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The	complex	and	fascinaBng	world	of	–omics	analysis	

h;p://www.plant-phenotyping-network.eu	

Plant	phenotyping	is	an	
emerging	science	that	links	
genomics	with	plant	
ecophysiology	and	
agronomy.	The	funcKonal	
plant	body	(PHENOTYPE)	is	
formed	during	plant	growth	
and	development	from	the	
dynamic	interacKon	between	
the	geneKc	background	
(GENOTYPE)	and	the	physical	
world	in	which	plants	
develop	(ENVIRONMENT).	
These	interacKons	determine	
plant	performance	and	
producKvity	measured	as	
accumulated	biomass	and	
commercial	yield	and	
resource	use	efficiency.	
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The	complex	and	fascinaBng	world	of	–omics	analysis	

h;ps://www.sciencedirect.com/science/
arKcle/pii/S2452310017300069	

Imaging	methodologies	used	in	plant	phenotyping	generate	huge	amounts	of	
complex	data.	
The	major	challenge	is	data	management:	metadata	collecKon	and	data	
annotaKon.	
ImplementaKon	of	standard	ontologies	is	key	to	integrate	data	efficiently.	
Data-driven	approaches	are	promising	to	generate	new	scienBfic	insights.	

Plant	phenotyping	has	emerged	as	a	comprehensive	field	of	research	as	the	result	of	
significant	advancements	in	the	applicaKon	of	imaging	sensors	for	high-throughput	
data	collecKon.	The	flip	side	is	the	risk	of	drowning	in	the	massive	amounts	of	data	
generated	by	automated	phenotyping	systems.	
	
Currently,	the	major	challenge	lies	in	data	management,	on	the	level	of	data	
annotaKon	and	proper	metadata	collecKon,	and	in	progressing	towards	synergism	
across	data	collecKon	and	analyses.	Progress	in	data	analyses	includes	efforts	
towards	the	integraKon	of	phenotypic	and	-omics	data	resources	for	bridging	the	
phenotype–genotype	gap	and	obtaining	in-depth	insights	into	fundamental	plant	
processes.	
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An	overview	of	the	talk	
The	Genome	level	
•  CreaKon	of	variants	(recombinants	

and	mutants)	
•  Genome	sequencing	(de	novo)	
•  Transcriptomics	(RNAseq	analysis)	
•  Genome	annotaKon	
•  Genome	re-sequencing	
•  Variant	analysis	

Genotype-Phenotype	correlaBons	
Data	integraBon	and	mining	
•  Data	curaKon	and	standardizaKon	
•  Databases	
•  StaKsKcal	and	biometrical	sodware	

The	Phenome	level	
•  Transcriptomics	(RNAseq	analysis)	
•  Proteomics	
•  Ionomics	
•  Lipidomics	
•  Glycomics	
•  Imaging	(hyperspectral)	
•  Environmental	metadata	
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Variability	at	the	base	of	geneBcs	
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Variability	at	the	base	of	geneBcs	
Approximate position of 28 major genes mapped in different populations of apricot (blue 
background), peach (orange background), almond or almond × peach (yellow background), 
and Myrobalan plum (green background) on the framework of the Prunus reference map. 

Dirlewanger	E.	et.al.	PNAS	2004;	101:	9891-9896	
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Variability	at	the	base	of	geneBcs	
Genome-Wide	AssociaKon	Studies	(GWAS)	

h;ps://dfzljdn9uc3pi.cloudfront.net/2013/66/1/
Supplementary%20figure%202_mod.jpg	
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h;p://www.bio-itworld.com/2012/12/28/encyclopedia-
genomica-UK-scienKsts-print-book-of-life-in-130-
volumes.html	

University	of	Leicester	staff	with	the	human	genome		
(hard	copy).	Cas	Kramer	and	Ed	Hollox,	back	row	(right).	

Encyclopedia	Genomica:	UK	ScienBsts	Print	the	Book	of	Life	in	130	Volumes	

Nowadays	it	is	cheaper	to	sequence	the	
human	genome	than	to	print	out	a	full	
hard	copy.	We	know	this	because	Cas	
Kramer	and	a	group	of	scienKsts	at	the	
University	of	Leicester	decided	to	print	
out	a	complete	version	of	the	human	
genome.		
The	genome	print	out	spans	130	
volumes,	with	each	page	printed	on	both	
sides	in	4-point	font,	with	precisely	
43,000	characters	per	page.	The	X	
chromosome	is	made	up	of	seven	
volumes,	while	the	Y	chromosome	
occupies	one.	The	exercise	costs	a	li;le	
less	than	4,000	pounds	(about	$6,000).		

The	astonishing	numbers	of	biological	data	
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The	astonishing	numbers	of	biological	data	

When	size	maVers...	

Beyond	the	problem	of	the	
many	species	to	be	studied	
(compared	to	the	human	
genome),	there	is	the	problem	
with	genome	sizes.	

Tobacco	genome	is	comparable	
to	the	human	genome.	

Wheat	genome	(out	of	scale	in	
the	picture)	is	nearly	six	fold	the	
human	genome.	 Pe
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The	pipeline	to	assemble	and	annotate	genomes	

Genome	
re-sequencing	

De	novo	
Genome	

sequencing	

RNAseq	
analysis	

Genome	
annotaKon	

RNAseq	
analysis	
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Assembling	genomes	

...is	like	reconstrucBng	a	puzzle	
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Assembling	genomes	
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Assembling	genomes	

De	novo	
Genome	

sequencing	

Genome	
assembly	
sodware	

CANU	

ABYSS	

HGAP	

FALCON	 OTHERS...	
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Assembling	genomes	
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The	pipeline	to	assemble	and	annotate	genomes	

RNAseq	
analysis	

RNAseq	
analysis	
sodware	

For	a	list	see:	
h;ps://en.wikipedia.org/wiki/List_of_RNA-Seq_bioinformaKcs_tools	
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Variant	annotaBon	

Milne	I,	Shaw	P,	Stephen	G,	Bayer	M,	Cardle	L,	
Thomas	WTB,	Flavell	AJ	and	Marshall	D.	2010.	
Flapjack	–	graphical	genotype	visualizaKon.	
BioinformaKcs	26(24),	3133-3134.	

h;ps://ics.hu;on.ac.uk/flapjack/	
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High-throughput	phenotyping	faciliBes	

h;ps://www.youtube.com/watch?v=8Xp0f2B7mRM	

With	the	Macrophenomics	facility	leaf	damages	caused	by	pathogens	and	visible	
to	the	naked	eye,	can	automaKcally	and	precisely	be	quanKfied.	A	camera	
creaKng	RGB	images	and	takeing	pictures	in	four	different	wavelength	ranges	is	
applied	to	study	the	number	and	extent	of	fungal	colonies	per	leaf	area	and	the	
response	of	their	host.	Equipped	with	a	mulKspectral	2D	imaging	staKon	
Macrobot	(developed	in	cooperaKon	with	Fraunhofer	IFF	Magdeburg),	up	to	500	
genotypes	can	be	analyzed	in	a	high-throughput	process	in	3-4	weeks.	

h;ps://www.youtube.com/watch?v=psYu--xECDU	

IPK	InsKtute	Gatersleben	-	Macrophenomics	Facility	and	Microphenomics	Facility	
	
Currently,	the	plant	phenotyping	infrastructure	at	the	IPK	is	being	expanded	by	
the	new	Plant	CulKvaKon	Hall.	On	an	almost	500	m²	area,	plants	will	be	
culKvated	under	field-like	precisely	adjustable	environmental	condiKons,	without	
undesigned	external	influences.	This	will	allow	to	repeat	experiments	under	
highly	reproducible	condiKons.	In	addiKon	to	a	container	system,	a	so-called	
rhizotron-system	will	be	installed	in	the	Plant	CulKvaKon	Hall	which	will	allow	
both	phenotyping	of	shoot	and	root	features.	
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The	‘Ontology’	concept	-	BioPAX	

Biological	Pathway	Exchange	(BioPAX)	is	a	standard	language	to	represent	biological	pathways	at	
the	molecular	and	cellular	level	and	to	facilitate	the	exchange	of	pathway	data.	The	rapid	growth	
of	the	volume	of	pathway	data	has	spurred	the	development	of	databases	and	computaKonal	
tools	to	aid	interpretaKon;	however,	use	of	these	data	is	hampered	by	the	current	
fragmentaBon	of	pathway	informaBon	across	many	databases	with	incompaKble	formats.	
BioPAX,	which	was	created	through	a	community	process,	solves	this	problem	
by	making	pathway	data	substanKally	easier	to	collect,	index,	interpret	and	share.	
BioPAX	can	represent	metabolic	and	signaling	pathways,	molecular	and	geneKc	interacKons	and	
gene	regulaKon	networks.	Using	BioPAX,	millions	of	interacKons,	organized	into	thousands	of	
pathways,	from	many	organisms	are	available	from	a	growing	number	of	databases.	This	large	
amount	of	pathway	data	in	a	computable	form	will	support	visualizaKon,	analysis	and	biological	
discovery.	

The	BioPAX	community	standard	for	pathway	data	
sharing	
Emek	Demir	et	al.		

h;ps://www.nature.com/arKcles/nbt.1666.pdf	

From	-omics	to	phenotyping	for	crop	improvement	
Tuesday	26th-Thursday	28th,	June	2018	-	Aula	Maggiore	-	Via	Celoria,	2	(MI)	

The	‘Ontology’	concept	-	BioPAX	

What	is	an	ontology?	
An	ontology	is	a	formal	system	for	represenKng	knowledge.	Such	representaKon	is	required	for	
computer	sodware	to	make	use	of	informaKon.	Example	ontologies	include	organism	
taxonomies	and	the	Gene	Ontology.	A	formal	representaKon	allows	consistent	communicaKon	
of	knowledge	among	individuals	or	computer	systems	and	helps	manage	complexity	in	
informaKon	processing	as	knowledge	is	broken	down	into	clear	concepts	that	can	be	considered	
independently.	
Ontologies	also	enable	integraKon	of	knowledge	between	independent	resources	linked	on	the	
World	Wide	Web.	Such	linked,	structured	data	form	the	basis	of	the	semanKc	web,	an	extension	
of	the	web	that	promises	improved	informaKon	management	and	search	capability.	
RepresenKng	and	sharing	knowledge	using	ontologies	is	simplified	by	availability	of	the	standard	
web	ontology	language	(OWL;	hVp://www.w3.org/TR/owl-features/).	Tools	to	edit	OWL,	such	
as	Protégé,	have	been	developed	by	the	semanKc	web	community	and	adopted	in	the	life	
sciences.	ImplemenKng	BioPAX	using	OWL	enables	both	the	ontology	and	the	individuals	and	
values	to	be	stored	in	the	same	XML-based	format,	which	makes	data	transmission	easier.	An	
ontology	is	composed	of	classes,	properKes	(represenKng	relaKons)	and	restricKons	and	is	used	
to	de	ne	individuals	(instances	of	classes,	also	known	as	objects)	and	values	for	their	properKes.	
Classes	(also	known	as	concepts	or	types)	are	oden	arranged	into	a	hierarchy	(or	taxonomy)	
where	child	classes	are	more	speci	c	than,	and	inherit	the	properKes	of,	parent	classes.	

h;ps://www.nature.com/arKcles/nbt.1666.pdf	 From	-omics	to	phenotyping	for	crop	improvement	
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The	‘Ontology’	concept	-	BioPAX	

h;ps://www.nature.com/arKcles/nbt.1666/figures/1	
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The	‘Ontology’	concept	-	BioPAX	

h;ps://www.nature.com/arKcles/nbt.1666/figures/3	

Figure	3:	The	AKT	pathway	as	
represented	by	a	tradiKonal	method	
(top	led;	from	h;p://
www.biocarta.com/),	a	formalized	
SBGN	diagram	(led;	from	h;p://
www.sbgn.org/62)	and	using	the	
BioPAX	language	(right).	

An	important	advantage	of	the	
BioPAX	representaKon	is	that	it	can	
be	interpreted	by	computer	
sodware	and	used	in	mulKple	ways,	
including	automaKc	diagram	
creaKon,	informaKon	retrieval	and	
analysis.	Online	documentaKon	at	
hVp://www.biopax.org/	contains	
more	details	about	how	to	
represent	diverse	types	of	biological	
pathways.		
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The	‘Ontology’	concept	-	BioPAX	

h;ps://www.nature.com/arKcles/nbt.1666/figures/4	

Figure	4:	High-level	view	of	the	BioPAX	ontology.	Classes,	shown	as	boxes	and	arrows,	represent	inheritance	
relaKonships.	The	three	main	types	of	classes	in	BioPAX	are	Pathway	(red),	InteracKon	(green)	and	
PhysicalEnKty	and	Gene	(blue).	For	brevity,	the	properKes	of	the	Protein	class	only	are	shown	as	an	example	
at	the	top	right.	Asterisks	indicate	that	mulKple	values	for	the	property	are	allowed.	
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The	‘Ontology’	concept	-	BioPAX	

h;ps://www.nature.com/arKcles/nbt.1666/figures/5	

Figure	5:	Example	uses	of	pathway	
informaBon	in	BioPAX	format.	Red-
colored	boxes	or	lines	indicate	the	use	of	
BioPAX.	

BioPAX	can	be	used	to	help	aggregate	
large	pathway	data	sets	by	reducing	the	
required	collecKon	and	translaKon	effort,	
for	instance	using	sodware	such	as	cPath.	
Typical	biological	queries,	such	as	'What	
reacBons	involve	my	protein	of	interest?'	
generate	more	complete	answers	when	
querying	these	larger	pathway	data	sets.	
Another	frequent	use	is	to	find	pathways	
that	are	acKve	in	a	parKcular	biological	
context,	such	as	a	cell	state	determined	
by	a	genome-scale	molecular	profile	
measurement.	For	instance,	pathways	
with	mulKple	differenKally	expressed	
genes	may	be	transcripKonally	acKve	in	
one	biological	condiKon	and	not	in	
another.	
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The	‘Ontology’	concept	-	BioPAX	

h;ps://www.nature.com/arKcles/nbt.1666/figures/6	

Figure	6:	The	relaBonship	among	popular	standard	formats	for	pathway	informaBon.	BioPAX	and	PSI-MI	are	
designed	for	data	exchange	to	and	from	databases	and	pathway	and	network	data	integraKon.	SBML	and	
CellML	are	designed	to	support	mathemaKcal	simulaKons	of	biological	systems	and	SBGN	represents	pathway	
diagrams.	
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The	‘Ontology’	concept	-	Pathguide	

h;p://www.pathguide.org	
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The	Systems	Biology	concept	-	SBGN	

h;p://sbgn.github.io/sbgn/	
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The	Plant	Ontology	iniBaBve	

Source:	Cooper	L,	Walls	RL.		2013.		The	Plant	Ontology	as	
a	Tool	for	ComparaKve	Plant	Anatomy	and	Genomic	
Analyses.	Plant	&	Cell	Physiology.	54:1-23	

The	Plant	Ontology	(PO;	hVp://www.plantontology.org/)	is	a	publicly	available,	collaboraKve	
effort	to	develop	and	maintain	a	controlled,	structured	vocabulary	(’ontology’)	of	terms	to	
describe	plant	anatomy,	morphology	and	the	stages	of	plant	development.	The	goals	of	the	
PO	are	to	link	(annotate)	gene	expression	and	phenotype	data	to	plant	structures	and	stages	
of	plant	development,	using	the	data	model	adopted	by	the	Gene	Ontology.	
	
From	its	original	design	covering	only	rice,	maize	and	Arabidopsis,	the	scope	of	the	PO	has	
been	expanded	to	include	all	green	plants.	The	PO	was	the	first	mulKspecies	anatomy	
ontology	developed	for	the	annotaKon	of	genes	and	phenotypes.	Also,	to	our	knowledge,	it	
was	one	of	the	first	biological	ontologies	that	provides	translaKons	(via	synonyms)	in	non-
English	languages	such	as	Japanese	and	Spanish.	
	
As	of	Release	#18,	there	are	about	2.2	million	annotaKons	linking	PO	terms	to	>110,000	
unique	data	objects	represenKng	genes	or	gene	models,	proteins,	RNAs,	germplasm	and	
quanKtaKve	trait	loci	(QTLs)	from	22	plant	species.	The	focus	is	on	the	plant	anatomical	enKty	
branch	of	the	PO,	describing	the	organizing	principles,	resources	available	to	users	and	
examples	of	how	the	PO	is	integrated	into	other	plant	genomics	databases	and	web	portals.	
	
Two	examples	of	comparaKve	analyses,	demonstrate	how	the	ontology	structure	and	PO-
annotated	data	can	be	used	to	discover	the	pa;erns	of	expression	of	the	LEAFY	(LFY)	and	
terpene	synthase	(TPS)	gene	homologs.	
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The	Crop	Ontology	iniBaBve	

hJps://sites.google.com/a/cgxchange.org/
cropontologycommunity/home/2018-phenoharmonis	
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The	Crop	Ontology	iniBaBve	

hJps://bigdata.cgiar.org/ontologies/	
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The	Crop	Ontology	iniBaBve	

hJps://bigdata.cgiar.org/wp-content/uploads/
2017/05/CGIAR-Ontology-CoP_-Workplan-2017.pdf	

Given	the	MulK-disciplinary	nature	of	the	CGIAR	Big	Data	For	Agriculture,	the	Ontology	
Community	of	PracKce	(CoP)	will	span	the	knowledge	domains	of	importance	for	the	plazorm	
with	the	objecKve	of	establishing	best	pracKces,	guidelines	in	the	selecKon,	use	and	applicaBon	
of	semanBcs	for	data	harmonizaKon	at	the	collect	and	storage	levels,	for	data	interoperability	
and	data	discovery	following	the	FAIR	principles.	The	CoP	will	contribute	to	make	the	best	
pracKces	and	recommended	ontologies	a	long-term	reference	resource	for	the	CGIAR	Big	Data	in	
Agriculture	in	parKcular	and	for	other	plazorms.	The	INSPIRE	projects	will	offer	opportuniKes	to	
test	the	power	of	the	ontologies	and	best	pracKces	for	combining	data	sets	to	address	a	research	
quesKon.	

Figure	1:	SemanKcs	are	needed	from	the	data	collecKon	to	the	data	access	
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The	Crop	Ontology	iniBaBve	

hJps://bigdata.cgiar.org/wp-content/uploads/
2017/05/CGIAR-Ontology-CoP_-Workplan-2017.pdf	

Figure	2:	In	colour,	knowledge	domains	addressed	by	the	Big	Data	plazorm.	In	grey,	knowledge	
domains	addressed	by	CGIAR	Excellence	in	Breeding	and	Genebank	plazorms.	

From	-omics	to	phenotyping	for	crop	improvement	
Tuesday	26th-Thursday	28th,	June	2018	-	Aula	Maggiore	-	Via	Celoria,	2	(MI)	

The	Crop	Ontology	iniBaBve	

hJp://www.cropontology.org/ontology/CO_322/Maize#	
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The	OBO	Foundry	iniBaBve	

Source:	hJps://www.nature.com/ar^cles/nbt1346.pdf	

The	value	of	any	kind	of	data	is	greatly	enhanced	when	it	exists	in	a	form	that	allows	it	to	be	
integrated	with	other	data.	One	approach	to	integraKon	is	through	the	annotaKon	of	mulKple	
bodies	of	data	using	common	controlled	vocabularies	or	‘ontologies’.	Unfortunately,	the	very	
success	of	this	approach	has	led	to	a	proliferaKon	of	ontologies,	which	itself	creates	obstacles	to	
integraKon.	The	Open	Biomedical	Ontologies	(OBO)	consorKum	is	pursuing	a	strategy	to	
overcome	this	problem.	ExisKng	OBO	ontologies,	including	the	Gene	Ontology,	are	undergoing	
coordinated	reform,	and	new	ontologies	are	being	created	on	the	basis	of	an	evolving	set	of	
shared	principles	governing	ontology	development.	The	result	is	an	expanding	family	of	
ontologies	designed	to	be	interoperable	and	logically	well	formed	and	to	incorporate	accurate	
representaKons	of	biological	reality.	
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h;ps://www.sciencedirect.com/science/
arKcle/pii/S2452310017300069	

Data	management	to	enable	data	integraBon	
The	current	technologies	and	methods	used	in	plant	phenotyping	generate	a	huge	amount	of	
complex,	unstructured	“Big	Data”,	which	can	give	the	impression	that	a	lot	of	the	phenotype	
data	might	not	be	retrieved	anymore.	In	first	instance,	phenotypic	data	management	requires	
the	use	of	ontology	terms	for	the	unique	and	repeatable	annotaKon	of	data	in	order	to	ensure	
their	persistence	in	view	of	traceability	and	reuse	under	the	form	of	data	sharing	and	meta-
analyses.	
The	use	of	ontologies	therefore	promotes	synergism.	Moreover,	in	contrast	to	repositories	such	
as	the	European	NucleoKde	Archive	(ENA)	or	Sequence	ReadArchive	(SRA)	for	sequencing	data,	
there	is	currently	no	central,	structured	repository	for	phenotyping	data	or	metadata.	Although	
data	can	be	uploaded	to	general	purpose	repositories	such	as	Zenodo	(hVps://zenodo.org/),	
FigShare	(hVps://figshare.com)	and	Dryad	(hVp://datadryad.org),	these	do	not	provide	
services	to	facilitate	the	descripKon	of,	access	to	and	integraKon	of	data.	
As	a	consequence	of	the	lack	of	a	central	repository,	advanced	data	mining	and	discovery	
depends	on	the	error-prone	scavenging	of	scienKfic	literature.		
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As	a	consequence,	a	plethora	of	resources	has	been	developed	by	individual	research	groups	and	
consorKa,ranging	from	resources	dedicated	to	one	species	or	one	type	of	phenotyping	system	to	
more	generic	plazorms	allowing	the	integraKon	of	several	data	types.	AraPheno	provides	a	central	
repository	of	populaKon-scale	phenotypes	for	Arabidopsis	accessions,	whereas	the	Plant	
Genomics	and	Phenomics	(PGP)	research	data	repository	is	an	infrastructure	to	comprehensively	
publish	plant	research	data	covering	cross-domain	datasets.	
The	Phenomics	Ontology	Driven	Data	(PODD)	repository	was	developed	to	handle	and	distribute	
phenotyping	data	and	metadata	from	Australian	faciliKes.	ClearedLeaves	DB	funcKons	as	an	online	
database	of	cleared	plant	leaf	images.	Phenopsis	DB	is	an	informaKon	system	for	sharing	data	
generated	by	the	PHENOPSIS	plant	phenotyping	plazorm	and	PhenoFront	is	a	web-server	front	
end	to	the	LemnaTec	Phenotyper	plazorm.	Whereas	BreeDB	hosts	data	sets	of	tomato	and	potato	
populaKons	(h;ps://www.eu-sol.wur.nl),	Genoplante	InformaBon	System	(GnpIS)	is	a	
mulKspecies	integraKve	informaKon	system	dedicated	to	plant	and	fungi	pests,	bridging	geneKc	
and	genomic	data.	
Many	of	these	data	resources	have	been	built	to	organize	a	huge	amount	of	collected	phenotypic	
data.	In	the	light	of	high-throughput	phenotyping,	there	is	a	need	for	managing	the	data	at	the	
moment	it	is	being	generated.		
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A	systems	biology	approach	in	
phenotypic	data	management.	
A	scienKfic	hypothesis	leads	to	new	
experiments	including	image-based	
plant	phenotyping	or	other	-omics	
approaches.	AcKve	vision	systems	
can	directly	feedback	into	the	image	
acquisiKon.	Image	acquisiKon	
features	like	the	spaKal	and	
temporal	resoluKon	can	also	be	
opKmized	ader	data	analysis.	Sanity	
checks	on	the	generated	data	help	
to	quickly	validate	the	image	
analysis.	The	analyzed	data	and	
images	are	saved	along	with	the	
metadata	and	the	experimental	
design	in	a	dedicated	data	
repository.	AddiKonal	value	is	
created	by	the	integraKon	of	-omics	
data	coming	from	private	or	public	
data	resources,	ader	which	new	
hypotheses	are	generated	through	
data-driven	approaches	like	
modeling	,	machine	learning	and	
meta-analysis.	
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The	use	of	advanced	imaging	systems	has	drasBcally	increased	the	volume	of	data	
from	a	couple	of	bytes,	e.g.	manually	scored	traits	in	a	spreadsheet,	to	several	
megabytes	(MB)	or	someKmes	more	than	100	MB,	e.g.	in	the	case	of	hyperspectral	
imaging	or	scene	characterizaKon	by	means	of	video	capture.	
	
Data	are	also	stored	in	a	myriad	of	formats	on	diverse	types	of	media	ranging	from	a	
researcher's	hard	drive	to	local	server	staKons	or	in	“the	cloud”.	Proper	annotaBon	of	
data	to	ensure	their	conKnued	relevance	ader	acquisiKon	is	thus	essenKal.		
	
Furthermore,	because	the	plant's	phenotype	is	the	result	of	a	strong	interacKon	
between	its	genotype	and	the	environment	in	which	it	grows	(G	×	E),	plant	
phenotyping	efforts	should	include	the	logging	of	environmental	condiBons,	which	in	
turn	requires	the	collecKon	of	metadata	on	the	sensors	in	use.	
	
Because	of	the	tremendous	amounts	and	diversity	of	data	produced	within	the	plant	
phenotyping	research	field,	data	management,	storage	and	analysis	are	currently	
considered	as	the	major	challenges.	On	the	other	hand,	large	datasets	may	also	
create	opportuniKes	for	data	modeling	and	machine	learning	towards	“Big	Data”	
analyses.	
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Open	Science	

Source:	Trends	in	Plant	Science	2018	23:451-466	
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ELIXIR	-	distributed	infrastructure	for	biological	data	

Source:	hJps://www.youtube.com/watch?v=stTY6fxwonY	

ELIXIR	unites	Europe’s	leading	life	science	organisa^ons	in	managing	and	
safeguarding	the	increasing	volume	of	data	being	generated	by	publicly	funded	
research.	www.elixir-europe.org	
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Open	Science:	the	power	of	collaboraBon	

Source:	Trends	in	Plant	Science,	February	2016,	Vol.	21,	No.	2	
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Open	Science:	the	power	of	collaboraBon	

Source:	Trends	in	Plant	Science,	February	2016,	Vol.	21,	No.	2	

[…]	A	closer	look	at	the	research	topics	
invesKgated	at	field	trial	sites	demonstrates	their	
irreplaceability:	quesKons	related	to	crop	
producKvity	and	quality,	climate	change	effects	on	
crops,	nutrient	fluxes	in	agro-ecosystems,	resource	
efficiency,	stress	miKgaKon,	or	the	properKes	of	
resilient	cropping	systems	cannot	be	invesKgated	
in	test	tubes	in	the	laboratory.	[…]	
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Open	Science:	the	power	of	collaboraBon	

Source:	Trends	in	Plant	Science,	February	2016,	Vol.	21,	No.	2	

[…]	Usually	they	imply	the	interacKons	between	
genotype	(G),	environment	(E),	and	management	
(M),	in	short:	the	G	E	M	interacKons.	Inevitably,	
the	invesKgaKon	of	G	x	E	x	M	interacKons	requires,	
in	addiKon	to	genotypic	variaKon,	ranges	of	
environmental	factors	or	gradients,	and	variaKon	
in	agronomic	management.	In	view	of	a	growing	
world	populaKon,	global	climate	change,	and	
increasing	strictness	of	environmental	policies,	we	
can	expect	that	the	above-menKoned	themes	will	
gain	importance	in	agricultural	and	plant	research,	
and	it	is	imperaKve	to	invesKgate	whether	we	have	
the	appropriate	infrastructure	to	meet	these	
challenges..	
[…]	future	research	in	plant	and	agro-ecological	
science	will	increasingly	depend	on	large-scale	and	
long-term	data	obtained	from	scienKfic	
experiments	under	real-world	condiKons.	[…]	
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Source:hJps://www.ecofe.eu	

ECOFE	–	A	research	network	to	meet	the	needs	for	21st	century	crop	science	
Support	is	sought	for	development	and	implementaKon	of	harmonized	and	
standardized	methodologies	and	to	expand	the	infrastructure	network	in	order	
to	enhance	the	effecKveness	and	compeKKveness	of	European	crop	science.	
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Open	Science	

Source:	Trends	in	Plant	Science	2018	23,	451-466	

[…]	Infrastructures	for	field	trials	including	data	management	are	a	necessary	
prerequisite	for	research	in	plant	science	and	agro-ecology.	SeÇng	up	a	common	
organizaKon	across	Europe	through	an	intelligent	network	of	exisKng	structures,	
simultaneously	creaKng	a	best	pracKce	and	quality	control	system,	together	with	
an	accessible	data	repository,	would	be	a	major	step	forward	in	fostering	a	truly	
interdisciplinary	European	research	arena	to	meet	the	challenges	of	the	next	
decades	towards	food	producKon,	bio-economy,	and	sustainability.	[…]	
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Open	Science	

Source:	hJps://en.wikipedia.org/wiki/Open_science	

“The	open	sharing	of	research	data	is	not	widely	pracKced”	
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Source:	hJps://en.wikipedia.org/wiki/Open_science	
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Data	consistency	(and	integrity...)	
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Data	consistency	(and	integrity...)	

h;p://users.unimi.it/apricotmap	
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