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ą4# ɋFukushima and Kusano 2014Ɍ��,�'8c~�XO�qc�yǽū-ɍRiy�

;ŢǏƩ*ǴƝô0(ĹøAŸƋ��=ȓÀơƖº¢AŞ;�+�=�(+:<ɍƠçƝȋ

,ƞǽ+ă��ȍƛ�=ɋIchihashi et al. 2015; Ichihashi and Sinha 2014Ɍ�ź��V�Q�T�

,łǳȞż+:<ȂƠ� RNA-seq-ɍc~�XO�qc�yǽū,ǈĢAăĞ+Ĥ���

=((8+ɍÛƞƩ+)B*ƠƖƹ+��&8c~�XO�qc�yǽūAȢƢßǦ(� 

ɋWang et al. 2009Ɍ�ĮŪ,jFp�^F[�V}�+:=wFO�D�F9T�M�ƃ+÷

%�V�Q�Xłǳ(ž1&ɍRNA-seq -Ȥ�ćƨƝ,ŲÃǅð�ġ� 7c~�XO�q

c�y,ǸȹķAŻư+ŲÃ'�=ɋMader et al. 2011Ɍ��;+Śǻ,ȓÀơƖɍsmall RNAsɍ

alternative splicing variantsAŲÃ'�ɍȓÀơƖ,ú÷ȦÅAƫŎȅ6�(+:< SNPsɍfusion 

transcriptɍȓÀȲąƐ8ãČ�=�(�ßǦ(*=ɋOzsolak and Milos 2011Ɍ��,:�+

RNA-seq +:=c~�XO�qc�yǽū-ɍƠƖĉÄȫºǪ+��&ƮȊƨǺAÏț�&

�=� 

� ź��V�Q�T�,q~`ct�y-ĝ+ŕǫ�>ɍV�Q�Xb�],Ȭ�ȏ(8+

ăĞ+ä��&�=��, 7ɍ�ĭ�;+ă�*XQ��'čɇ�ßǦ(*=�(-ĺ´

+Ⱥ�*�����*�;ɍ RNA-seq~Fp~��£Ľ-�4!ÑÍɍšȳɍSXc���

<ăǻŶ*q�WHOc0,ĔȲ,Éȵǹî(*#&�=�Ï
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Aŀ+�>=�(�'� (�&8ɍĂȬ'�$Ǹȹ*b�],ǽūŀƃ+$�&8X]�
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]�õƂ�=ĸ>�
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� ��'-ź��V�Q�T�,�':�¥@>&�= Illumina Ƶ,q~`ct�yƢ,~

Fp~��£Ľ+$�&Ȉ�=� 
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� Ɲò4',śƃ(�& Illumina Ƶ� 2012 ĠĨš+ƨÿ� jFX��q`cƢ, TruSeq 

RNA sample preparation kitA8(+ RNA-seq~Fp~��£Ľ,÷ŨƩ*Xa`q+$�&

ȄŞ�=ɋñ 1AɌ�4�ƠƖǐǛ�; total RNAAņÃ�ɍmRNAAǈǷ�=�į;> mRNA

+$�&�©ȷFK�AƢ�&řƔÕ�=�řƔÕ� mRNAA8(+ 2Ũȯ cDNAâĽA

ǲ���,ĭɍI�d�sD�+:< 5’ŧƿ���ȨÕ�> ğƏŧƿ, cDNAřƔAį=�

A a���P+:< 3’ŧƿ+ A A�Ï�ɍTA O��f�PAÈƢ�&D^q]�A cDNA

řƔ,�ƿ+Ŏǔ��=��ǿ,ȧǋÝĵ�(+ɍsolid-phase reversible immobilization ɋSRRIɌ 

Ʊſķm�YA¥�ǈǷ�ɍ¤�& cDNAřƔ,TFYA
=�Č,ă��+ȣŅ�&���

į;> D^q]��� cDNAřƔA PCRüĞ�&ɍRNA-seq~Fp~���ċĽ�=��

,śƃ-ɍƠƖǐǛ�;�:� 3 ŝȳ' 24 ~Fp~��£Ľ�ßǦ'
=��,:�+

RNA-seq ~Fp~��£Ľ-ɍĨš,łǳ'jFX��q`cAĶɃ+Ȳƨ�> śƃ'


#&8ɍÑÍ�šȳ�SXc���#&� � 
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� ��'ǯǡ;-:<jFX��q`c* RNA-seqAčƝ�= 7ɍǇª�ȗț�Ċ©+'

�=śƃAȲƨ� ɋHTRɍKumar et al. 2012Ɍ��, HTR'-ɍIlluminaƵ,śƃA8(+

��,Ɛ+$�&ă��ŕǫ� Ɏ1ɌǐǛ�;ƫŎ mRNA AņÃ�=ɍ2ɌmRNA '*�

cDNAAřƔÕ�=ɍ3ɌcDNAřƔ,ŧƿ¬ɆÝĵ,º&A SRRIm�Y�'ǲ�ɋFisher et 

al. 2011Ɍɍ4Ɍ96k�S�dAD^q]�+ǐ5Ȗ6ɋñ 1BɌ��>;,ŕǫ+:<ɍƠƖǐ

Ǜ�; 2ŝȳ' 96~Fp~��£Ľ�ßǦ(*<ɍĮŪ,śƃ+ž1& 6®,jFX��q

`cÕ�čƝ� ��;+SXc8Ĩš,Ěù©ů+��& 3-11®ÊƊ�=�(+ĽÎ� �

Ï
&ɍ~Fp~��,ȏ8 IlluminaƵ,śƃ(23ãǁ'
<ɍ6�?�u\�y RNA,

S�]xh�V}��Ē*�ǫȏ,8,'
# �HTR( IlluminaƵ,q�cS��A¥#

&ã�T�q�Z`c+$�&Ȥ�ćƨƝ,ĘƧAǽū�=(ɍăÙ,Ȥ�ćǝ+$�&-

�q�cS��+:#&ŲÃ�> �ɍq�cS��ȳ'Ƨ*=ŋÓAƳ�Ȥ�ćǝ8Ă�

Ǻ$�# ��, 7ɍƧ*=q�cS��'į T�q�A�Ǘ+ǽū�=ȸ-q�cS

��ȳ,ȡ�+×ÄƄĻ�1�'
=�4 �í,ǽūǒŬ�;-ɍHTR,2��łǳƩÝ

ıȳ',ȃĘ�Ē*� 7ɍǓǾƩŲÃÍ�ɉ�b�]AÃ��(8@�# � 

� �,śƃ-Ğġ�űƖƹ+ĵƢ'�ɍƝò4'+Ă�,ǭŨűƖ+Ï
&ɍƀÄAĂ�å

6ǱɅɋCaulerpa taxifoliaɌ9�Pf��ǰƻ� ŦŨ,űƖɋGevuina avellanaɌ'8ɉ�ǈ
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Ģ,b�]AÞį�&�=ɋRanjan et al. 2015; Ostria-Gallardo et al., unpublishedɌ�4 �,ś

ƃAƢ�=�('ăǻŶ* RNA-seqAǲ��(�ßǦ(*# �¦
.ɍǯǡ;-cwc(

Șǚƹȳ, Introgression line 76ǉǓ+��& RNA-seqǽūɋƠƖĉƩÝıAÏ
&ɍ�:�

300T�q�ɌAǲ�ɍ introgression,ûƦA�ú÷�r�'ƗČ� ɋChitwood et al. 2013aɌ�

ãš+�,b�]A¥#&ɍȤ�ćƨƝAȬƩĩȏ(Ł�ɍ�>+ĪȽ�=RiyɂöAƗ

Č�= expression quantitative trait locusɋeQTLɌǽūAǲ��('ɍȤ�ćƨƝÉİARiy

�r�'Ş;�+�=�(�'� ɋRanjan et al., unpublishedɌ� 
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� ǯǡ;-ȘĠɍ�;+ǇªɍɉțɍȐ¡©ůAčƝ� śƃAȲƨ� ɋBrADseqɍTownsley 

et al. 2015Ɍ��, BrADseq'-ɍ�ǿ, HTR+
=Xa`qAŕì� !�'*�ɍD^q

]��ÏA 2Ũȯ cDNAâĽ((8+ǲ�śƃAƚǧ+Ȳƨ�ɍq�cS��+Þ<¹> 

ɋñ 1CɌ�½¢Ʃ+- 2ŨȯŮȨ,ŧƿ�ÕĉƩƗķ+:#&Ȳȱ�=ƝȋAÈƢ�&ɋvon 

Hippel et al. 2013Ɍɍ5’ŧƿƗƧƩ+D^q]�Aǐ5Ȗ6�(+ĽÎ� ��, BrADseq-ɍ

ǐǛ�; # 6 šȳ' 96 ~Fp~��£Ľ�ßǦ(*<ɍSXc8 HTR :<8�;+ 7

®ɍĮŪ,śƃ:<8 21-77®ÊƊ'� �Ï
& strand-specificity,
=~Fp~��'


= 7ɍĹøȬ�:<·č� b�]AÞį�=�(�'�=�HTR( BrADseq,q�cS

��'Ȥ�ćƨƝ,ĘƧAžȕ�=(ɍȻĝ+ɉ�Ƭȴ�į;>  7ɍHTR (ãŴ+

BrADseq8ǓǾƩŲÃÍ�ɉ�b�]AÃ��(�'�=� 

� �ś'�ǿ,śƃ�ā+8ŘĂ�, RNA-seq~Fp~��£Ľśƃ�Ȳƨ�>&�&�=�

¦
.ɍdUTP A¥# strand-specific~Fp~��9Ă�,T�q�Aq���& 1Ýĵ'

~Fp~��£ĽAǲ�śƃ�
<ɍ�>;84 ƚǧ+SXc^G�9jFX��q`c

Õ�čƝ�>&�=ɋShishkin et al. 2015; Wang et al. 2011Ɍ��, 7 RNA-seq+:=ǕǜƩ

Ȥ�ćƨƝǽū-ɍ­�,Ȥ�ćAđȋ(� ČȬƩ PCR,:�*ƨƝǽū+Þ#&�@<ɍ

:<ȒȘ*łǳ+*=(ǯǡ;-�ƌ�&�=� 
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ñ 1. RNA-seq~Fp~��£Ľśƃ(ǹ�=ŝŘ,žȕ  

ɋAɌIlluminaƵ, TruSeq RNA sample preparation kitɍɋBɌHTRɍɋCɌBrADseq~Fp~��£Ľ,�

�Oo���ȘĠ,łǳȲƨ+:<ɍȚĝ 3ŝ' 24T�q�,(�?�ɍ6šȳ' 96T�q�(��

jFX��q`cÕ�čƝ�> � 

 

���6F4^U��

� ��'- RNA-seq,b�]ǽū,�"ɍ�Ƈ,ȦÅǽū+$�&'-*�ɍăǻŶ*b�

]Z`c+:<ǓǾƩ*ëɄ�Ơ�9��ɍƨƝȬAǃÃ�ŻǻÕ� ĭ,b�]ǽūŀƃ

+$�&Ȉ�=ɋñ 2AɌ� 
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� Ëș� ~Fp~��£Ľłǳ,ȼŚ+:<ɍĮŪ:<8-=�+ăǻŶ*čɇ�ßǦ(

*=�ś'ɍb�],¿Ď�ǸȹÕ�&�=�(�Ďş+ĺ´'�=�¾ôƩKxOXb�

],ǽūDq��_(�&-ɍ2 ǝȳ',žȕ�Țĝ:�ǲ@>&�=�ºƨƝȤ�ć+$

�& 2 ǝȳ,ƨƝȬ,ğó,ĘAŲÃ�ɍt ŲČɋŻǻÄě�;b�]�į;>&�=�(

�ËŐɌ*),�ȄŲČA
=ţĻƀƎ'ǲ�(+:<ɍđȋ(�= 2 ǝȳ'ƨƝŴģ�Ƨ

*=�ï,Ȥ�ćǝ ɋdifferentially expressed genes, DEGsɌ AãČ'�= ɋñ 2BɌ�DEGs

ǽū+-��dŘ�Ȍ,�ɀÄě+Į��(A�Č� ŀƃ'
= edgeRɋRobinson et al. 

2010Ɍ9 DEseqɋAnders et al. 2013Ɍ*),Ǿǃ\oc R'ÈƢ'�=l`Q�W�Ɲò:�
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ÈƢ�>&�=��;+�Ƈǽū(�&ɍ�>; DEGs+$�& Gene ontologyɋGOɌǽū9

Gene set enrichmentɋGSEɌǽūAǲ��('ɍƗČ,ŹǦ9�ȉǑȑ+ȴ��=Ȥ�ćǝ�

DEGs¿+ǓǾƩţĻ+Ă�Ĉò�&�=�ŲČ�=�(�'�ɋHung et al. 2012Ɍɍ2ǝȳ'

,Ȥ�ćƨƝ,ȡ�AƗĲ%�=�(�'�=� 

� šǉÅb�]*),Ǹȹ*b�]+$�&-ĂĀȬǽūAǲ��('ǺȚ��:�*=

ɋñ 2CɌ�¦
.ɍƨƝl]��AņÃ�=ƪƩ'ɍk-means clustering9 hierarchical clustering

(�# O~X]��Pǽū�:�¥@>&�=ɋAndreopoulos et al. 2009Ɍ�4 ƨƝl]�

�,º¢Ʃ*ƗĲAŃő�=ƪƩ'ɍ�ĽÄÄū9Ăź¶ēĢųĽƃ�:�¥@>=��>

;-ĂĀȬb�],ĀŘ+Ȫ5A$�&ĒŘ,âĽĀŘA£=�(+:<ɍĂź¶b�]A

:<¡ź¶+�=�('b�],ǽȩAÐ�=��;+ă�*XQ��,b�]'-ɍǸŘ

,ǹî�¹>ćƘ+*# ĂĀȬb�]+*=Q�X�Ǡ
;>=�ŢȘɍ���# Ăź

¶b�]Aǽū�=ŀƃ(�&ĭș�= ΔPCAƢ� superSOMO~X]��Pǽū�ţÒ

'
=�(�Ƴ�> ɋChitwood et al. 2013bɌ�SOM-ɍǧęǐǛÕw`qɋSelf-organizing 

mapsɌ(���ėƶǑíȑh`c��O,�ƹ'ɍŖĜ*�ĉǟ+:#&¹Íb�]A�Ļ

,ź¶0À´�=�(�'�=ɋWehrens and Buydens 2007Ɍ�Ɨ+ superSOM-ɍĀŘ�(+

Ȫ5���'�= 7ɍĂź¶b�],O~X]��Pǽū+Ƣ�=�(�'�=���'

Ăź¶b�]ɋ¦
.ɍƧ*=Âƞũ�+��=šǉÅ,Ȥ�ćƨƝAžȕ�=Ɍ�;ǹî

ȳ,Ƭ�£Ƣɋ¦
.ɍÂƞ × šȳ,Ƭ�£ƢɌAņÃ�= 7ɍ4��ĽÄÄū+:<º

b�]A¡ź¶ƽȳɋPC spaceɌ�+w`q�&ɍƧ*=ǹî,ȳ'ĀÕ�=Ȥ�ćA PC space

�',ĀÕȬɋΔPCɌ(�& PCȔ�(+Ǿǃ�=�º ΔPC+$�&ɍĀŘ�(+Ȫ5��

�'�=O~X]��Pśƃ'
= superSOM 'ǽū�=�(+:<ɍƧ*=ǹîȳ',Ƭ

�£Ƣɋ¦
.ɍƧ*=Âƞũ��'šǉÅ,Ȥ�ćƨƝl]���ĀÕ�=ƗĲɌAVX

ay�r�'ǿș�ƞǽ�=�(�'�=��,:�*ǽū+:#&ɍĮŪ,sD�FY

DEGs ǽū9O~X]��Pǽū'-ŲÃ'�*�Ȥ�ćƨƝ,^FexOX�Ş;�+*

=�¦
. Chitwood et al.ɋ2013bɌ'-ɍcwc(Șǚƹ,Ƨ*=ǐǛ+��= RNA-seqb

�]A¥#&ɍΔPC AƢ� superSOM O~X]��PǽūAĵƢ�=�(+:<ɍƹȳ'

,ǐǛÇ,Ȥ�ćƨƝl]��,ĀÕ,ƗĲAŞ;�+� ��,�'ɍcwc,Ȥ�ć-

Șǚƹ,ƬãȤ�ć+ž1&ɍz�XayAå6ǐǛ'ɉ�ƨƝɍÄÕ� ǐǛ'-¡�ƨ

ƝAƳ�³ä+
<ɍ�>-ƹȳ,z�Xay,ă��,ȡ�AÝŠ�&� � 

 

�����857CF1^U�

� ƠƖƹ�Ƴ�Ŵ�*Ɲȋ,Ă�-ɍŘØ�;Ř�,Ƨ*=Ȥ�ćǝ,Ǹȹ*Éİh`c�

�O,Ō=ǩ�+¨Ĉ�=��,:�*Ǹȹ*VXayAƞǽ�= 7+ɍȤ�ćÉİh`

c��O,ŏČ(�,{W|��ɋTph`c��OɌ,ÒƜƩ*ãČ-ɍƝ�,VXay

ƠƖĉ+��=�ĳƩȆɄ,�$'
=�T�q�Ř�üÏ� c~�XO�qc�yb�
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]-ɍȤ�ć X―Ȥ�ć Y ƨƝl]��ȳ,Ʌ�ķɋ¼ƨƝɌAǕǜƩ+ȇ1=Ȥ�ć¼ƨ

Ɲh`c��OǽūɋȤ�ćAƐ�Ȥ�ćȳȴȝķAǘ'Ǵ�h`c��OɌA�;+ħÍ

+�=ɋñ 2DɌ��,ƨƝl]��ȳ,ȴȝķAȇ1=Ʌ�ķēĢ+$�&-ɍnD\�Ƭ

ȴ«Ř ɋr-ɍ�ĀŘ X, Y(,ȴ«ķ,ŉŵɍ-1 < r < 1,°A(=Ɍ �Ţ8:�¥@>&

�=ɋde Siqueira Santos et al. 2014Ɍ����ɍnD\�Ƭȴ«Ř-ɍƨƝl]��ȳ,ƫǘȴ

«,5�ŏČßǦ'
<ɍā>° ɋ�,°+ž1&ȸƾ#&Ƨ*=°Ɍ +�@7&ĥ��

�, 7ɍƫǘ,5*;�ÚȇüƊ+ȴ�&ŏČ�ßǦ'ā>°+ħ�XnDw�,Ɂ Ƭ

ȴ«Ř,ȢƢ8ţÒ'
=�4 Ȥ�ć X( Y(,ȳ,Ƭȴȴ«�Ĉò�&8ɍǀ 3,Ȥ�

ć Z A�� Ǻ���,Ƭȴȴ«AǺ&�=Q�X8
=��,:�*ĪȽAȶ� 7+ɍ

±Ƭȴ«Ř�ÈƢ'�=ɋde la Fuente et al. 2004Ɍ� 

� Ȥ�ć X―Ȥ�ć Y ƨƝl]��ȳ,ȴ«ķ-ƫǘɋǘĩɌȴ«,5*;�Ŵ�*Ȼǘĩ

ȴ«�å4>=ßǦķ�
=��, 7ĹøƞȈ+÷%�ɍX( Y(�¼ţ�=ĹøȬAƌ

=Ƭ�ĹøȬA¥# 2ĀŘȳ,ȴ«ķ,ŏČ���B+ƯƼ�>&�=ɋVinga 2014ɏWang 

and Huang 2014; Liu 2015Ɍ�ȘĠ'-ɍŢăĹø«ŘɍMaximal Information CoefficientɋMICɍ

Reshef et al. 2011Ɍ9 Hilbert-Schmidt Independence CriteriaɋHSICɍGretton et al. 2005Ɍ�ĀŘ

ȳ,Ȼǘĩȴ«AČȬ�=�21�Ǌ,Ƭȴ�*)(ƪ�>&�=�4 ɍǘĩ�Řŀƃ+÷

%�&ĀŘȳ,ƫŎƩ¨ĈķAŏČ�= network deconvolution8ŐŰ�>&�=ɋFeizi et al. 

2013Ɍ� !Ȥ�ć¼ƨƝȴ«,ŏČ+ȵ# ùâɍƬ�ĹøȬ+÷%�ŀƃ�Ƭȴ+ž1&

Ĵ��8µ>&�=@�'-*�ɍùâ+:#&-ā>°+ħ�Ƭȴ«Ř  biweight 

midcorrelation� MICAÁ��(�Ƴ�>&�=ɋSong et al. 2012Ɍ� 

� �ǿ,:�*h`c��Oǽū�;ɍȤ�ćƨƝ,5,b�]'
=+8��@;�ɍȤ

�ćÉİh`c��O,�ȥAŏČ�=�(�'�=�čȸǯǡ;8cwc(Șǚƹ+��

=Ǯ,Ƨ*=ƨƠXa�W, RNA-seqb�]�;ɍǮ,ĩļȞÕ+Ȫǹ*Ȥ�ćÉİh`c

��O,{W|��AŏČ�ɍčɇb�]+:#&�,ǒŬAŔň� ɋIchihashi et al. 2014Ɍ�

Ï
&ɍh`c��Oǽū�;Ȥ�ćŹǦAŏČ�=�(8ßǦ'
=ɋHansen et al. 2014Ɍ�

ƨƝl]����&�=Ȥ�ćãþ-ŹǦ��&�=(ťĬ�>= 7ɍŹǦŜƮ,Ȥ�ć

AMFd(�&Ȥ�ćŹǦ�ƌ�'�=ɋAoki et al. 2007; Usadel et al. 2009Ɍ��,śƃ-ɍű

Ɩ,Ǎǥý9�ź�ȉƖ+ȴȝ� Ȥ�ć,ŹǦǽū'�,ĆÍAƨŒ�&� ɋSaito et al. 

2008Ɍ��� 10 Ġ,ȳ+»¼ÈƢßǦ*b�]AÈƢ� ¼ƨƝb�]AŐ§�=b�]r

�X�ůŽ+ü
&�=�Æť,ȿ-{b�űƖV�FgeYe��ĳ'
# �ɍŢȘ'

-ƹȳ'¼ƨƝȴ«,žȕ8ßǦ+*#&�&�= 7ɋǴ 1Ɍɍh`c��Oǽū�;Ă�

,Ȫǹ*ƠƖĉƩ*Ļæ�ņÃ'�=!?�� 

 

�����6.9-BD2>A857CF1�

� �;+Ǹȹ*ƠƖƝȋAƞǽ�=�'ɍƧ*=h`c��OAžȕ�=ŀƃ�Ĵǹ(*=�
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��'ƨƝĘƧɋDEGsɌ(Ȥ�ć¼ƨƝ(Aǐ5â@� ǧƒ*ŇĦ(�&ɍ¼ƨƝĘƧA

Ǡ
=�(�'�=ɋñ 2EɌ��>-ɍđƓǝ�:/čɇǝ, 2 ǝȳ'Ƨ*=¼ƨƝȴ«A
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