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ABSTRACT

An essential element in the study __of evolution is the

knowledge about the origin and dynamics of gene~ic

variation I within and between populations, and between

species. It is for ~this reason that the experimental

population' genetic studies al~ays 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 e'volution' and

speciation. The balanced hypothesis of genetic structure

maintains 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 tl.1e amount of genetic

variation but disagrees with respect to its role in

'evolution and speciation. The neutral hypothesis assume.s

th,at most of the variants are selectively neutral and their

fate is governed by balance between neutral mutation. and

random genetic drift.

The melanoqaster 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
-'

evolutionary studies with species of this subgroup. I In the

past !2...:. melanogaster and its sibling species, !2...:. 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.
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previous studies have sampled approximattHy

gene loci and also these studies. have
"

. emphasized mainly enzymes;' very li t'tle work has been done,

with' nQn-eniymatic proteins. The ,.experimental approach

taken in this thesis was to score structurall¥

distinguishable gene produc~s by gel elec~rophoresis within

'species, and compare the identity.of variants at homologous

gene loc~' between species. Over a huhdred gene loci--representing both enzymes and no'n-enzymatic 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 island (Seychelle) populations of D~

simulans and the results were cpmpared with those obtained

on the same set o~ homologous loci in fifteen worldwide
" .

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

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

a. sigqificantly higher proportion"of loci polymorphic than

Q.:. 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 polymo rphic

loci but they do not share loci that show high_geographic

differentiation, and' (4)~. simulans shows' dignlficantly

less geographic differentiation than Q. melanogaster. The

differences in geographic differentiation. between the two

species are limi ted to loci located on the X and sec(:>nd

chfomosomes; loci on ·the third chromosome show similar

level of geographic. differentiation in both species.

Variation in niche-widths' and/or genetic "strategies" of
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adap~ation appear to b~ the main! causes of. differences' in

the genetic structur'e of these tw,o species.
, I

The comparison of geneti.c ~ivergence t3'etween species.,

p-roduced the following results:, (1) The' polymorph{c loci'

between Q. melanogaster, and Q. ,'simulans are significantly

correlated" Le., if a locus is 'polymorphic in one 'species,

it is likely-to be polymorpl'!;c in the,other species also ..

(2) The various chromosomes 'show. similar proportion of

unique alleles ~thin species ,but'di(ffer between species: '
·tA~·:\' .

D. melan()gaster shows more u~iq~e ali'~i~'fhan Q. ~~mulans.

~3)" ili chromosomes show simila; prop;,rtions of shared
I';

alleles and similar genetic identitie~ ,5etween species.
-

(4) The loci that are diverged within s~ecie~, are not the

one'- that are diverged betweeJ) _.species, suggesting no role

of population structure to the speci';s divergence. (5)

While' the' present estimate of mean genetic; d'istance, D =
, .

0.179, between Q. melanogaster and Q. simulans is lower

than' previously reported values," the proportion of loci

showing complete divergence between the two species is

higher (1·0%) than all prev-ious}y repor ted values.;

These results suggest that possibly:.rnany genes are

involved in spec~es formation but the question remains

whether the generalized enzy~e loci sampled in the present
, ,- .

as well as in past studies have much relevance to the

problem of reproductive isolatibn and speciation. It is

proposed that different kinds of genes' or genetic systems

may underlie adaptation and speciation, and that genetic
J ' •

and molecular analysis of reproductive characters (e.g.

male-female genetalia and reproductive behaviours) would

shed more light on the nature of genetic var iation for

speciation.

'"
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INTRODUCTION

One of the unifying concepts of biology is that of

the continuity of life through heredity and "evolution.,

Living beings are
~ ..:. ; I

organized in
.

a hierarchical fashion'

(molecular, tissue, organism, population, species,

community, etc. ) and there are ~omplex interactions

operating wlthin and between these levels. Furthermore,

there is an interaction between organisms and the

environment in wh~ch they live. These interactions are the

basis of or'ganization' and .evo~ution of biological systems.

Evolution of populations together with origin and evolution

of new species comprise the field of ~opulation genetics.

The characterization of genetic variation within and among

populations and the study of natural forces that affect the

level and pattern o~ genetic variation constitute the basic

goals of eXfrimental population genetics. In the course

of thi's c;hapter I w'ill briefly outline the historical

developments in evolutionary biology and describe some of

the basic paradigms of organic evolution and their

formulations in the light of the current state of

knowledge.' 'Subsequently the ideas behind the present

research will be introduced in the framework of model

1



theme~ of evolutionary process a~d at the end of this

chapter~ t~e rationale

presented.

of the,present

I
research will

t·
be

1.0 Historical OV'erview:__

1.1 Darwin's Theory of Natural Selection: The Conflict

Between Mendelians and Naturalists,
Charles Darwin's theory of natural selection lis

central to evoluthonary bio~ogy. In the "Origin of

Species", Darwin (1859) established two ,things. First, he

provided evidence that evolution had in fact occurred

(i.e., that all existing forms of life have evolved by a

Second, he

series· of changes from a few simple pre-existing forms).
.;

showed that natural selection~ acting, on

randoml~ occur~ipg slight variations, was the main cause of

evolution. Darwin sununar i zed his theor'y in these words

(Darwin, 1859):

"As many more individuals of each species are
born than possibly . survive; and as,
consequently, there is 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 org.anic

evolution by means of natural selection, the whole field

2



has gone through a se~ies of developments.

"

Addi tional'

evidence accumulated after "1859, by Darwin himself in later

years and by numerous other naturalists, greatly
i

strengthened the theory of Darwinian selection. These

studies have shown that species and varieties iri nature
I

has also been repeatedly shown_that when

possess a

individuals.

amount of, slight variations among

a character is artificially selected, the population mean

can be shifted to a new stable level beyond the original..
limits of variation. These facts further support the

1

hypothesi,s that natural selection acts' by accumulat,ing

slight, successive, and~fav9u~able variations. On one hand

Darwin~s view of gradual and continuous evolution by

natural selection was widely supported while on the other
•,

r it was also severely criticised because there did not exist

a consistent theory of ,heredity to account fo~ the origin

..'

of variations" bn which selection must act. Although

Mendel's brilliant work on discrete inheritance was

completed about at the time Darwin published his theory, it

was unnoticed until rediscovered independently by three

scientists, Erich von Tschermark, Carl Correns and Hugo de
\

Vries at the early part of this century._

During 1900-1930 biology was seen with strong

conflicts concerning the nature of hereditary variation,
~

the process of evolution and their interrelationship. One

3
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problem concerning the nature of hereditary var~ations was

:~ resolved by the careful research of Nilsson-Ehle, East,

Castle, and many others (reviewed hy D~nn; 1965)'who showed

,that inheritance can be particulate at the level of the

gene but blenqing or non-:blending at the level 'of the-
(

pheno,type.

evoTutionary

However, the role of natural selection ~n the
/" -

process remained controversial. Ther~ were

two ,major groups, Mendelians and naturalists (especiflly

biometricians) opposed to each other. 'Naturalists ,believed
<lJ

that 'evolution proceeded by nat~ral selection acting ~pon

small

theor;r

variations while Mendelians supported

(De ~-vr ies,. "1905) and bel ieved in
"

the mutation

di.scontinuous
. .

evolution. Genetic discoveries du~ing this period such as
, , .

the chromosome theory of heredity, polygenic inheri~ance,

pleiotropy and epistatic interactions of genes were

interpreted as being antagonistic to Darwinian selection.
I

This conflict was primarily due t~ opposing views of the

two groups, their 'philo'sophical attitudes and training
,

rather th~n alternate interpretations of data. The

resolution of this conflict a~d the synthesis of a coherent ~
\ .

theory of evolution which takes into ~ccount all pertinent
~

facts of modern biology, has been the work of many

biologists during the £irst fifty.years of this century.

Leaders among them we~e R. A. Fisher, J. B. S. Haldane, and

Sewall Wright who synthesized· the elements of evolutionary

4
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