ASM/NCBI Microbial Genomes annotation Workshop

Questions for BRCs (and other workshop attendees) from Tatiana Tatusov

Answers from Dr. Guy Plunkett III for both ERIC BRC and UW-Madison

Gene prediction, annotation quality

1. What is the scope of effort of the group?

ERIC is involved in the annotation of a number of genomes, all members of the Enterobacteriacea: diarrheagenic Escherichia coli, Shigella spp., Salmonella spp., and Yersinia spp. Under separate funding UW annotates a number of “Erwinia” spp. and non-diarrheagenic E. coli strains. Some of the genomes were sequenced at UW or by direct collaborators, while others are taken on after their initial public release via GenBank. An emphasis is placed on gathering experimentally-based annotations from the literature, to supplement those derived from a strictly computational approach. Maintenance and updating of the annotations (and any sequence corrections) is an ongoing process, with updates to GenBank and/or RefSeq envisioned. In the meantime, updates within our database are real-time – available to users as soon as they are made.

2. What approaches and tools are used?

Our gene prediction efforts for de novo annotation are based on comparisons to closely related reference genomes. We also reassess existing annotations, and make use of phylogenetic comparisons as well as experimental characterizations from the literature. Gene prediction tools include NCBI BLAST, Mauve, GeneMark/GeneMark.hmm, and tRNAscan-SE.

We are in the process of developing EnteroFams -- families of proteins conserved within the Enterobacteriacea – with the objective of having a set of reference protein models and associated meaningful and consistent annotations in a standardized form.

Finally, our annotation database (ASAP) is structured to allow community-based annotation,.

3. Are there tools and resources that can be shared?

Mauve (our multiple genome alignment and visualization tool) is open-source software licensed freely under the GNU General Public License. EnteroFam models will be made available to any interested parties, annotations based on these models are available in the ASAP database. We also have some (manual) post-processing steps to improve tRNAscan-SE results. Standard operating procedures used in our documentation will be released this fall. And the ASAP database itself was designed to facilitate ongoing community annotation of genomes and to grow with genome projects as they move from the preliminary data stage through post-sequencing functional analysis. The original version of ASAP from the University of Wisconsin was released under GPL license. An enhanced version of ASAP, ported to Oracle 10g with ERIC funding will be made available.
4. What quantitative measures are used?

Thresholds for initial identification of potential orthologs are somewhat ad hoc, but curatorial approval involves examination of both sequence similarities and gene context and takes into account phylogenetic distance between the genomes compared. Thus, the criteria for orthology of more distantly related genomes are adjusted to different levels from those between closely related genomes.

On a more general level, there is obviously a gradation of evidence qualities. The strongest evidence for a given assignment can range from direct experimental assays to inferences based on sequence similarity. There is an obvious consensus that needs to be built to provide specific quantitative values for levels of annotation. The ERIC team is participating in an annotation working group with its sister BRC’s in hopes of finding consensus on quantitative measures, both in volume of annotation and the quality of annotation.
Protein naming

1. What nomenclature standards are used?

• Gene names are transferred only to strict orthologs. Preference is for names used in E. coli K-12 as listed by the E. coli Genetic Stock Center, which represents a recognized “authority” which we feel is extensible to the other genomes in our scope. If a different gene name is already in common use for a given organism, the E. coli K-12 name is added as a synonym. If a name is given in the literature it is used even if it is not Demerec-compliant, but is demoted to a synonym when a Demerec-compliant name is available. We have not arrived at a satisfactory solution to the existence of multiple copies or near copies of genes, and have grudgingly accepted usages such as abcD1. When a provisional y-name for an uncharacterized ORF is replaced by a “real name” the y-name is retained as a synonym.
• Pseudogene fragments are named according to the intact version of the gene in another genome, with an underscore and an arabic numeral to indicate multiple fragments, ordered from N-terminus to C-terminus (e.g., gapC_1 and gapC_2 are pseudogene fragments constituting a pseudogene version of gapC).

• Protein (gene product) names reflect known information when available. When alternate names are possible, preference for the primary name is that used in Swiss-Prot; enzymes are named using the “official name” as listed by the IUBMB Nomenclature Committee.
2. How much and by what process is expert review and/or published literature used?

Each annotation is linked to evidence, with a preference for published literature. All annotations are subjected to curatorial review. This involves manual assessment of the annotations and their associated evidence by PhD-level staff with appropriate experience.

3. Is there agreement possible on naming standards (locus-tags, accessions, organism names)?

These standards are evolving, but I would hope we can come to some agreement. Locus-tags are a particular issue for genomes we don’t “own” (i.e., ones we did not sequence and submit to GenBank). When random third parties assign locus-tags it leads to unnecessary confusion and multiple systems. And as convenient as it might be, locus-tags should not be thought of as an ordered set of identifiers – they may start out that way, but as annotations evolve and improve some will be dropped and others added. Accessions (and other such identifiers) are useful for cross-referencing between databases.

4. Is there agreement on standards of quality/support for annotation?

Again, these standards are evolving. With all the different approaches to annotation being done by so many scientists, it likely may take a definition of sorts by a working group to establish specific quality levels on which each team can measure their annotation efforts.
