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Overview: 
 
Annotation projects involving multiple species of the same genus are important for 
understanding genomic evolution, adaptation, and conserved function.  The Drosophila 
12 Genomes Consortium paper titled, "Evolution of genes and genomes on the 
Drosophila phylogeny" demonstrates the wealth of knowledge that can be drawn from 
comparing annotated genomes.1  This paper is a continuation of the Drosophila 
annotation project and discusses the work in annotating contig 10 of Drosophila 
grimshawi.  The contig spans 28 kb in the D. grimshawi chromosome four.  The initial 
Genscan2 prediction calls for two features.  The identity of Feature One is determined to 
be the beginning portion of the gene eyeless (with six unique exons) and contains the 
three isoforms ey-PA, ey-PC, and ey-PD (refer to Tables 2, 3, and 4 for specifics on exon 
number, location, and length).  ClustalW4 analysis shows that the isoform ey-PD shares 
close alignment between the species D. grimshawi, D. melanogaster, and D. virilis.  An 
additional ClustalW alignment aligning D. grimshawi with the Body Louse, Red Flour 
Beetle, African Clawed Frog, and Human (species names listed on Table 5) shows 
evolutionary differentiation of ey orthologues.  The ClustalW alignment on the 5’ 
untranslated region (UTR) of ey-PA shows no conservation.  A Bl2seq6 analysis shows 
that all exons of ey for each isoform in contig 10 are accounted for.  Further analysis of 
the Genscan predicted feature two and unaligned exon nets no results that indicate a gene 
or coding exon.  There is only a 6.3% occurance of repeats in contig 10 according to 
RepeatMasker5, and only one Line/LOA larger than 0.5 kb (0.892 kb in length).  The ey 
gene is syntenic between the D. grimshawi and D. melanogaster species with the genes 
myoglianin and bt flanking the downstream and upstream regions respectively.  Figure 1 
shows the final gene map of contig 10 and includes the exons present in each of the three 
isoforms and the location of the 0.892 kb repeat.  Table 1 shows information about the 
eyeless gene with respect to contig 10.  The eyeless gene is the master regulator for eye 
formation in all Drosophila species and homologs exist in all animal species examined.   
 
 

Feature # and 
Feature location 

Relative 
orientation 
determined by 
Genscan 

Number 
of unique 
exons in 
contig 

Feature name and 
isoforms present 
 

Flybase ID/ 
Gene accession 
# 

1 (17645- N/A) negative 6 eyeless 
  ey-PA 
 ey-PC 
 ey-PD 

FBpp0088300/ 
Hmm1732033 

Table 1: Final annotation result of eyeless gene with respect to contig 10. 
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Figure 1: The Final Gene Map shows the locations of the exons for each isoform of the ey 
gene.  The arrows indicate the relative orientation of the gene and connect the exons of 
each isoform that make up the gene.  Isoform ey-PA is in blue, ey-PC is in teal, and ey-
PD is in light green.  The repeat region larger than 0.5kb is shown in red.  The purple box 
demonstrates how the third exon for ey-PD is the second for the other two isoforms. 
 
 
Gene:  
 
Initial Genscan Prediction: 
 
Genscan7, a computational ab initio gene finder, predicts that contig 10 contains two 
features, both oriented in the negative direction (Figure 2).  It predicts that feature one 
begins in the 17 kb region and spans beyond contig 10 in the negative direction. Genscan 
predicts this feature to have seven exons.  It predicts that feature two ends in the 19 kb 
region and spans beyond contig 10 in the positive direction. Genscan predicts this feature 
to have two exons.    
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Fig. 2: Initial Genscan predictions predict two features as two independent genes oriented 
in the negative direction. Feature 1 spans the length and beyond the head of the green 
arrow in the negative direction. Feature 2 spans the length of the red arrow and extends 
beyond the back of the arrow in the positive direction (the arrowheads indicate 
orientation). 
 
Initial Gene Browser: 
 
The initial gene browser, which is available at gander.wustl.edu2, shows a Blastx 
alignment between D. gimshawi and D. melanogaster for the gene eyeless (ey), and a 
closer look reveals an alignment to three isoforms of the ey protein: ey-PA, ey-PD, ey-
PD.  Multiple gene finders also shown in the gene browser share many locations of exon 
agreement with the Blastx alignment.  Unlike the Genscan prediction, the Blastx 
alignment only predicts one gene and thus one feature.  One should note that the repeat 
masking program, RepeatMasker, did not mask much of the squence in contig 10.  This 
indicates that there are few repeats in the contig.    
 
 

1 

2 
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Fig. 2: Initial gene browser showing a Blastx alignment of contig 10 to D. melanogaster, results from various gene 
finders, and RepeatMasker results.  
   

Feature 1- eyeless 
 
Gene Record Finder, an online database detailing the transcript and polypeptide details of 
D. melanogaster proteins, shows that ey is on chromosome 4 in D. melanogaster and that 
there are four known isoforms of the gene: ey-PA, ey-PB, ey-PC, and ey-PD (Figure 3).  
As stated above, the Blastx results indicate that the isoforms ey-PA, ey-PC, and ey-PD 
exist in D. grimshawi.  According to the Gene Record Finder transcript details (Figure 4), 
there are eleven possible exons for ey depending on the isoform.  Even at first glance, it 
does not appear that contig 10 contains eleven unique exons.  The Blastx6 result indicates 
three for each isoform, and Genscan predicts seven exons for the feature that aligns with 
the Blastx result (feature 1).  Thus, there is a high possibility that contig 10 contains only 
part of the ey gene.  Further comparison between the genome browser and transcript 
details indicate that it likely contains the beginning of the ey gene based on orientation 
and because the isoforms present appear to have different exons from each other.  The 
transcript details indicate that only the first four exons in ey are variable between 
isoforms, while the remaining seven are in all isoforms.  Additional analysis descussed 
below allows me to conclude that only six unique exons are present in contig 10.  The 
polypeptide details for these are shown in Figure 5.  
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Fig 3: Gene record finder details demonstrating the location, direction and different 
isoform types of ey in D. melanogaster. 

 

 
Fig 4: Gene Record Finder transcript details showing eleven unique exons for ey. 
 

 
Figure 5: Gene Record Finder polypeptide details for the six unique exons for ey 
represented in Contig 10. 
 



Kwong 7 

Finding the ey Start Site: 
 
Looking at the Blast hit summary for isoform ey-PA (Figure 6), one can see that the 
methionine, which indicates the gene start site, exists in the negative frame.  This 
methionine is found to align with the exon that has a 73.17% identity (in lime green) with 
the annotated ey-PA protein of D. melanogaster.  The HSP alignment shows the 
methionine corresponding to the query end site, which is additional evidence that the 
protein is in a negative frame.  The negative orientation also corresponds with the 
Genscan prediction in Figure 2, which also predicts the negative frame.    
 

 
 
Figure 6: The Blast hit summary shows the negative orientation (in red) of ey-PA and 
highlights the location of the subject start site (in green) with respect to the query.  The 
query sequence represents the location in the contig a distance from the arbitrary start site 
and the subject represents the amino acid number for the ey-PA protein.  
  
One feature in Figure 6 to note is the 48.25% percent ID of the exon with query sequence 
bp 2812-3546 (in purple).  A similarly low percent ID was also the case in the Blast 
results for the first and last exons in the isoform ey-PC and ey-PD.  The likely 
explanation for the low percent identity of select exons between D. grimshawi and D. 
melanogaster is the evolutionary divergence of the two species.      
 
A close up view of the ey-PA starting region shows that the methionine is in the location 
predicted by both the Blastx alignment and the gene finders (Figure 7).  A similar method 
of looking at the Blast hit summary and then comparing the Blastx alignment result with 
the gene finder predictions was used to find the start sites for the other isoforms ey-PC 
and ey-PD.  These results are summarized in Tables 3 and 4, respectively.  Since all three 
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isoforms have a negative frame, it is appropriate to reverse the gene browser in order to 
place the gene start sites in the left-hand side (Figure 8). 
 
 

 
Figure 7: A close up on the genome browser showing the methionine start site for ey-PA 
and the agreement between the Blastx alignment and gene finders. 
 
 

 
Fig 8: Reversed gene browser showing the ey start sites on the left-hand side and moving 
in a negative frame.  The blue box represents the first exon for ey-PA and the red box 
indicates Exon 2.  Both are referred to in subsequent sections. 
 
 
Donor and Acceptor Sites: 
 
The donor and acceptor sites of each exon known to be in the isoform of ey in question 
(from the Gene Record Finder shown in Figure 5) were identified to construct a gene 
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model of ey in contig 10.  These sites indicate the beginning and end of the intronic 
regions that separate the exons.  Donor sites have a characteristic GT nucleotide sequence 
and acceptor sites have a characteristic AG sequence.  The criteria is that the 
corresonding donor and acceptor sites have a phase that add up to three or zero.  This is 
the way that the amino acid sequences are conserved from one exon to the next.  There 
are often many possible candidates for donor sites (and sometimes acceptor sites as well).  
One considers all donor sites until the nearest stop codon for that frame.  The best 
candidate is the one that matches the acceptor site with the proper phase and is closest to 
the end of the exon boundary determined by homology.   
 
Consider the exon 1 donating site for isoform ey-PA (blue box in Figure 8 shows this 
exon).  Looking at Figure 6, one can see that this exon, whose query sequence is bp 
17645-17529, has a final exon peptide sequence of HKGKVHS.  Looking at a close-up 
window of the donating site (Figure 9), one can see the peptide sequence corresponding 
with the final exon (blue box).  This observation demonstrates that the phase shift is 1.  
From Figure 6, one can see that the HKG and HS are conserved amino acids (black box).  
Thus, it is likely that either of these regions can signify the end of exon 1.  Figure 9 
shows that the BlastX alignment extends further, indicating that the alignment suggests 
the HS amino acids signify the end of exon 1.  On the other hand, the gene finders predict 
the HKG amino acids to signify the end of exon 1 because their prediction of the exonic 
region ends with the K amino acid.  In this case, it is likely that the gene finders predicted 
correctly because the only possible donating sites are within the region that the Blastx 
alignment predicted as an exon.  The two “GT” nucleotides begin at the bp 17542 (red 
box) region and bp 17536 (green box) region.  The red box GT has a phase of 1 and the 
green box GT has a phase of 0.  Both these locations are candidates for being donor sites.  
One can identify the likely donor site for exon one when one has a strong candidate for 
the acceptor site of exon 2.  
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Figure 9: Exon 1 donating site that shows the possible donators at locations bp 17542 
(red box) and bp 17537 (green box). 
 
Exon 2: 
 
Gene Record Finder indicates that the ey-PA, ey-PC, and ey-PD isoforms all have an 
exon (CDS_CG1464:2_912) not identified by the Blastx alignment (Figure 10 blue box).  
This exon is predicted by the gene finders and its location is shown by the red box on 
Figure 8.  Figure 10 shows the peptide sequence for this exon and its location in D. 
melanogaster.  A closer look at the tBlastn6 text output shows that, based on percent 
identity and location in the contig, this peptide sequence is present in D. grimshawi 
(Figure 11).  This is strong evidence that this exon exists in these isoforms of ey.  This 
exon is the second exon in isoforms ey-PA and ey-PC, but is the third exon in ey-PD as 
shown by the purple box in Figure 1.  This paper will view this exon from the isoform ey-
PA viewpoint and be referred to as exon 2.    
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Figure 10: Exon 2 gene record finder information showing the exon identity (blue box) in 
various isoforms and the polypeptide sequence.  

 
Figure 11: tBlastn text output shows D. grimshawi (subject sequence) has a polypeptide 
coding sequence corresponding to exon 2 of D. melanogaster (query sequence). 
 
The acceptor site in exon 2 is apparent as shown by the red box in Figure 12.  The AG 
nucleotide begins at the bp 10213 location, which is just outside of the entronic region 
predicted by Genscan.  It is the only strong candidate in the region because other AG 
sites are either within the predicted entronic region or a fair number of base pairs away.    
The bp 10213 AG acceptor site has a phase of 2, meaning that it matches with the exon 1 
GT donor site at bp 17542 that has a phase of 1 (Figure 9, red box). Furthermore, as 
shown in Figure 11, there is reasonable conservation in the beginning of exon 2 (reading 
frame 3).  Twelve of the first thirteen amino acid sequences are conserved between D. 
melanogaster and D. grimshawi.  This conservation implies that the exon likely begins at 
an AG acceptor site near this area of conservation.  Thus, one can conclude that the exon 
1 donor site is at bp 17542 and the exon 2 acceptor site is at bp 10213 for ey-PA.   
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Figure 12: exon 2 acceptor +2 phase AG 
 

 
After finding the donor site and the methionine for exon 1, one can hypothesize a query 
exon length for exon 1.  The hypothesized length and query location for exon 1 would be 
bp 17645-17543 because the methionine location is bp 17645 and the entronic region 
ends at bp 17543 because the donor site occurs at bp 17542.  The same technique for 
finding the donor and acceptor sites is used for every consecutive exon pair of each 
isoform.  The gene model for an isoform is created when one can hypothesize the length 
and query location for each exon in the isoform in addition to the isoform start and end 
sites.  The remaining information gathered to create the gene model is compiled in Table 
2 (isoform ey-PA), Table 3 (isoform ey-PD), and Table 4 (isoform ey-PC).  
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Gene Model Tables 
Note: 
-Tables 2,3,4 show the combined Blastx alignment and gene predictor data. 
-All isoforms accepted by gene model checker. 
-In these tables, strong acceptor and donator sites indicate the sites used in the gene 

model, while weak sites indicate the candidates not used in the gene model. 
 
Isoform 1: ey-PA  Fly-Base: FBpp0088300 
 

Exon # Exon ID Query Subject Frame Acceptor/strength/p
hase/location 

Donor/strength
/phase/location  

1 CDS_CG
1464:9_9
12 

17645-
17543 

1-36 -1 Methionine/strong/ 
17645 

GT/strong/+1/
17542 
GT/weak/+2/1
7537 

2 CDS_CG
1464:2_9
12 

10211-
10046 

37-92 -3 AG/strong/+2/1021
3 

GT/strong/+2/
10045 

3 CDS_CG
1464:3_9
12 

7803-
7623 

93-153 -1 AG/strong/+1/7840 
AG/weak/0/7835 
AG/weak/0/7805 

GT/strong/0/76
22 
GT/weak/+1/7
618 
GT/weak/+2/7
587 

4 
4 

CDS_CG
1464:4 
_912 

3537-
2811 

154-372 -3 AG/strong/0/3539 GT/strong/+1/
2810 
GT/strong/+2/
2806 

Table 2 
 
Table 2 Notes: 

-Exon 1 donor site misread by Blastx—gene model predictions net the logical result 
-Exon 2 not shown by Blastx, but predicted by other gene predictors and present in D. 

melanogaster.  The Blastx text output also shows that this exon should exist in this isoform.  
-Exon 3 start site mispredicted by Blastx (at bp7855), predicted correctly by other gene predictors 

(at bp 7802) 
-Exon 4 start site mispredicted by Blastx (at bp 3545), predicted correctly by other gene predictors 

(at bp 3536)   
-Exon 4—gene model checker verifies donor site as bp 2811, but Blastx labels it as bp 2812 
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Isoform 2: ey-PD  Fly-Base: FBpp0099810 
  
 

Exon # Exon ID Query Subject Frame Acceptor/strength
/phase/location 

Donor/strength/phase
/location  

1 
 
 

 
CDS_CG
1464:9_9
12 
 

17645-
17543 

1-36 -1 Methionine/stron
g/ 17645 

GT/strong/+1/17542 
GT/weak/+2/17537 

2 
 

 
CDS_CG
1464:26_
912 

15503-
15309 

37- 97 -3 AG/strong/+2/155
05 

GT/strong/+1/15308 
GT/weak/+2/15304 
GT/weak/+1/15295 
 

3 CDS_CG
1464:2_9
12 

10211-
10046 

98-153 -3 AG/strong/+2/102
13 

GT/strong/+2/10045 

4 CDS_CG
1464:3_9
12 

7803-
7623 

154-214 -1 AG/strong/+1/784
0 
AG/weak/0/7835 
AG/weak/0/7805 

GT/strong/0/7622 
GT/weak/+1/7618 
GT/weak/+2/7587 

5 CDS_CG
1464:4_9
12 

3537-
2811 

215-433 -3 AG/strong/0/3539 GT/strong/+1/2810 
GT/strong/+2/2806 

Table 3 
 
Table 3 Notes:  

-Blastx did not identify exon 1 (CDS_CG1464:9_912), but gene record finder states that the exon 
is present in this isoform of D. melanogaster.  Furthermore, a methionine was not found at the 
start site of exon 2, which provides evidence that exon 1 indeed belongs in this isoform. 

 -Exon 3 not predicted by Blastx, but predicted by other gene predictors and present in D. 
melanogaster.  The Blastx text output also shows that this exon should exist in this isoform.  

-Exon 4 start site mispredicted by Blastx (at bp7855), predicted correctly by other gene predictors 
(at bp 7802) 

-Exon 5 start site mispredicted by Blastx (at bp 3545), predicted correctly by other gene predictors 
(at bp 3536)   

-Exon 5—gene model checker verifies donor site as bp 2811, but Blastx labels it as bp 2812 
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Isoform 3: ey-PC Fly-Base: FBpp0099809 
 

Exon 
ID 

Exon ID Query Subject Frame Acceptor/strength/p
hase/location 

Donor/strength/phase/
location  

1 CDS_C
G1464:1
7_912 

15489-
15309 

1-55 -3 Methionine/strong/ 
15489 

GT/weak/+1/15306 

2 CDS_C
G1464:2
_912 

10211-
10046 

56-111 -3 AG/strong/+2/10213 GT/strong/+2/10045 

3 CDS_C
G1464:3
_912 

7803-
7623 

112-172 -1 AG/strong/+1/7840 
AG/weak/0/7835 
AG/weak/0/7805 

GT/strong/0/7622 
GT/weak/+1/7618 
GT/weak/+2/7587 

4 CDS_C
G1464:4
_912 

3537-
2811 

173-391 -3 AG/strong/0/3539 GT/strong/+1/2810 
GT/strong/+2/2806 

Table 4 
 
Table 4 notes:  

-Exon 1- Blastx predicted methionine location correctly.  Since gene finders overlap multiple 
isoforms in their prediction, cannot identify start site for isoform 3 from gene finder data.  

-Exon 2 not shown by Blastx, but predicted by other gene predictors and present in D. 
melanogaster.  The Blastx text output also shows that this exon should exist in this isoform.  

-Exon 3 start site mispredicted by Blastx (at bp7855), predicted correctly by other gene predictors 
(at bp 7802) 

-Exon 4 start site mispredicted by Blastx (at bp 3545), predicted correctly by other gene predictors 
(at bp 3536)   

-Exon 4—gene model checker verifies donor site as bp 2811, but Blastx labels it as bp 2812 
 
 
 
Final Exon in Contig 10 
 
The final exon in contig 10 (exon 4 for isoforms ey-PA, ey-PC and exon 5 for isoform ey-
PD) likely does not represent the end of the gene since ey has eleven unique exons with 
either eight or nine being expressed (depending on the isoform).  Thus, the ey gene likely 
extends past contig 10.  The final exon, as shown in Figure 13, contains no stop codons 
and two possible splice sites, meaning there is no evidence that translation ends with this 
exon.  However, since there is no information past contig 10, this gene segment may or 
may not be a pseudogene.  There is no evidence suggesting that this is a pseudogene, but 
the possiblity cannot be ruled out without a complete gene model and evidence of 
expression.  Figure 14 shows this final exon’s potential donor sites to the next exon.  The 
two candidates are the GT nucleotide sites at bp 2810 with a phase of  1 (Figure 14, red 
box) and at bp 2806 with a phase of  2 (Figure 14, green box).           
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Figure 13: Query sequence of final exon in Contig 10 shows no stop codons and 
equivalent conservation with other exons. 

 
 

 

 
Figure 14: Final exon candidate donor sites include GT nucleotide regions at bp 2810 
with a phase of  1 (red box) and at bp 2806 with a phase of  2 (green box). 
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Gene Model Checker: 
 
The Gene Model Checker8 is a program used to ensure the proper donor and acceptor 
sites, in addition to the start and ending sites for each exon in an isoform.  Since this 
contig is likely an incomplete gene, the option titled, “Missing 3’ end of translated 
region” was chosen.  Isoforms ey-PA, ey-PC and ey-PD underwent identical scrutiny 
through Gene Model Checker, and each met all the criteria. Figure 15a compares the 
submitted D. grimshawi gene model sequence for isoform ey-PD to the accepted ey-PD 
isoform sequence from D. melanogaster in a dot plot format.  Figure 15b shows the 
amino acid Bl2seq alignment that the dot plot is based upon.  The same colored boxed 
regions correspond to both figures.  Isoform ey-PD is used as the example because it 
contains the greatest number of exons and serves as the best representation for all the 
isoforms.  The dot plot shows the homology between ey-PD of the two species because it 
shows the relative amino acid positions of the isoform.  The straight lines with a constant 
slope show areas of homology between the two species because they represent identical 
amino acids in identical locations.  The red, brown, and pink boxes in Figures 15a and 
15b indicate gaps between the lines and represent nonhomologous regions between the 
species.  This idea is supported by the continuity of the homologous regions shown by the 
equal slope of each line.  The equivalent slopes before and after the gaps indicate 
equivalent gene length in homologous regions and equivalent location and length in 
nonhomologous regions between each species.  Based on the lengths of the solid lines 
and the locations of the gaps, it does not appear that the regions match exon/intron 
boundaries.  Instead, as the Bl2seq of the coding portions of the gene alignment 
demonstrates, the gaps occur in regions of nonhomology.  The blue circle marks the 
approximate end of ey-PD in contig 10 according to the dot plot.  This makes sense 
because the ey-PD segment homologous between the two species in contig 10 is 
approximately 383 amino acids in length.   
 The green square designates a shift in the dot plot where the accepted D. 
melanogaster ey-PD sequence is aligned with an equivalent length D. grimshawi 
sequence, but the "poly-Q" nature of the D. grimshawi sequence causes it to match at 
multiple locations.  Looking at the green box in Figure 15b, one will note that while the 
amino acid length is conserved, there is a "poly-Q" string of amino acids in the 356-375 
region of the D. grimshawi sequence (the query).  This corresponds to the length of the 
shift in the dot plot with respect to the y-axis (D. grimshawi).  With respect to the dot plot 
x-axis (D. melanogaster), the shift occurs in a short location near amino acid 350.  In 
Figure 15b, this corresponds to the three Q alignment between the two species (353-355 
with respect to D. melanogaster and 373-375 with respect to D. grimshawi).  Thus, it is 
likely that the shift is due to the "poly-Q" string of the D.grimshawi amino acid sequence 
repeatidly matching with the three Q amino acids that align between the two species 
according to BLAST results.  This explains the vertical nature of the shift.  The multiple 
alignment idea is further supported by the observation that there is a gap in the D. 
melanogaster axis just before this shift.  The gap represents the amino acids in D. 
melanogaster that are not aligned with D. grimshawi according to the dot plot.  The 
amino acids 336-349 with respect to D. melanogaster are unaligned and is the gap 
location.  Other isoforms also provided dot plots.  Peptide sequences and transcript 
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sequences were derived from all three isoforms through Gene Model Checker.  These dot 
plots and sequences are available in the appendix. 
 
 

 
Figure 15a: Dot plot comparing the submitted D. grimshawi gene model sequence for 
isoform ey-PD to the accepted ey-PD isoform sequence from  D. melanogaster.  The red, 
brown, and pink rectangles show the gaps between homologous regions represented by 
the straight line.  They represent the nonhomologous regions marked in Figure 15b.  The 
blue circle indicates the end of ey-PD in contig 10 near the 383 amino acid mark (with 
respect to query).  The green square indicates the shift due to the "poly-Q" string shown.  
All colors and shapes match the Bl2seq alignment in Figure 15b.  
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Figure 15b: : This Bl2seq alignment compares the submitted D. grimshawi gene model 
sequence (query) for isoform ey-PD to the accepted ey-PD isoform sequence from  D. 
melanogaster (subject).  The red, brown, and pink rectangles show the amino acid gaps 
between homologous regions.  The blue circle indicates the end of ey-PD in contig 10 
near the 383 amino acid mark (with respect to query).  The green square indicates the 
"poly-Q" string that leads to the vertical shift observed in the dot plot.  All colors and 
shapes match the dot plot in Figure 15a. 
 
 
ClustalW Analysis:  
 
ey-PD ClustalW 
 
ClustalW4 is a multiple alignment program that gauges the amount of evolutionary 
divergence between sequences of multiple species.  A ClustalW alignment was done for 
the polypeptide sequence of isoform ey-PD between the species D. grimshawi, D. 
melanogaster, and D. virilis.  D. mojavensis was not included because the ey-PD isoform 
could not be obtained.  The ey-PD isoform was chosen because it represents the greatest 
number of exons in the ey protein.  Figure 17 shows a high and consistent alignment 
score between the three Drosophila species.  This is good evidence that ey is a well-
conserved gene.  Figure 18 shows the alignment between the three Drosophila species 
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and supports the contention that ey is a well-conserved gene.  The D. virilis sequence 
used is the orthologous isoform to ey-PD in D. grimshawi according to the GEP D. virilis 
annotations (http://gander.wustl.edu/~wilson/bio4342/dvirgenes/).  A bl2seq confirms 
that the D. mojavensis sequence is orthologous to ey-PD in D. virilis.  Lastly, Figure 19 
shows a cladogram that indicates the predicted lineage of the species based on the 
alignment scores for the ey-PD isoform.  Since there are only three closely aligned 
species derived from three Drosophila species, this ClustalW alignment and the resulting 
cladogram is not very informative. 
  
 

 
Figure 17: ClustalW Shows a high and consistent alignment score between the three 
Drosophila species.  This is good evidence that ey is a well-conserved gene. 
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Figure 18: Alignment window between the three Drosophila species showing ey as a 
well-conserved gene.   
 

 
Figure 19:  The cladogram indicates the predicted lineage of the species based on the 
alignment scores for the ey-PD isoform. 
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Broader ClustalW analysis on ey-PA 
 
Since the ClustalW alignment comparing the three Drosophila species showed such a 
high degree of alignment that it is difficult to distinguish the evolutionary deviation 
between species for ey-PD, I chose four additional more distantly related species to 
preform a broader ClustalW alignment on against ey-PA.  They are organized into Table 
5 (does not include D. grimshawi).  Three of these species have the ortholog to ey named 
"paired box protein" Pax-6.  This was found to be the ortholog for these species through 
the high alignment scores produced in a Blastn search of ey-PA.   
 

Common 
Name 

Species  Blast ID Ortholog to ey 

Body Louse Pediculus 
humanus corporis 

gi|242009926|ref|XP_002425733.1| Paired box 
protein Pax-6 

Red Flour 
Beetle 

Tribolium 
castaneum 

gi|160333791|ref|NP_001103907.1| ey 

African 
Clawed Frog 

Xenopus laevis gi|288557282|ref|NP_001165666.1| Paired box 
protein Pax-6 

Human Homo Sapiens gi|4505615|ref|NP_000271.1| Paired box 
protein Pax-6 

Table 5: Species in addition to D. grimshawi used in the broader ClustalW analysis 
 
Figure 20 depicts the ClustalW alignment scores table, which shows the quality of 
alignment between amino acid sequences of the five species.  The alignment scores make 
sense with the expected divergence between evolutionarily disimilar versus more similar 
species.  For example, the red box in Figure 20 indicates a poor alignment between the 
evolutionarily distant species D. grimshawi and Human.  On the other hand, the green 
box indicates a high alignment score between the more closely related Frog and Human 
species.  These scores demonstrate the evolutionary divergence of ey orthologues better 
than the three Drosophila alignment because there is a wider gradient of alignment 
scores.  Thus, one can differentiate locations within the ey orthologues that have heavily 
diverged from those that have moderately divereged or have been conserved. 
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Figure 20: ClustalW alignment scores table depicting ey ortholog amino acid length and 
scores.  The red box indicates a poor alignment between the evolutionarily distant species 
D. grimshawi and Human.  The green box indicates a high alignment score between the 
more closely related Frog and Human species. 
 
Looking at the ClustalW multiple alignment map (Figure 21), one can observe the 
specific locations of amino acid divergence and conservation between species.  One 
should note the region of complete alignment between the five species represented by the 
long consecutive rows of stars underneath the alignment.  Considering the evolutionary 
distance between many of these species (ie., Human and D. grimshawi), such alignment 
shows the importance of the ey ortholog in organismal survival and fitness.  Furthermore, 
one can argue that due to such conservation in the aligned portion, this specific amino 
acid sequence is essential to all species evolutionarily proximal to the five considered.  
The less conserved portions of the map shows the locations that some species deviate in 
sequence from others and gives clues to the evolutionary divergence of  ey orthologues.  
For example, the black arrows indicate regions within or near the completely aligned 
region where the Frog and Human align separately from the Beetle, Louse, and D. 
grimshawi.  These positions could indicate areas that create divergence in the ey ortholog.  
The green arrows indicate regions near the completely aligned area where D. grimshawi 
is the only nonaligning species.  Like the black arrow marked regions, these regions have 
flexibility in amino acid identity and also show the divergence between D. grimshawi and 
the four other species.  The red box shows a region where the Frog, Human, and Beetle 
are the only aligning species and the blue box shows regions where the Frog and Human 
are the only aligning species.  These areas demonstrate divergence of a portion of the ey 
orthologue gene.  It is likely that such regions are responsible for the differences in ey 
orthologue function between species.  Lastly, Figure 22 shows the cladogram derived 
from the ey orthologue alignment.    
  



Kwong 24 

 
Figure 21: ClustalW analysis depicting the alignment between the African Clawed Frog, 
the Human, the Red Flour Beetle, the Body Louse, and D. grimshawi.  The stars indicate 
the region of alignment between the five species.  The black arrows indicate regions 
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within or near the completely aligned region where the Frog and Human align separately 
from the Beetle, Louse, and D. grimshawi.  The green arrows indicate regions near the 
completely aligned area where D. grimshawi is the only nonaligning species.  The red 
box shows a region where the Frog, Human, and Beetle are the only aligning species.  
The blue box shows regions where the Frog and Human are the only aligning species.     
 
 

 
Fig. 22: The cladogram indicates the predicted lineage of five species based on the 
alignment scores for the ey orthologues. 
 
 
 
UTR ClustalW 
 
A second ClustalW alignment was preformed by aligning the nucleotide sequence of the 
5’ untranslated region of ey-PA.  The four species D. grimshawi, D. melanogaster, D. 
virilis, and D. mojavensis were used in the alignment.  Figure 23 demonstrates the low 
alignment score produced from the nucleotide sequence alignment.  This is expected 
because the untranslated region is likely not functional and thus not evolutionarily 
conserved.  The alignment map (Figure 24) demonstrates a similar conclusion since there 
are very sparse locations of universal alignment.  Furthermore, since this a nucleotide 
rather than amino acid alignment, it is likely that the aligning areas are due to chance 
alone.  One can further note the alignment of the last five bases that include the ATG 
nucleotide sequence and the beginning of exon 1. 
 

 
Figure 23:ClustalW Alignment score table for ey-PA 5’ untranslated region.  A low 
alignment score indicating weak conservation was observed. 
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Figure 24: Nucleotide ClustalW alignment on the 5’ untranslated region of ey-PA 
showing sparse alignment (the last five base pairs are the beginning of exon 1). 
 
 
 
Bl2seq Alignment Analysis against D. melanogaster 
 
A Bl2seq6 analysis of each D. grimshawi isoform against D. melanogaster shows 
complete query coverage (Figure 25).  This indicates that the gene models proposed 
incorporate all the exons in the portion of ey that is in contig 10.  The alignment map in 
Figure 26 shows a 62% identity for isoform ey-PD.  This mediocre identity is expected 
considering the evolutionary divergence between D. grimshawi and D. melanogaster 
contrasted with the common genus between the species.  
 

 

 

 
Figure 25: Bl2seq result showing 100% query coverage for all three isoforms between D. 
grimshawi and D. melanogaster.  Amino acid sequences were used in the search.    
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Figure 26: Bl2seq alignment of isoform ey-PD between D. grimshawi and D. 
melanogaster.  The percent identity and percent positives are expected from such 
distantly related Drosophila species.   
 
 
Feature 2 and Unaligned Genscan Exon 
 
Feature 2, shown in the red box in Figure 27,  was predicted by Genscan to be oriented in 
the negative direction, end in the 19 kb region, and originate from past the positive end of 
contig 10.  However, feature 2’s existance was immediately cast into doubt since neither 
the Blastx alignment or any of the gene predictors had exons in these locations.  Further 
analysis of the feature included both a Blastn and Blastp search of the nucleotide and 
amino acid sequences used by Genscan (Figure 29).  The Blastn of the nucleotide 
sequence with the NCBI database produced no hits and the Blastp search produced only 
the results shown in Figure 30.  These hits have high e-values and are not proteins 
belonging to the Drosophila species.  Thus, the second feature predicted by Genscan is a 
miscall.  Furthermore, one exon predicted to be part of the ey assembly (shown by the 
blue box in Figure 27) does not align with the Blastx alignment or any of the other gene 
predictors.  A Blastn search of the exported nucleotide sequence from this region 
produced no significant alignment results.  Thus, this unaligned exon is likely a miscall 
by Genscan.  
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Figure 27: Browser view showing the Genscan predicted feature 2 (red box) and 
unaligned exon (blue box).  Further analysis shows that both are miscalls by Genscan. 

 
 

 
Figure 29: The peptide and nucleotide sequences called by Genscan for feature 2. 
 

 
Figure 30: The Blastp alignment with the Genscan predicted peptide sequence.  All 
matches have high e-values and are not proteins found in Drosophila. 
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RepeatMasker 
 
RepeatMasker5 is a program that identifies and masks nucleotide repeats.  It masked only 
6.30% of bases in contig 10, indicating a sparse population of repeats in this region 
(Figure: 31). Figure 32 shows the text output of the repeats masked by RepeatMasker.  
Most are short and less than 0.5 kb. Only the Line/LOA repeat that matches with 
Baggins1 (boxed in red) is greater than 0.5 kb (0.892kb).     
 

 
Figure 31: List of masked repeats by RepeatMasker.  It masked 6.3% of bases in contig 
10, which indicates sparse repeats in the contig. 
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Figure 32: Text output of all repeats in Contig 10 masked by RepeatMasker.  Only the 
Line/LOA repeat that matches with Baggins1 is greater than 0.5 kb ( 0.892kb). 
 
 
Synteny 
 
As shown in Figure 33, the ey gene resides in chromosome 4 of both D. melanogaster 
and D. grimshawi. It exists in essentially the same location, at a similar length, and at the 
same relative orientation in both species.  The same genes that flank ey also exist between 
the two species.  The gene bt flanks ey in the upstream location and the gene myoglianin 
flanks ey in the downstream location.  The relative orientation and length of these genes 
are also largely conserved.  Thus, ey is syntenic between the two species.  This is further 
evidence that this gene is well-conserved.  An interesting side-note is that two genes 
downstream of ey, slip1 and CG11360, seem to be inverted between D. melanogaster and 
D. grimshawi.  This indicates an inversion event just downstream of the ey gene.  
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Figure 33: Flybase3 output that shows the ey gene at the same location, at a similar length, and at the same orientation 
in both D. melanogaster and D. grimshawi.  The flanking genes myoglianin and bt are also the same between the two 
species.  This indicates that ey is syntenic between these two species. 

 
 
Additional Work:   
 
Contig 10 is largely annotated because the 3 isoforms of eyeless all have a verifiable gene 
model and most descripancies in the contig have been resolved.  However, since contig 
10 only contains the first six unique exons of ey, it would be wise to look at adjacent 
contigs for the remainder of the gene.  This is especially true because there is no stop 
codon and two possible splice sites on the last exon of all three isoforms in this contig.  It 
is likely that translation continues to the adjacent contig, but there is also no proof that 
this portion of ey is not a part of a pseudogene.  Thus, looking at the adjacent contig in 
the negative direction (likely contig 9) would allow one to verify the entirety of the 
eyeless gene.  One should note however, that analysis of neither contig 9 or contig 11 
show any mention of the eyeless gene.9 
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Conclusion  
 
Contig 10 of the D. grimshawi genome contains the beginning exons of isoforms ey-PA, 
ey-PC, and ey-PD of the eyeless gene (Refer to Tables 2, 3, and 4 for specifics on exon 
number, location, and length).  A gene model was successfully constructed for all three 
isoforms.  Isoform ey-PA of this gene shares close alignment between the species D. 
grimshawi, D. melanogaster, D. virilis, and D. mojavensis.  Information about the 
evolution of the eyeless orthologues can be derived from a broader alignment.  
Untranslated regions of ey are much less conserved.  Feature 2 and the unaligned exon 
(Figure 27) predicted by Genscan are likely mispredictions.  There is only a 6.3% 
occurance of repeats in contig 10 according to RepeatMasker and one LINE/LOA 
element greater than 0.5 kb (0.892 kb).  The ey gene was found to be syntenic between D. 
grimshawi and D. melanogaster, with the flanking genes being bt and myoglianin in both 
cases.  As shown by Figure 34, the eyeless gene present in this region is largely annotated 
and contig 10 annotation can be considered complete except for the additional work 
described above.  
 

 
 
Figure 34: The Final Gene Map shows the locations of the exons for each isoform of the 
ey gene.  The arrows indicate the relative orientation of the gene and connects the exons 
of each isoform that make up the gene.  Isoform ey-PA is in blue, ey-PC is in teal, and ey-
PD is in yellow.  The repeat region larger than 0.5kb is shown in red. 
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For information on raw nucleotide data, Gene Model Checker outputs, ClustalW 
inputs, etc. contact Wilson Leung for the D. grimshawi Contig 10 Annotation Report 
Appendix. 
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