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Molecular Depiction of Thirteen Indian Toxic Plants with ITS Markers
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Abstract
Plant identification is an overwhelming task due to 

different biological attributes and great diversity in plant 
species. In the absence of physical markers, molecular tech-
niques have become useful for the identification of species 
of origin of medicinal plant seeds, pastes, and formulations 
of suspected plants. 

The Internal Transcribed Spacer (ITS) region of nucle-
ar rRNA was amplified from thirteen different toxic plant 
species by using universal primer ITS 1 & 4. Nucleotide 
sequences of all selected plants were submitted in NCBI 
and accession numbers were acquired. 

The results of this study give accurate identification of 
thirteen plant species and proved the ITS region of 18s-26s 
nuclear ribosome to be an important tool for phylogenetic 
analysis and species identification of plants. The sequence 
was aligned with top matched reference sequence and pre-
sented in Clustal Omega software for making a phylogenet-
ic neighbour tree. 

The significance of these findings is paramount in foren-
sic toxicology scenarios especially when fragmentary plant 
material is found in the stomach/intestine and its morpho-
logical identification becomes impossible. In these circum-
stances, the PCR based molecular technique surely plays a 
significant role in solving complicated forensic cases.

الم�ستخل�ص
غالبًا ما يكون تحديد النباتات مهمة �شاقة ب�شبب ال�شمات البيولوجية 
المختلفة والتنوع الكبير للاأنواع النباتية. وفي ظل غياب العلامات الفيزيائية 
اأنواع من�شاأ  للتعرف على  التقنيات الجزيئية مفيدة في ال�شتخدام  ت�شبح 
هذه  وفي  بها.  الم�شتبه  النباتية  والم�شتح�شرات  والمعاجين  الطبية  البذور 
نوعًا مختلفًا  ع�شر  لثلاثة   rRNA من   ITS منطقة  ت�شخيم  الدرا�شة تم 
من النباتات ال�شامة با�شتخدام البادئ ال�شامل ITS 1 & 4. وتم تقديم 
ت�شل�شل النيوكليوتيدات لجميع النباتات المختارة في NCBI وتم الح�شول 

على اأرقام القيد. 
نباتيًا  نوعًا  ع�شر  لثلاثة  دقيقًا  تحديدًا  الدرا�شة  هذه  نتائج  وتعطي 
واأثبتت اأن منطقة ITS من الريبو�شوم النووي 18s-26s لتكون اأداة مهمة 
الأنواع  وتحديد  الجيني  التنوع  من  والتحقق  للنباتات،  الوراثي  للتحليل 
وتم  متطابق  مرجعي  ت�شل�شل  اأعلى  مع  الت�شل�شل  مواءمة  وتمت  النباتية. 
والتطور  الن�شوء  �شجرة  لإن�شاء   Clustal Omega برنامج  في  تقديمه 

التجاوري.
وتعتبر هذه النتائج ذات اأهمية ق�شوى في �شيناريوهات علم ال�شموم 
المعدة/  في  مجزاأة  نباتية  مادة  على  العثور  يتم  عندما  خا�شة  الجنائي 
من  الظروف  هذه  في  م�شتحيلًا.  المورفولوجي  تحديدها  وي�شبح  الأمعاء، 
الموؤكد اأن التقنية الجزيئية القائمة على تفاعل البوليميراز المت�شل�شل توؤدي 

دورًا مهمًا في حل ق�شايا الجنائية المعقدة.
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1. Introduction
Since time immemorial, medical practitioners have 

used a wide variety of plants for the treatment of vari-
ous diseases. Despite their medicinal properties, plants 
produce some harmful products like alkaloids, tannins, 
glycosides, toxalbumins, etc. that cause adverse toxic ef-
fects in humans and livestock [1]. A plant is regarded as 
poisonous and toxic if it causes gastrointestinal and der-
matological disorders upon intentional or unintentional 
exposure [2]. Literature reports include cases where sub-
stitution or adulterations of incompatiblle plant ingredi-
ents in herbal products can cause health and safety prob-
lems [3-7]. The forensic expert generally analyzes toxic 
plants and their metabolites from the biological materials 
(stomach content and viscera) of victims. Plants materi-
al is identified by conventional morphological methods 
and molecular biological techniques. The metabolites 
in the forensic sample are identified by chemical meth-
ods. Trace amounts of scraped plant material (crushed 
seeds/leaves) recovered from the food, drinks, and body 
(stomach/vagina/rectum) need forensic identification and 
confirmation of plant species. Lack of morphological fea-
tures and insufficient quantities make the forensic analy-
ses more challenging. 

The advancement in molecular biology that has the 
capability to enhance the individualization of small bo-
tanical evidence in routine forensic science, is exploited 
for such analyses [8-10]. Literature proposed the DNA 
barcoding and Cytochrome C oxidase 1 (CO1) gene of 
the mitochondrial genome for taxonomical identifica-
tions. CO1 is often used for animal species differentia-
tion and has a comparatively lesser use in plant species 
differentiation. DNA barcoding can be used to differ-
entiate species of the ingredients of herbal preparations 
during all stages of product processing. DNA can be 

extracted from small amounts of material such as those 
found as leaf litter, dung, pollen, seeds, dried or degrad-
ed herbarium voucher specimen, fecal sample, perma-
frost preserved sub-fossils, and ancient sediment cores 
[7, 11-13]. The literature contains numerous examples 
where various DNA profiling methods including Ran-
domly Amplified Polymorphic DNA (RAPD), Short 
Tandem Repeats (STRs), and microsatellites were used 
to link suspect-victim-crime scenes. The success rate of 
accurate identification of species from pieces of botani-
cal evidence depends on the taxonomic coverage of the 
reference database. DNA barcodes using mitochondrial, 
plastid, and nuclear genomes as well as four primary gene 
regions i.e. rbcL, matK, trnH-psbA, and internal transcribed 
spacer (ITS) have been proposed for forensic analyses of sus-
pected toxic plants [14-17]. ITS is considered as a local barcode 
in a plant when plastid DNA recovered in a low amount is used 
to identify genera, species as well as evolutionary studies 
[1,11,18]. The use of nuclear ribosomal RNA cistron as a 
unit of  RNA polymerase I that consist of 18S, 5.8S, and 
26S rRNA genes [19] is shown in Figure-1. The Internal 
transcribed spacer (ITS) consists of two non-coding re-
gions, which are variable for molecular identification of 
plants, animals, and fungus, that can easily identify spe-
cies and genera and have the ability to distinguish closely 
related plant species [17,19-21]. The literature contains 
various proposed methods to match DNA barcodes to a 
reference library for identification purpose i.e. similar-
ity-based, phylogenetic tree based, character-based and 
statistical methods [22-25].  

The present study evaluated the ability of the ITS 
marker to identify thirteen different toxic plant species. 
Identification is based on BLAST sequence similarity by 
taking the top five hit sequences to produce an optimized 
result.

Figures 

Figure 1-ITS Region [19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- ITS Region of nuclear rRNA [19].
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2. Materials and Methods
2.1 Study sites, collection & identification of samples

Thirteen potentially toxic plants of forensic interest 
were collected from Rohtak district of Haryana situated 
in the northern part of India. Samples were collected from 
the study sites during 2016-2019. Collected samples were 
morphologically identified using available monographs 
and flora of Haryana [26-28]. All plant specimens were 
deposited in the Forensic Chemical Sciences Laboratory 
of the Department of Genetics, Maharshi Dayanand Uni-
versity Rohtak, Haryana (India).

 

2.2 Isolation of DNA
All the collected fresh leaf samples of these toxic 

plants were washed individually with running water and 
left at 27 °C for 10 to 15 days. Dried leaves were ground 
into powder form with a sterilized mortar and pestle in 
liquid nitrogen.  Approximately 100 mg of dried leaf 
powder of each selected plant was used for isolation of 
total genomic DNA following the Cetyltrimethyl Ammo-
nium Bromide (CTAB) method [29]. The extracted DNA 

samples were electrophoretically analyzed in 0.8% Aga-
rose gel and evaluated by the Gel documentation system 
(DNR Bio-Imaging Systems). The isolated DNA samples 
were stored at -20°C temperature for PCR amplification. 
Purity and quantity of DNA were checked using a UV 
spectrophotometer by calculating absorbance ratio A260/
A280.

2.3 Polymerase chain reaction amplification of ITS 
region 

Isolated nuclear DNA was amplified using a universal 
primer of ITS 1(forward primer 5’GGAAGTAAAAGTC-
GTAACAAGG3’) and ITS 4 (reverse primer 5’TCCTC-
CGCTTATTGATATGC3’) [20]. PCR amplification reac-
tions were carried out in 50µl volumes. Table-1 indicates 
each PCR reaction tube contained the reaction mixture. 
Table-2 reveals the PCR experimental conditions for ITS 
gene amplification. PCR amplified products of respective 
bands size for ITS (~700bp) were checked in 2% aga-
rose gel using StepUpTM 100 bp DNA ladder. Gels were 
photographed under a gel documentation system. Table-3 
shows top matched homology with a coverage percent-
age and accession numbers for each species.

Sequencing was outsourced to Eurofins Scientific 
India Pvt. Ltd, Bangalore (India). Nucleotide sequence 
results (forward sequences) by Sanger dideoxy method, 
were aligned on NCBI blast (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) to verify similarity/homology from the nu-
cleotide database. The query fasta files were submitted to 
sequence submission tools for ribosomal RNA (rRNA) 
NCBI to obtained the accession number from https://
www.ncbi.nlm.nih.gov/WebSub/. Phylogenetic analy-
sis of closely related plant species were retrieved from 
the gene bank. Sequence alignment of thirteen identified 
plant species were presented in Clustal Omega software 
to make a phylogenetic neighboring tree.

Table 1- Master mixture for PCR amplification.

Volume (50 µL)PCR Reaction Mixture
~20 ngGenomic DNA

1.0 µLdNTPs mix (2.5mM 
each)

0.5 µLForward Primer

0.5 µLReverse Primer

1XTaq Buffer A (10X)

3UTaq Polymerase enzyme

0.1 µLBovine Serum Albumin

to make up the volume 50 µLDistilled water
*ng=nanogram   * µL= microliter *U=unit 

Table 2-Experimental conditions for PCR thermal cycling.

Final
Hold

Final
ExtensionExtensionAnnealingDenaturationInitial

Denaturation
4 °C72 °C72 °C55°C94°C94°C

∞10 min1:30 min30 sec30 sec5 min

1 cycle35 cycles1 cycle

Kumari et al.
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3. Results
Figure-2 shows the High-quality DNA was isolated 

from dried leaves of the thirteen selected toxic plants using 
standard protocol [29]. Quantity of DNA (approx. 1250 
ng) was checked by using a UV spectrophotometer with 
an absorbance ratio (A260/A280=1.5-1.8). A dilution of 
20 ng/μl was generated from 1250 ng/100 µl by adding 
a TE pH 8.0 buffer. Amplification of the extracted DNA 
for ITS regions was visualized through a gel documenta-
tion system (DNR Bio-Imaging Systems) and is shown in 
Figure-3.

The amplified sequence of ITS was a blast in Gene 
Bank utilizing BLASTn analysis and implemented in the 
GenBank web interface (http://blast.ncbi.nlm.nih.gov). 
The previously published sequence of the respective se-
lected plant genus in GenBank was also used as a refer-
ence in this study.  After nucleotide BLAST analysis for 
all sequences it was observed that selected samples have 
been correctly identified up to genera and species level, 
an NCBI accession number was obtained with its query 
coverage & identity percent as presented in Table-3.  Gene 
Bank accession numbers were obtained after processing 
the data through ribosomal RNA (rRNA) NCBI tool  as 
shown in Table-3.  The closely related top matched se-
quences retrieved from GenBank were used for phyloge-
netic analysis. The phylogenetic analysis of the thirteen 
plant species was computed using blastn x software the 
neighbor-joining method as shown in Figure-4.  All refer-
enced sequences obtained from nucleotide BLAST analy-

sis were then aligned in Clustal Omega software and their 
phylogenic tree with a neighbor-joining distance of the 
studies species are shown in Table-4. Some of the varia-
tions of names used for the same plants throughout differ-
ent races, ethnics, and geographic range are likely the most 
important reasons for the mismatch in species identifica-
tion by nucleotide BLAST analysis.

4. Discussion
Authentication of botanical pieces of evidence (such 

as tree barks, roots, leaves, seeds, etc.) is helpful in dis-
tinguishing closely related plant species and in identify-
ing adulteration with substitute or adulterant plant spe-
cies from dried raw drug specimens [31]. Earlier studies 
reported different markers for molecular identification of 
plant species. ITS as a DNA marker for molecular iden-
tification of some closely related plants, fungi as well as 
animals have proved successful [20,32]. The literature 
has reports on ITS region of nuclear ribosomal DNA 
used to identify and distinguish two plant species i.e. 
Gmelina asiatica and Mallotus nudiflorus to authenticate 
plant species [33]. Literature reports have emphasized 
genetic markers on nuclear rRNA, which is a more con-
served DNA sequence and which has a low mutation rate. 
The ITS region of nuclear rRNA i.e. 500-700bp in angio-
sperms and 1500-3500bp in gymnosperm, with the help 
of their universal primer are commonly used for species 

Table 3-Gene Bank accession numbers of selected toxic plants along with query coverage and percent identity.

Gene bank Accession No. Scientific name Query cover % Percent identity %

VSN- FS001 AN-MH777018.1 Thevetia neriifolia 99% 99.00%

VSN-FS002  AN-MH734617 Calotropis procera 100 97.33% 

VSN-FS003 AN-MH915658 Lantana camara 91% 99.11% 

VSN-FS004  AN-MH734908 Solanum villosum 98% 97.44% 

VSN-FS009  AN-MH923185 Jatropha curcas 99% 99.26% 

VSN-FS012  AN-MH734909 Argemone mexicana 100% 97.47% 

VSN-FS014  AN-MH734808 Citrullus colocynthis 96% 99.73% 

VSN-FS016  AN-MH735183 Datura metel 97% 98.52% 

VSN-FS021  AN-MH915657 Senna alata 98% 99.29% 

VSN-FS022  AN-MH756619 Ipomoea carnea 90% 99.31% 

VSN-FS026 AN-MH756191  Parthenium hysterophorus 97% 95.78% 

VSN-FS040  AN-MH762134 Datura inoxia 91% 99.39% 

VSN-FS060  AN-MH756599 Abrus precatorius 97% 97.18% 

Molecular Depiction of Thirteen Indian Toxic Plants with ITS Markers
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Figure 2- Electropherogram of genomic DNA band of selected plants-S1: Thevetia neriifolia; S2: Calotropis procera; S3: Citrullus colocynthis; 
S4: Solanum villosum; S5: Argemone mexicana; S6: Datura metel; S7: Senna alata; S8: Parthenium hysterophorus;S9: Abrus precatorius; S10: 
Ipomoea carnea; S11: Datura inoxia; S12: Lantana camara; S13:Jatropha curcus.

Figure 3- Agarose gel electropherogram showing PCR amplified product of ITS 1 & 4 primer (~700 bp) of 13 plant species (S1 to S13) with 1000bp 
ladder; S1: Thevetia neriifolia; S2: Calotropis procera; S3: Citrullus colocynthis; S4: Solanum villosum; S5: Argemone mexicana; S6: Datura 
metel; S7: Senna alata; S8: Parthenium hysterophorus; S9: Abrus precatorius; S10: Ipomoea carnea; S11: Datura inoxia; S12: Lantana camara; 
S13: Jatropha curcus.

Figure 2-Electrophoregram of genomic DNA band of selected plants-S1: Thevetianeriifolia; 

S2: Calotropisprocera; S3: Citrulluscolocynthis; S4: Solanumvillosum; S5: 

Argemonemexicana; S6: Daturametel; S7: Sennaalata; S8: Partheniumhysterophorus;S9: 

Abrusprecatorius; S10: Ipomoea carnea; S11: Daturainoxia; S12: Lantana camara; 

S13:Jatropacurcus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-Agarose gel electropherogram showing PCR amplified product of ITS 1 & 4 primer 
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Figure 4- Neighbour-joining tree of thirteen plant species of current study using ITS sequence.

Figure 4-Neighbour joining tree of thirteen plant species of current study using ITS sequence. 

 

 

 

 

 

 

 

Table 4-Blast match sequence with Neighbour-joining tree with studied species.

Blast match sequence / Reference accession no Phylogenic tree
Thevetia peruviana; MH844599.1
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identification of plants or in phylogenetics [34]. Howev-
er, no particular specific loci or combination of multi-loci 
has been reported in all plant species. The Consortium for 
the Barcode of Life (CBOL) Plant Working Group (2009) 
recommended core marker of plastid rbcL and matK along 
with supplemented marker such as plastid trnH-psbA and 
nuclear ribosomal internal transcribed spacer (ITS) use 
as a barcode primer to differentiate angiosperm plants 
after sequencing [13,35-36]. Several studies emphasized 
on three genomes in flowering plants i.e. plastid genome 
(e.g. rbcL, matK, rpoB, rpoC1, ycf1, and trnH-psbA), 
mitochondrial genome (ccmFN, matR, and rrn26) and 
nuclear genome (ITS) for authentication of plant species 
[37]. Literature studies advocated the ITS region be used 
as a barcode for phylogenetic studies of plants, animals, 
fungi, and protista. There has been a debate on the issue 
of which region should be used for species identification 
[38-40]. PCR based approaches are becoming imperative 
when conventional taxonomic identification fails to iden-
tify plant evidence in forensic investigation. Sometimes 
small fragments of plant species are found as evidence 
material  and in such instances; identification of the spe-
cies with conventional morphological methods becomes 
difficult. This experimental work might be interesting in 
the forensic field where cases related to adulterated or 
mixed plant materials are encountered. This present work 
focused on the suitability and specificity of ITS 1 and 4 
primers on thirteen different plant specimens. So, further 
research has been ongoing on visceral matrices proving 
the suitability of these primers.

5. Conclusion
Plants are an integral part of human and animal 

lives but ignorance about their phytochemistry can be 
life threatening. Therefore, scientific awareness of tox-
ic plants is mandatory for the public including laymen, 
farmers and the forensic community. Doctors and medical 
professionals can help themselves by thoroughly study-
ing the morphological identification markers described 
here. It is also recommended for Indian forensic science 
laboratories to compile a proper database of Indian toxic 
plants encountered in poisoning cases for routine work. 
Future research and development work can be taken up 
in this direction. The use of molecular tools in the charac-
terization of plants is a mainstay practice. In the present 
study, we developed a DNA-based protocol to identify 
and distinguish thirteen Indian toxic plant species.
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