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| ‘n‘q'T'R_obucuom' ‘
LThefimporténce;of,thé,matingtsystem as an

'evolufibnary7fact9r has been recoghiééd.by many Gp?kers,

' including Darwin, (1871)5 Haldane ( 193‘2).;, _‘ap& Huxley (1942).
. In_féét‘.when.genetigudifferéncésgin}mafing gbiiity

exist among individuals, the genes leading to more

.succeSSful.matingsfwiiifféhd\tb épfead iﬁ_the»populaxi¢n.

In Drogophila melanogaster; a variety of mutant male

' genotypes which are less successful in mating than the
_wild type is known, e.g. cut, raspberry, vestigial, white
and yellow. : B

| The aim of the presenﬁ.wpfﬁ;ia"ﬁofbredic§ﬁchanges
.of:géne.f:éqgenéiés 1n4e#periméntal,yopulatibns due to
the sexX-linked gene; yelloW. |

Since mating ability is only one of the forces of
selection, effects caused by all other. forces should be

. taken into acéount, hence total fitness should be
measured., . o S T o

By fitness we mean the "average ability to pass on
the genes to the next gene:axipnu“(xn;ght and Robertson,

195?). Any measure of fitness is fhen a measure of the

representation/.



representation of génes in the next generation.

If & populatlon conslsts of different classes,’
their frequency distribution will change with tzme o
unless the«:elative inc:eaeg 1p pgmberg.of alllclaasgs

- is the same. This relative increase was proposed by

Fisher (1930) as & measure of fitness - which he called -

the ”Ea;thusian'parahétéi of population increase".

When the'cdnstituting"clggsge'aré genotypes, each defined

by a MalthuSIan'paramete;y'm. the distribution of gene
' frequenciés in‘populations ¢an be predicted, (Crow and '

Kimura, 1955) .

In what follows. an alternative measure of fitneas;”

will be used, the'quantity w dgfiped by'Sewa;l wright
(1949) as the selective value of a given type of zygote,
(fertilised égg);‘adsumed'to*be'meaéﬁréd‘by its averaée
contribution under the pféyai}ing’édnditiops to the
array of zygotes produced a generation later in such a
way that w is the ratio of the effective size of the
population 1n'thé'folloﬁing generation to that under

consideration.

The Malthusian parameter. m,'and the Sewall Wright, =

w, are related as w = ¢8 (Haldane, 1932).

For o random mating population the change in

frequency/
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frequency of an%bsamal‘genes, ' q,. and the average fitness,
‘w, are,‘fo: diploids, related by SeW#ll,wright’s‘(lgéz)
formula, | L o ] B B
Cmeeiem @ Gy
o T g A LT
"Thla:forﬁuia'éeSumeé;that the Selective values are’
independent of the sex, or, in other words, the’ eame
genotype has the same relative fitness Whether male oxr
éfemale.' ‘This can be t:ue for the‘caee ‘in which the ’
_viability to maturity is the unique fitness compozent.
" (see later) and 1t can be fairly assumed that for'
autosomal genes it will ﬁé‘eo, © But Af séieéﬁioﬁ acts
through di fferential fertility, this cinnot be assimed”
“a'pf15§i“,’éé’fértiiiﬁy“iﬁ"%ﬁé téd"ééxee'is*a‘comﬁletély
' difféfeﬁt\bfdlogiéai pideééé;“"in'th;e"éééé’ﬁhe above
fbrmﬁia“ééﬁgffﬁufeéréﬁiyra é&od approximation when the
above coefficients are small. In'the'éaSé of ‘sex-linked
genea two formulae aheuld be used, one for each ‘sex. .
But if the selective coefficients are small, the formula
(Wright, 1942), R ' ’

aq-g(l=q) g . . = (2
& da- L |
where w is the geometric mean of the average fitness in

"the/
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the two sexes gives é'good -approximation.

In an experiment where changes in gene frequenc1ee
can be observed, it is possible to calculate the w's
| (see Reed and Reed, 1942; Kerr and Wright, 19542, 1954*’-
.wrlght and’ Kerr. 1954), ' ‘

jThe”measurement qf“tqtalffifhésé”g@h be'attembteé
by bréaking it down into SGVQral‘cémponénth'ﬁéasuring.
each separately and assembling them in proper order. In

the present Wbrk'thé'méaburemént'of’componéhts,'namély,'

”'vviability, fertility and matlng ability ia attempted.

Also, inbreed1ng is used to modify the genetic background
' hoPing t0 cause ehanges in the selective eoefficients.'

. '4/,.
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REVIEY OF LITERATURE

Itfhaé'ﬁgeh'ehOWQ 1nuprbadﬁhila that yellow males
mate more frequently withzyeliowvthaﬁiwith wild type
females. ~ 'Also, the'ﬁild»type ha;eéqaxe more successful
~ than the yellow onee'ip pating‘%ith_eithe;_yellow or wild

type females (Sturtévant,”igls;_?Diédxich, 19413 Merrell,
1949 Koref-Santibanez and Waddington, 1958). o

- Merrell (1949) conducted “female preference" experimente
where wild type apd,yellow5malea competed for matlng with
‘wild typé or yellow females, He showed that mo difference
existed in the proportions°%f’f6males inseminated by yellow
and wild type males when the experlments were performed
either in the darkness or~in light. - Bastock, (1956), in
gimilar experiments, was unable to show that the females,
after the removal of their antennae, received the yellow
males more readily. Rather it was found that the
vibration of the wings is given by the yellow males in
ghorter bouts and at longer 1££érvals;, Bastock suggested
that feeble courtship behaviour of the yellow males fails
to induce matlng response in’ the females. -

- The 1esser auccees of the yellow males in mating when
inTGOmpetitzon thh.wild type has the immediate result of
reducing the freguency bf the‘yélloﬁ.gene in a population,
other things being equal. |

An/



An attempt to measure the deéree Qf seieciive
muting and to use it to predlct the. change in géne .
. frequency due to this effect was made by Merrell (1949,
. 1950, 1953). This anthor (1950). deflned as “female .
mating ratio”the ratio of matings performed by one kind
-of female to. the matings. performed by the other kind;
! ,Pmale.matipg ratio® i® defined5analnggaly, _Uslpg:"
.these.ratios, with the“Drosbphlla mglaﬁogéster-mutants,
.tcut, raspberry, forked and yellow against wild type, he
.waa able to predict the change in frequencies of
experimental populations.-"The experimental values
for cut and yellow obtained, by Ludwin (1951) agree
fairly well with the Valuee calculated by Merrell (1953)
: . A spimilar attempt Was made by Reed and Reed (1950)
ueing the white mutant of Droaoggila melanogaste .
They found that the white mntanta mated 25 per cent less
ﬁlfrequently than the wild type. This was in agreement

. with the predicted change in gene frequency.

‘The female and the m‘a.le.mating ratibs of Merrell,
and their relationship with other meaaures ofupreferential
mating will be diseuesed. ‘ In particular, the d0 called
"isolation indices® are of intexgst, since these refer to
the degree'of sexual isolation between populations.

Consider/



Consider aisitﬁétfosfip‘ﬂhich two populaﬁionéi
A.éhd B, coexist in thé saﬁé area; 'thé'fféquenéy of
the four kinds of maxings, tvo homogamics (AA and BB)
and’ tWo heterogamics (4B and’ BA) determine the degree N
of isolation between the two groups. These matings
are shown diagramatically (after Herrell,-lQSO),

. e S : ,

A—— A

B ——m—=B

_ ‘Five kinds of experiments have been made to estimate

the_&egree.of isolation.

1. Direct Observation: Sturtevant (1915) observed the

‘fréquénéieé'6f:@afiﬁg'$etweéh‘ﬁhe'twd groups when put
together. R - ’ |
8. Pair Watings: Patterson, Stome end Griffin, (1940),
‘ obﬁervéd‘thé'préﬁdf%ibh'bf matings when the four
“types of péiré'aréfgsoiatéd’from‘eédh other.

3. Femele Cholce: Diedrich, (1941) 'and Merrell, (1949)

-ﬁlaéedffeméles'af'one'kind with two kinds of males -
holding the three classes in equal numbere, such that
 the males outnumber the females ‘two to one.

4. Male Choice: Mayr and Dobzhansky (1945), Dobghansky

and Streisinger (1948), Patterson, NcDanald and Stone
(1947) and Merrell (1949) placed one kind of male with

two/
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'twégtygéé df'females. Records’ were ke?t of the
first female to mate."‘
T f&ultiple Choicez Reed and Reed:(1950) pla\.ed all

_four types - two male end the two’ female types
41§ tpgether.’ The proportione of the four types of 3
‘matings were estimated from an examination of the

" the progeny.

. Por the measurement of sexual isclation, various
indices ha#embééﬁ prcposed; Stalker (1942) proposed an’
"Isolation Index® Which is defxned as the ratio of the
difference between homogamic and»heterogamie matingS'tga
their sum in the “male choice" axperxments.  Hé used it .
. to measure the sexual iselaxion between strains of

Drosophila virilis.

\ Levene and DobZhansky (1945), defzned an. "Isolation
Ratio® which is the ratio of the probabilities (aSgumed
cdnéfaﬁt) of homogamicjaﬁd heterogamic inaeminéiions in
"male choice" exyeriments. _' o o _; o
Bateman (1949), believing that the choice in matlng'
;15 made ﬁy the female, dietingulahed between.“ﬁexual
‘{solation® ‘(dependerit oﬁ:iﬁe'abiiitiidf the female to. .
recognise the males ‘of .their own épeciés’ and "mating
propenaity" of the female, (the facility wiih_which--'
females become sexually excited). He‘ﬁropbsed'a.méaéure

of/
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of "true" sexual 1solation, (joint 1eolation indices),
given by the awerage of the two complementary indicee of
"Stalker, one “for the mating (A,o B)Q X A67and the other
ffor (A * B)g b4 Bd’ The matlng propensities a:e measured
"by half ﬁhe difference of theee in&xees. S )

| Levene (1949), discussed Stalker'e 1ndex and the
HfBeteman "joint ieolation index¥ derived fram it, pointing'\'
“ouz that neither takee account of 'the time taken bef’oref"~
'“mating ocurred. _ In fact, 1f Pli "dnd Plz are the progeny"
"of females belonging respectively to the etraine 1 and 2
'both pll and 912 tend to 1 and thue the meting propensity,_'
icoefficient tende to zere. f The disadVantege is etill |
more marked 1£ the Joint coefficient ie ueed. | In this'
‘caee, there are two complementery (1n Bateman terme) er
reeiprocal (in Levene terms) coefficiente whese average o
gives the joint index of Bateman. Suppoee a eituetien B
:where no isolation exist9°' the jeint ceefficlent eheuld

:?in the twe reeiprocal experiments may be different, a“
'Anon-zero index could occur. L'““ S '. ‘

' Levene then preposed a further 1ndex of isolaxion
which was leee affeeted by the time factor. : He found
with Levene and Dobzhansky (1945) .ﬁhet the prp%aeiiiti |
-~ of ineeminetioh in male choice experimeﬂtszeae‘conetant

and/



and waﬂ*tﬁua”abie to develop “édefficiénte of-isoiaxioh“ :
Kis and K21 for the two reciprocal crosses and a "JOlnt
coefficient“ as the awerage of the two. both are

functions of the probabilities only."

i

K12 = 2712 - and Kel 1 h?l (3 and 3')
¢hiz . Iehyy - -

where hlé and h21 .are respectively the ratlos of the two
probabilities for each reclprocal CrosSse. From these
Levene derived also a cdéfficient"of5ﬂexbesé-of‘

insemihaﬁioh“ bf’bne'éfrain‘dvef'hndthér; ‘This was -

"'given by oneé half tie difference between Kig and Kél

"(analogous to Bateman's ﬁnating propensity" coefficient).
Levene'e "coefflcient of isolation“ seems to give
the moat accurate eetimate of a situations 4
Nevertheless, “as Merrell (1950) painted out; any
'vanalyais of datg.from‘mating experimegta shQu;d separate
the effects'éf'séi;aifiséiatién'ffbthhdéé’of”séleétive__
ﬁating, whichvtﬁe-EVeragfﬁg of two cééfficienfs ébscures.
7,'He then proposed two measurements, one for the “sexual
‘isolation" and another for the ”mating propensity“"“ﬁs
the latter meaeures the strength of selection for one ‘
'type or another, it can be used to. predict the changes in
gene freduency due to selective‘matipg. ' Theyhgre’the N
"female'mating ratio” and the “male mating ratio® referred

to/
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to above. _
He defined an "isolation estimate®, which is the:
ratio of the heterogamic over the homogamic matings.

Since the mating frequencies of both types of females

and males appear in the numerator and in the denominator,

the "mating prepensitiés° cancel out, thus the "isolation

estimate“ is independent of the "mating propeneity”'

On the other hand, assuming again with Levene: (1949) ‘that

the probability of inseminatlon of a particular croes is

constant, the “isolation estimate" remains independent

of the ‘time lapse to mating. 'g L |
..The iemale and‘male mating ratios referred to ahove

and used by Merrell ae a.meaeure of mating prepensities{

and in a later paper (1953) to predict the change in gene '

frequency due to selective mating are defined respectively

by

M,. _ AA s+ BA mm AA0AB ) (4 and 4')
— BB ¢ AB "BBeBA . .

where AA. BB, AB and BA are the mating types defined-
above. ' -

Mf and Mﬁ are, then, respectlvely the ratios of

matlngs performed by one type over "the matinge periormed

by/
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. by the .other, for females and males, when the types to
be tested are in équal numbers. - Or in other Words,
" they represent the actual selective ﬁgtiﬁg ﬁfdﬁbffions

of the two type# of females and males; 'they can thus be

used to predict changes in gene fréquency if the tiio types
‘aiffer by one allele responsible for the mating ‘differences.

Nevertheless; -thé‘ mating r’&t’ib‘e; when wsed to predi ct
changes in gene frequency have the following dificiences.-'
j’1. -They must be calculated when the relative proportionl
of" the two types to be tested are equal. . L
L They aseume the ratio to ‘be constant for all genotypic
S;equencies in a population; ‘This is ngt opvlously |
. i 'eo . ', | .. . | | .' . . |
B 'They -assume a constant probability ‘of mating for each
-eross, a faet which - was not verified experimentally.

The most recent approach to this problem was that of
Petit (1959). = She proposed a "coéfficient de seléction

sexuelle", K, given by

KeMe (5)
B/v ‘ |
Where A and B are respectively the number of femalea
inseminated by respectively a.males of one kind and b
males of the other.

This/
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Thiel"epeffieieﬁt“‘ﬁee'net'proﬁdeed.tgmpfé@iet
éhanQES‘invgene'fiedﬁeﬁc&;”ﬁﬁtwfor the:etﬁay“of ihé"ﬁ
_ variations 6f the coefficient itself with changes in the
i genetic background. B _ |
' Nevertheless, it overeomes the first of the objections
:raised above. On the other hand, the variations in K
" 'Petit observed might still be explained, at léast in pert,
f‘by the “one sided;mating propensities“ referred to hy
Dobzha.naky (1944) ' An ‘example is the eituation where '
_'the A melés mate more readily with A than with B females
"but where B malés mate at random with both female types.

It ea.n be’ s-één_"fidﬁi the ebove discussion that the

ﬁéaeufeﬁéhﬁhdf'fifnééeeﬁésh%eéﬁ an ektféméiy cémpiéi°'
: problem and that the 1ntroduction of many systems ef
meaeurement. each with a different texminology, has made
any study in this field very tedioue. o _ '. .
| Nevertheless, eince no syatem preposed te “date is‘

ompletexy adequate. a further aystem will be introduced
below in en attempt to overcome the remaining deficiencea

referred te above.
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METHODS

THEORETICAL _APPROACH

The_Components of Fitness °

' The 1ife cycle of a diocecious organism guggests
the breaking down éi total fitness into Viabilitz
and Fertility. Since a particular genotype can be
léss fertile'than'andther, either because it‘mates
less and/or because'it'produces less’gamgﬁgs. it is
convenient to divide the fertility compoment into
zygotie fertility (mating ability) and gametic
fertility. Thus, viability is concerned with: the
survi#ai‘df:génotypés after formation of the zygotes
(develépﬁéhta1 component); whéreas}zygotiC-fertility'
deals with fhé'ébilitﬁ of genotypes to éecufé'ﬁéting'”
(behaiiour‘ébmponénfj'and gemetic. fertility measures
the production of gametes (phyéiplbgical component) .
Each qf_these'éomgohehts‘repreaénte a different
biological process. It is possible that_the_ggmétes'
produced by the same pafent but with different gene
content could differ in their ability to fertilise.

If this were ao; #he compgnent woul@ be‘included

in the estimates of viabilities and those of gametic’
fertilities and thusvcouhted twice.  But, as only
one case of this type of seleétion is known in -

Drosophila/'
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' Drosophila (Wallace, 1948) it will be assumed

it does not éxist at all, .

T

The Measurement of Fitneas Components

Differential viability between two genotypes

is measured_aa the,p;oporggqn_of maturerlndlviduals

of one geuofype'iu'rélgtion2t6fthﬁ¢ﬁof.the,other;

. whereby eaghugenotype is weighted by its zygotic

frequehéy: {f”p and q aré'the zygotic'fréquéncies
and p' and q' the frequencies of genotypes at

maturity, the viability component. v, is given by,

B e W B ()
T _

.~ .in accordance with Wright's:(1949) definition.

. similarly, ‘differential gametic fertility is measured

as the proportion of gametes préduce&lbj'éﬁé genotype.

4in relation'to‘that of thé-bthei.'weighﬁed'by

'j,respective gene frequencies at mating.

Maximum - likelihood éstimates of ' coefficients

‘are obtained'simultaneOusly for:viability and fe:tillty

by attributing coefficients of fertility to parents

and of viability to the progeny. Tables 1 and 2
were set up respectively, for female and for male

progeny, as fullows:-



TABLE I. Pamht-offsprins( Table for Female Progeny

" Pemale Pérents

Kale Parents.
A ‘ a
- (2-¢)
§§‘;§§§, o (A=) #a # Fa-0)
@=9) |~ @=dh) (a9 (a-d) (a-2) |
T au aa a11+a21=a
Aa . e -
1 $(1=0) 4 30-t) | $1-6)(1-0) |bryebiaedys
an » :
a-$) (1) | G=p)=ha-y
e12 C22. . | %0*920=°
Totals all*bli‘hn b1+ey 570y 5 aa*”zf‘?ﬁ b22+022=n22  $ a4h+c=n
~ (@) : coefPicient of fertility of the Aa females
(1,, ) : | o n T " A g n
(1-¢) : ® n e 8 0 a4 males
(3=0) " " viability * ° A femé;les :
(3-9) : o " " p.n ga @

(1-@ (l-(}))y(l-q)) (1-6) ,etc. 3 expected frequencies of daughters genotypes
N ,

8110 &g Ot

numbers of each genotype observed in an experiment with
the same number of replicates per type of mating

16,



Female Parents ‘

Parent-0ffspring Table for Male Progeny

17,

TABLE 2..
{ . .
' Male Parents
" a
1 (1=t)
Male | A a A a
Progeny , : c
p (-7 1 - (2=7)
A . |
(1-9) (=) (1) (-¢)
. 833 8o0 au+a21a=a )
1 3 #1-7) Ha-9) $Q2-£) (3=
Lt br2 by Ry (b
| e bypeb
aa
a-p | G- -2 | @-pa-oa-y
D 12 B Ve T
Totals “nbeZ*ll- b]_zﬁfha_z azl'rhgfha ‘ b22+022=n22 a+b+0=;n
=9

(1-})): as in Table 1

(-2)

(2-7) : coefficient of viability of the a males

(1-‘?): (1=7)s (3=€)s etc., and 811, a1 etc

: as in Table 1
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The likelihood equation for female progeny is:-

L = a log(l-c?) 4 c log( l-\)() . nlllog( 1-(0) * nzzlog( 1-6) »
(nzlmza)log(l-a) - 103} 3-¢[1~w) . (1-&)J

‘ (s-T)[i.(l-e)(l-aﬂ (7

with the solution, o o (8)

(l‘éf) 'Z‘e . la' 9 . & Gl-+) - C

N y S ;n. ) : 5 R - ".
- 2(3405) CoT , g(blz*bzz)

';'(1 a) 21(% +)

PRI —— " RS o (1’8) 8

*?fz‘%"” E L 1(3-0()

PR a (Zz« ) e
and . (1,w) my3(3 ? e
o o n12(3-4’)



The likelihood equation for the male progeny is,

L =z a log(1—¢) 4+ b log(l-q) ¢ (n )log(l-?) .

12 22

+ (n )108(1-5) -ﬂlos(Z-L) (3= ) * (3~ y(2<
21" [t 1'2] o

Lt

with the solution, - ' ‘ | , o (10)

',(1—Ag) s, (-4

w G
2(b *bo) o 2
11 al R - 2(bl?¢b22)
B P ¥ ' : e
(1-@) = _El__EE N § T blz‘bzz
n11*"12 S B

bllszl

“Both of these two' components, viability and Pertility
 are b&*thbir‘OWn'naﬁufé ihdeﬁendent’ofkfhe prééénce"of other

iigenotypes in the popuxation. _ Mating ability, on the

,ficontrary, may depend on genotypic composition. zrthermore;.

"whlle viability is the aame biolagical process in both Bexes,

mating abilxty in Drosophila is a completely_diffe;ent one

and different statistical treatment is thus required..’
Mating ability for females means the attalmment of
guffiéieﬁt nervous excitation, and for the males consists

, ~
-gmong/ '
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among other things in inducing this excitatién in ﬁhg
females. . ' , . . |
o There is strong evidence (Merrell, 1949) thét_»
Drosoﬁhiia males have no preference in mating with’
différent females and that deviatipnsAfroﬁ random
mating in "male choiée“lexperimeﬁté are due to
different responses ofvtheAfemalesé ﬁalea appa:ently
have the urge to mate indescriminately and special
vgtimuli® from'femaiee'afe not necessary to start thé
courting activities. | The females will resé@n¢’1flthe
pattern énd'inténeity of the ccuriahip are adequate
{Bastock, 1956) It is a well known fact that males
attempt to mate with males. |
In the light of these observations it may be
‘ justified to eliminate ‘the maxing ability component’
from the fitness of females.
| If the mating ability of different male genotypes
is to be measured and used to predict gené frequency
changeé in a pdpulation,‘the sex ratio of parents in the
'correépoﬁding experiments should be thblédmea%"'
‘”Aﬁ'example-Q?lllclarify this; Suppose two kinds
of males a and t are used.  Assume t; and ty to be the
time necessary for each kind to stimulate the females
and for tb tq be greater than té."“If the number 6£
females is equal to the number of males a, the females

will/
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But if the number of females is greater than the number

will mate with these irrespective of the values of i

of more sueceséfui males the less éupbeégfpl may mate |
with the surplus females left over Sy.the more successful
ones if the time tb’ié not'gregtgi ﬁhaﬁ 2tépluséstaéhich
ie the time necessary for the'gvmaieélﬁo complete the |
mating. If ty > 2t, +Aty, the a males will mate with
the sécdnd.grbupg’crOWding out thé_g ﬁ&les} and sd on for
'a third and fourth group of females. An importgnt
conglusion'is that the two kinds éi'héles with only
slightly different stimulating times t, and t, may show
no differences in mating index_(réndom mating). It is

not surpriaihg'ﬁo'find'the'“ohe&éided mating frequencies®

described above, because if one of the two kinds of females -

is more‘easily'seXnaiiy'stimulatéﬁ; it will mate indiscrimis

nately and the other, more discriminate, will mate first
with the males which are able to induce the mating response
in a shorter time. | . ‘ ;
It was logical to épmpgre‘thé_matipg pfoééssas with a
catalytic reaction, where the'ﬁirgin'females-:epresent_thé
substrate to be irreversibly converted into inseminated
females and the males represent the catalytic surface
where the reaction takes place. In a situation where
different kinds of females and one kind of males ar¢

presenti‘

L,
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present, the end result will be the transformation of
the femalee by order of the “affinities" and so one may
speak of competition of the aubatrates and eaturation

of the catalytic eurface.; In a Bituation where cne 5 _¢

. kind of females and different kinds of males are present,

the proportion of ‘end proaucts (females fecundated by
different male types) will depend on the affinities
. between the subatrates and the different catalytic

. surfaces. . o o ‘." o
‘ ‘ In the latter case the proportion af femalea“‘
. ,iecundated by the first, second and third kind of males'
.15 given by the solution of a system of differential

equations of the type, .

il 2 om (1P eFLS eedFy reee)My o o o . (11
EE',;.’" E A A I v Y

“where Fyy Fg e Fﬁ are the frequeneies of females wv3~“ﬁp,.__

-fecundated by the first, . second and sew jth kind of males,

Mj is the’ frequencies ox the different kinda of males and

o, the rate congtant of each- type of. mating.
o If at t a 0 all the females were virgins. the solution
oL B s mJMg_,‘, o (12)

But/
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But noting that  _J_ &"w,, where my is the rate comstant
Tmg
for the i kind of male and wy the Sewall wright eelective

coefficient of the 1 males relative to the fonmer, FJ can

:be exprelsed in terms of relative fitness and male

frequanqies.'

P, s R (13)

When females with different thresholds of regpohse'¢pgxi§ti
a different w5 should be attributed tpféaqhg In the case

of a sex-linked gene there are for each female éénotypg

two m's and thus only ¢me w, These c¢an be estimated as'

coefficients of regression. ag 1n this case the solutions e

are of the type.

‘Fl = w ' Ml |   (14) '
Fo My -

. : : S AU S
‘The linearity ‘of the regresaions testa the independenoe

of the thresholds from the genotyyic frequencies in the‘
'population; - For 1£«§h§ experimsntal values fit‘;ipear
‘regressions when:théfgsnbtypip‘?requehpieg‘pf ?émaleé'
"are,digferent in individual‘experiments,.the‘constancy”
of thejthreshd;ds of response,(‘the probabiiity of

insemination of Levene ) is indicated. .

1.3. The Combination of the C6mponents of Fitness/

i 230‘



1. 3.

The Combinatlon“of the Com onentslof Fitness

24,

The proper method of combinzng the tnree

. components of fitnéss in & gingle expression which

gives the expected changeé in geneifreQuehcy;idepehds

.on the p01nt 1n the life cycle where the“acoring of
- the genotype is made. If the scoring were possible

" st the formation of the mygotes, the expression for

~ q would be simple as the goefficiente for each

. component could be multiplied by each other, within

genotypes. . If thecsbcring ié”ﬁadé at mating, thé

exyression turns out to be more camplex as, total )

»;'fitnesa, evaluated by multiplicaxion of the coefficients,

1.4,

can only be used within the definition of Sewall wright

 (1949). ' It can ‘be derived by writing down the expected

genotypic frequencies far each step of the oycle.

fon T e, "'{." 5

Equilibrium 6f'Géné‘Fréf#énéiéé_fér'ﬁ_Séxilinkéd‘ngq
It is interesting to know if a non-trivial stable
equilibrium of’gene'fﬁééﬁéﬁcy is possible fo}:a'
particular set of fitness components; in this case,
the-compdnente can be combined ByAmultiplicatidn'

within genotypes and the product treated aa a

-coefficient of selection for each. The solution can’

be found as follows@

Becanse/



Becausé of the existenee of thiee female AA;’Aa;.
gnd‘aa'and only two male A and a sex-linked gehetyﬁee;
gselection at'seiﬁlinked'IOCi @ill iﬁﬁblfe'difféfént’fétee
- of change in gens frequency,ésq, for femalee and malés.
| Let (1-87) s13(1-8p) and 1: (r=t) be the eeleetlve |
’coefficiente for the genetynes above, the dhangee in '

frequency are respectively,

834~ 52( i""‘l)
148, a%-8,(1-q)

A'Qg

. - -BQ( 1-q) (15)

and

a(1-a).
1-t(1-q)

A,

Random mating tends to equalise gene frequencies im

both eexee; ee1eetion_to'eStebliEh.eguilibriuﬁ'freQueneies

specific for each sex. A nonstrivial equilibrium point
with selection 1e»poeeible for sex-linked genes if the
change in gene frequencies due to selection, 18 exactly
balanced by the change due to mating. o

This impliee different gene frequencies in each BéX
at equilibrium. except for the case where over-dominance

in females coincides with no selection in males,

Around/

25,



Around the equilibrium point let f and m be the';

’ respectlve gene frequencies of A in females énd males,
after eelection has operated and before mating has taken
place. Mating will change them to %(ffm) and S

_ respectively." Equilibrium ia poseible if eelection of
‘ genotypes will restore to £ and m the gene frequencles

“

‘changed by mgt;ng,_

Af & fed{fem) - L (selectionlﬁf of female
, - . : genotypes)
and N .
Am 2 (mef) . . (selection A of male

‘genotypes) .

fhatvis,vif‘the'dhanges of gene freqﬁéhcy‘dué to selection

among females (Af) and males (Am) satisfy the condition

It is easily seen tﬁgﬁ tﬁe &ifﬁetenceibetﬁpep'female and
"male frequencies is = m after selection-(before mating)
and 4 m after mating but before selectlon. »

In order to calculate the frequenciea at equilibrium
_whichueatisfy the conditipns aboye,_let X, 2y anq z be
the frequencies of the AA, Aa and aa'feméie'genotypes at
matihgg The progeny of the A and.g genotypes iﬁ'malesA
are/

hY

&

I am indebted to Dr. Alan Robertson for this step in
the derivation,

26,
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are thupU (xey)+2m and (y*,z)'-Am. After mating, -the -

genotypic frequencies are, by puting (xey) = q,
IYRR ST
L As “2q( 1'-.q)r..qu‘o-'(»l.*.q)Bﬁz. ‘

aa '(l-gqua(leq)zsm’,
Let (1&51) 3'1':(1—52) and 1.3(1—t)”bé,the’ fitness of
female and male gehotypes resp_ec'tivély.~.. After éelec_t.ioh
the »chaz'igea in frequency of the A gene among femal-es and

males are,

2. j..;‘_, NI -
Ae s sya4a-(syadldm (gedam) . (1)

, 1’slq?332( 1-q) 27‘ [qu‘sz( 1= Qﬂ Am

" and
Am’ 19 L L Cemw .« . 17'
t(lea) .. L 4 )

By manipulation of jth;e's_‘e' two expressions the change in gene
frequency, A Q, in the whole .’pq'pulgtfi.on of maies and females

is obtained.

ha g %('zAf.Am)

3 . —_ -
L . o wam

(18)

where/
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Qhére'ﬁf ahd”ﬁh are respectively the dverage fitness in

: female and male sub—ﬁopulapiops;_
Vg = 1may0P-05(100) % [epn (5o dfom
v, 2 let(l-q)

Noting that thefnumeratér'éf the above expression for Aq
is equal to .4 ﬁfﬁm;"itvbécdmeS‘(cdmpare with the

approximate fqrmnla<(2) page No. 3 );

aq @ Al & g e 0 (19)
' 3€I.f‘_"m}:. dq | '

. The equilibrium point is then . .

o ‘,;“‘fft R T
qefalledt o (20)
- Bl¥82682t o ‘ Lo

‘and ite stability can bé investigated‘through the '
f”behaviour of ‘the seéend derivatives (Li, 1955), of wam
The formula for equilibrium agreee thh that of Bennett,'

(1957) who used a different approach for its derivatlon.

2, EXPERIMENTAL/
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EXPERIMELTAL
Material

For an inveatigation of thia kind, accurate .

" pooring of &ll genotypes’ ie crucial. The two

closely linked recessive genea,ﬁ$gute" (ec) and
syellow?® (y) were'ehoseﬁ.aa'éaitable markers of the
pex chromosome, The three female geho%ypea §Eﬁa'*

§%§ and & _g wnich appesr phenotypically a8 scute,

sy
wild type and xellaw reepectively. and the twa male

gcs and oy which appear: ghenotypicalxy_aa seute and
yellow respectively. constituted the experimental
mmteri&l. ' Both the g¢ and the y geneo were

] intradueeﬁ into the Kaduxa stocke of the laboratony 4

from the‘greggnlé4eteek; The croases were then
allowed tO'reprcdgée in a population cage for 21
weeks at a pqp@iation size of 5,000 flies to allow
recombination to take place. After thie, scute
and vellow genotypes were.separéted and maintained
throughout the experiment in large populations,
From these stocke, individusls weré sampled for

1nvest1gatians. All experiments were carried out

at a constant temperature of 2600 and under uaual

lahoratery conditions,
During the 21 week stabilising period, the
population/
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population was sampled at 3 week intervals and gene
fréquencies scored. It was observed that there was
a steady increase in the frequency of Be.

Experimental obSeryations on?éhanges'in gene frequency

~were carried out in population'boftles, This made

possible a greater number of replicates thén with

cages.  Also the generation inteérval was shorter and .

complications due to overlapping generations and

differential longevity were avoided.

Results

' 2+2.1.Viability and Fertili y

The standard proceedure was to pick 60 scute

males and 60 yellow virgin females out of the scute

and yellow stocks; to distribute the 60 pairs intb’Sﬁ\

population bottles of 20 pairs each, and to divide the =

¥y
these ‘was then crossed with sce and the other with +y
males; the fliea uaed to meaaure viability and

fertility components were the T, progenies of these

2

N matings. w

Two procedures were followed, . In a first series

of experiments, pﬁira of flies ansﬁiﬁuting sﬁi,péssible

tybes of matinga-were,put in vials with food during

2+« noursy/

wild type,BS¢ daughters into t@dﬁgrdupéakh‘dhé of
*y

30,



24 hours. They weére then transfered daily to fresh

ones during's r.ﬁ.@?VSﬁ. Whenda}l the progemy had

emerged, they were scored for genotypes and;cpunted. It

- was observed that a great number of metings with the .“M

yellow males did not take.  Hence, in a second series of

-experiments, it was decided to iet all flies irdg each

type of cross mate together en masse for ene day, (in-

gome experiments the males eutﬁumbered ﬁheﬂfemalesj;

Each female was then transfered to a single vial.
Unfortnnately, max;mum'likelipeed estimates of

fertility and viability, given on pages 18 and 19; can

gn}y'be,appliedehep_the4ngpbers of'indiv;dga;s_e, b, and

¢ observed are each ¢btained from thé same number of mated

females. In this case the estimates will not include ..

mating effects. Since o great majority of matings with

yellow males did not take, it was necessary to .employ & .

simple methed”of‘epe;ysie as will be described below.

Esﬁimation.of Differential Viabilities

Over 150 individual segregations observed in 7
experiments were used to estimate viabilities.‘_ Results

 of BCs x BCa scs. maxinge are shown in Table 3, and those of
.y

sc; xa;x-matihgs in Table 4.
*

1t/
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TABLE 3,  Total Numbers of Each Genotype Resulting from 22t x 2S¢ Matings .

The upper and the lower’x.z are respectively the X2 for hetero~
geneity within experiments and that for deviation from 1:1.
When significant to 5% level marked with ¥

Males '.I‘PAemales
Bxperis No, of sC4 + X2 .s.c 804 X2
ment No, females < Féf 7 o
15 768 755  10.329% 98, 986 2,898
2 10 731 725 4o 384 730 777 6,097
. .05 B 1. 466
3 15 €19 604 11430 596 59 18412
' . 184 T 030
o 20 6,2 661 11,790 67 72 19.000_
‘ : v 277 5:196%
5 20, 995 1050 14519 1085 1079 13,410
| 1. 479 | .017
6 18 328 305 15, 533 334 362 10, 298
- <836 1.126
7 19 - 8oL 778 . 24.222 792 772 13,842

335 .143

Totals 107 =~ 4884 4878 5158 5287



TABLE b Total Numbers of Each Gemotype Resulting from 5% x ¥ Matinge

.The -upper end lower X2 are respectively the X2 for hetero-

geneity within experiments and the X2 for the deviation from

1:1 ratio, V¥hen signi

Jmarked with ®

Bxperi= No, of
ment Ne, females

1 . 2
2 3
3 9
W . 36
5 .
6 13
7 8

Totals | 65

SC4+

320

3

704

281

351

2757

ies
.
357
6
-
@
155
267

372

2726

’ 0688
o415

,118

709 .
| 9,985 |

. 257
10. 392

b OL*

8, 333
6. 505
1,552

9,952
1. 430

SC+
———

+Y
370

385

662,

233

354

2Nl

ficant at the 5% level the X2's are

Pemalea

2L
+J
340
257
364

65

245
357

2701

i

154
1,268

1,535

2012k

13,659
«389

19, 689

» 049
17,439

. -0k
8119

.018

10. 757
013

33
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ftuéds concluded that theré was no differential -
viability between genotypes, male or’ female.<= ‘
| From Tebles 3 and 4 it can be ‘seen that elgnificant
ieterogeneity of reeulte 'only appeared tn'ope_experimentmt
'end_there5eefe"two“ceees of significant derivation from-

2 1:1 ratio.

'eEstimation of Differentisl . |
| | ‘A8 no differential viabilities were found ‘among -
'genotypes or eexes, no correction ie needed for the L
“fertilitiee calculaxed from the total number of offspring
erer fema'le‘ . A ) : ‘. | . A
S Fertility of female genotypes wae estimated from the
relative mimbers cf.Offspring;‘ ihe.celculationa”weref
based on experiments where the number of offspring -

' produced by each pair was mét limited by shortage of -

" space or food. -To check this, controls with 5 < 10

paars per vial were run parallel to the experiment, B

‘they provided an eetimate of the maximnm number of fliee
-4 possible within viale in a given experiment. '

: The result of six experimente are shown in Table 5
+j Obviously no concluelone about dszerential fertilities
-Lémong#the female genotypes can be drawn from these '
~experiments. In two:expe?imentef(Z'end‘e) the wild type
was the more fertile*genotgpeg in the others it was

about/
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TABLE 5. Total Numbers of Offspring Produced by 2o, 5SS+ and
B _z Females Mated with S5C+ Males 86y iy

The? below the numbers of offspring produced by
564 and +Y females are the deviations from the
sG+ +¥ 1311 ratio, when those numbers are
compared with the number of ffspring produced
by .?.2.} femles,

s

Experiment No, of. B0s T 4y X2 for the
No, repli- ~ S0+ +y ' +y deviation
' cates from 1il:l
_ ratio.
1 10 2882 2963 3164 i
2 15 233 - 2503 2060 Wy
: =T : =18% '
3 20 3529 264 1866 100"
- +34% S =95 s
N 20 3350 . 4197 4930 5100 .
-20% o 7% )
5 18 T 115 14,87 > W
| +6% .. #5305 A
6 19 2805 245 2492 92

Totals 102 161 1666 15999
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TABLE 6, - Totel Number of Cffspring Produced by S& §°+ and 3 Females, Mated
L ' Wxﬁz SC+ l&ales. in the lst and N of Production

. The ¢ bslow the numbers of offspring produced by St
end #¥ femles aré the deviations from the 1:l e
ratio)y vhen those numbers are compared with. the number
of offspnng produced by ..3_°.§ females,

' ﬁp&iniént No, of sCs 504 &7 X2 for the
No. repli- " 804 +y +y deviation
.., cates’ . . from 13l:l
b 1 ©-7o ratie
r 6 976 979 . 1077 - -6.534
-3 | 4107 5
2 15 2331 2503 2060 My
- r ' ~18% o
3 o 193 1623 959 100
A9 N -59E
" 20 1,59 1740 2370 5100
’13% +§6}6 . .
5 - 18 598 518 798 65
6 19 2605 345 292 92
1% - -22%

Totals 102 10003 10578 9756
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TABLE 7. Total Numbers of Offspring Produced by 328%, 56t angd X Pemales,
Mated with 89¢ Males, After the 2nd day 6f'profliction®”

The % below the numbers of offspring produced by Fet
and +J females are the deviations from the 1:1 ratid,
when*’ those numbers are compared with the number of °
of £spring . produced by E% females, '

Experiment No, of 8¢+ Bcy R 4 X2 for the
o, repli- . sC+ +y +y deviation from
cates 3 1:1:1 ratio
1 10 1906 198 2087 8 274
, -k % -
'3 20 1595 1018 . 907 100
. +57% - <115 '
L 20 1891 . 257 2560  >100
-23% +i§3 '
5 18 616 627 689 L4 810

~2% 0%
Totals 68 6008 6086 6243



 about intermediate in fertility. Scute females. showed
higher fecundlty in experiment 3 and the yellow femalee
. 1n experlment 4.. The?@afor heterogeneity between . T

experiments wes very highly eignificant. BT R

The above results euggeet that the difference in.

'fertility and their variation frmm experiment to experiment

Vfwere mainly non~genetic. ‘The age of the flies at the

‘ beginning of obeervation could have been an important

. factor.' For,'if the flies of one genotype were younger
than the other, not only would the average nnmber of
offepring produced by the former be. 1eee, but also the
coefficient ef variation would exceed that of ‘the’ older
fliee. However, after the third day of 1aying, the -
number of offepring per female ig fairly conetent up to
the Gth dey and then declinee. (Robertson. and Sangy: - 1944)
Thue it ehould be permieeible to ‘compare femalee between
3 - 6 deye of ‘age. ' The difference«in age between flies
in theee experlmnnte were never greater than 12 houre,
and When progeniee ef the firet daye' egg production

were diecarded, the pettern of reeulte was not . altered.

A breakdown of the first three. deye of lay versus thoee L
produced during the 4 - 6 deye ie given in Tables 6 and L&,

These reeulte euggest that there was no. cleer . o
relatlonehip between age and the different1a1 fertilitiel
~ef genotypeez the results are, in facty impossible. to -

interpret.

2.2.2, Male Mating Ability/

38,
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2.2.2. Male Mating Ability

The standard procedure was to pick 60 scute

; malee aﬁd 60 virgin females from the stocke, to .

3 dlstribute them in 3 bottles w1th 20 pairs eech.l ."he -
FL wild type (9"') daughters were dlvideé into two groupe.
One was mated with ecute males and the other wiﬁa yellow ,'

males. - The groupe were then placed in popu}ation bottlea
‘with 10 - 15 pairs per bottle. The famales were allowed

- to lay eggs for 4 - 5 days and were then- disearded.JA_,

_, When the F emerged and their numbers approaehed 300 per

2
bottle; the flies were scored and traneferred to freeh

bottles where they were allowed to continue mating
overnight. The next day each indivldual female st -
placed into a vial with food, and allowed to produce
offepring; ‘The genotype.of Fs,eagghtere permitted a
diegnosis of the father's gemotype.. Thus in these
experiments the~§ﬁetmele~gepoty§es,w@te.gompeting‘w;th_
each other for female mates. '$heee,feee1e‘ma¢ee were
-seute and eild typé in oné group,iand wild type and.‘ |
~ yellow in the other group. - In order to observe | .
simultaneously the competltion between males for mating
. w;th all three female genotypes, 1n_giyen p;oport;one.
eo appropriate mixture of Fl femalee‘preveouslf mated"
to scute and yellow males respectively was made.

. Fox/
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For each resulting F@ bottle, the number of
females of each genotype ineeminated by scute or yellow _
males were recorded as well as the numbere of double- |
matings and that of females without progeny. | The
results of these teete are given in Table Be h

From theee tablee, the following conclueione were

. drevinge’

() The numbers of scute females inseminated by ecute o
| and yellow malea are net different from thoee of
'the wild type femelee, for a given preportien of
iecute and yellow malee¢ B h',;;_TH..fv
(2) The ‘numbers of wild type femalee inseminated by» '
| f goute ‘and’ yelIOW'males differed from that of the
'yellow femalee within experimentSa
(3) . The percentage ef double-matinge meaeuree overrall

experimente was lees than 1 per eent end the number

' of females without progeny lese than 6 per cent.

Since therefWeSZho diffefeﬁce'in:ﬁatiﬁé;yfefeféﬁcee
between scute and wild type femeles;etﬁe& cen be ' i
considered jointly in thiaiehaiyeie as “neheyE1ldV“
females. ' Thus, oely two Tegressions of the‘retio-ef‘
the number of females inseminated ﬁy yellOw‘males over
the number of feﬁalee”ineeminated by scute maaés*cn the i
ratic of the number of yellow over the number of scute
males; according to formula -(14) s Dage No. 23 were
calculated/



e
. TABLE 8  Numbers of Each Genotype, Cbtained in Population Bottles,.
Resulting from scse x 8C+ OF SC+ X &F Matings or From a Mixture of Both
+y +y : '

The figures below the numbers of female gemotypes represent
respectively the number of inseminations byscute males, by

' - yellow males, the number of double-matings and that of the
females without progeny

Males Females
B0+ XX S 3cs A
. - 8C+ +¥ +y
# = 100:3:0:17 45:44:1:9
- 56 77 62 66
s ‘ 50:2:034 2733313:3
50 37 13 48
: 40:2:0:1 4433:031°
99 92 92, 100
N o 84:6:012 88:8:0:4
n w3 | 36 u7
33:310:0 18:29:0:0
58 45 53 N
B 52:1:0:0 293:15:0:0
56 48 49 k2.
' _ 4533:0:1 29:103211
40 145 43 109 36
36£7:0:0 821221045 9120:0:7
37 100 30 W W7
22363032 31:8:0:8 3136:0:8
31 99 22 R L W
‘ 12:0:0:0 591143035 10:2:0:0
46 126 54 g 30
44:9:0:1 71:15:0:4 11:26:0:0
59 161 43 108 ' . a
' 39:2:032 84:16:0:8 6312:0:3
27 116 25 i 4 36
17:8:0:0 49314:10:28 5330:0:1
59 128 65 113
31:7832:2

Contd,



ses
13
52

18

37

gy

30
1

70

o

9t

32

54

Males

114
25

12,

102

99

23

33

122

9

23

92

77

3

132

SC+4
8Ce+’

5 59

. 54323013

w

7
6:1:0:0

9
9:0:0:0

46:5:0:1

CONT INUATION OF TABLE 8

Femaleé

8C+
a——

+
56

b

39

17

IN
69
62:5:10:2
52
14
14:0:0:0
22

" 22:0:):0

115
97:5:0:135

68
61:6:0:1

80
72:8:0:0

90 :
77:6:0:7

(I
53:10:0:1

66
52:12:0:0

a
57:17:0:7

69
49:9:0:1

£ 4
+y

115
44:62:6:3

a
32:66:211

73
11:53:0:6

93 -
17:7030:6

103

129§69:0:7

INS

18:22:0:1

103

h}xhizO:l?

n
37:32:0:12

79
50:29:0:0

85
45:38:0:2

83

' 51:30:0:2

4§
3:17:0:0

13
5:5:0:8

85
36:47:0:2

42,
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. 8C¢
apuna—

25

30

"33

39

37

¥des

33

33

22

i,

102

115

113

95

99

QONTIBUQTION OF TABLE 8

8C+

50+

Females

scs
+
25
37
25
26 -
35
»
J0 o
u
32
2

39

+y
106

10:67:0:29

100 .
158._79:'18 5

10

18:67:0:10 .,

108 -

13:72:0:23 .

89 .
18:63:0:7

102 -

A 28.65-0:'7 '

341655017

105
29:70:036

93
32:59:12:0

9%

27:611234.

102 -
14:82:0:6

43,



calculated, one for the yellow and the other for tﬁe
non-yellow females. | o
, It should be noted that when the errors of the
proportion of scute to yellow insemipa;ions vere
greafér than 6 per cent, the data'wéfe°hoi used for
the computation of regresslons. ._ ‘

' The following example will illustrate the method.
Taking the experiment No. 8 of Table 8 where the observed‘

nnmber of genotypes in Fq,is,

sce - 4y 8ce _Beé ey

SC» LTy ey
40 145 43 109 36

36:7:0:0  82:22:0:5  9320:07 .

Respectively 36 and 7 scute, 82 and 22“w11gvty§§,_
and 9 and 20 yellow feméiesfhave been inseminated by scute
and yellow malesj double matings were not observed; 5
wild type and 7 yellow did not produce progeny. The)@?
for difference in proportions befwegn scute and wiid type
is .46, between ecute,énd yellow 19.2, and between wild
typé and yellow 19,2, | | ,. ,

The proportions of's¢utéfyellow'inseminations for
the non—yelléw.fema;ee was then 111:29 with an error of
- 3.2 per cent, and for the yellows 9,20 with an error of
8.6 per cent, The data from the yellow females were
not taken into consideration and that of the non-yellow
females were entered for the computation of the

regressions/



regressions as,

scute inseminations ;11,”

y & yellow inseminations 29 ;’.261 C i

x = npumber of‘yellow males « 145 é‘3_625
: number of scute males - 40

yawx

‘It  sould bé roted: that when the numbers of inseminations
"observeq.were*&eryhémal;,“whi¢h wangarticulaély frequent
for nonéyellow‘femalééjlnseminated%by yellow ﬁéles; the
exact test for heterogeneity (Fisher. 1948) was -applied,
instead of?(z | | ‘ R

~ The 1ndependence ef the mating abilitiee of the
males with respect to each group of females waa reflected'
1n a 1inear regresaion, w, of y on x, (w = constant)
nThis was shown to be-the case for allvgxperlmentg
conducted as shown in Fig. 1. . | -

Calculated regression estimates are shawn‘in‘Table 9.

-TABLE 9. Coefficients of ﬁegression, w, Calculated with
' T the Data of Table 8. "

. . . ‘w . - Deviation from 1 'p%
Yellow Females - . . 1,0602.144 . tog = <413 . 7060
Non-yellow Females . ,0791.008 . . t,, = 100 o1y

Summarising/

- 45,



Regression line estimated

'""""'”\

NUMBER OF ‘y’ INSEMINATIONS
NUMBER OF *x“ INSEMINATIONS

Regression line estimated’
for non-yellow 99

*e [ " N
1 2 3 - ) 5
’ NUMBER OF ‘y’ dd :
NUMBER OF *sc’ &d'

Fig. l,?.4Régressiohs‘6f:th§‘Arati§'of the humbé?'df n

- fepales inséminaied:hy yeliowimaleé'ovéi the
number offfeméles.insé@inatg@'by'scute ma;eg cn_
the‘ratio of the nﬁmber of yellow.qéer‘the nunber
of scute males. |

(hot all ratios are represented in the figure)



Summarising the results of the experiment on

. fitnees component measurement, the following conclusions

can be draun.-

(1)

(2).

Le2e3s Observed and

Mating aebilities are independent of the genotype
frequench ‘ : ‘ - .

Yellow males are at a disadvantage relaxive to,,
scute (w ,,.079) When mating with noneyellow females
apd;ehpw,ng disadvantage wheén mating with yellow
females (w,; 1).

The only selection factor detected in these experlments

was this partial male matxng ability (“one-aided
preference of DobZhansky)

P N SR PR § Ce Ve b .

pected Evolution of Genct sic
‘Frequenciee in a Population ‘ S '

' To observe changee in gene frequencies, 20

replicatee were set up in bottles with 20 pairs.

of fliea;egsh; the famales weré Bes ‘and the males -

ey

- 4¥e - These_fliesgwereAobtained in a manner similar

- to that used for the measurement of fitnéég

components,  After 5Idayshin the bottles the:.flies

of the initial genération'we:é‘ehaken*out ahd1
;discarded. When the progeny emapged, a:sample of
at‘least 200 individuals; was taken from' each

population/

46,
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population, scored for genotypes. and placed for two days
Anto fresh bottles as parents of the next generat1on,
_ this was repeated for 13 generations._’ The harmonic mean
number cf males per generatlon per population wae 124 and
'-that of the females 118, The-numbers of males and females
'1in the first and second generations were greater ‘than
average, reSpectively 154 and 144 for males and 147 and 130
" for females.’ ' The greatest number of individuals in any
generation scored and used ee_perentaewere‘231 malee‘ap@,_
221 éemaies (in the first generatieh);” the most unbalanced
sex ratio was 127 males. to 54 females." BT
The average generetlon interval wae 13 days.'.’.'
Observed mean frequencies and the éxpected frequenCLes
calculated with the estimate of partial mating. ability,
w.= ,079, are given in Table .10 &and ghown in Figs. No. 2
gnd 3. o -
Expected genetype_frequenciesyﬁere ¢alculated as
follows s~ | . | e
‘Let, in generation n, at matiné,Tx;'zy ehd’z”ie-:j
respectively the fréquencies‘of the gcs, = 8C* and. Yy
e BC* . ey ey -
female genotypes, and p and q respectively the frequencles

of the sce and +y male genotypes.

Tbe expected frequencies of genotypee in the generation

(n¢l) are then:/



Observed Mean Genotypic Frequencies (in &) in the Experimental

TABLE 10,
Popula tions (upper figure) and Expected Frequeno:.ea Calculated from
9 Fitness Estimatee . )
s A@2y _
194 . 8‘%%‘3 Pemales - Males ]
i SR se se+ i B sos 2 "4
> B,”‘q .:
8§ 388 i i | .
o 2 .. 100 20 . 100 20
L 50,0 50,0 48,6 5Ly
1 20 50,044 50.044 147 ~ 50.04h  50.Q0 157
o 225 - 53,0 245 . 26uh 73.6 L
2 20 23.24h 50,0345 26,835 130 25,044 75.0  1h4
o ,.35.1"!' 40.8 ~;2},8 o L6. & 53.6 B .
3 20 38,916 36,135 286 14 K817 5L8 117
. 7549 356 © 125 575 . 425
b 20 . 52647 -3391+§ 1335 122 57,048 ° 425 107
62 284 7 68.5 3.5 ..
5 20 65.247 27,636 | w. 143 116 69137 - 30,9 114
. 69,6 284 2.0 782 - 2.8
6 20 76,4y 20,935 2632 . 99 79147 - 2.9 17
. 87 b3 1.0 N 86, 2 13.8
7 19 85%1 . 1.1 .8 123 86,9 13,1 117
A 90.9 8.5 .6 93.1 6.9 .
8 18 9kl &7 2 119 92,2 7.8 17
9 16 k8 5.2 .0 118 95.4 46 120
96.9 ‘ 3.1 « 0 - 96,5 3¢5
10 15 96.9 3.1 .0 12, 97.4 2,6 126
98,7 1.3 .0 98,7 2.3
11 1 98, 3 1.7 +0 120 98,5 1.5 12,
99. 5 5.0 99.5 5
. 12 6 99.0 1.0 .0 112 991;1 : .9 l}l‘.
9907 .3 .o 99.8 .2 e
13 6 994 6 0 116  99.5 5 129
Ne* hamnnic mean number of females

Nm'l X

”

" males

48,
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Fig. 2. Observed and expected genotypic frequencies
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The expected frequencies of_genotypés in the generétion
’(hilf gre thens= - - ° ) '

[ S R . oL i

Generation &S = 8 " Y. 0 BgR sy
" BC. Ty

4.

B X ... 2y z S SR W

A'h*l | 'p'(x+y)" W‘¢?3$PZ "q5§+§z ' '2’1.  '4y*z

where p'v=»——ag—;- |  ahd . q' = l-p!
T T ped0T9q o S

‘The frequency. of the 9scﬁ-gene'iangmélea=is;

vﬁThgsé=cal¢uléﬁiéné‘waréiéppliéd‘répé&tedly-fé'éucééssive.
"?géneraiiohe substituting the frequencies in the generation

' n for those in genération (mel), -

" 'The variances of the expected freguencies were
calculated mumerically, Differentiating end squaring the
1expréséidns‘forkthéjexpéété& freéuéﬁﬁfés;ﬂ@%e vﬁriénce in
é@‘infiniféfiéréé'genératibnr(n+1yﬁi§;cbﬁained as shown
in Table 11. |

Thelsgmplinglvariance‘due'tq_fipite mimbers 6f

selected/



TABLE 11, Variances of the Expected Gegotypic Frequenc;es
in an Infinitely Laxge nﬁl) Generation -

- PN

Frequencies 7" Yariances (V')

Geno- in n*®  in (n41)th
.types generation genersticn

8Ce X v.-xn © |\ Xe VV o t
8Ce. 2y Zeq'x Y 12 T3 V oz“v ozq'Cozy +
12900 yz¢2pq'60vxz+2szoqu L
C ey - "Q’y¥q2"t" "qﬁ3v +y V .aav o2qq'00v ozyzCovf}
2 R S AC Yoz g

W e Yy

. The variance of the frequency of the “sc" gene in females iss

,vzzv o( p)QV’¢2pCov( &).*2chv

:j : (xéy) P'P

VoV ,-5sz,.'-¥- Vg¢ are respectively the variances of = .
- yk :*”‘ 3 y...a Pyses D in zero generation,
Coghyé CoVg g sve COVHay respectively the covariance

betwegﬁ X and y, X and 2, p and q' in
the n generation
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selected male (Lm) and (Nf) female parents was' then -

added to the expected variance ef the infinltely large

populatlon.

An edtimate of sampling’ variance for a finite.

‘fumber of parenta of‘eithé: sex was'ébtainea.aa}fo;lows:?

(2)

(3)

(4)

(5)

(6)

o

'(Ai) |

Aésumeiparenﬁ'géﬁbtype°freqﬁéncieé in thejinfinite'

‘population diét:ibnted'ndrmélly With'Variapce_Vf.

Subdivide thié_paréntfpepula;ibnfihtp Kiclasses“ 

covering equal intervals of- absiséa egqual to .02,

Assumé that genotype frequencies of a given. .
interval, i, can be represéntéd'by.the-mid-point
uy between class llmita. ' ” -

Determine from ‘tables of the normal curve the

sampling va;iance'contributeﬁ,hy.egqh c;asg a8

-ui(l'“i)fi whére‘fi,iS"thé“area'under the nofﬁall
B : ’

curve of the ith intervalo

Sum over all intervals to obtain the total

sampling variance

,i-K : .
vwe ) ui(l'ui) t 4}
1= N

;Obtain the total varzance for & finite number

of parents of a given Bsex as

This/




TABLE 12,

Observed and Expected Variances :0f the Freguency of
"ac" in Experimental Populations

Generation No, of  Observed
: cates

20 2,5

20 40, 8"

20 62, 6

20 °  103.8

20 105,68

O W O W on

2 35.8‘

2

Ng ‘harmonic mesn of females

S

In Females
4Expected
for 3; for .5 Np .
be 2

2‘2.:7 40, 8
36,7 62,2
}l..6 54 6
25{5
19’6 A

" males

In Males
Observed ﬁxpected
=
68 159
12,8 17. 3
45.1 9.1
150. 3 59. 6
136.5 534
1382 ‘

R T

52,



This procedure was applied repaatedly to successive
,generatxons in order to obtain estimatés of . variance of

expected gene frequencies uy to generation 6.-

v X ,, é

expected variancea ealculated as indicated above are
.shown 1n Tdble 12.“ E’ and Nf were eet equal to the
actual numbers ef parents mated. . Thus the ezyeeted
-variances are almost eertain to be. underestxmated.
Alternatively, the expected va.riances for females
‘%gra ca;pu1§t¢§ by using o,6lx Nf:ip placeﬁpﬁfﬁf‘f Jrh;s
Arseéénd"proééduré-appears]ﬁé"gi#éiimpravédipredictiOné’bf'
varisnces: (see Table 12).. w" | .
Faulty experimental technique may acceunt for the

large variance between experimeéntal . populations observed

~at the 4th»g§neratign..‘,“

‘_etof F;tness‘b- Inbreediﬁ

Five inbred lines were made by mating brother

B to siater for 30 generatlons using sce’ females
A co 0Y

and ¢ L males, in order to keep the two genes 8¢ and

¥y segregating within lines.

Oonly one line surv1ved te the end; the[others

. were lost respectively at the Vth. 8th, loth and

zlat generation,’ . All lines: but thia last one were

replaced/

53,
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 rep1aééd'ﬁy”téﬁiicat9896£5ﬁﬁé éufﬁiﬁihg‘liﬁ@;'“ Thus

.. the four lines available at generation 50 were closely

b

- pelated to each other.

At generation 31, five replicates of each inbred
“‘11ne were expanded in 31ze and eet up in pepulation h
' Yottles of about 250 flies each, to observe the’ ”. )
‘evolution of genotypic frequencxes for three generations.
~ The game pfoceduré‘ﬁas'used ag @esgribed earlier (page 46)
for the outbred- populatien. | : | i _
Differential viabilities between seute and yellow
males and=between wild type-anafyellow-females were
x”estimated from the propertione of individuals of the“
first generationz - ‘Thege results are shown in Table 13.
551t~app§éiéfthétfthere'is‘np-éiffereptial'vi&bility )
. between scﬁté»and,yélibw5Méies§"whéreaébyeiléw'fééaléé;.
are;leéafviableqthanfﬁhe dcuﬁle heterGZygdtesa‘t The. -

'~ana1ysiaxof,variancéggiyenvﬁelew»inaieatea»this dgifference tobe

'~ highly. aignzficant. 5__.}

- 1.

Analysis of Variance ef Female Viabilities
(percentage survivors of.the 1 genetYPe)

Source of Variation Afffq‘: o 2#%;' "_J:Maap‘sgparé
'Deviation frem 1:1 ratio4 - 1 vfsgz; |
Between lines _'f  o 3  ' 52
Between replicates within lines | '15 o - 29

Error , ' is 33



TARLE 13 Total Number of Each Genotype Resulting from 55 % 2L patings

PR I

- Totals

A No. of

rep&ié
cates

5

5
5

5
20

B3¢

298
269
27

170

1064,

Eales -

L

300
288

195

1032

SQ+
+y

286
270
317
272

1145

Females

2
+y

238
267

" 266
197
968

55,



TABLE 1b, . Total Numbers of Each Genotype Resulting from %’.ﬁ x St Matings

Line

LS T SO

Totals

. BG4

- 166
ey
23
e

768

Males -

126
196

132

698

* Females

sct }
140
177’
305
s

&3

959

O



Differential viabilities{bétWeeh wild type and the’
scute females Qéféiéstlmated from segregation in
BCr x 8c+ matings. The results are given in Table 14.
Th%y confirm thc:c'df fable 13 in'thatinb'06nsiétantf
differencesvwere_fonpd'bétweeh 8c+ and iz:male genotypes.
Heterozygous (521) females were again more viable than
the homo zygous (__z) females. | ;
In both tests (Tables 13 and 14) the homozygous
.females for either scute or yellow were about 15 per
cent less viable than the double heterozygote.' The
greater viability of the double heterqzygote in inbred
lines may be attributed to & region of the x-chromosome

adjoining the RLET-LA and "y“ loci which haa béen retained

in a heterozygous stateo

AT

The estlmatecmf 15 per cent reduction in viability"'

of the hOmozygous femalee and the estimate of partial
mating ability of .079 for yellow males as calculated
in prevléus'expériments;(phge Ro.45), We:e»usédAto”l
predict genotype frequencies in ﬁhe inbred lines. The
predicted frequencies and the observed mean frequencies
‘of genotypes measured over all lines are shown in
Table 15. There is gdodlagreement between éctual and
predlcted results. o ' V o A

From this, ‘it may be concluded thax inbreedlng did
nét change the relative mating abilities of the yellow
malés. 'In other words, it appears that the effect of
of/

5%



. PABLE 15,

Observed Mean Genotypio quuencies
(in %) of the Imbred Lines (upper figure) and

Expected Frequencies @alculated from Estimates
‘ __of Fitness (lower figure) .

Generation sce

8c4
0 ¢)
i (o]
2 22,9
23,0
3 32,4
38,9

Pemales |
ser o
- +Y

. S

She 2 45,8 .
54 O 46,0
54,0 23,0 .
héoé 20.9
36,9

24 2

116

99

see

50. 8

56,0

25.7
271

45.5.

50.0

N, meen number of females for population

Ko

H
"

"

]

Mzes

43, 2

50.

T 3
729

545
50.0

* *

110
103

97

8a



of the gene Yyellow on mating ability of the males
is independent of its genetic background.
: From experiments conducted by Merrell (1949),'

"where yellow malee competed with wild type males for

mating with heterozygoue femalee, it was estimated that ‘

the relative mating ability of the yellow malee was
about .062. . The same figure can be calculated from
identical experiments conducted by Koref-Santibanez
and Weddington (1958), ueing etocks different from
those of Mbrrell. 4 g

~ The mating ability of scute males relative ‘to that

of wild type can thne be predicted to be '833 or .78.

09 o



SUMHARY .

Methods of evaluation of the rélative fitmess of
genotypes were studied to predict changes ;ﬁ"the',_
freQuenciés of the sex-linked genes scute and yellow in
Droaophilasmelanbgaéter_pdpulations. ' fhe exact formula
which relatés the chenge in frequency of sex-linked genes
and the average fitness of ;‘populatipn was derived. = -’
Total fitnese of the genotypes can. be-measured in
‘ one single operation or it'may be broken down into -
;components nemely viability, fertiliby and mating ability
which nay be measured aeparateﬁy This 1atter procedure
was followed here eince the compénents of fitness had to
- be reassembled in different ways depending on theé .point’ of
the life eyele where the acering of the genotypes is made.’

maximnmflikelihood eolut;éps were obtained to ‘estimate
simultgneoﬁsly relative viabilities and fertilities
- between ééifiinked genotypes. 'The solutions apply when
no selective mating ability exists between genotypes. 4
new system of measuring mating ability 13 preeented. ~In

this system the mating procees 19 compared with a catalytic

'reaction and fitness is defined in terms of Sevall Wright's

: selectlve coefficiente. The only seleétive force detected
in the present expériments was the greater mating ability
oi/.

60%



of écute'EAIeé”re;aiive'to'thét of }6116W'maie§ -
' when' mating with non-yeilow femsles) R
' ‘Good ‘agreement Was obtained vetween observed
chengéb 11 genotyplc frequehcios of scute and yellow
genotypés and tﬁefchangéé:préﬂik%éduﬁéiég thé.§6ﬁ§359nts
of fitness ﬁbash:éﬁ“ih'iﬁdépbnééﬁi“éi@é?imég§g.5“ S

' An attempt was made to change the relative fitness
of the genotypes by inbreeding. = Homozygous for ec or y

. females were 15 per cent less viable then heterozygotes.
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