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Major goal of the study

 To identify genetic factors that control
metabolism

— Inborn errors of metabolism (PKU, MCAD deficiency,
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 profiling

 Atlas of blood metabolome
— Network of genes-metabolites

* Quantified heritability, epistatic interactions
of the genetic factors.
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« Common disease
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* Drug targets




Study samples

* KORA (Cooperative Health Research in the
Region of Augsburg)

— A series of independent epidemiological surveys
in Germany

— Mean age of 61 years

e TwinsUK

— Adult UK twin registry
— 93% women, mean age of 51 years
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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 quantified 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
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GWAS overview

* Genome-wide association study

— Goal: To identify genetic causes of a phenotype
or disease

— Analysis of genetic markers presentin a
population

— Identifies association between markers/gene
oci/genes to a particular trait

* This study associates single nucleotide
polymorphism (SNP) with metabolite level
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L.oci 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 findings
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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



Metabolic pathways
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map Network view: Locus 22
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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 lociactin an
additive manner)




Using the network to infer biology

Coronary heart disease
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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 significance



Inborn error
Drug target, metabolizing of metabolism
enzyme or transporter

ACADL, ACADM,

ABCC4, ADRA1A, ACADS, ALDH18A1,
AKR1C3IAKR1C4, PARSA, %VCPT2,
COMT, CYP2CS, ETFDH, GCDH,

CYP3AS5, CYP4A11,
FMO3, MGAM, NR1I3,
SRD5A2, SULT2A1

GGT1, IVD, MCCC1,
PHGDH, PRODH,
PSPH, SLC6A20

ABO, %VALPL, APOAS5, “YCETP, °F12, °FADS,

FUT2, ° GCKR, KNG1, LIPC, “'LIPG, MARCHS,

NAT8, PDXDC1, RAB3GAP1, SGPP1, SH2B3,

SLC2A9, SLC16A9, °SLC6A13, SLC17A3,
SUCLG2, ZNF259

Complex trait/disease or drug response

Enzyme
bABP1, ACMSD, ACSM2A, ACSMS5,
PADHFE1, AGXT, "ALOX12, ANPEP, ASPG,
bBHMT, °CCBL1, CRAT, ECI2, ELOVL2,
GADL1, GBA3, GLS2, GMPR, GOT2,
PHAO2, ®IDO1, ISYNA1, °NT5E, OPLAH,
PAOX, PPM1K, RNF167, 9¢YSCD, SKIV2L,
SPTLC3, °TDO2, THEM4, “'TKT, UGT3A1

Transporter
deYABCC1, ANKH, POSTalpha, SLC5A6,
devg] C7A5, SLC13A5, SLC16A10, PSLC1A4,
bSLC27A2, °SLC5A11, P°SLC6A12, SLC7A6

Growth factor
ANGPTL3

lon channel
PEX5L

Transcriptional regulator
ALX3, DMBX1, SNAI2

Other
CCDC57, DIP2C, HEATR4, HPSS5, bLACTB,
MBOAT7, NASP, NUBP2, PM20D2,
PRRC2A, PYROXD2, SCAPER, WDR66,
ZCWPW1

Bold = New associations found in this study
“dev” = Genes associated with compounds in drug development

“b” = Bioactivity



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 identified 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
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