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Overview 
 Annotation is a crucial step in analyzing an organism’s genome. It is the first step in 
identifying the locations of putative genes, repeats, and psuedogenes. In addition, annotating a 
gene requires determining whether that gene is syntenic to its orthologs in a related, well-
annotated species. In Bio4342, we are each assigned a finished contig from the fruit fly species 
Drosophila mojavensis or Drosophila grimshawi and are asked to annotate this chunk of 
sequence. In this paper, I will present the annotation of contig15 from D. grimshawi. In this 
contig, I identified one feature that is putatively the Asator gene. It has three isoforms and the 
longest isoform contain 14 exons. Although some exons of the gene are perfectly conserved, 
others are not. Finally, the contig is composed of 17.04% repeats.  

 
Figure 1: Final Annotated Map 
 
 
Number of 
Features 

Feature 
Identity 

Start 
position 

End 
position 

Feature 
Size (bp) 

Number of 
Putative Exons 

Number of 
Isoforms 

1 Asator gene 22857 36291 13434 14 3 
Table1: Feature Summary 
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Genscan Predictions: 
 To begin my analysis of contig15, I consulted the Genscan prediction map stored in the 
Contig15 project folder. Genscan predicted the presence of one 14-exon feature that spans from 
7.8kb to 36.4kb on the segment (Figure 2). In order to identify my feature, I obtained the 
BLASTX1 search result of contig15 against the Drosophila melanogaster database using the 
genome browser program provided on the gander website. The results indicated a match to the 
Asator gene (Figure 3).  

Figure 2: Genscan predictions of features on contig15. 
 

Figure 3: Genome browser view of contig15. Exon 0 corresponds to the exon in the 7.8kb region on the 
Genscan prediction map. Note that there are no matching genes in other Drosophila species found in the 
region corresponding to exon 0. 

Exon 0 
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Genes 
 
Determining the Identity of Exon 0:  

A closer look at figure 3 showed that one of the Genscan predicted exons, hereon denoted 
as exon 0, did not match to any known D. melanogaster genes. The lack of match to D. 
melanogaster suggested a miscall by Genscan. To confirm this hypothesis, I performed a 
BLASTX search using the nucleotide sequence spanning the exon 0 region (7880-8103).  
 The search results indicated that the exon 0 nucleotide sequences (query) only partially 
aligned to two protein segments: a putative deoxyribonuclease found in Vibrio cholerae and a 
neurotoxin (Figure 4). Furthermore, these alignments had high E-values and low percent identity 
matches, with the highest being 37%. As a result, the BLASTX search results served as another 
convincing piece of evidence that exon 0 did not belong to a gene. Thus, I concluded that 
Genscan miscalled exon 0.   

Figure 4: BLASTX alignment of nucleotide sequences of exon1 (query) and putative protein segments in D. 
melanogaster database (subject).  
 
Annotation of Asator gene:  

To confirm that the remaining exons predicted by Genscan were indeed a part of the 
Asator gene, I used the Gene Record Finder tool6, found on the GEP website, and determined the 
annotated amino acid sequences for Asator in D. melanogaster. Gene Record Finder data showed 
that there were seventeen putative coding exons that, when utilized in different combinations, 
form three isoforms of the Asator protein (Table 2). It is important to note that exon 15-909 lies 
completely within exon 15-908, exon 7 lies completely within exon 6, and exon 4 lies 
completely within exon 3. This implies that there are only fourteen distinct regions that I must 
look for when annotating the Asator gene in Drosophila grimshawi.  
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Table 2: Summary of the specific coding exons present in each isoform of the Asator protein. 
 

To find the exact locations of the Asator exons in my contig, I performed a two-
alignment BLASTX search, using the D. melanogaster amino acid sequences obtained from 
Gene Record Finder to align the nucleotide sequences (query) obtained from my contig15 fasta 
file to each individual exon sequence (subject). The resulting exon alignments varied 
tremendously, ranging from 40% to 100% match identity. The discrepancies in match identity 
indicate high conservation in some exons but low conservation in others.  

Next, I found acceptable donor (GT) and acceptor (AG) sites flanking each exon by 
utilizing the genome browser on the gander website to magnify the putative ends of each exon at 
the nucleotide level. The coordinates of these exon ends were obtained from the two-alignment 
BLASTX search results. The appropriate donor and acceptor sites were chosen based on the 
distance away from the putative exon ends and how the acceptor/donor sites matched in phase 
with the donor/acceptor sites on the previous and subsequent exon, respectively. For example, 
both the acceptor and donor sites of exon 11 have a phase of 0, which must match to the donor 
site of exon 12 (phase 0) and acceptor site of exon 10 (phase 0) (Table 3).  

 Because some exons are not highly conserved across the Drosophila genus, there are 
regions on the contig that did not fully align to the exon sequences obtained from D. 
melanogaster. For example, only 57 amino acids of exon 10 (67 amino acids in length) aligned 
with a region in contig 15 (Figure 5). Since ten amino acids correspond to approximately 30 
nucleotides, I looked about 30bp downstream of query coordinate 28845 in the genome browser 
but could not find an acceptable donor site. Thus, I looked at the nearest downstream donor site 
and annotated the coordinate 28951 as the exon end. Similarly, I annotated the remaining exons 
using the methods above and completed my exon models for each isoform of the Asator gene. 
The models for the three isoforms are summarized in Tables 3-5.  

 

Figure 5: BLASTX alignment of exon 10 amino acid sequence from Gene Record Finder (subject) with 
contig15 fasta sequence (query). The low matching identity shown indicates that this exon is not well 
conserved across the Drosophila genus.  

Exon# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15-909 15-908 16 
Asator 
PF 

     X  X X X X X X X X   

Asator 
PD 

X X  X X  X X X X X X X X  X X 

Asator 
PE 

  X  X  X X X X X X X X  X X 
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Model Summary: 
 

Exon ID Acceptor 
Coordinates 

Acceptor Phase Donor 
Coordinates 

Donor Phase 

CDS_FBgn0039908:16_908 22857 
(Methyonine) 

0 22882 2 

CDS_FBgn0039908:15_908 24040 1 24643 0 
 

CDS_FBgn0039908:14_908 
 

25196 0 25561 0 

CDS_FBgn0039908:13_908 
 

26324 0 26713 0 

CDS_FBgn0039908:12_908 
 

26803 0 27009 0 
 

CDS_FBgn0039908:11_908 
 

27912 0 27980 0 
 

CDS_FBgn0039908:10_908 
 

28666 0 28951 1 
 

CDS_FBgn0039908:9_908 
 

29123 2 29901 0 

CDS_FBgn0039908:8_908 
 

30265 0 30395 2 
 

CDS_FBgn0039908:7_908 
 

32280 1 32424 0 
 

CDS_FBgn0039908:5_908 
 

32852 0 33347 1 
 

CDS_FBgn0039908:4_908 
 

34363 2 35034 1 
 

CDS_FBgn0039908:2_908 
 

35814 2 35913 2 

CDS_FBgn0039908:1_908 
 

35973 1 36288  
(Stop Codon) 

0 

Table 3: Asator-PD putative gene model.  
 
 

Exon ID Acceptor 
Coordinates 

Acceptor Phase Donor 
Coordinates 

Donor Phase 

CDS_FBgn0039908:16_908 
 

22857 
(Methyonine) 

0 22882 2 

CDS_FBgn0039908:15_908 
 

24040 1 24643 0 
 

CDS_FBgn0039908:14_908 
 

25196 0 25561 0 

CDS_FBgn0039908:13_908 
 

26324 0 26713 0 
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CDS_FBgn0039908:12_908 
 

26803 0 27009 0 
 

CDS_FBgn0039908:11_908 
 

27912 0 27980 0 
 

CDS_FBgn0039908:10_908 
 

28666 0 28951 1 
 

CDS_FBgn0039908:9_908 
 

29123 2 29901 0 

CDS_FBgn0039908:8_908 
 

30265 0 30395 2 
 

CDS_FBgn0039908:7_908 
 

32280 1 32424 0 
 

CDS_FBgn0039908:5_908 
 

32852 0 33347 1 
 

CDS_FBgn0039908:3_908 
 

34363 2 35063 
(Stop Codon) 

0 

Table 4: Asator-PE putative gene model. 
 
 
 

Exon ID Acceptor 
Coordinates 

Acceptor Phase Donor 
Coordinates 

Donor Phase 

CDS_FBgn0039908:15_909 24590 
(Methyonine) 

0 24643 0 

CDS_FBgn0039908:14_908 
 

25196 0 25561 0 

CDS_FBgn0039908:13_908 
 

26324 0 26713 0 

CDS_FBgn0039908:12_908 
 

26803 0 27009 0 
 

CDS_FBgn0039908:11_908 
 

27912 0 27980 0 
 

CDS_FBgn0039908:10_908 
 

28666 0 28951 1 
 

CDS_FBgn0039908:9_908 
 

29123 2 29901 0 

CDS_FBgn0039908:8_908 
 

30265 0 30395 2 
 

CDS_FBgn0039908:6_909 
 

32280 1 32481 
(Stop Codon) 

0 

Table 5: Asator-PF putative gene model. 
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Gene Model Checker and Multiple-alignment BLASTX: 
I used the Gene Model Checker program5 to confirm the open reading frame of my 

putative models of each Asator isoform. Gene Model Checker indicated that my models were all 
appropriate. To further confirm the validity of my models, I ran a multiple-alignment BLASTX 
search, aligning the putative model fasta sequences from Gene Model Checker against the Asator 
exons in D. melanogaster. The results indicated that most of the nucleotide sequences from the 
putative model (query) matched to those from D. melanogaster (subject). However, since this 
gene is not well conserved, amino acids 1-70 of the Asator protein in D. melanogaster did not 
align to the putative model sequences. Nevertheless, this lack of conservation between the 
species D. melanogaster and D. grimshawi is expected considering that forty million years have 
passed since the two species last shared a common ancestor8. 
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Figure 6: Sample Multiple-alignment BLASTX results using isoform PD. Similar results were obtained using 
isoforms PE and PF. The query in this case is the translated nucleotide sequence of isoform PD from the 
putative model. The subject corresponds to the annotated amino acid sequence from Asator in D. 
melanogaster. Green boxes enclose highly conserved regions of the gene while red boxes enclose evolutionarily 
divergent regions of the gene. 
 
Dot Plot Analysis: 
 The dot plot of all three isoforms reiterated the point that the Asator gene as a whole was 
not very well conserved, although there were specific regions of the gene that withstood the test 
of time. By comparing the dot plot coordinates for isoform PD with Figure 6, we could see that 
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the solid lines (amino acids 200-500, 800-1000 etc.) on the dot plot corresponded to the regions 
of high quality alignments in Figure 6. In contrast, the regions that were responsible for the 
discontinuity of the plot lines corresponded with regions of low alignment in Figure 6. There also 
appears to be a slight shift in the slope of the dot plot line from amino acid 1001 on, but this can 
be explained by low conservation of particular exon regions. Thus, we can conclude that the 
Asator genes in D. grimshawi and D. melanogaster partially diverged from each other as the two 
species evolved over time.  
 

Figure 7: Dot plot comparison to reference D. melanogaster sequence – isoform PD. The green boxes enclose 
highly conserved regions of the Asator gene. The red boxes enclose evolutionarily divergent regions of the 
Asator gene. Similar analyses were made with the other two isoforms.  
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Figure 8: Dot Plot comparison to reference D. melanogaster sequence – isoform PE.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Dot Plot comparison to reference D. melanogaster sequence – isoform PF.  
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Clustal Analysis 
 
Asator Full Gene Clustal Analysis: 
 To further explore the degree of conservation present in the Asator gene, I performed a 
clustal analysis3 comparing the full amino acid sequences of putative isoform PD with the amino 
acid sequences of Asator orthologs from the species D. melanogaster and D. virilis. The results 
from this clustal analysis again confirmed the fact that some regions of the Asator gene were 
better conserved than others (Figure 10). In particular, the amino acid sequence from 133-535 
from the putative D. grimshawi model depicted high conservation, which was consistent with the 
results of the Dot Plot and BLAST alignments. Finally, we again saw alternating regions of 
conservation and non-conservation in this clustal alignment.  
 The lack of a fourth species in this clustal analysis was due to the fact that the Asator 
gene was only fully annotated for the species D. melanogaster and D. virilis. Since the gene was 
not very well conserved, it was difficult to find Asator orthologs in distantly related organisms. 
Since time did not allow for the annotation of another species, such as D. mojavensis, I used only 
the protein sequences of D. melanogaster and D. virilis when conducting this analysis. 
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Figure 10: Clustal alignments of the Asator sequences from D. virilis, D. grimshawi, and D. melanogaster. 
Green boxes mark the regions of conservation while the red boxes mark the region of discrepancies. 
 
Clustal Analysis of the 3’ UTR Region of Asator: 
 I performed an additional clustal alignment comparing the 3’ UTR regions of the Asator 
gene in the species D. melanogaster, D. grimshawi, and D. virilis. I obtained the 3’ UTR 
sequences of D. melanogaster from its annotated sequences on Flybase2. In addition, I obtained 
the 3’ UTR nucleotide sequences of the other two species by locating the coordinates of their 
stop codons and used the extractseq program4 on the gander website to determine their 
nucleotide sequences 1000bp downstream of the codon. The resulting alignment showed that the 
3’ UTR regions were not very well conserved, as expected because the Asator gene was not well 
conserved as a whole (Figure 11). 
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Figure 11: Clustal alignment of the 3’ UTR nucleotide sequences of the species D. melanogaster, D. grimshawi, 
and D. virilis. 
 
Function of Asator Gene: 
 Based on the studies conducted by Qi et. al.7, the Asator protein targets to spindle fibers 
during mitosis and might play a role in microtubule formation during cell division, making it an 
essential gene. Considering the importance of the gene, it is interesting to note the lack of 
conservation of this gene across the Drosophila genus. One can only theorize that the gradual 
change in the gene sequences did not result in a loss of function of the Asator protein in the 
species D. melanogaster, D. grimshawi and D. virilis. Alternatively, if the function of Asator 
protein was lost in at least one of the species, there might exist other mechanisms of microtubule 
formation during mitosis that somehow balanced out the deleterious mutation. It is also possible 
that losing some domains of the proteins did not affect the function of the protein, and therefore 
only specific sequences of the gene need to be conserved in order for the resulting protein to 
function.  
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Repeat 
 
A repeat analysis was run using repeat masker. The results were summarized in table 6 below. 
Repetitive elements made up approximately 17.04% of the contig. 5 LINEs, 1 LTR, 9 DNA 
elements, 1 satellite, and 1 simple repeat made up the repetitive elements. Of these repetitive 
elements, three were above 500bp in length. They are: DNA transposon/TcMar-Tc1 (1632bp), 
LINE/LOA (909bp), and LINE/LOA (2107bp).  
 

File name Contig15.fasta   
Sequences 1    
Total length 38488 bp (38488 bp excl N/X-runs)  
GC level 35.72%    
Bases 
masked 6558 bp (17.04%)   

  
Number of 
elements 

length 
occupied 

% of 
sequence 

SINEs  0 0 bp  0.00% 
       ALUs 0 0 bp  0.00% 
 MIRs 0 0 bp  0.00% 
LINEs  5 3773 bp 9.80% 
 LINE1 0 0 bp 0.00% 
 LINE2 0 0 bp 0.00% 
 L3/CR1 0 0 bp 0.00% 
LTR elements 1 68 bp 0.18% 
 ERVL 0 0 bp 0.00% 

 
ERVL-
MaLRS 0 0 bp 0.00% 

 ERV_classI 0 0 bp 0.00% 
 ERV_classII 0 0 bp 0.00% 
DNA elements 9 2516 bp 6.54% 
 hAT-Charlie 0 0 bp 0.00% 

 
TcMar-
Tigger 0 0 bp 0.00% 

Unclassified  0 0 bp 0.00% 
Total interspersed repeats: 6356 bp 16.51% 
Small RNA  0 0 bp 0.00% 
Satellites  1 49 bp 0.13% 
Simple 
Repeats   1 153 bp 0.40% 
Low Complexity 0 0 bp 0.00% 

Table 6: A summary of the repetitive elements present in contig15.  
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Synteny 
 
Regions for the Asator gene appear to be syntenic with respect to the surrounding genes, as 
apparent from figure 12. However, one can see that the gene immediately to the left of the Asator 
gene has inverted orientations between species. Nevertheless, correct orientations for genes 
found both upstream and downstream of Asator indicate that it is indeed syntenic to the D. 
melanogaster ortholog. 

  
 
 
Figure 12: Flybase GBrowser view showing synteny of the Asator gene to its D. melanogaster ortholog (bottom 
map).  
 
Conclusion 
 
Contig15 is composed of one feature that corresponds to the complete Asator gene, an essential 
gene responsible for formation of microtubules in mitosis. This gene is syntenic with its D. 
melanogaster ortholog. The putative models that I made for each isoforms of the gene did not 
align with the D. melanogaster sequences fully, and I suspect that this might be due to the fact 
that the Asator gene is not a well-conserved gene. Additional experiments are necessary to 
complete this analysis and expression data are needed to confirm the precise locations of splice 
sites in the putative models.  
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