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Abstract �e publication of the whole genome sequence of Jatropha curcas L. has contributed to the study of gene 
functions of this plant, especially in data-driven investigations such as transcriptome and proteome analyses. Metabolomics 
analyses of Jatropha have also been reported in recent years. However, the analytical tools for omics data from Jatropha are 
limited. We prepared a set of pathway maps where the predicted genes of Jatropha were assigned based on KEGG pathway 
maps, and developed an omics viewer named KaPPA-View4-Jatropha where the pathway maps were implemented. Out of 
40,929 predicted genes, 8085 genes were mapped on the KEGG Metabolism maps, other KEGG maps, or gene category maps 
that were generated from gene classi�cation data of KEGG BRITE. Two transcriptome datasets, four metabolome datasets 
and one gene co-expression dataset were registered in the viewer. To facilitate data sharing of unpublished omics data among 
research collaborators, we developed a local database system, KaPPA-Loader. �ese data mining environments and the 
supporting database system will help Jatropha researchers to discover key genes such as those involved in oil production, 
biosynthesis of toxic compounds, and stress resistance. KaPPA-View4-Jatropha and KaPPA-Loader are available from the 
KaPPA-View portal site (http://kpv.kazusa.or.jp/).
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Jatropha curcas L. is a tropical non-domesticated shrub 
that has considerable potential for multipurpose uses, 
including as a biofuel (Abdulla et al. 2011), in animal 
nutrition (Devappa et al. 2010; King et al. 2009) and 
for medical applications (�omas et al. 2008). Several 
proteomics analyses and large-scale collection of 
expressed sequence tags (ESTs) have been reported, 
contributing to understanding the nature of metabolic 
regulation in cells, to the discovery of key genes 
involved in stress resistances, and to the development of 
biomarkers for molecular breeding (Sudhakar Johnson 
et al. 2011). Most recently, the whole genome of Jatropha 
was sequenced, and a total of 40,929 complete and partial 
structures of protein encoding genes were deduced 
(Sato et al. 2011). Transcriptome analyses based on the 
Jatropha genome information using next generation 
sequencers have emerged, from which much progress is 

expected for the discovery of molecular mechanisms of 
the production of oil and other materials. In addition, 
comprehensive analyses of metabolic compounds 
(metabolome analyses) have been performed in recent 
years (Sano et al., in this issue).

One way to intuitively understand biological 
signi�cance in huge “omics” data are to visualize the data 
in metabolic pathway maps. Many tools and databases 
are available for such purposes, including MapMan, 
BioCyc, and Reactome (Gehlenborg et al. 2010). Tools 
based on the pathway maps provided by the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) have also 
been reported (Kanehisa et al. 2012; Kono et al. 2006; 
Suhre and Schmitt-Kopplin 2008). We have developed 
an omics viewer system, KaPPA-View, for simultaneous 
representation of transcriptome (proteome) and 
metabolome data in metabolic pathway maps (Sakurai et 
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al. 2011; Tokimatsu et al. 2005). �e latest version of the 
system, KaPPA-View4, uniquely visualizes gene-to-gene 
and metabolite-to-metabolite relationships such as gene 
co-expression on the pathway maps. All of these systems 
require the pathway map data on which the genes for the 
organisms are mapped. For most model plants and major 
crops such as Arabidopsis, rice, and tomato, the pathway 
map data are constructed and curated by the database 
providers or research communities of these plant species. 
However, as far as we know, pathway map data for 
Jatropha has not been developed yet.

Here, we report the preparation of pathway map data 
for Jatropha and their implementation in KaPPA-View4-
Jatropha for omics analysis (http://kpv.kazusa.or.jp/kpv4-
jat/). �e predicted genes obtained from the genome 
sequencing of Jatropha were mapped onto the KEGG 
pathway maps. Some data of transcriptome, metabolome, 
and a set of gene-to-gene co-expression correlation data 
from Jatropha were registered. We also developed a 
database system named KaPPA-Loader for data sharing 
of private omics data between research collaborators.

To assign as many Jatropha genes as possible on the 
metabolic pathway maps, we used pathway map data 
from KEGG (http://www.genome.jp/kegg/), because 
KEGG provides a set of uni�ed metabolic pathway maps 
for various organisms, including plants, animals, and 
microorganisms. �e predicted protein-encoding genes 
from Jatropha that were not annotated as “/short” or 
“/TE” genes (40,929 out of 58,720, Sato et al. 2011) were 
subjected to BLASTP searches against the amino acid 
sequence data of the KEGG GENES database (Ogata et 
al. 1999), which was downloaded on December 20, 2011. 
�resholds of amino acid sequence identity ≥25% and 
of length coverage of the query sequence ≥50% with a 
cut-o� (E-value≤1e-10) were applied. For each Jatropha 
gene, a corresponding KEGG gene that had a KEGG 
Ontology (KO) ID and showed the highest bit score 
was selected. �e Jatropha genes were assigned on the 
KEGG pathway maps at the places where the enzymes of 
the KO are drawn (Figure 1A). �e gene mapping data 
provided by KEGG were used to create the pathway maps 
for Arabidopsis thaliana, Oryza sativa japonica, Populus 
trichocarpa, and Ricinus communis, whose organism 
codes in KEGG are ath, osa, pop, and rcu, respectively.

To investigate the functional differences of genes 
within gene families, such as transcription factors and 
cytochrome P450 monooxygenases, we created “gene 
category maps” where the gene symbols (squares) for 
each gene family are arranged and arrayed (Figure 1B). 
Data from the classi�cation named “Genes and Proteins” 
in the collection of hierarchical classi�cations of KEGG 
(KEGG BRITE) was used to create the gene category 
maps. The maps were created by an in-house Java 
program by which the genes of the third lowest level of 
the hierarchy were drawn in a single map. �e Jatropha 

genes were also assigned on the gene category maps by 
BLASTP searches and KO annotation as described above. 
�e mapping data of KEGG was also used for the other 
plant species.

Out of 40,929 predicted genes of Jatropha, 8058 
genes were assigned on 401 maps in total (Table 1). �e 
gene numbers assigned on the Metabolism maps (3279 
genes on 120 maps) were larger than those estimated by 
Sato et al. 2011 (2213 genes on 134 maps). As the same 
procedure was applied for the mapping, the increase 
of the assigned gene number is probably due to the 
updating of KEGG data. Larger numbers of Jatropha 
genes were assigned on both the pathway maps and the 
gene category maps compared to the other plant species. 
�is could be due mainly to di�erences in the mapping 
procedure, i.e. BLASTP searches and assignments 
based on the KO were conducted for Jatropha, 
whereas the mapping data annotated and curated by 
KEGG was used for the other plants. Some Jatropha 
genes were assigned to maps of non-plant pathways 
such as “Retinol metabolism” and “Cardiac muscle 
contraction” (Supplemental Table S1). �ese might be 
mis-assignments, but we did not remove them. As it is 
possible that Jatropha has its own metabolic pathways 
that are not found in other model plants, providing more 
diverse possibilities could help researchers to discover 
novel gene functions.

We registered two gene expression datasets, four 
metabolome datasets, and one gene co-expression 
dataset of Jatropha in KaPPA-View4-Jatropha. The 
gene expression datasets were obtained as follows. 
Total RNA was prepared from hermaphrodite �owers 
and the early stage of developing fruits of Jatropha 
curcas L. accession IBP-1 grown in an experimental 
�eld at Bogor Agricultural University, Indonesia. RNA-
seq analysis was performed by outsourcing to RIKEN 
GENESIS Co. Ltd., Yokohama, Japan. In the analysis, the 
RNA samples were pretreated to make library samples 
of approximately 200 base pairs (bp) and sequenced 
using a paired-end method with the Illumina GAIIx 
system (Illumina Inc., San Diego, CA) according to the 
manufacturer’s instructions. Obtained read sequences 
were 75+ 75 bp from both sides of each sample sequence. 
�e read sequences were directly (without assembling 
into contigs) mapped onto the Jatropha curcas genome 
sequence (Sato et al. 2011), and then the numbers of 
read sequences were counted per gene predicted in the 
genome dataset. The counts were normalized by the 
length of the genes to create a dataset of gene expression 
values. The values transferred to logarithm base 10 
were registered to KaPPA-View4-Jatropha. �e cosine 
correlation coe�cients of gene co-expression of Jatropha 
were calculated by 6 transcriptome datasets (unpublished 
data). �e correlation coe�cients (≥0.99) between the 
6898 genes assigned on the Metabolism pathway maps of 
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KEGG were registered. From the metabolomics analysis 
reported by Sano et al. (in this issue), 71 compounds 
that were annotated and attributed to the corresponding 
KEGG IDs were selected and registered. �e values of the 
compound accumulations were normalized as described 
in Sano et al. These data will be useful for practical 
Jatropha studies. In particular, gene co-expression 
analysis is a powerful tool for gene function prediction 
(Usadel et al. 2009). �e unique function of KaPPA-

View4 that visualizes the co-expression data between the 
pathway maps will help researchers to discover key genes 
such as those controlling the production of oil and other 
materials in Jatropha.

We developed a local database system, KaPPA-Loader, 
for omics data sharing. KaPPA-Loader will facilitate the 
utilization of unpublished omics data between research 
collaborators. Anyone can download the program, set it 
up on his/her own server, and start the KaPPA-Loader 

Figure 1. �e KaPPA-View4-Jatropha system. (A) �e assignment of Jatropha predicted genes on the KEGG pathway map and the representation 
of transcriptome and metabolome data on the map of “Glycolysis/Gluconeogenesis”. (B) Omics data representation on the “gene category map” 
generated from the hierarchical classi�cation of “Genes and Proteins” of the KEGG BRITE database. �e map for “N-Glycan biosynthesis” is shown. 
(C) Overlay of gene co-expression correlation data on the pathway maps. �e registered gene co-expression data are represented on the maps of 
“Nitrogen Metabolism: Reduction and �xation” and “Glycolysis/Gluconeogenesis”. High-resolution images of Figure 1A, B, C are shown in the 
Supplemental Figure S1, S2, and S3.
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service with management of collaboration user accounts. 
�e data deposited in KaPPA-Loader can be visualized 
and analyzed on the KaPPA-View4 system. Publication 
of the deposited data can be done easily by setting data 
access permissions. �e KaPPA-Loader was developed 
with Java 6, Tomcat 5.5, and MySQL 5, and requires a 
server system that serves this middleware. �e KaPPA-
Loader is freely available at http://kpv.kazusa.or.jp/.

As far as we know, KaPPA-View4-Jatropha is the only 
tool that provides a pathway analysis environment for the 
omics data of Jatropha. At present, no gene expression 
data from Jatropha have been deposited in the public 
data repositories Gene Expression Omnibus (GEO) 
(Barrett et al. 2011) or ArrayExpress (Parkinson et al. 
2011). However, it is apparent that gene expression data 
will increasingly become public with the availability of 
genome sequences, the number of custom microarray 
services, and the popularization of the RNA-Seq analyses 
by next generation sequencers. Metabolomics analyses 
are attracting much attention in studies of the unique 
metabolic pathways of Jatropha (Sano et al., in this 
issue). KaPPA-View4-Jatropha will contribute to Jatropha 
studies based on these omics data.

We will continue to update the data on KaPPA-View4-
Jatropha upon the updating of KEGG maps, Jatropha 
genome annotations, and the release of omics data.
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