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�Rüüs�;Mh£s`¶6t��!:¬RO�;Mh

U�tSZ� mRNA-miRNAì�^;w��ôTQwK�

��

>± ³Â1,a)

�A� microRNA (miRNA)x�×t�:w mRNA �ª$q` z fwª$wCq�Hb�;ó�Ëm8

ø�M�¼ q`o«è�B�oM� { �hz miRNAxC\z Caz ¤�ìñsr¿cs\úqÅt��

`oM�\qU���oS� z  ;Í�Ï�~ �ª$q`oOApK� { `T` z x�w miRNAUr

w�OsÝ¯prw mRNA wCqM�t��loM�T¢ Ý¯��Q£ �âO$tÐ��\qxîg$

tÉ`M{ ¿X Ót`oM�Ì ¦ ïÑ¥ ��lh'�x�»Õ�µpK� z miRNA-mRNAì�^;

wÝ¯��Q�SépVsM{ Ùåz \w7sv��z miRNA/mRNAwCqÓéÑ�  ç�;M�\q

pÐ�ýQz Ý¯��Q�ß�tÖ�hÍpz miRNA-mRNAì�^;�'�`�Oqb�¼�U]�t

sloM� { \��wZ�px°`t miRNA-mRNAì�^;w��t�qlo��tCqU!=`o

M� miRNA/mRNAw���æO\qU°`$pK�Uz ��tCqU!=`oM� miRNA/mRNAw

��tGVsÞ�QU_���\qU�X z \wALz® &ps:w��s miRNA-mRNAì�^;��

����Ot miRNA/mRNA wCq!=t�b���Qw`VM��¯ïÄ é�çb� ¯ qMO�¤8

WsÄ6ts�UjpK� { �Z�px\w:�~³`oz ó:wU�wCqÓéÑ�  çt0`oo°

w,jp® ��s miRNAz mRNACq!=¯ ���` z® ��Qw,j¯ T�® Þ�Q¯ �	�b�h�

tz ¶�UÙå��`oM�£s`¶6�;Mh�Rüüst��!:¬RO�;Mz °�wRL��

h [1]wp\\tC�b� {

1. xa�t

miRNA wª$ mRNA xÝ¯��$pK� z ìñ~ C

\��~ Ì�sr�0t�h�A¼t��`oM� { �t

miRNAt��¨; CqM�Óé·µx8ø�M�pK

� z 8øÓé·µUÆ!pKlo�74$s��\Rúp

K�h�zX w\���!=^d�qMO�¯pz OÚ$

sÓé·µpK�{ ^�tzx�wmiRNAU�:x¢ ��

t`o:¦x�Í£ w mRNA �ª$tb�® DóQ¯ �

ËloM�qMOÄîUÝ¯��Égrtb� { °`tÌ

  ¦  ïÑ¥ p'�pV� miRNA-mRNAì�^;x�

»ØCÕ�µpK�\w® DóQ¯ w'�taWsM¢ î

Mtxz f�^Q^Stv�UK�\qU���oM� £{

°Mz îg$t\wì�^;�UÂb�wtxrGs¿o

�Ab�h�tqî$pxsM{ miRNA-mRNAAù�{

�`o��Z`hÍtz fwAùt���� miRNA�"

Urw miRNA�Rpz �hz mRNA�"Urw8øú
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�Z�º0xbptj¶æ�q`oåæA� [1] pK�

�RT���`sX oxs�sM{ NMz �As�»�"

w:���$tÿGb� { °S-�`o`�Qyz Ý¯�

�sX �;pV� DNA�»wrs�z mRNA� miRNA

w�"w��iZæQyMMz RNA-seq� miRNA-seqt

z�o��UTT�Âtz ���hØCxÝ¯��$pK

� z ÚEU!��y�a miRNA-mRNAAù��Rb�

qMO-Â�sM{ v��hZ�¿ops��TwAL�

ZfOqb�y\w7sZ�x�Z���wUgwpµp

K� { NMz GüsØCU���sM{

\w7s�É��cTp�~³`�Oq zmiRNA/mRNA

wCqÓéÑ�  çwØC�;Mo miRNAwª$mRNA

���` �O q MO ¼�xTs�²T�æ��oM� {

7�s¼æh¡�&oz qOwÃÑ� «Ä µ»ï¼�Åx

�<w�OtsloM� { �cz Dósb�ow i, k Ö�

�ßQ�wpxsX z mRNA,miRNA]qtz â^�¢ ì

ñsr£ q¯ïÄ é�ç�¢ H×�sr£ qw�p��s

Cq)UK��w�¬Hb�\qpß�b�V i, k Ö�w

:�Þ�\�pT� z

xmRNA

ij = aikx
miRNA

kj + bi, j = 1, . . . ,M, (1)
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(1) Üws<üs�æO { \ \ p xmRNA

ij x j jèw±ï

ÓçtSZ� i jèw mRNA wCq�z xmiRNA

kj x j j

èw±ïÓçtSZ� k jèw miRNAwCq�z aik, bi

xs<�:pK� z M x±ïÓçwï:pK� { (1) Ü

ws<üsp��sì�U_��hÔùt z i, k Ö�U

��s miRNA-mRNAì�^;pK�q_sb{ \wA

Lz ß�`sX oxs�sM i, k Ö�w:�n�b\ q

UpV��O ts� z miRNA-mRNA ì�^;w'��

miRNA/mRNACqÓéÑ�   ç�;MoæO \ qUD

óts� z �:wæ�UZ[^�oM� {

°_z \�pðJxr>`h�O t_QhUz �wð

JUIVoM��O t¥��� { â^�q¯ïÄ é�ç

�w�p��tCq)UK� miRNA,mRNA �¬Rb�

ÔùtÚ�QU�lo` �lh{ miRNA-mRNA ì�^

;�CqÓéÑ �   çT���b�Ôùtz j� rMM

miRNA,mRNA w:qMO wU�Ob� { K���X w

miRNA,mRNA ��`hwpxz i, k Ö�w:�n�bq

MOpswè$ULh^�sM{ °Mz miRNA,mRNAw

:�Ü���bW�qf�f�Ì ¦ ïÑ¥ p'�^�

h miRNA-mRNAwÖ�U�sX s�bWo`�Mz A

Lz ��pV� miRNA-mRNA Ö�w:U�q�rsX

slo`�O { `T` z â^�q¯ïÄ é�ç�w�p�

�tCq)UK� miRNA,mRNAw,jx Mw:UÿQ

�yz !=` z °`tGVs M px]X ÇTs)U��

qQ�^�o`�Mz rGs:w miRNA,mRNAU�l

o`�O { \w7sÔùtxM���Ñ¥�çÅ)p^�

tÜ����æO \qts�Uz Ñ¥�çÅ)t��¬�

xz ` VM�w��tËt �TZoGVs×�SUK

� { \wALz â^�q¯ïÄ é�ç�w�p��tCq

)UK� miRNA,mRNA�¬Rb�,jUz æ�wå t

j� O r�Mx:w miRNA,mRNA ��bh�w½á�

Çï¬ÍåÝ�»w7tslo`�loM� ¢ ¯ 1£{ \

�px\ú¶$t��`hAL���wxÉ`X z îg]

qt�lhALtslo`�ODóQ�÷çpVsM{ f

\p�sf�x7Ù��`oM�£s`¶6�;Mh�

Rüüst��!:¬RO [13–26] �;Moó:wU�w

ÓéÑ�  çtSMow°w,jp��sCq!=UK�

miRNA/mRNAw¬R�æO \qUpVsMT�¼�h{

fwALz f�s�wR��hwp\\tC�b� [1]{

2. AL

Z�¶.wv��$ 1t³Mh{ �Z�º0xbptj

¶æ�q`oåæA�pK� [1]wpz ��¤tÆ`o

M�ØC¢ «Qyz ��^�h miRNA-mRNAÖ�wé.

$sæµÄ sr�\wZ�C�¤tx��sTlh£ tm

Moxj¶æ���°^�hM{

¯ 2 t£s`¶6�;Mh�Rüüst��!:¬

RO (Çå A.1)p��sCq)UK� miRNA/mRNAw

¯ 1 ��sCq!=�Ëm miRN/mRNA w¬�,jw°æz �

æZ�tSZ�«{

��)Q�,j

�� miRNA mRNA �Y

HCC FDR ≤ 0.01; log2 FC ≥ 1 [2]

NSCLC FDR < 0.1 by SAM [3]

ESCC �æ�Y�� FC > 1.5 [4]

FDR < 0.05 FC > 3; FDR < 0.001 [5]

FDR < 0.05 [6]

PC Á` [7]

CRC FDR < 0.05 [8]

CC FC > 1.2; FDR< 0.1 [9]

BC miRtest [10] G\s` [11]

PDA FDR∗ < 0.05; | log FC | > 1 [12]

HCC:
IT�, NSCLC:��IT��, ESCC:ï�O�Í}�,

PC:²q¥�, CRC:GÎ�, CC:AÎ�, BC:Õ�, PDA:���,

FC:fold change, Î : Bonferroni’s correction-adjusted p value

������������� ������������
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$ 1 Z�¶.wv�{

¬RAL��q�h (BH,j [27] p�Oz±4Y`h P

�U 0.01�<£{ \��xf�g�U�lh�è �¥t

��-�¢ °æ NGS)pK� z ����0t�hloM�

` z ±ïÓç:��j�jiUz t����cz ��sC

q)UK�q��^�h miRNA/mRNAw:x×Ýwc

�ºtqr�loM� { \ú¶$s:T�`oz U�=

taR:w miRNA/mRNAU��`oM�qx¥QsM

` z TqMloz  Ë�GVX Â���qMOw��sb

W�>Ub� { fw�¯px\ú¶$t%pqÝ�^��

c�w:Uw°,jpO�X ¬�^�hqtQ�wpxs

Mi�OT{

Ítz \��w¬R^�h miRNA/mRNAUVj�q

U�ñ�qH×�w)�¯`oM�T�¬Ýb�h�tz

¬R^�h miRNA/mRNAw��;MhU�ñ��H×
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¯ 2 ��tCq)UK� mRNA/miRNA w¬RAL�q�{ 

£s`¶6�;Mh�Rüüst��!:¬ROp¬R^�

TrOT�G\`oK� {

±ïÓç: Óé�Ò:

�� GEO ID �ñ� H×� ¬R �¬R

HCC

mRNA GSE45114 24 25 269 22963

miRNA GSE36915 68 21 58 1087

NSCLC

mRNA GSE18842 46 45 1098 53504

miRNA GSE15008 187 174 268 3428

ESCC

mRNA GSE38129 30 30 189 22088

miRNA GSE19337 76 76 37 1217

PC

mRNA GSE21032 150 29 399 43020

miRNA GSE84318 27 27 23 700

CRC/CC

mRNA GSE41258 186 54 309 21974

miRNA GSE48267 30 30 12 839

BC

mRNA GSE29174 110 11 980 33600

miRNA GSE28884 173 16 18 2258

�wQ�ó�UÂ`h¢ ¯ 3£{ MOxf�U£s`¶6

�;Mh�Rüüst��!:¬ROqÊ�ù�do�O

\q���`oM�® ¬R^�h miRNA/mRNAiZ�

;Mo6Sz miRNA/mRNA ��RüüspÿÍit�

���z ���h�RüÛY�¢ ±ïÓç��Q�¯q£

�;Mo¢�Q��æO ¯ qMOMO�>;`h{ Q�p

 � � ËpK� mRNA �;MhÔùw��IT�U�w

Q��xa�q`oz ïaoQ�óx�·pK� { \w\

qT��s¬R^�h miRNA/mRNAxVj�qñ�q

H×�w)�Sé`oM�q¥��� {

7 � t ¬ R ^ � h miRNA/miRNA w � t Tar-

getScan [28] p*�^��ª$��Ur�X �M���

oM�T�¬Ý`h¢ conserved targetw���;£{ Tar-

getScanx
K � h

:�K��»ØCt,nX miRNA-mRNAª$

��*�Ã�»Õ�µw¤p��lq�VEQU�sM

Ã�»Õ�µq`o���oS� z �t conserved target

tv�qVEQxTs��sX s� { hiz fwÔùz

Dós:Uv��o`�O wpz �æZ�p TargetScan

w conserved set iZ�;Mh�wx�sM{ <��b�

qÎ¿ Ä :U�×tnlo` �O T�`�sMT�pK

� { ` T` z �swrspxz b�ow��tSMo z

mRNA,miRNAwCq!=U��TmoM²¢ mRNAU

��tCqÿGs� miRNA x��tCqn�z K�M

xz fwowÊ�ù�d£ pK��w� m�Í_mZ�

\qUpVh¢ ¯ 4£{ ï�O�Í}�qGÎ��AÎ�

wÔùz ��pVh miRNA-mRNAì�^;w:x:x

tslo`�lhUz ¸épxsM{ Ëtz \��wÖ�

¯ 3 ¬R^�h miRNA/mRNA w��;MhÔùwU�ñ��

H×�w¢�Q�AL (��æ»){ �Rü:: Q�t;Mh

�Rü:{ P �q¦¿ ¶zxÑ� ¿ ³ß�wY¬¬pU�p

-�`h{ *x P < 2.22E-16w�w{ »UqîpæU'Ý{

mRNA miRNA

HCC H×� HCC H×�

HCC 20 0 64 0

H×� 4 25 4 21

(4, 3.75E-10, ∞) (10, *, ∞)

NSCLC H×� NSCLC H×�

NSCLC 46 0 171 12

H×� 0 45 16 162

(2,*, ∞) (5, *, 1.39E+2)

ESCC H×� ESCC H×�

ESCC 28 2 63 11

H×� 2 28 13 65

(2, 3.22E-12, 1.54E+2) (6, *, 2.77E+1)

PC H×� PC H×�

PC 139 4 22 3

H×� 11 25 5 24

(8, *, 7.45E+1) (4, 2.88E-7, 3.17E+1)

CRC H×� CC H×�

CRC/CC 178 5 27 3

H×� 8 49 3 27

(8, *, 2.02E+2) (4, 2.82E-10, 6.98E+1)

BC H×� BC H×�

BC 110 0 169 5

H×� 0 11 4 11

(3, 7.83E-16, ∞) (18, 2.62E-11, 8.49E+1)

Å�ºw:�xqt (�Rü:, P �, ¦¿ ¶z) �¯b{

t���� miRNA,mRNAw¶otmMo�YUg�æ

Mz 0Åqs�U�qw�È�C�b�Z�C�UK�T

�Ð�h{ fwALz ²q¥�wÔù��V z ��^�h

miRNA-mRNA Ö��ÏRb� miRNA w¶o z mRNA

wG�:tmMo0Åqs���qw���Ô&b�7C

U�sX q�°CxKlh{ ²q¥�w�se7CwK�

mRNAUR:�<swTwg�xÆÌiUz �srs0

Åq`h��wOjpx²q¥�iZUyW$t�®pU

�sM¢ � å\�px�� � � ËpK� £ h�z f�f

� z K��Z�0ÅqsloMsMwpxsMTz qf�

xßQoM� {

^ � tÖ� tmMo starbase [29] tSMo��s

miRNA-mRNAwÛì�UC�^�oM� miRNA-mRNA

wÖ�w:�-:`h{ starbasepx7�Ã�»Õ�µT

�  � �w�w miRNA,mRNAwÓéÑ�   ç�¼¢ï

é�Å `o z Ûì�UK� miRNA-mRNA �æ µÄ =`

oM� { �s{lh� �¨w�U¶o starbaset���o

M��ZpxsMwpz z±wh� � �¨w�wOj

mp�Ûì�U¬ÝpV� miRNA-mRNAÖ��§¢ï

Ä `h{ ¯ 4tK��OtG�TttloRü�wÖ�U
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¯ 4 TargetScan wAL�;Mh miRNA-mRNA ª$����

AL{ Ö�x miRNA-mRNA Ö�wOjz TargetScan t�

��oM�:{ miRNA,mRNA xfwÖ��ÏR` oM�

miRNA,mRNAw:pK� { Ö�w:�� z miRNA,mRNA

w:U�sMwxó:wÖ�t�°w miRNA,mRNAU��

��ÔùUK�T�pK� { Å�ºw:x miRNA,mRNA

tmMox z ��tmMow�ÈZ�UK�7CUK�

miRNA,mRNA w:z Ö�tmMo starbase p��sÛ

ì�UC�^�oM�Ö�w:pK� {

��y Ö� miRNA mRNA

HCC 20 (9) 13 (13) 18 (16)

NSCLC 311 (184) 27 (27) 113 (72)

ESCC 4 (2) 3 (3) 4 (4)

PC 32 (18) 8 (8) 19 (6)

CRC/CC 8 (3) 7 (7) 7 (6)

BC 37 (17) 11 (11) 30 (25)

starbaseps��Tw��p��sÛì��C�^�oM

�\qT� z �swrs�Op���h miRNA-mRNAÖ

�xîgq�X °�`oM�q'Ý^�� {

3. ^æqAæ

�Z�px��^�h miRNA-mRNAÖ�wÿRüUz

 qsîgALtmMo� z Ûì���loM�qMOA

L��h{ \�Urw�SwQóswT�TpxsMUz

TargetScano.wÔùz Ûì�U�^�hwx 676265

Ö�wOj�cT 3210Ö�¢ � } � Ë�<£ qMOC�

�K�wp [30]z '�QóU¶`X ²Í`hwx�§Ms

Mq¥��� {

�hz �Z�px miRNA,mRNA p�lh¯×�Ä �

�lhÍpz f�g�pU�ñ��H×��wCq!=U

opK� miRNA-mRNAÖ��¬Rb�qMOMO�ql

oM� { �lh¯×�Ä �>;b�\qp mRNA,miRNA

CqÓéÑ �   çw¬Rw×�SU¿U�\ q ts� {

�lh¯×�Ä ��lo�^SwôM miRNA-mRNAì

�^;w��UpV�qMOwx��Ow�gs:pxK

�wpKQo\\p§Ð`oSX {

°Mpz �w�æZ�qwz±x°1pK� { ses

� z f�f� z �»ØCt,nX miRNA-mRNA'�q

miRNA,mRNAwCqÓéÑ�  çwØC�wù$trs

`hÔùz f�Urw�SwQóswTz qMO½£¿ «

Us^�oM�æ�xsTsTÁMT�pK� { è×z \

w�wZ�xèw²t miRNA,mRNACqÓéÑ�   ç

UK� z fw¤prw miRNAUrw mRNA �ª$q`

oM�T���hMz qMO�;ps^��wpz ZhA

L�ËtH~�wÃ�»Õ�µq¥Vù�d� z qMO\

qxK��^�sM{ µ¯xèw²wÃ�»t`Tswpz

ALU\ú¶$t%ppK�yz f��Íws{xs^�

sMwi{ °`t\w7s�;ps^��Z�U�Mz q

MO\qUîMz ¯ 1t_����Otz miRNA,mRNA

w��sCq)w��UZ�]qtÌåÌåp�m�>t

`sMz qMO\qtmsUloM�wi�O { fw�¯

px��^�h miRNA-mRNAÖ�Urw�SY`Mw

Tz qMOðJ�Ý×.z �i�i�sMwpf�f� z

�Z�w�Os\qxs^�sMwT�`�sM{ \wZ

�w°A��R�4hsX oxs�sMi�O {

�hz \w�wZ�¢ ��^�h miRNA-mRNAÖ�w

Y¬^ws{£U�sMwxzK��t��X wÖ�U��

^�o`�O \qU�X o½£¿ «`V�sMz qMO\

q�è¹`oM�q¥��� { ��^�� miRNA-mRNA

Ö�w:x:�tt�\qUè×pz �Z�tK��Otz

°x°xw miRNA � mRNAw�YUg�z x�wÖ�

w starbase qwz±srqo��loM��sMz qMO

wUqîpK� { fw�¯px�Oz±4Y^�h P�U

0.01�<qMO]X ph�²w,jpK�sU� z ��^

��Ö�w:�:GT�:¦�StHQ�\qUpV��

�Ox�×t�;s�OpK�qtQ�i�O {

qOz miRNA-mRNAÖ��îg$t¬Âb�tx³�

Å�¬qzy�� z miRNAU mRNA wª$qb��¬

t!��Ö�o miRNA q mRNAw�wÛì�U«æb

�TrOT�_���t�UsM{ �×t��wTT�î

gpz Ãzs\q�MQyz °xwÖ�wîg$sUÂ]

qtæ�U°�{T�oM��OsÝ¯pK� { `hUl

o z �Z�p���h�O s miRNA-mRNA Ö��îg

$t{��wxìp�ts� { f��� z �`� z �s\

�iZw:tÜ�h miRNA-mRNAÖ�wîg$sUÂ

�e{��hMqq\�iU�æsU�f�txf�iZ

w��UsM{ ��wZ��4jhM{

7�tz 7Ù P���lhZ�t0`oz �×téph

�U§MwiUz �Z�w�Ot P��-�b�0Å�»

Éb�y�MwpKloz Mhc�tÕ ¶w-�ÄQÞ

Ãæï¬w7svæ�w�Otølo`�Owxz ²_q

`oxrOTq¥O { �Z�px�RüüsqMO-��

$tx�q�r¸éts`M-�`T`oMsMUz f�

p�\�iZwALxZd� { -�;pxsX z ���O

�Viz qtlh�tMbWi�OT�

�ß�Y
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