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Systems genetics approaches for translational genetics in the INTERVAL study 
 

 
 
 

 
 
 
 
 

 
Background: Discovery of genetic variants related to cardiometabolic phenotypes can help understand 
cardiovascular disease (CVD) aetiology. For example, discovery of functional variants in PCSK9 related 
to LDL-cholesterol levels and risk of CVD led to the development of PCSK9 inhibitors currently in late-
stage trials of CVD1. Similarly, the recent discovery of rare functional APOC3 variants related to both 
triglycerides and CVD has suggested apoC-III as a potential therapeutic target to reduce CVD risk2,3. 
 
Current methods for identifying genetic loci related to metabolic biomarkers usually involve large global 
consortium approaches relating to broad markers (eg, total cholesterol, HDL cholesterol etc) or isolated 
smaller studies with more detailed metabolite measurements. However, these studies typically consider 
simplistic models testing each phenotype in turn for association, ignoring correlations between 
phenotypes or the effect of environmental factors. Recently, more sophisticated analysis approaches 
have suggested that joint modelling of multiple correlated metabolic phenotypes can improve power to 
detect associations and enhance understanding of the genetic determination of metabolic 
phenotypes4,5. However, there has to date been limited empirical validation of such approaches beyond 
basic locus discovery, for instance for interpreting the effects of genetic loci in the context of other 
genetic and environmental risk profiles or disease modifiers, or for studying causation. This is due to a 
lack of appropriate statistical models as well as large-scale population-based resources with 
multidimensional phenotypes for validating and applying these models. This proposal aims to combine 
cutting-edge genomic analyses, traditional epidemiology and statistical modelling, together with 
availability of a unique population based resource to address these important new avenues of research. 
The INTERVAL study combines information on genetic variation with deep metabolic profiling, as well 
as data on participants' health and lifestyles, thereby enabling the integrative systems genetics 
approaches we propose. The methods developed in this project will help to fully exploit the INTERVAL 
data, identifying novel genetic determinants of metabolic patterns and helping to elucidate 
cardiovascular disease mechanisms. Beyond the immediate implications for INTERVAL, the analysis 
approaches we will devise can serve as a blueprint for maximising the value of forthcoming much larger 
genetics studies with rich genetic and phenotypic data, such as UK Biobank and major NHS 
sequencing initiatives like Genomics England. 
 
Project aims 

1. Develop novel computational approaches to dissect the genetic architecture of complex, high 
dimensional phenotypes while accounting for genetic and non-genetic cofactors. 

2. Apply these novel approaches to INTERVAL, leveraging knowledge of genotypes and non-
genetic environmental exposures, to identify genetic variants associated with informative 
metabolic states and to ultimately model causal networks implicated in cardiometabolic disease. 

3. Validate novel genetic determinants of metabolic states in relation to cardiometabolic outcomes 
in large genetics consortia, including those we coordinate and publicly available datasets (eg, 
CARDIoGRAMplusC4D, DIAGRAM, GIANT), to demonstrate causality of metabolic states. 
 

Aim 1: A major opportunity within INTERVAL is to test novel statistical models to identify the genetic 
determinants of the metabolic state in a large sample. Building on prior work in the Stegle group6,7, we 
will develop statistical methods to infer a small number of interpretable variables that recapitulate 
metabolic state from the high-dimensional raw metabolomics profiles. To this end, we will extend latent 
variable approaches such as factor analysis methods to fit low-dimensional factors to high-dimensional 
phenotypes. Using concepts that build on linear mixed models, we will develop methods to separate the 
genetic and non-genetic component of these factors, thereby teasing apart environmental factors from 
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genetic signals6. A particular focus will be to build highly scalable approaches that can be applied to 
cohorts with tens of thousands of individuals while at the same time handling heterogeneous 
phenotypes as they occur in medical contexts, such as combining continuous and categorical variables. 
 
Aim 2: We will apply the novel statistical methods to reconstruct metabolic states from high-dimensional 
metabolic traits in INTERVAL and map their genetic and lifestyle determinants. We will map both direct 
genetic determinants of the metabolic state8 and consider the inferred metabolic variables as proxies 
for environmental exposures, testing for genotype-environment interactions of individual metabolite 
levels. Using multivariate statistical approaches, we fill further tie together the genetic map of the 
metabolic state with additional biomarkers (glycaemic, haematological etc) in INTERVAL samples. This 
modelling will identify causally relevant biomarkers for important phenotypes in INTERVAL, providing 
insights into the mechanisms by which genetic and environmental factors determine metabolic state. 
 
Underpinning this aim will be the INTERVAL study, which provides an unprecedentedly powerful 
opportunity to discover and characterize genetic, biochemical and lifestyle factors affecting individuals’ 
metabolic states, providing a platform for further understanding of how these states influence risk of 
CVD. Briefly, the INTERVAL study involves 50,000 blood donors aged 18-70 years recruited from 25 
centres in the UK. This study should provide an exceptional opportunity to develop systems genetics 
approaches related to metabolism as it combines the following features in all 50,000 participants: 
 
• Extensive genetic information: genotyping using the state-of-the-art Affymetrix “UK Biobank” 

array, which contains ~820,000 variants that can deliver imputation of ~20M variants.  
• Metabolomic assays: NMR-metabolomic assays that provide molar concentrations on >220 

analytes, including lipids, lipoprotein concentrations, and small molecules. 
• Clinical chemistry assays: a panel of ~40 soluble biomarkers in pathways relating to lipids, 

lipoproteins, glycaemia etc. 
• Extended haematology profile: in fresh samples, both at baseline and at 2-years after entry, 

>200 blood cell traits using a Sysmex haematology analyser. 
 
The systems genetics approaches we will develop and apply leverage this information on genetic 
variation together with rich molecular readouts to decipher the mechanisms that underlie metabolic 
state and other INTERVAL phenotypes. 
 
Aim 3: Finally, we will use the principle of Mendelian randomization to assess whether the metabolic 
states identified in Aim 2 are causally related to a range of cardiometabolic diseases (coronary disease, 
stroke, Type 2 diabetes, obesity, hypertension etc). We will achieve this by assessing the associations 
of the genetic determinants of the metabolic states with these disease outcomes in genetics consortia 
that the Butterworth group lead (ie, the 100,000 participant CHD Exome+ consortium) as well as 
publicly available GWAS consortium datasets to replicate of our findings. 
 
Training environment: This project offers extremely attractive training opportunities for the Fellow 
across the EBI, Sanger Institute and University of Cambridge. The Butterworth group is leading cross-
sectional analyses in INTERVAL and the Stegle group has previously demonstrated that genetic 
variation in combination with different environmental exposures (metabolic state) enables powerful 
causal discovery1,9. The Soranzo group has been leading genome-wide scans of high-dimensional 
phenotypes in healthy population samples8. The Stegle lab at EBI provides an ideal environment for 
research on statistical models and bioinformatics methods, in particular in the context of systems 
genetics and modeling of high-dimensional phenotypes. Complementary to this, the Fellow will closely 
interact with the Butterworth and Soranzo labs, where he/she will be embedded in translational 
analyses of the INTERVAL data to derive medically relevant insights. This provides a training 
opportunity at the cutting edge of both statistical/medical genetic and systems biology approaches.   
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