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Fig. 1 Cis and Trans-Regulation Diagram
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Fig. 2 Results of the first group of parameters plot
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Table 3 Calculation results of the first group of parameters

LAY ¥iH 1% T 7 Fano AT
SSA I 45 4. 41 27. 26 1. 40 6.19
FSP Jii =X 8 4 4.57 27.18 1.30 5.95
SSA %R EEE 4. 48 21.18 1.06 4.73
FSP J 45 4.68 21. 47 0.98 4.59
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Fig. 3 Results of the second group of parameters plot
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Table 4 Calculation results of the second group of parameters

AR ¥ifE i % e e Fano ¥
SSA i = 8 12. 06 55.55 0.38 4. 60
FSP i = ] 45 12.17 54. 61 0. 37 4. 49
SSA J A JH 8. 45 61.86 0.87 7.32
FSP J2 2 i 5 8. 54 66. 61 0. 85 7.22
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B TR A R 4 TR M RNA 43 A0 BLVE S el
A e R 23K 1 R 458 X 4%, IneRNA 76 B 3 72 b 1) 1
M Z 002 2R . AT PUE G 2028 IneRNA #
A A T R S R A A R P AR 25 B9 mR-
NA -2 35 & B A6 AU A I X e s0RE 7 g 3%

LR
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FEF LA LRI Sy L 55 M 2 8 42 A s = 2 N mR-
NA BB KN.L0=1.0, =1.k, =1.p =20,
=5 AR JEBREMLAE LT X N E 1000 4A1H: A, €

[0.1,0.515A, € [1,3]5A5 € [1.3]4A5 =A,, . 250
LOF AR T RACEEE N, 1, & Ndh 2, b
HLEL A B8 S5 26 5 iR .

W LA b B A7 B8 45 SR DL 1R AN AR £ DB X
R VEERME 4 R,

RS VMHEMBENRISBIER

Table 5 Partial results of initial model with randomly selected points

Az A3z Aos 2 3 {6 &l JIGE 2 e S 2 W i Fano = Fano [ER eSS
2. 86 1. 82 0. 35 1. 30 6.93 9. 04 4.31 1. 08 4. 67 2
1. 48 1. 69 0. 14 1. 34 7.54 10. 08 7.71 0. 64 4. 94 2
1.99 2.77 0.18 0.78 10. 64 8.33 8. 07 0.51 4.13 2
1. 44 1. 28 0. 14 1.73 6. 36 11.01 6.59 0. 84 5.53 2
2.52 2.90 0. 48 1. 40 5.17 7.24 6.74 0.62 4. 16 2
2.17 1.72 0. 30 1. 64 5.67 9.33 5.52 0. 89 4.91 2
1. 16 1. 69 0. 44 4.22 1. 84 7.77 9. 30 0.51 4.75 2
2. 14 2.72 0. 32 1.19 6.55 7.82 7.46 0. 56 4.21 2
1.99 1. 30 0.23 1.82 5.74 10. 43 4. 89 1. 10 5.40 2
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Abstract: Research has shown that long non-coding RNAs(IncRNAs) are involved in the regulation of es-
sential biological processes at multiple levels. However so far,the mechanisms of gene expression regula-
tion by IncRNAs and their biological functions are not yet fully understood. This study focuses on the
differences in gene expression regulation by IncRNAs through cis-and trans-regulation and their dynamic
behaviors. First,a mathematical model for the functional action of IncRNAs is established based on chemi-
cal master equations,and the accuracy of the SSA and FSP algorithms is validated. Second, the distribution
of IncRNAs and the effect of transcriptional bursts on gene expression are analyzed using SSA and FSP al-
gorithms. This paper combines dynamical system theory and stochastic simulation methods to first con-
struct the model of IncRNA regulatory mechanisms based on experimental results; Then some key indica-
tors(such as the probability distribution, mean,and noise of mRNA)are then calculated to analyze the dy-
namic properties exhibited by IncRNAs in cis-and trans-regulation. The study shows that under the original
model, trans-regulation leads to higher mRNA expression levels and lower noise, while cis-regulation is
more sensitive to rapid local responses. The impact of the IncRNA generation distribution on the dynamic
characteristics of mRNA expression is also studied,and it is found that different distribution forms signifi-
cantly affect the stability and efficiency of the regulatory pattern. After adding transcriptional bursts, cis-
regulation results in higher average mRNA expression levels and lower noise compared to trans-regula-
tion. This study provides theoretical support for a comprehensive understanding of IncRNA regulatory
mechanisms and their functional characteristics in gene expression,offering a new perspective for exploring
IncRNA regulatory mechanisms.
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