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Integrating Large Data into Plant Science: From 
Big Data to Discovery 

April 21st-22nd 2016

Organisers: Sabina Leonelli, Ruth Bastow, Geraint 
Parry and David Salt

This workshop brings together prominent biologists, data scientists, 
database leads, publishers, representatives of learned societies and 
funding bodies to discuss ways of harnessing and integrating large 
plant data to foster discovery. 

Over the last decade, data infrastructures such as cloud, grids and 
repositories have garnered attention and funding as crucial tools to 
facilitate the re-use of existing datasets. This is a complex task, and 
within plant science a variety of strategies have been developed to 
collect, combine and mine research data for new purposes.  

This workshop aims to review these strategies, identify examples of 
best practices and successful re-use both within and beyond plant 
science, and discuss both technical and institutional conditions for 
effective data mining. 

Workshop Overview
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Integrating Large Data into Plant Science: From 
Big Data to Discovery

During the course of the workshop we aim to:
(1) Assess how effective the mining of existing large datasets and 
their re-use by others has been in advancing plant biology,

(2) Identify current bottlenecks and barriers in the data 
dissemination, mining and reuse pipelines

(3) Highlight areas of plant science that are falling behind in the big 
data era. 

(4) Explore how data infrastructures can effectively harness 
community knowledge

(5) Evaluate business models and incentives for data users to donate 
resources, acknowledge databases and provide feedback that can 
be widely shared and provide added value to the resource.

The workshop is jointly organised by the Exeter Centre for the Study 
of Life Sciences (Egenis) and GARNet, with funding from BBSRC 
and the the European Research Council via Starting Grant “The 
Epistemology of Data-Intensive Science” (www.datastudies.eu). 
This is a follow-up from the GARNet-Egenis data sharing workshop 
exploring how successful data sharing projects work, how data are 
being integrated and how the process should be improved. 
A report from this meeting can be found at: 
http://www.garnetcommunity.org.uk/reports

Workshop Overview
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Brief Schedule

THURSDAY 21st April 

12:00-12:45:	 Lunch

12:45-1:15: 	 Introduction: Ruth Bastow & Sabina Leonelli.

1:15-3:00:		 Session 1: Cases of Data Re-Use. 
			   Chair: David Salt.

3:00-3:30:		 Coffee break

3:30-5:35:		 Session 2: Data Infrastructures to Foster Re-Use. 
			   Chair: David Studholme.

5:45-6:45:		 Panel Discussion 1: Challenges of Re-Use. 
			   Chair: Geraint Parry

7:30:		 	 Conference dinner

FRIDAY 22nd April

9:00-11:05:	 Session 3: Integrating Community Knowledge. 
			   Chair: George LittleJohn

11:05-11:30:	 Coffee break

11:30-12:30:	 Panel Discussion 2: Strategies for Community 
			   Involvement. 
			   Chair: Ruth Bastow.

12:30-13:30:	 Lunch

13:30-15:00:	 Panel Discussion 3: Business models for Data 
			   Infrastructures. 
			   Chair: Sabina Leonelli.

15:00-15:30: 	 Concluding Session and Steps Forward.
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THURSDAY 21st April 

12:00-12:45:	 Lunch

12:45-1:15: 	 Introduction: Ruth Bastow & Sabina Leonelli.

1:15-3:00:		 Session 1: Cases of Data Re-Use. 
			   Chair: David Salt.

	 Angela Hancock (MFPL, Vienna): Data integration for evolutionary analysis

	 Gordon Simpson (University of Dundee): What do genomes really encode?      	
	 Analysing Arabidopsis transcriptomes and epitranscriptomes.

	 George Bassel (University of Birmingham): 3D digital single cell analysis

	 Dan Bebber (University of Exeter): Big Data and the global food security 		
	 debate

3:00-3:30:	Coffee break

3:30-5:35:		 Session 2: Data Infrastructures to Foster Re-Use. 
			   Chair: David Studholme.
 
	 Carole Goble (University of Manchester): FAIRDOM - FAIR asset 
	 management and sharing experiences in Systems Biology

	 David Salt iHub (University of Aberdeen): iHUB – An information and 
	 collaborative management platform for ionomic research

	 Nick Provart (BAR, University of Toronto): Raising the BAR for hypothesis 	
	 generation in plant biology using large data sets

	 Tomasz Zielinki (BioDare, University of Edinburgh): Tipping the balance – 	
	 introducing data management on a centre-wide level

	 David Johnson (OERC, University of Oxford): Data Infrastructures to foster 	
	 data re-use
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Detailed Schedule

THURSDAY 21st April 

5:45-6:45:		 Panel Discussion 1: Challenges of Re-Use. 
			   Chair: Geraint Parry
	
	 Panel Members:
	 Angela Hancock (MFPL, Vienna) 
	 George Bassel (University of Birmingham)
	 Carole Goble (University of Manchester)
	 David Salt iHub (University of Aberdeen)			 
	 Nick Provart (BAR, University of Toronto)

7:30:			  Conference dinner

FRIDAY 22nd April

9:00-11:05:	 Session 3: Integrating Community Knowledge. 
			   Chair: George LittleJohn

	 Eva Huala (TAIR/ Phoenix Bioinformatics): Integration of community data to 		
	 produce high quality foundational datasets

	 Matthew Vaughn, (Texas Advanced Computing Centre, Araport): Arabidopsis 	
	 Information Portal (AIP): A Community-Extensible Platform for Open, 
	 Reusable Data and Visualisation

	 Elizabeth Arnauld, (CropOntology): Crop Ontology: traits and variables 			 
	 harmonising field data for meta-analysis

	 Georgios Gkoutos (Birmingham University) Exploring the phenome

	 Dan MacLean, (The Sainsbury Lab, Norwich): Crowdsourcing from scientists: 		
	 how much bang for very little buck?

11:05-11:30:	 Coffee break
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11:30-12:30:	 Panel Discussion 2: Strategies for Community 
			   Involvement. 
			   Chair: Ruth Bastow.

	 Panel Members:
	 Eva Huala (TAIR/ Phoenix Bioinformatics)
	 Matthew Vaughn, (Texas Advanced Computing Centre, Araport)				  
	 Georgios Gkoutos (Birmingham University) 		
	 Dan MacLean, (The Sainsbury Lab, Norwich)

12:30-13:30:	 Lunch

13:30-15:00:	 Panel Discussion 3: Business models for Data 
			   Infrastructures. 
			   Chair: Sabina Leonelli

	 Panel Members:
	 Geoffrey Boulton OBE (CODATA and The Royal Society)
	 Rowan McKibbin/ Michael Ball (BBSRC)
	 Derek Scuffel (Syngenta)
	 Chris Surridge (Nature Plants)
	 Rebecca Cunning (Journal of Experimental Botany)
						    

15:00-15:30: 	 Concluding Session and Steps Forward.
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Speaker: Angela Hancock (University of Vienna)

Title: Data integration for evolutionary analysis

Arabidopsis thaliana is a superb model for studying local adaptation 
because it is geographically widespread and its range encompasses 
extensive variation in climate and other environmental factors. Moreover 
the wealth of tools and information we have in A.thaliana allows for 
integration of evolutionary results with data from a rich variety of sources. 

I will discuss work we are doing to identify loci involved in local adaptation 
to climate across the A.thaliana range and the ways that we have integrated 
these results with phenotype data and biological pathway data to validate 
and interpret the results of our analyses.

Session 1: Cases of Data Re-Use. 
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Speaker: Gordon Simpson (James Hutton Institute, 
							         University of Dundee)

Title: What do genomes really encode? Analysing 
          Arabidopsis transcriptomes and epitranscriptomes

Through conventional mutant screens, we identified RNA binding proteins 
required for normal Arabidopsis development. In order to understand how 
these RNA binding proteins might function, we used different 
RNA-Sequencing technologies and a range of approaches to analyse the 
resulting data obtained from the corresponding mutants. Consequently, we 
have developed experience of the limitations of the design and analysis of 
such experiments, and simultaneously provided data valuable for 
reannotating the Arabidopsis genome.  We have used single molecule direct 
RNA sequencing to map polyadenylated RNA 3’ ends transcriptome wide. 
These data obviate disadvantages of using reverse transcriptase that include 
internal priming and strand switching, thus giving authentic stranded data 
for the first time. We shared these data not only via ENA, but also through 
our own database “polyAdb” and worked with Araport to include such data 
as tracks in the Araport 11 genome browser.  

In order to understand how to best use RNA-Seq to analyse differential gene 
expression we examined the performance of different statistical tools to 
study 48 biological replicates of first yeast RNA-Seq data and more recently 
Arabidopsis data. We have extended this approach to consider the 
differential analysis of RNA processing, since alternative transcripts pro-
cessed from the same gene can have crucially important functions. I will 
describe our understanding of the difficulties of answering this important 
question. Finally I will discuss some of our most recent findings working 
with RNA decay and epitranscriptome mutants that have important implica-
tions for how we develop the annotation of the Arabidopsis genome. 

Session 1: Cases of Data Re-Use. 
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Speaker: George Bassel (University of Birmingham)

Title: 3D digital single cell analysis

The development of high resolution 3D imaging whole plant organs at 
cellular resolution is creating new opportunities in the generation of diverse 
quantitative data. The computational analysis of these 3D images enables 
complete cell geometry to be quantified simultaneously with the abundance 
of reporter concentration in individual cells. 

We have developed a computational approach to semi-automatically 
identify cell types within 3D cellular reconstructions of plant organs, 
and to use intrinsic cellular organization to annotate cell position. This 
enables equivalent cells in different samples to be identified without the 
need for cell lineage markers or reference atlases. The generation of 3D 
Cellular Atlas data structures representing individual cells in organs can be 
populated with the concentration of multiple data types, including promoter 
activity, protein abundance, or biosensor outputs, at single cell resolution.

The meta-analysis of these data can provide novel quantitative insights into 
the spatial and temporal relationships between different molecular entities 
across whole organs at single cell resolution.

Session 1: Cases of Data Re-Use. 
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Speaker: Dan Bebber (University of Exeter)

Title: Big data and the global food security debate

The dimensions of global food security are increasingly measurable. 
National production and consumption data maintained by FAOSTAT, the 
statistical division of the UN FAO, form the foundation of numerous 
academic analyses of changing patterns of the food availability. 

Since the launch of Landsat in 1978, remote sensing of climatic and 
plant physiological parameters have allowed researchers to model the 
relationships between the Earth’s physical state and the socioeconomic 
responses of agriculture and the food system. 

I will provide two examples of how Big Data, in this case meaning 
comprehensive, regional-to-global scale datasets, can be used to increase 
understanding of one component of global food security, namely, the 
impacts of crop pests and pathogens. 

Firstly, I will discuss the use of historical observational datasets in 
understanding the changing distributions of crop pests and pathogens. 

Secondly, I will show has climatic reanalysis data can be used to model the 
epidemiology of crop pathogens. Importantly, I will highlight the limitations 
of such datasets and suggest pathways to improving data accuracy and 
precision.

Session 1: Cases of Data Re-Use. 
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Speaker: Carole Goble CBE (University of Manchester)

Title: FAIRDOM - FAIR asset management and sharing 
experiences in systems biology

Over the past 5 years we have seen a change in expectations for the 
management of all the outcomes of research – that is the “assets” of data, 
models, codes and SOPs. Don’t stop reading. Yes, data management isn’t 
likely to win anyone a Nobel prize. But publications should be supported 
and accompanied by data, methods, procedures, etc. to assure 
reproducibility of results. Funding agencies expect data (and increasingly 
software) management retention and access plans as part of the proposal 
process for projects to be funded. Journals are raising their expectations of 
the availability of data and codes for pre- and post- publication. The mul-
ti-component, multi-disciplinary nature of Systems Biology demands the 
interlinking and exchange of assets and the systematic recording of metada-
ta for their interpretation.

The FAIRDOM (Findable, Accessible, Interoperable, Reusable Data, Op-
erations and Models) Initiative has 8 years of experience of asset sharing 
and data infrastructure ranging across European programmes (SysMO and 
EraSysAPP ERANets), national initiatives (de.NBI, German Virtual Liver Net-
work, UK SynBio centres) and PI’s labs . It aims to support Systems Biology 
researchers with data and model management, with an emphasis on stand-
ards smuggled in by stealth and sensitivity to asset sharing and credit anxie-
ty.  

This talk will use the FAIRDOM Initiative to discuss the FAIR management 
of data, SOPs, and models for Sys Bio, highlighting the challenges of and 
approaches to sharing, credit, citation and asset infrastructures in practice. 
I will also highlight recent experiments in affecting sharing using behaviour-
al interventions.

http://www.fair-dom.org                                http://www.fairdomhub.org 

http://www.seek4science.org

Session 2: Data Infrastructures to Foster Re-Use.  
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Speaker: David Salt (University of Aberdeen)

Title: iHUB – An information and collaborative manage-
ment platform for ionomic research

The iHUB (www.ionomicshub.org) is a collaborative workspace with 
components that integrate both e-research infrastructure and human interac-
tions to maximise both community access to ionomic resources, and knowl-
edge extraction from these resources. The iHUB facilitates open 
communication and exchange of information, and lowers the barrier for 
entry into the field of ionomics (the study of the elemental composition 
of an organism), allowing a diverse set of researchers from developed and 
developing nations to participate in advancing the field. The information 
obtained from the discoveries facilitated by the iHUB will be valuable from 
the point of view of improving crop yields, enhancing agricultural sustaina-
bility, and improving food quality for human nutrition. 

The iHUB has been running since 2007 and has had 73,882 session with 
15,050 users from 2,128 cities in 122 countries world-wide, and currently 
contains ionomic information available to the public on over 280,000 sam-
ples of Arabidopsis thaliana, rice and yeast. 

The iHUB provides an integrated laboratory information management 
system (LIMS) supporting the formalised collection of ionomic data from 
multiple laboratories. The iHUB data infrastructure is built on a relational 
database and underpinned by a controlled vocabulary. The iHUB contains 
data discovery, data display, and data export features. Data from different 
experiments can be aggregated into ‘datasets’ which can be shared with 
collaborators and associated with Digital Object Identifiers (DOI) for ci-
tation in publications. Further, the iHUB Blog, Publications and Datastore 
features facilitate discussion and the sharing of publications and data files. 
The iHUB also contains the Ionomics Atlas, a tool for mapping ionomic 
phenotypes and associated genotypes to the landscape. International iHUB 
workshops have been held where users discuss future developments of the 
iHUB and communicate new research findings.

Session 2: Data Infrastructures to Foster Re-Use.  
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Speaker: Nick Provart (BAR, University of Toronto)

Title: Raising the BAR for hypothesis generation in 		
	     plant biology using large data sets

We have developed tools, available as part of the Bio-Analytic Resource at 
http://bar.utoronto.ca, for exploring large data sets from plants, to allow 
deeper insights into biological questions. An emerging theme in plant 
biology is that interactions, be they regulatory or protein-protein, create 
networks. Coexpression networks developed using public gene expression 
data sets from dormant and germinating seeds have provided high-quality 
candidates for genes involved in regulating these two important processes. 

Methods for integrating networks of coexpression, protein-protein 
interaction, and of other high-throughput data, can provide additional levels 
of support for novel function identification. Leveraging gene expression 
atlases across 10 plant species for identifying the most likely “expressologs” 
(homologs showing the most similar pattern of expression in equivalent 
tissues) between species will also be presented.

Session 2: Data Infrastructures to Foster Re-Use.  
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Speaker: Tomasz Zielinki (BioDare, University of 
		       Edinburgh) 

Title: Tipping the balance – introducing data 
	     management on a centre-wide level

21st century science is governed by Data-Intensive Scientific Discovery in 
which data allows integration and reinforcement between theory, experi-
mentation and simulation. The importance of data on its own, apart from 
its role as the support for research findings, has been also acknowledged by 
funding bodies. All data generated from publicly funded research are 
required to be widely accessible to allow their further dissemination and 
their re-use outside the initial scope of the studies.

The value of data depends strongly on its comprehensive description: the 
existence of metadata. However, the annotation process is a laborious one, 
it is an extra burden for scientists and the main limiting factor which pre-
vents wide-spread data deposition in suitable repositories. We address this 
problem by adding extra value to data management systems (for example 
data visualization or pre-processing) in order to provide benefits for the data 
producers and not only for the data consumers.

In this talk, I will present our experience with adoption within the centre 
of data management systems for biological data: BioDare, SEEK and Open-
BIS. The alternative platforms are based on different philosophies and have 
complementary strengths, which could cater for the diverse needs of the 
SynthSyS centre.

Session 2: Data Infrastructures to Foster Re-Use.  
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Speaker: David Johnson (OERC, University of Oxford)

Title: Data infrastructures to foster data re-use

Enabling data re-use is highly desirable to make best of resources in gather-
ing and analysing data, but is now essential in carrying out research to sat-
isfy recent changes in grant requirements. To support these new demands, 
a growing number of efforts have been set up through national and interna-
tional infrastructures for data archiving: for example the UK Data Archive 
for social science data and specialised public databases for biological data 
such as the European Nucleotide Archive at the EMBL-EBI. Publishers too 
have shown commitment, enabling data re-use by accepting data publica-
tions, for example NPG’s Scientific Data and BMC’s GigaScience journals.
 
At Oxford, we have been leading efforts to foster data re-use in the life 
sciences by developing a metadata tracking framework, ISA, which supports 
standards-compliant descriptions of functional multi-omics experiments and 
is being extended to support high-throughput plant phenotyping, and 
BioSharing, a data standards, policies and databases registry. 

In this talk, I will provide an overview of ISA and BioSharing, and recent 
contributions to the BBSRC-funded open ‘omics data platform for the plant 
sciences, COPO.

Session 2: Data Infrastructures to Foster Re-Use.  
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Chair: Geraint Parry 

Panel Members: 

Angela Hancock (MFPL, Vienna) 
George Bassel (University of Birmingham)
Carole Goble CBE (University of Manchester)
David Salt (iHUB, University of Aberdeen)			 
Nick Provart (BAR, University of Toronto)
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Speaker: Eva Huala (TAIR/ Phoenix Bioinformatics)

Title: Integration of community data to produce high 
quality foundational datasets  

High quality, stable and well curated foundational data sets are the key to 
integrating and reusing data both within and across biological domains.  
Two examples of such foundational data sets are reference genomes and 
Gene Ontology annotations.  Integration of new data from the community 
is both a significant challenge and an essential ingredient for maintaining 
these key resources.  

The process of integrating new data relies on a mixture of computation-
al and manual curation methods and requires stable long term funding to 
maximize data integration and reuse.  Maintenance of these key data sets is 
essential to ensure that new research builds on previous results and enables 
research investments to produce the maximum benefit to society.

Session 3: Integrating Community Knowledge.   
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Speaker: Matthew Vaughn (Texas Advanced 
		       Computing Centre, Araport)

Title: Arabidopsis Information Portal (AIP): 
a community-extensible platform for open, reusable data 
and visualisation

The Araport (araport.org) project provides a comprehensive, evidence-based 
annotation of the Arabidopsis Col-0 reference genome, presented via a 
modern web portal for searching, browsing, and interacting with Arabidop-
sis data. Uniquely among all model organism resources, Araport.org is built 
from the ground up to be extensible by scientists and developers in its target 
research community. 

I will introduce the major Araport components: Thalemine, JBrowse, 
Science Apps, and Data Services, describing our approaches to and experi-
ences with engaging, encouraging, and enabling community contributions 
to each of them.

Session 3: Integrating Community Knowledge.   
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Speaker: Elizabeth Arnauld (CropOntology)

Title: Crop Ontology: traits and variables harmonising 
field data for meta-analysis

The Crop Ontology is a service of the Integrated Breeding Platform 
(www.integratedbreeding.net) in collaboration with the CGIAR and partners 
and under the leadership of Bioversity international. The Crop Ontology  
(www.cropontology.org) provides harmonised and validated breeders trait 
names, measurement methods, scales for currently 18 crops that are used 
by the Breeding Management System (BMS).  Standard Trait Dictionaries 
(TDs) are a required for the Integrated Breeding Platform (IBP) to facilitate 
data exchange across teams and enable meta-data analysis. IBP Trait 
Dictionary now includes the Œstandard variable. A standard variable is 
equal to ‘one trait+one method+one variable’ and a trait can be measured 
through different variables, according to the method or the scale used. 
These variables will accurately annotate the measurements stored in the 
BMS databases and also will support the creation of standard manual or 
electronic fieldbooks. 

The Crop Ontology contributes to the content of the reference ontologies of 
the Planteome project (http://www.planteome.org/). The Next 
Generation Breeding Databases developed by Boyce Thompson Institute 
(US) also embed the Crop Ontology traits. Using similar methodology, 
an Agronomy Ontology is being developed to support combining results 
of field management practices with crop traits which is important to ful-
ly understand the dynamic of varying factors within any cropping system. 
Curation is currently performed to secure the compliance between the 
Agronomy ontology and the variables of the International Consortium for 
Agricultural Systems Applications (ICASA). 

Session 3: Integrating Community Knowledge.   
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Speaker: Georgios Gkoutos (Birmingham University)

Title: Exploring the phenome

Within the biomedical community, one of the most successful strategies for 
achieving standardisation and integration of biomedical knowledge, data 
and associated experiments was proposed more than a decade ago with the 
advent of the Gene Ontology. Since then, the biomedical community has 
invested a considerable amount of effort, research and resources in the 
development of ontologies that are now becoming and increasingly suc-
cessful as information management and integration tools. 

This presentation will focus on how phenotype data ontology-based 
standardisation can enable a variety of applications. It will employ 
examples stemmed from the biomedical domain and attempt to provide 
directions of how these could be applied in the plant domain.

Session 3: Integrating Community Knowledge.   
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Speaker: Dan MacLean (The Sainsbury Lab, Norwich)
 
Title: Crowdsourcing from scientists: how much bang 
	     for very little buck?

In 2013 we initiated Open Ash Dieback, a genomics crowdsourcing 
initiative to kickstart analyses of the invasive ash dieback fungus that was 
killing the UK’s ash population. By creating a public Git repository 
containing genomics data and metadata we received a wide variety of new 
scientific results from a new community that analysed existing data and 
provided additional data from many sources. The progress after one year 
was significant and included genome assemblies of pathogen and host, 
identification of toxins and metagenomics analysis of samples. We observed 
that our Git based infrastructure was off-putting to knowledgeable scientists 
with non-genomics backgrounds and developed other interfaces to include 
these potential contributors. 

Concurrently to this we ran a citizen science project that revealed much 
about human interaction interest patterns in open projects. In both projects 
we observed extreme interest early on in the project that dwindled later, 
though when crowdsourcing from scientists other incentives including the 
deposition of new data and imminent publications could restimulate 
activity.  We conclude that a crucial factor in developing productive com-
munities is timing, ensuring that data and access is provided earlyis essen-
tial to maximise output.

Session 3: Integrating Community Knowledge.   
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Chair: Ruth Bastow 

Panel Members

Eva Huala (TAIR/ Phoenix Bioinformatics)
Matthew Vaughn (Texas Advanced Computing Centre, 	
				        Araport)
Georgios Gkoutos (University of Birmingham) 		
Dan MacLean (The Sainsbury Lab, Norwich)

Panel Discussion 2: Strategies for Community 
 					          Involvement
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Chair: Sabina Leonelli

Panel Members: 

Geoffrey Boulton OBE (CODATA and The Royal Society)
President of the ICSU Committee on Data for Science and Tech-
nology (CODATA) and currently involved in CODATA strategies to 
create an open data platform in Africa, to advance the frontiers of 
data science, to seek widespread endorsement of the International 
Accord on Open Data and to develop and promote enabling pro-
cesses and practices of open data in national research systems.

Rowan McKibbin (BBSRC)
The Head of Science Strategy for the Exploiting New Ways of 
Working sector, leads on the synthetic biology, systems biology, 
data intensive bioscience and technology development portfolios.

Michael Ball (BBSRC)
Strategy and Policy Manager

Derek Scuffell (Syngenta)
Derek is the Data Strategist for R&D in Syngenta, responsible for 
delivering the technical and cultural approaches that are needed to 
ensure that Syngenta data assets are able to be reused and 
exploited to bring the most value to Syngenta’s research. This 
requires sustainable frameworks and approaches for Data Integra-
tion, Quality, Management and Trust. Derek is also a technical lead 
for digital disciplines in Syngenta R&D projects.

Panel Discussion 3: Business models for Data 
					          Infrastructures
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Title of PagePanel Discussion 3: Business models for Data 
					          Infrastructures

Chris Surridge (Nature Plants)
Responsible for selecting, peer-reviewing and publishing primary 
and secondary research material. It is very important to me that the 
research that we publish is as ‘useful’ as possible and one aspect of 
that is to promote transparency and data availability.

Rebecca Cunning (Journal of Experimental Botany)
JXB  has a keen interest in the accessibility of scientific data and 
part of my role is involved in data management and the integration 
of data submission with paper submission and publication.
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