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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).
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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 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.
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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



