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Coconut (Cocos nucifera L.; 2n=32; Arecaceae),
a perennial palm well adapted to tropical conditions,
is one of the main sources of oil that has numerous
edible industrial and medicinal uses (Deen et al.,
2021). The coconut endosperm comprises both solid
and liquid parts, with oil content in the solid
endosperm ranging from 55-65 per cent depending
on germplasm (Niral et al., 2009). The fats in coconut
oil are predominantly saturated, comprising medium-
chain triglycerides like lauric acid, caprylic acid and
capric acid (Suryani et al., 2020).

With the constant increase in the demand for
vegetable oils worldwide, the identification of genes
that regulate the quantitative and qualitative
variations with respect to the composition and
quality of coconut oil assumes significance. In
contrast to other important palms, viz., oil palm and
date palm, till recently, the available genomic
resources were relatively scarce for coconut. The
recent availability of whole-genome sequences of
Hainan Tall (Xiao et al., 2017), Catigan Green
Dwarf (Lantican et al., 2019) and Chowghat Green
Dwarf (Rajesh et al., 2020) cultivars have opened
up new avenues for the identification of gene(s)
governing important pathways in coconut. Apart
from this, transcriptome sequences have been
generated from many tissues (reviewed by Rajesh
et al., 2021). More information is essential to bridge
the knowledge gap in genomic and transcriptomic

resources in this important palm, which would deliver
new perceptions for the detection and characterization
of novel and useful gene(s) linked to traits of
agronomic importance (Huang et al., 2014).

In vitro culture of the immature endosperm of
coconut for the production of friable callus has been
reported earlier by Kumar et al. (1985). Also, the
fatty acid profile of the endosperm calli was
comparable with the normal immature endosperm
(Ceniza et al., 1992). However, genes governing
fatty acid biosynthesis in in vitro endosperm cultures
have not been studied.

We report the transcriptome assembly from
coconut endosperm callus derived from immature
(7 months old) nuts of Laccadive Micro Tall (LMT).
This variety possesses high oil content (Devakumar
et al., 2010). To initiate in vitro culture, seven-
month-old immature nuts were harvested from
Laccadive Micro Tall (LMT) cultivar maintained
at the Experimental Farm of ICAR-CPCRI,
Kasaragod, Kerala State, India (12.30o N, 75o E;
altitude of 10.7m above MSL). The nuts were
surface sterilized using alcohol, and after minimal
processing, the nuts were taken to a laminar airflow
chamber. The husk in the micropylar region was
further trimmed and nuts were flame sterilized. A
layer of endosperm, along with a thin layer of the
shell at the micropylar region, was inoculated in Y3
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medium (Eeuwens, 1976) supplemented with sucrose
(30 g L-1), 2,4-D (4 mg L-1), NAA (4 mg L-1), BAP
(0.5 mg  L-1), agar (7 g L-1) and activated charcoal
(2 g L-1). The pH was adjusted to 5.75 before
autoclaving the medium. Cultures were incubated in
the dark at 27 ±2ºC temperature and 80 per cent
relative humidity. Sub-culturing was done in monthly
intervals to the same basal medium with half the
concentrations of growth regulators. After three
months, cultures were sub-cultured in callus
multiplication media consisting of 2,4-D (0.1 mg L-1)
alone. Different steps in sampling and inoculation of
endosperm explants in vitro are given in Figure 1.

Total RNA was extracted from 150 mg of
endosperm callus [90 days after inoculation (DAI)]

using the NucleoSpin® RNA Plant Kit (Macherey-
Nagel). The isolated RNA samples were pooled
together from three biological replicates and used
to build an RNA-seq library (TruSeq Stranded
mRNA LT Sample Prep Kit, Illumina). After
assessing the library quality, sequencing of the
libraries was undertaken on an Illumina HiSeq 4000
platform using paired-end sequencing.

The quality of raw reads (.fastq) files was
analyzed initially by using FastQC (Andrews, 2010)
to search the raw reads for ambiguous bases, Phred
score >Q20, read length, nucleotide base content,
and other parameters. Trimmomatic (Bolger et al.,
2014) was then used to filter poor-quality sequences.
The high-quality reads obtained were mapped with

Fig. 1. Different steps in sampling, inoculation of endosperm explants from seven-month-old nuts, callus initiation and
multiplication, RNA-sequencing  and data analysis
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CGD reference genome (PRJNA413280) (Rajesh
et al., 2020) genome using STAR aligner (Dobin et al.,
2013) and assembled with Cufflinks (Trapnell et al.,
2012). Local protein databases were created from
Arabidopsis thaliana (Taxonomy ID: 3702),
Triticum aestivum (Taxonomy ID: 4565), Zea mays
(Taxonomy ID: 4577), Oryza sativa (Taxonomy ID:
4530) and Arecaceae (Taxonomy ID: 4710) families.
The transcripts were annotated by BLASTx search
against these databases, keeping a 1 × 10-3 maximum
E-value threshold. Omics Box (Blast2GO) (Conesa
et al., 2005) was used to perform GO annotation
and KEGG pathway analysis of the assembled
transcripts from endosperm callus from coconut.

Using Illumina Hiseq 4000 sequencing
platform, 8.789 Gb (PE) raw sequences were
generated. The details of the RNA-seq statistics of
raw and clean reads are provided in Table 1. A total

of 39,151 transcripts could be generated from the
endosperm callus of LMT by reference-based
assembly with the genome of the Chowghat Green
Dwarf cultivar. Mapping statistics and assembly
details of high-quality reads with the reference
coconut genome are given in Table 2. Figure 2
represents the nucleotide length distribution of
transcripts in coconut endosperm callus. Sequence
similarity analysis and annotation of these
transcripts against the Gene Ontology (GO)
database identified 97,001 GO annotations. A total
of 87,015,828 raw reads (around 8.789 Gb paired-
end data) could be generated by RNA-seq of

Table 1. RNA-seq statistics of raw read and clean reads
obtained from endosperm callus of LMT

Raw reads 87,015,828
Total bases (Gb) 8.789
Read length (bp) 101
G + C percentage 50.58
High quality reads (filtered) 78,572,878 (90.29%)

Table 2. Mapping, assembly and annotation statistics

Raw reads 87,015,828
Number of inputs reads for mapping 78,572,878
Uniquely mapped reads number 65,553,054
Uniquely mapped reads (%) 83.43
Total transcripts generated 39,151
With Blast Hits 33,042
With Mapping 27,478
With Annotation 26,232
without IPS 6,829
with IPS 32,322
with GOs 19,253

Fig. 2. Nucleotide length distribution of coconut endosperm callus transcripts.
The transcript length ranged from 101-12785 bp

RNA-sequencing of coconut endosperm callus
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Fig. 3. A graphical representation of Gene Ontology (GO) distribution levels of annotated coconut endosperm callus
transcripts- biological process (BP), molecular function (MF), and cellular component (CC)
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endosperm callus of LMT cultivar. By mapping the
78,572,878 high-quality reads obtained after
filtering to the CGD reference genome, 39,151
transcripts could be generated. Of these, 33,042
coconut transcripts could be annotated via the
BLASTx program (84.4%). The functional analysis
revealed that 19,253 transcripts were characterized
with 97,001 GO annotation. Pathway analysis
revealed 3370 transcripts to be active in different
metabolic pathways (Table 2).

Functional classification of the transcripts into
GO categories viz., biological process (BP),
molecular function (MF), and cellular component
(CC). Among the GO level annotations, the mean
GO level was 6,859, with 59,854 annotations
available at GO level 6 (biological processes = 33187;
molecular functions = 18594 and cellular components
=8073) (Fig. 3). A total of 3370 transcripts involved
in 276 different KEGG pathways were mapped
(Supplementary file S2). The KEGG pathway
analysis indicated the presence of starch and sucrose
metabolism, fructose and mannose metabolism,
glycerolipid metabolism, oxidative phosphorylation,
phosphatidylinositol signalling system, inositol

phosphate metabolism, glycerophospholipid
metabolism, sphingolipid metabolism, fatty acid
degradation, galactose metabolism, pantothenate and
CoA biosynthesis, glutathione metabolism,
glycolysis/gluconeogenesis, fatty acid elongation
apart from fatty acid biosynthesis pathways (Fig. 4).
Twenty-seven transcripts with putative roles in fatty
acid biosynthesis were identified (Fig. 4,
Supplementary File S2).

The dataset provides information on the
expression pattern of various genes involved in fatty
acid biosynthesis in coconut endosperm cultures. It
will be a valuable resource for research on oil
metabolism in oil-yielding crops. This data resource
would also help researchers further understand the
metabolic mechanisms that connect functional gene
networks with respect to oil biosynthesis. It would
also allow the identification and comparison of
orthologous genes and their corresponding proteins,
with roles in oil biosynthesis, in different oilseed
crops. The transcripts could be the basis for
generating probes and primers for functional
validation of key oil biosynthesis genes and
transgenic studies in coconut.

Fig. 4. Selected KEGG pathways in endosperm calli of LMT cultivar of coconut

RNA-sequencing of coconut endosperm callus
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Supplementary files are available in the online
version of the article. Supplementary File S1: An
overview of functional annotation and GO of each
transcript; Supplementary File S2: Details of the
KEGG pathway analysis; Supplementary File S3:
Transcripts related to fatty acid biosynthesis pathway.
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