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Abstract

Accurate identification of plant species is fundamental for various purposes, including biodiversity conservation and
effective utilization of plants. Molecular-based techniques, particularly DNA barcoding, have emerged as a rapid and
accurate alternative to traditional taxonomic methods for plant species identification. DNA barcoding involves analysing
specific DNA regions to classify and identify organisms. Among different barcode markers, internal transcribed spacer 2
(ITS2) has gained prominence due to its shorter length and ease of sequencing. In this study we present a comprehensive
survey of the literature, identifying a universal set of primers for ITS2 and validating their universality through in silico
and in vitro analyses. This manuscript provides valuable insights into establishing a standardized approach for DNA
barcoding using ITS2, helping researchers select appropriate primers for accurate plant species identification and
classification. Standardized universal primers alleviate the time-consuming primer selection process, promoting efficient
and reliable DNA barcoding practices within the plant scientific community.
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Introduction

Identification of plant species is essential for their usage, and conservation of plant biodiversity. In the case of
closely related species, the conventional method of identification using taxonomic evidence is challenging. Therefore,
for rapid and accurate identification of plant species, the usage of molecular-based techniques is becoming increasingly
evident (de Boer et al., 2022; Hebert et al., 2003). DNA barcoding is one such molecular technique used to identify and
classify organisms based on the analysis of a short specific DNA region. This approach has revolutionized the field of
taxonomy, as it provides a quick and reliable method for species identification. Plant chloroplast DNA markers, such as
matK, rbcL, and trnH-psbA, have been widely used as DNA barcodes for plants (Kress, 2017). In addition, recently many
researchers have shown that the internal transcribed spacer 2 (ITS2) region of nuclear ribosomal DNA is highly effective
and reliable for the differentiation of plants at species level which shows the highest discriminating power (97% and 74%
at the genus and species level respectively)(Yao et al., 2010).

In 2011 China Plant BOL group did a comparative analysis of a large dataset from diverse plant species and
recommended an internal transcribed spacer (ITS) (Figure 1) as a core barcode for seed plants (D. Z. Li et al., 2011;X. Li
et al., 2015). The internal transcribed spacer is as a spacer region situated between the genes encoding the smaller and
larger subunit of rRNA. Specifically, ITS1 is positioned between the 18s rRNA and 5.8s rRNA genes, consisting of an
average length of 600 base pairs. On the other hand, ITS2 is located between the 5.8s rRNA and 26s rRNA genes, with
an average length of 400 base pairs (Han et al., 2013; Tripathi et al., 2013). In the past decade, between ITS1 and ITS2,
the ITS2 region of the internal transcribed spacer has been widely used DNA barcode for plant species identification due
to its shorter length and and the ease of sequencing (Wang et al., 2018). The ITS2 region provides several advantages
over the whole ITS or ITS1 region. It exhibits greater interspecific variation, has a shorter length, and provides a higher
success rate in both PCR amplification and sequencing (Gu et al., 2013)(Han et al., 2013). Additionally, another drawback
associated with using the complete ITS or ITS1 is the risk of fungal contamination during PCR amplification. Due to the
substantial similarity between the ITS regions of fungi and plants, there is an increased chance of amplifying fungal ITS.).
Therefore, in the recent decade, ITS2 has been accepted as the ideal DNA barcode by the plant scientist community and
largely used to identify and classify a wide range of plants from weeds to medicinal plants (Khan et al., 2019; Zhao et
al., 2018; Zuo et al., 2011).
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Figure 1
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Fig. I Schematic representation of ITS region of the nuclear ribosomal RNA (nrRNA) genes.
gDNA — genomic DNA, ETS- External Transcribed spacer, ITS1 and 2 — Internal Transcribed spacer, ITS2F and ITS2R
— Forwrard and Reverse primers to amplify ITS2 region

For an ideal DNA barcode, the availability of a universal primer is important for the ease of end users. Before
and after the ITS2 was accepted as an ideal barcode several researchers used different ITS2 primers for the identification
of a diverse range of plants. Currently, in the literature, there are more than 20 sets of primers being mentioned for ITS2
(Table II). For a novice, it is very time-consuming and creates ambiguity in selecting the correct primer for their
experiment. Therefore, in this manuscript, we did a comprehensive literature survey and identified a set of universal
primers and validated them using in silico and in vitro analysis.

Results and Discussion
Comprehensive analysis of ITS2 primers.

The development of an optimal DNA barcode is of utmost importance for its widespread applicability across a
range of plant species. An ideal barcode should contain significant species-level genetic variability. It should exhibit good
PCR amplification efficiency by using a universal primer, enabling the use of a single set of primers for barcoding across
different species. Ideally, the chosen universal primers should amplify a short sequence of 600-700 bp for easy sequencing
and Insilico analysis (Genes et al., 2008). In the recent past, the ITS2 marker has been specifically used as a core DNA
barcode for plants. Nonetheless, to our knowledge, there is no such universal primer being adopted by the researchers for
ITS2 marker.

To identify and suggest a universal set of primers for ITS2 marker we did an extensive survey of the literature
published during the period of 1990 to 2023. We have referred more than 40 published research papers and found that
there are 34 different sets of primers being used for the ITS2 marker (Table IT). Out of 42 researchers, 18 researchers have
used the primers set number 1 (Table II). The rest of the researchers have used different combinations of forward and
reverse primers for ITS2 as shown in Table II. Our analysis indicates that novice researchers may find it challenging to
identify and select an appropriate primer set for their experiments Therefore, to find a universal set of primer we have
performed insilico analysis and invitro validation of the available set of primers.

In silico analysis of ITS2-specific universal primers.

Our literature analysis found that 18 researchers have used the ITS2 primer set number 1 (Table II) to perform
barcoding in various plant species. Therefore, to analyse the universality of these primers, and to identify an ideal single
set of universal primers for ITS2, we have compared the suitability of both reverse and forward primers across different
species of plants. Utilising the ITS2 database (Merget et al., 2012) and the NCBI database we have obtained rRNA
sequences of representative plants from the top 22 major plant families, accounting for over 150,000 accepted species of
plants, including 21 angiosperm (flowering plant) families and 1 gymnosperm (non-flowering seed plant) family (Table
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I). These plant families represent a significant portion of the world's plant diversity (Christenhusz & Byng, 2016). The
multiple sequence alignment of primer set number-1 against these rRNA sequences of various plant species using Bioedit
tool (Hall et al., 2011) showed that both the forward (Figure IIa) and reverse (Figure 1Ib) primers have showed >90% and
>95% sequence similarity respectively to the rest of the sequences. Moreover, the 3° end of the primer set-1 shows no
dissimilarity which is important for stringent primer binding during the PCR. Our in-silico analysis shows that, the primer
set-1 could be used as a universal primer for ITS2 marker to perform barcoding of plant species.

Table I — List of families used for validation by multiple sequence alignment.

SI No. Family

1 Acanthaceae

2 Araceae

3 Arecaceae

4 Asteraceae

5 Brassicaceae

6 Cactaceae

7 Cyperaceae

8 Euphorbiaceae

9 Fabaceae

10 Lamiaceae

11 Liliaceae

12 Malvaceae

13 Melastomataceae

14 Meliaceae

15 Musaceae

16 Orchidaceae

17 Poaceae

18 Rosaceae

19 Rubeaceae

20 Rutaceae

21 Solanaceae

22 Pinaceae
Figure Ila
0Q785900.1 Justicia vagabunda - Acanthaceae SATGAAGAAC GCAAAATGCGAT
OL375701.1 Pistia stratiotes - Araceae SATGAA( "GTAGCGAAAT
HG996453.1 Areca catechu - Arecaceae GATGAAG.

MN535787.1 Bidens pachyloma - Asteraceae GATGAAG
X52320.1 Arabidopsis thaliana - Brassicaceae SATGAAG
MZ366786.1 Opuntia rioplatensis - Cactaceae

KM036282
MN577903
EU650386

Oryza sativa Japonica Group - Poaceae
Pyrus communis - Rosaceae

Coffea arabica - Rubeaceae GATGAAGAAC
ON479685 Citrus limon - Rutaceae GATGAAGA
KP824745 Nicotiana benthamiana - Solanaceae GAT
MT784085.1 Pinus sylvestris - Gymnosperm GAT
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MT796530.1 Scirpus sylvaticus - Cyperaceae
MW298834.1 Euphorbia neocrispa - Euphorbiaceae
0Q572326.1 Pachyelasma tessmannii - Fabeaceae
ON685473.1 Mentha aquatica - Lamiaceae
MK770772.1 Allium sativum - Liliaceae
JQ228378.1 Theobroma grandiflorum - Malvaceae
JQ730188.1 Tibouchina geitneriana - Melastomataceae [§
MK058685.1 Entandrophragma congoense - Meliaceae
LC610760.1 Musa accuminata - Musaceae
MN221415.1 Oreorchis patens - Orchidaceae
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Figure IIb

0Q785900.1 Justicia vagabunda - Acanthaceae 5 G SAATTGTAGTC
OL375701.1 Pistia stratiotes - Araceae C SAATTGTAGT
HG996453.1 Areca catechu - Arecaceae 5 CGAATTGTAGT
MN535787.1 Bidens pachyloma - Asteraceae ; SAATTGTAGT
X52320.1 Arabidopsis thaliana - Brassicaceae SAATTGTAGT
MZ366786.1 Opuntia rioplatensis - Cactaceae “CHCG "CGAATTGTAGT
MT796530.1 Scirpus sylvaticus - Cyperaceae 5 ; SAATTGTAGT
MW298834.1 Euphorbia neocrispa - Euphorbiaceae 5

0Q572326.1 Pachyelasma tessmannii - Fabeaceae

ON685473.1 Mentha aquatica - Lamiaceae C GTAG
MK770772.1 Allium sativum - Liliaceae : CTAAATTGTAGT
JQ228378.1 Theobroma grandiflorum - Malvaceae SAATTGTAG
JQ730188.1 Tibouchina geitneriana - Melastomataceae “TTC SAATTGTAGT
MK058685.1 Entandrophragma congoense - Meliaceae GIEC AATTGTAG
LC610760.1 Musa accuminata - Musaceae G 5 SAATTGTAGT ¢
MN221415.1 Oreorchis patens - Orchidaceae G CGAATTGTAGT sGAGAAGCG
KM036282.1 Oryza sativa Japonica Group - Poaceae 5GC SAATTGTAGTCTGGAGAG 5
MN577903.1 Pyrus communis - Rosaceae sCCGT CGAATTGTAGTCTGGAGAA
EU650386.1 Coffea arabica - Rubeaceae GCEC “CGAATTGTAGCC
ON479685.1 Citrus limon - Rutaceae sSAATTGTAGT
KP824745.1 Nicotiana benthamiana - Solanaceae 3 SAATTGTAGT
MT784085.1 Pinus sylvestris - Gymnosperm

Reverse Primer (Compliment)

Fig. II (a) & (b) Multiple alignment of ITS2 specific forward primer (a) and reverse primer (b) with the rRNA sequences
of 20 different family plant species

In vitro validation of ITS2 specific universal primers using PCR.

To experimentally prove the universality of the ITS2 specific universal primers, we have performed polymerase chain
reaction (PCR) using primer set 1 for rice, banana and almond plants. In all the 3 plant species we have observed good
amplification at approximately 500 bp of ITS2 region (Figure III). Our results confirm that researchers can utilize the
primer set-1 as a universal primer to perform DNA barcoding in diverse plant species.

Figure III

10000
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Fig. IIT PCR amplification of ITS 2 region using primer set-1. Total DNA extracted from Rice, Almond and banana plant
were used as template. Amplicon length is =~ 500 bp
M — 10 kb Marker, Lane 1-Rice, Lane 2-Almond and Lane 3-Banana.

Methods and Materials.

Finding ITS2 primers, Retrieval of ITS sequences, and in silico validation.

All the ITS2 specific primers were obtained from the available literature in Pubmed. The primers mentioned in the
literature was collected and summarized as shown in Table II. The ITS2 sequences for the different plant species of 20
different families were downloaded in the FASTA format from the ITS2 database (http://its2.bioapps.biozentrum.uni-
wuerzburg.de) and NCBI (National Centre for Biotechnology Information) database. The respective ITS2 specific
complete rRNA sequences were obtained from GenBank. Multiple alignments of retrieved rRNA sequence and the
primers were done using BIOEDIT tool.
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Table IT — List of primers used by different researchers to amplify ITS2.

Primer set . Reference
number. Primer Sequence
(Mohanty et al., 2023) (Duran Escalante
et al., 2023)(Song et al.,
2023)(Cahyaningsih et al., 2022) (Qarni
et al., 2022) (J. Chen et al., 2021)
L. ITS2 F - ATGCGATACTTGGTGTGAAT (Zggsl‘;‘)(i‘;ilgtsaﬁt 321622(%2(2122 e Ze(t) f;;)
ITS2 R - GACGCTTCTCCAGACTACAAT (Gong et al., 2018) (N. Yu et al., 2017)
(Feng et al., 2016) (X. Yu et al.,
2016)(Gu et al., 2013) (Tripathi et al.,
2013) (Pang et al., 2012) (S. Chen et al.,
2010)
2. ITS2 F - GGGGCGGATATTGGCCTCCCCTTG (Saidon et al., 2023)
ITS2 R - GACGCTTCTCCAGACTACAAT
3. ITS2 F - ATGCGATACTTGGTGTGAAT (Rakotonirina et al., 2023)
ITS2 R - TCCTCCGCTTATTGATATGC
4, ITS2 F - ATGCGATACTTGGTGTGAAT (Nasarodin et al., 2023)
ITS2 R - GACGCTTCTCCAGACTACAT
5. ITS2 F - ATGCGATACTTGGTGTGAATTATAGAAT (Hegde et al., 2022)
ITS2 R - GACGCTTCTCCAGACTACAAT
6. ITS2 F - ATGCGATACTTGGTGTGAATTATAGAAT (Acharya et al., 2022)
ITS2 R - GACGCTTCTCCAGACTACAAT
7. ITS2 F - AATGATACGGCGACCACCGAGATCTACAC | (Fujii et al., 2022)
ITS2 R -
ACACTCTTTCCCTACACGACGCTCTTCCGATCT
8. ITS2 F- AACCTGCGGAAGGATCATTGTC (Zhang et al., 2022)
ITS2 R- TGATATGCTTAAACTCAGCGGGTA
9. ITS2 F - CCCGTGAACCATCGAGTCTTT (Xavier et al., 2021)
ITS2 R - GACGGCTCGCCTCTCAAC
10. ITS2 F- ATGCGATACTTGGTGTGAAT (Dhivya et al., 2020)
ITS2 R- TCCTCCGCTTATTGATATGC
11. ITS2 F - GCGATACTTGGTGTGAAT (Khan et al., 2019)
ITS2 R - GACGCTTCCCAGACTAAAT
12. ITS2 F - GCATCGATGAAGAACGCAGC (Duan et al., 2019)
ITS2 R - TCCTCCGCTTATTGATATGC
13. ITS2 F - AGGAGAAGTCGTAACAAGGT (Saifuldeen Ahmed Hasan, 2018)
ITS2 R - TCCTCCGCTTATTGATATGC
14. ITS2 F - GGAAGTAAAAGTCGTAACAAGG (Zhu et al., 2018)
ITS2 R - TCCTCCGCTTATTGATATGC
15. ITS2 F - AGGAGAAGTCGTAACAAG (Inglis et al., 2018)
ITS2 R - GTTTCTTTTCCTCCGCT
16. ITS2 F- GGAAGTAAAAGTCGTAACAAGG (Liang et al., 2018)
ITS2 R - TCCTCCGCTTATTGATATGC
17. ITS2 F - ATGCGATACTTGGTGTGAATTATAGAAT (Q. Lietal., 2017)
ITS2 R - GACGCTTCTCCAGACTACAAT
18. ITS2 F - ATGCGATACTTGGTGTGAAT (Kim et al., 2016)
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ITS2 R -TCCTCCGCTTATTGATATGC

19. ITS2 F - CGTAGCGAAATGCGATACTTGGTG (Chao et al., 2014)
ITS2 R - TCCTCCGCTTATTGATATGC

20. ITS2 F - TCTCGCATCGATGAAGAACG (He et al., 2014)
ITS2 R - CCATGCTTAAACTCAGCGGGT

21. ITS2 F - CCTTATCATTTAGAGGAAGGA (Tripathi et al., 2013)
ITS2 R- TCCTCCGCTTATTGATATGC

2. ITS2 F - ATGCGATACTTGGTGTGAAT (Gu etal., 2013)
ITS2 R - GACGCTTCTCCAGACTACAAT

23. ITS2 F - GTAGGTGAACCTGCAGAAGGATCA (Sukrong et al., 2007)
ITS2 R -CCATGCTTAAACTCAGCGGGT

24. ITS2 F - GCATCGATGAAGAACGCAGC (White et al., 1990)

ITS2 R - TCCTCCGCTTATTGATATGC

Confirmation of universality of ITS2 specific primes using PCR

Genomic DNA isolation and quantification. Total genomic DNA (gDNA) was isolated from the fresh juvenile leaf
tissues of the 3 plant species (Rice, Banana and Almond) using gDNA extraction kit (Qiagen DNeasy® Plant Mini Kit)
by following manufacturer’s protocol. The isolated gDNAs were quantified using a nanodrop spectrophotometer
(Denovix DS-11) and quality assessed via agarose gel eclectrophoresis (Agarose concentration 0.8%) (Bio-Rad
Laboratories, India). Total gDNA concentration adjusted to 100 ng uL—1 was used for PCR amplification with primer Set

1(Table II) ITS2 primers.

Primer selection and PCR amplification. DNA barcode primers for the ITS2 were synthesized at Sigma Aldrich
Chemicals Pvt. Ltd., Bengaluru, India. The details of the ITS2 primer sequences (5’ to 3°) are, ITS2F -
ATGCGATACTTGGTGTGAAT forward primer and ITS2R - GACGCTTCTCCAGACTACAAT reverse primer, PCR
amplification was performed in a volume of 20uL, containing 100 ng of gDNA (1 uL) as a template, 10 pL 2 x PCR
master mix (Emerald Amp® GT PCR Master Mix, Takara Bio Inc.), primers (0.2uM), 0.5 pL each of forward and reverse
primers), and 8 pL Milli—Q water. All PCR amplifications were performed in the thermal cycler (Bio-Rad Laboratories,
India) following denaturation of 3 min at 95°C, 35 cycles of 30 sec at 95°C, 30 sec at 56°C of annealing, 40 sec at 72°C
and a final extension of 10 min at 72°C. The PCR products were visualized in 1% agarose TAE gels, and the gel images

were taken.

Conclusion:

The conventional taxonomic methods face considerable challenges, especially in differentiating closely related
species. The advent of molecular techniques, notably DNA barcoding, has significantly advanced the field of taxonomy
by providing a reliable, efficient, and quick method for species identification. The ITS2 region, identified as an ideal
DNA barcode due to its shorter length and ease of sequencing, has gained widespread acceptance within the scientific
community. One of the critical challenges in utilizing ITS2 for DNA barcoding has been the selection of appropriate
universal primers. Major drawback in using ITS as a barcode is the occurrence of polymorphic ITS regions and

pseudogenization is infrequently observed in few species (Add reference). The extent to which these issues might
significantly affect a substantial portion of barcoding studies remains uncertain (Bailey et al., 2003)(Hollingsworth et al.,
2011). In instances where this uncommon problem arises, Next Generation Sequencing (NGS) emerges as the viable
solution (Halvarsson & Tydén, 2023). With an extensive literature review, our study has not only identified a reliable set
of universal primers but has also validated their universality through in silico and in vitro analyses. Our results
demonstrate the practicality and efficacy of a specific primer set (primer set-1) (Table I) for DNA barcoding across a
diverse range of plant species. By providing a validated universal primer set, our research contributes to facilitating
researchers, particularly novices, in streamlining their DNA barcoding experiments and contributing to plant biodiversity
studies, conservation efforts, and broader ecological research. Our results contribute towards enhancing our

understanding of plant diversity and ultimately support global biodiversity conservation initiatives.
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