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Abstract 
In the present era, virtually all plants and their constituents have become valuable resources for 

generating cell cultures, which have gained recognition as crucial research instruments. Moreover, 

numerous in vitro techniques have become commonplace in the horticulture industry. Commercial plant 

growers are employing tissue culture techniques and principles to propagate a diverse array of plants 

clonally. Additionally, various in vitro methods are employed to produce pathogen-free stocks, 

effectively compensating for yield and quality losses incurred due to diseases. The combination of 

cryogenics and in vitro approaches shows promise in transporting and preserving germplasm. For the 

past five decades, embryo cultures have been the standard practice in plant breeding endeavors. 

However, there are other techniques that hold great potential for inclusion in the plant breeder's toolkit. 

These techniques include in vitro fertilization using ovary and ovule cultures, the production of haploid 

plants from anthers and microspores, mutagenesis using cell cultures, somatic hybridization, and gene 

transfer using protoplasts. Furthermore, there have been promising developments in harvesting cultured 

plant cells and organs for their medicinal and associated compounds. Nevertheless, refining this 

technique for practical applications remains an ongoing area of improvement. 
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Introduction 

Over the last few decades, the field of plant tissue culture has made remarkable strides, leading 

to the widespread commercial adoption of methods for rapid multiplication and improved 

production processes of various crops worldwide. This progress in plant tissue culture traces 

back to the concept of cell totipotency proposed by Gottlieb Haberlandt in the 20th century 

(Vasil 2008) [36]. Subsequently, the discovery of cytokinins by Folke Skoog and others in the 

1950s and auxins by Frits Warmolt Went in 1926 marked the initial application of in vitro 

techniques to plant tissues (Pennazio 2002) [24]. Since then, the technology has undergone 

significant advancements and has become indispensable for crop development and genetic 

engineering. Plant tissue culture offers a diverse range of strategies that complement 

traditional plant propagation and breeding methods. While in vitro techniques have been most 

commonly used for plant propagation, their most significant recent application lies in crop 

enhancement through gene technology (Khan 2009; Takeda and Matsuoka 2008; Thakur et al. 

2012) [18, 33, 34]. These innovations have revolutionized the way crops are developed and 

improved, playing a pivotal role in modern agriculture and biotechnology. 

 

Embryo Rescue  

The technique aimed at fostering the growth of immature embryos into viable plants through 

in vitro methods is commonly known as "embryo rescue." This approach has found 

widespread application in preventing embryo abortion in hybridized regenerated plants. 

Embryo rescue has proven to be a vital strategy in plant breeding, enabling the successful 

development of numerous interspecific and intergeneric crop species. The process involves 

removing embryos and placing them on a sterile culture medium, also referred to as embryo 

culture, and was first invented by Tukey in 1933. The groundbreaking experiment involved 

growing a cherry embryo on a synthetic medium, and since then, this method has been 

employed to rescue embryos of various other crops, such as Malus (Dantas et al. 2006) [9] and 

Capsicum (Debbarama et al. 2013) [10]. Embryo culture has primarily been applied in cases of 

interspecies or intergeneric hybridization, where the endosperm's growth is hindered by 

hybridization barriers.  
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By removing dormancy in seeds, embryo culture also serves 

to expedite the breeding cycle. Seed dormancy is often 

induced by factors like endogenous inhibitors, light, 

temperatures, humidity, or embryo immaturity. By isolating 

the embryos from these influences, they can be stimulated to 

germinate and mature more rapidly, effectively shortening the 

breeding cycle. 

 

Interspecific and Intergeneric Hybridization 

Hybridization between diploids and tetraploids, interspecies, 

or intergeneric crosses often results in nonviable embryos due 

to slow or no development of the endosperm. Nonetheless, 

these embryos may have the potential for growth and future 

development. Overcoming this hybridization barrier can be 

achieved by aseptically isolating and cultivating them in a 

nutrient-rich medium. Stebbins (1950) categorized two types 

of hybridization barriers: pre-fertilization and post-

fertilization barriers. Pre-fertilization barriers include factors 

like geographical distance, apomixis, and pollen-pistil 

incompatibilities. On the other hand, post-fertilization barriers 

encompass mechanisms that prevent successful fertilization 

and may arise from factors like ploidy variations, 

chromosomal elimination, and seed dormancy. The post-

fertilization barrier, which has been a significant challenge in 

plant breeding, has been effectively surmounted through the 

application of the embryo rescue procedure. This technique 

has successfully rescued young embryos resulting from 

interspecific crosses, such as Lycopersicon esculentum × L. 

peruvianum (Thomas and Pratt 1981) [35]. By employing 

embryo rescue, these hybrid embryos that would have 

otherwise been nonviable can now be nurtured and developed, 

opening up new possibilities for crop improvement and 

interspecific breeding endeavors. 

 
Table 1: Achievements in vegetable crops through Embryo Rescue. 

 

Species Use of embryo culture References 

Allium cepa × A. roylei Introgression desirable traits of Allium roylei into the A. cepa Genome Chuda and Adamus (2012) [8] 

Capsicum annuum, C. chinense, and 

C. frutescens 
Interspecifi c hybridization for crop improvement Debbarama et al. (2013) [10] 

Solanum pinnatisectum × S. 

tuberosum 

Introgression of resistance to late blight from Solanum pinnatisectum 

into S. tuberosum genome 
Ramon and Hanneman Jr. (2002) [27] 

 

The embryo rescue technique is not only applicable to 

interspecific hybrids but also proves valuable in saving young 

embryos from intraspecific hybrids, which typically yield 

nonviable seeds. One example is the production of seedless 

triploid embryos through crosses between diploid and 

tetraploid members of the same species. These seedless 

embryos can successfully develop into fully grown plants 

when nurtured through in vitro cultivation on a sterile and 

nutrient-rich medium. By overcoming postzygotic barriers, 

such as endosperm failure, this approach enables the 

successful growth and maturation of these previously 

nonviable embryos (Razdan 1996; Hu and Wang 1986) [4, 16]. 

This advancement in plant biotechnology opens up new 

opportunities for crop improvement and the development of 

seedless varieties with enhanced characteristics. 

 

Shortening Breeding Cycle by Overcoming Seed 

Dormancy  

The embryo rescue approach has proven effective in reducing 

the breeding cycle for various fruit crops by overcoming seed 

dormancy. In some species, seedlings cannot be immediately 

grown after fruit ripening, as these species require sufficient 

time for embryo maturation. Seed dormancy in certain plants 

may even necessitate an extended period before germination 

occurs. For instance, seeds from iris, apple, brussels sprouts, 

and roses do not germinate right after fruit maturation. 

By culturing immature embryos on appropriate growth media, 

the embryo rescue technique enables rapid germination, thus 

shortening the breeding cycle. Seed dormancy can be 

triggered by various environmental factors like light, 

temperature, and humidity, as well as internal factors such as 

endogenous inhibitors and embryo immaturity. Debbarama et 

al. (2013) [10] highlighted that seed dormancy might be limited 

to either the endosperm, the seed coat, or both. Removing 

these inhibitory influences allows the embryos to germinate, 

expand, and develop more effectively and expediently. 

Researchers like Bridgen (1994) [5], Chuanen and Guangmin 

(2005) [7], and more recently Fathi and Jahani have explored 

the application of diverse embryo rescue techniques across a 

wide range of plant studies, further validating its significance 

in enhancing plant breeding and propagation. 

 

Somatic Embryogenesis 

Somatic embryogenesis is the process of generating embryos 

from somatic cells, bypassing the conventional fertilization 

procedure. These embryos are clones of the parent tissue, as 

they are genetically identical due to the absence of natural 

fertilization. 

The discovery of somatic embryogenesis can be attributed to 

significant research milestones. Steward et al. (1958) [32] first 

described the phenomenon in Daucus carota using suspension 

culture, and Reinert (1959) [29] observed it in callus culture of 

the same species. Additionally, Harry Waris' pioneering work 

on somatic embryogenesis in Oenanthe aquatica 

(Umbelliferae) was highlighted by Krikorian and Simola 

(1999) [19], underscoring Waris' contributions to observing and 

identifying somatic embryo formation in aseptic culture 

(Simola 2000) [30]. 

Somatic embryogenesis finds numerous applications in 

various fields. It is utilized for in vitro selection techniques to 

improve resistance to biotic and abiotic stresses. Moreover, it 

allows for the large-scale clonal propagation of elite cultivars, 

leading to the production of synthetic seeds (Pintos et al. 

2008) [25]. Gene transfer for genetic improvement and its use 

as potential models for studying molecular, regulatory, and 

morphogenetic events during plant embryogenesis are among 

other valuable applications (Kamle et al. 2011; Ravi and 

Anand 2012) [17, 28]. 

Somatic embryos can be formed directly from organized 

tissue without passing through a callus phase or indirectly by 

dedifferentiating the organized tissue into a callus mass before 

embryo development (Slater et al. 2003) [31]. These somatic 

embryos exhibit morphological and physiological 

characteristics similar to zygotic embryos resulting from 
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conventional fertilization (Dobrowolska et al. 2012; Mathew 

and Philip 2003; Palada-Nicolaua and Hausman 2001) [12, 22, 

23]. While up to the octant stage, embryogenesis in dicots and 

monocots follows similar patterns, they diverge into distinct 

routes afterward (Raghavan 1986) [26]. In monocots, the stages 

of embryogenesis include globular, elongated, scutellar, and 

coleoptile stages, while in dicots, the stages encompass 

globular, heart, torpedo, and cotyledon or plantlet stages 

(Godbole et al. 2002; Mandal and Gupta 2002) [15, 21]. 

 

Conclusion 

In response to the increasing demand for superior quality 

crops, traditional plant breeding methods are proving 

insufficient, leading to a greater reliance on biotechnology 

approaches. Initially, biotechnological technologies 

complemented traditional breeding through in vitro culture 

techniques, such as micropropagation, which facilitated rapid 

multiplication and enhanced uniformity. As a result of their 

practicality and ability to expedite the breeding cycle, in vitro 

techniques have now become widely adopted in breeding 

projects. However, the lack of proven in vitro methods can 

sometimes hinder their practical application. The complete 

process of in vitro screening and breeding involves steps like 

variant or mutant induction, selection, plant regeneration, 

acclimation, and evaluation of in vivo plants. To ensure the 

success of plant screening and breeding programs, thorough 

research is necessary to design effective in vitro procedures 

for each technique. Climate change on a global scale has 

significantly impacted plant growth and crop yields. Growers 

may now seek new crop varieties that can thrive in changing 

environmental conditions, such as extreme heat, drought, or 

chemically contaminated soil. To address these challenges, 

the development of crops better suited to the evolving 

environmental circumstances becomes crucial. 

Biotechnology, in conjunction with in vitro methods, holds 

the potential to play a vital role in breeding resilient and 

adaptive crops capable of meeting the demands of modern 

agriculture. 
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