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is cryptic genetic variation maintained in populations? Is it truly
neutral or cryptically pleiotropic?
• Is the genetic architecture the same for Waddington’s crossveinless
phenocopy and genetically assimilated lineages? Or are the latter due
in part to de novo mutations concurrent with selection?

Alleles mediating the increase in CVL frequency are deleterious in the absence
of heat stress and artificial selection (Fig. 3). The alleles remain deleterious
under conditions of high temperature stress alone.

In aggregate alleles contributing to the CVL phenocopy are not purely additive, and are likely shared among the replicate lineages (Fig. 5).

Introduction
Cryptic genetic variation is standing genetic variation that has little to no
phenotypic effects under common conditions (environmental or genetic), yet
can lead to heritable phenotypic variation under novel or rare conditions.
How such variation is maintained in natural populations, and how it contributes to evolutionary change are poorly understood.
Nearly invariant in natural populations, Waddington showed that loss of
Drosophila melanogaster wing crossveins was induced under developmental
heat stress1. This incompletely penetrant phenocopy was heritable, increasing in frequency under artificial selection. After ~12 generations of selection,
crossveinless (CVL) flies were observed without heat stress. Waddington
described the evolution from plastic to constitutive trait as genetic assimilation2. Waddington and subsequent researchers demonstrated that alleles
contributing to CVL frequency are present in natural populations. Yet, how
cryptic variation is maintained, and whether alleles contributing to the CVL
phenocopy and genetic assimilation are the same is unclear. To address these
questions, I have repeated Waddington’s experiment, examining fitness and
investigating the genetic architecture of CVL phenocopy and assimilation.
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Alleles mediating the CVL phenocopy have (in aggregate) deleterious effects
on viability (Fig. 4). Preliminary results from common competitor assays
are consistent with this (not shown).
0.9

0.8

Density
High
Low
0.7

DOWN

Response to selection and genetic assimilation

Crossveinless Frequency

Interestingly, no difference in fecundity was observed between the different
selection lineages (not shown).
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Figure 5: Incomplete parallelism among lineages Pure populations are those with parents from the
same replicate lineage. Hybrid populations are those with parents from different replicate lineages. Error bars
are 95% confidence intervals.Purity of the cross was significant for both sets of lineages (p<0.0001).

Ongoing and Future Work
• Completing

analysis of genome wide DNA sequencing of all lineages
(multiple time points) and ancestral population to identify regions
under selection
• Genetic complementation tests between assimilated lineages and
targeted genomic deletions to narrow down genes of interest
• Targeted genetic analysis of putative causative genes of interest
• Examining candidate traits that may be pleiotropically linked to CVL
alleles
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Figure 4: Increased frequency of CVL alleles in a population is associated with reduced viability
Error bars are 95% confidence intervals. UP lineages show lower survivorship compared with DOWN lineages
under low density (p<0.0001), but not at high density (p<0.1).
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Figure 1: Drosophila melanogaster Posterior crossvein circled.
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Figure 3: Relaxation of selection for five generations reduces the frequency of the CVL
phenocopy Error bars are 95% confidence intervals. All treatments differed significantly from the starting
generation (15) of experiment (p<0.0001).
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Figure 2: Selection
response Six UP selection
lineages were selected for
increased CVL and three
DOWN lineages were
selected for wildtype wing
morphology. Assimilated
lineages were branched
from corresponding UP
selection lineages in
generation 17 when flies
were chosen that displayed
CVL without developmental
exposure to heat stress.
Control lineages were
generated to assess lab
domestication (not shown)
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• How
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Genetic evidence consistent with partial parallel
evolutionary response
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Questions

Alleles influencing crossveinless frequency
also influence fitness

• Alleles

influencing CVL frequency are deleterious for some fitness
components
• The alleles are likely not purely additive or dominant, since we see a
decrease among the crossed hybrid lines
• While speculative, if genetic assimilation is caused by having a higher
aggregate number of CVL alleles, many of the replicate assimilation
lineages may have the same alleles, meaning hybrid lines between them
have similar number of CVL alleles
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