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aa: amino acid residue 

BFA: brefeldin A 

CFP: cyan fluorescent protein 

CLSM: confocal laser-scanning microscopy 

DAS-ELISA: double antibody 

sandwich-enzyme linked immunosorbent 

assay 

DIG: digoxigenin 

dpi: days postinfiltration 

DM: desmotubule 

DMB: double membrane bodies 

DMSO: dimethyl sulfoxide 

DTT: dithiothreitol 

ER: endoplasmic reticulum 

FMD: fig mosaic disease 

FMV: fig mosaic virus 

GFLV: grapevine fanleaf virus 

GFP: green fluorescent protein 

GUS: β-glucuronidase 

hpi: hours postinfiltration 

IgG: immunoglobulin G 

IPTG: 

isopropyl-β-D-thiogalactopyranoside 

LatB: latrunculin B 

MP: movement protein 

ManI: soybean α-1,2-mannosidase 

NB: NP body 

NP: nucleocapsid protein 

nt: nucleotide 

OD: optical density 

ORF: open reading frame 

PBS: phosphate buffered saline 

 

 

PD: plasmodesmata 

PEG: polyethylene glycol 

PPSMV: pigeonpea sterility mosaic virus 

PVP: polyvinylpyrrolidone 

PVX: potato virus X 

RGSV: rice grassy stunt virus 

RLBV: raspberry leaf blotch virus 

RNP: ribonucleoprotein complex 

RRV: rose rosette virus 

RSV: rice stripe virus 

RT-PCR: reverse transcription polymerase 

chain reaction  

RdRp: RNA-dependent RNA polymerase 

RFP: red fluorescence protein 

SDS: sodium dodecyl sulfate 

TAE: Tris-acetate-EDTA 

TGBp: triple gene block protein 

TSWV: tomato spotted wilt virus 

ToMV: tomato mosaic virus 

UTR: untranslated region 

vRNA: viral RNA 

WMoV: wheat mosaic virus 

YFP: yellow fluorescent protein 

 



 1 

˼ 1 ˹� ̢Ό  
 
ǈǅ  ǈǅƾ ȱȞȺȮƾ
 
Ʌʥ3͑Ќ͑̕TS�g548ƀʲÇ9ʲǐ̌8¦2Ơ6'C�Į�5�H

ë6οĒ#1�+�ƀʲÇ9ſ§Ʌʥ8ʲĹegr�Nÿʴ#̡ ʳ%JȻЏ̒NĥŮ

#1Şə#1F�+Cſ§Ʌʥ8ʲ̺NŰ�J�#�#³ʚˆ5ƳЂNħ�5�ʱ

ŝ¡29ƀʲÇ6�ȏˆ6ǾĦ"KJG�5Ʌʥ˭9ɽɨ"Kƀʲ̵6Ƅ#1̶Ǉ

8�JɅʥ˭�ύǟ"K1���)8̙Ȳ KH8ƀʲÇ�Ʌʥ8ʲ̺6ŧ�5ƳЂ

ND+H%ɒÀ9ϿƠ6ƞȢ2�I KH8ƀʲÇ��˂ğÇ�)8Ǐȶ��˂ɡ�

3ĸ˪"KЋŏĒ%J89ήɇ6��JÊʥʲʳ8Ř6>3O4ϫHKJ�ʮ¹ήɇ

6��19ʦŹ8ƲΛ6ʦĒ#+ȋ�5ώÁǋŗNȢ%JÊʥ˭�ŧͰɏ6ɅɁ"K

J+CɅʥ̰3#18˂ğ6Ƅ%JǡǞĆ�ę̐�/̿Ʈ35I˂ ğ8Ǐȶ6GJ

Êʥ8ĥϛ8Æ¡�ƭ�Ξ "KE%�ʧǐ35J�źϳ6Ʌʥ8˂ɡ9Êʥ8ʄĥ8

ͭŅ8¦2Ŧ�NěCJ�ɡ×EȻЏȪ¼548̷˭ˆͭŅºť8̡ ʥˆ5Êʥ8ʄ

ĥͭŅ9϶͎żЎż˂ż8М/6ŧþ"KJ�§ͭ˯ʥ6��1˂ż6GJʄĥ

9êʲʳī̽ϛ8̎ 35%NěCJ3ͯ˰DHK1�J (Oerke, 2006; Fig. 1-1 A)�ЎȌ

¢Π�ʘǆ8ŀЊ35.1�Jʮ¹6��1 8G�5Ʌʥ8˂ɡ6GJĥϛ8Æ¡

Nϧ� 39ϿƠ6ŧ�5ΊЊ2�J� 

Ʌʥ6Ǐȶ%J˂ğ8¦2Dʦ6ɅʥTS�g9ή͛546GJĒŶˆϧϭ�ņ

ϸ2�J� K9TS�g�ʨ̈́8¹Ώ̌Nǩ+&ſ§8¹Ώ̌6ŧ��Ïŵ#+

ʲɴʱNȢ%J+C2�J� 8G�5®ʶ�H§6TS�g˂8ϧϭ9ǡǞǇĻ˭

8ɅɁEų¶ȕ͜8Бϭ548̷˭ˆϧϭ6Ïŵ#1�Jʮʧ��J�Ŧ�8Êʥ2T

S�g˂6GJʄĥ9ˎƱ5ąĮNěC1�Iʄĥϛ9tT��ae29̎ 20%

f�ZS�29̎ 30%NěC1�J (Oerke, 2006; Fig. 1-1 B)� 8G�5ʮʧ3ƈȫ

6��J�g]N̴�J6ɅʥTS�g6Ƅ%JϧϭɯNɋ̅%J+C8ŖˊNƲǕ

%J˛˳8͖˰�¢īɓ,3̴�HKJ� 
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ǚǶǴǅ ƾǈǄǈƾƾ ɉɈɾəȮȽɀ�ÿȰòIƾ

ǀǕǁƾ ɣɉɹʀɓɗȰĉĊȮȓșɀòIŧ_ȍ²�Ȱ�ȱòIȮDȺɀ:PɃġȟȍC�

ȱƿȍǣǲǽǷǲƾǀǉǇǇǍǁɃȻȫȮ�ȍƾ

ǀǖǁƾ ɉɈɾəƾ ǀ�
���� ������� �����ǁƾ Ȯ«ÏȝȤɣɉɹʀɓɗȍš�ȕĈuȭnPȌdn+

�ȪIħȕũƅȺȭȗȭɀȚȫȻȏɀȍƾ
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ǈǅ  ǉǅƾ ɉɈɾəȰ2Ʒƾ
 
ɉɈɾəȰ2Ʒ�Ĵƾ

TS�g8Ẕ́69ɍ�5D8��J��͈6�m�}]Λ8ɛ8ïϑ6DNA�

RNA8�ȏ8ȾϗN`z�3#1Ȣ#m�}]ĮǕ̌EVy�\�ʲʳ̌Nǩ+5�

ſ§̼̕¦8A2Şəī̽5ƾƊ˂ğÇ�3ͶϘ"K1�J�TS�g9)8`z�ɋǕ

Ǖù�HDNATS�g3RNATS�g6ŧþ"KDNATS�g9)K*K¯ȨϠ

DNATS�g (dsDNATS�g) 3�ȨϠDNATS�g (ssDNATS�g)RNATS

�g9¯ȨϠRNATS�g (dsRNATS�g)3�ȨϠRNATS�g (ssRNATS�g) 

6ùЌ"KJ�"H6�ȨϠRNATS�g9��gϠRNA (+ϠRNATS�g) TS�

g3�SvgϠRNA (−ϠRNATS�g) TS�g6ùЌ"KJ (Table 1-1)�ĭùЌ̰

6Ə%JTS�g9Ǉʧ6Ŗ0�1˩Ə˭8Ѕ6ùЌ"KJ� 

 

  

ÒƙƟȰĥƷƾ ƟȰÈºƾ ƟȰ×¨ƾ ɉɈɾə2Ʒƾ

ǘǢǕƾ
�ÈƟƾ ƾ ǱǾǘǢǕƾ

�ÈƟƾ ƾ ǾǾǘǢǕƾ

ǥǢǕƾ

�ÈƟƾ ƾ ǱǾǥǢǕƾ

�ÈƟƾ ɯɼəƟƾ ǂƟǥǢǕƾ

ɵɈɥəƟƾ ȋƟǥǢǕƾ

ǧǮǯǸǲƾǈǄǈƾ ɒɨɷÒƙȮlȨȗɉɈɾəȰ2Ʒƾ
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ɵɈɥəƟǥǢǕɉɈɾəƾ

ssRNATS�g8�-��gϠRNATS�g29TS�g`z�̈́Τ�̳ͽϞŒ

RNA3#1à��SvgϠRNATS�g29TS�g`z��HΥñ"K+ˎͩϠ�

̳ͽϞŒRNA3#1à��čʥTS�g6��19�SvgϠRNATS�g6³ʼë

κǏȶ˃548ϙͭ˂ğ�Ŧ�ŵŏ#˛˳�ˉO6͠MK1�J��ȏɅʥTS�g

6��19̎1000˭8ɅʥTS�g˭8�-��gϠRNATS�g�êÇ870%º

  N ě C  � S v g Ϡ RNA T S � g 9 10% º ¡ 3 Ƌ 5 �  (NCBI: 

http://www.ncbi.nlm.nih.gov/)�)8ŗĵȈ8Ƌ5"6Ĉ�ǏȶǇcDNA]���8Ê

ͪ�ņϸ2�J 354źВǚɯ�Āϫ"KJ 36GI)8˛˳9>3O45"K1

 5�.+�#�#TS�g8ɆøǛ͡8ı 6GIβƤȈŦ�8�SvgϠRNA

TS�g�Ʌʥ˂8˂ğ3#1ŗĵ"K1�J (Fig. 1-2)�@+Ŧ�8�SvgϠRNA

TS�g9ſ§Ʌʥ8A5H&ų¶̵Çï6��1DŞə#ɤ̝ˆ6Áǽ̽NȢ%J+

C (Kormelink et al., 2011))8ϧϭ9κƠ8TS�gGIDņϸ35JŘĮ�Ŧ��

 KH8®ź9�SvgϠRNATS�g�Ʌʥʺ6DЕ�ąĮ2ŵŏ#�/˂ğ3

#18�g]�Е� 3NˢĽ#1�J� 

 

ƾ

ǚǶǴǅƾǈǄǉƾƾ ɵɈɥəƟ ǥǢǕ ɉɈɾəȰmXºȰp<ƾ
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ǈǅƾǊǅƾ ɈɟɘɏɹɖɈɏɉɈɾəƾ ǀǚǡǩǁƾ ȫȱƾ ȈQ�ȸȪȰƐĤǄƾ

 
Ɉɟɘɏƾ ǀ�������
���
ǁƾ ȫȱƾ

Sof] (͍İ: figŶİ: Ficus carica) 9]�˩Sof]Ə8͓͒Ȳɐ2ɞΨˆ

ʇȝ5ŐŔNůA§6Ő¦ɹŐŔ2ʲʳ"KJ (Fig. 1-3)�Sof]8Ξʊ9Q��Q

ĖƕĘϑ3̴�HK̎ 1�1400Ƥā8¦Ȭ8��n�ʂΓ2Ȓ6Ɂŕ"K1�+ 3�

ù�.1�IȠDĩ��Hʲʳ"K1�JÊʥ8�-8�/2�J3̴�HK1�J 

(Kislev et al., 2006)�Sof]8Ȳź9Ȳˇ�͚�Ȳ̹�ȷH��+CάζǇ�Θ͙Ǉ

6©#�� 8+Cɹť29Ȳź9ʲ2Ў"KJ>�«ʢ"'+Ʋǐ2DŦ��ɵκ

%J�Ŋï29«ʢƲǐ29�@Iɵκ'&ʲЎʴ�§35J�βƤ8άζ8ЕλĒ

3ó�Θ͙54ЖƧÔǩǛ͡8ı 6GIϥȬ8ƜŘ69ǎ˙ˑĺɕƑˑ3�.+

ŧŒʳŐ�Hø͏"KJąĮ�Ŧ��ʦȢ8Ѝķ��IŁůǇ�Е� 3�HȓȨĭŐ6

İʳŐ�ʙŏ#ʸ8ǭ͇6Dÿʴ"K1�J� 
  



 6 

 

ǚǶǴǅ ƾǈǄǊƾƾ c-sȰɈɟɘɏĉĊfjƾ
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ɈɟɘɏɹɖɈɏĔ 

Sof]69ĩ��H¤ʺˆ6��dS]˂ (fig mosaic disease: FMD)��˙HK

1�+�FMD6Ǐȶ#+Sof]9ɐď�Æ¡#͓6�dS]ε̡Ϋ̏ŪƲ

Nʲ$Ϋ̏9#:#:Ȳź6D˅ʲ%J (Blodgett and Gomec, 1967; Fig. 1-4)�)8

̙Ȳ3#1ĥϛ3ĻΛ8Æ¡NǦ�ʲʳЕ9ŧ��ʄ$J� 

FMD6ϥ%JüC18˛˳ŗĵ�5"K+891933Ƥ8Q��Y2�J� 8Ȋ

ʪ29Sof]8˂ɡ9̍ãā3¤̍8Ȋʪ@2ωJ 3�øȫJ3ͻγ"Kϊ�Ș

�HSof]6˅ʲ#1�+ī̽Ǉ�ˢĽ"K1�J (Condit and Horne, 1933; Fig. 

1-5 A)�Ȩŗĵ29įȚ6˂ƿNĴ%JÕÇ6ЕЈƧ2�enw8�˭2�JSof]

��c�nw (Aceria ficus) �ʹƃ"KJ 3�HFMD9 8͜6GIų¶"KJT

S�g˂295��3Ǵƃ"K1�+ (Fig. 1-6)�)8Ƹ1955Ƥ6Sof]��c�n

w6G.1FMD�ų¶"KJ 3�˟�CHK (Flock and Wallace, 1955)TS�g˂

2�Jī̽Ǉ�ư�ˢĽ"K+�@+ȓȨŊï6��1D1962Ƥ6üC18FMD8˅

ʲŗĵ�5"K (Komuro, 1962; Fig. 1-5 B)˂ƿ�HTS�g˂295��3ˀMK1

�+� 8G�6FMD9TS�gN˂ğ3%J˂ɡ2�J3Ơ6ˀMK1�+D88

ɒɄǳ˭�Ǖć#5� 3ǒ͠8ǚЅ29TS�ġŴ�ĕù6̉ͪ2�5� 3�H

˂ğTS�g8įŹ9ņϸNɈC+� 

FMD8˂ğTS�gNįŹ%J+C6ɍ�5ȏɯ6GJTS�gǳ˭TS�g

̇Ŵ̉ͪ548įŹ8A�5"K1�+�¦2DǏȶ͓̼̕8θτŒϻŴЋƾϡNʴ

�+ʹƃ9ˉO6͠MK1�+ (Namba et al., 1979; Castellano et al., 2007; Elbeaino 

et al., 2007; Gattoni et al., 2009)�)8τˬ2Ŧ�8TS�g�FMD8˂ğ8×ͩ3

#1ǫ�HK1�+�Ŧ�8ŘĮFMD8˂ƿNĴ%J͓69ˍƵ90�200 nmˬƧ8

¯ϙ̓6đ@K+ʯʧ8ɋμʥ (double membrane bodies: DMB) �ʦʾˆ6ʹƃ"K

+ (Fig. 1-7)� 8 3�H 8DMB�FMD8˂ğTS�ġŴ295��3̴�H

K1�+�#�#5�HFMD8üŗĵ�H80Ƥ8ϤźВˆ6TS�gNɆø%J

A9�&KDǕć%J 3�5�.+� 

 
  



 8 

  

ǚǶǴǅ ƾǈǄǋƾƾ ɈɟɘɏɹɖɈɏĔȮȽɀĔ£ƾ

ɈɟɘɏɹɖɈɏĔȮ«ÏȝȤɈɟɘɏȍŗȮøȝȐƈĿĕāɃWȝȩȐɀȍƾ

ƾ



 9 

 

ǚǶǴǅƾǈǄǌƾƾ ɈɟɘɏɹɖɈɏĔȰmXƾ

ǀǕǁƾ �ĎȪ5ȺȩȰɈɟɘɏɹɖɈɏĔȰmXȍŗȮɹɖɈɏȌx�ȌƄĶȭȬȰĕā

ȕĄɁȩȐɀȍƾ

ǀǖǁƾ ÀÈȪ5ȺȩȰɈɟɘɏɹɖɈɏĔȰmXȍŗȕøȝȐx�ĕāɃWȝȩȐɀȍƾ
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ǚǶǴǅ ƾǈǄǍƾƾ ɈɟɘɏɹʂɕɫɞɦȰžÐhư{ƶ¢ƠŬ�&ƾ

ǚǶǴǅ ƾǈǄǎƾƾ ǚǡǘ «ÏɈɟɘɏŗȰư{ƶ¢ƠŬ�ƾ

ƽȐ.�ȰØƍÿȕŐȮ�ƛȮŨɂɁȤȌ«ÏɈɟɘɏĀĒĘȮũ1ȜɁɀØƍÿƾ ǀǘǡǖǁȍ

ǘǡǖ Ȯ�ƪȝȩŬ�ȜɁɀ/ƮȝȤȳȻāȰØƍÿȕėȐĞEȪġȜɁȩȐɀȍǗǪǑƾĹŌqȍ

ǗǵǑƾ ŗĿ�ȍǖǮǽǾƾǔƾǉǇǇƾǺǹȍƾ
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�������
��������ȰQ�ƾ

2009Ƥ6FMD8˂ƿNĴ%JSof]�HȎͰ�SvgϠRNATS�g�˅ͯ"

K+ (Elbeaino et al., 2009a; Walia et al., 2009)�TS�g8įŹ69RNATS�g

�ͫͪȚ62ȨϠRNANƲǕ%J 3Nÿʴ#ɅʥÇ�H2ȨϠRNANʦʾˆ6ǣø%

J 32TS�gRNAN̟̯ˆ6ńĥ%Jǚɯ�ʴ�HK+� 8G�6#1FMDǏ

ȶSof]�H̉ͪ"K+¯ȨϠRNA8śŖϔûNͶΉ%J32005Ƥ6ŗĵ"K+T

S�gEuropean mountain ash ringspot-associated virus3ˎįǇNˢ%ϔû�ƻHK

+ (Benthack et al., 2005)� 8ϔû9FMD8˂ƿNˢ%Sof]�HϿƠ6Е�ąĮ

2Ɇø"K++CȨTS�g9Fig mosaic virus (FMV) 3İ¸�HKFMD8˂ğ3

#1Ƿɂ"K+�)8ƸSof]��c�nwNʴ�+ǳ˭źВ6GIFMV�˂ƿ3

�͆#1Áȶ%J 3�˟Ά"K++C (Çağlayan et al., 2010)FMV�FMD8˂ğ2

�J3ɩŹ"K+�FMV9įŹ�H2015Ƥ12ȡʮŏ6ͅJ@26Ŧ�8Ŋ2˅ʲ�˟Ά

"K1�I (Fig. 1-8)Sof]�Ɂŕ"K1�J>3O48Ŋ2˅ʲ#1�J3̴�H

KJ (Elbeaino et al., 2009a; Walia et al., 2009; Çağlayan et al., 2010; Elbeaino et al., 

2011; Elbeshehy and Elbeaino, 2011; Alhudaib, 2012; Minafra et al., 2012; 

Shahmirzaie et al., 2012)� 

  
ǚǶǴǅƾǈǄǏƾƾ ǚǡǩ ȰĖĉȕĠŵȜɁȤfjƾ
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ǈǅƾǋǅƾ ǚǡǩȰ¨āƾ

ƾ

ɉɈɾə~Ę¨āƾ

FMV9�SvgϠRNATS�g8EmaravirusƏ (˩69ȦƟƏ)6ùЌ"K�

enw8�˭2�JSof]��c�nw (Aceria Ficus)8ĳɥ@+9ǏȶÕÇNǮ#

ȥǳ�ȥ%J 36GIų¶"KJ�ų¶͜Çï2TS�g8Şə�ΞJ�9˟�CH

K1�5��TS�g8ʥʰˆǳͷ6GJÁǽ9ΞH5�3̴�HKJ�)8̈́ʝſ§9

Sof]ƏɅʥ6ϫHKJ3̴�HKʮŏ@26FMV8Ɇø�ŗĵ"K1�J89S

of]8A2�J�źВˆ69Sof]��c�nwNʴ�+ǳ˭6G.1wowokT

6Ǐȶ%J38ŗĵ��J (Çağlayan et al., 2012)� 

̇Ŵ9ſ§8̓NĥŮ#1ť̓ (V�����) 3#1̬.1�J3̴�HK90–

200 nm8ʯʧ2�J (Fig. 1-9)�glycoprotein3ĸ:KJm�}]Λ�g}S]8ɍ6V

�����NΗ�)8ͤͮ6ϥM.1�J3"KJ�̇ Ŵ¦69x]�X[��eum

�}]Λ (nucleocapsid protein: NP) 3ĸ:KJm�}]Λ�TS�gRNAͫͪϕ̒ 

(RNA-dependent RNA polymerase: RdRp)ETS�g`z�RNA3̙Į#1Ĳ@K1�

J3̴�HK1�J (Patil and Kumar, 2015)�#�# KH9ê1)8·8�Svg

ϠRNATS�g�H8ЌǴ6GJD82̇Ŵ8ɋμEm�}]Λ8ɒ̽9źВˆ6Ϳ

Ȗ"K1�5�� 

�  

ǚǶǴǅƾǈǄǐƾƾ

ǚǡǩ Ȱİ{Û�aƾ

ƼœȪġȜɁɀȻȰȕ ǴǸȃǰǻǼǽǻǿǲǶǺȍ�	

ČËȰŐɃəɪɈɏāȮŻȐȩȐɀȍĿ

ȪġȜɁɀȻȰȕ ǺȀǰǸǲǻǰǮǼǾǶǱƾ ǼǽǻǿǲǶǺƾ

ǀǢǤǁȍɒɨɷǥǢǕȼɉɈɾəǥǢǕťŤƘ

ķƾ ǀǥǱǥǼǁȫĺPȝȩİ{�ȮUȸɁɀȫ

ŉȒȾɁɀȍƾ
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ǚǡǩȰƕ�{Øƍƾ ƾ

FMVSm�QùϷȽ9êϢ7,039 śŖ (nucleotide: nt)8RNA1NȢ#40 nt�H

6,933 nt6ORF1�ŵŏ%J (Fig. 1-10; Elbeaino et al., 2009b)�ORF169êϢ2,298 aa 

(264 kDa) 8RdRp�a�u"KJ3̴�HK1�J�RdRp9į$��SvgRNAϠT

S�g2�JBunyavirus˩TS�g8RdRp3êϢ213%º¡8Ʈ�ϔûį�Ǉ��J�

@+Bunyavirus˩TS�g8RdRp8ëκ86/8�o�� (pre motif Amotif A–E) 

�Ôŵ"K1�J�Ʌʥ�SvgϠRNATS�g2RdRp8ɒ̽�źВˆ6ɆͿ"K+Í

95��čʥTS�g8RdRp38ˎįǇ�Hͫͪ�̳ͽ6ǂІ8ɒ̽��J3Ǵƃ

"K1�J� 

FMVSm�QùϷȽ9êϢ2,252 nt8RNA2NȢ#53 nt�H1,978 nt6ORF2�ŵ

ŏ%J  (Fig. 1-10; Elbeaino et al., 2009b)�ORF269êϢ642 aa (73 kDa) 8

glycoproteināБÇ�a�u"KJ3̴�HK1�J�Bunyavirus˩TS�g8

glycoprotein3êϢ28%º¡8Ʈ�ϔûį�Ǉ��J�Bunyavirus˩TS�g38ɞΨ

3ϔûNʴ�+k�tTUQʈGIglycoproteināБÇ69Nȧ˺6Ϣ"24 aa8e

^v���ou�ʈ"K1�J�)8úȍNÂ.1ſ§8ùɮ̘6é.+

glycoproteināБÇ9ſ§ï8��rQ�j6GI��ie�^Nħ�Л/8Ǖʠ#

+glycoproteinGn (21.5 kDa) 3Gc (51.7 kDa) 35J3ʈ"K1�J�Gn62YǙ

Gc61YǙ̓ΗκЇŔ�ʈ"K1�I KH8̓ΗκЇŔ�̇ŴƲǕ8ϳ6g}S]

8ɍ6V�����NΗ�)KHN̬�ɒ̽6à�1�J3̴�HK1�J (King et 

al., 2011)� 

FMVSm�QùϷȽ9êϢ1,490 nt8RNA3NȢ#100 nt�H1,047 nt6ORF3�

ŵŏ%J (Fig. 1-10; Elbeaino et al., 2009b)�ORF369315 aa (35 kDa) 8p3�a�u

"KJ3̴�HK1�J�į$�EmaravirusƏTS�g2�JPigeonpea sterility 

mosaic virus6��1̇Ŵ̉ͪNA+ϳ6ùŴϛ�32 kDa8m�}]Λ�§6ńĥ

"K1�IȨm�}]Λ9§ͭ5ɋμm�}]Λ2�JNP295��3ǴŹ"K1�

+ (Kumar et al., 2003)� 832 kDa 8m�}]Λ3FMV8ORF36a�u"KJm�

}]Λp33ϔû�ˎį2�.+ 3�Hp39NP295��3̴�HK+ (Elbeaino et 
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al., 2009b)�NP9�SvgϠRNATS�g6ëκ8ɋμm�}]Λ2�Ì z�RNA

RdRp3̙Į#V�����2ͤͮ"K+̇Ŵ¦6Ĳ@K1�J3̴�HK1�J�

Bunyavirus˩TS�g54·Ə8TS�g8NP3ϔûˎįǇ9ΆCHK5��NP9č

ʥ�SvgϠRNATS�g6��19̳ͫͪͽ6ǂІ2�J 3�ŗĵ"K1�J 

(King et al., 2011; Ruigrok et al., 2011)� 

FMVSm�QùϷȽ9êϢ1,472 nt8RNA4NȢ#82 nt�H1,167 nt6ORF4�ŵ

ŏ%J�ORF469361 aa (40.5 kDa) 8ɒ̽Ȧ˙8m�}]Λ�a�u"KJ3̴�H

K1�J (Fig. 1-10; Elbeaino et al., 2009b)� 

 
ƾ ƾ

ǚǶǴǅ ƾǈǄǈǇƾ ǚǡǩ Ȱ
©+ɒɨɷaƾ

ǙǸǯǲǮǶǺǻƾǲǿƾǮǸǅǃƾǉǇǇǐǯƾ ɃȻȫȮ�ȍƾ
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ǚǡǩȰ2Ʒ~Ę�ńȨșƾ

FMV92009Ƥ6ÊHK+ȎͰTS�gƏ2�JEmaravirusƏ6ùЌ"KJ 

(Anonymous, 2015b)�EmaravirusƏ69FMVNĲC2010Ƥ4ȡȚʙ (Ȩ˛˳ϣűȚ) 

24˭8TS�g�ŗĵ"K1�+�Ƞü6ϔû�įŹ"K+89Pigeonpea sterility 

mosaic virus (PPSMV) 22003Ƥ6NPNa�u%J3̴�HKJi^��t8ϔû�ŗ

ĵ"K+ (Kumar et al., 2003)�ɔ6wheat mosaic virus (WMoV) 8NPNa�u%Ji

^��t8ϑùϔû�2006Ƥ6ŗĵ"K+ (Skare et al., 2006)�2007Ƥ6European 

mountain ash ringspot-associated virus (EMARaV) 84Ȩ8`z�i^��t8ϔû�

ŗĵ"K (Mielke and Muehlbach, 2007)ɔ�22009Ƥ6Fig mosaic virus (FMV) 8

`z��ŗĵ"K+ (Elbeaino et al., 2009b)� KH8TS�g9�&KD4/º 8i

^��tNȢ%J3̴�HK1�I1/8i^��t61/8ORF�ŵŏ%J (Mielke 

and Mühlbach, 2012)�ĭTS�g6/�12010Ƥ4ȡȚʙ2)K*K8i^��t6

a�u"KJ3̴�HK1�Jm�}]ΛNTable 1-26ˢ%�2015Ƥ12ȡʮŏ6��1

9̀ z�i^��t3TS�g˭Ȉ�Ş�1�J�)8ʙ6/�19Ƹγ%J�FMV

9NPϔû6��1EMARaVRRVWMoVPPSMV3)K*K39%60%20%

22%8ϔûį�ǇNȢ%J�@+ KH8TS�gϤ29i^��t¥ȧ˺813śŖ

8ϔû�ŷê6Ôŵ"K1�J (Fig. 1-11)� 8ǇΛ9ù̃�SvgϠTS�g8Ŧ�

6 ͯ H K J Ǉ Λ 2 � I  EmaravirusƏ 8 ¥ ȧ ˺ 13ś Ŗ 9 Bunyavirus˩ 8

OrthobunyavirusƏHantavirusƏ (�&KDčʥTS�gƏ) 3ˎįǇ�ͯHKJ�"

H6ʲʥŶˆǇʧ8ʹʙ�HDEmaravirusƏTS�g9�&KD�enw6G.1Á

ǽ"KJ3��ëκ8ʦƿNȢ%J� 
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Virus species RNA1 RNA2 RNA3 RNA4 RNA5 RNA6 

FMV 
7018 nt 
268 kDa 
RdRp 

2253 nt 
73 kDa 
glycoprotein 

1490 nt 
35 kDa 
NP 

1485 nt 
41 kDa 
unknown 

ƾ ƾ ƾ - - 

EMARaV 
7093 nt 
266 kDa 
RdRp 

2335 nt 
75 kDa 
glycoprotein 

1559 nt 
35 kDa 
NP 

1348 nt 
27 kDa 
unknown 

- - 

WMoV 7-8 kb? 2.5-2 kb? 
1.4 kb 
32 kDa 
NP 

? ? ? 

PPSMV 6.8 kb? 2.7 kb? 2.1 kb? 1.6 kb? 
1.4 kb? 
32 kDa 
NP 

1.2 kb? 

Emaravirus

Hantavirus
Tospovirus
Nairovirus
Phlebovirus
Tenuivirus

AGU AGU GUU C U C C G GAG U C A CU A C

u AGU AGU GU g C U
AG a g c a a U

a

u c U c a a a g
a u u g c u C U

A c a c a a a g
c u u u g A g a

A c a c a a a g

Orthobunyavirus AGU AGU GU g C U AG U C A CU A C
AG U u A CU A C

U
a
c

U
U
U

c u u u g u g U
c u A u g u g U

...
...
...

...

...

...

...

...
...
...

...

...

...

...

ǚǶǴǅ ƾǈǄǈǈƾ ƾ

2įɵɈɥəƟɉɈɾəȰO�Ȯ�}ȜɁɀɒɨɷɚɐɸʂɣ�ÇīȰƗ4ƾ

u»|ȪŠġȜɁȩȐɀolȱ ��
�
������ɉɈɾəȰÇīƗ4ȫQ�ȪȏɀȚȫɃġȟȍƾ

ǧǮǯǸǲƾǈǄǉƾ ��
�
����� �ɉɈɾəȰɒɨɷØƾ ǀǉǇǈǇ � ǋ Å�Âǁƾ ƾ
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��
�
������Ȱ2Ʒƾ

�SvgϠRNATS�g6��JFMV8Ə%JEmaravirusƏ8Å̭¸�NȨЄ2

ΈȖ%J�ê18�SvgϠRNATS�g9RdRpϔûNʴ�+ùŴ̛̌Ͷȯ29�/

8̛̌ɐ 6ͣ"Këκ8˥åNȢ%J 3�ˢĽ"K1�J  (Fig. 1-12 A; 

Kormelink et al., 2011)�ùŴ̛̌ɐ29FMV8Ə%JEmaravirusƏ9čʥTS�g

Ə3ɅʥTS�gƏ�ɿŏ%JBunyavirus˩6Ĳ@KJ� (Fig. 1-12 B)`z�ɋǕ�

Bunyavirus˩8TS�g3ŧ��ʾ5J�%5M-ê18Bunyavirus˩TS�g8`

z��3/8i^��tL segmentM segmentS segment�HɋǕ"KJ86Ƅ#

EmaravirusƏ6ùЌ"KJTS�g94Ȩº 8`z�i^��tNȢ%J 3�ˢĽ

"K1�J�ȨǇʧ8χ��HEmaravirusƏ9�&K8˩6DùЌ"K5�ȦƟƏ8ù

Ќ̰35.1�J� 
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ǀ7ƴǁǚǶǴǅƾǈǄǈǉƾ ƾ ɵɈɥəƟ ǥǢǕ ɉɈɾəȰ2{ĴļƤ�ƾ ƾ

ǀǕǁƾ ɵɈɥəƟ ǥǢǕ ɉɈɾəȰ ǥǱǥǼ ɆɶɨƙƗ4ɃċȐȤüÓĴļÝȍǟǻǽǹǲǸǶǺǷƾǲǿƾǮǸǅǃƾ

ǉǇǈǈƾ ɃȻȫȮ�ȍƾ

ǀǖǁƾ ����
����� ĢȫȢȰƆŁȰɉɈɾəȰ ǥǱǥǼ ɆɶɨƙƗ4ɃċȐȤ2{ĴļÝȍ

	��������� �ȫ ��
�
����� �ȱȐȠɁȰɉɈɾəĢȮȻ�ȜȭȐȍɉɈɾə�RȕĿ

Ȱ]ŭȪ`ȸɁȩȐɀɉɈɾəȱÕÿɉɈɾə�ȌŕœȰ]ŭȪ`ȸɁȩȐɀȰȱ=

ÿɉɈɾə�ȍ�R Ȱ²�Ȱ�Ȱº!ȱ�ȟɀɉɈɾəȰɒɨɷɚɐɸʂɣºȍOɨ

ʃɤȮŠŰȜɁȩȐɀº|ȱɮʃɣəɣɼɠɯ!ƾ ǀƿǁƾ ȪȏɀȍɆɉɣɐɾʃɯȮȱ

ǝǺǳǸȀǲǺȄǮƾǕƾȁǶǽȀǾ ȰƗ4ɃċȐȤȍƾ

əɑʃɾɩʃȱ�olȏȤȿȰń¸ăɃġȟȍɉɈɾəĐNȱ��ȰƋȿȍǖǻǽǺǮƾ

ǱǶǾǲǮǾǲƾ ȁǶǽȀǾƾ ǀǖǘǩǁǃƾǖǻȁǶǺǲƾ ǲǼǵǲǹǲǽǮǸƾ ǳǲȁǲǽƾ ȁǶǽȀǾƾ ǀǖǙǚǩǁǃƾǖȀǺȃǮǹȂǲǽǮƾ ȁǶǽȀǾƾ ǀǖǨǢǩǁǃƾ

ǗǮǺǶǺǲƾǱǶǾǿǲǹǼǲǽƾȁǶǽȀǾƾǀǗǘǩǁǃƾǗǶǿǽȀǾƾǼǾǻǽǻǾǶǾƾȁǶǽȀǾƾǀǗǤǾǩǁǃƾǘǵǻǽǶƾȁǶǽȀǾƾǀǘǜǣǩǁǃƾǘȀǴǯǲƾ

ȁǶǽȀǾƾǀǘǨǛǩǁǃƾǜǮǺǿǮǮǺƾȁǶǽȀǾƾǀǜǧǢǩǁǃƾǜȀǹǮǺƾǽǲǾǼǶǽǮǿǻǽȃƾǾȃǺǰȃǿǶǮǸƾȁǶǽȀǾƾǀǜǥǦǩǁǃƾǝǺǳǲǰǿǶǻȀǾƾ

ǵǲǹǮǿǻǼǻǶǲǿǶǰƾǺǲǰǽǻǾǶǾƾȁǶǽȀǾƾǀǝǜǢǩǁǃƾ ǝǺǳǲǰǿǶǻȀǾƾǾǮǸǹǻǺƾǮǺǲǹǶǮƾȁǶǽȀǾƾǀǝǦǕǩǁǃƾ ǝǺǳǸȀǲǺȄǮƾǕƾ

ȁǶǽȀǾƾǀǚǠǨǕǩǁǃƾǝǺǳǸȀǲǺȄǮƾǖƾȁǶǽȀǾƾǀǚǠǨǖǩǁǃƾǝǺǳǸȀǲǺȄǮƾǗƾȁǶǽȀǾƾǀǚǠǨǗǩǁǃƾǝǹǼǮǿǶǲǺǾƾǺǲǰǽǻǿǶǰƾ

ǾǼǻǿƾȁǶǽȀǾƾǀǝǢǦǩǁǃƾǠǮƾǗǽǻǾǾǲƾȁǶǽȀǾƾǀǠǕǗǩǁǃƾǠȃǹǼǵǻǰȃǿǶǰƾǰǵǻǽǶǻǹǲǺǶǺǴǶǿǶǾƾȁǶǽȀǾƾǀǠǗǡǩǁǃƾ

ǡǮǽǯȀǽǴƾ ȁǶǽȀǾƾ ǀǡǕǥǩǁǃƾ ǡǲǮǾǸǲǾƾ ȁǶǽȀǾƾ ǀǡǙǩǁǃƾ ǡǶǽǮǳǻǽǶƾ ǸǲǿǿȀǰǲƾ ǯǶǴǄȁǲǶǺƾ ȁǶǽȀǾƾ ǀǡǶǠǖǩǩǁǃƾ

ǡȀǹǼǾƾ ȁǶǽȀǾƾ ǀǡȀǩǁǃƾǢǲȂǰǮǾǿǸǲƾǱǶǾǲǮǾǲƾȁǶǽȀǾƾ ǀǢǘǩǁǃƾǢǶǼǮǵƾ ȁǶǽȀǾƾ ǀǢǝǩǁǃƾǢǻǽǿǵǲǽǺƾǰǲǽǲǮǸƾ

ǹǻǾǮǶǰƾȁǶǽȀǾƾǀǢǗǡǩǁǃƾǤȀȀǹǮǸǮƾȁǶǽȀǾƾǀǤǨǨǩǁǃƾǥǶǰǲƾǴǽǮǾǾȃƾǾǿȀǺǿƾȁǶǽȀǾƾǀǥǛǦǩǁǃƾǥǶǰǲƾǾǿǽǶǼǲƾ

ȁǶǽȀǾƾǀǥǦǩǁǃƾǥǶǰǲƾȃǲǸǸǻȂƾǾǿȀǺǿƾȁǶǽȀǾƾǀǥǬǦǩǁǃƾǥǶǳǿƾǩǮǸǸǲȃƾǳǲȁǲǽƾȁǶǽȀǾƾǀǥǩǚǩǁǃƾǦǲǺǱǮǶƾȁǶǽȀǾƾ

ǀǦǲǩǁǃƾ ǦǲǻȀǸƾ ȁǶǽȀǾƾ ǀǦǙǣǩǁǃƾ ǦǻǺǰǵȀǾƾ ȃǲǸǸǻȂƾ Ǻǲǿƾ ȁǶǽȀǾƾ ǀǦǬǢǩǁǃƾ ǧǮǰǮǽǶǯǲƾ ȁǶǽȀǾƾ ǀǧǗǥǩǁǃƾ

ǧǵǻǴǻǿǻƾȁǶǽȀǾƾǀǧǜǣǩǁǃƾǧǻǹǮǿǻƾǾǼǻǿǿǲǱƾȂǶǸǿƾȁǶǽȀǾƾǀǧǦǪǩǁǃƾǧǻǾǰǮǺǮƾȁǶǽȀǾƾǀǧǣǦǩǁǃƾǧȀǽǷǲȃƾ

ǽǵǶǺǻǿǽǮǰǵǲǶǿǶǾƾȁǶǽȀǾƾ ǀǧǥǧǩǁǃƾǨȀǷǲǺǶǲǹǶƾȁǶǽȀǾƾ ǀǨǨǟǩǁǃƾǩǲǾǶǰȀǸǮǽƾǾǿǻǹǮǿǶǿǶǾƾ ǝǺǱǶǮǺǮƾȁǶǽȀǾƾ

ǀǩǦǝǩǁǃƾǩǲǾǶǰȀǸǮǽƾǾǿǻǹǮǿǶǿǶǾƾǢǲȂƾǞǲǽǾǲȃƾ ȁǶǽȀǾƾ ǀǩǦǢǞǩǁǃƾǪǮǿǲǽǹǲǸǻǺƾǾǶǸȁǲǽƾǹǻǿǿǸǲƾ ȁǶǽȀǾƾ

ǀǪǦǡǻǩǁǃƾǭǮǶǽǲƾǙǯǻǸǮƾȁǶǽȀǾƾǀǭǙǖǣǩǁǅƾ ƾ



 20 

ǈǅƾǌǅƾ ƾ ğĨ�źȫȝȩȰ ǚǡǩ ȫÈğĨȰęĘƾ

ƾ

ʮŏ8Ẕ́29[��eu6ͮMK+`z�ȾϗNȢ%JƾƊ5̼̕ïƀʲÇN

�TS�g�3̠˪#1�J�)8ʦʾ5ǇΛ�H�ͯ%J3ê18TS�g9ʲʥŶˆ

6°�6β�D82�J3ǅMKJ��Jʹʙ�H9�TS�g�948ʲʥGIDơ

Ʀ�ͫ϶5ɊǄ2�J3�J�)K9TS�gêÇNͯ+3�6>3O48TS�g

Ϥ2`z�8�ϑЇŔ6%Hϔû8ˎįǇ�ΆCHK5� 3ERNATS�g3

DNATS�g32ώÁǋŗ8ª.1�JȾϗ8˭Ќ�ʾ5J 3�HDǴƃ"KJ�̕

̼NȢ%J%=18ʲʥ���k��RNA8ϔûNʴ�1�/8̛̌ɐ 6ˢ"KJ

 3E (Woese, 1987)ëκ8ώÁǋŗ3#1DNANȢ#1�J 33ɞΨ%J3T

S�g���6̛�"K1�5�ɊǄ�ʰͶøȫJ� 

#�#�ȏ2̀ z�ϔû6ˎįǇ85�TS�gϤ2Г�>4ëκ%JǇΛ�ͯø

"KJ�>3O48ɅʥTS�g�`z�NÔΒ%J[��euͫͪϕ̒cS��e

�^c��pc�E˫͠m�}]Λ3�.+ëκ8ɒ̽NȢ%Jm�}]ΛNȢ# K

H8m�}]ΛNʴ�1ſ§̼̕ɒ̽8�ϑNǾĦ#1�J� K9 KH8ɒɋ�T

S�g�̼̕ï2Şə%J+C8ǂІ8ɒɋ2�IįȚ6�HFJ˭Ќ8Ʌʥ̼̕6ë

κ#+ʲŵ8+C6ϙͭ5ɒɋ2�J®Nˢ#1�J�%5M-ɍ�5TS�g8Ǐȶ

ʱN΄#�=J 32GI΄̕5TS�g8Ȝσˆ5Ǉʧ�ͯ�1�J3įȚ6 

K@2¢Ȗ2�.+ϙͭ5̼̕ɒ̽DȖH�35.1�J3̴�HKJ� 

�SvgϠRNATS�g9ŗĵȈ�Ƌ5� 36Ĉ�˛˳ǚɯ�Āϫ"KJ 

3�Ŧ� 3�H K@28ɅʥTS�gŶ6��1)8˛˳9ʿ�6"K1�+3

�J��SvgϠRNATS�g8¦2DFMV9źВˆ6¢ϓĮ5Ȫ¼�ǵ.1�I

)8Ǉʧ9>3O4�6đ@K1�J�º¡6)8Ȫ¼NìÇˆ6ΈȖ%J� 

˼�6Ķί˙ͯ�ϿƠ6©#�ʙ�ǫ�HKJ�Ʌʥ�SvgϠRNATS�g9

êÇ3#18˙ͯ�©#� 6FMV�Ə%JEmaravirusƏ9βƤǷɂ"K+TS�g

Ə2) 6Ə%J�&K8TS�gDŖȨˆǇʧ6ϥ%J˙ͯ�>3O45�� KH

8ͭŅ�)8·8TS�g38ɞΨͶȯNņϸ3#̨ ˳8˔ǌNŰ�JğŅ35.1�

J� 
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˼¯6ɅʥÇ<8TS�gǳ˭�ņϸ2�J 3�ǫ�HKJ�TS�gNźВɅ

ʥ6ǳ˭%JŘĮǏȶɅʥNϋƱ5|p�P�2ˠ˜#̈ ɥɼNʥʰˆ6 %I¸�

Jȏɯ��͈ˆ2�J�FMV9 8ȏɯ2ǳ˭#+ϳ6ǏȶǇNˢ"5��ų¶͜2

�JSof]��c�nw28ǳ˭9ī̽2�J�Sof]��c�nw9ſ§�So

f]ƏɅʥ6Āϫ"KJ�Sof]ƏɅʥ9ȥȨɅʥ8A�HɋǕ"KźВ6ůϋ5ʲ

̺8Ȕ�͎ȨɅʥ�ŵŏ#5�+Cų¶͜Nʴ�+ǳ˭9źʴˆ25��"H6Sof

]��c�nw9ÇϢ�̎0.2 mm2̹˓28˟Ά�ņϸ2�J 6ϋú5ʱŝȪ¼¡

25�K:̨ə'&̞ ǩ�̂ʰ�ϸ#�� KH8 3�HFMV9ǳ˭źВ�ϸ#�

TS�g3#1Ͷȯ2�J˛˳ǚɯ�ŧ��Āϫ"KJ� 

˼�6̇ Ŵ8̉ͪ�ņϸ2�J 3�ǫ�HKJ�TS�ġŴ8ɋǕͭ̒ĖŴ

6Ĳ@KJ`z�NͶȯ%Jϳ6TS�g8̇Ŵ̉ͪ9¢īɓ2�J�FMV8̇Ŵ9

ϑùˆ6̉ͪ%J 39ī̽2�J�̐Ƨ�Æ�Ͷȯ8Ű�35J� 

˼Ń6TS�g8ǏȶǇcDNA]����Êͪ"K1�5� 3�ǫ�HKJ�Ǐ

ȶǇcDNA]���39ǏȶǇTS�g8`z�NÊJ+C8ϞŒ35JRNANſ§

̼̕ï2Υñ"'J 382�JG�6]���Ē"K+cDNAϔûNǪ%�ǏȶǇ

cDNA]���Nʴ�J 32³ʚˆ6ţʾE¸ĈϔûNƉé#+TS�gNÊͪ%J

 3�ī̽2�IηώÁŶˆͶȯN͠�+C6ǂІ5q��2�J�ȠβɅʥ8�S

vgϠRNATS�g2üC1ŷêϢ8cDNAǏȶǇ]����Êͪ"K+� (Wang et 

al., 2015)FMVNĲC+ù̃`z�NȢ%JɅʥ�SvgϠRNATS�g29ǏȶǇ

cDNA]���8Êͪ6Ǖć#+Í9Ȧ,5�� 

º 8 3�HFMV8˛˳69Ŧ�8ņϸ�ʈ"K+�Ȩ˛˳29ȎͰ8TS

�gFMVNŊï2üC1įŹ#+ 3NŬɒ3#)8ŖȨˆǇʧNͶ�Ȗ�%3ë6

`z�6a�u"KJm�}]Λɒ̽8ͶȯN̼̕ʲʥŶˆ6͠�FMV8ǏȶʱNͶ

Ȗ%J 3NˌǪ#+� 

 

 

 



 22 

˼Л˹� Ŋï2üC18 FMV 8Ɇø  

 
ǉǅƾǈǅƾ �Ÿƾ

 

Ȩ˹29 

Ŋï2üC1Sof]�dS]TS�g  (fig mosaic virus: FMV)NɆø�ŗ

ĵ#+� 

 

�ÓěȰɈɟɘɏȮĖĉȝȤɹɖɈɏȭȬȰĕāƾ

ƕȿˑ9Sof]8ʲʳϛ )êŊ16Å (2011Ƥ; ήȰɢʳː̛GI)2�J�

ŐŔ���u3#1Е¸ĈÐØĒ#ΖŢęÐ9êŊ2Dtp�]�gN΅.1�J�5�

2DøϺƜŦ¾ʸ69Ŧƒ�-$�АEŦƒ�-$�ʇɭ54�ŵŏ#Sof]8Ɂŕ

�ʸN��+ŐŔǭ͇˿8�/35.1�J�Ŧƒ�-$�А29a�rvNʴ�+ʇŻ

ĈʇɁŕN͠� (Fig. 2-1)ĥ˲#+Sof]NįȐͼ8ˍŢǙ2ΖŢ#1�J�2010

Ƥ6ȨȐͼNĲBͫȈ8Ŧƒʸ8Sof]ŋŘ6��1Sof]8͓6�dS]548

˃ʧ�Ŧ˅#ŀЊ35.+�˂ƿNĴ%J89Ļ˭�͗͐Ⱥ�2Ŧƒʸ8Sof]ŋŘ

8̎ĖȈ2˅ʲ#1�I˅ ˂ɐ9Ŧ¾ʸ2ɅɁ"KJSof]8̎10%68?J3Ǵ

"K+� KNħ�2010Ƥ4ȡ6ƕȿˑήɇǛ͡i�m�GIȬ²ŧŶɅʥ˂Ϭ6;ȍ

ÏЉ��.+�ǖ�9˃ʧ�Sof]�dS]˂6ϖÄ#1�J 3�H KH8S

of]6FMV�Ǐȶ#1�J8295��3̴�ɍ�5ɆͿN͠.+� 
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ǚǶǴǅ ƾǉǄǈƾƾ ɈɟɘɏĉĊȰÙ{ƾ

t�ȐȥȞȗƹȮȓșɀɈɟɘɏÔkȍɈɟɘɏɃɓʂɡɥȮÕÔȝȌó�Ȫ<óÔkɃş

ȦȩȐɀȍƾ
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ǉǅƾǉǅƾ É¼Gȴ¾éƾ

 

ǉǅƾǉǅƾǈǅƾ �ŴÕÿƾ

ƕȿˑ8Sof]ŋŘ61Ļ˭�͗͐Ⱥ�GIƋ5�3DÕÇ8�ϑ6˂ƿNĴ

%J 8 ÕÇ�H˂ƿ͓N 1 ȱ&/į 8 ÕÇ8�- 3 ÕÇ�Hʛ˂ƿ͓ 1 ȱ&/

"H6ÛêSof] 3ÕÇ�H 1ȱ&/Į 14ȱ8͓Nǲϵ#+� KH8Sof

]8͓NºϪ8˂ƿʹƃ�G; RNAǣø6Î#+�Sof]8Ȳź6��J˂ƿ9˅

ʲŋŘ61ʹƃ�ȁƳ#+� 

 

ǉǅƾǉǅƾǉǅƾ zśȰžÐhư{ƶ¢ƠȮȽɀŬ�ƾ

˂ƿNĴ%JSof]͓6˅ʲ#1�+Sof]��c�nw3ǅMKJnwN

ǲϵ#ΝȹŒϻŴЋƾϡʹƃ6Î#+�1% (w/v) ŃϗĒXg�T�2ŉŹ#Hitachi 

S3000 ΝȹŒϻŴЋƾϡNʴ�1ʹƃ#+� 

 

ǉǅƾǉǅƾǊǅƾ Ɉɟɘɏ ǥǢǕ Ȱ°1ƾ

˂ƿ͓6ϥ#19˂ƿNĴ%JЇŔNʛ˂ƿ͓6ϥ#19ʛÊʚ6úIø#1

ê RNANǣø#+�0.2 g8Ʌʥ̗̫NɼÇ˷̒61ˠ˜#RNeasy Plant Mini Kit 

(Qiagen) Nʴ�ϩƏ8�w�Q�6ƺ.1 RNAǣøN͠.+� 

 

ǉǅƾǉǅƾǋǅƾ ƾ ǥǲȁǲǽǾǲƾǿǽǮǺǾǰǽǶǼǿǶǻǺƾǼǻǸȃǹǲǽǮǾǲƾǰǵǮǶǺƾǽǲǮǰǿǶǻǺƾǀǥǧǄǤǗǥǁƾ ƾ

ǣø#+Sof]ê RNA 6Ƅ#1 RT-PCR N͠.+�̎ 500 ng 8ǣøê RNA

Nr����t3#ηΥñĤǃ (reverse transcription) N͠.+���S��69

9śŖϢ8��n���S��Random Primer (N) 9 (TaKaRa) Nʴ�+�Įžϛ

10 µl 6Ƅ#ηΥñϕ̒ Cloned AMV Reverse Transcriptase (Thermo Fisher 

Scientific) N 2.5 UnitRibonuclease Inhibitor (TaKaRa) N 10 UnitʀĈ#30°C 10 

min42°C 30 min70°C 15 min2͠.+� 

ηΥñʳʥ 1 µlNr����t3#FMV8 RdRpώÁŴ8 300 ntNʦʾˆ6
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Şơ%J��S��iptE5-s (5´- CGG TAG CAA ATG GAA TGA AA -3´ ) 3E5-a 

(5´- AAC ACT GTT TTT GCG ATT GG -3´) Nʴ� cDNA6Ƅ#1 PCR N͠.+ 

(Elbeaino et al., 2009a; Fig.2-2)�Įžϛ 10 µl6Ƅ#0.5 Unit8 TaKaRa LA Taq 

(TaKaRa) NÌʴ#+�ĤǃȚϤ994°C 4 min8Ƹ94°C 30 s54°C 45 s68°C 1 

min N 1cS]�3#1 35cS]�68°C 7 min2͠.+�Ĥǃ̖¬Ƹ2%(w/v) 

agaroseN Tris-acetate-EDTA (TAE) Buffer (40 mM Tris, 20 mM acetic acid, 1mM 

EDTA[pH 8.0])6ʌͶ#+QZ��g`�6GIϻɡɲčN͠�ˌˆ8 DNAȍʤ�

Şơ"K1�J�N˟Ά#+�cSh��Y�9100 bp Ladder (TaKaRa) Nʴ�+� 

 

ǉǅƾǉǅƾǌǅƾ ɞɈɿɏɣɗʃɏɊʂəƾ

ƻHK+ PCR ʳʥ� FMV ʶȫ8ϔû2�J�˟Ά%J+CDyeDeoxy 

Terminator ɯ (Life Technologies) 6GJnS�]te�]V�g6GIśŖϔûN

ɩŹ#+�5 µl8 PCRʳʥ6Ƅ#12 µl8 ExoSAP-IT (GE Healthcare) NĈ�

37°C2 15 min80°C2 15 min÷ʰ#PCRĤǃȚ8ÉĄ5��S���G; dNTP

N¢ɴĒ#+�50–250 ngˎƱ8Şơ DNANĲBĤǃʌɼ3E5-s�G; E5-a��

S��Nʴ�10 µl8Ĥǃžϛ2e�]V�gĤǃN͠.+�96°C 3 min 8Ƹ96°C 

15 s48°C 30 s60°C 4 minNКcS]�3#1 25cS]�N͠.+��Q]e�

�Ƹ8ȌN̐Ē%J+CY�� Sephadex G-50 SuperFine (GE Healthcare) 6G

Ỉͪ#+�̉ͪ#+ȌN«ʢ#15 µl8���Q�u2ʌͶ#G�ɿĺ#+�

95°C 2 5 min ʡ÷ʰ#ˍ-6ɣɢ¦2ǆó"'1ţǇ÷ʰN͠.+�ʡţǇƸ

PRISM 3130 DNA Sequencer (Life Technologies) 6GIśŖϔû8ͶΉN͠.+�ś

Ŗϔû8Ͷȯ69 DNAͶȯk�tTUQ ATGC Ver. 4.2 (GENETYX Corp.) Nʴ�

ǚǶǴǅƾǉǄǉƾƾ ǚǡǩƾǥǱǥǼ ƕ�{ɃĀĒĘȮp�ȟɀɯɼɈɵʃƾ
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+�ɩŹ"K+śŖϔû6/�1NCBI (National Center for Biotechnology 

Information) 8 c � | � N ÿ ʴ #  BLAST 

(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) 6GJˎįǇɆ̓N͠.+� 

 

ǉǅƾǉǅƾǍǅƾ 2{ĴļŮÌƾ

ɩŹśŖϔû3ˎįǇ8�JȒŗ8 FMV ϔûN GenBank s�m��g 

(http://www.ncbi.nlm.nih.gov/) G I é ǚ # + � CLUSTALW Q � b � h � 

(http://clustalw.ddbj.nig.ac.jp/top-j.html) 6GIśŖϔû8Q�S���tN͠� 

(Thompson et al., 1994)Q�S��tϔûNŖ6βϴ̙Įɯ6Ŗ0�̛̌ɐNÊǕ#

+�οĒ�s�9 Kimura 2-parameter model (Kimura, 1980) NÌʴ#̛̌ɐǶʹ

69MEGA 5.0 (Tamura et al., 2011) Nʴ�+���tgt�p�Ͷȯ9 1,000Ĥ

ƽ͠.+� 

 

ǉǅƾǉǅƾǎǅƾ ¯ ǢǤ ¯�Ȱ�ƾ ǄɓʂɬɡʂɣɚɾȰ�Ǆƾ

āŕЏ3#1̂ �i���NĲBŕŐ¦2−80°C2Ôŵ"K1�+ BL21ȽN 2 

ml8 LBɼÇŕŐ¦2 37°C�țǭˋŕЏ#+�ŕЏɼ 0.5 mlN 50 ml8 LBɼÇ

ŕŐ6Ʌ�̜�O.D.600 = 0.4āƸ@2 37°C2ǭˋŕЏ#+Ƹɣɢ¦6 30 minº

 Ͼ̭#1ǆó#+�3,000 ×g4°C2 10 minψǁ#ϵ͑#+Ƹ6 ʁNϭĠ#

ɣ 2 50 mM CaCl2ʌɼN 25 mlĈ�˱E�6ǔʔ#+�ɣ 2 60 minº Ͼ̭

#+Ƹ3,000 ×g4°C2 10 minψǁ#1ϵ͑#+Ƹ ʁNϭĠ#50 mM CaCl2

25%(v/v) GlycerolʌɼN 2.5 mlĈ�1ðǔʔ#+�ϋϛ (50 µl) &/ 1.5 mlo���

6ùɱ#ɼÇ˷̒2˕Ϥõ̙"'+��−80°C2Ôŵ#+�ƾ

 

ǉǅƾǉǅƾǏǅƾ ¯ ǢǤ ¯�Ȱ�ƾ ǄƾǼǙǧǊǇǮ ɰɏɝʃȶȰɏʀʃɦʂɐǄ 

FMV8 NPώÁŴa�uЇŔN PCR2Şơ#ŧ͂͑8˅ʮ�]m�pET30a �

]m� (Novagen) 6]��w�^#+�NPώÁŴ�ƨ %J RNA38e�]V�g

6/�19˼ 3 ˹2ͻγ%J�FMV 8 NP ώÁŴЇŔNŞơ%+C8 PCR Ĥǃ9
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ϕ̒3#1 KOD Plus (TOYOBO) Nʴ�ĤǃȚϤ994� 2 min8Ƹ94� 15 s

55� 30 s68� 1 min 30 sN 35cS]�68� 7 min2͠.+� 8ϳĀϫϕ

̒cSt3#1NcoI �G; XhoI 8úȍϔûN��S��6¸Ĉ# PCR N͠.+�

ŞơʳʥN�Uz���]�����÷ʰ3Vmz��ɪɜ#ϋƱϛ8 DW 2ʌͶ

#+�̝�1ŞơȍʤN NcoI�G; XhoI¥ϕ̒6GIúȍ#+�0.7% TAEQZ

��g`�2ɲčƸEtBr3 UV2īͱĒ#ˌˆcSh8 DNAȍʤN UltraClean 

15 DNA Purification Kit (Mo Bio) Nʴ�1`�GỈͪ#+�̉ͪȏɯ9¸Ə8�

�ta�6ƺ.+�įɍ6 pET 30a �]m�D NcoI3 XhoI¥ϕ̒6GIɻĒ#̀

�GỈͪ#+�̉ͪ#+S�c�t3�]m�N Ligation-Convenience Kit (wp�

�f��) Nʴ�1 16ºC5 min2 ligation"'+�ligationƸ8��g�u6Ƅ#1

E. coli DH5�a��r�ti� (Takara) 50 µlNɣ 2ɿĮ#30 minϾ̭#+�)

8Ƹ42°C2 1 minʡe�p]N£�5 minɣ 2Ͼ̭#+�̝�1SOCɼÇŕ

Ő (bacto-tryptone 20 g/l, yeast extract 5 g/l, 10 mM NaCl, 2.5 mM KCl, 10 mM 

MgCl2, 20 mM glucose) N 1 mlĈ�37°C2 1 hǭˋŕЏ#+�ƲΛΥǸ"K+ŧ͂

͑NLB/ Kanamycin (1 l�+I bacto-tryptone 10 g, yeast extract 5 g, NaCl 10 g, 

agarose 15 g, kanamycin 50 mg) ƣȮŕŐ6���rR�^#37°C2�ț̭�+�

ŕЏƸƲǕ8˟Ά"K+a�w�N LB / KanamycinɼÇŕŐ2 37°C16 hǭˋŕ

Џ#+�ŕЏƸQ�Y� SDS (sodium dodecyl sulfate)ɯNʴ�+̈́čȾϗùϷ̭ͧ

GENE PREP STAR PI-80 (Kurabo)2��g�uN̉ͪ#NPώÁŴ8ǮéNS�c

�tϔûNŞơ#+��S��iptNʴ�+ PCR 2˟Ά#+�Ǯé�˟Ά"K+

pET30a��g�u�]m�N E. coli BL21Ƚ6ƲΛΥǸ#+� 

 

ǉǅƾǉǅƾǐǅƾ ¯ ǢǤ ¯�Ȱ�ƾ ȈɽɓʂɫɥʂɣɝʂɪɏżȰĖĄŶ�ȫĖĄȰĠŵǄ 

NP ώÁŴ�Ǯé"K1�J pET 30a �]m�NȢ%J BL21 ȽN2×YT / 

KanamycinɼÇŕŐ 5 ml6Ʌ�̜�āŕЏ3#1 37°C2�țǭˋŕЏ#+�āŕ

ЏƸ8ŕЏɼ 2 mlN50 ml8 2×YT / KanamycinɼÇŕŐ6Ʌ�̜�ȨŕЏ3#

1 O.D.600 = 0.7 ¸ β 6 5 J @ 2 37 °C 2 ǭ ˋ ŕ Џ # + � ŕ Џ Ƹ 
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isopropyl-β-D-thiogalactopyranoside (IPTG)N̖ʕƧ 1 mM 65JG�6Ĉ�1 NP

m�}]Λ8˅ʮN·Ɖ#+�37°C2ǭˋŕЏN̜̝#)8Ƹ 3 hƸ@2 1 h��

6 10 ml8ŕЏɼNǲĦ#+�%=18ŕЏɼN 3,000 ×g4°C2 15 minψǁ#1ϵ

͑#+� ʁNŷê6ϭĠ#ɪɜ#+ŧ͂͑8͑ÇN−20°C2Ôŵ#+� 

 

ǉǅƾǉǅƾǈǇǅƾ ¯ ǢǤ ¯�Ȱ�ƾ ǄǦǘǦǄǤǕǛǙ ȓȽȴ ǗǖǖÏœǄƾ ƾ ƾ

ϵ͑#+ NP˅ʮŧ͂͑N10 ml8ŕЏɼ�+I 0.4 ml8 Binding buffer (500 

mM NaCl, 20 mM Tris-HCl, pH 7.9, 5 mM imidazole) 6ǔʔ#+�ɣ 2ΟЁɰ˝˜

#+Ƹ˝˜ɼN 12,000 ×g4°C2 15 minψǁ#īʌǇʹù  ( ʁ) 3¢ʌǇʹ

ù (ɪɜ) 6ùϷ#+�¢ʌǇʹù69 0.4 ml8 Binding bufferNĈ�ðǔʔ#+�

īʌǇʹù�G;¢ʌǇʹù64×SDS-PAGE sample buffer (0.2 M Tris-HCl [pH 

6.8], 8% SDS, 40% glycerol, 0.01-0.1% Bromophenol Blue [BPB]) N1/3ϛ&/)K*

KĈ�+�95°C2 5 minʡţǇN͠�SDS-PAGE6Î#+�̀ �̗Ǖ9Running

`�  (15 %[v/v] polyacrylamide, 373 mM Tris-HCl [pH 8.8], 0.1% SDS)3#

Stacking`� (4.5 % polyacrylamide, 124 mM Tris-HCl [pH 6.8], 0.1% SDS)3#+�

`�ͪɼŃɡ#+Ƹ6̖ʕƧ�)K*K 0.1%(v/v)35JG�6 APS 

(ammonium persulfate) �G; TEMED (N,N,N’,N’-tetramethyl-ethylenediamine)  

NĈ�̀ �NÊǕ#+�ɲč|p�P�3#1 Running Buffer (25 mM Tris, 190 mM 

glycine, 0.1% SDS) Nʴ�+�ɲčƸ8ȶ͊9Quick-CBBȶ͊[pt (Wako) Nʴ

�+� 

 

ǉǅƾǉǅƾǈǈǅƾ ¯ ǢǤ ¯�Ȱ�ƾ ȈɽɓʂɫɥʂɣɝʂɪɏżȰıŤǄƾ

His-tag�¸Ĉ"K+ŧ͂͑˅ʮm�}]ΛNQ�RwrR�̉ͪ#+�2.2.92ͻ

γ#+ȏɯ61 NP8˅ʮN·Ɖ#ńĥ#+͑ÇNϵ͑ā8ŕЏɼ 100 ml�+I

5 ml8 Binding Buffer (500 mM NaCl, 20 mM Tris-HCl [pH 7.9], 5 mM imidazole) 

6ǔʔ#+�ɣɢ 2ΟЁɰ˝˜#+Ƹ12,000×g4°C2 15 minψǁ#īʌǇʹ

ù ( ʁ) Nϭ�1¢ʌǇʹù (ɪɜ) Nƻ+�¢ʌǇʹù6 5 ml 8 Binding Buffer
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NĈ�ðǔʔ#+�12,000 ×g4°C2 15 minψǁ# ʁNϭ�1¢ʌǇʹùNƻ+�

¢ʌǇʹù6 6 M UreaNĲB Binding BufferN 5 mlĈ�G�ǔʔ# 4°C2 1 hϾ

̭#+�@+ 8ɚϯ2 50 µlNǲĦ#êm�}]Λ3#1 4°C2Ôŵ#+�PD-10

Y�� (GE healthcare) 650%g���8 His-tag bind resin (Qiagen) N 2 mlé

KY��NÊǕ#+�ɐ̾Nɐ̾žϛ (1 ml) 8 3Öϛ8ʍ͑ɢ2ɳɶ#ɐ̾žϛ

8 5Öϛ8 Charge Buffer (50 mM NiSO4) NY��6Q��S#1ɐ̾6wp_�S

X�N[��t#+�ɐ̾žϛ8 3Öϛ8 6 M Urea éI Binding BufferNQ��S

#1Y��Nƣ͢Ē#+Ƹ6¢ʌǇʹù8m�}]ΛʌɼNQ��S#+� 8ϳ6

ʌø#+¢ʌǇʹù8m�}]ΛʌɼNðƧQ��S#ɐ̾6 His-tag͞Į NPNĕ

ù6ĳ˔"'+�ɐ̾žϛ8 10Öϛ8 6 M UreaéI Binding Buffer 3ɐ̾žϛ

8 6Öϛ8 6 M UreaéIWash Buffer (500 mM NaCl, 20 mM Tris-HCl [pH 7.9], 60 

mM imidazole) NQ��S#Y��Nɳɶ#+�)8Ƹɐ̾žϛ8 6Öϛ8 6 M 

UreaéI Elute Buffer (500 mM NaCl, 20 mM Tris-HCl [pH 7.9], 1 M imidazole) N

Q��S#ĳ˔#+m�}]ΛNʌø#+�ʌø"K+ʹù3ĭɚϯ2c����

^#1��+ʹùN)K*K SDS-PAGE6Î#m�}]Λ8ɳɶ�ʌøČʫN˟Ά

#+� 

 

ǉǅƾǉǅƾǈǉǅƾ ¯ ǢǤ ¯�Ȱ�ƾ ǄŞñȔȾȰ¯�ȰıŤȫH¦¨ȰĠŵǄƾ

̉ͪ#+Ǟğm�}]ΛNʴ�1ŽèNçˁ#Ǟ͟ʁNƻ+� 8τˬ9

Eurofins Biotechnologies ˤ<Ųͺ#+�ƻHK+Ǟ͟ʁ�Hçˁ^���� G 

(immunoglobulin G: IgG) N̉ͪ%J+CProtein A6GJ̉ͪN͠.+�IgG̉ͪ

8ǚЅ9º¡8κI2�J�ƾ

Protein A sepharose CL-4B (GE healthcare)ǤÇN Running Buffer (50 mM 

Tris-HCl [pH 8.0], 150 mM NaCl, 0.05%[w/v] Sodium Azide)2ɳɶ#Column 

PD-10, Empty (GE healthcare)62 mlg���NäŜ#+�Y��610ml8Running 

BufferNɵ#ƣ͢Ē#+Ƹ6Ǟ͟ʁ 1 ml3 Running Buffer 1 mlNɿ(Y��6

Q��S#+�Running Buffer 10 mlN 2ńɵ#Y��Nɳɶ#Eluting Buffer (100 
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mM Glycine-HCl, pH 3.0) N 12 mlɵ#ǞÇNʌø"'+� 8ϳʌøʹùN 1ml

&/ùʹ#+�ĭʹùNùææƧ2 OD280NʈŹ#IgGm�}]ΛʕƧŃø#+�

äù6Е�ʕƧ8ʹùN̉ͪ"K+Ǟ NPǞÇ3#1ʴ�+� 
 

ǉǅƾǉǅƾǈǊǅƾ ɉɊəɝʂɮʀɠɣŮÌƾ

ǞÇ8ĤǃǇN˟Ά%J+C6TVgm���ptͶȯN͠.+�2.2.103įɍ6

#1His-tag͞ĮNPN˅ʮ%Jŧ͂͑�Hǣø#+¢ʌǇʹùN÷ʰ#SDS-PAGE

N͠.+�+,#c���8m�}]ΛʕƧ9̎ 100 ng/µl ˬƧ6ƞϘ#1ʴ�+�

SDS-PAGE Ƹ8ɲč`�NBlotting Buffer (100 mM Tris, 192 mM Glycine, 

20%[v/v] Methanol) N ʴ � polyvinylidene difluoride (PVDF) � � � � � 

(Millipore) 6��prR�^#+���prR�^69i�u�SƬ8��prR�

^̭ͧ (Bio-rad) Nʴ�Ȫ¼9 10 V 30 min8Ƹ15 V 30 min2͠.+���pr

R�^8̖M.+�����N Blocking Buffer (1×phosphate buffered saline [PBS], 

0.1%[v/v] Tween20, 5%[w/v] skim milk) 6ɺ�1Żʇ2 1 hǭˋ#��p[�^#

+������N PBST (1×PBS, 0.1%[v/v] Tween20)  2Χ�%%��ɔǞÇʌɼ 

(̎ 0.7 µg/ml Ǟ FMV-NP ǞÇN 0.5%(v/v) g[���] in PBST 6ʌͶ#+D8) 

6ɺ#1 37°C2 1 hϾ̭#+������N PBST2 3ńɳɶ#¯ɔǞÇʌɼ (2

ɔǞÇN PBST2 1/3,0006ƞϘ#+D8) 6ɺ#1 37°C2 1 hϾ̭#+�¯ɔǞÇ

3#1horseradish peroxidase 2Ɏΐ"K+ǞTc\ IgG �\ǞÇ (Amersham 

Pharmacia Biotech) Nʴ�+������N PBST 2 3 ńɳɶ#ECL Western 

Blotting Reagent Pack (Amersham Pharmacia Biotech) 6ɺ�+Ƹ{S��|p]

6ƅ$+�LAS 4000 mini (FUJI FILM) Nʴ�1e^v�NɆø#+� 

 
ǉǅƾǉǅƾǈǋǅƾǘǻȀǯǸǲƾǮǺǿǶǯǻǱȃƾǾǮǺǱȂǶǰǵǄǲǺȄȃǹǲƾǸǶǺǷǲǱƾǶǹǹȀǺǻǾǻǽǯǲǺǿƾǮǾǾǮȃƾǀǘǕǦǄǙǠǝǦǕǁƾ

̮˂Sof]�H FMVNɆø%J+C6 DAS-ELISAN͠.+�Ǟ NPǞÇ (�

ɔǞÇ) N Coating Buffer (15 mM Na2CO3, 34.9 mM NaHCO3, pH 9.6) 6GI
300-1,000Ö6ƞϘ#200 µlN)K*K�S]�mSm����t (Nunc) 8ĭTU
�6Ĉ�+�͕˅Nϧ�+C6���tNe��#30°C6 4 hϾ̭#1�ɔǞÇN

ŉˎĒ#+�ĤǃƸǞÇƞϘɼNϭ�200 µl8 PBST2 4ńɳɶ#+�̮˂So
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f]͓N PBST2ˠ˜#ɣ ˜ɼ 200 µlNTU�6Ĉ�+����tNe��#1 4°C

2�țϾ̭#�ɔǞÇ3Ĥǃ"'+�ĤǃƸȌNϭ�200 µl PBST2 4ńɳɶ
#+�Q�Y��Wg�Pm�jɎΐǞ NPǞÇ (¯ɔǞÇ) N Conjugate Buffer (0.2 

M Tris, 0.8%[w/v] NaCl, 2%[w/v] polyvinylpyrrolidone [PVP] K25, 1%[w/v] 
polyethylene glycol [PEG], 0.05%[w/v] Tween 20, pH 7.4) 6GI 1,000ÖƞϘ#200 
µlN)K*KĭTU�6Ĉ�+�5�Ǟ NPǞÇ8Q�Y��Wg�Pm�jɎΐ9
Alkaline Phosphatase Labeling Kit-NH2 (į´) NÌʴ#+����tNe��#

30°C2 5 hϾ̭#1¯ɔǞÇNĤǃ"'+�ĤǃƸǞÇƞϘɼNϭ�200 µl PBST
2 4ńɳɶ#+�Diethanolamine Substrate Buffer (9.7%[v/v] Diethanolamine, pH 
9.8) 6GI p-Nitrophenyl phosphate disodium (p-NPP; Sigma-Aldrich) N 1 mg/ml

35JG�6ʌͶ#ŖΛ3#1 200 µlNTU�6Ĉ�1Ĥǃ"'+����tNό
æ#1Ơʇ2Ͼ̭#���t�−n� (BIO-RAD) 6GI 405 nm8ĳæƧNʈŹ#
+�ʈŹ9ŖΛʀĈƸ 2 h2͠.+�ĭźВē6/� 2ĤƽN͠�ĳæƧ8ƣőØ

NɦC+���Y�8��ta�6ƺ�ĳæƧ�yZrR�a�t��� (ÛêSo
f]͓) 6Ƅ#1 3ÖNΟ�+ŘĮNϮǇ3A5#+� 

 

ǉǅƾǉǅƾǈǌǅƾ ǧǶǾǾȀǲƾǯǸǻǿ éƾ

˂ƿSof]͓6��J FMV8ƍŏN˟Ά%J+C6Tissue blotɯN͠.+�

Whatman 3MM (Whatman) 8ʖ̑2˂ƿSof]͓NǬAʖ̑8 �HϜɌ2Ī

�+�ǬO,ʖ̑8�ȏN 2%(v/v) Triton X-1006ɺ#20 minϼˋ#́͊#+�PBST

2 3ńɳ.+Ƹ6g[���]N PBST2 5%(w/v) 65JG�6ʌ�#ʖ̑N 1 h

ϼˋ#+�)8ƸPBST2 3ńɳ.+�ʖ̑N�ɔǞÇʌɼ (PBST6̎ 10 µg/ml Ǟ

FMV-NPǞÇ�G; 0.5%[v/v] g[���]NĈ�+) 6Ĉ�37°C2 45 minϼˋ

#+�PBST2 3ńɳ.+Ƹ6ʖ̑N¯ɔǞÇʌɼ (Q�Y��Wg�Pm�jɎΐ

ǞTc\ IgG�\ǞÇ [Thermo Fisher Scientific]NPBST2 1/5,0006ƞϘ#+D8) 

6ɺ#37°C 2 45 min ϼˋ#PBST 2 3 ńɳɶ#+�AP |p�P� (10 mM 

Tris-HCl [pH 9.5], 100 mM NaCl, 1 mM MgCl2) 2 10 minϼˋ#+ƸDAS-ELISA

3įɍ6 Diethanolamine Substrate Buffer 6GI p-Nitrophenyl phosphate 

disodiumN 1 mg/ml35JG�6ʌͶ#+ŖΛʌɼNʖ̑8 �Hʏ¡#5–10 min

Ĵ͊Ĥǃ"'+Ƹɢɳ#ĤǃNɖC+� 
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ǉǅƾǊǅƾ ĺÎƾ

 

Ĕ£ȰŬ�ƾ

ƕȿˑ2˅ʲ#+Sof]8�dS]548˃ʧ9)8˂ƿ�H FMD6GJD

83̴�HK+�)8+C˂ƿN΄̕6ʹƃ# K@26ŗĵ"K1�J FMD8

ʦƿ3ɞΨ#+�@&͓6��J˂ƿNʹƃ#+�Sof]9�͈ˆ6͓���/D

úKΰO,ǰƲN#1�JD8�Ŧ��͗ ͐Ⱥ8Ûê͓9ĝƲD#�9ɷ�úKΰO

,ǰƲN#1�J (Fig. 2-3 A)�̮˂͓69ɅʥTS�g˂8íŒˆ5˂ƿ2�J�d

S]�˅ʲ#ʕ�̡͊8ЇŔ3ε̡#ЗĒ#+ЇŔ�°�χ�6ŵŏ#1�+ (Fig. 

2-3 B)�ŪƲ8˃ʧDŦ�ʹƃ"K+�͓8�ϑ8ǕϢ�͔#�ǝĀ"KϿƄ˪5Ʋ

35.1�+ (Fig. 2-3 C)�ŪƲNΞ #+͓9#:#:ε̡NË˅#1�Ì͓6

ɫ�Ʋ2ЗĒ#1�JɍŴ�ʹƃ"K+�˃ʧ8ư�͓9>?êÇ�ε̡#1�+ 

(Fig. 2-3 D)��ϑ8͓69Sof]��c�nw8ĳɥ˄�ʹƃ"K+�Sof]�

�c�nw8ĳɥNħ�+ŘĮΫ̏NĴ#+Ƹ6 (Fig. 2-3 E)ȚϤ8̘τ33D6

Ϋ̏8ʃ�ͬţ%J (Fig. 2-3 F)�ʓ#�˂ƿNĴ#1�J͓69͓ȵϑ�ʩ˶%J3

��ʾƠDʹƃ"K+�ɔ6Ȳź8˂ƿNʹƃ#+�˂ƿNĴ%JÕÇ9Ȳź�Ɗ"

�5Jßı6�JG�6ǅMK+�@+Ûê5Ȳź9�ɍ6̡͊2�J86ɞ=1

�ϑ8Ȳź29Ȳˇ8�ϑ6ε̡8˃ʧ�ʹƃ"K+ (Fig. 2-3 G)�º 8G�5Ȳź

6��J˂ƿ9͓GIDȖ˖25�ßı��.+�ÕÇêÇNʹƃ%J3̮˂ɐ9

ÛêɐGID̃Ϥ�@Iɐď�Æ¡#1�+ (Fig. 2-3 H)�@+�ϑ6˂ǀNĴ%

JÕÇ2�.1Dʛ˂ǀ5ȳ�ɿŏ#1�JÕÇ�Ŧ�ŵŏ#+� 8ŘĮ̮˂ȳ

9ď��Æ¡#ʛ˂ǀ�âǇ35.1�+�º 8G�5˃ʧ9�&KD FMD8D

83ϖÄ#1�+� 

�ϑ8̮˂ɐ69Sof]��c�nw3ǅMKJc�nw8˅ʲ�˟Ά"K+

+Cǲϵ#ΝȹŒϻŴЋƾϡʹƃ6Î#+�)8̙ȲƸÇϑ8Çʱ8Ȉ� 60ˬƧ

2̲ ɟʣ� 5ͦ#1�JɍŴ�ʹƃ"K K9Sof]��c�nw8ƲǐŶˆʦ

ƿ3�͆#1�J 3�H ( ψϚ, 2007))8˅ʲ�˟Ά"K+ (Fig. 2-4)�FMD
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3˂ƿ�ϖÄ#1�J 3ų¶͜2�JSof]��c�nw8˅ʲ�˟Ά"K+ 

3�Hƕȿˑ8Sof]69 FMV8Ǐȶ�ˀMK+�   

ǚǶǴǅƾǉǄǊƾ ƾ �ÓěȪĖĉȝȤɈɟɘɏȰĕāƾ

ǀǕǁƾ #+ȍƾ ǀǖǁƾ ɹɖɈɏȍƾ ǀǗǁƾ x�ȍƾ ǀǘǁƾ ƈĿȍƾ ǀǙǁƾ ɈɟɘɏɹʂɕɫɞɦȰVäȮȽɀƄ

Ķȍǀǚǁƾ ɈɟɘɏɹʂɕɫɞɦȰVäȮȽɀŦrȍƾ ǀǛǁƾ Î�ȮȓșɀĔ£ȍĞ�ȱƈĿȝȩȐ

ɀƵjɃġȟȍƾ ǀǜǁƾ Ý>Ȱ��ȍƾ
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ǚǶǴǅ ƾǉǄǋƾƾ ɈɟɘɏɹʂɕɫɞɦȰžÐhư{ƶ¢ƠŬ�ƾ

ǖǮǽƾǔƾǉǇƾȆǹȍƾ
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ǚǡǩ ĀĒĘɯɼɈɵʃɃċȐȤ ǥǧǄǤǗǥƾ

˂ƿNĴ%J̮˂͓3ʛ˂ƿ͓Į 14ȱ8͓�Hê RNANǣø# RT-PCRN

͠.+�PCR69FMV RdRpώÁŴ8�ϑ (300 nt) NŞơ%JȒŗ8��S��

E5-sE5-aNʴ�+ (Elbeaino et al., 2009a)�)8̙Ȳ˂ ƿNĴ%J͓8A�H 300 

bp 8ʦʾˆ5 DNA ȍʤ8Şơ�˟Ά"K+ (Fig. 2-5 A)�Ûêɐ�Hǲϵ#+͓8

RNA�H9Şơ9˟Ά"K&̮ ˂ɐ6��1D˂ƿNĴ"5�͓�Hǣø#+ RNA

�H9Şơ9˟Ά"K5�.+� 

̝�1Şơ�˟Ά"K+ 8 c���6/�1 RT-PCR ʳʥNnS�]te�_

�g#+�)8̙Ȳê18c���Ϥ2ϔû� 100%�͆#+�@+Ȓŗ8t�a

S��Sm�Q8FMVùϷȽ3ϔûNɞΨ%J3 83.5–91.5%8į�Ǉ�ͯHK+�

 8 3�Hƕȿ8�dS]548˃ʧNĴ%JSof]69 FMV�Ǐȶ#1�J

 3�ˢĽ"K+�  2ùϷ"K+ FMVN JS1ùϷȽ3İ¸�+� 

ɔ6 KH8 FMVùϷȽ8 ͻRdRpώÁŴϑùϔûNʴ�1ùŴ̛̌ɐNÊǕ

#+ (Fig. 2-5 B)�)8̙ȲJS1ùϷȽ9t�aùϷȽ8�-8 1/3ȠDβ̦2�

J 3�ˢ"K+� 
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ǚǶǴǅƾǉǄǌƾƾ ǥǧǄǤǗǥ ȮȽɀ ǚǡǩ ȰÖ1ƾ

ǀǕǁƾǚǡǩĀĒĘɯɼɈɵʃɃċȐȤǥǧǄǤǗǥĊÿȰưãë=ȍǈ�Ǌɿʃʂȱ#+ Ǌ��ȔȾȢɁ

ȣɁµƮȝȤ#+ŗȰ ǥǢǕȍǋ�ǈǋ ɿʃʂȱŅĔ Ǐ ��ȔȾµƮȝȤ ǈǈ ŗȰ ǥǢǕȍǀǌȌǍǁȌ

ǀǈǇȌǈǈǁȌǀǈǉȌǈǊǁƾ ȱȢɁȣɁQ���ȔȾµƮȝȤŗȰ ǥǢǕȍŅĔ��ȔȾȱüĔ¤Ȱŗȫ

Ĕ£ɃWȟɀŗɃƔȴȌĔ¤ŗȱɿʃʂđNȕv|ȪŰȜɁȩȐɀȍǡǑƾǈǇǇǯǼƾǠǮǱǱǲǽȍƾ

ǀǖǁƾ ǚǡǩ Ȱ ���ƕ�{ȰƖ2olƗ4ɃċȐȤ2{ĴļÝȍǚǡǩƾ ǞǦǈ �Ó2ƯÑȮ<ȒȌ¿

mȰɣɾɓȌɈɼʂȌɈɝɽɆȰ ǚǡǩ 2ƯÑȰĚ�ƵjɃ�ċȝȤȍ�Ó2ƯÑ�sȱ2ƯÑ

RȰ�ɂȿȮɆɏɚɠɗɻʂɥʂɩʃȪŠŰȝȩȓȿȌ²�Ȱ�ȮȱcRɃŠŰȝȩȐɀȍɆɉɣ

ɐɾʃɯȮȱ ǙǡǕǥǮǩ Ɨ4ƾ ǀǕǬǌǍǊǇǋǇǁƾ ɃċȐȤȍOɨʃɤȮŠŰȜɁȩȐɀº|ȱɮʃɣə

ɣɼɠɯ!ƾ ǀƿǁƾ ȪȏɀȍǌǇƿ��ȰȹɃŠŰȝȩȐɀȍəɑʃɾɩʃȱ�olȏȤȿȰń¸ăɃ

ġȟȍƾ
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¯ ǢǤ¯�ȰĀĒ¨ȫ;�Ȱų�ƾ

çˁŶˆǚɯ6GIFMVNɆø%J+C6FMV8NP6Ƅ%JǞÇNÊǕ#+�

NPώÁŴN pET 30a �]m�6]��w�^#+8-E. coli BL21ŧ͂͑6Ɖé

#˅ʮN·Ɖ#+�His-tag�͞Į"K+ NP8˅ʮN·Ɖϣű�HȚϤNδ.1˟

Ά#+ (Fig. 2-6)�)8̙Ȳˌˆm�}]Λ9 IPTGʀĈƸ 3 h2¢ʌǇʹù6ĕù

ϛńĥ"KJ 3�ù�.+�)8+CŕЏɼϛNŞE#įȪ¼61˅ʮN·Ɖ#͑

ÇNńĥ#+Ƹ6His-tag͞Į NP8̉ͪN͠.+ (Fig. 2-7)�)8̙ȲǞÇ8Ê

ø6ĕù5ϛ8Ǟğ�̉ͪ2�++CʌøʹùNŽè6çˁ#ǞÇNÊǕ#+�Êø

#+ǞÇN̉ͪ%J+C͟ʁN IgG ̉ͪ#̉ͪƸ8ʹù!36ùææƧ6GI

OD280NʈŹ#+�ȠDŦϛ8 IgG (2.16 mg/ml) NĲO2�+ʹùN pHN 7~86

ȉ#Ôŵ#+�̉ ͪ#+Ǟ NPǞÇ�ˌˆκIĤǃ%J�˟Ά%J+C6ǞÇÊǕȚ

8¢ʌǇʹùNc���3#1TVgm���ptN͠.+ (Fig. 2-8)�)8̙ȲNP

6ʦʾˆ6Ĥǃ#1�J 3�ˢ"K++CǞ NPǞÇ3#1ºϪ8Ͷȯ6Î#+� 

 

ǘǕǦǄǙǠǝǦǕ ȮȽɀ ǢǤȰÖ1ƾ

çˁŶˆ6 FMVNɆø%J+C6Ǟ NPǞÇNʴ�1 DAS-ELISAN͠.+�Û

ê͓3RT-PCR2 FMV�Ɇø"K+̮˂͓Nʴ�ĤǃN͠.+�)8̙Ȳ̮˂͓

6��1ĭƞϘÖʫ2Ûê͓3ɞΨ#1 4�6 Ö8ĳæØ�ʹʈ"K+ (Fig. 2-9)�

)8+CçˁŶˆǚɯ6G.1D̮˂͓69 FMV�Ǐȶ#1�J 3�ˢ"K+� 
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ǚǶǴǅƾǉǄǍƾƾ

ǢǤ ȰuŏŖȪȰĖĄƾ

ǝǤǧǛȰð<7ȫð< ǈƾǵȌǉƾǵȌƾ Ǌƾǵ

ȮŖ�Ƀ^IȝL÷¨ȫ�÷¨Ȯ2

čȝȤȍęĘȰ2{Ɲƾ ǀĵ ǊǌƾǷǘǮǁƾ Ȯ

ǢǤ ȰĖĄȕŶ�ȜɁȌȷȫɄȬȕ�

÷¨č2Ȯ^IȜɁȩȐɀȍƾ

ǚǶǴǅƾǉǄǎƾ

uŏŖĖĄ ǢǤ ȰıŤƾ

ǤǽǲʅıŤ7Ȱ�÷¨č2ȍǚǧʅɌɼɷ

ȮVĜȝȭȔȦȤč2ȍȂǮǾǵʅìîȮ

Ƚȿí1ȝȤč2ȍǲǸȀʅ÷1č2ȍƾ
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ǚǶǴǅƾǉǄǏƾƾ ¯ ǢǤ ¯�ȰH¦¨ȰĠŵƾ

�ȝȤ¯ ǢǤ ¯�Ƀ�à¯�ȫȝȩċȐȤɉɊəɝʂ

ɮʀɠɣȍęĘȰ2{ƝȰ�ńƾ ǀĵ Ǌǌƾ ǷǘǮǁƾ Ȯɗɐɥ

ɾȕŬ�ȜɁɀȍƾ

ǚǶǴǅƾǉǄǐƾƾ ¯ ǢǤ ¯�ɃċȐȤŅĔɈɟɘɏȮ�ȟɀ ǘǕǦǄǙǠǝǦǕƾ

łƂȱ ǋǇǌƾǺǹ êơȰV(!ȌÜƂȱ�à¯�Ȱ�ƚ ăɃġȟȍ�à¯�Ȱ�ƚ 

ăȱ ǈǃǇǇǇ  ȍƾ



 40 

«ÏŗȮȓșɀ ǢǤȰ2�ƾ

ɔ6̮˂͓ï28 FMV8ùƝNͶȯ%J+CÛê͓3̮˂͓6Ƅ#1Ǟ NPǞ

ÇNʴ�+ Tissue blotN͠.+�Tissue blot9͓Nʖ̑546Ǣ#¸�ʖ̑ 6�

�pt"K+ˌˆ8m�}]ΛNɆø#̗ ̫ï8ùƝN=Jǚɯ2�J�źВ6Î

#+͓3Ɇø̙ȲNĮM'1 Fig. 2-106ˢ%�̮˂͓9͓̀6ɫ.1ε̡˃ʧ�ø

1�+�)8ЇŔ3�͆#1e^v��Ɇø"K+�)K6Ƅ#Ûê͓�H9e^

v�9Ɇø"K5�.+� 8 3�HFMV 9Ǐȶ͓6��1˂ƿ3�͆%JЇŔ

6ùƝ#1�J 3�ù�.+� 

 

ǚǶǴǅ ƾǉǄǈǇƾ ¯ ǢǤ ¯�ɃċȐȤŅĔɈɟɘɏȮ�ȟɀ ǧǶǾǾȀǲƾǯǸǻǿƾ

�ċȝȤ#+ŗȫŅĔŗƾ ǀ�áǁȍŅĔŗȮȱŗŎȮçȦȩƈĿĕāȕŬ�ȜɁɀȍ

ǧǶǾǾȀǲƾǯǸǻǿ ȮȽɀ ǢǤ ȰÖ1ƾ ǀ�áǁȍŅĔŗȮȱŽȐɗɐɥɾȕŬ�ȜɁɀȍƾ
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ǉǅƾǋǅƾ ŉ�ƾ

ƾ

c-Ȫ5ȺȩȰ ǚǡǩȰÖ1ƾ

Ȩ˛˳6G.1ƕȿ8�dS]548˂ƿNĴ%JSof]69FMV �Ǐȶ#

1�J 3�ˢ"K+�FMV 8˅ʲŗĵ9ȓȨ6��19üC12�IFMV 6Ƅ

%Jĺİ3#1Sof]�dS]TS�gNǷɂ#+�FMD 8ŗĵ9 1962 ƤºϪЈ

̨65"K1�J 3�H (Nitta et al., 1995; Shibao and Tanaka, 1998)FMV9º

āGIȓȨŊï6˅ʲ#͘ƫ#1�Jī̽Ǉ�Е�� 

FMD 9Sof]8A5H&)8·8Sof]ƏɅʥ6DźВˆ6Ǐȶ%J 3

�˙HK1�J (Blodgett and Gomec, 1967)� K@283 L¤ʺˆ6̈́ʝȪ¼

¡2Sof]ºť�H FMV�Ɇø"K+ŗĵ95��·˭Ʌʥ<8ǏȶǨŧ6Dĕ

ù5ΑǗ�ǂͭ2�J3̴�HKJ�ȓȨ6��19Sof]ƏɅʥ6Sof]ºť8

Ȣʴ5Êʥ95��ƩȥEυ˺6ɅɁ"KJɅʥ9ŵŏ%J+C KH6 FMV�

Ǐȶ#1�+ŘĮSof]<8Ǐȶʊ35JǈK��J�FMV9˅ͯ�HϤD5�

FMV 6Ƅ%Jźʴˆ2̆ȗ5Ɇø̌9¤ʺˆ6D˟˸"K1�5��µƸ9FMV

8ǇʧNͶȖ%J33D6̆ȗɆø̌8ϣ˅�ǆĎ35J,L�� 

 

ǚǡǩ Ȱ�	��-=¬ƾ

Sof]��c�nw8ĳɥNħ�J3Ϋ̏˃ʧ8Ƹ6Ϋϒ8ͬţNÂ�(Fig. 

2-3 F) � 8ͬţ˃ʧ9�";˃ʧ�3ĸ:KJ�Ȩ˃ʧ9Sof]��c�nw

8ĳɥ6GITS�g�Ñé#+ 36GJD82�J8�ĳɥ6GJgt�g6G

JD82�J8�ēþ"K1�5�.+�#�#Ȩ˛˳6GIΫ̏˃ʧNĴ%Jϑù

�HD FMV�Ɇø"KJ 3 (Fig. 2-5 A)Sof]��c�nw8ĳɥNħ�1D

Ϋ̏695H&";˃ʧ8A�ʮKJŘĮ��J 3�ȖH�35.+� KH8®

ź9Ϋ̏˃ʧ9Sof]��c�nw8ĳɥ6GJTS�g8Ñé6GJD82I

TS�g8ǏȶϑÅ6ʹƃ"KJ˃ʧ2�J3̴�HK+�)K6Ƅ#";˃ʧ9S

of]��c�nw8ĳɥ̈́Ç�ğŅ2�J3̴�HK+� 
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FMV 6Ǐȶ#+Ŧ�8ÕÇ9ȳęÅ2˂ƿ8Ȣʛ�ù�K1�+�Ǐȶɐ8ʛ

˂ƿ8ȳ8͓�H9 FMV9Ɇø"K5�.+ (Fig. 2-5 A)� 8 39į�ÕÇï

2DȳęÅ2TS�g�Ùŏ#1�IFMV 8ùƝ9˂ƿ3�͆#1�J 3Nˢ#

1�J� 8G�5ǇΛ9TS�g�ɐȥ6Ǐȶ#+ϳ6ͯHKJßı2�I (Adams, 

1978);ȍEϧϭ8ϳ69ɱǍ�ǂͭ2�J3̴�HKJ� 

�  
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˼ 3 ˹� ȎͰ`z�i^��t RNA5

RNA6 8˅ͯ  

 
Ǌǅƾǈǅƾ �Ÿƾ

ƾ

Ȩ˹8˛˳29 

FMV 8ЛȨ8ȎͰ`z�i^��tNɆø#ϔûͶȯN͠.+�  

 
ȚɁȸȪȮ·�ȜɁȩȖȤ ǚǡǩȰɒɨɷØƍƾ

2009Ƥ6ŗĵ"K+FMVSm�QùϷȽNʴ�+Ͷȯ29`z�94ù̃8i^

��t6ù�K1�J3̴�HKRNA1�HRNA49)K*K7.0 knt2.3 knt1.5 knt

1.5 knt8śŖϢ2�J (Fig. 3-1 A)�)K*K8i^��t91/&/8ORFNȢ%J3

̴�HK1�J�RNA169RdRp (264 kDa)�RNA269^�a��rS� (73 kDa) 

�RNA369NP (35 kDa)�RNA469ɒ̽Ȧ˙8m�}]Λ (41 kDa) �a�u"

KJ (Elbeaino et al., 2009b)�%=18i^��t9)8¥ȧ˺613śŖ8ëκ8Ôŵ

ϔû 5´-AGUAGUGUUCUCC���GGAGUUCACUACU-3´NȢ%J� KH¥ȧ˺8

Ô ŵ ϔ û 9 ° � 6 ˎ ͩ ˆ 6 5 . 1 � I  ) 8 ̙ Ȳ  Ħ ǚ ʧ 8 ˸ Ç ɋ

μ  ”panhandle-structure” N Ʋ Ǖ % J 3 ̴ � H K 1 � J  (Fig. 3-1 B) �

panhandle-structure9ù̃�SvgϠRNATS�g6ëκ#+ǇΛ2�Iͫ ͪ3̳ͽ

6ŧ��ϥM.1�J 3�˙HK1�J (Barr et al., 2003; Kohl et al., 2004; Barr 

and Wertz, 2005; Gultyaev et al., 2010)� 

 γ8G�6Ȩ˛˳Nϣű#+ƱüFMV8`z�9 4ù̃2�J3ŗĵ"K1

�+�)8G�6ǴŹ"K1�+źВˆ5ȿǧ9 2 /�J�� FMV ǏȶSof]G

I dsRNANǣø#ϻɡɲčN͠�4ȨˬƧ6ù�K+|�u�ʦʾˆ6ʹƃ"K+

 3 (Elbeaino et al., 2009a)�	 i^��t8ȧ˺6Ôŵ"KJ 13 nt8ϔûN��

��3#1ʴ�+z�d���ptͶȯ6GIFMV ǏȶSof]�Hǣø"K+
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RNA�H4ȨˬƧ8|�u�ʦʾˆ6ʹƃ"K+ 3 (Mielke and Muehlbach, 2007; 

Elbeaino et al., 2009b)�#�# KH8ǚɯ9Ȗ˖5e^v��ƻHK6��"

H6|�u}m��Nˌͱ%J,�29į˾8Ϣ"8ͫȈ|�u�ϙ5.1�+ŘĮ

6ēþ�ņϸ2�J� 

˼ 2 ˹6��1ȓȨ2üC1 FMV NɆø#+ƸFMV 8ˁŶˆ5Ͷȯ3ê`z

�ϔû8ͶΉNˌɎ3#ͫ Ȉ8 FMVùϷȽ8ĥϵ3śŖϔû8ͶΉNA+�FMV

9 4ù̃8`z�NȢ%J3ŗĵ"K1�++CĭùϷȽ8i^��t!36ʦʾˆ

5��S��Nͼ# RT-PCR 2Şơ#+Ƹ6e�_�gNοCJǂͭ��.+�Ȓ

ŗ8ϔûNŖ6��S��Nͼ%J+Cϔû�Ȧ˙8Ȏ+5ùϷȽ6Ƅ#19ϔû

�ĮM5� 3D̴�HKʟ϶5Êɇ�ǌ"K+�) 2FMV 8ĭi^��t

8¥ȧ˺8 13 nt8Ôŵϔû6Į���S��Nͼ#RT-PCRN͠� 32ê18

i^��tN�Ƨ8 RT-PCR Ĥǃ2Şơ#G�3A+�̙Ȳ3#1Ȩǚɯ6G.

1ȎͰ8 RNAϔû�Ɇø"K"H6�ν8ͶȯN͠�)KH8ϔû� K@26

ŗĵ"K1�5� FMV8ȎͰ8`z�i^��t2�J 3Nˢ#+� 
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ǚǶǴǅƾǊǄǈƾƾ ǚǡǩ ȰɒɨɷÛ�aƾ

ǀǕǁƾ ƾǚǡǩ ɈɝɽɆ2ƯÑƾ ǀǛǽǈǇǁƾ ȰɒɨɷØÛ�aȍǚǡǩ ȱ ǋ ȧȰɒɨɷȔȾȭɀȫŉȒȾ

ɁȩȐȤȍǥǢǕǈ Ȱ ǣǥǚ �ȰúœȰɳɠɏəȪġȜɁɀȰȱ ����
����
� ĢɉɈɾəȰ

ǥǱǥǼ Ȯ�}ȜɁɀɹɟʃɭ Ǖ�ǙȍǥǢǕǉ ȮɓʃɤȜɁɀ ǴǸȃǰǻǼǽǻǿǲǶǺ ȱɴɽɯʀɡɈʂȫȝ

ȩňŲ Ȍǉ ȧȰɝʂɪɏżȮɯʀɚɗʂɐȜɁɀȍƾ

ǀǖǁƾ ǚǡǩ ɒɨɷɚɐɸʂ ɣȰ�ÇīȮȱ�ȐȮĚţĘȭ ǈǊ olȕ�}ȜɁȌ

ǼǮǺǵǮǺǱǸǲǄǾǿǽȀǰǿȀǽǲ Ƀ�ȟɀȍƾ
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Ǌǅǉǅƾ É¼Gȴ¾éƾ

 

Ǌǅƾǉǅƾǈǅƾ �ŴÕÿƾ

ȓȨŊï�G;i��Q8 14 ÕÇ8Sof]�H˂ƿNĴ%J͓NϵC+�a�

t���3#1Ʊ˛˳Ż2̞ǩ#1�JÛêSof]8͓NÌʴ#+�Ȩ˛˳2Ìʴ#

+ùϷȽİ3)8ʶȫNTable 3-16ˢ%�ýȖ#+D86ϥ#18AĻ˭NͻΩ#+� 

 
ǧǮǯǸǲƾǊǄǈƾ È�ƺȪ�ċȝȤ ǚǡǩ 2ƯÑƾ

đN ČË \ĥ 2ƯÑ  

1 Japan  (Shimane)  Houraishi JS1 

2 Japan  (Fukuoka)  Houraishi JF1 
3 Japan  (Fukuoka*)  Houraishi JFT4 
4† Japan Athenes JTT-At 

5† Japan King JTT-Ki 
6† Japan Lisa JTT-Li 
7† Japan Panachee JTT-Pa 

8† Japan Violette de Sollies JTT-Vi 
9 Serbia - SB1 

10 Serbia - SB2-2 

11 Serbia - SB2-3 
12 Serbia - SB2-4 
13 Serbia - SB2-5 

14 Serbia - SB2-6 

* No239χ�ŐŔ. 
† Ʊ˛˳Ż2̞ǩ#1�JSof]�HɆø"K+ FMVùϷȽ 

 

 

Ǌǅƾǉǅƾǉǅƾ ǥǧǄǤǗǥƾ

Sof]�H8êRNA8ǣø9 2.2.33įɍ6͠�FMV8Ǐȶ8˟Ά69 2.2.4

3įɍ6 RT-PCRN͠.+� 
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FMV`z�i^��t8įȚŞơ RT-PCR9º¡8ǚЅ2͠.+���S��3

#1 FMV8ê18`z�i^��t8¥ȧ˺6Ôŵ"K1�J 13 nt6Į�D8NÌ

ʴ#+�5´8��S��9 5TerE: 5´- AGT AGT GTT CTC C -3´3´8��S��9

3TerE: 5´- AGT AGT GAACTC C -3´2�J�ηΥñĤǃ9 SuperScript III Reverse 

Transcriptase (Thermo Fisher Scientific) NÌʴ#+�Įžϛ 22.5 µl2ĤǃN͠�

200 Unit8ηΥñϕ̒3ϋƱϛ8ϩƏ8|p�P�50 Unit8 Ribonuclease 

Inhibitor (TaKaRa)2.5 µM8 3TerE��S��1 µg8 RNANʀĈ#Ĥǃ9 45� 

30 min75� 15 min2͠.+�)8Ƹ4 µl8ηΥñʳʥNr����t3#

TaKaRa LA Taq (TaKaRa) 6GJ PCR N͠.+�50 µl8Įžϛ6 2.5 Unit8�

����j3ϋƱϛ8ϩƏ8|p�P�15 µM8 5TerE3 3TerE��S��NʀĈ

#Ĥǃ994� 4 min8Ƹ 94� 15 s45� 30 s68� 7 minN 35 cS]�

68� 7 min2͠.+�Ĥǃ̖¬Ƹ0.7% TAEQZ��g`�6GIϻɡɲčN͠�

DNA ȍʤ8Şơ3Ϣ"N˟Ά#+�cSh��Y�9 1 kbp Ladder  (NEB)  N

ʴ�+� 

 

ǊǅƾǉǅƾǊǅƾ ǥǮǼǶǱƾǮǹǼǸǶǳǶǰǮǿǶǻǺƾǻǳƾǰǘǢǕƾǲǺǱƾǀǥǕǗǙǁƾ

ĭ RNAi^��t8 5´3´ȧ˺ϔûNɩŹ%J+C6RACEN͠.+�5´-RACE 

System, version 2.0 (Thermo Fisher Scientific) NÌʴ#ĭĤǃ8ϕ̒E|p�P�

549�&KDȨ[pt8Ǵŭϛ6ƺ.+�ηΥñĤǃ9 1 µg 8 RNA NÌʴ#i

^��t!36ʾ5J gene specific primer 1 (gsp1) NÌʴ#+�Ìʴ#+��S��

8ϔû�Ͳ9 Table 3-26ˢ%�Ĥǃ9 42� 30 min70� 15 min2͠.+�ºϪ9

[pt8�w�Q�6ƺ� RNase÷ʰcDNA8̐ĒpolyC8r���^N͠.+�

PCR Ĥǃ9[pt6ʀ¸8 anbridged anchor primer 3i^��t!38

gene-specific primer 2 (gsp2; Table 3-2) N 20 µM&/35 µl8r���^ĤǃƸ8

ĤǃɼNÌʴ# ͻ 3.2.23įɍ6 TaKaRa LA TaqNʴ�͠.+�gsp13 gsp29

ƄΔ RNA i^��t8ȧ˺6ÉĄ8ϔû�ŵŏ#5�.+ŘĮPCR Şơȍʤ�̎

300 bp35JG�6ͼ#1�J�Ĥǃ̖¬Ƹ2% TAEQZ��g`�6GIϻɡ
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ɲčN͠�ˌˆ8ŧ�"6 DNA ȍʤ�Şơ"K1�J�N˟Ά#+�RACE8 PCR

ȍʤ8e�]V�g�]m�<8]��w�^3e�]V�g6/�19ɔЄ2ͻγ

%J� 

 

Ǌǅƾǉǅƾǋǅƾ ǤǗǥ ĊÿȰɏʀʃɦʂɐȫolƗ4ŮÌƾ

i^��tįȚŞơʳʥ3 RACE ʳʥ9 0.7%@+9 2И8 TAE QZ��g`�

2ɲč#+Ƹ6|�uɝ6 UltraClean 15 DNA Purification kit2̉ͪ#+�̉ͪ#

+ DNA9 TOPO TA Cloning kit (Thermo Fisher Scientific) 6]��w�^#+�]

��w�^#+��g�u9E.coli DH5�͑Ƚ (TaKaRa) 6Ɖé#LB / Kanamycin

ŉƲŕŐ6���rR�^#+�ʲ�1�+ĭa�w�NęϷ2�YT / Kanamycin

ŕŐ2 37�16 hŕЏ#̈́čȾϗùϷ̭ͧ2��g�uNńĥ#+�TOPO �]m

�9 M13 ϔûNȢ%J+CϔûǮé8˟Ά8 PCR 3e�]V�g69 M13F (5´- 

GTA AAA CGA CGG CCA G -3´) 3M13R (5´- CAG GAA ACA GCT ATG AC -3´) �

�S��Nʴ�+�PCR6G.1ˌˆ8ŧ�"8Ǯéϔû8�J��g�uNύǟ#

4�5 ]���Ne�]V�g%J 36G.1ê18ùϷȽ8 RNA3�RNA6 8ϔû

NɩŹ#+�JS13 SB18 RNA13 RNA2êϢ8 cDNA]���6ϥ#19M13�

�S��8A29êϢϔû�ɩŹ2�5�.+82Ĉ�16�Jïϑϔû6Į���

S��Nͼ#e�]V�gͶȯ6ʴ�+ (Table 3-2)� 
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ǧǮǯǸǲƾǊǄǉƾ ÈĪȰğĨȪɗʃɏɊʂəȫɨʃɖʂŮÌȮ�ċȝȤɯɼɈɵʃƾ

ɚɐɸʂɣ �Ɗ ɯɼɈɵʃR  Ɨ4  (5´–3´)  ɕɈɣ  (nt)  2ƯÑ 

RNA 1 

Sequencing 

FMV1S4 AAAGGATAATACAAGTTACC 1897–1916 

JS1 

FMV1S5 AAGCATTAATAAGCCATTACTAGC 2710–2733 

FMV1A5 ATCCCTTTCATACTGTGAGT 4506–4525 

FMV1A4 TAGTACTTCACAAGCAATGACA 5379–5400 

FMV1A3 GTAAGTGTCATACAAAGATG 6156–6175 

SB1S1 GATGGTATGCTTGCTGAT 6269–6286 

SB1 

SB1S2 GAAAGAAAATATTTGTGGAT 5545–5564 

SB1S3 ATTGATGAAAGAGGTGATT 4681–4699 

SB1S4 GTAATTCTGTGTAAAATC 3374–3391 

SB1A1 CTTCATTAGTTCCAATGT 715–732 

SB1A2 AGTATCATATAAAGATGT 872–889 

SB1A3 TCTCATCAGAATGGGGATAT 1741–1760 

SB1A4 ATTTAACAATCATTGGTG 2569–2586 

RACE 

1-5´gsp1 AACTGCAATAAAATTAAGCT 
6722–6741 / 

6724–6743 

JS1/SB1 

1-5´gsp2 TATGTGATACATAAATATCG 
6761–6780 / 

6763–6782 

1-3´gsp1 AATATTCCTTCTGAAAGTGA 
248–267 / 

250–269 

1-3´gsp2 CACTGCTTATAGATCTTTTC 
194–213 / 

196–215 

RNA 2 

Sequencing 

FMV2A2 AATTTATATGATATTTTGGC 1508–1527 JS1 

SB2S CACTTGCAAAGGCAGATGAT 608–628 
SB1 

SB2A TATCTTTACTGTGATCTAAG 1678–1697 

RACE 

2-5´gsp1 ATGAATCAGCAAATGAATTC 1932–1951 

JS1/SB1 
2-5´gsp2 TTTCTGATGCGTTGCATCAC 2036–2055 

2-3´gsp1 TCTTCATGGATAGTTGCAGT 314–333 

2-3´gsp2 AGGTAATGATGTGACATATC 294–313 
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RNA 3 

RACE 

3-5´gsp1 TATATTAATGTAATCTAAGT 1123–1142 

JS1/SB1 
3-5´gsp2 TTAGCAATATATATCTATGT 1149–1168 

3-3´gsp1 CATGACATATGTTACGATAC 333–352 

3-3´gsp2 AAATTGCTAATATTCTGACT 301–320 

Northern 
RNA3nor-s GTGCAAGCTTTTACCTCT 280–297 

JS1 
RNA3nor-a ATTGAACACTGTTGATAT 1263–1280 

RNA 4 RACE 

4-5´gsp1 ACTGAGGAAGGATATGTTAT 1129–1148 

JS1/SB1 
4-5´gsp2 TGCTATGTTTTGTTTACCTA 1210–1229 

4-3´gsp1 TAGCTATCCTTGTCATTGCT 333–352 

4-3´gsp2 AGCCTTAACTGGAAGCCTGA 248–267 

RNA 5 

RACE 

5-5´gsp1 TTAGCATCTTTTAGAGCTGG 
1375–1394 / 

1374–1393 

JS1/SB1 

5-5´gsp2 GAGATTAGAAATGGCAAGAG 
1425–1444 / 

1481–1500 

5-3´gsp1 GATAGCAAATGGTGCAATTG 
314–333 / 

302–321 

5-3´gsp2 TGGCATTGAATCTAGGCATC 
261–280 / 

427–266 

Northern 
RNA5nor-s TATGATTTCACAAGATAT 100–117 

JS1 
RNA5nor-a TGTTTTATATATTCTATA 1083–1100 

RNA 6 

RACE 

6-5´gsp1 TTTATCTTTAATATCCTGGA 871–890 

JS1/SB1 
6-5´gsp2 CTGAGGTTTATACCTGAGAT 932–951 

6-3´gsp1 TCTACAATTACATGTGGTAT 324–343 

6-3´gsp2 GGACATATCTAGTTTCTTGT 214–233 

Northern 
RNA6nor-s TTAGATTCCTTGCATGAT 120–137 

JS1 
RNA6nor-a CTATAATTGTTAAGACTT 1103–1200 

*JS1/SB1 Л/8ùϷȽ6Ƅ#1į$��S��NÌʴ#+�  
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Ǌǅƾǉǅƾǌǅƾ ɨʃɖʂɮʀɠɣƾ

JS1ùϷȽ8 RNA3RNA5RNA6�Sof]Ʌʥï2͖˰#1�J�˟Ά%J

+C6z�d���ptN͠.+�ɈǇ8ʾ5J RNA 8͖˰NͯJ+C6¥ȏı 

(viral RNA [vRNA]3 viral complementary RNA [vcRNA]) 8RNA����NÊǕ#

+�RNA3RNA5RNA6 8)K*K280–1280 nt100–1100 nt120–1120 nt

ЇŔ6ˎƱ%JϑùN Table 3-28��S��2Şơ#pGEM T-easy (Promega) �

]m�6]��w�^#+�PCR8r����t3#1 3.2.42 TOPO�]m�6]

��w�^#+ cDNAϔûNʴ�+�śŖϔûͶȯ6Ìʴ#+ TOPO�]m�9 SP6 

�����j̙ĮcSt�5�.++CRNA ����8ÊǕ69Ìʴ#5�.+�

3.2.4 3įɍ8ǚЅ2ˌˆϔû�Ǯé"K+��g�uNɋ̅#Ǯéϔû8ˍ D#

�9ˍ¡Núȍ%J+C6 NcoID#�9 SalI2Āϫϕ̒÷ʰ#+�úȍ#+��g�

uNVmz��ɪɜ#ϋƱϛ8͕ʻɢ6ʌͶ#+ƸT7 �����jD#�9 SP6

�����j (TaKaRa)Nʴ�DIG RNA labeling Mix (Roche Diagnostics) 6G.

1 DIG����^3ΥñĤǃN͠� RNA����NÊǕ#+� 

z�d���pt69Digoxigenin (DIG) egr� (Roche Diagnostic) Nʴ�

+�1c����+I 1 µg 8 RNANÌʴ#���Q�s~uţǇQZ��g`� 

(1%[w/v] agarose, 5%[v/v] formaldehyde, 50 mM MOPS-KOH [pH 7.0])6GI50 V

2 70 minϻɡɲčN͠.+�ɲčƸ6VofT����Suȶ͊N͠�UVʞƇ¡

28��k�� RNA8ȶ͊áNǪɎ6ĭc���Ϥ2 RNAϛ�ǵ.1�J 3N

˟Ά#+� )8Ƹɲč#+ RNAN Turboblotter system (GE Healthcare) Nʴ�

1 Nyron Membrane positively charged (Roche Diagnostics) 6��prR�^#+�

��prR�^Ƹ8�����N 2�SSC (300 mM NaCl, 30 mM sodium citrate, pH 

7.4) Nʴ�1ɳɶ#̔ṭ̌]�g��]6G.1 RNA N�����6ŉŹ#+�

DIG ���#+ RNA ����N DIG Easy Hyb (Roche Diagnostics) 2T7���

��j2Υñ#+����9 2,000 ÖƞϘSP6 �����j2Υñ#+����9

500Ö6ƞϘ#68�2 12 h����� 8Ⱦϗ6{S��nSj�e��"'+�

ɔ�2�����Nɳɶɼ 1 (2�SSC, 0.1% SDS)Nʴ�1Żʇ 5 minɳɶɼ 2 (0.2
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�SSC, 0.1% SDS) Nʴ�1 65� 20 min2ɳɶ#DIG Wash and Block Buffer Set 

(Roche Diagnostics) 8��p[�^|p�P�2��p[�^ĤǃN͠.+�)8Ƹ

Anti-Digoxigenin-Fab fragmentǞÇ (Roche Diagnostics)N 10,000ÖƞϘ#Żʇ2

1 hĤǃ"'+�DIG Wash and Block Buffer Set8ɳɶ|p�P�2ɳɶ#+ƸɆ

ø|p�P� (0.1 M Tris-HCl [pH 9.5], 0.1 M NaCl)6ɺ#CDP-star (New England 

Biolabs) ʴ�1Ɇø#+�CDP-star Nʴ�+ĒŶ˅æ8Ɇø69 LAS-4000 mini 

(Fujifilm) NÌʴ#+� 

 

ǊǅƾǉǅƾǍǅƾ Ɨ4ŮÌȫ2{ĴļŮÌƾ

ɩŹ"K+śŖϔûNDNA Ͷȯk�tTUQ GENETYX-MAC Ver. 13.1 

(GENETYX) 6GIͶȯ#+�ɩŹśŖϔû�G;ǴŹQ�zϗϔû6/�1Ȓŗ

8ϔû3ɞΨ#+�RNA5RNA6�G; p5p68)8·8Ȓ˙ϔû38ˎįǇɆ̓

9 NCBI 8 BLAST ��^��Nʴ�1͠.+�p5p6 8u�S�Ɇ̓9 Pfam 

program (Finn et al., 2010; http://pfam.sanger. ac.uk/) Nʴ�1͠.+�Ȩ˛˳6G

.1ȖH�35.+ FMV 14ùϷȽ8 RNA3�RNA6ϔû8 GenBankQ]ipe�

�v�|�9 Table 3-3 (pp 64)6ͻ%�JS1ùϷȽ3 SB1ùϷȽ8 RNA1 ϔû8Q]

ipe��v�|�9)K*K AB697826AB697827RNA2 ϔû9)K*K

AB697828AB6978292�J� KH8ϔû6Ĉ�1Gr10Sm�QùϷȽ8 RNA1

�RNA68`z�ϔû (AM941711FM864225FM991954FM992851HE803826

HE803827) Nϔû8ɞΨ3ùŴ̛̌Ͷȯ6Ìʴ#+� KH8Ȓ˙ϔû9 NCBIc�

|�Nκ$1 GenBank s�m��g (http://www.ncbi.nlm.nih.gov/) GIéǚ#+�

DDBJ 8 c � | � 6 � � J CLUSTALW Q � b � h � 

(http://clustalw.ddbj.nig.ac.jp/top-j.html) 6GIśŖϔû8Q�S���tN͠�

��o��Q�S���tNŖ6ϔûį�ǇŃø#+ (Thompson et al., 1994)�ƣ

őώÁΡϷ8́ø69MEGA 5.0 (Tamura et al., 2011) Nʴ�+�į$Q�S��

�tϔûNùŴ̛̌Ͷȯ6��1ÿʴ#βϴ̙Įɯ6Ŗ0�̛̌ɐNÊǕ#+�οĒ

�s�9 p-distance  (Takahashi and Nei, 2000)  NÌʴ#̌ ̛ɐǶʹ69MEGA 
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5.0 (Tamura et al., 2011) Nʴ�+�FMV8 RNA33 RNA48QTt^���69

RRV8 RNA3RNA4ϔû (HQ871944HQ871945) Nʴ�+���tgt�p�Ͷ

ȯ9 1,000Ĥƽ͠.+� 
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ǊǅƾǊǅƾ ĺÎƾ

 

ǚǡǩ 2ƯÑȰIƮƾ

ȓȨŊï (˼ 2˹8c���NĲB)3i��QGIFMD3ǅMKJ˂ƿNĴ%J

Sof]͓NĮ 14c���ĥϵ#+� KH8Sof]͓3ÛêSof]͓GIê

RNANǣø#Ȓŗ8 E5-sE5-a��S��6GI FMV RdRpώÁŴ8ϑùϔûN

Şơ%J RT-PCRN͠.+ (Elbeaino et al., 2009a)�)8̙Ȳ14c���%=1�

Hʦʾˆ5Şơ�˟Ά"K+ (Fig. 3-2)� KH8ŞơȍʤNe�]V�g#Ȓŗ8

FMVSm�QùϷȽ Gr108ϔû3ɞΨ#+3 L86.5–92.3%8ϔûį�Ǉ�ͯH

K+ (Table 3-4 A; pp 67)�º 8̙Ȳ�H KH 14c���8Sof]͓69 FMV

�Ǐȶ#1�J 3�˟Ά"K KH8 FMVùϷȽN Table 3-1(page 49)2ˢ%κ

I6Ĺİ#+�5�SB2-6ùϷȽǏȶSof]͓�Hǣø#+ RNA6ϥ#19Şơ

Čʫ�Ǌ�G�6ǅMKJ� (Fig. 3-2 lane14) K9��S��8ϔû3TS�g8

ϔû8�g�po6GJ3̴�HKJ� 

ǚǶǴǅƾǊǄǉƾƾ ǚǡǩ 2ƯÑȰIƮƾ

ǚǡǩ ĀĒĘɯɼɈɵʃǙǌǄǾȌǙǌǄǮ ȮȽɀ ǥǧǄǤǗǥȍǜʅ#+ɈɟɘɏȍɿʃʂđNȱ ǧǮǯǸǲƾ ǊǄǈ Ȱđ

Nȫ�őȝȩȐɀȍƾ
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ɒɨɷɚɐɸʂɣȰQÂp�ƾ Ȉǚǡǩƾ½ŪɒɨɷɚɐɸʂɣȰÖ1Ǆƾ

FMV84Ȩ8`z�i^��tN1ń8RT-PCR2įȚ6Şơ%J 3NA+�

FMV8ĭi^��t8¥ȧ˺6ëκ#1Ôŵ"KJ 13 nt8śŖϔû6�po%J�

�S��ipt 3TerE5TerENÊǕ#JS1ƕȿùϷȽ3 SB1i��QùϷȽ6Ƅ

#1 RT-PCRN͠.+�ê18 FMV`z�i^��t�Şơ#1�+ŘĮ4˭8Ş

ơȍʤ� 3 Ȩ8|�u35.1ʹƃ"KJ3̴�HKJ (RNA3 3 RNA4 9>?į�

8Ϣ"2�J+CùϷ"K5�)�ϻɡɲč61ŞơʳʥN˟Ά#+̙Ȳǌ6Ĥ#

13Ȩ8|�u295� 5Ȩ8|�u� FMVǏȶSof] RNAʦʾˆ6ʹƃ"K

+(Fig. 3-3 A)�Gr10ùϷȽ28ŗĵ6GJ3 RNA1RNA2RNA3RNA49)K

*K7039 nt2252 nt1490 nt1472 nt8Ϣ"2�J (Elbeaino et al., 2009b)�

̎ 7 kbp2.2 kbp1.5 kbp6ʹƃ"KJ|�u� KH8`z� RNAʶȫ8Şơ

ȍʤ2�J3̴�HK+�̎ 1.7 kbp3̎ 1.2 kbp6ʹƃ"KJ|�u9 K@28

ŗĵ29ΈȖ�/�5�.+�ÛêSof] RNA 29Ȩ|�u9ʹƃ"K5�+C

 KH8|�u9Ͽʦʾˆ5Şơ295�TS�g RNA�ʦʾˆ6Şơ#1�JD

83̴�HK+�5�Ϣ�ȍʤ>4|�u�͚�ͯ�J89�͈ˆ6Ϣ�ϔû>4

PCR6GJŞơČʫ�Ǌ�5J+C2�J3̴�HKJ� 

̎ 1.7 kbp 3̎ 1.2 kbp 6ʹƃ"KJ|�u�)8·8 FMV ùϷȽ6Ǐȶ#+

RNA 2DŞơ%J�N˟Ά%J+C614 ùϷȽ%=16Ƅ#1įɍ6 RT-PCR N

͠.+�)8̙Ȳ14ùϷȽ%=12įɍ8ŧ�"8|�u�ʹƃ"K+ (Fig. 3-3 B)�

 KH8̙ȲGI KH8|�u9 K@26˅ͯ"K1�5� FMV8`z�i^

��tʶȫ2�Jī̽Ǉ�Е@.+� 

 KH8|�u8ʶȫN˟Ά%J+C6śŖϔûNͶΉ#+�@&JS1 3 SB1

8̎ 7 kbp3̎ 2.2 kbp6ʹƃ"K+Şơȍʤ8e�]V�gN͠.+� KH8Şơ

ȍʤ9Gr108RNA13RNA23Е�ϔûį�ǇNˢ#)8Ø9JS18RNA1RNA2

6ϥ#1 88.9%92.7%SB18 RNA1RNA26ϥ#1 91.7%94.0%2�.+�ɔ

614ùϷȽ%=18̎ 1.5 kbp8|�u8ϔûNɩŹ#Ȩ|�u69 RNA3RNA4

ʶȫ8 2/8Şơȍʤ�Ĳ@KJ 3�ù�.+� KH8 RNA8ùϷȽϤ8ϔûį
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�Ǉ6/�19þЄ2ͻγ%J�º 8|�u�ǌκI6Ȓŗ8 FMV8`z�i^

��tʶȫ2�.+86Ƅ#̎ 1.7 kbp3̎ 1.2 kbp8|�u9)K*K 14ùϷȽ

Ϥ2ˎįǇNˢ%D88RNA1�RNA439ê�ˎįǇ�ͯHK&Ȓŗ8`z�i

^��t8�ϑЇŔ�Ͽʦʾˆ6Şơ#+D8295� 3�˟Ά"K+� 

ɔ6JS1 3 SB1 8ĭ RNA 6ϥ#1ȧ˺ϔûN=J+C6RACE ͶȯN͠

.+�)8̙Ȳ6˭ê18 RNAi^��t6��1¥ȧ˺8 13 nt9̭ǸɓǼ

ǮéţʾE¸Ĉϔû5�Ôŵ"K1�IȒŗ8 FMV`z�i^��t3į$ 13 nt

� RNAi^��t8ȧ˺ϔû2�J 3�˟�CHK+� 

º 8̙Ȳ�H̎ 1.7 kbp 3̎ 1.2 kbp 8|�u9 K@26ŗĵ"K1�5�

FMV8ȎͰ`z�i^��tʶȫ2�Jī̽Ǉ�ˢĽ"K KH8ȎͰRNA˭N

̎ 1.7 nt8D8N�RNA5�̎ 1.2 nt8D8N�RNA6�3İ¸�+� 
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ǚǶǴǅƾǊǄǊƾƾ ǚǡǩ ɒɨɷɚɐɸʂɣȰQÂp� ǥǧǄǤǗǥƾ

ǀǕǁƾǞǦǈ 2ƯÑȫ Ǧǖǈ 2ƯÑȮ�ȝȩȌɚɐɸʂɣȰ�ÇīȮ�}ȜɁȩȐɀ ǈǊ olȮPȑɯɼ

ɈɵʃǊǧǲǽǙȌǌǧǲǽǙ ɃċȐȩ ǥǧǄǤǗǥ ɃşȦȤȍǥǢǕǈ�ǥǢǕǋ ȮĚ�ȟɀuȖȜȫȌĵ ǈǅǎƾ

ǷǯǼ ȫĵ ǈǅǉƾǷǯǼ ȰuȖȜȮĀĒĘȭp�ȕĠŵȜɁɀȍƾ

ǀǖǁƾǚǡǩƾǈǋ 2ƯÑȮ�ȟɀÇī�}Ɨ4ɯɼɈɵʃɃċȐȤ ǥǧǄǤǗǥȍǈǋ 2ƯÑ+ȩȪ ǈǅǎ�

ǈǅǉƾǷǯǼ Ȯ Ǌ ÈȰɩʂɤȕĠŵȜɁɀȍƾ

ǜʅ#+ɈɟɘɏȍɿʃʂđNȱ ǧǮǯǸǲƾǊǄǈ Ȱ2ƯÑȰđNȫ�őȝȩȐɀȍƾ
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½Ū ǥǢǕ ɚɐɸʂɣ ǥǢǕǌȌǥǢǕǍ ȰƗ4ŮÌƾ

JS18 RNA59 viral RNA (vRNA) 3´ȧ˺Ü8 57 nt5´ȧ˺Ü8 186 nt8ȓ̳ͽ

ЇŔ (untranslated region: UTR)6Ǭ@K1 viral complementary RNA (vcRNA)Ü6

Ϣ"� 1509 nt8 ORF (ORF5) �ŵŏ#ùŴϛ� 59 kDa8m�}]Λ (p5) Na

�u#1�J3ǴŹ"KJ (Fig. 3-4 and Table 3-3)�vRNA39�SvgϠ RNATS

�g6��J`z� RNA 8ϠNͣ#1�IvcRNA 39m�}]Λ�a�u"KJ

ϠNˢ%�FMV8`z� RNA8ɈǇ6ϥ#19å͠8˛˳ (Elbeaino et al., 2009a) 

2Ȓ6ȖH�35.1�J�SB1 8 RNA5 D>?į$ɋμNȢ#1�+�JS1 3ɞ

Ψ#1 ORF8ͫȈ̀Ǚ6ɓũţʾ�ŵŏ#a�u"KJm�}]Λ8Ϣ"�EE˚�

5.1�+ (486 aa, 57 kDa; Table 3-3)�ɓũţʾ9)K*K 612921 nt8ŧ�

"2JS1 RNA58 234–239250–261346–3541045–1065 nt6ˎƱ%JЇŔ6

ŵŏ#1�+�)8·8 12ùϷȽ8 RNA56ϥ#1D ͻ 2ùϷȽ8�&K�3>?

įɍ8ɋμNȢ#1�Ia�u"KJm�}]Λ p59 JS13į$ 59 kDa8D83

SB13įɍ6ɓũţʾ6GI 57 kDa35.+ùϷȽ�ŵŏ#+ (Fig. 3-4 and Table 

3-3)�ORF58·6 200 ntº 8ȢǍ5ŧ�"8 ORF9ŵŏ#5�.+�RNA58ȧ

˺ϔû9`z�i^��tê12Ôŵ"KJ 13 ntNĲCϔûȧ˺ЇŔ6ˎͩˆ5ϔ

û�Е�Ôŵ"K1�J�įɍ8i^��t!38ˎͩˆ5ϔû� RNA33 RNA42

Dʹƃ"KJ (Fig. 3-5 A-C)�p5Q�zϗϔû6ϥ#1s�m��gɆ̓N͠.+�

p59��5JȒ˙8ϔû3DˎįǇNˢ"&u�S�Dʈ"K5�.+� 

JS18 RNA 69 vRNA3´ȧ˺Ü8 68 nt5´ȧ˺Ü8 449 nt8 UTR6Ǭ@K1

vcRNA6Ϣ"� 699 nt8ORF (ORF6) �ŵŏ#ùŴϛ� 26 kDa8m�}]Λ (p6) 

Na�u#1�J3ǴŹ"KJ (Fig. 3-4 and Table 3-3)�)8·8 13ùϷȽ6ϥ#1

D>3O4į$ɋμNȢ#1�IJS13ê�į$Ϣ"8 ORF2�.+�)8·6 200 

ntº 8ȢǍ5ŧ�"8 ORF9ŵŏ#5�.+�@+RNA6D)8·8i^��t

3įɍ6i^��t6ŉȢ8ȧ˺ˎͩˆ5ϔû�Е�Ôŵ"K1�+ (Fig. 3-5 D)�p6

8Q�zϗϔû6ϥ#1 BLASTɆ̓N͠.+� GenBanks�m��g6ŗĵ"K1

�J��5Jϔû3DȢǍ5ˎįǇNˢ"5�.+�#�#Pfamu�S�Ɇ̓6G
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Ip68NȧÜЇŔ (33-100 aa) 6 Bunyavirus˩TS�g8 RdRpu�S�8motif 

A 8ˍ¡�H motif B 6��18ЇŔ� 0.032 3��ȤƶØ2ʈ"K+ (Fig.3-4; 

Müller et al., 1994; Aquino et al., 2003; Elbeaino et al., 2009a)� 

ǚǶǴǅƾǊǄǋƾƾ ǥǢǕǌ ȫ ǥǢǕǍ ȰÛ�aƾ

ǣǥǚ ɃúœȰ]ŭȪȌǨǧǥ ɃƽŀȪġȟȍƽŀ�Ȱº|ȱolđNɃġȟȍǈǋ 2ƯÑȰɆɼɈ

ʂɸʂɣȮȓșɀĞ�ȱ ǣǥǚǌ �ȰßwrĒĭ®ɃġȟȍƽœȰ]ŭȱ ǼǍ ȰƗ4�ȮƖ2Ęȭ

����
�����ĢɉɈɾəȰǥǱǥǼ ɤɸɈʂȕ
ôȜɁȤȚȫɃġȟȍȢȰ�¾ȮǤǳǮǹÖĸȰɆɉɣɯ

ɠɣɃġȟȍɆɼɈʂɸʂɣȱ ǞǦǈȰ ǼǍɆɶɨƙƗ4ȫ ����
�����ĢɉɈɾəȰǥǱǥǼȰɓʂɚʂɕ

əƗ4Ƀ ǵǶǱǱǲǺƾǡǻǽǷǻȁƾǹǻǱǲǸƾǀǜǡǡǁƾɃċȐȩġȝȩȐɀȍƾ
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ǚǶǴǅƾǊǄǌƾƾ ɚɐɸʂɣțȫȰĚţĘȭÇī�}Ɨ4ƾ

ǀǕǁƾǥǢǕǊȍǀǖǁƾǥǢǕǋȍǀǗǁƾǥǢǕǌȍǀǘǁƾǥǢǕǍȍƾ

OɆɼɈʂɸʂɣȰ�¾ȮɓʂɚʂɕəƗ4Ƀġȟȍv|ȱ+ȩȰɚɐɸʂɣȪ�}ȜɁɀ

ǈǊƾ Ǻǿ ɃȌu»|ȱH�ÇīȫĚţȪȏɀȚȫɃġȟȍ2ƯÑȰɆəɝɽəɏȱ ǥǕǗǙ ŮÌ

ɃşȦȤȚȫɃªYȟɀȍƾ

ƾ
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ǧǮǯǸǲƾǊǄǊƾ ÈğĨȪƗ4ŮÌɃşȦȤ ǚǡǩ ɒɨɷɚɐɸʂɣȰƗ4ȫɆɏɚɠɗɻʂɥʂɩʃƾ

2ƯÑ +ơ (nt)  3´UTR (nt)  ORF (nt)  5´UTR (nt)  Acc No 

ƾ RdRpƖ2Ɨ4  (E5-sȌE5-aɯɼɈɵʃȮȽɀ RT-PCRĊÿ)  
JS1 260 - - - AB683863* 
JF1 260 - - - AB697830 

JFT4 260 - - - AB697831 
JTT-At 260 - - - AB697832 
JTT-Ki 260 - - - AB697833 
JTT-Li 260 - - - AB697834 
JTT-Pa 260 - - - AB697835 
JTT-Vi 260 - - - AB697836 

SB1 260 - - - AB697837 
SB2-2 260 - - - AB697838 
SB2-3 260 - - - AB697839 
SB2-4 260 - - - AB697840 
SB2-5 260 - - - AB697841 
SB2-6 260 - - - AB697842 

ƾ RNA3 
JS1 1490 99 948 443 AB697843 
JF1 1490 99 948 443 AB697844 

JFT4 1490 99 948 443 AB697845 
JTT-At 1491 99 948 444 AB697846 
JTT-Ki 1491 99 948 444 AB697847 
JTT-Li 1490 99 948 443 AB697848 
JTT-Pa 1492 99 948 445 AB697849 
JTT-Vi 1490 99 948 443 AB697850 

SB1 1490 99 948 443 AB697851 
SB2-2 1490 99 948 443 AB697852 
SB2-3 1490 99 948 443 AB697853 
SB2-4 1491 99 948 444 AB697854 
SB2-5 1490 99 948 443 AB697855 
SB2-6 1491 99 948 444 AB697856 

ƾ RNA4 
JS1 1485 81 1086 318 AB697857 
JF1 1485 81 1086 318 AB697858 

JFT4 1485 81 1086 318 AB697859 
JTT-At 1485 81 1086 318 AB697860 
JTT-Ki 1485 81 1086 318 AB697861 
JTT-Li 1485 81 1086 318 AB697862 
JTT-Pa 1486 81 1086 319 AB697863 
JTT-Vi 1486 81 1086 319 AB697864 

SB1 1486 81 1086 319 AB697865 
SB2-2 1486 81 1086 319 AB697866 
SB2-3 1486 81 1086 319 AB697867 
SB2-4 1486 81 1086 319 AB697868 
SB2-5 1486 81 1086 319 AB697869 
SB2-6 1486 81 1086 319 AB697870 

ƾ RNA5 
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JS1 1752 57 1509 186 AB697871 
JF1 1704 57 1461 186 AB697872 

JFT4 1703 57 1461 185 AB697873 
JTT-At 1752 57 1509 186 AB697874 
JTT-Ki 1752 57 1509 186 AB697875 
JTT-Li 1752 57 1509 186 AB697876 
JTT-Pa 1752 57 1509 186 AB697877 
JTT-Vi 1704 57 1461 186 AB697878 

SB1 1704 57 1461 186 AB697879 
SB2-2 1703 56 1461 186 AB697880 
SB2-3 1703 56 1461 186 AB697881 
SB2-4 1704 57 1461 186 AB697882 
SB2-5 1704 57 1461 186 AB697883 
SB2-6 1703 56 1461 186 AB697884 

ƾ RNA6 
JS1 1216 68 699 499 AB697885 
JF1 1215 68 699 498 AB697886 

JFT4 1216 68 699 499 AB697887 
JTT-At 1215 68 699 498 AB697888 
JTT-Ki 1214 68 699 497 AB697889 
JTT-Li 1215 68 699 498 AB697890 
JTT-Pa 1216 68 699 499 AB697891 
JTT-Vi 1216 68 699 499 AB697892 

SB1 1216 68 699 499 AB697893 
SB2-2 1216 68 699 499 AB697894 
SB2-3 1215 68 699 498 AB697895 
SB2-4 1216 68 699 499 AB697896 
SB2-5 1216 68 699 499 AB697897 
SB2-6 1216 68 699 499 AB697898 

* Ȩϔû9˼ 2˹8˛˳2ŗĵ#+� 
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2ƯÑƣƗ4Q�¨Ȱâƃƾ

ȎͰ RNAi^��t8ùϷȽϤ8ϔûŦɍǇN=J+C6Ȓŗ8`z�i^

��t2�J RNA3RNA4 3ë6 RNA5RNA6 3)KH6a�u"KJ3ǴŹ"

KJm�}]ΛQ�zϗϔû6/�1 FMV 14 ùϷȽϤ8į�ǇN=+�RNA3 3

RNA46ϥ#19 Gr10ùϷȽ8ϔûDĮM'1ɞΨ#+�)8̙ȲRNA33 RNA4

9 15 ùϷȽϤ2)K*K 93.0–99.9%93.8–99.9%8śŖϔû8į�Ǉ�ͯHK+ 

(Table 3-4, B and C)�NP3 p494-HD 97.8– 100 %8Q�zϗϔûį�Ǉ�ͯH

K+�)K6Ƅ#RNA5 3 RNA6 8śŖϔû8į�Ǉ9EEÆ�)8Ø9)K*

K 84.4–100%3 90.0–99.8%2�.+ (Table 3-4, D and E)� KH6a�u"KJm

�}]Λ p53 p66ϥ#1Dįɍ8ßı�ͯHK81.9–100%3 87.1–100%8Q�z

ϗϔû8į�Ǉ2�.+�RNA3RNA4RNA5RNA68 14ùϷȽϤ8ƣőώÁΡ

ϷŃ%J3śŖϔû2)K*K 4.73.38.95.5%a�u"KJm�}]Λ

8Q�zϗϔû2)K*K 1.11.010.87.3%2�.+�º 8Ͷȯ�HRNA5

RNA6 3 KH8i^��t6a�u"KJm�}]Λ9ùϷȽϤ2Е�į�ǇNˢ

%D88)8·8i^��t6ɞ=J3ϔûīřǇ6ƂO2�Iʦ6 RNA53 p5

9ŦɍǇ�Е� 3�ȖH�35.+� 
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ɨʃɖʂɮʀɠɣŮÌƾ

RNA5 3 RNA6 �ǏȶSof]ï2`z�i^��t3įɍ6͖˰#1�J�N

˟Ά%J+C6z�d���ptͶȯN͠.+�a�t���3#1Ȓŗ8`z�i

^��t2�J RNA3 8ɆøN͠.+�����69 vRNA 3 vcRNA NɆø%J+

C6¥ȏı8RNA����N)K*Kʴ�+�)8̙ȲFMVǏȶSof]8êRNA

�HRNA3RNA5RNA6 8êϢ6�͆%JϢ"8e^v��vRNA 3 vcRNA

NɆø%J�&K8����Nʴ�+ŘĮ6DɆø"K+ (Fig. 3-6)� 8®ź9

RNA5 3 RNA6 �TS�g6G.1ͫͪ"Kģȏ8ɈǇ8 RNA Ϡ�ǏȶSof]

ï2͖˰#1�J 3NˢĽ#1�J�z�d�Ͷȯ� ElbeainoH6G.15"K+

ϳ69vRNA 8A�Ɇø"K vcRNA 9Ɇø"K1�5�.+ (Elbeaino et al., 

2009a)�ȨźВ8̙Ȳ9 8å͠˛˳6��J˙ͯ3˗ˏ%JG�6ǅMKJ� 

K9Ȩ˛˳38����8ǏƧ8χ���J�9TS�gùϷȽ!36 vRNA 3

vcRNA8͖˰ϛɞ�ʾ5J 36ΞŅ#1�JD83̴�HKJ� 

ǚǶǴǅƾǊǄǍƾƾ ɨʃɖʂɮʀɠɣȮȽɀ ǥǢǕǌȌǥǢǕǍ ȰÖ1ƾ

ǜʅ#+Ɉɟɘɏ ǥǢǕȍǝʅǞǦǈ Ȯ«ÏȝȤɈɟɘɏ ǥǢǕȍǥǢǕǊȌǥǢǕǌȌǥǢǕǍ ȰȢɁȣɁ ǉǏǇȈǈǉǏǇȌ

ǈǇǇȈǈǈǇǇȌǈǉǇȈǈǈǉǇƾ Ǻǿ ȮĚ�ȟɀƵjȪ ǥǢǕ ɯʀʃɮɃűůȝȌȁǥǢǕ ȫ ȁǰǥǢǕ Ƀ6ȎȮÖ1ȝ

Ȥȍƾ



 70 

ɚɐɸʂɣƣȰ2{ƏAȰâƃŮÌƾ

 K@28�ν8˛˳6G.1RNA5 3 RNA6 9 FMV 8ȎͰ`z�i^��

t2�Jī̽Ǉ�ϿƠ6Е�3̴�HK+�"H5JͿǧNƻJ+C6i^��tϤ

2ùŴοĒ��͆#1�J�ɞΨͶȯN͠.+�ù̃`z�NȢ%JTS�g29i

^��tɝ8ϔûNʴ�1ùŴ̛̌ɐNÊǕ#+ŘĮ)8ɐƲ�ÄJ 3�˙HK1

�J (Carroll et al., 2010; Tentchev et al., 2011)�) 2RNA3RNA4RNA5

RNA6 6ϥ#1Ȩ˛˳2ĥϵ#+ 14 ùϷȽ3RNA3RNA4 6ϥ#19 Gr10 ùϷ

ȽNʴ�1ùŴ̛̌ɐNÊǕ#+�5�RNA33 RNA48QTt^���69 RRV

8ϔûNʴ�+�RNA53 RNA66ϥ#19ϋú5QTt^���9ŵŏ#5�� 

ÊǕ#+ 4/8ùŴ̛̌ɐ9°�6Ä1�+�ʦ6 RNA3-RNA4 (Fig. 3-7 A)

RNA3-RNA6 (Fig. 3-7 B)RNA4-RNA5 (Fig. 3-7 C) Ϥ2ɐƲ�͉��͆#+�Õ�

8i^��t6��JùŴ̛̌ɐ29ùϷȽ9ŖȨˆ6ŐʰˆȪ¼NĤș#+]�g

m��^35.+�6/8ȓȨùϷȽ (JS1JF1JFT4JTT- AtJTT-LiJTT-Ki) 

9�&K8i^��t6��1D 100%8��tgt�p�Ø2]�gm��^#ê

18i��QùϷȽ3 Gr10 Sm�QùϷȽ9 72%º 8��tgt�p�Ø2]�

gm��^#+�º 8̙Ȳ�HRNA5 3 RNA6 9)8·8 FMV `z�i^��

t3įɍ8ùŴοĒNα.1�+ 3�ˢĽ"KRNA5 3 RNA6 9 FMV 8`z�

i^��t2�J 3�ư�ˢĽ"K+� 
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ǚǶǴǅƾǊǄǎƾƾ ɚɐɸʂɣƣȰ2{ƏAâƃŮÌƾ

ǚǡǩȰO2ƯÑȰǥǢǕǊȌǥǢǕǋȌǥǢǕǌȌǥǢǕǍȰ�+ơɃċȐȩƆƭĺPéȮȽȿ2{ĴļÝ

Ƀ�ȝȌÝ�Ƀ�ȐȮâƃȝȤȍǥǢǕǊ ȫ ǥǢǕǋ Ȱ2{ĴļÝȰɆɉɣɐɾʃɯȮȱ ǥǥǩ ȰƗ

4ɃċȐȤȍǀǕǁƾǥǢǕǊǄǥǢǕǋȍǀǖǁƾǥǢǕǊǄǥǢǕǍȍǀǗǁƾǥǢǕǋǄǥǢǕǌȍOɨʃɤȮġȟ!ȱɮʃɣəɣ

ɼɠɯ!ȍǎǇƿ��Ȱ!ȰȹŠŰȝȩȐɀȍəɑʃɾɩʃȱ�olȏȤȿȰń¸ăɃġȝȩȐɀȍƾ
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Ǌǅǋǅƾ ŉ�ƾ

 

½Ūɒɨɷɚɐɸʂɣ ǥǢǕǌȌǥǢǕǍƾ

ȨźВ6GI FMV 8Ȓŗ8i^��t RNA1~RNA46Ĉ�1 K@2˅ͯ"

K1�5�i^��t RNA5RNA6�ŵŏ#1�J 3�ˢ"K+ (Fig. 3-9 [pp 82])�

RNA5RNA69º¡6ǫ�JŃ/8ʰʶ�H FMV8`z�i^��t2�J 3�

ư�ˢĽ"K+� 

� ŐʰˆȪ¼�ŧ��ʾ5JͫȈ8ŐŔ�HƻHK+ 14ùϷȽ%=1�H K

H8 RNAi^��t�Ɇø"K+�ȓȨ2ƻHK+ùϷȽ8A5H&i��Q�H

ƻHK+ùϷȽ�HDɆø"KJ 39 KH8 RNAi^��t� FMV6Ȝσˆ6

ŵŏ#1�J 3Nư�ˢĽ#1�J� 

	 FMV 8Ȓŗ`z�3ɋǕ�ϖÄ#1�+�RNA5 3 RNA6 9Ȓŗ8`z�3

įɍ6ϔû 6ę�8ǴŹ ORFNȢ#3´ȧ˺3 5´ȧ˺6 13 nt�H5Jϔû�Ô

ŵ"K1�J� 8 39 KH8 RNA˭� FMV8`z�3įɍ8ɒɋ6GIͫ

ͪ�Υñ�̳ͽ"K1�Jī̽ǇNˢĽ#1�J� 


 ¥ȏ8ɈǇ8 RNA Ϡ�ǏȶɅʥï6͖˰#1�+�z�d���ptͶȯ6

GIRNA3 3įɍ6 RNA5 3 RNA6 2¥ȏ8ɈǇ8Ϡ (vRNAvcRNA) �ǏȶɅ

ʥ6͖˰#1�J 3�ˢ"K+� 8̙Ȳ9 KH8 RNA �`z�3#1 FMV

8ǏȶɅʥ¦2ͫͪ"K1�J 3Nˢ#1�J� 

� Ȓŗ8`z�i^��t3ë6ùŴοĒN#1�+�i^��t!36Ƕʹ#

+ùŴ̛̌ɐ8Ϥ2ɐƲ�Ä1�J 36GIRNA5 3 RNA6 9Ȓŗ8`z�i^

��t3ùŴοĒN3D6#1�I`z�2�J 3�ư�ˢĽ"KJ� 

Ŧù̃`z�NȢ%JTS�g9ęù̃`z�NȢ%JTS�g3ɞΨ#1̀ z

�NɩŹ%J 3�ϸ#���͈ˆ69̉ͪ#+̇ŴGI RNAǣøN͠�ǣø"

K+ RNA Ne�]V�g%J 32`z�ϔûNɩŹ%Jǚɯ�ʴ�HKJ 

(Toriyama et al., 1997; Roggero et al., 2000)�#�#5�HFMV9TS�ġŴ̉

ͪ�ņϸ2�IǏȶ͓Nùʹ#1Dĕù5ϛ8̇Ŵ3 RNANńĥ%J 39øȫ5
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�.+�)8+CȨ˛˳29ͫȈ8 FMVùϷȽ�H RNA5RNA6�Ɇø"KJ 

3)KH8ùŴοĒ�`z�8ùŴοĒ3ϖÄ#1�J 3Nȿǧ3#RNA5

RNA6�`z�i^��t2�J 3Nˢ#+� 

RNATS�g69`z�ºť6Dcr�St RNAE defective RNA3ĸ:K

JTS�g6ϰÂ#ͫͪ"KJ̀ z�295� RNA�ŵŏ%J 3��J (Simon 

et al., 2004)�defective RNA 9ͳTS�g8`z�8ɓǼţʾ6GIʲ$+ RNA˭

2�IͳTS�g8`z�3ϔû8į�ǇNˢ%�RNA5 3 RNA6 9)8G�5

ʦƿNȢ"5�+C defective RNA 295� 3�ù�J��ȏȨ˛˳2ƻHK+

źВ̙Ȳ�H9 RNA5 @+9 RNA6 �cr�St RNA 2�Jī̽ǇNŷê6Ǳϭ9

øȫ5�.+�#�#RNA53 RNA69ͫȈŐŔʶȫ8ùϷȽ8ê1�HɆø"K

`z�i^��t3ùŴοĒNë6#1�J 3�HFMV8ʲɴʱ6ǂІ5i^��

t2�J 3�ˢĽ"K`z�2�Jī̽Ǉ�ϿƠ6Е�3ýȍ"KJ� 

 

2ƯÑțȫȰ2{ƏAȮȧȐȩƾ

i^��t!38ùŴοĒ8ɞΨ29ʦŹ8i^��t6��1)8·8i^�

�t3οĒϥÒ��͆#5�ùϷȽ�ŵŏ%J� (Fig. 3-7; JF1 8 RNA5 E JTT-Ki

8 RNA3 54) KH9`z�i^��t8ðϵĮ (reassortment) �Ξ .+̙Ȳ

6GJD83̴�HKJ�̀ z�i^��t8ðϵĮ39TS�gùϷȽϤ2�ϑ8i

^��t,��éKȟMJʮΔ2�IɅʥ8ù̃�SvgϠ RNA TS�g29

Tomato spotted wilt virus (TSWV) 2ŗĵ"K1�J (Tentchev et al., 2011)�@+

JTT-Pa9 RNA3JTT-Vi9 RNA33 RNA56��1�&K8ùϷȽ3Dư�]�g

m��^#5�.+�ȏ2JTT-Pa 9 RNA5 3 RNA6JTT-Vi 9 RNA4 3 RNA6

6��19Е���tgt�p�Ø2)8·8ùϷȽ3]�gm��^#+� 8ğŅ

3#19JTT-Pa 3 JTT-Vi 9̛̌Ŷˆ6ŧ��ϷK+ùϷȽ3`z�8ðϵĮNΞ

 #+�ʦŹ8i^��tNţĒ"'Jư�οĒŎNħ�1�+8�D˙K5��µ

Ƹ KH8ùϷȽ6/�1ʲʥŶˆʦƿ�)8·8ùϷȽ3ʾ5J�=Jǂͭ�Ȣ

J� 
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ǥǢǕǌȌǥǢǕǍ ȮɓʃɤȜɁɀɝʂɪɏżȰÞōƾ

RNA53 RNA66a�u"KJm�}]Λ p53 p69��5JȒ˙8ϔû3DȢ

Ǎ5ˎįǇNˢ"&ɒ̽6/�18ǋŗNƻJ 392�5�.+�p5 6ϥ#19

Q�zϗϔû¦6ɓũD#�9Ǯéţʾ�ͯHK@+ùϷȽϤ8ϔûį�Ǉ8ɞΨ

�HīřǇ6ƂB 3�ù�.1�J�ϔû8īřǇ9ͫȈ8ɅʥTS�g8 RNAc

S��e�^c��pc�2DͯHKJʦƿ2�J  (Margaria et al., 2007; EISayed 

et al., 2011; Tentchev et al., 2011)� K@26 FMV9 RNA16a�u"KJ p1�

RdRpRNA26a�u"KJ p2� glycoproteinRNA36a�u"KJ p3� NP2

�J 3�)8·8TS�gƏ38ϔûˎįǇ�HȖH�35.1�J�"H6˼ 5

˹2γ=J˛˳̙Ȳ6G.1RNA4 6a�u"KJ p4 9TS�g˫͠m�}]Λ 

(MP) 2�J 3�ȖH�35.1�J�ɅʥTS�g9 RdRpE[��eum�}]

ΛMP�cS��e�^c��pc�8ɒ̽DįȚ6Ȣ#1�J 3��J� K

@2˙HK1�JɅʥ�SvgϠRNATS�g29ʨ˸#+m�}]Λ3#1cS�

�e�^c��pc�Na�u#1�I (Bucher et al., 2003; Xiong et al., 2009)

RdRpglycoproteinNPEMP54�ɒ̽Nî71�J3��ŗĵ95��º 8ʧ

ɬˆͿǧ�H p5� FMV8cS��e�^c��pc�2�Jī̽Ǉ��J�p66ϥ

#19ϔû¦6 Bunyavirus˩8 RdRp8�o���Ʈ�Ôŵ"K1�J 3�ŧ�

5ʦƿ2�J� 8 3�Hp6 9 RdRp 3ėˆ6à�m�}]Λ295��3Ǵ

Ź"KJ��&K8m�}]Λ6ϥ#1D)8ɒ̽N˙J+C6"H5J˛˳�ǂͭ

2�J� 

 

ȢȰ�Ȱ2ƯÑȮȓșɀ ǥǢǕǌȌǥǢǕǍ Ȱ}eƾ

FMV8å͠8˛˳6��1ê18`z�i^��t8 vRNAϠ8 3´ȧ˺6Ôŵ

"KJ 13 śŖϔûN DNA����3#1ʴ�+z�d���ptͶȯNŖ6FMV 

Gr10 Sm�QùϷȽ9 4 Ȩ8`z�NȢ%J3"K1�J (Elbeaino et al., 2009b; 

Fig. 3-8)�#�#13 nt8Ϣ"8����9z�d���pt6ʴ�JD83#19
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ϿƠ6˚�ʦʾǇ8Æ¡�ǌ"KJ�źϳ6 1000–2000 nt6Ɇø"KJe^v�

9¢ЖȖ2�I)8Ϥ6ÈȨ8|�u�ʹƃ"KJ8�9ýȍ�¢ī̽2�J�G.

1FMV Gr10Sm�QùϷȽ6D RNA53 RNA6�ŵŏ#1�J8295��3Ǵ

ƃ"K+�źϳ6Ȩ˛˳8ïžN˅ͣ#+ˍƸ6 Gr10ùϷȽ6��1D RNA5RNA6

�ŵŏ%J 3�ŗĵ"K+ (Elbeaino et al., 2012)�Gr10ùϷȽ8 RNA59Ȩ˹2

Ͷȯ#+ 14 FMV ùϷȽ3śŖϔû6��1 84.4�93.4%p5 Q�zϗϔû6��1

81.9�94.6%8į�Ǉ�ͯHKRNA6 9śŖϔû6��1 90.7�95.8%p6 Q�zϗ

ϔû6��1 78.2�85.0%8į�Ǉ�ͯHK+�G.1Gr10 2ͯø"K+ RNA5 3

RNA6 9Ȩ˹8˛˳6GIͯø"K+ RNA5 3 RNA6 8)K*K���^2�I

Gr10ùϷȽ6D RNA53 RNA6�ŵŏ%J 3�ù�.+�5�Gr108ϔûį�

Ǉ�Æ�5.1�J89Gr108 p68 Cȧ˺ЇŔ� 4 kDaˬ˚�5.+ ORF�

ʈ"KJ+C2�J�º 8 3�HRNA5 3 RNA6 9 FMV 6Ȝσˆ6ŵŏ%J

`z�2�J 3�ˢĽ"K+ (Fig. 3-9 [pp 82])� 

 

 

 
ȢȰ�Ȱ ��
�
������ɉɈɾəȮȓșɀ ǥǢǕǌȌǥǢǕǍ Ȱ}eƾ

Ȩ˛˳N͠.1�JȤϤĢ;ŗĵƸ6DȎͰ8 Emaravirus3ȎͰ8`z�

i^��t8ŗĵ�ˎɔ�2�I@& 2˭8TS�g PPSMV23 RLBV�ŗĵ"K

ǚǶǴǅƾǊǄǏƾƾ ǙǸǯǲǮǶǺǻƾ ǲǿƾ ǮǸ ȮȽɀ ȁǥǢǕ ƟȰ

ǊȅÇī ǈǊƾ Ǻǿ ɃɯʀʃɮȫȝȩċȐȤɨʃɖ

ʂɮʀɠɣŮÌƾ

ɿʃʂ ǈǑƾǚǡǩƾǛǽǈǇ ɈɝɽɆ2ƯÑȮ«ÏȝȤɈɟɘ

ɏǥǢǕȍƾ ɿʃʂǉǑƾ #+ɈɟɘɏǥǢǕȍǡǑƾǥǢǕɵʃɌ

ʃȍƾ
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+ (Table 3-5; McGavin et al., 2012; Elbeaino et al., 2015)�PPSMV29ƱüGI 6

ù̃`z�3ŗĵ"KRLBV 8¥TS�g9Ʊü9 5 ù̃3ŗĵ"K1�+�Ƹ

6"H6 3Ȩ8i^��t�ŵŏ%J 3�ŗĵ"K+ (Lu et al., 2015)�"H6Ȓ

6ŗĵ"K1�+ 3˭8TS�gDRRV6ϥ#19 7ù̃PPSMV9 5ù̃WMoV

9 8ù̃2�J3ǋŗ�ȞȎ"K+ (Elbeaino et al., 2014; Tatineni et al., 2014; Di 

Bello et al., 2015)� KH8ȎͰ6ŗĵ"K+ϔû8�-FMV8 RNA56a�u"

KJ3̴�HKJ p59 PPSMVPPSMV2RRV8 RNA58 p53)K*K 29.2%

30.6%36.0%8ǴŹQ�zϗϔûį�Ǉ�ͯHKJ�@+FMV8RNA69 PPSMV2

RRV8 p63)K*K 23.9%30%8ǴŹQ�zϗϔûį�Ǉ�ͯHK+� KH8 

3�HȨ˛˳6GI˅ͯ"K+ FMV RNA5RNA69 EmaravirusϤ2Ôŵ"KJ

TS�g`z�2�Jī̽Ǉ�Е�3̴�HKJ� 

 

�
�
�
������ȰɒɨɷɚɐɸʂɣȰÈº 

`z�i^��t8ȨȈ8χ�%5M-`z�ɋǕ8χ�9)KH8TS�g

8Ǉʧ8χ�6ˍǳˆ6Ĥș"KJ3̴�HKJ 3�HTS�gN˛˳%J 2ϙ

ͭ5ǇΛ2�J3̴�HKJ�#�# K@26ŗĵ"K1�J EmaravirusƏ6�

�Ji^��t8ȨȈ69:H/���J (Table 3-5)� KH8TS�g8¦6DȦ

,6ŗĵ"K1�5�i^��t�ŵŏ%Jī̽Ǉ�̴�HKJ3įȚ6ŗĵ"K+

ϔû8�-�&K��`z�i^��t25�ī̽ǇD�J�Table 3-52ˢ%κI

RRVRLBVWMoV 29ŗĵ"K+i^��t8¦6°�6Е�ˎįǇ8�JD8

�ŵŏ#1�J (Tatineni et al., 2014; Di Bello et al., 2015; Lu et al., 2015)� KH

8ϔû8Ŧ��ɔ¤¹e�_�c�6GJǏȶɅʥ8̟̯ˆ5ϔûͶΉ6GJ8D8

2)8·8ȏɯ28ͶȯN͠.1�5��ù̃Ȉ8Ŧ�TS�g29ǈH�ͫͪ�

wpt� trans6ɒ̽#E%� 3�H̀ z�i^��t8ŦŒ�øʮ#E%�ßı

6�J3̴�HKJ (Grigoras et al.Й2009)� KH84K�`z�2�J�ɩŹ%J

69"H5JͶȯ�ǂͭ2�J3̴�HKJ� 
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˼ 4 ˹� p4 m�}]Λ8TS�g̼̕Ϥ˫

͠6ϥMJɒ̽8ͿȖ  
 

ǋǅƾǈǅƾ �Ÿƾ

ƾ

ɅʥTS�g9˫͠m�}]Λ (MP) NȢ%J�EmaravirusƏTS�g6�

�19˛˳ϣűȚʙ6��1̼̕Ϥ˫͠6ϥν%Jɒ̽�ˢĽ"K+m�}]Λ9ŵ

ŏ#1�5�.+�Ȩ˛˳29 FMV 8 MP N Emaravirus Ə2üC1źВˆ6

ͿȖ#+� 

�

F�żƎĻȮȧȐȩƾ

Ʌʥ̼̕9PD (plasmodesmata: ğƲΛν̚) 3ĸ:KJɋμʥNȢ%J�PD9̕

̼şNΗ�̼̕3̼̕N̪�o��y�2�I̼̕ϤNsynplastic6ǳ̝#ʥΛ8άζ

6ϙͭ5à�NǤ.1�J3̴�HKJ�PDN¶#+ʥΛ8άζ69ύǠǇ��I�

J�Ź8ùŴϛº 8ʥΛ8θτ9Ű�HK1�J3̴�HK1�J (ǱϭϫʺùŴϛ

8ŵŏ; Wolf et al., 1989)�PD8ŖȨɋμNFig. 4-18ɏƬň6ˢ%�PD8ïϑ69sg

�o���� (desmotubule: DM) 3ĸ:KJERʶȫ8̓ɋμ�Ηκ#1�Iϴǳ̕

̼ϤN̪�2�J�PD8éĨ3øĨ8�;K+ϑù69�-1,3-glucane�ˍϠʧ6ν̙

#+Y��g3ĸ:KJŦ̊Ќ�͖˰#1�J� 8Y��g8͖˰3DM6GIɩŹ"

KJ˴Ϥ8Ʀ"�PD8ǱϭϫʺùŴϛNɩŹ#1�J3̴�HK1�J (Ueki and 

Citovsky, 2011; Kumar et al., 2015)�@+)8·8PDNɋǕ%Jm�}]ΛDPD6

��JʥΛ8θτ6ϥÒ#1�J3̴�HK1�J (Maule, 2008)� 

 

ɉɈɾəȰĹŌƣģşȫģşɝʂɪɏż 

PDN¶#+TS�g8̼̕Ϥ˫͠9TS�g8Ǐȶ8Ǖ˸6ǂІ5τˬ2�IɅ

ʥTS�g9Ǐȶ#+̼̕�HPDN¶#1̼̕ϤN˫͠#êΤ<3ǏȶNǨŧ%J 
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(Harries and Ding, 2011)�ɅʥTS�g9Ʌʥ̼̕ϤN˫͠%J+C6̈́Τ8`z�

6˫͠m�}]Λ (movement protein: MP) 3ĸ:KJm�}]ΛNa�u#PD6�

�JʥΛ8ǱϭϫʺùŴϛNǨŧ%J 32TS�ġŴE`z�Nϴǳ̼̕<3άζ

#1�J (Wolf et al., 1989; Otulak and Garbaczewska, 2011)�)8΄̕5�Ywh�

6ϥ#19Ȧ,¢Ȗ5ʙ�Ŧ��PDN¶#+̼̕Ϥ˫͠9čʥTS�g69ŵŏ'&

ɅʥTS�g6ʦȢ�/Ȝσˆ5ɒɋ2�J 3�HɅʥTS�gŶ8¦2D̉Ćˆ6

˛˳"K1�JùϚ2�J� 

 

ģşɝʂɪɏżȰlÈĘ¨āƾ

MP9�͈6·8TS�gŅŴ85�Ȫ¼¡2º¡8źВˆǇʧNˢ%�� PD

6ƍŏ%J� 	 PD�Ĥʧ8ɋμʥ (tubule) NƲǕ%J� 
 PD8ϫʺǱϭϫʺù

ŴϛNǨŧ%J� � ̼̕Ϥ˫̽͠Nɓũ#+ţʾTS�g8̼̕Ϥ˫͠Nˎͩ%J� � 

MPęʨ2̼̕ϤN˫͠%J (Harries and Ding, 2011; Otulak and Garbaczewska, 

2011) � 

�� PD6ƍŏ%J� TMVNűCŦ�8ɅʥTS�g8MP9PD6ƍŏ%J 3�

ˢ"K)8 32TS�g̼̕Ϥ˫͠NÓο%Jɒ̽N˅Ǻ#1�J3̴�HK1�J 

ǚǶǴǅ ƾǋǄǈƾƾ Ǥǘ ȰlÈØƍƾ

Ǥǘ ȱĹŌqƾ ǀǰǲǸǸƾ ȂǮǸǸǑƾ ǗǪǁƾ ɃŻȖȌƭ¶ĹŌƣɃ

ŃȘɟɺʂɧɾȪȏɀȍǤǘ Ȱ-ƖȮȱĹŌŐƾ ƾ

ǀǼǸǮǾǹǮƾǹǲǹǯǽǮǺǲǑƾǤǡǁƾȕŻ*ȝȩȐɀȍǤǘ Ȱ�Ȯ

ȱǱǲǾǹǻǿȀǯȀǸǲƾǀǘǡǁȫZȲɁɀǙǥČËȰŐØƍȕ

ŻƋȝȩȐɀȍ Ǥǘ Ȱ�ĹŌ$ȮȱɌʀʃəƾ

ǀǰǮǸǸǻǾǲǁƾ ȕřĦȝȩȐɀȍÿżȕƉƐȪȖɀȔTȔ

ȱȌǘǡ ȫ Ǥǡ ȰƣƬȰĩƣȰ�ȜȮȽȿå�ȝȩȐ

ɀȫŉȒȾɁȩȐɀȍǤǘ Ȱ-ƖȮȱɆɏɟʂƾ ǀŽąǁƾ

ȼȢȰ�Ȱɝʂɪɏżƾ ǀƱąǁȻ}eȝȩȓȿȌȚɁ

ȾȰɝʂɪɏżȻÿżȰǤǘȰƉƐȮƤ�ȝȩȐɀȫ

ŉȒȾɁȩȐɀȍƾ
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(Amari et al., 2010; Fig. 4-2)� 

	� PD�Ĥʧ8ɋμʥ (tubule) NƲǕ%J� �ϑ8TS�gMP9PD�Hϴǳ

̼̕<̂ʧ8ɋμʥNÃϢ"'J 3�˙HK1�J�TSWV9m|a��t��gt6

Ǐȶ#+ϳ6MP�HǕJʦʾˆ5̂ʧ8ɋμʥNƲǕ%J 3�˙HK1�J 

(Kikkert et al., 1999; Fig. 4-3 A)�@+Grapevine fanleaf virus (GFLV) 8MP29ę

ʨ2Ʌʥ̼̕6˅ʮ"'+ŘĮ6Dįɍ8ɋμʥNƲǕ%J 3�˙HK1�J 

(Lazarowitz and Beachy, 1999; Fig. 4-3 B-E)� KH8ɋμʥ�48G�6#1ƲǕ"

KJ8�)8΄̕9Ȗ�H�35.1�5��MP�PDNïÜ�HˌƯI%JG�

6ϵĮ%J 32)8ïϑNTS�g8̇ŴE`z��κτ%J 3Nī̽6#1�J

8295��3̴�HK1�J (Lazarowitz and Beachy, 1999)� 


� Ʌʥ̼̕8ϫʺǱϭϫʺùŴϛNǨŧ%J� TS�gMP�PD8Ȣ%JϫʺǱ

ϭùŴϛNǨŧ%J 3Nˢ%�Tobacco mosaic virus (TMV)8MPN˅ʮ"'+Ʌʥ̕

̼29κƠGIŧ��ùŴϛ8ʥΛ@2PDNθτ%JG�65J 3�˙HK1�J 

(Wolf et al., 1989)� 8®ź9TMV8MPNƲΛΥǸ#+m|a8͓6ǪɎ35Jù

ŴϛNȢ%JʥΛN͝æɎΐ#ʥʰˆ6̼̕6ɱé%J 32˟Ά"K+�βƤ9

green fluorescence protein (GFP) 8ϣ˅6GITS�gMP3GFPNɅʥ̼̕6ë˅

ʮ"'J 32ɆͿ"KJG�65.1�J (Crawford and Zambryski, 2000)� 

�� ̼̕Ϥ˫̽͠Nɓũ#+ţʾTS�g8̼̕Ϥ˫̽͠Nˎͩ%J� TS�g

MP8̼̕Ϥ˫͠NÓο%Jɒ̽9ʾ5JTS�g6Ƅ#1D˅Ǻ"Kþ˭TS�g8

̼̕Ϥ˫̽͠ɓũţʾÇ8̼̕Ϥ˫͠N�JˬƧˎͩ%J 3�2�J�TS�g9MP

546Q�zϗϔûţʾEɓũţʾNƉé%J3̼̕Ϥ˫̽͠Nũ�Ǐȶ̼̕�H˫͠

2�5�5J 3�˙HK1�J� (Deom et al., 1987) 8̼̕Ϥ˫̽͠ɓũţʾT

S�g�Ǐȶ#+̼̕6·8˭8TS�gMPN˅ʮ"'J3̼̕Ϥ˫̽͠��ϑńƽ

%J 3�˙HK1�J� 8ʮΔ9MP�ǱϭϫʺùŴϛNǨŧ%Jà�3Ɓǳ5ϥÒ

��J3̴�HKJ�Fig. 4-429TenuivirusƏ8Rice grassy stunt virus (RGSV) 8

MP�TobamovirusƏ8Tomato mosaic virus (ToMV) 8̼̕Ϥ˫̽͠ɓũţʾÇ8˫͠

Nˎͩ#1�JɍŴNGFP͝æ2īͱĒ#1�J (Hiraguri et al., 2011)� 
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� MPęʨ2̼̕ϤN˫͠%J� Ʌʥ̼̕2˅ʮ"'+TS�gMP9ęʨ2MP̈́

Ç�ϴǳ̼̕<3˫͠%JǇΛNͯ'J�Fig. 4-529TenuivirusƏ8Rice stripe virus 

(RSV)8MP:GFP͞Įm�}]Λ�N. benthamiana8̼̕6��1ęʨ2ϴǳ̼̕<

3˫͠#1�JɍŴNˢ#1�J (Xiong et al., 2008)� 

 

EmaravirusƏ6Ə%JTS�g6��1MP9Ȩ˛˳ϣűȚʙ (2010Ƥ4ȡ)2įŹ

"K1�H&Ȩ˛˳29FMV8MPNįŹ%J 3Nˌˆ3#+� 8ƱȚ9FMV

6RNA5RNA6�ŵŏ%J 3�ˢ"K1�H&RNA1�HRNA36a�u"KJm

�}]Λ9)K*KRdRpglycoproteinNP2�J3ǴŹ"K1�+ 3�HRNA4

6a�u"KJm�}]Λp4�MP295��3̴�+�) 2p48̼̕ïƍŏEMP3

#18ǇΛ8ȢʛNɆͿ#̙Ȳ3#1p4�FMV8MP2�J 3NͿȖ#+� 

 



 84 
 

ǚǶǴǅƾǋǄǉƾƾ ɉɈɾə ǡǤ ȱ Ǥǘ Ȯ�eȟɀƾ

Ǌ ĥȰɉɈɾəȰ ǡǤ ɃŜ(ɝʂɪɏżȫŝPȝȌ��������
��
�
ĹŌ-Ȯȓșɀ�eɃŬ�ȝȩ

Ȑɀƾ ǀǕǹǮǽǶƾǲǿƾǮǸǅǃƾǉǇǈǇǁȍƾ

ǀǕǁǄǀǗǁƾǛǚǠǩ Ȱ ǡǤƾǀǉǖǁƾ Ȱ Ǣ ÇīȮ ǛǚǤ ɃŝPȝȤȻȰƾ ǀǛǚǤǑǉǖǁƾ ȫ Ǥǘ �eɝʂɪɏżȪȏ

ɀ ǼǸǮǾǹǻǱǲǾǹǮǿǮƾ ǸǻǰǮǿǲǱƾ ǼǽǻǿǲǶǺǈƾ ǀǤǘǠǤǈǁƾȰ Ǘ Çī$Ȯ ǽǲǱƾ ǳǸȀǻǽǲǾǰǲǺǰǲƾ ǼǽǻǿǲǶǺƾ

ǀǥǚǤǁƾ ɃŝPȝȤȻȰƾ ǀǤǘǠǤǈǑǥǚǤǁƾ ɃQ�ĹŌ-Ȯ,ĖĄȜȡȤȍǀǕǁƾ ǛǚǤǑǉǖȍƾ ǀǖǁƾ

ǤǘǠǤǈǑǥǚǤȍǀǗǁƾǕȌǖ ȰƛȯPɂȡč&ȍƾ

ǀǘǁǄǀǚǁƾǧǡǩȰǡǤƾǀǊǇǟǁƾ ȰǗÇīȮǥǚǤɃŝPȝȤȻȰƾ ǀǊǇǟǑǥǚǤǁƾ ȫ ǤǘǠǤǈȰǗÇīȮǛǚǤ

ɃŝPȝȤȻȰƾ ǀǤǘǠǤǈǑǛǚǤǁƾ ɃQ�ĹŌ-Ȯ,ĖĄȜȡȤȍǀǘǁƾ ǤǘǠǤǈǑǛǚǤȍƾ ǀǙǁƾ

ǊǇǟǑǥǚǤȍƾ ǀǚǁƾǘȌǙ ȰƛȯPɂȡč&ȍƾ

ǀǛǁǄǀǝǁƾ ǗǮȀǸǶǳǸǻȂǲǽƾ ǹǻǾǮǶǰƾ ȁǶǽȀǾƾ Ȱ ǡǤƾ ǀǤǈǁƾ Ȱ Ǘ ÇīȮ ǛǚǤ ɃŝPȝȤȻȰƾ ǀǤǈǑǛǚǤǁƾ ȫ

ǤǘǠǤǈǑǥǚǤ Ƀ,ĖĄȜȡȤȍǀǛǁƾ ǤǈǑǛǚǤȍƾ ǀǜǁƾ ǤǘǠǤǈǑǥǚǤȍƾ ǀǝǁƾ ǛȌǜ ȰƛȯPɂȡč

&ȍƾ

ǖǮǽǾǑƾǀǕǁǄǀǗǁǃƾǈǇƾȆǹǒƾǀǘǁǄǀǝǁǃƾǌƾȆǹȍƾ
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ǚǶǴǅƾǋǄǊƾƾ ɉɈɾə ǡǤ ĮāȰØƍÿƾ ǀǿȀǯȀǸǲǁƾ Ƀ�ȟɀȍƾ

ǀǕǁƾ ƾ ǧǦǪǩ ȕ«ÏȝȤɝɩɓȰɯʀɣɯɼəɣɃ¯ ǡǤ ¯�ȪŜ(ÚŹȝȤȻȰȍɯʀɣɯɼ

əɣŠƲȔȾtȗȰ ǿȀǯȀǸǲ ȕ�ȜɁȩȐɀȍƾ

ǀǖǁǄǀǙǁƾ ǖǬǄǉ kƸĹŌȪǛǚǠǩȰǡǤʅǛǚǤŝPɝʂɪɏżɃŬ�ȝȤȻȰȍǀǖǄǘǁƾ,ýûŜ

(ƶ¢ƠȮȽɀ�eŬ�ȍǀǖǁƾ ƾ Ğ�ȱĮāȰØƍÿȌĞEȱĹŌżȮ�eȟɀ�

ąāȰØƍÿɃġȟȍǀǗǁƾ ƾ ǖ ȮLū(&ɃƛȯȤȻȰȍƾ ǀǘǁƾ Ǘ Ȱ±uaȍǀǙǁƾ @i

3þȰ)ēư{ƶ¢ƠŬ�ȍƞɓʀɈɤÚŹȜɁȤ¯ ǛǚǤ ¯�Ƀ�ċȜȡȩȐɀȍ

ĞEȕƞɓʀɈɤɃġȟȍǧȀǯȀǸǲ Ȯ ǡǤʅǛǚǤ ȕ�eȝȩȐɀȰȕ2Ȕɀȍƾ

ǗǪʅĹŌqȍǖǮǽǾǑƾǀǕǁǄǀǗǁǃƾǌƾȆǹǒƾǀǘǁǃƾǈǇƾȆǹǒƾǀǙǁǃƾǌǇǇƾǺǹȍƾ
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ǚǶǴǅƾǋǄǋƾƾ ɉɈɾə ǡǤ ȱ6ĥɉɈɾəȰĹŌƣģşōɃĚţȟɀƾ

ǀǕǁƾ ĹŌƣģşōɃßwȝȤ ǧǻǡǩ Ƀ ��������
��
�
ȰĹŌȮĖĄȜȡȤnPȍǧǻǡǩ ȕ

«ÏȝȤĹŌȱ ǛǚǤ Ŝ(ɃĖȟɀȍǧǻǡǩ ȱ«ÏĹŌȰȹȮďȸɀȍƾ

ǀǖǁƾ ĹŌƣģşōɃßwȝȤ ǧǻǡǩ ȫ ǥǛǦǩ Ȱ ǡǤ Ƀ,ĖĄȜȡȤnPȍɉɈɾəȕĹŌ

ƣģşȝȩŜ(ȕ±uȝȩȐɀÙ{ȕ2Ȕɀȍƾ

ƾ

ǚǶǴǅƾǋǄǌƾƾ ɉɈɾə ǡǤ ȱCĂȪƭ¶ĹŌȮģşȟɀƾ

ǀǕǁƾ ǛǚǤ Ƀ ��������
��
�
ȰĹŌȮĖĄȜȡȤnPȍƾ

ǀǖǁƾ ǥǦǩ Ȱ ǡǤ ȫ ǛǚǤ ɃŝPȜȡȩĖĄȜȡȤnPȍƭ¶ĹŌȮ ǛǚǤ Ŝ(ȕģşȝȩȐɀ

Ȱȕ2Ȕɀƾ ǀėĞEǁȍƾ
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ǋǅǉǅƾ É¼ȓȽȴ¾éƾ

 

ǋǅƾǉǅƾǈǅƾ Ǽǋ ɝʂɪɏżƗ4ɃċȐȤɤɸɈʂȰ
ôƾ

FMV JS1ƕȿùϷȽ8 p4Q�zϗϔû (BAM13816) 6ϥ#1º¡8k�tT

UQNʴ�1u�S�ʈN͠.+�ùɮe^v���ou8Ɇ̓N SignalP 4.0Nʴ

�1͠.+ (Petersen et al., 2011)�ɒ̽u�S�Ɇ̓N Pfam (Finn et al., 2009) 3

NCBI conserved domain search (Zhu et al., 1996; Sung et al., 2001; Marchler-Bauer 

and Bryant, 2004; Marchler-Bauer et al., 2009) Nʴ�1͠.+� 

 

ǋǅƾǉǅƾǉǅƾ ĖĄɰɏɝʃȶȰɏʀʃɦʂɐ 

Q^�S��R�t��e��ɯ6G.1 Nicotiana benthamiana Ǝϣ͓2m

�}]ΛN�τˆ6˅ʮ"'J+C̩ ˆώÁŴN|Sv���]m�6]��w�^

#+�]��w�^69 Gateway technology (Thermo Fisher Scientific) Nÿʴ#+�

Gateway technology 9ϑÅʦʾˆ̗Ǹ�ĤǃNÿʴ#+]��w�^ǚɯ2�I̗

Ǹ�ϔû attL ϔûNȢ%J Entry �]m� 6ɎˆϔûN]��w�^#1��

attR ϔûNȢ%J Destination �]m�38Ϥ8̗Ǹ�Ĥǃ (LR Ĥǃ) 6G.1Ɏ

ˆϔûND/˅ʮ�]m�NÊͪ%J�Ȩ˛˳29pUC ̌�]m�6 pENTR 1A

�]m� (Thermo Fisher Scientific) ʶȫ8 attL ϔûYiptNǮé#+ pENTA

�]m�N Entry �]m�3#1Ìʴ#+�@&Entry �]m�2�J pENTA6

Āϫϕ̒cSt BamHIXhoINʴ�1ˌˆ8ώÁŴN]��w�^#+�)8Ƹ6

ĭϔû�]��w�^"K+ pENTA 3 Destination �]m�2�J pEarleyGate

�]m� (Earley et al., 2006) 8Ϥ2 LR Ĥǃ (Thermo Fisher Scientific)N͠.1

ˌˆώÁŴN pEarleyGate �]m�ϔû¦6ª'ȟ�1|Sv���]m�NÊͪ#

+�pEarleyGate�]m�69ɍ�5˭Ќ��I˭ Ќ6G.1¸Ĉ%Jm�}]ΛN

ύǠ%J 3�2�J� 

˼ 3 ˹61]��w�^�G;ϔûɩŹ#+ JS1 ùϷȽ RNA4 8 cDNA ϔû 

(AB697857)NϞŒ3#1PCRN͠�p4ϔû8ŞơN͠.+�β-glucuronidase (GUS)
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ϔûNùŴϛ 40 kDa65JG�6úIC+ trGUSN]��w�^#+�trGUS8

ϔû9˼ 4 ˹2ʴ�+ GUS �]��w�^"K+|Sv���]m�

pCAMBIA1301.1 NϞŒ3#1ʴ� PCR 2Şơ#+�foward ��S��3#1 5´- 

CTG GGA TCC GGA TGC TTC GCG TCG GCA TCC GG -3´reverse��S��3

#15´- TCG CTC GAG GAG CTA GCT TGT TTG CCT CC -3´Nʴ�PCRN͠.+�

YFPGUSsynthetic GFP (sGFP)triple gene block protein 1 (TGBp1)GFPm^

#+̼̕Ϥ˫̽͠ɓũ PVX (PVX�TGBp1-GFP) 8˅ʮ�]m�9Ʊ˛˳ŻÔȢ8D

8NÌʴ#+ (Senshu et al., 2009; Senshu et al., 2011)�YFPGUSsGFPTGBp1

9 pEarleyGate 100PVX�TGBp1-GFP9 pCAMBIA13016]��w�^"K1�

J� 

 

ǋǅƾǉǅƾǊǅƾ ɆɐʀɈʂɭɇɾɣɿʃɗɻʂ 

˛˳29ťȫώÁŴ8�τˆ˅ʮ�G;ǏȶǇ cDNA ]���6GJTS�

gǳ˭8ϳ6Q^�S��R�t��e��ɯ (Johansen and Carrington, 2001) 

Nʴ�+�Q^�|]r�T�  (Agrobacterium tumefaciens) 8 Ti ��g�u 

(tumor-inducing plasmid)  ʶȫ8|Sv���]m�8 T-DNA ЇŔ (transferred 

DNA region) 6ťȫώÁŴN]��w�^#)8|Sv���]m�6GIQ^�

|]r�T�NƲΛΥǸ%J�Q^�|]r�T�ŕЏɼNɅʥ̗̫8̼̕Ϥϲ6ɱé 

(infiltration) %J3Q^�|]r�T�6GIɅʥ̼̕¦6ùɮ"K+ťȫώÁŴ

�Ⱦ<3˫͠#ώÁŴN�τˆ6˅ʮ"'J 3�2�J�|Sv���]m�6ώ

ÁŴ8¹MI6ǏȶǇTS�g cDNA ]���N]��w�^#Q^�S��R�t

��e��%J3TS�gǳ˭ɯ3#1Dʴ�J 3�2�J� 

|Sv���]m�ƲΛΥǸʴ8Q^�|]r�T�a��r�ti�9º¡8

ǚЅ6ƺ.1ÊǕ#+�Q^�|]r�T� (EHA105͑Ƚ) 8^�i���gtp]

N 2�YT ɼÇŕŐ2 28°COD600 = 0.5 65J@2ŕЏ#ŕЏɼNɣ¦2 10 min

Ͼ̭#+Ƹ3,000�g2 5 minψǁ#ϵ͑#+�ɪʒ6 5 ml8 20 mM CaCl2NĈ

�ʓ#�Ȃǥ#+Ƹð; 3,000�g 2 5 minψǁ#+�ɪʒN500 µl820 mM CaCl2 
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6ʌͶ#�80°C2Ôŵ#a��r�ti�gtp]3#+� 

Q^�|]r��<8ƲΛΥǸ9freeze-thaw ɯ6GI͠.+ (An, 1995)�Q

^�|]r�T�a��r�ti�6ƲΛΥǸ%J|Sv���]m�NƋϛĈ�ɼ

Ç˷̒6GI 1 minǆó#SOCŕŐNĈ� 28°C2 3 hǭˋŕЏ#+�)8ƸY

v�Se�NĈ�+ LB ŉƲŕŐ6ŚƝ#28°C2 48 hϾ̭ŕЏ#+� 

Q^�S��R�t��e��N͠�+C6LB ŉƲŕŐ�HƲΛΥǸ#+Q^

�|]r�T�8e�^�a�w�Nύǟ#3 ml 8 2�YT / Kanamycin ɼÇŕŐ

2 16 hǭˋŕЏ#+�3,000�g5 minψǁ#1 Q^�|]r�T�Nϵ͑#S�

�R�t��e��|p�P�  (10 mM MgCl2, 10 mM MES [pH5.7], 150 µM 

acetosyringone) 6ǔʔ#+�ǔʔɼNόæ#1Żʇ6��1 3 hϾ̭#+Ƹϝ8/

�1�5� 1 ml 8e��f6GI˼ 7 ͓�Ǝϣ#+ȚȤ (Ȁ˭Ƹ̎ 4 ξϤƸ)8 N. 

benthamianaƎϣ͓8̻ΦÜ�Hɱé#+� 

 

ǋǅƾǉǅƾǋǅƾ ǰǻǺǳǻǰǮǸƾǸǮǾǲǽǄǾǰǮǺǺǶǺǴƾǹǶǰǽǻǾǰǻǼȃƾǀǗǠǦǡǁ 

ê18CLSMʹƃ9Leica TCS SP5Nʴ�1͠.+�͝æm�}]Λ8ʹƃȪ¼9

º¡8G�2�J�YFP9458/514 dichroic mirrorNʴ�1ĊΞæ 514-nm argon 

laser lineĦƻæ 525–600 nm2Ħƻ#+�GFP9RSP 500 dichroic mirrorNʴ�

1543-nm helium/neon laser line2ĊΞ#585–650 nmNĦƻ#+���h9HCX PL 

Apo 63x/1.4-0.6 oil CSNʴ�Ħƻ69LAS AF version 2.7.3NÌʴ#+�ʹá9ǂͭ

6ǃ$1ImageJ version 1.47t (NIH)3Photoshop CS4 (Adobe)2÷ʰNȐ#+� 

ğƲΛùϷ9�τˆ˅ʮ͓N 4%(w/v) NaCl2 15 min ʉʑ#͠.+ (Oomen et 

al., 2011)�%=18ʹá8÷ʰ69 Adobe Photoshop CS4 software (Adobe Systems) 

Nʴ�+� 

�τˆ˅ʮ͓8��t��gtĒ÷ʰ9º¡8ǚЅ2͠.+�Tu |p�P� (5 

mM MES, 70 mM KCl, 100mM CaCl2, 0.4 M D-mannitol [pH 5.7]) 6 1.5%(w/v) 

CELLULASE R10 (�]�t)0.2%(w/v) MACEROZYME R10 (�]�t) 35JG

�6̼̕şùͶϕ̒NʌͶ#ϕ̒ɼNÊǕ#+�ƲΛΥǸ͓Nϕ̒ɼ6ʉʑ#Żʇ2
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4 h÷ʰ#+Ƹ6ϕ̒ɼNϭĠ# Tu|p�P�6̭Ǹ#+� 

 

ǋǅƾǉǅƾǌǅƾ ɉɊəɝʂɮʀɠɣƾ

TVgm�Ͷȯ9§6āγ 2.2.13 8ȏɯ6ƺ.+�+,#��Q]��Q�u

`�69��[�gtQ�Y�`� (Gellex international)Nʴ�+���prR�^

69m�]Ƭ̭ͧNʴ� Blotting Buffer (25 mM Tris, 192 mM glycine, 20%[v/v] 

methanol)¦2100 V60 min2 PVDF�����6t��g�P�#+�ǞÇ8

ʌų3#1 Can Get signal immunoreaction enhancer solutions (Toyobo)NÌʴ#

YFP ͞Įm�}]Λ8Ɇø69 400 µg/ml 8 anti-GFP ǞÇ (Roche Diagnostics)N

3,000ÖƞϘ2ʴ�+� 

 

ǋǅƾǉǅƾǍǅƾ ĹŌƣģşȮƤɂɀÞōȰÖ�ƾ

viral movement complementation assay69 PVXΔTGBp1-GFPN˅ʮ%J�]

m�NȢ%JQ^�|]r�T�N̖ʕƧ OD600 = 1.0 × 10-4 6GUSTGBp1

FMV-p4N˅ʮ%J�]m�NȢ%JQ^�|]r�T�N̖ʕƧ OD600 = 1.065J

G�6ɿĺ#S��R�t��e��N͠.+�PVX�TGBp1-GFP8̼̕Ϥ˫͠NŹ

ϛ%J+C620Ǐȶg�pt8͝æЀ˰NʈŹ#ƣő3ɎʋÙƚŃø#+� 

ϫʺǱϭùŴϛɆŹ69 sGFP N˅ʮ%J�]m�NȢ%JQ^�|]r�T�

N̖ʕƧ OD600  = 1.0 × 10-46GUSFMV-p4N˅ʮ%J�]m�NȢ%JQ^�|

]r�T�N̖ʕƧ OD600 = 1.065JG�6ɿĺ#S��R�t��e��N͠.+�

2 ȱ8͓�H��n�6 20 Õ8͝æg�ptNύ;)KH8͝æЀ˰NʈŹ#ƣő

3ɎʋÙƚŃø#+� 

FMV-p48ęʨ28̼̕Ϥ˫̽͠ɆŹ69 trGUS:YFPFMV-p4:YFPN˅ʮ%J

�]m�NȢ%JQ^�|]r�T�N̖ʕƧOD600  = 1.0 × 10-46ȉ#1S��R

�t��e��N͠.+�2 ȱ8͓�H��n�6 20 Õ8͝æg�ptNύ;)K

H8͝æЀ˰NʈŹ#ƣő3ɎʋÙƚŃø#+� 

º 8źВ9%=1˼ 7͓�Ǝϣ#+ N. benthamianaNʴ�1͠.+�CLSM9
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4.2.43įɍ8ȏɯ2͠.+���h3#1 HC PL Apo 10x/0.4 CSNʴ�+�͝æ

Ѐ˰8ɞΨͶȯN͠�źВ29Öʫ��d�8ư"549%=1į$Ȫ¼2Ħƻ#

+��ȍЀ8ANʹá3#1Ħƻ#1Ͷȯ#+ŘĮ3ɔãȏı6͝æ�Ǩȇ#1�J

ŘĮN̴Ǔ2�5��͝æЀ˰Nϋú6ʹá3#1Ħƻ%J+C6zΦúʤ8ν̝ʹ

áNϙ7ĮM'3D ʹá3#1ĦƻͶȯ#+�͝æЀ˰8ʈŹ69 ImageJ 

version1.40Nʴ�+� 
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ǋǅƾǊǅƾ ĺÎƾ

 

ɤɸɈʂÖĸƾ

JS1ùϷȽ8 p4m�}]ΛQ�zϗϔûNʴ�1ͫȈ8u�S�Ɇ̓N͠.+�

@&SignalP4.0 Nʴ�1e^v���ouNʈ#+̙ȲN ȧ˺6e^v���

ou�ŵŏ#Gly19/Met202úȍ"KJ 3�ʈ"K+ (Fig. 4-6)�ʈκI6e^

v���ou8úȍ�Ξ�+3%J3Ǖʠ#+FMV-p48ùŴϛ9 38.5 kDa35J�

RLBV8 p42Dįɍ6 Nȧ˺ϔû6ùɮe^v�8ŵŏ�ʈ"K1�IȨ̙Ȳ3

�͆%J (McGavin et al., 2012)�ɔ6Pfam3 NCBI conserved domain searchN

ʴ�1u�S�Ɇ̓N͠.+�)8̙ȲPfam 2 Ser70 �H Arg1156 glycoamylase

u�S��Æ�ȤƶØ2ʈ"KAsp242�H Lys339 6 DnaK (bacterial heat shock 

protein 70)u�S��ʈ"K+ (Fig. 4-6)�FMV-p42ʈ"K+ DnaKu�S�9

heat shock protein70 (Hsp70)6��JŖΛ̙ĮЇŔ6ˎƱ%J (Zhu et al., 1996)�

DnaK9ğȾʲʥ6��J Hsp70���^2�IHsp709˒Ⱦʲʥ6Ȝσˆ6ŵŏ

%JùŴe����8К/3#1˙HK1�J�RRV-p46��1Dįɍ6CȧЇŔ

6 DnaKu�S��ʈ"K1�J (Laney et al., 2011)���gϠ RNATS�g2

9 ClosterovirusƏ8 Beet yellow virus8`z�6 Hsp70���^�a�u"K 

8 Hsp70 ���^69TS�g̼̕Ϥ˫͠NÓο%Jà���J 3�˙HK1�J 

(Agranovsky et al., 1998)� 8 3�HFMV-p46Dįɍ6TS�g̼̕Ϥ˫͠6

ϥ%Jɒ̽��J8295��3Ǵƃ"K+� 

  



 93 

 

Ŝ(�eŮÌƾ

FMV p48ɒ̽6Ƅ%JˢĽNƻJ+C6p48 Cȧ˺6 YFPN͞Į"'+m�

}]Λ (p4:YFP) 8̼̕ïƍŏNͶȯ#+�Q^�S��R�t��e��ɯNʴ�

N. benthamiana͓6�τˆ6˅ʮ"'2.5ȓƸ (days postinfiltration: dpi)6ͣˇ̕

̼Nëʜʙ��d�Ћƾϡ61ʹƃ%J3ʙʧ8͝æg�pt�̼̕ş 6ʹƃ"K

+ (Fig. 4-7, A and B)� 8ƍŏǇ9TS�gMP� PD6ƍŏ#1�JD83ϖÄ#

1�+ (Fig. 4-2ġʞ)�ɔ6 p4:YFP� PD6ƍŏ#1�J�˟�CJ+C6ğƲΛ

ùϷN·Ɖ#+̼̕8ʹƃN͠.+�PD6ƍŏ#1�Jm�}]Λ9ğƲΛùϷ8ϳ

̼̓̕3įȚ6ăϷ'& PD 6Òʻ#̝�J 3�˙HK1�J (Oparka et al., 

1994)�p4:YFP 6��1Dʙʧ8͝æg�pt9̼̓̕8ăϷ3į'&̼̕ş 

6ʹƃ"K̝�+ (Fig. 4-7, C and D)� 8 3�Hp4:YFP9)8·8TS�g

MP 3įɍ6 PD 6ƍŏ#1�J 3�ˢ"K+�3.5 dpi 6͓̹̼̕Nʹƃ%J3

̼̓̕ 6͝æ�ʹƃ"K+�@+�ϑ8 PD �H9̂ʧ8ɋμʥ (tubule-like 

structure) �ÃϢ#1�JɍŴ�ʹƃ"K+ (Fig. 4-8, A and B)� 8 tubule-like 

structure9�ϑ8ɅʥTS�g�ɋǕ%JD83͉�Ä1�+ (Fig. 4-3ġʞ)� 8

ʹƃ�H3.5 dpi29 p4:YFP9̼̓̕ 6͖˰#1�J 3�ˢĽ"K+�p48

Nȧ˺ЇŔ6e^v���ou�ʈ"K+ 3N̴Ǔ%J3̕ ̼Ϥϲ6 p4:YFP�

Ȅø"K1�Jī̽ǇD̴�HK+�¥̵8ƍŏ9κƠ8ʹƃ29ēþ�ņϸ2�J+

Cǳ˭͓N��t��gtĒ#̼̕şNϭĠ#+Ʋ2͝æƍŏNʹƃ#+�)8̙

Ȳp4:YFP9̼̓̕6͝æ�ʹƃ"Kƍŏ#1�J 3�ù�.+ (Fig. 4-8 C)�Ʌ

ǚǶǴǅƾǋǄǍƾƾ ǚǡǩƾǼǋ ȰÛ�aƾ

ǦǶǴǺǮǸǤƾǋǅǇ ȮȽȿ ǢÇī�ǈǐƾǮǮ Ȯɗɐɥɾɱɯɟɤƾ ǀǦǤǁƾ ȕ
ôȜɁȤȍǤǳǮǹ ȫ ǢǗǖǝƾǰǻǺǾǲǽȁǲǱƾ

ǱǻǹǮǶǺƾǾǲǮǽǰǵ ȮȽȿȢɁȣɁ ǎǇǄǈǈǌƾǮǮ Ȯ ǴǸȃǰǻǮǹȃǸǮǾǲ ɤɸɈʂƾ ǀǛǕǁƾ ȫ ǉǋǉǄǊǊǐƾǮǮ Ȯ ǘǺǮǟ ɤɸ

Ɉʂƾ ǀǘǺǮǟǁƾ ȕ
ôȜɁȤȍ2èɗɐɥɾɃƩȗ
©ɝʂɪɏż2{Ɲȱĵ ǊǏǅǌƾǷǘǮ Ȫȏɀȍƾ
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ʥ̼̕9ɼ̼�ŧ��˅φ#1�J+C̼̓̕3̼̕Λƍŏ8ēþ�ϸ#� 3�̴

�HK++Ca�t���3#1 YFP N˅ʮ"'+͓N��t��gtĒ#1įɍ

6ƍŏNʹƃ#+�ȖH�6̼̓̕ƍŏ39ʾ5J͝æ}m��2�J 3�˟�C

HK+ (Fig. 4-8 D)�"H6p4:YFP˅ʮ̼̕NīʌǇʹù3̓ʹù6ù�Ǟ GFP

ǞÇ (YFPDɆøī̽) Nʴ�1TVgm���ptͶȯN͠�3p4:YFP8ŧ�"

6ˎƱ%Je^v� (̎ 65 kDa) �̓ʹù8A�HɆø"K+ (Fig. 4-8 E)�º 8̙

Ȳ�Hp4:YFP9 PD3̼̓̕6ƍŏ#1�J 3�ȖH�35.+� 

º 8�ν8źВGIp4:YFP9˅ʮüȤ (2.5 dpi) 69 PD6ƍŏ#ȚϤ8

̘τ33D6PD�H tubule-like structureNƲǕ#5�H̼̓̕ 6͖˰#1�� 

3�ȖH�35.+�ȚϤ8̘τ33D6Į8˅ʮϛ�ŞĈ#PD8ƍŏžϛNΟ

�+ p4:YFP�̼̓̕6D͖˰#1�� 32 8G�5ƍŏ8ţĒ�ͯHKJ82

95��3̴�HKJ�̕ ̼̓6ƍŏ%J3��˙ͯ9 RLBV-p428ŗĵ3�͆#1

�J� (McGavin et al., 2012))8 36ϥ%Jm�}]Λɒ̽<8ˢĽ6/�19

¢Ȗ2�J� 
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ǚǶǴǅƾǋǄǎƾƾ ǼǋǑǬǚǤ ȱ Ǥǘ Ȯ�eȟɀƾ

ɆɐʀɈʂɭɇɾɣɿʃɗɻʂéȮȽȿ ��������
��
�
ȰŗȮ ǼǋǑǬǚǤ ɃĖĄȜȡȌǉǅǌƾǱǼǶ ȮŬ�ȝ

Ȥȍƾ

ǀǕǁƾ ĹŌq�ȮûāȰŜ(�eȕŬ�ȜɁɀȍƉƐ(ȮȽɀ¹�č&ɃƛȯPɂȡȩȐɀȍƾ

ǀǖǁƾ ǀǕǁȰ±uȍƾ

ǀǗǁǃƾǀǘǁƾF�ż2ƯȝȤĹŌȍƾ

ǀǗǁƾ ƉƐ(&ȍƽȰĞ�ȪġȜɁɀȻȰȕĹŌqȔȾ9ƯȝȤF�żŐȍƾ

ǀǘǁƾ Ŝ(�eȫ Ǘ ȰƛȯPɂȡȍėȰĞEȪġȜɁɀȻȰȕȌǤǘ Ȯ�ďȝȩȐɀȫŉȒȾɁ

ɀŜ(əɴɠɣȍƾ

ǖǮǽǾǑƾǀǕǁǃƾǀǗǁǃƾǀǘǁǃƾǉǌƾȆǹǒƾǀǖǁǃƾǈǇƾȆǹȍƾ
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ǚǶǴǅƾǋǄǏƾƾ ǼǋǑǬǚǤ ȱĹŌŐȮ�eȝ ǿȀǯȀǸǲǄǸ ǶǷǲƾǾǿǽȀǰǿȀǽǲ Ƀ�ȟɀƾ

ɆɐʀɈʂɭɇɾɣɿʃɗɻʂéȮȽȿ ��� �����
��
�
ȰŗȮ ǼǋǑǬǚǤ ɃĖĄȜȡȌǊǅǌƾ ǱǼǶ ȮŬ

�ȝȤȍƾ

ǀǕǁƾ ǼǋǑǬǚǤȕĹŌŐ�ȮŬ�ȜɁȌȢȰ�ƖȕĹơȐǿȀǯȀǸǲǄǸǶǷǲƾǾǿǽȀǰǿȀǽǲɃ�ȝȩȐɀƾ

ǀėĞ�ǁƾ ȍƾ

ǀǖǁƾ ǿȀǯȀǸǲǄǸǶǷǲƾǾǿǽȀǰǿȀǽǲ ȱ Ǥǘ ȔȾ�ơȝȩȐɀȍƾ

ǀǗǁƾ ǼǋǑǬǚǤ ĖĄĹŌɃɯʀɣɯɼəɣAȝȤȍĹŌŐ�ȮŜ(ȕŬ�ȜɁɀȍƾ

ǀǘǁƾ ɓʂɣʀʃɾȫȝȩȌǬǚǤ ĖĄĹŌɃɯʀɣɯɼəɣAȝȤȍĹŌżȮŜ(ȕŬ�ȜɁɀȍƾ

ǀǙǁƾ ǼǋǑǬǚǤ �ƐĘĖĄĹŌȰɉɊəɝʂɮʀɠɣŮÌȍǦǑƾL÷¨č2ȍǤǑƾ Őč2ȍǼǋǑǬǚǤ

Ȱ
©2{Ɲƾ ǀĵ ǍǌƾǷǘǮǁƾ �ƆȮɗɐɥɾȕŬ�ȜɁɀȍƾ

ǖǮǽǾǑƾǀǕǁǃƾǉǌƾȆǹǒƾǀǖǁǄǀǘǁǃƾǈǇƾȆǹȍƾ
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ǩǶǽǮǸƾǹǻȁǲǹǲǺǿƾǰǻǹǼǸǲǹǲǺǿǮǿǶǻǺƾǮǾǾǮȃƾ

ɔ6TS�g˫͠ˎͩźВ (viral movement complementation assay) N͠.+�

ˎͩ%JTS�g69��gϠRNATS�g8PotexvirusƏ6Ə%JPotato virus X 

(PVX) Nʴ�+�PVX 9˫͠m�}]Λ3#1 TGBp1 NȢ%J�įm�}]Λ6

ɓũţʾNéKJ 32̼̕Ϥ˫̽͠Nũ� 3�˙HK1�J (Bayne et al., 

2005)�Ȩ˛˳29 8ţʾÇ6"H6 coat protein 6 GFP N͞Į"'1TS�g

Ǐȶ̼̕N͝æ2īͱĒ�ī̽5D8 (PVX�TGBp1-GFP) Nʴ�+ (Senshu et al., 

2011)� 

PVX�TGBp1-GFP 8̼̕Ϥ˫͠�)K*K GUS (yZrR�a�t���)

TGBp1 (�frR�a�t���)FMV-p48˅ʮ6GIˎͩ"KJ�źВN͠.+�

GUSTGBp1FMV-p4 3 PVX�TGBp1-GFP N˅ʮ%JQ^�|]r�T�N N. 

benthamiana͓6ǳ˭#4 dpi6ʹƃN͠� PVX�TGBp1-GFP�̼̕ϤN˫͠#

1�J�˟Ά#+�)8̙ȲyZrR�a�t���8GUS29 PVX�TGBp1-GFP

9̼̕Ϥ˫͠#5�.+86Ƅ#FMV-p4 3 TGBp1329 GFP ͝æ�ϴǳ̼̕6

Ʀ�JɍŴ�ʹƃ"K+ (Fig. 4-9 A)�͝æЀ˰NŹϛ%J3GUS 3ɞΨ#1

FMV-p4 N˅ʮ"'+ŘĮ8 GFP ͝æ8ƣőЀ˰9ȢǍ6ŧ�� (Fig. 4-9 B)

FMV-p4 69 PVX�TGBp1-GFP 8̼̕Ϥ˫͠Nˎͩ%Jà���J 3�ˢĽ"K

+� 
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ǚǶǴǅƾǋǄǐƾƾ ǚǡǩǄǼǋ ȱɉɈɾəĹŌƣģşɃĚţȟɀƾ

ǤǩǫȇǧǛǖǼǈǄǛǚǤƾɃċȐȤ ȁǶǽǮǸƾǹǻȁǲǹǲǺǿƾǰǻǹǼǸǲǹǲǺǿǮǿǶǻǺƾǮǾǾǮȃȍƾ

ǀǕǁƾǛǨǦȌǧǛǖǼǈȌǚǡǩǄǼǋ ȪȢɁȣɁĚţɃşȐȌ¶ĥȔȾ ǋƾǱǼǶ ȮŬ�ɃşȦȤȍǛǨǦ Ȫȱ ǈ

ĹŌȰȹȕ(ȦȩȐɀȰȮ�ȝȌǧǛǖǼǈȌǚǡǩǄǼǋ Ȫȱƭ¶ĹŌȶȰŜ(Ȱ±uȕŬ�Ȝ

ɁɀȍǖǮǽǾƾǔƾǈǇǇƾȆǹȍƾ

ǀǖǁƾ Ŝ(ƲĦȰ�ƝȍǛǨǦ Ȱ!Ƀ ǈ ȫȝȩłƂɃĚ�!ȪġȝȩȐɀȍǺƾǔƾǉǇȍɊɼʃɩʃȱÚ

ö"�ɃġȝȩȐɀȍɊɼʃɩʃȰ�ȰɆɾɭɅɰɠɣȕĒȭɀņƣȮȱÆªȮ�ȕȏɀ

ǀǧȀǷǲȃȉǾƾǿǲǾǿǒƾǤƾǓƾǇǅǇǈǁȍƾ
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ƨĎ´Ʃ2{ƝÖ� 

FMV-p48PDϫʺǱϭùŴϛ8Ǩŧ̽N=J+C6 sGFP͝æ8ǨȇNǪɎ3

#źВN͠.+ (Crawford and Zambryski, 2000)�sGFP9ęʨ2Ʌʥ̼̕6˅ʮ"

'+ŘĮ>3O4̼̕ϤN˫č%J 392�5��TS�gMP548ϫʺǱϭù

ŴϛNǨŧ%JG�5m�}]ΛN3D6˅ʮ"'J3̼̕ϤNǨȇ#1�� 3�

˙HK1�J�GUSFMV-p4 3 sGFP N N. benthamiana ͓6ë˅ʮ"'4 dpi

2 sGFP�Ǩȇ#1�J�ʹƃN͠.+�)8̙ȲGUS N˅ʮ"'+͓29>3O

48Ǐȶg�pt2 GFP͝æ� 1̼̕6ʻ@.1�+86Ƅ#FMV-p4N˅ʮ#+

͓29 sGFP͝æ8Ǩȇ�ΆCHK+ (Fig. 4-10 A)� KH8źВēϤ29Źϛˆ6

DȢǍ6ƚ�ΆCHK (Fig. 4-10 B)FMV-p49 sGFP8ǨȇNĉϢ#1�I PD8

ϫʺǱϭùŴϛNǨŧ%Jà���J 3�ˢ"K+� 
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ǚǶǴǅ ƾǋǄǈǇƾ ǚǡǩǄǼǋ ȱƨĎ´Ʃ2{ƝɃ±uȟɀƾ

ǀǕǁƾǾǛǚǤ ȫ ǛǨǦȌǚǡǩǄǼǋ Ƀ,ĖĄȜȡȌǋƾǱǼǶ ȮŬ�ɃşȦȤȍǖǮǽǾƾǔƾǈǇǇƾȆǹȍƾ

ǀǖǁƾ Ŝ(ƲĦȰ�ƝȍǛǨǦ Ȱ!Ƀ ǈ ȫȝȩłƂɃĚ�!ȪġȝȩȐɀȍǺƾǔƾǉǇȍɊɼʃɩʃȱÚ

ö"�ɃġȝȩȐɀȍɊɼʃɩʃȰ�ȰɆəɝɽəɏȱ ǛǨǦ ȫâƃȝȩÆªȮ�ȕȏɀȚȫ

ɃġȝȩȐɀƾ ǀǦǿȀǱǲǺǿȉǾƾǿǄǿǲǾǿǒƾǤƾǓƾǇǅǇǈǁȍƾ
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Ǽǋ ɝʂɪɏżȰĹŌƣģşōȰÖ� 

FMV-p4�ęʨ2̼̕ϤN˫͠%J�ɆͿN͠.+�a�t���3#1 GUSN

FMV-p43>?į$ùŴϛ (38.5 kDa) <úIC+ trGUS8 C ȧ˺6 YFP N͞Į

#+D8 (trGUS:YFP)Nʴ�+�4 dpi6ʹƃN͠.+̙ȲtrGUS:YFP N˅ʮ"'

+͓29>3O48g�pt2͝æ� 1̼̕6ʻ@.1�+86Ƅ#p4:YFP9>3

O48g�pt2͝æ�ϴǳ̼̕<3˫͠#1�+  (Fig. 4-11 A)�Źϛˆ6DȢǍ6

͝æЀ˰8ƚ�ΆCHK (Fig. 4-11 B)FMV-p49)8·8TS�g8ŅŴ5#6ę

ʨ2ϴǳ̼̕6˫͠%Jà���J 3�ˢ"K+� 
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ǚǶǴǅ ƾǋǄǈǈƾ ǼǋǑǬǚǤ ȱCĂȪĹŌƣɃģşȟɀƾ

ǀǕǁƾǿǽǛǨǦǑǬǚǤȌǼǋǑǬǚǤ ɃCĹŌȪĖĄȜȡȌǋƾǱǼǶ ȮŬ�ɃşȦȤȍǖǮǽǾƾǔƾǈǇǇƾȆǹǅƾ

ǀǖǁƾ Ŝ(ƲĦȰ�ƝȍǿǽǛǨǦǑǬǚǤ Ȱ!Ƀ ǈ ȫȝȩłƂɃĚ�!ȪġȝȩȐɀȍǺƾ ǔƾ ǉǇȍɊɼ

ʃɩʃȱÚö"�ɃġȝȩȐɀȍɊɼʃɩʃȰ�ȰɆəɝɽəɏȱ ǿǽǛǨǦǑǬǚǤ ȫâƃȝ

ȩÆªȮ�ȕȏɀȚȫɃġȝȩȐɀƾ ǀǦǿȀǱǲǺǿȉǾƾǿǄǿǲǾǿǒƾǤƾǓƾǇǅǇǈǁȍƾ
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ǌǅƾǋǅƾ ŉ�ƾ

 

ǚǡǩ Ȱ ǡǤȰQ�ƾ

͝æm�}]ΛNʴ�+ƍŏͶȯ6GIFMV-p4 9 PD 3̼̓̕6ƍŏ#

tubule-like structureNƲǕ%J 3�ù�.+�@+FMV-p49̼̕Ϥ˫̽͠Nɓ

ũ#+TS�g8̼̕Ϥ˫͠Nˎͩ%J 3sGFP 8̼̕Ϥ8ǨȇNĉϢ%J 3

·8TS�g8ŅŴ5#6ęʨ2̼̕ϤN˫͠%J 3ˢ"K+�º 8 3�H

MP 6íŒˆ5ǇΛNȢ#1�Ip4 m�}]Λ9 FMV 8 MP 2�J 3�ˢ"K

+�EmaravirusƏTS�g6��1źВˆ6MP�įŹ"K+89üC12�J� 

 

��
�
������ɉɈɾəȮȓșɀɲɹʀɐƾ

Emaravirus Ə8)8·8TS�gEMARaVRRVRLBV 6��1D RNA4

6 p4m�}]Λ�a�u"K1�J�FMV-p43 RRVRLBV8 p49ϔû6ˎįǇ

�ͯHKJ+Cįɍ8ɒ̽NȢ#1�J3Ǵƃ"Kźϳ6Ȩ˛˳8ŗĵˍƸ6

RLBV8 p4�MP2�J 3�ˢ"K+ (Yu et al., 2013)� 

 

Ǽǋ Ɨ4�Ȯ
ôȜɁȤɤɸɈʂȮ�ȟɀŉ�ƾ

FMV-p4ϔûNʴ�+u�S�Ɇ̓6GINȧ˺6 19 aa8e^v���ou�

ʈ"K+�įɍ8ŗĵ� RLBV8 p42D5"K1�IEmaravirusƏ8˫͠m�

}]Λ6ëκ#+ʦƿ2�Jī̽Ǉ�Е��ɅʥTS�g�a�u%Jm�}]Λ6e

^v���ou�ʈ"KJÍ9ʭ#�)8ɒ̽6͇ķ�ǩ+KJ�e^v���o

uNȢ%Jm�}]Λ9 ER6�]��t"K+Ƹï̓N¶#+άζ̌6éIĭ̕

̼ïƊłŸ<3άζ"KJ 3�H (Kim and Hwang, 2013)EmaravirusƏ8 p4m

�}]Λ9ùɮ̘Nÿʴ#PDE̼̓̕<ƍŏ#1�JD83̴�HKJ� 

@+u�S�ʈk�t6GICȧЇŔ6 DnaKu�S��ʈ"K+�TS

�gMP3 Hsp70 (˒Ⱦʲʥ6��J DnaK) 9ɾ�ϥÒ��J3̴�HK̙Ȳ¦6

Dγ=+ BYV6a�u"KJ Hsp70���^�ˍǳˆ5Í2�J�)8·6D�S
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vgϠ RNATS�g2�J TospovirusƏ8 TSWV8MP9 DnaJ-like protein3̙

Į%J 3�˙HK1�J (Soellick et al., 2000)�DnaJ9˒Ⱦʲʥ6��J Hsp40

N���^3#Hsp40 9ſ§Ʌʥï2 Hsp70 3ė#1à� 3�˙HK1�J 

(Qiu et al., 2006)�FMV-p4Q�zϗϔû¦6 DnaKu�S��ʈ"KJ 39

TSWV8MP3įɍ6 FMV-p4�Hsp403ˎ°Êʴ#1ɒ̽#1�J 3Nνǌ"'

J�µƸ9 Hsp70E Hsp40NűC3#+ſ§8ŅŴ38ėˆ5à�6˔ˌ#+Ͷȯ

�ǂͭ2�L�� 

ƾ

ȢȰ�ȰɵɈɥəƟ ǥǢǕ ɉɈɾəȰǡǤ ȫȰâƃƾ

FMV-p49 tubule-like structureNƲǕ%J 3�ȖH�35.+� 8ʦƿ9

TSWV8MP2Dŗĵ"K1�J (Fig. 4-3Nġʞ)�FMV3 TSWV9ùŴ̛̌ˆ6

ϥν��J3̴�HK1�J 3�H TSWV8MP38ɒ̽ˆ5ϥν6͇ķ�ǩ+K

J�Ȩ˛˳29 PVX�TGBp1-GFPNʴ�+˫͠ˎͩźВ6GI FMV-p4�˫͠m�

}]Λ2�J 3NȖH�3#+�į$��SvgϠ RNA TS�g2�J TSWV

RSVRGSV2Dįɍ8źВ�͠MK1�I (Lewandowski and Adkins, 2005; Xiong 

et al., 2008; Hiraguri et al., 2011)�&KDęʨ2TS�g8̼̕Ϥ˫͠NÓο%J

à��ˢĽ"K1�J�µƸ9GI΄̕5ùŴʲʥŶˆǚɯNʴ�5�HFMV-p4

3)8·8�SvgϠRNATS�g8MP38ëκʙ3ˎχʙNȖH�6#1��+

�3̴�1�J� 
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˼ 5 ˹� NP 9 ER ɵč6G.1ħčˆ6̕
̼ïNč�  
ƾ

ǌǅƾǈǅƾ �Ÿƾ

ƾ

Ȩ˹8˛˳29 

NP 8 RNA ̙Į̽Nˢ%3įȚ6̼̕ïƍŏ3čǐNͶȯ#NP 8ƲǕ%

JöϵÇ� ER ɵč6G.1ħčˆ6̼̕ïNč�1�J 3Nˢ#+�  

 

ƾ

Ɇɏɣɶɋɗʂɗəɡɷȫ Ǚǥ í=ƾ

Q]t�Xe�egr�9̼̕8ï̓άζEƙŧùŴ8ςǽ̕ ̼ïƊłŸ8ϔ̭

54ɍ�5̼̕ɒ̽6ϥ£#1�J 3�˙HK1�J (Vale, 2003)�Q]o�̩̞

6ɫ.+ʥΛ8ςǽ9§6�Xe���m�6G.1͠MK1�J3̴�HKA. 

thaliana8�Xe�9]�g VIII3]�g XI3��ŧ�� 2/8�P���6ù

�HKJ�]�g XI9§6b�fÇE�ta�u�QȾ��X[ek��548

˫č6ϥM.1�J3̴�HK(Avisar et al., 2008; Sparkes et al., 2008; Avisar et al., 

2009; Sparkes et al., 2009; Tamura et al., 2013)13Õ�J]�g XI�Xe�ώÁ

Ŵ8�- XI-1XI-2XI-IXI-K9§6͓̹̼̕2˅ʮ#ɒ̽%J 3�ˢ"K1�

J(Sparkes et al., 2009; Avisar et al., 2012; Tamura et al., 2013)� 

Ʌʥ̼̕6��J ER 9̼̕ˇƐ3ɼ̼NΗκ%JğƲΛ̋¦NƠ6ɵč#1�

Jčˆ5̼̕ïƊłŸ2�J�ER9̼̕Λ¦6ƯIƗH"K1�JQ]o�Дɀ6ɫ

.1ƲǕ"KQ]o�-ERypt��]NɋǕ#1�J (Boevink et al., 1998)�ER

ɵč9 XI-1XI-2XI-K�Xe�8à�6G.1˅ʲ#įȚ6Ķί8̼̕Λl�N

č�#1�IğƲΛɵčN˅ʲ"'J§ͭŅ2�J3Ǵƃ"K1�J (Ueda et al., 

2010; Avisar et al., 2012; Peremyslov et al., 2015)� 
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ɆɏɟʂǄǙǥ ɧɠɣʁʃɏȮçȦȩ=ȗɉɈɾəɝʂɪɏż/Ʈ�ƾ

TS�gNɋǕ%JŅŴ9ſ§8άζ̌6GIάζ"K1�J3̴�HK̕ ̼Ϥ

˫͠6ϥMJ��/�8m�}]Λ9Q]t�Xe�egr�Nÿʴ#1ğƲΛν̚ 

(plasmodesmata: PD)6ς:KJ 3�˙HK1�J (Cotton et al., 2009; Harries et 

al., 2010; Amari et al., 2011; Yuan et al., 2011)�"H6̼̕Ϥ˫͠6ˍǳϥ£#5�

3̴�HKJTS�gm�}]ΛEm�}]ΛͫĮÇDQ]o�-ER 6ɫ.1ɴ˅6

č�öϵÇNƲǕ%J 3�˙HK1�J (Liu et al., 2005; Wei and Wang, 2008; 

Harries et al., 2009; Cui et al., 2010; Wei et al., 2010; Feng et al., 2013)� KH8m

�}]ΛöϵÇ� 8G�5č�Nͯ'J89ER̓6Òʻ5�#9 ER̓ 6Ɗ̼

NƲǕ%J 32�Xe�N˰Ɉˆ6�]��t#̼̕Ϥ˫͠NφǕ%J+C2�J

3̴�HK1�+ (Fig. 5-1; Laliberte and Sanfaçon et al., 2010; Niehl and Heinlein, 

2011)�#�#źϳ6 8G�5č�8ğŅ3TS�gǏȶʱ6��JǍ̱9źВˆ

6˳Ȗ"KJ 35�¢Ȗ8@@2�.+� 

 

 

 

ǢǤ ȫİ{�ƾ

�SvgϠ RNATS�g9V�����2ͤͮ"K+̇ŴNƲǕ%J+C6ſ

§8ʲÇ̓NĥŮ%J��SvgϠ RNATS�g6a�u"KJɋμm�}]Λ2�

ǚǶǴǅ ƾǌǄǈƾƾ ƾ

ȚɁȸȪȮŉȒȩȾɁȩȖȤɉɈɾəɝʂɪɏż/Ʈ�Ȱ=ȖȰɹɢɾƾ
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J glycoprotein 9̓2đ@K+ʦŹ8X�Zy�6m�`rR�^#��x]�

X��rS�ͫĮÇ (ribonucleoprotein complexes: RNPs)N}p_�f�^%J 3

2̇ŴNƲǕ%J (Fig. 5-2)�RNPs 9`z� RNA3̙Į#+ NP3Ƌϛ8 RdRp

�HɋǕ"KͫͪE̳ͽ6¢īɓ5à�N%J 3�˙HK1�J  (Cros and 

Palese, 2003; Kaukinen et al., 2005; Ruigrok et al., 2011)�NP9TS�gǏȶʱ6�

�1 RNPƲǕĖŴƲǕ8>�̳ͫͪͽ)8·8TS�gŅŴ8̼̕ïάζ5

4ɍ�5τˬ6ϥM.1�J 3�˙HK1�J (Cros and Palese, 2003; Kaukinen 

et al., 2005; Ruigrok et al., 2011)� 

FMV 6��19̼̕ï8̇Ŵ8Ʋǐ6/�18˙ͯ9©#�D88TS�g3

#1įŹ"KJºā8�dS]˃ʧNĴ%JSof]͓NϻŴЋƾϡʹƃ#+˛˳�

ŵŏ%J�)KH8˛˳29¯ϙ8̓2Ň@K+ DMB (double-membrane body)3

˪"KJˍƵ 80–200 nm8Ɗʯʧɋμ�ʹƃ"KȨɋμ� FMV8̇Ŵ295��

3̴�HK1�+ (Martelli et al., 1993; Appiano et al., 1995)�"H6FMV8Ə%

J EmaravirusƏ29 PPSMV8̇Ŵ̉ͪNA+ϳ6ùŴϛ� 32 kDa8m�}]

Λ�§6ńĥ"K1�IȨm�}]Λ9§ͭ5ɋμm�}]Λ2�J NP295��

3ǴŹ"K1�+ (Kumar et al., 2003)� 8 PPSMV8 NP9 FMV8 ORF36a�

u"KJm�}]Λ p3 3ˎį2�J3ǴŹ"K+ 3�HFMV 8 p3 6/�1D

NP295��3̴�HK1�+ (Elbeaino et al., 2009b)�#�#FMV6��1 NP

8ɒ̽�źВˆ6ˢ"K+Í9 K@265�� 

 

Ȩ˛˳29@&ȦɆͿ2�.+ NP8 RNA̙Į̽NźВˆ6ˢ#+�ɔ6

͝æm�}]Λ YFP3͞Į"'+ NPN�τˆ6˅ʮ"'CLSM¡2ʹƃ%J3̕

̼Λ¦6ŦȈ8Ȉ µm/s8Ȕ"2č�Ɗʯʧɋμʥ�ͯHK+� 8öϵÇ�5(48

G�6#1č�1�J8�ɍ�5ͶȯN͠.+̙ȲNPöϵÇ9 ER̓NĥŮ%J+

C6 ER8βÝ8̼̕Λl�6ƍŏ#1�I)8+C6 ERɵč6ƛ�ΰ@KJƲ2

Q]o�-ER̟6ɫ.1č�1�Jī̽Ǉ�ˢĽ"K+� 
ƾ ƾ
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ƾ

ƾ ƾ

ǚǶǴǅ ƾ ƾ ǌǄǉƾ ƾ

ɵɈɥəƟɉɈɾəİ{ȰÛ�aȫ ǢǤƾ



 109 

ǌǅƾǉǅƾ É¼Gȴ¾éƾ

 

ǌǅƾǉǅƾǈǅƾĖĄɰɏɝʃȰ�Ťƾ

|Sv���]m�<8]��w�^9˼ 4 ˹3įɍ8ȏɯ2 Gateway 

technologyNʴ�1͠.+ (4.2.2 ġʞ)�FMV NP ώÁŴ6/�19˼ 3 ˹2Êø#

+ RNA38 cDNAϔû(AB697843)�]��w�^"K+��g�uGI PCR2Şơ

#pEarleyGate 101 (Cȧ YFP͞Į)pEarleyGate 102 (Cȧ CFP͞Į)pEarleyGate 

C3myc (Cȧ 3�myc͞Į)6]��w�^#+�pEarleyGate C3myc9ǙƏ˛˳Ż2

Êø#+�]m�2�IpEarleyGate 1018 YFPϔûϑN 3�mycϔû6̭�Ǹ�

+D82�J�Nicotiana tabacum cv. Samusun�G; Arabidopsis thaliana ecotype 

Columbia-0͓GIê RNAN RNeasy kitNʴ� 2.2.33įɍ8ȏɯ2ǣø#ηΥñ

ĤǃN dT20��S��6GI 3.2.23įɍ6͠.+�COPIIάζ8ϨżźВ8+C6

N. tabacum 8 cDNA GI Sar1 ώÁŴ (D87821)N PCR 61Şơ#TOPO TA 

Cloning kit 6c�]��w�^#+�inverse PCR3 seamless cloning and assembly 

kit (Thermo Fisher Scientific)NÌʴ#Sar18 74ʽˌ8~gof�N�Se�6ţ

ʾ"'JG�6ϔû6ţʾNƉé#+ Sar1H74LώÁŴN (Takeuchi et al., 1998)

pEarleyGate 100 (͞Įm�}]Λʛ)6]��w�^#+�Q]o���Y�3#1

A. thaliana8 cDNAGIFimbrin 1ώÁŴ(AT4G26700)8actin binding domain 2 Ї

Ŕ (FABD)N PCR61Şơ# (Voigt et al., 2004)pEarleyGate 104 (Nȧ YFP͞Į)

6]��w�^#+��Xe�8âǇϨżÇ3#1 A. thaliana 8 cDNA GI XI-1 

(AT1G17580)XI-2 (AT5G43900)XI-J (AT3G58160)XI-K (AT5G20490)8 Cȧϔ

û6ˎƱ%JЇŔN PCR 61Şơ# (Reisen and Hanson, 2007)pEarleyGate 

NCFP (Nȧ CFP͞Į)6]��w�^#+�pEarleyGate NCFP6/�19ǙƏ˛˳

Ż2Êø#+�]m�2�IpEarleyGate 104 8 YFP ϔûϑN CFP ϔû6̭�Ǹ

�+D82�J�Ⱦ��Y�3#1 simian virus 40 (SV40)8Ⱦƍŏe^v�ϔû 

(Kalderon et al., 1984)N Nȧ˺6Ȣ%J CFPϔûN PCR61Şơ#pEarleyGate 

100 (͞Įm�}]Λ5#)6]��w�^#+�Ȩ˛˳2Ìʴ#+͝æm�}]Λ�͞
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Į#+b�fÇ��Y�3 ER ��Y�9 Arabidopsis Biological Resource Center 

(ABRC; http://www.arabidopsis .org/) GIΜé#+�ABRC stock numbers 9º¡8

G�2�J: ER-ck, CD3-953; ER-yk, CD3-957; ER-rk, CD3-959; G-ck, CD3-961; 

G-rk, CD3-967�GUS8˅ʮ�]m�9˼ 4˹2Ìʴ#+D83įɍ2�J� 

 

ǌǅƾǉǅƾǉǅƾ ɆɐʀɩɏɡɽɉɷɃċȐȤÕÿ�-ȪȰƕ�{ĖĄƾ

Q^�S��R�t��e��6GJ�τˆ˅ʮ9 4.2.33įɍ6͠.+�ͫȈ8

m�}]ΛN�τˆ6˅ʮ"'JŘĮ69OD600 = 1.06ƞϘ#+)K*K8˅ʮ�

]m�NȢ%JQ^�|]r�T�͑ɼN˾ϛɿĺ#ǳ˭#+� 

 

ǌǅƾǉǅƾǊǅƾuŏŖĖĄɝʂɪɏżȰıŤȫ ǲǸǲǰǿǽǻǼǵǻǽǲǿǶǰƾǹǻǯǶǸǶǿȃƾǾǵǶǳǿƾǮǾǾǮȃƾǀǙǡǦǕǁƾ

NP8 Nȧ˺6 maltose binding protein (MBP)N͞Į"'J+C6 NPώÁŴN

pMal-c5X vector (New England BioLabs)6 NcoI / BamHIcStNÌʴ#1]��w

�^#+�NP�]��w�^"K+ pMal-c5X vector3]��w�^ā8 pMal-c5X 

vector9 γ#+ȏɯ (2.2.7–2.2.9)3įɍ6 E. coli BL216ƲΛΥǸ#ŕЏ#+�ŕ

Џ#+͑ɼ6 0.3 mM8 IPTGNʀĈ#1MBP:NPMBP N 16°C24 h2˅ʮ·

Ɖ#+�˅ʮ#+MBP:NPMBP9 Amylose Resin (New England BioLabs)Nʴ�

ʀ¸8��ta�6ƺ.1̉ͪ#+� 

EMSA8r����t RNA8ʋÞ8+C6˼ 3˹8 RACEͶȯ2 TOPO�]

m�<]��w�^#+FMV RNA585´ȧ˺ϔû280 nt3TMV83´ȧ˺ϔû249 nt 

(Watanabe et al., 1999)NMEGAscript T7 kit (Ambion, Life Technologies)Nʴ�1

Υñ#+� 

2�EMSA buffer (20 mM HEPES, 2.5 mM MgCl2, 25 mM KCl, 2 mM 

dithiothreitol [DTT], 20%[v/v] glycerol, 0.1 mM EDTA)Nʴ�1MBP:NPMBP8ƞ

ϘɚϯNÊǕ#+�̎ 200 pg8 32P���#+ FMV RNA5 5´ȧ˺ RNANʀĈ#+�

˻ĮźВ6��19̎ 1.0 ng 8 32P ���#+ FMV RNA5 5´ȧ˺ RNA 3 8 µM 

MBP:NPNɿĺ#+Ƹ6ň¦Ɏͻ8ʕƧ8 TMV8 3´ȧ˺ RNANʀĈ#+��&K
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8ŘĮD 4�2 15 minϾ̭#+Ƹ62% TAEQZ��g`�2ϻɡɲčN͠� RNA

8ɲčƧ8ƚNͶȯ#+� 

 

ǌǅƾǉǅƾǋǅƾŐč2Ȱ^IȫɗɻĲù�?ƗƓ¥ƾ

ˌˆ8m�}]ΛN�τˆ6˅ʮ#+ N. benthamiana͓D#�9 25°C8Ʌʥ

̺Ǖʴo��|�2̺Ǖ#+Ûê�J�9 FMV 6Ǐȶ#+Sof] (F. carica)͓N

|p�P�A (50mM Tris-HCl [pH 7.5], 15mM MgCl, 120mM KCl, 20%[v/v] glycerol, 

0.1%[v/v] 2-mercaptoethanol) Nʴ�1ˠ˜#+�1,000�g 2 20 minψǁ#)8

 ʁN 30,000×g2 30 minψǁ#1ɪɜN P30ʹù3#1ńĥ#+�ńĥ#+m��

�9 2�Laemmli sample buffer (Bio-Rad)3ɿĺ#TVgm�Ͷȯ6Î#+� 

e�̊ʕƧĐϔψǁ9 Genovés et al. (2010)8ȏɯ6ƺ.+�5 mM8MgCl2Nʀ

Ĉ#+ĲBʌͶ|p�P�200 µl6ðǔʔ#+ P30ʹùNįʌͶ|p�P�2ÊǕ

#+2.5 ml820%–60%(w/v)e�̊ʕƧĐϔ8 6ª'gS�^��m�Nʴ�4°C

max100,000�g8Ȫ¼2 16 hΟψǁ#+�ψǁƸ9 188ʹù6ù� 150 µl&/ �

Hńĥ#+�ńĥ#+ĭc���9˾ϛ8 2�Laemmli sample buffer3ɿĺ#+� 

 

ǌǅƾǉǅƾǌǅƾ,)ēæƧȫɉɊəɝʂɮʀɠɣƾ

ˌˆ8m�}]ΛN�τˆ6˅ʮ"'+ N. benthamiana ͓N RIPA buffer (50 

mM Tris-HCl [pH 7.5], 150 mM NaCI, 1%[v/v] Nonidet P-40, 1%[w/v] sodium 

deoxycholate, 0.1%[w/v] SDS, Complete Mini protease inhibitors [Roche 

Diagnostics])2ˠ˜#8,200�g2 2ńψǁ#ɘʆNϭĠ#+�mycϔûN¸Ĉ#+

m�}]ΛN EZview Red anti-c-Myc agarose (Sigma-Aldrich)3 4°C 2̙Į"'

RIPA buffer2ɳɶƸ2�Laemmli sample bufferNʀĈ#1 95°C2 5 min÷ʰ%

J 32ǤÇGIˌˆ8m�}]ΛNͶϷ"'+� 

TVgm�Ͷȯ9 4.2.5 8ȏɯ6ƺ.+�ǏȶSof]�H8 NP 8Ɇø69˼ 2

˹2Êø#+Ǟ NP ǞÇNʴ�NP:3myc 8Ɇø69 1 mg/ml 8 anti-myc ǞÇ 

(Millipore)N 3,000ÖƞϘ2YFPĢ; CFP͞Įm�}]Λ8Ɇø69 400 µg/ml 8
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anti-GFPǞÇ (Roche Diagnostics)N 3,000ÖƞϘ2ʴ�+� 

 

ǌǅƾǉǅƾǍǅƾƦ�8�ƺƾ

latrunculin B (LatB; Sigma-Aldrich) D#�9  brefeldin A (BFA; Thermo 

Fisher Scientific)9 0.5%(v/v) dimethyl sulfoxide (DMSO)6ʌͶ#ň¦6ˢ"KJ

ʕƧ2Ìʴ#+�LatB9 26 hours postinfiltration (hpi)8 N. benthamiana͓6S�

�R�t��e��#"H6 10 h Ƹ6ČȲNʹƃ#+�BFA 9 18 hpi 8 N. 

benthamiana͓6S��R�t��e��#"H6 6 hƸ6ČȲNʹƃ#+� 

 

ǌǅƾǉǅƾǎǅƾǗǠǦǡƾ

CLSMʹƃ94.2.43įɍ6͠.+�CFP9ĊΞæ 458-nm argon laser lineĦƻ

æ 460–495 nmmCherry9ĊΞæ543-nm helium/neon laser lineĦƻæ 585–650 

nm�CFP8ęʨʹƃ29458/514 dichroic mirrorNʴ�1Ɇø#+�CFP3YFP8į

Țʹƃ29line-switching mode2458/514 dichroic mirrorNÌʴ#+�CFPYFP3

mCherry8įȚʹƃ29 CFP3YFPNįȚĊΞ2ʹƃ#mCherry3)KHN

488/543 dichroic mirrorNʴ�1line-switching mode2ʹƃ#+���h9HCX PL 

Apo 63x/1.4-0.6 oil CSNʴ�Ħƻ69LAS AF version 2.7.3NÌʴ#+�ʹá9ǂͭ

6ǃ$1ImageJ version 1.47t (NIH)3Photoshop CS4 (Adobe)2÷ʰNȐ#+� 

NB8č�8Ͷȯ9ImageJ time-lapse color coder pluginNʴ�1͠.+�300º

 8NBNmobile NB3immobile NB8ąĮ8́ø6Ìʴ#�-108mobile NBNʛ

Êʚ6ύ;ƣőλƧŃø#+�źВ93ń͠.+� 

ERɵč8λƧ8ʈŹ9ImageJ Kbi-Flow pluginNʴ�1͠.+(Ueda et al., 

2010)�0.32 sϤϱ240ȱ8ʹáNĦƻ#λƧŃø#+�źВ92ń8ʨ˸#+͠2

ƻHK+6/º 8ν̝ʹá6Ƅ#1͠.+� 

 

ǌǅƾǉǅƾǏǅƾ)ēư{ƶ¢Ơéƾ
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NP:YFPN�τˆ6˅ʮ"'+30 hpi8N. benthamiana͓D#�9FMV6Ǐȶ#

+Sof]͓N̎1 � 4 mm6ͥȍ#�ɔŉŹɼ(50 mM sodium cacodylate [pH 7.4], 

4%[w/v] paraformaldehyde, 0.1%[v/v] glutaraldehyde, 2 mM CaCl2)62 hʉʑ#+�

Sof]͓N÷ʰ%JŘĮ9"H660 mM sucroseNʀĈ#+�ŉŹ#+͓9Yaf�

ϗ|p�P� (50 mM sodium cacodylate, pH 7.4)24ńɳɶ#+Ƹ¯ɔŉŹɼ 

(4%[w/v] ŃϗĒXg�T�, 3%[w/v] potassium ferricyanide)2К h÷ʰ#+�̂ �e

�éIYaf�ϗ|p�P� (50 mM sodium cacodylate [pH 7.4], 100 mM glycine)

24ńɳɶ#+Ƹ6ʕƧɚϯVmz��(50%70%80%90%95%100%)2́

ɢ÷ʰN͠.+�LR Whiteɐ̾ (Polysciences) N1:12:13:18LR Whiteɐ̾-Vm

z��ɿĮɼ2c���6ɺθ"'Ƞ̖ˆ61%(v/v) ϗĒ��lS� (Nisshin EM)

NʀĈ#́ɡ#+LR Whiteɐ̾¦6˫#+Ƹ64°C25ȓϤ̔ṭ̌ʞƇN͠�ɐ̾˞

Ē"'+�Leica EM UC7 ultramicrotomeNÌ�100 nm8Ο͚úʤNÊø#wp_�

^�pu 6ª'+�úʤNª'+^�pu9��p[�^|p�P� (2%[w/v] PVP 

40K [Sigma-Aldrich], 2%[w/v] bovine serum albumin, 0.1% [w/v] NaN3, 0.05%[v/v] 

Tween 20 in PBS)230 min÷ʰ#1��p[�^#+���p[�^÷ʰƸ8^�p

u9ǞNPǞÇNPBS21/200ƞϘ (̎10 µg/ml)#+ǞÇʌɼ24°C 12 h÷ʰ#+�PBS

2ɳɶ#+Ƹ615 nmϜ̇Ŵ2Ɏΐ"K1�JǞTc\ǞÇ (Cosmo Bio)NPBS2

1/2006ƞϘ#+¯ɔǞÇɼ24°C 12 h÷ʰ#ɳɶ«ʢ"'ϻŴЋƾϡJEM 1400 

Plus θτŒϻŴЋƾϡ (JEOL)2ʹƃN͠.+�^�pu6Ƅ%J÷ʰ9ê1ɼȸ¦

 2͠.+� 

 

ǌǅƾǉǅƾǐǅƾư{ƶ¢ƠŬ�ƾ

κƠ8ϻŴЋƾϡʹƃ69Spurr low-viscosity embedding medium 

(Sigma-Aldrich)NÌʴ#+�FMV6Ǐȶ#+F. carica͓N̎1 × 4 mm6ͥȍ#�ɔ

ŉŹɼ(50 mM sodium cacodylate [pH 7.4], 4%[w/v] paraformaldehyde, 1%[v/v] 

glutaraldehyde, 2 mM CaCl2, 60 mM sucrose)62 hʉʑ#+� ͻ3įɍ8ȏɯ2ɳ

ɶ#+Ƹ6¯ɔŉŹɼ (2%[w/v] ŃϗĒXg�T�ɢʌɼ)22 h÷ʰ#+�́ɢ÷ʰ
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N ͻ3į$ȏɯ2͠.+ƸSpurrɐ̾N1:31:13:18LR Whiteɐ̾-Qit�ɿ

Įɼ2c���6ɺθ"'+�)8Ƹc���Ńɡ#+Spurrɐ̾6˫#60°C

3ȓ2ɐ̾˞ĒN͠.+�80 nm8Ο͚úʤNÊø#+Ƹ6JEM 1400 Plus θτŒϻ

ŴЋƾϡ (JEOL)2ʹƃ#+� 
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ǌǅƾǊǅƾ ĺÎƾ

 

ǚǡǩ«ÏÕÿȔȾȰǢǤȰÖ1ƾ

FMVǏȶɅʥ�HTVgm�Ͷȯ2NP�Ɇø"K+Í9 K@265�+CǞ

NPǞÇNʴ�1FMVǏȶSof]�H8ɆøNA+�FMV8Ǐȶ�˟Ά"K1�

JSof]3Ûê8Sof]8͓GI̓ʹùP30Nńĥ#TVgm�ͶȯN͠.+�

)8̙ȲǏȶɅʥʦʾˆ6̎35 kDa8Å̭6e^v��Ɇø"K+ (Fig. 5-3)� K

9NP8ǌùŴϛ3�͆#1�J 3�HNP�ǏȶɅʥï2͖˰#1�J 3�ˢ

Ľ"K+�5�35 kDa8 ȏ6�JͫȈ8|�u9ùŴϛ�HNP�ŦϛÇĒ#1�

JD82�J3̴�HK+� 

 

ƾ ƾ

ǚǶǴǅƾ ƾ ǌǄǊƾ ƾ ǚǡǩ «ÏÕÿȔȾȰ ǢǤ ȰÖ1ƾ

#+ǀǜǁȫ ǚǡǩ «ÏǀǝǁȰɈɟɘɏŗȔȾŐč2 ǤǊǇ Ƀ^IȝȌ¯ ǢǤ ¯�ɃċȐȩɉɊə

ɝʂŮÌɃşȦȤȍƾ
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ǢǤȱǥǢǕĺPōɃÆȟɀƾ

NP9 RNA3̙Į%JǇΛ��J+C (Kormelink et al., 2011; Ruigrok et al., 

2011)FMV8 NP6 RNA̙Į̽��J�4��N EMSA (electrophoretic mobility 

shift assay)Nʴ�1ɆͿ#+�̉ͪ�a��v�tm�}]ΛMBP:NP332P��

�#+ FMV RNA5 5´ȧ˺Nr����t3#1 EMSAN͠.+�)8̙Ȳ1 µM8

MBP:NPNɿĺ#+ŘĮ6r����t RNA8ɲčƧ�ρK+|�u�ͯHKűC

6 µM2>3O4êϛ8r����t8ɲčƧ�ρK1�J 3�ù�.+(Fig. 5-4 A)�

6 µM8MBPʀĈȚ69ɲčƧ8ρK9ͯHK5� 3�Hr����t RNA3

NP8̙Į�ˢĽ"K+�"H6MBP:NP3̙Į#+3̴�HKJQp�e�t#+

RNA|�u9>3O4�`�8TU�8¦6ʻ@.1�Ir����t RNA3

MBP:NP9ŧ�5ͫĮÇNƲǕ#1�J3̴�HK+�ɔ6NP�ϔûʦʾˆ5 RNA

̙Į̽NȢ#1�J�ɆͿ%J+C6˻ĮϨżźВN͠.+�32P���#+ FMV 

RNA5 5´ȧ˺3MBP:NP6Ĉ�132P���#1�5� TMV RNA 3´ȧ˺N

competitor3#1ʕƧNţ�1ʀĈ#+�)8̙ȲTMV:FMV8ùŴȈɞ� 10:18

Ț6Qp�e�t#+|�u�Ʈ�5IűC50:129Qp�e�t#+|�u�>

3O4ͯHK5�5.+ (Fig. 5-4 B)�ϔûʦʾˆ5̙ĮNˢ%TS�gm�}]Λ9

100Öº 8 competitorŵŏ¡2D RNA3̙Į%J 3�H (Rajendran and Nagy, 

2003; Martínez-Turiño and Hernández, 2010)FMV NPęʨ28 RNA̙Į8ϔû

ʦʾǇ9!�Ʈ��5�D83̴�HK+� 

  



 117 

 

 

  

ǚǶǴǅƾǌǄǋƾƾ ǢǤ ȱ ǥǢǕ ȫĺPȟɀƾ

ǀǕǁ ǊǉǤ ɼɰɾȝȤ ǚǡǩƾǥǢǕǌƾǌȅÇīȫ ǡǖǤǑǢǤ Ȼȝȗȱ ǡǖǤ Ƀï[ȝȤȍ�Ȱº|ȱ

ð<ȝȤɝʂɪɏżù�ȍƾ

ǀǖǁ ĬPƦ��ƺȍǊǉǤ ɼɰɾȝȤ ǚǡǩƾ ǥǢǕǌƾ ǌȅÇīȫ ǡǖǤǑǢǤ Ȯ ǊǉǤ ɼɰɾȝȩȐȭ

Ȑ ǧǡǩƾǊȅǥǢǕ Ƀð<ȝȤȍ�Ȱº|ȱ ǰǻǹǼǲǿǶǿǻǽ ȫ ǊǉǤ ɼɰɾȝȤ ǚǡǩƾǥǢǕǌƾǌȅ

ÇīȰ2{ºâȍƾ
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ǚǡǩ«ÏĹŌȰ¢ĹØƍŬ�ƾ

ɔ6FMVǏȶ̼̕28̼̕ïɋμ8ţĒNʹƃ%J+C6FMV6Ǐȶ#+So

f]͓̹̼̕NϻŴЋƾϡNʴ�1ʹƃ#+�͓̹̼̕Nʹƃ%J3å͠˛˳ 

(Martelli et al., 1993; Appiano et al., 1995)3�͆#1ER8!�βÝ6DMB3ǅMK

Jɋμʥ�ʹƃ"K+ (Fig. 5-5 A)�Ǩŧ#1ʹƃ%J3¯Ɛ8̓�ēþ#1ʹƃ"K

++CȨɋμ�DMB2�J 3�ù�.+ (Fig. 5-5 A inset)�"H6DMB�ER

�H˵�ø1�JG�5ɍŴDʹƃ"KDMB9ER�H̓NĥŮ#ø͋#1�J3̴

�HK+ (Fig. 5-5 B)�DMB9ϻŴƁƧ8Е�ɋμ3#1ʹƃ"K+� K9vRNP

NƁ6}p_�f�^#¯ϙ8̓2̬MK1�J+C2�J3̴�HK+�"H6

å͠˛˳3įɍ6DMB8βÝ69#:#:�t�p]g (Matrix)3ĸ:KJ̩̞ʧ

ƅéÇ�ʹƃ"K+ (Fig. 5-5 C; Appiano et al., 1995; Elbeaino et al., 2009a)��t�

p]g9��k��ɍ8ϻŴƁƧ8Е�̇ʧ8ɋμNŦ�ĲB 3�H§6ţǇ#+

ER�HǕJD83Ǵƃ"K+�)8·69FMVǏȶȚ6ʦʾˆ5ɋμţĒ9ͯø"

K5�.+� 
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ǚǶǴǅƾǌǄǌƾƾ ǚǡǩ «ÏĹŌȰư{ƶ¢ƠŬ�ƾ

ǀǕǁ ư{��ȰƻȐ ǘǡǖ ȕ Ǚǥ ȰƆ%ȮŬ�ȜɁɀƾ ǀĞ�ǁȍǶǺǾǲǿ ȱ ǘǡǖ ȕ��Ȱ

ŐɃÆȟɀȚȫɃġȟȍƾ

ǀǖǁ Ǚǥ ȔȾ ǘǡǖ ȕ1ŔȝȩȐɀȫ§ɂɁɀÙ{ƾ ǀĞEǁȍƾ

ǀǗǁ ɵɣɽɠɏəƾ ǀɆəɝɽəɏǁȕ ǘǡǖ ȫƭ¶ȝȩȐɀÙ{ȍƾ

ǲǽǑƾǙǥȌǴǮǑƾ ɔɾɘ�ȌǹǿǑƾ ɶɣɓʂɤɽɆȍǖǮǽǾǑƾǀǕǁǃƾǌǇǇƾǺǹǒƾǀǖǁǃƾǀǗǁǃƾǉǇǇƾǺǹȍƾ
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ǚǡǩ «ÏĹŌ�Ȫ ǢǤȱ ǙǥƆ%Ȯ/Ʈ�ȫȝȩ}eȝ ǙǥŐȮ@ȸɁɀƾ

FMVǏȶ̼̕6��J NP8ƍŏNʹƃ%J+C6FMVǏȶSof]͓8úʤ

6Ƅ#1Ǟ NPǞÇNʴ�1çˁϻŴЋƾϡɯN͠.+�)8̙ȲDMB8ïϑ6

ư� NP�Ɇø"KDMB9̇Ŵ3#1 NPNƁ6}p_�f�^#1�J 3�ˢ

Ľ"K+ (Fig. 5-6 A ˘ƌ)�DMB8¦69 ER�Hø͋#1�Jι¦2�JG�6ͯ

�JD8Dŵŏ#+ (Fig. 5-6 B ˘ƌ)�įȚ6 ER8βÝ69̓2Ň@K1�5�

ɍŴ8 NP8öϵÇ�ʹƃ"K+ (Fig. 5-6, A and B ˘Ĝ)�̓2Ň@K1�5� NP

öϵÇ8¦69 DMBGIDŧ�5D8Dŵŏ# 8G�5 NPöϵÇ8βÝ8 ER

9ţƲ#1�JG�6ʹƃ"K+ (Fig. 5-6 C)�@+�t�p]g�H9 NP9Ɇø

"K& (Fig. 5-6 D)DMB8β�6ŵŏ%J6D��MH&�t�p]g9 NPNĲ

O2�5� 3�ˢĽ"K+�ʹ ƃNκ$1)8·8X�Zy�69 NP9Ɇø"K

5�.+�º GINPöϵÇ9§6 ER̓6Ň@K+ DMB8Ʋ2ŵŏ%J��

ϑ9 ER̓6Ň@K&6 ER8βÝ6ƍŏ%J 3�ˢĽ"K+� 8 3�HNP

öϵÇ9 ER̓NĥŮ%J+C6)8βÝ6ƍŏ#1�J3Ǵƃ"K+�  
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ǚǶǴǅ ƾǌǄǍƾƾ ƾ

ǚǡǩ «ÏĹŌ�Ȫ ǢǤ ȱ Ǚǥ ȰƆ%Ȯ/Ʈ�Ƀ�ȝ Ǚǥ ŐȪ@ȸɁɀƾ

ǚǡǩ «ÏɈɟɘɏŗŊĹŌȮ�ȝȩȌ)ēư{ƶ¢ƠéɃ¯ ǢǤ ¯�ȫ ǈǌƾ Ǻǹ Ȱƞɓʀ

ɈɤÚŹȜɁȤ¯ɉɕɎ ǝǴǛ ¯�ɃċȐȩşȦȤȍƾ

ǀǕǁǃƾǀǖǁƾ ƾ ǘǡǖƾǀĞ�ǁȫŐȮ@ȸɁȩȐȭȐ ǢǤ /Ʈ�ƾ ǀĞEǁȍƾ

ǀǗǁƾ Ǚǥ ɃõÃȜȡɀuȖȭ ǢǤ /Ʈ�ȍƾ

ǀǘǁƾ ɵɣɽɠɏəȮȱ ǢǤ ȱÖ1ȜɁȭȐȍƾ

ǲǽǑƾǙǥȌǴǮǑƾ ɔɾɘ�ȌǰǵǑƾ ŗĿ�ȍǖǮǽǾƾǔƾǉǇǇƾǺǹȍƾ
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�ƐĘȮĖĄȜȡȤ ǢǤȱ Ǚǥ ȰƆ%Ȯ/Ʈ�Ƀ�ȝ Ǚǥ ȫQŷȝȩ=ȗƾ

 γ8çˁϻŴЋƾϡɯNĮM'+ϻŴЋƾϡʹƃ�HNP8ƲǕ%JöϵÇ9

̇ŴƲǕ8Ⱦɋμ3#1¦ǁˆƴąNȲ+#1�J3̴�HK+�"H6 NP8ƍŏ6

/�1Ͷȯ%J+C6NP8 Cȧ˺6 YFPN͞Į"' (NP:YFP)Q^�S��R

�t��e��ɯNʴ�1 N. benthamiana͓6�τˆ6˅ʮ"'+�36 hƸ (hpi)

6ͣˇ̼̕N CLSM2ʹƃ%J3NP:YFP 9̼̕Λ¦6ŦȈ8Ɗʯʧ8öϵÇNƲ

Ǖ#)KH�č�1�JɍŴ�ͯHK+ (Fig. 5-7 A)�ºƸNP8ƲǕ%J 8G

�5öϵÇN NP body (NB)3ĸ˪%J 36%J�NB8¦69>3O4č�5�D

83ɴ˅6č�1�JD8�ŵŏ#+ (Fig. 5-7 B)�č�1�J NB8λƧ9�Ź2

95��ƣő%J3 0.5 µm/sˬƧ2�J3ǌ"K+� 

FMVǏȶ̼̕¦29 NB9 ER8βÝ6ƍŏ#1�+ 3�HNP:YFP 3 ER

��Y�2�J SP:CFP:HDELNë˅ʮ"'+�SP:CFP:HDEL 9 CFP8 Nȧ˺6

signal peptide3Cȧ˺6ERÒʻe^v�HDELNȢ%Jm�}]Λ2�J (Nelson 

et al., 2007)�36 hpi29 ERypt��]¦6 NB�Å̭#ER tubuleŅCER

8̟ʧ8ɋμNϑùˆ6ţǇ"'JɍŴ�ʹƃ"K+ (Fig. 5-7 D)� 8G�5ɋμ9

SP:CFP:HDEL8AN˅ʮ"'+ŘĮ29ʹƃ"K5� (Fig. 5-7 C)�@+NB3 ER

8ǫčN΄̕6ʹƃ%J3 NB3 ER�į#1č�1�JG�6ͯ�+� 8G�6

į#1č�1�JɍŴ9ğƲΛ̋ 29 ER��ȏı6č�1�J 3�Hʹƃ#

E%� (Fig. 5-7 E)�ğƲΛ̋9ȾĶί�HˇƐ<3ɼ̼NΗ�ğƲΛ2�I)8ï

ϑ69Q]o�-ERypt��]�˅φ#1�J (Hoffmann and Nebenführ, 2004)�

48 hpi29 NB9 36 hpiGIŧ��5I)8č�Dρ�5Jßı�AHK+ (Fig. 

5-7 F)�"H6 ER�ţǇ#̟ʧɋμ9>3O4ͯ�5�5.1�+�NB8č�E

ER6βǳ%JɍŴ�b�fÇ8ʦƿ3Ä1�J3̴�HK+ 3�Hb�fÇ��

Y�m�}]Λ (ManI:mCherry)3 SP:CFP:HDELNP:YFPNë˅ʮ"'+�%J

3ManI:mCherry3 NP:YFP9ȖH�6ʾ5JƍŏNͯ'+ (Fig. 5-7 G)�NP:YFP

9 ER8Ɗ"5̟ˌϑùNœCJG�6ƍŏ#�ȏManI:mCherry9ɞΨˆŧ�
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�̟ˌ8¦6 ER tubule�HƋ#ϷK1ƍŏ#1�+� 8 3�HNB9b�fÇ

39ʾ5JЇŔ6ƍŏ#1�J 3�ˢ"K+� 
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ǚǶǴǅƾǌǄǎƾƾ ƾ �ƐĘȮĖĄȜȡȤ ǢǤ ȱ Ǚǥ ȰƆ%Ȯ�eȝ Ǚǥ Ƀr¨Ȝȡɀƾ

ǀǕǁǃƾǀǖǁƾ Ǣǖ ȰĹŌ-�eȫ=ȖȍǢǤǑǬǚǤ ɃɆɐʀɈʂɭɇɾɣɿʃɗɻʂéȮȩ ��������
��
�


ŗȪĖĄȜȡȌǊǍƾǵǼǶ ȪŬ�ȝȤȍÁūƜ&ɃƛȯPɂȡȩȏɀȍǀǕǁƾǢǤǑǬǚǤ ȱ Ǣǖ Ƀ

ĹŌż�Ȯ�ȟɀȍǀǖǁƾǀǕǁȪġȜɁɀ&ȰƎĽč&ɃļPȝȤȍǉǇ ÍȰč&Ƀ ǉǅǍƾǾ

ƣƫȪJ¡ȝȤȍƾ

ǀǗǁƾ ǦǤǑǗǚǤǑǜǘǙǠ ȰȹɃĖĄȜȡȤ ǊǍƾǵǼǶ ȰĹŌȍƾ

ǀǘǁǃƾǀǙǁƾ ǢǤǑǬǚǤƾǀɵɛʂɝǁȫ ǦǤǑǗǚǤǑǜǘǙǠ Ƀ,ĖĄȜȡȤ ǊǍƾǵǼǶ ȰĹŌȍǶǺǾǲǿ ȱȜȾȮ±uȝ

Ȥ&ɃġȝȩȐɀȍƾ

ǀǙǁƾ ǈǅǊƾǾ ƣƫȰƎĽč&ȍĞ�ȱF�żĳ�Ƀ Ǚǥ ȫQŷȝȩ=ȗ Ǣǖ ɃƇƀȝȩȐɀȍƾ

ǀǚǁƾ ǢǤǑǬǚǤƾ ǀɵɛʂɝǁȫ ǦǤǑǗǚǤǑǜǘǙǠ Ƀ,ĖĄȜȡȤ ǋǏƾ ǵǼǶ ȰĹŌȍ�ȱƛȯPɂȡȌ

�ȱ ǦǤǑǗǚǤǑǜǘǙǠ ȰȹɃġȟȍĞ�ȱʄȧȰ Ǣǖ Ȱn®Ƀ³ȝȩȐɀȍȐȠɁȰč&

ȻȌǭ Ƃ¾SȮ ǈƾȆǹ ƣƫȪ ǈǇ ÍȰč&ɃJ¡ȝļPȝȤȻȰȪȏɀȍƾ

ǀǛǁƾ ǢǤǑǬǚǤȌǦǤǑǗǚǤǑǜǘǙǠȌǡǮǺǝǑǹǗǵǲǽǽȃ Ƀ,ĖĄȜȡȤ ǊǍƾǵǼǶ ȰĹŌȍƾ

ǖǮǽǾǑƾǀǕǁǃƾǀǖǁǃƾǉǌƾȆǹǒƾǀǗǁȈǀǛǁǃƾǈǇƾȆǹǒƾǀǗǁƾǶǺǾǲǿǃƾǀǙǁǃƾǌƾȆǹȍƾ
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ǢǤ /Ʈ�ȱ ǙǥƆ%ȰĹŌżɜɾ�Ȯ}eȟɀƾ

�τˆ6˅ʮ"'+ NPN"H6Е�ͶáƧ2ʹƃ%J+C6çˁϻŴЋƾϡɯ

N͠.+�NP:YFPN˅ʮ"'+ 30 hpi8 N. benthamiana͓Nđœ#úʤ6Ƅ#

1Ǟ NPǞÇ3Ϝa�SuɎΐ"K+¯ɔǞÇNÊʴ"'+�%J3ER8βÝ6ϻ

ŴƁƧ8Е�öϵÇ�ŦȈʹƃ"K)KH9Ǟ NPǞÇ2Ɏΐ"K+ 3�H

CLSM2ʹƃ"K+ NB3į�8öϵÇ2�J 3�ù�.+ (Fig. 5-8 A)�NB9#

:#:¢ŹƲN3.1�+��G)8ˍƵ9 100–500 nm2�Iŧ�"Ʋƍ

ŏ8ʙ�HǏȶ̼̕2ͯHK+ NP8öϵÇ3͉�Ä1�J3̴�HK+�NB8¦6

9éI̗O, ERypt��]8¦6éIΰO2�JD8Dŵŏ#+ (Fig. 5-8 B)�#

�#NB9 ER8βÝ69ƍŏ#1�+D88ȖH�6 ER39˴Ϥˆ6ϷK1�

J 3�˟Ά"KERβÝ8̼̕Λl�6ŵŏ#1�J 3�ù�.+ (Fig. 5-8 C)�

ǳ˭Ƹ 40 hpi8͓Nįɍ6ʹƃ%J3NB8ˍƵ9 30 hpiGIŧ��5.1�I

Ķί8 ERɋμ�ʱʧ6ţǇ#1�JЇŔDŵŏ#+ (Fig. 5-8 D)� 8G�5ɋμ9

CLSM2ʹƃ"K+ ER8ţǇ#+ɋμ3Ä1�J3̴�HK+ (Fig. 5-7 F)� 
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ǚǶǴǅƾǌǄǏƾƾ �ƐĘĖĄ ǢǤ Ȱ)ēư{ƶ¢ƠéȮȽɀŬ�ƾ

ǢǤǑǬǚǤ Ƀ�ƐĘȮĖĄȝȤ ��� �����
��
�
 ŗȰſŚ3þȮ�ȝȌ¯ ǢǤ ¯�ƾ ǀ�à¯

�ǁȫ ǈǌƾ Ǻǹ ȰƞɓʀɈɤÚŹȜɁȤ¯ɉɕɎ¯�ƾ ǀ�à¯�ǁɃ�ċȜȡȤȍǀǕǁȈǀǗǁƾ ǊǇƾ

ǵǼǶ Ȯb�ȍƾ ǀǘǁƾǋǇƾǵǼǶ Ȯb�ȍƾ

ǀǕǁ Ǚǥ ȰƆ%Ȯ�eȟɀ Ǣǖȍƾ

ǀǖǁ ǙǥƾǿȀǯȀǸǲ Ȯ`ȸɁɀ Ǣǖȍƾ

ǀǗǁ Ǚǥ ȫ Ǣǖ ȱÁĝȮB6ȜɁɀȍƾ

ǀǘǁ øȝȗr¨ȝȤ Ǚǥ ȰƆȗȮ�eȟɀ Ǣǖȍƾ

ǲǽǑƾǙǥȍǖǮǽǾƾǔƾǉǇǇƾǺǹȍƾ
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ǢǤ ȱ Ǚǥ ȫȱĒȭɀ2čɪɝʃʂɃũȡɀƾ

"H6 NP8̼̕ïùƝ6/�1ǋŗNƻJ+C6e�̊ʕƧĐϔψǁN͠.+�

NP8 Cȧ˺6 3�mycm^NȢ%J NP:3myc3 ER��Y�2�J SP:CFP:HDEL

Në˅ʮ"'+ N. benthamiana͓�H̓ʹùNńĥ#ʕƧĐϔψǁ6��+�ĭʹ

ùNTVgm�Ͷȯ#+̙ȲNP:3myc3 SP:CFP:HDEL 9į$ʹù69Ɇø"K5

�.+ (Fig. 5-9)�TVgm�Ͷȯ2Ɇø"K+e^v�NŹϛ%J3NP:3myc 9

 ȏ�H¡ȏ8ʹù6ı�1ƹ�6Е�5.1��86Ƅ#SP:CFP:HDEL 9¦Ϥ

8ʹù6��]�ʹƃ"K+�Ћƾϡʹƃ8̙ȲDĮM'1̴�J3NP9̼̕Λl

�¦6ŵŏ%JD88öϵÇNƲǕ#1�J+C6̓ʹù8¦6Ĳ@KöϵÇ!3

6ƁƧ3Ʋʧ�ʾ5IɪϪƧ6ƚ�øJ+C6¡Ɛ6ı��ν̝#1Ɇø"K+3̴

�HK+� 
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ǚǶǴǅƾǌǄǐƾƾ ǢǤ ȫ Ǚǥ ȱĒȭɀ2čɪɝʃʂɃũȡɀƾ

ǢǤǑǊǹȃǰ ȫ ǦǤǑǗǚǤǑǜǘǙǠ Ƀ�ƐĘȮĖĄȜȡȤ ǊǍƾǵǼǶ Ȱ ��������
��
�
ŗȔȾ ǤǊǇ Ő

č2Ƀ^IȝȌǉǇȈǍǇƿȰɗɻĲù�?ƗƓ¥ȮȔșȤȍȢȰ Ȍ¯ ǹȃǰ ¯�ȫ¯ ǛǚǤ ¯

�ɃċȐɉɊəɝʂŮÌɃşȦȤȍOč2ȱ�ȔȾ�ȶȫđNɃȵȦȩȏɀƾ ǀǈ ȔȾ ǈǏǁȍ

Oč2Ȱɗɐɥɾ��Ƀ�ƝȝȌɐɼɭAȝȤȍƾ
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Ǣǖ ȱɆɏɟʂǄǙǥ ľȮçȦȩ�eȟɀƾ

NB8 ER6ɫ.+č� (Fig. 5-7 E)9Q]t�Xe�egr�NǌΞ"'++C

NP:CFP3Q]o�̩̞��Y�Në˅ʮ"'+�Q]o�̩̞��Y�3#1A. 

thaliana 8 fimbrin 18 Cȧ˺Ėù (Q]o�̙Įu�S�ϑ6Ƅǃ)6 YFPN Nȧ

˺6¸Ĉ#+͞Įm�}]Λ (YFP:FABD2)NÌʴ#+ (Voigt et al., 2004)�)8̙Ȳ

NB9Q]o�̩̞6ɫ.1ƍŏ#1�JɍŴ�ʹƃ"K+ (Fig. 5-10, A and B)�Q

]o�̩̞9 NP:CFP8˅ʮ6G.1Dɋμ6ƳЂNħ�1�5�G�6ͯ�+�

ĤƄ6 YFP:FABD28˅ʮ9 NB8č�NɖC1�+ (Fig. 5-10 C)� K9ǈH�

FABD28Q]o�̙ĮɴǇ6G.1Q]o�8č��Ϩż"K++C3̴�HKå

͠˛˳6G.1D FABD28�τˆτĄ˅ʮ6GI̼̕ïƊłŸETS�g8ͫͪͫ

ĮÇ8č��Ϩż"KJÍ�˙HK1�J (Holweg, 2007; Hofmann et al., 2009)�"

H6 NB8ƍŏ6/�1˴Ϥˆ5ǋŗNƻJ+C6NP:CFP3 YFP:FABD2ERÒ

ʻe^v� HDELN¸Ĉ#+ mCherry (SP:mCherry:HDEL)Në˅ʮ"'+�)8̙

ȲQ]o�̩̞9 ER6ɫ.1Ν.1�IER� NBNŇO2ƍŏ#1�JɍŴ�

ʹƃ"K+ (Fig. 5-10 D)� 
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ǚǶǴǅ ƾǌǄǈǇƾ Ǣǖ ȱɆɏɟʂǄǙǥ ľȮçȦȩ�eȟɀƾ

ǀǕǁǃƾǀǖǁƾ ǢǤǑǗǚǤ ȫ ǬǚǤǑǚǕǖǘǉƾǀɵɛʂɝǁɃ,ĖĄȜȡȤĹŌȍƾ

ǀǗǁƾ ǢǤǑǗǚǤ ȫ ǬǚǤǑǚǕǖǘǉ Ƀ,ĖĄȜȡȤĹŌȰ ǢǤǑǗǚǤ Ȱč&Ƀ ǉǇ Í ǉǅǍƾǾ ƣƫ

ȪƎĽJ¡ȝȌļPȝȤȍƾ

ǀǘǁƾ ǢǤǑǗǚǤƾǀɈɊʀʃǁȫ ǬǚǤǑǚǕǖǘǉƾǀɗɆʂǁȌǦǤǑǹǗǵǲǽǽȃǑǜǘǙǠ Ƀ,ĖĄȝȤĹŌȍƾ

č&ȱ+ȩ ǊǍƾǵǼǶ Ȫ¹�ȝȤȍǖǮǽǾǑƾǀǕǁǃƾǀǘǁǃƾǈǇƾȆǹǒƾǀǖǁǃƾǌƾȆǹǒƾǀǗǁǃƾǉǌƾȆǹȍƾ

ƾ
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Ǣǖ Ȱ=ȖȱɆɏɣɶɋɗʂɗəɡɷȮ�}ȝȩȐɀƾ

NB�48G�6#1č�1�J8�=J+C6Q]o�8ϙĮϨżĂ2�J

LatB÷ʰN͠.+�@&LatB�Č�1�J�=J+C6b�fÇ��Y�2

�JManI:CFP (Nelson et al., 2007)N˅ʮ#1�J̼̕6Ƅ#1LatB÷ʰN͠.+�

b�fÇ9Q]t�Xe�egr�6Ïŵ#1Q]o�-ER̟6ɫ.1č� 3�˙

HK1�J (Boevink et al., 1998; Nebenführ et al., 1999)�LatB÷ʰ6GIb�fÇ

8č�9>3O4ŷê6Úɖ#+�ȏ2ʌų8 0.5%(v/v) DMSO29 8G�5Č

Ȳ9ͯHK5�.+ 3�H (Fig. 5-11 A)LatB8Q]o�ϙĮ<8ϨżČȲ�˟Ά

"K+�ɔ6NP:YFP˅ʮ̼̕6Ƅ#1 LatB÷ʰN͠�3NP8ƍŏ9ţĒ#5

�.+�Q]o�-ER̟6ɫ.+č��Úɖ#+ (Fig. 5-11 B)� 8 3�HNB

8č�9Q]t�Xe�egr�6Ïŵ#1�J 3�ù�.+� 

  



 132 

 

ǚǶǴǅ ƾǌǄǈǈƾ Ǣǖ Ȱ=Ȗȱ ǠǮǿǖ 0ĆȮȽȿƦ�ȜɁɀƾ

ǀǕǁƾ ǡǮǺǝǑǗǚǤ Ȼȝȗȱƾ ǀǖǁƾ ǢǤǑǬǚǤ ȰĖĄĹŌȮ�ȝȌǌǇƾ Ȇǡƾ ǠǮǿǖ Ȼȝȗȱ Ǉǅǌƿǀȁǆȁǁƾ

ǘǡǦǣ Ƀ0ĆȝȌǊǍƾǵǼǶ ȪŬ�ȝȤȍ�áȱ ǈǉ ÍȰč&Ƀ ǉǅǍƾǾ ƣƫȪƎĽJ¡ȝȌļP

ȝȤč&ȍƾ ǖǮǽǾƾǔƾǈǇƾȆǹȍƾ
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Ǣǖ Ȱ�eȮȱ Ǚǥ ɧɠɣʁʃɏȰØƍȕƤɂȦȩȐɀƾ

NB 9 ER 8βÝ6ƍŏ#1�J 3�HER ypt��]8ɋμ� NB 8ƍŏ

Eč�6ϥÒ#1�J�=+�BFA9 ER�Hb�fÇ<8 COPIIάζNϨż%J

ϨżĂ2�J�50 µg/mlº 8ʕƧ2÷ʰ#+ŘĮERypt��]8ɋμ�ţĒ

%J 3�˙HK1�J (Schoelz et al., 2011)�@&b�fÇ3 ER6Ƅ%J BFA

8ƳЂNͯJ+C6ManI:CFPN˅ʮ"'+̼̕6Ƅ# BFAN÷ʰ#+�25 µg/ml

8ʕƧ2 BFAN÷ʰ#+ŘĮ�ϑ8ManI:CFP9b�fÇ6ƍŏ#1�+�Ŧ�

8 ManI:CFP 9 ER 6ʎʻ# ER ypt��]�ʹƃ"KJG�65.+ (Fig. 5-12 

B)� 8G�5 ER 8 CFP ͝æ9ʌų 0.5%(v/v)DMSO N÷ʰ#+ŘĮ29>3O4

ʹƃ"K5� (Fig. 5-12 A)�50 µg/ml8ʕƧ2 BFAN÷ʰ#+ŘĮ9ER�Hb�

fÇ<8 ManI:CFP 8άζ9>3O4Ϩż"Kb�fÇ�ʹƃ"K5�5J33D

6ȾĶI8 ER �˅φ#+G�5ʾƠ5 ER 8ɋμ�ʹƃ"K+ (Fig. 5-12 C)�

NP:YFP˅ʮ̼̕6Ƅ#0.5%(v/v) DMSO@+9 25 µg/ml BFAN÷ʰ#+ŘĮ69

NB 8č�Eƍŏ6ţĒ9ͯHK5�.+ (Fig. 5-12, A’, A’’, B’ and B’’)��ȏ50 

µg/ml8ʕƧ2 BFAN÷ʰ#+ŘĮ69ȾĶI6 NP:YFP�ʾƠ6͖˰%JɍŴ�

ʹƃ"K+ (Fig. 5-12 C’)�Ⱦ9SV40TS�g8Ⱦάζe^v�ϔûN Nȧ˺6Ȣ

%J CFP (NLS:CFP)6GIīͱĒ#+� 8G�5ʾƠ6͖˰#+ NP:YFP9č�ɍ

ŴDʹƃ"K5�.+ (Fig. 5-12 C’’)�COPIIάζ8Ϩż� NP:YFP8ƍŏ6ƳЂN

£�+3��ī̽ǇNǱϭ%J+C6COPII 6ϙͭ5ƴąNȲ+% 3�˙HK1

�JƊùŴ GTPase Sar1 8âǇϨżÇ Sar1(H74L)N (Takeuchi et al., 1998)

ManI:CFPD#�9 NP:YFP3ë˅ʮ"'+�ManI:CFP3ë˅ʮ"'+ŘĮb�

fÇ9ͯ�& ER ypt��]8A�ͯ�1�I COPII άζ�Ϩż"K1�J 3�

˟Ά"K+ (Fig. 5-12 D)��ȏNP:YFP3ë˅ʮ"'+ŘĮ9ƍŏ3č�6ţĒ9

ͯHK5�.+ (Fig. 5-12, D’ and D’’)�º 8 3�HNB8ƍŏ3č�9 ERyp

t��]ɋμ6Ïŵ#1�J 3�ù�.+� 
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ǚǶǴǅ ƾǌǄǈǉƾ ǢǤ Ȱ�eȫ=Ȗȱ Ǚǥ ȰØƍrAȰ�ƳɃKșɀƾ

ǀǕǁȈǀǘǁƾǡǮǺǝǑǗǚǤȻȝȗȱƾ ǀǕȉǁȈǀǘȊǁƾǢǤǑǬǚǤƾǀɵɛʂɝǁȫǢǠǦǑǗǚǤɃĖĄȜȡȤĹŌȮ�

ȝȌǀǕǁȈǀǕȊǁƾǇǅǌƿǀȁǆȁǁƾǘǡǦǣȌƾ ǀǖǁȈǀǖȊǁƾǉǌƾȆǴǆǹǸƾǖǚǕȌǀǗǁȈǀǗȊǁƾǌǇƾȆǴǆǹǸƾǖǚǕ Ȱ0Ćȸ

ȤȱǀǘȈǘȊǁƾ ǦǮǽǈǀǜǎǋǠǁȰ,ĖĄɃşȦȤȍǀǕȊǁȈǀǘȊǁƾ ǈǉ ÍȰč&Ƀ ǉǅǍƾ Ǿ ƣƫȪƎĽJ

¡ȝȌļPȝȤč&ȍĹŌȱ ǊǍƾǵǼǶ ȪŬ�ȝȤȍƾ ǖǮǽǾƾǔƾǈǇƾȆǹȍƾ

ƾ
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ɶɋɗʂ ǫǝǄǈȌǫǝǄǉȌǫǝǄǟ Ȱ'¨Ʀ�hȱ ǢǖȰ=ȖɃƦ�ȟɀƾ

NB8č�8�Ywh�N=J+C6Q]o�̩̞6ɫ.+č�8ğčĆ35

J�Xe���m�8ϥ£N=+�Nȧ˺6CFPN͞Į#+A. thaliana8]�gXI

�Xe�XI-1XI-2XI-JXI-K8Cȧ˺ЇŔ (CFP:XI-1tCFP:XI-2tCFP:XI-Jt

CFP:XI-Kt)3NP:YFPNë˅ʮ"'+� 8Ʋǐ8�Xe�9Nȧ˺Ü8��m�u�

S�NɓǼ#Cȧ˺Ü8˰A͏̙Įu�S�8ANȢ%J 3�H�Xe�8˰A

͏̙ĮNâǇϨż%J (Avisar et al., 2008; Sparkes et al., 2008; Sparkes, 2011)�@

+a�t���3#1GUS3NP:YFPNë˅ʮ"'+�âǇϨżŒ8�Xe�8ƍŏ

Nͯ+3 LCFP:XI-1tCFP:XI-2tCFP:XI-Kt9ʙʧ8ɋμʥ3#1ʹƃ"K+

�ȏ2 (Fig. 5-13, A, B and D)CFP:XI-Jt9̼̕Λl�6Ǩȇ#1�+ (Fig. 5-13 C)�

 KH8̙Ȳ9å͠˛˳3�͆#1�+ (Avisar et al., 2009)�NP:YFP8ƍŏ9 

KH8âǇϨżŒ�Xe�N˅ʮ"'1DGUS˅ʮȚ3ɞΨ#1ţĒ#1�5�.

+ (Fig. 5-13 A–E)�@+NB3CFP:XI-1tCFP:XI-2tCFP:XI-Kt 8ʙʧ8ɋμʥ

9#:#:βǳ#1�+�ëƍŏ%J 395�.+��ȏ2NB8č�9

CFP:XI-1tCFP:XI-2tCFP:XI-Kt N˅ʮ"'+ŘĮ6ư�Ϩż"K+ (Fig. 5-13, A’, 

B’ and D’)�CFP:XI-Jt D#�9GUSN˅ʮ"'+̼̕29NB8č�9Ϩż"K1

�5�G�6ǅMK+ (Fig. 5-13, C’ and E’)�NB8č�8λƧŃ%J+C6c

���8u��t3ēþ2�5�M&�5č�Nͯ'1�JNBNύǠˆ6ϭ�č�

1�JNB8ȈNȈ�+Ƹ6č�1�JNB8ƣő8λƧ3ąĮŃ#+�

CFP:XI-1tCFP:XI-2tCFP:XI-Kt N˅ʮ"'+̼̕6��JNB8ƣőλƧ9)K

*K0.160.290.13 µm/s2�Ič�1�JNB8ąĮ9)K*K4.4%10.0%1.3%

2�.+ (Fig. 5-13 F)��ȏCFP:XI-JtN˅ʮ"'+̼̕8NB8λƧ9GUSN˅ʮ

"'+ŘĮGIDȔ�)K*K0.75 µm/s0.59 µm/s2�Ič�1�JNB8ąĮ

937.7%32.6%2�.+� 
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ƾ  

ǚǶǴǅ ƾǌǄǈǊƾ '¨Ʀ�hɶɋɗʂȱ Ǣǖ Ȱ=ȖɃƦ�ȟɀƾ

ǢǤǑǬǚǤƾǀɵɛʂɝǁɃƾ ǀǕǁƾǗǚǤǑǫǝǄǈǿȌƾ ǀǖǁƾǗǚǤǑǫǝǄǉǿȌƾ ǀǗǁƾǗǚǤǑǫǝǄǞǿȌƾ ǀǘǁƾǗǚǤǑǫǝǄǟǿ Ȼȝ

ȗȱƾ ǀǙǁƾǛǨǦ ȫ,ĖĄȜȡȌǊǍƾǵǼǶ ȪŬ�ȝȤȍǀǕȉǁȈǀǙȉǁƾǀǕǁȈǀǙǁȫQÊ�ȰĹŌȮȓșɀ

ǢǤǑǬǚǤ Ȱ=ȖɃ ǈǉ Í ǉǅǍƾǾ ƣƫȪƎĽJ¡ȝȌļPȝȤč&ȍƾ ǖǮǽǾƾǔƾǈǇƾȆǹȍƾ

ǀǚǁƾ Ǣǖ Ȱ=ȗ:Pȫ�gƌ�Ƀ�ƝȝȤȍǺƾ ǔƾ ǊȍɊɼʃɩʃȱÚö"�ɃġȝȌɊɼʃɩ

ʃȰ�ȰɆɾɭɅɰɠɣȕĒȭɀņƣȮȱÆªȮ�ȕȏɀƾ ǀǧȀǷǲȃȉǾƾǿǲǾǿǒƾǤƾǓƾǇǅǇǌǁȍƾ
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ǢǤȫ'¨Ʀ�hɶɋɗʂȰĺPȱŵȺȾɁȭȐƾ

ɔ6 KH8âǇϨżŒ8�Xe��̙Į#1NP8č�NϨż#1�J8�˟

Ά%J+C6NP:3myc3CFPN͞Į#+âǇϨżŒ�Xe� (CFP:XI-1tCFP:XI-2t

CFP:XI-JtCFP:XI-Kt)D#�9NP:YFPNë˅ʮ"'ëçˁɪϪɯN͠.+�TV

gm�ͶȯN͠.+̙Ȳ̈ ǣøɼ2 KH8m�}]Λ�%=1˅ʮ#1�J 3�

˟Ά"K+ (Fig. 5-14)�âǇϨżŒ�Xe�9§6ǴŹùŴϛ8¯Ö8Å̭ (̎170–

200 kDa)6e^v��Ɇø"K+� K9�Xe�8˰A͏̙Įu�S��¯ϛÇ3

#1à� 33�͆#1�J (Burkhard et al., 2001)�NP:YFP9NP:3myc3ëɪϪ#

ɅʥÇï2NBNƲǕ%J3��̙Ȳ3�͆#+D88âǇϨżŒ�Xe�9

NP:3myc39ëɪϪ"K5�.+� 8̙ȲGINP9�Xe�39ˎ°Êʴ#1�

5�ī̽Ǉ�Е�3̴�HK+� 
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ǚǶǴǅ ƾǌǄǈǋƾ ǢǤ ȫ'¨Ʀ�hɶɋɗʂȰ,)ēæƧƾ

ǢǤǑǊǹȃǰ ȫ ǗǚǤǑǫǝǄǈǿȌǗǚǤǑǫǝǄǉǿȌǗǚǤǑǫǝǄǞǿȌǗǚǤǑǫǝǄǟǿ Ȼȝȗȱ ǢǤǑǬǚǤɃ,ĖĄȜȡȌ

,)ēæƧéɃşȦȤȍɉɊəɝʂŮÌȮȱ¯ ǹȃǰ ¯�ȫ¯ ǛǚǤ ¯�Ƀ�ċȝȤȍƾ
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ɶɋɗʂ ǫǝǄǈȌǫǝǄǉȌǫǝǄǟ Ȱ'¨Ʀ�hȱ Ǚǥí=Ƀ ǢǖȰ=ȖȫQÙȮƦ�ȟɀƾ

 K@28̙Ȳ�H NB8č�9 ER3ɾ�ϥÒ#1�J6D��MH&̕ ̼Λ

6ŵŏ#�Xe�3D̙Į#5� 3�HNB9 ERɵč6G.1č�1�J829

5��3̴�HK+� 8»ΈNɆͿ%J+C6 ͻ8âǇϨżŒ�Xe�8 ERɵč

6Ƅ%JƳЂN NB8ŘĮ3įɍ6=+�SP:YFP:HDEL 3 CFP:XI-1tCFP:XI-2t

CFP:XI-JtCFP:XI-Kt D#�9 GUS Në˅ʮ"'+3 LGUS N˅ʮ"'+Ř

Į29ğƲΛ̋6��J SP:YFP:HDEL 8͝æ�ʹƃ"K+�  (Fig. 5-15 E)

CFP:XI-1t N˅ʮ"'+ŘĮ69ğƲΛ̋�˟Ά"K5�5I ER 8̟ˌʧ8ypt

��]D͌ƢţǇ#1�JG�6ʹƃ"K+ (Fig. 5-15 A)�CFP:XI-Kt N˅ʮ"'+

ŘĮ69ERypt��]�ʓ#�ţǇ#+ɍŴ�Ј̨6ʹƃ"K+ (Fig. 5-15 D)�

CFP:XI-2tCFP:XI-Jt N˅ʮ"'+ŘĮ69 ER 6Ƅ%JƳЂ9ʹƃ"K5�.+ 

(Fig. 5-15, B and C)�ν̝ʹáNͶȯ%J3 CFP:XI-1tCFP:XI-2tCFP:XI-KtN˅

ʮ"'+ŘĮ69 ER ypt��]8č��>3O4ʹƃ"K5�5.1�J86Ƅ

#GUSD#�9 CFP:XI-Jt N˅ʮ"'+ŘĮ69>3O4 ERypt��]8č�

6ƳЂ9ͯHK5�.+ (Fig. 5-15 A’–E’)�ERɵč8ȠЕλƧ3ƣőλƧŃ%J

3CFP:XI-1tCFP:XI-2tCFP:XI-Kt N˅ʮ"'+̼̕29GUS D#�9

CFP:XI-Jt N˅ʮ"'+̼̕6Ƅ#1 ER ɵč8λƧ�ȢǍ6Æ�5.1�J̙Ȳ�

ƻHK (Fig. 5-15 F) 8G�5̙Ȳ8}m��9 NB6Ƅ%J�Xe�âǇϨż8

}m��3G�Ä1�J3̴�HK+�  2ƻHK+ ER8λƧ6ϥ%J̙Ȳ9ʈŹ

ȏɯ8χ��H NB8λƧ3ɞΨ#1�Ʒ6Æ� 3Nʦ˽#1��� K9ER8

λƧ́6ʴ�+ ImageJ kbi plugin9 (Ueda et al., 2010)M&�5æʙ2D́8

ƄΔ3#1�J+C2�J�º 8̙Ȳ�HNB3 ERɵč8âǇϨżŒ�Xe�8

Ϩż}m��9G�Ä1�INB3 ERɵč9į$ĆNğčĆ3#1�J3̴�HK

+� 
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ǚǶǴǅ ƾǌǄǈǌƾ ƾ

'¨Ʀ�hɶɋɗʂȱ Ǚǥ í=Ƀ Ǣǖ Ȱ=ȖȫQȞɪɝʃʂȪƦ�ȟɀƾ

ǦǤǑǬǚǤǑǜǘǙǠƾ ǀɵɛʂɝ ǁɃƾ ǀǕǁƾ ǗǚǤǑǫǝǄǈǿȌ ƾ ǀǖǁƾ ǗǚǤǑǫǝǄǉǿȌ ƾ ǀǗǁƾ ǗǚǤǑǫǝǄǞǿȌ ƾ ǀǘǁƾ

ǗǚǤǑǫǝǄǟǿ Ȼȝȗȱƾ ǀǙǁƾǛǨǦ ȫ,ĖĄȜȡȌǊǍƾǵǼǶ ȪŬ�ȝȤȍǀǕȉǁȈǀǙȉǁƾ ǀǕǁȈǀǙǁȫQÊ�

ȰĹŌȮȓșɀ ǦǤǑǬǚǤǑǜǘǙǠ Ȱ=ȖɃ ǈǉ Í ǉǅǍƾ Ǿ ƣƫȪƎĽJ¡ȝȌļPȝȤč&ȍƾ

ǖǮǽǾƾǔƾǈǇƾȆǹȍƾ

ǀǚǁƾǙǥ í=Ȱ�gƌ�ȫÄƻƌ�Ƀ ǝǹǮǴǲǞƾǷǯǶƾǼǸȀǴǶǺ ɃċȐȩ�ƝȝȤȍǺƾǔƾǍȍɊɼʃɩ

ʃȱÚö"�ɃġȝȌɊɼʃɩʃȱÚö"�ɃġȝȌɊɼʃɩʃȰ�ȰɆɾɭɅɰɠɣȕ

ĒȭɀņƣȮȱÆªȮ�ȕȏɀƾ ǀǧȀǷǲȃȉǾƾǿǲǾǿǒƾǤƾǓƾǇǅǇǌǁȍƾ
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ǌǅƾǋǅƾ ŉ�ƾ

 

Ǣǖ ȱ Ǚǥ í=ȮȽȿĹŌ-ɃK=ĘȮ=ȐȩȐɀƾ

Ȩ˛˳2ƻHK+̙ȲGINB9̇ŴNƲǕ%J+C6 ER̓8βÝ8̼̕Λl

�6ƍŏ#)8+C6 ERɵč6ƛ�ΰ@K1ħčˆ6Q]o�-ERypt��]6

ɫ.1č�1�J3̴�HK+ (Fig. 5-16)� 8�s�9Ȩ˛˳2ƻHK+º¡8 4

/8Ϳǧ6Ŗ0�1�J� 

˼�6NP9Q]t�Xe�egr�NğčĆ3#1č�öϵÇNƲǕ#1�J

 32�J�NP�öϵÇ NBNƲǕ%J 39ϻŴЋƾϡʹƃ6G.1ȠD9.�

I3ˢ"K1�J (Fig. 5-6 and Fig. 5-8)� 8G�5 NB9 CLSM¡2Q]o�-ER

ypt��]6ɫ.1̼̕ïNɴ˅6č�1�+D83į�3̴�HKJ (Fig. 5-7, B 

and E)�"H6LatB÷ʰ2 NB8č��ɖ@.+ 3�H 8č�9Q]t�X

e�egr�6Ïŵ#1�J 3�ˢ"K+ (Fig. 5-11)� 

˼¯6NB8č�9Q]o�̩̞Ģ;�Xe�38ˍǳˎ°Êʴ6GJD829

5�3�� 32�J�âǇϨżŒ�Xe�8˅ʮ9 NB8č�NϨż#+D88 

KH8Ϥ69ëƍŏDˎ°ÊʴDΆCHK5�.+ (Fig. 5-13 and Fig. 5-14)�"H6

BFA÷ʰ9Q]o�̩̞69ƳЂN£�5�3̴�HKJ� (Boevink et al., 1998) 

NB8č�3ƍŏNϨż#+ (Fig. 5-12)��Xe��˰A͏6̙Į%J69ʦʾˆ5̓

ħžm�}]Λ�ŵŏ#1�J 3N̴�J3 (Fagarasanu et al., 2009; Peremyslov 

et al., 2013)̼̕Λl�6ƲǕ"K+öϵÇ2�J NB3ˍǳˎ°Êʴ#1�J39

̴�0H��Xe�3ˍǳ̙Į#1ğčĆNƻ1�JX�Zy�8č�6G.1 NB

9Ϥǳˆ6č�"K1�J8295��3̴�HK+� 

˼�6NB9 ER̓¸β8̼̕Λl�6ƍŏ#1�J 32�J�CLSMEϻŴ

Ћƾϡʹƃ6GI NP�τˆ˅ʮȚ�G; FMVǏȶ̼̕ï2 NB9 ER8βÝ6ƍŏ

#1�J 3�ˢ"K+� (Fig. 5-6 and Fig. 5-8)ϻŴЋƾϡʹƃ9 NB� ER̓3

9ȖH�6ϷK+̼̕Λl�6ƍŏ#1�J 3DįȚ6ˢ#1�J�"H6e�̊ʕ
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ƧĐϔψǁ2 NP9 ER39ʾ5Jʹù6ńĥ"K+ 3�HNB9 ER̓6Òʻ"

K1�H&̼̕Λl�¦6 NBNƲǕ#1�J 3�ˢĽ"K+ (Fig. 5-9)� 

ȠƸ6NB9 ERɵč3ϿƠ6͉�Ä+ǫčNˢ%3�� 32�J�CLSMʹ

ƃ6GI ERɵč3 NB8č��į#1�JɍŴ�ʹƃ"K+>� (Fig. 5-7)âǇ

ϨżŒ�Xe�6GJϨżČȲ9ERɵč3NB8č�6Ƅ#1į$}m��2ͯHK

+ (Fig. 5-13 and Fig. 5-15)� 8 3�HERɵč� NB8č�8ğčĆ35.1

�Jī̽Ǉ�ˢĽ"K+� 

º 8̙ȲNĮM'ERypt��]�Q]o�̩̞6ɫ.1ɵč%J 3NΣ

@�J3ERɵč� ERβÝ6ƍŏ%J NBNϤǳˆ6č�#1�J 3�ˢĽ"K

+�å͠8˛˳6GIERɵč8č�6ĮM'1 ER̓Ķί8̼̕Λl�Dč�1�

Jī̽Ǉ�ˢĽ"K1�J (Ueda et al., 2010)� 8 3�HERɵč6GJĶί̕

̼Λl�8č�� NB 8č�6Ƅ%JğčĆ35.1�J8295��3̴�HK+ 

(Fig. 5-16)� 

Ȩ˛˳�HǷľ%J NB8č�6Ƅ%J�s�9Ʌʥ̼̕6��JƊ̼8č�8

�s�3D͉��͆%J3̴�HK+�PeremyslovH (2013)8˛˳6GIXI-1

XI-KXI-I�Xe�8ï̓<8̙Į9MyoB3��ħž̓m�}]Λ6GI¶"K1

�J 3�ȖH�35.1�J�͇ķɾ� 36âǇϨżŒ8 XI-K9�HFJX�

Zy�Eï̓8č�NɖCJ6D��MH&MyoB3 XI-K9)8G�5X�Zy�

Eï̓3>3O4ëƍŏ#5�� 8G�5 3�HMyoB3 XI-K9ʦŹ8ï̓6

Ƅ#18Aˍǳ8ğčĆN£�1�I)8·8ï̓9MyoB3 XI-K�č�%ï̓8

č�6G.1ħčˆ6č�1�J8295��3̴�HK1�J�MyoB3 XI-K9

ER3į$ùʹ6ńĥ"KJ 3�HMyoB3 XI-K�ˍǳčĆN£�1�JƄΔ9

ER2�Jī̽Ǉ�Е�3̴�HK1�J (Ueda et al., 2009; Peremyslov et al., 2013; 

Peremyslov et al., 2015)�Ȩ˛˳6GIǷľ"K+ NB8č�6Ƅ%J�s�9º 8

ŗĵ3ͳĺǇ�Е�)8˟�H#"Nͨ¸�J33D6ħčˆ6č�ƄΔ8̄ŇN

TS�gm�}]ΛöϵÇ6@2ǨƯ%JD835.1�J� 
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ƾ

ɉɈɾə_{/Ʈ�Ȱ=ȖȮ�ȟɀĉÿ~ĘªŇȨșƾ

 K@26Ŧ�8TS�gŅŴ8ƲǕ%JöϵÇ�Еλ2̼̕ïNč� 3�˙

HK1�J�(Harries et al., 2010)� 8G�5öϵÇ9ï̓6Òʻ"KJ��J�9

Ɗ̼NƲǕ%J 32�Xe�3ˍǳ̙Į#1ğčĆNƻ1�J3̴�HK1�+�

(Laliberte and Sanfaçon et al., 2010; Niehl and Heinlein, 2011)�#�#Ȩ˛˳2Ǵƃ

"K+�s�9ER ɵč6GIħčˆ6TS�göϵÇ�č�3��D82�J�

ERɵč9�HFJɅʥ̼̕2ǉƠˆ6˅ʲ#1�J3̴�HKJ 3�H 8�s

�9Ŧ�8TS�g8̼̕ïǫč6Ƅ#ϋʴī̽2�J3̴�HKJ�TS�gŅŴö

ǚǶǴǅ ƾǌǄǈǍƾ ÈğĨȔȾ¡ȾɁȤ Ǣǖ Ȱ=ȖȮ�ȟɀɹɢɾƾ
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ϵÇ�̼̕Nč� 39ǒÍˆ6̼̕Ϥ˫͠3̙;/�1̴�HK1�+�Ȩ˛˳9

 8G�5č�6Ƅ#1̼̕Ϥ˫͠ºť8ΈȖ�5"KJ 3Nˢ#1�J�TS�g

ŅŴ8öϵÇ� ER8β�6ŵŏ%J 32ħčˆ5č��D+H"KJ�Ǹ�J

3Q]o�-ER̟6ɫ.+č�9öϵÇ3 ER38˴Ϥˆ5β"Nˢ#1�J3̴�

HKJ�FMV NP8ŘĮ6ϥ#19ER̓NĥŮ#+̇ŴNƲǕ%J 3N̴�J3

̇ŴƲǕ8+C6 ER8βÝ6ƍŏ#1�J8295��3̴�HK+ (Fig. 5-16)� 

 

ǚǡǩ İ{ȰĹŌ-=¬Ȯ�ȟɀŉ� 

Ȩ˛˳2Ͷɩ"K5�К/8ˀŀ9Ǐȶ̼̕2ʹƃ"KJ DMḂŴDęʨ˅ʮ

Ț6ʹƃ"KJ NB3įɍ6Q]o�-ER̟6ɫ.1č�1�J8�4��3��

 32�J�ù̃`z�NȢ%JɅʥ�SvgϠ RNATS�g29ŷê5ǏȶǇ]�

��3��89Ȧ,6Êͪ"K1�H&TS�g8̼̕ïǫčNS��f�^%J8

6ŧ�5Āϫ��J�)8+C FMV8ͫͪͫĮÇĖŴ�48G�6č�1�J8�

ɆͿ%J 39ņϸ2�J�#�#FMVǏȶ̼̕2 NB3įɍ6 DMBD ER8β

Ý6ƍŏ#1�J 3�ˢ"K1�J 3�H (Fig. 5-6)DMBD ERɵč6ª.1

ħčˆ6č�1�J8295��3̴�HKJ� 

 

ȢȰ�ȰɵɈɥəƟ ǥǢǕ ɉɈɾəȫȰâƃ 

į$��SvgϠ RNATS�g2�J TSWV29FMV8ŘĮ3įɍ6 NP�

öϵÇNƲǕ# (Ribeiro et al., 2009; Ribeiro et al., 2013)Q]o�-ER̟6ɫ.1

č� 3�˙HK1�J (Feng et al., 2013)�FMV8ŘĮ3ʧɬ�Ä1�J 3�H

TSWV NP8ŘĮD ERɵč�)8č�N¶#1�J8295��3̴�HKJ�#�

#TSWV NP 8ŘĮ9âǇϨżŒ XI-K 9 NP 8č�6Ƅ#1ϨżČȲNͯ'J�

XI-29ϨżČȲN>3O4ͯ'&FMV NP39̙Ȳ�ʾ5J 3�ȖH�35.1

�J�Ʊʝ5�H¥̵8 NP�ʾ5Jegr�2č�1�Jī̽Ǉ��J�D��

/8ΈȖ3#1TSWV NP 8˛˳2ʴ�HK+âǇϨżŒ�Xe�9 N. 

benthamianaʶȫ8D82�J86Ƅ#Ȩ˛˳9 A. thalianaʶȫ8D82�J3�



 145 

� 3�ǫ�HKJ� K@26Ʌʥ˭Ϥ2�Xe�8ɒ̽NɞΨ#+ŗĵ95��

N. benthamiana3 A. thaliana2âǇϨżŒ�Xe�8ČȲ�ʾ5Jī̽Ǉ��J8

�D#K5�� 

 

Ǚǥ Ȯ�ȝȩɏɼə ǫǝ ɶɋɗʂȕÎȤȟÞōȰƒȐȮȧȐȩ 

âǇϨżŒ�Xe�Nʴ�+źВ9]�g XI�Xe�8 ER nSv�]g3ɋ

μ6Ƅ%Jɒ̽6ϥ#1ϙͭ5ˢĽN£�1�J�CFP:XI-1tN˅ʮ"'+̼̕29ğ

ƲΛ̋¦6��J ER�ɻũ#+86Ƅ#CFP:XI-2t�G; CFP:XI-KtN˅ʮ"'

+̼̕29 ERɵč9Úɖ#+6D��MH&ğƲΛ̋¦6��J ER�ʹƃ"K+ 

(Fig. 5-15)�Q]o�8ϨżĂ÷ʰ6GIğƲΛ̋�ɻũ%J 3�HQ]o�8ϙ

ĮĒ�ğƲΛ̋8ɋǕ6ϥMJ3̴�HK1�J (Staiger et al., 1994; Shimmen et 

al., 1995; Hussey et al., 1998; Hoffmann and Nebenführ, 2004)� 8 3�HXI-1t

9Q]o�̩̞8ɋǕNϨż#1�J8295��3Ǵƃ"K+�XI-2t9 ER8ɋμ

69ţĒ�ͯHK&ERɵč8ANʦʾˆ6Ϩż#1�J3̴�HK+ (Fig. 5-15 B)�

XI-Kt 9 ER 8ɋμNʓ#�ţǇ"'J�ER ɵč<8ƳЂ9 XI-2t 3įˬƧ2�.

+ (Fig. 5-15, D and F)� 8G�5 ER8ɋμ6£�JƳЂ8χ�9å͠˛˳2Dŗ

ĵ"K1�J (Griffing et al., 2014)�º 8 3�HXI-1XI-2XI-K9 ER8ɋ

Ǖ3č�6ʾ5Jɒ̽NȲ+#1�J3̴�HK+� 
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˼ 6 ˹� ̠Į̴ƃ  

 

Ǎǅƾǈǅƾ ǚǡǘ ȫ ǚǡǩ ȰɽəɏȫƥƩȮȧȐȩƾ

 

FMD 9Ő¦ɹɫƔN¦ǁ3#+ŐŔ29ǑǇˆ6˅ʲ#1�I)8ɗ˟5Ǽż

9́øøȫ5�3MK1�J (Blodgett and Gomec, 1967)�Sof]9Q��QĖ

ƕĘϑ�ğʳ2�J3̴�HKɞΨˆЕʇ2Ϲϛ8Ƌ5�Ť«ɡ×6ϋ#1�JɅʥ

2�J (ȽȨ, 1996)�ʲ̺6ůϋ5ʱŝ8Ő¦ɹɫƔŐŔ29Ɂŕʴ6ɅɁ"KJ8

A5H&ȓƱI8͉�Ȱ̦Eυ:+2ʲ̺#1�I 8G�5Ŀɇˌˆ25�So

f]�FMD8Ǐȶʊ35.1�J3̴�HKJ�Fig. 6-19Sm�Q3��Z�Q

2ȁƳ#+ñ˒2�J�υ:+2Sof]�ʲ̺#)KH8>3O46 FMD3̴�

HKJ˂ƿ�ʮK1�JɍŴNˢ#1�J�@+FMV 8ų¶͜2�JSof]��

c�nw (A. ficus)9Sof]ƏɅʥ<8ƀʲ6ʦĒ#+�enw2�J+CSof

]3įɍ6ЕʇƊϹ8ɡ×NůB (Ȏʵ, 2001)� 8G�5Ȫ¼�ǵ.1�JŐ¦ɹɫ

ƔŐŔ29Ǐȶɐ8¿ǲ548ǟȨˆ5Ƅ˿NΎ$5�ϫIČȲˆ5ϧϭ9ņϸ2�

J3̴�HKJ� 

�ȏȓȨŊï29FMD8˅ʲ9ĩ��HĭŐ2ŗĵ"K1�+� (Nitta et al., 

1995; Shibao and Tanaka, 1998)ɹť3ɞΨ#+ŘĮ69ͤż9Χƾ2�J�)8ʰ

ʶ3#1Ő¦ɹɫƔŐŔ3ʾ5IϚʲ8Sof]�>3O4ŵŏ#5� 36Ĉ�

ȓȨ9ŦϹ2�ISof]��c�nw�͘ƫ#0H� 3�ǫ�HKJ�ʦ6ϽŐɁ

ŕ8ŘĮ29 8ƳЂ9Ћ͔2�IɃϹ6GI)8˅ʲ�ǝ�HK1�J3̴�HK

J (Ȏʵ, 2001)�@+FMD �˅ʲ#+ŘĮ6DFMV 9ȳ!36ùƝ�ù�KJ

ßı��J 3�H (Ȩ˛˳˼¯˹)ϽŐɁŕ29̮˂ɐ2�.1DÛê5ȳ�âå

#1ǕϢ#ͯ+ˌ ŀЊ35H5� 3D�J�#�#˴ ɃϹ2Sof]��c�n

w�ŧϛ6˅ʲ#+ŘĮ6 8G�5ȳ�Ǐȶʊ35I�ɡ6˅ʲ�Ǩŧ%J 3D

�J+CɱǍ�ǂͭ2�J��ȏ2Sof]Ɂŕ29{TgɁŕ�ˉO6͠MK1�

J�Sof]9ȉȳN͠�:ɐЕNÆ�ǝ�J 3�2�ɡʇEʗɢϛÑ#ʲ̺
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6ůϋ5ʱŝNȉ�HKJ 3�H{Tg2Ɂŕ%Jÿʙ�ŧ����ȏ2Ϲ8Ƴ

ЂNħ�5�{TgɁŕ29Sof]��c�nw�˅ʲ#E%�FMD8�g]�

Е�5J3̴�HKJ�ʦ6βƤ̂ʰ8ːĆĒ3ĻΛ8ı ʵɅ�Ƹ8ɢˮʴ8ʇ

Ż8ȢČÿʴ̋ ʧ͑N˂ğ3%JȽȴ˂Ecq�S�ya�i�o�T6GJЎż5

4ōŠÁȶǇ8˂͜ż8ńϏNˌˆ6Sof]8ʇŻa�rvɁŕ�ˉO65.1�

1�J (Hommi et al., 1994)�˼ 2˹2Ŋïü˅ʲ�˟Ά"K+ŋŘDʇŻa�rvɁ

ŕN͠.1�+�ʇŻa�rvɁŕ29ȿŌ�Āϫ"KŐɅ�GIDɐЕ�Æ�5I

ùȳȈ�ʄJ+CFMD6Ǐȶ%K:)8ƳЂ�ŧ��5IE%��º 8 3�H

ȓȨ6��1D FMD8�g]9Е@.1�J3̴�HKJ� 
  

ǚǶǴǅ ƾǍǄǈƾƾ ǚǡǘ ÙȰĔ£ɃWȟɀɈɟɘɏƾ

ǀ��ǁƾƑƁȰŒŢȰƣȽȿɈɟɘɏȕĉŋȟɀȍɮɾɍɽɆȍƾ

ǀ��ǁƾ ɹɖɈɏĕāȍɮɾɍɽɆȍƾ

ǀM�ǁƾÝ+�ȮƄĶĕāȕũȾɁɀȍɈɝɽɆȍƾ

ǀM�ǁƾƶŘȭƈĿĕāȍɈɝɽɆȍƾ
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Ǎǅƾǉǅƾ ǚǡǩ ȰɒɨɷØƍȮȧȐȩƾ

 

Ȩ˛˳6GIFMV8`z�i^��t8ȨȈ3)KH6a�u"KJm�}]

Λ8ɒ̽6/�1ͫȈ8˙ͯ�ƻHK+ (Fig. 6-2)�@&Ȩ˛˳ϣűȚ (2010Ƥ)2

9 FMV8`z�9 4Ȩ2�J3̴�HK1�+�˼ 3˹8˛˳6GIȎ+6 2Ȩ8

`z�i^��t�˅ͯ"K FMV9Ƌ5�3D 6Ȩ8`z�NȢ%J 3�ˢ"K+�

ɔ6RNA36a�u"KJm�}]Λ p39·8TS�g�H8M&�5ϤǳˆͿǧ

�H NP2�J3̴�HK1�+�˼ 5˹8˛˳6GI RNA̙Į̽3̇Ŵ6Ɓ6Ĳ

@KJ 3�ˢ"KNP2�J 3�ͿȖ"K+�"H6RNA46a�u"KJm

�}]Λ p49Ȓŗ8��5Jϔû3DˎįǇNˢ"&ɒ̽�¢Ȗ2�.+�˼ 4˹

8˛˳6GIMP2�J 3�ˢ"K+�RNA5RNA66a�u"KJm�}]Λ

p5p66/�19ɒ̽�¢Ȗ2�J+C"H5JͶȯ�ǂͭ2�J� 

FMV6"H6Ȧ˙8`z�i^��t�ŵŏ%Jī̽ǇD�J�˼ 3˹8˛˳6

��19`z�i^��t8¥ȧ˺6Ôŵ"KJ 13 nt 6˔ˌ#1 RT-PCR 2Şơ%

J 32ȎͰ8`z�i^��tNɆø#+�Ȩȏɯ29Ʊ 13śŖ�Ôŵ"K1

�5�i^��t9Şơ�2�&@+ 3 kntº 8i^��t9ŞơČʫ�͒-J+

CɆø2�1�5�ī̽Ǉ��J��ȏ2βƤ8e�]V�gǛ͡8ı 6GITS

�gǏȶɅʥ8RNAN̟̯ˆ6ͶΉ%J 32TS�g8`z�ŗĵN͠�_�g�

Ş�1�J�ʦ6 EmaravirusƏTS�g29ɔ¤¹e�_�c�2ͶΉ"K+TS�

gɍϔûN)8@@`z�3#1ŗĵ%JÍ�ˎɔ�2�J (Laney et al., 2011; 

McGavin et al., 2012; Elbeaino et al., 2015; Di Bello et al., 2015; Lu et al., 2015)�#

�#ɔ¤¹e�_�c�Nʴ�+̟̯ˆ5ͶΉN͠.+ŘĮ2Dϔû�ê�Ȧ˙8

D89ͶΉ"K+ŧϛ8ϔû8¦�Hͯ/�J 3�ņϸ2�J+CȦ˙8`z�i

^��t�ŵŏ%Jī̽ǇNɘ#1�J�"H6TS�g69cr�St RNA E

defective RNA3�.+`z�ºť8ϔûDŵŏ%J 3�˙HK1�J+C (Simon 

et al., 2004)ŗĵ"K+ϔû�`z�2�J�4��DɆͿ�ǂͭ2�J�TS�g

`z�NɩŹ%J+C8ȠDưĆ5ȏɯ9TS�g cDNA ]���Nʴ�ǏȶǇ

N˅Ǻ%J86ǂͭĕù5i^��tNɆͿ%Jȏɯ2�J�EmaravirusƏNĲC
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+ù̃`z�NȢ%J�SvgϠRNATS�g29Ȧ,ǏȶǇ]����Êø"K1

�5� 3�H 8ȏɯNʴ�J 3�2�5��µƸ9 FMVNĲC+ Emaravirus

ƏTS�g�Ȣ%J RNAϔûNê1ɩŹ%J33D6)KH8ϔû�`z�2�J

�Ŧ͵ˆ5ȏɯNʴ�1ɆͿ%J 3�ǂͭ2�J3̴�HKJ� 
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ǍǅƾǊǅƾ ÈğĨȽȿÁȾȔȫȭȦȤ ǚǡǩ ȰĹŌ-«ÏćȮȧȐȩƾ

 

˼ 5˹8 FMVǏȶɅʥ8ϻŴЋƾϡʹƃ6GIFMV9 ER̓NĥŮ#1̇Ŵ

NƲǕ#1�Jī̽Ǉ�ư�ˢĽ"K+�FMDɍ8˂ǀNĴ%J͓8ϻŴЋƾϡʹƃ

9�/15"K1�+� (Martelli et al., 1993; Appiano et al., 1995)çˁϻŴЋƾ

ϡɯNʴ� NP� DMBï6Ĳ@KJ 3Nˍǳˢ#+ 32DMB� FMV8̇Ŵ

2�J 33FMV̇Ŵ� ER̓�Hø͋#1�J 3NȖ˟5D83#+�čʥ�

SvgϠ RNATS�g29V�����8ĥŮ6^�a��rS��ǂͭ2�İ

Ŵ¦69 NPvRNA3ͫͪϕ̒�Ĳ@KJ (Cros and Palese, 2003; Kaukinen et al., 

2005; Ruigrok et al., 2011)�FMV6/�1D KH8̇Ŵɋμ9įɍ3ǴŹ"KFig. 

5-62ʹƃ"K+NB�J�9DMB69 vRNA3 RdRp�Ĳ@K1�J8295��

3Ǵƃ"KJ� 

į$�˼ 5˹29 NP8̼̕ïöϵÇ�ERɵč6G.1ħčˆ6Q]o�-ER

ypt��]6ɫ.1č�1�J 3Nˢ#+� 8G�5č�9ɅʥTS�gŶ6�

�1#:#:TS�g̼̕Ϥ˫͠3̙;/�HK1̴�HK1�+� (Harries et al., 

2010)º¡8ʰʶ�HȨ˛˳2ʹƃ"K+ 8G�5 NPöϵÇ8č�9č�9̕

̼Ϥ˫͠6ˍǳϥ£%JD8295�3̴�HKJ�˼ �6�τˆ6˅ʮ#+ NP9

̼̕Ϥ˫̽͠Nǩ+5�6DϥMH& 8G�5č�Nͯ'J 3˼¯6NP8ö

ϵÇ� PD8ˍƵGIŧ�� PD8κτ�ʥʰˆ6ņϸ2�J 3˼�6 8G�

5č�9 ERɵč8č�3ēþ�ņϸ2�Iźϳ6b�fÇ548X�Zy�Dįɍ

8č�Nͯ'J 32�J��ȏ2Ʌʥ̼̕�Еλ8ğƲΛɵčN͠.1�J89

̼̕êÇ6ʥΛNǨȇ%J+C2�J3��ΈD�J 3�H (Verchot-Lubicz and 

Goldstein, 2010) 8G�5č�� NP8̼̕ï<8ǨȇNĉ�1�I)8̙Ȳ3

#1TS�g8̼̕Ϥ˫͠NϤǳˆ6Óο#1�J3��ī̽Ǉ9�J3̴�1�J�

@+̕ ̼Λl�6ŵŏ%J NPöϵÇ� ERɵč6ŷê6į#1č�1�J 39

͇ķɾ���/8ΈȖ3#1ERypt��]6G.1̼̕Λ�̕��ēù�"K

ēù�"K+̼̕Λl��ER3�Ç35IERɵč6ɫ.1č�1�J�s��̴�
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HKJ� 8G�5̼̕ïƊłŸ8čǐ8ƳЂ9�HFJTS�g�ħ�1�J3̴�

HKğƲΛɵčȚ6̼̕8ĭŐʙ6��148G�5ɵK�˅ʲ#1�J8�΄̕6

Ͷȯ%J 3�TS�g6Ȝσˆ5̼̕ïčǐ8ɗ˟5ǜǹ6̪�J3̴�J� 
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Ǎǅƾǋǅƾ ƾ ȓɂȿȮƾ

 

Ȩ˛˳29ȎͰ8TS�g FMVNŊï2üC1Ɇø#+ 3NŬɒ3#Ǉʧ8Ͷ

ȯNAȎͰ`z�i^��t8ŗĵ3m�}]Λ8̼̕ʲʥŶˆͶȯN͠.+�

FMV9źВǚɯ�Āϫ"KJ 3�HTS�g)8D83#18Ʋ2Ͷȯ%J 3

9>3O42�5�.+�ź͠ī̽5źВN̗AĮM'J 32TS�g8ŖȨˆǇ

ʧN�JˬƧȖH�62�+3Ǐ$1�J�TS�g9̼̕3Ɓǳ6̙;/�+̥̉5

ǏȶʱNȢ#1�I)8êž9ͫ϶�/ϸͶ5D82�J�Ȩ˛˳8ˌˆ2γ=+

TS�gêÇ3#18ȜσǇ8ͶȖ9D3GIFMV8Ǐȶʱ8ͶȖ%HȦ,ϊ�ψ

�υ8I2�J�Ȩ˛˳2ƻHK+˙ͯ�ÊʥʲʳǇ8ı 3TS�gŶEɅʥ

̼̕Ŷ8Ŗˡˆ˙ͯ8ϵ˰6M&�2DΕʪ%J 3NȣO2�J� 
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ǿͭ  
� �  
TS�g9[��eu6ͮMK+`z�ȾϗNȢ%J̕ ̼6ƀʲ#1Şə%Jƾ

Ɗ5˂ğÇ8̠˪2�I)8˭Ќ3ǇΛ9ϿƠ6Ŧɍ2�J�ʦ6βƤ8śŖϔûǛ

͡8ı 6GIȎ+6Ŧ�8ɅʥTS�g�įŹ"KűC1�J�TS�g6Ƅ%J

ȎͰϧϭɯ8Ŗˊɋ̅3TS�gŶ�G;̼̕ʲʥŶˆ˙ͯ8ϵ˰6ı�1ơƦ�

TS�g˭8ǇʧE̼̕ïǏȶʱNȖH�6%J 39ŧ�5Ǎ̱��J3̴�HK

J�#�#ʮʧ9ʦŹ8TS�g˭EùϚ6˛˳�ϵ¦#1�IŦ�8TS�gǇ

ʧ�G;̼̕ïǏȶʱ9>3O4¢Ȗ2�J� 

Sof]6Ј˅%J˂ɡ3#1�dS]548˃ʧNƭ�Ξ %Sof]�dS

]˂�˙HK1�J�Ȩ˂8˂ğ9ϢH�¢Ȗ2�.+�2009 Ƥ6ɹť2Ȩ˂6̮
˂#+Sof]GIȎͰ8�SvgϠ RNATS�g Fig mosaic virus (FMV) �˅

ͯ"K˂ğ3#1Ƿɂ"K+�FMV 9̛̌Ŷˆ6Ȓŗ8TS�g3ŧ��ʾ5J+
C2009 Ƥ6Ȏ#�ÊHK+TS�gƏ Emaravirus Ə6ùЌ"KJ�FMV 9 4 Ȩ
6ù�K+`z�i^��tNȢ#RNA369x]�X[��eu��rS� (NP) 

RNA4 69ɒ̽Ȧ˙8m�}]Λ (p4) �a�u"KJ3Ǵƃ"K1�J�#�#
FMV9ɒɄǳ˭�ņϸ2�J 3ǏȶǇ cDNA]����ÊǕ"K1�5� 35
4źВ6¢ϓĮ5ǇΛNȢ%J+C6˛˳�Āϫ"KFMV 8Ǉʧ9>3O4ȖH

�65.1�5��Ȩ˛˳29ƕȿˑ8Sof]GIŊï2üC1 FMVNɆø#+
 3NŬɒ3#FMV8ŖȨˆǇʧ3̼̕ïǏȶʱ8ͶȖNˌˆ3#+ͶȯN͠.+� 

 
1. Ŋï2üC18 FMV8Ɇø 

 
ȓȨŊï6��19 1962 Ƥ6Sof]�dS]˂8˅ʲ�ŗĵ"K1�J�

FMV�Ɇø"K+Í9 K@265�.+�2010Ƥ6øϺƜ8Sof]ŋŘ61�d
S]548˃ʧ�˅ʲ#ŀЊ35.++C˂ ğNįŹ%J+C6˛˳Nϣű#+�̮

˂͓Nʹƃ#+̙Ȳ�dS]ŪƲε̡548˂ƿ�Sof]�dS]˂6ϖÄ#

1�I FMV 8Ǐȶ�ˀMK+�˂ƿNĴ%JSof]GIê RNA Nǣø# FMV 6
ʦʾˆ5��S��Nʴ� RT-PCRN͠.+3 L˂ ƿNĴ%JSof]�H FMV
3ˎįǇNˢ%ϔû8Şơ�˟Ά"K KH8Sof]69 FMV�Ǐȶ#1�J 

3�˟�CHK+�ȓȨŊï6��J FMV8˅ʲŗĵ9üC12�IĺİNSof
]�dS]TS�g3İ¸�+� 
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2. ȎͰ`z� RNAi^��t�RNA5��RNA6�8˅ͯ 

 
ù̃`z�NȢ%J�SvgϠ RNATS�g9%=18`z�i^��t8¥

ȧ˺6°�6ˎͩˆ5ʦŹ8ëκϔûNȢ%J� 8ϔû9`z�i^��t�ͫͪ�

̳ͽ"KJϳ8Еɔɋμ8ƲǕ6ǂІ2�J3̴�HKFMV 6��1D%=18
`z�i^��t8¥ȧ˺6ˎͩˆ5ʦŹ8 13śŖ8ϔû�Ôŵ"K1�J� 
Ŋï2üC1 FMV NɆø#+8-6FMV 8e�]V�gͶȯN͠�ˌˆ2ȓ

Ȩ3i��Q�HĮ 14 8 FMVùϷȽNϵC+�ê`z�ϔû8ŞơN̆ȗ6͠�
+C6`z�i^��t8¥ȧ˺6Ôŵ"KJ 13śŖ8ϔû6Į���S��Nʴ
�1 RT-PCR N͠�ê`z�i^��t8êϢN�Ƨ6Şơ%J 3NA+�)

8̙Ȳǌ6Ĥ#ê18ùϷȽ�HȒŗ8 4Ȩ8`z�i^��t6Ĉ�1��
5Jϔû3DˎįǇNˢ"5� 2˭8ϔû8Şơ�˟Ά"K+� KH 2˭8 RNA6
Ƅ#¥ȏ8ɈǇ8 RNA����Nʴ�z�d���ptN͠�3ĭ RNA˭2)K

*K¥ȏ8ɈǇ8 RNAʶȫ8e^v��Ɇø"K+� 8̙Ȳ�HǏȶɅʥï2 
KH8 RNA˭�ͫͪ"K1�J 3�ˢĽ"K+�@+14ùϷȽ�HƻHK+ K
H8 RNA˭8ϔûNʴ�1ùŴ̛̌ͶȯN͠�Ȓŗ8`z�i^��t38ùŴο

ĒNɞΨ%J3Ȓŗ8`z�i^��t3ùŴοĒNë6#1�J 3�ȖH�35

.+�º 8̙Ȳ�H KH8 RNA ˭9 FMV 8ȎͰ`z� RNA i^��t2�
J 3�ư�ˢĽ"K�RNA5��RNA6�3İ¸�+� 

 
3. p48TS�g̼̕Ϥ˫͠6ϥMJɒ̽8įŹ 

 
ɅʥTS�g9Ǐȶ#+̼̕�H plasmodesmata (PD: ğƲΛν̚) Nκτ#1

ϴǳ̼̕<3˫͠#êΤ<3ǏȶNǨŧ%J�ɅʥTS�g9Ʌʥ̼̕ϤN˫͠%J

+C6̈́ Τ8`z�6 movement protein (MP: ˫͠m�}]Λ)3ĸ:KJm�}]

ΛNa�u%J�MP9 PD6ƍŏ#TS�ġŴE`z�8ϴǳ̼̕<8άζNÓ
ο#1�J3̴�HK1�J�#�# K@2 FMVNĲC+ EmaravirusƏ8TS
�g2MP9įŹ"K1�5�.+� 

FMV 8 RNA46a�u"KJ p49��5Jϔû3DˎįǇNˢ"&)8ɒ̽
9¢Ȗ2�.+�p4 m�}]Λ6͝æm�}]ΛN͞Į#Ʌʥ̼̕2�τˆ6˅ʮ
"'ëʜʙ��d�ЋƾϡNʴ�1ʹƃ%J3p4 9 PD 6ƍŏ#+� 8ǇΛ9T

S�g MP 6ʦƿˆ5ǇΛ2�J 3�Hp4 6TS�g8̼̕Ϥ˫͠NÓο%Jà
���J�=+�p4N˅ʮ#+̼̕6̼̕Ϥ˫̽͠Nɓũ#+ potato virus XNǏ
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ȶ"'J3̕ ̼Ϥ˫̽͠Nɓũ#+ potato virus X8ϴǳ̼̕<8˫̽͠�ˎͩ"K

+�@+ę�8̼̕2 p4 N˅ʮ"'+ŘĮęʨ2 p4 �ϴǳ̼̕<˫͠%J 3
D˟Ά"K+�º 8̙ȲGIp4 69TS�g̼̕Ϥ˫͠NÓο%Jà��ˢĽ"
Kp49 FMV8MP2�J 3�ˢ"K+� 

 
4. NP8̼̕ïčǐ8Ͷȯ 

 
Q]t�Xe�egr�9̼̕8ï̓άζEƙŧùŴ8ςǽ̕ ̼ïƊłŸ8ϔ̭

54ɍ�5̼̕ɒ̽6ϥ£#1�J 3�˙HK1�J�Q]o�̩̞6ɫ.+ʥΛ

8ςǽ9§6�Xe���m�6G.1͠MK1�J3̴�HKArabidopsis 
thaliana8�Xe�9]�g VIII3]�g XI3��ŧ�� 2/8�P���6ù
�HKJ�]�g XI �Xe�9§6̼̕ïƊłŸ8˫č6ϥM.1�I13 Õ�J
]�g XI �Xe�ώÁŴ8�- XI-1XI-2XI-IXI-K 9§6͓̹̼̕2˅ʮ#ɒ
̽%J 3�ˢ"K1�J� 
Ʌʥ̼̕6��J endoplasmic reticulum (ER: Ɗ̼Ç)9̼̕¦NƠ6ɵč#1

�Jčˆ5̼̕ïƊłŸ2�J�ER9̼̕Λ¦6ƯIƗH"K1�JQ]o�̩̞6

ɫ.1ƲǕ"KQ]o�-ER̟NɋǕ#1�J�ER8č�9§6]�g XI-1XI-2
XI-K �Xe�8à�6G.1˅ʲ#ER 8č�3įȚ6Ķί8̼̕Λl�Dč�1
�J3Ǵƃ"K1�J� 

 K@26ͫȈ8TS�g2m�}]ΛöϵÇ�Q]o�-ER̟6ɫ.1č� 
3�ŗĵ"K1�J� 8G�5č�9TS�gm�}]ΛöϵÇ� ER̓ 6ƍŏ
#ƲǕ#+Ɗ̼6�Xe�Nˍǳ�]��t%J 36GID+H"KTS�g�

ER ̟Nκ$1ğƲΛν̚Nκτ#ϴǳ̼̕<˫͠%Jτˬ2�J3Ǵƃ"K1�+�
#�# 8G�5TS�gm�}]Λ�č�ɒɋ6/�1źϳ6Ͷȯ"K+Í9 K

@265�� 

FMV8 RNA36a�u"K1�J3Ǵƃ"KJNP9Ǐȶ̼̕¦2`z� RNA
3̙Į#ÔΒ%J33D6ͫͪ�Υñ6ǂІ5à�N#1�J3̴�HK1�J�

FMVǏȶ̼̕6��J NP8ƍŏNǞ NPǞÇNʴ�+çˁϻŴЋƾϡɯ2ʹƃ%J

3NP9 ERβÝ8̼̕Λl�6öϵÇNƲǕ#�ϑ8 NPöϵÇ9 ER̓NĥŮ
#̇ŴNƲǕ#1�JɍŴ�ʹƃ"K+�͝ æm�}]ΛN͞Į#+ NPNɅʥ̼̕ï
2�τˆ6˅ʮ"'ëʜʙ��d�ЋƾϡNʴ�1̼̕ïƍŏNʹƃ%J3̕ ̼Λ

6ʛȈ8öϵÇNƲǕ#Q]o�-ER̟6ɫ.1č�1�JɍŴ�ʹƃ"K+� 8č
�9Ȓŗ8TS�gm�}]ΛöϵÇ8č�3įɍ2�J3ǅMK++C)8�Yw
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h�NͶȖ%J+C6º¡8źВN͠.+�@&NPN�τˆ6˅ʮ#+̼̕Nçˁ

ϻŴЋƾϡɯ2ʹƃ%J3NP 8öϵÇ9 FMV Ǐȶ̼̕8ŘĮ3įɍ6ER βÝ
8̼̕Λl�6ƲǕ"K1�Iƺȫ8ǌ39ʾ5I ER̓ 69ƍŏ#1�5� 
3�ù�.+�ɔ6 NP8öϵÇ8ğčĆN=J+C6]�g XI-1XI-2XI-K

�Xe�8��m�u�S�Nɓũ"'+âǇϨżŒNÊø#+� KH8âǇϨżŒ

�Xe�N˅ʮ"'+̼̕29ER8č��ɖ@I�Xe�8à��Ϩż"K1�J
 3�M�.+�ɔ6âǇϨżŒ�Xe�3 NPNë˅ʮ"'J3NPöϵÇ8č�

9 ER8č�3į$}m��2Ϩż"K+ 3�HNPöϵÇ9 ER3į$ğčĆ6
G.1č�1�J3̴�HK+�#�#NP3âǇϨżŒ�Xe�9ëƍŏ'&̙
Į#1�5� 3�ˢĽ"K+ 3�HXI-1XI-2XI-K �Xe�9 NP öϵÇN

Ϥǳˆ6č�#1�J3̴�HK+�º 8̙ȲGINPöϵÇ9̇ŴƲǕ8+C6
ER 8βÝ8̼̕Λl�6ƍŏ#1�I)8̙Ȳ3#1]�g XI �Xe�NğčĆ
3%J ER8č�8ƳЂNħ�ħčˆ6č�1�J3̴�HK+� 

�  
Ȩ˛˳6GIǇʧ8>3O4�¢Ȗ2�.+ȎͰTS�g FMV8ŖȨˆǇʧ�Ȗ

H�65J33D6Ǐȶ̼̕ï28TS�g8čǐ6Ƅ%JˢĽ�ƻHK+�FMV

9ŧ��źВǚɯ�Āϫ"KJTS�g2�.+�ź͠ī̽5źВN̗AĮM'J 

36GIŖȨˆǇʧ8�ϑNȖH�6%J 3�øȫ+�Ȩ˛˳N�.��3#1

 K@26Ͷȯ"K1 5�.+TS�g8Ŗˡˆ˙ͯ8ϵ˰�οƎ%J 3NȤƶ

#1�J� 
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Ώέ  

 

Ȩ˛˳8π͠9º¡8ȏ�8!ėĆ8D3͠�@#+�Ğ�Ƽˣʷ# �@%� 

ȓȨŊï8Sof]͓c���9ƕȿˑήɇǛ͡i�m�3˧ƓˑɅʥϧˁǙ8
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