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Introduction 
Although DNA sequences can now be generated with high efficiency, the process 

of finding features such as genes and repetitive elements within these sequences is much 
slower and laborious.  Fortunately, computational programs such as GENSCAN, Blast, 
and others have been developed to aid in the annotation process, making it less labor 
intensive.  GENSCAN and other basic gene finders can predict features within sequences 
that are possible genes.  These features can then be analyzed using programs like Blast to 
further investigate their function in the sequence (gene, non-gene, pseudogene, etc.). 
  
Pre-Annotation 

Before beginning to annotate ChimpChunk2_2, the repetitive elements were 
masked by using RepeatMasker on the entire sequence.  The –nolow option was specified 
so that low complexity regions would not be masked.  GENSCAN was then used to 
search for regions with possible intron-exon structure in this masked sequence, and four 
features were found.  The first feature, in the region 23bp-7.8kb, was predicted to contain 
three exons encoding a 182 residue polypeptide.  Further analysis suggested that this 
feature is a non-gene.  The second feature predicted by GENSCAN was in the region 
16.6kb-44.8kb and contained four exons thought to encode a 571 residue polypeptide.  
After investigation, it was determined that this feature encoded a region of the gene for 
the chimp ortholog of the human WDR22 protein (accession #: NP_003852).  
GENSCAN predicted a third feature with 3 exons in the 46.3kb-47.8kb region encoding a 
412 residue polypeptide.  This feature appears to be a pseudogene that arose from 
transposition of the DDX18 gene (accession #: NP_006764).  The final feature predicted 
by GENSCAN was located from 53.99kb-116kb.   It was predicted to have eight exons 
encoding a 351 residue polypeptide.  Further analysis showed that this feature, like 
feature 2, encoded a region of the chimp ortholog for the human WDR22 protein 
(accession #: NP_003852). 
 

 
 
 

Feature Exons Position Characterization 

1 3 23bp-7.8kb Non-gene 

2 4 16.6kb-44.8kb Gene (WDR22 ortholog) 

3 3 46.3kb-47.8kb Pseudogene (DDX18) 

4 8 53.99kb-116kb Gene (WDR22 ortholog) 
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Figure 1: 
GENSCAN output of 
RepeatMasked 
ChimpChunk2_2 (text 
version) 
 

Figure 2: 
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Analysis of Feature 1 

Feature 1 was first analyzed using blastp to search the protein database with the 
amino acid sequence predicted by GENSCAN.  Only five alignments were found (see 
Figure 4), none of which had a reliable E value (reliable is around 10^-10 or lower).  
There was only one alignment supported by experimental evidence, which had an E value 
of 1.3 (see Figure 3).  Also, none of the alignments were for the same protein, which is 
suspicious because a real gene would only align with one protein or protein family.  
Futhermore, most of the alignments were with hypothetical proteins.  Therefore, it was 
concluded that feature 1 is a non-gene, a feature that has characteristics of a gene, but 
doesn’t resemble any known protein-coding sequences.  
 

 
 

 

 
  
Analysis of Feature 3 

A search with the amino acid sequence predicted by GENSCAN and the protein 
database using blastp was also used to begin analysis of feature three.  The output showed 
significant alignment of the DDX18 human protein with the amino acid sequence of 
feature 3 predicted by GENSCAN.  Although the alignments had many gaps and 
mismatches, the E values were very low (much lower than 10^-10).  The first alignment 
with experimental evidence had an E value of 1e-135 (see Figure 6).  This suggested that 
feature 3 was not merely a non-gene, but either a gene or pseudogene.  Blastn was then 
used to compare the GENSCAN predicted sequence for feature 3 with the whole 
ChimpChunk2_2 sequence to determine the intron/exon boundaries.  Blat was then used 
to compare the sequence of these individual introns and exons with the human genome.   
All introns and exons had a high percent identity (98.8-100%) with a region on human 
chromosome 14.  However, the human gene to which blastp had aligned this chimp 
amino acid sequence was located on chromosome 2.  This suggests that a transposition of 
this gene, which is actually located on chromosome 2, occurred before human evolved 

Figure 3: A blastp 
alignment for 
feature 1 

Figure 4: All of 
the blastp hits for 
feature1 
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from chimp resulting in a pseudogene on chromosome 14 in both species.  The likelihood 
of this feature encoding a pseudogene was further supported by the Blat results showing 
that the percent identity between the chimp sequence and human genome was relatively 
constant for both introns and exons.  Pseudogenes are often marked by similarity in exon 
and intron divergence because the exons are not under more selective pressure than the 
introns, as is the situation with real genes.  Therefore, feature 3 is very likely a 
pseudogene. 
 
 

 
 

 
 
 
 
Analysis of Features 2 and 4 
 When blastp was used to search with the amino acid sequences of features 2 and 
4, each aligned with different regions of the same protein, human WDR22.  Feature 4 
matched the first part (residues 1-294), and feature 2 aligned with amino acids 306-631.  
These alignments were of very high quality with low E values.  This suggests that these 

Figure 5: First 7 
blastp hits for 
feature 3 

Figure 6: 
Blastp 
alignment for 
feature 3 with 
human DDX18 
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features could either be part of a gene or a pseudogene. For this region to be the ortholog 
of human WDR22, the whole peptide sequence of the protein would have to be encoded 
in the ChimpChunk.  Therefore, the peptide sequence of the human protein was obtained 
from Ensembl and a tblastn was performed to align the peptide sequence of this protein 
with the entire sequence of the chimpchunk.  The output showed that chimp sequence 
aligned with the entire protein except for the absence of 11 amino acids (see Figure 7).  
To determine whether these amino acids were actually missing in the chimp sequence or 
just missed by the Blast program, another tblastn was performed with the missing 11 
amino acids and the whole ChimpChunk.  However, before performing this alignment, 
the expect value was changed from 10 to 100,000 to ensure that such a short sequence, if 
present, would align.  The output showed that the 11 amino acids were present in the 
ChimpChunk (Figure 8).  The initial Blat alignment did not find this short region of 
amino acids because the chimp sequence contains an extra intron between these 11 amino 
acids and the next exon.  The human sequence includes these amino acids in the 
neighboring exon.   

 

 
 

 
 
The alignment of the entire WDR22 peptide sequence with the ChimpChunk2_2 

sequence suggested that features 2 and 4 were a gene, but some questionable areas of the 
alignment prevented this conclusion from being made too soon.  The tblastn output 
comparing the human peptide sequence to the ChimpChunk showed a gap in the 
ChimpChunk sequence between bases 17546 and 17665 (Figure 9).  According to the 
tblastn results, this gap was right in the middle of an exon.  Although this gap could be 
showing a difference between the human and chimp orthologs of this protein, it would be 
unlikely that two organisms so closely related would have orthologs that differed by 40 
amino acids in a row.  To investigate the cause of this gap, the region of the ChimpChunk 
corresponding to the gap was extracted.  The extracted sequence showed that this region 
of the chimp genome hadn’t been sequenced, shown by bases represented with ‘N’ 

Figure 7: tblastn of 
WDR22 peptide sequence 
to ChimpChunk2_2 (the 
“missing 11 amino acids 
are between residues 120 
and 132) 

Figure 8: tblastn 
of “missing” 11 
amino acids to 
ChimpChunk2_2 
sequence 
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(Figure 10).  No further analysis of the gap was needed because the absence of sequence 
would, itself, result in a gap.   

 
 

 
 
The last region to be investigated before there was enough confidence to call this 

a gene was an extra sequence in the ChimpChunk that appeared in the initial blastp 
output of feature 4 (Figure 11).  To determine where this extra sequence was located in 
respect to the peptide sequence, the amino acids flanking the extra sequence were 
mapped to the end and beginning of two neighboring exons in the protein (Figure 12).  
Therefore, this extra sequence appears to come from the intron between those two 
neighboring exons. Two possible explanations for this extra sequence are that 1) an extra 
exon is present in the chimp gene or 2) GENSCAN falsely predicted this as protein 
coding sequence, but it is actually just a part of the chip’s intron that GENSCAN used to 
combine two exons. A tblastn analysis comparing this extra amino acid sequence to the 
human genome showed that the sequence is present in the human intron between the two 
neighboring exons (in the region 50,588,828 - 50,588,685bp).  Further investigation into 
the cause of this extra sequence would involve wet lab experiments to determine whether 
the extra sequence is included in the expressed chimp WDR22 ortholog.   

 
 

 
 

 
 

 
The presence of sequence to code for all regions of the human WDR22 protein in 

the ChimpChunk as well as the high quality alignment strongly support the conclusion 
that features 2 and 4 are a gene encoding the chimp ortholog of WDR22.   Final evidence 
for this conclusion was obtained by using Blat to compare the human WDR22 peptide 
sequence with the human genome.  The only match was the WDR22 protein, itself, 
showing that WDR22 is not part of a protein family.  This result eliminates the possibility 

Figure 9: 
Gap in 
tblastn 
alignmen
t 

Figure 10: Gap is 
result of missing 
sequence 

Figure 11: Extra 
sequence included 
in chimp exon 

Figure 12: Arrow points 
to exon boundary where 
extra sequence was 
predicted in chimp 
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that features 2 and 4 of the ChimpChunk may code for another protein in the same family 
as WDR22 rather than the chimp ortholog of this protein.  Lastly, the human WDR22 
peptide sequence was compared to the chimp genome using Blat.  Two hits resulted from 
this search, one with 99.8% identity and the other with 90.5% identity.  An identity 
greater than 99% is expected for orthologs, supporting that conclusion that this 
ChimpChunk contains the gene encoding the ortholog of the human WDR22 protein.  
The other hit from this Blat search is likely another protein of similar structure.   
 
Repeats 
 

 
 
Begin Pos. End Pos. Repeat Class/Family Element Size 

98124 99122 DNA/MER1_type 999 
 72336 73240 LINE/L1 905 
38806 39694 LINE/L1 889 
89972 90814 LINE/L1 843 
65359 66059 DNA/MER2_type 701 
60876 61543 LINE/L2 668 
66605 67225 LINE/L1 621 
76966 77534 LINE/L1 569 
68380 68939 LTR/ERVL 560 
89444 89970 LINE/L1 527 
64556 65058 DNA/MER2_type 503 

 
 
  

Figure 13 (left): Full 
summary table of repeats 
 
Figure 14 (below): 
Repeats over 500 bp 
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Conclusion 
   

 
 

 

Feature 4 
(Part of 
WDR22) 

Feature 2 (Part 
of WDR22) 

Feature 1 
(non-gene) 

Feature 3 (pseudogene 
of DDX18) 


