TIGR Prokaryotic GO Report - March 2006, prepared by Michelle Gwinn-Giglio

1.  GO Staff

We have 10 gene product annotators and 2 HMM developers for a total of 12 people (not all full-time on GO) working on aspects of prokaryotic GO annotation.

Currently, GO annotation is part of our standard genome annotation pipeline.  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 is a Bioinformatics Resource Center (BRC) and in that capacity we are dedicated to the complete GO annotation of the biodefense organisms assigned to us.

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 April 2005, TIGR has published 8 more prokaryotic genomes with GO annotation:  Anaplasma phagocytophilum, Ehrlichia chaffeensis, Neorickettsia sennetsu, Pseudomonas syringae pv. phaseolicola, Colwellia psychrerythraea, Pseudomonas fluorescens, Streptococcus agalactiae, and Carboxydothermus hydrogenoformans.  Together the addition of these 8 genomes increased the total number of prokaryotic genes and total GO terms assigned to them from TIGR by 63% and 57%, respectively.

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.  Currently our GO files are sadly out-of-date.  I intend to send new versions as soon as we return from this meeting (Unforeseen disruptions of my work schedule prevented my sending them before the meeting.)

Additions and changes to the GO annotation of completed genomes occurs 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. 

Below is a table showing TIGR's prokaryotic annotation progress, separated into the old files and the new files released since the last meeting.  You can see that there are significant increases in the number of terms annotated to genes from the old files.  This does not actually represent additional annotation effort, but rather it is a reflection of a GO policy change regarding "hypothetical proteins".  At the last consortium meeting it was agreed that the pure "hypothetical proteins" could receive "unknown" annotations.  Therefore, the addition of the unknown GO terms to the many "hypothetical proteins" from each genome significantly increases the annotation counts.



Current TIGR prokaryotic GO annotations



organism

TG*
AG*
P
F
C
Terms (change)

Old files:

V. cholerae
3886
3867
4146
3843
1768
 9757 (+3453)

S. oneidensis
4928
4856
5174
5064
2224
12462 (+4306)

C. burnetii
2185
2038
2156
2128
1044
 5328 (+2197)

B. anthracis
5640
5295
5664
5623
2101
13388 (+3647)

G. sulfurreducens
3894
3424
3692
3653
1153
 8498 (+2197)

P. syringae
5770
3905
3898
4030
1806
 9734 (+2815)

L. monocytogenes
2944
2825
3071
3083
1062
 7216 (+ 442)

M. capsulatus
3253
2928
3092
3077
1139
 7308 (+1162)

S. pomeroyi
4348
4257
4583
4805
1640
11028 (+1037)

C. jejuni

1952
1834
2008
1949
 814
 4771 (+ 860)

D. ethenogenes
1642
1584
1704
1704
 662
 4070 (+1035)

subtotals: 40442 36813
39188
38959
15413
 93560 (+23151,up 43%)

New files:

A. phagocytophilum1411
1292
1386
1349
 830
 3565

E. chaffeensis
1158
1095
1181
1136
 612
 2929

N. sennetsu

 973
 934
1012
 972
 521
 2505

P. syringae 

  pv. phaseolicola5440
3661
3805
3873
1417
 9095

C. psychrerythraea5055
4847
5169
5110
2088
12367

P. fluorescens
6232
5729
4596
4526
1828
10950

S. agalactiae
2173
1993
2184
2243
 985
 5412

C.hydrogenoformans2996
2623
2810
2727
1000
 6537

subtotals:
25438
22174
22143
21936
 9281
 53360
Grand Totals:
65880
58987
61331
60895
24694
146920

% increase:
 63%
 60%
 57%
 56%
 60%
 57%




*  TG = total genes, AG = GO annotated genes.

NOTE:  all of the annotations reflected in the above table are non-IEA.

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 use our Genome Properties analysis which does metabolic profiling of each genome.  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.   Unfortunately, there has been little time of late to devote to updating files.

4.  Ontology development

Since the last consortium meeting I have submitted (both for my own annotation needs and on behalf of my teammates) 15 SourceForge items requesting changes to the ontologies.  Most of these have been fairly simple, straightforward requests.  In addition, over the last year, I continued to work closely with the PAMGO (Plant-Associated Microbes GO) group in their efforts to develop terms that describe the interactions of microorganisms with their hosts as well as other interactions between organisms.  Work in that area was discussed at the content meeting in the fall and will be discussed at this meeting.  PAMGO received a 3-year grant to continue their work, under which I am funded to continue to assist them in their work.  At a recent PAMGO workshop held at TIGR, several needs for new terms were discovered - watch for PAMGO requests to SF to be arriving soon.

5.  Publications

Sine the last meeting TIGR has published papers describing 8 genomes of bacteria which were annotated to GO:

PMID:16482227 (3 genomes in one paper)

PMID:16159782

PMID:16043709

PMID:15980861

PMID:16172379

PMID:16311624

6.  Other Highlights

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 submitted a grant to the National Library of Medicine in Feb. 2005 - we did not get it.  We have now submitted a new grant focusing on annotation data maintenance and a new approach to annotation of prok genomes in general, based on a protein family approach, rather than a genome-by-genome approach.  That proposal was written in collaboration with Kimmen Sjolander at Berkeley.
