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Detailed network description 

First, the cell cycle subsystem of budding yeast in the G1 phase is illustrated in the left 
region of Figure S1. Cell cycle commitment is initialed by the G1 cyclin Cln3, which is activated 
when combined with cyclin-dependent-kinase (CDK or Cdc28). The complex Cln3-Cdc28 
activates the transcription factors SBF (Swi4/Swi6) and MBF (Mbp1/Swi6) by phosphorylating 
Whi5, which is bound to them [1, 2]. The phosphorylated Whi5 (Whi5P) is removed from the 
nucleus, and the activated transcription factors SBF (SBFA) and MBF (MBFP) start the 
transcription of Cln1/2 and Clb5/6 [3]. Cln1/2 is activated by combining with CDK (Cdc28) 
(Cln1/2-Cdc28), and Clb5/6 is inhibited by combining with the Sic1 protein [4, 5]. On the one 
hand, Cln1/2-Cdc28 activates SBF and MBF together with Cln3-Cdc28, which forms a positive 
feedback loop. On the other hand, Cln1/2 degrades Far1. Thus, Cln1/2 will accumulate rapidly, 
and Whi5P will be exported form the nucleus rapidly [6, 7]. Recent studies have shown that 
when approximately half of Whi5 (52%±3%) has been exported, the cell can pass through the 
Start point, also known as the commitment point [6]. Due to the inhibitor Sic1, Clb5/6 is inactive 
throughout the G1 phase until Sic1 is degraded at the G1/S transition point [8]. Sic1 has nine 
consensus CDK phosphorylation sites, and the phosphorylation of multiple sites is required for 
the SCF ubiquitin ligase F-box protein Cdc4 to efficiently recognize Sic1, thereby targeting it for 
degradation by the 26S proteasome [5, 8-10]. When more than six sites are phosphorylated by 
accumulated Cln1/2-Cdc28, Sic1 is degraded from Clb5/6, and Clb5/6 is activated by combining 
with CDK (Cdc28). Clb5/6-Cdc28 phosphorylates Sic1 together with Cln1/2-Cdc28, forming 
another positive feedback loop [11, 12]. Meanwhile, Clb5/6-Cdc28 activates SBF and MBF. The 
cell will pass through the G1/S point and enter S phase when Sic1 is degraded completely [11]. 
For simplicity, the three-node motif consisting of Cln1/2, Sic1 and Clb5/6 is denoted as the 
Cln1/2-Sic1-Clb5/6 motif. 

Second, we demonstrate the pheromone-induced MAPK pathway subsystems in the right 
region of Figure S1. There exist a mating pathway in budding yeast cell which is a 
mitogen-activated protein kinase (MAPK) cascade and it arrests the cell cycle prior to DNA 
replication primarily by inhibiting G1 cyclins in complex with the cyclin-dependent kinase [6, 
13]. As we all know, there exists two types of budding yeast, MATa and MATα. Cells of MATα 
secrete α-factor and MATa secrete a-factor, respectively. α-factor and a-factor are pheromone. 
When they are received by cells of opposite type, the mating pathway is activated. Take a cell of 
MATa as example, pheromone α-factor (secreted by another cell of MATα) binds a receptor Ste2 
located in plasma membrane, then activates a heterotrimeric G protein by dissociating Gα from 
Gαβγ. Gβγ and Ste20 bind to Ste5 which is a scaffold protein binding Ste11, Ste7, Fus3, resulting 
in the beginning of the MAPK cascade [14-16]. In MAPK cascade, Ste11 (MAPKKK) 
phosphorylates Ste7 (MAPKK), Then Ste7 phosphorylates Fus3 (MAPK) [6, 17-19]. 

Finally, we focus our attentions on the crosstalk between the two subsystems above. The 
cell cycle subsystem and MAPK pathway subsystem are interacted with each other by Ste5 and a 
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motif consisting of Far1, Fus3 and Ste12. When downstream MAPK Fus3 is phosphorylated 
(Fus3PP), it begins to activate Far1 and Ste12 which is the transcription factor of Far1 [20, 21]. 
Then, Ste12 transcribes Far1, which is a very slow process relative to Far1 being directly 
activated by Fus3PP and they are not on the same scale [22]. Those three components form a 
coherence feedforward regulation, for simplicity, it is denoted with Fus3-Far1- Ste12 motif). The 
activated Far1 (Far1PP) inhibits Cln1/2 by promoting the degradation of it [13], cell arrest prior 
to entering start point by this way. Meanwhile, Cln1/2 try to inhibit the mating pathway by 
promoting the degradation of Far1 and detaching the scaffold protein Ste5 from membrane by 
phosphorylating it, which reversibly localizes to the membrane at the shmoo tip to mediate 
pheromone signaling [19, 22-25]. The detaching of Ste5 from membrane leads to the disruption 
of signaling [18].  Those biochemical reactions and interactions are very important for the 
flexibility of cell fate decision and stability of cellular state [6, 7]. Hence, we will put more 
emphasis on them in our mathematical model. 
 
Time courses of biomarker-like proteins and Start point in cycling cells 

The addition of 240 nM pheromone to WT cells at various times results in different cell 
fates, as shown in Figure S2. When the pheromone is added before 3 min (Figure S2 B and C), 
the proteins Ste5mem and Fus3PP are produced at high levels, indicating mating arrest. Most of 
the Ste5 is recruited to the cell membrane. By contrast, when the pheromone is added after 3 min 
(Figure S2 D) or when no pheromone is added (Figure S 2 A), the proteins Cln1/2 and SBF are 
produced at high levels, and the level of Whi5 decreases; these changes imply cell cycle 
commitment. No Ste5 or only a small fraction of Ste5 is moved to the cell membrane; thus, the 
MAPK cascade is shut off. Apparently, during the competition between the two groups of 
proteins, once one cell fate dominates, the proteins representing the other cell fate are suppressed 
completely[26]. The results from our theoretical model reproduce quantitatively the experimental 
observations [6]. 

In our simulation, cell fates are inferred through original method that determines the Start 
point. This method is reasonable because the kinetics of the pheromone pathway, media 
switching and Whi5 kinetics are fast (approximately 5 min in total) compared with the G1 
duration (30 ~40 min). Our calculation indicates that there is a sharp transition point at 3 min 
(i.e., the critical addition time is 3 min.), and the Whi5-threshold is 0.48, as shown in Figure S3. 
This result is consistent with the experimental observation that the Start point occurs when 
approximately half of Whi5-GFP (52±3%) has been exported [6, 22]. 
 
Time courses of biomarker-like proteins in pheromone-arrested cells 

Similarly, pheromone-arrested cells are disturbed by adding 240 nM pheromone at different 
time. To record the state of pheromone-arrested cells, Cln1/2 and Whi5 are chosen to represent 
the Reentry and mating arrest, while Clb5/6 and Sic1are selected to indicate the G1/S 
transition[8]. Time courses of these biomarker proteins under different conditions are given in 
Figure S4 and S5. Our simulation shows that these cells (pheromone-exposed cells in 0 nM final 
α-factor) reach the G1/S point in approximately 50 min (Figure S4A). The result for 
pheromone-exposed cell in 50 nM final α-factor is also supplied (Figure S4B). Moreover, it is 
observed that when the pheromone is added before 21 min (Figure S5 A and B), the protein 
Whi5 (nucleus) is produced at high levels, indicating mating arrest. By contrast, when the 
pheromone is added after 21 min (see Figure S5 D), the protein Cln1/2 is produced at high levels, 
and the level of Whi5 decreases. These changes imply cell cycle commitment. What’s more, 
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G1/S transition occurs after pheromone-arrested cell reenters cell cycle, which is determined by a 
sharp switch between high and low levels of Clb5/6 and Sic1. Interestingly, when 240 nM 
pheromone is added at 21 min (nearly at critical addition time for pheromone-arrested cells), the 
falling Whi5 increases again (see Figure S5 C), maybe it is more difficult to determinate whether 
mating arrest or cell cycle. 

Apparently, comparing with cycling cell, the results are similar. However, the timing of 
reentering cell cycle and the duration of G1 phase are both increased. 
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Figure S1 Schematics of the G1 cell cycle pathway and the pheromone-induced MAPK 
regulatory pathway. The bar-headed lines indicate mutual inhibition (redrawn from Ref.[6-8, 
22]). 
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FIGURE S2 Time courses of the wild-type cycling cells. (A) No pheromone is added. (B) 
Pheromone is added at 0 min. (C) Pheromone is added at 2 min. (D) Pheromone is added at 10 
min. 
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FIGURE S3 Relationship between the time of 
pheromone addition and Whi5P activation. At 
the Start point where the maximum slope is 
achieved in this curve of cell fate decision, 
there exists one critical addition time that 
identifies the critical ratio of Whi5 required for 
a successful transition between two distinct 
cell fates. In WT cells, Start is defined by the 
export of approximately half of the nuclear 
Whi5. 
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Figure S4. (A).Pheromone-exposed cell in 0 nM final α-factor. (B).Pheromone-exposed cell in 
50 nM final α-factor 
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Figure S5. Time courses of pheromone-exposed cells. (A) 240 nM pheromone is added at 10 min. 
(B) 240 nM pheromone is added at 20 min. (C) 240 nM pheromone is added at 21 min. (D) 240 
nM pheromone is added at 22 min. 
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Table S1 All reaction rates in the mathematical model 

Para Value Para Value 

1k  8.6×10-1nMmin-1fL-1 1  1 10.005min nM   

2k  1×10-3nMmin-1 2  10.6min  

3k  0.4nMmin-1 3  1 10.021min nM   

4k  0.35nMmin-1 4  1 10.003min nM   

5k  0.3nMmin-1 5  1 10.065min nM   

6k  0.5nMmin-1 6  14min  

7k  0.1nMmin-1 7  13min  

8k  4nMmin-1 8  1 10.003min nM   

9k  0.001nMmin-1 9  11min  

10k  3.5nMmin-1 10  1 13min nM   

11k  2nMmin-1 11  1 13min nM   

12k  6min-1 12  1 10.05min nM   

13k  0.152nM-1 13  11min  

14k  1.68nM-1 14  120min  

15k  0.83nM-1 15  147min  

16k  4nM-1min-1 16  150min  

17k  1×10-4nMmin-1 17  150min  

18k  1×10-2nMmin-1 18  12.5min  

19k  7×10-3nMmin-1 19  1 10.01min nM   

20k  0.001nMmin-1 20  12min  

21k  21nM2min-1 21  13min  

22k  0.8nM-1min-1 22  10.25min  

23k  0.01min-1 23  10.2min  

24k  0.001nMmin-1 3r  10.1min  

25k  2nM2min-1 1  10min  
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26k  10min-1 2  10min  

27k  10min-1 ste0  
1

0.8 [ -factor]

/240min





 

1d  0.15min-1 ste1  
1

0.7 [ -factor]

/240min





 

2d  0.1min-1 ste2  
1

0.6 [ -factor]

/240min





 

3d  0.3min-1 ste3  
1

0.5 [ -factor]

/240min





 

4d  3.5×10-2min-1 ste4  
1

0.4 [ -factor]

/240min





 

5d  1min-1nM-1 ste5  
1

0.3 [ -factor]

/240min





 

6d  1.54×10-2min-1 ste6  
1

0.2 [ -factor]

/240min





 

7d  2×10-1min-1 ste7  
1

0.1 [ -factor]

/240min





 

8d  2.4min-1 ste8  
1

0.05 [ -factor]

/240 min





 

9d  0.001min-1 0  10.05min  

10d  0.001min-1 1  10.1min  

3K  8.37×10-5 2  10.2min  

4K  4.88×10-4 3  10.3min  

18K  0.333×10-4 4  10.4min  

19K  3.01×10-4 5  10.5min  

21K  30nM 6  10.6min  

22K  2000nM 7  10.7min  

25K  1.05nM 8  10.8min  

b  0.8nM-1min-1   

r  5×10--1min-1   

1  1 10.1nM min     

2  3 1 11.4 10 nM min      
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Table S2 Initial concentrations of all components in the mathematical model 

Components 
Concentrations (in 

the model) 
Components Concentrations (in the model) 

V 28 fL Far1 200 nM 
Cln3 0 nM Far1PP 0 nM 

Cln1/2 0 nM α-factor 0~240 nM 
SBFT 100 nM Ste2 200 nM 
SBFA 0 nM Ste5P0 200 nM 
MBFT 100 nM Gαβγ 80 nM 
MBFP 0 nM Ste11 158.33 nM 
Whi5T 200 nM Ste7 34 nM 
Whi5P 0 nM Ste20 220 nM 
Clb5/6 0 nM A 150 nM 

Clb5/6free 0 nM B 100 nM 
Sic1 30 nM C 150 nM 

Ste12 200 nM Fus3 900 nM 
Ste12PP 0 nM   

The concentrations of other components that are not listed in the Table are 0 nM. 
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