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Abstract Oil-rich seeds of Jatropha curcas are being focussed
as a source of bio-diesel. However, prior to its industrial use, a
lot of crop improvement efforts are required in Jatropha. Avail-
ability of a large number of EST sequences of Jatropha in public
domain allow identification of candidate genes for several
agronomic characters including oil content in seeds. Here, we
have analysed 42,477 ESTs of Jatropha spanning 22.9 Mbp for
microsatellites and fatty acid metabolism related sequences.
Unigene sequences were built using CAP 3 programme
resulted in 12,358 contigs and 5,730 singlets. Nearly, 8 %
unigenes showed presence of microsatellites, slightly over-
represented compared to their occurrence in ESTs. Most of
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the microsatellites were either di- or tri-nucleotide repeats,
while other categories of tetra-, penta- and hexa-nucleotide
repeats together constituted ~4 % of total microsatellites. As-
sessment of functional relevance of unigenes was carried out
using Blast2GO using its default settings. The overall sequence
similarity level against sequences in ‘nr’ database was >80 %.
A total of 931 sequences that participated in any of the path-
ways related to fatty acid or lipid metabolism were found at GO
level 6. Among these, GO terms “Fatty acid metabolic process”
and “Fatty acid biosynthetic process” were most over-
represented. Overall, our work has due relevance in identifying
molecular markers for the candidate genes for oil content in
Jatropha seeds, and will prove to be an important reference for
further studies for identification of trait specific markers in
Jatropha.

Keywords Jatropha curcas - ESTs - Unigenes -
Microsatellites - Gene ontology - Fatty acids

Introduction

Jatropha curcas L. is one of the major plants with non edible
oil rich (27-40 %) seeds (Acthen et al. 2007), currently being
focussed and developed for biodiesel production. Its oil con-
tain high amount of unsaturated fatty acids, and can thus serve
as a biodiesel feedstock meeting international standards
(Tiwari et al. 2007). Unfortunately, potential seed produc-
tion of Jatropha is not agronomically as standardized, as it
is in food crops. Crop improvement in Jatropha through
conventional breeding is difficult owing to its perennial,
heterozygous and outbreeding nature. Thus, further genetic
improvement of the plant by biotechnological intervention
is currently required (Natarajan et al. 2010). For better
knowledge of ecological and agronomic properties like

@ Springer


http://dx.doi.org/10.1007/s12298-013-0204-4

140

Physiol Mol Biol Plants (January—March 2014) 20(1):139-142

growth conditions, biomass production, seed yield and ge-
netics, a large scale analysis of its genome and
transcriptome is required.

In recent years, there have been increasing number of
molecular level studies towards understanding of biosynthetic
pathways, metabolic flux control, genes encoding economi-
cally important proteins and enzymes, and also towards de-
velopment of molecular markers and genetic maps (Natarajan
etal. 2010; Sato etal. 2011; Wang et al. 2011). Thus, in a short
span, the numbers of Jatropha ESTs in dbEST of NCBI has
grown to more than 42,000. Gene discovery using high
throughput transcriptome sequencing using classical or Next
Generation Sequencing and subsequently through sequence
similarity and comparative genomics has become an attractive
tool in recent years, especially for non model species
(Annadurai et al. 2012; Roorkiwal and Sharma 2012; Gupta
et al. 2013; Pathak et al. 2013; Xiao et al. 2013). Coding
regions, in particular can be exploited for developing trans-
ferable DNA markers like microsatellites for comparative
studies. Microsatellites occur preferentially in and around
genic regions in plants (Grover and Sharma 2007). They are
important tools for comparative mapping because of their high
polymorphism and transferability (Varshney et al. 2005).
Here, we describe comparative genomics based analysis of
Jatropha ESTs for occurrence of microsatellites as well as for
limited functional prediction.

Methods

ESTs of Jatropha curcas were downloaded from dbEST of
NCBI. To nullify redundancy prevalent in ESTs, we used the
sequence assembly program CAP3 (Huang and Madan 1999)
to cluster ESTs into contigs/singletons and generated non-
redundant unigenes. A perl script, MISA (MlcroSAtelitte;
http://pgre.ipk-gatersleben.de/misa/) (Thiel et al. 2003) was
used to identify microsatellites in all the clustered as well as
non clustered set of sequences. A simple sequence repeat with
motif length varying from 2—6 bp was identified as a microsat-
ellite. Mononucleotide repeats were excluded from the analysis
because of the abundance of poly A/T repeats mostly resulting
from sequencing artefacts and poly A tails. Repeat-motifs like
AG, GA, TC and CT were considered in the same class
considering complementary sequences and/or different
reading frames. The analysis of mined microsatellites
was done on the basis of their motif length (di- to
hexa-nucleotide), number and type of repeats, relative
frequency of occurrence and length as class 1 (=20
nucleotides) and class II (12-20 nucleotides) types
(Temnykh et al. 2001). Assessment of functional rele-
vance of unigenes of Jatropha was carried out using
Blast2GO (Conesa et al. 2005). Unigene sequences not
showing any match were considered unique to Jatropha.
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Results and discussion

Auvailability of large collections of ESTs of Jatropha has
allowed us to explore these resources for the presence of
different microsatellite repeats, as well as different genes of
agronomic interest. However, EST collections are often re-
dundant and full of relatively shorter sequences. Unigenes, on
the other hand are longer and non redundant. EST-SSRs
representing the coding regions of the genome, are expected
to be conserved with a high rate of cross species transferability
in comparison to genome derived SSRs in addition to being
polymorphic enough to be exploited for population studies
(Grover et al. 2009; Jain et al. 2010).

A total 0f 42,477 ESTs (~22.9 Mbp) were downloaded from
dbEST of NCBI, which were annotated into 12,358 contigs
(4.76 Mbp) and 5,730 singlets (6.50 Mbp). These 18,088
transcriptomic sequences were searched for the presence of
microsatellites, which were found in 7.91 % of sequences
yielding 3,557 microsatellite motifs. Thus, the number of mi-
crosatellite containing transcriptomic sequences in Jatropha
was found comparable to previously reported data from other
plants (Cavagnaro et al. 2010; Grover and Sharma 2012).
Significantly, while the number of unigenes was only 42.6 %
of sequences in dbEST, non redundant set of microsatellites
sequences are 55.4 % of the originally searched in Jatropha
sequences in dbEST, thus over-represented in unigene
sequences. It may be noted that the variable abundance
of microsatellites is known to be dependent on the
search criteria, the size of the dataset, the database-
mining tools and the species concerned (Grover et al. 2012).
Thus, 18.6 % of oak ESTs have been reported to contain
microsatellites, with shorter threshold length using the tool
SSRIT (Durand et al. 2010). The criteria and the mining tool
used in this study (MISA) is a popular one, and a number of
microsatellite abundance studies (Thiel et al. 2003; Grover
and Sharma 2007; Grover et al. 2007; Cavagnaro et al.
2010) have been based on its default settings.

In earlier reports, trinucleotide repeats generally formed the
most common motif in various plant species, regardless of the
EST-SSR search criteria. However, abundance of dinucleotide
repeats has also been reported in many of the dicot species
(Grover and Sharma 2012). Interestingly in Jatropha, their
numbers were comparable, together constituting little more
than 95 % of all the microsatellites, while tetranucleotide
(~2.7 %), pentanucleotide (<0.8 %) and hexanucleotide
(~0.7 %) repeats were rare.

In terms of single SSR motif, the dinucleotide motif AG/CT
was most frequent, as reported earlier as well in other plants
(Kantety et al. 2002; Kumpatla and Mukhopadhyay 2005;
Grover and Sharma 2012). The two most dominant motif types
recorded in our search were AG and AAG (Table 1), which are
known to be abundant in genic sequences (Grover and Sharma
2007). Low abundance of “CG” repeats may be attributed to
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their tendency of forming secondary structures (hairpins), lead-
ing to a selective pressure against ‘CG’ accumulation in ge-
nomes. Microsatellites were also classified into two classes on
length basis. Firstly, Class I microsatellites, which included
microsatellites more than or equal to 20 nucleotides in length,
and secondly, Class II microsatellites of less than 20 nucleo-
tides. Class II microsatellites were more abundant (73 %) both
in unclusterred as well as clustered set of sequences. In
silico identification of SSRs from various sequence resources
like genomic sequences, ESTs or unigenes is a low cost and
easy method for development of microsatellite markers. The
present work itself has been a source of development of
twenty four EST SSR markers for Jatropha (Kumari et al.
2013), with PIC values 0.024-0.495, demonstrated on a
panel of 41 accessions, collected from all over India. Impor-
tantly, the designated primers targeting EST SSRs amplified
at more than one locus, leading to multiple bands in the 4 %
agarose gel analysis. The polymorphism could thus not be
strictly attributed to EST SSR alone that had been targeted.
Various other factors like duplications, or occurrences of
pseudogenes could have been the reasons for such amplifi-
cations. Nevertheless, these markers can still be used for
understanding the nature and possible biological functions
alongwith genomic evolutionary events, and on-going evolu-
tionary activities of the Jatropha genome.

We also performed sequence similarity search against non
redundant ‘nr’ database of NCBI. More than 70 % of unigenes
showed homology to genes having known function, and near-
ly 4,000 unigenes showed significant similarity with
castorbean sequences (Alignment score > 200). As the se-
quence similarity level was high (ranging 80-90 % for most
sequences), default parameters of Blast2GO were used for

Table 1 Distribution of the selected microsatellite motifs in Jatropha
transcriptomic sequences. Unclustered sequences refer to the raw EST
files, while upon clustering, sequences were distributed in ‘Singlets’ and
‘Contigs’, as refered in the text. Microsatellite motifs shown in the table
below were selected on the basis of the published reports on their
preferential occurrences. Motifs AG/CT are known to be abundant in
UTRs, AT/TA, AAT/TTA and AAAT/ATTT are generally most abundant
motif types of their categories (di-, tri- and tetra-nucleotide) in the
genomes, in non-coding DNA, AAG/CTT are generally most abundant
repeats in exons, CCG/CGG are most common repeats in some species
(mostly monocots) and motifs GC/CG are extremely rare

Motif Unclustered sequences Singlets Contigs
AG/CT 1118 321 265
AT/TA 302 143 64
GC/CG 1 1 0
AAG/CTT 414 156 110
AAT/TTA 274 80 35
CCG/CGG 62 10 11
AAAT/ATTT 19 11 6

annotation of these sequences (Gotz et al. 2008). Most of the
unigene sequences represented enzymes of general metabo-
lism as reported earlier (Costa et al. 2010). On the basis of GO
annotation, unigenes were assigned GO terms associated with
biological process, cellular component and molecular func-
tion. Unigenes related to biological process such as in various
metabolic pathways were further studied for their possible
roles in fatty acid biosynthesis pathways. Maximum se-
quences (931) with their roles in fatty acid metabolism anno-
tating to 60 different GO terms were identified at GO level 6.
GO terms “Fatty acid metabolic process” and “Fatty acid
biosynthetic process” were most over-represented at GO level
6, with 143 and 95 sequences annotated to this category
respectively (Supplementary Table 1). A GO term obtained
at higher GO level is more precise, and accordingly the
number of genes assigned per GO term decreases as the GO
level is raised (Al-Shahrour et al. 2004). KEGG maps have
been generated wherever possible for identification of meta-
bolic reactions being catalyzed by the enzymes identified
using Blast2GO annotation. This has also helped to obtain
the enzyme codes (EC) for the sequences of interest. These
gene sequences can further be targeted for development of
trait-specific markers and utilize them in assigning marker
trait associations and allele variance across diverse collections
of Jatropha.

Future lines

Mining microsatellites from coding sequences have diverse
applications, and foremost among them is to answer basic
questions on the functional and structural evolution of genes
and genomes. The scientific community is still in a process to
understand fundamental principles which allow accommoda-
tion of these repetitive and so-called hypervariable sequences
in coding regions. Though the molecular mechanisms that
lead to persistence of these repeats in transcriptome are not
yet known, a number of biological roles as in adaptive advan-
tages have been suggested in the past both by in silico and wet
experiments (reviewed by Grover and Sharma 2011). As more
and more positional information on microsatellite occurrence
gathers, comparative analysis becomes easier, and more con-
crete evidences can be collected to comment upon their sig-
nificance in a genome or a transcriptome.

Another equally important area is to use them as functional
molecular markers. A representative set of microsatellite se-
quences, preferably with length > 30 bp have already been
developed into molecular markers for their abilities to dis-
criminate different accessions of Jatropha curcas collected
from all over India (Kumari et al. 2013). We further aim to use
this information alongwith the gene ontology information
towards development of trait-specific markers for rapid iden-
tification of high yielding genotypes in near future.
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