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Rothamsted Research
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e Largest agricultural and crop
science research institute in UK
e Research started in 1853

» 400 Staff
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Rothamsted’s six scientific goals

Enhanced crop quality and production efficiency (in the
context of sustainability)

Environmentally sensitive management practices for
arable agriculture and associated habitats

Protection of soils and the global environment
New products from crops
Conservation and exploitation of biodiversity

Elevation of public confidence in science related to
agriculture
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Biomathematics and Bioinformatics

Integrate data firom multiple bielegical sources and
develep toels te analyse and interpret results

EXplolt niathematics' and computational SCIENCES (o
develop methods for detection) eff sultie signails in
complex andinoisy. datasets

Develop predictive systems models off plants and thelr
IRteractiens With patiogens and the envienment at a

Valiety of scales

Validate anad apply the moedels to support the
development off sustainable agriculttral practises




What we do In Biomathematics
and Bioinformatics

30! Staff, 5 Phb: Students

Statistics

m research Inte new: statistical metheds

m consultaney wWithl scientists (Including guality, assurance Issues)
m SUAUSTICS URINING

Moedellingl (5 groeups)

= development of pepulation dynamic andisimulation models; of
pielegicall precesses

Bioinformatics

= [Esearch onlefficient storage, processing, iIntegration: and analysis
off ‘omics’ data (genes, proteins, pathways etc)

s Develepment of datalnases and sefitware
n Consultancy’— mtermal collanorations  applied Bieinfermatics



Applied Statistics Research

ROLIA. T10ImpPson,, SueWwelnanm

General methods for dealing with neisy: andl complex
datasets

Novel approach ter medelling correlated effects; (errors)
I data

s Common ini bielegy because of “hidden® relationships e.g.
genetic, time, space

s REML, AsREML

Moere sensitive for detecting small signals, in: Iots; efi noise

s E.g gene efifects in a dominatingl background of envirenment
efifects

x Applicationstin analysis of gene expression data

Contribute to GenStat software with VSN international



Environmetrics
W8y Lark:

Studying spatial varapility: In envirenment
a NUitrient concentration

a \Water retention

u Heavy.meldl contaninanos

Combine geostatistics Withrether methodologies
a \Wavelets
s Bayesian Networks

Applicatiens
s Precision Farming

s Optimall sampling technoelegies and telemetry.
x Environmental poliutien menitering/control



Telemetny & Adaptive Sampling
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Mathematical Modelling

Frank vVam aen Boscl

IRteractiens PELWEEN Crop, PEeSt and envireonment
s OpliImISING| Crop PErormance, pPesticide management

Population Dynamics

s Understanding how: pests, co-evolve with host plant e.g. in
response to disease resistant varieties

MathemaucaltPaysICs — Anay: Reyno/as

s Eluididynamic medels of mevemenis off particles in turbulent air
flow'— applications te’ INSEct hehavieur and fungal spore
dispersal



Plant pathogen; population
dynamics

Methods developed to study disease-weather relations.
Applied to light leaf spot, stem canker, Septoria

Future aim: To develop generic methodology for disease forecasting
system and to apply these to foliar plant pathogens.

Delivery through decision support systems
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Climate and Crop Models

WIKkiiall. Serienoy
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Modelling complex interactions:
Indiviauall Based Moedelling

WIIKiall. Serniernoy

Intercrop Patches

Slug-nematode interactions: optimal field management




Bioinformatics
JACOP KOHIer, Paul Verier

Data integration
s |ntegrating ‘emics datasets
a Software platfierm using graph-hased method — ONDEX

ext mining

s Use for supperting databhase curation fo) a datalkhase of pathegen
NOSt Interactiens

Systems models of plant metabelic precesses


http://ondex.sourceforge.net/
http://www.phi-base.org/

Data Integration — Gene
EXpression Analysis

Gene
ntologie
(GO)

ochemic
athway
gg, AraC

Eequencel

nscripti
Factors
RANSFA

Enzyme
eactlon
BRENDA

Could be other ‘omic data



£ ONDEX ¥isualisation ToolKit (O¥TK) v0.ia

4 ONDEX ¥isualisation ToolKit {(D¥TK) wD.1a =]
a

Graph Visualisation: & Analysis

TREHALOSE-6-FHOSPHATE SYMNTHASE»mega-3 fatty acid déshiifase omega-3 fatty acid desaturase

oordinates (575,274) YOptions

Gene expression signal strength expressed as colour and size of glyph
Relationship between genes/proteins shown as lines
Circular layout designed to display maximum number of concepts/relations
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Pilot Study.

microariay: analysisi— publisheal study.

Barani, M., et al: (2004) Vicroariay: analysis o1 e oxiae
[E5001SIVeE trarnschpis I Araniaopsss; Plant Biotechnelegy: Jeurnal, 2,
359-366.

Arabidopsis data with 120 “novel” genes

New observations not in original paper made
because of access to integrated data.
—> provided annotation to 50 “novels”
- an important “unspotted” gene (a TF)
—> drought stress
—> Jasmonic acid biosynthesis




Other Applications; of Data Integration

Generallmethed — can e applied ter many
different types of data

Potentialf underpinning for data mining and
Machine learning Prejects

Integration eff gene: and trait: ontelogIes for text
MIRING
Providerinformatien infirastrtcturerior pataway

medelling projects
Petri net models of Gibberellin biosynthesis




Biolegical pathways represented

as Petri nets

ent-kaurenal ent-kaurenaol ent-kaurene

ent-kaurenoic acid i
Athg25800
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Hybrid Petri-Net - Cell Hlustrator

Investigating phenotype of mutants and knock-downs



Gibberellin
biosynthesis

...according to
Andy Philips and
Peter Hedden
and

curated by
Burkhard
Steuernagel
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Gibberellin
biosynthesis
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Many: Moedelling| Scales - Rothamsted

Scal e [l Geostatistical methods and wavelets
[[] Deterministic and stochastic models
Landscape [] Systems models (e.g. Hybrid Petri Nets)

Biochemical Processes

Ecosystem




Plant: Systems; Biology

Collakorater in twoe: UK National systems
BIeleQY Centres:

» Nottingham: University: — virtual reot
x Impenall College — plant patiogen Interactions
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