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Identification of microRNA target using neural network
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microRNA(miRNA)E ~22 nucleotide(nt)®] ©d719 (single-stranded) RNA ¥224 mRNA®} 3'-
untranslated region (3' UTR)o] AR A2 2 Agslo FHa 2L Aojdtes M2 2HEH) AF7
A AYe 53 1184 /e miRNAZF €2lA gleu, miRNAd 93] 2AHE target HrARE 4d49 o
HEoE olhAA Al gz BT mRNAE NEY Aot BRI target =&F FRA A%E 5

7l W& 7189 AE U WY O T mRNAY targetE & 22 4& Yof ofHch 2 =

ERAF L2

©]-8-3l4 mRNA9| 3° UTRAM miRNAZF A¥sle 99§ d&3i9ch A3 FLE ujdg e doledg s
& & 9lo] miRNA target ol Zol 2 ¥8ith miRNASH mRNAS] A% 992 chabsla EAs gz 71E %

ol ol Axsl wlmeted 4%¢ Yrhehele,

1.AE

microRNA(mIRNA)}E 21-25 nucleotide(nt)S RNA &
T2 A mANAS| HES AXBIH N3 MES REXN &
B2 XY HOsts g8 8t [1] & =2 microRNA
(primary miRNA/pri-miRNA)= & QA Droshacts
RNaselll type 20 2ok 70-90nt T2} stem-loop
X2 HENXLD, 0lF HMZERZ 018810 Dicercle
SA0 2dl 21-25 nt9 H =8 miRNA (mature miRNA)
2 GESUECH[2] &2 01218 mIANAE SH5ID| 6l
SEM il S99 AHaretmol ¢wH([3]D northern
blot[4], miRNP £2I[5], clone library[3]S0! A8 1
QCH 0l2i& A8 E Sall 1184 IS miRNADI SH L™
OL} A8 HHASOR 25t L2 mIRNAS S
Jls2 OlX Yo XX &S &EHOICH H=8 miRNAZ
mRNA &0 Z&tole |= 3'-untranslated region
(3'-UTR) 21d olge B AEX HAEE oK 2%
st O Olatey EDiD Xl{mismatch) 8tC}. OIX &
mMIRNA= targetdt 28 42X AEES 6100 MEo A
O3t &D| T2 2128 ME bl YH2Z miRNAY
target2 = A2 48 0| OLULE 2O2HA miRNASL
Jlsg #oldl #of =2 M2 JF2s8 Aol
(bioinformatics) 2& Ml A A28t miRNA target 0ilx &
HEO YHIAUCH [6]1[7]1(8] J2iLt Ol2{8 HBIES
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IRNAZ} mRNAZHS! Xt Oitd Xl (free energy)
oOtE EAXSZ Hiuwdt=o AR W20 B
MOl HZ20) ERoltt & =2 dadYs 0
& N0t 8T (Caenorhabditis elegans) mRNA
TRU A miRNADJL Z&lols YEE GISoHATH
2 E2tMelD 20 HS =) 2ot SH 2
OiLE E2lAE HIOIHE UWESRNID 0 &N
AN miRNA target I 0l = &06ICt.

AA

3

w
e

+

2
ceem

]2}
ro

2

e loga
>

02 10 0¥ o O

e
b

g
oz
i3

2.1. 0l ol &
85 HIOIEE 8oz SHE 1801 ol N0t A5
miRNA:target site A2 AI28IUCH[9] AIES HI0IEI=
o 2CH lin=14/let-7 3%, lin-14/lin-4 7%, lin—-
28/lin-4 1, lin-28/let-7 14, [in-41/lin-4 14, fin-
41/let-7 24, daf-12/let-7 30| AI=2 &I ACt. Negative
data2 AMEE miRNA sequences= Rfam CGiOIEIHI 0Ol A&
ZEH M 10l 852 miRNA 191J1E TI22& &Y
0 mRNA 3' UTRE& EnsMart version 15.12 AI85I%
Ch. olol Aoz EFE miRNA/mRANA 3" UTRA0
seed2 21 ABNMO=Z 5J) 0|4 ZEot] Hgst 2N
2 Ola2 TS HUKIE 2= AESES FEAZ M-8t

Ol negative data 814E CHE 0 AISotRUCH
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22.8 &
miRNA seed0l2t E212E miRNASl 5 Z K& JHe
I miRNAJI targetS 9.'“ ot=ll 2y ERE 212
2 ZICH[71(10] mIRNA seed® 29 XIR HiHXls &
B GiFE ZAols #a 2A0(0 miRNA seedg X<l
8 LIOHXI D] SAl O] 248 ZHSHCL[10] &8, GU
wobble paire & % & = ol(thermodynamic) °._"§‘é‘° |
€2 miRNA/target Z&E& Y8istCh.[10] 2l
mRNAE 8tJHX] Ol& Sl miRNAOL 216 &80l 2 A D
AHSY HTE= mRNAZE mIBNAZDE 20l ACH[10]
Ol 22 E3E8 HEge2 Us ¢ 8IiXe =3
(feature)@ £XI81 AIH MBLS U202 AIREIAUT

(1) miRNA seed? mRNA 3' UTROI &2 0I2 o,
MPMo=z Hstol= S22 M

(2) miRNA seedZ mRNA 3’ UTRS X8 OIL X
(free energy)

(3) MIRNASH mRNA 3" UTR 28 &9 IS iU

Xl

(4) miRNA seed EH 2 G/U wobble pair 2

(5) 2835t MA RNA X = G/U wobble pair
JH—r-

(6) MIRNA/mRNA 3" UTR Z& RX0M ag2® A
&2 8tXl ¥ 2(mismatch) Z212 £

(7) miRNA/MRNA 3' UTR 28 I XZUAM MBS

2 2@ sdt=(match) gI19 £
(8) & JH2l miRNADJL Z & 5t= mRNAS! 4
(9) 8 2 mRNAOI Z & dh= miRNA JH 4
(10) & ISl mRNA 0l miRNAJ} Z&8t=
=

(11) 8t JKS miRNAJt
2EHO T

R

B
©U

[z2% 1] lin-14 mRNA9] 3'UTR # lin-4 miRNAY]

Ag7z 4

X+
-y

g3

ZEots 2 mRNAHOIA

Uz@@@

[2 112 lin-14 mRNAS 3" UTROI lin-4 miRNAJ}

2Es 252 UEHYCH 84 AI|= miRNA seed?t
mRNASI Z§ H=20IC 0 222 U8 HuUXsE =2
&3 5120 positive GIOIE S0l G/U wobble pairs
HO LASX AUACH 01248 mANA/target RNA 24 2
Xe s i X2 G/U wobble pair %, Z& 8 A
o M4, ZBEIGHK %2 Il MAaE LS SHUACH
RNA 2X} 22 s ddXiel £3 2 Vienna RNA 2Xt
FX 0IZ Z233 (Secondary Prediction Program) £
A3t
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[O0% 2]= lin-14 mRNAS 3° UTRL Z&totes let-
7,1in-48AE 2 ECH Lin-14% 2& 6= miRNAE 2
N2 LM UA2H let-72 704, lin-4= 3} HEXE

1 ACH Let=71 lin-4= 1in-28, lin-411 22 mRNA
9 3 UTRIIZ Z2&ol= 2e2 Ui AULH

Lin-14 3'UTR

Let-7 == 1
Lin-4 e ] [am ]
[=¥ 2] lin-14 mRNA¢9] 3'UTR# let-7, lin-4¢}
& A W= 9
P SH0l= Weka 3.4 AIESIRSH miRNA
target®! Xl OIHIXIE el ERIIZE US HYEE
(MLP: multi-layer percepiron) ME28t20. Y8 L
= 1M, &8 S ' Wl/otLIR’ & 2J80ICH B &
28 B MY =8 2 olUH sgg, 2
g, Decays= 22 0.3, 0.2, TrueE SHE6iRUCH 2 2 &
2E2 JIE2H 4F gt MB35} L] 5-fold cross
validation22 HIIoICH [O& 3] MMAQ T2
ol 55 BHEL.
Input Learning
sequence Ereee: process
Positive data energy Neural Yes
preprocessing GU pair [y network Ta:jrget
I i prediction
Negative ntersa:::elon (weka)
data
generation
(28 3] =20 5 §%
3. dEED
e 22 43S0 A, 5-fold cross validation $H22
Ot ’a‘ﬁ% [(E1]0A EO1§C}. ExEE= 71%2 Hl

DN $SAOZ 2ol=d 1 0IR
2% 92 =) (2 ROZ Han,

= training data® M

™ FP Precisi | Recall F- Target
Rate Rate on Measure

0.714 10.012 10.938 | 0.714 |0.811 Yes
0.988 |(0.286 |0.93 0.988 |0.958 | No

[E 2] 5-fold cross validation2 48§ A 7%} &5 A3

Stark et al.2 10! Xﬂ/\la gHHEA A miRNA
targetE GWES &, JH& Jls4d Uz miR-73 mir-2a9]
miRNA target2 & & “%9% ZHBIRULL 8] [H 2]
= 182 0 ZU% 2 =20 28 ¢IE ZuE bilw
TOICH AG 3 Z..x= stark et al.0l target® &85t
Jf /s MAIE JIE 20110 2 =201 MAIS &30
ol GiIZ 2o Kol AT 0RO UZE AT A
2 AHLH0| =20 2 AMIIDF Hl=st 2101 20§ YAHAM
miRNAJH 8 210 & Jis40l sCt0 & 4 UCH

St
gt
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Mir-7 AG Zmax Neural
network result
CG1489-RB -38.7 7.47 Y
HLHmM3 -37.3 7.03 Y
CG17657-RA -35.3 6.39 Y
hairy -35.0 6.29 Y
Tom -34.5 6.13 Y
hep -33.9 5.94
CG8944-RA -33.8 5.91
CG10540-RA -33.1 5.68
CG10444-RA -31.8 5.27 Y
m4 -31.5 5.17 Y
Mir-2a AG Zmax Neural
network result
CG1969-RB -39.0 6.78 Y
CG4269-RA -38.6 6.66
reoper -38.0 6.49 Y
Glaz -34.3 5.42 Y
BG:DS0589 -33.5 5.18
9.3
Scr -33.2 5.1
Hbs -33.0 5.04
amon -32.8 4.99
grim -32.5 4.9 Y
CG7187-RA -32.1 4.78

9 1. stark et al.9] Ao} A3 ] v
4 2 B

miRNAS! JIs(function)& H328H=0 UMM SHHH
0! miRNA target2 =0l (230! HCis FOitH &
=22 miRNAZE 1210 Z&dt= miRNA target 219 §
A2 2N00 HE6I) SENCZ target FEXE &
N3 {es

MU gHEeZE 2 =20 HMAIE 11K &4
S mRNA 3 UTRY 28 29 22X Z=ZIY,
mRNA 3’ UTRS &2t =X, miBNA/mRNA Z& 2
X, bulge® AJI2 |X S O FIHE = A1 siRNA
MA TZ3E miRNA target 0IE0 088 &2 U
Ct. Ol 210 XISDHK HAIE CIE YUY ES Ag A
Q% SEHEQ UIDE SOl s 2S00 s A2 =2
OICH B CH2EH HOIA ABLCIE Sl AL X
MEo XAMg B850l AN E2 400 /U8 A2
JICHEICE. cONALE miRNA, target % XH0ll 208t &g st
12 E= miRNA/targete REXQ JAE HS ESHH
ol0l O H&s &2 JisolH & 2A2a M2
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