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ABSTRACT
Autism awareness and research has become more prevalent and garnered much more
attention over the last few decades due to increasing rates of incidence. With no known cure,
scientists have been pressured to research the causes of autism and autism spectrum disorders
with the hopes of discovering preventative measures. Recent research has indicated that autism
is not caused by mutations in one gene, but many genes. The purpose of this project was to find a
way to provide biological validation for genes identified by human genetic studies that may be
related to autism spectrum disorders, using the model organism Drosophila melanogaster. This
was attempted by selecting specific phenotypes, identified through literature review of
Drosophila behavioral analysis, which could be indicative of autism related neurological
changes. The well-established fly model of Fragile X syndrome, a known syndromic cause of
autism, was selected as a positive control for these behavioral assays. In the future, if a scientist
were to manipulate a gene candidate in a fruit fly and observe the same behavioral disturbances
as the positive control, then that gene would be more attractive for further testing in higher
organisms such as mice, where establishment of models is much more costly and time
consuming. The behaviors tested in this project were social spacing, circadian rhythm, and
negative geotaxis. UAS-Dicer II was used together with elav-GAL4 to increase the effectiveness
of the RNA interference in neurons, decreasing the expression of the Fragile X mental
retardation protein (FMR1). This, in effect, replicated Fragile X Syndrome. Similarly I chose to
decrease Drosophila metabotropic glutamate receptor (DmGluRA) using RNAi and observe
those behaviors, because mGluRA levels increase when FMR1 levels decrease. Decreasing
mGluRA could potentially serve as a negative control. Circadian rhythm proved to be too
sensitive to extraneous variables and was unable to produce a distinct phenotype, as well as with
social spacing. The controls and experimental genotypes in both of these assays showed no
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difference in behavior, but seemed to be affected more by the p-element insertions and the
presence of mini-white from the RNAi and Gal4 lines. I observed no gross morphological
changes using immunohistochemistry and confocal imaging either. However, the negative
geotaxis results showed that there is a significant difference in behavior when flies have
decreased FMR1 expression. These flies were very inactive, with a 15% success rate compared
to Canton-S (the control group), which had a success rate of 85%. This could indicate that
negative geotactic ability is unaffected by the presence of p-elements and other variables that
seemed to interfere with the other assays. Ways to improve upon this project in the future would
be to backcross to potentially remove mini-white from the RNAi and Gal-4 lines, as well as
homogenize the background of each line to be that of Canton S. If all variables are taken into
account and the extraneous ones are eliminated, the implications of this project are invaluable.
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CHAPTER 1
INTRODUCTION
Background of Autism
Autism research has encountered numerous obstacles in the past few decades due to the
disease’s complexity. Leo Kanner first described autism in 1943 in the paper Autistic
Disturbances of Affective Contact.1 Kanner described the behavior of the 11 children as “unique”
and previously unreported, including social remoteness, stereotypy, and obsessiveness.2 Without
further information, however, these children had to be diagnosed as psychotic and schizophrenic,
although it was quite apparent these children had neither. It was not until thirty years later that
schizophrenia was finally differentiated from what is known today in the academic community
as autism.2
Autistic disorder, also referred to as autism, is characterized by impairments in social
communication, social imagination and social interaction, as well as abnormal, repetitive and
restricted interests and behaviors.3,4 These symptoms include, but are not limited to, a lack of
appropriate facial expressions, social smiles, eye contact, appropriate gestures, emotional
expression, and overall lack of social interest. In addition to preference for aloneness, most
patients exhibit poor attention, poor comprehension, and impaired social interaction.2,3 The
symptoms of ASD fall on a continuum: some may show mild symptoms, while others are very
severely affected.5 Autism is considered a highly variable neurodevelopmental syndrome due to
its group of symptoms and signs. It is not a unitary condition, varying from person to person and
changing over time.3,4 Today there still is no biological test for autism3 due to a lack of a
consensus on a set of biomarkers and genetic tests that could differentiate known autistic
individuals from the average population. However, due to advances in research, scientists have
been able to generalize three core deficits in children with ASDs:

verbal and nonverbal
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communication, restricted and repetitive behaviors or interests, and reciprocal social
interactions.2
The diagnostic criteria for autism has been derived through a consensus, which can be
found in the International classification of diseases (ICD-10) and Diagnostic and Statistic
Manual of Mental Disorders (DSM-IV).3 Under the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) criteria, individuals with ASD have to exhibit symptoms from early
childhood.5 The diagnostic process involves autism specialists screening children for any of the
symptoms stated above between the ages of one to three.2 Normally parents recognize these
symptoms early on, which is why they seek a specialist. The future goal is to identify children
who are at a risk for autism as soon as possible.2
Autism spectrum disorders are far from rare. They are far more prevalent in the pediatric
population than diabetes, cancer, and down syndrome.2 The Center for disease control (CDC) in
2000 established the Autism and Developmental Disabilities Monitoring (ADDM) Network to
collect data and provide estimates of the prevalence of ASDs in the United States.6 The most
recent data collected by ADDM Network in 2008 indicates that 1 in 88 children in the United
States have an autism spectrum disorder.7 Using the national consensus, that would mean that as
of 2014, over 844,000 children have ASD, and this number is increasing. Comparisons of 2008
findings with those of 2006 have indicated a 23% increase in estimated ADS prevalence.6
Because Autism spectrum disorders are an increasing problem in today’s pediatric population,
efforts to find its cause in order to provide early diagnostics are imperative. Early diagnosis of
autism can be beneficial to families because earlier treatment and behavioral intervention are
critical for improvement and can allow for educational planning, reduction of family anguish and
stress, and delivery of appropriate medication.2

3

Causes of Autism Spectrum Disorders
Since Kanner’s discovery in 1943, our knowledge and understanding of autism has
increased significantly. Unfortunately, despite all the technology and research in the field, there
is still no known exact cause of autism spectrum disorders. Autism lacks any unifying pathology
at the cellular, molecular, or systems level, which is in contrast to many other disorders of the
brain such as Parkinson’s and Alzheimer’s Diseases.4 Studies conducted on children, twins, and
family members have indicated that autism is highly heritable, and about 90% of the variance
between individuals is attributed to genetic factors.8 This makes autism the neuropsychiatric
disorder most affected by genetics.8 A study conducted in 1999 suggested the possibility that
multiple genes are likely to be involved, particularly on chromosome bands 2q, 7q, 16p, and
19p.3 Most recently there was a discovery that copy number variations (CNVs), a significant
source of genetic variation in humans, may have some relation to the cause of ASD. Variations
4

in gene copy number occur when genetic material is either duplicated or deleted and can either
be inherited or de novo.8 The material lost or gained in the chromosomal region usually is greater
than 1 kilobase (kb), sometimes containing multiple genes.4 The cause of these variations is still
under research, but recent data suggests that environmental influences may play a part.4 It is
possible that environmental exposure to certain toxins could contribute to de novo mutations in
the parenteral germline prior to conception. This should be no surprise considering the
accumulation of toxins and carcinogens in our atmosphere over the last few decades. In addition,
certain regions of the chromosome may be more vulnerable to environmental factors, which in
turn can affect chromatin, gene structure, and expression.4 Though out of the scope of this
project, other research is looking into environmental influences on genetic stability in humans, as
well as how they can be related to the cause of autism spectrum disorders.
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Goals of This Project
It has already been speculated that autism may be caused by mutations or CNVs in a wide
variety of genes, making it very difficult to obtain any statistical significance for gene
candidates. Thus, future autism research will need to involve some sort of screening process to
validate ASD candidate genes. An ideal model organism needs to be chosen on which to screen
for these genes. D. melanogaster has a long history in the study of learning, memory, circadian
rhythm, and other behavioral paradigms which can be utilized to enhance our understanding of
the causes of autism.9 The fruit fly is also extremely informative in elucidating possible
molecular and genetic mechanisms to specific behaviors that are associated with ASDs.10 Most
importantly, using D. melanogaster offers an inexpensive, rapid generation model organism with
lots of tools available for use such as Gal-4 drivers and RNAi lines, both of which were used in
this project.9,11
Thus, the goal of this project was to find a way to provide biological validation for
previously published genes that have a weak relation to autism spectrum disorders in humans.
This could be accomplished by measuring different forms of fruit fly behavior and determining
the phenotypes that would be indicative of autism. The behaviors were measured using
previously published assays that highlight key behavioral characteristics in the fruit fly: social
spacing, negative geotaxis, and circadian rhythm. In order to do this, a positive control needed to
be developed using all three assays, which could then act as a baseline comparison with other
genotypes. I chose to replicate Fragile X syndrome in the fruit fly as a positive control, since
FXS has been frequently associated with autism. This was accomplished using a UAS driven
RNAi construct to essentially mimic what occurs in FXS, decreased FMR1 expression. Once a
positive control has been established for all assays, scientists could simply screen for candidate
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autism genes using the same assays in the future. Once promising candidate genes have been
identified from the large starting pool, models for these genes can be developed at low risk in
higher model organisms such as mice or rats. These models are inconvenient for screening large
numbers of genes due to their long generation time, high colony maintenance, and extreme cost.9
Using Drosophila melanogaster instead could provide a more time and cost efficient option.
The goal for these behavioral assays was to establish a screening model for autism in D.
melanogaster that is reproducible, specific, and most importantly, sensitive. In order to validate
that the behavioral changes observed in the positive control are specific to autism, it would be
beneficial to similarly manipulate an imperative gene in the nervous system not related to autism
and test those flies through the assays as well. If the behavioral changes are unique, then the
behaviors observed in the positive control would be valid benchmarks by which to screen for
ASD candidate genes. For this experiment, the chosen gene to additionally manipulate was
mGluR due to its paramount role in the development of behavior in the central nervous system,
as well as its particular connection to Fragile X Syndrome. I intentionally decided to decrease the
expression of DmGluRA in the fruit fly (opposite of what occurs in patients with ASD) to serve
almost like a negative behavioral control. Morphological differences were also looked for using
confocal imaging and immunostaining.
Drosophila melanogaster as Model to Study Human Behavior
Any of the research stated above needs to be carried out in an appropriate genetic model
organism, and this particular project focused on using Drosophila melanogaster. The fruit fly, a
classic genetic model, is appropriate in this instance because of the wealth of genetic tools that
can be used with it, the rapidity of its life cycle, and the accessibility and sufficient complexity of
the nervous system.

In addition, D. Melanogaster is one of the most extensively studied
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organisms in relation to human neurodegenerative diseases due to recent advances in genetic
methods.12 It was one of the first complex organisms to have its genome fully sequenced,
consisting of only 14,000 genes on four chromosomes, three of which carry the bulk of the
genome.10 One of the greatest advantages of D. melanogaster is the fact that 75% of diseaserelated genes in humans have a functional ortholog in fruit flies.10 This means scientists can
directly work with fruit flies to study human related diseases as long as the fly homolog of the
gene is known.
Although the behavioral repertoire is often considered to be less rich than that of higher
model organisms such as mice, the fruit fly is still sufficiently useful in modeling behavioral
disorders. The brain of D. melanogaster consist of more than 100,000 neurons, forming circuits
and neuropils that mediate a variety of complex behaviors such as learning and memory,
circadian rhythm, courtship, aggression, feeding, and flight navigation.10 Not only are fruit fly
genes closely related to humans, but also our nervous systems are very similarly wired. The fly
brain contains mushroom bodies that are analogous to the human hippocampus, a proposition
first made in 1850 by Félix Dujardin.13 Specifically, the fly’s nervous system on a logarithmic
scale is halfway between the human brain and a single neuron.1 This simplicity, along with the
high degree of evolutionary conservation of structure and function with that of humans’, makes
the fly a tractable organism for studying.14 The fly’s central nervous system also uses many of
the neurotransmitters found in animals, including serotonin, dopamine, and glutamate. This is
significant because many cognitive and affective disorders are affected by neurotransmitter
levels, for example, serotonin has been shown to play a role in aggression, sleep, learning, and
memory, whereas glutamate has been linked to social interaction.10 Unlike vertebrates, fruit flies
do not use glutamate as their major excitatory neurotransmitter. However the Drosophila
neuromuscular junction (NMJ) is glutamatergic and easily accessible to study.15 These facts
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taken together suggest D. melanogaster as a very useful model system for studying neurological
disorders. Altogether, the conservation of pathways between humans and D. melanogaster are
invaluable to the study of human neurological disorders, especially autism.
Fragile X Syndrome and its Relation to D. melanogaster
The fly has been used with great success to model a wide variety of human behavioral
disorders, including Fragile X syndrome (FXS). FXS is a monogenetic disorder and one of the
most prevalent forms of inherited mental retardation, affecting 1 in 6000 births.11,16 Being an Xlinked disorder, it affects 1 in 4000 males and 1 in 8000 females.17 FXS is characterized by
autistic

behavior,

hyperactivity,

attention

deficit

disorder

(ADD),

sleep

disorder,

hypersensitivity, and aggression with progressive cognitive decline. The severity of symptoms
range widely between individuals.11,16,18 Additional symptoms include tactile irritation,
extremely poor motor coordination, bowel syndromes, and an increased incidence of epilepsy,
with seizures occurring in 15-25% of patients.17,19 One of the most striking connections of
Fragile X syndrome is its direct linkage to autism, which affects nearly 30% of all FXS patients,
making it the most prevalent monogenic known cause of autism.20 Thus, the high incidence of
autism and autistic behaviors in FXS patients makes it one of the best genetic models to use in
ASD research. 13 ,20
Fragile X syndrome is caused by 200 or more unstable CGG tri-nucleotide repeats in the
5’ un-translated region of FMR1, the fragile X mental retardation 1 gene.11 These repeats result
in abnormal DNA methylation of the mRNA product, repressing, or silencing, the expression of
FMR1.11 The FMR1 gene locus, mapped in 1991, encodes the fragile X mental retardation
protein (FMRP).9 Research has indicated that FMRP is involved in translational control by
associating with mRNAs and polyribosomes.18,20 In effect, FMRP is a translational suppressor,
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interfering with the assembly of the 80S ribosomal complex at the initiation level.17 Considering
FMRP is found in dendrites, expressed abundantly during development, and found in almost all
cell types, it is no surprise that loss of this protein has detrimental effects. Particularly enriched
in nervous system, FMRP is cytoplasmic and mostly concentrated in the cell body, shuttling back
and forth between the nucleus and cytoplasm.17 Its primary function is earlier in synaptogenesis
and it assists in synaptic maturation.9 Without this function, brain function and development can
be seriously compromised. It can be summarized that FMRP plays a paramount role in both the
peripheral and central nervous systems, as well as in the motor, central, and sensory brain
neurons, regulating neuronal complexity.17
This disease model is one of many examples of the value of using fruit flies in genetic
research, providing amazing advances into understanding the cellular, molecular, and behavioral
defects surrounding FXS.9 FMR1’s function in the nervous system has been highly conserved
from humans to fruit flies.9 Whereas the mammalian genome has three partially redundant FMR
genes (FMR1, FxR1, FxR2), D. melanogaster only has one (dFMR1).9 This is beneficial to
research because only one gene needs to be accounted for when studying FXS in fruit flies.
Studies have shown that dFMR1 is equally homologous to all 3 gene products in humans,
demonstrating a high degree of sequence conservation.9 Knockouts of dFMR1 in D.
melanogaster (also termed dFMR1 null mutants) have been shown to display memory
dysfunction, reduced courtship, irregular activity at the NMJ, severe locomotor defects, and
similar phenotypes to those observed in human FXS patients.16,17,20 They lack retention of
training after being taught, and fail to initiate social clustering and congregation.16,21
One of the most profound behavior defects in dFMR1 mutants is circadian rhythm.
During a locomotor analysis between light and dark cycles, dfmr1 mutants were shown to be
completely arrhythmic, displaying only heightened activity without a defined sleep period.9
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During lengthened periods of darkness, arrhythmicity was even more pronounced, only
reiterating the circadian clock output defect.9
A group of researchers at the Cold Spring Harbor developed a novel assay to examine
social interactions in D. melanogaster in 2012 in order to examine the behavior of dFMR1
mutants. In this assay, the group made a cylindrical vial with two chambers separated by mesh.20
They then placed mutants in the chamber and tracked fly trajectories in order to characterize
their behavior toward one another across the mesh.20 Control flies spent equal amounts of time
near the top and bottom of the chamber, especially the periphery, which is a common
characteristic of the fly.20 However, the dfmr1 mutants spent more time stopped in the chamber
and were significantly slower, covering less area.20 Interestingly, dFMR1 mutants spent less time
at the mesh when another dFMR1 mutant was present, but would interact more if the other fly
was wild type.
Dfmr1 mutants, like human FXS patients, are anatomically normal, viable, and display a
wide array of normal behaviors. They can still walk, fly, and copulate, despite their locomotor
defects and impaired flight abilities.17 However, the brain of dfmr1 null mutants has been shown
to have increased growth and branching of sensory dendrites, as well as an increased number of
synaptic boutons, the site where neurotransmitters are released.17 Also like human FXS patients,
dfmr1 mutants have abnormally long, thin synapses.9 With overwhelming amounts of studies
conducted on the fragile x model in D. melanogaster reinforcing its similarity with the disease in
humans, it can be postulated that this model could be the closest to paralleling autism in the fruit
fly. In relation to this project, this single disease model can be used to establish a set of specific,
unique fruit fly behaviors indicative of autism, which could then be used to screen for new
causative genes.
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Role of Metabotropic Glutamate Receptors (mGluR)
In addition to its direct effects on nervous system function, mGluR is another gene of
interest because its expression is negatively regulated by FMRP: mGluR is overexpressed when
FMRP levels are lower, as in FXS.9 This makes sense because many functions of metabotropic
glutamate receptors, such as protein synthesis, are exaggerated in Fragile X syndrome, when
levels of FMRP are lower due to the silencing of FMR1.19 In fact, recent studies suggest that
some of the neurological and psychiatric aspects of fragile X syndrome are caused by increased
levels of mGluR during postnatal development.19 Due to the importance of mGluR in normal
behavior and nervous system function and its association with the FXS disease condition, I chose
to use inhibition of this gene’s function as a negative control for behavior. This manipulation of
mGluR in the opposite direction of the established autism model should reveal whether or not the
selected behavioral assays are able to detect behavioral changes specific to ASD.
Glutamate, a neurotransmitter, has two fates in the body: it can be transported quickly via
ionotropic glutamate receptors (iGluRs), or synaptically released glutamate can activate
metabotropic glutamate receptors (mGluRs).22 A part of the work reported in this project
involved the metabotropic glutamate receptor (DmGluRA) and its critical role in the nervous
system. Metabotropic glutamate receptors produce signals via G-protein-coupled pathways, a
much slower process than iGluRs.22 Glutamate receptors are involved in various processes
including synaptic plasticity and neuronal excitability. There are eight types of mGluR proteins
in humans which fall into three categories based on sequence homology, downstream signaling
pathway, and general pharmacological properties.22 Group I mGluRs, localized in the
postsynaptic membrane, activate Gq-proteins and participate in NMDA receptor modulation.22
Group II/Group III mGluRs, found in presynaptic membranes, activate Gi/Go- proteins which
induce presynaptic inhibition.22 Metabotropic glutamate receptors are expressed all throughout
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the brain. It is especially expressed in the optic and antennal lobes, mushroom bodies, median
bundle, and central complex.16
As mentioned earlier, mGluRs play a significant role in mediating synapse structure and
activity. Synaptic activity can trigger long-term potentiation (LTP) and long-term depression
(LTD), long-lasting changes in synaptic strength.19 Studies have shown that the activation of
mGluR stimulates synthesis of proteins involved in LTD, fear memory formation, and translation
of circadian rhythmicity.19 Metabotropic glutamate receptors also have a significant role in
behavior. It is hypothesized that inappropriate mGluR signaling may lead to cognitive
impairment, developmental delay, loss of motor coordination, and epilepsy.19
Like FMR1, there is only one functional mGluR gene in D. melanogaster, DmGluRA.
DmGluRA most closely resembles Group II mGluRs in humans. The roles of DmGluRA can be
summarized into two categories: modulation of presynaptic properties used for control of
neurotransmitter release, and modulation of pre-synaptic architecture.22 It is highly expressed at
the glutamatergic neuromuscular junction (NMJ) and presynaptic bouton membranes.22
DmGluRA null mutants were shown to have a 3.5% reduction in the number of type 1 synaptic
muscle boutons at the NMJ when compared to wild-type controls.22 Although loss of DmGluRA
leads to a reduced number of boutons, it also leads to an increase in bouton size.22
DmGluRA as mentioned earlier plays a critical role in social behavior and memory and is
required for social interaction.23 A recent study found that homozygous and heterozygous
DmGluRA mutants displayed impaired learning, immediate-recall-memory,

and short term

memory, as well as reduced courtship.23 The evidence from these studies reiterates the important
of DmGluRA and its evolutionary conserved role.
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CHAPTER 2
MATERIALS AND METHODS
Fly Stocks
All fly strains were raised in standard cornmeal food at 25°C under a 12-h light/12-h dark
cycle. CantonS served as the wild type stock. Vienna Drosophila RNAi Center stocks include
w1118; P{w[+mC]KK102270}, referred to as UAS- DmGluRA RNAi (VDRC #102270), and w1118;
P{w{+mC}GD1288},

referred

to

as

UAS-FMR1

RNAi

(VDRC

#8933

w[1118];P{GD1288}v8933). UAS-DicerII was used together with elav-GAL4 to increase the
effectiveness of the RNA interference in neurons (w[118]; ; P{w[+mC]=Gal-4elav.L}3,
P{w[+mC]=UAS DCR-1.D}3). This line is referred to as elav-GAL4 UAS-DicerII and was
generated by a previous lab member in the laboratory of Dr. Scott B. Selleck. All flies were
reared in bottles in order to be socially enriched and were collected and sexed under CO2
anesthesia.
Social Space Assay
Social spacing behavior was assessed in a horizontal circular test chamber.24 Social space
is defined as the average distance between fly nearest neighbor pairs. Wild-type CantonS flies
are generally found within 1 or 2 body lengths (.5 cm on average) of each other in a group at
rest.24 Social spacing is a fly behavior that results from an equilibrium between attractive and
repulsive cues and is likely to be subject to many complex gene-environment interactions.24
Social aggregation precedes other common fruit fly behaviors such as aggression and mating,
making it a useful behavior to study.24 Flies were collected and sexed 3 days before testing. 20
flies, 10 male and 10 female, were collected and placed into individual vials, which were then
flipped into fresh food vials each day before testing. All social spacing assays were conducted
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outside of the incubator at 25°C and were allowed to habituate to room temperature at least 30
minutes before testing on the lab bench. The experiments were performed at the same time each
day between 1:00 PM – 5:00 PM EST in order to reduce variation in performance linked to
circadian rhythm.
The horizontal circular chamber was created using three clear acrylic plates (Figure 1).
The top and bottom plates were solid square plates, while the center spacer plate had a circular
cutout forming the testing chamber. All three plates had external dimensions of 14cm x 14cm.
The top and bottom plates were each 1.6 cm thick, while the spacer was 0.5 cm thick. The
middle plate served as a spacer, with the inner circle having a diameter of 11.7 cm. In addition,
the spacer had 12 air holes drilled horizontally through the sides to allow ventilation. These
chambers were always handled using gloves to avoid introducing foreign odors and residues into
the chambers. The chambers were disassembled and cleaned with 70% Ethanol between each
trial, and washed thoroughly with water after every testing day. Flies were introduced to the
chamber by mouth aspirator through a .5 by .5 cm square gap in the spacer at the bottom of the
chamber, which was then plugged with an acrylic peg cut to fit. Each chamber had a paper ruler
taped on the front in an area not overlaying the chamber in order to scale images from pixels to
centimeters during data analysis. The chamber, containing flies, was laid flat on a clean white
bench pad for a minimum of 20 to 30 minutes to allow the flies to explore the chamber and form
a stable distribution. After 20 minutes, or at a point in time at which the flies were no longer
exploring, a digital image was collected and imported to Adobe Photoshop, where each fly was
replaced by a dot (.05 cm diameter) centered in the thorax. The automated measure of nearest
neighbor inter-fly distance (dot) was determined via Lispix, a public domain image analysis
program.24 This data was then imported into Minitab in order to obtain a histogram, which
separated nearest neighbor distances by 0.5 cm bins. The calculation of the social space index

14
(SSI) was based off of these histogram values. SSI is the percentage of flies in the first .5cm bin
minus the percentage of the flies in the 2nd .5 cm bin.24 15 to 19 trials were done per genotype.
Circadian Rhythm Assay
Circadian Locomotor Activity was assessed using the Trikinetics Multibeam Activity
Monitor as previously described.25 Circadian rhythm is the 24-hour daily rhythmic activity cycle,
which is generated by a master pacemaker in the ventral lateral neurons of D. melanogaster.11
These experiments were conducted using virgin males collected 3 days before testing and kept
less than 20 to a vial. These vials were flipped every day until testing. 5 by 80 mm Pyrex glass
tubes were filled with 1 cm of standard fly food on one end and sealed with molten paraffin wax
over the food one night before loading. These tubes were kept in an 18°C humidity controlled
incubator and were prepared about 70 at a time, always handled with gloves. There was 1 fly per
tube and 16 tubes per Multibeam Activity Monitor (Figure 4 E). Flies were loaded under CO2
anesthesia, after which the open end of the tube was plugged with autoclaved cotton. Flies were
allowed at least 18 hours to recover from anesthesia prior to data collection. The monitors were
placed in a 25°C incubator and the activity of the flies was monitored for 5 consecutive days on a
12- h light/ 12-h dark cycle. Data was collected using DAMSystemMB106 software from
Trikinetics ©.25 This system records the activity of each individual fly maintained in the food
behavior tubes, where “activity” is defined as the number of times a fly moves from one infrared
beam into the next.25 The Multibeam Activity Monitor is outfitted with 18 beams per tube,
spaced at 3 mm intervals, allowing collection of high-resolution movement data. DAMFilescan
was used to check for errors in the data sets and to bin data at 15-minute intervals. Data was
further processed using basic shell scripts in a BASH terminal. 24-hour activity patterns were
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graphed according to Zeitgeber time using Microsoft Excel or Actogram J. Average daily total
activity was calculated as well. All experiments were performed in triplicate.
Negative Geotaxis Assay
Stimulus Induced Negative Geotaxis behavior was assessed as previously described.12
Negative geotaxis is the natural tendency of flies to move in the opposite direction of gravity
when agitated, and it is considered a well-described, instinctive behavior.12 Genes and other
conditions may influence this behavior, making it valuable to study. These experiments were
conducted using virgin males (according to protocol) collected 5 days before testing, with 10-12
individuals per vial.12 Each group of flies was flipped into a fresh food vial every day between
collection and testing. 10-12 flies were loaded into a 28.5 x 95 mm polystyrene vial marked with
a red line drawn horizontally 8 cm above the surface (Figure 7B).12 The apparatus was then
gently tapped on a padded lab bench until all flies fell to the bottom. These flies were given 10
seconds to migrate toward the top of the vial. The ability of flies to climb more than 8 cm was
recorded as successful completion of the assay. This procedure was repeated 10 times with the
same group of ten flies, resting for one minute in between each attempt. The percent success rate
was averaged across all ten repetitions of a particular group for a single trial, with a sample size
of 10 trials per genotype.
Immunohistochemistry and Confocal Microscopy
In order to observe any gross changes in synaptic morphology, confocal images were
captured of the neuromuscular junction, a common model synapse in D. melanogaster. Third
instar larval fillets were dissected in cold Ca2+ free HL-3 media and fixed with Bouin’s fixative
solution for 5 minutes. The fixed fillets were then washed twice in Phosphate Buffered Saline
(PBS) for five minutes each, and three times in PBST (PBS plus .01% triton X-100) for ten
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minutes each. All washes beyond this point used PBST. 5% normal goat serum in PBST was
used for sample blocking as well as all antibody incubations. The primary antibody used was
mouse anti-Bruchpilot (1:100, mouse αnc82, DSHB) which was incubated with the sample at
least 12 hours at 4°C. Alexa-fluor conjugated secondary antibodies were obtained from Life
Technologies (Grand Island, NY). The secondary antibodies used were αmouse 488 nm (Green)
(1:800) and αHRP 649 nm (IR) (1:1000). Images were captured using an Olympus Fluoview
FV100 laser scanning confocal microscope and were observed visually on the computer.
Statistical Analysis
All data was graphed in an Anderson Darling probability plot in order to determine if the
data points fell within a normal distribution. Statistical significance of normally distributed data
was calculated via two-tailed student T-tests. If data did not fall within a normal distribution, P
values were obtained via a nonparametric Mann-Whitney test.

CHAPTER 3
RESULTS
Genotypes
Table 1: Reference table for Genotypes used in Experiments (F1 Offspring)
Shorthand Name

Genotype (Males)

elav-GAL4 UAS-DicerII
/ UAS-DmGluRA RNAi

w* ;
Y

P{w[+mC]KK102270} ; P{w{+mC]=Gal-4elav.L}3,P{w{+mC]=UAS DCR-1.D}3
+
+

elav-GAL4 UAS-DicerII/
UAS-FMR1 RNAi

w*;
Y

P{w[+mC]GD1288} ; P{w{+mC]=Gal-4elav.L}3,P{w{+mC]=UAS DCR-1.D}3
+
+

+/ UAS-DmGluRA RNAi

+/ UAS-FMR1RNAi

+/elav-GAL4 UASDicerII

w* ; P{w[+mC]KK102270} ;
Y
+

w* ; P{w[+mC]GD1288)
Y
+

;

+
+

+
+

w* ; + ; P{w{+mC]=Gal-4elav.L}3,P{w{+mC]=UAS DCR-1.D}3
Y
+
+

Shown in Table 1 are all the genotypes used in behavioral assays. As mentioned earlier,
the wild type stock was CantonS, and will be referred to as +/+. UAS-DmGluRA RNAi was
crossed with elav-GAL4 UAS-DicerII in order to observe the behavioral effects associated with
decreased DmGluRA expression in the Drosophila CNS. Similarly, UAS-FMR1 RNAi was
crossed with elav-GAL4 UAS-DicerII in order to mimic Fragile X Syndrome, which is caused by
decreased FMR1 expression.11 The rest of the genotypes listed in Table 1 were control crosses.
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Social Spacing
In this behavioral assay, equal numbers of males and females were used in each trial. To
study the regulation of local enhancement, the distance between individual nearest neighbor fly
pairs was measured. I chose to use a horizontal circular chamber in order to eliminate variables
that affect fly aggregation such as gravity and the presence of corners within the chamber. I
observed that flies took approximately 20 minutes to fully explore the chamber and stop walking.
Wild type flies aggregated into clusters around the edges as shown in Figure 1 (white arrow).
Quantitation of the flies’ position in the chambers can be seen in Figure 2. For each genotype,
the distance between each fly and its nearest neighbor was binned and used to generate a
histogram, which represented the percentage of flies with a nearest neighbor pair distance for
every 0.5 cm increment. I found that 78.74% ±	
  3	
  (mean	
  ±	
  SEM)	
  of CantonS flies were within 00.5 cm of their nearest neighbor, which was comparable to previously published values.24 Two
other control genotypes, +/elav-GAL4 UAS-DicerII (shown in red), and +/ UAS-FMR1 RNAi
(shown in light blue), were not significantly different with distributions of 70.5% ± 4, and 72.6%
± 3 respectively.

Figure 1: Social Space Chamber CantonS
The figure on the left is an example of a social space
experiment using the wildtype stock, CantonS. Flies
were loaded in through the plug (see red arrow). After
~20 min, one could see the wildtype flies congregate in
clusters. Wildtype flies had the highest social spacing
index compared to all other genotypes tested. A still
picture was obtained like shown on the right, which was
then put through the appropriate software.
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However, the control genotype +/ UAS-DmGluRA RNAi (shown in green) flies had a
significantly lower percentage, with only 60.5% ± 3, of flies in the first bin. I observed that when
DmGluRA expression in the CNS of flies was decreased, 73.2% ± 3 of flies were in the first bin,
within the same range as +/+. When FMR1 expression was decreased in the CNS, 74.2% ± 4 of
flies were within the first bin, which was not expected given previous data indicating that flies
FXS show reduced initiation of social behavior.20 Thus, when looking across genotypes, there
was no significant difference of the percentage of flies within the first 0.5 cm bin. Across all
genotypes, the first 0.5 cm held a substantially larger percentage of flies than the 2nd 0.5 cm bin.
A social spacing index (SSI) was also calculated for each genotype. This was calculated by
subtracting the percentage of flies in the second bin from the percentage of flies in the first bin.24
An SSI of around 0 would indicate a complete absence of social interaction, whereas 100 would
indicate all flies were in bin 1 (0-0.5cm from each other), a maximum state of social
interaction.24 In other words, if the percentage of flies in bin 1 was higher than in bin 2, it meant
that more flies were within 1 or 2 body lengths of their nearest fly as compared with those that
were greater than 2 body lengths from the nearest fly. These SSI values obtained can be seen in
Figure 3. For +/+ flies, the average SSI was 68.26 ± 5. This value was the highest across all
genotypes, but was found to only be significantly different from one of the controls, +/ UASDmGluRA RNAi, which had an SSI of 41.4 ± 6. elav-GAL4 UAS-DicerII / UAS-DmGluRA RNAi
flies had an SSI of 63.3 ± 4, and elav-GAL4 UAS-DicerII/ UAS-FMR1 RNAi flies had an SSI of
63 ± 5. These results showed that phenotypically there is no significant difference in SSI
between wild type animals and those with decreased DmGluRA or FMR1 expression in the
brain.
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Distribution of Nearest Neighbor Distances

Bin Occupancy (% of Population)

A.

Inter-fly Distance (.5 cm bins)

Distribution of Nearest Neighbor Distances

Bin Occupancy (% of Population)

B.

Inter-fly Distance (.5 cm bins)

Figure 2: Binned Nearest Neighbor Distances
Inter-fly distances for nearest neighbor pairs were binned at .5 cm intervals, roughly equal to
two fly body lengths. Bin occupancy is expressed as a percentage of the testing population.
(a) CNS specific FMR1 transcriptional inhibition (b) CNS specific DmGluRa transcriptional
inhibition.
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SSI (arbitrary units)

A.

Genotype

SSI (arbitrary units)

B.

Genotype

Figure 3: Social Interaction
SSI values were calculated from social spacing data to generate an interaction metric.
(A) FMR1 expressional inhibition in the CNS (B) DmGluRA expressional inhibition
in the CNS.
n.s indicates no significant difference, t-tests indicate a significant difference respectively of
* P <.01 and ** P < 0.001
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Circadian Rhythm
This particular phenotype is sensitive to gender, reproductive status, and age. For the sake
of consistency, three-day-old male virgins were used in this experiment to study circadian
rhythm differences between the genotypes tested.25 In Figure 4 A-D, the X-axis represents an
average activity over a 24-hour period, which is measured in Zeitgeber time. Zeitgeber time is a
system that tracks hours relative to time zero (ZT0), which is the beginning of the light cycle.25
Under standard 12:12 LD conditions, +/+ flies (shown in blue Figure 4 A) have two prominent
peaks of activity in a 24-hour period. This is called a “bimodal circadian pattern”, which is
representative of Drosophila monitored in a laboratory setting. Wildtype flies have a “morning
peak”, centered on ZT0, and an “evening peak” centered on ZT12. The morning peak of +/+ flies
reached a maximum of 321 beam breaks per 15 min (bb/15 min), whereas the evening peak
reached a maximum of 263 bb/15 min. These peaks were much lower than those of flies with
decreased DmGluRA expression (shown in purple) (Figure 4 B). The elav-gal4 UAS DCRII/
UAS DmGluRA RNAi genotype had similarly timed morning and evening peaks compared to the
wildtype, however, the activities were much higher. The morning peak had a value of 514 bb/ 15
min, and the evening peak had a value of 396 bb/ 15 min.	
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Figure 4: Average
Daily Circadian
Locomotor Activity
(DmGluRA)

A.

B.

(A) Activity profile for
wildtype CantonS flies.
MP (morning peak): 321
bb/15 min EP (evening
peak): 263 bb/15 min (B)
Activity profile when
DmGluRA expression
was decreased in the
Drosophila CNS MP:
514 bb/15 min EP: 396
bb/15 min (C) Activity
profile of control with
GAL-4 driver MP: 610
bb/15 min EP: 505 bb/15
min (D) Activity profile
of control with UAS
DmGluRA RNAi line
MP: 500 bb/15 min EP:
496 bb/ 15 min (E)
Trikinetics Multibeam
Activity Monitor

C.
E.

D.
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+/+	
   Figure 5: Average
Daily Circadian
Locomotor Activity
(FMR1)
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Activity profiles A and
C have been shown
again from the previous
Figure 4 for
comparison
convenience.
(A) Activity profile for
wildtype CantonS flies.
MP (morning peak):
321 bb/15 min EP
(evening peak): 263
bb/15 min (B) Activity
profile when FMR1
expression is decreased
in the Drosophila CNS
First Peak: 219 bb/15
min Second peak: 330
bb/15 min Third Peak:
295 bb/15 min (C)
Activity profile of
GAL-4 driver control
MP: 610 bb/15 min EP:
505 bb/15 min (D)
Activity Profile of UAS
FMR1 RNAi control
First Peak: 426 bb/15
min Second Peak: 678
bb/15 min Third Peak:
588 bb/15 min
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When observing the activity profiles of flies with CNS targeted FMR1 inhibition (elavGAL4 UAS-DicerII/ UAS-FMR1 RNAi) shown in orange in Figure 5 B with the human eye,
compared to the wildtype CantonS profiles (shown in blue in Figure 5 A), there are some visible
differences. First, there are three peaks observed in the flies with decreased FMR1 expression, in
comparison to the standard two peaks of +/+ flies. These characteristic peaks, as mentioned
earlier, are normally located at ZT0 and ZT12, whereas the elav-GAL4 UAS-DicerII/ UAS-FMR1
RNAi genotype had activity peaks at ZT0, ZT11, and ZT23. These flies’ first peak had a lower
value (219 bb/15 min) compared to the wildtype’s first peak (321 bb/15 min). However, the
second peak (330 bb/15 min) was higher than the wildtype’s second peak (263 bb/15 min).
These differences may have been attributed to the elav-Gal4 construct as well as the UAS FMR1
RNAi p-element, which will be discussed in further sections.
Although the activity profiles were useful in observing phenotypic behavioral differences
in circadian rhythm, the average daily activity per genotype provided more insight. Once the
activity levels of flies were measured in 15 min bins and averaged per hour over a 24-hour
period, as shown in the activity profiles, every value per hour was added together to obtain a
final total average daily activity. This number represented the total number of movements of that
fly over an average 24-hour period according to DAM (Drosophila Activity Monitor) beam
breaks. These values can be seen in Figure 6. +/+ flies (shown in blue) had an average daily
activity of 5,210 beam breaks/24 hours (bb/24 h). When DmGluRA expression was decreased in
flies (shown in purple), the average daily activity was 6234 bb/24 h, which was not significantly
different from the wildtype value. The same goes for flies that had decreased FMR1 expression
(shown in orange), which had an average daily activity of 5078 bb/24 h, also not statistically
different from the wildtype value. Surprisingly the +/+ and elav-GAL4 UAS Dicer II/ UAS
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DmGLURA RNAi genotypes were statistically different from the UAS- DmGluRA RNAi control
(shown in green).

Figure 6: Total
Average Daily
Activity
The GAL-4 driver
control (red) and
wildtype control
(blue) are repeated
in each graph for
comparison
convenience (A)
DmGluRA
expressional
inhibition in the
CNS. (B) FMR1
expressional
inhibition in the
CNS (orange)

A.
n.s indicates no
significant
difference, t-tests
indicate a significant
difference
respectively of * P
<.01 and ** P <
0.001.

B.
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There was no statistical difference between any of the genotypes and the +/UAS-FMR1
RNAi (shown in light blue) genotype value. These results reflect the outcome of the social
spacing analysis represented in Figure 3. The wild type stock’s total average daily activity was
also significantly different from that of the elav-GAL4 driver control (shown in red). There was
no statistical difference between the experimental genotypes and +/+ flies in regards to this
behavior.
Negative Geotaxis
Negative geotaxis is a well-described, instinctive behavior in flies. When flies are tapped
down to a surface, they quickly migrate against the force of gravity, also known as startleinduced negative geotaxis.26 In order to determine whether or not decreasing expression of
FMR1 and DmGluRA in the Drosophila CNS negatively affected negative geotactic behavior, I
tested each genotype. Negative geotaxis was measured in terms of percent success, the percent
of flies in a testing group that crossed the red 8 cm mark in a 10 second period. Wild type flies
(shown in blue) had a success rate of 85%. This number was not statistically different from flies
with decreased DmGluRA expression (shown in purple), which had a success rate of 81%. The
most striking data was the genotype in which FMR1 expression was decreased (shown in
orange). This genotype had a success rate of 15%, which was 82% lower than the wild type
success rate.
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A.

Figure 7: Negative Geotaxis data per genotype
(A) Average percent success rates, exact values
indicated by numbers inset in bars (B) Negative
geotaxis test apparatus, red arrow indicates the success
line (8 cm), white arrow indicates the starting point,
padded with foam to protect flies from impact during
testing.
n.s indicates no significant difference, t-tests indicate a
significant difference respectively of * P <.01 and ** P
< 0.001.

B.
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Immunohistochemistry and Microscopy
In order to thoroughly evaluate the effects on Drosophila when decreasing expression of
FMR1 and DmGluRA in the motor neurons, I wanted to observe morphology in addition to
behavior. Because Drosophila morphology has been extensively studied in the last decade, the
basic morphology of neuro-muscle synapses in the control animal is well known and very
stereotyped in development. The goal was to look for gross morphological changes, with αHRP
staining showing us axon processes for overall size and shape, and αbruchpilot staining showing
us active zones as a proxy for functional changes. Bruchpilot marks the synaptic active zones
(AZ’s) between nerve cells that release neurotransmitters27, whereas HRP (horseradish
perioxidase) marks a specific epitope found globally in neuronal cell membranes.28 Once
imaged, if major differences were noticeable, further analysis would be done using imagine
processing software. The images can be seen in Figure 8. For each separate figure, there are two
pictures of the same synapse. The images in green (left) represent fluorescence from one tag,
while the figures with white fluorescence (right) represent signal from the other marker on the
same synapse. Figures A, B, and C are control genotypes, and Figures D and E are the
experimental genotypes. Figure 8C shows the synapse of an animal with decreased DmGluRA
expression (elav-GAL4 UAS-DicerII / UAS-DmGluRA RNAi). As mentioned earlier, past studies
have observed that DmGluRA mutants showed a reduction in type 1-synpatic muscle boutons
and increased bouton size.22 After visually inspecting the image, to my surprise, I found the
image to show no signs of unusual bouton number or size, thus, further analysis was not
conducted. Figure 8E shows the synapse of an animal with decreased FMR1 expression (elavGAL4 UAS-DicerII/ UAS-FMR1 RNAi). Previous studies have found that dfmr1 mutants have
increased growth and branching of sensory dendrites, including an increased number of synaptic
boutons.17 Some visual observations of our images were that the overall area of the synapse
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appeared slightly smaller than that of the controls’, with a possible minor increase in axon
branching. The intensity of the αbruchpilot signal was also reduced in some animals. Because
these features were highly variable in the experimental genotype and to a lesser extent in the
control genotypes, they were most likely to be artifacts. It was therefore concluded that there
were no gross morphological changes, and no further analysis was conducted.
Overall the confocal images proved to be inconclusive. Previously published data showed
that there are some morphological differences in the brains and NMJs of DmGluRA and FMR1
mutants, however, my images showed no such difference as a result of RNAi expression.
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CONTROLS
Figure 8:
Drosophila
Synapses stained
with α-Bruchpilot
and α-HRP
antibodies
These images were
captured using an
Olympus Fluoview
FV100 laser
scanning confocal
microscope.
Morphology (Grey),
as well as
Bruchpilot
localization (green),
were examined in
muscles 6 and 7.
Figures A, B, and D
are controls. (A)
+/elav-GAL4 UAS
DicerII (B) +/ UAS
DmGluRA RNAi (C)
elav-GAL4 UAS
DicerII / UAS
DmGluRA RNAi (D)
+/ UAS FMR1 RNAi
(E) elav-GAL4 UAS
DicerII/ UAS FMR1
RNAi
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EXPERIMENTAL
Figure 8: Drosophila
Synapses stained
with α-Bruchpilot
and α-HRP
antibodies
These images were
captured using an
Olympus Fluoview
FV100 laser scanning
confocal microscope.
Morphology (Grey), as
well as Bruchpilot
localization (green),
were examined in
muscles 6 and 7.
Figures A, B, and D
are controls. (A)
+/elav-GAL4 UAS
DicerII (B) +/ UAS
DmGluRA RNAi (C)
elav-GAL4 UAS
DicerII / UAS
DmGluRA RNAi (D)
+/ UAS FMR1 RNAi
(E) elav-GAL4 UAS
DicerII/ UAS FMR1
RNAi

CHAPTER 4
DISCUSSION
With autism prevalence increasing in today’s community, especially in our youth, the need
for research and better understanding of the cause of the disease is also increasing. In the United
States over 800,000 children are diagnosed with ASD, exhibiting severe impairments in social
behavior. The objective of this project was to identify specific phenotypes that could be
indicative of autism in three different behavioral assays for Drosophila melanogaster. If specific,
replicable phenotypes were identified in all three assays for this genotype, the same phenotypes
could act as positive controls when comparing the phenotypes of other gene manipulations.
With this positive control for autism, genes with tentative association to autism from human
genetic studies could be manipulated in Drosphila and tested to provide biological validation to
encourage development of genetic models in higher organisms such as mice. Such a tool would
be invaluable to the scientific community for progressing the research in autism, as this would
facilitate rapid screening of genes related to autism. Moreover, using D. melanogaster as a
testing model provides a cost and time-efficient method before moving to more expensive,
longer generation mammals.
My data showed there was no significant behavioral difference in regards to social spacing
index and circadian rhythm between CS flies and flies with decreased FMR1 and DmGluRA
expression. These results are contradictory to previously published data on the behavior of flies
with similar, yet not identical, genetic manipulations. Published data has stated that FMR1
mutants failed to initiate social clustering and congregation20, displayed locomotor
arrhythmaticity9, and had increased growth in branching sensory dendrites.2 Likewise,
DmGluRA mutants exhibited decreased bouton sizes in the synaptic muscle22, loss of motor
coordination3, reduced courtship, and impaired learning and recall memory.23 My social spacing,
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immunohistochemistry and circadian rhythm data was inconsistent with previously published
results. These differences could possibly be attributed to the reproducibility and accuracy of my
methods and assays. The social spacing assay particularly proved to be unreliable and not easily
reproducible. Factors such as lighting, noise, humidity, vibrations, temperature, as well as the
time of the day were difficult to take into account and completely standardize, which tended to
skew results. Also, this assay needed to be reproduced in large numbers (17 trials) due to large
variance in the data sets, which was very time consuming. These factors alone could explain the
lack of similarity in the obtained data. In addition, this project utilized the use of UAS RNAi
constructs to decrease gene expression, whereas the previous studies mentioned before used
mutant versions of the genes of interest. These discrepancies may have contributed to the overall
difference I saw in the data compared to published data. For future projects, the conditions would
need to be finely tuned for further development of this assay.
The other issue with the social spacing assay could be due to the use of UAS RNAi and
Gal-4 lines harboring p-element insertions and the presence of white. Functional dosage of the
white gene has been known to influence behavior due to its role in the nervous system. It encodes
an ATP-binding cassette transporter that heterodimerizes with proteins that transport tryptophan
and other amino acids, as shown in Figure 9.29
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Figure 9: Role of White protein in the Biosynthesis of neurotransmitters31
This diagram was taken from Krstic D, Boll W, Noll M (2013) Influence of the White
Locus on the Courtship Behavior of Drosophila Males. PLoS ONE 8(10)
The White protein works in combination with the scarlet protein to transport tryptophan
across the cellular membrane, which then is converted through a series of biochemical
reactions in serotonin, a neurotransmitter.

The disruption of tryptophan, resulting in reduced levels of serotonin might also alter behavioral
phenotypes.29 Looking at the full list of genotypes in Table 1, the control crosses were set with
CantonS females and either RNAi lines or elav-GAL4 UAS Dicer II males. Each RNAi line
contributed one copy of mini-white, and the elav-GAL4 UAS Dicer II contributed 2 copies of
mini-white. This would mean the resulting male progeny, which were used for testing, would
have either one copy of mini-white if crossed with RNAi, or two copies of mini-white if crossed
with elav-GAL4 UAS Dicer II in a W+ background. On the other hand, the experimental crosses
were between RNAi bearing lines and elav-GAL4 UAS Dicer II, possibly resulting in three
copies of mini-white with a W- background. The different dosages of mini-white in addition to
the differences in white background could cause an unpredictable effect behavioral phenotype.29
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The study from which we obtained the social spacing assay protocol found that mutants of white
rested further apart and therefore had a lower SSI when tested in the same social spacing assay.24
This observation could explain why in the assays the genotypes with one copy of mini-white
versus two copies of mini-white had lower SSI scores.
The presence of p-elements also could explain the data obtained from circadian rhythm
analyses. Looking closely, the elav-Gal4 UAS Dicer II/+ and UAS DmGluRA RNAi /+ controls
had higher average daily activity values, which could mean that both the p-elements from the
Gal-4 driver and RNAi construct could have contributed to the increase in daily activity in the
experimental genotype (elav-Gal4 UAS Dicer II/ UAS DmGluRA RNAi). The p-element from the
UAS-FMR1 RNAi line could have also contributed to three peaks observed in the flies’ circadian
pattern. One important observation that can be made about flies with decreased FMR1
expression is that they have a lower average daily activity compared to CS, despite the presence
of the p-elements from the Gal-4 driver and RNAi construct. The opposite was observed in elavGal4 UAS Dicer II/ UAS DmGluRA RNAi flies, which could reiterate that this may be a unique
behavioral trait.
The average activity data presented in Figure 6 indicated clearly that CantonS (blue) and
the experimental genotypes (purple or orange) had similar values, whereas the Gal-4 driver
control (red) and RNAi construct controls (green and light blue) had similar values. Evaluating
the full genotypes in Table 1, these differences and similarities are not surprising. The RNAi and
Gal4 construct controls had either one or two copies of mini-white respectively, whereas the
experimental genotypes had three copies of mini-white. Though no concrete conclusions could
be made, it could be hypothesized that genotypes with lower levels of white gene function could
have more activity compared to genotypes with higher levels of white gene function.
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The previous discussions suggest that the p- element insertions from elav-Gal4 UAS Dicer
II and the UAS RNAi constructs could possibly have been responsible for the inconsistencies in
my results. However, the p-elements did not appear to affect negative geotaxis results as much as
the other behavioral assays. Flies with decreased FMR1 expression (shown in orange in Figure
7) had a significantly lower success rate (15%) compared to +/+ (85%) and flies with decreased
DmGluRA expression (81%). The Gal-4 control as well as the UAS DmGluRA RNAi control
had slightly higher success rates, which align with the average daily activity in Figure 7. Unlike
the average daily activity data, the UAS FMR1 RNAi/+ flies had a significantly lower success
rate of 65%. This data shows that decreasing FMR1 expression does impair negative geotaxis
behavior in fruit flies, whereas decreasing DmGluRA expression does nothing, and thus this
assay should be explored further in future projects.
Although there is previously published data on morphological changes in Drosophila
synapses of FMR1 and DmGluRA mutants, the analysis showed no difference in phenotype.
Published papers state that yeast Gal-4 activity can be present between 16°C-‐30°C,	
   but	
   it	
   is	
  
optimally	
   functional	
   around	
   37°C.30	
   I	
   chose	
   25°C because that is a temperature used across
most Drosophila studies, and it is an optimum temperature to balance Gal-4 activity and overall
fly health (flies cannot thrive at 37°C). Due to time constraints, I was unable to obtain data
addressing the degree to which the Gal-4 drivers worked, which would be an important step for
future experiments. An additional item to consider is that even though UAS-DicerII was used in
combination with elav-GAL4 to increase effectiveness, the target protein may have still not been
sufficiently depleted. For future experiments, a western blot should be conducted in order to
determine whether or not this is the case. Other factors such as antibody quality and incubation
time also could have contributed to the lack of difference, though unlikely because the antibodies
used were established standards, and the images showed no distortion of signal.
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There were many difficulties and obstacles that were encountered in this project, most of
which came under the categories of irreproducible data and failure to control all variables in the
system. Although undesirable, it could not be entirely unexpected. Research has shown that all
strains of Drosophila melanogaster show more variation than expected in behavior by chance
alone.29 This evidence suggests that flies may behave differently toward one another as if
resembling personalities. Furthermore, the ranges of these personalities differ from one genetic
background to another, making this a very prominent variable and obstacle to take into account
when assessing behavior. Even though the controls tested should theoretically have had similar
results in the assays, they did not. Scientists have also taken into consideration the idea that due
to generations of fly inbreeding in laboratories with various genetic backgrounds, behavior
characteristics cannot solely be due to the genes for which mutants are noted.1 To clarify, a fly’s
genetic background can play a significant role in determining behavior and would have to be
taken into account in such experiments. This problem in the future might be eliminated by back
crossing all lines with a standard wild type strain such as CantonS to ensure the same genotypic
background.1
There was promise in the negative geotaxis assay, which appeared not to be affected by pelement insertions, Gal4 and UAS driven expression, provided reproducible data, and was the
most convenient assay to perform. In the future, this assay should be explored and used to
analyze other genes that have a strong relation with autism to determine whether or not it really
can screen for potential autism gene candidates. In regards to the social space and circadian
rhythm assays, fly lines would have to be backcrossed into a CS background as well as have the
mini-white gene removed in order to eliminate the extra variables, although this may be
infeasible due to the close proximity of mini-white to other transgenes. Then, perhaps,
reproducible data can be obtained. Another variable to consider was the temperature the flies
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were raised at versus the temperature they were tested at. Originally for social spacing I had tried
testing the flies in the same environmental room that they were raised in, but due to the fan noise
and vibrations, I found that flies never settled long enough to obtain data. Thus, I kept raising
flies in the environmental room, but tested them out on the lab bench, where the ambient
temperature was around 18˚C, preventing the establishment of an appropriately controlled
environment in general. Although I allowed ample time for the flies to acclimate to the room
temperature, I cannot eliminate the fact that there may have been extra variables that could have
skewed data results.
Although data from this study was inconclusive, my findings suggest that this project could
only be feasible if certain experimental obstacles were removed to improve study design, which
is very difficult. Even if one were to homogenize the genetic background for each fly line before
crossing, it would not guarantee that inactive or leaky RNAi and Gal-4 constructs would cease to
have an effect. The primary purpose of this project was to find a high throughput screen to
broaden our general understanding of the scope of processes involved in autism. In this regard,
my results suggest that homogenizing the genetic background of every line would take an
extremely long time, defeating the purpose of this project. Another possibility is to test Fragile X
mutants directly rather than use an RNAi construct to decrease FMR1 expression. These flies
have very minimal traces of FMR1, are the closest to replicating human Fragile X syndrome in
Drosophila melanogaster, and could	
  probably provide more robust and accurate behaviors. The
downside is that this model would not act as an appropriate control for an RNAi screen: an RNAi
screen should have an RNAi control. The Fragile X mutants would be useful in determining
optional testing conditions however. While mutants could be made to model candidate genes in
Drosophila, this would once again be too time consuming and expensive to do for a broad screen
of candidate genes.
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