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ClearAll["Global "

= QE genotypic frequencies

Cq(1-q)
FAA[q ,C ]:=(1-q)%2+ ——;
[a_, C_] (1-9)°+ 2-0
2Cq(1-q)
FA Cl:=2q(l-q) - ———;
afq_, C_1 q(l-q) 2-0
Cq(1-q)
F ,Cl:i=q?>+ ———;
aa[q_, C_1:=qg° + 2-0

= Relative contribution of genotypes to offspring via female sex-
function

FfAA[q_, C_, wfAA_, wfAa_, wfaa_] := (FAA[qg, C] *wfAA) /
(FAA[q, C] »wfAA + FAa[q, C] xwfAa + Faa[q, C] *xwfaa);

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

Ffaa[q_, C_, wfAA_, wfAa_, wfaa_] := (Faa[q, C] »wfaa) /
(FAA[q, C] *wfAA + FAa[q, C] xwfAa + Faa[q, C] *wfaa);
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= Relative contribution of genotypes to offspring via male sex-
function

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

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

Fmaa[q_, C_, wmAA_, wmAa_, wmaa_] := (Faa[q, C] *wmaa) /
(FAA[gq, 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]
2

Ffaa[q, C, wfAA, wfAa, wfaa] + // FullSimplify

qPrf[q, C, wfAA, wfAa, wfaa] // FullSimplify

(g (-C+2 (-1+C)q)wfaa-2 (-1+C) (-1+q) qwaa)/(q (-C+2 (-1+C) q) wfaa-
4 (-1+C) (-1+q) gqwfAa+ (-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] + 5 // FullSimplify

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

(q(-C+2 (-1+C)yqg)wmaa-2 (-1+C) (-1+q) qwmAa) / (q (-C+2 (-1+C) q) wmaa -
4 (-1+C) (-1+g)gwmAa+ (-1+q) (2-C+2 (-1+C) q) wmAA)

= Allele frequency in the next generation
Wtot[q_, C_, 5 ] :=1-Cé

1
qPr[a_, C_, 6_, wfAA_, wfAa_, wfaa_, wmAA_, wmAa_, wmaa_] 1= ——————
Wtot[q, C, &]

1
((1—C) —(aPrf[q, C, wfAA, wfAa, wfaa] + qPrm[q, C, wmAA, wmAa, wmaa]) +
2

C* (1-6) qPrf[q, C, wfAA, wfAa, wfaa]
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gPr[q, C, &, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa]
1 1
[— (1-C) ((q(-C+2(-1+C)q)wfaa-2(-1+C) (-1+q) qwfAa) /
1-csl2
(@(-C+2(-1+C)q)wfaa-4 (-1+C) (-1+q) qwfAa+ (-1+q) (2-C+2 (-1+C) q) wfAA) +
(q(-C+2 (-1+C)g)wmaa-2 (-1+C) (-1+q) gwmAa) /
(q(-C+2(-1+C)g)wmaa-4 (-1+C) (-1+q)gwmAa+ (-1+q) (2-C+2 (—1+C)q)wmAA)) +
(C(g(-C+2(-1+C) q)wfaa-2 (-1+C) (-1+q) qwfAa) (1-6)) /

(@ (-C+2(-1+C)q)wfaa-4 (-1+C) (-1+q) qwfAa+ (-1+q) (2-C+2 (-1+C) q) wfAA)

Stability at the boundary equilibria (g =0, g =1)

= Arbitrary fitness expressions (see Table 1 in the main text)
2ko :=
D[qPr[q, C, &, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa], q] /. q-© // FullSimplify
Akl :=D[qPr[q, C, &, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa], q] /. q-1//
FullSimplify
2ko
Akl
(2 (wfAA wmAa + wfAa wmAA) + c? (-wfAA (wmaa - 2 wmAa) - (wfaa - 2wfAa) wmAA (-1+26)) +
C (wfAA (wmaa - 4 wmAa) +wmAA (wfaa - 4wfAas))) / (2 (-2+C) wfAAWMAA (-1 +C &) )
(2 wfaawmAa + Cwfaa (2 (-2 + C) wmAa + wmAA - CwmAA) + CwfAAwmaa (1+C-2C96) +
2 (-1+C) wfAawmaa (-1+C (-1+26))) /(2 (-2+C) wfaawmaa (-1+Co))
Note that under obligate outcrossing, Ag‘:) 4 for the boundary equilibria (g =0, § = 1) reduces
to the standard sex-averaged relative fitness of heterozygotes.
D[gPr[a, C, &, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa] /. C>0, q] /.q->0//
FullSimplify
D[qPr[q, C, &, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa] /.C-»0, q] /.q->1//
FullSimplify
wfAa wmAa
wfAA : wmAA

wfAa wmAa
+

wfaa wmaa

1
2
1
2

Clear [Ako, k1]
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= Sexually antagonistic fitness selection (see Table 1 in the main text)
AkSAQO :=
D[gPr[q, C, 6, 1, (1-hfsf), (1-sf), (1-sm), (1 - hmsm), 1], q]/.q->0//

Expand // FullSimplify

AkSAql :=D[gPr[q, C, 8, 1, (1-hfsf), (1-sf), (1-sm), (1 - hmsm), 1], q] /.
q-1//FullSimplify

2AkSAQ0O

AkSAql

(2 (-2+sm+hmsm+hf (sf-sfsm))+C(2+sf+sm-4hmsm-sfsm+4 (-1+hfsf) (-1+sm)5)+

C((-1+2hm)sm+2 (-1+sm) 65— (-1+2hf) sf (-1+sm) (-1+26)))/
(2 (-2+C) (-1+sm) (-1+C&))

(2 (—2+hmsm+sf(l+hf—hmsm)) +C(2+sm—4hmsm+46+sf(—3—sm+4hmsm—4hf5)) +
C? (-sm+2hmsm-265+sf (1-2hf+sm-2hmsm+4hfs))) /(2 (-2+C) (-1+sf) (-1+Co))

Note that the invasion conditions for sexually antagonistic alleles under partial selfing given
in Olito (2017) can be recovered from these results

AkSAQO /. 650 // FullSimplify

Solve[% =1, sf] // FullSimplify

AkSAql /. 6 » 0 // FullSimplify

Solve([% =1, sf] // FullSimplify

1
2 (-2+C) (-1+sm)

(4-C(2+sf)+2hfsf (-1+sm) -

2(l+hm) sm+C(—l+4hm+sf) sm + C? (sm—2hmsm+sf(—l+2hf+sm—2hfsm)))
-1+C 2-C+2(-1+C) h
{{sf%7 (-1+ )( +2(-1+0) m)sm }}
(1+C) (-C+2 (-1+C) hf) (-1+sm)

4-2C-2sf+3Csf-C?sf-2hfsf+2Chfsf+ (-1+C) (-C+2 (-1+C) hm) (-1+sf) sm

2 (-2+C) (-1+sf)
~1+C) (-C+2 (-1+C) h
{{sfe (-1+C) (-C+2 (-1+C) hm) sm H
(1+C) (2-C+2(-1+C) hf) + (-1+C) (-C+2 (-1+C) hm) sm
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(-1+C) (2-C+2(-1+C) h) sm

Man'ipulate[P'Lot[{— s
(1+C) (-C+2(-1+C) h) (-1+sm)

(-14C) (-C+2(-1+C) h) sm

b {Sm, 0, 1}’
(1+C) (2-C+2(-1+C) h) + (-1+C) (-C+2(-1+C) h) sm}

PlotRange » {0, 1}, AxesLabel -» {"s,", "sf"}, AspectRatio» 1, Filling - {1 - {2}},
PlotStyle » {Black, Black, Directive[Blue, Dashed], Directive[Blue, Dashed]}] s

(c, 0,1}, {{h, 172}, 0, 1/2}]

Global'C :D
h

10

0.8

02

Sm

0.0 02 04 0.6 0.8 1.0

And under obligate outcrossing and additive fitness effects, the standard invasion conditions
for separate-sexed species is also recovered
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AkSAqO /. C>»0/.hf>1/2/.hm>1/2// FullSimplify
Solve([% =1, sf] // FullSimplify
AkSAql/.C-»>0/.hf->1/2/.hm->1/2// FullSimplify
Solve[% =1, sf] // FullSimplify

4 -sf-3sm+sfsm

4 -4 sm

{{sr- =1

4 -3 sf-sm+sfsm

4 -4sf
{fsr- ol

Simplifying /\(q_k_)a under additive fithess

= Expressing fitness of rare homozygotes in terms of rare heterozygotes

For the boundary equilibrium ¢ = 0, we parameterize fitness using common AA homozygotes
as the reference genotype.

WAA = 1, Wy =1-0/2 Wy =1-v®
Solving wy, =1 — 0 / 2 for v® and substituting into the expression for w, yields:
Waa =1-2(1- WAa)

For the boundary equilibrium ¢ = 1, we re-parameterize fitness to use common aa homozy-

gotes as the reference genotype, but maintain additive fitness and the fitness differences
between genotypes:

Waa=1+v0 wy,=1+v0/2 Wy, =1
Again solving w, for v and substituting into the expression for w,, yields: Wyq = 2 (Wy, —1) + 1
= Equal selection through each sex

AkO :=D[gPr[q, C, 6, wAA, wAa, waa, wAA, wAa, waal, q] /. q- 0 // FullSimplify
Akl :=D[gPr[q, C, 6, wAA, wAa, waa, wAA, wAa, waal, q] /.q-1// FullSimplify

First, /\flkz) 5 for the boundary equilibrium g =0

Ake // Expand
% /.waa-»>1-2 (1-wAa) // Simplify // Expand

%/.C->0
Cwaa 2 wAa 2 CwAa
2 wAA - C wAA ' 2 wAA - C wAA . 2 wAA - CwAA
C 2 wAa
(-2+C) wAA (-2 +C) wAA
wAa

wAA



Second, /\f]":) ; for the boundary equilibrium g = 1

2kl // Expand
% /.wAA > 2 (wAa-1) +1 // Simplify // Expand
%/.C->0

2 wAa 2 CwAa C wAA
- +
2waa-Cwaa 2waa-Cwaa 2waa-Cwaa

C 2 wAa

(-2+C)waa (-2+C) waa
wAa

waa

Clear [xke, k1]

= Sex-specific selection
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ke :=D[gPr[q, C, &, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa] /.6-0, q] /.q->0//

FullSimplify

Akl :=D[qPr[q, C, &, wfAA, wfAa, wfaa, wmAA, wmAa, wmaa] /.50, q] /.q->1//

FullSimplify
First, /151’2 ; for the boundary equilibrium g =0

ko

AkO /. wfaa»1-2 (1 —waa) /.wmaa-»1-2 (1-wmAa) // FullSimplify

x = Collect[%, {wfAa, wmAa}]

(1-¢) ¢ C(1+0C)
+

Expand[x[[3]]] == Expand[

(1-¢)C C(1+0Q)
+
2 (-2+C) wmAA 2 (-2 +C) wfAA
A0simplified = x[[1 ;3 2]] +%

2 (-2+C) wmAA 2 (-2+C) wfAA

/. wfAA - 1 /. wmAA - 1 // FullSimplify

((-1+C) wfAA (C (wmaa - 2 wmAa) + 2wmAa) - (1+C) (C (wfaa-2wfAa) + 2wfAa) wmAA) /

(2 (-2 +C) wfAA wmAA)

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

2 (-2 +C) wfAA wmAA

(1+C) wfAa  (1-C)wmAa  (1-C) CwfAA+C (1+C) wmAA
T (C24+C) wFAA  (-2+C) wmAA 2 (=2 +C) wfAA wmAA
True

c
_2+C

C (1+C) wfAa (1-C) wmAa
“2+C  (-2+C)wFAA (=2 +C) wmAA

Then, /\22 p for the boundary equilibrium g = 1
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2kl

AKL /. wfAA 5 2 (wfAa-1) +1 /. wmAA - 2 (wmAa - 1) +1 // Fullsimplify
Collect[Expand[%], {wfAa, wmAa}]

- ((-2 (-1+C?) wfAawmaa + C (1 +C) wfAA wmaa +
2 wfaawmAa + Cwfaa (2 (-2 +C) wmAa + wmAA - CwmAA) ) / (2 (-2 +C) wfaawmaa) )

(C2 <7wfaa + wmaa) -2 (waa wmaa + wfaa wmAa) +C (wfaa +wmaa - 2 wfAa wmaa + 2 wfaa wmAa) ) /
(2 (-2+C) wfaawmaa)

C c? 1 C
+ + (— - wfAa +
2 (-2+C)wfaa 2 (-2+C)wfaa (-2+C)wfaa (-2+C)wfaa
C c? 1 C
- + |- + wmAa
2 (-2+C)wmaa 2 (-2+C) wmaa (-2+C) wmaa (-2+C) wmaa
Which simplifies to:
1+Cwh, 1-Cwt, C
+ —

2-C wl, 2-Cwn 2-C

Clear [xke, k1]
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