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� ɌÊǀ[ǕīsɆHMõċ_ʍīȢ[loʅīkʍǸǂȝʍǽȝʍxwª�ZY^ǕõŌǊǀ^ŘƏ

kƽǊǀǛ��«�[loǊǇɴīBŪGmpo5ɨ=Ɍƙ^ƣüAmʍɿǘMoǕī[U=V^õċ

BžmA[IpʍȒǕŔÊǀ^ȓǫkɮɱŢȦ^ɪǘBəimpVCQ5Ɏľ_ʍğʆʇ^l>ZğȰ

ƝȨī_ȯmpZDZTV=oBʍƖĔÊǀ^Ğƛï[lTVʍǕījĞƛïKV@nʍĎɳï[ln

ĐǆȰƝWįǱKZFp`ZmZ=ǕījĚ?V=o5H^l>ZǕī[įMoƂjƃìZɮɱŠƦ_ʍ

ŽƆ[ǘȯKʍƈƾ[ȠłsɮEHXʍMZrS9Ǖīȶŷ:W<o5ǁ[ĞľǊ^ȘCkƎƞ[@F

oǕī_ʍP^ȏľÃň[gWŅɼs÷fKʍ·WjŘƏň^ƯǗB²úȔZxwª�[loǕī_ě

ƸǛZȨīsɆHKA]Z=5Ǹǂȝkǽȝ_ÖĦʂŌɧ«�ª^ȱĮWǘȯWCo^[įKʍxwª

�_ɸĤʂŌɧ«�ª^ȱĮBŏȮW<nʍȶŷ^ŨƜXZoǕō[U=VjǊǇɴīX^ðäBɹļ

[ɷK=5ŉƋʍxwª�Ǖ^ȶŷ_ʍÒ6^xwª�^ĕƉʉƕW<oƓɡgQ_��}ɅsǁǓ

ǛZƘßŹưʋÌ?` PCR k ELISA ZYʌsǌ=VƘǢMoj^W<nʍɯmpQǕīŖĖsjX[ʍ

Ǖõxwª�sʃŮKVƘĨsȥ>5H^QiʍŗĨĝ^xwª�kƈǢ^xwª�BŘƏKV=Qė

þ[_ʍP^Ǖõxwª�sƘßMoHX_WCZ=5ƈǢ^xwª�sÿĨMoQi[_ʍxwª�
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��£ɠásƭĨMoŏȮB<nʍǶĤ^òɶǷȫZYİɩǛZǢȿ®ŢȦʍĞğZƀɫXëèsȮM

o5KQBTVʍHpgW¸ȮÊǀ^ɢȮǕīs·Ŏ[õċxwª�ǮžBZIpV@nʍ¡w�¯}

¬��kʍƖĔÊǀÃĝ^Ɨǀ[ŘƏMoxwª�[U=V^Ǣȯ_ɹļ[ɯĨIpV=Q5°ŹWʍ

àĤǊǀĦ^iJgK=ǘĳXXj[ʍȄȌǛZxwª�ƘßŢȦBƛ6[ɪǘIpVCQʋKobayashi 
et al. 2012ʌ5ɎľW_ʍƠ´Â�¯��~ŢȦsǌ=Vxwª�^ŘƏBǔrpoĭ¸ʋgQ_ǉ

ę·ZYʌ^ğɤ^ɜÅĤɠáŖĖ·[Ăgpoxwª���£ɠáŖĖ^ŬǼBȥrpV=o

ʋBarba et al. 2014, Roossinck et al. 2015ʌ5ȳ=Ű?p`ʍɜÅĤŖĖ^��~�¯�sš>HXWƧɊǛǴ

Î[xwª�sȯßMHXBúȔXZTQ5Ȼȑ^·WjʍƗǀ^��£Ȳƌk�¨�}©��¯£

Ȳƌ[@=VʍƆONKVxwª�^ɠáBƘßIpQȀʈsŧUŹjĲZDZ=^W_Z=Rq>A5

gQʍH^l>Z��£ȲƌǤǮAmʍ¤|xwª�ʍ��¨xwª�ZY^PpgWxwª�Xȹ

ȿIpV=ZATQĺğxwª�^ĥďjžmA[IpV=o5ƈRǢnŊ\xwª�^ģBʍ½ňI

m[žmA[IpV=DHXB¹ŗIpo5ƉǬW_ʍƗǀǕõxwª�ŬǼ^ǅǂXȼʁʍ¶a[½

ň^ĳƅ[U=Vʍ¸XKVɌĦʍǁ[ƗǀÐɁ^ȱƼAmɀȾKQ=5 
 

ÐÎ��ON[U@¬®¥�f�³�

� xwª�^ŘƏsǔ=ʍǫsÿĨMoQi[_ʍxwª�^��£ɠáŖĖsŊoHXBƂjɢȮW

<o5xwª�^ǶĤ^ȱĮkŘƏŔʍÅűŔsȽdoHXWxwª�ǫsʃŮMoHX_úȔW<o

Bʍ��£ɠáŖĖsŊZFp`ʍǫsǁĨWCZ=AmW<o5ȄȌǛZxwª�ƘßŢȦX_ʍx

wª�^Ɠɡk��}Ʌ[įKVʍǫǁǓǛ[ƘßMo�¨w¡¯kţÈsǌ=oŹưX_ǓZnʍ

°Ċ^ƘĨ[lTVʍxwª�^��£ɠák��}Ʌ^u¢�ɡɠásǞŭȲƌMoHXWʍŘƏ

xwª�ǫ^ĊǰsŊoŢȦW<o5xwª�^àʃ[@Fo7Ĵ8ɫWÐĥIpQɜÅĤɠáB<o

ėþ[_ʍH^Ĵ[Ăgpoxwª�ǫsîŦǛ[ƘßúȔZ¦��¯�ª�¨w¡¯sǌ=Q PCR
[loƘĨŹưBɪǘIpV=oBʋOkuda & Hanada 2001, Vlugt & Berendsen 2002ʌʍØxwª�sįɂXM

o PCR ƘĨư_ǥǯIpV=Z=5Ä[ŌǊǀǟȲƌWǌ=mpV=ol>ZǫsǁĨúȔZɜÅĤ

ɽēʋ¢���©uCOIɽēk© �¯£ ITSɽēZYʌB<p`ʍ�¯��~[lTVǫsã

äúȔW<oBʍƤŒZBmØV^xwª���£[ÚɔMol>Z����ɠáBȯUATV=

Z=QiW<o5°ŹʍƗǀxwª�^ĞD_��£ŖĖs RNA XKVƃKʍP^ŘƏ�w}ª^·

W 2 Ɖɦ RNAʋdsRNAʌ^ǂřsŏNUDnʍ=r` dsRNA ^ȟǭ_xwª�ŘƏ¡¯{¯XKVå

ǌWCo5MZrS dsRNA sǁǓǛ[ťßMoHXWʍxwª�^��£ RNA ^ĥďsìǄǛ[Ƙß

MoHXBúȔW<oʋAtsumi et al. 2015aʍOkada et al. 2015ʌ5Ȟȑm_ʍNGSB½eYƁ÷MoÃæ[ʍ

�|¯�¯��¯^åǌsæůXKVɪǘIpQȄȌǛxwª�ƘßŢȦ7DECS ư8^ĩǌïs

ŮəKVCQʋKobayashi et al. 2009ʌ5DECSư_ʍƗǀ^dsRNAȁþ��}Ʌsǌ=Vxwª�ǎƋ

^ dsRNA sťßKʍH^ɓɉÞǋǀsȄȌǛ[ĚĽKQňʍ}¬¯�~KV�¯��Ȳƌʋ�

|¯ưʌMoHXWʍŊmpQĘĕɠáŖĖAmxwª�ǫsǁĨʍgQ_ʍʃŮMoŢȦW<oʋč

ʑʌ5DECS ưsǌ=VƗǀxwª�Xxw¬w�sƘßKQĩȉsȧʑ[gXiQ5ƂɎW_ʍƠ´

Â�¯��~ʋNGSʌȲƌXǿþOoHXWxwª�ƘßìǄsʄɈǛ[ʊiQ DECS-C ưsƱǌ

KVʍBlueberry shoestring virus^��£ɠáØɨsƭĨKQʋYanagisawa et al. 2016ʌ5  
� ȄȌǛxwª�ƘßŢȦ_ʍ¸XKVz¢�}�ŢȦsǌ=VʍŻĖ^xwª���£ŖĖsåǌK

Vʍxwª�ǫsÿĨMoQiʍįɂXZoxwª�ǫ_�¯��¯�[��£ŖĖBǙɥIpV=o 
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azÄh�uL�����ª?23ÍON[U�ÄhL�f8I,  
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Øxwª�W<nʍŘƏƗǀAmxwª�ǎƋ^����ŷƿs�¬�z¯£Ȳƌ[lTVƘßMoŹ

ưkʍDNA k RNA ^ĘĕɠáŖĖsȄȌǛ[ȲƌKʍxwª���£ɠásŬǼMoŹưZYBŪG

mpo5ŻǢxwª�^u¢�ɡɠáö_��£ɠáŖĖX^ǟÿŔAmŸȰxwª�^ĥďsȯßM

HXjúȔW<o5±ɏ^DECS-CưÿƛʍNGS^Ɓ÷XXj[ʍ¤���¢}�Šưsǌ=QȄȌǛ

xwª�ƘßŢȦ_ʍ´ǐ·Wƛ6[ƱǌIpV@nʍŻ[ĞD^xwª�^ǘȯ[ɃǃKV=o

ʋHadidi et al. 2017ʌ5DECSưW_dsRNAsßǘƊŶXKV=oBʍØDNAgQ_ØRNAsǌ=QȲƌ

B<o5ǁ[ small RNAsǌ=QNGSȲƌW_ʍRNAxwª�RFWZDDNAxwª�jÿƀ[Ƙß

WCoHXAmʍ7ȄȌǛ8X=>ǝǛ[_ʍlnþȕKQŠưW<oX=?o5NGS Ȳƌ^°Ċ^

¨WŊmpoßè�¯�ɤ_ʍľ6ĚêKV=oQiʍxwª�^ƘßìǄʋxwª�ǎƋ©¯�Ŵ

ʏȆ©¯�ŴʌBÆDVjʍȆ�¯�ɤsĚkMHXWƘßŘŁs±Gmpo5øį[ʍȲƌ[ǌ=o

�¯�ɤBĞDZoXʍPHAmxwª�ǎƋ^©¯�sƘßMoȲƌ[AAoȴǲɤBĚ?oQiʍ

ȲƌƀɫBĚğMoX=>ȼʁj<o5ƘßŘŁB±BoXʍųɲŔʋŘƏKV=oAǔrK=xwª

�^ŷƿBƘßIpoʌk��¢�¯�§^©�}BĚ?o5gQʍxwª�ƛɠásƘǼMoQ

i[ǌ=o©�t«��¯��¯�^ÑʀŔ^ǷƑjȼʁW<oʋÙ^�¯��¯�W<TVjśǔ

ǛZɠáBǙɥIpV=oėþB<oʌ5�¯�Ȳƌ^uª�©�£sĜ?oHXWʍxwª�Ƙßì

ǄʍÑʀŔkȴǲɕŁBĜroQiʍÃ±^ȼʁs×ƄMdDʍƂɛïKV=DŏȮB<o5ǟÿŔƘ

Ǽ[lnŸȰxwª�ɠá^ƘßɯǐʍMZrSŸǫʏŸĴʏŸǩ^YHgW^xwª�sƘßúȔZ

Ȳƌuª�©�£sƚǳWCoAX=>ũŝ_ȃ=V=o5ŸȰxwª�ŬǼX=>ȱƼAm_ʍŻǢ

xwª�X^��£ɠáǟÿŔ[ÍĥKZ=ŸQZxwª�Ƙßưɪǘc^ƆŇjğC=ʋWu et al. 
2015ʌ5gQʍDECS ưsǌ=VǕõxwª�sŽƆ[ǘȯKʍǕīǘǊǅėW^ɮɱ[ŜéKQºÌ

ʋǕīǘȯlnʒɘɫÃÜ[ɮɱįǱBWCQʌB<oBʋȜm, 2016ʌʍâíįő^ɍɕI_Ǖīɮ

ɱ^ŜāsĹýMoQiʍŗĨĝ^ŻǢǕõxwª�sŽƆ[ǘȯMoX=>ǝǛW_ʍȲƌƀɫ^Ž

IXȲƌǷŁBʍǕīȶŷ[Ųroǅė^�¯�XKVŪGmpoHXjŐpV_ZmZ=5  
 

ÑÎ£mON[U@�ª�

� ȄȌǛxwª�ƘßŢȦZYWʍȋǕƗǀAmŸȰxwª�^ĥďsȯßKQXKVjʍǕõÈXK

V^ȷžBƠ^ȼʁXZo5Ɨǀxwª�_ʍxwª�XKVƂâ[ȯUATQ���¥�w}xwª

�s_LiXKVʍŭǫkǕōÝǅZY^ǫ6^Ǣȯ^±WǕõÈ^ĥďBǧćIpʍP^õċǮž^
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·WǘȯIpVCQ5ǕõÈ_ʍ���^õǇ[lTVʍʑʌǕõÈsòɶʍʒʌÔØƗǀcŭǫʍʓʌ

ǕōsÝǅʍʔʌÝaǕŕɟlnǕõÈBòɶWCoHXXĨȎÁFmpV=o5xwª�[U=Vj

ÿƛ[ʍŘƏ®ǘǖ^ǊǇĦǛZǢȯAmP^ĥďBǧćIpQňʍòǕŵàɶ[lTVxwª�sǻ

ïKʍxwª�ǶĤsǷȫKQ±Wʍŭǫ[loǕōÝǅȸʈʍê?VʍǶĤ[Ăgpo��£ɠáŖ

ĖsƭĨMoHXBʍÛđǛZxwª�ǫ^ÿĨɚǪW<o5KQBTVʍxwª�sŭǫ[lTVĚ

ƥWCZ=ėþʍǶĤsòɶK[D=ėþkʍǕōBʂȞ[ǅpZ=ėþZY_ʍÿĨBČɷXZo5

Ȟȑm_ʍʓʐľÃ±õċBàATV=Z=ǕīW<o©�xHbǖ^ȋǕƒlnʍDECS ưsǌ=

V©�xHbǖɬɗxwª�ʋGentian kobu-sho associated virus; GKaVʌsǘȯKV=oʋKobayashi et al. 2013; 
Atsumi et al. 2013aʌ5GKaV[U=V_ʍ¼ĸǛZŭǫŹư_ŭƇ^hŜéKV=oBʍǶĤ^òɶ[_

ŜéKV@mNʍgQǕōǘǅgW[ŴľAAoZY^ǇǎAmʍ���^õǇsƶQMHXBWCV

=Z=QiʍǕõÈW<oHX^ȷžBɹļ[ČɷW<o5ĎÜ^ƛ6ZƖĔĐAmūɵKQHbǖǘ

ǕƒXÔØƒ[U=VʍGKaV ŘƏ^ƃƽsƘĨKQȁƎʍǘǖX^Ń=ǟɬBȹimpQHXAmʍ

Hbǖ^ǕõÈW<oúȔŔ_ɹļ[ʊ=BʍĩʈǛ[ĢÉ[ȷžMoA_ğCZĈʁW<o5ÿƛ[

DECSưsǌ=VǘȯKQŸȰxwª�^©�xĤŞɋǺxwª�ʋGentian ovary ringspot virus; GORVʌ
_ʍǶĤ^òɶʍŭǫȸʈjúȔW<TQBʍȘǵs¾KVxwª�BŘƏKQň[ʍĤŞ[ɋǺǖǂ

săMoQiʍǕō^Ýǅ[ĞğZȚësȮKQʋAtsumi et al. 2015bʌ5YSmj©�xAmŸȰxw

ª�sǘȯKQºÌW<oBʍHpÃĝ[=DUA^xwª�ŔǕīXǔrpo©�x[U=Vʍx

wª�ŬǼsĩźKQj^^ʍžǥZȁƎBŊmpZATQºÌ[U=VjǾ¾KQ=5©�xgR

mɑȗǖǂ[U=V_ʍDECSư^ȁƎʍ�¨¡¤xwª�xwª�ʋBroad bean wilt virus 2; BBWV2ʌ@

la©�x¥�w}xwª�ʋGentian mosaic virus; GeMVʌBƘßIpQ5Hpm^xwª�_�v¯

ª�^ğɟà^©�x[ƹďŘƏʋƽǕōŘƏʌKV@nʋAtsumi et al. 2013bʌʍYSm^xwª�[

U=VjʍgRmɑȗǖǂ^ǘǖX^ǟɬBȯmpNʍǕīc^ɬ³_Z=j^XãŷKQ5xwª�

Ãĝ^õċsɐƪKQȁƎʍǊǇɴīW<oúȔŔBʊ=XȐ?mpQʋTakahashi et al. in pressʌ5À^ƈ

Ȳƭ^©�xǕī[@=VjBBWV2@laGeMV_ʊ=ǥǯWƘßIpV@nʍô¾ZHX[ʍH

pm^xwª�_©�xWǕīsȺɆMoǹȂBĖĄIpV=oQiʍǕīc^ɬ³sħØ[āĨ_

WCZ=^W<o5gQʍ©�xjĂiĞľǊ^ȘCkƎƞW DECS ưsǌ=oXʍȬŴ^xwª�

Bÿƀ[ƘßIpoHXBĞ=5H^ėþ_ʍÒ6^xwª�sǕõÈ^ÓȪXKVȐ?o^hZmNʍ

ȬŴ^xwª�^ŘƏ^ȁƎʍǕīBƻǖïKV=oúȔŔ[U=VjȐŚKZFp`ZmZ=5KQ

BTVʍÒ6^xwª�^ǕõŔʍĭ¸őǰZYʍǕǇĦǛǤǮ^ɢȮŔ_ʍxwª�ƘßŢȦB=D

məƢKVjÉmĜrmZ=5  
 

ÒÎ1KH?�

� ȄȌǛxwª�Ƙßư^ȁƎʍǕõxwª�^ÓȪBŊmpQėþ[ʍgNȥ>HX_ʍĩɳ[P^

ȁƎsƘȷMoQiʍÕ^��ªAmH^xwª�BƘßIpoAƘĨMo5P^Ơ[ǕōXxwª

�ŘƏ^ƃƽ[U=VǟɬBȯmpoAsǥȹMo5KQBTVʍÒäxwª�^ƘĨŹưBŏȮXZ

o5įɂXMoxwª�[įKVʍŻȫĆ^ţÈZYǥǯIpQƘĨŹưBŠÕ[<oX_ɯmZ=Q

iʍÒä^ƘĨŹưsǣƆɫ[ǥǯKZFp`ZmZ=5ȄȌǛxwª�Ƙßư^åƼ_ʍxwª�^

ɜÅĤɠáŖĖsùŊMoQiʍįɂXMoxwª�sǁǓǛ[ƘßMoQi^ PCR �¨w¡¯Bó

ƀ[ȵȴWCoHXW<o5Òä^xwª�ƘĨ[ŏȮZHX_ʍɍɕŔXơǥŔW<o5ǁ[ɌƙǊ
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ǋǅėWƘĨúȔZw£�}¬¡�~¨�v¯ưk LAMP ưZY_ğ=[ƱǌIpV=o5ƂɎʍ

Furutani et al.ʋ2016ʌ_ʍŲȥúȔZıđ^ʊɕ©uª�w£PCRȩȊsɪǘKQ5¡w}¬Ʋɇsåǌ

KV 2ǫʃ^ƴŁɫsøőƳBņŋMoɒƳđ^�¯¡ª�w}ªøősūǌKV@nʍɒƳƀ[Ƙß

ĉ[lTV©uª�w£W PCR ǋǀɤsƵĨMoQiʍʊɕïXȩȊ^ıđïsĩǅKV=oʋč

ʒʌ5©uª�w£ PCR W_ʍǝǛXMoɜÅĤɠá^ǁǓŔs±GoRFW_ZDʍ�¨w¡¯X

�¬¯�^��w^¿ŹWʍȬŴǫ^xwª�s�¯���XMoƫǌǛZƘßjúȔW<o

ʋYanagisawa et al. in pressʌ5gQʍȣÖsȬŴåǌKQȬŴ^xwª�ǫsÿƀ[ãäMo¡ª��«�

}�ïZYúȔŔ_ĿBo5ȄȌǛxwª�ƘßưXʊɕxwª�Ƙßư^ɪǘ[lTVʍǕõxwª

�^ŬǼBìǄïWCoXȐ?mpʍgQʍHpm^ŢȦ_Ɨǀ^ɜÅĤǘǅȲƌZY[ĿDőǌIp

V=Dj^XƆŇIpo5Im[ʍŸQ[ǘȯIpQxwª�jɜÅĤɄƷXKV^ƱǌjƆŇWCo5

±ɏ^ ����� _ʍ©�x[ƽǕōŘƏMoǁŔsåǌKQɜÅĤǘǅ�}�¯XKVőǌIpʍȘș

ńŜƟƚZY^ĕǦǛZƗǀǊǇĦǤǮ^�¯ªXKVåǌIpV=oʋ��.�&%�!/��'������ʌ5gQʍ

����_ʍxwª�^ȘǵÅƏƟƚȲž^¥�ªƊŶXKVƱǌIpV=oʋ�.*#�%�!/��'�����ʌ5ƉǬ

WǾ¾KQŢȦZY[lTVʍxwª�^ƘßBƧɊǛ[Ĭſ[ZTQj^^ʍǕī^ɮɱ[_ʍǕõ

xwª�XKV^ǕõŔ^ȷžʍxwª�^ŔǂȲƌʍÅƏȀɇ^ŬǼkƗǀ^ǕōǘǅƟƚʍƗǀ^

ŧUǕīŤţŔƟƚsǇȲMoŏȮB<o5½ň^Ǖīɮɱ[ĀFQƗǀxwª�ǤǮ^əĳ[lnŊ

mpoàĤǊǀĦǛZǢȯkɬɗŢȦ^őǌ_ʍƗǀÐɁ^àɣ[ǑgmNʍƗǀǩĦØȖ^ǤǮŮə

[ğ=[ɃǃMoj^XƆŇIpo5�
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Ë'?�IÌÍ'-*LH¼84=<ÂazLw~8I,��� @vq?A+'@i?¾ºen�?Á6:��@Ã

bL¢�8I4=<+¾ºen�L6;2G'C½�8I4=<����	�Ep¯<.I, 
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ÓÎ·» 
ƉǬWǾ¾KQȞȑm^ǤǮ_ʍ7ɌƍƨǋǠɺŸǛŢȦçɖÏəºƙʋǓàɣȤþÚÿǤǮºƙʌǇ

Ħ®ĸĦX^ɗŲ[loɺŸǛxwª�įǱŢȦ^ɪǘ8@la7ɌƍƨǋǠɺŸǛŢȦɪǘ®ȅœĳ

ɪºƙʋ>SĐēŝǒ�¬�y}�ʌ¡w�¯}¬��[@Foʊɕxwª�ȶŷŢȦ^ĩȷǤǮ8[

lnȥrpQj^W<o5 
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<�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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HF�>47+%������# *�A1�

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

��<� 

 

JF�D835"��$"!��������# .2�)�

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¸

Ĥé?Ö>�%Ě<�'�&�< RNA-Seq,ȴȔð*�<EDuSƦƯ*
%ȩč*ō

Ə)Z{u&	<��ęȴȔðƌì+ş�)bDT?ȡ�9;ŴǇ�=�Ǩœ*9;ȴȔð

*�<Ȥ�=�ŜƄȵEDuSƟ��Ə�ŉ:�*�=%
��'*ŎĘ�<��:*ȴ

Q{JGyQyKĮǞ+ƗĈ*�
ȴ_blB DNAQ{LyO{ȲMinIONȳ*9<ȴǱŘ

Ɖêå&+tBuWDo+EDuS×ú8ȴȷƽǑQ{LyQyK*9<ŜƄƽǑSL{u

&+Ɵ��ƏǨœ)(7ȴȁ
ăŒ*Ɖû+7+')<'Ǎ�:=<� 

 

NF�BC�

EDuS+ƦƯ?Ȇ6<*	�"%�Áǩ?
� �3��ȴ�ǛňƞÊîȲÆŷȉòùȳȴ

Îǥ½ÊîȲAISTȳ*ȴ�+ê?¨;�%ěƩƒ�	�3��3�ȴŐƭ&ƾ���ǚǎ

:+ƦƯ,ȴèƜ SȲĊǛųȴ26221106)ȴJST ����ȲŮȔĥȳȴŅŐùǞķǔ� ƅºƦ

ƯÝôÂȖȲƪǵȰśȴ15J00628ȳ+ľļ?Ð�%ǝ>=3��� 

 

OF�-906�

 
Anandalakshmi, R., Pruss, G.J., Ge, X., Marathe, R., Mallory, A.C., Smith, T.H. & Vance, V.B. 

1998. A viral suppressor of gene silencing in plants. Proc. Natl. Acad. Sci. USA. 95: 
13079-13084. 

Antczak, J.B., Chmelo, R., Pickup, D.J. & Joklik, W.K. 1982. Sequences at both termini of the 10 
genes of reovirus serotype 3 (strain Dearing). Virology 121: 307-319. 

Anzola, J.V., Xu, Z., Asamizu, T. & Nuss, D.L. 1987. Segment-specific inverted repeats found 
adjacent to conserved terminal sequences in wound tumor virus genome and defective 
interfering RNAs. Proc. Natl. Acad. Sci. USA. 84: 8301-8305. 

Baulcombe, D. 2004. RNA silencing in plants. Nature 431: 356-363. 
Blanc, S. & Michalakis, Y. 2016. Manipulation of hosts and vectors by plant viruses and impact of 

the environment. Curr. Opin. Insect Sci. 16: 36-43. 
Blouin, A.G., Ross, H.A., Hobson-Peters, J., O'Brien, C.A., Warren, B. & MacDiarmid R. 2016. A 

new virus discovered by immunocapture of double-stranded RNA, a rapid method for virus 



 

M. Kamitani et al.ȵ8 
���������������	���
�

 

�������� ���� � 	���
�

enrichment in metagenomic studies. Mol. Ecol. Resour. 16: 1255-1263. 
Breitbart, M. & Rohwer, F. 2005. Here a virus, there a virus, everywhere the same virus? Trends 

Microbiol. 13: 278-284. 
Brum, J.R., Ignacio-Espinoza, J.C., Roux, S., et al. 2015. Patterns and ecological drivers of ocean 

viral communities. Science 348: 1261498. 
Culley, A.I., Lang, A.S. & Suttle C.A. 2006. Metagenomic analysis of coastal RNA virus 

communities. Science 312: 1795-1798. 
Edwards, R.A. & Rohwer, F. 2005. Viral metagenomics. Nature Rev. Microbiol. 3: 504-510. 
Flor, H.H., 1971 Current status of the gene-for-gene concept. Annu. Rev. Plant Physiol. 9: 

275-296. 
Fraile, A. & Garcia-Arenal, F. 2016. Environment and evolution modulate plant virus 

pathogenesis. Curr. Opin. Virol 17: 50-56. 
Fukuzawa, N., Itchoda, N., Ishihara, T., Goto, K., Masuta, C. & Matsumura, T. 2010. HC-Pro, a 

potyvirus RNA silencing suppressor, cancels cycling of Cucumber mosaic virus in Nicotiana 
benthamiana plants. Virus Genes 40: 440-446. 

Fulton, R.W. 1986. Practices and precautions in the use of cross protection for plant virus disease 
control. Annu. Rev. Plant Physiol. 24: 67-81. 

García, J.A. & Pallás, V. 2015. Viral factors involved in plant pathogenesis. Curr. Opin. Virol. 11: 
21-30. 

Goic, B. & Saleh, M.C. 2012. Living with the enemy: viral persistent infections from a friendly 
viewpoint. Curr. Opin. Microbiol. 15: 531-537. 

Greenberg, J.T. 1997. Programmed cell death in plant-pathogen interactions. Annu. Rev. Plant 

Biol. 48: 525-545. 
Hatsugai, N., Kuroyanagi, M., Yamada, K., Meshi, T., Tsuda, S., Kondo, M., Nishimura, M. & 

Hara-Nishimura, I. 2004. A plant vacuolar protease, VPE, mediates virus-induced 
hypersensitive cell death. Science 305: 855-858. 

Hogenhout, S.A., Ammar, el-D., Whitfield, A.E. & Redinbaugh M.G. 2008. Insect vector 
interactions with persistently transmitted viruses. Annu. rev. phytopathol. 46: 327-359. 

Hull, R. 2014. Plant virology. Elsevier Academic Press. 
Ivanov, K.I., Eskelin, K., Basic, M., De, S., Lohmus, A., Varjosalo, M. & Makinen, K. 2016. 

Molecular insights into the function of the viral RNA silencing suppressor HCPro. Plant J. 85: 
30-45. 

Jones, J.D.G. & Dangl, J.L. 2006. The plant immune system. Nature 444: 323-329. 
Kamitani, M., Nagano, A.J., Honjo, M.N. & Kudoh, H. 2016. RNA-Seq reveals virus–virus and 

virus–plant interactions in nature. FEMS Microbiol. Ecol. 92: 11. 
Kasschau, K.D. & Carrington, J.C. 1998. A Counterdefensive Strategy of Plant Viruses. Cell 95: 

461-470. 
Kristensen, D.M., Mushegian, A.R., Dolja, V.V. & Koonin, E.V. 2010. New dimensions of the virus 



 

M. Kamitani et al.ȵ9 
����������������	���
�

 

�������� ����� � 	���
�

world discovered through metagenomics. Trends Microbiol. 18: 11-19. 
Li, L., Liu, J., Zhang, Q., Fu, R., Zhu, X., Li, C. & Chen, J. 2016. Seed-borne viral dsRNA elements 

in three cultivated Raphanus and Brassica plants suggest three cryptoviruses. Can. J. 

Microbio. 62: 287-295. 
Marquez, L.M., Redman, R.S., Rodriguez, R.J. & Roossinck, M.J. 2007. A virus in a fungus in a 

plant: three-way symbiosis required for thermal tolerance. Science 315: 513-515. 
May, R.M. & Anderson, R.M. 1983. Epidemiology and genetics in the coevolution of parasites and 

hosts. Proc. R. Soc. Lond. B. Biol. Sci. 219: 281-313. 
Mertens, P. & Sangar, D. 1985. Analysis of the terminal sequences of the genome segments of four 

orbiviruses. Virology 140: 55-67. 
Moreno-Delafuente, A., Garzo, E., Moreno, A. & Fereres, A. 2013. A Plant Virus Manipulates the 

Behavior of Its Whitefly Vector to Enhance Its Transmission Efficiency and Spread. PLoS ONE 
8: e61543. 

Morlan, J.D., Qu, K. & Sinicropi, D.V. 2012. Selective Depletion of rRNA Enables Whole 
Transcriptome Profiling of Archival Fixed Tissue. PLoS ONE 7: e42882. 

Nagano, A.J., Honjo, M.N., Mihara, M., Sato, M. & Kudoh, H. 2015. Detection of plant viruses in 
natural environments by using RNA-Seq. Methods Mol. Biol. 1236: 89-98. 

Nishimura, Y., Watai, H., Honda, T., et al. 2017. Environmental Viral Genomes Shed New Light 
on Virus-Host Interactions in the Ocean. mSphere 2. 

Paez-Espino, D., Eloe-Fadrosh, E.A., Pavlopoulos, G.A., Thomas, A.D., Huntemann, M., 
Mikhailova, N., Rubin, E., Ivanova N.N. & Kyrpides, N.C. 2016. Uncovering Earth’s virome. 
Nature 536: 425-430. 

Pruss, G., Ge, X., Shi, X.M., Carrington, J.C. & Bowman, V.V. 1997. Plant viral synergism: the 
potyviral genome encodes a broad-range pathogenicity enhancer that transactivates 
replication of heterologous viruses. Plant Cell 9: 859-868. 

Remold, S.K. 2002. Unapparent virus infection and host fitness in three weedy grass species. 
J.Ecol. 90: 967-977. 

Rist, D.L. & Lorbeer, J.W. 1989. Occurrence and overwintering of cucumber mosaic virus and 
broad bean wilt virus in weeds growing near commercial lettuce fields in New York. 
Phytopathology. 79: 65-69. 

Roossinck, M.J. 2011. The big unknown: plant virus biodiversity. Curr Opin Virol 1: 63-67. 
Roossinck, M.J. 2012. Plant virus metagenomics: biodiversity and ecology. Annu. Rev. Genet. 46: 

359-369. 
Roossinck, M.J., Saha P., Wiley G.B., Quan J., White J.D., Lai H., Chavarria F., Shen G. & Roe 

B.A. 2010. Ecogenomics: using massively parallel pyrosequencing to understand virus ecology. 
Mol. Ecol. 19: 81-88. 

Ryals, J.A., Neuenschwander, U.H., Willits, M.G., Molina, A., Steiner, H.Y. & Hunt, M.D. 1996. 
Systemic acquired resistance. Plant Cell 8: 1809. 



 

M. Kamitani et al.ȵ10 
���������������	���
�

 

�������� ���� � 	���
�

Schuck, J., Gursinsky, T., Pantaleo, V., Burgyán, J. & Behrens, S.E. 2013. AGO/RISC-mediated 
antiviral RNA silencing in a plant in vitro system. Nucleic Acids Res gkt193. 

Shalileh, S., Ogada, P.A., Moualeu, D.P. & Poehling, H.M. 2016. Manipulation of Frankliniella 

occidentalis (Thysanoptera: Thripidae) by Tomato Spotted Wilt Virus (Tospovirus) Via the 
Host Plant Nutrients to Enhance Its Transmission and Spread. Ecol. Entomol. 45: 1235-1242. 

Shi, M., Lin, X.D., Tian, J.H., et al. 2016. Redefining the invertebrate RNA virosphere. Nature 
advance online publication. 

Suttle, C.A.. 2005. Viruses in the sea. Nature 437: 356-361. 
Suttle, C.A. 2007. Marine viruses - major players in the global ecosystem. Nat. Rev. Micro. 5: 

801-812. 
Syller, J. 2012. Facilitative and antagonistic interactions between plant viruses in mixed 

infections. Mol. Plant. Pathol. 13: 204-216. 
Tatineni, S., Graybosch, R.A., Hein, G.L., Wegulo, S.N. & French, R. 2010. Wheat 

Cultivar-Specific Disease Synergism and Alteration of Virus Accumulation During 
Co-Infection with Wheat streak mosaic virus and Triticum mosaic virus. Phytopathology 100: 
230-238. 

Thingstad, T.F. 2000. Elements of a theory for the mechanisms controlling abundance, diversity, 
and biogeochemical role of lytic bacterial viruses in aquatic systems. Limnol. Oceanogr. 45: 
1320-1328. 

Urayama, S.I, Takaki, Y. & Nunoura, T. 2016. FLDS: A Comprehensive dsRNA Sequencing 
Method for Intracellular RNA Virus Surveillance. Microbes Environ. 31: 33-40. 

Wintermantel, W.M. 2005. Co-infection of Beet mosaic virus with Beet Yellowing Viruses Leads to 
Increased Symptom Expression on Sugar Beet. Plant Dis. 89: 325-331. 

Wren, J.D., Roossinck, M.J., Nelson, R.S., Scheets, K., Palmer, M.W. & Melcher, U. 2006. Plant 
Virus Biodiversity and Ecology. PLoS Biol. 4: e80. 

Xia, Z., Zhao, Z., Chen, L., Li, M., Zhou, T., Deng, C., Zhou, Q. & Fan, Z. 2016. Synergistic 
infection of two viruses MCMV and SCMV increases the accumulations of both MCMV and 
MCMV-derived siRNAs in maize. Sci. Rep. 6: 20520. 

Xu, P., Chen, F., Mannas, J.P., Feldman, T., Sumner, L.W. & Roossinck, M.J. 2008. Virus 
infection improves drought tolerance. New. Phytol. 180: 911-921. 

 



 

 
����������������	���
�

 

�������� ����� � 	���
�

M. Ohtsu et al.-1 

��#�"�/D�G$��48(:-@C
.3�0� 

 
àň ƅã 1ǢĶ½ àƱ 1,2Ǣİû Ì� 1,2,3  

1ÅÀùàèàèǏ ŚèũŴŮ 
�464-8602 ēŨŦÅÀùýºŰ¹�Ɔŝ 

2JSTzERATOİût=gjx^FOhxN?F[  
�464-8602 ēŨŦÅÀùýºŰ¹�Ɔŝ 

3ÅÀùàè [tyOfA{lY<gśÊ§åũŴė 
�464-8601 ēŨŦÅÀùýºŰ¹�Ɔŝ 

 
In planta deep-imaging of plant - plant-parasitic nematode interaction 

using cutting edge imaging methods 
Mina Ohtsu1, Daisuke Kurihara1,2, Tetsuya Higashiyama1,2,3 

1Graduate School of Science, Nagoya University!, Furo-cho, Chikusa-ku, Nagoya, Aichi 464-8402, 
Japan 

2Higashiyama Live-Holonics Project, ERATO, JST, Furo-cho, Chikusa-ku, Nagoya, Aichi 464-8602, 
Japan 

3Institute of Transformative Bio-Molecules (ITbM), Nagoya University, Furo-cho, Chikusa-ku, Nagoya, 
Aichi 464-8601, Japan 

 
Key words: plant-parasitic nematode, in planta deep imaging, two-photon excitation microscopy, 

plant-microbe interaction 
DOI: 10.24480/bsj-review.8a1.00109 

 

IH���	 
ČśŔ&Ĕĳ%2� Ǣî�ĹŔ¤ǂ&žƃ!'Ǟ�2	$Ý¸Ʈ� �5��&|�"� Ǣ

ĹŔ&ĸ%ïś�5ĹŔïśĐƁƔ`JgQyVr>ƨõ�5�üàżƊ�1ǢMO[QyVr>

ƨõ�5�ÃƊ��&ćĖğ�365 (Ó1)��63&ƁƔ%2� ƨõ�6ćĖ�65žƃ'Ǣ

ĸ&¤ǂ%ćĖ�65�/ǢÞǂ�3ơò�5�"'Ǖþ%Ǔ��Ǣ�6,!&ũŴ!'�%¨œ9

Ŝ��ơòƗ86 ������Ǣ�&ćĕ1ćĖoC^Pn9Ƨż%Śƣ�5�/%'ǢĔĳž

ƃ&ĪǋŢǢŵǋŢ$Ē×ĎƝ�ÁĿ!�5����$3ǢĹŔżƊ&ćŖ&ƾ�%25�&ø

Ĝ1Ĥ�Ǣ,�µƮ�1ƕ�9ǀ5ļ�$¤ÕĐ¸ÃŔ&çÕ$#%24ǢĹŔ&Ōǂ9ơò�5&

'Ǖþ%ÑǓ!�5�ƴāǢĹŔžƃ%īƿ¸��ƷĨ¸ƦƓ ClearSee1 TOMEI&Ǌš%24ǢĹ
ŔŌǂ=o{NyG'àÿ%ƻł� �5 (Kurihara et al. 2015, Hasegawa et al. 2016)��3%ǢĹŔ&

Ōǂơò9Ɨ	�/%Ǣ�ŊƜĐ1Ōǂ¬ƽĐ"���ś�=o{NyG%ƿ��ŕč9Ğ�Ǣ2 �

åµƮǚČǈŉŜ�6 �5�Įű!'ǢīĦǇ&ĹŔŌǂ=o{NyGęƘ9ǝ���ǢĹŔï



 

 
����������������	���
�

 

�������� ����� � 	���
�

M. Ohtsu et al.-2 

śĐƁƔƨõ�5üàżƊ1ÃƊ�&j{vl>y[=o{NyG1t=g=o{NyG%�� 

Ž����� 

 

JH48(:-@C.3?A
36%��#�"� 
J�IH����"����E)�+'>B
36%��#�"� 
`JgQyVr>ƨõ�5üàżƊ'Ǣ3�10 �&ĴżƊżƊƬ§ƚ9�8$�ķ§ƚ9ƛĥ

ÏƮ���"%24ćĖ�65ǢżƊƬ%ñ:�ßķ&à�$żƊ!�5 (Bird 1961)��6,!%Ǣ

Ĕĳžƃ&¨œơò%2� `JgQyVr>&üàżƊ%'Ǣ;o{cŖ%Ɖà¸��ķßĥç

Õ�5�"Ǣ,�ķ§ƚ9�8�% DNA ÙÿƮ�5@y\wZrhuH{MsyǙƂ%Ʈ�5

�"Ĩ3�%$� �5 (Bird 1961, de Almeida Engler et al. 2012)��6,!%ǢMx=_]P] 

(Arabidopsis thaliana) %�� Ǣ@y\wZrhuH{Msy&@ybyK{9J{\�5 CCS52&

aWFU>yǢ,�'KhwWK{9J{\�5 KRP4&Ƽ±šř'ǢKXl=p`JgQyVr> 

(Meloidogyne incognita) ƨõ�5üàżƊ&Ɖà¸9Ǎì�5�"Ũ36 �4ǢüàżƊ&żƊ

�Ų&Ù´%'@y\wZrhuH{Msy&2	$ DNA ÙÿľĻǌ�� �5�"ŬÍ�6
 �5 (de Almeida Engler et al. 2012, Vieira et al. 2011, Vieira et al. 2012)� 

�6,!%, j{vl>y[mRNAb=guU=R{Msy&ęƘ9ďŜ��=o{NyGęƘ%

2� ǢüàżƊ&ķ"�69ƨõ�5`JgQyVr>&ư�9Ġ
3652	%$4Ǣ�6,!

¨œơò!'Ǔ����Â�&üàżƊ9ƨõ� �5`JgQyVr>&ĖǉOY{N9íĩ%Ä

ê�5�"ÁƋ%$� �5 (Vieira et al. 2012)� �3%, ƴāǢƷĨ¸ƦƓTOMEI9Ŝ� ǢK

Xl=p`JgQyVr>&Ĕĳ%2� Mx=_]P]&ĸ%ƨõ�6�ǢüàżƊ&żƊƍ�2

(ķ&j{vl>y[=o{NyGƗ86� (Hasegawa et al. 2016)�TOMEI'ǢÔê��žƃ9ǟ

øĜŘ90� 2,2’-VBN@Ta{v%24žƃ9ƄĢ�ǢƷĨ¸�5ĘŇ!�5�żƊƍ"ķ&j{
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5"�	�"©/ ĺƥ�6� (Hasegawa et al. 2016)�Mx=_]P]%�� Ǣ§ƚżƊ'�%ż

ƊƬǅ&Ù´9�� żƊ�ǉƮ�5Ǣ§¸��żƊ!'ŋƊíŲ&Ù´9�� żƊ�ǉ�

5�"Ũ36 �5 (Sablowski & Carnier Dornelas 2014)��6,!&¨œơò&ſĲ�3Ǣšƽ��
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üà$żƊ!�5 (Golinowski et al. 1996)��6,!%ǢÃƊ�&żƊÚ§åĻƹ9Śƣ�5�/Ǣż
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żƊÚ&Ė§!�5EMtyÇ,6$��"$#Ĩ3�%$� �5 (Davies et al. 2012)����
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żƊÚ}ŀ�=o{NyG%2� Ġ
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365����$3Ǣ�ú&żƊÚ%&-ĵŖżƊÚ

çÕ�5�"Ǣ,�ÃƊ�&żƊÚ%'ǢõŸƝŻ&żƊÚ%ß�Ç,65�ŀżƊÚ&ƝŻ!�

5EMty$#Ç,6$��"Ŭ�6 �5 (Davies et al. 2012)��3%Ǣźǂ%ćĖ�65źæ
"Äļ%Ǣ©ĭ&ÃƊ�!'htPpZOl{TĂ5�"!żƊÚ%ųś�ǢżƊÄÜƖÃ

�5"ŬÍ�6 �5 (Golinowski et al. 1996)��~&�"�3ǢMO[QyVr>'ÃƊ�9ćĖ�

5�/%ǢõŸƝŻ1źǂ&dT{yćĖoC^Pn9ǂ§Ţ%b=NqWF�5�"!ǢÃƊ�ć

Ė%ĎǗ$żƊÚ&ǂ§Ţ$§ƣǢ�� żƊƖÃ9ƨõ�5ÁƋĐŬÍ�6�� 
 

KH48(:-@C
.3F=
 ����#�"� 
~Ƥ!ƶ* ��ƷĨ¸ƦƓ%25 3ŀ�=o{NyG'ǢÔêžƃ9Ŝ��ơò!�4Ǣǟ�ŵ
ǋ§ƣƋ9Ĭ� �5ǢĪǋĒ×9â� �,� �5��&�/Ǣî�ĹŔĔĳĪ&ĹŔïśĐ

ƁƔ&ĔĳƗ·1î�žƃ&U=]mWF$Ý¸9u;vT=n%Ġ
5�/%ǢĹŔžƃŌǂ&t

=g=o{NyGƦ-36 ��� 
ĹŔïśĐƁƔ'ƕ�ƏŻ9�¤%¾Ƴ.ŕĐ�5�/Ǣś�&żƊƬ�!ƕ�9š�5ƕ�Ə

ŻFDA9Ŝ� ĳƏ��ƁƔ9Ĕĳ�� Ǣĸ&¤ǂ%�¡��ƁƔ&ÁƟ¸Ɨ86 �5 (Goto 
et al. 2010)��3%ǢĹŔïśĐƁƔ9ƌƬƠËĐ&ƕ�ƏŻ PKH26!Ľƪ�ǢŕŃ$Vqyc{¤

&Mx=_]P]&ĸ%Ĕĳ��Ǣ�&ĔĳƗ·9ơò!�5ǕŪÛ=o{NyGMOYnūŷ�

6 �5 (Dinh et al. 2014)��&ħŇ%24Ǣ3 ŰǛ&ĹŔïśĐƁƔǢET`GKwQyVr> 
(Pratylenchus penetrans)ǢJxye;`JgQyVr> (Meloidogyne chitwoodi) �2(YyK=MO[

QyVr>&î�ĸ¤ǂ!&ĔĳƗ·ơò�6ǢƁƔ&ǉĭ%8�5ǕŪÛŢ$ơò%Ė³� �

5 (Dinh et al. 2014)����$3ǢpZvĹŔ&�ƙ"�
5Mx=_]P]&ż�ĸ%�� 0,
£őŏǚČǈ!'ĸ&Ōǂ&ƁƔ9Ĩŧ%ơò�5�"'íĩ!'$�� 

ĹŔïśĐƁƔ&ĔĳƼů924Ĩŧ%t=g=o{NyG�5�/%'Ǣ,�ĹŔïśĐƁƔ9

Ć�ƕ�Ľƪ!�5ƕ�ƏŻĎƝ!�5��¯�3Ŝ�36 �5FDA1PKH26'ǢĹŔïśĐ
ƁƔ9ĳƏ�5�"'ÁƋ� (Goto et al. 2010, Dilh et al. 2014)ǢƁƔ&ư�OkW[Ŗ%ĳƏ�6

5�Ɛƈ3'īƴǢżƊƍĳƏƏŻFM4-64�2(DNAĳƏƏŻSYBR Green I9Ŝ�5�"!ǢU

=PMO[QyVr>&¢ư0��'ǘǂĆ�ƕ�Ľƪ!�5�"9ƞ���� (Ohtsu et al. 
2017b)�`JgQyVr>1MO[QyVr>'Ǣǘǂ%�5¿ǆ9żƊ%Ŷ�®� ĔĳžƃćĖ

9Ǌä�5�/ (Bird 1961ǢWyss & Zunke 1986)ǢüàżƊ1ÃƊ�'MO[QyVr>&ǘǂ�ƴ�

3ćĖ�65"Ƈ
365�,�ǢĹŔ&ľƋ9����5@f?FT{Ðå'¿ǆ9�� §ņ�

65�/ (Haegeman et al. 2012, Hewezi & Baum 2013)ǢĹŔïśĐƁƔ&ǘǂ9ơò�5�"'Ǖþ%
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ǄƝ!�5� 

ĹŔžƃŌǂ&t=g=o{NyG!'ǢŌǂ&ƕ�MG]vČĄ$�/ǢµƮ�9ǉĭǋŒô

�5ĎƝ�4ǢĹŔïśĐƁƔ%ǄŹ$Uo{N9�
 �,	đ6�5�ß�åµƮMOYn

"ƴƭÞdvOw{L{9�Ŝ�5 2�åµƮǚČǈ'ǢĹŔžƃ%�� 0��Ɯ!Ōǂ=o{N

yGÁƋ$�/ (Mizuta et al., 2015, Ķ½ 2016)ǢĹŔïśĐƁƔ)&ģ�9īöǎ%Ě
ǢĹŔžƃ

&Ōǂ=o{NyG%ƿ� �5"Ƈ
36��ƕ�Ľƪ��U=PMO[QyVr>9wyI%Ĕ

ĳ�� 2�åµƮǚČǈ!ơò��ſĲǢMx=_]P]24á�wyI&ĸ&Ōǂ%Ĕĳ�5MO

[QyVr>9u;vT=n!Ĩŧ%ơò!�5�"Ĩ3�"$�� (Ohtsu et al. 2017b, Ó3)�M

x=_]P]%�� ǢMO[QyVr>ƨõ�5ÃƊ�!ǟšř�5ǁ�å&hxp{T{%2

4ƕ�TydFƬ9šř��5ǢÃƊ�wk{T{9Ŝ��ƣıƗ86 �5��&ƣıŇ'Ǣś

��ĸ%��5ÃƊ�&�Ƅ&ŕê1ÃƊ�&ĬŐ&ª«�5�/%Ŝ�36 �4ǢżƊÚ&ǂ§

Ţ$§ƣ$#ÃƊ�¤ǂ&ĻƹÝ¸'ơò!� �$� (Juergensen et al. 2003, Siddique et al. 2015)��
ĉ'ǢÃƊ�wk{T{9šř

���ĹŔ�%ƕ�Ľƪ��M

O[QyVr>9Ĕĳ��Ǣ2
�åµƮǚČǈ9Ŝ� ơò�

5�"%2� ǢĔĳǂ�&Ä

ê��!$�ǢMO[QyVr

>%2� ƨõ�65ķ1żƊ

Ú&ćĕŢÝ¸9u;vT=n

%ơò�5�"ÁƋ%$5"

Ƈ
365� 
 

LH*2 
ĹŔïśĐƁƔ"ĹŔ&ť��Ŝ%ǎ3�ǢĹŔ"ČśŔ&ť��Ŝ9Śƣ�5�/%'ǢĔĳƼ

ů9u;vT=n%Ġ
5t=g=o{NyGǢ�2(Ĕĳǂ�9¢�Ţ%Ġ
365j{vl>y

[=o{NyGǢ�$8�ĪŵǋŢ=o{NyGMOYnĎƝ�ÁĿ!�5����$3ǢČś

Ŕ&Ĕĳǂ�'ĹŔ¤ǂ!�5�"ß�ǢĪŵǋŢ=o{NyG9Ɨ	�"'Ǖþ%Ǔ��� 

Įű!Ž��� 2�åµƮǚČǈ1ƷĨ¸ƦƓ9Ŝ�5Ōǂ=o{NyGęƘ'ǢĹŔ—ČśŔǋ

ť��Ŝ&řØ9Ōǂ=o{NyG%24ÁƟ¸�5ĘŇ9ġŬ��pZvH{O"$5ũŴ!�5�

�63&=o{NyGęƘ9ǝ��5�"!Ǣƒú¨œ9Ŝ��ƣı!'Ǔ����`JgQyVr

>&Ɖà¸��ķ&}ŀ�ĻƹĨ3�%$���,�ǢMO[QyVr>ƨõ�5ÃƊ�&żƊ

Ú& 3ŀ�Ţ$Ļƹ9Ġ
5�"!ǢÃƊ�&Ğ�ćĕŢŕč�3ÃƊ�ćĖoC^Pn%Ƶ5�"
ÁƋ%$����3%Ǣ2 �åµƮǚČǈ"ƕ�ƏŻ9Ŝ�5�"!loŮĹŔ&ĸ&Ōǂ%ïś

�5ĹŔïśĐƁƔ9ś��,,ǉĪǋơò�5�"%Ė³� �5��63&=o{NyGęƘ9

ǝ��5�"!ǢĹŔïśĐƁƔ"ĹŔ"&ť��Ŝ&-$3�Ǣ�&ļ�$śŔ"ĹŔ"&ť��

Ŝ%��5Ĕĳžƃ& 3ŀ�Ļƹ1ǢĔĳƼů&U=]mWF$Ý¸%ǌ�5Ħ�$Ũƞċ365

�a3 ���v6ufi�1��_%[
s2��_%[
 
�����������(GJ)�, SYTOX Orangeyow, SYBR Green I�>dq
0)r�/2Ilo$b���v6u*Elo. *Eg}2-$, ���v6v:
Yu'2loGJ�1��_%[f|x2��_%[�>dqP�lo.`Id;
GwGJ�Dlqd�. `IdC�wGJv^Y�, @dC�w Y�Dlqd
�. ������w, 50 µm. (Ohtsu et al. 2017b |~+�lqWX)�
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� µċɊİȶĿǻ5ƮȦ3ACɓǸµ`�oTȕ@ǸµǮǏHƢ�.ǼƱǑǥ213ķů#)Ǒǳ@

ǳɓML�]HƠ�)ƚĸ/śƽ3ņ�BEDA�32CɓŶƘ¤95İƠƘ5«·ǔȘ@ɓŶƘ0

İƠƘ05őȼ�ÞȂÐ/�DA�32C--�D�"B3ACİǑ2�v�5ĪĸHņ�D)>3

6ɓɁĊɊİȶƋ(ɁɊ)�ŠȨ2c��/�D�ɁɊ6ƠëƝȑHǑǥ�O�Qk��v�5ɎÁȅ
Ǧ/ņ�D 03ȷ�.�D�ŘɓíČ�ǓǞ�v�5Ĥ�Ɉø�BɓŶƘ0İƠƘ5őȼ5üHŇ

#À% 06�ĮĽ/�D�ĩƼǅď/6ɓŶƘ5Ǒǥ¼ƠëƝȑHíČ�ǓǞ�v�5Ĥø3Ə,

.Ɏȅ²ĥ/ņ�D)>3ɓ{T��BzT�Hǝ��-5ĿǻHȹƮ#.�D� 5�-5Ŀǻɓ

(1) íČ�ǓǞ�v�5Ĥø3ƏDȟȥɁɊ²5ÜĮ�Ƨ²ǗâHÞǦ0#)�ĤøȟȥɁɊ²ÜĮ[

]d|�0ɓ(2) GFP215Ǹµ`�oTȕ/żȎ#)Ǒǥ�O�Qk�5ȗİĪĸHɓɎÁȅǦȖŰ

ɁɊ/ÞȂÐ%D�Ǹµ`�oTȕ-ȖŰɁĊƴȻɊİȶƋ�3-�.ȅȋ#ɓŶƘ0İƠƘ05ő
ȼHɁɊ�v�/ÞȂÐ%D)>5ŘƋHȏȍ#)�� 
 
��� �67;<��#���� 
�  E</ǈǤB�ŶƘ5Ż�2íČ�ǓǞ�Ǒǥ5ɁɊȃĒHǺ,.�)2�/ɓíČ�ǓǞ¸¤

HPn�%DȗİǑźȢ5ûé�Ę2� 0�Ģ3ìɉ02,)�(5)>ɓǓǞ!03Ǒǥ@O�

Qk�5Īĸ�ą��ƪ2Düâ5İǑźȢƆȚɓȰƠõ0āƪõȺ/5İǑźȢƆȚɓ<)Ɵýā

Ð3 �O�Qk�āÐ215ɁɊȅū�ɓɀ#� 0��,)�(5A�2ǔǛ�BɓĤøƯ3í

Č�ǓǞ�Ǒǥ5ɁɊ²HŎī%D[]d|5ĲȀĴHķ$.�)� 

� ȝģ/6ɁÎ]d�\@e\`�P}��ĩ)CÇ5ŝ�32,)�ɓ2000ģɆ</6ȉŕX-Y]
d�\5ǂÎ�ĽÎĦîșlt5=/�,)CɓƧ²Ŏī6sK�|P}�5=/�,)C0ɓJh
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�UÄį5ȟȥɁĊɊİȶɑTEMɒ��/�,)�ȝģɓɁɊȃĒ5¦Ÿ5Ą��e\`�ÄįÞǦ

32,) 0/ɓTEM²HǪÎŎī%DƟý�Ŕ,)�ĺ��¨Ƣ#.�DTEMɑJEOL JEM-1400ɒ

6ɓɁÎX-Y]d�\H±�ɓ¯æWL�/ɁĊq�|HW�f���%D 0/Šąǜ5ŭ×ž5
ŭ5Ȇ25ŭHŎī#ɓ²HǕâ%DO�f~�`�\�ŎīƁǦHżƑǽ±#.�D�#�#ɓ¯

æWL�3ADÄį5=/6ɓ!�ȾBE)Ɉø#�Ŏī/�2�)>ɓACĤ�ɈøHŎī%Dü

â6]d�\HǂÎ"'DĲȀ��D�( /Ƨ²ĶûȅūHĔȸ0%DƼǅǤ0Ɋİȶ�Ÿ5ÕÊ

3AC �ĤøTEM²ǪÎÜĮ[]d|�5ȹƮHǺ,)(ȐĚ 2014)� 

� ĤøTEM²ǪÎÜĮ[]d|6ɓ(1) ĤøTEM²ǪÎŎī[]d|0ɓ(2) ĤøTEM²`L��U

u�U�|/źĹ"E.�D(ðɕ)�(1)6ɓăȫÄįW�r��`�3ACTEMť¤H]T�ufÄ
į#ɓX-Y]d�\HÎ�#2�BɓɁɊ²HȣǘƯ3�ǪÎŎī�%D[]d|/�Dɑð1Ğ

�ɒ�(2)6ɓŎī#) EBąȱ5ȣǘƧ²Hɓ¡ǠĶû05C#FȫÁ5Ƨ²ĶûHƢ�.�ǪÎ

Ǖâ�#ɓȣǕ#)ɕŭ5ą�2½ƷHƠĹ%Du�U�|/�D(ðɕà�)� 5[]d|HƢ�
.ɓ`nWùɌǑǥBY-2ű@[�Ljh^h5áíČ5ɓSQrT_�T�]5ĤøTEM²ÜĮ3

ĹË#.�Cɓ©�7ɓBY-2ű5þƅŢ�A8čĢƚĸŢ3��DO�Qk�5ȗİĪĸāÐHś

B�3#.�D(Toyooka et al. 2014, 2016)�<)ɓ[�Ljh^hùɌǑǥ(ðɕĞ�)@[�Ljh^hŲ
ǇǓǞ(ð1à�)21HĤøŎī%D 0/ɓǑǥ¼O�Qk�5ÁĠ5ȧ�?Á�C--�D� 

� ȝģɓȣǘȉŕÂÆɃHȖŰɁɊ/ȃĒ%D 03ACɓĤø�-3Ƃ´5ɁɊ²�ĮBEDA�

32,.�)ɑLidke & Lidke 2012ɒ�#�#ɓɂĢ3Ɏª2Ɓí�ĲȀ/�Cɓ��3²5W�f�]
fH��D�ɓ<)ɓǩą2Ƨ²e�`H15A�3ľ��21ìɉƔ?Ą��ĤøTEM²Ŏī[
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]d|6ɓCCDP}�0ɁÎ]d�\Hōț#)TEM/�E7ɓĺ��ȹƮ#)]T�ufHĎǺ

%D*�/Ĥø3Ə,.TEMƧ²HÜĮ/�D�<)ɓ 5A�2ĤøŎī[]d|Hōț#)

TEM�áɊİȶ}�P��B?ȓĀ"Eĉ>.�CɓɎȅ²ĥ�-Ĥø/5ɁɊ²Ŏī6đŜ32
,.�.�D� 

� ŶƘ0İƠƘ5ƴ�¦Ƣ5“ü”6Ɉø�ȾBED�©�7ɓƓƬƭǳ5èí�ǼƱǑǥ3«·#.

�D0 FHTEM²0#.ȁ)�üâ6ɓȠĢ5TEMȃĒ/6(5“ü”HŇ#À% 06đŜ/6
2��ɓɎȅ²ĥ�-Ĥø/Ŏī%D 0/ɓèí0Ǒǥ�ň#.�D(5üHņ�BEDÞǦĴ�

Ɏ�2D0ŢĬ"ED�<)ɓĤø/Ŏī%D 0/ɓ«·�ķů#)İƠƘêȜ5ŶƘǑǥ@ǓǞ

5ƚĸHɓ¸¤Ư3ŀŋ%D 0�đŜ02D/�F�� 
 
���1�����3-4);�09<$8+ 
� ȝģɓǙǡƯ2ȅū@ȩ�ċ3ADƁǦȅū213ACŻ�2ȩ�Ċ�ȁÀ"Eɓ(EBȩ�Ċơ

ƘHǸµ`�oTȕ/żȎ%D 0/ɓđŜ3`�oTȕ5Ǒǥ¼ęô@ÎĸHȃĒ/�DA�32

,)�(#.ɓřƺ5O�Qk�ęô`�oTȕ05ºƮƝȅū@ȽĐÈǉ5ȅū3ACɓżƯ`�

oTȕ�ęô%DO�Qk�Hŉč%D 0�ÞǦ32,.�.�D�ĺ�6ɓżƯ`�oTȕ-Ǹ
µ`�oTȕ5ǹâ`�oTȕ5Ǒǥ¼ęôHɁɊ�v�/ȅū#)�üâɓŁGFPŁ¤21Ǹµ

`�oTȕ3ē%DŁ¤HƢ�)¶ƫɁɊƋ3ACŉč#.�D�#�#ɓ¶ƫɁɊƋ/Ûĳ5�,

)źȢƘ�ɓťĩ3ǸµHƮ%D?50ä$źȢ¤/�D�Ŗč%D 06ɀ#�ɓŉč%D 0#

�/�2�5�Ďƚ/�D�“ŉč”�B“ƙč”3]dbuJbu%D)>36ɓGFP215ǸµHȃ

Ē#)50¸�ä$ȉŕHɁɊȃĒ%:�/�D�(EHÞǦ0%DĿǻ�ɓµɊ²0ɁɊ²/ƴȻ

HÜDµɁĊƴȻɊİȶƋ(Correlative light and electron microscopy: CLEMƋ)/�D(de Boer et al. 2015)� 
�  E</3CLEMƋ5u�fW�@ĽƋH<0>)Ą�5ť�ÀƗ"E.�D(Muller-Reichert & 

Verkade 2014)�ɓ��5Ľɇ/ǺGED 0��ǬƯ/�D�<&Jg�]��ųĊŽŻ5�DPn�

Q�]�3ǑǥHňƸ"'ɓǸµɊİȶ3ACGFP<)6Ǹµ�ƂŁ¤5Ǹµ²HŎī#.���
Q�]ňƸ#)<<ɓǑǥHñč�Ǩƈ#ɓNyR[ſǧ/®ǆÏ÷%D�Jg�]HÚǣ3ɓǸµ

ȃĒ#)50ä�ǋļ/ȗǶÂƖH¦Ǿ#ɓTEMŎī%DŘƋ/�D(Liss & Hensel 2015)�ȝģɓCLEM

ȅūƁí5ĿǻɄŗ?Ȥ=ɓǸµɊİȶ�ibf�ōț"E)TEM@ɓµɊ0ɁɊ/ȉŕw�a�
HºȠÐ%D 0/[�|�]3ƴȻ²HĮBEDCLEMƁí21�ɓá}�P��BƮĀ"Eɓ 

�Ç3Ɔ:đŜ3CLEMȅū�/�DA�32,.�.�D�#�#ɓ EB5Ju�V�[��@

Ɓí5Ą�6ɓQ�]3ňƸ#2�ŶƘǓǞ@ŶƘùɌǑǥ5ȅū36Ȩ"2�?5�Ą��©�7ɓ

[�Ljh^h5ǵHǸµȃĒ#)5+ɓȃĒ#)ä$üļHTEM/ȃĒ%D)>36ɓY�u�

H]�LgQ�]21¥�úƑ02D?53ē#.Î�2�A�ñč#ɓſǧÏ÷#)ĭ3ÂÆ%D

ĲȀ��D�ɓ(E6ïɀ/�D� 
� TEM6Ƕ�Â,)ſǧÂƖHȠȥ#.�DɁĊǚ5īHȃĒ%D53ē#ɓȖŰɁĊɊİȶ(SEM)

6ɓǖ,)ɁĊǚ/ȉŕǼɃ�HȖŰ#ɓȉŕ�BŒÀ"EDɁĊǚHŷÀ%DɊİȶ/�D� E

</SEM6ɓȉŕǼɃ5İǑźȢȃĒ3Ƣ�BED 0�;0I1/ɓŶƘƼǅ3��.6ɓǵ@
ǲɅ21íČ5ĪĸȃĒ3Ƣ�BED 0�Ą�,)�SEM5�/?ɓɁƨŒÀĪȖŰɁɊ(Field 
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emission SEM: FE-SEM)6ɓɁƨŒÀĪ(FE)ɁĊȴHƢ�D 03ACɓɎÁȅǦ/œÓ�5Ɯ/5

ȃĒ�ÞǦ/�D�Šȝ5FE-SEM6ɓ20-30 kV5ɎÌȡɁó/ɎÁȅǦ²HĮBED 06�</

0āGB2��ɓ0.1-1 kV0�,)Ź¢ÌȡɁóŨ��/?ą�2u��tɁƌ�ĮBEɓśD�S/N
3³E)Ƨ²ȃĒ�ÞǦ32,)�<)ħ�[Uh�/?ŷÀÞǦ2ŷÀí?ōț"EɓȠĢ5ɖƂ

ɁĊŷÀí�ÛĕɁĊŷÀí5�ɓYAGǕşHƢ�)Ɏķĥ5ÛĕɁĊŷÀí21?ōț/�DA

�32,.�D�ȃĒŨ�0ȉŕȌǾƋHĝĆ%D 0/ɓŻ�2ȃĒ�ÞǦ02,.�D���5

A�2ĿǻɄŗ3ACɓƠƘȉŕ5ſǧÂƖȃĒ3?ɓSEMHĳƢ/�DA�32,.�)� 

� ( /ĺ�6ɓǸµHƮ%DźȢ¤5ȗİĪĸHFE-SEM/ņ�ƴȻH0DCLEMĿǻ�Ǹµ`�

oTȕ-ȖŰɁĊƴȻɊİȶƋ�HǣŴ#)ɑð2 �, ȐĚ 2016ɒ�6$>3Ǹµ`�oTȕGFPHƮ
Ɲ#)ŶƘȉŕHJ�epgñč#ɓǨƈ�Ï÷ĭɓÙ"1 μmǃĥ5ƑȗǶÂƖH¦Ǿ%D�(5

ÂƖHJg�]��5ųĊŽŻ�ØÅ"E)Pn�Q�]3ț'ɓºƕƔ��Z�Ɋİȶ3ACǸµ

²HŎī%D�(5ĭɓÂƖHȭȮM�i�0TN�Ȯȳ/ɁĊůǮ%D�ä$ÂƖ5Ǹµ²Ŏīǋ

ļHFE-SEM3ACŎī#ɓǸµ²0ɁɊ²Hȯ4âG'D 0/ɓǸµHŒ-Ǒǥ�O�Qk�H

ƙč%D��</5CLEMƋ0ą��ƪ2DƔ6ɓſǧÂƖ�BǸµ`�oTȕ5ǸµHŷÀ%DƔɓ

TEM/62�FE-SEMHƢ�DƔ/�D�TEM/6ɓȃĒÞǦ2ÂƖYL^�ÄȾ"EDɑŠą/1 
x 2 mmǃĥɒ�ɓSEM/6ACą�2ȉŕ/?ȃĒÞǦ/�D�<)ɓɁĊǚHȟȥ"'DTEMȃ

ĒƋ0ƪ2CɓȗǶÂƖɑÙ"60-80 nmɒACÙ�ſǧÂƖ/?ɓđŜ3ȃĒ/�D� E3ACɓ

ÓÁ2Ĩĥ5ǸµHŷÀ/�DÙ"1 μm��5ÂƖ/5ȅū�ÞǦ02,.�D� 
�  E</3ĺ�6ɓĤøTEM²ǪÎÜĮ[]d|/ɓȰƠõ[�Ljh^h°ȫŲ¾3Ąœ5ė
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"2 ER xeKŻ5źȢ¤��D 0HȁÀ#.�)�#�#ɓ(E�ťĩ3 ER xeK/�D�6ɓ

Īĸ�Bŉč%D#�2�,)��Řɓėǥ¤ƄƩ[Uh�HDELȬÃHCŤǇ3Ǖâ"')GFP

HƢ�.ɓERxeKHÞȂÐ#)[�Ljh^hű(Yamada et al. 2008)3��.?ɓė"2Ǹµgbf
�°ȫŲ¾3ĄœȃĒ"E)ɑToyooka et al. 2015ɒ� 5GFPǸµ/ÞȂÐ"E)ERxeKHCLEM

ȅū%D 0/ɓĤøTEM²/ȁBE)ERxeKŻźȢ�ťĩ3ERxeK/�D�ɓƙč/�D

5/62��0ǣ�)�GFP-HDELHƮƝ%D[�Ljh^h5ŲHñč�Ǩƈĭ3JT��ǎſǧ
3Ï÷#ɓƑȗǶÂƖɑÙ"1 μmɒH¦Ǿ#)�O]{M|W�f#)Pn�Q�]ɑųĊ��ɒ3

ÂƖHț'ɓºƕƔ��Z�ɊİȶZeiss LSM700/Ǹµ²(LSM²)HŎī#)�ɁĊůǮĭɓä$Â

Ɩ5GFPǸµ5�,)ǋļHFE-SEM(Hitachi SU8220)/Ŏī#)�(5ǕŮɓ°ȫŲ¾5Ǹµgbf6ɓ
ǐȵĪ5ERxeKŻźȢ0�ǫ%D 0�ĎȈ/�)ɑð2�ɒ� 

�  5A�3Ǹµ`�oTȕ�ęô%DO�Qk�5ȗİĪĸHɓƳňÞȂÐ/�DA�32,.�

)�ťǄ/ǒ�#)CLEMƋ6ɓ¶ƫɁɊƋ0Ɔ:.Ɏĥ2ĿǻHȀ%D¦Ÿ�ç<E2�)>ɓƆ
ȚƯƻŝȺ/Ǎ¬�-ƃƽ3GFP�ęô%DǑǥ¼İǑźȢHƙč/�D�Šȝ/6ɓYFP@RFP

21ɓGFP�ă5Ǹµ`�oTȕ/?CLEMȅū�ÞǦ/�D 0�ƽȊ/�.�D�Ǹµ`�oT

ȕ/İƠƘ@ML�]ɓ<)6ķů3ĳǊ#.�DŶƘǑǥH�v�%D 0/ɓ«·#--�Dİ

ƠƘ<)6ȼį#.�DǑǥHĤą2íČ�ǓǞ�BŇ#À% 0�/�D�"B3Ǹµ5ȁBE)

ǋļHƳňɓɁɊ/ȃĒ%D 0/ɓ�</ACđŜ3İƠƘ0ŶƘ5őȼHņ�BED/�F�� 
 
����"��( 
� ĤøTEM²ǪÎÜĮ[]d|3ACɓɀ#�,)ĤøTEM²HǍ¬�-ƻŝȺ/ÜĮ/�DA�

32,)�ÜĮ#)ĤøTEM²6ɓíČ@ǓǞ3��DO�Qk�5ÁĠȅū*�/2�ɓİƠƘ
5ķůȫ¡5A�2ęļƯ2ȃĒ3?šƢ/�F��(#.ɓǸµ`�oTȕ-ȖŰɁɊƴȻɊİȶ

Ƌ3ACɓGFPǉ5Ǹµ`�oTȕ/�v�#)İƠƘ@ǑǥHƢ�D 0/ɓŶƘ5íČ�ǓǞ3

��DİƠƘ0ŶƘǑǥ5ƴ�¦ƢHɓɎÁȅǦ�-Ĥø3Ə,.ņ�BEDA�32D 0�ŢĬ

"ED�"B3ɓĄŻ2nLOƧ²HÁɋ%D 05/�Du�U�|CARTA: Clustering-Aided Rapid 

Training AgentɑKutsuna et al. 2012ɒHĤøTEM²3ĳƢ#ɓ{fW�g�J@X�\¤21ƙč5O�Q

k�HÔǪÎƯ3ŷÀ%D 0?ÞǦ02,.�.�DɑHigaki et al. 2015ɒ�ȝ�Ėũɓ 5A�2u
�U�|HƢ�.ɓĤøTEM²@CLEM²�BɓİƠƘ@ķůȫ¡21HǪÎłÀ%D 0�ÞǦ

02D�?#E2�� 

� ǈǤB6ŚǆmLdTƾ0ºä/ɓµɁĊƴȻɊİȶ[]d| “MirrorCLEM”HȹƮ#)� E6ɓ
FE-SEM5ɁÎ]d�\3ț')ȉŕ5ɁɊ²HȃĒ#2�Bɓ�Ç3ŎīƎ=5µɊ?#�6Ǹµ

²0ɓđŜ3¡ǠâG'ɓ²5ȯ4âG'�/�DƁǦH?-��ĭ"B2DŐǭHÌ�D 0/ɓ

�</��3Ǎ¬/�-ƃƽ2ƴȻ²HĮBEDA�32D0ǣ�.�D�"B3ɓȉŕHƹŝ3¿

B'.ñč%DɎó¿ǕĿƋ (Toyooka et al. 2009) HɓťCLEMĿǻ@ĤøTEM²ÜĮƋ0Ǔ=âG'D

 0/ɓƠ�.�Dƚĸ3ACȝ�ɓǸµżȎO�Qk�5Ĥø�-Ɏȅ²ĥ5ÞȂÐ�/�DA�

3#)�0ǣ�.�D� 
� ťǄ/Ȟ:)ĤøTEM²ǪÎÜĮƋ0Ǹµ`�oTȕ-ȖŰɁɊƴȻɊİȶƋɓ(5�5Ż�2Ŀ
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ƋHǓ=âG'.ĄȄƯ2ȂƔ�B5ȗİĪĸȃĒHǺ� 0/ɓİƠƘ0ŶƘ5őȼHņ�BED

*�/2�ɓŻ�2ƠëƝȑ5ƞȅ3ą��Ȓƛ/�D0ŢĬ"ED� 
 
 

25 
� Ĥø TEM²ÜĮ[]d|5ȹƮ3�)CɓŪ�ąċąċȿŗɈøÉĹǁċƼǅǁ5ŦåĂɐ ×ÿɓ
ŵöÑ ×ÿɓǀƣ§ĵ ×ÿɓɍƒƲ�Ȫ ×ÿɓŚťĈĊąċ5ƒţßƊ ƇɓėŬĵ ƇɓƉƣ»Ċ ×

ÿɓƞƼCSRS5ńƣĵ� ×ÿɓãƣŃĤ ƇɓǱěƶƤǢ Ƈɓƀťĵ ×ÿ3Ąą2D!ÕÊHɅ�

<#)�CLEM[]d|5ȹƮ3�)CɓŚǆmLdTl�\�^ƾ ǁċ[]d|ȇȆȹƮťȫ5ư
ŻɓƞƼCSRS5ƍŧšġ ×ÿ3Ąą2D!ÕÊHɅ�<#)�<)ɓƥÖąċ5ǿŧ�� ×ÿɓ

�ƣŞĊ ×ÿ3GFPĪȕșŊ[�Ljh^hHÁ�Ʌ�<#)� ťƼǅ6ɓǁċƼǅÍĹȲ ǱĽƼ

ǅ(A) 24687007 (�ǼɗȐĚ)ɓ ŅĻƯǴǯƼǅ 23657051 (�ǼɗȐĚ)3ADŏŌHÝ�<#)� 
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