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Annotation of Chimp Chunk 2-7

Introduction:
My partner, Michelle Miller, and I have annotated Chimp Chunk 2-7 in preparation for
annotating a segment of the Drosophila mohavensis genome. We were given GENSCAN (tool
that predicts the location of genes in a given sequence) output for our Chimp Chunk. In order to
discover the true identity of the genes predicted by GENSCAN, we analyzed a series of sequence
alignments using BLAST (Basic Local Alignment Search Tool), BLAT (BLAST – Like
Alignment Tool) and ClustalW (a multiple sequence alignment program).

Fig 1: GENSCANW Output for Chimp Chunk 2-7

Fig 2: Initial GENSCAN Gene Map
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Results:
Predicted gene
number

Location in Chimp (bp)

Number of exons
predicted

1

6288-8932

1

2

3

4

10182-36147

36292-37603

40034-77992

3 estimated by
GENSCAN, but
in reality 2
exons.
Explained later
1 estimated by
GENSCAN, but
in reality 2
exons.
Explained later
5

Type of feature and related
function
Pseudogene: RNA binding
motif---X-linked
Gene ortholog: spermatogenic
leucine zipper 1 gene
Pseudogene: beta-actin.
Structural support for the cell
and key player in muscular
contraction
Pseudogene: keratin18.
Keratin is a high sulfur matrix
protein used in feathers
scales, hair, nails, etc.

Table 1: Genes Predicted by GENSCAN
Summary of Predicted Gene 1 and 2:
My partner, Michelle Miller, analyzed the first two predicted genes. She found that predicted
gene 1 is a pseudogene of the RNA binding motif, X-linked 2 gene. Evidence for this was
gathered from BLASTp, BLAT to both humans and mice, and ESTs in the region. Another
strong indication supporting the hypothesis that this is a pseudogene in humans came from the
annotation on the Entrez Gene web data base. This information increases our confidence in the
liklihood that this is also a pseudogene in chimpanzees. Finally, this pseudogene arose after
rodents and primates diverged.
The second feature is the orthologue to the human spermatogenic leucine zipper 1 gene.
Evidence for this came from BLASTp, BLAT, and ESTs in the region. The strongest supporting
evidence came from the annotation on the Entrez Gene web data base. This gene is one exon
shorter than the predicted Feature 2 peptide sequence, as shown by Clustal W analysis, and
further evidence was gathered to show that the erroneous exon actually belongs to the beta-actin
pseudogene.
Methods for Predicted Gene 3:
After the initial analysis of the GENSCAN output, we already believe that predicted gene 1 (pg1) and predicted gene 3 (pg-3) are probably not real functional genes, because they are predicted
to only have one exon. “Only about 7% of known human genes have a single exon” (Chimp
BAC analysis). Considering that chimps and humans have 98-99% gene similarity, it is expected
that this statistic holds true for chimps as well.
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I began by identifying possible orthologs of pg-3 by using the BLASTp tool to align my amino
acid sequence from pg-3 (Fig 3) against the conserved domain data-base. The BLASTp
predicted that pg-3 is a gene belonging to the actin family. After reviewing the full BLASTp
report I found that the human reference sequence that had the highest e-value (Fig 4) for the
alignment was a beta actin reference (NCBI accession number: NP_001092.1). Human beta
actin is a 375 amino acid protein, while pg-3 only contains 219 amino acids. In addition, there is
only an 84% positives1 identity; for a functional gene I would expect around a 97%-99%
positives match since humans and chimps have 98% similar DNA in coding regions. There is
enough similarity between pg-3 and human beta actin to believe that pg-3 is more than a random
open reading frame that happened to have some similarity. Yet, the similarity is not strong
enough to be a functional beta actin gene. This leads me to believe that pg-3 is a pseudogene of
beta actin, but at this point, more evidence is needed.

Fig 3: Amino Acid Sequence of Predicted Gene 3

Fig 4: BLASTp Alignment: Chimp pg-3 vs. Human Beta Actin
Looking at the PubMed article on beta actin, I found that the gene for human beta actin is located
on chromosome 7 (specifically 5536747-553312) and has six exons, while pg-3 only has one
exon.
Next, I used the BLAT tool to align pg-3 with the human genome, using the most current version
available (March 2006). The results (Fig 5) showed that the highest identity match (95%) was to
a segment on chromosome 5 (79631256 - 79631912). There was also a match to chromosome 7
listed, but the identity was only 80.5%. This was expected since the identity given by the
BLASTp results was only 84%. Opening the browser for the chromosome 5 match (Fig 6), I
found that there were no reference sequence genes nor any spliced human ESTs. Finding a
reference sequence would have meant that there was a gene in that location that had been found
previously. Finding some ESTs would have meant that there was mRNA transcription
previously found in the area. Finding neither gave me more confidence that pg-3 is a
pseudogene. I decided to also look at the browser for the chromosome 7 match (Fig 7). It shows
5 exons with reference sequences and many EST matches, as would be expected from a
functional beta actin gene.
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Fig 5: Top Portion of BLAT Results: query = pg-3; database = human genome

Fig 6: BLAT Browser Chromosome 5

Fig 7: BLAT Browser Chromosome 7
Knowing that a pseudogene for human beta actin may have been previously annotated, I
searched the NCBI data-base for an entry for humans on chomosome 5 between base 79631256
and base 79631912. I found an entry for a cytoplasmic beta-actin pseudogene [Homo sapien]
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(Fig 8 and Fig 9) with a pseudogene located at 79634422-79631253 and having 2 exons. This
was almost exactly the location found by the BLAT search results, which increased my
confidence that pg-3 is a pseudogene. Yet, why was there a discrepancy in the number of exons
that made up the pseudogene? I was informed by my partner, Michelle that the last exon in pg-2
actually belonged to pg-3. GENSCAN predicted that the third exon in pg-2 is in the negative
orientation. Yet, when I aligned the third exon to the human genome using BLAT, I found that it
aligns to beta actin in the positive orientation. This matches the rest of pg-3, which is also in the
positive orientation. That information solved the discrepancy and allowed me to make the final
conclusion that pg-3 is in-fact a pseudogene in chimps homologous to the pseudogene in humans
located on chromosome 7 at 79634422-79631253.

Fig 8: NCBI entry for beta-actin pseudogene

Fig 9: Human Beta-Actin Pseudogene
Having identified pg-3, I wanted to find out whether the pseudogene had evolved before or after
the evolutionary divergence of rodents and primates. I did not initially know which chromosome
in mice a beta-actin pseudogene would be located on. To find this information, I retrieved the
FASTA formatted protein sequence of the human beta-actin pseudogene and aligned it to the
mouse genome using BLAT with the mouse net feature on. Looking at the detailed Mouse Net
output I found that chromosome 5 in humans is syntenic to chromosome 5 in mice. For this
reason, I was expecting to find that if the pseudogene existed in mice, it would be on
chromosome 5.
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Fig 10: Mouse Net Data
My next step was to use BLAT to align both pg-3 and a modified version of pg-3 to the most
recent version of the mouse genome (July 2007) available. The modified pg-3 is the original
amino acid sequence of pg-3 given by GENSCAN, with the last exon of pg-2 attached to the
front in order to complete the beta-actin pseudogene. The BLAT results for both had the best
match to chromosome 13 in mouse. The original pg-3 has an 81% identity and the modified pg3 (mpg-3) has an 82% identity to a segment of mouse chromosome 13. This confirmed again
that the end of pg-2 really did belong in pg-3, but it was strange that the best identity between
pg-3 and mice was on chromosome 13 instead of chromosome 5. Interestingly, the alignment of
the human beta-actin and mouse genome showed a 100% identity on chromosome 5 as well as
many supporting EST matches. While I’m not sure why or how this happened, it seem as though
there is potential that this could be the beta-actin pseudogene or another related peudogene is
present in mice as well as primates. Therefore, the evolution of the beta-actin pseudogene likely
occurred before the branching of rodents and primates.

Fig 11: BLAT Results of pg-3 vs. Mouse Genome

Fig 12: BLAT Results of Modified pg-3 vs. Mouse Genome
Methods for predicted gene 4:
The methods used to annotate pg-4 and the issues that arose were very similar to those of pg-3. I
started with a BLASTp alignment of pg-4 (Fig 13) to the conserved domain data-base. BLASTp
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predicted that pg-4 was a gene in the Filament family. Looking at the full results we see that the
best human reference sequence match (Fig 14 and Fig 15) corresponds to keratin 18 (NCBI
accession number NP_000215.1). From the BLASTp data, I noted that the keratin 18 amino acid
sequence has 430 residues, while pg-4 has 451 residues. This may be the result of a mistake
made by GENSCAN, over-predicting the size of the gene. I also observed that there is only a
64% positives identity between pg-4 and keratin 18. From this information, it is unlikely that pg4 is a functional keratin gene in chimps.

Fig 13: Amino Acid Sequence of Predicted Gene 4

Fig 14: Blast Match of Predicted Gene 4 to the Non-redundant Database

Fig 15: predicted gene 4 vs. Keratin 18; query = human keratin 18; subject = pg-4. Keratin 18
only aligned to the latter half of pg-4 in all alignments. Further BLAST analysis of the first 113
amino acids using a lower expect value are needed to determine its identity.
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Checking the PubMed entry for human Keratin 18 (KRT18), I found that there are two isoforms
of the gene, one containing 7 exons and one containing 8 exons (Fig 16); pg-4 only has 5 exons.
KRT18 is located on chromosome 12 (51628922 – 51632952).

Fig 16: Map of Human Keratin 18
BLAT was the next alignment tool that I used to match pg-4 to the human genome. The results
(Fig 17) showed a 96.3% identity matching 448 of the 451 residues on chromosome 5 (the same
chromosome on which the human beta-actin pseudogene is located). BLAT also showed a
match to chromosome 12 where KRT18 is located, with 79% identity. Looking at the browser
(Fig 18) for chromosome 5, there were no reference sequence matches and no significant spliced
EST matches. This is significant evidence that pg-4 is a pseudogene.

Fig 17: BLAT Results for pg-4 vs. Human Genome

Fig 18: Browser for Chromosome 5 Match
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Next I used ClustalW to align pg-4 protein sequence to KRT18 protein sequence in order to
better visualize the differences between the two sequences. The ClustalW output made it easy to
see that there were two methionine start codons in the predicted sequence. This explains why
pg-4 has a longer sequence than KRT18. This is probably the result of GENSCAN
mispredicting an early start site for this gene.

Fig 19: ClustalW Output from pg-4 vs. KRT18
Other important information about Chimp Chunk 2-7:
When annotating a segment of a genome, sometimes there are interesting features to be noted
outside of the genes predicted by one’s program of choice. One important aspect of this Chimp
Chunk is whether or not the sequence contains significant runs of repeats. Given a masked fasta
file, we were able to run the DNA sequence for Chimp Chunk 2-7 through a program called
repeat masker, which looks for and returns a list of repetitive segments in the sequence (Fig 20).
Repeat masker found 10 significant (over 500bp in length) repeats. The summarized data can be
found in table 2.
In addition to looking for repeats we also checked for matches between our DNA sequence and
the human EST data base in order to see if there was any information we could gather in that
way which was not available through Genescan. To do this we ran our given unmasked fasta file
containing the DNA sequence against a human EST data base and created a file containing the
alignment. Next a program called Herne was used to visualize the alignment results. By
analyzing the results we were able to find that there is a feature (ortholog to human ribosomal
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protein L39 pseudogene) between 23kb and 24kb that was missed by GENSCAN. We could also
see the ESTs for two exons that GENSCAN predicted to be part of pg-4, but did not actually
belong to that feature (location: 78kb).

Table 2: Summary of significant repeats

Fig 20: Repeat Masker Output
Conclusion:
Predicted gene 3 and predicted gene 4 were both found to be psudogenes that are homologous to
human pseudogenes for beta actin and keratin 18 respectively, located on chromosome 5. I was
able to deduce this by using the protein sequence given by GENSCAN and aligning it with the
conserved domains data base using BLASTp to find the identity of a similar gene. Second, by
following links to PubMed articles I 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 pg-3 and pg-4 had over 94% identity to
pseudogenes for beta-actin and keratin 18. Both pseudogenes are located on chromosome 5 in
humans. The lack of reference sequences and spliced ESTs in this area supports the hypothesis
that pg-3 and pg-4 are pseudogenes. It is likely that the beta-actin pseudogene evolved before the
divergence of rodents and primates based on BLAT alignment evidence.
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Fig 21: Final Map of Chimp Chunk 2-7: The ESTs near 78kb are the only two anonymous ESTs
that were found.
Glossary
1. Positives identity: the percent of amino acids that are either the same or have the same
general chemistry in the query sequence (in this case, the chimp sequence) as in the
subject sequence (in this case human).

