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INTRODUCTION

The animal breeders are mainly concerned in breeding

for economic tralts like milk, meat, eggs, wool ete. which
show continuous variation. Their ultimate aim is to bring
about Improvement in these characters by selection spread
over a short period as possible. In practice, however, due
to longer generation interval, large animal breeding is a
time consuming and at times a very frustrating vocation.
Animal Breeder therefore is on the look out for short cut
methods that can bring him to the desired goal in a shorter

period and with a greater chance of success than at pfesent.

Modern practices in animal breeding are based on
the concepts of population genetics derived from the theore-
tical investigations of Fisher, Wright, Haldane, and others
and their practlical application by Lush and his associates.
Over the last two decades or so genetical investigations with
Drosophila has provided a great deal of factual evidence for
theoretical concepts of quantitative inheritance whieh had
a direct bearing on schemes of livestock improvement. The
problems posed by a population of Drosophilsg are essentially
the same as those of any other population of biological units.
The investigations in Drosophila melanogaster are advantageous
because of it's shorter generation interval, low chromosome

number, absence of crossing-over in males, avallability of



marked, multiple inversion stocks for chromosomal manipulations
and the existence of thorough information on biology and
genetics of this fly which enables conclusions drawn in quan-
titative studies to be put to rigorous tests both genetically
and cytologically. A clear understanding of the properties
of genetic variation helps in better interpretation of the
effects of selection and problems of stability of adaptive
characters, heterosis and inbreeding deecline. Drosophila
offers facilities to take the challenge of genetic analysis
as deep as possible and enable alternative interpretations

to be systematically tested with least expenditure of time

and money.

The response to selection in which the breeder is
mostly interested depends on the nature of selection pressure
employed and genetical architecture of the character. These
in turn, depend upon the detailed organisation of the system
of genes controlling the variation in the expression of the
quantitative character. Though our knowledge of the organisa-
tion and properties of polygenic systems is limited, chromoso-
mal assay technique developed and extensively used by Muller
(1927) and Mather and Harrison (1944) and elaborated by
Robertson and Reeve (1953) for genetic analysis of inbred
lines of quantitative characters exposed the nature of poly-

genic organisation on different chromosomes and the presence



of Inter and intra chromosomal interactions. Mather and
Wigan (1949) assayed the different selection lines to study
the gene distribution with regard to bristle number and
Robertson (1953) for wing size in Drosophila melanogaster

but no attempt has been made to study the polygenic organisa-
tion of the important characters of fitness such as egg
production, hatchability ete. This has been attempted in

the present study. The material used was the 4 inbred lines -
2 High and 2 Low developed in the Drosophila Laboratory of

the Animal Genetics Division through family selection.



REVIEW OF LITERATURE

The first work on inbred lines in Drosophila was
started by Castle and Coworkers (1906), who inbred Drosophils
melanogaster for 59 generations by full-sib mating. They
observed slight inbreeding depression in productivity provided
selection was carried through by using flies from more
productive families. There was no adverse effect on fertility,
which was rather increased in crosses between inbred lines.
They notlced slight reduction in fly size, and éppearance
of more sterlle flies in early generations than in late ones.
These findings were confirmed by Moenkhaus (1911), Wentworth
(1913) and Hyde (1914).

Charles and Smith (1939) presented the hypothesis of
multiplicative and geometric gene action, instead of simple
arithmetic gene effects without dominance and interaction,

in the crosses involving quantitative characters.

Wright (1939) discussed the effects of inbreeding and
selection and suggested the development of improved strains

by successful crosses between strains.

Mather (1942) presented the theory of polygenic concept
and balance of polygenic combinations. According to him,
recombination was the means by which the hidden genetiec varia-

tion was released for play of selection. Linkage of polygenes



might either increase, or decrease the rate of advance under
selection, according to whether the genes were coupled or
repulsed. In this way, both recombination frequency and the
phase of linkage were adaptive and hence were themselves

subjeect to selective control.

Genetie analysis of certain stocks revealed that

(1) balancing of polygenic combinations occurred in any

chromosome .

(2) A large change might occur under the action of selection
as a result of unbalancing the polygenes in a small segment

of chromosome.

{3) Rearrangement of genes might occur in a chromosome, so
that the effects of individual segments were changed but
the effect of chromosome as a whole remained nearly

constant.

Darlington (1942) showed that the polygenic explanation
of Mather's results was not 'a prori', but fitted the required
eriteria in showing mutation, segregation and linkage and
polygenes might occupy the portion of chromosome hitherto

regarded as inert.

Discussing the role of polygenlc inheritance in



evolutionary and adaptive changes under natural selection,
Mather (1943) explained that polygenes formed the basis of
stored variability and the rate of its release, necessary to
give selective changes of the magnitude required for species
formation. The breeding system determined the frequency of
heterozygosity on which depended the rate of release of
potential variability and therefore the breeding system was
an adaptive character and as such was subject to selective

changes.

Dobzhansky and Spassky (1944) and Ives (1945) investi-
gated the naturally occurring speclies of Drosophila and showed
the selective advantage of heterozygotes over homozygotes.

They postulated that recessive autosomal genes mostly concealed
in heterozygous state possessed major store of genetic varla-

bility.

Gowen (1945) observed that hybrid vigour in Drosophila
was chromosomal rather than cytoplasmic and additive gene
action accounted for most of hybrid vigour. Dominance and
complementary gene action also accounted for a small proportion

of genetic variation.

Gowen et al. (1946) noticed that the long inbred lines
were not frequently homozygous since lethals might be present

on chromosome II and III, or both. The superiority of




heterozygotes could not be explained as to whether it was

due to the tendency of natural selection in favour of hetero-
zygotes or to the existence of a balanced lethal system that
maintained additional heterozygosity by linkage.

Dobzhansky and Spassky (1944), Spencer (1944), Eﬁes
(1945) and Dubinin (1946) showed the selective advantage of
heterozygotes over homozygotes in natural populations of
Drosophila. The greatest contribution to the experimental
evidence on the selective advantage was provided by the

findings of population cage studies of several strains of

Drosophila pseudoobscura (Dobzhansky, 1947).

Dobzhansky (1951) reported that heterozygotes for

III chromosome inversions had a selective advantage over

homozygotes in Drosophila pseudoobscurs.

Ives and Hinton (1952) showed the selective advantage
of inversion heterozygotes for II chromosome, derived from

wild populations of Drosophila melanogaster.

Buzzati-Traverso (1952) reported that obligate hetero-
zygosity for inversions was the rule in Drosophila subobscura.

Robertson (1952) explained the effeet of inbreeding on

variation due to recessive genes. Variation within lines




inereased to maximum when coefficient of inbreeding was close
to 0.5 and the recessive genes were at low frequency but

declined to zero when inbreeding was complete,

Hayman and Mather (1953) had shown that selection in
favour of heterozygotes acting within and between inbreeding
lines prevented fixation at a locus for which both homozygotes
had a selective advantage of as little as 25% for sib=mating
and 15% for double first cousin mating.

Bennett (1956) investigated the lethal genes in inbred
lines in Drosophils and reported that heterozygotes for lethals
were rather less viable than the lethal free homozygotes.
Although isolated lethal genes were eliminated by inbreeding,
completely linked lethal genes tended to collect in the
region of the chromosome, where crossing over could not
frequently occur and constituted a balanced lethal system

which was perpetuated on further inbreeding.

Spassky et al. (1958) analysed the genetic variance
released by recombination of the gene content of original
chromosomes and concluded that the recombination products
of some original chromosomes released more genetic variance
than others and that the variability of recombination products
was an outcome of epistatic interactions of the genes rather

than simple additive products.



Thoday (1959, 1960) concluded on the basis of experi-

ments with Drosophila melanogzaster that disruptive selection
increased the genetic flexibility and polymorphism.

Review of investigations on specific quantitative traits

in Drosophils is given below :

ODY S

Body size 1s one of the thoroughly investigated
characters in Drosophila. Wing or thorax lengths had long
been considered as the representatives of body size measure-
ments. The ease of measurement and convenience of its
estimates from lengths of thorax or wing had led many workers

to its study.

Zarapkin (1934) observed that the body size of geneti-
cally large individuals as compared to genetically smaller
ones was due to greater number of cells and not due to differ-
ence in cell size. He further showed that artificially induced
varliation of body size was due to variation in cell size, but

cell number was constante.

Stanley (1935) studied the effect of temperature on
wing size in Drosophils melanogagter. Experiments were repeated

with an inbred unselected strain raised at constant temperature






