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Abstract

Genetic associations have been discovered for many human complex traits, and yet for most
associated loci the causal variants and molecular mechanisms remain unknown. Studies
mapping quantitative trait loci (QTLs) for molecular phenotypes, such as gene expression,
RNA splicing, and chromatin accessibility, provide rich data that can link variant effects in
specific cell types with complex traits. These genetic effects can also now be modeled in
vitro by differentiating human induced pluripotent stem cells (iPSCs) into specific cell types,
including inaccessible cell types such as those of the brain. In this thesis, | explore a range
of approaches for using QTLs to identify causal variants and to link these with molecular

functions and complex traits.

In Chapter 2, | describe QTL mapping in 123 sensory neuronal cell lines differentiated from
human iPSCs. | observed that gene expression was highly variable across iPSC-derived
neuronal cultures in specific gene categories, and that a portion of this variability was
explained by commonly used iPSC culture conditions, which influenced differentiation
efficiency. A number of QTLs overlapped with common disease associations; however,
using simulations | showed that identifying causal regulatory variants with a recall-by-
genotype approach in iPSC-derived neurons is likely to require large sample sizes, even for

variants with moderately large effect sizes.

In Chapter 3, | developed a computational model that uses publicly available gene
expression QTL data, along with molecular annotations, to generate cell type-specific
probability of regulatory function (PRF) scores for each variant. | found that predictive power
was improved when the model was modified to use the quantitative value of annotations.
PRF scores outperformed other genome-wide scores, including CADD and GWAVA, in

identifying likely causal eQTL variants.

In Chapter 4, | used PRF scores to identify relevant cell types and to fine map potential
causal variants using summary association statistics in six complex traits. By examining
individual loci in detail, | showed how the enrichments contributing to a high PRF score are
transparent, which can help to distinguish plausible causal variant predictions from model

misspecification.
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Abbreviations and key terms

ATAC
AUC
BAM
BF
CADD
CAGE
caQTL
CD
ChlP-seq
CNS
CQN
Ccv
DNase |
DRG
ES8
eGene
eQTL
ESC
FANTOM
FDR
fgwas
FPKM
GERP
GTEx
GWAS
GWAVA
HDL
HGMD
HIPSCI
IBD
iPSC
IPSDSN
LCL
LD
LDL
LLK
MAF

Assay for transposase-accessible chromatin

Area under the curve (used for ROC or other classifier metrics)
Binary sequence alignment file format

Bayes factor

Method predicting deleteriousness of coding and non-coding variants
Cap analysis of gene expression

Chromatin accessibility QTL

Crohn's disease

Chromatin immunoprecipitation followed by sequencing
Central nervous system

Conditional quantile normalization for gene expression
Coefficient of variation (standard deviation / mean)

Enzyme that preferentially cuts DNA at open chromatin
Dorsal root ganglion

Essential 8 iPSC culture medium

eQTL gene

Gene expression QTL

Embryonic stem cell

Dataset of TSS usage based on CAGE

False discovery rate

A fine-mapping method incorporating functional genomic annotations
Fragments per kilobase of exon per million mapped reads
Genomic evolutionary rate profiling, a sequence conservation metric
Genome-tissue expression project

Genome-wide association study

Method predicting deleteriousness of non-coding variants

High density lipoprotein

Human gene mutation database

Human induced pluripotent stem cell initiative

Inflammatory bowel disease

Induced pluripotent stem cell

iPSC-derived sensory neuron

Lymphoblastoid cell line

Linkage disequilibrium

Low density lipoprotein

Log-likelihood (of a model, given certain parameters)

Minor allele frequency



