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Introduction: 

In this project, the aim is to annotate a region of the Chimpanzee genome and to decide whether 
certain regions are genes or pseudogenes.  Olivia and I were given Chunk 2-7 to analyze.  We began by 
opening the output from Genscan, a computer program that analyzes open reading frames and tries to 
predict putative genes.  In this sequence, Genscan was able to find four predicted peptides, which from 
this point forward, I will refer to as features.  Olivia and I divided the work, so my discussion will 
primarily focus on Features 1 and 2. 
 

 

              *Number of exons differs from Genscan prediction 
Figure 1: Initial Genscan results: Base Predictions, Peptide Sequences, and Map 

Feature Exons Position Characterization 

1 1 6228-
7220 

Pseudogene of 
RBMX2 

2 1* 17553-
18802 

Orthologue of 
SPZ1 
NP_057108 

3 2* 35879-
37033 

Pseudogene of 
Beta actin 

4 3* 40661-
41631 

Pseudogene of 
Keratin-18 

Summary of Predicted Features 
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Repeats: 
There were ten repeats over 500 bp in this sequence that were identified by RepeatMasker: 

Position (bp) 
      Start             End 

Repeat 
Type/Class 

Length 

24478 25863 
28273 29589 
50903 52012 
15325 16186 

5125 5765 
10292 10911 
73781 74395 
11083 11690 
29860 30399 

1330 1839  

LINE/L1 
LTR/ERV1 
LINE/L1 
LINE/L1 
LINE/L1 
LINE/L1 
LTR/ERV1 
LINE/L1 
LTR/ERV1 
LINE/L1  

1385 
1316 
1109 

861 
640 
619 
614 
607 
539 
509  

Table 1: Repeats over 500 bp 
 

 
Table 2: Full Summary Table of Repeats 
 
Summary of Predicted Features: 

Feature 1 is a pseudogene of the X-chromosome linked RNA binding motif protein 2.  Genscan 
predicted it to be only one exon, and the true gene is multiple exons.  The second feature is the orthologue 
to the human spermatogenic leucine zipper 1 protein.  This only pertains to the second exon predicted by 
Genscan, as the first exon was actually determined to be part of Feature 3.  Feature 3 is a pseudogene of 
the beta actin gene, and was annotated as such in humans as well.  Feature 4 is a pseudogene for keratin 
18, which only has three of the exons Genscan predicted.  The final two exons come from anonymous 
ESTs.  Finally, after looking at the Herne viewer of the ESTs, we found one additional region that 
Genscan and RepeatMasker missed that corresponded to the human ribosomal protein L39.  It is also a 
pseudogene.    
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Characterizing Feature 1: 

First, I took the 310 amino acid sequence of Feature 1 from Genscan and ran a protein BLAST 
search in the non-redundant NCBI database.  The results showed that there is an RNA binding domain 
that is conserved.  The highest hit is to an RNA binding motif protein that is X-linked in humans, shown 
in the figure below. 

 

 
Figure 2: BLASTp results for Feature 1 with conserved RNA binding motif  
 

Then I went to the UCSC browser and performed a BLAT search of the sequence in the human 
genome. There is 97.5% ID to a region on chromosome 5, but the second best hit is to the X chromosome, 
hinting that this might be a pseudogene or part of a multigene family. When I clicked on the “details” link 
to see the side-by-side alignment, there were no premature stop codons.  Next, the UCSC browser of the 
Human Genome in this region on chromosome 5, revealed no RefSeq genes, which are likely indicators 
of coding proteins.  Additionally, the two human ESTs (see below) that were in this region both mapped 
better to chromosome X.  This could signify that each is matching better to a functional gene on X than 
this potential pseudogene.    
 

 

 

 
Figure 3: BLAT results and ESTs for Feature 1 
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Another piece of evidence that supports the characterization of Feature 1 as a pseudogene is that 
the region on the X chromosome that contains the real RNA binding motif protein contains multiple 
exons.  Genscan has only predicted one exon for this feature. 
 

 
Figure 4: Entrez Gene record for RBMX2 
 

The strongest evidence though, by far, is that the same region of the Chimp genome is listed in 
Entrez gene as a pseudogene in humans.  Thus, this feature is most likely a Chimp pseudogene as well.   
 

 
 
Figure 5: Entrez Gene record for human pseudogene at corresponding locus to chimp chunk Feature 1 
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Lastly, I tried to estimate the time pseudogene arose by performing a BLAT search of the feature 
against the mouse genome.  There were hits for chromosome 2 and chromosome X.  The best percentage 
hit is on the X chromosome, suggesting better similarity between the pseudogene and the real gene 
instead of pseudogene to pseudogene.   This seems to me that perhaps there has been perhaps a 
transposition of an RNA sequence, but however it arose, this appears to be a pseudogene.    

 

 
Figure 6: Mouse BLAT results for Feature 1 
 

The next question to address is whether the pseudogene on chromosome 5 in chimpanzees and 
humans is orthologous with this region on chromosome 2 in mice or not.  It was important to address this 
question first, and then decide if the region on chromosome 1 in humans and chimps is a pseudogene.  
The Human Net Alignment revealed that the mouse pseudogene is closest to the region on chromosome 1.   
Looking at this in the UCSC browser for the chimp genome reveals that this too is likely to be a 
pseudogene of RBMX2 as well.  Again, all the ESTs on this chromosome 1 in chimp all match better to 
the one on X than they do to the hypothetical gene on 1.  Also, looking over the BLAT hit of the sequence 
on chromosome 1 reveals it is within an intron for the WARS2 gene, which supports it also being a 
pseudogene.  Thus this chimp chunk contains a pseudogene that arose in primates after they diverged 
from rodents, though both lineages also contain an additional pseudogene that arose before the 
divergence.   
 

 
Figure 7: An additional RBMX2 pseudogene is found 
 
 
Characterizing Feature 2: 

After performing a BLASTp search against the nr protein database with the Feature 2 sequence, 
the majority of the hits were to a gene called spermatogenic leucine zipper 1 (see below).  There was also 
a potassium channel domain that was conserved.   
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Figure 8: BLASTp results for Feature 2 with conserved potassium channel domain 
 

Next the sequence was used in a BLAT search against the human genome in the UCSC browser.  
There was only one significant hit that covered the entire region.  This hit was to a region on human 
chromosome 5. 
 

 

 
Figure 9: BLAT results for Feature 2 
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There was a RefSeq gene for SPZ1 that matched to the second exon of the gene.  The Entrez gene 
record for this gene is shown below, and it reveals that this gene consists of a single exon.   

 
Figure 10: Entrez gene record for single exon SPZ1 gene 
 

I then took the protein sequence from the SPZ1 gene and the predicted peptide 2 and used them in 
the same BLAT search against the human genome.  They both mapped to the same region (see below), 
but the predicted peptide sequence noticeably spans 18.7 kb, many times more than the real gene.   

 

 
Figure 11: BLAT results for simultaneous search of Feature 2 and SPZ1 gene 
 
Looking at the Browser, it reveals only a match to the second exon of Feature 2 (Figure 12).  
 

 
Figure 12: UCSC Browser view of simultaneous search, showing overlap 
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Next I wanted to see the exact regions of overlap, so I put both sequences into ClustalW to see 
their alignment with one another.   

 

 

 
 
Figure 13: ClustalW alignment of Feature 2 and SPZ1 and Blast2 sequence showing premature stop 

codon 
 

This shows that Genscan started at the wrong start codon.  Removing this erroneous exon changes 
the percentage matching to above 97%.  This is still lower than expected for orthologous functional 
proteins in humans and chimpanzees, but it is the best candidate for a real gene in the 80kb sequence.  
Genscan also stopped a bit prematurely because of a premature stop codon.   Otherwise the nucleotide 
sequence is still there, and it matches the full length.  I checked this by extracting that region of the chimp 
chunk and running a BLASTx search in the SwissProt database.  This may or may not make the protein 
non-functioning. 

 
The initial exon from Feature 2 was actually found to be part of Feature 3.  This conclusion came 

from ClustalW alignments of the sequences (Figure 14), and BLAST2 alignments.  The BLAST2 
alignments showed all three reading frames having strong alignment to the real human gene (beta-actin), 
suggesting there was a frameshift mutation (Figure 15).  Additionally, when looking at the BLAT results 
from the simultaneous search of both the SPZ1 gene and Feature 2, the spacing of the two exons in 
Feature 2 revealed a smaller exon in the region that far upstream in the human sequence (downstream in 
the Chimp chunk, as the whole region of chromosome 5 in chimps is inverted from humans, Figure 16). 
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Figure 14: ClustalW alignment of two predicted exons to beta actin 
 

This figure shows the alignment of both exons to beta actin, revealing that there is no intron 
between them.  The highlighted region shows the boundary between the best matches of the two exons 
and where they would likely join.  The entire DNA sequence around that exon was extracted and then 
translated, so there are amino acids that extend longer than the predicted exon to show a potential 
frameshift mutation confirmed in the BLAST2 analysis. 
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Figure 15: BLAST2 results showing alignment of two translated exons to beta actin occurring in all three 

reading frames 
 
 

 
Figure 16: Annotated region of human genome shows inverted orientation from chimp  chromosome.  
Arrow points to beta actin pseudogene. 
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Finally, looking in the Herne viewer, there was a region of anonymous ESTs (A), a region with 

ESTs corresponding to human ribosomal protein L39 (red arrow in Figure 16), and a retrotransposable 
element that RepeatMasker had already found.   

 
A     C 

         
Figure 17: A. Anonymous ESTs, B. Region missed by Genscan.  C. ESTs match Ribsomal protein L39 
and retrotransposable element.  Shown on map in Figure 18. 
 
Olivia’s Data: 

Olivia found that Feature 3 and Feature 4 were both pseudogenes that were homologous to 
existing human pseudogenes for beta actin and keratin 18 respectively, on chromosome 5.  She used 
BLASTp to find the best hits to known proteins and then looked at the Entrez Gene database to locate 
them in the human genome.  She found that beta actin is located on chromosome 7 and keratin 18 is 
located on chromosome 12.  Third, BLAT was used to find the best alignment of both predicted genes to 
the entire human genome (not only the conserved domains as in the BLASTp alignment).  This showed 
that both Feature 3 and Feature 4 had over 94% identity to chromosome 5 in humans, which corresponded 
to pseudogenes for beta-actin and keratin 18.  The lack of reference sequences and spliced ESTs in this 
area supports the hypothesis that Feature 3 and Feature 4 are pseudogenes. 
 
 

B 
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Figure 18: Final map of chimp chunk 2-7  

1 

2 3 

4 

5 

1-X-linked RNA binding protein 2 pseudogene  A-LINE1 
2-Orthologue to SPZ1 spermatogenic leucine zipper 1 B-LTR-EVR Class I 
3-Beta-actin pseudogene    C-LINE1 
4-Keratin 18 pseudogene 
5-Human Ribosomal protein L39 pseudogene  

Repeat Exon 
missed by 
Genscan 

B 

C 

A 

Anonymous ESTs 


