
Micah Rickles-Young 
Bio 434W 
Spring 2017 
Dr. Elgin, Dr. Shaffer, Dr. Bednarski 

Annotation of Drosophila eugracilis Contig 24 

Introduction 

The chromatin in a eukaryotic cell is not packaged uniformly in the nucleus. While all 

DNA is packaged in nucleosome arrays, some regions are more densely packaged and some are 

more loosely packaged. The more densely packed chromatin, heterochromatin, contains DNA 

bound tightly around nucleosomes and is generally associated with silencing of transcriptional 

activity. The more loosely packed chromatin, euchromatin, is associated with actively 

transcribed genes and regions with more DNA-protein interactions. While tight packaging tends 

to prevent transcription of heterochromatin, some organisms may still express genes found in 

heterochromatic regions, including many members of the fruit fly genus, Drosophila.  

The fourth chromosome in Drosophila, also referred to as the F-element, is composed 

mainly of heterochromatin. It is abundant in histone 3 lysine 9 di- and tri-methylation 

(H3K9me2/3) and is highly repeat dense (30% repeats), two common features of 

transcriptionally silent, heterochromatic DNA. However, the F-element contains ~80 genes in the 

distal 1.3 Mb of the chromosome that are fully transcriptionally active. The exact mechanism by 

which genes on the Drosophila F-element are transcribed is not fully understood.  

This paper examines D. eugracilis contig 24, a 57 kb segment from the fourth 

chromosome, details gene and transcription start site (TSS) annotations, and describes the 

function of unc-13, a gene whose ortholog in D. eugracilis was identified. Gene annotation of 

contig 24 used the well-annotated D. melanogaster genome as a reference. Both D. eugracilis 

and D. melanogaster are members of the melanogaster group in the Sophophora subgenus of 

Drosophila. D. melanogaster and D. eugracilis share a most recent common ancestor 10-15 
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million years ago, allowing for a noticeable level of genetic difference while keeping most 

important genomic motifs recognizably similar. Annotation of TSSs also used another member 

of the melanogaster group, D. biarmipes, as a reference.  

This study seeks to annotate the D. eugracilis F-element, adding to the existing body of 

analyzed Drosophila species. By examining the conserved elements of the F element across the 

Drosophila phylogenetic tree, we hope to gain an understanding of the genomic features that 

contribute to this unique chromatin state and the specific details of the relationship between 

chromatin structure and gene expression. 

Contig 24 Overview 

 The UCSC Genome browser is a web-based application that compiles and displays 

evidence tracks for gene annotation, including model-based gene prediction, BLAST alignment, 

and RNA sequencing (RNA-seq) data. The GEP mirror of the UCSC genome browser was used 

for annotating contig 24. BLAST alignment to D. melanogaster identified two potential 

orthologous features in D. eugracilis, both on the minus strand. The two orthologs tentatively 

identified by the BLAST track of the UCSC genome browser are eIF4G, a gene that codes for a 

Figure 1: UCSC Genome browser overview of D. eugracilis contig 24. This contig contains two features orthologous to D. 
melanogaster representing the genes unc-13 and eIF4G. 
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translation initiation factor and unc-13, which codes for a protein responsible for synaptic vesicle 

maturation (Fig. 1). 

D. eugracilis ortholog of eIF4G 

Figure 3: UCSC Genome Browser view of the first feature. BLAST alignment suggests that the D. melanogaster ortholog is 
eIF4G. 

Figure 2: blastx alignment of N-SCAN gene prediction to D. melanogaster. eIF4G is referred to as “eIF4G1” in the 
FlyBase blastx results, but all other references to this gene from sources used for annotation refer to it as eIF4G. Alignment 
strongly suggests eIF4G as the D. melanogaster ortholog of this feature. 
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To identify any other possible orthologs this feature could represent, the N-SCAN gene 

model predicted amino acid sequence was analyzed for homology to the D. melanogaster 

reference genome using FlyBase annotated proteins database blastp (Fig. 3). The gene prediction 

matched with eIF4G-PB with a BLAST score of 2682.9 and to eIF4G-PA and eIF4G-PC with a 

score of 2378.59. Both had an expect (E) value of 0, meaning that it was almost impossible for 

the alignment to have been the result of random chance. The second highest scoring alignments 

were to eIF4G2-PA and eIF4G2-PC, each with a score of 240.736 and an E value of 1.03771e-

62 (Fig. 3). The alignment to eIF4G2 was likely due to the similarity between eIF4G2 and 

eIF4G, two related translation initiation factors. The analysis report showed that D. 

melanogaster eIF4G2, as well as NAT1, the third sequence that matched to the predicted 

polypeptide, are not located on the fourth chromosome. It would be expected that, in the absence 

of a major evolutionary event, orthologs would retain similar locations in the genome. As shown 

in Figure 4, eIF4G is located on the fourth chromosome. 

 
Figure 4: Highest scoring blastp alignment of N-SCAN prediction to D. melanogaster protein data base. Alignment confirms 
that the suspected ortholog is on the fourth chromosome 
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Gene Record Finder was used to analyze all coding sequences (CDSs). Gene Record 

Finder and the associated GBrowse graphical viewer showed the locations and sequences of the 

exons in the D. melanogaster ortholog. eIF4G has three isoforms in D. melanogaster: eIF4G-PA, 

eIF4G-PB, and eIF4G-PC (the A, B, and C isoforms, Fig. 5). The B isoform contains 15 exons, 

while the A and C isoforms each contain 14 exons. The A and C isoforms have identical coding 

sequences but distinct 5’ untranslated regions (5’ UTR). The second exon present in the B 

isoform is absent from the A and C isoforms. All other exons are present in all isoforms.  

 For each CDS of D. melanogaster eIF4G, the amino acid sequence provided by Gene 

Record Finder (subject) was aligned to D. eugracilis contig 24 (query) using NCBI blastx (Table 

Figure 5: Isoforms of eIF4G in D. melanogaster. The B isoform contains one exon (shown in the yellow box) not present in 
the A or C isoforms. The A and C isoforms share the same exon configuration with the only differences being in the 5' UTR 
(show in in the red box). The Gene Record Finder CDS map shows the differences between PB and PA/PC. Thirteen of the 
fifteen exons are shown in the table. 
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1). For all alignments, the low-complexity filter was disabled, compositional adjustments were 

turned off, and the E value threshold was set to 1e-2. Each D. melanogaster CDS aligned with 

contig 24 in the same order as in D. melanogaster. Exon 6_1894_1 showed the lowest scoring 

alignment with an E value of 6e-4, showing alignment of 13/18 amino acids (Fig. 6); however, 

inclusion of this exon is supported by RNA-seq data including 851 reads from mixed embryos. 

 

Flybase_ID	 Query	
start-end	

Subject	
Length	

E	value	 Identities	 Positives	 Gaps	 Frame	

1_1894_0	 55827-
55750	

26	 9e-12	 22/26	 23/26	 0/26	 -1	

2_1894_0	 53965-
53264	

253	 5e-93	 159/256	 189/256	 25/256	 -3	

3_1894_0	 52455-
51808	

217	 5e-118	 181/219	 197/219	 5/219	 -1	

4_1894_0	 51744-
51565	

60	 6e-22	 38/60	 46/60	 0/60	 -1	

5_1894_2	 50605-
50507	

36	 2e-16	 30/33	 31/33	 0/33	 -3	

6_1894_1	 50239-
50201	

18	 6e-4	 11/13	 12/13	 0/13	 -3	

7_1894_2	 44696-
42393	

765	 0.0	 565/773	 628/773	 13/773	 -2	

8_1894_0	 41870-
41649	

80	 5e-34	 61/79	 65/79	 5/79	 -2	

9_1894_2	 41576-
41412	

52	 5e-21	 42/55	 45/55	 3/55	 -2	

10_1894_0	 40317-
39847	

156	 7e-77	 122/157	 138/157	 2/157	 -1	

11_1894_2	 39410-
39189	

74	 1e-43	 64/74	 69/74	 0/74	 -2	

12_1894_0	 38146-
38000	

49	 4e-28	 44/49	 47/49	 0/49	 -3	

13_1894_0	 37941-
37720	

74	 5e-45	 69/74	 72/74	 0/74	 -1	

14_1894_2	 37597-
37499	

33	 6e-19	 32/33	 33/33	 0/33	 -3	

15_1894_2	 37435-
37376	

20	 7e-10	 20/20	 20/20	 0/20	 -3	

Table 1: Exon by exon NCBI blastx search of D. melanogaster exons in D. eugracilis contig 24. All exons present in D. 
melanogaster align to D. eugracilis. 
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Figure 6: blastx alignments of all D. melanogaster eIF4G exons to D. eugracilis contig 24. Subject is D. melanogaster 
exons and Query is D. eugracilis contig 24. All exons in D. melanogaster aligned to contig 24. 
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Start Codon 

 

A start codon is present at the beginning of the BLAST alignment to the first CDS 

starting at 55827 bp in frame -1 (Fig. 7). This is the translation start site for all isoforms of the 

gene. RNA-seq reads span upstream of the start codon, corresponding to the 5’ UTR.  

Figure 7: Proposed start codon. The methionine at the position shown in the green box is in frame with the first CDS and 
agrees with the N-SCAN gene prediction. The black box in this and subsequent figures indicates the frame of the CDS (-1 in 
this case). 
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eIF4G Splice Sites 

The gene BLAST alignment track of the GEP mirror of the UCSC genome browser was 

used to identify where the D. eugracilis exons were likely to be based on the match to the D. 

melanogaster exons. The specific coordinates of the D. eugracilis exons were identified by using 

model-based gene predictions, RNA-seq coverage, and presence of TopHat Junctions to 

determine intron splice sites. Evidence to suggest the end of an exon are the end of gene model-

predicted exons, sudden drops in the level of RNA-seq coverage, and TopHat junctions. Splice 

sites were found by identifying a splice donor sequence (GT or potentially GC) just after the end 

of one exon and a splice acceptor site (AG) just before the start of the next exon. When an intron 

is removed during mRNA processing, both splice sites are removed, directly connecting the 

bases in the exons that are adjacent to either splice site.  

Splice sites do not necessarily occur after a complete codon. Splice sites can occur in 

phase 0, 1, or 2, corresponding to immediately after a complete codon, after one base following a 

codon, and after two bases following a codon, respectively. Corresponding splice acceptor and 

donor sites must not result in incomplete codons for the gene model to be valid. For this to be the 

case, the phase of the splice donor site and splice acceptor site must add up to zero or to three.  

For example, exon 10 has a GT sequence at 39845-39844 bp (Fig. 8A) directly next to where six 

model-based gene predictors, RNA-seq coverage, and TopHat all indicate a splice site. Given 

that exon 10 is in reading frame -1, if this is the splice donor site, the splice donor would be in 

phase 1 because splicing the RNA at this sequence would have left one base after the last 

complete codon. It is therefore required that the phase of the splice acceptor site on exon 11 is 

phase 2. Exon 11 contains an AG sequence at 39414-39413 bp. Seven model-based gene 
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predictors, RNA-seq reads, and TopHat support this position as a splice acceptor site. 

Additionally, this splice site is in phase 2 in frame -2, the frame that exon 11 is in (Fig. 8B). 

These sites were concluded to be a donor/acceptor pair. 

 

 

 

 

Figure 8A: Tenth exon splice donor site. This splice site is in phase 1 because the exon is in frame -1 
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Five model-based gene predictors, RNA-seq coverage, and TopHat suggest that the AG 

sequence at 51746-51745 bp is the splice acceptor site for exon 4 (Fig. 9A). This proposed splice 

site is in phase 0, meaning that a potential splice donor must also be in phase 0. Looking at the 

end of exon 3, there is a GT sequence at 51803-51802 bp. However, the only evidence track that 

supports this splice site is the N-SCAN gene prediction (Fig. 9A). Furthermore, this splice site is 

in phase 1, not in phase with the identified splice acceptor site. RNA-seq data including 835 

Figure 8B: Eleventh exon splice acceptor site. This splice site is in phase 2 because the exon is in frame -2 
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mixed-embryo reads as well as the TopHat junctions supports a splice donor site in phase 0 at 

51807-51806 bp. This position contains the alternative splice donor sequence, GC. The sequence 

of this splice donor site in D. melanogaster was found, using GBrowse, to also be GC, lending 

further support to this being the splice donor site (Fig. 9C). 

A stop codon (TAA) in frame with the fifteenth exon is present at 37378-37376 bp. This 

stop codon is supported by four model-based gene predictors. RNA-seq reads continuing 

downstream of this stop codon represent the 3’ UTR. This stop codon also aligns with the stop 

codon in D. melanogaster (Fig. 10). 
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Figure 9A: Fourth exon splice acceptor site. This splice site is in phase 0 because the exon is in frame -1 
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Figure 9B: Third exon splice donor site. To agree with phase 0 splice acceptor site, the splice donor must be the alternative 
GC donor sequence 

Figure 9C: Third exon splice donor site in D. melanogaster. The D. melanogaster sequence also contains the alternative 
GC splice donor sequence. Note that the reported sequence by GBrowse is in the + strand while the gene is in the – 

strand. 
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Figure 10: Proposed stop codon. The stop codon at the position shown in the red box is in frame with the final CDS and 
agrees with the four gene prediction tracks. The final exon of D. eugracilis aligns perfectly with the D. melanogaster ortholog 
at the amino acid sequence level (see Fig. 6). 
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Verification of eIF4G Gene Model 

Flybase	ID	 Splice	
Acceptor	

Splice	Donor	 	Acceptor	
Phase	

Donor	
Phase	

Range	 Frame	

1_1894_0	 Start	
Codon	

55749-
55748	

	 0	 55827-55750	 -1	

2_1894_0	 53967-
53966	

53263-
53262	

0	 0	 53965-53264	 -3	

3_1894_0	 52457-
52456	

51807-
51806	

0	 0	 52455-51808	 -1	

4_1894_0	 51746-
51745	

51563-
51562	

0	 2	 51744-51564	 -1	

5_1894_2	 50618-
50617	

50504-
50503	

1	 1	 50616-50505	 -3	

6_1894_1	 50242-
50241	

50172-
50171	

2	 1	 50240-50173	 -3	

7_1894_2	 44700-
44699	

42392-
42391	

2	 0	 44698-42393	 -2	

8_1894_0	 41872-
41871	

41644-
41643	

0	 1	 41870-41645	 -2	

9_1894_2	 41580-
41579	

41411-
41410	

2	 0	 41578-41412	 -2	

10_1894_0	 40322-
41321	

39845-
39844	

0	 1	 40320-39846	 -1	

11_1894_2	 39414-
39413	

39188-
39187	

2	 0	 39412-39189	 -2	

12_1894_0	 38148-
38147	

37999-
37998	

0	 0	 38146-38000	 -3	

13_1894_0	 37943-
37942	

37718-
37717	

0	 1	 37941-37719	 -1	

14_1894_2	 37601-
37600	

37497-
37496	

2	 1	 37599-37498	 -3	

15_1894_2	 37439-
37438	

Stop	Codon	 2	 	 37437-37379	 -3	

 

Table 2 shows the proposed gene model for the D. eugracilis ortholog of D. 

melanogaster eIF4G. The second exon is only present in the B isoform, while all other exons are 

found in all isoforms. The phases of all corresponding splice donor and acceptor sites add up to 

three or zero. Biologically, introns must be at least 40 nucleotides long. No exon identified is 

Table 2: Proposed D. eugracilis exons and splice sites. All exons passed Gene Model Checker plausibility criteria. 
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within 40 nucleotides of another, supporting the plausibility of this model. The plausibility of the 

splice sites was assessed using Gene Model Checker, which takes an input of the exon ranges 

and verifies that basic biological criteria are met for all proposed splice sites, the start codon, and 

the stop codon. The proposed exons all passed Gene Model Checker’s criteria. Gene Model 

Checker also returns a dot plot and protein alignment of the orthologous D. melanogaster gene 

and the proposed D. eugracilis gene. Gene Model Checker was used to verify the gene model for 

both the B and A isoforms. The C isoform has an identical coding sequence to the A isoform and 

therefore is described by the same Gene Model Checker report as isoform A (Fig. 11). 

 

Figure 11A: Gene Model Checker 
assessment of the A isoform. The A 
isoform contains 14 of the 15 exons 
in the proposed gene model and 
passed all Gene Model Checker 
tests. The whole sequence match 
can be found in the supplemental 
figures (S2). 
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Approximately the first third of exon 7 in the B isoform (sixth exon in the A and C 

isoforms) represents a region of low homology between D. eugracilis and D. melanogaster, as 

shown in Figure 11B by a break in the alignment. Figure 12 shows this region in the UCSC 

Genome Browser along with the Drosophila conservation track. This track shows that the lack of 

homology between D. melanogaster and D. eugracilis is in a region of generally low homology 

among Drosophila species. The second exon (only present in the B isoform) shows several areas 

of low homology along with a gap (shown in a black box in Fig. 11B) in the D. eugracilis gene, 

represented by a shift over (rightward) of the dot plot alignment. Figure 13 shows that exon 2 of 

the B isoform of eIF4G contains multiple regions that show low conservation and one region 

with no conservation identified in the conservation track of the UCSC Genome Browser, 

consistent with the fragmented dot plot. 

Figure 11B: Gene Model Checker 
assessment of the B isoform. The B 
isoform contains all 15 exons in the 
proposed gene model and passed 
all Gene Model Checker tests. The 
shift in the slope at exon 2 is likely 
due to the gap in the D. eugracilis 
exon 2 shown in the black box 
above. Full protein alignment can 
be found in supplemental figures 
(S3) 
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Figure 12: UCSC Genome Browser view of eIF4G exon 7 in D. eugracilis. The region shown in the green box is less 
conserved across Drosophila species than the rest of the exon. 

Figure 13: UCSC Genome Browser view of eIF4G-PB exon 2 in D. eugracilis. The region shown in the green box is not 
conserved across Drosophila species. 
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eIF4G Transcription Start Site 

One potential reason genes can be expressed on the heterochromatin-rich F element is 

unique core promoter motif patterns surrounding the transcription start sites (TSSs) of F element 

genes shared across Drosophila species. Using D. melanogaster TSS annotations and D. 

biarmipes RNA-polymerase II Chip-seq as references, the TSSs of the D. eugracilis F element 

are being annotated for this project. This project will add to the current base of knowledge for 

future comparative genomics analyses of Drosophila TSSs. 

All three isoforms of eIF4G likely share the same TSS because all 5’ UTRs begin at the 

same position. Isoforms A and B in D. melanogaster have identical 5’ UTRs while the first 5’ 

UTR exon of the C isoform is longer than the other two isoforms (Fig. 14). 

Figure 64: Gene Record Finder view of D. melanogaster eIF4G. The 5' UTR of all three isoforms (shown in the box) start at the 
same position. 

 The UCSC Genome Browser GEP Mirror contains DNase I hypersensitivity site (DHS) 

and Celniker TSS annotation tracks for D. melanogaster. Comparison between these data for D. 

melanogaster eIF4G can be used as evidence for locating the TSS of D. eugracilis eIF4G. Figure 

15 shows the UCSC Genome Browser overview of D. melanogaster eIF4G and Figure 16 shows 

a zoomed in view of the region around the TSS. The sensitivity to DNase I is tracked in three cell 

lines and the DHS peaks are marked in the S2 and Kc lines. The Celniker TSS annotation track 

shows two TSSs immediately upstream of the first 5’ UTR exon. A promoter can be described as 

peaked, intermediate, or broad based on the number of DHS peaks and the number of annotated 

TSSs. This region contains one DHS peak and two annotated TSSs, classifying it as an 

intermediate promoter. RAMPAGE data uses recorded RNA expression to locate a TSS and is 
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useful in supporting the classification of the core promoter. The CAGE and RAMPAGE data for 

D. melanogaster eIF4G (Fig. 17) show several spread-out peaks rather than a peak at one or two 

bases, further supporting an intermediate promoter. 

 

Figure 15: D. 
melanogaster 
eIF4G DHS 
overview. 
Known DHS 
positions were 
obtained 
experimentally 
from three cell 
lines.  

 

 

 

 

 

 

 

Figure 16: DHS 
peaks and annotated 
TSSs of D. 
melanogaster eIF4G. 
The read density 
shows one peak in 
DHS while having two 
celniker-identified 
TSSs (black boxes), 
classifying this as an 
intermediate 
promoter. 
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Figure 17: CAGE and RAMPAGE data.  The CAGE and RAMPAGE data (black box) are spread out rather than having a 
single peak, while still having several distinct peaks, supporting an intermediate promoter. 

The TSSs annotated in D. melanogaster are located immediately upstream of the 5’ UTR 

of eIF4G. To locate the corresponding region in D. eugracilis, the DNA sequence of the first 5’ 

UTR exon of the C isoform of D. melanogaster eIF4G (Fig. 18) was obtained from Gene Record 

Finder. The sequence was aligned to D. eugracilis contig 24 using blastn (Fig. 19). Because of 

the relatively low levels of conservation in UTRs compared to coding sequences, the parameters 

of blastn were adjusted to allow for matches of less similar sequences. “Match/Mismatch Scores” 

were set to “1, -1,” “Gap Costs” were set to “Existance: 2 Extension: 1,” and the  “Low 

complexity regions” filter was turned off. Out of the 434 bp sequence of the 5’ UTR exon, a 433 

bp long alignment was obtained. The sequences matched with 68% identity. The first base in the 

D. melanogaster subject corresponds to position 56686 in D. eugracilis contig 24, making this 

position a candidate for the D. eugracilis TSS. 
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Figure 18: GBrowse view of D. melanogaster eIF4G. The boxed 5'UTR exon in the C isoform was used for blastn alignment to 
D. eugracilis. 

Figure 19: blastn alignment of D. melanogaster eIF4G C isoform first 5' UTR exon (subject) and D. eugracilis contig 24 
(query).  Out of 434 bp, 433 bp aligned to D. eugracilis. D. melanogaster was the subject and D. eugracilis contig 24 was the 
query. 

D. biarmipes is a more closely related species to D. eugracilis than D. melanogaster. The 

UCSC genome browser contains a track for RNA polymerase II ChIP-sequencing (RNApolII 

ChIP-seq) in D. biarmipes. This track represents physical evidence of localization of RNApolII 

to a promoter. Figure 6 shows two RNApolII ChIP-seq peaks near the end of the 5’ UTR of D. 
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biarmipes eIF4G. The further upstream peak does not show any noticeable sequence similarity to 

D. eugracilis, however the region surrounding the first peak (Fig. 20) shows a high level of 

homology. The sequence for the region shown in Figure 20 was obtained from the UCSC 

genome browser and aligned to D. eugracilis contig 24 using the same blastn parameters as the 

previous BLAST search (Fig. 21). The alignment shows that the position corresponding to the 

RNApolII ChIP-seq peak in D. biarmipes is 56447 bp in D. eurgacilis contig 24. This position is 

another potential TSS in D. eugracilis. However, due to RNA-seq peaks upstream of this 

position, this is unlikely to be a possible TSS. 

Figure 20: D. biarmipes RNA PolII ChIP-seq data. The peaks in the red box indicate where RNA-pol is binding, functional 
evidence of a TSS. The region in the black box shows the region in D.  biarmipes that was used as the subject in a blastn 
alignment against D. eugracilis. The righthand peak is within a repeat-dense region and did not align to D. eugracilis contig 24. 
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 Figure 21: blastn alignment of D. biarmipes and D. eugracilis. The boxed 'G' is the position of the ChIP-seq RNA polII peak in 
D. biarmipes, corresponding to 56447 bp in D. eugracilis. D. biarmipes is the subject and D. eugracilis contig 24 is the query. 
The peak in RNA-seq does not necessarily indicate the exact position of the TSS because RNApolII is distributed across an active 
gene. 

Transcription of genes requires binding of transcription factors at promoters, and 

therefore protein-binding DNA motifs can often be found throughout promoters. Figure 22 

shows the locations of all Drosophila core promoter motifs surrounding the first RNA-seq data 

for eIF4G in D. eugracilis. In Drosophila, core promoter elements are not found at every TSS. In 

the region shown in Figure 22, only the Initiator (Inr), Downstream Promoter Element (DPE) and 

Downstream B Recognition Element (BREd) motifs are found. Table 1 shows the location of 

core promoter elements in D. eugracilis and in the corresponding region in D. melanogaster. 

There is no clear conservation in these elements and none of these motifs together suggest the 
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same TSS, indicating that these motifs are not required for a functional TSS. TopHat junctions 

end just downstream of the first RNA-seq data for D. eugracilis eIF4G, supporting the notion 

that this region contains the TSS (Fig. 23). 

Figure 22: Core promoter motifs in D. eugracilis eIF4G. While many motifs can be found, none can clearly be attributed to a 
distinct TSS due to lack of conservation with D. melanogaster. The red line indicates position 56686. 

Core	promoter	motif	 D.	eugracilis	 D.	melanogaster	
BREu	 NA	 NA	
TATA	Box	 NA	 NA	
BREd	 -56532,	-56535,	-56622,	-

56732,	-56777,	-56796	
-930651,	-930654	

Inr	 -56585,	-56711,	-56799	 -930754	
MTE	 NA	 NA	
DPE	 -56483,	-56542,	-56722	 -930752	
Ohler_motif1	 NA	 NA	
DRE	 NA	 NA	
Ohler_motif5	 NA	 NA	

Table 3: Core 
promoter motif 
locations in the 
putitive TSS 
region of D. 
eugracilis and 
surrounding the 
TSS of D. 
melanogaster. No 
two of the motifs 
found supported 
the same TSS 
position, and it is 
unlikely that core 
promoter motifs 
play a role in the 
TSS. 
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Ohler_motif6	 NA	 NA	
Ohler_motif7	 NA	 NA	
Ohler_motif8	 NA	 NA	

 Figure 23: TopHat tracks for D. eugracilis. No TopHat junctions are found past the end of the RNA-seq data, supporting this 
region as containing the TSS. The red line indicates position 56686. RNA-seq data begins at position 56684. 

Evidence for the location of the TSS of D. eugracilis eIF4G obtained from D. 

melanogaster Celniker TSS annotation and BLAST alignment place the TSS near position 56686 

Figure 24: 
Proposed TSS in 
D. eugracilis is 
shown by the red 
line. The red line 
indicates position 
56686, which 
aligns closely to 
the end of the 
RNA-seq 
coverage. 
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in contig 24, which is consistent with RNA-seq reads which begin just after this position. The 

peak in D. biarmipes RNApolII ChIP-seq corresponds to position 56447 in D. eugracilis.  

D. eugracilis Ortholog of unc-13 

Figure 25: UCSC Genome browser overview of second feature in D. eugracilis contig 24. This feature is orthologous to the D. 
melanogaster gene unc-13. 
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A FlyBase Annotated Proteins blastp search of the N-SCAN gene prediction of the 

second feature in contig 24 was performed (Fig. 26). The top 7 results, all with E values of 0 and 

alignment scores ranging from 2058.11 to 3084.66, correspond to the 7 isoforms of unc-13 in D. 

melanogaster. The result with the second highest alignment score, inaC-PA, has a score of 

73.559 and an E value of 5.98564e-12. Further, this gene is found on chromosome 2R while unc-

13 is found on chromosome 4. This feature was concluded to be the D. eugracilis ortholog of 

unc-13 (Fig. 27). 

 

 

Figure 26: blastx alignment of N-SCAN gene prediction to D. melanogaster.  Alignment strongly suggests unc-13 as the 
D. melanogaster ortholog of this feature. 
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Figure 27: Highest scoring blastp alignment of N-SCAN prediction to D. melanogaster protein data base. Alignment confirms 
that the suspected ortholog is on the fourth chromosome 

Figure 28: Isoforms of unc-13 in D. melanogaster. unc-13 has 29 unique exons across 7 isoforms with 6 unique coding 
sequences. The separate start codons are shown in the red boxes. 

unc-13 has 7 isoforms in D. melanogaster representing 6 unique coding sequences. The 

A and D isoforms have identical coding sequences, differing only in the 5’ UTR. The A, C, D, F, 

and G isoforms share a start codon while the B and E isoforms share a different start codon 

upstream of the first (Fig. 28). The A, D, E, and G isoforms contain 22 CDSs, the B isoform 

contains 21 CDSs, the C isoform contains 23 CDSs, and the F isoform contains 24 CDSs.  

 Using the same settings as for eIF4G, each D. melanogaster unc-13 exon was aligned to 

D. eugracilis contig 24 using NCBI blastx (Fig. 30). Of the 29 unique exons in D. melanogaster, 
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27 aligned to D. eugracilis contig 24 (Table 3). The two exons that did not align to contig 24, 

1_2147_0 and 8_2147_0, have lengths of 2 AA and 3 AA respectively. Both exons were 

identified in D. eugracilis using the UCSC Genome Browser. 

Flybase_ID	 Query	
start-end	

E	
value	

Size	 Identities	 Positives	 Gaps	 Frame	

1_2147_0	 	 	 	 	 	 	 	

5_2147_0	 32833-
27875	

0	 	 873/1694	 1103/1694	 105/1694	 -3	

2_2147_0	 32833-
32381	

1e-47	 	 81/152	 98/152	 1/152	 -3	

3_2147_2	 32101-
31853	

4e-34	 	 59/83	 63/83	 0/83	 -3	

4_2147_2	 31777-
27875	

0	 	 663/1340	 853/1340	 99/1340	 -3	

6_2147_0	 23998-
18278	

0	 	 1048/2009	 1313/2009	 168/2009	 -3	

7_2147_0	 16381-
16250	

1e-26	 	 41/44	 42/44	 0/44	 -3	

8_2147_0	 	 	 	 	 	 	 	

9_2147_0	 14766-
14698	

1e-5	 	 12/23	 17/23	 0/23	 -1	

10_2147_0	 14263-
14189	

1e-12	 	 24/25	 25/25	 0/25	 -3	

11_2147_0	 14066-
13848	

1e-51	 	 73/73	 73/73	 0/73	 -2	

12_2147_2	 13786-
13670	

8e-22	 	 38/39	 39/39	 0/39	 -3	

13_2147_1	 13489-
13385	

5e-19	 	 33/35	 34/35	 0/35	 -3	

14_2147_1	 12734-
12630	

7e-22	 	 35/35	 35/35	 0/35	 -2	

15_2147_2	 9451-9314	 3e-29	 	 46/46	 46/46	 0/46	 -3	
16_2147_1	 7687-7364	 5e-72	 	 107/108	 108/108	 0/108	 -3	
17_2147_0	 7287-7015	 3e-60	 	 91/91	 91/91	 0/91	 -1	
18_2147_0	 6949-6791	 6e-32	 	 53/53	 53/53	 0/53	 -3	
19_2147_0	 6733-6608	 1e-26	 	 42/42	 42/42	 0/42	 -3	
20_2147_0	 4990-4823	 1e-35	 	 55/56	 55/56	 0/56	 -3	
21_2147_0	 4766-4485	 3e-66	 	 94/94	 94/94	 0/94	 -2	
22_2147_0	 4205-3984	 1e-46	 	 71/74	 74/74	 0/74	 -2	
23_2147_0	 3887-3723	 2e-32	 	 55/55	 55/55	 0/55	 -2	
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24_2147_1	 3660-3370	 2e-59	 	 97/97	 97/97	 0/97	 -1	
25_2147_0	 3314-2958	 1e-74	 	 117/119	 118/119	 0/119	 -2	
26_2147_2	 2136-2041	 5e-18	 	 31/32	 31/32	 0/32	 -1	
27_2147_2	 1976-1818	 8e-35	 	 53/53	 53/53	 0/53	 -2	
28_2147_1	 1753-1628	 3e-26	 	 42/42	 42/42	 0/42	 -3	
29_2147_0	 1574-1413	 4e-33	 	 53/54	 54/54	 0/54	 -2	

 

 

 

Table 4: Exon by exon NCBI blastx search of D. melanogaster exons in D. eugracilis contig 24. Exons 8 and 1 in D. 
melanogaster failed to align to contig 24. 
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Figure 29: blastx alignments of all D. melanogaster exons to D. eugracilis contig 24. Subject is D. melanogaster exons 
and Query is D. eugracilis contig 24. 
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Start Codons 

 Among the 7 isoforms of unc-13, there are two unique start codons. The first annotated 

D. melanogaster exon, 1_2147_0, failed to align to D. eugracilis contig 24 by NCBI blastx. 

However, the exon was identified in D. eugracilis using RNA-seq and TopHat junction tracks to 

locate the splice donor site corresponding to the splice acceptor site of the second exon. The 2 

AA sequence upstream of the splice donor site is MT, identical to the first annotated exon in D. 

melanogaster (Fig. 30). The A, C, D, F, and G isoforms share this start codon. 

Figure 30: Proposed first start codon. This start codon corresponds to the A, C, D, F, and G isoforms of unc-13. 
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 The first exon of both unc-13-PB and unc-13-PE in D. melanogaster is 6_2147_0, which 

aligned by blastx search to position 23998 in contig 24 (Fig. 29). The methionine at this position 

was identified as the start codon for the B and E isoforms of unc-13 (Fig. 31). 

 

 

 

 

 

 

 

Figure 31: Proposed second start codon. This start codon corresponds to the B and E isoforms of unc-13. 
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Identification of unc-13 exons 

 To form a complete gene model of unc-13 in D. eugracilis, all CDSs must be correctly 

identified. While blastx alignment of annotated D. melanogaster exons to D. eugracilis contig 24 

was unable to locate an exon corresponding to exon 8_2147_0, a corresponding exon was found 

using UCSC Genome Browser evidence tracks. The two exons adjacent to 8_2147_0 in D. 

melanogaster are 7_2147_0 and 9_2147_0. The first base of 9_2147_0 aligns by blastx to 

position 14766 in D. eugracilis while the last base of 7_2147_0 aligns to position 16250 (Fig. 

33). Within the region between these two genes, a peak in conservation is located around 

position 15900. As shown in Figure 34, this region contains the highly-conserved sequence VLK 

flanked by conserved splice acceptor and splice donor sequences. This sequence is identical to 

8_2147_0 in D. melanogaster. 

Figure 32: Identification of D. eugracilis ortholog of 8_2147_0. The boxed region shows a highly conserved region with no 
BLAST track gene prediction. Both splice sites are in phase 0, which is the appropriate splice donor and acceptor phase. 
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Figure 33: Identification of D. eugracilis ortholog of 8_2147_0. Splice acceptor (red box) and splice donor (green box) 
sites are both conserved across Drosophila. 

Figure 34: Annotation of the F isoform in D. eugracilis unc-13. The BLAST track of the GEP mirror of the UCSC Genome 
Browser did not correctly identify the F isoform. 
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 Exons 2_2147_0, 3_2147_2, and 4_2147_2 in D. melanogaster are all unique to unc-13-

PF. The three exons appear to result from alternative splicing of 5_2147_0 because the first base 

of 2_2147_0 and the last base of 4_2147_2 are identical to the first and last base of 5_2147_0. 

Due to being spliced from the same genomic region as 5_2147_0, which spans across the introns 

between 2_2147_0, 3_2147_2, and 4_2147_2, RNA-seq summary data is not very informative 

for the F isoform. Additionally, the BLAST alignment track of the Genome Browser did not 

appear to correctly show the exon position (Fig. 34). The blastx alignment of these three exons to 

D. eugracilis contig 24 were the primary evidence used to add these exons to the gene model. 

The splice donor site of exon 2 of unc-13-PF in D. eugracilis was found immediately 

downstream of the alignment of the blastx alignment of 2_2147_0 at position 32381 (Fig. 35). 

Exon 3_2147_2 aligned to D. eugracilis starting from the ninth amino acid at position 32101 and 

a corresponding splice acceptor site was found upstream of positon 32136, 8 AA upstream of the 

alignment (Fig. 36). The splice donor site for exon 3 and splice acceptor site for exon 4 of D. 

eugracilis unc-13-PF were both adjacent to the blastx alignment of the last amino acid of 

3_2147_ 2 and the first amino acid of 4_2147_2, respectively.  The splice donor site downstream 

of position 31853 and the splice acceptor site upstream of 31777 were both also supported by 

TopHat junctions (Fig. 37).  



Rickles-Young   54 
 
 

 

 

 

 

Figure 35: Splice donor site of exon 2 in unc-13-PF. The splice donor site (green box) was located based on blastx 
alignment. 

Figure 36: Splice acceptor site of exon 3 in unc-13-PF. The splice acceptor site (green box) was located based on blastx 
alignment. 
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Verification of unc-13 Gene Model 

Flybase_ID	 3’	splice	site	 3’	Phase	 5’	splice	site	 5’	Phase	 Range	 Frame	

1_2147_0	 Start	Codon	 	 32881-32880	 0	 32887-32882	 -3	
2_2147_0	 32835-32834	 0	 32379-32378	 2	 32833-32380	 -3	
3_2147_2	 32138-32137	 1	 31851-31850	 2	 32136-31852	 -3	
4_2147_2	 31781-31780	 1	 27874-27873	 0	 31779-27875	 -3	
5_2147_0	 32835-32834	 0	 27874-27873	 0	 32833-27875	 -3	
6_2147_0	 24051-24050	 0	 18277-18276	 0	 23998-18278	 -3	
7_2147_0	 16383-16382	 0	 16249-16248	 0	 16381-16250	 -3	
8_2147_0	 15916-15915	 0	 15905-15904	 0	 15914-15906	 -2	
9_2147_0	 14768-14767	 0	 14697-14696	 0	 14766-14698	 -1	
10_2147_0	 14265-14264	 0	 14188-14187	 0	 14263-14189	 -3	
11_2147_0	 14068-14067	 0	 13846-13845	 2	 14066-13847	 -2	
12_2147_2	 13790-13789	 1	 13667-13666	 1	 13788-13668	 -3	
13_2147_1	 13492-13491	 2	 13383-13382	 2	 13490-13384	 -3	
14_2147_1	 12737-12736	 2	 12628-12627	 2	 12735-12629	 -2	
15_2147_2	 9455-9454	 1	 9311-9310	 1	 9453-9312	 -3	
16_2147_1	 7690-7689	 2	 7363-7362	 0	 7688-7364	 -3	
17_2147_0	 7289-7288	 0	 7014-7013	 0	 7287-7015	 -1	
18_2147_0	 6951-6950	 0	 6790-6789	 0	 6949-6791	 -3	
19_2147_0	 6735-6734	 0	 6607-6606	 0	 6733-6608	 -3	
20_2147_0	 4992-4991	 0	 4822-4821	 0	 4990-4823	 -3	
21_2147_0	 4768-4767	 0	 4484-4483	 0	 4766-4485	 -2	

Figure 37: Splice donor site of exon 3 and splice acceptor site of exon 4 in unc-13-PF. The splice donor site (green box) 
and splice acceptor site (red box) were located based on blastx alignment. The splice sites are also supported by adult male 
TopHat junctions. 
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22_2147_0	 4207-4206	 0	 3983-3982	 0	 4205-3984	 -2	
23_2147_0	 3889-3888	 0	 3720-3719	 1	 3887-3721	 -2	
24_2147_1	 3663-3662	 2	 3369-3368	 0	 3661-3370	 -1	
25_2147_0	 3316-3315	 0	 2956-2955	 2	 3314-2957	 -2	
26_2147_2	 2140-2139	 1	 2039-2038	 2	 2138-2040	 -1	
27_2147_2	 1980-1979	 1	 1815-1814	 1	 1978-1816	 -2	
28_2147_1	 1756-1755	 2	 1627-1626	 0	 1754-1628	 -3	
29_2147_0	 1576-1575	 0	 Stop	Codon	 	 1574-1416	 -2	

 Table 5 shows the proposed exons locations for D. eugracilis unc-13. The exon positions 

achieve the same criteria for biological plausibility as the exons in eIF4G. All isoforms pass 

Gene Model Checker’s criteria. Isoforms A and D have identical coding sequences and therefore 

are both described by the Gene Model Checker results of the A isoform. For all isoforms, the C 

Table 5: Proposed D. eugracilis unc-13 exons and splice sites. Exons 13_2147_1 (blue box) and 14_2147_1 (yellow box) are 
not present in the same isoforms. All exons passed Gene Model Checker plausibility criteria. 
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terminal half is more highly conserved, indicating that this region contains the functional domain 

of the protein (Fig. 38). 
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unc-13 Transcription Start Sites 

Two unique transcription start sites were identified in D. eugracilis unc-13. The B and E 

isoforms share one TSS while the A, C, and F isoforms share a separate TSS. The TSS of the D 

and G isoforms could not be definitively identified in D. eugracilis. Because no two core 

promoter motifs found predicted the same TSS position and there was no conservation of core 

promoter motifs between D. melanogaster and D. eugracilis in the promoter region of unc-13, no 

Figure 38: Gene model checker 
protein alignment dot plots of all 
unc-13 isoforms. Exons 15-29 are 
shared by all isoforms and 
correspond to the highest homology 
between D. melanogaster and D. 
eugracilis. The isoforms represented 
by each dot plot is shown in the title 
of each dot plot. Amino acid 
alignments can be found in the 
supplemental figures. 
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conclusion could be drawn from the core promoter motifs. Tables of the core promoter motif 

positons in D. eugracilis and D. melanogaster can be found in supplemental figures. 

The first exon annotated for the G isoform in D. melanogaster is located 9000 bp 

upstream of the start codon. The region between unc-13 and eIF4G in D. eugracilis is only 4500 

bp (Fig. 39). This region in D. biarmipes is 6000 bp and contains only one RNApolII ChIP-seq 

peak, consistent with roughly where the TSS for the A, C, and F isoforms would be (Fig. 40). 

NCBI blastn alignment does not return any significant match in this region in D. eugracilis to the 

first annotated 5’ UTR exon in D. melanogaster unc-13-PG.  

Alignment by NCBI blastn region surrounding the RNApolII ChIP-seq peak in D. 

biarmipes to D. eugracilis contig 24 does not yield any significant results. While not suggesting 

any specific position, the D. biarmipes RNApolII ChIP-seq data indicates that an active TSS is 

present upstream of the A, C, and F isoforms of unc-13 (Fig. 40). 

Figure 39: Region between unc-13 and eIF4G in D. melanogaster (bottom) vs D. eugracilis (top). The region in D. 
eugracilis is ~4500 bp while in D. melanogaster, it is ~12000 bp. The region is very repeat dense. 
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Figure 40: D. biarmipes ChIP-seq data. The region in D. biarmipes surrounding the peak shown in the blue box does not 
align by NCBI blastn to D. eugracilis, however it does indicate that this gene is transcribed. 

Figure 41: DHS peaks and annotated TSSs of D. melanogaster unc-13 A, C, and F isoforms. There is one DHS read peak 
and one Celniker annotated TSS, indicating a peaked promoter. 
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The region in D. melanogaster shown in Figure 41 shows one DHS peak and one 

Celniker TSS annotation, classifying this region as a peaked promoter. RAMPAGE data (Fig. 

41) is consistent with a slightly broad promoter with some defined peaks. In Figure 42, 

embryonic TSS annotations places a separate TSS for the D isoform compared to the A, C, and F 

isoforms. Due to the failure of the first 5’ UTR exon of the D isoform to align by NCBI blastn to 

D. eugracilis contig 24 and lack of any distinct embryonic RNAseq peaks, the precise location of 

the TSS of the D isoform could not be identified. Alignment of the first 5’ UTR in the A isoform 

of D. melanogaster to D. eugracilis contig 24 using NCBI blastn is shown in Figure 43. Of 461 

nucleotides, bases 175-332 aligned to D. eugracilis, with base 175 aligning to position 33929 in 

contig 24. Using the assumption that the 5’UTR in D. eugracilis would be a similar length, the 

first base of the 5’ UTR in D. eugracilis was determined to be at position 34103. Because the 

Celniker annotation of the TSS in D. melanogaster is 13 bp downstream of the start of the first 5’ 

UTR, this suggests position 34090 as the TSS. RNAseq data begins to drop near this position, 

Figure 42: D. melanogaster embryonic DHS positions and embryonic TSS annotations. The region in the box corresponds 
to where a TSS for the D isoform of unc-13 would be, however the lack of homology prevents definitively identifying a TSS in 
D. eugracilis. 
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but because there are RNAseq reads extending until position 34120, the concluded TSS range for 

the A, C, and F isoforms of unc-13 is within the region 34090-34120 or a bit to the right in D. 

eugracilis contig 24 (Fig. 44).  

Figure 43: blastn alignment of D. melanogaster unc-13-PA first 5’ UTR exon and D. eugracilis. D. melanogaster is the 
subject and D. eugracilis contig 24 is the query. 

Figure 44: Annotated TSS of unc-13 A, C, and F isoforms of D. eugracilis. The region 34090-34120 (in the red box) 
corresponds to the approximate position extrapolated from blastn alignment to D. melanogaster and the end of RNAseq reads. 
The region in the blue box contains a low level of RNAseq reads in the Mixed Embryos track, indicating transcription upstream 
of this point. 
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 The region surrounding the first 5’ UTR exon of the B and E isoforms of D. 

melanogaster unc-13 contains one Celniker TSS annotation and no annotated DHS peaks, 

classifying it as a peaked promoter (Fig. 45). RAMPAGE data indicates an intermediate 

promoter, however there is no strongly defined RAMPAGE peak. All 61 nucleotides of the first 

5’ UTR exon in D. melanogaster align to D. eugracilis contig 24 using NCBI blastn (Fig. 46). 

The first base of the first 5’ UTR exon aligns to position 24579 in D. eugracilis contig 24. (Fig. 

47) 

Figure 45: DHS peaks and annotated TSSs of D. melanogaster unc-13 B and E isoforms. There are no DHS read peaks 
and one Celniker annotated TSS, indicating a peaked promoter. 

 

Figure 46: blastn alignment of D. melanogaster unc-13-PA first 5’ UTR exon and D. eugracilis. D. melanogaster is the 
subject and D. eugracilis contig 24 is the query. 
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Figure 47: Proposed TSS for the B and E isoforms of D. eugracilis unc-13. The TSS at position 24579 (blue line) is consistent 
with blastn alignment to D. melanogaster as well as being just upstream of a drop in RNA-seq reads. 

Structure, Function, and Conservation of unc-13 

After completing annotation of the coding sequences and TSSs in D. eugracilis contig 24, 

analysis of the structure, function, and conservation of unc-13 was performed. Common features 

of the specific genes found on the F-element may be informative for determining why a 

heterochromatin-rich chromosome can have normal gene expression.  

 

Figure 48: NCBI SmartBlast alignment of D. eugracilis unc-13 to reference genomes of Homo sapiens, Mus musculus, 
D. melanogaster, and Danio rerio. The C-terminal half of the protein (shown in the blue box) is highly conserved across 
all model organisms, indicating an important function. 
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NCBI SmartBlast performs a multiple sequence alignment (MSA) of a submitted 

sequence to four reference genomes, D. melanogaster, Homo sapiens, Mus musculus, and Danio 

rerio. Figure 48 shows that the C-terminal half of the protein coded by unc-13 is conserved 

across all species shown, suggesting that it may have an important biological function. The 

whole MSA is shown in the supplemental figures. 

Figure 49: Phyre2 gene model structure prediction for D. eugracilis unc-13. Phyre2 predicts that this gene contains the 
munc13-1 domain. This domain is identified from the mammalian unc-13 homolog A gene and is associated with release of 
neurotransmitters from synaptic vesicles 

Figure 49: Phyre2 reported the location of the identified structure in D. eugracilis unc-13-PA. The boxed alignment 
corresponds to the highly-conserved region found in Figure 48. 
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 Phyre2 is a homology-based gene structure prediction tool which uses known gene 

structures to build a model for unknown structures with similar sequences. Phyre2 identified the 

functional domain of UNC13 protein in D. eugracilis to be a munc13-1 c1c2mun domain (Fig. 

49). This domain is associated with transfer of synaptic vesicles between neurons. This domain 

accounts for 27% of the protein (isoform A) and the location of this domain (Fig. 50) falls within 

the highly-conserved region shown in Figure 48. 

 A search of the literature on D. melanogaster unc-13 further elucidated the function of 

the protein. UNC13 is responsible for transferring information between the Ca2+ channels and 

synaptic vesicle transport proteins to allow for synaptic vesicle maturation. Null mutations of 

unc-13 result in complete paralysis, mimicking the phenotype of removal of core synaptic vesicle 

transport proteins. UNC13 is an example of a protein coded for on the F-element that is 

necessary for survival.  

Non-Coding RNA 

 An annotated non-coding RNA (ncRNA) called CR44029 is found in the region between 

exons 8_2147_0 and 15_2147_2 in D. melanogaster (Fig. 50). The sequence of this ncRNA was 

obtained from the UCSC genome browser and aligned to D. eugracilis contig 24 using NCBI 

Figure 50: GEP mirror of the UCSC Genome Browser view of D. melanogaster. The green box shows a non-coding RNA, 
CR44029, found in D. melanogaster that may potentially also exist in D. eugracilis. 
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blastn (Fig. 52). Although CR44029 in D. melanogaster spans across multiple exons, only the 

region between exons 14 and 15 in D. eugracilis contain raised RNA-seq read counts (Fig. 51), 

and therefore this was the only region aligned to CR44029 using blastn. 

 

Figure 51: RNA-seq reads extend throughout a non-repeat dense intron in D. eugracilis. The black box indicates the 
region that was tested for alignment with CR44029. While some portions aligned, there was no indication of one feature in 
this region. 

Figure 52: blastn alignment of CRR44029 to D. eugracilis contig 24. Several matches were found, but none suggested one 
continuous feature orthologous to CRR44029 in this region. 
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Synteny 

If the genes in orthologous regions between two species are in the same relative 

orientation to each other, the regions are said to be syntenic. Contig 24 in D. eugracilis is fully 

syntenic with the corresponding region in D. melanogaster (867740-931515). Both species 

contain unc-13 and eIF4G both on the minus strand. 

Repeats 

 A distinct feature of heterochromatic regions of the genome including the F-element is 

higher repeat density relative to the whole genome. The repeat content of D. eugracilis contig 24 

and the orthologous region in D. melanogaster was examined. Contig 24 contains 54 recognized 

repeats with an average length of 236.41 bp, meaning that contig 24 is 22.4% repeats. The 

corresponding region in D. melanogaster, 867740-931515 bp, contains 51 repeats with an 

average length of 274.18 bp, meaning that this region is 21.9% repeats. Helitron repeats are the 

most common repeat type in both species. Both species have 6 repeats longer than 500 bp, 

though these repeats are not the same between species (Table 6). The repeats in contig 24 were 

mapped to their location in the genome using a custom track on the GEP mirror of the UCSC 

genome browser (Fig. 53). Although the specific repeats are not shared between D. eugracilis 

and D. melanogaster, the repeat density and frequency of large repeats is similar between the 

two species. Characteristics of these repeats could potentially contribute to the unique chromatin 

state, but future comparative genomic analysis of repeats across more Drosophila species is 

necessary. 
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Conclusion 

 Drosophila eugracilis contig 24 contains two genes, unc-13 and eIF4G. eIF4G has three 

isoforms representing two unique coding sequences. All 15 unique exons and all isoforms of 

Start	 Length	 Family	
D.	melanogaster	chr4:	867740-931515	

	894775	 1049	 TcMar-Tc1	

906402	 698	 CMC-Transib	

907916	 1076	 P	

910744	 2390	 Gypsy	

921363	 508	 Helitron	

923061	 899	 TcMar-Mariner	
D.		eugracilis	contig	24	

17272	 942	 RC/Helitron	

25578	 583	 RC/Helitron	

34533	 937	 RC/Helitron	

46088	 572	 LINE	

46662	 1373	 LINE	

50747	 640	 Unknown	

Table 6: Repeats in D. eugracilis contig 24 and corresponding region in D. melanogaster that are >500 bp in length. 
Consistent with repeats in D. melanogaster being longer on average than those in D. eugracilis contig 24, the average 
length of repeats >500 bp is 1103.3 bp in D. melanogaster, but only 841.2 bp in contig 24. 

Figure 53: Locations of large repetitions elements in D. eugracilis contig 24. A custom track was used to show the 
locations of identified repeats with length >500 bp. Of the six identified repeats, three are in the introns of eIF4G, two are in 
the introns of unc-13, and one is in the intergenic region. 
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eIF4G have been annotated. The TSS of all isoforms of eIF4G was determined to be position 

56686 in contig 24. unc-13 has seven isoforms representing six unique coding sequences. All 29 

unique exons and all isoforms of unc-13 have been annotated. The TSS of the A, C, and F 

isoforms of unc-13 was determined to be within the region 34090-34120 bp. The TSS of the B 

and E isoforms was determined to be position 24567. The TSS of the G and D isoforms could 

not be determined. The function of unc-13 is an example of a biologically vital gene that is 

expressed within the heterochromatic F-element. Gene and TSS annotation of D. eugracilis 

contig 24 is complete and ready for future Drosophila comparative genomic studies. 
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