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INTRODUCTION

Expansion of Polyglutamine (PolyQ) tracts in the Fmr1 gene are
associated with Fragile X syndrome (Cohen-Carmon and Meshorer 2012).
The Fmr1 protein is critical for normal brain development in metazoans.
Expansions of the Polyglutamine tract within this protein results in
structural instability (Totzeck et al. 2017). It is hypothesized that this
structural instability will create conformational changes within the protein
and affect its function (Robertson et al. 2008). When the instability of the
structure reaches the threshold, this results in neurodegenerative diseases,
such as Fragile X Syndrome. PolyQ related disorders affect up to 700,000
individuals worldwide (Fan et al. 2014). The severity of these diseases is
dependent on the length of the PolyQ stretches in the protein, the longer
the stretch, the more severe (Totzeck et al. 2017). Research also suggests
that the location of these PolyQ stretches is also important in determining
disease severity (Robertson et al. 2008).
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Figure 3. Image of a 
phylogenetic tree of 
Drosophila species 
(Markow 2015). 

For this project, we will be 
focusing on D. sechellia, D. 
rhopaloa, and D. willistoni, 
which are highlighted in 
blue. As can be seen, they 
are at varying intervals of 
separation. 

These varying intervals of 
separation are critical to 
observe differences in 
sequence.

This project is 
connected to the 
Genomic Education 
Partnership (GEP), 
which conducts 
multiple projects 
relating to Drosophila 
and gene pathways. 

Special thanks to my 
mentor Dr. Jack Vincent 
who diligently and 
thoughtfully directed 
this capstone project; 
and who created a 
wonderful 
environment to 
research and study. 

• The Genomics Education Partnership (GEP) pathways annotation walkthrough was 
used to annotate the Fmr1 orthologs for D. sechellia, D. rhopaloa, and D. willistoni.

• Analyze the genomic neighborhood of Fmr1 using the GEP UCSC Genome Browser.

• Identify Fmr1 in D. melanogaster to provide the coding exons, isoforms, and UTR’s, 
using the Gene Record Finder,. 

• Using each of the orthologs’ coding-exon sequence information in the model 
organism, a tBLASTn alignment search was used to determine the location of the 
orthologs’ coding exon sequences and the subject frame in the target species’ Fmr1
gene scaffold.

• These species are related through evolution, so they’ll likely have 
similar exon and intron structures; finding where they are located is 
important to determine the splice site locations.

• These coordinates were refined using the GEP UCSC Genome Browser. 

• Using the refined coordinates, the gene can then be verified for accuracy using the 
GEP Gene Model Checker.

• Using the sequence alignments for the orthologs from the target species’ Fmr1 gene, 
a comparative analysis will be performed using the Molecular Evolutionary Genetic 
Analysis (MEGA) program. 
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Figure 2. A deeper visualization of the PolyQ tracts within genes (Donaldson 
et al. 2021). Each CAG repeat corresponds to one glutamine amino acid, 
which has the symbol “Q.” Hence the name, PolyQ tract. 

Figure 1. A depiction of how the mutations in the Fmr1 gene can lead to disorders 
(Wittenberger et al. 2007). CGG is another sequence of nucleotides that can lead to a 
glutamine amino acid, when the Q tracts have upwards of 55 Q amino acids in a single 
tract, this generally always leads to mutation.

Figure 4. Fmr1-PC isoform in D. melanogaster, D. sechellia, D. rhopaloa, and D. willistoni. The top image shows the beginning of the C isoform in 
all species, this shows high conservation across all species. The bottom shows the last third of the C isoform, many PolyQ tracts exist here, and 
the variability is significant.

Successful annotation of Fmr1 in D. sechellia, D. rhopaloa, 
and D. willistoni.

Comparative analysis results:

• Last third of the sequence in all isoforms are most 
variable.

• PolyQ tracts are hypervariable between all species.

• Most variability found in D. willistoni.

Implications/Future Direction:

• PolyQ tract length polymorphisms present most 
commonly in D. willistoni. 

• Supports the implications of PolyQ impacts on Fmr1

Table 1. Data from my comparative analysis of the 
Fmr1-PC sequences using MEGA-X. This allows us to 
determine the genetic distance (and similarities) 
between each species to melanogaster quantitatively. 
As can be observed, sechellia’s sequence is minimally 
different to melanogaster at 0.0731 amino acid 
differences per site, and willistoni’s sequence is 
significantly different than melanogaster’s at 2.0018 
amino acid differences per site. 

OBJECTIVES

We aimed to determine whether PolyQ tracts because 
they are encoded by repetitive DNA, are hypervariable 
between species when looking at the Fmr1 gene. This 
study aims to determine the evolution of Polyglutamine 
(PolyQ) tracts within the Fmr1 gene within D. sechellia, D. 
rhopaloa, and D. willistoni through comparison and 
annotation. These three species were chosen because they 
are in different branches of the Drosophila species, at 
varying degrees of separation in their evolutionary tree 
(Figure 3), providing adequate information on the 
evolution of PolyQ tracts in relation to the model organism 
D. melanogaster.


