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Introduction: 
 
Annotation is the process of analyzing the genomic sequence of an organism.  Besides 
identifying putative protein-coding sequences, pseudogenes, and repeats, annotation also 
considers the synteny of a sequence when compared to another species.  Currently, the Bio4342 
Research Explorations in Genomics class is working on the annotation of the fourth, or dot, 
chromosome of Drosophila grimshawi.  This paper will detail the annotation of one region of 
this dot chromosome, fosmid DGA06H06.  Now known as Contig 1, after the sequence was 
finished, the annotation work gathered on this region will contribute to the overall goal of 
completely finishing and annotating the entire D. grimshawi dot chromosome.  While there were 
initially five predicted features from Genscan, Contig 1 only contains two orthologous genes and 
two partial orthologous genes that my fosmid does not completely contain.  Analysis of adjacent 
fosmids will verify if my annotation work is correct.  In addition, there is an interesting 
duplication in Contig 1 that required some further analysis.  From Repeat Masker, Contig 1 
contains only 1.82% repetitious elements with no significant elements over 500bp.  Finally, 
synteny and Clustal-W analyses are conducted with D. grimshawi’s closest relatives to determine 
conservation of the genes within the fosmid.  Figure 1 displays a summary of the features found 
in Contig 1 after annotation.   
 

 
Figure 1: Annotation results for Contig 1 

 
Initial Predictions from Genscan: 
 
Before beginning the annotation process, I observed the Genscan output for Contig 1 (Figure 2).  
Genscan predicted five features for Contig 1.  From Figure 2, Contig 1 may contain one single-
exon gene, three genes with multiple exons, and a partial ortholog to a fourth gene that is not 
completely covered by this fosmid.   
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Figure 2: Initial Genscan prediction 

 
Analysis Procedure: 
 
Running a BLASTx analysis to compare the nucleotide sequence of Contig 1 to a non-redundant 
protein sequence database reveals strong alignments to several previously annotated features in 
D. melanogaster (Figure 3).  I noticed that the e-value score drops by 50-fold after mXr-PF, 
whose score of 1.4e-142 is already well above the lowest score in the BLASTx results.  This 
allowed me to narrow my analysis to only include the top five genes from BLASTx. The 
truncated list of potential genes from the BLASTx analysis was sufficient to identify all the 
orthologs within Contig 1.  To determine if Contig 1 actually contained an ortholog to any of 
these top matches, I utilized the Gene Record Finder program at http://gep.wustl.edu.  The amino 
acid sequence for each exon was used in a tBLASTn analysis against the nucleotide sequence of 
Contig 1 to discover where it might be located.  All exons from a gene were compared in this 
manner to Contig 1, noting their adjacent locations to each other and open reading frame. It is 
important that the exons are in the correct orientation within Contig 1 in order for an ortholog to 
a D. melanogaster gene to exist.  This method allows me to efficiently annotate each predicted 
feature of Genscan and to discover the other interesting attributes within the fosmid.  In addition, 
the Genome Browser output depicts where specific genes correspond to Contig 1 as well as 
regions of conservation in the nucleotide sequence (Figure 4).   
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Figure 3: BLASTx analysis of Contig 1 using the non-redundant protein database 

  

 
Figure 4: Genome Browser output for entire Contig 1 

 
After accurately locating all the exons available on Contig 1 for a given protein, I again use the 
Genome Browser program for the D. grimshawi dot chromosome in order to locate all splice 
donor and acceptor sites for the introns between the exons.  Checking for open reading frames 
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and splice phases are also needed to correctly record the exon coordinates for a given protein.  
Finally, to verify that all annotation work was done correctly thus far, the Gene Model Checker 
program confirms that the identified features in Contig 1 for a given gene can be correctly used 
for translation.   
 
Annotation: 
 
Feature 1 
 
Feature 1, according to Genscan, was predicted to be a single-exon gene.  However, upon further 
work, Feature 1 is actually orthologous to a part of the gene Nuclear Factor I, NfI.  NfI is a 
protein-coding gene from D. melanogaster that is involved in transcription factor activity.  
Further research into NfI reveals that this gene has only one isoform.  TBLASTn analysis reveals 
that Contig 1 contains only the first three exons of NfI on the reverse strand. Once the regions of 
alignment for each exon were identified, I utilized the Genome Browser program to locate the 
correct splice donor and acceptor sites to flank the ends of the exon.  To do so, the coordinates of 
an exon are located within the Genome Browser output for Contig 1.  The splice donor site 
nucleotides for an exon are “GT” or vice versa on the minus strand.  Since exon 7 of NfI is on the 
minus strand, the “TG” donor site is located at 685bp, a position adjacent to where the tBLASTn 
alignment for the exon ends (Figure 5). 
 

 
Figure 5: Locating the splice donor site “TG” for exon 7 of NfI on the minus strand 

 
The tBLASTn alignment for the adjacent exon 6 begins at 615bp.  The appropriate splice 
acceptor site “GA” site on the minus strand is located at 616-617bp, which defines where exon 6 
starts in Contig 1 (Figure 6).  The splice acceptor site nucleotides for the positive strand are 
“AG.” 
 

 
Figure 6: Locating the splice acceptor site “GA” for exon 6 on NfI on the minus strand 

 
All of the exon coordinates were run through the Gene Model Checker program to ensure that all 
splice sites have been appropriately chosen.  Table 1 records the accurate exon coordinates, open 
reading frame, and percent identity for the three exons of the ortholog NfI that are located in 
Contig 1. 
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Exon Contig 1 location ORF % Identity 

6 615-93bp -1 78% 
7 840-685bp -1 100% 
8 2443-2363bp -3 88% 
Table 1: Exon coordinates for the partial ortholog of NfI 

 
In addition, a dot plot is used to compare the known amino acid sequence of NfI in D. 
melanogaster to the defined amino acid sequence for the exons of NfI present in Contig 1 (Figure 
7).   This comparison reveals a strong similarity between the D. melanogaster and D. grimshawi 
amino acid sequences for exons 6,7, and 8.  This is a significant observation, since it suggests a 
strong conservation of NfI between the two Drosophila species.   
 

 
Figure 7: Dot plot for NfI compared to its ortholog in D. melanogaster 

 
To conclude, Feature 1 is not a single-exon gene, which Genscan predicted. Instead, Feature 1 
contains the first three orthologous exons to NfI, and the adjacent fosmid will need to be 
annotated to determine whether or not the entire ortholog is located in this region. 
   
Feature 2 
 
Beginning with several tBLASTn alignments, Feature 2 is found to be Syt7, a protein-coding 
gene from D. melanogaster that is involved with calcium-dependent phospholipid binding and 
transporter activity.  Biologically, it is also involved in neurotransmitter secretion and various 
forms of transport.  There are six isoforms of Syt7, and all six are contained on the positive 
strand in Contig 1.  The coding region of exon 2 is only two amino acids long, so a tBLASTn 
analysis could not be used to accurately locate it.  Instead, the Genome Browser was used to 
manually locate Exon 2.  This required noting the correct amino acid sequence for the exon as 
well as a corresponding splice acceptor site with the proper canonical nucleotides and correct 
phase.  Exon 2 is found much further downstream compared to the rest of the exons, but the 
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Gene Model Checker program verifies its coordinates as a suitable location for Exon 2.  Table 2 
lists the final exon coordinates for Syt7 in Contig 1 after verification of correct splice sites in the 
Gene Model Checker program.  While the percent identity for exon 8 is low, the Genome 
Browser reveals an open reading frame for this exon that extends to the appropriate length along 
with the corresponding splice donor and acceptor sites.  All six isoforms are also verified in the 
Gene Model Checker program.      

Table 2: Exon coordinates for the ortholog Syt7 in Contig 1 
 

The dot plot of Isoform A, which contains the same transcribed exons as Isoform E and G, 
reveals a strong correlation with the same isoforms of Syt7 in D. melanogaster (Figure 8).  In 
addition, the dot plot of Isoform B, which is the same as Isoform H, also shows a strong 
correlation to its orthologous isoforms in D. melanogaster (Figure 9).  The same results are true 
in the dot plot for isoform F (Figure 10).   The isoforms with the same transcribed exons differ in 
their untranslated regions, which I was unable to analyze in the time given for this annotation 
process.  While most of the Syt7 amino acid sequence is conserved between D. grimshawi and D. 
melanogaster, there is one small gap in the sequence, but there is no change in the location of the 
line.  There are some differences in the amino acid sequence in this region, but the length of the 
entire sequence is still conserved.  This suggests some divergence between the two amino acid 
sequences that has developed over time, which leads to a lack of conservation in one of Syt7.  
However, this divergence has not altered the overall length of the gene.   

               Isoform Type 
Syt7 Exon Contig 1 location ORF % Identity A B E F G H 

10 4886-5046bp +2 96% x x x  x x 
9 5255-5395bp +3 93% x x x  x x 
8 5521-5605bp +2 40% x x x  x x 
7 5783-6070bp +2 99%    x   
7 5768-6070bp +2 99% x x x  x x 
6 6141-6221bp +3 100% x x x x x x 
5 6313-6481bp +1 100% x x x x x x 
4 6583-6623bp +3 100%  x    x 
3 6583-6795bp +3 100% x  x x x  
2 8874-8879bp +3 100%  x    x 
1 6884-6984bp +1 93% x  x x x  
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Figure 8: Dot plot for Syt7 Isoforms A, E, and G compared to D. melanogaster 

 
Figure 9: Dot plot for Syt7 Isoforms B and H compared to D. melanogaster 
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Figure 10: Dot plot for Syt7 Isoform F 

Feature 3 
 
Feature 3 is identified as an ortholog of the gene eukaryotic translation initiation factor 4G, 
eIF4G, after confirmations with tBLASTn alignments of each exon to Contig 1.  Besides its 
involvement with translation initiation activity, eIF4G is also involved in RNA 7-
methylguanosine cap binding and other biological processes.  All three isoforms are found in 
Contig 1 as well, and the Gene Model Checker program verified all splice donor and acceptor 
sites.  Since the different isoforms contain a different order of exons, exon 13 has two different 
splice donor acceptor sites in order to accommodate all isoforms present in Contig 1.  This is 
necessary to maintain the appropriate phases and reading frames.  The exon coordinates for each 
isoform of eIF4G are listed in Table 3.   
 
 
 
 

      Isoform Type 
eIF4G Exon Contig 1 location ORF % Identity A B C 

15 19291-19223bp -3 59% x x x 
14 18772-17955bp -3 43%  x  
13a 17490-16837bp -1 63% x  x 
13b 17509-16837bp -1 63%  x  
12 16763-16556bp -2 26% x x x 
11 16478-16361bp -1 66% x x x 
10 16286-16231bp -3 66% x x x 
9 14319-11879bp -3 79% x x x 
8 11817-11565bp -1 73% x x x 
7 11504-11341bp -1 70% x x x 
6 11264-10781bp -2 55% x x x 
5 10699-10485bp -2 66% x x x 
4 10414-10268bp -3 87% x x x 
3 10202-9974bp -2 77% x x x 



Page 10 

2 9913-9812bp -2 83% x x x 
1 9740-9685bp -1 80% x x x 

Table 3: Exon coordinates for the ortholog eIF4G in Contig 1 
 
The dot plots for Isoform A and B reveal a strong correlation between the D. melanogaster and 
D. grimshawi models (Figure 11 and Figure 12).  Isoform C contains the same coding exons as 
Isoform A, so it was not necessary to add a redundant dot plot to the report.  Thus, the tBLASTn, 
Gene Checker, and dot plot results allow me to confidently conclude that Contig 1 contains all 
three orthologous isoforms to the eIF4G gene. 

 
Figure 11: Dot plot for eIF4G Isoform A 

 
Figure 12: Dot plot for eIF4G Isoform B 
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Feature 4: 
 
While annotating Feature 3, I noticed some significant alignments between the beginning exons 
of eIF4G to the region of Genscan’s predicted Feature 4.  Using tBLASTn analysis to compare 
the eIF4G exons to this region, there are strong secondary alignments for several eIF4G exons in 
Feature 4 (Table 4).      
 

Exon Ortholog Alternate ORF 
15 19291-19223bp 27492-27433bp -1 
14 18772-17955bp 26846-26277bp -3 
13 17490-16837bp 25614-25137bp -1 
11 16478-16361bp 24354-24247bp -1 
10 16286-16222bp 24169-24125bp -3 

Table 4: Alternate exon coordinates for five eIF4G exons 
 
Thus, it seems that Feature 4 contains a partial duplication of eIF4G.  The tBLASTn results for 
exon 15 give a reasonable alignment for the known amino acid sequence to this duplicated 
region (Figure 13).   
 

 
Figure 13: tBLASTn alignment for exon 15 in duplicated region 

 
In addition, inspection of these coordinates in the Genome Browser reveals that exon 15 begins 
with the start codon methionine, suggesting that this exon could be used for translation (Figure 
14).   
 

 
Figure 14: Genome Browser of start codon MET for exon 15 in the duplicated region 

 
However, a comparison of the open reading frames for the orthologous and alternate regions for 
the same exon reveals several frameshift mutations in these alternative locations.  In addition, a 
BLASTx alignment of the exon 14 reveals a premature stop codon (Figure 15).  This suggests 
that the duplication is nonfunctional and could be considered a pseudogene.   
 



Page 12 

 
Figure 15: premature stop codon in alternate exon 14 

 
Furthermore, when I was finishing the sequence for Contig 1, I had great difficulty with a long, 
highly repetitious region in the middle of the fosmid (Figure 16).  Looking back at the Consed 
program’s Assembly View reveals that this highly repetitious region is from approximately 13kb 
to 29kb.  This region of Contig 1 is where the duplication of eIF4G occurs.    
 

 
Figure 16: Consed Assembly View of Contig 1 

 
During the finishing process, these two regions of repetition were not stacked on top of each 
other.  Doing so would create a fosmid that is much shorter than the standard length of 40kb.  To 
discern whether an assembly error has occurred, I also performed a multi-BLAT search to 
observe the similarities between the duplicated and orthologous regions (Figure 17).  It is clear 
that there are too many differences between the two regions to categorize the duplication as a 
result of an assembly error.  In addition, this also allows me to conclude that it was a correct 
decision to insert the duplication after the orthologous region as opposed to aligning the two 
regions together. 
 

 
Figure 17: multi-BLAT search of duplicated and orthologous region of eIF4G 

 
To further support the notion that this duplicated region has become nonfunctional over time, I 
performed a BLASTn analysis to compare Contig 1 with a D. grimshawi EST database.  Figure 



Page 13 

18 shows the EST output from this analysis.  Surprisingly, there are ESTs mapped to both the 
13-18kb and 21-25kb region.   
 

 
Figure 18: BLASTn analysis of eIF4G with D. grimshawi EST database 

 
Since these EST’s come from the same species, the percent identity of the EST’s to each locus 
will allow me to determine which locus the ESTs originally came from.  The percent identities of 
the EST’s in the 21-25kb region are consistently higher than the percent identities of the EST’s 
in the 13-18kb region (Figure 19).  
 

 
Figure 19: percent identity data from BLASTn analysis 

  
EST evidence demonstrates that the duplication of a part of one of the exons of eIF4G may have 
created a whole new exon that is capable of splicing back into the rest of the gene.  If the latter 
half of the sequence is more conserved, then it is plausible to see greater divergence in the 
beginning exons, which would not affect the transcription of eIF4G.  Checking potential splice 
acceptor or donor sites would verify the potential existence of a new isoform for eIF4G.  
However, there are only 20,000 D. grimshawi ESTs available in the NCBI database, so it is not 
possible to draw any strong conclusions based on the lack of evidence at the 13-18kb region.  
While a trend is observed with the available data, it is not enough to propose the existence of a 
new isoform.  Thus, as an initial conclusion to Feature 4, I would propose that a partial 
duplication of eIF4G has occurred.  This duplicated region can also be transcribed.  Thus, from 
the EST evidence available, the results suggest that there may be an additional isoform of eIF4G 
in D. grimshawi that is not annotated in D. melanogaster. 
 
Feature 5:  
 
After tBLASTn alignment analysis, feature 5 is identified as a partial ortholog of the gene 
metabotropic glutamate receptor, mGluRA.  It is involved in G-protein coupled receptor activity, 
glutamate binding, cholesterol binding, and other biological processes.  The tBLAST alignments 
presented an immediate predicament for the location of the exons.  When looking at the 
tBLASTn results, it is noted that the alignment for exon 2 ends at 31860bp (Figure 20).   
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Figure 20: tBLASTn alignment for exon 2 of mGluRA 

 
The tBLAST alignment for exon 3 begins at 31864bp; this only leaves three nucleotides between 
the two exons that must fit the splice donator and acceptor site sequences (Figure 21).  This 
immediately suggested to me that exon 2 and 3 could be annotated as a single exon in its gene 
model in D. grimshawi.   
 

 
Figure 21: tBLAST alignment for exon 3 of mGluRA 

 
Furthermore, when I looked at the Genome Browser output for this region to assess whether a 
splice donor and acceptor site could be located within these three nucleotides, I could not find 
any appropriate nucleotides to label as such (Figure 17).  The Gene Model Checker program also 
confirmed that it is possible to transcribe the partial mGluRA peptide sequence if exon 2 and 3 
are entered as a single exon since the four-nucleotide region does not contain a stop codon.   
 
 

 
Figure 22: Genome Browser of 31860-31864bp region 

 
I then ran a ClustalW analysis comparing the amino acid sequence of mGluRA from D. 
mojavensis and D. virilis to my annotated amino acid sequence from D. grimshawi (Figure 18).  
Although the nucleotide sequence does not align well according to the tBLASTn analysis, the 
ClustalW analysis reveals that this region is entirely conserved.  Therefore, I conclude that this 
partial ortholog of mGluRA contains an exon that has been previously annotated as two exons.  

Exon 2 Exon 3 
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mGluRA exists as only one isoform, so there are no additional isoforms that needed to be 
annotated. 
 

 
Figure 23: ClustalW analysis of mGluRA’s exons 2 and 3 

 
Using the tBLASTn alignments, Genome Browser, and Gene Model Checker program, I am able 
to locate six of the eight exons of mGluRA in Contig 1.  Table 5 lists the exon coordinates for 
those that could be identified in Contig 1.  Verification of this ortholog will require assessing the 
adjacent fosmid for the last two exons of mGluRA.   
 
 
 
 
 

Exon Contig 1 location Length ORF % Identity 
2, 3 31144-32408bp 5-229aa +1 82% 

4 32604-32854bp 1-84aa +1 76% 
5 32927-33054bp 1-35aa +1 94% 
6 33138-33263bp 1-37aa +3 83% 
7 33325-33844bp 1-173aa +1 91% 
8 not in Contig 1    
9 not in Contig 1    

Table 5: exon coordinates for the partial ortholog of mGluRA 
 

Repeat Masker: 
 
From the Repeat Masker program, Contig 1 only contains 1.82% repetitive sequence.  The 
largest fraction of repetitive elements is seen in the LINE category, but none of these elements 
are greater than 500bp.  It is surprising to note such a low percentage of repetitive sequence on 
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the dot chromosome.  The data can be checked via in situ hybridization or perhaps there is a 
problem with the repeat library that the Repeat Masker program used in its analysis.  Figure 19 
shows all Repeat Masker results for Contig 1. 
 

 
Figure 24: Repeat Masker results for Contig 1 

Synteny: 
 
Using the GBrowse program at www.flybase.org, I was able to locate each gene in the D. 
melanogaster genome and discern the orientation and gene order for all the features in Contig 1.  
Coupling of one known gene with another in D. melanogaster allows me to correctly compare 
Contig 1 to what information is available about the directionality and location of these genes.  
From Figure 25, there are similarities and differences between the orthologs and D. 
melanogaster genes.  While eIF4G and mGluRA are in the correct orientation relative to each 
other, an inversion seems to have occurred with NfI and Syt7.  Their relative orientations to each 
other are not correct.  Furthermore, the relative order of all four genes in Contig 1 does not match 
the order in the D. melanogaster genome.   
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Figure 25: Synteny in Contig 1 

 
Clustal-W analysis: 
 
Clustal-W analyses are utilized to assess the conservation of the annotated features in Contig 1 to 
the closest relatives of D. grimshawi.  The predicted peptide sequences for Syt7 in D. mojavensis 
and D. virilis are compared to my annotated sequence from Contig 1.  Figure 21 notes that 
almost all of the sequence is conserved among all three species.  This suggests that my 
annotation work for Syt7 is accurate and that Feature 2 does contain a true functional gene. 
 
 
 



Page 18 

 
 

Figure 26: Clustal-W analysis reveals strong conservation throughout Syt7 
 
I also ran a Clustal-W analysis for eIF4G to determine how well conserved the entire gene is.  
The first third of the analysis reveals some weaker conservation, but the rest of the sequence 
shows stronger conservation (Figure 22).  The poorly conserved region is also where the 
duplication in eIF4G has occurred, which is interesting to note since that could provide some 
evidence for a new isoform for eIF4G in D. gimshawi (Figure 23).   
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Figure 27: Clustal-W analysis of fairly conserved region of eIF4G 
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Figure 28: Clustal-W analysis of the beginning region of eIF4G, not well conserved 

 
Conclusion: 
 
My annotation work on Contig 1 located four orthologous genes and one duplication.  In 
addition, there are no significant repetitive elements within Contig 1.  However, there is further 
work that needs to be done to guarantee that everything has been correctly analyzed.  First, the 
adjacent fosmids must be annotated to see if the rest of  the NfI and mGluRA can be located.  In 
addition, the duplication of eIF4G could be assessed further to discern if potential splice donor 
and acceptor sites can be found that could create a completely transcribed protein.  I am 
confident in my annotation work for Contig 1, and the Clustal-W analyses and Gene Checker 
Model program support my analysis.  All the gene models identified in Contig 1 thus contain 
orthologous genes to previously annotated features from Drosophila melanogaster.   
 
 
 


