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Abstract. Gloriosa superba is an economical source of pharmaceutical colchicine, which is a mitotic poison used to treat gout, cancer
and inﬂammatory diseases. It is important to study the genetic variations in this plant, but the progress is impeded due to limited number of
molecular markers. In this study, we developed the expressed sequence tag-derived simple sequence repeat (EST-SSR) markers from the
transcriptome sequence of the leaf samples of three different ecotypes of G. superba. De novo assembly was performed on these sequencing
data to generate a total of 65,579 unigenes and 38,200 coding sequences (CDSs). These CDSs were annotated using NCBI Nr protein
database, gene ontology terms and KEGG pathways. Differential gene expression was studied to yield differences in these ecotypes at the
molecular level. Finally, a total of 14,672 potential EST-SSRs were identiﬁed from these unigenes, among which the dinucleotide (5754,
39.22%) and trinucleotide (5421, 36.95%) repeats were most abundant types followed by mononucleotides (3213, 21.83%). The most
frequent motifs were CT/GA (1392, 9.48%), AG/TC (1219, 8.31%), and GA/CT (1146, 7.82%) among the dinucleotide repeats and CCG/
CGG (1487, 10.13%), AGG/CCT (1421, 9.68%), AGC/CTG (697, 4.75%) and AAG/CTT (621, 4.23%) among the trinucleotide repeats.
Polymorphism study using a random set of 20 newly developed EST-SSRs revealed polymorphic information content value ranging from 0
to 0.5926 with an average of 0.4021. The large-scale ESTs developed in the current study will be useful as a genomic resource for further
investigation of the genetic variations in this species.
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Introduction
Gloriosa superba is a perennial tuberous climbing herb,
which belongs to the family Colchicaceae. Due to its
climbing nature, it is commonly known as climbing lily.
Some of the other vernacular names of this plant are glory
lily, ﬂame lily, creeping lily etc. This species is native to
tropical Africa and Asia, and are distributed throughout the
tropics as a pot plant (Ghosh et al. 2002). Of the eight
different types of alkaloids that are found in the family
Colchicaceae, colchicine and colchicoside alkaloids are
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mostly found in the tubers and seeds of G. superba (Forni
and Massarani 1977; Larsson and Ronsted 2013). Colchicine
derived from the G. Superba germplasms has anti arthritic
potential and is traditionally used to treat gout and
rheumatism in Ayurveda and Unani system of medicines
(Abhishek et al. 2017; Misra et al. 2017; Wilson and Saseen
2016). Gout increases the risk of different types of cancers in
male patients (Chen et al. 2014; Kuo et al. 2012). Colchicine
has been shown to cure acute gout and arthritis as well as
reduce the occurrence of prostate and colorectal cancers in
male patients with gout (van Echteld et al. 2014; Kuo et al.
2015). Colchicine perturbs microtubule polymerization by
binding to free-microtubules, which acts as an anti-cancer
mechanism (Bhattacharyya et al. 2008; Stanton et al. 2011;
Sivakumar 2013). Colchicine is also shown to act as antiproliferating agent in human gastric cancer cell lines by
upregulating the expression of DUSP1 gene (Lin et al.
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2016). In another study, colchicine is reported to prevent
pancreatic cancer by increasing interleukin-8 production
(Sivakumar et al. 2017; Yokoyama et al. 2017). Colchicine
is also used to cure several vasculitis and chronic inﬂammatory diseases by downregulating the cell surface adhesion
molecules and hence decrease neutrophil adhesion and
migration (Dinarello 2010; Slobodnick et al. 2015).
Among the colchicine-containing plants, G. superba serves
as commercial source of pharmaceutical colchicine, which has
been overexploited by the local populations, leading to an
urgent requirement for conservation of this species (Šantavý
1956; Sivakumar 2013). Therefore, it is essential to study the
genetic diversity of this species in different environmental
conditions. This species is distributed mostly in tropical subtropical parts of India, particularly from 68.78E to 97.258E
and 8.48N to 37.68N and 0 to 2043 metres above sea level
(m.a.s.l.) (Ghosh et al. 2009; Khandel et al. 2012). Previous
study showed that of the ﬁve populations collected from different environments, Baruipur and Siliguri plants showed
higher colchicine content and leaf length compared to the
plants collected from Sikkim and Darjeeling (Ghosh et al.
2009). Random ampliﬁcation of polymorphic DNA (RAPD)
analysis showed 76% polymorphism among all the ﬁve populations. In another study, RAPD analysis of 10 populations of
Gloriosa revealed 19.02% of total polymorphism speciﬁc to
the plants collected from two different sites, Vittalwaadi and
Parkala in Udipi district of Karnataka. In the same study,
lowest polymorphism was observed in the plants collected
from Manipal, while ampliﬁed fragment length polymorphism
analysis suggested that 13.14% of total polymorphism were in
the plants collected from Salmara, Uppoor (Babu et al. 2013).
No other reports are available about the diversity analysis of G.
superba.
SSRs are powerful nuclear marker to study genotypic
variations as well as to link phenotypic and genotypic
variations because of their highly polymorphic, multiallelic
and codominant nature and ease to assay (Collard and
Mackill 2008; Bohra et al. 2017). The expresses sequence
tag-derived simple sequence repeats (EST-SSRs) are developed from the expressed sequences which have the added
advantage of representing the expressed regions of the
genome (Ding et al. 2015; Bohra et al. 2017). This makes
EST-SSRs more transferable across the species (Eujayl et al.
2004; Zhang et al. 2005; Saha et al. 2006). Presently, only
14 EST-SSRs are known to be reported on G. superba
(https://www.ncbi.nlm.nih.gov/nucest/?term=gloriosa). The
poor genomic research in this species brings about an urgent
need to develop large-scale genetic markers that may be
useful in future genetic studies in this species, which is of
great medicinal value. In the current study, we report large
scale EST-SSR markers using transcriptome sequencing of
the three G. superba ecotypes collected from Madhya Pradesh and Tamil Nadu. We have also performed functional
annotation and gene ontology (GO) analysis of the de novo
transcriptome assembly of G. superba as well as the differential gene expression study among three collected

ecotypes of the species from Chattarpur (CH) and State
Forest Research Institute (SFRI), Jabalpur of Madhya Pradesh and Mulanur (MU) of Tamil Nadu.

Materials and methods
Plant materials

Tubers of G. superba were collected from SFRI (79.9864°E,
23.1815°N), Jabalpur and CH (79.5812°E, 24.9164°N) of
Madhya Pradesh and MU (77.7080°E, 10.7930°N) of Tamil
Nadu. The tubers were planted in the month of June at the
medicinal garden of School of Biotechnology, Rajiv Gandhi
Proudyogiki Vishwavidyalaya, Bhopal, India. Young leaves
were collected from the matured plants at the time of ﬂowering
after eight weeks of sowing. Average temperature of 27°C,
81% humidity and 1006 mbar pressure was recorded in the
month that we sampled leaf for the transcriptome analysis.

Total RNA isolation and Illumina sequencing

Total RNA was isolated from the young leaves of the
matured plants using commercially available ZR RNA
Miniprep (Zymo Research) kit. Quality and quantity of RNA
was checked in 1% denaturing RNA agarose gel and Nanodrop. IlluminaTruSeq Stranded mRNA sample Prep kit was
used to generate RNA-seq paired end sequencing libraries
from QC passed RNA samples, followed by mRNA
enrichment using poly-T attached magnetic beads and
enzymatic fragmentation. Further SuperScript II and Act-D
mix was used to convert ﬁrst strand cDNA and second strand
was synthesized using second strand mix. Puriﬁcation of the
dscDNA was done using AMPure XP beads followed by
A-tailing and adapter ligation. Limited number of PCR
cycles was used to enrich the library. To check the quality
and quantity of PCR enriched libraries, 4200 Tape Station
System (Agilent Technologies) with D1000 Screen tape was
used, with manufacturer instructions. Truseq Library prep kit
was used to prepare libraries having 2975 bp chemistry. The
enriched paired end illumina libraries were loaded onto
NextSeq 500 for cluster generation and sequencing. The
sequenced raw data were stored in FASTAQ format. Illumina library preparation and sequencing were outsourced
from Euroﬁns Scientiﬁc, Bengaluru, India. The raw reads of
the transcriptome sequence of G. superba were submitted to
the sequence read archive (SRA) under accession numbers
SRR12527640, SRR12527639 and SRR12527638 of the
BioProject accession number PRJNA656631.
Data ﬁltration and de novo assembly

Raw data were processed using Trimmomatic vb0.35 (Bolger et al. 2014) to eliminate adapter sequences, low-quality
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Table 1. Statistics of high-quality reads obtained for each
G. superba samples sequenced.

Table 2. Summary of results obtained from de novo assembly
analysis of transcriptomes of three G. superba samples.

Sample name

Description

CH
MU
SFRI

No. of ﬁltered reads

Total no. of bases

47,842,130
46,049,116
42,975,034

7,214,939,442
6,942,835,711
6,478,768,662

sequences (reads with more than 10% quality threshold (QV)
\20) and minimum length of 50-nucleotide (nt) was applied
to obtain high-quality (HQ) sequences. Using Trinity v 2.5.1
these HQ sequences were assembled into transcripts with a
k-mer of 25, minimum contig length of 200 bp and minimum kmer coverage of 5 (Grabherr et al. 2011). Prediction
and validation of unigenes were completed using CD-HITEST v 4.6 and validated using SAMtools v 1.6 and Bowtie v
2.3.3.1 (Doumith et al. 2015). Global sequence identity
threshold of 90% was applied for prediction of unigenes (Li
and Godzik 2006). The predicted coding sequences (CDSs)
were quantiﬁed based on mapping of sample-wise HQ reads
to the pooled CDS.
Gene annotation

CDSs were predicted from unigenes by using Transdecoder
v 2.0. The predicted CDSs were quantiﬁed using Bowtie 2
and Samtools idxstats. BLASTx was performed on these
CDSs against NCBI nonredundant protein database (Nr)
with e-value\10-5(Buchﬁnk et al. 2015), followed by GO
annotation of the predicted unigenes using Blast2GO program. Gene names or symbols were ﬁrst accessed using
BLASTx accession IDs. Later, these IDs were searched
against dbxref table in GO database. Using the WEGO portal
and Blast2GO, distribution of GO terms were completed and
stored in the form of WEGO and pie charts (Moriya et al.
2007; Gotz et al. 2008).

Number

Total number of unigenes
Total unigene length (bp)
N50 (bp)
Maximum unigene length (bp)
Minimum unigene length (bp)
Average unigene length (bp)
Number of unigenes\ 500 bp
500 bp B Number of unigenes\ 1000 bp
1000 bp B Number of unigenes\ 2000 bp
2000 bp B Number of unigenes\ 3000 bp
3000 bp B Number of unigenes\ 4000 bp
4000 bp B Number of unigenes\ 5000 bp
Number of unigenes C 5000 bp
Total number of CDSs (bp)
Total CDS length (bp)
Maximum CDS length (bp)
Minimum CDS length (bp)
Average CDS length (bp)
Number of CDSs \ 500 bp
500 bp B Number of CDSs \ 1000 bp
1000 bp B Number of CDSs \ 2000 bp
2000 bp B Number of CDSs \ 3000 bp
3000 bp B Number of CDSs \ 4000 bp
4000 bp B Number of CDSs \ 5000 bp
Number of CDSs C 5000 bp

65,579
73,074,550
1635
14,968
201
1114.2
20,505
17,710
17,876
6399
2085
609
395
38,200
36,016,356
14,637
297
942.8
12,909
12,517
9719
2200
580
137
138

Table 3. Summary of sample wise CDS distribution of all the
three samples.

Description

CH sample

Total number of CDSs
(bp)
Total CDS length (bp)
Maximum CDS length
(bp)
Minimum CDS length
(bp)
Average CDS length (bp)

23,573

MU
sample
17,598

SFRI
sample
15,422

25,582,791 18,597,396
14,637
14,637

15,610,908
14,637

297

297

297

1085.2

1056.7

1012.2

Gene expression analysis and pathway analysis

Sample-wise CDSs (all the three samples) were mapped to
KEGG Orthology database of monocots as reference pathway
using KAAS annotation server (Anders and Huber 2010).
Classiﬁcation of CDSs into different biological pathways was
the output from this server. Differential gene expression
analysis in three G. superba ecotypes was performed using
DeSeq 1.22.1 by pairwise comparisons of gene expression
levels between CH and MU samples, CH and SFRI samples,
and SFRI and MU samples (Love et al. 2014).
Using the read abundance data, Log2 fold change (FC)
value was calculated and P value threshold of 0.05 was
considered to remove statistically insigniﬁcant results. Top
100 differentially expressed genes were selected for

complete linkage hierarchical cluster analysis using Multiple
Experiment Viewer (MEV 4.8.1) and heat map was constructed (Howe et al. 2011). The heat map construction was
carried out based on complete linkage method and Pearson
uncentered correlation distance.
EST-SSR detection and primer designing

SSR markers were identiﬁed from 65,579 unigenes using
MISA software (http://pgrc.ipk-gatersleben.de/misa/) (Thiel
et al. 2003). Repeat length cut-off was set to a minimum of
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12 to identify perfect SSRs (Das et al. 2012). Standard
parameters of the MISA tool were used for SSR prediction.
Primer pairs were designed for ﬂanking regions of SSRs
using BatchPrimer3 program (https://probes.pw.usda.gov/
cgi-bin/batchprimer3/batchprimer3.cgi) (Lovell et al. 2003).
The minimum product size was set to 100 bp with primer
size ranging from 20 to 25 bp. GC content was 30–65% and
melting temperature (Tm) ranged from 50–60°C for designed
primers.

Table 4. Sample wise GO distribution of all CDSs.

Sample
name

Number of CDS
with cellular
component (CC)

Number of CDS
with molecular
function (MF)

3590
2597
2196

2734
2022
1649

4281
3103
2636

CH
MU
SFRI

DNA extraction and PCR ampliﬁcation for validation of SSRs

for 1 min (depending on the Tm of the primer), 72°C for 1
min and ﬁnal extension at 72°C for 10 min. For the separation of PCR products, 10% denaturing polyacrylamide gel
in 19 TBE was used in a Large Format Vertical Electrophoresis Unit, Cleaver Scientiﬁc (UK). After the pre-run,
the PCR products were loaded onto the gel and separated at
250–300 V for 4 h. The gels were viewed after silver
staining. Polymorphic SSR bands were scored using GelAnalyzer 19.1 (http://www.gelanalyzer.com/index.html).

DNA was extracted from the young leaves following modiﬁed CTAB method (Saghai-Maroof et al. 1984) and was
quantiﬁed using QuantusTM Flurometer, Promega. A random set of 20 newly developed EST-SSRs were screened for
polymorphism between the three ecotypes collected from
Jabalpur (SFRI) and Chattarpur (CH); both from Madhya
Pradesh and Mulanur (MU), Tamil Nadu. PCR ampliﬁcation
was conducted using a total volume of 20 lL containing 50
ng of extracted genomic DNA (2 lL), 2 lM each primer
(4 lL), 200 lM dNTPs (0.5 lL), 19 PCR buffer (2 lL), 0.5
unit of Taq polymerase (0.1 lL), and 11.4 lL double distilled water. DNA was ampliﬁed using T100TM Thermal
Cycler, Bio-Rad (California, USA), under the following
protocol: 94°C for 5 min; 36 cycles of 94°C for 1 min, 50°C
Phalaenopsis
Nelumbo
nucifera(673) Dendrobium equestris (430)
catenatum(735)

Number of CDS
with biological
process (BP)

Polymorphic information content

Polymorphic information content (PIC) and heterozygosity
(H) was calculated using Gene-Calc online software (Bińkowski and Miks 2018).
Maleaya cordata
(329)

Ananas
comosus(1960)

Asparagus
officinalis (2264)

Elaeis guineesis
(10836)

Musa
acuminata(2794)

Phoenix
dactylifera(9040)

Figure 1. Statistics of top 10 blast hit species distributed in all CDSs.

Vitis vinifera (277)
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Results

Gene annotation

Pair-end sequencing and library preparation

Amino acid sequences in a protein correspond to a CDS
nucleotide sequence, which can be a subset of open reading
frame (ORF) (Furuno 2003). To functionally annotate the
validated CDSs, BLASTx algorithm with E-value \10-5
was used against NCBI nonredundant protein (nr) database
(table 1 in electronic supplementary material at http://www.
ias.ac.in/jgenet/). A total of 87% (33,409) homology was
found from the pooled CDSs with the nr database. Proportion of long sequences showed more homology than the
proportion of small sequences. As many as 99.02%
sequences with length greater than 1000 bp had showed
homology compared to that of 68.7% of the sequences with
length less than 500 bp. Maximum hits were found against
the monocot palm trees; Elaeis guineensis (32.43%) followed by Phoenix dactylifera (27.05%) (ﬁgure 1).
GO categorizes functions of genes into three main
domains: biological process (BP), molecular function (MF)
and cellular component (CC) (Roncaglia et al. 2013). A
total of 3590, 2734 and 4281 CDSs could be categorized
for BP, CC and MF, respectively in CH (table 4). Organic
substance metabolic process (2105, 8.92%), intracellular
(1287, 5.45%), organic cyclic compound binding (1788,
7.58%), and heterocyclic compound binding (1788,
7.58%) were abundant terms in all the three main domains
(ﬁgure 2). In MU, a total of 2597, 2022 and 3103 could
be categorized into BP, CC and MF, respectively (table 4).
The abundant terms were organic substance metabolic
process (1512, 8.59%), intracellular (973, 5.53%), organic
cyclic compound binding (1333, 8.44%) and heterocyclic
compound binding (1333, 8.44%) among all three
domains (ﬁgure 3). While in SFRI, 2196, 1649 and 2636
could be categorized into BP, CC and MF, respectively
(table 4). The abundant terms were organic substance
metabolic process (1278, 8.28%), intracellular (758,
4.91%), organic cyclic compound binding (1085, 7.03%)
and heterocyclic compound binding (1085, 7.03%) among
all three domains (ﬁgure 4).

The mean value for library fragment size was 380 bp, 366 bp
and 373 bp for samples CH, MU and SFRI, respectively. Using
Trimmomatic software, these raw sequences were processed
to yield HQ sequences that were used for de novo assembly.
Total of 47,842,130 ﬁltered reads were obtained having a total
size of 7,214,939,442 bp (7.2 GB) bases in CH samples
(table 1). In MU samples, 46,049,116 ﬁltered reads were
obtained having a total size of 6,942,835,711 bp (6.9 GB) and
in SFRI samples the number was 42,975,034 having a total
size of 6,478,768,662 bp (6.5 GB) (table 1). These HQ reads
were pooled together to generate the transcripts. Since a reference genome was not available and there was a need for
deeper sequencing with more number of reads to ensure a
decent assembly, we pooled the reads from all three samples
belonging to the same species for de novo assembly, so as to
also have better sample-wise DGE analysis. Again, it is known
that pooling is useful where the interest does not focus on the
individual but rather on characteristics of the population (e.g.,
common changes in expression patterns) and hence reduces
variability by minimizing individual variation (Karp and Lilley 2009). The Trinity software was used to generate the
transcripts from the ﬁltered reads. The threshold contig length
was set as 200 bp to identify unigenes.
In each sample, 65,579 unigenes were assembled having a
total size 73,074,550 bp with 3x depth and 80% coverage.
The size of unigenes varied between 201 bp and 14,968 bp
with a mean size of 1114.2 bp and N50 value as 1635 bp;
20,505 (31.26%) unigenes had length less than 500 bp,
17,710 (27%) unigenes had length between 500–1000 bp,
17,876 (27.25%) had length between 1000–2000 bp, 6399
(9.75%) had length between 2000–3000 bp, 2085 (3.17%)
had length between 3000–4000 bp, 609 (0.92%) had length
between 4000–5000 bp, only 395 (0.60%) unigenes had
length greater than 5000 bp.
Using TransDecoder, the CDSs within these unigenes
were predicted. Total of 38,200 CDSs were predicted having
a total size of 3,601,635 bp. The length of CDS varied
between 297–14,637 bp with mean length of 942.8 bp.
Number of CDSs having length lesser than 500 bp were
12,909 (31.26%) and of those between 500–1000 bp were
12,517 (27%). Again, 27.25% (9719) of the CDSs having
length between 1000–2000 bp, 9.75% (2200 CDSs) between
2000–3000 bp, 3.17% (580 CDSs) between 3000–4000 bp
and 0.92% (137 CDSs) between 4000–5000 bp. Whereas,
138 CDSs (0.60%) had length greater than 5000 bp. De novo
assembly statistics are provided in table 2.
A total of 23,572, 17,598 and 15,422 CDSs were found in
sample wise CH, MU and SFRI, respectively and among
these 14,726, 13,293 and 11,336 CDSs were common
between CH and MU; CH and SFRI; SFRI and MU samples
respectively (table 3).

Pathway and gene expression analysis

Kyoto encyclopedia of genes and genomes (KEGG) is an
integrated database of biological pathways, genomic information and genes as well as molecular function (Hashimoto
et al. 2006; Kanehisa 2004; Vinet and Zhedanov 2010). The
pooled CDSs were mapped to the KEGG database to
establish their involvement in various pathways using
KEGG orthology database of monocots as reference. Total
of 5359 (22.7%) CDSs in CH; 4183 (23.7%) in MU and
3551 (22.9%) in SFRI were annotated by KEGG Orthology
annotation server (KAAS). The CDSs were classiﬁed into
24, 23 and 23 functional pathway categories in CH, MU and
SFRI, respectively (table 5).
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(a)

(b)

Number of CDSs in Biological Process (BP) in CH sample
Small molecule
metabolic process (420)

oxidation-reduction
process (491)

Primary metabolic
process (1,966)

Cellular metabolic
process (1,970)

Regulation of cellular
process (378)
Biosynthetic process
(839)

Organic substance
metabolic process
(2,105)

Nitogen compound
metabolic process
(1,706)
Figure 2 continued

Establishment of
localization (526)
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Differential expression analysis was performed on all
three samples to detect the changes in gene expression of G.
superba in different environmental conditions. For this, log
FC value greater than zero was considered as upregulated
and P value threshold of 0.05 was set to achieve only signiﬁcant results. Total of 14,726 common CDSs were taken
into consideration between CH and MU, of which 141 were
found to be upregulated and 176 downregulated (table 2 in
electronic supplementary material at http://www.ias.ac.in/
jgenet/). Of the 13,293 common CDSs, 111 were upregulated and 74 were downregulated in CH and SFRI samples
(table 3 in electronic supplementary material at http://www.
ias.ac.in/jgenet/). In SFRI and MU samples, 64 and 140
CDSs were upregulated and downregulated, respectively out
of 11,366 common CDSs (table 4 in electronic supplementary material at http://www.ias.ac.in/jgenet/). Top 100 differentially expressed CDSs in the three different sample
combinations were represented in heat map (ﬁgure 5).
As many as 44 CDSs were upregulated between CH
and MU with a log FC value ranging from 5 to 14.73
representing highest expression levels for photosystem II
reaction centre W, mitogen-activated kinase 5 and mitogen-activated kinase 3, whereas lowest expression level
was recorded for receptor-like protein 12. Similarly,
between CH and SFRI, 34 CDSs were upregulated (FC=5
to 7.4) showing highest expression level for mannosespeciﬁc lectin 3 & E3 ubiquitin protein ligase RIE1 and
lowest for ABC transporter C family member 3-like isoform X1. Again, between SFRI and MU, 11 CDSs were
upregulated (FC= 5 to 7) representing highest expression
level for photosystem II reaction centre W protein &
protein DWARF 53-like and lowest for glucose repressible
protein grg1.
(c)

Number of CDSs in Cellular Component (CC) in CH
sample
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EST-SSR identiﬁcation and primer designing

By using Batch MISA tool, 65,579 pooled unigenes were
searched for EST-SSRs. A total of 14,672 EST-SSRs were
identiﬁed from 11,707 SSR containing sequences (table 5 in
electronic supplementary material at http://www.ias.ac.in/
jgenet/). Out of the 11,707 SSR containing sequences, 2341
sequences were found to contain more than one SSRs.
Number of SSRs with compound repeat motifs were 1143.
The most abundant types of EST-SSR repeats were dinucleotide (5754, 39.22%), followed by trinucleotide (5421,
36.95%) and mononucleotide (3213, 21.89%). Whereas
tetranucleotide (171, 1.17%), hexanuclotide (76, 0.52%) and
pentanucleotide (37, 0.25%) repeats were the least abundant
types. The distributions of different types of EST-SSRs are
shown in ﬁgure 6. The range of EST-SSR repeat was 12–74
bp in length. Most frequent length of SSR repeat was 12 bp.
Among the dinucleotide repeats CT/GA (1392, 9.48%), AG/
TC (1219, 8.31%), and GA/CT (1146, 7.82%) were most
abundant. Similarly among the trinucleotide repeats, the
most abundant motifs were CCG/CGG (1487, 10.13%),
AGG/CCT (1421, 9.68%), AGC/CTG (697, 4.75%) and
AAG/CTT (621, 4.23%). By using Batchprimer3 program, a
total of 7657 primer pairs were designed for the di-, tri-,
tetra-, penta- and hexa-nucleotide repeat motifs (table 6 in
electronic supplementary material at http://www.ias.ac.in/
jgenet/).
Validation of EST-SSRs

A random set of 20 primer pairs were selected and tested for
their ability to amplify DNA and detect polymorphism
(d)

Number of CDSs in Molecular Function (MF) in CH sample

Intracellular
organelle part
(394)

Oxidoreductase activity
(504)
Catalytic activity,
acting on a protein
(654)
Ion binding (1,637)

Intracellular part
(1,196)

Drug binding
(805)

Memrenebounded
organelle (716)

Intracellular
organelle (899)
Intracellular
(1,287)

Hydrolase activity
(946)

Organic cyclic
compond binding
(1,788)

Intrinsic
component of
membrene
(1,252)

Carbohydrate
derivative binding
(877)

Heterocyclic compound
binding (1,788)

Transferase
activity
(1,047)
Small molecule
binding (1,072)

Figure 2. GO analysis of CDSs of CH sample. (a) WEGO plot of GO annotations. The x-axis represents the subcategories and the y-axis
represents the numbers related to the total GO terms present. (b) Number of CDSs in the subcategories under biological process (BP)
category. (c) Number of CDSs in the subcategories under cellular component (CC) category. (d) Number of CDSs in the subcategories
under molecular function (MF) category.

77

Page 8 of 15

Moumita Das et al.

(a)

(b) Number of CDSs in Biological Process (BP) in MU sample
Small molecule
metabolic process
(305)

Primary metabolic
process (1,395)

oxidation-reduction
process (396)

Cellular metabolic
process (1,445)

Regulation of cellular
process (276)
Organic substance
metabolic process
(1,512)

Biosynthetic process
(601)

Nitogen compound
metabolic process
(1,234)
Figure 3 continued

Establishment of
localization (356)
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between the three ecotypes collected from Jabalpur (SFRI)
and Chattarpur (CH); both from Madhya Pradesh and
Mulanur (MU) from Tamil Nadu. Of the 20 primer pairs, 14
produced distinct ampliﬁcation product and 12 were polymorphic. The PIC values for individual EST-SSR ranged
from 0 to 0.5926 with an average of 0.4021 (table 6) and
total number of alleles accounting to 32. The heterozygosity
for individual EST-SSRs ranged from 0 to 0.667.

Discussions
The usage of next-generation sequencing is increasing in
plant transcriptome sequencing because it can produce huge
amount of sequencing data at a very low cost. This is also
used for the discovery of large scale genetic markers (Vieira
et al. 2016). SSR is now a days a preferred marker for
genetic diversity analysis due to its high polymorphic and
codominant nature (Ellis and Burke 2007). In a number of
previous studies, trascriptome sequencing based development of EST-SSRs were reported in several plant species
including cabbage, pines, ﬁnger millet etc. (Arya et al. 2009;
Ding et al. 2015; Du et al. 2017). Till date, there is no report
on the transcriptome sequencing based EST-SSR development in G. superba. In this study, we prepared the de novo
assembly from sequencing data of G. superba leaves. A total
of 47,842,130; 46,049,116 and 42,975,034 HQ reads were
generated for CH, MU and SFRI samples, respectively with
QV[20. These high-quality reads were pooled together and
a total of 65,579 unigenes were assembled with N50 value of
1635 bp and mean length of 1114.2 bp, which are signiﬁcantly higher than Zanthoxylum bungeanum (N50: 846 bp;
mean: 627 bp), Rhododendron rex (N50 752 bp; mean

(c)

Number of CDSs in Cellular Component (CC) in MU sample

Non-membrenebounded organelle
(205)
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526.74 bp) and Neolitsea sericea (N50: 1200 bp; mean: 730
bp) (Chen et al. 2015; Feng et al. 2017; Zhang et al. 2017).
This suggests the effective transcriptome assembly of the
sequencing data of G. superba which will be useful for
investigating other molecular mechanisms and gene regulation in this species.
Sample-wise data showed 23,572, 17,598 and 15,422
CDS for CH, MU and SFRI, respectively. A comparatively
lower number of CDS in SFRI and MU may be linked to the
short reads that rarely span across several splice junctions
making it difﬁcult to directly infer all full-length transcripts.
Identifying novel transcripts using the short reads provided
by Illumina technology is one of the most challenging tasks
in RNA-seq (Conesa et al. 2016). Another possible reason
for an undetermined number of genes to remain undetected
is due to their low expression relative to the sample size
(Fernando and Martı́nez 2015).
To get further information of the assembled unigenes, a
total of 38,200 CDSs were obtained from the unigenes.
These CDSs were annotated using NCBI Nr protein database. A total of 4791 CDSs could not ﬁnd any signiﬁcant
hits in the database which might be because of short read
length or lack of information available for the genus, Gloriosa (Zhang et al. 2017). This might play a role in the
conservation of sequences in this particular species. GO
distributes the function of genes into three main categories. It
was observed that for all the three samples (CH, MU and
SFRI), number of CDS for organic substance metabolic
processes subcategory of the biological process’s was
abundant. Using KEGG database 5359 (22.7%), 4183
(23.7%) and 3551 (22.9%) CDSs were mapped to 24, 23 and
23 pathways in CH, MU and SFRI samples, respectively.
N-methyltransferase, O-methyltransferases, Cytochrome

(d)

Number of CDSs in Molecular Function (MF) in MU sample
Oxidoreductase
activity (409) Catalytic activity,
acting on a protein
(439)

Intracellular organelle
part (314)
Ion binding (1,203)

Drug binding
(576)

Intracellular part
(911)
Memrene-bounded
organelle (529)

Carbohydrate
derivative binding
(641)

Heterocyclic
compound binding
(1,333)

Intracellular organelle
(681)

Intracellular (973)

Hydrolase activity
(622)

Organic cyclic
compond binding
(1,333)

Intrinsic component
of membrene (877)

Transferase activity
(742)
Small molecule
binding (765)

Figure 3. GO analysis of CDSs of MU sample. (a) WEGO plot of GO annotations. The x-axis represents the subcategories and the y-axis
represents the numbers related to the total GO terms present. (b) Number of CDSs in the subcategories under biological process (BP)
category. (c) Number of CDSs in the subcategories under cellular component (CC) category. (d) Number of CDSs in the subcategories
under molecular function (MF) category.
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(a)

(b) Number of CDSs in Biological Process (BP) in SFRI sample
Small molecule
metabolic process
(273)

Primary metabolic
process (1,191)

oxidation-reduction
process (376)

Cellular metabolic
process (1,223)

Organic substance
metabolic process
(1,278)

Biosynthetic
process (480)

Nitogen compound
metabolic process
(1,052)
Figure 4 continued

Regulation of
cellular process
(222)

Establishment of
localization (287)
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(c) Number of CDSs in Cellular Component (CC) in SFRI sample
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(d) Number of CDSs in Molecular Function (MF) in SFRI sample

Non-membrenebounded organelle (173)

Oxidoreductase
activity (388)

Intracellular
organelle part (233)

Catalytic activity,
acting on a protein
(411)

Ion binding
(1,006)
Drug binding
(468)

Intracellular part (707)
Memrene-bounded
organelle (398)

Carbohydrate
derivative binding
(516)

Heterocyclic
compound binding
(1,085)

Intracellular organelle
(525)

Intracellular (758)

Hydrolase activity
(520)
Organic cyclic
compond binding
(1,085)

Intrinsic component of
membrene (729)

Transferase
activity (674)
Small molecule
binding (635)

Figure 4. GO analysis of CDSs of SFRI sample. (a) WEGO plot of GO annotations. The x-axis represents the subcategories and the y-axis
represents the numbers related to the total GO terms present. (b) Number of CDSs in the subcategories under biological process (BP)
category. (c) Number of CDSs in the subcategories under cellular component (CC) category. (d) Number of CDSs in the subcategories
under molecular function (MF) category.

Table 5. KEGG classiﬁcation of CDSs. Sample wise distribution of number of CDSs into different biological pathways is shown in this
table.

Pathway
Metabolism
Carbohydrate metabolism
Energy metabolism
Lipid metabolism
Nucleotide metabolism
Amino acid metabolism
Metabolism of other amino acids
Glycan biosynthesis and metabolism
Metabolism of cofactors and vitamins
Metabolism of terpenoids and
polyketides
Biosynthesis of other secondary
metabolites
Xenobiotics biodegradation and
metabolism
Genetic information processing
Transcription
Translation
Folding, sorting and degradation
Replication and repair
Environmental information processing
Membrane transport
Signal transduction
Signalling molecules and interaction
Cellular processes
Transport and catabolism
Cell growth and death
Cell community- eukaryotes
Cell community- prokaryotes
Cell motility
Organismal systems
Environmental adaptation

Number of CDSs in CH
sample

Number of CDSs in MU
sample

Number of CDSs in SFRI
sample

514
321
291
146
324
149
127
236
111

405
276
219
104
258
116
78
172
83

346
254
183
91
204
100
63
133
68

104

88

75

66

50

44

286
598
466
97

206
485
377
60

169
400
322
51

26
548
1

17
436
0

17
390
0

407
234
80
46
39

325
196
53
43
23

272
162
51
35
21

142

113

100
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Figure 5. Heat map of top 100 differentially expressed CDSs in (a) CH and MU, (b) CH and SFRI, (c) SFRI and MU samples. Expression
of DEGs are distinguished as decreased (green) and increased (red).

7000
5754

6000

Table 6. EST-SSR markers, their primary motifs, expected product
sizes, allele numbers (Na), heterozygosity (H) and PIC.

5421

Number of SSRs

5000
4000

EST-SSR
markers

3213

3000
2000
1000
171
0

37

76

Repeat Motif

Figure 6. Distribution of different types of SSR repeats. The
x-axis indicates the EST-SSR types and y-axis represents the
frequencies of these SSR types.

P450s and N-acetyltransferase are known to take part in
colchicines biosynthesis pathway in Colchicum autumnale
(Nasreen et al. 1996, 1997; Rueffer and Zenk 1998). In this

RGM-67617
RGM-73459
RGM-47204
RGM-47147
RGM-42854
RGM-86857
RGM-87387
RGM-36788
RGM-34368
RGM-51958
RGM-34705
RGM-30615
RGM-13552
RGM-58412

Primary
motif

Product
size

Na

H

PIC

(GA)20
(CGGCAC)6
(CGG)11
(GAGAGG)5
(AG)19
(TC)23
(CT)21
(TC)23
(GA)26
(TC)16
(AG)20
(AG)17
(AG)18
(CT)20

256
185
184
191
180
268
247
185
197
219
204
200
219
206

3
2
3
2
3
3
2
3
3
2
2
1
2
1

0.667
0.444
0.667
0.444
0.667
0.667
0.444
0.667
0.667
0.444
0.444
0
0.444
0

0.5926
0.3457
0.5926
0.3457
0.5926
0.5926
0.3457
0.5926
0.5926
0.3457
0.3457
0
0.3457
0

study, these enzymes were also identiﬁed, which may help to
delve deeper into the colchicines biosynthesis pathway in
Gloriosa. Read abundance of transcripts was analysed to
check the differential gene expression in all the three

De novo transcriptome assembly and mining of EST-SSR markers

samples. This variation in the gene expressions may be
useful to investigate the similarity and differences among all
the ecotypes of Gloriosa at the molecular level.
In the current study, a total of 14,672 SSRs were
identiﬁed from 11,707 SSR containing sequences of G.
superba which is much higher than that in P. tenuifolia
(6655 EST-SSRs in 5784 sequences) and Brassica rapa L.
ssp. pekinensis (10,420 EST-SSRs) in 8571 unigenes
(Ding et al. 2015; Tian et al. 2015). In G. superba,
dinucleotide repeats (5754, 39.22%) were most abundant
followed by trinucleotide (5421, 36.95%), mononucleotide
(3213, 21.89%), tetranucleotide (171, 1.17%), hexanuclotide (76, 0.52%) and pentanucleotide (37, 0.25%)
repeats. In a study with Clerodendrum trichotomum (Chen
et al. 2019), the SSRs with dinucleotide repeats (63.81%)
were most abundant followed by trinucleotide (23.63%),
tetranucleotide (6.84%), pentanucleotide (3.63%) and
hexanuclotide (2.08%) repeats which is quite similar to
our present study. Again in Brassica rapa L. ssp.
pekinensis, the SSRs with trinucleotide and dinucleotide
repeat motifs were the most common (42.27%; 38.80%)
followed by mononucleotide (15.78%) repeat motifs (Ding
et al. 2015). The study on centipedegrass (Li et al. 2018)
revealed CCG/CGG (5.70%) as the most abundant motif
among the trinucleotide repeats and AG/CT (8.96%) followed by GA/TC (8.32%), TG/CA (7.36%), AC/TG
(6.75%), abundant among the dinucleotide repeats which
is comparable with our present data.
The polymorphism study using a random set of 20 ESTSSRs revealed average PIC value of 0.4021 which is similar
to that of 0.548 in Scutellaria baicalensis (Yuan et al. 2015)
and 0.368 in Tribulus terrestris (Kaur et al. 2016). Therefore, according to the classiﬁcation of PIC (Geng et al.
2006), the current study revealed six highly polymorphic
(0.5926), six intermediately polymorphic (0.3457) and two
monomorphic EST-SSRs.
In conclusion, the large-scale EST-SSRs developed in the
current study will be useful in studying the functional
diversity in natural populations as well as in the germplasm
collections, and also in the evolutionary studies of G.
superba. The potential enzymes involved in colchicine
biosynthesis pathway were identiﬁed in the G. superba
transcriptome, which may help in further investigation of
colchicines biosynthesis pathway.
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