, 38, 110, 115 and 123, respectively. Cluster Be76 and Be94 
showed identical or similar RFLP patterns to Bradyrhizobium elkanii USDA 76T and USDA 94, respectively. 

Cultivars�



 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b�
ab
�

a�

a�
b�

c�

b�
a�

ab
�

ab
�

a�
b�

a�
ab
�

b�
a�

b�
b�

C
lu

st
er

Lo
w

M
id

dl
e

H
ig

h
Lo

w
M

id
dl

e
H

ig
h

Lo
w

M
id

dl
e

H
ig

h
Lo

w
M

id
dl

e
H

ig
h

B
j6

3.
3 

± 
1.

7
20

.0
 ±

 5
.0

10
.0

 ±
 2

.9
12

.5
 ±

 1
.4

6.
3 

± 
2.

4
7.

5 
± 

2.
5

8.
3 

± 
4.

4
21

.7
 ±

 4
.4

10
.0

 ±
 5

.0
10

.0
 ±

 2
.9

6.
7 

± 
4.

4
10

.0
 ±

 5
.0

B
j3
8

8.
3 

± 
1.

7
10

.0
 ±

 5
.8

28
.3

 ±
 6

.0
1.

25
 ±

 1
.3

3.
8 

± 
3.

8
-

11
.7

 ±
 3

.3
8.

3 
± 

1.
7

11
.7

 ±
 7

.3
3.

3 
± 

3.
3

3.
3 

± 
1.

7
3.

3 
± 

3.
3

B
j1
10

10
.0

 ±
 2

.9
38

.3
 ±

 9
.3

35
.0

 ±
 1

4.
4

50
.0

 ±
 4

.1
63

.8
 ±

 6
.3

73
.8

 ±
 4

.3
13

.3
 ±

 8
.8

26
.7

 ±
 1

9.
2

61
.7

 ±
 6

.0
60

.0
 ±

 2
.9

71
.7

 ±
 1

.7
68

.3
 ±

 9
.3

B
j1
15

3.
3 

± 
1.

7
3.

3 
± 

1.
7

1.
7 

± 
1.

7
1.

25
 ±

 1
.3

1.
3 

± 
1.

3
-

3.
3 

± 
1.

7
1.

7 
± 

1.
7

-
-

-
-

B
j1
23

75
.0

 ±
 2

.9
26

.7
 ±

 9
.3

13
.3

 ±
 4

.4
35

.0
 ±

 5
.4

17
.5

 ±
 5

.2
5.

0 
± 

3.
5

63
.3

 ±
 1

0.
1

41
.7

 ±
 1

6.
4

5.
0 

± 
0.

0
26

.7
 ±

 3
.3

13
.3

 ±
 3

.3
5.

0 
± 

0.
0

B
e7
6

-
-

3.
3 

± 
1.

7
-

5.
0 

± 
2.

0
7.

5 
± 

1.
4

-
-

5.
0 

± 
0.

0
-

1.
7 

± 
1.

7
6.

7 
± 

6.
7

B
e9
4

-
1.

7 
± 

1.
7

8.
3 

± 
6.

0
-

2.
5 

± 
1.

4
6.

3 
± 

2.
4

-
-

5.
0 

± 
2.

9
-

3.
3 

± 
1.

7
6.

7 
± 

4.
4

no
n-
Rj

Rj
2R
j 3

Rj
4

Rj
2R
j 3R
j 4

N
od

ul
e 

oc
cu

pa
nc

y 
(%

) o
f c

lu
st

er
s o

n 
ea

ch
 R
j-g

en
ot

yp
e

Ta
bl

e 
2-

1 
N

od
ul

e 
oc

cu
pa

nc
y 

ra
te

 o
f s

oy
be

an
-n

od
ul

at
in

g 
br

ad
yr

hi
zo

bi
a 

fo
r c

lu
st

er
 a

na
ly

si
s 

a !�

a 
N

od
ul

e 
oc

cu
pa

nc
y 

ra
te

 w
as

 e
xp

re
ss

ed
 a

s 
th

e 
m

ea
n 

± 
SE

 (
n 

= 
3 

or
 4

) 
of

 D
N

A
 s

am
pl

es
 b

el
on

gi
ng

 t
o 

ce
rta

in
 c

lu
st

er
s 

w
ith

in
 i

de
nt

ic
al

 R
j-g

en
ot

yp
es

. 
Si

gn
ifi

ca
nt

ly
 d

iff
er

en
t t

es
t r

es
ul

ts
 w

er
e 

fo
un

d 
fo

r e
ac

h 
Rj

-g
en

ot
yp

e.
 D

iff
er

en
t s

up
er

sc
rip

t l
et

te
rs

 a
re

 s
ig

ni
fic

an
tly

 d
iff

er
en

t (
Tu

ke
y-

K
ra

m
er

 te
st

) a
t P

 <
 0

.0
5 

fo
r d

iff
er

en
t c

ul
tiv

at
io

n 
te

m
pe

ra
tu

re
s 

in
 th

e 
sa

m
e 

Rj
-g

en
ot

yp
e.

 -,
 n

o 
de

te
ct

ed
.!�



 18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ta
bl

e 
2-

2 
A

lp
ha

, b
et

a 
an

d 
ga

m
m

a 
di

ve
rs

ity
 in

di
ce

s f
or

 e
ac

h 
cu

lti
va

tio
n 

te
m

pe
ra

tu
re

 p
ai

r f
or

 e
ac

h 
ho

st
 so

yb
ea

n 
cu

lti
va

r a  �

a 
L-

M
, L

-H
 a

nd
 M

-H
 a

re
 in

di
ca

te
d 

as
 c

om
bi

na
tio

ns
 o

f e
ac

h 
cu

lti
va

tio
n 

te
m

pe
ra

tu
re

s s
uc

h 
as

 lo
w

 &
 m

id
dl

e,
 lo

w
 &

 h
ig

h 
an

d 
m

id
dl

e 
&

 h
ig

h.
�

L 
- M

L 
- H

M
 - 

H
L 

- M
L 

- H
M

 - 
H

L 
- M

L 
- H

M
 - 

H
L 

- M
L 

- H
M

 - 
H

L 
- M

L 
- H

M
 - 

H
L 

- M
L 

- H
M

 - 
H

L 
- M

L 
- H

M
 - 

H
α 

di
ve

rs
ity

 (H
' α

)
1.

07
1.

28
1.

37
1.

04
0.

82
1.

15
1.

10
1.

15
1.

43
0.

87
0.

78
0.

61
1.

10
1.

13
1.

09
1.

12
0.

96
1.

08
1.

02
0.

88
0.

97
β 

di
ve

rs
ity

 (H
' β

)
0.

18
0.

28
0.

33
0.

30
0.

56
0.

27
0.

06
0.

17
0.

07
0.

08
0.

20
0.

09
0.

08
0.

14
0.

04
0.

12
0.

05
0.

09
0.

11
0.

25
0.

16
γ 

di
ve

rs
ity

 (H
' γ

)
1.

25
1.

57
1.

71
1.

34
1.

38
1.

41
1.

16
1.

32
1.

50
0.

95
0.

98
0.

70
1.

17
1.

27
1.

12
1.

24
1.

01
1.

17
1.

14
1.

14
1.

13

L 
- M

L 
- H

M
 - 

H
L 

- M
L 

- H
M

 - 
H

L 
- M

L 
- H

M
 - 

H
L 

- M
L 

- H
M

 - 
H

L 
- M

L 
- H

M
 - 

H
L 

- M
L 

- H
M

 - 
H

α 
di

ve
rs

ity
 (H

' α
)

1.
27

1.
25

1.
21

1.
00

1.
20

1.
18

0.
82

0.
81

1.
02

0.
85

0.
80

0.
86

0.
98

0.
85

0.
74

0.
93

1.
15

1.
11

β 
di

ve
rs

ity
 (H

' β
)

0.
07

0.
18

0.
34

0.
25

0.
27

0.
09

0.
11

0.
60

0.
37

0.
06

0.
08

0.
00

5
0.

01
0.

15
0.

11
0.

14
0.

15
0.

11
γ 

di
ve

rs
ity

 (H
' γ

)
1.

34
1.

43
1.

55
1.

25
1.

47
1.

27
0.

93
1.

41
1.

39
0.

91
0.

88
0.

86
0.

99
1.

00
0.

85
1.

07
1.

31
1.

23

Rj
2R
j 3

C
24

2

D
iv

er
si

ty
 b

et
w

ee
n 

ea
ch

 c
ul

tiv
at

io
n 

te
m

pe
ra

tu
re

s o
n 

ea
ch

 h
os

t s
oy

be
an

 c
ul

tiv
ar

A
ki

se
ng

ok
u

Fu
ku

yu
ta

ka
H

ill
A

-2
50

-3
B

34
9

Rj
4

Rj
2R
j 3
Rj

4

IA
C

-2
A

ki
sh

iro
m

e
B

ra
gg

O
rih

im
e

B
on

m
in

or
i

C
N

S
H

ar
de

e
no

n-
Rj



 19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 
Low&Mid 

Low&High 

Mid&High 

Fig. 2-5 Difference of beta diversity to gamma diversity (H’β/H’γ) among pairs of cultivation temperatures. Each 
value was expressed as the mean ± SE (n = 3 or 4). �

non-Rj� Rj2Rj3� Rj4� Rj2Rj3Rj4�

Host soybean Rj-genotypes�

H
’ β

/H
’ γ�



 20 

Ưű,Ň�ʙ9=@,�%"˹�@-/˸bH\-ǁɍȰȗ�"bH\ǁɍɸɩ˝Ǌʹ-&

(ǂėǹŒ-��?bH\þȻ.ŨɈ� õ˸� Rjˆ¬īC¹Ư�(?bH\þȻ)�?

*�(:ȣ,?�*�ȕț.�&*�(ɪ�=@"˹�=-˸Rj2Rj3Rj4 ˆ¬īĕbH\Ĳ˴

ɐɝ)�? A-250-3˸B349˸C242. 3ɐɝ. H’β/H’γ.¾/˸non-Rj; Rj4ˆ¬īĕbH\þ

Ȼ. H’β/H’γ.¾<>:°Á÷-�> R˸j2Rj3ˆ¬īĕbH\þȻ. H’β/H’γ.¾*˭®�(

" (Table 2-2 F˸ig. 2-5) R˹j2Rj3Rj4ˆ¬īĕbH\Ĳ˴ɐɝ)�? A-250-3 B˸349 C˸242/˸

Rj2Rj3ˆ¬īĕbH\þȻ)�? IAC-2* Rj4ˆ¬īĕbH\þȻ)�? Hill.¢ˊ-<%(

²Ð�@" Rjˆ¬ī˝ȾbH\Ĳ˴ɐɝ)�? (Yamakawa et al. 1999) A˹-250-3 B˸349 C˸242

.óǂėǹŒ˕.ɩ˝Ǌʹ.Ňȣ� Rj2Rj3ˆ¬īĕbH\þȻ.:.*˭®�"./ I˸AC-2

.ȵ�ŚʦC A-250-3˸B349˸C242�¹Ư�(?"9*ɪ�=@" (Fig. 2-5)˹ 

� Bray-Curtis˭®ŒƆƜC:*-�"R�[a�ʍƸ�<1 MDSʍƸ.ɛƺC˸ @!@˸

Figs. 2-6˸2-7-ȵ�"˹R�[a�ʍƸ.ɛƺ˸óɩ˝. MDSv�dh/˸Cluster I˸II˸

III˸IV.ĥ�� 4&.R�[a�-Ñ˭�@" (Fig. 2-6)˹�.ɛƺC MDSʍƸ)Ţ=@"

v�dh-˃Ũ�"*�A˸°ǹǂė-��?ɩ˝. MDSv�dh/˸�- C˸luster I I˸I˸

III-Ñ˭�@ �˸ǹǂė-��?ɩ˝. MDSv�dh/ �˸- C˸luster III�<1 Cluster IV

-Ñ˭�@˸˵ǹǂė-��?ɩ˝. MDS v�dh/˸ĥˈÑ� Cluster IV -Ñ˭�@" 

(Figs. 2-6˸2-7)˹FPY��˸FP]�VR˸tR�aN.ɩ˝. MDSv�dhC˙�ĥˈ

Ñ.ɩ˝. MDSv�dh/ ǂ˸ėǹŒ.�Ƥ-%( ċ˸.ņÀ�=ñÀ3 (Clusterj�o

�.Ľ�ơ�=ĥ�ơ3) ˄ȹ�" (Fig. 2-7)˹�=-˸˵ǹǂė-��?{�~m�˸

CNS I˸AC-2 H˸ill A˸-250-3 B˸349. 6bH\þȻ. MDSv�dh/˸ƭ:ñÀ. Cluster IV

-Ñň�˸°ǹǂė-��?{�~m�˸CNS˸Hardee˸A-250-3˸B349˸C242 . 6 bH\

þȻ. MDSv�dh/ C˸luster III-Ñň�" �˹ơ °˸ǹǂė-��?FPY�� B˸ragg˸

M�q�˸tR�aN˸Hill. 5bH\þȻ. MDSv�dh/˸ƭ:ņÀ. Cluster I-Ñň

�"˹�@=.ɛƺ*óR�[a�-Ł�?Ñ˟ƿ.ƜCǚʯ�"*�A˸MDSv�dh.

Ñň/ B˸j110R�[a�* Bj123R�[a�. 2&.�ʆ,R�[a�-<%(Ŝ˧Cï�

(?�*�ȵ�@" (Figs. 2-3˸2-7)˹Bj110 R�[a�bH\ǁɍɸ.Ñ˟Ɯ�Ĥƨ/

Cluster IV-˸Bj123R�[a�bH\ǁɍɸ.Ñ˟Ɯ�Ĥƨ/ Cluster I- MDSv�dh

�§ɨ�@? (Fig. 2-7)˹���,�=˸°ǹǂė-��? Rj2Rj3ˆ¬īC¹Ư�?{�~m 
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Fig. 2-6 Dendrogram based on the Bray-Curtis similarity measure. The numbers of I, II, III and IV 
indicate Cluster I, II, III and IV, respectively.!The names of OTUs were expressed in combination of 
cultivation temperature and soybean cultivar. Low, Middle and High cultivation temperature were 
expressed L, M and H, respectively. The each soybean cultivar were expressed AK (Akishirome), 
BR (Bragg), OR (Orihime), BO (Bonminori), CN (CNS), HA (Hardee), IA (IAC-2), AG 
(Akisengoku), FK (Fukuyutaka), HI (Hill), A2 (A-250-3), B3 (B349) and C2 (C242).!�



 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0
.6

-0
.4

-0
.2

0.
0

0.
2

0.
4

-0.10.00.10.20.30.40.5

y$
po

in
ts

[, 
1]

y$points[, 2]

LH
I�

LB
R
�

LF
K
�

LA
K

 

LO
R
�

M
A

G
�

M
H

I�

M
O

R
�

H
A

K
� H

O
R
�

LA
G
�

LI
A

 

H
FK
�

LH
A
�

LC
N
�M
B

R
�

M
IA
�

H
C

2�

H
B

R
�

H
A

G
�

LB
3�

M
A

K
�

LB
O
�

LC
2 

M
H

A
� LA

2�

M
B

3�
M

C
N
�H
H

A
�

M
A

2�

M
C

2�
M

FK
�

H
C

N
�

H
H

I�

H
A

2�M
B

O
�

H
IA
�

H
B

3�
H

B
O
�

I�
II
�

II
I�

IV
�

Fi
g.

 2
-7

 M
ul

ti 
di

m
en

si
on

al
 s

ca
lin

g 
(M

D
S)

 p
lo

t o
f b

ra
dy

rh
iz

ob
ia

l c
om

m
un

iti
es

 in
 c

om
bi

na
tio

ns
 o

f s
oy

be
an

 c
ul

tiv
ar

s 
an

d 
cu

lti
va

tio
n 

te
m

pe
ra

tu
re

s  
ba

se
d 

on
 t

he
 B

ra
y-

C
ur

tis
 s

im
ila

rit
y 

m
ea

su
re

. 
Th

e 
nu

m
be

rs
 o

f 
I, 

II
, 

II
I 

an
d 

IV
 i

nd
ic

at
e 

C
lu

st
er

 I
, 

II
, 

II
I 

an
d 

IV
, 

re
sp

ec
tiv

el
y.

 T
he

 l
in

es
  

sh
ow

 th
e 

bo
un

da
rie

s 
of

 e
ac

h 
cl

us
te

r.!
Th

e 
na

m
es

 o
f 

O
TU

s 
w

er
e 

ex
pr

es
se

d 
in

 c
om

bi
na

tio
n 

of
 c

ul
tiv

at
io

n 
te

m
pe

ra
tu

re
 a

nd
 s

oy
be

an
 c

ul
tiv

ar
. T

he
 

ex
pr

es
si

on
 o

f c
ul

tiv
at

io
n 

te
m

pe
ra

tu
re

s a
nd

 so
yb

ea
n 

cu
lti

va
rs

 re
fe

r t
o 

Fi
g.

 2
-5

.!�



 23 

�˸CNS˸Hardee˸A-250-3˸B349˸C242. 6bH\þȻ. MDSv�dh/˸Cluster I:�

�/ Cluster II-Ñň�,�%" (Fig. 2-7)˹�@/˸Rj2Rj3ˆ¬ī¹ƯbH\þȻ�°ǹǂė

�-�(: Bj110 R�[a�.ĐȰbH\ǁɍɸ.˵æƯȓCȵ�"�*-ʧć�?*

ɪ�=@? (Table 2-1)˹6"˸FPY���<1tR�aN. 2 bH\þȻ-��? MDS

v�dh.Ģ˄/ ¦˸.bH\þȻ. MDSv�dh.˄ȹ*ǚʯ�?*�ʉÙ)/�%"�˸

ˈÑȨ-/ǂėǹŒ.�Ƥ-%(ņÀ�=ñÀ3*˄ȹ�" (Fig. 2-7)˹FPY���<1

tR�aN-˖�(/˸�ǹǂė-��? MDSv�dh� Cluster III:��/ Cluster IV-

Ñň�""9 B˸j110R�[a�bH\ǁɍɸ.æƯȓ�˵6?ɲ˃ǹŒ��ǹǂėĖ-�?

*ɪ�=@"˹ 

� ©�˸ƲĲ˴)Ţ=@"ɛƺ/˸ķ�bH\. Rjˆ¬īĕ�<1ǂėǹŒ�˸ķ�bH\

-ŲƼ�?ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ-Ŝ˧Cë5��*Cȵÿ�" (Shiro et al. 2012)˹ 
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Ɇ 3Ƀ� F��N-��?ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň 

 

3−1� ɢʎ 

� ƣƲ-��?ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň/˸â�=ä3*ɦŒ-Ǥ%

(�ı.kdc (ȗųȨē¯) .Ģ˄Cȵ��*�Ěú�@(�>  ˸.ĐȰbH\ǁɍɸɩ

˝/ɦŒ*˵ȭ˖Cȵ��*�Ěú�@(? (Saeki et al. 2006 2˸008 2˸013 S˸aeki 2011)˹

F��N/ƣƲ.čĐ*45õɦŒ-¯ɨ�˸�ʆ,bH\ȗȘē.ɦŒ:˭®�(?˹

F��N-��?ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň.ʍƥ/˸bH\ǁɍɸ.

ȗųCȕʍ�?�)ˏʆ,ȱʈ*,>Ţ?˹ �)˸ƲĲ˴)/˸F��N-��?ĐȰb

H\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑňCʍƥ�?�*CȫȨ*�˸F��N.âˈ�=ä

ˈēĖ.ēȕȨ-˟@"ĐĠ�=ĐȰbH\ǁɍɸCÑ˟� 1˸6S-23S rRNA gene ITS ˪Ė.

PCR-RFLP ʍƸCș(Ñ˟�"ĐȰbH\ǁɍɸ.R�[a�ʍƸCɽ˸�.ɛƺC:

*-˸ƜȕȗųĭȨźǦCș"ɩ˝ǊʹʍƸ-<>˸ĐȰbH\ǁɍɸɩ˝*ɦŒ*.˖

¸-&(ʔ·�"˹  

 

3−2� ƳƟ�<1ơǦ 

3−2−1� µʕĐĠ 

� µʕĐĠ*�(˸F��N. Michigan˸Ohio˸Kentucky˸North Carolina˸Alabama (1�<

1 2)˸Georgia˸Florida˸Louisiana. 8Ņ˸ôʏ 9ēȃ.ĐĠW�v�Cș"˹�@=.Đ

Ġ/ 2010 Ŏ 8 Ʈ-W�v��S�@"˹µʕĐĠ.W�v��Sēȃ.ɦŒ;ɚŒ˸ĐĠ

pH˸EC,+.ůĚC Table 3-1-ȵ�"˹ 

 

3−2−2� ĐȰbH\ǁɍɸ.Ñ˟ 

� µʕĐĠ�=ĐȰbH\ǁɍɸCÑ˟�?"9- B˸ragg (non-Rj) C˸NS (Rj2Rj3) H˸ill (Rj4) .

3 ˆ¬īĕ 3 þȻ.bH\.|dhǂėCɽ%"˹ǂėș|dh.ʜʄ˸bH\Ȼī.ʀȩ

ǘɸ˸ƔȻ/ 2�2�2 *õǋ-ɽ%"˹ǂė/S��[c��o� (MLR-351˸SANYO) ) 4

ʻ˕ɽ˸ǂėư˕�/ 1 ʻ˕Ǚ-ǿɸɹȟǜC|dh.Óưˏˑ*,?<�-Ý�"˹S

��[c��o�Ê-��?ǂėȖĞ/˸ƥư 28˚C 16ƨ˕˸ƪư 23˚C 8ƨ˕*ʒı�"  ˹
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4ʻ˕.ǂėş 2˸�2�2*õǋ.ơǦ)ǁɍ.Ñ˟�<1ʀȩǘɸCɽ%"˹ǁɍ/ 1bH\

þȻř">��b�- 23»:��/ 24»˅ƀ�˸ǫǮş.ǁɍ/-80˚C)¹Ĭ�"˹ 

� ǁɍ�=ĐȰbH\ǁɍɸCÑ˟�ė˲�?"9-U�V��di (CR) 6"/ BTBCø

8 Yeast extract-Mannitol Agar (YMA) ōƷėē (Vincent 1970 K˸eyser et al. 1982) Cș" (©

�˸U�V��diCø8 YMAōƷėēC YMA-CRōƷėē˸BTBCø8 YMAōƷėē

C YMA-BTBōƷėē*ȡ�) 1˹ L.ɹȟǜ- K2HPO4 0.5 g M˸gSO4�7H2O 0.2 g N˸aCl 0.1 g˸

Yeast Extract (nacalai tesque) 0.4 g M˸annitol 10 gCÝ� <˸�ƘƄ�"ş- pHC 6.8-ʜƝ�˸

YMA-CRōƷėēCʜʄ�?ěô/ 0.25% U�V��diǾǳ 10 mLC˸YMA-BTBōƷ

ėēCʜʄ�?ěô/ 0.5% BTBǾǳ 5mLC @!@Ý�" �˹=- A˸gar (nacalai tesque) C

15 gÝ� �˸@CM�hR��uǿɸ (121˚C 20Ñ) � R˸���x�cÊ)ǿɸY���-

ɑ 20 mL�&Ñǧ�˸Čá��"˹6"˸YMA-CRėēC 1.8 mLĶ[auc��u-ɑ 1.2 

mLÑǧ�":.:ʜʄ�˸Y�S�U�k�.[hdRșėē*�"˹ 

� ��b�-˅ƀ�"ǁɍC 1 »�&}HR�v��h.IJ�-Ç@˸ �-ǿɸɹȟǜ

100 µLCÝ� ǿ˸ɸ�"ȋǆƻ)z�ZjH\�" �˹.ŵȁǳCȦ˒ɭ) YMA-CRōƷė

ē-ȜɣƎȻ�˸28˚C.ƪŹ) 5�7ƣ˕ė˲�"˹ɑ 1ʻ˕.ė˲ş˸Y�S�U�k�C

YMA-BTBōƷėē-ɞ¨�˸28˚C.ƪŹ) 5�7ƣ˕ė˲�"˹Y�S�U�k�/˸ǿɸ

ȋǆƻ)[hdRș. YMA-CRėē-Ǆɸ�˸ė˲�"ş˸4˚C)¹Ĭ�"˹ĐȰbH\ǁ

ɍɸ/˸1 ĐĠW�v�ř"> 69 :��/ 72 ƿCÑ˟�"˹6"˸Ñ˟�"ƿ/˸ĐĠW

�v�.ēö (Table 3-1) *µʕ�"bH\þȻ (Bragg˸B˻CNS˸C˻Hill˸H)˸Ñ˟ƿ.j

�o� (1�23 :��/ 1�24) .ə7ôB�)˸´�0˸Michigan �=.Ñ˟ƿ/ MIB1�23˸

MIC1�23˸MIH1�23*,?<�j�o��S�"˹ 

 

3�2�3� Ñ˟ɸƿ�<1êȇɸƿ.Tm� DNAƂÐ 

� 3�2�2 )µʕĐĠ�=Ñ˟�"ĐȰbH\ǁɍɸ�<1 2�2�5 )ș" 11 .

Bradyrhizonium USDAêȇɸƿ.Tm� DNAƂÐCɽ%"˹6�˸2�2�5*õǋ- HMǳ±

ėē).ė˲Cɽ%"˹óɸƿ/ 1˸.5 mL. HMǳ±ėē-Ǆɸ� 2˸8˚C.ƪŹ) 5�7ƣ˕

ė˲�"˹ė˲ş˸óɸƿ.Tm� DNAC 2�2�5*õǋ.ơǦ)ƂÐ�"˹ 
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3�2�4� 16S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ 

� 3�2�3 )ƂÐ�"Ñ˟ɸƿ�<1êȇɸƿ.Tm� DNA ǾǳCf�v��h*�(

16S-23S rRNA gene ITS˪Ė. PCRğŌCɽ˸ . PCRȘȎC 4Ȼ.Ø˗ˋɕ Hae III˸� �

Hha I˸Msp I˸Xsp I)Ïȕ�"˹PCR�<1Ø˗ˋɕÏȕ-&(/˸2�2�4�<1 2�2�6

*õǋ-ɽ%"˹6"˸Ø˗ˋɕÏȕş.ǲáǳ.ˡǛǩß˸RFLPpa��.ǚʯ˸¨ʀɸ

ƿ.˅ƀɇ: 2�2�6*õǋ-ɽ%"˹ 

 

3�2�5� ĐȰbH\ǁɍɸ.R�[a�ʍƸ�<1ɐɝǏ²Ŷ 

� 3�2�4)Ţ=@"ɛƺC:*- 2˸�2�7*õǋ-¨ʀɸƿ�<1êȇɸƿ.R�[a�ʍƸ˸

 �(˸ɐɝǏ.²ŶCɽ%"˹ 

 

3�2�6� ĐȰbH\ǁɍɸɩ˝.ĤǋŬʍƸ 

� 3�2�5 .R�[a�ʍƸ.ɛƺC:*-˸Shannon-Wiener ˖ƜCș(óµʕĐĠ�=Ñ

˟�"ĐȰbH\ǁɍɸɩ˝.ĤǋŬʍƸCɽ%" Ĥ˹ǋŬʍƸ/ 2˸�2�8*õǋ-ɽ%"˹ 

 

3�2�7� MDS˸R�[a�ʍƸ˸ǈœǍ§�-<?ĐȰbH\ǁɍɸ.ɩ˝ǊʹʍƸ 

� ĐȰbH\ǁɍɸɩ˝.ȏŬ*µʕĐĠ.W�v��Sēȃ˕.ȭˁCȏť§�?"9-˸

Bray-Curtis ˭®ŒƆƜ-Ę'" MDS ʍƸ*R�[a�ʍƸCɽ%"˹�@=/˸the R 

software ver. 2.15.1Cș( 2�2�9*õǋ-ɽ%"˹ 

� �=-˸ĐȰbH\ǁɍɸɩ˝*ɦŒ*.˖¸Cʔ·�?"9-˸ǈœǍ§�Cɽ%"˹

ǈœǍ§�*/˸�?ȖĞÁŒ-Ǥ%(�&�.ɩ˝W�v�C*%"˜-˸ .ÁŒ-

Ļ�(ƭ:˟@" 2 ēȃC�ʮ.�Ʉ-ɨ�˸Ǖ>.ēȃC�.�ʮ�-œǍ§��?źǦ

)�? (Whittaker 1967˸Ľƹ 1995˸Saeki et al. 2008)˹6�˸MDS)Ţ=@"v�dhC 3

ǒÃɀ˕�-§ɨ�˸Ţ=@"œǍ¾ (x˸y˸zœǍ) -Ę'(ĐȰbH\ǁɍɸɩ˝.Ĥ

ǋŬCȭĻȨ,ʩ˟*�(Ƒɉ�"˹MDSv�dh˕.ʩ˟/˸©�-ȵ�"��R�di

ʩ˟ (Ed) .˖Ɯ (4) )ɉÐ�"˹ 

                    EdAB = ( | XA – XB |2 + | YA – YB |2 + | ZA – ZB |2 )1/2             (4) 
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EdAB/˸MDS v�dh-��?ɩ˝ A �<1 B ˕.Ȭɣʩ˟)˸XA* XB˸YA* YB˸ZA*

ZB/˸ @!@˸ɩ˝ A�<1 B. x˸y˸zœǍCʀ�(?˹saV�[.ıȕCș"

ǈœǍ§�.ʛƥċC Fig. 3-1-ȵ�" ƭ˹:ɦŒ�˟@(? Michigan* Louisiana.ɩ˝

C 100%.ȭˁ��?*ʈ,�˸�ǈ.ɩ˝�=. @!@.ʩ˟CǈŇȣ  (Polar 

difference˻Pd) -ĢƑ�"˹ǈŇȣ (Pd) / 0%.ǈ (Louisiana.ĐȰbH\ǁɍɸɩ˝) �

=.¾Cȵ�(�>˸©�-ȵ�"ŕ (5) <>ɉÐ�"˹ 

                           Pd = ( L2 + D1
2 – D2

2 ) / 2L                        (5) 

L/�ʮ.ôʏ.˓� (100%) Cʀ�(�> D˸1�<1 D2/ȏı.ĐȰbH\ǁɍɸɩ˝*

Louisiana�<1 Michigan @!@.ɩ˝˕.ȧÑȓŇȣCʀ�(? (Whittaker 1967)˹ 

                      

3�3� ɛƺ�<1ɪĺ 

� óµʕĐĠ�=Ñ˟�"ĐȰbH\ǁɍɸƿ-&(˸YMA-BTB ėē-��?bH\ǁ

ɍɸ.Ł.ÔıCɽ%"*�A˸È(.Ñ˟ƿ) BTB .ɶ�ɡ�=ˣ-Ģá�""9˸

BradyrhizobiumŁbH\ǁɍɸ)�?*Ôı�@" (data not shown)˹16S-23S rRNA gene ITS

˪Ė. PCR-RFLPʍƸ.ɛƺ 1˸1. Bradyrhizobium USDAêȇɸƿCø8 ô˸ʏ) 24. OTU 

(operational taxonomic unit) �ǅÐ�@" (Fig. 3-2)˹�.ɛƺC:*-R�[a�ʍƸCɽ˸

²Ŷ�"ɐɝǏC Fig. 3-3-ȵ�"˹˭®Ŭ.ƭĥ¾� 90%Cȵ�" B. elkanii USDA 76T*

USDA 94˕C˸R�[a�CʠÕ�?"9.Ęǽ*�(˃ș�"*�A 1˸1.êȇɸƿ.R

�[a�*êȇɸƿ*/ȣ,?R�[a�CŚŶ�" 1R�[a�Cø8 12.R�[a�C

ŚŶ�"˹È(.ĐȰbH\ǁɍɸƿ/˸Bj6˸Bj38˸Bj110˸Bj123˸Bj124˸Be46˸Be76˸

Be94˸ �(˸BeOH . 9 &.R�[a�-Ñ˭�@"˹Bj6˸Bj38˸Bj110˸Bj123˸Bj124

/˸B. japonicum USDA 6T˸38˸110˸123˸124*õ�.:��/˭®�" RFLPpa��C

ȵ�R�[a�C @!@ʀ�(�>˸Be46˸Be76˸Be94/˸B. elkanii USDA 46˸76T˸94

*õ�:��/˭®�" RFLPpa��Cȵ�R�[a�C @!@ʀ�(? B˹eOHR�

[a�/˸5 ēȃ.ĐĠ�=Ñ˟�@˸B. elkanii Ȼ)/�?�êȇɸƿ*/Ȑɂ�"R�[

a�CǊŶ�" (Fig. 3-3)˹R�[a�ʍƸ.ɛƺC:*-˸óR�[a�-Ł�?ĐȰbH

\ǁɍɸ.ēȕȨÑň*æƯȓC Fig. 3-4 -ȵ�"˹Bj123 R�[a�-Ł�?Ñ˟ƿ/

Michigan ; Ohio .âˈēĖ)ǅÐ�@".-Ļ�˸Bj6 R�[a�-Ł�?Ñ˟ƿ/ 
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�������ȱ��ȱ���������ȱ���������¢ȱǽŘŞǰȱŘşǾǯ7

8

)LJXUH�����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�SRODU�RUGLQDWLRQ�DQDO\VLV�9

���������ȱ¡ȱ����������ȱ���ȱ�����ȱ����������ȱǻƖǼȱ����ȱ���ȱŖƖȱ����ȱǻ��������ȱ����Ǽȱ���ȱ��ȱ�����Գ10
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Community 
of Louisiana�
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of Michigan�

Particular 
Community�

Fig. 3-1 Schematic representation of polar ordination analysis.   
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Fig. 3-4 Distribution of clusters and the population ratio of indigenous soybean-nodulating bradyrhizobia in USA.�
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Kentucky˸North Carolina˸Alabama.�ˈēĖ)ǅÐ�@˸Be46R�[a�-Ł�?Ñ˟ƿ

/ Georgia˸Florida˸Louisiana.äˈēĖ)ǅÐ�@"˹�=-˸äˈēĖ/˸Be46˸Be76˸

Be94.R�[a�-Ł�? B. elkanii.Ñ˟ƿ-<%(æ9=@("˹B. elkanii.ÂæŒ

/˸�ˈ�=äˈēĖ-��? B. japonicum.ÂæŒCʨ�(" (Figs. 3-3 3˸-4) K˹eyser et 

al. (1984) /˸F��N 12Ņ (Arkansas˸Delaware˸Florida˸Kansas˸Lousiana˸Minnesota˸

Mississippi˸New Jersey˸North Carolina˸Pennsylvania˸South Carolina˸South Dakota) -��

? Bradyrhizobium serogroup.Ñň-&(ʜƽ�˸B. elkanii USDA 31-Ł�? serogroup 31

�ƭ:Âæ�(�> (21.5%) ɟ˸( B˸. japonicum USDA 123-Ł�? serogroup 123 (13.6%)˸

B. elkanii USDA 76T-Ł�? serogroup 76 (10.2%) �Âæ�(?�*CĚú�"˹ɴûǴ

�*- �˸.Ěú/ Ʋ˸Ĳ˴)ș" 16S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ.ɛƺC

ʂ§�?<�,˸B. elkanii� B. japonicum<>:Âæ�(?*�ɛƺCȵ�"˹6"˸

Fuhrmann (1990) /˸Delaware. 18ēȃ.ĐȰbH\ǁɍɸ.ĤǋŬ*Éȗ.ƯÞŬ-&

(˸ɼǷĭ˸Śųĭ˸�`rhPY�ȗȘŬ˸ �(˸qi�Tj�^.ʀȔĕCș(ʜ

ƽ�˸B. elkanii USDA 94 -Ł�? serogroup 94 (17.5%)˸B. japonicum USDA 6T-Ł�?

serogroup 6 (10.3%) B˸. japonicum USDA 122-Ł�? serogroup 122 (8.6%) B˸. elkanii USDA 76T

-Ł�? serogroup 76 (5.8%) �ĐȰbH\ǁɍɸ. serogroup*�(Âæ�("�*Cƥ=

�-�"˹�ơ˸ƲĲ˴)ș" 16S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ; 16S-23S 

rRNA gene ITS˪Ė.Y�RK�[ʍƸ-��?Bradyrhizobium USDAƿ.S��s�S)/˸

B. japonicum USDA 110* USDA 122˸ �(˸B. elkanii USDA 31* USDA 76T/õ�R�[

a�-Ł�?�*�ƥ=�*,%(? (van Berkum and Fuhrmann 2000˸Saeki et al. 2004)˹

ƲĲ˴-�(˸Bj110 �<1 Be76 .R�[a�-Ł�?Ñ˟ƿ.ŏ&�/˸B. japonicum 

USDA 122�<1 B. elkanii USDA 31. serogroup-ø6@?ðɯŬ��?"9˸B. japonicum 

USDA 110* USDA 122˕˸B. elkanii USDA 31* USDA 76T˕Cƥȳ-�?"9-˸nI[

P�s�Sˆ¬ī; 16S-23S rRNA gene ITS ˪ĖÊ.�ĜĘĤĕ  (single-nucleotide 

polymorphism) .<�,ˆ¬ī}�N�-Ę'"ȏť§�.źǦ�ŧʆ*,%(�?*ɪ

�=@?˹ 

� 9&.ĐĠW�v�ēȃ˕.ĐȰbH\ǁɍɸɩ˝-��?ŇȣCʔ·�?"9- H˸’β/H’γ

.¾CɉÐ�"˹ĤǋŬƆƜ (H’) .¾/˸Fig. 3-3 .�ˈ-ȵ�(�>˸óµʕĐĠ˕.
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H’β/H’γ.¾/Table 3-2�<1Fig. 3-5-ȵ�" F˹��N.ĐȰbH\ǁɍɸɩ˝-�(˸

Alabama2 �ƭ:˵ H’¾ (1.56) Cȵ�".-Ļ�˸Michigan �ƭ:° H’¾ (0.25) Cȵ

�"˹6"˸H’β/H’γ.¾/˸Michigan ; Ohio .âˈēĖ*¦.ĐĠW�v�ēȃ.ǚʯ-

�(ĥ��˸Michigan* Florida˕)ƭ:ĥ�,¾Cȵ�"˹�@=.ɛƺ/˸bH\-ǁ

ɍȰȗ�"bH\ǁɍɸɩ˝�âˈēĖ*äˈēĖ)ĥ��ȣ,?�*Cȵ�" (Table 3-2˸

Fig. 3-5)˹�@-/ M˸ichigan* Ohio.7)Âæ�(" Bj123R�[a�; Ohio-�(

Âæ�(" BeOHR�[a��ɩ˝˕.Ňȣ-Ŝ˧C:"=�"*ɪ�=@"˹ 

� Bray-Curtis˭®ŒƆƜCĘ'"R�[a�ʍƸ�<1MDSʍƸ.ɛƺC Fig. 3-6�<1

Fig. 3-7- @!@ȵ�"˹R�[a�ʍƸ.ɛƺ˸óĐĠW�v�ɩ˝/˸ĥ�� 3&.S

��v-Ñ˭�@˸Group I *�( Michigan * Ohio �˸Group II-1 *�( North Carolina˸

Alabama2˸Georgia˸Louisiana�˸Group II-2*�( Kentucky˸Alabama1˸Florida� @!@

Ñ˭�@" �˹=- F˸ig. 3-3-ȵ�"ɛƺC:*- �˸�)Ţ=@"ɛƺ*ǚʯ�"*�A˸

Group I-Ł�"./ B. japonicum.R�[a��Âæ�"ēĖ)˸Group II-1-Ł�"./

B. elkanii.R�[a�.˵ĤǋŬCȵ�"ēĖ)�>˸Group II-2-Ł�"./ Be76R�

[a�.Âæ�"ēĖ)�%" M˹DSʍƸ)Ţ=@" 3ǒÃœǍC:*-Ţ=@"ǈŇȣ-

Ę'"ǈœǍ§�Cɽ  ˸.ɛƺC Fig. 3-8-ȵ�" b˹H\-ǁɍȰȗ�?ĐȰbH\

ǁɍɸ.ɩ˝Ǌʹ.Ģ˄/ ɦ˸Œ*Ř�  ˸�( Ư˸ű-˖¸�?�*�ȵ�@" (r2 = 0.815˸

F = 30.9˸P < 0.001)˹ 

� ©�˸ƲĲ˴)Ţ=@"ɛƺ/˸F��N.ĐȰbH\ǁɍɸɩ˝.ēȕȨÑň/˸ƣƲ

.:.*õǋ-˸â�=ä3*Ģ˄�˸�=-˸ɦŒ*Řȭ˖Cȵ��*Cƥ=�-�" 

(Shiro et al. 2013)˹ 
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Fig. 3-5 The proportion of beta diversity to gamma diversity (H’β/H’γ) among pair of the soil sampling site.�



 37 

 

     

 

 

 

 

 

 

 

 

Fig. 3-6 Dendrogram of soybean-nodulating bradyrhizobial community structure in sample field site 
based on Bray-Curtis index. The numbers of I, II-1 and II-2 indicate Cluster I, II-1 and II-2, 
respectively.�
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Fig. 3-7 Plots of indigenous soybean-nodulating bradyrhizobial community of the soil sampling site by 3-dimensional 
multidimensional scaling analysis based on Bray-Curtis index. The coordinates of axis [1], [2], [3] are as follows: 
Michigan: -0.685, 0.104, 0.199, Ohio: -0.581, -0.070, -0.188, Kentucky: 0.122, 0.270, -0.208, North Carolina: 0.131, 
-0.262, -0.177, Alabama1: 0.241, 0.333, 0.079, Alabama2: 0.234, -0.199, 0.053, Georgia: 0.147, -0.088, -0.089, Florida: 
0.253, 0.207, 0.101, Louisiana: 0.138, -0.297, 0.230, respectively.      
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Fig. 3-8 Relationship between indigenous soybean-nodulating bradyrhizobial community and latitude of the soil 
sampling site.�
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Ɇ 4Ƀ� ƣƲ*F��N-��?ĐȰbH\ǁɍɸɩ˝Ǌʹ.ǚʯʍƸ 

 

4−1� ɢʎ 

� Ɇ 3 Ƀ)/˸F��N.ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň-&(˸F��

N.âˈ�=äˈēĖ. 9 ēȃ.ĐĠ�=ĐȰbH\ǁɍɸCÑ˟�˸16S-23S rRNA gene 

ITS ˪Ė. PCR-RFLP ʍƸCɽ˸ .ɛƺC:*-˸ƜȕȗųĭȨźǦCș"ɩ˝Ǌʹ

ʍƸ-<>˸ĐȰbH\ǁɍɸɩ˝*ɦŒ*.˖¸-&(ʔ·�"˹ .ɛƺ˸F��N

.ĐȰbH\ǁɍɸɩ˝.ēȕȨÑň/˸â�=ä3*Ģ˄�˸�=-˸ɦŒ*Řȭ˖C

ȵ��*Cƥ=�-�" (r2 = 0.815)˹�=-˸ƣƲ-��?ĐȰbH\ǁɍɸɩ˝.ēȕȨ

Ñň/˸ɦŒ-Ǥ%"Ģ˄Cȵ��*�=˸ƣƲ*õɦŒēĖ-��?ŗˌŬ�=�ŬĐĠ

.ĐȰbH\ǁɍɸɩ˝.ēȕȨÑň/˸ɦŒ-%"Ǜǹ.Ģá.Ŝ˧Cï�?�*CŘ

�ȵÿ�" (Saeki et al. 2008˸2013)˹õɦŒēĖ˕.ĐȰbH\ǁɍɸ.ɩ˝ǊʹC�=-

ʗɗ-ʜƽ�?�*/˸ēĖ¶ĬȨ,bH\ǁɍɸ.ȗųCȕʍ�?�)ˏʆ,ȱʈ*,>

Ţ?  ˹�) õ˸ɦŒēĖ-��?ĐȰbH\ǁɍɸ.ȗųȨȏť.ˁCʔ·�?"9-˸

ƣƲ*F��N˕.ɦŒ-<?ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ.ēȕȨÑň-&(˸Saeki et 

al. 2013* Shiro et al. 2013.g�aC:*-˸ƜȕȗųĭȨźǦCș(ǚʯʍƸCɽ%"  ˹

 

4�2� ƳƟ�<1ơǦ 

4�2�1� µʕĐĠ 

� ǚʯg�a*�(˸ƣƲ. 16ēȃ.ĐĠ (Saeki et al. 2013) *Ɇ 3Ƀ)Ţ=@"F��N

. 9ēȃ.ĐĠ (Shiro et al. 2013) .g�aCș"˹µʕĐĠ.W�v��Sēȃ.ɦŒ;

ɚŒ˸ɦŒ.Ň˸ĐĠ pH˸EC-&(.ůĚC Table 4-1-ȵ�"˹ 

 

4�2�2� ĐȰbH\ǁɍɸɩ˝.ƜȕȗųĭȨʍƸ 

� ƣƲ*F��N.óµʕĐĠ�= @!@Ñ˟�@˸16S-23S rRNA gene ITS ˪Ė.

PCR-RFLP ʍƸ-<>Ţ=@"˸óµʕĐĠ-��?ĐȰbH\ǁɍɸ.óR�[a�.Ñ

˟ƿƜC Tables 4-2˸4-3 -ȵ�"˹�.ɛƺC:*-˸(1) µʕĐĠ˕.ĐȰbH\ǁɍɸ

ɩ˝.ĤǋŬʍƸ˸(2) µʕĐĠ˕.ĐȰbH\ǁɍɸɩ˝. MDSʍƸ˸ �(˸(3) ĐȰ 
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Japan USA Latitude Longitude �Latitude pH(H2O) EC(dS m-1)
Michigan     43.05N 82.53W 18.67 7.7 0.15

Hokkaido 42.89N 143.07E 18.51 5.2 0.17
Ohio 40.78N 81.93W 16.40 6.3 0.10

Akita A 40.01N 139.98E 15.63 6.1 0.06
Akita B 40.00N 139.96E 15.62 5.9 0.05

Kentucky 38.93N 86.47W 14.55 6.1 0.10
Fukushima 37.71N 140.39E 13.33 5.0 0.05

North Carolina 35.79N 78.69W 11.41 5.2 0.06
Yamanashi 35.68N 138.49E 11.30 6.1 0.07
Kyoto 35.29N 135.26E 10.91 5.1 0.15
Shizuoka A 34.70N 137.93E 10.32 5.8 0.46
Shizuoka B 34.91N 138.27E 10.53 5.3 0.18
Fukuoka 33.61N 130.46E 9.23 5.6 0.02
Kochi 33.55N 133.68E 9.17 4.9 0.34

Alabama1 32.59N 85.49W 8.21 5.8 0.07
Alabama2 32.59N 85.48W 8.21 5.2 0.04

Miyazaki 31.83N 131.42E 7.45 5.7 0.06
Georgia 31.48N 83.52W 7.10 5.7 0.03
Florida 30.68N 85.31W 6.30 5.6 0.02
Louisiana 30.22N 91.10W 5.84 5.5 0.05

Tokunoshima 27.74N 128.97E 3.36 7.3 0.06
Okinawa A 26.25N 127.76E 1.87 4.7 0.06
Okinawa B 26.25N 127.76E 1.87 5.7 0.04
Miyakojima 24.77N 125.33E 0.39 7.5 0.05
Ishigaki 24.38N 124.19E 0.00 6.1 0.03  

Table 1. Soil sample and the location of the sampling site, soil pH and EC in Japan and USA. 

 

2-3. PCR-RFLP analysis of the 16S-23S rRNA gene ITS region. 

For DNA extraction, we cultured each isolate in 1.5 ml of HEPES-MES (HM) medium [45] supplemented with 0.1% L-arabinose 

[46] for 5 days at 28°C. Total DNA for the PCR template was extracted from the HM culture of the isolate as described by Hiraishi et 

al. [47]. Bacteria cells cultured in the HM medium were collected by centrifugation and washed with sterile distilled water. The cell 

pellet was suspended in 200 µL sterile distilled water. Then 40 µL of the suspension was mixed with 50 µL of BL buffer (40 mM 

Tris-HCl, 1% Tween 20, 0.5% Nonidet P-40, 1 mM EDTA, pH 8.0) and 10 µL of proteinase K (1 mg mL-1) and incubated at 60 °C 

for 30 min. Thereafter, the digested sample was incubated at 95 °C for 5 min. The sample was centrifuged at 15,000 × g for 10 min to 

remove undisrupted cells and large debris, and the supernatant was collected with a pipette. In the phylogenetic analysis, reference 

strains were used to classify the isolates, namely, eleven Bradyrhizobium USDA strains (B. japonicum USDA 4, 6T, 38, 110, 115, 

123, 124, and 135, and B. elkanii USDA 46, 76T, and 94) were used in the RFLP analysis of the 16S-23S rRNA gene ITS region [27]. 

Total DNAs of the reference strains were extracted by means of the same procedure as that used for the isolates. In our study, PCR 

was carried out with Ex Taq DNA polymerase (TaKaRa Bio Inc., Otsu, Shiga, Japan). For ITS amplification, an ITS primer set 

(BraITS-F: 5’-GACTGGGGTGAAGTCGTAAC-3’, BraITS-R: 5’-ACGTCCTTCATCGCCTC-3’) designed for amplification of the 

16S-23S rRNA gene ITS region of bradyrhizobia [26] was used for the PCR reaction. The PCR cycle consisted of a pre-run at 94 °C 

for 5 min, followed by 30 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s, and extension at 72 °C for 1 min, with 

a final extension at 72 °C for 10 min. The RFLP analysis of the amplicon was performed with the restriction enzymes HaeIII, HhaI, 

MspI, and XspI (TaKaRa Bio Inc.). The restriction fragments were separated by a capillary electrophoresis apparatus (QIAxcel, 

Qiagen, UK), and submerged gel electrophoresis and visualized with ethidium bromide.  

Table 4-1 Information of soil sample and the location of the sampling site, soil pH and EC in Japan and USA�
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part of the MDS result. This result suggests that similar community compositions by Bj and Be are exist in Japan and USA. 

Difference between Japan and USA is that frequency of isolation of Be of USA is higher than that of Japan. Thus, many 

bradyrhizobial communities of USA were positioned at right part of the 2-D MDS result.   

 

 
Figure 9. Result of 2D-MDS analysis based on the cluster and the number of isolate as independent variables. 

 

 
 Figure 10. Result of 3D-MDS analysis based on clusters and the number of isolates as independent variables. 

Fig. 4-1 Result of 3D-MDS analysis based on the cluster and the number of isolates as independent variables. 
The coordinates of axis [1], [2], [3] are as follows: Michigan: -0.208, -0.628, 0.105, Hokkaido:  -0.186, -0.688,  
0.109,  Ohio: -0.224, -0.462, 0.121, Akita A: -0.519, -0.133, -0.099, Akita B: -0.519, -0.030, -0.145, Kentucky: 
0.085, 0.213, -0.195,  Fukushima: -0.390, -0.095, -0.005, North Carolina: 0.325, 0.097, 0.391,  Yamagata: 
-0.434, 0.192, -0.216, Kyoto: -0.259, 0.260, 0.135, Shizuoka A: -0.410, 0.184, -0.125, Shizuoka B: -0.469, 
0.185, -0.205, Fukuoka: -0.123, 0.282, -0.032, Kochi: -0.282, 0.313, 0.162, Alabama 1: 0.459, -0.016, -0.221, 
Alabama 2: 0.404, -0.007, 0.148, Miyazaki: 0.154, 0.125, 0.548, Georgia: 0.292, -0.026, -0.033, Florida: 
0.494, -0.108, -0.229, Louisiana: 0.268, -0.099, 0.067, Tokunoshima: -0.221, 0.309, 0.191, Okinawa A: 0.386, 
0.146, 0.159, Okinawa B: 0.449, 0.089, -0.044, Miyakojima: 0.468, 0.004, -0.205, Ishigaki: 0.461, -0.107, 
-0.382, respectively.�
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�@(�> B˸j6; Bj110R�[a�-Ł�?ĐȰbH\ǁɍɸ/�ˈēĖ-�(�ȺŒ-

Âæ�(" (Table 4-3) (Shiro et al. 2013) ƣ˹Ʋ*F��N-��?�ˈēĖ. Bj110R�[

a�.ÂæŒ˸�ˈ�=äˈ-��(. BeR�[a�.ÂæŒ.ˁ/˸2č˕.ĐȰbH

\ǁɍɸɩ˝.ǚʯ-�(ȏťȨ,ɛƺ�Ţ=@" (Table 4-4 F˸ig. 4-1) M˹inamisawa et al. 

(1997) /˸B. japonicum * B. elkanii .bH\˸e�}�  (Glycine soja)˸WH�h� 

(Macroptilium atropurpureum) -Ļ�?ǁɍȰȗ.˅ĩŬ-&(ʜƽ� B˸. japonicum/bH

\-˸B. elkanii/WH�h�-ÂÅȨ-ǁɍȰȗ�?�*˸e�}�-/�bH\ǁɍɸ�

õȺŒǁɍȰȗ�?�*CĚú�"˹�=-˸Marr et al. (1997) /˸Amphicarpaea bracteata

� B. japonicum; B. elkanii*.ǁɍCŚŶ�˸B. elkanii.ÃƵ.ķ�),�%".-:˖B

=�˸B. elkanii*ɁɕČıCɽ��*CĚú�"˹WH�h�/˸M�[h��F˸ä�<

1�ĨF��N˸�&�.ħōǪʞŃ.�ˈCø8ȈŊ˸¡ȈŊēĖ)ǂė�@(?}

�ȷȍɷ)�? (Shaw and Whiteman 1977)˹6"˸A. bracteata/âƶF��N-Ő�Ñň�

?�Ŏȗ}�ȷǄȎ)�? (Turner and Fearing 1964˸Parker 1991)˹B. elkanii*ǁɍŚŶ-�

�?ʊýŬCƯ�?�@=}�ȷǄȎ.ĬĒ�˸âF��N-��? B. elkanii.˵Âæ-

Ř�ʣȑ�(?ðɯŬ��? ǈ˹œǍ§�ʍƸ.ɛƺC Fig. 4-2-ȵ�" ƣ˹Ʋ�<1F�

�N-��?ĐȰbH\ǁɍɸɩ˝/â�=ä3*Š�-Ģ˄�(�>˸ @!@.µʕĐ

Ġ-�(ȏťȨ,ɩ˝Ǌʹ�ǅÐ�@"˹ƣƲ�<1F��N-��?ĐȰbH\ǁɍɸ

ɩ˝*ɦŒ*.Ǡı¸Ɯ/˸ @!@˸ƣƲ� r2 = 0.873˸F��N� r2 = 0.622*,>˸F

��N.Ǡı¸Ɯ�ƣƲ.:.<>°¾Cȵ�":..˸ĐȰbH\ǁɍɸɩ˝�ɦŒ*

ȭ -˖ʺ�(?�*Cȵ�"˹ 

� �@=.ɛƺ/˸ȏťȨ,ēȕȨēĖ-�(˸ĐȰbH\ǁɍɸɩ˝�ɦŒ-˖ʺ�"

ĐĠǹŒ#�),�˸ēĖ.Ǜ½-˨á�"bH\©ģ.ķ�}�ȷǄȎ.ĤǋŬ-<?Ŝ

˧Cï�(?�:�@,�*Cȵÿ�"˹ 
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Fig. 4-2 Relationship between latitude and polar difference based on 3D-MDS. �
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Ɇ 5Ƀ� ȣ,?ǹŒȖĞ�-��? nodCˆ¬ī.ȥȔʍƸ 

 

5�1� ɢʎ 

� Ɇ 2Ƀ-�(˸ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ/˸ǂėǹŒ;ķ�bH\. Rjˆ¬īĕ.

Ŝ˧Cï�?�*�ȵÿ�@" (Shiro et al. 2013)˹ȏ-ǹŒ/˸bH\ǁɍɸ.ĐȰá�Â

æá-Ǵ�˖��?ȖĞćī.�&)�>˸ǹŒ-<?bH\ǁɍɸ.ȗȕȨŨɈ�bH\

3.ǁɍȰȗ-:Ŝ˧Cë5�(?*ɪ�=@?˹ 

� bH\*bH\ǁɍɸ.Éȗ˖¸/˸bH\ǁ�=Ñǥ�@?bH^H�;Tk[fH�

*%"t�{mHiáôȎ-<%(ǁɍŚŶˆ¬ī (nod˸nol˸noe) .ȥȔ�ʚļ�@˸

bH\ǁɍɸ-<>ȗȘ�<1Ñǥ�@" NodtERa�-<%(ǁɍĄİ.ŚŶ�ʚļ�

@?�*-<>˔Ī�@? (Kosslak et al. 1987˸Schultze and Kondorosi 1998)˹�=-˸ǁɍ

ɸ*ķ�}�ȷǄȎ*.ȏȣŬ/˸ǁɍŚŶˆ¬ī* NodtERa�.º˱.ĤǋŬ-<>

Ǡı�@? (Mergaert et al. 1997)˹ǁɍŚŶˆ¬ī.�):˸nodABCˆ¬ī/ǁɍȰȗ�?

È(.ǁɍɸ-ĬĒ�˸�@=-U�i�@(?a�pRʦ/ NodtERa�ôŶ-�

(�ǀȨ,ǐɯCƃ%(�>˸�@=.ˆ¬ī�ȥȔ�?�*-<%( NodtERa�.U

F�ôŶ�@? (Spaink et al. 1991)˹ȏ-˸NodC/ NodtERa�ôŶɚʪ-��?ƭÓ.

ˋɕ)˸UDP-N-acetyl glucosamine CĘʦ*�(Öș�˸chitooligosaccharide CôŶ�? 

(Geremia et al. 1994)˹ �(˸Ȼ�.ǁɍɸ-ĬĒ�? nodCˆ¬ī/˸ˏô.ȺŒ�ȣ,?

chitooligosaccharide .ôŶCƆı�˸ǁɍŚŶ-��?ķ�ȏȣŬ-ʣȑ�(? (Roche et 

al. 1996˸Kamst et al. 1997)˹6"˸nodˆ¬ī/ǁɍɸ.ɐɝʍƸ-�(: .ˆ¬īĕ�

Öș�@(�>˸nodC ˆ¬īCa�Tdh*�"ɐɝʍƸ�ɽB@(? (Laguerre et al. 

2001 S˸arita et al. 2005 B˸arcellos et al. 2007 W˸ang et al. 2009 B˸ontemps et al. 2010 L˸i et al. 2011˸

Sánchez-Cañizares et al. 2011˸de Meyer et al. 2011˸Noisangiam et al. 2012˸Parker 2012)˹�@

6)- n˸odˆ¬ī.ȥȔʍƸ/ B˸radyrhizobium japonicum USDA 110. nodˆ¬īCƉÇ�

"�|�a�v�[~i  (nodA-˸nodB-˸nodC-˸nodY-lacZ fusion) CbH\ǁɍɸ  (B. 

japonicumɐɝƿ; Bradyrhizobium elkaniiɐɝƿ) -ļÇ�˸nodˆ¬ī.ȥȔ-<%( .

ɸƿ�=ȗŶ�@" β-galactosidase ˑC�ka��?*�źǦ�ș=@(�" (Kosslak 

et al. 1987˸Banfalvi et al. 1988˸Rao and Cooper 1995˸Begum et al. 2001˸ǎł 2005)˹���
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,�=˸�.źǦ/�|�a�v�[~i-ƉÇ�@" nod ˆ¬ī*�|�a�v�[~i

CļÇ�@?bH\ǁɍɸ�¹Ư�? nod ˆ¬ī*/țƵ�ȣ,?"9˸bH\ǁɍɸ±Ê

)¹Ĭ�@(? nodˆ¬ī.ƲƵ.ŨɈCƊ�=@(?.�Ȥā�Ǖ?˹ 

�  �)˸ƲĲ˴)/˸ǹŒ-<? nod ˆ¬ī.ȥȔ�x�.ȺŒ�bH\ǁɍɸ.ǁɍȰ

ȗ-Ŝ˧Cë5�*ɪ�=@?"9 ȣ˸,?ǹŒȖĞ�-��? nodCˆ¬ī.ȥȔ�x�.

ĢáCʜƽ�" b˹H\ǁɍɸ. nodCˆ¬ī.ȥȔʍƸ/�F�aH� PCRCș(ɽ˸

bH\ǁɍɸ-¹Ĭ�@? nodCˆ¬ī.ŨɈ-&(ǅʐ�"˹ 

 

5�2� ƳƟ�<1ơǦ 

5�2�1� µʕɸƿ 

� Ɇ 2Ƀ)Ţ=@"ɛƺ�=˸ȏ-˸B. japonicum USDA 110ɐɝƿ* USDA 123ɐɝƿ˸B. 

elkanii USDA 76T ɐɝƿ.ǁɍæƯȓ�ǂėǹŒ.�Ƥ-%(Ģá�(" (Shiro et al. 

2012)˹6"˸Ɇ 3Ƀ-�( 16S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ)Ţ=@"R�

[a�ʍƸ.ɛƺ)/ B˸. japonicum USDA 110* USDA 122 B˸. elkanii USDA 31* USDA 76T

CÔÕ�?�*�45�ðɯ)�?"9-˸R�[a�Ê-��?Ǔȳ,æƯȓCžƒ�?

�*�ĉˠ)�? (vam Berkum and Fuhrmann 2000˸Saeki et al. 2004˸Shiro et al. 2013)˹ �

) Ʋ˸Ȳȿ.µʕɸƿ*�( B˸. japonicum USDA 110 1˸22 1˸23  ˸�( B˸. elkanii USDA 31˸

76T. 5ɸƿC˅ƀ�˸�@=.ɸƿ. nodCˆ¬ī.ȥȔʍƸCɽ%"˹ 

 

5�2�2� nodCˆ¬ī�<1 sigAˆ¬īȏȣȨv�H}�.ʒʏ 

� nodCˆ¬īCa�Tdh*�"ɐɝʍƸ-�( B˸. japonicum* B. elkanii/Õ.S��

v*�(Ñ˭�@?�*�Ěú�@(? (Ueda et al. 1995) 6˹" n˸odCˆ¬ī. PCR-RFLP

ʍƸ-�(: B˸. elkanii USDA 76T/ B. japonicum USDA 6T 1˸10 1˸23*ȣ,?pa��C

ȵ��*�Ěú�@(? (Laguerre et al. 2001)˹ �)˸nodCˆ¬īȏȣȨv�H}�/˸

B. japonicum* B. elkaniiÉʷ)³ș)�?:.C²ʄ�?�*/ˠ�*ɪ�˸B. japonicum

ș* B. elkaniiș) @!@²ʄ�"˹6�˸B. japonicum�<1 B. elkaniiȻ.bH\ǁɍɸ

. nodC ˆ¬ī.ĜĘˊÒůĚC RhizoBase (http://genome.microbedb.jp/rhizobase/) �<1

DDBJ (DNA Data Bank of Japan, http://www.ddbj.nig.ac.jp) �=îŢ�" Ţ˹=@" nodCˆ¬ī
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ˊÒůĚC GENETYX-MAC Ver. 16.0 (GENETYX) Cș(F�H��hCɽ˸B. 

japonicum �<1 B. elkanii Ȼ.�).ÉʷˊÒCǅɖ�"˹�.ÉʷˊÒC:*-˸�F�

a H � PCR Ĳ ʫ ɤ – v � H } � ʒ ʏ O H i � H � – (TaKaRa Bio ˸

http://www.takara-bio.co.jp/prt/pdfs/prt3-1.pdf) -š%(˸v�H}�ʒʏv�S�� 

Primer3Plus (http://primer3plus.com/cgi-bin/dev/primer3plus.cgi) -(v�H}�.ǅɖCɽ%"˹

ǅɖ�"ɛƺ.��=˸tL��iv�H}�) 3’ƱɄ� T),˸ @!@.ə7ôB�

) 3 bp©�ȭʃȨ-,%(,˸GC˸AT.¿>�,:.C˅Ɓ�"˹˅Ɓ�":.C

M�VȏŬʏɉ (Sigma Genosys˸Sigma-Aldrich) -( Tm ¾*wFs��<1bH}�ŚŶ

.ƯȅCȳʙ�˸wFs��<1bH}�ŚŶ.ðɯŬ.�?:.C˙"˹�=-˸NCBI

. BLASTǅɖ (http://www.ncbi.nlm.nih.gov/BLAST/) CÖș� v˸�H}��ȫȨˆ¬īȏȣ

Ȩ)�?�ǅʐ�"˹ 

� 6" �˸F�aH� PCR-<?ıˑ)ŧʆ,�tE��[ˆ¬ī- sigAˆ¬ī* 16S rRNA

ˆ¬īC˅Ɓ�"˹�. sigAˆ¬ī/˸�ʆ, σ (YS}) ćīCU�i�?nI[P�s�

Sˆ¬ī)˸ǹŒ-<?ȥȔˑ.Ģá-Ưű,Ň�ʙ9=@,�*�ȵ�@(? 

(Uchiumi et al. 2004˸Pessi et al. 2007˸Wei et al. 2008˸2010)˹ �)˸B. japonicum USDA 110

. sigA ˆ¬ī.ˊÒůĚCĘ-˸�ʑ-ȵ�" nodC ˆ¬ī.v�H}�ʒʏź˨*õǋ-

v�H}�C²ʄ�" 1˹6S rRNAˆ¬īȏȣȨv�H}�/˸©Ú˸ƲȲȿĳ)²ʄ�@"

:.Cș" (Ľ˷ 2009)˹²ʄ�"v�H}��<1ƢĬ.v�H}�.ůĚC Table 5-1

-ȵ�" 6˹" n˸odC�<1 sigAˆ¬ī.ˊÒ* @!@.ˆ¬īȏȣȨv�H}�.ˊÒ

.F�H��hC Figs. 5-1˸5-2˸5-3-ȵ�"˹ 

 

5�2�3� DNAƂÐ 

� µʕɸƿ. DNAƂÐ/ I˸SOPLANT (NIPPON GENE) Cș(ɽ%"˹��˸µʕɸƿC

ė˲�?"9. HMǳ±ėē 1.5 mL-µʕɸƿC @!@Ǆɸ�˸28˚C) 3�4ƣ˕ė˲�

" �˹.ė˲ǳC 1.5 mLĶ}HR�c��u-ȹ� ã˸�˂Ŧǐ (DISKBOY K˸URABO) -

( 4,350 ×g˸ĳǹ) 3Ñ˕˂Ŧ�˸˝ɸ�"˹˝ɸş˸�ǷCî>˙� 0˸.9% NaClC 500 µL

Ý�(ŵȁ�˸ɸ±.ǫǮCɽ%"˹�.ŵȁǳCõǋ-˂Ŧ�(˝ɸ�˸�ǷCî>˙

"ş--20˚C) 20Ñ˕Îɛ��"˹Îɛş˸ISOPLANT.îżʛƥƬ-š%(ƂÐƗ²Cɽ 
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primer set primer sequence (5' → 3') Tm amplification
size (bp)

BjnodC-F CAATGTGGGAAAGCGCAAG 66.6
BjnodC-R ACGTCGGCAGCAAGTATCG 66.3
BjnodC-F1 CGAGCGATCCGAGATTCAG 66.0
BjnodC-R ACGTCGGCAGCAAGTATCG 66.3
BenodC-F TATGCTCAAGGCGGGGTTTC 68.1
BenodC-R GCAAGGGGCCGAGATTTTG 68.8
BenodC-F1 TGGACGGTGCTGACGATTG 68.6
BenodC-R1 TGTGAAGCGAGAAGCCGAG 66.8
BenodC-F2 CGCGCAGTACCTTTCGAGAC 67.0
BenodC-R2 TGATGAGAGGGCGAGAAGC 65.7
sigA-F ACATGGGCATCAACGTCACC 68.2
sigA-R TCGTTGTCGGTCTCGTCCTC 67.8
sigA-F1 GGCATGAACACCGACCACAC 68.9
sigA-R1 TCGACGGATGCTTCAGCTTG 68.8
sigA-F2 CGTGACCTTCGATCAGCTC 63.7
sigA-R2 CCTTGTCTTCCTCGCCTTC 63.8
real time_16SF GGTAGTCCACGCCGTAAAC 61.9
real time_16SR CGAATTAAACCACATGCTCC 61.8

138

163

98

135

205

96

118

84

111

Table 5-1 Information of the primer sets for real-time PCR!�



 53 

 

 

 

 

 

Fig. 5-1 Base sequence alignment of nodC gene in Bradyrhizobium japonicum USDA 6T, 110 and 122.�

[GENETYX-MAC: Multiple-Alignment]
Date        : 2014.01.22

Bj USDA 6.seq         1 --------------------------------------------------------------------------------       1
Bj USDA 110.seq       1 ATGGACCTGCTCGCGACGACCAGTGCTGCCGCCGTTTCATCTTATGCGCTCCTATCGACGATCTATAAGAGCGTGCAAGC      80
Bj USDA 122.seq       1 --------------------------------------------------------------------------------       1
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 --------------------------------------------------------------------------------       1
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq         1 --------------------------------------------------------------------------------       1
Bj USDA 110.seq      81 GCTTTATGCTCAGCCGGCGATCAACTCATCGCTGGACAACCTTGGACAAGCCGAGGTGGTCGTTCCTGCTGTGGACGTGA     160
Bj USDA 122.seq       1 --------------------------------------------------------------------------------       1
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 --------------------------------------------------------------------------------       1
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq         1 --------------------------------------------------------------------------------       1
Bj USDA 110.seq     161 TCGTGCCGTGCTTCAACGAGAATCCGAACACACTCGCCGAATGTCTGGAGTCGATTGCCAGTCAAGACTACGCCGGAAAG     240
Bj USDA 122.seq       1 --------------------------------------------------------------------------------       1
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 --------------------------------------------------------------------------------       1
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq         1 -----------------------------GGCAAACCGCGACGTTGTCGCACATGTACACCGGATATATGCGAGCGATCC      51
Bj USDA 110.seq     241 ATGCAGGTATATGTGGTCGATGACGGATCGGCAAACCGCGACGTTGTCGCGCCTGTACACCGGATATATGCGAGCGATCC     320
Bj USDA 122.seq       1 -----------------------------GGCAAACCGCGACGTTGTCGCGCTCGTACACCGGATATATGCGAGCGATCC      51
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 ----------------------------------------------------------------------CGAGCGATCC      10
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq        52 GAGATTCAGTTTTATCTTGTTGGCGAACAATGTGGGAAAGCGCAAGGCGCAGATCGCAGCGATACGCAGCTCATCCGGTG     131
Bj USDA 110.seq     321 GAGATTCAGTTTTATCTTGTTGGCGAACAATGTGGGAAAGCGCAAGGCGCAGATCGCAGCGATACGCAGCTCATCCGGTG     400
Bj USDA 122.seq      52 GAGATTCAGTTTTATCTTGTTGGCGAACAATGTGGGAAAGCGCAAGGCGCAGATCGCAGCGATACGCAGCTCATCCGGTG     131
BjnodC-F.seq          1 ---------------------------CAATGTGGGAAAGCGCAAG----------------------------------      19
BjnodC-F1.seq        11 GAGATTCAG-----------------------------------------------------------------------      19
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq       132 ATCTGGTTCTCAACGTCGATTCCGATACGATACTTGCTGCCGACGTCGTCACGAAGCTTGTATTGAAGATGCATGACCCG     211
Bj USDA 110.seq     401 ATCTGGTTCTCAACGTCGATTCCGATACGATACTTGCTGCCGACGTCGTCACGAAGCTTGTATTGAAGATGCATGACCCG     480
Bj USDA 122.seq     132 ATCTGGTTCTCAACGTCGATTCCGATACGATACTTGCTGCCGACGTCGTCACGAAGCTTGTATTGAAGATGCATGACCCG     211
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq          1 ---------------------------CGATACTTGCTGCCGACGT----------------------------------      19

Bj USDA 6.seq       212 GGAATCGGTGCGGCCATGGGTCAGCTGATCGCGAGCAATCGCAACCAGACCTGGCTGACCAGGT----------------     275
Bj USDA 110.seq     481 GGAATCGGTGCGGCCATGGGTCAGCTGATCGCGAGCAATCGCAACCAGACCTGGCTGACCAGGCTGATCGACATGGAATA     560
Bj USDA 122.seq     212 GGAATCGGTGCGGCCATGGGTCAGCTGATCGCGAGCAATCGCAACCAGACCTGGCTGACCAGG-----------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     561 TTGGCTCGCGTGCAACGAAGAGCGCGCGGCACAGGCGCGCTTCGGTGCCGTCATGTGTTGCTGCGGCCCATGTGCCATGT     640
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     641 ATCGGCGTTCCGCGCTCGCCTTGCTTCTTGATCAATATGAAGCCCAATTCTTTCGTGGGAAGCCGAGCGATTTCGGCGAG     720
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     721 GACCGCCACCTAACGATACTCATGCTCAAGGCGGGGTTTCGAACCGAATACGTTCCGGACGCCATAGCAGCCACAGTCGT     800
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     801 CCCGCACAGTCTTCGGCCATATCTACGACAGCAACTCCGCTGGGCGCGAAGTACCTTTCGAGATACGTTTCTTGCTTGGC     880
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     881 GCCTGCTGCCAGAGCTCGATGGTTATTTGACGCTAGACGTTATCGGGCAAAATCTCGGCCCATTGCTCCTCGCCATTTCA     960
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     961 TCACTTGCTGCGCTCGCACAGCTCCTGATCGATGGCTCTATACCCTGGTGGACGGGATTGACGATTGCTGCAATGACTAC    1040
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1041 GGTCCGGTGCTGTGTGGCAGCGCTTCGTGCCCGCGAGCTGCGGTTTATCGGCTTCTCGCTCCACACGCCGATCAATATCT    1120
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1121 GTCTCTTACTGCCTTTGAAGGCCTATGCGCTTTGTACATTGAGCAATAGCGATTGGCTATCTCGGAAAGTCACCGATATG    1200
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1201 CCGACGGAAGAGGGGAAACAGCCTGTCATCCTGCACCCGAATGCCGGACGAAGTCCTGCTGGTGTAGGGGGGCGCCTGCT    1280
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1281 CCTATTCGTAAGGCGGCGTTATCGCAGCCTCCATCGAGCCTGGCGGCGACGGAGAGTGTTTCCGGTCGCGATCGTTCGAC    1360
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1361 TGTCTACAAATAAGTGGTCGGCTGATGACTCAGGACGAAAACCATCAGTTATTAGAGCGAGAGTTGGCTGTCGACGACCC    1440
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 ------------------                                                                   275
Bj USDA 110.seq    1441 GTGGCGCCTCGACACTAG                                                                  1458
Bj USDA 122.seq     274 ------------------                                                                   274
BjnodC-F.seq         19 ------------------                                                                    19
BjnodC-F1.seq        19 ------------------                                                                    19
BjnodC-R.seq         19 ------------------                                                                    19

Bj USDA 6.seq         1                                                                                       80
Bj USDA 110.seq       1                                                                                        1
Bj USDA 122.seq       1                                                                                        1
BjnodC-F.seq          1                                                                                        1
BjnodC-F1.seq         1                                                                                        1
BjnodC-R.seq          0                                                                                        0
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Fig. 5-1 (Continued)�

[GENETYX-MAC: Multiple-Alignment]
Date        : 2014.01.22

Bj USDA 6.seq         1 --------------------------------------------------------------------------------       1
Bj USDA 110.seq       1 ATGGACCTGCTCGCGACGACCAGTGCTGCCGCCGTTTCATCTTATGCGCTCCTATCGACGATCTATAAGAGCGTGCAAGC      80
Bj USDA 122.seq       1 --------------------------------------------------------------------------------       1
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 --------------------------------------------------------------------------------       1
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq         1 --------------------------------------------------------------------------------       1
Bj USDA 110.seq      81 GCTTTATGCTCAGCCGGCGATCAACTCATCGCTGGACAACCTTGGACAAGCCGAGGTGGTCGTTCCTGCTGTGGACGTGA     160
Bj USDA 122.seq       1 --------------------------------------------------------------------------------       1
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 --------------------------------------------------------------------------------       1
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq         1 --------------------------------------------------------------------------------       1
Bj USDA 110.seq     161 TCGTGCCGTGCTTCAACGAGAATCCGAACACACTCGCCGAATGTCTGGAGTCGATTGCCAGTCAAGACTACGCCGGAAAG     240
Bj USDA 122.seq       1 --------------------------------------------------------------------------------       1
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 --------------------------------------------------------------------------------       1
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq         1 -----------------------------GGCAAACCGCGACGTTGTCGCACATGTACACCGGATATATGCGAGCGATCC      51
Bj USDA 110.seq     241 ATGCAGGTATATGTGGTCGATGACGGATCGGCAAACCGCGACGTTGTCGCGCCTGTACACCGGATATATGCGAGCGATCC     320
Bj USDA 122.seq       1 -----------------------------GGCAAACCGCGACGTTGTCGCGCTCGTACACCGGATATATGCGAGCGATCC      51
BjnodC-F.seq          1 --------------------------------------------------------------------------------       1
BjnodC-F1.seq         1 ----------------------------------------------------------------------CGAGCGATCC      10
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq        52 GAGATTCAGTTTTATCTTGTTGGCGAACAATGTGGGAAAGCGCAAGGCGCAGATCGCAGCGATACGCAGCTCATCCGGTG     131
Bj USDA 110.seq     321 GAGATTCAGTTTTATCTTGTTGGCGAACAATGTGGGAAAGCGCAAGGCGCAGATCGCAGCGATACGCAGCTCATCCGGTG     400
Bj USDA 122.seq      52 GAGATTCAGTTTTATCTTGTTGGCGAACAATGTGGGAAAGCGCAAGGCGCAGATCGCAGCGATACGCAGCTCATCCGGTG     131
BjnodC-F.seq          1 ---------------------------CAATGTGGGAAAGCGCAAG----------------------------------      19
BjnodC-F1.seq        11 GAGATTCAG-----------------------------------------------------------------------      19
BjnodC-R.seq          1 --------------------------------------------------------------------------------       1

Bj USDA 6.seq       132 ATCTGGTTCTCAACGTCGATTCCGATACGATACTTGCTGCCGACGTCGTCACGAAGCTTGTATTGAAGATGCATGACCCG     211
Bj USDA 110.seq     401 ATCTGGTTCTCAACGTCGATTCCGATACGATACTTGCTGCCGACGTCGTCACGAAGCTTGTATTGAAGATGCATGACCCG     480
Bj USDA 122.seq     132 ATCTGGTTCTCAACGTCGATTCCGATACGATACTTGCTGCCGACGTCGTCACGAAGCTTGTATTGAAGATGCATGACCCG     211
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq          1 ---------------------------CGATACTTGCTGCCGACGT----------------------------------      19

Bj USDA 6.seq       212 GGAATCGGTGCGGCCATGGGTCAGCTGATCGCGAGCAATCGCAACCAGACCTGGCTGACCAGGT----------------     275
Bj USDA 110.seq     481 GGAATCGGTGCGGCCATGGGTCAGCTGATCGCGAGCAATCGCAACCAGACCTGGCTGACCAGGCTGATCGACATGGAATA     560
Bj USDA 122.seq     212 GGAATCGGTGCGGCCATGGGTCAGCTGATCGCGAGCAATCGCAACCAGACCTGGCTGACCAGG-----------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     561 TTGGCTCGCGTGCAACGAAGAGCGCGCGGCACAGGCGCGCTTCGGTGCCGTCATGTGTTGCTGCGGCCCATGTGCCATGT     640
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     641 ATCGGCGTTCCGCGCTCGCCTTGCTTCTTGATCAATATGAAGCCCAATTCTTTCGTGGGAAGCCGAGCGATTTCGGCGAG     720
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     721 GACCGCCACCTAACGATACTCATGCTCAAGGCGGGGTTTCGAACCGAATACGTTCCGGACGCCATAGCAGCCACAGTCGT     800
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     801 CCCGCACAGTCTTCGGCCATATCTACGACAGCAACTCCGCTGGGCGCGAAGTACCTTTCGAGATACGTTTCTTGCTTGGC     880
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     881 GCCTGCTGCCAGAGCTCGATGGTTATTTGACGCTAGACGTTATCGGGCAAAATCTCGGCCCATTGCTCCTCGCCATTTCA     960
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq     961 TCACTTGCTGCGCTCGCACAGCTCCTGATCGATGGCTCTATACCCTGGTGGACGGGATTGACGATTGCTGCAATGACTAC    1040
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1041 GGTCCGGTGCTGTGTGGCAGCGCTTCGTGCCCGCGAGCTGCGGTTTATCGGCTTCTCGCTCCACACGCCGATCAATATCT    1120
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1121 GTCTCTTACTGCCTTTGAAGGCCTATGCGCTTTGTACATTGAGCAATAGCGATTGGCTATCTCGGAAAGTCACCGATATG    1200
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1201 CCGACGGAAGAGGGGAAACAGCCTGTCATCCTGCACCCGAATGCCGGACGAAGTCCTGCTGGTGTAGGGGGGCGCCTGCT    1280
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1281 CCTATTCGTAAGGCGGCGTTATCGCAGCCTCCATCGAGCCTGGCGGCGACGGAGAGTGTTTCCGGTCGCGATCGTTCGAC    1360
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 --------------------------------------------------------------------------------     275
Bj USDA 110.seq    1361 TGTCTACAAATAAGTGGTCGGCTGATGACTCAGGACGAAAACCATCAGTTATTAGAGCGAGAGTTGGCTGTCGACGACCC    1440
Bj USDA 122.seq     274 --------------------------------------------------------------------------------     274
BjnodC-F.seq         19 --------------------------------------------------------------------------------      19
BjnodC-F1.seq        19 --------------------------------------------------------------------------------      19
BjnodC-R.seq         19 --------------------------------------------------------------------------------      19

Bj USDA 6.seq       275 ------------------                                                                   275
Bj USDA 110.seq    1441 GTGGCGCCTCGACACTAG                                                                  1458
Bj USDA 122.seq     274 ------------------                                                                   274
BjnodC-F.seq         19 ------------------                                                                    19
BjnodC-F1.seq        19 ------------------                                                                    19
BjnodC-R.seq         19 ------------------                                                                    19

Bj USDA 6.seq         1                                                                                       80
Bj USDA 110.seq       1                                                                                        1
Bj USDA 122.seq       1                                                                                        1
BjnodC-F.seq          1                                                                                        1
BjnodC-F1.seq         1                                                                                        1
BjnodC-R.seq          0                                                                                        0
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Fig. 5-2 Base sequence alignment of nodC gene in Bradyrhizobium elkanii USDA 76T.�

[GENETYX-MAC: Multiple-Alignment]
Date        : 2014.01.22

Be USDA 76.seq       1 CACGCTTCGGCGCCGTGATGTGCTGCTGCGGGCCGTGTGCCATGTATCGTCGCTCTGCGCTCGCCTTGCTGCTTGATCAA      80
BenodC-F.seq         1 --------------------------------------------------------------------------------       1
BenodC-R.seq         1 --------------------------------------------------------------------------------       1
BenodC-F1.seq        1 --------------------------------------------------------------------------------       1
BenodC-R1.seq        1 --------------------------------------------------------------------------------       1
BenodC-F2.seq        1 --------------------------------------------------------------------------------       1
BenodC-R2.seq        1 --------------------------------------------------------------------------------       1

Be USDA 76.seq      81 TACGAAACGCAATTTTTTCGTGGAAAGCCAAGTGATTTCGGCGAAGATCGTCATCTAACGATCCTTATGCTCAAGGCGGG     160
BenodC-F.seq         1 -----------------------------------------------------------------TATGCTCAAGGCGGG      15
BenodC-R.seq         1 --------------------------------------------------------------------------------       1
BenodC-F1.seq        1 --------------------------------------------------------------------------------       1
BenodC-R1.seq        1 --------------------------------------------------------------------------------       1
BenodC-F2.seq        1 --------------------------------------------------------------------------------       1
BenodC-R2.seq        1 --------------------------------------------------------------------------------       1

Be USDA 76.seq     161 GTTTCGAACCGAGTATGTCCCCGACGCGATCGCAGCAACAGTGGTGCCGGACAGCCTTGGACCATATCTGCGACAGCAAG     240
BenodC-F.seq        16 GTTTC---------------------------------------------------------------------------      20
BenodC-R.seq         1 --------------------------------------------------------------------------------       1
BenodC-F1.seq        1 --------------------------------------------------------------------------------       1
BenodC-R1.seq        1 --------------------------------------------------------------------------------       1
BenodC-F2.seq        1 --------------------------------------------------------------------------------       1
BenodC-R2.seq        1 --------------------------------------------------------------------------------       1

Be USDA 76.seq     241 TACGCTGGGCGCGCAGTACCTTTCGAGACACATTTCTTGCGTTGCGCTTGCTGCCCGAGTTGGATCGCTATCTGACGCTC     320
BenodC-F.seq        20 --------------------------------------------------------------------------------      20
BenodC-R.seq         1 --------------------------------------------------------------------------------       1
BenodC-F1.seq        1 --------------------------------------------------------------------------------       1
BenodC-R1.seq        1 --------------------------------------------------------------------------------       1
BenodC-F2.seq        1 ---------CGCGCAGTACCTTTCGAGAC---------------------------------------------------      20
BenodC-R2.seq        1 --------------------------------------------------------------------------------       1

Be USDA 76.seq     321 GACGTTGTCGGACAAAATCTCGGCCCCTTGCTTCTCGCCCTCTCATCACTGGCTGCGCTCGCGCAGTTCGTCATCGGCGG     400
BenodC-F.seq        20 --------------------------------------------------------------------------------      20
BenodC-R.seq         1 ------------CAAAATCTCGGCCCCTTGC-------------------------------------------------      19
BenodC-F1.seq        1 --------------------------------------------------------------------------------       1
BenodC-R1.seq        1 --------------------------------------------------------------------------------       1
BenodC-F2.seq       20 --------------------------------------------------------------------------------      20
BenodC-R2.seq        1 -----------------------------GCTTCTCGCCCTCTCATCA--------------------------------      19

Be USDA 76.seq     401 GTCAGTGGCCTGGTGGACGGTGCTGACGATTGCGGCCATGACGATGGTCCGGTGCAGTGTGGCAGCGTTCCGTGCTCGCG     480
BenodC-F.seq        20 --------------------------------------------------------------------------------      20
BenodC-R.seq        19 --------------------------------------------------------------------------------      19
BenodC-F1.seq        1 -------------TGGACGGTGCTGACGATTG------------------------------------------------      19
BenodC-R1.seq        1 --------------------------------------------------------------------------------       1
BenodC-F2.seq       20 --------------------------------------------------------------------------------      20
BenodC-R2.seq       19 --------------------------------------------------------------------------------      19

Be USDA 76.seq     481 ATATGCGGTTTCTCGGCTTCTCGCTTCACACACCCATCAATATCTTTCTCTTGCTGCCG                          539
BenodC-F.seq        20 -----------------------------------------------------------                           20
BenodC-R.seq        19 -----------------------------------------------------------                           19
BenodC-F1.seq       19 -----------------------------------------------------------                           19
BenodC-R1.seq        1 -----------CTCGGCTTCTCGCTTCACA-----------------------------                           19
BenodC-F2.seq       20 -----------------------------------------------------------                           20
BenodC-R2.seq       19 -----------------------------------------------------------                           19

Be USDA 76.seq       1                                                                                        1
BenodC-F.seq         1                                                                                        1
BenodC-R.seq         1                                                                                        1
BenodC-F1.seq        1                                                                                        1
BenodC-R1.seq        1                                                                                        1
BenodC-F2.seq        1                                                                                        1
BenodC-R2.seq  2053606176                                                                                  -140111363
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Fig. 5-3 Base sequence alignment of sigA gene in Bradyrhizobium japonicum USDA 110.�

[GENETYX-MAC: Multiple-Alignment]
Date        : 2014.01.22

110_sigA_comp.seq       1 ATGGCCACCAAGGCAAAGACGCTGCAGGCGAAGGACAAGGAAAAAGACGACAAGGCAGCGGATGCTCCCGAGAAGGATTCCCAGGACGCGCCCTCGCCGT     100
sigA-F.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-R.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R2.seq             1 ----------------------------------------------------------------------------------------------------       1

110_sigA_comp.seq     101 TGCTCGATCTGTCCGACGCGGCCGTGAAGAAGATGATCAAGCAGGCCAAGAAGCGCGGCTTCGTGACCTTCGATCAGCTCAATGAAGTGTTGCCGTCCGA     200
sigA-F.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-R.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq             1 -------------------------------------------------------------CGTGACCTTCGATCAGCTC--------------------      19
sigA-R2.seq             1 ----------------------------------------------------------------------------------------------------       1

110_sigA_comp.seq     201 CCAGACCTCGCCCGAGCAGATCGAGGACATCATGTCCATGCTCTCGGACATGGGCATCAACGTCACCGAAGCCGACGATAGCGAAGGCGAGGAAGACAAG     300
sigA-F.seq              1 -----------------------------------------------ACATGGGCATCAACGTCACC---------------------------------      20
sigA-R.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq             1 ----------------------------------------------------------------------------------GAAGGCGAGGAAGACAAG      18

110_sigA_comp.seq     301 GACGAGGGCGGCGAGGACGAGACCGACAACGAGCTCGTCGAGGTCACCCAGAAGGCCGTCACCGAGGTCAAGAAGAGCGAGCCGGGCGAGCGCACCGACG     400
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq              1 ------------GAGGACGAGACCGACAACGA--------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 G---------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     401 ATCCCGTGCGCATGTATCTGCGCGAGATGGGCACCGTCGAGCTGCTCTCCCGCGAAGGCGAAATCGCGATCGCCAAGCGCATCGAGGCCGGCCGCGAGGC     500
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     501 GATGATCGCAGGGCTGTGCGAAAGCCCGCTGAGCTTCCAGGCCATCATCATCTGGCGCGACGAGCTCAACGAAGGCAAGATCTTCCTCCGCGACATCATC     600
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     601 GATCTCGAAGCGACCTATGCCGGCCCCGAAGCCAAGGGCGGCATGAACACCGCAATGATCGGCGGCCCCACCGGTGAGAACGGCGAAGCCACGGCCGAGG     700
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     701 GCGGCGAAGCGGTTGCAGTGACCGGGGCTGCGCCCGCGCATGTCGCCCCGCCCGCCGCGCCGCCGGCGCCGACCCCGTTCCGCGCCGCGCCTGCCGCCGG     800
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     801 CAACGGCGCCGAGGCCGAGAAGGATCCAGGCGAGGCCGCCGCCGAAGCCGACATGGACGAGGACGACGAGTTCGAGAACCAGATGTCGCTTGCCGCGATC     900
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     901 GAGGCCGAGCTCAAGCCCAAGGTCGTCGAGATCTTCGACAAGATCGCCGAGAGCTACAAGAAGCTGCGCAAGCTTCAGGAGCAGGACATCCAGAACCAGC    1000
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1001 TCGAGAGCACCTCGCATGGGCCCTCGCTCTCGCCGCACCAGGAGCGCAAGTACCGCAAGCTCAAGGACGAGATCATCGTCGAGGTGAAGTCGCTGCGCCT    1100
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1101 CAACCAGGCGCGTATCGACAGTCTCGTCGAGCAGCTCTACGACATCAACAAGCGCCTCGTCTCGCATGAGGGCCGCCTGATGCGTCTCGCCGACAGCCAC    1200
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1201 GGCGTCGCGCGCGAGGATTTCCTGCGCAACTACACCGGCTCGGAGCTCGATCCGCGCTGGCTCAACCGCGTCTCGAAGCTGTCGGCCAAGGGCTGGAAGA    1300
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1301 ACTTCGTCCACCACGAGAAGGACCGCATCAAGGACCTCCGCCACGAGGTGCATCAGCTCGCTGCGCTCACCGGCCTGGAGATCGTCGAGTTCCGCAAGAT    1400
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1401 CGTGCACTCCGTGCAGAAGGGCGAGCGCGAAGCCCGCCAGGCCAAGAAGGAGATGGTGGAAGCCAACCTCCGTCTCGTGATCTCGATCGCGAAGAAGTAC    1500
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1501 ACCAACCGCGGCCTGCAGTTCCTCGACCTGATCCAGGAAGGCAACATCGGCCTGATGAAGGCCGTCGACAAGTTCGAGTATCGCCGCGGCTACAAGTTCT    1600
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1601 CGACCTACGCCACGTGGTGGATCCGGCAGGCGATCACCCGCTCGATCGCCGACCAGGCGCGCACCATCCGCATCCCCGTGCACATGATCGAGACGATCAA    1700
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1701 CAAGATCGTGCGCACGAGCCGCCAGATGCTCAACGAGATCGGCCGCGAGCCGACCCCTGAAGAGCTCGCCGAGAAGCTCGGCATGCCCTTGGAGAAGGTC    1800
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1801 CGCAAGGTCCTCAAGATCGCCAAGGAGCCGTTGTCGCTCGAAACCCCCGTCGGTGACGAGGAGGATTCGCATCTCGGCGATTTCATCGAGGACAAGAACG    1900
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1901 CGATCTTGCCGATCGACGCCGCGATCCAGTCGAACCTGCGCGAGACCACCACGCGCGTGCTCGCCTCGCTCACTCCGCGCGAAGAGCGCGTGCTGCGCAT    2000
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    2001 GCGCTTCGGCATCGGCATGAACACCGACCACACGCTGGAAGAAGTCGGCCAGCAGTTCTCGGTGACCCGCGAGCGTATTCGCCAGATCGAGGCCAAGGCG    2100
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 -------------GGCATGAACACCGACCACAC-------------------------------------------------------------------      20
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    2101 CTGCGCAAGCTGAAGCATCCGTCGAGGAGCCGGAAGCTGCGGAGCTTCCTGGATAACTAA                                            2160
sigA-F.seq             20 ------------------------------------------------------------                                              20
sigA-R.seq             20 ------------------------------------------------------------                                              20
sigA-F1.seq            20 ------------------------------------------------------------                                              20
sigA-R1.seq             1 -----CAAGCTGAAGCATCCGTCGA-----------------------------------                                              20
sigA-F2.seq            19 ------------------------------------------------------------                                              19
sigA-R2.seq            19 ------------------------------------------------------------                                              19

110_sigA_comp.seq       1                                                                                                            1
sigA-F.seq              1                                                                                                            1
sigA-R.seq              1                                                                                                            1
sigA-F1.seq             1                                                                                                            1
sigA-R1.seq             1                                                                                                            1
sigA-F2.seq             1                                                                                                            1
sigA-R2.seq       20054016                                                                                                      45678592
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Fig. 5-3 (Continued)�

[GENETYX-MAC: Multiple-Alignment]
Date        : 2014.01.22

110_sigA_comp.seq       1 ATGGCCACCAAGGCAAAGACGCTGCAGGCGAAGGACAAGGAAAAAGACGACAAGGCAGCGGATGCTCCCGAGAAGGATTCCCAGGACGCGCCCTCGCCGT     100
sigA-F.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-R.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R2.seq             1 ----------------------------------------------------------------------------------------------------       1

110_sigA_comp.seq     101 TGCTCGATCTGTCCGACGCGGCCGTGAAGAAGATGATCAAGCAGGCCAAGAAGCGCGGCTTCGTGACCTTCGATCAGCTCAATGAAGTGTTGCCGTCCGA     200
sigA-F.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-R.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq             1 -------------------------------------------------------------CGTGACCTTCGATCAGCTC--------------------      19
sigA-R2.seq             1 ----------------------------------------------------------------------------------------------------       1

110_sigA_comp.seq     201 CCAGACCTCGCCCGAGCAGATCGAGGACATCATGTCCATGCTCTCGGACATGGGCATCAACGTCACCGAAGCCGACGATAGCGAAGGCGAGGAAGACAAG     300
sigA-F.seq              1 -----------------------------------------------ACATGGGCATCAACGTCACC---------------------------------      20
sigA-R.seq              1 ----------------------------------------------------------------------------------------------------       1
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq             1 ----------------------------------------------------------------------------------GAAGGCGAGGAAGACAAG      18

110_sigA_comp.seq     301 GACGAGGGCGGCGAGGACGAGACCGACAACGAGCTCGTCGAGGTCACCCAGAAGGCCGTCACCGAGGTCAAGAAGAGCGAGCCGGGCGAGCGCACCGACG     400
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq              1 ------------GAGGACGAGACCGACAACGA--------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 G---------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     401 ATCCCGTGCGCATGTATCTGCGCGAGATGGGCACCGTCGAGCTGCTCTCCCGCGAAGGCGAAATCGCGATCGCCAAGCGCATCGAGGCCGGCCGCGAGGC     500
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     501 GATGATCGCAGGGCTGTGCGAAAGCCCGCTGAGCTTCCAGGCCATCATCATCTGGCGCGACGAGCTCAACGAAGGCAAGATCTTCCTCCGCGACATCATC     600
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     601 GATCTCGAAGCGACCTATGCCGGCCCCGAAGCCAAGGGCGGCATGAACACCGCAATGATCGGCGGCCCCACCGGTGAGAACGGCGAAGCCACGGCCGAGG     700
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     701 GCGGCGAAGCGGTTGCAGTGACCGGGGCTGCGCCCGCGCATGTCGCCCCGCCCGCCGCGCCGCCGGCGCCGACCCCGTTCCGCGCCGCGCCTGCCGCCGG     800
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     801 CAACGGCGCCGAGGCCGAGAAGGATCCAGGCGAGGCCGCCGCCGAAGCCGACATGGACGAGGACGACGAGTTCGAGAACCAGATGTCGCTTGCCGCGATC     900
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq     901 GAGGCCGAGCTCAAGCCCAAGGTCGTCGAGATCTTCGACAAGATCGCCGAGAGCTACAAGAAGCTGCGCAAGCTTCAGGAGCAGGACATCCAGAACCAGC    1000
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1001 TCGAGAGCACCTCGCATGGGCCCTCGCTCTCGCCGCACCAGGAGCGCAAGTACCGCAAGCTCAAGGACGAGATCATCGTCGAGGTGAAGTCGCTGCGCCT    1100
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1101 CAACCAGGCGCGTATCGACAGTCTCGTCGAGCAGCTCTACGACATCAACAAGCGCCTCGTCTCGCATGAGGGCCGCCTGATGCGTCTCGCCGACAGCCAC    1200
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1201 GGCGTCGCGCGCGAGGATTTCCTGCGCAACTACACCGGCTCGGAGCTCGATCCGCGCTGGCTCAACCGCGTCTCGAAGCTGTCGGCCAAGGGCTGGAAGA    1300
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1301 ACTTCGTCCACCACGAGAAGGACCGCATCAAGGACCTCCGCCACGAGGTGCATCAGCTCGCTGCGCTCACCGGCCTGGAGATCGTCGAGTTCCGCAAGAT    1400
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1401 CGTGCACTCCGTGCAGAAGGGCGAGCGCGAAGCCCGCCAGGCCAAGAAGGAGATGGTGGAAGCCAACCTCCGTCTCGTGATCTCGATCGCGAAGAAGTAC    1500
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1501 ACCAACCGCGGCCTGCAGTTCCTCGACCTGATCCAGGAAGGCAACATCGGCCTGATGAAGGCCGTCGACAAGTTCGAGTATCGCCGCGGCTACAAGTTCT    1600
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1601 CGACCTACGCCACGTGGTGGATCCGGCAGGCGATCACCCGCTCGATCGCCGACCAGGCGCGCACCATCCGCATCCCCGTGCACATGATCGAGACGATCAA    1700
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1701 CAAGATCGTGCGCACGAGCCGCCAGATGCTCAACGAGATCGGCCGCGAGCCGACCCCTGAAGAGCTCGCCGAGAAGCTCGGCATGCCCTTGGAGAAGGTC    1800
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1801 CGCAAGGTCCTCAAGATCGCCAAGGAGCCGTTGTCGCTCGAAACCCCCGTCGGTGACGAGGAGGATTCGCATCTCGGCGATTTCATCGAGGACAAGAACG    1900
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    1901 CGATCTTGCCGATCGACGCCGCGATCCAGTCGAACCTGCGCGAGACCACCACGCGCGTGCTCGCCTCGCTCACTCCGCGCGAAGAGCGCGTGCTGCGCAT    2000
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    2001 GCGCTTCGGCATCGGCATGAACACCGACCACACGCTGGAAGAAGTCGGCCAGCAGTTCTCGGTGACCCGCGAGCGTATTCGCCAGATCGAGGCCAAGGCG    2100
sigA-F.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-R.seq             20 ----------------------------------------------------------------------------------------------------      20
sigA-F1.seq             1 -------------GGCATGAACACCGACCACAC-------------------------------------------------------------------      20
sigA-R1.seq             1 ----------------------------------------------------------------------------------------------------       1
sigA-F2.seq            19 ----------------------------------------------------------------------------------------------------      19
sigA-R2.seq            19 ----------------------------------------------------------------------------------------------------      19

110_sigA_comp.seq    2101 CTGCGCAAGCTGAAGCATCCGTCGAGGAGCCGGAAGCTGCGGAGCTTCCTGGATAACTAA                                            2160
sigA-F.seq             20 ------------------------------------------------------------                                              20
sigA-R.seq             20 ------------------------------------------------------------                                              20
sigA-F1.seq            20 ------------------------------------------------------------                                              20
sigA-R1.seq             1 -----CAAGCTGAAGCATCCGTCGA-----------------------------------                                              20
sigA-F2.seq            19 ------------------------------------------------------------                                              19
sigA-R2.seq            19 ------------------------------------------------------------                                              19

110_sigA_comp.seq       1                                                                                                            1
sigA-F.seq              1                                                                                                            1
sigA-R.seq              1                                                                                                            1
sigA-F1.seq             1                                                                                                            1
sigA-R1.seq             1                                                                                                            1
sigA-F2.seq             1                                                                                                            1
sigA-R2.seq       20054016                                                                                                      45678592
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%"˹Ţ=@"y�dhC 50 µL. TE (pH 8.0) -ŵȁ�˸DNAǾǳ*�"˹  

 

5�2�4� PCR-<?v�H}�.ȏȣŬ.ǅʐ 

� 5�2�2)²ʄ�"v�H}��<1ƢĬ.v�H}� (Table 5-1) *µʕɸƿ. nodC s˸igA˸

16S rRNAˆ¬ī*.ȏȣŬCǅʐ�?"9-˸PCR-<? nodC˸sigA˸16S rRNAˆ¬ī.

ğŌȳʙCɽ%"˹PCRğŌ/ Table 5-1-ȵ�"v�H}�.ə7ôB�)ɽ˸2�2�4*

õǋ- PCRìŨǳCʜʄ�" P˹CRìŨ-/ PCR Thermal cycler (TaKaRa PCR Thermal cycler 

Dice®˸TaKaRa Bio:��/ Gene Amp® PCR System 9700˸Applied Biosystems) C³ș�˸ì

Ũ/ 94˚C 5Ñ)ĢŬ�"ş 9˸4˚C 30ȸ 6˸3˚C 30ȸ 7˸2˚C 30ȸC 40WHR� 7˸2˚C 10Ñ˸

4˚C ¹Ĭ*�ƴª)ɽ%"˹PCRìŨɘ�ş˸nodCˆ¬ī�<1 sigAˆ¬ī. PCRȘȎ

Cȳʙ�?"9-˸2% FO��[T�-(ˡǛǩßCɽ%"˹2% FO��[T�/ 0.5 × 

TBE buffer* NuSieve® 3:1 Agarose (Lonza) Cș(ʜʄ�"˹ˡǛǩßş˸2% FO��[

T�C 0.5 µg mL-1 KcZI�u�}HiǾǳ (NIPPON GENE) - 20Ñ˕Ǳ�(Ƽɶ� �˸

~m�H��ZFj�HX�)ğŌȘȎ.o�iCȳʙ�"˹  

 

5�2�5� �F�aH� PCR-<?v�H}�.ǅʐ 

� �F�aH� PCR -³ș�@?v�H}�/˸˥ȏȣȨğŌ�,˸ğŌÞȓ� 100%-

ʳ (80�120%�˃ǓɋĊ) ˸ǅˑɣ.Ǡı¸Ɯ (r2) � 0.98 ©�*�ƴªCǻ"�ŧʆ�

�?˹ �)˸5�2�4-�( nodCˆ¬ī˸sigAˆ¬ī�<1 16S rRNAˆ¬ī.ȏȣȨ,

ğŌ�ʙ9=@"v�H}�]dh.ğŌÞȓ-&(ǅʐ�"˹ 

� �F�aH� PCR/˸SYBR® Premix Ex Taq™ II (Tli RNaseH Plus) (TaKaRa Bio) Cș(

ɽ%"˹1ìŨ�">˸SYBR® Premix Ex Taq™ II (2×) 12.5 µL˸PCR Forward Primer (10 µM) 1 

µL˸PCR Reverse Primer (10 µM) 1 µL˸f�v��h 2 µL˸ǿɸ milliQǜ 8.5 µLCǵô�˸

ìŨǳ*�"˹f�v��h/ 5˸�2�3)ƂÐ�"µʕɸƿ. DNAǾǳCǗ˚ŉˎ�":.

Cș˸6"˸m�f�v��hU�h��� (NTC) *�( TE (pH 8.0) Cș"˹�.ì

ŨǳC Thermal Cycler Dice® Real Time System (TP860 T˸aKaRa Bio) -]dh� 9˸5˚C 30ȸC

1WHR�˸95˚C 5ȸ˸63˚C 30ȸC 40WHR�˸95˚C 15ȸ˸63˚C 30ȸ˸95˚C 15ȸC 1W

HR�.ìŨƴª-(�F�aH� PCR Cɽ%"˹�F�a� PCR -(Ţ=@"˸óµʕ
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ɸƿ.v�H}�.ğŌÞȓC Table 5-2-ȵ�"˹ 

 

5�2�6� µʕɸƿ.ė˲�<1 nodCˆ¬ī.ȥȔʚļ 

� nodCˆ¬ī.ȥȔCʚļ�?"9-˸5 µM (ɘȂŒ) .Tk[fH�Cș˸˵ǹ 30˚C˸

�ǹ 25˚C˸°ǹ 20˚C.ȣ,? 3pa��.ǹŒȖĞ�)ÏȕCɽ%"˹Tk[fH�/b

H\ǁ�=Ñǥ�@?¨ʀȨ,t�{mHiáôȎ)�>˸1�5 µM (ɘȂŒ) .ǶÝ)˵

nodˆ¬ī.ȥȔʚļ* NodtERa�ȘȗCȵ��*�Ěú�@(? (ǎł 2005) �˹@

©ģ.Ěú-�(:˸Tk[fH�C 5 µM (ɘȂŒ) ǶÝ�?�*CĲ˴ƴª*�(? 

(Prithiviraj et al. 2000 B˸egum et al. 2001 D˸uzan et al. 2004 M˸abood et al. 2006 W˸ei et al. 2008˸

Miransari and Smith 2009˸Wei et al. 2010)˹6"˸ǹŒȖĞ.ʒı-&(/˸Ɇ 2Ƀ.bH

\ǂė-�(ʒı�"˵ǹ� 33�28˚C �˸ǹ 28�23˚C °˸ǹ 23�18˚C.�˕.ǹŒĖ*�˸

30˚C˸25˚C˸20˚C* 5˚C.˕˛Cʒ�"˹óµʕɸƿC 50 mL. HMǳ±ėē-( 28˚C)

3ƣ˕ƈȪė˲�  ˸�- 150 mL.Ơ˶, HMǳ±ėēCÝ� O˸D600� 0.3�0.5*,?6)

ė˲Cɟ�"˹ȫǍ. OD600¾6)ė˲�"ş˸1ɸƿ�"> 3Ʋ. 300 mLĶ�ʌt�[U

-(Èˑ� 200 mL*,?<�- @!@.ė˲ǳC OD600� 0.1*,?<�Ơ˶, HMǳ±

ėē)ŉˎ�˸ �-Tk[fH� (nacalai tesque) CɘȂŒ� 5 µM*,?<�ǶÝ�"˹

Tk[fH�ǶÝş��-˸˵ ǹ 30˚C �˸ǹ 25˚C °˸ǹ 20˚C) 24ƨ˕ė˲�" ė˹˲ş˸

ė˲ǳCǝÍ�˸50 mL ĶUkN�c��u-ė˲ǳC 40 mL �&Ñǧ�˸Íç˂Ŧǐ 

(MX-160˸TOMY) -( 4˚C˸6,000 ×g) 1Ñ˕˂Ŧ�"˹ .ş˸UkN�c��uC 180˚ 

ìʭ�˸Ë1 4˚C˸6,000 ×g) 4Ñ˕˂Ŧ�"˹˂Ŧş˸�ǷC˙é�˸ė˲ǳC 40 mL�

&Ñǧ�˸Vortex -(y�dhCŵȁ�(�=ËŒ�ʴ.*�>-˂Ŧ�"˹ė˲ǳ.Èˑ

C˝ɸ�"ş˸ǿɸ milliQC 1 mLÝ�(y�dhCŵȁ˸ǫǮ�˸ .ŵȁǳC 1.5 mLĶ

}HR�c��u-ȹ�˸Íç˂Ŧǐ (3500˸KUBOTA) -( 4˚C˸7,400 ×g) 3Ñ˕˂Ŧ�

"˹˂ Ŧş �˸ǷC˙é� -˸80˚C) 1ƨ˕¹Ĭ� t˸��\i�H�� (DC41A Y˸amato) )

�ƩÎɛ�ȊCɽ%"˹Ĳ˴/ 1ɸƿ�"> 3ìţɽ%"˹ 

 

5�2�7� RNAƂÐ�<1 cDNAôŶ 

� RNAƂÐ-/˸ISOGEN-LS (NIPPON GENE) Cș"˹5�2�6)Îɛ�Ȋ�"W�v�- 



 60 

 

 
 

 

 

 

 

 

 

 

 

 

 

Table 5-2 Amplification efficiency of primer sets for rial-time PCR in each test strain�

Test strain Primer set Determination coefficient (r2) Amplification efficiency (%)
B. japonicum USDA 110 BjnodC-F, R 0.997 114.0

BjnodC-F1, R 0.996 115.7
sigA-F, R 0.998 103.4
sigA-F1, R1 1.000 120.1
real time_16SF, R 0.988 115.2

                       USDA 122 BjnodC-F, R 0.994 115.6
BjnodC-F1, R 0.994 108.9
sigA-F, R 0.989 97.2
sigA-F1, R1 0.990 111.3
real time_16SF, R 0.995 121.3

                       USDA 123 BjnodC-F, R 0.997 122.1
BjnodC-F1, R 0.999 115.9
sigA-F, R 0.996 117.3
sigA-F1, R1 1.000 114.2
real time_16SF, R 0.988 103.4

B. elkanii       USDA 31 BenodC-F, R 1.000 110.3
BenodC-F1, R1 1.000 113.2
sigA-F, R 0.986 116.1
sigA-F1, R1 0.999 119.5
real time_16SF, R 1.000 113.8

                       USDA 76T BenodC-F, R 0.999 101.7
BenodC-F1, R1 0.995 101.1
sigA-F, R 1.000 80.0
sigA-F1, R1 1.000 83.9
real time_16SF, R 0.999 101.4
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DEPCÏȕǜ (Diethylpyrocarbonate 1 mLCɹȟǜ) 1 L-ıĶ� ĳ˸ǹ) 1ƨ˕©�ƖƄ�˸

121˚C 20Ñ)M�hR��u) C 250 µLǶÝ�˸BioMasher II (nippi) -(z�ZjH\�"

ş- ISOGEN-LSC 750 µLǶÝ�˸ŵȁ�"ş˸5Ñ˕ˤɨ�˸R��z��C 200 µLǶÝ

�"˹Vortex-(ŵȁ�˸3Ñ˕ˤɨş˸Íç˂Ŧǐ (3500˸KUBOTA) -( 4˚C˸20,000 ×g

) 15Ñ˕˂Ŧ�"˹˂ Ŧş �˸ǷC 500 µLĆí� ɇ˸ˑ.H_v�pm��CÝ�ǵô�˸

10Ñ˕ˤɨ�"˹ .ş˸4˚C˸20,000 ×g) 10Ñ˕˂Ŧ�˸�ǷC˙é�˸70% Kam�

�C 1 mLǶÝ�˸4˚C˸120,00 ×g) 10Ñ˂Ŧ�"˹�ǷC˙é�˸Ǹđ�ȊC 5ÑȺŒɽ

˸RNase free water C 30 µL ǶÝ�(Ǿʍ�˸RNA Ǿǳ*�"˹ ��= 2 µL Cƍ>˸

NanoDrop 2000 (Thermo Fisher Scientific) -( RNAǾǳ.ȂŒ�<1ɓŒCǺı�" Ȃ˹Œ�

<1ɓŒCǺış˸z��F�gqiĢŬT�-(ˡǛǩßCɽ%"˹z��F�gqiĢ

ŬT�/˸DEPCÏȕǜ 21.125 mL- NuSieve® 3:1 Agarose (Lonza) 0.5 gCǵô�˸ˡī��

Z)ÝȈ�˸įÈ-Ǿʍ�˸�?ȺŒÍ6�"ş˸z��F�gqi 1.375 mL˸10 × MOPS 

buffer (MOPS 20.95 g 3˸ M Sodium acetate [pH 7.0] 8.3 mL 0˸.5 M EDTA [pH 8.0] 10 mLC DEPC

Ïȕǜ) 500 mL-ıĶ) 2.5 mLCǵô�˸ĕ-ǭ�ʲ7˸z��F�gqi�Ǜá�,<

�-�dvCƌ�(ĳǹ)Čá��" 1˹ × MOPS buffer (10 × MOPS bufferC DEPCÏȕǜ)

10¼ŉˎ�":.) 300 mLCǩßǌ (Mupid®-S A˸DVANCE) -ǧ� ²˸ʄ�"T�Cʒɨ�˸

RNA Ǿǳ 4 µL˸1mg mL-1 KcZI�u�}Hi 1 µL˸W�v�odtE�a (Deionized 

Formamide 8.5 mL 3˸7% Formaldehyde 2.5 mL 1˸0 × MOPS buffer 2.0 mLCǵô) 13 µL˸W�v

�odtE�b (Glycerol 1.0 mL˸1% Bromophenol blue 0.8 mL˸DEPCÏȕǜ 1.2 mL˸1 mM 

EDTA [pH 8.0] 6 µLCǵô) 3 µLCǵô�"W�v� 20 µLCIJ�-Fv�H�˸50V)

BPB ɶɕ�T�.ƱɄ-×ˀ�?6)ˡǛǩßCɽ%"˹ˡǛǩßş˸�~m�H��ZF

j�HX�) 16S rRNA�<1 23S rRNA.o�iCȳʙ�"˹ 

� cDNAôŶ-/˸PrimeScript® RT reagent Kit with gDNA Eraser (Perfect Real Time) (TaKaRa 

Bio) Cș" 6˹� T˸m� DNA˙éCɽ%" 1˹ìŨ�"> 5 × gDNA Eraser Buffer 2 µL˸

gDNA Eraser 1 µL 1˸ µgȭř. total RNA R˸Nase Free dH2OC 10 µL*,?<�-ʜʄ� 4˸2˚C

) 2 Ñ˸ɟ( 4˚C )H�P�x�h�"˹�.ìŨǳCș(˸ʶʭÌìŨCɽ%"˹1

ìŨ�"> 5 × PrimeScript® Buffer 2 (for Real time) 4 µL˸PrimeScript® RT Enzyme Mix I 1 µL˸

RT primer Mix 1 µL R˸Nase Free dH2O 4 µL g˸DNA˙éìŨǳ 10 µLCǵô� 3˸7˚C) 15Ñ˸
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85˚C) 5ȸ˸ɟ( 4˚C)H�P�x�h�"˹ 

 

5�2�8� �F�aH� PCR-<? nodCˆ¬ī.ȥȔʍƸ 

� �F�aH� PCR-/˸5�2�5*õǋ- SYBR® Premix Ex Taq™ II (Tli RNaseH Plus) Cș

"˹v�H}�-/ B˸. japonicumș. nodCˆ¬īȏȣȨv�H}�*�( BjnodC-F1�R

C˸B. elkaniiș. nodCˆ¬īȏȣȨv�H}�*�( BenodC-F1�R1C˸sigAˆ¬īȏȣ

Ȩv�H}�*�( sigA-F�RC 1˸6S rRNAˆ¬īȏȣȨv�H}�*�( real time_16SF�

RCș" (Tables 5-1˸5-2)˹5�2�5*õǋ- 1ìŨ�">.ìŨǳCʜʄ�˸f�v��h

*�( 5�2�7)Ţ=@" cDNAǾǳCș"˹6"˸ìŨǳ/ 1W�v��"> 3ʺÑʜʄ

�" �˹.ìŨǳC Thermal Cycler Dice® Real Time System (TP860 T˸aKaRa Bio) -]dh�˸

95˚C 30ȸC 1WHR�˸95˚C 5ȸ˸63˚C 30ȸC 40WHR�˸95˚C 15ȸ˸63˚C 30ȸ˸95˚C 

15ȸC 1WHR�.ìŨƴª-(�F�aH� PCRCɽ%" n˹odCˆ¬ī.ȥȔˑ/ ∆˸∆Ct

ǦCș(˸óµʕɸƿ.�ǹ.¾C 1 *�"ƨ.ȭĻˑ)ǟ9"˹Ĳ˴/ 1 ɸƿ�"> 3

ìţɽ%"˹ 

 

5�3� ɛƺ�<1ɪĺ 

� ǁɍŚŶˆ¬ī.ȥȔʚļȎʦ)�?Tk[fH�CǶÝ�˸˵ǹ (30˚C)˸�ǹ (25˚C)˸

°ǹ (20˚C) .ǹŒȖĞ�)ė˲�Ïȕ�"˜.óµʕɸƿ. 16S rRNA ˆ¬ī�<1 sigA

ˆ¬ī)ʃǓ�˸�ǹ-��?ȥȔˑC 1*�"ȭĻȨ, nodCˆ¬ī.ȥȔˑC Figs. 5-4˸

5-5 5˸-6 5˸-7 5˸-8-ȵ�" B˹. japonicum USDA 110. 16S rRNAˆ¬ī)ʃǓ�"˜. nodC

ˆ¬ī.ȥȔˑ/˸�ǹ*ǚʯ�?*°ǹ) 0.48¼˸˵ǹ) 2.74¼*,> s˸igAˆ¬ī)ʃ

Ǔ�"˜. nodCˆ¬ī.ȥȔˑ/˸�ǹƨ*ǚʯ�?*°ǹ) 0.79¼˸˵ǹ) 1.45¼*,

%" (Fig. 5-4)˹B. japonicum USDA 122. 16S rRNAˆ¬ī)ʃǓ�"˜. nodCˆ¬ī.ȥ

Ȕˑ/˸�ǹ*ǚʯ�?*°ǹ) 0.34¼˸˵ǹ) 0.68¼*,> s˸igAˆ¬ī)ʃǓ�"˜.

nodCˆ¬ī.ȥȔˑ/ �˸ǹƨ*ǚʯ�?*°ǹ) 0.46¼˸˵ ǹ) 0.75¼*,%" (Fig. 5-5)˹

B. japonicum USDA 123. 16S rRNAˆ¬ī)ʃǓ�"˜. nodCˆ¬ī.ȥȔˑ/˸�ǹ*

ǚʯ�?*°ǹ) 2.12¼˸˵ǹ) 1.38¼*,>˸sigAˆ¬ī)ʃǓ�"˜. nodCˆ¬ī.

ȥȔˑ/˸�ǹƨ*ǚʯ�?*°ǹ) 1.78¼˸˵ǹ) 0.66¼*,%" (Fig. 5-6)˹B. elkanii  
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nodC gene / 16S rRNA gene� nodC gene / sigA gene�

Fig. 5-4 Relative expression quantity of nodC gene in B. japonicum USDA 110. nodC gene / 16S rRNA 
gene and nodC gene / sigA gene represent the relative expression quantity of nodC gene corrected 
relative expression quantity of 16S rRNA gene and sigA gene, respectively. Each value was expressed as 
mean ± SE (n = 3). 
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nodC gene / 16S rRNA gene� nodC gene / sigA gene�

Fig. 5-5 Relative expression quantity of nodC gene in B. japonicum USDA 122. nodC gene / 16S rRNA 
gene and nodC gene / sigA gene represent the relative expression quantity of nodC gene corrected 
relative expression quantity of 16S rRNA gene and sigA gene, respectively. Each value was expressed as 
mean ± SE (n = 3). 
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nodC gene / 16S rRNA gene� nodC gene / sigA gene�
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Fig. 5-6 Relative expression quantity of nodC gene in B. japonicum USDA 123. nodC gene / 16S rRNA 
gene and nodC gene / sigA gene represent the relative expression quantity of nodC gene corrected 
relative expression quantity of 16S rRNA gene and sigA gene, respectively. Each value was expressed 
as mean ± SE (n = 3). 
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nodC gene / 16S rRNA gene� nodC gene / sigA gene�
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Fig. 5-7 Relative expression quantity of nodC gene in B. elkanii USDA 31. nodC gene / 16S rRNA gene 
and nodC gene / sigA gene represent the relative expression quantity of nodC gene corrected relative 
expression quantity of 16S rRNA gene and sigA gene, respectively. Each value was expressed as mean ± 
SE (n = 3).  
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nodC gene / 16S rRNA gene� nodC gene / sigA gene�
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Fig. 5-8 Relative expression quantity of nodC gene in B. elkanii USDA 76T. nodC gene / 16S rRNA gene 
and nodC gene / sigA gene represent the relative expression quantity of nodC gene corrected relative 
expression quantity of 16S rRNA gene and sigA gene, respectively. Each value was expressed as mean ± 
SE (n = 3). 
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USDA 31. 16S rRNAˆ¬ī)ʃǓ�"˜. nodCˆ¬ī.ȥȔˑ/ �˸ǹ*ǚʯ�?*°ǹ

) 0.28¼˸˵ǹ) 2.83¼*,>˸sigAˆ¬ī)ʃǓ�"˜. nodCˆ¬ī.ȥȔˑ/˸�ǹ

ƨ*ǚʯ�?*°ǹ) 0.32¼˸˵ǹ) 3.26¼*,%" (Fig. 5-7)˹B. elkanii USDA 76T. 16S 

rRNAˆ¬ī)ʃǓ�"˜. nodCˆ¬ī.ȥȔˑ/ �˸ǹ*ǚʯ�?*°ǹ) 0.79¼˸˵ ǹ

) 2.77 ¼*,>˸sigA ˆ¬ī)ʃǓ�"˜. nodC ˆ¬ī.ȥȔˑ/˸�ǹƨ*ǚʯ�?*

°ǹ) 0.70¼˸˵ ǹ) 2.86¼*,%" (Fig. 5-8) È˹±Ȩ- U˸SDA 110 U˸SDA 31 U˸SDA 76T

. 3ɸƿ. nodCˆ¬ī.ȥȔˑ/ ǹ˸Œ.�Ƥ-%(�Ƥ�?Á÷-�%" �˹ơ U˸SDA 

123. nodCˆ¬ī.ȥȔˑ/ ǹ˸Œ.�Ƥ-%(Ǹľ�?Á÷-�%" 6˹" U˸SDA 122

. nodCˆ¬ī.ȥȔˑ/ °˸ǹ�<1˵ǹ)�ǹ<>°�,?Á÷-�%"� °˸ǹ*˵ǹ

Cǚʯ�?*B��-˵ǹ)ȥȔ�ğÝ�"˹ 

� ˆ¬ī.ȥȔʍƸ-�( �˸F�aH� PCR-<?ȭĻıˑǦ/�ɵȨ-ș=@(�

>˸�?ˆ¬ī.ȥȔˑ�U�h���-Ļ�(+@#�ğǸ�(?�CʍƸ�?˹ .

"9˸a�Tdh*�?ˆ¬ī.¦-˸�tE��[*,?ˆ¬ī�ŧʆ*,>˸ .�t

E��[ˆ¬ī-/˸ʷŋ˸nI[P�s�Sˆ¬ī�ș=@?˹nI[P�s�Sˆ¬

ī.�-/˸ģȨȖĞƴª (ǹŒ˸pH ,+) -<> .ȥȔˑ�Ģá�?:.�ȱ=@(�

>˸ƲĲ˴)ș" 16S rRNA ˆ¬ī:�@-ʖř�?˹ȖĞÁŒ-Ļ�?a�Tdhˆ¬

ī.ȥȔʍƸCɽ�ěô �˸F�aH� PCR,+.�tE��[ˆ¬ī�ŧʆ*,?ıˑʍ

Ƹ-/ʅƜ.�tE��[ˆ¬īC³ș�(ʔ·�?�*�ŧʆ*ɪ�=@?˹ �)˸Ʋ

Ĳ˴)/˸16S rRNA ˆ¬ī* sigA ˆ¬ī.ȣ,? 2Ȼ.�tE��[ˆ¬īCș(ȥȔ

ʍƸCɽ%" 1˹6S rRNAˆ¬ī* sigAˆ¬ī. @!@)ʃǓ�@" nodCˆ¬ī.ȥȔˑ

/˸45õǋ.Á÷Cȵ�"�*�=˸ƲĲ˴)ʒı�"ǹŒȖĞ�-�(/˸nodCˆ¬

ī.ȥȔ/ǹŒ¶ĬȨ)�?�*�ȵÿ�@" (Figs. 5-4˸5-5˸5-6˸5-7˸5-8)˹ 

� Zhang et al. (2002) /˸B. japonicum. 2Ȼ.ːȗƿ* 10Ȼ.ĢȣƿCș(˸�@=.ɸ

ƿ. Nod tERa�ȗȘ-��?ǹŒ (15˸17˸25˚C) *Tk[fH�ȂŒ (0˸0.01˸0.1˸

1 µM) -&(ʜƽ�˸Tk[fH�.ȂŒ� 0.1�<1 1 µM) NodtERa��ǅÐ�

@˸�=-˸ǹŒ.�Ƥ-%( Nod tERa��ğÝ�?�*CĚú�"˹�.Ȕʢ/˸

ǹŒ.�Ƥ-%" nodˆ¬ī.ȥȔ.ğÝ� NodtERa�.ğÝ-˖��(?�*C

ȵÿ�(? B˹egum et al. (2001) / R˸hizobium leguminosarum-��?ʅƜ.YSj�Ȏʦ 
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(apigenin d˸aidzein g˸enistein h˸esperetein k˸aempferol l˸uteonin n˸aringenin r˸utin) *ǹŒ (15

�<1 24˚C) -<? nodC ˆ¬ī.ȥȔC lacZ .�|�a�v�[~i-<>ʜƽ�"*�

A h˸esperetin) nodCˆ¬ī.ƭĥȥȔCȵ�˸�=-˸ǹŒC��?* nodCˆ¬ī.ȥȔ

�°��?�*CĚú�"˹ƲĲ˴)/˸Bradyrhizobium Ł.bH\ǁɍɸCµʕɸƿ*�

(ș˸B. japonicum USDA 110˸122˸B. elkanii USDA 31˸76T. 4ɸƿ/ǹŒ.�Ƥ-%

" nodCˆ¬ī.ȥȔ�x�.ğÝCȵ�˸�ơ˸B. japonicum USDA 123/ǹŒ.�Ƥ-

%" nodCˆ¬ī.ȥȔ�x�.ǸľCȵ�" (Figs. 5-4˸5-5˸5-6˸5-7˸5-8)˹ 

� ©� Ʋ˸Ĳ˴.ɛƺ�= µ˸ʕɸƿ*�(ș" 5ɸƿ.bH\ǁɍɸ. nodCˆ¬ī.ȥ

Ȕ/ǹŒ¶ĬȨ)�>˸ɸƿȏȣȨ,ğǸCȵ��*�ȵÿ�@"˹ 
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Ɇ 6Ƀ� ȣ,?ǂėǹŒȖĞ�-��?bH\ǁɍɸ.ǁɍȰȗɯ.ʔ· 

 

6�1� ɢʎ 

� Ɇ 5Ƀ)/˸�F�aH� PCR-<> Bradyrhizobium japonicum* Bradyrhizobium elkanii

.ǹŒ¶ĬȨ, nodC ˆ¬ī.ȥȔ�x�.ĢáCƊ�?�*�)�"˹�.ǹŒ¶ĬȨ,

nodCˆ¬īȥȔ-%"ǁɍȰȗ�<1ǁɍæƯȓ.Ģá� ȣ˸,?ǂėǹŒȖĞ�)bH

\Cǂė�"˜-:Ȕ@?.�ʜƽCɽ˸ɸĹŒ�ɇ��,?<�¤ȄȨ-ʜʄ�"ĐĠ 

(}HR�U\�) -��?bH\ǁɍɸ.ǁɍȰȗɯ-&(ʔ·�?ŧʆ��?  ˹�)˸

ƲĲ˴)/˸˵ǹ˸�ǹ˸°ǹ.ǂėȖĞ�)bH\Cǂė�˸}HR�U\��=Ñ˟�

"bH\ǁɍɸC 16S-23S rRNA gene ITS˪Ė.PCR-RFLPǦCș(ȏı�?�*)ǁɍæ

ƯȓCǟ9"˹ 

 

6�2� ƳƟ�<1ơǦ 

6�2�1� µʕɸƿ.ė˲ 

� µʕɸƿ-/ 5˸�2�1*õǋ- B˸. japonicum USDA 110 1˸22 1˸23  ˸�( B˸. elkanii USDA 

31˸76T. 5ɸƿCș"˹ 

� 6� µ˸ʕɸƿCė˲�?"9.Yeast extract-Mannitol Broth (YMB) ėē (Vincent 1970) C

ʜʄ�" 1˹ L .ɹȟǜ- K2HPO4 0.5 g M˸gSO4�7H2O 0.2 g N˸aCl 0.1 g Y˸east Extract (nacalai 

tesque) 0.4 g˸Mannitol 10 gCÝ�˸<�ƘƄ�"ş- pHC 6.8-ʜƝ�˸�@CM�hR�

�uǿɸ (121˚C 20Ñ) �"˹²ʄ�" YMBėēCR���x�cÊ) 200 mLĶ�ʌt�

[U- 50 mL�&Ñǧ�˸µʕɸƿC @!@Ǆɸ� 2˸8˚C) 6�7ƣ˕ė˲�"ş-ɸƜC

Ǻı�"˹ 

 

6�2�2� }HR�U\�.ʜʄ 

� µʕɸƿCǵô�?ĐĠ-/ Ĵ˸ńĥĭʱĭˈĎě.˷{RĐ (pH [H2O] = 5.13 E˸C = 0.07 

dS m-1) Cș"˹Ďě�=ƍî�"ĐĠC2?-ƌ�˸2?%"ĐĠCodh-Ő�ɑ 7

ƣ˕ˮ��˸ .ş˸M�hR��uǿɸ (121˚C 20Ñ) C 3Œɽ%"˹3Œȫ.M�hR�

�uǿɸş˸ĐĠCĳǹ-�"ş-˸R���x�cÊ-(˸6�2�1 )ė˲�"óµʕɸƿ
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C˸� USDA 110˸USDA 123˸USDA 76T˸� USDA 110˸USDA 123˸USDA 31˸	 USDA 

122˸USDA 123˸USDA 76T˸
 USDA 122˸USDA 123˸USDA 31.ə7ôB�)˸óɸƿ

� 1 g .ĐĠ�"> 106 cells.ɸĹŒ*,?<�-˸Èˑ�ĐĠˏˑ. 40%*,?<�ė˲

ɸǳ*ǿɸɹȟǜ)ǵôɸǳCʜʄ�˸�@CǿɸĐĠ-ǵô�˸}HR�U\�*�"˹

µʕɸƿCǵô�"}HR�U\�/˸bH\.ǂėǹŒȖĞ� (6�2�3 êȇ) ) 24 ƨ˕H

�P�x�h�"˹ 

 

6�2�3� bH\.ǂė�<1Ȱȗǁɍ.Ñ˟ 

� 6�2�2)ʜʄ�"}HR�U\��=µʕɸƿCÑ˟�?"9- b˸H\.ǂėCɽ%"˹

bH\þȻ-/FPY��˸Bragg˸M�q� (non-Rj) Cș"˹6�˸bH\ǂėș.|

dhCo�~P��Hh*ȅɁɕǜɬǳ)ʜʄ�"˹ǂėș|dh.ʜʄ˸bH\Ȼī.ʀ

ȩǘɸ˸ƔȻ/ 2�2�2 *õǋ-ɽ%"˹ǂė/S��[c��o� (MLR-351˸SANYO) )

4 ʻ˕ɽ˸ǂėư˕�/ 1 ʻ˕Ǚ-ǿɸɹȟǜC|dh.Óưˏˑ*,?<�-Ý�"˹

S��[c��o�Ê-��?ǂėȖĞ/˸˵ǹ (ƥư 33˚C 16ƨ˕˸ƪư 28˚C 8ƨ˕)˸�

ǹ (ƥư 28˚C 16ƨ˕˸ƪư 23˚C 8ƨ˕)˸°ǹ (ƥư 23˚C 16ƨ˕˸ƪư 18˚C 8ƨ˕) -

 @!@ʒı�" 4˹ʻ˕.ǂėş 2˸�2�2*õǋ.ơǦ)ǁɍ.Ñ˟�<1ʀȩǘɸCɽ%

" ó˹ǂėǹŒ.þȻǙ-ǁɍC��b�- 24»˅ƀ� 1˸»�& 1.5 mLĶ}HR�c��

u-Ćí�"˹ǫǮş.ǁɍ/-80˚C)¹Ĭ�"˹ 

 

6�2�4� ǁɍ�=.Tm� DNAƂÐ 

� 6−2−3)óǂėǹŒ.þȻǙ-��b�- 24»˅ƀ�"ǁɍ�=ȬƎȨ-bH\ǁɍɸ.

Tm� DNACƂÐ�?"9-˸2�2�3*õǋ.źǦCș(Tm� DNAƂÐCɽ%"˹  

 

6�2�5� 16S-23S rRNA gene ITS˪Ė. PCRğŌ 

� ǁɍ�=ƂÐ�"Tm� DNAƂÐǳ�<1 5�2�3)ƂÐ�"µʕɸƿ. DNAǾǳCf�

v��h*�(˸16S-23S rRNA gene ITS˪ĖCa�Tdh*�" PCRğŌCɽ%"˹PCR

ìŨǳ.ʜʄ˸PCRìŨ�<1 PCRȘȎ.ğŌȳʙ/˸2�2�4*õǋ-ɽ%"˹6"˸PCR

ğŌ�ȳʙ)�,�%"W�v�-˖�(/ T˸m� DNAƂÐǳC TE (pH 8.0) )ŉˎ�?˸
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:��/ P˸olyvinylpolypyrrolidone (PVPP) -<>ËŒɎʄ�?�*) PCRğŌCðɯ*�"  ˹

 

6�2�6� Ø˗ˋɕÏȕ 

� 6�2�5)ğŌ�ȳʙ�@" PCRȘȎCØ˗ˋɕ Msp I (TaKaRa Bio) Cș(Ïȕ�"˹ǝ

�) 1W�v�ř">ǿɸ milliQǜ 10.5 µL˸10 × T Buffer 2 µL˸0.1% BSA 2 µL˸Msp I (5 U 

µL-1) 0.5 µL P˸CRȘȎ 5 µLCǵô�˸�.ìŨǳC 37˚C) 16ƨ˕H�P�x�h�"˹Ø

˗ˋɕÏȕ�"W�v�*µʕɸƿ.ìŨǳCFO��[T�)ˡǛǩß�"˹3% FO�

�[T�.ʜʄ�<1ˡǛǩß/ 2�2�6*õǋ-ɽ%"˹ˡǛǩßş˸0.5 µg mL-1 KcZI

�u�}HiǾǳ- 20Ñ˕Ǳ�(Ƽɶ�˸�~m�H��ZFj�HX�)FO��[T�

.ƕŜCɽ˸RFLPpa��Cǚʯ�"˹ 

 

6�2�7� µʕɸƿ.åȐƎȻʕ˴ 

� µʕɸƿC˸YMBėēC 2 mL�&Ñǧ�" 13 mLĶe�|ZY��c��u-Ǆɸ�˸

28˚C) 6�7ƣ˕ė˲�"˹ė˲ş˸ɸƜCǺı�˸106 cells mL-1*,?<�ǿɸɹȟǜ)ŉ

ˎ�"˹bH\þȻ˸ǂėș|dh.ʜʄ˸Ȼī.ʀȩǘɸ/˸2�2�2 *õǋ-ɽ%"˹ʀ

ȩǘɸ�"Ȼī/ s˸�]dh)|dh.o�~P��Hhʀ˦�=ɑ 3 cm.Ǵ�-ƔȻ�˸

 .�-ʜʄ�"ɸǳC 1 mLƎȻ�"ş- |˸dh.ˏˑCǺı�" ǂ˹ė/S��[c�

�o� (MLR-351˸SANYO) ) 3ʻ˕ɽ˸ǂėư˕�/ 1ʻ˕Ǚ-ǿɸɹȟǜC|dh.

Óưˏˑ*,?<�-Ý�"˹S��[c��o�Ê-��?ǂė/˸ƥư 28˚C 16ƨ˕˸

ƪư 23˚C 8ƨ˕)ɽ%"˹3ʻ˕.ǂėş˸bH\ǁ-Ȱȗ�"ǁɍ.ƜCǺı�"˹ 

 

6�3� ɛƺ�<1ɪĺ 

� }HR�U\��=Ñ˟�"ɸƿ. RFLP pa��Cµʕɸƿ.:.*ǚʯ�?�*-<

> ǁ˸ɍȰȗ�"µʕɸƿ.æƯȓCǟ9"  ˹.ɛƺC Figs. 6-1 6˸-2 6˸-3 6˸-4-ȵ�"˹

USDA 76T˸110˸123Cǵô�"}HR�U\�-�(˸USDA 110/FPY��.°ǹ˸

�ǹ˸˵ǹ˸Bragg �<1M�q�.�ǹ˸˵ǹ) 60%©�.æƯȓCȵ�˸USDA 123 /

Bragg�<1M�q�.°ǹ) 60%©�.æƯȓCȵ�"�˸USDA 76T.ǁɍȰȗ/ʙ9=

@,�%" (Fig. 6-1 A)˹È±Ȩ-˸USDA 110.æƯȓ/ǂėǹŒ.�Ƥ-%(Ưű-ğ 
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Fig. 6-1 Nodule occupancy of each test strain isolated from soil microcosm mixed B. japonicum USDA 110, 123 
and B. elkanii USDA 76T.  Figure A and B represent the nodule occupancy in each soybean cultivar and the mean 
of nodule occupancy in total soybean cultivars, respectively. Each value was expressed as mean ± SE (n = 3). Bars 
with different superscript letters show significantly different (Tukey Kramer test) at P < 0.05.  
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Fig. 6-2 Nodule occupancy of each test strain isolated from soil microcosm mixed B. japonicum USDA 110, 123 
and B. elkanii USDA 31.  Figure A and B represent the nodule occupancy in each soybean cultivar and the mean of 
nodule occupancy in total soybean cultivars, respectively. Each value was expressed as mean ± SE (n = 3). Bars 
with different superscript letters show significantly different (Tukey Kramer test) at P < 0.05.  
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Fig. 6-3 Nodule occupancy of each test strain isolated from soil microcosm mixed B. japonicum USDA 122, 123 
and B. elkanii USDA 76T.  Figure A and B represent the nodule occupancy in each soybean cultivar and the mean 
of nodule occupancy in total soybean cultivars, respectively. Each value was expressed as mean ± SE (n = 3). Bars 
with different superscript letters show significantly different (Tukey Kramer test) at P < 0.05.  
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Fig. 6-4 Nodule occupancy of each test strain isolated from soil microcosm mixed B. japonicum USDA 122, 123 
and B. elkanii USDA 31.  Figure A and B represent the nodule occupancy in each soybean cultivar and the mean of 
nodule occupancy in total soybean cultivars, respectively. Each value was expressed as mean ± SE (n = 3). Bars 
with different superscript letters show significantly different (Tukey Kramer test) at P < 0.05.  
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Ý� �˸ơ U˸SDA 123.æƯȓ/Ưű-Ǹľ�" (Fig. 6-1 B) U˹SDA 31 U˸SDA 110 U˸SDA 

123Cǵô�"}HR�U\�-�( U˸SDA 110/FPY���<1M�q�.°ǹ*�

ǹ˸Bragg .°ǹ˸�ǹ˸˵ǹ) 50%©�.æƯȓCȵ�˸USDA 123 /FPY���<1

Bragg.°ǹ) 40%©�.æƯȓCȵ�˸ �(˸USDA 31/FPY��˸Bragg˸M�q�

.˵ǹ-�( 35%©�.æƯȓCȵ�" (Fig. 6-2 A) È˹±Ȩ- U˸SDA 31�<1 USDA 110

.æƯȓ/ǹŒ.�Ƥ-%(Ưű-ğÝ�˸�ơ˸USDA 123 .æƯȓ/Ưű-Ǹľ�" 

(Fig. 6-2 B)˹USDA 76T˸122˸123Cǵô�"}HR�U\�-�(˸USDA 122/FPY

��˸Bragg˸M�q�.ÈǂėǹŒ) 55%©�.æƯȓCȵ�˸USDA 123 /FPY��˸

Bragg˸M�q�.°ǹ) 30%©�.æƯȓCȵ�"�˸USDA 76T.ǁɍȰȗ/ʙ9=@,

�%" (Fig. 6-3 A) È˹±Ȩ- U˸SDA 122.æƯȓ/ǂėǹŒ.�Ƥ-%(Ưű-ğÝ�˸

�ơ˸USDA 123.æƯȓ/Ưű-Ǹľ�" (Fig. 6-3 B)˹USDA 31˸USDA 122˸USDA 123

Cǵô�"}HR�U\�-�( U˸SDA 122/FPY�� B˸ragg M˸�q�.˵ǹ) 50%

©�.æƯȓCȵ�˸USDA 123/FPY��˸Bragg˸M�q�.°ǹ) 40%©�.æƯȓ

Cȵ�˸ �(˸USDA 31 /FPY��˸Bragg˸M�q�.˵ǹ-�( 60%©�.æƯ

ȓCȵ�" (Fig. 6-4 A)˹È±Ȩ- U˸SDA 31�<1 USDA 122.æƯȓ/ǹŒ.�Ƥ-%

(Ưű-ğÝ�˸�ơ˸USDA 123.æƯȓ/Ưű-Ǹľ�" (Fig. 6-4 B)˹6"˸˵ǹ-�

�? USDA 110* USDA 122.æƯȓ.Ǹľ/˸USDA 31.ūȀ,æƯȓ.ğÝ-ʧć�?

*ɪ�=@˸˵ ǹǂė-��? USDA 31.Ʌôɯ/ USDA 110; 122<>:˵�*�ȵÿ

�@" (Figs. 6-2 B˸6-4 B)˹óµʕɸƿ.åȐƎȻ-��?ǁɍȰȗƜC Fig. 6-5-ȵ�"˹

µʕɸƿ˕.ǁɍȰȗƜ-Ưű,Ň/ʙ9=@,�%"�˸USDA 31�<1 USDA 110.ǁ

ɍȰȗɯ/45õȺŒ)�>˸USDA 122˸USDA123*˨-°�˸USDA 76T�ƭ:°¾C

ȵ�" (Fig. 6-5)˹�.ɛƺ�=˸}HR�U\�-�( USDA 76T.ǁɍȰȗ�ʙ9=@

,�%"ȕț.�&*�(˸¦.µʕɸƿ*ǚʯ�(ǁɍȰȗɯ�°�*˸:��/˸Ʋ

Ĳ˴)ș" non-RjbH\þȻ*.ʊýŬ�°�*�ȵÿ�@"˹ 

� ǎł (2005) / n˸odY - lacZ v�[~iCļÇ�" B. japonicum USDA 110 B˸. elkanii USDA 

76T  ˸�( a˸H.ĐĠ�=Ñ˟�@" Bradyrhizobium sp. TARC 64 (Yokoyama et al. 1996) .

ȣ,?ǹŒȖĞ� (20˸23˸26˸30˸33˸35˸37˸40˚C) -��? nodYˆ¬ī.ȥȔ�x�

�<1ȣ,?ǂėǹŒȖĞ� (23�18˚C˸25�25˚C˸34�28˚C) -��?ƎȻɸƿ (B. japonicum 
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USDA 110˸122˸123˸5033˸B. elkanii USDA 31˸76T˸Bradyrhizobium sp. TARC 64) .ǁɍ

ŚŶɯ-&(ʜƽ�˸USDA 110* USDA 76T. nodYˆ¬ī.ʭÌŨɈ� 23�= 35˚C)

ƥȳ-ȣ,?�*˸23�18˚C �<1 25�25˚C )/ USDA 110 .ǁɍæƯȓ�˵�%".-Ļ

� 3˸4�28˚C)/ USDA 31.ǁɍæƯȓ�ūȀ-ğÝ�?�*CĚú�" Ɇ˹ 5Ƀ-�(˸

B. japonicum USDA 110˸122˸B. elkanii USDA 31˸76T. nodCˆ¬ī.ȥȔ/ǹŒ¶ĬȨ-

ğÝ�˸B. japonicum USDA 123. nodCˆ¬ī.ȥȔ/ǹŒ¶ĬȨ-Ǹľ�?�*�ȵ�@

" (Figs. 5-4 5˸-5 5˸-6 5˸-7 5˸-8) �˹=- Ʋ˸Ƀ-��?óµʕɸƿ.ǁɍȰȗ/ U˸SDA 76T

C˙� U˸SDA 31 1˸10 1˸22/ǂėǹŒ.�Ƥ-%"ǁɍæƯȓ.ğÝCȵ� �˸ơ U˸SDA 

123.ǁɍæƯȓ/ǂėǹŒ.�Ƥ-%(Ǹľ�" (Figs. 6-1˸6-2˸6-3˸6-4)˹ 

� ©�˸ƲĲ˴.ɛƺ�=˸B. japonicum USDA 110˸122˸123˸B. elkanii USDA 31.ǂėǹ

Œ.�Ƥ-%"ǁɍæƯȓ.Ģá/ ǹ˸Œ¶ĬȨ, nodCˆ¬ī.ȥȔ�x�.Ģá*�ɳ

�"�*�= n˸odCˆ¬ī.ǹŒ¶ĬȨ,ȥȔ�x�.Ģá/bH\3.ǁɍȰȗɯ-Ŝ˧

Cë5��*�ȵÿ�@"˹���,�=˸B. elkanii USDA 76T-�(/˸nodCˆ¬ī.

ǹŒ¶ĬȨ,ȥȔ�x�.ğÝ�ǅÐ�@":..˸bH\3.ǁɍȰȗ�ʙ9=@,�%

""9 b˸H\ǁɍɸ.ŲƼɯ-˖��?ćī/ nodˆ¬ī*/Õ)�?�*�ȵÿ�@"  ˹
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Ɇ 7Ƀ� ɠôɪĺ 

� ƲȲȿ)/˸ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň-˖��?*ɪ�=@?ȖĞ

ćī.�&)�?ǹŒ-Ȱȫ�˸ƣƲ*45õɦŒ-�?F��N-��?ɦŒ-Ǥ%"Ǜ

ǹ.Ģá-�ĐȰbH\ǁɍɸ.ēȕȨÑň;ɩ˝Ǌʹ.˄ȹ˸�1-˸ǂėǹŒ;ķ�

bH\.Rjˆ¬īĕ�ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ-ë5�Ŝ˧-&(ƥ=�-�?�*

CȫȨ-ȲȿCɽ%"˹�=-˸bH\3.ǁɍȰȗ-�(ˏʆ,ŝÛCƃ%(?bH

\ǁɍɸ.ǁɍŚŶˆ¬ī˸ȏ-˸nodC ˆ¬ī-Ȱȫ�˸�.ˆ¬ī.ǹŒ-Ļ�?ŨɈ˸

�<1 ȣ˸,?ǹŒȖĞ�-��?ǁɍȰȗɯ-&(ʜƽCɽ ǹ˸Œ-<? nodCˆ¬ī

.ȥȔ�x�.ˁ�bH\ǁɍɸ.bH\3.ŲƼ�<1ǹŒȖĞ.Ģá-%"ɩ˝Ǌ

ʹ.˄ȹ-ĸ��?�ćī)�?.�ǅʐ�"˹ 

� Ɇ 2Ƀ)/ Đ˸ȰbH\ǁɍɸ.ɩ˝Ǌʹ-ë5�ǂėǹŒ*ķ�bH\. Rjˆ¬īĕ.

Ŝ˧-&(˸˵ǹ˸�ǹ˸°ǹ. 3pa��.ǂėǹŒȖĞ�) 4ˆ¬īĕ 13þȻ.bH

\Cǂė� Ñ˸˟�"ĐȰbH\ǁɍɸ. 16S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ-<

?R�[a�ʍƸCɽ˸�.ɛƺC:*-˸ƜȕȗųĭȨźǦCș"ɩ˝ǊʹʍƸC˃

ș�?�*-<>˸ǂėǹŒ*ķ�bH\. Rjˆ¬īĕ.Ŝ˧-&(ʔ·�"˹Ñ˟�"

ĐȰbH\ǁɍɸ.R�[a�ʍƸ.ɛƺ˸óR�[a�.ǁɍæƯȓ/˸Bj110˸Be76˸

Be94 R�[a�/ǂėǹŒ.�Ƥ-%(ğÝ�˸�ơ˸Bj123 R�[a�/ǂėǹŒ.�

Ƥ-%(Ưű-Ǹľ�" (Table 2-1˸Fig. 2-4)˹�=-˸Rj2 ˆ¬īC¹Ư�? Rj2Rj3 ;

Rj2Rj3Rj4ˆ¬īĕbH\þȻ/˸¦. Rjˆ¬īĕbH\þȻ*ǚʯ�( Bj110R�[a�.

50�73.8%.˵æƯȓCȵ�"�*�= ķ˸�bH\. Rjˆ¬īĕ/ȏı.bH\ǁɍɸ.

ǁɍȰȗ-Ŝ˧Cë5��*�ȵÿ�@" (Table 2-1)˹Bray-Curtis˭®ŒƆƜC:*-�"

R�[a�ʍƸ�<1 MDSʍƸ.ɛƺ˸óɩ˝. MDSv�dh/˸ǂėǹŒ.�Ƥ-%

(ċ.ņÀ�=ñÀ3 (Clusterj�o�.Ľ�ơ�=ĥ�ơ3) ˄ȹ�" (Fig. 2-7)˹�

@=.ɛƺ*óR�[a�-Ł�?Ñ˟ƿ.ƜCǚʯ�"*�A˸MDS v�dh.Ñň/˸

Bj110R�[a�*Bj123R�[a�. 2&.�ʆ,R�[a�-<%(Ŝ˧Cï�(?�

*�ȵ�@" (Figs. 2-3 2˸-7) ©˹�.ɛƺ�= ķ˸�bH\. Rjˆ¬īĕ�<1ǂėǹŒ�˸

ķ�bH\-ŲƼ�?ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ-Ŝ˧Cë5��*Cȵÿ�" (Shiro et 

al. 2012)˹  
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� Ɇ 3Ƀ)/˸F��N.ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň-&( 1˸6S-23S 

rRNA gene ITS˪Ė. PCR-RFLPʍƸ-<?ĐȰbH\ǁɍɸ.R�[a�ʍƸCɽ �˸.

ɛƺC:*-˸ƜȕȗųĭȨźǦCș"ɩ˝ǊʹʍƸC˃ș�?-<>˸ĐȰbH\ǁɍ

ɸɩ˝*ɦŒ*.˖¸-&(ʔ·�"˹ .ɛƺ˸F��N.ĐȰbH\ǁɍɸɩ˝/˸

ƣƲ*õǋ-ɦŒ*Řȭ˖ (r2 = 0.815) Cȵ�˸ēȕȨ-Ģ˄�?�*Cƥ=�-�" 

(Fig. 3-8) (Shiro et al. 2013)˹���,�=˸ƣƲ.ĐȰbH\ǁɍɸɩ˝*ɦŒ*.ȭ˖/ r2 

= 0.871)�>˸F��N.:.<>B��-˵¾Cȵ�" (Saeki et al. 2013)˹�.ɛƺC

ʬ6�˸Ɇ 4 Ƀ-�(˸ƣƲ*F��N.õɦŒēĖ-��?ĐȰbH\ǁɍɸ.ȗųȨ

ȏť.ȭˁCʔ·�?"9-˸ƣƲ*F��N˕.ɦŒ-<?ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ

.ēȕȨÑň-&(˸ƜȕȗųĭȨźǦCș"ǚʯʍƸCɽ%"˹ĤǋŬʍƸ.ɛƺ˸

ƣƲ*F��N.óµʕĐĠ˕. H’β/H’γ.¾/ ē˸ȕȨ-ɦŒ.˭®�(?ēĖ˕)/<

>Ľ��˸ēȕȨ-ɦŒ.˟@"ēĖ˕)/<>ĥ��,%"˹�=-˸ƣƲ) Bj110 R�

[a�.˵æƯȓCȵ�(?�&�.ēĖ*F��N.óēĖ˕)˸˵  H’β/H’γ.¾

Cȵ�Á÷-�%" (Tables 4-2˸4-4)˹ǈœǍ§�-<?ʍƸ.ɛƺ˸ƣƲ�<1F��N

-��?ĐȰbH\ǁɍɸɩ˝/â�=ä3*Š�-Ģ˄�(�>˸ @!@.µʕĐĠ-

�(ȏťȨ,ɩ˝Ǌʹ�ǅÐ�@" (Fig. 4-2)˹ƣƲ-��?ĐȰbH\ǁɍɸ.�ʆ,R

�[a�/ â˸�=ä.˨- B˸. japonicum USDA 123 U˸SDA 110 U˸SDA 6T  ˸�( B˸. elkanii 

USDA 76T .R�[a��ʉÙȨ-Ñň�(�>˸B. japonicum ɐɝƿ�Ő�Âæ�(" 

(Table 4-2) (Saeki et al. 2006˸2008˸2013˸Saeki 2011)˹�ơ˸F��N.ĐȰbH\ǁɍɸ.

ēȕȨÑň/ B˸. elkanii.R�[a�� B. japonicum.R�[a�<>:Ĥ�Âæ�(�>˸

�ˈēĖ-��? Bj110R�[a�.ÂæŒ/ƣƲ<>:°�,%" (Fig. 3-4˸Table 4-3)˹

�.èć.�&*�(˸ƣƲ-ȗŭ�(, .ēĖ.Ǜ½-˨á�"bH\©ģ.ķ�

*,?}�ȷǄȎ.Ǆȗ,+�˖¸�(?*ɪ�=@?˹Minamisawa et al. (1997) /˸B. 

japonicum * B. elkanii .bH\˸e�}�  (Glycine soja)˸WH�h�  (Macroptilium 

atropurpureum) -Ļ�?ǁɍȰȗ.˅ĩŬ-&(ʜƽ�˸B. japonicum /bH\-˸B. 

elkanii /WH�h�-ÂÅȨ-ǁɍȰȗ�?�*˸e�}�-/�bH\ǁɍɸ�õȺŒǁ

ɍȰȗ�?�*CĚú�"˹Marr et al. (1997) /˸Amphicarpaea bracteata� B. japonicum;

B. elkanii*.ǁɍCŚŶ�˸B. elkanii.ÃƵ.ķ�),�%".-:˖B=�˸B. elkanii*
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ɁɕČıCɽ��*CĚú�" �˹=- T˸ang et al. (2012) / b˸H\;ĐȰ.}�ȷǄȎ (A. 

bracteata�<1 Desmodium canadense) *˖¸�?âƶF��N-��? Bradyrhizobium.˝

Ĉ.ʧǼ*Ľʼá-&(ʜƽ�"*�A˸ĐȰ.}�ȷǄȎ*˖¸�?bH\ǁɍɸ�b

H\ƎȻ-Ļ�(ȗųĭȨ-˃Ũ�"ɗɸ.ƠʉʧǼCƃ��*Cȵÿ�" W˹H�h�/˸

M�[h��F˸ä�<1�ĨF��N˸�&�.ħōǪʞŃ.�ˈCø8ȈŊ˸¡ȈŊ

ēĖ)ǂė�@(?}�ȷȍɷ)�? (Shaw and Whiteman 1977)˹6"˸A. bracteata/â

ƶF��N-Ő�Ñň�?�Ŏȗ}�ȷǄȎ)�? (Turner and Fearing 1964˸Parker 1991)˹

B. elkanii*ǁɍŚŶ-��?ʊýŬCƯ�?�@=}�ȷǄȎ.ĬĒ�˸âF��N-��

? B. elkanii.˵Âæ-Ř�ʣȑ�(?ðɯŬ��? �˹��,�= B˸j123 B˸j110 B˸j6˸

 �(˸BeR�[a�.Ģ˄/˸ƣƲ.:.*Éʷ�(�>˸F��N.ĐȰbH\ǁɍɸ

ɩ˝:ɦŒ-Ǥ%(Ģ˄�?�*Cƥȳ-ȵ�" (Fig. 3-8)˹�.<�-˸ǹŒ/˸bH\ǁ

ɍɸ.ĐȰá�Âæá-Ǵ�˖��?ȖĞćī.�&)�?*Əĺ�@?"9˸ǹŒ-<?

bH\ǁɍɸ.ȗȕȨŨɈ�bH\3.ǁɍȰȗ-Ŝ˧Cë5�"*ɪ�=@?˹6"˸Ɇ

2 Ƀ)µʕ�"ĐĠ�-/˸:*:*óR�[a���Ĕ�-ĬĒ�(�>˸ĐĠ�)˵

æƯȓCȵ�R�[a��<>ǁɍȰȗ�;��,?*ɪ�=@?"9˸ǹŒ-<?ȗȕȨ

ŨɈ3.Ŝ˧-��?ɩ˝Ǌʹ.Ģ˄CƊ�?"9-/˸bH\ǁɍɸƿ.ĹŒ�ɇ�Đ

Ġ-��?ǁɍȰȗɯCʔ·�?ŧʆ��?*ɪ�=@?˹ �)˸Ɇ 5 Ƀ-�(ȣ,?

ǹŒȖĞ�-��? nodCˆ¬ī.ȥȔʍƸC Ɇ˸ 6Ƀ-�(ȣ,?ǂėǹŒȖĞ�-��

?ǁɍȰȗɯ.ʔ·Cɽ%"˹ 

� Ɇ 5Ƀ-�( µ˸ʕ�" B. japonicum USDA 110 1˸22 1˸23  ˸�( B˸. elkanii USDA 31˸

76T. 5ɸƿ. nodCˆ¬ī.ȥȔCǚʯ�?* U˸SDA 110  ˸ USDA 31 U˸SDA 76T. 3ɸƿ

. nodCˆ¬ī.ȥȔˑ/˸ǹŒ.�Ƥ-%(�Ƥ�?Á÷-�%"˹�ơ˸USDA 123.

nodCˆ¬ī.ȥȔˑ/ ǹ˸Œ.�Ƥ-%(Ǹľ�?Á÷-�%" 6˹" U˸SDA 122. nodC

ˆ¬ī.ȥȔˑ/˸°ǹ�<1˵ǹ)�ǹ<>°�,?Á÷-�%"�˸°ǹ*˵ǹCǚʯ

�?*B��-˵ǹ)ȥȔ�ğÝ�" (Figs. 5-4˸5-5˸5-6˸5-7˸5-8)˹©�.ɛƺ�=˸b

H\ǁɍɸ. nodCˆ¬ī.ȥȔ/ǹŒ¶ĬȨ)�> ɸ˸ƿȏȣȨ,ğǸCȵ��*�ȵÿ�

@" ǒ˹- Ɇ˸ 6Ƀ-�( B˸. japonicum USDA 110 1˸22 1˸23  ˸�( B˸. elkanii USDA 31˸

76T. 5ɸƿC �˸ USDA 110 U˸SDA 123 U˸SDA 76T �˸ USDA 110 U˸SDA 123 U˸SDA 31˸



 83 

	 USDA 122˸USDA 123˸USDA 76T˸
� USDA 122˸USDA 123˸USDA 31.ə7ôB�)

}HR�U\�Cʜʄ�˸�.}HR�U\�Cș(bH\C˵ǹ˸�ǹ˸°ǹ.ǂėǹ

ŒȖĞ�)ǂė�˸bH\-ǁɍȰȗ�?bH\ǁɍɸ.æƯȓ.ĢáCʜƽ�"˹ .ɛ

ƺ U˸SDA 31 1˸10 1˸22/ǂėǹŒ.�Ƥ-%"ǁɍæƯȓ.ğÝCȵ� �˸ơ U˸SDA 123

.ǁɍæƯȓ/ǂėǹŒ.�Ƥ-%(Ǹľ�" (Figs. 6-1 6˸-2 6˸-3 6˸-4)˹���,�=˸

USDA 76T-&(/˸bH\3.ǁɍȰȗ�ʙ9=@,�%" (Figs. 6-1 6˸-3)˹©�.ɛƺ

�=˸USDA 76TC˙� 4ɸƿ-�(/ǹŒ¶ĬȨ, nodCˆ¬ī.ȥȔ�x�.Ģá*ǁ

ɍæƯȓ.Ģá��ɳ�(""9 n˸odCˆ¬ī.ǹŒ¶ĬȨ,ȥȔ�x�.Ģá/˸bH

\3.ǁɍȰȗɯ-Ŝ˧Cë5��*�ȵÿ�@"˹Kosslak et al. (1987) /˸bH\ǁ�=

ƂÐ�"t�{mHiáôȎ (bH^H��<1Tk[fH�) Cș(˸B. japonicum 

USDA 110�<1 123. nodABCˆ¬ī.ȥȔC β-galactosidaseǬŬ)ʜƽ�˸bH^H�)

ʚļ�"ěô/ USDA 123�˸Tk[fH�)ʚļ�"ěô/ USDA 110�<>˵ȥȔC

ȵ��*CĚú�"˹Banfalvi et al. (1988) /˸bH\Ȼī�=ƂÐ�"Tk[fH�;bH

^H�Cș(˸B. japonicum USDA 110. nodY�<1 nodCˆ¬ī.ȥȔC β-galactosidase

ǬŬ)ʜƽ�"*�A n˸odYˆ¬ī.ȥȔ/bH^H�)ʚļ�"ěô<>Tk[fH�)

ʚļ�"4�� 2¼©�.˵¾Cȵ� n˸odCˆ¬ī-�(:õǋ.Á÷�7=@"�*

CĚú�" �˹@=.Ěú�= b˸H\ǁ�=Ñǥ�@?t�{mHiáôȎ.Ȼ˭-<>˸

nodCˆ¬ī.ʚļ.ȺŒ/ȣ,>˸�=-˸ɸƿȏȣȨ,ȥȔCȵ��*�ȵÿ�@"˹6

"˸bH\ǂėƨ.ǁďǹŒ.°�/˸bH\ǁɍɸ.bH\ǁ3.ŲƼ.ʽŔ (Zhang and 

Smith 1994) ;bH\ǁ�=.Tk[fH�.Ñǥ.°� (Zhang and Smith 1996)˸ @-

� nodˆ¬ī.ȥȔ.ſØ  (Zhang et al. 1996) CŖ�ʧ���*�Ěú�@(?˹���

,�=˸Pan and Smith (1998) /˸ǁďǹŒ�°��?4+bH\ǁ�=Ñǥ�@?bH^H

�.ȂŒ�˵�,?�*CĚú�(? K˹osslak et al. (1987) .Ěú�= B˸. japonicum USDA 

123. nodˆ¬ī.ȥȔ/ T˸k[fH�<>bH^H�)˵�,?�*�ȵÿ�@(?˹

ƲĲ˴-�(˸°ǹǂė) USDA 123 .ǁɍæƯȓ�˵�,?*�ɛƺCŢ(? 

(Table 2-1˸Figs. 6-1˸6-2˸6-3˸6-4) �˸�@/°ǹ-��? nodCˆ¬ī.ȥȔ.Ř�#�

)/,�˸ǂėǹŒ-<?ǁďǹŒ.Ģá-<>bH\ǁ�=Ñǥ�@?t�{mHiáô

Ȏ.Ȼ˭* @=.Ñǥˑ.Ģá:Ŝ˧�(?�:�@,˹ 
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� 6"˸�@6)µʕ�" B. japonicum USDA 110˸122˸123˸ �(˸B. elkanii USDA 31  ˸

76T.åȐƎȻʕ˴˸�1-˸2ɸƿǵôƎȻʕ˴Cɽ��*-<>˸bH\ǁɍɸ 2ɸƿ˕

.ǁɍȰȗɯ�<1Ʌôɯ-&(:ʔ·�" å˹ȐƎȻʕ˴.ɛƺ U˸SDA 31�<1 USDA 

110.ǁɍȰȗɯ/45õȺŒ)�>˸USDA 122˸USDA 123*˨-°�˸USDA 76T�ƭ:

°¾Cȵ�" (Fig. 6-5)˹�.ɛƺ�=˸Ɇ 6Ƀ-�( USDA 76T.ǁɍȰȗ�ʙ9=@

,�%"ȕț.�&*�(˸¦.µʕɸƿ*ǚʯ�(ǁɍȰȗɯ�°˸:��/˸ƲĲ˴

)ș" non-RjbH\þȻ*.ʊýŬ�°�*�ȵÿ�@" 2˹ɸƿǵôƎȻʕ˴.ɛƺ˸

USDA 110 1˸22 3˸1˕.ǁɍȰȗɯ/ ˸�=�ǂėǹŒ-¶Ĭ�?ěô:�?� U˸SDA 110

� USDA 31; USDA 122<>:˵� U˸SDA 122� USDA 110; USDA 31<>:°�*�

ȵ�@˸åȐƎȻ-��?ǁɍȰȗɯ*45�ɳ�?�*�ȵ�@" (Fig. 6-5 S˸upplemental 

data Figs. S1 S˸3 S˸5) F˹uhrmann and Wollum (1989) / B˸. japonicum USDA 31 1˸10 1˸23 (USDA 

31 /˸ȔĒ˸B. elkanii -Ñ˭�@? ) . USDA 110 -Ļ�?Ʌôɯ*ǁďŤȗȎ.

Pseudomonas spp.*.ǵôƎȻ-<? 3ɸƿ.ǁɍæƯȓ.Ģá-&(ʜƽ�"*�A˸2

ɸƿ˕.Ʌôɯ-&(/ USDA 110�Ř�˸ǁďŤȗȎ* 3ɸƿ.ǵôƎȻ)/ǁďŤȗ

Ȏ*.ÉĬ-<> USDA 110.ǁɍȰȗ�¦. 2ɸƿ*ǚʯ�(ğŘ�?�*CĚú�"˹

6"˸Li et al. (2011) /˸Ʌôɯ.ȣ,? B. japonicumɐɝ. 2ɸƿ-&(bH^H�ǶÝ

ş-ɸ±ģ-Ñǥ�@?a�pRʦCʍƸ�˸�@= 2 ɸƿ.Ʌôɯ-˖��?a�pRʦ

-&(ʜƽ�"*�A ǁ˸ɍŚŶʾȺ-˖��?¨ʟ˖ʺ˸h ʵ˖ʺ ʭ˸Ì˖ʺ f˸uragellin

.a�pRʦ.ȥȔ� 2 ɸƿ˕)ȣ,?�*CĚú�"˹�@=.Ěú�=˸bH\ǁɍɸ

.Ʌôɯ/ n˸odCˆ¬ī.ȥȔ.ȺŒ#�)/,�˸ǁɍŚŶ-˖��?a�pRʦCU�

i�?ˆ¬ī.ȥȔ;¦.ǁďŤȗȎ.²ș-<>ņñ�@?*ɪ�=@"˹ 

� ©�˸ƲȲȿCʷ�(˸Bradyrhizobium ŁbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň˸Đ

Ȱá�Âæá-˖��?*ɪ�=@?ǹŒ/˸F��N.<�,ƣƲ*õɦŒēĖ-��?

ĐȰbH\ǁɍɸ.ēȕȨÑň˸ŲƼbH\ǁɍɸ.ɩ˝Ǌʹ˸bH\ǁɍɸ.ǁɍŚŶˆ

¬ī.ȥȔ;ǁɍȰȗɯ-Ő�˖��(?�*CŘ�ȵÿ�"˹�=-˸Bradyrhizobium

ŁbH\ǁɍɸ.bH\3.ǁɍȰȗ/˸ǁɍȰȗɯ�ÃƵ° USDA 76TC˙(˸ǹŒ

¶ĬȨ)�>˸ǹŒ-<? nodCˆ¬ī.ȥȔ�x�.Ģá�bH\3.ǁɍȰȗ˸�<1˸

ŲƼbH\ǁɍɸɩ˝Ǌʹ.ŚŶ-Ŝ˧Cë5��ćī)�?�*�ȵÿ�@"˹���,
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�=˸bH\ǁɍɸ.ŲƼɯ-˖��?ćī/ nod ˆ¬ī.ȥȔ*/Õ)�?�*�ȵÿ�

@""9˸¥şƫ,?bH\3.ŲƼǐǊ.ʍƥ-˖�?Ȳȿ�ưŞ�@?˹bH\.ȗȘ

Ŭ.÷�-&,�?ĲșȨ,ƯșbH\ǁɍɸƎȻŽɾ.ȳɂ-/˸ĐȰbH\ǁɍɸ.ȗ

ųȨȏť˸ķ�bH\*.ʊýŬ˸ĐĠǹŒ; pH ,+.ȖĞÁŒ-Ļ�?˃ŨŬ-&(

ʍƥ�˸�@=-˖�?ĘȴȨȱʈCɻȾ�?ŧʆ��?*ɪ�=@?˹6"˸ŲƼbH\

ǁɍɸ.ɩ˝Ǌʹ*ĐĠ�.bH\ǁɍɸ.ɩ˝Ǌʹ/ȣ,?�*��Ű�@?�*�=˸

ĐĠ�.bH\ǁɍɸɩ˝CĐĠ DNA�=ȬƎȨ-ʔ·)�?źǦ.˔ȥ:ŧʆ)�> �˸

=-˸˔ȥ�@"źǦCș"bH\ǁɍɸɩ˝Ǌʹ.ʍƸɛƺ*�@6).źǦ)Ţ=@

"ŲƼbH\ǁɍɸɩ˝Ǌʹ.ʍƸɛƺ*.ǚʯCɽ��*)˸ɩ˝Ǌʹ.Ňȣ-&(ǅ

ʐ�?ŧʆ��?*ɪ�=@?˹ 

� ƲȲȿ/˸bH\ǁɍɸ.ȗųȨȏť˸ķ�*.ʊýŬ˸ǹŒ-Ļ�?ȗȕȨŨɈ-&

(ǅʓCɽ%":.)�?˹ƲȲȿ)Ţ=@"ȱʈ�˸¥ş.bH\ǁɍɸȗųȲȿ.ȥŀ

-ʣȑ�Ţ?:.-,?*ưŞ�(?˹ 
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ʆɑ 

� bH\.ȗȘŬ÷�-&,�?ĲșȨ,ƯșbH\ǁɍɸ.ƎȻŽɾCȳɂ�?"9-/˸

ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ;ēȕȨÑň Đ˸Ȱá�Âæá-˖¸�?ȖĞćī.ȏı˸

ȗųȨ�ȗȕȨȏŬ˸ȖĞ˃ŨŬ˸�<1˸ķ�bH\*.ʊýŬ-˖�?ȱʈ.ɻȾ�ǟ

9=@?˹ �)˸ƲȲȿ)/˸ĐȰbH\ǁɍɸ.ˆ¬īĤǋŬ*ēȕȨÑň-˖��?

*ɪ�=@?ȖĞćī.�&)�?ǹŒ-Ȱȫ�˸õɦŒēĖ-��?ɦŒ-¶ĬȨ,ǹŒ

Ģá-�ĐȰbH\ǁɍɸ.ēȕȨÑň;ɩ˝Ǌʹ.Ģá˸�1-˸ǂėǹŒ;ķ�bH

\.Rjˆ¬īĕ�ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ-ë5�Ŝ˧-&(ƥ=�-�?�*Cȫ

Ȩ-ȲȿCɽ%"˹�=-˸bH\3.ǁɍȰȗ-˖��?bH\ǁɍɸ.ǁɍŚŶˆ¬ī

-Ȱȫ�˸�.ˆ¬ī.ǹŒ-Ļ�?ŨɈ˸�<1˸ȣ,?ǹŒȖĞ�-��?ǁɍȰȗɯ

-&(ʜƽCɽ˸ǹŒ-<?ǁɍŚŶˆ¬ī.ȥȔ�x�.ˁ�bH\ǁɍɸ.bH

\3.ŲƼ�<1ɩ˝Ǌʹ.Ģá-ĸ��?�ćī)�?.�ǅʐ�"˹ 

� 6� Đ˸ȰbH\ǁɍɸ.ɩ˝Ǌʹ-ë5�ǂėǹŒ*ķ�bH\. Rjˆ¬īĕ.Ŝ˧-

&(˸˵ǹ˸�ǹ˸°ǹ. 3pa��.ǂėǹŒȖĞ�) 4ˆ¬īĕ 13þȻ.bH\Cǂ

ė� Ñ˸˟�"ĐȰbH\ǁɍɸ. 16S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ-<?R�

[a�ʍƸCɽ˸�.ɛƺC:*-˸ƜȕȗųĭȨźǦCș"ɩ˝ǊʹʍƸC˃Ũ�?

-<>˸ǂėǹŒ*ķ�bH\. Rj ˆ¬īĕ.Ŝ˧-&(ʔ·�"˹ .ɛƺ˸Bj110˸

Be76˸Be94R�[a�/ǂėǹŒ.�Ƥ-%(ğÝ�˸�ơ˸Bj123R�[a�/ǂėǹ

Œ.�Ƥ-%(Ưű-Ǹľ�˸�=-˸ɩ˝ǊʹʍƸ.ɛƺ˸�- Bj110 * Bj123 R�[

a�.ŲƼ.ȺŒ� Rjˆ¬īĕ*ǂėǹŒ-<%(ȣ,?�*�= �˸@=.R�[a�.

ŲƼ�ɩ˝Ǌʹ-Ŝ˧Cë5�(?�*�ȵÿ�@"˹©�.ɛƺ�=˸ķ�bH\. Rj

ˆ¬īĕ�<1ǂėǹŒ�˸ķ�bH\-ŲƼ�?ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ-Ŝ˧Cë

5��*Cȵÿ�"˹ 

� ǒ-˸ƣƲ*õɦŒēĖ)˸�ȝƭĥ.bH\ȗȘč)�?F��N.ĐȰbH\ǁɍɸ

.ˆ¬īĤǋŬ*ēȕȨÑň-&( 1˸6S-23S rRNA gene ITS˪Ė. PCR-RFLPʍƸ-<?

ĐȰbH\ǁɍɸ.R�[a�ʍƸCɽ˸�.ɛƺC:*-˸ƜȕȗųĭȨźǦCș"

ɩ˝ǊʹʍƸC˃Ũ�?-<>˸ĐȰbH\ǁɍɸɩ˝*ɦŒ*.˖¸-&(ʔ·�"˹

 .ɛƺ F˸��N.ĐȰbH\ǁɍɸɩ˝/ ƣ˸Ʋ*õǋ-ɦŒ*Řȭ˖ (r2 = 0.815) C
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ȵ�˸ēȕȨ-Ģ˄�?�*Cƥ=�-�"˹�.ɛƺCʬ6�˸ƣƲ*F��N.õɦŒ

ēĖ-��?ĐȰbH\ǁɍɸ.ȗųȨȏť.ˁCȏı�?"9-˸ƣƲ*F��N˕.

ɦŒ-<?ĐȰbH\ǁɍɸ.ɩ˝Ǌʹ.ēȕȨÑň-&(˸Ƣ-Ěú�@(?ƢĬ.

g�aCș(˸ƜȕȗųĭȨźǦCș"ǚʯʍƸCɽ%"˹ .ɛƺ˸ƣƲ�<1F�

�N-��?ĐȰbH\ǁɍɸɩ˝/â�=ä3*Š�-Ģ˄�(�>˸ @!@.µʕĐ

Ġ-�(ȏťȨ,ɩ˝Ǌʹ�ǅÐ�@˸�.èć.�&*�(˸ƣƲ-ȗŭ�(, 

.ēĖ.Ǜ½-˨á�"bH\©ģ.ķ�*,?}�ȷǄȎ.Ǆȗ,+�˖¸�(?*ɪ

�=@"˹ 

� �=-˸ǹŒ-<?ɩ˝Ǌʹ.ĢáCbH\ǁɍɸ.ȗȕȨŨɈ.ʋȃ�=ʍƥ�?"9

- b˸H\ǁɍɸ.ǁɍŚŶˆ¬ī.�&)�? nodCˆ¬ī.ȥȔŨɈ-&(�F�aH

� PCRCș(ʍƸ�" µ˹ʕ�" B. japonicum USDA 110 1˸22 1˸23  ˸�( B˸. elkanii USDA 

31 7˸6T. 5ɸƿ. nodCˆ¬ī.ȥȔ/˸USDA 110˸USDA 31˸USDA 76T. 3ɸƿ. nodC

ˆ¬ī.ȥȔˑ/˸ǹŒ.�Ƥ-%(�Ƥ�?Á÷-�%"˹�ơ˸USDA 123. nodCˆ

¬ī.ȥȔˑ/˸ǹŒ.�Ƥ-%(Ǹľ�?Á÷-�%"˹6"˸USDA 122. nodCˆ¬

ī.ȥȔˑ/˸°ǹ�<1˵ǹ)�ǹ<>°�,?Á÷-�%"�˸°ǹ*˵ǹCǚʯ�?

*B��-˵ǹ)ȥȔ�ğÝ�" ©˹�.ɛƺ�= b˸H\ǁɍɸ. nodCˆ¬ī.ȥȔ/ǹ

Œ¶ĬȨ)�>˸ɸƿȏȣȨ,ğǸCȵ��*�ȵÿ�@"˹ǒ-˸�. nodCˆ¬ī.ȥȔ

�x�.Ģá�˸bH\3.ǁɍȰȗ-Ŝ˧Cë5��ćī)�?�ȏı�?"9-˸}H

R�U\�Cș(ǁɍȰȗɯ.ʔ·Cɽ%"˹ .ɛƺ˸USDA 31˸110˸122/ǂėǹŒ
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ƳƟ�<1ơǦ 

µʕɸƿ˸µʕɸƿ.ė˲�<1ǵôɸǳ.ʜʄ 

� µʕɸƿ�<1µʕɸƿ.ė˲/ 6˸−2−1*õǋ-ɽ%" ė˹˲ş ɸ˸ƜCǺı�  ˸ USDA 

110�31 7˸6T 1˸22 1˸23 U˸SDA 122�31 7˸6T 1˸23.ʏ 7pa��.ə7ôB�)óɸƿ 105 cells 

mL-1*,?<�ǿɸɹȟǜ)ŉˎ�˸ǵôɸǳ*�"˹ 

 

bH\ǂė�<1Ȱȗǁɍ.Ñ˟ 

� bH\þȻ˸ǂėș|dh.ʜʄ˸Ȼī.ʀȩǘɸ/˸2−2−2*õǋ-ɽ%"˹ʀȩǘɸ

�"Ȼī/˸s�]dh)|dh.o�~P��Hhʀ˦�=ɑ 3 cm.Ǵ�-ƔȻ�˸ .

�-ʜʄ�"ǵôɸǳC 1 mLƎȻ�"ş- |˸dh.ˏˑCǺı�" b˹H\.ǂė/S�

�[c��o� (MLR-351˸SANYO) ) 4ʻ˕ɽ%"˹S��[c��o�Ê-��?ǂė

ȖĞ/ 2˸−2−2*õǋ- 3pa��ʒı�" 4˹ʻ˕.ǂėş 2˸−2−2*õǋ-ǁɍCʀ˦ǘ

ɸ�ǫǮ�"˹ǫǮş.ǁɍ/˸-80˚C)¹Ĭ�"˹ 

 

ǁɍ�=.Tm� DNAƂÐ 

� Ñ˟�"ǁɍ�= 2−2−3*õǋ.źǦ)bH\ǁɍɸ.Tm� DNACƂÐ�"˹ 

 

SNPv�H}�Cș"bH\ǁɍɸ.õı 

� � Ɇ 3Ƀ-�( 1˸6S-23S rRNA gene ITS˪Ė. PCR-RFLPCș"ĐȰbH\ǁɍɸÑ

˟ƿ.R�[a�ʍƸ)/˸Bradyrhizobium japonicum USDA 110* USDA 122.ÔÕ�ĉˠ

*�@(?"9 I˸TS˪ĖÊ. single nucleotide polymorphisms (SNP) Ca�Tdh*(²ʄ

�@"v�H}�CÖș�(˸�@= 2ɸƿ.ÔÕCɽ%"˹ǁɍ�=ƂÐ�"Tm� DNA

ƂÐǳCf�v��h*�( I˸TS˪ĖÊ. SNPCa�Tdh*�" Primer set:��/ ITS

˪ĖÊ.ɸƿȏȣȨ,ĜĘˊÒCa�Tdh*�" Primer setCș( PCRğŌCɽ%"˹

ǝ�)˸1W�v�ř">ǿɸ milliQǜ 17.875 µL˸10 × Ex Taq Buffer 2.5 µL˸2.5 mM dNTP 

Mixture (2.5 mM each) 2 µL 1˸0 µM Forward primer-1 0.5 µL 1˸0 µM Forward primer-2 0.5 µL 1˸0 
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µM Reverse primer 0.5 µL˸5 U µL-1 TaKaRa Ex Taq DNA polymerase 0.125 µL (TaKaRa Bio)˸f

�v��h 1 µLCǵô�(˸ìŨǳ*�"˹PCR-ș"v�H}�.ůĚ/ Table S1-

ȵ�" P˹CRìŨ-/ PCR Thermal cyclerC³ș� ì˸Ũ/ 94˚C 5Ñ 9˸4˚C 30ȸ X˸˚C (Table 

S1êȇ) 1Ñ˸72˚C 30ȸC 30WHR�˸72˚C 10Ñ˸4˚C¹Ĭ*�ƴª)ɽ%"˹PCRɘ

�ş˸PCRȘȎ.ğŌCȳʙ/ 2−2−4*õǋ-ɽ%"˹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S1 Information of the primer set using PCR amplification�

Combination of
test strains

primer sets primer sequence (5' → 3') Annealing
temperature (˚C)

110-ITS-F CATTTGGCGCTAGTCG
76-ITS-II-F GCAATTCGTCTGAACCA
ITS-Bra-R GCTCTCATTATCAATGTCCAC
110-ITS-F CATTTGGCGCTAGTCG
123-ITS-F GTGCGCCTTTCAATGTA
ITS-Bra-R GCTCTCATTATCAATGTCCAC
110-ITS spe-F CAAATGCAATCGCACAA
122-ITS spe-F AGTATCGCGCAGAAATCC
Bra-ITS R GACTGGGGTGAAGTCGTAAC

USDA110 vs. 122 55

USDA 110 or 122
vs. 31 or 76 58

USDA 110 or 122
vs. 123 58
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Fig. S1 Nodule occupancy between two bradyrhizobial strains isolated from each soybean cultivar. 
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Fig. S2 Nodule occupancy between two bradyrhizobial strains isolated from each soybean cultivar. 
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Fig. S3 Nodule occupancy between two bradyrhizobial strains isolated from each soybean cultivar. 
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Fig. S4 Nodule occupancy between two bradyrhizobial strains isolated from each soybean cultivar. 
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Fig. S5 Nodule occupancy between two bradyrhizobial strains isolated from each soybean cultivar. 
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Fig. S6 Nodule occupancy between two bradyrhizobial strains isolated from each soybean cultivar. 
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Fig. S7 Nodule occupancy between two bradyrhizobial strains isolated from each soybean cultivar. 


