Overview

During the past year we have focused on a number of aspects of pseudogene annotation as part of the GENCODE Project.  These are: 

1. Running the pipeline and sending sets to the Sanger Institute.

2. Doing in-depth analysis on individual sets of pseudogenes.

3. Further developing the computational methodology for pseudogenes. 

1. Overall Progress Running the Pipeline
1.A. Pipeline

In relation to the first aim, we have been continuing to run the pipeline every quarter, intersecting the results with the result of the UCSC pipeline and then passing selected bits of the results to the Sanger Center for further annotation.  Summarizing some of the statistics from the pipeline runs: 
At the end of 2009, our quarterly pseudogene prediction pipeline (PseudoPipe) run was completed. The last quarter run was based on the Ensembl version 56 data ( GRCh37 coordinates) and predicted 16,946 pseudogenes. These pseudogenes were compared to a recent run of UCSC's RetroFinder, which derived 11,672 pseudogenes, and HAVANA's latest annotations of 8,277 pseudogenes.  A Yale and UCSC consensus pseudogene set was determined with a total of 8,682 pseudogenes.  A three-way, Yale, UCSC and HAVANA pseudogene set was also generated.  This set contained 5,072 pseudogenes. Note that the lower number of pseudogenes in the Ensembl v56 run of PseudoPipe reflected the different "repeat masking" from Ensembl. This was verified by overlapping the repeat-masked regions with about 8K pseudogenes that were predicted in the v55 run but not in v56. The results showed that more than 95% of these pseudogenes fell in the repeat masked regions (see figure below). Rerunning PseudoPipe on v56 with the repeat-masked DNA from v55 yielded 25,229 pseudogenes that are close to the previous runs. 
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Overall Summary of Numbers for last few quarters
	Run
	Num. Pseudogenes
	Ensembl Version
	Genome Build

	2008 Q4
	25,501
	49
	NCBI36

	2009 Q1
	28,237
	50
	NCBI36

	2009 Q2
	28,295
	53
	NCBI36

	2009 Q3
	24,483
	55
	GRCh37

	2009 Q4
	16,946
	56
	GRCh37

	2010 Q1
	17,365
	57
	GRCh37


1.B. Calls

We have had a set of regular conference between Sanger, UCSC, and Yale to coordinate the pseudogene annotation. We have had calls on the following days: 

In 2008: Feb. 11, Feb. 25, Apr. 14, Jul. 17, Sep. 11, Nov. 25, Dec. 09

In 2009: Feb. 05, Feb. 19, Mar. 12, Apr. 23, Jun. 12, Jul. 2, Aug. 18, Sep. 8, Nov. 5, Dec. 17

We have recorded the progress on these calls on a UCSC wiki page: http://encodewiki.ucsc.edu/EncodeDCC/index.php/Pseudogene_Subgroup_Conference_Calls 

2. More Detailed Analysis on Selected Sets

2.A. Overview

From our pipeline runs we have selected sets of pseudogenes for further in depth annotation. These sets of pseudogenes include ribosomal pseudogenes, glycolytic enzyme pseudogenes, Nuclear Receptor pseudogenes, pseudogenes associated with segmental duplication and unitary pseudogenes.  The ribosomal pseudogenes and glycolytic pseudogenes represent fairly easy cases where there are a large number of processed pseudogenes that can be easy to find. This resulted in the publication of two papers (Balasubramanian et al., 2009; Liu et al. 2009).  The unitary pseudogenes represent pseudogenes that do not have a parent in the human genome. They represent particularly difficult cases of pseudogene assignment. This work grows out of our earlier work on Nuclear Receptor Pseudogenes (Zhang et al., 2008). We have submitted a paper on this (Zhang et al., 2010). In doing this we have also started to touch upon the issue of polymorphic pseudogenes, pseudogenes that are present in the reference genome but in other individuals are actually genes. SD pseudogenes are pseudogenes that are associated with segmental duplications. These are the fundamental process that gives rise to duplications in the genome. 
We describe the glycolytic, unitary, polymorphic and SD-associated pseudogenes in more detail below. We have already described the ribosomal and Nuclear Receptor pseudogenes in previous reports. 
2.B. Glycolytic Pseudogenes (Liu et al., 2009)
As glycolysis is such a highly conserved and fundamental metabolic pathway, the pseudogenes of glycolytic enzymes comprise a standardized genomic measuring stick and an ideal platform for studying molecular evolution. One of the glycolytic enzymes, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), has already been noted to have one of the largest numbers of associated pseudogenes, among all proteins. We assembled the first comprehensive catalog of the processed and duplicated pseudogenes of glycolytic enzymes (available at http://pseudogene.org/glycolysis/). We found that glycolytic pseudogenes are predominantly processed, i.e. retrotransposed from the mRNA of their parent genes. Although each glycolytic enzyme plays a unique role, GAPDH has by far the most pseudogenes, perhaps reflecting its large number of non-glycolytic functions or its possession of a particularly retrotranspositionally active sub-sequence. Next, we developed a simple method of identifying conserved syntenic blocks (consistently applicable to the wide range of organisms in the study) by using orthologous genes as anchors delimiting a conserved block between a pair of genomes. This approach showed that few glycolytic pseudogenes are shared between primate and rodent lineages. Finally, by estimating pseudogene ages using Kimura's two-parameter model of nucleotide substitution, we found evidence for bursts of retrotranspositional activity approximately 42, 36, and 26 million years ago in the human, mouse, and rat lineages, respectively. 

2.C. Unitary pseudogenes (Zhang et al., 2010)

Unitary pseudogenes are class of unprocessed pseudogenes without functioning (i.e. genic) counterparts in the genome. Numerically, they constitute only a small fraction of tens of thousands of annotated pseudogenes in the human genome. However, as they represent distinct functional losses over time, they shed particular light on the unique features of humans in primate evolution. We developed a pipeline to detect human unitary pseudogenes through analyzing the global inventory of orthologs between the human genome and its mammalian relatives. We applied conservative cutoffs meant to filter out false positives and focus on gene losses along the human lineage after the divergence from rodents ~75 million years ago. In total, we identify 76 unitary pseudogenes, including previously annotated ones, such as ψGULO and ψUOX, and many novel ones. By comparing each of these to its functioning ortholog in other mammals, we can approximately date the creation of each unitary pseudogene (i.e. the gene ‘death date’) and show that for our group of 76, the functional genes appear to be disabled at a fairly uniform rate throughout primate evolution—and not all at once, correlated, for instance, with the ‘Alu burst’. 

2.D. Polymorphic Pseudogenes

In our unitary analysis above we identified 11 ‘polymorphic’ pseudogenes that have both nonfunctional and functional alleles currently segregating in the human population. Comparing them with their orthologs in other primates, we find that two of them are in fact pseudogenes in non-human primates suggesting that they actually represent cases of a gene that is in the process of being resurrected in the human lineage.
3. Technology for Pseudogene Annotation 

3A. Overview

The 3rd aspect is that we have focused on technology development both for the pipeline itself and for the associated database and annotation system.   In particular, we have improved the pipeline for pseudogene identification considerably, particularly focusing on hard cases, such as the SD pseudogenes or the unitary pseudogenes. We have also done some initial work to develop methods to annotate pseudogenes that may potentially have a regulatory role (Guo et al., 2009). 

3.B. Pseudofam (Lam et al., 2009)

We have also developed a resource called Pseudofam, which provides additional annotation on this pseudogene and precisely describes their annotation with an ontology (pseudofam.pseudogene.org, Lam et al., 2009). Pseudofam is a database of pseudogene families based on the protein families from the Pfam database. It provides resources for analyzing the family structure of pseudogenes including query tools, statistical summaries and sequence alignments. It uses a large-scale parallelized homology search algorithm (implemented as an extension of the PseudoPipe pipeline) to identify pseudogenes. Each identified pseudogene is assigned to its parent protein family and subsequently aligned to each other by transferring the parent domain alignments from the Pfam family. Pseudogenes are also given additional annotation based on ontology, reflecting their mode of creation and subsequent history. In particular, our annotation highlights the association of pseudogene families with genomic features, such as segmental duplications. In addition, pseudogene families are associated with key statistics, which identify outlier families with an unusual degree of pseudogenization. This allows Pseudofam to more precisely annotate each of the pseudogenes that we identify and associate them with a particular protein family which has a given number of "living" and "dead" members.
Future Plans

In the future we would like to continue of course working on our overall pseudogene annotation and to focus in detail on sets of particular interest. We plan to continue the annotation of the pseudogene assignment done for the entire human genome. We also plan to continue working on linking up the resources that we have developed, in particular pseudofam with UCSC and Sanger.  

We also plan on continuing our work on technology development; in particular we would like to develop approaches to more precisely annotate polymorphic pseudogenes. 
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