% 64 H F ¥ M Vol. 50 No.6
2022 46 H ACTA ELECTRONICA SINICA Jun. 2022

FF R EEE TIN5 miRNA 5
P S B o AA v

BHAR L EER L AFE LR B R A
(1. REG R I A E 3 TG, TN 2211165 2. RS RFIHEHRLE SHEAR B, TR RM
2211165 3. PHAE Tl K2 SEHLE B, VG VS % 710129)

W OE: ARZLEBERY, microRNA (miRNA) [ 54 Rk 5 A ZPm 10 7= A= Fisfb A 56 . U510 miRNA 5%
99 [] 1) TR B AR b N PR B2 1 R TR . SR (B GE ) S 36 i AR AR RE I RE 0 RCRARTT , IRl D) 22 s s iy i3
J5 1% miRNA 5505 ) A0 P85 78 S I A 7 000 . AR SCHRE MR T — b 35 S5 I 3 0 IO 4% %) s 81 s (14 1 B A i)
miRNA 5$ 19 TK . %7 vkl if 23k R I HLHIH R S B4R m i a5 i fUg 5 B B S p o TS B R R
PEATRlG, DA A4 2 B EL 3R A 1 B9 miRN A FILEE IR AOERAE A, 2 1T 38 i 432 422 2 3 miRINA 552 9 () A 5 7 S 1B
PEFTTIO . 5 47238 S UESS S 5 , %A 8 3 B 4E HMDD v2.0 1 HMDD v3.0 84 45 [ HUE 17 93.52% F194.82% F) AUC
5. BEAb, ST B8 I (06 BRI 5T 45 3% W , IZ AR FUI A9 5T 50 miRNA HHAg 48 MR8 THIESE . bt sl Bk
A, T2 T A Sy — T 3 Y L T B 5 A AT 56 miRNA.

4 KRR MY, miRNA-YOR G SR, WSR-S

HESES: TP399 NEfARIRED: A NEHS: 0372-2112(2022)06-1428-08
7% 3R URL:http://www.ejournal.org.cn DOI:10.12263/DZXB.20201116

Associations Prediction Algorithm of MiRNAs and Diseases Based on
Heterogeneous Graph Attention Network

LI Zheng-wei"?, LI Jia-shu'*, YOU Zhu-hong’, NIE Ru*,ZHAO Huan’,ZHONG Tang-bo’
(1. Engineering Research Center of Mine Digitalization of Ministry of Education, China University of Mining and Technology,
Xuzhou, Jiangsu 221116, China;
2. School of Computer Science and Technology, China University of Mining and Technology, Xuzhou, Jiangsu 221116, China;
3. School of Compuiter Science , Northwestern Polytechnical University, Xi' an, Shaanxi 710129, China)

Abstract: Lots of experiments have shown that the abnormal expression of microRNA(miRNA) is related to the
evolution and progression of human complex diseases. Identifying associations between miRNAs and diseases is beneficial
to promote the development of clinical medicine. However, traditional experimental methods are often time-consuming and
inefficient, so there is an urgent need for efficient computational methods to predict the potential associations between
miRNAs and diseases. In this paper, we propose an end-to-end computational model based on heterogeneous graph atten-
tion network to predict the associations between miRNAs and diseases. This model captures the structure and attribute infor-
mation of heterogeneous neighbors via the multi-head attention mechanism, and fuses them with the attribute information of
the central vertex to generate more representative feature embeddings of miRNAs and diseases, and then predicts the poten-
tial associations between miRNAs and diseases through a fully connected layer. The 5-fold cross-validation results show
that our model achieves 93.52% and 94.82% AUC values based on HMDD v2.0 and HMDD v3.0 datasets, respectively. In
addition, the case study on esophageal neoplasms shows that 48 of the top 50 miRNAs predicted by our model are con-
firmed. The above experimental results indicate that our model can be used as a reliable tool to predict candidate disease-re-
lated miRNAs.
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' ' (1)
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AR AR AL 5k B — 45 52 3% miRNA FLEE R Y
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r,= (9)
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Hor, “{E B AP (d (1) )RR d (i) 755 B —Fl
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2.5 MiRNA S5&FRI SR LN
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ARSCA T miRNA-$E0G 5 0 (5], e 3 9 2 T0 s
(4390 R miRNA T 5 905 T ), A K& — 230 (R
miRNA 5 595 8] 5 516 ). b, miRNA TS %0 H
nm, % 5% T 580 H 4 nd, miRNA 15 %5055 18] 19 5 568 H
428, H1 T HMDD 0 5 H 248 5256 UF 52 A miRN A -9 5%
SEBRBH 18/ T miRNA 55 505 8] 19 K A BEE H
I, T B4 A R0 S B rp B BL S B S 4% mi RN A5 3 2¢
BCAE N SOREAS . 76 miRNA RIS T00 o5, 18] #H R oS Jin S
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25 miRNA m (i) Ui VRN B YRR AEF ), B

F.n= (vl,vz,v3,---,vnmfl,v”m) (14)
KA H L F, o FRHEEEIM I 47, v, 78 miRNA
m (i) 55 m ()R] A SE IO RLTE . AR A5 1) B A
LPELS SR d (1) TS M SRR ), B
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005543 S0 Ak 1 A [) 4 R A 25 ) vy, o T — A S LAY
TS (BN R, @, (T ) , AR SERG BT 1 0 S 7
FEA AR Wy, FF miRNA THUSOMIG T 552 1) 7] — ]
IS [ A T J

H,=F,W, (16)

K (6)H, F, M H, 23 513275 T, i 00 3R P R AE A4
FIG BB TERRE s Wy, TR EEXZRILR O, B9 TH R A £
B T2 P T AN (] ] 2 (8] A TO0 e 4% 5% 22 D 4k 1Y) 1)
s (AL I, miRNA T0SORTE 0 T A b7 [F]—
) 4 2 [a] PP R AT S SR . i T S AR TS X
TS AEAEAS [R5 A 52 e, AR S 50 R FH 22 3k i L
e R A S R TH N A AR A L IR S R T,
) JE AT B R T RS, AN 24 5 7 5T K1 454 5 T
FUBPENS B B9 miRNA FIERE I RURF IR A . B e 1T
SO TR 5 HARFE TR Z A TR 50 B e

T
eij:LeakyReLU(Hi(Hj) ) (17)

K (17) 1, LeakyRe LU Sy AF £ P 3800 pR &R (6 iy ALK
$70.2). AUHE TR j e VITERE 1538 ey, Hoh , V3R
TRV i B — B S AR FE TS 4 . SR HH softmax PRER
WA TE R 108 e, JFIT R M T B A R oy, D

exp(e,j)

zke/\{exp(efk)

a,./:softmaxj(e,./) = (18)

PRI TOUA 7 5052 e IR A 8 A R 053 Tt
A B S TAR B SR AR A B

ZaiiHi) (19)

jeMN

A1), o (- )FR ELU BUH R O TR % )
B RE R A SEIARE | 35 8B 2 X073 KK
IR BRI 5 1 25 2R DA A A D O e 1) St T
ARG RFIE H R

H'=0

K
H= | o

i

jeMN

> aj.‘,.Hl.") (20)
k=1
LRI BRAURE T 5B E R, 20 T e
TOURCRRAIE , DRk S S0 40 SR 5 R AE H 5 ot oA A
fE F PR, JF ot e 2 A TR L &, s
Z=o(g(H/®r,)) (21)

QDAL g ()RR AN 64 1 E IR, © %R
FROEDFEARAE . B2 AR5 64 4 B 1Y miRNA i ARy
1iF Z,, 11 64 4 BE (55 A BEAE Z,.
2.8 B

9T 3% miRNA m (i) 596905 d (/) ] S i B
BER B RSB miRNA IR i AR DEE , JF
A R B, 1

J7y'=Singid(f(Zm(i@Zd(j))) (22)

A2 ()i AR 128, 8 AR 18
EHE)Z s sigmoid (- ) TR ARLME BT pREL

R SR 5 SRR e H B ) 00 (5 5
A, 2

L=— > (yylog;ﬁy+ (l—yu)IOg(l‘yAv)) (23)
Lje Yoy

0 (23)1,y, % miRNA m (i) 5955 d (/) 00 1T
2 VN V43 i 36 IEREAS RN AUREAR XS R 1 T 4 . de
I R0 50 X B TSR SIS V15

3 XWRERSHM
3.1 RBAT

AR 23 FE T B 81 )% (Deep Graph Library, DGL)!™®
B, FE v oK FH PyTorch HEZL , 315K i Adam 7E A A AY
AR . Zid AR R | % & 2% > % (Learning Rate) 4
0.0001 , A% T 23 (Weight Decay) } 5x 107, 2 T B 1k
A, % E E 54 (Dropout) 4 0.6. K T AREL =TT
FBCE 2R K R 8 B MR R DR 64. R
T IR ZH DR (Epochs ) 354 1 000.
3.2 FFMERR

Z'»‘i%ﬁﬁ?ﬁ’ﬁﬁ%(Accuracy) F5% (Precision) . &
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7] 2 (Recall) LA S F1{H (Fl-score ) 1 #5551 () PEAR 48
b, BT AT
TP+ TN

ACCUracy = o N+ FP+FN (24)
Precision = TPT+PFP (25)
Recall = % (26)
Fl-score:‘mi:% (27)

A (24)~(27)H1, TP, TN, FP, FN 43| /R HIE %5 5
TR AR E B ECRMER S . A, A Sk 2 i) 1 A2
& TVEFHIE (Receiver Operating Characteristic, ROC)
2R LA SOKS B 28 - 73 [7] 2R (Precision-Recall, P-R) i 2% 3k
UL D, 5 s AR Y ) U RE 7, JF 4 AR T ROC i £k
N1 (Area Under the Curve, AUC) DL &z P-R i £~ 1
H (Average Precision, AP) 3 %% & 1 £l # 5 /4 T il

ab
A /) .

Z# TARRE 2

- Fold 1 AUC: 0.9326
7 Fold 2 AUC: 0.9378
e Fold 3 AUC: 0.9411
021 s Fold 4 AUC: 0.9345
o Fold 5 AUC: 0.9301

P —— Mean AUC: 0.9352 + 0.0039

0.0 0.2 0.4 0.6 0.8 1.0
L-Hp 5%

(@) /EHMDD v2.0¥dii 7k IROC T2k

SRE TR 2

Fold 1 AUC: 0.9525
Fold 2 AUC: 0.9472
Fold 3 AUC: 0.9491
Fold 4 AUC: 0.9457
Fold 5 AUC: 0.9463
7 —— Mean AUC: 0.9482 * 0.0025

0.0 0.2 0.4 0.6 0.8 1.0
15

(c) {EHMDD v3.0%diE F/ERIFROCHTZE

3.3 HEEIFNEE S

ASL G R S BT 28 B UE 3% (5-fold cross-
validation ) XA () T BE 3 AT 1EAL . AR SCHT AR Y
FE HMDD v2.0 £ 4 48 1 0 F0m 45 R an 2 2 o , s 1
86.14% B HEHR % . 86.10% K 1 K . 86.25% 1) 43 [l R
PL K 86.15% (1) F1AH . Fr$2 A5 7E HMDD v3.0 %k 4f% 4
AT 25 R a2 3 s, BURS T 87.85% B HE R
88.02% KK 1 % . 87.64% Wy 13 [ % L) K 87.83% I F1
. ALY 5 4728 LEGHIE ROC 128 F1 P-R i £ 4n
B 2 B /s, 3% B B 7E HMDD v2.0 3048 4 i 71
93.52% 1) AUC {5 F193.15% ) AP & , £ HMDD v3.0 %
PEAE FIUE T 94.82% 19 AUC {1 94.66% (19 AP .
T HMDD v3.0 s 4 & 17 Z A% R, HIR
JE 2 SRR T R A B 4 b — R B AR 35
RO, T HMDD v2.0 £ 5 |, BT $2 85 5 Y HMDD
v3.0 8R4 16T 6 WM AR R B o = 1AE .
5 8 5 SR X F S A TR O B R Ok M SE 56 3 R A

PRIl 25

LIRS

Fold 1 AP: 0.9238 ~
Fold 2 AP: 0.9316 Y
Fold 3 AP: 0.9397 A
0.2 - o
Fold 4 AP: 0.9341 .~
Fold 5 AP: 0.9284 .
—— Mean AP: 0.9315 + 0.0053 Sa
0.0 = : i )
0.0 0.2 0.4 0.6 0.8 1.0
(b) {EHMDD v2.0¥i sk /1 B AUP-Rith 28
PR 28
1.0 -
\\
\\
\\
\‘\
0.8 e
\'\
.
\\.
0.6
&
&
0.4
Fold 1 AP: 0.9501
Fold 2 AP: 0.9451
Fold 3 AP: 0.9466
024 Fold 4 AP: 0.9455
Fold 5 AP: 0.9452
—— Mean AP: 0.9465 * 0.0018 \\
0.0 - - . .
0.0 0.2 0.4 0.6 0.8 1.0
A%

(d) {EHMDD v3.0%di 4 [ /ERIP-R il 2

B2 TR T 5 420 USRI (1 SR 45 2 4]
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HMDD v2.0 5 5 hy BRI 4R . F4 FRMEE S RITHEMS RN R R
F2 FriRERET ST XEIEE HMDD v2.0 B4 FRISSIREER K W | KSR | A F1 AUC | AP
Wit | MR | R | BEERG | e W% | Hi% | % | /% | (f1% | (1%
1 85.75 84.08 37.04 85.97 TULTUSPEIE | 84.72 | 85.41 | 83.77 | 84.57 | 92.47 | 92.15
2 87.06 85.94 38,34 3712 SRIERAFHE | 78.63 | 71.62 | 95.03 | 81.65 | 91.94 | 92.01
B 26,05 2850 17 - HGATMDA | 86.14 | 86.10 | 86.25 | 86.15 | 93.52 | 93.15
4 85.45 85.69 85.84 85.77 %5 FHRMESEM RN AUC NI L ER
5 85.77 86.30 84.86 85.57 ey N
¥l 86.14 86.10 86.25 86.15 WBSMDA 31.85
R3 FrREAET ST XIGIEAE HMDD v3.0 £ FRYSCIR 4R BNPMDA 89.80
MM | R % i %19% Bl | FLE% KBMFMDA 90.08
1 88.44 89.08 87.91 88.49 WBNPMD 91.73
2 87.31 87.11 87.38 87.24 M2GMDA 91.82
3 88.04 87.83 88.39 88.11 KNMBP 93.13
4 87.66 88.41 86.74 87.57 MCLPMDA 93.20
5 87.82 87.68 87.76 87.72 HGATMDA-K1 93.24
il 87.85 88.02 87.64 87.83 HGATMDA-K2 93.34
HGATMDA-K4 93.50
3.4 HBERMEREE HGATMDA-K8 93.52
ARSI B HR O TS R AE 5 AR i R A R AE A HGATMDA-K16 93.49

VB R B 2419 miRNA RIS AURAIE . 8 1% X Rl &
I OB Y SN B8 7 (95 ], AR SE G 4y i i T R
FH AL T SRR AR A AR N R 5 T 9 s R A R R 1Y
PR e 2R g SRR 4 Fios . Rl LB
AT PRSI P X = A o RS T e v B T R
K28 F1{E AUCELA K APAE ; R4 R R N4 R B4
SFAF RIS T f i 1 A3 [ 2R {E H e oA S T35 b
AR T AR SO AR A | A SO SRR DL 2 Sk
FIHLHIIE N A~ R R miRNA-S 9% 5 05 (& v 57
JoT T A5 T) 52 2% 1 28 HAR B, A A 2 S5 I 6] 45 v S T
SUBRYE(E B ARRE , 2 —25 58 miRNA FP 0 ¢
TR FRIREE ST, B = A8 (1) 00 fi
3.5 5HMAEMNILER

R T 2 AR SC T R L (A ot S
WBSMDA'™, BNPMDA™ , KBMFMDA?"", WBNPMD"**
M2GMDA'?' KNMBP'*/ \ MCLPMDA »/4 7 /M AL T 5
P38 LI 35 AUC [T HLE, LAk, X L TR
AR 7 7 Sk B0 KOG T AR AUC (B A SEI , TEZH AT HE
S ML S s . NERP AT LUE 38 S HmEE 1
SKFIT AR AR L ), (H st 2 i ) Sk B
2 X BRI N B T AR . e, AR SCER BRI I
BB K =8, X A AUC A } 93.52% , TEIT A 81
A e
3.6 FRBGIEHRE

R T iR A PPAG AR SC T B AR TR A T AR e
TE A 5& miRNA J7 T8 (1 B , AR SCEF X248 IR 92 9

TER TR BINESE . B 55 R HMDD v2.0 040 5 X 155 7Y
PEATIN Sk, SR 5 T00I0 5 1 8 I Jes 45 VS 76 F SR 1R i 50 F
miRNA , % J5 i 13 dbDEMC*' Fl miR2Disease > % 4 J22
HEATIRIE .

1 TR R — b kA AR A A S ) TR
SERTEE N EFERAEHE 30 T AL TEEMIE . AL
TR E A BRI AR I T 0 4 . SERRIRIESS R ANk 6
7%, i 3 7 dbDEMC Fll miR2Disease ¥ 4 J ik
7R S BT Y A 25 1~ miRNA FR A 24 N EIESE,
T 501~ miRNA WA 48 MR IIESE . UL, A SO B 1Y
BRI BB AT TR HE VS A B 505 AH E miRNA , o] 7 —
FREFE R T B85 1975 A5 FF A SC B AR 1 A= 9 S 56
% .

4 #ig

ARSCHE T — 5L T 5 o 1 3 T 0 N 4% ) i 51 ity
THABER (HGATMDA ) S ¥ 76 1 miRNA 5555 [1] 1)
KB . AR S miRNA R 18] 4 22 S AR YRS
SBEARh S R R R BETT T T 2 ) B R B S
J B T0 SRR IE B 5 2 R — 1) s R P SRR R 23k
TR ML SR A v T, Y S 4R S R AE , OR L S
HUO TS R IR R A T A R A, 75 3 T oA Rk aE
A miRNA FVE G RFAE A 5 55, #4752 1 miRNA Fl
PREFIE A A 2 A8 22 TP 7E A9 miRNA 5
9 (B S IR R AT 0 . 5 47 58 SLYGIE Al 25 J R B, A ST
PERERULE Z TN F5 A L Y HUS T RN B A 45 5
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R6 FrRREIHIN AT 504 5 B EMEE KB miRNA

miRNA R miRNA .
(1-25) i (26-50) e

hsa-mir-17 dbDEMC | hsa-mir-181b dbDEMC
hsa-mir-221 dbDEMC | hsa-mir-106a dbDEMC
hsa-mir-29a dbDEMC | hsa-mir-30a dbDEMC
hsa-mir-16 dbDEMC | hsa-mir-93 dbDEMC
hsa-mir-222 dbDEMC | hsa-mir-23a dbDEMC
hsa-mir-18a dbDEMC | hsa-mir-132 dbDEMC
hsa-mir-19b dbDEMC | hsa-let-7f dbDEMC
hsa-mir-125b | dbDEMC | hsa-let-7g dbDEMC
hsa-mir-1 dbDEMC | hsa-mir-23b dbDEMC
hsa-mir-29b dbDEMC | hsa-mir-7 dbDEMC
hsa-mir-122 | RiES | hsa-mir-133b dbDEMC
hsa-mir-206 dbDEMC | hsa-mir-125a dbDEMC
hsa-mir-106b | dbDEMC | hsa-mir-107 dbDEMC, miR2Disease
hsa-mir-200b | dbDEMC | hsa-mir-429 dbDEMC
hsa-let-7i dbDEMC | hsa-mir-124 dbDEMC
hsa-mir-181a | dbDEMC | hsa-mir-27b dbDEMC
hsa-let-7e dbDEMC | hsa-mir-10b dbDEMC
hsa-mir-146b | dbDEMC | hsa-mir-199b dbDEMC
hsa-mir-182 dbDEMC | hsa-mir-30c dbDEMC
hsa-let-7d dbDEMC | hsa-mir-96 dbDEMC
hsa-mir-142 dbDEMC | hsa-mir-224 dbDEMC
hsa-mir-15b dbDEMC | hsa-mir-20b dbDEMC
hsa-mir-24 dbDEMC | hsa-mir-218 dbDEMC
hsa-mir-195 | dbDEMC | hsa-mir-103a ARUESE
hsa-mir-9 dbDEMC | hsa-mir-26b dbDEMC
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