
Lecture 8. Plant Cloning: Creation of Genetically Identical 

Plant Clones and Their Applications in Breeding and 

Propagation 

Introduction 

Plant cloning is the production of new plants that are genetically identical, or nearly 

identical, to a selected parent plant. It is based primarily on asexual or vegetative 

reproduction, in which new individuals develop without the fusion of male and female 

gametes. Unlike sexual reproduction, which generates new combinations of alleles and 

therefore genetic variation among offspring, cloning generally preserves the genotype of the 

selected donor plant. This characteristic makes plant cloning particularly valuable in 

agriculture, horticulture, forestry, plant breeding, and biotechnology because desirable 

characteristics can be maintained during propagation. Plants with high productivity, superior 

fruit quality, disease resistance, ornamental value, or other useful traits can be multiplied 

without depending on seed reproduction. Traditional cloning methods such as cuttings, 

grafting, layering, and division have been used for centuries, while modern biotechnology has 

introduced in vitro micropropagation, meristem culture, somatic embryogenesis, and other 

tissue-culture techniques that allow large numbers of cloned plants to be produced under 

controlled laboratory conditions. 

 

Figure 1. Graphical Abstract of Plant Cloning: Creation of Genetically Identical Plant 

Clones and Their Applications in Breeding and Propagation 



The biological basis of plant cloning is closely related to the remarkable 

developmental plasticity of plant cells and the concept of totipotency. Many plant cells retain 

the complete genetic information required to generate an entire organism. Under appropriate 

environmental and hormonal conditions, cells from leaves, stems, roots, meristems, embryos, 

or other tissues can divide and differentiate into new organs and eventually complete plants. 

This capacity distinguishes plants from many animal systems and explains why vegetative 

propagation and tissue culture are so effective in plant biotechnology. Nevertheless, genetic 

identity does not necessarily mean that every clone will look or perform exactly the same 

under all conditions. Environmental factors, developmental differences, epigenetic 

modifications, pathogens, and mutations can influence phenotype. Therefore, plant cloning 

should be understood as a method for preserving a selected genotype rather than as a 

guarantee that all plants will always show completely identical characteristics. 

Principles of Plant Cloning 

A clone is a group of cells or organisms derived from a common ancestor through 

asexual reproduction. In plant science, the term is commonly used for plants produced 

vegetatively from a selected parent. During ordinary mitotic cell division, chromosomes are 

duplicated and distributed to daughter cells, allowing genetic information to be maintained. 

This process provides the cellular basis for clonal propagation. When a stem cutting develops 

roots and becomes an independent plant, for example, the new individual originates from 

somatic tissues of the parent rather than from a genetically recombined seed. The same 

principle applies to micropropagation, where small explants are cultured in vitro and 

stimulated to generate multiple shoots and complete plants. 

Cloning is especially important for crops in which valuable characteristics are 

determined by complex combinations of genes. Sexual reproduction can separate these 

combinations because meiosis and fertilization generate new genetic combinations. 

Vegetative propagation can maintain the selected genotype. This is why many fruit crops, 

ornamental plants, plantation crops, and vegetatively propagated food crops are commonly 

maintained as clones. Plant breeders can first create genetic diversity and identify superior 

individuals and then use clonal propagation to preserve and multiply the selected genotype. 

Consequently, genetic variation and cloning have complementary roles: breeding generates or 

identifies useful variation, while cloning helps maintain selected combinations of 

characteristics. 

Traditional Methods of Plant Cloning 

Vegetative propagation occurs naturally in many plant species. New plants may 

develop from stolons, rhizomes, bulbs, tubers, suckers, or other specialized structures. 

Agriculture has adapted these natural processes into practical propagation methods. Cuttings 

are among the simplest examples. A portion of a stem, leaf, or root is separated from the 

donor plant and placed under conditions that promote the development of new roots and 

shoots. Once established, the resulting plant can grow independently while maintaining the 

genotype of the original donor. The efficiency of cutting propagation varies greatly among 

species and depends on factors such as tissue maturity, environmental conditions, 

physiological status, and the ability to form adventitious roots. 



Layering is another vegetative propagation method in which roots are encouraged to 

form on a stem while it remains connected to the parent plant. After sufficient root 

development, the new plant can be separated. Division involves separating naturally 

produced plant structures into independent units capable of further growth. Grafting 

combines tissues from two plants so that they grow together. The upper part, called the scion, 

provides many of the characteristics of the shoot system, while the rootstock forms the root 

system and can influence characteristics such as vigor, environmental adaptation, and disease 

response. Grafting does not create an organism with a completely mixed genome; instead, 

genetically distinct tissues remain physically connected. Nevertheless, it is an important 

method for clonally maintaining valuable cultivars, particularly in fruit production. 

In Vitro Cloning and Micropropagation 

Modern plant biotechnology has greatly expanded cloning through micropropagation, 

which allows plants to be multiplied under sterile in vitro conditions. A small piece of plant 

material, known as an explant, is obtained from a selected donor plant and introduced into an 

appropriate nutrient medium. Depending on the species and propagation strategy, the explant 

may be derived from a shoot tip, meristem, node, leaf, embryo, or another tissue. The culture 

medium provides mineral nutrients, vitamins, a carbon source, and plant growth regulators. 

Environmental conditions such as temperature, light, and photoperiod are also controlled. 

These conditions stimulate cells and tissues to divide and form new shoots or other 

regenerative structures. 

Micropropagation usually involves establishment of the culture, multiplication of 

shoots, rooting of regenerated shoots, and acclimatization of plantlets to external conditions. 

During multiplication, shoots can be repeatedly subdivided and transferred to fresh medium, 

making it possible to generate large numbers of plants from a relatively small amount of 

starting material. Once shoots have developed sufficiently, root formation is promoted and 

complete plantlets are obtained. These plants are subsequently transferred from the protected 

in vitro environment to greenhouse or nursery conditions. Acclimatization is an important 

stage because plantlets grown inside culture vessels have developed under high humidity and 

controlled environmental conditions and therefore require gradual adjustment to lower 

humidity, stronger light, variable temperatures, and soil-based growth. 

Meristem Culture and Healthy Clonal Material 

One important form of clonal propagation is meristem culture. Meristematic tissues 

contain actively dividing cells responsible for plant growth. Small shoot tips or meristem-

containing tissues can be cultivated in vitro and regenerated into complete plants. Meristem-

based culture is particularly important in vegetatively propagated crops because pathogens 

can accumulate when the same planting material is repeatedly propagated over many 

generations. Under appropriate circumstances, meristem culture can be combined with 

diagnostic and sanitation procedures to establish propagation material free from particular 

pathogens. 

Once suitable healthy material has been established, micropropagation can rapidly 

multiply it and provide standardized planting stocks. This approach is important in crops such 

as potato, banana, strawberry, grapevine, and numerous ornamental and fruit species. The use 

of healthy planting material can improve crop establishment and reduce the risk of 

distributing infected propagation material. However, plant health must be confirmed using 



appropriate diagnostic procedures rather than assumed solely from the appearance of tissue-

cultured plants. 

Organogenesis and Somatic Embryogenesis 

Clonal plants can be regenerated through different developmental pathways. 

Organogenesis involves the formation of shoots and roots from cultured tissues. In direct 

organogenesis, new organs develop relatively directly from the original explant. In indirect 

organogenesis, cells first proliferate as callus and shoots or roots subsequently develop from 

this tissue. Direct regeneration is often preferred for clonal multiplication when maintaining 

genetic stability is particularly important because prolonged callus culture can increase the 

possibility of variation. 

Another pathway is somatic embryogenesis, in which somatic cells develop embryo-

like structures capable of generating complete plants. Unlike normal zygotic embryos, which 

result from fertilization, somatic embryos originate from non-reproductive tissues. Somatic 

embryogenesis can provide an efficient system for large-scale clonal propagation and is 

particularly useful in certain agricultural and forest species. Somatic embryos can potentially 

be produced in large numbers and may also be used in the development of synthetic seed 

technologies. Both organogenesis and somatic embryogenesis demonstrate how the 

developmental program of plant cells can be redirected under controlled culture conditions. 

Genetic Fidelity and Somaclonal Variation 

The principal objective of plant cloning is usually to preserve the genotype of a 

selected donor. However, tissue culture does not always produce perfectly identical plants. 

Genetic or epigenetic changes may arise during extended in vitro cultivation, especially when 

regeneration involves prolonged callus phases. These differences are collectively described as 

somaclonal variation. Such variation can affect morphology, flowering, fertility, metabolism, 

growth rate, or other plant characteristics. For commercial clonal propagation, excessive 

variation is usually undesirable because growers expect regenerated plants to reproduce the 

characteristics of the selected cultivar. 

Several approaches can help evaluate clonal fidelity. Morphological and agronomic 

characteristics can be compared among plants, while molecular markers and DNA-based 

analyses can provide additional information about genetic stability. Cytogenetic methods can 

identify changes in chromosome number or structure, and modern sequencing technologies 

can provide more detailed analysis when required. Epigenetic variation may also occur 

without major changes in DNA sequence. Quality control is therefore an important 

component of large-scale micropropagation. At the same time, somaclonal variation is not 

always negative. In breeding research, unexpected variation can occasionally produce useful 

characteristics and provide additional material for selection. 

Plant Cloning in Breeding 

Plant cloning plays an important role in breeding because it allows promising 

genotypes to be preserved after selection. A breeder may evaluate hundreds or thousands of 

genetically different plants and identify individuals with desirable combinations of yield, 

quality, resistance, maturity, or environmental adaptation. If the selected plant is suitable for 

vegetative propagation, cloning allows the genotype to be multiplied without breaking apart 



the favorable genetic combination through sexual reproduction. This is particularly valuable 

for highly heterozygous crops, where seed-derived offspring can differ substantially from the 

parent. 

Clonal propagation is also useful during evaluation of experimental material because 

genetically similar copies of the same genotype can be tested in different environments. 

Researchers can therefore examine how a particular genotype responds to differences in 

climate, soil, irrigation, disease pressure, or agricultural management. This helps separate 

genetic effects from environmental effects. In modern breeding, cloning can also be 

combined with molecular markers, genomic selection, genetic transformation, and genome 

editing. Once a useful genotype has been genetically improved or edited, efficient 

regeneration and clonal multiplication can help produce sufficient material for subsequent 

evaluation. 

Applications in Agriculture and Horticulture 

Clonal propagation is widely used in commercial agriculture because it provides a 

practical method for maintaining uniform characteristics. Many fruit crops are propagated 

vegetatively because seed-derived plants may not reproduce the desirable characteristics of 

the parent cultivar. Ornamentals are also frequently cloned to maintain specific flower colors, 

shapes, growth forms, or other market characteristics. Potato production relies on vegetative 

propagation through tubers, while crops such as banana are commonly multiplied through 

vegetative or tissue-culture methods. Forestry can use clonal propagation to multiply selected 

trees with desirable growth characteristics, wood properties, or environmental adaptation. 

Uniformity can be advantageous because crops may develop, flower, or mature more 

consistently, making management and harvesting more predictable. However, extensive 

genetic uniformity can also create biological risks. A genetically uniform population may 

respond similarly to a pathogen or environmental stress, potentially increasing vulnerability if 

the shared genotype is susceptible. Sustainable agricultural systems therefore need to balance 

the advantages of clonal uniformity with the importance of genetic diversity. 

Conservation of Plant Genetic Resources 

Clonal technologies are important for preserving plant genetic resources that cannot 

be effectively conserved through conventional seed storage. Some crops are maintained 

primarily through vegetative propagation, while some species produce seeds that have limited 

storage potential. In vitro collections can maintain valuable genotypes under controlled 

conditions, and slow-growth approaches can reduce the frequency of subculture. For long-

term conservation, plant materials can also be combined with cryopreservation, in which 

suitable tissues are stored at extremely low temperatures. 

Clonal conservation is particularly valuable for elite breeding lines, rare genotypes, 

traditional cultivars, and germplasm collections. Nevertheless, ex situ conservation should 

complement rather than replace conservation of plants in natural ecosystems and agricultural 

environments. Maintaining genetic diversity at the population level remains essential for 

long-term adaptation and breeding. 

Cloning and Modern Plant Biotechnology 



Plant cloning is closely connected with genetic transformation and genome editing. 

When genetic material is introduced into plant cells or when a genome-editing system 

produces a targeted modification, researchers frequently begin with only a small number of 

successfully modified cells. These cells must be regenerated into complete plants and 

subsequently multiplied. Tissue culture and clonal propagation therefore provide the bridge 

between a molecular modification at the cellular level and the production of whole plants 

suitable for biological and agricultural evaluation. 

Genome editing can also be combined with clonal propagation to modify established 

cultivars while retaining many of their original characteristics. For example, a selected 

genotype may contain many valuable agronomic traits but lack resistance to a particular 

disease. A targeted modification may be introduced into that genotype, followed by 

regeneration and propagation of the edited plant. Molecular and phenotypic analyses are then 

required to confirm the modification and evaluate its effects. Thus, cloning, genome editing, 

tissue culture, and molecular breeding increasingly function as interconnected components of 

modern plant biotechnology. 

Advantages and Limitations of Plant Cloning 

Plant cloning offers several important advantages. It allows rapid multiplication of 

valuable genotypes, preservation of desirable genetic combinations, propagation of plants that 

produce few viable seeds, establishment of relatively uniform crops, and multiplication of 

selected healthy planting material. In vitro cloning can operate throughout the year under 

controlled conditions and requires relatively little initial plant material. Cloning is also 

important for conservation, research, genetic engineering, and distribution of elite plant 

material. 

However, cloning also has limitations. Genetic uniformity may increase vulnerability 

to diseases or environmental changes if large areas are planted with the same susceptible 

genotype. Pathogens can be transmitted during vegetative propagation if starting material is 

infected. Tissue culture requires appropriate facilities, technical expertise, quality control, and 

careful management of contamination. Somaclonal variation may reduce genetic fidelity, 

while acclimatization losses can occur when plants are transferred from laboratory to 

greenhouse or field conditions. Economic feasibility therefore depends on crop value, 

propagation efficiency, labor requirements, and production scale. 

Future Perspectives 

Future plant cloning technologies are expected to become increasingly integrated with 

automation, genome editing, molecular diagnostics, cryopreservation, and data-driven plant 

breeding. Automated culture systems and improved environmental monitoring could reduce 

labor requirements and increase the scale of micropropagation. Molecular diagnostics can 

help ensure the identity and health of clonal material, while genomic technologies can 

provide more detailed assessment of genetic fidelity. Improved understanding of 

developmental regulators may also allow difficult plant species to be regenerated and 

propagated more efficiently. 

Integration with genome editing is particularly important. Technologies such as 

CRISPR/Cas allow specific genomic sequences to be modified, while tissue culture and 

cloning enable edited cells to become complete plants and subsequently be multiplied. The 



combination of genetic selection → targeted genome modification → plant regeneration → 

clonal multiplication → molecular confirmation → field evaluation provides a powerful 

strategy for future crop improvement. 

Conclusion 

Plant cloning is a fundamental method for producing genetically identical or highly 

similar plants from selected donor material through asexual propagation. Traditional 

approaches such as cuttings, layering, division, and grafting remain important, while modern 

tissue-culture methods have greatly increased the speed and scale at which valuable plants 

can be propagated. Micropropagation, meristem culture, organogenesis, and somatic 

embryogenesis provide powerful tools for rapid multiplication, conservation of elite 

genotypes, production of selected healthy planting material, and support of modern breeding 

programs. Cloning is particularly valuable because it preserves desirable genetic 

combinations that may be lost through sexual reproduction. At the same time, genetic 

uniformity, pathogen transmission, somaclonal variation, production costs, and 

acclimatization must be carefully managed. Combined with molecular breeding, genome 

editing, genetic transformation, and germplasm conservation, plant cloning remains an 

essential technology for modern agriculture, horticulture, forestry, and plant biotechnology. 


