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Abstract
New sequencing technologies that produce large numbers of short 
reads promise to make whole genome sequencing cheaper and 
faster. Assembly of huge numbers of short reads is computationally 
challenging, especially for large eukaryotic genomes,. At the same 
time utility of short reads for assembly of larger eukaryotes still 
needs to be shown. Quality of these assemblies can be assessed 
using genome annotation, where genome and EST assemblies are 
critical inputs. Two applications for 454 pyrosequencing – genome 
assembly and EST sequencing – are discussed here.  We 
annotated short-read and hybrid assemblies of the genome of 
Phytophthora capsici, a widespread plant pathogen. Short-read 
ESTs were employed for annotation of a fungus, Aspergillus niger.
ESTs provide an invaluable resource for gene discovery in the 
process of genome annotation. Assembled full-length (FL) genes 
and splice site signals derived from EST-genome alignments are 
used for training gene predictors. Assembly of a FL gene requires 
either fewer but longer Sanger reads or significantly higher 454
coverage.  At the same time 454 outperforms Sanger in tagging a 
much broader set of expressed genes with at least one short read
to support expression of predicted gene loci. 
Several assemblies of P. capsici genome that were built from 
Sanger-only, 454-only, and hybrid data were annotated using a 
short version of the standard JGI Annotation Pipeline tuned to build 
homology-based gene models based on the proteins predicted in 
genomes of two other phytophthoras – P. sojae and P. ramorum
[Tyler et al, Science 2006]. Predicted genes in three P. capsici
assemblies were analyzed for frameshifts resulting in internal stop 
codons and for completeness of predicted gene models. While we 
observed a high rate of frameshifts due to sequencing errors and 
polymorphisms, Sanger and 454 data complement each other and 
hybrid assemblies may provide a solution for sequencing smaller 
eukaryotes.
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*targets are proteins of the other Phytophthora sp.
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Genome Assemblies

Gene models were predicted in 3 different assemblies of Phytophthora 
capsici using Genewise [Birney & Durbin, 2000] based on Phytophthora sojae
and Phytophthora ramorum protein seeds. 

ESTs

Indels and frameshifts

ESTs were aligned to genome assembly using Blat [Kent, 2002], compared to 
overlapping gene models, which then were extended using available ESTs. 
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Sanger reads allow 
repairing a large number of 
frameshifts found in broken 
models predicted using 
Newbler assembly. 
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** - fraction of supported/all (11,200) genes

Hybrid assembly shows better 
statistics and fewer partial 
models.

Combined 454 and Sanger ESTs provide 
support for more gene models and better 
coverage for each of them.

ATTATTTTTTTCCGTAGCCCT
ATTATTTTTTTCCG-AGCCCT  
ATTATTTTTTTCCG-AGCCCT
ATTATTTTTT-CCG-AGCCCT  
ATTATTTTTT-CCG-AGCCCT  
ATTATTTTTT-CCG-AGCCCT
ATTATTTTTT-CCG-AGCCCT
ATTATTTTTT-CCG-AGCCCT
ATTATTTTTTTCCG-AGCCCT  
ATTATTTTTTTCCG-AGCCCT
ATTATTTTTTTCCG-AGCCCT
ATTATTTTTTTCCG-AGCCCT
ATTATTTTTTTCCG-AGCCCT
ATTATTTTTTTCCG-AGCCCT
ATTATTTTTTTCCG-AGCCCT 

Gene models

ESTs

An artificial intron predicted 
around indel in assembly


