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Abstract: The conservation of medicinal plants is essential for ensuring the 

continues availability of bioactive compounds used in pharmaceuticals and 

traditional medicine. Ex situ conservation techniques like tissue culture and 

cryopreservation have become crucial tools for maintaining these valuable plants as 

over-harvesting, habitat loss, and climate change threaten many therapeutic plant 

species. Ensuring the genetic integrity of plants is must in in vitro conservation 

because extended culture times can result in somaclonal variations or unintentional 

genetic variations that could compromise the therapeutic qualities of plants. This 

paper reviewed the molecular and phenotypic stability of medicinal plants that have 

been conserved in vitro, determining whether the method results in genetic drift, 

somaclonal variation, or other changes to the genetic composition of the plant. 

Molecular tools like Random Amplified Polymorphic DNA (RAPD), Amplified 

Fragment Length Polymorphism (AFLP), Simple Sequence Repeats (SSR) and Inter-

Simple Sequence Repeats (ISSR) markers have been used in numerous studies to 

show that while in-vitro methods can maintain most of the genetic integrity of plant, 

some variations may still happen, especially in long-term cultures or under stressful 

surroundings. The main aim of this review is to emphasize how crucial it is to 

preserve genetic integrity in medicinal plants that have been conserved in order to 

assure their continuous availability for use in pharmacological and therapeutic 

applications.Bridging existing knowledge gaps and refining these molecular 

methods are essential for conserving the valuable genetic resources, contributing to 

sustainable agriculture and biodiversity conservation. 

Key Words: Genetic Stability, Molecular markers, Somaclonal variations and 

Medicinal plants 

 

Introduction 

Medicinal plants contain bioactive substances that can be used therapeutically to 

treat, prevent, or manage a wide range of illnesses and ailments. Bioactive 

chemicals found in medicinal plants are abundant and can be utilized to treat a 

wide range of illnesses. Traditional medicine and medicinal plants have a major 
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role in the health care systems of the majority of underdeveloped countries. Many 

significant secondary metabolites employed in cosmetically, nutraceuticals, and 

medicines are mostly sourced from plants (Bishwas et al. 2022). Natural plant-

based products are widely used in traditional and folklore medicinal systems as 

powerful therapeutic agents in herbal mixtures (Dey et al. 2017). The World Health 

Organization estimates that 80% of people worldwide still receive their primary 

and basic medical care from traditional medicine on a daily basis (Bodeker and 

Ong 2005). The primary causes of the indiscriminate exploitation of these species 

and the swift decline in their wild populations are plant-based pharmaceuticals, 

nutraceuticals, and industrial trials (De Silva and Senarath 2009; Lal and Singh 

2010; Nazir et al. 2020). Factors contributing to the depletion of some species 

include limited seed viability, a lack of vegetative replication techniques, low 

germination rates and seasonal variations (Long et al. 2015).  

The two basic ways to preserve genetic diversity are ex situ and in situ 

conservation. In situ conservation can lead to conflicts between humans and 

wildlife, especially when wildlife encroaches on agricultural land or human 

settlements. Ex situ strategy used to preserve and safeguard biodiversity, 

especially when conservation inin situ, or inside the species natural environments, 

is impractical or insufficient. Short-term advancements in genetics in ex situ 

conserved can be maximized, but genetic diversity will be diminished over 

generations of selective breeding of such genetically limited populations. This 

limits the ability of populations to genetically adapt to future demands (Yang et al. 

1992).A different approach for the conservation of those priceless and 

endangered medicinal plants is the tissue culture technique due to a lack of 

vegetative propagation techniques, low seed viability, and a low germination rate 

(Rout et al.2008; Bantawa et al.2011; Swarna and Ravindhran 2012). Somaclonal 

variations greatly hinder the utilization of tissue culture, despite the fact that it is 

recognized as one of the most crucial areas of biotechnology for enormous scale 

multiplication and conservation (Larkins and Scowcroft 1981). Therefore, the 

validity of this in vitro conservation technique can only be established if the 

genetic stability of plant material is unaltered. For that cryopreservation i.e. long-

term conservation of plant cell, tissue and organ at -196°C following exposure to 

liquid nitrogen. In this extremely low temperature, all the metabolic and 

biochemical activities of cells and tissues are stopped, they may be stored for 

extended periods of time without any serious deterioration (Parihar et al. 2023). 

In addition to conservation, the secondary goal of in vitro conservation and 

cryopreservation techniques is to protect medicinal plant material's genetic 

integrity (Pandian et al. 2024).In vitro culture produces clonedcells and tissues by 

rapid mitotic division with the exact same genetic makeup as the parent plant 

(Cardoso et al. 2019). Maintaining plant genetic homogeneity is crucial because 

variation in genetics can lead to biochemical heterogeneity, which reduces the 

efficacy of medications, and cross-pollination stops seed-derived plant progenies 

from creating a homogenous population. (Vieira et al. 2001).Reliable in vitro 
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cultivation techniques can meet the growing demand for innovative products 

generated from plants have therapeutic and commercial value in the marketplace. 

Despite the many benefits of in vitro propagation, there are instances where the 

micro-propagated plants develop genetic instability due to the plant tissues 

constant exposure to various stressors during in vitro growth (Krishna et al. 2016). 

Somaclonal variation may arise from a alter in the genetic makeup of the in vitro 

grown clones including excessive growth hormone concentration, prolonged 

culture period, unequal transplant regeneration and unfavourable culture 

circumstances. For medicinal plants, this is especially crucial because even minor 

genetic alterations might modify the biochemical makeup and therapeutic 

effectiveness of the plant (Canter et al. 2005). Thus, it is necessary to evaluate the 

genetic fidelity of the regenerated plants that were grown via plant tissue culture 

after some period. By utilizing various DNA markers to evaluate the regenerants' 

clonal fidelity, genetically stable plants can be generated. Molecular markers are 

tools used in genetics and molecular biology to identify specific sequences in 

DNA, RNA, or proteins. Several micro-propagated plants have been successfully 

genetically homogenized using molecular markers such as Restricted Fragment 

Length Polymorphisms (RFLPs), Random Amplified Polymorphic DNA (RAPD) and 

Amplified Fragment Length Polymorphism (AFLP) (Gupta et al. 2013; Thakur et al. 

2016; Tikendra et al. 2019; Dey et al. 2020a; b). 

Molecular markers have established themselves as a standard tool in a wide 

range of plant genetic applications, such as genetic diversity assessment 

estimation, genetic identity determination, linkage map development, trait 

variation marker detection, and desirable individual selection in breeding 

programs. Most of the same applications have been documented in tissue culture, 

and the use of markers to evaluate the degree of somaclonal variation seen in the 

in vitro grown culture. In the regenerated plants, the somaclonal alteration could 

lead to molecular, biochemical, cytological, morphological, and cytological 

modifications (Rani et al. 2000). Since there are chances that the regenerated 

plants will lose their integrity, clonal fidelity analysis of in vitrogrown plants is 

required to produce genetically stable, superior plants (Biswas and Kumar 2023). 

A new chapter of in vitro research has been made possible by the development of 

DNA recombinant technology, which uses several DNA-based markers to detect 

clonal fidelity. 

 This paper focuses on the application of various markers to determine the 

genetic fidelity of medicinally significant plants that are produced in vitro which 

show sometimes somaclonal variations. To make sure that the conserved plants 

stay genetically identical to the original wild-type plants, these markers aid in the 

detection of any genetic changes, mutations, or genetic drift that may occur 

throughout the tissue culture procedure. 
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Somaclonal Variation  

The main benefit of clonal replication by tissue culture is the production of 

genetically homogeneous individual plants. However, spontaneous variability may 

result from temporary or permanent changes in the genetic components of plant 

cells and tissues during in vitro plant multiplication. Temporary, reversible, and 

non-heritable alterations are caused by epigenetic and physiological influences, 

whereas permanent changes reflect heritable variation that already existed in the 

source plants (Larkins and Scowcroft 1981).The genetic variation seen in plants 

that results from tissue culture methods is known as somaclonal variation. A 

noteworthy example would be the banana, where the percentage of Cavendish 

cultivars that had off-types from tissue-cultured plantlets varied from 6% to 38% 

(Sahijram et al. 2003), though it could be as high as 90 % (Smith 1988). Somaclonal 

variation pertains to the variations that emerge in plant tissues that have 

undergone regeneration and their next progeny (Brar et al. 1998). Somaclonal 

variability is a major issue when it comes to the establishment of commercial 

plantations and the standardization of the micro propagation procedure for 

economically important species, as it is essential to rigorously maintain the 

characteristics of the individuals chosen for the in vitro culture start in these 

circumstances. Simultaneously, somaclonal variability provides breeders with a 

source of genetic variation to help create new plants with improved economic 

qualities (Mehta et al. 2000). Plants with these variants may have beneficial 

characteristics, such as increased yield, stress tolerance, or disease resistance, 

that were absent from the original genotype. It is possible to introduce novel 

features into crops through somaclonal variants, which could result in new 

varieties with improved resistance or performance.  

Somaclonal variation can have either an epigenetic or genetic origin and can 

manifest at the phenotypic level (Duta et al. 2023). The genetic changes could be 

at the DNA sequence level, where they generally include point mutations, or at the 

chromosomal level, where they primarily involve changes in chromosomal 

number (polyploidy or aneuploidy) or organization (insertions, duplications, 

deletions, or translocations).The most frequent epigenetic modifications are gene 

amplifications and modifications to the normal methylation patterns of DNA and 

histones (Bhatia et al. 2015). Consequently, it is an essential to use methods for 

evaluating somaclonal variation to determine which true-to-type replicants were 

produced after in vitro propagated material (Modi et al. 2020). The scientific 

community concurs and suggests evaluating the phenotypic, cytological, 

phytochemical, and genetic characterstics of the in vitrogrown regenerated plants 

using a variety of methodologies (Chatterjee et al. 2020). 

 

Assessment of Genetic Fidelity 

High levels of genetic homogeneity among the in vitro grown plants are 

necessary for clonal propagation for the survival of elite genotypes identified for 

their superior features. In vitro propagation is linked to both genetic and 
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epigenetic changes, which might result in phenotypic outcomes. These changes 

are referred to as somaclonal variation. As a result, ensuring the genetic 

homogeneity of plants grown in vitro from an early age is crucial (Guo et al. 

2007).The identification and characterisation of somaclonal variants, which are 

mostly based on physical differences, cytogenetical analysis can be used to 

determine the amount and kind of chromosomal variation can be done using a 

wide range of assays and instruments such as biochemical and molecular DNA 

markers. 

 

Morphological markers 

Visual observations and comparisons of in vitro grown plants can be made of 

morphological traits like plant height, leaf shape, and leaf colour patterns. Plants 

that clearly differed morphologically from their parents can be marked, compared 

and closely observed. Petiole diameter at the midsection of the petiole, and leaf 

thickness, the leaf lamina between the main veins using an electronic digital 

calliper have been used as measurement method for morphological change (Yu 

et al. 2022). In some reports, the foliar micro-morphological features under in 

vitro and in vivo conditions were compared with the mother plant and showed 

morphologically stable plantlets development through gradual acclimatization 

(Sandhya et al. 2021).  

 

Cytological Markers 

The structural properties of the chromosomes can be recognised in the 

karyotypes and chromosomal bands which are defined as cytological markers. 

The chromosomal bands created by using different strains, such as the G banding, 

are known as cytological markers and are associated with changes in the number, 

size, and shape of chromosomes (Mohiiuddin et al. 2023) Using the root tip squash 

method for counting chromosomes at mitotic metaphase, the relative nuclear DNA 

content from the flow cytometry study can be calibrated. Cyto-molecular 

techniques like flow cytometry were employed to study the genetic homogeneity 

of regenerated medicinal plant Carthamus tinctorius (Mallon et al. 2010).  

Plants have been classified over time using morphological traits, chemical 

content, and cytological data. These methods have considerable limitations since 

environmental and developmental factors may have an impact. Over the past few 

decades, new biochemical and DNA-based markers have been made possible by 

developments in molecular biology and biochemistry, which have assisted in 

overcoming these limitations. These markers, which are more common than 

phenotypic characteristics and typically unaffected by environmental factors, 

provide a comprehensive image of the underlying variation in the organism's DNA 

(Alizadeh et al. 2015). 
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Biochemical markers 

The first biochemical marker technique was isozyme analysis, which was rapid, 

somewhat inexpensive, and simpler because it did not require DNA extraction. 

Isozyme electrophoresis is one of the protein-based markers (direct products of 

genes) that has been identified as a potentially useful method for identifying any 

genetic variation among plants grown in vitro (Adhikari er at. 2017). Isomers, also 

known as isoenzymes, are protein indicators that catalyse the same chemical 

process while having different amino acid sequences. 

Significant changes in biochemical parameters were noted during somatic 

embryogenesis utilizing biochemical markers, in medicinally important plant 

Silybum marianum L. which could serve as indicators for tracking the various 

processes occurring during somatic embryogenesis and influenced by the 

explants type, basal media and PGRs (Abbasi et al. 2016).  Retention of 

biochemical stability was demonstrated by Ahuja et al. (2002) using HPLC to 

analyze the diosgenin content of Dioscorea floribunda cryopreserved plants. 

Additionally, the assessment of bacoside a in cryopreserved plants revealed a 

retention of biochemical stability in Bacopa monnieri plants (Sharma et al. 2017). 

Similarly, the biosynthetic stability of the compound valepotriates in regenerated 

plants of Valeriana jatamansiwas estimated by Sharma et al. (2021).  

But the main drawback of the isozyme marker is that it produces less genetic 

variation and is rather rare. These restrictions were removed by DNA markers, 

which could easily track inheritance and identify differences in nucleotide 

sequences between individuals (Malgaonkar et al. 2020).   

 

Molecular Markers 

Molecular markers have several applications in genetic resource management 

and agricultural development. Their applications include: i) germplasm 

characterization; ii) genetic diversity assessment; iii) genetic relationship 

validation; iv) marker-assisted selection (MAS); v) clonal fidelity testing and 

varietal identification (Anand 2000).  

Since DNA recombinant technology has advanced, several DNA-based markers 

have been created which are more effective and dependable than isozymes in 

identifying the genetic fidelity of numerous significant, uncommon, and 

remarkable plants (Alizadeh et al. 2015). Table1 showing different molecular 

markers (RAPD & ISSR) used to check the mono morphism of plants such as 

Acorus calamus (Meetei et al. 2024) and Centella asiatica (Mohapatra et al. 2021). 

There are basically two types of DNA based marker, hybridization-based DNA 

marker and PCR based DNA marker. The molecular marker known as restriction 

fragment length polymorphism (RFLP) is based on hybridization. Furthermore, 

PCR-based molecular markers include Inter-Simple Sequence Repeat (ISSR), 

Micro-satellites or Short Tandem Repeats (STRs), Single Nucleotide Polymorphism 

(SNPs), Simple Sequence Repeats (SSRs),  Amplification Length Polymorphism 

(ALP), Sequence Characterized Amplified Regions (SCARs), Amplified Fragment 
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Length Polymorphism (AFLP), Sequence Tagged Sites (STS), Number of Tendom 

Repeats (VNTRs), Single Polymorphic Amplification Test (SPLAT),  Single Strand 

Conformation Polymorphism (SSCP), and Random Amplified Polymorphic DNAs 

(RAPD), Start Codon Targeted (SCoT),  Intron-exon splice junction (ISJ)  (Shahid et 

al. 2012). 

 

Restriction Fragment Length Polymorphism (RFLP) 

It is a hybridization-based method that was one of the first methods for DNA 

analysis in several fields, which include forensic science. This method is 

predicated on the idea that restriction enzyme digestion produces DNA fragments 

of varying sizes. Due to point mutation, insertion/deletion, translocation, inversion, 

and duplication, the genetic makeup of individuals within a single species will 

produce distinct segments of DNA after restriction digestion (Yang et al. 2013).  In 

RFLP process, using a restriction enzyme, genomic DNA is sliced into pieces of 

varying sizes. Six base pair cutter restricting enzymes are commonly used for 

RFLP research because they are more readily available, less expensive, and yield 

product segments (200–20,000 bp) that are simple to separate on agarose gels. 

Separated DNA fragments are transferred to the nitrocellulose membrane using 

the Southern blot technique. By hybridizing with a complementary radioactively 

tagged probe, fragments of interest are found, and following autoradiography, the 

particular banding pattern is visible (Blears et al. 1998). In addition to having 

excellent reproducibility, codominant inheritance, and simple data transferability 

between labs, RFLP is easy to evaluate due to its large size differences. 

Additionally,it also gives locus-specific markers (Grover and Sharma 2016).  

The following are the technique's drawbacks: it is time-consuming, includes the 

laborious Southern blotting process, calls for expensive radioactive instruments, 

high-quality DNA, and requires previous sequence knowledge in order to create a 

radiolabelled probe (Varshney et al. 2000).  

 

Amplified Fragment Length Polymorphism (AFLP) 

The AFLP technique combines the flexibility of PCR-based technology with the 

effectiveness of RFLP by ligating primer recognition sequences (adaptors) to the 

restricted DNA (Lynch and Walsh 1998). The amplification of particular fragments 

and subsequent restriction digestion of an organism's entire genomic DNA form 

the basis of AFLP. AFLP detects polymorphism because of insertions, duplications, 

or deletions in the amplification fragments, alterations at the restriction region 

itself, and changes in the flanking sequences of the restriction sites themselves 

(Paun and Schonswetter 2012). Using a mix of rare cutter (EcoRI or PstI) and 

frequent cutter (MseI or TaqI) restriction enzymes, genomic DNA is restriction 

digested for AFLP analysis. Following agarose gel electrophoresis, the separated 

amplified AFLP fragments are seen by autoradiography or AgNO3 staining, 

correspondingly (Mishra et al. 2014). With AFLP, marker segments for any 
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organism can be quickly generated without the need for previous DNA 

sequencing (Kumar et al. 2009).  

 

Random Amplified Polymorphic DNA (RAPD) 

RAPD was developed by Welsh and McClelland (1990) along with Williams et al. 

(1990). It does not require any previous DNA sequencing because it is based on 

the PCR assay. With this method, many complementary genomic DNA sections are 

amplified at random using a single arbitrary primer, resulting in a large number 

of distinct products made from DNA that can be separated on an agarose gel. A 

single species of primer, ten nucleotide bases long, is annealed to the genomic 

DNA at two different sites on the opposing strands of the DNA template. Both 

forward and reverse primer functions are provided by this primer. When the 

distances between the oppositional primer sites are within the amplifiable ranges, 

these primers bind to complementary sequences present across the genome 

(Idrees et al. 2014). The genome has several complementary binding sites for a 

single primer, which results in an amplification product consisting of multiple 

distinct DNA segments of varying lengths. The polymorphism generated by RAPD 

markers is brought by changes in the chromosome, such as insertions or 

deletions, or changes in the nucleotide sequence located at the primer binding 

location (Nadeem et al. 2018). The PCR buffer's concentration of magnesium 

chloride, the primer-to-template ratio, the temperature at which it is annealed, the 

brand and source of the Taq DNA polymerase, the quantity and quality of the DNA 

template, and the thermal cycle brand are only a few of the variables that affect 

the reproducibility of the RAPD markers (Wolff and Peters-van Rijn 1993). RAPD is 

more common and faster than AP-PCR and DAF, although having a lower resolving 

power. Standardizing these circumstances or figuring out a set of conditions that 

produces consistent findings is crucial to getting trustworthy results. This is due to 

the ease of use and inexpensive cost of agarose gel electrophoresis (Idrees et al. 

2014). 

Genetic stability of an endangered medicinal orchid Dendrobium nobile Lindl., 

was investigated using Randomly Amplified Polymorphic DNA (RAPD) and start 

codon targeted (SCoT) markers which detected 97% of genetic fidelity among the 

in vitroregenerants (Bhattacharyya et al. 2014). Some in vitro grown plants which 

showed 100% monomorphism was assessed by RAPD molecular markers such as 

Acorus calamus, Celastrus paniculatus, Decalepis hamiltonii, Gentiana kurroo, 

Nepenthes khasiana, Podophyllum hexandrum, Uraria picta (Meetei et al. 2024; 

Senapati et al. 2013; Saminathan et al. 2023; Kaur et al. 2009; Devi et al. 2013; Tariq 

et al. 2015; Ahire et al. 2011)(Table1). 

 

Inter-Simple Sequence Repeat (ISSR)  

This method involves amplifying DNA segments that are situated at an amplifiable 

distance between two similar microsatellite repeat sections which are oriented in 

opposite orientations. ISSR order typically, 16–25 bp primers are used in a single 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/rapd
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/start-codon
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/start-codon
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/genetics
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primer PCR process to target several genomic loci and amplify various inter-SSR 

sequence length. Either di-or tri-nucleotide microsatellite repeats can be utilized 

as primers. High polymorphism ISSR markers are employed in research of 

genome mapping, phylogeny, genetic diversity, and gene tagging (Reddy et al. 

2002). Because ISSR primers are lengthier (15–35 bp) than RAPD primers, their 

high annealing temperature causes them to be more stringent (Amom et al. 2018). 

Since anchored primers can anneal at particular locations on the template DNA to 

produce distinct bands, they are used more frequently than unanchored primers 

(Nilkanta et al. 2017; Nadeem et al. 2018). The 200–2000 bp long amplified 

fragments are divided using polyacrylamide or agarose gel electrophoresis. 

Autoradiography or AgNO3 staining are used to visualize the resulting ISSR 

banding pattern. Like RAPD, ISSR primers have no need for the template DNA's 

prior sequence knowledge. The dominant inheritance pattern is displayed by 

ISSR markers, which are easy to use and need less DNA to analyze (Longya et al. 

2020). ISSR is rapid, easy, and very reproducible. It doesn't require radioactivity, 

and it doesn't require previous knowledge of the genome sequence (Bornet and 

Branchard 2001). 

The genetic fidelity of the in vitro regenerated plants of Artemisia absinthium 

were estimated using the intersimple sequence repeat (ISSR) and sequence-

specific amplification polymorphism (SSAP) molecular markers. In both the 

markers, no variation was detected in the plants regenerated from the nodal 

explants (100% monomorphism) while a little polymorphism (2%) was detected 

in the callus regenerated plants (Kour et al. 2014). Inter Simple Sequence Repeats 

analysis revealed a homogeneous profile of amplification for micropropagated 

plants use to analyse the genetic stability of the in vitro regenerated plants such 

as Aconitum heterophyllum, Bergenia ligulate, Centella asiatica, Lilium davidii, 

Pterocarpus marsupium (Belwal et al. 2016; Deeba et al. 2024; Mohapatra et al. 

2021; Yang et al. 2021; Tippani et al. 2019) (Table.1). 

 

Single nucleotide polymorphism (SNP) 

A single nucleotide polymorphism (SNP) is a variation in a single nucleotide (A, T, 

G, or C) that occurs among members of a species SNP has emerged as the new 

norm for molecular markers for a variety of applications since it is the most 

common marker system found in plant and animal genomes. They are easily able 

to differentiate among homozygous and heterozygous alleles due to their binary 

form, or co-dominant, condition. Additionally, its efficacy is derived from the vast 

number of loci that may be evaluated rather than the quantity of alleles, in contrast 

to microsatellites (Foster et al. 2010). Most notably, SNPs may be genotyped 

quickly and effectively on a large number of samples because of high throughput 

technology (Tsuchihashi and Dracopoli 2002). SNPs in plants can be created using 

single-stranded pyrosequencing (Miller et al. 2003) and ESTs (Coles et al. 2005). 

Plant genetic diversity can be ascertained using SNP, especially in species with 
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low genetic diversity but not commonly used in genetic stability studies (Idrees et 

al. 2014).  

 

Simple Sequence Repeats (SSRs)  

Single Sequence Repeats (SSRs), often known as microsatellites, are frequently 

employed in plant genetics studies that employ both high-throughput and low-

throughput genotyping methods. Since SSRs are co dominant, multi-allele genetic 

markers with characteristics that are highly informative, reproducible in 

experiments, and transferable among closely related species, they have been the 

most popular markers for plant genotyping over the past 20 years (Mason 2015). 

Specifically, SSRs are helpful for wild species in (i) diversity research based on 

genetic distance, (ii) crossing over rates and estimating gene flow, (iii) most 

importantly, inferring infraspecific genetic links in evolutionary 

investigations. However, SSRs are frequently utilized for cultivated plants in order 

to: (i) create linkage maps, (ii) map loci implicated in quantitative characteristics 

(QTL), (iii) calculate the level of genetic kinship, (iv) define cultivar DNA 

fingerprints, and (v) use marker-assisted selection (Jonah et al. 2011; Kalia et al. 

2011). These markers are extremely useful when researching genetic mapping, 

population organization, and processes associated with evolution.SSR marker 

along with ISSR marker confirmed the genetic uniformity of in vitro raised 

regenerants of plant Trillium govanianum (Kumar et al. 2024) (Table.1). 

 

Start Codon Targeted (SCoT)  

Start Codon Targeted (SCoT), a novel and potent marker, was used in accordance 

with the brief conserved region that surrounds the ATG start codon in plant 

genes. As efficient polymorphic markers, SCoT markers generate more consistent 

and dependable bands that remarkably illustrate individual differences 

(Amirmoradi et al. 2012). Additionally, studies of the genetic diversity and 

population dynamics of many plant species have found success with this marker 

(Tiwari et al. 2016). To detect the genetic variation is the main goal of the SCoT 

marker, which can be useful for diversity research, genetic mapping, and marker-

assisted selection (MAS) in crops. It is usually preferable to use several molecular 

markers while assessing the genetic uniformity of micro propagated plants 

(Muthukumar et al. 2016; Jogam et al. 2020; Rohela et al., 2019). Due to the 

outstanding reliability and specificity in genetic fidelity investigations, SCoT 

markers have been getting a lot of attention nowadays. In vitro grown plants such 

as Decalepis salicifolia, Malaxis acuminata, Nardostachys jatamansi, (Wasi et al. 

2024; Bhattacharyya et al. 2023; Bose et al. 2016) shows 100% monomorphism 

when assessed by SNP marker. Therefore, finding genetic variation is the main 

goal of the SCoT marker, which can be useful for diversity research, genetic 

mapping, and marker-assisted selection (MAS) in crops.  

 

 



Innovations, Number 81 June 2025 

 

809 www.journal-innovations.com 

 

Intron-exon splice junction (ISJ) 

Semi-specific intron-exon splice junction (ISJ) markers are essential for post-

transcriptional DNA processing and are predicted on sequences that are 

frequently present in plants (Weining and Langridge 1991). In microsatellite-

based analyses, ISJ markers can offer alternative perspectives. Because these 

markers are dominating and the primers are partially equivalent to the exon-

intron border sequences, amplification outputs may contain parts that include 

both coding and non-coding elements (Rafalski 1997). Because functional gene 

fragments may be present in the amplified sequences, ISJ markers may be 

considered selectively non-neutral. One of the advantages of ISJ markers is that 

they don't need previous knowledge about the DNA sequence of species (Sawicki 

and Szczecinska 2007). Genetic stability among the in vitro derived regenerants 

was indicated by ISJ markers, which showed 4.76% clonal variability in plant 

which are grown by explants which is taken from 8-9 months old green purplish 

capsules of Malaxis wallichii (Bose et al. 2017) shows in Table1. However,one of 

the advantages of ISJ markers is that they don't need previous knowledge about 

the DNA sequence of species (Sawicki and Szczecinska 2007). 

 

Discussion and Conclusion 

In vitro conservation is a great way to meet commercial demand while minimizing 

overexploitation of plant species from their native environments. In order to boost 

secondary metabolite production, a variety of elicitation methods, plant growth 

regulators, and biological and physiological traits can be combined (Narayani 

and Srivastava 2017). Although genetic diversity can be preserved through in 

vitro conservation over several generations, there is a chance that genetic drift, 

somaclonal variation, mutations can lead to the potentially change in the plant’s 

genetic makeup. Their therapeutic qualities, which are especially valuable for 

pharmaceutical applications, may be impacted by these 

modifications(Bhattacharyya et al. 2018).The in vitro propagation technique, 

which employs a range of explants, comprising seeds, shoot tips, roots, leaves, as 

well as nodal and rhizome sections, is an essential tool for rapidly growing vast 

numbers of medicinal plants. Compared to cultivated plants from adventitious or 

fully established meristematic tissues, the produced plantlets derived through 

callus culture show poorer genetic stability. Meristem (axillary) proliferation is 

thought to be the most dependable technique, while the callus phase is thought to 

be the least dependable (Bhatia et al. 2015). For plant clonal multiplication, 

adventitious shoot production straight from the removed organs is superior to 

callus creation but less dependable than axillary bud proliferation. Explants and 

their origin, as well as various regeneration techniques, are responsible for the 

genetic diversity in tissue culture grown plants. 

 Conservation initiatives should include continuous genetic evaluations utilizing 

methods like DNA markers, RAPD (Random Amplified Polymorphic DNA), and SSR 

(Simple Sequence Repeats) to guarantee the genetic integrity of in vitro 
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conserved medicinal plants (Fig.2).  Furthermore, incorporating molecular 

technologies like genetic transformation and cryopreservation might reduce 

genetic deterioration during extended storage. Researchers employed a variety 

of molecular marker methods for different plant species, , to evaluate clonal 

fidelity such as RAPD (Bhardwaj et al. 2018; Prakash et al. 2019; Sarkar and 

Banerjee 2020), SSR (Mehraj et al. 2019),  ISSR (Kurup et al. 2018;Dey et al. 2020b, 

Chandrika and Rai 2009), AFLP (Singh et al. 2002),  SCoT (Bhattacharyya et al. 

2017; Rath et al. 2020), SRAP (Rajput and Agrawal 2020), IRAP (Shingote et al. 

2019), DAMD (Konar et al. 2019), CBDP (Sharma et al. 2019a,b),  IJS (Bose et al. 

2016), etc. Although the most commonly utilized markers are RAPD, ISSR, and 

SCoT markers due to their cost-effectiveness, substantial amount of knowledge, 

and dependability (Fig.2). Since the findings of one marker type's variability 

analysis can be supported by those of the other, utilizing two marker arrays is 

more dependable for precise genetic evaluation than using just one. The majority 

of findings using various molecular markers showeda significant amount of 

monomorphism, suggesting that the genetic components of plants grown in vitro 

differed little, demonstrating that the plants were clonally identical (Devarumath 

et al. 2002). 

In conclusion, medicinal plants can still be effectively preserved by invitro 

conservation; nevertheless, it is critical to constantly assess and manage any 

genetic differences that might affect the plants' prospective medical utility. 

Assessment of genetic integrity of in vitro conserved medicinal plant species 

could be analysed by regulatory bodies that monitor medicine integrity as well as 

the pharmaceutical sector to control the quality of the drugs derived from these 

species. Molecular markers which fill the maximum gap in solving the problem of 

authentication, off-course is a boom to the molecular biology for obtaining 

clonally stable true-to-type plantlets for sustainable commercial use. Now, it is 

possible to preserve the long-term genetic integrity and therapeutic potential of 

conserved plants with appropriate management and genetic monitoring. 

Assessing the genetic integrity or variability of in vitro medicinal plants is crucial 

to establishing effective conservation strategies in future. 
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Fig. 1 Flowchart showing Different types of Genetic Markers assessed in the 

Genetic stability of In vitro grown medicinal plants 
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Fig 2.  Pie chart showing comparative analysis of different types of molecular 

markers in Genetic stability of in vitro grown medicinal plants 
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