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A.	Personal Statement

I am an assistant professor in the Center of Genetic Epidemiology and Department of Preventive Medicine at the Keck School of Medicine at University of Southern California. I focused on the development and the application of statistical methods combining population genetics and functional genomics to understand the genetic basis of human diseases. Specifically, I have been a key developer of the popular stratified LD score regression (Gazal et al. 2017 Nat Genet), the actual state-of-the-art method to partition heritability (Gazal et al. 2019 Nat Genet). I have notably improved this tool to demonstrate that low-frequency variant functional architecture (unlike common variant functional architecture) is strongly impacted by the strength of selection in functional annotations (Gazal et al. 2018 Nat Genet). Finally, I have recently focused on methods leveraging large functional datasets to identify disease genes (Gazal et al. 2022 Nat Genet). My expertise has been augmented by the training on functional genomics that I have acquired through an NHGRI K99/R00 grant. All these research experiences have provided me the fundamental expertise for the proposed study, which combines methodological development, functional genomics, medical genetics, and population genetics. 

Ongoing and recently completed projects that I would like to highlight include:

4R00HG010160						Gazal (PI)					8/12/20 - 5/31/22
From common to rare variant functional architectures of human diseases

Completed Research Support

5K99HG010160						Gazal (PI)/Price			7/1/18-6/30/20
From common to rare variant functional architectures of human diseases
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B.	Positions, Scientific Appointments, and Honors

	2009 - 2015
	Research scientist in statistical genetics for the genetics platform of the North Paris hospitals, Paris, France

	2015 - 2020
	Postdoctoral Researcher, Harvard School of Public Health, Broad Institute of MIT and Harvard, Boston, MA, USA

	2020 -
	Assistant Professor, University of Southern California, Los Angeles, CA, USA




C.	Contributions to Science

My research focuses on the development and the application of statistical methods leveraging large genetic and genomic datasets to understand the genetic basis of human diseases. More precisely, I am interested in understanding the relationship between natural selection and disease risk, mapping disease variants and their target genes, the different genetic and genomic architecture across human ancestries and their downstream effects on disease, and the impact of inbreeding on human diseases. 
1. The polygenic architecture of human complex traits, and its relationship with natural selection
Genome-wide association studies (GWAS) have demonstrated that most human complex traits are influenced by many genetic factors. As a postdoctoral fellow, my research has provided some fundamental understanding of this polygenic architecture and its underlying biological processes, supported by the significant development of statistical methods. More precisely, I have been a key developer of the popular stratified LD score regression (Gazal et al. 2017 Nat Genet), the actual state-of-the-art method to partition heritability (Gazal et al. 2019 Nat Genet). I have notably used this tool to demonstrate that low-frequency variant functional architecture (unlike common variant functional architecture) is strongly impacted by the strength of selection in functional annotations (Gazal et al. 2018 Nat Genet). My current research leverage functional datasets linking disease variants to their target genes to identify candidate causal disease genes and to determine how many genes drive the investigated disease.
1. 	Gazal S, Marquez-Luna C, Finucane HK, Price AL. Reconciling S-LDSC and LDAK functional enrichment estimates. Nature Genetics, 2019, 51, 1202–1204. PMID: 31285579
2. 	Gazal S, Loh P-R, Finucane HK, Ganna A, Schoech A, Sunyaev S, Price AL. Low-frequency variant functional architectures reveal strength of negative selection across coding and non-coding annotations. Nature Genetics, 2018, 50, 1600–1607. PMID: 30297966
3. 	Gazal S, Finucane HK, Furlotte NA, Loh P-R, Palamara PF, Liu X, Schoech A, Bulik-Sullivan B, Neale BM, Gusev A, Price AL. Linkage disequilibrium-dependent architecture of human complex traits shows action of negative selection. Nature Genetics, 2017, 49, 1421–1427. PMID: 28892061
4.	Hormozdiari F, Gazal S, van de Geijn B, Finucane HK, Ju CJ-T, Loh P-R, Schoech A, Reshef Y, Liu X, O’Connor L, Gusev A, Eskin E, Price AL. Leveraging molecular quantitative trait loci to understand the genetic architecture of diseases and complex traits. Nature Genetics, 2018, 50, 1041–1047. PMID: 29942083



2. Mapping genes involved in human diseases 
I have contributed the development of the application of statistical methods aiming to map genes involved in Mendelian and complex diseases. In the context of Mendelian disorders, I developed pipelines for medical geneticists of Paris hospitals using linkage analysis and whole-exome sequencing data to prioritize and identify causal variants (Gazal et al. EJHG 2015); these pipelines are still used for research and diagnostic purposes. In the context of complex diseases, I have been performing GWAS (I led an international collaborative study to identify SSP1 as a new rheumatoid arthritis susceptibility gene; Gazal et al. ARD 2015), developed methods improving GWAS power (Hujoel, Gazal et al. Nat Genet 2021), and more recently developed and apply a method leveraging functional datasets for post-GWAS studies (Gazal et al. medrxiv 2021, accepted in principle in Nature Genetics). 
1. 	Gazal S, Weissbrod O, Hormozdiari F, Dey K, Nasser J, Jagadeesh K, Weiner D, Shi H, Fulco C, O’Connor L, Pasaniuc B, Engreitz JM, Price AL. Combining SNP-to-gene linking strategies to identify disease genes and assess disease omnigenicity. Nature Genetics, 2022. PMID: 35668300
2. 	Hujoel MLA, Gazal S, Loh PR, Patterson N, Price AL. Liability threshold modeling of case-control status and family history of disease increases association power. Nature Genetics, 2020, 52(5), 541–547.
3.	Gazal S, Gosset S, Verdura E, Bergametti F, Guey S, Babron M-C, Tournier-Lasserve E. Can whole-exome sequencing data be used for linkage analysis? Eur J Hum Genet EJHG. 2015 Jul 15; PMID: 26173971, PMCID: PMC4929867
4. 	Gazal S, Sacre K, Allanore Y, Teruel M, Goodall AH, The CARDIOGENICS consortium, Tohma S, Alfredsson L, Okada Y, Xie G, Constantin A, Balsa A, Kawasaki A, Nicaise P, Amos C, Rodriguez-Rodriguez L, Chiocchia G, Boileau C, Zhang J, Vittecoq O, Barnetche T, Gonzalez Gay MA, Furukawa H, Cantagrel A, Le Loët X, Sumida T, Hurtado-Nedelec M, Richez C, Chollet-Martin S, Schaeverbeke T, Combe B, Khoryati L, Coustet B, El-Benna J, Siminovitch K, Plenge R, Padyukov L, Martin J, Tsuchiya N, Dieudé P. Identification of secreted phosphoprotein 1 gene as a new rheumatoid arthritis susceptibility gene. Ann Rheum Dis. 2015 Mar;74(3):e19. PMID: 24448344
3. The genetic of diverse ancestry groups
Understanding the genetic architecture of non-European populations if fundamental to understand human evolutionary history, but also to alleviate health disparities. I have been analyzing the genetic structure (i.e. inbreeding, see below) of the most diverse genetic datasets: the HGDP-CEPH panel (where I did my PhD), HapMap (Gazal et al. Human Heredity 2014), and 1000 Genomes (Gazal et al. Scientific Reports 2015). I also investigated the impact of ancestry on the genetic architecture of a trait. I have led an international collaborative study investigating the genetic architecture of Chronic Mountain Sickness in Peru (Gazal et al. Front Genet 2019), and co-authored a manuscript investigating the different functional architecture of European and East Asian GWAS (Shi, Gazal et al. Nature Communications, 2021).
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4. Inbreeding in population genetics and genetic epidemiology
Inbreeding is a central concept in genetics. During my PhD at the CEPH, I developed a method, that I have implemented in the FSuite software (Gazal et al. Bioinfomatics 2014), that allows estimating the inbreeding coefficient and detect regions homozygous-by-descent from dense genetic data for individuals without known genealogy; this method was shown to outperforms other methods for inbreeding estimation and detection (Gazal et al. Human Heredity 2014). FSuite also implement statistics inferring parental mating types, and performing homozygosity mapping on individuals or nuclear families with unknown genealogies. Using FSuite, I observed a surprising high level of inbreeding in 1000 Genomes data (Gazal et al. Scientific Reports 2015), and I am leading projects in order to detect rare recessive variants implied in human complex traits and diseases.
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