1. Narrative Description of Progress since Last Report

A. Overview
We have made significant progress in our research goals in 2011-2012. We continued to focus on genome analysis in terms of protein features. We have developed new tools to process various data arising from functional genomics efforts.  Additionally, we are very interested in developing new ways for efficient mining of the massive data being generated in the field due to sweeping technological advances in high-throughput methods. 
B. Significant highlights from the past year

We have published several papers in all areas of our proposed research. Here I am including a brief summary of the most significant findings in my laboratory over the last year, followed by details on each point. 

Plummeting sequencing costs continues to open up exciting new avenues of research for probing the human genome in a high-throughput fashion. In addition to whole genome sequencing, RNASEQ, Chip-Seq and other new methods are adding to the data deluge triggered by advances in next generation sequencing technologies. While the relentless pace of data accumulation provides us with exciting opportunities to better understand the human genome, this requires development of new tools and algorithms to analyze and interpret the human genome. The current ‘big data’ era also brings with it challenges in terms of data storage, secure and responsible use of data and privacy issues. We are developing new tools to analyze personal genomes focusing on genome annotation, functional annotation and interpretation of genome, data integration, network analyses and protein structure, function and dynamics.  We also address issues related to cost of sequencing and privacy concerns.

B.i 
Tools

We have developed several tools and pipelines for data analyses. Here is a brief synopis:

1. Sric utilizes split-read identification for calling SVs and identifying indels (Zhang et al., 2011). 

2. Alleleseq: A pipeline to elucidate the differences arising due to differences in paternal versus maternal allele (http://alleleseq.gersteinlab.org/) (Rozowsky et al., 2011).

3. CNVnator, can be used for discovery and genotyping of CNVs (Abyzov et al., 2011a). It  is based on read-depth analysis of personal genome sequencing (http://sv.gersteinlab.org/cnvnator/).

4. IQseq: A tool for isoform quantification with RNA-seq data (Jing et al., 2012). Given isoform annotation and alignment of RNA-seq reads, it will use an EM algorithm to infer the most probable expression level for each isoform of a gene (http://archive.gersteinlab.org/proj/rnaseq/IQSeq/).

B.ii
Annotating personal genomes

While it is known that non-coding elements such as transcription factor binding sites, TFBS, will be under selection due to its functional importance, selection in noncoding regions has not been studied extensively. We developed a framework to annotate and identify elements in non-coding regions under selection using the wealth of variation data, SNPs, indels and SVs from the 1000 genomes Pilot phase data.  Using various population-based metrics, we compared different classes of noncoding DNA. We found several regions under selection such as TFBS, microRNAs and their target sites relative to adjoining DNA (Mu et al., 2011). 

We found widespread allele-specific expression/binding in one European individual (NA12878) based on combining variation data for NA12878 from 1000 genomes project and RNASEQ and Chip-Seq data (Rozowsky et al., 2011).

We have obtained a comprehensive catalog of loss-of-function variations in protein-coding genes based on the analysis of 1000 genomes Pilot data ( MacArthur et al., 2012). This set of variants has been thoroughly examined for sequence artifacts, mapping errors and validated experimentally. Given that LoF variants are highly likely to be deleterious, this is an invaluable resource for clinical diagnostics.

B.iii
Networks

Development of methods to understand networks and compare different kinds of networks are important to understand the interplay between various factors. We overlayed dynamic conformational changes based on 3D protein structures onto protein-protein interaction network and built a Dynamic Structural Interaction Network (DynaSIN).  We show that multi-interface hubs display a greater degree of conformational change than singlish-interface ones (Bhardwaj et al., 2011b). We also find that transient associations involve smaller conformational changes than permanent ones. 

We integrated three different regulatory networks: TF→gene, TF→miRNA and miRNA→gene to understand multi-level regulation in higher eukaryotes. These networks were based on RNASEQ, Chip-Seq binding data on C. elegans as part of modENCODE project. This analysis showed that transcription factors downstream of the hierarchy are expressed more uniformly at various tissues, have more interacting partners, and are more likely to be essential (Cheng et al. 2011a).

We explore the advantages of augmenting network interactions with 3D protein structural information. This helps in understanding the nodes and edges of a protein-protein interaction network in a biological context. For example, we can classify different node types based on disorder and evolutionary conservation. This will allow us to better understand the functions of such nodes within networks (Clarke et al., 2012).

B.iv
Protein structure, function and dynamics 

We predict specificity of peptide recognition domains based on coevolution analysis. Essentially, this method identifies residues in peptide binding domains that exhibit evolutionary co-variation with some positions of the bound peptides.  Our predictions agree well with published experimental results (Yip et al., 2011). 

We developed a method to predict ligand-binding motions in proteins with hinge bending domains (Flores et al., 2011). This involves identifying hinges between domains using MD simulations of protein and ligand, we generate ligand-bound conformations. The method works well in predicting a ligand-bound structure given the structure of the unbound protein. 

B.v
Analysis and interpretation

We have characterized the genome of A. sarcoides, a fungal endophyte that was shown to produce potential-biofuel metabolites when grown on a cellulose-based medium (Gianoulis et al., 2012). In addition to whole genome sequencing, we also used transcriptomic and metabolomic data to describe the genes involved in cellulose degradation and to provide hypotheses for the biofuel production pathways.

We predict yeast transcription factor targets by integrating histone modification profiles with transcription factor binding motif information (Cheng et al., 2011b). We developed a method called TIP, target identification of profiles, that quantitatively measures the regulatory relationships between TFs and target genes (Cheng et al., 2011c). 

We developed a statistical model to predict gene expression levels in mouse embryonic stem cells based on TF binding and histone modification data.  TF binding predicts well in small regions around TSS, whereas histone modifications can predict across a wide region around genes (Cheng et al, 2012). TF and HM models are cell line specific. Interestingly, the models obtained using protein-coding genes also predict expression of miRNAs  well. This suggests that miRNA expression may also be regulated by the same factor that affects expression of protein-coding genes.

B.vi
Perspectives in the ‘big-data era’

This is the age of rapid information transfer via the Internet. We studied the rate at which information is spread by looking at web statistics of Plos article level metrics (Yan et al., 2011). The spread had two distinct phases: one corresponding to the short-term fame of a paper and another related to long-term citation statistics. 

With the continual drop in sequencing costs, there is much talk about the $1000 genome. While it is indeed true that the cost of sequencing is coming down rapidly, computational infrastructure needed to handle the behemoth amount of sequencing data and the costs associated with downstream analyses of this data highlight the erroneous price tag associated with a sequencing a human genome (Sboner et al., 2011). 

The large scale of personal genomic sequencing data makes it difficult to share data without compromising privacy. We discuss potential breaches of privacy in personal genomic data due to analyses that can lead to identity of individual. This can also indirectly affect family members because their genome content can be deconvoluted from one individual family member’s genome. We describe various ways to overcome this problem and suggest that cloud computing may allow access to the data in a more controlled fashion. We also discuss ways to educating the public about these issues (Greenbaum et al., 2011a,b). 

2. Timetable and goals

We have achieved all goals in a timely manner. As this is a final report, we do not have goals.

3&4.  Anticipatory budgetary changes


As this is a final report, we do not anticipate budgetary changes. 
5.
Progress in the next 12 months


As this is a final report, this section is not applicable. That said, I want to emphasize that I am very grateful to the W. M. Keck Foundation for its generous funding, which has enabled me to carry out aspects of my research not directly covered by the federal grants. 
7.  Selected Publications (over the past year)
Below are listed all of my papers published in 2011 and 2012. I have made a website of all relevant Keck Foundation publications and URLs: http://papers.gersteinlab.org/subject/keck .
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