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Annotation of contig62 from Drosophila elegans Dot Chromosome 

Abstract: 

 The goal of this project is to annotate the Drosophila elegans Dot chromosome contig62.  

Contig62 is a 32,259 bp contig that features three Genscan predictions.  Using tools such as the 

Gander Genome Browser, NCBI BLAST searches, and reference to the Drosophila melanogaster 

orthologs in FlyBase, three full protein coding genes: PIP4K, pho, and CG33521, and the first exon 

of a fourth protein coding gene, Mitf, were annotated.  Each isoform was annotated using several 

evidence tracks such as RNA-Seq data, TopHat junction data, and Blastx alignments to the 

Drosophila melanogaster homolog.  PIP4K is extremely well conserved in Drosophila elegans, 

shown by both Clustal W2 analysis and Blastx searches.  Therefore, PIP4K was selected as a primary 

candidate for annotation of the transcription start site.  Unexpectedly, annotation proved difficult as 

the available evidence tracks were not in agreement with one another.  Furthermore, there was a lack 

of core promoter motifs in both Drosophila melanogaster and Drosophila elegans, adding to the 

difficulty of locating a specific transcription start site.  Therefore, a possible search region was 

proposed instead.  Inside this search region, only one Inr core promoter motif was found, differing 

from the Drosophila melanogaster search region, which contained core promoter motifs BREd and 

TATA box.  Repeat sequences were identified using RepeatMasker.  No novel repeats were found 

and there were six total repeat sequences greater than 500 bp.   

Introduction: 

 The Drosophila Müller F element has unique properties separating it from the other Müller 

elements.  Despite being mostly heterochromatic, roughly 80 genes exhibit active transcription.  How 

exactly the Müller F element maintains active transcription in its heterochromatic environment is a 

subject of continual debate.  Comparative genomics would allow sequencing and comparisons of the 

Müller F element across the Drosophila species.  In doing so, it may be possible to find possibly 

conserved regulatory motifs that promote active transcription despite the heterochromatic 

environment.  However, the findings are not limited to regulatory motifs but extend to structures such 

as transposable elements, repetitive regions, and overall chromatin structure.  Furthermore, 

differences in the evolution of gene sequences could point to regulatory shifts as well.     

 Here, I annotate a region of the D. elegans Müller F element, contig62.  Genscan predicted 

three features within contig62.  However, Feature 1 spans almost 21 kb, greatly exceeding the 

average gene length within Drosophila melanogaster.  Ab initio gene predictors such as Genscan and 

N-Scan are known to have high error rates, and Feature 1 could be the fusion of two nearby genes.  

Feature 3 consists of a single initial exon and no terminal exon, suggesting that the rest of the gene is 
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not contained within the contig62.  Feature 2 did not exhibit any unusual properties upon first glance.  

Figure 1 displays the initial Genscan predictions in contig62.   

Feature 2: 

Annotation of Feature 2 began with a BLAST search in FlyBase.  The predicted protein 

sequence from GENSCAN was used as the query in a blastp search against the D. melanogaster 

annotated proteins (AA) database.  The blastp search returned two significant matches with E-values 

of zero: PIP4K-PA and PIP4K-PB.  Both are on chromosome 4 of D. melanogaster (Fig. 2).  The 

next most significant match was to PIP5K59B, with a much higher E-value.  This gene is also located 

on chromosome 2L, reducing the possibility that it is the correct ortholog, as migration to another 

chromosome is unlikely.  Inspection of the BLAST alignment shows high conservation with identity 

values of 96.3% for both isoforms of PIP4K.  Since Feature 2 is part of the assembly for the D. 

elegans Müller F element, there is a high probability that this gene is an ortholog of D. melanogaster 

PIP4K.  

Figure 1: GENSCAN predicted three total features in contig62.  The red box contains Feature 1, the black box contains 
Feature 2, and the green box contains Feature 3. 
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Figure 3: PIP4K entry on GEP’s Gene Record Finder. 

  

Figure 2: BLAST hit summary and blastp alignment with PIP4K-PB with Feature 2 sequence as the query.  Isoforms A and 
B had identical sequences and thus only the BLAST alignment with PIP4K-PB is shown.  Boxes highlight chromosomal 
location, identity value, and abnormal alignment. 
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However, Feature 2 only begins alignment at the 82nd amino acid in D. melanogaster PIP4K.  

Viewing GEP’s Gene Record Finder entry on PIP4K reveals that D. melanogaster PIP4K has nine 

exons (Fig. 3).  In comparison, Feature 2 only has seven exons based on the GENSCAN prediction, 

missing the first two (Fig. 4).  To find out whether these omissions were GENSCAN mispredictions, 

I extracted the individual exon sequences from the PIP4K entry on GEP’s Gene Record Finder and 

performed a pairwise blastx search on the NCBI website. In both cases, the subject sequences were 

the respective peptide sequences and the query sequence was the entire contig62 fasta file.  The 

search results were promising, with significant matches for both exon 1 and exon 2 sequences with 

high identity values (96% and 100% respectively) (Fig. 5).  Therefore, based on the blastx evidence, 

it seems that the missing exons were simply a GENSCAN misprediction.  Since both isoforms share 

identical coding exons and therefore transcript lengths, it was sufficient to annotate one isoform.  The 

only difference between these two isoforms was in the 5’ UTR. 

Exon 1: 

 Although exon 1 seems at first to be missing from D. elegans, a pairwise blastx alignment 

using the entire contig62 fasta file as the query and the D. melanogaster exon 1 peptide sequence as 

the subject revealed that the exclusion of exon 1 was a GENSCAN misprediction.  From the blastx 

results (Fig. 5), exon 1 has strong conservation with the D. melanogaster homolog.  The differences 

between the two homologs are from two substitutions of similar amino acids, leading to negligible 

effects on the resulting protein.  Additionally, the results show that exon 1 is located on frame -3.  

 To determine the start position of the first coding sequence, I looked for the most well 

supported start codon in the Gander Genome Browser.  Furthermore, I used the blastx alignments 

(Figure. 5) to narrow down a probable area for the methionine.  The blastx alignment track aligned 

with a start codon at position 26101 (Fig. 6).  This seems to be the most promising location since 

comparison of the resulting amino acid sequence to that of D. melanogaster reveals a match.  

Figure 4: Gander Genome Browser illustrating putative PIP4K homolog.  The box highlights the region missing exons 1 
and 2 in Feature 2. 
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 A similar logic was applied to find the end of exon 1.  Given that Feature 2 is a multi-exon 

gene, the end of exon 1 will be a splice donor sequence.  In eukaryotic genomes, the most common 

sequence is ‘GT’.  In exon 1, the most well supported splice donor site was at position 25964 with a 

phase of 0 (Fig. 7).  Although there is another ‘GT’ sequence 4 bp downstream, neither RNA-Seq nor 

TopHat data support it.  The blastx track suggests that it is a viable splice donor, but the phase is 

incompatible with that of exon 2. 

Figure 5: Pairwise blastx alignments for missing exons 1 (top) and 2 (bottom).  The query sequence was the entire contig62 
fasta file and subject sequences were respective D. melanogaster peptide sequences.  High percent identity and 
conservation provided evidence that the missing exons were merely a GENSCAN misprediction. 

Figure 6: Start codon for D. elegans exon 1, frame -3 based on available data.  Notice that the contig has been reversed 
since Feature 2 lies on the negative strand. 
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Exon 2: 

 Analysis of exon 2 followed the same blastx pairwise search performed with exon 1.  The 

only change was to the subject sequence, which was changed to the D. melanogaster exon 2 peptide 

sequence taken from Gene Record Finder.  Exon 2 also showed very high conservation, with no 

differing amino acid residues from the D. melanogaster peptide sequence (Fig. 5).  The blastx search 

as well as the pattern of stop codons suggests that exon 2 is located in the -1 frame.    

For an internal exon, the start site would be determined by a splice acceptor sequence.  

Canonically, this sequence is ‘AG’.  Decisions on a splice acceptor site rely on two criteria: 1) its 

Figure 8: Splice acceptor site for D. elegans exon 2, frame -1 

Figure 7: Splice donor site for D. elegans exon 1 in frame -3. 
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position must be supported by at least one data track, 2) its phase must complement the preceding 

splice donor phase (summation of phases equaling 0 or 3) and must be in the appropriate frame.  For 

exon 2, the best supported splice acceptor site was located at position 25905 with a phase of 0, 

therefore complementing exon 1’s splice donor site phase of 0 in frame -1 (Fig. 8).  

 I used the same logic as described for exon 1 to locate the splice donor site of exon 2.  At 

position 25807, there is the canonical ‘GT’ sequence’.  It is also well supported with alignments from 

TopHat junctions in all three developmental stages, RNA-Seq data, and the blastx track.  Use of this 

splice donor site also conserves the amino acid sequence between D. melanogaster and D. elegans.  

Notice the blastx track does not completely align because it extends one base pair, ending its 

alignment within the splice donor sequence.  However, this is not a problem as blastx measures only 

conservation, and often extends past the end of an exon.  This particular splice donor site has a phase 

of 2 (Fig. 9). 

Exon 3: 

 Analysis of exon 3 began with a pairwise blastx search with the D. melanogaster PIP4K exon 

3 peptide sequence as the subject sequence and the entire contig62 fasta file as the query sequence.  

The best alignment had all 83 residues of the D. melanogaster exon accounted for (Fig. 10).  Exon 3 

resides on frame -2 and contains no internal stop codons.   

Figure 9: Splice donor site for D. elegans exon 2, frame -1 
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To find the exact position of the splice donor and splice acceptor sites, I used the Gander 

Genome Browser.  I determined that exon 3 begins at position 25734, which is supported by RNA-

Seq data and TopHat junctions (Fig. 11).  Furthermore, the splice acceptor at this position has a 

phase of 1, complementing exon 2’s splice donor phase of 2.   The splice acceptor sequence directly 

downstream has a phase of 2, which is incompatible.  Thus, I concluded that exon 3 does begin at 

position 25734.  Exon 3’s end is at position 25485 with its splice donor site in phase 0.  This decision 

is in agreement with all available data: RNA-Seq, TopHat junction, gene predictors, and blastx 

alignment to D. melanogaster (Fig. 11).  

Exons 4 – 8: 

Exons 4 – 8 were annotated using the above described method.  There were no unexpected situations 

within these exons and annotations had support from all tracks.  Table 1 is a summary of the results 

after annotation.  

 

Figure 10: Pairwise blastx result with D. melanogaster exon 3’s peptide sequence as the subject and the entire contig62 
fasta file as the query sequence 
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Exon 9: 

 Exon 9 is found on frame -1 with very high conservation in the amino acid sequences. Using 

the established exon boundary search protocol, exon 9 was found to start at position 20781 with a 

splice acceptor site phase of 0 (Fig. 12).  This complemented exon 8’s splice donor site phase.  There 

is also strong support from all tracks, though blastx had an extended alignment.  Because exon 9 is 

the last coding exon, there will be no splice donor site and instead I searched for the appropriate stop 

Figure 12: Pairwise blastx result with exon 9’s peptide sequence as the subject and the entire contig62 fasta file as the 
query sequence 

 

Figure 11: Splice acceptor site (top) and splice donor site (bottom) for D. elegans exon 3, frame -2 
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codon.  The closest stop codon was located at position 20667 with the sequence ‘TAA’.  The next 

stop codon in frame -1 is roughly 70 bp downstream, too far too be considered a possible candidate 

(Fig. 13).  Furthermore, the stop codon at 20667 is supported by the blastx alignment track to D. 

melanogaster as well as the gene predictors. Thus, based on alignment to gene predictors, the blastx 

track, and the location of the nearest downstream stop codon, I conclude that the stop codon begins at 

position 20667.  

 

Gene Model Checker Results: 

To verify that my proposed gene model meets basic gene criteria, I used the GEP Gene 

Model Checker program.  All information was filled out in the details window and the resulting dot 

plot and peptide alignment are shown in Figures 14 and 15, respectively.  Of particular interest is the 

boundary between exons 5 and 6 in the dot plot.  This gap is a point of concern as the discrepancy 

occurs near a splice site, potentially signaling a misannotated splice site donor or acceptor.  However, 

upon examination, the slope of the dot plot remains at x=y showing that there is no insertion or 

deletion.  This eliminates the potential or a misannotated splice site donor or acceptor.   In addition, 

examination of the peptide alignment shows that the difference is only in three amino acid sites.  I 

determined that this discrepancy was not of significant concern and is likely the product of random 

mutational events that occurred after D. elegans and D. melanogaster diverged from each other 

roughly 10 million years ago.   

Figure 13: 3’ region of D. elegans exon 9.  Boxes highlight the stop codons in frame -1 considered, with the far left codon 
being the codon used in the final annotation. 
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Figure 14: Dot plot alignment between annotated gene model for Feature 2 and the D. melanogaster PIP4K peptide 
sequence.  The box highlights a possible point of concern as there are discrepancies near a splice site. 

Figure 15: Peptide alignment between Feature 2 and D. melanogaster PIP42K.  Highlighted region indicates the point of 
concern. 
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Conclusion: 

Based on the available data provided by the blastx alignment to D. melanogaster, RNA-Seq, 

TopHat junctions, and gene predictor tracks in the Gander Genome Browser, I annotated exons 1-9 

of Feature 2.  For each exon I annotated their respective splice donor and acceptor sites, as well as 

the start and stop codon positions.  To test my gene model, I used the GEP Gene Model Checker 

which provided both a dot plot and peptide alignment between my model and the D. melanogaster 

model.  I determined that Feature 2 is the D. elegans homolog of D. melanogaster PIP4K, a kinase 

which regulates larval growth.  Table 2 details my proposed gene model for Feature 2. 

Table 2: 

Exon Frame Exon Start  SA (Splice 

Acceptor) Phase  

Exon End SD (Splice 

Donor) Phase 

1 -3 Start Codon: 26101 25964 0 

2 -1 25905 0 25808 2 

3 -2 25734 1 25485 0 

4 -3 25429 0 25299 2 

5 -2 25239 1 25071 0 

6 -1 22839 0 22688 2 

7 -3 22628 1 22534 1 

8 -1 20912 2 20848 0 

9 -1 20781 0 Stop Codon:  20667 

Feature 1: 

 Viewing Feature 1 in the Gander Gene Browser suggests that it spans the lengths of two D. 

melanogaster genes, pho and CG33521.  Therefore, Feature 1 does in fact seem to be a fusion of 

genes.  When Feature 1’s protein sequence was used as the query sequence in a FlyBase Blastp 

search, the top matches were pho and CG33521 with E-values of 6.6e-150 and 0 respectively (Fig. 

16).  Here, I will begin with annotation of the putative pho homolog (Fig. 17). 

Table 2: Final annotation for the gene model for Feature 2, a D. elegans homolog to D. melanogaster PIP4K. 

Figure 16: FlyBase Blastp search results using Feature 1’s protein sequence as the query sequence 



Maxwell Wang 
contig62 Final Annotation Report  

13 
 

Annotation of Putative pho Homolog: 

 Annotation began with the above Blastp search to confirm the orthologous gene.  

Identification of the start codon, stop codon, and subsequent splice donor/acceptor sites followed the 

same protocol used in the PIP4K ortholog.  Genscan did not miss any exons in its prediction and both 

isoforms had identical coding exons.  Furthermore, there is supporting RNA-Seq and TopHat 

junction data.  Figures 18 and 19 show the Gene Model Checker model’s dot plot and protein 

alignment to D. melanogaster pho respectively.  However, notice in the dot plot that the slope of the 

Figure 18: Gene Model Checker dot plot of pho-PA. The red line and box display the deviation of the slope from a value of 1.  
Note the discrepancy between the added red line and the initial sequence slope (indicated by the arrow). 

Fig. 17: Putative pho ortholog in D. elegans.  Notice strong supporting RNA-Seq and TopHat junction data 
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line deviates away from the ideal value of one.  Inspection of the protein alignment reveals D. 

melanogaster has a loss of sequence in both exons 1 and 2 (Fig. 19).  The difference between D. 

elegans and D. melanogaster could be the result of random indels since their 10 million year 

divergence.  To test this, a FlyBase Blastp search was performed using the D. elegans pho protein 

sequence as the query in the annotate proteins database against several Drosophila species: D. 

melanogaster, D. simulans, D. sechellia, D. yakuba, D. erecta, D. biarmipes, D. takahashii, D. 

elegans (as a control), D. ananassae, D. mojavensis, and D. grimshawi (Fig. 20).  The results show 

that this truncation is unique to D. melanogaster as even closely related D. simulans and D. sechellia 

do not contain the truncation.  A pairwise blastn search with the D. elegans pho sequence against the 

D. melanogaster pho sequence revealed that there were no other possible splice sites within the D. 

melanogaster pho sequence.  There were also numerous gaps in the alignment in the discrepant 

region, strengthening the case that there are no different splice sites.  Viewing the sequence through 

the Conservation track in the Gander Genome Browser supports this result, as the discrepant region 

in this track also showed no other possible splice sites.  Table 3 summarizes the final model. 

Figure 19: Protein alignment of the D. elegans model with D. melanogaster pho-PA.  The boxed region indicates the 
truncated sequence in D. melanogaster 
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Annotation of Putative CG33521 Homolog  

Annotation followed the same protocol as for the above homologs.  Putative CG33521 

ortholog had four total isoforms, with three isoforms containing unique coding sequences.  The 

Genscan prediction seemed to lack several exons, though there was strong RNA-Seq and TopHat 

data (Fig. 21).  Thus, I was able to develop a model with the same exon numbers as the D. 

melanogaster ortholog.  In all isoforms, Gene Record Finder identified the last exon as a single stop 

codon.  Since the predicted exon consists of a single codon, it was not possible to perform a BLAST 

search to locate a frame or relative position.  Thus, I utilized GEP’s Small Exon Finder to assist in 

creating a possible terminal exon model.  An optimal exon model would have minimal changes in 

CDS size to the orthologous D. melanogaster exon.  The sequence ‘LF*’ from position 20498 to 

Figure 20: FlyBase Blastp searches amongst several Drosophila species using the Genscan prediction protein sequence for the 
putative pho ortholog.  The red box indicates the missing region unique to D. melanogaster. 
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20506 was the most optimal as it changed the model by adding only two additional amino acids.  A 

manual search for this sequence in the Gander Genome Browser placed it on frame +2.  Because of 

this terminal exon change, the dot plots for all isoforms show a gap at the terminal exon.  Figures 22 

and 23 show the Gene Model Checker dot plots and protein alignments respectively for unique 

isoforms A, C, and G.  Table 4 displays the final gene model for the D. elegans CG33521 homolog.  

 

 
Figure 22: Gene Model Checker dot plots for isoforms A, G, and C respectively of CG33521.  Isoform D shares identical 
coding sequences with isoform C and is thus not shown.  No significant differences were found between the D. 
melanogaster CG33521 (x-axis) and the D. elegans CG33521 homolog (y-axis).  

A C G 

Fig. 21: Putative CG33521 ortholog in D. elegans.  Notice how the Genscan prediction seems to not include potential 
exons as evidenced by strong RNA-Seq and TopHat junction reads. 
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Figure 23: Protein alignments for CG33521 
isoforms A, G, and C. 
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Feature 3: 

Feature 3 consists of a single initial exon, suggesting that the remainder of the gene is in 

neighboring contig63.  Both the Genscan and RNA-Seq data tracks supported Feature 3’s position.  

However, there was no TopHat junction data supporting Feature 3 (Fig. 24).  Using RNA-Seq data, 

the start codon was found at position 30358.  Using Feature 3’s predicted protein sequence as the 

query sequence, a FlyBase Blastp search in the annotated genes database revealed that Feature 3 

matches to D. melanogaster Mitf isoforms A, B, and D with significant E-values (Fig. 25). Using the 

Gene Record Finder sequence, a NCBI pairwise Blastp search was also performed with Feature 3’s 

protein sequence as the query and exon 1 of D. melanogaster Mitf as the subject sequence.  Feature 3 

was shown to be the first exon and located on frame +1.  

 
Fig. 24: Feature 3 located towards the end of contig62.  There is strong RNA-Seq data for support, though there is no 
TopHat junction data 
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 Feature 3 is not located at the end of contig62.  The translated nucleotide sequence of the 

remainder of contig62 was used as the query sequence in a FlyBase Blastn search.  There were no 

matches.  Furthermore, examination of the Gene Record Finder of D. melanogaster Mitf revealed that 

the second exon is 20,519 bp away, well outside contig62 and inside the adjacent contig63.  Table 5 

summarizes the findings for Feature 3.  Figures 26 and 27 shows the Gene Record Checker model 

and protein alignment respectively for Feature 3.  Since all isoforms have identical coding exons, it 

was sufficient to annotate only one isoform, in this case isoform D. 

Figure 26 (left): Gene Model Checker dot plot for Feature 3.  There is only alignment for the first exon as the remainder of the 
D. melanogaster Mitf ortholog is outside of contig62. 
 
Figure 27 (right): Protein alignment of D. elegans Mitf ortholog to D. melanogaster Mitf. 

 

Figure 25: FlyBase Blastp search using Feature 3’s protein sequence as the query.  There were no other matches.  
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Transcription Start Site Analysis: 

 D. elegans’ PIP4K ortholog was chosen as the transcription start site (TSS) search candidate 

due to its high conservation to D. melanogaster.  Both isoforms of PIP4K share the same TSS, and 

thus I decided to annotate isoform A due to its longer 5’UTR sequence.  In an attempt to find the TSS 

in D. elegans, I used the orthologous transcript nucleotide sequence as the query and the whole of 

contig62 in a pairwise Blastn search.  Several parameters were changed: Word size  7, 

Match/Mismatch scores  1/-1, Gap costs  Existence: 2, Extension: 1. However, the results 

showed weak alignment and it was not possible to determine an exact TSS position (Fig. 27).  I used 

DHS site data in BG3, S2, and Kc cells, and Celniker data to attempt to find the TSS in D. 

melanogaster. 

Homology dictates that the TSS in D elegans should be relatively at the same position as the 

TSS in D. melanogaster.  However, the Celniker and DHS site data did not agree with one another, 

and I was unable to locate the exact TSS in D. melanogaster (Fig. 29).  Thus, I created a possible 

search region centered around the peak of the DHS reads (position 1196900 +/- 50).  This range was 

chosen as no core promoter motifs extend beyond 50 bp from the TSS in Drosophila.  Moving to D. 

elegans, the TSS search range becomes 26542 +/- 50.  Within this range, there were no core 

promoter motifs except for the Inr motif.  In comparison, D. melanogaster has a TATA Box and two 

BREd core motifs.   

 

 

        

Figure 28: Inconclusive results of a pairwise Blastn search using contig62 as the subject sequence and the first transcript 
sequence of isoform A as the query sequence.  Isoform B had a shorter first transcript sequence and thus, I did not 
perform a Blastn search using isoform B’s first transcript sequence as the query. 
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Figure 30: JalView view of the Clustal analysis of PIP4K orthologs between several Drosophila species and two unrelated 
species.  The red box indicates the D. elegans homolog. 

Figure 29:  D. Melanogaster July 2014 (BDGP R6) assembly displaying BG3 and Kc DHS sites (red box), Celniker TSS (black 
box) and core binding motifs.  Notice how they are not in line with one another, leading to an inconclusive specific start 
site.  The potential search region is highlighted by the blue box and the solid red box indicates the position of the TATA 
Box motif. 
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Gene Evolution Analysis: 

Due to the striking amount of conservation of PIP4K between D. elegans and D. 

melanogaster, I ran a Clustal W2 analysis between the PIP4K homologs in D. yakuba, D. 

melanogaster, D. mojavensis, D. sechellia, D. ananassee, D. grimshawi, Bombyx mori (a silkworm), 

and Danio rero (zebrafish).  The results show that PIP4K is highly conserved between all these 

species (Fig. 30), suggesting that PIP4K is under high selective pressure.    

Synteny: 

 Gene order was compared using the D. elegans dot chromosome and the orthologous D. 

melanogaster dot chromosome.  In D. elegans, genes PIP4K, CG33521, and Mitf had their 

orientation and gene order preserved.  The D. elegans pho gene had its orientation reversed compared 

to D. melanogaster pho.  There are slight differences between the two species regarding intron 

sequences.  The pho gene in D. melanogaster seems to have a longer intron sequence between the 4th 

and 5th exon, possibly due to an insertion.  Furthermore, D. melanogaster has two large LINE class 

repeats not present within D. elegans (Fig. 31).  D. elegans CG33521 gene also has a greater repeat 

density as compared to D. melanogaster, possibly contributing to the overall longer length of the D. 

elegans CG33521 gene. 

Repeat Analysis: 

Contig62 is 40.62% repetitive as determined by RepeatMasker and contains six repetitive 

sequences 500 bp or greater.  Four of these six longer repetitive regions were identified to be 

Figure 31: Comparison between contig62 (bottom) and the orthologous region in D. melanogaster (top).  Red boxes 
indicate the missing LINE repeats 
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helitrons, one was a class LINE repeat, and the last a class Jockey repeat.  In D. melanogaster, the 

orthologous region also has six long repeat sequences.  RepeatMasker also identified the D. 

melanogaster region as being less repetitive overall, 36.27% vs. D. elegans’ 40.62%.  Table 6 

summarizes the findings of RepeatMasker elements greater than 500 bp in both D. melanogaster and 

contig62. 

 

Regions of Interest: 

 In region 11,200 to 11,500 there is an unusual spike in the amount of RNA-Seq reads.  This 

region does not correlate with any ab initio gene predictions nor does it match to any alignments to 

the D. melanogaster Blastx track (Fig. 32).  The nucleotide sequence for this region was used as the 

query in a Blastx search against D. melanogaster.  In both FlyBase and NCBI Blast searches, there 

were no matches indicating that this region corresponded to a protein coding gene in D. 

melanogaster (Fig. 33).  I performed additional Blastx searches within several other Drosophila 

species: D. biarmipes, D. mojavensis, D. erecta, and D. simulans.  These searches also produced no 

matches to protein coding genes.  To check for the possibility that this region corresponds to an RNA 
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gene, the orthologous region was examined in D. melanogaster in GBrowse.  However, in D. 

melanogaster, there is no known RNA gene in this region.  Examination of RepeatMasker results 

reveals that this is not a known repetitive sequence as well.  This region also does not correspond to 

the 5’ UTR of CG33521 nor to the 3’ UTR of pho.  This was confirmed by two separate pairwise 

Blastn searches using contig62 as the subject sequence and the transcript sequences for pho and 

CH33521 from Gene Record Finder as the query sequences.  Interestingly, TopHat junction data 

from all three sources (Adult Male, Adult Female, Mixed Embryos) are in agreement with another 

and the RNA-Seq data.  The TopHat junction scores respectively are 4, 83, and 5.  Thus, while there 

are supporting TopHat junction data, the low scores suggest that they should be used cautiously.   

The identity of this region is still unknown.  It could be a novel repeat sequence or an 

unidentified transposable element, though I was unable to confirm either of the two possibilities.  

TopHat mixed embryo data suggests an upstream non-translated exon of CG33521, though the low 

TopHat junction scores do not strongly support this conclusion.  

Another region of interest is a Genscan predicted exon around the 9,500 bp position (Fig. 34).  

When the predicted nucleotide sequence was used as the query in a blastx search to D. melanogaster, 

there were no significant results.  Furthermore, although there is RNA-Seq data supporting this exon, 

there are only 8 reads in Mixed Embryo RNA-Seq, a very low score.  There are also no TopHat 

junction data supporting this predicted exon.  Thus, I conclude that this predicted exon is a 

misprediction by Genscan and will be disregarded in the final model of contig62.  

 

Figure 32: Region of interest within contig62.  The red box highlights the lack of evidence from ab initio gene predictors, 
Blastx alignments to D. melanogaster, and RepeatMasker. 
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Discussion: 

 Synteny between D. elegans contig62 and the orthologous D. melanogaster region was 

entirely conserved, as were the genes’ chromosomal locations.  This is consistent with the findings of 

the Drosophila 12 Genomes Consortium et al. where several attributes of a genome (overall size, 

gene order, distribution of TEs) are well conserved between Drosophila species.  Indeed, PIP4K and 

CG33521 had extremely high conservation between D. elegans and D. melanogaster.  pho differed in 

Figure 33: FlyBase (top) and NCBI (bottom) Blastn searches against D. melanogaster.  Additionally, there were no 
significant matches to any known protein coding genes in D. biarmipes, D. mojavensis, D. erecta, and D. simulans. 

Fig. 34: Second region of interest at position 9,500 highlighted by the red box.  Notice the small amount of RNA-Seq 
data and absence of supporting TopHat junction data. 
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one region due to mutations in D. melanogaster since its divergence with the common ancestor of D. 

elegans.  It seems that the contig62 region has not experienced the extensive gene shuffling within 

Müller elements observed in Drosophila species over time (Drosophila 12 Genomes Consortium, 

2007).  Furthermore, consistent with the findings of Leung et al., the D. elegans Müller F element 

seems to share the high repeat densities seen in the D. melanogaster, D. erecta, D. grimshawi, and D. 

mojavensis Müller F elements.  These parallels to known characteristics of the Müller F elements 

lend credibility to using comparative genomics to elucidate how Müller F element promotes active 

gene transcription.  Figure 35 shows the final map of contig62 with the annotated gene models. 

 By combining the findings of contig62 and that of multiple student annotations in all contig 

assemblies of the D. elegans Müller F element, we hope to elucidate the exact mechanisms that 

promote active gene transcription in this mostly heterochromatic environment.  The mechanism 

could utilize regulatory motifs, chromatin structure, and most likely a combination of several other 

factors.  Of course, several other Drosophila assemblies will be annotated, and will hopefully in the 

future reach annotation qualities similar to D. melanogaster.  With detailed knowledge of all related 

Drosophila species, discovery of the essential mechanisms will be able to proceed much more 

smoothly and feasibly.  

Figure 35: contig62 with final annotated gene models 
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Appendix: 

All fasta, pep and gff sequence files will be submitted electronically. 
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