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Introduction: 
 
Annotation is the process used to identify the genomic features of a sequence.  This procedure 
identifies putative genes, pseudogenes, and repeats.  Analysis of a given sequence requires use of 
Genscan predictions, expressed sequence tag (EST) evidence, BLAST searches for homology, 
and Repeat Masker to locate the previously listed features.  Jimmy Chang and I annotated project 
2-2 from chimpanzee.   While there is a 98-99% similarity between human and chimpanzee 
protein-coding sequences, it is not a close enough relationship to allow for any accurate 
predictions related to other areas of interest, such as non-protein coding sequences.  Our 
annotation of project 2-2 reveals that it contains one putative functional gene, one pseudogene, 
one miscalled predicted feature, and 34.9% interspersed repeats. 
 
Initial Genscan Results: 
 
Genscan, a program that utilizes only the DNA sequence to predict protein products, identified 
four unique features (Figure 1).  A diagram of the Genscan predictions also depicted the location 
of the exons for each feature (Figure 2).  From our annotation work, we discovered that feature 2 
and 4 are part of the same gene, so I will discuss those two features together after features 1 and 
3.   

 
Figure 1: Predicted features from Genscan 
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Figure 2: Diagram of exons from Genscan predictions 

Feature 1: 
 
First, Jimmy and I wanted to determine if Feature 1 predicted by Genscan actually corresponded 
to a known gene.  A BLASTp search was performed comparing the predicted amino acid 
sequence of feature 1 to a non-redundant protein sequence database from NCBI (Figure 3).  The 
scores, shown in Figure 4, reveal very poor matches to this sequence.  The lowest e-value is 0.66, 
which suggests that the best match is still a very poor match to any known sequences.  In 
addition, the best match is to a non-human sequence.  Knowing that there is a high similarity 
between human and chimpanzee protein-coding sequences immediately suggests that Genscan 
might have incorrectly predicted a gene model for this feature.   
 

Feature 1 

Feature 2 

Feature 3 

Feature 4 
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Figure 3: Black lines from blastp analysis of feature 1 revealed poor matches 

 
Figure 4: Blastp scores for feature 1 

 
A BLAT analysis between feature 1 and the human genome also reveals no Refseq or EST 
evidence for feature 1 (figure 5).  Some non-human EST regions were also compared to feature 
1.  While there were some mouse ESTs identified in feature 1, they did not match the sequence at 
all.  The lack of a strong gene alignment and EST evidence allows us to conclude that feature 1 is 
actually a miscalled prediction by Genscan.   
 

 
Figure 5: BLAT analysis of feature 1 

 
Feature 3:  
 
A BLASTp analysis of the amino acid sequence of feature 3 to the NCBI non-redundant protein 
database reveals a strong match to the DEAD (Asp-Glu-Ala-Asp) box polypeptide 18 (Ddx18).  
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According to our research using the SwissProt database, this is a domain found in humans that is 
a part of an ATP-dependent RNA/DNA helicase.  The e-value score for this match is 2 x 10-138, 
which is a much stronger result compared to the scores from feature 1 (Figure 6). 

 
Figure 6: Blastp analysis of Feature 3 

While the e-value score is very high for the alignment between feature 3 and Ddx18, we wanted 
to determine how much of feature 3 aligned with Ddx18.  The Refseq match NP006764.3 for the 
human Ddx18 gene is 670 amino acids long and has 13 exons (Figure 7).  Looking more closely 
at its alignment with feature 3, we notice that the sequence is only aligned up to 412 amino acids 
(Figure 8). Our match is thus sufficiently shorter and contained less exons than the expected 
number for Ddx18. 

 
Figure 7: Blastp alignment of Ddx18 with Feature 3 

 
Furthermore, there were some other major problems between the third feature and Ddx18.  While 
the BLAT analysis of feature 3 to the human amino acid sequence depicted a strong match to a 
genomic region of chromosome 14, the human Ddx18 gene is actually found on chromosome 2 
(Figure 8).  This discrepancy was discovered with another BLAT analysis for the human Ddx18 
gene’s location in the human amino acid sequence. (Figure 9).  The BLAT percent identity of 
feature 3 to chromosome two is only 90.0%, which was still somewhat high.  It was confusing to 
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observe this high percentage in light of the discrepancy in the location of feature 3 and Ddx18.  
Therefore, further analysis was needed to determine if feature 3 could be a pseudogene.  
 

 
Figure 8: BLAT analysis with feature 3, on chromosome 14 

 

 
Figure 9: BLAT analysis with Ddx18, on chromosome 2 

 
In order to clarify what the differences were between feature 3 and the human Ddx18 gene, a 
BLASTx analysis between our chimpanzee sequence and the human Ddx18 gene sequence was 
conducted (Figure 10). The amino acid at the 47,385th base pair of our sequence is marked as a 
stop codon, which aligned to an amino acid in the middle of the human Ddx18 gene.  This is a 
premature stop codon since the corresponding location (365 amino acid) in the human Ddx18 
gene is in the helicase ATP-binding domain region (Figure 11). This provides sufficient evidence 
to demonstrate that feature 3 actually contains a pseudogene of the human Ddx18 gene.  
 

 
Figure 10: BLASTx analysis of feature 3 
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Figure 11: SwissProt Data on regions of Ddx18 

Feature 2 and 4:  
 
Annotation of features 2 and 4 revealed that they are both part of the same gene ortholog.  The 
BLASTp output for feature 2 includes a top match to a WD repeat domain 22 gene (WDR22), 
which is found in most eukaryotic proteins (Figure 12).  However, there were two exons in 
WDR22 that were not identified in feature 2; after further analysis, we identified the rest of 
WDR22 on feature 4. The WDR22 gene, according to information from the SwissProt database, 
includes a wide variety of functions, including adaptor/regulatory modules in signal transduction, 
pre-mRNA processing, and cytoskeleton assembly.   
 

 
Figure 12: Blastp analysis of feature 2 

 
Next, we analyzed feature 2 with BLAT to discern whether or not the entire human WDR22 gene 
was aligned to this region (Figure 13).  If feature 2 was truly an ortholog to WDR22, we wanted 
to verify that it contained the appropriate number of exons with the correct amino acid 
sequences.  The data reveals that Genscan predicted two separate features for the WDR22 gene, 
which can be observed when comparing the Refseq gene alignment to the Genscan predictions 
for our chimpanzee chunk.  Feature 2 only covers the first part of the WDR22 gene sequence.  
Since Genscan split WDR22 into two predicted features, it was possible that a similar situation 
occurred in our chimpanzee sequence.  One feature mapped extremely well to part of the human 
chromosomal region containing WDR22, so perhaps there was another region in our chimpanzee 
chunk that contained the rest of WDR22.  
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Figure 13: BLAT output of feature 2, WDR22 exon corresponding to a different Genscan prediction (feature 4) 

 
A BLASTx of the chimpanzee amino acid sequence to the protein sequence for the human 
WDR22 domain reveals a strong alignment between feature 2 and two exons of the nine-exon 
gene (Figure 14).  Furthermore, the rest of the WDR22 gene aligns well with our project 2-2 
amino acid sequence, suggesting that we could map the entire WDR22 gene sequence to our 
chimpanzee sequence (Table 1).  Thus, the missing portion was either not predicted by Genscan 
in our chunk or we had not looked at the feature that contained the rest of the gene yet.   
 

 
Figure 14: BLASTx of Chimpanzee chunk 2-2 to Human WDR22 
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Table 1: blastx comparison between chimpanzee chunk 2-2 and human WDR22 

 
Annotation of feature 4 allowed us to almost completely align the WDR22 gene sequence to our 
chimpanzee sequence.  The BLASTp analysis reveals a strong alignment of feature 4 to the 
human WDR22 gene (Figure 15).  Six of the seven sequences of the remaining aligned exons of 
WDR22 are located in feature 4 through a BLASTx analysis (Table 2).  Even though there is still 
one aligned exon that did not correspond to feature 2 or 4, we found a corresponding location for 
it within our chimpanzee sequence in the 38kb region.  This suggested that Genscan did not 
predict a genomic feature in this region, but clearly, our chunk 2-2 contains the complete 
ortholog for the human WDR22 gene. 
 

 
Figure 15: BLASTp analysis for feature 4 

 

 
Table 2: Additional alignments with feature 4 from BLASTx results 
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EST Evidence: 
 
Using the Herne program, a BLASTn analysis of the chimpanzee sequence to the Human EST 
database was performed (Figure 16).  Corresponding EST’s matches all Genscan predictions 
except the predicted exon at 45kb.  This exon actually has EST evidence in the 38kb region, 
which is where the unpredicted exon for WDR22 is located.   Thus, Genscan did predict the last 
exon for WDR22 but in the wrong location on chunk 2-2.  This was the only shift in the exon 
locations when comparing our annotation to the original Genscan predictions. 
 

 

 
Figure 16: Herne display of EST evidence for WDR22 exons  

 
Repeat Masker: 
 
Repeat Masker is a program we utilized to identify any repetitious elements in our chimpanzee 
DNA sequence.  Using the no-low option to prevent unintentional masking of repetitious amino 
acid sequences, Repeat Masker found repeats in 34.9% of the sequence (Figure 17).  Our 
sequence also contains less than 2kb of sequences consisting of N’s or X’s, so there is little 
sequence ambiguity that could have jeopardized the accuracy of the Genscan predictions.  There 
are also four repeats over 500bp in length, all of which were LTR elements.  
 

        Exon 1                              Exon 2    Exon 3   Exon 4   Exon 5       Exon 6   Exon 7   Exon 8     Exon 9 
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Figure 17: Repeat Masker of Project 2-2 

 
Summary: 
 
This project began with four predicted features by Genscan, but not all the predictions proved to 
be correct after further analysis.  Figure 18 provides a summary of our annotation work on 
Chimpanzee Project 2-2.  One feature is a miscall from Genscan and contains no putative gene or 
pseudogene.  We concluded that another feature is a psuedogene of Ddx18, and the last two 
features are actually a part of the same ortholog of WDR22.  Thus, Genscan only correctly 
predicted two of the four features. 
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Figure 18: Annotation Summary 

 
 
 


