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ClearAll"Global`*"

◼ QE genotypic frequencies

FAA[q_, C_] := (1 - q)2 +
C q (1 - q)

(2 - C)
;

FAa[q_, C_] := 2 q (1 - q) -
2 C q (1 - q)

(2 - C)
;

Faa[q_, C_] := q2 +
C q (1 - q)

(2 - C)
;

◼ Relative contribution of genotypes to offspring via female sex-
function
FfAA[q_, C_, wfAA_, wfAa_, wfaa_] := (FAA[q, C]*wfAA)/

(FAA[q, C]*wfAA + FAa[q, C]*wfAa + Faa[q, C]*wfaa);
FfAa[q_, C_, wfAA_, wfAa_, wfaa_] := (FAa[q, C]*wfAa)/

(FAA[q, C]*wfAA + FAa[q, C]*wfAa + Faa[q, C]*wfaa);
Ffaa[q_, C_, wfAA_, wfAa_, wfaa_] := (Faa[q, C]*wfaa)/

(FAA[q, C]*wfAA + FAa[q, C]*wfAa + Faa[q, C]*wfaa);



◼ Relative contribution of genotypes to offspring via male sex-
function
FmAA[q_, C_, wmAA_, wmAa_, wmaa_] := (FAA[q, C]*wmAA)/

(FAA[q, C]*wmAA + FAa[q, C]*wmAa + Faa[q, C]*wmaa);
FmAa[q_, C_, wmAA_, wmAa_, wmaa_] := (FAa[q, C]*wmAa)/

(FAA[q, C]*wmAA + FAa[q, C]*wmAa + Faa[q, C]*wmaa);
Fmaa[q_, C_, wmAA_, wmAa_, wmaa_] := (Faa[q, C]*wmaa)/

(FAA[q, C]*wmAA + FAa[q, C]*wmAa + Faa[q, C]*wmaa);

◼ Change in allele frequency among female and male gametes
◼ Frequency among ovules

qPrfq_, C_, wfAA_, wfAa_, wfaa_ :=

Ffaaq, C, wfAA, wfAa, wfaa +
FfAaq, C, wfAA, wfAa, wfaa

2
// FullSimplify

qPrfq, C, wfAA, wfAa, wfaa // FullSimplify

(q (-C + 2 (-1 + C) q) wfaa - 2 (-1 + C) (-1 + q) q wfAa)  (q (-C + 2 (-1 + C) q) wfaa -

4 (-1 + C) (-1 + q) q wfAa + (-1 + q) (2 - C + 2 (-1 + C) q) wfAA)

◼ Frequency among pollen/sperm

qPrm[q_, C_, wmAA_, wmAa_, wmaa_] :=

Fmaa[q, C, wmAA, wmAa, wmaa] +
FmAa[q, C, wmAA, wmAa, wmaa]

2
// FullSimplify

qPrm[q, C, wmAA, wmAa, wmaa] // FullSimplify

(q (-C + 2 (-1 + C) q) wmaa - 2 (-1 + C) (-1 + q) q wmAa) / (q (-C + 2 (-1 + C) q) wmaa -

4 (-1 + C) (-1 + q) q wmAa + (-1 + q) (2 - C + 2 (-1 + C) q) wmAA)

◼ Allele frequency in the next generation
Wtot[q_, C_, δ_] := 1 - C δ

qPrq_, C_, δ_, wfAA_, wfAa_, wfaa_, wmAA_, wmAa_, wmaa_ :=
1

Wtot[q, C, δ]

(1 - C)
1

2
qPrfq, C, wfAA, wfAa, wfaa + qPrm[q, C, wmAA, wmAa, wmaa] +

C * (1 - δ) qPrfq, C, wfAA, wfAa, wfaa
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qPrq, C, δ, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa

1

1 - C δ

1

2
(1 - C) q (-C + 2 (-1 + C) q) wfaa - 2 (-1 + C) (-1 + q) q wfAa 

q (-C + 2 (-1 + C) q) wfaa - 4 (-1 + C) (-1 + q) q wfAa + (-1 + q) (2 - C + 2 (-1 + C) q) wfAA +

(q (-C + 2 (-1 + C) q) wmaa - 2 (-1 + C) (-1 + q) q wmAa) /

(q (-C + 2 (-1 + C) q) wmaa - 4 (-1 + C) (-1 + q) q wmAa + (-1 + q) (2 - C + 2 (-1 + C) q) wmAA) +

C q (-C + 2 (-1 + C) q) wfaa - 2 (-1 + C) (-1 + q) q wfAa (1 - δ) 

q (-C + 2 (-1 + C) q) wfaa - 4 (-1 + C) (-1 + q) q wfAa + (-1 + q) (2 - C + 2 (-1 + C) q) wfAA

���������������������������������������������������

◼ Arbitrary fitness expressions (see Table 1 in the main text)

λk0 :=

DqPrq, C, δ, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa, q /. q → 0 // FullSimplify

λk1 := DqPrq, C, δ, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa, q /. q → 1 //

FullSimplify
λk0
λk1

2 wfAA wmAa + wfAa wmAA + C2 -wfAA (wmaa - 2 wmAa) - wfaa - 2 wfAa wmAA (-1 + 2 δ) +

C wfAA (wmaa - 4 wmAa) + wmAA wfaa - 4 wfAa δ  2 (-2 + C) wfAA wmAA (-1 + C δ)

2 wfaa wmAa + C wfaa (2 (-2 + C) wmAa + wmAA - C wmAA) + C wfAA wmaa (1 + C - 2 C δ) +

2 (-1 + C) wfAa wmaa (-1 + C (-1 + 2 δ))  2 (-2 + C) wfaa wmaa (-1 + C δ)

��������������������������������������λ�=�
(�)

������������������������������� = ���� = ����������

���������������������������������������������������������������

DqPrq, C, δ, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa /. C → 0, q /. q → 0 //

FullSimplify

DqPrq, C, δ, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa /. C → 0, q /. q → 1 //

FullSimplify

1

2

wfAa

wfAA
+
wmAa

wmAA

1

2

wfAa

wfaa
+
wmAa

wmaa

Clearλk0, λk1
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◼ Sexually antagonistic fitness selection (see Table 1 in the main text)

λkSAq0 :=

DqPrq, C, δ, 1, 1 - hf sf, 1 - sf, (1 - sm), 1 - hm sm, 1, q /. q → 0 //

Expand // FullSimplify

λkSAq1 := DqPrq, C, δ, 1, 1 - hf sf, 1 - sf, (1 - sm), 1 - hm sm, 1, q /.

q → 1 // FullSimplify
λkSAq0
λkSAq1

2 -2 + sm + hm sm + hf sf - sf sm + C 2 + sf + sm - 4 hm sm - sf sm + 4 -1 + hf sf (-1 + sm) δ +

C2 -1 + 2 hm sm + 2 (-1 + sm) δ - -1 + 2 hf sf (-1 + sm) (-1 + 2 δ) 

(2 (-2 + C) (-1 + sm) (-1 + C δ))

2 -2 + hm sm + sf 1 + hf - hm sm + C 2 + sm - 4 hm sm + 4 δ + sf -3 - sm + 4 hm sm - 4 hf δ +

C2 -sm + 2 hm sm - 2 δ + sf 1 - 2 hf + sm - 2 hm sm + 4 hf δ  2 (-2 + C) -1 + sf (-1 + C δ)

�����������������������������������������������������������������������������������������������
���������������������������������������������������

λkSAq0 /. δ → 0 // FullSimplify

Solve% ⩵ 1, sf // FullSimplify

λkSAq1 /. δ → 0 // FullSimplify

Solve% ⩵ 1, sf // FullSimplify

1

2 (-2 + C) (-1 + sm)
4 - C 2 + sf + 2 hf sf (-1 + sm) -

2 1 + hm sm + C -1 + 4 hm + sf sm + C2 sm - 2 hm sm + sf -1 + 2 hf + sm - 2 hf sm

sf → -
(-1 + C) 2 - C + 2 (-1 + C) hm sm

(1 + C) -C + 2 (-1 + C) hf (-1 + sm)


4 - 2 C - 2 sf + 3 C sf - C2 sf - 2 hf sf + 2 C2 hf sf + (-1 + C) -C + 2 (-1 + C) hm -1 + sf sm

2 (-2 + C) -1 + sf

sf →
(-1 + C) -C + 2 (-1 + C) hm sm

(1 + C) 2 - C + 2 (-1 + C) hf + (-1 + C) -C + 2 (-1 + C) hm sm

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ManipulatePlot-
(-1 + C) 2 - C + 2 (-1 + C) h sm

(1 + C) -C + 2 (-1 + C) h (-1 + sm)
,

(-1 + C) -C + 2 (-1 + C) h sm

(1 + C) 2 - C + 2 (-1 + C) h + (-1 + C) -C + 2 (-1 + C) h sm
, {sm, 0, 1},

PlotRange → {0, 1}, AxesLabel → {"sm", "sf"}, AspectRatio → 1, Filling → {1 → {2}},

PlotStyle → Black, Black, DirectiveBlue, Dashed, DirectiveBlue, Dashed,

{C, 0, 1}, h, 1 / 2, 0, 1 / 2
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λkSAq0 /. C → 0 /. hf → 1 / 2 /. hm → 1 / 2 // FullSimplify

Solve% ⩵ 1, sf // FullSimplify

λkSAq1 /. C → 0 /. hf → 1 / 2 /. hm → 1 / 2 // FullSimplify

Solve% ⩵ 1, sf // FullSimplify

4 - sf - 3 sm + sf sm

4 - 4 sm

sf →
sm

1 - sm


4 - 3 sf - sm + sf sm

4 - 4 sf

sf →
sm

1 + sm


������������λ
�=�
(�)

�����������������������

◼ Expressing fitness of rare homozygotes in terms of rare heterozygotes

������������������������������ = ������������������������������������������������������
��������������������������

��� = �� ��� = � -�(�) /�� ��� = � -�(�)

Solving  wAa = 1 -v(k)  2 ���� ��(�)� ���� ������������� ����� ���� ����������� ���� ���� ��������

waa = 1 -2 (1 - wAa)�

������������������������������ = ������������������������������������������������������
����� ��� ���� ���������� ���������� ���� ��������� ��������� �������� ���� ���� �������� ������������
������������������

���= � +�(�)� ��� = � +�(�) /�� ��� = �

Again solving ���������(�)�������������������������������������������������������waa = 2 (wAa -1) + 1�

◼ Equal selection through each sex

λk0 := D[qPr[q, C, δ, wAA, wAa, waa, wAA, wAa, waa], q] /. q → 0 // FullSimplify
λk1 := D[qPr[q, C, δ, wAA, wAa, waa, wAA, wAa, waa], q] /. q → 1 // FullSimplify

�������λ�=�
(�)

������������������������������� = �

λk0 // Expand
% /. waa → 1 - 2 (1 - wAa) // Simplify // Expand
% /. C → 0

C waa

2 wAA - C wAA
+

2 wAa

2 wAA - C wAA
-

2 C wAa

2 wAA - C wAA
C

(-2 + C) wAA
-

2 wAa

(-2 + C) wAA

wAa

wAA
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��������λ�=�
(�)

������������������������������� = �

λk1 // Expand
% /. wAA → 2 (wAa - 1) + 1 // Simplify // Expand
% /. C → 0

2 wAa

2 waa - C waa
-

2 C wAa

2 waa - C waa
+

C wAA

2 waa - C waa
C

(-2 + C) waa
-

2 wAa

(-2 + C) waa

wAa

waa

Clearλk0, λk1

◼ Sex-specific selection

λk0 := DqPrq, C, δ, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa /. δ → 0, q /. q → 0 //

FullSimplify

λk1 := DqPrq, C, δ, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa /. δ → 0, q /. q → 1 //

FullSimplify

�������λ�=�
(�)

������������������������������� = �

λk0
λk0 /. wfaa → 1 - 2 1 - wfAa /. wmaa → 1 - 2 (1 - wmAa) // FullSimplify

x = Collect%, wfAa, wmAa

Expand[x[[3]]] ⩵ Expand
(1 - C) C

2 (-2 + C) wmAA
+

C (1 + C)

2 (-2 + C) wfAA


(1 - C) C

2 (-2 + C) wmAA
+

C (1 + C)

2 (-2 + C) wfAA
/. wfAA → 1 /. wmAA → 1 // FullSimplify

λ0simplified = x[[1 ;; 2]] + %

(-1 + C) wfAA (C (wmaa - 2 wmAa) + 2 wmAa) - (1 + C) C wfaa - 2 wfAa + 2 wfAa wmAA 

2 (-2 + C) wfAA wmAA

-(-1 + C) wfAA (C - 2 wmAa) + (1 + C) C - 2 wfAa wmAA

2 (-2 + C) wfAA wmAA

-
(1 + C) wfAa

(-2 + C) wfAA
-

(1 - C) wmAa

(-2 + C) wmAA
+

(1 - C) C wfAA + C (1 + C) wmAA

2 (-2 + C) wfAA wmAA

True

C

-2 + C

C

-2 + C
-

(1 + C) wfAa

(-2 + C) wfAA
-

(1 - C) wmAa

(-2 + C) wmAA

������λ�=�
(�)

������������������������������� = �
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λk1
λk1 /. wfAA → 2 wfAa - 1 + 1 /. wmAA → 2 (wmAa - 1) + 1 // FullSimplify

CollectExpand[%], wfAa, wmAa

--2 -1 + C2 wfAa wmaa + C (1 + C) wfAA wmaa +

2 wfaa wmAa + C wfaa (2 (-2 + C) wmAa + wmAA - C wmAA)  2 (-2 + C) wfaa wmaa

C2 -wfaa + wmaa - 2 wfAa wmaa + wfaa wmAa + C wfaa + wmaa - 2 wfAa wmaa + 2 wfaa wmAa 

2 (-2 + C) wfaa wmaa

C

2 (-2 + C) wfaa
+

C2

2 (-2 + C) wfaa
+ -

1

(-2 + C) wfaa
-

C

(-2 + C) wfaa
wfAa +

C

2 (-2 + C) wmaa
-

C2

2 (-2 + C) wmaa
+ -

1

(-2 + C) wmaa
+

C

(-2 + C) wmaa
wmAa

��������������������

�+�

�-�

���
�

���
�

+
�-�

�-�

���
�

���
�

-
�

�-�

Clearλk0, λk1
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