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Abstract

Limited natural resources and various challenges in agricultural production
areas make it difficult to meet the ever-increasing demand for food. The development
of varieties resistant to biotic and abiotic stress factors can increase agricultural
yields and facilitate adaptation to climate change. Genotype differences can increase
productivity and commercial value, especially in fruits that have strategicimportance
in terms of yield and quality, such as strawberries. Traditional breeding methods
have been widely used to improve crop yield and quality, but their limitations in
addressing these challenges need biotechnological approaches. Modern
biotechnological tools enable the introduction of novel traits, such as pest resistance
or drought tolerance, into plants using molecular and cellular techniques. Techniques
such as embryo culture, protoplast culture, and somatic hybridization have enriched
genetic diversity and advanced plant breeding programs. Somatic hybridization
involves combining the nuclear and cytoplasmic DNA of two plants via protoplast
fusion. This technique allows the transfer of desirable traits without requiring
detailed genetic knowledge of the target genes. This study focuses on protoplast
isolation, fusion techniques, and regeneration protocols that can be used in
strawberries.
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INTRODUCTION

Strawberry (Fragaria x ananassa) is one of the most consumed fruits in the world and is very
popular due to its nutritional value and economic importance (Al Khayria & Islam, 2018). This
fruit is a rich source of vitamins and minerals and is particularly distinguished by its high
antioxidant capacity (Bhat et al., 2015). Breeding studies in strawberry are primarily conducted
to increase yield, enhance resistance to diseases and pests, improve fruit quality, and develop
resistance to abiotic stresses. Today, the increasing populations and growing demand for food
have brought about the need for higher yields and sustainability in fruit production. For these
reasons, it is important to optimize the genetic potential of strawberries for both fresh
consumption and industrial use (Al khayri & Islam, 2018).

In recent years, biotechnology tools have come to the forefront in breeding studies, offering
significant advantages such as faster and more efficient outcomes. The development of new
cultivars resistant to diseases and pests will allow reduced use of agrochemicals, thus
contributing to environmentally friendly agricultural practices and reducing costs for growers.
Breeding studies that can be used to improve fruit quality will increase market value and
competitiveness by improving quality traits such as taste, aroma, color and texture in line with
consumer demands (Mezzeti et al., 2018). Due to the increasing impact of climate change, the
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development of cultivars resistant to temperature fluctuations, drought, and frost risk is of
crucial importance in order to ensure the sustainability of agricultural production. Therefore,
strawberry breeding is a strategic area that has a direct impact not only on agricultural
production, but also on food security, economic development, and environmental balance.

Strawberry (Fragaria x ananassa) is a crop with a highly complex genetic structure. Although
its polyploid nature increases genetic diversity and facilitates the combination of various traits
in breeding studies, it also poses challenges for genetic analysis and the monitoring of desired
traits. Breeding studies in strawberry have focused on traits such as fruit shape, colour, aroma
components, yield, disease resistance, and shelf-life (Mezzeti et al., 2018). In addition, different
strawberry genotypes grown under different environmental conditions may exibit significant
differences in yield, fruit size, colour, flavour and stress resistance. Therefore, the optimisation
of genotypes is crucial to achieve higher productivity. Breeding studies based on genetics have
gained momentum with the sequencing of the strawberry genome. Thanks to genome
sequencing, the functions of specific genes are better understood, enabiling targeted genetic
improvement. These advances are playing an important role in the development of new
cultivars, particularly those with disease resistance, high flavour and tolerance to
environmental stresses. Today, strawberry breeding studies are carried out using both
traditional and modern methods. Traditional breeding methods, which involve crossing
different varieties, are often slow and require several generations to observe results. In crops
such as strawberries, long generation times make it difficult to keep up with changing
environmental conditions and market demands (Vondracek et al., 2024). This method, which
is based on crossing plants within the same or closely related species, may limit genetic
diversity. Biotechnological methods, on the other hand, allow faster development of stress-
tolerant crops by directly manipulating plant genes or introducing new traits from other
species. Biotechnology tools such as genetic engineering, somatic hybridization and gene
editing can significantly speed up the breeding process.

2. Breeding Studies in Strawberry

Biotechnology has become an essential tool in strawberry breeding, enabling for the targeting
improvement of key traits through advanced genetic techniques. While traditional breeding using
wild germplasm like Fragaria virginiana glauca has led to enhancement in fruit quality, modern
biotechnological approaches such as gene cloning, genome sequencing, and genetic transformation
further accelerates the development of superior cultivars. However, despite these scientific
advancements, public concern over genetically modified organisms highlights the ongoing need for
rigorous safety assessments in strawberry biotechnology (Mezzeti, 2013). The author stated that
over the past 30 years, strawberry breeding has primarily focused on improving aesthetic traits,
fruit quality, and durable disease resistance to meet consumer expectations. As demand has
increased for affordable fruits with appealing appearance, flavor, and nutritional value, breeding
programs have responded by developing new cultivars that offer enhanced sensorial qualities such
as color, shape, taste and aroma. More recently, the nutritional value of strawberries, particularly
their antioxidant content and health benefits has become a key breeding priority (Capocasa et al.,
2008). These health-related traits are largely influenced by bioactive compounds, which vary with
genotypes and environmental interactions. To address this, breeders are employing both
interspecific and intraspecific crosses to boost genetic variability and improve traits like total
antioxidant capacity and phenolic content. Modern strawberry breeding now aims to create
varieties that combine high yield, disease resistance, and adaptability with superior taste and
proven health benefits, aligning with the increasingly health-conscious preferences of today’s
consumers. Scalzo et al. (2005) stated that, conventional breeding remains a key method for
enhancing the nutritional content of strawberries, its potential is limited by the genetic diversity
available within sexually compatible species. To overcome these limitations, transgenic and
biotechnological approaches are increasingly used to enrich specific bioactive compounds.
However, public concern, especially over genes from non-plant sources continues to challenge the
acceptance of genetically modified crops. Improving the nutritional profile of fruit is complex, as it
is influenced by multiple genetic and environmental factors that are often overlooked in the market.
The concept of functional fruit is based on the health promoting potential of bioactive compounds,
but this requires thorough scientific validation. Therefore, breeding and biotechnology programs
must apply rigorous criteria to develop new strawberry varieties that successfully combine
enhanced nutritional value with high yield and fruit quality, meeting both health and market
demands. Mukherjee & Gantait (2024) stated that, biotechnological advancements have significantly



enhanced strawberry research and cultivation, supporting micropropagation, geneticimprovement,
germplasm conservation, and value addition. Key techniques include in vitro shoot and bud
regeneration, callus culture, somatic embryogenesis, protoplast culture, synthetic seed formation,
and cryopreservation. Modern tools like Agrobacterium-mediated transformation, CRISPR/Cas9-
based gene editing, and nanotechnology have improved plants development, metabolism, and post-
harvest quality. Omics studies have deepened understanding of the strawberry genome, aiding
targeted genetic improvements. Overall, these biotechnological interventions have expanded the
potential for sustainable crop improvement and productivity in strawberry. Biotechnology in
strawberry breeding not only accelerates the development of cultivars with improved fruit quality,
disease resistance, and enhanced nutritional value, but also addresses the limitations of
conventional methods by increasing genetic variability and targeting health related traits, despite
ongoing public concerns.

3. Modern Biotechnological Approaches

Biotechnology in plant breeding involves the use of molecular and cellular techniques to modify or
improve plant characteristics more rapidly and precisely than conventional methods. The most
common of these techniques are embryo culture, protoplast culture, and somatic hybridization.
Embryo culture enables the rescue of hybrid embryos that do not survive naturally and can be used
to overcome cross-compatibility barriers between different species. Protoplast culture is a useful
method for somatic hybridization and genetic engineering and is based on the isolation and
cultivation of plant cells devoid cell walls. The fusion performed to combine the genomes of two
protoplasts from different species or varieties is called somatic hybridization and facilitates the
creation of completely new hybrids with combined characteristics (Tazeb, 2017).

4. Advantages over Traditional Breeding

Biotechnological approaches offer several advantages over traditional breeding methods, in
terms of precision, speed, and the ability to overcome the genetic limitations of conventional
methods. Traditional breeding is time consuming and often limited by genetic variability within
sexually compatible species, often taking decades to produce new cultivars (Ahmar et al., 2020).
Modern tools such as genome editing (e.g. CRISPR/Cas), speed breeding, and high throughput
phenotyping have significantly reduced this timeframe, allowing rapid development of high
yielding, nutritionally enhanced, and stress resistant crops (Ahmar et al., 2020). Additionally,
biotechnology enhances our understanding of trait genetics and provides opportunities to
develop cultivars adapted to changing climate with better nutritional profiles (Akhtar et al,,
2022). A particularly important advancement is somatic hybridization, which allows the fusion
of protoplasts from sexually incompatible species or genera, thereby introducing novel traits such
as disease resistance, abiotic stress tolerance, and yield improvements that are difficult or
impossible to achieve via conventional crossing (Begna, 2020). Though initially overshadowed
by recombinant DNA technology, somatic hybridization remains a valuable and underutilized tool
for expanding the gene pool available to breeders and creating unique hybrids with desirable
agronomic characteristics (Holmes, 2018). By bypassing sexual incompatibility and introducing
genetic diversity at both nuclear and cytoplasmiclevels, somatic hybridization plays a critical role
in overcoming limitations of traditional breeding and paves the way for innovative crops
improvement strategies (Begna, 2020). Some benefits are explained as follow.

4.1. Accelerated Introduction of Desired Trait

Conventional breeding methods typically require several generations of crossing and selection to
stabilize a desired trait, which can take years or even decades. However, biotechnological
approaches such as genetic transformation or protoplast fusion can introduce traits directly into
elite cultivars, significantly speeding up the breeding cycle. This acceleration is a major advantage,
particularly in long-cycle crops such as strawberries. To illustrate this situation with an example,
it can take more than 10 years to obtain drought resistance using classical breeding methods, but
this process can be achieved in a few years using biotechnological tools (Fita et al., 2015). Forster
et al. (2015) examined broader strategies for accelerating plant breeding, including creating
genetic variation and improving selection efficiency. While not strawberry specific, their findings
are relevant across crops. Their review underscores how modern methods like genome editing
and high throughput screening shorten the time required to develop new cultivars, enhancing
overall breeding efficiency. Feldmann et al. (2024) demonstrated that genomic selection can



effectively accelerate breeding for resistance to Verticillium wilt in strawberry. By predicting
breeding values with sufficient accuracy (prediction accuracy of 0.47-0.48 explaining 70-75% of
additive genetic variance), this method allows faster identification and selection of resistant
genotype, improving breeding efficiency compared to conventional methods. Qin et al. (2008)
highlighted that genetic transformation offers a powerful, targeted method for introducing
specific traits into strawberry germplasm; such as resistance to viruses, fungi, insects, and
herbicides as well as improvements in stress tolerance and fruit quality. Unlike traditional
breeding, this method circumvents the slow and often unpredictable process of multigenerational
crossing. Al-khayri and Islam (2018) discussed the use of somaclonal variation, induced through
tissue culture, to generate novel genetic diversity for strawberry improvement. This
biotechnological approach helps to introduce new traits faster than traditional methods, which
are limited by the genetic variability of existing cultivars.

4.2. Access to Wider Gene Pools

Conventional methods limit the diversity of traits that can be introduced because they rely on
compatibility between parent plants. In contrast, biotechnological approaches can overcome this
limitation through gene transfer between distantly related species (including transgenic and gene
editing) and somatic hybridization, where whole genomes from different species or genera can
be combined to create new genetic combinations. It provides access to wild relatives or exotic
species with valuable traits that are not genetically accessible such as disease resistance or stress
tolerance. Cockerton et al. (2021) emphasize that despite centuries of artificial selection,
significant genetic variation still exists within strawberry germplasm for traits like yield and fruit
quality. This variation offers opportunities to harness a wider gene pool through genomic
prediction and marker assisted selection, enabling the improvement of complex traits and
supporting more efficient breeding strategies.

4.3. Precision and Efficiency

Classical breeding is a trial-and-error process in which desirable and undesirable traits are often
segregated. The use of biotechnology tools allows targeted modification at the cellular or
molecular level. Using tools such as CRISPR-Cas9 or protoplast transformation, specific genes can
be edited or added with minimal off-target effects. Protoplast fusion can be carefully controlled
to combine only selected traits from each parental genotype. Thus, it can be confidently stated
that biotech methods can be used to develop more productive, higher quality plants in less time
and with fewer trials than traditional methods (Shankar et al., 2013).

5. Impact on Genetics Diversity

Genetic diversity enhances the plant's resistance to both biotic (diseases, pests) and abiotic
(drought, salinity, heat stress) factors. Maintaining and developing genetic diversity is essential
for the sustainability of agriculture. Cultivars with a narrow gene pool are much more susceptible
to disease and pests, and these plants cannot easily adapt to the conditions created by climate
change. This increases the possibility of production and economic losses. The incorporation of
biotechnological methods has a positive impact on this process. Wild relatives carrying valuable
traits not generally found in cultivated varieties can be combined with cultivated forms (Verma
et al,, 208). For example, transferring traits, such as extreme heat tolerance or high resistance to
fungal pathogens of a wild strawberry species, to cultivated varieties can be very difficult or even
impossible due to genetic incompatibility. The resulting hybrids are often sterile or have little
chance of survival. However, protoplast fusion and similar biotechnological methods allow the
combination of genetic material between species (Barcelo et al., 2019). In this way, a new and
large genetic resource pool can be created, and usable variations can be increased. Varieties with
an enriched genetic base are much more capable of adapting to biotic and abiotic stress
conditions (Wallin et al., 1992). Consequently, this reduces yield fluctuations and contributes to
long-term production stability, which is essential for both food security and economic
sustainability.

6. Somatic Hybridization

Somatic hybridization is a method used to obtain a hybrid plant by fusing the protoplasts of two
different plants species to form a new cell (Grosser et al., 2000). The obtained cell, which carries



the genetic material of both parents, and can be regenerated into a whole plant under suitable
conditions. In this process, protoplasts isolated from appropriate tissues of each parent are fused
using chemical such as polyethylene glycol (PEG) or by applying electrical method such as
electrofusion. The hybrid cell resulting from the fusion of nuclei and cytoplasm, containing novel
genetic combinations. This hybrid cell can be multiplied in a suitable culture media and
transformed into a new plant. Thanks to this genetic combination between species that cannot be
crossed by natural means, it is possible to transfer both nuclear and cytoplasmic genetic material.
Thus, this method allows more creative and effective use of genetic resources by transferring
traits such as disease resistance and stress tolerance from wild species to cultivated varieties.
Somatic hybridization is a powerful tool for overcoming the limitations of conventional breeding
and for unique combinations between genetically distant species in commercially important
fruits such as strawberries (Soltis & Soltis., 2009).

7. Protoplast Isolation and Fusion Techniques

Plant protoplasts are the remaining part of a cell after the cell wall has been removed. They can
survive in isotonic environments, form new cell wall, undergo mitotic division, and ultimately
form new cell clusters and, subsequently new plants (Eeckhaut et al,, 2013). Protoplasts offer
different application possibilities in modern biotechnology as single-cell systems (Yamazaki etal,,
2008). Developments in genomics and proteomics have increased interest in these osmotic,
fragile and wall-less cells (Brown and Audet. 2008). Protoplast isolation involves protocols aimed
at obtaining protoplasts of high viability and purity from plant tissues. The isolation process
usually starts with the selection of young and rapidly dividing tissues. In addition to genotype, the
nature and physiological condition of the donor material has a major impact on the success of
isolating viable protoplasts (Naing et al,, 2021; Chen et al, 2023). The most commonly used
sources include young leaves produced under in vitro conditions, callus from anthers and ovule
tissue (Naing et al, 2021). The selected tissue is dissected under sterile conditions and then
incubated with a mixture of enzymes such as cellulase or pectinase prepared in a solution
containing mannitol or sorbitol to balance the osmotic pressure. After enzymatic digestion, the
cell suspension is subjected to filtration and centrifugation steps to separate the protoplasts. At
the end of the isolation process, viable, morphologically intact protoplasts suitable for culture are
obtained. This technique is crucial in order to fuse the obtained protoplasts or directly use them
in plant regeneration protocols. In addition, factors such as the type of tissue used, enzyme
concentration, incubation time and environmental conditions have a direct impact on isolation
efficiency and cell viability.

Protoplast fusion is an alternative to sexual reproduction, in which two cells are fused to create a
new organism with polygenic characteristics. In addition to genomic DNA, protoplast fusion also
allows the transfer of mitochondrial and chloroplast DNA. Protoplast fusion is therefore an
important method for plant breeding. Protoplast fusion can provide a rapid alternative to
conventional breeding studies by providing new capabilities to the combined cells. When two
somatic cells are fused using appropriate methods under certain conditions, the resulting plant is
called a somatic hybrid. There are several methods used to obtain somatic hybrids: mechanical
fusion, spontaneous fusion, induced fusion, electrofusion, and fusion with polyethylene glycol
(PEG) (Vinterhalter et al., 2008).

In the fusion method using polyethylene glycol, the protoplasts are induced to adhere and fuse
with each other in a PEG solution prepared with the appropriate ion combination and
concentration (such as K+, Ca%* etc.), enhancing their adhesion and enabling fusion (Khailani.,
2008; Kao & Michaylu,, 1974). In the electrofusion method, fusion is achieved by exposing
protoplast samples to electrical charges of different currents (Saunders et al., 1986; Saunders et
al,, 1989). The advantage of this method is that it creates a more selective fusion compared to
other methods and that cytotoxic effects created by stimulants in other methods are not observed
(Lynch et al., 1993). When the studies on protoplast fusion in the literature are examined, it is
seen that chemical fusion agents and electro fusion technique are more commonly used
(Hoffmann et al., 1994; Bates., 1992; Montero & Jimenez., 2015; Geerts et al., 2008; Compton et
al,, 2018). Electro fusion technique is also preferred in this project. Because it is known that the
chemical fusion method, which cannot work with a specific principle, can cause mass fusion
products, its cytotoxic effect can be observed and it has a lower fusion frequency (Verma et al,,
2008).



CONCLUSIONS

Both production and consumption values of strawberries are increasing day by day all over the
world and breeding studies aimed at improving strawberry cultivars have also gained
momentum. Although improvement in cultivar performance in strawberries is the result of
breeding studies that have been carried out for many years, the lack of resistance to viruses,
insects, environmental effects and beneficial herbicides in commercial strawberry cultivars
continues to be a great challenge and no significant progress can be made in providing
resistance to these factors in strawberries with conventional plant breeding methods. The main
reasons for this include the lengthy duration of conventional breeding programs, their labor-
intensive nature and high associated cost. The emergence of biotechnology has made it possible
to produce new plants that do not exist in nature. Therefore, there is an urgent need to employ
alternative biotechnological methods to promote genetic variability. Strawberry has good
behavior in various in vitro methods such as micropropagation, somatic embryogenesis,
protoplast culture, and somatic hybridization. This capacity provides opportunities for the
application of a wide range of techniques in plant biotechnology, including molecular and
cellular gene transfer methods. Among these techniques used to enrich the existing genetic
variation, somatic hybridization and genetic transformation have become to the forefront in
recent years. Protoplast fusion, which has been the subject of significant developments, is
thought to be extremely important in terms of strawberry breeding. Protoplast culture holds
great potential as a biotechnological tool in breeding programs especially for vegetatively
propagated species such as strawberry, which are highly heterozygous and polyploid. This is
because the production of asymmetric hybrids and cytoplasmic hybrids (cybrids) enables the
formation of unique genetic combinations involving nuclear and/or cytoplasmic organelles.
Furthermore, the variation observed in plants regenerated from protoplasts is generally
greater than that obtained through other methods. Therefore, protoplast culture represents a
highly valuable source of somaclonal variation and can contribute to the expansion of existing
germplasm through the creation of new variation.
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