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Interaction between Artificial and Natural Selection*

Domenico Lorenzo Palenzona, Rita Alicchio and Gabriella Rocchetta

Institute of Genetics, University of Bologna (Italy)

Summary. In order to understand how divergence may appear within a gene pool without limitations on gene flow,
experiments were performed to investigate whether the genetic structure of a population may be effective in con-
trolling the response to natural selection. Starting from plateaued populations of Drosophila melanogaster selected
for wing length on the two sexes separately, the response to natural selection was studied after artificial selection
had been discontinued. The results show that populations derived from artificial selection applied to the different
sexes respond to subsequent natural selection in dissimilar ways, so as to suggest that the relationships between
fitness and wing length have been changed. A second experiment comparing the response to natural and to artificial
reversed selection suggests that different genes or gene complexes may be involved in wing length determination:
these different genes show a dissimilar response in the different sexes and to natural and artificial selection. This
variety of responses suggests that the interactions of different genes or gene complexes with artificial and natural

selection could possibly lead to differentiation within the population.

Introduction

The possibility that populations may diverge while living
-n the same territory has been advanced recently on the
basis of reasonable models (Maynard-Smith, 1966; Bush,
1969; Pimentel, Smith and Soans, 1967; Ehrlich and Ra-
ven, 1969); a considerable amount of experimental evi-
dence seems to indicate that a gradual divergence be-
tween populations may take place even if there are no
barriers to gene flow (Thoday, 1958; Thoday and Boam,
1959; Millicent and Thoday 1961; Thoday and Gibson,
1971; Streams and Pimentel, 1961; Dobzhansky and
Spassky, 1967; Endler, 1973). If gene flow can not be
thought of as the cohesive force which holds large popu-
lations together, it may be that selection shouldbe consid-
ered as both the primary cohesive and disruptive agent
(Ehrlich and Raven, 1969). This requires that different
responses to selection should be found within the same
population.

Experiments in artificial selection performed sepa-
rately on males and females of Drosophila melanogaster
led Palenzona and Alicchio (1973) to the conclusion that
the differing response observed is the effect of complex
interactions between the genetic factors involved in the
determination of wing phenotype. These results sug-
gest that the response to selection is controlled by in-
teraction mechanisms which result in different gene
combinations inthe genotype, and that these mechanisms
are activated by differences between thetwo sexes, that

is, by the genetic structure of the population itself.
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The purpose of the present paper is to investigate
whether the difference built up by artificial selection can
affect the response to subsequent natural selection in
such a way as to identify a possible condition for adiver-

gence phenomenon.

Artificial selection

The populations used were obtained by selection for short
or long wing, performed in different lines on male or
female Drosophila melanogaster flies. In order to avoid
unconscious selection, the unselected parent had vestig-
ial wings and was maintained in each selection line by
mating to a selected parent which was heterozygous at
the vg locus (vestigial, 2nd chromosome). A more de-
tailed account of the methods used and of the results

obtained can be found elsewhere (Palenzona and Alic-
chio, 1973).
The selection lines considered in the present paper

were the following:

LineT =heterozygous (+/vg) males selected forlong wing
Line Z =heterozygous (+/vg) females selected for long wing
Line M=heterozygous (+/vg) males selected for short wing
LineF =heterozygous (+/vg) females selected for short wing
LineK =derived from the plateaued F lines (after fifty-
four generations of selection) by selecting heterozygous
(+/vg) males for short wing.

The selection response of these lines is schematically
outlined in figure 1: a difference is evident between the
limits reached by selection performed in the same direc-
tion on different sexes (compare T vs. Z and M vs, F');

again a difference in the selection limits of F and K is
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Fig. 1. Schematic representation of the observed re-
sponses to artificial selection for wing length

observed which suggests that the mechanisms by which
selection on males and females elicit the population re-
sponse are independent. It has been suggested (Palenzona
and Alicchio, 1973) that these differences canlargelybe
attributedto complex interactions modifying the relation-
ships between the genotype and the phenotype. It may be
assumed that if genetic variability is still present in the
plateaued populations considered, the different limits
reached should be described as different points of equili-
brium (genetic homeostasis) between artificial and nat-
ural selection: these different equilibria depend on the
action of different gene complexes which are apparently
kept together by the selective forces acting in each popu-
lation at the plateau. The possibility that these gene com-~
plexes may inturn controlthe dynamics of the populations
considered when artificial selection is discontinued has
beenthe aim ofthe investigation described in the present
paper. The results refer totwo independent experiments,
the relaxation of artificial selection and the comparison
between reversion and relaxation of selection, which will

be described separately.

Relaxing the artificial selection

a) Methods

Flies from the selected lines T,Z,M, and F were used
to establish populations reared in mass culture without
artificial selection applied. The following populations
were obtained:

sr T; sr Z; st M; sTr F;

with males and females taken from the same line, and,
moreover,

sr MxT; sr TxM; sr ZxF; sr FxZ;

D.L. Palenzona, R. Alicchio and G. Rocchetta: Interaction between Artificial and Natural Selection

—sr T
e srM

a)
o—eosr TxM

FERT

| LLALRRSLANLANL L ILANLINL AL B I N B I B L B

1 10 20
GENERATIONS

30

Fig.2. Fertility values observed after relaxation of arti-
ficial selection pressure: a) = populations from male-
selected (M and T) lines; b) = populations from female-
selected (F and Z) lines

which represent reciprocal crosses between flies from
lines selected in opposite directions (short and long wing)
onthe same sex; the capital lettersindicate the selection
line from which the flies were taken; sr means ''selec-
tion relaxed'.

At every generation measurements were taken of the
wing length of 100 flies from each of four independent
replicates; a constant number of eggs was put in each
culture and the number of emerged flies was recorded.

b) Results and comments

The average number of flies obtained from 100 eggs is
given in figure 2 as 'fertility' at each generation; these
values show that changes in this fitness component fol-
low a similartrend in the eight populations considered.
The increase in fertility values was rather slow and only
become detectable twelve generations after artificial se-
lection had been relaxed. No heterosis was observed for
this trait in the population established by crossing flies
from different selection lines.

Mean wing length values (figure 3) showed a decrease
in the first few generations after artificial selection was
discontinued, followed by a slow increase; this trend is
common to all the lines considered, except for sr F line
where a steady increase was observed. Populations ob-

tained by crossing flies from the selected lines showed
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Fig.3. Mean wing length values observed after relaxa-
tion of artificial selection pressure: a) populations from
male-selected (M and T) lines; b) = populations from
female-selected (Z and F) lines

mean wing length values intermediate between those of
the parental lines at every generation, suggesting that
there is no heterosis for this trait.

Considering the standard deviation values shown in
figure 4, there are strong differences in the trend of the
populations derived from lines M and T compared with
those derived from F and Z; the former show a delayed
increase of variability followed by a steady decrease,
while the latter show a sudden increase after which a
very slow decrease is unable to reduce variability to the
normal values in the thirty-two generations considered.
The differences between the two groups of populations
strongly suggest that there are different mechanisms
controlling the dynamics of the gene pool components.
Infact, since the experiments were started from plateaued
populations under artificial selection pressure, there
should be two sets of expectations, after selection was

discontinued:
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Fig.4. Standard deviation of wing length values after re-
laxation of artificial selection pressure: a) = popula-
tions from male ~selected (M and T) lines; b) = popu-
lations from female-selected (F and Z) lines

1) genetic variability has been completely fixed under
artificial selection: natural selection has no effect on
wing length while fitness may be restored by changes in
the genetic background;

2) there is genetic variability left in the populations
under artificial selection, and the plateau is a conse-
quence of genetic homeostasis (Lerner, 1954) : wing length
changes are due to an increase of frequency of the fittest
alleles, which in this case must have phenotyi)ic vélues
less favourable for response to artificial selection.
Changes of mean wing length must follow the increase of
variability, and, after a sudden increase, variability
should be reduced by elimination of the less fit alleles.

The results shown in figures 2, 3 and 4 suggest that
genetic variability is presentin the plateauedlines. How-
ever, the observed results are at odds with the expecta-
tions at point 2) and the discrepancies between the ob-
served and expected results differ according to whether
the populations are derived from lines where the artifi-

cial selection had been performed on males or from
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those obtained by selection on females. In particular we
observe that:

1) the increases in variability for populations derived
from one selection line and for those derived by cros-
sing flies from lines selected in opposite directions, are
similar: this may be explained assuming that the re-
sponseto artificial selection performed does not consist-
ently reduce the genetic heterogeneity within the se-

lected lines;
2) the increase of variability appears at different

times in different lines during relaxation of selection,
suggesting that the recombination effect is dissimilar in
the two groups of populations considered (artificial se-
lection performed on males or on females).

3) changes in mean wing length do not parallel those
of variability in time, suggesting that the two param-
eters are estimates of the dynamic behaviour of differ-
ent complexes.

4) mean wing length in populations derived from
crosses between lines selectedinoppositedirections
shows intermediate values between the relaxed paren-
tallines at every generation. These results are obtained
either through a large reduction of variability (as ob-
served in populations derived from lines selected on
males) or through a small reduction in the standard de-
viation values (figure 4) in the populations derived from
lines where females were selected.

One has therefore to assume that the relationship be-
tween fitness and wing length (and the resulting natural
selection) is different in the two groups of populations;
this implies that the genes or gene complexes involved
are dissimilar. Otherwise, since a large amount of var-
iability is manifested within each population, we would
expect that mean wing values should converge towards
a similar optimal common value.

The results shown infigure 2,3, and 4 suggest, there-
fore, that changes resulting from artificial selection may
affect the subsequent natural selection; this could imply
that the same artificial selection applied on different
sexes is able to change the relationship between fitness
and a phenotypic trait in different ways within a popula-

tion.

Natural vs. reversed artificial selection

Methods

One hypothesis which would explain the existence of dif-
ferent relationships between fitness andthe genes affect-
ing the same trait is that the same phenotype may be
determined by factors having different fitness values.
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Since it would be a frustrating task to measuredifferences
of fitness between genes, we tried to detect genes
having dissimilar fitness values by comparing the re-
sponses of the same population to natural selection (which
depends directly on fitness) and to artificial selection
(which, on the contrary, is only indirectly related to
fitness). In order to simplify the experimental proce-
dures we exploited the apparent ability (observed in the
results shown above) of selection on different sexes to
discriminate between genes (or gene complexes) differ-
ing in their relationships with fitness..

Two lines, (F and K, figure 1), obtained by artifi-
cial selection for short wing applied on heterozygous
females at the vg locus (F line) and on heterozygous
(+/vg) males (K line) were considered; the latter was
started using flies from the F selection. For eachpla-
teauedline two populations were derived: one maintained
without any conscious selection for wing length (rel.
F and rel. K, respectively from F and K); and a sec-
ond selected for long wing, that is, subjected to an ar-
tificial reverse selection (rev. F and rev. K). All
the lines were reared by single mating under controlled
temperature and crowded conditions. Measurements of
wing length were taken at every generation on 100 phe-
notypically normal flies from each of two genetic repli-
cates. Since no consistent dissimilarity was observed
between the replicates' wing lengths the average of the
two is shown in figure 5.

Results and comments

It is clear that natural (rel. F) and artificial reversed
(rev. F') selection result in very different wing length
values when started from the F line (cf. rel. F and
rev. F), while no difference is detectable between rel.
K and rev. K. The four populations showed a consistent
response indicating that genetic variability is still pres-
ent in both the plateaued lines F and K. The lines rel.
F and rel. K became stabilized around similar wing
length values in spite of the fact that they started from dif-
ferent values of the plateaued F and K populations. This
suggests that the limit of response to natural selection
has not been affected by F and K artificial selections.
In contrast,artificial selection has been affected by dis-
similarities between the two sexes; in fact K line shows
a further response to artificial selection when started
from the plateaued F line. The differencesbetween F and
K were effective indetermining different responses to the
reversed artificial selection even if in both populations
the reversed selection was applied to females. It seems
that the genetic differences between F and K are due
to at least two types of factors, one involved in the re-
sponse to natural selection and the second affected by the
reversed artificial selection. This is supported by the
fact that the ratio between the responses to natural and
artificial reversed selection is altered in populations
started from F compared with those started from K.

It seems reasonable to suppose that genes determining
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Fig.5. Mean wing length observed in responses tonatur-
al and artificial reversed selection: a) = populations.
from male-selected K line; b) = populations from fe-
male-selected F line

wing length may have dissimilar fitness values and that
selection on different sexes is able to detect these dissi-
milarities. The existence of differences between factors
responsible for the determination of the same quantita-
tive character has already been suggested by Mather
and Harrison (1949) and Spickett and Thoday (1966):
they found genetic factors localized at different points
on a chromosome orin different chromosomes showing
a different quantitative effect on the same phenotypic
trait and a combined effect denoting the existence of
interaction between them. The experimental evidence
reported in the present paper suggests that the dissi-
milarity between genetic factors affecting the same
phenotypic character may also involve fitness, thus re-
presenting the condition for different responses to na-
tural selection.

Conclusions

The growing body of experimental evidence quoted in the

introduction to the present paper suggests that diver-
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gence can arise within the gene pool even inthe presence
of gene flow. The possibility has been considered here
that different genes affecting the same phenotypic trait
and having different phenotypic and fitness values exist
within a population; if these genes have a cumulative
effect in determining the phenotypic trait, it might be
thought that the cohesive force which keeps them combined
is given by the fitness value of their combination. There~
fore, since many types of integration are possible for
the different genes determining the same character,

it is possible to see how different phenotypic values with
the same fitness could originate within the same gene
pool. The results obtained seem to support this view
and, moreover, suggest that the same selection pres-‘
sure applied on different sexes may result in gene com-
binations which show a different pattern of response un-
der natural selection. This could indicate that the inter-
action between selection and the sexes constitutes an ef-
fective mechanism in producing different gene combina-
tions within the same population.

Since this interaction may be of general occurrence,
it seems that the problem of population differentiation can
e studied in terms of the genetic structure of the popu-
lation itself as resulting from the interaction between

artificial and natural selection.
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