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Dynamic Gene Regulatory Network Evolution Analysis

LIU Zhong-Zhou, HU Wen-Bin, XU Ping-Hua, TANG Chuan-Hui, GAO Kuang, MA Fu-Ying,
QIU Zhen-Yu

(School of Computer Science, Wuhan University, Wuhan 430072, China)

Abstract: Dynamic gene regulatory network is a complex network representing the dynamic interactions between genes in organism.
The interactions can be divided into two groups, motivation and inhibition. The researches on the evolution of dynamic gene regulatory
network can be used to predict the gene regulation relationship in the future, thus playing a reference role in diagnosis and prediction of
diseases, Pharma projects, and biological experiments. However, the evolution of gene regulatory network is a huge and complex system
in real world, the researches about its evolutionary mechanism only focus on statics networks but ignore dynamic networks as well as
ignore the types of interaction. In response to these defects, a dynamic gene regulatory network evolution analyzing method (DGNE) is
proposed to extend the research to the field of dynamic signed networks. According to the link prediction algorithm based on motif
transfer probability (MT) and symbol discrimination algorithm based on latent space character included in DGNE, the evolution
mechanism of dynamic gene regulatory network can be dynamically captured as well as the links of gene regulatory network are predicted
precisely. The experiment results showed that the proposed DGNE method performs greatly on simulated datasets and real datasets.
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Fig.1 Diagram of inferring gene regulatory network from temporal gene expression data
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Fig.2 Diagram of enumeration of motifs of gene regulatory network
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Fig.3 Diagram of symbol discrimination process based on latent space character
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Fig.4 Diagram of modelling of gene regulation network based on motifs
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3.2 HEHAM KR SHAE

3.2.1  If T PR 2O B UM A 2R M 2 40k T

FE MT S35 L SEPATUHER 10N T—1 I 202 T I 220 B4 e J9 AL AR B g A0 P 5 365 PR 2R 0 2 00T I 1)
DA C HEATIN P 20T 1 T—1 AN A < i [ 2 e i 7 TCT, S DR 50 A I 45 30 76 I i) AT U
CeRTD* HARAT 43 BIAF 25 TCT 71 I I 4 B L 19 B A JELINF 35 43 T 190 A S0 A2 36 536 1 3 A1 B2 AR 40 AR
(v A LS8 A UMM o 4 I ) B S 30, o 5 — AT 3L 23 E 538 RO AT 15 31 C(T) AR 5 TR, B 2 A 00000 oY 4% 8 )
PR, X T B B I P A P AR K, 7 2 4 R 3 S g ) AS TR o) 4% 3 £ PR A1 8 DK SR A0 i B0 A1 AL
oA 2 (L) A2 R (12) 50 93 0 AE PR3 AT C(TY I TH S o

cCr,r):TZl(T —t)?C(t,r) (11)
ca:o:iﬁ“@am) (12)

Horpra RIS EAAE synA,synC Hfii 4R L 73 50 PRSI RIIE 2 HOHAT K 56, 5 5K T AT fee (R 1
RS 5 L g R W 6 fros
24 ROC £l i) = b Ay ™y H I, 3R W 0 3% 2 B0 00 BOAEL R 0 U vk L AT e F) M0 28050 DA T 6 ) s 2
ST LU B R S i
(1) KR AT, oaUE -4 85 I RCR B 2 R IR B AT BRI, ol A 0.2 I AT LIS
L 1) 45 50 H SV 2 WA L, e ROC i 2 K SSUR 17, 25 1R 280 74 Al 2 A1 A 204 T 550 52 2% REARALL Jir L vl
AR — P A Jim S50 B Iz STE I 2 4L
(2)  1E SynA 4 4 h I IR IBUR I S B A ROC it 2k (A TR 22 i JE /1N Syn A Bidfa 4 v 199 23 A A7
300 M5 AL IX UL MT SEELE /N 2% S B BIUR AE — e FE R EANIE H T I 6 4%
MT S9EZ BRI PR 98 MT S0 5 23 il 1 4k P KOG S0 IR IS 15 L AT S, A SCAE SynAL SynB.

© TEBREEEEIEDT  htp/ www. jos. org. cn



3344 Journal of Software 334k \Vol.31, No.11, November 2020

SynC dla S A MBI T K IF@ AT 505 13 2 T I 2010 W0 46328 30 57 1, JF AR Gs AUC FHHER R EAT PR 45 21
e 7 .

S%HAE%Q?ETK 75 B KIROC 1 2% Syr11A FEA T A 2B ROC 145
r 3 7

ol Atlﬁ
008 @ 0.9
& K
208 Q08
3 2
o 07 a7
2 U
= a=-1 S
Tos a=-4 Tos a=02
( a=-10 a=1.0
05 05"
0 05 1 0 0.5 1

False Positive Rate False Positive Rate

Sch"(&ﬂ%ﬁi NA] 2 EI T ROC 4k squ?E’iiﬁ(’/}m N AN 25 B AT RQC I 2:
v

v
209 0 9
@ k.
go8 g 08
£ a7 £ o7
4 ©
=] >
2 =1 = 0
" o6 :=-4 06 a=ov2
a=-10 1.0
0.5 0.5
0 05 1 0 0.5 1
False Positive Rate False Positive Rate
Fig.6 ROC curves under different models and parameters
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Fig.7 Influence of the dimension K of the tensor decomposition on algorithm MT
7 KBS EYERL KX MT SRR B 5

INFEL 7 1056 0 2 T B L0 2
(1) 75 SynA. synB. synC ¥HE 4 b MT 7% 0 M Al 5 — TP B 2 9K k40 24 5 10 S8 0 K6, 0L Bt 25 3¢
AP0 I I35 16 22 5 MERH S 0 P T o, 2 T W0 0 1 %5 0 4 4 R e, 56 9

© PEBEEGICFEIFT  hipsy www. jos. org. cn



X P ) AR B RAIE PR AT 3345

OMRAERE D 16 e 3 I U AR AR IR 22 kv U 8 o G SR v ST
(2) MT 53K AUC AR B 7K 5 2 fi () 4 JSE 39 e W] S AR e a3 0 — EL I S84 [ 5 i T20.1 1R3¢
2y DRI RTA Hh B 2 8 01 4 P52 D000t 532 1A R 2 A7 S i, it e A e B3 R BLIK) 5 —Fbs AUC B

R,

3.2.2  H TR IRV ) 20 2 5 DAL 2 0 A1 55 1 ol Bk
AT H K DGNE J5 325 (5 T K 23 TRV Ry I A A5 5 0 0 S35 2 LA s T R AL A Sl s R A3 [ DA 7554

) TR A i, X 3 DR R 4 X PR S ER A 5 R AT 2 30 R R S AE AR AIE 17 55 v 7 A A £ B A5 e B9 250 R 0 2 i A

W 2 R 1) 4 4 PS8 S 1 R, o 0T e SRR v AR SO M = A () o AR S K EAT S 50 5, A 5 B

PRI P 8 JEBL 1 AEAN R 2 52 23 B 755 0 ) R A 3 1 A2

ST B2 VR HORE 3 HI I ST A T F 3 3 OV

0.80 0
|
|
|
0.75 1
|
|
# |
£ |
# /U
|
070F F\,\ ]
| M
|
| SynA
| SynB
| SynC
|
065 : ‘ : ‘
10 20 30 40 50

BRI E

Fig.8 Influence of the dimension k of the non-negative tri-matrix factorization
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Table 3 AUC of MT and its contrastive algorithms
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Fig.9 Precision of MT and its contrastive algorithms
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Fig.10 Precision of DGNE and its contrastive algorithms
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