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Abstract 
 
In this project, Chimp-chunk 2-7 was annotated. Chimp-chunk 2-7 is an 80 kb region on 
chromosome 5 of the chimpanzee genome. Analysis with the Mapviewer function using 
the NCBI non-redundant database revealed synteny between chimp-chunk 2-7 and 
chromosome 5 in the human genome. In all, the GENSCAN computer algorithm for 
predicting genes revealed four features. After annotation, three of these, Features 1, 3, 
and 4 were identified as pseudogenes while Feature 2 was identified as a putative 
ortholog of SPZ1 on the human chromosome 5. Finally, analysis using the EST human 
database on NCBI revealed one additional pseudogene missed by GENSCAN 
predictions.  
 
Introduction 
 
The primary goal of the Bio4342 class is to finish and annotate a given 40 kilobase region 
on the dot chromosome of Drosophila grimshawi. Prior to the annotation of D. 
grimshawi, the class practiced annotation techniques on an 80 kb region in Pan 
troglodytes, the common chimpanzee. I worked with Kenneth Smith on annotating 
“chunk 2-7” of the chimpanzee genome.  
 
There were two goals in this project. First, and most importantly, annotation of the 
chimp-chunk provided valuable practice prior to the annotation of D. grimshawi. Second, 
this annotation project presented challenges unique to mammalian genomes and exposed 
students to the process of annotating mammalian genomes.  
 
In annotating the chimp-chunk, it is necessary to recognize these unique challenges. First, 
mammalian genomes consist of approximately 50% repetitive sequences. There are a 
large number of pseudogenes and instances of gene duplication events in mammalian 
genomes. This contrasts with fruitfly genomes where, for example, few pseudogenes 
have ever been discovered in the well-annotated Drosophila melanogaster genome. The 
difficulty in assessing whether a feature is a pseudogene or a coding gene provided the 
greatest challenge in chimp-chunk annotation.  
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Initial Assessment  
 
Figures 1a and 1b: Initial GENSCAN predictions for chunk2-7 showing four features. 
(Figure 1a on the left shows the stop and start sites for each exon while Figure 1b shows 
a map of the four features on the 80 kb chunk2-7 region.) 

 
GENSCAN was the gene prediction tool used to assess the 80 kb region of chimp-chunk 
2-7 (Figure 1). The algorithm reveals four putative genes, two single exon “genes” on the 
plus strand and two multi-exon “genes” on the minus strand. The two single exon 
predictions are striking because single exon genes make up only about 10% of all 
chimpanzee genes.  
 
After examining the GENSCAN output, it was important to determine the location of this 
chimp-chunk in the chimpanzee genome and the location of a potential syntenic region in 
humans. Synteny viewers are a particularly useful tools in annotation, especially in 
species as closely related as humans and chimpanzees because it may provide 
information on whether a prediction is a gene or a pseudogene.  
 
In order to determine synteny, it is necessary to identify the corresponding region of the 
chimpanzee genome on the human genome using BLAT and BLAST searches. A BLAT 
search for Feature 1 on the UCSC browser reveals a 100% match to chromosome 5 in the 
chimpanzee genome, strongly suggesting that this chimp-chunk is a region of DNA on 
chimpanzee chromosome 5. A BLASTp search on the NCBI database reveals a 97% 
match to a predicted gene sequence on human chromosome 5 identified as LOC391804. 
This suggests homology of Feature 1 in human chromosome 5 and provides a useful 
region in the human genome to examine synteny with chimp-chunk 2-7 on chimpanzee 
chromosome 5. Subsequently, the Mapviewer function on NCBI reveals all features in 
the well-annotated human genome within 100 kilobases of LOC391804. Alignment of the 
human genome map to the GENSCAN prediction map gives Figure 2.  
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Figure 2: Mapping the GENSCAN map of predicted genes to the human annotated 
genome on 5q14 (Figure 2 shows GENSCAN predictions on the left and the human gene 

annotations on the right; LOC391804 has 97% identity to Feature 1.) 
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From synteny with the human genome and from an initial assessment of the GENSCAN 
map, we made initial predictions regarding whether each feature was a gene or a 
pseudogene (Table 1). Features 1, 3, and 4 are all annotated pseudogenes in humans with 
far fewer exons than the corresponding annotated genes. Feature 2 seems to be a real 
gene and the ortholog of SPZ1 (a single exon gene) in humans.  
 

Table 1: Initial prediction for Features 1-4 

 
After identifying the location of the chimp-chunk on the chimpanzee genome as well as 
the syntenic region in humans as reference, Kenneth and I proceeded to analyze the four  
features predicted by GENSCAN. We both worked together on Features 1 and 2 after 
which I focused on Feature 4 while he focused on Feature 3. The following three sections 
provide an analysis of Features 1, 2, and 4.  
 
Annotation of Feature 1 
 
First, a BLASTp search was conducted for the 310 amino acid residues predicted by 
GENSCAN to the human genome. BLASTp is a tool for identifying protein homology 
and is useful in protein function exploration. It is particularly useful because it makes the 
search parameters more sensitive than a nucleotide search since three bases are required 
to align perfectly to attain one aligned amino acid.  
 
In this case, the search revealed a significant identity match to RNA binding motif protein, 
X-linked 2 (RBMX2) as indicated by ref | NP_057108.2 in Figure 3. This is an 
experimentally validated gene located on the X-chromosome in humans. The other 
entries are algorithmic predictions of genes and cannot be used to identify whether a 
feature is an ortholog of an identified gene.    
 

Figure 3: BLASTp results for search of Feature 1 on the human genome 
 
 
 
 
  
 
 

Further analysis of RBMX2 revealed that it is a six exon gene located at Xq25 in the 
human genome (Figure 4). By contrast, Feature 1 is a single exon gene prediction.  
 

Feature  Position Exons Comments 
1 6288-8932 1 Pseudogene of RBMX2 
2 17553-36147 2 Ortholog of SPZ1 in Humans 
3 36292-37603 1 Pseudogene of Beta actin 

4 40034-77992 5 Pseudogene of Keratin-18 
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Figure 4: Gene model for RBMX2 
 
 
 
 
 
A search for the 310 amino acid residues predicted by GENSCAN on the human genome 
on the UCSC genome browser reveals that Feature 1 presents only an 86% match to the 
actual gene on the X-chromosome, far less than the 98-99% identity match expected 
between orthologous genes in humans and the chimpanzee (Figure 5). Instead, Feature 1 
presents a 97% identity match to the syntenic region on human chromosome 5, annotated 
as a pseudogene in humans (Figure 2a). In addition to this information, the fact that the 
GENSCAN prediction only presents a single exon gene while the actual gene consists of 
six exons strongly suggests that Feature 1 is a pseudogene of RBMX2.  
 

Figure 5: BLAT results for search of Feature 1 on the human genome 
 
 
 
 
 
 
 
The strongest evidence indicating the presence of a pseudogene comes from an analysis 
of the alignment between the GENSCAN amino acid prediction and RBMX2 sequence. 
Figure 6 shows the alignment obtained from the UCSC genome browser with RBMX2 
sequence in humans indicated by the bases and the predicted amino acid sequence from 
GENSCAN indicated by the residues. This alignment reveals two valuable pieces of 
information: (1) while there are no premature stop-codons or frameshifts present, there 
are a lot of non-synonymous base substitutions in the sequence on chromosome 5 and (2) 
the introns present in the actual gene have somehow been excised. This second piece of 
information suggests that the sequence in Feature 1 may actually represent the cDNA of 
RBMX2 inserted into chromosome 5 from position 35419161 to 35420093. This 
information, along with evidence of synteny and gene models, strongly suggests that 
Feature 1 is a pseudogene. However, without experimental validation this cannot be 
ascertained. It is possible that this is a single exon gene that has adopted a new function.   
 
Figure 6: Alignment of one part of the predicted amino acid sequence of Feature 1 with 

the experimentally validated RBMX2 gene in humans 
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Annotation of Feature 2 
 
A BLASTp search of the 469 amino acid sequence predicted by GENSCAN revealed a 
significant match to spermatogenic leucine zipper 1 (SPZ1) in humans as indicated by the 
match to ref | NP_115956.2 shown in Figure 7.  
 

Figure 7: BLASTp search of Feature 2 to the non-redundant protein database showing 
significant match to SPZ1 

The alignment of ref | NP_115956.2 to the predicted residue sequence reveals a 97.5% 
identity match to SPZ1 (Figure 8). While this suggests significant conservation of amino 
acid sequence, two problems arise in the alignment that are more alarming. First, Figure 8 
shows that Feature 2 aligns with the first residue of SPZ1 at amino acid 62, indicating 
that GENSCAN may have incorrectly predicted the start site. Second, the alignment 
indicates that Feature 2 contains a pre-mature stop codon resulting in truncation of SPZ1.  
 
Figure 8: ClustalW alignment of the predicted amino acid sequence of Feature 2 with the 
experimentally validated SPZ1 gene in humans. (GENSCAN predicted two exons due to 

the presence of two methionine residues) 
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Before analyzing the two problems described, it is important to analyze the position and 
gene model of the actual gene (Figure 9). SPZ1 is a single exon gene containing 430 
amino acid residues located at 5q14 in humans. This is the same region mapped in Figure 
2a, and the map of human chromosome 5 includes SPZ1. Synteny, therefore, suggests 
that Feature 2 maps to the same location as SPZ1 in humans. This preliminary evidence 
suggested that Feature 2 may be a real gene coding for SPZ1.  
 

Figure 9: Gene model for SPZ1 showing a single exon gene 
 
 
 
 
The first problem identified was that GENSCAN predicted two exons for Feature 2 while 
the experimentally validated gene is a single exon gene. The first exon according to the 
GENSCAN prediction consists of about 60 amino acids, which accounts for the added 
residues upstream of the methionine in SPZ1 (Figure 8). The misalignment by 
GENSCAN may have occurred due to the methionine present in the “first exon.” A 
BLASTx search of this region reveals no other significant matches in the human genome, 
and a search on the UCSC genome browser showed no reference sequence or EST 
matches to the first exon (Figure 10). This suggests that the first exon predicted by 
GENSCAN is really a non-coding region of DNA. This analysis resolves the first 
problem.  
 
Figure 10: BLAT results of Feature 2 showing no Refseq or EST matches to the first exon 

predicted by GENSCAN 
 
 
 
 
 
 
 

The second problem identified was that a point mutation in one base (cytosine) coding for 
glutamine resulted in a pre-mature stop codon that truncated Feature 2 by 22 amino acids. 
This problem remains unresolved. There is no way to determine whether the gene is still 
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functional in the chimpanzee without experimental evidence. However, it may be 
reasonable to assume that, if there is a functional copy of SPZ1 in the chimpanzee 
genome, Feature 2 must represent that copy. This idea is supported by a BLAT search for 
the annotated human gene on chimpanzee genome revealing no matches greater than 90% 
identity to any region of the chimpanzee genome aside from chromosome 5. The location 
of this copy with respect to chimpanzee chromosome 5 is bases 35430539 to 35449358.  
 
 
Annotation of Feature 4 
 
A BLASTp search with the amino acid sequence from the GENSCAN prediction of 
Feature 4 revealed a significant match to the keratin 18 protein in humans indicated by 
ref | NP 000215.1. The alignment of the actual protein to Feature 4 is shown in Figure 11.  
 

Figure 11: Alignment of Feature 4 (Query) with Keratin 18 protein (Subject) with two 
types of misalignments indicated by the arrows 

 
 
 

 
 
 
 

 
 
 
 
 
The initial alignment strongly suggests that Feature 4 is a pseudogene. First, and most 
importantly, Feature 4 only presents a 62% identity match to the experimentally validated 
Keratin 18 in humans. In addition to this, two other problems were identified from the 
alignment in Figure 11. One problem, indicated by Arrow #1 (Figure 11) is that the 
GENSCAN prediction included 113 extra amino acids compared to the actual keratin 18 
protein. Interestingly, this can be accounted for by the first two coding exons in the 
GENSCAN prediction (Figure 12). This suggests that these exons were simply miscalled 
by GENSCAN. Subsequently, when a BLASTx analysis to the human genome was 
conducted on this region, no significant matches were identified.  
 
Figure 12: GENSCAN prediction for Feature 4. (Predicted exons 4.01 and 4.02 consist of 
334 bases that occur prior to the start codon in the Keratin 18 gene, suggesting a miscall 

by GENSCAN.) 
 

 

(1) 

(2) 

(2) 
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The second problem, indicated by Arrow #2 (Figure 11), was the presence of three large 
deletions in Feature 4. Along with the other evidence, this suggests that Feature 4 was no 
longer a functional gene. The gene model of Keratin 18 reveals that it is a seven exon 

gene located at 12q13 in humans (Figure 13). It consists of a total of 430 
residues. By contrast, GENSCAN predicts only three exons over a 340 amino acid 
sequence on chromosome 5.  
 

Figure 13: Gene model for Keratin 18 in humans at 12q1 showing a seven exon gene 
 
 
 
 
 
 
Finally, the syntenic region of human chromosome five indicates the presence of keratin 
18 pseudogene 45 (KRT18P45) at the region corresponding to Feature 4 (Figure 2a). In 
fact, a BLAT search from the UCSC genome browser indicates that Feature 4 presents a 
closer identity match to KRT18P45 than to Keratin 18 (Figure 14).  
 

Figure 14: BLAT results for a search for the amino acid sequence of Feature 4 on the 
human genome (96.3% identity with human chromosome 5 while percent identity with 

chromosome 12 is not shown because it is so low). 

 
All of this evidence suggests that Feature 4 is a pseudogene located on chromosome 5, 
positions 35461188 to 35462370.  
 
Brief look at annotation of Feature 3 
 
Kenneth conducted a similar analysis on Feature 3. A BLASTp search reveals a 78% 
identity match to Beta actin in humans. This is a five exon gene on human chromosome 
7. Feature 3 presents a 150 amino acid sequence truncation from the experimentally 
validated Beta actin gene. With the low identity match and identified LOC644936 
cytoplasmic beta-actin pseudogene in the syntenic region in humans, there is sufficient 
evidence to conclude that Feature 3 is likely a pseudogene.  
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Additional features 
 
Two pieces of evidence suggests that GENSCAN might have missed relevant features in 
the 80 kb chimp-chunk sequence. First, the syntenic region on human chromosome 5 
indicated that at least one feature might be missing from the GENSCAN prediction. 
Second, a BLASTn search on the EST_human database revealed two regions in the 80 kb 
region with EST matches that did not correspond to any identified features. Figure 15 
shows a map of all potential features using GENSCAN predictions, EST evidence, and 
synteny.  
 
From Figure 15, Feature A seems to be a relevant feature to examine. The strong EST 
evidence initially suggests the presence of a gene. However, when a search for these 
cDNA sequences in humans was conducted on the UCSC genome browser, it revealed a 
>98% match to the X-chromosome in the chimpanzee. This seems to represent the 
ortholog of an annotated gene in humans: ribosomal protein L39 (RPL39). By contrast, 
the EST sequences presented only about a 90% match to chromosome 5 in the 
chimpanzee (Figure 16). Finally, since the real gene contains three exons and Feature A 
seems to be a single open reading frame with a deletion of 19 amino acids at the start of 
the sequence, Feature A is likely a pseudogene. The 19 amino acid deletion at the start of 
the sequence also results in the deletion of the start codon, ATG. This may be the reason 
for the omission by the GENSCAN gene prediction algorithm.  
 
In conclusion, Feature A seems to be best characterized as a pseudogene for RPL39 and 
an ortholog of RPL39 pseudogene 20 in humans. It is located on chromosome 5, 
positions 35436373 to 35436769.  
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Figure 15: Three alignments – GENSCAN prediction shown in the top row with blue 
arrows suggesting four features, HERNE window showing EST matches in red, and 
annotated chromosome 5 in humans (regions A and B correspond to potential features 
missed by GENSCAN predictions  
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 16: BLAT search of one EST sequence to the chimpanzee genome revealing 
92.5% identity to chromosome 5 

 
 

 
 
 
 
 
 
 
 
 
 

A B 
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Feature B in Figure 15 has fewer EST matches. Upon investigating, these were all 
anonymous ESTs that failed to yield any significant matches to chromosome 5 in a 
BLASTx search (Figure 17).  
 

Figure 17: BLASTx search for EST matches revealed no significant matches to 
nonredundant database in humans 

Feature B might be a part of a promoter region to an annotated gene just upstream as 
indicated by the map of the human annotated chromosome 5.  
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Final Annotation of Chimp-chunk 2-7 
 
Having identified five distinct features of interest, the final annotation work involved 
identifying repetitive elements. It is interesting to note that 64.8% of chimp-chunk 2-7 
consists of repetitive DNA, significantly higher than the 40-50% generally expected in 
chimpanzee genomes. There is evidence for several long transposable element relics, 
particularly LINE and other retrovirus-like elements. An analysis of the masked repeat 
region revealed 28 LINE elements 
 

Figure 18: Repetitive elements masked by repeat masker 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The final map of the 80 kb region in chimp-chunk 2-7 is shown in Figure 19. Table 2 
provides details regarding annotation of the five identified features and includes the 
position of each feature with respect to chunk 2-7. Table 2 also indicates the location of 
three long repeat elements, all more than 1000 base-pairs in length. These have been 
indicated accordingly on the map.  
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Figure 19: Final annotation for chimp-chunk 2-7 showing map of 80 kb region 

 
 

Table 2: Annotation for each feature, including location with respect to 80 kb region 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Feature  Position “Exons” Comments 
1 6288-8932 1 Pseudogene of RBMX2 
2 17553-18802 1 Ortholog of SPZ1 
A 23514-23896 1 Pseudogene of RPL39 
3 36292-37603 1 Pseudogene of Beta actin 
4 40034-41631 3 Pseudogene of Keratin-18 

LINE Elements more than 1000 bp long 
I 24478-25863  LINE1 
II 28273-29589  ERV_CLASS1 
III 50903-52012  LINE1 

 

Repetitive element 

Pseudogene of RBMX2 

Suboptimal exon 

Pseudogene of RPL39 

Internal 
exon 

Pseudogene of Beta actin 

LINE 

ERV LINE 

Pseudogene of Keratin-18 

Single exon 
gene 

Terminal 
exon 

Feature 3 
Optimal Exon 

Ortholog of SPZ1 


