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ABSTRACT

A

An essential element in the study.of evolution is the
knowledge about the origin and dynamics of genetic
variation ' within and between populations, and between
species. It is for -this reason that the experimental
population’ genetic studies always center around the
characterization of genetic variation in natural
populations. There are two opposing hypotheses about the

nature of genetic variation and its role in evolution and

speciation. The balanced hypothesis of genetic structure
maihtains that there is a large amount of genetic variation
in natural populations and this variation is maintained by

natural selection. The neutral hypothesis agrees with the

balance hypothesis with respect to the amount of genetic
varjiation but disagrees with respect to its role in
‘evolution and speciation. The neutral hypothesis assumes
that most of the variants are seleqtively neutral and their
fate is governed by balance between neutral mutation.and

random genetic drift.

e

f

The melanogaster subgroup of Drosophila, comprising of

eight closely related species, has provided unique
materials for studies of evolution. Presently, there is an
increasing amount of interest in pursuing molecular
evolutiéﬁary studies with species of this subgroup. 'In the

past- D. melanogaster and its sibling species, D. simulans

have been extensively studied for their genetics, cytology,
ecology and behaviour. These two sibling species have also

been extensively studied for gene-enzyme variation.

w
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However, all pfevious studies havé; sampled approximatéi§~
between 10-30 gene loci and also these studiés{'have
‘emphasized mainly enzymes; very little work has been dbnet
with non-enzymatic proteins. The _experimentall approach
taken in this thesis was to " score structurally
distinguishabie gene produéﬁs by gel elecprophoresis within
‘species, and compare the iaentity,of variants at homalogous
gene. loci - between species. Over a hundred gene loci
:epresehtfﬁé both enzymes and non-enzymati¢ proteins were
sampled. ' :

The natural populations of Drosophila melanogaster and

Drosophila simulans were compared for their geographic
structure and genic divergence. A total of 114 gene-
protein loci were studied in four mainland.(from Europe and
Africa) and an 1island (Seychelle) populations of Q;X
- simulans and the results were compared with those obtained
on the same set o% homologous loci in fifteen worldwide

populations of D. melanogaster (Singh and Rhomberg, 1987b).

The main results are as follows: - (1) D. melanogaster shows

a.significantly higher proportion of loci polymorphic than
D. simulans (52% vs 39%, p < 0.05), (2) both species have
similar mean heterozygosity and mean number of alleles per
locus, (3) the two species share some highly polymorphic
loci but they do not share loci that show high .geographic
differentiation, and (4) D. simulans shows 'gignlficantly

less geographic differentiation than D. melanogaster. The

differences in geographic differentiation.between the two
species are limited to loci located on tﬁe X and second
chFomosomes;' loci on -the third chromosome show simiiar
level of geographic. differentiation in both species.

Variation in niche-widths and/or genetic "strategies" of

iv
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adaptation appear to be the maln causes of dlfferences in
the genetic structure of these two species.

The comparison of genetic dxvergence Between species
p}oduced the following results:f(l) _ The polymorphic loci
between D. melanogaster ‘and Q.'simulans are significantly

correlated, i.e., if a locus is ‘polymorphic in one species,

it is likely-to be polymorpnic'in ‘the other species also..
(2) The various chromosomes show. similar proportion of -

.unique alleles thin spec1es but defer between spec:.es'~

"Q. melanogaster shows more unlque allel than D. 51mulans.

{3)- 11 chromosomes show sxmllar proportlons of shared
alleles and similar genetic 1dent1t1es_35etween species.
‘»(4) The loci that are diverged within'species, are not the
one’ that are diverged between spec1es, suggestihg no role
of populatlon structure to the spec1es dlvergence (S)
While the present estimate of mean genetlc dlstance, D =
0.179, between D. melanogaster and D. 51mulans is lower

than‘.previously' reported values,” the proportion of 1loci
showing complete divergence between the two species is
higher (10%) than all previous}y reported values. ‘

These results suggest that possibly;-many .genes are
involved in species formation but the question remains
whether the generalized epzyme'loci sampled in the present
as well as in past studies have m&éh relevance to the
problem of reproductive isolation and speciation. It is
proposed that different kinds of genes' or genetic systems
may underlie adaptation and speeiatiqn, and that genetic
and molecular analysis of reproductive characters (e.g.
male-female genetalia and reproductive behaviours) would
shed more lightﬁ on the nature of genetic wvariation for

speciation.

' | N

N
AN L v



—

"ACKNOWLEDGEMENTS -

I wish to express my deep gratitude and sincere .

!

thanks to my supervisor, Prof. Rama. S.- Singh, for his

advice and encouragement’thyough‘the‘courée of this work.

Sincere thanks are also due to ﬁrofs. R. A: Mbrton,:s. F.

H. Threlkeld,. Tt .T. Chen, for many critical and helpful

suggestions.

Many thanké must gp—go my friends, Dr. M. B.
Coulthart, kShanta Thomas, Larry Hale, and Bill McMillan,
who made my stay in McMaster enjdyaﬁle. Without them I
would“have missed much of scientific discussions. ‘Alggifg
greatly appreciate the kindness and helﬁ of Shanta* who
thught me a great deal of electrophoretic technique.

Finally, the support and patience of my wife Abha

. and daugfters, Nivedita and Nichiketa were essential to the

H

successful completion of this thesis.
This research work was supported by the Natural
Sciences and Engineering Research ' Council of Canada,

through a research grant to Dr. R. S. Singh.

vi

-



%7 E TABLE OF ‘CONTENTS

CHAPTER

Chapter l: Introduction

1.0 . Historical overview =

1.1 Darwin's Theory of Natural Selection:
The Conflict Between Mendelians and
Naturalists

1.2 _ The Modern Synthesis: The Synthesis of

Mendelism and Darwinism, and the
Emergence of Population Genetics

1.3 Two Models of Population Structure:
Classical vs_ Balance i 1

1.4 “Balancing Selection vs—Neutrality
Hypothesis: An Ongoing Controversy

1.5 Divergence Between Species: Theories of
Macroevolution

2.0 A Study of Ciosely~Related Species:

: D. melanogaster and D. simulans
' . N ‘ '
2.1 Comparison of Genetic Structure '

2.2 Genetic 6ivergence-Between
D. melanogaster and D. simulans

3.0 Rationale of the Present Research’

Chapter 2: Materials and Methods

2.1 Drosophila Stocks

2.2 Preparation and Maintenance of
Drosophila culture

vii

i e

2

9.



Electrophoretic Apparatus '

Crossing Scheme for the Study of Hidden

Genetic Variation
Biochemicals and Reagents
Sample Preparation
SOIﬁtions

Procedure
Oqé,Dimensional Gel Electrophoresis
Prgparation of Gels
Electrode Buffers
Electrophoretic Procedure
Staining for Proteins

Coomassie Blue Staininngor Proteins

. Ultrasensitive Silver Staining

- of Proteins

Sequential Electrophoresis

Criteria for Scoring the Protein
Bands on the Gel

3: Results

—

PAGE

24
27
|27
27

34

34

35
35

37
40

40

40

51

A Sequential Electrophoretic Survey of

Protein Variation in D. melanogaster

51

Variation in Genetic Structure Between

D. melanogaster and D. simulans

53

Comparisdh of Genetic Structure Across:

Homologous Loci

66

Comparison of Genetic Structure Across ~

Populations

viii

72



3.3.1 ‘

3.3.2
3.3.3
Chégter
4.1
4.2
4.3
4.3.1.
4.3.2
4.3.3.

4.3.4
N 40305-
4.4

4.4.1
4.4.2

Pattern of Gene Flow

—— - .

Genic Divergence Between D. melanogaste
and- D. 51mu1ans .

Polymorphlsm and Genetic Structure
Within Species ‘* ; :

Genetic Distance Between Species

Populatlon Structure and Species
Divergence 5

4: 'Discussion

Species Distribution and Their Ecology

»

Hypotheses of Genetic Structure

The Mutator-gene Hypothesis
The Neutral-mutation Hypothesis

The Population Bottleneck and Recent
Colonization Hypothesis

- The Niche-Width Hypothesis ~

The Selection Hypothesis

Genic Dlvergence Between D. melanogaster
and D. simulans: Implication for ]
Genetic Theories of Species Formation

The Genetic Distance and Evolutionary Time

Genic Divergence and the Geographic Models
of :Species Formation

Genetic Models of Speéies Formation

Molecular Mechanisms of Species Formation

Future Prospect: Study of Reproductive
Characters )

ix

93
95

111
118

118

121
122
122

124

125
127
129

132

132

136
139
143

148



-

/

Conclusions

Chapter 5: General Summary and
‘Literature Cited - |

Appendix . ' .



)

Chapter 2:

Table
?able
Table

Table

- Table

TA%LE

1:

-

2:

Chapter

?able
Table
Table

Table

Table

1l

2:

LIST OF TABLES

Materials and Methods

Stocks of Drosophila Species

Composition of Culture Medium

Chemicals and Their Sourca& !

Silver Stain Procedure —

Protein Loci, Their TI.U.B. Codes,.
Genetic Map Position and Electro-
phoresis Buffers

Results -. - o ; ‘
Number of Lines Showing Alternate
Alleles of Larval Protein-11 in
Geographic Populations of

D. melanogaster

Number of Alleles and Mean
Heterozygosity at Various Allozyme
Loci Studied by Sequential Gel
Electrophoresis in D. melanogaster

Number of Allele, Mean Heterozy9051ty
and Fixation Index for Various Allozyme
Loci in D. melanogaster and

D. simulans

Summary of Genic Variation in Various
Geographic Populations of D. simulans’

‘Frequency Distribution of Polymorphic

Loci with Respec¢t to Number of Alleles
and Percentage of Tptal Alleles
Segregating in Geographical Populations

of D. simulans and D. melanogaster
3

x1i

PAGE

25
26
28

41

43

92

54

56

61

63



TABLE

Table 6:

Table 7:

Table 8:

PAGE
Proportion of Loci'Polymorphié, Average -
Number of Alleles, Mean Heterozygosity
and Mean Fixation Index for Protein
Loci Located on Various Chromosomes 67

Comparison of Genic Variation for Loci

Located Inside and OQutside Inversions

in-D. melanogaster with homologous

Loci in D. simulans .69

Comparison of Various Genic Variation
Statistics of D. melanogaster and -

" D. simulans . _ - 84

Tabie 9:

Table 10:

Table 11

Table 12:

Table 13:

o>
.

Chapter
Iable 1:

A Summary of Allozyme Polymorphism in
Climatically Comparable Populations of
D. melanogaster and D. gimulans 85

Average Genetic Identity and Genetic
Distance Between Geographical Populations _
of D..simulans , ' 87

Number of Loci Polymorphic or Monomorphic
in D. melanogaster and D. simulans —
and 2 for Independence of Polymorphism

Between Species 94

Number of Shared and Unshared Alleles and
Genetic Identity at Allozyme loci in

Natural populations of D. melanogaster

and D. simulans 96

Percent Shared and Unshared Alleles, Mean
Genetic Identity and- Fixation Index of

Allozyme Loci for Various Chromosomes

Between D. melanogaster and

D. simulans 105

Discussion :

A Comparison of Genic Variation Between
D. melanogaster and D. simulans
for Different Classes of Proteins 151

xii



—

TABLE

Appendix 1:
Table Al:

Allel Frequency, Expected
Heterozygosity, and Number of
Isofemale Lines Examined for
Different Enzyme and Protein

Loci in Various Natural Populations
of D. simulans

xiii

PAGE

203



Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

2b:

LIST OF FIGURES

-

Materials and Methods

A Slab Gel, Showing Mébility Variation
for Larval Hemolymph Proteins of
D. melanogaster

Results

Frequency Distribution of Polymorphic
Loci with Different Numbers of Alleles
and the Frequency Distribution of Loci

-Within Each of These Groups into Classes

Representing the Commonness of the Most
Frequent Alleles in D. melanogaster
and D. simulans

Correlation of Single-Locus Heterozygosity

Between D. melanogaster and
D. simulans '

Correlation of Single-Locus Fixation

-Index Between D. melanogaster

and D. simulans

Distribution of Single-Locus Hetero-
zygosity in Geographic Populations
of D. simulans

Distribution of Single Locus Total
Heterozygosity (H¢) in D. simulans

Distribution of Fixation Index (Fst) at
Polymorphic Loci in Geographic
Populations of D. simulans

A Diagrammatic Representation of the

Relationship Among Hg, H¢ and Fgt at
Polymorphic Loci in D. simulans

xiv

39

65

71

71

74

79

8l



-

FIGURE

Fig

Fig.

Fig.

. Pig.

Fig.

Fig.

-
) 7 .
. .

g8: '

10:

11:

12:

Correlation Between Nei Genetic Distance
and Geographic Distance in Populations of
D. melanoqaster and D. simulans

Correlation Between Genetic Distance

(Based on 8 Loci) and Geaographic
Distance in Several Populatlons of

. D. simulans -

Frequency Distribution of Unique

(Shared Bar) and Total (Open Bar) Alleles
in D. melanogaster and D. simulans. ~
Inset: Frequency Distribution of Alleles
with Frequency < 5%.

Frequency Distribution of Single
Locus Genetic Identity Between

D. melanogaster and D. simulans

Correlation for Genetic Identity and
Number  of Alleles, and Propostion of
Shared Alleles Between D. melanoqaster
and D. simulans

Correlation for Single Locus Genetic
Identity Between D. melanogaster

and D. simulans and Single Locus
Fixation Index in the Two Species

Xxv

PAGE

89

© 92

108
110
113

116



1 -
INTRODUCTION

One _of the unifying concepts of biology is that of
the continuity of life through heredity and -evolution. .
Liviné beings are ofganized in a hierarchical fasSién"
(molecular, tissue, organism, population, species,
community, etc.) and there are complex interactions
operating within and bgtweén these 1levels. Furthermore,
there is an interaction between organismé and the
environment in which they live. These interactions are the
basis of organization and.evolution of Biological systems.
Evolution of populations together with origin and evolution
of new species comprise the field of population genetics.
The characterization of genetic variation within and  among
populations and the study of natural forces that affect the '
level and pattern of genetic variation constitute the basic
goals of ex?@rimental population genetics. In the course
of this chapter I will briefly outline the historical
.dgvelopments in evolutionary biology and describe some of
) the basic paradigms of organic evolution and their
formulations in the 1light of the current state. of
knowledge.  Subsequently the ideas behind the present

research will be introduced in the framework of model



themes of" evolutionary”fprocess ahd at the end of this

chapter - the rationale of the present research will be

. ' / P

presented.
1.0 - Historical Overview: _
1.1 Darwin's Theory of Natural Selection: The Conflict

-
'

Between Mendelians and Naturalists
' b

Charles Darwin's theory of natural selection jis

-

central to evolutionary biology. In the "Origin of
«

Species", Darwin (1859) established two things. PFirst, he
provided evidence that ‘evolution had in fact occurred

| (i.e., that all}existihg forms of life have evolved by a

series. of changes from a few simple pre-existing forms).
Second, he showed that natu{al selection, acting on
randomly occurring slight variations, was the main cause of
evolution. Darwln summarized his.theofy in these words
(Darwin, 1859)

"As many more individuals of each species are
born than possibly survive; and as,
consedquently, there 1is frequently recurring

+ struggle for existence, it follows that any
being, if it vary however slightly in any
manner profitable to itself, under the
complex and sometimes varying conditions of

' life, will have a better chance of surviving
and thus be naturally selected. From the
strong principle of inheritance, any selected
variety will tend to propagate its new and
modified form."

Since Darwin proposed his theory of organic

evolution by means of natural selection, the whole field



has gone through a series of déveIOpments. Additional
evidence accumulated after 1859, by.Darwin himself in latef_
years and by numefous . other naturalists, greatly
strengthened the theory of barwinian séiection. .Thése

studies have shown that species and varieties in nature

possess a large amount of slight wvariations among
individuals. It has also been repeatedly shohﬁ‘;hat when
a character is artificially selected, the popu}ation mean
can be shifted to a new stable ievel beyond the orig}nal
limigs of wvariation. These facts further support the
hypothesis tﬁ%t natural selection acts’ by accumulating
slight, successive, and favourable variapibns. On one hand
Darwin's view of gradual and continuous evolutionb by
 natural selection was widely supp?rted while on the other”
it was also Eéverely criticised because tﬁere did not exist
a consistent theory of heredity td account for the origin
of wvariations 'on which selection must act. Although
Mendel's brilliant work on discrete inheritance was
completed about at the time Darwin published his theory, it
was unnoﬁiced until rediscovered independently by three
scientists, Erich von Tschermark, Carl Correns and Hugo de
V;ies at the early part of this century. —

During 1900-1930 biology was seen with strong
conflicts concerniné the naéere of hereditary vériation,

the process of evolution and their interrelationship. One

.



~ problem c&ncerning the naturé of hereditary variations‘ was
resolved by the careful research of Nilsson-Ehle, ﬁast,
Castle, and many others (revieﬁed by Dunn; 1965)'Qho showed
4-that inheritance can be particulate at the level of the
gene but' blending or nonfblgnding at the level ‘of the
phenq£ype. " However, the role of natural selection'igfthg
evolutionary process remained controversial. rThgre/’were
two .major groups, Mendeliahs and naturalists (especi?lly
biometrie}ans) oppqsed to each other. 'Naturalists .believed
that "evolution proceeded by natural selection acting ypon
small wvariations while Mendelians supported the mutation
theory (De(‘Vries; ”{905) and believed 1in discontinuous
evolution. Genetic discoveries during this period §uqﬁ as'
‘tﬁe chromosome theory of'heredity, polygenic inheritance,
pleiotropy and epistatic i;teractions of genes were
interpreted as being antagonistic to barwinian selection.
This conflict Qas prima;ily due to opposing views of the
two groups, their 'ﬁhildsophical attitudes and tréining
rather than alternate interpretations of data. The
resolution of this confl{Ft and the synthesis of a coherent
theory of evolution which takes into account all pertinent
facts of modern bioclogy, has been the work of many
biologists during the first fifty years of this century.
Leaders among them were R. A. Fisher, J. B. S. Haldane, and

Sewall Wright who synthesized-the elements of evolutionary
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theory. They combined biometric methods, Mendelian

‘inheritance, --selection, and systems of ‘mating into

quantitative models of the evolutionary process’ (Prghine,

i 1977). , They showed that  continuous, - quantitative

phenotypic variation could be explained by alternate
alleles at many polymorphic loci, and that evolution must
depend on changes in the allele freduencies at polymorphic
_loci in the population. ~They quther argued = that
evolutio@é}y changes could not be brought by mutation
. alone, - with section actihg only to remove inharmonious
gene combinations, but did ;depend upon the continuous

action of natural selection.

1.2 The Modern Synthesis: The' Synthesis of Mendelism

and Darwinism, and The Emergence of Population

Genetics

The work ofvpopulatién genetics prepared Qhe wa}
for "The Mbdefn Synthesis" of evolution bioldé&, developed
in the period 1920-1950 by a group of scientists, including
Th. Dobzhansky, E.'B. Ford, Julian Huxley, E. Mayr, H. J.
'Muller, B. Rencﬁ, G. G. Simpson and G. L. S;ebbins. This
period 1is notabie for the fusion of Mendelian genetics with
mathematical theories of nafural selection, systematics and

palentology. "The Modern Synthesis", as this phrase was

originally termed by Huxley (1942), had the following



characteristics. (i) Gene ~mutations -and their
recombinations in sexually breeding- population’ age the
ultimate sourcé of‘genetid variation upon which natural
seledtion acts to cause evolution. (ii) Gradual. evolution
occurs due to accumu;ation of small genetic changés in the
gene pool, which are cqpsfantly under natural selection.
{iii) Although migration (gene flow), random genetic drift
'aqg deviatiéns from random mating (inbreeding, assorta;ive
mating, selfing; etc.) do change _the distribution of
-geﬁotypes. in populations they play a minor role in the
evolutionary process. {iv) The evoLﬁtionary.process is.
not a hierarchical process. The observed macroevolutionary
processes, such as speciation,' divergencd between species
and " higher taxa éan be explained in the \same manner as it
works within population (Mayr, "1942; Mayr- and Provine,
1980).

The Darwinian view is that ‘evolution transforms
variation between individuals into vagiation between
populations and species. An essential element in the sﬁudy
of evolution is therefore knowledge about the origin and
dynamics of genetic variation within and between
populations, and between species. Population genet}cs sets
a much more modest goal (Dobzhansky, 1951, 1970) than

general evolutionary theory which Lewontin (1974) described.

in these words: -
A . .



"The subtle changes in cell physiology,
developmental processes, behaviour, and
morphology that lead to reproductive
isolation and ecological differentiation are
the observables, but presently the only
' variables for which we can construct a
dynamic theory of evolution are the frequency
distribution of genes and genotypes. The
sufficient set ~ of state wvariables for
describing an evolutionary process within a
population must include some information
about  the statistical distribution of
genotypic frequencies. It is for this reason
that the . experimental study of population
genetics has always begun with and centered
around- the characterization of genetic
variation in populations." -

It has long been realized that the evolutionary
potenFial of a populati;n'is largely a function of the
amount of gehetic variation present in a population.
Therefore, how much genetic variation exists gitﬁin,;

populations jis of fundamental impo?tance for understanding

the evolutibnary process. {
1.2 . Two Models of Population'Structurq{ Classical vs.
Balance ‘

In the past many studies‘addressed the question of
the genetic structure of species. Two general models of
the genetic structure of populations haQe been prgposed,
and are referred to.as the ‘"classical" and "balance"
hypothesés (przhansky, 1955). The classical model
proposed that a typical individual would be homozygous for

the wild type allele at most of its gene loci (Muller,



1927, 1850),. héweQer, at a very small prifcrtion of its
loci the individual would be heterozygous. 7 According to
this model, mutant alleles are continuously introduced in
the‘ population by mutation, but are ;enerally deleterious
to - the organism and are therefore gradually removed from -
the population by natural selection. Occasionally' an
advantageous mut;tion arises, coﬁferring highet"fitness
upon its carrier than the pre-existing wild-type allele.
This beneficial allelé' would gradually, increase in
frequency as a Fesult of natural gselection to become the
new wild;type allele, Jhile the former wild-type allele
would be eliminated from the population. In contrést' to
tpe classical.yodel, the balance, model proposes Fhat most
individuals 'are‘ heterozygous for nearly all gene loci.
Genic poiymorphisﬁs are mainEained in population by various

forms of balancing selection such as heterosis,” frequency

: . N3
dependent selection, etc. {(See reviewed by Dobzhansky,

"1970; Ford, 1971). Under balancing selection twq or more
alleles (or chromosomal variants) are conserved fn a
population at stable equilibrium frequencies.' Several
formé of balancing selection such as heterosis
(Cavaliissforza and Bodmer, 1971; Lewontin, 1974y,
frequency dependent selection (see reviews by Allard and
Aadams, 1969; Wright, 1969; Kojima, 1971; Ayala and

Campbell, 1974), etc¢., can maintaintehetic variation in

. N I
y
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"natural populations. The balanced model gained support

from the experimental observation of ‘large amount of .
heterézygdsity in many populations. A few classiéa}
studies, for -example the sickle-cell trait, show it is
possible for balancing selection to maintain polymorphism.
The controversy at present is ovef what proportion of gene
loci are under balancing selection and what proportion are

under the purifying selection.

1.4 Balancing Selection vs. Neutrality Hypdthesis: An

-

Ongoing pontgovérsx
The early studies of genetic variation in. natural
populations concentfatéd on easily detected variation, SUCH
as morphological variqpts {(Ford, 1940; Spencer, 1947; for
review see JLewontin, 1974), * chromosomal inversions
Dobzhansky aﬁd Spassky, 1953; 1954), or blood groups

¢
{(Landsteiner and Weiner, 1940). Although important

vagiénts as case studies, these did not provide an estimate
of the total amount of genetic variation in the genome of
the populations studied. This is due to the fact that (i)
these variants were not atypical of the majority of loci in
the genome, (ii) not every locus produces phenotypic
variants, and (iii) most phenotypic traiis are polygenic.

Detailed analysis of protein wvariation did not

begin . antil electrophoresis was introduced to population



e

génetics in the mid 19&95 - (Hubby and Lewontin, 1966;
Harris, 1966; Markert and Moller, 1959). . Since then
genetic variation_at the proféfn level has been analysed. in
natural populadtions of hundreds of different species

’

{Lewontin, 1974; Powell,' 19f5; Ayala,ilg76; Nevo, 1978,

1984; Selander, 1976; Gottlieb, 1981; Nei and Roychoudhury,

1982). All popuiations have been shown to be polymorphic
for a large number of protein specifying' genes. Most
biologists'now agree Ehat natural populations possess large
amounts of genic variation but disagree on the role.of'thiSJ
ubiquitous variation in adaptation and ﬁyoiution.
Furthermore, the mechanisms by which genet;c variations are
maintained have become the source of an ongoing Jdebate
among population geneticists (Ayala, _1976; Lewontin, 1974;

Nei, 1975; Kimura and Ohta, 1971} Kimura, 1983).

- . The balance thecory has remained a dominant force in

-evolutionary biology. In this theory, although mutation is

regarded as the ultimate source of genetic variation,
natufal selection plays the creative role in shaping the
direction of evolution (Mayr, 1963; Dobzhansky, 1970).
Applicagion of molecular and recombinant DNA technologies
has produced new kinds of data onwgenetic variation.  The
fwo important pointg have emerged from molecul¥ar biological
data: (i) there is a large amount of genetic polymorphism

at both the protein and DNA levels in many natural

10



populations and (ii) there appears bﬁo be épproximate'
cynstancy of the rate of amino acid substitution in each
proﬁein (Zuckerkandl and Pauling, 1965; Wilson et. al.,
1977). These fac;s led Kimura (1968) and King and Jukes
(1969) to propose the neutral'theory; - The neutral theory
states thét random fixation of mutétions is the mechanism
for maintaining most genetic variation at molecular level
(Ohta, 1973; 1974). For these mutant alleles, selection
plays a minor role in deﬁermiﬁing their Eréquenéy change.
In other words, they are neutral with respect to each other“
(or functionally equivalent).  Neil (1975, 1980)‘suggested
furthe? that mutatipn is the primary force of evoluﬁion

even for morphological and physiological characters.

1.5 Divergence Between Species: Theories of Macro-

evolution

éhere are two 60nceptually contrasting views of
species formation which différ in their assumptions about
(ij the numbers and kinds of gene mutations that undeflie
species differentiation, and (ii) the relative ro{e of
natural selection and randéﬁ?genetic drift during gpecies
formation. .Ever since there” has been a concept of
evolution, there has been the problem how the species
arise. Darwin (1859) described this phenomenon in these

words:

11



‘"Withouﬁ variabEI;ty, nothing can be
-effected: slight individual differences,

- however, suffice for the work and are
probably the chief of sole means in the
production of new species." '

"In other words, the formation of species is pufely

~quantitative accumulation of genetic change. _If ‘one
acumulates enéugh small differences, one would eventuallﬁ
get something that 'is qualitétively | d;ffefent, an
evolqtionary novelty. Mayr claims that "all-the processes
and phenomena of macroevolution and the origin 6f higher
categories can be traced back to intraspecific wvariation,
even though the first steps of suCh pqocesses.are usuélly
very minute". (Mayr, 1942, p. 298). )

Mayr . in his geographic theory of speciation
proposed. that speciation starts in a small, peF{pheral
isolated population. Because of inbreeding and random
-genetic drift, many "alleles will lose the advantaée' ;E
being pétt of a balanced system and will be selected
against. However, suéh genetically unbalanced populations
may be ideally suited to occupy a new niche. The genetic
reorganizafion might be suffici%ptly rapid which was
called by Mayr ‘"genetic 'revoldtion" (See Barton and
Charlesworth, 1984).

An alternate.ahd opposed view of species formation

stated at species appear abruptly and natural selection

dces n lay an important role in guiding the course of

12



evolution ‘beyond the épeqies level (De Vries, 11905;
Goldséhmidt, 1940). Recently a modification, "the
punctﬁated equilibrium Eheory" was proposed (Eldredge. and
" Gould, 1972: Gould, 1977, 1980; Stanley, 1975, 1979; Goﬁld

and Eldredge; 1977}, having-thé.sémé basic formulation and
 features_as'previous1y proposed by Goldsch@idt.. 1'Accc:rdir;g

to this  theory evolution is a hierarchical process with

majer levels: variation within populations, speciation,
and pattern of macroevolution. They argued that species
arise by a process of macromutations rather than

substitutions (micromutations) of alleles already present

in the population.

2.0 . A Study of Clbsely Related Species: -Q:

melanogaster and D. simulans

2,1 Comparison of Genetic Structure:

A comparison of genetic structure between Species
can provide information about the relative importance of
various evolutionary forces, such as, migration, natural
selection and genetic drift, which shape the pattern of
genetic wvariation_ within species, and about the genétic
méchanism or "strategies" of-adaptation that are employed
to deal with wvariation in the physical and biotic

environments. The causes of gene and protein variation in

%
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natural populations‘have been analysed in two  ways. One
approach relies 5n a detailed.bioﬁhemicai ahd.physiological
understanding . of genqQtypic fitness at polymorphic loci
(e.g. McDonald, Anderson and Santos, 1980; Hickey, 1977;
Eane;, 1984; Richmond et al., 1980; Hilbish and Koehn,
1985; Dykhuiien and Hartl, 1983; Hartl and Dykhuizen,
1981). The second, indirect, approach is based on the
cofr;lation between the amount of genetic Qariation and the
life history characteristics of the.organish (for a review 
see Nevo et al., 1984). .For a‘variety of reasons, however,
evidence o% natural selection based on cqf;elation studies
is generally questionable.' Many\life History parameters
affect genetic variation indirectly via their ‘effects 'on
pbéulation size. ‘Therefore comparisons of . éenetiq
structure are usually done between closely related species
(e.g., see Hubby and:-Throckmorton, 1968; Ayala'and-Powell,
1972} _Lakovaara, Saura and Falt, 1972; Prakash, 1977;
Eisses,” Van Diﬁk and Van Delden, 1979; Gonzalez et al.,
1982; Ohn@shi, Kawanishi and Watanabe, 1983), and if such
species are similar in their gecgraphic and climatic
distribution, so much the better as this reduces the number

of variables to be examined and facilitates the comparison.

The sibling species D. melanogaster and D. simulans
are such a species pair. They are the two better known

species of the melanogaster subgroup; they'are cosmopolitan

14
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"(Bock, 1980) And sufficiently versatile to adapt to both
temperate and tropical regions (Parsoﬁs, 1975; 1983).
Their éimilar geographical distribution‘ increases the
probability of similar genetic mechanisms of adaptation. A
question of evolutionary significance is whether or not
these sibling species have used the same genetic strategies
in adapting to their varied environments.  This question

can be approached by examining patterns of genetic

variation over their geographic and climatic distributions.

The above guestion has been the focus of attention

in a number of comparative studies on genetics, morphoiogy,
ecology and behaviour of these species (for reviews, see
Parsons, 1975; 1983; Parsons\hnd Stanley,. 1980). Recent
studies have shown that the two species differ in Ehe
overall level of genetic variationwwithin populations, and
geographic ‘differentiation between populations. For

example, there 1is a striking difference in the degree of

chromosomal polymorphism between D . melanogaster and D
simulans. Whereas "D . melanogaster ~contains several
chromosomal _inversiqn polymorphisms (Stalker, 1976;

Ashburner and Lemeunier, 1976; Mettler, Voelker and Mukai,

1977; Knibb, Oakeshott and Gibson, lQél), D . simulans

shows no inversion polymorphism (Ashburner and Lemeunier,
1976). D . simulans has been shown to be substantially

less polymorphic than D . melancgaster L for allozymes
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(O'Brien and MacIntyge, 1969; Berger, 1950: Kojima,
Gillespie and Tobari: 1970; Triantaphyllidis, 1973;
Steiner, Sung and Paik, 1976; Trianpaphyiiidis et al.,
1980; 1982; Cabrera et al., 1982; Hyyti; et‘al.,"1985;
Watada, Tobari and Ohba, 1986; Singh, Choudhary and David,
1987) and mitochondrial DNA (Baba-Aissa+and Solignaq, 1984;
Hale and Singh, 1985). Taken together, these studies show
that D. simulans has less’ genetic va;iation within

populations‘ and less genetic differentiation between

populations than D.. melanogaster. -

One  reason for the differences in the genetic
structure of these species may simply be that relatively

fewer populations and genes have been studied in D .

simulans than in D . melaanaster. In fact, as the number

of populations and genes studied in D .. simulans has
increased, the difference in heterozygosity between the two
species has decreased. Also, previous studies were limited
with respect to the kind‘ of loci sampled (Kojim§,
Gillespie, and Tobari, 1970). Several aspects of enzymatic
structhrq and function have‘ been suggested as major
determinants- of the between-locus pattern of genetic
variation (Koi}ma, 1968; Kojima, Gillespie, and Tobari,
1970; Johnson, 1974; Harris, Hopkinson, and Edwards, 19777
and Koehn and-Eanes, 1978). Kojima, Gillespie, and Tobari

(1970) found that the enzymes involved in glycolysis were‘
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less variable than others, -bu£ in such comparisons, the
enzymés + from the former group were oVerréprésented in the
sample relative to proporfion of all enzymes knowﬁ in
metabolism. ,Therefore,_ a diverse sample of 1loci, not
weighted heavily by one or two enzymatic functions, are
required to ’produce meaningful comparispn between
populations,_aﬁd species. Indeed, in Qiew of the large
interlocus variance OE heterozygosity observed in most
organisms (Fue;st;' Chakraborty and Nei, 1977), it is
importanf not only to sémple a large number of loci but
~also prefergbly the same set of homologous loci should be

‘studied in closely related spécies.

2.2 Genetic Divergence Between D. Melanqgéster.and D.

Simulans:

In the past, most analyses of genetic .differences
between species have used morpﬂological characters. More
often there appear to be many, but unknown number of gene
différences involved in these characters A~ second
direction has been to examine the genetifc basis| of male
sterility in hybrids between species. ans of marker
chromosomes, ,Qo\bzhansky (1936, 1951) was able to show that
there are at least two genes on each of the large

chromosomes influencing testis size in the hybrid males of

Drosophila pseudcocobscura and Drosophila persimilis, and

17
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"that an interaction between the sex chromosome .of one

1.

species and the autosomes of the other was a predominant
effect. Similar finding has recently been ngported‘for the
hybrid males from the interspecific crosses between

Drosophila simulans and Drosophila mauritiana {Coyne,

1984; Coyne and Kreitman, 1986; Coyne and Charlesworth,
1986} . However, these studies have shown that the male
sterility in the hybrids is due to many genes, with X-
linked loci making the largest contribution to sterility.
Also they showed that'thére was an interaction between X
and Y rather than X and autosome as reported earlier
(Haldane, 1922; Dobzhansky, 1936). |

A new way of-looking at the genetic ‘Qifferences
between closely related species was begun at ;he‘same time
the study of protéin polymorphism was introduéed to "@analyze
genetic wvariation -among populaéions. In the last two
decades, the wide spread application of gel electrophoresis
hés. made it®possible to quantify the amount of genetic
divergeﬁce between closely related species and faces {see
review Ayala, 1975; Throckmorton, 1877; Avise and Aduadro,
1982; .Nei and Roychoudhury, 1982). A?he first systematic
application of gel electrophoresis to the -problem of
species forﬁation ~was made by Hubby and Throckmorton

(1965). Their study of proteins ﬁnd enzymes in 9 triads of

-

Drosophila species (two members of each triad being sibling,

| 18
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and the third 'a non sibiing member of the ;same species
_group) showed that sibling species differed on the average
‘at  about '50% of their loci and the minimum diQefgence
between- sibling specieé was about 16%  (Hubby and
Throckmorton, 1968). Since!then similar studies of genetic
divergence: ‘between closgly related species have been

carried out 1in various species groups of the genus

.-

Drosophila (Prakash, 1977; Richmond, 1972; Singh, 1983;
Aya&a et. al., 19?4; Eisses et al., 1979; Gonzalez‘et al.,
1982; Zouros, 1973; Lakowaara, Saura and Falk, 1972). All
these Qtudies generally showed very low level of“rgenetic
d;vergence between closely related species. In studies
with sibling species there was generally an absence of
monomorphic- lqci which were fixed for alternaté alleles

' (see reviews Lewontin, 1974; Ayala, 1975). The limiteé
extent of genétic differentiation between §ully formed
species was contrary to the expectation of laige genetic
differentiation postulated in Mayr's theory of geographic
speciation (Mayr, 1954, 1963), which suggested a Jéenetic
revolution" during species formation.

The concept of a genetic revolution originated from
the assumption that every gene affects every character
Because of a pleiotropic effect, that "no géne frequency
can be changed, nor aéy gene added to the gene pool,

wifhout..an‘ effect on the genotype as a whole, and thus
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indirectly on the selective value of other genes" (Mayr,
1963, PP- 269); Although Mayr proposed a genég;c
revolution dufing speciation, no Quantitative limits can be
defined without “data for genetic differences between
poéulations at .various stages of phenotypic diveféence.
Since it ié almost impossible to determine the proportion
of genetic differentiation accompanying sp%cies formation,
most studies on the genetic sisyof species formation have
been concérned with enummerétion'of gene’ and genotypic
frequencies between species that have lohg been 1isolated.
Oon the basis of the limited genetic dififerentiation (D =

0.230 + 0.016) between various pairs of sub and _semi-

species in Drosophila willistoni group (Ayala, 1975), it

was argued that differéntiation during the early stages-of
speciation must even be smaller than 23%. The general lack
of lérge genetic differentiation among sibling, semi-, and
subspecies has provided strong evidence for the hypothesis
(Hubby and -Throckmorton, 1968) that relatively little
genetic differentiation is required in species formation.
It can be argued that previous gtudies on genetic
divergé;ce between species were limited-in two respects.
First, over B80% of all'spgcies examined so far have been

sampled for less than 30 gene loci (Nevo, 1984). In view

of the fact that the Drosophilia genome has a minimum of

-about 5000 genes (Judd, Shen and Kaufman, 1972), 30 genes

20
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can hardly - be .seen as an adequate sample of _the total

gencme. -Secopdly, many of these studies, especially the
~later ones, were based on a non-random‘sample of‘loci,'e.é,
loci that were already known to be polymorphic were more
" likely to be included in the study. Finally, loci .which
code " for enzymétic proteihs were over'rep:esented in _the
sample and véry few species'have been etddied fOr‘ non-
gﬁzymatic ﬁroteins. It" would thus be desirable that -a
proper '’ analysis of genic differences between .closely

related species should employ at least - 100 genes

representing, preferably, a variety.of functions.

3.0 Rationale of the Present Research: Q}j

The Melanogaster subgroup is comprised of eight

closely ;elated species that provide unique materials for

evolutionary studies. -In the past D. meianoqaster and D.

simulans  have been extensively compared in their
morphology, genetics, ecology, and behaviour (Parsons,
1975, 1983). Recently, there has been  an increasing

interest "in pursuing molecular studies with this subgroup
. - a

of species. . Natural'populations of D . melanogasteéphave
been. examiqed for nuclear DNA variaggég’ (Kreitman, 1983;
, Aquadro et al., 1986) and mitochondrial DNA restriction
fragment length polymorphism (Baba-Aissa' and Solignac,

1984; Hale and Singh, 1987). The molecular phylogeny of
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these four species based on the DNA sequence comparison of

the Alcohol‘ dehydrogenase locus (Bodmer and Ashburner,

—

"1984; Cohn, Thompson and Moore, 1984; Coyne an% Kreitman,

1986; Stephan and Nei, 1985) and is consistent with those

based on " the 'polytene chromosome baﬁding patterns

Fl

. (Lemeunier and Ashburner, 1976) and electrophoretic protein

polymorphiiks (Eissés et al., 1979; Gonzalez et al., 1982).

t , ‘ .
This subgroup contains two island endemic species (D .

sechellia and D . mauritiana) that may have resulted £from

4

founder events. This is why all the four species in the

"melanogaster complex" have recent;y;been studied for their:
reproductive relationships (Coyne, 1983; 1984; 1&55: Coyne
and Kreitman, 1986; Coyre and Charlesworth, 1986; JLachaise
et al., 1986). The present research is concern;h w;th
characteristioﬁ- of genetic variation within and between

populations of D . melanogaster and D . simulans. Emphasis

P
evolutionary forces that shape the patternof. genetic

is on elucidating the relative importance ii/?ﬁé various
variation within species and the nature of genetic
varlation ant is the basis of reproductive isolation

-

between species.

The experimental approaéh taken in this research
project was 'designed to.yield relevant data both within-
species genic variation and between-species ' genic

divergence. The basic approach was to score structurally

J
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distinguishable protein molecules codéd 'by differeﬁt"‘
alleleé of a gene by gel elecéfophoresis. This techﬁique
separates protein variants based on ‘their confofmationai
and .charge‘ characteristics; Since one Cfiterion ok gel

electrophoresis may not detect all the allelic variants

‘segregating ‘at polymorphic loci, and since with exception

to few loci, i.e., vahosphate gluconate .dehydrogehase
(Coyne, et. al., 19;9): Glucose—&—phosphate-dehfd?ogenaée
(Eanes, 1983); Xanthine dehydrogenase (Buchanan and
Johnson, 1983) and Alcohol dehydrogenase (Kréitman, 1980),
very .little information'exists‘abcut'the level of hidden
variation in  this group of species, ‘sequential’ gel
e!ectroghoresis (Coyne, 1977:ISingh, Lewontin, and Felton,
1976:.Coyne, 1982) was employed to make sure that the Lotal
genetic variation waé being detected. In tGe present study

a total of 114 protein loci were examined in Q' . simulaﬁ?\\\

and these results were compared to the studies of D

melanogaster. The details of the data in D . melanogaster
have been published (Singh, ,Hickey, and David, 1982; Singh

and Coulthart, 1982; Singh and Rhombery, 1987a, b).

—
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MATERIALS AND METHODS

.

2.1 Drosophila Stocks

- | "
.The strains of Drosophila species used in' this

stUd& are ' diven in Table 2.1. The details about their

origin and the sources from which they.were obtained are

. also mentioned.

2.2 Preparétion and Maintenance gg.Droééphila Culture -

. All'xthe'strains were maintained as isofemale lines
(i.e. each strain. was. established Erom a single, wild
caught insemin&ted’ femalg)_at 20 + 1°C, with a diurnal

photic cycie, of 12 hr. 1light and 12 hr. dark. Stocks were

‘,5ﬁdyn in 25' x 95 mm glass vials on -standard cornmeal-

P . . Lt . Y
¥ medium. The receipe of the cornmeal culture medium used’is

 described in Table 2.2. Density’ was maintained at
approx{yately' 20-25 flies per vial. Stocks were
subcultured into fresh vials at.every 15 days of interval.
The old vials were heated for 45 minutes at 65°C, and theﬁ
washed for reuse. ¢ |

2.3 Crossing ~Scheme for the  Study of Hidden

Genetic Variation

24



TABLE 2.1

Stocks of Drosophila used in this study.

Species/Populations/Lines Place/Latitude

D. simulans

4

Time_

Source

France (55 1ines)
Tunisia (52 lines)
Congo (45 lines)
Cape Town (32 lines)
Seychelles (26 lines)

D. melanogaster

France {17 lines)
Benin (22 lines)

—

Hamilton (28 lines)

Texas (17 lines)

Porquerolles,
France (43°N)

Nasratlah,

Tunisia (35.6O0N)

Braz£3v111e,
Congo (4.395)

Cape Town, South

Africa (340S) .

. Mahe, Seychelles

Islands (3.89S)

Villeurbanne,
France {46.10N)

Benin, HWest
Africa (6.30N)

1983

1983
1983

1983

1986

1978

1978

Datewood, Hamilton, 1977

Canada (43.39N)

Brownsville, Texas, 1978

USA (25.89N)

Dr. J.R. David
Laboratoire

Biologie de,

CNRS, France

J.R. David
J.R. David

J.R. David

J.R. David

J.R. David
J.R. David

Or. R.A Morten
Dept. of
Biology
McMaster Univ. -
Hamilton, Ont.
Canada

Dr. D. Hickey
Univ. of
Ottawa, Ont.
Canada.
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TABLE 2.2 _

. ' ' @
Composition of Cornmeal Culture Medium

Yellow Cornmeal ‘ . . 60 g
Dried.brewer'sQyeast 30 g
Agar . 4 10 g
"/ Malt powder : 15 g
Sugar . 15 g -
Corn syrup 10 mL
Water b 1L
egosept solution (10 ¢
tg’-hydroxy benzoic acid, _
methyl ester + 100 mL . -
95% ethanol) . 24 mL
/ Keep the mixture boiling and continue stirring for

about 5 minutes until the mixture is viscous; cool to 70°C;
| add Tegosept solution; pour immediately 1into sterilized
culture vials (10 mL/vial) and cap with plugs; store in the

' cold room until ready to use.
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Autosomal loci were studied using inbred  or
isogenic lines as described by Singh, Lewontin, and Felton

(1976). The crossing scheme for studying hidden genetic

variation of X—;inked’loci in g. melanogaster consisted of
crossing a single male-ﬁfom eaéh isofemale 1line ts an
. attached-X £emale. gll male f£lies resulting from such a
cross ‘had the same wild X chromosome and were used for

sequential electrophoretic survey.

2.4 Biochemicals and Reaqents

The sources of chemicals uséd in this study are

listed in Table 2.3. All reagents used were of reagent
grade unless otherwise specified.

2.5 Sample Preparation N _ d

2.5.1 \‘Solutions
The extraction buffer used was the same _as the

electrode buffer (see Section 2.5.3.1) except that when
Tris-citrate electrode buffer‘was used, 0.05 M KPo4, pH 7.4
was used as ext}action buffer. The —extraction buffer
contained 5% sucrose except for mitochondrial enzymes,
where 1% triton-X was also included. | .
0.05M KPO4, pH 7.4 extraction buffer _

(i) 'KpHPO4, - 0.871 g

Water (glass double distilled) - 1060 mL
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TABLE 2.3 -
Chemicals Used and their Source

Chemical Name . Abreviation Sourced

Acetic Acid (glacial) R — 1

Acetone (50%) -

Acetyl thiocholine iodide - o 4
' Cis-Aconitic Acid | : ' -- - 4

Acrylamide (Cyanogum) ——

Adenosine Diphosphate ADP . 4
Adenosine Triphosphaté o ATP 4
Agar . -
Agarose : ‘. ' | - 4
L-Alanine ‘ Ala 4
L-Amino acid oxidase - 4
Ammonium persulphate. AP 2
L-Arginine ' Arg _ 4
L-Asparatic acid ' Asp : 4
Boric Acid - 2
Bromophenol Blue \ ’ ' BPB "4
Citric Acid.(monohydrate) L .- 2
Cupf;us sulphate ' CuSO4 ) 2
Coomassie-Blue R, - 4
'O-Diaﬁosidine h - ~- | 4
2,6-Dichlorophenol-Indophenol DCIP‘ 4
| Diethyl ether ' ‘ : ' -3 1
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Chemical Name

-

DL-AE-3, 4-Dihydroxyphenyla-

" lanine

-

TABLE 2.3

3,5 Dinitro salicylic acid -

DL-Dithiothreitol

3-[4,5-Dimethylthiazol-2~yl]
' —-2,5-diphenyltetrazolium

bromide

Ethanocl

Ethylene diamine tetraacetic

acid (Disodium salt)
Ethylene glycol
Fast Black-K
Fast Blue BB salt
Fast Blue RR salt
Fast Red TR salt
Ferric Chloride
Forma;dehyde (37%)
Formaline (10%)

Fructose 1,6 diphosphate
(trisodium salt)

Fructose 6-phosphate
(Barium salt)

Fumaric acid J
Gluconic acid

D-Glucose

Glucose—l—phoéphate

29

(Continued)

Abreviation

DL-DOPA

DTT

MTT

EtoH

EDTA

Sourced

4



TABLE 2.3 (Conti

Chemical hame

L
Glucose-6-phosphate
(sodium salt)

Glucose—é—phosphate
dehydrogenase

)
* Glutamic acid (sodium salt)

Glyceraldehyde-3-phosphate
dehydrogenase '

a-Glycerophosphate
(sodium salt)

Glycine
Hexok%giﬁg
Hfdrochloric acid
Hydrogen peroxide

P-Hydroxybenzoic acid,
methyl ester

Hypoxanthine

Isocitrate dehydrogenase

1o
Abreviatio

" Gly
HEX
'fHCl
H202

Tegosept

Isocitric acid (trisodium salt) -

Iodine

Isopropanél
L-Ketoglutaric Acid
Lactate deﬁydrogenase

L-leucine—-AE naphthyl
acid hydrochloride

Magnesium acetate

30
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TABLE 2.3 (Continued)

“Chemical Name

Magnesium chloride
Malate dehydrogenase

Malic acid (sodium salt)

Manganese chloride

2

Mannose-6-phosphate
. Methanol L
4-Methyl umbelliferyl acetate

4—Methy1 umbelliferyl a-L
fucoside

4-Methyl umbelliferyl !
AE~-galactoside :

4-Methyl umbelliferyl
@ ~-D-Glucopyranoside

4—Methyi umbelliferyl
a, D-glucoside

4-Methyl umbelliferyl
AE-D glucoronoside

\\ .
4-Methyl umbellirferyl
9 -AE-Mannopyranoside
L ]
k\\\\dﬂercaptoacetic Acid
a-Naphthyl Acetate

AE-Naphthyl Acetate

a -Naphthyl acid phosphate
(sodium salt)

Nicotinamide adenine
dinucleotide

31

Abreviation

MgCls .
MDH

Sourced



\ TABLE 2.3 (Continued)

Chemical Name : Abreviation
' NAD (reduced form) ' - NADH

Nicotinamide adenine ' NADP
dinucleotide phosphate .

'NADP (reduced form) : ' NADPH

Octyl alcohol ' -

( Peroxidase ‘ | (
Phenazine methosulphaté : PMS
Phosphoenol pyruvate PEP
Phospnoglﬁcose isomerase : PGI

'G-Phosphogluconate -
(disodium salt)’

Polyvinyl pyrrolidone ‘ --
Potasgium chloride - "KC1
Potassium cyanide _. KCN
Potassium ferricyanide . -
Potassium Iodide KI
Potassium sodium tartarate -
?otassium phosphate (monobasic) KH2POy4
Potassim phosphéf?.(dibasic) KoHPO4
Pyrazol | -
Pyridoxil S-phosphate --
Pyruvic Acid (sodium salt) -

Pyruvate kinase -

32
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Chemical Name

Silver nitrate
Sodium arsanate
Sodium carbepnate
Sodium chloride

Sodium hydroxide

TABLE 2.3 (Continuea)

ﬂganhydrogs)

Sodium diethyl barbiturate

Sodium nitrate

SOrgEtol

Starch
Succiniec Acid

D-Trehalose {Dih

N,N,N1,Nl-Tetramethyl

Ethylenediamine

Tris (Hydroxymet
aminomethane

2,2',5,5'—Tetrg§
3'{3,3'-Dimeth
4,4'-Biphenyle
Ditetrazolium

ydrate)

-

hyl)

henyl-3,
Ooxy
ne)
Chloride

Abreviatiéh

-AgNO3
NazC03
NaCl
NaOH
NaCgHj 1N203

NaNQO3

TEMED
Tris

Tetrazolium Blue

WD

Sources

b 2

J.T. Baker Chemical Company, Phillipsburg, New Jersey

BDH Chemicals,

Toronto,

Ontario

Fisher Scientific Co., Fairlawn, New Jersey
Sigma Chemical Co., St. Louis, Missouri

-,
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(ii) KHoPO4 0.680 .g

Water : : 100 mL

t .
Make solution (i) and (ii); take the pH of the monobasic

solution; then add enough of the dibasic solution until the

S ——- .
pH iS 7-4- ) '

2.5.2 ?rocedufe

For protein survey, 2-3 day old (sinde eclosion)
flies were collected after anaesthetization with diethyl
etheN for 2-5 minutes. Sample was prepared by grinding 10
flies lin a 400 pL centrifuge tube containing 50 pL of

extraction buffer. The crude extract was-”centrifuged at

16,000 xg for 5 minutes at 4°C (in cold room). The

supernatant (10 - 15 pL) was. used - immediately for

electrophoresis. Third instar’ larvae were used for LAP,
APH and Coomassie-stained larval pfoteins; pupae for EST-10
and GOT; and adults for all other eﬂzymes, Coomassie-

stained adult proteins and silver stained proteins.

-

2.6 One Dimensional Polyacrylamide Gel Electrophoresis

2.6.1 Electrophoretic Apparatus . -

———

Allozyme variability was assayea by vertical
polyiprylamide slab-gel electrophoresis, using Aardvark gél
boxes (Robert and Jones, 1972). The apparatus is 27 cm
long X 15 cm wide X 24 c¢m high, éohsists of two plexiglass

boxes which serve as the anodal and cathodal compartments

34
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"and a U-shaped plexiglass spacer. . The spacer was placed
betwe?ﬁ— the two chambers and the two boxes were clamped

togetﬁér with adjustable, stainless-steel clamps.

A
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2.6.2 Preparation of Gels §

' All gels for surveying enzymes and coomassie-
stained proteins contained 5% commercial grade acrylamide
'(Cyanogum). For iltrasensitive silver-stained proteinsy

7.5% acrylamide (99.9%) was used.

The gel solution (5%) was prepared by dissolving
7.5g polyacrylamide (Cyanogum) thoroughly in 150 mL gel:
buffer at room temperature. ) While it wasA'stirrihg,‘
polymerization was initiated by the addition of 1 mL AP
{({10%) and 0.3 mL TEMED. After stirring briefly, the
solution was immediately poured into the space bgtween gel
boxes. Care Qas taken to get rid of any air bubbles,. A
pocket féimer was placed directly~into the top of the gel,

and was left for 30 minutes to allow polymerization.

2.6.3. Electréde Buffer

0.1 M Tris-Borate EDTA, pE 8.9

Tris 9.825 g
Boric acid 0.765 g
EDTA 0.555 g
Water (distilled) 1L

'~ Mix them and bring to 1 L with distilled Ga{if
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0.1 M Tris-Borate, pH 8.9 - -

Tris - | 9.825 g -
_Boric acid 0.765 g (

: .

Water {(distilled) = 1L

0.02 Tris-Glycine, pH 8.5 -

Pris ‘ 2qg . -
Glycine ' 5 g
Water (distilled) 1L

0.05 M Tris-Citrate, pH 8.5

Tris T 6.05 g

Citric acid ' 0.94 g
Water (distilled) 1L

" 0.02M Barbitol-acetate, pH:8.6

Sodium Diethylbarbituraﬁe 4 g
Water (distilled) . 1L )
Dissolve sodium diethylbarbiturate 1in water;  pH was

-
adjusted with Acetic acid.

LY

2.6.4 Electrophoretic Procedure

When the gel solution was polymerized, the
eléctrode chambers were filled with electrode buffer to
cover the top of the gel. Water channels were connected to
the gel boxes which connect a water jacket built into both

walls. The gel was cooled for at least half an hour by
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running 15% ethylene glycol céqlant. ~ Temperature of the
circulating coolant was maintained between 3 to 5°C, t;
remove heaﬁ generated during éiectrophoresis. The pocket
former was carefully taken out and 10-15 PL of the sampleé
were layered ihto‘the gel pockets wi:h the help of a 100 WL
glass syringe. | |

' _Electrophoresis was ;arried out at approximately
300-350 VvV and 50-60 mA. The separation was continued until
éhe tracking dye (Bromopenol,bihe) had meved out of the
gel. Electrophoresis time varied from_enzyme‘to enzyme and
werea adjﬁsted for optihum sepafation.

':ff For the silver-stained proteins, electrophorétic'
separaéion- was carried out following tﬁe method described
by Orshein (1964) with minor modifications. 7.5%
a;rylamide-lgel of 0.75 mm thickness was cast between two

glass plates of size 9-1/2" x 7-3/4". The gel was run in

the cold room (4°C) for