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(Boulton and Woodruff, 2010, see their Figure 5). In addition, the reason why no adult progeny were recovered
from crosses of the white-eyed stock with Canton-S was because the progeny either had three 2L chromosomes
or one 2L chromosome, leading to chromosomal imbalance (Ashburner, 1989; Boulton and Woodruff, 2010, see
their Figure 4).

In summary, the students concluded that the white-eyed stock was not a new species, but was a D.
melanogaster stock with rearranged chromosomes. It is known that chromosome rearrangements can lead to
reproductive isolation and speciation (White, 1978; King, 1993). We also observed that flies with three 2L
chromosomes or only one 2L chromosome lived until the pupal stage. Holm et al. (1980) stated that monosomic
2L flies die during early embryogenesis while the trisomic 2L flies survive to late pupae. It seems, therefore,
that flies with an extra 2L chromosome in this study were able to develop up to the pupa stage, but were not
ableto eclose as adults. The reason for thisis unknown.

References. Ashburner, M., 1989, Drosophila: A Laboratory Handbook. Cold Spring Harbor Laboratory
Press; Boulton, A.M., and R.C. Woodruff 2010, Drosophila Information Service 93: 245-255; Coyne, J.A. and
A. Orr 2004, Speciation. Sinauer Associates, Sunderland, MA; Darwin, C., 1859, The Origin of Secies by
Means of Natural Selection. John Murray, London; Dobzhansky, Th., 1937, Genetics and the Origin of Species.
Columbia University Press, New York; Grell, E.H., 1970, Genetics 65: 65-74; Herron, J.S,, and S. Freeman
2014, Evolutionary Analysis. Pearson, Boston, Mass, Holm, D.G., M. Fitz-Earle, and C.B. Sharp 1980,
Theoretical and Applied Genetics 57: 247-255; King, M., 1993, Species Evolution the Role of Chromosome
Change. Cambridge University Press, Cambridge; Klug, W.S., M.R. Cummings, C.A. Spenser, and M.A.
Palladino 2013, Essentials of Genetics. Pearson, Boston; Linddey, D.L., and G.G. Zimm 1992, The Genome of
Drosophila melanogaster. Academic Press, New York; Mayr, E., 1966, Animal Species and Evolution. Belknap
of Harvard University Press, Cambridge, MA; Mayr, E., 1982, The Growth of Biological Thought: Diversity,
Evolution, and Inheritance. Belknap Press of Harvard University Press, Cambridge, MA; Price, T., 2008,
Speciation in Birds. Roberts and Company, Greenwood Village, CO; White, M.J.D., 1978, Modes of Speciation.
W.H. Roberts and Company Freeman and Company, San Francisco.

Chemical stressand recombination in Drosophila melanogaster.

Dollard, Renee E., Ashley M. Everett, Daniel R. Rochester, Christopher J. Schimmoeller,
Michael A. Balinski, and R.C. Woodruff. Department of Biologica Sciences, Bowling
Green State University, Bowling Green, Ohio 43403.

It has been reported that environmenta stresses can influence frequencies of recombination. For
example, temperature, nutrition, bacterial infections, and wasp predation can increase the frequency of
recombination in Drosophila melanogaster (Gowen, 1919; Stern, 1926; Bergner, 1928; Neel, 1941; Singh et
al., 2015; for a review of this topic, see Parsons, 1988). These observations suggest that organisms can
respond to stresses by increasing the frequency of recombination, producing a quick increase in genetic
variation that may allow for adult survival (Badyaev, 2005).

It is important, therefore, to determine if exposure to environmental chemical stressors can also
influence recombination frequencies. Hence, in this proposed study we tested if copper sulfate in the food of
D. melanogaster can ater the recombination frequency for X-chromosome linked markers. Copper sulfateis
known to be toxic to D. melanogaster at moderate to high concentrations (Egli et al., 2006).

The following crosses resulted in F1 females that were heterozygous for X-linked visible mutant
markers w (white eyes; map position 1.5) and sn® (singed, small bristles; map position 21) and F1 males that
have these two markers on their single X chromosome.
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The F1 females and males were treated with four concentrations of copper sulfate (0.1, 0.2, 0.3, or 2.5
mM) mixed in instant Drosophila food along side untreated controls (water only). The F2 progeny were
scored as non-recombinants (+ + / w sn® femalesand + + /Y males, which have red eyes and long bristles, or
w sn’/w sn®femalesandw sn®/ Y males, which have white eyes and singed bristles) and as recombinants (+
sn’/w sn® femalesand + sn®/ Y males, which have red eyes and singed bristles; or w +/w sn® femalesand
w + /Y males, which have white eyes and long bristles). As a positive control, F1 flies were also raised at
high temperature (30°C) that is known to increase recombination in some regions of the genome, and their
frequency of recombination was compared to the recombination frequency in flies raised at room temperature
(21°C to 22°C) (Plough, 1917, 1921; Stern, 1926; Smith, 1936; Mather, 1939; Grell, 1966, 1978; Grell and
Chandley, 1965; Ashburner, 1989).

The frequency of recombination for the w and sn® interval was compared between the control crosses
and the crosses treated with high temperature and copper sulfate by using the Fisher exact test (Whitlock and
Schiuter, 2009). The expected frequency of recombination between the white locus and the singed locus in
untreated fliesis 19.5 percent (Linddey and Zimm, 1992).

It is our hypothesis that high temperature and copper sulfate will increase the frequency of
recombination in D. melanogaster, suggesting that organisms can respond to an environmental temperature or
chemical stressor and produce new genetic variation by recombination. In fact, we observed that
recombination frequencies between the white gene and the singed gene were not significantly changed with
exposure to high temperature (P = 0.30) or copper sulfate (P = 0.07 for 0.1 mM; P =0.19 for 0.2 mM; P=
0.51for 0.3 mM; and P=0.44for 2.5 mM) (see Figures 1 and 2).
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Figure 1. Comparison of the
percentage of recombination between
the white and singed genes of D.
melanogaster raised a  room
temperature (21°C to 22°C) and at high
temperature (30°C).
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The reason for the lack of an increase in recombination with exposure to high temperature, which has
been reported to increase recombination, is not known. Plough (1917), however, reported that high
temperature increased the recombination frequency between the black and prune genes on the second
chromosome, but did not increase the frequency between the prune and curved genes (see a discussion of this
topic in Ashburner, 1989, p. 461). In addition, the influence of temperature on recombination is less for the X
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chromosome than for the autosomes (see discussion in Stern, 1926). Hence, the influence of high temperature
on recombination may not be uniform over the whole genome (Ashburner, 1989).
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The recombination frequency was also not increased between the X-chromosome markers w and sn’
by copper sulfate in this study. The highest concentration tested, 2.5 mM, did reduce the number of progeny
(254 vs 508-886). Hence, this concentration did reduce the viability of the treated flies. This result may be
related to observations that nutrition can influence recombination frequencies (Neel, 1941). For example, it
has been observed that treatment of mice with endocrine disrupting chemicas reduces recombination
(Vrooman et al., 2015).

What was aso surprising in this study was that the recombination frequencies were decreased, but not
significantly, in the four copper sulfate concentrations compared to the control (Figure 2). It would be of
interest to repeat these treatments at a higher progeny count to see if copper sulfate treatments do decrease
recombination. It could be, for example, that some recombinants are sensitive to copper sulfate.

A class discussion of the results of this study might include the possible reasons why organisms,
including humans, have evolved sexua reproduction that allows for recombination, instead of reproducing
asexualy. These reasons include the faster incorporation of favorable mutations that are on separate
chromosomes by recombination, the elimination of harmful mutations by recombining chromosome segments
with fewer or no deleterious mutations, alowing for the normal segregation of homologous chromosomes at
meiosis, and alowing for the repair of double-strand chromosome breakage events by recombination repair
(see discussions of this topic in Maynard Smith, 1978; Michod and Levin, 1988; Crow, 1994; Michod, 1995;
Charlesworth and Charlesworth, 1998; McDonald, Rice and Desai, 2016).
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Heritability for bristle number in Drosophila melanogaster.
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For a quantitative trait to respond to human (experimental) selection or to evolve by natural selection it
must be at least partially under genetic control, i.e., have heritability. Heritability is defined either as the
fraction of the total variation in a trait that is due to variation in genes, or the proportion of phenotypic
variance that parents can pass to offspring. Environmenta factors can also influence quantitative traits (see a
discussion of thistopic in Falconer and Mackay, 1996; Frankham, Ballou, and Briscoe, 2002).

Heritability in the narrow sense (h?) is the fraction of the total variation in a trait that is due to the
additive effects of genes. There can adso be dominant effects and interactions between genes and the
environment. Narrow sense heritability is the best measure of whether a trait will evolve or respond to
selection (Allendorf and Luikart, 2007). How can one estimate h*? One way is to examine the slope of the
regression line of trait val ues between parents and their offspring. For example, in Figure 1 an estimation of h?
of 0.69 is determined from the slope of the regression between the height of students and their mid-parent
values (Woodruff, unpublished). Comparisons where the regression slope is zero would have a h? of zero,
whereas a slope of one would have a h?of one.

Human Height, h? = 0.69 Figure 1. Student height heritability estimate.

In this study, we measured h® for sternopleural
bristle numbers in D. melanogaster by the slope of the
regression line of midparent bristle number and the
offspring bristle number.  Sternopleura bristles are
shown in Figure 2 (Woodruff and Thompson, 2005).
Estimations of h? for sternopleural bristle number in
Drosophila, which are based on selection experiments
and parent offspring regression analysis, ranged from
0.01 to 0.75 (Roff and Mousseau, 1987; Falconer and
Mackay, 1996; Woodruff and Thompson, 2005; van
Heerwaarden et al., 2008).
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