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Abstract: The conservation and sustainable use of the diversity present in plant genetic 

resources and traditional knowledge of germplasm within and among plant species 

represent economic, scientific, and societal values that have the potential to solve the 

food security problems arising from our expanding global population. Advances in 

biotechnology fields such as in vitro culture technology, cryopreservation, and molecular 

markers have generated significant improvements in methods of conservation of rare 

and endangered plant genetic resources and the traditional knowledge of germplasm, 

and their valuable management, in effective ways. A strategic and forward vision for 

conservation of plant genetic resources and traditional knowledge of germplasm and 

sustainable use of plant resources in the twenty-first century is of far-reaching 

significance for the Earth’s sustainable development.  
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1. Introduction 

Biodiversity is the cornerstone of ecosystem stability, and plants form the foundation of 

terrestrial ecosystems. However, anthropogenic activities such as habitat destruction, 

climate change, and overexploitation have led to the decline of many plant species, 

classifying them as rare, endangered, or threatened (RET). The conservation of these 

plants is essential not only for ecological balance but also for sustaining cultural and 

economic values. 
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More than half of the world's plant species are endemic to 34 global biodiversity hotspots 

(GBH), which once accounted for 15.7% of the earth's land surface but are now only 2.3%. 

The gradual disappearance of terrestrial natural ecosystems for various human activities 

has led to the extinction of many plant species worldwide. This is often because native 

vegetation has been cleared for agriculture, which causes erosion, salinization, and the 

invasion of alien species. More recently, climate change has emerged as a significant new 

threat. The International Union for Conservation of Nature's Red List of Threatened 

Plants, which was initially released in 1998 (IUCN 1998) and currently covers over 8,000 

species, has several endemic species that are in danger of going extinct (IUCN 2010). The 

problems of preserving endangered species cannot be solved by in situ conservation 

alone. A considerable percentage of species are not suitable for seed banking, even if it 

can be used for the ex situ conservation of most endangered species. In these 

circumstances, it is crucial to preserve the genetic diversity of species and populations, 

and micropropagation can yield a significant number of propagules from a cross-section 

of a region's genetic diversity (Rogers 2003). International authorities must create and 

oversee programs for the coordinated in situ and ex situ conservation of rare and 

endangered plant species. Funding is frequently limited, yet botanical gardens are 

increasingly tasked with preserving and collecting endangered species. By establishing 

goals for comprehending and preserving plant diversity, encouraging sustainable usage, 

offering education, and developing capacity to support plant conservation, the Global 

Strategy for Plant Conservation (GSPC 2010), which was agreed by more than 180 

nations in 2002, seeks to stop this loss. While conventional conservation methods have 

been effective to some extent, they face limitations in scalability, precision, and long-term 

viability. Biotechnology offers innovative tools and techniques to overcome these 

limitations, providing new pathways for conserving RET plants. This paper highlights 

the various biotechnological approaches used in plant conservation and their potential 

for addressing conservation challenges. 

2. Biotechnological Tools for Plant Conservation 

Tissue Culture Techniques 

Micropropagation 

Micropropagation enables the rapid multiplication of plants from a small amount of 

tissue. Techniques such as shoot-tip culture, node culture, and somatic embryogenesis 

are commonly used to produce large numbers of identical plants.  In a short period of 

time and limited space, it allows the production of numerous plant species. It is exploited 

for the production of pathogen-free cloned plants for agriculture and forestry usages. 

From conservation point of view, the regenerated plantlets should have minimum 

somatic variations through micro-propagation method by reducing the number of 
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sub-culturing and axillary bud or shoot tip culture. Echinacea purpurea, a medicinal plant, 

has been propagated using micropropagation to meet conservation and commercial 

needs (Baskaran et al., 2021). The micropropagation of Lavandula pedunculata was done for 

essential oil production (Zuzarte et al., 2010) without affecting natural resources.  

Somatic Embryogenesis 

Somatic embryogenesis is the process by which a somatic embryo develops from one or 

more cells. Gene cloning and plant genetic transformation rely on plant tissue culture 

techniques for regeneration on appropriate conditions. However, somatic embryos, 

which can be derived from reproductive explants such as ovaries, stigmas, anthers, and 

whole flowers, have been utilized as the starting material for all transformation 

techniques (Kikkert et al., 2005, Gambino et al., 2007, Prado et al., 2010). Compared to 

previous approaches, somatic embryogenesis has various advantages and helps produce 

a high number of plants regardless of the season. This technique can be used to create 

haploid plantlets, which may be useful in the study of mutations. In the past, producing 

homozygous lines through selfing presented numerous challenges for plant breeders; 

however, biotechnological techniques play a significant role in producing homozygous 

lines from gametic embryogenesis (Germana et al., 2011). Somatic embryogenesis has 

been used to conserve the critically endangered Syzygium travancoricum tree (Thomas et 

al., 2017). 

Protoplast culture 

Fusion is a physical process in which two or more protoplasts meet and adhere to one 

another, either naturally or with the help of substances that cause fusion. It is possible to 

transfer some beneficial genes from one species to another, including those that are 

resistant to disease, nitrogen fixation, quick growth and increased rate of product 

synthesis, protein quality, frost hardiness, drought resistance, herbicide resistance, and 

resilience to heat and cold. Thus, genes from other organisms have been combined using 

this biotechnological method to produce strains with the required characteristics. It is 

possible to create para-sexual hybrid protoplasts by experimentally fusing two 

genetically distinct protoplasts that were separated from the somatic cells. 

Cryopreservation 

With cryopreservation, tissues can be stored for a long time in cryo-tanks with 

liquid nitrogen (LN, -196 °C), and after being reheated, plants can grow again from these 

tissues (Engelmann 2011, Benson 1999, Bi et al., 2021). Explants kept in cryopreserved 

settings have little metabolic activity and cellular divisions, which maintains the genetic 

integrity for an extended period of time (Engelmann 2011, Panis and Nagel 2020; Reed 

2017). Plant tissues that are frozen in liquid nitrogen must have their water content 

replaced with cryoprotectants, which are anti-freezing chemicals that can prevent ice 
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formation and preserve cellular integrity. Plant species-specific cryopreservation 

techniques are common (Benson 1999). Plant species with irregular seed production and 

those whose seed collection is restricted due to declining populations can benefit from the 

use of commonly used explants, such as meristems, nodes, buds, roots, and seeds (Bi et al., 

2021; Popova et al., 2015). Plants like the golden paintbrush (Castilleja levisecta Greenm) 

(Salama et al., 2018) and cherry birch (Betula lenta L.) (Rathwell et al., 2016) have been 

reintroduced into their natural habitats through cryobanking. The critically endangered 

tissues in liquid nitrogen necessitate replacing the water content of the tissues with 

cryoprotectants, which are anti-freezing substances that can prevent ice formation and  

Table 1: Conservation status and in vitro propagation of some threatened plant 

Scientific Name Traditional Uses In Vitro Method Used Reference 

Castanea americana Food, wood Transgenic modification Barnhill-Dilling and 

Delborne 2019 

Turbinicarpus sp Medicinal, ceremonial  Tissue culture Carlín et al., 2015 

Gentiana kurroo Medicinal   Shoot culture Sharma 2001 

Eucalyptus spp Medicinal  Tissue culture McComb et al., 1996 

Rhinacanthus nasutus Medicinal, dye Tissue culture Reshi et al., 2018 

Rauvolfia serpentina  Medicinal Organogenesis Baksha et al.2007 

Withania somnifera Medicinal Hairyroots Kumar et al., 2005 

Artocarpus altilis  Medicinal, food Meristem culture Murch et al., 2007 

Hordeum vulgare   Food   Embryo, cryopreservation Fretz et al., 1992 

Zea mays  Food, ceremonial Embryo, seed 

cryopreservation 

Usman and Abdulmalik, 

2010, Perez et al., 2017 

Wrightia tinctoria Medicinal  Stem cuttings Mridula and Nair, 2018 

Betula medwdewii 

Regel 

Medicinal, wood Shoot tips, buds Gaidamashvili et al., 

2015a, b 

Castanea sativa Medicinal In vitro nodal explants, 

Buds, Embryonic axis 

Sáez et al., 2012 

preserve cellular structure. Protocols for cryopreservation are frequently species-specific 

(Benson 1999). Plant species with irregular seed production and those whose seed 

collection is restricted due to declining populations can benefit from the use of 

commonly used explants, such as meristems, nodes, buds, roots, and seeds (Bi et al., 2021; 

Popova et al., 2015). Plants like the golden paintbrush (Castilleja levisecta Greenm.) 

(Salama et al., 2018), cherry birch (Betula lenta L.) (Rathwell et al., 2016), and the critically 

endangered pearl-like androcalva (Androcalva perlaria Wilk.) (Whiteley et al., 2016) have 
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all been reintroduced into their natural habitats through cryobanking. A Canadian 

endangered plant, the streambank lupine (Lupinus rivularis Lindl.), has recently been 

successfully cryopreserved and micropropagated (Popova et al., 2021). Techniques like 

droplet vitrification have been used for successful cryopreservation of Dioscorea deltoidea 

(Engelmann, 2011). Cryopreservation techniques have been employed to conserve Taxus 

baccata, a source of the anti-cancer compound paclitaxel (Sharma et al., 2015). Mangrove 

species such as Rhizophora apiculata have been successfully propagated through 

micropropagation and genetic studies to restore degraded coastal ecosystems 

(Kathiresan & Bingham, 2001). 

Micrografting 

Micro-grafting, which has been researched both in vitro and in vivo, is the process of 

rejuvenating the mature scion shoot tip onto the juvenile root stock. In order to produce 

disease-free scions, rejuvenate and/or invigorate mature shoot materials, increase the 

possibility of cloning mature plants true to type, and investigate graft unions, this 

technique was created (Jonard, 1986) (Onay et al., 2003). In vitro micrografting was used 

to regenerate the kinnow mandarian without the use of viruses (Singh et al., 2008). The 

oxidation of phenolic chemicals causes browning of cut surfaces, which is a constraint in 

the creation of micrografted plantlets. Dipping the shoot scion in the MS medium, 

however, might solve this issue. 

Genetic Engineering 

Genetic engineering facilitates the introduction of specific traits to improve plant 

resilience or to preserve unique genetic attributes. The transformation of Artemisia annua 

for enhanced production of artemisinin, a key anti-malarial compound (Ikram et al., 2017). 

These genetically transformed root cultures can produce secondary metabolites in large 

amounts comparable with those in intact plants, and the transformed root lines can be a 

promising source for the constant and standardized production of secondary metabolites 

(Kundu et al., 2019). 

Molecular Markers 

DNA based markers either PCR based or non-PCR based provide genetic structure of the 

plant species and have been used in various fields such as embryology, genetic 

engineering, physiology, taxonomy etc. Simple Sequence Repeats (SSRs), Amplified 

Fragment Length Polymorphisms (AFLPs), and Single Nucleotide Polymorphisms 

(SNPs). These markers are helpful in the identification of plant species and their cultivars 

to clarify errors occurred with the herbs in the local markets (Kiran et al., 2010). 

Molecular markers are crucial for understanding genetic diversity and identifying 

distinct genotypes within RET species. AFLP markers have been used to study genetic 

diversity in Rauvolfia serpentina populations (Rout et al., 2009). RAPDs have been 

https://www.sciencedirect.com/science/article/pii/S1319562X11000702#b0285
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extensively used in assessing genetic relationship among various accessions of different 

plant species (Khan et al., 2010, Khan et al., 2011). SSR marker has been used for the 

assessment of genetic diversity in a numerous crops such as Psathyrostachys huashanica, 

Zea maize, Apium graveolens, Prunus domestica L., cherry plum (P. cerasifera Ehrh.) and sloe 

(P. spinosa L.) (Liu et al., 2010, Wang et al., 2011, Horvath et al., 2011).  

Next-Generation Sequencing (NGS) and Genomics 

NGS has revolutionized conservation genomics by enabling the sequencing of entire 

genomes at a reduced cost. This technology aids in identifying genes associated with 

stress tolerance and adaptability. Genome sequencing of Amborella trichopoda, an ancient 

angiosperm, has provided insights into evolutionary conservation (Albert et al., 2013). 

CRISPR/Cas9 allows precise modifications of plant genomes, offering potential for 

restoring endangered plants by improving stress resistance and adaptability. Gene 

editing in Orchidaceae species to enhance flowering and adaptability (Nishihara et al., 

2020). 

3. Conclusion and future prospects 

The protection and enhancement of plant species, particularly rare and endangered ones 

with economic and medicinal significance, require biotechnological technologies. For 

plant species to survive in their natural environments, genetic diversity is essential. 

However, the plant's capacity to adapt to changing environmental conditions and 

demographic shifts may deteriorate over time if its genetic variety is lost. It is extremely 

difficult to restore the vast diversity of plant species that have vanished from their 

natural habitat since they cannot be regenerated. In order to increase the genetic diversity 

of rare and endangered plants, these technologies should be used in a variety of methods 

for the conservation and enhancement of different plant species. DNA banking, which 

has been implemented in a few nations, is another promising technique for the 

preservation of biological information by keeping genomic DNA at low temperatures. 

DNA isolation is simple and has several applications in the description and use of 

biodiversity. the application of these biotechnological instruments to endangered and 

rare plant species.  
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