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In Drosophila successful mating depends of male activity and female receptivity (Manning, 1961;
Spieth, 1968). Table 2 shows in both monomorphic and polymorphic strains of D. ananassae middle aged
females mated faster, copulated longer than young or old aged females. This suggests that middle age females
were more receptive than young or old aged females. This supports earlier studies of Drosophila suggesting
that femal es which mate faster and longer are more receptive than the femal es which mate slower and copulate
shorter. This is because mating latency (time taken for initiation of mating) and copulation duration (time
between initiation of copulation to termination of each pair) are good estimates of female receptivity (Spieth
and Ringo, 1981; Hegde and Krishna, 1997).

In turn males of D. ananassae showed greater courtship activities to middle aged females compared to
young or old aged females suggesting influence of female age on male courtship activities in too (Table 2).
Through these courtship activities males of D. ananassae not only convey chemical, auditory, visual signalsto
middle aged females better and try to convince the middle aged female faster for mating than young or old
aged females. This agrees with earlier studies of Drosophila that males which perform greater courtship
activities are better mates and obtained greater mating success than those males which do not show high level
of courtship activities (Hegde and Krishna, 1997).

Thus these studies suggest that males of D. ananassae exercised mate choice to obtain direct fecundity
benefits, and we also found occurrence of age specific reproductive success in females of D. ananassae which
isindependent from influence of inversion system.
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Genetic evidence for differential activities of Gao isoforms in Drosophila
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Ga,47A encodes two isoforms of the Gao subunit (Gaol and Gao2) in Drosophila melanogaster (de
Sousa et al., 1989; Schmidt et al., 1989; Thambi et al., 1989; Yoon et al., 1989). These two isoforms are
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98% identical and differ from each other by only 7 single residue changes within the 21 N-terminal amino
acids (Figure 1). Although this region is evolutionarily conserved, it is amorphous (Slep et al., 2008); hence,
molecular modeling cannot predict what structural consequences these differences might have. Studies on this
gene have only used genetic constructs encoding one of the isoforms (Goo2, referred to as cDNA class I in
Yoon et al. (1989)). We have cloned the open reading frames encoding Goo2 and Gaol (class | cDNA in
Yoon et al. (1989)) into the pINDY5 P element injection vector (Kazemi-Esfarjani and Benzer, 2000) under
the control of a UAS promoter (Di Gioacchino, 2014). Each construct was injected into w**® embryos to
generate 8 and 12 strains with independent insertions for Gool and Gop2, respectively.
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N _ mm) from two DJ858/+; VD131/+ individuals.

Driven by the DJ858 GAL4 enhancer trap (Seroude, 2002),
expresson of UASGao2 caused a crumpled wing phenotype
(Figure 2). This phenotype has been previoudy observed when
Goap2 overexpression was driven by MS1096-GAL4 (Katanayeva, et
al., 2010). Crumpled wings result from the failure of wing
maturation, caused by a Goo subunit competing with and
antagonizing the function of a Gas subunit in a heterotrimer with
GB13F and Gyl. DJ858-driven expression of UASGap2 caused
the crumpled wing phenotype with 7 of the 12 insertions, at varying levels of penetrance (Figure 3). In
contrast, only 1 of 8 independent UAS-Gaol insertions caused this phenotype. Unless the insertional biases of
the two P elements are fundamentally different from each other, the range of expression levels for each
construct should be comparable. This suggests that the two isoforms have different biologica activities.

One of the DJ858/+;Ga.c2/+ genotypes (VD134) aso caused a noticeable level of pupal lethality and
only afew escapers could be recovered. Obvious lethality was not observed with any of the DJ858/+;Gao1/+
genotypes. This observation suggests that Gao2 can cause lethality in addition to the crumpled wing
phenotype. Attempts to increase the copy number of both transgenes were unsuccessful since DJ858;Go1 or
DJ858;Goo2 flies exhibit a high rate of lethality. Therefore, increased expression of UAS-Gaol transgenes
can aso be lethal to theflies.

It was also found that the presence of the TM3, Sb balancer exacerbated the crumpled wing phenotype
caused by the expression of UASGap2. Goo2 flies carrying the balancer showed a noticeably higher
frequency of the crumpled wing phenotype compared to flies that had a wild-type third chromosome (Figure
4). The addition of the TM3, Sb balancer in a subset of UAS-Gapl genotypes did not induce the crumpled
wing phenotype. In addition, there were significantly fewer Goo2 progeny carrying the balancer than
expected. These observations indicate that the TM3, Sb chromosome carries one or more mutations that are
epigtatic to Gap2 expression with respect to both the crumpled wing phenotype and lethality.
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Figure 3. Frequency of the crumpled wing phenotype in progeny carrying DJ858-GAL4 and either
UASGao2 or UAS-Gapl. Strains that did not display the phenotype were omitted. Average of two
independent experiments; an average of 90 individuas was obtained per replicate, with the exception
of VD134 (replicate 1: 4, replicate 2: 3).
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Figure 4. Goo-TM3,Sb epistasis: frequencies of the wing and bristle phenotypes in progeny carrying DJ858-
GAL4, UAS Gap2 or UAS-Gaol, and the TM3,Sb balancer or a wild-type third chromosome (“x”). Average
of two independent experiments; an average of 110 individuals was obtained per replicate, with the exception
of VD134 (replicate 1: 1, replicate 2: 3). ¥ tests for progeny with and without TM3, Sb: VD131 pd > 0.05,
p? < 0.001; VD133 pd < 0.005, p? < 0.001; VD231 pd > 0.05, pQ@ > 0.05; VD233 rep. 1 pd < 0.05, pQ <
0.05, rep. 2 pd > 0.05, p% > 0.05.
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In order to function properly, Ga subunits need to interact with G-protein coupled receptors, B and y
subunits, GTP nucleotides and regulators of G-protein signalling (RGS). Many of the domains that play a key
role in these interactions have been well characterized and are evolutionarily conserved (Slep et al., 2008). It
has been demonstrated that the 21 N-terminal residues of an o subunit are involved in its interaction with the
By heterodimer (Navon and Fung, 1987). However, the specific residues that are critical for that interaction
have not yet been identified. The presence of two Goo isoforms in Drosophila provides a unique opportunity
to investigate structure-function relationships in the N-terminus. Preliminary findings in this report indicate
that these two isoforms are not biologically equivalent. Overexpression of both isoforms can cause crumpled
wings and lethality, although to a different degree. Furthermore, only Gao2 exhibits epistatic interaction with
TM3, Sb. Therefore, these differential biological effects are likely due to one or more of the 7 single residue
changes that differentiate Gao2 from Gapl. However, it remains to be shown that these changes are directly
involved in interactions with By subunits.

It is worth noting that one of the TM3 break points (76C - 71C) is located at the same cytological
position as GA76C (St. Pierre et al., 2014), bringing forth the possibility that TM 3 does not carry a wild-type
Gp76C dlele. It istempting to speculate that Goo2 and GB76C compose the same G-protein. A mutation in
Gp76C could reduce the formation of that heterotrimer, increasing the amount of “free” Goo in cells
overexpressing Goo2. This would enhance its ability to antagonize Gas, ultimately leading to an increase in
the penetrance of the crumpled wing phenotype.

Materialsand M ethods

Srains

w'® (w[1118]; +; +) (Bloomington Fly Stock Center, Indiana University, Stock #3605); DJ858
(w[1118]; P{w[+mW.hs|=GawB} DJ858) (Seroude et al., 2002); TM3,Sb baancer from 2475 (w*;
T(2;3)ap*? ap*¥CyO; TM3, Sb") (Bloomington Fly Stock Center, Indiana University, Stock #2475).

Gap transgenic strains

P element-mediated transformation was performed according to standard protocol without removal of
the chorion (Robertson et al., 1988). 200 embryos were injected with the UAS-Gool construct, resulting in
11% fertile adults and a 3.5% transformation efficiency. 250 embryos were injected with the UAS-Gop2
construct, resulting in 17.2% fertile adults and a 3.6% transformation efficiency. Gaol strains were named
“VD2xy” and Goo2 strains were named “VDIxy”; “x” refers to the chromosomal location and “y”
distinguishes between strains with the insertion on the same chromosome.

Crosses

All crosses were performed for 3-5 days a 28 on food composed of 0.01% molasses, 8.2%
cornmeal, 3.4% yeast extract, 0.94% agar, 0.18% benzoic acid, and 0.66% propionic acid. Progeny were
scored 3-5 days after the first progeny emerged. Gao expression: Virgin homozygous DJ858 females were
crossed with males from each independent Goo strain. Gao-TM3 epistasis: Virgin DJ858; TM 3, Sb/+ females
were crossed with homozygous males from Goao2 (strains VD131, VD133, and VD134) or Gool (strains
VD231 and VD233).
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