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A.	Personal Statement
My research deals with uncovering principles of gene regulation. I apply computational methods to analyze large-scale genomic data sets. I also design the analytic technology required to leveraging these massive and complex data sets. Underlying all of my work is the premise that a greater understanding of genomic information will ultimately impact biomedical science. Current projects in our group focus on the following three general areas.
[bookmark: _GoBack]DNA methylation: This fascinating epigenomic modification has multiple essential functions in mammals. DNA methylation changes as developmental regulatory programs are executed and can be replicated along with the DNA when cells divide. DNA methylation can also be influenced by environmental exposure, diet and aging, and aberrant methylation is a hallmark of cancers. We are studying how methylation patterns along the genome evolve in tumorigenesis, how the methylation patterns in germ cells influence the earliest stages of embryogenesis, and how methylation patterns can be used as diagnostic markers.
Protein-RNA interactions: RNA-binding proteins function to regulate all aspects of RNA processing, from splicing and transport to translation and degradation. Our interest lies in deciphering how various RNA-binding proteins recognize their target RNAs. Technologies like CLIP-seq can interrogate millions of protein-RNA interactions in a single experiment. We are designing algorithms to mine those interactions and learn the characteristic sequence and structure patterns of RNAs that identify them for regulation by specific proteins in specific contexts.
Capture-recapture statistics in DNA sequencing: Current analysis of genomic sequencing interprets the data given but ignores the possibility that things were missed by random chance in the sequencing process. We are developing techniques to model DNA sequencing as random sampling from a population of molecules, borrowing methodology from capture recapture statistics.  With these techniques we can analyze the benefit of deeper sequencing to gain more information, which allows researchers to optimize their experiments based on cost and information gained.
B.	Positions and Honors
Positions and Employment
2014-			Associate Professor of Biological Sciences, University of Southern California
2008-2014		Assistant Professor of Biological Sciences, University of Southern California
2004-2008		Postdoctoral Fellow, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY
Other Experience and Professional Memberships
2005-			Member, International Society for Computational Biology
2006-			Member, Association for Computing Machinery
Honors
2000			Natural Science and Engineering Research Council Post Graduate Scholarship (Canada)
C.	Contribution to Science
1. Algorithms for pattern discovery in strings: My doctoral research was in theoretical computer science, specifically in Parameterized Complexity and Approximation Algorithms. I conducted a comprehensive fixed-parameter analysis of a string pattern discovery problem, known widely as “Closest Substring.” This included a significant number of original proofs. I used circuit complexity to position problem variants within classes of the W hierarchy, fixed-parameter reductions to show hardness for those variants, and algorithm design to show tractability for other variants. In addition, I designed approximation algorithms for optimization problems derived from the basic Closest Substring problem, and used gap-preserving reductions to show hardness of approximation. For the following three papers, I should be considered to have the role of first author, but it is customary in theoretical computer science to list authors alphabetically.

a. Evans PA and Smith AD (2003). Complexity of approximating closest substring problems. Proceedings of the 14th International Symposium on Fundamentals of Computation Theory (FCT), LNCS 2751: 210-221
b. Evans PA and Smith AD (2003). Toward optimal motif enumeration. Proceedings of the 8th International Workshop on Algorithms And Data Structures (WADS), LNCS 2748: 47-58
c. Evans PA, Smith AD and Wareham HT (2003). On the complexity of finding common approximate substrings. Theoretical Computer Science, 306 (1-3): 407-430

2. Analysis of genomic regulatory regions: During my postdoctoral research I developed the discriminating matrix enumerator (DME) algorithm, the first algorithm for de novo discovery of matrix-based motifs with relative overrepresentation between foreground and background sequence sets. DME employs a unique combination of dynamic programming and branch-and-bound techniques to conduct a grid search in the high-dimensional space of possible sequence patterns. We integrated this algorithm into a framework for predictive modeling of gene expression data based on interacting patterns in regulatory sequences, and applied the framework to characterize mammalian tissue specific promoters. We also adapted this methodology to the analysis of ChIP-chip data, using enrichment relative to multiple control sequence sets to eliminate non-specific motifs and other artifacts that confound the analysis. I applied this method in multiple collaborative projects to understand transcriptional regulation. One notable project was the original genome-wide characterization of CTCF binding specificity.

a. Smith, A.D., Sumazin, P. & Zhang, M.Q. (2005). Identifying tissue-specific transcription factor binding sites in vertebrate promoters. PNAS, 102(5), 1560-1565. PMCID: PMC547828
b. Smith AD, Sumazin P, Das D and Zhang MQ (2005). Mining ChIP-chip data for transcription factor and cofactor binding sites. Bioinformatics, 21 (Suppl 1): i403-i412
c. Smith, A.D., Sumazin, P., Xuan, Z. & Zhang, M.Q. (2006). DNA motifs in human and mouse proximal promoters predict tissue specific expression. PNAS, 103(16), 6275-6280. PMCID: PMC1458868
d. Kim TH, Abdullaev Z, Smith AD, Ching KA, Loukinow D, Green RD, Zhang MQ, Lobanenkov V and Ren B (2007). Analysis of the vertebrate insulator protein CTCF binding sites in the human genome. Cell, 128: 1231-1245

3. Global studies of DNA Methylation: This work began when I took my faculty position at USC. My research in this area made significant contributions to understanding the functional roles of DNA methylation in mammals, especially in germ cells. I led a project to characterize the human and chimp sperm methylomes using whole genome bisulfite sequencing. This project required substantial methods development, and also discovered novel features and biological insights, including the surprising epigenomic divergence of thousands of orthologous regions retro-elements, making up entire subfamilies of primate-specific SVA elements, suggesting divergence in a trans mechanism for their recognition. Additional studies focused on (i) development and lineage-specification within the hematopoietic system, (ii) intestinal stem cells and progenitors, (iii) the interaction between small RNAs and DNA methylation in developing male germ cells. My lab also developed the first statistical model to describe allele-specific methylation ASM in WGBS data without resorting to genotype. Our approach was based on a statistical view of epi-haplotype assembly and by applying this method we obtained the first global delineation of boundaries for regulatory regions that control imprinted gene expression.

a. Molaro A, Hodges E, Fang F, Song Q, McCombie WR, Hannon GJ and Smith AD (2011) Sperm methylation profiles reveal features of epigenetic inheritance and evolution in primates. Cell, 146(6):1029-1041 [PMCID: PMC3205962] 
b. Hodges, E., Molaro, A., Dos Santos, C.O., Thekkat, P., Song, Q., Uren, P.J., Butler, J., Rafii, S., McCombie, W.R., Smith, A.D. & Hannon, G.J. (2011). Directional DNA methylation changes and complex intermediate states accompany lineage specificity in the adult hematopoietic compartment. Molecular Cell, 44, 1-12 [PMCID: PMC3412369]
c. Molaro A, Falciatori I, Hodges E, Aravin AA, Marran K, Rafii S, McCombie WR, Smith AD & Hannon GJ (2014). Two waves of de novo methylation during mouse germ cell development. Genes & Development, 28, 1544-1549 [PMCID: PMC4102761]
d. Fang, F., Hodges, E., Molaro, A., Dean, M.D., Hannon, G.J. & Smith, A.D. (2012). The genomic landscape of human allele-specific DNA methylation. PNAS, 109(19), 7332-7337 [PMCID: PMC3358917]

4. Analysis of protein-RNA interaction data: My lab also develops and applies analysis methods for high-throughput protein-RNA interaction data. These data come primarily from CLIP-seq variants, which identify protein interaction sites in RNA by first using UV cross-linking, followed by IP and sequencing. This technique provides a transcriptome-wide view of functional interactions between proteins and their target transcripts. We developed a method for identifying true interaction sites from noise, while accounting for overall RNA abundance and noise (implemented in the Piranha software). We also developed an algorithm and statistical model for integrating read-counts, secondary structure and primary sequence to describe RBP binding preference (implemented in the Zagros software). We also applied these methods in collaborative projects to understand the behavior of specific RNA-binding proteins.

a. Uren, P.J., Burns, S.C., Sandhu, D., Ruan, J., Singh, K.K., Smith, A.D. & Penalva, L.O.F. (2011). Genomic analyses of the RNA binding protein Hu Antigen R (HuR) identify a complex network of target genes and novel characteristics of its binding sites. Journal of Biological Chemistry, 286(43), 370. PMCID: PMC3199453
b. Vo DT, Qiao M, Smith AD, Burns SC, Brenner AJ and Penalva LOF (2011). The oncogenic RNA binding protein Musashi1 is regulated by tumor suppressor miRNAs. RNA Biology, 8(5)
c. Uren, P.J., Bahrami-Samani, E., Burns, S.C., Qiao, M., Karginov, F.V., Hodges, E., Hannon, G.J., Sanford, J.R., Penalva, L.O.F. & Smith, A.D. (2012) Site identification in high-throughput RNA-protein interaction data. Bioinformatics, 28(23), 3013-3020. PMCID: PMC3509493
d. Bahrami-Samani E, Penalva LOF, Smith AD and Uren PJ (2014). Leveraging cross-link modification events in CLIP-seq for motif discovery. Nucleic Acids Research, 43 (1): 95-103

5. Modeling heterogeneity in molecular populations: The complexity of a DNA sequencing library is related to the number of distinct molecules present in the library and the uniformity with which those molecules are sampled as reads. A low complexity library could represent relatively few distinct molecules, or it could have such skewed proportions that many reads correspond to the same few original molecules. Modern sequencing experiments often produce ~100M or ~1G reads to achieve deep coverage or identify rare molecules. In such experiments, low complexity libraries mean it takes much longer to identify rare molecules or achieve the desired coverage. We developed the first approach to accurately predict, based on a small initial sample of sequenced reads, the yield of distinct molecules that would be obtained by sequencing any additional number of reads from the library. Our approach, called PRESEQ, combines non-parametric empirical Bayes with rational function approximation (RFA) to address such questions. Beyond estimating distinct molecules, the technical underpinnings of PRESEQ represent a fundamental mathematical advance, with broad applicability in areas ranging from estimation of species abundance in metagenomics, to antibody diversity in immunology.

a. Daley T and Smith AD (2013). Predicting the molecular complexity of sequencing libraries. Nature Methods, 10: 325-327
b. Daley T and Smith AD (2014). Modeling genome coverage in single cell sequencing. Bioinformatics, 30 (22): 3159-3165
A full list of my publications can be found at: https://scholar.google.com/citations?user=2sbEKQcAAAAJ&hl=en

D.	Research Support
Current
R01 HG007650-01		Smith (PI)								12/16/14-11/30/17
Methods to predict molecular complexity in sequencing experiments
The goal of this project is to design algorithms for computing statistical measures of molecular complexity, with an emphasis on estimating and predicting heterogeneity of single-cell phenotypes in populations of cells.
Role: PI
Completed
R01 HG006015-02		Smith (PI)								07/01/11-06/30/14
Computational methods for deep sequencing based RBP binding motif characterization
The goal of this project is to develop analysis methods for characterizing the binding specificity of RNA-binding proteins based on data from CLIP-seq and RIP-seq experiments.
Role: PI
R01 HG005238-03		Smith (PI)								07/01/2010-06/30/2014
Analytic tools to examine high-resolution and genome-scale DNA methylation
The goal of this project is to design algorithmic and statistical tools for the analysis of genome-wide, single-CpG DNA methylation data, and apply those tools in the analysis of DNA methylation data from hematopoietic cells and hematological tumors.
Role: PI
P50 HG002790-09		Tavare (PI)							09/01/09-08/31/14
Genomic analysis of the genotype-phenotype map
The goal of this project is to develop general methods for elucidating the relationship between genotypic variation and regulation of gene expression.
Role: Co-investigator
DBI-0923513				Nuzhdin (PI)							09/01/09-08/31/12
Acquisition of Solexa Genome Analyzer to enable collaborative molecular, environmental and computational research
The goal of this project was to establish modern sequencing technology and collaborative projects in the Department of Biological Sciences at University of Southern California.
Role: Co-investigator




