A. Specific Aims
The main objectives of the pseudogenes study are to identify and annotate pseudogenes in the human and mouse genomes and to analyse them from functional and evolutionary perspectives. All the results will be made freely available online.

B. Studies and Results
Following the completion of the human genome manual annotation, we obtained a comprehensive set of human pseudogenes that is constantly refined to improve its accuracy with each new GENCODE release. We also transitioned the human genome annotation from GRCh37 to the new assembly GRCh38. The latest stable annotation of the human pseudogenes is in GENCODE 21 comprising of 14467 pseudogenes. The pseudogenes are classified into four biotypes, namely processed, duplicated (unprocessed), unitary and polymorphic. A very small number of pseudogenes (29) could not be assigned a biotype and hence were annotated as “ambiguous”. This is a significant improvement compared to the pervious pseudogene annotation release (GENCODE 19) when 296 pseudogenes were labelled with an “ambiguous” biotype. 

We continue to improve the mouse pseudogene annotation using a combination of automated pipelines and manual annotation (Table 1). Currently we make use of three automated annotation pipelines: PseudoPipe, RetroFinder and RCPedia. The latest mouse annotation corresponds to GENCODE M4/ Ensembl 78. Using PseudoPipe we were able to predict over 18000 mouse pseudogenes of which more than half can be reliable classified as either processed or duplicated. 

Table 1. Mouse M4 pseudogene annotation.
	Pipeline
	Processed
	Duplicated
	Ambiguous
	Total

	PseudoPipe
	9795
	1972
	6898
	18785

	RetroFinder
	18456
	
	
	18456

	RCPedia
	7579
	
	
	7579

	GENCODE
	5560
	2171
	211
	7957



[bookmark: _GoBack]In order to evaluate the accuracy of our annotation pipelines we compared the results between the four annotations. We found a good agreement between the PseudoPipe and RetroFinder predictions (12,337 common pseudogenes which represent 62% to the total PseudoPipe predictions). The overall agreement among all three pipelines predictions is around 34. The relatively modest performance of PseudoPipe is due to the fact that the other two pipelines annotate only processed pseudogenes. Consequently considering just the overlap in processed pseudogenes across the three pipelines, the agreement reaches ~50% to the PseudoPipe predictions. Further we integrated manual annotation and found 15% overall agreement between the four pipeline predictions. This result is promising given the fact that only a small fraction of the mouse genome has been manually annotated. 

Further we looked into improving our calls of transcribed pseudogenes in mouse. Using RNA-Seq data from ENCODE we identified 878 transcribed pseudogenes. Using EST data combined with manual annotation we were able to predict 267 transcribed pseudogenes. The difference in the number of pseudogenes predicted by the two methods may due to the strong tissue specificity of the pseudogene transcription. Based on our previous experience with the human genome we expect that the number of transcribed pseudogenes in mouse to be around 15% of the total number of pseudogenes.

C. Significance
Presumed to evolve with little selective constraints, pseudogenes are of great value in estimating the rate of spontaneous mutation and hence provide insight into genome evolution. To this end we have successfully performed a three-way comparison of the pseudogene complements in human, worm, and fly and found that the pseudogene complement is lineage specific, reflecting the different genome remodelling processes that marked each organism’s evolution. Our results have been published in PNAS1. Similarly, studying the mouse genome and looking at the parallel evolution of the 17 mouse strains would give us the opportunity to understand the key processes that shaped up the mammalian genomes evolution.


D. Plans
Next year we aim to continue to improve the mouse pseudogene predictions following closely the advances in the manual annotation. Also we aim to start annotating the 17 available mouse strains in order to produce a comprehensive corpus for the study of genomic variation across the mouse strains.  We also aim to refine our human variant annotation tool and adapt it to make it suitable for the analysis of the mouse genome. Finally we aim to integrate our annotation with a functional genomics data in order to identify potentially biologically active pseudogenes.

 

1. Sisu, C, Pei, B, Leng, J, Frankish, A, Zhang, Y et al. (2014) Comparative analysis of pseudogenes across three phyla. PNAS 111(34), 13361–13366.
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