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Supplementary Text S1. Robustness of Li et al. model under asynchronous updating. 
 
In Li’s model, the cell cycle follows a sequence of 13 states and returns to a fixed point 
corresponding to a stationary G1 cell, as shown in the following Table A (reproduced from 
Li et al.1).  
 
Table A. The 13 cell-cycle states in Li’s model1. 

State Cln3 MBF SBF Cln1,2 Cdh1 Swi5 Cdc14,20 Clb5,6 Sic1 Clb1,2 Mcm1 
1 1 0 0 0 1 0 0 0 1 0 0 
2 0 1 1 0 1 0 0 0 1 0 0 
3 0 1 1 1 1 0 0 0 1 0 0 
4 0 1 1 1 0 0 0 0 0 0 0 
5 0 1 1 1 0 0 0 1 0 0 0 
6 0 1 1 1 0 0 0 1 0 1 1 
7 0 0 0 1 0 0 1 1 0 1 1 
8 0 0 0 0 0 1 1 0 0 1 1 
9 0 0 0 0 0 1 1 0 1 1 1 
10 0 0 0 0 0 1 1 0 1 0 1 
11 0 0 0 0 1 1 1 0 1 0 0 
12 0 0 0 0 1 1 0 0 1 0 0 
13 0 0 0 0 1 0 0 0 1 0 0 

 
The model used the updating functions 
 

𝑆𝑆𝑡𝑡+1(𝑥𝑥) = �
1, 𝑥𝑥 > 0
0, 𝑥𝑥 < 0
𝑆𝑆𝑡𝑡, 𝑥𝑥 = 0

 

 
𝑆𝑆𝑡𝑡+1′ (𝑥𝑥) = �1, 𝑥𝑥 > 0

0, 𝑥𝑥 ≤ 0 
 
where the original Boolean functions for the 11 variables are: 
Cln3t+1 = S′( Sizet ) 
MBFt+1 = S( Cln3t − Clb1,2t ) 
SBFt+1 = S( Cln3t − Clb1,2t ) 
Cln1,2t+1 = S′( SBFt ) 
Cdh1t+1 = S( Cdc14,20t − Cln1,2t − Clb5,6t − Clb1,2t ) 
Swi5t+1 = S′( Mcm1t + Cdc14,20t − Clb1,2t ) 
Cdc14,20t+1 = S′( Mcm1t + Clb1,2t ) 



Clb5,6t+1 = S( MBFt − Sic1t − Cdc14,20t ) 
Sic1t+1 = S( Cdc14,20t + Swi5t − Cln1,2t − Clb5,6t − Clb1,2t ) 
Clb1,2t+1 = S( Mcm1t + Clb5,6t − Sic1t − Cdh1t − Cdc1420t ) 
Mcm1t+1 = S′( Clb5,6t + Clb1,2t ) 
 
The variables were updated synchronously in Li’s model, i.e., all variables that are 
scheduled to change state do so simultaneously. Indeed, two or three variables 
simultaneously change their activities in many transitions (see Table A above).  
 
We are interested in exploring Li’s model with asynchronous updating. Our aim is to see  

1) if sequences of asynchronous updates follow or remain close to the 13 cell-cycle 
states and return to the stationary G1 fixed point or deviate far from the 13 states 
and reach different fixed points, and  

2) if, during asynchronous updating, the major events of the cell cycle execute in the 
proper order: Cln1,2 turns on (bud emergence); Clb5,6 turns on (DNA replication); 
Clb1,2 turns on (mitotic entry); Cdc14,20 turns on (sister chromatid separation); 
Clb1,2 turns off (mitotic exit).   

 
We modified Li’s model to update asynchronously (i.e., only one variable changes its value 
from t to t+1, where the variable to change is chosen randomly). Based on 5000 simulation 
repeats starting from ‘State 1’ (10001000100), 56.60% finally reached stationary G1 
(00001000100). The other 44.40% ran off to one of the other five fixed points of the model, 
as shown in the following table.  
 
Table B. Fixed points found in Li’s model with asynchronous updating. 

Fixed point Number of trajectories 
reaching the fixed point 

Percentage 

00001000100 
(stationary G1) 

2830 56.60% 

00110000000 905 18.10% 
01001000100 820 16.40% 
00000000100 423 8.46% 
00000000000 15 0.30% 
00001000000 7 0.14% 

 
In addition, we noted if the major cell-cycle events are executed in the correct sequence 
when the model is updated asynchronously. Based on 5000 simulation repeats, four 
patterns were observed. 
 

1. 1195 repeats exhibited normal cell cycle progression, as defined above. 
2. 445 repeats exhibited pre-mature activation of Cdc14,20 resulting in ‘mitotic 

catastrophe’: Cln1,2 turns on (bud emergence), Clb5,6 turns on (DNA replication), 
Cdc14,20 turns on, i.e., destruction of cohesin links holding sister chromatids 
together before Clb1,2 turns on (mitotic spindle formation) and Clb1,2 turns off 
(mitotic exit). This ‘catastrophe’ happens because the original rule allows Cdc14,20 
to be activated by Mcm1 before activation of Clb1,2, a mistake that does not 
happen with synchronous updating because Mcm1 and Clb1,2 turn on 



simultaneously. However, with random asynchronous updating, the following order 
is possible: Mcm1 turns on; Cdc14,20 turns on; Clb1,2 turns on.  

3. 894 repeats executed bud emergence (Cln2 turns on) and then arrested in state 
‘00110000000’. In this sequence of events, Cln3 stochastically turns off after it 
activates SBF, which then activates Cln2 (bud emergence); however, MBF remains 
off, and the cell cycle is arrested without turning on Clb5,6 or Clb1,2.  

4. 2466 repeats did not execute any major events because: either Cln3 turns off 
immediately and the cell reverts to stationary G1 ‘00001000100’, or Cln3 turns off 
after activating MBF but before SBF is activated and the cell arrests in state 
‘01001000100’. 

 
We can fix these problems by two reasonable modifications of the Boolean rules of Li’s 
model: 
 
First, after Cln3 turns on in State 1 (see Table A), Cln3 stays on during the entire cell cycle 
progression until Clb1,2 turns off at cell division (State 10 in Table A). In addition, the 
rules for MBF and SBF are changed from S(Cln3t−Clb1,2t ) to S′(Cln3t−Clb1,2t ), to allow 
Clb1,2 to turn off SBF and MBF even when Cln3 is on. The modification eliminates 
Problem Patterns 3 and 4 by allowing SBF and MBF to be regulated properly during cell-
cycle progression. This modification also removes two fixed points (‘00110000000’ and 
‘01001000100’). 
 
Second, we resolve Problem Pattern 2 (premature Cdc14,20 activation before Clb1,2) by 
changing the original rule Cdc14,20t+1 = S′(Mcm1t+Clb1,2t) to Cdc14,20t+1 = S′(Clb1,2t).  
 
With these changes, all 5000 repeats exhibit the correct sequence of cell-cycle events. 
Although the problems that arise when the original model is updated asynchronously are 
easily fixed by modifying some of the Boolean rules, the results indicate that cell-cycle 
‘robustness’ depends sensitively on the rules and the updating scheme. In particular, 
asynchronous updating can dramatically disrupt the robustness exhibited under 
synchronous updating. 
 
 
  



Supplementary Table S1. Summary of Boolean models of eukaryotic cell cycle controls. 

Authors 
Organism modeled Method Results 

Li, Long, Lu, Ouyang & Tang 
(2004)1 

Budding yeast 

Standard Boolean 
11 variables 

Synchronous updating 

Robust sequence of cell-cycle transitions  
G1/S → G2/M → G0 

Fauré, Naldi, Chaouiya & 
Thieffry (2006)2 
Mammalian cell 

Standard Boolean 
10 variables 

Priority class updating  

Alternative sequences from G1/S to G2/M to G0  
Mutant analyses provided on webpage 

Fauré, Naldi, Lopez, 
Chaouiya, Ciliberto & 

Thieffry (2009)3 
Budding yeast 

Standard Boolean 
27 molecular variables 
Synchronous updating  

4 events + Mass 

31-state cycle: G0/G1 → S/G2 → M → G0/G1 → 
156 mutant strains simulated 

(4 major discrepancies) 

Davidich & Bornholdt (2008)4 
Fission yeast 

Standard Boolean 
10 variables 

Synchronous updating 

Robust sequence of cell-cycle transitions G1/S → 
G2/M → G0 

Irons (2009)5 
Budding yeast 

Standard Boolean 
14 proteins + 4 events 
Synchronous updating 

19-state cycle 
Correctly predicts the phenotypes of 13 mutant 

strains tested 

Singhania, Sramkoski, 
Jacobberger & Tyson (2011)6 

Mammalian cell 

Hybrid Boolean/ODE 
deterministic/stochastic 

6 Boolean + 4 continuous 
Continuous time 

Reproduces flow cytometry data on Cyclin A, 
Cyclin B and Cyclin E, and contact inhibition of 

a culture of human endothelial cells 

Stoll, Viara, Barillot & 
Calzone (2012)7 
Mammalian cell 

Stochastic Boolean 
Stochastic asynch updating 

Continuous time  

Damped oscillations of Cyclin A, Cyclin B and 
Cyclin E  

 

Davidich & Bornholdt (2013)8 
Fission yeast 

Standard Boolean 
12 variables 

Synchronous updating 

Correctly predicts the phenotypes of 32 mutant 
strains tested 

Noël, Vakulenko & Radulescu 
(2013)9  

Mammalian cell 

Hybrid Boolean/ODE 
Generalize approach of 
Singhania et al. (2011)6 

Apply to model of Csikasz-Nagy et al.10  
Hybrid model compares favorably with nonlinear 

ODE model 

Münzner, Klipp & Krantz 
(2019)11 

Budding yeast 

Comprehensive Boolean 
357 proteins, genes, mRNAs 

Priority class updating 

186-state cycle 
Correctly predicts the phenotypes of 73% of 85 

mutant strains tested 

Howell, Klemm, Thorpe & 
Csikasz-Nagy (2020)12 

Budding yeast 

Compartmental Boolean 
37 variables 

6 compartments 
Asynch, random updating 

Correctly predicts the phenotypes of 81% of 147 
mutant strains tested 

Laomettachit, Kraikivski & 
Tyson (this study) 

Budding yeast 

Stochastic Boolean 
7 discrete variables 
+ Size (continuous) 

Asynch, random updating 

Reproduces statistical properties of cell cycle 
phase durations and cell size  

91% of single-state perturbations return to 
normal sequence of cell cycle events 

Standard Boolean model: discrete state variables (0 or 1), discrete time (0, 1, 2, …), deterministic updating (synchronous, 
asynchronous, or priorities given to certain variables). 

Compartmental Boolean model: discrete state variables in each compartment (‘active’ or ‘inactive’, ‘present’ or ‘absent’), 
discrete time, deterministic updating. 

Stochastic Boolean model: discrete state variables, random updating by Gillespie’s stochastic simulation algorithm. 
Hybrid models: mixture of discrete and continuous variables, deterministic and stochastic updating. 

  



 
Supplementary Table S2. All possible updates based on the logical functions, equations (7-13) in 
the main text. 
 

state(t) state(t+1) 
0000000  1000000  
0000001  1000001  0000000  
0000010  0000110  0000011  
0000011  0000111  0000001  
0000100  0000110  
0000101  1000101  
0000110  0000111  
0000111  0000101  
0001000  0001100  
0001001  0000001  0001101  0001000  
0001010  0001110  0001011  
0001011  0000011  0001111  
0001100  0001110  
0001101  0000101  0001111  
0001110  0001111  
0001111  0000111  
0010000  0000000  
0010001  0000001  0010000  
0010010  0000010  0010110  0010000  0010011  
0010011  0000011  0010111  0010001  
0010100  0000100  
0010101  0000101  
0010110  0000110  0010100  0010111  
0010111  0000111  0010101  
0011000  0001000  0011100  
0011001  0001001  0010001  0011101  0011000  
0011010  0001010  0011110  0011000  0011011  
0011011  0001011  0010011  0011111  0011001  
0011100  0001100  
0011101  0001101  0010101  
0011110  0001110  0011100  0011111  
0011111  0001111  0010111  0011101  
0100000  1100000  0110000  0101000  
0100001  1100001  0110001  0100000  
0100010  0000010  0110010  0101010  0100110  0100011  
0100011  0000011  0110011  0100111  0100001  
0100100  0000100  0110100  0101100  0100110  
0100101  1100101  0000101  0110101  
0100110  0000110  0110110  0101110  0100111  
0100111  0000111  0110111  0100101  



state(t) state(t+1) 
0101000  0111000  0101100  
0101001  0111001  0100001  0101101  0101000  
0101010  0001010  0111010  0101110  0101011  
0101011  0001011  0111011  0100011  0101111  
0101100  0001100  0111100  0101110  
0101101  0001101  0111101  0100101  0101111  
0101110  0001110  0111110  0101111  
0101111  0001111  0111111  0100111  
0110000  0111000  
0110001  0110000  
0110010  0010010  0111010  0110110  0110000  0110011  
0110011  0010011  0110111  0110001  
0110100  0010100  0111100  
0110101  0010101  
0110110  0010110  0111110  0110100  0110111  
0110111  0010111  0110101  
0111000  0111100  
0111001  0110001  0111101  0111000  
0111010  0011010  0111110  0111000  0111011  
0111011  0011011  0110011  0111111  0111001  
0111100  0011100  
0111101  0011101  0110101  
0111110  0011110  0111100  0111111  
0111111  0011111  0110111  0111101  
1000000  1000000 
1000001  1000000  
1000010  0000010  1000110  1000000  1000011  
1000011  0000011  1000111  1000001  
1000100  0000100  1000000  
1000101  1000001  
1000110  0000110  1000100  1000111  
1000111  0000111  1000101  
1001000  0001000  1000000  
1001001  0001001  1000001  1001000  
1001010  0001010  1000010  1001110  1001000  1001011  
1001011  0001011  1000011  1001111  1001001  
1001100  0001100  1000100  1001000  
1001101  0001101  1000101  1001001  
1001110  0001110  1000110  1001100  1001111  
1001111  0001111  1000111  1001101  
1010000  0010000  1000000  
1010001  0010001  1000001  1010000  
1010010  0010010  1000010  1010110  1010000  1010011  
1010011  0010011  1000011  1010111  1010001  



state(t) state(t+1) 
1010100  0010100  1000100  1010000  
1010101  0010101  1000101  1010001  
1010110  0010110  1000110  1010100  1010111  
1010111  0010111  1000111  1010101  
1011000  0011000  1001000  1010000  
1011001  0011001  1001001  1010001  1011000  
1011010  0011010  1001010  1010010  1011110  1011000  1011011  
1011011  0011011  1001011  1010011  1011111  1011001  
1011100  0011100  1001100  1010100  1011000  
1011101  0011101  1001101  1010101  1011001  
1011110  0011110  1001110  1010110  1011100  1011111  
1011111  0011111  1001111  1010111  1011101  
1100000  1110000  
1100001  1110001  1100000  
1100010  0100010  1000010  1110010  1100110  1100000  1100011  
1100011  0100011  1000011  1110011  1100111  1100001  
1100100  0100100  1000100  1110100  1100000  
1100101  1000101  1110101  1100001  
1100110  0100110  1000110  1110110  1100100  1100111  
1100111  0100111  1000111  1110111  1100101  
1101000  0101000  1111000  1100000  
1101001  0101001  1111001  1100001  1101000  
1101010  0101010  1001010  1111010  1100010  1101110  1101000  1101011  
1101011  0101011  1001011  1111011  1100011  1101111  1101001  
1101100  0101100  1001100  1111100  1100100  1101000  
1101101  0101101  1001101  1111101  1100101  1101001  
1101110  0101110  1001110  1111110  1100110  1101100  1101111  
1101111  0101111  1001111  1111111  1100111  1101101  
1110000  0110000  
1110001  0110001  1110000  
1110010  0110010  1010010  1110110  1110000  1110011  
1110011  0110011  1010011  1110111  1110001  
1110100  0110100  1010100  1110000  
1110101  0110101  1010101  1110001  
1110110  0110110  1010110  1110100  1110111  
1110111  0110111  1010111  1110101  
1111000  0111000  1110000  
1111001  0111001  1110001  1111000  
1111010  0111010  1011010  1110010  1111110  1111000  1111011  
1111011  0111011  1011011  1110011  1111111  1111001  
1111100  0111100  1011100  1110100  1111000  
1111101  0111101  1011101  1110101  1111001  
1111110  0111110  1011110  1110110  1111100  1111111  
1111111  0111111  1011111  1110111  1111101  



 
 
Supplementary Table S3. Single-state perturbations. For each perturbation, the 
percentages are calculated from 5000 repeats. (When Clb2M is flipped on, Clb2G is also set 
to be on. When Clb2G is flipped off, Clb2M is also set to be off.) 
 
State 
index 

Pert’n 
index 

Event (cell 
cycle phase) 

State Pert’n 
event 

State 
after 
pert’n 

% 
Reverting 

to G1 

% 
Resuming 

normal 
progression 

% Exit 
without 

activating 
Clb2M or 

Cdc20 

% Exit 
without 

budding 

1 1 Newborn cell 
(G1) 

1000000 Cdh1 
turns off 

0000000 100.00 0.00 0.00 0.00 

1 3 Newborn cell 
(G1) 

1000000 Cln2 
turns on 

1010000 100.00 0.00 0.00 0.00 

1 4 Newborn cell 
(G1) 

1000000 Clb5 
turns on 

1001000 49.98 50.02 0.00 0.00 

1 5 Newborn cell 
(G1) 

1000000 Clb2G 
turns on 

1000100 50.40 0.00 0.00 49.60 

1 6 Newborn cell 
(G1) 

1000000 Clb2M 
turns on 

1000110 16.50 0.00 0.00 83.50 

2 1 SBF turns on 
(bud 
emergence) 

1100000 Cdh1 
turns off 

0100000 0.00 100.00 0.00 0.00 

2 4 SBF turns on 
(bud 
emergence) 

1100000 Clb5 
turns on 

1101000 0.00 100.00 0.00 0.00 

2 5 SBF turns on 
(bud 
emergence) 

1100000 Clb2G 
turns on 

1100100 17.02 33.14 0.00 49.84 

2 6 SBF turns on 
(bud 
emergence) 

1100000 Clb2M 
turns on 

1100110 8.18 8.04 0.00 83.78 

2 7 SBF turns on 
(bud 
emergence) 

1100000 Cdc20 
turns on 

1100001 0.00 100.00 0.00 0.00 

3 2 Cln2 turns on 1110000 SBF 
turns off 

1010000 100.00 0.00 0.00 0.00 

3 4 Cln2 turns on 1110000 Clb5 
turns on 

1111000 0.00 100.00 0.00 0.00 

3 5 Cln2 turns on 1110000 Clb2G 
turns on 

1110100 15.82 84.18 0.00 0.00 

3 6 Cln2 turns on 1110000 Clb2M 
turns on 

1110110 8.18 91.82 0.00 0.00 

3 7 Cln2 turns on 1110000 Cdc20 
turns on 

1110001 0.00 100.00 0.00 0.00 

4 2 Cdh1 turns off 0110000 SBF 
turns off 

0010000 100.00 0.00 0.00 0.00 

4 3 Cdh1 turns off 0110000 Cln2 
turns off 

0100000 0.00 100.00 0.00 0.00 

4 5 Cdh1 turns off 0110000 Clb2G 
turns on 

0110100 0.00 100.00 0.00 0.00 



State 
index 

Pert’n 
index 

Event (cell 
cycle phase) 

State Pert’n 
event 

State 
after 
pert’n 

% 
Reverting 

to G1 

% 
Resuming 

normal 
progression 

% Exit 
without 

activating 
Clb2M or 

Cdc20 

% Exit 
without 

budding 

4 6 Cdh1 turns off 0110000 Clb2M 
turns on 

0110110 0.00 100.00 0.00 0.00 

4 7 Cdh1 turns off 0110000 Cdc20 
turns on 

0110001 0.00 100.00 0.00 0.00 

5 1 Clb5 turns on 
(S phase) 

0111000 Cdh1 
turns on 

1111000 0.00 100.00 0.00 0.00 

5 2 Clb5 turns on 
(S phase) 

0111000 SBF 
turns off 

0011000 0.00 100.00 0.00 0.00 

5 3 Clb5 turns on 
(S phase) 

0111000 Cln2 
turns off 

0101000 0.00 100.00 0.00 0.00 

5 6 Clb5 turns on 
(S phase) 

0111000 Clb2M 
turns on 

0111110 0.00 100.00 0.00 0.00 

5 7 Clb5 turns on 
(S phase) 

0111000 Cdc20 
turns on 

0111001 0.00 73.52 26.48 0.00 

6 1 Clb2G turns on 
(prophase) 

0111100 Cdh1 
turns on 

1111100 0.00 49.48 50.52 0.00 

6 3 Clb2G turns on 
(prophase) 

0111100 Cln2 
turns off 

0101100 0.00 100.00 0.00 0.00 

6 4 Clb2G turns on 
(prophase) 

0111100 Clb5 
turns off 

0110100 0.00 100.00 0.00 0.00 

6 6 Clb2G turns on 
(prophase) 

0111100 Clb2M 
turns on 

0111110 0.00 100.00 0.00 0.00 

6 7 Clb2G turns on 
(prophase) 

0111100 Cdc20 
turns on 

0111101 0.00 23.04 76.96 0.00 

7 1 SBF turns off 0011100 Cdh1 
turns on 

1011100 0.00 49.98 50.02 0.00 

7 4 SBF turns off 0011100 Clb5 
turns off 

0010100 0.00 100.00 0.00 0.00 

7 5 SBF turns off 0011100 Clb2G 
turns off 

0011000 0.00 100.00 0.00 0.00 

7 6 SBF turns off 0011100 Clb2M 
turns on 

0011110 0.00 100.00 0.00 0.00 

7 7 SBF turns off 0011100 Cdc20 
turns on 

0011101 0.00 46.48 53.52 0.00 

8 1 Cln2 turns off 0001100 Cdh1 
turns on 

1001100 0.00 49.72 50.28 0.00 

8 2 Cln2 turns off 0001100 SBF 
turns on 

0101100 0.00 100.00 0.00 0.00 

8 4 Cln2 turns off 0001100 Clb5 
turns off 

0000100 0.00 100.00 0.00 0.00 

8 5 Cln2 turns off 0001100 Clb2G 
turns off 

0001000 0.00 100.00 0.00 0.00 

8 7 Cln2 turns off 0001100 Cdc20 
turns on 

0001101 0.00 50.82 49.18 0.00 

9 1 Clb2M turns on 
(metaphase) 

0001110 Cdh1 
turns on 

1001110 0.00 87.12 12.88 0.00 



State 
index 

Pert’n 
index 

Event (cell 
cycle phase) 

State Pert’n 
event 

State 
after 
pert’n 

% 
Reverting 

to G1 

% 
Resuming 

normal 
progression 

% Exit 
without 

activating 
Clb2M or 

Cdc20 

% Exit 
without 

budding 

9 2 Clb2M turns on 
(metaphase) 

0001110 SBF 
turns on 

0101110 0.00 100.00 0.00 0.00 

9 3 Clb2M turns on 
(metaphase) 

0001110 Cln2 
turns on 

0011110 0.00 100.00 0.00 0.00 

9 4 Clb2M turns on 
(metaphase) 

0001110 Clb5 
turns off 

0000110 0.00 100.00 0.00 0.00 

9 5 Clb2M turns on 
(metaphase) 

0001110 Clb2G 
turns off 

0001000 0.00 100.00 0.00 0.00 

10 1 Cdc20 turns on 
(anaphase) 

0001111 Cdh1 
turns on 

1001111 0.00 100.00 0.00 0.00 

10 2 Cdc20 turns on 
(anaphase) 

0001111 SBF 
turns on 

0101111 0.00 100.00 0.00 0.00 

10 3 Cdc20 turns on 
(anaphase) 

0001111 Cln2 
turns on 

0011111 0.00 100.00 0.00 0.00 

10 5 Cdc20 turns on 
(anaphase) 

0001111 Clb2G 
turns off 

0001001 0.00 100.00 0.00 0.00 

10 6 Cdc20 turns on 
(anaphase) 

0001111 Clb2M 
turns off 

0001101 0.00 100.00 0.00 0.00 

11 1 Clb5 turns off 0000111 Cdh1 
turns on 

1000111 0.00 100.00 0.00 0.00 

11 2 Clb5 turns off 0000111 SBF 
turns on 

0100111 0.00 100.00 0.00 0.00 

11 3 Clb5 turns off 0000111 Cln2 
turns on 

0010111 0.00 100.00 0.00 0.00 

11 5 Clb5 turns off 0000111 Clb2G 
turns off 

0000001 0.00 100.00 0.00 0.00 

11 7 Clb5 turns off 0000111 Cdc20 
turns off 

0000110 0.00 100.00 0.00 0.00 

12 2 Clb2M turns off 
(telophase) 

0000101 SBF 
turns on 

0100101 0.00 100.00 0.00 0.00 

12 3 Clb2M turns off 
(telophase) 

0000101 Cln2 
turns on 

0010101 0.00 100.00 0.00 0.00 

12 4 Clb2M turns off 
(telophase) 

0000101 Clb5 
turns on 

0001101 0.00 100.00 0.00 0.00 

12 5 Clb2M turns off 
(telophase) 

0000101 Clb2G 
turns off 

0000001 0.00 100.00 0.00 0.00 

12 7 Clb2M turns off 
(telophase) 

0000101 Cdc20 
turns off 

0000100 0.00 100.00 0.00 0.00 

13 2 Cdh1 turns on 1000101 SBF 
turns on 

1100101 0.00 100.00 0.00 0.00 

13 3 Cdh1 turns on 1000101 Cln2 
turns on 

1010101 0.00 100.00 0.00 0.00 

13 4 Cdh1 turns on 1000101 Clb5 
turns on 

1001101 0.00 100.00 0.00 0.00 

13 6 Cdh1 turns on 1000101 Clb2M 
turns on 

1000111 0.00 100.00 0.00 0.00 



State 
index 

Pert’n 
index 

Event (cell 
cycle phase) 

State Pert’n 
event 

State 
after 
pert’n 

% 
Reverting 

to G1 

% 
Resuming 

normal 
progression 

% Exit 
without 

activating 
Clb2M or 

Cdc20 

% Exit 
without 

budding 

13 7 Cdh1 turns on 1000101 Cdc20 
turns off 

1000100 0.00 100.00 0.00 0.00 

14 1 Clb2G turns off 
(Exit) 

1000001 Cdh1 
turns off 

0000001 0.00 100.00 0.00 0.00 

14  2 Clb2G turns off 
(Exit) 

1000001 SBF 
turns on 

1100001 0.00 100.00 0.00 0.00 

14 3 Clb2G turns off 
(Exit) 

1000001 Cln2 
turns on 

1010001 0.00 100.00 0.00 0.00 

14 4 Clb2G turns off 
(Exit) 

1000001 Clb5 
turns on 

1001001 0.00 100.00 0.00 0.00 

14 6 Clb2G turns off 
(Exit) 

1000001 Clb2M 
turns on 

1000111 0.00 100.00 0.00 0.00 
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