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Major goal of the study!
•  To identify genetic factors that control 

metabolism 
–  Inborn errors of metabolism (PKU, MCAD de!ciency, 

etc.) 
– Cardiovascular disease 
–  Energy conversion 

•  Use metabolites as biomarkers 
– Use to assess drug response 

•  Atlas of gene-metabolite network can direct 
strategies in correcting deregulation of 
metabolism 



Experimental design overview!

•  Surveyed genome loci that are associated 
with metabolic traits 
– Genome-wide association studies (GWAS) 
– Metabolic pro!ling 

•  Atlas of blood metabolome 
– Network of genes-metabolites 

•  Quanti!ed heritability, epistatic interactions 
of the genetic factors. 





Study samples!

•  KORA (Cooperative Health Research in the 
Region of Augsburg) 
– A series of independent epidemiological surveys 

in Germany 
– Mean age of 61 years 

•  TwinsUK 
– Adult UK twin registry 
– 93% women, mean age of 51 years 





Metabolic data collection!

•  Sampling 
– Plasma and serum collected post-examination 

•  Mass Spectrometry 
– UPLC-MS: Ultra High Performance Liquid 

Chromatography-Tandem Mass Spectrometry 
– GC-MS: Gas Chromatography-Mass Spectrometry 

•  Controls:  Pooled human plasma and external 
standards 



Compound identification and 
quantification!

•  Reference library of 4,000 chemically known 
standards 

•  5,300 additional spectral entries of unknown 
structures 

•  Peaks are quanti!ed using area under the 
curve  



Metabolic profiling results!

•  529 metabolites match library compounds 
– 63% of known structure 

•  486 metabolites pass quality control and are 
monitored in subsequent genetic analysis 

•  Divided into 8 metabolic groups as 
annotated by KEGG database 
– 63 distinct biochemical pathways 





GWAS overview!

•  Genome-wide association study 
– Goal:  To identify genetic causes of a phenotype 

or disease 
– Analysis of genetic markers present in a 

population 
–  Identi!es association between markers/gene 

loci/genes to a particular trait 

•  This study associates single nucleotide 
polymorphism (SNP) with metabolite level 
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SNP array!
•  SNPs identi!ed using 

Illumina HD assay 
•  Genomic DNA ampli!ed, 

fragmented 
•  Array contains beads 

that have probes to 
speci!c loci 

•  Single base extension 
with labeled nucleotide 



Loci identification!

•  Genotyped for 2.1 million SNPs 
•  Initial discovery: 137 SNPs found to associate 

with metabolite concentration 
•  Analyzed 98,000 pairwise metabolite ratios 
– Found 8 additional loci associated with ratios 

•  Total: 299 SNP-metabolite associations 
– 145 statistically independent SNPs 
– 84 novel !ndings 
 



Association results!
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Network of genetic loci and 
metabolic pathways!

•  Graph connects related pathways and loci 
associated with each 

•  Pairwise correlations of metabolites have 
been corrected from confounding effects 
(age, sex, etc) 

•  Stability of network measured by 
bootstrapping-based subsampling 
– Generated 1000 bootstrap datasets from original 

data and saw low variation 









Heritability and epistasis!
•  Estimates contribution 

of genetic vs. 
environmental factors 
to metabolite level 
variance 

•  For all metabolic loci: 
– Median 6.9% 

heritability (high) 
•  Low epistasis found 

(i.e. the loci act in an 
additive manner) 



Using the network to infer biology!

•  Bradykinin-kininogen-kinin system regulates blood 
pressure and coagulation 

•  This subnetwork is from the atlas in created in this study 
•  Novel associations found between KNG1, F12 variants and 

bradykinin 



Integrating associations with 
complex traits/disease!

•  Searched National Human Genome Rsearch 
Institute (NHGRI) GWAS catalog  
– Database contains information on SNP-disease 

associations 

•  Plotted the loci based on medical/
pharmacological signi!cance 
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Summary!
•  Found genome-wide associations at 145 

metabolic loci connected with 400 
metabolites in human blood 

•  Characterized heritability, epistatic effects 
•  Characterized overlaps with known loci of 

complex disorders, inborn errors of 
metabolism, and drug targets 

•  Developed database for data mining and 
visualization 



Medical importance!

•  Newly identi!ed loci can be related with 
genes involved in disorders, complex traits, 
and drug response 

•  Discovery of new drug targets  
•  Serum and urine metabolites as biomarkers 
– Assess patient response to a drug 
– Taylor new treatment/personal medicine 



Questions?!


