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ABSTRACT

Improved two-dimensional gel electrophoresis (2DE)

and silver staining were applied to Drosophila male

reproductive tract proteins, Genic variation was scored for

about 3~~ polypeptides in 20 iso~male lines each of

Drosophila melanogaster and ~ simulans. Approximately l~% of

loci were polymorphic within each species, with average

heterozygosity in the range: 2-3%. These estimates are

significantly lower (2-5 fold) than analogous ones from one­

dimensional gel electrophoresis (l~) of ~oluble enzymes in

the same Drosophila populations. This confirms earlier

reports of low variability in 2DE'prot~ins from Drosophila,---
Homo and Mus; It is argued that the technical improvements

applied, as well as other considerations, indicate that the

variability differentes are not artifacts of eJectrophoretic

technique. 2DE was also used to compare male reproductive

tract proteins between ~ melanogaster and ~ simulans, ~

simulans and ~ mauritiana, and ~ simulans and ~ secheHia.

About l~~ of loci were apparently fixed for different alleles

between ~ melanogaster and ~ simulans • About 25% of

polype?tides within ~ melanogaster or ~

detecJablY homologous spot in 0:' simulans

simulans lacked a

or D. melanogaster,

respectively. Many of these unpaired spots may represent
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large (>10-fold) changes in polypeptide expression. Male

reproductive tract proteins may be evolving faster than other

proteins in these four species, as judged by 2DE c~mparisons

of imaginal disc proteins and 2DE proteins of whole-body

extracts. Finally, polypeptides localized to glandular

tissues of the male reproductive tract in D. simulans were on

avera~e mo~~,highly polymorphic than polypeptides expressed

in both testis and glandular tissues or only in

GI'andular po~ypeptides of ~ simulansCere ,~rso
testes.

more highly

..

diverged from those of the other three species, compared to

polypeptides expressed in teste~. These increases occurred

a,long with decreases\for pol~pep~ides co-expressed in·testes
., " -

and glands. Thes1~atterns were weaker in D~elanOgaster.

The results are discussed with reference to ~ries of

•balanced genetic structure in populations, ~nd shifts in such

balance during species formation.
";
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1

GENERAL INTRODUCTION

The purpose of this chapter is to place the research

undertaken for this thesis into the context of a broad

biological problem of central importance to our understanaing

of evolution. The firs~ section of the chapter contains a

gener~l statement of this problem••Precisely because the

problem is such a broad one, it will next be clarified by

briefly tracing certain aspects of its history of formulation

and refdTmulation in the nineteenth and twentieth centuries.

Then, an interpretation of its current status will be

offered, emphasizing the unique role that data on

macromolecular structure have had in this most recent

formulation. Finally, with this background laid, the

rationale for the current rese~rch w~ll be explained •

•
Population Genetics, Specie~ Divergence, and the Mechanism of
Evolution

In Darwin's (1859) original formulation of a

mechanistic theory of organic evolution by means of natural'-

selection, and in later articulations of the basic structure

of the t~eory (Monod, 1971; Lewontin~ 197i; Maynard Smith,
,

1~v5; Dawkins, 1976), evolution is uhderstood as the outcome

of interaction between two essential components of biological,.
I

systems- heritable variation in populations of organisms, and

1

•

-



2

constraints imposed on that variation by the environments

which the organisms encounter. As descr~bed in numerous
/.----.........­

recent accounts (e.g. Provine, 1971; Lewontin, ,1974; Wi-lIs,

1980; Mayr, 1982a; Turner, 1983; Bowler, 1984; Clark, 1984),

the post-Darwinian period has been one of ext~nsion and

refinement in our understanding of the operation and true

significance of this interactive mechanism in evolution. The

period has progressed through several historical phases, each

characterized by spirited and sometimes ardent debate.

Interestingly, the boundary aatefi of these phases
J •

were each correlated with major advances in genetics.

Moreover, interwoven with the historica1 phases are two

genetic themes that· have lent organization and purpose to.
theoretical and experimental research in the field. Both of

these themes have ~een reformulated repeatedly, in accord

with the methods, data and concepts prevailing in. genetics at

the time. Thus, the role of genetics in evolutionary biology
. ~

has been a crucial one. This has been largely by virtue of

its success in illuminating the rules governing the behaviour

of the "heritable variation~ componen~ of Darwin's

evolutionary mechanism, but also to some extent by providing

data and concepts to help understand the nature of bi~ogical

divergence resulting from the'evolutionary process.

T~e first. of the. two recurrent genetic themes has

been embodied in the diverse models which have been tacitly

assumed or explicitly articulated to describe the



•

•
3

genetic structure of populations. Among the many possible

distinguishing features which could be used to classify these

various models, most important are their differeqt

assumptions re~ing the amount and character of genetic

variation pr~nt in natural. populations of organisms, and

also the assumed Jelative importance and exact mode of

interaction of natural selection and chance in the

maintenanc~ and or~anization of this genetic variation.

The second genetic theme incorporates an even more

diverse array of ideas, concerning the nature of genetic

differences between species. Schools of thought have tended

~o form here along lines analogous to those seen in

discussions of population structure; disagreements have

related to the numbers and kinds of genesubsti~utions that

underlie species differentiation, and to the relative roles

of n'atural selection and chance in "driving" the various
•

Ph~se\f genetic divergen~e between populations in the

proce s of evolving into species.

The view is taken here, in keeping with that expressed
\

by Mayr (1982b), that together these two themes represent, in

condensed form, many if not most of the fundamental ,

outstanding questions about the mechanism of organic

evolution. This helps to explain the amount of attention and

effort they have commanded in the past. It also implies that
•

further efforts to understand population variation and

species divergence on the genetic level, and especially to
~

0°
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grasp the connections between these two sets of phenomena,

will probably contribute greatly to a~eeper understanding of

the entire evolutionary process.

This last point - that advances in under~anding the

connections between intraspeci)ic variation and interspecific

divergence will be of unique value - is difficult to

overemphasize. Population variation and species,divergence

have not always explicitly been considered together, although

it is clear that a viewpoint favoured in one of these two

areas will tend to affect that favoured in the other area.

~Ple, if one believes that most of the genetic ;

polymorphism in natural 'popul~tions is neutral with respect

to the fitness of organisms, then much of evolution may be

viewed as dependent on stochastic processes (Kimura, 1983).

On the other hand, postulation of widespread se1ectively-
\

m~~ntained polymorphism predisposes one towards thinking of

evolutionary c;hange as driven, by adaptive forces (Wills,

1983). However, at this ~oint the basis for making either

"-. logically or empirically justified leaps from statements
I

I

about population variation to statements aoout the genetics
~ ~

of species differences is even slimmer than' is our knowledge

of either of the two separately. The experimental approach

taken in the present research was, therefore, designed to

yiel~ relevant data both on within-species genetic variation
.-/"

and on species divergence. As will be seen, the data
OJ

""I
I
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