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Abstract 
 
In this project, I worked with A. Tzeng and Y. Li to annotate the chimp region 2-2. This region 
covers 117 kb, and Genscan predicts four features in this region. Our job was to go through these 
features and verify that they are actual genes. If they were, we were to verify that the exons were 
all present and the gene had not been inactivated by a mutation. If they were not functional 
genes, we were to determine what they were and update the annotation map generated by 
Genscan with our additional data. We found that that this region contains only one true gene 
(DCAF5) and one pseudogene of DDX18.  
 
Introduction 
 
Blastn reveals that our region is homologous to human chromosome 14. GenScan was run on this 
region to predict gene locations, the results are shown in Figure 1. Blastp of the region to the 
human SwissProt database did not reveal any additional candidate regions (Figure 2). 
 
 

 
Figure 1. Original Genscan predictions for genes in the chimpanzee region. 
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Feature	   Number	  of	  Exons	   Annotation	   Accession	  
1	   3	   23-9281 None	  

2	   5	   12359-45623 NP_003852 
3	   4	   45968-52430 NP_006764 
4	   8	   53512-115795 NP_003852 

Table 1. Initial Genscan features and location. See Table 3 for final annotation. 
 
 

 
Figure 2. Blastx of chimp region against SwissProt turns up only features found by Genscan. 
 
The four features found by Genscan in this region are detailed in Table 1. Y. Li will annotate 
Features 1 and 3, A. Tzeng will take Feature 2 and I will be covering Feature 4. The sequence as 
a whole (unmasked), when run with Blastn against the human genome, maps to chromosome 14 
with 99% identity covering 98% of the sequence. It does not have any matches to other 
chromosomes that cover more than 2% of the sequence.  
 
Genscan predicts Feature 4 as consisting of 8 exons for a total of 351 amino acids (Figure 3). 
When the transcribed sequence is run against the human genome using BLAT, it matches to a 
single region on chromosome 14 (100% identity, 351 amino acids) (Figure 4). In particular, the 
exons align well with the exons of the gene DCAF5. The exceptions are exon 2, which does not 
have a homologous exon in the human genome, and the terminal exon, which maps to WD repeat 
domain 22.  
 



 
Figure 3. Exons and PolyA identified by Genscan in feature 4. 
 

 
Figure 4. UCSC Browser overview of Genscan Feature 4 BLAT search against the human 
genome. 
 
I then looked at the predicted exons to determine if they were actually exons or were mis-
predictions by Genscan. I also looked for exons that Genscan missed. I began by running Blastp 
of the Genscan prediction against the human SwissProt database. This would confirm what the 
homologous human region was, and show if it was missing or had any excess regions. The 
Blastp against SwissProt yields high similarity hits to the DCAF5 (RefSeq NP_003852) gene of 
both human and mouse, supporting the idea that the prediction contains part of the chimpanzee 
homolog of DCAF5. The DCAF5 gene that Feature 4 maps to produces a 942 amino acid 
product, so the Genscan prediction of 352 amino acids is probably missing regions. This is most 
likely caused by Genscan missing functional exons in its prediction. The Blastp shows that the 
putative chimp transcript contains 25 amino acids that are not present in the DCAF5 gene 
(Figure 5). This region is the entirety of the exon 2 predicted by Genscan, providing further 
evidence that this is not a real exon. This exon is also not supported by RefSeq, UniProt or other 
comparative genomics, human mRNA or human EST data. It is also not supported by RNA-seq. 
This data combined shows that this is probably not a true exon (Figure 6A). The rest of the 



Blastp hit shows perfect homology for the remainder of the putative transcript with the exception 
of the last exon, suggesting that this is part of a true gene that has had incorrect exons added to it 
by Genscan. 
 

 
Figure 5. Best hit using Blastp of the predicted Genscan transcript against the SwissProt 
database. 
 
The last exon in the Genscan prediction is supported by mRNA and EST data as belonging to 
WD repeat domain 22 (Figure 6B). As the exon ends in a stop codon that would prematurely end 
the DCAF5 sequence, and as Feature 2 contains the remainder of DCAF5, it is unlikely that this 
region is actually part of the DCAF5 transcript. Therefore, it will be marked as a part of WD 
repeat 22. 
 
In addition to the incorrectly identified exons, the program also missed an exon that is in the 
human DCAF5 gene. This exon is supported by EST, mRNA, conservation, RNA-seq and 
multiple gene predictors as well as the human homolog, so is most probably functional in 
chimpanzee (Figure 6C). The sequence from the corresponding chimpanzee region matches this 
exon exactly. At this point, I have removed two predicted exons from this feature and added one 
exon that was missed by Genscan. Feature 2 contains the remainder of this gene, which will be 
covered by A. Tzeng.  
 



A)                       B)               C)  
Figure 6. UCSC Browser view of incorrectly called and the missed exon. A) Genscan exon 2 
and B) Genscan exon 8 are not supported by orthologous human DCAF5 exons (mapped to 
human genome by BLAT). C) Exon 7 of human DCAF5 is not in Genscan prediction but 
supported by Blastx/Blat 
 
As a double check to ensure that I have annotated this region correctly, I ran the human DCAF5 
product through Blastx against the chimpanzee region to ensure that the exons matched up. As 
expected, all of the exons in DCAF5 are present in the chunk with nearly 100% homology, and 
have no internal frameshifts or premature stop codons. This supports the hypothesis that this is 
the real ortholog of the human DCAF5.  
 
A. Tzeng looked at Feature 2 of the Genscan predictions, which contains the remainder of the 
DCAF5 gene. The start exon is not supported by expression data and is probably not correct, and 
the last two exons should be a single exon. With these modifications and the addition of the exon 
Genscan missed, the entire DCAF5 is completely represented in chimpanzee.  
 
Y. Li looked at Features 1 and 3 from the Genscan predictions. Feature 1 seems to be the 
remnants of a retrotransposon, as there is no expression or human homology support for 
transcription from the region and it contains numerous repetitive elements. It also maps to two 
different chromosomes, further supporting this hypothesis. Feature 3 has high similarity to the 
human RNA helicase DDX18 which is on chromosome 2, but BLAT shows that the highest 
similarity is to chromosome 14 with a much lower hit to chromosome 2. The sequence also 
contains premature stop codons so it is being annotated as a pseudogene. This is supported by the 
lack of expression data.  
 
After running RepeatMasker, I found that about 35% of the sequence consists of repetitive 
elements. 18% of the sequence is made of SINEs, 11% is made of LINEs, 0.8% is made of LTRs 
and 5% is DNA elements. I marked the position of the longer repeats (over 500 bases) on the 



final annotation map (Table 2, Figure 8). There were two predicted L1MC1 elements that were 
immediately adjacent to each other, so I represented those as a single element. The larger 
repetitive elements are not in the locations of the putative pseudogene or the incorrect prediction, 
so cannot explain those predictions. As a final check, I looked at the synteny of the chunk as 
compared to the human genome. Since the chunk has a single gene and a pseudogene within an 
intron of the gene, I used the UCSC browser to look at the flanking regions of the chunk and the 
homologous region in humans. The Genscan predictions in the chimpanzee genome match up 
very well with the human proteins in the region, suggesting that synteny is maintained between 
the species (Figure 7). 
 

 

 
Figure 7. Conserved gene synteny between human (A) and chimpanzee (B) in the sequence 
including and surrounding the region annotated by this project. The Genscan predictions match 
very well to the annotated genes. 
 
Repeat	   Class/Family	   Start	   End	   Length	  
Charlie1a	   DNA/hAT-‐Charlie	   98124	   99122	   998	  
L1ME3	   LINE/L1	   72325	   73240	   915	  
L1MB3	   LINE/L1	   38806	   39694	   888	  
L1MC1*	   LINE/L1	   89444	   90814	   1370	  
L2a	   LINE/L2	   60876	   61543	   667	  
MLT2B3	   LTR/ERVL	   68380	   68939	   559	  
Tigger3b	   DNA/TcMar-‐Tigger	   64556	   65058	   502	  
*	  Repeatmasker	  predicted	  two	  L1MC1	  elements	  next	  to	  each	  other,	  so	  they	  were	  combined	  into	  this	  single	  
element	  

Table 2. Large repetitive elements present in this chimpanzee region. 
 
 

A) B) 



In summary, this region contains one gene of 9 exons that is orthologous to the human DCAF5, 
one pseudogene that is orthologous to the human DDX18, and numerous repetitive elements 
(Table 3, Figure 8). This is confirmed with various sources of expression data, including RNA-
seq, mRNA and EST data, in addition to homology to human sequences. 
 
Feature	   Annotation	   Characterization	   Number	  of	  Exons	   Accession	  

1	   45968-‐47840	   DDX18	  pseudogene	   3	   NP_006764 
2	   17339-‐115795	   DCAF5	   9	   NP_003852 

Table 3. Final annotation of features in this region. 

 
Figure 8. Final annotation map of this chimpanzee region. 


