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Methods and Results

Our overarching goal is to identify and characterize gene x environment
etiologies of autism spectrum disorders (ASD), a neurodevelopmental
disorder that affects 1 in 59 children in the United States.
Mutations in FMR1 are the most common single gene cause of ASD—up
to 50% of individuals with FMR1 mutations are also diagnosed with ASD.
Fmr1 has a functionally conserved role in neurodevelopment from flies to
vertebrates.
Data from vertebrate model organisms suggest that gestational exposure
to environmental chemicals, like polychlorinated biphenyl 95 (PCB-95),
can significantly increase the risk of ASD in humans.
We used the courtship assay, a well-established paradigm for behavioral
analysis of fruit flies, to determine that exposure to nanomolar
concentrations of PCB-95 significantly decreases the courtship index (CI)
in both w1118 (wild-type; WT) and fmr1 mutant flies.
We also show that PCB-95 exposure increases axon pathfinding defects
in the mushroom body (MB) of WT flies—the same phenotype observed
in fmr1 mutant flies.
This data supports using Drosophila for chemical screening to identify
those that enhance fmr1-associated deficits & increase risk of ASD.
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Figure 3: Schematic of the mushroom body assay. Adult brains are
dissected, fixed in 4% PFA, stained with anti-FasII and an AlexaFluor488
secondary, and visualized using standard confocal microscopy.
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Figure 1: The Courtship Assay. (A) The assay begins with
gestational exposure to PCB-95. Exposed males and females
are collected and aged before courting recorded. (B-D) Photos
taken from a courtship video: (B) Orienting, (C) Wing
extension, (D) Copulation. (E) Male courting behaviors
documented.

Courtship Index

1

*

*

*

0.6

Figure 4: Scoring mushroom body β-lobe midline crossing.
(A) No crossing (B) Mild crossing (C) Moderate crossing (D) Severe
crossing.
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Figure 6: Cellular Phenotypes Currently Under Investigation. (A) Diagram of
the larval brain, where we are examining neural stem cell proliferation. (B) Closeup of an individual lobe of the larval brain with neural stem cells (type I and II
neuroblasts) marked in red (anti-Prospero) and green (anti-Deadpan). (C)
Analysis of synaptic boutons in the larval neuromuscular junction. The postsynapse is marked in green with anti-Discs Large and the neuronal membrane is
marked in red by Cy3-anti-HRP.
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We are currently investigating potential MB axon pathfinding defects of fmr1
Drosophila caused by PCB-95 exposure. We are also exploring the effect of
PCB-95 exposure on other relevant cellular phenotypes, including neural
stem cell proliferation (Fig 6A & B), and synapse formation (Fig 6C).
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PCB-95 exposure reduces the CI of both WT and fmr1 flies, but more
significantly in fmr1 flies—where it exhibits a gene x environment synergistic
interaction.
PCB-95 exposure increases axon outgrowth defects in the mushroom body of
WT flies.
Thus, PCB-95 exposure phenocopies fmr1 in both courtship behavior and
mushroom body axon outgrowth mutant phenotypes.
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Figure 2: Exposure to PCB-95 more significantly reduces the courtship index
(CI) of fmr1 flies. The percent difference in CI from vehicle-only to PCB95 for WT
flies is 13% for 2nM PCB95 and 18% for 20nM PCB95. The difference for fmr1
flies is 31% for 2nM PCB95 and 63% for 20nM PCB95. This indicates a potential
convergence of PCB-95 and fmr1—the combined effect of fmr1 and PCB-95
exposure exceeds the predicted additive effect, indicating a synergistic geneenvironment interaction. (n=9-24, *P<0.05)
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Figure 5: Frequency of β-lobe midline crossing. Wild-type flies exposed to
PCB-95 exhibit axon guidance defects in a dose-dependent manner. Wild-type
flies exposed to 200nM PCB-95 exhibit midline crossing defects similar to fmr1
flies. (nWT-0nM=23, nWT-2nM=22, nWT-20nM=15, nWT-200nM=13, nfmr1-0nM=12)
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