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� ƬųǆǛ\^ųix¯z�­[Z]đE]ǞXîâknQŸȗCĖĆLm8Onk]

Ÿȗ^ǆǛȈY^ŠƱ\îåIn, ȾĕɄĿȭǴĢ\A>WŠƮ[ŸȗYJWǻȃX

Dm8µş, ǆǛȈ\^¸ŠƮ[ŸȗhđEĖĆLm8RNA ɂǂɏRNA granulesɐ̂ , O

]j?[ŸȗƗ]ÃǪŵX=mYǷ@m8 

� RNA ɂǂ\U>WƞƗ]ŚƶŤX^cYqZǸȔC[E, µǣ\^ɉŰe][>Ÿ

ȗX=m8óġ[ĝǕ^ưƻǘ\jTWƥ[mC, RNA ɂǂY^:RNA Y�²�}Ȉ

pýfƞÊǞXǱonW>[>ǆǛȈɂǂ;Y>@m8O]ĒDI^ħI[ɂǂXƪĺ

100 nm Ƹĳ, ĒD[ɂǂRYƪĺŜ µm dXĮĒíLmHYh=l, đE]x¯z�­

jlhĒD[Ÿȗ\[lĽm8H] RNA ɂǂ^, RNA ÃȂ]ČYJWÖD, mRNA ]ȏ

ȕiǖǹōæ, áǵ[Z\ȱomŸȗX=mYǷonW>m8Î@_, Ȓı, ŶƗ]Ʀ

ƞ\A>W microRNA ]ȦǰŅCƳInW>mC, microRNA ÏĖƧ[ mRNA áǵh

AGO �²�}ȈpŸŊĄĕYJQ RNA ɂǂXȉDW>mYǗ@knm8 

� Ū°�ª´X^, ȍÝBkáǵdX\Ǡm mRNA ]ĊŪƧ[æľ§y��¦pŷǽ

JQļ, RNA ɂǂ\ȱLm���}pǇÀLm8 
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� DNA \^ǳBkĕbĴDǋCnmȞÆŇċCŤDǸInW>m8Onk]ȞÆŇċ
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CƦƞƁȸiþȐƝĎ]ďí\ŃKWŻǜLmQg\^, Łǰ[ DNA ɁĈBk mRNA 

CȍÝIn, ŻǜpœTQ�²�}ȈbYǖǹInmHYCŁǰX=mɏ�²�­¯�

~¤, ąɒɐ8 

� ƛĆ , �²�­

¯�~¤pŘ@m

ȞÆĕƦƛæľ§

y��¦^Ǻǆ\

ǵŮIn , đE]

ƯǲCĽknW>

m8Î@_, DNA B

k] mRNA ȍÝȯ

Ĕ^, DNA ¶\Ǹ

InQȍÝȯĔƔ

\ȍÝĄĕYĀ_

nm�²�}Ȉǔ

CǊúLmHYX

ÑȘInW>mɏƖÒ & Ųò 2017ɐ8Ik\ȍÝInQ mRNA ^��­u�²~I

n, ¸ǰ[u²�±²ɁĈCõlȵBn, ûŢ\ųĐ, L[oSǆǛȈbYȏȕInW

>EɏĒȄ 2017ɐ8ǆǛȈ\ȑlƭ>Q mRNA ^®¢�´¦bYș_n, �²�}Ȉ

\ǖǹInm8 

� µş, Ȇ]ȞÆĕƦƛæľɏ�z�t�°|ª°´�¬²ɐhĖĆJ, ȍÝōæ, 

mRNA ]ȝŎƧáǵ, �²�}Ȉ]ǖǹōæ[Z\jl, ȞÆĕ]Ʀƛ] on-off CȜâ

\ǿǀInW>mɏąɒɐ8ȍÝ° ¯X^, DNA §�¯íi��±}±¤�²í[Z

hȱol, Ʀƞ³áíƙŉiƝĎďí\ŃKQȍÝōæCĴDȉHInmHYhƯkn

WDQ8 

� ȍÝInQ mRNA ] 5’ũƽ\^{©��ŸȗC73’ũƽ\^£®s��¯ȬCɏpolyA

íɐÂêInm8Hnk]Ÿȗ^ǖǹȯĔ\Ȧǰ[ŸȗX=mYÙ\, mRNA ǟȌ]ę

ĝŅ\hĠ¹JW>m8mRNA ° ¯]�z�t�°|ª°´�¬²YJW^ , 

CCR4-NOT ǯúÊ\jm 3’ũƽ]ǝs��¯íɏȨŨk 2017ɐi Decapping ǯúÊ\

jm 5’ũƽ]{©��ŸȗáǵCȦǰX=mHYCƯknW>m8µǣƧ\^ 3’ũƽ

]ǝs��¯íCĴDȉHInQļ\, 5’ũƽ]{©��ŸȗáǵCȉHmYǗ@kn

W>m8dQŞQ[�z�t�°|ª°´�¬²§y��¦YJW, microRNA \jm
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�´��� RNA ]áǵiǖǹōææľhŠkBY[TW>m8Ik\ǖǹ° ¯³�

²�}Ȉ° ¯X^, ǖǹȯĔĄĕ]®²ȥíiǊú�²�}Ȉ[ZpÀJQǖǹō

æ, dQ«�{�²´�±�s�´¦Ǆ\jm�²�}Ȉáǵǉȋ[ZhŠkBY[

TW>m8 
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� ƬųƞƗ\AGmÃǪƧ[ RNA ɂǂYJW P-bodyɏprocessing bodyɐ, ��°�ɂǂ

ɏstress granulesɐ, ƵǉǆǛɂǂɏneuronal granulesɐ, ƞƀǆǛɂǂɏgerm cell granulesɐ

[ZCƯknW>mɏAnderson & Kedersha 2006ɐ8ŶƗ\A>W^, HndX\ P-body

i��°�ɂǂ\ê@, microRNA i siRNA [Z] small RNA pýfɂǂ[ZCĖĆL

mHYCƯknW>mɏąɓɐ8OnPn]RNAɂǂ\^»ǰŸŊĄĕCĖĆLmC, O

]µş, ÙȖJWĖĆLmŸŊĄĕhđŜ=mYǗ@knW>m8 

� P-body ^ RNA ]áǵɏ5’ũƽ]{©��ŸȗáǵY 3’ũƽ]ǝs��¯íɐ\ȱo

m RNA ɂǂX=l, O]ŸŊĄĕYJWǝ{©��ȤǅX=m DCP2 YO]ƫ½ËƟ

ĄĕX=m DCP1, 5’ũƽw{��}°s´� XRN1 \ê@, ǝs��¯íȤǅX=m

CCR4-NOT ǯúÊ[ZCýdnW>m(Iwasaki et al. 2007, ȨŨk 2017)8dcp1 ďƥÊ^

¡¨ŕúÊX^ǚŅǡž]ǪƛćpƳLHYBk7äŧ]ƦƞƁȸX]ĸéCƳĂIn

mɏIwasaki et al. 2007; Motomura et al. 2012ɐ8 

� ��°�ɂǂ^, ǆǛCƞž\ȱomj?[Ķ>��°�pöGQȹ\ķŊInm
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RNA ɂǂX=m8HndX\, ìƗǆǛiȤƂX^, ɌƏ, �ǅ, vu¯�ňŰ, UV ƕ

ĥ, űɇɆɈ[Z\jl, ��°�ɂǂCǼĦInmHYCƯknW>mɏKedersha et 

al. 2013ɐ8ŶƗX^, ɌƏ, Éȥǅ, Ɍčƒĳ, §�¯�©�¨²ȥ[Z]çƑ\jl�

�°�ɂǂCǼĦInmɏWeber et al. 2008, Pomeranz et al. 2010, Sorenson & Bailey-Serres 

2014, Yan et al. 2014, Gutierrez-Beltran et al. 2015ɐ8��°�ɂǂ]»[ŸŊĄĕYJW^, 

mRNA \ê@, ǖǹȯĔĄĕǔɏeIFsɐ, £® A Ǌú�²�}Ȉǔ, 40S ®¢�´¦ħ�

�«���[ZCƯknW>m8Hnk]ŸŊĄĕ^, ȿ��°�ūÄ·X^ǖǹ¤�

�®´YJWǆǛȈ\áśLmj?\ǴĢInmC, ��°�ūÄ·X^ɂǂpķŊ

Lmɏąɓɐ8 

� microRNA ^ Argonaute �²�}ȈɏAGOɐY RISCɏRNA-induced silencing complexɐ

pķŊJ, ƫǭƧ[ȣãpœU RNA ]áǵpĴDȉHL8ŶƗ]Ʀƞ³ǈǐáíȚƸ

X^Ó9]ǆǛCìG[>Qg, ǆǛ]ÈǒŇċ\ĊV>WǆǛ]áíƙŉCƅĝI

nW>m8H]ǆǛ]ÈǒŇċ, L[oSǆǛáí]ĎƣpŠƱ\îåLm]C, >E

UB]ŶƗ microRNA ]ÃǪƧ[ĸéYǷ@m8microRNA YO]áǵ�´���X=

mȍÝĄĕ mRNA ^ƥ[mǆǛXƦƛJ, ȺŕLmǆǛbƷìLm8microRNA YȍÝ

Ąĕ mRNA YßÅ?Y, O]ǆǛX^ȍÝĄĕCƦƛXDM, OHCǈǐáí]Ďƣ

Y[m8Î@_, miR165/miR166 ^ HD-ZIPIII ȍÝĄĕ�r¥®´pæľJ, Ǧ]ǪǬ]

ĎƣƅĝiŴ]áíĎƣƅĝ\ȱoTW>m(Mallory et al. 2004a, Kidner & Martienssen, 

2004, Carlsbecker et al. 2010, Miyashima et al. 2011, Sakaguchi & Watanabe, 2012)8dQ

miR164 ^ NAC ȍÝĄĕ�r¥®´pæľJ, ǤɀáǫǈǐĎƣ]ƅĝ, ÔŴķŊ, Ǧ

]ȫŽķŊ[Z\ȱoTW>m(Laufs et al. 2004, Mallory et al. 2004b, Guo et al. 2005, 

Nikovics et al. 2006)8×\ǇÀJQ dcp1 ďƥÊX^7>EUB] miRNA ]ǧƺCƍĨ

JW>mHYCǲ>RInW>mC(Motomura et al. 2012)7O]ƍĨLm miRNA ƹ\

miR165/166 Aj` miR164 CaEdnW>m. DCP1/P-body CH?JQĎƣƅĝ]ȚƸ

\ȱ¹J7äŧƦƞ]Șǩ\Ġ¹JW>m]BhJn[>8 

� µş, siRNA h AGO �²�}Ȉ, RDR6, SGS3 YÙ\ siRNA body pķŊJW>m

ɏKumakura et al. 2009, Jouannet et al. 2012ɐ8siRNA ^vu¯� RNA [Z]ĐŬ RNA p

áǵ�´���YJ, vu¯�ňŰpȲľLmĸépœTW>m(Ruiz-Ferrer & Voinnet 

2009)8siRNA hǆǛȰpƷìLmQg, =mǦXvu¯�ňŰCȉHl siRNA CúŊ

InmY, O] siRNA ^ŶƗÊØÊbĲCmHYCƯknW>m8H] siRNA ]úŊ

\^, �´��� RNA pȪćYJWɓŪȬ RNA pķŊLm RNA ÏĖƧ RNA £®§

­´�ɏRDRɐCÖE8[A£® A pż>QŶƗǟȌ] mRNA Cƥİ\ǧƺJQČú, 
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Onk] mRNA Bkh siRNA CƞŊIn, siRNA ] RNA ōæ§y��¦Cȁà]èY

JWŶƗ]ƞǙpȳğLmHYCƯknW>m (Cao et al. 2014; Martínez de Alba et al. 

2015; Zhang et al. 2015, Ĭĭ 2017)8dQ siRNA ^ RNA ŔüŅ DNA §�¯íɏRNA 

directed DNA Methylation, RdDMɐY>?§y��¦\jlųÛ DNA §�¯ípǼĦJ, 

�­²�£�²]ōæiȞÆĕ]ȍÝǿǀ\ÖEHYhƯknW>m(Matzke et al. 

2015)8 
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� ìƗ\AGmđE]×ǩưƻBkŹ9[ RNA ɂǂ]ķŊ§y��¦CŠkBY[T

W>m8��°�ɂǂ]ķŊ\ȱJW^, ǖǹȯĔĄĕX=m eIF2α]®²ȥíi��

°�ɂǂǼĦ�²�}Ȉ TIA-1 ]ƦƛCȦǰX=mHYCƯknW>QɏKedersha et al. 

1999ɐ8ȒıX^đE] RNA ɂǂĩĆ�²�}ȈC, Ƙĝ]ƼÊŸȗ^œQ[>C7IDR 

(intrinsically disordered regions)ȣãi LCɏlow complexityɐȣãYĀ_nmƘĝ]s¥

�ȥſĊ\jmǑlȓJȣãpœS7�²�}Ȉ—�²�}ȈȰƫ½ËƟ\ÖEHYC

ŠkBYInW>m8Hnk]ȣãpœU�²�}Ȉ^ƐƋºXs¥±u�Źǎǌpķ

ŊJW�¯ƙ\ÞȼLmQg, RNA ɂǂ]ĊƲY[mùǜŅCƳĂInW>mɏKato et 

al. 2012, Han et al. 2012ɐ8H]ƫȍŖƛȅɏLLPSɔliquid- liquid phase separationɐ^ǆǛ

ÛXhȉHmYIn, ��°�ɂǂi P-body, ƞƀǆǛɂǂ[Z] RNA ɂǂ]e[k

M, ųħÊ, y�´¯¢�t[ZųÛ RNA ŸȗÊ\hÙȖLm§y��¦X=mYǗ

@knW>mɏBanani et al. 2017ɐ8ŶƗ\A>W^ TIA-1 ¡¨±~X=mYInm UBP1

CûĝIn, ��°�ɂǂb]ĩĆCƱǻInW>mɏSorenson & Bailey-Serres 2014ɐ8

JBJ[Ck, O]Ǻǆ[áĕ§y��¦iO]Á] RNA ɂǂǼĦĄĕ\U>W^c

YqZƯǲC[>8 

� ŶƗ\A>Wh, RNA ɂǂķŊ§y��¦]ĊŪòƜ^ÙȖL\mƔCđ>YǗ@

knmC, O]µşXŶƗƚƘ[ƦƞiƝĎŃƾ§y��¦\AGm RNA ɂǂ]ÖD

i, O]ŸŊĄĕ^ŶƗƚƘX=mùǜŅhɌ>8Î@_, ŶƗ] mRNA i microRNA

^ǆǛȰpƷìLmHYX, ǆǛȰ�¥ª��´�¬²]ĊƨY[l, Ʀƞ³ǈǐáí

pŘ@W>m8dQŶƗÊØÊXhǁƿpȖKQ microRNA, siRNA, mRNA [Z]ȏȕ

CƱǻInW>mɏMolnar et al. 2010, ȧƠ÷ 2017ɐ8Hnk RNA ]ǆǛȰƷǩ^, ǆ

ǛȰXǆǛȈpǏFŶƗƘŦ]ŸȗX=m�­�¨��¤´�pÀJWǩonW>m

YǗ@knW>m8JBJ[Ck, O]§y��¦\ȱJW^¸Š[ƔCđEſInW

>m8µş, ìƗX^ microRNA Cw{��u�´��/w²��u�´��\jTWá



������� ������ 
������

�
�� % " �	��
�� ( & !#���

����'#)$#*� ������ 
������

 

ƈħǛX=mw{��´¦\ÏĖJWȏȕInmHYCƯknWAlɏMittelbrunn & 

Sanchez-Madrid 2012ɐ, ŶƗ\A>Wh microRNA, siRNA, mRNA [ZC�­�¨��

¤´�]e[kM, w{��´¦ÏĖƧ\ȏȕInmùǜŅhǗ@knm8ƛĆ, ŶƗ

ǆǛÛX^, RNA ɂǂCȮȊȽȏȕInmČú^s}�²ǎǌÏĖƧ\ǩon, ǆǛǪ

īX^Ŀħƿ¶\ÐƤInmHYCƯknW>mɏHamada et al. 2012, Steffens et al. 

2014ɐ8ǆǛȰ] RNA ȏȕ\ȱJWh, Ǻǆ[ RNA ɂǂu§´�²~pĊƨYJQư

ƻ\jl, ţ[mƯǲCĽknmHYCŧĻInm8 

� dQƝĎŃƾ\A>Wh, ƚƘ[æľCĖĆLmùǜŅC=m8Ǣÿƌ>HY\Ȗİ

ƞǙūÄX=m 22℃XƞǙINQ�±u����X^ , P-body ]ŸŊĄĕX=m

decapping Ȥǅ]ƊŅºŀX=m DCP2 ]ĒðCǆǛȈ\ĖĆJW>Q8ǆǛȈ\Œś

JW>Q DCP2 C, ɌƏūÄ\ABnmY DCP1 XźȃJQ P-body \ȼƺLmHYCƱ

ǻIn, ɌƏūÄƘƥƧ\ P-body \AGm decapping ƊŅCɌdTW>mùǜŅCƳĂ

InW>mɏMotomura et al. 2015ɐ8RNA ɂǂ^, ƞÊǞXǱonWAkM, ǆǛȈ\Ė

ĆLm RNA-�²�}Ȉ]ɂǂX=m8O]Qgƥ[m RNA ɂǂCȺŕJWŕǶLm

RGX, RNA ]öGƎJCXDmùǜŅC=m8Î@_, ûKɌƏūÄXǼĦInm�

�°�ɂǂ^, P-body \ȺŕJWĩĆLmHYCƯknWAl, ��°�ɂǂÛXǖǹ

ōæInQ RNA ^, ƙƇ\ŃKW, RNA áǵ\ȕknW>mùǜŅCǗ@knm8H

]j?[RNAɂǂȰX]RNA]ilõl[Z^ìƗXh¸Š[ƔCđE, ¿ļ]ǾɃ

X=m8 

 
����%�"1�

� ŶƗ\A>W:RNA ɂǂưƻ;YȩŌTQưƻ^HndXĨ[E, ɍŠŧX=mYǷ

@m8JBJ[Ck RNA ɂǂưƻ]ĊƲY[TQøÚƧ[Ğɋ]đE^, Ğ^ŶƗX

ǩonWDQ8Î@_, ��°�ɂǂ^:ƝĎďí\ģŃLmQg\�v�{´�²~

ȞÆĕ]ǖǹpōæJ, ŞQ[ƝĎ\ȜŃLmQg]�²�}ȈpƦƛINm;ĸép

ŐTW>mYInW>mC, H]Ğɋ^�¤�ĉɇǆǛXǩonW>mɏNover et al. 

1989ɐ8Ĺk^ 25℃Y 40℃]�¤�ĉɇǆǛ]Ø�²�}Ȉ�±�ru¯ô`, ƞíĘ

Ƨ\ǃǮJQ��°�ɂǂƢáɏHeat shock granulesɐBkŏßJQ mRNA pƟ>W in 

vitro ǖǹINQ�²�}Ȉ�±�ru¯pƃȎǵŮJ, ǊȀpĽW>m8 

� ìƗ]ƵǉǆǛɂǂɏneuronal granulesɐ, ƞƀǆǛɂǂɏgerm cell granulesɐ[Z^

ǖǹōæInQƙŉXǆǛÛpș_n, O]=YȜâ[Čŋ³�u¥²~XǖǹCȯĔ

InmHYCƯknW>m8H]j?[ mRNA ]ȏȕ^ 1930 ıÃ\ǩonQĮĒñǆ
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ǛǨɅX=my��®ɏɒǆǛXťĒ 10 cmɐpƟ>QĞɋXƦǲInWAl, Ċȡ\

=mųBkÕCķŊInm¶ȡdXŇċÆțƗȈɏmRNAɐCȕknmHYCƳĂIn

W>Q(Haemmerling 1963)8ƛĆ, ¨�¯ŶƗYJWÍonm�±u����pýfȶ

¶ŶƗX^, Ʀƞæľ\ȱomj?[ǖǹōæɂǂ]ĖĆǟÊ^ǲUBTW>[>C, 

ɅÇJQ§y��¦CĖĆLmùǜŅ^Ɍ>Yńonm8 

� RNA ɂǂ^, ŶƗ]Ʀƞiǈǐáí, ƝĎŃƾ[ZpŘ@m RNA ÃȂ]ĊƨX=l, 

ůQJW>mĸé^ĒD>8¿ļ, :RNA ɂǂ;Y>?Ÿȗ\ƉƩJQưƻCŪŵíL

mHYX, Ik[mŶƗƶĘưƻ]ƦĪYƌíCŧĻInm8 
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Ūưƻ^ JSPS ƶưȇ JP16H01229, JP15H04628 ]ëŊpöGQh]XL8 
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