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� ʊŠKǮǣŅFLˉmRNAa±ŭG8?ʆìǯǣKɖȖʡaǚŉ:]4G.ˉʛÈŃKÛ/è

ėaɲP]ȈȘƀǎKªCG8EŉȄ8E)]"ŤòLÖÌXĤňˉȱȼ-[ʱV?Ɨ µg -[
Ɨą µgK total RNAaÏB? RNAr¤�¦��ˆ�©v§�¦��ˇǎJZ\ˉˊ-[ƗÖK

ʛÈŃJC)EʛÈŃǺǫʡKǚŉ.ə`^E)?"=Kũˉ�£�¢©|ʓʤĐůˆPCRˇǎ

KƠďJÉ)ˉ£d¤�f�ŉʡ PCRˆreal time qPCRˇǎ.ʧǺ6^ˉZ\ŬʡK 10 -100 ngȒ
ţK RNA-[FWʛÈŃǺǫʡKǚŉ.ĔɈGI\ˉÀƜFWŢ1ǰ)[^E)]"1990ŠÄ

Jå]Gˉm¢yıǿ¬J DNA ƙǢa˄ŎţJy���8?\ˉıƭ¬Fėż8?\8?�f

o¦d¥fXx©§���.ǻĴ8?"4^[aǰ)]¹JZ\ˉÍĆˉÍ«ÖWKʛÈŃJC

)EʛÈŃǺǫʡaªţJɥƮ:]ˉȷȿǽʛÈŃǺǫɥƮ.ĔɈGIB?"8-8ˉǮǣȔ5

GJ�fo¦d¥fXx©§���aǛÚ8?\ˉƚ8)ŵĳađ\å^EƔŉ8?\:]?V

JLľĿIsy�.--]G)*ʳǞ.(B?"=^Jļ`BEȷȿǽIʛÈŃǺǫɥƮǎG8

EƠď8?K.ˉƿ°Äw©q§u©aǰ)? RNA-Seq̂ RNA-SequencingˇF(]"4KƀǎF

LƗĆ«-[ƗąÝÖWKȆ) DNA ƙǢaªţJɥɱ:]ƿ°Äw©q§u©KǤųaǮ-8

EˉRNAaʣĮJʎʆìĐůJZBEėż6^? DNAƙǢKʝñǈŉaə)ˉʛÈŃ��¤¬
J���6^? DNAƙǢKƗa RNAʡG8EɢȖW]"=K?VˉRNA6+ǛÚF/ˉr�

�Xʆìǣŵĳ6+(^MˉǮǣȔaĢ`;ʛÈŃǺǫɥƮ.ĔɈGIB?"6[Jˉ0.5-1 ng

K total RNA.(^MʐŝK RNA-SeqJZ]ɥƮaə*¹.F/ˉƢʊFL total RNA.`;-
5-100 pg8-ĚS^I) 1ȮɇFK RNA-SeqWə`^]Z*JIB?"ƩȕFL ò̄VJÀX=

KɥƮJƾ1¹KF/I)ƿ°Äw©q§u©JC)EȤĈJɰƞ8ˉȵ)EˉʛÈŃǺǫɥƮ

KƢȰťŹKªCGɦ+] 1ȮɇʛÈŃǺǫɥƮJC)Eˉ=KǁTˉƁɚʧǺˉ=4-[Ū[
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^?ƚ8)ȅɢJC)EʌP]"=KũˉƷǣȮɇJ,2] 1ȮɇʛÈŃǺǫɥƮˉŽ#.əB

E)]ƷǣȮɇK£�¦p¢�§pƽƺKɥƞJę2? 1ȮɇʛÈŃǺǫɥƮJC)EȯÁ8?

)" 
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� ƿ°Äw©q§u©KʧǺL��r��ɧǴ.Ň¶8?ɁŠK 2004ŠJˉ́ ¿Ť\Kr��ɥ
ƮJ 1000«�¤--BE)?sy�a 1000�¤J:]4GaȀǽG8?$Advanced Sequencing 

Technology Awards%̂ʐṞ̏ 1000�¤r���¦p¢� .̌±ŭGIBEƎʔ6^?̂ Schloss 2008  ̄

ņ[ 2010 "̌ȥĪș��r��ȈȘſˆNHGRIˇ²ÌFʧł6^?4K�¦p¢�FLˉǅŠƗ
Ć«�¤Kýżʢ.ƅî6^ˉ4^[KǩŪaV78ˉ�fk¨ĄǹȩˉāŅȩˉŚŅȩKȈȘ

p¤©�KTI[;ˉ�x�©ˉ�§��©aĚV?�fk¨ITÇƹWĎü8ˉƿ°Äw©q§

u©ʧǺJę2?ƻ#IƁɚƏƴ.I6^?"=KżưL 2005ŠJśɼ6^?°ǵòKƿ°Äw
©q§u©F(] 454 GS20̂ ũȴƽȔ GS FLX+̱ ¦w ȍˇ̄ɁŠJǺĻ6^? Solexa/illumina w

©q§u©ˆǫəƽȔ HiSeqˉNextSeqˉMiSeqˍf¤��ȍˇ̄ 2007 ŠJǺĻ6^? SOLiDˆ¢

f��o�¦x©zȍˍǫu©��e�w�©ȍˇ̄ 2010ŠǺĻK Ion Torrent PGMˆ¢f��o
�¦x©zȍˍǫu©��e�w�©ȍˇJǮ-6^E)]"S?ˉƢʊFLˊïŃw©q§u

©G8EˉPacBio RSIIˉSequelˆ�w�e�o�fkufi§yȍˇ̄ MinIONˆk�oy�j©

����d�o�¦x©ȍˇȝKƚ8)ƿ°Äw©q§u©WʧǺ6^ˉ4^[L÷îKƿ°Ä

w©q§u©FLʳ8)Ɨ kb-[ąƗ kbWKʦ)Ķıʝñǈŉ.ĔɈJIB?"44FʌP?

ƿ°Äw©q§u©KʧǺț¸L $̄2ŠFųɈL 2×JI]!2ŠFsy�LćïJI]%G)

* ITƁɚKʔƊ·ǚFȅ[^]��©dKǎõ aʀ+]Ā)Fw©q§yJ--]sy�öǘ
aʖż8?ˆHayden 2014 "̌2014ŠJ HiSeq X Tenˆf¤��ȍˇJZ\$1000�¤r��%K

ʖż.ŋɦ6^ˉ4KŠJL$1000�¤r���¦p¢�%LȰ¶8?.ˉ4K�¦xho�L

ƢWżû8?ƕȠ²œJZ]ʵƚǽIȏŅƁɚʧǺKªCGɦ+]@_*" 
� ƿ°Äw©q§u©FLˉɥƮ6^? DNAƙǢa£©�ˆreadˇGĞNˉ£©�ƗG 1£©�

(?\Fǈŉ6^]ĶıƗˆ£©�ʦˇKȖ.ˊĥK¢§(?\Kîú�©�ˆȸɱTđ\Ķı

Ɨ ǦI]"ǫĬƢWƠď8E)]f¤��ȍKƿ°Äw©q§u©L D̄NAƙǢKǢÙKʝñ
aǈŉ:]w§p¤£©�ˆSRˇFK¢§KĴėˉ£©�ʦ 50 bp -[ 300 bp K DNA ƙǢa

MiSeqF 2500«ÖˉNextSeq500F 4ÝÖˉHiSeq2500F 20ÝÖWĘƟJĶıʝñǈŉ:]Ɉú

aƣ8ˉ4KG/=^>^ƢĿF 7.5 Gbˉ60 Gbˉ500 GbWK�©�aîú:]"ƿ°Äw©q
§u©aÏBEȷȿǽʛÈŃǺǫɥƮaə*Ĵėˉ£�c¥§yGI]r��¨ʛÈŃ��¤a

ɮɶF/^M£©�ʦL 50 bpFWąïFˉ=^Z\Wˊu§�¤(?\H^@2K£©�Ɨa

ôǰF/]-G)*4G.ˉʛÈŃǺǫKŉʡųaƄÓ:]?VJʟɡF(]"ʆìǣKæʹį

al�©:] RNA-SeqJ,)ELˊu§�¤(?\ 2000« - 4000«÷ũK£©�Ɨ.(^Mˉ

ȷȿǽIʛÈŃǺǫɥƮ.ĔɈF(]Gɦ`^E)]ˆSims et al. 2014 "̌S? 1̄ʆìǯǣ-[ 1

ƙǢ@2ađ\î8ʛÈŃǺǫɥƮaə* Digital Gene ExpressionˆDGE; de Klerk et al. 2014ˉ 
Nishiyama et al. 2012 X̌ Cap Analysis of Gene Expression̂ CAGE; Takahashi et al. 2012 J̌,)ELˉ

500«-600«�p÷ũ̂ ˊʆìǣJC)Eˊ£©�@2ɥƮ:]Ĵė £̄©�KÄ`\J�p̂ tagˇ
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GĞM^]ĈÊaÏ*4G.ľ)ˇ.ˉŉʡJŮɡGɦ`^E)]ˆXue et al. 2014 "̌MiSeqˉ

NextSeq500ˉHiSeq2500 KĖw©q§u©Kîú£©�ƗGȷȿǽʛÈŃǺǫɥƮJŮɡI£©

�Ɨaɂ+]G 2̄000«£©�aÏ* RNA-SeqKĴėˉ=^>^ 1 2̄0 1̄00u§�¤ïˉDGE
X CAGEKĴėˉ=^>^ 5ˉ80ˉ400u§�¤ïKɥƮ.Ǭɴ¬ˉˊĥK¢§FĔɈF(]"

4KG/ˉu§�¤5GJw©q§y�©�aƃî8ɥƮ:]?VJLˉf§��oyGĞM^

] 6-[ 8ĶıKʝñau§�¤5GKȀĊG8Eœå:]Ůɡ.(]"f¤��ȍFL 96Ȕʽ
Kf§��oy.ǛÚ6^E,\ˉHiSeq2500 aÏ*Ĵėˉf§��oyKȔʽ.ʁ\I)Z*

Jű`^]. H̄iSeq2500K˄îú�©�FÏǰ6^]�¦©{¤L8¥©§Jăð[^E,\ˉ

=^>^K¥©§Kǧșų.Ó?^E)]"RNA-Seq KĴėˉ1 ¥©§J(?\ 12 u§�¤ˉ
DGEX CAGEKĴėˉ50u§�¤KɥƮaə+]4Gaɂ+^Mf§��oyKȔʽLąïF

(]Gɂ+[^]" 

� RNA-Seq aə*?VJLˉĈʲ8? RNA u§�¤-[ˉ1ˇmRNA KȦɟS?L£�~©�
RNAKʬč 2̄ ŘNAKƙǢāˆˈŮɡG8I)ƀǎW(]ˇ̄ 3 čDNAėż 4̄ˇºƩʤ cDNA

ƨȚKşǜā 5̄ ď���©ʝñKÃü 6̄ ¢̌f�¢£©KĸŞȝ ª̄ʓKÎƹ.ŮɡF(]"

ƿ°Äw©q§u©aƣ:]f¤��ȍałV ľ̄1Kɬɗ�©l©.ƻ#IȔʽK NGŜ ƿ°

Äw©q§w§pˇ¢f�¢£©Îɟn��aɼĻ8E,\ˉɭ8)ŵĳLˉǙʈ[KȸɰaĎ

ɂJ6^?)̂ Ǚʈ[ 2̄014 "̌6[Ju§�¤ɲƘK�fy¤©���ā Ȥ̄ÒāaʔV? Bravo

ˆdx¥§��o�¦x©ȍˇ̄ Sciclone NGŜ �©n§i¤�©ȍˇ̄Biomek Fxp̂ ��o�§ s
©¤�©ȍˇ̄ Neoprepˆf¤��ȍˇȝˉNGS¢f�¢£©Îɟ.ɋÿā6^?ɝȾWɼĻ6^

E)]"S?ˉRNA aǛÚ:^MˉNGS KĒɩɥƮaɳɺ*ÇƹWľƗ(\ˉƿ°Äw©q§

u©aǰ)?ȷȿǽʛÈŃǺǫɥƮJC)ELˉľ1KȈȘɃ.ə+]ǥǌJIBE)]Gɦ+

Z*" 
 

IF�?@D&(<:A0�5��

� 1 ȮɇJ,2]ʛÈŃǺǫɥƮLˉ1990 ŠÄKłVJ DNA r¤�¦��aůǰ8?ŉʡǽI

ɥƮ.ə`^łVˆEberwine et al. 1992ˇ̄ =^Jȵ/ˉRT-PCRaǰ)?ɥƮ.ə`^?ˆSucher 

& Deitcher 1995 "̌6[J 1998ŠJLˉɘâ in situ �f�£�f|©w¡§ˆFISHˇaǰ)?ɥ
ƮJZ\ˉ1ȮɇFKmRNAƗ.ɧǚ6^ˉǫĬWôǰ6^E)]ˆFemino et al. 1998 "̌ȷȿǽ

I 1ȮɇʛÈŃǺǫɥƮLˉŤòˉ�fo¦d¥faǰ)Eə`^E,\ˆKamme et al. 2003ˇ̄

=Kũ 1̄Ȯɇ-[K cDNAėżþǪ.ʾʄǽJƔģ6^?ƛǎ.ĳě6^̂ Kurimoto et al. 2006ˇ̄
4Kƀǎa�©yJ 2009ŠJLƿ°Äw©q§u©aǰ)?ƢòK 1Ȯɇ RNA-Seqǎ.ĳě6

^?ˆTang et al. 2009 "̌4^aǺȚG8EȷȿǽI 1ȮɇʛÈŃǺǫɥƮaôǰ8?ȈȘ.Ųʑ

JŢSB?" 
 

JF�?@D&(<:A0,6�E<�

� 4^SFJ NGS aôǰ8?ƻ#I 1 ȮɇʛÈŃǺǫɥƮK?VKƀǎ.ʧǺ6^E/?.ˉ
=^L 2 CKĿ/IƁɚǽIĢʻǞaãƤ:]4GJǠǞ.,-^E)?ˆKolodziejczyk et al.  

2015 "̌ªCLH*KZ*J 1ȮɇaĈʲ:]-ˉW*ªCLŬʡK RNA-[HKZ*Jŉʡų
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aȶƆ8? cDNAaėż:]-F(]" 

� 1 ȮɇKĈʲƛǎLˉˊˇm¢y����ˉ�fo¦n��¢£©JZ]�fo¦��� ¥

©w¡§ˉˋˇ¥©v©ʼŬʥaǰ)?¥©v©�fo¦�f{ow¡§ˆLMD L̄CMˇǎˉƢ
WŢ1ǰ)[^E)]ƛǎG8Eˉˌˇ{¤}©�©aǰ)EȮɇǤǶǽ�©l©JZ\Ȯɇa

ïđ:]ˆFluorescence-Activated Cell Sorting: FACSˇƛǎ.(]"sy�Xy¤©���ˉɥƮ

ŐɹGI]ȮɇKȔ#KƪÆJZ\ˉÏ)ï2.I6^E)]K.ǫǥF(]"S?ƢʊFLˉ

ˌKƛǎGȱTė`<EˉǊ±FŬŔIǇǝaÎ]i�¤x¡§aǰ)EǕǝˆdropletˇéJ 1

Ȯɇaő9ʉV]ȩXˉ=^[aþǪZ1ə*ŬŔǓʃˆmicrofluidicsˇaǰ)?ȩWʧǺ6^?

ˆStreets et al. 2014 "̌1ȮɇađŪũ Ť̄òL PCR� ©�X 96ȗ�¥©�F cDNAÎɟKÎƹ
aə*?VJ=KĐůǕ.Ɨ µl-[Ɨą µlŮɡF(B?. Ǖ̄ǝXŬŔǓʃaǰ)]4GF 0.1-

Ɨ nlKĐůǕFK cDNAÎɟ.ĔɈGIB?"ƢʊFLˉC1wy��ˆ�£ ©�f�ȍˇG

)*ªţJ 96ÖKȮɇaŬŔǓʃéJ 1Ȯɇ;C�¢��8 c̄DNAėżSFKy���aɋÿ
ā8?ɝȾ.ʧǺ6^ˉȦţK˄) 1 ȮɇʛÈŃǺǫɥƮǰu§�¤KƏÐJɻǨ8E)]

ˆShalek et al. 2014, Trapnell et al. 2014, Treutlein et al. 2014 "̌?@4KŊ˂ȩaǰ)]?VJL Ȱ

ɇ.łV-[ĈȮɇKǥŹFńĬ:]-ˉȱȼéJ(BEWʞȬíǬIHF�¢�¢JĈʲF/

]4GˉǓʃéaȑÿF/]Ŀ/6F(]4G.÷ƏGI]"=K?VÀũLľȔľƻIȮɇ-

[I]ȱȼéJńĬ8ˉ�¢�¢JĈʲF/I)Ȯɇa 1ȮɇʛÈŃǺǫɥƮ:]?VKƁɚʧ

Ǻ.ŮɡF(_*" 
� W*ªCKĢʻǞF(]ŬʡK RNA-[HKZ*JŉʡųaȶƆ8? cDNAađŪ:]-J

C)EWƻ#Iƛǎ.đ\ȱS^E/?ˆKolodziejczyk et al. 2015 "̌1ȮɇJĚS^] total RNA

L 5-100 pgGɢȖW[^E,\ˉ=K*A�£ AKÃ)? mRNAL 1−2˅Gɦ`^E)]"=
KZ*I51ŬʡK RNA -[ƿ°Äw©q§u©aǰ)EǺǫʡKɥƮ:]?VJLˉmRNA

a cDNAJʎʆì8 º̄Ʃʤ DNAJ8?KA ĸ̄Ş:]Ůɡ.(]"ƢWòƥJĳě6^? Tang

[KƛǎFL PCR aǰ)E cDNA ĸŞ.ə`^E)?.ˉĸŞþǪLɎ)WKKˉĸŞƟJ�
¢f�©JZ]�f�¦�o�KǮż.ɿ4\ˉ=^.ƿ°Äw©q§u©JZ]ɥƮJŦʶa

¯+]4G.`-B?"=4F 4̄K�f�¦�o�.Ǯż8I)u�¥�w¡§ PCRaǰ)?

Quartz-Seq.ʧǺ6^?ˆSasagawa et al. 2013 "̌4^[KƛǎL�£ AaÃü:]4GˆpolyA 
tailingˇJZ\ˉĸŞǰd���©ađ\ʉU?VJˉ5’Ù.ƾƑ8? mRNAW cDNAJļƐ6

^ˉ3’ȚJØB? cDNA.Ǯż6^]"=4FˉŇæʦ cDNAaɥƮŐɹJ8?�§�¥©�y

f��§pǎaôǰ8? SMART-Seq̂ Ramsköld et al. 2012 X̌ STRT-Seq̂ Islam et al. 2011, 2012ˇ
.ʧǺ6^?"ªƛF P̄CRFL cDNAKĶıʝñJZBEˉĸŞþǪJØ\.(]4G.Ƈƒ

6^E)??VˆAird et al. 2011ˇ̄ ĶıʝñJÑń8?ĸŞ�fdy.ŕI)Gɂ+[^E)]

in vitroʆìˆIVTˇaǰ)? CEL-Seq̂ Hashimshony et al. 2012ˇXMARS-Seq̂ Jaitin et al. 2014ˇ̄
φ29�£�¢©|aǰ)?Multiple Displacement Amplification̂ MDA ǎ̌̂ Pan et al. 2013ˇ̄Multiple 

Annealing and Looping-Based Amplification CycleˆMALBACˇǎˆChapman et al. 2015ˇaǰ)?

RNA-SeqWĳě6^E)]" 
� ¬ɪK 1Ȯɇ RNA-SeqLĸŞǎaŚŀ:]4GF=^JZBEǮ9] cDNA ĸŞ�fdya

ǘŕ6<]4GaǦB?WKF(]. 2̄012Šˉƿ°Äw©q§u©KǤųGŵĳíǬƁɚaˀ
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Ï8E cDNAĸŞ�fdyaǘŕ6<]ƀǎ.ĳě6^?ˆKivioja et al. 2012 "̌S;òVJʎʆ

ìƟJ¢§��IĶıʝñˆUnique Molecular Identifier: UMIˇa cDNAƨȚJÃü8ˉcDNAa

ĸŞ:]"=Kũˉƿ°Äw©q§u©F cDNAʝñJü+E UMIʝñaǈŉ8ˉĘ9 UMIʝ
ñaWB?Ę9 cDNA ʝñLªCG8EƗ+]"AITJ 10 Ķı-[I] UMIʝñL 4 K 10

´ˆ410ˇȔʽˉ:I`A 100«ȔʽÅ¬(]4GJI]"1ȮɇJ,2]mRNAKƗ.Ɨ«ïŃ

-[ 100«ïŃȒţGɂ+]GˉǬɴ¬ˉ(]ʛÈŃ-[ʆì6^?óK mRNAJĘ9 UMIʝ
ñ.œå6^]ȊǪLQRǾǟF(]4G-[ˉǶI] UMI aƆC£©�Lós�©K mRNA

ǲƫGTI:4G.F/ ŪMI.ÍȔʽ(]-Ɨ+]4GJZBE m̄RNAKs�©Ɨ :̄I`

AʛÈŃǺǫʡaǀȊJƗ+]4G.F/]"4K UMIaœå:]4GF 1ȮɇʛÈŃǺǫɥƮ
J,2]ƁɚǽI�fz.ɕ81Ëǘ8?"6[J cDNA ĸŞK÷J UMI aœå:]4G6+

F/^Mˉƻ#I 1ȮɇʛÈŃǺǫɥƮǎJ,)Eůǰ.ĔɈF(]4G-[ˉ¬ɪFȯÁ8?

UMI.Ƌǰ6^E)]MARS-SeqÅĽJW S̄TRT-Seq̂ Islam et al. 2014ˇ̄CEL-Seq̂ Grün et al. 2014ˇ
J,)Eƚ?J UMIaƋǰ8?ƀǎ.ĳě6^E)]" 

� HKƀǎJWªʦªȆ.(\ˉ1 ȮɇʛÈŃǺǫɥƮFÍ.ȅ\?)-ˉɥƮ8?)ȈȘFô

ǰĔɈ-G)*4GaZ1Ƹɨ8E-[Ŋə:]4G.ʟɡF(]"6[J¬ʌKgh��IŊ

˂ȩJü+EˉđŪ8? NGS �©�KĠɾȢǬˆquality control: QCˇ̄ ƁɚǲƫKM[C/

ˆtechnical noiseˇKʬč¨ɞǀˉʛÈŃǺǫʡJıD)?ľļʡɥƮǎIH�¢fIŊ˂ȩKƸ

ɨWʟɡF(]"4^SFJªɍǽI RNA-Seq Fôǰ6^E)]ƻ#I�¦p¢�X R aôǰ
8?��q©xȝFŐůF/]WKJü+Eˉ1 ȮɇʛÈŃǺǫɥƮJǤā8?ɧȡƛǎWĳě

6^E,\ˉÀũWƚ8)ȅɢaÉ*ƻ#IɥƮƀǎ.ʧǺ6^]F(_*ˆStegle et al. 2015 "̌ 
 
 

KF�?@D&(<:A0������	��

� 1 ȮɇʛÈŃǺǫɥƮFƥŨ6^]4GKªCJȮɇȔKïʽˉ=^[KȀĊGI]�©l©
ʛÈŃKĘŉ.ƈ3[^]"ǮÌéJ,2]ȱȼXĤňJ,)ELˉƻ#IȔʽKȮɇ.ĚS^

E,\ˉ=^>^KŧøJů9?ǤǶǽIʛÈŃǺǫaȌ8E)]Gɂ+[^]"ŜŕIȮɇK

Ĵėˉ=^ɋʅaʱV]4G.ĨʳF(]Ĵė.ľ)?Vˉ�©l©ʛÈŃKĘŉWʳ8)"=

4FŜŕȮɇaĚUȮɇʱħ-[ÍǼˉÍĆÖWKȮɇa¢§��JƋđ8ˉ=^>^JC)E

1 ȮɇʛÈŃǺǫɥƮaə)ˉ=KʛÈŃǺǫ�©�aßJȮɇʱħaïǴ8ˉŜŕȮɇ.ĚS

^]¼ʱħˆsubpopulationˇaǤŉ:]ƀǎ.ʧǺ6^?ˆGrün et al. 2015, Buettner et al. 2015ˇ4
^[JZ\ �̄ŜŕȮɇKĈʲ.á-ˉ�©l©KĘŉ.á- G)*ĢʻLãƤ6^ 1̄Ȯɇʛ

ÈŃǺǫɥƮaßJƻ#IȔʽKȮɇˉȮɇǤǶǽ�©l©ʛÈŃKĘŉ.ʔU4G.ƥŨ6^

]" 
� ǫǥFL 1ȮɇJC/ˉ(]ǥǌJ,2]ˊǞKʛÈŃǺǫ�¦�cf¤ađŪ:]4G8

-F/I).ˉľƗK 1ȮɇaƟȩñJıD)Eu§�£§p:]4GFˉĖȮɇKȮɇïāX

ȮɇůȟKʕȒaƎŉ:]4G.F/]Z*JIB?"ĒȦċ-[ƵǥɆKɆǺǮˆDeng et al, 
2014ˇX˃ƲȞïāɯœKʕȒˆTrapnell et al. 2014ˇJ,)ELˉȮɇKʙȑǥŹ.ǄʮǽJʔ

ə:]4GXˉǶI]ǺǮʕȒJʔUȮɇKńĬ.ĳě6^E)]"ǸČÌǲƫKi§��nw
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§íǬJZ\ɯœ6^]äǷůȟJ,)EL ò̄ƥJL51ªʜKƝǺųȮɇ.ůȟ8 =̄Kũˉ

=^[KȮɇJZ]ïǍųwp�¤aÁ8EæäǷȮɇOůȟĐů.Ţ.]4G.Ȍ6^?

ˆShalek et al. 2014 "̌Àũ4^[KZ*JˉƟȩñJıD)?ȮɇʱħJ,2] 1ȮɇʛÈŃǺ
ǫɥƮGw� ¥©w¡§IHKɧȡȏŅaˀÏ:]4GJZBEˉ4^SFy���w¡��

F8-ɤŏ.F/I-B?ȴƟǽIǮğǫɹKǓ^.ƞ[-J6^]Gɂ+[^]" 

� 1Ȯɇ RNA-SeqFLÖ#KȮɇKʛÈŃǺǫʡKTI[;ˉɦ ħéJ,2]=^[KM[C/

ˆvarianceˇaɧǚ:]4GFˉʛÈŃǺǫK®ĭªųˆheterogeneityˇXˉY[0ˆfluctuationˇ

G)B?Ǯğǫɹ.ƞ[-JIBE/?"4^[LáJʌP?ʱħéJ,2]ǶI]ȮɇȔKǗ

Ĭ@2FI1ˉÖ#KȮɇJ,2] RNA KʆìʑţˉȮɇĜƥˉu©l�ed§£z�ȝJǲ
ƫ:]ǮğǑÿKM[C/ˆbiological noiseˇ.ČĦGɂ+[^]ˆKolodziejczyk et al. 2015 "̌À

ũL4^[JZ]ʛÈŃǺǫK®ĭªųaɂź:]4GFˉZ\˄)ȦţFʛÈŃǺǫɥƮaə

*4G.ĔɈGI\ 4̄^SFȅ[^E)I-B?Ǯğǫɹ.ɥƞ6^E)14G.ƥŨ6^]" 
 

LF17=>�����?@D&(<:A0 
� ƷǣJ,)EW 1Ȯɇ¥�¤KʛÈŃǺǫɥƮ.ĳě6^E)]"4^SFJˉ�fo¦n�
�¢£©FȮɇǕaƃî8ʛÈŃǺǫɥƮaəB?ĳě.(]ˆBrandt et al. 1999 "̌S?Ƣʊˉ

�¦��¢y�J8?w¦f��z�KƱKȮɇaǤŉKȮɇ�©l©aǰ)E{¤}©�©F

Ĉʲ8 1̄ȮɇʛÈŃǺǫɥƮaəB?ȈȘ.ĳě6^?̂ Efroni et al. 2015 "̌8-8ƷǣKĴėˉ
1ˇȮɇĹJZ\Âð[^?Ȯɇa�¢�¢J:]4G.ĨʳIĴė.(]4Gˉ2ˇȮɇĹXľ

ȧʽˉºƿÄɵǣIH RNAKĈʲJʪŌǽJÎǰ:]ǣɾ.ľ1ńĬ:]4Gˉ3ˇȮɇéJ(

]Ŀ/IǕɇJɖȖ6^? RNase JZ] RNA Kïɥ.ŻŰ6^]4GIHˆWilkins & Smart 
1996ˇ̄ÿǣȮɇJǆPE 1ȮɇʛÈŃǺǫɥƮaə*?VK�©�¤L˄)Gɂ+[^ 4̄^[

aãƤ8?ɥƮǎKʧǺ.ÀũŮɡF(]" 
 

MF17?@�� ���!�32�A.�'���?@D&(<:A0 
� ʠɓXƼƦˉǮɏIHKƳİƷǣLˉȔŃFĸX:Ä`\JƉ8ƦˉɔƉ8XȔf�IHˉƷ

ǣÌKªʜað\î8ˉ=^aɅE]4GFS?ßKƷǣÌaǮTî:4G.F/]"1950ŠÄ
JLŔ6I�§x§K-2[-[ 1̄970ŠÄJL?B? 1Ȯɇ-[ŇæIƷǣÌaëǮF/]4

G.ĳě6^E,\ Ʒ̄ǣȮɇKƆCïāæɈų̂ totipotency ǎƞ[-J:]ľ1KȈȘ.ə`

^E/?ˆSugiyama 2015 "̌ɛŃƷǣKĴėˉïā8?ɔɄȮɇIH-[ëǮ:]G/ˉȮɇK
ɉïāGĞM^]ʕȒaȲEl¤yˆȮɇĵˇaťż:]"4KʕȒJ,)ELˉÌȮɇ.šȮ

ɇJļā:]ǫɹˉ£�¦p¢�§pˆšȮɇāˇ.,4BE)]Gɂ+[^]"4Kũˉ¢§

��JïɜaȽ\ʋ8?l¤yéKªʜKȮɇ.ëïā8ˉɑʷXƱIHKĤňťżaə*.ˉ

HKȮɇ.)C£�¦p¢�§p8Eëïā:]-aǤŉ:]4GLĨʳF(]"=4FŽ#Lˉ

sqƷǣF(]���£m�tqaǰ)EƷǣȮɇK£�¦p¢�§pƽƺKɥƞaȀƇ8?Ȉ

ȘaəBE)]"���£m�tqLƢòJʭ¬Jʔî8?Ʒǣ-[ƢWòƥJïŘ8?ıʜʭ

¬ƷǣKªȔFˉr��aĚV?ʛÈŃŵĳ.çʧ6^E,\ˉw¦f��z�Xf�ȝKɛŃ

ƷǣGǆʇ8EťŹťżJʩ`]ʛÈŃK 84˅.Óń6^E)]4G.ƞ[-GIBE)]
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ˆRensing et al. 2008ˉBanks et al. 2011 "̌S?ˉȂĘȱƐ+aôǰ8?ʛÈŃ�©r�e§pWĔ

ɈF(\ ɯ̄œǽʛÈŃǺǫȩIHïŃǮǣŅaôǰ8?ɥƮƀǎ.àŊ8E)]̂ Quatrano et al. 

2007ˉKubo et al. 2013 "̌6[JˉɛŃƷǣJǆPEťŹ.w§�¤Iƺʒa8E,\ˉɑɔÌJ
,2]ɔLªŖKȮɇŖ-[I]"Ɍĝǖ)4GJˉ���£m�tqKɑɔÌ-[ɔað\î

:Gˉðƙ8?ð\ēJʴ8?ɔȮɇˆÌȮɇˇ.ȮɇïɜaȲEˉČȨÌʷȚȮɇˆšȮɇˇ̄

ČȨÌƿʷȚȮɇˆÌȮɇˇJĘɲǽJļā:]ˆIshikawa et al. 2011ˉȇř 2015 "̌4KʕȒL
1 Ȯɇ¥�¤FæEKȮɇJC)Eʍʂ:]4G.F/ˉ-Cu§�£§pIHKƓÎ.ʘƟĔ

ɈF(]"4^SFJ 4̄KŊ˂ȩaǰ)E���£m�tqðƙɔaȴƟǽJu§�£§p8ˉ

ƿ°Äw©q§u©JZ]ȷȿǽʛÈŃǺǫɥƮ.ə`^?ˆNishiyama et al. 2012 "̌=Kȳưˉ
Ȫ 4000ÖKʛÈŃ.ðƙũ-[ 24ƟʨȀSFJƣŶJļÿ8E)]4G.ï-B?"8-8ˉ

ǰ)?ðƙɔJL£�¦p¢�§p:]ȮɇG8I)Ȯɇ.ǗĬ8E)]?VˉŪ[^?ʛÈŃ

Ǻǫ�¦�cf¤L=^[KȖȡGI\ H̄KȮɇǲƫF(]-aǤŉ:]4GLĨʳF(B?" 
� =4FŽ#Lˉ���£m�tqðƙɔ-[£�¦p¢�§p:]ȮɇG8I)ȮɇaÖóJ

u§�£§p8ˉ1 Ȯɇ¥�¤FKʛÈŃǺǫ�¦�cf¤ađŪ:]ƛǎKʧǺJđ\ȱbF

/?ˆĩˊ "̌1ȮɇađŪ:]ƛǎLˉ�fo¦n��¢£©FȮɇǕaȁƍƃî:]ƛǎaʚ
Ƃ8?"4^Lˉ���£m�tqKɔȮɇLʞȬíǬȝFȮɇa�¢�¢J:]4G.ǫƟǞ

FĨʳF(]4GˉȮɇʨKȂ»Îǰ.šȮɇāJŦʶa¯+E)]-H*-aƸɫ:]?VJ

ȮɇKÊȾŵĳKđŪ.ʟɡF(]4G.ǬǲJ(3[^]"ƿJˉƃîȮɇǕ-[K cDNAɲ
ƘǎaƸɨ8?ȳư ŪMIaœå8? polyA tailingaǰ)? NGS¢f�¢£©Îɟǎ.ʘ8E)

]4G.ï-B?ˆĩˊ; Kubo et al. in preparation "̌Àũ4KƀǎJZ\ˉȴƟǽJ���£m�

tqðƙɔJ,2]ɔȮɇJC)E 1ȮɇʛÈŃǺǫɥƮaə)ˉ£�¦p¢�§pʩʓĦŃK
ĘŉGˉ£�¦p¢�§pʕȒJ,2]ʯƍ:]ȮɇʨȂ»ÎǰKƣǟJC)Eƞ[-J8E)

1·ŉF(]" 
 

NF$+�)/ 
� 4^SF 1ȮɇʛÈŃǺǫɥƮaǰ)Eľ1KǮğǫɹ.ƞ[-JIBE/?.ˉÀũL6[

JˋCKǮÌŵĳađ\ʉb@ɥƮǎ.ŢS]Gɂ+[^]"ªCL¬ɪFʌP?Z*JˉȮɇ

KÊȾŵĳaüĝ8? 1ȮɇʛÈŃǺǫɥƮF(]̂ Crosetto et al. 2015 "̌ǫǥFLɥÜţ Ÿ̄ţˉ

ɥƮʛÈŃƗIHFĢʻL(]. in situFK RNA-SeqǎˆLee et al. 2014ˇXˉâǑųā polyAk

£taȱȼéKȮɇJœå8 ¥̄©v©aǡŒ8?Ȯɇ-[KT polyAk£tGȳė8?mRNA
aĈʲ:]4GFÊȾŵĳaƆB? RNA-Seqaə*ƛǎ̂ TIVA; Lovatt et al. 2014 .̌ĳě6^E

)]"ȮɇKÊȾŵĳG 1ȮɇʛÈŃǺǫɥƮKȳư-[ˉʯƍ:]ȮɇJ,)EʛÈŃǺǫʡ

KȂʩaɧǚ:]4GJZ\ˉȮɇʨȂ»ÎǰKŵĳ.Ū[^]Gɂ+[^ˉľȮɇÌJ,2]

˄ƿIȱȼƺȣKǬɥ.ʔUGɂ+[^]" 

� W*ªCLóKȷȿǽɥƮˆk�oyˇaȱTė`<? 1ȮɇʛÈŃǺǫɥƮF(]"m§Ȯ

ɇFL DNA ʝñKļā8?Ȯɇ.ǗĬ8E)]4G.ȅ[^E,\ˉ1 ȮɇJ,)E DNA G
RNAaĘƟJɲP]4GFˉm§ȮɇKȩɷˉĸǃǪˉŴųţIHľʴǽIųɾaǤŉ:]4G

.ĔɈGI\ˉþưǽIǋǹǎKʧǺJȻ.]4G.ƥŨ6^]"4^SFJ 1 ȮɇF DNA ʝ
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ñKǈŉG RNA-SeqaĘƟJə*ƀǎ.ĳě6^E)]ˆDey et al. 2015ˉMacaulay et al. 2015 "̌
6[JÀũLo¦��§ÔʿIHaɥƮ:]i�xh��eoyXÄɵǯǣaɥƮ:]���¦

�oyaȱTė`<? 1 ȮɇʛÈŃǺǫɥƮ.ə`^]Z*JI]F(_*ˆWang & Navin 

2015 "̌ 
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� S?Ȏ?ALˉƷǣȮɇKɥƮJŐů8?�fo¦n��¢£©aǰ)? 1ȮɇʛÈŃǺǫɥ

Ʈǎaôǰ8EʏƞȮɇGɔȹȮɇ.ɣõǀ81ʝȾ6^?ɔaWCkk�ztqJ,)Eʏƞ

Ȯɇ@2aĈʲ8ˉ1 ȮɇʛÈŃǺǫɥƮaə*4GFʏƞȮïāJʩ`]ʛÈŃKƌȭWəB
E)]ˆTerada et al. in preparation "̌ÀũLˉ4KƁɚaǮ-8ƻ#IƷǣJ,)EȮɇïāˉǭ

ķůȟJC)Eˉ4^SFĨʳF(B? 1Ȯɇ¥�¤KɥƮaə*4GFˉƧȅKƽɈXÂȱT

aƞ[-J8E)/?)" 
 

BC�

� ƩȕaÎż:]J(?\ˉɽʟIýɦaʷ)?ÕǱġµĉĺˆƬĂĿˇ̄ ȇřʰƼĉĺˆıȋǮ

ǣŅȈȘſˇ̄ ɠŗơƞĉĺˆʢǉĿˇJŸɵ8?)"ȈȘéōKªʜJC)ELˉERATOʦɸ

ʜïæɈųʔā�¦xho�ˆJSTˇ̄ ʺɊūǭaǑųā:]ɐƀȈȘɃǔĽǒʗ�¦p¢�

ˆJSPSˇ̄ FRIAS visiting scientist programˆ�¢f�¤oĿŅˇ̄ ƚŅɚʹį$ƷǣǺǮ¦x�o%
ˆMEXTˇ̄ � ©���e£�oȏŅƁɚùîȈȘƎʔ¹ƹˆNAISTˇ̄ ��p�©��¦xh

o�ˆNAISTˇKýżaĒ2Eə`^?WKF(]" 
 

*;-9�
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