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Thoughts on Reference Genome Metrics   
Need to decide what genes sets to measure metrics for. The grant proposal seems to just suggest the metrics will relate to each genome, however many of the discussions we have had assume that the metrics will be for the reference genome genes (RGGs) only.  For the annotation of some genomes the progress on annotation resulting from the reference genome project will be lost if we only measure whole genome data, however we also need a value to compare the RGGs against.  Therefore, ideally we will calculate many of the metrics for the whole genome and for the RGGs.

We also need to set up automated systems to calculate the metrics where ever possible and keep manual input into the metrics to a minimum.
Granularity (part of depth metrics): how specific are the terms being used to describe this knowledge

Calculate these for reference genome gene set as well as for the full genomes
	Metric
	Manual input
	Automated systems

	See table below, determine the distance between each term used/gene and the most distance terminal term (leaf) beneath it, and calculated the average of these distances.
	none
	Collation of numbers/term/species and collation of total numbers 



	genome
	Reference genome set*
	
	

	4.0560
	2.0
	UniProt 
	Escherichia coli

	4.2383
	2.0
	FB 
	Drosophila melanogaster

	4.2841
	2.0
	UniProt 
	Homo sapiens

	4.4800
	2.0
	MGI
	Mus musculus

	4.7170
	2.0
	DDB
	Dictyostelium discoideum

	4.7358
	2.0
	WB 
	Caenorhabditis elegans

	4.8267
	2.0
	SGD 
	Saccharomyces cerevisiae

	6.5618
	2.0
	TAIR 
	Arabidopsis thaliana

	7.3846
	2.0
	ZFIN
	Danio rerio


Table. A measure of the granularity of annotation. For all terms used for annotation, for all gene products in each organism, we determined the distance between that term and the most distance terminal term (leaf) beneath it, and calculated the average of these distances. This is one way of assessing the granularity of annotation. If all gene products were annotated with terminal (leaf) terms then this average would be 0. On the other hand if all gene products were annotated with the root terms (“unknown”) the average would be 17.

* completely fictitious data
Comprehensive metrics (part of depth metrics): how does the annotation of each gene compare with the literature available? 

It is difficult to imagine getting these figures for whole genomes, however would it be possible? 

If we are only going to measure progress for RGGs then need to have figures before reference genome project started for each gene and then recalculate figures on regular basis.

At present we are monitoring the figures below, but how many are needed and how much can be automated?  In the “manual input” column only tasks required in addition to normal manual annotation are included. 
	Metric
	Manual input
	Automated systems

	How many of the human genes have orthologs, in each reference genome species?
	Each MOD will need to manually confirm orthology.  Should this metric actually separate orthologous and ancestral genes?
	Collation of total numbers automated

	How many of the human genes have functionally equivalent homologs, in each reference genome species?
	Each MOD will need to manually confirm functional homology.  
	Collation of total numbers automated

	How many of the genes have published experimental data?
	None
	Collation of total numbers automated

	How many papers associated in total ? (this would include point above)
	None 
	Automate counting papers on a regular basis. Collation of total numbers automated

	How many papers have been considered for GO curation ? *b 
	Semi automated with triage Manual notation without triage
	Collation of total numbers automated

	How many papers provided GO terms ?
	Automate counting papers on a regular basis.
	Collation of total numbers automated

	How many genes are considered complete/ comprehensive*a ? 
	Manual assertion with date.  Are we going to have both complete and comprehensive  categories? Should this include genes with no papers?
	Collation of total numbers automated

	How many genes have preliminary annotations?
	none
	Collation of total numbers automated


	Figures for Reference Genome genes, completely fictitious data
	Figures for Whole Genome genes, completely fictitious data
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To produce the histograms above we don’t need the metrics in red in the table above.  
However some of these figures can provide straightforward data:

1. What percentage of genes in each reference genome have associated experimental literature?

2. What percentage of these genes in each reference species are comprehensively annotated*a?

*bAlso the number of papers read (but not necessarily used) could be used to make a statement in a paper such as “in cases where there was a large volume of literature available, usually around 30 papers were read in order to obtain a comprehensive annotation of the gene”.  However this metric is very time consuming to track (unless there is a triage process set up?) and perhaps this doesn’t need to be monitored for 5 years!
The problem with just providing the metrics as figures rather than histograms is the effect it will have on annotation.  This may not be a problem for some groups, however if the annotators want to keep their “comprehensively annotated” figures up then they will invest more time revisiting the genes they have  “comprehensively annotated” rather than annotating new genes.  Whereas if the figures are only shown as histograms then they will be aware that the overall effect of annotation will be to increase the number of genes falling in the 100% of papers annotated rather than in the lower ranges.  However, this concept only works if genes with no papers are excluded from the graphs.
Maybe the “comprehensively annotated” metric should state a time range, eg over the past 5 years xx genes have been “comprehensively annotated”. Rather than “on 20/09/2007 xx genes were considered “comprehensively annotated”. 

Breadth metrics (see figure below) Should we calculate these for reference genome gene set as well as for the full genomes?
	Metric
	Manual input
	Automated systems

	Number of genes/species? Full gene count includes protein coding and functional RNAs
	none 
	Collation of numbers/species 

	Number of genes with some functional annotation (by this we mean process, function or component annotation) 
	none
	Collation of numbers/species/ontology

	Number of genes with some functional annotation based on experimental data
	none
	Collation of numbers/species/ontology with IMP,IGI,IDA,IPI,IEP

	Number of genes with some functional annotation based on sequence similarity
	none
	Collation of numbers/species/ontology with ISS (and IEA?)
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Figure legend: Annotation metrics as of January 2006. Here is reported the % of gene products with experimentally based annotations in each GO domain for each of the reference genomes.  
Each column in the histogram could be divided to show the fraction of evidence supported and sequence similarity supported annotations.




































Granularity  Database  Species































































































PAGE  
1

_1200221145.xls
Percent Experimental Annotation

		S. cerevisiae		S. cerevisiae		S. cerevisiae

		D. discoideum		D. discoideum		D. discoideum

		D. melanogaster		D. melanogaster		D. melanogaster

		C. elegans		C. elegans		C. elegans

		A. thaliana		A. thaliana		A. thaliana

		M. musculus		M. musculus		M. musculus

		D. rerio		D. rerio		D. rerio

		H. sapiens		H. sapiens		H. sapiens



Process

Function

Component

0.5664608385

0.3971400715

0.6764705882

0.0251070135

0.018109977

0.0184392493

0.1968475601

0.0513890888

0.0549877645

0.1674310925

0.007731621

0.0179094046

0.0881394412

0.0526200154

0.0699769307

0.1123829344

0.1058164986

0.1054217948

0.0198928571

0.0067857143

0.0033214286

0.0366428571

0.0821071429

0.0359642857



Data

		organism		estimated		process				function				component

						count		percent		count		percent		count		percent

		S. cerevisiae		6,154		3,486		57%		2,444		40%		4,163		68%

		D. discoideum		12,148		305		3%		220		2%		224		2%

		D. melanogaster		13,894		2,735		20%		714		5%		764		5%

		C. elegans		22,893		3,833		17%		177		1%		410		2%

		A. thaliana		27,309		2,407		9%		1,437		5%		1,911		7%

		M. musculus		27,869		3,132		11%		2,949		11%		2,938		11%

		D. rerio		28,000		557		2%		190		1%		93		0%

		H. sapiens		28,000		1,026		4%		2,299		8%		1,007		4%

		Only annotations with IMP, IDA, IPI, IGI and IEP are included

		Annotations to one of the unknown terms are removed, just in case






