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A. Personal Statement

I am an Assistant Professor at the University of Southern California (USC), affiliated with the Center for Genetic
Epidemiology in the Department of Population and Public Health Sciences at USC’s Keck School of Medicine
as well as with the Department of Quantitative and Computational Biology at USC’s Dornsife College of Arts and
Sciences. | am a human geneticist, with a strong interest in using genomic data to understand how differences
in complex trait architecture arise between diverse populations due to population genetic forces such as
demographic history or natural selection. These insights will be critical for understanding health disparity
between populations, for practicing and realizing personalized medicine, and for designing more powerful and
inclusive genomic studies. | have led past and ongoing genome-wide association studies (GWAS) to map
genetic loci underlying human complex traits in diverse populations, including cohorts of African Americans,
Sardinians, and Finns. | have extensively investigated the evolutionary forces that shaped the pattern of genetic
and phenotypic variation. This work consists of devising methods and investigating population structure and
demographic history of populations from Sardinia, Finland, and China, and the inference of polygenic
adaptation of human complex traits. My current research program brings these different aspects of medical
and population genetics together to understand the evolution of complex traits within and between diverse,
often underserved, populations, such as the indigenous population of Native Hawaiians and ethnic minority
Latino populations. In addition, | am actively developing statistical genetic methods that would incorporate
principles of evolutionary and population genetics to enhance the design, analysis, and interpretation of human
genetic studies.
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C. Contributions to Science

1. Understanding the genetic architecture of diverse populations. Human genetic studies have thus far focused
on aggregating ever increasing number of individuals of Western European ancestry, resulting in disparity in
applying genetics to medicine. There is an increasing recognition of this problem, but the scale of studying
diverse populations lags significantly behind that of studies of Europeans. Ever since the dawn of genome-wide
association studies, | have focused on and led genetic studies in mapping genetic loci underlying human complex
phenotypes in non-European populations, such as African Americans and Latino Americans. | have also studied
European populations with special demographic histories, such as the Sardinians and Finns, in order to develop
a framework that leverages population history to improve the design and interpretation of genetic association
studies. This framework will be particularly valuable when applied to diverse ethnic minority populations, which
tend to have a unique evolutionary path that contributed to the disparity they experience today. My major
accomplishments include (1) conducting one of the first genome-wide association studies of anthropometric traits
in African Americans and Jamaicans and investigating its genetic architecture in comparison to those of the
European-ancestry populations; (2) identifying alleles at known Mendelian genes that influence the distribution
of height at the population level, and that pleiotropy and parent-of-origin effects can significantly impact the
complex trait architecture; (3) leveraging special demographic history to empower successful identification of
novel and rare variants associated with cardiometabolic traits; and (4) extending genome-wide association
studies to diverse multiethnic populations for rare diseases such as acute lymphoblastic leukemia.
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2. Investigating the impact of fine-scale population structure and demography on genetic variation. It is
through a deep understanding of the demographic history and population structure in the study population that
we can design more robust genetic studies and analytic framework to elucidate the genetic architecture and
evolutionary trajectories of disease risk alleles or of complex traits in a population. To this end, | have
investigated the fine-scale structure and history of human populations known to have a unique past. For example,
| characterized the fine-scale structure in Sardinia and found that the Sardinians deviate from current
demographic model for the peopling of Europeans. | have also characterized the impact of population bottleneck
on the distribution of deleterious variation in isolated Finnish populations. Similar lines of investigation have
also been undertaken in the Han Chinese. In addition to empirical analysis, | am also actively developing
integrative methods combining statistical and population genetic principles to better detect and visualize
population structure. For example, | have developed a novel statistical framework to estimate genetic
relatedness conditioned on genealogical trees across the genome, which overcome the bias due to marker
ascertainment in the current standard of computing genetic relatedness, especially when incomplete genetic
information is available.
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3. Developing the framework to detect and characterize signals of polygenic adaptation. Natural selection is
another important factor that contributes to our genomic pattern of variation and distribution of complex traits.
In particular, polygenic adaptation is one likely mechanism through which a complex trait may evolve in human
populations, but have only been extensively investigated in recent years. | demonstrated a putative genetic
cause to the latitudinal difference in allele frequencies at height loci and showed that differences in height
across mainland European and between mainland European and Sardinian populations may be due to
polygenic selection. The polygenic signature for selection has motivated significant methods development in
the field, and design and interpretation of the polygenic selection signature remain an intensive area of
research. We also recently discovered that earlier studies of polygenic adaptation may be biased due to
uncorrected stratification in analysis from large GWAS consortiums. To alleviate this concern, my current
framework ascertains trait-associated loci from a geographically distant outgroup population to investigate
signature of selection. Using this approach | continue to observe that differences in height between Sardinians
and mainland Europeans are driven by natural selection. We are applying this framework to diverse
understudied populations such as the Native Hawaiians and Latinos to understand if natural selection could
underlie some of the excess risks in diseases such as obesity, type-2 diabetes, and childhood leukemia. Results
of these research will provide a more complete picture of the evolution of complex traits in human populations.
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4. Investigating the impact of Polynesian ancestry on complex traits in Native Hawaiians. Native Hawaiians
are the second fastest growing, but also one of the most understudied, ethnic minority population in the United
States. Prior to the 2000 U.S. census, Native Hawaiians and Pacific Islanders were aggregated with Asian
Americans as a single racial group, thus masking the health disparities experienced by the Native Hawaiians
and prohibiting extensive research with this population. We now know that compared to their European American
counterparts, Native Hawaiians exhibit alarming rates of obesity, diabetes, cancers, and other related chronic
health conditions, even after adjusting for common modifiable risk factors. To fill this gap of knowledge from a
genetic perspective, we have demonstrated that genomic Polynesian ancestry proportion is significantly
associated with increased BMI, decreased HDL, and increased risk for obesity, Type-2 diabetes, and congestive
heart failure. While this association may in part capture cultural or environmental effects associated with
Polynesian ancestry, it is also suggestive that there may exist Polynesian-specific alleles underlying these
complex traits, and future genetic studies focusing on this population will be illuminating. Furthermore, we
showed that current publicly available genomic resources are not yet sufficient for conducting successful
genetic association studies in Native Hawaiians, though can be drastically improved even if just a small number
of reference Polynesian individuals were whole genome sequenced forimputation.
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