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Metabolomics

“all low molecular weight molecules™
biochemical complement of

— cell, tissue, organ, organism, colony, medium
a branch of “functional genomics”

— Genomes

— Transcriptomics

— Proteomics

— Metabolomics
» Greatest complexity?

Contributing to “Systems biology”
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The shape of the problem

Diversity of chemical species Spatial distribution

— Plant kingdom — sub-cellular
- 100,000? 200,000? 250,000? compartmentalization
- One organ — 1,000-2,000 Organisms are not isolated

— Animals Dynamic range of concentrations
« xenobiotics — many order of magnitude
« co-mensals Speed of turnover

— <<1s

— intermediate compounds not
detected
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Defined by Technology?

Detection
— Mass spectrometry (MS)
* “molecular” ions or fragmentation patterns
— Nuclear magnetic resonance spectorometry (NMR)
— Infra-red absorption (IR)

Prior separation (Optional) Many combinations

— gas chromatrography (GC) GC-MS
— liquid chromatography (LC) | C-MS
— capillary electrophoresis (CE) LC-NMR
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Applications

Plants, animals, microbes, medical, environmental
Discrimination

— No chemical explanation required
* Food adulteration and quality
* Pre-clinical drug trials

* ? medical diagnosis
Scientific investigation of metabolism
— Pathways and fluxes
Systems biology

— Integration with data from transcriptomics, proteomics ...
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Fingerprinting and “metabolomics” and “true metabolomics”

Fingerprint

— No chemical identity c.f. “Footprint”

Targetted metabolomics

— Estimate pre-selected metabolites

— Estimating abundance

True metabolomics

— Detect and estimate metabolites

— Detecting chemical species and their abundance

What does “no value” mean?
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The data are noisy

Metabolomics only just works Controlling variance
— Nature (evenin alab) is — Experimental design
highly diverse « Statistical control
* “Natural variation” — Rigorous standards in the lab
— The systems are highly « process quality control
dynamic

Require traceability
» hard to take a “snapshot” _ :
_ Quality control and quality
— The laboratory preparation assurance neccessary
procedures are complex

_ — c.f. industrial automation
» QOperator variance

— The analytical equipment is

complex
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Multivariate data analysis and data mining

Principle Components Analysis Models for:

Discriminant Function Analysis — Discrimination

Partial Least Squares — ldentification

Cluster Analysis — Detecting differences

Minimum Spanning trees

Random Forrest Distinguishing the signal
Neural networks

Genetic algorthims

Genetic Programming
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National Research Council (US)

“An author's obligation is not only to release data and materials to
enable others to verify or replicate published findings (as journals
already implicitly or explicitly require) but also to provide them in a
form on which other scientists can build with further research.”

“If publicly accessible repositories for data have been agreed on by
a community of researchers and are in general use, the relevant
data should be deposited in one of these repositories by the time of
publication.”

“... these repositories help define consistent policies of data format
and content”

Specialist communities must develop technical standards

Committee on Responsibilities of Authorship in the Biological Sciences of the National Research Council (US, 2003)
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Sample preparation

Sample collection Analytical equipment
Cultivation
Experimental design




« Mendes (2002)







A proposed framework for the description of plant
metabolomics experiments and their results
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Background to ArMet

United Kingdom Food Standards Agency
— Department of Computer Science, Aberystwyth

— Institute of Biological Sciences, Aberystwyth
« John DRAPER

— School of Chemistry, University of Manchester
* Douglas KELL

— Max Planck Institute for Molecular Plant Physiology, Golm, Germany
* Oliver FIEHN

Investigation of metabolomics as a platform technology for food safety
assesment

Published with community support
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Tool development based on ArMet

Real data:

— 1 data set (growth & harvest), 2 weeks, 3 iterations, failure!
MS Access database (Jenkins, Johnson et al. 2005)

— Database design was available

— Front end customised to look like users’ environment and
procedures

Complete datasets uploaded
— <2 weeks of software engineer effort

— “disposable”; cheap per-project/protocol
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[ ¥l Microsoft Access - [SampleHandling : Form]

Harvest Shelves

To harvest your shelves first select the treatment that is taking place on them and create the
collection that describes the harvest and then select the shelves below to identify the trays
involved in that collection,

Eeia:trcuTraamm: | 1 »| View Environment Protocol Details
To create your collection identifier click here:  [Create Collectio ¥iew Harvest Protocol Details
Collection ID: 1

To view a report of the trays harvested in a particular collection click here: Collection Report

To view a report of the trays involved in a treatment, annotated with their
collection IDs click here: Irostment Revurt
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I FJ Microsoft Access - [SampleHandling : Form] P .4

| )
| B¥ SelectTrays ;: Form pgf /e 3 question forhelp = o @ X

|
ol o

Select Trays

Select the half rays as you harvest them from shelf; 1
(The captions on the trays denote: number of plants harvestedinumber of plants unharvested)

E= HarvestNumber : Form

How many planks have you taken from this tray today: |

x|

Scroll through existing nokes For this
collection using the arrows or enter
additional notes when the box is Full

€| | orenotes |

- s e e e o dReport

To view a report of the trays involved in a reatment, annotated with their
collection 1Ds click here:

Treatment Report

Form Yiew
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Other initiatives - MIAMET

Bino et al. 2004
checklist of “minimum information” (reporting requirements)
members of the plant biology community

—significant emphasis of agronomic applications

—significant emphasis on chromatography and mass spectrometry
techniques

“‘experiment” centred list

some limited hints at data formatting, suggesting the use of NetCDF
for raw MS data and JCAMP for NMR data
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Other initiatives - SMRS

Lindon et al 2005, Lindon 2005

Bias to pre-clinical toxicology trials — Metabonomics
Definitely a reporting standard proposal

Noted need to cater for a variety of reporting circumstances:

“the need for standards to facilitate communication between different
fields of activity and to fulfil the needs of journal editors and regulatory
agencies...”

noting that there are

“‘fundamental differences between both the design and objectives of
efforts focused on regulatory submission and those efforts focused on
basic research”

Much less about domestic LIMS
Reporting data analysis — models
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Reporting Standards

Professional standards (for the biologist)
Requirements specifications (for the software engineer)
Transcriptomics:

— MIAME (Brazma, Hingamp et al. 2001)

Proteomics

— MIAPE (Taylor, Hermjakob et al. 2006)
Biochemical models

— MIRIAM (Novere, Finney et al. 2005)

MIBBI
— http://mibbi.sourceforge.net/

PRIFYSGOL
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MSI| Reporting Standards
Working Group Working Group chairs
Biological context metadata ([Don Robertson
mammalian/in vivo Jules Griffin
microbial/in vitro Mariét van der Werf
Plant biology Basil Nikolau
Environmental Dawn Field
Chemical analysis Lloyd Sumner, Teresa Fan
Data processing Roy Goodacre
Ontology Susanna-Assunta Sansone, Ricardo Pietrobon
Exchange format Nigel Hardy, Chris Taylor
PRIFYSGOL
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MSI Reporting standards published September 2007

Standard reporting requirements for biological samples in metabolomics
experiments: mammalian/in vivo experiments

Standard reporting requirements for biological samples in metabolomics
experiments: microbial and in vitro biology experiments

Minimum reporting standards for plant biology context information in
metabolomic studies

Standard reporting requirements for biological samples in metabolomics
experiments: environmental context

Proposed minimum reporting standards for chemical analysis
Proposed minimum reporting standards for data analysis in metabolomics
Metabolomics 3(3)
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FuGE cont.

FuGE is a UML model and a generated XML Schema

FuGE facilitates the development of data standards in functional
genomics in two ways:

1. FuGE provides a model of common components in functional
genomics investigations, such as materials, data, protocols,
equipment and software. These models can be extended to
develop modular data formats with consistent structure.

2. FuGE provides a framework for capturing complete laboratory
workflows, enabling the integration of pre-existing data formats.
In this context, FUGE allows the capture of additional metadata
that gives formats a context within the complete workflow.

PRIFYSGOL

% YABERYSTWYTH 43

——— UNIVERSITY http://www.aber.ac.uk/compsci/






Scottish Bioinformatics Forum 2007-11-13

Types

models provide structure
require data types
many attributes (fields) are numeric
— constraint on range and precision is important
many attributes are not numeric

— descriptive
* species, variety, organ, cell type
* equipment and procedures

 metabolites

controlled vocabularies or onotologies
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Ontology example

Which part of a plant was analysed?

The Plant Ontology (PO) (Bruskiewich, Coe et al. 2002)

— plant growth and development stages and plant structure
An inflorescence is defined (as part of the shoot)

— the potential parts of an inflorescence are described

— includes flower

— ear and tassel as specialist terms

» for Zea mays (maize, indian corn)

PRIFYSGOL
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Chemical species - InChl

From -

— Objective:
The objective of the IUPAC Chemical Identifier Project is to establish a
unique label, the IUPAC Chemical Identifier, which would be a non-
proprietary identifier for chemical substances that could be used in
printed and electronic data sources thus enabling easier linking of
diverse data compilations.

fundamentally an algorithm

INnChl=1/C6H1206/c7-1-3(9)5(11)6(12)4(10)2-8/h1,3-6,8-12H,2H2/t3-
4+ 5+ 6+/m0/s1

Isomers and isotopes handled

— or explicitly not specified

PRIFYSGOL
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(a)
LAB-TECH-EXTRACT-RETEN-FEATURE1[-FEATURE2-FEATURE3-]

|
, l Alternative other features
e.g. lon mass, chemical shift, absorption wavelength
ID for separation, such as retention time (0 if no separation)
Metabolite extraction method

Profiling technique, should be detailed enough to distinguish variants
ID of laboratory that profiled the compound

(b)
LWS-GCMS1-P1-52.3-143.2

’ l Mass of parent or characteristic ion (arbitrarily units)
Retention time
Polar extract, by protocol 1 of this laboratory

GC/MS with single quad detector, using protocol 1 of this laboratory
Lloyd W. Sumner's laboratory
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URIs

A subdivided namespace LSIDs

— Unique IDs can be created —

— Can retrieve data using it —Have a resolution mechanism
Some argue an http url is —Can have associated (on-line)
appropriate data
Permits subsequent identification Isid:ncbi.nim.nih.gov:pubmed: 12571434

Isid:ncbi.nlm.nig.gov:GenBank:T48601:2

—The lab provides an on-line

Avoids the issue of specific _
name authority

characterisation
PRIFYSGOL
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Metabolomics data handling timeline

ez _;/ Appearance of the term "metabolomics" (Oliver et al. 1998)
1999 —
Recognition of the need for data handling (Fiehn et al. 2001)
2000
2001 — MIAME standard for transcriptomics (Brazma et al. 2001)
2002 Consideration of metabolomics databases (Mendes 2002)
2003 — MIAMET (Bino et al. 2004)
2004 _
ArMet (Jenkins et al. 2004)
2005
SMRS (Lindon et al. 2005)
2006
<< MSI Establishment (Fiehn et al. 2006)
S FuGE (J t al. 2006)
u Jones et al.
2008 T : :
MSI Reporting Requirements (2007)
PRIFYSGOL
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