








pipeline. Putative orthologs were calculated using
BLASTP between protein sequences of respective
genomes. A sequence identity of at least 70% along with
a hit length of at least 30 amino acids was required. The
best bidirectional hits were extracted to avoid hits to
paralogs and to cope with high sequence similarities
among genes of the same gene family (22). For Level 1
and Level 3, gene pairs were grouped into syntenic
segments. A sliding window approach with genome-
specific window and shift sizes was applied (1 or 5Mb
for window size, 20% of window size used as shift). For
paralogs, an increased sequence identity of >85% was
used. All CrowsNest applications are implemented in
OO Perl using wherever possible Bioperl modules for
analysis purposes and the perl GD module for serving
the map viewer with advanced graphics.

Comparative map viewer

The design of the comparative map viewer was driven by
the idea to provide all three popular and well-established
graphical representation methods to explore whole-
genome relationships in the context of annotations and
the alignment of unfinished and reference genomes.
These three views are integrated into the top level view
called L1. Altogether, the viewer consists of four levels
(L1–L4) of different resolution ranging from whole-
genome representations at L1 to specific region
(<0.5Mb) representations at L4. The navigational

design is based on a top–down approach. Exploration is
usually started at genome level view L1 with the option to
‘drill down’ from this macroscopic view to L2, the
chromosome to whole-genome view, to L3, the chromo-
some to chromosome view, and then to L4. The graphical
representation changes between L3 and L4 from a
pill-shaped vertical to a pill-shaped horizontal one. In
L4, the chromosomes being compared are ‘stacked’ on
each other and with each chromosome the image map is
extended vertically. The viewer has been designed to
display a variety of features as tracks, such as the
syntenic quality index, dN/dS ratio, repeat elements,
gene family loci and others. Navigation between the
levels is enabled as data are available. An example
overview of the different view levels of CrowsNest is
given in Figure 3.

CrowsNest currently harbors data from the model grass
organisms—B. distachyon, S. bicolor and O. sativa (rice)—
as well as from the crop plant H. vulgare (barley).

Figure 3A–E shows a whole-genome visualization of
synteny depicting different levels of conservation.
Presented are global orthologous relationships between
the gene maps of B. distachyon and S. bicolor in Figure
3A–C. More detailed structural information together with
conservation quality is illustrated in Figure 3D and E
showing synteny to two reference chromosomes with the
highest number of relationships to each of the target
genome chromosomes. Switching to the pill-shaped

Figure 3. (A–F) CrowsNest visualization levels L1–L4. Different visualization levels of the CrowsNest tool for the reference grass organisms—
B. distachyon and S. bicolor. The syntenic regions between the organisms can be browsed in a hierarchical way from macro-synteny (A–C) down to
micro-synteny views (F). Navigation between the levels is possible by interactively selecting regions of interest in the views (‘click zoom’) or using the
navigation bar.
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ideogram-like representation, regions of high conservation
can clearly be seen. In this view, it can be switched
between the orthologous view and the homology view,
the latter indicating regions of duplication. The circular
whole-genome view can also be used to illustrate synteny
to multiple genomes.

Exploring conserved regions from macroscopic to
microscopic views

All whole-genome views act as a starting point to explore
synteny in a more depth investigation. Figure 3A–C illus-
trates the syntenic overview and let the investigator choose
a chromosome of interest to navigate to the chromosome
versus whole-genome view L2. Depending on the macro
structure, a chromosome to chromosome relationship can
be chosen to be directed to L3. By zooming, the magnifi-
cation can be increased sufficiently high to display
small-scale events of rearrangements, inversions and dele-
tions. Breakpoints are derived easily at appropriate levels
of resolution or can be compared to computational results
from other sources. Below a resolution of 0.5Mb, the level
changes to L4 (example in Figure 3F) in which further
zooming can be done and the elements are clickable for
displaying feature/gene details stored in MIPS PlantsDB.
Thus, CrowsNest allows seamless navigation and com-
parison from whole-genome views down to individual
regions of interest and genetic elements located in these
regions are directly linked to element entries and informa-
tion in PlantsDB.

Exploring orthologous gene families—from model to
crop genes

Complementing the more synteny-driven CrowsNest tool,
MIPS PlantsDB also hosts a component for orthologous
gene family construction and its comparative analysis.
Orthologous gene families were computed for many
PlantsDB species (including Brachypodium, rice, barley,
Sorghum, maize and Arabidopsis) using OrthoMCL (23).
In a first step, pairwise sequence similarities between all
input protein sequences were calculated using BLASTP
with an e-value cut-off of 1� 10�5. Markov clustering of
the resulting similarity matrix was used to define the
ortholog cluster structure, using an inflation value (�I)
of 1.5 (OrthoMCL default). The results of this
orthologous gene family constructions can be accessed
from every individual gene family report (such as from
the gene report of a specific Brachypodium or
Arabidopsis gene of interest) where cross-references to all
other genes in the same family are provided. Using this
information (the gene identifiers in the orthologous gene
family), corresponding orthologous genic sequences from
bread wheat can be derived from PlantsDB using the pro-
cedure outlined in the triticeae section. The same
workflow can also be applied other way around, e.g.
starting from an unknown wheat sequence. This
sequence can be searched against the wheat genic se-
quences and the OG representatives (see ‘triticeae’
section for details), positively resulting in a grass reference
gene model and its associated wheat orthologous genic
sequences. This grass reference gene model can then be

searched in PlantsDB and its gene report gives full
access to the containing orthologous gene family and
closely related grass genes.

MIPS REPEAT ELEMENT DATABASE (mips-REdat)
AND CATALOG (mips-REcat)

Plant genomes are crowded by taxon-specific mobile elem-
ents and their deteriorated remnants, with portions
between 20% and >90% of primarily LTR-retro-
transposon insertions leading to complex and highly re-
petitive structures (24). Transposons play mostly harmful
and sometimes long-term beneficial roles in evolutionary
processes (25). The interplay between proliferation and
removal of transposable elements greatly influences
genome size and chromosomal architecture. Their prom-
inent differential accumulations, even within closely
related species, pose intriguing questions about host
control, transposon countermeasures and the conditions
disturbing the balance.
Our plant repeat database mips-REdat was set up in

conjunction with mips-REcat, a detailed hierarchical
repeat classification catalog to facilitate a consistent
cross-species comparative transposon annotation. This
resource is both useful for characterizing and comparing
the transposon complements of different species or
sequence sets as well as for repeat masking prior to gene
annotation, to reduce computing time and to minimize
unwanted transposon-related gene calls. Initially,
mips-REdat contained a compilation of publicly available
plant transposon sequences like Trep (http://wheat.pw.
usda.gov/ITMI/Repeats/), TIGR repeats (26) or
Repbase (27) and was rapidly filled up with up to now
�37 000 de novo detected LTR-retrotransposon and
�300 DNA transposon sequences from the genomes
presented in MIPS PlantsDB. The REdat sequences are
characterized by REcat keys (28), which in turn are
mapped to the common transposon classifications of
(29) and (30). The current public version mips-
REdat_v9.0p consists of �42 000 non-redundant se-
quences, which were clustered with �95% identity over
�95% length coverage. They add up to �350 Mb, stem
from 44 species and cover 20 different genera. The pub-
lic release (ftp://ftpmips.helmholtz-muenchen.de/plants/
REdat/) does not contain yet unpublished data or se-
quences from Repbase and is subjected to regular
updates. REdat can also be accessed on our website with
the option to retrieve customized fasta files by repeat type
and taxonomy.

PLANTSDB—transPLANT

transPLANT (Trans-national Infrastructure for Plant
Genomic Science) is an EU project bringing together 11
institutions involved in plant data integration, manage-
ment and analysis.
One of the missions of transPLANT is to provide a

comprehensive set of computational and interactive
services to the plant research community by developing
distributed but tightly connected resources.
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MIPS PlantsDB is part of that consortium and respon-
sible for creating and maintaining a registry of important
sequence-based resources for species of agricultural and
economic importance as well as model systems.
We collected repository data for publicly available

plant genome database systems maintained by both
transPLANT and non-transPLANT partners.
A total of 187 distinct plant genome resources are

registered at the transPLANT data registry at this time.
The registry can be queried both at MIPS PlantsDB
(http://mips.helmholtz-muenchen.de/plant/transplant/
index.jsp) and at the official transPLANT web hub at EBI
(http://transplantdb.eu/, synchronized with PlantsDB
regularly) for e.g. keywords, species names and data types.
Changes and updates to the registry can be performed

by database providers soon, lowering the maintaining cost
and ensuring expert-curated and -driven information.

CONCLUSIONS

Since initially described in NAR in 2007 (28), MIPS
PlantsDB was significantly extended both in plant
genome data and retrieval and analysis functionality.
The database framework integrates genome data from
both model and crop plants and facilitates knowledge
transfer between them using state-of-the-art comparative
genomics tools such as CrowsNest and the GenomeZipper
concept. MIPS PlantsDB is closely connected to the barley
and wheat communities and provides access to the latest
data generated within. Since much of these data are
complex, intuitive and step-by-step interfaces and com-
parative genomics tools were developed and integrated.
As data curation manpower is limited and thus plant
genomic data resources risk to erode for individual data
resources below a critical size, the transPLANT project
provides infrastructure, knowledge and logical backbone
to closely connect distributed plant genome resources in
Europe and in conjunction with international partners.
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