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要旨 (Abstract)

KusakiDB is a database of protein orthologous groups (OGs) that
provides an assessment and management tool for comparison of OGs
in plant species. KusakiDB correlates the information of three
important databases, OrthoDB, UniProt and RefSeq. It introduces a
validation tag that is based on the existence of at least one protein in
each OG which is an attempt to address the problem of error
propagation. KusakiDB was used as a database to re-annotate plant
gene sequences registered in Plant GARDEN (https://plantgarden.jp) by
using Hayai-Annotation (Ghelfi et al., 2019).

https://plantgarden.jp/
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背景 (Background)

• Plants have quite a low coverage in the major protein databases despite their large number of
species (roughly 350,000), and environmental and economic impacts. To explain the latter, two
important global meetings can be cited, first the Paris Agreement (2015), which established a
process toward stabilizing greenhouse gas concentrations; second, the Global Bioeconomy
Summit (Berlin, 2018), that identified Bioeconomy as a transformative strategy for advancing a
Sustainable Development Goals.

• Furthermore, agricultural sector is one of the main industrial sectors in bioeconomy (FAO, 2016).
In the European Union and US together biology-based industries (non-food) accounted for 21
million jobs and generated more than US$ 2.57 trillion annually (El-Chichakli et al., 2016).

• Besides, misannotation of molecular function in public databases continues to be a significant
problem (Schnoes et al., 2009).

• We have developed KusakiDB, which provides a validation tag of orthologous groups, besides
presenting an assessment and management tools to evaluate orthologous groups at a family level
in 117 plant species. This is an attempt to enrich information regarding physical evidence of a
protein or transcript at each OG and implement different methods of comparison of OG within
plant species.
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KusakiDB v1.0: Overview of the Integration of Three Major Databases

OrthoDB - Viridiplantae RefSeq - ViridiplantaeUniProt - Viridiplantae
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Entries distribution
by KusakiDB Orthologous Group Validation

KusakiDB all sequencesKusakiDB by OrthoDB unique OG ID

170,091 (4.5%)

3,463,940 
(91.3%)

17,976 
(28.5%)

10,337
(16.4%)

34,805 
(55.1%)

159,004 (4.2%)

Total: 63,118 clusters Total: 3,793,035 protein 
sequences

KusakiDB total number of protein is 3,942,369 
(149,334 didn’t aligned with any OrthoDB OGs)

KusakiDB v1.0: Distribution of Entries by Validation Tag 
(and source of validation)
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KusakiDB 
Distribution of 
Unique Genes 
by Taxonomic 

Level

Total: 31 classes Total: 708 families Total: 21,617 species
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KusakiDB v1.0 Tools: 
OG assessment

Select a Family 
from KusakiDB

Upload your 
own data 
annotated by 
Hayai-
annotation v2.0

Users data result:
KusakiDB predicts family and 
calculate number of validated 
OGs, median of OG within same 
family and median of OG within 
all species

Results of KusakiDB data
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KusakiDB v1.0 Tools: 
OG management

Users can select the parameters to 
compare OGs among all species in 
KusakiDB, such as: 
• Validation tag
• Number of species in each family
• Percentage of species in each family
• Percentage within all species 

The results  with the selected parameters 
are shown in two table:
• List of species and number of OGs
• List of protein names  and 

correspondent frequency
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KusakiDB v1.0 Tools: 
OG management user data

Users can upload the functional annotation 
performed by Hayai-annotation v2.0

Users can select the parameters to 
compare OGs among all species in 
KusakiDB, such as: 
• Validation tag
• Number of species in each family
• Percentage of species in each family
• Percentage within all species 

The results show a ’filter’ of the genes that 
are selected under the conditions regarding 
the conservation level of each OG.
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KusakiDB v1.0 Tools:
Hayai-annotation v2.0

Interface of Hayai-annotation v2.0
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KusakiDB v1.0 
Relevance: 

Source of Orthologous 
Groups for Plant 

GARDEN

Re-annotation of genes registered in Plant 
GARDEN was performed using KusakiDB as 
database and Hayai-Annotation as an annotation 
program. Thus all entries at Plant GARDEN have 
a correspondent OG associated with each gene.  
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今後の連携への取り組み (Future assignments)

• Provide an API interface for RDF users in order to promote an easier
integration of data among other databases.
• Implement conservation analysis of OGs for glycogenes identified in
Plant GARDEN (using AMAI v0.2) and available at GlyCosmos
(https://glycosmos.org/plantgardens/index).
• Implement further analysis of OG conservation in Plant GARDEN.
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まとめ(Summary)

• KusakiDB v1.0 was developed to offer a new method to evaluate the ”real”
existence of a protein through OGs existence (KusakiDB validation tag).
• Besides, if an OG is assigned as ”Not validated” means that until now no
one found a protein or transcript. If the gene has a potential interest some
researches may focus their attention in order to properly identify that
transcript or protein.
• KusakiDB v1.0 may provide some tools for researchers in order to find, for
example, proteins that are conserved only within a family, or in other
words, find genes that have higher evolutionary rates.


