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The growth of GWAS, 2007–2017

Mills, M.C. et al. Commun Biol 2019
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Blood based ‘omics’ at scale 
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Metabolome

Entirety of small molecules (<1kDa) in biospecimens like blood, urine, cells or tissues.

Measurement techniques

Mass spectrometry 

(high-sensitivity, 1000s of molecules)

Nuclear magnetic resonance spectroscopy 

(high reproducibility) 



Metabolome-wide disease associations

EPIC-Norfolk Cohort (n=25,639)

Baseline 1993-97, mean age 60 yrs, 54% women

Untargeted metabolomics (n=987) > 11k participants

Incidence of 27 diseases using record linkage 

(hospitalisations): 219,415 person years of follow-up

Pietzner M. et al. Nat Med 2021



‘Sharedness’ of disease associations

Pietzner M. et al. Nat Med 2021
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Pietzner M. et al. Nat Med 2021



Antecedents of multimorbidity

Pietzner M. et al. Nat Med 2021
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‘Mendelian Randomisation’



Application: SELECT Trial

Klein E.A. et al. JAMA 2011; Yarmolinsky J. et al. JNCI 2018



Application: SELECT Trial

Yarmolinsky J. et al. JNCI 2018



Maximising power: sample size 10-85k

Lotta L.A., Pietzner M. et al. Nat Gen 2020

MRC Fenland Cohort

Baseline 2005-15

N=12,435, mean age 49 years, 54% women

10,708 genotyped using 3 different arrays

Biocrates (AbsoluteIDQ p180) 

174 targeted metabolites

 Hexoses

 Amino Acids

 Biogenic Amines

 Acylcarnitines

 Glycerophospholipids

 Sphingolipids



144 regions, 499 locus-metabolite associations

Lotta L.A., Pietzner M. et al. Nat Gen 2020



GLP2R and citrulline levels

 GLP2 stimulates intestinal growth > 

analogues used to treat short bowel 

syndrome

 Citrulline is a biomarker of intestinal function 

and target engagement

GLP2R signaling  

GIP levels (chronic)

GIP receptor signaling (beta-cells)

Reduced insulin secretion >   T2D

Lotta L.A., Pietzner M. et al. Nat Gen 2020



Reduced recruitment of β-arrestin to GLP2R

β-arrestin 1 cAMP

Lotta L.A., Pietzner M. et al. Nat Gen 2020



Understanding locus-disease associations

Serine GWAS

“loci associated with glycine and serine metabolism”

Lotta L.A., Pietzner M. et al. Nat Gen 2020



Dose-response and MacTel2 prediction

Lotta L.A., Pietzner M. et al. Nat Gen 2020



Broadening scope: untargeted metabolomics

Surendran P., Stewart I. et al. unpublished



Summary (I of II) 

 Increased scale and greater 

variant diversity increased 

the number of identified 

variants

 Cross-platform feasibility

 Specific mQTL characteristics

 Clinical utility and improved 

understanding of disease 

mechanisms 

 Webserver: a resource for 

the scientific community 

(Helmholtz Centre Munich)

https://omicscience.org

https://biocrates.com/2021_cohort_webinar

https://omicscience.org/
https://biocrates.com/2021_cohort_webinar


Genome to phenome via ‘omics’

Insulin resistance

Obesity

Fat distribution

Diabetes

Genome Transcriptome Proteome Metabolome Phenome

DNA RNA Proteins Metabolites Disease

Extrinsic factors (Age, Diet, Drugs, Lifestyle,…)



The plasma proteome

Geyer et al. Mol Syst Biol. 2017

Key roles in diverse biological 

processes, dysregulated in 

disease, important drug targets

Concentrations of plasma 

proteins span almost 10 orders 

of magnitude

Huge dynamic range

No single technique is currently 

able to provide reliable 

measurements for all proteins



From proteins to proteome

Carrasco-Zanini J. et al. CurrDiab Rep. 2020

Mass spectrometry of protein 

fragments (peptides)

Antibody-based (similar to an 

ELISA used in clinical 

chemistry)

Short oligonucleotides –

aptamers – which match the 

3D-conformation of the target 

protein 



Population proteomics

12,435 participants born 1950-75 and 

living in Cambridgeshire

10,708 genotyped

Proteomics data

• SomaScan v4 (~5,000 aptamers, 

N=12,435)

• Olink (12 panels; ~1,100 proteins, 

N=485)

• MS-proteomics (M. Ralser, Scanning 

SWATH ~340 proteins, N=485, target 

>12k)



SomaScan v4: 4,775 protein targets

Suhre K et al. Nat Rev Genet. 2020, Uhlén et al., Sci. Signal. 2019

Actively secreted proteins

o Coagulation factors

o Cytokines

Products of cell leakage and turnover

Soluble fragments of membrane proteins



Disease prediction 



Isolated post-challenge hyperglycaemia

Elevated glucose 2-hours after an oral  glucose load (IGT)

Strongly predictive of cardiometabolic diseases

Rarely measured (complexity, logistics, time)

Very common (globally ~7.5% of adults)

Isolated post-challenge hyperglycaemia is missed by FPG, 
HbA1c

Question: Is it feasible to identify a (fasting) proteomic 
signature to design a simple test that predicts isolated IGT?



Predicting post-challenge hyperglycaemia

Carrasco-Zanini J. et al. submitted



Prediction performance

Isolated IGTIGT

Carrasco-Zanini J. et al. submitted



Top selected proteins from prediction models

• Associated with genetic susceptibility to impaired glucose homeostasis

• Associated with risk to develop T2D in an independent cohort

a b c

Carrasco-Zanini J. et al. submitted
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Protein quantitative trait loci

Pietzner M., Wheeler E. et al. under review



Proteo-Genomic Map of the Human Phenome

Pietzner M., Wheeler E. et al. under review



Convergence of soft tissue disorders: EFEMP1

Pietzner M., Wheeler E. et al. under review



Convergence of soft tissue disorders: EFEMP1

Pietzner M., Wheeler E. et al. under review



Summary (II of II) 

 Value of the plasma 

proteome for prediction: 

isolated IGT

 Value of increased breadth 

and scale

 Integration with phenomic

data: genetically anchored 

disease map

 Next stages

 ‘Neglected’ phenome 

 Covid19 prognosis

 Clinical curation

https://omicscience.org

https://lifesciences.somalogic.com/webinar/

liquid-health-check/

https://omicscience.org/
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