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Abstract
Identifying the authenticity of any material has been of great importance to people for decades. The use of plant-based 
therapy is of great interest to people all around the world. Today 1000 of plant varieties are being investigated by 
many researchers for their potential pharmaceutical activities. Apart from home remedies, these plant-based therapies 
are drawing the attention of several western countries towards patenting them for their commercial use. Even before 
formulation of a drug from plants, it is very essential to the purity of the variety to ensure the quality of the final product. 
When it comes to genome identification the first guess is always DNA barcoding. But the redundancy of the plant species 
towards evolution is the main reason why the closely related plant species are very difficult to classify. The mitochondrial 
can be preferred for DNA barcoding but has a disadvantage when it comes to plant varieties. Hence, to find the genomic 
uniqueness of Solanum species from our local area we opted for the utilization of internal transcribed spacers and found 
to be a partial ITS2 segment. The plant species were found similar to Solanum supinum and Solanum virginianum. The size 
of the amplified product was found to be 314, 350 and 346 bp, with respect to Sx1, Sx2 and Sx3. Although the sequence we 
obtained was partial ITS, it still helped us to identify the Solanum species found in our local region with great efficiency. 
Proper complete ITS2 sequencing is the perspective of the future work to be done. 
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1. Introduction
Even before allopathy came into the market, plants 
were used to treat many aliments and discomforts. 
Its roots go back to many centuries in time. Almost 
all the parts of herbs are employed in creating 
medicines. They are either utilized as an individual 
portion or in combination of other herbs to enhance 
their productivity. As the need for herbal medicine 
is increasing in the market, the hybrid varieties are 
creeping in to address the demand. This introduction 

of hybrid strains has made many authentic species 
endangered. So, to produce genuine and pure herbal 
medications it is very essential to retain the original 
genetic makeup of the plant. Hybrids can give way 
too many undesired side effects in the future as their 
genome varies from the original herb. To assay and 
analyse the ethnicity of very closely related plant species 
for conventional purposes, the techniques available are 
very limited. Many adulterants or substitutes used in the 
market for herbal medications are generally derivatives 
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of the similar family1. Although they might belong 
to similar families or genus, their pharmaceutical 
activity would vary by a great extent2. Mitochondrial 
cytochrome oxidase gene is mostly preferred to known 
the genome of many animal and fungal species. But 
when it comes to plants, the number of mitochondrial 
cytochrome oxidase and other genes are very low in 
count in terms of variations. The usefulness of the same 
is very limited as the mitochondrial structures lack 
variable structures. Thus, for plant genome recognition 
and identification, their nuclear DNA and plastid DNA 
are opted for assay3.

Medicinal and herbal plants contain phenolic 
compounds and active ingredients in their cellular 
structure which need to be removed as they interfere 
with DNA sequencing and amplification processes. 
The recognition of their genome will require their 
DNA to be denatured by respective enzymes, followed 
by removal of the high-density polysaccharides. The 
RNA that tags along with the main genome also causes 
major nuisance in PCR amplification by interfering 
the primers. This would lead improper binding to the 
template4. DNA extraction and DNA barcoding using 
matK and rbcL have been performed previously with 
an intention to create a reliable database for plants. 
These markers worked best with fresh samples than 
the once that were from the herbarium. Although the 
universality and the sequencing provided by the rbcl 
marker were satisfactory, the recovery rate was low. The 
time taken by matK marker is found to be very time 
consuming5,6. Recently the numbers of plant species 
identified and sequenced are increasing. They are 
reported to the GENBank and stored in the database. 
But these data are found to have many errors due to 
contamination and the hybrid varieties available for the 
researcher. They were found to be independent to the 
procedure and protocol opted by the scientist. Sample 
mix up is also noticed to be a source of error7. When 
many herbal moieties are stored and sold as parts of 
the plant as roots, seeds, leaves, etc. it becomes tedious 
to recognize the parent herb. Endemic species are at 
utmost danger, as they show insufficient variation in 
their nuclear sequences8. One of the reasons why DNA 
barcoding has not been of much use to plant genome 
database for species identification is because of the lack 
or minimum of evolution in the plastid DNA. Based 

on the species of plant the DNA region for sequencing 
and identification varies. For example, in Epimedium, 
psbA-trnH DNA region is potentially a better marker 
for amplification9. Till date the techniques used to 
read and identify a genome are using specific and 
complementary markers, do complicated hybridization 
with the desired sequence and microarrays10. The most 
commonly recognized barcodes in plants are YCF5, 
rpoB, ndhJ, accD, trnH-psbA, rpoC1 and rbcL. These are 
found in the plastid genome11. To solve the issue related 
to plant genome and authenticity recognition internal 
transcribed spacers (ITS) are used in the sequencing12. 
They are found in the ribosomal unit of the plant cell. 
These form the DNA material present in the protein 
synthesizing unit. They are on structural component of 
the ribosome. They have higher mutation rates when 
compared to 18S, 28S and 5.8S sequences. Compared 
to 18S rDNA, ITS have larger variation between same 
species. Hence, minute variations in the same species 
can be reflected in their ITS sections. They can be used 
to chart out phylogenetic tree of many potential herbal 
families of plants13. A study in 2010 by chen and team, 
depicted the successful discrimination of ITS region in 
segregating plant varieties of close species. Up to 6600 
varieties were easily identified and all had their own 
specific ITS2 region. ITS have been found very useful 
in charting out the citrus and algal family13. These 
species tend to undergo crossbreeding very easily due 
to bud mutation. Mutation rates are also found to be 
very elated for these plants. Since, there have different 
evolutionary patterns, they classified in multiple ways. 
These ITS has been of great aid in identifying each 
and every species in citrus variety14. ITS2 section of 
the ribosomal DNA is termed to be the most ideal 
candidate for sequencing and identifying any plant-
based genome. Their barcodes have many different 
characteristics like ample number of variations, the 
tendency for amplification and the specific and unique 
conserved sections. These unique sections will aid in 
designing many DNA primers and markers of universal 
nature15-17. 

The target plant species of choice is Solanum 
xanthocarpum. They belong to the Solanaceae family. It 
is a plant of many traditional medicinal significance18. 
All the structural parts of this plant have been used 
in Ayurveda for the production of many traditional 
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medications. It has an efficacy to treat any form of 
aliment like asthma, tuberculosis, renal disorders, etc. 
They are the mixtures of may active ingredients in 
them. They harbour solamargin, alkaloids, solasonin, 
steroids, etc. This gives them the ability to be used as 
a precursor for hormone medications19. It has found 
to be efficient enough to be used as an alternative for 
diosgenins20. The parts above the ground for this plant 
are having special properties like anthelmintic with very 
bitter flavour. The roots are incorporated in drugs used 
to treat pains in the thoracic region due to asthma and 
tooth related ailments21. Leaves have been exclusively 
used as analgesics for several ailments. In the current 
market, the many species of Solanum are considered to 
be the same as there is not much genuine indicator or 
each Solanum species. Each and every species has its 
potency based on the respective part of the plant used 
in the treatment. Some physicians equate one Solanum 
species to other. This causes undesired or reduction in 
the pharmacological activity of the medicine22. Hence, 
it is very essential to come up with a marker-based 
study for Solanum xanthocarpum, which will be unique 
and universal for this species alone. 

In our current study we have attempted to design 
an ITS marker for prickly Solanum species. Molecular 
spacer-based study on this specific species has not been 
attempted before. Their relation with other closely 
related solanum species will also be observed and 
inferred to get better classification and information of 
variation between these plant varieties. The sensitivity, 
reliability an accuracy of the measured will also be 
validated and verified.

2. Material and Methods 
Solanum species were collected and sampled from 
different areas of Tamil Nadu. Solanum nigrum was 
kept as a positive control for this test. Three samples 
of prickly Solanum species were procured from areas 
of Thiruvannamalai and Kanchipuram District. They 
were labelled as Sx1 (shown in Figure 1), Sx2 from 
Thiruvannamalai and Sx3 from Kanchipuram District. 
DNA isolation was performed using the SDS method as 
reported previously by Nalini et al.

The DNA obtained from extraction 
were characterised and quantified using UV 

Spectrophotometer (Shimadzu). Amplification by 
Polymerase chain reaction (PCR) was performed to 
enhance the quantity of the desired ITS sequence. The 
primers for this experiment were designed by us using 
the blast software. The positive control used in this 
study was Solanum nigrum, whose accession number 
in NCBI is JF978793.1. The designed ITS primer for 
Solanum species (Assish associates) is depicted below. 
A 100bp ladder was used to identify the size of the 
amplicon. The ladder was commercially purchased 
from Biosource and Surgicals, Chennai. The amplicon 
was later sequenced. The sequencing was performed 
at Scigenome Labs Pvt. Ltd (India). The sequencing 
was performed for ITS1, 5.8S and ITS2. The closely 
related sites were recognized by using the BLASTn 
program. The primer designed specifically for the 
amplification of ITS was done by referring the Primer 
BLAST database. The sequence unique for ITS in 
PCR was 5’-GGAAAGCGCCAAGGAATACT-3’ and 
5’-CGCGACACAAAGAGAGTTGA-3’ (Table 1). It is 
a 20 bp long segment with 50 percent of GC regions.

Figure 1.  Picture of Solanum species.

Table 1.  DNA sequence for ITS

Sequence
(5’-3’) 

Template 
strand Length Start Stop Tm  GC%

Forward 
primer 
GGAAA 

GCGCCA 
AGGAA 

TACT

 Plus 20 142 161 58.25 50.00

Reverse 
primer 
CGCGA 

CACAAA 
GAGAGT 

TGA

 Minus 20 543 524 58.51 50.00
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3. Results 
The three samples of prickly solanum species were 
collected and their leaves were utilized for extraction 
of the DNA. The isolated DNA was quantified. It was 
found to be around 200 ng- 400 ng, this was measured 
by comparing the bands to the 1 Kb marker ladder 
used in lane 1 represented as M. The three samples 
were represented as Sx1, Sx2, Sx3 and positive control 
represented as Sn in Figure 2.

PCR was performed for the ITS region from isolated 
samples. All the 4 samples of solanum, including the 
positive control showed amplification for the ITS region. 
The base pair of the amplified sequence was compared 
with commercially purchased 1Kb ladder was used as 
marker in the lane 1. Water was kept as negative control 
in line 6. The size of the amplified product was found to 
be 402 bp, represented in Figure 3.

Further, amplified sequence was sent for sequencing 
and the obtained sequence was analysed by BLAST 
to check the ethnicity of the ITS sequences from the 
samples. The trimmed amplified sequences of three 
samples Sx1, Sx2 and Sx3 were 314, 350 and 346 bp 
respectively are shown in Figures 4, 5, 6 (supplementary 
pictures).

From the phylogenetic analysis, shown in Figure 7 
cladogram represents the Sx1 and Sx2 are Sx3 of the 

Figure 2.   Agarose gel electrophoresis (0.6%) shows the 
genomic DNA Isolation of Solanum species. Lane 1-M 1 
Kb, lane 2,3,4 represents the Genomic DNA from Solanum 
species (Sx1, Sx2, Sx3) and lane 5 - S.nigrum (Sn).

Figure 3.  Agarose gel electrophoresis (1.5%) shows 
amplified ITS region. Lane 1- M 100bp ladder, Lane 2 –
amplified product of ITS region of Solanum nigrum as a 
positive control and lane 3, 4 and 5 –amplified product of 
ITS region of Solanum species. W- Water control.

Figure 4.   Sample SX1, the sequence was found to be of 
314bp.

Figure 5.   Sample SX2, the sequence was found to be of 
350bp.
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This shows that the sequence that we got was a partial 
ITS2 region as the size smaller than the reported data. 
In order to employ our ITS marker into gene encoding 
the whole ITS2 region needs to be amplified23,24. The 
primer used in the current study was specifically 
designed by us for amplifying ITS region during 
polymerase chain reaction. The primer was designed 
using data available in the bioinformatics search tools. 
This aided us in amplification of the desired region that 
we needed for sequencing.

5. Morphological Assay 
We conducted the morphological assay of the samples. 
All the samples were found to be very similar to 
Solanum xanthocarpum. They were inferred to have 
close resemblance to Solanum virginianum too. The 
seeds of each species varied a little when seen for the 
phenotypical aspect of the plant. The dimension of the 
seeds was globus for Solanum xanthocarpum while it 
was bean shaped for Solanum virginianum. All prickly 
species were inferred to be from the subgenus of 
Leptostemonum. The prickles were ideally found on the 
stems of the plant. They extended to the branches, twigs 
as well as the petioles and the leaves of the plant. These 
whole range of plants are found to be having very close 
similarities when it comes to appearance. Based on the 
habitat conditions where they thrive, the phenotype of 
the same species will vary25,26. The sample was used in 
the study and the plant sample, thorny leaves and stem 
with flower and seeds were represented in Figure 8.

However, the partial ITS2 sequenced in our 
study when compared with our BLASTn were found 
to homologous to Solanum supinum and Solanum 
virginianum, with the samples Sx1, Sx2 and Sx3 
respectively. The sequenced ITS was found to have 
many conserved regions, so the sequence was found 
to be a partial sequence. The presence of more GC 
regions gives the originality of the sequence. Even 
partial sequence ITS2 of the Solanum species, yielded 
us in finding out the correct species and subgenus 
of the locally available Solanum plant. Hence, we are 
able to infer that partial ITS2 can also be used as tool 
to identify any species of close origin and features. 
Further amplification of the entire ITS2 sequence needs 
to be done to check the feasibility and validation of the 

Figure 6.   Sample SX3, the sequence was found to be of 
346bp.

Figure 7.   Represents the phylogenetic analysis.

Figure 8.   Picture represents spiny Solanum species 
plant and seed, which was used for the study.

Solanum species. The closely related Solanum species, 
shows 0.00437 for Sx1 and Sx2 another sample, Sx3 
shows 0.54837.

4. BLAST Analysis 
The ITS sequences included 18S, ITS1, 5.8S and ITS2. 
The identity of one of the samples was found to have 
the maximum recognition when compared with 
BLASTn. The two amplified sequence products SX1 
and SX2 shows homologous to Solanum supinum, and 
SX3 shows homologous to Solanum virginianum. It is 
previously reported that ITS2 has been extensively used 
in making universal primers for the species of the plant 
kingdom. Generally, the ideal and reported length of an 
ITS sequence is seen to be around 1500 bp. In dicots it 
is inferred that the length may vary up to 100-700 bp. 
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results were have reported. The sequences we got were 
for both samples were Solanum supinum and Solanum 
virginianum. The cladogram represents the Sx1 and Sx2 
are closely related or similar species of the Solanum, 
another sample, Sx3 shows distinctly related species 
that supports the BLASTn of our result

6. Conclusion 
The present study was designed with an intention 
to find a better alternate marker that will be specific 
for even closely related plant species. Even closely 
related plat species have shown to have different 
pharmacological features. Hence authenticity is very 
essential for the proper formulation of medicines. The 
utilization of DNA barcoding works for animal models. 
But for plants an even more specific ITS sequence in 
the genome to find the originality of the plant sample. 
The samples were collected from different regions of 
Tamil Nadu. They were phenotypically very similar. 
Based on morphology they were inferred as Solanum 
xanthocarpum or Solanum virginianum. However, 
from results the sequence (partial ITS2 region) threw 
a light on the fact that the plant sample under our 
study was actually Solanum supinum and Solanum 
virginianum. It was of great help for us to infer the exact 
species of Solanum we had in our locality. The complete 
sequencing of the ITS2 region is very much needed to 
have even more specific marker for the identification of 
plant varieties.
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