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LETTER TO THE EDITOR _

Are Intragametlc COﬂﬂlCtS Common in Nature"
Do They Reépresent an Important Factor in Evolutmn"

Modern sociobiological -approach to Darwinism ¢an be summarized in the
statement that natural selection; opetating on the individual level, favors,
at-least in-some sense, features which increase the expected: number of
“duplicates of one’s gene; passed 'on to the next generation. In this context,
.the very use:of the term ‘“‘one’s gene” (e.g. Hamilton, 1964) implies the
 tacit but crucial assumption that any change in the feature of the individual
affects the ‘reproductive success of all its genes in exactly the'same way.
Thisis indeed the case for all diploid genes; segregdting “decently” according
‘to Mendel’s law. If two such genes are carried by the same individual, the
expected number of duplicates passed on to the next generation by each
of them is exactly the survival probability of the carrier, multiplied by half
of its fertility, namely its Fisherian fitness. In the case of partial selfing, this
value must be multiplied by the same factor for all the genes in the genome.
The expected number of genes, identical by descent to any Mendelian
diploid gene carried by the individual in question, will be equal to the sum
of fitnesses of its relatives (including itself), each multiplied by Wright's
coefficient of kinship. Any change in the individual’s behavior (or
phenotype) will, thus, change this expected number in exactly the same
way for all genes. This expected change, namely Hamilton’s inclusive fitness
(Hamilton, 1964), can be attributed to the individual’s behavior rather
than to any specific gene.

The fact that the bulk of genes in our genome are fully diploid and
apparently segregate according to Mendel's law is the basic justification for
the sociobiological attempt to explain the Darwinian association between
natural selection and individual adaptation on the basis of selection for the
“seifish” gene (e.g. Dawkin, 1982).

In some cases, however, different parts of the genome can reproduce
independently or at least according to different probabilistic laws. In such
cases, natural selection, operating on parts of the genome can enhance
features which are unfavorable for other parts or, maybe, for the individual
carrier.

We know, for example, that pieces of DNA can be carried by viruses.
They can also replicate and establish themselves as “moving genes” in
several loci of the same genom, thereby increasing the chance of their being
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66 1. ESHEL

by a fraction @, 0 <a <1, and increasing the survival probability of the
carrier’s female offspring by 8a, 0 <8 <1.

A recessive mutation B - b on an autosomal locus causes an aggressive-
ness of a male carrier toward its female offsprings, thereby reducing their
survival probability by a fraction S8(0 <8 <1) and increasing the survival
probability of the carrier’s male offspring by #’B. For the sake of simplicity
assume ¢’ = 6. Assume further, that the mutations a and b do not suppress
each other’s effect (e.g. they may correspond to different aspects of parental
care). Instead, they are combined in an additive way. The survival prob-
abilities of male and female offspring born to the six types of father, relative
to the survival probability of an offspring of the wild type are given in Table

TasrLE 1
huwaazm:n_a &n male types and survival w__.cg?rQ of their &w%::wh

Survival ~ Survival Frequency of

Father probability, probability, father’s type in

type male offspring female offspring the population

A|BB 1 1 X131

A|Bb. : 1 1 X12

Albb R ) . 1-8 X3,
_alBB- - l-a : ] 1+ 0 X34
" a|Bb ' . l1-a 1+fa X520

albh - 1—a+g8 =~ © 148a—-8 : : N

Finally we assume that neither the mutation b or a affects a female
carrier, and that mating occurs at random.

The number of surviving male offspring in the vovimaou ?.w_mﬁ:.o to the
number of surviving males in an equal population of the wild type) is -

where .
X Xt s | @

is 9@ E.ovoaoa Qm 90 mutant allele a among males.
The relative number of females will be

F=1—B(x;3% xp3) + 6. (3)

. Denote by y; the frequency of females of the genotype ij where the
indexes i=1, 2, 3 stand for the combinations AA, Aa and aa of genes on
the X chromosome, the indexes j=1,2, 3 stand for.the combination of
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“In the same way we get the transformation of the other 14 genotype
frequencies from generation to the next:

1 x . 1-a
HFHH wmm_wﬁ+9@.&5+%+GIQ.I9$&8+ > MNL
1
+— Yas —”M:+w..m.m+ﬁ Rv ARE+HVH_
73 2
1 i X 1—a
- ..H.mu.llﬂufv G.+&wva_w+ m»+ﬁ.l9+9$uuu+ > .aﬁu_
| , 1 T x | x S
HNHH]S& k:+|_N+ﬁ a) AHNH+MVQ (6)
“ 2
R 1 T X12 . : 1-c
X22=—YaB C+9mvk~u+ +(1— Q+9mvkmu+|kum”_
rITL 2 2
1
+..| Yab- _“.«S+w+: Qv Aaﬁ+%vH_.
Hm.q..ﬂl wnv Q+m_mv§m+ 2 +.,ﬁ‘l.n...,+‘mhukuu+. 5 Y22

and by maaawsm

., , , _1+8B(xs3+x3)—ax
X =Xt X0t Xn= m umt = (Yap + Yab) =Y. (7

As for the ﬁoEmHm types we mﬁ

] ) AM.+EV
Yu= .m,ufw nT,”

- H., - x .H
= v,S. Hﬁv&vﬁa:+%v+§w _HG. mvhs+ MSH:

1

Yis Iwufw_HQ _SHE+HMH‘NH_

, _ 1 X | X
. u\ﬁumﬁwﬁﬁkﬁ+ Muv+u~>w:,+mnv AH~H+INmmvw

, 1 x NEEE D
Y22 = F T\%Ak: +..M.mv + yas(1+ 6a) A&E +%V#

+u~£w _‘V..QI_EHG+%H_ +w>m _Hﬁ+am _mvxum+

H+mﬁx H_ Amv
5 Y22
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where : ‘
p=1—a+68 o (14)
F=1+6a—p" N C)

The Qmob<m_=0m of the Ew_ﬁu ( Hmv are Eo solutions of the characteristic
equation .

-X —X H|Q|H
an_uan.w_ﬂ T_H Hml% Wma W,Is .WU =0 (16)
. 4F
which are
o A=aa=0 - an
py Y FEVBHE (18)
>:|_,\_WH 8(1— Ein (19)
. afF o
>qmumﬁ_||n+pﬁ.,\?+~lnv~+h_+maw. (20)
_ T4l n OB F
One can readily verify
A <As<1 - - ~(21)
and also o ,
| A4l < As, |Agl<< As. (22)

Finalty, mBﬁ_owEm equations (5) and (8) implies that _>w_ =Az<1 if and
only if

Hl.m._.amvw . (23)
Employing equations Qé and ﬁmv equation (20) _Bﬁrom that [A4|=

1 if and only if 268 < 6(1+6a)—(1—a).
This is equivalent to

1-46
1+8°

C,+ %v?l vam.m _ (24)

Since omzmnm.a (24) .wu_um,mm on_cmﬁmo.m (23), we have our firt corollary.
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72 _ . ‘1. ESHEL
In the interior x(1—x) >0, equation (29} can be written as

aﬁ Hv

e -

where

»u%+mf§ |@v. (31)

—X X

X33/ (1 —x) and x,3/ x are the relative frequencies of the homozygote type
bb among males nmaw_m the allele A and a respectively. Thus, when the
allele b is.absent x;5/1 —Xx = x,5/x=0. When Eo allele B is absent x,5/(1—
X)=2x,3/x=1..In both cases

A=a8>0. (32)

Corollary 4
The wild-type equilibrium x;, = y,; =1 is never stable.

Proof. At this point L =0 but at any interior point at its vicinity x(1—x)>
0 and L > 0. Since the condition for equation (32) holds at the equilibrium,
we know that A>0 at its vicinity and, in interior points it follows from
equation (30) that L'> L > 0. Hence, convergence to the ﬂ&&-ﬁvm equili-
brium is impossible.

- 3. A Condition for Global stability of the. Double Mutant Equilibrivim
Proposition 5

Suppose
o B=ab : (33)

Eon (i) if Eo nos&ﬁou Aw& for _oom_ %mc&@ of the nocEa mutant
equilibrium holds, then this equilibrium is also globally stable. (i) Xf

Hlm
>(1+ ul
wmm (1+9 VAQ H+%vVo - Gé
then we always have fixation of the mutation a with a protected polymorph-
ism of B and b.

(1F) If

1-9
1+6°
then the fixation of the wild-type allele B and the mutant allele a is globally
stable.

L oa <0 , o (35)
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74 o R I. ESHEL

Hence, if equation (35) holds, R’ = R with equality at the corners only. R
is a Liapunov function on the a-surface obtaining its minimum on the aB
comner and convergence to H_Hm corner. m.oB any i inner point on the surface
follows.

If equation (24) holds, R"=R with equality at the corners only and
convergence to the ab corner (on which R obtains its maximum) follows.
(In this case, stability can also be proved by local analysis).

_Finally, if equation (34) holds none of the corners is stable which proves
part (ii) -of the.propositions.

Nmia;ﬂm

-(i) By a change of notation, equations (39)-(41) become equivalent to
those corresponding to a special case of a one-locus model, studied by
Uyenoyama & Bengson (1980). The reader is referred to their analysis.

(i) The increase of the frequency L of the allele-a in the population,
seems obvious from arguments of inclusive fitness. The allele a induces its
male carrier to increase the number of daughters (carrying the father’s a
allele) at the expense of sons-(who do not carry the father’s a allele). Hence,
its effect on the father’s behaviour is to increase the mmﬂo s number of copies
in the next generation.

Yet it is easy to show that the value L {or, for this argument any weighted
average of x and y) does not necessarily increase from one generation to
the next if 8> 0. It can decrease if x,3/x—x;2/(1—x) is large (close to
1), ie. if the association between the mutant allele - and b is strong.- In
this case (with 8>.a@) the allele b, associated with the allele a, may causé
a Jarger drop in the survival probability of male offsprings.

Note that the argument of inclusive fitness, when applied to multilocus
problems, ignores the effects of linkage disequilibrium which may be intrinsic
to the evolution of a combination of interacting features. It is the intuitive
argument of inclusive fitness, however, that have motivated this work, and
specifically the analysis suggested in this section. Moreover, most predictions
made on the basis of (modified, locus dependent) inclusive fitness argumerits
are shown to be virtually true, at least for the Bono_ analyzed in this paper
(see the discussion);

6. Discussion: Locus Dependent Inclusive Fitness and the
Evolution of Inner Conflict

The m¢o:.:wou of asexratio 1: 1in diploid vov&mzouw has been explained
by Fisher (1938) in the following way: Since in a sexual population the
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76 1. ESHEL .
described above, this is the case when

A=ba—p A%rwwv <0.

Yet, employing the simplest possible two locus model, the surprising
prediction based on the inclusive fitness: E.demE is'shown to be true moH
a non-degenerate set of parameters.

‘The model suggested.- here is aimed -at- %Bouﬁaﬁﬁm the theoretical
possibility that, contrary to common belief, contradicting features, harming
the general fitness of the individual, may not only be a result of misadaptation
to a ‘mew environment, but can evolve in a-stable. environment due to
different rules of selection operating at different loci:

~It is not the intention of this paper to claim that the evolution of inner
conflicts is typical to sexual x-y ﬁouﬁmnoam. It maintains -only that this i is
vOmm_Em mua can _oo fully Qﬁﬁbom on the dm&m om E:E.m_ m&@nﬂou. :

memwmzomw

mmmm,ﬁ.H ﬁwqmv E.NK&QNK 351
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