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A Genetic Analysis of Phototactic Behavior in 
Drosophila melanogaster. II. Hybridization of 
Divergent Populations I 
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Artificial selection has produced populations of Drosophila melanogaster 
which show either positive or negative phototactic behavior. Selection was 
carried out in the presence of various marked multiple inversions used to 
suppress genetic recombination. Reciprocal hybridizations between 
photopositive and photonegative populations of flies have revealed the X 
chromosome of D. melanogaster to be important in phototactic behavior 
regardless of conditions which restricted genetic recombination during se- 
lection. 
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INTRODUCTION 

Phototactic behavior in Drosophila may be measured using a multiple unit 
classification maze (Hadler, 1964a). The genetic basis for the phototactic 
behavior of Drosophila in the maze appears to be polygenic, and popula- 
tions of flies respond rapidly to selection for positive and negative 
phototactic behavior (Hadler, 1964a,b; Dobzhansky and Spassky, 1967, 
1969). 

In Drosophila melanogaster, the effectiveness of selection for negative 
and positive phototaxis has been examined in the presence of marked 
multiple inversions which restricted genetic recombination in each of the 
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three major chromosomes and in their various combinations (Markow, 
1974). At least some degree of response to selection was observed under all 
conditions of recombination, but certain combinations of inversions rather 
drastically reduced the effectiveness of selection for either positive or 
negative phototactic behavior. In populations of flies in which recom- 
bination was restricted in chromosome 1, 2, or 3 alone, selection was nearly 
as effective as in populations in which recombination was not restricted. 
However, simultaneously restricting crossing over in chromosomes 1 and 3 
interfered with selection for positive phototaxis but had no effect on se- 
lection for negative phototactic behavior. On the other hand, restriction of 
recombination in chromosomes 1 and 2 or in chromosomes 2 and 3 reduced 
the effectiveness of selection for negative phototaxis but not for positive 
phototaxis, The reduced effectiveness of selection under conditions 
restricting genetic recombination is felt to be a property of the organization 
of the genes influencing the photomaze behavior of this species. It was sug- 
gested that reducing new genetic variation by restricting genetic recom- 
bination would interfere with the effectiveness of selection if the particular 
chromosomes contained genes influencing phototaxis. 

Hybridization of selected populations provides a further means of 
analyzing the genetic systems which control divergent phenotypes. Previous 
studies of reciprocal hybridizations of selected, wild-type phototactic 
strains of D. melanogaster are inconclusive about the relative contributions 
of the X chromosome and autosomes to phototactic behavior (Hadler, 
1964b). The present paper reports the results of extensive reciprocal 
hybridizations between photopositive and photonegative populations of flies 
created by selection in the presence of various multiple inversions. The data 
are discussed in relation to the effectiveness of selection in the populations 
hybridized. 

MATERIALS AND METHODS 

Flies were raised in half-pint culture bottles containing standard corn- 
meal-molasses-agar medium. Hybridizations were carried out by placing 15 
pairs of flies in each of five culture bottles. After 3 days, the flies were 
transferred to five new bottles containing fresh medium. Two or three 
replications were made of each hybridization and backcross. 

Reciprocal hybridizations were carried out between the photopositive 
and photonegative populations of five different strains of flies. The strains 
were designated by the members of their chromosome sets hetcrozygous for 
genetically marked multiple inversions. The inversions used were FM6, 
Sml, and TM3 (see Lindsley and Grell, 1968). The synthesis of these 
strains is described in an earlier paper. Strain 0 carried no inversions, and 
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genetic recombination occurred freely between homologous chromosomes 
in the females of this strain. The females of strains 1, 2, 3, and 23 were 
heterozygous for multiple inversions in the first, second, third, and second 
and third chromosomes, respectively. The males of each strain carried no 
inversions and were phenotypicalty wild type. Since crossing over does not 
occur in Drosophila males, recombination could be selectively reduced by 
the inversions in females. All strains had average photoscores ranging from 
6.5 to 7.5 prior to selection. After 20 generations of selection, each strain 
had diverged to a different degree. Photoscores of males and females of 
each strain at generation 20 will be shown in the tables presenting the 
results of the hybridizations. 

The phototaxis mazes (Hadler, 1964a) used in this investigation consist 
of a series of 15 consecutive Y-units. Each Y has a light and a dark arm. 
An individual fly passing through the maze makes 15 light/dark choices 
before emerging in one of 16 collecting tubes at the end of the maze. Flies 
making 15 light choices will appear in tube No. 16. Tube No. 1 will contain 
flies making 15 dark choices. Photoscores are based on the tube number in 
which flies emerge. A photoneutral population of flies will have a mean 
photoscore of 8.5. 

RESULTS 

Reciprocal hybridizations were made between the positive and 
negative lines of strains 0, 1, 2, 3, and 23 at generation 20 of selection. 

Results of the reciprocal hybridizations between the positive and 
negative lines of strain 0 are shown in Table I. The F1 progeny of 
photopositive females and photonegative males are intermediate between 
the two parental photoscores. While the F1 females from the reciprocal 
cross are also intermediate between the parental populations, the F1 sons 
are photonegative like their mothers. The results indicate a major role for 
the X chromosome in the negative phototactic behavior of Strain 0. Males 
from the F~ and F3 are consistently more negative than their sisters. The 
increased variance of the F2 over the F1 supports a polygenic mode of 
inheritance for phototactic behavior. Backcross data are given in Table II. 
As expected, whenever flies are homozygous or hemizygous for factors on 
the X chromosome selected for photonegative behavior, photonegative be- 
havior is observed. Males nearly always appear to be significantly more 
photonegative than their sisters (Table III). 

A similar series of hybridizations with strains 1, 2, 3, and 23 was car- 
ried out to determine the consistency of the sex linkage for photonegative 
behavior. These crosses were also aimed at uncovering any sex linkage for 
photopositive behavior in other strains. The results are shown in Table IV. 
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The data reveal sex linkage for photonegative behavior in every strain 
(Table V). It appears that genes influencing photopositive behavior are 
largely autosomal and therefore nonallelic to genes controlling negative 
phototaxis. 

DISCUSSION 

Involvement of the X chromosome in the phototactic behavior of D. 
melanogaster was first suggested by Hadler (1964b). The present study 
shows the X chromosome to be important in photonegative behavior 
regardless of experimental conditions which reduced genetic recombination 
during selection for negative phototaxis. 

The discovery of sex linkage for negative phototaxis in strain 1 shows 
that recombination within the X chromosome was not necessary for se- 
lection to be effective. It might have been expected that in strain 1 selection 
would have utilized more autosomal variation to bring about response in 
the negative direction. Since in strain 1 genetic recombination in the X 
chromosome was restricted, it is assumed that chromosomal segregation 
provided the major source of variation for the first chromosome in this 
strain. Therefore, in strain 1 selection for negative phototaxis must have 
been operating largely at the chromosomal level. A particular X chro- 
mosome or chromosomes having an influence on negative phototaxis may 
have been present in the original population and subsequently favored by 
selection. It would be interesting to know how many different wild-type X 
chromosomes remain in strain 1 ( - )  as opposed to strain 1 (+), where 
genes affecting positive phototaxis appear to be mostly autosomal. 

Reciprocal hybridization in strain 23, which did not respond signifi- 
cantly to selection for photonegative behavior, still revealed some degree of 
sex linkage for negative phototaxis. Restriction of new autosomal recom- 
bination may have prevented strain 23 from responding to selection, thus 
indicating the existence of autosomal as well as sex-linked factors capable 
of influencing negative phototaxis. This would be consistent with a poly- 
genic mode of inheritance (Lerner, 1958) as postulated for phototactic be- 
havior in Drosophila (Dobzhansky and Spassky, 1969; Woolf, 1972; 
Markow, 1974). 

Hybridization of photonegative and photopositive strains of D. 
pseudoobscura failed to reveal any influence of the X chromosome on 
phototactic behavior (Woolf, 1972). D. pseudoobscura has a metacentric X 
chromosome, of which one arm is homologous to the left arm of the D. 
melanogaster third chromosome and the other arm is homologous to the 
acrocentric X chromosome of D. melanogaster. The repeated finding of sex 
linkage for negative phototaxis in D. melanogaster and not in D. pseudoob- 
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scura suggests that the genetic systems controlling phototactic behavior in 
these two species may not be completely homologous. It  would be 
interesting from an evolutionary standpoint to undertake similar selection 
and hybridization experiments in other Drosophila species having either 
metacentric or acrocentric X chromosomes. 

The results reported here do not preclude the possibility that the sex 
linkage observed for negative phototaxis is attributable to a single region or 
a major-effect locus within the X chromosome. Walton (1970) reported 
that negative phototaxis in D. melanogaster  was dominant as well as sex 
linked. His findings would be compatible with a sex-linked gene having 
more than one allele. The X chromosome of this species is currently being 
analyzed to determine the number and location of regions influencing 
negative phototactic behavior. 
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