Heredity 59 (1987) 363-369

© The Genetical Society of Great Britain Received 9 January 1987

Genetics of oviposition-site preference
in Drosophila tripunctata

John Jaenike Department of Biology, University of Rochester,

Rochester, New York 14627, U.S.A.

A survey of 175 isofemale strains from seven populations of Drosophila tripunctata showed that the preferences of
females for mushrooms versus tomatoes as oviposition sites follow an approximately normal distribution among
strains, as would be expected if this behaviour were governed by many genes with small, additive effects. However,
crosses among several strains revealed the existence of autosomal genes with dominance and interaction effects having
substantial influence on oviposition-site preference. Despite the apparent genetic complexity of this behaviour, it was
found that at least one locus affecting this preference is linked to the autosomal gene encoding the enzyme aconitase,
thus encouraging the belief that it may eventually be possible to study the molecular and developmental basis for this

evolutionarily important behaviour.

INTRODUCTION

Previous estimates of insect diversity (e.g., Wil-
liams, 1960) now appear to have been off by as
much as an order of magnitude (Erwin, 1982,
1983). The extraordinary number of insect species
is due largely to the diversity of just four orders,
the Coleoptera, Diptera, Hymenoptera, and
Lepidoptera, many of whose members feed as lar-
vae on discrete, patchy resources (hosts) selected
by ovipositing females. Because related species of
insects often differ in their host utilisation, it fol-
lows that evolutionary changes in host specificity
have accompanied and perhaps contributed to the
diversification of insects. While much work has
focused on the physiological adaptations required
to feed on various resources (e.g., Rosenthal and
Janzen, 1979), there is growing evidence that host
specificity is determined to a significant degree by
host-seeking behaviour, particularly that of
ovipositing females (Jermy, 1984; Miller and
Strickler, 1984).

While the existence of intraspecific genetic vari-
ation for breeding-site selection (e.g., Wasserman
and Futuyma, 1981; Tabashnik et al., 1981; Jaenike
and Grimaldi, 1983) indicates the potential for
evolutionary shifts in resource use, an understand-
ing of the mode of inheritance of such variation
may shed light on how such shifts can occur. For

instance, the probability of occurrence of a rapid
host shift and consequent speciation may be a
function of the genetic basis for variation in
resource use (see, for example, the genetic
transilience model of Templeton, 1980).

Crosses carried out between individuals from
different, genetically isolated populations (Carson
and Ohta, 1981; Leslie and Dingle, 1983), “host
races” (Knerer and Atwood, 1973), or species
(Huettel and Bush, 1972) often show a pattern of
genetic dominance for a particular oviposition
behaviour. Such experiments, however, shed no
light on the nature of genetic variation within
populations, on which microevolutionary changes
depend. Reported on here is aseries of experiments
on the genetics of oviposition-site preference in
Drosophila tripunctata, involving crosses among
flies descended from a single natural population.

METHODS AND MATERIALS

Most of the results reported here are based on
crosses among four isofemale strains of D. tripunc-
tata descended from flies captured in the Great
Smoky Mountains National Park. Strains S64 and
S74 were started from females caught on August
11, 1981 at 450 m elevation near the Little Pigeon
River. Strains GFS-B9 and GFS-M19, abbreviated
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hereafter as B9 and MI10, were collected on
June 19, 1984 near Le Conte Creek at about
750 m elevation. The two sites are about 10 km
apart.

Data are also reported, in a preliminary way,
on the oviposition-site preferences and elec-
trophoretic variation in 175 isofemales strains of
D. tripunctata derived from flies collected in June
1984 from Clermont, Florida; Gainesville, Florida;
Buxton, North Carolina; Chesapeake, Virginia;
and three sites in the Great Smoky Mountains
National Park. These strains were maintained by
sib mating for the first three generations in labora-
tory culture in order to increase the ratio of among-
to within-strain genetic variation.

In addition to these surveys, four experiments
on oviposition-site preference involving crosses
between isofemale lines were carried out:

Experiment 1 (1983). This involved the
production of parental, F,, F,, and backcrossed
flies to obtain flies with various combinations of
S64- and S74-derived genomes. All generations
were produced and tested contemporaneously.
This experiment provided data on maternal/cyto-
plasmic, X-chromosomal, and autosomal effects
on oviposition behaviour.

Experiment 2 (1983). This experiment on
strains S64, S74, and F, derived from crosses
between them investigated the genetic correlation
between oviposition behaviour in the laboratory
and settling behaviour in the field, and has been
reported elsewhere (Jaenike, 1986). Data from it
are relevant here to the question of dominance and
the existence of modifier loci.

Experiment 3 (1984). Strains S64 and S74 were
crossed reciprocally and the oviposition behaviour
of F, progeny was studied to see if there were
maternal or cytoplasmic effects on oviposition
behaviour.

Experiment 4 (1985). This was designed to
study the linkage between a locus affecting oviposi-
tion behaviour and the gene that encodes the
enzyme aconitase. The oviposition-site preference
and aconitase genotype were determined in F, flies
derived from crosses between strains B9 and M10,
which differ in both respects.

Prior to the tests of oviposition behaviour, all
strains were maintained at about 20°C on food
made from Instant Drosophila Medium (Carolina
Biological Supply) to which a piece of fresh
Agaricus bisporus (commercial mushrooms) and a
dental cotton roll (to provide pupation sites) had
been added. Flies whose oviposition behaviour
was to be tested were raised on this medium at
22-23°C; upon emergence of adults, flies were
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transferred to Instant Drosophila Medium without
mushrooms. Larval food has no detectable effect
on oviposition-site preference in Drosophila
(Jaenike 1982).

Oviposition tests were initiated with flies that
were 6 to 8 days old. In all cases but one, the
oviposition behaviour of individual inseminated
females was studied. For the survey of the 175
isofemale strains, 10 replicate groups of 10 males
and 10 females of each strain were studied. Flies
were placed in petri dishes, each of which con-
tained one slice of gelled medium prepared from
commercial mushrooms and one slice of gelled
medium prepared from salt-free tomato juice (for
recipes, see Jaenike 1986). The plates were kept
for 24 hours (for the flies tested in groups) to 48
hours (for the flies tested individually) at a tem-
perature of 22-23°C and a 14:10 light-dark cycle.
At the conclusion of an oviposition test, the plates
were frozen until the eggs were counted. In each
experiment and in the general survey, all flies
were tested simultaneously to minimise variation
due to media preparation or environmental
conditions.

Data on the fraction of eggs laid on mush-
rooms, P,,, were analysed with SAS programmes
(SAS Institute Inc., 1982). Parametric tests were
carried out on percentages transformed to
angles, because such transformed data more
closely approximated normal distributions. Non-
parametric tests were used when the data were
clearly not normally distributed. For ease of
comprehension, all data are presented here as
untransformed fractions of eggs laid on mushroom
medium.

RESULTS AND DISCUSSION
Quantitative variation

The survey of behaviour in the 175 isofemale
strains collected in 1984 revealed highly signifi-
cant quantitative differences among them in
oviposition-site preference. Analyses of these data
and a more detailed discussion of them will be
presented elsewhere. For purposes of this paper,
it is sufficient to note that the preferences of strains
for mushrooms versus tomatoes as oviposition sites
closely approximates a normal distribution (fig. 1;
Kolmogorov-Smirnov D =0-043, P>0-2).
Neither in the sample of all 175 strains combined
nor in the samples from individual populations,
which do vary significantly from one another, is
there any evidence that the distribution of ovi-
position-site preferences is anything other than
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Figure 1 Distribution of oviposition-site preference, in a
choice between mushrooms and tomatoes, of 175 isofemale
strains derived from flies collected from seven populations
of D. tripunctata.

unimodal. The remainder of the results are
concerned with uncovering some of the causes of
this quantitative variation among strains.

Maternal effects

Strains S64 and S74, which consistently differ in
oviposition-site preference (Jaenike, 1985, 1986,
and below), were crossed reciprocally in Experi-
ment 1 to determine if there were cytoplasmic or
maternal effects on egg laying behaviour. In these
tests, the F, females derived from the cross S643 x
S74%2 differed somewhat in oviposition behaviour
from females produced by the reciprocal cross

Table 1 Oviposition-site preferences of S64, S74, and flies
presented for females that laid >10 eggs
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(table 1), but the difference was not significant and
was in the direction opposite that expected if there
were cytoplasmic or maternal effects. The possibil-
ity of such effects was tested again in Experiment
3,and in this case offspring from the crosses S643 x
S74? and S7438 xS64% laid, respectively, an
average of 39 per cent+2 per cent (n =87) and 41
per cent+2 per cent (n=99) of their eggs on
mushrooms; these means are not significantly
different (¢=0-51, 184 df, P> 0-5). Thus, mater-
nal/cytoplasmic effects cannot account for the
large difference in oviposition-site preference
between these two strains.

X-Chromosomal effects

Experiment 1 involved crosses between S64 and
S74 to obtain F,, F,, and various types of back-
crossed flies. A number of categories of females
were produced that carried similar complements
of autosomal genes but that differed by 50 per
cent in the origins of loci on the X chromosome
(table 1). There are three such pairs of groups—E
and F, G and H, and K and L—and in none of
them do the two groups differ significantly in
oviposition behaviour.

In two other experiments (numbers 2 and 4),
involving reciprocal crosses between strains S64
and S74, and between B9 and M10, respectively,
F, females were obtained that differed by 50 per

derived from crosses between these strains in Experiment 1. Data

% S64-derived genes
in female offspring

Offspring

Category Parents designation n P¥ Std. dev. X chromosomes Autosomes
Parental strains S64 A 100 0-32%° 0-15 100 100
S74 B 76 0-66° 0-25 0 0
F, A3 x BQ C 19 0:25° 0-15 50 50
B3 X AQ D 135 0-37%¢ 0-18 50 50
F, C3xD? E 57 0-33%° 0-22 25 50
D3 xC¢ F 30 0-23° 0-19 75 50
Backcrosses C3 x A? G 83 0-317° 0-19 50 75
to S64 D3 X A9 H 47 0-29%¢ 0-17 100 75
A3 xC? 1 94 0-3227¢ 0-24 75 75
A3 xD¢ J 75 0-28%° 0-16 75 75
Backcrosses C3 xBY K 28 0-43¢ 0-25 0 25
to S74 D3 xB? L 72 0-434 0-24 50 25
B3 xCQ M 51 0-424 0-19 25 25
B3 x DY N 46 0-41%¢ 0-24 25 25

* Means with one or more letters in common in superscript are not significantly different (Tukey-Kramer Method, Sokal and Rohlf

1981, p. 251)
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cent in the origin of their X-linked loci but that
were similar in their sets of autosomes. As seen in
tables 2 and 3, both reciprocal groups of F, females
were similar in their oviposition-site preferences.

None of these experiments, therefore, provides
any evidence that the X chromosome makes a
statistically detectable contribution to variation in
oviposition behaviour.

Table 2 Distribution of oviposition-site preferences of S64,
S74, and F, derived from crosses between these strains in
Experiment 2. Based on individual flies that laid >2 eggs

Proportion of flies

P, S64 S74 A* B*
0-0-20 0-12 0-07 0-20 018
0-21-0-40 0-21 0-01 0-16 0-24
0-41-0-60 0-29 0-03 0-22 0-19
0-61-0-80 011 0-10 0-19 0-18
0-81-1+0 0-27 0-79 0-23 0-21
P, 0-51 0-85 052 0-50
n 113 72 9% 117

* A =(S64d x S742)3 X (S64d x S742)2. B=(S743 x $6429)3 x
(S743 x S64%9)2. A vs. B: xy?=1-74, 4 df, P> 0-5.

Autosomal effects

Groups of flies were produced in Experiment 1
that differed in the relative representation of S64-
and S74-derived autosomal genes but that did not
differ with respect to X-linked loci. In three of
these pairs, the groups varied significantly in
oviposition-site preference. As seen in table 1,
these pairs included groups C and L (25 per cent
difference in origin of their autosomal genes), B
and K (50 per cent difference), and G and L (50
per cent difference).

Besides demonstrating that the difference in
oviposition-site preferences between strains S64
and S74 is determined primarily by autosomal loci,
these experiments provide evidence that these loci
do not always act in an additive, independent
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manner. In Experiment 1, the F, and flies obtained
from backcrosses to S64 are similar to S64 in their
average degree of preference for mushrooms, and
flies produced from backcrosses of the F, to S74
are actually more similar to S64 than to S74 (table
1, fig. 2). In Experiments 1 and 2, the F, derived
from S64xS74 crosses resembled S64 in their
average oviposition-site preference (tables 1 and
3). Thus, a striking aspect of the crosses between
these two strains is the strong degree of dominance
exhibited by the S64-derived alleles.

Other evidence suggests that strains S64 and
S74 differ at a minimum of two loci that can interact
in a non-additive fashion. In Experiment 1, the
distribution of relative oviposition-site preference
among S64 flies is significantly different from that
of the F, (y*=20-2, 6 df, P <0-005) and from that
of flies produced by backcrossing the F, to S64
(x*=14-7,6 df, P <0-025). As can be seen in fig. 2,
this results from a significant deficiency of S64 flies
laying from 0 per cent to 10 per cent of their eggs
on mushrooms. Thus some flies with mixed S64-
S74 genomes prefer tomatoes as oviposition sites
even more than do individuals of strain S64. This
finding was corroborated in Experiment 4, in which
more flies among the F, derived from S64x S74
crosses laid from 0 per cent to 20 per cent of their
eggs on mushrooms than did S64 flies, although
in this case the difference between the S64 and F,
distributions was only marginally significant (y? =
7-88, 4 df, P<0-1).

Additional evidence for the multi-locus nature
of the difference between these strains is presented
in fig. 2, where it can be seen that only 1 per cent
of the F, and 7 per cent of the F, xS74 flies laid
from 80 per cent to 100 per cent of their eggs on
mushrooms. This is far less than the 7-8 per cent
and 15-5 per cent that would be expected for these
two classes, respectively, if only a single locus
affecting preference were segregating; expected
values here are based on the observation that 30
per cent of the S74 and 1 per cent of the S64 flies
laid from 80 per cent to 100 per cent of their eggs
on mushrooms.

Table 3 Lack of X chromosome effect on oviposition-site preference in reciprocal F, from crosses between
strains GFS-B9 and GFS-M10 in Experiment 4. Based on individual females that laid > 10 eggs

X chromosomes

Cross in F, n P Std. Dev.
(B93 xM102)3 x (M103 x B9?)? 75% M10 201 0-77 0-32
(M103 x B92)3 % (B93 x M10%)? 75% B9 184 0-80 0-28

* Distribution of oviposition-site preferences not significantly different (x*=0-01, 1 df, P = 0-93; Kruskal-Wallis

test used because data are bimodal, see fig. 3)



OVIPOSITION SITE IN DROSOPHILA

2ot S64
20r S74
O‘ A
20 F,
o !
2
W< (ol
“6 20' F
™ ‘\—\_‘—\;
0]
29 F, x S64
o)
207 F, x S74
0 N
0 50 100

% eqggs laid on mushrooms

Figure 2 Oviposition-site preference of strains S64, S74, and
F,, F, and backcrossed flies derived from crosses between
these strains (Experiment 1). Flies within each category
have similar complements of autosomes.

Despite the somewhat complex genetic basis
for the difference in oviposition-site preference
between strains S64 and S74, crosses involving
other strains provided information that could lead
eventually to the identification of at least one of
the autosomal loci affecting this behaviour. Among
strains collected at the Le Conte Creek site in the
Great Smoky Mountains in 1984, a significant
assaciation was found between oviposition-site
preference and the electrophoretically-determined
genotype at the aconitase locus, an unmapped
autosomal gene: 19 strains that were fixed for the
M (medium electrophoretic mobility) elec-
tromorph laid an average of 0-37+0-03 of their
eggs on mushrooms, whereas for the three strains
fixed for the F (fast) electromorph this fraction
was 0-61 £0-07. To pursue the possibility that one
or more loci affecting oviposition behaviour are
linked to aconitase, two strains (B9 and M10) from
the Le Conte Creek site that differed in oviposition
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behaviour and aconitase mobility were used in
Experiment 4.

In the initial survey of oviposition-site prefer-
ence in the 1984 strains, B9 (which is fixed for
the M electromorph of aconitase) and MI10
(monomorphic for aconitase F) laid, respectively,
14 per cent and 68 per cent of their eggs on mush-
rooms. Experiment 4 was carried out about one
year after the initial survey, at which time the
percentages of eggs laid on mushrooms by strains
B9 and M10 were 66 per cent and 82 per cent,
respectively. (The reduced difference in oviposi-
tion behaviour between these strains and the
greater preference of both for mushrooms as ovipo-
sition sites after one year in culture may result
from the fact that both were maintained on mush-
room-containing medium, in which females most
prone to oviposit on mushrooms might be
favoured.) B9 and M10 were crossed and the F,
were intercrossed to obtain an F, flies, in which
the oviposition behaviour and aconitase genotypes
were assayed. The correlation between oviposition-
site preference and aconitase persisted in the F,,
with the difference in preference among elec-
trophoretically different flies being in the same
direction as that found among the parental strains
(fig. 3). Aco™ flies laid an average of 84 per cent
of their eggs on mushrooms compared to 73 per
cent for Aco™™ flies. The oviposition behaviour
of the FM heterozygotes was intermediate at 77
per cent. More striking than these average differen-
ces is the observation that about 15 per cent of the
Aco™ flies showed a very strong preference for
tomatoes, whereas almost none of the Aco™" fiies
did. The overall distributions of preference differed
significantly among flies as a function of their
aconitase genotype (Kruskal-Wallis test; x’=
12-3, 2 df, P=0-002).

To summarise the results from crosses between
strains S64, S74, B9, and M10, all of which were
collected within 10 km of each other in the Great
Smoky Mountains, no evidence for maternal/ cyto-
plasmic or X-chromosomal effects on oviposition-
site preference was found in any of the experi-
ments; all genetically-based differences among flies
were found to have an autosomal basis.

Although only four isofemale strains from a
single population were studied, the genetic basis
for differences in oviposition behaviour appears
to be at least moderately complex. Experiments 1
and 2 on strains S64 and S74 provided evidence
that an epistatic interaction between two or more
loci has a substantial effect, resulting in the produc-
tion of flies that laid very few of their eggs on
mushrooms. In addition, these two strains differed
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Figure 3 Oviposition-site preference of individual F, females
derived from crosses between strains B9 and M 10, classified
by aconitase genotype. M and F indicate possession of
allozymes of medium and fast mobility (Experiment 4).
Arrows indicate mean preferences.

by at least one locus at which the S64-derived
alleles were strongly dominant to those carried by
S74. Thus, despite the fact that oviposition-site
preference is a quantitative trait showing an
approximately normal distribution among
isofemale strains, some of the loci affecting this
trait do not act in an additive, independent fashion.
Thompson (1975) has pointed out that such normal
distributions can also be produced by a small num-
ber of loci. Thus, the observation that a trait is
normally distributed in a population does not
necessarily mean that variation in that trait is
governed by the action of many genes with small,
additive effects.

An important evolutionary consequence of the
finding that oviposition-site preference has a rather
complex genetic basis is that it will be difficult to
establish through linkage disequilibrium a genetic
correlation between overall preference for a given
breeding site and the genetically based ability of
larvae to develop successfully there. The pre-
viously reported finding that different stages of the
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host-selection process are genetically independent
in D. tripunctata renders the establishment of such
linkage relationships even less likely (Jaenike,
1986). Thus, any genetic correlations between adult
oviposition behaviour and larval performance
would more likely be due to pleiotropy than to
linkage.

The observation that oviposition-site prefer-
ence depends upon interactions among loci means
that founder events could occasionally lead to large
changes in average preference, which in turn could
play a role in genetic transilience (Templeton,
1980).

Finally, even though oviposition-site prefer-
ence is governed by more than one locus, the
discovery that at least one of these is linked to
aconitase encourages the belief that it may eventu-
ally be possible to study the molecular and
developmental basis of this ecologically important
behaviour.
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