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Reaction times following external change

Metabolism Epigenetics
(Seconds) (Days, Months, Years...)
. g
Genetics Gene Expression
(Decades, Centuries...) (Hours)
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The Metabolome

IS an easily accessible and
dynamically changing
Molecular Phenotype
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Phenome - Exposome
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Phenome - Exposome
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Big, well-annotated metabolomics data required to
statistically link individual components of the exposome
to effects in the molecular phenotype
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Metabolites: (Endogenous)
small molecules in biological
organisms

Metabolomics

Measures occurrence
and concentrations
of many small
molecules
(metabolites) in an
organism at once. LY

Wide range of
phys/chem properties
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Diagnostic fluids

| |

Urine Plasma
(time-averaged data) (snap-shot data)

Other accessible
analytical compartments

/@

Pathological fluids

Specialized fluids and biopsies

(selected fluids) Artificial fluids
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Metabolomics uses a wide-range of
analytical techniques
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_ Nuclear Magnetic Resonance

Mass Spectrometry
(MS)
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Typical 500 MHz ‘H-NMR spectrum of human cerebrospinal fluid. Numbers indicate the following metabolites:

1. DSS. 2. imidazole. 3. 2-hydroxvbutvric acid. 4. 2-hydroxvisovaleric acid. 5. 2-oxoisovaleric acid. 6.
3-hydroxvbutvric acid. 7. 3-hvdroxvisobutvric acid. 8. 3-hvdroxvisovaleric acid. 9. acetic acid. 10.
acetoaceticacid. 11. acetone. 12. L-glutamine, 13. pyruvicacid. 14. L-glutamic acid. 15. citric acid. 16.

creatinine, 17. creatine. 18. D-glucose. 19. lacticacid. 20. mvo-inositol. 21. D-fructose. 22. formic
acid. 23. L-histidine, 24. L-tvrosine. 25. methanol. 26. glycerol

source: http://www.csfmetabolome.ca
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Example: Untargeted Metabolomics
of Cerebrospinal Fluid
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Large Scale Computing with
PhenoMeNa/ Medical Metabolomics Data

e H2020 e-infra
*3 Years

13 Partners
8 Mio €
8330 PM

e Kick-off 9/15
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PhenoMeNal

Analytical

chemistry data
(NMR, MS)
Meta-Data

An e-infrastructure for

Large Scale Computing with
Medical Metabolomics Data

—

Data
pre-processing

Peak
detection/alignment/
quantification

Drift/batch
correction/normalisa

tion

Multiple cohort
alignment

Multiple assay
comparison

Long term stability
reference

Univariate
analysis

Multivariate
analysis

Dimension
reduction

Metabolome
wide
significance
level

External
independent
validation and
large-scale
replication

Cross
validation

Marker
Identification

Bioinformatics,
cross-platform
and
multi-omics
analyses

representation

« Gene/metabolite
enrichment
analysis

« Induced network
analysis

« Differential
network analysis

« Pathway
analysis/
visualisation

Challenge
studies
and
randomised

control trials




Microservices

e Architectural design pattern

* Independent, potentially distributed processes

e Language-independent interfaces.
» Services decoupled. Perform a small task (“Do one thing and do it well”).

* Individual service should be easy replaceable.
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MS1/MS2 - XCMS-OpenMS

FRIEDRICH-SCHILLER-

UNIVERSITAT
JENA

’ FlefF ter

/# msnbase-read-msms RN

’ ' .

Hect-pepss R

f Mie-mamslcamend X

}‘ (LA a-rroteceats R

| ’

T » )

) ameraTofesture XMl

Ma e

]

J* FeaturelnkerUnlabeledQ?

F camera-annotate peats R

'

2ta Pl

A msms2metfrag

& metfrag-chi-batch x J Teo Da

O. Spjut, S. Neumman, K. Kultima

. F camera-find adducts X

' F Do Data Collection N

, camara nind - sotopes N

InpuUt RDaa Ne

, MO Proup fuhim R
'}

¢3) PhenoMeNal

Large-Scale Computing for Medical Metabolomics



MS1/MS2 - XCMS-
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Workflow Management with
e Galaxy
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@PhenoMeNaI Home CRE [N SEHM Help  * Signin

Cloud Research Environment Portal

ARLELE At

B S B e -
» (] Lipidomics
|:| Glycomics

Instrument Data Types

i agga » ;‘;

» (] ms
» CJNMR I
BATMAN W4M Biosigner Bruker2BATMAN
D IR Bayesian Automated Metabolite Discovery of significant signatures This tool converts Bruker raw files
|:| Raman Analyser for NMR spectra (BATMAN). from omics data. into tabulated txt file for BATMAN.
[Juvwvis
» (] bAD
f'}/ s Jcdf2mid|
PhenoMeNal REEERLIL
CAMERA cdf2mid DIMSpy
1 O O S Of C O I I l I I I O n Collection of annotation related R-program to read CDF files, created Python package for processing,
methods for mass spectrometry by mass spectrometry machine, and filtering and analysing direct-infusion
data. evaluate the mass spectra of 13C- mass spectrometry-based

metabolomics and lipidomics data

m eta b O I O m i CS to O I S labeled metabolites

ready to run as Galaxy o
ﬁfc\d Phefc%leNal

workflows in the cloud o —

A web-based visualization tool for Galaxy is an open, web-based A Tool for automated Optimization of

[ |
Of yO u r C h O I C e biological pathways. platform for data intensive XCMS Parameters
) biomedical research.
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Large Scale Computing with
Medical Metabolomics Data

N~ Y 2 7

Literally a click of a button

-\— ; A ready-made, well-

tested, best-practice,
Virtual Research
Environment
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Managing large sets of machines in the cloud

Container
Orchestration

kubernetes

Infrastructure

"

Provisioning
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Economies of Scale
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Economies of Scale

e Assume 24.000 samples. Each takes 1 minute to process.
That is 400 CPU core hours, or 16 days, or 2 weeks.
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Economies of Scale

e Assume 24.000 samples. Each takes 1 minute to process.
That is 400 CPU core hours, or 16 days, or 2 weeks.

. e At $0.04 per core hour, plus 1TB storage,

_:3 that's $16 in the cloud.
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Economies of Scale

e Assume 24.000 samples. Each takes 1 minute to process.
That is 400 CPU core hours, or 16 days, or 2 weeks.
. e At $0.04 per core hour, plus 1TB storage,
_E] that's $16 in the cloud.
e Itis also $16 if you rent 400 cloud servers
and you'd be done in 1 hour.
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Economies of Scale

e Assume 24.000 samples. Each takes 1 minute to process.
That is 400 CPU core hours, or 16 days, or 2 weeks.

. e At $0.04 per core hour, plus 1TB storage,
that's $16 in the cloud.

e Itis also $16 if you rent 400 cloud servers
and you'd be done in 1 hour.

. e Itis also $16 if you rent 24.000 cloud servers,

. and be done in 1 minute (ignoring overhead ...)
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Testing scalability

Large data set: Processing tool:
2000 NMR spectra BATMAN

\4

Local cloud: Medium cloud: Large scale cloud:
MedBio Microsoft Azure EMBASSY
50 vCPUs 300 vCPUs 1000 vCPUs

'8 vl
UkMed(%:o Measure runtime =MBASSY @ cloud

speedup, efficiency...

Desk top system
8 cores
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PhenoMeNal scalability - BATMAN NMR processing

300k B Desktop

e 4 systems:
* Desktop (8 cores)

250k

200k e Azure (300 VCPUS)
. EMBASSY (1000 vCPUs)

Runtime (s)
o
o
~

* Considerable speed up possible

* Running time for 2000 spectra
down from 3 days (1 core) to
10 mins (1000 vCPUs)

0 - - - E S - — — a—

-100- -200- -250- -300- -320- -500- -800- -1000-
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Summary

* Large analytical chemistry data produced in medical metabolomics

 Computational analysis can take days or weeks on a single node

* Industry standard tools such as Kubernetes, Terraform and Ansible allow us to
 seamlessly deploy analysis pipelines
e composed of microservices
* on 1000s of cloud machines
e at low costs and no upfront investment

* The free and open PhenoMeNal infrastructure encapsulates those orchestration tools together
with hundreds of tools in computational metabolomics
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