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ABSTRACT

Sesame is an important oil seed crop worldwide and has essential health and medicinal values. In the present study, a
high-throughput transcriptome sequencing of sesame was performed using [llumina paired-end sequencing technology
for gene and marker discovery. Approximately 6 Gb data was generated and assembled into 16548 unigenes with
an N50 of 905 bp. In addition, a total of 1716 unigeneswere assigned to 22 KEGG pathways. The unigenes resulted
from this study are involved in lipid metabolism and Glycan biosynthesis pathways etc. Furthermore, 1443 Simple
Sequence Repeats (SSR) were detected and consequently primers were designed.Our study enhances the genomic
resources of sesame and provides ample amount of information about the transcriptome and SSRs which could serve

as a valuable basis for future studies.
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Sesame (Sesamum indicum L.) is an ancient oil yielding
crop cultivated for its edible seed, high quality oil (Bhat
et al. 1999, Suh et al. 2003) and it belongs to the family
Pedaliaceae. Sesame seed contains high oil content (46%
- 50%) with 20% proteins, 83% - 90% unsaturated fatty
acids and minor nutrients such as vitamins and minerals.
It also contains large amount of characteristic lignans such
as sesamin, sesamol, sesamolin and tocopherols (Fukuda
et al. 1985). The functional components give nutraceutical
value to the crop by imparting resistance against oxidative
deterioration. Hence, sesame seeds are consumed as a
traditional health food with great amounts of nutritional
components and for their anti-carcinogenic, anti-oxidative
activity; anti-inflammatory and specific anti-hypertensive
effect (Yokota et al. 2007, Hsu et al. 2005, Lee et al.
2004, Nakano 2008). Although the fact that majority of
the wild species of the genus Sesamum are intuitive to
sub-Saharan Africa, studies demonstrated that sesame
was first domesticated in India (Bedigian 2004). Earlier
studies on sesame have primarily focused on traditional
genetic breeding (Were 2006), quantitative genetics (Wei
et al. 2009), genetic relationships and diversity among
sesame germplasm collections (Laurentin and Karlovsky
2006, Ercan et al. 2004). However, the advancement of
molecular marker aided breeding and next generation
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sequencing techniques resulted in a quantum jump in its
improvement. Transcriptome is the whole collection of
transcripts at a specific developmental stage in a cell, which
provides comprehensive and valuable information on gene
regulation, gene expression, and amino acid content of
proteins. Next-generation sequencing technologies such as
[lumina paired-end sequencing technology have provided
a novel method both for transcriptome analysis and gene
mapping (Jiang et al. 2013).

In the present study, we performed the whole
transcriptome sequencing of sesame using Illumina paired-
end sequencing technology to obtain the comprehensive
transcriptome profile of sesame and also detection of SSR
markers for subsequent studies of sesame at levels of,
molecular biology, genomics and genetics.

MATERIALS AND METHODS

Total RNA was isolated using XcelGen Plant RNA
miniprep kit from leaf tissues. The quality of RNA was
checked in 1% denatured agarose gel (loaded 3 pl) for the
presence of 28S and 18S bands. The gel was run at 90 V for
40 min. The total RN A was quantified using Nanodrop-8000.
The 1 pl of each sample was loaded in NanoDrop 8000
and Qubit fluorometer for determining concentration and
A260/280 ratio.

[lumina 7ruSeq RNA sample preparation v2 kit(Illumina)
was used for the preparation of paired end cDNA sequencing
library. The mRNA fragmentation was followed by several
steps, viz. reverse transcription, second-strand synthesis,
end-repairing, adenylation of 3’ ends, pair-end adapter
ligation and finally ended with index PCR amplification
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of adaptor-ligated library. The libraries were in the size
range of 400 bp to 2000bp. High Sensitivity (HS) DNA
chip was used for analyzing the quality of amplified library
on Bioanalyzer 2100.

The next generation sequencing run for whole
transcriptome assembly was achieved through Illumina
MiSeq. The raw data was filtered using Trimmomatic v0.30
(Bolger et al. 2014). The reads with adaptor contamination
and of low quality (quality score <20) were filtered. The high
quality reads obtained after adapter trimming and quality
control were assembled using CLC genomics workbench
on default parameters.

Unigenes were predicted from transcripts using
ESTScan (Iseli et al. 1999) followed by BLASTx against the
NCBI non-redundant (Nr) protein database, the Swiss-Prot
protein database and the results were parsed by an in-house
perl script. The longest ORF out of six frames was selected.
Gene Ontology (GO) terms were assigned to unigenes using
Blast2GO (Conesa et al. 2005) and functional classification
was achieved through WEGO software (Ye et al. 2000).

GO assignments were used to classify the functions of
the predicted unigenes. The GO mapping provides ontology
of defined terms signifying gene product properties which
are categorized into three main domains: Biological Process,
Molecular Function and Cellular Component. GO mapping
was carried out to retrieve GO terms for all the functionally
annotated unigenes through BLASTX. For the retrieval of
gene names or symbols BLASTX result accession IDs were
used. The identified gene names or symbols searched against
the species specific entries of the gene product tables of GO
database. BLASTX result accession IDs are used in order
to retrieve UniProt IDs with the use of PIR which includes
PSD, UniProt, TTEMBL, SwissProt, GenPept, RefSeq and
PDB databases. Further, accession IDs are searched in the
dbxref table of GO database.

MlcroSAtellite (MISA, http://pgre.ipk-gatersleben.
de/misa/) tool was used for microsatellite mining. In the
present study, the SSRs that contain motifs with two to
six nucleotides were taken into consideration in size and
a minimum of 6,4,3,3,3 contiguous repeat units for di, tri,
tetra, penta, hexa repeats respectively. Compound SSRs were
located by taking a condition of occurrence of two SSRs with
aminimum of 75 nucleotide intervening sequences. In-house
perl scripts were written to extract the flanking sequences
of SSRs for designing primers. Batchprimer3 (http://probes.
pw.usda.gov/cgi-bin/batchprimer3/batchprimer3.cg) was
used for designing primers with the criteria of GC content
between 20-80%, primer length of 18-30 bp and annealing
temperature between 57-63°C.

RESULTS AND DISCUSSION

Read statistics

The total number of reads obtained by Illumina Miseq
platform were 16452323 and 16452323 for paired end
sequencing, while the total number of bases sequenced
were 29,025,50,023( 2.9 GB) and 28,144,82,671 (2.8 GB)
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respectively. The read length ranges from 40 to 250 with
an average GC content of 54%.

Data analysis and assembly statistics

Actotal of 16612 transcripts were resulted from de novo
assembly with N50 value of 905. The whole transcriptome
length was 15,248,753. The average length of assembled
transcript was 918. The minimum and maximum size
of assembled transcript was 17830 and 408 respectively
(Table 1).

Table 1 Assembly statistics

Description Count
Number of transcripts 16612
Transcriptome length 15248753
Maximum transcript size 17830
Minimum transcript size 408
Mean transcript size 918
N50 value 905

GO mapping and unigene distribution

A total of 16548 unigenes were predicted and unigene
length ranges from 100-1000. As many as 2739 unigenes
were in the range of 500-600 length followed by 400-
500 length. The predicted unigenes were annotated using
BLASTx which resulted in the annotation of 15438 unigenes
with an e-value less than le-5. These annotated unigenes
were mapped on to GO database. Maximum percentage
of unigenes significant similarity with Ricinus communis
followed by Cucumis sativus, Oryza sativa and so forth.
The GO mapping resulted in the retrieval of GO terms for
unigenes using diverse databases. The GO terms related
to BLASTX hits were found in UniProtKB in majority
followed by TAIR database. Based on Nr annotation, 15438
unigenes were assigned a total of 58 gene ontology (GO)
terms in three ontologies namely, biological process (23
GO terms), molecular function (16 GO terms) and cellular
component (19 GO terms) (Fig 1).

The unigenes for biological process made up the
majority (44.3%), followed by cellular components
(34.5%), and molecular function (21.2%). The unigenes
which were assigned functionally covered a broad range
of GO categories. Under the biological process category,
cellular process (32.8%) and metabolic process (32%)
were represented in majority. Furthermore, 24.9% unigenes
were involved in response to stimulus. Under the cellular
component category, cell component (35.6%), cell part
(35.6%) component and organelle extra cellular region
represented the majorities. For the molecular function
category, binding (30.5%) and catalytic activity (30.4%)
represented the majorities.

Pathway mapping of transcripts by KEGG

Ortholog assignment and mapping of the transcripts
to the biological pathways was performed using KEGG
automatic annotation server (KAAS) (Moriya et al. 2007).
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Go distribution of unigenes
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Fig 1 Distribution of GO terms of unigenes

The unigenes represented metabolic pathways of major
biomolecules such as carbohydrates, lipids, nucleotides,

Biological Process
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Number of genes

Table 2 List of KEGG Pathway Categories of unigenes

. . . . . Pathway list Count
amino acids, glycans, cofactors, vitamins, terpenoids, :
polyketides, etc. A total of 1716 unigenes had significant ~ Metabolism ‘
matches in the KEGG database and were assigned to 22~ Carbohydrate metabolism 176
KEGG pathways. Among them, the translation pathway ET"?rgy metabf)hsm 195
containing 233 unigenes is the largest one, followed by  Lipid metabolism . 85
energy metabolism (195), carbohydrate metabolism (176) ~ Nucleotide metabolism 75
and amino acid metabolism. Furthermore, the unigenes ﬁmlr:;) ?Cld mfetaEOllsm, " 1576
also represented the genes involved in genetic information etabo 150 ot er amino acias )
. . . . . Glycan biosynthesis and metabolism 22
processing, environmental information processing and . o
. . . Metabolism of cofactors and vitamins 113
cellular processes, metabolism of cofactors and vitamins, . . .
ignal transduction and lipid metabolism (Table 2) Metabolism of terpenoids and polyketides 51
signal fransduction a p ctabolis able 2). Biosynthesis of other secondary metabolites 40
o Xenobiotics biodegradation and metabolism 29
Characterization of SSR markers Genetic i . .
o enetic information processing
SSRs are a group qf repetl‘Flve DNA sequences that Transcription 57
denote a substantial portion of higher eukaryote genomes. Translation 233
SSRs are highly polymorphic, co-dominant and are a  pojding, sorting and degradation 136
major source of marker systems for molecular breeding,  Replication and repair 27
genetic mapping, comparative genomics, gene mapping Environmental information processing
and population genetic analyses in a wide variety of species Membrane transport 13
(Smith et al. 1997, Senior et al. 1998, Wang et al. 2002, Signal transduction 78
Neeraja et al. 2007, Chapman et al. 2009, Bushman et Cellular processes
al. 2011). Traditional methods for SSR development are Transport and catabolism 57
laborious, expensive and time consuming. Transcriptome  Cell motility 6
sequencing has become a powerful and cost-efficient tool Cell growth and death 35
with the advancement of high throughput sequencing  Cell communication 9
technology (Verma et al. 2007). The transcriptome data Organismal systems
Environmental adaptation 44

was a tremendous source for SSR mining and had been
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utilized in many species (Jiang et al. 2013, Guo et al. 2011,
Kaur et al. 2011).

In the present study, a total of 16612 transcripts were
examined from which we identified 1443 microsatellites.
Tri-nucleotide repeats (610) were the most abundant repeats
followed by tetra nucleotide repeats (410). Hexa nucleotide
repeats were least among all (89). Among di nucleotide
repeats, AG/CT was the most abundant repeat followed by
AT/AT repeat where as AAG/CTT repeat was most abundant
among tri nucleotide repeats (Table 3).

Table 3 Summary of SSR mining results

Search item Number
Total number of sequences examined 166121
Total size of examined sequences (bp) 15248753
Total number of identified SSRs 1443
Number of SSR containing sequences 1112
Number of sequences containing more than 1 SSR 151
Number of SSRs present in compound formation 186

Conclusion

In the present study, the transcriptome of leaf tissue of
sesame was sequenced by Illumina paired end sequencing
technology. Approximately 30 million clean pair-end reads
were obtained and further used for de novo assembly
through CLC genomics workbench which resulted in
16612 transcripts with an average length of 918bp. A total
of 16,548 unigenes were predicted and assigned 58 GO
terms. Subsequently, 1443 SSRs were identified from our
transcriptome data, more SSR primers can be designed for
future research, involving genetic mapping, genetic diversity
assessment, and marker-assisted breeding in sesame.
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