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Lantana camara L. is a medicinal and essential oil producing plant belonging to family Verbenaceae. It is
used as a medication for the treatment of various diseases and also contains important bioactive
compounds i.e. steroids, flavonoids and phenylpropanoid glycosides etc. Nonetheless, very little is
known about their genomic resources which might be the reason of hindering its molecular studies. In
the present study we used high throughput RNA sequencing to identify SNP and SSR markers within the
leaf and root transcriptomes of L.camara. Interestingly, we identified a total of 9,669 SNPs and 18,171
SSRs in the leaf while 9,226 SNPs and 65963 SSRs in the root transcriptomes of L. camara. Thus, this
investigation not only provides valuable insights into molecular characterization but also these novel
SSRs may be applied to genetic linkage mapping, genetic polymorphism as well as functional gene
mining studies in L. camara and its closely related species.
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INTRODUCTION
In the present era Next generation

single nucleotide polymorphism (SNP) and simple
sequence repeat (SSR) have been accepted

sequencing technology (NGS) has transformed,
the field of life science research by increasing the
potential of genetic improvement in crops as well
as medicinal plants and tremendously facilitating
genomic and transcriptomic studies (Grabherr et
al.,, 2011; Martin & Wang, 2011; Mora-Ortiz et al.,
2016). RNA-Seq technology has made the
identification of genes, annotations, expression
analysis and SSRs/SNPs mining very easy and
feasible (Chabikwa et al., 2020; C. Wang et al.,
2019). From the last few decades, DNA markers
including random amplified polymorphic DNA
(RAPD), amplified fragment length polymorphism
(AFLP), restriction fragment length polymorphism
(RFLP), inter-simple sequence repeat (ISSR),

across the globe (Taheri et al., 2019; Yunsheng
Wang et al., 2019). Among these markers SSRs
and SNPs are known as versatile markers (Ying
Wang et al., 2017). SSRs are potent markers
extensively used due to its important features of
high polymorphism, genome abundance, small
locus size and even distribution (Thudi et al.,
2011; Yunsheng Wang et al.,, 2019). However,
SNPs are makers resulting by point mutation of
genomic DNA and they are ubiquitous, nature
abundant and bi-allelic (Mammadov et al., 2012;
Nadeem et al., 2018).

Currently, high-throughput sequencing is
becoming a rapid and feasible platform for the
detection of SSRs and SNPs in various model and
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non-model plants (Taheri et al.,, 2018; Yu et al.,
2020). For instance, if there is an availability of the
reference genome then thousands of SNPs can
be identified through re-sequencing (Xu & Bai,
2015). However, in case of the unavailability of
reference genome one can take the advantage of
simplified genome parallel sequencing (RAD-tag,
SLAF) and can produce millions of SNPs (Baird et
al., 2008; Sun et al., 2013). Nowadays, RNA-Seq
(transcriptome sequencing) has emerged as an
effective and common tool for the identification of
SSRs and SNPs on large scale ( Jia et al., 2019).
The SSRs and SNPs generated through mRNA-
Seq are especially from genic regions and such
markers can be used as an influential tool by
molecular biologist for the identification of
causative mutations (Codina-Sola et al.,, 2015;
Djari et al., 2013). Today, the importance of these
markers can be realized from the fact that these
markers are extensively used in multiplex
research areas i.e. ecology and evolution (De Wit
& Palumbi, 2013), modern breeding (Duarte et al.,
2014), association analysis (Xie et al., 2016),
population biology (Gramazio et al., 2018).

Lantana camara L. belonging to family
Verbenaceae is an evergreen shrub, native to the
Neotropics and grown worldwide for its medicinal
and ornamental value (Ghisalberti, 2000). In spite,
much is known about the phytochemistry,
toxicology and medicinal properties of L. camara
(Joy et al., 2012; Khan et al., 2016) no reports are
available about the genomic architecture of the
plant. Recently, we have reported the complete
chloroplast genome of L.camara (Yaradua &
Shah, 2020). Here in the present study we took an
advantage of high-throughput  sequencing
technology and sequenced leaf and root
transcriptomes of L.camara with an aim to enrich
the genetic information and detect SSRs and
SNPs from the unigenes of leaf and root
transcriptome of L.camara.

MATERIALS AND METHODS

Plant material and RNA quantification

Plants were grown in the laboratory of plant
physiology King Abdulaziz University, Jeddah,
Saudi Arabia under 28°C/22°C day and night
temperature in a semi-controlled green house.
Fresh leaf and root tissues were taken and
immediately frozen in liquid nitrogen. RNA
isolation was carried out using RNeasy Plus Mini
Kit (Qiagen, Cat. No: 74134). RNA degradation
and contamination was monitored on 1% agarose
gel. Purity of RNA was checked on

NanoPhotometer® spectrophotometer (IMPLEN,
CA, USA). Quantification and integrity of RNA was
assessed using the RNA Nano 6000 Assay Kit
(Agilent Technologies, CA, USA).

Library preparation, Clustering, quality control
and transcriptome assembly

Library preparation was performed following
(Song et al.,, 2019). Cluster generation system
(PE Cluster Kit cBot-HS lllumina) was used to
perform clustering of the index coded samples
following manufacturer’'s instructions and the
library preparations were sequenced on an
lllumina platform. Transcriptome assembly was
performed using Trinity  software  with
min_kmer_cov set to 2, and all other parameters
with default setting (Haas et al., 2013).

SNP calling, SSR detection and primer design
SNP calling was performed using GATK3
software with standard filter method (Van der
Auwera et al., 2013). MISA was used to identify
SSRs and primers for each SSR were designed
using Primer3 (Untergasser et al., 2012, p. 3).

RESULTS AND DISCUSSION

Detection of Single Nucleotide Polymorphism
(SNPs) within leaf and root transcriptomes

SNPs are potent genetic markers having a
broad range of applications in many fields
including genetic diversity assessment, genetic
map construction, breeding and cultivar
identification (Broders et al., 2011; Chagné et al.,
2008; Wu et al., 2008). Currently, NGS technology
is contributing a lot in the identification of SNPs in
many medicinal plants. For instance, a total of
128,921 SNPs were identified by using high-
throughput sequencing technology in medicinal
plant Gastrodia elata (Yunsheng Wang et al.,
2019) and approximately 3,010,256 SNPs were
identified in platanus acerifolia (Li et al.,, 2019).
The importance of NGS technologies has been
shown in characterizing SNPs in various plant
studies.

These SNPs may then be implemented to
generate various types of genotyping tools and
may be used for breeding purposes (Graham et
al.,, 2010). Due to their robustness and practical
importance of SNP makers, we extended our
study and identified a total of 9,669 SNPs in the
leaf and 9,226 SNPs in the root transcriptomes of
L.camara (Fig. 1, Supplementary File 1).

Bioscience Research, 2020 volume 17(2):753-758 754



Shah et al.,

Identification of SNPs and SSRs markers in Lantana camara L.

Identification of Simple sequence
(SSRs) in the leaf transcriptome
Simple sequence repeats (SSR) are 1-6 base
pair repetitive nucleotide sequences present in
tandem. SSR sequences are dispersed
throughout the genomes of many of the known
organisms ranging from viruses to eukaryotes.
MISA (v1.0, default parameters; minimum number
of repeats of each unit size is: 1-10; 2-6; 3-5; 4-5;
5-5; 6-5) was used for SSR detection in these
unigenes. We examined a total of 72,877
sequences for the identification of SSRs in leaf
transcriptome and identified 18,171 SSRs
distributed in 14,829 unigenes (24.93 % of the
total unigenes). Of all the SSRs containing uni
genes 2,649 contained more than one SSR and
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918 SSRs were present in compound formation
(Table 1). Amid all these SSRs mono-nucleotide
repeats were the highest (9,065), followed by di-
nucleotide repeats (6,024), tri-nucleotide (2,906),
tetra-nucleotide (125) and hexa-nucleotide (35).
The lowest of all was penta-nucleotide repeats
(16) (Fig. 2). In order to facilitate researchers to
use these SSR markers, Primer3 (2.3.5 version,
the default parameters) was used for primer
design. More detail can be found in
Supplementary File 2. These novel SSRs may be
used for genetic linkage mapping, genetic
polymorphism as well as functional gene mining

studies in L.camara and its closely related
species.
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Figurel: Summary of SNPs

Table 1. SSRs markers developed in L. camara leaf and root transcriptomes

SSR Information Number
Leaf Root
Total number of sequences examined 72877 513985
Total size of examined sequences (bp) 83812099 | 336370588

Total number of identified SSRs 18171 65963
Number of SSR containing sequences 14829 52911
Number of sequences contain more than 1 SSR 2649 10146
No of SSRs present in compound formation 918 6490
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Figure 2: Distribution of SSRs motifs within

Identification of Simple seguence
(SSRs) in the root transcriptome

For the root transcriptome SSRs analysis we
examined a total of 513,985 sequences for the
identification of SSRs and identified 65,963 SSRs
distributed in 52,911 unigenes (10.29 % of the
total unigenes). Of all the SSRs containing
unigenes 2,649 contained more than one SSR
and 918 SSRs were present in compound
formation (Table 1). Within all these SSRs mono-
nucleotide repeats were the highest (43,829),
followed by di-nucleotide repeats (11961), tri-
nucleotide (9,659), tetra-nucleotide (367) and
hexa-nucleotide (87). The lowest of all was penta-
nucleotide repeats (60) (Fig. 2). In order to
facilitate future researchers in L. camara, primers
were designed for all these SSRs using Primer3
(2.3.5 version, the default parameters).

repeats

CONCLUSION

Lantana camara L. is an important medicinal and
aromatic plant. There is a lack of information in
the public databases about molecular studies of
L.camara. As a step forward, by taking an
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leaf and root transcriptome of L.camara

advantage of Next Generation Sequencing we
identified a total of total of 9,669 and 9,226 SNPs
in the leaf and root transcriptomes of L.camara
respectively. Furthermore, we also identified
18,171 SSRs in the leaf and 65,963 SSRs in the
root transcriptomes of L.camara. This study will
serve as a base for further molecular studies as
well as a tool to elevate the conservation genetics
and molecular breeding of L.camara.
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