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1.    GO Staff 

People working on GO (no one person is full-time GO curator at this time):
Part time (15%): Linda Hannick, 

Part-time(<10%): Elisabet Caler, Paolo Amedeo, Natalie Federova, Rama Maiti, Vinita Joardar, Mathangi Thiagarajan, Hernan Lorenzi, Qi Zhao, Shelby Bidwell, Jennifer Wortman
Funding for eukaryotic annotation, including GO, does not draw from general funds.  Rather, individual PI’s submit grants for funding for their projects.  In most cases, funds are available only for automated GO annotation within these projects.  Rarely, a PI applies for and receives funds for full manual annotation.  We lack funds for the continued maintenance of GO data once the sequencing/annotation project is completed.  


The eukaryotic annotation team values manual GO curation.  Unfortunately, we have no manual GO annotation funding for any of our projects at the present time.  All efforts are currently funded for automated GO assignments.   Aspergillus fumigatus is receiving some manual GO annotation, although it is unfunded.  Unpublished projects with automated GO annotation include Aedes aegypti, Brugia malayi, Coccidioides posadasii, Entamoeba histolytica, Tetrahymena thermophila, and Toxoplasma gondii. These gene associations will be published to GO when the projects are more complete and papers are published.

2.    Annotation Progress:  Current GO Statistics

Electronic annotation has been the primary means of assigning GO terms for most projects, with the exception of Aspergillus fumigatus.  

	Genome project
	# assoc-

iations
	# distinct proteins
	Method
	number added since
3-17-05
	non-IEA
	IEA
	Function
	Process
	Comp.

	Aedes aegypti
	40,698
	6,973
	3,4
	40,698
	0
	40,698
	12,608
	21,057
	7,033

	Aspergillus fumigatus
	37,533
	9,932
	1,2,3
	37,533
	6,996
	30,537
	11,448
	14,800
	11,285

	Brugia malayi
	19,869
	6,262
	2,3
	18,008
	2
	19,797
	9,350
	5,468
	3,187

	Coccidioides posadasii
	7,930
	2,994
	3
	7,930
	20
	7,910
	4,150
	2,526
	1,254

	Entamoeba histolytica
	9,315
	3,106
	3
	9,315
	0
	9,315
	5,253
	2,684
	1,378

	Oryza sativa
	202,016
	52,513
	5
	80,004
	17
	52,513
	87,304
	84,822
	29,890

	Tetrahymena thermophila 
	15,574
	5,678
	3
	15,574
	0
	15,574
	4,902
	8,689
	1,983

	Toxoplasma gondii
	11,446
	3,166
	3
	11,446
	0
	11,446
	6,270
	3,546
	2,690


1 Manual curation from literature.
2 Manual curation by sequence similarity.
3 Pfam domain hits above the trusted cutoff; then take Interpro2GO mappings.
4 Sequence homology to Drosophila melanogaster (1e-40), top hit.

5 Sequence homology to Arabidopsis thaliana (1e-40), top hit.

3.  Methods of Annotation

a.  Literature curation

Genes and gene products that are experimentally characterized are assigned GO terms through literature curation when projects are funded for manual curation.  Most of our projects are not funded for GO curation, however. The Aspergillus fumigatus genome is receiving some manual curation from the literature, especially in specific gene families.

b.  Automatic or semi-automated methods

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 manual annotation by ISS starts with the searching the proteome against HMMs and searches for highly significant pairwise matches. Genes are manually reviewed to evaluate the evidence, and the GO annotation is manually assigned. 

c.  Quality control measures

Annotators are trained in semi-annual training classes.  These classes teach the basics of Gene Ontology use and assignment, and update the knowledge of annotators who were previously trained.  In manual GO annotation projects, groups engage in thorough discussion of their methods, practices, and annotations, ensuring consistency among annotators.

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.

3.  Ontology development


Very little ontology development has taken place since the last fully manual GO annotation of a genome project.   Ontology development occurred during the following projects and workshops:

The Trypanosoma brucei project.

The PAMGO meeting at TIGR, Feb 2006.
2. Publications/Tutorials/Presentations with substantial GO component

Two or three times per year, a eukaryotic GO annotation course is presented within TIGR.  It is usually attended by about 15-20 annotators, post-docs, staff scientists, research associates and principal investigators.  The class teaches the basics of GO and its implementation using Manatee.  Ontology development and automated GO methods are also taught.  This class is taught by me (Linda).

A few times a year, external classes are held as workshops to teach annotation to  external collaborators and interested biologists.  These always contain a GO workshop, usually about half a day.

Some publications that included eukaryotic GO components:

Yuan, Q., Ouyang, S., Wang, A., Zhu, W., Maiti, R., Lin, H., Hamilton, J., Haas, B., Sultana, R., Cheung, F., Wortman, J., and Buell, C.R. 2005. The Institute for Genomic Research Osa1 Rice Genome Annotation Database. Plant Physiology 138: 18-26.
Berriman, M., Ghedin, E., Hertz-Fowler, C., Blandin, G., Renauld, H., Bartholomeu, D.C., Lennard, N.J., Caler, E., Hamlin, N.E., Haas, B., Bohme, U., Hannick, L., Aslett, M.A., Shallom, J., Marcello, L., Hou, L., Wickstead, B., Alsmark, U.C., Arrowsmith, C., Atkin, R.J., Barron, A.J., Bringaud, F., Brooks, K., Carrington, M., Cherevach, I., Chillingworth, T.J., Churcher, C., Clark, L.N., Corton, C.H., Cronin, A., Davies, R.M., Doggett, J., Djikeng, A., Feldblyum, T., Field, M.C., Fraser, A., Goodhead, I., Hance, Z., Harper, D., Harris, B.R., Hauser, H., Hostetler, J., Ivens, A., Jagels, K., Johnson, D., Johnson, J., Jones, K., Kerhornou, A.X., Koo, H., Larke, N., Landfear, S., Larkin, C., Leech, V., Line, A., Lord, A., Macleod, A., Mooney, P.J., Moule, S., Martin, D.M., Morgan, G.W., Mungall, K., Norbertczak, H., Ormond, D., Pai, G., Peacock, C.S., Peterson, J., Quail, M.A., Rabbinowitsch, E., Rajandream, M.A., Reitter, C., Salzberg, S.L., Sanders, M., Schobel, S., Sharp, S., Simmonds, M., Simpson, A.J., Tallon, L., Turner, C.M., Tait, A., Tivey, A.R., Van Aken, S., Walker, D., Wanless, D., Wang, S., White, B., White, O., Whitehead, S., Woodward, J., Wortman, J., Adams, M.D., Embley, T.M., Gull, K., Ullu, E., Barry, J.D., Fairlamb, A.H., Opperdoes, F., Barrell, B.G., Donelson, J.E., Hall, N., Fraser, C.M., Melville, S.E., El-Sayed, N.M.  (2005) The genome of the African trypanosome Trypanosoma brucei. Science 309 (5733):416-422.
5.  Other Highlights

We continue to struggle to obtain funding for eukaryotic Gene Ontology curation. We consider it an important aspect of curation, and will endeavor to obtain such funding for the future. 

