Gardner, A. & Ross, L. “Mating ecology explains patterns of genome
elimination” Supplementary Material 1 - Extended Methods.

1. PGE in females and/or males under XY /X0 inheritance: invasion analysis

1.1. Autosomal genes

Classes — There are 8 classes of individual, classified according to their sex s € {f,m},
the grandparent of origin of their maternal-origin gene T € {M,P} and the
grandparent of origin of their paternal-origin gene U € {M,P}. Each class is notated
in the form sTU, i.e. fMM, fMP, fPM, fPP, mMM, mMP, mPM and mPP.

Survival - Picking a zygote at random, it has some probability of belonging to each of
the 8 classes, depending on whether its parents exhibited genome elimination. We
model this as if there were 8 potential zygotes, of which one is chosen to come into
existence. Moreover, the realised zygote may not survive to maturity, owing to
viability costs associated with the genome elimination behaviour of its parents.
Denoting the probability that the zygote’s mother exhibited PGE by ¢, the
probability that the zygote’s father exhibited PGE by u, the viability cost associated
with female PGE by a and the viability cost associated with male PGE by f, the
probability that each potential zygote survives to maturity is: Smm(¢,u,0,p) =
(1/8)(1-0)(1-w) + (1/4)9(1-w)(1-a) + (1/2) (1-9)u(1-B) + ¢ u (1-a)(1-B);
Semp(9,u,0,B) = (1/8) (1-9)(1-w) + (1/4)9(1-w)(1-0); Srem(tn,0p) = (1/8)(1-¢)(1-u) +
(1/2)(1-0)u(1-B); Seer(d,m,0B) = (1/8)(1-0)(1-u); Smmm(d,u,0p) = (1/8)(1-0)(1-u) +
(1/49)o(1-W) (1-a); Smmp($,u,0,B) = (1/8)(1-¢)(1-w) + (1/4)$(1-w) (1-01); Smpm(¢,11,0,)
= (1/8)(1-¢)(1-w); and Smee(¢,u,0B) = (1/8)(1-¢)(1-w).

Reproductive success — Upon survival to maturity, every female achieves a unit of
expected reproductive success, and every male achieves (1-z(¢',w’, o)) /z(¢",u',0.B)
units of expected reproductive success, where: z(¢',u’,0o,) = (X 1M,P),U{M,P}
Smtu(9',u,0,B)) / (Xscttmy, T pyumpy Sstu(9',u',0,B)) is the sex ratio (proportion male)
in his mating group; ¢’ is the level of PGE among the females contributing offspring
to the mating group; and W' is the level of PGE among the fathers contributing
offspring to the mating group. Thus, contingent upon survival, expected
reproductive success is Reru(¢',u',0,p) = 1 for females and Ruru(¢',u',0,p) = (1-

z(o",w,0,8))/z(9',u',0,p) for males.

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(9,9",u,1',0,B) = Sstu(P,u,0,B)xRstu(¢’,u',,B). Because PGE is vanishingly rare in
the population, the average fitness among all individuals of a particular class is
given by wsru(o,B) = wstu(0,0,0,0,0,8), and each individual’s fitness can be
expressed relative to the average of their class, by Wstu(¢,¢",u,u’,0,p) =

wsto (90", mu',0,B)/ wsru(at,B).



Gene fitness -There are 16 classes of gene, because every class of individual carries
one maternal-origin gene and one paternal-origin gene. Thus, gene classes are
denoted in the form sTUv, where v € {1,2} according to whether the gene is of
maternal (v = 1) or paternal (v = 2) origin. The fitness of a gene, defined in terms of
its probability of being transmitted to a potential (rather than a realised) zygote, is
proportional to the fitness of the individual who carries it. Consequently, the
relative fitness of a gene is equal to the relative fitness of its carrier:

WsTUl(q),q),,M,M’,OC,B) = WsTUZ((I),d)’,M,M,,OL,ﬁ) = WSTU(q)'q)/'M'M,rO()B)'

Reproductive value - The flow of genes between classes determines each class’s
reproductive value. Each gene’s class in any generation may provide some
information and some uncertainty about that gene’s origin in the previous
generation. For example, genes of class fMM1 in the present generation are derived
from genes of class fTU1 in the previous generation, where T = M or P with equal
probability and U = M or P with equal probability. Consequently, the fMM1 gene
derived from a fMM1 gene with probability @ mm1.mm1 = %, from a fMP1 gene with
probability @ mm1.mmp1 = %4, from a fPM1 gene with probability £ mwm1.pm1 = %4 and
from a fPP1 gene with probability @ mmi.tpp1 = %. The reproductive value of a given
class is shared among all the classes who contribute genes to that class, in
proportion to the contributions that they make: cstuv = Y s*{fm}, T*(M,P},U*{M,P},v*{1,2}

# s*T*Urv*.sTUv Cs*T*u*v+. This defines a system of 16 linear equations, which can be
written as ¢ = c*G, where ¢ = {cmm1,cmm2,Cmp1, -..,Cmpp2} IS the vector of class
reproductive values and G is the gene-flow matrix. Solving (i.e. finding the left
eigenvector of G corresponding to the eigenvalue 1) obtains cstuv = 1/16 for all gene
classes.

PGE in females - Genes can be assigned genic values g according to their heritable
tendency for any trait of interest. The condition for natural selection to favour an
increase in this traitis dW/dg > 0, where W =, s {tm},1-(M,p},u-{M,P}v-{1,2} CsTuv WsTUv.
Here, g is the genic value associated with an autosomal gene in a potential zygote.
Thus, the condition for increase in female PGE is Y s(fm},T-{M,P},u-{M,P}v{1,2} CsTUv
(dWstuv/do) x (do/dG) x (dG/dgstuv) > 0, where G is the average genic value among
those genes at the same locus whose expression controls PGE in the focal
individual’s mother. Consequently: d¢/dG is an arbitrary mapping between genic
value and phenotypic value, and can be set to 1; and dG/dgstuv = pstuv is the
consanguinity between the focal class-sTUv gene and the genes, residing at the same
locus, who control PGE in the mother of the focal gene’s carrier. The consanguinities
will depend upon which class or classes of genes control PGE in females -- see the
Consanguinity section below, and Table A1.1.1, for details.

PGE in males - Similarly, the condition for increase in male PGE is ),

se{f,m}, To{M,P},U{M,P},v{1,2} CsTUv ((dWstuv/dn) x (du/dG) x (dG/dgstuv) + (dWstuv/du') x
(du'/dG’) x (dG'/dgstuv)) > 0, where G is the average genic value among those genes
at the same locus whose expression controls PGE in the focal individual’s father, and



G' is the average genic value among those genes at the same locus whose expression
controls PGE in the males contributing offspring to the focal individual’s mating
group. Here: du/dG = du'/dG' = 1; dG/dgstuv = gstuv is the consanguinity between the
focal class-sTUv gene and the genes, residing at the same locus, who control PGE in
the father of the focal gene’s carrier; and dG'/dgstuv = q stuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control PGE in the males who contribute offspring to the focal individual’s mating
group. Note that, because dWrryv/du’ = 0 for all classes of genes in females, we need
only calculate consanguinities q mtuv for classes of genes in males. Again, the
consanguinities will depend upon which class or classes of genes control PGE in
males -- see the Consanguinity section below, and Table A1.1.2, for details.

Consanguinity - The coefficient of inbreeding is the consanguinity of mating
partners. This may be expressed as p = a((1/4) x (1+p)/2 + (1/2) x p + (1/4) x p).
That is: with probability a the male and female share the same mother; so with
probability % we pick the maternal-origin genes from both individuals and hence
their consanguinity is simply the consanguinity of their mother to herself, or
(1+p)/2; and with probability %2 we pick the maternal-origin gene from one of the
mating partners and the paternal-origin gene from the other, in which case their
consanguinity is that of mating partners, or p; and with probability % we pick the
paternal-origin genes from both individuals, in which case their consanguinity is
that of two males in the same mating group, or p. Solving this equation obtains p =
a/(8-7a), so that there is full outbreeding in the absence of sib mating (p = 0 when a
= 0) and there is full inbreeding if all mating is between sibs (p = 1 when a = 1).
From this coefficient can be defined other consanguinities between mating partners:
pm-=a((1/2) x (1+p)/2 + (1/2) x p), from the perspective of the female’s maternal-
origin gene; pp- = a p, from the perspective of the female’s paternal-origin gene; p-m =
a((1/2) x (1+p)/2 + (1/2) x p), from the perspective of the male’s maternal-origin
gene; p-p = a p, from the perspective of the male’s paternal-origin gene; pum = a
(1+p)/2, from the perspective of both mating partners’ maternal genes; pmp = a p,
from the perspective of the female’s maternal gene and the male’s paternal gene;
peM = a p, from the perspective of the female’s paternal gene and the male’s maternal
gene; and ppp = a p, from the perspective of both mating partners’ paternal genes.
And these coefficients define all the consanguinities needed to solve the model
(listed in Tables A1.1.1 & A1.1.2).

Potential for PGE - The condition for increase in PGE is dW/dg > 0. The left-hand
side of this inequality is the marginal fitness and, above, we have calculated these

for female PGE and for male PGE, for different scenarios regarding which genes
control PGE. Evaluating the marginal fitnessesat¢=¢'= ¢=u=u'= w=0, the
inequalities give the condition for invasion of female or male PGE in a non-PGE
population. Setting the marginal fitness for female PGE equal to zero, and solving for
a, obtains the threshold cost of female PGE y such that invasion will occur if o < y
and invasion will not occur if a > y. This defines the potential for female PGE. If y > 0,
then it is possible for costly PGE to invade (provided the cost is sufficiently small),



Actor Class

Recipient A Amat Apat Amot Afat
Class

fMM1 (1+p)/2 1 P (1+p)/2 P

fMM2 P-M PMM PPM a(1+p)/2 ap
fMP1 (1+p)/2 1 P (1+p)/2 P

fMP2 p-p pmp ppp ap ap
fPM1 (1+p)/2 p 1 p (1+p)/2
fPM2 P-M PMM OPM a(1+p)/2 ap
fPP1 (1+p)/2 p 1 p (1+p)/2
fPP2 p-p pmp ppp ap ap
mMM1 (1+p)/2 1 p (1+p)/2 P
mMM?2 P-M PMM PPM a(1+p)/2 ap
mMP1 (1+p)/2 1 p (1+p)/2 P
mMP2 p-p pmp ppp ap ap
mPM1 (1+p)/2 p 1 P (1+p)/2
mPM?2 p-M PMM OPM a(1+p)/2 ap
mPP1 (1+p)/2 p 1 P (1+p)/2
mPP2 p-P pmp ppp ap ap

Table A1.1.1. Consanguinities for the female PGE invasion analysis: autosomal genes. The five
autosomal actor classes are the female’s autosomal genes (A), her maternal-origin autosomal genes
(Amat), her paternal-origin autosomal genes (Apa), her mother’s autosomal genes (Awmot) and her
father’s autosomal genes (Arat). Shown here are their consanguinities psruy to each of the recipient
classes sTUv among the focal female’s offspring.

and if y < 0, then it is possible that beneficial PGE (i.e. providing a viability benefit
rather than a viability cost) may not invade (provided the benefit is sufficiently
small). Thus, the potential y provides a quantitative measure of the extent to which a
particular class of genes desires PGE in females. Similarly, setting the marginal
fitness for male PGE to zero, and solving for f3, obtains the potential for male PGE y.
These potentials are illustrated in Figure 3 of the main text.

1.2. X-linked genes

Classes — There are 4 classes of individual, classified according to their sex s € {f, m}
and the grandparent of origin of their maternal-origin gene T € {M,P}. If the
individual is female, then all of her paternal-origin X-linked genes are derived from
her paternal grandmother. And if the individual is male, he has no paternal-origin X-
linked genes. Thus, each class is notated in the form sTU, where U € {M,-}, i.e. fMM,
fPM, mM- and mP-.

Survival - The probabilities of survival for each class are: Smm(¢,u,0,8) = (1/4)(1-
0)(1-w) + (1/2)¢(1-w)(1-0) + (1/2) (1-0)u(1-B) + ¢ u (1-0) (1-B); Srem(,tn,0.p) =



Actor Class

Recipient A Amat Apat Amot Afat
Class

fMM1 OM- PMM PMP a(1+p)/2 ap
fMM?2 (1+p)/2 1 p (1+p)/2 P

fMP1 OM- PMM PMP a(1+p)/2 ap
fMP2 (1+p)/2 p 1 P (1+p)/2
fPM1 PPp- pPPM ppp ap ap
fPM2 (1+p)/2 1 P (1+p)/2 P

fPP1 PPp- pPM ppp ap ap
fPP2 (1+p)/2 p 1 P (1+p)/2
mMM1 OM- PMM PMP a(1+p)/2 ap
mMM?2 (1+p)/2 1 p (1+p)/2 P
mMP1 OM- PMM PMP a(1+p)/2 ap
mMP2 (1+p)/2 p 1 P (1+p)/2
mPM1 PPp- pPPM ppp ap ap
mPM2 (1+p)/2 1 p (1+p)/2 P

mPP1 PPp- PPM ppp ap ap
mPP2 (1+p)/2 p 1 P (1+p)/2
mMM1’ apw- a pmm a pwp a’(1+p)/2  a*p
mMM2’ ap-m a pmm a pwmp a’(1+p)/2  a*p
mMP1’ a pw- a pmm a pwmp a’(1+p)/2  a*p
mMP2’ ap-p a pmp a prp azp atp
mPM1’ a pp- a peum a prp azp atp
mPM?2’ ap-m a pmm a pwmp a’(1+p)/2  a*p
mPP1’ a pp- a peum a prp azp atp
mPP2’ a pp- a pmp a ppp azp a‘p

Table A1.1.2. Consanguinities for the male PGE invasion analysis: autosomal genes. The five
autosomal actor classes are the male’s autosomal genes (A), his maternal-origin autosomal genes
(Amat), his paternal-origin autosomal genes (Apat), his mother’s autosomal genes (Amot) and his
father’s autosomal genes (Arat). Shown here are their consanguinities gsruv to each of the recipient
classes sTUv among the male’s offspring, and the consanguinities q'mruv to each of the recipient
classes mTUvV’, among the males competing for mates with the focal male’s sons.

(1/4)(1-9)(1-u) + (1/2)(1-0)u(1-B); Smm-(d,u,0,p) = (1/4)(1-9)(1-u) + (1/2)o(1-
W (1-a); and Sme-(¢,u,0,8) = (1/4) (1-0)(1-w).

Reproductive success — Contingent upon survival, expected reproductive success is
Reru(9',u',0,p) = 1 for females and Rmtu(¢',u,0.,p) = (1-z(¢",0,0,8))/z(¢',u',0,p) for
males, where z(¢",u’,0,B) = (Smm-(¢",u',0,B) + Smp-(¢",0,00,3)) / (Semm (9’ ') +
Srem(¢',u,0,B) + Smm-(9',1,0,B) + Sme-(¢',1',0,)).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.



wstu(9,9",u,1',0,B) = Sstu(d,u,0,B)xRstu(¢d’,u',,pB). As before, because PGE is
vanishingly rare in the population, the average fitness among all individuals of a
particular class is given by wsru(a,f) = wstu(0,0,0,0,0,p), and each individual’s
fitness can be expressed relative to the average of their class, by Wstu(¢,9",u,u’,0,p) =

wsto (90", mu',0,B)/ wsru(a,B).

Gene fitness -There are 6 classes of gene, because individuals of each of the two
female classes carry separate maternal-origin and paternal-origin genes, whereas
individuals of each of the two male classes carry only maternal-origin genes. As
before, gene classes are denoted in the form sTUv, where v € {1,2} according to
whether the gene is of maternal (v = 1) or paternal (v = 2) origin. The relative fitness
of a gene in a female is given by Werp1(9,¢",u,0,0,B) = Werp2(9,9',u,u,01,8) =
Were(9,9',u,u,0,8) and the relative fitness of a gene in a male is given by Wnr-

1 (q)rq)" u, M,,OL, |3) = WmT-((l),(l)’, M'M"al B)

Reproductive value - As before, each gene’s class in any generation may provide
some information and some uncertainty about that gene’s origin in the previous
generation. For example, genes of class fMM1 in the present generation are derived
from genes of class fTM1 in the previous generation, where T = M or P with equal
probability. Consequently, the fMM1 gene derived from a fMM1 gene with
probability @ mm1.mmm1 = %2 and from a fPM1 gene with probability  sum1. M1 = Y.
The corresponding system of 6 linear equations may be written in linear algebraic
form as ¢ = c*G, where ¢ = {cmm1,cmmm2,CPM1,CPM2,CmM-1,Cmp-1} 1S the vector of class
reproductive values and G is the gene-flow matrix. Solving obtains cstyy = 1/6 for all
gene classes.

PGE in females - Following the same procedure as before, the condition for increase
in female PGE is cemm1 ((deMM1/d¢) X (dq)/dG) X (dG/dngMl)) + CtmMM2 ((deMMz/dQ))
x (d¢/dG) x (dG/dgmmz2)) + cem1 ((dWepm1/do) x (ddp/dG) x (dG/dgmi)) + cremz
((dWipmz/d¢) x (d9/dG) x (dG/dgmmz)) + cmm-1 (dWmm-1/d9) x (dp/dG) x (dG/dgmm-
1)) + cmp-1 ((dWmp-1/d9) x (d¢/dG) x (dG/dgmp-1)) > 0. Once again: d¢/dG is an
arbitrary mapping between genic value and phenotypic value, and can be set to 1;
and dG/dgstuv = pstuv is the consanguinity between the focal class-sTUv gene and the
genes, residing at the same locus, who control PGE in the mother of the focal gene’s
carrier.

PGE in males - Similarly, the condition for increase in male PGE is caum1
((dWam1/dw) x (du/dG) x (dG/dgami)) + camz ((dWvmz/du) x (du/dG) x
(dG/dgmmz)) + ceem1 ((dWiemi/du) x (du/dG) x (dG/dgremi)) + cremz ((dWiemz/du) x
(du/dG) x (dG/dgmm2)) + cmm-1 ((AWmm-1/dw) x (du/dG) x (dG/dgmm-1) + (dWmm-
1/dw) x (du'/dG") x (dG'/dgmm-1)) + Cmp-1 ((dWmp-1/dw) x (du/dG) x (dG/dgme-1) +
(dWwp-1/du’) x (du'/dG’) x (dG'/dgmp-1)) > 0, where: du/dG = du'/dG’ = 1; dG/dgstuv
= gstuv is the consanguinity between the focal class-sTUv gene and the genes,
residing at the same locus, who control PGE in the father of the focal gene’s carrier;
and dG'/dgmtuv = @ 'mTUv is the consanguinity between the focal class-sTUv gene and



the genes, residing at the same locus, who control PGE in the males who contribute
offspring to the focal individual’s mating group.

Consanguinity - The coefficient of inbreeding for X-linked genes is p* = a((1/2) x
(1+p*)/2 + (1/2) x p*). That is: with probability a the male and female share the
same mother; so with probability %2 we pick the maternal-origin genes from the
female and hence their consanguinity is simply the consanguinity of their mother to
herself, or (1+p*)/2; and with probability %2 we pick the paternal-origin gene from
the female, in which case their consanguinity is that of mating partners, or p*.
Solving this equation obtains p* = a/(4-3a). From this coefficient can be defined
other consanguinities between mating partners: p*v. = a(1+p*)/2, from the
perspective of the female’s maternal-origin gene; and p*p- = a p*, from the
perspective of the female’s paternal-origin gene. Moreover, the consanguinity
between two males in the same mating group is y* = a(1+p*) /2. These coefficients

define all the consanguinities needed to solve the model (listed in Tables A1.2.1 &
A1.2.2).

Potential for PGE - The potentials for female and male PGE are calculated as
described above. These are illustrated in Figure 3 of the main text.

1.3. Y-linked genes

Classes — There are 2 classes of individual, classified according to their sex s € {f,m}.
If the individual is female, then she has no Y-linked genes. And if the individual is
male, then all of his Y-linked genes are paternal in origin (and came from his
paternal grandfather). Thus, class is notated in the form s € {f,m}.

Survival - The probabilities of survival for each class are Si(¢,u,a,p) = (1/2)(1-¢)(1-
W + (1/2)6(1-wW)(1-0) + (1-9)u(1-f) + ¢ u (1-0)(1-f) and Sm(¢,u,0,p) = (1/2)(1-¢)(1-
W) + (1/2)6(1-w)(1-o).

Reproductive success — Contingent upon survival, expected reproductive success is
Re(¢',u',0,p) = 1 for females and Rm(¢',u0,0,p) = (1-z(¢',u',0,p))/z(¢",u’,0,p) for males,
where z(¢",w',0,B) = Sm(¢",0',0,B)/ (Se(¢", 0,00 B) + Sm (9,01 3))-

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
ws(9,0,u,1,0,B) = Ss(o,u,0,B)xRs(d',u',a1,B). As before, because PGE is vanishingly
rare in the population, the average fitness among all individuals of a particular class
is given by ws(o,B) = ws(0,0,0,0,0,8), and each individual’s fitness can be expressed
relative to the average of their class, by Ws(¢,¢’,u,u’,0,B) = ws(d,9",u,u’,0,8)/ ws(o,p).

Gene fitness — There is only one class of Y-linked gene, because females carry no Y-
linked genes and males carry one class of Y-linked genes. Accordingly, the relative
fitness of a Y-linked gene in a male is simply W (¢,¢",u,u’,0,p).



Actor Class

Recipient X XMat Xpat XMot XFat
Class

fMM1 (1+p*)/2 1 p* (1+p*)/2 p*
fMM?2 p* p*M- p*p- a(1+p*)/2 ap*
fPM1 (1+p*)/2 p* 1 p* 1
fPM?2 p* p*u- pP*p- a(1+p*)/2 ap*
mM-1 (1+p*)/2 1 p* (1+p*)/2 p*
mP-1 (1+p*)/2 p* 1 o* 1

Table A1.2.1. Consanguinities for the female PGE invasion analysis: X-linked genes. The five X-
linked actor classes are the female’s X-linked genes (X), her maternal-origin X-linked genes (Xwuat), her
paternal-origin X-linked genes (Xpat), her mother’s X-linked genes (X mot) and her father’s X-linked
genes (Xrat). Shown here are their consanguinities pstuv to each of the recipient classes sTUv among
the focal female’s offspring.

Actor Class

Recipient X XMot XFat
Class

fMM1 P*M- a(1+p*)/2  ap*
fMM2 1 (1+p*)/2 p*
fPM1 p*p- a p* ay*
fPM2 1 (1+p*)/2 p*
mM-1 P*M- a(1+p*)/2  ap*
mP-1 p*p- ap* ay*
mM-1' a p*u- a:(1+p*)/2 a2 p*
mP-1' a p*p. az p* az*

Table A1.2.2. Consanguinities for the male PGE invasion analysis: X-linked genes. The three X-
linked actor classes are the male’s X-linked genes (X), his mother’s X-linked genes (Xmot) and his
father’s X-linked genes (Xrat). Shown here are their consanguinities gsruv to each of the recipient
classes sTUv among the male’s offspring, and the consanguinities q'mruv to each of the recipient
classes mTUvV’, among the males competing for mates with the focal male’s sons.

Reproductive value - Since there is only one class of Y-linked gene, all reproductive
value belongs to this class: cm = 1.

PGE in females - Following the same procedure as before, the condition for increase
in female PGE is cm ((dWn/d9) x (d¢/dG) x (dG/dgm)) > 0. Once again: d/dG is an
arbitrary mapping between genic value and phenotypic value, and can be set to 1;
and dG/dgm = pm is the consanguinity between the focal gene and the genes, residing
at the same locus, who control PGE in the mother of the focal gene’s carrier.

PGE in males - Similarly, the condition for increase in male PGE is cm ((dWn/du) x
(du/dG) x (dG/dgm) + (dWn/du') x (du'/dG") x (dG'/dgm)) > 0, where: du/dG =



du'/dG’ =1; dG/dgm = qm is the consanguinity between the focal class-sTUv gene and
the genes, residing at the same locus, who control PGE in the father of the focal
gene’s carrier; and dG'/dgm = q'm is the consanguinity between the focal class-sTUv
gene and the genes, residing at the same locus, who control PGE in the males who
contribute offspring to the focal individual’s mating group.

Consanguinity - Coefficients of inbreeding are undefined for Y-linked genes, because
females do not carry any such genes. The consanguinity between two males in the
same mating group is Y** = ap**; that is, with probability a they share the same
mother, and hence their consanguinity is that of their fathers, i.e. two males in the
same mating group. Solving yields y** = 0 for all 0 < a < 1. This coefficient defines all
the consanguinities needed to solve the model (listed in Tables A1.3.1 & A1.3.2).

Potential for PGE - The potentials for female and male PGE are calculated as
described above. These are illustrated in Figure 3 of the main text.

2. MGE in females and/or males under XY/XO inheritance: invasion analysis

2.1. Autosomal genes

Classes — There are 8 classes of individual, classified according to their sex s € {f,m},
the grandparent of origin of their maternal-origin gene T € {M,P} and the
grandparent of origin of their paternal-origin gene U € {M,P}. Each class is notated
in the form sTU, i.e. fMM, fMP, fPM, fPP, mMM, mMP, mPM and mPP.

Survival - Denoting the probability that the zygote’s mother exhibited MGE by ¢, the
probability that the zygote’s father exhibited MGE by u, the viability cost associated
with female MGE by a and the viability cost associated with male MGE by £, the
probability that each potential zygote survives to maturity is: Smm(¢,u,0,p) =
(1/8)(1-0)(1-w); Stmp(tn,0,p) = (1/8)(1-¢) (1-u); Sem(d,m,00B) = (1/8)(1-0)(1-u) +
(1/9)e(1-W (1-a); See(p,0p) = (1/8)(1-¢) (1-w) + (1/4)9(1-u)(1-0); Smmm(,u,0,B)
= (1/8)(1-0)(1-w); Smmp(t,0p) = (1/8)(1-¢) (1-w) + (1/2)(1-0Ju(1-B); Smem(d,u,0,P)
= (1/8)(1-9)(1-u) + (1/4)9(1-u)(1-a); and Smep(¢,u,0.3) = (1/8)(1-¢) (1-u) +
(1/49)e(1-W(1-a) + (1/2)(1-¢)u(1-p) + pu(1-a)(1-p).

Reproductive success — Upon survival to maturity, every female achieves a unit of
expected reproductive success, and every male achieves (1-z(¢',u’,o.p8))/z(¢",u',0.B)
units of expected reproductive success, where: z(¢',u’,0o,) = (X 1M,P),U{M,P}
Smtu(9',u0,0,B)) / (Xscttmy, T, pyumpy Sstu(9',u',0,B)) is the sex ratio (proportion male)
in his mating group; ¢’ is the level of MGE among the females contributing offspring
to the mating group; and W' is the level of MGE among the fathers contributing
offspring to the mating group. Thus, contingent upon survival, expected
reproductive success is Reru(¢',u',0,p) = 1 for females and Ruru(¢’,u',0,p) = (1-

z(¢o",w,0,B8))/z(9',u',0,p) for males.



Actor Class
Recipient  Yra
Class

Table A1.3.1. Consanguinities for the female PGE invasion analysis: Y-linked genes. The only Y-
linked actor class is the female’s father’s Y-linked genes (Yra). Shown here are their consanguinity pm
to the single recipient class m among the focal female’s sons.

Actor Class

Recipient Y Yrat
Class

m 1 1

m’ ap** ap**

Table A1.3.2. Consanguinities for the male PGE invasion analysis: Y-linked genes. The two Y-
linked actor classes are the male’s own Y-linked genes (Y) and the Y-linked genes of his father (Ygat).
Shown here are their consanguinity gm to the recipient class m among the focal male’s sons, and the
consanguinity q'm to the recipient class m’ in the males who compete for mates with the focal male’s
sons.

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(9,9",u,1',0,B) = Sstu(d,u,0,B)xRstu(¢’,u',a,p). Because MGE is vanishingly rare in
the population, the average fitness among all individuals of a particular class is
given by wsru(o,B) = wstu(0,0,0,0,0,8), and each individual’s fitness can be
expressed relative to the average of their class, by Wstu(¢,¢",u,u’,0,p) =

wsto (90", uu',0,B)/ wsru(at,B).

Gene fitness -There are 16 classes of gene, because every class of individual carries
one maternal-origin gene and one paternal-origin gene. Thus, gene classes are
denoted in the form sTUv, where v € {1,2} according to whether the gene is of
maternal (v = 1) or paternal (v = 2) origin. The fitness of a gene, defined in terms of
its probability of being transmitted to a potential (rather than a realised) zygote, is
proportional to the fitness of the individual who carries it. Consequently, the
relative fitness of a gene is equal to the relative fitness of its carrier:

Wetu1 (.0, m0',0uB) = Wstuz(9,9",u,u0',0,8) = Weru(¢,9',u,u’,0,8).

Reproductive value - Because class reproductive values are calculated in a
population in which genome elimination is vanishingly rare, these are exactly the
same as calculated in section 1.1, i.e. cstuv = 1/16 for all gene classes.

MGE in females - The condition for natural selection to favour an increase in MGE is
N se{fm}, To(M,P},U-{M,P}ve(1,2} CsTuv (AWstuv/d¢) x (ddp/dG) x (dG/dgstuv) > 0, where G is the
average genic value among those genes at the same locus whose expression controls
MGE in the focal individual’s mother. Consequently: d¢/dG is an arbitrary mapping
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between genic value and phenotypic value, and can be set to 1; and dG/dgstuv = pstuv
is the consanguinity between the focal class-sTUv gene and the genes, residing at the
same locus, who control MGE in the mother of the focal gene’s carrier. The
consanguinities will depend upon which class or classes of genes control MGE in
females - and these are exactly the same as those listed in Table A1.1.1.

MGE in males - Similarly, the condition for increase in male MGE is ),

se{f,m}, T<{M,P},U{M,P},v{1,2} CsTUv ((dWstuv/dn) x (du/dG) x (dG/dgstuv) + (dWstuv/du') x
(du'/dG’) x (dG'/dgstuv)) > 0, where G is the average genic value among those genes
at the same locus whose expression controls MGE in the focal individual’s father,
and (' is the average genic value among those genes at the same locus whose
expression controls MGE in the males contributing offspring to the focal individual’s
mating group. Here: du/dG = du'/dG’ = 1; dG/dgstuv = gstuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control MGE in the father of the focal gene’s carrier; and dG'/dgstuv = q stuv is the
consanguinity between the focal class-sTUv gene and the genes, residing at the same
locus, who control MGE in the males who contribute offspring to the focal
individual’s mating group. Note that, because dWsryv/du’ = 0 for all classes of genes
in females, we need only calculate consanguinities g mtuv for classes of genes in
males. Again, the consanguinities will depend upon which class or classes of genes
control PGE in males -- and these are exactly the same as those listed in Table A1.1.2.

Consanguinity - As noted above, because consanguinities are calculated in a
population from which genomic elimination is absent, these are exactly the same as
those listed in Tables A1.1.1 & A1.1.2.

Potential for MGE - The potential for female MGE and the potential for male MGE are
calculated in the same way as before, and these are illustrated in Figure 3 of the

main text.

2.2. X-linked genes

Classes — There are 4 classes of individual, classified according to their sex s € {f, m}
and the grandparent of origin of their maternal-origin gene T € {M,P}. If the
individual is female, then all of her paternal-origin X-linked genes are derived from
her paternal grandmother. And if the individual is male, he has no paternal-origin X-
linked genes. Thus, each class is notated in the form sTU, where U € {M,-}, i.e. MM,
fPM, mM- and mP-.

Survival - The probabilities of survival for each class are: Sam(¢,u,0,8) = (1/4)(1-
0)(1-w); Srem(9,1,0,p) = (1/4)(1-¢) (1-w) + (1/2)9(1-w)(1-0); Smm-(¢,1,0,p) = (1/4)(1-
0)(1-w) + (1/2)(1-)u(1-B); and Sme-(o,u,0B) = (1/4)(1-0)(1-w) + (1/2)p(1-u)(1-) +
(1/2)(1-9)u(1-p) + (1/2)pu(1-0) (1-).
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Reproductive success — Contingent upon survival, expected reproductive success is
Reru(¢',u,0,p) = 1 for females and Rmtu(¢',u',0,p) = (1-z(¢",u',0.p)) /z(¢',u',0,p) for
males, where z(¢",u’,0,B) = (Smm-(¢",u',0,B) + Smp-(¢",0,01,3)) / (Semm (9’ 0',0,B) +
Srem(¢',u,0uB) + Smm-(9',1,0,B) + Sme-(¢',1',0,)).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(9,9",u,1,0,B) = Sstu(d,u,0,B)xRstu(d’,u',a1,pB). As before, because MGE is
vanishingly rare in the population, the average fitness among all individuals of a
particular class is given by wsru(a,f) = wstu(0,0,0,0,0,p), and each individual’s
fitness can be expressed relative to the average of their class, by Wstu(¢,9",u,u’,0,p) =

wsto (90" uu',0uB)/ wsru(a,B).

Gene fitness -There are 6 classes of gene, because individuals of each of the two
female classes carries separate maternal-origin and paternal-origin genes, whereas
individuals of each of the two male classes carry only maternal-origin genes. As
before, gene classes are denoted in the form sTUv, where v € {1,2} according to
whether the gene is of maternal (v = 1) or paternal (v = 2) origin. The relative fitness
of a gene in a female is given by Werp1(9,9',u,0',0,B) = Werp2(9,9',u,u,01,8) =
Were(9,9',u,u,0,8) and the relative fitness of a gene in a male is given by Wnr-

1 (q)rq)" u, M,,OL, |3) = WmT-((l),(l)’, M'M"al B)

Reproductive value - Because class reproductive values are calculated in a
population in which genome elimination is vanishingly rare, these are exactly the
same as calculated in section 1.2, i.e. cstuy = 1/6 for all gene classes.

MGE in females - Following the same procedure as before, the condition for increase
in female MGE is cimm1 ((deMMl/d(])) X (d(l)/dG) X (dG/dngMl)) + CtMMm2 ((deMMZ/dq))
x (d¢/dG) x (dG/dgmmz2)) + crem1 ((dWeem1/do) x (ddp/dG) x (dG/dgeemi)) + cremz
((dWipmz/d9) x (d9/dG) x (dG/dgmmz)) + cmm-1 ((dWmm-1/d9) x (dp/dG) x (dG/dgmm-
1)) + cmp-1 ((dWmp-1/d9) x (d¢/dG) x (dG/dgmp-1)) > 0. Once again: d¢/dG is an
arbitrary mapping between genic value and phenotypic value, and can be set to 1;
and dG/dgstuv = pstuv is the consanguinity between the focal class-sTUv gene and the
genes, residing at the same locus, who control MGE in the mother of the focal gene’s
carrier.

MGE in males - Similarly, the condition for increase in male MGE is cum1
((dWham1/du) x (du/dG) x (dG/dgmmi)) + cnmz ((dWivmz/dw) x (du/dG) x
(dG/dgmmz)) + ceem1 ((dWiemi/du) x (du/dG) x (dG/dgremi)) + cremz ((dWiemz/du) x
(du/dG) x (dG/dgsemz)) + cmm-1 ((AWmm-1/du) x (du/dG) x (dG/dgmm-1) + (dWmnm-
1/dw’) x (du'/dG") x (dG'/dgmm-1)) + Cmp-1 ((dWmp-1/du) x (du/dG) x (dG/dgmp-1) +
(dWmp-1/du’) x (dw'/dG") x (dG'/dgmp-1)) > 0, where: du/dG = du'/dG" = 1; dG/dgstuv
= gstuv is the consanguinity between the focal class-sTUv gene and the genes,
residing at the same locus, who control MGE in the father of the focal gene’s carrier;
and dG'/dgmtuv = @ 'mTUv is the consanguinity between the focal class-sTUv gene and
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the genes, residing at the same locus, who control MGE in the males who contribute
offspring to the focal individual’s mating group.

Consanguinity - As noted above, because consanguinities are calculated in a
population from which genomic elimination is absent, these are exactly the same as
those listed in Tables A1.2.1 & A1.2.2.

Potential for MGE - The potential for female MGE and the potential for male MGE are
calculated in the same way as before, and these are illustrated in Figure 3 of the

main text.

2.3. Y-linked genes

Classes — There are 2 classes of individual, classified according to their sex s € {f,m}.
If the individual is female, then she has no Y-linked genes. And if the individual is
male, then all of his Y-linked genes are paternal in origin (and came from his
paternal grandfather). Thus, class is notated in the form s € {f,m}.

Survival - The probabilities of survival for each class are Si(¢,u,a,p) = (1/2)(1-¢)(1-
W) + (1/2)¢(1-w)(1-a) and Sm(,0p) = (1/2)(1-¢)(1-u) + (1/2)9(1-u)(1-0) + (1-
¢)u(1-p) + ¢ w (1-0)(1-p).

Reproductive success — Contingent upon survival, expected reproductive success is
Re(¢',u',0,p) = 1 for females and Rm(¢',u0,0,p) = (1-z(¢',u',0,p))/z(¢",u’,0,p) for males,
where z(¢",w',0,B) = Sm(¢",0',0,B)/ (Se(¢",',cuB) + Sm (9,001, 3))-

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
ws(9,0,u,1,0,B) = Ss(d,u,0,B)xRs(d',u',a1,B). As before, because MGE is vanishingly
rare in the population, the average fitness among all individuals of a particular class
is given by ws(a,B) = ws(0,0,0,0,0,8), and each individual’s fitness can be expressed
relative to the average of their class, by Ws(¢,¢’,u,u’,0,B) = ws(d,9",u,u’,0,8)/ ws(oup).

Gene fitness — There is only one class of Y-linked gene, because females carry no Y-
linked genes and males carry one class of Y-linked genes. Accordingly, the relative
fitness of a Y-linked gene in a male is simply W (¢,¢",u,u’,0,p).

Reproductive value - Since there is only one class of Y-linked gene, all reproductive
value belongs to this class: cm = 1.

MGE in females - Following the same procedure as before, the condition for increase
in female MGE is cm ((dWn/d¢) x (d¢/dG) x (dG/dgm)) > 0. Once again: dp/dG is an
arbitrary mapping between genic value and phenotypic value, and can be set to 1;
and dG/dgm = pm is the consanguinity between the focal gene and the genes, residing
at the same locus, who control MGE in the mother of the focal gene’s carrier.

13



MGE in males - Similarly, the condition for increase in male MGE is cm ((dWn/du) x
(du/dG) x (dG/dgm) + (dWn/du') x (du'/dG") x (dG'/dgm)) > 0, where: du/dG =
du'/dG’ =1; dG/dgm = qm is the consanguinity between the focal class-sTUv gene and
the genes, residing at the same locus, who control MGE in the father of the focal
gene’s carrier; and dG'/dgm = q ' is the consanguinity between the focal class-sTUv
gene and the genes, residing at the same locus, who control MGE in the males who
contribute offspring to the focal individual’s mating group.

Consanguinity - As noted above, because consanguinities are calculated in a
population from which genomic elimination is absent, these are exactly the same as
those listed in Tables A1.3.1 & A1.3.2.

Potential for MGE - The potential for female MGE and the potential for male MGE are
calculated in the same way as before, and these are illustrated in Figure 3 of the
main text.

3. PGE in females and/or males under ZW inheritance: invasion analysis

3.1. Autosomal genes

Classes — There are 8 classes of individual, classified according to their sex s € {f,m},
the grandparent of origin of their maternal-origin gene T € {M,P} and the
grandparent of origin of their paternal-origin gene U € {M,P}. Each class is notated
in the form sTU, i.e. fMM, fMP, fPM, fPP, mMM, mMP, mPM and mPP.

Survival - Picking a zygote at random, it has some probability of belonging to each of
the 8 classes, depending on whether its parents exhibited genome elimination. We
model this as if there were 8 potential zygotes, of which one is chosen to come into
existence. Moreover, the realised zygote may not survive to maturity, owing to
viability costs associated with the genome elimination behaviour of its parents.
Denoting the probability that the zygote’s mother exhibited PGE by ¢, the
probability that the zygote’s father exhibited PGE by u, the viability cost associated
with female PGE by a and the viability cost associated with male PGE by f, the
probability that each potential zygote survives to maturity is: Smm(¢,u,0,p) =
(1/8)(1-0)(1-w) + (1/2)¢(1-w)(1-a) + (1/4) (1-)u(1-B) + ¢ u (1-a)(1-p);
Semp(9,u,0,B) = (1/8) (1-9) (1-w) + (1/2)9(1-w)(1-0); Srem(,tn,0p) = (1/8)(1-¢) (1-u) +
(1/4) (1-0)u(1-B); Seer(d,m,0B) = (1/8)(1-0)(1-u); Smmm(d,u,0p) = (1/8)(1-0)(1-u) +
(1/4)(1-0)u(1-B); Smmp(9,u,0,p) = (1/8) (1-¢) (1-w); Smem(d,m,00B) = (1/8)(1-¢)(1-u)+
(1/4)(1-0)u(1-B); and Smee(¢,m,0uB) = (1/8)(1-¢)(1-w).

Reproductive success — Upon survival to maturity, every female achieves a unit of
expected reproductive success, and every male achieves (1-z(¢',w’, o)) /z(¢",u',0.B)
units of expected reproductive success, where: z(¢',u’,0o,) = (X 1M,P),U{M,P}
Smtu(9',u0,0,B)) / (Xscttmy, TPy umpy Sstu(9',u',0,B)) is the sex ratio (proportion male)
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in his mating group; ¢’ is the level of PGE among the females contributing offspring
to the mating group; and W' is the level of PGE among the fathers contributing
offspring to the mating group. Thus, contingent upon survival, expected
reproductive success is Reru(¢',u’,0,p) = 1 for females and Ruru(¢',u',0,p) = (1-

z(¢o",w,0,8))/z(9',u',0,p) for males.

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(9,9",u,1,0,B) = Sstu(9,u,0,B)xRstu(¢’, 1,0, B). Because PGE is vanishingly rare in
the population, the average fitness among all individuals of a particular class is
given by wsru(o,B) = wstu(0,0,0,0,0,B), and each individual’s fitness can be
expressed relative to the average of their class, by Wstu(¢,¢",u,u’,0,p) =

wsto (90", uu',0,B)/ wsru(a,B).

Gene fitness —-There are 16 classes of gene, because every class of individual carries
one maternal-origin gene and one paternal-origin gene. Thus, gene classes are
denoted in the form sTUv, where v € {1,2} according to whether the gene is of
maternal (v = 1) or paternal (v = 2) origin. The fitness of a gene, defined in terms of
its probability of being transmitted to a potential (rather than a realised) zygote, is
proportional to the fitness of the individual who carries it. Consequently, the
relative fitness of a gene is equal to the relative fitness of its carrier:

WsTUl(q),q),,M,M’,OC,B) = WsTUZ((I),d)’,M,M,,OL,ﬁ) = WSTU(q)'q)/'M'M,rO()B)'

Reproductive value - The flow of autosomal genes between classes is exactly the
same under XY/XO0 and ZW inheritance, so the class reproductive values are
identical to those derived in section 1.1.1, i.e. cstuy = 1/16 for all gene classes.

PGE in females - Genes can be assigned genic values g according to their heritable
tendency for any trait of interest. The condition for natural selection to favour an
increase in this trait is dW/dg > 0, where W =, s {tm},1-(M,p},u-{M,P},v{1,2} CsTuv WsTUv.
Here, g is the genic value associated with an autosomal gene in a potential zygote.
Thus, the condition for increase in female PGE is Y, s.{fm}, T-{M,P},u{M,P},v{1,2} CsTUv
((dWstuv/d9) x (dp/dG) x (dG/dgstuv) + (dWstuv/d¢') x (d9'/dG") x (dG'/dgstuv)) > 0,
where G is the average genic value among those genes at the same locus whose
expression controls PGE in the focal individual’s mother, and G’ is the average genic
value among those genes at the same locus whose expression controls PGE in the
females contributing offspring to the focal individual’s mating group. Here: d$/dG =
d¢'/dG’ = 1; dG/dgstuv = pstuv is the consanguinity between the focal class-sTUv gene
and the genes, residing at the same locus, who control PGE in the mother of the focal
gene’s carrier; and dG'/dgstuv = p stuv is the consanguinity between the focal class-
sTUv gene and the genes, residing at the same locus, who control PGE in the females
who contribute offspring to the focal individual’s mating group. Note that, because
dWrruy/d¢’ = 0 for all classes of genes in females, we need only calculate
consanguinities p mruv for classes of genes in males. Again, the consanguinities will
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depend upon which class or classes of genes control PGE in females -- see the
Consanguinity section below.

PGE in males - Similarly, the condition for increase in male PGE is ),

se{f,m}, To{M,P},U{M,P},v<{1,2} CsTUv ((dWstuv/du) x (du/dG) x (dG/dgstuv)) > 0, where G is the
average genic value among those genes at the same locus whose expression controls
PGE in the focal individual’s father. Here, du/dG = 1, and dG/dgstuv = gsTuv is the
consanguinity between the focal class-sTUv gene and the genes, residing at the same
locus, who control PGE in the father of the focal gene’s carrier. Again, the
consanguinities will depend upon which class or classes of genes control PGE in
males -- see the Consanguinity section below.

Consanguinity - The inheritance of autosomal genes is exactly the same under

XY /X0 and ZW inheritance so, just as in section 1.1: the consanguinity of mating
partners is p = a/(8-7a). Moreover, as before, we have pm. = a((1/2) x (1+p)/2 +
(1/2) x p), pp-=ap, p-m=a((1/2) x (1+p)/2 + (1/2) x p), p-p = ap, pum = a (1+p)/2,
pmp = a p, pem = a p and ppp = a p. These coefficients define all the consanguinities
needed to solve the model (listed in Tables A3.1.1 & A3.1.2).

Potential for PGE - The potential for female PGE and the potential for male PGE are
calculated in the same way as before, and these are illustrated in Figure 3 of the

main text.

3.2. Z-linked genes

Classes — There are 4 classes of individual, classified according to their sex s € {f, m}
and the grandparent of origin of their paternal-origin gene U € {M,P}. If the
individual is female, she has no maternal-origin Z-linked genes. And if the individual
is male, then all of his maternal-origin Z-linked genes are derived from his maternal
grandfather. Thus, each class is notated in the form sTU, where T € {M,-}, i.e. f-M, {-P,
mPM and mPP.

Survival - The probabilities of survival for each class are: St.m(d,u,0.p) = (1/4)(1-
0)(1-w) + (1/2)9(1-w)(1-a) + (1/2)(1-p)u(1-) + ¢ u (1-a)(1-B); Se-r(tn,01p) =
(1/4)(1-0)(1-w) + (1/2)$(1-w)(1-0); Smem(Pr,0B) = (1/4)(1-¢) (1-w) + (1/2)(1-
¢)u(1-p); and Smee(¢m,0B) = (1/4)(1-9) (1-w).

Reproductive success — Contingent upon survival, expected reproductive success is
Reru(9',u',0,p) = 1 for females and Rmtu(¢',u,0,p) = (1-z(¢",0,0,8))/z(¢’,u',0,p) for
males, where Z((i)l,pt,,(x,ﬁ) = (SmPM(q)’,M’,OC,B) + Smpp((b’,pt’,(x,ﬁ))/(Sf.M((b’,M’,OL,ﬁ) + Stp
(¢I»M’:0('f3) + SmPM(q)’,M’,O(,B) + Smpp((i)l,pt,,(x,ﬁ)).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(9,9",u,1',0,B) = Sstu(d,u,0,B)xRstu(¢’,u',,pB). As before, because PGE is
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Actor Class

Recipient A Amat Apat Amot Afat
Class

fMM1 (1+p)/2 1 p (1+p)/2 P

fMM2 O-M PMM PPM a(1+p)/2 ap
fMP1 (1+p)/2 1 p (1+p)/2 P

fMP2 p-p pPMP ppp ap ap
fPM1 (1+p)/2 p 1 P (1+p)/2
fPM2 O-M PMM PPM a(1+p)/2 ap
fPP1 (1+p)/2 p 1 P (1+p)/2
fPP2 p-p pmp ppp ap ap
mMM1 (1+p)/2 1 p (1+p)/2 P
mMM2 P-M PMM PPM a(1+p)/2 ap
mMP1 (1+p)/2 1 p (1+p)/2 P
mMP2 p-p pPMP ppp ap ap
mPM1 (1+p)/2 p 1 P (1+p)/2
mPM?2 P-M PMM PPM a(1+p)/2 ap
mPP1 (1+p)/2 p 1 P (1+p)/2
mPP2 p-p pmMP ppp ap ap
mMM1’ a(1+p)/2 a ap a(1+p)/2 ap
mMM2’ ap-m a pmm a pem a’(1+p)/2  a*p
mMP1’' a(1+p)/2 a ap a(1+p)/2 ap
mMP2’ ap-p a pmp a prp azp azp
mPM1’ a(1+p)/2 ap a ap a(1+p)/2
mPM?2’ ap-m a pmm a pem a’(1+p)/2  a*p
mPP1’ a(1+p)/2 ap a ap a(1+p)/2
mPP2’ ap-p a pwp a ppp azp atp

Table A3.1.1. Consanguinities for the female PGE invasion analysis: autosomal genes. The five
autosomal actor classes are the female’s autosomal genes (A), her maternal-origin autosomal genes
(Amat), her paternal-origin autosomal genes (Apa), her mother’s autosomal genes (Awmot) and her
father’s autosomal genes (Arat). Shown here are their consanguinities psruy to each of the recipient
classes sTUv among the focal female’s offspring, and the consanguinities p'mruv to each of the
recipient classes mTUv’, among the males competing for mates with the focal female’s sons.

fitness can be expressed relative to the average of their class, by Wstu(¢,9,u,u’,0,p) =

wsto (90", uu',0,B)/ wsru(at,B).

vanishingly rare in the population, the average fitness among all individuals of a
particular class is given by wsru(a,pf) = wstu(0,0,0,0,0,p), and each individual’s

Gene fitness -There are 6 classes of gene, because individuals of each of the two
female classes carry only paternal-origin genes, whereas individuals of each of the
two male classes carry separate maternal-origin and paternal-origin genes. As
before, gene classes are denoted in the form sTUv, where v € {1,2} according to
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Actor Class

Recipient A Amat Apat Aot Arat
Class

fMM1 PM- PMM PMP a(1+p)/2 ap
fMM?2 (1+p)/2 1 p (1+p)/2 P

fMP1 PM- PMM pPMmP a(1+p)/2 ap
fMP2 (1+p)/2 p 1 p (1+p)/2
fPM1 PPp- pPPM ppp ap ap
fPM2 (1+p)/2 1 P (1+p)/2 P

fPP1 PPp- pPM ppp ap ap
fPP2 (1+p)/2 p 1 p (1+p)/2
mMM1 PM- PMM Pmp a(1+p)/2 ap
mMM?2 (1+p)/2 1 p (1+p)/2 P
mMP1 PM- pPMM Pwmp a(1+p)/2 ap
mMP2 (1+p)/2 p 1 P (1+p)/2
mPM1 Pp- pPM ppp ap ap
mPM2 (1+p)/2 1 p (1+p)/2 P

mPP1 Pp- pPM ppp ap ap
mPP2 (1+p)/2 p 1 P (1+p)/2

Table A3.1.2. Consanguinities for the male PGE analysis: autosomal genes. The five autosomal
actor classes are the male’s autosomal genes (A), his maternal-origin autosomal genes (Awmat), his
paternal-origin autosomal genes (Apat), his mother’s autosomal genes (Awmot) and his father’s
autosomal genes (Arar). Shown here are their consanguinities gstuv to each of the recipient classes
sTUv among the male’s offspring.

whether the gene is of maternal (v = 1) or paternal (v = 2) origin. The relative fitness
of a gene in a female is given by Wr.u2(d,¢",u,u’,0,p) = Wru(¢,9',u,u’,0,p) and the
relative fitness of a gene in a male is given by Wmpu1($,9’,u,u’,0.,p) =
meuz(q),(i)',u,u',a,ﬁ) = meu((l),cl)’,u,u',(x,ﬁ).

Reproductive value - As before, each gene’s class in any generation may provide
some information and some uncertainty about that gene’s origin in the previous
generation. For example, genes of class f-P2 in the present generation are derived
from genes of class mPU2 in the previous generation, where U = M or P with equal
probability. Consequently, the f-P2 gene derived from a mPM2 gene with probability
@ £.p2.mpm2 = ¥2 and from a mPP2 gene with probability & r.p2. mpp2 = %2. The
corresponding system of 6 linear equations may be written in linear algebraic form
as ¢ = c*G, where ¢ = {cf.m2,Cf.p2,CmPM1,CmPM2,CmPP1,Cmpp2} 1S the vector of class
reproductive values and G is the gene-flow matrix. Solving obtains cstyy = 1/6 for all
gene classes.

PGE in females - Following the same procedure as before, the condition for increase

in female PGE is Cf-M2 ((de.Mz/d(b) X (d¢/dG) X (dG/dgf.Mz)) + Cf-p2 ((dWﬂpz/dd)) X
(d9/dG) x (dG/dgr.p2)) + cmpm1 ((AWmpm1/d¢) x (do/dG) x (dG/dgmpm1) +
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(dWwpm1/d9’) x (d¢'/dG") x (dG/dgmpm1)) + Cmemz ((dWmemz/d9) x (dp/dG) x
(dG/dgmemz) + (AWmpmz/d9") x (d¢'/dG") x (dG'/dgmpm2)) + cmpp1 ((dWmpp1/d9) x
(d¢/dG) x (dG/dgmee1) + (dWmpp1/d¢’) x (d9'/dG") x (dG'/dgmep1)) + Cmpp2
((dWipp2/d9) x (dp/dG) x (dG/dgmee2) + (dWmer2/d¢’) x (d9'/dG") x (dG'/dgmpe2)) >
0, where: d¢/dG = d¢'/dG’ = 1; dG/dgstuv = pstuv is the consanguinity between the
focal class-sTUv gene and the genes, residing at the same locus, who control PGE in
the mother of the focal gene’s carrier; and dG'/dgmTuv = p ‘mTuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control PGE in the females who contribute offspring to the focal individual’s mating

group.

PGE in males - Similarly, the condition for increase in male PGE is ce.m2 ((dWemz/du)
x (du/dG) x (dG/dgrm2)) + crpz ((dWrpz/du) x (du/dG) x (dG/dgrp2)) + cmpm
((dWmpm1/du) x (d$/dG) x (dG/dgmem1)) + cmpmz ((dWmpmz/du) x (du/dG) x
(dG/dgmpmz2)) + cmpp1 ((dWmpp1/du) x (du/dG) x (dG/dgmpp1)) + cmppz ((dWmpp2/du) x
(du/dG) x (dG/dgmpr2)) > 0, where du/dG = 1, and dG/dgstuv = gstuv is the
consanguinity between the focal class-sTUv gene and the genes, residing at the same
locus, who control PGE in the father of the focal gene’s carrier.

Consanguinity - The coefficient of inbreeding for Z-linked genes is p*** = a((1/2) x
P*** + (1/2) x ¢***). That is: with probability a the male and female share the same
mother; so with probability %2 we pick the paternal-origin gene from the female and
the maternal-origin gene from the male and hence their consanguinity is simply the
consanguinity of mating partners, p***; and with probability %2 we pick the
paternal-origin genes from both individuals, in which case their consanguinity is
that of two males in the same mating group, or Y***. Note that y*** =a((1/4) x 1 +
(1/2) x p** + (1/4) x ¢***). That is, with probability a the two males share the
same mother; so with probability % we pick the maternal-origin genes from both
males, so their consanguinity is simply the mother’s consanguinity to herself, i.e. 1;
with probability %2 we pick the maternal-origin gene from one male and the
paternal-origin gene from the other, in which case their consanguinity is that
between mating partners, p***; and with probability ¥ we pick the paternal-origin
genes from both males, so their consanguinity is that of two males in the same
mating group, Y***. Simultaneously solving both equations obtains p*** = a2 /(8-
a(6+a)) and ¢*** = a(2-a)/(8-a(6+a)). From these coefficients can be defined other
consanguinities between mating partners: p***.v = a p***, from the perspective of
the male’s maternal-origin gene; and p***p = a Y***, from the perspective of the

male’s paternal-origin gene. These coefficients define all the consanguinities needed
to solve the model (listed in Tables A3.2.1 & A3.2.2).

Potential for PGE - The potentials for female and male PGE are calculated as
described above. These are illustrated in Figure 3 of the main text.
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Actor Class

Recipient Z Zmot Zrat

Class

f_MZ p***_M a a p***

f_Pz p***-P a p*** a lp***
mPM1 1 prE* (L+p***)/2
mPMZ p***_M a a p***
mPP1 1 p¥** (1+p***) /2
mPPZ p***-P a p*** a lp***
mPM1’ a a p*** a(1+p***) /2
mPM?2’ a p*** a? az p***
mPP1’ a a p*** a(1+p***)/2
mPP2’ a p***p a? p**x a2 e

Table A3.2.1. Consanguinities for the female PGE invasion analysis: Z-linked genes. The three
Z-linked actor classes are the female’s Z-linked genes (Z), her mother’s Z-linked genes (Z mot) and her
father’s Z-linked genes (Zrat). Shown here are their consanguinities pstuy to each of the recipient
classes sTUv among the focal female’s offspring, and the consanguinities p'mruv to each of the
recipient classes mTUv’, among the males competing for mates with the focal female’s sons.

Actor Class

Recipient Z ZMat Zpat ZMot Zrat
Class

mPM1 p*** p***_M p***-P a p*** a lp***
mPPl p*** p***_M p***-P a p*** a lp***

Table A3.2.2. Consanguinities for the male PGE invasion analysis: Z-linked genes. The five Z-
linked actor classes are the male’s Z-linked genes (Z), his maternal-origin Z-linked genes (Zwmat), his
paternal-origin Z-linked genes (Zpat), his mother’s Z-linked genes (Zuot) and his father’s Z-linked
genes (Zrat). Shown here are their consanguinities gsruv to each of the recipient classes sTUv among
the male’s offspring.

3.3. W-linked genes

Classes — There are 2 classes of individual, classified according to their sex s € {f,m}.
If the individual is female, then all of her W-linked genes are maternal in origin (and
came from her maternal grandmother). And if the individual is male, he has no W-
linked genes. Thus, class is notated in the form s € {f,m}.

Survival - The probabilities of survival for each class are S¢(¢,u,a.p) = (1/2)(1-¢)(1-
W +¢(1-w)(1-a) + (1/2)(1-9)u(1-f) + ¢ u (1-0)(1-f) and Sm(¢,u,0,p) = (1/2)(1-¢)(1-
W) + (1/2)(1-¢)u(1-p).
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Reproductive success — Contingent upon survival, expected reproductive success is
Re(¢',u',0,p) = 1 for females and Rm(¢',u0,0,p) = (1-z(¢',u',0,p))/z(¢",u',0,p) for males,
where z(¢",w',0,B) = Sm(¢",0',0,B)/ (Se(¢",',cuB) + Sm(9', 0,01, 3))-

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
ws(9,0,u,1,0,B) = Ss(d,u,0,B)xRs(d',u',a0,p). As before, because PGE is vanishingly
rare in the population, the average fitness among all individuals of a particular class
is given by ws(o,B) = ws(0,0,0,0,0,8), and each individual’s fitness can be expressed
relative to the average of their class, by Ws(¢,¢’,u,u’,0,B) = ws(d,9",u,u’,0,8)/ ws(o,p).

Gene fitness — There is only one class of W-linked gene, because females carry only
one class of W-linked gene and males carry no W-linked genes. Accordingly, the
relative fitness of a W-linked gene in a female is simply Wi(¢,9’,u,u’,c.,B).

Reproductive value - Since there is only one class of W-linked gene, all reproductive
value belongs to this class: cr= 1.

PGE in females - Following the same procedure as before, the condition for increase
in female PGE is ¢f ((dWr/d¢) x (d$/dG) x (dG/dgr)) > 0. Once again: dp/dG is an
arbitrary mapping between genic value and phenotypic value, and can be set to 1;
and dG/dgr = pris the consanguinity between the focal gene and the genes, residing
at the same locus, who control PGE in the mother of the focal gene’s carrier.

PGE in males - Similarly, the condition for increase in male PGE is c¢f ((dWr/du) x
(du/dG) x (dG/dgr)) > 0, where du/dG = 1 and dG/dgr = gr is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control PGE in the father of the focal gene’s carrier.

Consanguinity - Coefficients of inbreeding are undefined for W-linked genes,
because males do not carry any such genes. Only three consanguinities feature in
the W-linkage analysis: between a female’s W-genes and her mother’s W-genes;
between a female’s W-genes and her maternal grandmother’s W-genes; and
between a female’s W-genes and her paternal grandmother’s W-genes (listed in
Tables A3.3.1 & A3.3.2).

Potential for PGE - The potentials for female and male PGE are calculated as
described above. These are illustrated in Figure 3 of the main text.
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Actor Class

Recipient W WMot
Class
f 1 1

Table A3.3.1. Consanguinities for the female PGE invasion analysis: W-linked genes. The two
W-linked actor classes are the female’s own W-linked genes (W) and the female’s mother’s W-linked
genes (Wwot). Shown here are their consanguinity pr to the single recipient class f among the focal
female’s daughters.

Actor Class
Recipient Wyt
Class

f a

Table A3.3.2. Consanguinities for the male PGE invasion analysis: W-linked genes. The only W-
linked actor class is the male’s mother’s W-linked genes (Wwot). Shown here are their consanguinity
gr to the recipient class f among the focal male’s daughters.

4. MGE in females and/or males under ZW inheritance: invasion analysis

4.1. Autosomal genes

Classes — There are 8 classes of individual, classified according to their sex s € {f,m},
the grandparent of origin of their maternal-origin gene T € {M,P} and the
grandparent of origin of their paternal-origin gene U € {M,P}. Each class is notated
in the form sTU, i.e. fMM, fMP, fPM, fPP, mMM, mMP, mPM and mPP.

Survival - Denoting the probability that a zygote’s mother exhibited MGE by ¢, the
probability that the zygote’s father exhibited MGE by u, the viability cost associated
with female MGE by a and the viability cost associated with male MGE by £, the
probability that each potential zygote survives to maturity is: Smm(¢,u,0,p) =
(1/8)(1-0)(1-w); Stmp(tn,00p) = (1/8)(1-¢) (1-u) + (1/4)(1-0)u(1-p); Sem(d,u,0,P) =
(1/8)(1-0)(1-w); Srer(d,u,0,P) = (1/8)(1-0)(1-w) + (1/4)(1-9Iu(1-B); Smmm(,u,0,B) =
(1/8)(1-0)(1-w); Smmp(in,0f) = (1/8)(1-¢)(1-u) + (1/4)(1-¢Ju(1-B); Smem(,u,0,P) =
(1/8)(1-¢)(1-w) + (1/2)¢(1-w)(1-a); and Smee(,u,0B) = (1/8)(1-¢)(1-u) + (1/2)(1-
W (1-0) + (1/4)(1-¢Ju(1-p) + ¢ w (1-0)(1-p).

Reproductive success — Upon survival to maturity, every female achieves a unit of
expected reproductive success, and every male achieves (1-z(¢',w’, o)) /z(¢",0',0.B)
units of expected reproductive success, where: z(¢',u’,0o,) = (X 1M,P),U{M,P}
Smtu(9',u,0,B)) / (Xscttmy, T pyumpy Sstu(9',u',0,B)) is the sex ratio (proportion male)
in his mating group; ¢’ is the level of MGE among the females contributing offspring
to the mating group; and W' is the level of MGE among the fathers contributing
offspring to the mating group. Thus, contingent upon survival, expected
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reproductive success is Reru(¢',u',0.,p) = 1 for females and Ruru(¢’,u',0,p) = (1-
z(¢o",w,0,8))/z(9',u',0,p) for males.

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(9,9",u,1',0,B) = Sstu(d,u,0,B)xRstu(¢’,u',a,p). Because MGE is vanishingly rare in
the population, the average fitness among all individuals of a particular class is
given by wsru(o,B) = wstu(0,0,0,0,0,B), and each individual’s fitness can be
expressed relative to the average of their class, by Wstu(¢,¢",u,u’,0,p) =

wsto (90" uu',0uB)/ wsru(a,B).

Gene fitness -There are 16 classes of gene, because every class of individual carries
one maternal-origin gene and one paternal-origin gene. Thus, gene classes are
denoted in the form sTUv, where v € {1,2} according to whether the gene is of
maternal (v = 1) or paternal (v = 2) origin. The fitness of a gene, defined in terms of
its probability of being transmitted to a potential (rather than a realised) zygote, is
proportional to the fitness of the individual who carries it. Consequently, the
relative fitness of a gene is equal to the relative fitness of its carrier:

WsTUl(q),q),,M,M’,OC,B) = WsTUZ((I),d)’,M,M,,OL,ﬁ) = WSTU(q)'q)/'M'M,rO()B)'

Reproductive value - The flow of autosomal genes between classes is exactly the
same under XY/XO0 and ZW inheritance, so the class reproductive values are
identical to those derived in section 2.1.1, i.e. cstuy = 1/16 for all gene classes.

MGE in females - The condition for increase in female MGE is Y, s.{fm} T-(M,P},u-{M,P},v{1,2}
cstuv ((dWstuv/do) x (do/dG) x (dG/dgstuv) + (dWstuv/d¢') x (d¢'/dG") x
(dG'/dgstuv)) > 0, where G is the average genic value among those genes at the same
locus whose expression controls MGE in the focal individual’s mother, and G’ is the
average genic value among those genes at the same locus whose expression controls
MGE in the females contributing offspring to the focal individual’s mating group.
Here: d¢/dG = d¢'/dG' = 1; dG/dgstuv = pstuv is the consanguinity between the focal
class-sTUv gene and the genes, residing at the same locus, who control MGE in the
mother of the focal gene’s carrier; and dG'/dgstuv = p stuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control MGE in the females who contribute offspring to the focal individual’s mating
group. Note that, because dWrruv/d¢’ = 0 for all classes of genes in females, we need
only calculate consanguinities p ‘mtuv for classes of genes in males. Again, the
consanguinities will depend upon which class or classes of genes control MGE in
females -- see the Consanguinity section below.

MGE in males - Similarly, the condition for increase in male MGE is ),

se{f,m}, To{M,P},U{M,P},v<{1,2} CsTUv ((dWstuv/du) x (du/dG) x (dG/dgstuv)) > 0, where G is the
average genic value among those genes at the same locus whose expression controls
MGE in the focal individual’s father. Here, du/dG = 1, and dG/dgstuv = gstuv is the
consanguinity between the focal class-sTUv gene and the genes, residing at the same
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locus, who control MGE in the father of the focal gene’s carrier. Again, the
consanguinities will depend upon which class or classes of genes control MGE in
males -- see the Consanguinity section below.

Consanguinity - The inheritance of autosomal genes is exactly the same under

XY /X0 and ZW inheritance so, just as in section 2.1: the consanguinity of mating
partners is p = a/(8-7a). Moreover, as before, we have pm- = a((1/2) x (1+p)/2 +
(1/2) x p), pp-=ap, p-u=a((1/2) x (1+p)/2 + (1/2) x p), p-p = ap, pum = a (1+p)/2,
pmp = a p, pem = a p and ppp = a p. These coefficients define all the consanguinities
needed to solve the model (listed in Tables A3.1.1 & A3.1.2).

Potential for MGE - The potential for female MGE and the potential for male MGE
are calculated in the same way as before, and these are illustrated in Figure 3 of the
main text.

4.2.7-linked genes

Classes — There are 4 classes of individual, classified according to their sex s € {f, m}
and the grandparent of origin of their paternal-origin gene U € {M,P}. If the
individual is female, she has no maternal-origin Z-linked genes. And if the individual
is male, then all of his maternal-origin Z-linked genes are derived from his maternal
grandfather. Thus, each class is notated in the form sTU, where T € {M,-}, i.e. f-M, {-P,
mPM and mPP.

Survival - The probabilities of survival for each class are: St.m(d,u,0,p) = (1/4)(1-
0)(1-w); Se-p(dm0f) = (1/4)(1-9)(1-w) + (1/2)(1-0)u(1-B); Smem(yu,0,p) = (1/4)(1-
0)(1-w) + (1/2)¢(1-w)(1-a); and Smee(d,u,0uB) = (1/4)(1-0)(1-w) + (1/2)9(1-w)(1-)
+(1/2)(1-0)u(1-p) + ou(1-a)(1-p).

Reproductive success — Contingent upon survival, expected reproductive success is
Reru(9',u',0,p) = 1 for females and Rmtu(¢',u,0.,p) = (1-z(¢",0,0,B))/z(¢",u',0,p) for
males, where z(¢",uw',o,B) = (Smpm(¢',0,0,B) + Smep(¢',0',0,B)) / (Sem(§',u',00,B) + Sep
(¢I»M’:0('f3) + SmPM(q)’,M’,O(,B) + Smpp((i)l,pt,,(x,ﬁ)).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(9,9",u,1',0,B) = Sstu(d,u,0,B)xRstu(d’,u',a,pB). As before, because MGE is
vanishingly rare in the population, the average fitness among all individuals of a
particular class is given by wsru(a,f) = wstu(0,0,0,0,0,p), and each individual’s
fitness can be expressed relative to the average of their class, by Wstu(¢,9,u,u’,0,p) =

wstu(9,9"uu',0,B)/ weru(cLB).
Gene fitness -There are 6 classes of gene, because individuals of each of the two

female classes carry only paternal-origin genes, whereas individuals of each of the
two male classes carry separate maternal-origin and paternal-origin genes. As
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before, gene classes are denoted in the form sTUv, where v € {1,2} according to
whether the gene is of maternal (v = 1) or paternal (v = 2) origin. The relative fitness
of a gene in a female is given by Wr.u2(d,¢",u,u’,0,p) = Weu(¢,9',u,u’,0,p) and the
relative fitness of a gene in a male is given by Wmpu1($,9’,u,u’,0.,p) =

Wmpuz (q)'q),' u, M,'arﬁ) = Wmpu (q)'q)" w, Ml'a' B)

Reproductive value - The flow of Z-linked genes between classes is exactly the same
as in section 3.2. Accordingly, cstuv = 1/6 for all gene classes.

MGE in females - Following the same procedure as before, the condition for increase
in female MGE is cem2 ((de.Mz/dq)) X (d(])/dG) X (dG/dgf.Mz)) + Ct.p2 ((de.pz/d(l)) X
(d¢/dG) x (dG/dger2)) + cmpmr ((dWmem1/d¢) x (d/dG) x (dG/dgmpmi) +
(dWwpm1/d9’) x (d¢'/dG") x (dG'/dgmpm1)) + Cmemz ((dWmemz/d9) x (dp/dG) x
(dG/dgmemz) + (AWmpmz/d9") x (d¢'/dG") x (dG'/dgmpm2)) + cmpp1 ((dWimpp1/d9) x
(d¢/dG) x (dG/dgmpp1) + (dWmep1/d¢’) x (d¢'/dG") x (dG'/dgmpp1)) + cmpe2
((dWipp2/d9) x (dp/dG) x (dG/dgmee2) + (dWmer2/d¢’) x (d9'/dG") x (dG'/dgmpr2)) >
0, where: d¢p/dG = d¢'/dG’ = 1; dG/dgstuv = pstuv is the consanguinity between the
focal class-sTUv gene and the genes, residing at the same locus, who control MGE in
the mother of the focal gene’s carrier; and dG'/dgmTuv = p ‘mTuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control MGE in the females who contribute offspring to the focal individual’s mating

group.

MGE in males - Similarly, the condition for increase in male MGE is cem2 ((dWr
mz/du) x (du/dG) x (dG/dgem2)) + cepa ((dWep2/du) x (du/dG) x (dG/dgrr2)) + cmpm1
((dWmpm1/du) x (d$/dG) x (dG/dgmem1)) + cmpmz ((dWmpmz/du) x (du/dG) x
(dG/dgmpmz2)) + cmpp1 ((dWmpp1/du) x (du/dG) x (dG/dgmpp1)) + cmppz ((dWmppz2/du) x
(du/dG) x (dG/dgmpp2)) > 0, where du/dG = 1, and dG/dgstuv = gstuv is the
consanguinity between the focal class-sTUv gene and the genes, residing at the same
locus, who control MGE in the father of the focal gene’s carrier.

Consanguinity - The coefficients of consanguinity are exactly the same as described
in section 3.2 (listed in Tables A3.2.1 & A3.2.2).

Potential for MGE - The potentials for female and male MGE are calculated as
described above. These are illustrated in Figure 3 of the main text.

4.3. W-linked genes

Classes — There are 2 classes of individual, classified according to their sex s € {f,m}.
If the individual is female, then all of her W-linked genes are maternal in origin (and
came from her maternal grandmother). And if the individual is male, he has no W-
linked genes. Thus, class is notated in the form s € {f,m}.
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Survival - The probabilities of survival for each class are Si(¢,u,a,p) = (1/2)(1-¢)(1-
w) + (1/2)(1-¢)u(1-p) and Sm(p,u,aup) = (1/2)(1-0)(1-u) + ¢(1-w)(1-0) + (1/2)(1-
¢)u(1-p) + ou(1-a)(1-p).

Reproductive success — Contingent upon survival, expected reproductive success is
Re(¢',u',0,p) = 1 for females and Rm(¢',u0,0,p) = (1-z(¢',u',0,p))/z(¢",u',0,p) for males,
where z(¢',u,0,B) = Sm(¢",u',0,B)/(Se(¢',u',0LB) + Sm(d,0,01,B)).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
ws(9,0",u,1,0,B) = Ss(o,u,0,B)xRs(d',u',a,B). As before, because MGE is vanishingly
rare in the population, the average fitness among all individuals of a particular class
is given by ws(o,B) = ws(0,0,0,0,0,8), and each individual’s fitness can be expressed
relative to the average of their class, by Ws(¢,¢’,u,u’,0,B) = ws(d,9",u,u’,0,8)/ ws(o,p).

Gene fitness — There is only one class of W-linked gene, because females carry only
one class of W-linked gene and males carry no W-linked genes. Accordingly, the
relative fitness of a W-linked gene in a female is simply Wi(¢,9’,u,u’,0.,B).

Reproductive value - Since there is only one class of W-linked gene, all reproductive
value belongs to this class: cr= 1.

MGE in females - Following the same procedure as before, the condition for increase
in female MGE is cf ((dWr/d¢) x (d¢p/dG) x (dG/dgr)) > 0. Once again: dp/dG is an
arbitrary mapping between genic value and phenotypic value, and can be set to 1;
and dG/dgs = pris the consanguinity between the focal gene and the genes, residing
at the same locus, who control MGE in the mother of the focal gene’s carrier.

MGE in males - Similarly, the condition for increase in male MGE is cf ((dWr/du) x
(du/dG) x (dG/dgr)) > 0, where du/dG = 1 and dG/dgr = gr is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who

control MGE in the father of the focal gene’s carrier.

Consanguinity - The consanguinities are exactly the same as those derived in section
3.3 (listed in Tables A3.3.1 & A3.3.2).

Potential for MGE - The potentials for female and male MGE are calculated as
described above. These are listed in illustrated in Figure 3 of the main text.

5. PGE in males under XY/XO inheritance: equilibrium analysis

5.1. Autosomal genes

Classes — There are 8 classes of individual, classified according to their sex s € {f,m},
the grandparent of origin of their maternal-origin gene T € {M,P} and the
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grandparent of origin of their paternal-origin gene U € {M,P}. Each class is notated
in the form sTU, i.e. fMM, fMP, fPM, fPP, mMM, mMP, mPM and mPP.

Survival - The zygote survival functions are obtained by substituting ¢ = § = 0 into
those of section 1.1. This yields Smm(u) = (1/8)(1-w) + (1/2)w; Seme(w) = (1/8)(1-w);
Sem(w) = (1/8)(1-w) + (1/2)w; Sep(u) = (1/8) (1-p); Smmm(w) = (1/8)(1-w); Smmp(w) =
(1/8)(1-w); Smem(w) = (1/8)(1-u); and Smee(u) = (1/8)(1-u).

Reproductive success — Upon survival to maturity, every female achieves a unit of
expected reproductive success, and every male achieves (1-z(u'))/z(u’) units of
expected reproductive success, where: z(u') = (X14m,pyuqmpy Smru(un')) /

(X scitmyTmpy,umpy Sstu(u')) is the sex ratio (proportion male) in his mating group
and W' is the level of PGE among the fathers contributing offspring to the mating
group. Thus, contingent upon survival, expected reproductive success is Rery(n') = 1
for females and Rmtu(W') = (1-z(n"))/z(u') for males.

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e. wstu(u,u’)
= Sstu(W)xRstu(u'). The average fitness among all individuals of a particular class is
given by wsru( w) = wstu( w, w), and each individual’s fitness can be expressed
relative to the average of their class, by Wsru(w,u', u) = wstu(w,u')/ wstu( w).

Gene fitness -There are 16 classes of gene, because every class of individual carries
one maternal-origin gene and one paternal-origin gene. Thus, gene classes are
denoted in the form sTUv, where v € {1,2} according to whether the gene is of
maternal (v = 1) or paternal (v = 2) origin. The fitness of a gene, defined in terms of
its probability of being transmitted to a potential (rather than a realised) zygote, is
proportional to the fitness of the individual who carries it. Consequently, the
relative fitness of a gene is equal to the relative fitness of its carrier: Wsrui(u,u/, w) =

Wstuz(mw', w) = Weru(u,u', w).

Reproductive value - The flow of genes between classes determines each class’s
reproductive value. Each gene’s class in any generation may provide some
information and some uncertainty about that gene’s origin in the previous
generation. For example, genes of class fMM1 in the present generation are derived
from genes of class fTU1 in the previous generation, where T=M or Pand U =M or
P. The effects of PGE in a male are accounted for in the survival of his potential
offspring: for example, his potential male offspring are eliminated in the event that
he undergoes PGE. So the class fTU1 donating genes to the class fMM1 involves T =
M or P with equal probability, because there is no bias regarding the source of their
maternal genes, but U = M or P with unequal probability, because there is possible
bias regarding the source of their paternal genes. Specifically, U = M with probability

V_VfTMl/( Werm + VI7fTP1) = (1+3 ﬁ)/(2+2 ﬁ), and U = P with probability

V_VfTP1/( Werm1 + Vl_/prl) =(1- L_/t)/(2+2 ﬁ) Accordingly, @ mm1.mm1 =
(1+3 w)/(4+4 W), @ mmrremr = (143 w)/(4+4 w), P nam-nwer = (1- n)/(4+4 W)
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and @ mm1.p1 = (1- w)/(4+4 w). Note that, making the substitution =0, all of
these gene-flow coefficients are equal to %, as in section 1.1. Also note that, if the
donor class involves genes in males, then there is no bias, because no male is the
product of a PGE father (all PGE events lead to the production of daughters). This
defines a system of 16 linear equations, which can be written as ¢ = ¢*G, where ¢ =
{cmm1,cemmz,Cmp1, -..,Cmpp2} 1S the vector of class reproductive values and G is the gene-
flow matrix. Solving (i.e. finding the left eigenvector of G corresponding to the
eigenvalue 1) obtains crrmy = (1+3 w)/(16+8 W), cerey = (1- w)/(16+8 W), cmru1 =
(1+ w)/(16+8 w) and cmtmz = (1- w)/(16+8 w).In the absence of male PGE ( u = 0),
all gene classes have reproductive value cstyv = 1/16; that is, a gene chosen at
random from the distant future has an equal chance of tracing back to any of the 16
gene classes in the present generation. In the extreme of full male PGE ( w = 1), crrmv
=1/6, cerey = 0, cmtu1 = 1/12 and cmM2 = 0; that is, two third of the reproductive
value of the population belongs to genes in females and only one third belongs to
genes in males, just as under haplodiploidy.

PGE in males - The condition for increase in male PGE is Y s.{tm},T-{M,p},u-{(M,P},v-{1,2} CsTUv
((dWstuv/du) x (du/dG) x (dG/dgstu) + (dWstue/dw’) x (dw'/dG") x (dG'/dgstuv)) > 0,
where G is the average genic value among those genes at the same locus whose
expression controls PGE in the focal individual’s father, and G’ is the average genic
value among those genes at the same locus whose expression controls PGE in the
males contributing offspring to the focal individual’s mating group. Here: du/dG =
du'/dG’ = 1; dG/dgstuv = gstuv is the consanguinity between the focal class-sTUv gene
and the genes, residing at the same locus, who control PGE in the father of the focal
gene’s carrier; and dG'/dgstuv = q sTuv is the consanguinity between the focal class-
sTUv gene and the genes, residing at the same locus, who control PGE in the males
who contribute offspring to the focal individual’s mating group. Note that, because
dWrruy/du' = 0 for all classes of genes in females, we need only calculate
consanguinities q mruv for classes of genes in males. The consanguinities will depend
upon which class or classes of genes control PGE in males -- see the Consanguinity
section below, and Table A5.1.1, for details.

Consanguinity - The coefficient of inbreeding is p = a((1/4)x((1/2) + (1/2)x(0 p-m +
(1-6)p)) + (1/4)x(0 p-m + (1-0)p) + (1/4) x p + (1/4) x (6 Ym- + (1-6)y)), where 6 =

2 u/(1+ ) is the probability that a focal adult female derived from an egg that was
fertilized by a PGE sperm. Note that whilst the consanguinity of mating partners is p,
the consanguinity of the genes that they transmit to their offspring is 0 p.m + (1-0)p,
because with probability 6 the male exhibits PGE and so only transmits his
maternal-origin genes, and with probability 1-6 the male does not exhibit PGE and
hence transmits maternal-origin and paternal-origin genes with equal probability.
The conditional consanguinities of mating partners are: p.m = a((1/2)((1/2)+(1/2)(6
p-m+ (1-0)p)) +(1/2)(0 p-m + (1-0)p)), from the perspective of the male’s maternal-
origin gene; pm-=a((1/2)((1/2)+(1/2)(6 p-m + (1-0)p)) +(1/2)p), from the
perspective of the female’s maternal-origin gene; p-p =a((1/2)p +(1/2)(0 ym- + (1-
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0)y)), from the perspective of the male’s paternal-origin gene; pp- = a((1/2)(0 p-m +
(1-8)p) + (1/2)(6 Ym- + (1-6)y)), from the perspective of the female’s paternal-
origin gene; pum = a((1/2) + (1/2)(6 p-m + (1-6)p)), from the perspective of both
mating partners’ maternal-origin genes; pmp = ap, from the perspective of the
female’s maternal-origin gene and the male’s paternal-origin gene; ppm = a(0 p-m +
(1-8)p), from the perspective of the female’s paternal-origin gene and the male’s
maternal-origin gene; and ppp = a(6 Yu- + (1-6)y), from the perspective of both
mating partners’ paternal-origin genes. The consanguinity of two males in the same
mating group isy =a((1/4)((1/2) + (1/2)x(0 p-m + (1-0)p)) + (1/2)p + (1/4)y), and
the conditional consanguinities between males are: Yyv- = a((1/2)((1/2) + (1/2)x(0
p-m + (1-0)p)) + (1/2)p), from the perspective of one male’s maternal-origin gene;
Yp-=a((1/2)p + (1/2)w), from the perspective of one male’s paternal-origin gene;
yvm =a((1/2) + (1/2)(6 p-m + (1-0)p)), from the perspective of both males’
maternal-origin genes; ywmp = ap, from the perspective of one male’s maternal-origin
gene and the other’s paternal-origin gene; and 1pp = a1, from the perspective of
both males’ paternal-origin genes. The consanguinity of two females in the same
mating group isC=a((1/4)((1/2) + (1/2)(6 p-m + (1-0)p)) + (1/2)(0 p-m + (1-0)p) +
(1/4)(0% wmum + 20(1-0)ywm- + (1-6)2y)), and the conditional consanguinities between
females are: Cu- = a((1/2)((1/2) + (1/2)(8 p-w + (1-8)p)) + (1/2)(6 p-u + (1-68)p)),
from the perspective of one female’s maternal-origin gene; Cp. = a((1/2)(0 p-m + (1-
0)p) + (1/2) (62 Yymm + 20(1-0)yu- + (1-0)2y)), from the perspective of one female’s
paternal-origin gene; Tvum = a((1/2) + (1/2)(0 p-m + (1-8)p)), from the perspective of
both females’ maternal-origin genes; Cwp = a(6 p-m + (1-6)p), from the perspective of
one female’s maternal-origin gene and the other’s paternal-origin gene; and Cpp =
a(0? yvm + 20(1-0)ywm- + (1-0)2y), from the perspective of both females’ paternal-
origin genes. Simultaneously solving these equations yields p = a(2+(2+a(2-

a)) w)/(16(1+ w) - a(14+(18-a(2+3a)) w)), and each of the other consanguinities.
And these in turn define all the consanguinities needed to solve the model (listed in
Table A5.1.1).

Equilibrium level of PGE - If the condition for increase in PGE is not satisfied at w =
0, then PGE cannot invade the population from rarity, and its equilibrium level is
= g* = 0. If the condition for increase in PGE is satisfied at w =1, then non-PGE
cannot invade from rarity, and hence the equilibrium level of PGE is g* = 1. Setting
the LHS of the condition equal to zero, and solving for u = g*, obtains the
intermediate equilibrium level of PGE. The equilibrium level of PGE is illustrated in
Figure 4 of the main text.

5.2. X-linked genes

Classes — There are 4 classes of individual, classified according to their sex s € {f,m}
and the grandparent of origin of their maternal-origin gene T € {M,P}. If the
individual is female, then all of her paternal-origin X-linked genes are derived from
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Actor Class

Recipient A Amat Apat Amot Afat
Class

fMM1 PM- pMM pmp ay ap
fMM?2 (1+p)/2 1 p (1+y)/2 P

fMP1 OM- PMM PMP a(l+y)/2 ap
fMP2 (1+p)/2 p 1 P (1+p)/2
fPM1 PPp- pPPM ppp avy anm
fPM2 (1+p)/2 1 P (1+y)/2 P

fPP1 PPp- PPM ppp avy anm
fPP2 (1+p)/2 p 1 P (1+p)/2
mMM1 OM- PMM PMP a(1+y)/2 ap
mMM?2 (1+p)/2 1 p (1+y)/2 P
mMP1 OM- PMM PMP a(1+y)/2 ap
mMP2 (1+p)/2 p 1 P (1+p)/2
mPM1 PPp- pPPM ppp avy anm
mPM2 (1+p)/2 1 p (1+y)/2 P

mPP1 PPp- PPM ppp avy anm
mPP2 (1+p)/2 p 1 P (1+p)/2
mMM1’ apw- a pmm a pwp a*(1+y)/2  a*p
mMM?2' aPwm- a\pmm a\pwmp aymm aywmp
mMP1’ a pw- a pmm a pup a*(1+y)/2  a*p
mMP2' ayp- aypm appp aywp aypp
mPM1’ a pp- a pem a prep apem an
mPM?2’ aPwm- a\pmm a\pwmp aymm aywmp
mPP1’ a pp- a Pem a ppep apem azn
mPP2’ a\p- a\Ppm app aywmp aypp

Table A5.1.1. Consanguinities for the male PGE equilibrium analysis: autosomal genes. The five
autosomal actor classes are the male’s autosomal genes (A), his maternal-origin autosomal genes
(Amat), his paternal-origin autosomal genes (Apat), his mother’s autosomal genes (Amot) and his
father’s autosomal genes (Arat). Shown here are their consanguinities gsruv to each of the recipient
classes sTUv among the male’s offspring, and the consanguinities q'mruv to each of the recipient
classes mTUvV', among the males competing for mates with the focal male’s sons. Here, y = (8 p-m + (1-

6)p) and n = (6 y-m + (1-8)).

her paternal grandmother. And if the individual is male, he has no paternal-origin X-
linked genes. Thus, each class is notated in the form sTU, where U € {M,-}, i.e. fMM,
fPM, mM- and mP-.

Survival - The probabilities of survival for each class are: Saum(¢,w,0,p) = (1/4)(1-w)

+(1/2)w; Sem(du,0,B) = (1/4)(1-w) + (1/2)W; Smmt-(d1,04f) = (1/4)(1-u); and Smp-
(Do) = (1/4)(1-w).
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Reproductive success — Contingent upon survival, expected reproductive success is
Reru(w') = 1 for females and Rmtu(uw') = (1-z(w'))/z(n') for males, where z(u') = (Smm-

(W) + Smp-(w))/(Sam(w) + Seem(u) + Smm-(W) + Smp-(1)).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e. wstu(u,u’)
= Sstu(W)xRstu(u'). Average fitness among all individuals of a particular class is given
by wstu( u) = wstu( w, w), and each individual’s fitness can be expressed relative to
the average of their class, by Wesru(u,u', u) = wstu(uw,u')/ wsru( ).

Gene fitness -There are 6 classes of gene, because individuals of each of the two
female classes carry separate maternal-origin and paternal-origin genes, whereas
individuals of each of the two male classes carry only maternal-origin genes. As
before, gene classes are denoted in the form sTUv, where v € {1,2} according to
whether the gene is of maternal (v = 1) or paternal (v = 2) origin. The relative fitness
of a gene in a female is given by Werp1(u,w, w) = Were2(ww', u) = Were(u,w', u) and
the relative fitness of a gene in a male is given by Wmr-1(wu, w) = War-(ww, ).

Reproductive value - PGE in males does not impact upon the gene-flow coefficients
for X-linked genes, because males can only transmit maternal-origin X-linked genes
anway. Accordingly, all of the non-zero gene-flow coefficients are equal to %2, and
reproductive value is cstuy = 1/6 for all gene classes, as in section A1.2.

PGE in males - As before, the condition for increase in male PGE is cevm1
((dWemm1/dw) x (du/dG) x (dG/dgmmi)) + caumz ((dWimmz/du) x (du/dG) x
(dG/dgmmz)) + ceema ((dWiemi/du) x (du/dG) x (dG/dgrem1)) + ceemz ((dWiemz/du) x
(du/dG) x (dG/dgmpm2)) + cmm-1 ((AWmm-1/dw) x (du/dG) x (dG/dgmm-1) + (d Wmm-
1/dw’) x (du'/dG’) x (dG'/dgmm-1)) + cmp-1 ((dWmp-1/dw) x (du/dG) x (dG/dgme-1) +
(dWwp-1/du’) x (du'/dG") x (dG'/dgmp-1)) > 0, where: du/dG = du'/dG’ = 1; dG/dgstuv
= gstuv iS the consanguinity between the focal class-sTUv gene and the genes,
residing at the same locus, who control PGE in the father of the focal gene’s carrier;
and dG'/dgmtuv = @ 'mTUv is the consanguinity between the focal class-sTUv gene and
the genes, residing at the same locus, who control PGE in the males who contribute
offspring to the focal individual’s mating group.

Consanguinity - Again, PGE in males does not impact upon the transmission of X-
linked genes, because males can only transmit maternal-origin X-linked genes
anway. Accordingly, the coefficients of consanguinity are exactly the same as those
given in Table A1.2.2.

Equilibrium level of PGE - If the condition for increase in PGE is not satisfied at w =
0, then PGE cannot invade the population from rarity, and its equilibrium level is g*
= 0. If the condition for increase in PGE is satisfied at w = 1, then non-PGE cannot
invade from rarity, and hence the equilibrium level of PGE is g* = 1. Setting the LHS
of the condition equal to zero, and solving for u = g*, obtains the intermediate
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equilibrium level of PGE. The equilibrium level of PGE is illustrated in Figure 4 of the
main text.

5.3. Y-linked genes

Classes — There are 2 classes of individual, classified according to their sex s € {f,m}.
If the individual is female, then she has no Y-linked genes. And if the individual is
male, then all of his Y-linked genes are paternal in origin (and came from his
paternal grandfather). Thus, class is notated in the form s € {f,m}.

Survival - The probabilities of survival for each class are S¢(u) = (1/2)(1-n) + wand
Sm(w) = (1/2)(1-w).

Reproductive success — Contingent upon survival, expected reproductive success is
Ri(n") = 1 for females and Rm(u') = (1-z(n'))/z(un") for males, where z(u') =

Sm(W)/(SH(w') + Sm(u)).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e. ws(u,u’) =
Ss(u)xRs(u"). The average fitness among all individuals of a particular class is given
by ws( w) =ws( u, u),and each individual’s fitness can be expressed relative to the
average of their class, by Ws(u,u/, w) = ws(uw, w)/ ws( u, w).

Gene fitness — There is only one class of Y-linked gene, because females carry no Y-
linked genes and males carry one class of Y-linked genes. Accordingly, the relative
fitness of a Y-linked gene in a male is simply Wn(u,u/, w).

Reproductive value - Since there is only one class of Y-linked gene, all reproductive
value belongs to this class: cm = 1.

PGE in males - As before, the condition for increase in male PGE is cm ((dWn/du) x
(du/dG) x (dG/dgm) + (dWn/du') x (du'/dG") x (dG'/dgm)) > 0, where: du/dG =
du'/dG' =1; dG/dgm = qm is the consanguinity between the focal class-sTUv gene and
the genes, residing at the same locus, who control PGE in the father of the focal
gene’s carrier; and dG'/dgm = q'm is the consanguinity between the focal class-sTUv
gene and the genes, residing at the same locus, who control PGE in the males who
contribute offspring to the focal individual’s mating group.

Consanguinity - PGE in males does not impact upon consanguinity of Y-linked genes,
which are exactly the same as those listed in Table A1.3.2.

Equilibrium level of PGE - If the condition for increase in PGE is not satisfied at w =
0, then PGE cannot invade the population from rarity, and its equilibrium level is g*
= 0. If the condition for increase in PGE is satisfied at w = 1, then non-PGE cannot

invade from rarity, and hence the equilibrium level of PGE is g* = 1. Setting the LHS
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of the condition equal to zero, and solving for u = g*, obtains the intermediate
equilibrium level of PGE. The equilibrium level of PGE is illustrated in Figure 4 of the
main text.

6. PGE in females under ZW inheritance: equilibrium analysis

6.1. Autosomal genes

Classes — There are 8 classes of individual, classified according to their sex s € {f,m},
the grandparent of origin of their maternal-origin gene T € {M,P} and the
grandparent of origin of their paternal-origin gene U € {M,P}. Each class is notated
in the form sTU, i.e. fMM, fMP, fPM, fPP, mMM, mMP, mPM and mPP.

Survival - The zygote survival functions are obtained by substituting u = o = 0 into
those of section 3.1. This yields: Ssum(¢d) = (1/8)(1-9) + (1/2)9; Seme(¢) = (1/8)(1-¢) +
(1/2)¢; Sem(9) = (1/8)(1-¢); See(¢) = (1/8)(1-0); Smmm(9) = (1/8)(1-0); Smmp(¢) =
(1/8)(1-9); Smem(¢) = (1/8)(1-¢); and Smee(9) = (1/8)(1-¢).

Reproductive success — Upon survival to maturity, every female achieves a unit of
expected reproductive success, and every male achieves (1-z(¢'))/z(¢") units of
expected reproductive success, where: z(¢') = (X 1-mpy,u-mp} Smtu(9')) /
(st my My, u M,y SsTu(9')) is the sex ratio (proportion male) in his mating group.
Thus, contingent upon survival, expected reproductive success is Rrru(¢') = 1 for
females and Rmtu(¢') = (1-2(9"))/z(¢") for males.

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e. wstu(¢,9')
= Sstu(9)xRstu(¢). The average fitness among all individuals of a particular class is
given by wstu( ¢) = wstu( ¢, ¢), where ¢ is the average level of female PGE in the
population. Each individual’s fitness can be expressed relative to the average of their

class, by Wstu(¢,9', ¢) = wstu(9,0')/ wstu( 9).

Gene fitness -There are 16 classes of gene, because every class of individual carries
one maternal-origin gene and one paternal-origin gene. Thus, gene classes are
denoted in the form sTUv, where v € {1,2} according to whether the gene is of
maternal (v = 1) or paternal (v = 2) origin. The fitness of a gene, defined in terms of
its probability of being transmitted to a potential (rather than a realised) zygote, is
proportional to the fitness of the individual who carries it. Consequently, the
relative fitness of a gene is equal to the relative fitness of its carrier: Wsru1 (9,0, ¢) =

Wstuz(0,9', ) = Wstu(9,9', 9).

Reproductive value - The flow of genes between classes determines each class’s
reproductive value. Each gene’s class in any generation may provide some
information and some uncertainty about that gene’s origin in the previous
generation. For example, genes of class fMM1 in the present generation are derived
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from genes of class fTU1 in the previous generation, where T =M or Pand U =M or
P. The effects of PGE in a female are accounted for in the survival of her potential
offspring: for example, her potential male offspring are eliminated in the event that
she undergoes PGE. So the class fTU1 donating genes to the class fMM1 involves T =
M or P with unequal probability, because there is possible bias regarding the source
of the latter class’s maternal-origin genes, and U = M or P with equal probability,
because there is no bias regarding the source of their paternal genes. Specifically, T
= M with probability \;/fMUl/( WiMU1 + V|7prl) = (1+3 q_))/(2+2 (l_)), and T = P with
probability wepui/( wmui+ weeu1) = (1- ¢)/(2+2 ¢). Accordingly, @ mm1.mmm1 =
(1+3 )/(4+4 ¢), 9 mmrup1 = (143 §)/(4+4 ), P mmrromr = (1- )/(4+4 )

and @ mm1.rp1 = (1- ¢)/(4+4 ). Note that, making the substitution ¢ = 0, all of
these gene-flow coefficients are equal to %, as in section 3.1. Also note that, if the
donor class involves genes in males, then there is no bias, because no male is the
product of a PGE mother (all PGE events lead to the production of daughters). This
defines a system of 16 linear equations, which can be written as ¢ = c*G, where ¢ =
{cmm1,cemmz,Cmp1, -..,Cmpp2} 1S the vector of class reproductive values and G is the gene-
flow matrix. Solving (i.e. finding the left eigenvector of G corresponding to the
eigenvalue 1) obtains cmvu1 = (1+3 ¢)/(16-8 ), cmuz = ((1- ¢)(1+3 ¢))/(8(2-

¢)(1+ ¢)), ceur = (1- ¢)/(8(2- 9)), crevz = (1- 9)%/(8(2- ¢)(1+ ¢)) and cmruv = (1-

9)/(8(2- ¢)). In the absence of female PGE ( ¢ = 0), all gene classes have
reproductive value cstuy = 1/16. In the extreme of full female PGE ( ¢ = 1), camu1 = %,
cevmuz = 0, crpu1 = 0, cpuz = 0 and emtuy = 0, i.e. all of the population’s reproductive
value belongs to maternal grandmaternal genes in females (classes fMM1 and fMP1),
and no gene in any male has any reproductive value.

PGE in females - The condition for increase in female PGE is . s.{fm}, T-(M,pP},u-{M,P},v-{1,2}
cstuv ((dWstuv/do) x (do/dG) x (dG/dgstuv) + (dWstuv/d¢") x (d¢'/dG") x
(dG'/dgstuv)) > 0, where G is the average genic value among those genes at the same
locus whose expression controls PGE in the focal individual’s mother, and G’ is the
average genic value among those genes at the same locus whose expression controls
PGE in the females contributing offspring to the focal individual’s mating group.
Here: d¢/dG = d¢'/dG' = 1; dG/dgstuv = pstuv is the consanguinity between the focal
class-sTUv gene and the genes, residing at the same locus, who control PGE in the
mother of the focal gene’s carrier; and dG'/dgstuv = p stuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control PGE in the females who contribute offspring to the focal individual’s mating

group.

Consanguinity - The coefficient of inbreeding is p = a((1/4)x((1/2) + (1/2)x(A pm- +
(1-M)p)) + (1/4)x(A pm- + (1-N)p) + (1/4) x p + (1/4) x ), where A =2 ¢/(1+ ) is
the probability that a focal adult female derived from a PGE egg. The conditional
consanguinities of mating partners are: pm- = a((1/2)((1/2)+(1/2)(A pum- + (1-A)p)) +
(1/2)(A pu- + (1-A)p)), from the perspective of the female’s maternal-origin gene; p-
m=a((1/2)((1/2)+(1/2)(A pu- + (1-M)p)) +(1/2)p), from the perspective of the
male’s maternal-origin gene; pp- = a((1/2)p +(1/2)y), from the perspective of the
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female’s paternal-origin gene; p.p = a((1/2) (A pm- + (1-A)p) + (1/2)y), from the
perspective of the male’s paternal-origin gene; pum = a((1/2) + (1/2)(A pm- + (1-
A)p)), from the perspective of both mating partners’ maternal-origin genes; pmp =
a(hpwm- + (1-A\)p), from the perspective of the female’s maternal-origin gene and the
male’s paternal-origin gene; ppm = ap, from the perspective of the female’s paternal-
origin gene and the male’s maternal-origin gene; and ppp = a ), from the perspective
of both mating partners’ paternal-origin genes. The consanguinity of two males in
the same mating group isy =a((1/4)((1/2) + (1/2)x(h pum- + (1-A)p)) + (1/2)p +
(1/4)y), and the conditional consanguinities between males are: Ywm. =
a((1/2)((1/2) + (1/2)x(A pu- + (1-M)p)) + (1/2)p), from the perspective of one
male’s maternal-origin gene; yp- = a((1/2)p + (1/2)y), from the perspective of one
male’s paternal-origin gene; yvm = a((1/2) + (1/2)(A pu- + (1-A)p)), from the
perspective of both males’ maternal-origin genes; ywmp = ap, from the perspective of
one male’s maternal-origin gene and the other’s paternal-origin gene; and ypp = a,
from the perspective of both males’ paternal-origin genes. The consanguinity of two
females in the same mating group is T = a((1/4)(A%+ (1-A2)((1/2) + (1/2) (A pu- + (1-
Np)) + (1/2)(A pm- + (1-A)p) + (1/4)w), and the conditional consanguinities
between females are: Tv- = a((1/2)(A2+ (1-A2)((1/2) + (1/2)(M pum- + (1-A)p)) +
(1/2)(A\ pu- + (1-A)p)), from the perspective of one female’s maternal-origin gene;
Cr-=a((1/2)(M pm- + (1-A)p) + (1/2)y), from the perspective of one female’s
paternal-origin gene; Tum = a((A2 + (1-A2)((1/2) + (1/2)(A pu- + (1-A\)p))), from the
perspective of both females’ maternal-origin genes; Cwp = a(A pu- + (1-A)p), from the
perspective of one female’s maternal-origin gene and the other’s paternal-origin
gene; and Cpp = a ), from the perspective of both females’ paternal-origin genes.
Simultaneously solving these equations yields p = a(4+(4-a2) ¢)/(32(1+ ¢) -
a(28+(2-a(26+3a)) ¢)), and each of the other consanguinities. And these in turn
define all the consanguinities needed to solve the model (listed in Table A6.1.1).

Equilibrium level of PGE - If the condition for increase in PGE is not satisfied at ¢ =
0, then PGE cannot invade the population from rarity, and its equilibrium level is g*
= 0. If the condition for increase in PGE is satisfied at q_) =1, then non-PGE cannot
invade from rarity, and hence the equilibrium level of PGE is g* = 1. Setting the LHS
of the condition equal to zero, and solving for ¢ = g*, obtains the intermediate
equilibrium level of PGE. The equilibrium level of PGE is illustrated in Figure 4 of the
main text.

6.2. Z-linked genes

Classes — There are 4 classes of individual, classified according to their sex s € {f, m}
and the grandparent of origin of their paternal-origin gene U € {M,P}. If the
individual is female, she has no maternal-origin Z-linked genes. And if the individual
is male, then all of his maternal-origin Z-linked genes are derived from his maternal
grandfather. Thus, each class is notated in the form sTU, where T € {M,-}, i.e. f-M, {-P,
mPM and mPP.
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Actor Class

Recipient A Amat Apat Amot Afat
Class

fMM1 (1+v)/2 1 v (1+v)/2 v

fMM2 P-M PMM PPM a(1+v)/2 ap
fMP1 (1+v)/2 1 v (1+v)/2 v

fMP2 p-p pPMmP PPP ap ay
fPM1 (1+v)/2 v 1 p (1+p)/2
fPM2 0-M PMM PPM a(1+v)/2 ap
fPP1 (1+v)/2 v 1 p (1+p)/2
fPP2 p-p pmP PPP ap ay
mMM1 (1+v)/2 1 v (1+v)/2 v
mMM2 p-M PMM PPM a(1+v)/2 ap
mMP1 (1+v)/2 1 v (1+v)/2 v
mMP2 p-p PMP pPP ap aiy
mPM1 (1+v)/2 v 1 p (1+p)/2
mPM?2 p-M PMM PPM a(1+v)/2 ap
mPP1 (1+v)/2 v 1 p (1+p)/2
mPP2 p-p PMP pPP ap aiy
mMM1' a(1+v)/2 a av a(1+v)/2 av
mMM?2' ap-v a pmMm a ppm az(1+v)/2 azp
mMP1’ a(1+v)/2 a av a(1+v)/2 av
mMP2' ap-r a pmp a prp azp azvy
mPM1’ a(1+v)/2 av a ap a(1+p)/2
mPM?2’ ap-v a pmMm a ppm az(1+v)/2 azp
mPP1’ a(1+v)/2 av a ap a(1+p)/2
mPP2’ ap-r a pmp a prp azp azvy

Table A6.1.1. Consanguinities for the female PGE equilibrium analysis: autosomal genes. The
five autosomal actor classes are the female’s autosomal genes (A), her maternal-origin autosomal
genes (Awmat), her paternal-origin autosomal genes (Apat), her mother’s autosomal genes (Amot) and her
father’s autosomal genes (Arat). Shown here are their consanguinities psruy to each of the recipient
classes sTUv among the focal female’s offspring, and the consanguinities p'mruv to each of the
recipient classes mTUv’, among the males competing for mates with the focal female’s sons. Here, v =

(™ pum- + (1-M)p).

Survival - The probabilities of survival for each class are: Sem(¢) = (1/4)(1-9) +
(1/2)¢; Sep(9) = (1/4)(1-9) + (1/2)¢; Smem(9) = (1/4)(1-); and Smee(¢) = (1/4)(1-¢).

Reproductive success — Contingent upon survival, expected reproductive success is
Reru(9') = 1 for females and Rwru(¢') = (1-2(9'))/z(¢") for males, where z(¢") =

(Smpm(9) + Smpp(9))/(Sem(') + Sep (¢) + Smpm(¢') + Smer(¢')).

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e. wstu(¢,9')
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= Sstu(9)xRstu(¢). The average fitness among all individuals of a particular class is
given by wstu( ¢) = wstu( ¢, ¢). Each individual’s fitness can be expressed relative
to the average of their class, by Weru(¢,9, &) = wstu($,9")/ wstu( ¢).

Gene fitness -There are 6 classes of gene, because individuals of each of the two
female classes carry only paternal-origin genes, whereas individuals of each of the
two male classes carry separate maternal-origin and paternal-origin genes. As
before, gene classes are denoted in the form sTUv, where v € {1,2} according to
whether the gene is of maternal (v = 1) or paternal (v = 2) origin. The relative fitness
of a gene in a female is given by Weu2(d,9', &) = Weu(,9', ¢) and the relative fitness
of a gene in a male is given by Wipu1 (9,9, ¢) = Wmpuz($,9', ¢) = Wmpru(0,0, §).

Reproductive value - PGE in females does not impact upon the gene-flow coefficients
for Z-linked genes, because females can only transmit paternal-origin Z-linked genes
anway. Accordingly, all of the non-zero gene-flow coefficients are equal to %2, and
reproductive value is cstuy = 1/6 for all gene classes, as in section A3.2.

PGE in females - Following the same procedure as before, the condition for increase
in female PGE is cem2 ((de.Mz/d(b) X (d¢/dG) X (dG/dgf.Mz)) + Cf.p2 ((dWﬂpz/dd)) X
(d¢/dG) x (dG/dger2)) + cmpmi ((dWmem1/d¢) x (d/dG) x (dG/dgmpmi) +
(dWwpm1/d9’) x (d¢'/dG") x (dG/dgmpm1)) + Cmemz ((dWmemz/d9) x (dp/dG) x
(dG/dgmemz) + (AWmpmz/d9") x (d¢'/dG") x (dG'/dgmpm2)) + Cmpp1 ((dWimpp1/d9) x
(d9/dG) x (dG/dgmpe1) + (dWmer1/d¢’) x (d¢'/dG") x (dG'/dgmpp1)) + cmpe2
((dWipp2/d9) x (dp/dG) x (dG/dgmee2) + (dWmer2/d¢’) x (d9'/dG") x (dG'/dgmpr2)) >
0, where: d¢/dG = d¢'/dG’ = 1; dG/dgstuv = pstuv is the consanguinity between the
focal class-sTUv gene and the genes, residing at the same locus, who control PGE in
the mother of the focal gene’s carrier; and dG'/dgmTuv = p ‘mTuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control PGE in the females who contribute offspring to the focal individual’s mating

group.

Consanguinity - Again, PGE in females does not impact upon the transmission of Z-
linked genes, because females can only transmit maternal-origin Z-linked genes
anway. Accordingly, the coefficients of consanguinity are exactly the same as those
given in Table A3.2.1.

Equilibrium level of PGE - If the condition for increase in PGE is not satisfied at ¢ =
0, then PGE cannot invade the population from rarity, and its equilibrium level is g*
= 0. If the condition for increase in PGE is satisfied at q_) =1, then non-PGE cannot
invade from rarity, and hence the equilibrium level of PGE is g* = 1. Setting the LHS
of the condition equal to zero, and solving for ¢ = g*, obtains the intermediate
equilibrium level of PGE. The equilibrium level of PGE is illustrated in Figure 4 of the
main text.
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6.3. W-linked genes

Classes — There are 2 classes of individual, classified according to their sex s € {f,m}.
If the individual is female, then all of her W-linked genes are maternal in origin (and
came from her maternal grandmother). And if the individual is male, he has no W-
linked genes. Thus, class is notated in the form s € {f,m}.

Survival - The probabilities of survival for each class are Si(¢) = (1/2)(1-¢) + ¢ and
Sm(9) = (1/2)(1-9).

Reproductive success — Contingent upon survival, expected reproductive success is
Ri(¢') = 1 for females and Rm(¢') = (1-z(9'))/z(¢") for males, where z(¢") =

Sm(9)/(Se(") + Sm(9"))-

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e. wstu(¢,9')
= Sstu(9)xRstu(¢). The average fitness among all individuals of a particular class is
given by wstu( ¢) = wstu( ¢, ¢). Each individual’s fitness can be expressed relative
to the average of their class, by Weru(¢,9, &) = wstu($,9")/ wstu( ¢).

Gene fitness — There is only one class of W-linked gene, because females carry only
one class of W-linked gene and males carry no W-linked genes. Accordingly, the
relative fitness of a W-linked gene in a female is simply Wi(¢,0', ¢).

Reproductive value - Since there is only one class of W-linked gene, all reproductive
value belongs to this class: ¢r= 1.

PGE in females - Following the same procedure as before, the condition for increase
in female PGE is ¢f ((dWr/d¢) x (d¢p/dG) x (dG/dgr)) > 0. Once again: d/dG is an
arbitrary mapping between genic value and phenotypic value, and can be set to 1;
and dG/dgs = pris the consanguinity between the focal gene and the genes, residing
at the same locus, who control PGE in the mother of the focal gene’s carrier.

Consanguinity - PGE in females does not impact upon consanguinity of W-linked
genes, which are exactly the same as those listed in Table A3.3.1.

Equilibrium level of PGE - If the condition for increase in PGE is not satisfied at ¢ =
0, then PGE cannot invade the population from rarity, and its equilibrium level is g*
= 0. If the condition for increase in PGE is satisfied at q_) =1, then non-PGE cannot
invade from rarity, and hence the equilibrium level of PGE is g* = 1. Setting the LHS
of the condition equal to zero, and solving for ¢ = g*, obtains the intermediate
equilibrium level of PGE. The equilibrium level of PGE is illustrated in Figure 4 of the
main text.
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7. PGE in males under XY/XO inheritance: equilibrium analysis with a new
mode of sex determination

7.1. Autosomal genes

Classes — There are 8 classes of individual, classified according to their sex s € {f,m},
the grandparent of origin of their maternal-origin gene T € {M,P} and the
grandparent of origin of their paternal-origin gene U € {M,P}. Each class is notated
in the form sTU, i.e. fMM, fMP, fPM, fPP, mMM, mMP, mPM and mPP.

Survival - If sex allocation z is determined independently of genotype, then the
zygote survival functions are Smmm(w,z) = (1-z)((1/4)(1-u) + (1/2)u); Save(w,z) = (1-
2)(1/4)(1-w); Srem(w,z) = (1-2)((1/4)(1-w) + (1/2)w); Sep(w.2) = (1-2)(1/4) (1-w);
Smmm(w,2) = z((1/4)(1-w)+(1/2)w); Smmp(w,2) = z(1/4) (1-w); Smem(w,2) = z((1/4)(1-
W+(1/2)w); and Smep(w,2) = z(1/4)(1-w).

Reproductive success — Upon survival to maturity, every female achieves a unit of
expected reproductive success, and every male achieves (1-z')/ z' units of expected
reproductive success, where z' is the sex ratio of the group in which they compete
for mates. Thus, contingent upon survival, expected reproductive success is Rery(z')
=1 for females and Ruru(z') = (1- 2')/Z' for males.

Fitness - Expected fitness is given by the product of survival to maturity and
expected reproductive success contingent upon surviving to maturity, i.e.
wstu(W,z,2") = Sstu(w,z)xRstu(z"). The average fitness among all individuals of a
particular class is given by wsru( u, z) = wstu( W, z, z), and each individual’s
fitness can be expressed relative to the average of their class, by Wsru(w,z,z, z) =
wstu(wz,z')/ wstu( W, z).

Gene fitness -There are 16 classes of gene, because every class of individual carries
one maternal-origin gene and one paternal-origin gene. Thus, gene classes are
denoted in the form sTUv, where v € {1,2} according to whether the gene is of
maternal (v = 1) or paternal (v = 2) origin. The fitness of a gene, defined in terms of
its probability of being transmitted to a potential (rather than a realised) zygote, is
proportional to the fitness of the individual who carries it. Consequently, the
relative fitness of a gene is equal to the relative fitness of its carrier: Wsru1(uw,z,2', z)
= Wstuz(wz,z, z) = Weru(wz,2', z).

Reproductive value - The flow of genes between classes determines each class’s
reproductive value. Each gene’s class in any generation may provide some
information and some uncertainty about that gene’s origin in the previous
generation. For example, genes of class fMM1 in the present generation are derived
from genes of class fTU1 in the previous generation, where T=M or Pand U =M or
P. The effects of PGE in a male are accounted for in the survival of his potential
offspring: for example, his potential male offspring are eliminated in the event that
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he undergoes PGE. So the class fTU1 donating genes to the class fMM1 involves T =
M or P with equal probability, because there is no bias regarding the source of their
maternal genes, but U = M or P with unequal probability, because there is possible
bias regarding the source of their paternal genes. Specifically, U = M with probability
V_VfTMl/( Werm + VI_/fTPl) = (1+ ﬁ)/Z, and U = P with probability V_VfTP1/( Werm1 + -
werp1) = (1- w)/2. Accordingly, @ mmimmt = (1+ w)/4, @ mmiem1 = (1+ w)/4,
@ mmi-avp1 = (1- w)/4 and @ mami1-ep1 = (1- w)/4. Note that, making the substitution
u = 0, all of these gene-flow coefficients are equal to %, as in section 1.1. This
defines a system of 16 linear equations, which can be written as ¢ = ¢*G, where ¢ =
{cmm1,cemmz,Camp1, -..,Cmpp2} 1S the vector of class reproductive values and G is the gene-
flow matrix. Solving (i.e. finding the left eigenvector of G corresponding to the
eigenvalue 1) obtains crrmv = (1+ w)2/(16+8 W), cerey = (1- u2)/(16+8 W), cmrm1 =
(1+ ﬁ)z/(16+8 ﬁ), CmTM2 = (1- ﬁz)/(16+8 a), CmTP1 = (1- az)/(16+8 ﬁ), and cmrtp2 =
(1- w)?/(16+8 w).

PGE in males - The condition for increase in male PGE is Y s.{tm},T-{M,P},u-(M,P},v-{1,2} CsTUv
(dWstuv/du) x (du/dG) x (dG/dgstuv) > 0, where G is the average genic value among
those genes at the same locus whose expression controls PGE in the focal
individual’s father. Here: du/dG = 1 and dG/dgstuv = gstuv is the consanguinity
between the focal class-sTUv gene and the genes, residing at the same locus, who
control PGE in the father of the focal gene’s carrier. The consanguinities will depend
upon which class or classes of genes control PGE in males -- see the Consanguinity
section below, and Table A7.1.1, for details.

Consanguinity - Note that there are no sex differences in genes carried (but there
are sex differences in genes transmitted), so 1 = C = p. The coefficient of inbreeding
is p = a((1/9)x((1/2) + (1/2)x( &pm+ (1- W) + (1/2)x( wpw+ (1- Wp) +
(1/4) x ( w2 pum+ 2 u(1- wpwm-+ (1- w)?p)). Note that, whilst the consanguinity of
mating partners is p, the consanguinity of the genes that they transmit to their
offspringis wp-m + (1- w)p, because with probability u the male exhibits PGE and
so only transmits his maternal-origin genes, and with probability 1- u the male does
not exhibit PGE and hence transmits maternal-origin and paternal-origin genes with
equal probability. The conditional consanguinities of mating partners are: p.m = pu-
=a((1/2)x((1/2) + (1/2)x( wp-m + (1- wp)) + (1/2)x( wp-m+ (1- w)p)), from the
perspective of one partner’s maternal-origin gene; p-p = pp-=a((1/2)x( wp-wm+ (1-
wp) + (1/2) x ( u2pum + 2 u(1- wpwm- + (1- w)?p)), from the perspective of one
partner’s paternal-origin gene; pmm = a((1/2) + (1/2)x( w p-m + (1- u)p)), from the
perspective of both mating partners’ maternal-origin genes; pmp = ppm = a( W p-m +
(1- w)p), from the perspective of one partner’s maternal-origin gene and the other
partner’s paternal-origin gene; and ppp = a( w2 pum + 2 u(1- w)pwm-+ (1- w)2p),
from the perspective of both mating partners’ paternal-origin genes. Simultaneously
solving these equations yields p = a(2+a(3-a w?) w)/(16- a(14-(6-a(3- w)(1- w)-
4 u) w)), and each of the other consanguinities. And these in turn define all the
consanguinities needed to solve the model (listed in Table A7.1.1).
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Actor Class

Recipient A Amat Apat Amot Afat
Class

fMM1 PM- PMM PMP a(1+0)/2 ap
fMM2 (1+0)/2 1 o (1+0)/2 o

fMP1 PM- PMM pPMmP a(1+o)/2 ap
fMP2 (1+0)/2 o 1 o (1+0)/2
fPM1 Pp- PPM Ppp ao ao
fPM2 (1+0)/2 1 o (1+0)/2 o

fPP1 Pp- PPM Ppp ao ao
fPP2 (1+0)/2 o 1 o (1+0)/2
mMM1 PM- PMM PMP a(1+o)/2 ap
mMM?2 (1+0)/2 1 o (1+0)/2 o
mMP1 PM- PMM PMP a(1+o)/2 ap
mMP2 (1+0)/2 o 1 o (1+0)/2
mPM1 pp- PPM ppp ao ao
mPM?2 (1+0)/2 1 o (1+0)/2 o

mPP1 pp- PPM ppp ao ao
mPP2 (1+0)/2 o 1 o (1+o0)/2

Table A7.1.1. Consanguinities for the male PGE equilibrium analysis: autosomal genes. The five
autosomal actor classes are the male’s autosomal genes (A), his maternal-origin autosomal genes
(Amat), his paternal-origin autosomal genes (Apat), his mother’s autosomal genes (Amot) and his
father’s autosomal genes (Arat). Shown here are their consanguinities gsruv to each of the recipient
classes sTUv among the male’s offspring, and the consanguinities q'mruv to each of the recipient
classes mTUv’, among the males competing for mates with the focal male’s sons. Here, 6 = ( W p-m +

(1- wp).

Equilibrium level of PGE - If the condition for increase in PGE is not satisfied at w =
0, then PGE cannot invade the population from rarity, and its equilibrium level is g*
= 0. If the condition for increase in PGE is satisfied at w = 1, then non-PGE cannot
invade from rarity, and hence the equilibrium level of PGE is g* = 1. Setting the LHS
of the condition equal to zero, and solving for u = g*, obtains the intermediate
equilibrium level of PGE.

8. Combined action of multiple genic actors with conflicting interests

8.1. Selection under conflict

Total selective change - As outlined in the above sections, a gene that promotes GE is
favoured by natural selection if dW/dg > 0 and disfavoured by natural selection if
dW/dg < 0. The corresponding selective change in the frequency of GE is (dW/dg) x
var(g), where var(g) is the additive genetic variance in GE contributed by

that gene position. If several genes of the same type (e.g. unimprinted autosomal
genes) impact upon the GE phenotype, then the corresponding selective change in
the frequency of GE is (dW/dg) x var(g), where var(g) is the total additive genetic

41



variance in GE contributed by those gene positions. And if several genes of different
types (e.g. unimprinted autosomal genes and imprinted maternal-origin genes and
paternal-origin genes) impact upon the GE phenotype, then the corresponding
selective change in the frequency of GE is D...1(dW/dg): : var(g), where T is the set
of all types of gene position impacting upon the GE phenotype, var(g) is the total
additive genetic variance in GE contributed by those gene positions, (dW/dg): is the
marginal fitness associated with gene positions of type t, and m: is the proportion of
the total additive genetic variance that is contributed by gene positions of type t.

Condition for increase — The condition for natural selection to favour an increase in
the frequency of GE is Y.r(dW/dg): 7. > 0, where the LHS of the condition
represents a weighted average of the interests of the different genic types.

Equilibrium point - Note that (dW/dg):° = Yer(dW/dg): me< (dW/dg)*, where t° € T
is the type of gene position least-strongly favouring (or most-strongly disfavouring)
GE -i.e. (dW/dg):° < (dW/dg): for all t E T - and t* € T is the type of gene position
most-strongly favouring (or least-strongly disfavouring) GE - i.e. (dW/dg)* =
(dW/dg): for all t € T. Hence, Yrr(dW/dg): e = 0 when (dW/dg):° = 0, and
Yer(dW/dg): me< 0 when (dW/dg)* = 0, such that the equilibrium level of GE under
conflict is bounded by the equilibria favoured by the extremist parties.

8.2. The parliament of genes

Interests of maternal-origin and paternal-origin genes cancel - The marginal fitness
for a maternal-origin gene at a diploid locus may be expressed as (dW/dg)m = -c +
Yia bi pim, i.e. its inclusive-fitness effect, where —c is the impact an increase in gene
expression has on its own replicative success, b; is the impact on the replicative
success of its social partner i € [, and piwm is its consanguinity with this social partner.
The marginal fitness for the corresponding paternal-origin gene may be expressed
as (dW/dg)p = -c¢ + Yia bi pir, where pir need not be equal to piv on account of social
partners being more related through one parent than through the other. This
asymmetry in consanguinity coefficients, and hence inclusive-fitness effects, is the
reason for intragenomic conflict between maternal-origin and paternal-origin genes.
If maternal-origin and paternal-origin genes contribute equally to additive genetic
variance (v = 7tp = 7t), then Y.qvpy(dW/dg): 7t > 0 is equivalent to -c¢ + Y1 bi pi> 0
where pi = (pim+pir)/2 is the consanguinity that has not been conditioned upon
parent of origin, and this inequality is equivalent to (dW/dg)u > 0, where U denotes
the corresponding genes that lack information as to their parent of origin. For
example, considering the evolution of PGE in males under XY/XO sex determination
(section 1 above, and SM2 section 1), the marginal fitness for maternal-origin
autosomal genes is (dW/dg)m = (4-8p-a(4-5p-a(4-2a(1-p)-38)))/(2(8-7a)) and the
marginal fitness for paternal-origin autosomal genes is (dW/dg)p = -(4-a(4-
B+a(2a(1-B)-B)))/(2(8-7a)) and the average of these two exactly recovers the
marginal fitness for unimprinted autosomal genes, (dW/dg)u = (a?(1-p)-2p+ap)/(8-
7a). Accordingly, the combined action of multiple maternal-origin and paternal-
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origin genes is expected to give an equilibrium level of GE that approximately
coincides with that favoured by their unimprinted counterparts.

Majority party dominates the conflict - The weighted-average marginal fitness
Yer(dW/dg)e e — (dW/dg):’ as wi' — 1. That is, the interests of the majority party
dominate the conflict. If the individual’s own autosomal genes (including
unimprinted genes and imprinted genes of maternal-origin and paternal-origin; see
above) contribute most of the additive genetic variance in GE, for example on
account of their numerical superiority over the sex chromosomes and also because
the individual’s own genome is necessarily closely involved with the process of GE
whereas its parents’ genomes can act only at a distance and so have less control,
then the majority interest will be equivalent to that of the individual’s autosomal
genes lacking information as to their parent of origin.
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