Generalities

Working directory is notebook directory

n-1= SetDirectory[NotebookDirectory[]];

Simplifications
Function to simplify, with conditions on the parameters

mp= AF[X_] =
Assuming[dOO > 0 && dOO < 1 && Cprive > O && Cprive < 1 && dOD > O && dOD > dOO && dDD > 0 &&
pD > 0 && pD < 1 & Ntot > 0 && diffHW € Reals & dBB > 0 && dBB < 1 && hOB > 0 &% h0B < 1 &&
hDB > 0 && hDB < 1 && dBB > d00 && dDD > dBB && hDO > 0 && hDO < 1 && Cprake > O &&
Cgrake £ 1&& B0O0O > 0 && BOD > 0 && BDD > 0 && OB > 0 && BDB > 0 && BBB > 0 &&
b>08&&w00 > 0&8&wOD > 0 && wDD > 0 && KK > 0, FullSimplify[x]]

Definitions

Vector of genotype densities

noo
noOD
nDD | .
nes |’
nDB
nBB

nj= VG =

Vector of fecundities per genotype

00O
BOD
BDD |,
BgOB |’
DB
BBB

nj= BG =

Vector of genotype densities scaled by their fecundities

n-1= scaled = Diagonal[BG.Transpose[VG]];
% // MatrixForm

Out[ = J//MatrixForm=
noo SO0
noD 30D
nDD 3DD
noB [0B
nDB ;3DB
nBB 3BB

Matrix of crosses
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1= Crossings = Transpose[{scaled}].{scaled};
% // MatrixForm

Out[ = J//MatrixForm=

nee2 3002 nOO nOD 300 30D NGO nDD BGG DD nOO NOB B00 0B NGO NDB 366 DB NOO nBE
noO nBD 300 36D noD? 30D2 nGD nDD 30D 3DD NGB NOD 6B 30D nOD NDB S6D DB nOD nBE
nee nDD 300 ADD nOD nDD 36D DD nDD? 3DD? nOB nDD 30B 3DD nDB nDD 3DB DD nBB nDL
noOO nOB 300 0B NGB NOD OB BOD nOB NDD SOB BDD nOB2 30B2 nOB nDB 30B 3DB nOB NBE
n®® nDB 300 DB nGD nDB 36D 3DB nDB nDD DB 3DD nOB nDB 6B 3DB nDB2 3DB2 nBB nDE
nO® nBB 300 BB nGD nBB 36D 3BB nBB nDD BB DD nOB nBB 0B BB nBB nDB 3BB DB nBB*

Matrices for the outputs of crosses

The crosses are in the same order as the Crossings matrix (rows and columns in the order of the
genotype vector);

The values are the probabilities that such a cross gives the focal genotype (focal ID in matrix name).
->the sum of the 6 matrices is a matrix of ones. This is the law of total probabilities.

->the sums of all elements of the homozygotes’ matrices are the same, likewise for the elements of
the heterozygotes’ matrices. This is because there is not selection yet so alleles are interchange-

able.
1 1/201/200
1/2 1/40 1/400
1= Cross00 = 0 6 o6 06 00|,
1/2 1/40 1/40 0
@ 0 0 0 060
@ © 0 o 060
@ 1/2 1 e 1/2 0
1/2 1/21/21/41/4 0
= CrossOD = 1 1/2 0 1/2 © o H
© 1/41/2 o 1/40
1/21/4 0 1/4 0 0
© o o o 0o o
© 6 0 0 o o
©1/41/201/40
n-j= CrossDD = © 1/2 1 0 1/2 0 H
© 6 © o o o
©1/41/20 1/40
© 6 0 0 o o
@ o 01/21/2 1
© © ©01/41/41/2
© o o o 0o o
= CrossOB = 1/2 1/4 0 1/2 1/4 1/2 H
1/21/40 1/4 o 0
1 1/201/2 o @
© 6 © o o 0
© 0 © 1/41/41/2
6 o o 1/21/2 1
;= CrossDB = 0 1/4 1/2 o 1/4 o 5
0 1/41/21/41/21/2
©1/2 1 o 1/2 o
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0 0 0
0 (°] (C]
0 (0] (C]

m-1= CrossBB =

“e

1/4 1/4 1/2
1/4 1/4 1/2

1/21/2 1

Check that that the sums are OK

© 06 ©0 0600
©@ © 0 000
© © ©0 0006

n-1= {Total[Total[Cross00]], Total[Total[CrossDD]], Total[Total[CrossBB]]}
{Total[Total[CrossOD]], Total[Total[CrossOB]], Total[Total[CrossDB]]}
Cross00 + CrossDD + CrossBB + CrossOD + CrossOB + CrossDB // MatrixForm

ouf-]= {4, 4, 4}

our-- {8, 8, 8}

Out[ = J//MatrixForm=

1

PR R RR
PR RRRR
N Y
I
PR RRRR
N

Check formula

mn-1= {scaled}.Cross00.scaled // MatrixForm
Out[ = J//MatrixForm=

( noOB 3OB (n002/300 N nGB4/3(DB N nOD4/30D) + nOD D (nOOZBOO N n@B4fsoB N n0D4[30D + nOO OO (nOO 3OO + noszg

Matrix of gene conversion: transformations of heterozygotes into homozygotes
cx conversion probability for type X (Drive, Brake). If conversion fails, the allele is unchanged (no
resistance).

1 0 0 0 0 0

O 1-Cprive 0 O (0] 0]
-7~ Conversion = 0 Corive 10 © 0 ;

0 0 0 1 (0] 0

0 0 O 0 1-cCgrake ©

[¢] 0 0 0 CBrake 1

Changing the variables : find equivalence between the two sets of variables

WT and drive only

1= Solve[{Ntot = n@O + nGD + nDD, (=

D
-2pD (1-pD
Ntot " (1-pP)},

{n0@, noD, nDD, n@B, nDB, nBB}] // Fullsimplify
solCV2 = %[[1];

#)pD == (nDD +1 /2 n6D) /Ntot, dHW =

Solve: Equations may not give solutions for all "solve" variables.

o ({00 5~ = Ntot (dHW -2 (-1+pD)?|,
2

dHW Ntot
n@D > Ntot (dHW-2 (-1+pD) pD), nDD - - — +Ntot pD*} }

Change of variables with WT, Drive and Brake
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n-j- Solve[{Ntot = n@O + nGD + nDD + N@B + NDB + NBB, (*

*)pD == (nDD+1 /2n06D +1 /2 nDB) /Ntot, diffHWeD = nob -2pD (1-pD-pB), (x
Ntot

*)pB = (nBB+1/2n@B+1/2nDB) /Ntot, diffHWOB == noB -2pB (1-pD-pB), (x
Ntot

B
-2 pD pB}, {n6O, nGD, nDD, n@B, nDB, nBB}] // AF
Ntot

%) diffHWDB ==
solCV3 = %[[1];

our = { {neO - - L Ntot (diffHWOB+d1’fwa0D— 2 (-1+pB+ pD)z) ,
2

n@D - Ntot (diffHWeD -2 pD (-1+pB+pD)),

1
nDD - - — Ntot (diffHwWeD + diffHWDB - 2 pD?) ,
2

n@B - Ntot (diffHWOB -2 pB (-1+pB+pD)), nDB > Ntot (diffHWDB +2 pBpD),
nBB - - 1 Ntot (diffHWOB + diffHWDB -2 pB?)}}
2

Demographic functions

Linear birth, death with density dependence

1= BL[Ntot_] := b Ntot;
D1[Ntot_] := dl+d2Ntot+d3 Ntot?;

Birth with density dependence, constant death

n-- demog = {Birth[Ntot] - Ntot (1-Ntot /KK),
2 Ntot

Death[Ntot] - 1, Birth'[Ntot] » 1- , Death ' [Ntot] » 0};

Model with WT only

7= dNWT = w00 BOO2 Birth[Ntot] - d00 Death[Ntot] n60 /. nBO » Ntot
solWTonly = Solve[ (dNWT /. demog) == 0, Ntot]
sol0 = soWTonly[2];

out- - 3002 wOO Birth[Ntot] - dOO Ntot Death[Ntot]

1}

-d00 KK + KK 3002 w00
3002 wOO

our - {{Ntot > 0}, {Ntot -

1= NWT = Ntot /. solWTonly[2] // AF
doeo KK

5002 wOO

Out[#]= KK -

WT viability conditions

= D[dNWT, Ntot] /. demog /. Ntot » 0
ou- - —dOB + BOO? wWOO

Check parameters

The parameters are standardised to yield the same equilibrium value of population size (using NWT
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above), which is negative in the case of an eradication drive (i.e. the actual equilibrium is then 0).
So testing the three parameter combinations that we use in the paper:

Infe]:= /e {d>1.1, Bo>1, w1}

Bw

d
2—/. {d->0.6, B>1, w- 0.545}
B°w

d
2—/. {d>0.6, 3>0.738, w-> 1}
B* w

o= 1.1
ouf-1- 1.10092
ouf1- 1.10164
We rounded the parameter values, which is why the combinations are not exactly 1.1.

Parameters for replacement drive only used in the stability analysis:

Infe]:= /. {d->0.7, Bo1, w1}

Bw

" /. {d>0.6, B>1, w->0.86}
B w

d
— /. {d>0.6, B>0.93, w-> 1}
B w

ouf - ©.7

ou - ©.697674

ouf - ©.693722

Export to C for the simulations

n-= chgvar = {nGO - pop[0O], nGD -» pop[1l],
nDD -» pop[2], n@GB » pop[3], nDB » pop[4], nBB » pop[5],
BOO » betad0O, BOD » betadD, BDD » betaDD, OB -» betaOB,
BDB - betaDB, BB » betaBB,
Cprive = CconversionD, Cprake = CONversionB,
Ntot - popsize,
w00 -» omegal0O, wOD » omegadD,
wDD -» omegaDD, w0OB » omega®B, wDB » omegaDB, wBB -» omegaBB,
Birth[Ntot] - popsize * (1 - popsize /K),
Death[Ntot] - 1};
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Other functions to link to C

in-= ComputeNeq[KK_, doeo_, dDD_, dBB_, omega®0®_, omegaDD_, omegaBB_, beta0o_,
betaDD_, betaBB_, hDO_, hB0_, hDB_, conversionD_, conversionB_,
NeD_, freqIntroduction_, NOB_, MAXTIME_, convType_, NREPS_] :=
{—dOOKKq-KKbetaoozomegaOO - dDD KK + KK betaDD? omegaDD

b
beta00? omegado betaDD? omegaDD
—dBBKKd-KKbetaBBzomegaBB}

betaBB? omegaBB
Parameters chosen in the simulations

n-1= simKK = 250003

(* Does not restore fitness x)

(» Effects on d )
ComputeNeq[simKK,

0.6, 1.1, 1.1,

1.0, 1.0, 1.0,

1.0, 1.0, 1.0,

simhDO, simhBO, simhDB,

0.9, 0.8,

1000, fI, 100, tfinal, typeconv, nreps]

(» Effects on omega x)
ComputeNeq[simKK,

0.6, 0.6, 0.6,

1.0, 0.545, 0.545,

1.0, 1.0, 1.0,

h, h, h,

0.9, 0.8,

1000, fI, 100, tfinal, typeconv, nreps]

(» Effects of beta x)
ComputeNeq[simKK,

0.6, 0.6, 0.6,

1.0, 1.0, 1.0,

1.0, 0.738, 0.738,

h, h, h,

0.9, 0.8,

1000, fI, 100, tfinal, typeconv, nreps]

(» Restores fitness x)
(» Effects on d x)
ComputeNeq[simKK,

0.6, 1.1, 0.64,

1.0, 1.0, 1.0,

1.0, 1.0, 1.0,
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simhDO, simhBO, simhDB,
0.9, 0.8,
1000, fI, 100, tfinal, typeconv, nreps]

(» Effects on omega x)
ComputeNeq[simKK,

0.6, 0.6, 0.6,

1.0, 0.545, 0.9375,

1.0, 1.0, 1.0,

h, h, h,

0.9, 0.8,

1000, fI, 100, tfinal, typeconv, nreps]

(» Effects of beta x)
ComputeNeq[simKK,
0.6, 0.6, 0.6,
1.0, 1.0, 1.0,

1.0, 0.738, 0.968246,
h, h, h,
0.9, 0.8,

1000, fI, 100,

our-- {10000., -2500.

ouf-= {10 000.

ouf-= {10000

ouf-= {10 000.

ouf-= {10 000.

ouf-j= {10000

B

*

B

B

*

-2522.

-2540.

-2500.

-2522.

-2540.

tfinal, typeconv, nreps]

, —2500.}
94, -2522.94}
93, -2540.93}
, 9000.}

94, 9000. }

93, 9000.01}

Conversion in the germline

Model with WT and Drive

Model definition

With genotype densities

Crossing matrices : frequency at which a given cross gives the considered genotype

n-1-= DCross00 =

1

0

1/2 0

1/2 1/4 0|5

0 0
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6 1/2 1
1= DCrossOD = 1/2 1/2 1/2 H
1 1/2 o0
06 0 0
n1- DCrossDD = |© 1/4 1/2 |;
01/2 1

Check that they sumto 1

)= DCross00 + DCrossOD + DCrossDD
ou-;= {{1, 1, 1}, {1, 1,1}, {1, 1, 1}}

Vector of abundances of each genotype
noo
)= DVG = [nOD] H
nDD
Vector of fecundities
BOO
1= DBG = (BOD] 5
BDD

Conversion matrix
Gene conversion takes place in the germline. With probability cprive, @ OD individual will only pro-
duce D gametes.

n-;= DConversion =

1 0 0
0 1- Cprive 0 ] 5
0 Cprive 1

n-)= DConversion.DVG // MatrixForm
Out[« J//MatrixForm=
noo
noD (l - Cprive)
nDD + nOD Cprive

Abundances of the precursors of gametes of each genotype

1= Dscaled = DConversion.Diagonal [DBG.Transpose[DVG]];
% // MatrixForm

Out[ = J//MatrixForm=
noo 300
noD 30D (1 - Cprive)
nDD BDD + n®D 30D Cprive

Abundances of zygotes of each type
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{Dscaled}.DCross00.Dscaled 5
- DVegg = | {Dscaled}.DCrossOD.Dscaled ]/ (NtOt) // FullSimplify // Flatten
{Dscaled}.DCrossDD.Dscaled

(2 n@O 306 + NOD BOD - NOD BOD Cprive )
oarr | 4 Ntot? ’

(2 noo B00 + nGD BOD - nOD 30D cDme) (nOD 30D + 2 nDD ADD + nOD 36D cDme)

b

2 Ntot?
(n@D 30D + 2 nDD DD + NOD 30D Cprive ) }

4 Ntot?
Dynamics of each genotype

1= DAGNOO = DVegg[1] w00 Birth[Ntot] - d0O Death[Ntot] no®
DAGnOD = DVegg[[2] w0D Birth[Ntot] - doD Death[Ntot] n@D
DAGNDD = DVegg[[3] wDD Birth[Ntot] - dDD Death[Ntot] nDD

w00 Birth[Ntot] (2 nee 366 + neD 36D - nGD 36D Cprive) 2
ouf-}= -dOO nOO Death [Ntot] +

4 Ntot?
1 .
ouf-}= —dOD nOD Death[Ntot] + ———— wOD Birth[Ntot]
2 Ntot?
(2 NGO 36O + NOD OD - NBD 36D Cprive) (NOD BOD + 2 NDD BDD + NOD BOD Cprive |

wDD Birth[Ntot] (n@D 36D +2 nDD ADD + nGD 30D Cprive) 2

ou-)- —dDD nDD Death [Ntot] +
4 Ntot?

Abundances of the alleles (/2)

i/~ DAGNO = DAGNOO + 1 /2 DAGNAD // FullSimplify
DAGND = DAGNDD + 1 /2 DAGnOD // FullSimplify
1

oufel- = (72 (2 do6 0O + dOD N@D) Death [Ntot] +
4

N Birth[Ntot] (2 no0O B00 + nOD 360D - nGD 36D CDr-ive)
Ntot

(2 noo 800 w0 + 2 NDD BDD wOD + NOD 30D (a)OO + wOD) +nOD 86D <—w00 + wOD) cDme) )

1
outfe}= — [72 (dOD neD + 2 dDD nDD) Death[Ntot] +

. Birth[Ntot] (n@D 80D + 2 nDD ADD + n@D BOD Cprive
Ntot

(2 n®® 80O wAD + 2 NDD DD wDD + NGD 36D (weD + wDD) + NGD BOD (- w®D + WDD) Cprive) )

Change of variables

Total population size Ntot
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n-1= DdGNtot = DAGNO + DAGND /. solCV2 // FullSimplify
1 2 2
ougel = (2 Ntot (72 doD dHW + deo (defz (-1+pD) ) +4doD (-1 +pD) pD+dDD (dHW - 2 pD ))
4

Death [Ntot] + Birth[Ntot] (((dHW-z (-1+pD)2) 0O - dHW 36D + 2 (-1 + pD) pD BOD)
((dHW-z (—l+pD)2) 0O w00 - (dHW -2 (-1 + pD) pD) 6D w0 -
2 (dHW (30D - DD) +2 pD (30D - pD 36D + pD DD ) wOD) +
(dHW (36D - 8DD) + 2 pD (36D - pD 30D + pD 3DD) )2 wDD +
(dHW -2 (-1 +pD) pD) BOD Cprive
(2 ((dHW-z (-1+pD)2) 0O (w6O - weD) + dHW (BDD (w6D - wDD) + 8D (-we® +wDD) ) +
2pD ((-1+pD) 36D (w66 - wDD) + pD ADD (—wOD+wDD))) +
(dHW -2 (-1 +pD) pD) 36D (w6 - 2 weD + wDD) cDme)))

Frequency of the drive allele

DdGnD DdGNtot . .
1= DAGpD = -pD /. solCV2 // FullSimplify
Ntot Ntot

outf+J= (-2 Ntot (dOD (dHW-2 (-1+pD) pD) - dDD (dHW - 2 pD?} ) Death[Ntot] + Birth[Ntot]
4 Ntot

(de (@oofgoo) +2pD (BOD—pD 36D + pD BDD) + (defz (—l+pD> pD) 30D cDﬁve)
(7 (defz (—l+pD)2) 500 wOD — (dHW - 2 pD?) ADD wDD + (dHW -2 (-1 + pD) pD)
BOD (weD + wDD) + (dHW -2 (~1+pD) pD) 36D (-weD + wDD) cDﬁ-ve) -
pD (2 Ntot (72 doD dHW + dee (defz (—l+pD)2) +4.doD (-1 +pD) pD+dDD (dHW - 2 pDZ))
Death[Ntot] +
Birth[Ntot] (((defz (—l+pD)2) 300 - dHW 88D + 2 (-1 + pD) pD/se)D)
| (dHW-2 (~1+pD)?) 366 46O + 2 dHW 5DD wOD - dHW 56D (w60 + 2 wOD) +
2 pD (-2 pD DD wOD + (-1 +pD) 5OD (wOO+2w0D)>) +
(dHW (30D - 8DD) + 2 pD (36D - pD 36D + pD 3DD) )zwDD+
(dHW-2 (-1 +pD) pD) BOD Cprive
2 ((dHW -2 (~1+pD)?| 306 (w6B - wED) + dHW (5DD (weD - wDD) + 36D (-wee +
wDD) ) +2pD ((-1+pD) 36D (wOO - wDD) + pD BDD (—w0D+wDD))) +
(dHW -2 (~1+pD) pD) BOD (w00 - 2 wOD + wDD) cDrwe))))

Deviation from HW
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-n@D DAGNtot + Ntot (DAGneD + 2 Ntot (-1 +2 pD) DAGpD)

7= DAGHW = /. solCV2

Ntot?

1 1
oufeJ= (_ = Ntot (dHW-2 (-1+pD) pD)
Ntot? | 4

(z Ntot (-2 doD dHW + dee (dHW-z (-1+pD)2) +4doD (-1 +pD) pD+dDD (dHW-zpDZ))

Death[Ntot] +
Birth[Ntot] (((de 2 ( l+pD)2) 300 - dHW 30D + 2 (-1 + pD) pDBOD)
((de 2 (-1+pD)? ) 500 w00 - (dHW -2 (-1 +pD) pD) BOD weO -
(

2 (dHW (36D - 3DD) + 2 pD (36D - pD 30D + pD BDD) | wOD) +
(dHW (30D - 8DD) + 2 pD (36D - pD 36D + pD 3DD) )ZwDD+
(dHW -2 (-1 +pD) pD) BOD Cprive
2 ((dHw -2 (~1+pD)?| 306 (w6® - wED) + dHW (DD (weD - wDD) + 36D (-wee +
wDD) ) +2pD ((-1+pD) BOD (wOO - wDD) + pD BDD (—w0D+wDD))) +
(dHW-2 (-1 +pD) pD) 36D (6O - 2 weD + wDD) cDrWe))) "

Ntot

-deD Ntot (dHW-2 (-1+pD) pD) Death[Ntot] +

2 Ntot?
woD Birth[Ntot] (-Ntot (dHW-2 (~1+pD)®| 306 + Ntot (dHW -2 (-1 +pD) pD) 50D -

Ntot (dHW-2 (-1+pD) pD) 80D cDme) Ntot (dHW-2 (-1+pD) pD) 30D +

dHW Ntot
2

+Ntot pDZJ /DD + Ntot (dHW -2 (-1 +pD) pD) BOD Cprive| +

N |

(-1+2pD) (-2 Ntot (deD (dHW-2 (-1+pD) pD) - dDD (dHW - 2 pD?) ) Death [Ntot] +
Birth[Ntot] (dHW (3D - 3DD) +2 pD (36D - pD 30D + pD BDD) +
(dHW -2 (-1 +pD) pD) BOD Cprive)
(- (dHW-z (-1+pD)2) 50O wOD ~ (dHW - 2 pD?) BDD wDD + (dHW -2 (-1 + pD) pD)
BOD (wOD + wDD) + (dHW -2 (-1 +pD) pD) 36D (-w@D + wDD) cmve) -
pD (2 Ntot (-2 doD dHW + doe (dHW—2 (—l+pD)2) +4.deD (-1 +pD)
pD + dDD (dHW - 2 pDz)) Death [Ntot] +
Birth[Ntot] (((dHW-z (-1+pD)2) 500 - dHW 36D + 2 (-1 + pD) pD/30D)
((dHW-z (—l+pD)2) 500 w00 + 2 dHW 3DD w6D - dHW 36D (w0 + 2 weD) +
2pD (-2 pD BDD wOD + (-1 +pD) BOD (w00+2w0D)>) +
(dHW (36D - 8DD) + 2 pD (36D - pD 3D + pD 3DD) )zwDD+
(dHW -2 (-1 +pD) pD) 6D Cprive (2 ((de_z (_1+pD)2) 50O (wOO - wOD) +
dHW (BDD (wOD - wDD) + SOD (-wOO + wDD) ) +
2pD ((-1+pD) BOD (wOO - wDD) + pD SDD (—w0D+wDD))) +

(dHW-2 (-1 +pD) pD) 80D (w®® - 2 wOD + wDD) CDr‘ive))))J)

Invasion conditions

Drive invasion

Generic WT equilibrium (without specifying the demographic functions)



12 | BrakeDrivemodel.nb

1= tmp = DAGNtot /. solCV2 /. {pD » 0, dHW » 0} // FullSimplify
ou- - 3002 wOO Birth[Ntot] - dO® Ntot Death[Ntot]

i}~ D[d@O Ntot Death[Ntot] / (B06” w00) , Ntot]
doo Death[Ntot] dOO Ntot Death’[Ntot]
+
3002 weo 3002 woo

Out[«]=

D[DdGNtot, Ntot] D[DdGNtot, pD] D[DdGNtot, dHW]
mj- Jac = | D[DdGpD, Ntot]  D[DdGpD, pD]  D[DdGpD, dHW] |3
D[DAGHW, Ntot]  D[DdGHW, pD]  D[DdGHW, dHW]

- Jac® = Jac /. {pD » 0, dHW » 0, Birth[Ntot] -» do@ Ntot Death[Ntot] / (300 w00),
doo Death[Ntot] dOO Ntot Death’[Ntot]
+

Birth'[Ntot] » } 77 AF
BOO* w00 B0O* w00
our - {{@, - ———— 2 Ntot Death[Ntot]
00 wOO
(dee 500 WO + dOD SO0 WO - dO® BeD (wd + wdD) + de® BOD (wdO - weD) Cprive) ,
——— Ntot Death[Ntot] ((-2deD +dDD) 300 weo +
2 30O w00
doo (-300 wbe - 2 DD weD + 2 BOD (wOO + wdD) ) + 2 d6® BOD (-wed + wdD) Cprive) |,
Death[Ntot] (-deD 300 w00 + d6® 30D weD + d0® 36D weD Cprive
’ 500 w00 ’
Death [Ntot] ((-doD +dDD) 300 w00 + dO® (36D - ADD) wOD + d®® SOD wAD Cprive) |
2 800 wOO ’

{0, 0, -dDD Death[Ntot]}}

1= Eigenvalues[JacO] // AF
Death [Ntot] (-doD 300 w00 + dO® 0D weD + dO® SOD wAD Cprive)
300 woo

J

our- {0, -dDD Death[Ntot],

Specifying the demographic functions
Check that sol0 is solution (WT equilibrium identified when the demographic functions were
defined, above)

.= DdGNtot /. demog /. sol® /. pD-> 0 /. dHW » 0 // AF

outf-1= @

Eigenvalues

n-1= evl = Eigenvalues[Limit[Jac /. demog, {pD » 0, dHW - 0}] /. sol0] // AF
-doD 300 wo0e + dOe B0D wOD + dOO B0D wWOD Cprive }

300 w06

our - {-dDD, d0o - 306% we0,

The first one is negative, because dDD is greater than (or equal to) d00,
the second one is about 00 only,
so the one that determines invasion of the drive is the third one.

Write the key eigenvalue to exportitinto R
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n-j= evGO = evO[3];
% /. chgvar // CForm

outf-crorm= (- (beta®0@+dODxomega®@) + beta®D+dOO+omega®D + beta®DxconversionD+d0O+omegalD) /

WT invasion -- eradication drive
Demographic equilibrium with drive only (specifying the demographic functions)

= DdGNtot /. {pD -» 1, dHW - 0}
% /. demog
solDonly = Solve[% == 0, Ntot]

1
our-j- = (4 SDD? wDD Birth[Ntot] - 4 dDD Ntot Death[Ntot])
4
1 Ntot ,
ouf-- — | -4 dDD Ntot + 4 Ntot |1 - —J 3DD wDD)
4 KK

- dDD KK + KK 8DD? wDD
3DD? wDD

Outf+]= {{Ntot -0}, {Ntot -

}

We choose conditions such that there is population extinction with the drive (Ntot -> 0):
Check stability conditions in this case (i.e. what are the conditions on the parameters to indeed
have an eradication drive)

= D[Evaluate [DdGNtot /. {pD » 1, dHW > 0} /. demog], Ntot] /. Ntot » 0
AF [Reduce[% < 0]]
1 2

our-j= = (-4 dDD + 4 SDD? wDD)
4

dbD
outf+]= —— > [3DD | | wDD < 0@
wDD

Eigenvalues for the stability of the drive-only equilibrium

n-1= evD = Eigenvalues[Limit[Jac /. demog, {Ntot - 0, pD-> 1, dHW - 0}]1] // AF
ou-j= {~dDD + 8DD? wDD, -d0O + dDD - 3DD* wDD,
-deD + dDD + 36D BDD w@D - ADD? wDD - 30D BDD weD Cpive }

Rewrite them for exportin R

n-]= evGD1l = evD[2];
% /. chgvar // CForm

outf-yicrorm= -d@O® + dDD - Power (betaDD,2) ~omegaDD

n-j= evGD2 = evD[3];
% /. chgvar // CForm

ouf-ycrorm= ~dOD + dDD + beta@DxbetaDDxomega®D - beta®DxbetaDDxconversionDxomega®D - Power

WT invasion -- replacement drive

Here we assume a replacement drive, so use the other equilibrium
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= solDonly[2]
- dDD KK + KK sDD? wDD
3DD? wDD

outf+]= {Ntot -

}

Check stability conditions in this case

= D[Evaluate[DdGNtot /. {pD » 1, dHW > 0} /. demog], Ntot] /. solDonly[2]
AF [Reduce[% < 0]]

1 4 (-dDD KK + KK 8DD? wDD) 5 -dDD KK + KK 3DD? wDD
ou}= — | -4 dDD - +4 3DD” wDD |1 -
4 KK KK 3DD? wDD
dbD
outf-}= 3DD > —
wDD

Eigenvalues for the stability of the drive-only equilibrium

n-j= evDr = E'igenvalues[
Limit[Jac /. demog, {Ntot » (Ntot /. solDonly[2]), pD » 1, dHW > 0}]] // AF
dDD 360D w6OD - dOD 3DD wDD - dDD 0D wOD Cprive
DD wDD }

our - {-dee, dbD - 3DD* wDD,

Plot the types of equilibria -- eradication drive

Function to standardize the way the figures are plotted

1= InvasionPic[P1_, P2 ] :=
Show[P1, P2, FrameLabel » {"cprive", "hep"}, BaseStyle » {FontSize -» 13},
FrameStyle -» Directive[FontColor -» Black], ImageSize - 200]

Rename the key eigenvalues
n-1= EVO = evO[3] 5

nr-)= EVD1
EVD2

evD[3];
evD[2];

Adult death only

Here we assume that the effect of the drive (/brake) is only on adult mortality; all other parameters
are the same as WT individuals

n-j= ADO =
{w00 - 1, wOD » 1, wDD » 1, 3OO » 1, BOD - 1, BDD » 1, doD » d@O (1 - heD) + dDD heD};
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1= prms = {d0O » 0.6, dDD » 1.1}
solo /. ADO /. prms
ADOP1 = RegionPlot[Evaluate[(EV® /. ADO /. prms)] < ©,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle » RGBColor[6, 0, 1, 0.2], BoundaryStyle - Blue];
ADOP2 = RegionPlot[Evaluate[ (EVD1 /. ADO /. prms)] < 0&&
Evaluate[ (EVD2 /. ADO /. prms)] < @,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle » RGBColor[1, 0, 6, 0.2], BoundaryStyle - Red];
ADGO = InvasionPic[ADOP1, ADOP2]
Export["../pics/invasionE_Gd.pdf", ADGO]
ouf-]= {Ntot - 0.4 KK}

1.0

0.8
o 06
<

outf+}= 0.4

0.2

0.0 : :
0.0 0.2 04 06 08 1.0
Chrive

ouf-}= «./pics/invasionE_Gd.pdf

Legend:
WT - only equilibrium is locally stable in the region left of the blue curve,
Drive - only equilibrium is locally stable in the region right of the red curve.

Purple: both equilibria are locally stable; bistability
White: none of the two boundary equilibria is locally stable: coexistence of WT and drive

Interior equilibrium for the parameters tested in R
= neqs =
Flatten[Evaluate[{DdGNtot == @, DAGpD == @, DdGHW == 0} /. demog /. ADO /. prms /.

KK -» 25000 /. h@D > 1 /. Cprive » 0.6]13
NSolve[neqs, {Ntot, pD, dHW}, Reals]

our-l- {{dHW > 0, pD > 1., Ntot » -2500.},
(dHW > - ©.0330327, pD > 0.195531, Ntot - 5796.09}, {dHW > 0, pD - @, Ntot - 10 000. }}

Fecundity only
Here we assume that only fecundity is affected by the drive

- FO = {w00 - 1, wOD » 1, wDD - 1, d0O - 0.6,
deb » 0.6, dDD » 0.6, 36D - 366 (1 - hoD) + BDD heD} ;
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1= prms = {00 » 1, DD » 0.738};
FOP1 = RegionPlot[ (EVe /. FO /. prms) < 0,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » B'I.ue] 5
FOP2 = RegionPlot[Evaluate[(EVD1 /. FO /. prms)| < 0 &&
Evaluate[(EVD2 /. FO /. prms)] < @,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle -» RGBColor[1, 0, 0, 0.2], BoundaryStyle - Red] H
FGO = InvasionPic[FOP1l, FOP2]
Export["../pics/invasionE_Gbeta.pdf", FGO]

1.0

0.8
a 0.6

<
outf+]= 04

0.2

0.0 :
0.0 0.2 04 06 08 1.0

Chrive

ouf-]= «./pics/invasionE_Gbeta.pdf

Legend : see above (Adult death only)

Interior equilibrium for the parameters tested in R

n-1= neqs = Flatten[Evaluate[
{DdGNtot == ®, DdAGpD == ©, DAGHW == 0} /. demog /. FO /. prms /. KK » 25000 /.
heD » 1 /. Cprive » 0.31]3
NSolve[neqs, {Ntot, pD, dHW}, Reals]
our-)- {{dHW > @, pD > 1., Ntot » -2540.93}, {dHW > @, pD - 0.154962, Ntot » 7472.42},
{dHW > 0, pD > 0, Ntot -» 10000.}, {Ntot » 10000., pD > 0, dHW > 0} }

Zygote viability only

i}~ 20 = {d6@ -» ©.6, doD » 0.6, dDD - 0.6,
B0 - 1, BOD - 1, BDD » 1, wOD - w00 (1 - heD) + wDD heD};
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1= prms = {w00 » 1, wDD » 0.545};
ZOP1 = RegionPlot [ (EV@ /. ZO /. prms) < 0,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » Blue] H
ZOP2 = RegionPlot [Evaluate| (EVD1 /. ZO /. prms)] < 0 &&
Evaluate[ (EVD2 /. Z0 /. prms)] < 0,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle -» RGBColor[1, 0, 0, 0.2], BoundaryStyle » Red] 5
OmegaGoO = InvasionPic[ZOP1, ZOP2]
Export["../pics/invasionE_Gomega.pdf", OmegaGO]

1.0

0.8

0.6

Q
(=)

<
outf+]= 04

0.2
0.0 : :
0.0 02 04 06 08 1.0
Cprive
ouf-}= «./pics/invasionE_Gomega.pdf

Legend : see above (Adult death only)

Interior equilibrium for the parameters tested in R

n-1= neqs = Flatten[Evaluate[
{DdGNtot == ®, DdGpD == ©, DAGHW == 0} /. demog /. ZO /. prms /. KK » 25000 /.
heD » 1 /. Cprive » 0.51]3
NSolve[neqs, {Ntot, pD, dHW}, Reals]

ouf-}= {{dHW - @, pD - 1., Ntot - -2522.94},
(Ntot - 3819.56, pD » 0.308668, dHW —» -0.0570609}, {dHW - @, pD - @, Ntot - 10000. }}

Plot the types of equilibria -- replacement drive

m-)= EVD1 =.35 EVD2 =.}
EVD1r = evDr[3];
EVD2r = evDr[2];
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Adult mortality only

n-1= prms = {d0@ - 0.6, dDD » 0.7}
ADOP1 = RegionPlot[Evaluate[ (EV@ /. ADO /. prms)] < @,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle -» Blue] 5
ADOP2 = RegionPlot[Evaluate[ (EVD1r /. ADO /. prms)] < 0 &&
Evaluate[ (EVD2r /. ADO /. prms)] < @,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[1l, 0, 0, 0.2], BoundaryStyle -» Red] 5
ADGO = InvasionPic[ADOP1, ADOP2]
Export["../pics/invasionR_Gd.pdf", ADGO]

1.0

0.8

0.6

0D

<
outf+]= 04

0.2

0.0
0.0 0.2 04 06 08 1.0

Cbrive

ouf-l= «./pics/invasionR_Gd.pdf
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Fecundity only

1= prms = {00 » 1, fDD » 0.93};
FOP1 = RegionPlot[ (EVO /. FO /. prms) < O,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » Blue] H
FOP2 = RegionPlot[Evaluate[ (EVD1r /. FO /. prms)] < 0 &&
Evaluate[ (EVD2r /. FO /. prms)] < @,
{Cprives ©®, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[1l, 0, 0, 0.2], BoundaryStyle -» Red] 5
FGO = InvasionPic[FOPl, FOP2]
Export["../pics/invasionR_Gbeta.pdf", FGO]

1.0

0.8

0.6

0D

<
out+]= 0.4

0.2

0.0
0.0 0.2 04 06 08 1.0

Cbrive

ouf]= «./pics/invasionR_Gbeta.pdf
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Zygote viability only

n-1= prms = {w00 » 1, wDD » 0.86};
ZOP1 = RegionPlot [ (EV@ /. ZO /. prms) < 0,

{Cprives ©®, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » Blue] H
ZOP2 = RegionPlot[Evaluate[ (EVD1r /. ZO /. prms) ] < 0 &&

Evaluate[ (EVD2r /. ZO /. prms) ] < @,

{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[1l, 0, 0, 0.2], BoundaryStyle » Red] H

OmegaGo = InvasionPic[ZOP1, ZOP2]
Export["../pics/invasionR_Gomega.pdf'", OmegaGo]

1.0

0.8
a 0.6

<
Outf+]= 0.4

0.2

0.0
0.0 02 04 0.6 0.8 1.0
Chrive

ouf]= «./pics/invasionR_Gomega.pdf

Model with brake

Model definition

Original variables
Gamete precursors - taking gene conversion into account

n-1= scaled = Conversion.Diagonal[BG.Transpose[VG]];

% // MatrixForm
Out[ = J//MatrixForm=
noo S00
noD 30D (1 - Cprive)
nDD DD + nOD 30D Cprive
noB 0B
nDB BDB (1 - Cprake)
nBB 3BB + nDB 3DB Cprake

Different types of zygotes
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{scaled}.Cross00.scaled
{scaled}.CrossOD.scaled
{scaled}.CrossDD.scaled
{scaled}.CrossOB.scaled
{scaled}.CrossDB.scaled
{scaled}.CrossBB.scaled

- Vegg = / (Ntot)2 // FullSimplify // Flatten;

Vegg // MatrixForm

Out[ = J//MatrixForm=
(2 N0O 300+nOB 30B+nOD B3OD-NOD BOD Cprive)?

4 Ntot?

(2 NOO 300+nOB 30B+nOD 30D-NOD BOD Cprive) (NOD FOD+NDB ADB+2 NDD BDD-NDB BDB Cgrake+NOD BOD Cprive)
2 Ntot?

(nOD BOD+nDB 3DB+2 NDD 3DD-NDB DB Cgrake+NOD BOD Cprive) 2
4 Ntot?
(nOB 30B+2 nBB 3BB+nDB 3DB+NDB 3DB Cgrake) (2 NOO 300+NOB FOB+NOD FOD-NOD BOD Cprive)

2 Ntot?

(nOB 30B+2 nBB 3BB-+nDB 3DB-+NDB 3DB Cgrake) (NOD BOD+NDB ADB+2 NDD BDD-NDB 3DB Cgrake+NOD BOD Cprive)
2 Ntot?

(nOB 30B+2 NBB 3BB+NDB BDB+NDB 3DB Cprake) >

4 Ntot?

Dynamics of the different genotypes

1= dGnOO = Vegg[1l] w00 Birth[Ntot] - do® Death[Ntot] neo
dGnoD = Vegg[[2] wOD Birth[Ntot] - doD Death[Ntot] neD
dGnDD = Vegg[[3] wDD Birth[Ntot] - dDD Death[Ntot] nDD
dGnOB = Vegg[[4] wOB Birth[Ntot] - dOB Death[Ntot] neB
dGnDB = Vegg[[5] wDB Birth[Ntot] - dDB Death[Ntot] nDB
dGnBB = Vegg[[6] wBB Birth[Ntot] - dBB Death[Ntot] nBB

w00 Birth[Ntot] (2n006 360 + n@B SOB + NOD 36D - NOD BOD Cprive | 2

ouf-l- —dOO nOO Death [Ntot] +
4 Ntot?

ou-}= -dOD nOD Death [Ntot] +

——— weD Birth[Ntot] (2 NGO 500 + NGB 50B + NOD 30D -~ NOD 30D Cprive |
2 Ntot

(n@D 5OD + NDB DB + 2 NDD ADD - NDB DB Caake + NOD 5OD Cprive |

ouy-}- —dDD nDD Death [Ntot] +
wDD Birth[Ntot] (n@D D + nDB BDB + 2 nDD 3DD - nDB DB Cprake + NOD BOD Cprive) 2

4 Ntot?
ouf-}- —dOB nOB Death [Ntot] +

. wOB Birth[Ntot] (n@B OB +2 nBB BBB + nDB 3DB + NDB DB Cprake
2 Ntot

(2 neO 300 + NnOB OB + NOD 36D - NOD 36D cmve)

ouf-)- —dDB nDB Death [Ntot] +

~ wDB Birth[Ntot] (n@B 3B+ 2 nBB 3BB + nDB 3DB + NDB 3DB Cprake )
2 Ntot

(n®D 30D + NDB BDB + 2 NDD 3DD - NDB BDB Cgrake + NOD BOD Cprive)

wBB Birth[Ntot] (n@B 30B +2 nBB 3BB + nDB 3DB + NDB 3DB Cprake | 2

ou-]- —dBB nBB Death[Ntot] +
4 Ntot?

Export for C
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= dGnOO /. chgvar // CForm
ouf-ycrorm= - (dOOxpop (0) ) + (omega®O« (1 - popsize/K)xPower (2«xbetal®0xpop (0) + beta®Dxpop (1)

= dGnOD /. chgvar // CForm
out-yicrorm= — (dODxpop (1)) + (omega®Dx (1 - popsize/K)x (2«beta®@xpop (0) + beta®Dxpop(l) - ber
(beta®Dxpop (1) + beta®DxconversionD«pop (1) + 2xbetaDDxpop(2) + betaDBxpoj

= dGnDD /. chgvar // CForm
out-ycrorm= — (dDDxpop (2) ) + (omegaDD«x (1 - popsize/K)«Power (beta®D+pop(1l) + beta®Dxconversic

= dGnOB /. chgvar // CForm

out-yicrorm= - (dOBxpop (3) ) + (omega®Bx (1 - popsize/K)x (2«beta®@xpop (0) + beta®Dxpop(l) - ber
(beta®Bxpop (3) + betaDBxpop(4) + betaDBxconversionBxpop (4) + 2xbetaBBxpoj

= dGnDB /. chgvar // CForm

ou-ycrorm= — (dDBxpop (4) ) + (omegaDBx (1 - popsize/K)« (beta®Dxpop(l) + beta@®DxconversionDxp«
(beta®Bxpop (3) + betaDBxpop (4) + betaDBxconversionBxpop (4) + 2xbetaBBx*poj

= dGnBB /. chgvar // CForm
ouf-ycrorm= - (dBBxpop (5)) + (omegaBBx (1 - popsize/K)xPower (beta®Bxpop(3) + betaDBxpop(4) -+
Abundance of the alleles (/2)

-}~ dGnO = dGn@O + 1 /2 dGnOD + 1 /2 dGneOD // FullSimplify;
dGnD = dGnDD + 1 /2 dGn@D + 1 /2 dGnDB // FullSimplify;
dGnB = dGnBB + 1 /2 dGn@B + 1 /2 dGnDB // FullSimplify;

Changing the variables

in-1= dGNtot = dGn® + dGnD + dGnB /. solCV3;

e dGpD = dndD  (nDD + 1/2n0D+1/2n0B) dGNtot

. V3 ;
Ntot Ntot? /v s0lCV3 5

dGnB (nBB+1/2n@B+1/2nDB) dGNtot

. solCv3;
Ntot Ntot? /- 80 ’

-noD dGNtot + Ntot (dGnOD + 2 Ntot (pD dGpB + (-1 + pB + 2 pD) dGpD
i~ dGHWOD = n ot + Ntot (dGneD + ot (pDdGpB + (-1 +pB+2pD) dGpD))

/. solCV3;
Ntot?
Ntot dGnDB - nDB dGNtot
dGHWDB = - -2 (pD dGpB + pB dGpD) /. solCV3;
Ntot

dGHWeB =
-n@B dGNtot + Ntot (dGn@B + 2 Ntot (pB dGpD + (-1 +pD+2 pB) dGpB))

/. solCV3;
Ntot?

Invasion conditions

Stability of the WT only equilibrium

Jacobian matrix



Infe]:= JacG =

D[dGNtot, Ntot]
D[dGpD, Ntot]
D[dGpB, Ntot]

D[dGHWeD, Ntot]

D[dGHWOB, Ntot]

D [dGHWDB, Ntot]

{ }s

1
z(pD[4Nmﬁ

Death[Ntot] +

(% (-di FHWOB-d1 FFHWDB+2 pB2) + L (

D[dGNtot, pD]
D[dGpD, pD]
D[dGpB, pD]

D [dGHWeD, pD]

D [dGHWOB, pD]

D [dGHWDB, pD]

Y S

Ntot3

D[dGNtot, pB]
D[dGpD, pB]
D[dGpB, pB]

D [dGHWOD, pB]

D [dGHWOB, pB]

D [dGHWDB, pB]

; o A
Ntot?
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D[dGNtot, diffHWOD]
D[dGpD, diffHWOD]
D[dGpB, diffHWOD]

D[dGHWOD, diffHWED]

D[dGHWOB, diffHWOD]

D [dGHWDB, d+iffHWOD]

D[dGNtot, diffH
D[dGpD, diffHh
D[dGpB, diffHh

D [dGHWOD, diffH

D [dGHWOB, diffH

D [dGHWDB, diffH

(2(dBBNtot(diffHWOB+diffHWDBZpBZ>+dDBNtot

(diffHWDB + 2 pB pD) + d@B Ntot (diffHWOB -2 pB (-1+pB+pD)))

Birth[Ntot](

) [-Ntot (

)BOOwOB+

: )

|+ (d'iffHWG)B—

Ntot?

1

2

L )

,2(

Ntot?

) Death[Ntot] +

Out[#]=
1
Ntot?

PB |

large output

Jacobian matrix, specifying the demographic functions

n-1= JacGdemog =

D[dGNtot /. demog, Ntot]
D[dGpD /. demog, Ntot]
D[dGpB /. demog, Ntot]

D[dGHWGD /. demog, Ntot]

D[dGHWGB /. demog, Ntot]

D[dGHWDB /. demog, Ntot]

(- (d

show less

4
Ntot3

D(diffHWODf

)|

show more

I

4 Ntot

show all

D[dGNtot /. demog, pD]
D[dGpD /. demog, pD]
D[dGpB /. demog, pD]

D[dGHWGD /. demog, pD]

D[dGHWGB /. demog, pD]

D[dGHWDB /. demog, pD]

(—i—Ntot(diffHWOB-rdiffHWDB—-ZpBZ)+

) +

set size limit...

D[dGNtot /. demog, pB]
D[dGpD /. demog, pB]
D[dGpB /. demog, pB]

D[dGHWGD /. demog, pB]

D[dGHWOB /. demog, pB]

D[dGHWDB /. demog, pB]

Ntot(diffHWDB+—2poD)4—§Ntot(dﬁffHWOB—-2pB(—1-+pB+pD)M

D[dGNtot ,
D[dGpD /.
D[dGpB /.

D [dGHWED

D [dGHWOB

D [dGHWDB
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WT-only stability

= eVGWT =
Eigenvalues[AF[JacG /. {pD - 0, pB > 0, diffHWOB - 0, diffHWOD » @, diffHWDB - 0} /.
demog /. sol0]] // AF
our - {-dBB, -dDB, -dDD, do® - 300 wee,
doo SOB wOB - dOD BOO wOO + dOO BOD wWAD + dOO BOD WOD Cprive

-doB + , }
500 w00 £00 w00

Comparison to the value that was previously found -> same

n-;- evGWT[6] - EVO // AF

ouf-J= O

Conversion in the zygote

Model with WT and Drive

Model definition

Original variables

Matrices of crosses in the reduced model

1 1/20
in-1= DCross00 = 1/2 1/4 o |3
0 0 0
6 1/2 1
1= DCrossOD = 1/2 1/2 1/2 H
1 1/2 o0
e o0 0
nj- DCrossDD = |0 1/4 1/2|;
0 1/2 1
Vector of genotypes
noo
nf-j= DVg = [nOD] H
nDD

Vector of fecundities

00O
1= DBg = [/30D] 5
BDD

Genotypes scaled by their fecundities
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n-1= DZscaled = Diagonal[DBg.Transpose[DVg]]};
% // MatrixForm

Out[ = J//MatrixForm=

noo SO0
noD 30D
nDD 3DD

Frequencies of the different types of zygotes (pre gene conversion)

{DZscaled}.DCross00.DZscaled ,
inf-J:= DVegg = ( {DZscaled}.DCrossOD.DZscaled ]/ (NtOt) // FullSimplify
{DZscaled}.DCrossDD.DZscaled

(2 n®6 300 + nOD 36D) >

oar- {1 4 Ntot? i
H (2 noo 8006 + nOD BOD) (noo 36D + 2 nDD /3DD) }} {{ (n@D 80D + 2 nDD /3DD) 2 }}}
2 Ntot? ’ 4 Ntot?

Matrix of gene conversion

b

1 (0] (0]
inf-= DMconversion = [ @ 1 -Cprive ©
0 Cbrive 1

Frequencies of the zygotes, post gene conversion

7= DNVg = DMconversion+DVegg // Flatten

(2 n@O 30O + NGD OD)* (2 nOO 300 + NOD F0D) (NGD BOD +2 NDD ADD) (1 - Cprive)
outf+}= ’ ’

4 Ntot? 2 Ntot?
(n@D 30D + 2 nDD /3DD) 2 (2 noo B00 + nOD /300) <nOD 30D + 2 nDD /3DD) Chrive }
+
4 Ntot? 2 Ntot?

Dynamics of the different types of genotypes

i~ DAZNOO = DNVg[1] w00 Birth[Ntot] - dOO Death[Ntot] noe
DAZn@D = DNV [2] wOD Birth[Ntot] - doD Death[Ntot] n@D
DAZnDD = DNV [3] wDD Birth[Ntot] - dDD Death[Ntot] nDD

(2 ne6 366 + NGD B6D) 2 )OO Birth[Ntot]
Outf+]= - doe NG Death [Ntot]

4 Ntot?

ouf-}= —dOD nOD Death [Ntot] +
(2n@0 SO0 + NGD BOD) (NGD BOD + 2 NDD ADD) w@D Birth[Ntot] (1 - Cprive)

2 Ntot?

ouy-}- —dDD nDD Death [Ntot] + wDD Birth[Ntot]
(neD 30D + 2 NDD 3DD) 2 (2 n@0 OO + NGD BOD) (NOD BOD + 2 NDD BDD) Cprive

+

4 Ntot? 2 Ntot?

With other variables

Allelic densities
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i}~ DAZN@ = DAZnBO + 1 /2 DAZN@D /. solCV2;
DdZnD = DAZnDD + 1/2 DAZneD /. solCV2 // FullSimplify

outf+J= 1 (-2 Ntot ((deD - dDD) dHW + 2 deD pD +2 (-doD + dDD) pD?) Death[Ntot] +
4
(dHW (80D - 8DD) + 2 pD (36D - pD 36D + pD BDD) ) Birth[Ntot]
(- (dHW—2 (-1+pD)2) 500 wOD + (dHW -2 (-1 +pD) pD) BOD weD +

dHW (36D - 3DD) wDD + 2 pD (3OD - pD 30D + pD BDD) wDD +
((de_z (-1+pD)2) 00 - dHW 30D + 2 (- 1+ pD) pD BOD) (w0D - 2 wDD) cDﬁ-ve))

Total population size
;= DdZNtot = DAZn@ + DdZnD;

Proportion of drive

DdZnD b DdZNtot

nf-}= DAZpD = o]
Ntot Ntot

// FullSimplify

outf+}= (-2 Ntot ((deD - dDD) dHW + 2 doD pD + 2 (-doD + dDD) pD?) Death [Ntot] +

4 Ntot
(dHW (36D - 8DD) + 2 pD (36D - pD 0D + pD BDD) ) Birth[Ntot]
(7 (defz (—l+pD)2) 500 wOD + (dHW -2 (-1 +pD) pD) BOD weD +
dHW (36D - 8DD) wDD + 2 pD (B@D - pD BOD + pD BDD) wDD +
((dHW-z (—l+pD)2) 5300 - dHW 36D + 2 (-1 + pD) pD /30D) (0D - 2 wDD) cmve) .
pD (-2 Ntot (-2 doD dHW + dee (dHW-z (-1+pD)2) +4.deD (-1 +pD) pD+
dDD (dHW - 2 pD2>) Death [Ntot] -
Birth[Ntot] (((dHW-z (-1+pD)2) 5300 - dHW 36D + 2 (-1 + pD) pDBOD)
(((dHW-z (-1+pD)2) 30O - dHW 30D + 2 (-1 + pD) pD/SOD) w00 -
2 (dHW (30D - BDD) + 2 pD (30D - pD 36D + pD DD ) w@D) +
(dHW (36D - 8DD) + 2 pD (36D - pD 3D + pD 3DD) )2wDD+
2 ((defz (—l+pD>2) 300 — dHW 8D + 2 (-1 + pD) pDBOD)
(dHW (36D - BDD) + 2 pD (36D - pD 36D + pD 3DD) ) (wD - wDD) cDm-ve) ))

Deviation from Hardy - Weinberg

-n@D DdZNtot + Ntot (DdZneD + 2 Ntot (-1 +2 pD) DdZpD)

7= DAZHW = /. solCV2

Ntot?
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outf+J= -Ntot (dHW-2 (-1 +pD) pD)

Ntot?

(—Ntot (defz (—l+pD)2) 00 + Ntot (dHW -2 (-1 +pD) pD) /30D)2woo Birth[Ntot]

+
4 Ntot?

doo Ntot (dHW—2 (-1+pD)2) Death [Ntot] +

N[N |R

(—dOD Ntot (dHW-2 (-1 +pD) pD) Death[Ntot] +

1

~ (-Ntot (dHW -2 (-1+pD)?| 500 + Ntot (dHW -2 (-1+pD) pD) 56D|
2 Ntot

dHW Ntot
2

Ntot (dHW -2 (-1+pD) pD) 80D + 2 (7 + Ntot pDz) BDD)
wOD Birth[Ntot] (1—cDm-ve)] +

(72 Ntot ((deD - dDD) dHW + 2 deD pD + 2 (-doD + dDD) pD?) Death [Ntot] +

D

(dHW (36D - 8DD) + 2 pD (36D - pD 0D + pD BDD) | Birth[Ntot]
- (dHW-2 (~1+pD)?) 506 wOD + (dHW -2 (~1+pD) pD) 40D wOD +
dHW (30D - DD wDD + 2 pD (36D - pD 36D + pD ADD) wDD + ((defz (—l+pD)2)

500 - dHW 36D + 2 (-1 + pD) pD /300) (wOD - 2 wDD) cDm-\,e) ) ] .

1

2 Ntot?

(-Ntot (dHW—2 (—1+pD)2) 50O + Ntot (dHW-2 (-1+pD) pD) BOD)

dHW Ntot
2

Ntot

-doD Ntot (dHW -2 (-1+pD) pD) Death[Ntot] +

Ntot (dHW-2 (-1+pD) pD) BOD + 2 [7 + Ntot pDz] BDD)

1
wOD Birth[Ntot] (1 - Cprive) + — (-1+2pD)
2

(72 Ntot ((deD - dDD) dHW + 2 dOD pD + 2 (-d@D + dDD) pD?) Death[Ntot] +
(dHW (30D - 8DD) + 2 pD (36D - pD 36D + pD BDD) ) Birth[Ntot]
(- (dHW-z (-1+pD)2) 0O wOD + (dHW -2 (-1 + pD) pD) 6D wOD +
dHW (36D - BDD) wDD + 2 pD (30D - pD 36D + pD ADD) wDD + ((dHW-z (—1+pD)2)
50O - dHW 30D + 2 (-1 + pD) pD BOD) (wOD - 2 wDD) cmve) "
pD (-2 Ntot (-2 doD dHW + deo (dHW—Z (—l+pD)2) +4doD (-1+pD)
pD + dDD (dHW - 2 pDz)) Death [Ntot] -
Birth[Ntot] (((dHW-z (—l+pD)2) 500 - dHW 36D + 2 (-1 + pD) pDBOD)
(((dHW-z (—l+pD>2) 30O - dHW 30D + 2 (-1 + pD) pDBOD) w00 -
2 (dHW (0D - 8DD) +2 pD (@D - pD 36D + pD DD ) wOD) +
(dHW (36D - 8DD) + 2 pD (36D - pD 80D + pD BDD))zwDD+2
((defz (—l+pD)2) 500 - dHW 30D + 2 (-1 + pD) pDBOD)

(dHW (30D - 3DD) + 2 pD (36D - pD 36D + pD ADD) ) (w6D - wDD) cDme) ))]]
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Stability of the equilibria

Jacobian matrix
D[DdZNtot, Ntot] D[DdZNtot, pD] D[DdZHW, dHW]
n-1- Jac2 = | D[DdZpD, Ntot] D[DdZpD, pD] D[DdZpD, dHW] |;
D[DdZHW, Ntot] D[DdZHW, pD] D[DAZHW, dHW]
Stability of the WT only equilibrium
Generic version without specifying the demographic function

- Jac2 /. {pD » @, dHW > 0, Birth[Ntot] » d@e Death[Ntot] Ntot /B00?} // FullSimplify;
ev2invD = Eigenvalues[%] // FullSimplify

ouger= {- (/3004 Death [Ntot]
2 SOE°
(800 (dOD + dDD +2 dee (-1 +wee)) - dée 36D weD + dee (36D weD - 2 BDD wDD) Cprive) +
\/ (/5008 Death [Ntot]2 ( (~deD 300 + dDD 300 + de® 36D weD)? +
d00 Cprive (-2 /30D wOD (-dOD 360 + dDD 300 + dOO 36D weD) + 4 DD (dOD SO0 -
dDD 300 + dOe 58D weD) wDD + doe (30D weD - 2 ADD wDD)? cDme) ) ) ) ,
! (7/3004 Death [Ntot] (300 (d@D+dDD +2d00 (-1+wd0)) - dee 36D weD +
2 300>

deo (30D weD - 2 DD wDD) Cprive) +
J (5008 Death [Ntot]?2 ( (~deD 300 + dDD 300 + do® 36D weD)? +
d0o Cprive (-2 /30D w@D (-deD 366 + dDD 300 + dO® 0D weD) + 4 DD (dOD 3006 - dDD
506 + dee 36D weD) wDD + deo (56D weD - 2 BDD wDD)? corive | | | | »
B00? w00 Birth' [Ntot] - doe (Death[Ntot] + Ntot Death’[Ntot])}

n-1= evZO = Eigenvalues[Jac2 /. demog /. {pD -» 0, dHW - 0} /. sol@ // Simplify] // AF
our-- {dOO - 300? w6,

- (dOD 300 w00 + dDD 300 w6 - dOO BOD wOD + dOO 6D wWOD Cprive — 2 dOO SDD wWDD
2 300 wo0

Corive + \/ ( ((deD + dDD) 300 w06 - dO® 6D wWeD + dO® (56D wAD - 2 ADD wDD) Cprive)” +
4 300 w00 (-dOD dDD 360 w00 + dee dDD 30D weD +
d0® (-dDD 30D weD + 2 dBD DD wDD) Cprive) ) ) ,
1
2 300 wOO
2 dOO DD wDD Cprive +
J ( ((deD + dDD) 50O weO - d6® BOD weD + dee® (B6D weD - 2 BDD wDD) Cprive) 2y
4 300 w00 (-doD dDD 300 we® + d® dDD 36D weD +
d0® (-dDD 30D weD + 2 deD DD wDD) Corive) ) ) }

(—dOD 300 w00 - dDD 300 wee + dOO BOD wOD - dOO 0D wWOD Cprive +

Export
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)= evZO[3] /. chgvar // CForm

out-yicrorm=- (- (beta@0+dODxomega®@) - beta®O0+dDDxomega®O® + beta®D+dOOxomega®D - beta®Dxconve

Sqrt (Power (beta®@x (dOD + dDD) xomega®0® - beta®D+d0Oxomega®D + conversionDxc

4xbeta®0xomega®Ox (- (beta®0+dOD+dDD+omega®0d) + beta®D+dOO+dDD+omega®D + ¢
(2.+beta@O+omegalo)

Stability of the drive only equilibrium -- eradication drive

n-- evZD = Eigenvalues[Limit[Jac2 /. demog, {pD - 1, dHW -» 0, Ntot -» 0}]] // AF
ou - {-dDD + 8DD? wDD, -d00 + dDD - 3DD* wDD,
-deD + dDD + 30D BDD w@D - ADD? wDD - 30D BDD weD Cpyive }

Export
n-= evZD[2] /. chgvar // CForm

out-ycrorm= ~d@®® + dDD - Power (betaDD,2) xomegaDD

n-= evZD[3] /. chgvar // CForm
out-yicrorm= -d@D + dDD + beta®D+betaDDxomega®D - beta®DxbetaDDxconversionDxromega@D - Power

Stability of the drive only equilibrium -- replacement drive

n-}- solZDonly = Solve[ (DdZNtot /. demog /. pD » 1 /. dHW » ©) = 0, Ntot]

1}

- dDD KK + KK 3DD? wDD
3DD? wDD

our- - {{Ntot - 0}, {Ntot -

n-j- evZDr = E'igenvalues[
Limit[Jac2 /. demog, {pD » 1, dHW - @, Ntot » (Ntot /. solzDonly[2])}]] // AF
dDD 0D weD - dOD DD wDD - dDD BOD wOD Cprive
DD wDD }

our - {-de@e, dbD - 3DD* wDD,

Plot the types of equilibria -- eradication drive

Rename the key eigenvalues
1= EVO = evZO[3]

inf-1= EVD1
EVD2

evZD[3];
evZD[2];

Adult death only

Here we assume that the effect of the drive (/brake) is only on adult mortality; all other parameters
are the same as WT individuals

Inf[e]:= ADO =
{we® » 1, woD » 1, wDD » 1, 36O » 1, BOD - 1, ADD » 1, dOD - d6® (1 - heD) + dDD heD};
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1= prms = {d0O » 0.6, dDD » 1.1}
solo /. ADO /. prms
ADOP1 = RegionPlot[Evaluate[(EV® /. ADO /. prms)] < ©,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle » RGBColor[6, 0, 1, 0.2], BoundaryStyle - Blue];
ADOP2 = RegionPlot[Evaluate[ (EVD1 /. ADO /. prms)] < 0&&
Evaluate[ (EVD2 /. ADO /. prms)] < @,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle » RGBColor[1, 0, 6, 0.2], BoundaryStyle - Red];
AZ0O = InvasionPic[ADOP1, ADOP2]
Export["../pics/invasionE_Zd.pdf", AZ0O]
ouf-]= {Ntot - 0.4 KK}

1.0

0.8
o 06
<

outf+}= 0.4

0.2

0.0 : :
0.0 0.2 04 06 08 1.0
Chrive

ouf-}= «./pics/invasionE_Zd.pdf

Legend:
WT - only equilibrium is locally stable in the region left of the blue curve,
Drive - only equilibrium is locally stable in the region right of the red curve.

Purple: both equilibria are locally stable; bistability
White: none of the two boundary equilibria is locally stable: coexistence of WT and drive

Interior equilibrium for the parameters tested in R
= neqs =
Flatten[Evaluate[{DdGNtot == @, DAGpD == @, DdGHW == 0} /. demog /. ADO /. prms /.

KK -» 25000 /. h@D > 1 /. Cprive » 0.6]13
NSolve[neqs, {Ntot, pD, dHW}, Reals]

our-l- {{dHW > 0, pD > 1., Ntot » -2500.},
(dHW > - ©.0330327, pD > 0.195531, Ntot - 5796.09}, {dHW > 0, pD - @, Ntot - 10 000. }}

Fecundity only
Here we assume that only fecundity is affected by the drive

- FO = {w00 - 1, wOD » 1, wDD - 1, d0O - 0.6,
deb » 0.6, dDD » 0.6, 36D - 366 (1 - hoD) + BDD heD} ;
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1= prms = {00 » 1, DD » 0.738};
FOP1 = RegionPlot[ (EVe /. FO /. prms) < 0,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » B'I.ue] 5
FOP2 = RegionPlot[Evaluate[(EVD1 /. FO /. prms)| < 0 &&
Evaluate[(EVD2 /. FO /. prms)] < @,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle -» RGBColor[1, 0, 0, 0.2], BoundaryStyle - Red] H
FZO = InvasionPic[FOP1l, FOP2]
Export["../pics/invasionE_Zbeta.pdf", FZ0]

1.0
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a 0.6
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outf+]= 04

0.2
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0.0 0.2 04 06 08 1.0

Chrive

ouf-]= «./pics/invasionE_Zbeta.pdf

Legend : see above (Adult death only)

Interior equilibrium for the parameters tested in R

n-1= neqs = Flatten[Evaluate[
{DdGNtot == ®, DdAGpD == ©, DAGHW == 0} /. demog /. FO /. prms /. KK » 25000 /.
heD » 1 /. Cprive » 0.31]3
NSolve[neqs, {Ntot, pD, dHW}, Reals]
our-)- {{dHW > @, pD > 1., Ntot » -2540.93}, {dHW > @, pD - 0.154962, Ntot » 7472.42},
{dHW > 0, pD > 0, Ntot -» 10000.}, {Ntot » 10000., pD > 0, dHW > 0} }

Zygote viability only

i}~ 20 = {d6@ -» ©.6, doD » 0.6, dDD - 0.6,
B0 - 1, BOD - 1, BDD » 1, wOD - w00 (1 - heD) + wDD heD};
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1= prms = {w00 » 1, wDD » 0.545};
ZOP1 = RegionPlot [ (EV@ /. ZO /. prms) < 0,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » Blue] H
ZOP2 = RegionPlot [Evaluate| (EVD1 /. ZO /. prms)] < 0 &&
Evaluate[ (EVD2 /. Z0 /. prms)] < 0,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle -» RGBColor[1, 0, 0, 0.2], BoundaryStyle » Red] 5
OmegaZ0 = InvasionPic[ZOP1, ZOP2]
Export["../pics/invasionE_Zomega.pdf", Omegaz0]
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Chrive

ouf]= «./pics/invasionE_Zomega.pdf

Legend : see above (Adult death only)
Interior equilibrium for the parameters tested in R

n-1-= neqs = Flatten[Evaluate[
{DdGNtot = @, DAGpD == @, DAGHW == 0} /. demog /. ZO /. prms /. KK - 25000 /.
heD » 1 /. Cprive » 0.5]11}
NSolve[neqs, {Ntot, pD, dHW}, Reals]

our-- {{dHW > @, pD - 1., Ntot - -2522.94},
{Ntot - 3819.56, pD > 0.308668, dHW > -0.0570609}, {dHW - 0, pD - 0, Ntot - 10 000. }}

Plot the types of equilibria -- replacement drive

m-)= EVD1 =.35 EVD2 =.}
EVD1r = evZDr[3];
EVD2r = evZDr[2];
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Adult death only

n-1= prms = {d0@ - 0.6, dDD » 0.7}
ADOP1 = RegionPlot[Evaluate[ (EV@ /. ADO /. prms)] < @,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle -» Blue] 5
ADOP2 = RegionPlot[Evaluate[ (EVD1r /. ADO /. prms)] < 0 &&
Evaluate[ (EVD2r /. ADO /. prms)] < @,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[1l, 0, 0, 0.2], BoundaryStyle -» Red] 5
AZO = InvasionPic[ADOP1, ADOP2]
Export["../pics/invasionR_Zd.pdf", AZ0O]
1.0

0.8
a 0.6

<
Outf+]= 0.4

0.2

0.0
0.0 02 04 0.6 0.8 1.0
Chrive

ouf-J= «./pics/invasionR_Zd.pdf
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Fecundity only

1= prms = {00 » 1, fDD » 0.93};
FOP1 = RegionPlot[ (EVO /. FO /. prms) < O,
{Cprives ©, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » Blue] H
FOP2 = RegionPlot[Evaluate[ (EVD1r /. FO /. prms)] < 0 &&
Evaluate[ (EVD2r /. FO /. prms)] < @,
{Cprives ©®, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[1l, 0, 0, 0.2], BoundaryStyle -» Red] 5
FZ0O = InvasionPic[FOPl, FOP2]
Export["../pics/invasionR_Zbeta.pdf", FZ0]
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ouf-]= «./pics/invasionR_Zbeta.pdf
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Zygote viability only

n-1= prms = {w00 » 1, wDD » 0.86};
ZOP1 = RegionPlot [ (EV@ /. ZO /. prms) < 0,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding -» None,
PlotStyle -» RGBColor[0, 0, 1, 0.2], BoundaryStyle » Blue] H
ZOP2 = RegionPlot[Evaluate[ (EVD1r /. ZO /. prms) ] < 0 &&
Evaluate[ (EVD2r /. ZO /. prms) ] < @,
{Cprives @, 1}, {hOD, 0, 1}, PlotRangePadding - None,
PlotStyle -» RGBColor[1l, 0, 0, 0.2], BoundaryStyle » Red] H
OmegaZ0 = InvasionPic[ZOP1, ZOP2]
Export["../pics/invasionR_Zomega.pdf'", Omegaz0]
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ChDrive
ouf-j= +./pics/invasionR_Zomega.pdf

Model with Brake

Model definition

Original variables

Zygote conversion

- Create gamete vector,

- Compute the different crossings;

- From this, deduce the different fertilized eggs (0D=D0);
- Let gene conversion take place

Abundance of the different genotypes right after fusion of the gametes
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{scaled}.Cross00.scaled
{scaled}.CrossOD.scaled
_ | {scaled}.CrossDD.scaled 2 . se.
Vege = {scaled}.CrossOB.scaled /(NtOt) // Fullsimplify;
{scaled}.CrossDB.scaled
{scaled}.CrossBB.scaled
Outf = J//MatrixForm=

( (2 NGO BOO+nOB BOB+nAD BAD) 2 )
4 Ntot?
( (2 NGO 300+NnOB 36B+n6D 36D) (NOD 30D+nDB 3DB+2 NDD 3DD) )
2 Ntot?
( (nOD 30D+NDB 3DB+2 nDD 3DD) 2 )
4 Ntot?
( (2 NGO S0O+NOB 36B+nOD 36D) (NGB 30B+2 NBB 3BB+nDB 3DB) )
2 Ntot?
( (n®B 30B+2 NBB 3BB+nDB 8DB) (NGD 36D+nDB SDB+2 NDD 3DD) )
2 Ntot?
( (NGB 30B+2 nBB 3BB+nDB 3DB) 2 )
4 Ntot?

Gene conversion in the zygote

1= NVG = Conversion.Vegg // Flatten;
NVG // MatrixForm

Out[ = J//MatrixForm=
(2 nOO 300-+NOB 30B+NnAD 30OD) 2

4 Ntot?
(2 NGO B00+nOB B0B+nOD B30D) (NOD SOD+NDB ADB+2 NDD ADD) (1-Cprive)
2 Ntot?
(n®D 36D+nDB ADB+2 nDD 3DD) 2 , (2100 300+nOB 30B+nOD SOD) (nOD S0D+NDB SDB+2 NDD SDD) Cprive
4 Ntot? 2 Ntot?
(2 NGO S00+NOB 36B+nOD 36D) (NGB 30B+2 nBB 3BB+nDB 3DB)
2 Ntot?
(n®B OB+2 NBB 3BB+nDB 3DB) (NOD 30D+NnDB SDB+2 NDD ADD) (1-Chrake)
2 Ntot?
(n®B 30B+2 NBB 3BB+nDB 3DB) 2 , {(nOB §0B+2 nBB 3BB+nDB SDB) (nOD SOD+nDB SDB+2 NDD SDD) Cprake
4 Ntot? 2 Ntot?

Dynamics of the different genotypes

1= dZn®O = NVG[1] w00 Birth[Ntot] - d0® Death[Ntot] neO;
dZnOD = NVG[2] wOD Birth[Ntot] - doD Death[Ntot] n@D;
dZnDD = NVG[3] wDD Birth[Ntot] - dDD Death[Ntot] nDD;
dZneB = NVG[[4] w0B Birth[Ntot] - dOB Death[Ntot] n@B;
dZnDB = NVG[5] wDB Birth[Ntot] - dDB Death[Ntot] nDB;
dZnBB = NVG[6] wBB Birth[Ntot] - dBB Death[Ntot] nBB;

Export for C
The demographic functions are such that the death rate is constant and fecundity is density
dependent

In[¢]:=

= dZn®O /. chgvar // CForm
out-yicForm= - (d@Oxpop (0) ) + (omega®Odx (1 - popsize/K)xPower (2xbeta®0«pop (0) + beta®Dxpop (1)

= dZn®D /. chgvar // CForm

outf-jcrorm=- — (dODxpop (1)) + ((1 - conversionD)xomega®Dx (1 - popsize/K)x (2xbetal®0@xpop(0) + |
(2.+popsize)
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= dZnDD /. chgvar // CForm

out-ycrorm= - (dDDxpop (2) ) + omegaDDxpopsizex (1 - popsize/K)x ((conversionDx (2xbeta®0xpop (0)
(beta®Dxpop (1) + 2xbetaDDxpop(2) + betaDBxpop(4)))/ (2.xPower (popsize,.
Power (beta®OD«pop (1) + 2xbetaDDxpop(2) + betaDBxpop(4),2)/ (4.xPower (popsi:

= dZn®B /. chgvar // CForm
out-yicrorm= - (dOBxpop (3) ) + (omega®Bx (1 - popsize/K)x (2«beta®@x«pop (0) + beta®Dxpop(l) + ber

= dZnDB /. chgvar // CForm

ou-ycrorm= — (dDBxpop (4) ) + ((1 - conversionB)xomegaDBx (1 - popsize/K)x (beta®Dxpop (1) + 2x!
(2.xpopsize)

= dZnBB /. chgvar // CForm

ouf-ycrorm= — (dBBxpop (5)) + omegaBBxpopsizex (1 - popsize/K)x ((conversionBx (beta®Dxpop(l) +
(beta@Bxpop (3) + betaDBxpop(4) + 2xbetaBBxpop(5)))/(2.xPower (popsize,:
Power (beta®Bxpop (3) + betaDBxpop (4) + 2xbetaBBxpop(5),2)/(4.xPower (popsi:

Abundance of the different alleles (/2)

i}~ dZnO = dZn@O + 1 /2.dZneD + 1 /2 dZnOD // FullSimplify;
dZnD = dZnDD + 1 /2 dZn@D + 1 /2 dZnDB // FullSimplify;
dZnB = dZnBB + 1 /2 dZn@B + 1 /2 dZnDB // FullSimplify;

New variables
Rewrite the dynamics with the new variables
Total population size
1= dZNtot = FullSimplify[dZn® + dZnD + dZnB] /. solCV3;
Frequencies of Drive and Brake

dznD (nDD+1/2n06D+1/2n06B) dZNtot

1= dZpD /. solCV3 ;
Ntot Ntot?
dznB (nBB+1/2n06B+1/2nDB) dZNtot
dZpB = - /. solCV3 ;
Ntot Ntot?

Deviation from Hardy - Weinberg

-n@D dZNtot + Ntot (dZn@D + 2 Ntot (pD dZpB + (-1 +pB+2 pD) dZpD))

= dZHWOD = /. solCV3;
Ntot?
Ntot dZnDB - nDB dZNtot
dZHWDB = -2 (pD dZpB + pB dZpD) /. solCV3;
Ntot?
dZHWeB =

-n@B dZNtot + Ntot (dZn®B + 2 Ntot (pBdZpD + (-1 +pD+2 pB) dZpB))

/. solCV3;
Ntot2

Equilibrium stability

Stability of the WT only equilibrium

Jacobian matrix
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nf-]= JacZ =

D[dZNtot, Ntot]
D[dZpD, Ntot]
D[dZpB, Ntot]

D[dZHWeD, Ntot]

D[dZHWOB, Ntot]

D[dZHWDB, Ntot]

Out[#]=

large output show less

WT-only stability -- check that the equilibrium is correct

D[dZNtot, pD]
D[dZpD, pD]
D[dZpB, pD]

D[dZHWeD, pD]

D[dZHWeB, pD]

D [dZHWDB, pD]

show more

show all

D[dZNtot, pB]
D[dZpD, pB]
D[dZpB, pB]

D[dZHWeD, pB]

D[dZHWOB, pB]

D[dZHWDB, pB]

D[dZNtot, diffHWOD]
D[dZpD, diffHWOD]
D[dZpB, diffHWOD]

D[dZHWeD, diffHWED]

D[dZHWOB, diffHWOD]

D[dZHWDB, d+iffHWOD]

set size limit...

n1- {dZNtot, dZpD, dZpB, dZHWOD, dZHWOB, dZHWDB} /. demog /.
{pD > 0, pB > 0, diffHWOB - 0, diffHWOD » 0, diffHWDB - 0} /. sol0 // AF

our-= {0, @, 0, 0, 0, 0}

Eigenvalues

- evZWT = Eigenvalues[AF[JacZ /. demog /.
{pD > @, pB > 0, diffHWOB » @, diffHWOD » 0, diffHWDB » 0} /. sol@]] // AF

our - {-dBB, -dDB, dO® - 366* WOO, -dOB +

: 2 300 w0 (

doo 30B weB

300 w0

D[dZNtot, diffH
D[dZpD, diffHn
D[dZpB, diffHh

D[dZHWOD, diffH

D[dZHWOB, diffH

D [dZHWDB, diffH

doD 300 we0e + dDD (00 wd0 - dOO 36D wBD + dOO 30D wWOD Cprive — 2 dOO 3DD wDD

Chrive + \/ ( ( (dOD + dDD) 300 w00 - dOO BED WD + dOO (/30D wOD - 2 3DD wDD) cDme) 2,

4 00 w00 (-deD dDD 360 wOO + de dDD S6D weD +
dee (- dDD 50D weD + 2 deD DD wbD) Corive) | | 5

1
2 300 w0

2 dee® BDD wDD Cprive +
J ( ((deD + dDD) 300 w0O - dO® 6D wWAD + dO® (36D wAD - 2 ADD wWDD) Cprive)” +

(—dOD 300 wOO - dDD 300 wee + dOO BOD wOD - dOO 30D wWOD Cprive +

4500 0O (-deD dDD 300 w00 + de® dDD 30D weD +
dee (- dDD 36D weD + 2 deD DD wDD) corive) | | }

Comparison to the value that was previously found -> same

1= eVZWT[6] - evZO[3] /

Out[#]= 0

/ AF



