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The Compliance and Interoperability Working Group of the Genomic Standards Consortium facilitates the establishment of
a community of experts and the development of recommendations to describe genomic data and associated information.
Here we present our ongoing conation to harmonise the reporting of contextual plant specimen data associated with
genomics and functional genomics. This commentary summarises the current state of our plant sample contextual data
harmonisation efforts to engage a broad plant science community.
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efforts should be harmonised to prevent duplicating work or es-
tablishing contradictory practices.

With extensive global interest in the molecular analy-
sis of plant species for food, forestry, biomass and other
applications, we have entered an era of extensive publi-
cation of plant molecular data sets in need of structure.
For example, 0.37 terabases of plant assembled sequence
data from 1017 studies were presented in International Nu-
cleotide Sequence Database Collaboration (INSDC) databases to
August 2016.

Publishing well-structured data in an established data resource
supports the discoverability and safe preservation of legacy data.
If related contextual data is structured in a similar manner, fur-
ther scientific advances may be made by meaningful compar-
isons of data sets.

Data and contextual data standards bring structure to data,
providing recommendations on data formats and specifying
attributes that categorise the data. However, standardisation
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Fig. 1 Data resources/initiatives and guidelines contributing to development
of the Plant Specimen Contextual Data Consensus. Data resources or initia-
tives are shown clockwise and in black; guidelines are in grey. Array Express
& Expression Atlas and European Nucleotide Archive (ENA) & BioSamples at
the European Molecular Biology Laboratory, European Bioinformatics Institute
(EMBL-EBI, UK); GenBank & BioSample at the National Center for Biotechnol-
ogy Information (NCBI, USA); transnational transPLANT and Genomic Standards
Consortium (GSC); Agricultural Research Service of the US Department of Agri-
culture (USDA-ARS, USA); and CyVerse (USA).

Here we describe an ongoing endeavour to harmonise recom-
mendations to support the plant science community in report-
ing plant specimen contextual data associated with genomic
and functional genomic experiments to data archives.

Plant specimen contextual data provides information about the
plant material being analysed in a molecular assay. This in-
formation layer is distinct from the investigation layer, which
specifies the purpose of the investigation and its authors; and
from the experiment layer, which describes the molecular exper-
iment design. Plant specimen contextual information is also in-
dependent of the plant molecular analysis, meaning that a com-
mon set of plant specimen descriptors can be used to report the
contextual information about a plant sample associated with a
molecular data set.

Several projects are developing recommendations for the re-
porting of plant molecular or phenotyping data (Fig. 1). We aim
to unify these developments in a common contextual data set
- the Plant Specimen Contextual Data Consensus - that will
contribute to the consistent reporting of plant specimen in-
formation to data repositories and improve the integration of
specimen-associated molecular data among repositories.

Several resources were involved in this exercise: 1) the Euro-
pean Nucleotide Archive (ENA) and BioSamples at the European
Molecular Biology Laboratory-European Bioinformatics Institute
(EMBL-EBI), UK [1], which archives genomic and transcriptomic
data and associated contextual data; 2) CyVerse (formerly the
iPlant Collaborative), USA [2], a computation infrastructure for
life sciences; 3) GenBank [3] and BioSample databases at the
National Center for Biotechnology Information (NCBI), USA [4],
which archives nucleotide sequence data and associated sample
contextual information; and 4) the United States Department of
Agriculture (USDA) Agricultural Research Service (ARS), USA, a
scientific research agency for agriculture. We have also drawn
from the expertise of Array Express [5] and Expression Atlas [6]

at the EMBL-EBI, UK to collect plant transcriptomic data and re-
ceived valuable input from authors of the Minimum Information
about a Plant Phenotyping Experiment (MIAPPE) standard de-
veloped by transPLANT [7], a transnational project to construct
an e-infrastructure for plant genomics. Furthermore, we reused
several concepts specified in the core and plant host-associated
environmental package of the Minimum Information about any
(x) Sequence (MIxS) standard [8] developed by the Genomic Stan-
dards Consortium (GSC) [9].

To develop the Plant Specimen Contextual Data Consensus,
independent plant checklists drafted at ENA, USDA-ARS and Cy-
Verse were mapped to the plant package developed at GenBank
and the plant host-associated MIxS environmental package. Du-
plications were removed, and descriptor names, definitions and
the use of ontologies were harmonised. This merged draft was
then shared with plant communities associated with CyVerse,
Array Express and developers of the MIAPPE standard for com-
ments. A new merged draft incorporating comments from this
consultation was created and re-reviewed by all co-authors, cov-
ering content and descriptor groupings and recommendations
for the level of requirement of each descriptor. Final amend-
ments resulted in the mature first version of the Consensus,
which co-authors formally published to enable it to be used and
further refined by a wider plant science community.

Deciding the scope and requirement level of Consensus de-
scriptors was a challenge in this process: having too few descrip-
tors would not fulfil plant experts’ expectations, but having too
many requirements could prevent its adoption. For instance, in-
flation of plant phenotypic characteristics would lead to granu-
larity exceeding generic usage of the Consensus.

Another challenge concerned compliance to existing stan-
dards: the Plant Specimen Contextual Data Consensus Version
1.0 is not fully compliant to the existing MIxS standard since
some minimum information descriptors in MIxS are well suited
to microorganisms but not so relevant to evolutionarily higher
organisms. Discussion on a possible solution to establish exist-
ing standard profiles is beyond the scope of this publication.

The Plant Specimen Contextual Data Consensus Version 1.0
is available in Supplementary Table S1. However, the Consensus
is likely to evolve and we therefore encourage readers to view
the latest version at the GSC website [10]. Each contextual data
attribute of the Consensus is described with a name, category,
suggested requirement level (M: mandatory; C: recommended,;
X: optional), definition, format and mapping to an available on-
tology class.

Descriptors are divided into four categories:

1) Organism descriptors specify taxonomic information;

2) Sample descriptors characterise the material taken from the
plant organism and used for an experiment;

3) Treatment descriptors describe the plant’s natural and im-
posed environmental conditions before the sample was
taken;

4) Growth medium descriptors provide details of the plant
rooting conditions.

The Consensus recommends several established relevant on-
tologies and controlled vocabularies: Plant Ontology (PO), Phe-
notypic Quality Ontology (PATO), Crop Ontology (CO), Plant Trait
Ontology (TO), Plant Environment Ontology (EO), Environment
Ontology (ENVO), Experimental Factor Ontology (EFO), Chemical
Entities of Biological Interest (CHEBI) the NCBI Taxonomy index
and INSDC country controlled vocabulary.

Ten Consensus descriptors were identified as essential con-
textual data for a plant sample of any molecular experiment;



these are highlighted in bold and suggested as mandatory. More-
over, a subset of recommended descriptors may be considered
depending on the experiment or implementation. Optional de-
scriptors offer further reporting granularity.

Although practical implementation of the Consensus might
vary depending on the resource adopting it, the Consensus of-
fers the potential for plant specimen contextual data to be har-
monised across molecular assays. One implementation is avail-
able in the ENA’s data submission system for the deposition of
plant genomic and transcriptomic data to INSDC. This can add
to the collection of well-described plant samples, such as the
Brassica oleracea sample SAMNO03858113 or the Hordeum vulgare
sample SAMNO04549447.

The Consensus presented here is largely in line with recom-
mendations for the description of a plant bioresource and its
environment and treatment formulated for plant phenotyping
data [7]. We also envisage that it may be used to describe sam-
ples associated with metabolic data.

With the current substantive need to integrate data beyond
scientific domains and political borders, it is fundamental for
both short-term and long-term initiatives to unite forces when
working towards similar goals. Presented here is an example
of an ongoing transatlantic community collaboration (Fig. 1)
with a common goal to provide plant scientists with recom-
mendations on how to describe plant specimens analysed in
molecular experiments. This can contribute to the consistent
description of plant specimens and improve integration of
specimen-associated molecular data.

Supplementary data are available at GIGSCI online.

Additional file 1: Table S1. The Plant Specimen Contextual Data
Consensus. Each concept of the Consensus is described with a
name, category, suggested requirement level (M: mandatory; C:
recommended; X: optional), definition, format and mapping to
an available ontology class. (DOCX 119 kb)

CHEBIL: Chemical Entities of Biological Interest
CO: Crop Ontology
EFO: Experimental Factor Ontology

EMBL-EBI: European Molecular Biology Laboratory, European
Bioinformatics Institute

ENA: European Nucleotide Archive

ENVO: Environment Ontology

EO: Plant Environment Ontology

GSC: Genomic Standards Consortium

INSDC: International Nucleotide Sequence Database
Collaboration

NCBL: National Center for Biotechnology Information

MIAPPE: Minimum Information about a Plant Phenotyping
Experiment

MIxS: Minimum Information about any (x) Sequence

PATO: Phenotypic Quality Ontology

PO: Plant Ontology

TO: Plant Trait Ontology

USDA-ARS: Agricultural Research Service of the US Department of
Agriculture

All data generated during this study are included in this pub-
lished article and its supplementary information files.

The authors declare that they have no competing interests.

This work was supported by: the Biotechnology and Biological
Sciences Research Council award BB/M018458/1 to EMBL-EBI for
GC and PTH; National Science Foundation award numbers DBI-
0735191 and DBI-1265383 to CyVerse for RLW; and in part by
the Intramural Research Program of the National Institutes of
Health, National Library of Medicine for IKM and AJ.

PTH coordinated harmonisation of the plant specimen contex-
tual data, drafted the ENA plant checklist and mapped the draft
to the Array Express, transPLANT and MIxS checklists. RLW and
EKSC led on mapping to the plant contextual data checklists de-
veloped at CyVerse and USDA-ARS, respectively. AJ led on map-
ping to the NCBI Plant Package. IKM, GC and JC provided overall
guidance. PY advised on MIxS standard concepts and published
the Plant Specimen Contextual Data Consensus on the GSC web-
site. PTH wrote the manuscript with an editorial contribution
and a revision by all co-authors. All authors read and approved
the final manuscript.

We appreciate the contributions of Lisa Harper and Kapeel
Chougule. We thank Laura Huerta and Robert Petryszak for their
thoughtful suggestions. We are grateful to Pawel Krajewsky,
Hanna Cwiek and Paul Kersey for reviewing the Consensus draft.
We appreciate comments from Richard Gibson and Clara Amid
and input from Tony Burdett.

1. Silvester N, Alako B, Amid C, Cerdefio-Tarraga A, Cleland
E and Gibson R et al. Content discovery and retrieval ser-
vices at the European Nucleotide Archive. Nucleic Acid Res.
2015;43(Database issue):D23-9.

2. Merchant N, Lyons E, Goff S, Vaughn M, Ware D and Mick-
los D et al. The iPlant collaborative: cyberinfrastructure for
enabling data to discovery for the life sciences. PLOS Biology
2016. doi:10.1371/journal.pbio.1002342.

3. ClarkK, Karsch-Mizrachil, Lipman DJ, Ostell ] and Sayers EW.
GenBank. Nucleic Acids Res. 2016;44(Database issue):D67-72.

4. Barrett T, Clark K, Gevorgyan R, Gorelenkov V, Gribov E and
Karsch-Mizrachi I et al. BioProject and BioSample databases
at NCBI: facilitating capture and organization of metadata.
Nucleic Acids Res. 2012;40(Database issue):D57-63.

5. Kolesnikov N, Hastings E, Keays M, Melnichuk O, Tang A and
Williams E et al. Array Express update — simplifying data sub-
missions. Nucleic Acid Res. 2015;43(Database issue):D1113-6.

6. Petryszak R, Keays M, Tang YA, Fonseca NA, Barrera E and
Burdett T et al. Expression Atlas update - an integrated


https://academic.oup.com/gigascience

database of gene and protein expression in humans, ani-
mals and plants. Nucleic Acids Res. 2016;44(Database issue):
D746-52.

Krajewski P, Chen D, Cwiek H, van Dijk AD, Fiorani F and
Kersey P et al. Towards recommendation for metadata and
data handling in plant phenotyping. Journal of Experimental
Botany. 2015:66:5417-27.

Yilmaz P, Kottman R, Field D, Knight R, Cole JR and Amaral-
Zettler L et al. Minimum information about a marker

10.

gene sequence (MIMARKS) and minimum information about
any (x) sequence (MIxS) specifications. Nature Biotechnology
2011;29:415-20.

Field D, Amaral-Zettler L, Cochrane G, Cole JR, Dawyndt P
and Garrity GM et al. The Genomic Standards Consortium.
PLoS Biol. 2011. doi:10.1371/journal.pbio.1001088.

Plant Specimen Contextual Data Consensus. Available
from http://gensc.org/the-plant-specimen-contextual-data-
consensus/. Accessed 1 September 2016.


http://gensc.org/the-plant-specimen-contextual-data-consensus/
http://gensc.org/the-plant-specimen-contextual-data-consensus/

