University of San Diego

Digital USD
Undergraduate Honors Theses Theses and Dissertations

Spring 5-20-2020

Sleep modifications in a Drosophila melanogaster model of
Fragile X syndrome

Morgan McLaughlin
University of San Diego

Follow this and additional works at: https://digital.sandiego.edu/honors_theses

b Part of the Behavioral Neurobiology Commons, Genetics Commons, and the Molecular and Cellular
Neuroscience Commons

Digital USD Citation

McLaughlin, Morgan, "Sleep modifications in a Drosophila melanogaster model of Fragile X syndrome"
(2020). Undergraduate Honors Theses. 93.

https://digital.sandiego.edu/honors_theses/93

This Undergraduate Honors Thesis is brought to you for free and open access by the Theses and Dissertations at
Digital USD. It has been accepted for inclusion in Undergraduate Honors Theses by an authorized administrator of
Digital USD. For more information, please contact digital@sandiego.edu.


https://digital.sandiego.edu/
https://digital.sandiego.edu/honors_theses
https://digital.sandiego.edu/etd
https://digital.sandiego.edu/honors_theses?utm_source=digital.sandiego.edu%2Fhonors_theses%2F93&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/56?utm_source=digital.sandiego.edu%2Fhonors_theses%2F93&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/29?utm_source=digital.sandiego.edu%2Fhonors_theses%2F93&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/60?utm_source=digital.sandiego.edu%2Fhonors_theses%2F93&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/60?utm_source=digital.sandiego.edu%2Fhonors_theses%2F93&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digital.sandiego.edu/honors_theses/93?utm_source=digital.sandiego.edu%2Fhonors_theses%2F93&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digital@sandiego.edu

Sleep modifications in a Drosophila melanogaster model of Fragile X syndrome

A Thesis
Presented to
The Faculty and the Honors Program
Of the University of San Diego

By
Morgan McLaughlin

Behavioral Neuroscience & French

2020



Abstract
Fragile X syndrome (FXS) is a neurodevelopmental disorder characterized by intellectual
disabilities, disruptions in sleep, and autism in humans. Mutations in Fragile X Mental
Retardation gene 1 (FMR1), which codes for a protein that modifies the expression of many
target proteins, are primarily responsible for this disorder. Genetic modifications of FMR1 can
increase or decrease the overall amount of sleep in humans. A potential pharmaceutical target of
FXS is dopamine, a critical neurotransmitter in the regulation of sleep and wakefulness. In fruit
flies (Drosophila melanogaster) dopamine has been shown to alter sleep. The mushroom body, a
structure in the Drosophila brain that regulates sleep and memory, is innervated by dopaminergic
neurons and is heavily impacted by low expression of dFMR1. In this study, a Drosophila
Activity Monitoring system (DAMs) was used to measure sleep and locomotor activity in
Drosophila models of FXS. We found that fruit flies with underexpression of dFMR1 slept more
than their control but in shorter periods, which may lead to impaired memory consolidation.
Furthermore, the activity of these flies when they are awake is reduced, leaving them with fewer
chances to feed, court, and mate. In addition, the mushroom body specific overexpression of
dFMRI1 in a null background was able to rescue sleep deficits. Further studies on dFMR1 in
Drosophila will help us understand how sleep is disrupted and how these changes lead to
modifications in behavior.

Keywords: Fragile X syndrome, mushroom body, dopamine, FMR1, sleep



Introduction

Fragile X syndrome (FXS) is a neurodevelopmental disorder and is the most common
form of intellectual disability in humans (Specchia et al., 2019). FXS includes but is not limited
to hyperactivity, speech impairments, epilepsy, and changes in sleep. In humans, fragile X
mental retardation protein (FMRP), the protein translated from the Fragile X Mental Retardation
gene 1 (FMR1), expression of this protein is nearly ubiquitous, but it is expressed the most in the
nervous system and testes (Dockendorff et al., 2002). The specific brain areas that FMRP is
highly expressed in are the cortex, hippocampus, and purkinje cells (Specchia et al., 2019).

One of the genes strongly implicated in this disorder is fragile X mental retardation gene
1 (FMR1). FMRP is a highly conserved RNA binding protein that generally negatively regulates
RNA binding proteins (Reeve et al., 2005). However, this protein has the potential to bind to
DNA and other proteins (Figure 14). FMRP plays an essential role and helps determine when
proteins are translated and when they are not. The FMR 1 mutation that generally results in
Fragile X syndrome is a trinucleotide repeat of CGG over 200 times when the normal
trinucleotide repeat is 10-40 codons (“FMRI1 gene,” 2010). This makes the gene long and
unstable, and the neuron is able to turn off the gene or heavily restrict expression of FMRI1.
Generally speaking, Fragile X syndrome is attributed to the underexpression of FMR1.

Human FMRP and dFMR1 are highly conserved proteins, they are nearly identical to
each other but have slight differences in domain location (Figure 14). FMR1 binds to potentially
4% of all brain messenger RNAs (mRNAs) and then transports these mRNAs to dendrites and
regulates local protein synthesis (Tessier & Broadie, 2008). If FMR1 function is lost, then
proteins at the local level are made in excess due to the loss of negative translational regulation
and this alters synaptic plasticity (Darnell & Klann, 2013). These alterations include changes in

synaptic morphology and increases in neuronal branching which is involved in important



functions like learning and memory. In mammals, FMR1 is in a small gene family that contains
FMRI1, FXR1, and FXR2. Although this gene family is small, their protein products all bind to
themselves and to each other, and these proteins can go on to affect other RNA molecules
(Zhang, 1995). In addition, there are more mutations that cause FXS than just the CGG
trinucleotide expansion. These mutations include large gene deletions, 5’UTR or exon 1
deletions which is sometimes associated with a CGG expansion, and single nucleotide variants
(SNVs) in FMRI1 coding regions (Quarter et al., 2017). The multiple genetic modifications that
lead to FXS caused this experiment to use multiple genotypes of Drosophila hypomorphs to
elucidate if certain genetic changes caused different phenotypes in sleep. FMR1 is either
inhibited or lost depending on the genotype (Table 1). This leads to little to no protein product
from dFMR1 gene and overexpression of many proteins within a cell that are regulated by
dFMRI.

In the Drosophila model of FXS, the fruit flies that have reduced expression of dFMR1
have increases in sleep (hypomorph) while the fruit flies with an overexpression of dFMR1
demonstrate decreases in sleep (hypermorph). In Drosophila, FXS causes changes in neuronal
plasticity, synapse development, and neural architecture which lead to changes in sleep, learning,
and behavior. An important characteristic is that Drosophila exhibit the characteristics of
vertebrate sleep with distinct stages (Sitaraman et al., 2015). Drosophila FMR1 (dFMR1) is
simpler to study than FMR1 because Drosophila only has one FXS gene, dFMR 1, meaning that
there is no interaction with other FXS genes. In addition, 60% of the Drosophila melanogaster
genome is homologous to humans and 75% of the genes of human diseases have a homolog in
flies (Mirzoyan et al., 2019). In Drosophila, genes can be inserted and removed from the
genome, a procedure that would be impossible to conduct in humans. Drosophila also have a

short life cycle compared to humans and they produce many progeny, making it easy to



understand the effects of diseases throughout a Drosophila’s lifetime. Drosophila are a short-
lived, easy to manipulate organism that produces many progeny that can be used to study many
human diseases (Bellen, Tong, & Tsuda, 2010).

One of the regions involved in sleep in Drosophila is the mushroom body (MB) (Figure
15). The mushroom body is an associative learning region in Drosophila and is implicated in
changes in memory in FXS (Sitaraman et al., 2015). The mushroom body has also been shown to
regulate sleep through the usage of wake-promoting dopaminergic neurons (DANs) and these
neurons innervate the mushroom body (Sitaraman et al., 2015). In addition, Overexpression of
dFMRI1 in hypomorphs in the mushroom body has been shown to reduce sleep, rescuing deficits
in sleep (Bushey, Tononi, & Cirelli, 2009). In this study, we targeted dopaminergic neurons in
the mushroom body and increased dFMR1 in these neurons to elucidate which neurons are
affected by dFMR1 and can rescue sleep defects. We hypothesize that mutations in dFMR1
hypomorphs cause increases in sleep in Drosophila melanogaster. In addition to changes in
sleep, previous studies have observed immature synapses, impairments in learning and memory,
and changes in behavior. Understanding how these changes in sleep occur may lead to a better
understanding of the underlying neuronal mechanisms and synaptic morphology changes of
FXS. This study aims to come closer to a potential dopaminergic target of treatment for FXS as a
result of these sleep changes.

Methods

Fly Strains/Stocks

A 12 h:12 h light-dark cycle was used at 65% relative humidity, at 25°C. To compare the
sleep phenotypes of dFMR1 hypomorph lines, wild-type control 5905 and hypomorphs 6928,
67486, 67406, and 6930 of FMR1 flies were collected 1-3 days after eclosion. 5905 was chosen

as the control genetic line because it is isogenic for Drosophila chromosomes 1-3 and exhibits






Figure 1. Total sleep: 6928 hypomorphs slept significantly longer than the 5905 control
throughout their lifetimes. At 1-5 days (A), 6-10 days (B), and 11-15 days (C) post-eclosion,
dFMR1 hypomorphs 6928 and 67486 slept significantly longer than the control 5905. At 16-20
days (D) post-eclosion, 6928 and 6930 hypomorphs slept significantly longer than the control
5905. Significance: **p <0.001, ***p <0.0001, ****p <0.00001.
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Figure 2. Latency in 6928 flies is significantly lower than other hypomorphs and the
control. At 1-5 days (A) post-eclosion dFMR1 hypomorph 6928 had significantly shorter
latency and dFMR1 hypomorph 67486 had significantly longer sleep latency than the control
5905. At 6-10 days (B) post-eclosion dFMR1 hypomorphs 6928 had significantly shorter sleep
latency and dFMR1 hypomorphs 67486 and 6930 had significantly longer sleep latency than the
control 5905. At 11-15 days (C) post-eclosion dFMR1 hypomorph 6928 had significantly shorter
sleep latency than the control 5905. At 16-20 days (D) post-eclosion dFMR1 hypomorph 6929
had significantly shorter sleep latency and dFMR hypomorph 6930 had significantly longer sleep
latency than the control 5905. Significance: *p < 0.05, **p <0.001, ****p <0.00001.
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Figure 3. Day sleep has not significantly increased or decreased across genotypes. At 1-5
days (A) post-eclosion, dFMR1 hypomorph 67486 slept significantly shorter than the control,
5905. At 6-10 days (B) post-eclosion dFMR1 hypomorphs 6928 and 6930 slept significantly
more than the control 5905. At 11-15 days (C) post-eclosion dFMR1 hypomorph 67486 slept
significantly less than the control 5905. At 16-20 days (D) post-eclosion day sleep was not
statistically different between the hypomorphs 6928 and 6930 and the control group.
Significance: *p <0.05, **p <0.001, ***p <0.0001, ****p < 0.00001.
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Figure 4. Night sleep significantly increased in 6928 across its lifetime. At 1-5 days (A) post-
eclosion night sleep was significantly increased in dFMR1 hypomorph 6928 and significantly
decreased in dFMR1 hypomorphs 67403 and 67486 compared to the control 5905. At 6-10 days
(B) post-eclosion night sleep was significantly increased in dFMR1 hypomorph 6928 and
significantly decreased in dFMR1 hypomorphs 67486 and 6930 compared to the control 5905.
At 11-15 days (C) post-eclosion night sleep is significantly increased in dFMR1 hypomorph
6928 and significantly decreased in dFMR1 hypomorph 67486 compared to the control 5905. At
16-20 days (D) post-eclosion night sleep was significantly increased in dFMR1 hypomorph 6928
and significantly decreased in dFMR1 hypomorph 6930 compared to the control 5905.
Significance: **p <0.001, ***p <0.0001, ****p < 0.00001.
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Figure 5. Waking activity was significantly lower in 6928 compared to its control and other
hypomorphs. Waking activity is defined as the number of beam crossings per minute. At 1-5
days (A) post-eclosion, waking activity was significantly decreased in dFMR1 hypomorph 6928
and significantly increased in dFMR1 hypomorph 67486 compared to the control 5905. At 6-10
days (B) post-eclosion, waking activity was significantly decreased in dFMR1 hypomorphs 6928
and 6930 compared to the control 5905. At 11-15 days (C) post-eclosion, waking activity was
significantly decreased in dFMR1 hypomorphs 6928 and 67486 and significantly increased in
dFMR1 hypomorph 67403 compared to the control 5905. At 16-20 days (D) post-eclosion,
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waking activity was significantly decreased in dFMR1 hypomorphs 6928 and 6930 compared to
the control 5905. Significance: *p < 0.05, **p <0.001, ***p <0.0001, ****p <0.00001.
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Figure 6. Bout number for 6928 was higher than 5905 at some ages. At 1-5 days (A) and 11-
15 days (C) post-eclosion bout number was significantly higher in dFMR1 hypomorph 6928 than
the control 5905. At 6-10 days (B) post-eclosion, bout number was significantly higher in
dFMR1 hypomorph 67486 than the control 5905. At 16-20 days (D) post-eclosion, bout number
was significantly higher in dFMR1 hypomorph 6930 than the control 5905 16-20. Significance:

*kp < 0.001, ****p <0.00001.
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Figure 7. Bout length is significantly higher than control in some hypomorph lines. At 1-5
days (A) post-eclosion, none of the bout lengths were statistically significant when compared to
the control 5905. At 6-10 days (B) post-eclosion bout lengths were significantly longer in
dFMR1 hypomorph 6928 and significantly shorter in dFMR1 hypomorph 67486 compared to the
control 5905. At 11-15 days (C) post-eclosion, bout length was significantly longer in dFMR1
hypomorph 67403 than the control, 5905. At 16-20 days (D) post-eclosion, bout length was
significantly longer in dFMR 1 hypomorph 6928 than the control, 5905. Significance: *p <0.05,

*%p < 0.001, ***p <0.0001.
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Figure 8. Increased total sleep in the 6928 hypomorph is not rescued by increased
expression of dFMRI1. Increased dFMR1 expression in mushroom body neurons and pan-

neuronally using the UAS-Gal4 system did not rescue increases in total sleep. Significance:
*¥*%kp < 0.0005, ¥***p <0.0001.
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Figure 9. Day sleep is significantly increased in dFMR1 hypomorphs and increased day
sleep is not rescued by increased dFMR1 expression. The amount of day sleep was
significantly longer for the hypomorphs than the controls. Increased expression of dFMR1 using

the UAS-Gal4 system in mushroom body neurons did not rescue these increases in day sleep.
Significance: ****p < 0.0001.
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Figure 10. Increased night sleep in 6928 hypomorphs is rescued by increased expression of
dFMR1 in mushroom body neurons and pan-neuronally. The amount of night sleep was
significantly longer in 6928 hypomorphs compared to their control 5905 when expression was
not restricted to specific mushroom body neurons. Increases in sleep were rescued by UAS-Gal4
expression of dFMR1 in C155, 58E02 and 434B neurons. Significance: ****p < 0.0001.
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Figure 11. Decreased waking activity in dFMR1 hypomorphs was rescued by increased
expression of dFMR1 pan-neuronally. Waking activity is defined as the number of beam
crossings per minute. Waking activity is significantly lower in 6928 hypomorphs compared to
their control 5905. Waking activity was rescued when dFMR1 was expressed pan-neuronally in
mushroom body line C155 using the UAS-Gal4 system. Significance: *p < 0.05, ***p <0.0005,
*xA*p < 0.0001.
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Figure 12. Bout number significantly increased for 6928. Bout number is significantly higher
in 6928 hypomorphs compared to their control 5905. When dFMR1 was expressed pan-
neuronally using the UAS-Gal4 system, bout number was significantly reduced but not

completely rescued by pan-neuronal dFMR1 expression in C133. Significance *p < 0.05, **p <
0.005, ****p < 0.0001.
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Figure 13. Bout length is significantly decreased for 6928 and this decrease is rescued by
pan-neuronal expression of dFMRI1. Bout length is significantly lower in 6928 hypomorphs
compared to their control 5905. The decreases in bout length were rescued by expression of
dFMR1 pan-neuronally using the UAS-Gal4 system. Significance **p <0.005, ***p <0.0005.
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Figure 14. Comparison of human FMRP to Drosophila FMRI1. This diagram demonstrates
the differences between human FMRP and dFMR1. This figure describes the conserved binding
domains of the two proteins. Both proteins contain a nuclear localization signal (NLS) and a
nuclear export signal (NES). The two Tudor domains next to each other are likely to be involved
in protein-protein interactions and DNA binding. The three RNA-binding domains are the two
KH domains and the Arg-Gly-Gly box (RGG). Diagram adapted from Specchia et al. (2019).
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Figure 15. The mushroom body (green) of a Drosophila melanogaster brain. This image was
created through the usage of the MB010B Gal-4 line. Diagram adapted from Vogt et al. (2014)
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ID# Bloomington | Genetic Modifications Made Link to Stock Source
Stock
Number
FMR Lines | 6928 6928 w[1118]; P{w[+mC]=EP}EP3517 Fmr1[EP3517 https://flybase.org/reports/FBal0131029.html
5905 5905 w[1118] https://flybase.org/reports/FBal0018186.html
67403 67403 w[*]; Fmr1[Deltal 13M]/TM6B, Tb[1] https://flybase.org/reports/FBal0131035.html
67486 67486 y[1] w[*]; Mi{Trojan-Gal4.0}Fmr1 {MI109043- https://flybase.org/reports/FBti0186273.html
TG4.01/TM3, SB[1] Ser[1]
6930 6930 w[1118]; Fmrl[DeltaSOM]/TM6B, Tb[+] https://flybase.org/reports/FBal0131033.html
Mushroom | C155 458 P{w[+mW.hs]=GawB}elav[C155] https://flybase.org/reports/FBti0002575.html
Body Lines
58E02 41347 w[1118];P{y[+t7.7]w[+mC]=GMRS58E02- https://flybase.org/reports/FBti0137105.html
GAL4}attP2
434B 68325 w[1118]; P{y[+t7.7] w[+mC]=R30EO08- https://flybase.org/reports/FBti0187104.html

p65.AD}attP40/CyO; P{y[+7.7] w[+mC]=R53C10-

GAL4.DBD} attP2

Table 1. Genotypes used in this experiment with their genetic modifications. These stocks can be
acquired from the Indiana University Bloomington Drosophila Stock Center.
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