
Appendix
The source code is available on our Github.
The full functions and paramaters are listed in the following appendix PDF.

RNAi



dpri_miRNA
dt = αpri_miRNA · gene− Vmax,Drosha&DGCR8·pri_miRNA

Km,Drosha&DGCR8+pri_miRNA
− dpri_miRNA · pri_miRNA

dpre_miRNA
dt = Vmax·pri_miRNA

Km,RNApoly+pri_miRNA
− vexp · pre_miRNA− dpre_miRNA · pre_miRNA

dpre_miRNAout

dt = vexp · pre_miRNA− Vmax,DICER·pre_miRNAout

Km,DICER+pre_miRNAout

−dpre_miRNAout · pre_miRNAout

dds_miRNA
dt =

Vmax,DICER·pre_miRNAout

Km,DICER+pre_miRNAout
− dds_miRNA · ds_miRNA

−vas,RISC · ds_miRNA ·RISC + vdis,RISC · Ago&RISC&miRNA
dmRNA

dt = αmRNA · gene
−vas,RIM ·RISC&miRNA ·mRNA+ vdis,RIM ·RISC&miRNA&mRNA

−dmRNA ·mRNA
dRISC&miRNA

dt = vas,RISC&miRNA · ds_miRNA ·RISC

−vdis,RISC&miRNA · Ago&RISC&miRNA

−vas,RIM ·RISC&miRNA ·mRNA+ vdis,RIM ·RISC&miRNA&mRNA
dRISC&miRNA&mRNA

dt = vas,RIM ·RISC&miRNA ·mRNA− vdis,RIM ·RISC&miRNA&mRNA

−dRIM ·RISC&miRNA&mRNA

Notation Meaning Value
g gene copies 200 from our assumption
α transcription rate for kinds of RNA 1.5× 10−3[2]
β translation rate for kinds of mRNA 0.000162 [3]
km Kinetic constant of Miltonian equation 1.2× 103nM [4]
vmax Kinetic constant of Miltonian equation 0.246nM/s [4]
dmRNA decomposition rate of mRNA 3.3× 10−3 [6]
dprotein decomposition rate of protein 5.22× 10−3 [7]
dsiRNA decomposition rate of siRNA 8.887× 10−4 [8]
vas, vdis association and disassociation rate 1× 10−3(Estimated)
vtrans transport rate of exportin5 2× 10−3 [5]

Table. 1: RNAi parameters
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Specific proliferation



dpri_miRNA
dt = αpri_miRNA · gene− Vmax,Drosha&DGCR8·pri_miRNA

Km,Drosha&DGCR8+pri_miRNA
− dpri_miRNA · pri_miRNA

dpre_miRNA
dt = Vmax·pri_miRNA

Km,RNApoly+pri_miRNA
− vexp · pre_miRNA− dpre_miRNA · pre_miRNA

dpre_miRNAout

dt = vexp · pre_miRNA− Vmax,DICER·pre_miRNAout

Km,DICER+pre_miRNAout

−dpre_miRNAout · pre_miRNAout

dds_miRNA
dt =

Vmax,DICER·pre_miRNAout

Km,DICER+pre_miRNAout
− dds_miRNA · ds_miRNA

−vas,RISC · ds_miRNA ·RISC + vdis,RISC · Ago&RISC&miRNA

−vas,siRNA&sponge · dssiRNA · Sponge+ vdis,siRNA&sponge · siRNA&sponge
dmRNA

dt = αmRNA · gene
−vas,RIM ·RISC&miRNA ·mRNA+ vdis,RIM ·RISC&miRNA&mRNA

−dmRNA ·mRNA
dRISC&miRNA

dt = vas,RISC&miRNA · ds_miRNA ·RISC

−vdis,RISC&miRNA · Ago&RISC&miRNA

−vas,RIM ·RISC&miRNA ·mRNA+ vdis,RIM ·RISC&miRNA&mRNA
dRISC&miRNA&mRNA

dt = vas,RIM ·RISC&miRNA ·mRNA− vdis,RIM ·RISC&miRNA&mRNA

−dRIM ·RISC&miRNA&mRNA
dSponge

dt = αSponge · gSponge− dSponge · Sponge
−vas,siRNA&sponge · dssiRNA · Sponge+ vdis,siRNA&sponge · siRNA&sponge

dSponge&siRNA
dt = vas,siRNA&sponge · dssiRNA · Sponge− vdis,siRNA&sponge · siRNA&sponge

−dSponge&siRNA · Sponge&siRNA

Notation Meaning Value
αsponge transcription rate for sponge 1.5× 10−3

vas,sponge&siRNA the association rate of sponge and siRNA 1× 10−3 from assumption
vdis,sponge&siRNA the disassociation rate of sponge and siRNA 1× 10−3 from assumption

dsponge The decomposition rate of sponge 8.887× 10−4 from mRNA estimates
dsponge&siRNA The decomposition rate of sponge 8.887× 10−4 from mRNA estimates

Table. 2: Specific Proliferation Parameters

Automata

Assume v1, v2, v3 represent free virus, virus infecting normal cells, virus infecting cancer
cells respectively and c1, c2 represent normal cells and cancer cells respectively.
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

v1,t+1 = −d · v1,t − α · v1,t + r1 · v2 + r2 · v3
v2,t+1 = −d · v2,t + c1

c1+c2·spi · α · v1,t
v3,t+1 = −d · v3,t + c2·spi

c1+c2·spi · α · v1,t
c′1,t = max(1, c1,t − k1 · v2,t)
c′2,t = max(1, c2,t − k2 · v3,t)

c1,t+1 =
c′1,t

c′1,t+c′2,t
·N

c2,t+1 =
c′2,t

c′1,t+c′2,t
·N

Notation Meaning Value
N total number of cells 20000
d decomposition rate of virus 0.1
α infection ratio of virus 0.3
spi Specific infection parameter 5
r1 replication rate of virus in normal cell 0.05
r2 replication rate of virus in cancer cell 0.2
k1 killing rate of virus in normal cell 0.02
k2 killing rate of virus in cancer cell 0.2

Table. 3: Automata concept model parameters
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