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Preface

Drosophila Information Service was first printed in March, 1934. Material contributed by
Drosophila workers was arranged by C.B. Bridges and M. Demerec. As noted in its preface, which
is reprinted in DIS 75 (1994), Drosophila Information Service was undertaken because, “An
appreciable share of credit for the fine accomplishments in Drosophila genetics is due to the
broadmindedness of the original Drosophila workers who established the policy of a free exchange
of material and information among all actively interested in Drosophila research. This policy has
proved to be a great stimulus for the use of Drosophila material in genetic research and is directly
responsible for many important contributions.” During the more than 70 years since that first issue,
DIS has continued to promote open communication.

The production of DIS 90 could not have been completed without the generous efforts of
many people. Robbie Stinchcomb, Carol Baylor, and Clay Hallman maintained key records and
helped distribute copies and respond to questions. Beginning with volume 84 (2001), the official
annual publication date is December, with the contents including all submissions accepted during the
calendar year. New issues are available on our web page (www.ou.edu/journals/dis) during the year
after publication, and earlier issues are being
archived on this site as server allocations permit.
For this we thank Jason Glass. We have also
added a link to the new Drosophila Proteome
Atlas.

We continue to encourage all researchers
to consider submitting articles that use
Drosophila for teaching as well as articles that
report new techniques and research results. We
thank the many contributors from around the
world who sent material for this issue, and we
invite your submissions as well as any
PROFEOME. " suggestions you have for maintaining this as a
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e g ____.| useful Drosophila research community resource.
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Research Notes

Characterization of novel repetitive element Leviathan in Drosophila
pseudoobscura.

Garfield, David A., and Mohamed A.F. Noor. Biology Department, Duke
University, Durham, NC, USA; noor@duke.edu.

Introduction

Repetitive sequences, such as transposable elements, may often contribute to the formation of
chromosomal inversions or translocations via ectopic exchange (Charlesworth et al., 1994; Coghlan
et al., 2005; Noor and Chang, 2006). The pattern of a strong association between rearrangement
breakpoints and repeat sequences has been detected in plants, fungi, and various animals (Coghlan et
al., 2005). This association has been demonstrated in many Drosophila species (Lim, 1988; Caceres
et al., 1999; Evgen'ev et al., 2000) and was particularly striking in the comparison of the published D.
melanogaster and D. pseudoobscura genome sequences, in which at least 60% of all break-point
junctions in D. pseudoobscura showed significant similarity (by BLAST) to at least one other
breakpoint within the genome (Richards ez al., 2005). However, this pattern was not apparent at the
breakpoints distinguishing D. melanogaster from its closer relative D. yakuba (Ranz et al., 2007),
suggesting a possible burst in transpositional activity in the lineage leading to D. pseudoobscura.

Previous analysis of the D. pseudoobscura genome sequence assembly identified two
particular "breakpoint motifs" that together were associated with nearly half of the almost 1000
inversion breakpoints separating it from D. melanogaster as well as both breakpoints of an
intraspecific polymorphic inversion (Richards ez al., 2005). This strong association is particularly
impressive given that these species diverged close to 55 million years ago (Tamura et al., 2004) yet
this sequence has no significant similarity to any known Drosophila transposable elements (Richards
et al., 2005). As such, it seems to have arisen within the D. pseudoobscura lineage yet still played a
major role in genome rearrangement.

Recently, we localized the inversion breakpoints between D. pseudoobscura and its sibling
species D. persimilis (Ortiz-Barrientos et al., 2006; Machado et al., 2007; Noor et al., 2007) which
diverged only within the last 500,000-1,000,000 years (Aquadro et al., 1991; Hey and Nielsen, 2004;
Leman er al., 2005). At the breakpoint regions of the XR-chromosome arm inversion separating
these species, we identified a tandemly repeated sequence (Machado et al., 2007), and like the
previously described "breakpoint motif,” we find that this 319-bp motif also appears to be both
abundant across the D. pseudoobscura genome and absent from genomes of other distantly related
Drosophila species. As such, it, too, may have been an architect for recent genome structural
changes in D. pseudoobscura and perhaps led to an increase in the divergence between the closely
related D. persimilis and D. pseudoobscura (e.g., Noor et al., 2007).

In this study, we took three computational steps to characterize this motif, named
"Leviathan,” in addition to experimentally looking for evidence of transcriptional activity. First,
because different molecular mechanisms of replication leave different signatures in the genome (Burt
and Trivers, 2006), we examined the abundance and chromosomal distribution of Leviathan across
the D. pseudoobscura genome, and examined the history of its spread through the genome using
sequence divergence between repeat elements. We also tested the "master gene” model (Deininger et
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al., 1992), wherein one or a few elements within a genome act as “templates” for other copies in the
genome, which cannot themselves be used to produce further copies, regarding the spread of this
element. The number of templates for a repetitive element provides not only a clue for the
mechanisms by which the element replicates (Burt and Trivers, 2006) but also an estimate of the
selective costs of replication (Charlesworth and Charlesworth, 1983) and allows for a more thorough
characterization of a repetitive element. Finally, we compared the distribution of Leviathan elements
between D. pseudoobscura and D. persimilis, looking for differences in divergence across different
parts of the genome as well as for differences in the evolutionary dynamics of Leviathan in one
lineage as compared to the other.

Methods
Initial characterization of Leviathan:

We performed initial searches for sequences homologous to those flanking the fixed
inversions between the two species using BLAST (Altschul ez al., 1990) to search the genome of
each species (Gilbert, 2007) as well as the NCBI databases. Full genome sequences for Drosophila
pseudoobscura (comparative analysis freeze 1, genome sequence version 2.0.1) and D. persimilis
(also CAF1) were downloaded from Baylor College of Medicine (BCM-HGSC, 2006) and FlyBase
(Grumbling and Strelets, 2006), respectively. We searched for the presence of Leviathan within
annotated CDS and introns using annotations downloaded from FlyBase as well as our own
annotation of the D. persimilis genome (Noor et al., 2007). We processed several contigs containing
multiple BLAST hits using the program Dotter (Sonnhammer and Durbin, 1995) with default
parameters.

Tandem Repeat Finder:

To delineate arrays of repetitive sequence, and to assess the distribution of the repetitive
sequence across the genome, we ran the Tandem Repeat Finder Program (aka TRF: Benson, 1999) on
both the D. pseudoobscura and D. persimilis sequences using the suggested default settings:
matching weight = 2, mismatching penalty = 7, indel penalty = 7, match probability = 80, indel
probability = 10, minimum alignment score = 50, maximum period size = 500. We assembled the
results into a single, searchable database using custom scripts written in Python.

TRF uses a probabilistic model of tandem repeats to identify candidate tandem repeats in a
sequence and uses statistics similar to those employed by BLAST to evaluate the significance of
those candidates. Because TRF employs a probabilistic model, running the program with different
parameters can yield different results. To test the robustness of the results from the TRF analysis, we
repeated the TRF analysis on a subset of the contigs containing Leviathan sequence, changing, in
turn, each parameter by 20% of its original value and then rerunning the program. We also ran the
program using sets of parameters found by other labs to produce reliable, reproducible results in
searches for tandem repeats in other species.

We manually inspected the repeat regions generated by TRF to ensure that individual arrays
were not in fact connected by sequence too degenerate to be picked up by the TRF algorithm. To
ensure that arrays of repetitive sequences were counted only once in our analysis of the distribution
of repeats within the genomes (below), we merged the database entries corresponding to connected
arrays.
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Estimating proportion of Repeat Elements in each genome:

The proportion of a genome made up a particular repetitive element was estimated in a two-
step process. First, the repeat database constructed above was screened using BLAST, and the total
length of any repeat arrays with a significant match (e-value < -25) to the query sequence was
recorded. Second, a BLAST database was constructed from the genome after masking all of the
tandem arrays identified by TRF. BLAST was used to identify all significant matches to the query
sequence (e-value < -25). Because BLAST can truncate good matches separated by regions of
dissimilarity, BLAST may underestimate the total length of an actual match. Therefore, each match
identified by BLAST was extended by 100bp on either side and the extended sequence and the query
were realigned using a custom implementation of the Smith-Waterman algorithm in Python. The
lengths of the resulting alignments were added to the lengths of the arrays identified in the first step.
To estimate the proportion of each genome consisting of a particular repetitive element, the total
lengths found above was divided by the total number of sequenced bases per chromosome in each
species.

Phylogenetic trees:

We simultaneously estimated phylogenetic trees and the associated model parameters using
genetic algorithms as implemented in GARLI (Zwickl, 2006). We estimated the significance of our
results by generating 1000 bootstrap replicates and then constructing a majority-rule consensus tree
from the resulting trees using PAUP* (Swofford, 2003).

Test of the Master Gene Hypothesis:

We assessed whether spread of this element was consistent with the master gene hypothesis
through the method of Johnson and Brookfield (Johnson and Brookfield, 2006) using the sequence
identified by RT-PCR as the putative master gene. Briefly, we compiled a list of the consensus
repeat sequence from each repeat region in the D. pseudoobscura genome as determined by TRF and
aligned them using ClustalW (Chenna et al., 2003) followed by manual corrections of the alignment.
Each sequence from this compilation was then compared with each other sequence along with an out-
group sequence (the most divergent sequence from the database) and the putative master gene to

n
generate 5 clusters of four sequences.

Under the master gene hypothesis, each observed repeat sequence should share a common
ancestor with the putative master gene more recently than with the outgroup. Following Johnson and
Brookfield, we assigned each variable site in each cluster as either supporting this hypothesis or
better supporting, under the criterion of parsimony, an alternative evolutionary scenario. Supporting
sites are sites at which the putative master gene shares a variable site with one or both observed
sequences. Alternative sites are those in which the putative master gene shares a variable site with
the outgroup or none of the other sequences. We assigned an X,Y coordinate to each set of four
sequences based on the number of informative sites compatible with the master-gene hypothesis ()
and the number of sites that were not (X). We then performed a linear regression on the resulting
points.

To assess the statistical significance of the regression, we compared our result to results
generated from four sets of 1000 simulated datasets generated by a model corresponding to the
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master gene hypothesis using HyPhy (Kosakovsky-Pond er al., 2005). The parameters describing
each of the four sets were chosen to mimic those used by Johnson and Brookfield (Johnson and
Brookfield, 2006) and span a range of potential distributions each consistent with the master gene
hypothesis.

In the first set (A), we assumed a clock-like rate of evolution on all sequences, including the
master gene, such that all branch lengths were equal. In the second set (B), branch lengths were
taken from the actual dataset. In the third set (C), we assumed a clock-like rate of evolution, but held
the master gene constant, simulating strong constraint on the master gene sequence. In the fourth
dataset (D), we repeated the first analysis except we used a gamma distribution fitted to the original
data to model the distribution of rates within a sequence and to model the possibility of multiple
substitutions at some sites.

Empirical confirmation of Leviathan transcription via RT-PCR:

Using a consensus repeat sequence identified by Tandem Repeat Finder, we designed primers
to amplify Leviathan from genomic DNA and cDNA, the latter of which was to confirm its current
expression. Genomic DNA from the Flagstaff 1993 strain of D. pseudoobscura was isolated using
the method of Gloor and Engels (Gloor and Engels, 1992). Total RNA was isolated from 25 seven-
day posteclosion adult females of the same strain using the Qiagen RNeasy kit. The RNA was
reverse transcribed in a reaction containing 5 mM MgCl,, 50 mM KCI, 10mM Tris-HCI, 1mM
dNTPs, 20 units RNasin, 20 units reverse transcriptase, and 2.5 UM of primer LeviathanR (5'-
TCACGATTTTCGCAAAAAATCATGATGGTTACATC -3). PCRs were then performed on the
cDNA generated above, the genomic DNA, the total RNA, and a negative control using primers
LeviathanR and LeviathanF (5'- GCAAATCACAATCTTCGGGAGGC -3). PCR products were
visualized on a TBE agarose gel, and the cDNA amplification product was sequenced using ABI
BigDye Terminator version 3.1.

BLAST was used to make sure that the resulting sequence was not found in any annotated
coding sequence.

Results
Description of Leviathan:

We identified numerous significant BLAST (Altschul ez al., 1990) matches to the repetitive
sequence ("Leviathan") identified from the breakpoint region of the fixed inversion difference
between D. pseudoobscura and D. persimilis on the right arm of chromosome X (XR). These
matches were found on all four major chromosomes in the two species, both in intergenic regions and
within the introns of annotated genes. No significant hits were found in the available genome
sequences of other Drosophila (Gilbert, 2007) or in NCBI databases, nor were we able to identify
similar sequence in Repbase (Jurka et al., 2005) or the RepeatMasker (Smit et al., 1996-2004) server.
Manual investigation of regions of the D. persimilis and D. pseudoobscura genome sequences with
multiple hits showed that the individual elements identified by BLAST were often parts of long
swaths of repeated units up to more than nine kilobases in length.

To better visualize any patterns within the arrays of repetitive sequence, we ran several
contigs containing repeat arrays through the program Dotter (Sonnhammer and Durbin, 1995). The
results show a clear periodicity within the repeat regions of ~319bp. These 319bp repeats are highly
palindromic, contain motifs reminiscent of the TATA box, transcription factor binding sites, and
polyadenylation.
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Using Tandem Repeat Finder (TRF) (Benson, 1999, and see Methods), we identified several
dozen regions containing repetitive sequence with high similarity to the sequence flanking the
inversion on chromosome XR and to each other. These repeat regions are found throughout the
genomes of both D. pseudoobscura and D. persimilis, making up 0.1% to 0.15% of the assembled
genome of the two species and nearly 4% of all repetitive sequence, and consist of between 2 and 16
repetitions of Leviathan, often surrounded by and interspersed with degenerate Leviathan sequence
(see Methods). We were unable to locate any singleton copies of the element. For contrast we
calculated that the two repetitive elements associated with chromosomal rearrangements identified by
Richards et al. (2005) makes up a total of 0.2% of the assembled genome of D. pseudoobscura and
8.7% of all repetitive sequence.

While we were unable to locate singleton copies of the element, TRF still identified the same
arrays of ~319bp repeats under a variety of different parameters (see Methods). The robustness of
these results, along with the figures produced by Dotter, suggest that, while we cannot rule out longer
sequences, 319bp is likely the fundamental size of a single repeat unit.

Empirical confirmation of expression:

Because tandem arrays of Leviathan sequence are often surrounded by degenerate Leviathan
sequence, it is difficult to determine exactly where an array begins or ends. Thus, we were unable to
determine the exact frame of Leviathan. Nonetheless, we were able to successfully amplify a 184-bp
portion of Leviathan sequence from D. pseudoobscura cDNA using primers designed from the
consensus repeat sequences identified by TRF. Amplification from genomic DNA was also
successful, but no amplification from RNA or our negative control was obtained, demonstrating that
our amplification from cDNA reflects transcription of the Leviathan sequence and not DNA
contamination. There was no single perfect match to the sequence we amplified (GenBank accession
EU081847) in either genome sequence, perhaps reflecting the difficulties of incorporating highly
repetitive regions into genomic assemblies or a potential heterochromatic origin of the isolated
transcript.

As the sequence of the RT-PCR product does not match that of genes predicted to contain the
repetitive element (data not shown), our results may constitute evidence for an actively transcribed
mobile element. We cannot, however, rule out the possibility that the sequence identified is the result
of the transcription of Leviathan sequence proximal to a coding or non-coding gene or transcribed as
a part of mechanisms inducing heterochromatin (Grewal and Moazed, 2003, and see Discussion).

Genomic distribution and mechanism of spread:

The distribution of Leviathan can be analyzed by looking both at the distribution of individual
319bp elements and at the sequences arrays (consisting of swaths of 319bp elements of nearly
identical sequence) in which they are found. We hypothesize (see Discussion) that the two
distributions give different views of how Leviathan spreads in the genome. Individual elements
within an array likely owe their existence to mechanisms such as unequal crossing over, whereas
disjoint repeat arrays originate with a transpositional or other replicative event. Biases in either
distribution thus shed light on the different molecular mechanisms by which Leviathan spreads.

We compared the distribution of arrays within and between the two genome sequence
assemblies using the filtered results of TRF (see Methods). We saw no evidence for a non-random
distribution of number of Leviathan sequence arrays within the genome of either species after
correcting for the differences in lengths between the different chromosomal segments, (x> test, NS).
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We did, however, find that the proportion of total Leviathan sequence varied widely between
chromosomes within each species, with an excess of Leviathan sequence in the XR and, to a lesser
extent, 4™ chromosomes (X%, p < 2.2e-16, Table 1). We found no evidence for differences in the
distribution of either total Leviathan sequence or the number of Leviathan sequence arrays between
the genomes of the two species (Kolmogorov-Smirnov Test, NS).

Table 1. The Proportion of Leviathan Sequence per Chromosome Per Species. The total size of each
chromosome for each species is given as well as the total length of Leviathan sequence in each
chromosome and the total proportion of each chromosome made up of Leviathan sequence. Proportions
that differ significantly from the others (see text) are marked with asterisks.

Chromosome Total > pseugc;%l;zt;ura Proportion Total > pgesé)n;!ts Proportion
Ch2 30,751,037bp  10,528bp 0.034% 31,203,717bp 5545bp 0.0178%
Ch3 19,758,590bp 3906bp 0.0198% 19,649,734bp 3159bp 0.0161%
Ch4 27,194,902bp  91,392bp 0.337%* 27,622,741bp  69,377bp 0.251%*
ChXL 24,728,506bp  21,967bp 0.0889% 25,734,256bp  23,870bp 0.0928%
ChXR 24,578,333bp  147,472bp 0.60%* 24,376,180bp  77,779bp 0.319%*

Individual repeat arrays had nearly identical repeat sequences, but repeat sequences differed
slightly more between arrays. We estimated phylogenetic trees using the consensus repeat sequences
identified by TRF in each genome to see if related sequences were clustered in the genome of either
species. Our trees do not show any evidence for clustering within or between genomes besides that
within arrays, though the presence of extensive polytomies suggests that there may not be sufficient
variation between the sequences to detect clustering were it to exist.

We also estimated a tree using sequences from both genomes to evaluate the extent to which
Leviathan may be introgressing between the two genomes. The resulting tree does not support
clustering by species, though there is some clustering of elements on the XR, indicating a greater
divergence of elements on the XR from the arrays on other chromosomes. The lack of clustering by
species, coupled with the similarities in the distributions of Leviathan within each of the two species,
suggests that interspecies gene flow may be sufficient to homogenize these genomes with respect to
this element.

Master gene test:

Finally, we assessed whether spread of this element was consistent with the master gene
hypothesis through the regression method of Johnson and Brookfield (Johnson and Brookfield, 2006;
see also Materials and Methods). We found a strong negative relationship in our regression, which is
evidence against the master gene hypothesis (most sites do not support the master gene hypothesis).
Because the points used in the regression are not independent of one another, we cannot directly
assign a probability value to our results. To do this, we compared our result to results from simulated
data using three different models consistent with the master gene hypothesis (see Methods). Three
datasets from set A were found to have a more negative relationship than that observed in the actual
data (p = 0.001). In none of the other simulations was a single more negative slope observed (p <
0.001). Similar results were obtained when other Leviathan sequences were treated as the putative
master gene (results not shown).
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Discussion

Our results suggest that Leviathan is an actively transcribed element in the genomes of
Drosophila pseudoobscura and D. persimilis and that its extensive presence in the genomes of these
two species may be due both to transcription via an RNA intermediate and an unknown mechanism
(perhaps unequal crossing over) that increases the size of a Leviathan element array once it has been
inserted in the genome. We cannot definitively rule out that Leviathan is transcribed because of its
proximity to a coding or non-coding gene, but its presence on multiple chromosomes of these species,
but not related species, suggests recent transcriptional, and later retro-transcriptional, activity.

The similarity of the distributions of Leviathan within the two genomes and patterns of
variation seen within Leviathan sequences suggest that Leviathan may introgress between the two
genomes. D. persimilis and D. pseudoobscura are known to hybridize in the wild, and substantial
introgression has been detected at some loci (Hey and Nielsen, 2004). Alternatively, the observed
pattern may be due to the recent divergence of the two species. In either case, Leviathan is likely to
exert the similar evolutionary pressures in both lineages.

Characterization of Leviathan and its spread:

The size and composition of the 319bp repeat constrains the possible classifications of
Leviathan. 319bp is likely too short to encode a functional protein, suggesting that Leviathan is a
satellite, MITE, or parasitic fragment of a DNA transposon. Because the sequence contains several
pol-111 termination sequences in both orientations, Leviathan is unlikely to be a SINE. Further
characterization must await future genome assemblies in which the terminal ends of a Leviathan
array can be better identified and analyzed.

Recent work on the role of tandem repeats in RNAI-based mechanisms of heterochromatin
formation (Grewal and Moazed, 2003; Martienssen, 2003; Lippman et al., 2004) raises the intriguing
possibility that Leviathan is a lineage-specific component of epigenetic control of gene expression.
While we have no evidence to support this claim and consider it unlikely given that Leviathan is not
found in related, sequenced genomes, it would explain the presence of an RNA transcript and is
intriguing enough to warrant investigation in future studies.

One of the most striking features of Leviathan is the size of the tandem arrays in which it is
found and the long stretches of degenerate sequence often seen within arrays. It is likely that while
Leviathan acts as some sort of mobile element, much of the total Leviathan sequence in these species
owes its existence to ectopic exchange or unequal crossing over rather than transposition per se.
Such a pattern has been observed in previous studies of repetitive sequence (Cox and Mirkin, 1997),
and supports the contention that Leviathan is responsible for the generation of at least one of the fixed
chromosomal inversions between these two species. Our finding that the XR contains a greater
proportion of Leviathan elements than other chromosomes and that these arrays are often more
divergent than arrays on other chromosomes (and thus likely older), further supports this contention.

To definitively categorize and fully characterize Leviathan, we would need to identify the
frame as well as the insertion sites to look for characteristic signals such as inverted repeats, poly-A
tails, etc. (see review in Kazazian, 2004). We attempted to identify such signals at the ends of the
repeat arrays in this study. However, despite extensive search, we were unable to identify single
units and, in most cases, were unable to delineate these array ends due both to the degeneracy of the
primary sequence at the ends and incomplete coverage of the genomes. In cases where we identified
plausible flanking regions to the element insertion, we failed to identify any consistent patterns. In at
least one case, we did observe the same sequence, but in opposite orientations, at both ends of the
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insertion. This sequence did not BLAST to any other mapped regions of the genome (chromosome 4,
group 2, position 850593). However, other forces besides transposition (or retro-transposition) likely
affect the spread and sequence of this element (e.g., unequal crossing over). As a result, the
signatures of the origin of most Leviathan arrays may be obscured.

We found no evidence to support the Master Gene Hypothesis in our explicit test, nor do our
phylogenetic trees support the comb-like topology expected under the master gene hypothesis
(Johnson and Brookfield, 2006). This suggests that Leviathan replicates in a manner similar to LTR
retroelements or endogenous retroviruses rather than a LINE or Alu elements (Shen et al., 1991; Kass
et al, 1995), but no definitive statement is possible without detailed laboratory-bases
characterization. Our results are, however, consistent with Leviathan having multiple origins of
replication. Previous studies (reviewed in Burt and Trivers, 2006) suggest that repetitive elements
with multiple origins of replication generally have negative fitness consequences for their hosts
(though see Torkamanzehi et al. [1992] for a possible exception). Leviathan is likely no exception,
showing that potentially important drivers of evolutionary change and speciation can have negative
fitness consequences.

Approach and prospects:

To validate our technique, we looked for the presence of Leviathan in a recently assembled
collection of computationally predicted and experimentally verified transposable elements from all
twelve sequenced species of Drosophila (Quesneville et al., 2005; H. Quesneville, personal
communication). This collection identified Leviathan-like sequence on several unassigned contigs in
D. pseudoobscura, but not in any sequence assigned to a chromosome. This is likely due to the
removal of tandem repeat sequence, and other repetitive sequence arrays, in this analysis that, while
necessary to avoid false-positives in large scale-surveys, would remove unusual repetitive sequences
like Leviathan. Our finding demonstrates the value of computational analyses of individual repetitive
elements in conjunction with large-scale searches that, by their very nature, may screen out unusual
sequences like Leviathan. We have shown that basic computational tools can be used effectively in
identifying new repetitive elements, and other repetitive sequences, when combined with and when
validated by empirical methods like RT-PCR. Phylogenetic techniques can be especially powerful
for examining how repeat sequences spread in the genome when used in conjunction with methods,
such as TRF, for identifying repetitive sequence ab initio. In applying TRF to the whole genomes of
both D. persimilis and D. pseudoobscura, we identified a second, 170bp repeat that appears to be
unique to D. persimilis and is distributed non-randomly in the genome (4° test, p < 0.0001). We did
not follow up further with this element, but this result does support a promising future for
computational searches for many more interesting repetitive elements.

Conclusions

We identified a novel repetitive element, Leviathan, which is found at the XR inversion
breakpoints, appears to be unique to the D. pseudoobscura and D. persimilis genomes, and may have
contributed to the divergence of these species from each other. Leviathan appears to increase in
abundance in the genome via both unequal crossing over, which increases the size of arrays of nearly
identical Leviathan sequences, and through transposition likely via an RNA intermediate, which leads
to the creation of new arrays in new genomic locations. We characterized this element using novel
computational tests in additional to traditional laboratory techniques, thus demonstrating the value of



Dros. Inf. Serv. 90 (2007) Research Notes 9

adding computational genomic characterization of repetitive elements to traditional laboratory studies
to better understand both the molecular and evolutionary dynamics of repetitive sequence.
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Relative mating success of hybrid and pure species males to highly
discriminating D. pseudoobscura females.

Allen, E. Carley, and Mohamed A.F. Noor. Biology Department, Duke University,
Durham, NC, USA; noor@duke.edu.

Introduction

In nature, it is often advantageous to mate preferentially within one's species because of
negative consequences associated with heterospecific mating.  This discrimination against
heterospecifics is often driven by female choice rather than male choice due to the large investment
of females into small numbers of eggs relative to that of males into large numbers of sperm. Thus,
female eggs are wasted on heterospecific matings when the resultant offspring are unfit, and her
reproductive fitness is significantly decreased. In contrast, in many species, males can waste many
sperm without a significant cost to their potential reproductive output. In the North American species
Drosophila pseudoobscura and D. persimilis, the cost of interspecies mating is that F; male progeny
are sterile; therefore, females have a great incentive to discriminate against mating with
heterospecific males.

The extent to which females discriminate against heterospecifics is related to their proximity
to other species (Howard, 1993; Noor, 1999; Servedio and Noor, 2003). Reinforcement is the
process whereby mate discrimination is strengthened via natural selection to prevent maladaptive
hybridization. As a result, while species with geographically overlapping ranges may need high
mating discrimination, those with disjunct ranges can be less discriminating. D. pseudoobscura
females from Mather, California, are hypothesized to be highly discriminating, because they co-occur
with D. persimilis (Noor, 1995; Noor and Ortiz-Barrientos, 2006), and indiscriminate mating by the
females could result in wasteful interspecific matings, because they produce sterile male offspring.

Identifying the phenotypic cues associated with species discrimination can help us understand
how it is mediated in nature. Mate discrimination by D. pseudoobscura females is thought to
originate from two sources: male courtship song parameters and olfactory cues (Ortiz-Barrientos et
al., 2004). Male courtship songs are thought to be responsible for some basal mate discrimination in
these species (Williams er al., 2001), and olfactory cues (e.g., cuticular hydrocarbons) may be
responsible for the enhanced discrimination used in reinforcement (Ortiz-Barrientos et al., 2004).
Thus, if true, in highly discriminating Mather females, both male courtship songs and cuticular
hydrocarbons would be involved in recognition of conspecific mates.

The hypothesis above predicts that allopatric Flagstaff D. pseudoobscura strains use only
male courtship song to discriminate conspecifics from heterospecifics. In support of this hypothesis,
F1 males (Flagstaff males x D. persimilis females) mate with Flagstaff females as well as do pure-
species D. pseudoobscura males, despite the F; males bearing a cuticular hydrocarbon profile similar
to D. persimilis (Noor and Coyne, 1996). A comparable mating study of the highly discriminating D.
pseudoobscura Mather 17 strain and its F; hybrids with D. persimilis was not conducted.

The Fy progeny of D. pseudoobscura Mather 17 females and D. persimilis males have a
cuticular hydrocarbon similar to D. persimilis (Noor and Coyne, 1996). If Mather 17 females use
both male courtship songs and cuticular hydrocarbons to distinguish between conspecifics and
heterospecifics, they may mate less frequently and have longer copulation latencies with F; males
than with conspecific Mather 17 males, because the F; males will seem to have olfactory cues similar
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to D. persimilis. Mather 17 females should also be still more discriminating against mating with D.
persimilis males, and thus these males should have the lowest mating frequency and the longest
copulation latencies. Hence, for matings with D. pseudoobscura Mather 17 males, we predict the
success to be Mather 17 males > F; males > D. persimilis males.

Methods

Mating Trials:

Drosophila pseudoobscura Mather 17 (Mather 17) virgin females were mated with D.
pseudoobscura Mather 17 males, F, (Mather 17 females x D. persimilis Mount St. Helena 1993
males) males, and D. persimilis Mount St. Helena 1993 (MSH 1993) males each day possible from
January to April 2007. Matings were conducted in the morning between 9:00am and 10:30am,
coinciding with "lights-on™ in the incubator's 12-hour light-dark cycle. Approximately equal
numbers of flies of each type were assayed each day, hence reducing artifacts of day-to-day variation
in environmental factors.

For each mating that was conducted, an eight-day post-eclosion Mather 17 virgin female was
placed into a food vial with one virgin male, which could be Mather 17, F;, or MSH 1993 male, and a
cotton plug was pushed down until the flies had only % inch of open space. This ensured that the
flies came into contact with one another. For each mating trial, the start time, the time of courtship,
and the time of copulation were recorded using the timer, and the courtship and copulation latencies
(in seconds) were calculated using these data. If the male fly did not court or mate, that was
recorded. Courtship was indicated by the males' wing vibrations toward the female, and the pair was
only considered to be mating if the copulation lasted more than thirty seconds (though the initiation
of the copulation was recorded as the mating time in the data). If the male fly had not courted ten
minutes after being put into the vial with the female, the pairing was recorded as "no courtship”. If
the male fly had not mated ten minutes after the first bout of courting the female, it was recorded as
“no copulation”.

Statistical Analysis:

The results were analyzed via Chi Square test and Mann-Whitney U-tests. The Chi Square
test was used for categorical data, such as matings (Y/N) to particular types of males (Mather 17 vs.
F1 vs D. persimilis). The non-parametric Mann-Whitney U-tests were used for continuous data, such
as the length of time it took for each type of male to either recognize and court (courtship latency) or
succeed in copulating with (copulation latency) a female.

Results

There was a significant difference between the number of D. persimilis MSH 1993 males that
mated with D. pseudoobscura Mather 17 virgin females and the number of Mather 17/F; males that
mated with Mather 17 virgin females (Chi Square P-Value < 0.0001: Table 1). Thus, as reported
previously, Mather 17 females are highly discriminating against heterospecific males.

However, contrary to our prediction, there was no significant difference between the number
of Mather 17 and F; males that mated with Mather 17 virgin females after courting (Chi Square P-
Value = 0.4224: Table 2). Mather 17 males mated 47 times and did not mate 10 times after courting,
and F; males mated 44 times and did not mate 6 times (Table 2). There was also no significant
difference in the copulation latency between Mather 17 and F; males using the Mann-Whitney U test
(P-value = 0.0728) or mean copulation latency in seconds (Tables 3 and 4). Indeed, the opposite
trend was observed: F; males mated slightly more and slightly faster.
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Table 1. The number of D. pseudoobscura Mather 17, F1, and D. persimilis
MSH 1993 males that did and did not mate Mather 17 virgin females. Only
those males that courted the females were included in the tally. (Ch Square
P-Value < 0.0001 for Mather 17/F; males vs MSH 1993 males).

Mated? (Y/N) Mather 17 Males F1 Males MSH 1993 Males
N 10 6 31
Y 47 44 6
Totals 57 50 37

Table 2. The number of Mather 17 and F; males that
did and did not mate Mather 17 virgin females. Only
those males that courted the females were included in
the tally. (Chi Square P-Value = 0.4224).

Mated? (Y/N) Mather 17 Male F1 Male
N 10 6
Y 47 44
Totals 57 50

Table 3. Mann-Whitney U information for copulation latency of Mather 17
and F; males to Mather 17 virgin females. Only those males that courted
the females were included in the tally. (P-Value = 0.0728).

Male Type Count Sum Ranks Mean Rank
Mather 17 56 3279.5 58.6
F1 50 2391.5 47.8

Table 4. The mean copulation latency, in seconds, for those Mather 17 and F; males that both
courted and mated Mather 17 virgin females.

Male Type Count Mean (s) Std. Dev. Std. Err
Mather 17 47 78.7 118 17.2
F1 44 46.7 102 15.4

Table 5. Mann-Whitney U information for courtship latency of Mather 17
and F; males to Mather 17 virgin females. (P-Value = 0.0044).

Male Type Count Sum Ranks Mean Rank
Mather 17 58 2788 48.1
Fi 54 3540 65.6

Table 6. The mean courtship latency, in seconds, for Mather 17 and F; males that courted
Mather 17 virgin females.

Male Type Count Mean (s) Std. Dev. Std. Err
Mather 17 56 41.2 58.9 7.9

F1 50 815 111.9 15.8
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This pattern could have resulted from an experimental artifact associated with inbreeding:
despite being sterile, F; males may be slightly more vigorous than Mather 17 males and were thus
able to secure more copulations. However, contrary to this hypothesis, F; males were significantly
slower to court D. pseudoobscura females than were Mather 17 males (Tables 5 and 6).

Discussion

As predicted, D. persimilis MSH 1993 males are very unsuccessful at mating with D.
pseudoobscura Mather 17 females. Given that males of these species do not exhibit any species
discrimination (Noor, 1996; Kandul et al., 2006), this finding almost certainly results in large part
from the high level of species mate discrimination by Mather 17 females.

However, contrary to our prediction, Mather 17 females are no more discriminating against F;
males relative to Mather 17 males. Indeed, the opposite was true: F; males were slightly (but not
significantly) more successful at mating with Mather 17 females than were Mather 17 males. We
further failed to find evidence that this pattern was an artifact of inbreeding.

Ortiz-Barrientos et al. (2004) suggested that these females used olfaction as part of their
species discrimination, because they identified several olfaction-related genes in the region of the
genome to which a mate preference QTL mapped. At least three explanations can reconcile the
inconsistency of this suggestion with our findings. One possibility is that the hypothesis of Ortiz-
Barrientos et al. (2004) was incorrect, and highly discriminating D. pseudoobscura females are not
necessarily using olfactory cues. Alternatively, D. pseudoobscura females may use olfactory cues,
but they are prioritized below auditory cues such as courtship song. F; males from the crosses we
conducted would have courtship songs very similar to D. pseudoobscura (Noor and Aquadro, 1998),
and perhaps these females needed the combination of song and olfactory cue to discriminate. Finally,
olfactory cues besides the cuticular hydrocarbons studied previously may mediate species
discrimination in this population.

This experimental design does not mimic natural environmental conditions, and there is a
concern with overinterpreting such results. It would also be useful to control for inbreeding
depression that may have existed in the Mather 17 or MSH 1993 stocks by using flies one generation
removed from nature. Further, detailed observations of the process of courtship itself, as done by
some classic studies in these species (Brown, 1964; Brown, 1965), may identify specific points at
which courtship breaks down in interspecies pairings.

Conclusion

D. pseudoobscura Mather 17 females do not show any discrimination towards F; males in
terms of mating frequency or copulation latency, potentially in contrast to the prediction that cuticular
hydrocarbons are responsible for secondary reinforcement-based discrimination in D. pseudoobscura
females. Further studies should be conducted to confirm the results reported here.
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Abstract

Mutation and selection are major evolutionary forces that help organisms to adapt to novel
environments. Although numerous laboratory experiments with model organisms and observations
from nature have demonstrated adaptations to new environmental conditions, it is difficult to
distinguish whether adaptation has occurred due to new beneficial mutation or by selection on
preexisting genetic variation. By using a highly inbred homozygous stock we have demonstrated
adaptation of Drosophila melanogaster t0 increased tolerance to previous toxic levels of dietary salt
as a result of new beneficial mutations. The adaptation occurred quickly (seven generations)
suggesting that a small number of genes might have been involved and that new mutations can play
an important role in adaptive evolution.

Introduction

Mutation and selection are important interactive forces responsible for major evolutionary
changes in all organisms. Yet, whether evolution is driven by natural selection acting on new
mutations or on preexisting genetic variation is an ongoing debate (Nei, 1987; Lande, 1988;
Gillespie, 1991; Li, 1997; Lynch, 1996; Barton, 1998; Orr and Betancourt, 2000; Kim and Stephan,
2002; Orr, 2005). There are numerous examples of rapid adaptations in natural populations,
including insecticide resistance, adaptive melanism in populations of rock pocket mice, pelvic armor
loss in fresh water sticklebacks, evolution of speech in humans, metal tolerance in plants, and HIV
resistance in humans, that may be caused by new advantageous mutations (Wood and Bishop, 1981;
Macnair, 1993; Stephens et al., 1998; Toma et al., 2002; Daborn et al., 2002; Nachman and Hoekstra,
2003; Shapiro et al., 2004). It is difficult, however, to disentangle the effects of new mutations from
preexisting genetic variation. A number of studies have shown that adaptations can occur quickly
due to preexisting genetic variation (Moya et al., 2005; Peichel, 2005; Hartley et al., 2006; Zhan et
al., 2006). New beneficial mutations have been studied experimentally in lines of microorganisms,
including adaptation of clones of Escherichia coli to high and low temperatures (Bennett ez al., 1992)
and yeast to a low phosphate chemostat environment (Francis and Hansche, 1972). Few experiments,
however, have been performed with multicellular organisms to measure directly the influence of new
beneficial mutations on fitness and adaptation (Francis and Hansche, 1972; Batallion, 2000).

Drosophila is also a widely used model system to study adaptations to new environmental
conditions such as new food source, temperature fluctuations, osmotic stress, hypoxia, and starvation
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(Powell et al., 1982; Dodd, 1989; Lenski et al, 1991; Huey et al., 1991; Frankham et al., 1999;
Haddad, 2000; Misener et al., 2001; Anderson et al., 2005). Experiments involving new food sources
vary from adding salts, such as sodium chloride and copper sulfate, insecticides, and toxins to regular
food, plus replacing regular food with a new food source such as starch and dextrose (Powell et al.,
1982; Frankham et al., 1999; Wilson, 2001). Drosophila quickly adapt to such drastic changes
(Wilson, 2001). To eliminate the effect of preexisting genetic variation in the founding populations
in such experiments, it is essential to start with homozygous chromosomes, isogenic stocks or clonal
lines. The adaptation in such experiments depends on the rate of emergence of new beneficial
mutations and their subsequent selection, which in some cases can be rapid (Mackay et al., 1994;
Fuller et al., 2005). Determining the number of genes involved in adaptive changes, their dominance
and selection effect, and the molecular changes involved, could help us to understand the
mechanisms underlying adaptive evolution and speciation (Nachman, 2005; Dodd, 1989).

In this study we observed that homozygous populations of D. melanogaster can quickly adapt
by increased tolerance to previous toxic levels of dietary salt as a result of new beneficial mutations.

Materials and Methods

Drosophila Stocks

A highly inbred sepia (se, 3-26.0) stock of D. melanogaster with dark eyes (Lindsley and
Zimm, 1992) was used to start the experiment. This inbred stock was generated by single-pair
matings for 118 generations and was expected to be essentially completely homozygous (Hedrick,
2005). The stock was maintained on instant medium (Carolina Biological Supply) supplemented
with yeast in a large population consisting of 10 bottles, transferring 100 males and 100 females per
bottle each generation.

Determination of Initial Extinction Concentration of NaCl

To determine the initial concentration of salt that caused extinction of the inbred sepia stock,
15 sets of vials per treatment (with five pairs of flies in each vial) were tested at increasing NaCl
concentrations (1%, 1.5%, 2%. 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, and 6%). The vials contained
instant Drosophila medium, except that salt solutions were used instead of water. Extinction
concentration was defined as the concentration of NaCl at which no larvae or adult flies survived.
The initial extinction concentration was tested two times with 15 sets of vials per treatment, and
consistent results were obtained.

Experimental Setup

After determining the initial extinction concentration for the inbred sepia stock, four cages
were started by placing 200 pairs of flies in each cage as shown in Figure 1. Two experimental cages
(El, EINl) were provided with instant food containing increasing concentrations of NaCl (1%, 1.5%,
2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, and 5.5%) each generation (two weeks). Seven food cups were
replaced with new salt food every week. Two cages were maintained as controls (CI, CIl) by
replacing seven food cups, among 15 total cups per population cage, with new regular food every
week. All the cages were kept at 25°C in an illuminated incubator (set at 12 hours dark and 12 hours
light cycles).

Separate lines were also founded from all cage populations at the end of each generation as
shown in Figure 1. For example, at the end of generation one, lines were formed from the two
experimental cage populations maintained on 1% NaCl food and the two control cage populations
maintained on regular food. Flies from these lines and from the original inbred sepia stock were
raised simultaneously in bottles containing regular food. These lines were used to verify if the
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populations in the cages had evolved by performing the terminal salt-tolerance test as described
below.

Control Cages

El Ell

Experimental cage Experimental cage

Control cage Control cage
Cl Cll

Generation 1 - (1% NaCl)
Lines made from E I and EIl (G1)
Generation 2 - (1.5% NaCl)
Lines made from EI and EII (G2) l
Generation 6 - (3.50/§NaCI)
Lines made from EI"*and EII (G6)

Generation 7 - (4% NaCl)

El went EXTINCT

Line made from EII (G7)

Generation 8 - (4.5% NaCl)

!

Generation 10 - (5.5% NaCl)
Line made from EII (G10)

Generation 11 - (6% NaCl)

Ell went EXTINCT

Figure 1. Experimental design. Two Experimental Cages, El and Ell (with NaCl), and two Control
Cages, C I and CII (no NaCl), were started with 200 pairs of flies. Experimental and control lines
were set up each generation from the previous generation population cage flies. T indicates that the
G6 line of EI and the G10 lines of Ell, Cl and CII were used for performing the terminal salt-
tolerance test.

Generation 1 - (Regular food)
Lines made from CI and CII (G1)
Generation 2 - (Regular food)
Lines made from CI and CII (G2)
!
Generation 6 - (Regular food)
Lines made from CI and CII (G6)

Generation 7 - (Regular food)

l Lines made from CI and CII (G6)

Generation 8 - (Regular food)

!

Generation 10 - (Regular food)
*
Lines made from CI and CII (G10)

Generation 11- (Regular food)

Both Cages SURVIVED
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Terminal Salt-tolerance Test

At the end of the experiment, flies from the lines generated from cages (G6 line of EI, G10
line of Ell, and G10 lines of Cl and CII) and from the inbred sepia stock were tested again to verify
that the populations in experimental cages had evolved higher salt tolerance. Fifteen sets of five pairs
of flies for each population type (original stock, and lines from control and experimental cages) were
reared on regular instant food and instant food with 5.5% NaCl and the number of offspring per vial
was recorded.

Confirmation of Homozygosity by Microsatellite Analysis

To check the homozygosity of the initial inbred sepia stock and to rule out contamination by
extraneous flies, microsatellite analysis was performed at the beginning and end of the experiment
using primers for the amplification of microsatellite markers on the second (DROYANETSB,
DMACY9, DROPAD), third (DROABDB, DRONANOS, DMU1951) and X chromosomes
(DMWHITE, DROACS?2) of D. melanogaster. Ten individual flies from each stock (original inbred
se stock, G10 lines of ClI and CII control population cage lines, G6 line of El, and G10 line of Ell
experimental population cage lines) were selected randomly at the beginning and end of the
experiment and were genotyped for the eight microsatellites. PCR primer sequences and
amplification conditions are described in Schug er al. (1998). The PCR products were run on
Spreadex 300 gels using the SEA 2000 electrophoretic system (Elchrom Scientific, Switzerland).
The gels were stained with SBYR Green and viewed using a Storm Phosphoimager (Amersham
Biosciences, U.S.A.). The inbred sepia stocks, control lines, and experimental lines were
homozygous initially and remained homozygous for the microsatellite markers during this study.

Statistical Analyses

Contingency X tests were performed to determine whether the experimental cage populations
had evolved increased tolerance to NaCl. Comparisons were made between the number of flies
emerging without NaCl and with 5.5% NaCl from the original stock with the G10 lines of Cl and ClI|,
the G6 line of EIl, and the G10 line of EIl. The number of flies emerging without NaCl and with
5.5% NaCl from the G10 lines of CI and CII were also compared with the G6 line of El and the G10
line of ElI.

Results

The initial salt concentration that caused extinction of the inbred se stock was consistently 4%
NaCl. The flies in the control cages (CI and CIlI) (regular food without NaCl) survived throughout
the entire experiment (11 generations). For the two experimental cages, cage EI flies went extinct at
4% salt in 7 generations, whereas the cage Ell flies survived up to 5.5% NaCl at generation 10.

Terminal Salt-tolerance Test

As an additional test to confirm that the experimental cage populations evolved increased
tolerance to NaCl, terminal salt-tolerance tests were performed on the original inbred se stock, the
control lines (G10 lines of CI and CIl) and the experimental lines (G6 line of EI and G10 line of
Ell). The results of the terminal tests are shown in Table 1. At 5.5% NaCl no flies emerged from the
original inbred stock, the G10 line of control cage CIl or the G6 line of experimental cage EIl, and
only one fly emerged from the G10 line of control cage Cl. The G10 line from the experimental cage
Ell yielded adults that were 3.3% of the number of flies in vials without NaCl. There were highly
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significant differences between the original inbred sepia stock and experimental cage Ell (P <
0.0001), and between the experimental cage Ell and control cages (CI and CII) (P < 0.0001). There
were no significant differences between the control cages (ClI and Cll) and the original inbred sepia
stock (P = 0.36), experimental cage El and the original inbred sepia stock (P = 0.1146), or between
experimental cage EIl and control cages (Cl and CII) (P = 0.3786).

Table 1. Results of terminal salt-tolerance test of experimental populations compared to the original sepia inbred stock and
the control population cages. Fifteen vials of five pairs of flies for each population type were tested on regular instant food
and instant food with 5.5% NaCl.

Number of flies emerging Number of flies emerging
Population Type (# of vials that produced progeny) (# of vials that produced progeny)
No NaCl 5.5% NacCl
Original Stock (0.S.)>"™ 929 (15) 0 (0)
Experimental Cage | (G6 line of EN)**<%¢ 745 (15) 2(2)
Experimental Cage 11 (G10 line of Elf) ®*™ 909 (15) 31(9)
Control Cage | (G10 line of CI) &®gHkm 788 (15) 1(1)
Control Cage Il (G10 line of CIp)®entktm 702 (15) 0 (0)

3E1vs 0.S: x’= 2.49, df=1, P=0.1146; "El vs Ell: x>= 19.927, df=1, P<0.0001;

°El vs Cl: x’= 0.391, df=1, P=0.5316; “El vs CII: x°= 1.882, df=1, P=0.1701;

® El vs (CI&CII); X°= 1.943, df=2, P=0.3786; 'Ell vs O.S.: x’= 31.154, df=1, P<0.0001;

9 Ell vs Cl: X*= 23.746 df=1, P<0.0001; "Ell vs ClI: x°= 23.597, df=1, P<0.0001;

"Ell vs (CI &CII): X°= 46.373, df=2, p<0.0001; ' Cl vs O.S.: X°= 1.178, df=1, p=0.2777;

K Clvs ClI: X°= 0.890, df=1, P=0.3454; ' Cll vs O.S.: Fisher exact P value>0.9999;

™0.S. vs (Cl & Cll): )(2: 2.068, df=2, P=0.3556. For all the contingency )(2 comparisons, similar P values were obtained with
the Fisher exact tests

Discussion

This study demonstrates that new mutations and selection can cause rapid adaptation of D.
melanogaster t0o increased tolerance to a previous toxic level of NaCl in seven generations,
supporting the important role of new beneficial mutations in adaptive evolution. Recent studies, have
suggested that a larger fraction of mutations are beneficial than was previously believed (Joseph and
Hall, 2004; Shaw et al., 2002; Wloch et al., 2001; Zeyl and Devisser, 2001). This study supports this
view and suggests that new mutations along with strong selection are capable of causing adaptations
in a short period of time. Epistatic interactions among various genes could also be responsible for
some of these rapid adaptations. It is known that new mutations can interact with other genes and
influence many traits (Anholt ez al., 2003).

A number of genes have been shown to be involved in adaptation to osmotic stress in
Drosophila. Some of these include transcription factors, members of mitogen-activated protein
family, heat shock proteins, and various osmolyte transporters (Sano et al., 2005; Inoue et al., 2001;
Huang et al, 2002). The morphological and physiological basis of adaptive responses for salt
tolerance is less clear. Various mechanisms such as reducing the area of contact by small anal
papillae, the induction of osmolyte transporters, and loss of taste reception have been proposed to
adapt Drosophila to the higher concentration of salt, but the genetic basis for the adaptations remains
to be identified (Velde and Scharloo, 1988; Huang et al, 2002; Ishimoto and Tanimura, 2004).
Identifying the number of genes involved in salt adaptation could be helpful in addressing some of
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the aspects of the debate of whether adaptation is a result of many mutations of small effects or few
mutations of large effects (Fisher, 1930; Orr and Coyne, 1992; Daborn et al., 2002; Nachman, 2005).
In this study, adaptation due to new mutations occurred quickly, which might suggest that the
adaptation involved mutations in a few genes. There are numerous examples of mutations in one or
few genes that cause major morphological and behavioral changes (Carroll, 2000; Daborn et al.,
2002).

What is clear from this study is that new mutations are capable of causing rapid adaptations to
a novel environment. These results give support to the hypothesis that new beneficial mutations can
have a major impact on adaptive evolution.
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A revision of the tumiditarsus group of the subgenus Drosophila and its relation
to the genus Zaprionus.

Yassin, Amir. Laboratoire Evolution, Génomes et Spéciation, CNRS, Bét 13, BP1,
av. de la Terrasse, 91198 Gif-sur-Yvette Cedex, France. E-mail: yassin@legs.cnrs-

gif.fr.

Both molecular and morphological analyses have confirmed the paraphyly of the genus
Drosophila, being defined mainly upon non-derived traits (Ashburner et al., 2005). However, many
attempts were made to establish groups of species and radiations of groups and to assign other
drosophilid genera to them (e.g., Throckmorton, 1975). Nonetheless, species groups were usually
arbitrarily defined with no general taxonomical criterion, resulting in some groups including only one
species as well as others encompassing more than 150 species. An example is the tumiditarsus
species group to which a single Oriental species, Drosophila repletoides, belongs. The phylogenetic
positioning of this species, and thus of this group, had a very long debatable history. At times, it was
considered a member of the virilis-repleta radiation, at others of the immigrans-Hirtodrosophila
radiation (see list of synonyms below). A recent molecular phylogenetic study of the virilis-repleta
radiation (Tatarenkov and Ayala, 2001) using alpha-methyldopa-hypersensitive protein (amd) and
dopa-decarboxylase (Ddc) genes discarded D. repletoides from the analysis due to its high degree of
divergence from other species groups. Unfortunately, the same workers did not include the species in
a later work using both genes aiming to analyze the phylogenetic relationships among genera of the
subgenus Drosophila (Tatarenkov et al., 2001). More recently, the species was used in a molecular
phylogeny study of the Drosophilidae based on the Amyrel gene (Da Lage et al., 2006). According to
their results, D. repletoides was placed within the immigrans-Hirtodrosophila radiation, close to the
genus Zaprionus, with a Bayesian posterior probability of 96%. The genus Zaprionus has long been
considered a member of the D. immigrans group (Throckmorton, 1975). In order to test the relation
of Zaprionus to both D. immigrans and D. repletoides, | used the three sequences available on the
GenBank for the latter species (i.e., amd, Ddc, and Amyrel) in a four-taxon analysis, taking the genus
Hirtodrosophila (an ancient subgenus of Drosophila) as an outgroup. As shown in Figure 1, the
result obtained from the Amyrel gene was further confirmed from the combined analysis: D.
repletoides is more related to Zaprionus, than is D. immigrans, although very distant to be included
within it.
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82 Zaprionus tuberculatus
Drosophila repletoides

Drosophila immigrans
Hirtodrosophila pictiventris

—
0.01

Figure 1. Neighbor-joining (NJ) phylogenetic tree inferred from 1217 amino acid sequences of 3
concatenated genes (AMD, DDC and AMYREL) for 4 species of the immigrans-Hirtodrosophila
radiation. The number above the node connecting Zaprionus t0 D. repletoides represents the
bootstrap value after 1000 iterations.

This result prompted me to morphologically revise both D. repletoides and the genus
Zaprionus (especially species belonging to the Oriental subgenus Anaprionus). Although D.
repletoides has a longitudinally striped thorax, which is the most diagnostic feature of the genus
Zaprionus, it differs greatly from the latter by the thoracic stripes being blackish in color with the
median one bifid posteriorly (silvery-white and straight in Zaprionus), by bearing 8 rows of
acrostichal hairs (6 in Zaprionus), having a minute anterior reclinate orbital and no prescutellars (both
well-developed in Zaprionus), and by having the phallus apically bifid (fused with a characteristic
ruff in Zaprionus). Figure 2 shows the difference in thoracic ornamentation among D. repletoides, a
member of the Oriental subgenus Anaprionus of Zaprionus with the subgeneric characteristic of the
presence of a median stripe (Z. bogoriensis) and a member of the Afrotropical subgenus Zaprionus s.
str. with the subgeneric characteristic of the absence of the median stripe (Z. tuberculatus).

Figure 2. A compare-ison
of frons and thoracic
ornamentation among
Drosophila  repletoides,
Zaprionus bogoriensis and
Z. tuberculatus showing
the difference in color and
bifurcation of the
longitudinal stripes. (Note
also the disposition of
orbital bristles, the number
of rows of acrostichal
hairs, and the presence or
absence of the prescutellar
bristles).  Drawings are
scaled to the relative sizes
of species.

4 ._.‘ |L
Drvasophila (D) replefoides Zapriowus (A ) bogoriensis Z (Z ) fuberculatus

Nonetheless, 3 species classified within the Oriental subgenus Anaprionus (Baechli, 1999-2006)
share the same thoracic ornamentation as D. repletoides, as well as all the above characteristics
distinguishing it from Zaprionus. Those are Z. multistriatus Duda (1923), Z. flavofasciatus Takada et
al. (1979) and Z. cercociliaris Gupta and Gupta (1991). Their position within the genus Zaprionus is
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no longer justified and they have to be placed in the genus Drosophila within the tumiditarsus group.
In fact, the first two species were first described as Drosophila species.

In addition, the widespread Z. (Anaprionus) bogoriensis Mainx (1958) should also change its
name. This species had a long history of synonyms (see below) of which the oldest is Z. multistriatus
Sturtevant (1927), preoccupied by Z. multistriatus Duda (1923). Since Duda’s species is now
incorporated into Drosophila according to this study, the synonym problem disappears, and Z.
bogoriensis should recover its older name of Z. multistriatus Sturtevant.

In conclusion, the major nomenclatural changes | made in this paper can be summarized as
follows:

Genus Drosophila Fallén, 1823, Diptera sveciae. Geomyzides: 4
Subgenus Drosophila Fallén
tumiditarsus group Clayton and Wheeler, 1975, In: King, R. C. (ed.), Handbook of Genetics
3: 490
D. cercociliaris Gupta and Gupta, 1991, Proc. zool. Soc., Calcutta 44: 119 comb. nov.
D. flavofasciata Takada, Beppu and Toda, 1979, J. Fac. gen. Educ., Sapporo Univ. 14:
122 nomen protectum
D. multistriata Duda, 1923, Annls hist.-nat. Mus. natn. Hung. 20: 57 nomen
protectum
syn. lineata de Meijere, 1911, Tijd. Ent. 54: 420 (Stegana: preocc.)
D. repletoides Hsu, 1943, Kwangsi Agric. 4: 162
syn. tumiditarsus Tan et al., 1949, Univ. Texas Publs 4920: 205
syn. hayashii Okada, 1953, Zool. Mag. Tokyo 62: 285
syn. chinoi Okada, 1956, Syst. Study of Drosophilidae and Allied Families of
Japan, 162
Genus Zaprionus Coquillett, 1901, Proc. U. S. natn. Mus. 23: 31
Subgenus Anaprionus Okada, 1990, Jpn. J. Ent. 58: 154
Z. multistriatus Sturtevant, 1927, Philipp. J. Sci. 32: 365 nomen protectum
syn. bogoriensis Mainx, 1958, Zool. Anz. 161: 126
syn. argentostriata Bock, 1966, Univ. Qld. Pap., Dep. Zool. 2: 273
(Drosophila)

The taxonomic status of the four species of the tumiditarsus group remains to be determined in light
of more detailed molecular, morphological and behavioral analyses.
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Drosophila collection in Baja California, México: New records for four species.

Castrezana, Sergio. Drosophila Tucson Stock Center, University of Arizona,
Tucson, AZ 85705, USA; E-mail: castreza@email.arizona.edu

Drosophila flies were collected on the Baja California Peninsula in January
2001 in 39 stations covering 22.94°N, 109.99°W to 31.66°N, 116.53°W. Drosophila were obtained
from natural cactus rots and artificial baits of cardon Pachycereus pringlei, senita Lophocereus
schottii, agria Stenocereus gummosus, organ pipe Stenocereus thurberi, prickly pear Opuntia
engelmanni, and banana. For artificial baits, about 20 kilograms of fresh cactus tissue was cut in
small cubes, placed in a 10 gallon container cover with water, and inoculated with natural rot liquid.
Then, almost 300 grams of prepared rotten tissue was placed in a two-liter green soda container and
local vegetation was added for perching purposes. Baits were recovered after a 3-10 day period, flies
were sorted on site, and isofemale lines were set up. Specimen identities were confirmed at the
University of Arizona, either by external morphology, genitalia morphology, polytene chromosomes
squashes, and/or molecular analysis by the author. A total of 5251 Drosophila flies in 17 species
were collected from 25 rotten cacti plants, 95 baits in 39 localities. Table 1 shows the species and
numbers collected by state. Drosophila flies were more abundant at the south of Baja Peninsula
during collection time. Percentage of species composition per bait type is presented in Table 2. In
general, prickly pear baits were not attractive for Drosophila flies; only ten individuals were collected
over eight baits.

Table 1. Species collected by state in Baja California Peninsula, January

2001.

Species Baja North Baja South Total
D. mojavensis 90 1424 1514
D. pachea 219 664 883
D. aldrichi 124 671 795
D. mettleri 218 347 565
D. simulans 57 441 498
D. nigrospiracula 4 356 360
D. pseudoobscura 124 104 228
D. arizonae 1 116 117
D. hydei 35 55 90
D. busckii 83 1 84
D. spenceri 0 70 70
D. repleta 0 14 14
D. eremophila 0 13 13
D. azteca 0 8 8
D. mainlandi 0 6 6
D. melanogaster 1 3 4
D. mathisi 1 1 2

Upon request, the author can provide specific collection data such as flies per bait, locality,
and sex of the sample. According to the book by Markow and O’Grady (2006), four species, D.
azteca, D. mathisi, D. pseudoobscura, D. spenceri, are new records in Baja California peninsula.
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Table 2. Percentage species composition per bait type in Baja California collection, January
2001. Data presented by column.

Banana Agria Cardon Senita  Organ pipe
Species Total baits 11 28 23 21 10
Total flies 566 1055 1022 630 374
D. mojavensis 24.9% 33.6% 29.2% 4.9% 26.5%
D. aldrichi 6.5% 24.8% 19.7% 15.9% 35.0%
D. pachea 1.2% 2.5% 54.1% 8.3%
D. mettleri 7.2% 4.6% 16.0% 12.5% 11.0%
D. simulans 17.8% 21.0% 11.8% 3.5% 6.4%
D. nigrospiracula 0.7% 2.4% 7.8% 8.4% 5.9%
D. pseudoobscura 14.5% 4.5% 7.4% 0.3% 4.5%
D. arizonae 3.0% 1.2% 1.7% 0.2% 1.3%
D. hydei 4.9% 4.5% 1.0% 0.8%
D. busckii 13.3% 0.8% 0.2%
D. spenceri 2.8% 0.5% 2.0% 0.3%
D. repleta 1.1% 0.8%
D. eremophila 1.4%
D. azteca 1.2% 0.1%
D. mainlandi 0.6%
D. melanogaster 0.4% 0.2%
D. mathisi 0.2% 0.1%

References: Markow, T.A., and P.M. O’Grady 2006, Drosophila, 4 Guide to Species
Identification and Use. Academic Press.

Drosophila carbonaria: reproductive notes and a new recipe to rearing it in
laboratory.

Castrezana, Sergio. Drosophila Tucson Stock Center, University of Arizona,
Tucson, AZ 85705, USA; E-mail: castreza@email.arizona.edu

Drosophila carbonaria Patterson and Wheeler 1942 is a single species in the carbonaria group
(Sturtevant, 1942) within the subgenus Drosophila. This species is found in the Sonoran and
Chihuahan Deserts of the Southwestern United States and Mexico. In nature, D. carbonaria are
associated with the sap fluxes of mesquite trees (Prosopis spp.), and occasionally, windfall citrus
fruits (Patterson, 1943). It is extremely rare to collect D. carbonaria on banana baits even when
these baits were close to the mesquite trees (Pers. obs.). Recently, D. carbonaria has been introduced
in the Hawaiian archipelago along with its host (Wagner, er al., 1990). Nevertheless, Hawaiian
collections of D. carbonaria were associated to the sap fluxes of monkeypod trees Samanea saman
(O’Grady, et al., 2002).

Mesquite fluxes have the lowest nitrogen and phosphorus content of several described
Drosophila host, including the cactus hosts of Sonoran desert Drosophila (Jaenike and Markow
2003). Thus, D. carbonaria likely has adopted specialized strategies to survive on its nutrient poor
diet. Indeed, of 21 yeast species isolated from both mesquite and D. carbonaria flies, three of then
were unique to this Drosophila-plant association (Ganter et al., 1986). The paucity of research on the
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reproductive ecology of D. carbonaria, coupled with its unique host environment, has made it
difficult to adapt this species to laboratory culture in the past.

Patterson (1943) indicated that D. carbonaria does not breed well on laboratory medium
unless the food is rather soft. | used wild-caught D. carbonaria females and their F1-F3 progeny to
examine this result empirically. Drosophila carbonaria individuals were collected in Wetmore Park
at Tucson, Arizona (32.28°N, 110.97°W) and set in 3-liter jars containing mesquite sap flux for three
days. A female was then aspirated into a vial with one of three types of softened laboratory culture
media: cornmeal, banana/opuntia, or Wheeler-Clayton food (recipes available at
http://stockcenter.arl.arizona.edu). At least four ovipositing females were used for each laboratory
culture medium. After 24 hours, the female was removed and the number of eggs was counted.
Following larval development, pupal cases and eclosed adults were also quantified. F1 individuals
were sorted as virgins and matured for ten days in vials containing the same culture media as their
larval environment. F1 D. carbonaria pairs were then aspirated into vials with softened laboratory
culture media and left in the vial for 24 hours. The pair was then removed and eggs, pupae and adults
were counted. This procedure was repeated for F2 and F3 D. carbonaria individuals.

Results are presented in Table 1. For all media, almost 90% of D. carbonaria hatching larvae
died before they reached the pupal stage. Furthermore, after three generations in these laboratory
food media, all strains of D. carbonaria perished. There was some variation, however, in
productivity of D. carbonaria on different media. Laboratory cornmeal medium was the most
sustainable food type compared with Wheeler & Clayton or Banana/opuntia foods.

Table 1. Testing three different laboratory culture media for Drosophila carbonaria: Average number of eggs oviposited in 24
hours, total number of larvae reaching pupae stage, and total adults emerging.

Wheeler & Clayton Cornmeal Banana/Opuntia
N eggs pupae adults N eggs pupae adults N eggs pupae adults
wild-2 4 23.3t3.8 1.0+0.4 0.8+0.4 4 453+55 53+1.0 4.3+05 4 20.8¢6.0 3.5+1.0 0.8+0.3
F1 2 11.0#1.0 35+05 1.5+15 4 242427 5.0£09 3.8%£1.5 2 6.5+15 2.0+1.0 1.0+0.0
F2 1 13 3 3 4 15.8+4.1 1.25+0.6 0.8+0.5 -
F3 1 24 1 1 4 31.046.9 3.0+1.3 1.8+1.0 -
Table 2. Testing new laboratory culture media with

different concentrations of mesquite sap infusion for
Drosophila carbonaria: Average number of eggs
oviposited in 24 hours and total adults emerging.

Due to the inability of laboratory media to
sustain D. carbonaria in culture, | sought to
determine the relationship between these insects
and their native host: mesquite sap fluxes. It was,

0%* 25% 50% 100% \
N 4 10 10 10 therefore, necessary to harvest mesquite sap flux
eggs 242427 24.8+21 255#21 247t1.3  from nature. While collecting sap flux directly
adults  3.8+#1.5 119414 11.6+1.5 21.4+13

*Values corresponded to F1 individuals in cornmeal on
table 1.

from mesquite trees would be ideal, plant
physiology and the arid desert environment made

this impractical. Indeed, only five milliliters of sap
were obtained from 36 mesquite rotten processes visited in eight hours of collection. Thus, I
collected mesquite bark covered with dry fluxes, which it is very abundant. The bark was removed
from the trees with a 30-centimeter long screwdriver. In order to resuspend these dried fluxes, 500
grams of harvested bark was boiled for five minutes in one-liter of double distilled water. Three
dilutions, 25%, 50% and 100%, of the resultant liquid were produced. Five milliliters of this sap
dilution was then combined with five milliliters hot cornmeal media in a vial and allowed to cool at
room temperature for 6 hours.
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The three types of resultant media were used to test D. carbonaria food preference. Mature
mate pairs of F1 D. carbonaria raised on cornmeal were introduced to the new sap dilution media.
After 12 hours, the flies were removed and eggs counted. Vials were retained to quantify pupal cases
and eclosed adults (Table 2). After six days, a piece of boiled mesquite bark was added for perching
purposes.

Regardless of the concentration of mesquite sap dilution, no significant differences were
observed the quantity of oviposited eggs (£330 =. 058, p = 0.981). Therefore, the presence of
mesquite sap does not affect the female oviposition preference. On the other hand, significant
differences between treatments were observed for larval performance on different media.
Specifically, larval survival to adulthood is significantly increased by the presence of mesquite sap on
the food (F;30 = 18.741, p = 0.000). On average, larval survivorship of Drosophila carbonaria in
laboratory exhibits a 3-fold increase on 25% and 50% dilutions of mesquite infusion, and a greater
than a 5-fold increase on undiluted mesquite sap infusion. A Drosophila carbonaria stock
maintained in laboratory conditions with 100% dilution is available at the Tucson Stock Center (label
15400-0011.00 at http://stockcenter.arl.arizona.edu).

References: Garner, P.F., W.T. Starmer, M.A. Lachance, and H.J. Phaff 1986, Oecologia 70:
386-392; Jaenike, J., and T.A. Markow 2003, Func. Ecology 17: 115-120; O’Grady, P.M., J.W.
Beardsley, and W.D. Perreira 2002, Bishop museum ocasional papers 698: 34-35; Patterson, J.T.,
1943, Univ. Texas Publs 4313: 7-216; Patterson, J.T., and M.R. Wheeler 1942, Univ. Texas Publs
4213: 67-109; Sturtevant, A.H., 1942, Univ. Texas Publs 4213: 5-51; Wagner, W.L., D.R. Herbst,
and S.H. Sohmer 1990, Manual of the Flowering Plants of Hawai’i, University of Hawaii Press &
Bishop Museum Press.

Loss of paracentric inversions in laboratory stocks of Drosophila ananassae.

Singh, P., and B.N. Singh*. Genetics Laboratory, Department of Zoology, Banaras
Hindu University, Varanasi-221005, India. * E-mail: bnsingh@bhu.ac.in

Drosophila ananassae exhibits a high degree of chromosomal polymorphism. It
harbors a large number of inversions in its natural populations (Singh, 1998). Out of these reported
from various parts of the world, most have restricted distribution while the three cosmopolitan
inversions namely, Alpha (AL) in 2L, Delta (DE) in 3L and Eta (ET) in 3R show worldwide
distribution (Singh, 1998). Population genetics of chromosomal polymorphism in Indian natural
populations of D. ananassae has been extensively studied (for references see review by Singh, 1998).
The results have clearly shown that there is geographic differentiation of inversion polymorphism.

In the present communication, we report about the fate of two new paracentric inversions
namely, theta and iota, (Singh and Singh, 2005a,b) detected from an isofemale line from Bhubneswar
(Orissa) and Allahabad (Uttar Pradesh), respectively. D. ananassae flies from these places were
collected during June 2005 and October 2005, respectively. Two isofemale lines were maintained on
the simple culture medium by transferring fifty flies (males and females in equal number).
Laboratory stock from Bhubneswar was analysed after 18 generations while laboratory stock from
Allahabad was analysed after 14 generations by squashing more than fifty larvae. In both of the
stocks the two new inversions namely, theta and iota, were found to be eliminated. Although, a large
number of paracentric inversions are known to occur in D. ananassae, only three have become
coextensive with the species. Most of the inversions have localized distribution and have been
detected from the few individuals. This is a feature of the pattern of the chromosomal polymorphism
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in D. ananassae (Carson, 1965; Singh, 1988). In the present communication, the loss of two
paracentric inversions each of which was detected from a single naturally inseminated female is
discussed.

At its origin, the unique copy of an inversion will be in a single individual in the heterozygous
state. In the following generations, if the inversion escapes elimination, it will be found
predominantly in the heterozygous state until (and if) it reaches a substantial frequency. Their
evolutionary fate, then, depends upon their gene content (Krimbas and Powell, 1992).

Three stages may be identified in the evolutionary history of an inversion (Nei, et al., 1967).
Shortly after its origin as a unique event, the inversion will be lost or survive due largely to stochastic
events irrespective of population size (Fisher, 1930; Li, 1955). If the inversion survives this early
stage to become present in several copies in the population, selective process may begin to control its
fate, along with stochastic ones especially in small populations. In the third stage, a balance may be
achieved in establishing a stable polymorphism due to some form of selection (Krimbas and Powell,
1992).

Two types of model based on computer simulations and analytical procedures exploring the
fate of newly arisen inversions can be distinguished, the additive model and the interactive model.
According to the first model (Sturtevant and Mather, 1938), there have been several linked genes,
each with two alleles, one beneficial and one detrimental. Selection was hypothesized to eliminate
unfit phenotypes caused by homozygosity of detrimental alleles in case of dominance, or with added
selection against heterozygotes in the case of no dominance. The new inversion was introduced in a
single copy into a small genetically variable population. Establishment meant either being
maintained as stable polymorphism or going to fixation. Inversions with superior allelic content
could be established. Gene action (i.e., dominance, absence of dominance, and occasionally
overdominance were considered), allelic content of the new inversion, and the initial frequencies of
the advantageous alleles in the population were the most important variables in determining the fate
of an inversion. Neither overdominance at the genic level nor epistasis was necessary, although they
might render easier the establishment of the inversions (Kojima, 1967). Thus the establishment of a
new inversion would be a rare event.

The simplest possible interactive model consists of two genes with two alleles each (the two
locus system). According to Fisher (1930), in a population where alleles at loci A and B interact such
that the combinations AB and ab are selectively advantageous over Ab and aB, any genetic variant
reducing recombination between the loci will be favored such that AB/ab heterozygotes would
produce fewer unfavorable Ab and aB gametes.

Federer et al. (1967) proposed a model in which the expected frequency of generation of an
inversion is a linearly decreasing function of its length:

hi(v) = 2 (c-v)/c?, with a mean ¢/3 and a variance ¢*/18
where, hy(Vv) is the frequency of an inversion of length v occurring in a chromosome of total length c.

Van Valen and Levins (1968) also considered a model where the gene content of inversions
was crucial in their establishment and that the probability of retention of an inversion is directly
related to the number of overdominant loci captured, the expected distribution of lengths favors
longer inversions. In D. ananassae AL (alpha) inversion, by virtue of being the longest among the
three inversions (AL, DE, ET), has more probability of catching two or more genes with favorable
epistatic effect on fitness which increases with size of the inversion, i.e. the selective advantage
gained by the inversion increases with recombination distance between them (Caceres et al.,1999;
Schaeffer et al., 2003). Olvera et al. (1979) examined the distribution of 34 naturally occurring
inversions in a single chromosome (the third) of D. pseudoobscura and concluded that the wider the
distribution and higher the frequency the more successful the inversion. Krimbas and Loukas (1980)
examined complex inversion combination in D. subobscura and concluded that such combinations
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will protect from recombination the chromosome more efficiently than would any single inversion of
comparable size. Van Valen (1961) studied a new inversion spontaneously appearing in a population
of D. pseudoobscura. An increase in frequency was followed by a decrease. This was interpreted as
indicating exchange of alleles between the new inversion and the common preexisting gene
arrangement leading to shifts in karyotypic fitness. These laboratory experiments reveal that
retention of inversion is dependent upon its combining abilities with other chromosomes in the
population, that is, its ability to be heterotic with other gene arrangements.

It could be said that most often moderately sized inversions are favored due to trade-off
between long and short inversions. Long inversions have a higher probability of capturing favorable
sets of alleles solely because they capture more of the genome. However, they may loose their
favorable content at a higher rate due to double cross overs. Shorter inversions have a low
probability of capturing favorable combinations of alleles, but once they do they retain them more
efficiently than do longer inversions (Krimbas and Powell, 1992). Also, the role of gene
recombination could be important in two ways, one is the production of such gene combinations that
are of rare permanent advantage to the species (three cosmopolitan inversions in D. ananassae). |If
the advantageous gene combinations are preserved due to inversion heterozygosity and become
established in its genetic structure, then, the inversion heterozygotes prove to be an asset to the
species. Second is the production of disadvantageous gene combinations as an insurance against the
period when some of them might be needed for adaptation of the population.

Acknowledgments: The financial support from CSIR, New Delhi in the form of Senior
Research Fellowship to PS is gratefully acknowledged.

References: Caceres, M., A. Barbadilla, and A. Ruiz 1999, Genetics 153: 251-259; Carson,
H.L., 1965, The Genetics of Colonizing Species, Academic Press, London, New York: 503-531;
Federer, W.T., R.G.D. Steele, and B. Wallace 1967, Genetics 55: 783; Fisher, R., 1930, The
Genetical Theory of Natural Selection, Carendon Press, Oxford; Li, C.C., 1955, Population
Genetics, University of Chicago Press, Chicago; Kojima, K.l., 1967, Cienc. Cult. 19: 67-52;
Krimbas, C.B., and J.R. Powell 1992, Drosophila Inversion Polymorphism, CRC Press, Boca Raton:
14-20; Krimbas, C.B., and M. Loukas 1980, Evol. Biol. 12: 163-234; Nei, M., 1967, Genetics 57:
625-641; Olvera, O., J.R. Powell, M.E. de la Rosa, V.M. Salceda, M.L. Gaso, J. Guzman, W.W.
Anderson, and L. Levine 1979, Evolution 33: 381-395; Schaeffer, S.W., M.P. Goetting-Minesky, M.
Kovacevic, J.R. Peoples, and J.L. Graybill et al., 2003, PNAS 100: 8319-8324; Sturtevant, A.H., and
K. Mather 1938, Am. Nat. 72: 447-452; Singh, B.N., 1988, Ind. Rev. Life Sci. 8: 147-168; Singh,
B.N., 1998, Ind. J. Expt. Biol. 36: 739-748; Singh, P., and B.N. Singh 2005a, Dros. Inf. Serv. 88: 10-
11; Singh, P., and B.N. Singh 2005b, Dros. Inf. Serv. 88: 15-16; Van Valen, L., 1961, Am. Nat. 95:
113-120; Van Valen, L., and R. Levins 1968, Am. Nat. 102: 5-12.

A study of P element and hybrid dysgenesis phenomena in some Drosophila
melanogaster populations from Turkey.

Atli, Kurtulus. Hacettepe University, Faculty of Science, Department of Biology,
Division  of  Genetics, 06800, Beytepe, Ankara, Turkey; E-mail:
kurtulusatli@gmail.com.

Mobile or transposable elements are DNA sequences that have the ability to integrate into the
genome at a new site within their cell of origin (Kazazian, 2004). Over the last two decades a large
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number of transposable elements have been identified in a wide variety of evolutionarily distant
organisms, where they often represent a large fraction of the genome: 12% in Drosophila, 45% in
humans, 50% in maize and up to 90% in some plants (Dimitri et al., 2003). There are more than 40
mobile elements in Drosophila genome (Rasmusson et al., 1993). P element is the most studied one
among them (Dominguez and Albornoz, 1996; Dimitri et al., 2003). The number of P transposable
elements in any natural population of Drosophila melanogaster can categorically be characterized
within the dysgenesis system, P and M (Kidwell, 1983a; Kidwell,1986; Engels, 1996; Ozsoy, 2000).
In the P-M system, three classes of strains P, Q, and M, have been described on the basis of their
phenotypic properties (Kidwell, 1985). P strains have the P cytotype. These strains have the
potential to produce variable degrees of P factor activity. M strains possess M cytotype and are
divided into two subcategories, true M and M’ (pseudo-M). True M strains completely lack any
members of the P element family. M’ strains carry a variable number of P elements, many and
sometimes all of which may be defective. The M’ type is common in strains recently derived from
natural populations in Europe and Asia (Kidwell, 1986). Hybrids between P strain males and M
strain females how significant frequencies of dysgenic traits, notably gonadal dysgenesis (GD
sterility) and singed-weak mutability. Q strains are considered to be a subset of P strains; they do not
show gonadal sterility in any strain combination, but can produce low frequencies of other dysgenic
traits, such as singed-weak mutability and male recombination, in crosses with M-strain females
(Kidwell, 1985). The P element-associated dysgenesis, hybrid dysgenesis, of an individual fly is
thought to be determined by the very presence of genomic P elements in that fly, and the categories
are constructed by the levels of dysgenesis measured by appropriate genetical tests (Kidwell, 1986;
Engels, 1996). Geographical variation in P element numbers of natural D. melanogaster populations
(corresponding to their P-M status) has been documented. Major continental differences in the
genomic distribution of P elements are observed when present-day American and European
populations are compared. Almost all American populations are of the P/Q type, but in European
populations P strains are rare and M’ strains are common. The level of P-element susceptibility
varies widely across a gradient from west to east (Anxolabéhére et al., 1988).

In this study, 6 geographically different natural populations of Drosophila melanogaster from
Turkey (Ankara, Kerpe and Giresun) were examined and their P-M statuses were determined by
using Gonadal Dysgenesis (GD) Sterility Assay. Four Central Anatolian (Eryaman 1, Eryaman 2,
Ayranci, Beytepe; four local populations in Ankara) and two Northern Anatolian (Kerpe and
Giresun) populations were collected during the summer. At each location the number of the flies
collected exceeded 50 individuals per population. The GD sterility assay allows one to analyze the
results of dysgenic crosses with marker strains, the visible changes in the overall morphology of
gonads of the F1 female progenies caused by P mobility at developmental temperature above 25°C
(exactly 29°C in this study), to determine P-M categories in an easy way (Ozsoy, 2000). Two types
of mating, termed as “Cross A” and “Cross A*”, were done to determine the P activities and
cytotypes of tested natural populations. Cross A and A* were done as three replicas for every natural
population (see Kidwell, 1986, for experimental setup and the marker strains used in these specific
crosses). Parental hybrid matings were made in culture bottles that contained a standard Drosophila
medium and immediately placed at 29°C until the eclosion of F; progeny. F; females were aged for
three to five days after eclosion in order to allow any oocytes present to undergo full maturation.
Ovaries were dissected into water. Observations were made with a stereodissection microscope at
magnifications ranging from 10.5 to 45x (see picture in Kidwell, 1986). The frequency of ovarian
dysgenesis was calculated as the number of dysgenic ovaries divided by the total number of ovaries
examined, and cytotypes were determined according to the standard table given in Kidwell 1986
(Table 1).
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Table 2 shows the percentage dysgenesis levels per population for the activity potentials and
regulatory abilities. According to GD sterility assay, Ery-2, Beytepe and Giresun populations were
defined as M' (pseudo-M); Ery-1, Ayranci and Kerpe populations were determined as Q (weak-P).
The highest P activity (58.3%) was obtained in Giresun population and the smallest (2.5%) in Kerpe
population. %GD sterility of natural populations in Cross A and Cross A* is illustrated in Figures 1
and 2.

The populations were sampled from two ecologically distinct regions; Central Anatolian and
Northern Anatolian parts of Turkey. The P-M status distribution of the populations determined by
using the standard table of Kidwell (1986) resembles Eurasian strains which were mentioned Kidwell
(1983b). The P-M category of Kerpe population collected from West Black Sea region was defined
as Q strain (2.5% GD sterility), that of Giresun population collected from East Black Sea region was
determined as M’ strain (58.5% GD sterility). Therefore, it can be said that the strain type and the
amount of %GD sterility in Black Sea region may change in an easterly direction. To justify this
hypothesis, studies should be extended by raising the number of samplings from west to east, in other
following cases. Moreover, it was found that Ery-1 and Ayranci populations were Q strain; Ery-2
and Beytepe populations were M’ strain. The finding of the four populations collected in Ankara is
considered as a supporting proposal that fruit flies may have genetical varieties. So it is natural to
expect more particular differences between two areas considering the fact that some GD sterility
differences were gained even in districts of Ankara.

Table 1. Characteristic values for GD sterility in standard The P-M status distribution of the
tests of various categories of strains (After Kidwell, 1986). different natural populations in Turkey
— has been investigated by some

%GD sterilit
Strain type oo sty researchers (Konac and Bozcuk, 1990;
Cross A Cross A* Konac et al., 1995; Ozsoy and Bozcuk,
M (true) 0 100 2000). But these results are not
M' (pseudo — M) 0-°? 0-100 completely satisfactory to draw a general
Q (weak P) 0—10 0-10 conclusion for Turkey concerning P-M

status. The natural populations collected
from different regions can be helpful in
P (strong) 81 - 100 0-10 revealing a map of Turkey’s P-M system.

P (moderate) 11-80 0-10

Table 2. Percentages of gonad dysgenesis in the different natural populations of Drosophila
melanogaster.

Natural Cross Types % G_D '
Populations Temperature 2N 1N ON sterility Strain types
A A A A* A A* A A*
Ery-1 29°C 60 55 0 1 0 4 0 75 Q(weak-P)
Ery-2 29°C 40 51 0o 1 o 11 0 183 M'(pseudo-M)
Ayranci 29°C 60 56 0 © 0 6 0 97 Q(weak-P)
Beytepe 29°C 57 36 3 2 0 22 25 383 M(pseudo-M)
Kerpe 29°C 60 57 0 3 0 0 0 25 Q(weak-P)
Giresun 29°C 60 22 0 6 0 32 0 583 M(pseudo-M)
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Figure 1. %GD sterility of natural populations of Drosophila melanogaster in Cross A.
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Figure 2. %GD sterility of natural populations of Drosophila melanogaster in Cross A*.
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A color and life-history polymorphism in Drosophila sulfurigaster.

van der_Linde, Kim. Department of Biological Science, Florida State University,
Tallahassee, FL 32306-1100, USA; E-mail: kim@kimvdlinde.com.

The species of the nasuta species subgroup (immigrans species group) are highly similar and
are best identified using karyotyping (Wilson et al., 1969), although three groups are distinguished
based on the coloration of the frons (the area between the eyes). D. kohkoa, D. kepulauana, D.
nasuta, D. albomicans and D. niveifrons have a white patch on the frons. The various subspecies of
the D. sulfurigaster complex and D. pulaua have white orbits, while the remaining species—D. taxon
F, D. taxon |, D. taxon J and D. pallidifrons—do not have white on the frons (Wilson et al., 1969;
Kitagawa et al., 1982; Kitagawa, 1991; Yu et al, 1999). The coloration is more pronounced in
males, but under the right light conditions, this character is also visible in females of D. sulfurigaster,
though less obvious. Despite many studies, the taxonomy of the group is still not fully known (see
Yu et al., 1999; Nagaraja et al., 2004; Bachtrog, 2006), while the assignment of species and
subspecies status varies between authors (see Yu et al., 1999).

Three representatives of this group, D. sulfurigaster (white orbits), D. kohkoa and D.
kepulauana (both entire white frons), are found in the Philippines; of these, only D. sulfurigaster has
been recorded from the north of Luzon (Baltazar, 1991; Béchli, 1999-2007; Ruiz-Fiegalan, 2004). In
October 1994, | collected Drosophila in the Sierra-Madre Mountains, near Cabagan, Isabela province
in the northern Philippines. Individuals belonging to the D. nasuta subgroup were assigned to two
groups based on the absence or presence of the whitish to silvery lines on the frons along the eyes.
One group clearly resembles D. sulfurigaster, while the second group did not fit the known species of
the Philippines (‘Type A’). No individuals with a whitish to silvery sheen on the entire frons were
found, confirming the absence of D. kohkoa and D. kepulauana from the north of Luzon (Baltazar,
1991; Bachli, 1999-2007; Ruiz-Fiegalan, 2004).

D. sulfurigaster is a generalist species, collected in three habitats (grassland, forest edge and
secondary forest), while “Type A’ is only found in the secondary forest. The distance between the
collection sides in the secondary forest and in the forest edge was less than one kilometer. Two life-
history characteristics, development time and starvation resistance, were measured for both types
using standardized methods in a common laboratory environment in the F3 generation (for details, see
van der Linde and Sevenster, 2006). The average values for development time and starvation
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resistance were for the “Type A’ strain 8.74 days and 3.34 days, respectively. The estimates for the
sympatric secondary forest population of D. sulfurigaster were 10.08 days and 2.79 days,
respectively, a significant difference with ‘“Type A’ for both traits (p < 0.05 for each trait). At the
same time, the variation between populations of D. sulfurigaster is not significant (P = 0.58 and P =
0.19, respectively), and substantially smaller than the differences between these two types
(development time: 9.75 -10.08; starvation resistance: 2.79 - 3.18; van der Linde and Sevenster,
2006).

These obvious differences between the two groups raise the question whether these are
separate species or represent a single-gene polymorphism. Individuals of the ‘Type A’ can be
crossed without a problem with individuals of a laboratory strain of D. sulfurigaster from the
Northern Philippines (personal communication Dr. Y. Fuyama). Unfortunately, various crosses
between the different taxa in the D. nasuta species subgroup produce F;-offspring, despite that they
are morphologically indistinguishable. One example consists of D. nasuta and D. albomicans that
differ only in karyotype (Wilson et al., 1969; Wakahama and Kitagawa, 1972), but they mate freely
with each other and produce fertile F; progeny but their F, progeny is not. When either D. taxon F
from Malaysia or D. pallidifrons from Ponape (with coloration as the ‘Type A’ individuals) are
crossed with D. sulfurigaster, the offspring is completely sterile (Wilson et al., 1969; Kitagawa et al.,
1982). The lack of offspring would have been a strong argument in favor of two species, but the
reverse is not a conclusive argument that the two types are one and the same species.

To conclude, the unidentified “Type A’ clearly differs in coloration (no white on the frons)
and life-history traits (shorter development time and longer starvation resistance) from D.
sulfurigaster. The same difference in coloration pattern has been observed between species of this
subgroup but not within a single species. When crossed, they produce Fi-offspring without a
problem, which is observed between species of this subgroup. If “Type A’ individuals are variants of
D. sulfurigaster, the association between life-history traits and coloration suggests a stable single-
gene polymorphism with strong pleiotropic effects. Furthermore, this would imply also that the color
differences at the frons are not a useful character for the identification of the various species. Further
research will be needed to determine whether ‘“Type A’ represents a variant of D. sulfurigaster or a
separate (and potentially undescribed) species. Regardless whether these two types are color and life-
history variants or two different species, the differences between the types provides new clues to the
evolution and speciation within this intriguing group of species as well as to the usefulness of color
characteristics for the identification of the species.

Acknowledgments: | thank Dr. Y. Fuyama, Tokyo Metropolitan University, Japan, for
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the collection of the flies in the Philippines.
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New records of Zaprionus indianus Gupta, 1970 (Diptera, Drosophilidae) in
North America and a key to identify some Zaprionus species deposited in the
Drosophila Tucson Stock Center.

Castrezana, Sergio. Drosophila Tucson Stock Center, University of Arizona,
Tucson, AZ 85705, USA; E-mail: castreza@email.arizona.edu.

The old world native species from subgenus Zaprionus and species group armatus, Zaprionus
indianus Gupta, 1970 (Chassagnard, 1988; Chassagnard and Kraaijeveld, 1991; Chassagnard and
Tsacas, 1993), was first recorded in the Western Hemisphere in San Paulo, Brazil. Vilela (1999)
suggested that the species might have colonized Brazil from the U.S.A. Obviously, no previous
records substantiated such an idea. In Brazil, Z. indianus was recognized as an active pest mainly in
commercial figs where eggs laid at the ostiole gave easy access to the fruit (Vilela et al., 2001; Raga
et al., 2003). Although Z. indianus was reared from several hosts (van der Linde et al., 2006), in all
cases the fruit had previous damage. Zaprionus indianus spread rapidly through South America
where it has established large populations (Castro and Valente, 2001; Goni et al., 2002; Dobbin et al.,
2004; David et al., 2005). In 2003, a few Z. indianus were collected from Isla Contadora, Panama.
Then, Z. indianus was collected in several Florida counties in 2005 and individuals’ numbers are
increasing (van der Linde et al., 2006). Apparently, colonization through the Caribbean is the logical
explanation for the Z. indianus presence in the southeast U.S.A. However, here | present some
records from Mexico, a potential alternative route for the incipient Z. indianus colonization of the
Western U.S.A. Another hypothesis for Z. indianus colonization of the western America is through
the ports.

University of Arizona Drosophila researchers collect continually from Mexico using banana
baits in two-liter soda containers as described in O’Grady and Markow (2006). In May 2002, on a
Drosophila collection trip scheduled in the states of Puebla, Oaxaca and Chiapas, three males and one
female of Z. indianus were captured three kilometers north of Chiapa de Corzo, Chiapas (16.74°N,
92.97°W) close to citrus/mango groves. In this sample, 96.4% were simulans/melanogaster where Z.
indianus represented only 0.2% of the sample. The second Z. indianus collection took place in
January 2004 during a collection trip carried out in the states of Michoacan, Estado de México,
Jalisco and Sinaloa. One Z. indianus male was captured in El Tuito, Jalisco (20°19.1' N, 105°19.02'
W), in a semi caducifolic rainforest. On this occasion, Z. indianus was collected along with
indigenous species such as D. aldrichi, D. eremophila, D. nigricruria and D. gibberosa. The latest
Mexican collection of Z. indianus was made recently, in San Carlos, Sonora (27.97°N, 110.99°W)
when two males were caught in a trash site close to orange/guava/mango groves (December 2006).
The species composition in this collection was D. simulans, D. melanogaster, D. hydei, D. arizonae,
D. spenceri, D. repleta, D. pseudoobscura, and Z. indianus (With Z. indianus comprising 0.3%).

On the other hand, in 2006 took place the first record of Z. indianus in Western United States.
In October, one Z. indianus male was collected north San Diego bay, California, along with D.
melanogaster and D. simulans. Collection place and the environment was unknown. In the same
month, six females and 12 males of Z. indianus were collected from banana baits in Tucson, Arizona
(32.22°N, 110.91°W), during the Annual Drosophila Workshop sample demonstrations. Banana bait
was located close to citrus and pomegranate (Punica granatum) trees. Other species collected in the
same bait were D. simulans, D. melanogaster, D. aldrichi, D. longicornis, D. hydei, D.
pseudoobscura, D. azteca, D. nigrohydei, D. repleta and D. busckii.
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Finally, the Tucson Drosophila Stock Center holds ten species in the Zaprionus genus. Jean
David from L.E.G.S. in the National Scientific Research Center- (France) kindly donated and
identified most of them in 2006. Here is a key to identify these species.

1. Fore femur with short stout knob, or tubercle, located near middle of the

POSteroVeNtral SUIMTACE. ...t e 2
1b. Fore femur unadorned or if knobs present, they are the small base of the setae and no
tUDEICIE SLIUCTUIE EXIST. ... ittt et e e e e e e aen e 3
2. Ventral surface of knob with one straight Seta.............ccoveeviiiii i, 9
2b. Ventral surface of knob with two strong setae; dorsal surface with a single
1] - P sepsoides

3. Wings strongly shining (reflective), brownish.......................... ... badyi

3b. Wings hyaline, without shining brownish color................ccooiiii i 4
4. Scutellum with a white apical SPOt..........cccoviiiiiiiiii i, ghesquierei
4b. Scutellum lacking apical White Spot.........cccoi i, 5
5. Frons with a fine, white medial stripe anterior to ocelli...................... inermis

5b. Frons without a fine, white medial stripe.............ooo i 6

6. Dark species; scutellum black. Mesonotum with two black central bands. Each band

has two-dorsocentral setulae rows............ovvieie i e, camerounensis
6b. Yellowish species; scutellum and mesonotum have same color. No black central
DaNdS IN MESONOTUM ... ...t et e e et e e e e e e e e e e 7
7. Tergites without apical band..............ccoooiiiii i davidi

7b. At least two tergites with visible (or almost) apical bands.....................cooenil 8

8. A faint, almost translucent dark band in the apical margin of tergites 2-5. Sub-apical

setae in tergites 4-5 arise from dark spot..................coocovvieieneeneen.. indianus
8b.A dark band in the apical margin of tergites 2-5. No spots on
1] (01 (1S TP taronus

9. Flagellomere black. Frons lacking white medial stripe..................... mascariensis
9b. Flagellomere yellow.  Frons with a fine, white medial stripe anterior to
007 =] | PP tuberculatus
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Expression profile analysis of meninl mutants.

Sturgill, David®, Aniello Cerrato® Sonia Santa Anna®, Michael Parisi®, Settara
Chandrasekharappa®, Stephen Marx®, Francis_Collins®, and Brian Oliver®.
®National Institute of Diabetes and Digestive and Kidney Diseases, and "National
Human Genome Research Institute, Bethesda MD 20892.

The absence of the tumor suppressor Menin results in multiple endocrine neoplasia type |
(MENL1) in humans (reviewed by Agarwal et al., 2004). Drosophila Menin is encoded by mnnl
(Guru et al., 2001). We assayed the effect of mnnl loss-of-function and mnnl over expression on
adult flies and embryos by microarray experiments and found remarkably little change in expression
correlated with mnnl genotype, suggesting that mnnl has very little effect on gene expression under
the tested conditions.

Mammalian Menin is a classic tumor suppression protein, where tumors occur in individuals
heterozygous for loss-of-function alleles.  Additionally Menin is required for embryonic
development, as homozygous embryos die showing hemorrhages and defective neural tube closure
(reviewed by Agarwal et al., 2004). In contrast, the Drosophila Meninl gene (mnnl) is not required
for viability, but appears to alter response to stress according to two somewhat incongruent reports
(Papaconstantinou et al., 2005; Cerrato et al., 2006). Flies mutant for mnnl are also sensitive to
mutagens, suggesting that Drosophila Menin plays a role in DNA repair (Busygina et al., 2004;
Busygina et al., 2006). There is abundant evidence suggesting that Menin interacts with transcription
factors (reviewed by Agarwal et al., 2004), including AP1 in both Drosophila and mammals (Cerrato
et al., 2006). In Drosophila, thoracic closure and eye development are particularly susceptible to
lowered or raised mnnl expression in the context of AP1 mis-expression (Cerrato et al., 2006). In
mammals, Menin is a subunit of a Trithorax Complex that methylates Histone H3 at Lysine 4
(Hughes et al., 2004; Yokoyama et al., 2004; Chen et al., 2006; Scacheri et al., 2006). Trithorax
complexes typically regulate large batteries of genes, and have especially well studied roles in the
regulation of HOX genes (Schuettengruber et al., 2007). Indeed, mammalian Menin is a regulator of
at least one HOX gene (Hughes et al., 2004; Yokoyama et al., 2004). Interestingly, even though
Menin is bound at many active promoters in mammalian cells, the loss of Menin has very little effect
on transcription (Scacheri et al., 2006). To determine if Menin has a general role in transcription in
Drosophila, we assayed global gene expression in flies lacking or over expressing relative to wild
type flies.

We isolated mRNA from y w; mnn and y w, mnn (both are protein null alleles on
mnnl) adult flies, as well as mMRNA from the isogenic y w; mnnl ™ and y w; mnn1™'" flies (precise
excision lines of the P-element used to generate the null alleles), another y w line, and mMRNA from
heterozygous combinations of mnnl alleles. These samples were labeled and hybridized to
Affymetrix DrosGenomel arrays. Gene expression profiles for both females and males were
performed, for a total of eleven hybridizations were performed and are available from the Gene

A A7
146 ] 9
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Expression Omnibus (GEO) (Edgar et al., 2002). Replicate hybridizations from different samples
showed very good reproducibility (R* > 0.98).

We observed very few significant differences in expression between the mnni™ flies and the
remaining mnnl" or mnnl'/ mnnl flies. There was a greater effect of mnnl™ loss-of-function on
males. Following false discovery rate correction after Benjamini-Hochberg (Hochberg and
Benjamini, 1990), two genes are differentially expressed in mnni™ mutants relative to wild type at an
adjusted p-value cutoff < 0.01. Both of these genes (4ct88F and Acp26A4a) show lower expression in
mnnl  males based on array data. No statistically significant differential expression was found
between mnnl and mnnl” females.

At lower confidence, there are more changes in differential expression. One must be more
cautious in using these changes as a basis for further experiments, but several genes might be targets
for follow-up work. For example, when we simply observed fold changes, and selected genes at least
2-fold differentially expressed relative to the isogenic control, thirty genes showed 2-fold differences
in one of the sexes. Among these genes, Gene Ontology annotation (Harris et al., 2004) for immune
response and antibacterial response were significantly enriched (p << 0.01). We did not determine
the response of mnnl mutants on pathogen challenge. Even if all of the genes showing 2-fold
differential expression are true direct or indirect targets of Menin, these data suggest that Menin has a
limited role in transcriptional regulation in adult flies.

Consistency of the response is also a valuable criterion for follow-up work. Only four genes
showed 2-fold differences between mnnl™ and mnni " in both females and males. The CG11909 gene
showed greater expression in mnni” flies, while the CG9682, Jon99Fi, and CG18404 genes showed
poorer expression in mnnl flies. While we have no reason to suspect a sex-biased role for mnni",
sex-biased expression in Drosophila is known to be extensive (Zhang et al., 2007). However, these
results do not clearly identify a particular non-sex-biased process that responds to Menin.

We over-expressed Menin using the UAS-Gal4 system with the How24-GAL4 driver (Brand
and Perrimon, 1993). This results in defective thoracic closure (Cerrato et al., 2006). An over-
expression of Menin in How24>mnnl" was detected in embryos by western blotting (not shown).
We therefore collected and aged embryos to assay expression at 2-4, 4-6, 6-8, and 2-16 hrs post egg
deposition. As controls, samples from two embryos having only the How24-GAL4 driver or only the
UAS-mnnl" were also collected for each. Expression was assayed using 2-color FIlyGEM arrays
(Johnston ez al., 2004) with dye-flip replicates between each How24>mnnl" and control at each time
point. As was observed in adults, there was little differential expression observed that correlated with
the mnnl genotype in embryos. The only gene showing a time-course change in gene expression
consistent with Menin over expression (beginning in 4-6 hr embryos) and the sole significantly
differentially expressed gene (FDR adjusted p < 0.01) was white. Given that Gal4 expression might
be expected to increase the expression of the white™ marker in the UAS-mnnl" construct, it is quite
likely that this is simply a surrogate marker for mnnl expression (We did not detect increased
expression of mnnl transcripts, which we suggest is due to poor performance of the array element for
mnnl). Briefly, over expression of Menin during embryogenesis does not appear to have a major
effect on gene expression.

As previously reported in mammalian cells (Scacheri et al., 2006), our data suggest that mnnl
has little effect on transcription under standard conditions. This is somewhat enigmatic for a subunit
of a major transcriptional regulation complex.

Materials and Methods

Drosophila mutants, and driver UAS pairs, and standard growth conditions have been
previously described (Cerrato et al, 2006). Labeling and hybridization were performed with
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standard Affymetrix (Santa Clara, California) protocols by the NIDDK microarray core facility
(http://genomics.niddk.nih.gov/array.shtml), or performed as previously described (Johnston et al.,
2004).

For Affymetrix experiments, intensities were extracted, normalized, and summarized by
robust multi-array average (RMA) (Irizarry, 2003) using the Bioconductor affy package (Irizarry et
al., 2003; Gentleman et al., 2004). Differential expression in mnnl™ mutants compared to wild type
was then calculated using Linear modeling using the limma package (Smyth, 2004), with p-values
adjusted by the Benjamini and Hochberg method (Hochberg and Benjamini, 1990). Fold-change
analyses are from comparisons between mutant strains and isogenic controls.

For FlyGEM experiments, array data were normalized within slides by print-tip loess
followed by quantile between-array normalization using the limma package (Smyth, 2004). Fold-
change comparisons were performed at each time-point and for each control. Significance measures
were calculated using linear modeling as with the Affymetrix arrays, and p-values extracted for
mutant vs. control contrasts for each sex separately.

All expression data are available in GEO at these accession numbers: GSM239567,
GSM239568, GSM239569, GSM239570, GSM239571, GSM239572, GSM239573, GSM239574,
GSM239575, GSM239577, GSM239578, GSM238950, GSM238954, GSM238956, GSM238957,
GSM238958, GSM238959, GSM238960, GSM238961, GSM238962, GSM238964, GSM238965,
GSM238966, GSM238968, GSM238969, GSM238970, GSM238971, GSM238972, GSM238973.

This research was supported in part by the Intramural Research Program of the NIH (NIDDK
and NHGRI). We thank Scott Eastman for assistance during the development of the FIyGEM
platform by Incyte Genomics, and the NIDDK microarray core facility directed by Margaret Cam.
We also thank Oliver and LCDB members, the NIH MEN1 consortium, and Alan Kimmel for
discussions over the course of this study.
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Quantitative courtship acts of 3LA inversion homo- and heterokaryotypes of
Drosophila ananassae.

Jayaramu, S.C., S.N. Hegde, and S.R. Ramesh. Department of studies in Zoology,
University of Mysore, Manasa Gangothri, Mysore -570006, Karnataka.

The relationship between inversions, morphological traits and fitness characters has been well
documented in Drosophila. However, the relationship between inversion and behavioural traits has
not been studied. Therefore, the present study has been carried out to find out the effect of inversions
on courtship acts in Drosophila ananassae. Homozygous 3LA inversion stock of D. ananassae was
established from the females collected at a semi-domestic locality of Mysore, India. This stock was
maintained at 22°C +1°C and relative humidity of 70% for ten generations. Before starting the
experiments, the inversion heterokaryotypes were generated by crossing males with homokaryotic
inversion with normal female or vice versa. When the progeny appeared, the virgin females and
bachelor males were isolated, kept separately, aged for five days and used for observation of
courtship behaviour. The courtship behaviour of males and females was observed by confining one
male and a female of a given type in an Elens-Wattiaux mating chamber. A total of fifteen pairs of
the following combinations were studied: a. both male and female heterokaryotypic; b, male
homokaryotypic and female heterokaryotypic; c, both male and female homokaryotypic; and d, male
heterokaryotypic and female homokaryotypic. The courtship elements were quantified following the
procedure of Hegde and Krishna (1997). Following courtship elements such as tapping, scissoring,
vibration, circling, licking, ignoring, extruding and decamping were analyzed. The data gathered
were subjected to one way ANOVA.

In the present study, it is noticed that, except tapping and wing vibration, courtship acts such
as scissoring, circling, licking, ignoring, extruding and decamping were lesser in crosses involving
homokaryotypic male and female than in crosses involving heterokaryotypic male and females with
3LA inversion. This suggests that the inversion heterokaryotypes perform greater courtship acts than
homokaryotypes. Studies have shown that flies which perform greater courtship acts during courtship
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had greater mating success, inseminated more females, and showed greater adaptability than flies
with lesser activity during courtship (Hegde and Krishna, 1997). This is in conformity with earlier
work of Da Cunha (1955) and Dobzhansky and Wallace (1953). They also found that heterozygote
individuals have better adaptability than the homozygotes.

It is also noticed that crosses involving homokaryotypic male and heterokaryotypic female
and homokaryotypic female and heterokaryotypic male showed erratic changes in the courtship acts
(Table 1). This is because the courtship acts of homo and heterokaryotypes are different.

Therefore, these studies suggest that the heterokaryotype of 3LA inversion has greater

courtship activities than homokaryotype.

Table 1. Quantitative courtship acts of 3LA inversion homo and heterokaryotypes of Drosophila ananassae
(Values are Mean + SE).

Male Male
Both homokaryotypic Both heterokaryotypic
Parameters male and female yotyp male and female yotyp F.value
heterokaryotypic and female homokaryotypic and female
heterokaryotypic homokaryotypic
Taping 11.7333 +1.0931 13.0667 + 1.0577 15.2667 + 1.0711 11.2667 + .9535 2.941*
Scissoring 16.2667 + 1.4124 10.6667 + .8146 10.6000 + .9248 15.5333 +.9704 8.382 ***
Vibration 9.6667 + 1.0764 12.4667 + 1.2979 12.6000 + 1.0226 11.0000 + 1.1297 1.481
Circling 5.8000 + .5872 1.8667 + .4563 2.2667 £ .3446 6.6000 £ .6817 20.512***
Licking 12.8000 + 1.0565 3.9333 +.5973 4.2000 + .5790 9.8000 + .9572 27.825***
Ignoring 6.8000 + .7051 7.2000 + .5952 1.7333 + .3446 4,9333 + 1.0395 12.122%**
Extruding 2.1333 +.3763 1.4000 + .2895 7333 +.2282 2.2000 + .2960 5.239**
Decamping 3.4000 * .4557 3.4000 + .4557 1.0667 + .3305 2.0000 £ .2582 8.842%*

*P<0.05; *P<0.02; **P< 0.001.

Acknowledgments: The authors are thankful to the Professor and Chairman, Department of
Studies in Zoology, University of Mysore, for providing facilities and to Dr. M.S. Krishna for help
during the investigation.

References: Da Cunha, A.B., 1955, Advances in Genetics 7: 93-138; Dobzhansky, Th.., and
B. Wallace 1953, Proc. Natl. Acad. Sci. 39: 16-71; Hedge, S.N., and M.S. Krishna 1997, Anim.
Behav. 54: 419-426.

Erratum

In J.A. Smith and E.C. Liebl (2005), Identification of the Molecular Lesions in
Alleles of the Drosophila Abelson Tyrosine Kinase, Dros. Inf. Serv. 88: 20-22, we
failed to acknowledge our sources of funding. This material was based upon work
supported by the Anderson Summer Research Assistantship Fund of Denison
University and the National Science Foundation under Grant No. 0344053.
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Nucleolar Organizer Regions (NORs) in Drosophila immigrans Sturtevant and
Drosophila repleta Wollaston.

Upadhyay, Kamla, and B.K. Singh. Cytogenetics Laboratory, Department of
Zoology, Kumaon University, Nainital-263002, India, e-mail: kamla_zoo@yahoo.com

In Drosophila, as also in various tissues of many eukaryote systems, the nucleolus manifests
as a round or oval structure organized by a specific region of the genome commonly known as the
nucleolar organizer. In many systems, as in Drosophila larval salivary glands, the nucleolus is a very
prominent body often attached to the chromocentric region through a bundle of thread-like structures.
The thread-like connections seem to penetrate into the
nucleolar mass and from different patterns of distribution in
the nucleolar matrix.

In Figure 1, the Nucleolar Organizer Region (NOR) in
Drosophila immigrans Sturtevant is present in X and
microchromosomes.

In Figure 2, the Nuclear Organizer Regions (NOR) in
Drosophila repleta Wollaston as evident from the photograph
is present in both X and microchromosomes.

Figure 1. Location of Nucleolar
Organizer Region (NOR) in X and Figure 2. Localization of Nucleolar Organizer
4™ chromosomes. Region (NOR) in Drosophila repleta.

Morphology variation between D. mettleri collected from different host species.

Castrezana, Sergio. Drosophila Tucson Stock Center, University of Arizona, Tucson,
AZ 85721, USA; E-mail: castreza@email.arizona.edu.

Drosophila mettleri Heed, 1977 is a soil-breeding cactophilic species associated with the large
columnar cacti species in the Sonoran Desert, cardon Pachycereus pringlei, and saguaro Carnegiea
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gigantea. Nevertheless, D. mettleri is considered a generalist, as it can also be collected from other
columnar cacti in the Sonoran Desert such as senita Lophocereus schottii, echo P. pecten, and organ
pipe Stenecereus thurberi. On the other hand, two D. mettleri populations in California switch hosts
from columnar cacti. Drosophila mettleri uses Ferrocactus spp. in the Mojave Desert and Opuntia
spp. on Catalina Island (Heed, 1978; Heed and Mangan, 1982).

Although host shifts in Drosophila mettleri imply behavioral and physiological adaptations,
so far no morphological differences between D. mettleri populations using different types of cacti as
breeding resources have been observed (Castrezana and Markow, in review; Castrezana, personal
observation).

In the present note, I give details of an unexpected observation of morphological differences
between D. mettleri collected from different host species within a single location. On October 2000,
University of Arizona researchers collected Drosophila flies at Organ Pipe National Monument
(OPNM), in the area known as senita basin (31.93°N, 112.86°W). This area has abundant organ pipe
and saguaro cacti but less than one-hundred senita plants. We collected D. nigrospiracula, D.
mojavensis, D. pachea, and D. mettleri from both banana baits and natural rots of the mentioned cacti
(Table 1).

Table 1. Drosophila collections in Organ Pipe National Monument, Arizona (10/2000):
Natural rots and banana baits.

Senita Saguaro Banana
Species Lophocereus Carnegiae bai Total
. ! aits
schotti gigantea
Drosophila nigrospiracula - 229¢ 2737 9192 617 654
Drosophila pachea 3192 29¢ 7 1¢ 119 79
Drosophila mettleri (A) 349 89< - 6277 136
Drosophila mettleri (B) - 3¢ 57 5¢ 2¢ 15
Drosophila mojavensis - - +80 N/A
Table 2. Time to copulation and percent of males unable to An anatomical review showed
detach after copulation in three strains of Drosophila that D. mettleri individuals from
mettleri. OPNM could be distinguished in two
— TR ————” different morphological types. The
Strain N 'me 1o o Palrs stuc D. mettleri “type B” was collected
copulation after mating .
from both banana baits and saguaro
OPNM (A) 28 380.6 £ 5.6 21.4% .. .
. rots. Individuals of this type
OPNM (B) 21 3749+88 0.0% exhibited no morphological
Superstition 7 374.4+6.6 0.0% differences from other D. mettleri
Sup¢ x OPNM(A)s 10 407.6 + 14.0 80.0% populations in the species
Sup ¢ x OPNM(B) < 8 357.8+14.2 0.0% distribution. On the other hand, D.

mettleri “type A” individuals, which
were collected directly from senita rots, were morphologically different from typical D. mettleri “B”.
Compared to “type B”, D. mettleri “type A” has the following unusual characters: a)ground thorax
coloration is reddish; b)Thorax dot-pattern is smaller and perhaps more fused; c) testes are slightly
more reddish; d) the ventral margins of the epandrium are more straight and reddish; e) a reduction
of 1-2 presisetae teeth (n = 5 males)
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Both OPNM D. mettleri strains were maintained in potato-saguaro food with pieces of senita
cacti for strain “type A” and pieces of saguaro for “type B” to stimulate female oviposition
(Castrezana, 1997). Later, in March 2001, D. mettleri males from both OPNM strains were used in a
no-choice test with D. mettleri females from Superstition Mountains, Arizona (33.38°N, 111.37°W), a
stock established in March 1997. Data on the time to copulation are presented in Table 2.

The analysis of variance for the time until copulation did not differ between couples (F4 133 =
1.5798, P = 0.18). However, a problem following copulation was detected in the OPNM (A) strain.
21.4% of D. mettleri OPNM (A) males got stuck after mating with their own females. Nonetheless,
in less than two minutes, all pairs were separated. On the other hand, eight of ten pairs (80%) had
this problem when the female was from Superstition and the male was from the OPNM (A) strain.
Moreover, in six cases the males were unable to break away from the female and both individuals
died after three hours. The remaining two pairs produced fertile offspring.

Unfortunately, because of difficulties associated with maintaining D. mettleri in the
laboratory, the strains used in the present note were lost and access to senita basin area in Organ Pipe
National Monument is currently prohibited. Nevertheless, the failure to detach following copulation
was also observed in another D. mettleri population collected from senita in San Ignacio, Baja
(28.03°N, 113.40°W). So, it is possible that a number of important changes occurred in D. mettleri
flies while using the highly toxic senita cactus. In fact, recently, important molecular differences
between OPNM (A) and OPNM (B) were discovered from studies of DNA vouchers. Perhaps in the
future, detailed ecological, behavioral, and molecular studies will reveal the extent of differentiation
between D. mettleri that breed in different host species.

References: Castrezana, S., 1997, Dros. Inf. Serv. 80: 92-93; Heed, W.B., 1977, Proc.
Entomol. Soc. Wash. 79: 649-654; Heed, W.B., 1978, In: Proceedings in the Life Science.
Ecological Genetics: The Interface. (Brussard, ed.), pp.109-126, Springer-Verlag, Berlin; Heed,
W.B., and R.L. Mangan 1986, In: Genetics and Biology of Drosophila, vol. 3e (Ashburner, M., H.L.
Carson, and J.N. Thompson, jr., eds.), pp. 312-345, Academic Press, London.

Studies on the Nucleolar Chromatin Threads (NCT) of Drosophila immigrans
Sturtevant and Drosophila repleta Wollaston collected from Kumaon region,
India.

Upadhyay, Kamla', and B.K. Singh. Cytogenetics Laboratory, Department of
Zoology, Kumaon University, Nainital-263002, India.
e-mail: kamla_zoo@yahoo.com

Introduction

The nucleolus in giant cells of larval salivary glands of Drosophila reveals typical thread like
structures which have been shown to be DNA in nature (Barr and Plaut, 1966). Very likely these
DNA threads are looped out from the main chromatin and contains the r-DNA sequences in the
manner the DNA loops out in the puffs (Chowdhry and Godward, 1979). However, an interesting
feature observed about these threads in Drosophila is that the pattern of the thread like connection in
the matrix of the nucleolus is not constant. The pattern varies not only within the species (Barr and
Plaut, 1966), but within the same species there is a considerable degree of variation in the
morphological configuration of the threads.
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Materials and Methods

The samples of different strains of Drosophila immigrans Sturtevant for the study of
chromosomal polymorphism were collected from different parts of Kumaon region viz.,, Kausani
(Bageshwar district), Dunagiri (Almora district) and Nainital. Meanwhile, D. repleta Wollaston was
also collected from Dwarahat for the study of Nucleolar Chromatin Threads (NCT) in polytene
chromosome from salivary gland chromosomes. The flies of this species were collected by exposing
fermenting fruits as baits. The flies thus collected were sorted out and single females were
transferred in glass vials containing usual laboratory food medium, assuming that it is already
inseminated in the nature. The stock culture from single female for each species was thus established
in the laboratory.

The slides of salivary gland chromosomes were prepared as suggested by Ashburner (1967).
The larvae were grown on the laboratory food medium. The slides were examined with a Wild-Leitz
research microscope.

Types of Nucleolar Chromatin Threads (NCT) in Drosophila immigrans Sturtevant

", Six types of Nucleolar Chromatin Threads were

X observed in Drosophila immigrans collected from
5’ different geographical localities in Kumaon region
3 are as follows:

s T T,

Type | (Figure 1A)
Thread not visible, branched with light
granules and forming a dark semilunar structure.
i iy Type 11 (Figure 1B)
> Thread not visible, highly branched and

A scattered throughout the Nucleolar mass with a large
_ darkly stained body.
*

Type 111 (Figure 1C)

The thread is condensed and positively
stained with a number of darkly stained granules
concentrated towards the periphery of the nucleolus.
Type IV (Figure 1D)

More than one thread, ramified and with less
condensed granules concentrated at the point of
origin.

Type V (Figure 1E)

Thread not visible, ramified and scattered
throughout the nuclear mass but more condensed and
prominent in the center.

Type VI (Figure 1F)
Thread small, ramified, darkly stained with a
round chromatin mass at the point of origin.

"m& vy :

Figure 1. A-F, showing different types of
Nucleolar Chromatin Threads.
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Types of Nucleolar Chromatin Threads (NCT) in Drosophila repleta Wollaston

Two types of Nucleolar Chromatin Threads
(NCT) were observed in D. repleta collected from
Dwarahat in Kumaon region which are as follows:
Type I (Figure 2A)

Thread not visible, ramified and scattered
throughout the nucleolus with granules concentrated
towards the periphery of the nucleolus.

Type 11 (Figure 2B)

Thread very thin, ramified and scattered
throughout the nucleolus with small light granules.

References: Ashburner, M., 1967,
Chromosoma 21: 389-428; Barr, H.J., and W. Plaut
1966, J. Cell Biology 31: C17-C22; Chowdhry, A.,
and M.B.E. Godward 1979. The Nucleus 21(3).

Figure 2. A-B, Types of Nucleolar Chromatin Thread
(NCT) present in Drosophila repleta.

Genetic ablation of antennae or basiconic sensillia reduces Drosophila
melanogaster’s ability to perceive odors from the fruit of Morinda citrifolia.

Jones, Corbin D.' University of North Carolina, Department of Biology, CB #3280,
Chapel Hill, NC 27599, USA; TEL: 919-843-5162; FAX 919-962-1625;
Corresponding author email: cdjones@email.unc.edu.

Abstract

Drosophila use a variety of sensory organs to detect odorants in their environment. While
recent work in Drosophila melanogaster has increased our knowledge of how these organs detect
odorants, our understanding of how these organs function in an ecological context is limited. Here, I
use several developmental mutations that ablate sensory organs in flies to see which are critical to D.
melanogaster’s ability to perceive odorants from the fruit of Morinda citrifolia, which is the primary
host of D. sechellia. 1 show that basiconic sensillia on antennae are particularly important to
perceiving this fruit, although tarsal receptors may also play a role.

Introduction

Today we know that odor and taste perception in flies occurs via antennae, maxillary palps,
proboscis, and tarsi (reviewed in Hallem, et al., 2006). In the antennae, odorants pass through
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cuticular pores in sensilla. These odorants are then bound by odorant binding proteins (Obps) and
delivered to odorant receptors (Ors) on the surface of the insect odorant receptor neurons. Taste is
perceived in an analogous manner, except that odorants are trafficked to gustatory receptors (Grs,
Ebbs and Amrein, 2007). Odorant receptor neurons converge to spatially invariant antennal lobe
glomeruli. From these glomeruli, neurons project into the mushroom body where higher order
processing is believed to occur.

How sensing these odor cues results in ecologically important behaviors, however, is much
less well understood. To better understand this problem, considerable work has focused on the host
specialist, Drosophila sechellia and its generalist sister species, D. melanogaster. On its native
islands, the Seychelles, D. sechellia almost exclusively uses the fruit of Morinda citrifolia (Morinda),
a plant common around the Indian Ocean and Polynesia (Louis and David, 1986; Jones, 2005). D.
sechellia has evolved strong preference for, and resistance to, the toxins in Morinda (Louis and
David, 1986; R'Kha, ef al., 1991; Jones, 1998, 2004, 2005). D. melanogaster, on the other hand, is a
human commensal that originally arose in Africa (Lachaise and Silvain, 2004). Several compounds
found in the Morinda fruit are toxic and noxious to D. melanogaster and other Drosophila. These
include octanoic and hexanoic acid (Jones, 2005). D. melanogaster, as a result, typically avoids this
plant. In contrast, D. sechellia responds positively to Morinda’s olfactory cues. When female D.
sechellia detect Morinda, for instance, they increase egg production and ovipositioning (R'Kha, et al.,
1991). Field experiments suggest that D. sechellia can detect Morinda at distances up to 50m
(R'Kha, et al., 1991).

Several recent studies have investigated how D. sechellia perceives Morinda’s odor
differently from D. melanogaster (Dekker, et al., 2006; Matsuo, et al., 2007; McBride, 2007). Dekker
et al. (2006) recently suggested that D. sechellia differs from D. melanogaster in the numbers and
types of sensilla and that this difference in the ability to perceive odors from Morinda leads to the
behavioral differences between D. sechellia and D. melanogaster. Congruent with this observation,
McBride (2007) has shown that several Ors and Grs appear to have become non-functional in D.
sechellia. In contrast to the Dekker ef al. and McBride result, Matsuo et al. (2007) have recently
suggested that a change in Obp expression in the tarsi of D. sechellia is key to the behavioral
difference between D. sechellia and other Drosophila.

Here I use a suite of mutations that affect sensory organs to determine which are critical for
perceiving odors from the fruit of Morinda.

Material and Methods

Stocks: The following D. melanogaster stocks were obtained from the Drosophila Stock
Center in Bloomington, IN: OR-R, ant, ro, Dfd[3] red e/TM3, Sb[1], kni Dfd[9] e/TM3, Sb[1], th st
Ki pb[4] pp/TM3, Sb[1], pb[27]/TM3,] Sb[1], Iz[3] and Iz[77a7]. D. sechellia Line 1 ("Robertson"
collected from Seychelles in 1981 by Tsacas and Bachli (1981)), D. sechellia Syn A (a wild-type
non-isofemale line; courtesy of J. Coyne), and D. simulans sim6 (an isofemale line from Winters CA,
courtesy D. Begun) were used for most comparisons. Except where noted, all stocks were reared on
agar-yeast-cornmeal medium at room temperature.

Preference assay—oviposition: Following Jones (2004), oviposition-site preference was
scored by presenting inseminated, ovipositing females with a choice of oviposition substrates, one
tainted with octanoic acid and one untainted. Media was prepared using Drosophila Instant Medium
(Carolina Biological Supply Co.). The toxic media was 0.07% octanoic acid by weight (Sigma
Chemical Co.). This dose does not kill susceptible flies (Jones, 2001).

Each female was placed in a chamber with the two types of media. She was allowed to
oviposit for two days, after which the number of eggs laid on each type of media was counted. The
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female was then shifted to a fresh pair of tainted and untainted media. After 2 more days, her
preference was scored again. All assays were conducted in a constant temperature room at 20°C with
relative humidity between 50-70%.

Egg counts were converted to a preference index by the following formula:

(N Eggs on toxic - N Eggs on control)
N Both

Positive values indicate preference for tainted media, whereas negative values indicate
avoidance of tainted media. Unless otherwise noted, data were pooled across both days.

High throughput assays of preference were performed in test chambers (2L) containing two
standard fly bottles (Genesee Scientific, San Diego CA, USA); either one bottle of control media and
one bottle of Morinda toxin media or two bottles of control media. Control media was 44 ml of water
with 8.5 of Carolina 4-24 instant media (Carolina Biological Supply, NC, USA). Morinda toxin
media was made by combining 44 ml of water with 8.5g of Carolina 4-24 instant media with 90 pl
octanoic acid and 30 ul of hexanoic acid (Arcos Organics, NJ, USA). The combination was gently
agitated to ensure even distribution of the hydrophobic octanoic and hexanoic acids. Morinda fruit
has a 3:1 ratio of octanoic to hexanoic acid (Legal, et al., 1994). The concentration of Morinda
toxins in the media was low relative to what is typically observed in nature, but not outside the
normal range. This concentration was necessary to minimize mortality in D. simulans.

Roughly 90 one-day-old females were collected and allowed to mate ad /ibitum with males of
their own species for three days. Females were then separated and allowed to recover for one day.
They were then lightly sedated and placed in test chambers, which were then placed in an
environmental chamber with constant humidity and temperature (65%; 25°C). They were allowed to
roam the test chamber freely and to choose media to oviposit on.

Genetic ablation of sense organs: We used developmental mutants to ablate sense organs in
order to determine which organs are important for oviposition-site preference. To establish the role of
the proboscis, we used the proboscipedia (pb ) mutation which transforms the proboscis into a (non-
functional) leg. To produce these flies, we crossed th st Ki pb[4] pp/TM3, Sb to pb[27]/TM3, Sb. we
collected and tested the resulting F1 pb[4]/pb[27] females. To test the effect of maxillary palp

ablation, we crossed Dfd[3] red e/TM3, Sb to kni Dfd[9] e/TM3, Sbh. A fraction of the F1 Dfd[3/

Dfd[9] females have greatly reduced maxillary palps. Finally, we tested the preference of D.
melanogaster flies homozygous for a mutation that renders them antennaless (ant). This mutation
normally causes the loss of one or both antennae; we used only those flies missing both antennae. ant
has no known effect on tarsi.

As ant had a large effect in the oviposition assay, we wanted to see if ablating the antennae
had the same effect in our choice-no choice assay. Unfortunately, the ant stock was lost and is no
longer available from either the Bloomington or Kyoto Stock Centers. Instead, we used alleles of
lozenge (Iz[3] and [z[77a7]) that remove the antenneal sensillia thought to be important to detecting
fatty acids in Morinda.

Preference Index =

Results

Ablation of antenna removes preference: The electrophysiological data of Dekker et al.
(2006) suggests that olfactory receptors on the antennae are important to a fly’s perception of
Morinda fruit. In contrast, the genetic data of Matsuo et al. (2007) suggest that tarsal taste receptors
are playing an important role in oviposition-site preference. To clarify this issue, we used D.
melanogaster mutants lacking proboscis, maxillary palps or antennae to see if sense organs on the
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head are important for preference behavior. If any of these organs are important, flies lacking these
structures should be indifferent to the presence versus absence of the toxin (Preference Index = 0).
Only antennaless (ant/ant) flies are indifferent (Figure 1; one sample sign tests: ant versus no
preference: P = 0.4049; Dfd versus no preference: P < 0.0001; pb versus no preference: P = 0.0005).
This result suggests that the antennae play a role in the detection of Morinda.

A D. simulans Islamorada | -0.83

D. sechellia line 1 _0.61
D. melangaster OR-R -0.71 _

B o antenna . i

No Maxilliary Palps -0.52_
0.5 1

Avoidance Attraction
Preference Index

[
[
[}
2
[9)]
o

Figure 1. Comparison of oviposition-site preference across species and among sense-organ ablation
lines. Oviposition-site preference was scored by presenting inseminated, ovipositing females with a
choice of oviposition substrates, one tainted with octanoic acid and one untainted (see Methods). D.
sechellia shows strong preference for tainted media (A). This behavior is recessive to the avoidance

of D. simulans and D. melanogaster. Only ablation of the antennae causes a significant shift in fly
behavior (B).

We confirmed the effect of antenna ablation using our choice-no choice assay. Unfortunately,
the ant stock was lost and is no longer available. Instead, we used alleles of lozenge (Iz/3] and
Iz[77a7]) to remove some or all of the basiconic sensillia—which are thought to be important to
detecting the aromatics in Morinda (Dekker et al., 2006)—from the antennae. /z/3] antennae lack all
basiconic sensillia and show a slight preference for Morinda media (61% of flies on Morinda media;
N = 67). [z/3] also have tarsal claw defects so it is difficult to wholly exclude an effect of taste
receptors on the tarsi. /z/77a7] has severely reduced basiconic sensillia and no tarsal defect. These
mutants have a tendency to avoid Morinda media more than the /z/3] flies (X2 = 38.0; P < 0.0001),
but much less than wild-type (38% of /z/77a7] flies on Morinda media; N = 169; X2 = 384.4; P <
0.0001). At this point, it is unclear whether the difference between the two /z alleles results from the
presence/absense of the tarsal claw defect, the residual basiconic sensillia in /z/77a7] flies, or genetic
background effects. It is clear, however, that antennae are important to a fly’s ability to detect and
respond to odorant from Morinda.



Dros. Inf. Serv. 90 (2007) Research Notes 49

Discussion

My data show that antennae are important to D. melanogaster’s ability to detect and respond
to odorants from Morinda fruit. In particular, the removal of the basiconic sensillia clearly reduces
avoidance of this fruit, genetically confirming the electrophysiological data of Dekker et al. (2006).
My data also suggest that tarsal taste receptors (sensu Matsuo et al., 2007) may influence behavior,
although not as much as antennae. Interestingly, ablation of sensory organs in D. melanogaster is not
sufficient to engender D. sechellia-like behavior (Figure 1). This result suggests that the host specific
behavior is not simply a loss of the ability of D. sechellia to perceive its host.
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Chromosomal aberrations in Drosophila ananassae.
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Drosophila ananassae exhibits a high degree of chromosomal polymorphism. It harbors a
large number of inversions in its natural populations (Singh, 1998). Out of these reported from
various parts of the world, most have restricted distribution while the three cosmopolitan inversions
namely, Alpha (AL) in 2L, Delta (DE) in 3L, and Eta (ET) in 3R show worldwide distribution
(Singh, 1998). Population genetics of chromosomal polymorphism in Indian natural populations of
D. ananassae has been extensively studied (for references see the review by Singh, 1998). The
results have clearly shown that there is geographic differentiation of inversion polymorphism.
Present communication gives the details of chromosomal aberrations detected from natural
populations and laboratory stocks of D. ananassae. We have tried to include all detected
chromosomal aberrations so far in D. ananassae in natural populations and laboratory populations to
give the holistic picture of chromosomal variability as well as unusual mutational property.

The details of pericentric inversions and translocations detected in D. ananassae are given in
Tables 1 and 2, respectively. The numbers of pericentric inversions and translocations are twenty one
and forty eight, respectively. The occurrence of pericentric inversions (heterozygotes for pericentric
inversions produce unbalanced gametes, their appearance, therefore, is opposed by natural selection)
and translocations, which are rare in other species of Drosophila, reflect unusual mutational
properties of D. ananassae.

The paracentric inversions are depicted in Figures 1-6 via line diagram. We have followed
the improved edition of polytene chromosome reference photomap of D. ananassae (Moriwaki and
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Table 1. Pericentric inversions in D. ananassae.
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Ito, 1969) by Tomimura and
Tobari, Tobari (1993). As for

S.No.  Pericentric inversion Locality Reference naming different inversions, to
1. In (2LR)a Brazil Freire-Maia, 1955,1961 make it uniform, we have
2 In (2LR)A Niue Futch,1966; Seecof, 1957, numbered them in chronological
3 In (2LR)Lo » Hinton and Downs, 1975 order as given in Tobari (1993).
4. In (2LR) India Singh et al., 1971 It is difficult to know the exact
S In (2LR)9 India Reddy and number of paracentric
6 In (2LR)B Guam Krishnamurthy,1972b inversions, ~ since different
7. In (2LR)B,Ubx # 1 investigators have named
8. In (2LR)C Noumea " - 10551961 inversions independently. Also

o gtsiﬁ Bragd Freire-Main. 1955.196 all the new inversions have not

11, In (3LR)c Brazil Freire-Maia, 1955,1961 been reported or documented in

12. In (3LR)D,BI* #o T _ relevant journals. In the present

12 :2 Egtgg,stw Eraz'l ;re're'Ma'a’1955’1961 communication despite these

15, In (3LR)A Niue Seecof,1957;Futch, 1966 limitations we have tried to

16. In (3LR)B Niue . *Seecof,1957:Futch‘ 1966 include all possible inversions,

1;: :2 Egtg;g \?Vr;ing Mai~ thus, taking the total tally to

19. In (3LR)G Hyderabad * seventy eight. The second and

20. In (3LR)H Coimbatore * third chromosome carried the

21. In (3LR)I Coimbatore *

maximum number of inversions.

Note: * for references see, Tobari, 1993; # detected from various laboratory

stocks; [ Hinton (unpublished) Among these, 21 carried the

maximum of twenty one
inversions, followed by 2R (20), 3R (17), 3L (14), XL and XR, three each. With the exception of few
cases, there has been no clustering of break points in any particular region in all the arms. So, it
could be said that naturally occurring inversions in D. ananassae are randomly distributed in X,
second, and third chromosomes.

XL3 Figure 1. Location of
[ | xL1 | | x2 | ° different inversions in
XL of D. ananassae.

Figure 2. Location of different paracentric
inversions in XR of D. ananassae.
XR2
BT I

Although a large number of paracentric
inversions are known to occur in D. ananassae, only three have become coextensive with the species.
Most of the inversions have localized distribution and have been detected from the few individuals.
This is a feature of the pattern of the chromosomal polymorphism in D. ananassae (Carson, 1965;
Singh, 1988). A given arrangement may occur in one region but may be absent in other. An
explanation to account for such disjunct distribution of gene arrangements may be that all types of
arrangements did not occur simultaneously in the past history of the species. The former types, being
older, had greater opportunities for migration and thereby at present they have a distribution
throughout the world (Kaufmann, 1936a,b; Kikkawa, 1938; Dobzhansky and Dreyfus, 1943). On the
contrary, those rearrangements of relatively recent origin and due to obvious impediments in the
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means of migration could not migrate from their respective native place to the localities where they
have been found wanting (Ray-Chaudhuri and Jha, 1967).

Table 2. Translocations in D. ananassae.

S.No. Translocation Locality Reference
1. T (XL;2R) A Niue Seecof,1957;Futch,1966
2. T (XR;2R) India Sajjan and Krishnmurthy,1970
3. T (XR;2L) 8 India Reddy and Krishnamurthy,1972b
4. T (XL;2L) B Nauru *
5. T (XR;2R)A,M Ubx ca # Hinton,1979
6. T(XL;XR)B,ca Th # Hinton,1981
7. T (1;3)A, Mo # i
8. T (Y;2L)A, ca # Hinton,1979
9. T (Y;2L)B, ca # Hinton,1979; Hinton and Downs,1975
10. T (Y;2L)C, ca # Hinton,1979,1980, Hinton and Downs,1975
1. T (Y;2;3)A,M ca stw # Hinton,1980
12. T (Y;3)A.stw # Hinton,1980
13. T (Y;3R)B # Hinton and Downs,1975
14. T (Y;3L)C,e se;ru # 1
15. T (Y;3L)pe’ # *
16. T (2L;3L) Brazil Dobzhansky and Dreyfus,1943
17. T (2L;3L)66 Honolulu *
18. T(2L;3L) 9 India Reddy and Krishnamurthy,1972a
19. T (2L;3L)10 India Sajjan and Krishnamurthy,1972
20. T (2L;3L)8 India Reddy and Krishnamurthy,1974
21. T (2R;3R) Brazil, India Freire-Maia,1961; Sajjan and Krishnamurthy,1970
22. T (2R;3R)AA Ly # 1
23. T (2R;3R)A,ca stw # Hinton,1979; Hinton and Downs,1975
24. T (2R;3R)B,M ca stw # Hinton,1979; Hinton and Downs,1975
25. T (2L;3R)C,M ca stw # Hinton,1979; Hinton and Downs,1975
26. T (2R;3R)D,ca stw # Hinton,1979,Hinton and Downs,1975
27. T (2L;3R)E,ca stw # Hinton,1979,1980,Hinton and Downs,1975
28. T (2L;3L)F,ca stw # Hinton,1979
29. T (2L;3L)G,ca stw # Hinton,1979, Hinton and Downs,1975
30. T (2L;3R)H,ca stw # Hinton,1979,1980, Hinton and Downs,1975
31. T (2R;3R)J, Xa ca stw # Hinton,1979,1980, Hinton and Downs, 1975
32. T (2L;3L)K,ca stw # Hinton,1979,1980, Hinton and Downs,1975
33. T (2R;3L)L,ca stw # Hinton,1979,1980, Hinton and Downs,1975
34. T (2L;3L)M,ca stw # Hinton,1979,1980, Hinton and Downs,1975
35. T (2L;3R)N,ca stw # Hinton,1979,1980, Hinton and Downs,1975
36. T (2R;3L)O,ca stw # Hinton,1979,1980, Hinton and Downs,1975
37. T (2L;3R)P,ca stw # Hinton,1979,1980, Hinton and Downs, 1975
38. T (2R;3R)Q,ca stw # Hinton,1979,1980, Hinton and Downs,1975
39. T(2;3)R # Hinton,1981
40. T (2R;3R)S # Hinton,1981, Hinton and Downs,1975
41. T (2L;3R)T # Hinton,1981,Hinton and Downs,1975
42. T (2;3)U,cacy # Hinton,1981,Hinton and Downs,1975
43. T (2L;3R)V # Hinton and Downs,1975
44. T (2L;3L)W,Cy™* # Hinton and Downs,1975
45, T (2;3)Z,Mot # 1
46. T (2L;3L)15 India Singh,1991
47. T (3L;4)Pm # Kikkawa, 1938
48. T (3L;4) India Ray-Chaudhuri and Jha,1966

Note: #, Detected from various laboratory strains; *, For references see Tobari,1993; {], Hinton (unpublished).

Disappearance of new sequences suggests that population, in question, might have developed
a kind of resistance to acquire new gene arrangements in its genetic structure, because they could not
yield adaptive values or heterotic effects to their carriers. In other words, the resistance might be
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against any further increase in the amount of load of chromosomal polymorphism in natural
populations of D. ananassae. With the same token, the existing load of chromosome polymorphism
due to three cosmopolitan inversions in natural populations of D. ananassae might be too high to
acquire any new gene arrangement as ameans of adaptation of population to the extremes of the
environmental conditions (White, 1958).

Freire-Maia’s (1961) suggestion that that some special mechanism exists in D. ananassae to
permit the retention of disadvantageous rearrangements in natural populations deserves exploration.
Alternatively, the high incidence of such rearrangements may reflect high mutability in this species, a
possibility proposed by Kikkawa (1938).

The geographical distribution of the three cosmopolitan inversions has been shown in Table 3.
It is apparent from the table that the three cosmopolitan inversions are of frequent occurrence in
natural populations and have become coextensive with the species.

Table 3. Geographical distribution of three cosmopolitan inversions in D. ananassae.

Area Subterminal  Terminal Basal Source
(alpha) (delta) (eta)

Alabama + + + Kaufmann,1936

Texas + - + Shirai and Moriwaki 1952

Hawaii + + + Shirai and Moriwaki 1952

Majuro + + + Seecof,1957

Cuba + + + Futch,1966

Mexico + + + Shirai and Moriwaki 1952; Futch,1966

Brazil + + + Dobzhansky and Dreyfus,1943; Shirai and Moriwaki
1952; Freire- Maia, 1955

China + + + Kikkawa, 1938

Formosa (Taiwan) + + + Kaufmann,1936; Kikkawa,1938

Japan + + + Kaufmann,1936; Kikkawa, 1938

India + + + Ray-Chaudhuri and Jha,1966; Sajjan and
Krishnamurthy,1970; Reddy and Krishnamurthy,1972;
Singh, B.N.,2001

Africa + + + Shirai and Moriwaki 1952

Micronesia (Caroline + + + Seecof (Stone et al.1957);Futch,1966
Island, Marshal Island,
Mariana Island)

Melanesia (Papua New + + + Futch, 1966
Guinea,Calodenia Island,

Fiji)

Polynesia (Samoa, Cook + + + Futch, 1966
Island)

Mauritius + + + *

Sri Lanka + + + *

Myanmer + + + *

Thiland + + + *

Malaysia + + + Singh,1983a,b; *
Borneo + + + Singh,1983b;*
Philippines + + + *

Singapore + + + *

* for references see Tobari, 1993; + indicates presence of inversion; - indicates absence of inversion.

Dobzhansky and Dreyfus (1943) pointed out that D. ananassae probably originated in some
area of eastern and southeastern Asia and has depended on man for its present widespread
distribution. D. ananassae certainly appears to qualify as a polytypic species. Its widespread
circum-tropical distribution, especially through the scattered island groups in the Pacific ocean, has
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permitted recognizable genetic differences between parts of species population to become so well
developed that geographic races can be distinguished.

Relatively low number of inversions were observed in dark form ananassae, thus we suggest
that the dark form ananassae was distributed around Polynesian Islands before the cosmopolitan
form had a chance to expand its territory throughout the entire tropical and subtropical world.
Because no reproductive isolation had developed between the two forms, the cosmopolitan form with
its cosmopolitan inversions introgressed into Polynesian populations. Then these cosmopolitan
inversions were distributed in many places where the dark form ananassae had been the precedent
inhabitants. These widespread cosmopolitan inversions would be maintained in natural populations
by the strong superiority of the inversion heterozygotes (Tobari, 1993).

2L11
2121
2L20
2L19
2L18
2L12
2L17
2L9
2L16 38 T
2L15 2L13 L6
2L10 L4
2L3] 3014 L5
[ IRE=

Figure 3. Location of different paracentric inversions in 2L of D. ananassae.
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Figure 4. Location of different paracentric inversions in 2R of D. ananassae.
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Effect of larval size and weight on pupation site preference in different species of
Drosophila.

Vandal, N.B., and N. Shivanna. Department of Studies in Zoology, Karnatak
University, Dharwad 580003, India; E-mail: drnshivanna@rediffmail.com.

The larval pupation site preference (PSP) is an important event in Drosophila preadult
development, because the place selected by the larva has decisive influence on the subsequent
survival as pupae (Sameoto and Miller, 1968). The larval PSP has been analyzed by two types of
phenotypic characters, the pupation height and pupation site preference. The pupation height has
been studied by measuring the distance a larva pupated above the surface of the food medium (Sokal
et al., 1960; Sokolowski, 1985; Casares and Carracedo, 1987; Schnebel and Grossfield, 1992; Singh
and Pandey, 1993). The larval PSP has also been analyzed by measuring the percentage of larva
pupated at different sites viz; cotton, glass and medium and revealed that most of the Drosophila
species prefer maximum media and few species prefer glass and cotton for pupation (Barker, 1971;
Shirk et al., 1988; Shivanna ef al., 1996; Shivanna and Ramesh, 1997; Vandal et al., 2003).

The effect of abiotic and biotic factors on pupation height has been studied in different species
of Drosophila (de Souza et al., 1970; Sokolowski, 1985; Mueller and Sweet, 1986; Godoy-Herrera,
1986; Casares and Carracedo, 1987; Rodriguez and Sokolowski, 1987; Schnebel and Grossfield,
1992; Pandey and Singh, 1993; Joshi and Mueller, 1993; Hodge et al., 1996; Hodge and Caslaw,
1997; Joshi, 1997) and it reveals that these factors influence the pupation height.

The studies of Shivanna and Ramesh (1995) on larval salivary gland secretions (glue proteins)
and the gland size in 15 species of Drosophila reveal that the quantity of secretions synthesized is
independent of size of the salivary glands. The correlation studies between larval PSP and the
quantity of larval salivary gland protein called glue protein revealed that the larvae which secrete a
larger quantity of glue protein tend to pupate on media and those that synthesize half of the quantity
of glue protein prefer to pupate on glass wall, and very low or negligible quantity of glue protein
prefer to pupate on cotton (Shivanna et al., 1996). But the importance of size and weight of the larva
in relation to PSP has not been studied. The present study was undertaken to analyze whether there is
any relation between the size and weight of larvae and their pupation site preference.

The following Drosophila species were used to study the relationship between size and
weight of the larva on PSP. D. melanogaster, D. simulans, D. yakuba and D. mauritiana are sibling
species belonging to the melanogaster subgroup species. D. ananassae, D. bipectinata, D.
malerkotliana and D. rajasekari are closely related sympatric species and belong to ananassae
subgroup of melanogaster species group. D. virilis and D. novamexicana belong to the virilis group
and D. hydei belongs to repleta species group (Bock and Wheeler, 1972; Ehrman, 1978; Ranganath et
al., 1985; Ashburner, 1989; Singh and Pandey, 1991).

In order to maintain uniformity with regard to the age of the larvae, the eggs were collected
every 6 hours using the modified technique of Delcour as described by Ramachandra and Ranganath
(1988) and allowed to hatch. The culture was maintained at 22+1°C with 80% RH. Late third instar
larvae (96 hour old) were isolated from the cultures, and the size of the larva was measured from the
anterior spiracles to the posterior spiracles (Length and Breadth). Using an electronic balance, the
weight of the larva was quantified for each individual (twenty five larvae). Then the larvae were
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allowed to pupate in the culture vials. The partial correlation analysis was used to correlate the size
and weight of the larva with PSP.

Table 1 shows the mean of larval size (length and breadth) weight and percentage of PSP in
different species of Drosophila. Among the media-pupating species, D. simulans, D. yakuba, D.
mauritiana, D. bipectinata and D. malerkotliana prefer maximum media for pupation (93.4%, 71.4%,
53.2%, 86.6% and 74%, respectively). The approximate larval size of these species varies between 3
to 3.5 mm and weight varies between 0.6 to 0.7 mg. The larvae of D. melanogaster, D. ananassae,
D. virilis, D. novamexicana, and D. hydei prefer maximum glass for pupation (94.2%, 78%, 95%.,
76.6% and 74.25, respectively). The larval size of these species varies between 3.3 to 6 mm and
weight varies between 0.6 to 1.7 mg. The larvae of D. rajasekari prefer maximum cotton for
pupation (61.8%). The larval size is 3.5 mm and weight is 0.6 mg.

Table 1. Size and weight of third instar larvae and their maximum PSP in The comparison be-
different species of Drosophila. tween the larval size and

weight with maximum PSP in

Size : . .
Species (LXB) Weight Percetrjtageo/of dlfferent' species analy;ed
(mm) (mg) pupation (%) shows significantly negative
Media pupating species correlation (partial correla-
D.simulans 3.3 0.6 93.4 tion) with their maximum
D.mauritiana 3.5 0.6 71.4 PSP; on media D. simulans (r
D.yakuba 3.4 0.6 53.2 — 0954 dr=-0.9981). D
D.bipectinata 3.5 0.7 86.6 =-0.9545 and r = -0.9981), D.
D.malerkotliana 3.0 0.7 74.0 yakuba (r = -0.9559 and r =
Glass pupating species -0.9965), D. mauritiana (r =
D. melanogaster 3.3 0.6 94.2 -0.9065 and r = -0.9973), D.
D.ananassae 3.5 0.7 78.0 bipectinata (r = -0.9644 and r
D. virilis 5.0 1.1 95.0 _ 09971 d D
D. novamexicana 6.0 1.7 76.6 = 09971 an '
D.hydei 55 17 74.2 malerkotliana (r = -0.9979
Cotton pupating species and r = -0.9458), on glass D.
D.rajasekari 3.5 0.6 61.8 melanogaster (r = -0.9605 and
Size- Mean length and breadth of larvae includes anterior and posterior 1 = -0.9984), D. ananassae (r
spiracles (mm). Weight- Mean weight of late third instars larvae (mg). =-0.9661 and r = -0.9961), D.

virilis (r = -0.983 and r = -0.9439), D. novamexicana (r = -0.97 and r = -0.9945) and D. hydei (r =
-0.9769 and r = -0.9924) and on cotton D. rajasekari (r =-0.9165 and r = -0.9977).

The larvae of different species show differences in the larval size and weight with their
pupation site preference. The glass pupating species D. virilis, D. novamexicana and D. hydei are
larger in size and weight than media pupating species, D. simulans, D. yakuba, D. mauritiana, D.
bipectinata, and D. malerkotliana. The larvae of glass pupating species D. melanogaster and D.
ananassae and cotton pupating species D. rajasekari are more or less similar in their size and weight.
In contrast, D. virilis, D. novamexicana and D. hydei have bigger size than the larvae of D.
melanogaster, D. ananassae, and D. rajasekari, but they prefer to pupate on the glass. The culture
conditions were maintained constant for all the species analyzed.

The larval developmental period is determined by the time needed to reach the critical weight,
and the time from the critical stage to pupation and final body weight is determined by the critical
body weight and the possibilities for additional growth before the onset of pupariation as determined
by the availability of resources (Robertson, 1963). The hormonal event leading pupariation are
initiated in the third larval instar when critical stage is reached, after which there is a fixed period of
post critical feeding growth before pupariation occurs (Riddiford, 1985). In D. melanogaster, the
critical stage occurs right after the second moult. The size of the larva reaching the critical stage of
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commitment to pupariation is referred to as its critical weight. The critical weight is a symptom of
the underlying physiology and need not imply a direct relation between size and decision to pupate.
Larval critical weight will partly determine the way age and size at maturity respond to
environmental variations and is, therefore, important life history evolution (Bernardo, 1993). The
studies of larval size, developmental stage, and age on pupation at different temperatures in different
populations of D. melanogaster reveal that the weight of the larva within the age is significantly
correlated with pupation probability in tropical populations, whereas in temperate populations no
relation with larval weight, age, and with pupation probability, and most of the larvae succeeded in
pupating on/in and then produced small adults (Bochdanovitz and de Jong, 2003). The same larval
weight or age might have different meaning for different genotype, and higher probability of pupating
was associated with lower adult size once feeding was stopped. Minimal size is needed to pupate,
and that might vary between genotypes within populations of Drosophila (Bakker, 1961;
Bochdanovitz and de Jong, 2003).

Shivanna and Ramesh (1995) studied the larval salivary gland and quantity of glue protein
and reported that the secretion of larval glue protein is not associated with size of the salivary gland,
and quantity of the secretion is independent of the salivary gland. The larvae which secrete a larger
quantity of glue protein tend to pupate on media, and lesser preferred glass for pupation. It reveals
that the larval PSP depends on the quantity of glue protein synthesized by the late third instar larvae
(Shivanna et al., 1996). The present study reveals that, irrespective of size and weight of the larvae,
the species D. melanogaster, D. ananassae, D. virilis, D. novamexicana and D. hydei prefer to pupate
on glass. D. rajasekari having similar size and weight with glass and media pupating species prefer
to pupate on cotton. D. virilis, D. novamexicana and D. hydei have more size and weight than other
species and prefer to pupate on glass. The melanogaster and ananassae group species larvae were
found to pupate on glass and media though they have similar size and weight. The result shows that
the pupation site preference is not taxonomically related. Further it is concluded on the basis of the
above result that the size and weight of the larvae has no relationship with their pupation site choice.
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Revised list of drosophilid species so far described and recorded from the
Kumaon region, Uttarakhand State, India, with replacement names for two
homonyms.
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Introduction

The Cytogenetics Laboratory in the Department of Zoology, Kumaon University, Nainital,
India, is actively exploring the Drosophilid fauna of the Kumaon region since 1984, which was
completely unknown for its drosophilid fauna. Since then a number of papers have been published
on Kumaon Drosophilidae (Singh and Negi, 1989, 1992, 1995; Singh and Dash, 1993, 1998; Singh,
Dash and Fartyal, 2000, 2004; Singh and Fartyal, 2002; Fartyal, Singh and Toda, 2005; Joshi, Fartyal
and Singh, 2005; Upadhyay and Singh, 2006). The area is characterized by having dense evergreen
coniferous forests with medium to very steep slopes and extremely moist condition due to heavy rain
fall. This paper deals with the list of drosophilid species so far described and recorded from the
Kumaon region, India, with replacement names for two homonyms, i.e. Drosophila (Drosophila)
kulouriensis; old name elongata Singh, Dash and Fartyal, 2004, (Ref. Senck. Biol., 83(2): 173, 2004),
and Drosophila (Drosophila) sattalensis; old name serrata Singh, Dash and Fartyal, 2004, (Ref.
Senck. Biol., 83(2): 176, 2004).

Materials and Methods

This list is the result of drosophilid collections undertaken by the students of the Cytogenetics
Laboratory, Department of Zoology, Kumaon University, Nainital, India, since 1984. The collections
were largely made by net sweeping over wild vegetation and by trap baiting. The collected flies were
preserved in 70% alcohol and stored for their head, thorax and abdomen.

Observations
Out of 82 species collected, a total of 37 species belonging to different genera of the family

Drosophilidae were described as new to science, and 18 species were recorded for the first time from
India since 1984 from the Kumaon region, India. The genera Lordiphosa, Malloch and
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Microdrosophila Malloch were recorded for the first time from Uttarakhand, and the genus
Dichaetophora Duda was recorded for the first time from India.

Table 1. List of Drosophilid species and collection localities so far described and recorded from
the Kumaon region, India, with replacement names for two homonyms marked with ().

Genus / Subgenus Species Collection locality
Genus Amiota Loew 1. bandes Singh & Negi, Okhalkanda, Sargakhet,Chaubattia
1992

Subgenus Phortica Schiner

Genus Dettopsomyia Lamb

Genus Dichaetophora Duda

Genus Drosophila Fallén

Subgenus Dorsilopha
Sturtevant

Subgenus Drosophila
Fallén Str.

2. biprotrusa Chen & Toda,
1998

3. pseudotau Toda & Peng,
1990

4. nigrovittata (Malloch,
1924)

5. acutissima Okada, 1956

6. busckii Coquillet,1901

7. analspina Singh &
Negi, 1995

8. bageshwarensis Singh,
Dash & Fartyal,
2004

9. bishtii Singh & Negi,
1995

10. bizonata Kikkawa &
Peng, 1938

11. dwarahatensis
Upadhyay &
Singh, 2006

12. hexaspina Singh, Dash
& Fartyal, 2004

Nainital, Dhari

13. hydei Sturtevant, 1921

14. immigrans Sturtevant,
1921

15. khansuensis Singh,
Dash (& Fartyal,
2004

16. kulouriensis* (old name
elongata Singh,
Dash & Fartyal,
2004; Ref. Senck.
Biol. 83(2):163-
176, 2004)

garden, Bageshwar,
Amsysri,Nainital
Nainital, Gahna

Mukteshwar

Latoli, Lariyakanda, Kailakhan,
Champawat
Kausani

Nainital, Almora, Dunagiri,
Dwarahat,

Ranikhet, Chaukhutia, Kausani,
Pinath, Amsyari, Pithoragarh
Nainital,Letibuga, Kausani,
Chaubattia

Garden

Pithoragarh, Lohaghat, Ranikhet,
Amsyari, Bageshwar

Nainital, Okhalkanda, Sargkhet,
Ranikhet
Nainital, Mukteshwar, Kausani

Dwarahat

Kausani, Dwarahat, Nainital

Nainital,Sheetla, Ranikhet,

Dunagiri,

Dwarahat, Chaukhutia, Almora,

Pithoragarh, Gangolihat, Kausani,

Pinath,

Amsyari

Nainital, Tanakpur, Chaukhutia,
Kausani

Nainital, Dhari
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Subgenus Sophophora
Sturtevant

17.

18.

19.

20.
21.
22.

Research Notes

lacertosa Okada, 1956

mukteshwarensis
Joshi, Fartyal &
Singh, 2005

nainitalensis Singh &
Bhatt, 1988

nasuta Lamb,1914

notostriata Okada, 1966

paharpaniensis Singh,
Dash & Fartyal,
2004

Nainital ,Okhalkanda,

23.

24.

25.

26.

27.

28.
20.

30.

31.

32.

33.

34.

35.

36.

Ranikhet

painaii Singh & Negi,
1995

paramarginata Singh,
Dash and Fartyal,
2004

parazonata Dwivedi &
Gupta, 1980

paunii Singh & Negi,
1989

repleta Wollaston, 1858

repletoides Hsu, 1943
sattalensis * (old name
serrata Singh,
Dash & Fartyal,
2004; Ref. Senck.
Biol. 83 (2): 163-
176, 2004)
sulfurigaster Duda,
1923
surangensis Singh,
Dash & Fartyal,
2004
tetradentata Singh &
Gupta, 1980

trizonata Okada, 1966

bifasciata Pomini, 1940

hubeiensis Sperlich &
Watabe, 1997

jambulina Parshad and
Paika, 1964
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Nainital,Dhari ,Ranikhet, Dunagiri,
Dwarahat, Chaukhutia, Almora,
Pithoragarh, Gangolihat, Kausani,
Pinath,

Amsyari, Rudarpur

Mukteshwar

Ganguachaur, Nainital, Nagpani
Chaubattia

Nainital, Haldwani, Rudrapur
Kashialekh, Nainital

Bhatelia, Nainital, Bhowali, Almora,
Dunagiri, Kausani

Nainital, Okhalkanda, Champawat
(Mayawati Ashram)

Nainital

Sargakhet,Nainital, Kausani,

Pithoragarh,

Almora, Ranikhet

Latoli,Nainital,Lalkuan, Dunagiri,

Dwarahat, Ranikhet, Kausani

Dwarahat

Sattal - bhimtal(Nainital),
Chaubattia garden,
Ranikhet

Letibuga, Nainital, Pithoragarh,
Bageshwar
Nainital

Dunagiri, Kausani

Dhari, Nainital, Bhowali, Dhari,
Khansu

Sheetla, Nainital,Haldwani,

Dunagiri,

Kausani,Lohaghat, Tanakpur,

Pithoragarh

Sargakhet, Nainital, Dunagiri,
Kausani

Dhari, Nainital, Dwarahat,

Chaubattia

Garden, Chaukhutia,Gangolihat.
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Genus Gitona Meigen
Genus Hirtodrosophila
Duda

Leucophenga Mik

Research Notes

37. kikkawai Burla, 1954

38. malerkotliana
malerkotliana
Parshad & Paika,
1964

39. melanogaster Meigen,
1830

40. neobaimai Singh &
Dash, 1998

41. neokhaoyana Singh &
Dash, 1998

Nainital, Gangolihat, Dhari

42. nepalensis Okada,
1955

43. punjabiensis Parshad &
Paika, 1964

44. sargakhetensis Joshi,
Fartyal & Singh,
2005

45, saraswati Singh &
Dash, 1995

46. suzukii indicus Parshad
& Paika, 1964

47. takahashii Sturtevant,
1927

48. distigma Meigen, 1830

49. hexaspina Fartyal &
Singh, 2002

50. quadrivittata Okada,
1956

51. albiceps de Meijere,
1914

52. angulata Singh, Dash &
Fartyal, 2000
53. angusta Okada, 1956
54. argentata de Meijere,
1914

Sheetla, Nainital,Ranikhet,
Dunagiri,

Dwarahat, Chaukhutia,
Bageshwar,

Kausani, Gangolihat
Pithoragarh (Ghat), Champawat
(Mayawati

Ashram), Haldwani, Dunagiri,
Kausani,

Nainital

Gahna, Nainital, Sat Tal,
Dwarahat,

Chaukhutia, Almora, Kausani,
Pithoragarh,Rudrapur, Binsar
Mahadev

(Almora)

Nainital, Dunagiri, Kausani,
Kanalichchina(Pithoragarh)

Nainital, Almora, Ranikhet,
Dunagiri,

Dwarahat,Chaukhutia, Pithoragarh,
Kausani, Pinath, Amsyari

Nainital, Chaubattia garden

Sargakhet

Kausani,Mukteshwar, Pithoragarh,
Bageshwar, Gangolihat.

Latoli, Nainital, Almora, Ranikhet,
Dwarahat,Chaukhutia, Amsyari,
Kausani,

Gangolihat

Bhatelia, Nainital, Ratighat,
Almora,Ranikhet, Dwarahat,
Dunagiri,

Gangolihat ,Amsyari, Kausani
Dhari, Nainital, Lariyakanda
Letibuga, Nainital

Sheetla, Nainital

Ganguachaur, Nainital,
Lariyakanda,

Chaubattia garden, Dunagiri,
Kausani,

Gangolihat

Gahna, Nainital, Dunagiri, Kausani,
Pinath. Sargakhet

Nainital, Pithoragarh

Dunagiri, Dwarahat, Gangolihat
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Genus Lissocephala
Malloch

Genus Lordiphosa Malloch,

Genus Microdrosophila
Malloch,
Subgenus Microdrosophila

Genus Paraleucophenga
Hendel

Genus Hirtodrosophila
Duda

Genus Scaptodrosophila
Duda

Research Notes

55. bellula (Bergroth, 1894)

56. champawatensis
Fartyal, Singh &
Toda, 2005 (=
singhi, Ref. D.I.S.
83:71, 2000)

57. chaubattianensis
Fartyal, Singh &
Toda, 2005

58. clubiata Singh, Dash &
Fartyal, 2000

59. kumaonensis Fartyal,
Singh & Toda,
2005

60. nainae Fartyal, Singh &
Toda, 2005

Nainital, Chaubattia garden

61. neointerrupta Fartyal,
Singh & Toda,
2005

62. neolacteusa Singh &
Bhatt, 1988

63. okhalkandensis Singh,
Dash & Fartyal,
2000

64. ornata Wheeler, 1959

65. quadripunctata (de
Meijere, 1908)

66. subpollinosa (de
Meijere, 1914)

67. sp. 1, Upadhyay &
Singh (In press)

68. parasiatica Takada &
Momma, 1975

69. tripartita Okada 1966

70. sp. 2, Upadhyay &
Singh (In press)

71. neojavanaii Singh &
Negi, 1992

72. todai Fartyal & Singh,
2004

73. actinia Okada, 1991

74. chandraprabhiana
Gupta & Ray-
Chaudhuri, 1970
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Mukteshwar, Nainital, Ratighat,
Ranikhet,

Dunagiri, Kausani, Pinath, Amsyari
Nainital, Kausani, Champawat

Chaubattia garden, Ratighat,
Nainital

Dhari, Nainital, Bhowali, Dunagiri,
Kausani
Nainital

Nainital,Pilkholi, Dwarahat,
Kausani,

Pinath

Latoli, Nainital, Chaubattia garden.

Nainital, Ranikhet, Chaubattia
garden,Dunagiri, Kausani

Kashialekh, Nainital, Chaubattia
garden,

Dunagiri, Kausani

Nainital

Sheetla, Nainital,
Bhowali,Chaubattia
Garden

Kausani

Mukteshwar, Nainital, Almora,
Ranikhet,

Pithoragarh

Dunagiri (Almora)

Dunagiri (Almora)

Dwarahat (Almora)

Nainital, Dhari, Pithoragarh,
Amsyari

Nainital, Bageshwar,Kausani,

Champawat, Lohaghat
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75.

76.

77.

Genus Scaptomyza Hardy 78.
79.

80.

Genus Stegana Meigen 81.

Genus Zaprionus Coquillett = 82.

Research Notes

coracina Kikkawa &
Peng, 1938

hirsuata Singh & Dash,
1998

subtilis Kikkawa &
Peng, 1938

elmoi Takada, 1970

himalayana Takada,
1970

guadruangulata Singh &
Dash, 1993

nainitalensis Singh &
Fartyal, 2002
indianus Gupta, 1970

Nainital, Bhatelia, Champawat,
Almora,

Dunagiri, Kausani

Sargakhet, Haldwani, Nainital,
Bageshwar, Amsyari, Rudrapur,
Tanakpur

Kausani

Latoli, Nainital, Pithoragarh
Nainital, Almora, Ranikhet,
Dwarahat,

Dunagiri,Chaukhutia, Pithoragarh,

Gangolihat, Kausani, Pinath,
Amsyari

Letibuga,Bhimtal, Sat Tal,

Ramnagar,

Nainital, Ranikhet, Dwarahat,

Dunagiri,

Chaukhutia, Pithoragarh,

Gangolihat,

Kausani

Nainital

Mukteshwar, Nainital, Almora,
Ranikhet,

Dwarahat, Dunagiri,

Chaukhutia, Pithoragarh,
Gangolihat,

Kausani, Pinath, Amsyari
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Stochastic and factorial components of phenotypic variation in morphological
traits in laboratory populations of Drosophila ananassae.

Vishalakshi, C., and B.N. Singh.* Genetics Laboratory, Department of Zoology,
Banaras Hindu University, Varanasi-221005, India; *Corresponding Author; email:
bnsingh@bhu.ac.in; bashisthsingh2004@rediffmail.com.

Introduction

Phenotypic variation is a universal requirement for evolution upon which natural selection
acts. It has been observed in a wide variety of traits across the populations and species (Woods et al.,
1999; Belade et al., 2005). But how does this variation arise? How do new variants evolve? What
constrains variations? These are the central questions of interest to ecologists and evolutionary
biologists. Phenotypic variation reflects the genetic differences among individuals and the diversity
of the environment (Lajus and Alekseev, 2000). Most of the studies have focused much on the
genotypic variation than non-genotypic variation, which provides the basis for population’s adaptive
response to change in environmental factors by means of selection (Lajus and Alekseev, 2004). But
some experiments have shown that even when both genetic and environmental factors have been
minimized variation still exists suggesting that there is some “independent variation” which can be
neither reduced due to genotypic differences nor due to direct effect of environmental factors (Belade
et al., 2005; Astaurov, 1930). Later, it has been proposed that this kind of variation results from
developmental instability, which reflects the deviations of developmental trajectories from the target
determined for a particular genotype and environment (Lajus and Alekseev, 2000). It is measured by
fluctuating asymmetry (FA), i.e., variance in random deviations from the perfect bilateral symmetry
(Van Valen, 1962) and its levels increase due to either genetic or environmental stresses (Leamy and
Klingenberg, 2005). There are different ways to partition total phenotypic variation, but most of
them require special experimentation and are very difficult to apply to the populations of out-
breeding species in natural and laboratory conditions (Lajus and Alekseev, 2000). In non-
symmetrical structures, two kinds of the variation, heterogeneity among individuals and within-
individual variation, impact total phenotypic variation, but it is impossible to separate them (Lajus,
2001). In symmetrical traits total phenotypic variation can be divided into two components:
stochastic and factorial components using a special index of fluctuating asymmetry (Lajus and
Alekseev, 2000). The stochastic component reflects developmental instability while the factorial
component reflects the heterogeneity of individuals within a population and includes genotypic,
macro- and micro-environmental, and ontogenetic variations (Kozhara, 1994; Lajus et al., 2003a).
Genotypic variations reflect the genetic differences among individuals. Macro-environmental
variations are due to environmental variations between distinct environments, whereas micro-
environmental variations are due to relatively minor and local environmental variations. The
ontogenetic component represents variation among different stages of growth, e.g., juveniles and
senescent adults differ in their phenotypes (Lajus et al., 2003a). However, there is no report on the
relative contribution of stochastic and factorial components of phenotypic variance in any bilateral
trait in Drosophila (D. Lajus, pers. comm.). In view of this, we have made an attempt to analyze the
phenotypic variation in D. ananassae Doleschall, a cosmopolitan and domestic species, which
occupies a unique status among the Drosophila species due to certain unusual genetic features (Singh,
2000).
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Materials and Methods

Fly stocks and Trait measurements

The details of the eighteen mass culture stocks of D. ananassae used in the present study have
been described elsewhere (Vishalakshi and Singh, 2006). The stocks were maintained in the
laboratory on simple yeast-agar medium at approximately 24°C temperature. Virgin flies collected
from these mass culture stocks were aged for 4 days in food vials. Different morphological traits viz.,
thorax length, wing length, wing to thorax ratio and sternopleural bristle number, sex comb tooth
number, and ovariole number were measured as described earlier (Vishalakshi and Singh, 2006).
Except thorax length, all the traits were measured on both left and right sides in a total of 1800
individuals (50 males and 50 females from each population).

Data analyses

Variation among populations and sexes was tested by analysis of variance (ANOVA) for each
morphological trait. The variability of each population was estimated using the coefficient of
variation (CV). Comparisons of phenotypic variability among populations in both sexes were
performed using test of homogeneity for coefficient of variation (Zar, 2005).

For the asymmetry analysis, the framework laid by Palmer (1994) was followed.
Measurement error (ME) will artificially inflate the estimates of FA. Therefore, for this reason, it is
important to have the confidence that there are differences in R-L among individuals and not simply
an artifact of ME. For measurement error, 32 flies randomly collected from the cultures and two
replicate counts were made for different traits per fly, each on different day. Measurement error was
assessed using two-way mixed model ANOVA in which, sides were entered as fixed factor and
individuals as a random factor (Palmer, 1994). The tests for FA differences are only justified if
interaction (Side X Individual) variance is significant. In all ANOVA (not shown), the interaction
between side and individual is highly significant (P < 0.001), indicating that the measurement error in
all the traits is negligible compared with the variation between sides. In all ANOVA (not shown), the
interaction between side and individual is highly significant (P < 0.001), indicating that the
measurement error in all the traits is negligible compared with the variation between sides. Further,
individual asymmetry was measured as D = R - L, where R is the value of the trait on the right side
and L is the value of the trait on the left side.

Partitioning total phenotypic into stochastic and factorial components

The partitioning of stochastic and factorial components is justifiable only if the asymmetry is
fluctuating asymmetry and not directional asymmetry and antisymmetry. Therefore, it is important to
check the kind of asymmetry before proceeding with an analysis (Lajus ef al., 2003a). Thus, one
sample t — test on the signed differences (R-L) for each trait was performed to determine whether the
mean values differ from zero for directional asymmetry (Palmer, 1994). For antisymmetry, we
checked departures from normality of the distribution of the signed differences (R-L) using the
Kolmogorov-Smirov test. Fluctuating asymmetry in bilateral traits (wing length, W/T ratio,
sternopleural bristle number, sex comb tooth number and ovariole number) in 18 laboratory
populations of D. ananassae was calculated. Further, phenotypic variance of bilateral traits, e.g.,
wing length, W/T ratio, sternopleural bristle number, sex comb tooth number, and ovariole number
was partitioned into stochastic (0%) and factorial (0%) components (Kozhara, 1989, 1994) o> =
T (Xi—-M)¥ 2 (n-1); 6*s=2 (R-L)¥2n; 0% =0° - 0% where 0 is the total phenotypic variance,
025 is the stochastic component of total variance, 02F is the factorial component, X is both right and
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left manifestation of the trait, M is the mean value, R is the right manifestation, and L is the left
manifestation of the trait, and n is the number of individuals. Variations among the populations for
both stochastic (0%) and factorial (G%) components in both sexes were tested by test of homogeneity
of variance for all the traits separately. To compare the difference in the components (stochastic and
factorial) and sexes (males and females), F-test was performed.

Table 1. Comparisons of morphological traits between populations and sexes in laboratory populations of
D.ananassae by two —way Analysis of Variance.

Traits Source of variation df MS F

Thorax length Sex (S) 1 19529.5 211.26***
Populations (P) 17 152.44 25.74%**
SxP 17 92.44 15.61***
Error 1764 5.921

SBN Sex (S) 1 991.63 58.47***
Populations (P) 17 46.02 8.32%**
SxP 17 16.96 3.07**
Error 1764 5.52

WL Sex (S) 1 47228 235.18***
Populations (P) 17 250.88 21.59***
SxP 17 200.82 17.28***
Error 1764 11.62

WI/T ratio Sex (S) 1 0.0346 7.208*
Populations (P) 17 0.095 256.76***
SxP 17 0.0048 12.98***
Error 1764 0.00037

ST Sex (S) 1 791533.6 949.39***
Populations (P) 17 1447.28 4.203***
SxP 17 833.72 2.421*
Error 1 344.32

*P<0.05; **P<0.01; ***P<0.001.
TL-Thorax length; SBN-Sternopleural bristle number; WL-Wing length; W/T— Ratio of wing length and
thorax length; ST- sexual traits (in females- Ovariole number and in males - Sex-comb tooth number)

Results and Discussion

The mean value of different morphological traits viz., thorax length, wing length, wing to
thorax ratio and sternopleural bristle number, sex comb tooth number, and ovariole number vary
significantly among populations (Table 1) providing the evidence for genetic heterogeneity among
laboratory populations of D. ananassae. There is significant difference between the males and
females for all traits (Table 1). Test of homogeneity of coefficient of variation (CV) reveals that
there are significant differences among individual variation for all the morphological traits in both
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sexes (Table 2). The phenotypic
variability of sexual traits is more
than that of the non-sexual traits

Table 2. Population variance (Var) and test for homogeneity for coefficient
of variations (x 2) among populations for different traits in D.ananassae.

Traits MALES FEMALES (Figure 1). To compare phenotypic
Var X? Var x* variations between traits, we
TL 8.59 65.51™ 7.63 123.57  considered trait CVs separately in
SBN 1.89 30.99 3.781 108.15 males and females. Traits differed
WL 24.44 69.73* 14.48 1302.66** sienificantly in  their CVs b
WIT ratio 0.004 134,79 0.0036 363.9" K%u ol Wyll' este i Dot thy
ST 74.16 33.00* 17.47 69.04** Skal-Wallls tests 1 bo ©
sexes (males: F'=50.822, df =4, P
*  Significant at P<0.05, ** Significant at P<0.001 <0.001; females: F =21.33, df = 4
P < 0.001). This
18 OMales difference in CV arises
BFemales | due to enormous diversity
16 -

of the genetic and
environmental factors
difficult to disentangle
(Houle, 1992) and also
depends on the forces
acting on them. For
example, in the present
study the traits that we
have selected can be
categorized into: meristic
traits (SBN, SCTN, and
ON) and metric traits
(WL, W/T ratio, and TL)

Figure 1. Phenotypic coefficient of variation (CV) for morphological and also in non-sexual
traits in males and females. (The abbreviations used: TL - Thorax traits (TL, SBN, WL, and
length, SBN - Sternopleural bristle number, WL — Wing length, W/T- W/T ratio), and sexual
Ratio of wing length and thorax length, sexual traits (SCTN-Sex comb  traits (SCTN and ON).

tooth number and ON- Ovariole number). Across the populations
(Figure 1), the CVs of the

meristic traits (SBN, SCTN, and ON) are relatively higher than the metric traits (WL, W/T ratio, and
TL) suggesting that meristic traits are more prone to phenotypic variability than metric traits (Woods
et al., 1999). Trait differences in CVs also reflect the forces acting on them, which is evident from
the larger CV of sexual traits (SCTN and ON) than non-sexual traits (SBN, WL, W/T ratio, and TL).
This suggests that any trait that enhances mating and fertilization opportunities will be favored by
sexual selection (Andersson, 1994) and also are sensitive to the effect of environmental perturbations
leading to high phenotypic variability (M ller and Cuervo, 2003) than the non-sexual traits, which
are supposed to be under natural selection. Interestingly, the variability is more in ovariole number
(in females) than in sex comb tooth number (in males), suggesting intense sexual selection will
reduce variability in males, which supports the theory that strong directional selection reduces
underlying genetic and phenotypic variation (Falconer and Mackay, 1996). Moreover, in the non-
sexual traits, the lower CVs in the wing traits (WL and W/T ratio) than bristle number in both sexes
suggests that the traits that are more closely related to fitness are expected to be better buffered
against environmental effects (Lerner, 1954; Woods et al., 1999).
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Directional asymmetry and antisymmetry

One-sample t-test reveals that mean values of each trait did not differ significantly from zero.
For example, in males, for SBN (t = -1.273, df = 1798, P = 0.203), WL (t = 0.238, df = 1798, P =
0.814), W/T ratio (t = 0.697, df = 1798, P = 0.486) and SCTN (t = 0.505, df = 1798, P = 0.614) and
in females for SBN (t = -0.093, df = 1798, P = 0.926), WL (t = 1.633, df = 1798, P = 0.103), W/T
ratio (t =-0.693, df = 1798, P =0.488) and ON (t =-1.552, df = 1798, P =0.121). The distribution of
the signed differences (R-L) showed normal distribution in the Kolmogorov-Smirov test for
normality. Moreover, none of skewness (t =-1.509, df = 8, P = 0.170) and kurtosis (t = 1.752, df =8,
P =0.118) values differed from zero for all the traits. This indicates that we are observing true FA
rather than directional asymmetry and antisymmetry in our data. Fluctuating asymmetry have been
calculated as mean of absolute trait asymmetry (|R-L|) for males and females.

Partitioning of stochastic (¢°s) and factorial (6°r) components
Further, we have partitioned out the total phenotypic variance into stochastic (%) and
factorial (0%F) components for all the bilateral traits (sternopleural bristle number, wing length, wing
to thorax ratio, ovariole number, and sex comb tooth number). There are significant differences
among the populations for stochastic

Table 3. Magnitude of stochastic (o%) and factorial (%) component of variance for all the traits in males
components of the variance of different morphological traits

in D. ananassae. (except SCTN) and females (Table 3). The
populations also differ significantly for the

Variance factorial components of all traits except WL and

Traits Among populations {x ) Fiest  SCTN (Table 3). The cause of this variability is

a) Males o’s o’ due to genotypic variation and internal

component of environment (Zhang and Hill,

SBN 91.22* 918.22* 0.782 . . .
WL 914.76* 3.289 511 17" 2005). The percentage contrlbutlgn of fagtorlgl
WIT 1055.45* 1019 20* 128.50* component to the total phenotypic variation is
SCTN 0.505 1125 257 more than that of the stochastic component

b) Females (Table3). Interestingly, the percentage
SBN 112.94* 862.27* 1.22 contribution of the stochastic variance for wing
WL 628.51 3.21 100.65* traits decreases in comparison to the SCTN,
wIT 1050.9* 443.33° 72617 ON, and SBN supporting the view of Lajus et
ON 111.82* 4.082* 7.259*

al., (2003a), that the contribution of stochastic

Significant at P<0.05, variance to the total phenotypic variance

decreases as the mean increases. In males,
factorial and stochastic component of variance differ significantly for WL and W/T ratio but not for
SBN and SCTN (Table 3 A). Similarly, in females the two components differ significantly for WL,
W/T ratio, and ON except SBN (Table 3 B).

However, the magnitude of factorial component in all the traits is more than that of the
stochastic component in all the traits except SBN in both the sexes (Figure 2). In order to test the
difference statistically between the two sexes, F —test was employed. Males and females have a
similar level of stochastic component of variation for sternopleural bristle number (¥ = 1.299, P >
0.05), wing length (F' = 1.069, P > 0.05) and wing to thorax ratio (F = 2.08, P > 0.05) but not for the
sexual traits (F = 6.357, P < 0.001). These results support the previous findings (Vishalakshi and
Singh, 2006) in these laboratory populations where the levels of fluctuating asymmetry ( |[R-L| ) are
similar in non-sexual traits (SBN, WL, and W/T ratio).
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Figure 2. Magnitude of stochastic and factorial components of phenotypic variation in different
populations of D.ananassae for different morphological traits, A) sternopleural bristle number, B)
Wing length, C) Wing to thorax ratio D) Sexual traits. In the parentheses, the percentage values of the
contribution of the stochastic and factorial component of the total variance are given).

Similarly, both sexes have the similar level of the factorial component for sternopleural bristle
number (£ = 1.368, P > 0.05), wing length (¥ = 1.069, P > 0.05), and sexual traits (F = 2.248, P >
0.05). Moreover, the magnitude of stochastic components is higher in males for SCTN than in
female for ON (See Figure 2D) suggesting that sexual traits in males are more prone to
developmental instability than in females (Vishalakshi and Singh, 2006).

The relationship between stochastic and factorial components was tested for all the traits in
males and females. In males, there is negative correlation between stochastic and factorial
components for SBN(r = -0.584, P < 0.01), W/T ratio (r =-0.305, P <0.219) and SCTN(r =-0.302, P
< 0.224) where as positive correlation for WL (r = 0.114, P = 0.651). Interestingly, in females there
is negative correlation between the two components for WL (r = -0.394, P = 0.106), W/T ratio
(-0.168, P = 0.504) and ON (r = -0.433, P = 0.072), whereas as positive correlation for SBN(r =
0.282, P <0.257). When the data of males and females were pooled for both stochastic and factorial
components there is a negative correlation for WL (r = -0.354, P < 0.05), W/T ratio (r = -0.156, P =
0.585), whereas there is a positive correlation for SBN (r = 0.007, P = 0.967) and sexual traits (r =
0.366, P < 0.05). The association between the stochastic and factorial variance of the same traits is
positively correlated (Lajus, 1991; Lajus and Alekseev, 2000). In constrast to this, there is negative
correlation for wing traits but positive for SBN and sexual traits. The positive significant association
of stochastic and factorial component for sexual traits suggests that the underlying mechanisms are
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responsible for buffering the traits development against both external and internal environmental
variations are interrelated (Lajus et al., 2003b).

In conclusion, the present study provides the evidence for 1) phenotypic variability among
populations and individuals which is caused due to genotypic and micro environmental diversity and
within-individual variation is caused due to the developmental instability, 2) trait variability arises
due to the evolutionary forces (sexual and natural selection) acting on them at individual level, and 3)
the contribution of stochastic variance in comparison to the factorial variance to the total phenotypic
variance is small, but is considerable. This is the first report on the relative contribution of stochastic
and factorial components of phenotypic variance in any bilateral trait in the genus Drosophila.
However, present study provides new avenues for further research in order to get more information
regarding the contribution of factorial and stochastic variance in other Drosophila species with a
much wider range of traits.
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Abstract

Body melanization and desiccation tolerance were analyzed in ten Drosophila melanogaster
populations collected at high and low altitudes from five latitudes along the Indian subcontinent.
Significant latitudinal cline (11-31°N) and altitudinal (10-2200 m) differentiation were observed for
cuticle pigmentation (8-30 points of maximum 60) and survival time of desiccation (17-25 hours).
Both traits were found to be closely associated with average temperature (10-28°C) and relative
humidity (40-73%) among study sites. Desiccation tolerance was linearly correlated with
pigmentation (D = 0.31.P+15.5 hours; r = 0.94, p < 0.0001). The results from this study suggest that
factors linked to temperature are likely selective forces and that genes controlling pigmentation and
desiccation tolerance are good candidates for studying climatic adaptation.

Introduction

Morphological and life history traits of living organisms may vary gradually along existing
environmental clines. Two of the geographical characteristics may be easily identified and correlated
with organism traits: latitude (distance from equator) and altitude (height above sea level). Important
environmental conditions like ambient temperature are dependent on both these clines, although the
rate of change is hardly comparable. Altitudinal temperature changes are generally steep and the
climate is less predictable, while latitudinal gradients are smoothly spread over long distances (Heath
and Williams, 1979; Baur and Raboud, 1988). For example, mean temperature difference between
the foot (200 m) of Sierra Nevada, California, and the peak (3979 m) of Mount Dana at a distance of
97 km is around 24°C. This difference is roughly equivalent to 4500 km in south—north (latitude)
direction (Hopkins, 1938). On the Indian sub-continent, both latitudinal and altitudinal ranges are
substantial, offering a chance for local adaptation of populations to prevailing climates. The average
temperature differs approximately by 2.6°C between south (Kaniya kumari: 8.05 °N/ 37 m) and
north (Chandigarh: 30.44 °N / 347 m) regions, whereas from lowland Kalka (30.51 °N/ 600 m) to
mountain Shimla (31.06 °N / 2202 m), the average temperature differs around 10.2°C. The distance
between Kaniya kumari to Chandigarh is around 2400 km and between Kalka to Shimla it is around
150 km.

Despite high thermal and other environmental differences between close localities at very
different altitudes, genetic adaptation to high-altitude conditions appeared weak in two dung fly
species (Blanckenhorn, 1997). The phenotypic plasticity of the populations was extensive, while
genotypic differences were probably reduced by substantial gene flow across short distance over an
altitudinal cline. Similarly, water loss rate showed high variation (3.7x) among populations, seasons,
and acclimation treatments in Glossina pallidipes (Terblanche et al., 2006), but most of the
intraspecific variation was accounted for by within-generation phenotypic plasticity in response to
temperature acclimation. Limitations of spreading and distribution of organisms in the tropics caused
by high mountain ranges were reviewed by Ghalambor et al. (2006).

Genetics as well as ecophysiology of fruit flies have been thoroughly studied previously.
Latitudinal clines in physiological tolerance to environmental stress have been documented in wild
populations of Drosophila melanogaster in several continents (James et al., 1995; James and
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Partridge, 1995; Azevedo et al., 1996; Hoffmann et al., 2002; Watada et al., 1986; Capy et al., 1993;
Hallas et al., 2002). The wide geographical distribution range of D. melanogaster is exceptional,
providing large opportunity for selection of strains adapted to local climate. However, fruit-flies
generally tend to have wide distribution with low beta diversity among sites (Novotny et al., 2007).
The widespread existence of clinal variability suggests that the climate plays a key role in life history
and physiology of the flies. On the other hand, altitudinal gradients in traits of Drosophila have been
less well studied (Etges and Levitan, 2004; Sorensen et al., 2001, 2005; Parkash et al., 2005; Collinge
et al., 20006).

Heritable clines along latitude in eastern Australia have been established for quantitative traits
of D. melanogaster including wing length/area, thorax length and cold and heat resistance. Expected
clinal pattern for resistance to desiccation has not been supported (Hoffmann and Weeks, 2007).
Desiccation resistance was higher under summer compared with winter simulating laboratory
conditions, but this trait did not exhibit clinal variation across a latitudinal range of 27 degrees in
eastern Australia (Hoffmann et al., 2005). In cool, high latitude regions, Drosophila species are often
active throughout the day, whereas in lower hot latitudes, they are most active early and late during
the daylight hours. Indeed, a heritable latitudinal cline in circadian activity has been found
suggesting avoidance of potential desiccation and/or thermal stress (Simunovic and Jaenike, 2006).

In this study, we examine a morphological (pigmentation) and an ecophysiological
(desiccation resistance) trait in D. melanogaster collected from high and low altitude sites at five
locations along the Indian subcontinent. We directly assess the relative importance of altitudinal and
latitudinal clinal differences for the adaptations of local populations. We, therefore, test the
hypothesis that populations of D. melanogaster are adapted to local conditions for morphological and
physiological traits. In addition, we evaluate potential correlations between these traits among
populations. Pigmentation was studied because previous studies (Munjal et al., 2007) found it to be
positively correlated with both the latitude and altitude of original populations (not original
populations). Although a clinal variation of desiccation tolerance has not been previously found in
other continents (Hoffmann and Weeks, 2007), our preliminary data suggested adaptive pleiotropic
effects of melanisation in coping with problems related to thermal balance as well as water balance in
D. melanogaster.

Material and Methods

From each collection site, about 80—90 wild caught individuals were obtained using banana
bait traps. Isogroups were set up from field collected individuals. All collections were done in
winter months (Nov—Dec, 2004) when flies are commonly available throughout India. The flies were
collected from five pairs of low and high altitudinal sites at five different latitudes (Calicut/ 11°15’
and Coonoor/ 11°21°; Ratnagiri/ 16°59° and Mahabaleshwar/ 17°56’; Deesa/ 24°12° and Mt. Abu/
24°36’; Bareilly/ 28°22” and Nainital/ 29°24’; Chandigarh/ 30°44’ and Shimla/ 31°06') along the
Indian sub-continent (Figure 1). Except for the Calicut (coastal region) site, the rest of the collection
sites were inland. The sampling sites were characterised by their latitude, altitude, longitude, average
temperature and relative humidity. The climatic data for the geographical sites were obtained from
climatological tables of Meteorological Department of India which represent last 30 years averages.

Flies of each population were reared on cornmeal sugar medium inoculated with live yeast.
All experiments were performed with F1 generation adults. For each population, ten randomly
chosen individuals (females only) from each replicate (a total of four replicates for each isogroup) of
each isogroup (a total of four isogroup) were simultaneously analyzed for pigmentation scores and
desiccation tolerance.
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Figure 1. Map of India showing
origin of populations of Drosophila
melanogaster. Locations with
black, and white circles correspond
to highland and lowland sites.

For abdominal pigmentation
and desiccation tolerance the
methods of David et al. (1990) and
Hoffmann and Parsons (1989) were
followed. The degree of
pigmentation was estimated from a
lateral view of the female abdomens
giving values ranging from 0 (no
pigment) up to 10 (complete
darkness) for each of the six visible
segments. To improve the accuracy
of the measurements, double
blinded study (i.e., two persons did
the pigmentation scoring and they
did not know the origin of the
population) was done and good
repeatability observed.

For measuring desiccation
tolerance (as survival time under
low humidity conditions), ten
individuals of each line were
isolated in a dry plastic vial. These vials contained 2 g of silica gel at the bottom of each vial and
were covered with a disc of plastic foam to create a <10% relative humidity environment. Four
replicates were run for each isogroup to yield a total sample of n = 40. The vials were inspected
hourly and the number of dead flies (completely immobile) was recorded (in order to confirm this
vials was shaken twice to check the fly response). When the numbers of dead individuals approached
50%, vials were inspected every 30 minutes until all the flies had died.

ANOVA was undertaken to examine the effects of the latitude and altitude on the traits of the
populations as well as the interactions between these effects. These factors were treated as fixed
effects, because we deliberately selected latitude points along the Indian sub-continent and high/low
altitude sites. Multiple regression analyses (Statistica 7) were carried out to examine associations
between population trait means and the two macroclimatic variables: mean annual temperature and
mean annual humidity and the influence of altitude and latitude. Under strong climatic selection, we
might expect association between trait means and climatic variables regardless of the distance
between populations.




74

Research Notes Dros. Inf. Serv. 90 (2007)

32

30 (a) °

28 | 1855
° 1780

267 1059 o
24 o o

22

20 | 1315
18t

Pigmentation score

16 |
14t
127 1736
10}

8r o

11°15" 11°21' 16°59" 17°56' 24°12' 24°36' 28°22' 29°24' 30°44' 31°06'
Latitude (°N)

26

25t ®) n
| |
oa | m 1855

1780
1059

1315

>
>

21t

20 ul
1736

Desiccation tolerance (hours)

19

18

17 + m]

16

11°15' 11°21' 16°59' 17°56' 24°12' 24°36' 28°22' 29°24' 30°44' 31°06'
Latitude (°N)
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Results

The degree of pigmentation was dependent on latitude (one-way ANOVA: F,, = 1877, p <
0.001), altitude (Fyy =864, p < 0.001), and also latitude by altitude interaction (Fy, = 8.6, p < 0.01).
Flies from the northernmost regions showed highest pigmentation scores (Shimla: 29.70 + 0.86 and
Chandigarh: 25.70 + 0.71). All highland populations showed stronger pigmentation than the
corresponding lowland populations (Figure 2a).

Populations from the northern India had greater desiccation tolerance (Shimla: 24.97 = 1.21 h
and Chandigarh: 23.06 + 1.31 h) than those from southern parts (Figure 2b) of India (Calicut: 17.00 +
0.90 h and Coonoor: 21.50 + 0.87 h, one-way ANOVA: F,, =246, p < 0.001). All highland
populations showed better desiccation tolerance compared to lowland populations localized nearby
(Fxy =406, p <0.001, interaction between latitude and altitude: F, y = 15.7, p <0.01).

Significant correlation coefficients were obtained when the two traits of flies were pairwise
correlated with geographic (r = 0.41 for Pigmentation vs. Altitude; r = 0.61 for Desiccation vs.
altitude; r = 0.93 for pigmentation vs. latitude; r = 0.81 for desiccation vs. latitude) and climatic
factors (r = -0.65 for pigmentation vs. temperature; r = -0.82 for desiccation vs. temperature; r = -0.78
for pigmentation vs. relative humidity; r = -0.75 for desiccation vs. relative humidity), except for
longitude (‘r’ less than 0.26 for both the traits). Pigmentation and desiccation tolerance increased
with altitude and latitude, and in the same time decreased with average temperature and relative
humidity of the site of origin. Both temperature and humidity decreased with both altitude and
latitude. Both traits were strongly correlated (R* = 0.88, p < 0.0001).

The correlation parameters further increased when all four significant geographic and climatic
parameters were used in a common multiple regression (R” = 0.95, p < 0.002 for pigmentation, R* =
0.89, p < 0.003 for desiccation). However, latitude was a single significant factor among the four
ones (r = 0.74) predictive for pigmentation, the other (including altitude) contributed only slightly for
the correlation (Figure 3a). For desiccation, no single factor had a significant predictive contribution
to the correlation. For this reason, we used forward stepwise method of regression, resulting in two
significant predictive factors for desiccation — temperature (r = —0.53) and humidity (r = —0.38)
(Figure 3b).

Genetic basis of trait variability was analyzed on the basis of repeatability across generations
as well as by subjecting the isofemale line data to ANOVA. For the two traits (pigmentation and
desiccation), repeatability was further analyzed in two more generations (F3 and F7 added to F1).
Correlation across generations (F1-F3, F3-F7 and F1-F7) showed highly significant values (0.91,
0.89, and 0.86 for pigmentation and 0.86, 0.80, and 0.83 for desiccation).

In order to explore potential associations between pigmentation and desiccation resistance,
preliminary experiments were set up with wild female flies from a single mid-altitude site
(Barog/1680m a.s.l.; 30°44°N, 77°01°E). The flies were separated into two groups of high and low
pigmentation. The two groups differed in their desiccation tolerance (data not shown). This was
further confirmed on wild females (n = 60+65) collected in January. Within this sampling location,
there was, therefore, a significant positive correlation between darker flies and longer desiccation
tolerance and paler flies and shorter desiccation tolerance (r = 0.79, p < 0.003).

Discussion
In the present study, populations of D. melanogaster sampled in a range of latitudes (11—

31°N) and altitudes (0-2200 m a.s.l.) within the Indian sub-continent showed significant phenotypic
differences in the degree of abdominal melanic pigmentation and desiccation tolerance (survival
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time). Although a clinal trend of desiccation tolerance with latitude has not been previously found in
other continents (Hoffmann and Weeks, 2007), the latitudinal pattern described here (strong increase
of values of both traits with latitude) is consistent with previous studies done by Parkash and Munjal

(1999) and Das (1995). High latitude sites were cooler and in the same time drier — an opposite
situation to subtropical-temperate climatic regions.
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Figure 3. General trends of (a) increase of melanic pigmentation score of abdomen with
latitude (°N) and altitude (m a.s.l.), and (b) increase of desiccation tolerance (hours of
survival) with average ambient temperature (°C) and relative humidity (%) through

Indian subcontinent in female Drosophila melanogaster. Surface = Distance Weighted
Least Squares.
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Higher altitude also hosted flies that were more resistant to desiccation and darker. This
correlation of the traits with altitude was not so strong over the entire scale and when analysed by
multivariate regression, but constant in pairwise comparison. Mountain sites were always cooler and
also drier than correspondent lowland sites.

Because mean ambient temperature and relative air humidity are inversely correlated with
both latitude and altitude, it might be possible to explain the observed variation as the result of
adaptation to local environments. We tried to decide between the roles of either geographical
coordinates or climatic factors by forward stepwise method of multiple regression. While the
desiccation tolerance (survival time) increased with decreasing ambient temperature and air humidity,
i.e., with climatic factors (Figure 3b), degree of pigmentation increased significantly only with
latitude and slightly with altitude of the site of origin (geographical factors). The strong correlation
of desiccation tolerance with climatic variables supports a direct role for climatic selection in
generating altitudinal as well as latitudinal patterns in this trait. The selection effect on pigmentation
may be non-direct or more complicated. Gene flow between sites with different climate may be more
effective for pigmentation and penalized by selection for desiccation tolerance. Although proximate
selection factors for the two traits may be different, they were repeatedly found to be strongly
correlated to each other.

The role of body melanization for thermoregulation has been explored in several ectothermic
animals, e.g., in ladybird beetles (Adalia bipunctata) and in Colias butterflies (de Jong and
Brakefield, 1998; Ellers and Boggs, 2002, 2004). Clusella-Trullas et al. (2007) and Majerus (1998)
have reviewed all such evidence in favor of thermal melanism. Heritable increase in melanization of
abdominal segments with latitude and altitude in D. melanogaster agree with the hypothesis that
black body surfaces better absorb solar radiation in order to maintain optimum body temperature
under colder ambient temperatures. A disadvantage of being darker is that the animal may overheat
more easily, but this is often compensated by behavioural mechanisms, as in the firebug (Honék,
1986). The assumption that colour, thermal physiology and behaviour are coadapted has been
supported (Clusella-Trullas et al., 2007).

Direct evidence of different effects of solar radiation and thermal properties on melanics
versus typical pale forms has been demonstrated in butterflies and in beetles (Roland, 1982; Guppy,
1986; Brakefield and Willmer, 1986). Significant differences in behavioural thermo regulation
between dark and pale individuals appeared in females, but not in males of the grasshopper Tetrix
undulata (Forsman et al., 2002). Surprisingly, behavioural differences between individuals
belonging to different colour morphs were genetically determined, rather than simply reflecting a
response to different heating rates according to the actual body coloration.

In montane habitats, organisms have to cope with colder and usually wetter conditions. In all
our sites throughout Indian subcontinent, the conditions at high altitudes were slightly drier. At low
ambient temperature, the absolute water content of the ambient air is reduced even at the same
relative humidity. Several investigations have considered interspecific differences in desiccation
tolerance with mechanistic link to the problems of water balance (Zachariaseen, 1996; Gibbs et al.,
1997; Hoffmann and Harshman, 1999; Addo-Bediako et al., 2001). However, similar studies on
intraspecific level are limited (Eckstrand and Richardson, 1981). Amount of cuticular lipids varied
among populations of Glossina pallidipes and was not correlated with prevailing temperatures,
humidities, and vegetation density (Jurenka et al., 2007).

The present study suggests that D. melanogaster females from high altitude locations survive
desiccating conditions significantly longer than lowland populations, at least when geographically
close pairs of localities are considered. This could be because of selection to reduced rates of water
loss and an increased ability to tolerate dehydration. Numerous studies have considered the
mechanistic basis of water balance under hot and dry environmental conditions in diverse taxa of
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insects (Gibbs et al., 1997). Neither a reduction in body size (which might be selected to reduce
chances of freezing at high altitudes) nor corresponding increase of water loss (and thus probable
reduction of survival time in desiccating conditions) were observed. Only the Nainital locality
periodically experiences subzero temperatures.

The water loss rate can be strongly influenced by body size variation, while little direct
support could be found for the assumption that there is a consistent melanism-body size tradeoff
(Clusella-Trullas et al., 2007). This problem is reviewed by Chown and Terblanche (2007). We did
not observe a consistent pattern of body size in our material.

Moreover, desiccation tolerance was not linearly dependent on the ambient relative humidity,
but rather steeply increased with decreasing humidity between 75-60%, and then remained
unchanged (Figure 3b). Dependence of desiccation tolerance on average temperature was gradual.

Pleiotropic effect of genes on several phenotypic traits was found in some animals. In flour
moth (Ephestia kuehniella) the effects of genes controlling melanism resulted in significant higher
flight as well as walking activities in melanics than non-melanic genotype (Verhoog et al., 1998).
Since our finding of strong intercorrelation and heritability of pigmentation and desiccation tolerance
has no direct explanation, we consider it as a hidden pleiotropic effect of genes. These findings are
consistent with the hypothesis of multiple-trait coevolution demonstrated in females of a grasshopper
(Forsman et al., 2002), and suggest that the different colour morphs represent alternative evolutionary
strategies. Since filial (F1) generation of wild-caught flies was studied in the laboratory, the revealed
differences in measured traits among populations may be mostly related to heritable (genotypic)
differences, while the role of phenotypic plasticity in processes of local adaptation (Driessen et al.,
2007) remains relatively unclear (see Hoffmann et al., 2005; Terblanche ef al., 2006, for discussion).

In conclusion, analysis of populations of D. melanogaster demonstrates that body
pigmentation is genetically variable and subjected to natural selection pressure under colder and drier
conditions. Parallel and correlated to pigmentation was desiccation tolerance, while selection
responses might slightly differ. Melanisation is a likely candidate for cuticular impermeability for
reducing water loss under increasing dehydrating conditions along longitudinal and altitudinal
transects. In almost all cases, altitudinal differences match patterns evident at the latitudinal level.
The analysis of climatic factors has shown that temperature average and humidity can be responsible
for maintaining genetic heterogeneity in the traits related to thermal and water balance.
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Introduction

The colonization of environmental niches by exotic species constitutes an unplanned
experiment that provides historical information on ecology and evolution (Carroll and Boyd, 1992;
Cox, 2004; Strauss et al., 2006). Such invasions allow comparing the biological responses to the new
niche with those to the ancestral environments, by direct observation rather than by inference as it is
usually done, as observed by Carroll (2007).

Recently, a drosophilid - Zaprionus indianus - was introduced in Brazil (Vilela, 1999). This
is an African species (Tsacas, 1985) that had already spread over Asia several decades ago (Gupta,
1970; Amoudi, 1993; Parkash and Yadav, 1993a,b; Karan et al., 2000). Since then, a number of
reports have indicated its occurrence in several regions of Brazil (Galinkin and Tidon, 2000; Moraes
et al., 2000; Vilela et al., 2001; Toni et al., 2001; Tidon et al., 2003; Machado et al., 2005; Galego et
al., 2006), in other South American countries (Gofii et al., 2001, 2002) and recently in the United
States of America (Linde et al., 2006). In Brazil, Z. indianus was known as fig fly because of the loss
of 50% of the fig crop in 1999 due to larvae infestation. The potential status of pest during the early
period of its introduction stimulated Brazilian researchers to study Z. indianus aiming at
understanding the biology, ecology, genetics, and population structure of this well succeeded invader.
An adequate tool to investigate the genetic structure and the relationships between populations are the
alloenzyme markers as, for instance, esterases, a multi-functional and heterogeneous group of
enzymes that frequently show polymorphic loci in Drosophilidae (Brady and Richmond, 1990;
Parkash and Yadav, 1993; Russell ef al., 1996; Dumancic et al., 1997; Nascimento and Bicudo, 2002;
Campbell ef al., 2003; Machado et al., 2005; Galego et al., 2004, 2006).

In this study, populations from 22 regions of Brazil were sampled, so as to propose a model of
Z. indianus introduction in the country, using as a reference the genetic structure of these populations
by means of data on esterase polymorphisms. The polymorphic Est3 locus was used as marker,
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which present four alleles (Est3', Est3%, Est3®, Est3*) in most Brazilian populations (Galego et al.,
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2006).
Table 1. Populations of Z. indianus sampled for this study, with their regions, geographic
location and sample collector.
Region Locality thaogrgphlc Collector
ocation
State of Sao Mirassol 49°30°'W/20°47°S Galego, LGC
Paulo Onda Verde 49°30°'W/20°62°S Granzotto, A
(SP) Sao José do Rio Preto 49°22°W/20°49°S Galego, LGC
Itatiba 46°50°'W/23°00°S Galego, LGC
llhabela 45°21°'W/23°46°S Fazza, AC
Paulo de Faria 49°30'W/20°62°S Granzotto, A
Sao Paulo 46°50'W/23°31°S Setta, N
Paraibuna 45°41°W/23°26°S Galego, LGC
Maresias 45°21°W/23°21°S Galego, LGC
Rio Claro 44°08°W/22°43°S Carareto, CMA
Ibira 49°14'W/21°04°S Galego, LGC
Olimpia 48°54"W/20°44°S Galego, LGC
Sud Menucci 50°55'W/20°41°S Lofego, AC
Southeast Alfenas (MG) 46°10°'W/21°20°S Galego, LGC
(Except to SP) Belo Horizonte (MG) 43°56°W/19°55°S Galego, LGC
and Centerwest Cérrego Danta (MG) 45°55°'W/19°24°S Galego, LGC

Regions
(SE+MW)

Pocos de Caldas (MG)
Rio de Janeiro (RJ)

46°33W/21°47°°S
43°12°"W/22°54°S

Machado et al. (2005)
Bitner-Mathé, B

Brasilia (DF) 47°55°W/15°46°S Tidon, R
South Region Porto Alegre (RS) 51°13'W/30°01°S Valente, V
(S) Santa Maria (RS) 53°48°W/29°41°S Valente, V
Floriandpolis (SC) 48°32'W/27°35°S Hoffman, P
Northeast Jequié (BA) 40°04'W/13°51°S Luizon, MR
Region Lengois (BA) 41°23°'W/12°33°S Machado et al. (2005)
(NE) Beberibe (CE) 38°53'W/04°10°S Machado et al. (2005)

SP: S0 Paulo state; SE: Southeast; MW: Mid-West; S: South; NE: Northeast.

Material and Methods

The collections of Z. indianus were performed with traps containing attractive baits made of
banana and biological yeast, as described by Galego et al. (2006). The populations collected were
joined in geographic groups (Table 1), as the Brazilian state of collection localities: Northeast, Mid-
West, Southeast and South, with exception of the Sdo Paulo state that was considered as a block out
of Southwest region, on account of the great number of collections performed in this state. The Asia
and Africa data used in the analyses were those published by Machado et al. (2005). The esterases
were detected as described by Galego et al. (2006). The alloenzyme data were analyzed using the
computer softwares TFPGA version 1.3 (Miller, 1997) and Genetix version 4.05.2 (Belkier et al.,
1996). The allele and genotype frequencies of the polymorphic loci and the observed (Hop) and
expected (Hg) heterozygosity were determined with TFPGA. UPGMA analysis (Swofford and
Olsen, 1990) was performed using the same software. Genetic distances (Nei, 1978) were
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determined by Genetix. Excel and Minitab softwares were used for the multivariate analyses of
genetic data.

Results and Discussion

Allele frequencies of Est3 locus (Figure 1) ranged between 0.471 (South) and 0.150
(Northeast) for Est3', 0.362 (Northeast) and 0.183 (Sdo Paulo State) for Est3?, 0.380 (Northeast) and
0.127 (Southeast + Mid-west) for Est3® and 0.345 (Sdo Paulo State) to 0.108 (Northeast) for Est3®.
In Asia and Africa, the frequency of these alleles ranged from, respectively, 0.361 to 0.403 for Est3',
0.472 to 0.238 (Est3?), 0.167 to 0.285 (Est3’) and 0 to 0.074 (Est3*). The absence of allele Est3 in
the Asian populations suggests that the propagule of Z. indianus that invaded Brazil may have come
from Africa rather than from Asia, since the African lineages present this allele, even if at a low
frequency (0.074). Reinforcing this hypothesis, David et al. (2006b), who studied quantitative traits
related to body size, suggested that the propagule that colonized Brazil might have come from high-
latitude African regions, due to similarities between the Brazilian populations and those of those
latitudes.
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Multivariate analysis with genetic variables (Est3 allele frequencies, observed and expected
heterozygosity) grouped samples of Sdao Paulo, other Southeastern, Mid-western and Southern
populations of Z. indianus together the African populations (Figure 2). The Northeastern and Asian
populations showed less similarity to this cluster, and Asian is an outgroup of Brazilian and African
populations. UPGMA analysis using the genetic distances (Figure 3) grouped the populations from
Southeast together with those from Asia and Africa (ancestral populations). Sao Paulo city and
Itatiba populations were closely related to African populations. The similarity showed by both
analyses is congruent with the chronological reports of invasion along the Brazil: 1999, in Sdo Paulo
state, Southwestern and Mid-western regions (Vilela, 1999; Vilela et al., 2000; Tidon et al., 2003),
1999-2000 in Southern (De Toni et al., 2001; Castro and Valente, 2001), and 2001 in Northeastern
(Santos et al., 2003; Machado et al., 2006) regions.

The data obtained in the present study indicate that the invasion of the Brazilian territory by Z.
indianus is according to the theoretical invasion scenario 1 proposed by Facon et al. (2006) in which
a change in the migration regime, possibly as a result of human activity, is responsible for the process
of invasion. Our data corroborate, too, the scenario suggested by Machado et al. (2005) and David et
al. (2006b) that a single invasion occurred by a unique and numerous propagule, followed by rapid
expansion. Their idea is that the propagule probably came from tropical Africa and, once in Brazil,
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spread from one locality to another by jumps, thanks to human transportation (David et al., 2006b).
The African origin of Brazilian populations of Z. indianus was reinforced by analysis of chromosome
inversion polymorphism (Ananina et al., 2006) and quantitative traits (David et al., 2006a,b).

4540

: Figure 2. Multivariate analysis of Z.
688 — indianus populations using genetic
variants regarding to Est3 locus (Est3
allele frequencies, observed and
expected heterozygosity). Asia and
1850 — Africa data from Machado ef al. (2005).
SE: Southest; CW: Mid-west.

100,00 — The UPGMA and multivariate
Wonest  South  SEAWC  SaoFal  Afrca 45 analyses here reported and particularly
the common occurrence of allele Est3*
in a population of African origin and in Brazilian populations corroborate with genetic data the
hypothesis of African origin of Z. indianus that colonized Brazil. These analyses further indicate that
the arrival of the invaders in Brazil occurred in the State of Sdo Paulo, spreading over the country
later on. Vilela et al. (2000) suggested that Z. indianus introduction occurred by plane, possibly due
to presence of eggs and larvae in meals, but the conclusions of Machado et al. (2005), David et al.
(2006a,b), and Ananina et al. (2006) indicate that the founder propagule was numerous.
Accordingly, this hypothesis makes more probable the introduction by ships, considering that a
numerous propagule demands a big reservoir as a fruit charges and the fruits international
commercialization and transportation was mainly made by maritime waterway (Franca and Gondin,
1999, in http://www.bnb.gov.br/content/Aplicacao/ETENE/Rede_Irrigacao/ Docs/Fruticultura%20I-
%20Uma%20visa0%20geral%20do%20mercado.PDF). Taking also into consideration that Brazil
imports  fruit from  Africa  (http://www.mre.gov.br/index.php?option=comcontentandtask=
categoryandsectionid=5andid=11andItemid=557), it is rather likely that the entrance has occurred by
the Port of Santos, a port that accounts yearly for one fourth of all products traded by the country on
the international market (Available at <http:// http://www.vivasantos.com.br/ 04/04a.htm>, accessed
on 11/03/2007), which shows the importance of this port for the entrance of merchandise from other
countries. Furthermore, a great part of the goods that arrive in Santos is distributed throughout the
State of Sdo Paulo and from there to the rest of the country.

It is probable that after the arrival, Z. indianus has spread over the State of Sao Paulo by
highway transportation and from there to the whole country, mainly as a result of fruit commerce, as
suggested by Tidon et al. (2003). The UPGMA and multivariate analyses support this scenario. In
both, large blocks of populations from the State of S3o Paulo were grouped together with the
ancestral populations from Africa. After its introduction, Z. indianus rapidly spread over the
southeastern, southern and mid-western regions, as shown by the publication records (Vilela, 1999;
Galinkin and Tidon, 2000; Moraes ef al., 2000; Toni et al., 2001; Tidon et al., 2003), only reaching
the northern and north-eastern regions later on. The structure of the Brazilian Z. indianus populations
studied here does not suggest the occurrence of spontaneous and progressive spreading of the
marginal populations. The UPGMA analyses clustered populations far from each other, which
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suggests that the main way of spreading of this species in Brazil continues to be the commercial food
transportation, which is one of the two possibilities raised by David et al. (2006b). The analyses also
show that the colonization was more pronounced and early in areas with heavier highway traffic.
Genetic characterization of populations of a colonizer species soon after its introduction, as it is the
case of Z. indianus in South America, besides its relevance in offering a possibility to determine the
source of the invasion and demographic parameters of the species, also represents a unique
opportunity to follow-up the evolutionary dynamics of the invader species over time.
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Figure 3. UPGMA analyses using the Nei’s genetic distances (1978) between 21 Brazilian
populations and Asia and Africa populations of Z. indianus. The * indicate the populations studied
by Machado et al. (2005). Localities in grey scale are outside Sdo Paulo state. SP: Sao Paulo state;
SE: Southest; CW: Mid-west; NE: Northest; S: South.
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Toxicological tests of tibolone in Drosophila melanogaster wild type and Oregon-
flare strains.
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A. Duran-Diaz’, I.E. Duefias-Garcia® and M.E. Heres-Pulido’. 'Lab. Genética
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Introduction

For many years estrogen replacement has been used effectively to prevent osteoporosis and
other climacteric complains such as vaginal dryness, hot flushes and mood symptoms that are related
to the marked decline in plasma estradiol levels in postmenopausal women. Estrogen replacement,
however, may lead to cell proliferation in the uterus and breast. In particular in the uterus, unopposed
estrogen replacement treatment leads to an increased risk of developing uterine cancers. Therefore,
an ideal therapy would be one that acts as an estrogen on the bone and the urogenital system, but not
on the uterus or the breast (Bloom, 2006).
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Tibolone (Livial, Org OD 14), produced by Organon (West Orange, NJ), is a synthetic steroid
that has estrogenic, androgenic and progestagenic properties. It has been used in many countries for
almost two decades, primarily for the prevention of postmenopausal osteoporosis and beneficial
effects on menopausal and postmenopausal vasomotor, bone, vaginal and mood symptoms without
affecting the endometrial, breast or cardiovascular systems (Falany et al., 2004). Tibolone itself has
no biological activity; its estrogenic, progestagenic and androgenic properties are the result of the
activity of its metabolites on various tissues. After administration, tibolone is quickly metabolized
into 30-hydroxytibolone (3a-OH-tibolone) and 33-OH-tibolone compounds, which are also present in
an inactive, sulfated form (Modelska and Cummings, 2002). Sulfation is the major conjugation
pathway involved in tibolone metabolism and may be significant in determining the tissue-specific
effects of tibolone and its metabolites by modulating activity in situ. In general, sulfation inhibits the
biological activity of steroidal compounds by prevention of binding to hormone receptors. Sulfation
of tibolone and its metabolites is proposed to have an important role in regulating their tissue-specific
effects. Selective inhibition of sulfatase activity by tibolone and its metabolites has been proposed as
a mechanism for the specific effects of tibolone in breast and bone cells. Inhibition of sulfatase
activity would decrease the conversion of the sulfates of tibolone and its metabolites to their
unconjugated active forms. Also, the presence of specific sulfotransferase (SULT) isoforms in
different human tissues may be involved in regulating tibolone activity in a tissue-specific manner
(Falany et al., 2004). A third compound, the A4-isomer, is formed from tibolone directly or from the
3B-OH-metabolites. The 30- and 3B-OH-metabolites bind solely to the estrogen receptor (ER),
whereas the A4-isomer has affinity for progesterone receptor (PR) and androgenic receptor (AR), but
not ER (Modelska and Cummings, 2002). Since tibolone causes an increase in bone mineral density
and is effective in the reduction of climacteric complaints but has no estrogenic effect on the
endometrium, it is, therefore, considered to be the first member of a unique class of compounds
described as selective, tissue estrogenic activity regulators or STEARs (Kloosterboer et al., 2003).
The concentrations of tibolone metabolites and the metabolic regulation of hormonal activities vary
depending on tissue type. Tibolone given orally (2.5 mg) is rapidly absorbed, appearing in the
plasma within 30 min and peaking in 4 h. Tibolone is metabolized mainly in the liver and is excreted
in the urine and feces. The elimination half-life is approximately 45 h (De Gooyer et al., 2001;
Modelska and Cummings, 2002).

From 1996 to 2001 Beral ef al. (2003) studied a million women between 50 and 64 years old
confirming that 184 out of 18,186 ingesting tibolone developed breast cancer; besides that, the
million women study revealed that this synthetic estrogen increased cancer risk in 1.45%. Other
effects of tibolone in postmenopausal women, such as its influence on lipid metabolism, hemostasis,
and sexual function, are less certain. In addition, the long-term effects of tibolone, particularly in
reducing fractures, breast cancer, and cardiovascular disease, are still unknown (Modelska and
Cummings, 2002).

The fruit fly Drosophila melanogaster is a multicellular eukaryote widely used in scientific
research. It requires simple facilities, inexpensive culture media, it has a short generation time (about
10 days at 25°C), it breeds a large number of individuals per generation, and in vivo assays can be
done easily. Drosophila has also gained importance as a biological model in short term tests for
toxicity screening of natural and synthetic compounds (Lewis ef al., 1998; Heres et al., 2005; Duenas
et al., 2005; Castafieda et al., 2001). On the other hand, approximately 80% of human genes have a
genetic homologue in Drosophila melanogaster. Most human genes are duplications and
elaborations of their insect equivalents. In fact, not only individual domains and proteins but entire
complexes and metabolic pathways are conserved between Drosophila and Homo sapiens. The
knowledge from studying these Drosophila genes and the biological processes in which they
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participate contributes to our understanding of the mechanisms of action of their human counterparts
(Mackay; 2006; St. John and Xu, 1997).

With the concerns involving the use of estrogens in hormonal replacement therapy, there is a
renewed interest in evaluating their potential side effects due to long-term use in postmenopausal
women. In order to provide more information on tibolone toxic effects, we conducted toxicological
tests in third instar larvae of Drosophila melanogaster wild type and Oregon-flare strains with
regulated and highly constitutive CYP450 levels, respectively. This difference would indirectly
indicate whether CYP450s are involved in tibolone metabolism in these Drosophila strains or not.

Materials and Methods

Chemical compounds
Tibolone (Livial, Organon), (Figure 1).

Figure 1. Molecular
structure of tibolone.

Strains

Wild type (+/ +) Drosophila melanogaster: with regulated cytochrome P450 (CYP450)
levels. Oregon-flare (ORR(1)/ ORR(2); fIr3/In(3LR)TM3, BdS): with highly constitutive CYP450
levels.

Toxicological tests

Adult flies were raised at 25°C and aged in culture bottles containing mashed potato flakes
medium and a conservative solution (Duefias et al., 2001). Eggs from both strains were collected
separately by shaking the flies into bottles (250 ml) containing an approximately 5 cm layer of
fermenting fresh baker’s yeast supplemented with sucrose (Graf and van Schaik, 1992). The egg
collection bottles were then kept undisturbed in the dark for 8 h at 25°C and a relative humidity of
65%. After removing the parental flies, the egg collection bottles were taken back to the incubator
with the same conditions. Three days later, the 72 h = 4 h, third instar larvae were washed out of the
bottles with tap water at room temperature through a fine-meshed stainless steel strainer and
thoroughly washed free of yeast while still in the strainer. Ten larvae were transferred to vials
containing 0.5 g of mashed potato flakes prepared with 2 ml of Tibolone (Livial, Organon. CAS N°
5630-53-5, 99% purity) at 0, 0.07, 0.156, 0.312, 0.625, 1.25 and 2.5 mg (therapeutic dose) in
distillated water. Three replicates were made for each concentration in three independent chronic
experiments for each strain. The treatment vials were kept at 25°C and a relative humidity of 65%
until pupation. The surviving flies were collected in alcohol 70% from the vials on days 10 to 12
after egg laying to quantify mortality. The mortality rates were plotted against tibolone concentration
in order to calculate fitting by regression. Results were analyzed with one-way analysis of variance
(ANOVA) where F test was calculated for statistically significant differences between concentrations
and strains.

Results

Figures 2 and 3 show the mortality rates of Oregon-flare and wild type (+/ +) third instar
larvae exposed to tibolone. There was not a dose-response effect in any of the strains and mortality
rates were not higher than 15-20%.

The ANOVA results for the Oregon-flare strain showed there was no interaction between
control and experimental treatments (P = 0.2487). In contrast, the ANOVA results for the wild (+/+)
strain showed statistically significant differences between experimental treatments (P = 0.037);
however, it is not possible to assure there is a biological explanation to this because of the standard
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deviations. Finally, the ANOVA results between strains did not yield significant differences (P =
0.1315).

30

25

20

10 / \u/ \ T /

0 T T T T T 1
0 05 1 15 2 25 3
Tibolone concentration (mg/ ml)

Mortality rate (%)

Figure 2. Mortality rate in Oregon-flare third instar larvae exposed to tibolone.
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Figure 3. Mortality rate in wild type (+/+) third instar larvae exposed to tibolone.

Figure 4 shows the mortality curves for both Drosophila strains displaying a “mirror” image.

The main explanation to this would be the regulated CYP450 levels in the wild type (+/+)
strain and the highly constitutive levels of these drug metabolizing enzymes in the Oregon-flare
strain. All along the tested concentrations of tibolone the strains seem to respond in a different
manner with respect to each other in three different moments and not showing a dose-response effect.
We did not conduct experiments with tibolone concentrations higher than 2.5 mg, the therapeutic
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dose, in order to keep our objectives in an actual toxicological perspective. Unfortunately, the
ANOVA results and the standard deviations do not allow to assure this “mirror” image represents a
biological process in answer to tibolone exposure in these different Drosophila strains.
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Figure 4. Mortality curves for Oregon-flare and wild type (+/+) third instar larvae
exposed to tibolone.

Discussion

Toxicological tests were performed for toxicity screening of tibolone, a synthetic estrogen
widely used in hormonal replacement therapy. Third instar larvae of the Drosophila Oregon-flare
and wild type (+/+) strains were chronically exposed to the compound until pupation. The results
seemed to show differences that could be accounted for by the CYP450 levels in these strains. From
this point of view, the lowest concentration would have been biotransformed into a toxic metabolite
by the constitutive CYP450s in Oregon-flare causing a relative mortality. In the case of the wild type
(+/+) strain with regulated CYP450 levels, the lowest concentration of tibolone would have not been
enough to trigger a cellular response (i.e., CYP450s synthesis). Should this be true, the CYP450
enzymes would be involved in tibolone metabolism in Drosophila and not Phase II sulfotransferases
(SULTS) that regulate tibolone in humans (Falany et al., 2004). However, the standard deviations do
not validate this idea, proving there would be another metabolic pathway in Drosophila common to
both strains and without a dose-response effect which is very interesting.

There also exists the question whether tibolone was actually ingested by the larvae and
absorbed as a xenobiotic or just as one more molecule in the diet. It is well known estreoids do not
exist in invertebrates; in turn, they present ecdysteroids that perform hormonal functions:
metamorphosis modulation (Terashima et al., 2005; Kozlova and Thummel, 2002), embryonic
development and oogenesis (Terashima et al.,, 2005). Ecdysteroids are produced by the prothoracic
glands or ring glands located in the brain (Terashima et al., 2005; Kozlova and Thummel, 2002).
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One of the main ecdysteroids is ecdysone, the metamorphosis hormone that regulates embryonic
development.

Anyhow, if tibolone was ingested and/or absorbed by the larvae, we do not know its
metabolism in Drosophila. Therefore, we can only suggest it was possibly processed in the fat body
and the Malpighian tubules, the insect organs associated with metabolism, the ability to respond to
xenobiotics and excretion (King-Jones et al., 2006; Yang et al., 2007). Many of the response genes
to xenobiotic compounds are highly expressed in these organs, leading to the opinion that they play
similar roles to those of the liver and kidney in mammals (McGettigan et al., 2005; Yang et al.,
2007). It is precisely in these organs where gen drh96 expresses, belonging to a superfamily of
hormone nuclear receptors (Fisk and Thummel, 1995); the gen codifies receptor DRH96, a molecule
exclusively found in the nucleus, related to transcriptional response to xenobiotics; mutant strains for
this gene show certain resistance to phenobarbital (King- Jones et al., 2006). Even more, many of the
genes that regulate DRH96 codify diverse members of detoxifying enzymes that are conserved from
insects to humans: cytochrome P450 monooxygenases (P450s), glutathione S-transferases (GSTs),
carboxylesterases, and UDP-glucuronosyl transferases (UGTs) (King-Jones et al., 2000).

In humans are present the Steroid and Xenobiotic Receptor (SXR) and the Constitutive
Androstane Receptor (CAR) ortholog transcription factors to DHR96. These bind directly to
endogen as well as to exogen lipophilic compounds to promote transcription of genes that codify
Phase I and II enzymes, such as CYP450s, GSTs, UGTs, and SULTs (King- Jones et al., 2006).

In view of these physiological similarities between organs and other molecular structures of
insects and mammals, it is possible that tibolone had been absorbed and processed by similar
metabolic pathways.

In women, tibolone activation is attributed to sulfation carried out by certain SULTSs of Phase
I (Falany et al., 2004). The parental molecule is sulfated (inactive form) mainly in the liver and
distributed through the blood vessels to all the body (De Gooyer ef al., 2001); and since sulfation
inhibits the biological activity of chemical compounds by preventing their binding to their receptors
(Falany et al., 2004), the titers of SULTs in the cells of a given tissue are decisive for the activation,
explaining tibolone’s tissue specificity (De Gooyer ef al., 2001). It is thought tibolone has no activity
on mammary tissue, because sulfatase activity is inhibited there (Falany et al., 2004; Modelska and
Cummings, 2002).

So there is a minimal probability that tibolone has a toxic/genotoxic effect in mammary tissue
cells which could lead to cancer. However, tibolone ingestion may extend at least a decade and,
therefore, is more likely to cause some renal pathology.

Every day, each kidney filters approximately 1,700 L of blood, concentrating refuse residues
in almost 1 L of urine with constant exposure to toxic substances that make them susceptible to
lesions. Actually, nephropathy or nephritis can derive from excessive consumption of drugs such as
analgesics (MedlinePlus, 2007).

Conclusion

Tibolone, at therapeutic doses, did not result toxic to Drosophila Oregon-flare and wild type
third instar larvae, producing low mortality rates between 15-20% without a dose-response relation.
This is good news for premenopausal and postmenopausal women undergoing chronical hormonal
replacement therapy; however, special attention still must be paid to its effects on uterus, mammary
glands, liver, and kidneys among other organs and systems.

Finally, it can not be affirmed from our data that the CYP450 enzymes are involved in
tibolone metabolism, because no statistically significant differences were observed between
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Drosophila Oregon-flare and wild type strains; the resulting standard deviations do not allow to
clearly establish the biological effect of this synthetic estrogen on the larvae.
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A novel record of Drosophilidae species in the Cerrado biome of the state of
Mato Grosso, west-central Brazil.
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Grosso (UNEMAT), Campus de Tangard da Serra, Departamento de Ciéncias
Biologicas; “Universidade Federal do Rio Grande do Sul (UFRGS), Departamento de Genética,
Laboratério de Drosophila.

Introduction

Systematic studies on the ecology and distribution of Drosophilidae species in Brazil started
in the 1940’s (Dobzhansky and Pavan, 1943, 1950; Pavan, 1959). From then on, research groups
were formed to investigate Drosophilidae species in different localities in Brazil, especially in the
south-east and Atlantic Forest. More recently, by the end of the 1990’s, systematic studies were
conducted also in west-central Brazil, more specifically in the Cerrado biome (Tidon et al., 2003,
2005; Tidon, 2006), in southern Brazil, in the Atlantic Forest biome (De Toni and Hofmann, 1995;
Schmitz et al., 2007; Gottschalk et al., in press), and in the north, in the Amazonian biome (Martins,
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1987, 2001).

Of the 3,952 Drosophilidae species described (Béchli, 2007), 308 have been recorded in
Brazil (M.S. Gottschalk, personal communication), the majority of which are in south-eastern Brazil
(Tidon-Sklorz and Sene, 1999; Medeiros and Klaczko, 2004).

Table 1. List of species with records in the state of Mato Grosso and respective references.

Species reccorded in Mato Grosso, Brazil References

Chymomyza procnemis (Williston, 1896) Kahl (1917)

Drosophila aguape Val & Marques, 1996 Val & Marques (1996)

D. bocainensis Pavan & Cunha, 1947 Pavan (1959)

D. capricorni Dobzhansky & Pavan, 1943 Pavan (1959), Dobzhansky & Pavan
(1950)

D. eleonorae Tosi, Martins, Vilela & Pereira, 1990 Tosi et al. (1990)

D. equinoxialis Dobzhansky, 1946 De Toni et al. (2005)

D. fumipennis Duda, 1925 Pavan (1959), Dobzhansky & Pavan
(1950)

D. immigrans Sturtevant, 1921 Dobzhansky & Pavan (1950)

D. maculifrons Duda, 1927 Pavan (1959), Dobzhansky & Pavan
(1950)

D. malerkotliana Parshad & Paika, 1964 Val & Marques (1996), De Toni et al.
(2005)

D. mediostriata Duda, 1925 Pavan (1959), Dobzhansky & Pavan
(1950)

D. nebulosa Sturtevant, 1916 Pavan (1959), Dobzhansky & Pavan
(1950), Val & Marques (1996)

D. neomorpha Heed & Wheeler, 1957 De Toni et al. (2005)

D. pallidipennis Dobzhansky & Pavan, 1943 Dobzhansky & Pavan (1950)

D. paranaensis Barros, 1950 Vilela (1983)

D. parthenogenetica Stalker, 1953 De Toni et al. (2005)

D. paulistorum Dobzhansky & Pavan in Burla et al., 1949 De Toni et al. (2005)

D. polymorpha Dobzhansky & Pavan, 1943 Pavan (1959)

D. repleta Wollaston, 1858 Vilela (1983), Val & Marques (1996)

D. saltans Sturtevant, 1916 De Toni et al. (2005)

D. simulans Sturtevant, 1919 Dobzhansky & Pavan (1950), Val &
Marques (1996), De Toni et al. (2005)

D. sturtevanti Duda, 1927 Dobzhansky & Pavan (1950), Pavan
(1959), Val & Marques (1996), De Toni et
al. (2005)

D. tropicalis Burla & Cunha in Burla et al., 1949 De Toni et al. (2005)

D. willistoni Sturtevant, 1916 De Toni et al. (2005)

Rhinoleucophenga obesa (Loew, 1872) Malogolowkin (1946)

Scaptodrosophila latifasciaeformis (Duda, 1940) Pavan (1959), Dobzhansky & Pavan
(1950), Val & Marques (1996)

Zaprionus indianus Gupta, 1970 David et al. (2006)

Zygothrica bilineata (Williston, 1896) Grimaldi (1990)

Z. microeristes Grimaldi, 1987 Grimaldi (1987)

Z. prodispar Duda, 1925 Grimaldi (1987)
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In the state of Mato Grosso, few studies on Drosophilidae species have been conducted, and
only 30 species have been recorded (Table 1). Three biomes are observed in the state: Amazon,
Pantanal and Cerrado, which covers most of the state’s area. Cerrado is the second Brazilian biome
in size. The prevailing vegetal physiognomy is the savannah, though forest patches are observed, in
which vegetation aspect and physiognomy are varied (Valente, 2006). Estimates say that the biome
comes second in species richness in the world. Yet, the Cerrado is endangered by the increase in
plantation and pasture areas. Nowadays the Cerrado is considered a global conservation hotspot
(Myers et al., 2000).

In an effort to add to the current knowledge of drosophilid distribution in the Cerrado biome,
our study lists 18 records of Drosophilidae species in the Tangard da Serra region, state of Mato
Grosso, west-central Brazil, new to the region.

Figure 1. South America map
indicating the municipality of
Tangara da Serra, state of Mato
Grosso (MT), Brazil.

Material and Methods

Sample collections were
carried out in the municipality of
Tangara da Serra, state of Mato
Grosso  (14°04°38”S;  57°03°
45”W) (Figure 1), located between
Parecis and Tapirapud mountain
ranges. The prevailing vegetation
class is the Seasonal Semi-
deciduous Forest. Nowadays, the
patches of intact  original
vegetation are rare in the region.
This area of the Cerrado biome
undergoes the influence of the
Amazonian biome, receiving an
expressive number of animal and
plant species native to the latter.
Adult fly specimens  were
collected (i) on specially prepared
banana baits (Tidon and Sene,
1988) and (ii) flying over fruit
lying in the collection site, using
an entomological net, whereas
larvae were collected with fruit and flowers and reared in the laboratory upon emergence of adult
flies. Plant species on which individuals were collected (adult or as immature) were also recorded.
As for immature individuals, the material was sent to the laboratory and stored in a controlled
temperature environment (21 = 1°C) for one month. Emerging flies were retrieved daily. Table 2
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shows the dates, locations and collection approaches adopted.
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The characterization of the drosophilids collected was based on external morphologic traits
and male genitalia, according to Wheeler and Kambysellis (1966).

Table 2 — Date, location, collection method, and plant species collected and used as feeding or breeding

sites.
Date Location Collection method / resource collected
01  March 22" 2007 Garden of UNEMAT Campus Flying over fruits of Artocarpus
heterophyllus (Thunb.) (Moraceae) —
jackfruit
02  March 22" 2007 Garden of UNEMAT Campus Flying over fruits of Persea americana
Mill. (Lauraceae) — avocado
03  March 25" 2007 Garden of UNEMAT Campus Flying over fruits of Artocarpus
heterophyllus (Thunb.) (Moraceae) —
jackfruit
04  March 31% 2007 Forest patch near Agricultural Flying over fruits of Bactris coccinea
School Barb. Rodr. (Palmae) — red club palm
05  April 13" 2007 Garden of UNEMAT Campus Flying over fruits of Malpighia glabra L.
(Malpighiaceae) — acerola fruit
06 23" to 26™ April 2007 Garden of UNEMAT Campus Flying over fruits of Persea americana
Mill. (Lauraceae) — avocado
07 23" to 26" April 2007 Garden of UNEMAT Campus Flying over fruits of Pyrus sp.
(Rosaceae) — common pear
08 24" April 2007 Park in town center Emerged from flowers of
Convolvulaceae
09 13" May 2007 Vacant lot in downtown Emerged from flowers of
Convolvulaceae
10 13" May 2007 Park in town center Emerged from Buchenavia tomentosa
Eichler (Combretaceae) — mirindiba fruit
11 14" May 2007 Garden of UNEMAT Campus Flying over fruits of Artocarpus
heterophyllus (Thunb.) (Moraceae) —
jackfruit
12 18" May 2007 Plantation near UNEMAT Inside flowers of Cucurbita pepo L.
Campus (Cucurbitaceae) — zucchini
13 18"to 21% May 2007 Forest patch near UNEMAT Collection using traps according to
Campus Tidon & Sene (1988)
14 18" to 21% May 2007  Pasture area near UNEMAT Collection using traps according to

Campus

Tidon & Sene (1988)

Results and Discussion

not yet described — Drosophila sp.1 (H.J. Schmitz, personal communication).

A total of 1,187 individuals were collected. Specimens belonged to 35 species and four
genera of Drosophilidae, the majority of which associated to fruit (Table 3). The only species
associated to flowers were D. denieri and one Drosophila species belonging to the bromeliae group,

Schmitz and

Hofmann (2005) state that D. denieri was recorded in Argentina, Uruguay, and in the Brazilian states
of Rio Grande do Sul and Santa Catarina. The authors draw attention to the hypothesis that the
apparently restricted distribution of D. denieri is due to inappropriate collection approaches. The first
record of the species in the Mato Grosso section of the Cerrado biome confirms the notion.
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Table 3. Species collected in the region of Tangara da Serra, state of Mato Grosso, Brazil. Numbers indicate collections mentioned in Table 2.

01 02 03 04 05 06 07 08 09 10 11 12 13 14 Total

Drosophila
atrata group
D. calloptera Schiner, 1868* - 1 - 5 - - - - - - - - - - 6
bromeliae group
Drosophila sp.1 - - - - - - - 8 - - - - - - 8
canalinea group
D. canalinea Patterson & Mainland, 1944* 1 - - - - - - - - - - - 1 - 2
cardini group
D. cardini Sturtevant, 1916* 1 3 3 - - - - - - 1 - - 55 78 141
D. cardinoides Dobzhansky & Pavan, 1943* - - - - - - - - - 52 - - - - 52
D. polymorpha Dobzhansky & Pavan, 1943 - - 1 - - 1 - - - - - - - - 2
melanogaster group
D. ananassae Doleschall, 1858* 1 - 1 - - - - - - 1 3 - - - 6
D. kikkawai Burla, 1954* - - - - - - - - - 1 - - - - 1
D. malerkotliana Parshad & Paika, 1964 23 - - - 1 1 1 - - 12 - - 83 11 132
D. melanogaster Meigen, 1830* - - - - - - - - - - 2 - - 4 6
D. simulans Sturtevant, 1919 - - - - 5 - - - - - - - 2 5 12
repleta group
D. hydei Sturtevant, 1921* 37 - 1 - - - - - - - - - - 7 45
D. mercatorum Patterson & Wheeler, 1942* - - - - - - - - - - - - - 3 3
D. moju Pavan, 1950* - - - - - - - - - - - - 2 - 2
D. paranaensis (Barros, 1950) - - - - - - - - - - - - 4 1 5
D. zottii Vilela, 1983* - - - - - - - - - - - - 1 - 1
saltans group
D. prosaltans Duda, 1927* - - 1 - - - - - - - 1 - 9 2 13
D. sturtevanti Duda, 1927 - - 1 - - - - - - - 3 - 25 3 32
Drosophila sp.2 - - - - - - - - - - 2 - 2 - 4
tripunctata group
D. cuaso Bachli, Vilela & Ratcov, 2000* - - - - - - - - - 25 - - - - 25
D. mediopunctata Dobzhansky & Pavan, - - - 1 - - - - - - - - - - 1
1943*
D. mediostriata Duda, 1925 - - - 3 - - - - - 18 - - 2 2 25
D. neoguaramunu Frydenberg, 1956* - - - 1 - - - - - - - - 1 - 2
D. paramediostriata Townsend & Wheeler, - 7 1 - - - - - - - - - - - 8
1955*
D. trapeza Heed & Wheeler, 1957* - - 3 - - - - - - - - - 2 - 5
willistoni group
D. nebulosa Sturtevant, 1916 - - - - 2 - 2 - - 48 - - 2 1 55
willistoni subgroup 4 - - - - - - - - 7 - - 4 1 16
Drosophila sp.3 - - - - - - 1 - - - - - - - 1
not grouped
D. denieri Blanchard, 1938* - - - - - - - - 1 - - 24 - - 25
Drosophila sp.4" - - - oo - .- - .. 2 _ 2
Rhinoleucophenga
R. obesa (Loew, 1872) - - - - - - - - - - - - 1 - 1
Rhinoleucophenga sp.1 - 1 - - - - - - - - - - - - 1
Rhinoleucophenga sp.2 - - - - - - - - - - - - - 3 3
Scaptodrosophila
latifasciaeformis group
S. latifasciaeformis (Duda, 1940) 16 8 36 - 2 4 1 - - - 5 - 27 168 367
Zaprionus
vittiger group
Z. indianus Gupta, 1970 - - 1 - 14 - - - - 33 1 - 23 105 177
Total 183 20 49 10 24 6 5 8 1 198 17 24 248 394 1187

species with first record in the state of Mato Grosso
Tsame Drosophila sp.4 mentioned in Gottschalk et al. (in press*)
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The lack of collections in the region also explains why D. calloptera and D. moju, which
distribute in the Amazon and in the Atlantic Forest (Val et al., 1981; De Toni et al., 2007; Gottschalk
et al., in press), had not been recorded in the Cerrado before. In turn, D. cuaso distribution was
confined to the Atlantic Forest, and the present record being the first outside that biome (Béchli et al.,
2000).

The other species presenting novel records in the state of Mato Grosso are: D. canalinea, D.
cardini, D. cardinoides, D. hydei, D. mediopunctata, D. mercatorum, D. neoguaramunu, D.
paramediostriata, D. prosaltans, D. trapeza and D. zottii. However, these species had previously
been described in other Cerrado regions (Sene ef al., 1980; Martins, 2001; De Toni et al., 2007). For
the first time in the state the following species of the melanogaster groups were recorded: D.
ananassae, D. kikkawai, and D. melanogaster. These species are cosmopolitan, exotic to the
Neotropical region, and are very common in open areas of all South American continent (Ferreira and
Tidon, 2005; Gottschalk ef al., in press).

In spite of the efforts by Brazilian researchers to obtain representative samples of
Drosophilidae in the country’s territory as a whole, the biogeographic and ecological studies
conducted have failed to cover an expressive extension of the territory, leaving several areas totally
unexplored or poorly sampled. Considering the current stage of degradation of most biomes, a
considerable body of evidence on species distribution might now be irremediably lost, let alone the
fact that the extent of endemism areas that have vanished is unknown.

Acknowledgments: The authors are grateful to Hermes J. Schmitz for the assistance in the
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Screening for transposable elements in South America invasive species Zaprionus
indianus and Drosophila malerkotliana.

de Setta, N. and C.M.A. Carareto. UNESP — Universidade Estadual Paulista, Sdo
José do Rio Preto, SP, Brazil; e-mail: carareto@jibilce.unesp.br

Transposable elements (TEs) have usually been studied focusing on distribution, structure,
activity and evolution. Such analyses primarily aim at understanding the impact of TEs in the genetic
dynamics and evolution of the host genomes. A kind of impact analysis that has not been enough
explored is to look at genomic dynamics of TEs under stressful conditions, like environment invasion
and colonization. According to the “wake-up” hypothesis (Vieira ef al., 1999), there is a tendency of
mobilization intensification in colonizing populations resulting in an increasing of copy number. An
example is given by the comparison between D. melanogaster and D. simulans, two cosmopolitan
sibling species. D. melanogaster has dispersed around the world some centuries before D. simulans
(Capy and Gilbert, 2004) and among 34 transposable elements analyzed, D. melanogaster appears to
have higher insertion site numbers than D. simulans for 29 TEs when populations of America, Asia,
Europe, Australia and Africa, the last one being the native place of both species, are compared
(Vieira et al., 1999).

Besides D. melanogaster and D. simulans, numerous other Drosophilidae were able to invade
new habitats and had recently colonized the Brazilian territory mainly by antropic activity; among
them, Zaprionus indianus (from Africa) and D. malerkotliana (from Asia). Zaprionus indianus was
first collected in 1998, in a fig culture at Valinhos city, Sao Paulo (Vilela, 1999), and now it can be
collected in several regions of Brazil (Vilela, 1999; Castro and Valente, 2001; Kato et al., 2004),
Uruguay (Goni et al., 2002), and southern North America (van der Linde et al., 2006). D.
malerkotliana has invaded South America in the 1970’s decade (Val and Sene, 1980) and nowadays
it is frequently collected in southern Brazil. The recent invasion of a continent by a species provides
a useful tool for studying the dynamics of TEs during colonizing stress, because we can monitor
populations since the first steps of introduction. To do that, it is necessary to accumulate information
about distribution, history, and dynamics of its transposable elements. The goal of this study was
then to make an initial search for transposable elements in Z. indianus and D. malerkotliana genomes
to guide further studies on these invasive species.

Seven retrotransposons were searched (copia, mdg-1, 412, gypsy, 297, micropia, and
roo/B104), two non-LTR retrotransposons (jockey and doc), and one transposon (bari-1) in a
Brazilian population of Z. indianus (Mirassol, SP) and D. malerkotliana (Onda Verde, SP) by the Dot
blotting method. The probes were prepared by two different methods: (1) PCR reactions were
performed in 25 pl using approximately 50 ng of each TE plasmid, 0.4 UM of each specific primer
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(Table 1), 200 mM of dNTPs, 1.5 mM of MgCl, and 1U of Taq Platinum Polymerase (Invitrogen) in
I1x PCR buffer; for amplification we used an initial denaturation step of 3 min at 94°C, 30 cycles
consisting of 30 sec at 94°C, 30 sec at 56°C and 1 min at 72°C, finally a additional extension step of
10 min at 72°C were performed; (2) 5 pg of each plasmid was digested with appropriate restriction
enzymes (Table 1). The fragments were isolated from agarose 1% gels, purified using GFX PCR
DNA and Gel Band Purification (GE Healthcare), and probed using Gene Images Random Prime
Labelling Module (GE Healthcare) according to the manufacturer’s instructions. For screening the
TEs, 8 mg of genomic DNA from each strain was dropped in the Hybond N+ nylon membranes (GE
Healthcare). For hybridization and detection we used the chemioluminescent hybridization system
Gene Images (GE Healthcare) at high stringency (60°C) according to the manufacturer’s instructions.
Ultra pure water and 1 mg of each plasmid were used as negative and positive controls, respectively.

Table 1. Plasmids, primers and restriction enzymes used to prepare probes for detection of
transposable elements in Z. indianus and D. malerkotliana.

El tPlasmid’  Probe el
ement Flasmi type Primers / Restriction enzymes extension
copia - p77E pcR  LTRSCTATTCAACCTACAA AMATAACGS a0
PCS-5'ATTACGTTTAGCCTTGTCCAT3
NN 2813-5' TTAACTCCTAGAGTTCATCGCTGGS'
micropia - dhMIF2 PCR  2814.5'CATGTACCTGGTTAACTACTGACC3' 07 PP

GMO003-5"GTACTGAACATTATCAGAATC3’

gypsy - pGGHS PCR ] . 542 bp
GMO004-5"TCTAAGGAGTCCTCTGCAAGG3
412 - pBR322 Rff’asém'r?t” Hind 11 ~850 bp
297 - pBR322 Rff’;érr':;'r?t” Eco Rl ~2.3 kb
mdg-1 - pBR322 Rff:;rincgr?t” Eco RI/ Hind Ill ~12 kb
r00/ B104 - pBR322 Rffaséﬁir‘l’t” Eco RI/ Hind Ill ~2.3 kb
doc - pBspt Kst F;f;ém'r?t” Eco RI/ Hind Il ~800 kb
jockey - puC19 Rfre;é';fé'r‘]’t” Eco RI/ Hind Ill ~1,5 kb
bari-1 - puCs oCR Br1 — 5" ATTCGTCGCAGGCTAAAAGA 3 703 bp

Br2 -5 TTGTAACACCACCTTTGGCA 3

' Plasmid source: copia and 412 — E. Loreto (UFSM, Santa Maria, RS, Brazil); gypsy - D. Dorsett
(Memorial Sloan-Kettering Cancer Center, USA); micropia — D.H Lankenau (University of Heidelberg,
Heidelberg, Germany); 297, mdg-1, roo/B104 and doc — C. Vieira (Université Lyon I, Lyon, France);
jockey — D.J. Begun (University of California, Davis, USA); bari-1 — R. Caizzi (Universidade de Bari,
Bari, Italia). 2TE sequences inserted into plasmids were derived from:D. melanogaster (p77E4,
pGGHS, pBR322, pBspt Kst, puC19 and puC8) and D. hydei (dhMiF2).

The 10 TEs investigated were identified in both Z. indianus and D. malerkotliana; however,
the distribution of sequences homologous to these elements showed different hybridization signals,
varying from very strong to weak signals (Figure 1).

The distribution of transposable elements of Z. indianus and D. malerkotliana is in agreement
with the few data previously reported. Among the TEs here analyzed, only gypsy had been searched
in Z. indianus (Heredia et al., 2004), and the authors proposed that this retrotransposon was received
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from D. simulans through an event of horizontal transfer. Likewise, our result showed a strong
homology between gypsy probe from D. melanogaster and Z. indianus sequences, reinforcing the
previous data, since D. melanogaster and D. simulans are sibling species and their gypsy sequences
are highly similar (Heredia et al., 2004). D. malerkotliana had just been studied for copia and 412
occurrences. Copia had been identified by weak in situ hybridization signal on the chromocenter
(Biémont and Cizeron, 1999), and 4/2 had also been shown on the chromocenter both by in situ
hybridization and Southern blotting (Cizeron et al., 1998). Our analysis showed that copia and 412
are components of D. malerkotliana genome, but the hybridization signals obtained are also very
weak, suggesting that both TEs of D. malerkotliana have low homology with those of D.
melanogaster.

- + Zind Qma! = + Zind Dmal

copia . s i melg-1 .

o ) -
. o _ : |
4122 - B opsy s . : . |
297 . (-’ mic'mf.-fa | ' . A .
o104 4 ' . __ . GRS . ' >
e e.  °* o
dags” bati-1 : :

Figure 1. Dot blotting analysis of the transposable elements copia, mdg-1, 412, gypsy, 297, micropia,
roo/B104, jockey, doc and bari-1 in Z. indianus (Zind) and D. malerkotliana (Dmal). (-, negative
control; +, positive control).

The results here presented show for the first time the occurrence of several transposable
elements in two species scarcely studied in this respect. Except for doc and gypsy in Z. indianus and
doc, micropia and bari-1 in D. malerkotliana, all the analyses produced weak hybridization signals
(Figure 1), which suggest that these TEs are divergent from those of D. melanogaster and D. hydei
(for micropia) and they should have evolved vertically, accumulating nucleotide variation since the
last common ancestor. On the other hand, doc and gypsy of Z. indianus and, doc, micropia and bari-
1 of D. malerkotliana have shown remarkably strong hybridization signals (Figure 1). Further
analysis could test which is the most parsimonious hypothesis to explain that high homology between
Z. indianus | D. malerkotliana and D. melanogaster | D. hydei sequences, if horizontal transfer of
these elements between these species or any other alternative factor that can explain high similarity
between elements of distantly related species (for example, Almeida and Carareto, 2005; Setta et al.,
2007). This report is the first step of a study regarding the dynamics of transposable elements in the
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invasive species Z. indianus and D. malerkotliana and will be used for selecting candidate TEs for
more detailed studies.
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Effects of Phloxine B and Hematoporphyrin IX on immature stages of Drosophila
melanogaster.
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Introduction

Photosensitizers such as xanthene derivatives (e.g., phloxine B) and porphyrins (e.g.,
hematoporphyrin IX) are endowed with photoinsecticidal properties. Xanthene derivatives showed
acute photo-toxicity against several dipterans (Ben Amor and Jori, 2000, Berni ef al., 2002, 2003).
Pujol-Lereis (2006) compared the photo-toxic effect of phloxine B (PhB) during the postembryonic
development of D. melanogaster (Dm), Haematobia irritans, and Ceratitis capitata, and determined
that Dm is affected during larval development. Low concentrations of hematoporphyrin (HP) rapidly
decrease adult survival rates of Ceratitis capitata, Bactrocera (Dacus) oleae, and Stomoxys calcitrans
(Ben Amor ef al., 1998, 2000).

Photosensitizer molecules react upon absorption of visible radiation with the subsequent
formation of reactive oxygen species, mediating signaling cascades which either fortify antioxidant
defenses of cells or switch to apoptotic death if oxidative pressure is too great (Girotti, 1998). There
are two mechanisms by which the photosensitizer can react with biomolecules: type I reactions
produce highly reactive oxygen species (e.g., the superoxide and the peroxide anions) which usually
activate enzymatic antioxidant defense, and type II reactions result in the formation of singlet
oxygen, leading mainly to lipid peroxidation. Studies of the effects in immature stages were carried
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out in order to understand which phototoxic pathway is triggered and which main cellular and sub-
cellular targets are affected.

Methods

Wild type (strain Oregon-R-C) and antioxidant enzyme mutant strains of D. melanogaster
were obtained from Bloomington Drosophila Stock Center (Bloomington, IN). Larvae were reared
in Formula 4.24 Instant Drosophila Medium (Carolina Biological Supply, Ca). Batches of 30 newly
hatched larvae I of Drosophila were placed on the surface of the larval media with or without 0.1 mM
PhB disodium salt (D&C Red N° 28, Warner Jenkinson, St Louis, MO) and 0.1 mM hematoporphyrin
IX (Sigma-Aldrich Inc., St Louis, MO). Cultures were maintained in the dark in a Conviron chamber
CMP 3244 (Canada), at 23°C, 50-60% RH, and exposed to light (5000 lux) during the wandering
period. After pupariation, insects were maintained in the dark until imago ecdysis. Separate cultures
of wt Drosophila were maintained in the dark throughout the entire experiment.

For semi-quantitative PCR analysis of antioxidant enzymes, stage III wandering larvae were
transferred to 1% agar plaques and exposed to 1 hour of light. RNA was extracted with TRIzol
Reagent (Life Technologies, GIBCO-BRL). c¢cDNA was synthesized following the SuperScript Pre-
amplification System for First Strand cDNA Synthesis (BRL).

Pairs of oligonucleotide primers were designed for amplification of Actin (57
AAGCGTGGTATCCTCACCC 3" and 5" TCCTCCTCCTCCTCCAGC 3), Catalase (Cat) (5
CATGTTCTGGGACTTCCTC 3" and 5° GTC TGATCCGTCGAATCC 3°), Glutathione S-
transferase (Gst) (S’ GTATTTGGTGGAGAAGTACG 3" and 5" ATTGTCTTTGGAGACAGGC 3"),
Mn Superoxide Dismutase (MnSod) (5° CGACACCACCAAGCTGATTCAG 3°) and Cu, Zn
Superoxide  dismutase  (Zn/CuSod) (5° CCAAGATCATCGGCATCGG 3° and 5’
TGACAACACCAATGGCTGC 37). PCR reactions (50 pl) were carried out with 1 pl of each
primer, 2.5 mM MgCl,, 0.2 mM dNTP, 2 units Taq polymerase (Promega, WI). Amplification
conditions were: 94°C for 5 min, 25 cycles of 94°C X 30 sec, annealing temperature X 30 sec, and
72°C x 1 min, followed by a final extension at 72°C for 5 min. Annealing temperatures were: 47°C
for Gst, 52°C for Actin, Cat and Zn/CuSod, and 54°C for MnSod. All PCR reactions were performed
with a PCRExpress Thermo Hybaid thermal cycler.  PCR products were run through a 1.2 %
agarose gel and band intensities relative to Actin were analyzed with ImageJ program.

Results and Discussion

The survival data of wt Drosophila when HP was added to the larval media showed that the
photosensitizer was not toxic when the insects were maintained in the dark throughout development
(Table 1). Instead, wt Drosophila treated with HP and exposed to light reduced the survival from
80% to 47.5%. Further mortality was not registered in wt after pupariation (not shown). We
determined that the 50% lethal concentration (LCso) of HP of wt Drosophila from egg eclosion to
imago ecdysis was 0.11 mM.

Surprisingly, Catalase (Cat) and Glutathione S-transferase (Gst) mutant strains were not
affected by the addition of HP to the larval media (Table 1). Survival of Zn/Cu Superoxide
dismutase (Zn/CuSod) mutant strain showed an important survival reduction from larvae I to white
pre-pupa when treated with HP and exposed to light (65% of the larvae could pupariate without HP
whereas only 15% with HP). The percent of adult ecdysis of Zn/CuSod mutant strain was 7.5%,
indicating that additional mortality occurred during the stages within the puparium (not shown).
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Table 1. Percentage survival of wt and antioxidant enzyme mutant
strains of D. melanogaster reared with 0.1mM HP. Each value
represents the average of 3 replicas.

D. melanogaster LI to white pre-pupa survival (mean % * sem)

mutant strains 0 mM HP 0.1 mM HP A
Dark conditions

wt Oregon-R-C 74.4 £ 17.1 725+8.7 -1.9
Light during wandering

wt Oregon-R-C 8010 475125 -32.5

Sod 4018 65 +10 1503 -50.0

Cat 17939 70+£2 75.0+£5 +5.0

Gst 14114 40+5 25.0+10 -15.0
Table 2. Survival decrease of wt and antioxidant enzyme mutant

strains of D. melanogaster reared with 0.1 mM PhB. Each value
represents the average of 3 replicas.

D. melanogaster Decrease in survival (mean %)*

mutant strains LI to white pre-pupa LI to adult ecdysis

Light during wandering

wt oregon-R-C 26.2 65.3
Sod 4018 0.0 32.3
Cat 17939 11.0 43.8
Gst 14114 8.0 20.7

(*)Maximum standard deviation in the experiments was + 12.0 %

Table 3. Transcription levels of antioxidant enzymes of wt Drosophila
reared with PhB or HP.

Intensity (mean * se)

OmM 0.1mM PhB 0.1mM HP
Zn, Cu Sod 0.88 £0.35 0.84 £ 0.34 1.29+0.28
MnSod 1.03£0.32 0.86 £ 0.7 0.68 + 0.14
Cat 1.16 £ 0.04 1.08+0.13 1.01+£0.3
Gst 0.98 + 0.1 0.90 + 0.84 0.80+0.10

Intensity: arbitrary units (Image J program) determined as relative to
actin levels.
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As shown with HP, 0.1
mM PhB was not toxic to wt
Drosophila maintained in the

dark throughout development
(73.3% survival).  Significant
light-dependent  toxicity —was

observed in wt both at
pupariation (26.2% reduction)
and at adult ecdysis (65.3%,
Table 2). The 50% lethal
concentration (LCsg) for PhB
during  the  postembryonic
development of wt Drosophila
was 0.06 mM. No additional
mortality due to PhB activation
was observed in antioxidant
enzyme mutant strains (Table 2).

The transcription levels
of the four antioxidant enzymes
corresponding to the above
tested mutants (Zn/CuSod, Cat,
Gst, and MnSod) were estimated
by  semi-quantitative = PCR,
followed by gel electrophoresis,
for larvae reared with or without
0.1 mM PhB or HP (Table 3). In
agreement with the above results
no significant increase in
transcription of MnSod, Cat, and
Gst antioxidant enzymes was
registered with HP nor with PhB
(Table 3). Therefore, Type I
reactions do not seem to prevail
in our experimental model with
photosensitizers.

However, survival was
significantly reduced in mutant

strain 4018 when HP was added to the diet. This strain presents mutation of Zn/CuSod enzyme.
Moreover, although not statistically significant, the transcription level of Zn/CuSod seems to be
enhanced when wt Drosophila was reared with HP. These experiments must be repeated in order to

attain statistical significance.

From these results we can conclude that in our experimental conditions, Type II reactions are
likely implied in photo-toxicity. Preliminary studies in the medfly Ceratitis capitata showed 2-fold
increase in the level of weak chemoluminiscence associated to lipid peroxidation, when treated with
comparable concentrations of PhB and HP and exposed to light (data not shown). Further studies are
on the way to confirm the existence of rapid lipid peroxidation (type II mechanism).
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The white™ mutation provides a growth advantage for mosaic clones in D.
melanogaster and D. simulans.

Siderov, Roman®, Elena Ugnivenko?®, Kirill Kirsanov’, Gennady A. Belitsky', and
Elizabeth M. Khovanova®. 'Inst. Carcinogenesis, N.N. Blokhin Cancer Research
Center RAMS, Moscow, Russian Federation; ’N.K. Koltzov Institute of Develop-
mental Biology RAS, Moscow, Russian Federation.

In this short communication we demonstrate that a white mutation can provide a positive bias
to a mosaic clone homozygous for a recessive marker linked with white” compared to its twin clone
homozygous for another marker linked with white". The effect is not very strong and requires for its
observation a large sample or a strong mutagenic treatment generating enough clones. At the same
time, the effect remains persistent and statistically significant in two fly species (D. simulans and D.
melanogaster), with different alleles of white and mosaic clone markers and with different mutagenic
agents applied. The protein White is a part of ATP-dependent nucleotide and amino acid
transporters, particularly for guanine and tryptophan, the precursors for eye pigments (Evart et al.,
1994). The gene white is also known to affect courtship behavior and response to anesthesia (Svetec
et al., 2005; Campbell and Nash, 2001). No function relevant to cell growth has been reported for
this gene by now.

Genes. y° — D. simulans yellow’, yellow chaetae, normal wings, the mutation of spontaneous
origin in the vermilion strain; sn — D. simulans singed, “singed” chaetae, homozygous females are
sterile, radiation-induced mutation in the vermilion strain; v — D. simulans vermilion, vermillion,
brilliant red eye color; nH' — an autonomous D. simulans transposable element located in X-
chromosome, the genetic instability H'-factor, n represents the number of H' copies in the X
chromosome; w — D. simulans white, white eye color; wy — unspecified D. simulans wavy allele,
grey wavy wings, the mutation was originated spontaneously in the sn v strain; y — D. melanogaster
unspecified yellow allele; w — D. melanogaster unspecified loss-of-function white allele; w''’® — D.
melanogaster loss-of-function white allele, homozygotes have white eyes with only 1% red pigment
(compared to 100% pigment in wild type); sn’ — D. melanogaster singed’ allele, homozygous viable
and fertile.

Stocks and Crosses. Drosophila simulans: (1) y*, H', 2) sn v, H  / X/)\( ,(3)y w, (4) snv

wy, 2H'/ . Drosophila melanogaster: (1a) y, (2a) w sn’, (3a) y w'''%; (4a) sn™®?. The following
crosses were performed to obtain y + +/+ +sn, y w +/+ + sn and y + +/+ w sn heterozygotes: (I)
oy H x ¢ snv, H/Y; (I) ¢’ wx & snvwy,2H /Y (D. simulans); (IIl) ¢ yx & wsn’; (IV)
o yw'' x ¢ sn™ (D. melanogaster).

Mutagenesis. To generate mosaic clones by somatic recombination, we used the following
procedure. The F; 48-hrs old larvae of the cross (III) were treated with 0.3 ml per vial 0.5% water

solution of phosphemide (CAS # 882-58-6). Analogously, the larvae from the cross (IV) were treated
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with 2 mg/ml water solution of oxoplatin (CAS # 53261-25-9). F, larvae from the cross (III) were
treated by y-rays (600, 900 or 1200r) after 72, 96, or 120 hrs of development. Untreated F, cross (III,
IV) larvae were used for a control. H'-dependent mutagenesis in the offspring of the crosses (I) and
(IT) occurred spontaneously.

Observation

Within the F; of all the crosses the y + +/+ + sn, y w +/+ + sn and y + +/+ w sn heterozygous
females were examined for yellow and singed clones on head, notum, and humeri with MBS-10
stereomicroscope. The clone number and frequencies were calculated. The clones were ranked
according their size in terms of the macrochaetac number (clone number / flies population) x 100%.
In D. simulans individuals heterozygous for the H -factor the clone frequency on the humeri was
registered separately as a result of the humeri-specific H-factor mutagenesis.

Statistics. Hypotheses regarding the yellow and singed clone proportion were estimated in a
standard X2 — test. All the biased y:sn clone proportions given in the figures differ from 1:1 at least at
P <0.05.

Results and Conclusions

1. In flies heterozygous for white and other X-linked markers, the marker linked to the white
mutation in cis- possesses higher mosaic clone frequency than the marker in frans-. For example, in
y + +/+ wsn heterozygotes the singed clone frequency is higher than the frequency of the twin
yellow clones, and vice versa, in y w + / + + sn heterozygotes yellow clones are more frequent than
singed ones. In absence of the white mutation (in y +/+ sn flies), frequencies of yellow and singed
clones are equal. Thus, the mosaic clones homozygous for a white mutation have a growth advantage
on a white/+ background compared to twin clones homozygous for white".

-7] _y clones : sn clones = 1:1
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© 0 9Y ] white mutation, (y) to (sn) clone

60 ratio is 1:1.
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Flies: y +/+ sn, 8819 D. simulans females, spontaneous mosaicism.

2. This effect was observed in two Drosophila species, D. melanogaster and D. simulans, and
within a species it is true for different alleles of white, yellow, and singed.

3. The effect is true for different types of mutagenesis — spontaneous, chemical, y-ray, and
genetic instability factor-induced.

4. The manifestation of the effect depends on the developmental stage at which the clones
were induced. The effect is clear for later induced (smaller) clones, in this case the proportion of
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white-homozygous to white -homozygous clones (both marked with either yellow or singed) is far
from 1:1 (up to 4:1). However, for early (large) clones, the proportion of y and sn clones is near 1:1.
As the large clones typically originate early in the development, and most of the small clones
originate later, the same regularity is applicable for large and small clones as well.

5. The effect extent depends on the applied dose of mutagen. The stronger was the mutagen,
the higher preponderance of white homozygous clones over white” homozygous twins we observed.
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Figure 2. (y w) clones dominate over their (+ sn)
twins. 2A. Spontaneous mosaicism (left panel)
and H-factor-induced mosaicism (right panel) in
the same D. simulans y w +/+ +sn, 1H" Aflies.
Sample size is 60796 females. 2B. Spontaneous
mosaicism (left panel) and H-factor-induced
mosaicism (right panel) in the same D. simulans
yw+/++sn, 2H' flies. Sample size is 20045
females. 2C. Oxoplatin-induced mosaicism in D.
melanogaster y w +/ + + sn flies. Sample size is
1250 females.
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