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The first order of genome annotation is to identify what elements a genome contains 
in the first place. 
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The Encode (Encyclopedia of DNA Elements) project is a large-scale research 
consortium that aims to annotate all functional aspects of model organism genomes 
genome through a combination of high-throughput experimentation and 
bioinformatics. Data is currently avaiable for human, mouse, worm and fly. 
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Read more about the projects' goals, procedures and results in this special issue of 
nature. 
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An overview of the recognized functional classes of RNA. This list is likely to be in 
need of significant update every three or four years. 
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Gene finding is a major task for genome annotation. There are four principal 
methods to identify genes: analysis by signal, analysis by contents, analysis by 
homology, and interpretation of the transcriptome. 
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Analysis by contents looks for trinucleotide patterns that are characterisitc of 
transcribed and tranlated sequence. 
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Analysis by signal looks for translation start sites, ploy(A) attachment sites, exon-
intron boundary signals etc. 
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Analysis by homology is the most accurate method – if it is available. Not all genes 
in an organism have homologues in other species. 
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The alignment of syntenic regions can confirm the existence of genes, and their 
intron-exon structure. 
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Transcriptome analysis obviously can contribute greatly to identify genes. However, 
not all genes are expressed at a level sufficient for confidently observing a gene’s 
transcript in the transcriptome. mRNA levels have been reported to have a range of 
5-7 orders of magnitude. 
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Early genome drafts have many errors – even if your gene finder algorithm is 99 % 
correct, you will have 60 errors in a 6,000 gene yeast genome. If a sequence 
alignment shows areas of missing sequence, or unexpectedly high diversity, it is 
worthwhile to attempt a local amino acid alignment with sequence from alternate 
reading frames to identify possible sequencing frameshift errors. Another typical error 
is misidentifying the correct start codon, and if the sequence has a truncated N-
terminus, it is worthwhile to check whether an alternate, upstream start codon can 
define the missing sequence fragment. 
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The GOLD genome database hosts information about the status of current genome 
projects and links to datasources. 
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Bacterial genome information is sometimes depicted in a circular map. Not that there 
is only weak clustering, if any, of functionally related genes (similar colours). In fact, 
cross-species comparisons of syntenic regions show that the organization of the 
genome is in generally undergoing random fluctuations, with many rearrangements, 
duplications, and inversions, and without apparent global, organizing principles. 
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This is an excerpt from a (now historic) poster by Celera with annotations of their 
first draft human genome. 
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Genome anotation methods and paradigms are rapidly evolving. 
To get a better sense of current methods in this field, get a recently published high-
impact genome publication and carefully study the methods section. The coelacanth 
genome is an excellent example for 2013. 
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A good 2016 paper is the haplotype resolved sequencing of a Korean genome from 
single-molecule sequences. Note in particular the workflow diagram. “Phasing” means 
assigning the individual reads to specific haplotypes. 
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A  2017 example paper is the genome sequence and transcriptome of the Canadian 
beaver (Castor canadensis) by a Toronto-based consortium on the occasion of 
Canada’s 150th birthday. This is a genome that was primarily assembled from long-
read data; short-read RNAseq technology was used primarily to characterize the 
transcriptome. 
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