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ƅ 1Ƅ ƝǄ 

 

1.1. `9;UbqMf 

 

1.1.1. `9;UbqMf&25Űì 

� `9;UbqMf( 700 ƀ�{'Ýł%ĿŞ&čĸ�5ĨƳä�ČĿŞŰ²ƔƯ'yƥ

"�5 (Bertaccini, 2007; Oshima et al., 2013; Maejima et al., 2014)	`9;UbqMf'čĸ

&24�ĿŞ&(ł�%Űĉ
ũ�5	ĿŞ�'ưƠwǼ®1�ƓƬ&ÛƬ�5]xbsU

Qb�ķň%$'ś���ǌŰĉ&«
!�óę4%ĶƱ
ðǫ�!ųũ�5ßšúűŠ�

ƭÈé'Ʊ®1Ɯ®�ƭÈé�3�*ĻǸďǠÈé
ũ�5Ƃ�ē�%$'nXxB%ô

ǗŰĉ
Ż36!�5 (Ì 1.1)	`9;UbqMf(ǒ�Ş&0ÿ�čĸ�5�/�ǒŀũ

Ū{�Þ�%Ʒì8´,�!�5	Í�"(�1960 þ�&`9;UbqMf&25ǼưŰ


Í�';YĽÔǰƁ' 10-50%"ųũ��Ŗ©%ŗµ80�3�� (óľ�1966; |÷wĺ

İ�1966; ǻù�1967)	-��1950þ��3 1960þ�&��!�ßšúŰ
ŧťǅù'H

Rf;jĽÔ"Çǳ#%4�ǷƏǬ'²É#%�� (�ŷwźĻǚ�1968; ĤŔ�1964)	Ŕ

Ü"(�pxtQ]'rvGũŪ&��!�2001þ&V;R" 3,100znxt (Ƒ 28��)�

;Or:" 1�nxt (Ƒ 110��) 'ĝá80�3�� (Strauss, 2009)	-��FFlJ

ũŪ&��!(�`9;UbqMf&25 lethal yellowingŰ
:`r>��ƌ�ĳ°:K:

8�Ċ&Çǳ#%�!�4 (Gurr et al., 2016)�OvIX:°Ǘ"( 1965 þ�Ǧ' 30 þǣ

"�ĽÔ�6!�5FFlJ'Ƒ 56%
ķň��#ÖÃ�6!�5 (Mpunami et al., 1999)	 
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(a. Harrison & Elliott, 2008; b. Bertaccini & Duduk, 2009; c-e. Maejima et al., 2014) 

 1.1� ��������')�	
:$���+��0& 

a. Ǽ®�ķňűŠ8Â�5FFlJ	b. ưƠ�]xbsUQbűŠ8Â�5aV<	c. ưƠ�

¶ũűŠ8Â�5@r	d. ưƠ�¶ũűŠ8Â�5WRi (û)	e. Ʊ®űŠ8Â�5:KH

; (¹)	 
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� `9;UbqMf'ƔƧ(�ƔƧÚ8Ę��ƔƧƪ'.&­-6� 0.08-0.8 µm'}êą

"�5	ĿŞ"(ƋƇƔƧ�ƋǗ�ƔƧ�ƋǗĹƔƧ�&ôÏ�5 (Îõ3�1967; Oshima 

et al., 2013; Ì 1.2)	pF\;�<v>�@KqgƆ'>ihJŸĨƳ&24�Ğ�6�ĿŞ

+'čĸ8ĖÞ��5 (Weintraub & Beanland, 2006)	`9;UbqMf(ĨƳ'��"0

Ùŉ�5�#
¸ƨ"�4��6&2�!`9;UbqMfčĸĨƳ(ŌƘŶ&`9;U

bqMf8�Ğ�5 (Christensen et al., 2005; Ì 1.3)	ĨƳ8��%�`9;UbqMf'

�Ğłā#�!(�̀ 9;UbqMf&čĸ��ïũĿŞYWJ>Mq (Cascuta spp.; ^s

?=ſYWJ>Mqö) ĿŞ
��ĿŞ&ïũ�5�#&25�Ğ1�Ě�ĮƆ'ĻǸơŉ

&25�Ğ
Ż36!�5 (Kaminska & Korbin, 1999)	 

  

(Oshima et al., 2013) 

 1.2� ���������=">%<�2 

`9;UbqMfčĸĿŞ'ƋǗƕƢ�3�Ƹ��¢ŝ'ǭåǴĈǟ�ź	ƋǗƔƧ�&`

9;UbqMf'ƔƧ
Ƽñ�6!�5	 



 8 

 

  

(Oshima et al., 2011) 

 1.3� ���������/-. 

`9;UbqMfčĸĿŞ8ä�ĨƳ
Áō�5#�`9;UbqMf(Ƴ��&���Ù

ŉ�5	`9;UbqMf(ä�ĨƳ'ÆƩƔƧ&Ǖ��ä�ĨƳ
��%î�ĿŞ8Áō

�5#`9;UbqMf(Æŕ##0&ĿŞ'ƋǗƔƧ�&����ĿŞ&čĸ�5	 
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� `9;UbqMf&ò�!(��6-"&SUqH;BrvƐĒũŞǉ8�Ŧ�5�#

"��'űŠ8ǎŗ"�5�#
ÖÃ�6!�5 (żí3�1967)	���%
3��Ŧ8ņ

/5#�ųŰ�5	�6-"&`9;UbqMfŰ'őŲƲª(ëū®�6!�3��ǥǨ

(ä�ĨƳ'ǹǨ&Þ��ǲ�!�5
�ũĎƐ+'ǈƮ
Þ��{&ǹǨƉËÜ�3Ƕ

Ĳ�5ĨƳ&25ä�8ǥ��#(ÊǬ"�5�/�24şůŶ%ǥǨŒ'ŁƊ
Ŏ/3

6!�5 (Bertaccini & Duduk, 2009)	 

 

1.1.2. `9;UbqMf'¡ǵ 

� `9;UbqMf&250'#Ʀ
365ŰìÖÃ(·��3çÏ��ħİ"(ŏĐĪ

�&BuưƠŰ
ųũ�!�� (âŬ�1972)
��'Ű²(Ǡ3�}ĩ"�4�<;sLŰ

"�5#Ʀ
36!��	1967 þ&Îõ3(ǭåǴĈǟƼñ&2�!�ưƠűŠ8Â�5

Bu1ßšúűŠ8Â�5Kk?;j�dPmX:�@r'ƋǗƕƢ&��1¬Ş%$'Ű

²"�5f;FbqMf#ǵ���ƍå8ƻ ��f;FbqMfłĈũŞ (mycoplasma-

like organisms; MLO; ŤÏ'`9;UbqMf) #�!ÖÃ�� (Îõ3�1967)	�'Ć�

~ŭ»Ð"½ł'ëǺ
ƴ76��6-"²É}ĩ'<;sLŰ#�6!��Űĉ8Â�

5ĿŞ'ƋǗƕƢ&��! MLO 'ƍå
Ƽñ�6��/�Ĥ�%ĿŞŰ²�#�! MLO

'çÏ
~ŭŶ&ǁŻ�652	&%��	 

� `9;UbqMf(ÔǸ
ÊǬ"�5�#�3�MLO#�!ųƻ�6!�ǦǓþ&ƫ5

-"�Űĉ1î�ƉË&Õ �!¡ǵ
ƴ76!�� (âŬ�1972)	�'Ɩĵ�1980 þ�

Ć¯-"& MLO (~ŭ"ĠŵƐƗ
ÖÃ�6�ħİÍ�&ǧ�!0 63 ƐƗ' MLO 
Ö

Ã�6� (ø�1987)	1990þ�&%5#�16S rRNAǖ�å' PCR&25şůŶÙüđƵ

#��'ØÕǘ£ƽĴđƵ
Žƃ�6�MLO '¡åƐƗèŶƽĴ
¸ƨ#%�� (Namba 
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et al., 1993a)	�'Ɩĵ�MLO(f;FbqMföƔƯ&ǓƟ"�50''�Ţƃ��±Ɛ

Ɨƥ8ąď�5�#
ĩ3�#%4 (Namba et al., 1993b; Tully et al., 1993)�MLO(�`9

;UbqMf (phytoplasma)�#Å)65�#&%4 (International Committee on Systematic 

Bacteriology Subcommittee on Taxonomy of Mollicutes, 1993)��'Ć�īêŶ%¡ǵƥ�`9

;UbqMfö�  [‘Candidatus (Ca.) Phytoplasma’] #�!¡ǵ�6�  (The IRPCM 

Phytoplasma/Spiroplasma Working Team – Phytoplasma Taxonomy Group, 2004)	 

� `9;UbqMfö(źŇƔƯ'�" Firmicutes ǡ Mollicutes ƙ&¡ǵ�6!�5 (Ì

1.4)	`9;UbqMfö"(��6-"&Ƒ 40 'īêƀ
ÖÃ�6!�4 (Kube et al., 

2012)�ħİÍ�"( 9 ƀ
Žǁ�6!�5 (Maejima et al., 2014; Ì 1.5)	»īêƀ(

International Journal of Systemic and Evolutionary Microbiology (IJSEM) +'Ĝǐ&24ǁ/3

6��'ǩ&(³Ʀļ (reference strain) 
ê/365	Ĥ�%īêƀ#�!ǁ/365ÕŚ

(�16S rRNAǖ�å' 1,200ØÕ�{'ǘ£
�Ħç'��6'³Ʀļ'ǘ£#0ǘ£½

yČ
 97.5%įř"�5×¼1�î�ƉË�ä�ĨƳ�Ű²Č%$
Þ��ů%5×¼"�

5 (The IRPCM Phytoplasma/Spiroplasma Working Team – Phytoplasma Taxonomy Group, 2004)	 

� `9;UbqMf'¡ǵ"(�{ƾ 16S rRNA ǖ�å'ǘ£&Õ �¡ǵ�Ɛ'�&�

16S rRNAǖ�å'¨ǧǙƒ¢ģģŝÝą (restriction fragment length polymorphism; RFLP) &

Õ �¡ǵĥŒ (Lee et al., 1998; Zhao et al., 2009; Dickinson et al., 2013) 1��'[<L@x

_vCǖ�å'ØÕǘ£8ū��¡ǵĥŒ (Kamla et al., 1996; Falah & Gupta, 1997; Martini et 

al., 2007; Hodgetts et al., 2008) 
ÖÃ�6!�5
��6�6`9;UbqMf8Þ-�&

�5�(ǀƔ&¥¦�5�/'ĥŒ"�4���60Ňā&ǁ/36�¡ǵÕŚ"(%�	 
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(Oshima et al., 2013) 

 1.4� ����������"34#1��5 

GenBank TxOcxL&ŴǞ�6�ƔƯ' 16S rRNA ǖ�åǘ£&Õ ��ǓǪƖ¼Œ8ū

�!�ď�6�ƐƗŃ	:<UCsxb#�! Chlamydia trachomatis 
ū�36!�5	`

9;UbqMf(f;FbqMf#ǓƟ" Firmicutesǡ Mollicutesƙ&ö�5	 
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(Maejima et al., 2014) 

 1.5� ����������"34, 

16S rRNAǖ�åǘ£&Õ ��ǓǪƖ¼Œ8ū�!�ď�6�ƐƗŃ	:<UCsxb&(

Acholeplasma laidlawii
ū�36!�5	ū�� 16S rRNA ' GenBank TxOcxL&��

5:BNQJovŮº(ƀ¾'Ć'ėă�&ž�6!�5	ƐƗŃ'Ķ{&Ĭ�6�Ġ�(

axULUqQb�8ž��80%�{'axULUqQb�
ž�6!�5	àæ"ž�6

�`9;UbqMf(ħİÍ�"ųũ
ÖÃ�6!�5`9;UbqMf8ž�	 
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1.1.3. `9;UbqMf'EZhƽĴ 

� `9;UbqMf"(�OfYAưǼŰ`9;UbqMf (onion yellows phytoplasma; ‘Ca. 

P. asteris’ OYƐƗ; OY`9;UbqMf; Øƻ3�1998) 'ĄŊļ OY-M (Oshima et al., 2001) 

"¤/!�EZhƽǂ
ƴ76� (Oshima et al., 2004; ƶ 1.1;Ì 1.6)	OY-M (�ǠƑ 860 

kbp 'ŨŠĸƬ�&«
�2 �'bqLgV8ĭ�!�5 (Nishigawa et al., 2001, 2002a, 

2002b)	ĸƬ�' GC Àǜ( 28%"�4��' Mollicutes ƙƔƯ½ł&�� (Oshima et al., 

2004)	ĸƬ�{&( 754�' open reading frame (ORF) 
çÏ��257�(�'ũŞ"ĦŻ

'ǖ�å#Ź½Č
ǁ/36%�ńƨįŻ'ǖ�å"�5 (Oshima et al., 2004; ƶ 1.1)	 

 

 

8 1.1� OY-M����*( (Oshima et al., 2004
�6��() 

 
ĸƬ� 

bqLgV 

EcOYM pOYM 

ØÕǠ (bp) 860,631 5,025 3,932 

GCÀǜ (%) 28 25 24 

Ov]BǉFxVǱÓ (%) 73 71 75 

Ov]BǉFxVǖ�åĠ 754 6 5 

� ĦŻǖ�å#Ź½Č
�5ǖ�åĠ 446 2 2 

� `9;UbqMf"�ç�6!�5ńƨįŻǖ�åĠ 51 0 0 

� ńƨįŻǖ�åĠ 257 4 3 

Ov]BǉFxVǖ�å'ýÑǠ (bp) 785 597 588 

tRNAĠ 32 0 0 

rRNA=dtvĠ 2 0 0 
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(Oshima et al., 2004) 

 1.6� OY-M�)7�!  

ÜÄ'Ġæ( OY-M EZh'ǋŜ8ÕŚ&��ØÕ'�ƣ (kbp) 8ž�	Ü�24�4 �'

�Ä(Ov]BǉFxVǖ�å8ž��ÜÄ�3+ĥ¿�-ĥ¿�+ĥ¿'Ǜƹǖ�å�-ĥ¿'

Ǜƹǖ�å8ž�	ǖ�å'Ƭ(Ì'|Ǘ&ž�6�ǖ�å'�Řńƨ�#'¡ǵ&òċ�

5	5 �Ÿ'�Ä( GC-skew [(G-C)/(G+C)] 8ž�	6 �Ÿ'�Ä( GC Àǜ8ž�	7 �2

* 8�Ÿ'�Ä( tRNA (ǮƬ) �2* rRNA (ǊƬ) 8ž��6�Ÿ'�Ä
+ĥ¿�7�Ÿ'

�Ä
-ĥ¿&FxV�6!�5�#8ž�	 
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� `9;UbqMf"( OY-M'�&�‘Ca. P. asteris’ AYWBƐƗ (Bai et al., 2006)�‘Ca. P. 

australiense’ PAaƐƗ (Tran-Nguyen et al., 2008) �2* SLYƐƗ (Andersen et al., 2013)�‘Ca. 

P. mali’ ATƐƗ (Kube et al., 2008) "�EZh
ÖÃ�6!�5 (ƶ 1.2)	-���63'

�&0Ǔþ"(Ņ~�JxDvHx8§ū�!Vq`UEZhǘ£
ƹĠÖÃ�6!�5 

(Carle et al., 2011; Saccardo et al., 2012; Chung et al., 2013; Mitrović et al., 2014; Chen et al., 2014; 

Kakizawa et al., 2014; Pacifico et al., 2015; Quaglino et al., 2015; Lee, et al., 2015; Chang et al., 

2015; Fischer et al., 2016; Zamorano & Fiore, 2016; ƶ 1.3)	 

 

 

 

 

8 1.2� ���� 9;����������� (Andersen et al., 2013
�6��() 

ƀ ‘Ca. P. asteris’  ‘Ca. P. australiense’  ‘Ca. P. mali’ 

ƐƗ OY-M AYWB  PAa SLY  AT 

ĸƬ�'Łď ŨŠ ŨŠ  ŨŠ ŨŠ  ƞą 

ØÕǠ (bp) 860,631 706,569  879,324 959,779  601,943 

GCÀǜ (%) 27.8 26.9  27.4 27  21.4 

ǖ�åĠ 754 671  686 1126  481 

tRNAĠ 32 31  35 35  32 

rRNA=dtvĠ 2 2  2 2  2 
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1.2. ����Ul����~| 

 

1.2.1. ����Ul�X~| 

� ����Ul�X��5��6M=.� (2�� α2@I:78�β2@I:78�β'2@

I:78�ω2@I:78) 
$�& RNACKGJN5 (RNA polymerase; RNAP) 1+�

���3/Dcl
$�& RNAPBL���#%�('& (Ishihama, 2000)	RNAPBL�

��0;FP��n�ALHN6N�Z��_����Q���X�k�#%�mRNA �

_t��('& (e 1.7)	���0;F���RNAP 1+��)|t�&^cl� 1 �¡�

3/Dcl��x�¡1N9�'��& (Ghosh et al., 2010)	3/Dcl����&ALH

N6N�Z�3/Dcl�#����%����3/Dcl)W�Y
&���}���

Ul��X)����& (Jishage et al., 1996; Aramaki & Fujita, 1999)	 

  

� 1.7� 	
�� ����� 

RNAP1+���3/Dcl
$�& RNAP BL���0;FP��n�ALHN6N�Z

��_�&����Q���X�k�
$ mRNA�_t�'&	 
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1.2.2. ����Ul��\pcl 

� ���ad��gh]��r�&�!��}���Ul��\pcl�#%�Ul��

)h]����& (Kazmierczak et al., 2005)	����Ul��\pcl�O�����3

/Dcl�w�$'&	i������x�3/Dcl){��	%��g�r��3/D

cl)W�Y
&�����Ul��)h]����& (Jishage et al., 1996; Aramaki & Fujita, 

1999; Mittenhuber, 2002)	3/Dcl�+E;��Z�¡Vs�#%�3/D 70?*EKN

�3/D 54?*EKN�j[�'& (Wösten, 1998)	3/D 70?*EKN�o�&3/D

cl��Z�~��#���$� 3 ��j[�'�����b�v�q��<,4-N>

M/�Ul���\p��R�&�S�3/Dcl� (primary sigma factor)�����m�

q ����"���S�3/Dcl��Z`Os�¢���q S�3/Dcl}3/D

cl� (nonessential primary-like sigma factor)��gh]�r���Ul��h])u��T

z3/Dcl� (alternative sigma factor) �mf�& (Wösten, 1998; � 1.4)	Oy��3/D

54 ?*EKN�o�&3/Dcl�� �Tz3/Dcl���~��& (Wösten, 1998; 

� 1.5)	 
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� TMx 70o@y��(ĝ�:�ȤTMxñċ(*ɼú 1~4)³č�;�ɼú�čö�: 

(Gruber & Gross, 2003; ô 1.8)�ɼú 1*TMxñċ�Ùƺ$ DNA(Ƿå�:�%>ɧ�	

RNAP %Ƿå��u�ɜǲ%�# DNA (Ƿå�#ɂÅ>Ț��%>²ɑ�: (Wilson & 

Dombroski, 1997)�ɼú 2 *ɂÅɤĉƱ)ǰ 10 Āü�Ɵ ɇ (-10 ɼú) )	ɼú 4 *ɂÅ

ɤĉƱ)ǰ 35 Āü�Ɵ ɇ (-35 ɼú) )q�|�\�ɚÌ>�;�;Ȳȷ�:�%�Ū

8�%' #
: (Harley & Reynolds, 1987; ô 1.8)�ɼú 3*ɂÅɤĉƱ) 14~17Āü�Ɵ

 ɇ (Őı-10ɼú) )ɚÌ>Ȳȷ�:�%�Ǔ8;#
: (Barne et al., 1997; Voskuil et al., 

1995)��ȤTMxñċ RpoD *ą�)ǴȔ(³č�;�TMxñċ$	9	ĆȋȔ6żȓ

Ȕ (SigA) >�ļ(7�Ȩź�ɑ48;#
: (Ogasawara et al., 1983; Voskuil et al., 1995; 

Mitchell et al., 2003)��;1$(Ȩź�;#
: RpoD)ą�*	-35ɼú) 5′-TTGACA-3′

%-10 ɼú) 5′-TATAAT-3′) 2 !)Áùǋ'q�|�\�ɚÌ>Ȳȷ�:(Helmann & 

Chamberlin, 1988; ȝ 1.4)�ɴĽɻ�ȤTMxñċƆTMxñċ*�ĎĥƸŅTMxñċ�%

5í+;	�)M��q(ĝ�: RpoS*ĎĥƸŅ(
�: DNA´Ļɦɏɘ¤ċ6ơɋõ

Vc�VȆŀɘ¤ċ'&)ąƆ'ɘ¤ċ)ǈƼÐĺ(ɦ��: (Loewen & Hengge-Aronis, 

1994)�TMx 70 o@y��(ĝ�:¡űTMxñċ$*	ɶƒåŇ(ɦ��: FliA 

(Helmann, 1991) 6ƳľǦŀ) RpoH (Wösten, 1998)	żȓȔ(

#ȒȈĴŇ(ɦ��:T

MxñċȂ (Wösten, 1998) '&�Ǔ8;: (ȝ 1.4)�æƆ(TMx 70o@y��(ĝ�:

extracytoplasmic function (ECF) TMxñċ*	Ɍĥ*ǴȈȌ�)ŌTMxñċ(79�ƞÖ

�;#
:�	ƾāTMe�(79ŌTMxñċ��ƞÖ�	ECF TMxñċ�ƞŀÖ�

:�%$Ɗȉ�: (Wösten, 1998)� 

� TMx 54o@y��(ĝ�:TMxñċ*	TMx 70o@y��(ĝ�:TMxñċ

%*ɚÌɿ¦ŀ>ǚ�'
 (Merrick et al., 1987)�1�	TMx 70o@y��(ĝ�:T
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Mxñċ)Ȳȷq�|�\�ɚÌ�	ɂÅɤĉƱ)-10
7,-35ɼú$	:)(Ė�#	

TMx 54o@y��(ĝ�:TMxñċ)Ȳȷq�|�\�ɚÌ*	-12
7,-24ɼú

(čö�: (Merrick, 1993; ȝ 1.4)�TMx 54o@y��(ĝ�:TMxñċ RpoN*	

Ǡǲʁʄƾā(

#Ɗȉ�:�%�Ǔ8;#
: (Merrick, 1993; ȝ 1.5)� 

� ǴȔ)ɘ¤ċǈƼÐĺ(*	TMxñċ¢Ą)ɂÅȵǪñċ�ɦ��:¯5Ǔ8;#


9 (Browning & Busby, 2004)	ɇĨ$*ɴP�d RNA�ɘ¤ċǈƼÐĺ(ɦ��:¯5ý

ë�;!!	: (Waters & Storz, 2009)�ɴP�d RNA>���ɘ¤ċǈƼÐĺƊƅ%�#

*	ɴP�d RNA �ǏȡǋɚÌ>ų�: mRNA %Ƿå�:�%$	ɂÅ6ȃȭ>²ɑ1

�*ŋÐ�:¯'&�Ǔ8;#
: (Waters & Storz, 2009; ô 1.9)� 

  

K 1.8� ��+ 70)�,14�U	��BJP�c� 

TMx 70o@y��(ĝ�:ɂÅñċ*ɼú 1~4)³č�;�ɼú>ų�:�ɼú 2*ɂÅ

ɤĉƱ�Ɵ)-10q�|�\�ɚÌ>	ɼú 4*-35q�|�\�ɚÌ>�;�;Ȳȷ�:� 
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(Waters & Storz, 2009) 

K 1.9� x}���4% RNA�:�
�<PplGW 

A. ORF%TV(P�d�;�ɴP�d RNA(7:ɘ¤ċǈƼÐĺ�ɴP�d RNA� mRNA

)�vZ�zǷåɚÌ (RBS) %Ǐȡǋ(Ƿå�	ȃȭ�ŋÐ�;: (Ġ)�ɴP�d RNA�

mRNA)ǏȡɚÌ%Ƿå�	mRNA)ËŤ�ƿ�: (�Ĉ)�ɴP�d RNA� mRNA)Ǐȡ

ɚÌ%Ƿå�	ɂÅ>ǵǷ��: (â)�B. c��V(P�d�;�ɴP�d RNA(7:ɘ

¤ċǈƼÐĺ�ɴP�d RNA� mRNA)�vZ�zǷåɚÌ (RBS) %Ǐȡǋ(Ƿå�	ȃ

ȭ)ŋÐ (Ġ) 6	mRNA)ÊȨ (�Ĉ) �ƿ�:�ɴP�d RNA� mRNA)ǏȡɚÌ%Ƿ

å�:�%$ mRNA)�ƋƅɎ�ăÖ�	RBS(�vZ�z�Ƿå$�:7�('9ȃȭ�

²ɑ�;: (â)� 
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1.2.3. o@Ccq�Wx)ɘ¤ċǈƼ 

� o@Ccq�Wx*Ɓƶ%Ũș%
�¿�ǅ': 2 ǝɿ)Ē�ɥ$uVcVC_^�M

>Ț� (Christensen et al., 2005; Hogenhout et al., 2008)�OY-M$*�;1$(	xCL�A

�CȨź(7 #uVcVC_^�M(¥�ɘ¤ċǈƼ)ăÕ�Ȩź�;#
: (Oshima 

et al., 2011)��)ǷŻ	o@Ccq�Wx*uVcVC_^�M(¥ #¿ɘ¤ċ)ǰ 1/3

(Ǐĳ�:ɘ¤ċ)ǈƼ>ăÕ��:�%$	Ɓƶ%Ũș�;�;)Ē�ǴȈÂ)ƾā(

ɗľ�#
:�%�Ū8�%' � (Oshima et al., 2011; ô 1.10)�1�	‘Ca. P. asteris’ 

AYWB ǯǸ(

#*	Ē�%)Ǐ�¬ǁ(ɦɏ�:%Ȅ�8;: 179 ɘ¤ċ(!
#	

Ɓƶ%Ũș�;�;)Ē�(
�:ɘ¤ċǈƼɟ)Ďɟ RT-PCR (7:Ȩź�Ț=;#


: (Makarova et al., 2015)�o@Ccq�Wx)ɘ¤ċǈƼ(ɦ�#*�)�(	ĎɟƋ�¡

T�N�R�>ǁ
�c��VL�qc�zȨź (Siewert et al., 2014; Abbà et al., 2014)6	

q�aG�zȨź (Ji et al., 2010))ýë�	:5))	�;8)ǔǟ*
�;5ńŽƁƶ)

2>ǁ
�Ȩź$	:�1�	Ē�ªÂ(
�:o@Ccq�Wx)ɘ¤ċǈƼɟ�ńŽV

a�U(79ăÕ�:%
�ýë5	:� (Pacifico et al., 2015)	o@Ccq�Wx(
�

:ɘ¤ċǈƼÐĺƊƅ)ȱǴ*ŵ��Ū'Ʊ�ą
� 

� �;1$(OhzȨȴ�Ț=;#
:
�;)o@Ccq�Wx(

#5	TMxñ

ċ%�# RpoD% FliA) 2ǝɿ)2�Ohz��8ȥÉ�;#
: (Oshima et al., 2004; Bai 

et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 2008; Andersen et al., 2013)����'�8	

�)Ɗȉ(ɦ�:Ȩź*Ě'� (Ishii et al., 2013)	o@Ccq�Wx(
�:ɂÅÐĺƊƅ

(ɦ�:Ǔȥ*��
�1�	o@Ccq�Wx$*�;1$(	Flavescence doréeo@C

cq�Wx$ɴP�d RNA�ȥÉ�;#
: (Abbà et al., 2014) 5))	ǈȥ�;�ɴP
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�d RNA * 1 !��$	9	1�	ɴP�d RNA �o@Ccq�Wx)ɘ¤ċǈƼÐĺ

-)ɦ�(!
#*ŵ�Ȩź�Ț=;#
8�	�Ū$	:� 

  

(Oshima et al., 2011) 

K 1.10� OY-M�<P�aj-\~�� ��plNH 

xCL�A�CȨź(7: OY-M)Ɓƶ-Ũșɥ$)ɘ¤ċǈƼăÕ>ǚ��Ǽȑ$ǚ�;�

ɘ¤ċ*Ɓƶ$ǈƼ��ũ��ɘ¤ċ>	Ƚȑ$ǚ�;�Ũș$ǈƼ��ũ��ɘ¤ċ>�

;�;ǚ�� 
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ǣ 2ǡ� in vitroɂÅǯ>ǁ
�o@Ccq�Wx)ÀɌTMxñċ 

RpoD)ƊȉȨź 

 

2.1. ĪŢ 

 

2.1.1. o@Ccq�Wx)ÀɌTMxñċ RpoD 

� �;1$(¿OhzȨȴ�Ț=;#
:
�;)o@Ccq�Wx(

#5	RpoD


7, FliA) 2ǝɿ)TMxñċ�Ohz�(P�d�;#
: (Oshima et al., 2004; Bai et 

al., 2006; Kube et al., 2008; Tran-Nguyen et al., 2008; Andersen et al., 2013)�FliA*o@Ccq

�Wxǝɥ$)ɚÌ³čŀ�¨�	ǝ(7 #Ohz�$)Pn�š�Ć��ǅ':)(

Ė�#	RpoD*
�;)o@Ccq�WxOhz(

#5Ù�Pn�ɘ¤ċ%�#P�

d�;#
9	Ayhɝ�s�$ʆ
ɚÌæ�ŀ>ǚ� (ô 2.1)�o@Ccq�Wx) RpoD

*TMx 70o@y��\�kLȼ(Áùǋ' 4!)ɼú (ɼú 1~4; Gruber & Gross, 2003) 

>�.#ų�#
9	ɼú 2�4>é3 CŶǢº*Ʒ(ɚÌæ�ŀ�ʆ
�Ŧ	ɼú 1>é

3 NŶǢº)ɚÌ³čŀ*66¨
 (ô 2.1)��ȏ(TMx 70o@y��(ĝ�:TMx

ñċ)ɼú 2 
7, 4 *�;�;q�|�\�)-10 ɼú	-35 ɼú>�;�;Ȳȷ�:�

%�8 (Wösten, 1998)	o@Ccq�Wx) RpoD5�)ǴȔ%æƆ)q�|�\�ȲȷƊ

ƅ>Œ!%Ȅ�8;:�	�)ȱǴ*�Ū$	:�1�	�ȏ( RpoD*iDVJ�n�M

ɘ¤ċ)ɂÅÐĺ>Ŏ��ȤTMxñċ$	9 (Wösten, 1998)	ǴȔ)ǴȈÂ$�)ǈƼɟ

*�Ď(³�;#
:� (Jishage et al., 1996; Aramaki & Fujita, 1999)	OY-M$* RpoD*Ɓ

ƶªÂ%ƑɄ�#ŨșªÂ$ʆǈƼ$	:�%�Ǔ8;#
: (Oshima et al., 2011; Ishii et 
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al., 2013)���� #	o@Ccq�Wx(

# RpoD��)ǴȔ%æƆ(�ȤTMxñ

ċ%�#Ɗȉ�#
:�*�Ū$	:� 

� o@Ccq�Wx)TMxñċ(!
#*�;1$(	o@Ccq�Wx)q�|�\

�%TMxñċ)Ǐ�¬ǁ>ĆȋȔǴȈÂ$�ToE��Y�w�\�ƞŀ(79ȯ±�

:	Escherichia coli-based ex vivo reporter assay (EcERA) %í+;:ǯ>ǁ
�Ȩź�Ț=;

#
: (Ishii et al., 2013)����'�8�)ǯ$*	o@Ccq�Wx)q�|�\�%T

Mxñċ)ɥ(ǎŘǋ'Ǐ�¬ǁ�	:�ÍÎ$�'
��	ĆȋȔ)TMxñċ(7:

ĵɸ�	:%Ȅ�8;	»ɬŀ5��*»ɫŀ>Ŗɪ�:�%�òɰ$	:�1�	ĆȋȔ

) RpoDȲȷq�|�\�ɚÌ>ǁ
:�%$	o@Ccq�Wx(
�: RpoD)Ȳȷɚ

Ì>�Ʃ�:�%5Ț=;#
:� (Jung et al., 2003; Ishii et al., 2009)	o@Ccq�WxO

hz* AT�_^$	:�%�8	�)ŉƚ$*ƌǘ'q�|�\�)�Ʃ*òɰ$	:%

Ȅ�8;:���� #	o@Ccq�Wx(

#TMxñċ
7,�)Ȳȷq�|�\

�>79ȱǴ(ǔǟ�:�$*	ťȦ)ŉƚ�ĽȤ$	:� 
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  K 2.1� )��$*0!+ RpoD��,&��F�0�3.3$ 

A�C�{�c* Clustal W (http://www.genome.jp/tools/clustalw/)>ǁ
#Ț ��50%¢��

Ȏ��Ayhɝ*ʈȑ$	ɿ¦��Ayhɝ*Ưȑ$ǚ���ǉǒɽ*ǴȔ)TMxñċ(

³č�;�Ayhɝ>ǚ���OY-M: ‘Ca. P. asteris’ OY-MǯǸ	AYWB: ‘Ca. P. asteris’ AYWB

ǯǸ	solani: ‘Ca. P. solani’ 284/09ǯǸ	SLY: ‘Ca. P. australiense’ NZSb11ǯǸ	PAa: ‘Ca. P. 

australiense’ rp-AǯǸ	ATP: ‘Ca. P. mali’ ATǯǸ 
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2.1.2. in vitroɂÅǯ 

� TMxñċ%�)Ȳȷq�|�\�>Ȩź�:ǯ%�#	
�!�)ǴȔ$* in vitroɂ

Åǯ�ǁ
8;#
: (Tan et al., 1998; Aramaki & Fujita, 1999; Rosenthal et al., 2008; Graves 

& Rabinowitz, 1986)�in vitro ɂÅǯ*	ǴȔ(
�:ɂÅÝľ(ĽȤ'ŲęX_c$	:

RNAPPAɜǲ	TMxñċ	ɢù DNA	NTP>ȰʅǩÂ$Ýľ��	�ğǋ(ɂÅÝľ

>ȳĘ�:ŉƚ$	: (ô 2.2)�ɂÅǀƶ)ƂÉ(*	Šėŀæ§ª�s��� NTP >ƣ

å�	ɂÅǀƶ>ǮȢ�ƜÕ��)�(G�c�UGM�oB�$ƂÉ�:ŉƚ�7�ǁ


8;#
:� 

� ŷŉƚ$*	Ėȸ)TMxñċ
7,ɢù DNA )2>ȰʅǩÂ$Ýľ��:�%�8	

�)TMxñċ6 DNAɚÌ)ĵɸ*Ŗɪ�;	Ėȸɥ)ǎŘǋ'Ǐ�¬ǁ
7,�;(¥

�ɂÅÝľ>Ȩź�:�%�áȉ$	:�1�	ŷŉƚ$*ûʃ6ɘ¤ċŞ¬�òɰ'ǴȔ

)TMxñċ%�)Ȳȷq�|�\�(!
#Ȩź�:�%�áȉ$	:%Ȅ�8;:�

��$ŷǡ$*	in vitroɂÅǯ>ǁ
:�%$ OY-M) RpoD�Ȳȷ�:q�|�\�ɚ

Ì	
7, RpoD(7 #ɂÅÐĺ�;: OY-M)ɘ¤ċ(!
#Ȩź>Ȱ2�� 
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K 2.2� in vitro�Bw�b� 

ȰʅǩÂ$ RNAPPAɜǲ	TMxñċ	ɢù DNA	NTP>Ýľ��:�%$	ɢù DNA

�(TMxñċ)Ȳȷq�|�\�ɚÌ�čö�:þå(*	ɂÅǀƶ�åŇ�;:� 
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2.2. Ÿţ%Ŧƚ 

 

2.2.1. °Ȱo@Ccq�Wx	Ɓƶ	Ũș 

� ŷǔǟ$*	©Ȼǐ)\xgK79Êɯ�;�\xgKȕʇǆo@Ccq�Wx (onion 

yellows phytoplasma; ‘Ca. P. asteris’ OYǯǸ; OYo@Ccq�Wx; Āȥ8	1998) )İƐž

OY-M (Oshima et al., 2001) >ďʅ(°Ȱ���OY-Mo@Ccq�Wx)ǺŒ*T~�KL 

(Glebionis coronaria) 
7,Ċ�Ũș$	:l{o\a��PjC (Macrosteles striifrons) 

>ǁ
#¢�)7�(Ț ��Ŝǝķ 3 ɐɥ)T~�KL 1 ž(	ćɵ
7,ºɵ(g_

c>ı �q�V^_LȢ)Ãǥ>Ȟ�	ǥÂ( OY-M³Ɛș 15ɽ>¾;���;>ŪŴ

16Ŭɥ	ůŴ 8Ŭɥ	25ºC)ƨĐÂ$ǺŒ��� 

 

2.2.2. RNAōÉ 

� OY-M ńŽƁƶ
7,Ũș�8) RNA ōÉ*	êƖŘǝķ 40 ŧɥǺŒ��Ɓƶ
7,

Ũș>ǁ
#¢�)7�(Ț ��ǰ 0.1 g)ȰţƁƶ
7,Ũș>ƢªǠǲ$ÇǷ�	�

ɠ>ǁ
#ǙǕ���ISOGEN (f_w�U��) 1 ml>Ó�	ǙǕƢ> 1.5 ml^~�p(ð

Þ��)�	15,000 rpm	4ºC$ 10Êɥɖļ����ƥ> 1.5 ml^~�p(ðÞ�	200 µl

)L��u�z>Ó�#7�ŝŏ��)�	15,000 rpm	4ºC$ 10Êɥɖļ���500 µl)

�ƥ> 1.5 ml^~�p(ðÞ�	500 µl) 2-q�kh��>Ó�#ɂ·ƣî��)�	15,000 

rpm	4ºC$ 30Êɥɖļ����ƥ>Ĭƀ�	1 ml) 70%F\h��>Ó�	15,000 rpm	

4ºC$ 5Êɥɖļ����ƥ>Ĭƀ�ƘƏ>ʀ���)�	ƘƏ>ƬȔƔ(ƫȨ�	NanoDrop 

2000c (Thermo Scientific) (79ê½ī>ƩĎ�:�%$ RNAƮī
7,Ǳī>ǘȲ���

ōÉ�� RNA*-80ºC$³č��� 
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2.2.3. DNaseÈƽ 

� 2.2.2.ɹ$ōÉ�� RNA R�q��(ƍč�: DNA >ɪÜ�:�4(	¢�)7�(

DNaseÈƽ>Ț ��5 µg) RNAR�q�( 1 µl (5 U/µl) ) Recombinant DNase I (RNase-

free) (TaKaRa)	2.5 µl) 10�DNase I Buffer (TaKaRa)	0.2 µl (40 U/µl) ) Ribonuclease Inhibitor 

(TaKaRa) >Ó�	ƬȔƔ(79åȪđɟ> 25 µl%�#	37ºC$ 30ÊɥÝľ����Ýľ

ķ	100 µl)ƬȔƔ	100 µl)ɝŀoEh��	100 µl)L��u�z>Ó�#7�ŝŏ�	

15,000 rpm	4ºC$ 10Êɥɖļ���200 µl)�ƥ> 1.5 ml^~�p(ðÞ�	200 µl)L

��u�z�CZAy�A�P��ƫƢ (L��u�z:CZAy�A�P��=24:1) >Ó

�#7�ŝŏ��)�	15,000 rpm	4ºC$ 10Êɥɖļ���200 µl)�ƥ> 1.5 ml^~�

p(ðÞ�	20 µl) 3 Mɛɝec�DzƔƫƢ	500 µl)F\h��>Ó�#ɂ·ƣî�

�)�	15,000 rpm	4ºC $ 30 Êɥɖļ����ƥ>Ĭƀ�	1 ml ) 70%F\h��>Ó

�	15,000 rpm	4ºC$ 5Êɥɖļ����ƥ>Ĭƀ�ƘƏ>ʀ���)�	ƘƏ>ƬȔƔ

(ƫȨ�	NanoDrop 2000c (79ê½ī>ƩĎ�:�%$ RNA Ʈī
7,Ǳī>ǘȲ�

��DNaseÈƽƦ2) RNA*-80ºC$³č��� 

 

2.2.4. 5′ RACEȨź 

� OY-M ) RNA ɂÅǀƶ 5′ ŶǢɚÌ>ƗĎ�:�4(	5′ RACE (rapid amplification of 

cDNA ends) Ȩź>Ț ��5′ RACEȨź(*	OY-MńŽƁƶ
7,Ũș�;�;ǂŹ)

¿ RNA>	2.2.3.ɹ(ĸ # DNaseÈƽ�� RNA>ɢù%�#°Ȱ���5′ RACE System 

for Rapid Amplification of cDNA Ends, Version 2.0 (Invitrogen) >ǁ
#Ƥ )q�cP��(

ĸ #ɊɂÅÝľ>Ț �)�	Ĺ8;� cDNA >ɢù%�#J_c ĝ)q�Cx�%

o@Ccq�WxĀüɚÌ(Ǐȡǋ'q�Cx� (ȝ 2.1))X_c>ǁ
#	nested PCR>
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é4� 2Ǝɭ) PCR>Ț ��PCR* TaKaRa Taq (TaKaRa) >ǁ
#Ț
	ÝľƫƢ)Ƕ

Ň
7,ÝľŬɥ*Ƥ )q�cP��(ĸ ��Ýľǵ×ķ	AI��VO�ɱƓƜÕ(

79Ǎǋ) DNA ŤƵ�ĂĦ�;#
:�>ǘȲ��)�	Ǎǋ) DNA ŤƵ> UltraClean 

15 DNA Purification Kit (MO BIO Laboratories) >ǁ
#	Ƥ )q�cP��(ĸ #ǮȢ

��� 

� ǮȢ�� DNAŤƵ* TOPO TA Cloning Kit with pCR2.1-TOPO (Invitrogen) >ǁ
#	Ƥ

 )q�cP��(ĸ # pCR2.1-TOPO(L��f�M���L��f�M��q�Vy

d( 50 µl) E. coli DH5αžP�na�cX� (TaKaRa) >Ó�ƣå��)�	ƕ�$ 5Ê

ɥɳȀ����)ķ	ƫƢ> 42ºC$ 1ÊɥƳT�_L>��	ƕ�$ 5ÊɥɳȀ��)�	

SOCû÷ [2% Tryptone (BD)	0.5 % Yeast Extract (BD)	0.05% ĀÖec�Dz	2.5 mM Ā

ÖH�Dz	10 mM ĀÖxMgTDz	10 mM ǗɝxMgTDz	20 mM M�P�V	

pH7.0] > 500 mlÓ�	37ºC$ 1ŬɥŔǌûʃ����)ķ	ĆȋȔûʃƢ> LB/HexC

T�Ĕćû÷ (1% Tryptone	0.5% Yeast Extract	0.5% ĀÖec�Dz	1.5%Ĕć	50 ppm 

HexCT�) (ÿĤ�	37ºC$ 1ŧûʃ���ƿȇ��P�f�>Ùɯ�	1.6 ml) 2�

YT/HexCT�Ƣªû÷ (1.6% Tryptone	1% Yeast Extract	0.5% ĀÖec�Dz	50 ppm 

HexCT�) $ 37ºC	16Ŭɥûʃ�	DNAȍÕÊɯȠȀ GENE PREP STAR PI-80X (L�

vD) $q�Vyd>ðÞ��� 

� ðÞ��q�Vyd(!
#ä 8L���>T�LF�V�	ĀüɚÌ>ƗĎ���q�

Vyd>ɢù%�#	BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) >ǁ


#¢�)7�(T�LF�VÝľ>Ț ��50-200 ng)q�Vyd( 0.32 µl) M13F1

�* M13Rq�Cx� (ȝ 2.1)	1.75 µl) 5�Sequencing Buffer	0.5 µl) Ready Reaction Mix

>Ó�	ƬȔƔ(79åȪđɟ> 10 µl%����)ƫƢ>	96ºC 3Ê	(96ºC 15Ǜ	48ºC 
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30 Ǜ	60ºC 4 Ê) > 1 RCL�%�# 25 RCL�Ýľ����T�LF�VÝľǀƶ*	

Sephadex G-50 SuperFine (GE Healthcare) >ǁ
#¢�)7�(ǮȢ���Sephadex G-50 

SuperFineɗɟ> MultiScreen-HV Filter Plate, 0.45 µm (Merck Millipore)(¾;	330 µl)ƬȔ

Ɣ>Ó�#Đƨ$ 2ŬɥɳȀ�#H�z>Ɣî����2,600 rpm$ 5Êɥɖļ�	H�z

�8«Ê'ƬȔƔ>ɪ
�)�	T�LF�VÝľǀƶ>H�z(ƤÓ�	2,600 rpm $ 5

Êɥɖļ�	ƫÉƢ>ðÞ���ƫÉƢ>Ƨõ�ƴ��)�	15 µl)u�zAyd(ƫȨ

�	95ºC$ 5Êɥ)Ýľķ���(ƕƔ�$ĿÆ���ĀüɚÌ* Applied Biosystems 3130xl 

Genetic Analyzer (Applied Biosystems) (79ƗĎ���ĀüɚÌ)Ȩź(* ATGC ver. 4.3.5 

(YgaB_LV) >ǁ
�� 
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� 2.1� 5′ RACE�_�n�
*0�+4 

q�Cx� ɚÌ (5′→3′) \�O_c 

rrnB_RACE1  TCATAGTCTTGGTAGGCC  rrnB 

rrnB_RACE2 CGTTACTCACCCGTTCGCC  rrnB (nested PCR) 

ibpA_RACE1  
CAAGATAATCAATACTTTATTACTATTGAAT

TACCAG  
ibpA 

ibpA_RACE2 
CTGGTAATTCAATAGTAATAAAGTATTGATT

ATCTTG  
ibpA (nested PCR) 

infC_RACE1  
CTTTTAAAACAATAATTTGGGTTTTCTTTTTG

GC  
infC 

infC_RACE2 
CTAATGAATTATCAAAAACATCGTTATAACC

AA  
infC (nested PCR) 

rplM_RACE1  ACAACAATAACATAATCGCCATTGTCTACG  rplM 

rplM_RACE2 
GTGTTTTCCTTTTAAAATGGAAGCCACTTTG

G  
rplM (nested PCR) 

rpsD_RACE1  CCGTGATTAGCTAATTGTCTTGCTTGAGCTC  rpsD 

rpsD_RACE2 
CCTAAACGATAAACTACATTATCAAGACGAG

ATTC  
rpsD (nested PCR) 

pam157_RACE1  AAATATTTGTTGCTGTTTGTTGCC  pam157 

pam157_RACE2 TTTGGGTTTGGTGTGATTTC  pam157 (nested PCR) 

amp_RACE1  TGAACTTTCCATTGTTTAACAACTTTTTCTGC  amp 

amp_RACE2 AGCAGCAGTAAGTTCAAGAGCGTC  amp (nested PCR) 

pam289_RACE1  AAATCGTCTCCAATAGAAAGACC  pam289 

pam289_RACE2 
AAGTAATAATGCACTTAAACAATAAATAAA

CC  
pam289 (nested PCR) 

pam486_RACE1  CCCAATAATCAACTCCTAGAACGCT  pam486 

pam486_RACE2 ATTTTGTAAGCCACGCAAGAACATG  pam486 (nested PCR) 

tengu_RACE1  AAATTAGGCATCTTTCTCGCC  tengu 

tengu_RACE2 AAATTAGGCATCTTTCTCGCC  tengu (nested PCR) 
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2.2.5. DNAōÉ 

� OY-MńŽƁƶ�8) DNAōÉ*	DNeasy Plant Mini Kit (Qiagen) >ǁ
#Ț ��ǰ

0.1 g )ȰţƁƶ>ƢªǠǲ$ÇǷ�	�ɠ>ǁ
#ǙǕ��)�	J_c(Ƥ )q�c

P��(ĸ # DNAōÉ>Ț ��DNA)Ʈī
7,Ǳī*	NanoDrop 2000c(79ê

½ī>ƩĎ�:�%$ǘȲ��� 

 

2.2.6. RpoDǈƼsL\�)ƅǬ 

� OY-M ) rpoD ¿ɣ> PCR (79ĂĦ�	ĆȋȔǈƼsL\�-)L��f�M>Ț 

��ǈƼsL\�(* pCold I (TaKaRa) >ǁ
	RpoD) NŶǢº( 6µ)lV^U�\M 

(His-tag) � Ó�;:7�L��f�M�� (pCold_His-RpoD)� 

� 2.2.5.ɹ$ōÉ�� DNA>ɢù%�#	rpoD_kpnF
7, rpoD_salR)q�Cx�X_c 

(ȝ 2.2) >ǁ
# OY-M) rpoD¿ɣ> PCR(79ĂĦ���PCR* TaKaRa Taq>ǁ
#

Ț
	ÝľƫƢ)ǶŇ
7,ÝľŬɥ*Ƥ )q�cP��(ĸ ��Ǎǋ)ŤƵ*

UltraClean 15 DNA Purification Kit>ǁ
#	Ƥ )q�cP��(ĸ #ǮȢ��� 

� ǮȢ�� PCRǀƶ
7, pCold IsL\�> KpnI
7, SalI)�Ðɩɜǲ(79ËŤ�

�)�	UltraClean 15 DNA Purification Kit>ǁ
#	Ƥ )q�cP��(ĸ #ǮȢ���

ǮȢ��C�R�c
7,sL\�* Ligation-Convinience Kit (f_w�U��)>ǁ
#	

16ºC$ 5Êɥ�CO�T��Ýľ>Ț ���CO�T��ǀƶ( 50 µl) E. coli DH5αž

P�na�cX� (TaKaRa) >Ó�ƣå��)�	ƕ�$ 5ÊɥɳȀ����)ķ	ƫƢ>

42ºC $ 1 ÊɥƳT�_L>��	ƕ�$ 5 ÊɥɳȀ��)�	SOC û÷> 500 ml Ó�	

37ºC $ 1 ŬɥŔǌûʃ����)ķ	ĆȋȔûʃƢ> LB/A�nT��Ĕćû÷ (1% 

Tryptone	0.5% Yeast Extract	0.5% ĀÖec�Dz	1.5%Ĕć	100 ppm A�nT��) (



 

 36 

ÿĤ�	37ºC$ 1ŧûʃ���ƿȇ��P�f�>Ùɯ�	1.6 ml) 2�YT/A�nT��

Ƣªû÷ (1.6% Tryptone	1% Yeast Extract	0.5% ĀÖec�Dz	100 ppm A�nT��) 

$ 37ºC	16Ŭɥûʃ�	DNAȍÕÊɯȠȀ GENE PREP STAR PI-80X (L�vD) $q�V

yd>ðÞ���ðÞ��q�Vyd(!
#	pCold-F
7, pCold-Rq�Cx� (ȝ 2.2) 

>ǁ
�T�LF�V(79ɚÌ>ǘȲ���T�LF�V* 2.2.4.ɹ)ŉɺ(ĸ �� 

� Ǎǋ)ɚÌ�ŕ¾�;#
�L���> E. coli BL21-CodonPlus (DE3)-RIL žP�na�

cX� (Stratagene) (Ĵȼɂś���LB/A�nT��Ĕćû÷(ƿȇ��P�f�> 5 ml

) 2�YT/A�nT��Ƣªû÷$ 37ºC	16ŬɥŔǌûʃ�	ûʃȔƢ% 50%M�X���

>Ǥɟ�!ƣå��5)>M�X���Vc_L%�#-80ºC$³č�	¢ɨ)ďʅ(ǁ


�� 

 

 

� 2.2� pCold_His-RpoDcv�n�
*0�+4 

q�Cx� ɚÌ (5′→3′)a 

rpoD_kpnF GGGGTACCATGGAATTCGATAACATAATCAAAA 

rpoD_salR CGACGTCGACTTATTTGTGGTTGTGGTACAAACTTTTT 

pCold-F ACGCCATATCGCCGAAAGG  

pCold-R GGCAGGGATCTTAGATTCTG 

a�ǽ*ÐɩɜǲɚÌ) ÓɚÌ>ǚ�� 
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2.2.7. RpoD)ĆɟǈƼ
7,ǮȢ 

� 2.2.6.ɹ$¬Ȣ�� pCold_His-RpoD>Ę¾��ĆȋȔž>ǁ
#	RpoD)ĆɟǈƼ
7

, His-tagǮȢ>Ț �� 

� pCold_His-RpoD>Ę¾��ĆȋȔž)M�X���Vc_Lɗɟ> 2 ml) LB/A�nT

��Ƣªû÷ (1% Tryptone	0.5% Yeast Extract	0.5% ĀÖec�Dz	1.5%Ĕć	50 ppm 

A�nT��) (Ó�	37ºC $�ŭŔǌûʃ���ûʃȔƢ> 100 ml ) LB/A�nT��

Ƣªû÷(ǜƁ�	37ºC$ OD600=0.4 ɇ(ɕ�:1$Ŕǌûʃ��)�	15ºC$ 30Êɥ

ɳȀ�	CZq�n�-β-^GI�Lcn�hTd (isopropyl-β-thiogalactopyranoside, IPTG) 

>ǵƮī 0.1 mM(':7�ƤÓ�	15ºC$ 1ŧŔǌûʃ���ûʃƢ> 50 ml^~�p(

ðÞ�	3,000�g	4ºC$ 15Êɥɖļ�	�ƥ>Ĭƀ�#Ȕª>ðÞ���ûʃƢ 50 ml)

Ȕª	�9	4 ml) Binding buffer [20 mM Tris-HCl (pH7.9)	500 mMĀÖec�Dz	5 mM

Cy][��] (Ȕª>ņƭ�	Ⱦɷƛu|UeCS�Sonifier 250DA (Branson) >ǁ
#

Ȕª>ǖǕ���Ⱦɷƛu|UeCS�*ÉÒ 30%(ȬĎ�	ƕ�$ 2ÊɥǖǕ>Ț ��

ǖǕƢ> 15,000 rpm	4ºC$ 15Êɥɖļ�	�ƥ (áƫŀǃÊ) >ðÞ�	His-tagǮȢ(ǁ


�� 

� His-tag ǮȢ*¢�)7�(Ț ��PD-10 H�z (GE Healthcare) ( 2 ml ) Ni-NTA 

Agarose (Qiagen) >Ó���H�zŎª> 3 ml)ƬȔƔ$ƝƠ�	5 ml) 50 mM Ǘɝf_

N�ƔƫƢ>Ó�#Ŏª(f_N�CG�>Ƿå���)�	3 ml) Binding buffer>Ó�

#H�z>ħȜÖ���áǁŀǃÊ)\�kLȼƫƢ>H�z(Ɍ�	ƫÉ��ƫƢ>Äī

H�z(Ɍ�¬ƃ> 2ðǿ9Ɉ���10 ml) Binding buffer
7, 6 ml)Wash buffer [20 

mM Tris-HCl (pH7.9)	500 mM ĀÖec�Dz	60 mMCy][��] )ɺ(H�z>ƝƠ
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��)�	3 ml) Elution buffer [20 mM Tris-HCl (pH7.9)	500 mM ĀÖec�Dz	1 M C

y][��] >Ó�# His-tag� Ó�;� RpoD>ƫÉ��� 

 

2.2.8. in vitroɂÅ)ɢù DNA¬Ȣ 

� 2.2.5.ɹ$ōÉ�� DNA>ǁ
#	in vitroɂÅ(ǁ
:ɢù DNA> PCR(79¬Ȣ�

��ȝ 2.3 (ǚ��äq�Cx�X_c>ǁ
#	OY-M )äɘ¤ċ�ƟɚÌ> PCR (7

9ĂĦ���PCR* TaKaRa Taq>ǁ
#Ț
��Ǎǋ)ŤƵ*UltraClean 15 DNA Purification 

Kit>ǁ
#ǮȢ��� 

� rrnB)řĎq�|�\�ɚÌ(ăǅ>Ę¾��ɢù DNA*	ȝ 2.4(ǚ��q�Cx�

X_c>ǁ
��P�me�c PCR(79¬Ȣ���¢�$* PrrnB_mt1>¯(�)ŉɺ

>ǚ��2.2.5.ɹ$ōÉ�� DNA>ɢù%�#	PrrnB_P2_F
7, PrrnB_mt1R	PrrnBmt1F


7, PrrnB_P2_R )äq�Cx�X_c>ǁ
# PCR >Ț
	Ǎǋ)ŤƵ>ǮȢ���

ǮȢ�� 2!)ŤƵ>Ǥɟ�!ƣå��ƫƢ>ɢù%�#	PrrnB_P2_F
7, PrrnB_P2_R

)q�Cx�X_c>ǁ
# PCR>Ț
	Ǎǋ)ŤƵ>ƿŇ�:�%(79	PrrnB_mt1>

Ĺ���)ăǅù)ɢù DNA5æƆ(�#	ȝ 2.4(ǚ��äq�Cx�X_c>ǁ
#

¬Ȣ��� 
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� 2.3� in vitro�B��M DNA>��n�
*0�+4 

q�Cx� ɚÌ (5′→3′) \�O_c 

PrrnB_F TTGCCGGAATTCAATCTTAAAAC  rrnB 

PrrnB_R TTACAAAATTGATGCATCAAAAATTGC  rrnB 

PibpA_F GTTTGGTTATTTTCATGTAATTTATCAAAATATAAGG  ibpA 

PibpA_R CTGGTAATTCAATAGTAATAAAGTATTGATTATCTTG  ibpA 

PinfC_F AGTTTTGCAAAAAAAATAACCTCTTAATTGCC  infC 

PinfC_R CTTTTAAAACAATAATTTGGGTTTTCTTTTTGGC  infC 

PrplM_F TATTTGCCAGACCAAAAAGCTGTTATTAGTG  rplM 

PrplM_R GTGTTTTCCTTTTAAAATGGAAGCCACTTTGG  rplM 

PrpsD_F AATTACAACCTCAAACTATTTACTTAGTTTGGGG  rpsD 

PrpsD_R CCGTGATTAGCTAATTGTCTTGCTTGAGCTC  rpsD 

PrpoD_F AGTTGTTCTCCTAAGACTTCACTTC  rpoD 

PrpoD_R CCTTTCTAAAAATATTTTTAGAAAAGATAGGAA  rpoD 

P157_F TGCTTGGAATATGTAGCAATTACTGAGATTATAAAAAG  pam157 

P157_R AAATAATGTTCAATAATGTTTGTCTTGGTATCGGG  pam157 

P289_F CACAAACACAAAATAAAATGTAAGCGTAGA  pam289 

P289_R AAGTAATAATGCACTTAAACAATAAATAAACC  pam289 

P486_F TAGAAAATAAATAAATTTTAAAAAT  pam486 

P486_R ATTTTGTAAGCCACGCAAGAACATG  pam486 

Ptengu_F AAACCGTTTTAAAATGACCTGAATT  tengu 

Ptengu_R TTTAGTTTCAATTAGAGTTATCACG  tengu 

Pamp_F AGAAAATAAAGATAATAACTTTGATTTAGGAACACAAG  amp 

Pamp_R AGCAGCAGTAAGTTCAAGAGCGTC  amp 
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� 2.4� rrnB�[R*2/4"4�F��NoT@�n�
*0�+4 

q�Cx� ɚÌ (5′→3′)a 

PrrnB_P2_F TTAACAAAAGTATTTTTTTACTTGCCAAATCCT  

PrrnB_P2_R TCATAGTCTTGGTAGGCC  

PrrnB_mt1F GCAACAAAACggTTGCTATTTGTTTTTTTATGTG 

PrrnB_mt1R CACATAAAAAAACAAATAGCAAccGTTTTGTTGC 

PrrnB_mt2F GCAACAAAACATggGCTATTTGTTTTTTTATGTG 

PrrnB_mt2R CACATAAAAAAACAAATAGCccATGTTTTGTTGC 

PrrnB_mt3F GCAACAAAACATTTggTATTTGTTTTTTTATGTG 

PrrnB_mt3R CACATAAAAAAACAAATAccAAATGTTTTGTTGC 

PrrnB_mt4F GCAACAAAACATTTGCggTTTGTTTTTTTATGTG 

PrrnB_mt4R CACATAAAAAAACAAAccGCAAATGTTTTGTTGC 

PrrnB_mt5F GCAACAAAACATTTGCTAggTGTTTTTTTATGTG 

PrrnB_mt5R CACATAAAAAAACAccTAGCAAATGTTTTGTTGC 

PrrnB_mt6F GCAACAAAACaaTTGCTATTTGTTTTTTTATGTG 

PrrnB_mt6R CACATAAAAAAACAAATAGCAAttGTTTTGTTGC 

PrrnB_mt7F GCAACAAAACATaaGCTATTTGTTTTTTTATGTG 

PrrnB_mt7R CACATAAAAAAACAAATAGCttATGTTTTGTTGC 

PrrnB_mt8F GCAACAAAACATTTaaTATTTGTTTTTTTATGTG 

PrrnB_mt8R CACATAAAAAAACAAATAttAAATGTTTTGTTGC 

PrrnB_mt9F GCAACAAAACATTTGCaaTTTGTTTTTTTATGTG 

PrrnB_mt9R CACATAAAAAAACAAAttGCAAATGTTTTGTTGC 

PrrnB_mt10F GCAACAAAACATTTGCTAaaTGTTTTTTTATGTG 

PrrnB_mt10R CACATAAAAAAACAttTAGCAAATGTTTTGTTGC 

PrrnB_mt11F GTTTTTTTATGTggTATAATAAAAAAGGTATTGCG 

PrrnB_mt11R CGCAATACCTTTTTTATTATAccACATAAAAAAAC 

PrrnB_mt12F GTTTTTTTATGTGAggTAATAAAAAAGGTATTGCG 

PrrnB_mt12R CGCAATACCTTTTTTATTAccTCACATAAAAAAAC 

PrrnB_mt13F GTTTTTTTATGTGATAggATAAAAAAGGTATTGCG 

PrrnB_mt13R CGCAATACCTTTTTTATccTATCACATAAAAAAAC 

PrrnB_mt14F GTTTTTTTATGTGATATAggAAAAAAGGTATTGCG 

PrrnB_mt14R CGCAATACCTTTTTTccTATATCACATAAAAAAAC 
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� 2.4� z� 

q�Cx� ɚÌ (5′→3′)a 

PrrnB_mt15F GTTTTTTTATGTGATATAATggAAAAGGTATTGCG 

PrrnB_mt15R CGCAATACCTTTTccATTATATCACATAAAAAAAC 
a ęŢČ)Āü*Ę¾��ăǅɚÌ>ǚ�� 
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2.2.9. in vitroɂÅǯ 

� 2.2.7.ɹ$ǮȢ�� RpoD>ǁ
#	¢�)ŉɺ$ in vitroɂÅȨź>Ț ��1 U)Ćȋ

Ȕ RNAPPAɜǲ (Epicentre) % 20 ng) RpoD>j_o@� [50 mM Tris-HCl	100 mM Ā

ÖH�Dz	10 mM ĀÖxMgTDz	1 mM U^Gc�Cc��	0.1 mM EDTA	5% (v/v) 

M�X���	pH 8.0] �$ƣå�	4ºC$�ŭɂ·ƣî�:�%$	ĆȋȔ RNAPPAɜ

ǲ (RNAPEc) % RpoD>Ƿå��� (RNAPEc-RpoD)�Ƿå)ǘȲ*	NativePAGEO� (Life 

Technologies) >ǁ
� nativew�AL��AydO�ɱƓƜÕ (native poly-achrylamide gel 

electrophoresis; native PAGE) ))�	2D-ɡŽȑȰȘ�II (PV|�jCG) >ǁ
�ɡŽȑ

(79Ț �� 

� RNAPEc-RpoD( 22 µl) NTPy_LV (500 µM ATP	500 µM UTP	500 µM GTP	40 µM 

CTP; TaKaRa)	2 µl) α-32PƇȷ�� CTP (800 Ci/mmol; PerkinElmer)	800 ng)ɢù DNA>

ƤÓ�	37ºC $ 15 ÊɥC�J~s�c�:�%$ in vitro ɂÅÝľ>Ț ��ɂÅǀƶ*

DNase I(79 15ÊɥÈƽ>Ț �)�	2.2.3.ɹ%æƆ(oEh���L��u�zōÉ	

F\h��ƘƏ>Ț
	ƘƏ> 15 µl) 7.5 Měǲ¾9ƜÕj_o@�(ƫȨ���R�q

�* 7 M ěǲ¾9 6% (w/v) w�AL��AydO�$ɱƓƜÕ>Ț �)�	FLA-5000

C{�U��]� (GE Healthcare) (79TMe�>ƂÉ���äj�d)TMe�Ĳī)

ǏĖ¹Ö(*	Image J version 1.47 (Abràmoff et al., 2004; Schneider et al., 2012) >ǁ
�� 

 

2.2.10. q�|�\�ɚÌ)�Ʃ 

� 2.2.9.ɹ) in vitroɂÅǯ>ǁ
�Ȩź(79	RpoD(7:ɂÅÐĺ�ǘȲ�;�ɘ¤ċ

)ɂÅɤĉƱ�ƟɚÌ79	BioProspector (Liu et al., 2001) >ǁ
#ÀɌq�|�\�ɚÌ

)řĎ>Ț ��BioProspector)k�{�\�*¢�)7�(ȬĎ��: -W6 -w -G 20 -g 17 
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-d 1 -a 1�Ĺ8;�ÀɌq�|�\�ɚÌ)T�N�V�Q (Schneider & Stephens, 1990) *

WebLogo (Crooks et al., 2004) >ǁ
#¬Ň��� 

� OY-M 
7,�ǝo@Ccq�WxOhz�)q�|�\�ɚÌ�Ʃ*	Regulatory 

Sequence Analysis Tools (van Helden, 2003) ) dna-pattern >ǁ
#Ț ��ƂǳɚÌ(*	

BioProspector>ǁ
�Ȩź(79Ĺ8;� [TC][AT][GC][AC][TC][AT]N17-19TA[AT]AA[AT] 

(őįÂ)Āü*�)
�;�)Āü$	:�%>	N17-19*£Ń)Āü� 17-19Āüčö�

:�%>ǚ�) >ǁ
��ŷǡ)Ȩź(ǁ
�o@Ccq�Wx
7,�)¿OhzɚÌ)

National Center for Biotechnology Information (NCBI) GenBankb�\s�VALX_T��Ǆ

ã*ȝ 2.5(ǚ��� 

 

 

 

� 2.5� ^u��_�n�
)��$*0!+ 

ǝç ǯǸç NCBI GenBankALX_T��Ǆã 

‘Ca. P. asteris’ OY-M AP006628 

‘Ca. P. asteris’ AYWB CP000061 

‘Ca. P. australiense’ PAa AM422018 

‘Ca. P. mali’ AT CU469464 
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2.3. ǷŻ 

 

2.3.1. rrnBGt��)ɂÅɤĉƱƗĎ 

� ŷǡ$*	OY-Mo@Ccq�Wx(

#TMxñċ RpoD�Ȳȷ�:q�|�\�ɚ

Ì)ƷĎ>Ȱ2��ą�)ǴȔ(

#	RpoD* 16S rRNAɘ¤ċ)ɂÅÐĺ(ɦ=:�

%�Ǔ8;#
: (Young & Steitz, 1979; Ogasawara et al., 1983; Gourse et al., 1986; Tan et al., 

1998)�OY-Mo@Ccq�WxOhz�(*	2!) rRNAGt�� (rrnA	rrnB) �čö

�:�%�ýë�;#
:�	�;8)�� rrnA * 5′ŶǢº(^�T� tRNA ɘ¤ċ>	

rrnB* 16S rRNAɘ¤ċ>�;�;P�d�#
: (Jung et al., 2003)���$ŷǔǟ$*1

�	OY-M Ohz�(P�d�;: rrnB )ɂÅɤĉƱ>ƷĎ�:�%$	�)�Ɵ(čö

�:q�|�\�ɚÌ)ŗǳ>Ȱ2�� 

� OY-MńŽƁƶ
7,Ũș�8ōÉ�� RNA>ǁ
# 5′ RACEȨź>Ț �ǷŻ	ńŽ

Ɓƶ
7,Ũș)
�;(

#5 rrnB�Ɵ( 3!)ɂÅɤĉƱ�ǘȲ�;� (ô 2.3)�3

!)ɂÅɤĉƱ*�;�;	rrnB)�Ɵ 91	254	444Āü�Ɵ(čö�#
9	¢ɨ$*

äɂÅɤĉƱ> P1	P2	P3%�:�P1	P2	P3�;�;) 35	
7, 10Āü�Ɵ(*ô

2.3(ǚ��řĎq�|�\�ɚÌ�čö�	P2
7, P3)řĎq�|�\�ɚÌ*�


(7�ɿ¦�#
� (ô 2.3)� 
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K 2.3� rrnB��B�Oh�kR 

Ġº)šČ* rrnB ) 1 ĀüǍ>+1 %��%�)ǏĖǋ'Āü)§Ȁ>ǚ��5′ RACE (7

9ƷĎ�;� rrnB)ɂÅɤĉƱ>	rrnB�8ɇ
ɺ( P1	P2	P3%���řĎ�;:-35q

�|�\�ɚÌ>ǖǽ)�ǽ$	-10q�|�\�ɚÌ>ďɀ)�ǽ$�;�;ǚ��� 
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2.3.2. rrnBřĎq�|�\�ɼú>ǁ
� in vitroɂÅȨź 

� 2.3.1.ɹ$ƷĎ�� P1	P2	P3)ä�Ɵ(čö�:řĎq�|�\�ɚÌ> RpoD�Ȳȷ

�	ɂÅÐĺ>Ț #
:�ƂȮ�:�4(	RpoD >ǁ
� in vitro ɂÅǯ)ƅǬ>Ȱ2

��RNAP PAɜǲ*ȣš)\�kLȼ�8':ġĆȣåª$	9	o@Ccq�Wx)

RNAPPAɜǲƅŇñċ>�;�;ĆȋȔǈƼ��)�ǮȢ�	RNAPPAɜǲ>ÄƅŇ�

�:�%*òɰ$	:%Ȅ�8;��%�8	ŷǔǟ$* RNAP PAɜǲ%�#ģȺ)Ć

ȋȔ RNAPPAɜǲ (RNAPEc; Epicentre) >ǁ
:�%%��� 

� 1�	RNAPEc%ĆȋȔ$ǈƼ�ǮȢ��OY-M)RpoD�RNAPu�ɜǲȣåª (RNAPEc-

RpoD) >ĴŇ�:�ƂȮ>Ț ��RNAPEc% RpoD>j_o@��$ƣå� 4ºC$C�J

~s�c��)�	native PAGE (79ȣåª)ĴŇ>ǘȲ����)ǷŻ	RpoD ƤÓŬ

(* RNAPEc)2)þå%ƑɄ�#ʆÊċɟ)j�d�ǘȲ�;� (ô 2.4)��)j�d*

RNAPEc-RpoD ȣåª)řĎÊċɟ [RNAPEc: 378 kDa	RpoD (His-Tag >é3): 56 kDa	

RNAPEc-RpoD: ǰ 434 kDa] %�Ȏ���%�8	RNAPEc-RpoDȣåª�ĴŇ�#
:%ř

Ď�;�� 

� ��$Ƌ(	rrnB�Ɵ) P1	P2	P3)ä�Ɵ(čö�:řĎq�|�\�ɚÌ�.#>

é3ɼú (PrrnB; rrnB )-500~+284 (Ǐĳ) >ɢù DNA %�#	RNAPEc-RpoD (7: in 

vitroɂÅȨź>Ț ���)ǷŻ	RpoD>ƤÓ��þå()2Ʒǅǋ' RNA)ɂÅ�ǘ

Ȳ�;� (ô 2.5)�ɂÅ�;� RNA)ɣ�*ǰ 700
7, 500Āü$	9	�;8*�;

�; P3 (rrnB) 444Āü�Ɵ) 
7, P2 (rrnB) 254Āü�Ɵ) �8)ɂÅǀƶ(Ǐĳ�:

ɣ�$	 � (ô 2.5)��Ŧ$	P1 (rrnB) 91Āü�Ɵ) �8)ɂÅǀƶ(Ǐĳ�: 375Ā

ü)ɂÅǀƶ*ǘȲ�;'� � (ô 2.5)�¢�)ǷŻ�8	RpoD * RNAPEc% RNAP u
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�ɜǲ>ĴŇ�	rrnB ) P2 
7, P3 �Ɵ(čö�:q�|�\�ɚÌ>Ȳȷ�#ɂÅÝ

ľ>Ț��%�ǚï�;�� 

  

K 2.4� RNAPEc� RpoD��I=VY�s� 

RNAPEc% RpoD>j_o@��$ƣå��)�	native PAGE>Ț ��ʈǒɽ* RNAPEc

% RpoD )ȣåª)řĎÊċɟ (ǰ 434 kDa)>	ǉǒɽ* RNAPEc)Êċɟ (378 kDa)>	

�;�;ǚ�� 
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K 2.5� rrnB� in vitro�B�_ 

A. in vitroɂÅȨź(ǁ
�ɢù DNA (PrrnB))ƈĭô�B. PrrnB>ǁ
� in vitroɂÅȨź�

ɂÅǀƶ>ɱƓƜÕ��)�	G�c�UGM�oB�(79ƂÉ>Ț ��ʈǒɽ* P2


7, P3�8ɂÅ�Ț=;�þå(ƿŇ�:%řĎ�;:ɂÅǀƶ)§Ȁ>ǚ�� 
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2.3.3. RpoD�Ȳȷ�: rrnBq�|�\�ɚÌ)ƷĎ 

� 2.3.2.ɹ$ RpoD* rrnB)ɂÅÐĺ(ɦ��:áȉŀ�ǚ�;��%�8	ŷɹ$*�8

(	RpoD�Ȳȷ�: rrnB)q�|�\�ɚÌƷĎ>Ȱ2��RpoD(79ɂÅ�Ț=;:

%Ȅ�8;� P2)řĎq�|�\�ɚÌ (-35ɼú: 5′-TTGCTA-3′; -10ɼú: 5′-TATAAT-3′) 


7, P3)řĎq�|�\�ɚÌ (-35ɼú: 5′-TTGCCA-3′; -10ɼú: 5′-TATAAT-3′) *�


(ɿ¦�#
��%�8 (ô 2.3)	P2)řĎq�|�\�ɚÌ>é3ɼú (PrrnB_P2) >

ɢù DNA %�	-35 
7,-10 )äřĎq�|�\�ɚÌ(ăǅ>Ę¾�	in vitro ɂÅ(


�:ɂÅƞŀ>ƑɄ��� 

� 1�	P2)řĎ-35q�|�\�ɚÌɇ¼( 2Āü�!GG-)ăǅĘ¾>Ț
 (mt1~mt5)	

in vitro ɂÅȨź>Ț ���)ǷŻ	-35 
7,-34 ( TT �8 GG -)ăǅ>Ę¾ (mt2) 

��þå(*	ɂÅƞŀ� PrrnB_P2%ƑɄ�# 16%1$¨��:�%�ǚ�;� (ô 2.6)�

�Ŧ$	-37%-36 (mt1)	-33~-28 (mt3~5) -)ăǅĘ¾$*ɂÅƞŀ(Ć�'ăÖ*ȥ8;

'� ��æƆ(	řĎ-35 q�|�\�ɚÌɇ¼( 2 Āü�! AA -)ăǅ>Ę¾ 

(mt6~mt10) ��þå(5	-35
7,-34) TT> AA(ăǅ��� (mt7) þå()2	Ć

Ħ'ɂÅƞŀ)¨��ǘȲ�;� (ô 2.6)�¢�)ǷŻ�8	RpoD (7: rrnB ) P2�8

)ɂÅ(*	-35
7,-34(čö�: TT�ɞȤ$	:%Ȅ�8;�� 

� Ƌ(	řĎ-10 q�|�\�ɚÌ(!
#Ȩź>Ț ��řĎ-10 q�|�\�ɚÌɇ¼

( 2Āü�! GG-)ăǅĘ¾>Ț
 (mt11~mt15)	in vitroɂÅȨź>Ț ���)ǷŻ	

-12 �8-7 (ăǅ>Ę¾ (mt12~mt14) ��þå(	PrrnB_P2 %ƑɄ�# 6-22%1$ɂÅƞ

ŀ�¨��� (ô 2.6)�-14%-13 (mt11)	-6%-5 (mt15) -)ăǅ$*=��(ɂÅƞŀ)¨

��ǘȲ�;� (ô 2.6)�ĸ #	RpoD(7: rrnB) P2�8)ɂÅ(*	-12
7,-7(

čö�: 5′-TATAAT-3′�ɞȤ$	:%Ȅ�8;�� 
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� -35 
7,-10 (
�:ǷŻ>­�:%	RpoD (7: rrnB ) P2 �8)ɂÅ(*	P2 �

Ɵ(čö�: 5′-TT-21 bp-TATAAT-3′)ɚÌ�	RpoD (7:Ȳȷ(

#ɞȤ'ĶÑ>Ż

��%řĎ�;��æƆ)ɚÌ* in vitro ɂÅ$ɂÅ�ǘȲ�;� P3 )�Ɵ(čö�:�

Ŧ	in vitroɂÅ$ɂÅ�ǘȲ�;� P1)�Ɵ(*čö�#
'� � (ô 2.3)� 
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  K 2.6� rrnB�*2/4"4�F�_ 

A. rrnB)q�|�\�ɚÌȨź(ǁ
�ɢùDNA (PrrnB_P2	mt1~mt15) )ƈĭô�mt1~mt15

$*	PrrnB_P2%æ�Āü)ǧň*Ʊ$ǚ���B. mt1~mt5>ǁ
� in vitroɂÅȨź� C. 

mt6~10>ǁ
� in vitroɂÅȨź�D. mt11~mt15>ǁ
� in vitroɂÅȨź�ʈǒɽ*ɂÅǀ

ƶ)§Ȁ>ǚ��ä���)�)š¹*	PrrnB_P2)TMe�Ĳī> 1%��%�)ǏĖ¹

>ǚ��TMe�Ĳī* ImageJ79ǨÉ��� 
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2.3.4. RpoD(79ɂÅÐĺ�;:iDVJ�n�Mɘ¤ċ)Ȩź 

� 2.3.3.ɹ$ RpoD * rrnB )ɂÅÐĺ(ɦ��:�%�ǚ�;����$ŷɹ$*	RpoD

(79ɂÅÐĺ�;: rrnB ¢Ą) OY-M ɘ¤ċ)ŗǳ>Ț ��ą�)ǴȔ(

#	

RpoD*iDVJ�n�Mɘ¤ċ)ɂÅÐĺ>Ŏ��%�ýë�;#
: (Aramaki & Fujita, 

1999; Liu & Zuber, 2000; Choonee et al., 2007; Rosenthal et al., 2008)���$ŷǔǟ$*	OY-

M)iDVJ�n�Mɘ¤ċ� RpoD(79ɂÅÐĺ�;:�Ȩź>Ț ��Ėȸ%�#	

ȃȭɤĉñċ IF-3ɘ¤ċ (infC)	50S�vZ�zRp�f_c\�kLȼ L13ɘ¤ċ (rplM)	

30S �vZ�zRp�f_c\�kLȼ S4 ɘ¤ċ (rpsD)	rpoD ) 4 ɘ¤ċ(!
#Ȩź

>Ț ��Ó�#	o@Ccq�Wx%æƆ( AT �_^'Ohz>Œ!‘Ca. Blochmannia 

floridanus’(

# RpoD �ɂÅÐĺ>Ŏ��%�ýë�;#
:	ÊċT}t��ɘ¤ċ

ibpA (Stoll et al., 2009) (!
#5Ȩź>Ț �� 

� äɘ¤ċ)�Ɵɼú>ɢù DNA%�# in vitroɂÅȨź>Ț �ǷŻ	infC	rplM	rpsD	

ibpA)�;�;)�Ɵɼú (PinfC	PrplM	PrpsD	PibpA)>ɢù DNA%�#ƤÓ��þå

(*	RpoD ƤÓŬƷǅǋ(ɂÅ RNA �ǘȲ�;� (ô 2.7)��Ŧ$	rpoD )�Ɵɼú 

(PrpoD) >ɢù DNA%�#ƤÓ��þå(*	RNA)ɂÅ*ǘȲ�;'� ��¢�)Ƿ

Ż�8	RpoD * rpoD ȍɁ)ɂÅ(*ɦ��'
5))	ȣš)iDVJ�n�Mɘ¤ċ

)ɂÅ(ɦ��:�%�ǚï�;�� 
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K 2.7� '� �4(3��<P� in vitro�B�_ 

äiDVJ�n�Mɘ¤ċ)�ƟɚÌ>ɢù DNA %�#ǁ
� in vitro ɂÅȨź�ɂÅǀ

ƶ>ɱƓƜÕ��)�	G�c�UGM�oB�(79ƂÉ>Ț ��ʈǒɽ*äɢù DNA

)ɣ��8łĎ�;:ɂÅǀƶ)§Ȁ>ǚ�� 
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2.3.5. RpoD(79ɂÅÐĺ�;:Ē�Ǐ�¬ǁñċ)Ȩź 

� 2.3.4.ɹ$RpoD*ȣš)iDVJ�n�Mɘ¤ċ)ɂÅÐĺ(ɦ��:�%�ǚ�;��

ŷɹ$*	RpoD�iDVJ�n�Mɘ¤ċ¢Ą) OY-Mɘ¤ċ)ǈƼÐĺ>Ŏ��ƂȮ�

:�4(	o@Ccq�Wx%Ē�%)Ǐ�¬ǁ(ɦ��:%Ȅ�8;:	5!)ɘ¤ċ(

!
# in vitroɂÅȨź>Ț ��Ėȸ%�#	ŨșĊ�ɦɏɘ¤ċ amp (Suzuki et al., 2006)	

Ē�ŘǑñċɘ¤ċ pam289 (Neriya et al., 2014)	ćƹĞǇƸȳĘɘ¤ċ tengu (Hoshi et al., 

2009)	Ɓƶ$ʆǈƼ$	:Êƙ\�kLȼɘ¤ċ pam486 (Oshima et al., 2011)	Ũș$ʆǈ

Ƽ$	:Êƙ\�kLȼɘ¤ċ pam157 (Oshima et al., 2011)	(!
#Ȩź>Ț �� 

� äɘ¤ċ)�Ɵɼú (Pamp	Ppam289	Ptengu	Ppam486	Ppam157) >ɢù DNA%�#

in vitroɂÅȨź>Ț �%�<	5!�.#)ɢù DNA�8 RpoD)ƤÓŬƷǅǋ( RNA

)ɂÅ�ǘȲ�;� (ô 2.8)�ĸ #	RpoD *iDVJ�n�Mɘ¤ċ¢Ą(5o@Cc

q�Wx-Ē�Ǐ�¬ǁ(ɦ��:Ɔ�'ɘ¤ċ)ɂÅÐĺ(ɦ��:�%�ǚï�;�� 
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K 2.8� S7r9>nJP� in vitro�B�_ 

äĒ�Ǐ�¬ǁñċɘ¤ċ)�ƟɚÌ>ɢù DNA %�#ǁ
� in vitro ɂÅȨź�ɂÅǀ

ƶ>ɱƓƜÕ��)�	G�c�UGM�oB�(79ƂÉ>Ț ��ʈǒɽ*äɢù DNA

)ɣ��8łĎ�;:ɂÅǀƶ)§Ȁ>ǚ�� 
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2.3.6. RpoDÀɌq�|�\�ɚÌ)ƷĎ 

� 2.3.3.ɹ$*	RpoD�Ȳȷ�: rrnB)q�|�\�ɚÌ>ƷĎ���1�	2.3.4.ɹ
7

, 2.3.5.ɹ(79	RpoD(7 #ɂÅÐĺ�;: 9ɘ¤ċ>ƷĎ���ŷɹ$*	RpoD�

Ȳȷ�:q�|�\�ɚÌ(!
#79ȱǴ(Ȩź�:�4(	2.3.4.ɹ
7, 2.3.5.ɹ$ in 

vitro ɂÅȨź>Ț � 9 ɘ¤ċ(!
#ɂÅɤĉƱ>ƷĎ�	�)�Ɵ(čö�:q�|

�\�ɚÌ)ƷĎ>Ȱ2�� 

� 2.3.4.ɹ
7, 2.3.5.ɹ$ in vitroɂÅȨź>Ț � 9ɘ¤ċ(!
# 5′ RACEȨź>Ț
	

äɘ¤ċ)ɂÅɤĉƱ>ƷĎ�� (ô 2.9)�5′ RACEȨź* OY-MńŽƁƶ
7,Ũș�;

�;ǂŹ) RNA>ǁ
#Ț ��	
�;)ɘ¤ċ)ɂÅɤĉƱ(!
#5	Ɓƶ
7,

Ũș�;�;$æ�§Ȁ$	 ��ɂÅɤĉƱ)Āü* A1�* G$	9 (ô 2.9	ô 3.0)	

�;*o@Ccq�Wx%ɇǾ'xCPq�Wx(
�:ýë%�Ȏ�#
� (Weber et 

al., 2012)�äɂÅɤĉƱ�8	2.3.4.ɹ
7, 2.3.5.ɹ$ in vitroɂÅ(ǁ
�ɢù DNA) 3′

ŶǢ1$)ȿɯ*	in vitroɂÅ(

#ǘȲ�;�ɂÅǀƶ)ɣ�%/0�Ȏ�#
�� 

� Ƌ(	ƷĎ��ɂÅɤĉƱ�Ɵ(čö�:q�|�\�ɚÌ>ƷĎ�:�4(	|^�o

ŗǳ`�� BioProspector (Liu et al., 2001) >ǁ
#ÀɌq�|�\�ɚÌ)ƷĎ>Ȱ2��

�)ǷŻ	ɂÅɤĉƱ�Ɵ-35 
7,-10 �;�;(

# 6 Āü)³čɚÌ)čö�řĎ

�;� (ô 2.9)�ÀɌ-10q�|�\�ɚÌ (5′-TAtAAT-3′; ęŢČ)Āü*66³čŀ�¨


�%>ȝ�) * 9 ɘ¤ċ�.#)ɂÅɤĉƱ�Ɵ(ȥÉ�;� (ô 2.9)�ÀɌ-35 q�|

�\�ɚÌ (5′-TTgaca-3′) )čö5řĎ�;��	ÀɌ-10 q�|�\�ɚÌ%ƑɄ�#³

čŀ*¨� � (ô 2.9)�-35
7,-10q�|�\�ɚÌɥ)ȿɯ*	17~19Āü)Ģǅ�

ǘȲ�;� (ô 2.9)� 
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� äɂÅɤĉƱ�Ɵ 50Āü(!
#	Āü)³čŀ>Ȩź����)ǷŻ	-35
7,-10

q�|�\�ɚÌ(Ó�#	-42~-39  ɇ) A �_^'ɼú
7,-17~-14  ɇ)³čɚÌ 

(5′-TnTG-3′) )čö�ǘȲ�;� (ô 2.10)��;8)ɚÌ*�)ǴȔ(
�: RpoD�Ȳȷ

�:q�|�\�ɼú(Ůɓǋ(ȥ8;: (Graves & Rabinowitz, 1986; Helmann, 1995) �%

�8	ŷɹ$ȥÉ�;�³čɚÌ* OY-M ) RpoD �Ȳȷ�:q�|�\�ɚÌ$	:�

%�ǚï�;�� 

 

  

K 2.9� RpoD����BGW����<P��B�Oh ��*2/4"4�F�kR 

ʈǒɽ)Āü* 5′ RACEȨź(79ƗĎ�;�ɂÅɤĉƱ>ǚ��âǢ) 3Āü* rRNA)

5′ŶǢ1�*ɘ¤ċ)ɤĉPd�>ǚ��BioProspector (79-35 ɼú
7,-10 ɼú(ȥÉ

�;�³čɚÌ(!
#	WebLogo>ǁ
#T�N�V�Q>¬Ň���T�N�V�Q)

äĀü)ʆ�*	�)Āü)³čŀ>ǚ�� 
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K 2.10� RpoD����BGW����<P5f�F�?QX 

in vitro ɂÅȨź(79 RpoD (79ɂÅÐĺ�;:�%�ǚ�;�ɘ¤ċ)�Ɵ 50 Āü)

ɚÌ79	WebLogo>ǁ
#T�N�V�Q>¬Ň���T�N�V�Q)äĀü)ʆ�*	

�)Āü)³čŀ>ǚ�� 
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2.3.7. RpoD(79ɂÅÐĺ�;: OY-Mɘ¤ċ)�Ʃ 

� 2.3.6.ɹ$ƷĎ�� OY-M ) RpoD �Ȳȷ�:q�|�\�ɚÌ [5′-TTgaca-(17-19 bp)-

TAtAAT-3′; ęŢČ)Āü*66³čŀ�¨
�%>ȝ�] (!
#	OY-M Ohz�$�

)q�|�\�ɚÌ>�Ɵ(ų�:ɘ¤ċ>ŗǳ�	RpoD(79ɂÅÐĺ�;: OY-Mɘ

¤ċ)řĎ>Ȱ2�� 

� 2.3.6.ɹ$ƷĎ��q�|�\�ɚÌ>	DNA|^�oŗǳ`�� RSA-tools (van Helden, 

2003) >ǁ
# OY-MOhz��8ŗǳ��%�<	540�ň(q�|�\�ɚÌ)čö�

řĎ�;���;8)��	ɤĉPd�	5��* rRNA1�* tRNA) 5′ŶǢ�8 500Ā

ü¢Â(q�|�\�ɚÌ�čö��ǧň* 103 �ň$	9	�)�Ɵ(	:ɘ¤ċš*

88µ$	 � (ȝ 2.6)� 

� �;8 88ɘ¤ċ>	�)Ɗȉ(ü"
# Cluster of Orthologous Groups (COGs; Tatusov et 

al., 2001)(Êɿ>Ț ���)ǷŻ	25ɘ¤ċ (29%) *OhzȣȢ�ȃȭ�ɂÅ (ȃȭ	

ȣȢ)	11ɘ¤ċ (12%)*¡ȶ (c��Vw�\�'&)	8ɘ¤ċ (9%) *ǴȈĴŇ�Êȟ�

ɒÕ (T}t��'&) (Êɿ�;	�)Ɗȉ*iDVJ�n�Mɘ¤ċ>é4�ąƆ'5

)$	 � (ȝ 2.6, ȝ 2.7, ô 2.11)� 

� RpoD*ŨșĒ�(

#ʆǈƼ$	:�%�ýë�;#
: (Oshima et al., 2011) �	

�;8 88ɘ¤ċ)uVcVC_^(¥�ǈƼk\��*	Ũș$ 2¶¢�ʆǈƼ$	:ɘ

¤ċ* 10ɘ¤ċ)2$	 � (Oshima et al., 2011; ȝ 2.6, ô 2.12)� 
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� 2.6� OY-M�&-6� �� RpoD��*2/4"4�8g 

ORF ɘ¤ċ COG 
ǈƼƑ  

(Ɓƶ/Ũș)a 
-35 -10 

pam008 rfaG M 0.270 TTGCTT TATAAA 

pam011 rpsR J 2.610 CTGATA TAAAAT 

pam022 dppB E 1.534 CAGATT TAAAAT 

pam023 ƊȉŵǓ X 0.000 CTGATA TAAAAT 

pam028 ibpA O 1.501 TTGACA TAAAAT 

pam033 ƊȉŵǓ X -3.000 TTGCTA TATAAA 

pam046 ƊȉŵǓ X 1.601 CTCATT TAAAAA 

pam059 mdlB Q 3.070 TTCCTT TAAAAT 

pam060 ƊȉŵǓ X 3.418 TTCATA TATAAT 

pam060 ƊȉŵǓ X 3.418 TACCCT TATAAT 

pam063 himA L -0.422 TAGATT TATAAT 

pam070 ƊȉŵǓ X 6.719 TAGATA TATAAT 

pam078 artM E -0.062 TAGATT TAAAAT 

pam081 rpsT J 1.131 TTGCTT TATAAT 

pam083 serS J -0.062 TACATT TAAAAT 

pam085 ƊȉŵǓ R -2.729 TTCCTA TAAAAT 

pam092 znuA P -1.574 TTCATA TATAAT 

pam106 rpmB J 0.689 CACCCA TATAAT 

pam109 ƊȉŵǓ X 1.510 TTGACA TAAAAT 

pam109 ƊȉŵǓ X 1.510 TAGCTA TATAAA 

pam109 ƊȉŵǓ X 1.510 TTGCTT TATAAA 

pam120 groES O -0.601 TTGCCA TATAAT 

pam122 amp X 0.340 CTCCCA TAAAAT 

pam128 aspS J 0.339 CTCATA TATAAT 

pam130 hflB O - CTCCTT TATAAT 

pam138 rplM J -0.598 TTGACT TAAAAT 

pam138 rplM J -0.598 TACACA TAAAAA 

pam152 pth J -0.607 TAGCTA TAAAAT 
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� 2.6� z� 

ORF ɘ¤ċ COG 
ǈƼƑ  

(Ɓƶ/Ũș)a 
-35 -10 

pam153 ƊȉŵǓ R 0.521 TTGACA TAAAAT 

pam153 ƊȉŵǓ R 0.521 TTGCTA TATAAA 

pam153 ƊȉŵǓ R 0.521 TTGCTA TAAAAT 

pam164 dut F -1.211 TTGATT TATAAT 

pam198 rpmF J 1.112 TTGACA TAAAAT 

pam199 rpsJ J -0.602 TTCATT TATAAA 

pam247 rpmH J -0.470 TTGACA TATAAT 

pam271 ƊȉŵǓ X -0.376 TACCTA TAAAAT 

pam274 ƊȉŵǓ X -0.729 CACCCA TAAAAT 

pam274 ƊȉŵǓ X -0.729 CTGATA TAAAAT 

pam284 eno G -0.559 TACATT TATAAT 

pam288 ƊȉŵǓ X -2.987 TAGCCT TATAAA 

pam305 alaS J 0.781 TTCACT TATAAT 

pam309 lplA H 1.868 TTGATT TATAAA 

pam312 ƊȉŵǓ X -1.072 CTGCTT TATAAT 

pam326 hflB O n.d. TTCCTA TAAAAT 

pam331 ƊȉŵǓ X n.d. CAGATT TAAAAT 

pam338 ƊȉŵǓ X n.d. TTCCTA TAAAAT 

pam355 uvrD L n.d. TTCATT TATAAA 

pam366 hflB O n.d. TTCCTA TAAAAT 

pam371 ƊȉŵǓ X n.d. CAGATT TAAAAT 

pam382 ƊȉŵǓ X -3.000 TTGATA TAAAAT 

pam398 ƊȉŵǓ L n.d. TTCCCT TAAAAT 

pam404 ƊȉŵǓ X n.d. TTGATA TAAAAT 

pam406 tra5 L n.d. TTGATA TATAAT 

pam406 tra5 L n.d. TTGCCT TATAAA 

pam413 uvrD L n.d. TTGCTT TATAAT 

pam413 uvrD L n.d. CTGATT TAAAAT 

pam433 uvrC L -1.023 TTGATT TATAAT 
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� 2.6� z� 

ORF ɘ¤ċ COG 
ǈƼƑ  

(Ɓƶ/Ũș)a 
-35 -10 

pam446 ƊȉŵǓ X 3.786 TTGATA TAAAAT 

pam447 tldD R 2.678 TTGCCT TATAAT 

pam453 srmB L 0.280 TTCCTT TATAAT 

pam453 srmB L 0.280 TTCCCA TATAAA 

pam476 mutT L 0.058 TAGCCA TATAAT 

pam479 ƊȉŵǓ X n.d. TTGCTT TATAAT 

pam486 ƊȉŵǓ X 6.643 TAGATA TATAAT 

pam492 ƊȉŵǓ X n.d. TACCTA TAAAAT 

pam509 ƊȉŵǓ X n.d. CTGCTTG TATAAT 

pam526 ƊȉŵǓ X n.d. TAGACT TATAAT 

pam542 ƊȉŵǓ X n.d. TAGATA TATAAT 

pam556 ƊȉŵǓ X n.d. CTGCTT TATAAT 

pam577 ƊȉŵǓ X 2.199 CAGATT TAAAAT 

pam586 rpsD J 1.900 TTGACT TAAAAT 

pam599 phnL R -0.624 TTGCCT TATAAA 

pam599 phnL R -0.624 TTGCTT TATAAT 

pam600 acoA C -2.631 TACATT TATAAA 

pam607 plsX I 0.215 TTCCTT TAAAAT 

pam607 plsX I 0.215 TTCATT TATAAA 

pam612 psd I -0.339 CAGCCT TATAAT 

pam618 hsdR L 0.343 TTGCTA TATAAA 

pam632 ƊȉŵǓ X 0.441 TACATT TATAAT 

pam632 ƊȉŵǓ X 0.441 TTGCCT TATAAA 

pam634 ƊȉŵǓ R 1.490 TTGATA TATAAA 

pam635 ƊȉŵǓ X n.d. TTGACT TATAAT 

pam653 ƊȉŵǓ X n.d. TTCCTA TAAAAT 

pam663 ƊȉŵǓ X -1.176 CACCCA TAAAAT 

pam664 rpt1 O 2.312 TTCATT TATAAA 

pam670 ƊȉŵǓ X 2.181 TTGATA TAAAAT 
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� 2.6� z� 

ORF ɘ¤ċ COG 
ǈƼƑ  

(Ɓƶ/Ũș)a 
-35 -10 

pam676 exo L 0.052 TTCATT TAAAAT 

pam682 ƊȉŵǓ X n.d. TACCTA TAAAAT 

pam690 ƊȉŵǓ X 2.197 TACACA TAAAAT 

pam712 ƊȉŵǓ X 0.000 TAGACA TATAAA 

pam719 ƊȉŵǓ X 0.000 TAGCTA TATAAA 

pam727 hflB O n.d. TAGATT TATAAT 

pam728 ƊȉŵǓ X n.d. CAGCTT TATAAA 

pam728 ƊȉŵǓ X n.d. CAGCTT TAAAAT 

pam734 norM Q 0.291 CTCCCA TAAAAT 

pam741 ƊȉŵǓ X -0.320 TTCATT TAAAAT 

pam743 rpmI J 0.495 CACCCA TAAAAT 

pam744 infC J -0.706 TTGACA TATAAT 

pam763 uvrB L n.d. TAGATT TATAAA 

pam765 tengu X n.d. TACATT TATAAT 

pam_r006 16S rRNA RNA n.d. TTGCTA TATAAT 

pam_r006 16S rRNA RNA n.d. TTGCCA TATAAT 

pam_t029 tRNA-Glu RNA n.d. TTGACT TATAAT 
a ǈƼƑ)b�\* Oshima et al., 201179Įǁ���š¹* log2 (Ɓƶ(
�:TMe�/Ũș(


�:TMe�) >ǚ�	ƌ)¹$	;+Ɓƶ$ʆǈƼ	ȹ)¹$	;+Ũș$ʆǈƼ$	:�

%>ǚ��n.d. (not detected) *TMe��ƂÉ�;�	ǈƼƑ��Ū$	 �ɘ¤ċ>ǚ�� 
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� 2.7� RpoD��*2/4"4�QL�8g��
�<P�E� 

Ɗȉ COG ɘ¤ċš 

OhzȣȢ�ɂÅ�ȃȭ   

� ȃȭ J 14 

� ȣȢ L 11 

¡ȶ   

� Fg�K�)ƿǀ	ȗǞ C 1 

� Ayhɝ)Ʌɉ	¡ȶ E 2 

� ſɝ)Ʌɉ	¡ȶ F 1 

� ưÖƔǲ)Ʌɉ	¡ȶ G 1 

� ȡɜǲ)Ʌɉ	¡ȶ H 1 

� Ȋȼ)Ʌɉ	¡ȶ I 2 

� ƲƊCG�)Ʌɉ	¡ȶ P 1 

� �Ƌ¡ȶǀƶ)åŇ	Ʌɉ	ǅÖ Q 2 

ǴȈĴŇ�Êȟ�ɒÕ   

� ǴȈȌ)åŇ M 1 

� ȃȭķ)´ʂ	T}t�� O 7 

rRNA�tRNA RNA 2 

ƊȉŵǓ   

� ƊȉŵǓ (|^�oǤ)�Ʃ)2) R 5 

� ƊȉŵǓ X 37 

åȪ  88 
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K 2.11�  RpoD��*2/4"4�QL�8g��
�<P�E� 

ȝ 2.6
7,ȝ 2.7>5%(ÃM�o(1%4�� 

K 2.12�  RpoD��*2/4"4�QL�8g��
�<P�aj-\~�plNH 

ȝ 2.6
7, Oshima et al., 2011>5%(ÃM�o(1%4�� 
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2.3.8. �ǝo@Ccq�Wx(
�: RpoDȲȷq�|�\�)�Ʃ 

� �;1$(ȱǴ'OhzȨź�Ț=;#
: OY-M ¢Ą) 3 ǝ)o@Ccq�Wx(



#5	RpoD)³čŀ*ʆ
 (ô 2.1; Bai et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 

2008)���$ŷɹ$*	2.3.6.ɹ$ƷĎ�� OY-M) RpoD�Ȳȷ�:q�|�\�ɚÌ�	

�ǝo@Ccq�Wx(

#5³č�;#
:�Ȩź>Ț �� 

� 3 ǝ)o@Ccq�WxOhz��8	DNA |^�oŗǳ`�� RSA-tools (van Helden, 

2003) >ǁ
# 2.3.6.ɹ$ƷĎ��q�|�\�ɚÌ>ŗǳ��%�<	‘Ca. P. asteris’ 

AYWBǯǸ (AYWB) $* 65ɘ¤ċ	‘Ca. P. australiense’ PAaǯǸ (PAa) $* 64ɘ¤ċ	

‘Ca. P. mali’ ATǯǸ (AT) $* 91ɘ¤ċ)�Ɵ(	RpoDȲȷq�|�\�)čö�řĎ

�;� (ȝ 2.8)�RpoD Ȳȷq�|�\�)čö�řĎ�;�ɘ¤ċ)Ɗȉ*	OY-M %æ

Ɔ(	iDVJ�n�Mɘ¤ċ>é4�ąƆ'5)$	 � (ȝ 2.8; ô 2.13)�1�	2.3.7.

ɹ$ OY-M(

#řĎ�;� 88ɘ¤ċ)�� 34ɘ¤ċ (39%) )u|�M�	�ǝo@

Ccq�Wx 3 ǝ)��Ě'�%5 1 ǝ(

#5 RpoD Ȳȷq�|�\�>ų�:%ř

Ď�;� (ȝ 2.9)� 
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� 2.8� RpoD��*2/4"4�QL�8g��
;t)��$*0!+�<P�E� 

Ɗȉ COG 
o@Ccq�Wx 

AYWB PAa AT 

OhzȣȢ�ɂÅ�ȃȭ     

� ȃȭ J 10 14 17 

� ɂÅ K 0 2 2 

� ȣȢ L 6 3 8 

¡ȶ     

� Fg�K�)ƿǀ	ȗǞ C 1 0 4 

� Ayhɝ)Ʌɉ	¡ȶ E 1 2 3 

� ſɝ)Ʌɉ	¡ȶ F 3 1 6 

� ưÖƔǲ)Ʌɉ	¡ȶ G 1 2 1 

� ȡɜǲ)Ʌɉ	¡ȶ H 1 0 2 

� Ȋȼ)Ʌɉ	¡ȶ I 1 0 1 

� ƲƊCG�)Ʌɉ	¡ȶ P 2 1 4 

� �Ƌ¡ȶǀƶ)åŇ	Ʌɉ	ǅÖ Q 1 0 0 

ǴȈĴŇ�Êȟ�ɒÕ     

� ǴȈìŴ)Ðĺ	ǴȈÊȟ D 0 0 1 

� ǴȈȌ)åŇ M 1 0 2 

� ǴȈ)ɒÕŀ N 0 2 1 

� ȃȭķ)´ʂ	T}t�� O 3 2 5 

rRNA�tRNA RNA 5 4 3 

ƊȉŵǓ     

� ƊȉŵǓ (|^�oǤ)�Ʃ)2) R 4 2 2 

� ƊȉŵǓ X 25 29 29 

åȪ  65 64 91 
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K 2.13�  RpoD��*2/4"4�QL�8g��
;t)��$*0!+�<P�E� 

ȝ 2.8>5%(ÃM�o(1%4�� 
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� 2.9� ;t)��$*0!+�&-� �� RpoD��*2/4"4�8g 

ORF ɘ¤ċ �ǝo@Ccq�Wx(
�:u|�Mɘ¤ċ 

pam008 rfaG atp_00083 

pam028 ibpA paa_0717, aywb_017 

pam081 rpsT aywb_633 

pam085 ƊȉŵǓ aywb_630 

pam092 znuA atp_00492, paa_0481, aywb_624 

pam106 rpmB atp_00278 

pam120 groES atp_00184, paa_0760 

pam130 hflB atp_00146, atp_00460, aywb_187 

pam138 rplM atp_00332, paa_0496, aywb_582 

pam152 pth paa_0610 

pam153 ƊȉŵǓ aywb_566 

pam164 dut aywb_555 

pam198 rpmF paa_0589, aywb_525 

pam247 rpmH atp_00378, aywb_474 

pam284 eno aywb_437 

pam288 ƊȉŵǓ atp_00462, aywb_433 

pam305 alaS atp_00248 

pam326 hflB atp_00146, atp_00460, aywb_187 

pam355 uvrD paa_0693, aywb_085 

pam366 hflB atp_00146, atp_00460, aywb_187 

pam413 uvrD paa_0693, aywb_085 

pam447 tldD paa_0703 

pam453 srmB aywb_318 

pam586 rpsD paa_0088, aywb_241 

pam599 phnL atp_00101, paa_0530 

pam600 acoA atp_00156, aywb_136 

pam607 plsX aywb_142 

pam634 ƊȉŵǓ aywb_100 

pam663 ƊȉŵǓ aywb_091 

pam727 hflB atp_00146, atp_00460, aywb_187 
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� 2.9� z� 

ORF ɘ¤ċ �ǝo@Ccq�Wx(
�:u|�Mɘ¤ċ a 

pam728 ƊȉŵǓ aywb_085 

pam734 norM aywb_651 

pam_r006 16S rRNA atp_r0001, paa_r02, aywb_r01, aywb_r04 

pam_t029 tRNA-Glu paa_t17, aywb_t04 

a aywb $ĉ1:5)*‘Ca. P. asteris’ AYWB ǯǸ)ɘ¤ċ>	paa $ĉ1:5)*‘Ca. P. 

australiense’ PAaǯǸ)ɘ¤ċ>	atp$ĉ1:5)*‘Ca. P. mali’ ATǯǸ)ɘ¤ċ>�;�;ǚ

�� 
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2.4. Ȅĕ 

 

2.4.1. RpoD�Ȳȷ�:q�|�\�ɚÌ 

� ŷǡ$* OY-M )TMxñċ RpoD >ǁ
� in vitroɂÅǯ(79	RpoD �Ȳȷ�:q

�|�\�ɼú(!
#Ȩź>Ț ��RNAP PAɜǲ*ȣš)Rp�f_c�8':ġ

Ćȣåª$	9	OY-M ) RNAP PAɜǲ>ĆȋȔ$ǈƼ	ǮȢ�#ǁ
:�%*òɰ%

Ȅ�8;��4	ĆȋȔ) RNAP PAɜǲ (RNAPEc) >ǁ
��OY-M ) RpoD >ǁ
�

in vitroɂÅǯ>ƅǬ�:�$	RNAPEc% RpoD�u�ɜǲȣåª RNAPEc-RpoD>ĴŇ�

Ĺ:�ƂȮ>Ț �%�<	in vitro $)ȣåªĴŇ�ǘȲ�;� (ô 2.4)�in vitro ɂÅǯ

(ǁ
:ɢùDNA(*	�)ǴȔ$RpoD�ǈƼÐĺ>Ŏ��%�Ǔ8;#
: rrn (Young 

& Steitz, 1979; Ogasawara et al., 1983; Gourse et al., 1986; Tan et al., 1998) >ǁ
��5′ RACE

Ȩź(79ȥÉ�;� rrnB) 3!)ɂÅɤĉƱ (P1	P2	P3; ô 2.3) )��	P2
7, P3

(Ǐĳ�:ɣ�)ɂÅǀƶ� in vitroɂÅÝľ(79ǘȲ�;��ɂÅǀƶ* RpoDƤÓŬ

()2ǘȲ�;��%�8	OY-M ) RpoD � in vitro $ RNAPEc%u�ɜǲȣåª>ĴŇ

�	ɂÅÝľ�Ț=;�%Ȅ�8;��1�	�)ǴȔ%æƆ( (Young & Steitz, 1979; 

Ogasawara et al., 1983; Gourse et al., 1986; Tan et al., 1998)	o@Ccq�Wx(

#5 RpoD

� rrn)ǈƼÐĺ>Ŏ #
:�%�ǚï�;�� 

� P2
7, P3)�ƟɚÌ79ȥÉ�;�řĎq�|�\�ɚÌ(!
#	RpoD�Ȳȷ�

:ɚÌ>ƷĎ�:�4(	P2�Ɵ)řĎ-35q�|�\�ɚÌ
7,řĎ-10q�|�\�

ɚÌ(ăǅ>Ę¾�	in vitroɂÅÝľ(
�:ɂÅƞŀ>ƑɄ����)ǷŻ	řĎ-35q

�|�\�ɚÌ$*-35
7,-34) TT�	-10řĎq�|�\�ɚÌ$* 5′-TATAAT-3′�

�;�; RpoD(7:Ȳȷ(

#ɞȤ$	:�%�Ū8�%' � (ô 2.6)��) 5′-TT-
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21 bp-TATAAT-3′%
�ɚÌ*	P2 %æ�� in vitro ɂÅȨź$ɂÅ�ǘȲ�;� P3 )�

Ɵ(5čö�#
9	ą�)ǴȔ) RpoD �Ȳȷ�:Áùǋ'q�|�\�ɚÌ (-35: 5′-

TTGACA-3′	-10: 5′-TATAAT-3′) %5�Ȏ�#
� (Helmann & Chamberlin, 1988)�rrnB*

P2
7, P3�;�;)�Ɵ(čö�:q�|�\�> RpoD�Ȳȷ�	ɂÅÐĺ>Ŏ�%

Ȅ�8;��	�;*ĆȋȔ6żȓȔ(

#5 16S rRNAɘ¤ċ)�Ɵ( RpoD(79Ȳ

ȷ�;:q�|�\�� 2 �ňčö�:%
�Ǔȥ%�Ȏ�: (Young & Steitz, 1979; 

Ogasawara et al., 1983)���� #	o@Ccq�Wx(
�: rrnB)ɂÅ*�)ǴȔ%æ

Ɔ)Ɗƅ$Ț=;#
:áȉŀ�ǚï�;�� 

� in vitroɂÅ(79	RpoD(79ɂÅÐĺ�;:�%�ǚ�;� rrnB¢Ą) 9ɘ¤ċ(

!
# 5′ RACE (79ɂÅɤĉƱ>ƗĎ�	�)�Ɵ�8ÀɌq�|�\�ɚÌ)�Ʃ>

Ț ���)ǷŻ	-35 ɼú (5′-TTgaca-3′) 
7,-10 ɼú (5′-TatAAT-3′) (³čɚÌ�ȥ

É�; (ô 2.9)	�;8*Áùǋ' RpoD)Ȳȷq�|�\�ɚÌ (-35: 5′-TTGACA-3′	-10: 

5′-TATAAT-3′) %ɿ¦�#
� (Helmann & Chamberlin, 1988)�-10ɼú%ƑɄ�#	-35ɼ

ú*ɚÌ³čŀ�¨� (ô 2.9)	P2 )-35 ɼú(ăǅ>Ę¾��þå(5	-35 %-34 ) TT

¢Ą-)ăǅĘ¾Ŭ(*ɾȖ'ɂÅƞŀ)¨�*ǘȲ�;'� � (ô 2.6)��ǝǴȔ(



#5	RpoDȲȷq�|�\�ɚÌ)ǝɥ³čŀ*-10ɼú%ƑɄ�#-35ɼú$*¨
�

%�Ǔ8;#
: (Helmann & Chamerlin, 1988; Weber et al., 2012; Wösten et al., 1988)�1�	

ǹĖēƿŀǴȔ Chlamydia trachomatis$*	RpoDȲȷq�|�\�ɚÌ(ăǅ>Ę¾��

þå	-10 ɼú%ƑɄ�#-35 ɼú$*	ăǅ(7:ɂÅƞŀ-)ĵɸ�¨
�%�ýë�

;#
: (Tan et al., 1998)��8(	o@Ccq�WxæƆ AT�_^$OhzRCW)ę

�
 M. hyopneumoniae$*	RpoDȲȷq�|�\�(

#³č�;�-35ɼú�ȥÉ�

;'
�%�Ū8�%' #
: (Weber et al., 2012)���� #	OY-M) RpoDȲȷq
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�|�\�(

#	-35ɼú)³čŀ�¨
�%*�)ǴȔ(
�:Ǔȥ%�Ȏ�#
:

%Ȅ�8;�� 

� RpoDȲȷq�|�\�)ɇ¼(*	-17~-14 ɇ) 5′-TnTG-3′ (Őı-10ɼú)6	-42~-39

 ɇ) A �_^ɼú)čö�ǘȲ�;�� (ô 2.10)	�;8*ǴȔ) RpoD Ȳȷq�|�

\�ɚÌ(Ůɓǋ(čö�:�%�Ǔ8;#
:  (Graves & Rabinowitz, 1986; Helmann, 

1995)��)ǴȔ$*	Őı-10ɼú* RpoD)ɼú 3%Ǐ�¬ǁ�:�%�ǚï�;#
9 

(Barne et al., 1997)	żȓȔ%ĆȋȔ$*Őı-10ɼú(ăǅ>Ę¾�:%ɂÅƞŀ�¨��

:�%�ýë�;#
: (Mitchell et al., 2003; Voskuil et al., 1995)�ɼú 3)�$	ǴȔ)T

Mxñċ(³č�;#
:lV^U�
7,M�\y�ɝƍü*Őı-10ɼú%)Ǐ�¬ǁ

(ɦ��:�%�ýë�;#
:� (Barne et al., 1997)	�;8)Ayhɝƍü*o@Cc

q�Wx) RpoD(

#5³č�;#
� (ô 2.1)���� #	o@Ccq�Wx(



#5Őı-10 ɼú�	RpoD )Ȳȷ�:q�|�\�ƞŀ(ĵɸ>��#
:áȉŀ�ʆ


%Ȅ�8;:�A�_^ɼú*�)ǴȔ$*	RNAP)A�o@Rp�f_c%Ǐ�¬ǁ

�:�%�ǚï�;#
: (Hook-Barnard & Hinton, 2007)��;1$(OhzȨȴ�Ț=;

#
:
�;)o@Ccq�Wx(

#5	RNAP A�o@Rp�f_cɘ¤ċ (rpoA) 

*³č�;#
:� (Oshima et al., 2004; Bai et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 

2008)	A�_^ɼú� RNAP)A�o@Rp�f_c%Ǐ�¬ǁ�:�*ƂȮ)«÷�	

:� 

� �ȫ)7�'³čɚÌ¢Ą$*	C. trachomatis (

#ɚÌ³čŀ)¨
ɂÅɤĉƱ�

Ɵ-4~-5 -)ĀüȀś(79ɂÅƞŀ�¨��:�%�Ǔ8;#
: (Tan et al., 1998)�ŷ

ǔǟ(

#5	ɚÌ³čŀ)¨
-14~-13 (mt11)6-6~-5 (mt15) -)ăǅĘ¾(79	ɂÅ

ƞŀ�=��(¨��:�%�Ū8�%' #
: (ô 2.6)���� #	ŷǔǟ$ȥÉ�
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;�³čŀ)ʆ
q�|�\�ɚÌ)ɇ¼(	:ĀüɚÌ�ɂÅƞŀ(��:ĵɸ(!


#ȱǴ(ƂȮ�:�%$	79ȱǴ'q�|�\�ɚÌ)ƷĎ�$�:%Ȅ�8;:� 

 

2.4.2. RpoD�ɂÅÐĺ>Ŏ�o@Ccq�Wxɘ¤ċ 

� ą�)ǴȔ(

#	RpoD*iDVJ�n�Mɘ¤ċ)ɂÅÐĺ>Ŏ��%�ýë�;

#
9 (Aramaki & Fujita, 1999; Liu & Zuber, 2000; Choonee et al., 2007; Rosenthal et al., 2008)	

ŷǔǟ$* OY-M)iDVJ�n�Mɘ¤ċ 5ɘ¤ċ (infC	rplM	rpsD	rpoD	ibpA) (

!
# in vitroɂÅȨź>Ț ���)ǷŻ	rpoD>ɪ� 4!)iDVJ�n�Mɘ¤ċ(

!
# RpoD )ƤÓŬ(Ʒǅǋ'ɂÅ�ǘȲ�;� (ô 2.7)�1�	RpoD Ȳȷq�|�\

�ɚÌ* OY-M Ohz�$ 88 ɘ¤ċ)�Ɵ(ȥÉ�;��	�;8)�� 46 ɘ¤ċ 

(52.3%) *iDVJ�n�Mɘ¤ċ$	 � (ȝ 2.6	ȝ 2.7	)�ĸ #	o@Ccq�Wx

(

#5 RpoD *iDVJ�n�Mɘ¤ċ)ɂÅÐĺ>Ŏ��ȤTMxñċ$	:áȉ

ŀ�ǚï�;��ą�)Ųɇ(

#�ȤTMxñċɘ¤ċ*	ȍɁ(79ɂÅÐĺ�;:

�%�ýë�;#
: (Wang & Doi, 1987; Fujita et al., 1995; Rodrigue et al., 2007)��Ŧ$	

Streptomyces griseus $*�ȤTMxñċ hrdB *ȍɁ(7:ɂÅÐĺ>à��	¡űTMx

ñċ ShbA(79ɂÅÐĺ�;: (Otani et al., 2013)�ŷǔǟ$*	rpoD*ȍɁ(79ɂÅ

Ðĺ>à�'
�%�ǚï�;� (ô 2.6)�rpoD�ȣš) ORF�8ƅŇ�;:Gt��%

�#ɂÅ�;:áȉŀ5	:�	OY-MOhz��8 RpoDȲȷq�|�\�ɚÌ>ŗǳ�

�ǷŻ	rpoD (pam628) ɇ¼)�Ɵɘ¤ċ( RpoDȲȷq�|�\�ɚÌ*�Ʃ�;'� 

� (ȝ 2.6)���� #	RpoD*o@Ccq�Wx(
�:5��!)TMxñċ FliA(

79ɂÅÐĺ�;#
:áȉŀ�ǚï�;�� 
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� ŷǔǟ$*	iDVJ�n�Mɘ¤ċ¢Ą) OY-Mɘ¤ċ(!
#5 in vitroɂÅȨź>

Ț ��Ėȸ%�#	Ē�%)Ǐ�¬ǁ(ɦ��:%Ȅ�8;: 5ɘ¤ċ (pam157	pam289	

pam486	tengu	amp) (!
#Ȩź>Ț ���)ǷŻ	5!)ɘ¤ċ¿#(!
# in vitro

$ RpoD ƤÓŬƷǅǋ(ɂÅ�ǘȲ�;� (ô 2.7)���� #	RpoD *iDVJ�n�

Mɘ¤ċ¢Ą(5	o@Ccq�Wx-Ē�Ǐ�¬ǁ(ɦ��:ɘ¤ċ)ǈƼÐĺ(ɦ��

:áȉŀ�ǚï�;�� 

� in silicoȨź)ǷŻ	OY-MOhz�$ RpoDȲȷq�|�\�* 88ɘ¤ċ)�Ɵ(ǘȲ

�;� (ȝ 2.6)��;*	o@Ccq�Wx)¿ 754ɘ¤ċ)�� 11.7%(ɔ�'
�	ď

ɮ(*ȣš)ɘ¤ċ�Gt��%�#ɂÅ�;#
:%Ȅ�8;:���� #	RpoD(

79ɂÅÐĺ�;:ɘ¤ċ* 88ɘ¤ċ79ą
%Ȅ�8;:� 

 

2.4.3. o@Ccq�Wxǝɥ(
�: RpoDȲȷq�|�\�)³čŀ 

� o@Ccq�Wx) RpoD*	ǝɥ$ĩ�³č�;#
:�%�Ū8�%' #
: (ô

2.1; Bai et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 2008)�-10
7,-35q�|�\�ɼ

ú)Ȳȷ(ɦ=:%�;: RpoD)ɼú 2
7, 4)³čŀ�ʆ
�%�8	OY-M$ƷĎ

�;� RpoD Ȳȷq�|�\�*o@Ccq�Wxǝɥ$³č�;#
:áȉŀ�ʆ
%

Ȅ�	ȱǴ'¿OhzȨź�Ț=;#
: 3ǝ)o@Ccq�Wx (AYWB	PAa	AT; Bai 

et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 2008) (!
#	Ohz��8 RpoDȲȷq

�|�\�)ŗǳ>Ț ���)ǷŻ	AYWB$* 65ɘ¤ċ	PAa$* 64ɘ¤ċ	AT$

* 91ɘ¤ċ)�Ɵ(	RpoDȲȷq�|�\�)čö�řĎ�;� (ȝ 2.8)�OY-M(



# RpoDȲȷq�|�\�)čö��Ʃ�;� 88ɘ¤ċ)�� 34ɘ¤ċ (39%) )u|�

M�	�ǝo@Ccq�Wx 3 ǝ)��Ě'�%5 1 ǝ(

#5 RpoD Ȳȷq�|�\
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�>ų�:%řĎ�;	�;8)�(* rRNA6 tRNA%
 �iDVJ�n�Mɘ¤ċ5

ą�é1;#
� (ȝ 2.8	ȝ 2.9)���� #	o@Ccq�WxĝÂ(

# RpoD *

iDVJ�n�Mɘ¤ċ)ɂÅÐĺ>Ŏ��ȤTMxñċ%�#	�)Ɗȉ�ĩ�³č�

;#
:áȉŀ�ǚï�;��  



 

 77 

ǣ 3ǡ� o@Ccq�Wx)ɂÅɤĉƱ)ǻȁǋȨź 

 

3.1. ĪŢ 

 

3.1.1. ǴȔ(
�:ɂÅɤĉƱ)ǻȁǋȨź 

� ɇĨ	Ƌ�¡T�N�VŊț)ǈĜ(79iCV��q_c' RNA T�N�V (RNA-

Sequencing; RNA-Seq) >Ț��%�áȉ%' ����$	Ƌ�¡T�N�R�>ǁ
:�

%$ǴȔ)ɂÅɤĉƱ>ǻȁǋ(ƗĎ�:Ȩź�	
�!�)ǴȔ$*Ț=;#
: 

(Mendoza-Vargas et al., 2009; Sharma et al., 2010; Filiatrault et al., 2011; Schlüter et al., 2013; Sass 

et al., 2015; Čuklina et al., 2016)��;1$*ɂÅɤĉƱ>ƗĎ�:�4(*	µÎ)ɘ¤ċ

(!
# 5′ RACE Ȩź>Ț�ĽȤ�	9	ǴȔ)ɂÅɤĉƱ>ǻȁǋ(ƗĎ�:)*òɰ

$	 ��	Ƌ�¡T�N�R�>ǁ
:�%$ǭū�!Ɇɍ(	ɂÅɤĉƱ>ǻȁǋ(Ȩ

ź�:�%�áȉ%' ��1�	Ƌ�¡T�N�R�(79ɂÅǀƶ>ǻȁǋ(Ȩź�:

�%$	�;1$�Ʃ�;#
'� �ťȦ ORF 6	ɴP�d RNA �ȥÉ�;�¯5ý

ë�;#
: (Sharma et al., 2010; Filiatrault et al., 2011; Schlüter et al., 2013; Sass et al., 2015; 

Čuklina et al., 2016)� 

� Ƌ�¡T�N�R�(79ɂÅɤĉƱ>ǻȁǋ(Ȩź�:ŉƚ(!
#	�)Ûƽ>ô

3.1(ǚ���R�q��8ōÉ��¿ RNA* rRNA6 tRNA>ą�é3�4	¿ RNA>

�)11Ȩź(°Ȱ�:%Ĺ8;:T�N�V��d*�)/%?&� rRNA 6 tRNA ǂ

Ź%' #�1����� #	rRNA6 tRNA>ƄÒß9ɪ�Èƽ>Ț�ĽȤ�	:��

)Èƽ(*	rRNA %Ǐȡǋ'q��p>Ïǁ��J_c [RiboMinus kit (Thermo Fisher 

Sientific)	Ribo-Zero rRNA Removal Kit (Illumina)'&] 6	5′ŶǢ(���ɝü>ų�: RNA 
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(rRNA	tRNA	RNA ÊȨǀƶ) >Ʒǅǋ(ÊȨ�:ɜǲ'&�ǁ
8;#
:�rRNA 6

tRNA>ɪÜ�� RNAR�q�(Ė�#	mRNA) 5′ŶǢ(	:���ɝü>ËŤ���

�ɝüÖ�:ɜǲÈƽ>Ț �)�	5′ŶǢ(A]q\�ɚÌ) Ó>Ț���)R�q�

>ɢù(��]zq�Cx�(7:ɊɂÅ>Ț
	PCR (7:ĂĦ>Ț � cDNA �Cp

���>Ƌ�¡T�N�R�(79Ȩź�:�%$	ɂÅǀƶ) 5′ŶǢ>ǻȁǋ(ƗĎ�

:�%�áȉ%':� 
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K 3.1� x}��B�Oh�{|q
�_Ze 

ǴȔ�8ōÉ��¿ RNA79	rRNA	tRNA	RNAÊȨǀƶ)ɪÜ>Ț �)�	mRNA)

5′ŶǢ>���ɝüÖ�	A]q\� (Ƚȑ)> Ó�:�A]q\�ɚÌ (ɲȑ) > Ó��

��]zq�Cx�>ǁ
#ɊɂÅ>Ț �)�	PCR(7:ĂĦ>Ț
�Cp���>¬

Ȣ�:��) cDNA �Cp���) 5′ŶǢº)ĀüɚÌ>ƗĎ�:�%$	ɂÅɤĉƱ>Ɨ

Ď�:� 
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� �ȫ)ŉƚ*�;1$(	
�!�)ûʃáȉ'ǴȔ$®ǁ�;#
: (Sharma et al., 

2010; Filiatrault et al., 2011; Schlüter et al., 2013; Sass et al., 2015; Čuklina et al., 2016)�ûʃáȉ

'ǴȔ$*û÷�)ǴȔ�8 RNA>ōÉ�:�%$Ȩź�Ț=;#
:����	ɰûʃ

ŀǴȔ$*ńŽĒ�6ƾā��8 RNA >ōÉ�:�4	Ē�6ƾāǂŹ)ąɟ) RNA �

�8	ƇǋǴȔ)×Ê'ɟ) RNA>T�N�V�:�%�òɰ$	:���� #	ɰû

ʃŀǴȔ$*ɂÅɤĉƱ)ǻȁǋ'Ȩź*Ț=;#
'
��;1$(	ɰûʃŀǴȔ$*

ɘ¤ċǈƼȨź>Ǎǋ%���ȏǋ'c��VL�qc�zȨź�Ț=;�¯�
�!�

čö�:5))	
�;)ǔǟ(

#5Ĺ8;� RNA-Seq��d)ĆØ*Ē�6ƾāǂ

Ź)5)$	: (Mastronunzio et al., 2012; Darby et al., 2012; Vannucci et al., 2013; Siewert et 

al., 2014; Ibanez et al., 2014; Abbà et al., 2014)�o@Ccq�Wx(

#5	c��VL�

qc�zȨź>Ț �ǔǟ¯�čö�:5))	
�;)ǔǟ(

#5o@Ccq�W

xǂŹ) RNA-Seq��d*	¿��d)�� 0.1%(ƪ�� (Siewert et al., 2014; Abbà et al., 

2014)	Ohz�Cd'Ȩź%*ȩ�'� ����� #	ɰûʃŀǴȔ(

#Ƌ�¡

T�N�R�>ǁ
#ɂÅɤĉƱ>ǻȁǋ(Ȩź�:�$*	ŉƚ)şȐ�ĽȤ$	 �� 

� ǣ 2ǡ$* in vitroɂÅǯ>ǁ
:�%$	OY-M) RpoD�Ȳȷ�:q�|�\�ɚÌ


7, RpoD (79ɂÅÐĺ�;:ɘ¤ċ)Ȩź>Ț �����'�8	ďɮ( in vitro

ɂÅǯ$ RpoD (7:ɂÅÐĺ�ǘȲ�;�ɘ¤ċ* 10 ɘ¤ċ)2$	9	RpoD (79

ɂÅÐĺ�;:ɘ¤ċ)¿đ*Ū8�$*'
���$ŷǡ$*	Ƌ�¡T�N�R�>ǁ


�Ȩź$ OY-M ) RNA ǂŹ) RNA-Seq ��d>79ą�Ĺ:�4(	�)ŉƚ)�ə

(!
#şȐ>Ȱ2��Ƌ�¡T�N�R�>ǁ
�Ȩź(79 OY-M )ɂÅɤĉƱ>ǻ

ȁǋ(ƗĎ�	RpoD(79ɂÅÐĺ�;:ɘ¤ċ¸ȡ)ŗǳ>Ț ��  



 

 81 

3.2. Ÿţ%Ŧƚ 

 

3.2.1. °Ȱo@Ccq�Wx	Ɓƶ 

� ŷǡ$*	2.2.1.ɹ%æƆ(ǺŒ�� OY-MńŽT~�KL>Ȩź(ǁ
�� 

 

3.2.2. RNAōÉ	DNaseÈƽ 

� ŷǡ$*	2.2.2.ɹ%æƆ( RNA ōÉ>Ț
	ōÉ�� RNA R�q�(!
# 2.2.3.ɹ

%æƆ( DNaseÈƽ>Ț � RNAR�q�>Ȩź(ǁ
�� 

 

3.2.3. cDNA�Cp���)ƅǬ 

� Ƌ�¡T�N�V(°Ȱ�: cDNA�Cp���*	3.2.2.ɹ$ōÉ
7, DNaseÈƽ>

Ț �	OY-MńŽT~�KLǂŹ) RNA>ǁ
#ƅǬ���o@Ccq�Wx
7,Ɓ

ƶǂŹ) rRNA >ɪÜ�:�4(	Terminator 5′-Phosphate-Dependent Exonuclease (TPE; 

Epicentre) (7:Èƽ>	Ƥ )q�cP��(ĸ #Ț
	2.2.3.ɹ%æƆ)ŉɺ$oEh

���L��u�zōÉ	L��u�z�CZAy�A�P��ōÉ	F\h��ƘƏ>Ț

 �)�(ƬȔƔ(ƫȨ���TPEÈƽ>Ț � RNAR�q�*	o@Ccq�Wx)ɂ

Åǀƶ) 5′ŶǢ)���ɝü>ÊȨ�#���ɝÖƸŅ(�:�4(	RNA 5′ 

Polyphosphatase (RPP; Epicentre) (79Èƽ���RPPÈƽ*Ƥ )q�cP��(ĸ #

Ț
	2.2.3.ɹ%æƆ)ŉɺ$oEh���L��u�zōÉ	L��u�z�CZAy�

A�P��ōÉ	F\h��ƘƏ>Ț �)�(ƬȔƔ(ƫȨ��� 

� cDNA�Cp���)ƅǬ(*	TruSeq Small RNA Sample Prep Kit (Illumina) >ǁ
#¢

�)7�(Ț ��Ƥ )q�cP��(ĸ # RNA) 5′ŶǢ(A]q\�> Ó��)
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�	A]q\�ɚÌ> Ó����]zrJRx�q�Cx� (N6q�Cx�; 5′-CCT TGG 

CAC AGA ATT CCA NNN NNN -3′; �ǽ*A]q\�ɚÌ>ǚ�) 1�*��]z A/Tr

JRx�q�Cx� (W6q�Cx�; 5′-CCT TGG CAC AGA ATT CCA WWW WWW -3′) >

ǁ
#ɊɂÅÝľ>Ț ��ɊɂȅÝľ)ÝľǶŇ
7,ÝľŬɥ*Ƥ )q�cP��

(ĸ ��Ĺ8;� cDNA*Ƥ )q�cP��(ĸ # PCR>Ț �)�	O�ǮȢ(

79 200-500Āü)ŤƵ>Ë9É�	ðÞ���ðÞ�� DNA* Quant-iT PicoGreen dsDNA 

Assay Kit (Invitrogen) >ǁ
#Ʈī>ƩĎ���cDNA �Cp���)ƅǬ* N6q�Cx

�	W6q�Cx��;�;(!
#	æ�) RNA R�q�79 2 ð�!ÝĻ>Ț ��

1�	TPE Èƽ)ÔŻ>ƂȮ�:�4(	TPE Èƽ>Ț=�( RPP Èƽ>Ț � RNA >

ǁ
#	W6q�Cx�(79ɊɂÅ>Ț ��Cp���>æƆ(¬Ȣ��� 

 

3.2.4. Ƌ�¡T�N�VȨź 

� 3.2.3.ɹ$ƅǬ�� cDNA )ĀüɚÌ>Ƌ�¡T�N�R�MiSeq (Illumina) (79Ȩȴ

���T�N�V* Miseq Reagent Kit v2 (50 Cycle) (Illumina) >ǁ
#	T�M�F�d$

50ĀüȨȴ���Ĺ8;�T�N�V��d*	cutadapt version 1.8.3 (Martin, 2011) >ǁ


#A]q\�ɚÌ
7, 20 Āüŵƪ)��d)ɪÜ>Ț �)�	Bowtie2 version 2.2.6 

(Langmead & Salzberg, 2012) >ǁ
# OY-M OhzɚÌ (GenBank ALX_T��Ǆã

AP006628) -)x_n�M>Ț ��Bowtie 2(79Ĺ8;�x_n�Mb�\) SAMo

@C�* SAMtools version 1.3.1 (Li et al., 2009) (79 BAMĴĭ(ăś��)�	Integrative 

Genomics Viewer version 2.3.80 (Robinson et al., 2011) (79áȧÖ���¢ɨ)ɂÅɤĉƱ

(ɦ�:Ȩź$*	N6q�Cx��Cp���2 ÝĻ
7, W6q�Cx��Cp���2

ÝĻ)Ȫ 4ÝĻ�8Ĺ8;���d>å=�#Ȩź>Ț ��OY-MOhz�$ 5′ŶǢ� 3
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��d¢�ÀɌ�#
:ǧň>ɂÅɤĉƱ¸ȡ%�#¢ɨ)Ȩź(ǁ
��o@Ccq�

WxOhz�$ rRNA 1�* tRNA ɼú(x_n�M�;�T�N�V��d)HD�c

*	HTSeq version 0.6.1p2 (Anders et al., 2015) >ǁ
#Ț �� 

 

3.2.5. ɂÅɤĉƱ)Êɿ 

� 3.2.4.ɹ)Ȩź(79Ĺ8;�ɂÅɤĉƱ (transcritptional start site; TSS) >	¢�) 4!(

Êɿ�� (ô 3.2)� 

 

mRNA TSS (mTSS): ORF)�Ɵ 500Āü¢Â(	ORF%æ�è�(čö�:ɂÅɤĉƱ 

internal TSS (iTSS): ORFÂə(	ORF%æ�è�(čö�:ɂÅɤĉƱ 

antisense TSS (asTSS): ORFÂə(	ORF%Ɋè�(čö�:ɂÅɤĉƱ 

orphan TSS (oTSS): mTSS	iTSS	asTSS)
�;(5Êɿ�;'
ɂÅɤĉƱ 

  

K 3.2� �B�Oh�E� 

ô* RNA-Seq��d)x_n�MǷŻ)ƈĭô>ǚ��+* OY-MOhz%æ�è�(x_

n�M�;���d>	-* OY-MOhz%Ɋè�(x_n�M�;���d>ǚ��5′ŶǢ

� 3��d¢�Ś �ǧň>ɂÅɤĉƱ%���mTSS (mRNA TSS): ORF�Ɵ 500 Āü¢Â

( ORF%æ�è�(čö�:ɂÅɤĉƱ�iTSS (internal TSS): ORFÂə( ORF%æ�è�$

čö�:ɂÅɤĉƱ�asTSS (antisense TSS): ORF Âə( ORF %Ɋè�$čö�:ɂÅɤĉ

Ʊ�oTSS (orphan TSS): mTSS	iTSS	asTSS)
�;(5Êɿ�;'
ɂÅɤĉƱ� 
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3.2.6. Gt��)�Ʃ 

� OY-M Ohz�(čö�:Gt��)�Ʃ*	Prokaryotic Operon DataBase (ProOpDB; 

Taboada et al., 2012; http://operons.ibt.unam.mx/OperonPredictor/) >ǁ
#Ț �� 

 

3.2.7. q�|�\�ɚÌ)�Ʃ 

� ÀɌq�|�\�ɚÌ)�Ʃ*	MEME version 4.11.1 (Bailey et al., 2006) >ǁ
#Ț ��

Ȩź(*äɂÅɤĉƱ�Ɵ) 21 Āü (ɂÅɤĉƱ)ɚÌ>é3) >ǁ
	¢�)k�{�

\�>ȬĎ��: -dna –maxsize 100000 -mod zoops -nmotifs -minsites 5 -maxsites -minw 6 -maxw 

6-21�-maxw k�{�\� (|^�o)ŲĆɣ>œĎ) * 6 �8 21 )ǫó$š¹>ăŰ�

#�;�;Ȩź>Ț ��Ĺ8;�|^�o)T�N�V�Q (Schneider & Stephens, 1990) 

*WebLogo (Crooks et al., 2004) >ǁ
#¬Ň��� 

 

3.2.8. ɚÌƑɄȨź 

� ŷǡ$ OY-M %)ɚÌƑɄȨź(ǁ
�ǴȔ
7,�)¿OhzɚÌ) NCBI GenBank

b�\s�VALX_T��Ǆã*ȝ 3.1(ǚ��� 
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� 3.1� ^u��_�n�
x} 

ǝç ǯǸç NCBI GenBankALX_T��Ǆã 

‘Ca. P. asteris’ OY-M AP006628 

‘Ca. P. asteris’ AYWB CP000061 

‘Ca. P. australiense’ PAa AM422018 

‘Ca. P. australiense’ SLY CP002548 

‘Ca. P. mali’ AT CU469464 

‘Ca. P. solani’ STOL231/09 FO393428 

‘Ca. P. solani’ STOL284/09 FO393427 

Acholeplasma laidlawii PG-8A CP000896 

Bacillus subtilis subsp. subtilis 168 AL009126 
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3.3. ǷŻ 

 

3.3.1. RNA-Seq��d) OY-MOhz-)x_n�M 

� OY-M o@Ccq�Wx)Ohz¿ª$)ɂÅɤĉƱ>ƷĎ�:�4(	Ƌ�¡T�N

�R�>ǁ
� RNA-SeqȨź>Ț ��OY-MOhz* AT�_^$	:�%�8 (Oshima 

et al., 2004)	RNA-Seq(°Ȱ�: cDNA�Cp���)¬Ȣ(*	�ȏ(7�Ïǁ�;#


:��]z N6q�Cx� (Sharma et al., 2010; Filiatraut et al, 2011; Schlüter et al., 2013) (

Ó�#	A5��* T)2�8':��]zW6q�Cx�>ǁ
:�%$	o@Ccq�

Wx RNAǂŹ) cDNA>Ôƻǋ(Ĺ:�%>Ȱ2�� 

� RNA-Seq(79 N6q�Cx��Cp����8* 3,052,036��d	W6q�Cx��C

p����8* 5,299,788��d�Ĺ8;� (ȝ 3.2)�OY-MOhz-)x_n�M)ǷŻ	

N6 q�Cx��Cp���ǂŹ)��d) 4.52%
7, W6 q�Cx��Cp���ǂŹ

)��d) 11.67%� OY-M Ohz(x_n�M�;� (ȝ 3.2)�OY-M Ohz-x_n�

M�;���d)��	rRNA1�* tRNAɼú(x_n�M�;���d)Ñå*	N6q

�Cx��Cp���$* 96.5% (132,912��d)	W6q�Cx��Cp���$* 96.2% 

(595,143 ��d) $	 ���'=�	rRNA 
7, tRNA ¢Ą)ɼú(x_n�M�;�

��d)Ñå*	N6q�Cx��Cp���$* 3.5% (4,892��d)	W6q�Cx��C

p���$* 3.8% (23,467��d) $	 �� 

� �;1$(ýë�;#
:	ǴȔ)ɂÅɤĉƱ)ǻȁǋ'Ȩź$*	rRNA	tRNA
7,

mRNAÊȨǀƶǤ> TPEÈƽ(79ɪÜ�	mRNAɂÅɤĉƱǂŹ) cDNA>Ôƻǋ(T

�N�V�:ŉƚ�ǁ
8;#
: (Sharma et al., 2010; Filiatraut et al, 2011; Schlüter et al., 

2013; Sass et al., 2015; Čuklina et al., 2016)���$	ŷǔǟ$5 TPEÈƽ(79o@Ccq
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�Wx) mRNAɂÅɤĉƱǂŹ) cDNA>Ôƻǋ(T�N�VÉŹ#
:�ƂȮ�:�4

(	TPE Èƽ>Ț #
'
 RNA >ǁ
#	W6q�Cx�(79ɊɂÅ�#�Cp��

�>ƅǬ�	T�N�VȨź>Ț �� 

� TPEÈƽ>Ț #
'
�Cp���>T�N�V��ǷŻ	4,696,335��d�Ĺ8;	

1,186,705��d (25.3%) � OY-MOhz(x_n�M�;��OY-MOhz(x_n�M

�;���d)��	97.7% (1,159,179 ��d) � rRNA 1�* tRNA ɼú(x_n�M�

;	2.3% (27,166 ��d) � rRNA 
7, tRNA ¢Ą)ɼú(x_n�M�;� (ȝ 3.3)�

rRNA
7, tRNA¢Ą)ɼú(x_n�M�;���d)��	53.3% (14,684��d) �

ɘ¤ċɼú(	46.7% (12,482��d) �ɘ¤ċɥɼú(x_n�M�;� (ȝ 3.3)��Ŧ$	

TPEÈƽ>Ț �þå(*	rRNA
7, tRNA¢Ą)ɼú(x_n�M�;���d)�

� 35.0% (8,205��d) �ɘ¤ċɼú(	65.0% (15,262��d)�ɘ¤ċɥɼú(x_n�

M�;� (ȝ 3.3)�TPEÈƽ(79	ɘ¤ċɼú(x_n�M�;���d)Ñå* 53.3%

�8 35.0%(ƧĚ�#
9	mRNA ÊȨǀƶ� TPE Èƽ(79ɪÜ�;�ǷŻ$	:%Ȅ

�8;���Ŧ$	TPEÈƽ(79ɘ¤ċɥɼú(x_n�M�;���d)Ñå* 46.7%

�8 65.0%(�ũ�#
9	mRNA ɂÅɤĉƱ(ǂŹ�:��d)Ñå�ĂÓ��%Ȅ�

8;��¢�)ǷŻ79	TPEÈƽ(79 mRNAɂÅɤĉƱ(ǂŹ�: cDNA>Ôƻǋ(

T�N�VÉŹ#
:%Ȅ�	¢ɨ)Ȩź>Ț �� 
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� 3.2� RNA-Seq14%�+#(3�y` 

ÝĻ N6q�Cx��Cp��� W6q�Cx��Cp��� 

1 103,055 / 1,803,169 (5.72%) 119,568 / 1,161,100 (10.30%) 

2 34,749 / 1,248,867 (2.78%) 499,042 / 4,138,688 (12.06%) 

åȪ 137,804 / 3,052,036 (4.52%) 618,610 / 5,299,788 (11.67%) 

š¹*�;�;	OY-M Ohz(x_n�M�;���dš / ¿��dš>ǚ�	őįÂ)š

¹*�)ǊÊƻ>ǚ� 

 

 

� 3.3� TPECm�]i��� RNA-Seq14%�A��d��

OY-MOhz(x_n�M�;���d TPEÈƽ'� TPEÈƽ	9 a 

rRNA/tRNAɼú(x_n�M b 97.7% (1,159,179��d) 96.2% (595,143��d) 

rRNA/tRNA¢Ą)ɼú(x_n�M c 2.29% (27,166��d) 3.79% (23,467��d) 

� ɘ¤ċɼú(x_n�M d � 53.3% (14,684��d) � 35.0% (8,205��d) 

� ɘ¤ċɥɼú(x_n�M e � 46.7% (12,482��d) � 65.0% (15,262��d) 

åȪ 100% (1,186,345��d) 100% (618,610��d) 
a ȝ 3.2(
�:W6q�Cx��Cp���2ÝĻÊ)��dš>ǚ�� 
b OY-M Ohz(x_n�M�;�¿��dš(Ė�: rRNA/tRNA (x_n�M�;���d

š)Ñå>ǚ�� 
c OY-M Ohz(x_n�M�;�¿��dš(Ė�: rRNA/tRNA (x_n�M�;���d

š)Ñå>ǚ�� 
d rRNA/tRNA (x_n�M�;���dš(Ė�:ɘ¤ċɼú(x_n�M�;���dš)

Ñå>ǚ�� 
e rRNA/tRNA (x_n�M�;���dš(Ė�:ɘ¤ċɥɼú(x_n�M�;���dš

)Ñå>ǚ�� 
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3.3.2. ɂÅɤĉƱ)ƷĎ
7,Êɿ 

� OY-M Ohz(x_n�M�;� RNA-Seq)��dŁý>5%(	ɂÅɤĉƱ)ƷĎ>

Ț ��OY-MOhz(x_n�M�;���d)��	5′ŶǢ�Ś ���d� 3��d

¢�čö��ǧň>ɂÅɤĉƱ¸ȡ%�� (ô 3.1)��)ǷŻ	OY-MOhz¿ª$ 231ǧ

ň�ɂÅɤĉƱ¸ȡ%�#ƷĎ�;���)�(*	ǣ 2 ǡ$ɂÅɤĉƱ>ƷĎ�� amp

6 pam486)ɂÅɤĉƱ�ǘȲ�;�� (ô 3.3)	ƍ9 229ǧň(!
#*ťȦ)5)$	

 �� 

� ƷĎ�;�ɂÅɤĉƱ(!
#	4ǝɿ(Êɿ (ô 3.2) >Ț
	�;�;)Êɿ)ɂÅɤ

ĉƱ(!
#Ƌɹ¢ɨ$Ȩź>Ț �� 

 

  

K 3.3� RNA-Seq�_��D��
�B�Oh 

A. amp)ɂÅɤĉƱ (mTSS07)�B. pam486)ɂÅɤĉƱ (mTSS51)�+* OY-MOhz%æ

�è�(x_n�M�;���d>	-* OY-MOhz%Ɋè�(x_n�M�;���d>

ǚ��ʈǒÚ*ɂÅɤĉƱ>ǚ��ƉɃ)�)šČ* OY-MOhz�)Āü)§Ȁ>ǚ�� 
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3.3.3. mTSS(ɦ�:Ȩź 

� OY-MOhz¿ª$	mTSS%Êɿ�;�ɂÅɤĉƱ* 82ǧň$	 � (ȝ 3.4)��;8

)ɂÅɤĉƱ*�Ɵ(čö�: ORF) mRNAɂÅɤĉƱ%�#Ɗȉ�:%Ȅ�8;	ǣ 2

ǡ$Ȩź>Ț � amp (mTSS07) 
7, pam486 (mTSS51) )ɂÅɤĉƱ5ǘȲ�;� (ô

3.3)�34µ)ɂÅɤĉƱ�Ɵ(*Gt��)čö��Ʃ�;	Gt��>ƅŇ�:%�Ʃ�

;: ORF >é4:%	82µ) mTSS (79Ȫ 131µ) ORF �ɂÅ�;#
:%�Ʃ�;

� (ȝ 3.4)�ɂÅɤĉƱ�8ä ORF )ɤĉPd�1$)ȿɯ)ħø* 187 Āü$	9	82

µ) mTSS)�� 52µ (63.4%) *ɤĉPd��Ɵ 200Āü¢Â(čö�� (ȝ 3.5)� 
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� 3.5� � mTSS 5′ UTR �� 

5′ UTR��
 mTSS�Ie 
Mycoplasma hyopneumoniae���" 

mTSS�Ie (Weber et al., 2012) 

1-50 18 86 

51-100 12 50 

101-150 14 25 

151-200 8 15 

201-250 5 10 

251-300 4 n.t.a 

301-350 6 n.t. 

351-400 4 n.t. 

401-450 6 n.t. 

451-500 5 n.t. 

a Weber et al., 2012�� 5′ UTR��
	 250ZYEN� mTSS��$�k���"���5′ UTR

��
 251ZYEA� mTSS�Ie�Cg��"	 
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3.3.4. iTSS���"�k 

� OY-M*3:MG��iTSS�P�
#��O�\p� 88vc���� (} 3.6)	�# 

����iTSS07� pam135��\+2? GTG � 1ZYt�^X���� (W 3.4)	���

\+2?� OY-M*3:��h�&30@,<?
#�����"	 (Oshima et al., 2004)�

�a�NCBI �Rmrq*3:&30@,<?4'6='?  (NCBI Prokaryotic Genome 

Annotation Pipeline; NCBI PGAP; Tatusova et al., 2016) ��!Lj��\+2? GTG�! 9

ZYBo�f���\+2? ATG 	&30@,<?
#��" (NCBI GenBank &(./

,<?sT NC005303.2)	5%'16=-8���5%'16=-8��y�w|���"�

pam135 7;>)��\+2?�K�Q�H^b$n���xl�PAM135 �&93��Q

�f��d_
#� ATG +2?�!Bo�����
H^
#��� (W 3.4)	�# �

xl�!�PAM135�����7;>)�F]�Bo�^X�" ATG+2?� z�
#

��"S{b	uV
#�	 

� iTSS	N��^X�� ORF����pam135E[�� NCBI PGAP��!f��&30@

,<?	
#� ORF �^X���������M 88 I� iTSS ����iTSS07 $U� 86

I� iTSS�������Bo�`�
�� 1vc�Di�\+2? (ATG�TTG�GTG) J

~	^X�� (} 3.6)	 
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 3.4� pam135�����	
����� iTSS 

A. pam135 �tQ%,:<�iG��� iTSS (iTSS07)	+� OY-M $-4�K�L
�2*

.:"���7;,�d�	ycI� iTSS07�?f�d�	̂ o�=�[S� OY-M$-4

<�PO�?f�d�	B. pam135159"r>R�_p	mS�PO� pam135159"r

>R�K�/8;4��tQ%,:�
�kl��V�%,:�d�	ycI� pam135 �

iG��� iTSS �d�	';#:(9&� WebLogo �b��AX
�	J 3-s�x�

���� 3-s�CTW�d�	 
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3.3.5. asTSS�u��j] 

� OY-M$-4D@��asTSS�Hw���nFtQa� 31eY���� (h 3.7)	asTSS

�B�
��pam667 (clpX) E�TN
� asTSS22�M 3.5�d
�	asTSS=`�� ORF

�TN	ZU���������asTSS ��nF��� RNA �v%;, RNA ����g

����	asTSS� OY-M$-4D@�TN
����/�!+06)2����$-4D

@�v%;, RNA	nF�������	\������	 

 

 


 3.5� pam667 (clpX) ������ asTSS (asTSS22) 

+� OY-M$-4�K�L
�2*.:"���7;,��-� OY-M$-4�qL
�2*

.:"���7;,�d�	ycI�nFtQa�d�	^o�=�[S� OY-M$-4<

�PO�?f�d�	 
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3.3.6. oTSS�^�%YM 

� OY-M+02<:�	oTSS�?b�&�Z>]DP� 30RI���� (W 3.8)�
&#

���	11 ;� oTSS � ORF �8O� ORF �@�A��EC�	19 ;� ORF �9O�

ORF ��[A��EC�� (W 3.8)�oTSS ���	oTSS14 	" oTSS28 �����	

NCBI PGAP �"$KX� ORF �EC�%
��JF�&� (B 3.6)�
&#KX ORF �

NV�LQ��%�	�Ca. P. asteris’ AYWB ST�	���	rs02680 135*���

aywb_319�	rs04245135*��� aywb_063��&�&)0.7-46�&��% (Bai 

et al., 2006)�!�	4;� oTSS����� NCBI PGAP�"$JF�&�KX ORF=\�

ORF �[A��EC��	$	
&# 4 ;� oTSS �G`�� asTSS ��%�U�#&� 

(W 3.9)�H��	G`�� mTSS �U�#&% 2 ;� oTSS	asTSS �U�#&% 4 ;�

oTSS (_�� 24 ;�G`�� oTSS ��%�JF�&��
&# 24 ;� oTSS ����

�	��9O� ORF�EC�JF�&��
�
#	
&# oTSS
#Z>�&% RNA�

a,7/ RNA ��%�U�#&��31;� asTSS ��'�%�	231;� TSS ��� 59

; (25.5%) 
#Z>�&% RNA�a,7/ RNA��%�JF�&�� 
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" 3.6� RNA-Seq2(	/��
� oTSS 

A. pam452" pam453 (srmB) &Ȥ%õÚ�6 oTSS (oTSS14)�B. pam702 (fliA) " pam703 (dnaJ) 

&Ȥ%õÚ�6 oTSS (oTSS28)�+' OY-MG\j"Ê�Ë
%iTavE�7�ryX:	

-' OY-MG\j"ȏË
%iTavE�7�ryX:Ƭ��ȼƧ¿'Ȉ©ȣñƉ:Ƭ��ű

ȉ&~&ŏô' OY-MG\j}&åâ&�Ǎ:Ƭ��ȃǛ& ORF' NCBI PGAP%35őǮ

%�Ɔ�7� ORF:Ƭ�� 
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. 3.9� '0 ORF�5
4!�
%#�� oTSS��1 

a OY-MG\j}%
�6 oTSS-�' ORF&�Ǎ:Ƭ�� 
b OY-M&G\j%ą�6 oTSS-�' ORF&Ë
:Ƭ�� 

  

TSS No. oTSS&�Ǎ a 
oTSS& 

Ë
 b 
ORF 

ORF& 

Ë
 b 

ȣñHXv 

&�Ǎ a 
5′ UTR&Ȣ� 

oTSS02 41,683 + rs00195 − 41,833 150 

oTSS06 111,996 − rs00600 + 112,097 101 

oTSS21 628,302 + rs03370 − 628,508 206 

oTSS22 628,435 + rs03370 − 628,508 73 
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3.3.7. Ȉ©ȣñƉ}ſț®:Ɨ�� de novolSybǰţ 

� 3.3.2.ȳ!ƍú�� 231 �&Ȉ©ȣñƉ%�� 	�&}ſ%õÚ�6"Łú�76dt

lyQyț®&Ŀǀ:Ǵ.��Ʒ 2 Ƶ&ǰţ%35	RpoD &dtlyQyț®'-35 ȴß

&�õĭ����"�Łú�7 �6�0	Ȉ©ȣñƉ}ſ-10ȴß&dtlyQyț®:

Ŀǀ�6�0%	ÈȈ©ȣñƉ}ſ 21åâ (Ȉ©ȣñƉ:Ì/) 35	de novolSybĿ

ǀUys MEME (Bailey et al., 2006) :Ɨ� lSyb&Ŀǀ:Ǥ����&ǂŤ	41�&

Ȉ©ȣñƉ}ſ35�õlSyb&õÚ�Łú�7� (Ǧ 3.10; × 3.7)�41�&Ȉ©ȣñƉ

&�%'	Ʒ 2Ƶ!ǰţ:Ǥ�� amp
3) pam486&Ȉ©ȣñƉ	
3)Ʒ 2Ƶ! RpoD

%35Ȉ©°Ħ�76"Łú�7� pam153 (mTSS10) 
3) pam734 (norM, mTSS80) &Ȉ

©ȣñƉ�Ì-7 �� (Ǧ 3.10; × 3.7)�-�	Łú�7�lSyb'Ʒ 2Ƶ!ƍú�7

� RpoD �Ƕǽ�6-10 dtlyQyț®
3)ĺĞ-10 dtlyQyț®%ȶ���ț®

:Ì;!�� (× 3.7)� 

� �74 41�&Ȉ©ȣñƉ%�� 	�&}ſ 51åâ (Ȉ©ȣñƉ:Ì/) &åâ�õĭ

:ǰţ����&ǂŤ	�õĭ'��1&&Ʒ 2Ƶ!ƍú�� RpoD�Ƕǽ�6-35dtl

yQyț®
3) A rTSȴß&õÚ�ƫǶ�7� (× 3.8)��}&ǂŤ�4	MEME %

35Łú�7�lSyb' RpoD%35Ƕǽ�76"Ǒ	47�� 
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. 3.10� �%�����%# �*�
� TSS��1 

TSS No. TSS&�Ǎ a TSS&Ë
 b ORF ȗ�ó 
ȣñHXv 

&�Ǎ a 

5′ UTR 

&Ȣ� 

oTSS03 42,118 +     

iTSS03 78,116 +     

oTSS07 132,585 +     

mTSS07 144,167 + pam122 amp 144,248 81 

iTSS07 161,563 +     

mTSS10 181,164 − pam153 ųǔŝƨ 181,000 164 

mTSS12 191,918 + pam160 ųǔŝƨ 192,132 214 

asTSS06 260,005 −     

mTSS21 270,717 + pam242 himA 270,744 27 

iTSS31 330,980 +     

mTSS35 337,669 + pam290 argE 337,963 294 

mTSS36 347,106 − pam304 ųǔŝƨ 347,034 72 

mTSS37 357,405 + pam311 ųǔŝƨ 357,507 102 

iTSS37 357,588 +     

asTSS11 405,828 +     

mTSS43 458,683 − pam412 ųǔŝƨ 458,352 331 

iTSS45 463,105 −     

oTSS14 501,571 −     

mTSS49 544,918 − pam485 ųǔŝƨ 544,533 385 

oTSS16 545,292 −     

mTSS51 545,950 + pam486 ųǔŝƨ 546,002 52 

iTSS66 575,603 −     

mTSS56 576,877 − pam510 ųǔŝƨ 576,775 102 

oTSS18 592,846 −     

mTSS60 599,117 − pam531 ųǔŝƨ 599,015 102 

mTSS61 621,899 + pam555 ųǔŝƨ 622,011 102 

mTSS63 665,272 + pam591 dnaE 665,511 239 

iTSS79 677,169 +     

mTSS66 685,379 − pam606 ųǔŝƨ 685,229 150 
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. 3.10� -� 

TSS No. TSS&�Ǎ a TSS&Ë
 b ORF ȗ�ó 
ȣñHXv 

&�Ǎ a 

5′ UTR 

&Ȣ� 

mTSS67 707,141 + pam623 rpsU 707,185 44 

asTSS22 758,694 −     

mTSS72 761,920 + pam671 cspC 761,965 45 

oTSS25 762,465 +     

asTSS26 775,139 +     

asTSS31 780,273 +     

mTSS74 784,036 − pam691 ųǔŝƨ 784,008 28 

oTSS28 793,798 −     

mTSS75 799,210 − pam706 hrcA 799,183 27 

mTSS76 801,754 + pam708  801,872 118 

mTSS80 830,671 − pam734 norm 830,638 33 

mTSS82 852,499 − pam754 asnS 852,062 437 
a OY-MG\j}%
�6 TSS-�' ORF&�Ǎ:Ƭ� 
b OY-M&G\j%ą�6 TSS&Ë
:Ƭ� 
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  " 3.7� 3�7$+�)
/��
��%���� 

MEME %35 41 �&Ȉ©ȣñƉ}ſ%ǭ«�7��õlSyb:Ƭ��LyFvNtI'

WebLogo:Ɨ� �ı���Èåâ&ȸ�'	�&åâ&�õĭ:Ƭ�� 
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" 3.8� �%���� /��
�3�7$+�)�6 �%& 

�õlSyb�ǭ«�7� 41�&Ȉ©ȣñƉ}ſ-50�4+1-!&åâ�õĭ:Ƭ��Ly

FvNtI' WebLogo :Ɨ� �ı���űȉ'Ȉ©ȣñƉ:+1 "��"
&åâ&�Ǎ

:Ƭ��Èåâ&ȸ�'	�&åâ&�õĭ:Ƭ�� 
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� Łú�7�lSyb%�� b<>WdqOiƱȤ!&�õĭ:Ŭǳ�6�0%	OY-M

%
� lSyb��Ɔ�7�Èȗ�ó&fltEȗ�ó}ſț®%�� ǰţ:Ǥ���

�&ǂŤ	�Ʊb<>WdqOi%
� fltEȗ�ó�õÚ�$� pam412	pam485	

pam510	pam531	pam555	pam606	pam708 :ȩ����7&fltEȗ�ó}ſ%
�

 1ȶ���ț®��õ�7 �� (× 3.9)�Ʒ 2Ƶ%
� RpoD%35Ȉ©°Ħ�76

�"�Ƭ�7� amp 
3) pam486 %�� '	AYWB %
�6fltEȗ�ó}ſ�4

ȶ���lSyb�ǭ«�7��-�	Ʒ 2Ƶ! RpoD%35Ȉ©°Ħ�76"Łú�7�

pam153 
3) pam734 %�� '	�Ʊb<>WdqOi%
� 1fltEȗ�ó}ſ

�4ȶ���lSybț®�ǭ«�7���}&ǂŤ�4	ǭ«�7�lSybț®'b<

>WdqOiƱȤ!¥Ȑ� 	Ȉ©°Ħ%ȥ��6Çǔĭ�ƬÒ�7�� 

  

" 3.9� OY-M	/��
��������������,8
����%& 

OY-M !�õlSyb�ǭ«�7�ȗ�ó"	�Ʊb<>WdqOi%
�6fltEȗ�

ó&}ſț®:ŸȊ���pam412	pam485	pam510	pam531	pam555	pam606	pam708

'�Ʊb<>WdqOi%fltEȗ�ó�õÚ�$����ȃô&åâ'şƪƳ!ƍú�

7�Ȉ©ȣñƉ&�Ǎ:Ƭ��ȣñHXv&Ĕ¢&ŏô'	Ȉ©ȣñƉ�4ȣñHXv-!

&ȅȭ:Ƭ��LyFvNtI'WebLogo:Ɨ� �ı���Èåâ&ȸ�'	�&åâ&

�õĭ:Ƭ�� 
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3.4. ǑĂ 

 

3.4.1. b<>WdqOi&ǇǏƠȈ©ȣñƉźú 

� şƪƳ!'	ŵ��LyFvJy:Ɨ�� RNA-Seq%35 OY-M&ǇǏƠ$Ȉ©ȣñƉ

źú:Ǵ.��œã&Ĵż (× 3.1; Sharma et al., 2010; Schlüter et al., 2013) :ÂǑ% cDNA

q>cqryŮƻ:Ǥ�zŒ!	OY-M&G\j' ATrTS!�6�"�4 (Oshima et al., 

2004)	ȏȈ©ÄĬ%Ɨ�6dq>iy"� qvRj N6dq>iy%´	 	A-�' T

&.�4ı6qvRj W6dq>iy:Ɨ����&ǂŤ	ȐĖ&qvRj N6dq>iy

:Ɨ��äÉ"ŸȊ� 	qvRjW6dq>iy:�Ɨ��äÉ%'35ë�& RNA-Seq

ryX� OY-MG\j%iTavE�7� (Ǧ 3.2)�œã&b<>WdqOi%
�6Wq

vNDrdWyjǰţ!'b<>WdqOiG\j%iTavE�7�ryX' 0.1%%Ƈ

�$��"�ãÍ�7 
5 (Siewert et al., 2014; Abbà et al., 2014)	OY-M& rRNA-�'

tRNA %iTavE�7�ryX�ë���1&&	şƪƳ!'qvRj W6dq>iy&

¯Ɨ%3� 35ë�&b<>WdqOi RNA ƙŠ& RNA-Seq ryX:ĥ6�"�!


�"Ǒ	476� 

�  

� RNA-Seq ryX& 5′Şƶ�ĉ$�"1 3 ryX�}ł��ƹĳ:Ȉ©ȣñƉ"� =\

VyLov��ǂŤ	OY-MG\j}! 231ƹĳ&Ȉ©ȣñƉ:ƍú���Ȉ©ȣñƉ: 4

�%¬ȶ�	mTSS� 82ƹĳ (Ǧ 3.4)	iTSS� 88ƹĳ (Ǧ 3.6)	asTSS� 31ƹĳ (Ǧ 3.7)	

oTSS� 30ƹĳ (Ǧ 3.8)ƍú�7��mRNA"� ȗ�ó&ƟƑ%ȥ96"Ǒ	476mTSS

' 82 ƹĳ!�5	mTSS ~ſ!@etv"� Ȉ©�76"�Ɔ�7�ȗ�ó:Ì06"

131 ȗ�ó&Ȉ©°Ħ%ȥ��6Çǔĭ�ƬÒ�7���7' OY-M &¤ 754 ȗ�ó&�
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� 17.4%%Ƥğ�6�	şƪƳ!Ȉ©ȣñƉ�ǭ«�7$���ȗ�ó%�� '	ūƌ!

&ƟƑȟ���Çǔĭ�Ǒ	476����� �Ĥ' OY-MĮťŕǣƙŠ& RNA%��

 1ǰţ:Ǥ��"!	mTSS&.$4��& TSS%�� 1	35ë�&ƹĳ!ƍú!


6Çǔĭ�Ǒ	476� 

� şƪƳ!ƍú�7� mTSS �4ȣñHXv-!&ȅȭ	�$9� 5′ UTR &Ȣ�'ĘÜ

187åâ!�5	60%�}&mTSS�ȣñHXv�4 200åâ�§%õÚ� �� (Ǧ 3.5)�

�&ǂŤ'	b<>WdqOi%ȍǊ$ M. hyopneumoniae %
�6ƨǭ"zǗ� �� 

(Weber et al., 2012)����� 	b<>WdqOi2i>HdqOi�č�6 Mollicutesǆ

%
� 	Ȉ©°ĦųŮ��õ�7 �6Çǔĭ�ƬÒ�7�� 

 

3.4.2. b<>WdqOiȗ�ó&¨=\VyLov 

� ȍę	ȗ�ó=\VyLov=sIrOj&Ŋǚ%35	őǮ ORF&�Ɔ�Ȓ047 

�6 (Tatusova et al., 2016)�OY-MG\j%
� 1ȍę	NCBI PGAP%35őǮ ORF&

�Ɔ�Ǥ97 �6�	�74�ûȪ%ƟƑ� �6�'Ŭǳ&�Û�����zŒ!	ǁ

ǟ%
�6ȗ�ó&¨=\VyLov%�� '	RNA-Seq :Ɨ� Ȉ©ȣñƉ:ƍú�

6�"!	�7-! ORF &õÚ��Ɔ�7 �$���ȴß%őǮ ORF :ǭ«� �6

��ãÍ�7 �6 (Sharma et al., 2010; Schlüter et al., 2013)�şƪƳ!'	iTSS�ǭ«�7

� pam135�	iTSS~ſ&�řȣñHXv�4ǐǲ�76" NCBI PGAP%3� ¨=\V

yLov�7 
5	�Ʊb<>WdqOi2ȍǊ$ǁǟ& pam135fltEȗ�ó%
�

 �&�řȣñHXv��õ�7 �6�":ǭ«�� (× 3.4)�b<>WdqOi
3)

b<>WdqOi%ȍǊ$ǁǟ!'	PAM135 fltEQv_DȂ&ųǔ'ŗ4�%$�

 �$��	Staphylococcus aureus%
� ' PAM135fltEQv_DȂ�ǁǓ§%
�
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6LEYs�Ȕ& 2ŵ�ȔƌȂ!�6 cyclic-di-AMP (Kolb et al., 1993) &Ƕǽ%ȥ96�"

�ãÍ�7 �6 (Müller et al., 2015)��}&ǂŤ�4	PAM135'~ſ&�řȣñHXv

�4ǐǲ�7 
5	PAM135 &ųǔ'ȍǊ$ǁǟ!ě��õ�7 �6Çǔĭ�ƬÒ�

7�� 

� pam135 �ê!'	NCBI PGAP %35¨=\VyLov�7�ȗ�ó§%õÚ�� iTSS

'õÚ�$����	ë�& iTSS&~ſ%'�řȣñHXv"$5�6HXv�õÚ�� 

(Ǧ 3.6)�-�	oTSS"¬ȶ�7� TSS&��	2�&~ſ%'őǮ ORF��Ɔ�7	4�

%�� 'ő�%õÚ��Ɔ�7� ORF &§ș% ORF "'ȏË
%õÚ� 
5	�7

4& oTSS'ûȪ%' mTSS2 asTSS!�6"Ǒ	47� (Ǧ 3.9)����� 	ǇǏƠ$

Ȉ©ȣñƉ&ƍú'	35Ŷƫ$ȗ�ó=\VyLov:Ǥ�}!1ȝǬ!�6"Ǒ	4

7�� 

 

3.4.3. b<>WdqOi%
�6ȯHyX RNA 

� ǁǟ%
� '	ȯHyX RNA'ȗ�óƟƑ&ǺƺÕó"� ųǔ�6��ãÍ�7 

�6 (Waters & Storz, 2009; Storz et al., 2011)�b<>WdqOi%
� ' Flavescence dorée

b<>WdqOi&WqvNDrdWyjǰţ%
� 	ȯHyX RNA� 1ƱȶƫǶ�7

 �6 (Abbà et al., 2014)��&�!ǭ«�7�ȯHyX RNA'Esyd II>vWtv%¬

ȶ�76	rgK>jžĭ:Ś�6 RNA!�6�Esyd II>vWtv'ǖĕNdq>L

vE2ȈưĭÕó"� ųǔ�6�"��&ǁǟ!'ƨ47 
5 (Dai & Zimmerly, 2002)	

OY-M%
� 1�&õÚ'ƬÒ�7 �� (Wei et al., 2008)�b<>WdqOi%
�6

ȯHyX RNA %ȥ�6ãÍ'�& 1 �&.!�5	G\j¤�!&ȯHyX RNA &õÚ

2	ȗ�óƟƑǺƺ%%ȥ95ĥ6ȯHyX RNA&õÚ'ƫǶ�7 �$���� 
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� şƪƳ!'	G\ju>X% asTSS 2 oTSS :ƍú�� (Ǧ 3.7	3.8)�oTSS &����

��'	ûȪ%' mTSS2 asTSS!�6"Ǒ	47��	ë�'�&~ſ% ORF��Ɔ�

7�	ȯHyX RNA"� ųǔ�6"Ǒ	47������ 	�74& TSS�4Ȉ©�

7�ȯHyXRNA'G\j}!ǖȇ"Ê�ƹĳ!Ƥǩȡ%HyX�7�ȗ�ó&Ȉ©°Ħ

:Ĺ�	LNȈ©°ĦÕó"� ųǔ�6ȥ��6Çǔĭ�ƬÒ�7��zŒ!	OY-MG

\j}%' potential mobile units (PMUs) "Ï(76ȗ�óȝǫȴß�õÚ�6 (Bai et al., 

2006; Arashida et al., 2008)����� 	ȯHyX RNA'G\j}!ǖȇ�HyX�7��

Ǎ"'Ɯ$6ƹĳ%õÚ�6ȝǫȗ�ó&Ȉ©°Ħ:Ĺ�	WqvNȈ©°ĦÕó"� 

ųǔ�6Çǔĭ1Ǒ	47��şƪƳ! OY-MG\j¤�%ǭ«�7�ȯHyX RNA%�

� '	3′ RACE%35¤Ȣ:źú��}!	�&ųǔ%�� Ŭǳ�6�"�īǬ!�6

"Ǒ	476� 

 

3.4.4. RpoD%35Ȉ©°Ħ�76b<>WdqOiȗ�ó 

� şƪƳ!ƍú�7�Ȉ©ȣñƉ%�� 	�&}ſț®�4 de novolSyb�Ɔ:Ǥ�

�"!	dtlyQyț®&Ŀǀ:Ǵ.���&ǂŤ	41 �&Ȉ©ȣñƉ}ſ�4�õ�

7�lSybț®�ǭ«�7� (Ǧ 3.10; × 3.7)��&lSyb'	Ʒ 2Ƶ! RpoD%35

Ȉ©°Ħ�76�"�Ƭ�7� amp 2 pam486 &}ſ%1õÚ�	-�	Ʒ 2 Ƶ!ƍú�

� RpoDǶǽdtlyQy:}ſ%Ś�6�"��Ɔ�7 �� pam153
3) pam734 (Ǧ

2.6) &}ſ%1ǭ«�7���74&�"�4	ǭ«�7�lSybț®' RpoD%35Ƕ

ǽ�76"Ǒ	47��şƵ%
�6ǰţ%35	RpoD%35Ȉ©°Ħ�76ȗ�ó ǩ

"� ő�% 39ȗ�ó:ƍú���zŒ!	Ʒ 2Ƶ! RpoD%35Ȉ©°Ħ�76"�Ɔ

�7�ȗ�ó (Ǧ 2.6) &ë�'	şƵ&ǰţ!'ǭ«�7$�����74&ȗ�ó%�
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� '	ūƌ%
�6ƟƑȟ���Çǔĭ1�5	�Ĥŕǣ%
� 1Êů%ǰţ:Ǥ�ī

Ǭ��6"Ǒ	476�şƵ!lSyb�ǭ«�7�ȗ�ó%�� 	�Ʊb<>WdqO

i%
�6fltEȗ�ó&}ſț®&ǰţ:Ǥ����&ǂŤ	�Ʊb<>WdqOi&

fltEȗ�ó}ſ%
� 1	Êů&ț®�ǭ«�7� (× 3.9)����� 	�74f

ltEȗ�ó&Ȉ©°Ħ%'	b<>WdqOič§!¥Ȑ� 	RpoD�ȥ��6Çǔĭ

�ƬÒ�7�� 

� -�	OY-M%
� ǭ«�7��õlSyb'	mTSS�ê%1 iTSS	asTSS	oTSS}

ſ%
� ǭ«�7� (Ǧ 3.10)�3.4.3.ȳ!Ȏ*�3�%	asTSS 2 oTSS �4Ȉ©�7�

RNA 'ȯHyX RNA !�6"Ǒ	476�RpoD �ȯHyX RNA &Ȉ©°Ħ%ȥ��6

�'�&ǁǟ%
� ãÍ�7 
5 (Schlüter et al., 2013; Dugar et al., 2013; Čuklina et al., 

2016)	b<>WdqOi%
� 1 RpoD' mRNA&ƟƑ°Ħ��!$�	ȯHyX RNA

&Ȉ©°Ħ%1ȥ�� �6Çǔĭ�ƬÒ�7������ 	b<>WdqOi& RpoD

'ƣŀƠ%ȗ�ó&ƟƑ°Ħ%ȥ��6��!$�	ȯHyX RNA&Ȉ©°Ħ:�� Ȥ

ŀƠ%ȗ�ó&ƟƑ°Ħ%ȥ96Çǔĭ1Ǒ	47��  



 

 124 

Ʒ 4Ƶ� ǈÉǑĂ 

 

4.1. b<>WdqOi%
�6 RpoD%36Ȉ©°ĦųŮ 

� Ʒ 2 Ƶ!'	b<>WdqOi& RpoD �]?NByavEȗ�ó2b<>WdqOi-

Ā�ȤƤ��ƗÕó&ƟƑ°Ħ%ȥ��6�": in vitroȈ©ǰţ%35ŗ4�%���-

�	ƍú�� RpoD &¥ȐdtlyQyț®'b<>WdqOi&G\j¤�%ƅ5õÚ

� 
5	]?NByavEȗ�ó:Ì0�ů�$ȗ�ó&Ȉ©°Ħ%ȥ�� �6"Ǒ

	47��Ʒ 3Ƶ&ǰţ!'	RpoD&¥ȐdtlyQy%ȶ���ț®�	mRNA&Ȉ©

ȣñƉ}ſ�ê%1ȯHyX RNA Ȉ©ȣñƉ}ſ35ǭ«�7������ 	RpoD '

b<>WdqOi%
� �ǬLEiÕó"� ųǔ� 
5	]?NByavEȗ�ó

:Ì0�ů�$ȗ�ó&ƟƑ°Ħ%ƣŀȥ��6""1%	ȯHyX RNA:�� ȤŀƠ

%ȗ�ó&ƟƑ°Ħ%ȥ��6Çǔĭ�ƬÒ�7��Ʒ 3Ƶ!ȯHyX RNA&Ȉ©ȣñƉ

}ſ35ǭ«�7��õlSyb�ûȪ% RpoD %35Ƕǽ�7 �6�"��Ɖ%��

 'Ŭǳ&�Û��5	şƪƳ!Ůƻ�� in vitroȈ©ƾ:Ɨ� �ĤŬǳ�6īǬ��6

"Ǒ	476�-�	ȯHyX RNA�b<>WdqOi%
� #&3�$ųǔ:Ś� 

�6&�'ŝ��ŗ!�6�áȷ�Çǔ$ǁǟ!'	G\j}&ȯHyX RNAȴß:Ŵņ

��6�"!ȯHyX RNA&ųǔǰţ�Ǥ97 �6� (Schmidtke et al., 2010)	b<>W

dqOi'áȷ2ĠȂȈŃ�ŝ�ÖȮ!�5	ő�$Ĵż&Ůƻ�īǬ"Ǒ	476� 

� Ȯáȷĭǁǟ!'	ĠȂȈŃ�ÖȮ!�6�"�4ȗ�óƟƑ°ĦųŮ%ȥ�6ƪƳ'

+";#Ǥ97 �$��Ʒ 2Ƶ!Ůƻ�� in vitroȈ©ƾ'	�&Ȯáȷĭǁǟ&LEi

Õó"dtlyQyț®%ȥ�6ǰţ%
� 1ŚƗ$Ĵż%$5ĥ6"Ǒ	476�-

�	Ʒ 3Ƶ!'	ŵ��LyFvJy:Ɨ��ǇǏƠ$Ȉ©ȣñƉ&ǰţ%
� 	TrT
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S$G\j:Ś�6b<>WdqOi%ąĬ� qvRj W6 dq>iy:Ɨ� ȏȈ©

:Ǥ��"!	RNA-Seq &¶Ɛ:Ë}��6�"�!
��ǁǓ§āƕĭ&ǁǟ!'	�

&ë�� ATrTS$G\j:Ś�6�"�ƨ47 
5 (Moran, 2002; Moran et al., 2008)	

şƪƳ!Ɨ��Ĵż'�&Ȯáȷĭǁǟ%1ȕƗ!
6Çǔĭ��6� 

 

4.2. b<>WdqOi&fNWN>TSvE"ȗ�óƟƑǺƺųŮ 

� OY-M !' RpoD 'ūƌ�§"ŸȊ� ŕǣ�§!ƟƑȟ�}Ŗ�6�"�ŗ4�"$

� �6 (Oshima et al., 2011; Ishii et al., 2013)��7-!%G\jǰǸ�Ǥ97 �6��

7&b<>WdqOi&G\j%
� 1	LEiÕó' RpoD " FliA & 2 Ʊȶ�HyX

�7 �6�"�4 (Oshima et al., 2004; Bai et al., 2006; Kube et al., 2008; Tran-Nguyen et al., 

2008; Andersen et al., 2013)	b<>WdqOi'ūƌ"ŕǣ"�� 2�&Ɯ$6Ā�Ȥ:f

NWN>TSvE�6Ȫ%	2Ʊȶ&LEiÕó:��¬�6�"%35	�&ȗ�óƟƑ

:ì
�é·�� �6Çǔĭ�Ǒ	47 �� (Oshima et al., 2011; Ishii et al., 2013)��

��$�4	Ʒ 2Ƶ&ǰţ! RpoD%35Ȉ©°Ħ�76ȗ�ó
3) RpoD%35Ȉ©°

Ħ�76"Ǒ	476ȗ�ó'	ŕǣ!ƟƑ�}Ŗ�61&(�5!'$��� (Ǧ 2.6; 

Oshima et al., 2011)����� 	b<>WdqOi&fNWN>TSvE%��ìė$ȗ

�óƟƑ&é·'	½%LEiÕó&ƟƑȟ&é¹%361&!'$��"�ƬÒ�7�� 

� şƪƳ!'b<>WdqOi�Ś�61� 1Ʊȶ&LEiÕó FliA %ȥ�6ǰţ'Ǥ�

 
4�	�Ĥ FliA %35Ȉ©�76ȗ�ó2	�&Ȉ©°ĦųŮ%ȥ� ǰţ:Ǥ�ī

Ǭ��6"Ǒ	476�şƪƳ"Êů% FliA:Ɨ� in vitroȈ©ǰţ:Ǥ��"1	�Ĥ

&ƪƳ&z�"� Ľ�476�	FliA 'b<>WdqOiG\j}!ǫŏHayõÚ�

 
5	ǰţąȀ"�6 FliA&Ȗú:Ǥ�īǬ��6�-�	ǫŏHayõÚ�6 FliAȤ
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!	Ȉ©°ĦąȀ&ȗ�ó�Ɯ$6Çǔĭ1Ǒ	476�-�	b<>WdqOi!'�7

-!%LEiÕó"� =\VyLov�7 �6ȗ�ó' RpoD " FliA & 2 Ʊȶ&.!

�6�	őï&Ȉ©Õó�õÚ�6Çǔĭ1�6�b<>WdqOi"ȍǊ$i>HdqO

i%
� '	�7-!LEiÕó' RpoD&.:Ś�6"�7 
��	ȍęőïLEi

Õó&õÚ�ãÍ�7 �6 (Torres-Puig et al., 2015)�b<>WdqOi!'	i>Hdq

Oi!ǭ«�7��&őǮLEiÕó&fltEȗ�ó'ǭ«�7 �$��	Êů&ǯ

Ɖ�4&ǰţ1ȝǬ!�6"Ǒ	476� 

� -�	ǁǟ!'LEiÕó&�%1Ȉ©°Ħ%ȥ��6Qv_DȂ&õÚ�ƨ47 �

6�z�"� 	DNA %ǂÉ�6�"!Ȉ©:Ķ°�6`NWvůQv_DȂ (Atlung et 

al., 1996; Navarre et al., 2006) �Ľ�476�	b<>WdqOiG\j}%1`NWvůQ

v_DȂ HimA �HyX�7 �6�himA �ê&ȗ�ó%�� 1	ųǔŝƨ&ȗ�ó%

HyX�76Qv_DȂ� DNA ǂÉQv_DȂ"� Ȉ©°Ħ%ȥ�� �6Çǔĭ�

�5	LEiÕó�ê&Ȉ©°ĦÕó%ȥ�6ƪƳ1�Ĥ&ǹȵ!�6� 

� �4%	Ʒ 3Ƶ!b<>WdqOi%
�6õÚ�ƬÒ�7�	ȯHyX RNA%�� 

1	�&ǁǟ"Êů%ȗ�óƟƑ°Ħ%ȥ�� �6&�ǙÎ�Ļ�76�1.2.2.ȳ!Ȏ*

�3�%	�7-!%ǰţ�Ǥ97 �6�&ǁǟ!'	ȯHyX RNA:���ů�$ȗ

�óƟƑ°ĦųŮ�ƨ47 
5	ȯHyX RNA �ƤǩƠ$ț®:Ś�6 mRNA "ǂÉ

�6�"!ǐǲ:ȧþ�6�2	ȏ%ǐǲ:�Ȓ�6��Ľ�476 (Waters & Storz, 2009; 

× 1.9)�-�	ȯHyX RNA�ƟƑ°Ħ:Ǥ�ąȀȗ�ó"� '	G\j}!ȯHyX

RNA"Ê�ƹĳ%ȏË
%HyX�7�ȗ�ó!�6äÉ (LNƟƑ°ĦÕó) %´	 	

G\j}&Ɯ$6�Ǎ%HyX�76	ȯHyX RNA"ƤǩƠ$ț®:Ś�6ȗ�ó!�

6äÉ (WqvNƟƑ°ĦÕó) �ƨ47 �6 (Waters & Storz, 2009; × 1.9)�b<>Wd
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qOi'G\j}% PMU "Ï(76ȗ�óȝǫȴß�õÚ�6�"�ƨ47 
5 (Bai 

et al., 2006; Arashida et al., 2008)	b<>WdqOi&ȯHyX RNA'LN
3)WqvN

ƟƑ°ĦÕó"� ȗ�óƟƑ°Ħ%ȥ��6Çǔĭ�Ǒ	476�Ʒ 3 Ƶ!' RpoD �

ȯHyX RNA&Ȉ©°Ħ%ȥ��6Çǔĭ�ƬÒ�7��	Êů%1�z�&LEiÕó

FliA1ȯHyX RNA&Ȉ©°Ħ%ȥ��6Çǔĭ��6��}:Ȇ-	6"	b<>Wd

qOi&ȗ�óƟƑ°ĦųŮ'	RpoD " FliA & 2 Ʊȶ&LEiÕó%36ƣŀƠ$Ȉ©

°Ħ"	LEiÕó%35Ȉ©°Ħ�76ȯHyX RNA:���ȤŀƠ$Ȉ©°Ħ%36

ǫȬ$ȗ�óƟƑ°ĦųŮ!�6Çǔĭ�Ǒ	476� 

� şƪƳ%35	b<>WdqOi& RpoD�fNWN>TSvE%ȥ��6 Amp (Suzuki 

et al., 2006) 2 PAM289 (Neriya et al., 2014)	ƞÁĭÕó!�6 TENGU (Hoshi et al., 2009) &

ƟƑ°Ħ%ȥ��6�"�Ƭ�7��b<>WdqOi&ȗ�óƟƑ°ĦųŮ%�� 	�

Ĥ1ƪƳ:Ȓ06�"!b<>WdqOi&fNWN>TSvEųŮ2ƞÁĭųŮ%��

 1ƪƳ�±Ȓ�6�"�Ŝģ�76� 
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ŇǬ 

� b<>WdqOi (‘Candidatus Phytoplasma spp.’) ' Mollicutes ǆ%č�6ƼșĊÚĭ&

ūƌƞÁǁǟ!�5	ǜÔù&ǡ¹2ǉ¹	íƎĒ (ǠǌxÆƕ) 	Ȼ¹$#ů�$ƞĩ:

ĝ
Ȅ���b<>WdqOi' 700Ʊ�}&ë�&ūƌ%Įť� ƞŹ:ĝ
Ȅ��	Ȍ

ŭ}ȝǬ$Óȵ"$� �6�b<>WdqOi'pH^>$#&ŕǣ%35ò��7	ŕ

ǣ�§%
� 1çŷ�6�"�ƨ47 �6��7-!&ƪƳ%35	b<>WdqOi

'ūƌ-ŕǣȤ&Ā�ȈŃ%��	�&ȗ�óƟƑ_Qyv:³Ơ%é¹��6�"�ŗ4

�"$� �6�	�&ųŮ'�ŗ!�6� 

� ǁǟ%
� '	ȗ�óƟƑ°Ħ%ȥ96Õó&z�"� LEiÕó�ƨ47 �6�

LEiÕó'ȗ�ó&Ȉ©ȣñƉ}ſ%õÚ�6dtlyQyț®:Ƕǽ�	ȗ�ó&Ȉ

©°Ħ%ȥ��6�b<>WdqOi' 2 Ʊȶ&LEiÕó	RpoD 
3) FliA :G\j

}%HyX�6�	�74&�� RpoD'b<>WdqOiƱȤ!ě��õ�7 �6��

��� 	RpoD'b<>WdqOi&Ȉ©°Ħ%
� ȝǬ$Ģ²:Ĺ�"Ǒ	47 �

��	�&ǵǁ'�ŗ!������!şƪƳ!'	b<>WdqOi&¥ȐLEiÕó

RpoD:Ɨ�� in vitroȈ©ƾ:ƫƴ�	RpoD%35Ȉ©°Ħ�76ȗ�ó&Ŀǀ"	RpoD

�Ƕǽ�6¥ȐdtlyQyț®%�� ǰţ:Ǥ����4%	ŵ��LyFvJy:Ɨ

� b<>WdqOi&Ȉ©ȣñƉ:ǇǏƠ%ǰţ�	b<>WdqOi&ȗ�óȈ©°

Ħ%
�6 RpoD&Ģ²%�� ǑĂ��� 
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1. in vitroȈ©ƾ:Ɨ��b<>WdqOi&¥ȐLEiÕó RpoD&ųǔǰţ 

 

� ë�&ǁǟ%
� 	RpoD' 16S rRNAȗ�ó&Ȉ©°Ħ%ȥ��6�"�ƨ47 �

6���!şƪƳ!'-�	Qi[CǠȻƞb<>WdqOi (‘Ca. P. asteris’ OY-Mƾǃ; 

�~ OY-M) & 16S rRNA Bȗ�ó (rrnB) &Ȉ©ȣñƉ: 5' RACEż%35ƍú�	�&

}ſț®:ȠÝ DNA "� Ɨ�� in vitro Ȉ©ǰţ:Ǥ���OY-M & RpoD :ìǕǟ!

ƟƑ	ƽǪ��&�	rrnB &Ȉ©ȣñƉ}ſț®:Ì/ DNA	ìǕǟƙŠ& RNA hrk

qyP (RNAPEc)	
3)Ê��Űǽ�� NTP :ƃÉ�	in vitro %
� Ȉ©ÄĬ:Ǥ�

���&ǂŤ	RpoD�õƠ%Ȉ©Ɩƌ�Ŭ«�7��"�4	RpoD' in vitro! RNAPEc

"ǫÉ�:Ġı� Ȉ©žĭ:Ɵń�6�"�Ƭ�7����!	RpoD�Ƕǽ�6 rrnB&

dtlyQyț®:ƍú�6�0%	rrnB }ſț®&��dtlyQy"Łú�76ȴß 

(-10
3)-35ȴß) %éƜ:ć£�	in vitroȈ©ƾ:Ɨ��ǰţ:Ǥ����&ǂŤ	-10


3)-35ȴß&��7%éƜ:ć£��äÉ%1Ȉ©žĭ��~���"�4	�74&

ȴß� RpoD%36Ƕǽ%ȝǬ$ rrnB&dtlyQyȴß!�6�"�ŗ4�"$��� 

� ŵ%	RpoD %35Ȉ©°Ħ�76 OY-M ȗ�ó&Ŀǀ:Ǵ.��ë�&ǁǟ%
� 	

RpoD'16S rRNAȗ�ó�ê%1]?NByavEȗ�ó&Ȉ©°Ħ%ȥ��6�"�4	

OY-M &]?NByavEȗ�ó}ſț®:ȠÝ DNA "� in vitro Ȉ©ǰţ:Ǥ���

�&ǂŤ	OY-M& RpoD']?NByavEȗ�ó&Ȉ©%ȥ��6�"�ŗ4�"$�

��-�	ƞÁĭ2ŕǣĀ�ƍƜĭ%ȥ96ů�$ȗ�ó%�� 1Êů% in vitroȈ©ƾ

:Ɨ��ǰţ:Ǥ��ǂŤ	RpoD��74&ȗ�ó&Ȉ©°Ħ%ȥ��6�"�ŗ4�"

$�����!	in vitroȈ©ƾ%36ǰţ:Ǥ��Èȗ�ó&Ȉ©ȣñƉ: 5' RACEż%

35ǰţ�	RpoD%35Ƕǽ�76¥ȐdtlyQyț®&ƍú:Ǵ.���&ǂŤ	ǁ
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ǟ& RpoD %36¦ÝƠ$Ƕǽț®"ȶ���-10 ȴß&ț®�ĥ47�zŒ	-35 ȴß&

ț®'ëů!�����&¥ȐdtlyQyț®' OY-M G\j}% 540 wĳõÚ�	ĉ

$�"1 88 ȗ�ó� RpoD %35Ȉ©°Ħ�76"Łú�7��RpoD 'b<>WdqO

iȤ!�õĭ�ȸ��"�4	�&ǫŏ&b<>WdqOiG\j%�� 1ǰţ:Ǥ�

�"�8	Êů%]?NByavEȗ�ó:Ì0�ëů$ȗ�ó&}ſ%¥Ȑț®�ǭ«

�7���}&�"�4	RpoD'b<>WdqOi%
� ]?NByavEȗ�ó&Ȉ

©°Ħ%ȥ��6LEiÕó!�5	]?NByavEȗ�ó�ê%1ëů$ȗ�ó&Ȉ

©°Ħ%ȥ��6Çǔĭ�ƬÒ�7��-�	RpoD%36Ȉ©°ĦųŮ'b<>WdqO

iƱȤ!ě��õ�7 �6"Ǒ	47�� 

 

2. b<>WdqOi&Ȉ©ȣñƉ&ǇǏƠǰţ 

 

� ȍę	ŵ��LyFvNĵǥ&ƟČ%35	ŵ��LyFvJy:Ɨ� ǁǟ&Ȉ©ȣñ

Ɖ:ǇǏƠ%źú�6�"�Çǔ"$�����!	b<>WdqOi& RpoD%35Ȉ©

°Ħ�76ȗ�ó:ǇǏƠ%Ŀǀ�6�0%	OY-M %Įť��LnvCD (Glebionis 

coronaria) �4 RNA:ĸ«�	ŵ��LyFvJy:Ɨ� Ȉ©ȣñƉ&ǇǏƠǰţ:Ǥ

����&ǂŤ	OY-M&G\j¤�! 231wĳ&Ȉ©ȣñƉ�ƍú�7��ƍú�7�Ȉ

©ȣñƉ&�%'	ȗ�ó&}ſ%õÚ�6Ȉ©ȣñƉ&�%1	ȗ�ó§ș%ȏË
!õ

Ú�6Ȉ©ȣñƉ2	~ſ%ȗ�ó&õÚ��Ɔ�7 �$�Ȉ©ȣñƉ1ƫǶ�7���

74&Ȉ©ȣñƉ�4ƕ�6Ȉ©Ɩƌ'ȯHyX RNA!�6"Ǒ	47	b<>WdqO

i%
� ë�&ȯHyX RNA�Ȉ©�7 �6�"�ŗ4�"$��� 
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� ǅ� 	ƍú��Ȉ©ȣñƉ&}ſț®35�õlSyb&Ŀǀ:Ǥ��"�8	41 w

ĳ&Ȉ©ȣñƉ}ſ�4�õ�7�lSyb&õÚ�Łú�7���&lSyb'	in vitro

Ȉ©ƾ:Ɨ��ǰţ! RpoD %35Ȉ©°Ħ�76�"�Ƭ�7�ȗ�ó&}ſ�41ǭ

«�7	in vitro Ȉ©ƾ:Ɨ� ƍú�� RpoD �Ƕǽ�6¥ȐdtlyQyț®"ȶ��

 ������� 	�&�õlSyb:}ſ%Ś�6 41 wĳ&Ȉ©ȣñƉ'	RpoD %

3� Ȉ©°Ħ�7 �6Çǔĭ�ƬÒ�7��-�	�74&�%'ȯHyX RNA&Ȉ

©%ȥ��6"Ǒ	476Ȉ©ȣñƉ1Ì-7 
5	RpoD'b<>WdqOi&ȗ�ó

��!$�ȯHyX RNA&Ȉ©°Ħ%1ȥ��6"Ǒ	47���4%	�õlSyb�

ǭ«�7�Ȉ©ȣñƉ~ſ&ȗ�ó%�� 	�Ʊb<>WdqOi&fltEȗ�ó}

ſț®:ǰţ��"�8	Êů&ț®�ǭ«�7������ 	�74&ȗ�ó&Ȉ©°

Ħ%'b<>WdqOiƱȤ!¥Ȑ� RpoD�ȥ��6Çǔĭ�ƬÒ�7�� 

 

� şƪƳ&ǂŤ	b<>WdqOi&¥ȐLEiÕó RpoD �Ƕǽ�6dtlyQyț®

�ƍú�7	RpoD %35Ȉ©°Ħ�76ȗ�ó�ŗ4�"$���RpoD ']?NBya

vEȗ�ó:Ì/ëů$ȗ�ó&Ȉ©°Ħ%ȥ�� 
5	�&ųǔ'b<>WdqOi

ƱȤ!ě��õ�7 �6Çǔĭ�ƬÒ�7��-�	RpoD'ȗ�ó&Ȉ©°Ħ��!$

�	ȯHyX RNA &Ȉ©°Ħ%1ȥ��6"Ǒ	47��ȯHyX RNA 'ë�&ǁǟ%


� ȗ�óƟƑ°Ħ%ȥ��6��ƨ47 
5	RpoD 'ȯHyX RNA :�� Ȥŀ

Ơ%ȗ�ó&ƟƑ:°Ħ� �6Çǔĭ�ƬÒ�7���Ĥ	şƪƳ!ǭ«�7�ȯHyX

RNA&ųǔ2	1�z�&LEiÕó FliA%ȥ�6ǰţ:Ȓ06�"!	b<>WdqO

i&ȗ�óƟƑ°ĦųŮ%ȥ�6ƒǰ�Ƃ-6"Ǒ	476� 

  



 

 132 

Ǽȋ 

� şƪƳ&ȓǤ%��5	š�ìöìöȨ ȌöƕÐƯöƪƳƯ ƕƖxƓæƕƌöĆŋ ū

ƌºƯöƪƳü ȮŽı� ƍ�Ŏľ$4)%ūƌƞƒöƪƳü ĎŵĜĚ ªŎľ%'İ­

{ă$�ļć"�ȱň:ȁ5-���":ǧĪ35ĮǼƚ�}�-�� 

� żŌìö ƕÐƯöș ìĐƪȘ Ŏľ	š�Ȍēìö ȌöƪƳȨ ĈŢ¡ ƍ�ªŎľ	š

�ìöìöȨ ȌöƕÐƯöƪƳƯ ƕƖxƓæƕƌöĆŋ ±Đ¡� µŎ	÷Țýìö Ȍ

öș ƊǾǨîś µŎ	ȺÅìö Ȍöș |ƀ»Ǩ ¾èƪƳÑ%'Ęƿ&ƪƳ&ȓǤ$4

)%ş¾èǻŐ&àƸ%��5	ë�&Śơ$�µǱ:���
-���":À�Ħƭƚ

�}�-��-�	š�ìöìöȨ ȌöƕÐƯöƪƳƯ ƕƖxƓæƕƌöĆŋ ūƌƞƒ

öƪƳü
3)ūƌºƯöƪƳü&¾èƪƳÑ	öƕ	¼ŭƕ	ĵǥǩ�Ñ	ȯĖ¸ǒÑ&

.$�-%'ƪƳ&ȓǤ$4)%ş¾èǻŐ&àƸ%��5	ů�$Ȱ!&�ŉŅ:��

�
-���":Ƃ�ĮǼƚ�}�-�� 
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