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Overview of Supplementary Materials

This supplemental text includes 9 Supplementary Tables and 8 sets of Supplementary Figures.
Supplementary Tables and Supplementary Figures are presented in the order they are cited in the

main text.

Our complete model consists 15 synthesis, 26 reactions of multiple degradations and 22 transfor-
mation reactions (Supplementary Table 1), 34 ODEs (Supplementary Table 2), and 137 parameters

(Supplementary Table 3). Initial conditions are also provided in Supplementary Table 2.

Supplementary Figure 1 demonstrates that the limit cycle exists only for a specific range of pa-
rameter values. For example, the limit cycle is observed when kgg parameter values is between 0.08
and 0.1, but not for values of ks less than or equal to 0.07 and greater than or equal to 0.5. These
results indicate that there are Hopf bifurcation points between kss=0.07 and kss=0.5. For all other

parameter.

Supplementary Table 4 provides left and right endpoints of the interval that covers corresponding

parameter values for which limit cycle oscillations exist.

Supplementary Figure 2 shows the period of oscillations of ATM/ATR, p53, Wipl, Mdm2 regu-
lators depending on Plk1 depletion levels.

Supplementary Table 5 provides the number of different cancer cell lines that carry a specific gene
mutation from Dependency Map database (depmap.org) and the number of cell lines for which

CRISPR data are available.

To compute the average logarithmic sensitivity intensity for k™ protein, we compute the logarith-
mic sensitivity intensity S{fi (see definition in the main text) of this protein for every parameter P;

(i=1...137) and then define the average as:
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Supplementary Table 6 provides the average logarithmic sensitivity intensities for WT, Plk1-de-

pleted WT, p53-null cancer, and Plk1-depleted p53-null cancer cells.



Supplementary Table 7 provides the list of twenty proteins with largest average logarithmic sen-

sitivity intensities.

The average logarithmic sensitivity intensities for 50 model components are also shown in Sup-

plementary Figure 3.

Supplementary Figure 4 shows the logarithmic sensitivity intensities for some important regulators
involved in G2/M DNA damage checkpoint and cell cycle regulations as function of varied pa-

rameters that control expression of 15 proteins.

Supplementary Figure 5 show results of Partial Rank Correlation Coefficients (PRCC) analysis for
the following four cases: 1) p53-wt Plk1l-normal, 2) p53-wt Plkl depleted by 45%, 3) p53-null
Plk1-normal, 4) p53-null Plk1 depleted by 45%.

Supplementary Figure 6 and Supplementary Figure 7 show results of Fuzzy analysis for the fol-
lowing four cases: 1) p53-wt Plkl-normal, 2) p53-wt Plk1 depleted by 45%, 3) p53-null PlkI-
normal, 4) p53-null Plk1 depleted by 45%. Case #2 and Case #4 are combined in Supplementary

Figure 5. Case #1 and Case #3 are combined in Supplementary Figure 6.

Supplementary Table 8 provides predicted phenotypes of pS3-wt and p53-null cancer cells that
carry a mutation in the interaction described by the corresponding parameter that is set to 0. The
mutation can induce the cell cycle arrest or cause the change in cell cycle period which is repre-
sented by the ratio 7w/7, where T is the mutant cell cycle period and 7 is the cell cycle period in

wild type.

Supplementary Figure 8 and Supplementary Figure 9 show the effect of gene deletions on the

phenotypes of p53-wt and p53-null cancer cells.

Supplementary Table 9 provides parameter values used to model cell lines and CRISPR perturba-

tions.

The MATLAB code is posted in GitHub at https://github.com/Y ongwoon-Jung/PLK1.




Supplementary Table 1. Reactions
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Supplementary Table 2. Model differential equations and initial conditions (=1.65: Time

scaling factor)
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tary Table 1.
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Supplementary Table 3. Model parameter definitions and values

No Symbol Definition Value
1 kg Forward rate constant for association of CycB and CDK1 18
2 k1 Reverse rate constant for dissociation of MPF 0.1
3 klfz Dephosphorylation rate constant of preMPF by Cdc25P 10
4 k;Z Dephosphorylation rate constant of preMPF by Cdc25 0.2
5 klrz Phosphorylation rate constant of MPF by Weel 3
6 k;2 Phosphorylation rate constant of MPF by WeelP 0.1
7 klf3 Phosphorylation rate constant of Cdc25 by MPF 1
8 k;3 Phosphorylation rate constant of Cdc25 by Plk1P 2
9 klr3 Dephosphorylation rate constant of Cdc25P by PP2A 0.54
10 klf4 Phosphorylation rate constant of Weel by MPF 1
11 k;4 Phosphorylation rate constant of Weel by Plk1P 2
12 klr4 Dephosphorylation rate constant of Weel by PP2A 0.2
13 K¢s Forward rate constant for dissociation of p21:MPF 8
14 Ky s Reverse rate constant for association of p21 and MPF 80
15 klfé Phosphorylation rate constant of Plk1 by MPF 5
16 klré Dephosphorylation rate constant of Plk1P by PP2A 0.5
17 k¢, Dephosphorylation rate constant of PP2AP 0.4
18 ky7 Phosphorylation rate constant of PP2A by MPF 4
19 klfg Phosphorylation rate constant of APC/C by MPF 0.1
20 k:l Phosphorylation rate constant of APC/C by Plk1P 0.35

f8

21 kl Dephosphorylation rate constant of APC/CP by PP2A 0.04
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22

11

Phosphorylation rate constant of Cdc20 by MPF
r9
23 K Phosphorylation rate constant of Cdc20 by Plk1P 11
r9
24 klf Dephosphorylation rate constant of Cdc20 by PP2A 20
9
25 Kf10 Forward rate constant for association of APC/CP and Cdc20 80
26 k10 Reverse rate constant for dissociation of APC/CP:Cdc20 20
27 klf Dephosphorylation rate constant of Cdh1P by PP2A 0.02
11
28 kl Phosphorylation rate constant of Cdhl by MPF 22
rii
29 k”11 Phosphorylation rate constant of Cdhl by Plk1P 22
r
30 K12 Forward rate constant for association of APC/C and Cdhl 80
31 k12 Reverse rate constant for dissociation of APC/C:Cdhl 20
32 K13 Forward rate constant for association of APC/CP and Cdhl 80
33 k13 Reverse rate constant for dissociation of APC/CP:Cdhl 3
34 klf Dephosphorylation rate constant of Pttgl P by PP2A 0.01
14
35 kl Phosphorylation rate constant of Pttgl by MPF 50
ri4
36 klf ; Phosphorylation rate constant of LMNA by MPF 1
1
37 Kr1s Dephosphorylation rate constant of LMNAP 1
38 klf 16 Phosphorylation rate constant of p53 by ATM/ATR 1
39 klr1 6 Dephosphorylation rate constant of pS3P by Wipl 3
40 Kgp7 Forward rate constant for association of PIk1P and p53P 80
41 k17 Reverse rate constant for association of Plk1P:p53P 20
42 ki Forward rate constant for association of Mad2 and Cdc20P 20
43 18 Reverse rate constant for dissociation of Mad2:Cdc20P 0.1
44 kg1 CycB synthesis rate constant 0.1
45 kgs p21 synthesis rate constant influenced by p53 0.0001
46 Kgg Cdc25 synthesis rate constant 0.1
47 Kgo Weel synthesis rate constant 0.1
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48 kg1 PIk1 synthesis rate constant 0.1
49 kg13 PP2A synthesis rate constant 0.1
50 Kgqs APC/C synthesis rate constant 0.1
51 Kg17 Cdc20 synthesis rate constant 0.1
52 Ks20 Cdh1 synthesis rate constant 0.1
53 Kgo4 Pttgl synthesis rate constant 0.1
54 kgo7 ATM/ATR synthesis rate constant influenced by DDS 0.0001
55 Kgog p53 synthesis rate constant influenced by ATM/ATR 0.0001
56 Kg31 Mdm?2 synthesis rate constant 0.0001
57 Kg31.1 p53P-dependent Mdm?2 synthesis rate constant 6
58 K32 Wipl synthesis rate constant 0.0001
59 Kss2.1 p53P-dependent Wipl synthesis rate constant 6
60 kg33 Mad? synthesis rate constant 0.1
61 k411 CycB self-degradation rate constant 0.3
62 K412 CycB degradation rate constant by APC/CP:Cdc20 1
63 K413 CycB degradation rate constant by APC/CT:Cdhl 1
64 k431 MPF self-degradation rate constant 0.01
65 Kasz.2 MPF degradation rate constant by APC/CP:Cdc20 1
66 Ka3.3 MPF degradation rate constant by APC/CT:Cdhl 1
67 K4s1 preMPF self-degradation rate constant 0.01
68 Kaa.- preMPF degradation rate constant by APC/CP:Cdc20 1
69 Kda3 preMPF degradation rate constant by APC/CT:Cdhl 1
70 kgs p21 self-degradation rate constant 0.01
71 kgs p21 degradation rate constant in p21:MPF by APC/CP:Cdc20 1
72 k471 Cdc25P self-degradation rate constant 0.18
73 K473 Cdc25P degradation rate constant by APC/CT:Cdhl 0.1
74 Kas1 Cdc25 self-degradation rate constant 0.08
75 K4s3 Cdc25 degradation rate constant by APC/CT:Cdh1 1
76 k4o Weel self-degradation rate constant 0.1
77 k410 WeelP self-degradation rate constant 1
78 Kg11.1 PIk1P self-degradation rate constant 0.1
79 k4113 PIk1P degradation rate constant by APC/CT:Cdhl 1.5
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80 Kg12.1 PIk1 self-degradation rate constant 0.2
81 k4123 PIk1 degradation rate constant by APC/CT:Cdhl 1.5
82 k413 PP2A self-degradation rate constant 0.1
83 K414 PP2AP self-degradation rate constant 0.1
84 kg1s APC/C self-degradation rate constant 0.2
85 K16 APC/CP self-degradation rate constant 0.1
86 K4171 Cdc20 self-degradation rate constant 0.2
87 K4173 Cdc20 degradation rate constant by APC/CT:Cdh1 1.5
88 Kg1s.1 Cdc20P self-degradation rate constant 0.2
89 K41s.3 Cdc20P degradation rate constant by APC/CT:Cdhl 1.5
90 kd20 Cdh1 self-degradation rate constant 0.2
91 k421 CdhlP self-degradation rate constant 0.2
92 Kd24.1 Pttgl self-degradation rate constant 0.1
93 K424.2 Pttgl degradation rate constant by APC/CP:Cdc20 1
94 Kg25.1 Pttg1P self-degradation rate constant 0.1
95 Kg25.2 PttglP degradation rate constant by APC/CP:Cdc20 1
96 Kaz7 ATM/ATR self-degradation rate constant 0.1
97 Kaz7.1 Saturating Wip1l-dependent ATM/ATR degradation rate 100
98 kg2s p53 self-degradation rate constant 0.2
99 Kazs1 | Mdm2-dependent p53 degradation rate 1
100 Kazg p53P degradation rate constant 0.2
101 K201 Mdm2-dependent p53P degradation rate 1
102 Ka311 ATM/ATR dependent Mdm?2 inactivation rate 1
103 Kd31 Mdm?2 degradation rate constant 0.2
104 Kas2 Wip1 degradation rate constant 5
105 K33 Mad?2 degradation rate constant 0.2
106 Ka; Intensifying scale rate of k}é by ATM_ATR 1
107 Kptig11 Intensifying scale rate of k}n by Pttgl 0.5
108 Kas Intensifying scale rate of kgg by ATM/ATR 1
109 Kos3 Intensifying scale rate of ks5 by p53 0.001
110 Kpps Intensifying scale rate of DDS 1000
111 Kas Intensifying scale rate of ks28 by ATM_ATR 0.0002
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Intensifying scale rate_ of Mad2 Cdc20P dissociation by p21

112 Kycep 0.01
113 € Intensifying scale ratio of Plk1/p21 1

114 Keyeni MM constant of CycB degradation by APC/CP:Cdc20 0.1
115 Keyeg2 | MM constant of CycB degradation by APC/CP:Cdhl 0.1
116 Kmpri MM constant of MPF degradation by APC/CP:Cdc20 0.1
117 Kvpr2 MM constant of MPF degradation by APC/CT:Cdhl 0.1
118 Korempri | MM constant of MPF degradation by APC/CP:Cdc20 0.1
119 Korempr2 | MM constant of MPF degradation by APC/CP:Cdhl 0.1
120 Kooivpr | MM constant of p21:MPF degradation by APC/CP:Cdc20 0.1
121 | Kcgeaspr | MM constant of Cdc25CP Dephosphorylation by PP2A 0.1
122 | Kcgeospr | MM constant of Cde25P degradation by APC/CT:Cdhl 0.1
123 Keders MM constant of Cdc25 degradation by APC/CT:Cdhl 0.1
124 Kweeip | MM constant of Weel P dephosphorylation by PP2A 0.1
125 Kpiip1 MM constant of Plk1P dephosphorylation by PP2A 0.1
126 Kpikipz | MM constant of PIk1P degradation by APC/CT:Cdhl 0.1
127 Kpiki MM constant of Plk1 degradation by APC/CT:Cdhl 0.1
128 Kapcicp | MM constant of APC/CP dephosphorylation by PP2A 0.1
129 |  Kcgeoort | MM constant of Cdc20P dephosphorylation by PP2A 0.1
130 Kcde2o MM constant of Cdc20 degradation by APC/CT:Cdhl 0.1
131 Kcdezors | MM constant of Cdc20P degradation by APC/CT:Cdhl 0.1
132 Kcdnip MM constant of Cdh1P dephosphorylation by PP2A 0.1
133 Kpig1p1 MM constant of Pttg1P dephosphorylation by PP2A 0.1
134 Kpitg1 MM constant of Pttgl degradation by APC/CP:Cdc20 0.1
135 Kpiig1p2 MM constant of Pttg1P degradation by APC/CP:Cdc20 0.1
136 Kas MM constant of p53 phosphorylation by Wipl 0.5
137 Kwip1 MM constant of ATM/ATR signal degradation by Wipl 0.5
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Supplementary Figure 1. Numerical simulation results obtained using four different ke parameter values: (a) 0.07,
(b) 0.08, (¢) 0.1, and (d) 0.5. Dynamics of cell cycle components shows that limit cycle oscillations exist when kg is
between 0.08 and 0.1 but not for values less than or equal to 0.07 and greater than or equal to 0.5.
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Supplementary Table 4. Parameter ranges for the model to exhibit limit cycle oscillations

No Symbol Value Left endpoint |Right endpoint
1 ke 18 10 191
2 Kpq 0.1 0 3.1
3 k¢, 10 0.3 120
4 Kk, 0.2 0.1 2
5 T2 3 1 3
6 A 0.1 0 26
7 Ko 1 0 9
8 ks 2 0 49
9 I3 0.54 0.07 >1000
10 K¢, 1 0 15
11 K, 2 0 25
12 T4 0.2 0 3.4
13 K¢s 8 0 >1000
14 Kps 80 0 >1000
15 kg 5 1 14
16 L 0.5 0.1 16.4
17 K, 0.4 0.2 >1000
18 K, 4 0 6
19 Ktg 0.1 0 0.4

20 "o 0.35 0.05 1.9
21 '8 0.04 0.01 0.13
22 ro 11 0 >1000
23 "o 11 0 >1000
24 Ko 20 0 >1000
25 Keio 80 0 400
26 K10 20 4 58

21



27 K, 0.02 0 0.03
28 L 22 20 >1000
29 " 22 0 >1000
30 K1z 80 0 104
31 Kr12 20 16 >1000
32 K1s 80 0 848
33 Kpqs 3 0 >1000
34 K1 0.01 0 >1000
35 e 50 0 >1000
36 Ky 1 0 >1000
37 Kp1s 1 0 >1000
38 K't16 1 0 >1000
39 Koo 3 0 >1000
40 Kev, 80 0 >1000
41 K., 20 0 >1000
42 Kerg 20 0 >1000
43 N 0.1 0 >1000
44 K, 0.1 0.1 0.1
45 Kqs 0.0001 0 0.0073
46 Ksg 0.1 0.1 0.3
47 Kso 0.1 0.1 0.1
48 Ks12 0.1 0.1 0.1
49 Ks13 0.1 0 0.1
50 Ks1s 0.1 0 0.1
51 Ks17 0.1 0.1 0.2
52 Keyo 0.1 0 0.1
53 Ks2a 0.1 0 >1000
54 Ks27 0.0001 0 10
55 Ks2g 0.0001 0 0.00981
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56 Ke31 0.0001 0 >1000
57 Ksa1p 6 0 >1000
58 K32 0.0001 0 10
59 Kss2p 6 0 >1000
60 Ks33 0.1 0 >1000
61 Kqr 1 0.3 0 1.4
62 K12 1 0 49
63 Kqy.3 1 0 2
64 Kqz.1 0.01 0 0.23
65 Kqs. 1 1 8
66 Kqs.3 1 0 1
67 Kqa1 0.01 0 0.16
68 K. 1 0 4
69 Kqas 1 0 1
70 Kqs 0.01 0 >1000
71 Kds 1 0 >1000
72 K71 0.18 0 >1000
73 Kq7 3 0.1 0 >1000
74 Kds.1 0.08 0 0.24
75 Kqs.3 1 0 1
76 Kqo 0.1 0.1 0.5
77 Kq1o 1 1 >1000
78 Kq114 0.1 0 92.7
79 Kg11s 1.5 0 96.5
80 Kq121 0.2 0 18.5
81 K13 1.5 0 21.2
82 Kq1s 0.1 0 0.4
83 Kd1a 0.1 0 0.2
84 Kyys 0.2 3 >1000
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85 Kqus 0.1 0 >1000
86 K171 0.2 0 0.9
87 Kq173 1.5 0 14
88 Kgis1 0.2 0 0.6
89 Kq1s.3 1.5 0 48.6
90 Kdz0 0.2 0.1 >1000
91 Kgp1 0.2 0 >1000
92 Kaza1 0.1 0 >1000
93 Kazas 1 0 >1000
94 Kgps 1 0.1 0 >1000
95 Kdzs 2 1 0 >1000
96 Kqz7 0.1 0 >1000
97 Kda7p 100 0 >1000
98 Kazs 0.2 0 >1000
99 Kazsp 1 0 >1000
100 Kazo 0.2 0 >1000
101 Kdz0p 1 0 >1000
102 Kga1q 1 0 >1000
103 Kqa1 0.2 0 >1000
104 Kqaz 5 0 >1000
105 Kgas 0.2 0 >1000
106 Ka 1 1 >1000
107 Kpiigt 0.5 0 >1000
108 K 1 1 >1000
109 Kys3 0.001 0.001 100
110 Kpps 1000 0 >1000
111 Kas 0.0002 0.0001 >1000
112 Kncp 0.01 0.01 >1000
113 £ 1 0 >1000
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114 Kcyeni 0.1 0.1 >1000
115 Kcyer 0.1 0.1 >1000
116 Kyipr 0.1 0.1 0.9

117 Kniprs 0.1 0.1 >1000
118 K prempF1 0.1 0.1 >1000
119 K prenpr2 0.1 0.1 >1000
120 Ko 1mpF 0.1 0.1 >1000
121 Kcaerspl 0.1 0.1 1.2

122 Kcaersps 0.1 0.1 >1000
123 Kegers 0.1 0.1 >1000
124 Kuweelp 0.1 0.1 >1000
125 o 0.1 0.1 0.4

126 Kp1p2 0.1 0.1 >1000
127 Kpel 0.1 0.1 >1000
128 K apcicp 0.1 0.1 >1000
129 K caeaop] 0.1 0.1 0.4

130 Kcdero 0.1 0.1 >1000
131 K cae20p2 0.1 0.1 >1000
132 Kenip 0.1 0.1 >1000
133 Kpigipi 0.1 0.1 >1000
134 Kpig1 0.1 0 >1000
135 Kpig1p2 0.1 0.1 >1000
136 Kas 0.5 0.1 >1000
137 Kwip! 0.5 0.1 >1000
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Supplementary Figure 2. The period of oscillations of ATM/ATR, p53, Wipl, Mdm2 regulators. (a) When
ATM/ATR-p53-Wip1-Mdm?2 subnetwork is disconnected from the cell cycle regulation it produces oscillations with
a period of ~5hrs. (b-f) Oscillations in p53 regulation that is connected with the cell cycle regulation (our full model).
The period of oscillations depends on the level of Plk1 depletion that induces the activation of DNA damage check-
point. (f) The dependence of the period of p53 oscillations on the level of Plk1 depletion. (g-h) Fitting and extrapola-
tion the dependence of p53 oscillation period on Plk1 depletion level using a linear and polynomial functions. Oscil-
lations can be resolved only at high level of Plk1 depletion, when DNA damage checkpoint is activated. The extrap-

olation to lower Plk1 depletion values shows the expected period of oscillations at lower levels of Plk1 depletion.
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Supplementary Table 5. The number of different cancer cell lines that carry a specific gene mu-
tation from Dependency Map database (depmap.org) and the number of cell lines for which
CRISPR data are available.

Gene Number of different cancer cell | Number of different cancer cell
lines that carry a corresponding | lines that carry a corresponding
gene mutation gene mutation and for which
CRISPR data are available

TP53 1091 549

ATM 267 136

ATR 184 92

PPMID 78 28

FZR1 74 34

CDC25B 62 24

CDC27 59 29

PLK1 58 31

LMNA 51 26

CDCl16 48 20

CDC23 39 20

CDC25A 39 15

CDKNIA 39 23

CDC25C 37 14

CDC20 35 18

MDM2 34 20

WEEL1 34 17

CCNBI1 27 14

CCNB2 24 9

PPP2CA 23 11

PTTGI 20 14

MAD2L1 18 6

MAD2L2 18 9

ATM-TP53 190 106
ATR-TP53 128 63
FZR1-TP53 56 23
PPMI1D-TP53 56 21

ATM-ATR 53 29
CDC25B-TP53 43 18
CDC27-TP53 41 21

ATM-FZR1 39 20
PLK1-TP53 39 24
LMNA-TPS53 34 16
CDC16-TP53 33 17
CDC23-TP53 31 16

27



CDKNI1A-TP53 29 17
CDC20-TP53 28 15
MDM2-TP53 28 15
ATM-PPMID 27 9
CDC25A-TP53 27 12
ATM-CDC25B 23 9
CDC25C-TP53 22 ]
ATR-FZR1 21 9
TP53-WEE1 21 12
ATM-CDC23 20 8
ATR-PPM1D 20 6
ATM-CDC27 19 1
CCNB2-TP53 19 9
ATM-PLK1 18 9
ATR-CDC25B 17 7
PTTG1-TP53 17 13
ATM-CDC25A 16 6
ATR-LMNA 16 5
ATM-CDC16 15 6
ATM-CDC20 15 8
ATM-LMNA 15 7
ATM-MDM2 15 5
ATR-CDC23 15 6
FZR1-PLK]1 15 9
PPP2CA-TP53 15 7
ATR-CDC27 14 ]
CCNBI1-TP53 14 2
CDC25A-FZR1 14 5
ATM-CDC25C 13 4
ATR-PLK]1 13 8
MAD2L1-TP53 13 5
ATM-CCNB2 12 4
ATM-CDKNI1A 12 7
ATM-WEE] 12 7
ATR-CDC25A 12 4
ATR-CDC25C 12 3
ATR-CDKNIA 12 6
ATR-MDM2 12 4
CDC25B-FZR1 12 3
FZR1-PPM1D 12 3
MAD2L2-TP53 12 7
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Supplementary Table 6. The average logarithmic sensitivity intensities for p53-wt, p53-wt Plk1
depleted, pS3-null cancer and Plk1-depleted p53-null cancer cells.

p53-wt cancer cells

Plk1 depleted to 0.055
level in p53-wt cells

p53-null cells

Plk1 depleted to 0.055
level in p53-null cells

Protein Intensity Protein Intensity Protein Intensity Protein Intensity
Cdc20P 0.88 p53P 4.29 ATM/ATR 19.97 Cdc20P 6.37
APC/CP:Cdc20 |  0.87 Wipl 329 | APC/CP:Cdc20 |  0.89 PIK1P 5.38
p53P:PIKIP 0.86 P53 3.2 Cdc20P 0.87 APC/CP 5.11
PIk1P 0.72 pS3P:PIKIP 3.14 APC/CP 0.71 Cdc25P 4.78
APC/CP 0.71 53T 2.96 PIK1P 0.7 ATM/ATR 4.57
Mad2:Cdc20P 0.7 p21:MPF 2.9 Mad2:Cdc20P 0.64 | APC/CP:Cdc20 | 4.8
APC/CP:Cdhl 0.6 ATM/ATR 2.73 p21:MPF 0.58 Mad2:Cdc20P 4.19
Cdc25P 0.58 Mdm2 2.71 Cdc25P 0.56 p21:MPF 3.84
clll.gfc(ggl) 0.53 APC/CP:Cdhl 268 | APC/CP:Cdhl 0.54 clﬁ]g:FC(SI}gl) 3.53
p21:MPF 0.5 APC/CP:Cdc20 | 1.52 clll.gfc(ggl) 0.53 LMNAP 3.07
PIk1 0.49 preMPF 1.49 PIk1 0.49 PIKIT 2.43
LMNAP 0.47 APC/CP 121 LMNAP 0.47 preMPF 1.63
Cdc20T 0.45 CyclinBT 1.06 Cdc20T 0.46 WeelP 1.63
preMPF 0.44 p21T 1 preMPF 0.43 Cdc25 1.59
PitglP 0.4 p21 0.95 PIKIT 0.43 APC/CP:Cdhl 1.42
Pitg]T 0.43 APC/CPT 0.83 APC/C:Cdhl 0.43 PP2AP 1.39
PIKIT 0.42 Cde25 0.81 PitglP 0.43 Mdm2 137
APC/C:Cdhl 0.42 Cdc20T 0.78 Pitg]T 0.42 CyclinB 133
Cdnl 0.39 Mad2:Cdc20P 0.78 Cdnl 0.39 Cdc20T 1.26
Cdc20 0.39 PitglP 0.74 Cdc20 0.39 Weel 0.96
APC/CPT 0.37 Cdc25T 0.71 APC/CPT 0.36 WeelT 0.85
Pitgl 032 | APC/CT:Cdhl 0.7 Pitgl 0.33 APC/C:Cdhl 0.82
Weel 0.32 Pitg]T 0.67 Weel 0.33 CyclinBT 0.78
p53P 0.3 WeelP 0.67 Cde25 0.29 Plk1 0.77
WeelP 0.29 PIKIT 0.53 WeelT 0.28 Cdhl 0.77
WeelT 0.28 CyclinB 0.51 WeelP 0.28 Pttgl 0.74
Cdc25 0.27 Cdc20P 0.5 CyclinBT 0.27 PP2A 0.68
CyclinBT 0.27 PIk1 0.49 CyclinB 0.26 APC/CT:Cdhl 0.64
PP2AP 0.26 Pitgl 0.48 PP2AP 0.26 Pitg] T 0.62
CyclinB 0.26 clll.gfc(ggl) 046 | APC/CT:Cdhl 0.21 Cdc20 0.61
APC/CT:Cdhl 0.2 PIK1P 0.45 Cdc25T 0.2 PitglP 0.61
Cdc25T 0.19 Cde20 0.43 PP2A 0.17 Mad2T 0.56
PP2A 0.17 APC/C:Cdhl 0.43 Mad2T 0.13 Cdc25T 0.52
Mad2T 0.13 CDK1 0.42 APC/C 0.12 APC/CPT 0.43
p21 0.11 LMNAP 0.35 CDK1 0.11 APC/C 0.34
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p21T 0.11 Cdhl 0.34 APC/CT 0.1 CDK1 0.33
APC/C 0.11 PP2AP 0.31 Mdm?2 0.08 Mad2 0.24
CDK1 0.11 Cdc25P 0.3 Mad2 0.06 APC/CT 0.14
APC/CT 0.1 APC/CT 0.23 CdhlT 0.05 CdhlT 0.12
Mad2 0.06 WeelT 0.17 Cdh1P 0.03 Cdh1P 0.06
CdhlT 0.05 Weel 0.16 p21 0.03 p21 0.03
Cdh1P 0.03 PP2A 0.14 p21T 0.03 p21T 0.03
p53T 0.03 Mad2T 0.13 PP2AT 0.01 Wipl 0.01
p53 0.03 Mad2 0.1 Wipl 0.01 PP2AT 0.01
Mdm?2 0.01 CdhlT 0.08 CDKIT 0 CDKIT 0
PP2AT 0.01 APC/C 0.08 LMNAT 0 LMNAT 0
ATM/ATR 0.01 Cdh1P 0.07 p53 NaN p53 NaN
Wipl 0.01 PP2AT 0.01 p53P NaN p53P NaN
CDKIT 0 CDKIT 0 p53P:Plk1P NaN p53P:Plk1P NaN
LMNAT 0 LMNAT 0 p53T NaN p53T NaN
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Supplementary Table 7. Twenty proteins with largest average logarithmic sensitivity intensities

for p53-wt cells, p53-wt Plk1 depleted cells, p5S3-null cancer and Plk1-depleted p53-null cancer

cells.

p53-wt cancer cells feli/{t}l (iirelr;lgge-ivttocgﬁocsei p53-null cells Plkl erleted t0 0.055
cells level in p53-null cells

Protein Intensity Protein Intensity Protein Intensity Protein Intensity
Cdc20P 0.88 p53P 4.29 ATM/ATR 19.97 Cdc20P 6.37
APC/CP:Cdc20 0.87 Wipl 3.29 APC/CP:Cdc20 0.89 PIk1P 5.38
p53P:Plk1P 0.86 p53 3.2 Cdc20P 0.87 APC/CP 5.11
PIk1P 0.72 p53P:Plk1P 3.14 APC/CP 0.71 Cdc25P 4.78
APC/CP 0.71 p53T 2.96 PIk1P 0.7 ATM/ATR 4.57
Mad2:Cdc20P 0.7 p21:MPF 2.9 Mad2:Cdc20P 0.64 APC/CP:Cdc20 4.28
APC/CP:Cdhl 0.6 ATM/ATR 2.73 p21:MPF 0.58 Mad2:Cdc20P 4.19
Cdc25P 0.58 Mdm?2 2.71 Cdc25P 0.56 p21:MPF 3.84
cﬁgc(gﬁ' N 0.53 APC/CP:Cdhl 2.68 APC/CP:Cdhl 0.54 cﬁgc(gﬁ' N 3.53
p21:MPF 0.5 | APC/CP:Cdc20 | 1.52 clﬁ]g:FC(SI}gl) 0.53 LMNAP 3.07
Plk1 0.49 preMPF 1.49 Plk1 0.49 PIk1T 2.43
LMNAP 0.47 APC/CP 1.21 LMNAP 0.47 preMPF 1.63
Cdc20T 0.45 CyclinBT 1.06 Cdc20T 0.46 WeelP 1.63
preMPF 0.44 p21T 1 preMPF 0.43 Cdc25 1.59
PttglP 0.44 p21 0.95 PIk1T 0.43 APC/CP:Cdhl 1.42
PttglT 0.43 APC/CPT 0.83 APC/C:Cdhl 0.43 PP2AP 1.39
PIk1T 0.42 Cdc25 0.81 Pttg1P 0.43 Mdm2 1.37
APC/C:Cdhl 0.42 Cdc20T 0.78 PttglT 0.42 CyclinB 1.33
Cdhl 0.39 Mad2:Cdc20P 0.78 Cdhl 0.39 Cdc20T 1.26
Cdc20 0.39 Pttg1P 0.74 Cdc20 0.39 Weel 0.96
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Supplementary Figure 3. The average logarithmic sensitivity intensities for 50 model components for WT (a), Plk1

depleted WT (b), pS3-null cancer (¢) and Plk1-depleted p53-null cancer (d) cells.
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Supplementary Figure 4. Logarithmic intensities for Mad2, Weel, Cdc20, Cdc25P, PP2AP, PIk1T, ATM/ATR,
p53, Mdm2, Wipl, p21, Mad2:Cdc20P, Cdhl, MPF regulators in WT (a) and pS53-null cancer (b) cells. The
sensitivity intensities are obtained by varying ki1, ks, kes, keo, Ksi2, ka3, Ksis, ke17, koo , Keoa, ke27, Ke2s, ks31, ke3o, Ke33
parameters that control synthesis rates of Cyclin B, p21, cdc25, Weel, Plkl, PP2A, APC/C, Cdc20, Cdhl, Pttgl,
ATM/ATR, p53, Mdm2, Wipl, Mad2 correspondingly.
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Case1 : 5 replicated average of PRCCs for averaged dynamics at 0:96 h (1000 samples)
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Case2 : 5 replicated average of PRCCs for averaged dynamics at 0:96 h (1000 samples)
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Case3 : 5 replicated average of

CCs for averaged dynamics at 0:96 h (1000 samples)
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Supplementary Figure 5. Results of Partial Rank Correlation Coefficients (PRCC) analysis for the averaged dynam-
ics of model components at time window 0:96h. Four heatmaps show mean PRCC values for the following four cases:
1) p53-wt Plk1-normal, 2) p53-wt Plk1 depleted by 45%, 3) p53-null Plk1-normal, 4) p53-null Plk1 depleted by 45%.
Each pixel on the heatmap shows the statistically significant (p-value <0.05) PRCC mean value for the corresponding
protein (indicated along y-axis) and parameter (listed along x-axis). Black pixels (‘NaN’) show ‘not a number’ and
represent no significant (p-value > 0.05) correlation between corresponding proteins and parameters. The mean of
PRCC values are obtained using five replications of PRCC analysis (1000 runs).
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= Case 2(P048=0.055, P0S!
= = = Case 4(P048=0.055, PO5!

0001): Cyclin synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
Cyclin synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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————— Case 2(P048=0.055, P055=0.0001): p21 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 4(P048=0.055, P055=0): p21 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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= == Case 2(P048=0.055, P055=0.0001): Cdc25 synthesis rate constant i fuzzy uncertain (Triangular MF with 1% perturbation)
= = Case 4(P048=0.055, P055=0): Cdc25 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Case 2(P04! 055, P055=0.0001): Wee1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 4(P048=0.055, P055=0): Wee1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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= Case 2(P048=0.055, P05
= = = Case 4(P0480.055, P!

0001): Pk1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
): PIkt synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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= Case 2(P048=0.055, P055=0.0001): PPase synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 4(P048=0.055, P055=0): PPase synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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= Case 2(P048=0.055, PO
= = = Case 4(P048=0.055, P0S:

0001): APC synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
): APC synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Gase 2(P048=0.055, P0S5=0.0001): Gdo20 synthesis rate constant s fuzzy uncartain (Triangular MF with 1% perturbation)
Case 4(P048=0.055, POS5=0): Cdc20 synthesis rate constant i fuzzy uncertain (Triangular MF with 1% perturbation)
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Case 2(P048=0.055, P05
= = = Case 4(P048=0.055, PO5!

0001): Cdh1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
: Cah1 synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
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= Case 2(P048=0.055, P055=0.0001): Ptig1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 4(P048=0.055, P055=0): Ptig1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Case 2(P048=0.055, P055=0.0001): ATM,, TR synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = Case 4(P048=0.055, P055=0): ATM , TR synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Case 2(P048=0.055, P055=0.0001): P53 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= == Case 4(P048=0.055, P055=0): P53 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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=== Case 2(P048=0.055, P055=0.0001): Mdm2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = Case 4(P048=0.055, P055=0): Mdmz2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Case 2(P048=0.055, P055=0.0001): Wip1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = Case 4(P048=0.055, P055=0): Wip1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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————— Case 2(P048=0.055, P055=0.0001): Mad2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 4(P048=0.055, P055=0): Mad2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Figure 6. Fuzzy analysis for comparison of case 2 (red dot-dashed lines) (p53-wt Plk1 depleted by 45%) and case 4
(blue dashed lines) (p53-null Plk1 depleted by 45%). The analysis is performed for 50 model components (shown as
titles for panels) by setting ks, kss, kss, kso, ks12, ks13, Ks15, ks17, ks2o, k24, ks27, ks2s, ks31 kss2, ks33 as fuzzy parameters.
These parameters control the synthesis of Cyclin B, p21, Cdc25, Weel, Plkl, PP2A, APC/C, Cdc20, Cdhl, Pttgl,
ATM/ATR, p53, Mdm2, Wipl, Mad2 proteins, respectively. Each parameter is perturbed by 1% of its value. The
horizontal axis of each panel depicts the maximum uncertainty band of concentration of model components affected
by uncertainty of the parameter. The vertical axis shows the different a-cut levels (by increasing the o value from zero,
the uncertainty decreases and a = 1, depicts the crisp setting (no uncertainty)).
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=== Case 1(P048=0.1, P055=0.0001): Cyclin synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 3(P048=0.1, P055=0): Cyclin synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
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- = Case 1(P048=0.1, P055=0.0001): p21 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 3(P048=0.1, P055=0): p21 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Case 1(P048=0.1, P055=0.0001): Cdc25 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = Case 3(P048=0.1, P055=0): Cdc25 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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x10? %10 X103 %1012
Mdm2 Wip1 Mad2 Mad2:Cdc20P CyclinBT CDK1T APCICT:Cdh1 APCICPT WeelT Cdc25T
1 1ag 1 1 x 1 - 1 R 1w =
‘," AN A H (N ey AN A
05 05 AN 05/ ) osf 4 % 05 os|| 05l Y os| I % osf 4\
vy i I 1 h S o [N / \
5 J W, ] W H , J \
1 x L i
4.9751244 2 0.5 0.09 0.1 03 0.305 1 0.065 0.066 0.13 0.59 06 044 045
x10% %107°
Cdc20T Cdh1T APCICT p53T p21T PIK1T Pitg1T PP2AT LMNAT Mad2T
- 1 I 1 1 1 5 1 % 1 1 1
8, \ 1 Fal A A [
# % ' “ LAY / ;N i
05| # 05 " os[ ¥ % 05 05 05 ' os| 1\ 0.5, 05 os| 1t 1
i \ ¥ A i
i E * 3 L]
028 0.286 0565 0566 0685 0.69 01 2 001 002 003 0295 0.3 0305  0.58059 06 1 o 1 2 059 06
s .
1" Concentration
= Case 1(P048=0.1, P055=0.0001): Wee synthesis rate constant i fuzzy uncerlain (Triangular MF with 1% perurbation)
== == = Case 3(P048: , P055=0): Wee1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
CyclinB MPF (CyclinB:CDK1) __ preMPF p21 p21:MPF Cdc25P Cdc25 WeelP
> 1 1 N 1 1 1 SS
2y Iy 3 Y K4
0.5) ’ 05 o5 I\ 05 05 0.5] 4 0.5} 05l
4 FAEEAY /’ /-
- i ) S R
96 98 0 17 012 013 0.01 0.02 003 0 5 013 0.14 0.5 03 0,043 0.0445
x10% x10°®
PIk1P Plk1 PP2AP |, ApCIC | APCICP ,_Cde20 |, Cde20p ;. Cant
e N N
L ! %, 4 \ 7S ~
05 Y 05 05| <’ 0.5 0| 05| osll %
- \
J . | o \
015 0.16 0.134 0.136 062 063 064 036 0.37 0.38 0.44 0.445 0.45 016 0165 005 0.055 006 0065 002400250026
cdh1P APC/C:Cdnt APCICP:Cdht | Ptigt LMNAP | ATMIATR ,_P53 PSP PSIP:PIKIP
-, ) A
\, . AN y Iy
05 \ 05 N, oslf N\, 05 / os|! 05 05 05
\ 3 N, 7 \
., | \, 0 s
04740475 0.476 0048 005 0018 0038 0.04 054 056 011 0115 1 10000002 0 1 2
%107 x10°
Mdm2 | Wipt | Mad2 Mad2:Cdc20P , CyclinBT | _CoKIT APCICT:Cdht | APCICPT
(r\\ v, N PN ,'I\‘
/ %
0.5 0.5 W 0.5] ’ 05 05 0.5} \\ 0.5} [ 05 &
7 7 4
' L1 / 4 N, H a2
4.9751244 2 05 0502 008009 0.1 0294 03 1 0.066 0.068 0.13 044 045
x10 x10°°
Cdc20T cdh1T APCICT p53T p21T PIKIT PP2AT LMNAT Mad2T
~ 1 - 1 1 1
<~ f\\ LA e N
05 ,l' 0.5] \ os|f 0.5/ 05! 05! 05 05! osf £ 1
’ \, Y
i / i
027 028 0566 0.568 0685 0.69 0 1 2 0.01 002 003 028029 03 1 o 1 2 0.56059 0.6
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=== Case 1(P048=0.1, P055=0.0001): PIk1 synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
= = Case 3(P048=0.1, P055=0): PIk1 synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)

CyclinB ,_CDKi MPE (CyclinB:CDK1) _preMPF L e2t | P2IMPE | _Cdo2sP ,_Cde2s |, Weet | WeetP
1 1
05 05 05 05 05 0s 05 05 : 0s : 05
L 1
9.86 0.7074 0.7076 0.1658 0.166 0.12665 0.01 0.02 0.03 4] 5 0.1482 0.1484 0.29803 0.5504 0.55044 0.04482
x10°® x10°°
PIk1P | Pkt ,_PP2A | _PP2ap | _ApCIC | ApcicP | _Cde20 | Cde20p APCICP:Cdc20 Cdht
1 1 1 1
05 05 os| ! 05 ! 05 0s ! 05 05 ! 0s 05
1 1 ] ]
1 1 1 1
0.1682 0.1684 0.1352 0.1354 0619 06194 0.3806 0.381 0.43935 0.4394 0.121 0.1212 0.1612 0.1616 0.057 0.0572 0.0638  0.064 0.02432  0.02433
Ccdh1P APC/C:Cdht APCICP:Cdht | _Pttgt ,_PttgtP . Lmnap | ATMIATR . P53 ,_ps3P PSIP:PIKIP
1 1 1 1
105 05| 05 os( 05} ! 05 ! 05, Y 05! 05 05
1 1 [ 1
1 1 1 1
0.4756 004738 00474 00176 0.01765 0038536 055728 0.5573  0.1165  0.1167 1 100000005 0 1 2 0 1 2 0 05 1
%103 %10 %1012 %107
Mdm2 | Wipt | Mad2 Mad2:Cdc20P  CyclinBT | _CoKIT APC/CT:Cdh | APCICPT |, WeetT . Gde25T
1 1
05 05 05 05 05 ! 05 05 05 05 ! 05
1 1
1 1
4.9751248 2 0.5003 009 04 03022 03026 1 0.065 0.1288 0.129 05953 0.4463
x10% x10°®
Cdc20T ,_CantT | APCICT ,_ps3T |2t | _PIKIT |, PHatT | _PP2AT |, LMNAT | Mad2T
1 1 1
os|! os| ! os| ! 05 05 05 05 05 05 05
1 1 1
1 1 1
02825 0.283 05649 056495 06892 0.6894 01 2 001 002 003 0.30354 059582 1 0 1 2 059 06
3 .
“1°" Concentration
= Case 1(P048=0.1, P055=0.0001): PPase synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 3(P048=0.1, P055=0): PPase synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
CyclinB MPF (CyclinB:CDK1)  preMPF p21 p21:MPF Cdc25P Cdc25 WeelP
A o e ! ! = ! 7, =
RS AN 7N IAY VA IAY
I ANEY 05 41N 05 05, 05 osf 4 % os| £\, 05 os| 4 %
A 7" W . » ’ \ 7 Y
SN K, " , % £ A N
4 73 K\ A\ « z \ A\
9.85 29 76 0.164 0.166 0126 0128 001 002 003 0 5 0148 015 0295 03 0545 055 0.555 0.0445 0.045
x10% %1070
PIk1P. Plk1 PP2AP APCIC APCICP Cdc20P APCICP:Cdc20 Cdni
Fad T T i Fat 7, Y
R Vs A e 7y A R, A\
os| 4 % os| ¢ ¥ os| /1 N | o5 £ N os| 4 % A os| ¢/ M\ | os| & N
P Y s an P i AR RN IR
kY /! 7] » \ N W / \ P
0165 0.7 0135 0.1355 038 0382 0438 044 012 01 0056 0.058  0.063 0.064 0.024 0.0245
Cdh1P APCIC:Cdh1 Pttg1 Pitg1P ATMATR p53 p53P P53P:PIk1P
- T 0 2, s 1 1 1
FaN AN AN A N
E\os RN o5 & N 05 44 VY, 05 4 05 4 0.5 0.5! 05 0.5}
LA foN A 4 Y ~
M ’ A / \ \ " W -~
047560.4758  0.047 0.0475 0.048 0.0174  0.0178 00384 0555 056 0.1160.1170.118 1 10002 0 1 2 0
%102 %10
Mdm2 Wip1 Mad2 Mad2:Cdc20P CyclinBT CDK1T APCICT:Cdh1 APCICPT
1 % g i 1 1 . 1 Al 1 Cn
noA R ! EAY A
05 05 os| 1\ J 05.'-I 'I 05| 05 # JVV | o5 24V o5
. Y, i 1 LAVARAN LFARN\
- ¥ L 1 Vi A i Y
497511 497512 2 05002 0.5003 009 01 03023 03026 1 0.065 0128 0129 059 0595 06
x10 x10°%
Cdc20T Cdh1T APCICT p53T p21T PIK1T PP2AT LMNAT
. e 1 1 1 1 - 7 1
IAN, sy AN AN YA
o5 45N\ | os| 4f S | os| 4 W | os 05, S | o5 os| £\ 05
1, LZEA 4 » \Y 4 N
Yy v / LY N
0.28 0.285 0.565 0.688 0.69 0 1 2 0.01 0.02 0.03 03 0.305 0.99 1 1.01 0 1 2
3 .
“1“"Concentration
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= Case 1(P048=0.1, POS
= = = Case 3(P048=0.1, P05!

0001): APC synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
: APC synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)

CyclinB CDK1 preMPF p21 p21:MPF Cde25
1 . 1 1 1 7
) N
[ 1N
05 # W 05 0.5 0.5} n
VY ‘ ' W
2 W N, X
0.705 071 0.16 0.165 0.17 0.126 0.128 0.01 002 003 [ 5 0.145 0.15 0.298
Pkt ,__PP2A ,__PP2aP Cdc20 | Cdo20P
7R 2 7, 77 =
PR LA A AN A
os| # os| # N os| 4 % AN IR A Y
o ' a N s Y i
R ’ \ 5 7 \ / N
0134 013 0615 062 0.38 0.16 0.162 0.055 006 0.062 0.064 0024 0.0245
APCIC:Cdh1 APCICP:Cdh1 Pttg1 Pitg1P LMNAP ATM/ATR p53 p53P P53P:PIk1P
1 =, 1—~m 1 z 1 7 I 1 1 1 1
N\ AN, AN A i
os| £\, osf|] v\ osf & 0.5 os| # % 0.5] 0.5 0.5 0.5!
A\ N, i N, i
Vi N N, ; LY - -
0.4754 0.4756 0.0460.0470.048 0.0175 0.018 0.038 0.039 0.55 0.56 0.115 0.12 1 12 [ 1 2 [ 1 2 o 05 1
%107 %107 %1012
Mdm2 | Wipt | Mad2 Mad2:Cdc20P CDK1T JAPCICT:Cdh1 _ APCICPT Cdc25T
Y A A A I
05 05 os| # W os it 1t 05 os| # N os| ¢4 M\ os| 4 %
N FA A 4 g G g ‘s
A R "N, 28 4 ‘
- = » vy i / \ A
4.965 497 4975 2 05 0501 009 0.4 05 1 0.064 0.065 0.066 0.1280.129 0.13 0445 045
%10 x10°®
Cdc20T cdh1T APCICT p53T p21T PP2AT LMNAT Mad2T
. 1 7 1 I 1 1 1 1y
A A A i
05| # S| os £ N os| # W 05 05 05 05 ostly !
AN \, N [
14 ” I oy
# \ \ L)
028 029 056405650566 0,688 0.69 0 1 2 001 002 003 1 o 1 2 059 06
o .
“1”"Concentration
Case 1(P048=0.1, P055=0.0001): Cdc20 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = Case 3(P048=0.1, P055=0): Cdc20 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
CyclinB ,_CoK1 WP (CyclinB:CDK1)  _preMPF b2t | P2U:MPF ,_Cde25P ,_Cde2s | Weet | WeetP
& " -~ -~ ) Y il
FAY FAN FAY FAN FA FAN A
os| ¥ 'y os| # N os{ # % os{ £ %, 05 05 osf F o\ os{ N o5 # %
FAREA Y A h A A FARA ! \ I )
i v 3 ) i 5
9.8 99 10 0705 0.71 0.165 0.17 0.12660.1268 0.01 0.02 0.03 0 5 0.295 0.3 0.55 0.553 0.045
%108 10
PIk1P Plk1 PP2A PP2AP APCIC APCICP Cdc20 Cdc20P APCICP:Cdc20 Cdht
= 1 ” I 1 1 [IRa LI oy T 11—
A AN 3 FA 2%, A 1A EAY
os| 4 % os| 4 W os| ¥\ os| Xy os| MW\ osf M1 'y 05| 14\ osf ¥ %,
’ Y 4 v [N LAY VAR now 7Y ! .,
7 i 3 x I 73 b / x ‘
0.165 0.17 0134 0.136 0615 062 012 0125 016 0165 0056  0.058 0.063 0.064 0.02420.0244
Cdh1P APC/C:Cdh APC/CP:Cdh1 LMNAP ATM/ATR p53 p53P Pp53P:PIK1P
x 1 T, - T 1 1 1
Ay LAY LA \
3\05 oy ospIv N 05 4 % 0.5} N 0.5 0.5! 0.5
L | N VAERY N
/i i AN A
0475 0476  0.047 0.0475 0.0176 0.0178 0.556 0558 0.1160.118 1 10000002 0 1 2 o 1 2 0 05 1
x10° %10 %1071 %1018
Mdm2 | Wip1 | Mad2 Mad2:Cde20P , CyclinBT ,_CoKi1T APC/CT:Cdnt | ApCICPT | WeetT | _Cdo25T
3 i A ~ AN
! 7 ! IR A A A AN
05 05 o5 4\ 05 os| 4 % 05 os| i\, 05| 11 A\ os| &\, os /Yy
[ AR\ H ! FARAY o\, LZE FANEAN FARA W
1 73 13 1 1 kK T Ay 7 A VR
4.9751244 2 05 009 01 03 0305 1 0.065 0.0655 0128 0.3 0.5940.596 0446 0.4465
x10% %10
Cdc20T Cdh1T APCICT p53T p21T PIK1T Pitg1T PP2AT LMNAT Mad2T
- 1w vy 1 1 1 Y 1= 1 1 1
y AN Y AN A
05 050 11 Wy 05 ’," . 0.5 05 05/ 4\ os| Iy 0.5, 05 0.5
"N, UFAAY FARA A
21 /3 ¥ 1 s i 3 5
028 0.285 0.565 0.689 0.69 01 0.01 0.02 0.03 03 0.305 0.594 0.596 0.598 1 o 1 2 0.59 06
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=== Case 1(P0
= = =Case 3(PO

P055=0.0001): Cdh1 synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
P055=0): Cdh1 synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)

CyclinB CDK1 MPF (CyclinB:CDK1) p21 p21:MPF Cdc25P Cdc25
1 hY 1 1 ~,
0.5 0.5 0.5 0.5 0.5] 1 0.5
0' o
/ &Y
9.69.79.8 0. 0.01 0.02 0.03 1] 5 0.13 0.14 0.15 03 0.54 0.56 0.58 0.042 0.044
%107
PIK1P Pik1 PP2A APCIC Cde20 Cde20P APCICP:Cdc20 Cdht
- o -~ ~
/ p \ \, 2N P ™y
[ osf! 05 05 \\ 05| 05 os! N,
o e \, 3 AN
\ i
0.15 0.165 0.1340.136 062 063 0.64  0.36 0.37 0.36 044 045 011 012 016 0165 0.05 0.055 006 0085 0024 0026
,_Cdnte APC/C:Cant APCICP:Cdnt Pttg1 LMNAP | ATMIATR ,ps3 p53P
* . )
A AN . y S
Jos| 4\ osff ™, o5 . 05 ’ 0.5 N 05 05 05 ]
A ™, 3 \ !
I kY N I
0.47 0.475 0.48 0.048 0.05 0.018 0.019 0.038 0.04 0.54 0.56 0.11 0.116 1 01 2 0 1 2 0 05 1
%107 x10° x10713 x1071%
Mdm2 Wipt Mad2 Mad2:Cdc20P CyclinBT cDKIT APCICT:Cdh1 APCICPT WeelT Cde25T
1 1 1 1 [ranacs 1 -
] N : N T N A
osl 05 05 Y os| £ ¢ 05 i 05 05 05 osl N\ os| 4
4 5 A s \, s
A - . /
4.9751244 05 0502 008009 0.1 029 03 0.066 0.068 0.13 06 062 043 044 045
%10
Cdc20T APCICT p53T p21T PIKIT Pitg1T PP2AT LMNAT Mad2T
L™ B X A
e N 4 FARY N7
o5 & os(d 0.5 0.5 05 o5 £ \ 05 05 osf J 3!
4 s ! \ i ll
£ i
027 028 056 057 06850690605 0 1 2 001 0.02 003 028029 0.3 058 06 1 o 1 2 058059 0.6
3 .
1" Concentration
.0001): Ptigh synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
): Piig1 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
CyclinB CDK1 MPF (CyclinB:CDK1) __preMPF p21 p21:MPF Cde25P Cde25 Weet Wee1P
P D ! T ! L ™ P L
M v LAY i K LAY A i
05| osf! n 05| os| # W 05 05| os(hy osf £ %, os| 2 ‘W sl !
" iy Y oo Y AR it
1] L] 71 1 s e L]
9.85 9.86 087 0.7074 0.16580.166  0.1266 01267 001 002 0.03 0 5 0f482 0.1484 0.298 05502 05506 004482
%10 %10
PIk1P PIk1 PP2A PP2AP Apcic APCICP Cde20 Cdc20P APCICP:Cdc20 | Cdht
L [ \ A [ ’ l‘.‘ :‘,:‘.‘
i i i \ VgL
05 os| 1 W0y 05 05 osf? L1y osfy ! os|I I 05 ! osf Ty
IR AR TR AR ity [REA i\ 1 (A
Fid Y L} LI i AL
01682 0.1684  0.35 01355 0619 06194 03806 0381 04393 04394 0121 01212 0461 0162 0057 00572 0.064 00243 0.02435
CdhtP APCIC:Cdh1 APCICP:Cdh1 LMNAP ATMIATR p53 p53P P53P:PIK1P
) A 1 ’ 1 1
H ! UEAN ", i !
3\05,"‘ ! o5/ 1 Iy oslfy Iy 05| i 05| [ 05! 05! 05
iy VAR 1y 1 1
Y i LI Il 1
0.4756 0.0474 00176 01165  0.1167 1 1.00000005 ©0 1 2 0 1 2 0 05 1
%10 %10 %1013 %1013
Mdm2 Wip1 Mad2 Mad2:Cdc20p CDKIT APCICT:Cah1 APCICPT | WeetT Cdc25T
A R 7 ih
vy 1 i ! 1 A |
05 05 os| 1y 05 05 osf! i osft I osf J1 \\ osf I
UIATIR ooy Vil FLREANN ik
¥y o LI LI JR— i
4.9751244 2 05002 05004 009 0.1 1 0.065 0.1287 0.129 0595 05955 0446 04465
x107 %10
Cdc20T Cdh1T APCICT p53T p21T PIKIT PP2AT LMNAT Mad2T
A A ! ! g
PO ron r A ifw
ol YA RN P\
o5 1y 1y 05 O\ 051 4y 0.5} 0.5 05l M1\ 0.5] 0.5] 0.5
IR Y IATARY Y
v i ¥ 7 LY
0.283 0.5649 0.565 0.6892 0o 1 2 0.01 0.02 0.03 0.3034 0.59 06 1 0 1 2 0.59 06
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_____ Case 1(P048=0.1, P055=0.0001): ATM , TR synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 3(P048=0.1, POS5=0): ATM,, TR synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)

CyclinB | COK1 MPF (CychinB:CDK1) —_ preMPF ; p21 |_P2UMPF | Cdo25P ,__Cda2s 1 Weet | WeetP
R Y A
AV A LRV i i
0.5, 0.5 0.5, osf & v 1 \{os 05 0.5 05l ¢ Yoo losfls |08
YA 7 I R 1
\ i\ 1 1
9.855 9.86 9.865 0.7074 0.7076 0.1658 0.166 0.12665 0.12666 0.01 0.02 003 0 5 0.1482 0.1483 0.1484 0.29802 0.298040.5504 0.5509504482 0.04484
x10°% x10°%
PIk1P Pkt ,__PP2A | _PP2aP ,__Apcic ,,_Apcice | Cde20 |, Cde20p |APCICP:Cdc20  __ Cdh
1 1 [] 1 [
0.5 05. 0.5 I 05 I 05 0.5 I 05 0.5, I 05 05-
] 1 1 ] 1 n
| 1 ] 1 1
01682  0.1684 0.1352  0.1354 0.619 06192 0.619.3806 03808 0.381 043935 04394 0121 0.12110.121D.1612  0.1616 0.057 0.05710.0572 0.0638 0.064 0.02432 0.02433
Cdh1P | APCIC:Cdn1  APCICP:Cdht LMNAP | _ATMIATR p53 | ms3p | _PS3PPIKIP
'] ]
10 5 0. 5’ 0.5 05 I 0.5 W 05
1 1 i
! 1 i
0.4756 0.4756D.04738 0.0474 0.0176 0.017BH3¢ 165 0.1166 0.11670.99 2 0 1 2 0 05 1
x10° x10713 x10713
Mdm2 Wipt Mad2 Mad2:Cdc20P CyclinBT CDKIT APCICT:Cdh1 APCICPT WeetT Cde25T
,. 1 1 1 1 1 1 1 1 1
A i 7 T
0.5] I' s 0.5 W 0.5 05 05 ' 05 0.5 05 05 " 0.5 "
s ! # ] q Al 1 1
; S 1 [ [ ] 1 1 L] 1
4.975 4.9752 2 050025 05003 0.09 0095 0.1 03022 03024 0.3026 1 0.065 006505 0.1288 0129 0.5952 059525 0.5953 0.4463 0.4464
x10 x10°%
Cde20T | Cdnt ,__Apcict | es3T et Pitg1T ,__PP2aT | LMNAT | Mad21
] ] ] [ hEEAN
i
osf ! os| os| ! 05! 05, 05 Mosi it e v fos 05 05
A
' ' ' [ T VI
] 'l I A N
02825 0283 05649 056495 06892 06894 0 2 001 002 003  0.30354 05058 059585 1 0 1 2 059 0595 06
3 .
““Concentration
- Case 1(P048=0.1, P055=0.0001): P53 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 3(P048=0.1, PO55=0): P53 synthesis rate constant s fuzzy uncertain (Triangular MF with 1% perturbation)
CyclinB | _CDK1 MPE (CyclinB:CDK1) | _preMPF ,_e2t | P21:MPF | _Gde2sp | _Cde2s | Weet | Weetp
1 1
05, 05 05 05 0s 0s 05 05 : 05 : 05
1 1
9.86 0.7074 0.7076 0.1658 0.166 0.12665 0.01 0.02 0.03 0 5 0.1482 0.1484 0.29803 0.5504 0.55044 0.04482
x10°% x10°°
PIk1P | Pkt | _PP2A | _Pr2ap | _Apcic | ApcicP | _Cde20 | Cdc20p APCICP:Cdc20 | Cdht
1 1 1 1
05, 05 os| ! 05 ! 0s 0s ! 05 05 ! 05 05
1 1 1 1
1 1 1 1
0.1682 0.1684 0.1352 0.1354 0619 06194 0.3806 0.381 0.43935 0.4394 0.121 0.1212 0.1612 0.1616 0.057 0.0572 0.0638  0.064 0.02432  0.02433
cdhtP APCIC:Cdnt APCICP:Cdht | _Ptgt | _PtigtP . Lunap | ATMIATR ,_es3 | _ps3P [PS3P:PIKIP
1 1 1 1
3\05 05| 05 os( ! 05 ! 05 Y 05! Y 05! 05 05
1 1 1 1
1 1 f I
0.4756 004738 00474 00176 0.01765 0038536 055728 0.5573 01165  0.1167 1 100000005 0 1 2 0 1 2 0 05 1
%103 %10 X103 %1071
Mdm2 | Wipt | Mad2 Mad2:Cdc20P  CyclinBT ,_CoKIT APCICT:Cah1 | ApCICPT | WeetT ,, Cde25T
1 1
05 05 05 05 05 ! 05 05 05 05 ! 05
1 1
1 1
4.9751248 2 0.5003 009 04 03022 03026 1 0.065 0.1288 0.129 05953 0.4463
x10% x10°®
Cdc20T |_CdntT | ArcicT | _ps3T ,_e21T | _PlaT | _Pg1T | _Pp2aT | _LMNAT 1. Mad2t
1 1 1
os|! os| ! os| ! 05 05 05 05 05 05 05
1 1 1
1 1 1
02825 0.283 05649 056495 06892 0.6894 01 2 001 0.02 003 030354 059582 1 0 1 2 059 06
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= Case 1(P048=0.1, P055=0.0001): Mdm2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= = = Case 3(P048=0.1, P055=0): Mdm2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)

CyclinB CDK1 MPF (CyclinB:CDK1) _preMPF p21 | P2IMPF Cdc25P Cde25 Weet WeetP
1 1
05 05 05 05 05 05 05 os) ! 05 ! 05
1 1
1 1
9.86 07074 07076 0.1658 0166 0.12665 0.01 0.02 0.03 0 5 01482 01484 0.29803 05504 055044 0.04482
%1073 x10°°
PIKIP Pik1 PP2A PP2AP APCIC APCICP Cdc20 Cde20P APCICP:Cdc20 Cdh1
1 1 1 1
05 05 osf! 05 ! 05 05 ! 05 05 ! 05 05
1 1 1 1
1 1 1 L
01682 0.1684  0.1352 0.1354 0619 06194 03806  0.381 043935 04304 0121 0.1212  0.1612 0.1616 0057 00572 00638 0064  0.02432 002433
Cdh1P APCIC:Cdnt APCICP:Cdnt Pitg1 Pitg1P LMNAP | ATMIATR ,_ps3 p53P [PSIPPIKIP
1 1 1 1
3‘05 05/ 05} os| ! 05| ! 05| ' 05| ' 05! 05! 05!
1 1 1 1
1 1 I I
0.4756 004738 0.0474  0.0176 001765 0.038536 055728 0.5573  0.1165  0.1167 1 1.00000005 ©0 1 2 0o 1 2 0 05 1
%1073 %1078 x1071 x107™
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----- Case 1(P048=0.1, P055=0.0001): Mad2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
= Case 3(P048=0.1, P055=0): Mad2 synthesis rate constant is fuzzy uncertain (Triangular MF with 1% perturbation)
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Supplementary Figure 7. Fuzzy analysis for comparison of case 1 (red dot-dashed lines) (p53-wt Plk1-normal) and
case 3 (blue dashed lines) (p53-null Plkl-normal). The analysis is performed for 50 model components (shown as
titles for panels) by setting ks, kss, kss, kso, ks12, ks13, Ks1s, ks17, k2o, ks24, ks27, ks2s, ks31 kss2, ks33 as fuzzy parameters.
These parameters control the synthesis of Cyclin B, p21, Cdc25, Weel, Plkl, PP2A, APC/C, Cdc20, Cdhl, Pttgl,
ATM/ATR, p53, Mdm2, Wipl, Mad2 proteins, respectively. Each parameter is perturbed by 1% of its value. The
horizontal axis of each panel depicts the maximum uncertainty band of concentration of model components affected
by uncertainty of the parameter. The vertical axis shows the different a-cut levels (by increasing the o value from zero,
the uncertainty decreases and a = 1, depicts the crisp setting (no uncertainty)).
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Supplementary Table 8. Predicted phenotypes of p53-wt and p-53 cancer cells that carry a mu-
tation in the interaction described by the corresponding parameter that is set to 0. “inviable” indi-
cates cell cycle arrest and the number is the ratio of 71/7, where Tm is the mutant cell cycle pe-

riod and 7 is the cell cycle period in wild type.

p53-wt| pS53-null
No | Perturbation Mutation Description (PIk1 (PIk1
p53-wt| p53-null| =0.055)| =0.055)
1 ki =0 | Loss of association of CycB and CDKI inviable |inviable |inviable |inviable
2 k=0 Loss of dissociation of MPF 1.095 1.295 1.382 | inviable
3 L0 Loss of dephosphorylation in preMPF by
Cdc25P inviable |inviable |inviable |inviable
4 "0 Loss of dephosphorylation in preMPF by
Cdc25 inviable |inviable |inviable |inviable
5 ki2 2 0| Loss of phosphorylation sites of MPF by Weel |inyiable |inviable |inviable |inviable
6 k!, > 0 Loss of phosphorylation sites of MPF by
WeelP 1.006 1.006 1.368 1.839
7 L= 0 Loss of phosphorylation sites of Cdc25 by
MPF 1.335 1.455 | inviable |inviable
] "0 Loss of phosphorylation sites of Cdc25 by
PIk1P 1.041 1.043 1.465 1.932
9 Ki3 = 0 | Loss of dephosphorylation of Cdc25P by PP2A 0.337 0.335 0.376 0.372
10 fa =0 Loss of phosphorylation sites of Weel by MPF |, viable |inviable |inviable |inviable
1 "0 Loss of phosphorylation sites of Weel by
PIk1P 1.002 1.002 1.521 1.831
12 Ky =20 |Lossof dephosphorylation of Weel by PP2A 0.684 0.682 0.756 1.06
13 kes = 0 Loss of dissociation of p21:MPF 1.002 1 1.55 1.845
14 kys = 0 Loss of association of p21 and MPF 0.998 1 1.351 1.837
15 f6 = 0 Loss of phosphorylation sites of PIk1 by MPF  |iviable |inviable |inviable |inviable
16 ki >0 | Loss of dephosphorylation of PIkIP by PP2A  |inviable |inviable | 1viable| inviable
17 Kz =0 Loss of dephosphorylation of PP2AP inviable |inviable |inviable |inviable
18 K't7 >0 |Lossof phosphorylation sites of PP2A by MPF 0.69 0.688 | inviable |inviable
19 =0 Loss of phosphorylation sites of APC/C by
MPF 1.056 1.262 1.184 |inviable
20 "= 0 Loss of phosphorylation sites of APC/C by
PIk1P inviable 1.556 1.021 |inviable
71 Klg— 0 Loss of dephosphorylation of APC/CP by
PP2A inviable |inviable |inviable |inviable
29 k.o -0 Loss of phosphorylation sites of Cdc20 by
MPF 0.758 0.76 1.035 1.037
23 K’y — 0 Loss of phosphorylation sites of Cdc20 by
PIk1P 0.752 0.752 1.184 1.188
24 fo =0 Loss of dephosphorylation of Cdc20 by PP2A |, viable |inviable 1.822 | inviable
25 Keio = 0 | Loss of association of APC/CP and Cdc20 inviable | inviable inviable | inviable
26 Kr10 = 0 | Loss of dissociation of APC/CP:Cdc20 inviable |inviable |inviable |inviable
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27

!
f11 >0

Loss of dephosphorylation of Cdh1P by PP2A 0.769 0.771 0.853 1.182
28 Ki11 20 |Loss of phosphorylation sites of Cdhl by MPF |inviable |inviable |inviable |inviable
29 K/, -0 Loss of phosphorylation sites of Cdhl by

PIk1P 2.32 2.32 |inviable |inviable
30 Ke2 = 0 | Loss of association of APC/C and Cdhl 0.424 0.421 0.467 0.463
31 kr1z >0 | Loss of dissociation of APC/C:Cdhl inviable |inviable |inviable |inviable
32 Kp13 =0 | Loss of association of APC/CP and Cdhl 0.86 0.944 1.048 1.61
33 kr13 =0 | Loss of dissociation of APC/CP:Cdhl 1.64 1.643 | inviable |inviable
34 ;14 -0 Loss of dephosphorylation of Pttg1P by PP2A 1.002 1.004 1.393 1.851
35 Kiia >0 | Loss of phosphorylation sites of Pttgl by MPF 0.862 0.862 0.977 1.314
36 L0 Loss of phosphorylation sites of LMNA by

MPF 1 1 1.382 1.837
37 Kr1s > 0 | Loss of dephosphorylation of LMNAP 1 1 1.382 1.837
38 K6 > 0 Loss of phosphorylation rate constant of p53

by ATM:ATR 1 1 | inviable 1.837
39 Ko 50 Loss of dephosphorylation rate constant of

rie p53P by Wipl 1 1 1.345 1.837

40 kg7 = 0 | Loss of association of p5S3P and Plk1P 1 1 1.407 1.837
41 k.17 = 0 |Loss of association of p53P: Plk1P | | 1.343 1.837
42 keg = 0 |Loss of association of Mad2 and Cdc20P 0.876 0.878 118 1.18
43 ki1g = 0 |Loss of dissociation of Mad2:Cdc20P inviable |inviable |inviable |Inviable
44 k1 =0 | Loss of CCNBI gene inviable |inviable |inviable |Inviable
45 kss =0 Loss of CDKNI1A gene 1 1 1.343 1.909
46 ks >0 | Loss of CDC25 gene inviable |inviable |inviable |inviable
47 Kso =0 | Loss of WEEI gene inviable |inviable |inviable inviable
48 Ks12 20 | Loss of PLK1 gene inviable |inviable |inviable inviable
49 Ks13 >0 | Loss of PP2ACA gene inviable | inviable |inviable inviable
S0 Ks1s 20 | Loss of ANAPC/CI gene inviable | inviable | inviable inviable
31 Ks17 20 | Loss of CDC20 gene inviable |inviable |inviable inviable
52 | Ks20 20 " |Loss of CDHI gene 0324]  0322]  0.345|nviable
53 Ks24 = 0 | Loss of PTTGI gene 1.05 1.05 1.626 2.143
54 | Ke7 =0 JToss of ATM gene 0.998| 0.998] 1.357| 1.357
55 kSZB -0 Loss of TP53 gene 1 1 1.837 1.837
56 Ks31 =0 | Loss of Mad2 gene 1 1 1.382 1.837
57 Kgz1p = 0 Loss of p53P-dependent Mdm?2 synthesis rate

constant 1 1 1.298 1.837
58 kg2 20 |Loss of Wip1 synthesis rate constant 1 1 1.382 1.837
59 Kgazp = 0 Loss of pS3P-dependent Wip1 synthesis rate

constant 1 1 1.655 1.837
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60

Ks33 = 0

Loss of Mad2 synthesis rate constant 0.876 0.876 1.18 1.18
61 K411 =0 CycB degron deletion 1.029 1.202 1.159 inviable
62 | Kaiz =0 |Loss of CycB degron site for APC/CP:Cdc20 1.174 1.409 | 424 | inviable
63 Ka13 20 |Loss of CycB degron site for APC/CT:Cdhl 0.831 0.868 0.901 1.252
64 K431 20 |MPF degron deletion 1.062 1.225 1.343 inviable
65 K432 2 0 | Loss of MPF degron site for APC/CP:Cdc20  |inviable |inviable 0.006 | mviable
66 Kaz3 =0 |Loss of MPF degron site for APC/CT:Cdhl 0.57 0.847 0.636 inviable
67 | Kaea >0 | preMPF degron deletion 1.002 1.07 1.264 1.719
68 | kaup -0 |Lossof preMPF degron site for inviable

APC/CP:Cdc20 1.174 1.411 1.399
69 Kaa3 = 0 | Loss of preMPF degron site for APC/CT:Cdhl 0.758 | inviable 0.669 | mviable
70 kgs > 0 p21 degron deletion 0.998 1 1.488 1.783
71 Kas = 0 | Loss of p21 degron site for APC/CP:Cdc20 0.998 1 1.415 1.837
72 | Kaza >0 Cdc25P degron deletion 0.696 1.293 1.037 | inviable
73 ka73 20 | Loss of Cdc25P degron site for APC/CT:Cdhl 0.992 0.992 1.36 1.81
74 | Kag1 >0 |Cde25 degron deletion 0.574| 0574|0643 1.167
75 kags = 0 | Loss of Cdc25 degron site for APC/CT:Cdhl 0.533 0.533 0.57 0.812
76 Kao >0 |'Weel degron deletion inviable |inviable |inviable inviable
77 Ka1o >0 | WeelP degron deletion inviable |inviable |inviable inviable
78 | ka1 20 |PIKIP degron deletion inviable |inviable | inviable 1.719
79 | Kai13 = 0 |Loss of PIkIP degron site for APC/CT:Cdhl 08371 0839 1.174 1.529
80 | kaiz1 =0 |PIkl degron deletion inviable |inviable 1.157|  1.436
81 Ka123 = 0 | Loss of PIk1 degron site for APC/CT:Cdhl 0.467 0.465 0.634 0.777
82 Kaiz >0 | pp2A degron deletion inviable |inviable [inviable inviable
83 | Kaia 20 | PP2AP degron deletion 1.087|  1.087|inviable | ™viaPle
84 Ka1s 20 | APC/C degron deletion inviable |inviable |inviable inviable
85 K416 >0 | APC/CP degron deletion 1.256 1.258 1.897 1.93
86 k4171 = 0 | Cdc20 degron deletion 1.027 1.159 1.911 inviable
87 | ka7 = 0 |Loss of Cdc20 degron site for APC/CT:Cdhl 1.397 1393 |inviable | viable
88 Ka181 = 0 | Cdc20P degron deletion 0.936 1.207 1.339 inviable
89 Ka1g3 = 0 |Loss of Cdc20P degron site for APC/CT:Cdhl 0.994 0.998 1.368 1.847
90 Kazo >0 | Cdn1 degron deletion inviable |inviable [inviable inviable
91 K421 =0 |Cdh1P degron deletion 1.095 1.095 1.971 inviable
92 | Kdza1 =0 |Pttg] degron deletion 0.99| 0998 1372| 1.824
93 Kaz242 2 0 | Loss of Pttg] degron site for APC/CP:Cdc20 0.998 1 1.378 1.837
94 Kgz51 = 0 Pttg1P degron deletion 0.998 1 1.38 1.837
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Kaz52 = 0

95 Loss of Pttg1P degron site for APC/CP:Cdc20 1 1 1.38 1.837
96 | Kaer =0 | ATM ATR degron deletion 1.099 | inviable |inviable |inviable
97 Kaz7p = 0 Loss of saturating Wip1-dependent ATM:ATR

degradation rate 1 1 1.651 1.837
98 | Kazs =0 [ps3 degron deletion 1.174 1 |inviable 1.837
99 | Kkazsp 2 0 | Loss of Mdm2-dependent p53 degradation rate | | 1362 1.837
100 K429 = 0 | Loss of p53P degradation rate constant 1 1 1.357 1.837
101 | Kazep = 0 Loss of Mdm2-dependent p53P degradation

rate 1 1 1.308 1.837
102 | kagri—0 Loss of ATM-ATR dependent Mdm?2 inactiva-

' tion rate 1 1 1.455 1.837

103 Kaz1 >0 | Loss of Mdm2 degradation rate constant 0.998 1 1.355 1.837
104 Kaz2 20 |Loss of Wip1 degradation rate constant 1 1 1.353 1.829
105 K433 = 0 | Loss of Mad2 degradation rate constant inviable |inviable |inviable |inviable
106 K, -0 Loss of Intensifying scale rate of k¢ by

ATM_ATR inviable |inviable |inviable |inviable
107 Kp =0 Loss of intensifying scale rate of k}n by Pttgl 0.769 0.771 0.853 1.182
108 Ky, = 0 Loss of intensifying scale rate of kyg by

ATM_ATR inviable |inviable |inviable |inviable

Kis3—0 |L f intensifyi le rate of k

109 p33 oss of intensifying scale rate of ks5 by p53 inviable |inviable |inviable |inviable
110 | Kpps = 0 |Loss of intensifying scale rate of DDS | | 136 1 364
111 Kpy; - 0 Loss of intensifying scale rate of ks28 by

ATM_ATR inviable |inviable |inviable |inviable
112 | Kuep = 0 Loss of intensifying scale rate of

Mad2 Cdc20P dissociation by p21 inviable |inviable |inviable |inviable
113 €e—-0 Loss of intensifying scale of Plk1/p21 1161 linviable 1523 |inviable
114 | Keyerr = 0 Loss of MM constant of CycB degradation by

APC/CP:Cdc20 inviable |inviable |inviable |inviable
115 | Keyepo = 0 Loss of MM constant of CycB degradation by

APC/CP:Cdhl inviable |inviable |inviable |inviable
116 | Kyppr = 0 Loss of MM constant of MPF degradation by

APC/CP:Cdc20 inviable |inviable |inviable |inviable
117 | Kuppa = 0 Loss of MM constant of MPF degradation by

APC/CT:Cdhl inviable |inviable |inviable |inviable
118 | Kpremprr = 0 Loss of MM constant of MPF degradation by

APC/CP:Cdc20 inviable |inviable |inviable |inviable
119 | Kpremprz = 0 Loss of MM constant of MPF degradation by

APC/CP:Cdhl inviable |inviable |inviable |inviable
120 | Kp2impr = 0 Loss of MM constant of p213:MPF degradation

by APC/CP:Cdc20 inviable |inviable |inviable |inviable
121 | Kegeaspr = 0 Loss of MM constant of Cdc25CP

Dephosphorylation by PP2A inviable |inviable |inviable |inviable
122 | Kcgeasps = 0 Loss of MM constant of Cdc25P degradation

by APC/CT:Cdhl inviable |inviable |inviable |inviable
123 | Kegeas = 0 Loss of MM constant of Cdc25 degradation by

APC/CT:Cdhl inviable |inviable |inviable |inviable
124 | Kyeerp = 0 Loss of MM constant of WeelP dephosphory-

lation by PP2A inviable |inviable |inviable |inviable
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125 | Kpiipr = 0 Loss of MM constant of Plk1P dephosphoryla-

tion by PP2A inviable |inviable |inviable |inviable
126 | Kpiipz = 0 Loss of MM constant of Plk1P degradation by

APC/CT:Cdhl inviable |inviable |inviable |inviable
127 Kpy; = 0 Loss of MM constant of Plk1 degradation by

APC/CT:Cdhl inviable |inviable |inviable |inviable
128 | Kapcicp = 0 Loss of MM constant of APC/CP dephosphor-

ylation by PP2A inviable |inviable |inviable |inviable
129 | Kegeaopr = 0 Loss of MM constant of Cdc20P dephosphory-

lation by PP2A inviable |inviable |inviable |inviable
130 | Kegeao = 0 Loss of MM constant of Cdc20 degradation by

APC/CT:Cdhl inviable |inviable |inviable |inviable
131 | Kedeaors = 0 Loss of MM constant of Cdc20P degradation

by APC/CT:Cdhl inviable |inviable |inviable |inviable
132 | Kednip = 0 Loss of MM constant of Cdh1P dephosphory-

lation by PP2A inviable |inviable |inviable |inviable
133 | Kpgipr = 0 Loss of MM constant of Pttg1 P dephosphory-

lation by PP2A inviable |inviable |inviable |inviable
134 | Kpygt =0 Loss of MM constant of Pttgl degradation by

APC/CP:Cdc20 1.002 1.002 1.386 1.839
135 | Kpugipr = 0 Loss of MM constant of Pttg1 P degradation by

APC/CP:Cdc20 inviable |inviable |inviable |inviable

— 0 | Loss of MM constant of p53 phosphorylation

136 | Karmate =0 by Wipl inviable |inviable |inviable |inviable
137 | Kwipi = 0 Loss of MM constant of ATM_ATR signal

degradation by Wipl inviable |inviable |inviable |inviable
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Supplementary Figure 8. Numerical simulations of p53-wt cancer cells with the following gene deletions:
CCNBI1 and CCNB2 (ks1=0), CDKNIA (kss=0), CDC25A, CDC25B and CDC25C (kss=0), WEE1 (ks=0), PLK1
(ks12=0), PPA2 (ks13=0), ANAPC/C1 (ks15=0), CDC20 (ks17=0), CDH1 (ks20=0), PTTGI (ks24=0), ATM (ks27=0), TP53
(ks28=0), Mdm?2 (ks31=0), Wip1 (ks32=0), MAD2 (ks33=0).
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Supplementary Figure 9. Numerical simulations of p53-null cancer cells with the following gene deletions:
CCNBI and CCNB2 (ks1=0), CDKN1A (kss=0), CDC25A, CDC25B and CDC25C (kss=0), WEE1 (ksv=0), PLK1
(ks12=0), PPA2 (ks13=0), ANAPC/C1 (ks15=0), CDC20 (ks17=0), CDH1 (ks20=0), PTTGI (ks24=0), ATM (ks27=0), TP53
(ks26=0), Mdm2 (ks31=0), Wip1 (ks32=0), MAD2 (ks33=0).
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Supplementary Table 9. Parameter values used to model cell lines and CRISPR perturbations.

Gene mutated in

Parameter values used to model

Parameter values used to

Cancer Cell Line the corresponding cell line Perturbed gene model the perturbation
CCNBI1 kg, = 0.095 CCNBI1 kg1 = 0.095
CDKNIA ke =0 CDKNI1A ks =0
CDC25 kgg = 0.095 CDC25 kgg = 0.095
WEEL1 kgg = 0.0998 WEEL1 kg =0
PLK1 kg12 = 0.096 PLK1 kg1 =0
PP2ACA kg3 = 0.098 PP2ACA kg13 = 0.062
APC/C kgs15 = 0.099 APC/C k15 = 0.03
CDC20 k17 = 0.0997 CDC20 kg17 =0
FZR1 Kg0 =0 FZR1 Kgp0 =0
PTTG1 ko4 = 0.05 PTTGI Kgps =0
ATM and ATR kg7 =0 ATM and ATR kg7 =0
TP53-null kg =0 TP53-null kgyg =0
MDM2 kg3; =0 MDM2 kg31 =0
PPM1D kg3, = 0.0998 PPMID kg3, =0
Mad2L.1 or Mad2L.1 or MAD2L2
MAD2LA kg33 = 0.0998 kg33 =0
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