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43  Figure S1 | Model life cycle, details see §S1.1.
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Marginal fitness

Frequency of left-handedness

Figure S2 | Evolutionary equilibrium. The dark dot depicts the convergence stable value
of the level of left-handedness, at which marginal fitness (-c + br, solid line) is zero. If
the frequency of left-handedness increases above this equilibrium point (right side of
the dot), marginal fitness becomes negative (-c + br < 0), such that selection acts to push
it back towards the equilibrium. If the frequency of left-handedness decreases below the
equilibrium point (left side of the dot), marginal fitness becomes positive (-c + br > 0),
such that selection acts to push it back towards the equilibrium. (c denotes cost of left-
handedness, b denotes benefit of left-handedness to social partners, and r denotes

relatedness between social partners.)
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Figure S3 | Incidence of left-handedness can be mediated by demographic features such
as dispersal, as higher dispersal reduces relatedness between social partners, and
relatedness modulates the convergence stable incidence of left-handedness. (a) Higher
dispersal is associated with lower relatedness and hence (i) higher incidence of left-
handedness in a within-group combat scenario in which left-handedness is marginally
selfish, and (ii) lower incidence of left-handedness in a between-group combat scenario
in which left-handedness is marginally altruistic. (b) Sex differences in left-handedness:
incidence of left-handedness can be mediated by sex and dispersal pattern (female/male
biased dispersal). (c) Parental genetic effects in left-handedness: incidence of left-
handedness can be mediated by dispersal, and further result in parent-offspring
disagreement on handedness. Here, we set female dispersal rate ms = 0.5, the relative
importance of combat in relation to other types of competitions for females and males bs
= bm =1, the costs associated with left-hnandedness for females and males ¢f = cm = 1, and
the number of individuals each sex born in the same patch n =5 (these parameter

values chosen are simply for illustration, details see §S1.3).
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Figure S4 | Parent-of-origin effects in left-handedness: incidence of left-handedness can
be mediated by gene origin (maternal-origin versus paternal-origin) effects and
dispersal pattern (female/male biased dispersal) in the context of within-group combat
(left-handedness is selfish) versus between-group combat (left-handedness is altruistic).
Here, we set female dispersal rate ms = 0.5, the relative importance of combat in relation
to other types of competitions for females and males br = bm = 1, the costs associated
with left-handedness for females and males ¢t = cm = 1, and the number of individuals
each sex born in the same patch n =5 (these parameter values chosen are simply for

illustration, details see 851.3).
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Figure S5 | Maternal versus paternal genetic effects in left-handedness: incidence of left-

handedness can be mediated by dispersal pattern (female/male biased), and further

result in mother-father-offspring disagreement on handedness in the context of within-

group combat (left-handedness is selfish) versus between-group combat (left-

handedness is altruistic). Here, we set female dispersal rate ms = 0.5, the relative

importance of combat in relation to other types of competitions for females and males br

= bm =1, the costs associated with left-handedness for females and males cs=cm = 1, and

the number of individuals each sex born in the same patch n =5 (these parameter

values chosen are simply for illustration, details see 8§51.3). Details see 88S1.7 and S2.5.
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Figure S6 | Parental genetic effects on different offspring in left-handedness: incidence
of left-handedness can be mediated by dispersal pattern (female/male biased) in the
context of within-group combat (left-handedness is selfish) versus between-group
combat (left-handedness is altruistic). (Solid: all offspring, Dotted: daughters, Dashed:
sons.) Here, we set female dispersal rate ms = 0.5, the relative importance of combat in
relation to other types of competitions for females and males bs = bm = 1, the costs
associated with left-handedness for females and males ¢t = cm = 1, and the number of
individuals each sex born in the same patch n =5 (these parameter values chosen are

simply for illustration, details see §S1.3).
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Figure S7 | Phenotypic consequences on handedness of gene deletions, gene duplications, epimutations and uniparental disomies. (This expands upon

Figure 3 of the main text.)
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1| Within-group combat

1.1 | Population model

We develop a very simple population model purely for the purpose of illustration. We assume
a large population, separated into N patches (where N is large) each containing n women and
n men (where n may be small). Adults may engage in same-sex combat, and we model the
fitness consequences of this combat by modulating the survival of their offspring to
adulthood, which is mathematically equivalent to modulating the combatants’ fecundity
(Taylor & Frank 1996). Specifically: we assign each female a large number K of offspring
fathered by each male in the patch, with an even sex ratio; all parents then die; and offspring
undergo random mortality, with each offspring’s probability of survival depending on the
handedness of their parents and of their parents’ social partners, reflecting their parents’
success in combat—including a surprise advantage to individuals with the rarer handedness
type—and also any intrinsic disadvantage of left-handers over right-handers (Figure S1).
Survivors then form subgroups of n woman and n men at random with their patch mates, and
N subgroups are chosen at random across the whole population with each being assigned a
patch in which to live, and all other subgroups perishing—i.e. a “tribe splitting” (Haldane
1932) or “group budding” (Gardner & West 2006) model of population structure. Finally,
with probability ms for women and probability mm for men, individuals may disperse away
from their assigned patch to take up a random spot in another patch vacated by another same-
sex disperser, such that these parameters modulate the relatedness structure of groups without

affecting fitness (Gardner & West 2006).

1.2 | Fitness

We assume that an individual's payoff from combat is proportional to their competitive

ability relative to that of their same-sex social interactants. We assume that each individual's

10
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competitive ability is proportional to the average disposition for the opposite handedness
within their social arena, such that the individual’s competitive ability is greatest when their
own handedness is the opposite of all of their opponents—representing the surprise advantage
of the minority handedness type. For simplicity, we will often refer to handedness as if it
were a binary trait, so that an individual’s disposition for left-handedness is the probability
that they will develop as left-handed, but more generally our analysis also applies to
scenarios in which individuals exhibit quantitative degrees of left- versus right-handedness.
That is: with probability x the focal individual is left-handed and has competitive ability 1-y,
where y is the average disposition for left-handedness in the social arena; and with probability
1-x the focal individual is right-handed and has competitive ability y. And the social arena is
made up of a proportion y of left-handed individuals with competitive ability 1-y and a
proportion 1-y of right-handed individuals with competitive ability y. Accordingly, the focal

individual’s relative competitive ability is

1-y) 3 y
y(l--y)+(1--y)y+(1 x)y(l-y)4-(1-y)y (S1)
which simplifies to
X, 1=x S
2y T2y 52)

Hence, we may express the fitness of a focal juvenile by

X 1-x
W:<1—bf+bf( Mo + Mo ))(1_Cfoo)<1_bm

2yMo 2(1 - yMo)
(83)

XFa 1- XFa
+b ( + ) (1 — cpyxpa)
" 2yFa 2(1 - yFa) > m~Fa

where Xwmo is the probability of the juvenile’s mother developing as left-handed, xra is the
probability of the juvenile’s father developing as left-handed, ymo is the probability of a
random adult female from the juvenile’s mother’s group developing as left-handed, yra is the

probability of a random adult male from the focal juvenile's father’s group developing as left-

11
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handed, bs is the relative importance of combat compared with other types of competition for
females, bm is the relative importance of combat for males, c is the intrinsic cost of
developing as left-handed for females and cm is the intrinsic cost of developing as left-handed
for males. Average fitness w is found by substituting Xmo = Ymo = zf, and Xra = Yra = Zm in
expression (S3) where z: is the population average value of left-handedness for females, and
zZm is the population average value of left-handedness for males. Accordingly, the relative

fitness of the focal juvenile is given by W = w/w or
XMo 1- XMo 1- CtXMo
W= 1—b+b( + ) ( ) 1-b
( T 2y 2(1—yMo)> 1 —cez "

XFa 1- XFa 1- CmXFa
b (g0 + ) (=)
m 2yFa 2(1 - YFa) ) 1- CmZm

(S4)

1.3 | Kin selection

1.31 | Marginal fitness and evolutionary equilibrium

We assume that genes at an autosomal locus G control their carrier’s probability of
developing as left-handed (see §S1.7 for the consequences of relaxing this assumption), that
the two genes in this diploid locus have equal control over the individual’s phenotype (see
8S1.5 for the consequences of relaxing this assumption), and that genes are expressed in the
same way by female and male carries (see §S1.6 for the consequences of relaxing this
assumption). We denote the genic value for left-handedness of a gene drawn from locus G
from a focal juvenile by g. We further denote the additive genetic breeding value—i.e. the
average of the corresponding genic values—for left-handedness of the focal juvenile’s parent
by g, the average breeding value of all the adults in the focal juvenile’s parents’ group by g,
and the average breeding value of the population by g. Employing Taylor-Frank kin-selection

methodology (Taylor & Frank 1996), the condition for natural selection—the sum of direct

12
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selection and indirect (i.e. kin) selection—to favour an increase in left-handedness is given by
dW/dg > 0, where

dW oW dxmodg . OW dywm, dg’+ oW dxp,dg oW dyp,dg’
dg Oxywo dg dg 0ymo dg' dg 0xp, dg dg Oyp, dg’' dg

(S5)

( ow ow ow ow )
Y

—pom + + +
Pom ayMop]A Por ayFaP]U

axMo axFa

where powm is the consanguinity (i.e. probability of identity by descent; Bulmer 1994) between
the focal juvenile and its mother, p;a is the consanguinity between the focal juvenile and a
random adult female in its parent group, por is the consanguinity between the focal juvenile
and its father, psu is the consanguinity between the focal juvenile and a random adult male in
its parent group, ¥y = dxyo/ dg = dymo/dg’ = dxg,/dg = dyg,/dg" is the mapping
between genotype and phenotype, and all the derivatives are evaluated at the population
average g = g. Accordingly, the condition for an increase in left-handedness to be favoured
is:

ow ow ow

—pom + +
axMopOM ayMOP]A

+ ow >0 (S6)
9xrs Por 9Yea Pju

Here for the investigation on how kin selection mediates handedness generally, we assume
there is no sex-biased dispersal (ms = mm = m), thus po = pom = por, ps = pia = pau, While this
assumption will be relaxed in later sections (8S1.4 Sex-biased dispersal, 851.5 Parent-of-
origin effect, 851.6 Sex-specific effects and §S1.7 Parental genetic effects). Using expression
(S4) to calculate the corresponding partial derivatives, the condition for natural selection to

favour an increase in left-handedness is

B (bs + b1 — ZZ)(T] — ro) _ &0 Cmlo
2(1—-2)z 1—cz 1—cyz

>0 (S7)

where ro = po/pi is the relatedness between an individual and its offspring, r; = pi/p1 is the
relatedness of an individual to a random adult in its parent’s group, ri = pi/pi is the relatedness

of an individual to itself, and pi is the consanguinity of a focal individual to itself. Letting

13
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215

f(z) be the LHS of expression (S7), then at evolutionary equilibrium (Figure S2) if there is
an intermediate level of left-handedness z”, this satisfies f(z*) = 0. For example, setting cf =

cm =1, we have

. l (bf + bm)(r] - To) (88)
~ 2(bg+ by)ry — (24 bg + by
1.32 | Relatedness
The consanguinity between a juvenile and its parent po is given by
1 1
_ i S9
Po=5pit5f (59)

That is: with probability 1/2 the gene picked from the juvenile comes from that parent, in
which case the consanguinity is that between the parent and itself, i.e. pi; and with probability
1/2 the gene comes from the other parent, in which case the consanguinity is that of mating
partners, f. The consanguinity between the focal juvenile and a random adult in its parents’
social group ps is:

(S10)

pp=5GPt

1(1 n—1
n

(= m)py) + 5 f
That is: with the probability 1/2 the juvenile’s gene comes from the parent of the same sex as
the adult, in which case with probability 1/n the adult is the parent and the consanguinity is
pi, and with probability (n-1)/n the adult is not the parent then if neither of them disperses, i.e.
(1 — m)?, their consanguinity would be that between two random juveniles born in the same
patch, px, and with probability 1/2 the juvenile’s gene comes from the parent of the opposite
sex, in which case the consanguinity is that of mating partners, i.e. f. The consanguinity

between an individual and itself, pi, is given by

—1-F1 (S11)
PI—2 Zf

14
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That is: with probability 1/2 we pick the individual’s same gene twice, in which case the
consanguinity is pi, and with probability 1/2 we pick one gene at the first time and pick the
other at the second time, in which case the consanguinity is that of mating partners, i.e. f., and
fis given by

f=0-mp, (512)
That is: with probability (1 — m)? neither mating partner disperses, in which case the
consanguinity is that between two random juveniles born in the same patch px, and px is given

by

1/1 n—1
(1- m)sz> +Z(;P1 +

1(1 n—1

Px =~ Epl-l'

1
— 2 -
2 1-m) px> + 2f (S13)

n n

That is: with probability 1/4 one juvenile’s gene comes from her mother and the other
juvenile’s gene also comes from her mother, in which case the consanguinity is that between
the two mothers, which is with probability 1/n the two individuals share one mother, and the
consanguinity is that between the mother and herself, i.e. pi, and with probability (n — 1)/n
the two individuals do not share one mother, and if neither of the mothers disperses i.e.

(1 — m)?, and the consanguinity is that between two random juveniles born in the same
patch, i.e. px, and with probability 1/4 one juvenile’s gene comes from her father and the
other juvenile’s gene also comes from her father, in which case the consanguinity is the same
polynomials with the situation that the genes we pick both come from the juveniles’ mothers,
and with probability 1/2 one juvenile’s gene comes from her mother and the other juvenile’s
gene comes from her father, in which case the consanguinity is that of mating partners, i.e. f.

Solving expressions (S9)-(S13) simultaneously, we obtain

_ (1 —m)?
f= 1+(1-1-m?)@En-1) (514)
1
(515)

Ty -1 -m)@n -1

15



1+(A-1-m?)@n-1)

Py A (1—m?)@n-1 (516)
1

Iy a-1-md@n-1 (517)

1+(1-1-m)®»n-1) 518)

Po= 1T -1 -m®)@n-1)
235
236  1.33 | Convergence stable strategy
237  As f'(z) < 0istrue for all the values of z, the equilibrium value of left-handedness (Figure
238  S2) is globally convergence stable (Christiansen 1991, Taylor 1996). We will use the term
239  “optimum” or “optimal value” to be synonymous with this convergence stable strategy.
240  Substituting all the parameters of relatedness to expression (S8), we obtain the optimum of
241  left-handedness z":

(be+bn)(1-(1-m)*)(n -1
C+bi+by)(A— (1 -mPDn—1) +2

*

1
2 =3

(519)

242  We set the relative importance of combat relative to all types of competition for the female
243  and male br = bm = 1, and the number of individuals each sex born in the same patch n =5 for
244 Figure S3a.

245

246 1.4 | Sex-biased dispersal

247  1.41 | Marginal fitness and evolutionary equilibrium

248  Here we relax the assumption of no sex bias in dispersal i.e. ms # mm, hence psa # pou. In this
249  section, the relative fitness function is the same as expression (S4), while the consanguinity
250  and the conditions that favour the increase of left-handedness would change. Using

251  expression (S4) to calculate the corresponding partial derivatives, we obtain the condition for

252  anincrease in left-handedness to be favoured when we consider within-group combat

16
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267

268

269

270

(be(ja —10) + b (ju —10))(1 = 22) g1 CmT0 (520)
- - - > 0
21 —-2)z 1—cz 1—cyz

where ria = pia/pi is the relatedness between a juvenile and a random adult female in its
mother’s social group, psa is the consanguinity between a juvenile and a random adult female
in its mother’s social group, riu = psu/pi is the relatedness between a juvenile and a random
adult male in its father’s social group, psu is the consanguinity between a juvenile and a
random adult male in its father’s social group. Letting f(z) be the LHS of expression (S20),
(S7), then at evolutionary equilibrium if there is an intermediate level of left-handedness z*,
this satisfies f(z*) = 0. For example, letting ¢t = cm =1 i.e. no sex difference in the cost of

developing as left-handed, we obtain

_ bfT']A + me]U - (bf + bm)ro
Z(bfT']A + me]U - (2 + bf + bm)To)

*

Z

(S21)

This is the overall optima of left-handedness for all the loci involved, as f'(z) < 0 is true for

all the values of z.

1.42 | Relatedness
Substituting the dispersal rate m in p; (S10) with female dispersal rate ms, we obtain the

consanguinity between a juvenile and a random adult female in its mother’s group p;a

1/1 n—1

_ L (522)
Pia =3 (nPI +

1
_ 2 ! -
— (1 —m?p ) +5f
Substituting the dispersal rate ms in psa (S22) with male dispersal rate mm, we obtain the
consanguinity between a juvenile and a random adult male in its father’s group psu

(S23)

1(1 n—1

1
—_ = _ 2 ! _fI
Pju = > nplr + n (1 —mp)*py ) + Zf

Substituting the corresponding m with ms and mm in px (S13), we obtain the consanguinity
between two random juveniles born in the same patch px’

11, n-—
pX:Z(HPI-}_

1 11, n—1 1,
—— (= mpe )+ (oo H A=) o f (52)

17



271  Substituting the dispersal rate m in expression (S12) with ms and mm, we obtain the
272 consanguinity between mating partners f’
ff=0=-m)1 —my)py (525)
273
274  1.43 | Convergence stable strategy
275  Substituting all the parameters of relatedness with expression (S22) in expression (S21), we
276  obtain the optimal value of left-handedness z™:
z* = ((n — 1)(AbAm(m — 1) + 4b(i — 2)ian))/(—8n + 2(n — 1)(AbAm(im
B (526)
— 1) + 4(1 + b)(Mm — 2)inn))
277  where Am = m; — my,, M = (mg + my,)/2, Ab = bg — by, b = (bs + byy) /2.
278
279  1.5]| Parent-of-origin effects
280  1.51 | Marginal fitness and evolutionary equilibrium
281  Here we consider how the origin of genes mediates the role of kin selection in the optimum
282  of different set of genes under the circumstances of within-group combat. We now relax the
283  assumption that the gene's influence on the phenotype is independent of its parent of origin,
284  and we consider sex-specific dispersal as well (ms # mm). In this section, the relative fitness
285  function is the same as expression (S4), while the conditions that favour the increase of left-
286  handedness would change. If only the maternal-origin gene at locus G affects the individual's
287  handedness phenotype, then:

dW _ OW dxMO dgM n 6W dyMO dgM/ n 6W dxFa dgM n 6W dYFa dgM’
dg  Oxmo dgm dg =~ Oymodgm' dg  Oxpadgm dg = Odypadgm’ dg

(S27)

288  where g,, is the genic value of an individual's maternal-origin genes at locus G, g,," is the

289  average genic value of the individual's female social partners' maternal-origin genes at locus

290 G, dxmo _ dymo _ dXFa _ dYFa

G~ Qo ddw — dgr — M describes the mapping between maternal-origin gene
M M M M

18



291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

and phenotype, % = pom-m is the consanguinity between a juvenile and its mother

conditional on picking the mother's maternal-origin genes, d‘g—;"' = psa-m IS the consanguinity

between a juvenile and a random female adult in its parent group conditional on picking the

, . . dg . .. . .
adult female's maternal-origin genes, C%‘“ = por-m IS the consanguinity between a juvenile and

its father conditional on picking the father's maternal-origin genes, di—;’" = puui-m IS the

consanguinity between a juvenile and a random male adult in its parent group conditional on
picking the adult male's maternal-origin genes. We have poj-m = pomi-m = pori-m. Thus the
condition that favours the increase of the probability of being left-handed from the

perspective of maternal-origin genes is:

ow ow aw aw
o Tom|-M T e Nal-m t a’bm—M + %rIUkM >0 (528)

a

_ DPja|-m POF| Pju|-M

POM|- _ .. .
where romm = 21 rjaem = 2228 ropm = 22 rgem = 2EM Simiilarly, if only the
pr’ pr’ pr’ pr/

paternal-origin gene at locus G affects the individual's handedness phenotype, then the
condition that favours the increase of the probability of being left-handed from the

perspective of paternal-origin genes is:

ow + ow + ow + ow >0 S29
EP ToMm|-P E NA|-P 0xpa ToF|-P 9Yea Nu|-p (529)
OM|-P PjA| OF|-P pju

p - D - :
where rom-p = ——, AP = 2 ror-p = ,rouke = 2222 and powme s the
1/ by’ py’

I

consanguinity between a juvenile and its mother conditional on picking the mother's paternal-
origin genes, pia-p is the consanguinity between a juvenile and a random adult female in its
parent group conditional on picking the adult female's paternal-origin genes, por-p is the
consanguinity between a juvenile and its father conditional on picking the father's paternal-
origin genes, psul-p is the consanguinity between a juvenile and a random adult male in its

parent group conditional on picking the adult male's paternal-origin genes. We have popp =
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pom-p = por-p. Letting the LHS of the expression (S28) be f(zy) and that of condition (S29)
be f(zp), then at evolutionary equilibrium if there is an intermediate level of left-handedness
zm” and zp”, this satisfies f(zy) = 0 and f(zp) = 0 respectively, and we obtain

1 bijal-m + bmnjyj-m — (bs + by)70)-m

== S30
M 2 bfr]A|—M + bmr]Ul—M - (2 + bf + bm)T0|_M ( )
= 1 berya—p + bmtyyj—p = (B¢ + bm)70)-p (S31)
) b¢ria)-p + bmTjuj-p — (2 + bg + b)7o|-p
where ropm = p(;'—'M, ropp = pzi and, zw" and z¢" are the optima of left-handedness from the
1/ 1/

perspective of maternal- and paternal-origin genes, as f'(zy) < 0 and f'(zp) < 0 are true

for all the values of z.

1.52 | Relatedness
The consanguinity between mother and offspring from the perspective of the mother’s own
maternal-origin genes is
1/1 1
powi-u =3(3+37)

(S32)
n—

30 =m) —m) (3 (oo + = mPpy ) +2f)

That is: with probability 1/2 of picking the juvenile's gene that is inherited from the mother,
in which case the consanguinity is, with probability 1/2 this gene is the mother's maternal-
origin genes, and the consanguinity is that between the mother's maternal gene to itself which
is 1, and with probability 1/2 the juvenile's gene picked is not the mother's maternal-origin
genes, and the consanguinity if that between mating partners i.e. f’, and with probability 1/2
of picking the individual's gene that is inherited from the father, in which case the
consanguinity is that between the father and the mother's maternal-origin genes, which is the

probability that neither the mother nor the father disperses (1 — m¢)(1 — m,,), and then with

probability 1/2 of picking the father's gene that comes from his mother, and with probability
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350

1/n the father and the mother share the same mother, and the consanguinity is that of the
mother to herself i.e. pi’, and with the probability (n-1)/n the father and the mother do not
share mother, with probability that neither of the two mothers disperse (1 — m)?, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’, plus the
probability 1/2 of picking the father's genes that come from his father, times the
consanguinity between mating partners f’. The consanguinity between a juvenile and its
father’s maternal-origin genes pog|—m IS

1 11, n-1
POF|-M = 5 1-mp(d—mpy) (E (Epl +

+1<1+1 ,)
2\2 2f

That is: with probability 1/2 of picking the juvenile's gene that comes from its mother, in

L -mtn) +5f)
(533)

which case the consanguinity is that between the mother and the father's maternal-origin
genes, which is with probability (1 — m¢)(1 — my,) that neither the mother nor the father
disperses, and with probability 1/2 of picking the mother's maternal-origin genes, with
probability 1/n that the mother and father share the same mother, and the consanguinity is
that of the mother to herself i.e. pi’, and with probability (n-1)/n the mother and father do not
share mother, with probability (1 — m)? neither of the two mothers disperses, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’, with
probability 1/2 of picking the mother's paternal-origin genes, and the consanguinity is that
between mating partners i.e. f’, and with probability 1/2 of picking the juvenile's gene that
comes from the father, in which case the consanguinity is, with probability 1/2 this gene is
the father's maternal-origin genes, then and the consanguinity is that of the father's maternal-
origin gene to itself which is 1, and with probability 1/2 the juvenile's gene is not the father's

maternal-origin gene, then the consanguinity is that between mating partners f’. Hence we
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have poj-m = Pom|-m = Porj-m- The consanguinity between a juvenile and the maternal-

origin genes of a random female in its mother’s social group pj_ is

1/1 , n-1 LA, n-1 N1,
e 25w 25 mn) 11
(S34)
1 1/1 , n-1
5 =m)(t—my) (5 (o0 +

(- mptn )+ 5 )

That is: with probability 1/2 of picking the juvenile's maternal-origin gene, in which case the
consanguinity is that between the juvenile's mother and the maternal-origin genes of a
random adult female in the mother's social group (including the mother), which is with
probability 1/n that the adult female is the juvenile’s mother, then the consanguinity is that of
an individual to itself i.e. pi’, plus the probability (n-1)/n that the adult female is not the
juvenile’s mother, then the consanguinity is with probability (1 — m¢)? that neither of these
two females disperses, and with probability 1/2 of picking the maternal-origin gene of the
juvenile’s mother, then with probability 1/n that the two females share one mother, and the
consanguinity is that of the mother to herself i.e. pi, and with probability (n-1)/n that the two
females do not share one mother, with probability (1 — m,)? that neither of the mothers of
these two females disperses, and the consanguinity is that between two random juveniles born
in the same patch i.e. px’, and with probability 1/2 of picking the gene of the paternal-origin
genes of the juvenile's mother, times the consanguinity of mating partners i.e. f’, and with
probability 1/2 of picking the juvenile's paternal-origin gene, in which case the consanguinity
is that between the juvenile's father and the maternal-origin gene of a random adult female in
the mother's social group, which is the probability (1 — m;)(1 — m,,) that neither of the
adult female nor the juvenile's father disperses, and with probability 1/2 of picking the
maternal-origin gene of the father, with probability 1/n that the juvenile’s father and the adult
female share one mother, and the consanguinity is that of the mother to herself i.e. pi’, and

with probability (n-1)/n that the juvenile’s father and the female do not share one mother,
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with probability (1 — m¢)? that neither of the mothers of these two individuals disperses, and
the consanguinity is that between two random juveniles born in the same patch i.e. px’, with
probability 1/2 of picking the paternal-origin gene of the father, then the consanguinity is that
between mating partners i.e. f’. The consanguinity between the focal juvenile and the

maternal-origin gene of a random male in its father’s social group psurwm is

! 11 ! n—1 I 1 1
pJUI—MZE(l—mf)(l—mm) (E(Epl +— (1—mf)2px)+§f)
1/1
Ta\nP ($35)
n—1 1/1 n—1 1
— 212257 _ 2.1 ~ oot
+ n (1 =mm) (2(7110I + n (1 —m) Px)+2f)>

That is: with probability 1/2 of picking the juvenile's gene that comes from the mother, in
which case the consanguinity is that between the juvenile's mother and the maternal-origin
genes of a random adult male in the father's social group, which is with probability (1 —
mg) (1 — my,) that neither the mother nor the adult male disperses, with probability 1/2 of
picking the mother's maternal-origin genes, with probability 1/n these two genes come from
the same mother and the consanguinity is that of the mother to herself i.e. pi’, and with
probability (n-1)/n these two genes come from different mothers, with probability (1 — m¢)?2
that neither of the two mothers disperses, and the consanguinity is that between two random
juveniles born in the same patch i.e. px’, and with probability 1/2 of picking the mother's
paternal-origin gene, and the consanguinity is that of mating partners i.e. f’, and with
probability 1/2 of picking the juvenile's gene that comes from the father, in which case the
consanguinity is that between the juvenile's father and the maternal-origin genes of a random
adult male in the father's social group (including this father), which is with probability 1/n
these two genes come from the same mother, and the consanguinity is that of the mother to
herself i.e. pi’, with probability (n-1)/n these two genes comes from different mothers, with

probability (1 — m,)? neither of the two males disperses, and with probability 1/2 of picking
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the father's maternal-origin gene, with probability 1/n the juvenile’s father and the random
male in the father’s group share one mother, and the consanguinity is that between the mother
and herself i.e. pi’, with probability (n-1)/n the two males do not share one mother, with
probability (1 — m¢)? that neither of the two mothers of the two males disperses, and the
consanguinity is that between two random juveniles born in the same patch px’, with
probability 1/2 of picking the juvenile’s father's paternal-origin gene, and the consanguinity is
that between mating partners i.e. f’. The consanguinity between a juvenile and its mother
from the perspective of the mother’s paternal-origin gene powm-—p is
1/1 1
powi-» =3(3/'+3)
(S36)

1 1 1/1 -1
+3 1-mpA —my) (Ef, +§(;p1' +nT(1 - mm)sz'>>

That is: with probability 1/2 of picking the juvenile's gene that comes from the mother, in
which case the consanguinity is that between the mother and the mother’s paternal-origin
gene, which is with probability 1/2 the gene is the mother's maternal-origin genes, and the
consanguinity is that between the mother's maternal-origin genes and its paternal-origin genes
i.e. f’, and with probability 1/2 the juvenile's gene picked is the mother's paternal-origin
genes, then the consanguinity is 1, and with probability 1/2 of picking the juvenile's gene that
comes from its father, in which case the consanguinity is that between the mother's maternal-
origin genes and the father, which is with probability (1 — m¢)(1 — m,,) neither of the
mother and father disperses, and with probability 1/2 of picking the father's maternal-origin
gene, and the consanguinity is that between mating partners i.e. f’, and with probability 1/2 of
picking the father’s paternal-origin gene, and with probability 1/n the mother and father share
the same father, and the consanguinity is that of the mother to herself i.e. pi’, and with
probability (n-1)/n the mother and father do not share father, with probability (1 — m,,)?

neither of the two fathers disperses, and the consanguinity is that between two random

24



416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

juveniles born in the same patch i.e. px’. From expression (S32) and (S33), according to the
same rule we can get po|—p = Pom|-p = Porj-p- T he consanguinity between a juvenile and a
random adult female in its mother’s social group (including the mother) from the perspective

of the adult female’s paternal-origin genes piaj-p is

11 , n—-1 1, 1/1 n-1 (837)
p]A|—P=E(EpI+ - (1_mf)z<5f’+5(£p1’+7(1_mm)sz’)>>

1 1 1/1 -1
+ 5(1 —mg(1 —my,) <§f' t5 (;lpl' + nT(l - mm)sz')>

That is: with probability 1/2 of picking the juvenile's gene that come from the mother, in
which case the consanguinity is that between the juvenile's mother and the paternal-origin
genes of a random adult female in the mother's social group, which is with probability 1/n the
adult female is the juvenile’s mother, times the consanguinity of the mother to herself pi, and
with probability (n-1)/n that the adult female is not the juvenile’s mother, and with
probability (1 — ms)? that neither of the two females disperses, with probability 1/2 of picking
the juvenile’s mother's maternal-origin gene, and the consanguinity is that between the
mother’s maternal-origin genes and paternal-origin genes i.e. f’, and with probability 1/2 of
picking the mother's paternal-origin genes, with probability 1/n the juvenile’s mother and the
random female in the mother’s group share one father, and the consanguinity is that between
the father and himself i.e. pi, and with probability (n-1)/n the two females do not share one
father, with probability (1 — m,,)? neither of the two fathers of the two females disperses, and
the consanguinity is that between two random juveniles born in the same patch i.e. px’, and
with probability 1/2 of picking the juvenile's gene that comes from the father, in which case
the consanguinity is that between the juvenile's father and the paternal-origin genes of a
random adult female in the mother's group, which is with probability (1 — ms)(1 — m,,) that
neither the adult female nor the father disperses, and with probability 1/2 of picking the

father's maternal-origin gene, and the consanguinity is that between mating partners i.e. f’,
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with probability 1/2 of picking the father's paternal-origin gene, and with probability 1/n that
the adult female and the father share one father, and the consanguinity is that of the father to
himself i.e. pi’, and with probability (n-1)/n the adult female and the father do not share one
father, and with probability (1 — m,,)? neither of the two fathers disperses, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’. The
consanguinity between a juvenile and the paternal-origin gene of a random adult male in its

father’s social group (including the father) pyy,-p is:

1 1, 11 , n-1 , (538)
Pul-p =5 1-mp(A —mpy) <§f +5 (T_lpl + T(l — M) 2Py ))
JRYENY
> nPI
n—1

+
n

(= mar? (31 43 (o + G mm>2px'))>

That is: with probability 1/2 of picking the juvenile's maternal-origin gene, in which case the
consanguinity is that between the juvenile's mother and the paternal-origin genes of a random
adult male in the father's social group, which is the probability (1 — m¢)(1 — m,;,) that
neither of the juvenile's mother nor the adult male disperses, and with probability 1/2 of
picking the maternal-origin gene of the mother, and the consanguinity is that between mating
partners i.e. f’, and with probability 1/2 of picking the paternal-origin gene of the mother,
with probability 1/n the juvenile’s mother and the adult male share one father, and the
consanguinity is that of the father to himself i.e. pi’, and with probability (n-1)/n the
juvenile’s mother and the adult male do not share one father, with probability (1 —m,)?
neither of the fathers disperses, and the consanguinity is that between two random juveniles
born in the same patch i.e. px’, and with probability 1/2 of picking the juvenile's paternal-

origin gene, in which case the consanguinity is that between the juvenile's father and the

paternal-origin gene of a random adult male in the father's social group, which is with
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probability 1/n the adult male is the juvenile’s father, and the consanguinity is that of the
father to himself i.e. pi’, and with probability (n-1)/n the adult male is not the juvenile’s
father, with probability (1 — m,,)? that neither of the fathers disperses, and with probability
1/2 that picking the maternal-origin gene of the juvenile’s father, and the consanguinity is
that between mating partners i.e. f’, and with probability 1/2 of picking the paternal-origin
gene of the juvenile’s father, with probability 1/n the two males share one father, and the
consanguinity of the father to himself i.e. pi’, and with probability (n-1)/n the two males do
not share one father, with probability (1 — m,,)? that neither of the fathers disperses, and the
consanguinity is that between two random juveniles born in the same patch i.e. px’. Solving
expressions (S32)-(S38) with the solutions of pi’, px”and f’ from previous section
simultaneously, we obtain
Poj-m = ((=28m(M —2m + 1)(1 — m)
4+ 2(1 — m)(MAm — 2Amm + 2mg + 2 — 4)n — 8(2 — m)mn?)) (S39)
/ ((8n(2m — 1 — 4m? + 3M — 4(2 — m)mn)))
Pjal-m = —((=28m(1 — mg)*(1 — m) + 2Am(1 — m)(5 — mp, + me(2me — 5 (540)
+mp)n+ (8 + me* —me*(5 —mp) — (4 — mp)Hy, — me(8
+ (4 —my)(1 —mp)my) — me2 (Mg, — 10 + mpy?))n?))
/ ((8n? (2m — 1 — 4m? + 3M — 4(2 — m)mn))))
pyuj-m = 2Am(1 — mp)?(1 —m) — 2Am(1 —m)(1 + M — 2m + 2H,))n (541)
+ (2Am(1 — m)(M — 2m + Hp) — 8)n?)) / ((8n? 2m — 1
— 4m? + 3M — 4(2 — m)mn)))
poj-p = (M — 2/ + 1) + 2Am(1 — ) (542)
+2(1 —m)(2Amim — MAm + 2my, + 2 — 4)n — 8(2

—m)mn?)) / ((8n(2m — 1 — 4m? + 3M — 4(2 — m)mn)))
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Pjaj-p = (—2Am(1 — mp)?(1 — M) + 2Am(1 — m)(1 — 2m + M + 2Hp)n (543)
+ (-8 — 4Am(1 —m)(M — m + Hy — mg) )n?)) / ((8n? 2m — 1
— 4m? + 3M — 4(2 — m)mn)))
Pyuj-p = (—28m(1 — my)?(1 — M) + 2Am(1 — M)(5 + M — 2/ + 2Hy)n (S44)
+ (-8 4+ m2(Hy — 3my, + 6) — me® (1 — myy,)
— Hy(4 + Hy — my) + me(Hy, — 8 4+ 6my, — mp, ) )n?)
/ (8n?(2m — 1 — 4m? + 3M — 4(2 — m)mn))
where Am = mg — my,, m = (mg + my,)/2, M = memy,, Ab = bs — by, b = (bs + by,) /2,

Hf = (mf - Z)mf' Hm = (mm - Z)mm-

1.53 | Convergence stable strategy
By solving the expression dW/dg = 0, we could get the optimal value of left-handedness from
the perspective of maternal-origin genes zm™:
zm* = ((2b(n — 1)(=H¢(2 + Hp) + Hyy (2 + Hp) — 2Am(1 — ) (2 + H + Hpy)n
—16(2 — m)mn?))) / ((—8bAm(1 — m)(2 + Hy + Hy) + 16Am(1
—m)(b(2 + Hf + Hy) — 1 + 2m — M)n + 2(2bms* — 32
—4me (2b—1+mpy) +4me® (b—5 + 3my,) + 4me(10 + 6b (545)
—4(b + Dmy, — 3my? + mp3) + 2my, (10bs — 10bm,, + 2(2b
— Dmp? — bmpy3 + 2(6 + 5by, + mpy)))n? — 64(b + 1)(2
—m)mn?))
where Am = mg — my,, m = (m¢ + my,)/2, M = memy,, Ab = bs — by, b = (bs + by,) /2,
Hf = (m¢ — 2)mg, Hy, = (my, — 2)my,. Solving the expression dW/dg = 0, we obtain the

optimal value of left-handedness from the perspective of paternal-origin genes zp™.
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zp" = ((2b(n — 1)(—(H¢(2 + Hp)) + Hyn (2 + Hy) — 2Am(1 — m)(2 + Hy + Hyy)n
+ 16(2 — m)mn?))) / ((—8Amb(1 — m)(2 + H; + Hy,)
+ 8Am(1 — M) (b Hy — 2(by, + me)mpy, + byympy?
+2(by — 1+ 2m) + be(2 + He + Hp))n
(S46)
+4(16 + bmg* — 4(5 + 3b)my, — 2(b — 5)mun? + 2(2b — Vmy,
— bmy* = 2mB(2b — 1+ my,) + 2me?(5b — 1 + 3my,)
+ 2m(4(b + 1)my, — 6 — 10 — 3mpu? +my,?) ) n? + 64(b
+ 1)(2 — m)mn?))
The optimal value of left-handedness for the perspective of the whole genes of the individual
Z" is:

. (n — 1)(AbAmM(1 — m) + 4b(2 — m)m)
4 T 2 —1)(8bAm(1 —m) + 8n + 4(b + D)2 — m)m)

(S47)

We set the female dispersal rate ms = 0.5, the relative importance of combat relative to all
types of competition for the female and male br = bm = 1, and the number of individuals each
sex born in the same patch n =5 for Figure S4. For the two zoomed-in parts, the range of
male dispersal rate mm is from 0.499 to 0.501, the range for the equilibrium frequency of left-

handedness is from 0.21426 to 0.21431.

1.6 | Sex-specific effects

1.61 | Marginal fitness and evolutionary equilibrium

Here we consider how sex effects add to the mediation of kin selection on handedness. In this
section, the fitness functions of the focal juvenile are the same as previous sections. We use
g1 to denote the genic value for the locus G1, which affects handedness only when it is
carried by a female. We use g2 and to denote the genic value for the locus G2 which affects

handedness only when it is carried by a male. The relative fitness functions are the same as
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expression (S4). Then we explore the optimal value of the level of left-handedness for locus
G1 which only controls the handedness trait of females. For juveniles, the relationship

between the phenotype and genotype is:

dW _ OW dxMO dg1f+ (3W dyMO dGlf’ n 6W dxFa dg~1m n (3W dYFa dglm’
dg; 0xmo ddir dg1  OYmo dif dga 0Xpa dg1m dg: 0Yra dg1m dg1

(548)

( ow ow

“-—DPom t FIow

ow ow )
axMo ylm

P]A) Vit (axFa Por + 3yrn Pju

where g, ¢ is the additive breeding value of a juvenile for its mother's genes in locus G1, g’
is the breeding value of the juvenile for a random adult female's genes in locus Gi1, g, iS the
breeding value of the juvenile for its father's genes in locus G, g,," is the breeding value of
the juvenile for a random adult male's genes in locus Gz, and y1f and yim is the mapping
between genotype and phenotype for the focal females and males respectively. According to
our assumption that locus G1 would only take an effect if its carrier is a female, we have yir=

1, yam = 0. Then expression (S48) can be simplified to

aw ow N ow
PoMm FI

— S49
dg,  9xmq Pja ( )

Then the condition that favours the increase of left-handedness is

ow
axMo

+ ow >0 S50
Tom ayMOTJA ( )

Letting the LHS of expression (S50) be f(z), as f'(z) < 0 is true for all the values of z,
hence at evolutionary equilibrium if there is an intermediate level of left-handedness z¢", this
satisfies f(z*) = 0, we obtain the optimum of left-handedness for all the loci that only

control the handedness when they are carried by females

bf(TOM - TJA)
(1 + bp)rom — berya

*

1
zf :E

(S51)

Now we explore the optimum value of the probability of developing as left-handedness for
locus G2 which only controls the handedness trait of males. For a juvenile, the relationship

between the phenotype and genotype is
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aw _ oW dxyo dg~2f ow dyMo dng, oW dxp, dg~2m
dg, 0xmo dgar dgz  0YMo dJzf gz  O0Xpadfom dgs

ow dyFa ngm,

ALY (52)
ayFa ngm dgz
_ ( ow 4 ow ) 4 (6W 4 ow )
%o Pom EIIV Dja | Vot 9% PoFr 9Yra Pju |V2m

where g, is the additive breeding value of a juvenile for its mother's genes in locus Gz, §,¢'
is the breeding value of the juvenile for a random adult female's genes in locus Gz, g, is the
breeding value of the juvenile for its father's genes in locus Gz, §,,," is the breeding value of
the juvenile for a random adult male's genes in locus Gz, y2f and y2m is the mapping between
genotype and phenotype for an adult female or male respectively. According to our
assumption that locus G2 would only take an effect if its carrier is a male, thus y2r = 0, yom = 1.

Then dWs/dgar can be simplified to

dw  ow ow
Por + EIL (S53)
YFa

dg, B Oxpa
Using the same way as deriving the optimal value of locus Gz, z", we could obtain the
optimal value of left-handedness zm” for all the loci that only control handedness when they
are carried by males:

1 by, (Tor — 1
. m (Tor — Tju) (s54)
2 (1 + by)ror — by

1.62 | Convergence stable strategy

Combining with parent-of-origin effects, we can write the optimal value of left-handedness
for all the loci that control female’s handedness from the perspective of maternal-origin
genes, ziv", and that from the perspective of paternal-origin genes, zt", as well as the optimal
value of left-handedness for all the loci that control male’s handedness from the perspective

of maternal-origin genes and paternal-origin genes respectively: zmm™ and zmp™:
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o 21 bromo = iagw) -
Zeo* — bf(TOMl—P ~ 7”]A|—1>) (S56)
Tooas b)Tom|-p — berjal-p
Zom = l bm(r0F|—M — rIUI—M) (S§57)
m 2 (1 + bm)rOF|—M - bmr]Ul_M
., 1 byu(ror-p — 1ju)-p) (S58)

mP = 2 (L + bm)Tor|—p — bmTju|—rp
527  where romi-p = pomi-p/p1’, For-p = Por-p/PI’, AP = Paalrp/pr’, aulp = Paurp/pr’. Substituting all
528 the relatedness in expressions (S51), (§54) and (S55-(S58), we obtain the optimal values of
529 left-handedness when it is involved in within-group combat:
ze* = ((bf(n — 1)(H; — Hy, — 4(2 —m)mn))) / ((—8n + 2(n (§59)
— 1)(=2bAm(1 — M) — 4(1 + bp)(2 — m)mn)))
zen™ = ((be(=2Am(1 — mp)2(1 — i) + 4Am(2 + He)(1 — m)n
+ (me(2 + me(5 + He—2myg)) + 2(7 + He—2mgpmp,
— (5 + mgmp?)n? — 8(2 — m)mn?)))
/ ((—4beAm(1 — m)2(1 — m) + 4Am(1 — m)(ms — 1 + 2be(2
(S60)
+ Hp) + my, — M)n + 2(=8 4+ me(10 + He—3mg + be(2 + me(5
+ Hy—2mg))) + 6my, + (2bg(7 + Hy—2mg) — me(4 + Hp — mg))mp,
— (Bms—1+ be(5 + Hp))mpy? — (1 — mpmy3)n? — 16(1 + by)(2
— m)mn?))
zep" = ((be(—2Am(H + 1)(1 — m) + 4H{Am(1 — m)n + ((Hf—m¢)(2 + Hr + m¢)  (S61)
+2(m¢® — 5)my — (Hy — 3)mp*)n? — 8(M — 2)mn?)))
/ ((—4bsAm(1 — mg)?(1 — m) + 4Am(1 — m)(2m — 1 + 2b¢H¢
— M)n + 2(8 + (He—mg) (2 + me + be(2 + He+mg)) — 10my,
+ (—(He—2mg) (1 + my) + 2be(mg® — 5))mp + (5 — 3my — be(Hy

— 3))mm2 -(1- mf)mm3)n2 +16(1 + bp) (2 — rTl)rTzn3))
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539

540

Zm" = (bpy(n — 1) (Hy — Hf — 4(2 —m)mn))) / ((—8n+2(n (562)
— 1) (2bypAm(1 — M) — 4(1 + by, ) (2 — M)mn)))
Zmm” = (b (—Am(1 — my)?(1 — m) + 4H,Am(1 — m)n (S63)
+ (M (Hy — 3) — (H—my) (2 + Hp+mpy) — 2me(my? — 5))n?
— 8(2 — m)ymn®))) / ((=4bypAm(1 — my)2(1 — m) + 4Am(1
—m)(2M — 1 — M + 2byHy)n + 2(—8 — m3(my, — 1) + me2 (=5
+ 3my, + by (Hyy — 3)) — (Hy—mm) (2 + My + by (2 + Hoy+mp))
+ me(10 + mpy (Hpy—mpy, — 4) — 2by (=5 + mp2)))n? — 16(1
+ by) (2 — m)mn?))
Zmp' = ((=2bpAm(n — D(—(1 —my)?(1 —m) — 2am(1 —m)(3 + Hy)n + 8(2  (S64)
— m)mn?))) / (=4bmAm(n — 1)(=(Hy + DA — M)
— 2Am(1 — m)(3 + Hy)n + 8(2 — m)mn?)
+ 2n(—2Am(M — 2m + 1)(1 — m)
—2(1 - m)(2m — 4 + 2my, + 2Amm — MAm)n + 8(2
— m)mn?)))
where Am = mg — m,,, m = (mg + m,,)/2, M = mgm,,, Ab = bg — by, b = (bs + by)/2,
He = (mg — 2)mg, Hy, = (my, — 2)my,. To plot z¢* and zm” (Figure S3b) we set the female
dispersal rate ms = 0.5, the relative importance of combat relative to all types of competition

for the female and male bs = bm = 1, and number of the number of individuals each sex born

in the same patch n = 5.

1.7 | Parental genetic effects

1.71 | Marginal fitness and evolutionary equilibrium

Now we consider the parental effects, i.e. the effect on the phenotype of the parents of the
focal juvenile is caused by the genes carried by the grandparents of the focal juvenile,

regardless of the parents’ genotype. In this section, the fitness function and relatedness
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remain the same as previous ones, while the conditions that favours the increase of left-
handedness change according to specific situations. Depending on whether there is difference
between maternal and paternal effects, and/or between the parental effects on daughters
versus those on sons, there can be nine situations: 1) When both parents control the parental
effect and all offspring experience the parental effect in their handedness (we denote the
optima for left-handedness as zro”). 2) When both parents control the parental effect and only
daughters experience the parental effect in their handedness (zrp™). 3) When both parents
control the parental effect and only sons experience the parental effect in their handedness
(zrs™). 4) When only mother controls the parental effect and all offspring experience the
parental effect in their handedness (zmo”). 5) When only mother controls the parental effect
and only daughters experience the parental effect in their handedness (zwp®). 6) When only
mother controls the parental effect and only sons experience the parental effect in their
handedness (zms®). 7) When only father controls the parental effect and all offspring
experience the parental effect in their handedness (zro®). 8) When only father controls the
parental effect and only daughters experience the parental effect in their handedness (zrp”). 9)
When only father controls the parental effect and only sons experience the parental effect in

their handedness (zrs").

1) Parental control of offspring phenotype (zro™)

We consider there is only locus G controlling the phenotype of handedness, and there is no
difference in who carries the genes influence the phenotype of offspring, and it affects the
handedness phenotype of daughters and sons in the same way. We denote the genic value as
gr and gm for the juvenile females and males, Gr and Gm for the breeding value for the
maternal grandparent and paternal grandparent of the focal juvenile respectively, G' for the

breeding value of the parent of a random adult in the focal juvenile's mother's group, G'm for

34



566

567

568

569

570

571

572

573

o574

575

576

Y4

578

579

580

581

582

the breeding value of the parent of a random adult in the focal juvenile's father's group. The
relationship between the phenotype and genotype can be described as:

dW _ W diwodGr | OW dywodGy | OW dxpa G | OW dyea dGu’
dg ~ 0xmo dGr dg = 0ymo dGf dg =~ 0Xpa dGyn dg — 0YpadGy' dg

( ow + ow ) (S65)
= —- _— Y
EP Pimacp EI PimaP | Vet

N (OW N ow )
0%pa TGP 9V TipuP | YPm

where pimer is the consanguinity between the focal juvenile female and its maternal
grandparent (here we treat the maternal grandparent as a "tetraploidy™), psvar is the
coefficient of the consanguinity between the focal juvenile female and the parent of a random
adult female (here “A” denotes "Aunt™) in the focal juvenile's mother's group, psrcr is the
coefficient of the consanguinity between the focal juvenile female and its paternal
grandparent, pspup is the coefficient of the consanguinity between the focal juvenile female

and the parent of a random adult male (here “U” denotes "Uncle™) in the focal juvenile's

father's group, yps = d;(‘;“f" = C;yT“:," is the mapping between the gene of parents and its

expressed phenotype in a female offspring, yp,, = Z’;F 2 = % is the mapping between the

gene of parents and its expressed phenotype in a male offspring, and under our assumption yes
= yem = 1. The condition that favours the increase of left-handedness is:

oW + W AL/ >0 S66
%o IMGP Vato IMAP 9% NpGgP 9Yea Npup ( )

where rimep = pimcp/p1, rimap = PaMArR/PI, ripGp = Papcr/pi, ripup = papup/pi. Letting the LHS of
expression (S66) be f(z), f'(z) < 0 is true for all the values of z, hence at evolutionary
equilibrium if there is intermediate level of left-handedness zp,* that satisfies f(zpo*) = 0,

we obtain the optimum of left-handedness from the perspective of parent’s genes:

jMGp T TjpGP )

Zpo” = —< - (S67)
2 jMGp T bf(—TJMAP + r]MGP) + 71jpgp + bmTjpGp — bmMjpup
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1
2 PJAveAUP _,
DjAveGP

if we set br = bm =1, expression (S67) can be re-written as: %+ , where paveaur iS

the consanguinity between an individual and the parent of the individual’s parent’s social
partner, and paveaur = 1/2 (pimar + pupup), PAvecp IS the consanguinity between an individual

and its grandparent, and pavece = 1/2 (pamce + parcp). If we set br = bm =1, expression (S8) can

. 1 1 1 . . . .
be re-written as: Sty We use ratio r1 = paveaur/pavecp for considering the optima from
—L-2
]

the perspective of parents, and r2= ps/po for considering the optimum from the perspective of
the offspring. As r1 is always greater than r2, parents always favour a lower value of left-
handedness in their offspring than the offspring would, in the context of within-group

combat.

2) Parental control of daughter’s phenotype (zeD")
Under our assumption that only daughters experience parental effect, yrs = 1, ypm = 0. The

condition that favours the increase of left-handedness is

ow N ow
axuo ™% T 3y

1jmMap > 0 (568)

Mo

with similar process of obtaining zp,* we obtain the optimal value of left-handedness from

the perspective of parent’s genes to its daughter

1 bf(TJMAP - T]MGP)
Zpp® = = S69
D72 berimap — (1 + b)rjmep (569

3) Parental control of son’s phenotype (zps”)
Under our assumption that only sons experience parental effect, yrf = 0, ypm = 1. The

condition that favours the increase of left-handedness is:

ow 4 ow
axr, *" " 3y

T]PUP >0 (870)

Fa
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with similar process, we obtain the optimal value of left-handedness from the perspective of

parent’s genes to its son:

1 by, (1 -1
Zps" = = m( JPGP ]PUP) (S71)
21pgp + bmTjpGp — PmTjpup
4) Maternal control of offspring phenotype (zmo”)
In this case, the relationship between phenotype and genotype is
dw aw aw aw aw
g (ax pPmem + e PJMAM)VFf + <ax pipom + Oy p]PUM) YFm (872)

where pimem is the consanguinity between the focal juvenile female and its maternal
grandmother, psmam is the consanguinity between the focal juvenile female and the mother of
a random adult female in the focal juvenile's mother's group, psrcm is the consanguinity
between the focal juvenile female and its paternal grandmother, pspum is the consanguinity
between the focal juvenile female and the mother of a random adult male in the focal
juvenile's father's group. yrs is the mapping between the gene of mother and its expressed
phenotype in a female offspring, yrm is the mapping between the gene of mother and its
expressed phenotype in a male offspring. Under our assumption that all offspring experience

maternal effect, yrt = yrm = y. The condition that favours the increase of left-handedness is

ow N ow ow N ow >0 573
axMOT‘]MGM ayMOTJMAM %rs S PjpGM ayFap]PUM (873)

where rimem = pamem/pi, raimam = pamam/pi, ripem = papam/pi, ripum = papum/pr. With similar
process as previous situations, we obtain the optimal value of left-handedness from the

perspective of mother’s genes to her offspring

(S74)

, 1 imGM T TjpGM
Mo = E <1 -

MM t bf(T]MGM - r]MAM) + 1jpgm + bmTjpem — bmr]PUM)

5) Maternal control of daughter’s phenotype (Zmp”)
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Changing yrfto 1, yem to O obtains the condition for an increase in left-handedness to be

favoured

ow N ow
dxXMo "jMGM dy

1mam > 0 (S75)

Mo

With similar process, we obtain the optimal value of left-handedness from the perspective of

mother’s genes to her daughters

1 be(rjmam — Tjmem)
Zup” = = (S76)
Mp T2 berymam — (1 + bp)1jmem

6) Maternal control of son’s phenotype (zms”)
Changing yr to 0, yrm to 1 obtains the condition for an increase in left-handedness to be

favoured

ow 4 ow
dxra "M " By

r]PUM >0 (577)

Fa

With similar process, we obtain the optimal value of left-handedness from the perspective of

mother’s genes to her sons

1 b (TipMm — TipUM)
Zvust == S78
) 17pGM T DmjpaM — PmTjpum (578)
7) Paternal control of offspring phenotype (zro®)
In this case, the relationship between phenotype and genotype is
aw ( ow N ow ) N <6W 4 ow ) (579)
dg %o PIMGF Voo PiMAF ) YMf 9%ra PjpGF 9Yea PjpUF ) YMm

where pimcr is the consanguinity between the focal juvenile female and its maternal
grandfather, pimar is the consanguinity between the focal juvenile female and the father of a
random adult female in its mother's group, psrcr is the consanguinity between the focal
juvenile female and its paternal grandfather, pspur is the consanguinity between the focal

juvenile female and the father of a random adult male in its father's group, ymr is the mapping
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between the gene of father and its expressed phenotype in a female offspring, ymm is the
mapping between the gene of parents and its expressed phenotype in a male offspring. Under
our assumption that all offspring experience paternal effect, ymf = ymm = y. The condition that
favours the increase of left-handedness is

ow aw ow ow
KMOTIMGF + ay TIMAF + WFar]PGF + ay

r]PUF >0 (880)

Mo Fa

where rimer = Pamcr/pi, rpGr = ParGr/P1, Fimar = Pamar/p, ripur = popur/pr. With similar
process as previous situations, we obtain the optimal value of left-handedness from the
perspective of father’s genes to his offspring

1JMGF T TJPGF

1
zro” =5 (1 - ) (S81)

jMGF T bf(T]MGF - T]MAF) + 1jpGr + bmTjpGF — PmTjpUF

8) Paternal control of daughter’s phenotype (zFp")
Changing ymsto 1, ymm to O obtains the condition for an increase in left-handedness to be

favoured

ow N ow
dxno M By

1jmaF > 0 (582)

Mo

With similar process, we obtain the optimal value of left-handedness from the perspective of

father’s genes to his daughters

1 bf(TJMAF - T]MGF)
Zrp = — S$83
FD 72 berimar — (1 + be)1jmcr (583)

9) Paternal control of son’s phenotype (zrs”)
Changing ymsto O, ymm to 1 obtains the condition for an increase in left-handedness to be

favoured

ow ow

——Tjpgr +
Oxpa 10" Dy

T]PUF >0 (884)

Fa
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With similar process, we obtain the optimal value of left-handedness from the perspective of

father’s genes to his sons

, 1 b (Tipcr — TipUF)

Zps" == (S85)
) 15pGF + Dm?jpGF — DmTjPUF
1.72 | Relatedness
The consanguinity between the focal juvenile and its maternal grandmother pimcwm is
_1 (1 iyl )
PimMeMm = > 2291 Zf
1 1/1 , 1,
+§(1— me)(1 — my,) Z(zpl +§f) (S86)

n—1

(30 -motn + %f))

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the mother and the maternal grandmother, which is
with probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is
that between the maternal grandmother and herself i.e. pi’, and with probability 1/2 the gene
comes from the maternal grandfather, and the consanguinity is that between mating partners
i.e. f’, and with probability 1/2 that the gene we pick comes from the juvenile’s father, in
which case the consanguinity is that between the juvenile’s father and the maternal
grandmother, which is with probability (1 — m¢)(1- my,) neither the mother nor the father
disperses from their natal patch, and with probability 1/n the mother and the father share one
mother, and with probability 1/2 the gene comes from their mother, and the consanguinity is
pi’, and with probability 1/2 the gene comes from their father, and the consanguinity is that
between two random mating partner i.e. f’, and with probability (n-1)/n the mother and the
father do not share one mother, and with probability 1/2 the gene comes from the paternal

grandmother, with probability (1 — m)? neither of the two females disperses, and the
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consanguinity is that between two random juveniles born in the same patch i.e. px’, and with
probability 1/2 the gene comes from the paternal grandfather, and the consanguinity is f’. The

consanguinity between the focal juvenile and its maternal grandfather pimcr is

_1(1 ,+1 ,)
P]MGF—2 Zf ZPI
1 1/, 1
+§(1—mf)(1—mm)<;<§f +5p1) (S87)
n—1

(550 mm)sz')>

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the mother and her father, which is with probability
1/2 the gene we pick comes from the maternal grandmother, and the consanguinity is that
between mating partners i.e. f’, and with probability 1/2 the gene we pick comes from the
maternal grandfather, and the consanguinity is that between the grandfather and himself pr’,
and with probability 1/2 the gene we pick comes from the juvenile’s father, in which case the
consanguinity is that between the juvenile’s father and maternal grandfather, which is with
probability (1 — m¢)(1 — m,,) neither the mother nor the father disperses, and with
probability 1/n the mother and the father share one father, with probability 1/2 the gene we
pick comes from their mother, and the consanguinity is that between two random mating
partner i.e. f’, and with probability 1/2 the gene we pick comes from their father, and the
consanguinity is pi’, and with probability (n-1)/n the mother and the father do not share one
father, with probability 1/2 the gene we pick comes from the paternal mother, and the
consanguinity is that between two random mating partners f’, and with probability 1/2 that
the genes we pick come from the paternal father, with probability (1 — m,,)? neither of the
two males disperses, and the consanguinity is that between two random juveniles born in the
same patch i.e. px’. The consanguinity between the focal juvenile and the mother of a random

adult female in its mother's social group pivawm is

41



696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

_1 1(1 ,+1 ,>
P]MAM—2 n ZPI Zf

-1 1/1 1
i (1‘mf)2<z(zpl'+§f'>
-1/1 1
+ (5<1—mf)2px'+§f')>> (388)

1 1/1 1
7= = ) (71(5?1' +37)

n—1
+

1 1
(E (1 —mp?p + ffl)>
That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the juvenile’s mother and the mother of a random

adult female in the juvenile’s mother’s social group, which is, with probability 1/n the

random adult female (“aunt” hereafter) is the juvenile’s mother, and the consanguinity is that
between the juvenile’s mother and maternal grandmother which is %pl' + %f’, and with

probability (n-1)/n the aunt is not the juvenile’s mother, with the probability (1 — ms)?
neither of the two females disperses, and with probability 1/n the aunt and the juvenile’s
mother share one mother, with probability (n-1)/n the aunt and the juvenile’s mother do not
share one mother, with probability 1/2 that the mother’s gene comes from her mother, with
probability (1 — m¢)? neither the grandmother nor the mother of the aunt disperses, and the
consanguinity is that between two random juvenile born in the same patch i.e. px’, and with
probability 1/2 that the mother’s gene came from her father, in which case the consanguinity
is that between two random mating partners f°, with probability 1/2 the gene we pick comes
from the juvenile’s father, and with probability (1 — m)(1 — m,,) neither the aunt nor the
father disperses, with probability 1/n the aunt and the father share one mother, with
probability 1/2 the gene comes from their mother, and the consanguinity is that between the

grandmother and herself i.e. pi’, and with probability 1/2 the gene comes from the juvenile’s
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paternal grandfather, and the consanguinity is f’, and with probability (n-1)/n the aunt and the
father do not share one mother, with probability 1/2 the gene comes from the juvenile’s
paternal grandmother, with probability (1 — m¢)? neither the mother of the juvenile’s aunt
nor the paternal grandmother disperses, and the consanguinity is that between two random
juveniles born in the same patch px’, and with probability 1/2 the gene comes from the
juvenile’s paternal grandfather, and the consanguinity is f’. The consanguinity between the

focal juvenile and the father of a random adult female in its mother's group psmar is
1(1¢1,, 1
PiMAF = 5 Z(Ef + 5P )

_I_n—l(1 )2 1(1 ,+1 ,>
n mg n 2f ZPI

n—1
+

n

(7 +50- mm)sz')>) (589)

1 1/1 1
+§(1 —mg)(1 —mpy) <E<§f, + Epl’)

nol (%f + % (1- mm)sz’>>

+
That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is that between the mother and the father of the aunt, which is, with
probability 1/n the aunt is the juvenile’s mother, and with probability 1/2 the gene comes
from the juvenile’s maternal grandmother, and the consanguinity is f’, with probability 1/2
the gene comes from the juvenile’s maternal grandfather, and the consanguinity is that of the
maternal grandfather to himself pi’, and with probability (n-1)/n the aunt is not the juvenile’s
mother, with probability (1 — m)? neither of the two females disperses, with probability 1/n
the aunt and the mother have a same father, with probability 1/2 the gene comes from the

mother’s mother, and the consanguinity is f’, and with probability 1/2 the gene comes from

the mother’s father, and the consanguinity is pi’, and with probability (n-1)/n the aunt and the
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mother do not have a same father, with probability 1/2 the gene comes from the juvenile’s
maternal grandmother, and the consanguinity is f’, and with probability 1/2 the gene comes
from the juvenile’s grandfather, with probability (1 — m,,,)? neither of the maternal
grandfather nor the aunt’s father disperses, and the consanguinity is px’; and with probability
1/2 that the gene we pick come from the juvenile’s father, in which case the consanguinity is
that between the father and the father of the aunt, which is, with probability (1 — m)(1 —
my,) neither the aunt nor the father disperses, and with probability 1/n the aunt and the father
share one father, with probability 1/2 the gene comes from the paternal grandmother, and the
consanguinity is f’, with probability 1/2 the gene comes from the paternal grandfather, and
the consanguinity is pi’, and with probability (n-1)/n the aunt and the father do not share one
father, with probability 1/2 the gene comes from the paternal grandmother, and the
consanguinity is f’, with probability 1/2 the gene comes from the paternal grandfather, with
probability (1 — m,,)? neither of the maternal grandfather nor the aunt’s father disperses, and
the consanguinity is px’. Hence the consanguinity between the focal juvenile and the parent of

the aunt psmarp can be given as

1 1
PiMAP = 5 PJMAM + 5 PIMAF (590)

Similarly, psmep which is the consanguinity between the focal juvenile and its maternal

grandparents, can be given as

1 1
PiMGP = 5 PJMGM + > PIMGF (S91)

Now we consider the consanguinity through paternal grandparents. The consanguinity

between the focal juvenile and its paternal grandmother pipcm is
1 1/1 1 n—1/1 1
— _ _ N ! _ ! IR _ 2 ! _ !
PjpaM = 5 A-mpA —my) <n (2 pr + Zf) + - (2 (1 —mppy + Zf ))
(S92)

+1(1 ,+1 ,)
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That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is with probability (1 — m¢)(1 — m,,) neither the mother nor the
father disperses, with probability 1/n the mother and the father share one mother, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is pi,
with probability 1/2 the gene comes from the maternal grandfather, and the consanguinity is
f’, and with probability (n-1)/n the mother and the father do not share one mother, with
probability 1/2 the gene comes from the maternal grandmother, with probability (1 — mg)?
neither of the two females disperses, and the consanguinity is px’, with probability 1/2 the
gene comes from the maternal grandfather, and the consanguinity is f’, with probability 1/2
the gene we pick comes from the juvenile’s father, in which case the consanguinity is, with
probability 1/2 the gene comes from the paternal grandmother, and the consanguinity is pr’,
with probability 1/2 the gene comes from the paternal grandfather, and the consanguinity is
f’. The consanguinity between the focal juvenile and its paternal grandfather pspcr is

pior =3 (1= mCt =) (3 (517 + 300) + o (31 450 = marny))

(S93)
1.1

#3037 +37)
That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which
case the consanguinity is, with probability (1 — m¢)(1 — m,,) neither the mother nor the
father disperses, and with probability 1/n the mother and the father share one mother, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
with probability 1/2 the gene comes from the maternal grandfather, and the consanguinity is
pi’, and with probability (n-1)/n the mother and the father do not share one mother, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
with probability 1/2 the gene comes from the maternal grandfather, with probability

(1 — m,,)? neither of the two males disperses, and the consanguinity is px’, with probability
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1/2 the gene we pick comes from the juvenile’s father, in which case the consanguinity is,
with probability 1/2 the gene comes from the paternal grandmother, and the consanguinity is
f’, and with probability 1/2 the gene comes from the paternal grandfather, and the
consanguinity is pi’. The consanguinity between the focal juvenile and the mother of a

random adult male in its father's social group pspum is

1 1/1 1 —1/1 1
ppum = 5 (1 —mp) (1 —mp) (5 (Epll + Ef’) + nT(E(l —me)’py + Ef’)>

+1 1(1 ,+1 ,)
IV
n—1 11, 1

_ 2 Y ! _/
+ (- my) (n(2p1+2f)

s (A - mprpy +%f)>>

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which

(S94)

case the consanguinity is, with probability (1 — m¢)(1 — m,,) neither the mother nor the
father’s social partner (“uncle” hereafter) disperses, with probability 1/n the mother and the
uncle share one mother, with probability 1/2 the gene comes from the maternal grandmother,
and the consanguinity is pi’, with probability 1/2 the gene comes from the maternal
grandfather, and the consanguinity is f’, with probability (n-1)/n the mother and the uncle do
not share one mother, with probability 1/2 the gene comes from the maternal grandmother,
with probability (1 — m¢)? neither of the maternal grandmother nor the uncle’s mother
disperses, and the consanguinity is px’, with probability 1/2 the gene comes from the maternal
grandfather, and the consanguinity is f’, and with probability 1/2 the gene we pick comes
from the juvenile’s father, in which case the consanguinity is, with probability 1/n the uncle
is the juvenile’s father, and with probability 1/2 the gene comes from the paternal
grandmother, and the consanguinity is pi’, with probability 1/2 the gene comes from the

paternal grandfather, and the consanguinity is f’, with probability (n-1)/n the uncle is not the
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juvenile’s father, with probability (1 — m,,)? neither of the two males disperses, with
probability 1/n the uncle and the father have a same mother, with probability 1/2 the gene
comes from the paternal grandmother, and the consanguinity is pi’, with probability 1/2 the
gene comes from the paternal grandfather, and the consanguinity is f’, with probability (n-
1)/n the uncle and the father do not have a same mother, with probability 1/2 the gene comes
from the paternal grandmother, with probability (1 — m¢)? neither of the paternal
grandmother nor the uncle’s mother disperses, and the consanguinity is px’, with probability
1/2 the gene comes from the paternal grandfather, and the consanguinity is f’. The

consanguinity between the focal juvenile and the father of an uncle pspur is

1 11, 1 \ n—-1,1. 1 L
p]PUF—E(l_mf)(l_mm)<r_l(§f +§P1>+T(§f + 5 (1= mn) py ))
111, 1,
+z<;(zf +3v)
(S95)
n—1

+

1 (o)

n

s (5450 mm)sz’)»

That is: with probability 1/2 the gene we pick comes from the juvenile’s mother, in which

case the consanguinity is, with probability (1 — m¢)(1 — m,,) neither the mother nor the
uncle disperses, and with probability 1/n the mother and the uncle share one father, and with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
and with probability 1/2 the gene comes from the maternal grandfather, and the consanguinity
is pi’, and with probability (n-1)/n the mother and the uncle do not share one father, with
probability 1/2 the gene comes from the maternal grandmother, and the consanguinity is f’,
with probability 1/2 the gene comes from the maternal grandfather, with probability

(1 — my,)? neither the uncle’s father of nor the paternal grandfather disperses, and the

consanguinity is px’, with probability 1/2 the gene we pick comes from the juvenile’s father,
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in which case the consanguinity is, with probability 1/n the uncle is the juvenile’s father, and

the consanguinity is that between the juvenile’s father and its paternal grandfather which is
~f'+pr', and with probability (n-1)/n the uncle is not the juvenile’s father, with probability

(1 — my,)? neither of the two males disperses, and with probability 1/n the uncle and the
father have a same father, with probability 1/2 the gene comes from the paternal
grandmother, and the consanguinity is f’, with probability 1/2 the gene comes from the
paternal grandfather, and the consanguinity is p;, and with probability (n-1)/n the uncle and
the father do not have a same father, with probability 1/2 the gene comes from the paternal
grandmother, and the consanguinity is f’, with probability 1/2 the gene comes from the
paternal grandfather, with probability (1 — m,,)? neither the grandfather nor the uncle’s
father disperses, and the consanguinity is px’. Hence the consanguinity between the focal

juvenile and its paternal grandparents pipcp is

1 1
PipGp = 5PjpaM t 5 PIpGF (896)

Similarly, the consanguinity between the focal juvenile and the parent of an uncle psrup is

1 1
Pypup = 5 PjpumM + 5 PjpUr (S97)

1.73 | Convergence stable strategy
Solving expression (S86), we can get all the consanguinities:
+ (mf(10 + Hf - me) -8+ 6mm - mf(6 + Hf - mf)mm
(598)
+ (2 =3mpmy? — (1 —mpmy3n — 4mQ2 — m)n?)/(8n(2m — 1

—4m? + 3M — 4m(2 — m)n))
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Pmcr = (2Am(M — 2/ + 1)(1 — m)
+ (M2 (2 — 3mp) — 8 — m¥(1 — my,) + My (10 + Hy, — 2myy)
— mg(mpy (6 + Hy — mpy) — 6))n — 4m(2 — m)n?)/(8n(2m — 1
— 4m? + 3M — 4m(2 — m)n))
Pjmep = 1/8 — (7(M — 2/ + 1)) /(8(2m — 1 — 4m? + 3M — 4m(2 — m)n))
pymam = —(((=2Am(H; + 1)(1 — ) — Am(—10 + 2m¢® + me(Hy, — 6my, + 16)
—3m¢?(3 —my,) — Hy + 4m)n+ (8 + me* — mB3(5 —my,)
+ (Hp — 3mp + 4)mpy, + me(3 — my) (Hy — 4) — m (my, — 11
+mp?) n?)) / ((8n? (2 — 1 — 4m? + 3M — 4m(2 — M)n)) )
pymar = ((—2Am(H; + 1)(1 — ) — Am(H;(2mg — 5) — 2 + 4myy,
+me(3mg — 8)mpy, — (1 — mmy?)n + (me* — 8 — m3 (5 —my,)
+ My (4 + Hy — M) — me((Hy — 3mp + 6)mpy — 4) —me? (my,
— 5+ mp?))n?)) / ((8n?(2m — 1 — 4m? + 3M — 47n(2 — M)n)))

Mmp(4+mu(n—1)) —3m?(n—1) — 8n — 2me(2 + my, — (4 — my)n)
8n(2m — 1 — 4m2 + 3M — 4m(2 — myn)

Pymapr =

ppem = (—2Am(M — 2m + 1)(1 — )
+ (—8 + m¢(10 + Hf — 2my) + 6my,, — M(6 + Hf — my)
+ (2 = 3mpmy? — (1 = mpmy,3)n — 4m(2 — m)n?)/(8n(2m — 1
—4m? + 3M — 4m(2 — m)n))
ppcr = 2Am(M — 2m + 1)(1 — m) + (-8 + m¢? (2 — 3my,) — m® (1 — mp,)
+mp (10 + Hy — 2my,) — me(—6 + my (6 + Hy — mpy)))n
—4m(2 —m)n?)/(Bn(2m — 1 — 4m? + 3M — 4m(2 — m)n))

pipcp = 1/8 — (7(M — 27 + 1)) /(827 — 1 — 47 + 3M — 47i(2 — M)n))
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pipum = ((2Am(Hy, + (1 —m) + Am(=2 — m¢?(1 — mp,) + Hy(2my, — 5) (5107)
+ m¢(BHy — 2mpy, + 4))n + (-8 + me3(1 — mp) — me? (3 + Hy,
— 3my) + Me(4 + (Hyy — M) 2 + Myy)) + My (4 + M (5 + Hiy
— 3m,))n?)) / ((8n? (2m — 1 — 4m? + 3M — 4m(2 — m)n)))
ppur = ((—2Am(Hy, + 1)(1 — M) — Am(—10 + 6m; — mg? (S108)
+ (Hy — 6my, + 16)my, — 3(3 — mp)my? + 2mpy3)n + (—8
—me (1 —my) +m?(5+ Hy —3my) — mp(—12 + mpy (11
+ Hy — 3my)) + me(—4 + mp (2 + mpy, — mp2)))n?))
/ ((8n? (2m — 1 — 4m?* 4+ 3M — 4m (2 — m)n)))

~m(n—1) = 8n + mp (=4 —3mpy(n— 1) + 8n) — 2me(mpy, — 2 + myn)  (S109)
Pjpup = 8n(2m — 1 — 4m2 + 3M — 4m(2 — m)n)

where Am = mg — my,, m = (mg + my,)/2, M = memy,, Ab = bs — by, b = (bs + by,) /2,
Hf = (mg — 2)mg, Hy, = (my, — 2)my,, and by substituting these values, we obtain zro",
ZpD’, ZPs, ZMO , ZMD, ZMs , ZFO , ZFD and zrs” for the optimal values of left-handedness when
considering within-group combat
zpo* = (((n — 1)(Am(bg(—4 + 3ms + M) — by (g — 4 + 3myy))
— 8bm(2 — m)n))) / ((—2Am(be(3ms — 4 + my,) — by, (Mg — 4
+3my,)) — 4(8 — 4(2 + byy)me + (1 — Ab)mg? + 2M (3 + 2b) (5110)
+ My, (=8 — be(4 — my,) + My, — byymy,))n — 16m(b
+ 1)(2 — m)n?))
zpp” = ((bs(n — 1)(=2me(2 + mp) + (Hy — 2my)(n — 1) — 2me(2 — my)n
+mg?(3+1n)))) / ((—2(8 + Hf — 6m¢ — 8myy, + 6mem,, + my*)n
(S111)
—8m(2 — m)n? + 2bs(n — 1)(—2m¢(2 + my,)

+ (Hy, — 2my)(n — 1) — 2me(2 — my)n + me? (3 + n))))
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zps” = (O~ D(P(0— 1) = 2mp2 = ) (0 = 1) + M (—4(L + 1) + My (3

Z0" = ((n -

+n))))) / (2bmAm(ms — 4 + 3my,)
(S112)
—2(8+ (1 + 2by)me? + me(—8 — 4b, (2 — myy) + 6Mypy)
+ My (M, — 8 = 2byymyy) )n — 8M(1 + by ) (2 — MY)n?))
1)(2Am(be(He + 1) + by (Hyy + 1))(1 — ) + Am(2by, — 2bs(3
—Mpy) + bymyu (2 —me(2 —my,) + Hy — 2my,) + bpme(8 — 2my,
—2m¢(2 — m)))n — 8bm (2 — Mm)n?)))
/ (22n(—2Am(1 — 2m + M)(1 — )
+ (—8 + m¢(10 + H; — 2my) + 6m,,, — me(6 + Hf — mg)my,
(S113)
+ (2 = 3mpmpy? — (1 —mpmy3)n — 4mQ2 — m)n?) + by (n
-12Am(H, +1)(A —m) + Am(2 + my (2 —me(2 — my,) + Hy,
= 2my))n — 4m2 — m)n?) + be(n — 1)(2Am(H; + 1)(1 — m)

+ Am(=2(3 — my) + me(8 — 2my, — 2me(2 — M)))n

—4m(2 — m)n?))))

zup® = ((be(n — D (2Am(H; + 1)(1 — m) + Am(—2(3 — my,) + me(8 — 2m,

— 2mg(2 — m)))n — 4m(2 — m)n?)))

/ ((2(n(=26m(1 — 2m + M)(1 — m)

+ (=8 + m¢(10 + Hf — 2my) + 6my, — me(6 + Hf — mg)my, (S114)
+ (2 = 3mpmy? — (1 — mmy3)n — 4m2 — m)n?) + be(n

— D) (2Am(Hy + 1)(1 — M) + Am(—2(3 — my,) + me(8 — 2myy,

— 2mg(2 —m)))n — 4m(2 — m)n?))))
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zZms” = ((bm(n

zro” = —((((n

— 1)(2Am(Hy, + 1)(1 — ) + Am(2 + mpy (2 — me(2 — mp) + Hpy
—2my))n — 4m2 — m)n?))) / (2n(=2Am(1 — 2m + M)(1 — m)
+ (=8 + me(10 + Hy — 2my) + 6my, — me(6 + Hy — mp)my,

+ (2 = 3mpmy? — (1 — mYmp®)n — 4 (2 — MIn?) + 2by (n

— 1) (2Am(Hy, + 1)(1 — /) + Am(2 + my (2 — me(2 — mp) + Hyy
— 2mp))n — 4m(2 — m)n?)))

— 1)(=2Am(be(Hg + 1) + by (Hy, + 1)(1 — ) — Am(bpy (—6

+ My (8 + Hyy — 2my) + me(2 + Hy)) + be(2 + me(2 — 2myy,

— 2mg(2 — m))))n — 8bm(2 — M)n?)))

/ ((4n(=2am(1 — 27 + M) (1 — 7ii)

+ (8 + m¢(Hy — 6) — 10my, + me(6 — Hy + me)my,

+ (4 — 3mpmy? — (1 — mYmy®)n + 4m(2 — MIn?) — 2by (n

— 1)(=2Am(Hy, + 1) (1 — i) — Am(—6 + mpy (8 + Hy, — 2mp)
+mg(2 + Hp))n — 4m(2 — m)n?) — 2be(n — 1) (—=2Am(H + 1) (1
— ) — Am(2 + mg(2 — 2mpy, — 2me(2 — M))n

— 4m(2 — m)n?))))

zgp” = ((b¢(n — 1) 2Am(Hs + 1)(1 — m) + Am(2 + me(2 — 2myy,

—2me(2 — m)))n + 4m(2 — m)n?)))

/ (2n(=2Am(1 — 2m + M)(1 — )

+ (8 + m¢(Hy — 6) — 10my, + me(6 — Hy + m)myy,

+ (4 —3mpmy? — (1 —mpmy3In + 4m(2 — m)n?)

+ 2be(n — 1)(2Am(H; + 1)(1 — m) — Am(2 + mg(2 — 2mp,

—2m¢(2 — m)))n — 4m(2 — m)n?)))
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zps” = —((bm(n — D(-mf(Hp + D) —n)(n — 1) + 2me(n — D(Hyp + 1) — (2

—mpn) + mpy, (2 —mpy)Hy +1) + (=6 + my, (8 + Hy,

= 2mp))n — (4 —my)n?)))) / (2n(-24m(1 — m + M)(1 — m)

+ (8 + mg(—6 + Hy) — 10my, + me(6 — Hf + me)my, (5118)

+ (4 = 3mpmy? — (1 — memy3)n + 4mQ2 — m)n?) — 2by,(n

— 1)(=2Am(Hy, + 1)(1 — M) — Am(—6 + my, (8 + Hy, — 2myy)

+ m¢(2 + Hp))n — 4m(2 — m)n?))))
where Am = mg — m,,, m = (mg + m,,)/2, M = mgm,,, Ab = bg — by, b = (bs + by) /2,
He = (m¢ — 2)mg, Hy, = (my, — 2)my,. We set the female dispersal rate ms = 0.5, the
relative importance of combat relative to all types of competition for the female and male br =
bm = 1, and number of the number of individuals each sex born in the same patch n =5 for

Figure S3c, S5 and S6.

Here we show what if there are differences between the parental genetic effects on daughters
and those on sons in the context of within-group combats, hence left-handedness is
marginally selfish. Under female-biased dispersal, the relatedness between the parent and the
social partner through daughters’ side would be lower than that through sons’ side, hence
genes carried by parents would favour a higher level of left-handedness for daughters than for
sons; while under male-biased dispersal, the relatedness between social partners through
daughters’ side would be higher than that through sons’ side, genes carried by parent would

favour a lower expression level of left-handedness for daughters than for sons (Figure S6).

2 | Between-group combat
Here we make an illustration of the scenario where left-handedness is marginally altruistic,
when between-group combat is the most frequent form of combat, as left-handed individuals

are more likely to win the fights for their group, and this incurs a cost to themselves. The
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models here are based on the same life cycle, but with different fitness function. We
investigate with the same process as that in “Within-group combat”, starting from “Kin
selection”, through “Sex-biased dispersal”, “Parent-of-origin effect”, “Sex-specific effects” to
“Parental genetic effects”. All the consanguinities are the same as those in the context of

“Within-group combat”.

2.1 | Kin selection

We assume that an individual's payoff from between-group combat is proportional to the ratio
of the competitive ability of the local group and the average competitive ability in the whole
population. We assume that each group's competitive ability is proportional to the average
disposition to the opposite handedness within their social arena. That is, with proportion y the
members of the focal group are left-handed and have competitive ability 1-z, where z is the
average proportion of left-handers in the whole population. And with proportion 1-y the
members of the focal group are right handed and have competitive ability z. And the average
competitive ability in the whole population is made up of the proportion z of left-handed
individuals in an average group with competitive ability 1-z and the proportion 1-z of right-
handed individuals in an average group with competitive ability z,which gives

(1-2) z
yz(l -2)+(1-2)z A=y z(1—-2)+ (1 —2)z (S119)

which simplifies to

vy, 1=y
2z 2(1-2) (S120)

Accordingly, the fitness of a juvenile w’ is

: Mo, 1-Y
w = <1—bf+bf(2120+2(1 _lecs))(l_cfoo)<1_bm

(S121)

YFa 1 — YFa
+ bm (Z toa- z))) (1 = CmFa)
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Similarly, the average fitness of a random juvenile w’ can be described by evaluating
expression (S121) at Xmo = Ymo = zf, XFa = Yra = Zm, and the relative fitness of the focal

juvenile W’ is w'/w’
r_ _ YMo 1- yMo) (1 - Cfoo> _
w _<1 bf+bf<2z taa-2 > 1— ¢zt 1= bn

b (@ L 1= Yra )) (1 - meFa)

(5122)

2z 2(1-2) 1—cmZm
Similarly using expression (S122), we obtain the condition for an increase in left-handedness
to be favoured when we consider between-group combat

b+ b)) (1 — 22)n
(bg + by)( )y o CmTo 50 (5123)
2(1 —2)z 1—c¢z 1—cyz

Letting the LHS of expression (S7) be f(z), then at evolutionary equilibrium, if there is an
intermediate level of left-handedness z '*, this satisfies f(z'") = 0, we get the optimal value
of developing as left-handed for a random individual when we consider between-group

combat

1 be+ by )1
o=k et by (S124)
2 T'] (bf + bm) + 27"0

Substituting all the parameters of relatedness to expression (S124), we can get the optimal

value of left-handedness for the genes at locus G when left-handedness is altruistic, z*

- br + bin $125
L T 224 bt by +2(1—(1—-m)D -1 (5125)

2.2 | Sex-biased dispersal

Here we relax the assumption of no sex bias in dispersal i.e. ms # mm, hence psa # psu. In this
section, the relative fitness function is the same as expression (S122). Using expressions
(S122) to calculate the corresponding partial derivatives, we obtain the condition for an

increase in left-handedness to be favoured when we consider between-group combat
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_(bma+banu)1-22) o cmlo 0 (S126)

2(1—2)z T 1-¢z l—cyz
Letting f(z) be the LHS of expression (S126), than at evolutionary equilibrium, if there is an
intermediate level of left-handedness, this satisfies f(z'") = 0, we obtain the optimum of
left-handedness in the context of between-group combat. For example, letting ¢ = cm =1, i.e.

there is no sex difference in the cost of developing as left-handed, we have

bfT]A + me]U
bfT]A + me]U + 27'0

r*

1
Z =3

(5127)

This is the convergence stable strategy, i.e. the overall optima level of left-handedness for all
the loci involved, as f'(z) < 0 is true for all the values of z. Here all the consanguinity are
the same as the previous section under the situation of “within-group combat”, substituting all
the parameters of relatedness to expression (S21), we obtain the optimal value of left-
handedness z™
z"" = 2AbAM(1 — M) + be(4 + Hf — H)n + by (4 — He + Hy))n) /(4AbAM(1
—m) +2(8(1 —m)? + be(4+ H—Hp + bpn(4— He+ Hy))n (S128)
+16(2 — m)mn?)
where Am = mg — my,, m = (mg + my,)/2, Ab = bg — by, b = (bs + b)) /2, He = (mg —

Z)mf! Hy, = (mm - Z)mm-

2.3 | Parent-of-origin effects

Here we consider how the origin of genes mediates the role of kin selection in the optima of
different set of genes, under the circumstances of between-group combat. In this section the
conditions that favour the increase of left-handedness in the population and the relatedness
are the same as previous section “8S1.5 Parental-of-origin effects” when considering within-
group combat, while the relative fitness function change to expression (S122). Letting the

LHS of the expression (S28) be f(z), then at evolutionary equilibrium, if there is an
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intermediate level of left-handedness zm ™ and zm™, which satisfies f(z,,"*) = 0 and

f(zp"™) = 0, respectively, we obtain the optima

- l bfT]AI—M + me]U|—M (5129)
M 2 2T0|_M + bfr]A|—M + me]Ul_M

yom L bmjap * bmmjuj-p (5130)
Pt ==

2219,_p + berjaj—p + bmTjy|-p
f'(z) < 0 is true for all the values of z, thus zm ™ and zp ™ are the optimal values of left-
handedness from the perspective of maternal- and paternal-origin genes, respectively.
Substituting all the parameters of relatedness, we obtain optimal value of maternal-origin
genes, zm
Zm"* = (b (—2Am(Hy, + 1)(1 — ) + 2Am(1 — m)(1 — M — 2m + 2H,)n
+ (8 — 2Am(1 — m)(M — 2m + Hy,))n?) + be(H¢
+ 1)(—2Am(1 —m) + 2Am(1 — m)(5 — 2m + 2Hs + M)n
+ (B8 +me* —mBG —my) — (4 —my)Hy, — me(8 + (Hpy,
= 3my, + Hmy) —me? (—10 + 3my, + Hy))n?)))
/ (2(=2byAm(Hy, + 1)(1 —m) — 2Am(1 — m) (b, + 2(M
(5131)
—2m+ 1)+ byy(M — m¢) + by (2Hy, — Mpyy))n + (b (8
—2Am(1 —m)(M — 2m + Hy)) — 4(1 —m)(—4 — m2(1
—my) + My + M2 — me(my? — 3)))n? + 16(2 — m)mn3
+ be(—2Am(Hs + 1) (1 — m) + 2Am(1 — m) (5 — 27 + 2Hs
+Mn+ (8 +m* —m3(5—my) — (4 —my)Hy, — me(8
+ (Hy, — 3my, + 4)my,) — m(—10 + Hy, + 3my,))n?))))

With similar process, we obtain the optimal value left-handedness zp ™
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910

911

912

913

914

915

916

917

918

919

920

921

zp"* = ((=2bymAm(1 — M) (Hy + 1) + 2bAm(1 — ) (5 + M — 2/

+ 2H)n — 8bn? + by, (—8 + (4 — mg)Hy — Hyy (4 + Hpy

—My) + M(4 + 2mAm + M — 4m¢ — Am))n? — 2beAm(1

— M) (He + 1+ (2 — 1 — 2Hp — M)n + ((2/m — 3)mg

—my)n?))) / (2(=2bypAm(1 — ) (Hy, + 1) + 2Am(1

—M)(2(M — 2/ + 1) + by (5 + M — 2 + 2Hy))n (5132)

+ (b (—8+ (4 —mp)Hy —Hy(4+ Hy —my) + M(4

+ 2mAm + M — 4ms — Am)) — 4(1 — m)(4 — m(1 — my,)

+ Hp — My, — me(1 + mp?)))n? — 16(2 — m)mn3

+ be(—8n% — 2Am(1 — m)(Hy + 1+ (2m — 1 — 2H; — M)n

+ ((2m = 3)yms — my)In?)))))
The optimal value of left-handedness for the perspective of the whole genes of the individual
z'*is

z'* = (20bAm(1 — M) + (be(4 + Hf — Hp) + by (4 — Hg
+ Hy)n)/(4AbAm(1 — m) — 2(by (Hf — Hy, —4) — 8 (5133)
— be(4 + He — Hy) — 8 (2 —m)(n — 1))n)

where Am = mg — my,, m = (mg + my,)/2, Ab = b — by, b = (b¢ + byy,) /2, He = (mg —
2)my, Hy, = (my,, — 2)m,,. We set the female dispersal rate ms = 0.5, the relative importance
of combat relative to all types of competition for the female and male bs = bm = 1, and the
number of individuals each sex born in the same patch n = 5 for Figure S4. For the zoomed-in
parts, the range of male dispersal rate mm is from 0.499 to 0.501, the range of the equilibrium

frequency of left-handedness is from 0.09995 to 0.10005.

2.4 | Sex-specific effects
Here we consider how sex effects add to the mediation of kin selection on handedness under

the circumstances of between-group combat. In this section, the conditions that favour the
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922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

increase of left-handedness, the relatedness are the same as the previous section “8S1.6 Sex-
specific effects” when considering within-group combat, while the relative fitness function
changes to expression (S122). For locus Gi which only controls the handedness trait of
females, using similar methods as previous sections, letting the LHS of expression (S50) be
f(2), f'(z) < 0is true for all the values of z and all of the four coefficients of relatedness
above, at evolutionary equilibrium, if there is an intermediate level of left-handedness zf ™,
this satisfies f(z;*) = 0, we obtain the optimal value of left-handedness z¢ ™~ for all the loci

that control handedness only when they are carried by females

1 bfT']A
e
= 2 Tom + bfT']A (8134)

Similarly, we obtain the optimal value of locus G2 when left-handedness is altruistic, zm ™

bmr]U
ToF + bmr]U

% _
Zm =

1
> (5135)
Similarly, we can obtain the optimal value for the locus G1 from the perspective of maternal-
origin genes, zsm ", and that from the perspective of paternal-origin genes, ze *, and the
optimal value for the locus Gz from the perspective of maternal-origin genes and paternal-

origin genes respectively: zmm ™ and zmp ™

t”* =~ DTAIm (S136)
't ==
21oMm|-m + brja-m
,oe L1 bifiarp (5137)
A
21om|-p T brjal—p
g o= 1 Dmluim (5138)
u=s
" 210p-M T bmTju)-m
1 me]Ul_p
Zmp == (5139)
" 270p-p + bmTju|-p

Substituting all the relatedness in expressions (S134)-(S139) we obtain the optimal values of

left-handedness when considering between-group combat:
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B be(Hy — He + 2(2 — Am(1 — m))n)
 8n+8m(2 —m)(n — 1)n + 2be(Hy — He + 2(2 — Am(1 — m))n)

1'%

Zf

zem'™ = ((bs((8 + He(4 + He — mg) — Hy (4 — myp)
+ M(Hg— Hy, + 2 + 2my, — M))n? — 2Am(1 — m)(He + 1
+ (2m — 5 — 2H; — M)n)))) / (2(2Am(1 — m)(M — 2m + 1)n
+ be(8 + He(4 + Hy — mg) — Hyy (4 — my,) + M(H; — Hy, + 271
+ 2my, — 4 — M))n? + 2n?(—(1 — m)(—4 + MAm — 2mAm + 2m
+2my¢) + 4(2 — m)mn) — 2bjAm(1 — m)(Hy + 1 + (2M — 5 — 2H;
- M)n))))

2" = —(((be(—8n? — 2Am(1 — m)(Hy + 1 + (2m — 1 — 2H; — M)n + (2
= 3)ms — my)n?)))) / (22Am(1 — M)(M - 2m + 1)(1 — mp)n
+ 8bm? — 2(1 — m)(2M + 2my, — 4 + 2MAm — MAm)n?
+ 8(2 — m)mn3 + 2bsAm(1 —m)(H¢+ 1+ (2m — 1 — 2H¢ — M)n

+ ((2m = 3)me — my)n?)))))

e by (Hf — Hy + 2(2 + Am — Amm)n)
m = 8n+ 8m(2 — m)(n — L)n + 2by (Hy — Hy, + 2(2 + Am — Amm)n)

Zmm'* = ((=bm (—2(1 = M) (Hy, + DAm — 2Am(1 — m)(1 + M — 2/ + 2Hp)n
+ (=8 + 2Am(1 — M)(M — 27 + H,))n?)))
/ (2(n(-26m(1 — m)(M — 2m + 1)
+2(1 = m)(MAm — 4 — 2mAm + 2m + 2mg)n — 8(2 — m)mn?)
+ by (2(1 — M) (Hy + DAmM — 2Am(1 —m)(1 + M — 2/ + 2Hy)n

+ (=8 + 2Am(1 — M)(M — 21 + Hyy))n2))))
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940
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943
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945

946

947

948

949

950

951

952

Zmp"* = —(((bnAM(=2(1 — M) (Hy + 1) + 2Am(1 — m)(5 + M — 27 + 2Hy)n (S145)

+(—8+ @A —mpH;—Hu(4+Hy —mpy) + M4+ 2mAm + M

— 4ms — Am))n?))) / ((2(n(—28m(1 — m)(M — 2m + 1)

- 2(1 —m)(2m — 4 + 2mAm + 2my,, — MAm)n + 8(2 — m)mn?)

+ by (2(1 — M) (Hy + 1AM — 2Am(1 — ) (5 + M — 2m + 2H,)n

+ (8 — Hi(4 — my) + my,(—8 — (Hf — 3m¢ + 4)me + 10m,, — M

— MAm — 5mp? + mp*))n?)))))
where Am = mg — my, m = (Mg + my,)/2, M = mgmy,, Ab = by — by, b = (bs + by)/2,
He = (m¢ — 2)mg, Hy, = (my, — 2)my,. We set the female dispersal rate ms = 0.5, the
relative importance of combat relative to all types of competition for the female and male br =
bm = 1, and number of the number of individuals each sex born in the same patch n =5 for

Figure S3b.

2.5 | Parental genetic effects

Here we consider how parental effects mediate handedness considering handedness under the
circumstances of between-group combat. In this section the coefficients of relatedness and all
the nine situations are the same as previous section “8S1.7 Parental genetic effects” when
considering within-group combat, but the relative fitness function changes to expression
(S122). Using similar methods as previous sections, letting the LHS of expression (S66) be
f(2), f'(z) < 0is true for all the values of z and all of the four relatedness, then at
evolutionary equilibrium, if there is an intermediate level of left-handedness zro™, this
satisfies f(zpo'*) = 0, we obtain the optimum of left-handedness from the perspective of
parent’s genes

. be¢rjmap + bmTpup

Zpo

1
2

S146
berymap + Timep + Tjpgp + bmTjpup ( )
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954

955

956

957

958

959

960

961

962

963

Similarly, we can obtain the optimal value of left-handedness from the perspective of parent’s
genes to its daughter

1 berymap
Zpp'* == 5147
i 2 bgryjmap + fjmcp ( )

the optimal value of left-handedness from the perspective of parent’s genes to its son

bm’"]PUP

I'x

1
Zps T35

Tjpgp + bmTjpup (5148)

the optimal value of left-handedness from the perspective of mother’s genes to her offspring

berimam + bmTipum

I*

ZMO0

1
== S149
2 berymam + 1jmem + 1jpem + DmTipum ( )

the optimal value of left-handedness from the perspective of mother’s genes to her daughters

1 berimam
Zvp == S150
MP 2 berpmam + MM ( )

the optimal value of left-handedness from the perspective of mother’s genes to her sons

bm’”]PUM

I*

1
Ms T 5

1pGM + bmTjpum (5151)

the optimal value of left-handedness from the perspective of father’s genes to his offspring

" berimar + bmTjpur

ZF0

1
2

S152
berimar + 1jMcF T 1jpGF + bmTjpUrR ( )

the optimal value of left-handedness from the perspective of father’s genes to his daughters

1 berymar
Zpp = —————— S153
Fp 2 berymar + TjmcF ( )

and the optimal value of left-handedness from the perspective of father’s genes to his sons

bm’”]PUF

I'x

1
ZFs =§

TjpGF + bmTjpUF (5154

Substituting all of the relatedness, we obtain the optimal values of left-handedness when

considering between-group combat
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200" = ((—=(2Am(=24b + bsm¢ — byymy, + MAb)) + (2b(4 + fAm + Hy + M
—2mg) + 2by (4 — 4my, — m(mg — 3my)))n)) / ((—2Am(be(—4
+3me+my) — by (—4 + me+ 3my,)) + 2(2bs(4 + mAm + Hg (§155)
+ M —2my) + 2(8 + Hy — 127 + 6M + Hy) + by (8 — 8mpy
—2m(ms — 3my)))n + 16m(2 — m)n?))
zpp* = ((bfBme(n — 1) + 8n + 2me(2 + my, + (my — 4)n) + mp(—4 + my,

—mpn)))) / ((8n(2 — 4m + m? + M + m(2 — m)n) + 2bs(3ms*(n

(S156)
-1+ 8n+2m(2 +my + (Imy, —4Hn) + my,(my, — 4
—mpn))))
Zps”™* = (bp(m?(n—1) — 8n + my,(—4 —3myu(n— 1) + 8n) — 2M + 4my
—2Mn)) / ((—=2bp,Am(—4 + ms+ 3my,)
(S157)

+ 2(16/m — 8 — 4m2 — 8b,, + 8byMy + byyMs — 6byMy M

+ 4M)n — 8m(2 — m)n?))
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Zmo’* = ((—2Am(be(Hf + 1) + by, (Hpy + 1))(1 — m) — Am(be(—10 + 2m¢3
+ m¢(Hp — 6my, + 16) — 3m?(3 — my,) — Hy, + 4mpy) + by (—2
—mg(1 —my) + Hy (=5 + 2my,) + m¢(BHy, — 2mpy, + 4)))n
+ (be(8 + m¢* + me(my, — 5) + (Hy, — 3mpy, + 4)mpy, — me(my,
—3)(—4 + Hy) — m¢? (=11 + mpy, + my?)) + by (8 + me (myy
—1)+m¢ 3+ Hy —3mpy) — My (4 + my (5 + Hy — 3my,))
+ me(—4 + my (6 + my — mp?))))n?)) / (—4Am(be(Hs + 1)
+ by (Hy, + 1))(1 — 1) — 20m(—4(M — 277 + 1)(1 — 77

(5158)

+ be(—10 + 2m¢3 + me(Hy, — 6my, + 16) + 3me? (my, — 3) — Hy,
+ 4my) + by (=2 — m? (1 — mpy,) + Hyy (=5 + 2my,) + me(3Hy,
—2my + H))n + 2(be(8 + m¢* + me® (my, — 5) + (Hp — 3mpy,
+ A)mpy, — me(my, — 3)(—4 + Hy) — me? (—11 + mpy, + my?))
+2(8+me? (4—-3my) —mE(1 —my) + my(—6 + Hy) — me(10
+ Mp (=6 + Hy —my))) + bpn(8 — me (1 —mpy) + me? (3 + Hy,
—3my) —myu(@+my(5+ Hy —3my)) + me(—4 + my, (6 + my,
—mp?))))n? + 16m(2 — m)n))

zup”* = ((be(—=2Am(He + 1)(1 — m) — Am(—10 + 2m¢® + me(Hy, — 6my, + 16)
- 3mf (3 —my) — Hy, + 4mp)n+ (8 + me* + m3(m,, — 5)
+ (Hp — 3my + H)my, + me(3 — mp)(—4 + Hy) — mg? (my, — 11
+mu2)n2))) / (—4bdm(H; + D)(1 — i) — 2Am(=2(M — 277
+ 1)(1 — m) + be(—10 + 2m¢® + me(Hyp, — 6mpy, + 16) + 3m?(my, (S159)
—3) — Hy +4my))n + 2(8 + m¢? (4 — 3my) — m (1 — my,)
+ My (—6 + Hy) — me(10 + mpy (—6 + Hyy, — my,)) + be(8 + m¢*
+me(my — 5) + (Hy — 3my + H)my, — (M — 3mg)(—4 + Hy,)

—me? (=11 + my, + my?))n? + 8m(2 — m)n?))
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zZms”™ = (b RAm(Hy, + 1)(1 —m) — Am(—2 — m¢? (1 — mp) + Hyp(2my, — 5)
+ m¢(3Hy — 2mpy + 4))n + (8 + m (my, — 1) + me? (3 + Hy,
—3mpy) —mu(4 +my(5+ Hy — 3my,)) + me(—4 + mpy, (6 + myy,
—mp)))n?))) / (—4bpyAm(Hy + 1)(1 — m) — 4Am(—(M — 2m
+ 1)1 —m) + byp(—2 —m?(1 — my,) + Hy (=5 + 2my,) + me(H,,  (S160)
—6my +4))n+2(8+me? (4—3my) —m(1—my) + mp(—6
+ Hy) — me(10 + mp (=6 + Hyy — my)) + by (8 — me? (1 — my,)
+me? (3+ Hy — 3mpy,) — my (4 4+ my, (5 + Hy, — 3my,)) + me(—4
+ My (6 + my — mp?))n? + 8m(2 — m)n))

250" = ((=28m(be(Hs + 1) + by, (Hyy + 1))(1 — ) — Am(b(=2 + He(=5 + 2my)
+ 4m, + me(3ms — 8)my, — (1 — mp)my?) + by (—10 + 6m;
— m¢?(Hp — 6mg + 16)my, + 3(ms — 3)mp,?2 + 2mp,3))n + (be(—8
+ me* + me3 (my, — 5) + My (4 + Hy — mpy) — me(—4 + (my,
= 3)Hp) — me2 (M — 5+ mp?)) + by (=8 — me3 (1 — my,)
+m¢? (5+ Hy, — 3my) — mp(—12 + mpy, (11 + Hy, — 3my,))
+me(—4 + My (2 + My — My *))NIn?)) / ((—4Am(be(Hr + 1)
+ by (Hy + 1))(1 = 71) — 20m(—4(M — 27 + 1)(1 — i) + be(—2

(S161)

+ H{(2m; — 5) + 4mpy, + M(3ms — 8) — (1 — mp)mpy?) + by (—10
+ 6ms — me? (Hg — 6me + 16)my, + 3(ms — 3)mpy? + 2my,3))n
+ 2(—16 — 16Ab + 12m¢ + 4bgmg — 4byyms + 4m¢® + Shymy?
+ 5byms? — 2mgS — 5bem® — byme® + bemg* + (4(5 + bg + 3by,)
+ 2(=6 — 2bs — Ab)Yms — (6 + 2b + 4by)mg® + (2 + bg
+ bp)me)my, + (—8 + 6mg — be(3 + He — 3my) + by (=11 + mg
+me?))mpy? + (2 + 2b + 4by, — 2(1 + b)ympmy,® — byympy,*)n?

—16m(2 — m)n?))
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968

zpp™* = ((—=2beAm(Hs + 1)(1 — m) — Am(—2 + H¢(2ms — 5) + 4m,
+ me(3mg — 8)my — (1 — mmy?)n + (=8 + me* + me3 (myy,
= 5) + mu(4 + Hy — M) — me(—4 — Hpn (3 — mp)) — me® (my
=5+ my*Nn?)) / (2(=2bfAm(He + 1)(1 — M) — Am(—2(M
— 2 4+ 1)(1 — M) + be(—2 + Hi(2ms — 5) + 4my,

(5162)

+ me(3mg — 8)my, — (1 — mYmp?))n + (=8 + me? (2 — 3my,)
—mB(1—my) + My (10 + Hy — 2my, ) — me(—6 + my, (6 + Hy,
—mpy)) + be(—8 + m¢* + me* (my, — 5) + my (4 + Hyy — myy)
—me(—4 — Hn (3 — mp)) = mg® (M — 5 + mp?)))n?
— 4m(2 — m)n?)))

zps”™ = (b (—2Am(Hy, + 1) (1 — m) — Am(—10 + 4m; — Hf + m,, (Hp — 6ms
+16) + 3(=3 + mp) mp? + 2mp3)n + (-8 — m3(1 —my,)
+me?(5 + Hy, — 3my) — my (=12 + mpy, (11 + Hy, — 3my,))
+ me(—4 + My (2 + My — my?))n?)))
/ ((2(=2byAm(Hy + 1)(1 — ) — Am(—2(M — 27 + 1)(1 — i)
+ by (=10 + 4ms — He + my (Hf — 6ms + 16) + 3(=3 + mp) my,2  (5163)
+2mp3)n+ (=8 + m¢?2 (2 — 3my) — me® (1 — my,) + my (10
+ Hy — 2mp) — me(—6 + mp (6 + Hyy — my)) + by (-8 — me3 (1
—my) +m?(5+Hy —3my) — my(—12 + my, (11 + Hy,
= 3mpy)) + m(—4 + My (2 + My — My ?))))n?
— 4m(2 — m)n?)))

where Am = mg — m,,, m = (mg + m,,)/2, M = mgm,,, Ab = bg — by, b = (bs + by)/2,

Hf = (mg — 2)mg, Hy = (M — 2)myy,.

Here we show what if there are differences between the parental genetic effects on daughters

and those on sons in the context of between-group combats, hence left-handedness is
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969  marginally altruistic. Under female-biased dispersal, genes carried by parents would favour a
970  lower level of left-handedness for daughters than for sons; while under male-biased dispersal,
971  genes carried by parent would favour a higher level of left-handedness for daughters than for
972  sons (Figure S6).
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