
Brandvain and Coop. 
Sperm dependent female meiotic 
drive.

Model 1. Taditional female drive

Set up
H*Allele and Genotype frequencies*L
ClearAll@"Global`*"D
fA = 1 - fB;
fAA = fA^2 + fA fB x;
fAB = 2 fA fB H1 - xL;
fBB = fB^2 + fA fB x;

Drive
fAADrive = FullSimplify@fA HfAA + fAB H1 - dLLD;
fABDrive = FullSimplify@fA HfBB + fAB dL + fB HfAA + fAB H1 - dLLD;
fBBDrive = FullSimplify@fB HfAB d + fBB LD;

Selection
wAA = 1; wAB = 1 - hs; wBB = 1 - s; H*genotypic fitnesses*L
W = FullSimplify@fAADrive wAA + fABDrive wAB + fBBDrive wBBD;H*mean fitness*L
fAASel = FullSimplifyAHfAADrive * wAAL ê WE;

fABSel = FullSimplifyAHfABDrive * wABL ê WE;

fBBSel = FullSimplifyAHfBBDrive wBBL ê WE;
fASel = FullSimplify@fAASel + fABSel ê 2D;
fBSel = FullSimplify@fBBSel + fABSel ê 2D;
DfA = FullSimplify@fASel - fAD;
DfB = FullSimplify@fBSel - fBD;

Analysis
For all analyses we assume HWE (i.e. x = 0), we relax this assumption in numerical iterations



Invasion
scaledDeltaDriveWhenRare = HFullSimplify@DfB ê HfB * H1 - fBLL ê. x Ø 0D ê. fB Ø 0L

1

2
H-1 - 2 d H-1 + hsL - hsL

Noting that the change in frequency of a standard driver is independent of s when rare, we solve for the 
value of hs required for invasion.  

invasionCrit = Solve@scaledDeltaDriveWhenRare ã 0, hsD

::hs Ø
-1 + 2 d

1 + 2 d
>>

Fixation
scaledDeltaDriveWhenCommon = HFullSimplify@DfB ê HfB * H1 - fBLL ê. x Ø 0D ê. fB Ø 1L

1 + hs + 2 Hd H-1 + hsL - 2 hs + sL

2 H-1 + sL

We solve for fixation conditions when recessive or not.

fixationCritRecessive = Solve@scaledDeltaDriveWhenCommon ã 0, sD ê. hs Ø 0
fixationCritNotRecessive = Solve@scaledDeltaDriveWhenCommon ã 0, sD

::s Ø
1

2
H-1 + 2 dL>>

::s Ø
1

2
H-1 + 2 d + 3 hs - 2 d hsL>>

Equilibrium
We identify the equilibrium frequency of the standard driver

eqfB = Solve@HFullSimplify@HDfB ê. x Ø 0LDL ã 0, fBD@@4DD

:fB Ø
8 d hs - 4 d s + -4 H1 - 2 d + hs + 2 d hsL H-4 hs + 8 d hs + 2 s - 4 d sL + H-8 d hs + 4 d sL2

2 H-4 hs + 8 d hs + 2 s - 4 d sL
>

We plot this equilibrium frequency assuming a recessive fitness cost.

2     MathematicaAppendix.nb



ContourPlot@If@fB > 1, 1 ê 0, If@fB < 0, 1 ê 0, fBDD ê. eqfB ê. hs Ø 0, 8d, .5, 1<,
8s, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB*"D, PlotLabel Ø
"Equilibrium frequency of a standard driver with a recessive fitness cost",

FrameLabel Ø 8"d Hdrive of the B alleleL",
"s Hselection against driver, assuming recessive fitness costL"<D

fB*

FullSimplify@fAADrive + fABDrive + fBBDriveD

1

Model 2. Female drive depends on sperm haplotype 
(single pleitropic locus)

The B allele is transmited with probability, d, in heterozygous females when fertilized by B-bearing 
sperm. 
x represents the deviation from Hardy - Weinberg Equilibrium

Setup
H*Allele and Genotype frequencies*L
ClearAll@"Global`*"D
fA = 1 - fB;
fAA = fA^2 + fA fB x;
fAB = 2 fA fB H1 - xL;
fBB = fB^2 + fA fB x;
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Drive
H*Genotype frequencies after drive*L
fAADrive = FullSimplify@fA HfAA + fAB ê 2LD;
fABDrive = FullSimplify@fB HfAA + fAB * H1 - dLL + fA HfAB ê 2 + fBBLD;
fBBDrive = FullSimplify@fB HfAB d + fBB LD;

Selection
wAA = 1; wAB = 1 - hs; wBB = 1 - s; H*genotypic fitnesses*L
W = FullSimplify@fAADrive wAA + fABDrive wAB + fBBDrive wBBD;H*mean fitness*L
fAASel = FullSimplifyAHfAADrive * wAAL ê WE;

fABSel = FullSimplifyAHfABDrive * wABL ê WE;

fBBSel = FullSimplifyAHfBBDrive wBBL ê WE;
fASel = FullSimplify@fAASel + fABSel ê 2D;
fBSel = FullSimplify@fBBSel + fABSel ê 2D;
DfA = FullSimplify@fASel - fAD;
DfB = FullSimplify@fBSel - fBD;

Analysis
Note, we assume no deviation from Hardy-Weinberg [i.e. x=0] for all analytical results, and therefore 
these answers are approximations. In the supplamentary material we show thats results of exact recur-
sions are remarkably consistant from these approximate analystical solutions. 

Assuming the cost of drive is fully recessive [i.e. hs is zero]

Invasion
DfBinvade = HFullSimplify@DfB ê. hs Ø 0 ê. x Ø 0D ê fB^2 ê. fB Ø 0L

1

2
H-1 + d H2 - 4 sLL

spermDepReceesiveInvade = Solve@DfBinvade ã 0, sD

::s Ø
-1 + 2 d

4 d
>>

plotInvasion4spermDepRecessive =
Plot@s ê. spermDepReceesiveInvade @@1DD, 8d, .5, 1<, PlotStyle Ø 8Black, Thick<D;

plotRelChange4RarespermDepRecessive = ContourPlot@8DfBinvade<, 8d, 0.5, 1<,
8s, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB"D,
FrameLabel Ø 8"d HdriveL", "s HselectionL"<,
PlotLabel Ø "Invasion of recessive sperm dependent driver"D;
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Show@plotRelChange4RarespermDepRecessive, plotInvasion4spermDepRecessiveD

scaled DB

Fixation
DfBfix = FullSimplify@FullSimplify@DfB ê. hs Ø 0 ê. x Ø 0D ê fAD ê. fB Ø 1

-1 + 2 d - 2 s

2 - 2 s

spermDepReceesiveFix = Solve@DfBfix ã 0, sD

::s Ø
1

2
H-1 + 2 dL>>

Hs ê. spermDepReceesiveFix @@1DDL

1

2
H-1 + 2 dL

plotFixation4spermDepRecessive =
Plot@s ê. spermDepReceesiveFix @@1DD, 8d, .5, 1<, PlotStyle Ø 8Red, Thick<D;

H*Note we artificially rescaled z to be -.1 for all negative values*L
plotRelChange4CommonSpermDepRecessive =

ContourPlot@If@s > Hs ê. spermDepReceesiveFix @@1DDL, -.1, DfBfixD, 8d, 0.5, 1<,
8s, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB"D,
FrameLabel Ø 8"d HdirveL", "s HselectionL"<,
PlotLabel Ø "Fixation of recessive sperm dependent driver"D;
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Show@plotRelChange4CommonSpermDepRecessive, plotFixation4spermDepRecessiveD

scaled DB

Bistability Point
FBbistabSpermDepReceesive = Solve@FullSimplify@DfB ê. hs Ø 0 ê. x Ø 0D ã 0, fBD@@4DD

:fB Ø
1 - 2 d + 4 d s

-2 s + 4 d s
>

bistab = ContourPlot@HIf@fB < 0, 0, If@fB > 1, 1, fBDDL ê. FBbistabSpermDepReceesive,
8d, .5, 1<, 8s, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB*"D,
FrameLabel Ø 8"d HdirveL", "s HselectionL"<, PlotLabel Ø
"Threshold frequency for fixation of recessive self-promoting driver"D;
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Show@bistab, plotFixation4spermDepRecessive, plotInvasion4spermDepRecessiveD

fB*

Assuming the cost of drive is not fully recessive [i.e. hs is 
nonzero]

Invasion
Note  with any heterozgous cost (i.e. hs > 0) a self - promoting driver cannot invade

FullSimplify@FullSimplify@DfB ê. x Ø 0D ê fBD ê. fB Ø 0

-hs

Fixation
DfBfix = FullSimplify@FullSimplify@FullSimplify@DfB ê. x Ø 0D ê fAD ê. fB Ø 1D

1 + 2 d H-1 + hsL - 3 hs + 2 s

2 H-1 + sL

spermDepNotReceesiveFix = Solve@DfBfix ã 0, sD

::s Ø
1

2
H-1 + 2 d + 3 hs - 2 d hsL>>

spermDepAddFix = Solve@DfBfix ã 0 ê. hs Ø s ê 2, sD

::s Ø
2 H-1 + 2 dL

1 + 2 d
>>
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plotspermDepAddFix =
Plot@s ê. spermDepAddReceesiveFix , 8d, .5, 1<, PlotStyle Ø 8Red, Thick<D;

Bistability Point
FBbistabSpermDepNotReceesive = Solve@FullSimplify@DfB ê. x Ø 0D ã 0, fBD@@3DD

:fB Ø -1 + 2 d + 3 hs + 2 d hs - 4 d s -

-8 hs H-2 hs + 4 d hs + 2 s - 4 d sL + H1 - 2 d - 3 hs - 2 d hs + 4 d sL2 ì

H2 H-2 hs + 4 d hs + 2 s - 4 d sLL>

An Example of a non - recessive driver [Assuming additivity]

bistab = ContourPlot@
HIf@fB < 0, 0, If@fB > 1, 1, fBDDL ê. FBbistabSpermDepNotReceesive ê. hs Ø Hs ê 2L,
8d, .5, 1<, 8s, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB*"D,
FrameLabel Ø 8"d HdirveL", "s HselectionL"<, PlotLabel Ø
"Threshold frequency for fixation of recessive self-promoting driver"D;

Show@bistab, plotspermDepAddFixD

fB*
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Model 3. Female drive depends on male genotype 
(single pleitropic locus)

The B allele is transmited with probability, d and dh, in heterozygous females when fertilized BB and AB 
males, respectively.  
x represents the deviation from Hardy - Weinberg Equilibrium

Setup
H*Allele and Genotype frequencies*L
ClearAll@"Global`*"D
fA = 1 - fB;
fAA = fA^2 + fA fB x;
fAB = 2 fA fB H1 - xL;
fBB = fB^2 + fA fB x;

Drive
H*Genotype frequencies after drive*L
fAADrive = FullSimplify@fAA HfAA + fAB ê 2L + fAB HfAA ê 2 + fAB H1 - dhetL ê 2LD;
fABDrive = FullSimplify@

fAA HfAB ê 2 + fBBL + fAB HfAA ê 2 + fAB ê 2 + fBB H1 - dhomLL + fBB HfAA + fAB ê 2LD;
fBBDrive = FullSimplify@fAB HfAB dhet ê 2 + fBB dhomL + fBB HfAB ê 2 + fBBLD;

Selection
wAA = 1; wAB = 1 - hs; wBB = 1 - s; H*genotypic fitnesses*L
W = FullSimplify@fAADrive wAA + fABDrive wAB + fBBDrive wBBD;H*mean fitness*L
fAASel = FullSimplifyAHfAADrive * wAAL ê WE;

fABSel = FullSimplifyAHfABDrive * wABL ê WE;

fBBSel = FullSimplifyAHfBBDrive wBBL ê WE;
fASel = FullSimplify@fAASel + fABSel ê 2D;
fBSel = FullSimplify@fBBSel + fABSel ê 2D;
DfA = FullSimplify@fASel - fAD;
DfB = FullSimplify@fBSel - fBD;
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FullSimplify@fAADrive + fABDrive + fBBDriveD

1

Analysis

Analytical example - recessive fitness cost

Invasion
invasion4maleDepRecessive =
Solve@HHFullSimplify@HDfB ê. x Ø 0 ê. hs Ø 0LD ê fB^2L ê. fB Ø 0L ã 0, sD

::s Ø
-1 + 2 dhet

2 dhet
>>

plotiInvasion4maleDepRecessive =
Plot@s ê. invasion4maleDepRecessive ê. dhet -> dhom,
8dhom, .5, 1<, PlotStyle -> 8Black, Thick<D;

Fixation
fixation4maleDepRecessive =
Solve@HFullSimplify@HFullSimplify@HDfB ê. x Ø 0 ê. hs Ø 0L ê fAD ê. fB Ø 1LDL ã 0, sD

::s Ø
1

2
H-1 + 2 dhomL>>

plotFixation4maleDepRecessive = Plot@s ê. fixation4maleDepRecessive ê. dhet -> dhom,
8dhom, .5, 1<, PlotStyle -> 8Red, Thick<D;

Show@Plot@0, 8dhom, 0.5, 1<, AxesLabel Ø 8"d HdriveL assuming dhet=dhom=d",
"s Hselection against drive homozygotesL"<, PlotRange Ø 88.5, 1<, 80, .5<<,

PlotLabel Ø "Invasion and fixation conditions for a male dependent driver"D,
plotFixation4maleDepRecessive, plotiInvasion4maleDepRecessiveD

0.6 0.7 0.8 0.9 1.0
d HdriveL assuming dhet=dhom=d0.0

0.1

0.2

0.3

0.4

0.5
s Hselection against drive homozygotesL

Invasion and fixation conditions for a male dependent driver
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drvier fixesÇ

driver in
vades but cannot fix

0.5 0.6 0.7 0.8 0.9 1.0
d HdriveL0.0

0.1

0.2

0.3

0.4

0.5
s HselectionL

Invasion and fixation conditions for a male dependent driver

Equlibrium
FBeqMaleepReceesive =
Solve@FullSimplify@DfB ê. x Ø 0 ê. hs Ø 0 ê. dhet Ø dhomD ã 0, fBD@@4DD

:fB Ø
2 H1 - 2 dhom + 2 s dhomL

H-1 + 2 sL H-1 + 2 dhomL
>

eqfig = ContourPlot@ HIf@fB < 0, 0, If@fB > 1, 1, fBDDL ê. FBeqMaleepReceesive,
8dhom, 0.5, 1<, 8s, 0, .5<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB*"D,
FrameLabel Ø 8"d HdriveL assuming dhet=dhom=d",

"s Hselection, assuming recessive fitness costL"<D;

Show@eqfig, plotiInvasion4maleDepRecessive, plotFixation4maleDepRecessiveD

fB*
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Model 4. Female drive depends on sperm haplotype 
(two tightly linked, loci in coupling phase)

We have one locus with two alleles, A (non-driving) and B (traditional driver), as well as a tightly linked 
locus where one allele  modifies drive. Assuming no recombination this functions as a third allele, C. 
This tighly-linked locus is on the B background.
When C increases drive in heterozgous females it fertilizes, it is a drive enhancer (the B+ allele in our 
ms).
When C decreases drive in heterozgous females it fertilizes, it is a drive suppressor (the B- allele in our 
ms).
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Setup
ClearAll@"Global`*"D
fA =.
fAA =.
fAB =.
fAC =.
fBB =.
fBC =.
fCC =.
minormod = 8d1 Ø d0 + e<
H*assuming the sperm acting modifier additively increases drive by epsilon*L;

SUMTOONE = 8 fA -> 1 - HfB + fCL<;
HWE =

8fAA -> fA^2, fAB Ø 2 fA fB, fAC Ø 2 fA fC, fBB Ø fB^2, fBC Ø 2 fB fC, fCC Ø fC^2<;
GENOFREQS = 8fA Ø fAA + fAB ê 2 + fAC ê 2,

fB Ø fBB + fAB ê 2 + fBC ê 2, fC Ø fCC + fBC ê 2 + fBC ê 2<;

Drive
H*Here we caculate all genotypes after drive. For book-
keeping purposes we distinguish between reciprocal homozygotes,

but remove this distinction belowsum them below*L

AAn =
FullSimplify@fAA * fAA * 1 + fAA * fAB * 1 ê 2 + fAA * fAC * 1 ê 2 + fAA * fBB * 0 + fAA * fBC * 0 +

fAA * fCC * 0 + fAB * fAA * H1 - d0L + fAB * fAB * H1 - d0L ê 2 + fAB * fAC * H1 - d0L ê 2 +
fAB * fBB * 0 + fAB * fBC * 0 + fAB * fCC * 0 + fAC * fAA * H1 - d0L + fAC * fAB * H1 - d0L ê 2 +
fAC * fAC * H1 - d0L ê 2 + fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 +
fBB * fAB * 0 + fBB * fAC * 0 + fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 +
fBC * fAB * 0 + fBC * fAC * 0 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

ABn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 1 ê 2 + fAA * fAC * 0 + fAA * fBB * 1 +
fAA * fBC * 1 ê 2 + fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * H1 - d0L ê 2 +
fAB * fAC * 0 + fAB * fBB * H1 - d0L + fAB * fBC * H1 - d0L ê 2 + fAB * fCC * 0 +
fAC * fAA * 0 + fAC * fAB * H1 - d0L ê 2 + fAC * fAC * 0 + fAC * fBB * H1 - d0L +
fAC * fBC * H1 - d0L ê 2 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 + fBB * fAC * 0 +
fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * 0 +
fBC * fAC * 0 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

ACn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 1 ê 2 + fAA * fBB * 0 +
fAA * fBC * 1 ê 2 + fAA * fCC * 1 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * H1 - d1L ê 2 +
fAB * fBB * 0 + fAB * fBC * H1 - d1L ê 2 + fAB * fCC * H1 - d1L + fAC * fAA * 0 + fAC * fAB * 0 +
fAC * fAC * H1 - d1L ê 2 + fAC * fBB * 0 + fAC * fBC * H1 - d1L ê 2 + fAC * fCC * H1 - d1L +
fBB * fAA * 0 + fBB * fAB * 0 + fBB * fAC * 0 + fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 +
fBC * fAA * 0 + fBC * fAB * 0 + fBC * fAC * 0 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 +
fCC * fAA * 0 + fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

BAn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 + fAA * fBC * 0 +
fAA * fCC * 0 + fAB * fAA * d0 + fAB * fAB * d0 ê 2 + fAB * fAC * d0 ê 2 + fAB * fBB * 0 +
fAB * fBC * 0 + fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 0 + fAC * fAC * 0 + fAC * fBB * 0 +
fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 1 + fBB * fAB * 1 ê 2 + fBB * fAC * 1 ê 2 +
fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 1 ê 2 + fBC * fAB * 1 ê 4 +

+ + + + +
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fBC * fAC * 1 ê 4 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

BBn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 + fAA * fBC * 0 +
fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * d0 ê 2 + fAB * fAC * 0 + fAB * fBB * d0 +
fAB * fBC * d0 ê 2 + fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 0 + fAC * fAC * 0 +
fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 1 ê 2 + fBB * fAC * 0 +
fBB * fBB * 1 + fBB * fBC * 1 ê 2 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * 1 ê 4 +
fBC * fAC * 0 + fBC * fBB * 1 ê 2 + fBC * fBC * 1 ê 4 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

BCn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 +
fAA * fBC * 0 + fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * Hd1L ê 2 +
fAB * fBB * 0 + fAB * fBC * Hd1L ê 2 + fAB * fCC * d1 + fAC * fAA * 0 + fAC * fAB * 0 +
fAC * fAC * 0 + fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 +
fBB * fAC * 1 ê 2 + fBB * fBB * 0 + fBB * fBC * 1 ê 2 + fBB * fCC * 1 + fBC * fAA * 0 +
fBC * fAB * 0 + fBC * fAC * 1 ê 4 + fBC * fBB * 0 + fBC * fBC * 1 ê 4 + fBC * fCC * 1 ê 2 +
fCC * fAA * 0 + fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

CAn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 +
fAA * fBC * 0 + fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * 0 + fAB * fBB * 0 +
fAB * fBC * 0 + fAB * fCC * 0 + fAC * fAA * d0 + fAC * fAB * d0 ê 2 + fAC * fAC * d0 ê 2 +
fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 + fBB * fAC * 0 +
fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 1 ê 2 + fBC * fAB * 1 ê 4 +
fBC * fAC * 1 ê 4 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 1 +
fCC * fAB * 1 ê 2 + fCC * fAC * 1 ê 2 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

CBn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 + fAA * fBC * 0 +
fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * 0 + fAB * fBB * 0 + fAB * fBC * 0 +
fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * d0 ê 2 + fAC * fAC * 0 + fAC * fBB * d0 +
fAC * fBC * d0 ê 2 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 + fBB * fAC * 0 +
fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * 1 ê 4 +
fBC * fAC * 0 + fBC * fBB * 1 ê 2 + fBC * fBC * 1 ê 4 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 1 ê 2 + fCC * fAC * 0 + fCC * fBB * 1 + fCC * fBC * 1 ê 2 + fCC * fCC * 0 + 0D;

CCn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 +
fAA * fBC * 0 + fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * 0 + fAB * fBB * 0 +
fAB * fBC * 0 + fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 0 + fAC * fAC * d1 ê 2 +
fAC * fBB * 0 + fAC * fBC * d1 ê 2 + fAC * fCC * d1 + fBB * fAA * 0 + fBB * fAB * 0 +
fBB * fAC * 0 + fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * 0 +
fBC * fAC * 1 ê 4 + fBC * fBB * 0 + fBC * fBC * 1 ê 4 + fBC * fCC * 1 ê 2 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 1 ê 2 + fCC * fBB * 0 + fCC * fBC * 1 ê 2 + fCC * fCC * 1 + 0D;

H*Genotype frequencies after drive*L
fAADrive = FullSimplify@AAnD;
fABDrive = FullSimplify@ABn + BAnD;
fACDrive = FullSimplify@ACn + CAnD;
fBBDrive = FullSimplify@BBnD;
fBCDrive = FullSimplify@BCn + CBnD;
fCCDrive = FullSimplify@CCnD;
H*check, do allele freqs sum to one?*L
FullSimplify@
FullSimplify@fAADrive + fABDrive + fACDrive + fBBDrive + fBCDrive + fCCDriveD ê. HWE ê. SUMTOONED

1

MathematicaAppendix.nb     15



Selection
wAA = 1; wAC = wAB = 1 - hs; wBB = wBC = wCC = 1 - s;
W = FullSimplify@

HwAA fAADrive + wAB fABDrive + wAC fACDrive + wBB fBBDrive + wBC fBCDrive + wCC fCCDriveLD;
H*Because the C allele arises on the B background we assume
it has the same impact on individual fitness*L

FullSimplifyAW ê. HWE ê. SUMTOONE ê. hs Ø 0E

1 + HfB + fCL H-2 d1 fC + 2 d0 fB H-1 + fB + fCL - HfB + fCL HfB + fC - 2 d1 fCLL s

fAASel = fAADrive wAA ê W;
fABSel = fABDrive wAB ê W;
fACSel = fACDrive wAC ê W;
fBBSel = fBBDrive wBB ê W;
fBCSel = fBCDrive wBC ê W;
fCCSel = fCCDrive wCC ê W;
fASel = FullSimplify@fAASel + HfABSel + fACSelL ê 2D;
fBSel = FullSimplify@fBBSel + HfABSel + fBCSelL ê 2D;
fCSel = FullSimplify@fCCSel + HfACSel + fBCSelL ê 2D;
DfA = FullSimplify@fASel - fAD;
DfB = FullSimplify@fBSel - fBD;
DfC = FullSimplify@fCSel - fCD;

H*Check: do genotype freqs after selection sum to one?*L
FullSimplify@fASel + fBSel + fCSelD

1

Analysis

Analysis - a standard driver [i.e. C is absent]
Note, we assume no deviation from Hardy - Weinberg for all analytical results, and therefore these 
answers are approximations. In the supplamentary material we show thats results of exact recursions 
are remarkably consistant from these approximate analystical solutions. 

Invasion of standard driver - note the driver always invades when it has a recessive fitness cost. 
Reassuringly, this reproduces model 1.

invasionStandardDriver = Solve@
HFullSimplify@HDfB ê. GENOFREQS ê. HWE ê. SUMTOONE ê. fC Ø 0L ê fBD ê. fB Ø 0L ã 0, hsD

::hs Ø
-1 + 2 d0

1 + 2 d0
>>

Fixation of standard driver
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fixationStandardDriver = Solve@
HFullSimplify@HDfB ê fA ê. GENOFREQS ê. HWE ê. SUMTOONE ê. fC Ø 0LD ê. fB Ø 1L ã 0, sD

::s Ø
1

2
H-1 + 2 d0 + 3 hs - 2 d0 hsL>>

H*fixation of a standard recessive driver*L
fixationStandardDriver ê. hs Ø 0

::s Ø
1

2
H-1 + 2 d0L>>

Equilibrium

H*Equilibrium frequency of a standard driverD*L

eqfB = Solve@HDfB ê. GENOFREQS ê. HWE ê. SUMTOONE ê. fC Ø 0L ã 0, fBD@@4DD

:fB Ø 8 d0 hs - 4 d0 s +

-4 H1 - 2 d0 + hs + 2 d0 hsL H-4 hs + 8 d0 hs + 2 s - 4 d0 sL + H-8 d0 hs + 4 d0 sL2 ì

H2 H-4 hs + 8 d0 hs + 2 s - 4 d0 sLL>

H*Plot of equilibrium frequency of standard driver assuming full recessivity*L

ContourPlot@If@fB > 1, 1 ê 0, If@fB < 0, 1 ê 0, fBDD ê. eqfB ê. hs Ø 0, 8d0, .5, 1<,
8s, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB*"D, PlotLabel Ø
"Equilibrium frequency of a standard driver with a recessive fitness cost",

FrameLabel Ø 8"d0 Hdrive of the B alleleL",
"s Hselection against driver, assuming recessive fitness costL"<D

fB*

Invasion of sperm acting drive modifier tighly linked with the 
driver, and on the driving background
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Invasion of sperm acting drive modifier tighly linked with the 
driver, and on the driving background
H*change in frequency of the drive modifier when rare and when alleles

at the drive locus are in drive-viability equilibrium, mutliplied by
WbarêfC @this value is always positive and will not influence the signD*L

wbarDeltaSpermDrive = FullSimplifyA

FullSimplifyAW DfC ê HfCL ê. HWE ê. SUMTOONEE ê. fC Ø 0 ê. eqfB ê. minormodE

1

2 H1 - 2 d0L2 H2 hs - sL
Hhs - sL

I-1 - hs - 2 H1 + hs - 2 d0 H2 + d0 H-2 + sLLL H2 hs - sL + 2 d0 H2 H-1 + d0L H-1 + hsL + sLM e

H*Plotting change this change in frequency when the sperm acting locus is rare,
increases drive, and when the fitness cost of drive is fully
recessive. NOTE: This sperm enhancer of drive cannot invade*L

ContourPlot@
If@fB > 1, 1 ê 0, If@fB < 0.0001, 0, wbarDeltaSpermDriveDD ê. eqfB ê. e Ø 0.01 ê. hs Ø 0,
8d0, 0.5, 1<, 8s, 0, 1<,
PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB+"D,
PlotLabel Ø "A sperm-acting drive enhancer Hthe B+ haplotypeL

cannot invade\nHassuming a recessive fitness cost of driveL",
FrameLabel Ø 8"d0 Hdrive of the B alleleL",

"s Hselection against driver, assuming recessive fitness costL"<D

scaled DB+

H*Plotting change this change in frequency when the sperm acting
locus is rare and decreases drive, and when the fitness cost of
drive is fully recessive. NOTE: This sperm suppresor always invades*L
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ContourPlot@
If@fB > 1, 1 ê 0, If@fB < 0.0001, 0, wbarDeltaSpermDriveDD ê. eqfB ê. e Ø -0.01 ê. hs Ø 0,
8d0, 0.5, 1<, 8s, 0, 1<,
PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB-"D,
PlotLabel Ø "A sperm-acting drive suppressor Hthe B- haplotypeL

always invades\nHassuming a recessive fitness cost of driveL",
FrameLabel Ø 8"d0 Hdrive of the B alleleL",

"s Hselection against driver, assuming recessive fitness costL"<D

scaled DB-
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H*Plotting change this change in frequency when hte extent
of drive is mild @d0 = .6D and the sperm acting locus is rare
and increase drive. NOTE: This sperm enhancer never invades*L

ContourPlot@HIf@fB > 1, 1 ê 0, If@fB < 0.0000001, 0, wbarDeltaSpermDriveDD ê. eqfB ê.
e Ø 0.01 ê. d0 Ø .6L, 8s, 0, 1<, 8hs, 0, 1<,

PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB+"D, PlotLabel Ø
"A sperm-acting drive enhancer Hthe B+ haplotypeL cannot invade\nHassuming

drive-selection equilibrium of a modest driver, d0 = .6L",
FrameLabel Ø 8"s Hselection against drive homozygotesL",

"hs Hselection against drive heterozygotesL"<D

scaled DB+

H*Plotting change this change in frequency when hte extent of
drive is mild @d0 = .98D and the sperm acting locus is rare and
increase drive. NOTE: This sperm enhancer never invades*LContourPlot@
HIf@fB > 1, 1 ê 0, If@fB <= 0.001, -0.000000001, wbarDeltaSpermDriveDD ê. eqfB ê.

e Ø 0.01 ê. d0 Ø .98L, 8s, 0, 1<, 8hs, 0, 1<,
PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB+"D, PlotLabel Ø
"A sperm-acting drive enhancer Hthe B+ haplotypeL cannot invade\nHassuming

drive-selection equilibrium of a strong driver, d0 = .98L",
FrameLabel Ø 8"s Hselection against drive homozygotesL",

"hs Hselection against drive heterozygotesL"<D
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scaled DB+

scaled DB+
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Replacement of traditional driver by sperm acting drive 
suppressor tighly linked with the driver, and on the driving 
background
Equilibrium frequency of drive suppresor

eqfC = Solve@HFullSimplify@DfC ê. HWE ê. SUMTOONE ê. minormod ê. fB Ø 0DL ã 0, fCD@@4DD;

H*Equilibrium frequency of a linked, coupled,
drive suppressor when the fitness costs of drive are recessive*L

ContourPlot@If@fC < 1 && fC > 0, HfCL, 1 ê 0D ê. eqfC ê. hs Ø 0 ê. e Ø -.001,
8d0, .5, 1<, 8s, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB- *"D,
PlotLabel Ø "Equlibrium freq. of sperm-acting drive suppressor Hthe B-

haplotypeL\nHassuming an initial complete driver, d0 = 1L", FrameLabel Ø
8"d0 Hdrive of the B alleleL", "s Hselection against drive homozygotesL"<D

fB- *

H*Equilibrium frequency of a linked, coupled,
drive suppressor when drive is complete*L
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ContourPlot@If@fC < 1 && fC > 0, HfCL, 1 ê 0D ê. eqfC ê. hs Ø 0 ê. e Ø -.001 ê. d0 Ø 1,
8s, 0, 1<, 8hs, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB- *"D,
PlotLabel Ø "Equlibrium freq. of a sperm-acting drive suppressor Hthe

B- haplotypeL \nHassuming an initial complete driver, d0 = 1L",
FrameLabel Ø 8"s Hselection against drive homozygotesL",

"hs Hselection against drive heterozygotesL"<D

fB- *

Equilibrium frequency of drive/sperm  acting  suppresor haplotype is often less than that of the 
standard driver it replaces.
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H*Differecce in equilibrium frequency of the B- and B haplotypes*L
ContourPlot@
If@fC < 1 && fB < 1 && fC > 0 && fB > 0, HfC - fBL, 1 ê 0D ê. eqfB ê. eqfC ê. hs Ø 0 ê.
e Ø -.001, 8d0, .5, 1<, 8s, 0, 1<,

PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB- * - fB *"D, PlotLabel Ø
"Difference in equlibrium frequency of a drive suppresor HB- haplotypeL\n and

the driver it replaces Hassuming a recessive cost of the drive alleleL",
FrameLabel Ø 8"d0 Hdrive of the B alleleL",

"s Hselection against drive homozygotesL"<D

fB- * - fB *
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ContourPlot@
If@fC < 1 && fB < 1 && fC > 0 && fB > 0, HfC - fBL, 1 ê 0D ê. eqfB ê. eqfC ê. hs Ø Hs ê 4L ê.
e Ø -.001, 8d0, .5, 1<, 8s, 0, 1<,

PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "fB- * - fB *"D, PlotLabel Ø
"Difference in equlibrium frequency of a drive suppresor HB- haplotypeL\n

and the driver it replaces Hassuming a heterozygote cost, hs = sê4L",
FrameLabel Ø 8"d0 Hdrive of the B alleleL",

"s Hselection against drive homozygotesL"<D

fB- * - fB *

H*change in frequency of a rare traditional driver when the drive-
sperm suppressor haplotype and the ondriving hplotype
are at drive selection equilibrium, mutliplied by

WbarêfC @this value is always positive and will not influence the signD*L
wbarDeltaTradDrive = FullSimplifyA

FullSimplifyAW DfB ê HfBL ê. HWE ê. SUMTOONEE ê. fB Ø 0 ê. eqfC ê. minormodE;

H*Plotting the change in frequency of a rare traditional
driving haplotype when the sperm drive suppresor is at drive
selection balance. ASSUMING the fitness cost of drive is fully
recessive. NOTE: This sperm enhancer of drive cannot invade*L
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ContourPlot@
If@fC > 1, 1 ê 0, If@fC < 0.0001, 0, wbarDeltaTradDriveDD ê. eqfC ê. e Ø -0.001 ê. hs Ø 0,
8d0, 0.5, 1<, 8s, 0, 1<,
PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB"D,
PlotLabel Ø "A fixed drive suppresor HB- haplotypeL cannot be displaced by \n a

traditional driver Hassuming a recessive fitness cost of driveL",
FrameLabel Ø 8"d0 Hdrive of the B alleleL",

"s Hselection against driver, assuming recessive fitness costL"<D

scaled DB

H*Plotting the change in frequency of a rare traditional
driving haplotype when the sperm drive suppresor is at drive
selection balance. ASSUMING a fitness cost of drive in homozygotes
HhsØsê4L. NOTE: This sperm enhancer of drive cannot invade*L
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ContourPlot@
If@fC > 1, 1 ê 0, If@fC < 0.0001, 0, wbarDeltaTradDriveDD ê. eqfC ê. e Ø -0.001 ê.
hs Ø s ê 4, 8d0, 0.5, 1<, 8s, 0, 1<,

PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB"D,
PlotLabel Ø "A fixed sperm-acting drive suppresor cannot be displaced

by a traditional \nHassuming a recessive fitness cost of driveL",
FrameLabel Ø 8"d0 Hdrive of the B alleleL",

"s Hselection against driver, assuming recessive fitness costL"<D

scaled DB
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ContourPlot@
If@fC > 1, 1 ê 0, If@fC < 0.0001, 0, wbarDeltaTradDriveDD ê. eqfC ê. e Ø -0.001 ê. d0 Ø 1,
8s, 0, 1<, 8hs, 0, 1<, PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DB"D,
PlotLabel Ø "A fixed sperm-acting drive suppresor cannot

be displaced by a traditional \nHassuming perfect driveL",
FrameLabel Ø 8"s Hselection against drive homozygotesL",

"hs Hselection against drive heterozygotesL"<D

scaled DB

!

Model 5. Female drive depends on sperm haplotype 
(two tightly linked, loci in repulsion phase)

We have one locus with two alleles, A (non-driving) and B (traditional driver), as well as a tightly linked 
locus where one allele modifies drive. This tighly-linked locus is on the A background. Assuming no 
recombination this functions as a third allele, C. 
When C increases drive in heterozgous females it fertilizes, it is a drive enhancer (the A+ allele [not 
discussed in our ms]).
When C decreases drive in heterozgous females it fertilizes, it is a drive suppressor (the A- allele in our 
ms).

Setup
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Setup
ClearAll@"Global`*"D
fA =.
fAA =.
fAB =.
fAC =.
fBB =.
fBC =.
fCC =.
minormod = 8d1 Ø d0 + e<
H*assuming the sperm acting modifier additively increases drive by epsilon*L;

SUMTOONE = 8 fA -> 1 - HfB + fCL<;
HWE =

8fAA -> fA^2, fAB Ø 2 fA fB, fAC Ø 2 fA fC, fBB Ø fB^2, fBC Ø 2 fB fC, fCC Ø fC^2<;
GENOFREQS = 8fA Ø fAA + fAB ê 2 + fAC ê 2,

fB Ø fBB + fAB ê 2 + fBC ê 2, fC Ø fCC + fBC ê 2 + fBC ê 2<;

Drive
H*Here we caculate all genotypes after drive. For book-
keeping purposes we distinguish between reciprocal homozygotes,

but remove this distinction belowsum them below*L

AAn =
FullSimplify@fAA * fAA * 1 + fAA * fAB * 1 ê 2 + fAA * fAC * 1 ê 2 + fAA * fBB * 0 + fAA * fBC * 0 +

fAA * fCC * 0 + fAB * fAA * H1 - d0L + fAB * fAB * H1 - d0L ê 2 + fAB * fAC * H1 - d0L ê 2 +
fAB * fBB * 0 + fAB * fBC * 0 + fAB * fCC * 0 + fAC * fAA * 1 ê 2 + fAC * fAB * 1 ê 4 +
fAC * fAC * 1 ê 4 + fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 +
fBB * fAC * 0 + fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * 0 +
fBC * fAC * 0 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

ABn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 1 ê 2 + fAA * fAC * 0 + fAA * fBB * 1 +
fAA * fBC * 1 ê 2 + fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * H1 - d0L ê 2 + fAB * fAC * 0 +
fAB * fBB * H1 - d0L + fAB * fBC * H1 - d0L ê 2 + fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 1 ê 4 +
fAC * fAC * 0 + fAC * fBB * 1 ê 2 + fAC * fBC * 1 ê 4 + fAC * fCC * 0 + fBB * fAA * 0 +
fBB * fAB * 0 + fBB * fAC * 0 + fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 +
fBC * fAB * 0 + fBC * fAC * 0 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

ACn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 1 ê 2 + fAA * fBB * 0 +
fAA * fBC * 1 ê 2 + fAA * fCC * 1 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * H1 - d1L ê 2 +
fAB * fBB * 0 + fAB * fBC * H1 - d1L ê 2 + fAB * fCC * H1 - d1L + fAC * fAA * 0 + fAC * fAB * 0 +
fAC * fAC * 1 ê 4 + fAC * fBB * 0 + fAC * fBC * 1 ê 4 + fAC * fCC * 1 ê 2 + fBB * fAA * 0 +
fBB * fAB * 0 + fBB * fAC * 0 + fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 +
fBC * fAB * 0 + fBC * fAC * 0 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

BAn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 + fAA * fBC * 0 +
fAA * fCC * 0 + fAB * fAA * d0 + fAB * fAB * d0 ê 2 + fAB * fAC * d0 ê 2 + fAB * fBB * 0 +
fAB * fBC * 0 + fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 0 + fAC * fAC * 0 + fAC * fBB * 0 +
fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 1 + fBB * fAB * 1 ê 2 + fBB * fAC * 1 ê 2 +

+ + + + +
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fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * d0 + fBC * fAB * d0 ê 2 +
fBC * fAC * Hd0L ê 2 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

BBn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 + fAA * fBC * 0 +
fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * d0 ê 2 + fAB * fAC * 0 + fAB * fBB * d0 +
fAB * fBC * d0 ê 2 + fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 0 + fAC * fAC * 0 +
fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 1 ê 2 + fBB * fAC * 0 +
fBB * fBB * 1 + fBB * fBC * 1 ê 2 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * d0 ê 2 +
fBC * fAC * 0 + fBC * fBB * d0 + fBC * fBC * Hd0L ê 2 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

BCn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 +
fAA * fBC * 0 + fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * Hd1L ê 2 +
fAB * fBB * 0 + fAB * fBC * Hd1L ê 2 + fAB * fCC * d1 + fAC * fAA * 0 + fAC * fAB * 0 +
fAC * fAC * 0 + fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 +
fBB * fAC * 1 ê 2 + fBB * fBB * 0 + fBB * fBC * 1 ê 2 + fBB * fCC * 1 + fBC * fAA * 0 +
fBC * fAB * 0 + fBC * fAC * Hd1L ê 2 + fBC * fBB * 0 + fBC * fBC * Hd1L ê 2 + fBC * fCC * d1 +
fCC * fAA * 0 + fCC * fAB * 0 + fCC * fAC * 0 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

CAn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 +
fAA * fBC * 0 + fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * 0 + fAB * fBB * 0 +
fAB * fBC * 0 + fAB * fCC * 0 + fAC * fAA * 1 ê 2 + fAC * fAB * 1 ê 4 + fAC * fAC * 1 ê 4 +
fAC * fBB * 0 + fAC * fBC * 0 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 + fBB * fAC * 0 +
fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * H1 - d0L + fBC * fAB * H1 - d0L ê 2 +
fBC * fAC * H1 - d0L ê 2 + fBC * fBB * 0 + fBC * fBC * 0 + fBC * fCC * 0 + fCC * fAA * 1 +
fCC * fAB * 1 ê 2 + fCC * fAC * 1 ê 2 + fCC * fBB * 0 + fCC * fBC * 0 + fCC * fCC * 0 + 0D;

CBn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 + fAA * fBC * 0 +
fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * 0 + fAB * fBB * 0 + fAB * fBC * 0 +
fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 1 ê 4 + fAC * fAC * 0 + fAC * fBB * 1 ê 2 +
fAC * fBC * 1 ê 4 + fAC * fCC * 0 + fBB * fAA * 0 + fBB * fAB * 0 + fBB * fAC * 0 +
fBB * fBB * 0 + fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * H1 - d0L ê 2 +
fBC * fAC * 0 + fBC * fBB * H1 - d0L + fBC * fBC * H1 - d0L ê 2 + fBC * fCC * 0 + fCC * fAA * 0 +
fCC * fAB * 1 ê 2 + fCC * fAC * 0 + fCC * fBB * 1 + fCC * fBC * 1 ê 2 + fCC * fCC * 0 + 0D;

CCn = FullSimplify@fAA * fAA * 0 + fAA * fAB * 0 + fAA * fAC * 0 + fAA * fBB * 0 + fAA * fBC * 0 +
fAA * fCC * 0 + fAB * fAA * 0 + fAB * fAB * 0 + fAB * fAC * 0 + fAB * fBB * 0 + fAB * fBC * 0 +
fAB * fCC * 0 + fAC * fAA * 0 + fAC * fAB * 0 + fAC * fAC * 1 ê 4 + fAC * fBB * 0 + fAC * fBC * 1 ê 4 +
fAC * fCC * 1 ê 2 + fBB * fAA * 0 + fBB * fAB * 0 + fBB * fAC * 0 + fBB * fBB * 0 +
fBB * fBC * 0 + fBB * fCC * 0 + fBC * fAA * 0 + fBC * fAB * 0 + fBC * fAC * H1 - d1L ê 2 +
fBC * fBB * 0 + fBC * fBC * H1 - d1L ê 2 + fBC * fCC * H1 - d1L + fCC * fAA * 0 +
fCC * fAB * 0 + fCC * fAC * 1 ê 2 + fCC * fBB * 0 + fCC * fBC * 1 ê 2 + fCC * fCC * 1 + 0D;

H*Genotype frequencies after drive*L
fAADrive = FullSimplify@AAnD;
fABDrive = FullSimplify@ABn + BAnD;
fACDrive = FullSimplify@ACn + CAnD;
fBBDrive = FullSimplify@BBnD;
fBCDrive = FullSimplify@BCn + CBnD;
fCCDrive = FullSimplify@CCnD;
H*check, do allele freqs sum to one?*L
FullSimplify@
FullSimplify@fAADrive + fABDrive + fACDrive + fBBDrive + fBCDrive + fCCDriveD ê. HWE ê. SUMTOONED

1

Selection
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Selection
wAA = wAC = wCC = 1; wAB = wBC = 1 - hs; wBB = 1 - s;
W = FullSimplify@

HwAA fAADrive + wAB fABDrive + wAC fACDrive + wBB fBBDrive + wBC fBCDrive + wCC fCCDriveLD;
H*Because the C allele arises on the B background we assume
it has the same impact on individual fitness*L

FullSimplifyAW ê. HWE ê. SUMTOONE ê. hs Ø 0E

1 + H2 d0 H-1 + fBL - fBL fB2 s

fAASel = fAADrive wAA ê W;
fABSel = fABDrive wAB ê W;
fACSel = fACDrive wAC ê W;
fBBSel = fBBDrive wBB ê W;
fBCSel = fBCDrive wBC ê W;
fCCSel = fCCDrive wCC ê W;
fASel = FullSimplify@fAASel + HfABSel + fACSelL ê 2D;
fBSel = FullSimplify@fBBSel + HfABSel + fBCSelL ê 2D;
fCSel = FullSimplify@fCCSel + HfACSel + fBCSelL ê 2D;
DfA = FullSimplify@fASel - fAD;
DfB = FullSimplify@fBSel - fBD;
DfC = FullSimplify@fCSel - fCD;

H*Check: do genotype freqs after selection sum to one?*L
FullSimplify@fASel + fBSel + fCSelD

1

FullSimplifyAW fACSel ê. HWE ê. SUMTOONEE

2 H-1 + H-1 + d0 + d1L fBL fC H-1 + fB + fCL

Analysis

Analysis - a standard driver [i.e. C is absent]
THIS IS THE SAME AS ABOVE, AND WE RENETER IT SIMPLY TO LOAD RESULTS INTO MEM-
ORY.  PLOTS ARE NOT RECREATED

invasionStandardDriver = Solve@
HFullSimplify@HDfB ê. GENOFREQS ê. HWE ê. SUMTOONE ê. fC Ø 0L ê fBD ê. fB Ø 0L ã 0,
hsD;

fixationStandardDriver = Solve@
HFullSimplify@HDfB ê fA ê. GENOFREQS ê. HWE ê. SUMTOONE ê. fC Ø 0LD ê. fB Ø 1L ã 0,
sD;

eqfB = Solve@HDfB ê. GENOFREQS ê. HWE ê. SUMTOONE ê. fC Ø 0L ã 0, fBD@@4DD;
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Invasion of sperm acting drive modifier tighly linked with the 
driver, on the non-driving background
H*change in frequency of the drive modifier when rare and when alleles

at the drive locus are in drive-viability equilibrium, mutliplied by
WbarêfC^2 @this value is always positive and will not influence the signD*L

wbarDeltaSpermDriveRecessive = FullSimplifyA

IFullSimplifyAW DfC ê HfC^2L ê. HWE ê. SUMTOONE ê. eqfB ê. hs Ø 0EM ê. minormodE

I-2 d0 s + 2 H-1 + 2 d0 H2 + d0 H-2 + sLLL s M e

2 H-1 + 2 d0L s

ContourPlot@
If@fB > 1, 1 ê 0, If@fB < 0.0001, 0, wbarDeltaSpermDriveRecessiveDD ê. eqfB ê.

e Ø -0.01 ê. hs Ø 0, 8d0, 0.5, 1<, 8s, 0, 1<,
PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DA-"D,
PlotLabel Ø "A sperm-acting drive suppressor linked\n to the nondriving allele

Hthe A- haplotypeL\n invades when the cost of drive is fully recessive",
FrameLabel Ø 8"d0 Hdrive of the B alleleL",

"s Hselection against driver, assuming recessive fitness costL"<D

scaled DA-

H*change in frequency of the drive modifier when rare and when alleles
at the drive locus are in drive-viability equilibrium, mutliplied by

WbarêfC @this value is always positive and will not influence the signD*L
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wbarDeltaSpermDrive = FullSimplifyA

FullSimplifyAW DfC ê HfCL ê. HWE ê. SUMTOONEE ê. fC Ø 0 ê. eqfB ê. minormodE

-
1

2 H1 - 2 d0L2 H2 hs - sL
hs I-1 - hs -

2 H1 + hs - 2 d0 H2 + d0 H-2 + sLLL H2 hs - sL + 2 d0 H2 H-1 + d0L H-1 + hsL + sLM e

H*Plotting change this change in frequency when the sperm acting locus is rare,
increases drive, and when the fitness cost of drive is fully
recessive. NOTE: This sperm enhancer of drive cannot invade*L

ContourPlotB

If@fB > 1, 1 ê 0, If@fB < 0.0001, 0, wbarDeltaSpermDriveDD ê. eqfB ê. e Ø -0.01 ê.
hs Ø s ê 4, 8d0, 0.5, 1<, 8s, 0, 1<,

PlotLegends Ø BarLegend@Automatic, LegendLabel Ø "scaled DA-"D, PlotLabel Ø
"Invasion of a sperm-acting drive suppressor linked to the nondriving\n allele

Hthe A- haplotypeL, assuming the cost of drive is not fully recessive.",

FrameLabel Ø :"d0 Hdrive of the B alleleL",

"s Hselection against driver, assuming het fitness cost, hs=
s

4
">F

scaled DA-
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Model 6. Female drive depends on sperm genotype at 
an unlinked locus 

In addition two our one locus with two alleles, A (non-driving) and B (traditional driver), we have a 
second locus with loci, E and F. We are concerned with the invasion and fixation of the F allele, which 
acts to modify drive when it fertilizes a heterozygote. Drive of the B allele is d0, but changes to d1 when 
fertilized by an ‘F’ bearing sperm

Setup
In[196]:= fA =.; fB =.; fE =.; fF =.;

fAE = fA fE + D;
fAF = fA fF - D;
fBE = fB fE - D;
fBF = fB fF + D;
randomHaps = 8fAAEE Ø FullSimplify@fAE fAED,

fABEE Ø FullSimplify@2 fAE fBED, fBBEE Ø FullSimplify@fBE fBED,
fAAEF Ø FullSimplify@2 fAE fAFD, fABEF Ø FullSimplify@2 HfAE fBF + fAF fBELD,
fBBEF Ø FullSimplify@2 fBE fBFD, fAAFF Ø FullSimplify@fAF fAFD,
fABFF Ø FullSimplify@2 fAF fBFD, fBBFF Ø FullSimplify@fBF fBFD<;

sum2one = 8fA Ø 1 - fB, fE Ø 1 - fF<
minormod = 8d1 Ø d0 + e<
H*assuming the sperm acting modifier additively increases drive by epsilon*L;

Out[202]= 8fA Ø 1 - fB, fE Ø 1 - fF<

Drive
fAAEEDrive = FullSimplify@

fAAEE * fAAEE * 1 + fAAEE * fABEE * 1 ê 2 + fAAEE * fBBEE * 0 + fAAEE * fAAEF * 1 ê 2 +
fAAEE * fABEF * 1 ê 4 + fAAEE * fBBEF * 0 + fAAEE * fAAFF * 0 + fAAEE * fABFF * 0 +
fAAEE * fBBFF * 0 + fABEE * fAAEE * H1 - d0L + fABEE * fABEE * H1 - d0L ê 2 + fABEE * fBBEE * 0 +
fABEE * fAAEF * H1 - d0L ê 2 + fABEE * fABEF * H1 - d0L ê 4 + fABEE * fBBEF * 0 +
fABEE * fAAFF * 0 + fABEE * fABFF * 0 + fABEE * fBBFF * 0 + fBBEE * fAAEE * 0 +
fBBEE * fABEE * 0 + fBBEE * fBBEE * 0 + fBBEE * fAAEF * 0 + fBBEE * fABEF * 0 +
fBBEE * fBBEF * 0 + fBBEE * fAAFF * 0 + fBBEE * fABFF * 0 + fBBEE * fBBFF * 0 +
fAAEF * fAAEE * 1 ê 2 + fAAEF * fABEE * 1 ê 4 + fAAEF * fBBEE * 0 + fAAEF * fAAEF * 1 ê 4 +
fAAEF * fABEF * 1 ê 8 + fAAEF * fBBEF * 0 + fAAEF * fAAFF * 0 + fAAEF * fABFF * 0 +
fAAEF * fBBFF * 0 + fABEF * fAAEE * H1 - d0L ê 2 + fABEF * fABEE * H1 - d0L ê 4 +

+ + +
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fABEF * fBBEE * 0 + fABEF * fAAEF * H1 - d0L ê 4 + fABEF * fABEF * H1 - d0L ê 8 +
fABEF * fBBEF * 0 + fABEF * fAAFF * 0 + fABEF * fABFF * 0 + fABEF * fBBFF * 0 +
fBBEF * fAAEE * 0 + fBBEF * fABEE * 0 + fBBEF * fBBEE * 0 + fBBEF * fAAEF * 0 +
fBBEF * fABEF * 0 + fBBEF * fBBEF * 0 + fBBEF * fAAFF * 0 + fBBEF * fABFF * 0 +
fBBEF * fBBFF * 0 + fAAFF * fAAEE * 0 + fAAFF * fABEE * 0 + fAAFF * fBBEE * 0 +
fAAFF * fAAEF * 0 + fAAFF * fABEF * 0 + fAAFF * fBBEF * 0 + fAAFF * fAAFF * 0 +
fAAFF * fABFF * 0 + fAAFF * fBBFF * 0 + fABFF * fAAEE * 0 + fABFF * fABEE * 0 +
fABFF * fBBEE * 0 + fABFF * fAAEF * 0 + fABFF * fABEF * 0 + fABFF * fBBEF * 0 +
fABFF * fAAFF * 0 + fABFF * fABFF * 0 + fABFF * fBBFF * 0 + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 0 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 0 + fBBFF * fABEF * 0 +
fBBFF * fBBEF * 0 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 0 + fBBFF * fBBFF * 0 + 0D

fABEEDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 1 ê 2 + fAAEE * fBBEE * 1 +
fAAEE * fAAEF * 0 + fAAEE * fABEF * 1 ê 4 + fAAEE * fBBEF * 1 ê 2 + fAAEE * fAAFF * 0 +
fAAEE * fABFF * 0 + fAAEE * fBBFF * 0 + fABEE * fAAEE * d0 + fABEE * fABEE * 1 ê 2 +
fABEE * fBBEE * H1 - d0L + fABEE * fAAEF * d0 ê 2 + fABEE * fABEF * 1 ê 4 +
fABEE * fBBEF * H1 - d0L ê 2 + fABEE * fAAFF * 0 + fABEE * fABFF * 0 + fABEE * fBBFF * 0 +
fBBEE * fAAEE * 1 + fBBEE * fABEE * 1 ê 2 + fBBEE * fBBEE * 0 + fBBEE * fAAEF * 1 ê 2 +
fBBEE * fABEF * 1 ê 4 + fBBEE * fBBEF * 0 + fBBEE * fAAFF * 0 + fBBEE * fABFF * 0 +
fBBEE * fBBFF * 0 + fAAEF * fAAEE * 0 + fAAEF * fABEE * 1 ê 4 + fAAEF * fBBEE * 1 ê 2 +
fAAEF * fAAEF * 0 + fAAEF * fABEF * 1 ê 8 + fAAEF * fBBEF * 1 ê 4 + fAAEF * fAAFF * 0 +
fAAEF * fABFF * 0 + fAAEF * fBBFF * 0 + fABEF * fAAEE * d0 ê 2 + fABEF * fABEE * 1 ê 4 +
fABEF * fBBEE * H1 - d0L ê 2 + fABEF * fAAEF * d0 ê 4 + fABEF * fABEF * 1 ê 8 +
fABEF * fBBEF * H1 - d0L ê 4 + fABEF * fAAFF * 0 + fABEF * fABFF * 0 + fABEF * fBBFF * 0 +
fBBEF * fAAEE * 1 ê 2 + fBBEF * fABEE * 1 ê 4 + fBBEF * fBBEE * 0 + fBBEF * fAAEF * 1 ê 4 +
fBBEF * fABEF * 1 ê 8 + fBBEF * fBBEF * 0 + fBBEF * fAAFF * 0 + fBBEF * fABFF * 0 +
fBBEF * fBBFF * 0 + fAAFF * fAAEE * 0 + fAAFF * fABEE * 0 + fAAFF * fBBEE * 0 +
fAAFF * fAAEF * 0 + fAAFF * fABEF * 0 + fAAFF * fBBEF * 0 + fAAFF * fAAFF * 0 +
fAAFF * fABFF * 0 + fAAFF * fBBFF * 0 + fABFF * fAAEE * 0 + fABFF * fABEE * 0 +
fABFF * fBBEE * 0 + fABFF * fAAEF * 0 + fABFF * fABEF * 0 + fABFF * fBBEF * 0 +
fABFF * fAAFF * 0 + fABFF * fABFF * 0 + fABFF * fBBFF * 0 + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 0 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 0 + fBBFF * fABEF * 0 +
fBBFF * fBBEF * 0 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 0 + fBBFF * fBBFF * 0 + 0D

fBBEEDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 0 + fAAEE * fBBEE * 0 +
fAAEE * fAAEF * 0 + fAAEE * fABEF * 0 + fAAEE * fBBEF * 0 + fAAEE * fAAFF * 0 +
fAAEE * fABFF * 0 + fAAEE * fBBFF * 0 + fABEE * fAAEE * 0 + fABEE * fABEE * d0 ê 2 +
fABEE * fBBEE * d0 + fABEE * fAAEF * 0 + fABEE * fABEF * Hd0 ê 4L +
fABEE * fBBEF * d0 ê 2 + fABEE * fAAFF * 0 + fABEE * fABFF * 0 + fABEE * fBBFF * 0 +
fBBEE * fAAEE * 0 + fBBEE * fABEE * 1 ê 2 + fBBEE * fBBEE * 1 + fBBEE * fAAEF * 0 +
fBBEE * fABEF * 1 ê 4 + fBBEE * fBBEF * 1 ê 2 + fBBEE * fAAFF * 0 + fBBEE * fABFF * 0 +
fBBEE * fBBFF * 0 + fAAEF * fAAEE * 0 + fAAEF * fABEE * 0 + fAAEF * fBBEE * 0 +
fAAEF * fAAEF * 0 + fAAEF * fABEF * 0 + fAAEF * fBBEF * 0 + fAAEF * fAAFF * 0 +
fAAEF * fABFF * 0 + fAAEF * fBBFF * 0 + fABEF * fAAEE * 0 + fABEF * fABEE * Hd0 ê 4L +
fABEF * fBBEE * d0 ê 2 + fABEF * fAAEF * 0 + fABEF * fABEF * Hd0 ê 8L +
fABEF * fBBEF * d0 ê 4 + fABEF * fAAFF * 0 + fABEF * fABFF * 0 + fABEF * fBBFF * 0 +
fBBEF * fAAEE * 0 + fBBEF * fABEE * 1 ê 4 + fBBEF * fBBEE * 1 ê 2 + fBBEF * fAAEF * 0 +
fBBEF * fABEF * 1 ê 8 + fBBEF * fBBEF * 1 ê 4 + fBBEF * fAAFF * 0 + fBBEF * fABFF * 0 +
fBBEF * fBBFF * 0 + fAAFF * fAAEE * 0 + fAAFF * fABEE * 0 + fAAFF * fBBEE * 0 +
fAAFF * fAAEF * 0 + fAAFF * fABEF * 0 + fAAFF * fBBEF * 0 + fAAFF * fAAFF * 0 +
fAAFF * fABFF * 0 + fAAFF * fBBFF * 0 + fABFF * fAAEE * 0 + fABFF * fABEE * 0 +
fABFF * fBBEE * 0 + fABFF * fAAEF * 0 + fABFF * fABEF * 0 + fABFF * fBBEF * 0 +
fABFF * fAAFF * 0 + fABFF * fABFF * 0 + fABFF * fBBFF * 0 + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 0 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 0 + fBBFF * fABEF * 0 +
fBBFF * fBBEF * 0 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 0 + fBBFF * fBBFF * 0 + 0D

fAAEFDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 0 + fAAEE * fBBEE * 0 +
fAAEE * fAAEF * 1 ê 2 + fAAEE * fABEF * 1 ê 4 + fAAEE * fBBEF * 0 + fAAEE * fAAFF * 1 +

+ + + +
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fAAEE * fABFF * 1 ê 2 + fAAEE * fBBFF * 0 + fABEE * fAAEE * 0 + fABEE * fABEE * 0 +
fABEE * fBBEE * 0 + fABEE * fAAEF * H1 - d1L ê 2 + fABEE * fABEF * H1 - d1L ê 4 +
fABEE * fBBEF * 0 + fABEE * fAAFF * H1 - d1L + fABEE * fABFF * H1 - d1L ê 2 +
fABEE * fBBFF * 0 + fBBEE * fAAEE * 0 + fBBEE * fABEE * 0 + fBBEE * fBBEE * 0 +
fBBEE * fAAEF * 0 + fBBEE * fABEF * 0 + fBBEE * fBBEF * 0 + fBBEE * fAAFF * 0 +
fBBEE * fABFF * 0 + fBBEE * fBBFF * 0 + fAAEF * fAAEE * 1 ê 2 + fAAEF * fABEE * 1 ê 4 +
fAAEF * fBBEE * 0 + fAAEF * fAAEF * 1 ê 2 + fAAEF * fABEF * 1 ê 4 + fAAEF * fBBEF * 0 +
fAAEF * fAAFF * 1 ê 2 + fAAEF * fABFF * 1 ê 4 + fAAEF * fBBFF * 0 + fABEF * fAAEE * H1 - d0L ê 2 +
fABEF * fABEE * H1 - d0L ê 4 + fABEF * fBBEE * 0 + fABEF * fAAEF * HH1 - d0L ê 4 + H1 - d1L ê 4L +
fABEF * fABEF * HH1 - d0L ê 8 + H1 - d1L ê 8L + fABEF * fBBEF * 0 + fABEF * fAAFF * H1 - d1L ê 2 +
fABEF * fABFF * H1 - d1L ê 4 + fABEF * fBBFF * 0 + fBBEF * fAAEE * 0 + fBBEF * fABEE * 0 +
fBBEF * fBBEE * 0 + fBBEF * fAAEF * 0 + fBBEF * fABEF * 0 + fBBEF * fBBEF * 0 +
fBBEF * fAAFF * 0 + fBBEF * fABFF * 0 + fBBEF * fBBFF * 0 + fAAFF * fAAEE * 1 +
fAAFF * fABEE * 1 ê 2 + fAAFF * fBBEE * 0 + fAAFF * fAAEF * 1 ê 2 + fAAFF * fABEF * 1 ê 4 +
fAAFF * fBBEF * 0 + fAAFF * fAAFF * 0 + fAAFF * fABFF * 0 + fAAFF * fBBFF * 0 +
fABFF * fAAEE * d0 + fABFF * fABEE * H1 - d0L ê 2 + fABFF * fBBEE * 0 +
fABFF * fAAEF * H1 - d0L ê 2 + fABFF * fABEF * H1 - d0L ê 4 + fABFF * fBBEF * 0 +
fABFF * fAAFF * 0 + fABFF * fABFF * 0 + fABFF * fBBFF * 0 + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 0 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 0 + fBBFF * fABEF * 0 +
fBBFF * fBBEF * 0 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 0 + fBBFF * fBBFF * 0 + 0D

fABEFDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 0 + fAAEE * fBBEE * 0 +
fAAEE * fAAEF * 0 + fAAEE * fABEF * 1 ê 4 + fAAEE * fBBEF * 1 ê 2 + fAAEE * fAAFF * 0 +
fAAEE * fABFF * 1 ê 2 + fAAEE * fBBFF * 1 + fABEE * fAAEE * 0 + fABEE * fABEE * 0 +
fABEE * fBBEE * 0 + fABEE * fAAEF * d1 ê 2 + fABEE * fABEF * 1 ê 4 +
fABEE * fBBEF * H1 - d1L ê 2 + fABEE * fAAFF * d1 + fABEE * fABFF * 1 ê 2 +
fABEE * fBBFF * H1 - d1L + fBBEE * fAAEE * 0 + fBBEE * fABEE * 0 + fBBEE * fBBEE * 0 +
fBBEE * fAAEF * 1 ê 2 + fBBEE * fABEF * 1 ê 4 + fBBEE * fBBEF * 0 + fBBEE * fAAFF * 1 +
fBBEE * fABFF * 1 ê 2 + fBBEE * fBBFF * 0 + fAAEF * fAAEE * 0 + fAAEF * fABEE * 1 ê 4 +
fAAEF * fBBEE * 1 ê 2 + fAAEF * fAAEF * 0 + fAAEF * fABEF * 1 ê 4 + fAAEF * fBBEF * 1 ê 2 +
fAAEF * fAAFF * 0 + fAAEF * fABFF * 1 ê 4 + fAAEF * fBBFF * 1 ê 2 + fABEF * fAAEE * d0 ê 2 +
fABEF * fABEE * 1 ê 4 + fABEF * fBBEE * H1 - d0L ê 2 + fABEF * fAAEF * Hd0 ê 4 + d1 ê 4L +
fABEF * fABEF * 1 ê 4 + fABEF * fBBEF * HH1 - d0L ê 4 + H1 - d1L ê 4L + fABEF * fAAFF * d1 ê 2 +
fABEF * fABFF * 1 ê 4 + fABEF * fBBFF * H1 - d1L ê 2 + fBBEF * fAAEE * 1 ê 2 +
fBBEF * fABEE * 1 ê 4 + fBBEF * fBBEE * 0 + fBBEF * fAAEF * 1 ê 2 + fBBEF * fABEF * 1 ê 4 +
fBBEF * fBBEF * 0 + fBBEF * fAAFF * 1 ê 2 + fBBEF * fABFF * 1 ê 4 + fBBEF * fBBFF * 0 +
fAAFF * fAAEE * 0 + fAAFF * fABEE * 1 ê 2 + fAAFF * fBBEE * 1 + fAAFF * fAAEF * 0 +
fAAFF * fABEF * 1 ê 4 + fAAFF * fBBEF * 1 ê 2 + fAAFF * fAAFF * 0 + fAAFF * fABFF * 0 +
fAAFF * fBBFF * 0 + fABFF * fAAEE * H1 - d0L + fABFF * fABEE * 1 ê 2 + fABFF * fBBEE * d0 +
fABFF * fAAEF * d0 ê 2 + fABFF * fABEF * 1 ê 4 + fABFF * fBBEF * H1 - d0L ê 2 +
fABFF * fAAFF * 0 + fABFF * fABFF * 0 + fABFF * fBBFF * 0 + fBBFF * fAAEE * 1 +
fBBFF * fABEE * 1 ê 2 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 1 ê 2 + fBBFF * fABEF * 1 ê 4 +
fBBFF * fBBEF * 0 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 0 + fBBFF * fBBFF * 0 + 0D

fBBEFDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 0 + fAAEE * fBBEE * 0 +
fAAEE * fAAEF * 0 + fAAEE * fABEF * 0 + fAAEE * fBBEF * 0 + fAAEE * fAAFF * 0 +
fAAEE * fABFF * 0 + fAAEE * fBBFF * 0 + fABEE * fAAEE * 0 + fABEE * fABEE * 0 +
fABEE * fBBEE * 0 + fABEE * fAAEF * 0 + fABEE * fABEF * d1 ê 4 + fABEE * fBBEF * d1 ê 2 +
fABEE * fAAFF * 0 + fABEE * fABFF * d1 ê 2 + fABEE * fBBFF * d1 + fBBEE * fAAEE * 0 +
fBBEE * fABEE * 0 + fBBEE * fBBEE * 0 + fBBEE * fAAEF * 0 + fBBEE * fABEF * 1 ê 4 +
fBBEE * fBBEF * 1 ê 2 + fBBEE * fAAFF * 0 + fBBEE * fABFF * 1 ê 2 + fBBEE * fBBFF * 1 +
fAAEF * fAAEE * 0 + fAAEF * fABEE * 0 + fAAEF * fBBEE * 0 + fAAEF * fAAEF * 0 +
fAAEF * fABEF * 0 + fAAEF * fBBEF * 0 + fAAEF * fAAFF * 0 + fAAEF * fABFF * 0 +
fAAEF * fBBFF * 0 + fABEF * fAAEE * 0 + fABEF * fABEE * Hd0 ê 4L + fABEF * fBBEE * Hd0 ê 2L +
fABEF * fAAEF * 0 + fABEF * fABEF * Hd0 ê 8 + d1 ê 8L + fABEF * fBBEF * Hd0 ê 4 + d1 ê 4L +
fABEF * fAAFF * 0 + fABEF * fABFF * d1 ê 4 + fABEF * fBBFF * Hd1 ê 2L +
fBBEF * fAAEE * 0 + fBBEF * fABEE * 1 ê 4 + fBBEF * fBBEE * 1 ê 2 + fBBEF * fAAEF * 0 +

+ + + +
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fBBEF * fABEF * 1 ê 4 + fBBEF * fBBEF * 1 ê 2 + fBBEF * fAAFF * 0 + fBBEF * fABFF * 1 ê 4 +
fBBEF * fBBFF * 1 ê 2 + fAAFF * fAAEE * 0 + fAAFF * fABEE * 0 + fAAFF * fBBEE * 0 +
fAAFF * fAAEF * 0 + fAAFF * fABEF * 0 + fAAFF * fBBEF * 0 + fAAFF * fAAFF * 0 +
fAAFF * fABFF * 0 + fAAFF * fBBFF * 0 + fABFF * fAAEE * 0 + fABFF * fABEE * d0 ê 2 +
fABFF * fBBEE * H1 - d0L + fABFF * fAAEF * 0 + fABFF * fABEF * d0 ê 4 + fABFF * fBBEF * d0 ê 2 +
fABFF * fAAFF * 0 + fABFF * fABFF * 0 + fABFF * fBBFF * 0 + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 1 ê 2 + fBBFF * fBBEE * 1 + fBBFF * fAAEF * 0 + fBBFF * fABEF * 1 ê 4 +
fBBFF * fBBEF * 1 ê 2 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 0 + fBBFF * fBBFF * 0 + 0D

fAAFFDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 0 + fAAEE * fBBEE * 0 +
fAAEE * fAAEF * 0 + fAAEE * fABEF * 0 + fAAEE * fBBEF * 0 + fAAEE * fAAFF * 0 +
fAAEE * fABFF * 0 + fAAEE * fBBFF * 0 + fABEE * fAAEE * 0 + fABEE * fABEE * 0 +
fABEE * fBBEE * 0 + fABEE * fAAEF * 0 + fABEE * fABEF * 0 + fABEE * fBBEF * 0 +
fABEE * fAAFF * 0 + fABEE * fABFF * 0 + fABEE * fBBFF * 0 + fBBEE * fAAEE * 0 +
fBBEE * fABEE * 0 + fBBEE * fBBEE * 0 + fBBEE * fAAEF * 0 + fBBEE * fABEF * 0 +
fBBEE * fBBEF * 0 + fBBEE * fAAFF * 0 + fBBEE * fABFF * 0 + fBBEE * fBBFF * 0 +
fAAEF * fAAEE * 0 + fAAEF * fABEE * 0 + fAAEF * fBBEE * 0 + fAAEF * fAAEF * 1 ê 4 +
fAAEF * fABEF * 1 ê 8 + fAAEF * fBBEF * 0 + fAAEF * fAAFF * 1 ê 2 +
fAAEF * fABFF * 1 ê 4 + fAAEF * fBBFF * 0 + fABEF * fAAEE * 0 + fABEF * fABEE * 0 +
fABEF * fBBEE * 0 + fABEF * fAAEF * H1 - d1L ê 4 + fABEF * fABEF * H1 - d1L ê 8 +
fABEF * fBBEF * 0 + fABEF * fAAFF * H1 - d1L ê 2 + fABEF * fABFF * H1 - d1L ê 4 +
fABEF * fBBFF * 0 + fBBEF * fAAEE * 0 + fBBEF * fABEE * 0 + fBBEF * fBBEE * 0 +
fBBEF * fAAEF * 0 + fBBEF * fABEF * 0 + fBBEF * fBBEF * 0 + fBBEF * fAAFF * 0 +
fBBEF * fABFF * 0 + fBBEF * fBBFF * 0 + fAAFF * fAAEE * 0 + fAAFF * fABEE * 0 +
fAAFF * fBBEE * 0 + fAAFF * fAAEF * 1 ê 2 + fAAFF * fABEF * 1 ê 4 + fAAFF * fBBEF * 0 +
fAAFF * fAAFF * 1 + fAAFF * fABFF * 1 ê 2 + fAAFF * fBBFF * 0 + fABFF * fAAEE * 0 +
fABFF * fABEE * 0 + fABFF * fBBEE * 0 + fABFF * fAAEF * H1 - d1L ê 2 +
fABFF * fABEF * H1 - d1L ê 4 + fABFF * fBBEF * 0 + fABFF * fAAFF * H1 - d1L +
fABFF * fABFF * H1 - d1L ê 2 + fABFF * fBBFF * 0 + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 0 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 0 + fBBFF * fABEF * 0 +
fBBFF * fBBEF * 0 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 0 + fBBFF * fBBFF * 0 + 0D

fABFFDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 0 + fAAEE * fBBEE * 0 +
fAAEE * fAAEF * 0 + fAAEE * fABEF * 0 + fAAEE * fBBEF * 0 + fAAEE * fAAFF * 0 +
fAAEE * fABFF * 0 + fAAEE * fBBFF * 0 + fABEE * fAAEE * 0 + fABEE * fABEE * 0 +
fABEE * fBBEE * 0 + fABEE * fAAEF * 0 + fABEE * fABEF * 0 + fABEE * fBBEF * 0 +
fABEE * fAAFF * 0 + fABEE * fABFF * 0 + fABEE * fBBFF * 0 + fBBEE * fAAEE * 0 +
fBBEE * fABEE * 0 + fBBEE * fBBEE * 0 + fBBEE * fAAEF * 0 + fBBEE * fABEF * 0 +
fBBEE * fBBEF * 0 + fBBEE * fAAFF * 0 + fBBEE * fABFF * 0 + fBBEE * fBBFF * 0 +
fAAEF * fAAEE * 0 + fAAEF * fABEE * 0 + fAAEF * fBBEE * 0 + fAAEF * fAAEF * 0 +
fAAEF * fABEF * 1 ê 8 + fAAEF * fBBEF * 1 ê 4 + fAAEF * fAAFF * 0 + fAAEF * fABFF * 1 ê 4 +
fAAEF * fBBFF * 1 ê 2 + fABEF * fAAEE * 0 + fABEF * fABEE * 0 + fABEF * fBBEE * 0 +
fABEF * fAAEF * d1 ê 4 + fABEF * fABEF * 1 ê 8 + fABEF * fBBEF * H1 - d1L ê 4 +
fABEF * fAAFF * d1 ê 2 + fABEF * fABFF * 1 ê 4 + fABEF * fBBFF * H1 - d1L ê 2 +
fBBEF * fAAEE * 0 + fBBEF * fABEE * 0 + fBBEF * fBBEE * 0 + fBBEF * fAAEF * 1 ê 4 +
fBBEF * fABEF * 1 ê 8 + fBBEF * fBBEF * 0 + fBBEF * fAAFF * 1 ê 2 + fBBEF * fABFF * 1 ê 4 +
fBBEF * fBBFF * 0 + fAAFF * fAAEE * 0 + fAAFF * fABEE * 0 + fAAFF * fBBEE * 0 +
fAAFF * fAAEF * 0 + fAAFF * fABEF * 1 ê 4 + fAAFF * fBBEF * 1 ê 2 + fAAFF * fAAFF * 0 +
fAAFF * fABFF * 1 ê 2 + fAAFF * fBBFF * 1 + fABFF * fAAEE * 0 + fABFF * fABEE * 0 +
fABFF * fBBEE * 0 + fABFF * fAAEF * d1 ê 2 + fABFF * fABEF * 1 ê 4 + fABFF * fBBEF * H1 - d1L ê 2 +
fABFF * fAAFF * d1 + fABFF * fABFF * 1 ê 2 + fABFF * fBBFF * H1 - d1L + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 0 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 1 ê 2 + fBBFF * fABEF * 1 ê 4 +
fBBFF * fBBEF * 0 + fBBFF * fAAFF * 1 + fBBFF * fABFF * 1 ê 2 + fBBFF * fBBFF * 0 + 0D

fBBFFDrive = FullSimplify@fAAEE * fAAEE * 0 + fAAEE * fABEE * 0 + fAAEE * fBBEE * 0 +
fAAEE * fAAEF * 0 + fAAEE * fABEF * 0 + fAAEE * fBBEF * 0 + fAAEE * fAAFF * 0 +
fAAEE * fABFF * 0 + fAAEE * fBBFF * 0 + fABEE * fAAEE * 0 + fABEE * fABEE * 0 +
fABEE * fBBEE * 0 + fABEE * fAAEF * 0 + fABEE * fABEF * 0 + fABEE * fBBEF * 0 +

+ + + +
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fABEE * fAAFF * 0 + fABEE * fABFF * 0 + fABEE * fBBFF * 0 + fBBEE * fAAEE * 0 +
fBBEE * fABEE * 0 + fBBEE * fBBEE * 0 + fBBEE * fAAEF * 0 + fBBEE * fABEF * 0 +
fBBEE * fBBEF * 0 + fBBEE * fAAFF * 0 + fBBEE * fABFF * 0 + fBBEE * fBBFF * 0 +
fAAEF * fAAEE * 0 + fAAEF * fABEE * 0 + fAAEF * fBBEE * 0 + fAAEF * fAAEF * 0 +
fAAEF * fABEF * 0 + fAAEF * fBBEF * 0 + fAAEF * fAAFF * 0 + fAAEF * fABFF * 0 +
fAAEF * fBBFF * 0 + fABEF * fAAEE * 0 + fABEF * fABEE * 0 + fABEF * fBBEE * 0 +
fABEF * fAAEF * 0 + fABEF * fABEF * d1 ê 8 + fABEF * fBBEF * d1 ê 4 +
fABEF * fAAFF * 0 + fABEF * fABFF * d1 ê 4 + fABEF * fBBFF * d1 ê 2 +
fBBEF * fAAEE * 0 + fBBEF * fABEE * 0 + fBBEF * fBBEE * 0 + fBBEF * fAAEF * 0 +
fBBEF * fABEF * 1 ê 8 + fBBEF * fBBEF * 1 ê 4 + fBBEF * fAAFF * 0 + fBBEF * fABFF * 1 ê 4 +
fBBEF * fBBFF * 1 ê 2 + fAAFF * fAAEE * 0 + fAAFF * fABEE * 0 + fAAFF * fBBEE * 0 +
fAAFF * fAAEF * 0 + fAAFF * fABEF * 0 + fAAFF * fBBEF * 0 + fAAFF * fAAFF * 0 +
fAAFF * fABFF * 0 + fAAFF * fBBFF * 0 + fABFF * fAAEE * 0 + fABFF * fABEE * 0 +
fABFF * fBBEE * 0 + fABFF * fAAEF * 0 + fABFF * fABEF * d1 ê 4 + fABFF * fBBEF * d1 ê 2 +
fABFF * fAAFF * 0 + fABFF * fABFF * d1 ê 2 + fABFF * fBBFF * Hd1L + fBBFF * fAAEE * 0 +
fBBFF * fABEE * 0 + fBBFF * fBBEE * 0 + fBBFF * fAAEF * 0 + fBBFF * fABEF * 1 ê 4 +
fBBFF * fBBEF * 1 ê 2 + fBBFF * fAAFF * 0 + fBBFF * fABFF * 1 ê 2 + fBBFF * fBBFF * 1 + 0D

1

8
H4 fAAEE + 2 HfAAEF + fABEEL + fABEFL H2 fAAEE + fAAEF - H-1 + d0L H2 fABEE + fABEFLL

1

8
HfAAEF H2 fABEE + 4 d0 fABEE + fABEF + 2 d0 fABEF + 8 fBBEE + 4 fBBEFL +

2 fAAEE HH2 + 4 d0L fABEE + fABEF + 2 d0 fABEF + 8 fBBEE + 4 fBBEFL +
H2 fABEE + fABEFL H2 fABEE + fABEF - H-3 + 2 d0L H2 fBBEE + fBBEFLLL

1

8
Hd0 H2 fABEE + fABEFL + 2 fBBEE + fBBEFL H2 fABEE + fABEF + 4 fBBEE + 2 fBBEFL

1

8
I4 fAAEF2 + 2 fAAEE H4 fAAEF + 8 fAAFF + 3 fABEF - 2 d0 fABEF + 2 fABFF + 4 d0 fABFFL -

H2 fABEE + fABEFL HH-6 + 4 d1L fAAFF + H-2 + d0 + d1L HfABEF + 2 fABFFLL +

fAAEF H8 fAAFF - 2 HH-3 + 2 d1L fABEE + H-3 + d0 + d1L fABEF + H-3 + 2 d0L fABFFLLM

1

4
I2 fABEE fABEF + fABEF2 + 4 fABEE fABFF + 2 fABEF fABFF + 3 fABEF fBBEE -

2 d0 fABEF fBBEE + 2 fABFF fBBEE + 4 d0 fABFF fBBEE + 3 fABEE fBBEF -
2 d1 fABEE fBBEF + 3 fABEF fBBEF - d0 fABEF fBBEF - d1 fABEF fBBEF + 3 fABFF fBBEF -
2 d0 fABFF fBBEF + fAAFF HH2 + 4 d1L fABEE + fABEF + 2 d1 fABEF + 8 fBBEE + 4 fBBEFL -
H-3 + 2 d1L H2 fABEE + fABEFL fBBFF +
fAAEE HfABEF + 2 d0 fABEF + 6 fABFF - 4 d0 fABFF + 4 fBBEF + 8 fBBFFL + fAAEF
HfABEE + 2 d1 fABEE + H1 + d0 + d1L fABEF + fABFF + 2 d0 fABFF + 4 HfBBEE + fBBEF + fBBFFLLM

1

8
Id0 IfABEF2 + 2 fABEE HfABEF + 2 fABFFL +

4 fABFF H-2 fBBEE + fBBEFL + 2 fABEF HfABFF + 2 fBBEE + fBBEFLM +

2 HfABFF H6 fBBEE + fBBEFL + fABEF HfBBEE + fBBEF + fBBFFL +
HfABEE + 4 fBBEE + 2 fBBEFL HfBBEF + 2 fBBFFLL +

d1 H2 fABEE + fABEFL HfABEF + 2 HfABFF + fBBEF + 2 fBBFFLLM

1

8
H2 fAAEF + 4 fAAFF + fABEF + 2 fABFFL HfAAEF + 2 fAAFF - H-1 + d1L HfABEF + 2 fABFFLL
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1

8
HfAAEF HfABEF + 2 d1 fABEF + 2 fABFF + 4 d1 fABFF + 4 fBBEF + 8 fBBFFL +

2 fAAFF HfABEF + 2 d1 fABEF + 2 fABFF + 4 d1 fABFF + 4 fBBEF + 8 fBBFFL +
HfABEF + 2 fABFFL HfABEF + 2 fABFF - H-3 + 2 d1L HfBBEF + 2 fBBFFLLL

1

8
Hd1 HfABEF + 2 fABFFL + fBBEF + 2 fBBFFL HfABEF + 2 HfABFF + fBBEF + 2 fBBFFLL

Selection
wAAEE = wAAEF = wAAFF = 1;
wABEE = wABEF = wABFF = 1 - hs;
wBBEE = wBBEF = wBBFF = 1 - s;

W = FullSimplify@HfAAEEDrive wAAEE + fAAEFDrive wAAEF + fAAFFDrive wAAFF
+ fABEEDrive wABEE + fABEFDrive wABEF + fABFFDrive wABFF
+ fBBEEDrive wBBEE + fBBEFDrive wBBEF + fBBFFDrive wBBFF

LD;

fAAEESel = FullSimplifyAfAAEEDrive wAAEE ê WE;

fABEESel = FullSimplifyAfABEEDrive wABEE ê WE;

fBBEESel = FullSimplifyAfBBEEDrive wBBEE ê WE;

fAAEFSel = FullSimplifyAfAAEFDrive wAAEF ê WE;

fABEFSel = FullSimplifyAfABEFDrive wABEF ê WE;

fBBEFSel = FullSimplifyAfBBEFDrive wBBEF ê WE;

fAAFFSel = FullSimplifyAfAAFFDrive wAAFF ê WE;

fABFFSel = FullSimplifyAfABFFDrive wABFF ê WE;

fBBFFSel = FullSimplifyAfBBFFDrive wBBFF ê WE;
fASel = FullSimplify@fAAEESel + fAAEFSel + fAAFFSel + HfABEESel + fABEFSel + fABFFSelL ê 2D;
fBSel = FullSimplify@fBBEESel + fBBEFSel + fBBFFSel + HfABEESel + fABEFSel + fABFFSelL ê 2D;
fESel = FullSimplify@fAAEESel + fABEESel + fBBEESel + HfAAEFSel + fABEFSel + fBBEFSelL ê 2D;
fFSel = FullSimplify@fAAFFSel + fABFFSel + fBBFFSel + HfAAEFSel + fABEFSel + fBBEFSelL ê 2D;
DfA = FullSimplify@fASel - fAD;
DfB = FullSimplify@fBSel - fBD;
DfE = FullSimplify@fESel - fED;
DfF = FullSimplify@fFSel - fFD;

H*DfC=FullSimplify@fCSel-fCD;*L

H*Check: do genotype freqs after selection sum to one?*L
FullSimplify@fASel + fBSelD
FullSimplify@fESel + fFSelD

1

1
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Analysis

Invasion of sperm-acting drive modifier unlinked to the driver
invasionOfUnlinkedModeifier =

FullSimplifyAW DfF ê fF ê. randomHaps ê. D Ø 0 ê. sum2one ê. minormodE ê.
fF Ø 0H*this assumes no LD and random mating*L

-H-1 + fBL fB HH-1 + 2 fBL hs - fB sL e

H*With some rearangement,
invasionOfUnlikedModeifier= -e fA fBHfB s+HfA-fBL hsLL

So long as shbs, @

i.e. the driver does not have an underdominant effect on fitnessD this is
guaranteed to be positive when e is negative @i.e. the modifier dampens driveD*L

Fixation of sperm-acting drive modifier unlinked to the driver
fixationOfUnlinkedModeifier = FullSimplifyA

FullSimplifyAW DfF ê H1 - fFL ê. randomHaps ê. D Ø 0 ê. sum2one ê. minormodE ê. fF Ø 1E
H*this assumes no LD and random mating*L

H-1 + fBL fB Hhs - 2 fB hs + fB sL e

H*Thus the invasion and fixation conditions are equivalent*L
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