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Abstract: Extensive studies have shown that circular RNA (circRiboNucleic Acid), as a type of endogenous non-cod-
ing RNA, plays a key role in the occurrence and development of various complex human diseases. Through mechanisms
such as acting as molecular sponges, regulating gene transcription, or interacting with proteins, circRNAs participate in the
regulation of disease-related signaling pathways. Analyzing the associations between circRNAs and diseases is of crucial
scientific value for deepening the understanding of disease mechanisms, discovering novel biomarkers, and advancing preci-
sion medicine. However, traditional experimental methods are constrained by high costs, long cycles, and limited through-

put, which severely restrict large-scale analysis of circRNA-disease associations. Thus, developing efficient and low-cost
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computational methods is essential for promoting research in this field. In response, this paper proposes a prediction model
named ES-NMGCDA based on evolutionary computation. The model first constructs multi-source similarity networks of
circRNAs and diseases, then incorporates the state analysis optimization algorithm (SAOA) to integrate and optimize these
multi-source similarity networks, and finally employs a causal forest classifier to achieve accurate prediction of circRNA-
disease associations. By integrating the powerful search advantage of SAOA with the superior inference capability of causal
forests, ES-NMGCDA enables highly accurate and robust prediction of potential circRNA-disease associations. To compre-
hensively evaluate the performance of the ES-NMGCDA model, we conducted rigorous 5-fold cross-validation on the wide-
ly used public benchmark dataset CircR2Disease. Experimental results demonstrate that the model achieved a prediction ac-
curacy of 93.80%, while also excelling in multiple metrics such as precision and sensitivity, significantly outperforming sev-
eral existing baseline methods. Furthermore, to validate the model’s practical utility in real biomedical scenarios, we carried
out two case studies. In the case study on circRNA-disease associations, 18 out of the top 20 circRNA-disease pairs with the
highest prediction scores were supported by recent literature. In the case study focused on breast cancer, 43 out of the top 50
predicted circRNAs were confirmed to be closely associated with the disease. These results consistently indicate that the ES-
NMGCDA model not only provides highly reliable candidate circRNA molecules for subsequent molecular biology experi-

ments, significantly shortening research cycles and reducing experimental costs, but also offers new data support and theo-
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retical foundations for understanding the role of circRNAs in complex diseases.
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0.4 Average AUC =0.8672
0.3 —1th fold
~——2th fold
0.2 —3th fold
4th fold
0.1 ——s5th fold

0 01 02 03 04 05 06 07 08 09 1.0
1-R5 53 2

&2 FERILE CircR2Disease A A9 ROC il £k

3.3 ARMMUBEEZERLLE

J T B UE SAOA B AR e, Ao
W7 AN HA 5 AR PE R DL AL A X X 42
FL4E ALY (Genetic Algorithm , GA )™ 227 HEAL SV
(Differential Evolution, DE) (23] BRI AL B (Particle
Swarm Optimization, PSO)™' | & & F 3 i 1k 5 3%
(Subtraction-Average-Based Optimizer, SABO)™ pr4E ¥
RAE (Spalrow Search Algorithm, SSA)P FE CEC2022
FEMEN R AL 1 FF SAOA BvE 5 RSk - T 28 5
AE LA, SEe g5 SR an &l 3 s . fl &1 3 AT, 7R R R I
B A B R /INFE AR B [R] 19 254 F , SAOA 0L
AEFR AN €8, SSA I Z , SABO Fifh . X BLie pR 4K
F1,SAOA fE T BB bF i) e L1 , HAN S A R i
Xt F 2 W R AL F2~F4, SAOA TR 45 RAKSR RE IR 542 55
W SIORS B, R H B BRI R IT L RE D) . X TR G
PREL F5~F8, SAOA 32 B BN L 5 9 PR, Xt T4
B PREUFO~F12, SAOA HAT BT 5 I AU 1, % W SAOA
TE4 R RO B — @ % 4 BRIk, SAOABY.
5 Z MR R AL L AR LG, 452 IR 0 5% 00 5
TIMEREVERE .
3.4 AEHAETNER Z EE LR

RERGEARI Rl G SRS 5 AR R 43 2 2R A 5 WA AP
REAYSZ MR, FRATT R GE b LS T 2 Fh 5 SR 5 2 Fh 7y
KATH BRI LIACR , BARZE R R 2 R - A5k
R EL T 2R B AR E Y LR 2 T 43 S AR AT X
L, 445 32 F5 ) AL (Support Vector Machine , SVM)'? K
% T 41 (K-Nearest Neighbors, KNN)2 2 ) 1% 1% (Back
Propagation , BP) # 2¢ [% 2% 1 [ H # Ak (Random For-
est, RF)™. 7% 2 v, 1AL 5 W% (Evolution Strategy , ES)
AR T T A B3 2 i D A Rl 5 SR, 17T 4 i SR s
(Integration Strategy , IS) 2 7 A 8 i 4% G¢ 4 ml il & 0K
W& . N ES 5NE S K AR A G LI 45 0] LB
L PR ARAR (CF) 43288 2 09 T 00 1 i W 35 0 T oAt 43
Far . BN RIRG 7 ZRBCR AT — g 5L T
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3 NPMEARST AN Rl K R R _E A St Zxt e

AL TR0 ES SR Mg 5 PR RNA-B S F0 b 5
1 IS SIS HEAT T XF L . ES+CF 5 IS+CF A%} L S2 6 2%

FW] L AE ES 5 W AL HE Y 9 Fh I [ JE AR UPE gl A %
oA 8l ) % (N-M-G-G \N-M-Ges N-M-Gipk N-G-G .
N-M .NMF MDMF il GES ) i Z2 30 P BEPEA 16 b5 4 i 3
P T IS T R AT e . X —45 W Fe 43 W, 36T
PSR Y il SR S T 22 WEOREARL I P £ Rl 45 7y T 1S
T AL GG RN 1S. 34, — ME R Z IR
TE RGBSR 1S v, Hodw = MERA 2 89.17% 2 FH NMF FLZH

Gl E T AT THZ T EAERL A SR ES T e S ik
—HHETE 2 90.74%. [FIRT, BlvE SR ES REIA 2 142 R i
e EA 2 93.80% 1, 1 25 L T IS SR M A I {2 L, 43+ B
IS SRS T i BRI AT LA & B, NMF  GIPK Fil GES %5 i
AT SRR R0 T HALE A X R 1%
S 1S S HUE T B2 A O AU Rl G O %8, T ES 3R
W AU He A A 7 G T & ERE A Uz 2
TG 2R A 7 SN 0, TR B o A Ao o M S g
EBR . EeJE RIS AL S A ES SRS T R Y
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®2 AEHEEEETE CircR2Disease HIRE LHITSH XX WIEFHFHLWER

" . B N-M-Ges(ft
2H AR PEH AR | N-M-G-G ) N-M-Gipk N-G-G N-M NMF MDMF GIPK GES
ZH'\
Accl% 76.86 93.80 77.69 75.29 91.32 90.74 80.33 77.19 92.64
Sen/% 92.54 95.04 82.43 85.13 98.15 98.16 98.03 92.81 97.72
ES+CF 5% Pre/% 70.39 92.79 75.38 71.09 86.30 85.46 72.44 70.69 88.58
(T HEAR A ) FI{E/% | 79.93 93.89 78.63 77.43 91.83 91.36 83.29 80.13 92.92
MCC/% | 62.66 88.39 65.18 61.82 84.02 83.00 66.40 63.03 86.25
AUC 0.822 4 0.867 2 0.821 0 0.796 1 0.868 7 0.8618 | 0.8294 0.801 5 0.858 8
Accl% 69.34 66.03 65.62 67.85 66.45 89.17 67.11 83.39 81.16
Sen/% 60.88 62.74 59.22 63.44 62.68 97.20 57.33 91.42 92.12
B Pre/% 73.31 67.56 67.86 69.55 68.48 83.73 71.52 78.89 75.51
IS+CF 1
F1{H/% | 66.37 64.59 63.17 66.30 64.87 89.95 63.62 84.62 82.96
MCC/% | 56.78 54.78 54.50 56.10 54.96 80.46 55.12 71.97 68.60
AUC 0.626 3 0.600 5 0.644 6 0.636 8 0.6215 0.853 1 0.617 8 0.857 5 0.855 3
Accl% 78.35 88.26 72.73 74.13 80.25 75.95 75.70 78.18 78.76
Sen/% 82.58 95.19 57.40 69.05 76.63 64.34 71.18 73.47 79.49
. Pre/% 76.14 83.62 82.69 77.97 83.11 85.95 81.92 81.10 79.19
ES+BP ##71
F1{E/% | 79.18 89.00 62.82 71.88 75.94 69.37 70.82 76.47 78.59
MCC/% | 66.94 79.10 55.45 61.12 68.24 62.43 61.64 65.51 67.07
AUC 0.782 8 0.882 8 0.719 3 0.741 4 0.807 4 0.7698 | 0.7648 0.780 1 0.788 0
Accl% 59.01 69.42 60.83 58.76 69.17 68.93 69.01 60.33 67.60
Sen/% 50.56 73.30 55.09 55.22 74.34 71.39 83.23 55.74 72.73
. Pre/% 60.99 67.89 62.28 59.67 67.44 68.11 65.18 61.56 66.41
ES+KNN #5171
FIUE/% | 55.24 70.43 58.28 56.93 70.46 69.57 72.69 58.46 69.13
MCC/% | 51.06 57.30 51.81 50.93 56.95 57.13 55.29 52.11 55.93
AUC 0.675 6 0.767 7 0.687 8 0.647 4 0.7777 0.7862 | 0.7711 0.685 7 0.7819
Accl% 85.12 93.06 86.12 86.86 92.73 92.15 89.42 85.21 78.76
Sen/% 92.83 95.91 92.58 93.19 91.87 94.51 92.96 92.32 79.49
Pre/% 80.40 90.76 82.13 82.76 93.46 90.27 86.73 80.76 79.19
ES+RF 1 1
F1{E/% | 86.10 93.25 86.95 87.63 92.64 92.32 89.72 86.09 78.59
MCC/% | 74.39 87.05 75.82 76.95 86.52 85.53 81.03 74.48 67.07
AUC 0.937 4 0.983 0 0.9382 0.933 6 0.974 2 0.9766 | 0.9603 0.946 0 0.788 0
Accl% 92.40 92.98 91.98 92.31 92.64 92.48 92.31 92.15 91.98
Sen/% 84.81 86.00 83.96 84.42 85.26 85.12 85.30 84.31 83.99
. Pre/% 100.00 100.00 100.00 100.00 100.00 99.80 99.20 100.00 100.00
ES+SVM &5
FI{4/% | 91.74 92.44 91.27 91.50 92.01 91.84 91.70 91.45 91.28
MCC/% | 85.82 86.83 85.06 85.62 86.24 85.92 85.70 85.37 85.09
AUC 0.975 8 0.984 0 0.968 1 0.974 1 0.985 1 09839 | 09724 0.9723 0.982 0

¥ :N-M-G-G .N-M-Ges .N-M-Gipk .N-G-G .N-M 43}l #7/~x NMF-MDMF-

GIPK-GES .NMF-MDMF-GES .NMF-MDMF-GIPK .NMF-GIPK-GES .NMF-

MDMF S ARIPE L & AR T RRTE R — 47 (BR3P e ) it de s 1

YERT, FRATTA AN T AH O 119 22 TE AR AL 19X 465 4 75 9 il 5
5. A IR LI FE ES Tl A R IEAESL T, 2R N-M-
Ges MY ZH A 7 2O AN [] 43 24 45 1 F 000 250 SR AR AT R 4
Fb, o3 B R PR ES Rl G SRS T 1Y N-M-Ges 205 J7 g
% fre AR B 4 TFHRRAE B AN T A FRETTAY . PRI, AR S
H ES-NMGCDA #8 5f J2& 5% H ES S0 T 7 N-M-Ges 21

A IFEE A CF /2B 2R S BLERIR RN A5 S B T
AN , AT X FZAR R B TRCR AT T RGeEAh . 5050
1ELL R EREE 4T . Windows 10 #21E 258,32 GB INTE,
Intel® Core™ i7-10750H @ 2.60 GHz 4k ¥ #& , MATLAB
R2022b {7 AR . WAL A FH 2 A 5 ol 4 Tt )
1E55 B AFEIT A 58.47 s, INAF 5 FH M 13.69 MB.
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3.5 HEEGZLEE ST

JRUE T 4R H R AU AE CireR2Disease U5 % ) &
B O S O M e, S i — b i Oz AR ) 5
W AHESE EHL T AN ST BE 4 « CireAlas v2.0°"
Circ2Disease ' Fl CircRNADisease ' 4T 2 48 P 5o 3iF .
AR YR S 56 A SR FH AR R 1) S5 4T 28 SCSRAIE i 72 S AN 35
T R A5 (0 S0 45 S AT IR . An3R 3 R B AE =

A ST BUE S B S 3 HERSR 4 )k 89.81% . 87.52%
H186.45% , \SZ I 25 F () AR TR I B RE 6 30
FoE 1 25 fE . B BL AT UL, ES-NMGCDA £ RN Y E
A5 304 & 28 A S0 IR RN A=Y 95 IR (10 R FLEA5 4
AT R B T A S PRI RNA f TR B L e B (S R
A5 43— 175 BRL, DT I8 5 A AU S8 S 6 B i 7 B AR
5 TAE&.

#3 ES-NMGCDA #RIFE CircAtlas v2.0 ., Circ2Disease 1 CircRNADisease JE T $iB & FHISCIG 4 R

Bl 25K A4 RN 2/% BURRI% K1 2%/% F11E/% MCC/% AUC
1 92.58 100.00 87.29 93.22 86.07 0.861 1
2 89.03 95.83 85.64 90.45 79.96 09111
3 87.10 99.31 78.69 87.80 77.11 0.823 6
CircAtlas v2.0
4 89.03 98.10 83.33 90.12 80.08 0.878 3
5 91.29 98.63 85.21 91.43 84.01 0.846 8
¥y 89.81 98.38 84.03 90.60 81.45 0.864 2
1 89.11 89.47 91.07 90.27 80.31 0.787 3
2 86.14 86.27 86.27 86.27 76.12 0.783 7
3 86.14 88.68 85.45 87.04 76.00 0.843 9
Circ2Disease
4 90.10 100.00 82.46 90.38 81.97 0.863 7
5 86.14 100.00 75.86 86.27 75.65 0.768 3
¥ 87.52 92.89 84.22 88.05 78.01 0.809 4
1 85.95 89.23 85.29 87.22 75.59 0.853 8
2 89.26 90.91 89.55 90.23 80.63 0.8140
3 86.78 86.27 83.02 84.62 76.58 0.810 8
CircRNADisease
4 84.30 89.83 80.30 84.80 73.41 0.873 0
5 85.95 91.67 82.09 86.61 75.71 0.842 6
¥l 86.45 89.58 84.05 86.69 76.38 0.8389

3.6 S5EHMAEMNILE

h AT AL ES-NMGCDA AR R 7E R RNA - 9% 5%
ETIAT 55 v O PR RE R B0, AR FE e B T 9l HLAT R 3%
PE E W O E AT S, 4 F5 MSMCDARY |
MGRCDA"®'  NMFCDA'"® | KFDAE"™®' | iCDA-CGR""" |
MNMDCDA'"”' | GNNCDA"® [iGRLCDA"™' . GGCDA"",
X Ty R 38 R e T RUE A, 03 Bk T 2 A0 A
L RTVR s A1 i e £ | W INIVE 1 = B8 e | < £ 4
fife AZRE S5 AR A st Ay JRTEEZE RN (R
PE| A I 45 25 5 TR T e 2 R 28 | TRI R 2 R 285 | TR e 2
2] 5 EDE 1 78 W 25 45 45 T 6 BRI 45 25O R BRI # 4t
BT AT OCHE WU ) B R L B R
A5 3 A 3R 1 A EE 4 i PE . SE 8 FE CireR2Disease Al
Circ2Disease T UG 14T . CircR2Disease fE N
2R SRR AR A B T B B A AR A
X HE 5 11 Cire2Disease FUHE 52 MRS F AR 3 HLTE , 3 8%
FHF 50 E A A 85 50 i 5 T iz Ak ee 0y, g Ak
— R T R RE VAN MR B S UL IR Ty . YR T, TR

1R FHUERA R (Ace) HBUBCR (Sen) KGR (Pre) (F11{H
(F1) \MCC F1 AUCH IS TG 45 , DAL I 70 FE P RE
AP AR BE 1 S A FE A TSR B TEA . K4
Gl T 45 A ST IR UE R A 4 R S
K4k Bk F L 1E CircR2Disease 2095 4 [, ES-NMGCDA #
RULEWERG%(93.80%) \F11E.(93.89%) 1 MCC (88.39%) —
TGS bR BT X 7 s . 7E Cire2Disease 44
AR b ARBEEIIERG IR 5 F U FHEZ S —  fE AR
b LI F RS . AEAA T B E, A Circ2Disease 31
AR REAR B IR, IEA ke %8 4 L3t —
R RPLA , SEERE LT CircR2Disease £(#5 4
RS AE . H AN, N AUCTERRRE , ES-NMGCDA
U AU CAE B2 i WA Ay AR A 1T HE ]
AV HTIX AT HE 5 AUC H8 bR XA AS dt IR 53 A1 =
U R e—— 7 A BREE A ES-NMGCDA 7
SPIESUREA Y HE P RE 1 23 ) 2 B et i sh g . R
BNt , ES-NMGCDA BLAIAE Z I 48 b rp AR Sk e 0 48
SR E LR G T4 )] .
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R4 ES-NMGCDA #Z 5 H {1 7535 7 CircR2Disease FA Circ2Disease &5 _E AT bL 45 R
G/ T BRI 24 K MR 1% IR 1% KEt1%/% F11{8/% MCC/% AUC
ES-NMGCDA 93.80 95.04 92.79 93.89 88.39 0.867 2
MSMCDA 92.30 NA 89.70 92.50 79.96 0.976 0
MGRCDA 92.49 91.69 NA 92.38 84.94 0.929 8
NMFCDA 92.56 96.65 89.41 92.83 85.51 0.927 8
CircR2Disease KFDAE 91.23 NA 93.48 91.23 NA 0.973 8
iCDA-CGR 81.95 88.08 78.46 82.97 NA 0.804 9
MNMDCDA 88.69 94.07 85.00 89.28 77.87 0.951 6
GNNCDA 87.79 92.00 84.87 88.28 75.89 0.9375
GGCDA 90.63 NA 85.11 91.34 NA 0.972 6
ES-NMGCDA 89.11 89.47 91.07 90.27 80.31 0.787 3
MSMCDA 88.30 NA 81.80 87.50 79.96 0.9330
MGRCDA 90.66 81.30 NA 89.66 82.75 09116
CiredDisense NMFCDA 89.03 98.10 83.33 90.12 80.08 0.878 3
iCDA-CGR 71.30 66.30 73.80 69.74 42.92 0.780 9
MNMDCDA 81.30 85.19 79.24 81.95 63.07 0.898 0
GNNCDA 87.04 90.37 84.82 87.43 74.38 0.946 0
iGRLCDA 71.30 66.30 73.80 69.74 42.92 0.780 9

T ML BT R AR BUHE E CireR2Disease ll Cire2Disease N AL T [R]— %1 (B [R]— 3P4 #8058 e i 18

3.7 ROITAR

3.7.1 IR RNA 555 8 X BRI B R 5=

g i — 1Pl ES-NMGCDA #5586 R A1 3Rk RNA-
PP IR TR0 68 7, ARBIFFEHE S T FR RN A% ¢
BRI B0 . 15, 25T CircR2Disease Z045 5 % #si Al

HEAT YL , it Je A5 780yt G 15 B e 80 R T 20 28
PR RNA-GER T . 38 e 28 G0 20 1 e 2 SCHik B S 4k
it P S5 R 3ok S T 45 S AT Bk, LS B A5 A an 3k 5
TN LKL SE I AE ES-NMGCDA A5 75 T () i 20
ASFRAR RNA-B XF H A 18 41715 3 B A SRk sl 80

5 ES-NMGCDA ##BI7E CircR2Disease £ 8 _E Fi B9 I 20 N ERIR RNA -5 4% < Bk

No. HAR RNA £ %% R LR PMID
1 circRNA_002581 Nonalcoholic steatohepatitis 27677588
2 hsa_circ_0001212 Cervical carcinoma 28080204
3 hsa_circRNA_001379 Papillary thyroid carcinoma 28288173
4 hsa_circRNA_103410 Active pulmonary tuberculosis ARIESE
5 hsa_circRNA_103454 Papillary thyroid carcinoma 28288173
6 hsa_circRNA_100777 Papillary thyroid carcinoma 28288173
7 hsa_circ_0057093 Diabetes retinopathy 29288268
8 hsa_circ_0061893 Radiation-induced liver fibrosis 28774651
9 circRNA7535 Esophageal squamous cell carcinoma 29218114
10 hsa_circ_0005870 Hypertension 28534714
11 circRNA120 Esophageal squamous cell carcinoma 29218114
12 hsa_circ_0018168 Acne 29573483
13 circRNA2918 Esophageal squamous cell carcinoma 29218114
14 circRNA-000284 Cervical cancer 29511454
15 hsa_cire_101222 Rheumatoid arthritis ARAESE
16 hsa_circ_0000673 Ovarian endometriosis 29334789
17 hsa_circ_0013255 Radiation-induced liver fibrosis 28774651
18 hsa_circ_0000615 Hypertension 28824721
19 hsa_circ_0018289 Cervical cancer 29156822
20 hsa_circ_0026372 Diabetes retinopathy 29288268
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Y S 0 S RE L B IA L ORI L i 45 IR B, ES-
NMGCDA F5 5 75 15 5187 5 30K RN A-$5 99 5% 156 7 17 EL
A W HER P A AT SR BA S S — A5 I TR A
SR A .
3.7.2 IR RNA-ZLREEER X RROIF R

P I TN 2 £ 0y B 2 AT ) A 0 PR K 1T R P
AR DA TAE B BN v 2 9 A b R R R A
FET I AR SO 3 L g A R 22 5], % ES-NMGCDA
R TR I 1 i AT L T, DA TIE H A K B ERCR
RNA bR&EW 7 A RE T . FRATTHE 483 T CircR2Disease
B SN G A8 | B (o P Z A R PR A 7 300, - d5e 28 0
B HY 5 LR VR A O M B = A AT S0 N ERIR RNAL 48
SCHRS EE R ARG R IIE , T 45 R b HE 44 i 25 B IR
RNA 20 R A5 Sk sl 808 e SCRE, 1T 50 1~ Rk RNA
A A3 IS SRR A TEOCHR (PRI 6). X4,
WL, ES-NMGCDA 7Y 6845 &5 %50 I i 1 1 v 7
BP9 AH S FR R RNA, W VE 38 55 24 )~ SE 56 F
FERIAIEE T .

F6 ES-NMGCDA #EITM H F 87 50 5 ZLAREH KB IR

RNA
IR RNA 24 5% IR RNA £ F5
(1-25) PMID (26~50) PMID
hsa_cire_0001667 | 28803498 hsa_circ_0001721 28744405
hsa_circ_104821 | 28484086 hsa_circ_0086241 28803498
hsa_circ_104689 | 28484086 hsa_cirec_0002113 28803498
circRNA-001283 | 29431182 circ-Foxo3 27886165
circBCL11B 29221160 hsa_circ_0003838 28803498
circMED13 29221160 hsa_circ_0085495 28803498
circDENND4C | 28739726 hsa_circ_0000098 28744405
hsa_circ_0004214 | 28622299 circVRKI1 29221160
hsa_circ_0093859 | 29593432 | hsa_circRNA_101308 AU
circRNA-000911 | 29431182 hsa_circ_0091822 AU
circBRIP 29221160 hsa_circ_0000732 28744405
circOLA 29221160 hsa_circ_0006054 28484086
hsa_circ_0000981 | 28744405 hsa_circ_0000911 28744405
circRNA-001175 | 29431182 hsa_circ_0068033 29045858
hsa_circ_0008945 | 28744405 hsa_circ_0001283 28744405
hsa_circ_0008717 | 28744405 hsa_circ_0011946 29593432
hsa_circ_0001821 | 27928058 hsa_circ_103110 28484086
hsa_circ_0000893 | 28744405 circETFA 29221160
hsa_circ_0001982 | 28933584 hsa_circ_0007534 29593432
hsa_circ_0108942 | 29045858 hsa_circ_0092276 28803498
hsa_circ_0018293 | 28744405 hsa_circ_0092509 HRAE S
hsa_circ_100219 | 28484086 circRNA9671 HRAESL
hsa_circ_0001785 | 29045858 hsa_cirec_0000172 HRAESE
hsa_cire_0002874 | 28803498 hsa_circ_0098964 LS
hsa_circ_0006528 | 28803498 | mmu_circRNA_010567 ARAESE

4 £t

AWFFRHE T — B I T AT B PR R RNA-PR
97 I TR AR 7 ES-NMGCDA. 1245 25058 355 W) 28 43 B
R ST 22 TR AR 0 265 i TR B A S Ak, B
A HFRE LR FRR RN A D REARUTE 05 SCAHR B
DL Je 3R RNA 5 92 95 2 [8] 19 GIPK . NMF ., GES F
MDMF % Z R AR UVE B . T O0A S Al S 4% 1E , 1
— A 3R T DR SR ZR PR 2328 25 52 PR RO RN A-J 0 54 Bk
A A R

TE CircR2Disease S ERHE 4R L AT 10 54738 X5
UEF I, ES-NMGCDA #E B ZE MEff R 5 F1E S 048
b B3 W T A vk . AL X e S 06 AN ]
THOIAS Y f) L35 S 00— 25 B T A SC T4 Bk 1
TR AN AR TR 0 B E . ieah  fEz Ak
AEIIRIEH , ES-NMGCD A A5 78 [] 4 2% 21 1 e FC 110 0
PERE . TE RIS 7 1, ES-NMGCDA #5578 R A FRoiR
RN A5 S T r Joe B 1 L e A 7 FH 8 . 5 33
N, PERE R TIUNHE 44 715 20 AR RNA-B S Xt A 18
XA B A S5 B0 0 SR 5 A 3L & T 191
WFSE A, T 25 457 R AR RNA 34 2856 31F 5 L I g A7
TESEIE  HT 50 PR RNA 5 4 i A 43 1305k RNA
B S (B 5 LRI A7 AR DG TR . X SR 2 SR — 5
R, ES-NMGCDA FEBYUASAT AT H €2 10 Fou ol o ff %
B A PR RNA AH G B A 9 s 2 A o8 4 A3 v vl {5
B 1E - 2

JRUE AR R PR M R G A T i (AT A A —
FE W RIBR M . 225 B R I v T R A AL A
B # A 5000 B RN TR S AT R, S RO A
WCSARRRE REARG I st R S X 7E — S R R T
AR RIS PR ST i e . 7E Je 2ot
e, FRATTR A LA B 25 A S YN ZRAIL ] 8 2 5] AR
B FRAE A ) AR B A Bl A ARG B A AR
I 2 U5 A RS () 338 A 2% BE RS AT T, R AERIE
TIUIRE B A [) B Sk 2 B T T R0, DT 3 5 2 A 1Y
P ELS A ) BR 2E BT S s v A A

%30k

(1] a5 AR, R, HIBERY, 25 . JESMAS RNA 5.0 LR M
FHHECE RO P B WA AR T L2 L (0], o 2 TR
4%, 2022, 26(35): 5716-5723.
FANJL,ZHU T T, TIAN X L, et al. Effect and mechanism
of non-coding RNA regulating autophagy in myocardial
ischemia-reperfusion injury[J]. Chinese Journal of Tissue
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