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Fig. 1 Gene regulatory network with feedback and distribution patterns

(a) A minimal coupled gene circuit with positive-plus-negative feedback. The gene promoter spontaneously switches between the active and inac-
tive states with rates of @ and 5. When the gene is in the active state, the protein synthesis rate is s, but the produced protein can feedback to ei-
ther promote or inhibit its own expression, with positive feedback strength « and negative feedback strength v. Translation occurs only in the ac-
tive state. The number of proteins is n ,and the degradation rate of the protein is d. (b) The model can generate three different shapes of steady
— state protein distributions:a decreasing distribution(P , is monotonically decreasing with respect to n ,resulting in a single zero peak) ;a bell—
shaped distribution(P , first increases and then decreases with respect to n,resulting in a single non—zero peak) ;and a bimodal distribution(P ,
has both a zero peak and a non—zero peak). The parameters are chosen as s =30,d =1,a=0.5,6=0.4,2=0,v=0. 1 for the left panel,s=30,

d=1.a=1,0=0.1,4=0.8,v=0.5 for the middle panel,and s=30,d=1,a=0.4,6=0.1,4=0.2,v=0. 2 for the right panel.
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Fig. 2 Schematic diagram of the distribution shapes of protein number in the b-a plane

(a)When 1<s<<2,the division of decaying distribution and bell shaped distribution in the b—a plane. (d) When s >2, the division of decaying

distribution and bell —shaped distribution in the b—a plane. (¢)Bell shaped distribution. The parameters are s=10,d =1,a =2,0=1,p2=0. 1,v

=0. 2; (d)Decaying distribution. The parameters are chosen as s=10,d=1,a=1,0=2,2=0.1,v=0. 2.
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The Discriminative Conditions for the Distribution Pattern
of Expression Products in Stochastic Gene Expression Models

QIU Zhishan,SHENG Ying,JIAO Feng"

(School of Mathematics and Information Sciences,Guangzhou University, Guangzhou 510006, China)

Abstract: Gene expression is essentially a random process. The distribution of expression product quantities
can comprehensively describe the stochastic behavior of gene expression,which typically exhibits three dis-
tribution shapes:decaying.bell-shaped,and bimodal. Ref. [21] explores a stochastic gene expression model
of minimal coupled positive-plus-negative feedback loop. By constructing two continuous curves C; and C,
in the parameter phase,the necessary and sufficient conditions for the model to generate three distribution
shapes were theoretically provided. However, for any given set of parameters, since the curves C; and C,
cannot give exact expressions,it is difficult to directly and quickly determine which distribution shape the
stochastic gene expression model of a minimal coupled positive-plus-negative feedback loop can gener-
ate. This greatly affects our research on massive single cell transcriptomic data using mathematical mod-
els. In this paper, we present several system parameter conditions that generate the three distribution
shapes by quantitatively characterizing the curves C, and C,. These parameter conditions can be calculated
using simple elementary functions. Thus, a rapid discrimination method for determining the distribution
shape of the quantity of expression products in the stochastic gene expression model is provided.
Keywords: Stochastic gene transcription model; positive-plus-negative feedback loop; chemical response
master equation;quantitative distribution of expression products
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