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1. The selection equation

1.1 Random mating with direct selection

For either a single or multiple locus system witliemale genotypes arid male genotypes, let
andy (i=1,..,N j=1,..,M) be respectively the female and male genotype proportions in the
population. We assume that the phenotypic expression of the GFMHsaffeditness of carriers,
viewed either as mating success (i.e., the probability of egténm mating pool) or as fecundity
(the contribution to the total number of offspring) — which are equivaledér the hypothesis of
random mating (see below formula (4)). Denotd; lblye fitness of a female with genotypdy m

the fitness of a male with genotypend by

lM = fi/le /Llj = m/rm ’ (1)

the corresponding normalized fitness (referred to as normdézeddityin the main text). Assume
first that fithess is interpreted as mating success, i.d. itthe proportional to the probability of
entering the mating pool, and mating is random among the individudie ipobl. Then, for non-
overlapping discrete generations and infinite population size, thaygee frequencies; andy’ at
the next generation are given by the iterative relations (see [34]):

X =y, ZZ AnXnYi T EW), Yi = u, ZZ B Xn Vi / E(0), (2)
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whereA; andBy,, are the conditional probabilities that a daughter/son of parentgemibiypeh
andk has genotypeorj, i.e.:
Aihk: Pr(d:i | m:h; f:k), thk: Pr(S:j | m:h, f:k)

(m= motherf = father,d = daughters = son), and
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for the proportions of female and male genotypesha population before selection occurs, i.e.
before entering the mating pool, we may rewritedilection equation (2) in terms&fandz, :
N M . M .
&= ZZ A ot & IN, 77} = zz thkl//h/uké:hnk IM, (4)
h=:

1 k=1 h=1 k=1

with N and M suitable normalizing factors. The iterative fora@#) has the form of a fertility
equation [35], and corresponds to random mating wmitiltiplicative fertilitiesy;4 for the mating
between genotypel and k. Hence, in view of (4), the fitness of each gepetynay be also
interpreted as its fecundity, i.e. the contributodrihat genotype to the total number of offspring

The coefficientsAy and By« can be characterized in terms of the gamete-geaotgprelation
matrices as follows. Since for mixed or X-linkectildathers may produce two types of gametes,
according to the presence or the absence of théardnmsome, we label gametes with the X
chromosome (female gametes) by the index1,...,n,and gametes containing the Y chromosome
(male gametes) by the indgx 1,...,m Define

C.»= Pr(female gamete & | maternal genotype h),
D= Pr(female gamete & | paternal genotype k),
Ex= Pr(male gamete £ | paternal genotype k),

the matrices that give the correlation betweenegamand parental genotypes, and let

F... = Pr(daughter genotypei3 maternal gamete & paternal gamete &),
G,.;= Pr(son genotype F| maternal gamete & paternal gamete p),

be the matrices correlating offspring genotypes@aréntal gametes. Then

A = ZZ FiowCon Do thk = ZZGjaﬁCahEﬂ&'

a=1la'=1 a=1 p=1

As is well known, the iterative system (2) yieldsaresponding evolution equation for the gamete
proportions

N M M
pazzco/nxh’ qa'=zDa'kyk’ rﬂzzEﬁkyki
ho1 ko1 ]

which we do not use here. The explicit form of gamete-genotype correlation matrices for each
model is given in Section 7.

1.2 Maternal effects

A simple way of accounting for maternal effect®ysassuming that the maternal genotype affects
sons’ fitness regardless of their genotype [28]nddimg by o, with h=1,...,N, the male fitness
reduction due to maternal effects, the evolutioma¢igns for the genotype proportions are now

Xi’:WiZZAhkxhyk/N’ YE :ZZthkphthk/M’ (5)
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with obvious definitions of the normalizing factoksand M .

1.3 Genomic imprinting

In this case, the assumption is that a particulaleas active in a male only when inherited bg th
mother. To account for this mechanism, we enlahgeset of male genotypes, distinguishing two
male genotypes according to the provenience ofjflmeetes. For instance, in the case of a single
autosomal locus, the male genotypa would split into the genotypei.a, and a,A,. With this
modification, the selection equation in the form i@y still be used.

2. Description of the models

A model based on the selection equation (2) is d¢etely characterized by the correlation matrices
Cus Duw Em Fiows Giap listed in Section 7 (which for multi-locus modetkepend on the
recombination fraction), and the values of the normalized fecunditiggs, andp.

Specifically, we assume that the effect of the GFMHo lower the average fecundity of male
carriers, normalized with respect to non-GFMH-caigymales, to a valug < 1 (except for the
overdominance cases in which heterozygous GFMHscaymales have average fecugdit> 1).

In contrast, the GFMH is assumed to increase tieeage fecundity of female carriers to a value
ferun greater than the baseline fecundityf female non-carriers. This is equivalent toisgtthe
normalized fecundityx of GFMH-carrying females at a value> 1 (see formula (6) below). To
allow for incomplete dominance, we assign to theufelity of selected female heterozygotes an
intermediate value betwedg, andf,. The results of all models below will be discusseterms

of their dependence on the two main input pararseter

f e

a=-C"" and y, (6)
fb

We remark that the assumption that male GFMH-aaritrave a given average fecundity 1 is
compatible with an array of individual behavioursatt may be related to homosexuality,
bisexuality, or even heterosexuality: the individtecundity of GFMH-carrying males may thus
take any positive value, under the constraint thatnormalized average fecundity of male carriers
be y < 1. (When the distribution of individual normad fecundities in the set of GFMH-carrying
males clusters around the values 0 and 1, the \laluecan be interpreted as penetrance.)

The labelling of the models below is the same usethe main text. All one-locus models are
diallelic with allelesA anda, with A the ‘trait-promoting allele’. Two-locus models aso diallelic
(A,a,B,, and we have focused on situations in which tledeaA acts as an ‘activator allele’ whose
presence is necessary to the expression of antthdrpromoting allele’ alleleB, under the
dominance assumptions discussed in the main text.

Remark on notation. When there is no ambiguity, for brevity hereaftar use, in lists of two-
locus genotypes, an abbreviated notation in whiehfirst two symbols in a string refer to the first
locus and the second two symbols refer to the sktmgus, i.e Ab/abis denotedAabh We will
also write GFMH+ and GFMH- to indicate GFMH-carsi@nd non-GFMH-carriers, respectively.



2.1 A single autosomal locus — models (1a), (1b), ( 1c), (3a)

In models (1a), (1b) and (1c), we haNeM=3, n=m=2, andi,j,h,k=1,2,3, label male and female
genotypes (2AA, 2=Aa, 3=aa), while ¢,f=1,2, label male and female gametesAJl 2=a).
Specifically, we have considered the following case

— Model (1b): one autosomal locus with overdomimaint males and complete dominance in
females (which results in directional selectiofeamales)

wm=w,=a>1l, y=1, wm=y<l, w=y=12 1,=1

— Model (1c): one autosomal locus with sexuallyagonistic selection for a recessive allélen
males

=y, =a>1, y=1, m=y<l, w=1 =1

— Model (3a): one autosomal locus with maternaéaff on males and directional selection in
females, see equation (5), again assuming comgebénance in females

m=w=a>1, =1, p=y<1l, ;=1 ps=1

2.2 A single X-linked locus — models (2a), (2b), (3 b)

Here N=3, M=2, n=2, m=1. Now i,j=1,2,3, label female genotypes=@A, 2=Aa, 3=aa), while
h,k=1,2 for male genotypes £A-, 2=a-). Also, a=1,2, label female gametes=A, 2=a), andg=1
labels the male gamete=(X). Among models (2a), (2b), (3b), we have studiely the two relevant
cases:

— Model (2b): one X-linked locus with sexually agaistic selection for a dominant allele in
females

wm=w,=a>1l, y=1, m=y<l, w=1L

— Model (3b): one X-linked locus with maternal etfe on males and directional selection in
females, see equation (5), with complete dominaméemales

wm=w=a>1, wy=1, p=y<l, p=1 p=1

2.3 One autosomal locus (alleles B,b) and one X-linked locus (alleles A,a) —
models (4a), (5a)

HereN=9, M=6, n=4, m=2. Nowi,j=1,...,9,label female genotypes£AABB, 2=AaBB, 3=aaBB,
4=AABDb, 5=AaBb, 6=aaBb, 7=AAbb, 8=Aabb, 9=aabb), while h,k=1,...6, for male genotypes
(1=A-BB, 2=a-BB, 3=A-Bb, 4=a-Bb, 5=A-bb, 6=a-bb). Also, a-1,...4, label female gametes
(1=AB, 2=aB, 3=Ab, 4=ab), andf=1,2 label the male gametes=@-, 2=b-).

Assuming the general case of incomplete dominamicthé alleleB in females, we write

yi= .= a>1, vi=ys =1+ u(a-l), w=w= y=y=yw=1



where hereafter the parametewith 0 <u <1, is a parameter tuning the incomplete dominarce o
B (B is dominant fou = 1, B is recessive fou = 0). As to males, we assume in model (4a) Bhiat
recessive, and selection is sexually antagonistig,

,Lll: 7/<11 ,1'121"'1/16_1!
while in model (5a) we assume overdominance feraileleB

m=y<1, w=y =12, Mo = = s = s = 1,

where the value of > 1is chosen sufficiently close to 1 since the hetggore advantage, if
present, is not expected to be large.

2.4 Two X-linked loci — model (4b)

Here N=10, M=4, n=4, m=1, since due to linkage we must distinguish betwi®ngenotypes
AB/ab and Ab/aB. The female genotyped=1,...9, are: ¥FAABB, 2=AaBB, 3=aaBB, 4=AABD,
5=AaBb, 6=AabB, 7=aaBb, 8=AAbb, 9=Aabb, 10=aabb, while the male genotypes labes are:
h,k=1,...4, with ==A-B-, 2=a-B-, 3=A-b-, 4=a-b-. Also, a=1,...4 and the female gametes are
1=AB, 2=aB, 3=Ab, 4=ab; there is only one male gamete (- -) withl. As before, we view the
first X-linked alleleA as an activator of the GFMH associated to théedieon the second X-linked
locus. We assume incomplete dominance for theedlél females, i.e.,

vi= = a>1, Va=us =ye= 1+ U(a-1l), w= = Y= W= =1,

and in males selection is antagonistic to females

= y<l, o= s = pa = 1.

2.5 Two autosomal loci — models (4c), (5b) and (7)

HereN=M=10 (since we must distinguish between the genotyp&at\and Ab/aBandn=m=4,
with i,j,h,k=1,...,10, for genotypes €AABB, 2=AaBB, 3=aaBB, 4=AABb, 5=AaBb, 6=AabB,
7=aaBb, 8=AAbb, 9=Aabb, 10=aabb) and « =1, ...,4, label gametes ¥AB, 2=aB, 3=Ab, 4=ab).

As before, we view the first autosomal alldeas an activator of the GFMH associated to the
second autosomal allele

— In model (4c) we assume antagonistic selectiomfales and females, and incomplete dominance
of B in females:

vi= = a>1, va=us=ywe= 1+ U(a-1l), w= = Y= W= po=1,
while in males we assuni:to be recessive, with
m= = y<l, M= ... = o= 1.

— In model (5b) we still assume incomplete domiraoiB in females, but overdominance #in
males,

== y<l, Ma=ps ==y = 1.2 M =y = s = o = fho = 1.



— In model (7) for maternal effects, see formdlg (ve again assume incomplete dominancdsfor
in females, so that:

p=p=y<l, pe=ps =pe= 1= Ul-p), Ps=Pr=pPs=ps=pro= 1.

2.6 Two independent autosomal loci with genomic imp rinting — model (6)

The natural choice for the allele subject to imganigpis A, which is assumed to be active only when
inherited from the mother. In this case we h&l® andM=10. In fact, by independence, we do
not distinguish anymore between the genotypB&b and AlvaB, but split the male genotype
AB/aB in two classesAB(maternal)aB(paternal) ané&B(maternal)AB(paternal) Notice that we do
not distinguish, for instance, betwe&mB(maternal)Ab(paternal) andaB(maternal)Ab(paternal),
since we assume that B is recessive in males, aothie latter two genotypes give the same
phenotype. Alson=m=4. In this casd,j=1,...,9, label female genotypes=AABB, 2=AaBB,
3=aaBB, 4=AABb, 5=AaBb, 6=aaBb, 7=AAbb, 8=Aabb, 9=aabb), while h,k=1,...,10, for male
genotypes (#AABB, 2=A(m)a(p)BB, 3=a(m)A(p)BB, 4=aaBB, 5=AABb, 6=AaBb, 7=aaBb,
8=AAbb, 9=Aabb, 10=aabb). Finally, o=1,...,4, label female and male gametesAR, 2=aB,
3=Ab, 4=ab). Assuming incomplete dominance for the alRl& females, we write

m=y,=a>1, =y =lru(a-l), == == =1

As to males, we assume that GFMH-related alBles recessive, and selection is sexually
antagonistic:

m= = y<l, M= ... =po=1.
3. Correlation matrices for the pedigree analysis

Bayes' theorem yields the conditional probabilitefs parental genotypes given the offspring
genotype, described by the matrices (mother f = father,d = daughters= son)

M, =Pr(m=h|d :i):épr(d =i|m=h, Lr=(dk):Fi>)r(m=h)P(f =k)
N, =Pr(f =k|d :i)=gpr(d =ilm=h, L;dk):i’)r(mh)P(f )
R, =Prm=h|s= j):ipr(ﬁ jlm=h, ;;Skz)lj?)r(m:h)P(f =k)
Q, =Pr(f =k|s= j):gpr@': jlm=h, ;;Sk:)Fj’)r(m=h)P(f =k)

where Prd=i) (Pr(s=j)) is the probability that a daughter (son) hasopygrei [j], and is just the
frequencys [7] of genotype before selection. At equilibrium =x; andy; =y', and we obtain



M hi — Nk:]l-VI ’ N ki — Nh:];w )
ZZ Arc X0 Yi ZZ Ak %n Vi
h=1 k=1 h=1 k=1

M N
2Bk Vi D BjuXn Yi
k=1 h=1

Phj = N M ! ij = N M

ZZBJthhyk ZZththyk
h=1 k=1 h=1 k=1

Analogously, we compute the conditional probal@$itrelating brothers' and sisters' genotypes (ss =
sister, b = brother) at equilibrium:

. . M Prd=i|lm=hf=K)Pr(s=j|m=h,f =k)Pr(m=h)Pr(f =k
R = Priss=i b= )= 33 PrE=Tl )Prs=j[m=h, f =K)Prm=h)Pr(f =k)
k=1 h=1 Pr(s=j)
M N 1 _ _ ! _ _ — —
S.i-zPr(ss:iIss:i')zzzpr(d‘”m‘h’f—k)Pr(d—'|m_—'h'f—k)Pr(m—h)Pr(f—k),
k=1 h-1 Prd=i")
. . MIEPrd=i|lm=hf=K)Pr(s=j|m=h,f =k)Pr(m=h)Pr(f =k
T —Prio j ssei)= 33 P )Pr(s=j [m=h, f =K)Prm=h)Pr(f =k)
k=1 h-1 Prd =1i)
: o WX Pris=j|m=h,f=Kk)Prs=j|m=h,f =k)Pr(m=h)Pr(f =k
W, —Pro= b= )= 33 Pre= 1l )Pre= i'Im=h, f =K)Prm=h)Pr(f =k)
k=1 h=1 Pris=j")
obtaining
N M N M
ZZ Ahk thk Xn Y ZZ Ahk A'hk X Yi
RI — h=1 k=1 S — h=1 k=1
) N M ' i N M ’
22 Bk Vi 3 Ak Y,
h=1 k=1 h=1 k=1
N M N M
ZZAthjthhyk ZZthkththyk
h=1 k= h=1 k=
Tji: 1N lM J Wji'= 1N 1M J
202 A i > Bk i
h=1 k=1 h=1 k=1

which yield the conditional probabilities of mataland paternal aunts' genotypes (ma = maternal
aunts, pa = paternal aunts):

U, =Pr(ma=i|s= j):ZN:Pr(ss:i |ss=i")Pr(m=i'|s= j):ZS,i.Pi.j,

N
=1 i=1

Vj =Pr(pa=i|s=j)=> Pr(ss=i|b=|)Pr(f = jIs=])=> R Q.
= =i

A similar argument allows one to compute the catreh matrices between grandparents' and
nephews' genotypes, or between maternal and phteunsins and a given individual's genotype.



4. Outputs

In order to study the stability properties and gee2 asymmetries, we introduce the following four
classes of indicators (outputs of each model)yialived as functions of the normalized fecundities
a and y. Recall GFMH+ and GFMH- indicate GFMH-carriers ambn-GFMH-carriers
respectively, and denote ByandH the sets of genotypes for whigh= « fori e F, andy = y for

] € H (these are the sets of GFMH-genotypes for fenaidsor males, respectively).

(1) The equilibrium proportiong and ¢ respectively of GFMH+ males and GFMH+ femaleshia t
population, defined by

n=nlay)=.n, ¢=dla,y)=2.& (7)

jeH ieF

where 7 and & are the equilibrium proportions of male and femgénotypes andi before
selection (cf. (3)), for givemr and y. For the models based on maternal effects (seatiequ5)),
only the equilibrium proportiog of GFMH+ females is relevant.

(ii) Proportion of GFMH+ males in the parental lindse(first two are not defined foy = 0, the
second two when-17 = 0):

— average proportion of GFMH+ maternal uncles @ubins of GFMH+ males
N M N N M N N
Z Z ZTH Pip +ZZZ Bihksmpqpyk +ZZZ BJhkaq ap%n 77p/ 327711 ,
jeH peH \_i=1 k=1 h=1 g=1 k=1 h=1 g=1 qeH

— average proportion of GFMH+ paternal uncleseet cousins, and fathers of GFMH+ males
M

> Z(iwﬁ Qp +Qp + i ZN:i B RiaQup Yic + i ZN:Z thkaquthJ Mp /(42 "q] :

jeH peH \_i=1 k=1 h=1 g=1 k=1 h=1 g=1 geH

— average proportion of GFMH+ maternal uncles @ubins of GFMH- males

ZZ(ZN:TJT Pip +iZN:ZN:thkS1qPqpyk +iii81hk1—kq quhJ”p/(sznqj;

jeH pgH \_i=1 k=1 h=1 g=1 k=1 h=1 qeH

=

— average proportion of GFMH+ paternal uncleseiet cousins, and fathers of GFMH— males

> Z(iwﬁ Qp +Qp + iZN: i B RnaQup Yic + i ZN:Z thkaquthJﬂp /(42 "q] .

jeH peH \_i=1 k=1 h=1 g=1 k=1 h=1 g=1 geH

(i) Maternal fecundities: the normalized fecundityttog mother of a son with genotypis

N N
E(wnls=10)=2 wPrim=k|s=j)=> v,P,
k=1 k=1



so that the average fecundities of mothers of GFMHd GFMH— males are respectively:

N N
E(y,, [sone H) = ZZWquﬂj /an! E(y,,|song H) = ZZ‘//kpkﬁj / Zﬂq .

jeH k=1 geH jeH k=1 qeH

(iv) Aunts' fecundities: since the expected fecundftthe aunt (maternal or paternal) of a nephew
with genotypg is

N N
E(Wnals=1)=2 v Prima=k|s=})=> y Uy,
k=1

k=1

N N
E(Wpls=0)=2 w Pripa=k|s=]) =2 vV,
k=1

k=1

we obtain:

N
— the fecundity of maternal aunts of GFMH+ mal&y,, [se H)=> "> w U, /D 7,;

jeH k=1 geH

N
— the fecundity of paternal aunts of GFMH+ mal&y , [se H) =Y > wVn, 1D 7,

jeH k=1 qeH

N
— the fecundity of maternal aunts of GFMH— mal&fy,, Is¢ H) = > > wUn,/ > ny;

jeH k=1 qeH

N
— the fecundity of paternal aunts of GFMH— male&(y ,, [sz H) = > > wVin, 1 > 1, -

jeH k=1 geH

In the Figures below, and in the main text, we alsosider suitable ratios for the indicatar$-(iv), in
order to better put in evidence the pedigree asymmesan sexual orientation and fecundity.

A final important output of the models is the tdatundity increment of the population due to the
GFMH, given by the difference between the fecunditghe actual population at equilibrium and
the fecundity of a population with same baselireufelity (which coincides with, defined earlier)
but no GFMH+ genotypes:

M
Af = ZZ fame & — o

h=1 k=1

This may also be written as

Af =-To ([ —0g+1] (-2 +1) -1},

If, for instance due to social or economic factong, female fecunditielg andfsqy decrease, there
is a decrease of the total fecundity in the poputatHowever, by (6), the normalized fecundity
of GFMH+ females is inversely proportional to treseline fecundity, of GFMH- females, and if,
as expectedy decreases less thf this produces an increase af As discussed in the main

9



text, Af turns out to be an increasing function @ffor the most relevant models, so that in
conditions of falling female fecundities, th# due to the GFMH always opposes the fecundity
reduction.

5. Results

Here we show the typical outputs of the models id@med above, obtained by iterating numerically
the dynamic equations in Section 1.

5.1 One autosomal locus with overdominance in males and direct selection in
females — model (1b)

In this case overdominance guarantees the persestérthe GFMH for all values of the normalized
fecundities in the range 1 &< 2 and 0 <y< 1 (Figure 1A). However, the pedigree asymmetries
are not sufficiently accounted for by this modebeTgraphs in Figure 1 show that, while there is a
small increase of GFMH+ relatives in the parentad of GFMH+ (red plots in Figures 1B-1D)
with respect to parental lines of GFMH- (blue platsFigures 1B-1D), there is virtually no
difference in this respect between the maternal @atdrnal lines of both GFMH+ and GFMH-
(dashed red and blue plots in Figures 1C-1E).

equilibrium proportion of GFMH+ males distribution of GFMH+ male relatives distribution of GFMH+ male relatives: ratios
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Figure 1. Plots for model (1b): one autosomal lowith overdominance in males. The blue plots in
A correspond to values efbetween 1 and 2, while=1.4in B, C, D, E.

5.2 One autosomal locus with antagonistic selection — model (1c)

Also in this case the GFMH remains stable for allies of the normalized fecundities in the range
1<a<2and0<r<1 (Figure 2A). Again, the pedigree asymmetriesrant sufficiently accounted
for by this model. However, the same conclusionsmafdel (1b) hold here: there is a small increase
of GFMH+ relatives in the parental lines of GFMHFigures 2B-2D) but there is virtually no
difference in this respect between the maternal @atdrnal lines of both GFMH+ and GFMH-
(Figures 2C-2E).
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Figure 2. Plots for model (1c): one autosomal losite sexually antagonistic selection. The blue
plots in A correspond to values afbetween 1 and 2, whilk=1.4in B, C, D, E.

5.3 One X-locus with antagonistic selection — model (2b)

This model is unstable in the range Ixr< 2 and 0 <r< 1 (Figure 3A). The pedigree asymmetries,

however, are well explained: the graphs in FiglBBs3E show that there is a substantial increase
of GFMH+ relatives in the maternal lines of GFMH¥aghed red plots in Figures 3B-3D, and red
plots in Figures 3C-3E), and there is virtuallydifference between all other groups.
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Figure 3. Plots for model (2b): one X-linked loongh sexually antagonistic selection. The blue
plots in A correspond to values afbetween 1 and 2, while=1.2 in B, C, D, E.

5.4 One autosomal or X-linked locus with maternal s  election — models (3a,b)
Both models are highly unstable in the ranged <2 and 0 <r< 1 (Figures 4A-4B).
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Figure 4. Plots for model (3a,b): an autosomal &8d an X-linked locus (B) with maternal
selection. The blue plots in A correspond to valofes between 1 and 2.

5.5 An X-linked locus and an autosomal locus with a  ntagonistic selection —
model (4a)

This model is stable in the range Ir< 2 and 0 <r< 1 (Figure 5A). The pedigree asymmetries are
well explained: the graphs in Figure 5B-5E) showat tthere is a substantial increase of GFMH+
relatives in the maternal lines of GFMH+ (dashed péots in Figures 5B-5D, and red plots in

Figures 5C-5E), and there is virtually no diffezerbetween all other groups.
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Figure 5. Plots for model (4a): one autosomal anel ¥-linked locus with sexually antagonistic
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inB, C, D, E.
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5.6 Two X-linked loci with antagonistic selection — model (4b)

Again, this model is stable in the range lo< 2 and 0 <y< 1 (Figure 6A), and the pedigree
asymmetries are well explained: the graphs in leg@B-6E show that there is a large increase of
GFMH+ relatives in the maternal lines of GFMH+ (deg red plots in Figures 6B-6D, and red
plots in Figure 6C-6E), and there is no differebhetwveen all other groups.
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Figure 6. Plots for model (4b): two X-linked lociittv sexually antagonistic selection. The blue
plots in A correspond to values afbetween 1 and 2, while =1.4,r =0.25,andi=1in B, C, D,
E.

5.7 Two autosomal loci with antagonistic selection — model (4c)

There is no significant difference between thio@is model and its one-locus counterpart model
(2c): the GFMH remains stable for all values of thermalized fecundities but pedigree
asymmetries are not explained.
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Figure 7. Plots for model (4c): two autosomal ladih sexually antagonistic selection. The blue
plots in A correspond to values afbetween 1 and 2, while = 1.4,r = 0.25, andi =1, in B, C,
D, E.

5.8 An X-linked locus and an autosomal locus, with overdominance in males —
model (5a)

A typical overdominance scenario as in model (Tihe GFMH is persistent for all values of the
normalized fecundities in the range la< 2 and 0 <y< 1. Again, the pedigree asymmetries are
not sufficiently accounted for by this model: thésea small increase of GFMH+ relatives in the
parental lines of GFMH+ with respect to parentaled of GFMH- but there is virtually no
difference between the maternal and paternal bhé®th GFMH+ and GFMH-.
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Figure 8. Plots for model (5a): one autosomal arelX-linked locus with overdominance in males.
The blue plots in A correspond to valuesedbetween 1 and 2, while= 1.5 andu=0in B, C, D,
E.

5.9 Two autosomal loci with overdominance in males — model (5b)
Again a typical overdominance scenario as in moddd¥ and (5a).
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Figure 9. Plots for model (5b): two autosomal hwth overdominance in males. The blue plots in
A correspond to values efbetween 1 and 2, while =1.4,r =0.25,andu=1 inB, C, D, E.

5.10 Two independent autosomal loci with genomic im printing — model (6)

While this model is rather stable, it does not actavell for pedigree asymmetries. Namely, while
there is a small increase of GFMH+ relatives inpgheental lines of GFMH+ (red plots in Figures
1B-1D) with respect to parental lines of GFMH- @lplots in Figures 1B-1D), there is virtually no
difference in this respect between the maternal @atdrnal lines of both GFMH+ and GFMH-
(dashed red and blue plots in Figures 1C-1E).
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Figure 10. Plots for model (6): two autosomal lagith genomic imprinting. The blue plots in A
correspond to values efbetween 1 and 2, while =1.4,r =0.25,and&i=0.2in B, C, D, E.

5.11 Two autosomal loci with maternal selection—m  odel (7)
As for models (3a) and (3b), this model is highhgtable.
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Figure 11. Plot for model (7): two autosomal lodgthwmaternal selection. The blue plots in A
correspond to values efbetween 1 and 2, and = 1.4,r = 0.25,u=0.5.

6. Remarks on phenotypic expression

As mentioned in the main text, the one- and twa#oenodels considered above for GFMH
propagation fall into three groups, based respelgtivon the three different mechanisms of
overdominance in males, maternal effects, and $exutagonism. It is possible to relate each
hypothesis to an interpretation in terms of thengitygpic expression of the GFMH.

(i) The hypothesis of expression of ‘maternal GFMe&ds, on the one hand, to model (6) based on
maternal genomic imprinting, and on the other hdolthwing the approach of Ref. [28], to models
(3a), (3b), (7) based on genetic maternal effectshales.

(i) The models based on overdominance in males (Hee (5a), (5b)) may be related to the

hypothesis of expression of ‘feminizing GFMH’, asalissed for instance in [28]. In this case the
GFMH induce feminization, increasing the probabibf homosexuality in males, by directing the

development towards the female sex determinatiaindicated in [28], a plausible scenario for

such feminizing GFMH would be overdominance in realgecause such GFMH may give higher
fitness to heterozygous males (who may for instameee higher success in attracting females).
Feminizing GFMH, however, are always favorable tméales, and would induce positive

directional selection in females.

We notice the overdominance mechanism considerétbin (5a), (5b), does not coincide with the

classical hypothesis in which overdominance is feated in all carriers regardless of sex. Indeed,
the feminizing GFMH, being always favorable to féesa always introduces in the overdominance
models considered here a sexually antagonistic oae.

(i) The models based on sexually antagonist sele(dim (1c), (2b), (4a), (4b), (4c)), are naturally
related to the hypothesis of expression of ‘anditap®FMH’. By this we mean that the GFMH
induce, rather than an overall feminization, a mm@ised attraction to males as a target of the
mating behaviour. In this case the plausible séenamegative directional selection in males with
no heterozygote advantage. Androphilic GFMH howgwese always favorable to females, and
induce positive directional selection in females.
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As a consequence of the above discussion, theusianl (see the main text) that the GFMH have
sexually antagonistic character, suggests an ahtioexpression of the GFMH. We notice that
this allows one, in principle, to make testabledptons regarding the behavior of both male and
female GFMH catrriers.

7. List of the gamete-genotype correlation matrices
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7.5 Two autosomal loci
By settingr the recombination fractior, = (1-2r) is the linkage coefficient.
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