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In this supplement, we provide details for mathematical derivations in the main text and present figures that illustrates some of the results in greater depth.
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[bookmark: _Toc22820090][bookmark: _Toc20532]1 Mathematical modeling for FPT problem 
[bookmark: _Toc22820091]1.1 A FPT problem with fluctuating threshold












Let  be a temporally homogeneous diffusion process, and  be a fluctuating barrier (called the barrier system). Without loss of generality, we set  or . This setting is natural since  represents a boundary or threshold that  will cross. Note that the union of and , constitutes a new system or a new process. Define  as the time thathits the fluctuating barrierfor the first time, that is (1, 2, 3),

             (S1)





which is called the first passage time (FPT). Apparently,  is a random variable since both  and  are random, referring to Fig. S1A, and depends on  and .
[bookmark: figs1][image: ]






Fig. S1 Event timing is modeled as a problem of first passage time (FPT).  (A) shown is an example for FPT, where  represents the boundary and the solid circle represents the point that stochastic trajectory  hits stochastic trajectory  for the first time; (B) an absorbing domain of PFT, defined by . Note that the timing event is triggered once  reaches .














To describe the theoretical frame of FPT problem , we here define an absorbing domain , which consists of those points  that satisfies  in the  plane, that is, (referring to Fig. S1(B)), and define a survival probability, , that the trajectory starting from  at time  has not yet been absorbed into domain  at time . Assume that  represents the probability that the system  is at state  at time , that is,    

         (S2)




For convenience,  is sometimes denoted by , i.e., , where  represents state. Note that the survival probability can be expressed as

.                               (S3)

Denote by  the probability density function of the FPT, that is, 

.                            (S4)




In the following, we are mainly interested in statistical properties of random variable . For this, we first establish the relation between  and , and then give the expression of .
[bookmark: _Toc22820092]1.2 Probability density function of FPT


Assume that all states  with  constitute a Markov process. Then, we have a forward master equation (FME) of the form 

[bookmark: eqs5]                           (S5)








where  is a column vector consisting of all , and  is a certain linear operator, depending a process of interest. Note that every component of  is the probability that the system  arrives at the absorbing domain  at time , and that  is actually a state transition matrix, whose components can be expressed as 

                      (S6)




where  denotes the transition rate from state  to state , and  is the Kronecker delta function. 



















On the other hand, there is an absorbing state  with , such that the transition rate from absorbing state  to state  is always zero, that is,  for all states . According to the definition of , we can know the conservative condition: . Let  be the probability that the state  reaches the absorbing state  at time , given the initial state  at time  with  (usually,  is set). Then, we can determine the probability density function, , of the FPT for state  to reach absorbing state . 






Denote by  the survival probability that the trajectory  starting from  at time  has not yet been absorbed to state  at time , that is, 

[bookmark: eqs7]                     (S7)
By definition, we can have 

.                    (S8)









In fact, the probability that state  reaches state  in an infinitesimal time interval  is , so the probability that state  reaches state  at time  is given by . Thus, the survival probability  is related to the FPT distribution through the following manner 

[bookmark: eqs9]                     (S9)
In turn, we can determine the probability density function of the FPT. In fact, it follows directly from Eq. S9 that

                    (S10)
Using Eq. S5 and Eq. S7, we further have (1, 2)

    (S11)

where we have used the fact of  due to the probability conservation. Thus, the probability density function of the FPT is given by

              (S12)
which can simply be expressed as the following vector form 

[bookmark: eqs13]                            (S13)
Note that Eq. S13 has the solution of the form  

                    (S14)



where  is the column vector of the transition rates from all accessible states  to state . 
[bookmark: _Toc22820093]1.3 Statistical quantities of FPT


Once the probability density function of the FPT  is given, we can calculate raw moments of random variable , according to


[bookmark: eqs15],                      (S15)


Substituting the expression of  into the above Eq. S15, and using the integration by parts for many times,  can be transformed the following form   

        (S16)





where the characteristic values of matrix  are assumed to have negative real parts, and  in the above expression goes to zero. Moreover,  can be obtained due to , where  is a constant vector. Thus, we easily show 


[bookmark: eqs17]          (S17)



Furthermore, it follows from Eq. S17 that the mean FPT, i.e., timing mean (MFPT), of the probability density function  and the intensity of the noise with  of FPT, (defined as the ratio of variance over the square of mean), denoted by timing variability (), are given by

                           (S18)

[bookmark: eqs19]                 (S19)
In addition, we can calculate the high order features, such as skewness and kurtosis, according to calculation formula, 

                         (S20)

               (S21)
We can give the explicit expressions of skewness and kurtosis, based on Eq. S17.
[bookmark: _Toc22820094][bookmark: _Toc27499]2 Gene expression model of FPT with fluctuating threshold


From now on, we consider a common model of stochastic gene expression with a stochastically fluctuating threshold, referring to Fig. S2 and S3A. A threshold event is triggered once the expression level of a gene, denoted by , crosses the expression level of another gene, denoted by  (as a critical threshold) for the first time. We are interested in the stochastic but not deterministic threshold crossing. 
[bookmark: figs2][image: ]
Fig. S2 Schematic for showing two gene expressions mode, where the gene p53 is expressed in a burst manner whereas the gene A is expressed in a constitutive manner.






















Assume that the  molecules are produced in a burst manner whereas the  molecules are generated in a constitutive manner. We use the produced counts of protein  to construct a stochastically fluctuating threshold that the molecule number of protein  reaches. Let  denote the level of protein  at time , and assume that  follows a Poisson distribution with two characteristic parameters  (where superscript  means that feedback regulation is considered. This superscript may be omitted in the absence of feedback regulation) and  representing respectively the transcription and degradation rates of protein  when . Let  denote the level of protein  at time , and assume that protein  is generated with a Poisson rate  (where superscript  means that feedback regulation is considered, and it may be neglected in the absence of feedback regulation), and degrades at a constant degradation rate . The translation burst approximation is based on the assumption of short-lived mRNAs, that is, each mRNA degrades instantaneously after producing a burst of protein molecules, where  is assumed as usual that follows geometric distribution 

                 (S22)
Then, we can show 

                       (S23)



where  represents the mean protein burst size. In what follows, we denote  and  for convenience. 





The time evolution of  starting from  with  at time  can be descried through the following probabilities of timing events in the next infinitesimal time 

        (S24)







[bookmark: _Hlk534645528]An event occurs if the cumulative number of proteins  reaches the number of protein  molecules. The relation between the proteins  and  can be considered as a trajectory in the domain . The corresponding forward master equation (FME) describing the time evolution of protein pair  and  can be described as [4]

[bookmark: eqs25]         (S25)

where . And the probability density function of the FPT (or FPT distribution) can be formally expressed as

            (S26)



In what follows, we will consider only the case that there is no feedback and the transcription rates are constants, i.e.,  and . To determine the first several moments of the FPT to a fluctuating threshold, we need the specific expression of PFT distribution .
[bookmark: _Toc22820095]3 FPT distribution and its statistics in four different fluctuating thresholds


[bookmark: _Hlk534645621]For clarity, we will distinguish four cases of the absorbing domain to solve the FPT problem formulated above. These cases are schematized in Fig. S3. Based on the finite state projection approach, we construct a new process for pair  and  on the finite state-space

          (S27)











where the states represent the numbers of proteins  and . Here we introduce two numerical cutoffs for the numbers of proteins  and :  for  and  for . Without loss of generality, assume that  with  being a known positive integer. In addition, we introduce an operator that will be used to the calculation of matrix  defined later.













In order to give the expression of , we also introduce operators, denoted by ,, which acts on matrices with the operation rule being as follows: , where  is a matrix whose order is the same as  but some components are zero, e.g., if , we obtain  , where  and the other elements are equal to zero. Specially, we always keep  if , where  has same order with .
Owing to big differences in analysis and calculation, we will separately discuss the cases of four kinds of absorbing domains.

[bookmark: figs3][image: ]



Fig. S3 Schematic diagram for the possible patterns of the absorbing domain of variable  to reach barrier : (A) ; 


(B); (C) 

(D). 
In figure, circles represent points in the state space, lines represent the boundary of absorbing domain, and arrows represent the direction of threshold crossing. 

[bookmark: _Toc21708][bookmark: _Toc22820096]3.1 The absorbing domain is 







If the trajectory  of protein pair  and  is considered in the domain  (referring to Fig. S3A), the random variable  by the time at which protein counts  reaches protein counts  for the first time, is defined as 

.               (S28)
The absorbing domain in this case is given by

                     (S29)
And the corresponding finite state-space for birth-death process is defined as



If we write , then its finite state-space is 

            (S30)


The chemical master equation for  can thus be written in the form of Eq. S25 with . For convenience, we introduce the denotation




where the denotation , . 





Based on the sub-matrix operator , we can easily determine the matrix  in the master equation  or in Eq. S25 with . The form of the matrix  is

[bookmark: eqs31]                      (S31)
where












Here is the  identity matrix. And the matrix  is , where symbol   represents that the elements of vector are placed on the diagonal, where  corresponds to the main diagonal,  to the upper principal diagonal, and  to the lower principal diagonal. That is,

.         (S32)







Moreover, we have , where . In the case of feedback, implying that  depends on the molecule number () of protein  , , where . 

     (S33)










[bookmark: _Hlk534726879]Given a numerical cutoff , the FPT distribution can thus be determined by the following way. Apparently, the probability of a state reaches the absorption domain given by  in the infinitesimal time interval , is the sum of the following two terms: the first one is the probability that  and a jump of size or large occurs in the time interval , and the second one is the degradation probability that  occurs in the time interval . Thus, the probability density function of the first passage time (FPT) that a pair of proteins  reach absorbing domain  is given by 

             (S34)











where we denote the column vector  with , , and define a column vector of length , , in which the only th element is equal to 1 and other elements are all zero. Similarly, the column vector  can be rewritten as  with , . Thus, the column vector can be expressed as 

                     (S35)


where , . In brevity, the involved vectors can be expressed as 






The formulation for calculating moments of the FPT is the same as Eq. S17. 
Numerical results for mean FPT and timing variability are shown in Figs. S4 and S5, which they are the same as Figs. 3 and 6 in main file. 
[bookmark: figs4][image: ]






















Fig. S4 Comparison between the effects of fixed and fluctuating thresholds on timing. (A) Timing mean as a function of event threshold in two different kinds of fixed and fluctuating threshold, where the inset shows the timing mean as a function of event threshold on the logarithmic scale. (B) A different demonstration of the results in (A), showing the difference of timing mean in the case of fixed threshold minus that in the case of fluctuating threshold, where two insets show FPT distributions for two different event thresholds (indicated by empty circle and triangle) corresponding to  and . (C) Timing variability as a function of event threshold in two different kinds of thresholds, where the empty circle is the crossing point of two curves, and stars represent the event threshold that makes timing variability reach the minimum. (D) As a supplement of (C), the difference of timing variability in the case of fixed threshold minus that in the case of fluctuating threshold, where the inset shows the critical threshold () as a function of transcription rate (). In (A) and (C), the parameter values are set as , , , ,, and . Here we always keep , thus the event threshold is decided by , i.e.,. That is, if the fixed threshold is , then the fluctuating threshold corresponds to  and . The inset in (D) corresponds to, , ,  ,  , and .
[image: ]












[bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK29][bookmark: OLE_LINK31][bookmark: _Hlk22716626]Fig. S5 Effect of mean burst sizes on event timing. (A)(B) Timing mean and timing variability as a function of mean burst size () in two cases of fixed (blue curve) and fluctuating (red curve) threshold, where the inset shows a partial enlarged diagram, and  represents a critical point for reversing. (C)(D) Heatmap respectively showing timing mean and timing variability as a function of both event threshold and , where the white curves are contour lines, and the red curve consists of the minimal timing variability in the case of a given event threshold, while the white stair-like line is minimal that in the case of a fixed mean burst size, similar to the star in Fig. 3(C) in the main file. In (A)-(D), the parameter values are set as , , . In (A) and (B), the threshold is set as , with  and , and. whereas in (C) and (D),  and  is changed in . 

[bookmark: _Toc22820097][bookmark: _Toc11117]3.2 The absorbing domain is  








If the trajectory  of protein pair  and  is considered in two domains  and  (referring to Fig. S3B), we define the random variable  by the time at which protein counts  reach protein counts  for the first time, that is,

         (S36)
The absorbing domain in this case is given by 

.               (S37)


The corresponding finite state-space for birth-death process  is defined as , where 






Then, we easily write the finite state-space , which consists of two parts , i.e., , where we denote respectively 

                (S38)

             (S39)


The corresponding chemical master equation for  satisfies the form of Eq. S25 with . Denote







Based on the sub-matrix operator , we can easily determine matrix  in the master equation  or in Eq. S25 with . The form of the matrix  is

                  (S40)
where,










Here, , and  have the same definition as the case with absorbing domain .












Note that the probability that a state reaches the absorbing domain defined by  in the infinitesimal time interval  is the sum of the following three terms: the probability that  and a jump of size  or large occurs in the time interval , the degradation probability that  occurs in the time interval , and the probability that  and a jump of size  or large occurs in the time interval . Thus, the probability density function of the FPT that   reaches absorbing domain  is given by 

     (S41) 
where we denote respectively three column vectors


which the corresponding vector is given by







Thus, the column vector  takes the following form 

                (S42)

where , which can be expressed as 


In brevity, the involved vectors can be expressed as







The formulation for calculating the moments of the FPT is the same as Eq. S17. 
Numerical results for mean FPT and timing variability are shown in Fig. S6.
[bookmark: figs6][image: ]















Fig.S6 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain . (A) Schematic for PFT when an absorbing domain is defined by  , where arrows represent the direction of threshold crossing. (B) Timing mean as a function of event threshold for two different kinds of thresholds, where empty circle represents the crossing point  of two curves for the mean FPT in two cases of event threshold. (C) Timing variability as a function of event threshold for two different kinds of thresholds, where two empty circles are the crossing points of two curves, denoted by  and . In (B) and (C), the parameter values are set as , , , , the cutoff constant is set as . The threshold is set as , where keeps always . If the fixed threshold is set as , the fluctuating threshold corresponds to  and . 

[bookmark: _Toc18893][bookmark: _Toc22820098]3.3 The absorbing domain is 








If the trajectory  of protein pair  and  is considered in two domain and (referring to Fig. S3C), we define the random variable  as the time that protein  counts reach protein  counts for the first time, that is,  

           (S43)
The absorbing domain in this case is given by

 .               (S44)


The corresponding finite state-space for birth-death process  with , where 


, .



Then we easily write its finite state-space , which consists of two parts, i.e., , where we denote respectively 

,             (S45)

.        (S46)


The corresponding chemical master equation for  takes the form of Eq.S25 with .  Denote 



Note that here  has two forms,






It is obvious that the matrix , which satisfies the master equation  or in  Eq. S25 with , is also easily determined for the sub-matrix operator  in this case, i.e., 

                      (S47)
where,










Here, , and  have same definition with above case with absorbing domain .













Similarly, given a numerical cutoff , we can determine the probability that a state reaches the absorbing domain defined by  in the infinitesimal time interval  in this case. This probability is the sum of the following three terms: the probability that  and a jump of size  or larger occurs in the time interval , the degradation probability that  occurs in the time interval , and the transcription probability that  with occurs in the time interval . Thus, the probability density function of the FPT that  reach absorbing domain  is given by

     (S48)
where we denote respectively three column vectors


with







Thus, the column vector  can be defined as the following form

                (S49)

where , which can be expressed as


In brevity, the involved vectors can be expressed as




 


The formulation for calculating the moments of the FPT is the same as Eq. S17.
Numerical results for mean FPT and timing variability are shown in Fig. S7.
[bookmark: figs7][image: ]

















Fig. S7 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain . (A) Schematic for PFT when an absorbing domain is defined by  . (B) Timing mean as a function of event threshold for two different kinds of thresholds, where there is a crossing point  which is the same mean with the Fig. S6B. (C) Timing variability as a function of event threshold for two different kinds of thresholds, where two empty circle represent the crossing point of two curves, denoted by  and . In (B) and (C), the parameter values are set as , , , , and . The threshold is set as , where keeps always , thus  is decided by changing . If the fixed threshold is set as , the fluctuating threshold corresponds to  and . 

[bookmark: _Toc22051][bookmark: _Toc22820099]3.4 The absorbing domain is 








Here, we analyze the case of absorbing domain . Obviously, it becomes the above case S3.1 when  (referring to Fig. S3A), and the above case S3.2 when  (referring to Fig. S3B), and the above case S3.3 if  or (referring to Fig. S3C). However, the case of is an exception since it does not belong to these three cases. This case will be discussed in S3.4 of this section wherein the absorbing domain is specified as with .









If the trajectory  of protein pair  and  is considered in three domains (referring to Fig. S3D): , ,  and , we define the random variable  by the time at which protein counts  reach protein counts  for the first time, that is,  

      (S50)
The absorbing domain in this case is given by

            (S51)


And the corresponding finite state-space for birth-death process is given by , where

,  

,

.


Then we easily write the finite state-space , which consists of three parts , i.e., , where we denote respectively  

,                (S52)

,              (S53)

.      (S54)


Moreover, the corresponding chemical master equation for  takes the form of Eq. S25 with  , where we denote




Note that  and  has three forms,






Similarity, we easily determine the matrix  in equation with for the sub-matrix operator , that is 

                 (S55)
where 









Here, , and  have same definition with above case.


















In this case, for the given numerical cutoff , we can determine the probability that a state reaches the absorbing domain defined by with  in the infinitesimal time interval  . This probability is the sum of the following four terms: the probability that  and a jump of sizeor large occurs in the time interval . the probability that  and a jump of sizeor large occurs in the time interval , the degradation probability that with occurs in the time interval , and the transcription probability that with occurs in the time interval . Thus, the probability density function of the FPT that  reach absorbing domain  is given by

            (S56)
where we denote respectively three column vectors


with









Thus, the column vector  can be expressed as the follow form 

               (S57)

where , which can be expressed as


In brevity, the involved vectors can be expressed as










The formulation for calculating the moments of the FPT is the same as Eq. S17. 
Numerical results for mean FPT and timing variability are shown in Fig. S8.
From Figs S6A, S7A and S8A, we can observe that the absorbing domains specified above are smaller than the one in Fig. S3A. Figures S6, S7, S8 demonstrate that fluctuations in event threshold can affect the mean FPT that the regulated protein reaches a certain fluctuating threshold for the first time, and event threshold can impact the timing variability. We also observe that for a high event threshold, fluctuations in event threshold can improve the event respond and shorten the time of FPT. The corresponding variability tendency in the timing, which raises the timing precision, also makes this result clear.
[bookmark: figs8][image: ]



















Fig. S8 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain . (A) Schematic for PFT when an absorbing domain is defined by  with . (B) Timing mean as a function of event threshold for two different kinds of thresholds, where there is a crossing point  which the same mean with the Fig. S6B. (C) Timing variability as a function of event threshold for two different kinds of thresholds, where two empty circle represent the crossing point of two curves, denoted by  and . In (B) and (C), the parameter values are set as , , , , , and . The threshold is set as , where keeps always , thus  is decided by changing . If the fixed threshold is set as , the fluctuating threshold corresponds to  and . 
[bookmark: _Toc22820100]4 Effect of timescales on the timing event













In this section, we investigate the effects of timescales on timing precision and mean FPT. For simplicity, we consider the simplest case i.e., the absorbing domain is  (referring to Fig. S3A). We firstly define the timescale in event timing. If the production and degradation rate of protein  or  are simultaneously enlarged by  or  times, the factor  or  is defined as the timescale of protein  or . The size of factor  or  usually affects fluctuations in protein  or . Now, we derive analytical results on the effects of timescale factors. 



Based on the definition of timescale and by matrix in Eq. S31, and by simultaneously enlarging the production and degradation rate of protein  or , we have





Thus  can be rewritten as , where 

                  (S58)



with , , 


The inverse matrix of  is then . Regarding Eq. S19, we can deduce the following expressions


Thus, the variability in the timing is calculated according to

[bookmark: eqs59]                       (S59)







with . Eq. S59 shows how timing variability depends on the rate  between the timescales of proteins  and . This dependence implies that variability timing does not depend on the timescale of proteins  or , but depends on rate . 
[bookmark: _Toc22820101]5 FPT statistics in the case that burst size follows Poisson distribution


The above minimal model considers that burst size follows a geometric distribution. Here, we consider that follows a Poisson distribution. We focus on how fluctuations affect mean FPT and timing variability. Number results are shown in Figs. S9 and S10. We observe that these results are analogous to those obtained above, implying that burst size distributions have little influence on mean FPT and timing variability.
For other three cases where burst size follows a Poisson distribution, the mean FPT and timing variability also have absorbing domains and change trends similar to those in the above respective three cases, as the fluctuating threshold increases. Numerical results are shown in Figs. S11, S12, and S13.
[bookmark: figs9][image: fig1A_poiss_v1]

















[bookmark: _Hlk534725423]Fig. S9 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain , where burst size follows a Poisson distribution. (A) Timing mean as a function of event threshold for two different kinds of thresholds, where the inset shows FPT distributions for a specific event threshold (indicated by empty circles) corresponding to . (B) Timing variability as a function of event threshold for two different kinds of thresholds, where the empty circle (denoted by ) represents the crossing point of two curves and the responding threshold is . And stars represent the critical threshold that makes timing variability reach the minimum. Variability timing for the fixed threshold is minimum when , but variability timing for the fluctuating threshold is minimum, when . In (A) and (B), the parameter values are set as , , , and . The threshold is set as , where keeps always , thus  is decided by changing . The other parameters of FPT distribution in the inset are , , and .



[bookmark: figs10][image: Burstsize_poisson_v2]












Fig.S10 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain . (A) Timing mean as a function of the burst size, where the inset shows a partial enlarged diagram. (B) Timing variability as a function of the burst size, where  represents a critical point for which the corresponding mean burst size is . Stars represent the critical mean burst size that makes timing variability reach the minimum, which is respectively,  for the fixed threshold, and  for the fluctuating threshold. In (A) and (B), the parameter values are set as , , , , and . The range of mean burst size is set as , and the threshold is set as .
[bookmark: figs11][image: fig1B_poiss_v1]














Fig. S11 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain , where burst size follows a Poisson distribution. (A) Timing mean as a function of event threshold, where the inset shows a partial enlarged diagram. (B) Timing variability as a function of event threshold, where the two empty circles represent the crossing point of two curves, denoted by . And stars represent the critical threshold that makes the timing variability reach the minimum, that is , for the fixed threshold, but , for the fluctuating threshold. Burst size follows a Poisson distribution in (A) and (B). In (A) and (B), the parameter values are set as , , , , and . If the fixed threshold is set as , the fluctuating threshold corresponds to  and , which the threshold is set as , where keeps always .
[bookmark: figs12][image: fig1C_poiss_v1]













Fig. S12 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain , where burst size follows Poisson distribution. (A) Timing mean as a function of event threshold, where the inset shows a partial enlarged diagram. (B) Timing variability as a function of event threshold, where the two empty circles represent the crossing point of two curves, denoted by .And stars represent the critical threshold that makes timing variability reach the minimum, that is, , for the fixed and fluctuating threshold. Burst size follows a Poisson distribution in (A) and (B). In (A) and (B), the parameter values are set as , , , , and . If the fixed threshold is set as , the fluctuating threshold corresponds to  and , which the threshold is set as , where keeps always . 
[bookmark: figs13][image: fig1D_poiss_v1]















Fig. S13 Characteristic of the curve for timing mean or timing variability vs event threshold in the case of absorbing domain , where burst size follows Poisson distribution. (A) Timing mean as a function of event threshold, where the inset shows a partially enlarged diagram. (B) Timing variability as a function of event threshold, where the two empty circles represent the crossing point of two curves, denoted by . And stars represent the critical threshold that makes timing variability reach the minimum, that is,  for the fixed threshold, but  for the fluctuating threshold. Burst size follows a Poisson distribution in (A) and (B). In (A) and (B), parameter values are set as , , , , , and . If the fixed threshold is set as , the fluctuating threshold corresponds to  and , which the threshold is set as , where keeps always .
6 [bookmark: _Toc22820102]FPT problem involved cell division
[image: ]

Fig. S14 Schematic diagram of FPT problem involved cell division in the fluctuating threshold case, where  represents a cell cycle. (A) showing the apoptotic of protein p53 occurs before cell division. (B) showing the apoptotic of protein p53 and its daughter may happen after cell division. 

[bookmark: _Toc844][bookmark: _Toc22820103]References 
[1] Redner S. 2001. A Guide to First-passage processes. Cambridge: Cambridge University Press. 
[2] Iyer-Biswas S, Zilman A. 2016. First-passage processes in Cellular Biology. Advances in Chemical Physics. 160(Chap.5): 261-306. 
[3] Ghusinga KR, Dennehy JJ, Singh A. 2017. First-passage time approach to controlling noise in the timing of intracellular events. Proc. Natl. Acad. Sci. USA 114: 693-698. 
[4] Van Kampen N. 2007. Stochastic process in physics and chemistry. 3rd ed. North-Holland, Amsterdam. 
2

oleObject1.bin

image47.wmf
(

)

(

)

,

SXY

PtPt

¢¢¢

=


image498.wmf
(

)

(

)

(

)

(

)

{

}

53,53,

C

pAptAtAtx

<³


oleObject495.bin

image499.wmf
T


oleObject496.bin

image500.wmf
53

p


oleObject497.bin

image501.wmf
A


oleObject498.bin

image502.wmf
(

)

(

)

(

)

(

)

(

)

(

)

{

}

min:53,53,5300

CC

TtptAtptxAtypmAn

=³³³=<=


oleObject499.bin

oleObject46.bin

image503.wmf
(

)

(

)

(

)

(

)

{

}

4

(53,)53, 53,

CC

pAptAtptxAty

=³³³

D


oleObject500.bin

image504.wmf
W


oleObject501.bin

image505.wmf
123

W=WWW

UU


oleObject502.bin

image506.wmf
(

)

(

)

(

)

(

)

{

}

1

53,,530,1,2,,1,0,1,2,,1

CC

pAAtyptCAty

W=<=-=-

LL


oleObject503.bin

image507.wmf
(

)

(

)

(

)

(

)

(

)

{

}

2

53,53,,530,1,,1,,1,,1

CCCCCCC

pAptxyAtxptxAtyyx

W=<£<=-=+-

LL


oleObject504.bin

image48.wmf
(

)

,

SXY

¢¢¢

=


image508.wmf
(

)

(

)

(

)

(

)

(

)

(

)

{

}

3

53,53,,530,1,2,,1,,1,2,,

CCCC

pAptAtAtxptCAtxxxC

W=<³=-=++

LL


oleObject505.bin

image509.wmf
W


oleObject506.bin

image510.wmf
123

W=WWW

UU


oleObject507.bin

image511.wmf
(

)

{

}

1

,0,1,2,,1,0,1,2,,1

C

mnmCny

W==-=-

LL


oleObject508.bin

image512.wmf
(

)

{

}

2

,0,1,,1,,1,,1

CCCC

mnmxnyyx

W==-=+-

LL


oleObject509.bin

oleObject47.bin

image513.wmf
(

)

{

}

3

,,0,1,2,,1,,1,2,,

CCC

mnmnmCnxxxC

W=<=-=++

LL


oleObject510.bin

image514.wmf
(

)

,

mn

Pt


oleObject511.bin

image515.wmf
(

)

,

mn

ÎW


oleObject512.bin

image516.wmf
(

)

,,0,1,,1,,1,

0,01,01,00,11,11,10,1,1,

0,11,11,10,

,,,,,,,,,

,,,,,,,,,,,,,0,,0,

,,,,0,,0,,

CCCCC

CCCCCCC

CCCC

mnyyyxxC

CyyCyyyxy

yyxyx

t

PPPPPPPPP

PPPP

T

**-**+**+*

------

++-+

éù

=

ëû

é

éùéù

éù

=

ëû

ëûëû

ë

éù

ëû

PPPPPPPP

LLL

LLLLL

LLL

1,1,

0,11,1,10,C1,C1,C

,,,,0,,0,

,,,,0,,0,,,,,

CCCC

CCCC

xxx

xxxxC

PP

PPPPPP

-

T

+++-

éù

ëû

ù

éù

éù

ëû

ëû

û

LL

LLLL


oleObject513.bin

image517.wmf
CC

xy

>


oleObject514.bin

image49.wmf
(

)

S

SD

Pt

Ï

=

å

S


image518.wmf
,

k

*

P


oleObject515.bin

image519.wmf
,k0,1,1,

,k0,1,1,

,k0,1,1,

,,,,               0,1,,1;

,,,,0,,0,    ,1,,1.

,,,,0,,0,    ,1,,.

C

kkCkC

kkxkCCC

kkkkCC

PPPky

PPPkyyx

PPPkxxC

*-

*-

*-

ì

éù

==-

ëû

ï

ï

éù

==+-

í

ëû

ï

éù

==+

ï

ëû

î

P

P

P

LL

LLL

LLL


oleObject516.bin

image520.wmf
M


oleObject517.bin

image521.wmf
(

)

(

)

,,

tmnmn

tt

¶=

PMP


oleObject518.bin

image522.wmf
(

)

,

mn

ÎW


oleObject519.bin

oleObject48.bin

image523.wmf
L


oleObject520.bin

image524.wmf
00

011

122

211

1

CCC

CC

---

-

éù

êú

êú

êú

=

êú

êú

êú

êú

êú

ëû

DU

LDU

LDU

Μ

LDU

LD

OOO


oleObject521.bin

image525.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

A

A

A

1,              0,1,,2;

1,  1,,,;

1,    1,2,,1.

C

CC

x

iCCCC

i

CCC

idiy

idiyyx

idixxC

ì

+=-

ï

ï

=+=-

í

ï

ï

+=++-

î

I

UI

I

L

L

L

L

L


oleObject522.bin

image526.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

p53p53

p53p53

p53p53

AA

AA

AA

,            0,1,,1;

,  ,1,,;

,   1,2,,.

C

gdCC

x

igdCCCC

i

gdCCC

gidiy

gidiyyx

gidixxC

ì

+-+=-

ï

ï

=+-+=+

í

ï

ï

+-+=++

î

MMI

DMMI

MMI

L

L

L

L

L


oleObject523.bin

image527.wmf
(

)

(

)

(

)

(

)

A

A

A

,              0,1,,2;

,   1,,,;

,     1,2,,1.

C

CC

x

iCCCC

i

CCC

giy

giyyx

gixxC

ì

=-

ï

ï

º=-

í

ï

=++-

ï

î

I

LI

I

L

L

L

L

L


oleObject524.bin

image50.wmf
()

T

ft


image528.wmf
C

I


oleObject525.bin

image529.wmf
p53

d

M


oleObject526.bin

image530.wmf
p53

g

M


oleObject527.bin

image531.wmf
(

)

C


oleObject528.bin

image532.wmf
(

)

(

)

(

)

(

)

{

}

4

(53,)53, 53,

CC

pAptAtptxAty

=³³³

D


oleObject529.bin

oleObject49.bin

image533.wmf
CC

xy

>


oleObject530.bin

image534.wmf
(

)

,

ttdt

+


oleObject531.bin

image535.wmf
(

)

(

)

{

}

53,

ptmAtn

==


oleObject532.bin

image536.wmf
nm

-


oleObject533.bin

image537.wmf
[

)

,

ttdt

+


oleObject534.bin

image51.wmf
{

}

()Prob

T

ftTt

=£


image538.wmf
(

)

(

)

{

}

53,

ptmAtn

==


oleObject535.bin

image539.wmf
C

xm

-


oleObject536.bin

image540.wmf
[

)

,

ttdt

+


oleObject537.bin

image541.wmf
(

)

(

)

{

}

531,

ptnAtn

=-=


oleObject538.bin

image542.wmf
1

C

nx

³+


oleObject539.bin

oleObject50.bin

image543.wmf
[

)

,

ttdt

+


oleObject540.bin

image544.wmf
(

)

(

)

{

}

53,1

C

ptmAty

==-


oleObject541.bin

image545.wmf
C

mx

³


oleObject542.bin

image546.wmf
[

)

,

ttdt

+


oleObject543.bin

image547.wmf
(

)

53,

pA


oleObject544.bin

image2.wmf
2

D


image52.wmf
T


image548.wmf
4

D


oleObject545.bin

image549.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

Ap53p53A

1

A,p53,

1

0

1

11

1

p53,A,

0

1

1T2T

TT

,,,,

T

,

C

C

CC

C

C

C

C

CCn

m

TmnBnmmn

nx

nxm

mn

xx

C

m

Bxmmnmn

mx

nym

ny

dmngmngmngmn

mn

ftndPtgPPt

gPPtgPt

tttt

t

-

³-

=+

==

=-

--

-

³-

=

==

=-

=+

++

=+++

º

ååå

ååå

WPWPWPWP

WP


oleObject546.bin

image550.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

AA

p53p53

p53p53

AA

11

1

11

2

11

11

ˆ

n

dd

C

n

gg

C

n

gg

C

n

gg

C

+´

+´

+´

+´

ì

=

ï

ï

=

ï

ï

í

=

ï

ï

ï

=

ï

î

WW

WW

WW

WW


oleObject547.bin

image551.wmf
A

A

,            0,1,,;

,    1,2,.

C

n

d

nCC

nx

ndnxxC

=

ì

=

í

=++

î

0

W

1

L

L


oleObject548.bin

image552.wmf
(

)

p53

1

p531

0

,                                0,1,,1;

    

,    ,1,,.

C

n

n

g

m

BnmmCC

m

nx

gPnxxC

-

³-+

=

=-

ì

ï

=

í

=+

ï

î

å

0

W

1

L

L


oleObject549.bin

oleObject51.bin

image553.wmf
(

)

p53

1

p531

0

,                                  0,1,,

1,,1,,;

ˆ

,    ,1,,1.

C

C

CCC

n

x

g

m

BxmmCCC

m

nyxxC

gPnyyx

-

³-+

=

=-+

ì

ï

=

í

=+-

ï

î

å

0

W

1

LL

L


oleObject550.bin

image554.wmf
A

1

A1

 ,    1;

,                        1.

C

C

mC

n

my

g

C

gny

ny

-

+

=

ì

=-

ï

=

í

¹-

ï

î

å

1

W

0


oleObject551.bin

image555.wmf
W


oleObject552.bin

image556.wmf
(

)

(

)

p53p53AA

T

12

TTTT

012

,,,,

gggdn

éù

=+++=

ëû

WWWWWWWWW

L


oleObject553.bin

image557.wmf
p53p53AA

ˆ

nnnn

ngggd

=+++

WWWWW


oleObject554.bin

image53.wmf
()

T

ft


image558.wmf
(

)

(

)

1

A1

1

p531

0

1

Ap531

0

,                                       

      0,1,,2;

 ,                         1;

,               ,1,,1,;

,

C

C

C

C

C

mC

mx

n

x

m

BxmmCCCC

m

n

m

nBnmm

m

ny

gny

gPnyyxx

ndgP

-

+

=

-

³-+

=

-

³-+

=

=-

=-

=

=+-

+

å

å

å

0

1

W

1

11

L

L

    1,2,.

CC

nxxC

ì

ï

ï

ï

í

ï

ï

=++

ï

î

L


oleObject555.bin

image559.wmf
[

]

[

]

(

)

[

]

A

T

AA

0,,0,,0,,0,0,,0,1,0,,0,,0,,0,

dC

xdCd

é

ù

=+

éù

ëû

û

ë

W

LLLLLLL


oleObject556.bin

image560.wmf
(

)

[

]

[

]

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

x

1

1T01

p53p531p531

01011

p531p53p531p53p531p531

0,,0,,0,,0,,,,,0,,0,

,,,,0,,0,,,,,

C

CC

C

CC

x

gBxBxB

x

C

BxBxBBCBCB

gPgPgP

gPgPgPgPgPgP

-

³³-³

-

³+³³³³-³

é

éù

=

ëû

ë

ù

éù

éù

ëû

ëû

û

W

LLLLL

LLLL


oleObject557.bin

image561.wmf
(

)

[

]

[

]

(

)

(

)

(

)

(

)

(

)

(

)

[

]

[

]

x

1

2T01

p53p531p531

1

01

p53p531p531

0,,0,,0,,0,,,,0,,0,,

,,,0,,0,0,,0,,0,,0

C

CC

C

CC

x

gBxBxB

x

BxBxB

gPgPgP

gPgPgP

-

³³-³

-

³³-³

é

éù

=

ëû

ë

ù

éù

ëû

û

W

LLLLLL

LLLLL


oleObject558.bin

image562.wmf
[

]

[

]

[

]

[

]

[

]

y

T

AAA

0,,0,,0,,0,0,,0,g,g,,g,0,,0,,0,,0

g

éù

=

ëû

W

LLLLLLLL


oleObject559.bin

oleObject52.bin

image563.wmf
[

]

[

]

[

]

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

1

01

T

AAAp53p531p531

1

01

p53p531p531

1

01

p531p53p532Ap531

0,,0,,0,,0,0,,0,g,g,,g,,,,0,,0,,

,,,0,,0

,,,,1,0,,0

C

CC

C

CC

CC

CC

x

BxBxB

x

BxBxB

xx

BxBxBCB

gPgPgP

gPgPgP

gPgPgPxdgP

-

³³-³

-

³³-³

-

³+³³³

éù

é

=

ë

ëû

éù

ëû

éù

++

ëû

W

LLLLLLLL

LL

LL

,

(

)

(

)

(

)

011

p53p531Ap531

,,

,,,

C

BCBCB

gPgPCdgP

-

³³-³

ù

éù

+

ëû

û

L

L


oleObject560.bin

image564.emf
A degradation

p53

A

p53 production 

Absorbingdomain

(A)x

C

y

C

A production

x

C

y

C

D 

4

5 10 15

Eventthreshold  

0

100

200

300

400

500

T

i

m

i

n

g

m

e

a

n

 

P

5 10 15

0

20

40

P

5 10 15

Eventthreshold

07.

08.

09.

1

T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

 

RP

1

RP

2

1 12. 14.

098.

099.

1

Fixedthreshold  

Fluctuatingthreshold

Fixedthreshold

Fluctuatingthreshold

(B)  (C) D= p53, p53()≥A(),p53()≥ ,A()≥ 

4 C C

{( A)| }

t t t  x t y

 

W

(1)

g

p53

W

d

A

W

(2)

g

p53

W

g

A

p53 = A

 


image565.wmf
4

D


oleObject561.bin

image566.wmf
(

)

(

)

(

)

(

)

{

}

4

(53,)53, 53,

CC

pAptAtptxAty

=³³³

D


oleObject562.bin

image567.wmf
C

C

xy

>


oleObject563.bin

image568.wmf
P


image54.wmf
S


oleObject564.bin

image569.wmf
1

RP


oleObject565.bin

image570.wmf
2

RP


oleObject566.bin

image571.wmf
p53

5

g

=


oleObject567.bin

image572.wmf
p53

1

d

=


oleObject568.bin

image573.wmf
1

b

=


oleObject53.bin

oleObject569.bin

image574.wmf
C

10

x

=


oleObject570.bin

image575.wmf
C

5

y

=


oleObject571.bin

image576.wmf
max

5350

p

=


oleObject572.bin

image577.wmf
thresoldAA

Agd

=


oleObject573.bin

image578.wmf
A

1

d

=


image55.wmf
()

T

ft


oleObject574.bin

image579.wmf
thresold

115

A

=

:


oleObject575.bin

image580.wmf
A

g


oleObject576.bin

image581.wmf
threshold

10

A

=


oleObject577.bin

image582.wmf
A

10

g

=


oleObject578.bin

image583.wmf
A

1

d

=


oleObject54.bin

oleObject579.bin

image584.wmf
1

D


oleObject580.bin

image585.wmf
53

p


oleObject581.bin

image586.wmf
A


oleObject582.bin

image587.wmf
p53

a


oleObject583.bin

image588.wmf
A

a


image56.wmf
(

)

{

}

:0

Stt

³


oleObject584.bin

image589.wmf
p53

a


oleObject585.bin

image590.wmf
A

a


oleObject586.bin

image591.wmf
53

p


oleObject587.bin

image592.wmf
A


oleObject588.bin

image593.wmf
p53

a


oleObject55.bin

oleObject589.bin

image594.wmf
A

a


oleObject590.bin

image595.wmf
53

p


oleObject591.bin

image596.wmf
A


oleObject592.bin

image597.wmf
Μ


oleObject593.bin

image598.wmf
53

p


oleObject2.bin

image57.wmf
(

)

(

)

(

)

(

)

53,

StptAt

=


oleObject594.bin

image599.wmf
A


oleObject595.bin

image600.wmf
(

)

(

)

(

)

(

)

(

)

p53p53

()

AA

()

p53p53AAA

()

AA

1,                                      

      1,2,,1;

,    1,2,,;

,                                       

              1,2,,

i

iC

i

igdC

i

iC

idiC

gidiC

gi

a

aaa

a

=+=-

=+-+=

==

UI

DMMI

LI

L

L

L

L

L

L

1.

C

ì

ï

ï

í

ï

-

ï

î


oleObject596.bin

image601.wmf
Μ


oleObject597.bin

image602.wmf
p531A2

aa

=+

Μ

MM


oleObject598.bin

image603.wmf
(

)

p53p53p53

112

,,,,

C

diag

=

Μ

DDD

L


oleObject56.bin

oleObject599.bin

image604.wmf
A

11

A

122

A

233

2

A

211

A

1

CCC

CC

---

-

éù

êú

êú

êú

=

êú

êú

êú

êú

êú

ëû

DU

LDU

LDU

Μ

LDU

LD

OOO


oleObject600.bin

image605.wmf
(

)

p53p53

p53()

i

igd

=+

DMM

L


oleObject601.bin

image606.wmf
(

)

(

)

A()

AA

i

iC

gid

=-+

DI

L


oleObject602.bin

image607.wmf
1,2,,.

iC

=

L


oleObject603.bin

image608.wmf
Μ


image58.wmf
(

)

(

)

t

t

t

¶

=

¶

P

MP


oleObject604.bin

image609.wmf
(

)

1

1

p531A2

aa

-

-

=+

Μ

MM


oleObject605.bin

image610.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

2

2

T1

T

p531A2

22

T11

T

p531A2

2

T

A

12

2

T

p53

12

22

11

T

12

T

A

12

p53

20

20

CV11

0

0

20

20

11

0

0

T

aa

aa

a

a

g

g

a

a

-

-

--

-

-

--

+

=-=-

éùéù

+

ëû

êú

ëû

æö

+

ç÷

ç÷

+

èø

=-=-

éùéù

+

æö

ëû

êú

+

ç÷

ç÷

êú

èø

ëû

eMP

eMMP

eMP

eMMP

eMMP

eMMP

eMMP

eMMP


oleObject606.bin

image611.wmf
(

)

(

)

(

)

(

)

2

T

12

2

1

T

12

20

CV1

0

T

g

g

-

-

+

=-

éù

+

ëû

eMMP

eMMP


oleObject607.bin

image612.wmf
Ap53

gaa

=


oleObject608.bin

image613.wmf
g


oleObject57.bin

oleObject609.bin

image614.wmf
53

p


oleObject610.bin

image615.wmf
A


oleObject611.bin

image616.wmf
53

p


oleObject612.bin

image617.wmf
A


oleObject613.bin

image618.wmf
g


image59.wmf
(

)

t

P


oleObject614.bin

image619.wmf
 

B


oleObject615.bin

image620.wmf
 

B


oleObject616.bin

image621.emf
5 10 15

Eventthreshold  

0

20

40

60

80 T

i

m

i

n

g

m

e

a

n

 

0 10 20

Time

0

01.

02.

P

r

o

b

t

)

(

e

v

e

n

t

5 10 15

Eventthreshold  

06.

08.

1

12.

T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

RP

(A)(B) Fixedthreshold

Fluctuatingthreshold  

Fixedthreshold  

Fluctuatingthreshold


image622.wmf
1

D


oleObject617.bin

image623.wmf
thresold

10

A

=


oleObject618.bin

oleObject58.bin

image624.wmf
RP


oleObject619.bin

image625.wmf
thresold

8.8

A

»


oleObject620.bin

image626.wmf
thresold

6

A

=


oleObject621.bin

image627.wmf
thresold

7

A

=


oleObject622.bin

image628.wmf
p53

5

g

=


oleObject623.bin

image60.wmf
(

)

S

Pt


image629.wmf
p53

1

d

=


oleObject624.bin

image630.wmf
1

b

=


oleObject625.bin

image631.wmf
max

5340

p

=


oleObject626.bin

image632.wmf
thresoldAA

Agd

=


oleObject627.bin

image633.wmf
A

1

d

=


oleObject628.bin

oleObject59.bin

image634.wmf
thresold

115

A

=

:


oleObject629.bin

image635.wmf
A

g


oleObject630.bin

image636.wmf
A

10

g

=


oleObject631.bin

image637.wmf
A

1

d

=


oleObject632.bin

image638.wmf
thresold

10

A

=


oleObject633.bin

image61.wmf
M


image639.emf
0 2 4 6 8

Meanburstsize ()

b

10

-1

10

0

10

1

10

2

10

3

T

i

m

i

n

g

m

e

a

n

 

Fixedthreshold

Fluctuatingthreshold

6 7 8

10

-1

10

0

101

0 2 4 6 8

Meanburstsize ()

b

05.

06.

07.

08.

09.

1 T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

 

RP

Fixedthreshold  

Fluctuatingthreshold  

(A)(B)


image640.wmf
1

D


oleObject634.bin

image641.wmf
RP


oleObject635.bin

image642.wmf
1.2

b

»


oleObject636.bin

image643.wmf
2.6

b

»


oleObject637.bin

image644.wmf
2.8

b

»


oleObject60.bin

oleObject638.bin

image645.wmf
p53

5

g

=


oleObject639.bin

image646.wmf
p53

1

d

=


oleObject640.bin

image647.wmf
A

10

g

=


oleObject641.bin

image648.wmf
A

1

d

=


oleObject642.bin

image649.wmf
max

5340

p

=


image3.wmf
3

D


image62.wmf
(

)

t

P


oleObject643.bin

image650.wmf
0.18

b

=

:


oleObject644.bin

image651.wmf
thresold

10

A

=


oleObject645.bin

image652.emf
5 10 15

Eventthreshold

0

20

40

60

80 T

i

m

i

n

g

m

e

a

n

 

P

2 4 6 8

0

2

4

P

5 10 15

Eventthreshold

06.

07.

08.

09.

1 T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

RP

1

RP

2

(A)(B) Fixedthreshold

Fluctuatingthreshold  

Fixedthreshold  

Fluctuatingthreshold


image653.wmf
2

D


oleObject646.bin

image654.wmf
12

RP,RP


oleObject647.bin

oleObject61.bin

image655.wmf
thresold

6

A

=


oleObject648.bin

image656.wmf
thresold

1

A

=


oleObject649.bin

image657.wmf
p53

5

g

=


oleObject650.bin

image658.wmf
p53

1

d

=


oleObject651.bin

image659.wmf
1

b

=


oleObject652.bin

image63.wmf
(

)

{

}

:0

Stt

³


image660.wmf
5

C

x

=


oleObject653.bin

image661.wmf
max

5350

p

=


oleObject654.bin

image662.wmf
threshold

10

A

=


oleObject655.bin

image663.wmf
A

10

g

=


oleObject656.bin

image664.wmf
A

1

d

=


oleObject657.bin

oleObject62.bin

image665.wmf
thresoldAA

Agd

=


oleObject658.bin

image666.wmf
A

1

d

=


oleObject659.bin

image667.emf
5 10 15

Eventthreshold

0

50

100

150 T

i

m

i

n

g

m

e

a

n

 

P

2 4 6 8 10

0

5

10

P

5 10 15

Eventthreshold

06.

07.

08.

09.

1 T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

 

RP

1

RP

2

1 15

.

09

.

1

(A)(B) Fixedthreshold

Fluctuatingthreshold

Fixedthreshold  

Fluctuatingthreshold  


image668.wmf
3

D


oleObject660.bin

image669.wmf
12

RP,RP


oleObject661.bin

image670.wmf
thresold

6

A

=


image64.wmf
D


oleObject662.bin

image671.wmf
p53

5

g

=


oleObject663.bin

image672.wmf
p53

1

d

=


oleObject664.bin

image673.wmf
1

b

=


oleObject665.bin

image674.wmf
5

C

y

=


oleObject666.bin

image675.wmf
max

5350

p

=


oleObject63.bin

oleObject667.bin

image676.wmf
threshold

10

A

=


oleObject668.bin

image677.wmf
A

10

g

=


oleObject669.bin

image678.wmf
A

1

d

=


oleObject670.bin

image679.wmf
thresoldAA

Agd

=


oleObject671.bin

image680.wmf
A

1

d

=


image65.wmf
t


oleObject672.bin

image681.emf
5 10 15

Eventthreshold

0

200

400

600

800 T

i

m

i

n

g

m

e

a

n

P

5 10 15

0

50

P

5 10 15

Eventthreshold

06.

07.

08.

09.

1 T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

RP

1

RP

2

1 11. 12.

098.

1

(A)(B) Fixedthreshold

Fluctuatingthreshold  

Fixedthreshold

Fluctuatingthreshold  


image682.wmf
4

D


oleObject673.bin

image683.wmf
12

RP,RP


oleObject674.bin

image684.wmf
thresold

6

A

=


oleObject675.bin

image685.wmf
thresold

8

A

=


oleObject676.bin

oleObject64.bin

image686.wmf
p53

5

g

=


oleObject677.bin

image687.wmf
p53

1

d

=


oleObject678.bin

image688.wmf
1

b

=


oleObject679.bin

image689.wmf
10

C

x

=


oleObject680.bin

image690.wmf
5

C

y

=


oleObject681.bin

image66.wmf
M


image691.wmf
max

5350

p

=


oleObject682.bin

image692.wmf
threshold

10

A

=


oleObject683.bin

image693.wmf
A

10

g

=


oleObject684.bin

image694.wmf
A

1

d

=


oleObject685.bin

image695.wmf
thresoldAA

Agd

=


oleObject686.bin

oleObject65.bin

image696.wmf
A

1

d

=


oleObject687.bin

image697.emf
 (A)t

D

Fluctuating event threshold

P

r

o

t

e

i

n

 

l

e

v

e

l

 

Protein p53

Protein A

 (B) Fluctuatingevent threshold

P

r

o

t

e

i

n

 

l

e

v

e

l

 

Protein p53

Protein A

t

D

cell division

 

cell division


image698.wmf
D

t


oleObject688.bin

oleObject3.bin

image67.wmf
(

)

(

)

,,

,,

SSSS

S

SSSS

ada

¢¢

¢¢

¢¢¢

=-

å

M


oleObject66.bin

image68.wmf
(

)

,

SS

a

¢


oleObject67.bin

image69.wmf
S

¢


oleObject68.bin

image70.wmf
S


oleObject69.bin

image71.wmf
,

SS

d

¢


oleObject70.bin

image4.wmf
4

D


image72.wmf
f

S


oleObject71.bin

image73.wmf
(

)

{

}

53,

fff

SpA

Î


oleObject72.bin

image74.wmf
f

S


oleObject73.bin

image75.wmf
S


oleObject74.bin

image76.wmf
(

)

,0

f

SS

a

=


oleObject75.bin

oleObject4.bin

image77.wmf
S


oleObject76.bin

image78.wmf
,

SS

¢

M


oleObject77.bin

image79.wmf
,

0

SS

S

¢

=

å

M


oleObject78.bin

image80.wmf
(

)

0

,,

f

PStSt


oleObject79.bin

image81.wmf
(

)

St


oleObject80.bin

image5.wmf
(

)

(

)

{

}

0

53:5353,053053

pppttpp

=³=


image82.wmf
f

S


oleObject81.bin

image83.wmf
t


oleObject82.bin

image84.wmf
(

)

0

SSt

=


oleObject83.bin

image85.wmf
0

t


oleObject84.bin

image86.wmf
(

)

(

)

000

53,

StpA

=


oleObject85.bin

oleObject5.bin

image87.wmf
0

0

t

=


oleObject86.bin

image88.wmf
(

)

;

f

ftSS


oleObject87.bin

image89.wmf
S


oleObject88.bin

image90.wmf
f

S


oleObject89.bin

image91.wmf
(

)

0

,,

f

tSSt

S


oleObject90.bin

image6.wmf
(

)

(

)

{

}

0

:,00

AAAttAA

=³=


image92.wmf
(

)

St


oleObject91.bin

image93.wmf
S


oleObject92.bin

image94.wmf
0

t


oleObject93.bin

image95.wmf
f

S


oleObject94.bin

image96.wmf
t


oleObject95.bin

oleObject6.bin

image97.wmf
(

)

(

)

00

,,=,,

f

f

SS

tSStPStSt

¢

¹

¢

å

S


oleObject96.bin

image98.wmf
{

}

(

)

0

Prob1,,

f

TttSSt

£=-

S


oleObject97.bin

image99.wmf
S


oleObject98.bin

image100.wmf
f

S


oleObject99.bin

image101.wmf
(

)

,

ttdt

+


oleObject100.bin

image7.wmf
00

53

pA

<


image102.wmf
(

)

;

f

ftSSdt


oleObject101.bin

image103.wmf
S


oleObject102.bin

image104.wmf
f

S


oleObject103.bin

image105.wmf
t


oleObject104.bin

image106.wmf
(

)

0

;

t

f

ftSSdt

¢¢

ò


oleObject105.bin

oleObject7.bin

image107.wmf
(

)

0

,,

f

tSSt

S


oleObject106.bin

image108.wmf
(

)

(

)

0

0

,,1;

t

ff

tSStftSSdt

¢¢

=-

ò

S


oleObject107.bin

image109.wmf
(

)

0

,,

(;)

f

f

tSSt

ftSS

t

¶

=-

¶

S


oleObject108.bin

image110.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

000

,00,

0,,,0

,,,,,,

,,,,

,,,,

ff

ffff

ff

ff

tftt

SSSS

SSSS

SSSSSSSS

SSSSSS

SSSSS

tSStPStStPStSt

PStStPStSt

PStStPStSt

¢¢

¹¹

¢¢¢¢¢¢

¢¢¢¢¢¢

¹¹¹¹

¢¢¢¢¢¢¢

¢¢¢¢¢

¹¹

¢¢

¶=¶=¶

¢¢¢¢

==

æö

¢¢¢¢

=-=-

ç÷

èø

åå

åååå

ååå

MM

MMM

S


oleObject109.bin

image111.wmf
,

0

SS

S

¢¢¢

¢

=

å

M


oleObject110.bin

image8.wmf
(

)

(

)

5300

pA

<


image112.wmf
(

)

(

)

,0

(;),,

f

f

TfSS

SS

ftftSSdtPStSt

¢¢

¢¢

¹

¢¢

º=

å

M


oleObject111.bin

image113.wmf
(

)

(

)

T

T

ftt

=

WP


oleObject112.bin

image114.wmf
(

)

(

)

(

)

T

exp0

T

ftt

=

WMP


oleObject113.bin

image115.wmf
W


oleObject114.bin

image116.wmf
S

¢¢


oleObject115.bin

oleObject8.bin

image117.wmf
f

S


oleObject116.bin

image118.wmf
(

)

T

ft


oleObject117.bin

image119.wmf
T


oleObject118.bin

image120.wmf
(

)

0

kk

T

Ttftdt

+¥

=

ò


oleObject119.bin

image121.wmf
1,2,.

k

=

L


oleObject120.bin

image9.wmf
A


image122.wmf
(

)

T

ft


oleObject121.bin

image123.wmf
k

T


oleObject122.bin

image124.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

T

0

T111

0

0

1

1

T1

exp0

expexp0

1!0

kk

kk

k

k

Tttdt

ttkttdt

k

¥

¥

¥

---

+

+

-

éù

=

êú

ëû

éù

=-

êú

ëû

=-

ò

ò

WMP

WMMMMP

WMP


oleObject123.bin

image125.wmf
M


oleObject124.bin

image126.wmf
(

)

(

)

1

exp 0,1,2,

k

ttk

-

=

MM

K


oleObject125.bin

oleObject9.bin

image127.wmf
T1T

-

=-

WMe


oleObject126.bin

image128.wmf
1

T

º


oleObject127.bin

image129.wmf
[

]

T

1,1,,1

=

e

L


oleObject128.bin

image130.wmf
(

)

(

)

(

)

(

)

T1

0

!10,  1,2,

k

k

kk

T

Ttftdtkk

+¥

-

==-=

ò

eMP

L


oleObject129.bin

image131.wmf

oleObject130.bin

image10.wmf
53

p


image132.wmf
()

T

ft


oleObject131.bin

image133.wmf
T


oleObject132.bin

image134.wmf
CV

T


oleObject133.bin

image135.wmf
(

)

T1

MFPT0,

T

-

==-

eMP


oleObject134.bin

image136.wmf
(

)

(

)

(

)

2

2

2T1

22

T1

20

CV1.

0

T

TT

T

-

-

-

==-

éù

ëû

eMP

eMP


oleObject135.bin

oleObject10.bin

image137.wmf
(

)

3

32

32

2

2

3+2

Skew

T

TTTT

TT

-

=

-


oleObject136.bin

image138.wmf
(

)

24

432

2

2

2

463

Kurt

T

TTTTTT

TT

-+-

=

-


oleObject137.bin

image139.wmf
53

p


oleObject138.bin

image140.wmf
A


oleObject139.bin

image141.emf
mRNA

translation burst

protein

transcription

Ø

degradation

Gene p53

mRNA

protein

transcription

Ø

degradation

Gene A


image142.wmf
53

p


image11.wmf
53

p


oleObject140.bin

image143.wmf
A


oleObject141.bin

image144.wmf
A


oleObject142.bin

image145.wmf
53

p


oleObject143.bin

image146.wmf
(

)

{

}

0,1,2,

At

Î

L


oleObject144.bin

image147.wmf
A


oleObject11.bin

oleObject145.bin

image148.wmf
t


oleObject146.bin

image149.wmf
(

)

At


oleObject147.bin

image150.wmf
()

A

,

n

g


oleObject148.bin

image151.wmf
()

n


oleObject149.bin

image152.wmf
A

d


image12.wmf
A


oleObject150.bin

image153.wmf
A


oleObject151.bin

image154.wmf
(

)

Atn

=


oleObject152.bin

image155.wmf
(

)

{

}

530,1,2,

pt

Î

L


oleObject153.bin

image156.wmf
53

p


oleObject154.bin

image157.wmf
t


oleObject12.bin

oleObject155.bin

image158.wmf
53

p


oleObject156.bin

image159.wmf
(

)

p53

m

g


oleObject157.bin

image160.wmf
()

m


oleObject158.bin

image161.wmf
p53

d


oleObject159.bin

image162.wmf
 

B


image13.wmf
(

)

(

)

(

)

(

)

(

)

{

}

00

53,:5353,,053053,0

pApptAAttppAA

==³==


oleObject160.bin

image163.wmf
 

B


oleObject161.bin

image164.wmf
(

)

(

)

1

,0,1,2,,0

1

k

B

k

b

PBkkb

b

+

===>

+

L


oleObject162.bin

image165.wmf
(

)

,0,1,2,

1

k

B

b

PBkk

b

æö

³==

ç÷

+

èø

L


oleObject163.bin

image166.wmf
b


oleObject164.bin

image167.wmf
(

)

BkB

PPBk

=

º=


oleObject13.bin

oleObject165.bin

image168.wmf
(

)

BkB

PPBk

³

º³


oleObject166.bin

image169.wmf
(

)

(

)

(

)

53,

ptAt


oleObject167.bin

image170.wmf
(

)

(

)

530,0

pmAn

==


oleObject168.bin

image171.wmf
mn

<


oleObject169.bin

image172.wmf
0

t

=


image14.wmf
T


oleObject170.bin

image173.wmf
(

)

,

ttdt

+


oleObject171.bin

image174.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

p53

p53

A

A

53,53,;

531,53,;

53,153,;

53,153,;

m

n

PptdtmBAtdtnptmAtngdt

PptdtmAtdtnptmAtnmddt

PptdtmAtdtnptmAtngdt

PptdtmAtdtnptmAtnnddt

+=++====

+=-+====

+=+=+===

+=+=-===


oleObject172.bin

image175.wmf
53

p


oleObject173.bin

image176.wmf
A


oleObject174.bin

image177.wmf
53

p


oleObject14.bin

oleObject175.bin

image178.wmf
A


oleObject176.bin

image179.wmf
(

)

(

)

(

)

{

}

53,5353

pApptAtA

=<=


oleObject177.bin

image180.wmf
53

p


oleObject178.bin

image181.wmf
A


oleObject179.bin

image182.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

1

,

()

p53,A,1p531,

0

()

A,1p53Ap53A,

1

11

m

mn

i

Binmnmn

i

m

mnBmn

dPt

gPBmiPtgPtmdPt

dt

ndPtgPBgmdndPt

-

-+

=

+

==-+++

++-³+++

å


image15.wmf
53

p


oleObject180.bin

image183.wmf
mn

<


oleObject181.bin

image184.wmf
(

)

(

)

(

)

(

)

(

)

A,1p53,

00

(1)

m

TmmBmn

mnm

ftdmPtgPBnmPt

+

³>³

=++³-

åå


oleObject182.bin

image185.wmf
(

)

p53p53

m

gg

º


oleObject183.bin

image186.wmf
(

)

AA

n

gg

º


oleObject184.bin

image187.wmf
(

)

T

ft


oleObject15.bin

oleObject185.bin

image188.wmf
53

p


oleObject186.bin

image189.wmf
A


oleObject187.bin

image190.wmf
(

)

(

)

(

)

(

)

(

)

{

}

p53A

53,530,1,2,,,0,1,2,,

ptAtptCAtC

W===

LL


oleObject188.bin

image191.wmf
53

p


oleObject189.bin

image192.wmf
A


image16.wmf
A


oleObject190.bin

image193.wmf
53

p


oleObject191.bin

image194.wmf
A


oleObject192.bin

image195.wmf
maxp53

53

pC

=


oleObject193.bin

image196.wmf
(

)

53

pt


oleObject194.bin

image197.wmf
maxA

AC

=


oleObject16.bin

oleObject195.bin

image198.wmf
(

)

At


oleObject196.bin

image199.wmf
p53A

CCC

==


oleObject197.bin

image200.wmf
C


oleObject198.bin

image201.wmf
M


oleObject199.bin

image202.wmf
M


image17.wmf
(

)

(

)

(

)

(

)

{

}

00

min:53530530

TtptAtppAA

=³=<=


oleObject200.bin

image203.wmf
()

i

L


oleObject201.bin

image204.wmf
(

)

1,2,,

in

=

L


oleObject202.bin

image205.wmf
(

)

()

i

i

=

MM

L


oleObject203.bin

image206.wmf
(

)

i

M


oleObject204.bin

image207.wmf
M


oleObject17.bin

oleObject205.bin

image208.wmf
(

)

33

ij

a

´

=

M


oleObject206.bin

image209.wmf
(

)

(

)

2

(2)

33

ij

b

´

==

MM

L


oleObject207.bin

image210.wmf
(

)

(

)

2222

ijij

ba

´´

=


oleObject208.bin

image211.wmf
(

)

0

(0)

==

MM0

L


oleObject209.bin

image212.wmf
0

i

=


image18.wmf
T


oleObject210.bin

image213.wmf
0


oleObject211.bin

image214.wmf
M


oleObject212.bin

image215.emf
A degradation

p53

A

p53 production 

Absorbingdomain 

(A) A degradation

p53 production 

Absorbingdomain

(B) A degradation

p53 production 

Absorbingdomain

 

 (C)

A degradation

p53 production 

Absorbingdomain

(D)

x

C

p53 production 

A production

x

C

y

C

y

C

A production

x

C

y

C

D

1

 

D

2

D

3

D

4

D= p53,Ap53(t) ≥ A(t)

1

{( )| }

D= p53, p53()≥A(),p53()≥

2 C

{( A)| }

t t t  x

D= p53, p53()≥A(),A()≥

3 C

{( A)| }

t t t  y

 

D= p53, p53()≥A(),p53()≥ ,A()≥ 

4 C C

{( A)| }

t t  t  x t y

 

W

g

p53

W

(1)

g

p53

W

d

A

W

d

A

W

(2)

g

p53

W

g

A

p53 = A

 

A

A A

p53

p53 p53

p53 = A

p53 = A

 

p53 = A

W

g

p53

W

d

A

W

g

A

W

d

A

W

(1)

g

p53

W

(2)

g

p53


image216.wmf
53

p


oleObject213.bin

image217.wmf
A


oleObject214.bin

oleObject18.bin

image218.wmf
(

)

(

)

(

)

{

}

1

53,53

pAptAt

=³

D


oleObject215.bin

image219.wmf
(

)

(

)

(

)

(

)

{

}

2

53,53,53

C

pAptAtptx

=³³

D


oleObject216.bin

image220.wmf
(

)

(

)

(

)

(

)

{

}

3

53,53,

C

pAptAtAty

=³³

D


oleObject217.bin

image221.wmf
(

)

(

)

(

)

(

)

(

)

{

}

4

53,53,53,

CC

pAptAtptxAty

=³³³

D


oleObject218.bin

oleObject219.bin

image222.wmf
(

)

{

}

53,

pA


image19.wmf
(

)

53

pt


oleObject220.bin

image223.wmf
53

p


oleObject221.bin

image224.wmf
A


oleObject222.bin

image225.wmf
(

)

(

)

(

)

{

}

53,5353

pApptAtA

=<=


oleObject223.bin

image226.wmf
T


oleObject224.bin

image227.wmf
53

p


oleObject19.bin

oleObject225.bin

image228.wmf
A


oleObject226.bin

image229.wmf
(

)

(

)

(

)

(

)

{

}

min:535300

TtptAtpmAn

=³=<=


oleObject227.bin

image230.wmf
(

)

(

)

(

)

{

}

1

53,53

pAptAt

=³

D


oleObject228.bin

image231.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

{

}

53,53,530,1,2,,1,1,2,,

ptAtptAtptCAtC

W=<=-=

LL


oleObject229.bin

image232.wmf
(

)

(

)

(

)

(

)

,

53,

mn

PtPptmAtn

º==


image20.wmf
(

)

At


oleObject230.bin

image233.wmf
(

)

{

}

,,0,1,2,,1,1,2,,

mnmnmCnC

W=<=-=

LL


oleObject231.bin

image234.wmf
(

)

,

mn

Pt


oleObject232.bin

image235.wmf
(

)

,

mn

ÎW


oleObject233.bin

image236.wmf
(

)

[

]

[

]

,,1,2,3,0102120,1,1,

,,,,,0,,0,,,0,,0,,,,,

mnCCCCC

tPPPPPP

T

T

****-

éù

éùéù

==

ëûëû

ëû

PPPPP

LLLLL


oleObject234.bin

image237.wmf
*,0,1,1,

,,,,0,,0

kkkkk

PPP

-

éù

=

ëû

P

LL


oleObject20.bin

oleObject235.bin

image238.wmf
1,2,,C

k

Î

L


oleObject236.bin

image239.wmf
L


oleObject237.bin

image240.wmf
M


oleObject238.bin

image241.wmf
(

)

(

)

,,

tmnmn

tt

¶=

PMP


oleObject239.bin

image242.wmf
(

)

,

mn

ÎW


image21.wmf
0

53

p


oleObject240.bin

image243.wmf
M


oleObject241.bin

image244.wmf
11

122

233

211

1

CCC

CC

---

-

éù

êú

êú

êú

=

êú

êú

êú

êú

êú

ëû

DU

LDU

LDU

Μ

LDU

LD

OOO


oleObject242.bin

image245.wmf
(

)

(

)

(

)

(

)

p53p53

()

A

()

AA

()

A

1,                              1,2,,1.

,   1,2,,.

,                                       

 1,2,,1.

i

iC

i

igdC

i

iC

idiC

gidiC

giC

ì

=+=-

ï

ï

éù

=+-+=

í

ëû

ï

==-

ï

î

UI

DMMI

LI

L

L

L

L

L

L


oleObject243.bin

image246.wmf
C

I


oleObject244.bin

image247.wmf
CC

´


oleObject21.bin

oleObject245.bin

image248.wmf
p53

d

M


oleObject246.bin

image249.wmf
[

]

(

)

[

]

(

)

p53

p53p53

diag1,2,,1,1diag0,1,1,0

d

dCdC

=¼---

M

K


oleObject247.bin

image250.wmf
(

)

diag,

k

v


oleObject248.bin

image251.wmf
v


oleObject249.bin

image252.wmf
th

k


image22.wmf
0

A


oleObject250.bin

image253.wmf
0

k

=


oleObject251.bin

image254.wmf
0

k

>


oleObject252.bin

image255.wmf
0

k

<


oleObject253.bin

image256.wmf
(

)

(

)

(

)

p53

p53

p53p53

p53p53

p53p53

p53

0

2

23

21

1

d

d

dd

dd

CdCd

Cd

éù

êú

-

êú

êú

-

=

êú

êú

êú

---

êú

--

êú

ëû

M

OO


oleObject254.bin

image257.wmf
p53

p53burst

g

g

=

MM


oleObject22.bin

oleObject255.bin

image258.wmf
(

)

1

T

burst1

1

diag,

C

BCBkCk

k

PPk

-

³=-

=

=-+-

å

MIe


oleObject256.bin

image259.wmf
p53

g


oleObject257.bin

image260.wmf
m


oleObject258.bin

image261.wmf
53

p


oleObject259.bin

image262.wmf
(

)

p53

burst

m

g

=

MMG


image23.emf
A degradation

p53

A

p53 production 

Absorbingdomain

 

(A)(B) 0 05. 1 15. 2 25.

0

5

10

15

20 Genep53  

GeneA 

P

r

o

t

e

i

n

 

l

e

v

e

l

 

Time

p53 = A 


oleObject260.bin

image263.wmf
(

)

(0)(1)(1)

p53p53p53

diag,,0

C

ggg

-

éù

=

ëû

G

K

,


oleObject261.bin

image264.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

p53

0

p531

01

p531p531

012

p532p531p531

0122

p532p533p534p531

01221

p531p532p533p531p531

B

BB

BBB

g

C

BCBCBCB

CC

BCBCBCBB

gP

gPgP

gPgPgP

gPgPgPgP

gPgPgPgPgP

³

=³

==³

-

=-=-=-³

--

=-=-=-=³

éù

-

êú

-

êú

êú

-

êú

=

êú

êú

êú

-

êú

-

êú

ëû

M

MMMO

L

L


oleObject262.bin

image265.wmf
(

)

C


oleObject263.bin

image266.wmf
(

)

(

)

(

)

{

}

1

53,53

pAptAt

=³

D


oleObject264.bin

image267.wmf
(

)

,

ttdt

+


image24.wmf
(

)

At


oleObject265.bin

image268.wmf
(

)

(

)

{

}

53,

ptmAtn

==


oleObject266.bin

image269.wmf
nm

-


oleObject267.bin

image270.wmf
[

)

,

ttdt

+


oleObject268.bin

image271.wmf
(

)

(

)

{

}

531,

ptnAtn

=-=


oleObject269.bin

image272.wmf
[

)

,

ttdt

+


oleObject23.bin

oleObject270.bin

image273.wmf
(

)

53,

pA


oleObject271.bin

image274.wmf
1

D


oleObject272.bin

image275.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

Ap53

11

A,1p53,

010

1

A,p53,

110

-1

TT

,,

T

,

1

CCn

m

TmmBnmmn

mnm

CCn

m

mnBnmmn

nnm

mn

dmngmn

mn

ftmdPtgPPt

ndPtgPPt

tt

t

--

+³-

===

-

³-

===

=

=++

=+

=+

º

ååå

ååå

WPWP

WP


oleObject273.bin

image276.wmf
(

)

Ay

1

n

dd

C

´

=

WW


oleObject274.bin

image277.wmf
A

A

n

dn

nd

=

W1


image25.wmf
(

)

53

pt


oleObject275.bin

image278.wmf
1,2,

nC

=

L


oleObject276.bin

image279.wmf
C


oleObject277.bin

image280.wmf
(

)

T

0,0,1,0,,0

i

=

1

LL


oleObject278.bin

image281.wmf
i


oleObject279.bin

image282.wmf
p53

g

W


oleObject24.bin

oleObject280.bin

image283.wmf
(

)

p53p53

1

n

gg

C

´

=

WW


oleObject281.bin

image284.wmf
(

)

p53

1

p531

1

n

m

n

gBnmm

m

gP

-

³-+

=

=

å

W1


oleObject282.bin

image285.wmf
1,2,

nC

=

L


oleObject283.bin

image286.wmf
W


oleObject284.bin

image287.wmf
p53A

T

TTT

12

,,,

gdC

éù

=+=

ëû

WWWWWW

L


image26.wmf
(

)

At


oleObject285.bin

image288.wmf
(

)

Ap53

1

Ap531

0

n

m

nn

ndgnBnmm

m

ndgP

-

³-+

=

=+=+

å

WWW11


oleObject286.bin

image289.wmf
1,2,

nC

=

L


oleObject287.bin

image290.wmf
[

]

[

]

[

]

A

T

AAA

,0,,0,0,2,0,,0,,0,0,,0,,

d

ddCd

éù

=

ëû

W

LLLL


oleObject288.bin

image291.wmf
(

)

(

)

(

)

(

)

(

)

(

)

p53

001011

T

p531p532p531p53p531p531

,0,,0,,,0,,0,,,,,,

C

gBBBBCBCB

gPgPgPgPgPgP

-

³³³³³-³

éù

éùéùéù

=

ëûëûëû

ëû

W

LLLL


oleObject289.bin

image292.wmf
(

)

(

)

(

)

(

)

(

)

(

)

001011

T

p531Ap532p531Ap53p531p531A

,0,,0,,2,0,,0,,,,,

C

BBBBCBCB

gPdgPgPdgPgPgPCd

-

³³³³³-³

éù

éùéùéù

=+++

ëûëûëû

ëû

W

LLLL


oleObject25.bin

oleObject290.bin

image293.emf
5 10 15

Event threshold

0

10

20

30

40 T

i

m

i

n

g

 

m

e

a

n

5 10 15

10

-0.5

10

0.5

101.5

5 15

10

Event threshold

0

5

10

15

20 T

i

m

i

n

g

 

m

e

a

n

 

g

a

p

0 5

Time

0

0.5

P

r

o

b

(

t

)

0 10 20

Time

0

0.05

0.1

P

r

o

b

(

t

)

5 10 15

Event threshold

0.6

0.8

1

1.2

1.4

T

i

m

i

n

g

 

v

a

r

i

a

b

i

l

i

t

y

RP

Fixed threshold

Fluctuating threshold

5 10 15

Event threshold

-0.3

-0.2

-0.1

0

0.1

T

i

m

i

n

g

 

v

a

r

i

a

b

i

l

i

t

y

 

g

a

p

RP

5 10

Transcription rate ( ) g

p53

0

10

20

R

P

t

h

r

e

s

h

o

l

d

Reversing Point

Fixed threshold

Fluctuating threshold

(

D)

(

C)

A

threshold

 =4

A

threshold

 =13

(B) (A)


image294.wmf
threshold

4

A

=


oleObject291.bin

image295.wmf
threshold

13

A

=


oleObject292.bin

image296.wmf
RP


oleObject293.bin

image297.wmf
p53

g


oleObject294.bin

image27.wmf
(

)

{

}

53,53

pApA

=³

D


image298.wmf
p53

5

g

=


oleObject295.bin

image299.wmf
p53

1

d

=


oleObject296.bin

image300.wmf
1

b

=


oleObject297.bin

image301.wmf
max

5330

p

=


oleObject298.bin

image302.wmf
A

1

d

=


oleObject299.bin

oleObject26.bin

image303.wmf
A

115

g

=

:


oleObject300.bin

image304.wmf
A

1

d

=


oleObject301.bin

image305.wmf
A

g


oleObject302.bin

image306.wmf
A

event threshold115

g

==

:


oleObject303.bin

image307.wmf
threshold

10

A

=


oleObject304.bin

image28.wmf
53

p


image308.wmf
A

10

g

=


oleObject305.bin

image309.wmf
A

1

d

=


oleObject306.bin

image310.wmf
p53

1

d

=


oleObject307.bin

image311.wmf
1

b

=


oleObject308.bin

image312.wmf
thresholdA

110

Ag

==

:


oleObject309.bin

oleObject27.bin

image313.wmf
A

1

d

=


oleObject310.bin

image314.wmf
p53

110

g

=

:


oleObject311.bin

image315.wmf
max

5330

p

=


oleObject312.bin

image316.emf
5 10 15

Event threshold

1

2

3

4

M

e

a

n

 

b

u

r

s

t

 

s

i

z

e

 

(

)

b

Timing mean

5 10 15

Event threshold

1

2

3

4

M

e

a

n

 

b

u

r

s

t

 

s

i

z

e

 

(

)

b

Timing variability

100

101

10

2

103

0.8

1

1.2

1.4

0 2 4 6

Mean burst size ()b

10-1

10

0

101

102

103

104

T

i

m

i

n

g

 

m

e

a

n

Fixed threshold

Fluctuating threshold

0 2 4 6

Mean burst size ()b

0.6

0.7

0.8

0.9

1 T

i

m

i

n

g

 

v

a

r

i

a

b

i

l

i

t

y

RP

Fixed threshold

Fluctuating threshold

(A) (B) (D)  (C)

2 4 6

0.5

1

1.5

2


image317.wmf
b


oleObject313.bin

image318.wmf
RP


image29.wmf
A


oleObject314.bin

image319.wmf
b


oleObject315.bin

image320.wmf
p53

5

g

=


oleObject316.bin

image321.wmf
p53

1

d

=


oleObject317.bin

image322.wmf
max

5330

p

=


oleObject318.bin

image323.wmf
thresoldAA

Agd

=


oleObject28.bin

oleObject319.bin

image324.wmf
A

10

g

=


oleObject320.bin

image325.wmf
A

1

d

=


oleObject321.bin

image326.wmf
A

1

d

=


oleObject322.bin

image327.wmf
A

g


oleObject323.bin

image328.wmf
thresoldAA

Agd

=


image30.wmf
D


oleObject324.bin

oleObject325.bin

image329.wmf
(

)

53,

pA


oleObject326.bin

image330.wmf
53

p


oleObject327.bin

image331.wmf
A


oleObject328.bin

image332.wmf
(

)

(

)

(

)

{

}

53,53

pAptAt

<


oleObject329.bin

oleObject29.bin

image333.wmf
(

)

(

)

{

}

53,53

C

pAptx

<


oleObject330.bin

image334.wmf
T


oleObject331.bin

image335.wmf
53

p


oleObject332.bin

image336.wmf
A


oleObject333.bin

image337.wmf
(

)

(

)

(

)

(

)

(

)

{

}

min:53,535300

C

TtptAtptxpmAn

=³³=<=


oleObject334.bin

image31.wmf
(

)

53,

pA


image338.wmf
(

)

(

)

(

)

(

)

(

)

(

)

{

}

2

53,53,53

C

ptAtptAtptx

=³³

D


oleObject335.bin

image339.wmf
W


oleObject336.bin

image340.wmf
12

W=WW

U


oleObject337.bin

image341.wmf
(

)

(

)

(

)

(

)

(

)

(

)

{

}

1

53,53,530,1,2,,1,0,1,2,,,

CC

ptAtptxptxAtC

W=<=-=

LL


oleObject338.bin

image342.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

{

}

2

53,53,530,1,2,,1,0,1,2,,.

ptAtptAtptCAtC

W=<=-=

LL


oleObject339.bin

oleObject30.bin

image343.wmf
W


oleObject340.bin

image344.wmf
12

,

WW


oleObject341.bin

image345.wmf
12

W=WW

U


oleObject342.bin

image346.wmf
(

)

{

}

1

,0,1,2,,1,0,1,2,,,

C

mnmxnC

W==-=

LL


oleObject343.bin

image347.wmf
(

)

{

}

2

,,0,1,2,,1,1,2,,.

mnmnmCnC

W=<=-=

LL


oleObject344.bin

image32.wmf
53

pA

³


image348.wmf
(

)

,

mn

Pt


oleObject345.bin

image349.wmf
(

)

,

mn

ÎW


oleObject346.bin

image350.wmf
(

)

,,0,1,1,,1,

0,01,01,00,11,11,1

0,1,1,0,11,1,1

,,,,,,,

,,,,0,,0,,,,,,0,,0,

,,,,0,,0,,,,,0,,0,

,

CCC

CCCCC

CCCCCCCCC

mnxxxC

xxxxx

xxxxxxxxx

t

PPPPPP

PPPPPP

T

***-**+*

-----

-+-++

éù

=

ëû

é

éùéù

=

ëûëû

ë

éùéù

ëûëû

PPPPPPP

LL

LLLLL

LLLL

L

0,1,1,

,,,

CCCC

PPP

T

-

ù

éù

ëû

û

L


oleObject347.bin

image351.wmf
L


oleObject348.bin

image352.wmf
M


oleObject349.bin

oleObject31.bin

image353.wmf
(

)

(

)

,,

tmnmn

tt

¶=

PMP


oleObject350.bin

image354.wmf
(

)

,

mn

ÎW


oleObject351.bin

image355.wmf
M


oleObject352.bin

image356.wmf
00

011

122

211

1

CCC

CC

---

-

éù

êú

êú

êú

=

êú

êú

êú

êú

êú

ëû

DU

LDU

LDU

Μ

LDU

LD

OOO


oleObject353.bin

image357.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

A

A

1,    0,1,,1;

1,      ,1,,1.

C

x

CC

i

i

CCC

idix

idixxC

ì

+=-

ï

º

í

+=+-

ï

î

I

U

I

L

L

L

L


oleObject354.bin

image33.wmf
(

)

53,

pA


image358.wmf
(

)

(

)

(

)

(

)

(

)

(

)

p53p53

p53p53

AA

AA

,     0,1,,1;

,      ,1,,

C

x

gdCC

i

i

gdCCC

gidix

gidixxC

ì

+-+=-

ï

º

í

+-+=+

ï

î

MMI

D

MMI

L

L

L

L


oleObject355.bin

image359.wmf
(

)

(

)

(

)

(

)

A

A

,    0,1,,1;

,      ,1,,1.

C

x

CC

i

i

CCC

gix

gixxC

ì

=-

ï

º

í

=+-

ï

î

I

L

I

L

L

L

L


oleObject356.bin

image360.wmf
C

I


oleObject357.bin

image361.wmf
p53

d

M


oleObject358.bin

image362.wmf
p53

g

M


oleObject359.bin

oleObject32.bin

image363.wmf
1

D


oleObject360.bin

image364.wmf
(

)

(

)

(

)

(

)

(

)

(

)

{

}

2

53,53,53

C

ptAtptAtptx

=³³

D


oleObject361.bin

image365.wmf
(

)

,

ttdt

+


oleObject362.bin

image366.wmf
(

)

(

)

{

}

53,

ptmAtn

==


oleObject363.bin

image367.wmf
nm

-


oleObject364.bin

image34.wmf
(

)

{

}

53,53

pApA

=³

D


image368.wmf
[

)

,

ttdt

+


oleObject365.bin

image369.wmf
(

)

(

)

{

}

531,

ptnAtn

=-=


oleObject366.bin

image370.wmf
[

)

,

ttdt

+


oleObject367.bin

image371.wmf
(

)

(

)

{

}

53,

ptmAtn

==


oleObject368.bin

image372.wmf
C

xm

-


oleObject369.bin

oleObject33.bin

image373.wmf
[

)

,

ttdt

+


oleObject370.bin

image374.wmf
(

)

(

)

(

)

53,

ptAt


oleObject371.bin

image375.wmf
2

D


oleObject372.bin

image376.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

Ap53

11

11

A,1p53,p53,

000

11

1

A,p53,p53,

1

000

1

1T

T

,,

1

CC

C

CC

CC

C

C

C

xx

CCn

mm

TmmBnmmnBxmmn

mxnxmnm

xx

CCn

mm

mnBnmmnBxmmn

nx

nxmnm

mn

dmngmng

ftmdPtgPPtgPPt

ndPtgPPtgPPt

tt

--

--

+³-³-

=====

--

-

³-³-

=+

====

=-

=+++

=++

=++

ååååå

ååååå

WPWPW

(

)

(

)

(

)

p53

2T

,

T

,

mn

mn

t

t

º

P

WP


oleObject373.bin

image377.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

AA

p53p53

p53p53

11

1

11

2

11

ˆ

n

dd

C

n

gg

C

n

gg

C

+´

+´

+´

ì

=

ï

ï

ï

=

í

ï

ï

=

ï

î

WW

WW

WW


oleObject374.bin

image35.wmf
S


image378.wmf
A

A

,           0,1,,;

,    1,2,,.

C

n

d

nCC

nx

ndnxxC

=

ì

=

í

=++

î

0

W

1

L

L


oleObject375.bin

image379.wmf
(

)

p53

1

p531

0

,                                0,1,,1;

    

,   ,1,,.

C

n

n

g

m

BnmmCC

m

nx

gPnxxC

-

³-+

=

=-

ì

ï

=

í

=+

ï

î

å

0

W

1

L

L


oleObject376.bin

image380.wmf
(

)

p53

1

p531

0

 ,   0,1,,1;

ˆ

,                                  ,1,,.

C

C

x

m

n

BxmmC

m

g

CC

gPnx

nxxC

-

³-+

=

ì

=-

ï

=

í

=+

ï

î

å

1

W

0

L

L


oleObject377.bin

image381.wmf
W


oleObject378.bin

image382.wmf
(

)

(

)

p53p53A

T

12

TTTT

012

,,,,

ggdn

éù

=++=

ëû

WWWWWWWW

L


oleObject379.bin

oleObject34.bin

image383.wmf
p53p53A

ˆ

nnn

nggd

=++

WWWW


oleObject380.bin

image384.wmf
(

)

(

)

1

p531

0

1

Ap531

0

 ,             0,1,,1,;

,    1,2,.

C

C

x

m

BxmmCC

m

n

n

m

nBnmmCC

m

gPnxx

ndgPnxxC

-

³-+

=

-

³-+

=

ì

=-

ï

=

í

+=++

ï

î

å

å

1

W

11

L

L


oleObject381.bin

image385.wmf
[

]

[

]

(

)

(

)

[

]

A

T

AAA

0,,0,,0,,0,0,,0,1,0,,0,0,,0,2,0,,0,,0,,0

,

dCC

xdxdCd

éù

=++

éùéù

ëûëû

ëû

W

LLLLLLLLL


oleObject382.bin

image386.wmf
(

)

[

]

[

]

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

p53

1

1T01

p53p531p531

01011

p531p53p531p53p531p531

0,,0,,0,,0,,,,,0,,0,

,,,,0,,0,,,,,

C

CC

C

CC

x

gBxBxB

x

C

BxBxBBCBCB

gPgPgP

gPgPgPgPgPgP

-

³³-³

-

³+³³³³-³

é

éù

=

ëû

ë

ù

éù

éù

ëû

ëû

û

W

LLLLL

LLLL


oleObject383.bin

image387.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

[

]

[

]

p53

11

2T0101

p53p531p531p53p531p531

1

01

p53p531p531

,,,,0,,0,,,,,0,,0,,

,,,,0,,0,0,,0,,0,,0

CC

CCCC

C

CC

xx

gBxBxBBxBxB

x

BxBxB

gPgPgPgPgPgP

gPgPgP

--

³³-³³³-³

-

³³-³

é

éùéù

=

ëûëû

ë

ù

éù

ëû

û

W

LLLLL

LLLLL


oleObject384.bin

image36.wmf
(

)

(

)

(

)

{

}

53,

ptAt


image388.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

11

0101

T

p53p531p531p53p531p531

01011

p531p53Ap531p53p531Ap531

,,,,0,,0,,,,,,0,,0,

,,,1,0,,0,,,,,

CC

CCCC

C

CC

xx

BxBxBBxBxB

x

C

BxBxCBBCBCB

gPgPgPgPgPgP

gPgPxdgPgPgPCdgP

--

³³-³³³-³

-

³+³³³³-³

é

éùéù

=

ëûëû

ë

éù

+++

ëû

W

LLLLL

LLLL

.

ù

éù

ëû

û


oleObject385.bin

image389.emf
A degradation

A

p53 production 

Absorbingdomain

(A)x

C

p53 production 

D

2

5 10 15

Eventthreshold

0

10

20

30

T

i

m

i

n

g

m

e

a

n

 

P

Fixedthreshold  

Fluctuatingthreshold

5 10 15

Eventthreshold  

07.

08.

09.

1

T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

RP

1

RP

2

Fixedthreshold  

Fluctuatingthreshold

(B)  (C) p53 = A

 

p53

D= p53, p53()≥A(),p53()≥

2 C

{( A)| }

t t t  x

W

(1)

g

p53

W

d

A

W

(2)

g

p53


image390.wmf
2

D


oleObject386.bin

image391.wmf
(

)

(

)

(

)

(

)

{

}

2

53,53,53

C

pAptAtptx

=³³

D


oleObject387.bin

image392.wmf
P


oleObject388.bin

image393.wmf
1

RP


oleObject35.bin

oleObject389.bin

image394.wmf
2

RP


oleObject390.bin

image395.wmf
C

5

x

=


oleObject391.bin

image396.wmf
p53

5

g

=


oleObject392.bin

image397.wmf
p53

1

d

=


oleObject393.bin

image398.wmf
1

b

=


image37.wmf
0

t

=


oleObject394.bin

image399.wmf
max

5350

p

=


oleObject395.bin

image400.wmf
thresoldAA

Agd

=


oleObject396.bin

image401.wmf
A

1

d

=


oleObject397.bin

image402.wmf
threshold

10

A

=


oleObject398.bin

image403.wmf
A

10

g

=


oleObject36.bin

oleObject399.bin

image404.wmf
A

1

d

=


oleObject400.bin

oleObject401.bin

image405.wmf
(

)

53,

pA


oleObject402.bin

image406.wmf
53

p


oleObject403.bin

image407.wmf
A


oleObject404.bin

image38.wmf
D


image408.wmf
(

)

(

)

(

)

(

)

{

}

53,53,

C

pAptAtAty

<³


oleObject405.bin

image409.wmf
(

)

(

)

{

}

53,

C

pAAty

<


oleObject406.bin

image410.wmf
T


oleObject407.bin

image411.wmf
53

p


oleObject408.bin

image412.wmf
A


oleObject409.bin

oleObject37.bin

image413.wmf
(

)

(

)

(

)

(

)

(

)

{

}

min:53,5300

C

TtptAtAtypmAn

=³³=<=


oleObject410.bin

image414.wmf
(

)

(

)

(

)

(

)

{

}

3

53,53,

C

pAptAtAty

=³³

D


oleObject411.bin

image415.wmf
W


oleObject412.bin

image416.wmf
12

W=WW

U


oleObject413.bin

image417.wmf
(

)

(

)

(

)

(

)

{

}

1

53,,530,1,2,,1,0,1,2,,1

CC

pAAtyptCAty

W=<=-=-

LL


oleObject414.bin

image39.wmf
t


image418.wmf
(

)

(

)

(

)

(

)

(

)

(

)

{

}

2

53,53,,530,1,2,,1,,1,,

CCC

pAptYtAtyptCAtyyC

W=<³=-=+

LL


oleObject415.bin

image419.wmf
W


oleObject416.bin

image420.wmf
12

,

WW


oleObject417.bin

image421.wmf
12

W=WW

U


oleObject418.bin

image422.wmf
(

)

{

}

1

,0,1,2,,1,0,1,2,,1

C

mnmCny

W==-=-

LL


oleObject419.bin

oleObject38.bin

image423.wmf
(

)

{

}

2

,,0,1,2,,1,,1,,

CC

mnmnmCnyyC

W=<=-=+

LL


oleObject420.bin

image424.wmf
(

)

,

mn

Pt


oleObject421.bin

image425.wmf
(

)

,

mn

ÎW


oleObject422.bin

image426.wmf
(

)

,,0,1,1,,1,

0,01,01,00,11,11,10,1,1,

0,11,1,10,1,1,

,,,,,,,

,,,,,,,,,,,,,0,,0,

,,,,0,,0,,,,,

CCC

CCCCCCC

CCCC

mnyyyC

CyyCyyyyy

yyyyCCC

t

PPPPPPPPP

PPPPPP

T

***-**+*

------

+++-

éù

=

ëû

é

éùéù

éù

=

ëû

ëûëû

ë

éù

ëû

PPPPPPP

LL

LLLLL

LLLL

C

T

ù

éù

ëû

û


oleObject423.bin

image427.wmf
,

k

*

P


oleObject424.bin

image40.wmf
(

)

,

XY

Pt

¢¢


image428.wmf
,k0,1,1,

,k0,1,1,

,,,,               0,1,,1;

,,,,0,,0,    ,1,,.

kkCkC

kkkkCC

PPPky

PPPkyyC

*-

*-

ì

éù

==-

ïëû

í

éù

==+

ï

ëû

î

P

P

LL

LLL


oleObject425.bin

image429.wmf
M


oleObject426.bin

image430.wmf
(

)

(

)

,,

tmnmn

tt

¶=

PMP


oleObject427.bin

image431.wmf
(

)

,

mn

ÎW


oleObject428.bin

image432.wmf
L


oleObject429.bin

oleObject39.bin

image433.wmf
00

011

122

211

1

CCC

CC

---

-

éù

êú

êú

êú

=

êú

êú

êú

êú

êú

ëû

DU

LDU

LDU

Μ

LDU

LD

OOO


oleObject430.bin

image434.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

A

A

A

1,                0,1,,2;

1,   1;

1,     ,1,,1.

C

CC

y

iCC

i

CCC

idiy

idiy

idiyyC

ì

+=-

ï

ï

=+=-

í

ï

ï

+=+-

î

I

UI

I

L

L

L

L


oleObject431.bin

image435.wmf
(

)

(

)

(

)

(

)

p53p53

p53p53

AA

AA

,           0,1,,1;

,   ,1,,.

gdCC

i

i

gdCCC

gidiy

gidiyyC

ì+-+=-

ï

=

í

+-+=+

ï

î

MMI

D

MMI

L

L

L


oleObject432.bin

image436.wmf
(

)

(

)

(

)

(

)

A

A

A

,             0,1,,2;

,   1;

,     ,1,,1.

C

CC

y

iCC

i

CCC

giy

giy

giyyC

ì

=-

ï

ï

==-

í

ï

=+-

ï

î

I

LI

I

L

L

L

L


oleObject433.bin

image437.wmf
C

I


oleObject434.bin

image41.wmf
(

)

(

)

(

)

(

)

(

)

{

}

00

53,5353,,0530530

pApptAAttppAA

==³=<=

：


image438.wmf
p53

d

M


oleObject435.bin

image439.wmf
p53

g

M


oleObject436.bin

image440.wmf
1

D


oleObject437.bin

image441.wmf
(

)

C


oleObject438.bin

image442.wmf
(

)

(

)

(

)

(

)

{

}

3

53,53,

C

pAptAtAty

=³³

D


oleObject439.bin

oleObject40.bin

image443.wmf
(

)

,

ttdt

+


oleObject440.bin

image444.wmf
(

)

(

)

{

}

53,

ptmAtn

==


oleObject441.bin

image445.wmf
nm

-


oleObject442.bin

image446.wmf
[

)

,

ttdt

+


oleObject443.bin

image447.wmf
(

)

(

)

{

}

531,

ptnAtn

=-=


oleObject444.bin

image1.wmf
1

D


image42.wmf
(

)

,

XY

¢¢


image448.wmf
[

)

,

ttdt

+


oleObject445.bin

image449.wmf
(

)

(

)

{

}

53,1

C

ptmAty

==-


oleObject446.bin

image450.wmf
C

my

³


oleObject447.bin

image451.wmf
[

)

,

ttdt

+


oleObject448.bin

image452.wmf
(

)

53,

pA


oleObject449.bin

oleObject41.bin

image453.wmf
3

D


oleObject450.bin

image454.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

Ap53A

11

A,p53,A,

1

0   

1

1

TTT

,,,

T

,

+

C

CC

C

CCnC

m

TmnBnmmnmn

ny

nymmy

ny

mn

dmngmngmn

mn

ftndPtgPPtgPt

ttt

t

--

³-

=+

===

=-

=-

=+

++

º

åååå

=WPWPWP

WP


oleObject451.bin

image455.wmf
(

)

(

)

(

)

(

)

(

)

(

)

AA

p53p53

AA

11

11

11

n

dd

C

n

gg

C

n

gg

C

+´

+´

+´

ì

=

ï

ï

ï

=

í

ï

ï

=

ï

î

WW

WW

WW


oleObject452.bin

image456.wmf
A

A

,            0,1,,;

,    1,2,.

C

n

d

nCC

ny

ndnyyC

=

ì

=

í

=++

î

0

W

1

L

L


oleObject453.bin

image457.wmf
(

)

p53

1

p531

0

,                                0,1,,1;

    

,    ,1,.

C

n

n

g

m

BnmmCC

m

ny

gPnyyC

-

³-+

=

=-

ì

ï

=

í

=+

ï

î

å

0

W

1

L

L


oleObject454.bin

image43.wmf
t


image458.wmf
A

1

A1

 ,    1;

,                        1.

C

C

mC

n

my

g

C

gny

ny

-

+

=

ì

=-

ï

=

í

¹-

ï

î

å

1

W

0


oleObject455.bin

image459.wmf
W


oleObject456.bin

image460.wmf
p53AA

T

TTTT

012

,,,,

ggdn

éù

=++=

ëû

WWWWWWWW

L


oleObject457.bin

image461.wmf
p53AA

nnn

nggd

=++

WWWW


oleObject458.bin

image462.wmf
(

)

(

)

1

A1

1

p531

0

1

Ap531

0

,                                       

      0,1,,2;

 ,                        1;

,                 ;

,    1,2

C

C

C

mC

my

n

n

m

BnmmC

m

n

m

nBnmmCC

m

ny

gny

gPny

ndgPnyy

-

+

=

-

³-+

=

-

³-+

=

=-

=-

=

=

+=++

å

å

å

0

1

W

1

11

L

L

,.

C

ì

ï

ï

ï

í

ï

ï

ï

î


oleObject459.bin

oleObject42.bin

image463.wmf
[

]

[

]

(

)

(

)

[

]

A

T

AAA

0,,0,,0,,0,0,,0,1,0,,0,0,,0,2,0,,0,,0,,0

,

dCC

ydydCd

éù

=++

éùéù

ëûëû

ëû

W

LLLLLLLLL


oleObject460.bin

image464.wmf
[

]

[

]

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

p53

1

01

T

p53p531p531

01011

p531p53p531p53p531p531

0,,0,,0,,0,,,,,0,,0,

,,,,0,,0,,,,,

C

CC

C

CC

y

gByByB

y

C

ByByBBCBCB

gPgPgP

gPgPgPgPgPgP

-

³³-³

-

³+³³³³-³

é

éù

=

ëû

ë

ù

éù

éù

ëû

ëû

û

W

LLLLL

LLLL


oleObject461.bin

image465.wmf
[

]

[

]

[

]

[

]

[

]

A

T

AAA

0,,0,,0,,0,0,,0,,,,,0,,0,,0,,0

g

ggg

éù

=

ëû

W

LLLLLLLL


oleObject462.bin

image466.wmf
[

]

[

]

[

]

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

1

01

T

AAAp53p531p531

1

01

p531p53p532Ap531

011

p53p531Ap531

0,,0,,0,,0,0,,0,,,,,,,,,0,,0,

,,,,1,0,,0,,

,,,

C

CC

CC

CC

y

ByByB

yy

ByByBCB

C

BCBCB

ggggPgPgP

gPgPgPydgP

gPgPCdgP

-

³³-³

-

³+³³³

-

³³-³

é

éù

=

ëû

ë

éù

++

ëû

ù

éù

+

ëû

û

W

LLLLLLL

LLL

L


oleObject463.bin

image467.emf
A degradation

p53

A

p53 production 

Absorbingdomain

(A)A production

y

C

D

3

5 10 15

Eventthreshold

0

50

100

150

T

i

m

i

n

g

m

e

a

n

 

P

Fixedthreshold  

Fluctuatingthreshold

5 10 15

0

20

40

P

5 10 15

Eventthreshold

07.

08.

09.

1

T

i

m

i

n

g

v

a

r

i

a

b

i

l

i

t

y

 

RP

1

RP

2

Fixedthreshold

Fluctuatingthreshold

(B)  (C) p53 = A

 

D= p53, p53()≥A(),A()≥

3 C

{( A)| }

t t t  y

 

W

g

p53

W

d

A

W

g

A


image468.wmf
3

D


image44.wmf
(

)

(

)

(

)

(

)

(

)

{

}

,00

Prob53,530530

XY

PtptXAtYppAA

¢¢

¢¢

====<=


oleObject464.bin

image469.wmf
(

)

(

)

(

)

(

)

{

}

3

53,53,

C

pAptAtAty

=³³

D


oleObject465.bin

image470.wmf
P


oleObject466.bin

image471.wmf
1

RP


oleObject467.bin

image472.wmf
2

RP


oleObject468.bin

image473.wmf
p53

5

g

=


oleObject43.bin

oleObject469.bin

image474.wmf
p53

1

d

=


oleObject470.bin

image475.wmf
1

b

=


oleObject471.bin

image476.wmf
C

5

y

=


oleObject472.bin

image477.wmf
max

5350

p

=


oleObject473.bin

image478.wmf
thresoldAA

Agd

=


image45.wmf
(

)

,

XY

Pt

¢¢


oleObject474.bin

image479.wmf
A

1

d

=


oleObject475.bin

image480.wmf
thresold

115

A

=

:


oleObject476.bin

image481.wmf
A

g


oleObject477.bin

image482.wmf
threshold

10

A

=


oleObject478.bin

image483.wmf
A

10

g

=


oleObject44.bin

oleObject479.bin

image484.wmf
A

1

d

=


oleObject480.bin

oleObject481.bin

image485.wmf
(

)

(

)

(

)

(

)

{

}

(53,)53, 53,

CC

pAptAtptxAty

³³³


oleObject482.bin

image486.wmf
0

CC

xy

==


oleObject483.bin

image487.wmf
0,0

CC

xy

>=


oleObject484.bin

image46.wmf
(

)

S

Pt

¢


image488.wmf
0

CC

xy

=>


oleObject485.bin

image489.wmf
0

CC

yx

>³


oleObject486.bin

image490.wmf
0

CC

xy

>>


oleObject487.bin

image491.wmf
(

)

(

)

(

)

(

)

{

}

4

(53,)53, 53,

CC

pAptAtptxAty

=³³³

D


oleObject488.bin

image492.wmf
0

CC

xy

>>


oleObject489.bin

oleObject45.bin

image493.wmf
(

)

53,

pA


oleObject490.bin

image494.wmf
53

p


oleObject491.bin

image495.wmf
A


oleObject492.bin

image496.wmf
(

)

(

)

{

}

53,

C

pAAty

<


oleObject493.bin

image497.wmf
(

)

(

)

(

)

{

}

53,53,

CCC

pAptxyAtx

<£<


oleObject494.bin

