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1.  GO Staff

We have 9 gene product annotators (plus 1 more starting soon)  and 2 HMM developers for a total of  11 (soon 12) people working on prokaryotic GO annotation.

Currently, complete GO annotation is part of our standard genome annotation pipeline.  All new genomes have received GO annotation for more than a year now.  By "complete" I mean that all genes that could receive a GO term (all but the "hypothetical proteins" and the seriously disrupted genes, as per GO decision) get at least one term.  We try to make sure all genes have at least one function and process term, but historically have focused less on component.  We have lately started to increase our effort on component annotations.  In addition, TIGR recently became a Bioinformatics Resource Center (BRC) and in that capacity we are dedicated to the complete GO annotation of the biodefense organisms assigned to us.

Funding for manual GO annotation of new genome projects falls into the general funds for annotation of all of prokaryotic projects.  However, we lack funds for the continued maintenance of GO data once the sequencing/annotation project is completed (more on this below).  Therefore, our group tends to lag a bit in keeping our GO files completely current.  I have just updated all of our files (as of March 11) in preparation for this meeting.

2.  Annotation Progress

Generally, large additions to our GO annotation come in the form of submissions of entire new genomes with GO annotation.  Since the last GO meeting in October of 2004, TIGR has published 3 more prokaryotic genomes with GO annotation:  Silicibacter pomeroyi, Campylobacter jejuni, and Dehalococcoides ethenogenes.  Together the addition of these 3 genomes increased the total number of prokaryotic genes and total GO terms assigned to them from TIGR by 29% and 32%, respectively.

Additions and changes to the GO annotation of completed genomes happens at a low rate.  Such changes might result from several routes:  1) as new HMMs are built we try to propagate the new annotation from the new HMMs into older genomes, 2) as new GO terms are created we try to review old annotation and make changes as necessary, and 3) we review and change annotations to secondary and obsolete ids.  However, as I mentioned above, activities in this area are limited due to lack of specific GO maintenance funding.  Therefore, changes to existing files represent <1% of those annotations.

Below is a table showing TIGR's prokaryotic annotation progress, separated into the old files and the new files released since the last meeting. Of the below genomes, P. syringae is the only one which we did not annotate fully to GO, this was a decision made due to time constraints on the completion of annotation.  Also for P. syringae, we have incorporated annotation from the P. syringae community annotation project (PPI, http://genome.pseudomonas-syringae.org/) for 2 of the genes.



Current TIGR prokaryotic GO annotations






total
annotated



Total

organism

genes*
genes*

P
F
C
Terms

Old files:

V. cholerae

3885
2925

3203
2900
201
6304 (+11)

S. oneidensis

4928
3695

4012
3902
242
8156 (+1)

C. burnetii

2136
1366

1484
1456
191
3131 (-5)

B. anthracis

5637
4418

4781
4750
210
9741 (-21)

G. sulfurreducens
3530
2802

3070
3031
200
6301 (+5)

P. syringae

5770
3242

3236
3366
317
6919 (+309)

L. monocytogenes
2937
2680

2923
2935
916
6774 (-2)

M. capsulatus

3113
2543

2708
2691
747
6146 (-4)

Old file totals:

31936
23671

25417
25031
3024
53472 (+294, <1%)

New files:

S. pomeroyi

4348
3922

4254
4467
1270
9991

C. jejuni

1945
1562

1736
1677
  498
3911

D. ethenogenes
1642
1284

1405
1404
  226
3035

New file totals:
7935
6768

7395
7548
1994
16937

    Grand totals:
39871
30439

32812
32579
5018
70409


(%inc.)

(25%)
(29%)

(29%)
(30%)
(66%)
(32%)



*  NOTE that the greater total genes number (as compared to annotated genes) does not reflect genes that remain to be annotated, but rather it reflects the set of genes that, according to GO policy, do not get GO annotation:  the "hypothetical proteins" and the seriously disrupted genes (multiple frameshifts, in-frame stops, deletions, etc.).  These are not given annotations since they are not known to, or, are not expected to produce gene products.

3.  Methods of Annotation

Most of our GO annotations are derived from sequence similarity evidence.  There are 2 main resources we use for this:  HMMs and BLAST pairwise matches.  We have manually assigned GO terms to both TIGRFAMS (available as a mapping file on the GO site) and Pfams.  HMMs from these two sources exist at many levels of functional specificity.  For example: some represent domains, some superfamilies, and some exact molecular functions.  GO terms are assigned to these HMMs with the appropriate granularity.  BLAST results are available to us as a file of pairwise alignments generated by a TIGR program that utilizes both BLAST and Smith Waterman algorithms.  In addition, we also see transmembrane predictions (TMHMM),  signal peptide predictions (Signal P), PROSITE matches, InterPro matches, and COGs.  An annotator looks at all available evidence and then decides what they think the protein is doing.  At this point they look for GO terms to annotate to the  protein.  Suggestions for GO terms are presented to annotators from several different sources:  from the HMMs that match the protein, from other proteins that are very similar to this one, from InterPro matches, and from EC numbers.  We also make use of our new Genome Properties tool (described more in section 6).  Often the GO terms which the annotator needs are available from the pool of suggested terms and the annotator does not then need to search the ontologies, but if not, then the annotator will search the ontologies to find the terms they need.  If the terms do not exist, they email me (Michelle) and I research and submit a SourceForge item for the new terms. 

When one of our proteins has been experimentally characterized, we read the relevant literature and assign GO terms accordingly.  However, the vast majority of the proteins in our genomes have not been experimentally characterized, thus our reliance on sequence similarity methods.

Our manual annotation tool Manatee facilitates the GO annotation process in several ways:  it displays suggested GO terms in such a way that usually only one or two clicks is required to assign both the term and its corresponding evidence (without the use of copy/paste), it has an integrated GO ontology and annotation browser (which runs from our internal copy of the GO ontologies, updated nightly from the .obo file), and it has built-in knowledge of the format of GO terms and evidence abbreviations so that formatting errors are minimized.

Our annotation process starts with the automatic assignment of GO terms from HMMs and highly significant pairwise matches. Once automatic assignments are complete, all genes are manually reviewed and additions and changes are made to the GO annotation.  At the point of publication and submission to GO, all of our annotations are manual.

Whenever we send a file to GO it is free of obsolete and secondary ids and formatting errors.  We have checking scripts that are run to find obsolete and secondary ids that crop up in our files over time as well as to find evidence formatting errors from any new terms that might have been added to our completed genome annotations. When time allows, we fix all of these and send new files to GO. 

4.  Ontology development

Since the last consortium meeting I have submitted (both for my own annotation needs and on behalf of my teammates) 14 SourceForge items requesting changes to the ontologies.  These range from simple requests for additional synonyms to more complex requests for new subtrees.  In addition, over the last year, I have worked closely with the PAMGO (Plant-Associated Microbes GO) group to develop a large subtree of terms that describe the interactions of microorganisms with their hosts as well as other interactions between organisms.  That new subtree became part of the ontologies at the end of January.

5.  Publications

Since the last meeting TIGR has published 3 papers describing the genomes of bacteria which were annotated to GO:

Genome sequence of Silicibacter pomeroyi reveals adaptations to the marine environment. Moran, N. et al., Nature (432), 910-913 (2004)

Major Structural Differences and Novel Potential Virulence Mechanisms from the Genomes of Multiple Campylobacter Species. Fouts, D. et al., PLoS Biology (3), 72-85 (2005)

Genome Sequence of the PCE-Dechlorinating Bacterium Dehalococcoides ethenogenes. Seshadri, R. et al., Science (307), 105-108 (2005)

6.  Other Highlights

We have recently added a new tool to our annotation process - Genome Properties.  This is a tool which generates a report stating which biochemical pathways and protein complexes (such pathways and complexes being the "properties" in question) are present in the genome of a new organism.  This helps annotators in multiple ways, but in reference to GO annotation, it allows annotators to decide (with much less work) whether or not a particular process term should be assigned to a particular gene.  For example:  perhaps an annotator is annotating a gene traditionally known to be in the pathway for biotin synthesis, they would be tempted to assign the process "biotin biosynthesis" to this gene.  However, one should not assign that process term until it is known whether or not the intact pathway exists in this particular organism or not.  Genome Properties is a tool that facilitates that discovery process and in addition makes suggestions for what GO terms to assign to genes that are part of each property.

Finally, in an effort to secure funding for continued maintenance of our GO annotated genomes, as well as our other bacterial genomes, and to fund travel to GO meetings, we have submitted a grant to the National Library of Medicine.  If awarded, this grant would fund such efforts for 4 years.  We remain hopeful as we await news.........

