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ETZHIERER circRNA— &R XEE X AT

FHIE, HAE, W&

BRDGITE R A THSEAURHE 22T, 162 710000
* JE{E/EH. E-mail: xjlei@snnu.edu.cn

ke B8 2019-07-04; &I HBI: 2019-10-21; #:52 H #1: 2020-01-05; P44 H AR H #: 2021-05-13

FE K BRI EEES (EHES: 61672334, 61972451, 61902230) Al SR AL AR 55 9% LI %5 4 (MAES: 201901010) ZEHIIHH

E K RNA (circluar RNA, circRNA) ZEF KA, FYAERNI BT R ELZEEZAC. Mk
HMEBEE LA, circRNA 5RBHNFAESARGFEFEENRR. AXRHET —MHET S HERE
B 4E 7 HE 5 48 4 % (EDNMF) T circRNA- R KB K R 1% 7 & 8 84 citeRNA- &R A B X &
BATTALE, B4 T circRNA- R % R b 5 B A 0 6 B M B0 1 B 45, EDNME 3%
¥ cireRNA F A% A0 E A U BB AL R, BT HAE B W circRNA- B KB X R X A
Bk B A R T R R AR B R AW AT B, AT T cireRNA- B KRB X R . B I A+ 4 & Ik
¢ % KB, EDNMF 5 7% A8 b 2t 5 i 68 ¥ 8 O T circRNA- J&R 97 < Bk x &, 141, X Al EDNMF
FETUNF Y ciccRNA- BB RBRR RIT 0 H 40 10 WER T, AR ERECELFE T 4L,
AT % BT LR OB TR A B circRNA- & X BR K R

X818 circRNA, circRNA F L3, circRNA- J& i < Bk x &, FE AR FE - ff, T Jm A LtE

1 5|8

PR RNA (circluar RNA, circRNA) s — Ml g 4 S5t A0 22 b 4 i T B8 45 ok A s 1k 3 20 B
RNA (non-coding RNA, ncRNA) [1.2]. 1976 4, Sanger £ [B1 7EAF F7HE 2 55 FA) ok #2725 i il
T RMBMES] T cireRNA. M5, TN REEEZ AT W BEEEE KR P AR ILT cireRNA.
SR, T cireRNA HISE IR . DHREARFAVEAN F FEARSE IR A, AR A — B [R) AT TR A o e s e
BARRPHER =) 67 RH Z 2 2 1 0.

IAER, B el B BRI PROE R R, A8 AR B MDA SN ks BRI 22 1) circRNA,
ST FEH Rz o0 B8Ol e HRE AT AT A, M T KRR S cireRNA AHSIEIEZE, W
PlantcircBase $#5)% )| CircBase $#5 )% 191, CircR2Disease ¥4 i 11 . CSCD ##i 2 121 Fl circAtlas

SIAME: EHMA, TR, XIS, BT ZHIEREH cireRNA- ZFRBOCR TN, hEERL: 588, 2021, 51: 927-939, doi:
10.1360/SSI1-2019-0142
Lei X J, Zhang W X, Liu L. Prediction of circRNA-disease associations based on multiple biological data (in Chinese).
Sci Sin Inform, 2021, 51: 927-939, doi: 10.1360/SSI-2019-0142
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B e 18] 2825 B cireRNA BUREIIEHN, circRNA AV D) REHZ W8 7~, 107824 miRNA 43
Tl M S 50 210 Bt RNA 45650 16 FURFERNEThRE 17180 Z5 HAh, circRNA 2R
T2 S MM TN RE X EL . RIE T H A KB E 2%

HAESR, B ARt e sUE 24 . RBEER B RNA BEii %, Ca ™ El M 7 A fd R 1o~21,
WKL, 25 ciccRNA CAMINS B . & Bk R AR FUR S S w5 kKR
AR EEMELR. circRNAAKT3 {E4 miR-198 4023 PIK3R1 3k, DAY 5 B i 2825 X A
M 241 22, Li 45 23] ©2IESE cireVAPA TE45 B iR N ZURTTL R b, a8l fE 45 B e 24
miR-101 HE47 K5 H U, Xu 25 24 BF R R I cireSETD3 EAFEH A4 b 4 22 N, & af
DAV R — g B4 (0 FrE S ik DR 7. Shi 25 250 R B circ-0014359 fEAHZ BB 40 - 78 24 miRNA-153
MR, FHE IS miR-153/PISK {5 51 M 50 i 5 ik .

PA_Esd s SEB SR TR cireRNA— 75 SR I5C % 58 B J7 14k 5 SRR 9 KB I g S5k 1) 261 pl 2 >
& AT — MR TTVE, BRI BIN T E, AT LAY SEES AT ST SR AL AT LA, DA 44 oK & R I () AN
W 7. Rk, Gfan i@ AL g 22 21 7 VR T cireRNA— 05 SR RIS RN 1 iR AR Uk F 1) . L3 i T
B KB CFIH cireRNA- R RERR R, WRILE % 2 J7 RN cireRNA- S0 RIS R IR A 15
B2 K& BT Fan 55 1 7E 2018 AR SRS 1 77 AR I T 725 > cireRNA- J0i RELOC R,
H A4 661 1 circRNA F1 100 4N, M T CircR2Disease &% . CircRNADisease $# A 28]
WONTHEITNEHT cireRNA- R 8] ) R IBRR SRR 1A R 2L, B 1K Lol PR 1) = A, — 1%
THE T AR AR S . Lei 5 29 £ cireRNA FIBI0 LRI 544 10X 2% bR FR BE AR S48 R A48 R ke
JE circRNA BIRFE A (B8 AE, SR )5 K AR AL SRR cireRNA- S0 KIK G . Fan 45 26 @i
circRNA— JIp RIKIR 5« circRNA A P28 ANBIp ARALLE IR 28 A i 1 S Ay I 4%, ik 1Ry S 1) S )
W 2845 ] KATZ B0 cireRNA- SR KBESE R, Xiao 5 B0 {8 FVLAT IE b 2% STHESETE circRNA
TS 4] F 1 S AL I 286 B FH cireRNA- S50 KIBEOC & Yan 45 27 ZET cireRNA- S50 KK R 531
THE cireRNA 2 [8] DA KBS Z TR AR ACA I, 3t 7 —Fh 2 T 3w 2 9 5 f (Kronecker product) 52
T cireRNA- 0 KK R, Zhao &5 B K4l 3 A KATZ SIERKIR cireRNA- F Ik
KE. Wei &5 32 RH T — T bk 1) =l SRR B 3 S0 R cire RNA- 005 R IR K R

ARLHET circRNA REEEE AR AESSESR E T EDNMF 595 (non-negative matrix
factorization algorithm based on circRNA expression profiles data and disease similarity data) Tl
circRNA- I RIK K R A T RO cireRNA- A SR Bk 8 B8 11/ 17 3 800 T A 4 1l 1 1) AL,
ACE B cireRNA 2 0] (A AR R « 593 2 18] (R AR AL HE B AN B 4 cire RN A 90 R IR OR SR
B, XFPTA Y cireRNA- SR KIS REAT PUALFE. FE T TRAL B J5 1Y) cireRNA- P SRR RS, 1 FH
BERI AR U 0 R SR TN cireRNA- T RHER & AEARTUERE 7 AR A2, 4 circRNA Rk 4
P AN AR AL B A A L AR S, AR R ) T cireRNA RIATE B RAGEFEHEE S HA
£ B A i 1) T8 AR AU B s I Hw ik [ 5 FEAE R A R B BRI 4E 2, Mtk 1A% 48 NMF SEikrh
YE AN E 1) ) L

2 B|ERE
AT VA HEE 0 . AL EE 2 EDNMF 53,
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2.1 HIREFTAE
2.1.1 circRNA- /&R XX R EIE

CircR2Disease ¥ i MUV AR T 725 A cireRNA- Bk KRIEOE R ¥, Hp s 661 A4
circRNAs H1 100 M. A T RIUEEdE EFTE, [UREFFLE CircBase ID Fl gene symbol [1] cir-
cRNAs, &L A2 JGRIA 427 A circRNA- IR RELR R 372 1 circRNAs Al 77 MNEIR.

CircAtlas 2.0 ¥ 7 1312 Rl T 1018 2% circRNA - i B0 R 3G, A CRA 5 CircR2Disease
HHE e [RIRE R AL R OT VAR B cireRNA- i RER G &R, 2402 5 AR A5 1 B 410 4 circRNAs
H 79 AR 465 % cireRNA- i RBEC R,

2.1.2 KRAMFRERL

T [ — AN r] BEXT N 22 AN 4 FR, 4 “clear cell renal cell carcinoma” 5 “clear cell kidney
carcinoma” A%Jii_FARFKR[A—Fisi. 7E Disease ontology H# F 12313) vt s 44 BRHEAT bRtk A, [ 45
— MBI A ME— AR RS “DOID”. FATE G IE T 2.1.1 AN AE A Ecdhs Pe b AL B S B0, A2
TR & IE s A “DOID” IRIm RS, 3845 T 553 2% cireRNA- IR R R, XK K
FHT 465 > circRNAs 1 68 MLE “DOID” HJHEIp 4 AL

2.1.3 circRNA FiAZEHIE

A exoRBase i i B4 th R8T 90 MEAH 58330 /4 circRNAs FIZRIEHUE. KRk Hdl
1 exor_circ_ID #4524 circBase ID 2 J&, FATRIL 2.1.2 /N1 465 4 circRNAs A 268 4™ circRNAs
PFETE 90 MEA EIFRBEEHE. Rk, JIBEAE cireRNA RIEEHRT circRNAs J&, &R a5
1 268 4 circRNAs H1 62 BRI 340 % cireRNA- B RELC R,

2.1.4 FRIE

ACHFERE CD R~ cirecRNA- Fi B oe R 5605, HrP5ERE CD HI4T3R 7N circRNA, 73R R 5
. W cireRNA @ 550§ A RBOCR, WFERE CD(i,5) = 1, RZ R 0. 5EFE CT £I/R circRNA
FIKTERERE, Horf CT(4, j) #7R circRNA i 7EFEA § IR ILE.

S BUES AT A, R OT HhRIAEIUEERE [0,86451.31). Kk, S 1 @B FIME X 5k
FEAR RSN AR SO AERE CT AT MYE AL

. CT(, )
) = et e, ot .

H m RIR cirecRNA 18R, s ROREHLAREPHEANEE, T RonieiE0 CT 5ERE.

AR SR AR 5 R O 2 1A AL, 5 1 RO R T (Gauss) BRI 732, %
DI BAR LR — MR S 5 ThEE AR E ZM FE K ciceRNA f77E 5B Bk R 520

Dg(d;, d;) = exp(—7al|CD(,d;) — CD(-, d;)|1*), (2)

1
Ly ICD( dy)|” (3)

Ya =

1) http://bioinfo.snnu.edu.cn/.

2) http://circatlas.biols.ac.cn/.

3) http://www.disease-ontology.org/.
4) http://www.exorbase.org/.
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Hot n FoRBIRIECE, CD(-,d;) Fon CD JEFEHEE d; 31, Do oz EWEAERE. 1Ak,
AICE R B 1 DOSE FI FBIH 6 R DOID KT R0 2 8] (18 AU Dy B5L R
JTAE R P I AR (AP R

D(i, j) = max(Dg (i, 3), Dr (i, j))- (4)

XFT cireRNA Z 1A IREAE, A St R HT P RO IR TSR35, 70 9002 e ST AZ AR AR A B2 R Ak
(Pearson) FHFCREL. circRNA Sz AHAARE [ 55 SR v 30T AZ RH AL R o 77 2 AL

Calen¢;) = exp(=7el| OD(es: ) = CD(ey. ). (5)
1
’ 6
7 Liet [ICD (e ) (6)
oo m FoR cireRNA IR, CD(c;,) %% CD JEFEH ¢ 17, Co ok cireRNA & ML
HERE. AN, A SCWAIF circRNA FRISERERE CT @il B /R AR R BRI circRNA FRIA AU
R

Ye =

Cpcsres) = > i1 (CT(cy, 1) — avg(CT(ci, 1)) (CT(cy, ) — avg(CT(cy, -)))
\/ Yot (CT(ei, p) — avg(CT(cs, )2 3005, (CT (s, q) — avg(CT(cy, -)))?
Hod m RRRBEEIE P FEARPIEE, CT(ci,-) o CT B ¢; 17, aveg(CT(cy, ) Fon CT(e,-)

HICERIBME, Cp FIR cireRNA FIEMAERERE. 2%, AR TR I72kRE M F circRNA
ARACLE R -

: (7)

C(i,7) = max(Ce(i, j), Cp(i, j))- (8)

BV B R IUVE REAR KRR A T K I EL 40 circRNA— 05 KBRS R AR EL 41 circRNA- J&
T RIR G R AR, CD FEFEPARAE R B 0 e ER, Hor b IR0 5 — & MBS P24, DRI 3 06 44 ) 131
M cireRNA— B RO &7 AR i sz (80321 Sy 7y /b ik F 7 T2 MR, AR SCIEIS cireRNA AHALPE
FEFE O BRAUMMEREFE D A cireRNA- B0 KBS RFFE CD A cireRNA- Bl RO RAT 1
TIALER, 4nF:

Yo = C x CD, 9)
Yp =D x CD/, (10)
Y = max(Ye, Yp), (11)

Horb Yo M Yp 73 MIZR7R A cireRNA AR A EXS cireRNA- IR RIS RIEAT HIE X, Y Tt
2 HE X cireRNA— B SRR R AP

2.2 73k
2.2.1 FEMEANIERIEE D BREE

JE AR5 i (nonnegative matrix factorization, NMF) Bk Lee 45 B0 75 1999 FE IR H, &
R, CaW 2 B T & RS, W EUR T BR2 88 SOE SR 5. Hoz 0 BAE R
ARG Y e R Sl i AN JE U MEAE R i) TR 2, HiR T

Y ~ WH, (12)
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Hh W e R BRONEEFERE, H € R BRONRBIERE, r < min{m,n}.
N T BEMEAE 73 R R R S B 5 I, T RASE SCANTT B4 2K R A

W,H || H 7 ’ ( )
/H\EFI || X ||F i%/\%ﬁlzi X E‘ EI‘ObeniuS ?E‘é&

N TP B 25 A5 R AERVE L S BRI, Pauca 55 BT S 1 — P IE Ak (9l 700 I 4 A
ik, Fa kN

min [V — WH|% + o[ W% + B H|E st. W >0, H>0, (14)

Hdr aeR M g eR NENTSH.
2.2.2 EDNMF &%
AXHHE T EDNMF 5k, Ha kR Boe L R:

. A
min ||V — WHE + M ([WIIE + [HIF) + X |W = TlIE + §3HH’H— D|% st.W =0, H>0. (15)

EDNMF B Ta G 1 circRNA RIATEEAR T gl EEEE D X S5 FE A R 50GE
BEGEAT T 295, Horh, 9000 |W — 7|2 v AR ERIEFERE W & T RG0S cireRNA RIATEFERE T,
EFEAML AT LS EDNMF B35 cireRNA RIEHE M FE AT cireRNA- B KRB R, 1 H AR R %8
ok 5] e A A R R O 1) 40 P M A B8 NI B9 P 2 FE AN o (R R || HYH — D)% £ R
HUH R 5 R B PR I I RO AUL S TR AR LR RE RS D.

2.2.3  {RALIEIRE K A7
filg el (15) STk 32 B R R RIME B H (Lagrange) Fe17% A1 Karush-Kuhn-Tucker
(KKT) B8 BAMA S A BT 200, 3K (15) Mhis B H ek 0T DLgE e SOsfcn
FW.H) =Y =WH|% +M(IWI[E + [[HIF) + AW = T[7 + %HH’H - D|%
=tr(YY') = 2tr(WHY") + tt(WHH'W') + Mtr(WW') + A\itr(HH')
+ Aatr(WW') — 2Xotr(WT') + Aatr(TT")

A A
+ ?Btr(H’HH’H) — M\str(H'HD') + gtr(DD')

+ tr(Ay W) + tr(A H'), (16)

o Ay Rl A, REFMEBIHRT. ARIE (16), ATLAEE W A H 1R S4L
8fE?V;;H) = 2(WHH' + (\ + A)W) = (YH' + A\T)) + Ay, (17)
af(;;}H) =20(W'WH+ X NsHH'H + M\ H) — (W'Y + \3HD)) + As. (18)

NTHIEW >0, H>0, HH KKT 4468 WlH A, oW =0 F1 A, © H = 0 (® f£#% Hadamard
B, #—2g4 1) 5 (18), 1§

(WHH' + (A1 + A)W) — (YH' + A\T)) © W =0, (19)



IR FET ZHARMA R cireRNA- Z% SR AR I

(W'WH + X\sHH'H + \H) — (W'Y + \sHD)) © H = 0.

PRI, AT DAAS 2140 PR SR KL -

(YH/ + A1)k
(WH’H + ()\1 + )\Q)W)ik

Wi < Wik,

(W'Y + A\sHD)ix
(WWH + MHH'H + \3H)ix

Hik — Hik~

3 (21) A (22) W RAS R ERGEAGE RE TP SRR WO R B RS 1 SRR, R AR R fe A8l
JEH) Y RIS AFLE cireRNA- B RBOC R, AR, AT B2 Y 55 RE, & — 515551

BUE AT HRAR AT circRNA 5125 F8 AR IR fE A7 75 R B8 R I 2 5 7.
2.2.4 EDNMF EEHELE
XFF EDNMF SRS W& 1 s,

Algorithm 1 EDNMF 5% it W, H ff Y x WH

HIN: cireRNA- R RIKR RIEFE v, cireRNA FIATEIELE T, SORAUERRE D.
W WEUSRIRERE v
L WIHRAEERERE W

2: WG REOERE H;

3 i< 1;

4: while i # MaxlIter do

5. EHHLHNE WA REERE -

6: Wik & Grmareon s aggivys Wit
[ Hip, (W’VV'(IV{VJ;};;F}}\%{IPI?:}\C;;H)% Hik;
8 TEHT Y HERE,

9: if Y FEFFULSK then

10: B H 241 while B3,

11: end if

12:  i=d+1;

13: end while

14: Return WU v 551

3 SRRERSHH

3.1 FINERE

AR 3 38 IR AN +-37 232 AR AE 5 VAR VPG EDNMF SRR PERE. 78 T 28 I IE AT+

X IR R, AR AR B A ) cireRNA- B KIS RINFT2HE. X B, AP AL CD
FERER 1 FrfoR I ORBROS RAE N IEREAR, 0 BRI B SRR RAE N SREAS. SRIG R 3 P4 77 7232k
1TV, BREEHER (precision) 521k # LAEHRHIE (receiver operating characteristic, ROC) HIZEF1 ROC
M4 N A (area under ROC curve, AUC).
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2,~1.50 2,~1.50

1 (MEMFE) HFZXEIESEF S EDNMF BARIMERENF M
Figure 1 (Color online) The effect of different parameter values for EDNMF algorithm in 10-fold cross-validation.
(a) A1 = 0.25; (b) A1 = 0.5 (C) A1 =1, (d) A = 1.5 (e) A1 =2 (f) A =3

3.2 S¥Hh

EDNMF S35 & 2] 3 NS N T o S 506 il g5 R E52m, AR SCHE 3728 XAkt f2
& A € {0.25,0.5,1,1.5,2,3}, Ay € {0.25,0.5,1,1.5,2,3} Al A3 € {0.25,0.5,1,1.5,2, 3}, H-HS%k
ITHE, AFRZHEASER TSR OE 1 . R 15, FEARNASER T, 24 A\ = 0.5,
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1.0 1.0
0.8 0.8
£ 061 £ 0.6
— -
o [
Z Z
é 044 | g 04
2 e EDNMF (AUC=0.8527) 3 f s EDNMF (AUC=0.8590)
= . iCircDA-MF (AUC=0.8343) = P iCircDA-MF (AUC=0.8382)
0.2+ P ——KATZ (AUC=0.7260) 0.2 1 e —— KATZ (AUC=0.7351)
s ——RLS-avg (AUC=0.6467) v —— RLS-avg (AUC=0.6936)
RLS-Kron (AUC=0.6110) . RLS-Kron (AUC=0.6443)
0.0 T T T T 1 00 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False positive rate False positive rate

2 (MEMFEE) FEEZZEAE ROC izl AUC ELMLE. (a) RNERNMZXEIE ERIRIMEEE;
(b) FRRAETIZIIE LRIRINMERE

Figure 2 (Color online) Compared with different algorithm on ROC curve and AUC value. (a) The performance of 5-fold
cross-validation; (b) the performance of 10-fold cross-validation

Ao =1 Fl Ay =2 I}, AUC HUSH KAE 0.8590.

3.3 SHMFGAMLLE

NT3HT EDNMF ik (A = 0.5, Ay = 1 Al Ag = 2) TN circRNA- R KB K R BRI
PLPERE, % EDNMF 7353 5IE i 4 MEEITIRE, /39002 iCireDA-MF ik B2 KATZ &
% 26310 RLS-Kron #ik B9 Fl RLS-avg Bk B9 [ 2 BIR T HPT38 I UE A7 38 XA IE
EDNMF Hik5HAh 4 FEEK ROC HIZELL K AUC {8; B 3 FRRAE L4728 IR UEFI+37 28 X ERAIE
i EDNMF 555 HAth 4 FEVER precision Hi2k; B 4 RAREHITE XIGUE+H EDNMF &k 5 H
fi 4 FPEIELE 6 FPoE WL LR IIMERE. AR, I 2~4 ATLLE H, EDNMF HVETE FLH7 38 EIIE
A58 CIGAE F3RTG T 2 Nl = R B RE; 4, EDNMF SYRAE Iy Al-T47 28 XERIE 1) AUC
308 0.8527 F1 0.8590, WK, ‘BEAIIZE MR/, XA T EDNMF Sk fR0E 14+

3.4 FUMHET circRNA- fEREXRFEXFR

N7 FEIL EDNMF SRAE FIGE i R C &R B RRIIMERE, AR 45 B (colorectal
cancer, DOID:9256) HHAT LIk, FEFRMNTHIEIE LD, B5 22 1 cireRNAs fFERICC R, EKK
R, A cireRNA- F0 RIEOC RAE, ARG AT EDNMF BE AT A RFIH cireRNA #4747
gy ARBFTEZ G, TATEX R EN cireRNA $T - E AT B 7 HET, 25 BCHEZHT 10 7Y circRNAs 3
1728 H I8 34T

XA B2 T 1%, ASCE e DISEASE $dfi & 101 A BT 45 1 B 1% e 15 0 AH DG BE R DIS-
EASE 4z 22 101 rpifesge 7R — B RO &R, I HARIE — 8 TR X 4 — 25 BRI — i ORI R ik
ATHT 45, DA VAN JE R — i RBR G RIWPTEE1. (R, v 1 CRUE B vt af v, JRAT 1SR BT 4
KT 2 BIEER - g5 BE M RO R, Bhah, FA T Valdeolivas 25 41 S b4y HIEREL T & A BT
EHFAZTAERH (protein-protein interaction, PPI) Z{#E A1 Pathway 2 HAEFHEHE. )G, 1T,
SEliE IR cireRNAs 18 35508, DL 0N B S5 s AH DR ) cireRNAs 18 32 5508, 2R kR A e
TR TEALE PPL #E M Pathway 22 HAE SR 5245 BN A A BEAER. BARS RaEl 5 fros.
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0.6 0.6 -
ECDN]I\D/Ii ME 0.7 0.7 EDNMF
PreDA- — iCircDA-MF
0.5 05 — KATZ 0.6 06 — KATZ
—— RLS-avg l — RLS-avg
04 s RLS-Kron g 05 g —— RLS-Kron
= g .2 z
o s R 20.
7 £ S 0.4 20
g 0.3 0.3 E
& 0.3 o
02 02 -
0.2
0 200 400 600 800 1000 1200 1400
o1\ o W e 20 Top-k circRNAs
Top- kclrcRNAs 0.1
(a) ()
0.0 - T T T T T T T T 0.0-r T T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000 16000 0 2000 4000 6000 8000 10000 12000 14000 16000

Top-k circRNAs Top-k circRNAs

3 (MEHRFE) TRIEEZEE precision FMLER. (a) ERTMRENEIE LIRS (b) EHTRZXE
IEERYRINE E

Figure 3 (Color online) Comparison of different algorithms on precision. (a) The performance of 5-fold cross-validation;
(b) the performance of 10-fold cross-validation

1.00
0.90 0875 870
0 80 0. 807. 0.803 0.803 0762 0 265
: 0.751 i
0.70 - ’ 707 i T 680
8 ggg > 559 ‘ 0 o 513572 509
< “Hate
0.40 0.354
0.30
0.20
0.10
0.00
Breast cancer  Stomach cancer Colorectal cancer  Glioblastoma Hepatocellular ~ Thyroid gland
multiforme carcinoma papillary
carcinoma

BEDNMF miCircDA MF mKATZ RLS-avg mRLS-kron

4 (MEMFE) FREAEHTZXIWIEZEHAE 6 FRHBE LR

Figure 4 (Color online) Comparison of different algorithms on 6 diseases in the process of 10-fold cross-validation

HE 5 nTLUEH, FEFMAIHT 10 4 circRNAs 14 6 > circRNAs Frat B2 (1) 35 R 5 25 1 B e A
K IERAFE S HARF; T circRNA hsa_cire 0004680 5 A1 5 45 1 B W A K1 circRNA
hsa_circ_0014717 #8517 T AHE A1 F K CCT3; Ak, TN circRNA hsa_circ_0004680, hsa_circ_
0007707, hsa_circ_0018168, hsa_circ_0001017 5 2. F1] circRNA hsa_circ_0001649, hsa_circ_0014717, hsa_
circ_0008494, hsa_circ_0024169 K1 5 RIAFAE MR HIAZ TLAE . DA SEIG 25 SRR B, Tl okl 10 /Y
circRNA £ — &2 FIRA W Re 545 W B WA 5.

2 LTk, EDNMF S0 0] DR BFH FIIA AN cireRNA- 505 SRR 2.

4 RE

ARSCHG circRNA KA T A AT B AR UUE K 5 Ak AR SO B o A R B 20 AR 1, 328 T
TP T cireRNA ZIA TS Bt MR AL S 10 AR 578 B 7 e S0 000 5 O AH SRIER ) circRNA.
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hsa_circ_0008494
hsa_cl D04680

hsa_circ_0001649
hsa_c p07707

hsa_circ_0014717

hsa_c 018168

hsa_circ_0024169

hsa_c p01017

hsa_c 8394 hsa_c 8832 hsa_cl 7444
hsa o 1875 hsa_c 0745
hsa_c 0026 -

5 (MEHFEE) XEMEHERIED T circRNA- S EREXBEXRPHRER 10 WER. RABFRRM
MELEREREEXE circRNAs; RO BRREMNNSEFERHEHELN circRNAs; S8R REBNS5EHER
JEHEXH) circRNAs FistRIERE; FEERMNNELIEREEXE circRNAs FixtNIERE; #HERRE
B EERMERE

Figure 5 (Color online) The interactive network method validate the top 10 results in predicting the associations between
circRNAs and colorectal cancer. Crimson color represents the top 10 circRNAs; light red color represents the known
circRNAs associated with colorectal cancer; blue represents gene corresponding to the known circRNAs associated with
colorectal cancer; green color represents gene corresponding to the top 10 circRNAs; orange represents genes associated
with colorectal cancer
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Prediction of circRNA-disease associations based on multiple bi-
ological data
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Abstract Circular RNA (circRNA) plays a significant role in gene expression, splicing, and transcription. More
and more evidence indicates that circRNA is related to the pathogenesis and development of diseases. In this
paper, a non-negative matrix factorization algorithm based on circRNA expression profiles data and disease
similarity data (EDNMF) is proposed to predict circRNA-disease associations. The EDNMF algorithm firstly
preprocesses the circRNA-disease associations to solve the impact of too little the number of known circRNA-
disease associations. Then, the EDNMF algorithm converts circRNA expression profile and cancer similarity
data into constraints. Finally, we can obtain the final scores for circRNA-disease associations by improved NMF
algorithm based on pre-processed circRNA-disease associations. The performance results of 5-fold and 10-fold
cross-validation indicate that the EDNMF algorithm achieves satisfactory performance comparing with other
algorithms. Besides, the case study shows that EDNMF can mine new circRNA-disease associations very well,

which can provide a reference for studying circRNA-disease associations.

Keywords circRNA, circRNA expression profiles, circRNA-disease associations, non-negative matrix factoriza-

tion, disease similarity
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