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1 Introduction 

1.1 The challenge of determining mechanisms 
underlying complex trait genetic associations 

1.1.1 Common variants with small effects 





1.1.2 Linkage disequilibrium and genotype imputation 



1.1.3 Most associated variants are non-coding 



1.1.4 Non-coding associations may span long distances 



1.1.5 Gene regulation can be cell type- and context-specific 



1.2 Genomics of molecular traits 



1.2.1 Gene expression 



1.2.2 Transcription factor binding 



1.2.3 Histone modifications 





1.2.4 Chromatin accessibility 

1.2.5 Chromosomal conformation 



1.3 iPSC-derived cellular models 

1.3.1 Reprogramming somatic cells to pluripotency 





1.3.2 Heterogeneity and limited maturity of iPSC-derived cells 



1.4 Predicting variant functionality 



1.4.1 Variant annotation 



1.4.2 Integrative approaches to score variant functionality 



1.5 Fine-mapping GWAS associations 

1.5.1 Experimental evaluation of variants 



1.5.2 Statistical fine-mapping 



1.5.3 Functional fine-mapping 



1.5.4 Identifying causal genes 



1.6 Outline of the thesis 





2 Molecular and Functional Variation in iPSC-
Derived Sensory Neurons 

2.1 Introduction 



2.2 Results 
2.2.1 Sensory neuron differentiation and characterisation 







2.2.2 Quantifying differentiation variability using single-cell RNA-seq 









2.2.3 Heterogeneity in IPSDSN gene expression 











2.2.4 iPSC culture conditions influence cell fate 









2.2.5 Genetic variants influence gene expression, splicing and 
chromatin accessibility in sensory neurons 





2.2.6 Sensory neuron eQTLs and sQTLs overlap with complex trait loci 









 

2.2.7 Recall by genotype studies in iPSC-derived cells will require 
large sample sizes 





2.3 Discussion 





2.4 Methods 

URLs 



IPS cell lines 

Sensory neuron differentiation 



Single-cell RNA sequencing 



Genotypes 

RNA sequencing 

Gene expression quantification, quality control and exclusions 



DRG samples and sequencing 

ATAC library preparation and sequencing 



PCA plot clustering samples with GTEx tissues 



Highly variable genes in IPSDSNs and GTEx 

Variance components analysis 

Estimation of neuronal purity 



Electrophysiological recordings 

Correlation of iPSC and IPSDSN gene expression with cell culture 
conditions 



QTL calling 







Identifying tissue-specific eQTLs 

Motif enrichment analyses 



Power simulations 

QTL overlap with GWAS catalog 







3 PRF scores: predicting cell type-specific 
regulatory function of genetic variants 

3.1 Introduction 





3.2 Model development 
3.2.1 Overview 



3.2.2 Optimising gene distance annotations 







3.2.3 Quantitative annotations improve prediction performance
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3.2.4 Imputed Roadmap data is more predictive for eQTLs than 
measured data 





3.2.5 Interactions between annotations and gene distance 







3.2.6 Building a multi-annotation model 





















3.2.7 Distribution of PRF scores 
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3.3 Validation with eQTL data 

3.3.1 Comparing score distributions 

 



3.3.2 Classifying lead variants 











3.3.3 Fine-mapping: reducing credible set size 
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3.4 Discussion 







3.5 Methods 
URLs 



EQTL and annotation data for model building 

Quantitative annotation parameter regularization 



Fgwas efficiency improvements 



Model building 



Computing PRF scores 



Determining credible sets

π

π

3.6 Appendix A - Fgwas equations 
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3.7 Appendix B - model annotation enrichments 



3.8 Appendix C - Classifiers 







4 Applying PRF scores to GWAS: identifying cell 
types and fine-mapping 

4.1 Introduction 



4.2 Identifying cell types for complex traits 

4.2.1 Average PRF scores differ across epigenomes 







4.2.2 PRF score summarisation at a locus 





4.2.3 Ranking cell types by mean PRF score across loci 





4.2.4 Ranking cell types with robust rank aggregation 









4.3 Fine-mapping with PRF scores 
4.3.1 PRF scores are higher for trait-associated variants 





4.3.2 Fine-mapping individual loci 



4.3.2.1 IL2RA locus - strengthening support for the lead SNP 







4.3.2.2 SMAD3 locus - a causal variant that is not the lead SNP 



4.3.2.3 MEF2C locus - failed fine-mapping due to a missing annotation 





4.3.2.4 BLK locus - failed fine-mapping due to a missing variant 





4.3.3 Changes to credible sets 









4.3.4 Changes to implicated genes 









4.4 Discussion 







4.5 Methods 

 

Differences in epigenome mean PRF score 

GWAS summary statistics and locus definitions 



Correlation of weightedPRF and maxPRF scores 

Comparing PRF scores in trait-relevant and non-relevant epigenomes 

Fine-mapping with PRF scores 

x



Changes to implicated genes 

Comparison with stratified LDSC 

4.6 Appendix - PRF fine-mapping at additional 
loci 

REL locus - an RA regulatory variant that is not the lead SNP 

κ





SH2B3 locus - a nonsynonymous SNP for RA 





SLC22A4 locus - a possible regulatory SNP for IBD 







5 Conclusions 

5.1 Mapping QTLs and causal alleles in iPSC-
derived cells 









5.2 Towards better predictive models of gene 
regulation 





5.3 The future of fine-mapping 





5.4 Concluding remarks 
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