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A B S T R A C T

Plant genetic resources are a substantial opportunity for plant breeding, preservation and maintenance of bio-
logical diversity. As part of the German Network for Bioinformatics Infrastructure (de.NBI) the German Crop
BioGreenformatics Network (GCBN) focuses mainly on crop plants and provides both data and software infra-
structure which are tailored to the needs of the plant research community. Our mission and key objectives
include: (1) provision of transparent access to germplasm seeds, (2) the delivery of improved workflows for plant
gene annotation, and (3) implementation of bioinformatics services that link genotypes and phenotypes. This
review introduces the GCBN’s spectrum of web-services and integrated data resources that address common
research problems in the plant genomics community.

1. Introduction

The German Crop BioGreenformatics Network (GCBN) is a node of
the German Network for Bioinformatics Infrastructure (de.NBI) (Pühler,
2016) and provides crop plant-related bioinformatics services. The
three GCBN partners, Leibniz Institute of Plant Genetics and Crop Plant
Research (IPK), Helmholtz Zentrum München (HMGU) and For-
schungszentrum Jülich (FZJ), have a strong focus on crop-plant re-
search and provide tailored genomic and phenomic data to the plant
research community, through its bioinformatics infrastructure. The
main objectives of the GCBN-services include (1) providing transparent
web access to germplasm-related data, (2) providing improved work-
flows for plant gene annotation, and (3) enabling the association of
multiple genotypes with corresponding plant phenotypes and traits.

From a bioinformatics perspective, processing and analysing plant
genomics data is notoriously problematic for many of the current tools.
The widely used next generation sequencing (NGS) technologies are a
prime example of such analytical challenges. Crop plants typically have
large genomes, often with high ploidity, and typically contain long and
complex repetitive regions. These characteristics confound NGS
genome assembly tools and the sequencing of the wheat genome for
example required the development of novel chromosomal separation

techniques to reduce the NGS data to a manageable level which we
discuss elsewhere in detail (Bolger et al., 2017).

In recent years, sequencing technologies have led to a considerable
increase in the number of published reference genomes (Michael and
Jackson, 2013). These genomic resources have accelerated the devel-
opment of improved crop varieties (Bolger et al., 2014).

The agronomical importance of nutrition and energy traits for crops
such as wheat, barley, and maize is a key motivator for the study of
their genomes. Genomic research in such crops requires bespoke tools
and contextual data repositories that integrate relevant and up-to-date
datasets. The broad spectrum of plant genomic resources which are
contained in the transPLANT portfolio (Spannagl et al., 2016a) for ex-
ample, is notable.

Another challenge, from the bioinformatics perspective, stems from
the huge phenotypic heterogeneity of the plant kingdom. As a con-
sequence, heterogeneous species-specific databases and metadata
standards have been developed to precisely record morphological,
agronomic, developmental, pedigree, geographic, environmental and
molecular properties of different crops. These aspects require the de-
velopment of flexible, adaptive, and innovative bioinformatics services.
Data standards are of critical importance and GCBN, in consultation
with the user communities, addresses this issue to identify, develop and
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promote the appropriate standards for each data type. These standards
will include controlled vocabularies (e.g. Crop Ontology, Plant Trait
Ontology), data formats (e.g. MCPD-Multi Crop Passport Descriptors),
VCF (Variant Call Format), ISA-Tab (Sansone et al., 2012), minimal
information standards e.g. MIAPPE (Ćwiek-Kupczyńska et al., 2016;
Krajewski et al., 2015) and APIs e.g. BrAPI (http://docs.brapi.apiary.
io/). All standards will be adopted from the scientific community in
order to ensure maximum interoperability and acceptance of the data
formats.

2. Overview of GCBN

The German Federal ex situ Genebank of Agricultural and
Horticultural Crops at the IPK is one of the largest centres for plant
genetic resources worldwide. This high-value resource is a repository of
natural genetic diversity of crop plants and their wild relatives. Despite
the size of genebank collections (on national and global level) and their
agricultural value, such plant genetic resources are not yet amenable to
systematic exploitation due to two bottlenecks:

(i) the lack of phenotypic information on the individual accessions,
which is required to assess variation at the trait level and

(ii) the absence of sequence information for the vast majority of the
samples, which is needed to index the allelic diversity.

Continuous technical improvements and changes in both automated
DNA sequencing and automated phenotyping will drive an inestimable
increase in the volumes of biological data that will be produced to
augment and enrich genebanks (Cobb et al., 2013). The central chal-
lenges in the future reaping-of-benefit of genetic diversity rests in both
the development of the computational resources to accommodate the
expected data flow and in the generation of information from the two
convergent streams of genomic and phenomic data. This is addressing
the need for solutions tailored for crop-plant science whilst simulta-
neously scaling up with the massive increase of research data e.g. the
number and complexity of phenotypic and genomic data sets (Muir
et al., 2016).

GCBN aims to systematically collect germplasm data and integrate it
with information from other service providers whilst making these
derivative resources available for external analyses. The IPK develops
information systems to integrate germplasm passport data, phenotypic
data and genetic data. IPK also provides services to access germplasm
collections (GBIS, EURISCO), provides information retrieval services
over integrated genome annotations (LAILAPS), and provides data
sharing and publication services e.g. Plant Genomics and Phenomics
Research Data Repository (PGP) or e!DAL.

The key task of GCBN partner HMGU is to develop a generic gene
annotation pipeline for high quality structural and functional gene
annotations which in turn enable and improve the genotype-phenotype
connections needed for efficient plant breeding. To explore plant gen-
omes HMGU provides PlantsDB, a data and information resource for
individual plant species that also crosslinks genes, their functions and
syntenic relationships between different plant species.

A major goal of FZJ is to develop computational approaches to
compare phenotypic observations between different labs, or different
species. The first step towards this goal is the establishment of a
common vocabulary in the form of standardized ontologies that will
describe the nuances of phenotype and environmental data and to de-
velop novel methods for protein functional annotation. Genotype data
will be automatically linked to a phenotype based on e.g. genome-wide
association and genomic selection methods. Subsequently, more ela-
borate QTL-based models will be introduced and delivered to the users.
PlabiPD is a central portal provided by FZJ which provides integrated
access to plant genomes, protein family data, and sequences of protein-
coding genes.

The objective of GCBN is to provide strategies and solutions for

accessing plant-related information (germplasm data, genetic and
phenotypic data) for a wide range of applications within the plant re-
search community. These pilot methods have the potential to be
adapted by other facilities where GCBN assists with training and sup-
port.

3. Services

GCBN offers seven main services to support the plant research
community with tools and information enriched resources e.g. gene sets
that are functionally annotated and linked to our manually annotated
resources or classifications in domain and gene families that are linked
to multiple external databases. Several additional tools and services are
offered which are grouped with one of the seven main services, but
offer an independent feature or approach to handle certain bioinfor-
matics problems. Table 1 contains the complete list of services in-
cluding the main purposes for each tool.

3.1. GBIS

The IPK genebank is the largest collection of its kind in Western
Europe and is amongst the ten largest collections worldwide, with over
151,000 plant accessions preserved and described. It has been con-
tinuously developed over the past 70 years. Providing access to gene-
bank material is an overarching task of the institute.

The complex processes of managing such a huge collection are
supported by the Genebank Information System (GBIS) (Oppermann
et al., 2015). In addition to the internal management components of
GBIS, an online search and ordering system has been established. GBIS
is not only an important source of information for both researchers and
breeders but the provision of access to genebank material is also of
considerable interest to the general public. Thus, GBIS provides a user-
friendly interface which allows users to search and filter accessions by
various criteria and their combinations. GBIS provides both the pass-
port data and phenotypic observations from genebank accessions. A
shopping-cart function allows registered users to request material of
interest online.

GBIS is also an important data source for global aggregators, such as
the Global Biodiversity Information Facility (GBIF) or EURISCO (see
below). Data managed by GBIS is used in various projects dealing with
research on different cereals and other crops. Supporting the Standard
Material Transfer Agreement allows GBIS to fulfil the requirements of
the International Treaty on Plant Genetic Resources for Food and
Agriculture.

3.2. EURISCO

EURISCO is a European search catalogue providing information on
about 1.9 million accessions of crop plants and their wild relatives,
preserved ex situ by almost 400 institutions (Weise et al., 2017) in
Europe. EURISCO is maintained on behalf of the European Cooperative
Programme for Plant Genetic Resources (ECPGR) and is based on a
network of ex situ National Inventories from 43 member countries,
which regularly update their data. The genebank accessions docu-
mented in EURISCO comprises 6334 genera and 42,938 species, re-
spectively. EURISCO represents an important effort for the preservation
of world’s agrobiological diversity by providing information about the
large genetic diversity maintained by the collaborating institutions.

The EURISCO system contains both passport data and phenotypic
information about plant genetic resources. The major crops represented
include wheat, barley and maize, which rank amongst the top five
major cereal grains produced worldwide (Awika, 2011). Furthermore,
EURISCO provides information about a large research collection of the
Nottingham Arabidopsis Stock Centre, UK, comprising almost 670,000
Arabidopsis thaliana accessions.

The EURISCO infrastructure is based on Oracle™ technology; the
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central entry point is through the web interface, which is available at
http://eurisco.ecpgr.org. The web interface provides different possibi-
lities of retrieving information, such as four different standard searches
(by taxonomy, accession, status or site), as well as an advanced search
functionality that allows users to freely combine all searchable fields
within a single query. A variety of statistical reports are also provided.
User-specific export functionalities, including a full dump in MS-Access
format, are available.

3.3. LAILAPS

LAILAPS is an integrated information retrieval (IR) platform for
plant genomics and phenomics data (Esch et al., 2015). It supports
fuzzy querying for candidate genes which are associated to traits of
interest. The basis is a loosely integrated system of indexed and inter-
linked databases. The web frontend features an integrated query as-
sistance module and an evidence based relevance ranking system. This
functionality is provided by an artificial neural network which encodes
user feedback and domain expert knowledge to predict the relevance of
search results. Currently, LAILAPS contains around 65 million indexed
documents from thirteen major life science databases and provides
approximately 80 million links to plant genomic resources.

IPK hosts two LAILAPS services. One LAILAPS service provides ac-
cess to gene and protein databases, ontologies and compute associations
to major European plant genomic resources, e.g. EnsemblPlants (for
details on linked databases see Esch et al., 2015). A second, instance
provides dedicated access to IPK plant genome databases, molecular
databases and germplasm collections (e.g. GBIS). In 2016, the two in-
stances were accessed by 2719 unique users what underlines its great
importance for the plant research community. The user data is con-
sistently used to improve performance and search quality by constantly
updating the LAILAPS ranking model.

LAILAPS has been used as service for knowledge discovery in var-
ious studies. One example of LAILAPS usage is where it is used to
provide information retrieval for OPTIMAS-DW, a comprehensive
maize transcriptomics, metabolomics, ionomics, proteomics and phe-
nomics data resource (Colmsee et al., 2012). Its underlying capabilities

have assisted in the unravelling of relationships among data sets.
Querying LAILAPS for ‘low nitrogen in maize’, for example, revealed
nine proteins that were referenced by 13 OPTIMAS unigenes. While the
regulation of a majority of these linked OPTIMAS unigenes has been
experimentally validated, the functional relationship to a potential
down-regulation of OptiV1S22914 by the genes BX7/ZRP4 was dis-
covered by a LAILAPS.

3.4. PGP & e!DAL

e!DAL (https://edal.ipk-gatersleben.de/) is an open source software
solution to publish and share research data in compliance with the
open-data policies of research publications and funding agencies (Arend
et al., 2014). The system is designed as a broker between in-house file
storage and data registries. e!DAL is provided as a small all-in-one JAVA
package that can be operated as micro service on any network acces-
sible server. Its prerequisites are a sufficiently sized file system, access
to an e-mail server, and open http(s) ports. The registration as a Da-
taCite data centre is recommended to enable e!DAL’s support for au-
tomatic registration of published data through citable digital object
identifiers (DOI). Implemented features are:

• http(s) server to support web and DOI access to data sets,

• database to store and associate DataCite and Dublin core (ISO
15836) compliant meta data,

• data submission and review workflow,

• APIs for remote and local access,

• OAI-PMH meta data harvesting protocol,

• version tracking of stored data,

• text search engine

e!DAL is already the basis for the Plant Genomics and Phenomics
Research Data Repository (Arend et al., 2016a) where 121 DOIs and
more than 310.000 files are published (June 2017). The e!DAL driven
PGP repository is accepted as data repository by the journals Giga-
Science and Scientific Data (Nature Publishing Group), is registered in
re3data.org, biosharing.org, OpenAIRE and DataCite. This

Fig. 1. The e!DAL system for support of research data management.
Statistics of data accesses to DOI datasets published with the e!DAL system.
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demonstrates the capabilities of e!DAL to describe individually con-
figured research data. A brief overview of data access statistics is given
in Fig. 1.

In the publication of Wilkinson et al. the authors emphasize the
necessity that scientific data requires an infrastructure to support its
reusability (Wilkinson et al., 2016). Furthermore, they propose guide-
lines to achieve this, formulated as the FAIR principles (Findability,
Accessibility, Interoperability, and Reusability). These principles focus
on enhancing the ability for machines to automatically find and in-
corporate data to increase reuse by scientists. The PGP repository
supports this effort by providing a persistent data publication infra-
structure. One example of a FAIR Principles aware data publication
maintained in the PGP repository is the comprehensive datasets for a
high-throughput plant phenotypic experiment (Arend et al., 2016b).
The accompanying research article and its metadata follow the minimal
information standard for plant phenotyping experiments MIAPPE, and
fulfil the MIAPPE standard for a minimal information of plant pheno-
typing experiments (Ćwiek-Kupczyńska et al., 2016; Krajewski et al.,
2015) and are formatted in ISA-Tab format (Sansone et al., 2012). This
dataset is used as a first reference dataset for MIAPPE compliant me-
tadata (http://www.miappe.org/data/) and benchmarks image analysis
algorithms for biomass estimations.

3.5. IPK blast server

The IPK Blast Server is a simple and easy-to-use application to
perform sequence comparisons against plant genomic resources. It is
based on the stand-alone BLAST web interface ViroBLAST (Deng et al.,
2007). The individual crops presented through the IPK Blast Server are
currently barley (http://webblast.ipk-gatersleben.de/barley/) and rye
(http://webblast.ipk-gatersleben.de/ryeselect/). This BLAST service
provides users a versatile tool to perform sequence homology searches
and to access the genomic resources of barley and rye in a feasible
manner.

For barley the complete sequence data set comprises the whole
genome shotgun assemblies of the cultivars Morex, Barke and Bowman
as well as the high and low confidence gene sets (Mayer et al., 2012). In

addition, POPSEQ anchoring data (Mascher et al., 2013) and barley
exome capture targets are also integrated (Russell et al., 2016). The
comprehensive resource is augmented with further sequence resources
that include bacterial artificial chromosome (BAC) assemblies, BAC end
sequences (BES) and full length cDNA sequences. Most of the integrated
barley resources are also linked to the barley genome explorer BARLEX
(Colmsee et al., 2015) allowing the user to investigate a matching se-
quence for further details.

The rye genomic dataset uses the whole genome shotgun assembly
of inbred line Lo7 (Bauer et al., 2017). This resource is complemented
with gene models’ CDS and predicted protein sequences from the re-
ference sequence assembly. The rye dataset also includes a tran-
scriptome resource that was constructed from five diverse inbred lines
(Haseneyer et al., 2011).

The IPK Blast Server is a central tool for crop scientists, especially
for the Triticeae research community, and allows for an easy sequence
searches against our plant specific resource, and to easily explore and
navigate the resulting BLAST search output. The services is widely used
e.g. for identification and study of the basic leucine zipper family of
transcription factors in barley (Okay, 2016) or the study of a fungal
pathogens in rye (Oeser et al., 2017).

3.6. PlantsDB

The PGSB PlantsDB system has been designed as an information
resource for plant genome data providing flexible and intuitive access
to complex data structures (Spannagl et al., 2016c) (http://pgsb.
helmholtz-muenchen.de/plant/genomes.jsp). It was started in 2000
with Arabidopsis, the first plant genome project, and has since been
maintained and further developed by the PGSB group (Plant Genome
and Systems Biology) of Klaus Mayer at the Helmholtz Center Munich.
The aim of PlantsDB is to structure and communicate plant genomic
data and to assist comparative analyses of both model and crop plant
genomes. The data resources provide a backbone against which ex-
perimental data, e.g., from high-throughput functional genomics, can
be organized and analyzed. Biologically relevant subsets are overlaid
and interconnected with PlantsDB. DroughtDB, for example, is a

Fig. 2. CrowsNest visualization tool for plant genomic data.
Screenshots of the CrowsNest tool as part of PGSB PlantsDB to visualize synteny (conserved gene order) between plant genomes. The syntenic relationships between the species can be
browsed in a hierarchical way from macro-synteny (A) over chromosomes (B) down to micro-synteny views (C). A: Circular display of synteny between Sorghum bicolor (Sb) as reference
and Brachypodium distachyon (Bd) as target genome. The inner circle shows the distribution of the main genomic components, the syntenic regions to the five Brachypodium chromosomes
are color coded, the outer circle displays the amount of syntenic conservation. B: Brachypodium chromosome 1 as reference with a heatmap for gene density and connections to homologs
on three Sorghum chromosomes. C: upper panel: synteny between Brachypodium chromosome 2 and rice chromosome 11; lower panel: free adjustable zoomed in view between
Brachypodium and Sorghum with the transposon annotation on Sb1 (blue retrotransposons, red DNA transposons). The larger genome size of Sorghum (734 Mb vs 355 Mb) is caused by an
expansion of the transposon space between genes.
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manually curated database of experimentally validated drought stress
genes. The corresponding orthologous genes from whole-genome se-
quencing projects (Alter et al., 2015) are linked and aggregated. The
PGSB database frontend is complemented by specialized tools such as
the CrowsNest viewer to explore conserved gene order (Fig. 2)
(Spannagl et al., 2017), an RNASeq ExpressionBrowser to facilitate data
interpretation for genes of interest (Nussbaumer et al., 2014a) and
chromoWIZ to depict the chromosomal locations for user defined gene
sets (Nussbaumer et al., 2014b). PGSB also curates a database for plant
transposable elements (REdat). REdat is connected to a hierarchical
repeat classification scheme (REcat) and continuously updated with de
novo detected LTR-retrotransposons from new genome projects
(Spannagl et al., 2017). In plants, between 20% to 85% of the genome
sequence is composed of transposons and their deteriorated remnants
(Tenaillon et al., 2010). The ongoing insertions of transposons near or
within genes can lead to phenotypic variation (Wei and Cao, 2016).
Detailed studies of these transposition events requires a high-quality
genome annotation for transposon sequences; PGSB provides curated
and taxon-specific plant repeat libraries for this purpose.

PlantsDB currently hosts 18 plant species. Amongst these are plant
model organisms such as Arabidopsis thaliana, Brachypodium distachyon
(a grass reference) and Medicago truncatula (a nitrogen fixer), as well as
major crop plants such as rice, maize, sorghum and tomato. Recent
PlantsDB additions include members of the cereal clade Triticeae: barley

(5Gbp, diploid), rye (8Gbp, diploid) and the hexaploid bread wheat (17
Gbp). Despite their agronomic importance the Triticeae genomes re-
mained largely uncharacterized until recently (Bauer et al., 2017;
Mascher et al., 2017; Mayer et al., 2014) due to their large size, their
high transposon derived repeat content (> 80%) and their complex
genetics. With the evolution of DNA sequencing technologies and the
development of genome assembly strategies it has become increasingly
feasible to obtain meaningful genomic sequence data from these large
genomes. The improvements over the last 10 years towards those high
quality references characterized by large contig N50 have been step
wise from starting with individual sequence reads from the Roche 454
platform, followed by contig and scaffold assemblies up to the current
chromosomal pseudomolecules (Phillippy, 2017). For the Triticeae,
PGSB participated in this process as an early bioinformatics partner of
the international barley (Mayer et al., 2012) and wheat (Mayer et al.,
2014) genome projects. To make the most of the available data re-
sources, PGSB developed new bioinformatics approaches such as the
GenomeZipper concept, reference-guided exome assemblies and
“chromosome genomics” based on flow cytometry sorted chromosomes
(Spannagl et al., 2016b). The GenomeZipper provides a virtual synteny
based gene ordering for sequence assemblies that lack chromosomal
level detail. This has been a valuable resource for the identification of
phenotype candidate loci in barley, wheat and several other grass
genomes. To accommodate the new datatypes and results from these

Fig. 3. The online annotation tool ‘Mercator' (available on plabipd.de).
Overview of the Mercator pipeline which involves the submission of protein or DNA sequence for annotation and classification into MapMan bins. The pipeline includes sequence searches
against reference databases followed by filtering and rule-based reasoning to generate the resulting output.
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complex crop-plant genomes, a PlantsDB instance has been developed
specifically for the Triticeae (Spannagl et al., 2017).

A second database independent service of PGSB is the detection and
characterization of the gene and the transposon complements in newly
assembled plant genomes. Over the last 10 years PGSB has generated
annotation data for about 40 plant species/varieties such as
Physcomitrella, Micromonas, duckweed, cotton, tomato and many grass
species. The ongoing demand for such annotation services shows that
structural and functional genome annotation is still not a trivial exercise
for plant genomes. The de.NBI project allows us to improve our in-
house pipelines and integrate them into an easy usable workflow
system. It is planned to provide our compute-intensive gene detection
pipeline through the de.NBI cloud as a “do it yourself” solution for draft
plant genome annotations.

3.7. PlabiPD

PlabiPD is a portal which focuses on the integration and visualiza-
tion of genomic data derived from crop species. PlabiPD currently hosts
data from seven crop species including the model species, Arabidopsis
thaliana. Protein coding genes from these species have been clustered
using the MCL algorithm and visualizations provided to allow users to
browse the resulting sequence group data. The provide web interface
allows users to submit keywords or sequences (nucleotide or protein) to
search the data for clusters. Consensus subcellular localisation data
from a number of published tools is presented along with conserved
structural domains and ‘function context data’ based on the MapMan
classification system (Jaiswal and Usadel, 2016). PlabiPD also records
published plant genomes and provides a visual timeline of plant
genome publications and a visual taxonomic summary of the sequenced
plant genome cladistics (split into monocotyledons and dicotyledons).
This allows users to quickly view which clades contains plants which
have already been sequenced.

PlabiPD also hosts the Mercator online tool for gene functional
annotation (Lohse et al., 2014). This web-based tool enables the fast
automatic annotation and classification of FASTA sequences into
MapMan classification bins (Fig. 3). The underlying Mercator engine
performs a search against the manually annotated protein clusters cu-
rated in PlabiPD. As such it eventually draws upon all sequenced plant
genomes and computes the most likely MapMan classification bin. Each
MapMan bin has been manually curated with published reference data.
Users can submit either nucleotide or protein sequences and are pro-
vided with a number of parameters to optimize the results. The output
consists of a mapping file and graphical overview charts. The mapping
file generated is also a key element for the visualization of plant ex-
pression data on the MapMan standalone application. Recently this has
been used to identify differences and commonalities in plant stress re-
sponses (Zhang and Sonnewald, 2017) as well as to start unravelling
complex traits in cassava (Zou et al., 2017).

4. Discussion

Advances in biotechnology have large implications on plant re-
search. Targeted genome editing or the shift from traditional breeding
to new strategies such as genomic selection are some examples where
the knowledge of genome context from plant sequencing projects re-
sults in direct applications (Morrell et al., 2011). Computational ex-
pertise is required to support the plant community with solutions on
how to cope with the increasing amount of digital biological data.

GCBN strives to evolve as a central resource for plant specific
questions by connecting the complementary expertise from its three
partners. Establishing a bioinformatics infrastructure that provides
concise training and services for the plant genetics community is our
long-term vision. The next step is the implementation of APIs (appli-
cation programming interfaces) which will enable a programmatic ac-
cess to GCBN tools and plant data. The broad collection of services and

tools captures a wide range of applications. All services are registered in
the ELIXIR Tools and Data Services Registry (https://bio.tools/) and
have a build-in user-feedback interface to collect the subjective as-
sessments of the user, which we use to monitor and improve our ser-
vices.

Scientific discoveries need to be reproducible and this is especially
difficult for results derived from complex data analysis. To enable users
to repeat such analysis, comprehensive training is required (Khan et al.,
2014). Therefore, the demand is high for bioinformatics trainings on
data analysis to achieve better scientific outcomes that are more ac-
curate and reproducible. This trainings should be offered to scientists
from graduate students over early-carrier postdocs to senior scientists
(Baker, 2016). In GCBN, our goal is to provide plant-specific guidance
which will enable users to achieve competent data analysis and robust
scientific results. Our tailored training for plant researchers caters to all
levels of expertise with fundamental to advance analysis techniques.
They are designed as a mixture of lectures and hands-on trainings to
mediate knowledge in an application-oriented manner. Upcoming
training events are listed on the de.NBI website (https://www.denbi.
de/training). The mission of de.NBI to establish a national bioinfor-
matics infrastructure for life science is further embraced on interna-
tional level. Founded in 2014, ELIXIR is an intergovernmental organi-
zation that brings together life science resources from across Europe to
build a sustainable European infrastructure for biological research
(Crosswell and Thornton, 2012). In 2016, de.NBI became the German
ELIXIR node (https://www.elixir-europe.org/) and GCBN is tasked to
mediate the plant bioinformatics expertize of this network.

5. Conclusions

Due to the inherent complexity and size of many plant genomes, the
required analytic and bioinformatics solutions can be best handled
through interdisciplinary collaborations between different research in-
stitutions from multiple research domains. With the mission to form a
network between different life science fields, de.NBI is building hubs
that can multiply their expertise throughout the network. These inter-
disciplinary collaborations provide great advantage that is beneficial
for the different partners to solve grant problems as well as for the user
community to learn in a cross-functional environment. The established
synergies within GCBN, and with other partners, show that GCBN is
well prepared to handle the current and upcoming challenges with
crop-plant research data.

It is our mission to continuously look into user requirements and to
accommodate these into existing services. In addition, it is our ambition
to also provide new services for technological innovations relevant to
applied plant science. With the GCBN service center, we provide tai-
lored solutions and training for established, advanced, and evolving
technologies.
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