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# P(i,j,k) calculations for homing with probability e, sensitive-wildtype (S), drive (D) and resistant 
(R)

# genotypes: 
# 1 : RR , 2: SS, 3: DD, 4: SR, 5: DR, 6: SD

P Array 1 ..6, 1 ..6, 1 ..6, fill = infinity ;

P

 1..6 x 1..6 x 1..6 Array

Data Type: anything

Storage: rectangular

Order: Fortran_order

# RRxRR ( j=1, k=1)
# all offspring are RR
P 1, 1, 1 1 : P 2, 1, 1 0 : P 3, 1, 1 0 : P 4, 1, 1 0 : P 5, 1, 1 0 : P 6, 1,

1 0 :

#RRxSS (j=1,k=2)
# all offspring are SR
P 1, 1, 2 0 : P 2, 1, 2 0 : P 3, 1, 2 0 : P 4, 1, 2 1 : P 5, 1, 2 0 : P 6, 1,

2 0 :

#RRxDD (j=1,k=3)
# all offspring are DR
P 1, 1, 3 0 : P 2, 1, 3 0 : P 3, 1, 3 0 : P 4, 1, 3 0 : P 5, 1, 3 1 : P 6, 1,

3 0 :

#RRxSR (j=1,k=4)
#half of offspring are RR, half are SR

P 1, 1, 4
1
2

: P 2, 1, 4 0 : P 3, 1, 4 0 : P 4, 1, 4
1
2

: P 5, 1, 4 0 : P 6,

1, 4 0 :

#RRxDR (j=1,k=5)
# no drive here because K is resistant
# half of offspring are RR, half are DR

P 1, 1, 5
1
2

: P 2, 1, 5 0 : P 3, 1, 5 0 : P 4, 1, 5 0 : P 5, 1, 5
1
2

: P 6,

1, 5 0 :

#RRxSD (j=1,k=6)
# with probability e, SD becomes DD in terms of alleles produced; with prob (1-e) remains SD
# prob e: RRxDD: all offspring are DR
# prob (1-e): RRxSD: half of offspring are DR, half are SR
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P 1, 1, 6 0 : P 2, 1, 6 0 : P 3, 1, 6 0 : P 4, 1, 6  1 e
1
2

: P 5, 1,

6 e 1 e
1
2

: P 6, 1, 6 0 :

#SSxRR (j=2,k=1)
#all offspring are SR
P 1, 2, 1 0 : P 2, 2, 1 0 : P 3, 2, 1 0 : P 4, 2, 1 1 : P 5, 2, 1 0 : P 6, 2,

1 0 :

#SSxSS (j=2,k=2)
#all offspring are SS
P 1, 2, 2 0 : P 2, 2, 2 1 : P 3, 2, 2 0 : P 4, 2, 2 0 : P 5, 2, 2 0 : P 6, 2,

2 0 :

#SSxDD (j=2,k=3)
# all offspring are SD
P 1, 2, 3 0 : P 2, 2, 3 0 : P 3, 2, 3 0 : P 4, 2, 3 0 : P 5, 2, 3 0 : P 6, 2,

3 1 :

#SSxSR (j=2,k=4)   
#half of offspring are SR, half are SS

P 1, 2, 4 0 : P 2, 2, 4
1
2

: P 3, 2, 4 0 : P 4, 2, 4
1
2

: P 5, 2, 4 0 : P 6,

2, 4 0 :

#SSxDR (j=2,k=5)
#no drive here, so half of offspring are SR, half are SD

P 1, 2, 5 0 : P 2, 2, 5 0 : P 3, 2, 5 0 : P 4, 2, 5
1
2

: P 5, 2, 5 0 : P 6,

2, 5
1
2

:

#SSxSD (j=2,k=6)
# prob e this is SSxDD, all of whose offspring will be SD
# prob (1-e) this is SSxSD, half of whose offspring will be SS, half of offspring SD

P 1, 2, 6 0 : P 2, 2, 6 1 e
1
2

: P 3, 2, 6 0 : P 4, 2, 6 0 : P 5, 2,

6 0 : P 6, 2, 6 e 1 e
1
2

:

#DDxRR (j=3,k=1)
#all offspring are DR
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P 1, 3, 1 0 : P 2, 3, 1 0 : P 3, 3, 1 0 : P 4, 3, 1 0 : P 5, 3, 1 1 : P 6, 3,
1 0 :

#DDxSS (j=3,k=2)
#all offspring are SD
P 1, 3, 2 0 : P 2, 3, 2 0 : P 3, 3, 2 0 : P 4, 3, 2 0 : P 5, 3, 2 0 : P 6, 3,

2 1 :

#DDxDD (j=3,k=3)
#all offspring are DD
P 1, 3, 3 0 : P 2, 3, 3 0 : P 3, 3, 3 1 : P 4, 3, 3 0 : P 5, 3, 3 0 : P 6, 3,

3 0 :

#DDxSR (j=3,k=4)
#half of offspring are DR, half are SD

P 1, 3, 4 0 : P 2, 3, 4 0 : P 3, 3, 4 0 : P 4, 3, 4 0 : P 5, 3, 4
1
2

: P 6,

3, 4
1
2

:

#DDxDR (j=3,k=5)
#no drive here, so half of offspring are DR, half are DD

P 1, 3, 5 0 : P 2, 3, 5 0 : P 3, 3, 5
1
2

: P 4, 3, 5 0 : P 5, 3, 5
1
2

: P 6,

3, 5 0 :

#DDxSD (j=3,k=6)
#with prob e this is DDxDD, for which all offspring are DD
#with prob (1-e) this is DDxSD, for which half of offspring are DD, half are SD

P 1, 3, 6 0 : P 2, 3, 6 0 : P 3, 3, 6 e 1 e
1
2

: P 4, 3, 6 0 : P 5, 3,

6 0 : P 6, 3, 6 1 e
1
2

:

#halfway through!

#SRxRR (j=4,k=1)
# half of offspring are SR, half RR

P 1, 4, 1
1
2

: P 2, 4, 1 0 : P 3, 4, 1 0 : P 4, 4, 1
1
2

: P 5, 4, 1 0 : P 6,

4, 1 0 :

#SRxSS (j=4,k=2)
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#half of offspring are SR, half SS

P 1, 4, 2 0 : P 2, 4, 2
1
2

: P 3, 4, 2 0 : P 4, 4, 2
1
2

: P 5, 4, 2 0 : P 6,

4, 2 0 :

#SRxDD (j=4,k=3)
#half of offspring are DR, half are SD

P 1, 4, 3 0 : P 2, 4, 3 0 : P 3, 4, 3 0 : P 4, 4, 3 0 : P 5, 4, 3
1
2

: P 6,

4, 3
1
2

:

#SRxSR (j=4, k=4)
#quarter RR, half SR, quarter SS

P 1, 4, 4
1
4

: P 2, 4, 4
1
4

: P 3, 4, 4 0 : P 4, 4, 4
1
2

: P 5, 4, 4 0 :

 P 6, 4, 4 0 :

#SRxDR (j=4,k=5)
# no drive here
#quarter are RR, quarter are DR, quarter are SR, quarter are SD

P 1, 4, 5
1
4

: P 2, 4, 5 0 : P 3, 4, 5 0 : P 4, 4, 5
1
4

: P 5, 4, 5
1
4

:

P 6, 4, 5
1
4

:

#SRxSD (j=4,k=6)
# with prob e this is SRxDD, for which half are DR, half SD
# with prob (1-e) this is SRxSD, for which quarter are DR, quarter are SR, quarter are SD, 

quarter are SS

P 1, 4, 6 0 : P 2, 4, 6 1 e
1
4

: P 3, 4, 6 0 : P 4, 4, 6 1 e

1
4

: P 5, 4, 6 e
1
2

1 e
1
4

: P 6, 4, 6 e
1
2

1 e

1
4

:

#DRxRR (j=5,k=1)
#no drive here
# half are RR, half are DR

P 1, 5, 1
1
2

: P 2, 5, 1 0 : P 3, 5, 1 0 : P 4, 5, 1 0 : P 5, 5, 1
1
2

: P 6,

5, 1 0 :



> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 
> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 

> > 
> > 

> > 

> > 

> > 

> > 

#DRxSS (j=5,k=2)
#half are SR, half are SD

P 1, 5, 2 0 : P 2, 5, 2 0 : P 3, 5, 2 0 : P 4, 5, 2
1
2

: P 5, 5, 2 0 : P 6,

5, 2
1
2

:

#DRxDD (j=5,k=3)
#half are DR, half are DD

P 1, 5, 3 0 : P 2, 5, 3 0 : P 3, 5, 3
1
2

: P 4, 5, 3 0 : P 5, 5, 3
1
2

: P 6,

5, 3 0 :

#DRxSR (j=5,k=4)
#quarter are RR, quarter DR, quarter SD, quarter SR

P 1, 5, 4
1
4

: P 2, 5, 4 0 : P 3, 5, 4 0 : P 4, 5, 4
1
4

: P 5, 5, 4
1
4

:

P 6, 5, 4
1
4

:

#DRxDR (j=5,k=5)
#quarter are RR, quarter are DD, half are DR

P 1, 5, 5
1
4

: P 2, 5, 5 0 : P 3, 5, 5
1
4

: P 4, 5, 5 0 : P 5, 5, 5
1
2

:

P 6, 5, 5 0 :

#DRxSD (j=5,k=6)
#can have drive here
# with prob e we have DRxDD, for which half are DR, half are DD
#with prob (1-e) we have DRxSD, for which quarter are DR, quarter DD, quarter SD, quarter SR

P 1, 5, 6 0 : P 2, 5, 6 0 : P 3, 5, 6 e
1
2

1 e
1
4

: P 4, 5, 6 1

e
1
4

: P 5, 5, 6 e
1
2

1 e
1
4

: P 6, 5, 6 1 e
1
4

:

#SDxRR (j=6,k=1)
#homing here
#with prob e we have DDxRR, for which all offspring are DR
#with prob (1-e) we have SDxRR, for which half are DR, half SR

P 1, 6, 1 0 : P 2, 6, 1 0 : P 3, 6, 1 0 : P 4, 6, 1 1 e
1
2

: P 5, 6,
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1 e 1 e
1
2

: P 6, 6, 1 0 :

#SDxSS (j=6,k=2)
#with prob e we have DDxSS, for which all offspring are SD
#with prob 1-e we have SDxSS, for which half are SD, half SS

P 1, 6, 2 0 : P 2, 6, 2 1 e
1
2

: P 3, 6, 2 0 : P 4, 6, 2 0 : P 5, 6,

2 0 : P 6 , 6, 2 e 1 e
1
2

:

#SDxDD (j=6,k=3)
#with prob e we have DDxDD, for which all are DD
#prob (1-e) we have SDxDD, for which half are SD, half are DD

P 1, 6, 3 0 : P 2, 6, 3 0 : P 3, 6, 3 e 1 e
1
2

: P 4, 6, 3 0 : P 5, 6,

3 0 : P 6, 6, 3 1 e
1
2

:

#SDxSR (j=6,k=4)
#with prob e we have DDxSR, for which half are DR, half SD
#with prob (1-e) we have SDxSR, for which quarter are DR, quarter are SD, quarter SR, quarter 

SS

P 1, 6, 4 0 : P 2, 6, 4 1 e
1
4

: P 3, 6, 4 0 : P 4, 6, 4 1 e

1
4

: P 5, 6, 4 e
1
2

1 e
1
4

: P 6, 6, 4 e
1
2

1 e

1
4

:

#SDxDR (j=6,k=5)
#prob e we have DDxDR, for which half are DR, half DD
#prob (1-e) SDxDR, for which quarter are DR, quarter DD, quarter SR, quarter SD

P 1, 6, 5 0 : P 2, 6, 5 0 : P 3, 6, 5 e
1
2

1 e
1
4

: P 4, 6, 5 1

e
1
4

: P 5, 6, 5 e
1
2

1 e
1
4

: P 6, 6, 5 1 e
1
4

:

#SDxSD (j=6,k=6)
#with prob (e)2 , homing occurs at both and so we have DDxDD : all offspring DD
#with prob 2 e (1-e), we have homing at exactly one, so we have SDxDD: half are DD, half are 

SD 
#with prob (1-e)2 we have homing at neither, so SDxSD, meaning quarter are DD,
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 quarter are SS, half are SD

P 1, 6, 6 0 : P 2, 6, 6 1 e 2 1
4

: P 3, 6, 6 e 2 2 e 1 e
1
2

1 e 2 1
4

: P 4, 6, 6 0 : P 5, 6, 6 0 : P 6, 6, 6 2 e 1 e
1
2

1 e 2 1
2

:

w Array 1 ..6 : 
w 1 1 : w 2 1 : w 3 1 s : w 4 1 : w 5 1 h s : w 6 1 h s;

w 1 1 1 s 1 h s 1 h s 1

N_tot N 1 N 2 N 3 N 4 N 5 N 6 :
 for i from 1 to 6 do
 b i 0 :
 for j from 1 to 6 do
 for k from 1 to 6 do
 b i b i P i, j, k N j N k :
 end do:
 end do:

 b i
b i lambda w i

N_tot
;

 end do:

f i b i 1 q N_tot rho N i alpha N i N_tot :

odes f 1 , f 2 , f 3 , f 4 , f 5 , f 6 ;

odes
1

N1 N2 N3 N4 N5 N6
N1

2 N1 N4 N1 N5
1
4

 N4
2 1

2
 N4 N5

1
4

 N5
2   N1 N2 N3 N4 N5 N6  q 1  N1  N1 N1 N2

N3 N4 N5 N6 ,
1

N1 N2 N3 N4 N5 N6
N2

2 N2 N4 2 
1
2

e
2

 N2 N6

N4
2

4
2 

1
4

e
4

 N4 N6

1 e 2 N6
2

4
  N1 N2 N3
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N4 N5 N6  q 1  N2  N2 N1 N2 N3 N4 N5 N6 ,

1
N1 N2 N3 N4 N5 N6

N3
2 N3 N5 2 

e
2

1
2

 N3 N6

N5
2

4
2 

e
4

1
4

 N5 N6 e2 e 1 e
1 e 2

4
 N6

2   1 s  N1 N2 N3 N4

N5 N6  q 1  N3  N3 N1 N2 N3 N4 N5 N6 ,

1
N1 N2 N3 N4 N5 N6

2 N1 N2 N1 N4 2 
1
2

e
2

 N1 N6 N2 N4

N2 N5

N4
2

2

N4 N5

2
2 

1
4

e
4

 N4 N6 2 
1
4

e
4

 N5 N6   N1

N2 N3 N4 N5 N6  q 1  N4  N4 N1 N2 N3 N4 N5

N6 ,
1

N1 N2 N3 N4 N5 N6
2 N1 N3 N1 N5 2 

e
2

1
2

 N1 N6

N3 N4 N3 N5

N4 N5

2
2 

e
4

1
4

 N4 N6

N5
2

2
2 

e
4

1
4

 N5 N6   

h s 1  N1 N2 N3 N4 N5 N6  q 1  N5  N5 N1 N2 N3

N4 N5 N6 ,
1

N1 N2 N3 N4 N5 N6
2 N2 N3 N2 N5 2 

e
2

1
2

 N2 N6 N3 N4 2 
1
2

e
2

 N3 N6

N4 N5

2
2 

e
4

1
4

 N4 N6
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2 
1
4

e
4

 N5 N6 e 1 e
1 e 2

2
 N6

2   h s 1  N1 N2

N3 N4 N5 N6  q 1  N6  N6 N1 N2 N3 N4 N5 N6

equil_N
 q

;

equil_N
 q

with VectorCalculus : with LinearAlgebra :

J Jacobian odes 1 , odes 2 , odes 3 , odes 4 , odes 5 , odes 6 , N 1 , N 2 , N 3 ,
N 4 , N 5 , N 6 :

# Evaluate Jacobian matrix at Wildtype:Resistant equilibrium, with resistant allele frequency equal 
to q_R

 
# Keep in mind that there is a line of Wildtype:Resistant equilibria, as we have no cost of 
resistance here

J_WT_RES simplify subs N 3 = 0, N 5 = 0, N 6 = 0, N 1 = equil_N q_R q_R, N 2
= equil_N 1 q_R 1 q_R , N 4 = equil_N 2 q_R 1 q_R , J ;

J_WT_RES

q_R2 
2
 q 2 q_R2 2 q_R 1  2 q q_R

1
2

   q_R2 

 q
, 

q_R2 2  
2
 q

 q
, 

q_R2 2  
2
 q

 q
, 

q_R 
2
 q q_R 2 q_R 1  q   q_R 

 q
, 

q_R 
2
 q q_R 2 q_R 1  q   q_R 

 q
, 

q_R2 2  
2
 q

 q
, 

2  
2
 q  1 q_R 2

 q
, 

1
 q

1 q_R 2 q 
2



> > 

> > 

> > 

> > 

> > 
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> > 

2 q_R2 2 q_R 1  2 q q_R
1
2

    1 q_R 2 , 

2  
2
 q  1 q_R 2

 q
, 

q 1 q_R  
2

2 q_R 1  q    1 q_R  1 q_R
 q

, 

2  
2
 q  1 q_R 2

 q
, 

1
 q

1 q_R  q 1

q_R  
2

e 2 q_R 1  q  1 e    1 q_R , 

0, 0, 
 q 

 q
, 0, 0, 0 , 

2 1 q_R  
2
 q q_R 2 q_R 1  q   q_R 

 q
, 

2 q_R q 1 q_R  
2

2 q_R 1  q    1 q_R
 q

, 

2 q_R 2  
2
 q  1 q_R

 q
, 

2 q_R 2  
2
 q  1 q_R

 q
, 

1 q_R  2 
2
 q q_R 4   q_R 2  q_R  q  

 q
, 

1
 q

q_R 2 q 1 q_R  
2

e 4 q_R 3  q  1 e  

2   1 q_R , 

0, 0, 
2 q_R  h s 1  q 

 q
, 0, 

 q  h s q_R q_R 1
 q

, 

q_R e 1   h s 1  q 
 q

, 
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0, 0, 
2 1 q_R   h s 1  q 

 q
, 0, 

1 q_R   h s 1  q 
 q

, 

 h s 1  e 1  q_R e h s h s e  q 
 q

simplify Eigenvalues J_WT_RES ;
0

1 q_R  h s 1  e h s   q 
 q

 q 
 q

 q 
 q

 q 
 q

# We have a zero eigenvalue because of the line of Wildtype:Resistant equilibria. Four of the 
remaining five eigenvalues are negative by inspection because of demographic parameters. 
Final eigenvalue can have positive or negative sign, corresponding to invasion or loss of drive 
at this equilibrium: 

solve
1 q_R  h s 1  e h s   q 

 q
= 0, q_R ;

e h s h s e
h s 1  e

# This is the invasion threshold criterion


