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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
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between 14.50-3100 involving long winged wild type, vestigial
and their offspring. Modifying factors were detected which
appeared to be inhibitory, to account for the action of

vestigial gene. Temperature effective periods were discussed.

- Reeve and Robertson (1952) studied the inheritance of
body size in different selected strains and found that the
differences of wing and thorax were mainly due to changes in

cell size rather than the cell number.

The genetic situation in various lines was analysed
to assess the nature and extent of free variation remaining
at different stages in selection, to examine the genetic
differences between lines of different size and to study the

basis for heterosis present in certain erosses.

Robertson and Reeve (1952) discussed the possible
effects of continued selection on a quantitative character
by conducting a two-way selection experiment for large and
small size in lines taken from two wild stocks, namely
Nestlebed (Nb) and Edinburgh (B) stocks. Studies were made
on size variance, visbility and the effects of relaxing and

reversing selection in each line,

Four 'Nb' lines were selected in either direction for
wing and thorax lengths respectively for 50 generations. Two

'B' lines were selected in either direetion for 30 generations.
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A cyclic mating system was used to minimise the rate of

inbreeding in a small population.

The 'Nb' long wing line after increasing 7% in size
entered a long period of unstable equilibrium, characterised
by cessation of response to selection, high phenotypic variance
and a sharp decline in size. In short. wing line response
was noticed until about 37th generation, followed by a lack
of response. Its variance became very large after 19th
generation and remained higher when response to selection had

ceased. ©Size did not increase when selectlon was relaxed.

The 'Nb' long thorax line became stable after increasing
11% without changing its variance, but short thorax line showed
a decline of 8% with the development of low fertility and high

variance.,

The 'B' long wing line advanced steadily during 30
generations to 11.5% above control level. After 19th genera-
tion, the variance increased and remained consistantly high.
Relaxation of selection did not lose the size in contrast to

'Nb' long wing line.

The 'B' short line had declined about 14% but rose to
control level on relaxation of selection and fell again when

reselected.
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Through chromosomal analysis of the lines developed,
one II chromosome and two III chromosome lethals were detected.
Each of these reduced size slightly when heterozygous but they

showed interactlon to reduce size greatly when together.

Selection of elther of the traits changed Both wing
and thorax lengths in the same direction but to a different
extent, The explanation for a rise in variance of a charascter
after it had been long selected was possibly due to progressive
alteration of the genotype in which the alleles previously
indistinguishable from each other could be selected, and
selected genes which could not be fixed might had thelr effect

on the character magnified by selection of modifying genes.

Reeve and Robertson (1953) observed in a strain of
Drosophila melanogaster that long continued selection failed
to make it homozygous. Under selection for long wings, the
straln remained in unstable genetic equilibrium for more than
50 generations with an increase of &6 in size and about 5%
greater phenotypic variance than in the control stock. When
selection was relaxed, or reversed, variance declined and the
deviations of wing and thorax lengths declined by about 50%
and 20% respectively.

Genetic analysis indicated no II chromosome lethals
in the unselected stock but the flies were homozygous for a

III chromosome gene or block of genes which was lethal in the



genetic background of a lethal test.

Progeny tests indicated that 50% of the variance of
wing length was due to additive effects compared with 40%
after a generation of selection (30% in unselected stock).
Selection appearéd to increase the additive genetie variance
2% times leaving the remaining variance unchanged. A genetic
asymmetry in the relative changes of wing and thorax lengths
during selection for large and small size was discussed by
the authors. Wing length declined relatively 2% times as

much as thorax length when selection was relaxed.

This apparent contradiction was explained by the
authors as due to a postulated effect of continued selection
in modifying the effects of unfixed genes on the selected
character. Comparison of genetic variances of the two charac-
ters before and after selection led to some support of this

hypothesis.

Robertson and Reeve (1953) studied the various effects
arising from the substitution of chromosomes from selected
strains in different genetic backgrounds using'a simple crossing
technique. The experiment was conducted to compare three
strains selected for large size and one selected for small
size with two standard inbred strains. The importance of

IV chromosome on size was studied to the extent to which the
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chromosomes combine additively. The authors summarised their

results as follows :

(1) In nearly all the cases substantial non-additive effects

on size were noticed.

(2) There was some 'aggregate dominance' i.e. summed dominance
effects over a whole chromosome in the direction of large
size in crosses of both the large and small lines to the
standard strain which varied from complete dominance to
a slight deviation from additiveness in different chromo-

some pairs.

(3) Substantial interactions were demonstrated between genes
on non-homologous chromosomes apart from dominance effects.
Interaction effects tended to be greatest when chromosomes

from unrelated strains were combined.

(4) Selection for large size had generally produced most
effect on the III chromosome, while selection for small
size in one of the strains analysed produced effects

mainly in the X-chromosome.

(5) There was no evidence of any changes in the IV chromosome

due to selection for large, or small size.

Robertson (1954) conducted chromosomal analysis of

crosses between selected and unselected lines of different

body size in Drosophila melanogaster using a simple crossing



technique for creating all possible combinations of major
chromosames from pairs of inbred lines. The 27 different
genotypes in females and 18 in males, provided the basis
for different tests to investigate the genetical control of
body size.

When the unselected and small lines were crossed, a
highly non-additive effect was noticed. By the analysis of
the unselected and small 'B' lines, the size differences
could be accounted for by aggregate dominance of the chromo-
somes of the larger line. In the 'Nb' combination, aggregate
dominance and additive combination of non-homologous chromo-
somes accounted for the size of the majority of the types.
There were a number of interactions which increased or decreas-
ed the size leading to different dominance relations in
different genetic backgrounds. Most of the larger interactions
were noticed in genotypes carrying several chromosomes from
the small line. The behaviour of X-chromosome of small line
was exceptional in being completely recessive in all back-

grounds.

When the chromosomes from unrelated and unselected
inbred lines were combined, interaction between non-homologous
chromosomes were most striking and frequent. Inter-crossing
the unrelated inbred lines always demonstrated heterosis in

the Fq. The heterosis could not be accounted for in terms of



the summation of the effects of dominance or overdominance
on different chromosomes but was considered in terms of gene

interactions.

In a two-way selection experiment for body size in
Drogophila melanogaster Robertson (1955) observed selection
response, and discussed the properties of genetiec variations.
In 3 of the wild stocks studied, selection produced immediate
and sustained response in either direction. There was
asymmetry of response, response being greater for smaller
size. Response was inversely related to phenotyple variance
in large lines, so that most response was shown by least

variable lines, but in small lines the reverse was true.

Like lines of different strains were crossed when the

response had ceased. Fy of larger strain exhibited increase

in size due to heterosis and decline in Fg followed by a
response to selection which took the size well beyond parental
liness In small sized strains there was an increase in size

~and continued selection failed to obtain response.

Tantawy and Reeve (1956) studied the effects of
various levels of inbreeding on survival from egg to imago,
net fertility and wing length using sib-mating, half-sib
mating and cyclic system with 3 pair matings, and found that

survival, net fertility and mean size showed little decline



with the increase of inbreeding coefficient. Mean size showed
about 1% decline upto 80% inbreeding. Phenotypic variance of
wing length declined most in the early generations of inbreed-
ing and slightly after about 60% inbreeding. This was attri-
buted to the fact that as the genetic variance decreased, the
envirommental varlance increased particularly during the latér
stages of inbreeding. On an average heritability of wing
length declined much less rapidly than predicted. The differ-
ences in heritabllity between lines inbred at different rates
to the same level were not statistically significant, but

the most rapidly inbred lines had the lowest heritability and
the least rapidly inbred lines the highest heritability of
wing length.

It was suggested that

(1) Natural selection against homozygosity at some loeci

reduced the rate of fixation at these and linked loci.

(2) The genotype became more sensitive to the effects of

further selection.

Both these effects probably showed interaction so
that selection against fixation became more intense with the

inereasing levels of homozygosity.

Tantawy (1957) confirmed the earlier views of Clayton,
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Falconer and Robertson that response to selection was limited.
Back selection and relaxed selection in both directions
resulted in rapld return to the control in some experiments,

but not in others (Tantawy, 1956a).

At higher levels of inbreeding, relaxed selection had
no effect on response. ©Selection combined with intense
inbreeding, was effective in the earlier generations followed

by a stabilisation due to fixation of alleles favoured by

selection.

Based on these results, it was suggested that

(1) Much improvement for a given trait was possible under
selection with sib-mating before homozygosity for

specific combining genes approached.

(2) Improvements continued until segregating genes became

homozygous for those alleles which combined best in the

selected lines.

Robertson (1957) studied genetic and environmental
correlations between body size and egg production in
Drosophila melanogaster and reported that about 50% variance
of body size and 60% variance of egg production were due to
genetic segregation. Selection for large and small size

caused little change in egg production. There was no evidence



of genetle correlation between these two traits. Interpreting
the results of two-way selection for egg production and body
size the author stated that most of the genetic variance for
body size behaved as additive, while non-additive predominated
in the variability of egg production. Gene enviromment

interaction had been demonstrated for both the traits.

Robertson (1959) reported the findings of his investi-

gation on the effects of different kinds of genetic and envi-

ronmental variation on wing size of Drosophila melanogaster

studied in terms of change in cell size and number in the

wings and concluded that :

(1) Higher the temperature during larval growth, the smaller
the wing and body size.

(2) Under optimal environmental conditions, the reductions in
wing size was accompanied by change in cell number, while

cell size remained comparatively constant.

(3) About 70% of the variance of wing cell size and cell number

was genetie in origin.

(4) Genetically different individuals of same wing size
differed in cell size and number and the genetic variation

in size and number of cells were independent of wing size.

Robertson (1960) presented his interesting finding



on ecological genetics of growth in Drogophila on varying
levels of nutrition. A two-way selection was practiced for
large and small size in different enviromments to investigate
the genetic differences and their reactions. The performance
of selected lines together with crosses between them had been
compared with performance of unselected individuals on differ-
ent diets and reported a clear gene environment interaction
quite early in selection and after 6 generations striking

differences were noticed.

Prabhu and Robertson (1960) further studied the gene-
environment interaction by comparing the growth of various
inbred and non-inbred stocks from pacific cage populations

of Drosophila melanogagter at two temperatures on different
diets.

Gene-environment interaction was of high magnitude.
The phenotypie effects of inbreeding on body size were
greatly influenced by temperature. In one set of comparisons,
inbred lines averaged 20% smaller at 25°C but only 3% small
at 18°C and great differences were found on diets deficilent

in DNA than on low protein diet.

Sub-optimal diets did not show decline in body size
of inbred lines but reduced the size of outbred stock to the

extent of 25% or more.



The F1s between various lines showed highest level of
homeostasis in relation to body sigze and development time
when reared on sub-optimal diets. The gene enviromment
interaction, among crosses was negligible in comparison to

parent linese.

Tantawy (1961) estimated the heritability of body size
in a population of Drosophila pseudoobscura and studied the
influence of the original temperature condition on such
estimates. He showed that temperature and body size effected
the rate of egg production and longevity. There was evidence
of the presence of considerable amount of additive genetic
variance for body size. Changing the original temperature
under which the population had been maintained for a long time
resulted in deeline of the heritability estimates. This was

followed by a decrease in the response to selection.

Robertson (1962) estimated the genetic correlation
between body size and development time in Drosophila melanogaster

which might be zero or close to unity according to the larval
diet during selection. On live yeast and various other sub-
optimal media, there was little or no evidence of correlation

and no change on selection for development time,

Druger (1962) subjected a population of Drosophila



Rseudoobgcura to selection for large and small wings at two
different temperatures, 25°C and 1600. Samples from the
original lines selected at 25°C were raised at 25°C, 19°C
and 1600. Selection made in one environment resulted in a
qualitatively similar changes in other environments, but the
divergence tended to be greater in the environment in which
selection was practiced. When the selection was exercised
in the same direction as the enviromment, the carryover of
selection effects tended to be incomplete. ©Selection brought

about chromosomal polymorphism in the selected lines.

BRISTIE NUMBER

Sternite chaetae number may be considered as a metameric
quantitative character governed largely by additive genes.
Bristles were neutral characters, for they are functionless
as far as the fitness of the population was concerned and

some bristles had sensory functions.

Karp (1936) studied the effect of 20 different combi-
nations of genes Hw, Br, h and arp and showed that all three
types of gene interactions were present i.e. independent
action, mutual intensification and mutual suppression, the
second type was most frequent, occurring in 45% flies and

indicated the presence of dominance relatlion with reference



to the other genes present and the particular substitution.

Karp (1936) further reported that the III chromosome
ry th, st, ecu, sr, ca reduced the manifestations of the
character, sternal bristles by 15-16% as compared with an
gbony stock. At least 6 genes were involved. The action
was hypothesized to be balanced not only in the chromosome

as a whole, but also in its separate regions.

Rokickii (1936) operated selected for high sterno-
pleural bristles of 25 generations and observed that the
average selection efficiency for one generation was almost

twice as high in selection lines as in controls.

Mather (1941) conducted two-way selection experiment
for bristle number on IV and V abdominal segments, by two
different crosses. In one cross ¥ x £ B'B' the main advance
was achieved in the first two selected generations, which
was explained as due to the recombination of whole chromosome.
In another cross BB with wild type, a similar initial advance
was followed by a period of stability. This was followed
by a second and larger advance, which was interpreted as due
to the action of selection on variation released due to
recombination of genes in the same chromosome, as according
to Mather (1941) some balanced polygenic combination developed
by the action of natural selection. The polygenic combinations



would be subjected to an internal balancing process in the
homozygotes and a relational balancing process in heterozygotes
and heterosis was due to a poor relational balancing and

polymorphism in nature to the relative efficiency of internal

and relational balances.

Mather (1942a) analysed a stock of Drosophils
melanogaster selected for abdominal bristle number and
reported that linkage of polygenes either increased or dec-
reased the response under selection according to whether the
genes were coupled or repulsed. Both the frequency of recom-
bination and linkage were adaptive and were themselves

sub jected to selection.

He indicated that balanced polygenic combination
provided ample storage for genetic variation, and for the
selective changes of the magnitude required for species

formation,.

Mather (1942b) further stated regarding the association
of fertility with bristle number, that 'correlated response
to selection would appear to be an inevitable property of

polygenic inheritance".

Mather and Wigan (1942) practiced selection and

inbreeding in two experiments for 21 and 53 generations



respectively for stérnopleural and abdominal bristles. In

the first experiment the advance was smooth and steady while
in the second it occurred with sudden jumps followed by lack
of responses. The jumps were explained as due to the recombi-
nation of the mutations to which individual polygenes had
given rise. These mutations with small individual effects
were said to be accumula ted until recombinations gave rise

to more extreme variants where selection was effective.

Haskel (1943) investigated the polygenic system
operating in mutants and non-mutants of Drosophila melanogaster.
The gene scute {sc) was introduced by backerossing, in 4 lines
with different chaetae number and found that the abdominal

chaetae was approximately halved.

Wigan (1944) studied 'balance and potence' in natural

population of Drosophila melanogaster. Haploid sets of the
three major chromosomes of Drosophila melanogaster derived
from wild males trapped at 5 places in England were kept in
the male line and were brought together in various combina-
tions. By means of a factorial experiment, the effects of
the chromosome pairs on sterno-pleural bristles, and their
interactions were compared with those of marker tester
chromosomes, and their wild homologus. It was found in the

females that the variability was less between families, where



the homologous wild chromosomes were derived from different
individuals than those where homologues were identical, which
proved that polygenic combinations controlling bristles were
relatively balanced. The males showed large effect of inter-
action. The effects of polygenic combinations when heterozy-
gous were shown not to be exactly intermediate to the effects
of two homozygotes and the word 'potence' was introduced to
describe measurable relation (analogous to dominance) which

existed between polygenic combinations.

Mather and Harrison (1949a, b) carried out extensive
two-way selection experiments for bristle number in Drosophila
melanogaster. Two unrelated inbred lines were crossed and
selection practiced from Fo. Selection for low bristle number
led to an irregular decline for 35 generations and then the
line failed due to sterility. Selection was relaxed at 20th
generation by mass mating, but no change occurred in spite of
repeated attempts to select downwards. Selection for high
bristles also failed due to infertility. The lines had thus

acquired some sort of balanced infertility system.

Selection for high bristle number responded immediately
and continued upto 20 generations followed by infertility.
The line continued by mass mating, whereupon bristle number

regressed 80% towards the original level in 5 generations.




After a few generations of reselection the line returned to
the original high level. This was explained as due to the
freeing during the period of relaxed selection of infertility
genes linked to the polygenes responsible for high bristle
number. The polygenes were presumably tightly linked and

behaved as a unit and were therefore quickly selected again,

Analysis of the lines by chromosomal assay it was
found that all the three major chromosomes were involved
for bristle trait. There was no indication of dominance of
bristle géne which was supported by crosses between the lines.
The results were interpreted exclusively in terms of 'Mather's
theory of polygenes' (1943, 1949). This classical experiment

was used to establish nuclear basis of polygenic inheritance,

Wigan (1949a) studied the distribution of polygenic

activity on X-chromosome affecting sterno-pleural bristle

number in Drosophlla melanogaster.

Maximum activity was noticed at the left end (0.0-2.8),
the region round ct (10-31) and yy (31-49.5), both showed
significant activity being in the same direetion in any one
. chromosome. No activity was found near y (26.5-38.7). In
the region round car (59.7-centromere) there was significant
activity, as shown by significant difference between inbred

Oregan chromosome and the tester. Polygenic activity was not



directly proportional to the crossing over lengths or to the
amount of euchromatin shown on the salivary map, nor was it
proportional to the amount of heterochromatin in the metaphase
chromosome. No connection between polygenic aetivity and
hetero-chromatin could be established due to the general
distribution of intercalary hetero-chromatin along the
X-chromosome. Greatest polygenic actlvity was noticed in a
region having a high concentration of visible lethal mutations.
Different optimum rates for the release of variability in
different characters disfavoured the existence of variability
of all characters in all centres of activity. The results
obtained on the X-chromosome of Drosophils melanogaster showed
relational balance (Wigan, 1944). The polygenic organisation
of the X-chromosome which is hemizygous in one sex, showed
internal balance, and it was thought that this might not
represent the condition in the autosomes, where no such compro-
nise was called for. It was also found that the major genes

and polygenes were not antithetical in their distribution.

Rasmuson {(1952) used several wild stocks in her selection
experiments and noticed that selection was effective, but there

was asymmetry of response. The Fys of line crosses were not

intermediate, but closer to the parent of smaller number of
bristles. She considered the difference in behaviour to be

incompatible with the hypothesls of additive polygenes.
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Reeve and Robertson (1954) studied the genetic and
environmental correlations between the sternites from progeny
tests and counts on inbred lines respectively. Under optimal
culture conditions, the genetic correlations were virtually
unity and envirommental correlations virtually zero, so that
the elements of the metameric pattern responded identically
to genetic variatlons and independently to non-genetic
variations. Overcrowding reduced the size and the sternites

whose chaetae were more densely packed and probably smaller.

Durrant and Mather (1954) studied the heritable
variation in the second chromosome in a long inbred line of
Drosophils melanogaster. There was a significant variation
in their effects on sterno-pleural and abdominal chaetaes
It was found that the differences among the chromosomes were

due to recent mutations and not due to inbreeding.

Cocks (1954) investigated the polygenic system controll-
ing the expression of major mutant genes which affected
chaetae number in Drosophila melanogaster. He introduced
3 major mutant genes sp, 8¢ and H into 10 wild type lines
by backecrossing. He reported that polygenic systems of
mutants and non-mutants differed for different major genes
and might differ for two characters affected by the same

major gene. Furthermore the polygenic system controlling
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abdominal and sterno-pleural chaetae number were distinet,

at least, in part. The variation of two characters was found

to be similar in mutants and non-mutants.,

Breese and Mather (1957) investigated the distribution
of genetic differences between the third chromosomes of two
selected lines of Drosophila melanogaster in respect of number
of abdominal chaetae (for which selection was practiced) and
sterno-pleural chaetae. The chromosome was divided into 6
regions by constructing recombinant chromosomes. These were
tested for additive variations, for dominance and for genetie
interaction and noticed that there was variation of these
effects with sexes_and with genetic backgrounds. All regioans
showed genetic activity and most showed dominant effects.
Intrachromosomal interactions were of no greater effect than
the interchromosomal interactions. Greatest activity was
found in the region of centromere but appeared to be more or
less evenly distributed all along the chromosome. It is
suggested that at least 6 genes might be involved in 3rd
chromosomes contribution to the differences between two
selected lines. Though some genes might affect abdominal
and sterno-pleural chaetae simultaneoulsy, the genetic system
governing the two was distinect to a certain extent. Correlated
responses were mainly due to linkage relations rather than

the pleiotrophy of gene action.




Clayton, Morris and Robertson (1957) studied the
short term responses to selection of bristles on 4th and
5th abdominal sternites.

Individual selection at different intensities and
family selection of different types i.e. half-sib selection,
full-sib selection and family selection with inbreeding were
practiced for 7 generations. With certain exceptions there
was falr agreement with prediction and it was best in high
intensities of selection. The responses to the downward

selection were less than expected.

Clayton and Robertson (1957) studied the long term
effects of selection for abdominal bristles and found that
response had slowed down considerably in many lines after 20
generations, although in some it continued until the 30th
generation. In many of the lines the cessation of response
was abrupt and lack of response was not due to exhaustion

of genetic variability.

In three of the high lines, the high variability was
apparently due to continued selection of heterozygotes for

a lethal gene both on 2nd and 3rd chromosomese.

In the low lines there was a sudden increase of
variation in females followed by a rapid response. This

appeared in all lines with different times of onset.



Genetle variation was maintained in all the lines
even after the response had ceased. The lethal genes,
infertility of extreme females and heterozygosity for inver-

sions played some part in this phenomenon.

Clayton, Morris and Robertson (1957) discussed the
correlated response to selection for number of bristles on
abdominal sternites of Drosophila melanogaster, and reported
that there was no genetic association between bristle count

and body size.

Thoday (1958) studied developmental homeostasis of
sternopleural chaetae in Drosophils melanogaster. Ten
generations of selection for high and low bristle number
indicated a deterioration in developmental homeostasis, as
- evidenced by increased asymmetry. The reason might be that
poor homeostasis genes had been selected, or it was postulated
that gene complexes, linked to those directly affecting chaetae

number, had became unbalanced during selection.

Thoday (1959) studied the effects of disruptive
selection on sterno-pleural chaetae number. He used three
different systems of selection viz. negative assortative
mating, positive assortative mating and stabilising selection.
There was increased response under negative assortative mating

with slight deterioration of developmental homeostasis.
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Positive assortative mating increased the variance, while
stabilized selection.resulted in decrease of variance from

Fo level to approximately Fy1 level. It was suggested that

disruptive selection could maintain coupling linkages of
relevant genes against considerable 'recombination pressure’

and that stabilising selection could promote repulsion linkage.

Gibson, Parson and Spickett (1961) found that the fly
size and chaetae number were generally correlated in Drosophila
helanogaster, but correlation might break down in seleection

for chaetae number.

Thoday and Boam (1961b) described the effects of
random mating in a population of Drosophila melanogsster
under disruptive selection for sterno-pleural chaetae number.
Though selection pressure was low, high variance maintained
in the population was so large that it seemed fair to regard
that random mating would not prevent disruptive selection

from maintaining a wide varieties of genotypes in a population.

Gibson and Thoday (1963) further reported that variance
increased and gene flow between two extreme components of

population was rapidly reduced to a low level.

McBridge and Robertson (1963) tested the effectiveness
of the assortative mating of selected individuals increasing
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selection response, using abdominal chaetae number in
Drosophila melanogaster. In all comparisons assortative
mating gave a greater selection response which might be

partly due to greater selection differential. It was

suggested that assortative mating was a method for increasing
selection response in some situations. It became more powerful
when heritability was high, whereas, all of the other environ-
mental aids to individual selection were more effective when

the heritability was low.

Fraser et al. (1965) practiced selection for scutellar
bristles in Drosophila and reported that artificial selection
was relatively ineffective when the line attained a new

eguilibrium value under natural selection.

Nasser (1965) explained the slow and fast responses
found in selection experiment for scutellar bristles by
anglysing the variability of each chromosome. He observed
the effects of selection when practiced on one chromosome as
compared to whole genome. The results indicated that the
3rd chromosome line gave higher responses than any of the
other lines and epistasis and a negative over-dominance model

were the possible explanation.

Scoweroft (1966) conducted chromosomal analysis of

scuteller bristle selection lines to find the genetic basis
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of response to selection, and reported that, selection lines
which utilised genetic variability on the 1st and/or IIIrd
chromosomes had a greater response to selection than those
lines which had utilised genetic variability on all the three
major chromosomes. He further noticed that interaction between
chromosomes were favourable to direction of selection in high
lines, but in the lines with lower level response, interactions

tended to counter single chromosome effects.

BODY WEIGHT

Comparatively less work had been done on this quantita-

tive character.

Martin and Bell (1960) estimated population parameters
needed for the predietion of response to high-low selection
for body weight with inbreeding and correlated response in
egg size, fecundity and adult emergence from 12 inbred lines,
their crosses and random samples from a population synthesized
from the inbred lines. A breeding plan that imposed inbreeding

at 3% per generation was used.

The selection differentials were slightly larger than
had been predicted, whereas, the realised heritability of
body weight was slightly below pre-selection estimates. The
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genetic correlations of body weight with egg slze, fecundity
and adult emergence were highly transitory both before, and

during selection and were of little value.

The predicted values ofinbreeding depression on the
assumption that heterosis was due to dominance effect of
genes were in close agreement with those calculated indepen-
dently in each line and generation. They reported that
inbreeding depression to be most severe for feecundity, less
severe but still larger for adult emergence, definite, but
very small for egg size, and of little consequence for body
weight. Divergence of body weight was found to be highly
repeatable over replications whereas response to selection in

a given direction was less repeatable and less predictable.

The results indicated that additive rather than
dominance and epistatic gene action influenced the selected
tralt and agreed with the absence of important inbreeding
effects upon body size.

Carson (1961) studied body weight and adult emergence
in Drosophila robusta. The flies of central habitat could
be improved by the introduction of additional polymorphism
but marginal ones could not. This supported the hypothesis

of 'chromosomal polymorphism'.,



Defries and Touchberry (1961) reported a negative non-
genetic path (maternal effect) in the inheritance of body
weight in Drosophila and it operated through number of off-
spring. Through their further investigation on interline
and intraline variability in a population of Drosophila
affinis selected for body weight in each of two directions

they summed the results as follows 3

(1) Selection for body weight at two intensities in each
of the two directions was accompanied by a definite but
variable response when the flies were perpetuated by

only two parents which were full-sib mated.

(2) Realised heritability of body weight of Drosophila affinis
was approximately 0.06 and this estimate agreed quite
closely with that determined from pooled parent offspring

regression.

Sheldon (1963) reported response to selection in spite

of the apparent absence of additlve genetic variation.

Kearsey et al. (1967) investigated the genetic archi-
tecture of live body weight and egg hatchability by chromosome
assay, in four divergent inbred lines of Drosophils. Body
weight was governed mainly by additive variations, but hatcha-
bility exhibited marked heterosis due to directional dominance

and duplicate chromosomal interactions.



HATCHABILITY, FERTILITY, VIABILITY AND DEVELOPMENT TIME

Zarapkin (1934) investigated the duration of individual
development in Drosophils funebris and reported that larger
flies developed 2.5 days later than the smaller ones, delay

being noticed in larval stages. No sex dimorphism was noted.

Maynard-Smith and Maynard-Smith (1954) reported shorter

development time in flies heterozygous for chromosomes than

those of homozygotes in Drosophila subobscura.

Hollingsworth and Maynard-Smith (1955) studied the

effects of inbreeding on rate of development and fertility in
Drosophila subobscura.

In the lines derived by brother-sister mating from
wild caught females they noticed a rapid deecline in hatchabi-
lity from 20-50% after 7 generations. The major cause of
reduction of hatchability was male infertility and to a little
extent female infertility and zygotic inviability. Analysis
of male infertility in the '0' line showed that it was not

due to the segregation of a single recessive.

In the '0' line, they noticed a marked correlation
between slow development and infertility which was explained
as due to linkage between polygenes as invoked by ﬂather and
Harrison (1949).
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Sang and Clayton (1957) estimated heritability of rate
of larval development in Drosophila to be between 0.2-0,25
from the results of two-way selection in (a) an outbred

population and (b) Fg of inbred line crosses.

The character showed hybrid-vigour for rapid growth.
Examination of Fg and backeross generations suggested that the
situation was further complicated by slow growth of one parent
being due to interaction between a number of homozygous loci.
Ecological interactions between larvae of different genotypes

might have played a major role.

Bonnier et al. (1957) conducted studies on the rate

of development and viability of mutants in Drosophila
melanogaster and concluded that homozygous wild females
reached eclosion earlier and had higher competing ability

than heterozygous ones.

Marein (1958) exercised selection for developmental

rate in 30 lines of Drosophlla melanogaster. There was no
appreciable change in unselected lines, while significant

response to selection was notliced in some of the fast lines

and also in slow lines.

Parson (1959) through his studies on inbred lines of
Drosophila melanogaster reported that the hatchabillity of eggs
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of Fy exhibited heterosis and the variability was less than

the inbred lines, thus indicating homeostatic superlority
over inbred lines, which was confirmed by larger genotype

environmental interaction of the inbreds than the hybrids.

Hiraizumi and Crow (1960) investigated the heterozygous
effects on viability, fertility, rate of development and
longevity of Drosophils II chromosomes that were lethal, when
homozygous. They found that the lethal heterozygotes developed
slower and female heterozygous for lethal or semi-lethal
produced fewer eggs at an early age. The longevity of males
heterozygous for lethals and semi-lethals were slightly
reduced, while no significant effect was noticed in females.

In general, appreciable deleterious effect on pre-adult
viability was noticed in heterozygotes for lethals and semi-

lethals from a natural population.

Gilbert (1960-61) concluded that viability, longevity
and fertility were affected alike by the substitution of

chromosome segments, in Drosophila melanogaster and heterozy-

gosity was always advantageous.

Hiraizumi (1961) studied the relation between rate of
development and female fertility for II and III chromosomes

of Drogophila melanogaster and reported that the rate of
development was negatively correlated with female fertility
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when the developmental rate was faster than a certain level
but positively correlated when it was slower than this level.
There was no detectable maternal effect. Both the chromosomes

contributed to each component in a simple multiplicative

fashion.

Bonnier (1961) reported hybrid superiority in the rate
of development, egg hatching and competing ability.

~ Clark, Smith and Sondhi (1961) found asymmetrical
response to selection for the rate of development in Drosophila
subobscura. The realised heritability was 0.186 in slow line
and 0,063 in fast line. The higher heritability might be

due to epistatic interaction between the non-allelic genes.

Bateman (1962) investigated the genetic control of
egg hatching in two inbred lines of Drosophila and their
hybrids. The following genetic factors were found to increase

the proportion of unhatched eggs arranged in order of decreas-

ing importance.

(1) Incompatiﬁility between eggs with '0' cytoplasm and sperm
of type 'B' or 'BO!' (the Fy hybrid with B as female

parent).

(2) Homozygosity of female laying the eggs.
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(3) Though 'B' and 'BO' sperm showed overall similarity
'B' sperm gave more unhatched eggs with 'B' cytoplasm
but 'BO' sperm gave more unhatched eggs with '0!

cytoplasms.

The following factors had no detectable effect on
egg hatching :

(1) Ratio of '0' genes to 'B' genes in the female and in
the unfertilised eggs.

(2) Ratio of 'O' genes to 'B' genes in the fertilised egg.

(3) Heterozygosity of the fertilised egg.

Saxena (1962) reported that there was no correlation
between emergence time and egg production, egg size, hatcha-

bility and wing size.

Ayala (1965) studied the relative fitness of Drosophila
serrata and Drogophila birchii and their inter-specific hybrids,
on the basis of the number of flies produced per food unit
(Biomass). Both production and population size increased

during first few weeks, and reached an equilibrium between

8th and 15th week. Drosophils serrata produced larger number
per culture bottle than Drosophila birchii. The hybrid

populations of Drosophila serrats performed better than
parental lines, while the hybrids of Drosophila birchil were



intermediate to their parental lines.

Temin,., Rayla and Greenberg (1966) analysed a total of
1083 second chromosomes for their effects on viability and
reported that homozygous chromosomes reduced viability by
40.9% in comparison with a group of random heterozygotes. A
total load of 14.2% due to complete sterility, partial steri-
lity and infertility based on adult maturity was recorded.
Genes leading to partial sterility were less prevalent relative
to those causing complete sterility, among males than females
and the total sterility load was larger in males. A signifi-
cant association between complete sterility and low viability

was found.

EGG _PRODUCTION AND EGG SIZE

Egg production is a highly variable metric character
and a variety of ecological factors determine the phenotypic
expression of feeundity. It 1s closely associated with the

fitness of population.

Comparatively less work has been done on egg production

and egg size.

Warren (1924) studied the mechanism of inheritance of
egg size in Drosophila melanozaster and reported that egg size



was least affeeted by environment, age and size of the fly.

Neither homozygosity, nor heterozygosity could introduce any

correlations between the body size and egg size.

Imai (1934) studied the effect of temperature on egg
size and variation in Drosophila melanogaster and reported
that under controlled environmental conditions, the egg length
and its variabllity were constant and independent of the age
of the flies. The temperature changes at the time of mating
affected the egg length during the first days of egg productione.

Zarapkin (1934) reported that egg size was inversely
proportional to the body size.

Stern (1934) studied the effects of ultraviolet radia-
tion upon fecundity of Drosophila melanogaster. Irradiation
of females reduced the length of life and suppressed egg
laying. Irradiation for 5 minutes reduced egg laying capacity
to about half the normal, while exposure for 8 minutes caused
complete sterility. Flies treated within 5 hours after
emergence were more susceptible than older flies. The males

were more resistent as regards longevity of life and fertility.

Straus and Gowen (1943) studied crosses between two

inbred strains of Drosophila melanogaster and found 100%

increase in egg production above the average of the parents.



Chromosomal analysis revealed that each of the major chromo-
some contributed to heterosis. The total heterotic effect
was equal to the sum of individual chromosome effects, reveal-
ing the additive effects i.e. no interaction. Therefore the
relationship between vigour as measured by egg production and

chromogsomal heterozygous was definitely linear.

Robertson and Sang (1944) enumerated eight ecological
factors that influenced fecundity in Drosophila. These were
duration of feeding time, quality of food, species of yeast,
condition of yeast, larval diet, crowding in cultures, ovi-

position area and age of females.

Fecundity was influenced by genotype, temperature,
hunidity, nutrition, oviposition stimuli etc. Dead yeast
decreased the rate of egg production and this was correlated

with longevity.

Gowen (1945) reported that lifetime egg production
varied from 263-1606 eggs in various Drogophila races of
different geographical origin. He noticed that the hybrids
of 389 x 1000 eggs produced an average of 2034 eggs. The
hybrids individually were not better than the best individual
of inbred, - simply all the flies were of uniformly high
producing. He concluded that heterosis was genetic in origin

rather than due to cytoplasmic differences and that the hybrid



effect was due to a fairly large number of genes distributed

at random over the chromosome pairs.

Burdiek and Bell (1954) showed that different pH

levels of the medium produced a marked effect on egg

production.

Bell, Moore and Warren (1954) evaluated four methods

of selection, namely

(1) Selection within a c¢losed population on the basis of

family and individual merit.

(2) Recurrent selection in a closed population for specific

combining ability with an inbred tester line.

(3) Reciprocal recurrent selection within two closed popula-

tions for specific combining ability with each other.

(4) Inbreeding and hybridisation on egg production and egg
size in Drosophils melanogaster.

In the first experiment they selected for high egg
production and large egg size for 16 generations based on an
index giving about equal weight to these two traits. During
the early stages of selection individual and family selection
proved better than either of recurrent methods in improving

a highly heterotic trait in newly formed population. However,



in long run reciprocal and recurrent selections were superior.

In the second experiment selection was practiced for
39 generations. Initially egg production increased by
practicing individual and family selection within a closed
population. The selection response apparently ceased fairly
soon and performance was overtaken by the lines selected
for specific combining ability, specially that involving
reciprocal recurrent selection. The highest yield was noticed

in crosses between inbred lines.

Bell, Moore and Warren (1955) studied egg production
and egg size in Drosophils melanogaster. They reported that
fecundity was a highly heterotic trait with low heritability
while egg size showed little or no heterosis in crosses and

had relatively high heritability of 30%-60%.

Barly testing of combining agbility for fecundity was
found to have little value in predicting subsequent combining
ability for nine inbred lines crossed in all possible combina-
tions. Bgg size had more predictive value on early testing.
In contrast to fecundity highly significant differences in
egg size existed among the initial non-inbred stocks and no
genetic-environmental interaction was revealed for egg size.

Bstimates of general and specific combining ability showed
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three experiments in Drosgophila melanogaster. From two

heterogenous stocks four lines were developed and selection
was based solely as progeny testing of males. The first
experiment was for fecundity, the second for hatchability,

and the third for body weight. These experiments were conti-
nued for 20, 13 and 6 generations of selection. Summing up
the results of all the three experiments, she concluded that
RRS method was superior. For egg production the advantage

of 6% was clearly significant, whereas for hatchability and
body weight, the advantage of less than 2% was not significant.
The low advantage compared with theoretical expectation was
explained by her as 'loci with over-dominance were scarce with
limited number of favourable alleles while the epistatie

interactions were striking'.

Through extensive investigations on the genetic varia-
tion of ovary size in Drosophila Robertson (1957a) reported
that under-feeding of larvae reduced the body size with the
corresponding proportional reduction in ovariole number and
egg production, but the number of eggs per ovariole was
uneffected even by striking changes in body size. HNo correla-
tion was observed between body size and ovariole number or

egg production.

The evidence of genetic variation tending to cause

striking increase in ovariole number was provided by comparison
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of groups of genetically identical individuals created by
combining haploid sets of chromosomes from the wild stoeck
with those of an inbred line.

Mass selection in a strain for high and low ovariole
number led to an asymmetrical response, since in low line
there was 14% reduction, whereas high line increased by more
than 50% and the response was continued after 10 generations
of selection. The response to selection for high ovariole
number was due to increase in frequency and fixation of a
recessive gene, which when homozygous increased ovariole

number by about 25% .

Maynard-Smith (1958) reported that rate of egg produc-
tion was correlated with longevity. The egg production cut
short longevity.

Mitchell (1958) found positive association of multiple
inversion heterozygosity with increased fecundity and male

developmental rates

Vetukhiv and Beardmore (1959) studied the effect of
‘environment upon the manifestation of heterosis and homeostasis
of some of the components of Darwinian fitness i.e. larval
viability, fecundity, asymmetry of wings in P, Fj and Fg of
crosses between geographic population of Drosophila pseudo-
obscura.



Prabhu (1959-60) conducted extensive studies on the
genetic variability for egg production in Drosophils
melanogaster and reported heritability to be 0.26 * 0.09
by intrasire regression method. Heritability by Falconer's
method of realised heritability was 0.1l. The average 10 day
egg production of early and late emerging females was not

significantly different statistically.

Tantawy and Vetukhiv (1960) reported significant
effects of temperature on egg laying capacity in 9 populations
of Drosophila pseudo-obscursa.

Bonnier (1961) studied the hybrid superiority in 3
unrelated wild type stock population of Drosophils melanogaster
for feeundity and larval survival. Viability experiments were
also conducted with pure flies from the stoeck and with six
possible Fq hybrids between them. He reported that hybrids

were superior in majority of the cases for all the three
characters under study and the hybrid superiority was due to

single assumption of over-dominance.

Brown and Bell (1961) discussed the adequacy of a
control population in selection experiment for egg number in
Drosophila melanogaster. Results of an experiment designed

to compare alternative methods of selection for increased
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egg number in plateaued population concluded that the value
of control depended more on its genetic constitution than

the method of rearing.

Brown and Bell (1961) in continuation of their study
(Bell et al, 1955) attempted to identify the genetic factors
causing a plateau in response to selection for high fecundity
in a closed population of Drosophila melanogaster at generation
7. Using marked inversion technique, 126 genomes were extrac-
ted from the population and the frequeney of lethal, sterility
and subvital factors were determined. The genetic analysis
concluded that neither lethal or sterility genes contributed

to the lack of response for selection.

The primary cause for the plateau in selection response
was caused by exhaustion of the additive genetic variance
in fecundity though non-additive genetic variation was present
to eliminate the possibility that selection plus the inevitable
inbreeding which occurred in a closed population had rendered

the population homozygous.

Bhat (1961) studied two-way selection for egg production
in Drosophila gnanassae and correlated responses for egg length,
width and hatchability, following six systems of mating i.e.
mass mating, cyelic system with 4 pair of a matings, cyclie

system with 3 pair of matings, cyclic system with 2 pair of



matings, half-sib and full-sib mating. He reported that

egg production of first 10 days of life was correlated with
total life time egg production. Fifth day's production gave
high significant correlation of 0.4. Hence it was suggested
that 4th, 5th and 6th day records of egg production fairly
estimated the life time production. There was no overall
increase in mean daily egg production in any system after 5
generations of selection. Phenotypic variance deecreased in

most of the selected lines initially followed by a gradual

inecrease.

Brown (1962) selected two populations of Drosophils
melanogaster for high egg production for 4 generations by
mass and family selection and noticed a plateau in both the
populations. The crosses between them exhibited heterosis
indicating that the two populations were genetically distinct.
The heritabilities of egg productlon in two populations were
0.08 £ 0.09 and 0.3 % 0.12 respectively and in the crosses
between plateau lines was 0.19 £ 0,06,

Saxena (1962) studied correlations between egg produc-
tion, egg size, hatchability and wing size with emergence

time in Drosophila melanogaster. He reported no definite

correlation between these characters and emergence time.

Prabhu Lal (1962) studied the effect of inbreeding at
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different rates on egg production and hatchability in

Drosophils melanogaster. The heritability of egg production
was 206 and that of hatchability 30%. |

Satya Prakash (1962) studied the effect of various
levels of inbreeding on egg size and fertility in Drosophils
melanogaster and suggested that natural selection favoured
heterozygotes and reduced fixation. The egg size tended to
decrease at higher levels of inbreeding as inbreeding
depression occurred when genetic background was homozygous

rather than heterozygous.

Prabhu et al (1964a) worked on three sets of two-way

selection experiments in Drosophils melanogagter for egg
production.

In the first experiment 3 stocks were selected in
either direction for 24-26 generations using sib-mating.
In the second experiment individual selection was practiced
avoiding inbreeding, and in the third family selection was

practiced for 10-12 generations.

There was a distinct phenotypic response which showed
systematic trend in upward direction irrespective of the
direction of selection. This was suggested as partly due to

segregation of dominant genes for egg production. Family



selection was superior in getting response and it was possibie

to separate high and low lines.

The results of these experiments were interpreted on
the basis of diallel analysis of the lines (Singh et al, 1964),
as due to the presence of dominant and recessive genes in

the proportion of 4:1 affecting egg production in these lines.

Singh et al (1964) studied a 6 x 6 diallel cross for
egg production in Drosophila melanogaster and the following

conclusions were drawn :

1. There was a considerable amount of gene-environment

interaction in egg production.

2. The genes controlling egg production showed both additive
genetic effects and dominant deviation. They also showed

non-allelic interaction.

3. There was asymmetry in the distribution of positive and
negative alleles which was understandable, as 3 lines were

selected for high egg production and 3 for low production.
4, The dominant deviation present were largely unidirectional.

5. The ratio of recessives to dominants was of the order of
1:4, Low egg production was due to recessive genes and

high egg production to their positive alleles.



Mazumdar (1964) studied the polygenic activity of
X-chromosome for egg production, egg size, hatchability and

wing size in Drosophila melanogaster and reported that :

1. Bar chromosomes appeared to contain a few genes than normal

X-chromosome for egg production.

2. Bar chromosome retarded the hatchability while normal

X-chromosome enhanced it.

3. Both the chromosomes were equally effective for egg size

and wing size.

Tait (1964) worked on polygenic activity of second

chromosome and found that :

1. Marked stock contained less dominant genes for egg produc-

tion than the normal stock in their second chromosome,

2. Normal stock contained more effective faetors for hatcha-

bility than marked stock.

3. Marked stock exhibited more dominant genes affecting egg

size than normal stock.

Rawat (1966) studied the effect of different methods
of selection for egg production on the expression of other
quantitative characters such as hatechability, viabllity, egg
length, egg volume and wing length.
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The two-way selection experiment was continued upto
13-20 generations and selectlon was practiced in only one

sex (females).

Response to selection was low in all types of selection
i.e. mass, full-sib, cyclic two, cyclic three and cyclic

four.

An interesting phenomenon of '‘ebb and flow' or rise
and fall was observed indicating that non-additive gene
effects played a major role than additive genes for determin-
ing egg production. She further suggested that the severe
unidirectional stress imposed by continued artificial selec-
tion might not only rearranged the genes on the chromosomes
but modified their effect by changing the genetlec background,

particularly on the selected character.

Chakrabarti (1966) studied relative merits of estimat-
ing heritability by two different methods in Drosophila.

Jayaramakrishna (1967) studied the nature of genetic
response in two-way selection for egg production and correla-
ted responses for hatchability and wing size in Drosophila
melanogaster. Selectlon pressure was imposed through indivi-
dual and sib-selection. The additive component in respect of
egg production showed a gradual decline from 1.4% in base
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population to 0.4 in indivi&ual selected high line, but
exhibited an inerease (15%) in sib-selected high line at

the end of 6th generation of selection. Dominant components
were all high in all cases except low line of mass selection.
The phenotypic variance was doubled after 6 generations of
selection in individually selected lines, but in sib-selected
lines the coefficient of variability remained at about the

same level as in the base population.

Genetic analysis of the lines developed through diallel
crossing revealed significant additive genetle effects for egg
production, hatchability, and wing length. Large portion of
genetlc variability was due to over-dominance for egg produc-
tion and hatchability. No asymmetry for dominant and recessive
genes was noticed for egg production but the ratio of dominants

to recessives for hatchability was 2:1.

Marinkovic (1967) investigated the genetic loads
affecting fecundity in natural populations of Drosophila
Dseudo=obscura. The correlations between the viability,
fecundity and rate of development were low when lethals and
seml-lethals were disregarded. Fecundity of the heterozygous
femagles was positively correlated with fecundities of the
females homozygous for the chromosomes present in the hetero-

zygotes.



Kidwell and Malick (1967) studied the effect of
heterosis, egg production, mating status and weight on
longevity in Drosophila melanogaster. Study of reciprocal
crosses between two isogenic lines revealed that hybrids
lived longer and produced more eggs but not always heavier.
Single flies tended to live longer than mated ones. They
thought that there was a large phenotypic correlation between
longevity, life time production and mean daily egg production,

that was largely environmental.



MATERIALS AND METHODS

STOCKS USED

The investigations with regard to the 'genetic analysis
of inbred lines' were carried out with the following stocks :

1. b 208 (Marker stock)

2. (a) The high line of sib-selectlon (on half-sib basis)
at the end of 20 generations of selection for high
egg production (Hjp).

(b) The low line of sib-selection (on half-sib basis)
at the end of 20 generations of selection for low
egg production (Lj).

(¢) The high line of sib-selection (on full-sib basis)
at the end of 19 generations of selection for high
egg production (Hs).

(d) The low line of sib-selection (on full-sib basis) at
the end of 19 generations of selection for low egg

production (Lg).

The marker stock b 208 was obtained from Dr. Oster,

Department of Zoology, University of Ohio, U.S.A,

The females of this stock were yellow located at
0,0 and with forked bristles (56.7) on its X-chromosome.



The Xs were attached with one Y chromosome .,

The males had in their X-chromosome the following

characters.

scute (sc) recessive character located at 0.0 on the
genetical map of X-chromosome, characterised by absence of
ring bases and the scutellar bristles. Salivary chromosome
studies of Demerec and Sutton showed locus of sc to be 1 B3-4.
This is one of the half a dozen most useful sex linked charac-
ters. Csik and Wolsky reported lower oxygen consumption in

pupal period than in wild type.

gcross-veinless (ev) recessive character located at
13.7 on the linkage map of X-chromosome, characterised by the
absence of crossveins. Salivary chromosome studies by Demerec
and Sutton showed the locus to lie between 4 F1-2 and 5 D1-2.
Csik and Wolsky (1939) found that cv pupae have lower oxygen
consumption than wild type.

vermillion (v) characterised by bright scarlet eye
colour, not transluscent and the ocelli colourless. Recessive
located at 33.0 on X-chromosome. Recurs frequently by
spontaneous mutation. Transplantation studies indicated
vermillion flies to be defecit of v© and cn® hormones
(Beadle and Ephrussi, 1936). Csik and Wolsky (1939) found

lower oxygen consumption in the pupal stage.
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forked recessive character located at 56.7 on the
genetical map of X-chromosome and is characterised by the
bristles being shortened, gnarled and bent with ends split
or bent sharply. Demerec and Sutton through salivary chromo-
some studies indicated that bands 15 F1-5 to be involved.
Oxygen consumption lower than wild type in pupal stage (Csik
and Wolsky, 1939).

Bar is a dominant character arose as a duplication at
57.0 on X-chromosome. The eye is restricted to narrow
verticle bar of 90 % facets in the male and 70 % in the homo-
zygous female as contrasted with the normal numbers of 740 #+
for males and 780 * for females (Sturtevant, 1925). Heterozy-
gous female has 360 * facets and shows reduction on anterior
edge with nick and horlzontal seam giving kidney shape.
Salivary chromosome studies (Bridges, 1936; Muller gt al.,
1936) showed that mutant Bar was a tandem repeat of a section
of 6 bands.

The stock was mass cultured for 1-2 generations before

used in the present investigation.

CULTURE MEDIA

In an effort to standardise the live medium for rearing



the flies four different standard media (Burdick's, Banana,
corn meal and yeast) were tested at two temperature i.e.
room and 25°C (Prabhu et al., 1963) and Burdick (1954) medium

was found to be the best and was used throughout the present

investigation.

The flies were reared in a thermostatic cabinet
throughout the experiment whose inside temperature was main-
tained at 25°c + 1°¢ which had given better results earlier
(Prabhu et al., loc. cit.).

ETHERISATION OF FLIES

Since 1t was not possible to handle the flies as such
the flies were made unconscious before pair mating and also

during classification into different genotypes in Fo and Fg

generations. ©Solvant ether in a simple apparatus called
"etherizer" was used. Care was taken to see that the flies
were not over etherized which might affect the productive
capacity of the flies (Prabhu, 1960) and toxic doses prove
fatal. The dose of ether required was standardised by trial

and error.



COLIECTION OF VIRGINS

This was the most important aspect of the experiment,
since the fundamental genetic consequences mainly depended on

this opération.

The generation interval in Drosophils melanogaster was
8=C days at 2506. The emergence of the flies was uniform
as they were reared under controlled conditions. The newly
emerging flies from the individual food vials or bottles in
each generation were sexed, and males and females kept separa-
tely. As soon as the required number of virgins and males
were got palr matings were set as per the design of the experi-

ment.

BGG LAYING BEHAVICUR

The fertilised females started laying within 48 hours
of emergence but unfertilised ones took much longer time which
varies with individual female., In some cases no egg was laid
by the latter. Presence of males was found to be essential
not only for the initiation but normal continuation of egg
production (Prabhu, 1960). Hence care was always taken to

replace a male if found dead by chance.




SIUDY OF EGG PRODUCTION, EGG SIZE AND HATCHABILITY

EGG COLIECTION AND COUNTING

To collect eggs and to facilitate accurate counting
the following technique adequated as best by Prabhu (1960)

was followed.

Burdick medium was used with the addition of a green
edible dye (Permicol of Bush Co.) as it created a proper
background for easy counting of eggs and also had soothing
effect on the eyes. The earlier investigation (Prabhu, 1960)

had proved that Drosophila melanogaster always preferred green

colour to colourless medium for laying the eggs.

The green Burdick medium was poured into trays and
petridishes upto 1 em thickness and allowed to cool. The
same were stored in refrigerator at 5°¢c. Before use the
food was cut into 1 x 1 cm cubes and mounted on card board
pieces of 5 cm x 1 cm previously dipped in hot paraffin, in
order to prevent absorption of moisture from the food and
also to keep the food slab stick to it. REach of the food
slab was seeded with a drop of live yeast suspension and
allowed to dry up before use. These food chits were introduced
into the test tubes of 6" x 3/4" in which the virgin females

were pair mated. The food slab acted as oviposition platform.



These food chits were changed every 24 hours and the egg
number was recorded from 72-96, 96-120 and 120«144 hours

from the time of emergence with a binocular microscope of i

6 X and 3 X magnification. After recording the egg production
the food chips were transferred to test tube food vials and

numbered accordingly to get next generation flies.

HATCHABILITY

After recording the egg production of the 6th day
(120-144 hours) the food chits were kept in sterile test
tubes and incubated for 24 hours at 25°C. After 24 hours the
number of unhatched eggs was recorded, since all the eggs of
Drosophila hatch out within 24 hours (Demerec, 1950). By
deducting this number from the total eggs produced on the
6th day, hatched eggs were known. Hatchability was expressed

in terms of percentage of eggs that hatched from the number

of eggs incubated.
EGG SIZE

The egg size was determined from the eggs of the 7th
day. The food chits were transferred to refrigerator to
avoid the eggs from hatching. Five unhatched eggs were
collected at random from each chit with the help of a fine

brush in a drop of normal saline on a clean, sterilised slide.
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Measurements of length and width were obtained with an

ocular micrometer of 10 X magnification fitted to a monocular
microscope with 10 X objective. The length was measured as
the linear dlstance between two ends of the egg (from the base
of the operculum to the posterior end of the egg) and the
widest part of the egg was taken for measuring the width.

The wvolume of the egg was calculated by considering
the egg as an eliptical body by the following formula :

Egg volume = —JgL 1w®
where,
II R ENDS /7
1 = length

w = width




DESIGN OF EXPERIMENT

The investigation was begun with two stocks

(1) High line of sib selection (on half sib basis) at end

of 20 generations selection - denoted as Hy

(2) Marker stock b 208.

Fifty pairs of flies were taken from each of these
stocks and distributed equally in & separate culture bottles.

The bottles were incubated at 25°C # 1°C and the flies were
allowed to lay eggs for 24 hours. The imagos that emerged

were collected to set up the experiment.
BASE POPULATION

100 pairs each of Hy and marker were collected and

pair mated. The performance of the flies in respect of egg
production, hatchability and egg size was recorded and the
eggs from individual females were transferred to separate
food vials with their identities marked, to raise next gene-

ration fliese.

Virgin and males from the individual food vials were
collected separately at 8 hourly intervals. From among 100
tubes, 37 tubes were selected which gave at least 8-10 each

of virgins and males, to have a greater variability in the

stock,




Py GENERATION

(1) Controls
(a) Half sib high line - 37 x 5 pairs

Five virgins of each vial were mated individually to

their vial mates (brothers).

(b) Marker stock - 37 x 5 pairs

Five virgins from each vial were mated individually

to their vial mates (brothers).

(¢) Reciprocal cross - 37 x 5 pairs

Five virgins from each vial of half sib high line were
individually mated to the males of a particular vial of marker
stock. This was to introduce the marked X-chromosome in the

genome of H; inbred line.

The performance of flies in both the controls and
reciprocal cross was tested and the eggs incubated separately

in separate food vlials to raise next generation flies.

The virgins and males from all the tubes of a control

line were collected, mixed and 100 pairs were selected at random.

From the reciprocal cross progeny only 100 Bar females

were selected.



F1 GENERATION

Lontrols

100 palr matings were set up and performance tested

and the procedure to get next generation flies was repeated.

Bar females x Marker males

100 bar females were individually mated to marker males

and performance tested.

The progeny from this cross formed the nucleus of the
experiment. The virgins and males from each tube were collec-
Ted separately and each male and female was individually

examined to classify them into various genotypes.

Due to recombination between marked and normal X-
chromosomes various combinants were noticed, according to
whether there was no crossing over, single or double crossing
over, The possible triple crossing over was not noticed
though about 3000-4000 flies each of males and females were
examined. In all only 12 genotypes could be segregated out

of 16 possible genotypes.

Scheme to show the origin of recombinant X-chromosomes

from the inbred wild stock and marker b 208 stoeck.
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The same is diagrammatically presented in Fig. 1.

Fo GENERATION

At least 20 females and males of like phenotype were
individually mated and performance tested. Only 8 out of 12
genotypes had sufficient number of pairs. Though the number
of pairs in the remaining 4 genotypes was less, they were pailr

mated to raise next generation flies.

After recording the performance of flies in each
genotypes the eggs were transferred to separate food vials

taking maximum care to keep their identity perfect.

F5 GENERATION

The virgins and males from the individual vials of each

genotype were collected separately and like phenotypes from
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each batech of tubes were segregated.

20 pair mating from each like phenotype were set up

and performance tested.

In some cases, where sufficient number of virgins
could not be obtained, resort was taken to less number of

pair matings.

The controls were repeated as in the F; generations.

The same procedure of mating and testing the performance

was repeated with the other 3 inbred lines, namely :

(1) Low line of sib selection (on half sib basis)
(2) High line of sib selection (on full sib basis)
(3) Low line of sib selection (on full sib basis)

The number of flies tested in these three lines was
different and the same was presented in schematic plan of

the experiment.

In all 4 lines, 2 high and 2 low were tested.

The various crosses in P; and Fy generations and the
single and double region substituted genotype crosses in
Fo and Fg3 generations respectively are diagrammatically

brought out in Figs. 2 and 3.
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ANALYTICAL PROCEDURE

1. Generation means
(1) Egg production

Average of 3 days production i.e. 4th, 5th and 6th
day of emergence, were summed over all the individuals (£X)

and divided by the number of individuals in the generation
(n) = &&

n -]
(11) Hatchability

The number of eggs hatched from 6th day's production
was converted to percentage and summed over all the indivi-
duals and divided by the number of individuals in the

generation.
(iii) Bgg volume

Egg volume was expressed in terms of proportional
units. The conversion factor to express the same in terms

of c.om. was 0.000000331816.

2 Variance, standard deviation and standard error and
other statistical techniques of analysis of variance were

followed as given by Snedecor (1961).

The difference between the two crosses in P and Fq

generations and between the genotypes in Fg and Fg generations




was found by critical difference test as per the following

formulag :

8 /
C.D. = tos (Tci"‘ *T{‘;'“) cze

where tos

tabulated value of 't' at 0.05 level for
error degrees of freedom

K1 & Ko = number of observations in two groups

62
e

1]

error mean square

3. Main Effects

For calculating the main effects of va:ious segments
of the chromosome linear contrast method as in the analysis

of factorial design was followed.

Taking the four segments of X-chromosome as four
factors A, By C and D at two levels of presence or absence
of normal segments as against the marker segments, the main

effects of the segments were calculated as follows :
Main effects of A = é / (a=1)(b+1) (e#1) (a#1) _7

=-l,Zﬁabcd+acd*abd+abc+ac+ab+ad+a-b-c-d-

8
be-cd-bd-bed-1 _/

(a#1) (b-1) (c*+1)(a#1) _/

abed#abc+abd+ab+bed+bec+bd+b-acd-
ac-ad-a-cd-c=-d=1_/

n
ool
hﬁ N



C = % L (a+1) (b+1) (c-1) (a+1)_7

= % _[—ab cd+abectacdtac+bed+be+ecd+ec=abd-

ab-ad-a=-bd-b=d-1 _/
D = % Z (a#1) (b#1) (e#1)(d-1)_7

= % / abcd+abd#acd#ad#bed4+bd+ed+d-abe-

ab-ac-a-be=b-c-1 _7

As all the possible combinations of various segments

could not be got, main effects were calculated with available

contrasts.

Representing in terms of linear contrasts of the

genotypes, in F3 the main effects of various segments could

be had as follows :

A= -3‘: [ abed-bed#abe~betad-d#+a~1 ._7

=*},:f<11+""i-w> + EXLIB _ So #% fBy

s¢ 4 ++4+ B sc ++ B

Gery+ _scovyh, *ovyviB _sccyy B

+ cv v + sc ev v +° 4 cv v fB sc ev v fB—




- 80 =

ol -}!['abcd-abd+abc-ab+cd-d+c-l_7

D :.%_z_dbcd-abc*ad-a*bcd-bc+cd-c*d-l+abd-ab;7

= — Adtd  A+4 B gsc 444+ _ sc 44 {B
"%-Z it e fB) % (sc-+++ s¢c ++ fB) *

oy v+ _#+covy fB) 4SS LT sc oy fB) 4
#evv+ +cvviB SCycY. ®t, wse cv sfB
(Seev v & el evENETR sy e D e
‘secev ves scevv fB & v 4 Sy fBe

The various interactions as in the factorial analysis
could not be calculated because 4 out of 16 possible genotypes

due to recombination could not be segregated.



RESULTS

EGG _PRODUCTION

In Table 1 are presented the mean dalily egg production
data of half sib high line (H;) and the marker stock (M) and

their reciprocal crosses.

Hj produced higher number of eggs than M. Though the
actual number of eggs in a given generation showed variation,
this relationship was borne throughout the duration of the
experiment which lasted for about 5 generations. Thus in
the base population Hj produced 50 eggs which were 5 more
than produced by M. In Fg, Hy produced about 63 eggs, while
M produced 52 eggs, which were 11 more in favour of Hj. In
Fq generation, for example, Hy produced only 40 eggs. M

produced 30 which was 10 lower than Hj.

Hy ¢¢ fertilised by M dJ gave on an average 40 eggs
per day. On the other hand M ¢o fertilised by Hj males gave
an average of 44 eggs daily. Theoretically, the production
of Hy and M females should have been the same as the 2 controls.
Stimulation by males for producing eggs could not be ruled out
as Prabhu (1960) had shown that the presence of males to be
essential for the normal reaction of egg producing behaviour
in females. Apparently, the Hl male was capable of inducing
M female to produce more eggs than H] female when mated by M

males.
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Performance of Fo females

The Fg genotypes were produced through backerossing of
F1 females arising from the Hj 9o x M d6 cross to M dd. Due
to crossing over in the F1 female between Hj and M - X chromo-
somes, actually 8 types of genotypes contalning wvarious
proportion of Hy and M X chromosome in one of the X homologue
were got. The other homologue had the full M stock X chromo-
some that contained the genes se¢, cv, ¥, £ and B. The mean
dally egg production found in the different types of Fo

females are given in Table 2.

Iable 2

Mean daily egg production of Fo females of
Hy x M eross

S1. Genotype No. of Mean daily egg production

No. females Mean S.E.
tested

SclcY Ve B 24 18.5 ASTq.
! S¢ cvayst B

& cv vafiB 20 20. 3.30
e sc ev.vf B 1

4 & yifoR
3 Sc of v T B 24 34.1 4,30
4 bR RERE 24 37.8 4.82

sc ev v B

. .8C oV Vukik
5 56 e B 24 40.6 4.32

5 00 =n em em on m TD S0 ST D D ST D G0 e e e S e S G S0 A OD S R S e S S B B S Gw D S B S S0 D S S0 S S0 D D D e e D e e S D e
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Table 2 (contd)
81 Genotype No. of Mean daily egg production
No. females Mean S.BE.
tested
SC oy &+ 4 4+
(5] Soi e D 48.5 3.36
S¢ ohodhiaaTa
4 e TETaE 23 56,8 2.97
8 oo lESESs LR 24 58.9 2,80

scevv B

An analysis of variance carried out on the basic
performance data of the 8 genotypes showed highly significant
differences in performance among the genotypes. Critical
difference test further showed that genotypes 1 and 2; 3, 4, 5
and 6 and 7 and 8 did not differ significantly among themselves,
but each group differed significantly from the other. The

results are shown below using Bar notation.

Lo s 208 4 5 6 7 8

As the performance in the 8 genotypes had been arranged
in ascending order, close examination of the genetic construc-
tion of the flies showed that those that contained both the
X chromosomes of M line gave the least production (18.5 eggs)

and those that contained one X of M and the other of Hj gave




the highest (58.9 eggs) number of eggs. The difference due to

the substitution of one Hj X chromosome in My stock was the

lnerease of about 40 eggs per day. No doubt part of the
increase could be due to interaction of the two chromosomes,
yet the inescapable fact remained that the Hj X chromosome

had dominant genes affecting production so that they could show

their effect even when present in a single dose.

Coming to the contribution of part of a given X chromo-

sone, if we deduct the performance of the females of the

B
scecvv B

probable contribution of the reglon from O to 13 crossover

genotypes ( ) from genotype 2 females, we get the
units in the chromosome map (ecv is at 13 units). This comes
to 20.1 = 18.5 = 1.6 eggs. Another estimate can be obtained
by deducting the performance of females having genotype 7 i.e.

loian e et h type 8 L. 22 X% 2 __ | This
scevv £fB LIS et @hicenaLyES scev v £B

comes to 2.1. This meant that the reglon left of crossveinless

had no major dominant genes affecting egg production.

Next the effect of the portion'represented by the

region of the chromosome round about cv was considered. This

+ ey £ B )
scevv fB

#4v £B ) This gave 34.1 - 20.1 = 14 eggs.
from genotype 3 (sc e B) s gave gg

was obtained by deducting performance of genotype 2 (

The effect of ¢v region of X chromosome can also be obtained




by deducting mean daily egg production of genotype 6

(SC ¢V + 4 4
Sec ev v £'B

This came to 56.8 - 48.5 = 8.3 eggs.

s s¢c + 4+ + 4+
) from that of genotype 7 i.e. % o

Now the effect of the region on X chromosome was

considered round about the gene yermilion (v). The effect
was studied by deducting the performance of females having

n i e B i
genotype 3 i.e 'EE_Eg—g—f-B from that of genotype 4 i.e.

+ 44y f£B
seecvv B

also get an ldea of the effect of vermilion region by deducting

« This came to 37.8 - 34.1 = 3.7 eggs. We can

the performance of females having genot 6, Lo, S QU YV & &
P L At yPe By Le€c e evv £ B

S¢ cy #+ #+ +
sc ey v ©B

48.5 - 40.6 = 7.9 eggs. Bven if the higher estimate (7.9 eggs)

from those of genotype 5 i.e. « ZThis came to

was taken the figure was very much less than for the region

Lrossveinless.

Because of close proximity of forked and Bar, crossovers
between the two were rare and not found in the cultures raised
in this experiment. Hence the region of the chromosome
represented by these-2 genes could not be congidered separately.
They were therefore taken together and described as forked-Bar
region. The effect of forked-Bar region on egg production

could be estimated by deducting the performance of females
4+ 4+ +# £ B
scecvv B

having genotype 4 i.e. from those of genotype 8



+ 4 4+ + 4+
se ey viL'B

108 or by deducting the performance of females

. sc cy v £ B
having genotype 1 i.e. sc ov v £ B from those of genotype 5

i.e.-gg gg g ; g « The two estimates obtained worked out to

2k 1 and 22.1 respectively which were practically equal.

The relative effects of various regions of X chromosone

on egg production could be summarised as under in Table 3.

Iable 3

Effect of portions of one X chromosome of Hj
on egg production

Sl. Region of X chromosome No,

No. Estimates Mean
1  scute (se) - 1.9
2 erossveinless (ev) 1‘8*:3 3 5l

T2
3  yermilion (v) 3.7 528
Sl

4 forked-Bar (£B) 95.1 21.6

5 Entire X chromosome 40,4

The discripancies in the 2 estimates at serial Nos. 2
and 3, probably was due to inclusion or non-inclusion of

region containing the dominant genes affecting egg production.
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All the same, conclusions could be drawn without hesitation
that the forked-Bar region of X chromosome contained major
dominant genes affecting egg production. Some of these domi-

nants affecting egg production were also located in the region

xright of crossveinless. In other regions of X chromosome,

there appeared to be fewer dominant genes affecting egg

production.

An F3 was raised by crossing like Fo genotypes. This
was done to ensure that Fg results were not masked by heterotic

effects. The results of the F3 cross are presented in Table 4.

Table 4

Mean dally egg production of Fg females of
H; x M cross '

S1. Genotype No. of Mean daily egg production
No. females Mean S.B,
tested
S¢ cvivaf B 20 : 8.7 2,70
E scevv B
2 + CYRVEIap 20 11.4 2,16
+ ecvv B
3 + 4+ v [F 22 25.1 4,76
+ + v
a se++ f D 22 34.1 4.21
sc +4° B

D mo e m e s e S TS S D S D M Sms D e D S S S DD D D D SN D Ry S D ESD SN0 RSN Sap eup SN Smm M MED S R ) FED SN ) S SID SN D M D R S D DD R D e D
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Table 4 (contd)
Sl Genotype No. of Mean daily egg production
No. females Mean S.B.
tested
5 % 22 36.2 4,23
R 21 47.1 4.86
+ cv v 4+ 4
7 Tt 292 49,3 3.24
8 Sg gg : : : 22 51.8 3.06
S
9 SC eV ¢ # 4 22 54.8 2,80
SC CcV Vv 4 +
10 ig :i ‘: : 20 62.5 1235
T 20 65.0 3.82
12 I i I 1 j_ 22 72.5 2.48

Anglysis of variance of the above results showed that
the differences among genotypes were statistically significant.
Using critical difference test and Bar notation, the significance
of differences in mean dally egg production of the 12 genotypes
are brought out graphically below :
1~ weh « 3. w4 5 6 7 8 <) 10 11 12




The difference in number of eggs between genotypes 1
and 12 gave the effect of the homozygous X on egg production.
Thus instead of the 2 X-chromosomes of M stock, if we have

2 of Hy stock, then there would be an increase of sbout

64 eggs in daily production. The effect of various regions
had been worked out and the results are brought out below
(Table 5). In the present instance the effeet was due to
duplicate regions and not due to single regions as consldered
earlier. There were 4 estimates for all regions except fB
region for which there were 6 estimates. They were averaged

to get a firm estimate.

Table 5

Effect of portions of X chromosome of Hj on
egg production (duplicate effects)

Sl. Region of X chromosome No, of eggs
No. Estimates Mean
10,0
2.7
1 scute (sc) 55 4.6
13.0
10.3
13.
ogsveinless 2.5
2 ero (ev) 5.7
-2.1
27.5
22.0
3 Yermilion (v) ~5.0 13.0
7.5
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Iahig;ﬁ (contd)

ol Region of X chromosome No, of eggs
No. Estimates Mean

4 forked-Bar (fB) 28.4 32.6

The variation which one observed among estimates within
a region might be due to sampling or due to the compared
genotypes containing not exactly the same complement of genes
in the regions taken as same or identical. With the markers
used, i1t was not possible to probe further into this aspect

of the problem.

In spite of the rather crude analysis employed, one
thing came to clear again that the forked-Bar region of X-
chromosome contained a highly potence region affecting egg
production. Since the earlier result had shown that the
effect was seen even when in one dose, it was equally patent
that the genes concerned were dominant ones. Next in order
came vermilion, region followed next by crossveinless and
scute regions. The higher contribution of yermilion region

could have been due to inclusion of potent regions of



Lrossveinless region in the genotypes considered for testing
the effect of yermilion regidn. It might be remembered that
earlier study had shown that next to forked-Bar was the
Lrosgveinless region.,

Crosses with half sib low line (Iy)

In Table 6 are summarised the mean dally egg production
in half sib low line (Ly), the marker stock M and their cross.

Table 6

Mean daily egg production in Lj, M and
their cross

Crosses Base Pi F1 F2 F3
popula-
tion
Iy §dx Ly o 33.8 43.2 40.7 47.5 47 .5
(a) £]1.43 41,65 +2,05 +1.92 +2,29
(b) £1.9 +1.55 +3,59 +4.,4] +4.,07
LjgxM¢ = 39.6 49,3 - -
(c) | +1.44 £3.19
Differences
(a=b) =12.3* -17.1% 8,0*% -15.3% -13,.1*
(a"'C) ) 3‘6 NS —8.6* - =
(b=-c) - 20.7%* -16.8% = =

The average daily egg production in M line was higher
than in Ly line by about 12 eggs. This difference was maintained
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in subsequent generations except in generation Fq where the

L1 line produced about 8 eggs more than the M line. This

was probably due to chance. In Lj females fertilised by M
males, the production did not show a significant departure
from the production of Lj line. The F] females arising from
the cross however, as expected yielded higher than either of
the two parents. The actual production was 49 eggs as opposed
to 33 of M and 41 of L3 lines. The differences were signifi-

cant.

Performance of Fo females from Ly x M cross

In Table 7 are presented the mean daily egg production

of different females of Fg.

Zable 7

Mean daily egg production of Fg females from
Ll x M cross

Sl. Genotype No. of Mean daily ege production
No. females Mean S.K,
tested
4+ vy B
1 ~ AT T B 17 152 3.57
D) scevyv i {B 20 18.3 5.15

scecvv fB

3 i;:t;tdtgﬁ_ﬁ 20 30.1 5.11
se eV vt

o e e S 5 B e e Gy e oy B G5 G G G @9 S0 € S0 63 S Sn &N 6 G S S5 ED S SN SN S 6D Gn =N G G0 En Sn 69 60 S S S SR S 6D ED ER e enen e =
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Table 7 (contd)
S1. Genotype No. of Mean daily egg production
No. females Mean S,
tested

a - L ?, . 20 31.9 5.51

5 zg gg 3 ;% 20 35.9 4,73

6 :»g gg ; ;%:. 20 42.6 5.61

2 SC 4+ + + & 20 61.3 4. 21!

scevviB
8 ik 20 67.7 2.85

se ev v I B

An analysis of variance carried out on the above data
revealed significant differences in the performance of
different genotypes. Using critical difference and Bar nota-

tion, the results are represented graphically below :

X a 3 4 5 6 74 8

There was no significant variation in genotypes 1 and
2, 3 to 6 and 7 to 8. In addition 2 dld not differ signifi-
cantly from 3. In other cases, each group differed signifi-
cantly from the other groups. The situation which was found

here was exactly as in Fy of Hy x M with minor difference and



that was that the last 3 genotypes in the former did not differ
from each other, whereas only the last 2 did not differ from

each other in the present instancé.

The difference between the performance of flies of
genotypes 8 and 2 will give an idea of the contribution of
one homologous L] chromosome for egg production. It worked
out to 49 eggs. The contributions of the different regions

of X chromosome had been worked out and are given in Table 8.

Lable &

Effect of portions of one X chromosome of
L7 on egg production

8. Region of X chromosome N
No. Estimates Mean
=3.1
1 scute (se) 6.4 a7
; 16.7
2 crossveinlegs (ev) 18.7 117/ 87
3 yermilion (v) _?:g 2.5
4  forked-Bar (fB) e 27.6

5 Whole X chromosome 49.4
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As in Hy, it was observed that the forked-Bar region

had the most potent effect on egg production in L1 line as well.
It was higher than that in Hy in fact by about 6 eggs. Next

in order of importance came the crossveinlesgs region, vermilion
region and the scute region respectively. The total of all

the regions came upto the same value as the total for the

whole of X chromosome.

Results of F3 are given in Table 9.

Table 9

Mean daily egg production in F3 females of
Ll x M cross

o Genotype No. of Mean daily egg production
No. femgles Mean S.BE.
tested
Sc'# 4 fB g 3,08
1 sC Eiaran 20 16.5
2 *cvy (B 20 20.2 5.39
+ ev v £'B
+ 4 B
S L 20 21.9 5.15
4 & & P B 20 22,9 4.77
4+ + 4+ £ B
sccecr vy B 0 ©3.8 3,092
S sc ecv v B 2
6 sccev+ £ B 20 31.1 4,33
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Iable 9 (contd)

S1. Genotype  No. of Mean daily egg production
No. females Mean S.B.
tested
7 *22 g‘; : = 20 50.7 4,78
S A oYVoyi A 20 Silieir, 3.86

4+ ocv v 4+ +
9 So oy yadd 20 53.2 4,75
sc eV vV 4+ +
10 S 20 61.0 3465
11 T 2 20 61.2 2.30
12 %%H 11 62.4 2,67

The difference in egg production between genotypes 11
and 5 gave the effect of homozygous X chromosomes on egg
production. Here it worked out to be 37.9 eggs. In case of
Hl it came to 63.7 eggs nearly one and a half times that of
Ly line.

The difference between the genotypes was significant.

Genotypes not differing were grouped together.

1 2 3 4 5] 6 7 2 9 10 3L3k

12




¢

The effect of various regions in homozygous conditions

have been worked out and shown in Table 10.
Iable 10

Effect of portions of X chromosome of Lj on
egg production (duplicate effects)

81. Region of X chromosome No. of eggs

No. BEstimates Mean
6.4

1 scute (se) 0e2 0.3
-1.5
10.3

2 crossveinless (ev) 1%:3 2.0
-1406
763
A 1.0

3 yermilion (v) _2.5 g
-102
38.3
29.4

4 forked-Bar (£fB) g‘f:g 34.0
192.6
40.5

As in Hy line, here too it was found that the forked-Bar

(fB) region gave the maximum effect on egg production. Curiously

enough, the effect in terms of eggs was of the same order in
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both the Hy and Ly lines. On the other hand, there was a
general effect of reduction in the contribution of other
reglons of X chromosome. Thus instead of 13 eggs effect in
Yermilion region in H) we got only 1.2 eggs effect in Lj;
instead of 9.5 eggs effect in crossveinless region of Hy,

we got only 2.0 eggs effect in Lj; instead of 4.6 eggs effect

in scute region of Hy we got in I only 2.7 eggs effect. It
would seem that the reduction in egg production had been
effected in the Ly line through elimination of dominants in
regions gcute to wermilion, only the forked-Bar region offered
greater resistance to be so eliminated. As it happens forked-

Bar region in the chromosome is situated close to the centromere.

Crosses wilth full sib high line (Hso)

In Table 11 are presented the mean daily egg production
in full sib high line (Hg), the marker stock M and their cross.
Table 11

Mean daily egg production in Ho, M and
their cross

Crosses Base Pl Fl F2 Fg
popula=
tion
(a) +1.82 Aol oRar e’ 50 +2,08 +1.86
MdxMoe 45.2 63.5 51.2 64.2 72,5

(b) +2,23 +1.84 #3,.05 +£9.52 +2,33

PR TS S S ——— Y et et e e R R R
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Iable 11 (contd)
Crosses Base P X F B
popula- il ik 2 3
tion
Ho o x M d - 56.9 62.2 - -
(c) +1.81 £3.68
Differences
(a=b) 4.4 8.5 7 o4 3L -4.6
(a=c) - 153 =851 - -
(b=c) - 8.6 =11.0 = =

Ho control line produced significantly more eggs than
M control line in Py generation but M stock produced more

than Ho stock in F3 generation and in Fy and Fg they did not

vary significantly.

There was significant variation between groups in P
and Fq generations. In P; generation HZ X HZ cross had an

average dally egg production of 72.0 * 2.12 and that of M x M
cross was 63.55 + 1.84 eggs. The difference was significant
indicating the presence of more effective factors in Hg as

compared to M for expressing the trait egg production.

In Fq generation there was significant difference between

Bar females x Marker males cross and M x M cross. The egg
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production of Bar females was apparently more but not signi-
ficantly different from H2 control. If all the gene affecting
egg production were recessive and additive in nature the
broductlion was expected to be mid way i.e. 54.9 eggs, but the
actual performance noted in Fy was 62.2 + 3.68 eggs i.e. 7.3
eggs more. The difference was significant rejecting the
hypothesis of additivity and recessive nature of polygenes
affecting egg production. There was significant interaction

between normal and marker chromosomes in expressing egg produc-

tion in Fj females.

Performance of Fo females from Ho x M cross

Table 12 gives the mean daily egg output of different

Fo femgles of Ho x M crosse.

Lable 12

Mean daily egg production of Fo females from
Ho x M cross

S1. Genotype No., of Mean daily egg production
No. females Mean S.E.
tested
scevyv {B 20 24,9 4.57
1 scecvv B
o ey VB 13 _ 26.1 4,61

qiedk ® v LB 20 27.3 3.91

e e e e e S S S D S D Sy e SN I SN S SIS S O D IS BI SU9 P RS G S S D G Sw S em B BSOS O SN S S 6D B3 6D S D Sm RS SR D S e e e e e
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Table 12 (contd)
81, Genotype No. of Mean daily egg production
No, femgles Mean S.BE.
tested
4 :c_*art%B 20 33.1 4.38
scevv B

6 zg gg ; ;E 20 53.8 6.02

? 22 g\; g ; "B' 20 56.6 3.14

8 ‘;c"c; i ; = 20 56.8 2574

An analysis of variance carried out on the above data
revealed that there was no significant variation in performance
among females with genotypes 1l-4 and among females with
genotypes 5-8, whereas the former group females differed
significantly from the latter group females. The results

are depicted graphically below using Bar notation :

1 2 3 4 5 6 7 8

The difference between the performance of flies in
group 1 and 8 will give an idea of the overall effect of one

complete Hg X chromosome when substituted for the M X chromosome.
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The actual difference worked out to 32 eggs. As opposed to

this, the effect of one complete Hy and Iy X chromosomes were

40 and 49 respectively. The contribution of the different
reglons of X chromosome of Ho line had been worked out and

are shown in Table 13.

Table 13

Effect of portions of one X chromosome of
Ho on egg production

81. Region of X chromosome No, of eggs

No. Estimates Mean

1  scute (se) g:g 251
0

2 crossveinless (ev) 1.9 0.6
-2.8

3  xyermilion (v) 5.8 1.5
23.7

4  forked-Bar (fB) 31.7 27.7
5 Whole X chromosome 31,9

The forked-Bar region had the most potent effect on
egg production. Unlike the Hy and L lines, in Ho line, none

of the other regions showed significant contribution. In fact



in the present case, the total contribution of the first 3
reglons came to only about 4 eggs as opposed to about 28

eggs of forked-Bar region.
Results of F3 of Hg x M cross are given in Table 14.
Lable 14

Mean daily egg production in F3 females
from Ho x M cross

Sl. Genotype No. of Mean daily egg produc-
No. ‘ females tion
tested Mean S.BE,
1 Secwwld 20 13.7 5.23
2 Scovall 16 21,9 4,38
s f:2f2 | 20 23.5 4.24
e 20 23.5 5.77
5 T e iijg 20 25.9 4.40
6 ;":——'}ﬁ—g 20 31.0 6.29
2 ig g:rr z : : 20 42.2 6.29
B s Al ] 20 52,9 6.08
e R Tl
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Tabhle 14 (contd)
Sl1. Genotype No. of Mean dally egg production
No. females Mean S.E,
tested
10 et 20 5749 5.83
11 : g g : : 20 64.7 2.75
19 zg j; : ‘:_ : 20 65.3 5.85

The above was analysed using the technique of analysis
of variance. Using critical difference test and bar notation,

the results are shown graphically below @

;i 2 3 4 5 6 7 8 9 10 L1 12

The effect of 2 Ho X chromosomeswas about 43 eggs. The

effeet of duplicate portions of Hg X chromosome as worked out

is shown in Table 15.



Zable 15

Effect of portions of X chromosome of Hg on
egg production (duplicate effects)

Sl Region of X chromosome No., of eggs

No. Estimates Mean
-802
9.8

1 _SQB;_Q (SC) _22.5 5'4
"2.5
12.4
TS

2 crossveinless (cv) 6.8 4.3
4.0
8.2
"7.5

3 yernilion (v) 10.7 2.7
""008
33.6
28.5

2 forked-Bar (fB) ooes 33.4
41.2
31.90
26.9

forked-Bar (fB) gave the highest effect. As compared
to this the effect produced by other regions was small and
negligibles

The value for forked-Bar region found was of the same
order as found in the Hq and Ll linese.
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Crosses with full sib low line (Lo)

In Table 16 are presented the mean dally egg production
of full sib low line (Lg), marker stock (M) and their cross

flies.
Iable 16
Mean daily egg production in Lo, M and their
Cross
Crosses Base By Fq Fo F3
popula-
tion
(a) +2.68 $1.67 £1.87  £1.86
MJdxMo 46.1 - a2.0 62.8 60.6
(b) 1,99 £3.59 #4.41 4,07
Lo ox M - = 56.2 - -
& (e) £3.22
Differences
{a=b) -16.0% - -1.2 -25.0% -28.5%
(a=-c) - -  -24,9% - -
(b-c) - -  -23,7% - -

The Lo produced lower

number of eggs than M, in all

generations though the actual number produced showed variation

from generation to generation.
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Performance of Fo females from Lo x M cross

In Table 17 are given the mean daily output of different

Fo females from Lo x M cross.

ZLable 17

Meen daily egg production of Fo females from

L.g x M cross

S1. Genotype No. of Mean daily egg production
No. females Mean S.BE.
tested
1 B 20 33,7 4.63

scecvyvEB g 5
2 *cy v £B 20 37.5 3,13
scevv B
3 :C*c“; f; ?. = 20 43,8 GIAES
4 T 20 45,2 4.25
5 :c‘*c‘; ‘i; ? = 20 51.8 4,22
6 SC-_cvdu A & 20 56.5 4,04
scevv B
o sc 4 4 4 & 20 61.2 3.57
scevv £B
4+ 4+ 4 4 &
] e 20 63.3 4,24
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Results of analysis of variance carried out on the
above data, after using critical difference test and bar

notation are shown below :

X 2 3 4 5 6 7 8

The effect of the entire X chromosome of Lo line and

of its various parts are given in Table 18.

Table 18

Effect of portions of one X chromosome of Lo
on egg production

S81. Region of X chromosome No, of eggs

No. Estimates Mean
1 scute (se) = 3.0
2 crossveinless (ev) g:g 5.5
3 yermilion (v) %:g 9.7

4 forked-Bar (fB) 11.5 11.5
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The forked-Bar region once again had the maximum effect
on egg production, but surprisingly, it was not as high as

seen in H1 Ll and H2 lines. xyermilion region came next,

followed in order by crossveinless and scute regions. In
This case, the combined effect of the first 3 regions exceeded
the 4th region, a situation not found in Hg, L and Hy.

Performances of Fg females of Lo x M cross are given

in Table 19,
Table 19
Mean daily egg production in F3 females
from L2 x M eross
S1. Genotype No. of Mean dally egg production
No. females Mean S.BE, :
tested
;7 Secvxvild 22 11.2 2.60
sccvv fB
sccv 4 LB 22 izl 2.89
2 sc cv+ £ B
g iy B 22 26.8 2.62
+ 4+ v B
sc++ LB 2 27.7 0.82
4 sc + 4+ B 2
5 2oy v Db 22 28.6 4,77
+ ecvv B
Grosn X t. & £IB 22 31.3 2,83
4+ 4+ 4+ £ B

o En o Em en S 0 S0 S S e S Em S En Ey s S 59 S e e e s G G5 S0 S0 N 5 M W SN G TS AD S 6D O S0 SIS S0 S S S e S e B S0 G 69 Y ST e G e e O e S
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Iable 19 (contd)

Sl. Genotype No. of Mean daily egg production
No. females Mean S.E,
tested

o 22 cc:; : i : 22 40.6 4.08

8 I -2 22 41.0 2.56

o S5C . CY. Vad o 22 46,3 4,12

se ey v+ +
10 Eirusd L 48.4 3.54

The above was analysed using the techni@ue of analysis
of variance. Using c¢ritical difference test, the means of
different genotypes were compared and the results using bar

notation are shown below :

15 2 3 4 5 6 7 8 a1 il 12

The mean overall effect of 2 Lo X chromosomegson egg

production was about 41 eggs. This was about the same as in

Ho and Ly. In case of Hy however, the value was about 1% times

B T aEeeTe T




this figure.

The effect of duplicate portions of Lo X chromosome

was worked out. Results are given in Table 20.

Iable 20

Effect of duplicate portions of X chromosome
of Lg on egg production

Sl. Region of chromosome No. of eggs
No. Estimates Mean
3.8
17.4
il scute (se) =544 4.9
3.6
82
2  crossveinless (ev) '%':g 5.9
9.6
6.9
i s © 4.5
3  yermilion (v) a5.7 2¢5
4,2
21.6
21.3
35.1
4  forked-Bar (fB) 21.1 22.3
12.3
22,5

forked-Bar region had the highest effect followed in
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order by crossveinless, scute and vermilion. Compared to
Ho the effects of the like regions on egg production was

practically the same, except in case of forked-Bar region,
where a marked difference was observed, the H2 having about

1l eggs more effect than Lg.

Comparison of the 4 inbred lines in respect of a
single entire X chromosome or parts thereof or their duplicates,
both entire and parts, on egg production, For ease of ready

comparison the data summarised in Table 214 and graphically

brought out as histogram in Figs. 4 and 5.
Iable 21

Effect of various segments of X chromosomes
singly or doubly on fecundity

Regions of Substi- Lines

X chromosome tution Hl Ll H2 Lz
scute (se) Single 1.9 157 ol 3.0
Single 11.2 3l (R 0.6 5.5
cv) Double 9.5 2.0 4.3 5.9
¥gxmiligg Single 5.8 2.4 1.5 9.7
v) Double 13.0 12 27 2.5
-B Single 21.6 9T 277 11H

(fB) Double 32.6 34.0 33.4 22,3
Entire Single 40.4 49.4 31.9 29,6
X chromosome Double 63.8 37.4 43 .4 41 .4
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From Table 21, the following salient facts emerge 3

(1) The single X chromosome substitution did not produce

the same effect on egg production. Though the actual values
differed, the Hp and Lo were close to each other and Hy and Iy -
though not so close, differed by about 9 €g8gSse.

(2) Normally one would have expected doubling effect on

egg production when instead single, there was two chromosome

substitution. This was not the case in all the 4 lines tested.

(3) Considering portions of single chromosome, in all
the four lines, the potency of forked-Bar region was the

highest. It was about the same in 3 out of the 4 lines and

half as much in the fourth.

(4) In case of duplicated portions forked-Bar region again
gave the highest contribution. As in single chromosome
portions the value was about the same in 3 out of the 4 cases.

In the fourth case (Lg), it was very much less and the value

was double that found for single region substitution.

(5) Next in importance in single region substitution,
crossveinless region showed presence of dominants affecting
egg production in 2 (Hy and Lj) and of the 4 cases. In the
other regions, in all cases, the contribution detected was

small and negligible.
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(8) The double region substitution figures showed some

effect only in yermilion region of Hl' This was about double
of what was observed when this region was substituted singly.
(7) With a few exceptions, in the majority of cases
involving regions other than forked-Bar, the duplicateé- .
substitution did not produce expected double effeets. In fact

in most cases they were lower than single region substitution

effects.

2. TCHABILIT

Crosses with half sib high line (H,)

In Table 22 are given the relevant data of mean egg
hatchability (expressed in percentages) with their standard

errors in various crosses in different generations.

Mean hatchability percentage did not vary significantly
from generation to generation in both control stocks i.e.

Hy and M stocks, except in Fq generation, when 1t was lower

in both the cases. Mean hatchability was maximum in H3l x Hj

cross and minimum in M x M ceross in all the generations.

In Pi generation there was significant difference in

the mean hatchability of Hy and M stocks. H; had mean
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Iable 23

Mean egg hatchability percentages of Fo
females of Hy x M cross

Sl. Genotype No. of M h
No. females Percentage S.E.
tested
1 sc ey v il 15 60.4 5.80
seecvvyfB
o -~-Aor.y LB 10 63.7 9.60
scevv B
g A& & f.B8 19 74.4 7.32
scevv B
4 Seaoy vetsE 20 757 6.74
scevv £fB
4+ 4+ v f B
5 == s 20 o 2.64
scevv B
scecv vyB
8 + 4 W& 4 & 23 88.1 4.77

scecvv B

Analysis of variance on the performance data of 8
genotypes exhibited significant differences in the mean
hatchability of different genotypes. Critical difference
test further indicated that the genotypes 1 to 5, 2 to 6 and
3 to 8 did not differ significantly among themselves but each
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group differed significantly from the other. The results

are presented below with bar notation :

I 2 3 4 5 6 7 8

As the performance of 8 genotypes had been arranged
in ascending order, it is clear by seeing the different
genotypes that the flies that contained both Xs from the
M stock had least hatechability (60.4%) while those that
contained one X of M and the other of H] had highest hatchabi-
lity (88.1%). The effect of substituting one X chromosome
of Hy was thus 27.7% which could be partly due to interaction

between the Hj and M chromosomes but mainly due to the fact
that Hy X chromosome contained more dominant genes affecting

egg hatchability and showed their effect even when present

in single dose.

The main effects of various regions of X chromosome on
egg hatchability as derived by linear contrast of various
combinatlons of genotypes, given in analytical procedure, are

summarised below in Table 24.
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Zable 24

Effects of various regions of one X chromosome
on egg hatchability

S, Region of X chromosome E
No. Estimates Mean
1 scute (se) vk 1.9
2 crossveinless De4 :
o) (ev) e 9,3
vermilion (v 2.6 2.0
4 forked-Bar (£B) T 14.4
5 Whole X chromosome 277

The discripancies in the two estimates in the first
three regions yere probably due to inclusion or non-inclusion
of the region containing dominant genes affecting hatchability.
It is clear from the contributions of various regions that
forked-Bar region of X chromosome contained maximum dominant
genes affecting egg hatchability. Some dominant genes also
seemed to be located right of crossveinless. The regions of
scute and yermilion had equal effect and there appeared to be
least number of dominant genes in those regions. It is
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interesting to note that the regions of forked-Bar and
LIossveinless exhibited more polygenic activity affecting
both egg production and hatchability in Hy stock.

The mean hatchability percentage of different genotypes

in Fg generation are presented in Table 25.

ZIable 25

Mean egg hatchability of Fg females of Hy x M cross

Sl. Genotype No. of M

No. females Percentage S.E.
tested
2Tev. vifeB 13 65.2 6.24
1 +.cv v £'B
o Sc oV Ve 9 69.0 11.69
scevv B
3 =sccev+fB 18 73.7 3.87
sc cv ' ® B
+ v B
&4 4=f Be 0 79.6 4,79
S + 4+ + B 2
6 4+ 4+ 7 4+ * 20 79.9 3.68
4+ + v + &
¢ sc ++f3B 17 81,0 4.27
sec 4+ 4+ 1 B

20 85.2 4,11
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Table 25 (contd)

S1. Genotype No. of M ’
No. females Percentage S.E.
tested
9 Sc v &4 + 20 86,1 5.91

SC ev 4+ 4

10 g s e 20 87.3 3.43
S@ & ko a4
+ oy v o+ 4+

11 v T 20 90.3 4.10
4+ 4 A A4 &+

The differences among the genotypes are significant
as revealed by analysis of variance. On the basis of critical
difference test the genotypes not differing significantly in
their mean hatchabilities are grouped together by bar notation

as under 3

The difference in egg hatchability of the genotype 2
and 12 gave the effeet of homozygous X on hatchability. By

substituting two X chromosomes of Hj stock for two X chromosomes
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of M there will be an increase of 22.7% in egg hatchability.

The effects of various segments of X chromosome had
been worked out, on the same basis as in egg production and
the results are brought out in Table 26. Here the effect will

be due to duplicate regions instead of single regions as in Foo
Iable 26

Effect of portion of X chromosome of Hj on hatchability
(duplicate effects)

Sl. Region of X chromosome Egg hatchability percentage
No. Estimates Mean
4.4
1 scute (se) 'g:? il
=1.4
1.2
12.2
z crossveinless (cv) s 2.6
7.3
4.7 \
3 yermilion (v) 242 4.9
11.9
121
16.§
G.
4 forked-Bar (fB) 051 1254
12.4
2.4
5 Whole X chromosome 22.7
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The large variation observed among the estimates for
a glven region might be due to sampling, or due to the
genotypes not identical in the complement of genes because
of the inelusion or non-inelusion of the regions containing

dominant genes, affecting egg hatchability.

It was quite clear that the forked-Bar region had
maximun polygenic activity affecting egg hatchability. Next
in order came vermilion region followed by crossveinless and
scute regions. The results of the activity of various regions

on egg hatchability were exactly in accordance with those of

egg production.

Crosses with half sib low line (Iq)

In Table 27 are presented the mean egg hatchability
percentages with standard errors of Ly, M and their cross in
various generations.

Zable 27

Mean egg hatchability percentages with standard errors
in Ly, M and their cross in various generations

Crosses Base Pi Fl F2 Fq
popula-
tion
I dx Ly ¢ 72.9 64.6 61.1 56,7 51.3
(a) +4,.95 +4.35 +5,63 6,04 £5 .73
MdxMoe 49.1 54.6 47 .1 532 56.3

(b) 42,89 1,44 +2,70 +2,82 +2,95

£D £n 0 OGN G En S B G e S Gu G SN G Gn 6 £ G S Sn S S e S 55 S 6N 6 B B 5 6o 6 6 6m 6N en Gm BN S0 S e S 60 S 6 S G S SN Sm S S oW S S S G 8 S
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Table 27 (contd)
Crosses Base P F F o
Setnlas il 1 2 3
tion
Ll 9 X Md 82-5 76.6
(e) +3,12 *4.56
Differences
(a=b) 23, 8% 10.0* 14.0* 3.5 NS -5.0 N8
(a-c) ~17.9* -15,.5*
(b=c) -27.9% -29,5*

The mean hatchability percentage in Ll stock showed

a gradual decrease from 72.%% #* 4.95 in the base population
to 51,3% * 5.73 in Fg generation while M stock exhibited a

gradual increase from 49.1% + 2.89 in the base population to
56.3%+ 2.95 in Fg generation. In Fq generation it was 47.1% +

2.70 which was less than in the base population by 2.06.

Mean hatchability of Lj females fertilised by M males

was 82.5% *+ 3.12 which is significantly higher than both the
parents. This indicated significant interaction between the

L, and M chromosomes. The eggs of Fq females of the cross,

mated to M males exhibited higher percentage of hatchability

than either parents, revealing positive interaction of Ly and




M chromosomes.

The difference between mean egg hatchability of L and

M stocks was not significant in Fg and F3 generations.

Performance of Fo females

Mean egg hatchability percentages with their standard
errors of the females of different genotypes in Fo are
presented in Table 28.

Lable 28

Mean egg hatchability percentage with standard errors
of Fy females of Ly x M cross

S1. Genotype No. of Mean egg hatchability
No. females Percentage S.E.
tested
1 Scovy P 15 51.5 10.12
gse:. ev.v £.B
g H*cvvilDB 13 52.4 9.69
seev v B
$ & v Il 16 61.4 5.82
S scevv _{B
4 Sc. ey vidad 20 74.8 7.62
scevv £fB
5 4+ 4+ 4+« 1B 16 5.2 5.83
scevv B
G se & Salaa 20 83,0 5.37
scevvEiB
7 gc. oy 4+ 4 & 18 86-1 5067

scevv B

g XA 20 93.8 2.40
scevv B




Analysis of variance of the above data showed that the
differences among the genotypes were statistically significant.
On the basis of critical difference test the genotypes not
significantly differing in mean hatchability were grouped by

bar notation, as follows :

i 2 3 4 5 6 7 8

The difference between the hatchabilities of the two
genotypes 1 and 8 gave the effect of the substitution of one
X chromosome of L; on mean hatchability, which was 42.3%.

This substitution effect was much greater than that of Hj

(27.7%) indicating significantly larger interaction effect

between Lj and M chromosomes than Hj and M chromosomes.

The relative effects of various regions of X chromosome

on egg hatchabllity could be summarised as under in Table 29.
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Zable 29
Effects of various regions of one X chromosome on
hatechablility
81 Region of X chromosome E i
No. Estimates Mean
1 scute (sc) s 6.1
g crossveinless (ev) 'g:g 2.9
3 yermilion (v) 11.3 12.5
13.8
4  forked-Bar (fB) Loe2 21.2
5 Whole X chromosome 42.3

From the derived effects of various regions on
hatchability it could be concluded that forked-Bar region of
X chromosome contained major dominant genes affecting hatcha-
bility. ©Some of the dominant genes also seemed to be located
in the wvermilion region and most probably on the left of

Yermilion. The grogsveinless region showed least effect while
scute region had the same effect on egg hatchability.

Mean hatchability percentage of different genotypes
in F3 generation are tabulated in Table 30.
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Table 30

Mean hatchability percentages with standard errors
of different Fg genotypes

Sl. Genotype No. of Egg hatchability percentage
No. females Mean S.E.
tested
e 49.5 8.18
5 : gg g ’5% 61.6 8.42
3 H’i’%‘% 61.6 9.71
sccey+ fB 63.4 2,94
< sec ev ¥ £ B
Ser:
g Sccvv{ DB 63.8 7.26
sc evv £fB
7 SCcy v+ 4 72.4 4,40
sC ¢V v 4+ + .
SN o 75.8 6.32
evY Vv
o 4 4+ v+ + 80.5 S35
+ 4 v+ +
10 sec ey + &+ & bR e 5.54
sc cv + £ 4+
sc + 4+ 4 + 84,8 3.44
11 sc 4+ + 4+ 4+
12 e 2 I : : 92,8 2.33
P
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Analysis of variance of the basic data showed signifi-
cant differences in mean hatchability among the different
genotypes. On the basis of critical difference test the
significance of differences in mean hatchability of the 12
genotypes is brought out graphically below :

1228 =TGRS 6 7 8 9 10 16k 12

The difference between the hatchabilities of the
genotypes 6 and 12 gave the effect of homozygous X chromosome,
on hatchability. By the substitution of two X chromosomes

of Hy stock there was an increase of 2% in mean hatchability.

It was curious to note that the double dose substitution effect

was much less than the single dose substitutilon effect (42.3%).

The effects of various segments of X chromosome as
calculated by linear contrast of various sets of genotypes,
are provided in Table 31.

Table 31

Effects of portions of X chromosome of Lj on
hatchability (duplicate effects)

Sl. Region of X chromosome B
No. Estimates Means

1.8

e e s e 9 S e s S S5 S S S S EN S 0 Sy S S5 G5 R Ghe S 603 G G Che Gin Gow GD0 S50 ON9 O S0 e S e S Gme G55 Gne G G e G e G0 G5 9 SN GRS SS9 S Gms & om o
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Table 31 (contd)
B, Region of X chromosome Egg h
No. Estimates Mean
35
-1202 i
2 crossveinless (ev) 4.7 1.0
0.2
-0.4
3 yemilion (v) e 8.3
1253
31l.2
8.6
ole2
4 forked-Bar (fB) 4.5 20.7
e
31.3

5 Whole X chromosome 29.0

From the mean values of various estimates of the effects
of different regions on hatchability, it was clear that
forked-Bar region contained large number of dominant genes.

The vermilion region also seemed to contain some dominant
genes whereas grossveinless region looked to contain recessive

genes depressing hatchability.

a {th full sib high 1i

Table 32 provided the mean hatchability percentages

with standard errors of Hg, M and their cross in various

generations.
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Tahle 32

Mean hatchability with their standard errors of Ho,
M and their eross in various generations

Crosses Base P F F F
Dopula< 1 1 2 3
tion
Hy & x Hy o 58,3 66.4 7953 “75L.2 89,0
(a) 46,18 +3,60 #3.75 +4.45 +3,23
Md xHMo A2SBE A I5REG 39.2 54.7 53.3
(b) +2,91 +1.90 - #3.20 =2.06 +2,45
Ho o x M 83.3 80.4
(a) +3,00 *4.61
Differences
(a-b) 15.8% 14,5% 40.1* 20.5% 35,7*%
(a=c) -16,9% =1.,1 NS
(b=-c) ' -31.4% .<41,2%

The mean hatchability percentage of Hg exhibited a

gradual increase from 58.3% * 6,18 in base population to

89.0% * 3.23 in F3 generation while M stock also showed a

gradual increase in mean hatchability from base population

to Fg generation. It had 39.2% % 3.20 in Fjgeneration which

was less than in the base population by 3.3%.

The Ho females fertilised by M males had mean
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hatchability of 83.3% * 3.00 which was significantly higher

than the both parents indicating positive interaction between

the Hp and M chromosomes.

The females of this cross mated to M males had mean
hatchability of 80.4% % 4.61 which was not significantly
different from the Ho stock.

There was significant difference between mean hatcha-

bility of Hz and M stocks in both Fz‘and F3 generations.

Performance of Fo females

Mean egg hatchability percentage with their standard
errors of the females of different genotypes in Fo generation
are presented in Table 33.

Table 33
Mean hatchability of Fg females of Hp x M cross

S1. Genotype No. of Egg hatchability percentage
No. females Mean S.B.
tested
scevy £B 17 58,7 7.82
= scevv fB
2 Acvv (B 8 59.6 T,
scevv B
3 A4+ £8 20 67 .6 6.74

scev v IfB

P ——————— ettt e R T R TRl R R R R L]




Iable 33 (contd)

gl. Genotype No. of  Egg hatchability percentage

0% femgles Mean S.B.
tested
4 % 16 775 3.14
5 §‘é g“; ; ‘i*. g 19 79.1 6.90
6 SC oy v 4+ + 19 80.5 6.14
scevv B
7 gg :v‘*v*‘f"B it 88.9 3.46
8 (e A e i 20 92,9 1,981

scevv fB

An analysis of variance carried out on the above
data indicated significant differences in the performance
of different genotypes. On the basis of critical difference
test the genotypes not differing significantly in the mean
hatchability are grouped together by using bar notation as

under :

The difference between the performance of the flies

of genotypes 1 and 8 gave an idea of the contribution of one
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homologous Ho chromosome towards hatchability. The effects

of the 4 regions of X chromosome have been worked out and are

given in Table 34.

Table 34

Effect of portions of one X chromosome of Ho
on egg production

Sl. Region of X chromosome B i
No. Estimates Mean
l ) 4-0
scute (se FO 2.5
% 9.8 ‘
Lrossveinless ; 5
2 0 (ev) 17.9 13.8
3 vermilion (v) e -5.6
25.3
ulﬁ_d.:._al °
4 0 B (fB) 51.8 23.5
5 Whole X chromosone 34.2

As in Hy and Ly, maximum activity was noticed in
forked-Bar region. Next came crossveinless region with
significant effect. The gcute region seemed to have some
activity but yvermilion region seemed to have more of receséive
genes depressing hatchability. It was interesting to note in

both the high lines Hy and Hg, only forked-Bar and crossveinless
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reglons seemed to have majbr activity while the other two
regions had negligible activity affecting hatchability.

Performance of Fg females of various genotypes are

presented in Table 35.

Iable 35
Mean egg hatchability in F3 females of Ho x M
CTross
S1. Genotype No, of M
No. females Percentage S.E.
Tested

ge oy & 08 3 57.7 L B 3P

1 se.ev + £ B :

2 scerv B 10 61.7 7.49
se ev. v £'B

3 Sc ++ £ B 20 64.8 3.53
se # + £bB

4 AAy LB 15 69.2 8041
# & -y £8B _

5 2 ey v b 13 72.0 7,99
#cvv £B '

6 sc oYV + + 20 2.3 7.73
S eV Ve +

7 SC oV & .4 & 20 74.2 8.01
S¢ Cv “ERETy

8 & A4 fel 16 74.6 7401
e e O )
4+ 4 v 4+ +
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Table 35 (contd)
S1. Genotype No. of M
No. . females Percentage S.B.
tested

+ oy v 4+ 4 .

10 g = 20 8545 6.29
se + 4+ + +

1k Se L 20 88.5 5.48
+ 4+ + #+ +

Analysis of variance revealed significant differences
among the mean hatchability percentage of different genotypes.
Significant differences in mean hatchablility of 12 genotypes

based on critical difference test is brought out graphically

using bar notation.

a5 a 3 4 5 6 T 8 ) 10 31 12

The difference in hatchability between genotypes 12
and 2 gave the effeet of homozygous X chromosomeé on egg
production. Here it worked out to 27.%. It was curious

to note that double substitution had comparatively smaller
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effect than single dose substitution (84.2%4). The éffects

of various regions in homozygous conditions have been worked out

and presented in Table 36.

Iable 36

Effects of different portions of X chromosome of
H2 on egg hatchability
(dquplicate effects)

Sl. Region of X chromosome B
No. Estimates Mean

1 scute (sec) 8.5

-
]

ONOOH
e
WOwH

U
=~ =~ 00 b

o
W W

2 crogsveinless (ev) R

4.1
3 yemmilion (v) = 3.8
2.1

4  forked-Bar (fB) 297 14.6

) Whole X chromosome 27.9

Mean effects of various segments of X chromosome of Ho
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revealed that major activity was stationed in forked-Bar
region. The scute region also indicated more activity
affecting hatchability than gy and y regions. In this case,
the polygenic activity affecting egg hatchability more or less

confined to the ends of the chromosomes than the middle portion.

Crosses with full sib low line (Lg)

The relevant data of mean egg hatchability with standard
errors was brought out in Table 37 with regard to Lo, M and

thelr cross in various generations.

Iable 37

Mean hatchability with standard errors of L2, M and
their cross in different generations

Cross Base I& Fl F2 Fq
' popula-
tion
L2 d x L2 o 81.9 <3 84.4 82.4 84.5
(a) +2,56 +2,66 +3,40 +3.15
(b) +2,89 +2,70 +2,82 +2,95
Lo dxMd 88.3
(e) *3.63
Differences
(a=b) 32,8%* - 37.3% 29,2k 28, 2%
(a-c) -3,9N8

(b-c) -4],2%




The Lp females fertilised by M males had mean hatcha-

billity of 88.3% * 3.63 which was not significantly different
from the Lg stock indicating that Lo had more dominant factors

affecting hatchability than M stock.

Performance of Fo females

Mean egg hatchability of the females of different
genotypes in Fo generations are presented in Table 38.

Iable 38
Mean hatchability of Fg females of Lo and M cross

Sl, Genotype No. of M habi
No. females Percentage S.E,
tested
Sa¢ cy vafiBb 8 64.8 4.31
1 scevv £fB 1 3 °
2 ;ccgvvvf fBB 5} 68,9 10.30
3 SCCQevy ;g 17 80,7 6.18
sSsC CvV Vv
4 ‘EE%B 18 82.0 3.30
5 Lii.ﬁ.%.B 20 84.1 4,74
SC CV V
6 Se o b 10 90,6 4,03
scevv fB
7 g & A 20 O 18 ShiLS
scevv fB
e Lo 19 94.7 1.64
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Significant differences among the different genotypes
were brought out by an analysis of variance on the above data.
Using the eritical difference test, the genotypes not differing

significantly are grouped by using bar notation as under : !

14 2 3 4 5 6 7 8

The effect of one homologous X chromosome could be
derived by taking the difference between the hatechabilities
of the genotypes 1 and 7 which came to 26.3%. The effects
of 4 regions of X chromosome were calculated and presented in
Table 39.

Table 39

Effects of various portions of one X chromosome of
Lo on egg hatchability

Sl Region of X chromosome B h
No. Estimates Mean

1 scute (sc) 2:? 2.3
2 crossveinless (ev) ig:% 4.5
3 vermilion (v) 12:2 8.0
4 forked-Bar (fB) N 11.4
5 Whole X chromosome 26.3
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The effects of various segments on egg hatchability
indicated that as in the other lines, in this line also
Lorked-Bar region proved to be potent in affecting egg hatcha-
bility. Next came yermilion region followed by cv and gc

regions.,.

The relevant data of mean egg hatchability of Fg

females of various genotypes 1s brought out in Table 40.
Iable 40

Mean egg hatchability percentage with standard
errors in F3 females of 12 x M cross

S1. Genotype No. of M habili
No. females Percentage S.B.
tested
g6 eV vStEb 3 66.3 8.08
1 sec cv v £'B 1
g" 'S4+ £ 0 14 72.6 6.25
sc+4 £B
sc cv+ £ B 4 73.7 6.89
3 scev4+fB 2 ‘
ey vV EB 16 74..6 4,40
4 4+ cv v £B
ol sty A L 8 75,9 5,85
S ¥ +v B 2
6 24+ 1B 20 77.8 3.50
4+ 4+ 4+ f B
G R 2 20 79.7 6.33
W+ + v &



ZLable 40 (contd)

51. Genotype  No. of M h
No. females Percentage S.E,
tested
gl S 20 80.0 5.98
se oy y & 4 20 80.4 5.50
e SC CV V #* +
SC CV + 4+ ¥ 20 86.3 o8
20 SC eV & 4 o
11 4:2 I : : j 20 89,6 4.59

Analysis of variance conducted on basic data revealed
significant differences among mean hatchabilities of different
genotypes. Significance of mean differences in 12 genotypes
based on critiecal difference test is brought out graphically

below :

The difference between the hatchabilities of genotypes

1 and 12 gave the effect of homozygous X chromosomes of Lo on
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egg hatchability. The effect was 25.4%. There was no signi-
ficant difference between single (26.3%) and double substitu-
tion effects. One might expect double substitution effect

to be twice the single effect if the effect of chromosome

was additive in nature.

The effects of different regions in homozygous condition,

derived, are presented in Table 41.
Iable 41

Effects of different portions of X chromosome of
Lo on egg hatchability (duplicate effects)

Bl Region of X chromosome B
No. Estimates Mean
i AL
. scute (se) _g:i 3.8
5.2
3.3
2 crogsveinless (ev) 0 0.8
=1l.1
74
3 vermilion (v) i 6.8
1.2.0
13.2
14.1
17.0
4 forked-Bar (fB) 5.4 11.1
' 12.6
3.8
5 Whole X chromosome 25.4

o ——— e
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The effects of various segments of X chromosome
indicated that fB region was more potent with gignificant
polygenic activity in that region of the chromosome. The
Yermilion region also had some activity but gv region had
least activity.

It was interesting to note that in both of the low
lines the distribution of polygenic activity was identical
in having more activity in fB and ¥ region and least activity

in cv and s¢ regions.

Comparison of 4 inbred lines in respect of single
entire X chromosome or parts thereof or their duplicates both

entire and parts on egg hatchability.

For ready comparison the main effects of various seg-
ments of X chromosome are summarised in Table 42,

Table 42

Effect of various segments of X chromosome singly
or in duplicate on egg hatchabllity

Regions of Substitu- Linesg

X chromosome tion Hl L1 H2 L2

gscute Single ae) 6.l 2.4 2.3

(se) Double 1ol 198 8.5 3.8
o} e Single 9.3 2.9 13.8 4.5
cv Double 2.6 =1.0 i 0.8

= e e S s S S G e A e SN A N S G G G e S G G S S Sy Gwv S SN AN S RN S S Gy S e G Sa ST GRS BN S G NP S S fg S S e S SR G S e e S oSS ES €S



Table 42 (contd)

Regions of Substitu- Lines
X chromosome tion Hy Ly Ho Lo
yYermilion (v) Single 2.0 12.5 ~5.6 8.0
Double 4,9 B3 3.8 6.8
Q =B Single 14.4 SN2 23.5 114
fB Double 12.4 24 14.6 1lal sl
Entire Single 277 42.3 34.2 26.3
X chromosome Double 227 29,0 2790 2504

The above data is brought out as histogram in Figs. 4 & 5.

Close examination of the above table brought the

following facts to light.

(1) Single X chromosome substitution did not produce
the same effect on hatchability.

(2) Double substitution had rarely doubling effect. But
in most of the cases double substitution had lower effect

than single substitution.

(3) When the effects of various regions of single
chromosome were considered, the potency of fB region was

highest of all the regions.

(4) In case of duplicated portions also forked-Bar (fB)
region showed highest effect. As in single chromosome

portions the value was about the same in two out of 4 lines,
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but in the other two lines double substitution had marked
depressing effect on hatchability.

(5) In the two high lines, the region of cv seemed to have
significant activity, but in the two low lines the yermilion

region showed the presence of dominants affecting hatchability.

(6) The polygenic activity affecting hatchability was

least in s¢ portion except in Ll when single region was

substituted in Hy when double region was substituted.

3. EGG SIZE

Crosses with half sib high line (Hj)

Table 43 provided the mean egg size of Hy, M and their

reciprocal crosses in various generations.

Hy produced larger eggs than M. The extent of variation
between Hy and M stocks in each generation was maintained in
all the generations. The difference in mean egg size of Hj

and M stocks was significant in all the generations.

Hq females fertilised by M males produced eggs of

32993 * 238 proportional units, and the M females fertilised
by H; males produced eggs of 26507 =+ 206 which were not

different from the respective controls. Hence the relative



- 148 -

+*E09T *9O8¥%9 CP=9)
*E96T~ SN 43 (p-q)
*998¢- *Q979- (°-q)
*7V8E *EL68 (P-®)
* 1732 SN €TS- (2=t
*8FP9 *6639 #2088 #6563 +0TLL (q-®)
SSOUSISIITG
(P)
252F2660¢€ 908F20593 ol x & i
(°)
862F56S3€ 8E37E£663¢E Snxdly
TO2F30%S3 LB3F0T3L3 3EETF62062 STIEFL3S92 0T3¥89893 & zamvb W
()
66TF9381E 902F60S8E 993FoE8VE 602F08%73C 68TF8L3€E 6 Iy x o Ty
uoTy
Es 3y Ty T; |¢MMMMW sessoay

suoTqeJIoUSd qUOI9JJTIP UT SSOJD JT8UYG pue y ‘Iy
JO SJ0JJd® PIBPUBYS UYJTM (S3Tun Teuotjxodoad) 9zTs 3o urey

&V oLde]



- 149 -

stimulation of males might not have any effect on egg size.

In Fj however the difference between the egg size of Hj and

Tthat of Bar female was significant. There was significant

difference between the egg sizes of M and yellow females.

Performance of Fo females

The mean egg size of 8 different genotypes is tabulated
in Table 44.
Iable 44

Mean egg size (proportional units) of Fo females
of Hp x M cross

S1. Genotype No. of Mean egg size (proportional
No. females unitsg)
tested Mean S.B.
+ & 4+ 4+ 4 '
20 27213 288
1 sc ecv v £fB :
o sSccevyv (B 14 26701 566
sc ecv v £B
3 SC¢ A ek 20 27496 273
scevv B
tev v £3B 9 26988 342
4 sc ecv v £ B
5 SC CV # & + 18 27256 336
sc ev v £fB
6 4 yiTob 18 27356 257
scevv B
7 gsc ey v 4 16 26871 465
sc cvv fB
# 4+ 4 £ B 20 27509 332
8 scev v yEB
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Analysis of variance indiecated no significant difference

between the egg size of different genotypes.

A close examination revealed that the flies that
contained one X of M and the other from Hl had larger eggs E
|

and the flies that contained both the X chromosomes from M
line gave smallest eggs. The difference due to the substi-
tution of one X chromosome in M stock was an increase of
1012 proportional units in the mean egg size. This might be
due to the fact that Hy X chromosome had more dominant genes

compared to M X chromosome.

The effects of various segments of X chromosome of

Hy on egg size are summarised in Table 45.

Lable 45
Effects of various regions of one X chromosome on
egg size
Sl. Region of X chromosone BE ize o]
No. Estimates Mean
il scute (se) g%g 252
2 crossveinless (ev) g‘é‘g 304
3  yemilion (v) e 269
4  forked-Bar (fB) 5 187

5 Whole X chromosome 1012
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The effects of various segments indicated that the

reglon of crossveinless (ev) was more active affecting
egg size than other regions. The next in order were Y and

 ££ regions. fB region showed least activity.

The results of F3 females is summarised in Table 46.

Table 46

Mean egg size (proportional units) with standard
errors of Fg females of Hy x M cross

S1. Genotype No. of Mean egg size (proportional
No. females units)
tested Mean S.E,
B
6
i o6 oyiviteD bl 26412 23
2 SC oy v & & 20 26733 371
sc ev v * +
3 Ssccy + 2B 19 26908 383
sc ecv +# £ B
4+ oy .y £NB 12 26972 609
4 + ev v £B
5 24ty D 13 27318 503
+ & v B
6 SCoCV-SEse 20 27404 364
s¢c ¢cv + + +
7 Ltovys4 20 27647 240
#+ Qv Vv 4+ +
8¢ iU {aB 17 27827 233

o T ED e SD D SR D S D S S S RS D e en e R P e e S B e S S e G S R TR T G S S D B R D SR S A P S e e e e e e m e S o S S S RD 0D
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Table 46 (contd)
Sle Genotype No. of Mean egg size (proportional
No. females units)
tested Mean S.E.
4+ + 4+ 1B
o Xxtid 18 27993 266
10 b RS 20 28238 713
i A D
17 Set+ s 20 28303 360
sc + 4+ + +
12 o e B i A 20 28808 119
+ 4 + + 4

Analysis of variance of above results showed that
the differences in mean egg size among genotypes were
statistically significant. Using eritical difference test
and bar notation the significance of differences in mean

egg size of the 12 genotypes are brought out as under :

1 2 3 4 5 6 it 8 9 10 11 12

The effects of various regions in homozygous condition

and also of whole chromosome are summarised in Table 47.

.
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ZIable 47

Effects of portions of X chromosome of Hy on
egg size (duplicate effects)

al. Region of X chromosome B
No. Estimates Mean

)

505
1 scute (se) ggg 536
166

899

2 crossveinless (cv) o 689

219

496
3 yermilion (v) g;i 603
570

815
321

4  forked-Bar (fB) e 615

496
220

5 Whole X chromosome 2396

The results of the effects of various segments again
indicated that gv region was more active affecting egg size
but more or less the polygenic activity affecting this trait

was evenly distributed along X chromosome.
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Crosses with half sib low line (Ly)

The mean egg size with standard errors of Ly, M and

thelr eross in various generations are presented in Table 48.
Iable 48

Mean egg size (proportional units) with standard
errors of Li, M and their cross in various generations

Crosses Bar Pl Fl F2 F3
popula-
tion
Ly dx Iy o 34517 35563 34069 34627 33669
o) +580 +304 +442 +278 +325
MdxMo 24222 27118 27283 25965 26697
(b) +449 +256 +255 +286 +230
Ly oxMd 32452 32126
(e) +290 +282
Differences
(a=b) 10295% 8445% 6786* 8662*% 6972
(a-c) 3111* 1943*
(b=-c) -5334%* -4843%*

The difference between mean egg size of Ly and M was

significant in all the generations. ILj had significantly

larger eggs than M, The extent of variation in Pl, F2 and
Fqy Fg was uniform. The difference in mean egg size in base

population was largest.
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The Ly females mated to M males had significantly
smaller eggs than the Ly stock. The Bar females in Fq
produced significantly smaller eggs than Ly but were larger
in comparison to M stock indicating that L had more dominant

factors affecting egg size.

Performance of F2 females

The mean egg size of 8 different Fo genotypes is
presented in Table 49,

Iable 49

Mean egg size (proportional units) with standard
errors of Fg females of Lj x M cross

S1. Genotype No. of Mean egg size (propor-
No. females _tiQnal_unusi__

tested Mean S.E.

1 * & & Hiak 20 27808 214
scevv B

o scev v B 10 26902 517
scevv £fB

3 So+ 4 & 4 20 27598 230
scevv B

4 *cvy B 12 27022 307
scevv B

5 s¢c cy + + 4 7 27329 368
scevv B

6 ++v f£B 13 27412 346
scevv £B

7 sc cv v+ + 18 26932 222
se.ev v £B

- 4+ 4 B 10 27611 232
seevveEeB
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Analysis of variance on the above data indicate no
significant differences in mean egg size of different

genotypess.

The effects of various segments of X chromosome of

Ly on egg size are given in Table 50.

Iable 50
Effects of various regions of one X chromosome on
egg size
Sl. Region of X chromosome Egg size (proportional
No. units)
Estimates Mean
210
il scute (se) 150 165
. 69
crossveinless z
2 n (ev) 590 329
3 yermilion (v) L s 298
199
127
forked-Bar
4 o Bar (fB) 30 113
5 Whole X chromosonme 206

The contributions of various segments revealed that
crossveinless region had comparatively more affect on egg
size than other regions. Next in order were ¥, .s¢ and fB

respectively. It was interesting to note that fB region was
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more active in affecting egg production and hatechability but
least active for egg size.

The mean egg size of Fg females was tabulated in

Table 5l1.

Table 51

Mean egg size (proportional units) with standard
errors of F3 females of Ly x M cross

S1. Genotype No. of Mean egg size (propor-
No. females tional unitss

tested Mean © Sl.E.

1 el g g 15 26759 734

o ey v B 13 26976 439
+ cvv B

3 Sc v fg 20 27079 422

a Sc Y VA% 20 27110 445
sc cv v &+ +

5 - e - : 20 27647 330

& 4 4 v £ B 12 27694 285
+# 4+ v B

7 5S¢ Cv : : : 20 27782 260
s¢ Ccv

3 sc : 4 g g 7 27915 209
sc #+ 4

9 s 8L 12 28266 779
4+ 4+ 4+ £ B

) e e S S S S A B e B G S G S S e S S5 S S ED S Sn em v Sm Em em S Sm S S Sm S S G e SS9 Sn G 65 S0 S5 SN Be O S S o

s
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Igble 51 (contd)
Sl. Genotype No. of Mean egg size (propor-
No. females o)
tested Mean S.BE.
10 = —— 20 28402 518
bR 11 28493 414
12 £ = 20 28945 238

There was significant difference in mean egg size of
different genotypes. Genotypes not differing significantly

are grouped as under :

The effects of various regions in homozygous condition

and also of whole X chromosome are given in Table 52.
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Table 52

Effects of portions of X chromosome of Ly on
egg size (duplicate effects)

Sl. Region of X chromosome Egg size (prgportional
No. ————upltg

Estimates Mean

543
1 scute (sc) g%; 412
351

620
: 718
2 crossveinless (ev) 846 755

836

320
3 vermilion (v) ggg 504
452

679
351
4 forked-Bar (fB) ggz 615
703
799

5 Whole X chromosome 2186

The results of the main effects indicated more activity

in crossveinless region. Next in order were fB, ¥ and sc

regions.
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Crosses with full sib high line (Ho)

Table 53 provided the relevant data of mean egg size

of Hoy M and their cross in various generations.

ZIable 53

Mean egg size (proportional units) with standard
errors of Ho, M and their cross in various generations

Crosses Base P1 F1 F2 F3
popula=
tion
Ho d x Ho ¢ 30732 30680 30622 30489 30476
(o) +383 +250 +321 +345 +207
MdJdxMo 28318 27943 27123 26185 26697
(b) +264 +389 +345 +230
Ho 9 x M S 30884 32117
(e) +267 +347
Differences
(a-b) 2414% 2737% 3599% 4304 3779%
{a=0) -204 NS -1495%
(b-c) -2941%  -40094%

Ho produced significantly larger eggs than M in all

the generations.

Ho females mated to M males produced eggs of almost

e T



- 161 -

the same size as Hp, making it clear that stimulation of

male had no effect on egg size.

The Bar females produced larger eggs than Hy which

was not expected. Some environmental factor might have

played the role.

Performance of Fo females

Table 54 provided mean egg size of 8 different
genotypes.
Table 54

Mean egg size (proportional units) with standard
errors of Fo females of Ho x M cross

Sl. Genotype No. ‘of Mean egg size (proportional
No, females units
tested Mean S.B.
4 4 4 4+
e e 20 27632 259
o Sccoyy LB 17 26549 394
sc eV vV B
g Setdid 20 27383 215

scevv B

+ oy v £B
4 o S 11 26789 352

5 Sccvdit® 19 27172 343
scevv B

6 & Ay 15 27229 350
scevv £fB

el R e e e e T T L o T o L TS ——
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Table 54 (contd)
si. Genotype No. of Mean egg size (proportional
No. females units
tested Mean S.Be
SC ey v 4+ 4
7 5o oF TG 20 26802 310
g = S EHEE 15 27481 342
scevv B

Analysis of variance on the above data indicated no
significant differences between the egg size of different

genotypess,

A close examination of the mean egg size of different
genotypes revealed that flies that contained two X chromosomes
from marker had smallest egg while the flies with one X from
marker and the other from Ho had largest eggs. The effect
of the substitution of one X chromosome was an increase of
1083 proportional units. This indicated that Hg chromosomes
had more dominant genes than M stock.

The effects of various regions of X chromosome of

H2 on egg size are summarised in Table 55.

-
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ZLable 55

Effects of various regions of one X chromosome of
Ho on egg size

81, Region of X chromosome Egg size (proportional
No. upits)
Estimates Mean
279
1 scute (se) 540 254
= 211
crossveinless
2 /o) (ev) 240 325
3 vermilion (v) 370 311
252
alzal
forked-Bar
4 or Bar (fB) 553 202
o Whole X chromosome 1083

The effects of various segments revealed relatively
more activity in ¢v region but was not significantly different
from other regions. The polygenic activity affecting egg size

was more or less evenly distributed on X chromosome.

The mean egg size of Fg females is summarised in

Table 56 °
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ZLable 56

Mean egg size (proportional units) with standard
errors of Fg females of Hg x M cross

S1e Genotype No. of Mean egg size (proportional
No. females units)
tested Mean S.E.
| === 20 27810 250
3 gg : : : : 20 27366 375
4 ov ¥ DB 6
4 g 11 26564 481
5 :g g:rr I : 1' 20 26726 405
6 ‘1—1‘1“%% 12 26889 309
v
7 % 20 26392 172
8 H_g_g_% 20 27261 207
9 Hvlﬁ 20 27459 342
10 sccev+ £ B 16 26494 471
scecvy+ £ B
11 : cg :fr 1‘ : 20 26684 254
C
12 - " g g 20 26835 289
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Analysis of variance on the above data revealed no

significant differences in mean egg size of different genotypes.

The effects of various regions of X chromosome of Hg
have been derived and brought out in Table 57.
Zable 57

Effect of portions of X chromosome of Hs on
egg size (duplicate effects)

S1. Region of X chromosome Egg size (proportional
No. units)
Estimates Mean

444

645
it scute (se) 205 452

426

640

325
2 crossveinless (ev) 255 520

341

575

3
3 xermilion (v) L 408

351

549
473

4 forked-Bar (£B) P9 412
232
570

5 Whole X chromosome 1891

The results again indicated that cv region was relatively
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more active but the polygenic activity looked to have been

distributed evenly along the length of X chromosome.

Crosses with full sib low line (ILo)

The data of mean egg size (proportional units) with

standard errors of Lg, M and their cross was summarised in
Table 58.
Zable 58

Mean egg size (proportional units) with standard
errors of Lo, M and their cross in different

generations
Crosses Base P F F F
i 1 il 2 3
tion
Ly & x Lo o 34082 34312 34854 34289 34255
(a) +351 +322 4237 +369 4298
Md xMo 24222 27118 27283 25965 26697
(b) +449 +256 %255 +286 +230
Lo gx M d 34563 31115
T +329 +202
Differences
(a=b) 0860* 7194*% 7571*%  8324% 7558%
(a=c). -251 NS 3739%
(b-c) ~7445% -3832%

Lo produced uniform eggs in all the generations and
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were significantly larger than those of M, in all the

generations.

The egg size of L2 females mated to M males did not
differ significantly from that of Lg. In Fp Bar females had

significantly smaller eggs than Lg but larger than M,indicating

the location of more dominant genes affecting egg size in Lo.

Performance of F% females

Mean egg size (proportional units) with standard errors

of 8 different genotypes is presented in Table 59,

Zable 59

Mean egg size (proportional units) with standard
errors of Fg females of Lg x M cross

S1. Genotype No. of Mean egg size (proportional
No. females units
tested Mean S.E.
1 scevv B 16 26898 386
sc eV Ve B
o 5C -6V Va4 20 27032 267
gc eV Ve LB
3 #cvy £3B 20 27100 363

scecv v EB

4 & sy fSB 20 27358 238
sc ecv v B

D e s e S e D D SO D D D D D SD D D s S e S S D D e S S D D e S A S A ey D D A D D S D MDD D S D e S ST D S ED RS WD em e e e e
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Table 59 (contd)
Sl. Genotype No. of Mean egg size (propor-
No. females ___juggugLJnxlgsg
tested Mean S.E,
5 ig f,;‘,' ; ‘; “‘B' 20 27409 203
6 :c+c; g ? . 20 27709 239
7 Sot++4 20 27709 204
secevv £B
Gl e n 20 27916 213

Anglysis of variance on the above data revealed

significant differences in mean egg size values of different

genotypes.

The genotypes not differing significantly in their

mean egg size are group as under :

4 2 3 4 5 6 7 8

The effects of various segments of X chromosome of

Lo on egg size are summarised in Table 60.
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Iable 60

Effects of various regions of one X chromosome of

Lo on egg size

gi: Region of X chromosone Bgg size (proportional
BEstimates Mean
1 scute (se) ggg 204
“ crossveinless (ev) ggg 279
3 vermilion (v) ggz 364
4 forked-Bar (£B) 2 170
5 Whole X chromosome 1018

Close examination of contribution of different regions

revealed that y region had more activity affecting egg size.

Next in order came ¢v, sc¢ and fB.

The mean egg size of F3 femgles is summarised in

Table 61.
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Lable 61

Mean egg size (proportional units) with standard
errors of Fg females of L2 x M eross

81. Genotype No. of Mean egg size (propor-
No. females tional units)
tested Mean S.E,
o oy y4 20 27649 337
+ cv v k&
# oy v {°B
3 . oo 18 27671 369
4 se 4 & gg 20 27680 278
s _suy_:.g_g 16 27852 183
sS¢c CV
6 : .y g % 18 27942 289
+ v '
7 P 20 27980 286
sC CcvV V
3 sc oy 4 4 + 20 28050 333
S¢ eV i+
9 bt 20 28469 433
sc
10 %ﬁ-—g—% 20 28663 365
11 %H_}_I 20 . 28719 253
12 I j : : :_ 20 29034 279




- 171 -

Analysis of variance on the above data revealed
significant variation in mean egg size of different genotypes.
The genotypes not significantly differing were grouped together

based on ecritical difference tests.

1 2 3 4 5] 6 7 8 IS0 11 12

The effects of various regions in homozygous condition

and also of whole chromosome are presented in Table 62,

Tahle 62

Effects of portions of X chromosome of Lo on
egg size (duplicate effects)

8l Region of X chromosome Egg size (proportional
No. units)
Estimates Mean

565

1 scute (sec) _g%i 359

983

419

271
2 crossveinless (cv) 1070 397

=172

400
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Table 62 (contd)

S1. Region of X chromosome Egg size (proportional
No. units)
Estimates Mean

371
528

4 forked-Bar (fB) s 440
108

5 Whole X chromosome 1582

The effeects of various regions indicated more or
less even distribution of polygenic activity affecting

egg size, on X chromosome of this line.

C riso

For ready comparison the main effects of wvarious
segments of X chromosome in single and double dose, on
egg size are presented in Table 63, and the same is

graphically brought out as histogram in Figs. 4 and 5.
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Table 63

Effect of various segments of X chromosome singly
or in duplicate on egg size

%egion of Substitu- Lines
chromosome tion Hl Ll H2 L2
Single 252 165 254 204
scute (se) Double 536 412 452 359
crossveinless Single 304 329 325 279
(ev) Double 689 755 520 397
,%gﬁmiligg Single 269 298 311 364
v Double 603 504 408 376
ked=B Single 187 113 202 170
fB Double 615 615 412 440
Entire Single 1012 206 1083 1018
X chromosome Double 2396 2186 1821 1582

From Table 63 the following conclusions could be drawn :
(1) Double substitution had always greater effeet than
when single and the effect was almost double.

(2) Comparing the effects of various regions crossveinless
region seemed to have more activity in 3 of 4 lines, both in

single and double substitution. In L2 variation region showed

more activity.

(3) In general, the polygenic activity affecting egg size
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seemed to be evenly distributed along the X chromosome.

(4) Double substitution in fB region exhibited more than
double effect, and in half sib lines it was 3-4 times that
of single effect.

(5) The results indicated the additive nature of this
trait.



DISCUSSION

Knowledge about the organisation of polygenic activity
-0f a quantitative character on chromosomes can be worked out
in some detail in biological material where synthetic stocks

are avallable,

Thus in Drosophils melanogaster, Wigan (1949a)
investigated the polygenic organisation controlling sterno-
pleural bristles on X chromosome and Breese and Mather (1957)
studied the situation on III chromosome in case of abdominal
bristles. Robertson and Reeve (1953) studied the like
question in case of body size of Drosophilas melanogaster.

In case of egg production Gowen and Strauss (1942) found that
11% of the total variance for egg production in Drosophils
could be attributed to the X chromosome, 44% to the II chro-
mosome and 22% to the III chromosome. Interactions between
the chromosomes were not significant. According to the
findings of Robertson and Reeve (1955) the relative activity
of III, II and I chromosomes was roughly in the proportion of
100:60:20 respectively. Singh et al. (1964) using a 6 x 6
diallel cross showed that low egg production was due to
recessive genes and the high production due to their positive
alleles and the ratio of recessives to dominants was 1l:4 in

the lines studied by them. Mazumdar and Prabhu (1967) who
studied the fecundity in Drosophila melanogaster with an
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& chromosome held unchanged found that the contribution of
autosomes was more than the X chromosome. Finding of

Win Moi Tait and Prabhu (1967) appeared to suggest that the
II chromosome contained genes for fecundity which were more

than in all the other chromosomes put together.

The present work carries the work on the organisation
of polygenic activity along the length of X chromosome of
Drogophila melanogaster, for egg production a step further.
The technique employed made possible the study of polygenic
activity for egg production, hatchability and egg size, in
four sib selected lines for egg production. Two of the lines
- one selected for high and another for low - came from half
sib mated lines and the other two -~ one high and one low

from full sib mated lines. In both the cases family selection

was used.,

The results made the study interesting. When the
single region substitution was considered i.e. only a portion
of the X chromosome in marker homozygous stock was replaced
by the inbred line X chromosome, different results for
different regions in the four inbred lines, were observed.
Thus for sc region, the effect was the same in all the four
inbred lines. As regard the cv region, the half sib high
and low lines gave different results from full sib high and
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low lines. In the former two significantly higher activity
for egg production was still retained, whereas it had almost
lost in the latter two lines. In the y region, half sib low
and full sib high line had negligible activity (2.5 and 1.5
eggs respectively) while there was fairly high activity in
half sib high and full sib low lines (5.8 and 9.7 eggs effect
Tespectively), In the fB region however with the exception
of full sib low line, in the remaining 3 lines highest activity
was observed. Since only a single chromosome segment substi-
tution was involved in these trials, one had to conclude
that the higher activity observed was due to the presence
of dominants and less or absence of activity was due to the
lack of dominants in the region concerned. On this basis,
which was supported by the findings of Singh et al. (1964)
that high production was due to dominant genes and low egg
production due to recessives, one could conclude that the
ma jor dominant genes affecting egg production were largely
concentrated around fB region of X chromosome. This region
occuples about 25 crossover units on X chromosome covering
a region from 45 to 70 crossover units (from mid way between
yermilion and forked-Bar to centromere). Prabhu (1939) had
observed that the garnet-forked region which covers the
region from 44 to 56.7 units on the X chromosome had the
highest concentration of sterility genes which meant that

the actual effective region controlling fecundity in the
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forked-Bar region was on the left of forked. The. total
single region substitution worked out to 40 eggs in the case
of full sib high line, and 49 eggs for half sib low line and
32 and 30 eggs respectively for the full sib high and low
lineg respectively. These results pointed out clearly that
for selection of high and low lines with fémily system of
mating half sib mating should be preferred to full sib mating.
In this method the chances of perpetuating selection of
dominants affecting egg production were greater in not only
in the forked-Bar region but also in the region left of the
same. With full sib low line selection, elimination of

dominants affecting higher egg production was the highest.

The reason for continued retention of higher activity
in the forked-Bar region might in all the probability be due
to the greater resistence to crossing over offered by this
region as it is close to the centromere. In the regions away
from forked-Bar the chances of crossing over are greater and
accordingly the elimination of dominants bringing about higher
egg production. Similar finding had been recorded by Breese

and Mather (1957) for bristle trait in Drosophila melanogaster.

Coming to the experiments involving substitution of
duplicate portion of X chromosome once again it was found that
different regions gave different results, though the most

effective region was found to be once again the forked-Bar
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region. The g¢ region gave about the same effect in all
the lines except half sib low line, whereas the contribution

was practlically nil as opposed to about 5 eggs in the other
three lines.

In the ¢v region too the half sib low line had the
least contribution being only 2 eggs. The full sib high and
low lines had about the same potency, but highest effect

(about 10 eggs) was found in half sib high line, in this

region.

In the y region, only the half sib high line gave
falrly high value being 13 eggs. The rest of the lines had

negligible contribution in this region.

In the fB region the contribution recorded was about
the same high level (33-34 eggs) except in full sib low line,
which gave 22 eggs effect.

Considering the total of all the parts as a whole,
we find that the maximum eggs were found in half sib high
line and the rest of the lines had very much less number of
total eggs than this line. It would therefore seem that to
get high line producers one should have recourse to family
selection with half sib mating. For getting low lines it is
immaterial whether half or full sib matings were employed in

family selection.
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Comparison of single and double substitutions of
parts of X chromosome tell interesting stories. Thus if the
higher egg production was due to dominants, then one would
expect either the same effect in both the 2 cases or higher
in double than single substitution, on the assumption that
the 2 segments of chromosome though alike carried different
dominant genes affecting egg production. If on the other
hand recessives determined low production then there should

be lower production in duplicated than in single substitutions.

Bxamination of the data showed that both kinds of
phenomenon were at work. Thus in sc region, in 3 out of 4
casesy, the effect seen in duplicated cases was about two
times that in single dose. In one case it was less than
what was seen in single dose. This might be due to the segre-

gation of recessives in that region bringing down production.

In cv region similar affects were noticed. In addition,
in case of full sib low line single or double substitution
gave the same results as expected. Segregation of recessives
determining low production apparently had nearly exhausted,
the higher affects seen in single dose in the double dose
flies with half sib low line. Similar results were noted in

¥ region also.

Only in the fB region no reduction in effect was
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noticed in double substitution as compared to single substitu-

tion. The effects were either 1% times or 2 times in duplica-

ted cases as that found in single substitution of parts of
chromosomes. This leads one to conclude that possibly in

this region recessives producing low production were not
found.

HATCHABILITY

Study of the nature of polygenic organisation on
£ chromosome affecting hatchability had also yielded interest-
ing conclusions. When the single region substitution was

considered the results were different for different regions

in the 4 lines.

In the scute region the effect was almost the same in
all the lines except in half sib low line in which the effect

was about three times to that of other lines.

Coming to ¢v region the effects in half sib and full
sib high lines were fairly high (9.8% and 13.8% respectively)
while the activity in half sib and full sib low lines was
significantly less (2.9% and 4.5% respectively). In the two

high lines this region was more active.

i

In ¥ region half sib and full sib high lines had
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negligible activity (2.0% and ~5.6%) while the two low lines
had considerable activity (12.5% and 8% respectively). In
the fB region however higher activity was noted in half sib
low line and full sib high line while the other two lines
exhibited lower activity. The higher activity in this region
was due to the presence of dominants and lower or absence of
activity was attributed to lack of dominants in these regions.
Basing on the relative effects of various segments on hatcha-
bility it could be concluded that major dominant genes were
located in fB region in all the four lines. Significant
activity was also noticed in ¢y region of high lines and ¥
region of low lines. The higher activity of fB region might
be due to the fact that the genes for hatchability were
tightly linked with the genes affecting egg production in
this region of the chromosome. Pleiotropy of gene action
could not be ruled out. The higher activity of cv region

in half sib high line and of ¥y region of full sib low line
were similar to like activity for egg production. Retention
of higher actlivity was mainly due to the restriction of

crossing over in the fB region.

The total single region substitution worked out to be
27.6% in case of half sib high line, 42.7% for half sib low
line, 34.1% for full sib high line, and 26.2% in case of
full sib low line. Half sib low line and full sib high line
had higher effect on hatchability.
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When the substitution of duplicate portions were
considered, the results differed with different regions though

the most effective region once again was found to be fB
region.

The sc region gave same effects in half sib lines but
in full sib lines higher activity was noticed, specially in

full sib high line, in whiech the activity was increased by
about 3% times.

The cv region had the same effects in both the high

lines (2.6 and 2.7% respectively) while in the low lines the
effect was negligible.

In the y region, high lines had lesser activity
(4.92 and 3.8% respectively) while the low lines had higher
activity in this region (8.3 and 6.8%).

In the fB region the contribution of the three lines
(Hy, Ho and Lg) was almost the same (about 11-14%) while

higher activity was noticed in half sib low line (20.7%).

Considering the effect of the substitution of whole
chromosome, maximum activity was noted in half sib low line
and full sib high line and it looked that either selection
for low production by half sib mating or for high egg production
by full sib mating had similar effect on hatchability.



Comparison of single and double substitution gave
important conclusions. If higher hatchability was due to
dominant genes, then the effect of single and double substi-
tution would be the same but if the double substitution
resulted in higher hatchability it could be assumed that the
two segments of the chromosome though similar, carried
different dominant genes. If the low hatchability was due
To recessive genes double substitution would markedly depress

egg hatchability.

Examination of the effects of various segments due
o single and double substitution brought out that both these

phenomenon were operating.

Thus in sc¢ region double substitution markedly increased
hatchability in full sib high line and to a certain extent
in full sib low line, but there was marked depression in
hatchability due to segregation of recessive genes, in half

sib low lines while no effect was noticed in half sib high
line.

In cv region, the hatchability due to double substitu-
tion was lowered in all the lines indicating segregation of
more and more recessive genes, affecting hatechability, in

this region.

In ¥y region the high lines exhibited marked improvement
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in hatehability while in low lines the decrease was slight,
on double substitution.

In fB region double substitution had no effect in 3
out of 4 lines, but in full sib high line there wag reduction
from 23.5% due to single substitution to 14.6% on double
substitution. This leads one to conclude that recessive genes
affecting hatchability were rare in fB region in 3 lines

(Hy, Iy, Lg) but were sufficient in full sib high line.

EGG SIZB

The nature of polygenic distribution on X chromosome
affecting egg size was different from those of egg production

and hatchability in all the four lines.

Considering the single substitution effects, s¢ region
had similar effect in both the high lines. In the low lines

the effect was less.

In the ¢y region the effects were found to be the same
in all the lines except in full sib low line which exhibited
lesser activity. In y region similar activity was found in
all the lines except in full sib low line which showed more
activity in this region. Thils might be due to the inclusion
of ¢v region in genotypes considered for vermilion.
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The contribution of fB region was similar in all the
lines except half sib low line which had lesser activity.

On the assumption that larger egg size was due to
dominant genes 1t could be concluded that more dominant
factors affecting egg size were located in ¢v region in all
the lines. But as the difference in the activity of varilous
segments in 4 lines was not significantly different it could
be assumed that the polygenes were more or less distributed

evenly along the X chromosone.,

Examining the total chromosome substitution effects
it was clear that the activity was similar in all the lines

except in half sib low line.

Double substitution of each of the regions had almost
similar effects in all cases. With few exceptions, the

maximum activity was noted again in ¢v region.

S¢ reglon had similar effect in all the lines except
in full sib low line which had lesser activity.

In gv region the half sib high and low lines had more
activity (689 and 755 proportional units respectively). The
full sib low line had least effect (397 proportional units).

The half sib high and low lines had more activity in
Y reglon (603 and 504 proportional units) than the full sib
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high and lov lines (408 and 376 proportional units respectively).

In fB region also half sib high and low lines had more
activity (615 and 615 proportional units) as compared to 412

and 440 proportional units of full sib high line and low line
Tespectively,

Taking the effects of double substitution of whole
chromosome, it was concluded that the half sib lines were

more active than the full sib lines.

Comparison of the single and double substitution of

parts of X chromosome gave some interesting conclusions.

In s¢ regilon double substitution had doubling effect
in all the cases. The effect was 3 fold in half sib low line.

The dominant genes affecting egg size were probably different
in two similar segments.

Considering the cv region the expected doubling effect
was noticed in all the lines except in full sib low line in
which the effect was more than the single effect. Similar
was the case in y region, but in £B region double substitution
in half sib high and low lines had 3-4 times the effect of
single substitution indicating that the dominant genes greatly
differ in the two homologues in this region. Further the
greater activity due to double substitution led one to coneclude

that the genes affecting egg size were mainly additive in nature.



1.

2.

3.

SUMMARY

The investigation on "Genetie analysls of some inbred
lines of Drosophila melanozaster" was taken up to find
the genetic architecture of X chromosome in four sib

selected lines in either direction i.e.

(a) Half sib high and low lines at the end of 20

generations of selection.

(b) Full sib high and low lines at the end of 19

generations of selection.

Marker X chromosome from the males of b-208 stock having
S5 Important marker genes i.e. sc, cvy, ¥y £ and B was
introduced in the genome of each of the four inbred lines,
to enable particular segment of X chromosome to be
identified and followed. There were also controls of

both inbred and marker lines.

The X chromosome was divided into 4 regions i.e. gc¢
(6.8 units), cv (16.4 units), y (21.6 units) and fB
(25.0 units), disregarding crossing over between forked
and Bar (0.3 units).

" The experiment with each line, lasted upto Fg generation,

when the different genotypes could be segregated and
performance tested. Fo provided single region substituted

genotypes.
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Genetic architecture of the X chromosome of the inbred

lines with regard to fecundity, hatchability and egg

size were studied.

Polygenic organisation along the X chromosome for the
trait egg production followed a definite pattern in

both the high and low lines. The region around forked-
Bar was polygenically active in expressing egg production.
crossveinless region was also active with single region
substitution in half sib lines.

Double substitution had marked depressing effect in
many cases. The fB region in half sib lines was more or

less resistent to downward selection.

Polygenic activity affecting egg hatchability had also
shown a definite pattern, specially in low lines. The
I£B region was active in all the lines. Single substitu-
tion of ¢gv region had marked effeet in half sib low line.
Linkage of polygenes affecting fecundity and hatchability
in the 4 lines was found. Double substitution of differ-
ent reglons had marked deleterious effect on egg hatcha-~

bility.

Polygenes affecting egg size were found to be almost

uniformly distributed along the length of X chromosome
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in all the lines. Comparatively cv region was more

active in 8 lines (H;, L; and Hy) and y region in Lg.

Double substitution of various regions had doubling
effect in many cases but in fB region the effect was
3-4 times. Polygenes affecting egg size were hypothe-
sized to have acted additively in all the four lines.
At least 4 genes might have been involved in expressing

egg size as the genes were more or less evenly distributed

along the chromosome.
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