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Supplementary Equations S1

The production of DSBs can be described by a linear function of radiation dose 1[]
.
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denotes the average of DSBs per cell, 
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is the slope and
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denotes dose.

The DSBs’ dynamics is described as following2[]
:
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is repair rate of DSBs. So
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The death rate of cells treated by radiation is
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Where 
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stands for lethal mis-repair rate of per DSB pair 2[]
. Here, we neglect
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The ODEs are 

[image: image13.wmf](

)

(

)

(

)

(

)

1

2

1

2

1

111

2

1

1

1

exp(2)

2

1

1exp(2)

2

...

1

2exp(2)

2

...

2

M

TiCCC

i

NTCNN

i

NiNiTiNNi

M

NMM

dC

KNKeCmkDrtC

dt

dN

KNKNKeCmkDrtN

dt

dN

KNKNKNmkDrtN

dt

dN

KNdN

dt

-

=

-

-

=´+´´--´

=-´-´+´-´--´

=´´-´-´--´

=´´-´

å


Supplementary Equations S2
In present study, to minimize the impact of transition rates on the growth rates, the growth rate KN and KC were calculated from the quantity changes of sorted CSCs and NSCCs in a short period (one day). Because CSCs and NSCCs’ cell cycles both are around one day, the division of newly born NSCCs in sorted CSCs population contribute little to quantity change in one day and the division of new CSCs in sorted NSCCs also can be treated as insignificant. We estimate KN and KT by 
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The initial condition are sorted NSCCs. 

And we estimate KC by 
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The initial condition are sorted CSCs. 

We could get the expression of N and C by using these equations and initial conditions. And then we infer these three parameters according to experiment data.
Supplementary Discussion S1

This model is simplified by introducing a constant death rate KD to replace age structure of NSCC.
The ODEs are as follows:
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where 
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Define 
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Which is the net proliferation rate of NSCCs.

The equations become
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Define 
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R is the proportion of CSCs in the whole population.

We get
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The part on the right of equal mark is a quadratic equation.

Define
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Now we explore the solutions of this quadratic equation when 
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. Which represent the proportion of CSCs at the equilibrium.
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1 Condition of 
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There exists one stable solution.
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(3) If
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There is at most one stable solution that satisfies
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(i) If 
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, there exist at most one stable solution.
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The prerequisite for 
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. However, this requirement cannot be satisfied in our experiment or in most tumors 3[]
. 
(If R is initially zero, R will always be zero. But it is not stable. A little fluctuation will lead the ratio of CSC to
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. This situation, however, is impractical due to limited control over R) 

(ii) If
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The phase portrait of analysis above is shown in Supplementary Fig. S3.
Furthermore, things will be a little different if NSCC has an age structure. Under the condition of KT=0, proportion of CSC is close to zero for most of the time. It is large enough to be detected by present experiment methods unless e is large or M is small enough as proportion of CSC 
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Supplementary Tables
Table S1. Simulation of cell number

	
	sorted NSCCs
	sorted CSCs
	70%CSC+30%NSCC

	t/day
	CSC
	NSCC
	CSC
	NSCC
	CSC
	NSCC

	0
	0
	1.00E+03
	1.00E+03
	0
	700
	300

	2
	1.50E+03
	2.39E+03
	3.77E+03
	1.37E+03
	3.09E+03
	1.68E+03

	4
	9.25E+03
	7.80E+03
	1.63E+04
	8.60E+03
	1.42E+04
	8.36E+03

	6
	4.67E+04
	3.17E+04
	7.48E+04
	4.40E+04
	6.64E+04
	4.03E+04

	8
	2.25E+05
	1.42E+05
	3.50E+05
	2.13E+05
	3.12E+05
	1.92E+05

	10
	1.06E+06
	6.63E+05
	1.65E+06
	1.01E+06
	1.47E+06
	9.09E+05

	12
	5.03E+06
	3.12E+06
	7.77E+06
	4.80E+06
	6.95E+06
	4.30E+06

	14
	2.38E+07
	1.47E+07
	3.67E+07
	2.27E+07
	3.28E+07
	2.03E+07

	16
	1.12E+08
	6.95E+07
	1.73E+08
	1.07E+08
	1.55E+08
	9.60E+07

	18
	5.30E+08
	3.28E+08
	8.18E+08
	5.07E+08
	7.32E+08
	4.54E+08

	20
	2.50E+09
	1.55E+09
	3.86E+09
	2.39E+09
	3.46E+09
	2.14E+09

	22
	1.18E+10
	7.33E+09
	1.83E+10
	1.13E+10
	1.63E+10
	1.01E+10

	24
	5.59E+10
	3.46E+10
	8.62E+10
	5.34E+10
	7.71E+10
	4.78E+10


Table S2. Experiment data for Figure 2B: sorted NSCCs

	t/day
	proportion of CSC(%)
	error(%)

	0
	0.59 
	0.46 

	2
	30.90 
	14.48 

	4
	40.00 
	9.28 

	6
	47.40 
	7.51 

	8
	55.23 
	6.87 

	10
	53.65 
	12.19 

	12
	50.43 
	3.91 

	14
	54.83 
	6.12 

	16
	59.60 
	4.38 

	18
	59.78 
	9.40 

	20
	59.20 
	2.17 

	22
	62.73 
	2.81 

	24
	61.90 
	6.30 


Table S3. Experiment data for Figure 2B: sorted CSCs

	t/day
	proportion of CSC(%)
	error(%)

	0
	99.43 
	0.45 

	2
	83.50 
	0.50 

	4
	78.68 
	1.90 

	6
	73.23 
	9.46 

	8
	71.50 
	2.40 

	10
	69.40 
	9.91 

	12
	70.55 
	5.28 

	14
	71.40 
	5.26 

	16
	71.35 
	5.59 

	18
	73.45 
	3.08 

	20
	71.23 
	6.66 

	22
	67.88 
	5.61 

	24
	65.67 
	5.87 


Table S4. Simulation of cell number (Radiation) 

	
	sorted NSCCs
	sorted CSCs
	70%CSC+30%NSCC

	t/day
	CSC
	NSCC
	CSC
	NSCC
	CSC
	NSCC

	0
	0
	1.00E+03
	1.00E+03
	0
	700
	300

	2
	8.61E+02
	1.35E+03
	3.58E+03
	1.29E+03
	2.76E+03
	1.31E+03

	4
	5.28E+03
	4.43E+03
	1.55E+04
	8.14E+03
	1.24E+04
	7.03E+03

	6
	2.66E+04
	1.80E+04
	7.09E+04
	4.17E+04
	5.76E+04
	3.46E+04

	8
	1.28E+05
	8.11E+04
	3.31E+05
	2.02E+05
	2.70E+05
	1.66E+05

	10
	6.07E+05
	3.78E+05
	1.56E+06
	9.61E+05
	1.27E+06
	7.86E+05

	12
	2.87E+06
	1.78E+06
	7.36E+06
	4.55E+06
	6.01E+06
	3.72E+06

	14
	1.35E+07
	8.39E+06
	3.47E+07
	2.15E+07
	2.84E+07
	1.76E+07

	16
	6.40E+07
	3.96E+07
	1.64E+08
	1.02E+08
	1.34E+08
	8.31E+07

	18
	3.02E+08
	1.87E+08
	7.75E+08
	4.80E+08
	6.33E+08
	3.92E+08

	20
	1.43E+09
	8.84E+08
	3.66E+09
	2.27E+09
	2.99E+09
	1.85E+09

	22
	6.74E+09
	4.18E+09
	1.73E+10
	1.07E+10
	1.41E+10
	8.76E+09

	24
	3.18E+10
	1.97E+10
	8.17E+10
	5.06E+10
	6.68E+10
	4.14E+10


Supplementary Code: Code of simulated annealing algorithm
n=50

KN=zeros(n,1);

KC=zeros(n,1);

E=zeros(n,1);

seq=0; 

while(seq<n) 

   Kn=0.5+0.5*rand(1);

   Kc=0.5+0.5*rand(1);

   e=rand(1);

    T0=1e9;

    Tmin=1e-10;

    f=0.9;

    T=T0;

    inner=zeros(1,5);

    tspan=0:2:24;

while (T>Tmin)

 for innerlength=1:1:20

    [t,y]=ode45(@sc,tspan,[B;sum(B(:))*49]);

    total=zeros(length(tspan),1);

    for i=1:1:length(tspan)

        for j=1:1:M-1

            total(i)=total(i)+y(i,j);

        end

        total(i)=total(i)+y(i,M+1);

    end

    ratio2=y(:,M+1)./total(:);   

    Eold=sum((result2-ratio2).^2); 

    Knold=Kn;

    Kcold=Kc;

    eold=e;

    Knnew=Kn+(0.5*rand(1)-0.25)*(log10(T)+11)/20;

    if(Knnew<0.5|Knnew>1)

        Knnew=Knold;

    end

    Kcnew=Kc+(0.5*rand(1)-0.25)*(log10(T)+11)/20;

    if(Kcnew<0.5|Kcnew>1)

        Kcnew=Kcold;

    end

    enew=e+(1*rand(1)-0.5)*(log10(T)+11)/20;

    if(enew<0|enew>1)

        enew=eold;

    end

    Kn=Knnew;

    Kc=Kcnew;

    e=enew;

    [t,y]=ode45(@sc,tspan,[B;sum(B(:))*49]);

    total=zeros(length(tspan),1);

    for i=1:1:length(tspan)

        for j=1:1:M-1

            total(i)=total(i)+y(i,j);

        end

        total(i)=total(i)+y(i,M+1);

    end

    ratio2=y(:,M+1)./total(:);   

    Enew=sum((result2-ratio2).^2);

    if Enew<=0.05%

        break;

    end

    if rand(1)<min(1,exp(-(Enew-Eold)/T))

          Kn=Knnew;

          Kc=Kcnew;

          e=enew;

        for i=1:1:4

            inner(i)=inner(i+1);

        end

        inner(5)=Enew;

    else

          Kn=Knold;

          Kc=Kcold;

          e=eold;

    end

    if std(inner)<=0.01

        break

    end   

end

if Enew<=0.05% 

    break;

end

T=f*T;

end
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