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Abstract 

Plant breeders employ a variety of techniques to improve the genetic composition of crops and a successful strategy 
is dependent on the physical, physiological and hereditary characteristics of the plant. Plant tissue culture is one 
of the method used in plant breeding used in disease free plant development, genetic transformation, Somatic 
embryogenesis, embryo rescue, and anther and ovule culture for post fertilizer barrier and polyploidy induction. It  
play great role in plant/crop improvement as it involves in variation creation, conservation of germplasm and 
shorten the breeding cycle by developing homozygous parents with  single a generation. So, the review is designed 
to assess application of tissue culture in improvement of field crop, ornamental, forest tree or plants as whole for 
human benefits. 
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Introduction 

Plant tissue culture broadly refers to growing plant cells, tissues, organs, seeds, or other plant parts in a sterile 
environment on a nutrient medium. Research in plant tissue culture over the past several decades has led to the 
development of techniques now used commercially across the globe to rapidly multiply a wide range of crops and 
improve their production systems (Zulkarnain et al., 2015).The theoretical bases of plant tissue culture was first 
proposed by Gottleib Haberlandt in 1902 after his experiment on culture of single cell from photosynthetic leaf 
cell, but, the concept evolves into a powerful tool utilized throughout the plant sciences since 105 years after his 
work even he were not realized the idea very well (Touchell et al., 2008). Pennazio (2001) and Kieber (2002) 
suggested that the discovery of auxin by Frits Warmolt Went in 1926 and cytokine by Folke Skoog and colleagues 
in the 1950s, led to the first success of in vitro techniques in plant tissues culture. A relative high level of auxin to 
cytokines favored rooting, the reverse led to shoot formation and intermediate levels to the proliferation of callus 
or wound parenchyma tissue (Thorpe, 2006). In addition to the formation of unipolar shoot buds and roots, the 
formations of bipolar somatic embryos (carrot) were first reported independently by Reinert (1958, 1959) and 
Steward et al. (1958). Beside, different scientist has been cultured ovary and anther using growth medium at aseptic 
condition and obtained satisfactory result that able to serve as base for today’s technology. With the increasing 
volume of relevant publications, geneticists and plant breeders are evincing increased interest in the potential 
practical applications of tissue and cell culture to plant breeding. 

Plant breeding is the use of natural and artificial selection to produce heritable variations and novel 
combinations of alleles in plants and to identify plants with novel and useful properties. Plant breeders employ a 
variety of techniques to improve the genetic composition of the crop and a successful strategy is dependent on the 
physical, physiological and hereditary characteristics of the plant. The methods used by plant breeders have 
developed along with the advancement of human civilization and have expanded to incorporate humanity’s 
increased knowledge of genetics 

Plant tissue culture is one of the method used in plant breeding used in disease free plant development, genetic 
transformation, Somatic embryogenesis (initiation embryo from somatic cell), embryo rescue, and anther and 
ovule culture for post fertilizer barrier and polyploidy induction(Touchell et al., 2008). Tissue culture has been 
exploited to create genetic variability from which crop plants can be improved, to improve the state of health of 
the planted material and to increase the number of desirable germplasmes available to the plant breeder. Moreover, 
in vitro techniques for the culture of protoplasts, anthers, microspores, ovules and embryos have been used to 
create new genetic variation in the breeding lines, often via haploid production (Brown and Thorpe, 1995). Crop 
improvement efforts through the glorification of the conventional methods, to obtain pure strains can take six to 
seven generations of self-pollination or crosses. Through tissue culture techniques, can be obtained homozygote 
plants in a short time by producing haploid plants through pollen culture, anther or ovaries followed by 
chromosome doubling. Having this idea the objective of the review could be stated as follow; 
 

Objective 

 To review the application of plant tissue culture in breeding of different plant or crops 
 
Literature Review 

Plant breeding and crop production, both by traditional and biotechnological methods, increasingly rely on plant 
tissue culture (in-vitro culture) as a mainstream tool that provides key opportunities for plant quality enhancement 
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and subsequent economic sustainability. By propagation in vitro, new and/or elite plants can be mass-propagated 
with far greater speed than through traditional methods. The application of plant tissue culture in plant breeding 
has been identified by various scientists and these work reviewed one by one here below. 
 
In Vitro pollination and embryo rescue 

The formation of viable seeds in vitro after the application of pollen to the ovule surface of excised placentae was 
first reported in the early 1960s for poppy papaver somniferum (Kanta et al., 1962). The process has been done 
via excised ovules and pollen grains and grown together in the same medium and used to produce interspecific 
and intergeneric hybrids. As indicated by the researcher direct in vitro pollination of ovules may be useful in 
overcoming some stigma/style incompatibility barriers (pre-fertilization barrier). 

Popielarska (2005) studied in vitro self-pollination of isolated sunflower ovules by culturing the ovule and 
pollen on modified MS culture media. Then reported that his work was successful in obtaining important seedling 
in the culture and pointed that his work will serve as base for future. Modification of the medium and semi in vivo 
techniques could improve pollen germination and tube growth in sunflower obtaining seedlings after in vitro 
pollination of isolated sunflower ovules. 

Embryo culture, sometimes called embryo rescue, is an in vitro technique that has been used to save the 
hybrid products of fertilization when they might otherwise degenerate. It also had its beginning early in the 
nineteenth century, when Hannig in 1904 successfully cultured cruciferous embryos and Brown in 1906 barley 
embryos (Monnier, 1995).  

Fathi and Jahani (2012) reviewed embryo culture in fruit tree and the basic premise for this technique is that 
the integrity of the hybrid genome is retained in a developmentally arrested or an abortive embryo and that its 
potential to resume normal growth may be realized if supplied with the proper growth substances. They were also 
pointed that mature embryos culturing from ripened seeds is used to eliminate seed germination inhibitors or to 
shorten the breeding cycle. Finally, they conclude that the method used to rescue embryos from interspecific and 
intergeneric crosses and from embryos that do not fully develop naturally and also to rescue seedless triploid 
embryos, produce haploids, overcome seed dormancy or determine seed viability. 

Szała et al. (2016) conducted an experiment on Application of in vitro pollination of opened ovaries to obtain 
Brassica oleracea L. × B. rapa L. hybrids. Resynthesizes of B. napus has been performed through interspecific 
hybridization of B. oleracea × B. rapa followed by embryo rescue and genome doubling. Naturally, pollination is 
not good enough due to certain stigma/style barriers and so, B. rapa pollen was placed in vitro on an opened B. 

oleracea ovary (with style removed). Following the study, they reported that successfully B. napus has been 
developed and broaden its genetic make for different traits.  

 
Soma clonal-Variation 

The term ‘soma-clone’ was coined to refer to plants derived from any form of cell culture, and the term ‘soma-
clonal variation’ was coined to refer to the genetic variation among such plants and studies on it are important for 
its control and possible suppression with the aim of producing genetically identical plants, and for its use as tools 
to produce genetic variability, which will enable breeders the genetic improvement and (leva et al., 2012). 

Soma-clonal variations are thought to be derived from ‘‘newly induced mutations’’ arising from the tissue 
culture process as well as from ‘‘pre-existing mutations’’ in explants (Sato et al., 2012). In vitro, the conditions of 
culture can be mutagenic and regenerated plants derived from organ cultures, calli, protoplasts and somatic 
embryos sometimes can show phenotypic and genotypic variation(Orbović et al., 2008). Soma-clonal variation 
provides a valuable source of genetic variation for the improvement of crops through the selection of novel variants, 
which may show resistance to disease, improved quality, or higher yield(Emaldi et al., 2004). 

The soma-clonal variation generated by somatic embryogenesis presents a novel opportunity for olive 
breeders to experiment with new traits, in contrast to conventional long-term strategies for developing olive trees 
that have desirable new traits. Somatic embryogenesis using explants isolated from selected adult trees has allowed 
the regeneration of several olive cultivars. Mencuccini (2011) reported that soma clonal variation among olive 
plants produced by somatic embryogenesis from callus of the cultivar Moraiolo that coincide with preliminary 
data recorded for field-grown juvenile olive plants. A practical example of this potential is a dwarf olive tree 
identified among the Bush olive soma -clone (BOS) plants; the aesthetic, ecological and growth-habit 
characteristics of this individual support its use as an ornamental plant (leva et al., 2012). 

 
Haploid and Doubled haploids Production 

Breeders have used different methods to fix and develop homozygous genotypes through isolation of homozygous 
and homogeneous genotypes through conventional inbreeding methods which take several cycle inbreeding and 
selection and this also may not produce true homozygous line. However, now a day, plant tissue culture advanced 
and haploid and double haploid production through anther and ovule culture have been practicing (Tadesse et al., 
2013). 
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Haploids are plants with a gametophyte chromosome number and doubled haploids are haploids that have 
undergone chromosome duplication. There are several available methods to obtain haploids and DHs, of which in 
vitro anther or isolated microspore culture are the most effective and widely used (Germanà., 2011). Haploid 
production has been conducted for crops like bread wheat, tobacco and rice through anther. Accordingly, anther-
culture exploits the fact that a certain proportion of pollen grains in situ are embryogenic and these pollen grains 
can develop into embryos only when they are placed on artificial medium (Tadesse et al., 2013). 

Doubled haploids, which are developed either spontaneously or by colchicines-induced chromosomal 
doubling, leads to direct production of completely homozygous lines from heterozygous plants in a single 
generation. Doubled haploid breeding through anther culture has emerged as an exciting and powerful tool, and a 
convenient alternative to conventional techniques for crop improvement (Purwoko et al., 2010). Moreover, 
doubled haploid technique saves at least three to four generations of self-pollination for the fixation of homozygous 
pure lines (Hassawi et al., 2005). Barkley and Chumley (2011) demonstrated the advantages of a DH laboratory 
for a Kansas wheat breeding program using economic model analysis that the rate of change in yield potential is 
150% greater with the use of DH, relative to the baseline scenario of a conventional breeding program.  

Wang et al. (2014) conducted characterization of in vitro haploid and doubled haploid Chrysanthemum 

morifolium plants via unfertilized ovule culture for phenotypical traits and reported that both the haploid and the 
doubled haploids produced yellow flowers, whereas those of the maternal parental cultivar were mauve/purple. 
This technique employed due to highly heterozygous state of the plant that complicates molecular analysis. 
Intensive breeding has produced a large array of flower color and form, nevertheless, market pressure for further 
innovation has driven the industry to continue to seek novelty, along with a continuous need to improve levels of 
biotic and abiotic stress resistance (Chandler and Sanchez, 2012). 

Mishra and Rao (2016) reviewed application of double haploid techniques in the improvement of rice using 
anther culture/in vitro androgenesis. They were reported that to some extent isolation of doubled haploid indica 
hybrid lines through in vitro anther culture with high yielding and superior grain quality has been successful, 
numerous endogenous and exogenous factors able to affect the success. Suggest that selection of better responsive 
rice genotypes and manipulation of the non-genetic factors like culture medium components and pre- and post-
culture conditions can enhance the anther culture ability in rice.  

Double haploid rice lines are more viable and more than 100 rice breeding lines or varieties have been 
developed through anther culture in China and several anther derived lines have been reported in India, Japan, 
South Korea, Hungary and USA (Siddique, 2015). 

 
Somatic hybridization 

Somatic hybridization (SH) via protoplast fusion is an important tool for the production of interspecific and 
intergeneric hybrids and involves the fusing protoplasts of two different genomes followed by the selection of 
desired somatic hybrid cells and subsequent regeneration of hybrid plant. It is efficient mean of gene transfer from 
one species to another so as to break the crossing barriers and integration of parental nuclear and cytoplasmic 
genomes. SH has been widely exploited in different horticultural crops to create novel hybrids with increased yield 
and resistance to diseases. In addition, it has also been used for salt tolerance, quality improvement, transfer of 
cytoplasmic male sterility (CMS), seedless triploids and rootstock improvement (Wang et al., 2013). 

Somatic hybridization by protoplast fusion has overcome many problems related to Citrus reproductive 
characteristics, allowing the creation of novel genotypes.SH in Citrus resulted in rootstock’s resistance to various 
biotic and abiotic stresses and increased yield as well as fruit quality (Soriano et al., 2012). Fused protoplasts of 
“Bonanza” navel orange (C. sinensis) with “Red Blush” grapefruit (C. paradisi) regenerated plants that flowered 
precociously (Guo et al., 2000). 

As plant cells have an inhibiting cell wall it is very difficult to fuse them. But isolated protoplasts were 
observed to fuse spontaneously because now the only barrier between the cytoplasm of two cells is the plasma 
membrane. After lot of refinements the techniques for protoplast fusion became important to produce hybrids from 
sexually incompatible species. Somatic hybridization should involve the following process: protoplast isolation, 
protoplast fusion, selection of somatic hybrids, and culture of somatic hybrids to regenerate complete plants. Plant 
cells from which the cell wall has been enzymatically or mechanically removed are called protoplasts. 
Regeneration of new species and improved culture techniques opened new horizons for practical breeding in a 
number of crops (Eeckhaut et al., 2013). Multiple resistances were also found, along with high morphological and 
agronomic variation (Thieme et al., 2010). Jiang et al. (2009) obtained Brassica napus + Camelina sativa hybrids 
with increased linolenic acid content compared to the B. napus partner. Intergeneric hybridization has been 
attempted in cereals, with somatic hybrids being generated between rice (O. sativa) and barley, Hordeum vulgare 
(Kisaka et al., 1998) rice with Zizania latifolia (Liu et al., 1999). 

 
Genetic transformation 

Genetic transformation is the most recent aspect of plant cell and tissue culture that provides the means of transfer 
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of genes with desirable trait into host plants and recovery of transgenic plants. The technique has a great potential 
of genetic improvement of various crop plants by integrating in plant biotechnology and breeding programmes. It 
has a promising role for the introduction of agronomic important traits such as increased yield, better quality and 
enhanced resistance to pests and diseases (Sinclair et al., 2004). Genetic transformation in plants can be achieved 
by either vector-mediated (indirect gene transfer) or vectorless (direct gene transfer) method. Among vector 
dependant gene transfer methods, Agrobacterium-mediated genetic transformation is most widely used for the 
expression of foreign genes in plant cells.  

Recently successful transgenic plants of Jatropha were obtained by direct DNA delivery to mature seed-
derived shoot apices via particle bombardment method (Purkayastha et al., 2010). This technology has an 
important impact on the reduction of toxic substances in seeds to overcoming the obstacle of seed utilization in 
various industrial sectors. Regeneration of disease or viral resistant plants is now achieved by employing genetic 
transformation technique.  

Sidorov (2013) reviewed the approaches genetic transformation of crops soybean, cotton and corn. In the 
paper reported that Roundup Ready® soybean variety developed by Monsanto was one of the first transgenic crop 
for herbicide resistant commercialized in 1996. It is developed from bacterial gene of glyphosate-tolerant variant 
of EPSP syntheses (CP4) transformation, by particle bombardment, into embryonic axes of excised soybean 
embryos, which were regenerated into plants by organogenesis. Beside, insect resistant cotton, Bollgard® cotton, 
which was first transformed in 1987 was commercially released in 1996. 

 
Genetic resource conservation 

Conservation of plant genetic resources is necessary for food security and agro-biodiversity which need better use 
of a broader range of genetic diversity across the globe. Genetic diversity provides options to develop through 
selection and breeding of new and more productive crops, resistant to biological and environmental stresses (Rao, 
2004). Advances in cut age technology, especially in the area of in vitro culture techniques and molecular biology 
provide some important tools for improved conservation and management of plant genetic resources. In vitro 
culture is a feasible alternative for genetic conservation of plants where the seed banking is not possible. It will be 
conducted either by slow growth procedures (plantlets on media) or cryopreservation (long term storage in liquid 
nitrogen). DNA banks provide novel options for gene banks (Ganeshan, 2006).  

Slow growth methods allow plant material to be held for a few years under tissue culture conditions with 
periodic sub-culturing which include growing under sterile conditions and constant environmental factors of plant 
germplasm on artificial culture media. It is more useful where the seed banking is not possible, such as vegetative 
propagated plants, recalcitrant seed species, and plants with unavailable or non-viable seeds due to damage of 
grazing or diseases, and large and fleshy seeds (e.g Saccharum, Solanum spp., Musa spp and etc). Explants are 
mostly shoot, leaf, flower pieces, immature embryos, hypocotyls fragments or cotyledons (Paunesca, 2009). 

Kaviani (2011) reviewed cryopreservation is one of the method in vitro culture/tissue culture used preserve 
plant material and involves storage of plant material (such as seed, shoot tip, zygotic and somatic embryos and 
pollen) at ultra-low temperatures in LN (-196°C) or its vapor phase (-150°C). The method was developed to avoid 
the genetic alterations that may occur in long tissue cultures storage. At this temperature, cell division, metabolic, 
and biochemical activities remain suspended and the material can be stored without changes and deterioration for 
long time (Walters et al., 2009). The breeding process is a continuous that needs sustainable access of raw 
material/plant material and the conserved one can fill this gap.  

 
Pathogen Eradication 

Crop plants, especially vegetatively propagated varieties are generally infected with pathogens. The most 
significant advantages offered by micro propagation are large numbers of disease free propagules can be obtained 
from a single plant in a short period, propagation can be carried out throughout the year and the propagating 
material can be accommodated in a small space, reduction of labor costs for germplasm maintenance, avoidance 
of field inspections and environmental hazards, easy availability of material for micro propagation and rapid 
multiplication (Mtui, 2011). 

Habtamu and Mohammed (2016) assessed the role of tissue culture in production of disease free plant material 
for major horticultural crops in Ethiopia. Accordingly, research centers like Jimma, Melkasa, Holeta and Debre 
Zeit agricultural research centers working in on high yielding and coffee berry disease resisted hybrids of coffee 
as well as pineapple, banana, potato and tef, respectively. Jimma Agricultural Research Center were delivered the 
first 2000 pineapple plantlets to Teso pineapple cooperatives in SNNPR and another 5,500 plantlets are ready for 
dispatch to each of the Dara and Chuko Woreda farmer. At Holeta agricultural research center over 20,000 in vitro 
disease free potato plants were produced since of Gudene, Jalene, Belete and Awash for 2011/12 cropping. This 
method is used as a control approach to viral and bacterial diseases which are commonly spread through 
propagative materials (Abraham, 2009).  
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Conclusion 

Plant tissue culture represents the most promising areas of application at present time and giving an out look into 
the future. The areas ranges from micro-propagation of ornamental and forest trees, production of pharmaceutically 
interesting compounds, and plant breeding for improved nutritional value of staple crop plants, and conservation 
of plant genetic resources. All biotechnological approaches like genetic transformation, haploid and double haploid 
induction, or soma-clonal variation to improve traits strongly depends on an efficient in-vitro plant regeneration 
system. Though soma-clonal variations during tissue culture are important to develop new cultivar with novel 
traits, for ensuring quality of our crop products it is better to eliminate soma-clonal variants depending on our 
interest.  

There are many useful plant-derived substances which can be produced in tissue cultures. The ability to 
accelerate the conventional multiplication rate can be of great benefit to many countries where a disease or some 
climatic disaster wipes out crops. The loss of genetic resources is a common story when germplasm is held in field 
gene banks. Slow growth in vitro storage and cryopreservation are being proposed as solutions to the problems 
inherent in field gene banks. They are the means by which future generations will be able to have access to genetic 
resources for simple conventional breeding programmes, or for the more complex genetic transformation work.  

Generally, plant tissue culture play great role in plant/crop improvement as it involves in variation creation, 
conservation of germplasm and shorten the breeding cycle by developing homozygous parents with single 
generation.  
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