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INTRODUCT 10! 

The importance of the mating system as an 

evolutionary factor has been recognisédby many workers, 

including Darwin (1871)1, Haldane (1932), 'and Huxly' (1942). 

In.. fact,: when genetic dIfferences in mating abi1ty 

èzi st among individlej, the genes. 1eáding to more, 

successful matings will tend to spread in the population. 

In Drosophila melanopaster, a variety of mutant male 

genotypes which are less successful in mating than the 

wild type is kn.orn, e.g, out, raspberry, votigial, whIte 

and yellow. 

The aim of the present work is to predict changes 

of gene fieqiiencl.Esin,prim'ental populations due to 

the s,exalined gene,' yei1o.:, ' ,. 

Since mating ability is only one of the forces of 

seleCtion, effeàs: óaueed.by all otherforces should, be 

taken Into account, hence total fitnesa àhould be 

measured.  

By fitnes.s we mean the "average. ability to pass on 

the genes to the next generation" (Knight and Robertson, 

1957). Any measure of fitness is then a measure of the 

representatioi 
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representation of genes in the next generation. 

If a population consists of different classes, 

their frequency distribution will change with time 

unless the relative increase in numbers of a].]. classes 

is the aeme. This relative increase was proposed by.  

'isher (1930) as a measure of fitness -, which he called 

the "I1a 4tbusian parameter of populatloü increase". 

When the constituting classea are genotypes, each defined 

by a Maithusian párwñeter rn, the distribution of gene 

frequencies in populations can be predicted, (Crow and 

lUmura, 1955). 

In what follows, an alternative measure of fitness 

will be used, the quantity w defined by Sewall Wright 

(1949) as the selective value of a given type of zygote, 

(fertlliéed egg), assumed tobe measured by its average. 

contribution under the prevailing conditions 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 in the following generation to that under 

consideration. 	 . 

The Malthusian parameter, ni, andthe Sowal]. Wright, 

w, are related as w = e (Haldane, 1932). 

2. 

For a random mating population the change in 

frequency/ 



frequency of autosomal genes, 'q, and the avera€e fitness, 

'1, are, for diploids, related by 6eiall Wright's (1942) 

formula, 

Aq 	Q(1.) d 	 S 	 (1) 

h.s fOrmula assumes that the èeleotive values ar 

independent of the •se,. or, In other words, the same 

genotype has the same relative fitness wh .ether málé or 

famale. This can be tzie for 'thecáaë in vihich the 

viability to maturity is the unique fitnee component 

• (see later) and it Can be fir1y asuthed° that for 

autosomal genes it will béso. But if 861e6ti.oñ acts 

throudiffereflt1è2 fti1ity, thu cannot be. gmiGd 

"a priorI", as 'fertility' i2i tic two iézea ii a complet1Y 

• different biological proceGo. In tbj.aóáe.the above 

formula constitutes only a good approximation when the 

abOve CoeffIcients are small. 	In the ca.se of'.sez-Iiiiked 

genes two .forAae ehu1d béused. one for each 

But If the selective CoefficientO are einal, the foxnula 

(Wright, 1942), 	. 	 S  

AQ = g(].-qi d., 	. 	. 	 (2) 
........... 

where w is the geometric mean of the average fitness in 

the! 
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the two sexes gives a good ,approxirntion. 

In an experirnert where changes in gene.. frequencies 

can be observed, it is possible to çalquiate the wia 

(see Reed and Reed, 1942; Kerr and Wright, 1954a 1954b ;  

Wright and' Kerr, 1954) 9 	 ' S 

Thémeasurernent of'tota1fithe'c.n be attempted 

by breaking it dówn into several components, measuring. 

each separately and assembling them in proper order. In 

the present work the measurement of components, namely, 

viability, fertility and mating ability is attempted. 

Also, inbreeding is used to modify the genetic background 

hoping ta caued changes nthe selective oàeffcents. 

S 



REVIEW OP LITERATURE 

It has beth shown in .Drôaöh1la that yellow males 

mate more frequently with yellow than with wild type 

females. Aieop the wild type  males are more successful, 

than the yellow oncE in mating with either yellow or wild 

type females (Sturtevant, 1915; Diedrich, 1941; Nerre11 

1949; Ioref-Santtbanez and Waddington, 1958). 

11errei1 (1949) conducted "female preference" experiments 

where wild type and yellow males competed for mating with 

wild type or yellow females. He showed that no difference 

existed in the proportions of females inseminated by yellow 

and wild type males when the experiments were perfoxned 

either in the darkness or in light. Bastock, (1956), in 

similar experinients was unable to show that the females, 

a±ter 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 

ehorter bouts and at longer intervais. Bastock suggested 

that feeble courtship behaviour of the yellow males fails 

to induce mating response in the females. 

The lesser success of the yellow males in mating when 

in competition with wild type has the imedate result of 

reducing the frequency of the: yellow, gene in a population, 

other things being equal. 

5, 



6. 

An attempt to neaeure the degree of selective 

mating and to use it to predjct the change in gene 

• frequency due to this.eiféót:was made by Merreil (1949 9  

• 1950 9  1953), 	This author (1950). defined as Efem&e 

mating ratip'tthe ratio of iatings. performed by one kin4 

of female to, the matings. performed by.'the other kind; 

a "male mating ratiofl is defined analogously. Using 

theseratios, with the. Droaôphila m1anggaster mutants, 

cut, , raspberry., forkd nd yellow against wild type, be 

.waa able to predict the ohang In frequencies of 

experimental populations. The experimental values 

for cut and yellow obtained, by Luthzin (1951) agree 

fairly well with the values calculated by Merrell (1953). 

A snii1ar attempt was made by Reed and Reed (1950) 

using the, white 4goant, of Drqphila melanogaster. 

They found .that the whtte mutan.t6 mated 25 per cent le2s 

frequently than the wild type. This was in agreement 

with the. predicted change in gene frequpnoy. 

of ]Ierre1l, 

Of pref erential 

the so Called 

these refer to 

lationS. 

The female and the male.mating ratios 

and their relationship with other measures 

mating will be diacused. In particular, 

"isolation indices" are of iüterest, sInce 

the degree of seoia1 io1ation between pop 

Consider! 



Consider a situation 'in which two populattons, 

• A and B, coexist in the semé area; the frequency of 

the four kinds of matings, two homogamice (AA and BB) 

and two heterogamica (AB and BA) determine the degree 

• 

	

	of isolation between the two groups. These matings 

are shown aiagrematiaaii (after Merrell, 1950) 9  

• 	 five kind8 of expèrlment3 have been made to etimate 

the degree of isolation. 

Direct ObaCation: S'turtevant (1915) Observed the 

frequencies Ofmating between the two groups when put 

tàgether. 

Pa1r Hatings: Patterson, Stone and Griffin, (1940), 

observed the pr6portion of matings when the four 

types of pair8 are Isélated from each other. 

ale choice: Djédrich, (1941) and Nerrell, (1949) 

placed females of one kind with two kinds bf males - 

holdinE the three classes in equal numbers, such that 

the males outnumber the females two to one. 

Male choice: Mayr and Dobzhansr (1945), Dobzhansky,  

and Streisinger (1948),.Patterson, McDonald and Stone 

(1947) and Merrell (1949) placed one kind of male with 

7. 
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• twa types of females. Records were kept of the 

irst(maletó. mate. 

5. Kultiple Choice: Reed and Reed (1950) placed all 

four type6 - two male and the twa female types 

together. The proportions of the four types of 

matings were estimated from anexamination of the 

the progeny. 

For the measurement of sexual isolation, variouB 

indices have been proposed. Stalker (1942) proposed an 

"Isolation Index'1  which is defined an the ratio of the 

diXerencé between homogamic arid heterógamic rnatingB to; 

their sum in the "male choice 0  experiments. He used it 

to measure the sexual isolation between strains of 

Drosophila virilis. 	 S  • 

Levene and Dobzbaneky (1945), defined an "Isolation 

Ratio 0  which is the ratio of the probabilil es (assumed 

conetant) of hoznogazaic and heterogamic In minatiops in 

"male choice" experiments. 

• Bateman (1949)0 believing that the choice in mating 

is made by the female, distinguished between."exual 

jaoiation".(deperident on the abi1ty of the female to. 

recognise the males of their wn species) and "mating 

propensity" of the iá1e (the facility with which 

females become sexually excited) o He ropoeed a measure 

off 

8. 



of "true" sexual ieo].atiora, (jotht isolation indices)# 

given by the average of the two complementary jndtces of 

Stalker, one for the mating (A B) x Adand the other 

for,  (A. B) x Bd' 	The mating propensities are measured 

by half t)ie difference of these 

Levene (1949), discussed Stalker's index and the 

Bateman "joint isolation index" derived from it, pointing 

out that neither takes account of the time taken before 

mating ocurred. In fact, if Pu  and 12 are the progeny 

of females belonging respectively to the strains I arid 2 

inseminated by males of the strain 1 0  as time goes on 

both p11  and p12  tend to 1 and. thus the mating propensity 

coefficient tends to zero. The disadvantage is still 

more marked if the joint coefficient is used. In this 

case, there are two comple mentary (in Bat eman terms) or 

reciprocal (in Levene terms) coefficients whose average 

gives the joint index of Bateman. 8uppoee a situation 

where no isolation exists; the joint coefficient should 

then be computed as zero, but as the rate of insemination 

• in the two reátprocál experiments may be different a 

non-zero index could occur. 

Levene then proposed a further jndex of i6o1at10 

Which was less affected by the time factor. He Ióund 

with Levene and Dobzhans]cy (1945) that the probability 

of iüsCniination in male cheice experiments was constant 

9 
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and was thus able to develop "coefficients of isolation" 

K and K21 for the two reôiprocal crosses and a "joint. 

coefficient" as the average of the two:' both are 

functions of the' probabilities only. 

K12 1hI.2 	and , K21 = 1] 21 	(3 and 3 1 ) 

14h12 
 

where h12 	h,are respectively th rátioe of the two 

probabilities for éaäh reáirooa1 cross. From these 

Levene dèrive4 also a coeff±cient of °exess• of 

insemination" of one étrain 	another. Thi's' was 

given by one half the differènce'betweon 1 	and 

( analogous' to Batthnan' è 'iâating rop6né1ty" 'coefficIent). 

Leveniè'a "O6éfficIént o isolationt' ééme to give 

the most 'accurate esimatè of 'a situatiOn.' 

Neertbéleaa "aé Orre1I (1950) pointed ot,1 'any 

analysis of data from mating experiments should separate 

the effects of sexual isolation from thobe of selective 

mating, which the avieraging of two coeffioient8 obscures. 

He then proposed two 'measurements.1 one for the "sexual 

isolation" and another for the "mating propensity" As 

the latter measures the trength'of selection for one 

type or another, it can be used.to. predict the changes in 

gene frequency due to ee1etive mating. They are the 

"female mating ratio" and the "male mating ratio'! referred 

10. 
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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 frequeñciee of both typee Of females 

and sales appear in the numerator and in the denOminator, 

the "mating propensitës" cancel out, thus the "isolatiOn 

estimate" is independent of the "mating propensity", 

On the other hand s  assuming again with Levene (1949) that 

the probability of insemination of a particular cross is 

constant, the "isOlation estimate" remains independent 

of the time lapse to mating. 

The female and male mating ratios referred to above 

and used by Merrell as a measure of mating propensities 

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

frequency due to eeleotive mating are defined respectively 

by 

Hf 	AAs BA and 	A * 	 (4 and 4 1 ) 

BB +AB 	 BB.BA 

where AA, BB, AD and BA are the mating types defined 

above. 

H1  and Nm  are, then, rOspéctively the ratios of ,  

matings performed by one type over the matings performed 

by/ 
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by the other, for females and males, when the typeB to 

be tested are in equal numbers. Or in other ords, 

• they represent the actual selectIve matlg propo'tions 

of the two t, . ypeb of f males and máles; thèy can thus be 

used to predict changes in gene frequency if the two types 

differ by one allele responsible for the mating differences. 

Nevertheless, the mating ratios, when used to predict 

changes in gene fréqüèncy have the fo11ôwin dificieñceê : 

They must be calculated when the relative proportions 

of the two types to be tested are equal. 

They assume the ratio to be constant for a].]. genotypic 

frequencies in a population. This is not obviously 

They assume a constant probability of mating for each 

crOss,, a fact  which wae not verified 'exerimeñtálly. 

The most recent approach to this problem was that of 

Petit (1959). She proposed a ticoeffiojent de selection 

sexuelle", K, given by 

• 	: 	K4/a 	 () 
B/b 

where A and B are respectively the number of females 

inseminated by reøpectively a males of one kind and b 

males of the other. 

Thia/ 
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This 0 coefficient 0  was riot proposed to prethct 

changes In gene frequency, but for the atudyoZ  the 

variations of the coefficient itself with changes in the 

genetic background. 

ieverthelese, it overóomes the first of the objection8 

raised above. On the other hand, thei .  variations in K 

Petit observed might still be explained at least in part, 

by the 0one aided mating propensities" referred to by 

Dobzhansky (1944). An example is the situation whore 

the A males mate more readily with A than with B females 

but where B males mate StL random with both female types. 

It can be seen from the above discussion that the 

measurement of fitness has been an extremely complex 

problem and that the introduction of many systems of 

measurement, each with a difeiènt .ter nolégy, has made 

any study in this field very tedious. 

lievertheleas, since no ay8tem proposed to date is 

completely adequate, a furthersystem will be introduced 

below In an,attempt tO Overome the remaining deiciencea 

ref erred tO above. 

13. 



MET H OD S 

1. THEORETICAL APPROACH 

1.1, The Components of Pitneeè 	
0 

The life cycle of a dioeciOus organism suggests 

the breaking down of total fItness iflto Viability 

and Pertility. Since a particular genotype can be 

less fertile than another, either because it mates 

less and/Or bèCáuse it produces less gametes, It is 

convenient to divide the fertility component into 

zygotic fertility (mating ability) and gamètic 

fertility. Thus., viabilIty is concerned with the 

survival of genotypes alter formation of the zygotes 

(developmental component), whereas zygo tic fertility 

deals with the ability Of genotypes to secure mating' 

(behaviour component) and gametic fertility measures 

the produó'tlori of gametes (hyaiological àomponOnt). 

Each of these components represents a different 

biological process. It is possIble that the gametes 

produced by the same parent but with different gene 

content could differ in their ability to fertilieeo 

If this were so, the component would be Included 

in the estimates of viabilities and those of gametic 

fertIlities and thus counted twice. But, as only 

one case of this type of selection is known in 

Dro sophi. la/ 

14. 



150 

Drosophila (Wallace, 1948) it will be. assumed 

it does not exiet at all.. 

1.2. Thea Measurement of Pitnees Components. 0, 

Differential viability between two genotypes 

is measured as the proportion of mature individuals 

of one genotype in relation to that of the other, 

• whereby each genotype is weighted by its zygotic 

frequency; if p and q are the zygotic frequencies 

and p'  and q' the frequencies of genotypes at 

rnaturty, the viability component, w, is given by, 

pt 
	

(6) 

in accordancei,with Wrig4t's(1949) definition. 

Similarly,' differential 'gamétic fertility is measured 

'ae':the proportion O''gametes produced by one genotype. 

An relation to that of the àthei, weighted by 

respective gene frequencies at mating. 

Maximurn'likelihOOd estimates of w áoefficients 

are obtained simultaneously for viability and fertIlity 

by attributing coéfulolents 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 follow8:- 



TALE, 1. Parent-Off spring Table for Female Progeny 

Male Parents. 

A 

1 

Female: 
Progeny  

AA Aa Aa as 

AA 

(l.b)(l-?) b+b12+b+ 

b b22 b=b 

aa - 

c12  1222 	- 

Tota1.a a11+b=n b124012=012 a 1 =n bO22 d122  a+b+c=n 

coefficient of fertility of the AA females 

a males 

viability ft u M females 

a 	ii a aa 	n 

: expected frequencies of daughters genotypes 

all, al2v etca. numbers of each genotype obeeried in an experiment with 
the same number of replicates  per type of mating 

16 

V 
44 

C 

rX 



17. 

TE 2.. parent-Off sprg Table for Male Progeny 

I 
We Parents 

A a 

Male A a A a 
Progeny 

AA 

a22  a+aaa 

b12  b b u+b12+ba 
b2 b 

as 

- 	 - 

0 "12 	•- o 

Totals 
5U4b32h11 b12 o12=h12  a+b 3 =b 1  b+on ab+cn 

• 	 (1-4) 

as in Table 1 

coefficient of viability of the a wale3 

etc., and au,  a12, etc. : as in Table 3. 



18. 

The likelihood equation for fanale progeny is:- 

• 	

'L a a log(li. 	. C]og('lu) • 	• n112g(l4 tiog(iO)22  

p (n21.n22)log(].a.L) 	- ri log (_]._) . (l-€)j. 

+ (3_l+(i)(1_.)1S S  • 	
• 	 ('7) • • 

with the solution, (8) 

C 
2(b114b21 ) 2(b124b22 ) 

'i(-F) 
('-e) 

22(4) 

1 

and 
11(.-i) (i) 	2 

l2(4') 



The likelihood equation for the male progeny is,. 

L : a log(l.4) $ b log(1-U1') . (n12.n22)1og(l_) 

• (n214n22)1og(1..) wllo(2.)\3a4) • 

with the solution, 	 (10) 

c 
2( b11+b21) 	 2( b12+b 2) 

fl21422 	
and 	 (ifl) : 

b124b22 

"1ll2 

Both of these two components, %ii 	and fertility 

are by their own nature independent of the presence of other 

genotypes in the population. Mating abiUty, on the 

contrary, may depend on 	 Parthermore, 

while viability is the same biological process in both sexes, 

mating ability in Dr6soh11a is a óompletely differentone 

and different statistical treatment is thus required. 

Mat±ng ability for females means the atta.irmient of 

sufficient nervous excitatIon, and for the males consists 

wnong/ 
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among other things in.inducing this excitation in the 

females.. 

• : There is strong evidence ('Nerrell, 1949) that 

Droeohila males have no preference in mating wIth' 

different females and that deviations from random 

mating in "male choice" experimeh'ti are due to 

different responses of the femaleso Nalee apparently 

have the urge to mate indeacriminately and special 

"stimuli" from females are not neóessary to start the 

courting activities. The females will respond if the 

pattern and intensity of 'the courtship are adequate 

(Bastock, 1956).. 	It is a well known fact that malee 

attempt to mate with males. 

In the light of these observations It may be 

justified to eliminate the mating abilIty cornponeiit 

from the fitness of females. 

If the mating ability of different male genotypes 

is to be measured and used to predict gene frequency 
•0• 

	

	 changes in a population, the sex ratio of parents in the 

corresponding experiment8 ehouldbe the same. 

An'examp1eWill clarify this. Suppose two kindS 

of males a 'and b are used. Assuthe ta  and  tb  to be the 

time necessary for each kind 'tó'stiinülate the females 

and for t b  to be greater..  than t • If the number of . 	 ... 
females is equal to the number of males a, the females 

will/ 

.20. 



will mate with these Irrespective of the values Of t• 

But if the number of females is greater than the number 

of more successful males the less successful may mate 

with the surplus females left over by the more succeasful 

ones if the time tb  is notgreater than 2ta PlUStWhiOh 

is the time necessary for the a males to complete the 

mating.. If tb> 2ta + t, the a males will mate with 

the second groupp crowding out the b males, and so on for 

a third and fourth group of females. All important 

conclusion is that the two kinds of males with only 

slightly ditferént stimulating times ta  and  tb  may 6liow 

no differences in mating index (random mating). It is 

not surprising to find the "one-sided mating frequencies" 

described above, because if one of the .t 0 kinds of females 

Is more easily sexually atimulate4, it will maté indiscrimi-

nately and the other, mo.re dIscriminate, will mate LirCt 

with the males whIch are able to induce the matIng response 

in a ehorter time. 

It was logical to compare the mating processes with a 

catalytic reaátion, where the virgin females represent the 

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 are 

present/ 
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preeent, the end result will be the transformation of 

the females by order of the 'affinities" and so one may 

speak of competition of the substrates and saturation 

of the catalytic surface. In a situation where one 

kind of females and different kinds of males are present, 

the proportion of endprooucts (females fecundated by 

different male types) will depend on the affinities 

between the substrates and the different catalytic 

aurfaCs. 

In the latter, case the proportion of females 

fecundated by the first, second and third kind of males 

is given by the solution of a system of differential 

f,quations of the type 

	

: mj (l 	P. ...J 'a...)iI  
dt. 	

1 	 j; 
 . ...... 

where 	... 	are the frequencies of females 

•feeunda.ted by th firzt, Eecond and fmáles, 

is the frequencies of the different kinds of males and 

the. rate constant of each type of ,  matIng. ,• 

If at t 0 all the females were 'virgins, the áàluton 

is, 	 . 	. 

2. 

_i Mi (i 2) 

But/ 



23. 

But noting thatmj 	,whetemj is the rate constant 
mj  

for the I kind of male and w4 the Sewall Wright selective 

coefficient of the male8 relative to .  the,  fOrmer, F j  can 

be expressed in terms of relative fitness and male 

frequencies, 

• 	WjIj 
U .0 

V 

 

When females with different thresholds of response coexist, 

a different Wj should be attributed to each. 	En the case 

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

two m's and thus only one w. These can be estimated as 

coefficients of regression, as in this case the solutions 

are Of thetype, 

 

The linearity of the regressions tests the independence 

of the thresholds from the genotypic frequencies in the 

population. For if the experimental values fit linear 

regressions when,the. genotypic frequencies of females 

are different in individual experiments, the constancy 

of the thresholds of response ( the probab1ity of 

insemination of Levene ) is indicated. 

1.3. The Combination. of the C6mponents of Fitness! 



1.34 TheCombthatión.of the.Cómonente. of FItness 

The proper method óf,Cobining the three 

components of fitness in a single expression which 

gives the expecte4 change In gene. frequency depends 

on the point in the life cycle where the scoring of 

the genotype is made. If the scoring were possible 

at the formation of thezygotes, the expression for 

q would be simple as the coefficients for each 

component could be multiplied by each other, within 

genotypes. If the scoring is made at mating, the 

expression turns out to be more complex as total 

fitness, evaluated by multiplication of the coefficients, 

can only be used within the definition of Sewall Wright 

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

genotypic frequencies for each step of the cycle. 

104. !tilibrium of Gene Frequencies for a Sex-linked Gene 

It is interesting to know if a non..trivial stable 

equilibrium of gene frequency is possible for a 

particular set of fitness components; in this case, 

the components can be combined by multiplication 

within genotypes and the product treated as a 

coefficient of selection for each. The eolution can 

be found as follows. 

Beca1se/ 
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Because of the eietence of three female AA., Aai .  

and aa and only two male A and a sex-linked genotypeb, 

aelection at sé*-1thked loci will involve different rates 

of change in gene frequency, 1 q, for females and males. 

Let (181):1:(l62) and i:(l-t) be the selective 

coefficients for the genotypea above, the changes in 

frequency are respectively, 

L 	
(1)SlQ.U152(1Q) 

.'s1q2 -s2(l.q) 2  
(15) 

and 

L 	q( l...q) 
	

(15!) 

Random mating tends to equalise gene frequencies in 

both sexes, selection to establish equilibrium frequencies 

specific for each sex. A non..trivial equilibrium point 

with selection is pOS8ible for sex-linked genes if the 

change in gene frequencies due to selection, is exactly 

balanced by the change due to mating. 

This jmplie5 d.ifiereflt gene frèquence8 in each Béx 

at equilibrIum, etcept for the case where ovèr.dominaflce 

in females coincides with no selection in males. 

// Around,' 
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Around the equilibrium point let !nd  m be,the 

respective gene frequencies of A in females and males, 

after selection has operated and before mating has taken 

place. Hating will change them to ( f+m) and I 

respectiyely. Equilibrium is possible if selection of 

genotypes will restore to f, an, m the gene frequencies . . 

changed, by mating, 	.. 

Af f4(f.m) 	 (eledtion Al of female 
genotyoa) 	. 

and 	 . 	 .. 	. 

AM : (mi.f) 	 , ., 	(selection Zii of male 
•gnotyp68). 

That Is, if the changes Of gene frequncydue to selection 

among females (Li) and males (Lm) satisfy the condition 

2Lf+Am*O 	 (16) 

It is easIly seen that the difference between lále and 

male frequencies Is - rn after selèótlón (before mating) 

and m after mating but before aelection. 

In order to calculate the frequencies ,atequilbrium 

which satisfy the conditions above, let x, 2y and z be 

the frequencies of the AA,• Aa and aa fma1e genotypes at 

mating. The progeny of the A and a genotypes in males 

are! 	. 

I am indebted to Dr. Alan Robertson for this step In 

the derivation. 

26. 
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are thus (x.y).Lm and (y.z)-zn. 	After mating, the 

genotypic frequencies are, by puting (x.y) 

AA 	q2 qtm 

Aa 	2q(lq)qAm.(l.q)im 

aa 	(1 4)2  (1 ci)tm. 

Let (1..sl):1:(162) 	and 	l:(l.t) bethë.fitnessof 

female and male genotypes respectively. 	After selection 

the changes in frequency of the A gene among females and 

males are,  

s1q2 q-(e1q.m (qAm) S  (lv) 
1..81q82( L-q) 2_ Islq 	i_qj L m 

and 

m 	 - 	q 	

S 	 ,, 	 5  '(17') 
l.t(l.q) S 

By manipu'ation of these two expressions the change in gene 

frequency, Aq, in the whole population of males and females 

is obtained. 	S 

'' (18)' 
, 

where! 
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where 	and 	are re pectively the evérage fjtne8e in 

fa1e and male ub-populfttiOflBi 

Wf  1_a1q22 s2-( s1.82)m 

Vt  

and 

i.t(l.q) 

Noting that the numerator Of the above expre8sion forq 

is equal to i_ 	bOcOmes (compare with the 
2dq 

approximate formula (2) page. No • 3), 

q(l..q) 	d 	 (19) 
aid  

.The.equilibriumpoiUtSthefl, 

(20) 
s14s2-s2t : 	 S  

and its stability can be investigated through the 

behaviour of the seèond derivatives (Li, 1955), of 

The formula for equilibrium agrees with that o Bennett, 

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

2. EXPERIME1TAW 
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2. 	XERXMTAL 

21e $aterial 

For an investigation of this kind, accurate 

scoring of U gènotpe is. crucial. The two 

closely ltnke4 recessive gene:'Cute" (Be) and 

"ye11ow (y)  were óhosèn as suitable markers of the 

sex ckroinosome. The three female genotypes ±' act 

so' 	which appear phenotypicafly as ecute, 

wIld . te and Xeliow respectIvely, and the two male 

so* and . which appear phenotypically as acute and 

yellow respectIvely. constituted. the experimental. 

material. BOth the se and the ygenes were 

introduced,  into the Kqduxq stocks Of the laboratory 

from the .21sanS stock. The croeses were then 

allowed to reproduce tb 'a population cage for 21 

weeks at a population atie of 5#060 fUse to allow, 

recombination.. to take place. . After thist eute 

and yellow genotypes were separated and maintained 

throughOut the experiment in large populations4 

i3rOm these stocks, Lnd.ividuale were eampled for 

irnroetigations. Al]. experiments were Carried out 

at a constant temperature of 25C and undor usual 

laboratory conditions. 

During the 21 week etabilising period, the 

populatioW 



population was sampled at 3 week intervals and gene 

frequencies scored. It was observed that there was 

a steady increase in the frequency of 

Experimental observations on-changes in gene frequency 

were carrie4 out in population bottleB. This made 

pOssible a greater number of replicates than with 

Cages.. Also the generation interval was shorter and 

complications due to overlapping generations and 

differential longevity were avoided. 

24,2. REsults 	- 

2.-2.1.Viability and Pertility 

The standard procöedure was to pick 60 scute 

males and 60 yellow virgin famales out of the ecute 

and yellow stocks, to distribute the 60 pa.ire into 3 - 

population bottles of 20 pairs each, and to divide the 

P wild type,2± daughters Into two grOups.. One of 
1- 	 +y .  
these was then crossed with ec+ and the other with 

males; the flies used to measure viability and 

fertility components were the P2  progenies of those 

matings. 	 - 	- 

Two procedures were followed. 	In . first eriss 

of experiments, pairs of fliee constituting six possible 

tyes of matings were put in vials with foo4 during 

30. 
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24 hours. They were then transfered daily to fresh 

ones during 3 - 6 daysi When all the piogeny had 

emerged, they were acored for genotypes ai nd. counted. It 

was observed that a great number of matings with the 

yellow males ;did not tke.. Hence, in a second sriéa, of 

experiments, it was decided to let all flies from each 

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

some experiments the males outnumbered the females). 

Each female was then transfered to a single vial. 

Unfortunately, maximum likelihood estimates 'of 

fertility and viability, given on pages xa and 19 can 

only be applied when the numbers of individuals a, b, and 

c observed are each obtained from the same number of mated 

females0 In this case the estimates will not include 

mating effects. Since a great majority of matings with 

yellow males did not take, it was necessary,  to employ a 

simple methodof analysis as will be d,eecribedbelow. 

Estimation of Differential Viabilities 

Over 150 individual segregations observed in 7 

experiments were used to estimate viabilities. Results 

of t x 	matings are shown in Table, 3, and thOse. of 
. ,y. 	.,. 

± 	matings in. Table 4 , 	 . 
ty 	 . 

It, 	' 
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TAE3. Total Mumbera of Each Genotype Resulting from x 2± Matna 

The upper and the 1owerX are reapeotively the X for hetero 
genei' within experiments and that for deviation from 1:1. 
When sigflifiCant to 5) level mazted with 

MaleS Females 

Expert. No. of 30+ iz 30+ 30+ 

nt 1(0. remeloo 004 

1 5 .68 735 10. 329's  984 986 4898 
.002 

2 10 731 725 4.384 730 777 6.097  
1.466 

3 13 619 604 11.430 596 590 18.412 
S  

.184. . 4030 
S  

20 642 661 1,10 79ó 637 721 19.000 
• 	 .277 54196 

.5 20.. 995. 1050 14. 19 1085 3079 134410 
.01? 

6 328 303 15.533 334 362 10,298 
.836 .1.126 

7 19 801 778 	. 21j.. 222 792 772 13.842 
.335 .  .143 

TotaLs 107 4884 4878 5138 5287 
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a3-fl  

TABLE 4. 	Total Numbers of Each Genotype Resulting from .! 	x jX Mating 
'+7 

.The upper and lowerX? are respectively the 	for Izetero- 
• 	genaty within experiments and the x.2  for the deviation from 

1:1 ratio. 	When significant at the 3, level the X's axe 
,marked with M .  

ales Females 

peri* 	NO.' iz 
mont N. females +7 

1. 	'.. 	2 	320 357 	.088 370 	340 .151 
.415 1.268 

2 	3 	245 264. 	• 118 225 	257 1.334 
.709 	- 2.124.. 

388 	9.985 , 385 	364 13.059 
.237  

4 	16. 	704 623 	10.392, 662, 	654 19.689 
4.944* 

- 	 : 
.049 

5 	14. 	482 455 	8.333 482 	4.84 17.439 
.7.78. . 

6 

	

13 	281 267 	6.505 233 	245 8.119 
1.552 . .018 

7 	8, 	351 372 	9.952 354 	357 10.757 
1.430 .013• 

Totals 	65 	2757 2726 2711, 	27Q1 

C. 



Itwasconciuded that theré'wae'nô diffèrertia1'. 

viabilty'betweefl genotypes, male o.r'female..' •,,, 

'ron Tables 3 and 4 it ôan be seen that significant 

heterogeneity of results" Only apêaredin one experiment, 

and there 'were' two cases of significant derivation from 

a 1:1 ratio. 

EstimatlonOf DifferentIal 	 i .a 

As no 'differential viabi1itie were found amó'ng 

genotypes or sexe, no correction is needed for the 

fertlt4èa calculatedfrôm the tOtal number of offepring 

per female. 

Fertility of female genotypes was estimated from the 

relative' numbers of oifapring. The calculations 4ere' 

based on experiments where the number of offspring 

pro4ucèd by each 'pir• was üót limited by shortage of 

space orfood. 	Tbtheck this, cOntro]s'with 5.10. 

pairs per vial were' run parallel to the experiment; 

they provided ' estimati 'of the  th&'irnum number of flies 

possible within vials in a given experiment. 

The result of six experiments are shown in Table 5 

Obviously no conclusions about diiferential fertilities 

'on 'the female genotyps can be drawn torn these 

experiments. In two experiments (2 and 6) the wild type 

wa the more fertile genote; in the others it was 

about/ 
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TE 5. 	Total Numbers of offspring Produced by 421, and 
Females Mated with .2± ales. 

+7 -. 

Thea below the numbers of off spring produced by 
and tZ females are the deviations from the 

30+ 	+Y 31 ratio, when those numbers are 
compared with the number of df spring produced 
by 	22± f€1ea. 

+7 

Experiment No, of so+ 80 for the 
No. 	rep1i- +7 deviation 

øatee from lzlil 
ratio. 

3. 	10 2882 2963 3164 14 ,  
4/0 

2 	15 2331. 2503 2060 44 

3 	a) 35n 2641 1866 >loO 
+3Z 	. 

4 	20 3350 4197 4930 > 100 

5 	'18 .. 1214 1145 1487 51 
+3C 

6 	19 2805 3215 2492 92 

Total a 	102 1111 16664. 15999 



- 	 36. 

TABLB 6, Total Nunter of offspring Produced by 	.afld 4.Females, Mated 
With 	a1 	in the let and 2idda7f Proction 

• The; 	below the numbers of off spring produced by 2± 
CUd .  fen

th
1es are. the deviations from the 1:3. 

ratio., en those. numbers are; cOmpared with. the number 
of offspring. pr 	uce 	by 	fa1ee. 

• •- +7 

of •• sc 80+ for the 
Noa repli- so+ +y deviatiOn 

C tea • 	frn 1:1:1 
ratio 

1 là 976 979 . 	1077 
• 	

• 

-2% . 410.  

2 15 2331 2503 2060 44  

3 2 1934 1623 959 >3.00 
39 

4. 20 3459 1740 2370 > 100 
34 

5 18 . 598 518 798 65 
45J 

6 19 2805 3215 2492 92 

Totals 102 10103 10578 9756 



TAIE 7,Total Ntnnbers of Ofçspring Produced by 20+ 2± and L Pcnalea, 
Mated ,tth 82±iles, After he 2nd dayotion 

The .% below the nunibers of offspriug, produced by j 
ad 	fen1es are the deviationa f rout the 1:1 rai, 
when 4  those numbers are compared With the number of 
offspring: a a by 	females. 

Experiaent No, of x2 for  the 
No. rep34. sc+ +y +y deviation from 

catea 1:1;1 ratio 

1 10 1906 1984 2087 8.274. 

3 20 X595 1018 907 >100 
+57, . 

4 20 1891.. 2457 2560 > 100 

5 18 .616 627 68 z, io 

TOtals 68 6008 6ó86 ,6243 
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• about intermediate In fertility. Scute fma1ea showed 

higher fecundity in experiment 3 and the ye.low females 

in experiment 4. The_?C2  for heterogeneity between 

experiments was very highly significant. 

The above results suggest that the difference in 

fertility and their variation from experiment to experiment 

were mainly nonugenetic. The age of the flies at the 

beginning of observation could have been an important 

factor. For, if the flies of one genotype were younger 

than the other, not only would the average number of 

offspring produced by the former be less, but also the 

coefficient of variation would exceed that of the older 

flies. However, after the third day of laying, the 

number of offspring per female is fairly constant up to 

the 6th day and then declines, (Robertson and Sang, 1944). 

Thus it should be permissible to compare females between 

3 6 days of age. The difference in age between flies 

in these experiments were never greater than 12 hours, 

and when progenies of the first days  egg production 

were discarded, the pattern of results was not altered. 

A breakdown of the first three days  of lay versus those 

produced during the 4 - 6 days  is given in Tables 6 and. 

These results suggest that there was rib. dear 

relationship between age and, the differential fert1lities 

of genotypes: the results are, in fact'; impossible. to 

interpret. 

2.2.2. Hale Hating Ability! 

38. 



• 2.2,2. Male Mating, Ability 

• 	 The standard probedure was to pick 60 aC'ute 

males an' 60 virgin females from the stocks; to 

distrIbute them in 3 bottles with 26 paIrs each. The 

p1  dld type (2) daughters were divided into two groups. 

One was mated with acute males and the other wiih yellow 

males. The groups were then p].aoe: Inpopulatton bottles 

with 10 15 pairs per bottle. The females were allowed 

to lay eggs for 4 - 5 days and. were then discarded. 

When the P2  emerged and their numbers approached 300 per 

bottle, the flies were scored and transferred to fresh 

bottles where they were allowed to continue mating 

overnight. The next day each individual female was 

placed into a vial with food, and allowed to produce 

offspring. The genotype of F daughters permitted a 

diagnosis of the father's genotype. Thuø in thse 

experiments the two male genotypes were competing with 

each other for female mates. These female mates were 

acute and wild type in one group, and wild type and 

yellow in the other group. In order to observe 

simultaneously the competition between, males for mating 

with all three female genotypes, in given proportions, 

an appropriate mixture of F females previously mated 

to acute and y ellow males respectively, was made. 

Por/ 
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For each resulting P2 bottles the number of 	 0 

females of each genotype inseminated by scute or yellOw 

malee were reóordèd as well as the numbers Of double 

matings and that of females without progeny. The 

results of these tests are given in Table8e 

From these.tablos# the following conclusions were 

drawn: 

(I) The numbers of acute females inseminated by scute 

and yellow males are not different from those of 

the wild.type femalesfora given, proportIon of 

acute and yellow maleso 

The. 'numbers of wld tyj .feznàles, inseminated by 

scuté .an4yéilow males differed from thtof the 

yellow females wIthin éxperimentea. 

The percentage of double..matings measurea over all 

experiments was less than 1 per cent and the numbèr 

of females without progeny less than 6 per cent. 

Since there was,no difference in.tiñgprefereflCe$ 

between scute.and wild type females,, 'they can be 

consIdered jointly in thIs analysis as "non.yèllow" 

females. Thus., only two regressions of the ratio of' 

the nuxnbéz' f 'fnalee inseminated by yellow males over 

the number of females. naéminated by acute males On the 

ratio of the number of yellow over the number of 'acute 

rnale, according toformula (14) 4 pagei1o,23were 

calculated/ 



TAME 8, Numbers of Each Genotype, Obtained in Population Bottles, 
Resulting f run so+ X 804. or 80+ X a Matings or From a Mixture of Both 

+7 	+7 

The figures below the numbers of female genotypes represent 
respectively the number of inseminatiofla bySCutE. males, by 
yellOw wales, the numoer of double.xnatinge an that of the 
fnales without progev 

Males Females 

80+ +y +7 

102 120 9 

100:3*0:17 45:44:1:9 

.56 77 . 62 66 
50:2:14 	. 27:330:3 

50 37. 43 48 
40:2:0:1 44:3:0;I 

99 92 92 100 
84:6:ó82 88:6:0:4 

41 43... 36 47 
• 

' 	 33:3:0:0 18:29:0:0 

58 .45 ,. 	 . 
53 44 

52:1:0:0 29:15:0:0 

56 48 .•, 	 . • .49 .42. 
• 

. 	 45:3:0:1 29:10:2:1 

40 145 43 109 36 
36:7:0:0 82:22Q:5 9:20:0:7 

37 100 30 47 47 
22:6:0:2 . 	 31:8:0:8 3:36:0:8 

31 . 	 99 22 78 31 
12:0:0:0 59:14:0:5 10;4:O:0 

46 126 54 	. 
Ø• 30 

44:9:0:1 71:15:0:4 11:26:0:0 

59 161 43 108 . 21 
39;2:0:2 84.:16:0:8 6:12:0:3 

27 116 	•. 25 77 	. 36 
17:810:0 49:14:0:28 5:30:0:1 

59 128 65 113 
31:78:2:2 

Contd. 
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CONTINUATION OP TAE 8 

Males Females 

Pc+ +7 - 80+ _ 
80+ tz 

80+ +Y 

.4.3 114 56 115 
414 :62:6:3 

52 93 34 101 
• 32:66:2:1 

18 124 39• . 73 
11:53:0:6 

29 102 17 93 
17:70:0:6 

37 99 • 24 103 
• . 29*69:0:7 

73 . . 69 
62:5:0:2 

40 48 ., 52 41 
46:5:0:1 .18:22:0:1 

24 23 7 14 
6:1:0:0 14:0:0:0 

30 33 9 22 
9:0:0:0 21:0:1:0 

11]. 122 115 103 
97:5:0:13 43:43:0:17 

70 80 68 71 .  
61:6:0:1 	. 37:32:0:12 

86 94 80 . 	 79 
72:8:0:0 50:29:0:0 

94 93 90 .  85 
77;.6:0:7 45:38:0:2 

94 92 64 . 	 83 
53:10:0:1 51:30:0:2 

27 77 66 21 
52:12:0:0 3:17:0:0 

32 93 81 13 
57:17:0:7 5:5:0:8 

54. 132 69 85 
49:9:0:1 36:4.7:0:2. 	Contd. 



CONTfl(U.ATIQN OP TABLE 8 

Melba - 	 Females. 

50+ 	 +7 

25 118 25 

30 37 

22 87 25 

3.02 26' 

35 88 . 	 35 

39' 88 '•' 	 35' 

37 119 30. 

49 113 41 

.33 88 32 

33 95 29 

22 99 39 

43' 

+7 

106 
10:67i0:29, 

100 
15:79:1:5. 

103 
18:67:0:10 

108 
13:72:0:23 :  

89 
18:63;O: 7  

102 
28:65:0:7. 

106 
34:65:0*7 

105 
29:.70:0z6 

93 
32:59:2:0 

94' 
27:61:2:4. 

102 
24:82:0:6 
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calculated, one for the yellow and the other for the 

• non-yellow females. 

It should be noted that when the errors of the 

proportion of acute to yellow ineeminations were 

greater than 6 per cent1 the data were not used for 

the computation of regressions. 	. 

The follOwing example will illustrate the method. 

Taking the experiment No 8 of Table 8 where the observed 

number of genotypes in F2is,. 	.. ., •.,•••..•.••• ...... . 	 ..•... 

SC,. 
BC, 

40 	145 	43 
36:7:0:0 

0c4 

109 	36 
82:22:0:5 	9:20:07 

Respectively 36 and 7 acute, 82 and 22 wild type, 

and 9 and 20 yellOw females have been inseminated by acute 

and yellow males; double matings were not observed; 5 

wild typo and 7 yellow did not produce progeny. TheX2  

1. for difference in proportions between acute and wild type 

is .46, between acute and yellow 19.20 and between wild 

type and yellow 19.2. 

The proportions of acute-yellow inseminations for 

the non-yellow females 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,1 



/ 	45, 

regressions as, 

yellow inseminatlOns 29  
gcute inseminationa 	ill, 

number of yellOw males • 	3.625 
number Of acute males - 40 

ywx. 

it ahouldbë rAotédthat when the numbers of inserninatiofls 

obeerve4 were very small, which was particularly frequent 

for non-yellow females inseminated by yellow males, the 

exact test fOr heterogeneity (Fisher, 1948) was applied, 

instead of%2, 	= 

The independence of the mating abilities of the 

males with respect to each group of females was reflected 

in a linear regression, w, of y on x, (w * constant). 

This was shown to be the case for all experi.menta 

conducte4 as shown'ing..1. 

Calculated regression estimates are Shawn. in. T.abl,. 

TBI.9. CoeffIcients. Of aegression, w, Calculated with 
the DataOf Table & " '' 	•'- 

- 	. 	 'w 	Deviation from .1 

Yellow Pa1es 	1.060.144 	.,t23 2 .413 	70-60 

	

on-yelld'w Females . .079..008 	t 	 = .100
24  

$ummari slng/ 



0ssrved ,aluss - 

RegressIon line estimated 

lior— 

Regression line esUmoted 

for non—yellow ?1 

NUMBER or •y' dd 

NUMBER OP 'sc 

Pig0 1. Regressions of the ratio of the number of 

females 2.nsem.Lnated by yellow males over the 

number of females inseminated by acute males on 

the ratio of the number of yellow over the number 

of scuto males.  

(o.t all ratios are reresented in the figure) 
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Summarising the results of the exporiment on 

fitness component measurement, the following coticluslone 

canbedrawn:- 	
0 

Mating abilittes are independent of thq genotype. 

• 	frequency.. 

Yellow males ere at a disadvantage relative to 

• 	ecute(w . .079) when mating with non.yellow females 

• and show no disadvantage when máti.ng.with yellow 

females (i it 1). •... 

The only 8olection factor detected in theae experiments 

was this partial male mating ability (uone,eided 

preference of. Dcbzhan8]r). 	 - 

2.2.3. Obser'ued and Expected volution of Genotypi.c 
Frequencies in a Population 

To observe changes in gene frequencies, 20 

replicates were set up in bottles with 20 pairs 

of flies each; the females were 2.2.t and the males 
0• 	 •• 

These flies were obtained in a manner similar 

to that used for the measurement of fitness, 

compononts. After 5 days in the bottles the flies 

of the initial generatIon were shaken out and 

discarded. When the progeny emerged, a eample of 

at least 200 indivi.dua].e,. was taken from each 

populationi' 	 0 	 • 
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population, acoràd for genotypes, and placed for twa days 

into fresh bottles as parents of the next generation; 

this was repeated. for 13 generations.. The harmonic mean 

number of males per generation per population was 124 and 

that of the females 11811 ThOnumbérs of males and females 

in the first and 'aècond generatiCzi8.Were greater than 

average, respeCttirely 154 and 144 'fr males and 147 and 130 

for females. The greatest number of individuals in any 

generation scored and used as parents were 231 males and 

221 females (in the first generation).; the most unbalanced 

sex ratio was 1.27 máleetO 54 females.; 

The average generation interval was 13 days. 

Observed mean frequencies and the expected frequencies 

calculated with the est±rnaté of partial .thatthg 'ábil&ty, 

w.s .079., are given jñ:'Table..lO and shown in Figs. No. .2 

Expected genotype frequencies were Calculated as 

follows:- 	,. 

• Let, In generation n, at mating, x, 2y and z be 

respeCtively the 'frOquencies Of the' 	
'• 	

and 
- 	 ' 	BC•, 	• 	. 

female genotypes, and p and q respectively the frequencies 

of the ec+ and ±z male, genotypes.. . 

The expected frequencies Of genotypes in the generation 

(ntl) are then:/ 

47. 



TABLE 10, Observed Mean Genotypic Frequencies (in 
) 
in the Expermenta1 

Popu1ation (upper figure) and Expected Frequencies Calculated from 
• 	,. Fitness Estimates 

0 0 	.d Feina.ea Males 
'r4 

+'. • 

U])4 
tko cS 

• sc Nf SC+ 

(St) rJ Z45 U) 

0 20 00 20 100 20 

50.0 50.0 48.6 52.4 
1 20 50, Oj4 50. O4 147 50. O4 50.0 157 

22,5 53.0 24,5 26.4 73.6 
2 20 23.24 50.O5 26.8±5 130 5.O±4 . 75.0 144. 

• .35.4 40.8 '23.8 46 53.6 
3 20 38. 9.t6 36. 15 24.8+6 114 48.1+7 51.8 117 

510 9 35,6 12.5 57.5 42.5 
4 20 52.49 33,5 14. 35 122 57.08 42.9 107 

642 28.4  7.4 	,. 68.5 
5 20  65.2±7 27.6±6 7,1+3 116 69.1+7 30.9 114 

690 6 28.4 2.0 78.2 ' 21.8 
6 20 76..4j6 20.9±5, 2.6+2 99 79.1±7 2G9 11!7 

14.3 1.0 86.2 13.8 
7 19 85.1. 14.1 .8 123 86.9 13.1 117 

90.9 8.5 .6 93.1 6.9 
8 18 934 8,17 .2 119 92,2 7.8 117 

• 93.6 6.2 H .2 94.6 5.4 
9 16 94.8 5.. .0 118 95.4 4.6 120 

• 96.9 3.1 0 96.5 3.5 
10 15 96.9 3.1 .0 124 97.4 2.6 126 

98.7 1.3 .0 98.7 2.3 
11 14 98.3 1.7 .0 120 98.5 1.5 124 

99.5 .5 , .0 99,5 .5 
12 6 99.0 1.0 • 0 112 99.1 •.9 134 

99.7 .3 00 99.8 .2 
13 6 99,4 .6 40 116 99.5 .5 129 

Nf * harmonic mean number of females 
RM 	 "males 

4. 
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The expected frequencies of genotypes in the generation 

(np 1)  

Generation !.2..t 
SC, . 	.&y. 

U x. ., 	z 	.... p 	q 

n41 	p'(x.py) 4y+XZ 	q'y+pZ Xpy. 	Y,Z 

where p' :._..P - 	ad 	. q' 
p+.079q 	 j...  

The freqtiencyóf the "ac" gene in f fta leaz is, 

(x,y) i p' 

.rherp • pt.p • 	.. 

'esè ca1cu1atOns wère. applied répated1y to successive 

generations substituting the frequencies in the generation 

ñ for 'thoee in generation (n.i). 

The variances of the expected frequencies were 

caláuTat ad numerlOally. 	i fferent I ating and aquaribg the 

expressions for the expected frequencies, the variance in 

ánin'inite1argégeneration...(n+i)is obtaIned as shown 

in Table 110 

The mp1ing variance due to f1nite numbers of 

aelected/ . 

49.. 



TABLE 11. Variances of the Expocted. G.eotypic Frequencies 
in an Infinitely, Large (ri,l) Ii  Generation 

5O 

Frequencies 

Géno- 	n nth j, (4l)th 
types generation generation 

	

x 	p.'(x.y) 
804 

	

2y. 	y.pz,q'x 
, y. 	 - 

. S 
 q.*y4q,Z 

Varthncu (V') 

(x.y)2  V$.P'2V() 

2 	2 	2 iyq* V,Z Vq •P 

2pCc2pci'Cov 2+2XzCOVi 

q'2 v, 

The variance of the frequency of the '° gene in females is; 

V(X )4V!?Z2V(  9) 2VZ42PCOV( Xy ) 242 zC0Vp , p  P. 

- 

....Y ..... V. 	 i re2pectve]J t1ie 	ces of 
q z, y...,  p....  p  in zero generation, and 

 
Co1 	 ••• Cbvp.g  respectively thecovariance 

betwei x and y,  x and z, p and qt in 
the n"1  generation 



selected male (In) and (Nf) female parents was then 

added to the expected variance of tje infinitely large 

population. 	 " 

Anetimate of eampling'variance for'a'uiriite. 

number of parents of either sex was obtained as follows:- 

Assume parent genàtype frequencies in the jnfthite 

population d1atributed'nàrmâll with variance V1 . 

Subdivide this parent population into K classes 

covering equal' 'intervala of' absiasa equal to .02. 

Assume that genotype frequencies of a. given. 

jnterval, i, 'Can be rèpresentedy the mid-point 

Uj between class lmita. 

Determine from tbles of the normal curve the 

sampling variance contributed by each class as 

uj(ia..ul)f wiexefj is thé'area' under the normal, 

curve of the ith  interval. 

Sum over all intervals to obtain the total 

	

sampling variance 	, 	.. 

	

V0= 	
, u(i-u)' 

N 

Obtain the total va±iance for a finite number 

of parents 'of a given sex as 

V1  : V' , V" 

This! 

5]. 

CD 
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TABLE 12. 	Observed and Expected Variances :of the Frequency of 
"so" in Experimental Populations 

In )?emales In Males 

Geue ration No, of Observed Expected Observed Expected 
repli-. 
cates for Nf 	for .5 N 

for 

1 20 2.5 4.2 8.8 15.9 

2 20 
: 	

40.8 22.7 	4068 12.8 17.3 

3 2D 62.6 36.7 	642 45.1 49.1 

4 20 103.8 34.6 	54.6 150.3 59,6 

5 20 105.8 25 
: 	

136.5 53.4. 

6 20 33.8 19.6 13862 46.4 

:harmonic mean of females 

t' males 



This procedure was applied repeatedly to successive 

generations in order to obtain estimates of Vard&n6: 61 of 

expected gone frequencies up to generation 6. 

The observed variances between populations and. the 

expected variances calculated as indicated above are 

shown in Tgle 12. 	and 17 were set equal to the 

actual numbers of parents mated. Thus the expected 

variances are almost certain to be underestimated. 

Alt ernátiyely, the eqected. vartandes . f.á" ternaiéB 

%,ere calculated by using 0.6 x bTf in place of , This 

second procedure appears to give improved predictions of 

variances. 	(see Table 12). 

Faulty experimental tecbn.tque may account for the 

large variance between experimental populations observed 

at the 4th generation.. 	.. 	 . .... 	 . 	 . 

2.24. thajge of Fjtnesa by Inbreediri 

Five inbred lines were made by mating brother 

to sister for 30 generations using 	females 

and 	males, in order to keep the two genes sc and 

y segregating within lines. 

Only one line survived to the end.; the others 

were lost reSpectivelY at the 7th, 8th, lOtb:and 

21st generation. . All lineø but this last one were 

repiaced/ 	. 	. 

53. 



replaced by épliøatesof the rIng line. Thü 

the four lines available at generation 30 were closely 

related to each other. 

At generation 31, fIve replicates of each inbred 

line were expanded in size and set up in population 

bottles of about 250 flies each, to observe the 

evolution' of Onotypic freqjiëncie for lhre6 generations. 

The ameprocedure was ua'fd a deçribe& 'eeXIi eX (page 46) 

for the Outbredpopulation.'  

Differential viabilities between acute and yellow 

males and between wild type ani yellow females were 

estimated from the proportions of individuals of the 

first generation. These results are shown in Table 

It appears that there is no differential viability 

between acute. àud ye1ow males; Iereas, yellow femalee, 

are less viable than the double heterozygotes. The 

analyaa of variance. given belOw indicatea this d1.fe'rencetobe. 

highly significant. 

Analysis of Variance of Female Viabilities 
(percentage survivors of the sea genotype) 

S...,.,  

Source of Variation 	 D.F. 	wean square 

Deviation from 1:1 ratio 	 1 	 8521 

Between lines 	 3 	 52 

Between replicates within lines 	15 	 29 

Error' 	 , 	

5 	
18 	. 	 33 

54. 
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TAJE IN 	TOtal Thanber of Each Gerioype Esaultiug from 	2± x . 	 1atins 

• Males - Females 

Line No.of so sc+  
repli- ..y 
cates 

1 5 298 300 286 238 
• 	 2  

5. 269 288 270 267 

3 .5 	• 327 249 317 266 

5 170 195. 272 19? 

Totals 20 1o61 	• 1032 	• 1245. 96 



LE 3.1 2 	Total Numers of Each Genotype Resulting from .!2± x . 	 Mating 
+y 

Males Feiflalos 

Line 
8Cf 

1 166 126 146 152 

2 187 196 177' 202 

3 234 244 303 335 

181 132 203 269 

TotalS 768 698 823 959 



57. 
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Differential viabilities between wild type and the 

acute femalee were estimated from segregation in 

:matingso The results are given in Tble 14. 

They confirm thc of fable 13 in that no cónais,tant 

differences were found between ac+ and ±Z male genotypes. 

Heterozygoua (A2±) females were again more viable than 

the homozygous (.!±) females. 
Se, 

In both tests.(Tablee 13 and 14) the homozygous 

I ema)es for eIther acute or yellow wOre about 15 per 

Cent less viable : hafl the double heterO.zygote. 	The 

greater viabi1ty of the double hetoro.zygote in inbred 

lines may be attributed to a region of the x-chromosome 

adjOining the 11 sC' and "ye' loci which has been retained 

in a heterozygous state0 

The estirnatekof 15 per cent reduCtion in viability 

of the hornozygous females and the estrnate of partial 

mating abilIty of .079 for yellow males as calculated 

in previous experiments (page  No.45), were used to 

predict genotype frequencies in the inbred lines. The 

predicted frequencies and the Observed mean fre4uenOies 

of genotypes measured over all lines are shown in 

Table 15. There is good agreement between actual and 

predIcted resulte. 

Prom thIs,it may be concluded that inbreeding d i d 

not change the relative mating abilities of the yellow 

males. In Other words, it appearS that the effect of 

01/ 



TALE 15, Observed Mean Gecotypic Frequencies 
(in %) of the Inbred Liues (upper figure) and 

Expected Frequencies Calculated from Estimates 
of Fitness (lower figure) 

Females Mábs 

Gefleraticfl 80+ 
4 

8C+ +Y 

0 0 1.. 0 20 0 ...:l 20 

1 0 54.2 45.8. U]. 50.8 . 	 44 :110 
314.0 4.0 sço 

2 22.9 57. 2 19.9 116 25.7 740 103 
23O 54.0 23.0 27.1 . 	 .149 

3 32.4 46.6 20.9 99 45.5 	. 54,5 97 
380 36.9 24.2 50.0 50.0 

Iq mean number of females for pOpulatiOfl 

0 ma].eé' 

3 
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of the gene 'yellow on mating ability of the males 

is independent of its genetic background. 

Promexperimente óonducted by Nerrell  

where yellow males competed with wild type males for 

mating with heterozygous females, it was estimated that 

the relative mating ability of the yellow males was 

about .062. 	The sib~ae figure can be calculated from 

identical experiments conducted by Koref.-Santibaflez 

and Waddington (1958) 9  uaing atocka different from 

those of Mèrrell. 

The mating abtlity of acute males relative to that 

of wild type can thus be predicted to be 	or .78. 0079 

9. 



StJARX 

methods of evaluation of the relative fitness of 

genotypes were studied to predict changes in the 

frequencia of the sex-linked genes scute and yellow in 

Droaophiia melanogaster populations. The exact formula 

which relates the change in frejaency of aex-linked genes 

and the average fltnüs of a population was derived. 

Total fitness of the genotypes can bermeaeurcd in 

one single operation or it may be broken down into 

components namely vab1ty exi1fit and mating ability 

which may be measured aeparateiLy. Tkij.s latter procedure 

was followed here since the compnents of fitness bad to 

be reassnbled in different Ways dependIng on the póintOf 

the life cycle where tile scoring Of the genotypeB is .  made. 

áx' mum likelihood eoiutiOns were obtained to e2timate 

simultaneously relative viabilite8 and fertilities 

between aèx-linked genotypea. The solutions apply when 

no selective mating ability exists between genotypes. A 

new system of measuring mating ability is presented. In 

this system the mating process is compared with a catalytic 

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

selective coefficients. The only selective force detected 

in the present experimente was the greater mating ability 

60. 
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of scute males z'e1tive to that of yellow males 

when mating 'with non-yellow 

'GOod •a,eEent was obtained bètwéenoberved 

changea in genotypic frequencies of acute and yellow 

genotypes and the changes predicted using the components 

of fitness measured in independent experiments. 

n attempt was made to cikange the relative fitness 

of the genotypes by inbreeding. Homozygous for ac Or y 

fethales were 15 per cent less viable than hetérózygotes. 
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