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A.
Personal Statement. 
I have been developing computational genomics analysis methods for over 15 years. This work, though broadly applicable in genomics and genome-wide association studies, has been particularly highly utilized by cancer researchers.  I have initiated and led several major projects in bioinformatics methods and databases, including the PANTHER Protein Classification System (pantherdb.org) that my group first applied to the initial analysis of the first human genome sequence, and upon which we subsequently developed a number of software tools for analysis of “omics” data in the context of functions and pathways.  PANTHER is based on phylogenetic reconstructions of gene family histories, and has been cited in over 3000 publications analyzing gene expression, protein expression and GWAS data. I also lead (along with four other PI’s) the Gene Ontology Consortium (geneontology.org), an NIH-funded, international bioinformatics initiative to represent the biological functions of genes (from the molecular level to pathways and even larger processes), which is plays a key role in interpretation of genomic datasets.  For the current proposal, I am very enthusiastic about leading the USC Norris Comprehensive Cancer Center Bioinformatics Core in its goals of supporting cancer research.
B.
Positions and Honors. 

Positions and Employment

1995-1997

Investigator, SmithKline Beecham Pharmaceuticals, King of Prussia, PA

1997-1999

Director of Research, Molecular Applications Group, Palo Alto, CA

1999-2003

Director of Protein Informatics, Celera Genomics, Foster City, CA

2003-2006

Sr. Director, Computational Biology, Applied Biosystems, Foster City, CA


2006-2010

Director, Evolutionary Systems Biology, SRI International, Menlo Park, CA

2010-


Assoc. Professor and Director, Division of Bioinformatics, Department of Preventive Medicine,






University of Southern California, Los Angeles, CA

2012-


Assoc. Professor, Department of Biological Sciences, University of Southern California,






Los Angeles, CA (joint appointment)

Honors

1989
Phi Beta Kappa, UCLA

1990
National Science Foundation Predoctoral Fellowship Award (declined)

1990-1995
Howard Hughes Medical Institute Predoctoral Fellow

1995
Clements Prize for Outstanding Ph.D. Thesis, UCSF

2003-2006
Scientific Advisory Committee, Applied Biosystems

C.
Contribution to Science
Trained in computational biology (specifically computational protein folding using statistical-mechanics based techniques), I immediately turned to genomics as soon as the Human Genome Project began pilot work in 1995.  Since that time, the theme of my work has remained the development of highly-used analysis tools (including software and databases) to enable understanding of genome-wide datasets, particularly in the domain of human health research.  This work has had very high impact, as recently recognized by my inclusion in Thomson-Reuters’s “World’s Most Influential Scientific Minds: 2014”, which lists the top 1% most highly-cited researchers in their fields (Biology, in my case) based on their publications from 2002-2012.
Full bibliography: http://www.ncbi.nlm.nih.gov/sites/myncbi/paul.thomas.3/bibliography/47260798/public/?sort=date&direction=ascending
PANTHER: comprehensive evolutionary reconstruction of gene families and development of software for large-scale protein classification.  I initiated the PANTHER (Protein Analysis Through Evolutionary Relationships) project in 1998 and led the Protein Informatics Group at Celera Genomics from 1998 to 2004 to develop this project.  The original aim was to provide comprehensive evolutionary and functional classification of human genes, to support analysis of the first draft of the human genome, published in 2001 (see next paragraph).  This required development of a multi-faceted database and software infrastructure with numerous integrated components, giving it a greater complexity than any other bioinformatics effort of which we are aware (except of course the massive institutional or pan-institutional projects such as NCBI and UniProt) [1].  These facets span eight distinct but interlinked databases: 1) complete sets of protein coding genes for an increasing number of organisms (currently 85) spanning all kingdoms of life, 2) gene family clusters (currently over 7000), i.e. groups of related genes across these genomes, 3) multiple sequence alignments for each family, 4) gene family trees representing evolutionary relationships between all the genes (the first such database of its kind), 5) Hidden Markov Models (HMMs) for each family and subfamily identified in the family trees (over 30,000 HMMs, by far the largest database of annotated HMMs in the world), 6) ortholog predictions (genes in different organisms that can be traced to the same gene in their common ancestral genome) derived from the phylogenetic trees, 7) classifications for each subfamily and gene (the classifications could be considered as multiple databases as they include multiple distinct axes of classification created in my group, including protein class and gene function—later superceded by the Gene Ontology), and 8) biological pathways, including visual diagrams and formal representations in SBML (Systems Biology Markup Language) and BioPAX.  To implement this project, my group has developed novel computational algorithms, such as for family clustering, phylogenetic tree reconstruction [2], detection of erroneous sequence data or gene predictions, and accelerated HMM scoring.  My group also developed extensive user interface software, including highly-used, web-accessible tools for functional enrichment analysis of large-scale biological data. The family and subfamily HMM database from PANTHER became one of the early members of the InterPro Consortium in 2004.   The PANTHER databases are still updated yearly along with a few other core databases in InterPro such as Pfam, and PANTHER continues to be the most highly-used resource for protein subfamily classification [3].  PANTHER has been under continual expansion and improvement [4], For these varied applications, the PANTHER website at http://pantherdb.org is accessed by over 700 unique users every day.

Genomic data analysis in large, collaborative projects.  Because genome-wide sequencing and experimental data sets (such as gene expression experiments) provide data on tens of thousands of genes, interpretation of these experiments requires the development of computational methods to assist in scientific analysis.  I led the team that performed the first functional analysis of the complete set of protein-coding genes in the human genome [5], and was the primary author of the 10-page section of the human genome paper entitled “An overview of the predicted protein-coding genes in the human genome”.  Among our discoveries were the actual numbers of human genes across all gene families, and a comprehensive comparison with the few previously published genomes, demonstrating an enrichment of genes encoding transcriptional regulators.  This paper set a standard for reporting of gene families and functions for comparative genomics analyses.  Among subsequent genome-level analyses, I co-authored the first paper to look for signals of positive selection in the human genome following the divergence from chimpanzee [6].  In this paper, I was the first to apply the Mann-Whitney test to find enrichment of gene functional categories from a comprehensive set of gene-level test statistics, and discovered concerted recent positive selection of beta-branched amino acid metabolic genes in the human lineage.  In a later paper on the analysis of the genome of the oomycete Pythium ultimum [7], I developed and applied a novel method of analyzing gene family expansion based on adding new sequences into a “reference tree” derived from a phylogenetically diverse set of complete genomes, allowing us to trace the genetic origin and history of expansions in genomes through gene duplication and horizontal transfer.  With the help of these tools, we discovered the oomycete-specific expansions in key gene families (including specific families of proteases and ubiquitin-protein ligases) that underlie their adaptation to parasitic lifestyles.

Algorithms and highly-used software for applying evolutionary analysis to identify functional genetic variants.  With the growth of human genome sequencing, novel genetic variants continue to be discovered at a rapid rate.  However, the impact of these variants on gene function and, ultimately, human health is unknown.  Computational analyses can provide useful predictions for investigation of this impact.  My group developed the Position-Specific Evolutionary Conservation (PSEC) method for identifying conserved amino acids in proteins, showing that these positions can be used to accurately predict which genetic variants in humans are likely to cause Mendelian disease [1].  We then went on to improve the method further using information from protein family evolutionary trees, and were the first to demonstrate that common genetic variants associated with human disease showed very different conservation patterns—strongly suggesting very different effects on protein function—than rare Mendelian variants [8].  This software has been widely used by research groups studying the genetics of disease, and has been further built upon by other groups in the field (e.g. in the SNPs&GO algorithm).  The software is available over the web and as a stand-alone software package for local installation.  More recently, we have developed a novel method for using evolutionary information that we call “preservation” (as opposed to conservation) which uses computational methods to reconstruct ancestral sequences, showing that longer evolutionary preservation times are predictive of functional sites [9].

Gene Ontology: comprehensive representation of biological information, and application to genome-scale functional analysis.  GO is one of the largest bioinformatics projects in the world, and has the aim of representing biological knowledge of gene function on a computer, so this vast store of information can be used to interpret genome-wide experiments. The GO Consortium spans 20 groups across the United States and Europe. I have been involved in the project since late 2000, and have co-led the project as a PI since early 2010.  My initial involvement was in merging a function ontology developed in my group at Celera into the GO, and in developing methods for using phylogenetic trees to infer functions for partially or completely uncharacterized genes; the main application is to accurately infer functions of human genes using experimental information about related genes in “model organisms” such as mouse, yeast and the fruit fly.  Within the GO project, I have currently have several roles [10]: to co-direct and prioritize (together with the four other GO PIs) the many subprojects, to establish and maintain collaborations with other related efforts and to work with the community to ensure the proper use of GO [11], to lead the GO “phylogenetic annotation” project [12] in the development of a sophisticated computational and manual process [13] to make and track functional inferences on a large scale, and to lead the refactoring and extension of the ontology, in order to support more detailed and accurate modeling of biological systems. These extensions will be rolled out in the near future, and will enable the vast store of GO annotations to be used in network-based analysis of genomic data.
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D. Research Support

Ongoing Research Support

P.D. Thomas (PI, multiple PI grant) 
03/01/12-02/28/17

NIH/NHGRI, U41 HG002273
Gene Ontology Consortium

This project is an international consortium to comprehensively represent biological knowledge in a computable form, enabling analysis of large-scale biological datasets and providing a framework for comparative biology from the molecular to organism level.

Role: PI (MPI agreement)
Y. Chai, USC (PI)



05/01/14 – 04/30/19

NIH/NIDCR U01 DE024421

Integrated Research of Functional Genomics and Craniofacial Morphology

This project will explore the development of the mandible and maxilla, by generating and integrating functional genomics datasets with quantitative 3D imaging datasets of morphological features.

Role: Co-investigator

C. Kesselman, USC (PI)


05/01/14 – 04/30/19

NIH/NIDCR U01 DE024449


FaceBase 2 Coordinating Center

The major goals of this project are to provide a central web resource providing access to, and computational tools for using, craniofacial research data produced by the FaceBase Consortium.

Role: Co-investigator

D. Thomas, USC (PI) 









07/01/10-06/30/15


NIH R01 ES019876-01A1







Methods for Pathway Modeling with Application to Folate

This project is aimed at developing statistical methods for modeling complex metabolic pathways in cancer epidemiology using a combination of physiologically based pharmacokinetic  and Bayesian hierarchical models, using external information derived from pathway and genomic ontologies.  Methods will be applied to several on-going studies of folate metabolism in colorectal cancer and will be extended to genome-wide scale.

Role: Co-investigator

Completed Research Support
P.D. Thomas (PI) 
08/01/09 – 07/31/13 (NCE until 07/31/14)

NIH/NIGMS, U24 GM088849
EcoliHub2.0: A next generation E. coli model organism resource

The major goals of this project are to provide a central web resource for information about E. coli genomics, biology and evolution.

Role: PI (MPI agreement)
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