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ŜƄ*'"%EDuS,ȴ�+Ĩŗ*9"%ƍƋƙ)ïÅ?7�:�, Ŋ*òȕŦ?Ē�

��ȓǤ)øä&	<����ȴŜƄEDuS+ƦƯ,�=3&�*ǿ�Ƅ+Ɩý?āǶ

*ǝ>=%���6ȴȔƍŜƄ+ǓƁƍǐå*�<ƥǥ,��Ƞ:=%
<�ŜƄEDu

S,WyeJǸ'9�ŀÈëè1(Mbo�:ī;ȴ�+ġƆ,ȴMbo� RNA &	<

� DNA&	<�ȴ Mbo�ǣŀŐ*·ƶ�<�ȩ·ƶ&	<�ȴMbo 3’ŏƱ+ polyA-tail

+ōƀ)(*9"%Çº�=< (Hull, 2014)�Ɖä 900Ƭ��+ŜƄEDuS�ƥ:=%
<

�ȴ�+1'@(,ǿ�Ƅ�:Ɨǥ�=�7+&	<(Wren et al., 2006)�|ŃȴÒ��:ȴ

ǿ�Ƅ+òȕŖŦ*
%ǥ:=<9�)ż�
ƖĞ?��Ĩŗ,ȴǓƁő��&,ŜƄ*

'"%7EDuS*'"%7ȋĠƙ&)
'Ǎ�:=%�� (May & Anderson, 1983, Remold, 

2002)�ûȣȴŜƄ+ǥ�Ɲ+ƖĞȲðȎƖĞȳ+)
Ĩŗ+øä,ƥ:=%;ȴȁď&,ȴ

ŜƄ*ā��ưƙ7��,ōƚ)ĖȪ?��<EDuSĨŗ+éÙ�í�%�%
< 

(Fraile & Garcia-Arenal, 2016)�3�ȔƍŜƄȥß,RFbWDj8ƍǐƌì�ñş&	<�'ȴ

EDuS'+Ɵ��Ə+ȆÅƙťÔ�Ț
'
��'?Ǎ�<'ȴǿ�Ƅ&ǥ#�"%
<

7+',ƕ)<EDuS+ƬŞī8Ɵ��Ə�ŎĘ�=<��=3&ǥȈ��=%��Ȕƍ

ŜƄ*�<EDuSĨŗ8EDuS-þ�ȜȴEDuSƬȜƟ��Ə?ŉ:�*�<�',ȴ

EDuS+ǓƁƍĢå&+.<3
?ƋǨ�<��&ȓǤ&	<�Őǆǰ&,ȴǓƁƍǐå

&+ŜƄEDuSƦƯ+ħǌ8ȴ±�ƙĭűȴǚǎ:+ƦƯ&Ě:=�ǁŕ*#
%Ǵǲ�
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ȁďȴ�=3&ǥȈ��=%��ǓƁƌì�*�<EDuS+ñşġǨŉ?ƝĶ��Ʀ

Ư�ƛ@*ǝ>=%;ȴåƊ�+Ȥ�=�EDuSÑȲViromeȳ/+ŲƝ�ȯ3"%
< 

(Suttle, 2005, Brum et al., 2015, Paez-Espino et al., 2016, Nishimura et al., 2017)�EDuSÑ',ȴ

	<ƍƄ	<
,ƌì�*øä�<¯EDuS+Mbo+ȥÖ+�'&	<�ǓƁƌì�*


%,ȴĨŗ�%
<EDuS+§ǡ?¼7"%ǂ<�',&�)
�6ȴEDuS+ǅ

ǋƙ)×úĭű�ğǤ*)<�ơǘȭ8ƽǘȭ&, rRNA +Ȑ¸*è$�Ƭ+ĻƼz×ú�

Ə
:=<�ȴEDuS*,�+9�)¯Ƭ?Id{�<°Ȅ¤øȐ¸�øä�)
�6ȴ

ǅǋƙ)ĻƼ,àȧ&	<�ƅú+EDuSƬ?āǶ'��ŭãƌì*�<ǝƦƯ*9

;ȴǓƁƌì�*,EDuS�ŋȇƙ�#òȕ*øä�<'Ǎ�:=%�� (Breitbart & 

Rohwer, 2005)�ȁď+ţ��Q{JGyQyKĮǞ+ƗĈ*�
ȴpWMbnJS+ĭű?

Ə
�āǶ?ǂ:)
EDuS+Ǩœ�ñ�ǝ>=<9�*);ȴûȣ*łƬ?Ø5ñ�+

EDuS?éÙ�%
< (Edwards & Rohwer, 2005, Culley et al., 2006, Kristensen et al., 2010, 

Nishimura et al., 2017)�ƌì��:ǥ#�<EDuS+ŧ(,ƽǘ?þ�'�<EDuSȲh

A{Rȳ&	<�ȴ�=:,þ�+¥�ŀ»ě8ñşġ+ǄĵȴƄǸĜƌ)(*
%ȓǤ

)ė¾?ŕ��%
<'Ǎ�:=%
< (Thingstad, 2000, Suttle, 2007)�3�ƶǻÄƄþ�*

�<ƦƯ&,ȴEDuS+ǣǢȑƻ+Ȑ¸*è$
�EDuS+ĻƼ×ú*9;ȴ|þ�

²+EDuSƬŀ? 1Ȼ20Ƭ1('ǥƮ7"%
< (Shi et al., 2016)�ŜƄ*
%7EDu

S�ŋȇƙ*Ĩŗ�%
<+&,)
�'Ǎ�:=%
<�ȴ�+ñşġ8ȴ|þ�²+E

DuSƬŀ?Ǳ0�ƦƯ,3 ŧ()
� 

 

IF�?
�	��# �<=:���
��

ȔƍŜƄ&,ȴðȎƖĞ?�>)
EDuSĨŗ�ñ�4:=<�6ȴƖĞ*9:)
E

DuS+ŝ¶Ńű�ğȫ&	<��Ȃ+9�*EDuS*,¯Ƭ?3��°Ȅ¤øȐ¸�ø

ä�)
�6ȴǅǋƙ)ĻƼ�àȧ&	<��+�6ȔƍŜƄ?āǶ'��ƦƯ&,ȴED

uS+Ƹö8řȒ+ġƆ*è$�ŝ¶ĭű�ş�*Ə
:=%
< (Roossinck, 2012)�';

>�ȴEDuS+ŧ(�íũŊ*þ�²&�ŐȘ RNA (dsRNA) ?Öī�<�'*ƢƝ�ȴ

�=?ÉȦ�%Ǩœ�<ĭű,ȴEDuS+ǅǋƙ×ú*ō¿)ĭŪ'�%ŎĘ�=%
<�

ûȣ�+ĭű*9;ȴłƬ+EDuS�ñ�éÙ�=%
< (Roossinck et al., 2010, Li et al., 

2016, Urayama et al., 2016)� 

|Ń&ȴdsRNA+ÉȦzŽǊ)(?ǀ�*EDuS+ǅǋƙ×ú?ǝ�Ǭ47)�=%


<���-ȴƲǎ:,ȴEDuSĨŗ+ŝ¶''7*þ�]sySJtj]{o?ǨœÓǒ

) RNA-Seq?Ə
ȴEDuS'ŜƄ'+Ɵ��Ə?ŉ:�*���ŜƄEDuS, RNAM

bo' DNAMbo?ĵ#7+�øä�<�ȴDNAMbo+EDuS7íũ+ŪȢ&ƟǡȘ

+ RNA ?Öī�<�6ȴRNA-Seq &,�ǎ?ŝ¶�<�'�Óǒ&	<�3�Ȅč+

RNA-Seq&, oligo-dT*9<ƹǢ?ǝ��6MboŏƱ* polyA-tail +)
EDuS?Ĺĸ

�<�'�&�)
�ȴ�=? rRNA +Ȍıƙ·Ǩ*��� RNA-Seq (Morlan et al., 2012, 
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Nagano et al., 2015) ?ǝ��'&ȴMboŏƱ+ĕƆ*ÿ:�EDuS?ǅǋƙ*ŝ¶&�

<����)�:ȴţ��Q{LyQyK?Ə
<ĭű&Ě:=<ñȕ+Ȑ¸\{W�:E

DuS?ŝ¶�<ȣ*,ȴûȣ+\{WǨœĭű�ȓǤ*)<�ţƶ&ûȣ+\{W?�'

�%ȴRNA-Seq\{W�:9;ŤƧ*EDuS+äz�ä¹ú?ǝ��6+Ċó*#
%ƾ

��<� 
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ǚǎ:,Ȕƍ+Bis_ƫŜƄcJOycWPHȲArabidopsis halleri subsp. gemmiferaȳ+

ǓƁȥß*
% 68¥��:ĺȥ��Ǚ+Oyju?āǶ* RNA-Seq?ǝ"��cJOy

cWPH,q\uŜƄ+QwD`_T_*ȁǈ)ȔƍƬ&	<�6ȴȯÜǸ+thAvyS

MboȐ¸8Bb[{Qry��ƏÓǒ&	<�ŜƄª+Ǩœ'×Ŋ*ȴńƥ+EDuS?

Ƭvku&×ú�<�6ȴNCBI *Mbo¯Ț�Ƙȗ�=%
<¯EDuSƬ+Ȑ¸*ā�

RNA-Seq+t{^?mYgyK�ȴĨŗōƀ?¹Ł���EDuS,Ȏ·ƙ*ŜƄ'��Ȑ

¸?ĵ#�'8ȴȁǈ)ƬȜ&,ćĬƙ*¤øȐ¸?7#êÖ�	<�6 (Antczak et al., 

1982, Mertens & Sangar, 1985, Anzola et al., 1987)ȴmYgyK�=�t{^+EDuSMbo

*ā�<Id{ƈ?ǍĪ�<�'&ȴȎ·ƙ)Ɵ×ġ*9<ǯŝ¶+tSJ?ȡ
�ȴ9;

ŤƧ)×ú?Ǭ4���:*Ũ;+t{^+ de novo assembly?ǝ��'&ȴłǦEDuS

+ĻƼ?ǝ"�� 

mYgyK+ǁŕȴEDuSMbo+12 100%+Ʒá+Ȑ¸�ŝ¶�=<EDuSȲĨ

ŗȳ'ȴ��&)
EDuSȲȩĨŗȳ?ŉƣ*Çº&�<�'�ƨ�=�Ȳâȷȳ�Ĩŗ'

4)�=<ȹƬ+EDuS Turnip mosaic virus (TuMV), Cucumber mosaic virus (CMV), Brassica 

yellows virus (BrYV)'ȴde novo assembly &×ú�=� 1 Ƭ+łǦEDuS Arabidopsis 

partitivirus1 (AhPV1) +ǪȺƬ+EDuS�ŝ¶�=��ŭã+EDuSÑ+ƦƯ&,òȕ+

EDuS�ǥ#�<�'�	<�6ȴ|ǥĆ)�7Ĩ�:=<�ȴȷƬ+þ�ŜƄ?āǶ*

��7+&,×Ƴ+Ƭŀ�ǝƦƯ&éÙ�=%
<���-ȴ�Ȃ+ dsRNA+Ǩœĭű*

9<ǝƦƯ&,ȴŚçƬ 2ƬȴȔƍƬ 1Ƭ�:�=�= 1Ȼ3Ƭ+EDuS�ŝ¶�=%


< (Blouin et al., 2016)�ŝ¶�=� 4Ƭ+Ĩŗƈ, 26%Ȼ82%&ȴAhPV1�Ō7ñ�+þ�

*Ĩŗ�%
���=�=+EDuS+Ĩŗ¥��&ðȎƖĞ+)
Ĩŗ+¾Ö,ȴAhPV1

� 55%&Ō7ȯ�"� (Kamitani et al., 2016)� 
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Ȳâ 1ȳ ĨŗEDuS+×ú� A ÕEDuSƬ+Mbo*mYj�=�t{^ŀȲǉ
Ǿȳ'� ÕEDuSMbo+t{^*9<Id{ƈȲŠȳ�ǉǾ+ rpm,þ�+ total mRNA
ȕ(106)?·ū'�%ǪƵ�%
<�Õ�ſ�EDuSƬ?ǟ��ǹ
�,ńƥEDuS
+ CMV, TuMV, BrYV�HvyR+�, de novo assembly&ǥ#�"�łǦEDuS
AhPV1��=:ȺƬ,12 100%+Id{ƈ?ƨ���TuYVȲTurnip yellows virusȳ, 38%
+Id{ƈ?ƨ��� BrYV'ȩč*ȁǈ&Ȑ¸+ 80%���Ɵ×)�6ȴBrYV+Ȑ
¸�|ȎmYgyK�=�'¹ú���B ǣǢȑƻ+BnbȒȐ¸*è$� AhPV1+
ƺǃǨœ�AhPV1ȲƤÌȎȳ,e{[C[CEDuS+�& Alphapartitivirusĉ*ĉ�<�
Kamitani et al. 2016Ŀï� 
 

KF�>47+%����35���# �;'(9�

ȔƍŜƄ*�<EDuSñşġ+Ǩŉ'°*ȴƍĩƺ*�<EDuS+ė¾*7ŲƝ

�ȥ3"%;ȴ�Ɩý�'�% �&)
EDuS+ł�
ǥŃ�Đ�"%
< (Roossinck, 

2011)���-ȴǿ�Ƅ*Ǡý?7�:�EDuS&7ȴ�+ÚȀ+ȔƍŜƄ&,ðȎƖĞ)

�Ĩŗ��<�'8 (Rist & Lorbeer, 1989)ȴEDuSĨŗ�þ�+S]vSő��&ōƚ*

¬���éÙ�=%
< (Remold, 2002, Xu et al., 2008)��'�-ȴ CMV*Ĩŗ��f{]

,µǁz�ƃS]vS*ā�ȩĨŗŜƄ¥�9;7Ǐġ?ĵ#�'�éÙ�=%
< (Xu et 

al., 2008)�3�ȴƖÏġ+ē
EDuS+Ĩŗ,ȴƖÏġ+Ĕ
ȁǈ)EDuS+Ĩŗ?Ȟ

�xJXyÃŕ�	<��ƥ:=%
< (Fulton, 1986, Goic & Saleh, 2012)� 

ǓƁƌì�*�<ȔƍŜƄ'EDuS+Ɵ��Ə?Ǳ0�ƦƯ,3 1'@()
�ȴ

ûȮüvku&,ñ�+ǝƦƯ�	<�EDuS,Ƭ*9"%ñş)ȍ�ö?ĵ!ȴ�=

:�þ�/+ƖÏġ?Űú�<Ǥƻ')< (García & Pallás, 2015)�ŜƄª7ȴȍ�öāȍ�

öĲİġ (gene-for-gene resistance, Flor, 1971, Greenberg, 1997, Hatsugai et al., 2004, Jones & 

Dangl, 2006) ȴ¯ǽƇĚĲİġ (systemic acquired resistance, Ryals et al., 1996) ȴRNAODv

yQyK (RNA-silencing,  Baulcombe, 2004) )(ş�)ȞěšŞ?«�%
<�ŜƄ+ RNA

ODvyQyK,ȴEDuS+ RNA *9"%ǮĄ�=<ȓǤ)ȞěšŞ&	<�ȴ
�#

�� ��
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�+EDuS+Ku{j,ȴŜƄ+ RNA ODvyQyK?ȟý�<OjvYO{?ƍƎ�

�=?į»�<IEyW{\ChFySšŞ?ĵ#(Anandalakshmi et al., 1998)��ęȴ�+

9�)�ƿ4*9"%ȴǓƁƌì�&,(+9�)Ɵ��Ə�īư�%
<+�?ŉ:�*

�<ğǤ�	<�3�ȴûȣ+Ȕðő�*
%,ȴŜƄ�EDuS+ȝ¢,ŜƄ'�+ƍ

Ƅ'+Ɵ��Ə+ĖȪ7Ð�<�ŜƄ'EDuS �&)�ȴņǜ)(+õ�ƍƄ8ǘȭ?

Ø6�ȹǎȜ+Ɵ��Ə7ȁďŲƝ�=%
<�EDuS+ñ�,�Ľ?õ�ǎ* ø�%

;ȴ�+�&7ņǜ,�Ǥ)õ�ǎ&	< (Hogenhout et al., 2008)��=:+ņǜ�ȴȩĨ

ŗŜƄ¥�9;7EDuS*Ĩŗ��ŜƄ¥�*ā�9;ñ�Ħ�#�:=<�'�éÙ�

=%
< (Moreno-Delafuente et al., 2013, Blanc & Michalakis, 2016, Shalileh et al., 2016)��+ǧ

Ā,ȴþ�ŜƄ*9;ñ�õ�ǎ�ǫ=<�'&ȴEDuS*'"%+�Ľš��íÀ�<

�'?ƨÞ�%
<�3�ȴŜƄ+²ƍǘ*Ĩŗ�<EDuS+øä�ȴȯŹƌì*�:�

=<þ�ŜƄ+ƂǏġ*�ÓŢ&	<�7éÙ�=%
< (Marquez et al., 2007)� 

 

LF�,&���# �?
�	/E�@��

ƉŊſ+ǝƦƯ+ñ�,ƅú+EDuS*ƢƝ�%ǝ>=%
<�ȴ�ęţ��Q{J

GyQyK+ĮǞ?ŶƏ��ǅǋƙ)EDuS+ñşġǨœzŜƄ�EDuSȜƟ��Ə+

Ǩœ�Ȇ5�'&ȴǓƁƌì�&+ŜƄ'EDuS+ł�
ȝ¢�ŉ:�*)<�'�ŎĘ

�=<���-ȴ�Ȃ+Ʋǎ:+cJOycWPH?Ə
�ƦƯ (Kamitani et al., 2016) &,ȴ

ĨŗǙ+ȃȈæȨöȬĝșǨœ�:,EDuS+ǣǢŊ*ƅƕƙ)Ă®�Şȅ�ǧĀ�=ȴ

EDuS+ŶƗ)íũ�ƨÞ�=��ȴcJOycWPH*�<EDuS+Ĩŗ,ðȎƖ

Ğ+)
7+�ñ�"�ȲâȸAȳ�EDuS+t{^ŀ,Ōò&þ�+¯ mRNA t{^ŀ

+ 33¦*7Ȋ�%
���=,Í!ȴ7�ȩĨŗŜƄƽǑ²+ rRNA, mRNA, �+�+�·

ö RNA� 87%, 3% 10%+¾Ö&øä�<'�ú�<'ȴrRNA/mRNA+Ŭ�|ú)êÖȴĨ

ŗƽǑ&,EDuS RNA�ƽǑ²¯ RNA+ 50%?Ë6<ǪƵ*)<Ȳâ 2Bȳ� 
 

 

�        

ȩĨŗƽǑ� �    ĨŗƽǑ  
 

Ȳâ ȸȳ AȔð&ǥ:=<cJOycWPH*�<EDuS+ðȎƖĞ+)
Ĩŗ�

�� ��
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�+ 2Ŕ,ǣŀ+EDuS*Ĩŗ��Ǚ+Ĵò´ơȴ�, TuMVĨŗ¥�+țǗ+şö� 
BȩĨŗƽǑ'ĨŗƽǑ*�<Õ RNAƬ'ȴĨŗEDuSƑŒ RNA+ǪƵ�+¾Ö
+Dp{R� 

 

ǿ�Ƅ8ûȮő��*
%,ȴǣŀ+EDuS+ȓǣĨŗŊ*ȴþ�+ƖĞ�żÅ�<

�'�ƥ:=%
< (Pruss et al., 1997, Wintermantel, 2005, Tatineni et al., 2010, Xia et al., 2016)�

���Ȕð+cJOycWPH*
%,ȴŌòȺƬ*9<ȓǣĨŗ�ǥ:=�7++ðȎ

ƖĞ+)
Ĩŗ�ñ�ǧĀ�=��ȓǣĨŗ, TuMV+ĨŗǙ*ōħ*ñ�ǧĀ�=�Ȳâ

ȹAȳ�ûȮü&+ǝƦƯ&, TuMV,þ�+�Ǥ)āEDuSȞěšŞ&	< RNAOD

vyQyK+OjvYO{WyeJǸȲHC-Proȳ?N{^�<ȍ�ö?ĵ! (Anandalakshmi 

et al., 1998)ȴþ�²*ȓǣĨŗ���+EDuS+íũ?£Ȇ�<�'�éÙ�=%
< 

(Pruss et al., 1997, Fukuzawa et al., 2010, Syller, 2012)��+�6Ȕð&ǥ:=� TuMVĨŗǙ

/+ȓǣĨŗ+©;,ȴHC-Pro�þ�Ȟě?į»�<�'*9;�Ƭ+EDuS+¡®zĨ

ŗ?£Ȇ�%
<�6&,)
�'Ǎ�:=<� 

þ�+]sySJtj]{oǨœ*
%ȴEDuSĨŗǙ& AGO2H{VwK+ƗƉ�

�Ň��ȲâȹBȳ�AGO2 ,ȴþ�+ RNA ODvyQyKǀǼ*
%EDuSMbo+

ǭǳz·Ǩ?ĳ�ǣÖ� (RNA-induced silencing complex, RISC)+Nyl{ay]'�%¬�

WyeJǸ&	; (Schuck et al., 2013)ȴƗƉ�Ň�:,þ�+EDuSĨŗ/+Ġƴ�ƨÞ

�=<�|Ń&¼Ȃ+ TuMV*9<į»,WyeJǸvku& RISC*ā�%¬� (Kasschau 

& Carrington, 1998, Ivanov et al., 2016)�6ȴþ�+ƗƉvku&+Ġƴ,Ǻ�"%
<7++ȴ

WyeJǸvku& HC-Pro��+¬�?į»�%
<'ƨÞ�=<� 

 

 

 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
 
Ȳâ ȹȳ� A �=�=+EDuS*Ĩŗ��cJOycWPH+¥�ŀ'�+ȓǣ�
Õǖ+³�EDuS+Ƭ?ǟ�ȴŀ÷�ŜƄ+¥�ŀ?ǟ��B TuMV+ĨŗȶȩĨŗ
Oyju*�< AGO2H{VwK+ƗƉ�ǉǾ�t{^ŀ?ǟ��Kamitani et al. 2016
Ŀï� 
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RNA-Seq &,ȴ�Ȃ��EDuS+Ƭŀ �&)�MboȐ¸7×Ŋ*ǨœÓǒ&	<�

ûȣ*ȴƲǎ:+\{W&7þ�ǙOyju²*EDuS+ñæ�Ƨǭ�=%;ȴȷ#+

EDuSƬ*#
%7ȴþ�+�*ñşġ�Ż@&
<Óǒġ�	<�ŐƦƯ&,ȴǙȷŔ

Ȼ¥�ȴȥßvku&+EDuSĨŗ'þ�―EDuSȴEDuSƬȜƟ��Ə*ƢƝ��

�ȴ9;ą�)SL{u8ȴ�ƫ+ŜƄȴåƋƙ·Č?Ø6�ò�)SL{u&+Ɵ��Ə

Ǩœ7ǔÛŸ
[{m&	<�3�ȴþ�+]sySJtj]{oǨœ*#
%73 ĿǕ

+�å�	<�]sySJtj]{o,	<Ŋſ*�<ŜƄ+Ɔĩ+Ǌâ&	;ȴEDu

SĨŗ*ā�<þ�Ġƴ+Ĥé?Ø5'×Ŋ*ȴŜƄ*²ä�<EDuS*'"%+�ƌì�

'�%+Ĥé?Ø@&
<��='×Ŋ*EDuSª+ƖÏġ+ŰúǤƻ')<MboȐ¸
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