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Figure S1. The parameter sensitivity of

the single Notch pathway model under

the perturbation level 1%.
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Figure S2. The parameter sensitivity of
the single Notch pathway model under

the perturbation level 10%.
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Figure S3. The parameter sensitivity of
the single Notch pathway model under

the perturbation level 50%.
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kDA '-—.
Leflt m— o N .
DIl 1 DIl mRNA period

KdmDllle —
KdmAxin2oms
KdDll1 |
LALda DI :
VMdmA xinZcs
VMdDIl |
KsmBHa—{
VMsDI e
KsmAxinT =
VMsmAxins—"
vmAxin2 |

Axin2 mRNApenoa
®DI11 mRNA amplitude

® Axin2 mRNA amplitude

kd1Tg
KdbeatpD]
VMdbcatp =
Kabcatp &=
VMabcati
fom A xindes
dGA
aG A
aDA =
KinaDsh }
VMinaDsh &
KaDsh &
KaWnt {
VMaDsh &
GSK3t 4
Dsht mmmm

5 -4 -3 -2 -1 0 1 2 3 4

kDA jm__
Leflt [——
vmDIl1 |
KdmDllle =
KdmAxin2css

KdDll1 |

® DIl mRNA period
Axin2 mRNA period

B DIl mRNA amplitude

® Axin? mRNA amplitude

VM derehintee
VMdDIl1 |}
K smBi=—

VMsmDIl1 |
KsmAxinde
VMsmAmm2—"0"
svmAxin2 §
abl &
i~
EXmDllln }
EXmAxin2n |
kDIl |
IMbcat=C
EXbcaftm
vbeat=L"
kd1S
KdbcatpS
VMdbeatp =
Kabcatp—=
VMabcatgas

VMinaDsh =
KaDsh =
KaWnt §

VMaDsh &
GSK3t o

,Dsht o

-2 | 0 p 8 2 3 4 5 6
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the single Wnt pathway model under the

perturbation level 10%.

Figure S6. The parameter sensitivity of
the single Wnt pathway model under the

perturbation level 50%.
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Figure S8. The parameter sensitivity of

the combined model taking the genes

oscillating synchronously with Axin2 as

output under the perturbation level 1%.
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Figure S10. The parameter sensitivity of
the combined model taking the genes
oscillating synchronously with Axin2 as

output under the perturbation level 10%.
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Table S7. The parameters to which the oscillating periods or amplitudes of Notch

target genes are significantly sensitive in different perturbation levels in the single

Notch pathway model.

gene | Sensitivity Perturbation intensity
type 1% 10% 50%
Lfng | period VMsmLfng(2.48) VMsmLfng(4.4) VMsmLfng(3.52)
VMdmLfngc(-1.76) VMdmHes7¢(2.5) VMsmHes7(1.72)
KsmHes7(1.38) VMdmHes7c(1.47)
VMdHes7c(1.16) KsmHes7(1.11)
kmLfng(1.13) VMdHes7c(1.04)
amplitude | VMsmLfng(3.45) VMsmLfng(5.36) VMsmLfng(3.83)
VMdmLfngc(-2.31) VMdmHes7¢(2.62) VMdmHes7¢(1.07)
KsmLfng(-1.01) VMdmLfngc(-1.49) VMdmLfngc(-1)
KsmHes7(1.48)
VMsmHes7(1.27)
VMdHes7c(1.24)
Hes7 | period VMsmLfng(2.48) VMsmLfng(2.08) VMsmLfng(3.52)
VMdLfngc(-1.76) VMdmHes7c(2.5) VMsmHes7(1.72)
VMdHes7c(1.16) VMdmHes7c(1.47)
KsmHes7(1.38) KsmHes7(1.11)
kmLfng(1.13) VMdHes7c(1.04)
amplitude | VMsmLfng(1.55) VMsmLfng(4.4) VMsmHes7(1.89)
VMdmLfngc(-1.04) VMsmHes7(1.64)
VMdHes7¢c(1.33)
VMdmHes7c(1.17)

Table S8. The parameters to which the

oscillating periods or amplitudes of Wnt

target genes are significantly sensitive in different perturbation levels in the single

Whnt pathway model.
gene | Sensitivity Perturbation intensity
type 1% 10% 50%
DII1 | period Lef1t(1.02) Leflt(1.27)
amplitude | VMdmDII1c(-4.74) VMdmDII1c(-4.17) VMdmDII1c(-1.75)
VMsDII1(2.81) VMsDII1(2.77) VMdmAXin2¢(-1.27)
vmDII1(2.52) vmDII1(2.1)
Axin2 period Lef1t(1.02) Lef1t(1.27)
amplitude | Dsht(1.21) Dsht(1.18) Dsht(1.07)
kmAXxin2(-1.04)




Table S9. The parameters to which the oscillating periods or amplitudes of target

genes are significantly sensitive in different perturbation levels in the combined

model.
gene | Sensitivity Perturbation intensity
type 1% 10% 50%

Lfng | period VMsmLfng(3.78) | VMsmLfng(4.24) | VMsmLfng(3.88)
VMdmHes7¢(1.76) | VMdmHes7¢(2.28) | VMsmHes7(1.64)
VMdmLfngc(-1.45) | KsmHes7¢(2.03) KsmHes7(1.02)
VMsmHes7(-1.41) | kmLfng(1.72)

KsmHes7(1.22) VMdHes7c(1.64)
VMdmAXin2c(1.05) | KHes7ImLfngn(1.26)

KdmLfngc(1.16)

VMdmAXin2c(1.14)

amplitude | VMsmLfng(3.07) | VMsmLfng(5.61) | VMsmLfng(2.27)

VMdmDII1c(-1.84) | VMdmHes7c(2.56) | VMsmNkd1(-1.52)
VMdLfng(1.28) KsmHes7(2.19)
Leflt(1.27) VMdHes7c(1.74)
kmLfng(-1.12) VMdmAXin2c(1.48)
VMsmHes7(1.04) | KHes7ImLfngn(1.2)

KsmAXxin2(1.16)

KdmLfngc(1.13)

kmLfng(1.05)

Hes7 | period VMsmLfng(3.78) | VMsmLfng(4.24) | VMsmLfng(3.88)
VMdmHes7¢(1.76) | VMdmHes7¢c(2.28) | VMsmHes7(1.64)
VMdmLfngc(-1.45) | KsmHes7¢(2.03) KsmHes7(1.02)
VMsmHes7(-1.41) | kmLfng(1.72)

KsmHes7(1.22) VMdHes7c¢(1.64)
VMdmAXin2c(1.05) | KHes7ImLfngn(1.26)
KdmLfngc(1.16)
VMdmAXin2c(1.14)
amplitude | VMsmLfng(1.94) | VMsmLfng(2.09) | VMsmHes7(1.9)
VMdmHes7¢(1.15) | VMdHes7¢(1.68) | VMsmNkd1(-1.31)
KsmHes7(1.13)
kmLfng(1.09)
VMdmHes7¢(1.03)

Nkd1| period VMsmLfng(3.78) | VMsmLfng(4.24) | VMsmLfng(3.88)
VMdmHes7¢(1.76) | VMdmHes7¢(2.28) | VMsmHes7(1.64)
VMdmLfngc(-1.45) | KsmHes7¢(2.03) KsmHes7(1.02)
VMsmHes7(-1.41) | kmLfng(1.72)

KsmHes7(1.22) VMdHes7c¢(1.64)
VMdmAXin2c(1.05) | KHes7ImLfngn(1.26)
KdmLfngc(1.16)




VMdmAXxin2c(1.14)

amplitude | VMsmLfng(15.56) | VMsmLfng(12.13) | abL(10.16)
VMdmHes7¢(9.41) | VMdmHes7¢(10.79) | VMsmLfng(7.01)
VMsmHes7(-8.51) | VMdmAXin2c(8.8) | KsmHes7(6.21)
VMdmAXin2c(7.68) | KsmHes7(7.18) VMdHes7¢(3.44)
VMdmLfngc(-6.29) | kmLfng(6.32) VMdmHes7¢(2.87)
KsmAXxin2(5.67) VMdHes7¢(6.19) | kmLfng(2.83)
KsmHes7(5.48) KHes7ImLfngn(4.66) | KdNkd1(2.41)
VMsmAXxin2(-5.01) | KdmLfngc(4.42) KdmLfngc(2.38)
VMdHes7¢(4.52) VMsmNkd1(4.4) KHes7ImLfngn(2.38)
KsmNkd1(-4.36) dbL(3.34) VMsmNkd1(-1.85)
KsmLfng(-3.67) KsmNkd1(-3.29) KdmNkd1c(1.78)
VMdmNkd1c(-3.66) | EXbcatn(3.2) dbL(1.68)
VMsmNKkd1(3.42) | VMsmAXxin2(-3.19) | EXbcatn(1.58)
kmHes7(-3.39) VMdmNkd1c(-2.78) | KHes7ImHes7n(1.51)
VMdLfng(-3.32) kmAXxin2(2.63) KsmNkd1(-1.51)
KHes7ImLfngn(3.23) | KdNkd1(2.31) VMdmNkd1c(-1.31)
KHes7ImHes7n(-3.16) | VMabcatp(2.09) aGA(1.29)
kmLfng(3.01) aGA(1.99) vmLfng(1.23)
KdmLfngc(2.7) KdmNkd1c(1.68) | kDA(1.22)
dbL(2.65) aDA(-1.52) kmAXxin2(1.2)
kmAXxin2(2.55) VMdmLfngc(1.48) | VMdLfng(1.18)
EXbcatn(2.43) KHes7ImHes7n(-1.41) | Kabcatp(1.18)
aGA(2.04) dGA(-1.36) KdLfng(1.14)
aDA(-2) KsmLfng(-1.36) IMbcat(1.13)
VMdNkd1(-1.98) | VMdLfng(-1.3) VMabcatp(1.07)
KdNkd1(1.91) kmHes7(-1.29)
KdmNkd1c(1.65) | VMdNkd1(-1.27)
dGA(-1.55) Kdbcatp(1.18)
abL(-1.33) kd1(1.17)
KdmHes7¢(-1.32) | KsmAxin2(1.16)
VMabcatp(1.24))
KdmNkd1c(1.09)
KHes7ImNkd1n(1.02)

DII1 | period VMsmLfng(3.78) | VMsmLfng(4.24) | VMsmLfng(3.88)
VMdmHes7¢(1.76) | VMdmHes7¢(2.28) | VMsmHes7(1.64)
VMdmLfngc(-1.45) | KsmHes7¢(2.03) KsmHes7(1.02)
VMsmHes7(-1.41) | kmLfng(1.72)

KsmHes7(1.22) VMdHes7c(1.64)
VMdmAXin2c(1.05) | KHes7ImLfngn(1.26)
KdmLfngc(1.16)
VMdmAXin2c(1.14)
amplitude | VMsmLfng(-9.58) | VMsmHes7(-2.9) | VMdmHes7c(-1.61)

VMdmLfngc(5.43)

VMsDII1(2.5)

KHes7Imhes7n(-1.24)




VMsmHes7(4.45)
dbL(-3.06)
abL(2.18)
KsmHes7(-3.52)
EXbcatn(-2.83)
VMdmDll1c(-4.2)
VMdmAXin2c(-2.68)
VMdmHes7c(-4.01)
KsmLfng(2.9)
kmHes7(2.92)
VMdLTng(2.72)
kmAXxin2(-2.64)
VMsmDII1(2.62)
VMdHes7c¢(-2.54)

kmLfng(-2.2)
KsmHes7(-2.12)
dbL(-2.11)
EXbcatn(-2.05)
VMsmLfng(-2.03)
VMdmLfngc(1.15)
KHes7ImLfngn(-1.96)
kmAXxin2(-1.94)
VMdHes7c(-1.91)
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kmLfng(-2.79) VMdLfng(1.3)
VVMabcatp(-1.29) KsmLfng(1.27)
KHes7ImLfngn(-2.41) | KdNkd1(-1.21)
vmDII1(2.13) aDA(1.15)
aDA(1.32) VMdNkd1(1.02)
KdmLfngc(-1.97)

aGA(-1.3)

VMdNKkd1(1.4)

KdNkd1(-1.32)

AxinZ period VMsmLfng(3.78) | VMsmLfng(4.24) | VMsmLfng(3.88)
VMdmHes7¢(1.76) | VMdmHes7¢(2.28) | VMsmHes7(1.64)
VMdmLfngc(-1.45) | KsmHes7¢(2.03) KsmHes7(1.02)
VMsmHes7(-1.41) | kmLfng(1.72)

KsmHes7(1.22) VMdHes7c(1.64)
VMdmAXin2c(1.05) | KHes7ImLfngn(1.26)
KdmLfngc(1.16)
VMdmAXin2c(1.14)
amplitude | VMsmLfng(-10.8) | VMsmLfng(-3.28) | VMsmLfng(-1.59)

VMdmLfngc(6.38)
VMsmHes7(5.61)
abL(2.94)
dbL(-3.85)
VMdmAXxin2c(-4.16)
EXbcatn(-3.61)
VMdmHes7c(-5.08)
KsmHes7(-4.13)
KsmLfng(3.38)
kmHes7(3.42)
kmAXin2(-3.46)
VMsmAXin2(2.63)

VMdmHes7c(-2.65)
KsmHes7(-2.65)
dbL(-2.63)
EXbcatn(-2.57)
kmAXxin2(-2.56)
VMsmHes7(-2.53)
kmLfng(-2.53)
VMdHes7¢(-2.39)
KHes7ImLfngn(-2.2)
VMsmAXin2(2.19)
KdmLfngc(-2.13)
VMdmAXin2c(-2.13)

abL(-1.14)
VMdmHes7c(-1.9)
KHes7ImHes7n(-1.48)
VMdLfng(-1.62)
VMsmAXin2(1.14)
KsmHes7(-1.71)
kmAxin2(-1.14)




VMabcatp(-2)
VMdLTng(3.17)
KsmAxin2(-2.43)
Kabcatp(1.47)
VMdHes7¢(-3.07)
IMbcat(1.32)
kmLfng(-3.21)
VMdbcatp(1.43)
aDA(1.71)
KHes7ImLfngn(-2.76)
aGA(-1.7)
KdmLfngc(-2.26)
Kdbcatp(-1.18)
kd1(-1.18)
VMdNkd1(2.15)
dGA(1.14)
KdNkd1(-1.59)
KHes7IHes7n(1.13)
KdmAxin2c(-1.04)

VMabcatp(-2)
kmHes7(1.75)
abL(1.64)
VMdLfng(1.58)
KsmAxin2(-1.53)
KsmLfng(1.52)
aDA(1.51)
VMdmL1fngc(1.49)
KdNkd1(-1.48)
aGA(-1.35)
Kdbcatp(-1.34)
kd1(-1.33)
VMdNkd1(1.28)
aGA(-1.14)




