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Plant tissue culture response for callus induction and regeneration is prerequisite for improvement of wheat through Embryo 
culture, Somatic hybridization, enhancing regeneration capacity and in vitro mutagenesis. Plant tissue culture techniques are being 
used as a novel tool to assist plant biologists in crop improvements. Different novel tools may be used to either increase the efficiency 
of breeding process in order to improvement of existing wheat germplasm and to develop new genetic variations for crop improve-
ment. These achievements are not possible through conventional breeding methods. The plant growth regulators, various auxins 
and cytokinins or their combinations are generally used in MS medium. In this way optimization of regeneration system may be 
developed to create healthy plants from embryos using interspecies crosses. Genome editing, and mutation techniques are the novel 
tools nowadays including TILLING for creating new lines of wheat with incorporation of novel traits. To create new lines using such 
techniques required efficient protocol for callus development using various explants especially mature embryos and further efficient 
regeneration systems to make the research systems very fast towards development of biotic and abiotic stress resistant crops to cope 
the climatic changes experiencing worldwide in the present time.

Introduction

Wheat (Triticum aestivum L.) is one of the most important sta-
ple food crop of the family Poaceae. It is the third largest cereal in 
terms of production in the world after rice and maize and the sec-
ond most important in terms of calories after rice. It is the source 
of maximum proteins among cereals (www.wheat.org). Among the 
food crops, wheat is a common source of energy and proteins for 
the world population. Worldwide, it is cultivated on approximately 
220 million hectares of land with a production of 749 million tons. 
India it is cultivated on approximately 30.2 million hectares of land 
with a production of 93.5 million tons (FAOSTAT 2016). A number 
of environmental factors such as temperature, moisture, soil and 
light intensity affect the growth and yield of wheat [1]. The plant 
tissue culture is an integral part of biotechnology breeding and pro-

vides an added advantage to crop improvement programmes. The 
hindrance of different cereal crops to regeneration through callus 
is a major bottleneck in any crop improvement program including 
wheat [2]. In 1902 Gottleib Haberlandt proposed the idea of grow-
ing individual plant cells on artificial medium. While Haberlandt 
never realized his idea, the 105 years since has seen the concept 
evolve into a powerful tool utilized throughout the plant sciences. 
Plant tissue culture broadly refers to growing plant cells, tissues, 
organs, seeds, or other plant parts in a sterile environment on a 
nutrient medium. Tissue culture is being used for an increasing va-
riety of purposes. Originally used largely for fundamental research 
to study cell division, plant growth, and biochemistry, the technol-
ogy has grown and is being widely implemented on a more applied 
scale. In many cases, protocols have been developed and refined so 
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that they have become a standard and commercially viable practice 
for propagating many important horticultural crops [3]. The ma-
ture embryos are viable alternative to immature tissue derived ex-
plants for efficient shoot regeneration in a comparatively genotype 
independent manner on a simple basal medium containing 2,4-D 
and TDZ [2]. For this important group, alternative approaches are 
developed, the techniques of manipulation with somatic tissue: 
mutation breeding and biotechnology. The applications of plant 
tissue culture technology considered to shorten the time it takes 
to bring them to market. A right condition an entire plant, large 
amounts of new cells or tissue can be regenerate from a single cell, 
however, in certain situations, the conventional methods have to 
be supplemented with plant tissue culture techniques either to in-
crease their efficiency and to be able to achieve the objective which 
is not possible through the conventional breeding methods (Tazeb, 
2017). The plant tissue culture has been given the highest prior-
ity in plant breeding work since it provides immense potential for 
crop improvement programs such as selecting disease, insect, or 
stress resistant plants, regeneration of the novel hybrid technolo-
gy, rescue the embryos from wide crosses through embryo culture, 
haploid and dihaploid production within short time frameetc [4]. 
Applications of Plant Tissue Culture: Recently, plant tissue culture 
has an indispensable application on both agricultural and industry, 
through providing plants needed to meet the ever increasing world 
demand. Therefore, the novel applications of plant tissue culture 
particularly in the area of plant breeding for the sake of crop im-
provement are listed below:

Embryo culture

Embryo culture, an in-vitro technique, is referred as embryo 
rescue technique used to save deterioration of hybrids. In vitro 
condition is known as embryo rescue and is widely used for crop 
improvement. Hanning in 1904 first cultured isolated mature em-
bryo of a cross between Cochlearia × Raphanus and successfully 
obtained the plants. Mature embryos of crucifer were used on a 
salt medium mixed with sugar. Interspecific hybridization is the 
specific technique for embryo culture used in plant breeding due 
to abortion of most of the embryo crosses [5]. Studied the most 
common explants used for wheat transformation is immature em-
bryo. However, special measures are required to obtain immature 
embryos and its use is restricted after a while. Therefore, mature 
embryos are prominent alternative for callus development and 
somatic embryo formation, which can be used in wheat transfor-
mation. Turhan and Baser [6] studied that development of callus 

in wheat from mature embryos is helpful for crop improvement of 
wheat through the modern plant tissue culture as well as genetic 
transformation techniques. Embryos with or without endosperm 
can be helpful to obtain regeneration of plantlets of mature em-
bryos can also be used for regeneration of plantlets and callus for-
mation. Hanning (1904) obtained viable plant from mature embry-
os of different species. He conducted experiment on mineral salt 
containing medium under aseptic conditions. Genotype response 
towards regeneration and induction of callus were checked to cul-
ture mature embryos. Using mature embryo cultures considerable 
differences in wheat cultivars were recorded in the form of regen-
eration of plants and effectiveness of callus [7]. Ahmadpour., et al. 
[8] did in vitro regeneration of wheat cultivars successfully using 
mature and immature embryos. In general, the frequency of plant 
regeneration from immature embryos was slightly higher than ma-
ture embryos as they recorded.

Callus induction and Regeneration

Plant tissue culture is considered as an integral part of biotech-
nology and breeding and provides an added advantage to crop im-
provement programmes. The hindrance of different cereal crops 
to regeneration through callus is a major problem in any crop im-
provement program including wheat [2]. The good and efficient 
callus induction system in wheat is highly depends on sterilization 
process, genotypes, type of explants, culture media composition 
and its pH, concentration of growth hormones, inducers and incu-
bation conditions [9]. Different type of explants have been tested as 
starting material for wheat callus cultures, such as immature em-
bryos [10], leaf tissue [11], anthers culture [12], immature embry-
os [13], microspores [14] and mature embryos [2] which showed 
the different response for callus induction and regeneration. First 
successful regeneration in wheat was reported by [15]. Kumar., et 
al. [16] reported that optimized media showed good callus induc-
tion and regeneration in both mature and immature embryos as 
explants irrespective of the genotype used. Malik., et al. [17] stud-
ied this simple MS basal medium containing dicamba and zeatin, 
maltose (30 gl-1) without any growth additives and agar (8.0 gl-1) 
was found to be the best for efficient plant regeneration from ma-
ture wheat embryos. Shah, 2017 developed a standard protocol for 
efficient callus induction and its subsequent regeneration. 

Somatic Hybridization

The incompatibility barriers in sexual recombination at inter-
specific or intergeneric levels are also overcome by using proto-

77

Plant Tissue Culture Technology to Improve Crop Species – A Comprehensive Approach

Citation: MK Yadav., et al. “Plant Tissue Culture Technology to Improve Crop Species – A Comprehensive Approach”. Acta Scientific Agriculture 3.2 (2019): 
76-80.



plast fusion technique. It may be due to that (i) many desirable 
combinations of characters cannot be transmitted through con-
ventional breeding methods of genetic manipulation and (ii) con-
ventional hybridization is also limited to only very closely related 
species and was total failure for distantly related species as well 
as in sexually incompatible species. However, by using a protoplast 
fusion technology, it is now possible to fuse two genetically differ-
ent species by only protoplast to obtain para-sexual hybrid proto-
plast. Thus, protoplast fusion is a novel tool for plant biologist and 
crop improvement by developing interspecific and/or intergeneric 
unique hybrid plants which cannot be produced by conventional 
sexual hybridization [18]. The technique involves the fusion of pro-
toplasts of two different genomes of genetically unrelated species 
followed by the selection of desired somatic hybrid cells and regen-
eration of hybrid plants [19]. Protoplast fusion technology being 
the pioneered technology and provides an efficient ways of gene 
transfer with desired trait from one species to another and thus 
has significant contributions on national crop improvement pro-
gram [18]. In vitro production of haploids can solve some problems 
in genetic studies of plants since gene action is readily manifested 
due to a single allelic gene present in chromosome of entire ge-
nome. By doubling their chromosomes number, the plants can be 
made fertile and resultant plants will be homozygous. Thus, tissue 
culture techniques enable to produce homozygous plants in rela-
tively short time period through protoplast, anther and microspore 
cultures instead of conventional breeding methods [20]. Haploids 
are sterile plants having single set of chromosomes (one-half of the 
normal number of chromosomes) which are converted into homo-
zygous diploids by spontaneous or induced chromosome doubling 
[21] since the doubling of chromosomes restores the fertility of 
plants resulting in production of double haploids with potential to 
become pure breeding new cultivars [22].

Effect of EMS

EMS is considered as one of the most important chemical mu-
tagenic agents and it is considered as an alkylating agent that has 
a mutagenic effect on the DNA [23]. Genetic variability apart from 
conventional breeding can be easily discernible in in-vitro regener-
ated somaclonal variants. Tissue culture techniques through muta-
tion induction can be used to increase the speed or efficiency of 
breeding programs to get a new diversity of germplasm. In vitro 
mutation induction can be done by using chemical mutagens and 
also with use of growth regulators which have high activity [24]. 
Wheat mutant characterization is a part of the breeding programs 
to investigate the diversity that may influence the production at 

a larger level. Bhat., et al. [25] studied that there was a gradual 
decrease in the number of runners and increase in days taken to 
initiate the runners with increase in EMS concentrations and treat-
ment duration in strawberry. EMS was found to effective to gen-
erate higher type and magnitude of variants in strawberry [26]. 
Qin., et al. [27] suggested that these EMS treatment embryos could 
produce plants with wide variation in chromosome number once 
budded successfully. Ethyl methane sulfonate (EMS) is a mutagen 
with the characteristic of high mutation rate and has been suc-
cessfully used in many crops [28]. Bahar., et al. [29] reported that 
statically determined observations on some traits affected by EMS 
mutation will be useful when large number of mutants is required 
for TILLING experiments to identify and confirm function of the 
candidate genes. For which purpose, the highest dose of EMS treat-
ment (0.3%) is considered to be the best, since it not only produces 
highest variability but also not detrimental for the survival of the 
plants. Ahmed., et al. [23] investigated that EMS solution with a 
concentration of 0.07% have a mutagenic effect on the seeds of the 
tomato plant and cause a positive mutation on tomato plant in the 
form of fast growth rate and a taller plant and bigger leaves size. 
Sari., et al. [30] also reported that increasing EMS dose and soak-
ing time in embryogenic callus inhibited the growth of callus. The 
higher EMS dose applied, the less calluses are formed. Sen., et al. 
[31] showed that physical mutagenesis has an effect on generating 
mutant lines with enhanced drought stress tolerant. In vivo types 
of these mutants may also indicate that the mutations are definite 
under drought stress and these candidate drought-tolerant mutant 
lines have the potential to be used as genetic resources in wheat 
functional genomics studies during plant breeding.

Effect of UV light

The ultra violet radiation (UV) is a part of non-ionizing radia-
tions electromagnetic spectrum the approximately 8-9% of the to-
tal solar radiation [32]. The Ultraviolet wavelength (400 – 200 nm) 
is a small part of the solar radiation reaching the Earth’s surface 
but with significant biological impact on the living organisms, in-
cluding plants. According to the International Commission on Illu-
mination this wavelength region is divided in to three wavelength 
range in this UV-A (315 – 400nm), UV-B (280 – 315nm) and UV-C 
(200 – 280nm). The negative effect of UV radiation increases to-
wards the shorter wavelengths. Therefore, due to its highest ener-
gy, UV-C quickly provokes high levels of injuries and it is most det-
rimental for the living organisms [33]. Teresa., et al. [34] showed 
that UVB irradiation led to increase in content of chlorophyll a and 
b in regenerated shoots. Bravo., et al. [35] reported that UV-B light 
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Conclusion 

Plant tissue culture technology has been widely used for im-
provement of the most important agricultural crops as well as 
endangered native species. Mutation and somatic hybridization 
is another way of enhancing variation in crop species using this 
novel technique. Embryo culture may also help to optimize the 
media nutrient regime, concentration of growth hormone and 
developmental stages of a particular plant species. Apart from 
conventional breeding program, somatic embryogenesis, in vitro 
mutation and molecular techniques have been proved as valuable 
tools to enhance the genetics of different crop plants. The in vitro 
mutant lines have the potential to be used by plant biologists as 
genetic resources in wheat functional genomics studies.

1. Keresa S., et al. “Callus Induction and Plant Regeneration from 
Immature and Mature Embryos of Winter Wheat (Triticum 
Aestivum L.) Genotypes”. Plant Breeding Sustaining the Fu-
ture. Xvith Eucarpia Congress, Edinburgh, Scotland (2000). 

2. Parmar SS., et al. “Plant regeneration from mature embryo of 
commercial Indian bread wheat (Triticum aestivum L.) culti-
vars”. Physiology and Molecular Biology of Plants 18.2 (2012): 
177-183.

3. Darren Touchell., et al. “Novel Applications of Plant Tissue Cul-
ture”. Combined Proceedings International Plant Propagators 
Society 58 (2008).

4. Adane Abraham. “Agricultural biotechnology research and de-
velopment in Ethiopia”. African Journal of Biotechnology 8.25 
(2009): 7196-7204.

5. Aydin M., et al. “Plant regeneration in wheat mature embryo 
culture”. Department of Field Crops, African Journal of Biotech-
nology 10 (2011): 15749-15755. 

6. Hakan Turhan and Ismet Baser. “Callus Induction from Mature 
Embryo of Winter Wheat (Triticum aestivum L.)”. Asian Jour-
nal of Plant Sciences 3.1 (2004): 17-19.

7. Jabeen S., et al. “Tissue Culture Technology is a Breeding Ap-
proach in Wheat: An Overview”. Molecular Plant Breeding 7 
(2016): 1-11.

8. Ahmadpour R., et al. “Efficient In Vitro Somatic Embryogen-
esis and Plant Regeneration from Mature and Immature Em-
bryos of Wheat (Triticum aestivum L.)”. Brazilian Archives of 
Biology and Technology 59 (2016).

9. Mamrutha HM., et al. “Genetic transformation of wheat—pres-
ent status and future potential”. Journal of Wheat Research 
6(2) (2014): 1-13.

10. Hakam N., et al. “Efficient callus induction and plantlets regen-
eration in bread wheat using immature and mature embryos”. 
International Journal of Bio-Technology and Research 3 (2015): 
001-009.

11. Yu H., et al. “High frequency wheat regeneration from leaf tis-
sue explants of regenerated plantlets”. Advances in Bioscience 
and Biotechnology 3 (2012): 46-50.

12. Redha A and Suleman P. “Effects of exogenous application of 
polyamines on wheat anther cultures”. Plant Cell Tissue Orga-
nization 105 (2011): 345-353.

13. Kavas M., et al. “Factors affecting plant regeneration from im-
mature inflorescence of two winter wheat cultivars”. Biology 
Plantarum 52.4 (2008): 621-626.

14. Shariatpanahi ME., et al. “Efficient embryogenesis and regen-
eration in freshly isolated and cultured wheat (Triticum aesti-
vum L.) microspores without stress pre-treatment”. Plant Cell 
Report 25 (2006): 1294-1299.

15. Zhou MD and Lee TT. “Selectivity of auxin for induction and 
growth of callus from excised embryo of spring and winter 
wheat”. Canadian Journal of Botany 62 (1984): 1393-1397.

16. Kumar R., et al. “Plants Development of an efficient and repro-
ducible regeneration system in wheat (Triticum aestivum L.)”. 
Physiology and Molecular Biology 23.4 (2017): 945-954

79

Citation: MK Yadav., et al. “Plant Tissue Culture Technology to Improve Crop Species – A Comprehensive Approach”. Acta Scientific Agriculture 3.2 (2019): 
76-80.

Plant Tissue Culture Technology to Improve Crop Species – A Comprehensive Approach

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550503/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550503/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550503/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3550503/
https://pdfs.semanticscholar.org/5881/66b35a53b683506d7c5b261d4132242b2e04.pdf
https://pdfs.semanticscholar.org/5881/66b35a53b683506d7c5b261d4132242b2e04.pdf
https://pdfs.semanticscholar.org/5881/66b35a53b683506d7c5b261d4132242b2e04.pdf
https://academicjournals.org/article/article1380803689_Aydin%20et%20al.pdf
https://academicjournals.org/article/article1380803689_Aydin%20et%20al.pdf
https://academicjournals.org/article/article1380803689_Aydin%20et%20al.pdf
https://scialert.net/fulltextmobile/?doi=ajps.2004.17.19
https://scialert.net/fulltextmobile/?doi=ajps.2004.17.19
https://scialert.net/fulltextmobile/?doi=ajps.2004.17.19
https://biopublisher.ca/index.php/mpb/article/html/2313/
https://biopublisher.ca/index.php/mpb/article/html/2313/
https://biopublisher.ca/index.php/mpb/article/html/2313/
https://www.scielo.br/scielo.php?pid=S1516-89132016000100206&script=sci_abstract&tlng=en
https://www.scielo.br/scielo.php?pid=S1516-89132016000100206&script=sci_abstract&tlng=en
https://www.scielo.br/scielo.php?pid=S1516-89132016000100206&script=sci_abstract&tlng=en
https://www.scielo.br/scielo.php?pid=S1516-89132016000100206&script=sci_abstract&tlng=en
https://www.researchgate.net/publication/272171344_Genetic_transformation_of_wheat-Present_status_and_future_potential
https://www.researchgate.net/publication/272171344_Genetic_transformation_of_wheat-Present_status_and_future_potential
https://www.researchgate.net/publication/272171344_Genetic_transformation_of_wheat-Present_status_and_future_potential
https://www.academeresearchjournals.org/download.php?id=323038626637168836.pdf&type=application/pdf&op=1
https://www.academeresearchjournals.org/download.php?id=323038626637168836.pdf&type=application/pdf&op=1
https://www.academeresearchjournals.org/download.php?id=323038626637168836.pdf&type=application/pdf&op=1
https://www.academeresearchjournals.org/download.php?id=323038626637168836.pdf&type=application/pdf&op=1
https://www.scirp.org/journal/PaperInformation.aspx?paperID=17192
https://www.scirp.org/journal/PaperInformation.aspx?paperID=17192
https://www.scirp.org/journal/PaperInformation.aspx?paperID=17192
https://link.springer.com/article/10.1007/s11240-010-9873-7
https://link.springer.com/article/10.1007/s11240-010-9873-7
https://link.springer.com/article/10.1007/s11240-010-9873-7
https://link.springer.com/article/10.1007/s10535-008-0122-4
https://link.springer.com/article/10.1007/s10535-008-0122-4
https://link.springer.com/article/10.1007/s10535-008-0122-4
https://www.ncbi.nlm.nih.gov/pubmed/16841216
https://www.ncbi.nlm.nih.gov/pubmed/16841216
https://www.ncbi.nlm.nih.gov/pubmed/16841216
https://www.ncbi.nlm.nih.gov/pubmed/16841216
https://www.ncbi.nlm.nih.gov/pubmed/29158641
https://www.ncbi.nlm.nih.gov/pubmed/29158641
https://www.ncbi.nlm.nih.gov/pubmed/29158641


Volume 3 Issue 2 February 2019
© All rights are reserved by MK Yadav., et al.

17. Kapil Malik., et al. “Evaluation of Carbon Sources, Gelling 
Agents, Growth Hormones and Additives for Efficient Callus 
Induction and Plant Regeneration in Indian Wheat (Triticum 
aestivum L.) Genotypes Using Mature Embryos”. Journal of 
Crop Science and Biotechnology 20.3 (2017): 185-192.

18. Brown DCW and TA Thorpe. “Crop improvement through tis-
sue culture”. World Journal of Microbiology Biotechnology 11 
(1995): 409-415.

19. Evans DA and JE Bravo. “Agricultural applications of proto-
plast fusion”. In: Marby, T.I., (Ed.). Plant Biotechnology. Austin 
(1988): 51-91.

20. Morrison RA and Evans DA. “Haploid plants from tissue cul-
ture: New plant varieties in a shortened time frame”. Nature 
Biotechnology 6 (1998): 684-690.

21. Atanassov A., et al. “In vitro production of haploid plants”. 
World Journal of Microbiology Biotechnology 11 (1995): 400-
408.

22. Basu SK., et al. “Haploid plant production technology in wheat 
and some selected higher plants”. Australian Journal of Crop 
Science 5.9 (2011): 1087-1093.

23. Ahmed M., et al. “The Effect of Physical and Chemical Mutagen 
on Tomato Plant”. Advances in Biological Research 11.2 (2017): 
64-69.

24. Kona Praveen., et al. “Effect of 2,4d and Emson in Vitro Regen-
eration”. In Sugarcane Cultivar International Journal of Micro-
biology Research 10 (2018).

25. Bhat S., et al. “Effect of induced mutation by EMS on in vivo 
runner production in different explants of tissue cultured 
strawberry, Fragaria x ananassa cv Camarosa”. International 
Journal of Farm Sciences 5.3 (2015): 82-88.

26. Murti RH., et al. “Effectiveness of gamma ray irradiation and 
ethyl methane sulphonate on in vitro mutagenesis of straw-
berry”. African Journal of Biotechnology 12.30 (2013): 4803-
4812.

27. Hong-Mei Qin., et al. “Effect of ethyl methane sulfonate (EMS) 
in vitro mutation on anther-derived embryos in loquat (Eri-
obotrya japonica Lindl.)” African Journal of Agricultural Re-
search 6.11 (2011): 2450-2455.

28. Zhu BG., et al. “Effects of peanut character variations induced 
by EMS and breeding of high yielding mutant strains”. Scientia 
Agricola 30.6 (1997): 87-89.

29. Bilge Bahar and Mahinur S Akkaya. “Effects of EMS Treatment 
on the Seed Germination in Wheat”. Journal of Applied Biologi-
cal Sciences 3.1 (2009): 59-64.

30. Sari L., et al. “Wheat (Triticum aestivum L.) mutants throught 
in vitro selection tolerant on lowland tropic”. International 
Journal of Agronomy and Agricultural Research (IJAAR) 5.5 
(2014): 189-199.

31. Ayse Sen., et al. “Drought Tolerance in Irradiated Wheat Mu-
tants Studied by Genetic and Biochemical Markers”. Journal of 
Plant Growth Regulator (2016).

32. F Hollocy. “Effect of Ultraviolet radiation on plant”. Micron 33 
(2002): 179-197.

33. Katerova Z., et al. “Influence of Ultraviolet Radiation 0n Plant 
Secondary Metabolite Production”. Genetics and Plant Physiol-
ogy 2.3-4 (2012): 113-144. 

34. Teresa C., et al. “Callus Induction and Organogenesis In Vitro 
Of Cattleya From Protocorm-Like Bodies (Plbs) Under Differ-
ent Light Conditions”. Acta Scientiarum Polonorum Hortorum 
Cultus 14.6 (2015): 29-38.

35. Escobar-Bravo R., et al. “Interactive Effects of UV-B Light with 
Abiotic Factors on Plant Growth and Chemistry, and Their 
Consequences for Défense against Arthropod Herbivores”. 
Frontiers in Plant Science 8 (2017): 278-276.

36. Tasheva K., et al. “The Effect of UV Irradiation on In Vitro Cul-
tures Development of Golden Root - Endangered Medicinal 
Plant Series F. Biotechnologies 19 (2015).

37. Hopkins L., et al. “Ultraviolet-B radiation reduces the rates 
of cell division and elongation in the primary leaf of wheat ( 
Triticum aestivum L. cv Maris Huntsman)”. Plant, Cell and En-
vironment 25 (2002) 617-624.

38. Hossam H., et al. “Impact of UV-B radiation on some biochemi-
cal changes and growth parameters in Echinacea purpurea 
callus and suspension culture”. Annals of Agricultural Science 
61.2 (2016): 207-216.

39. Saha S. “Enhancement of Somatic Embryogenesis by Mature 
and Immature Seeds in Wheat (Triticum aestivumL.)”. Journal 
of Biology and Life Science 8.2 (2017): 1-12

80

Citation: MK Yadav., et al. “Plant Tissue Culture Technology to Improve Crop Species – A Comprehensive Approach”. Acta Scientific Agriculture 3.2 (2019): 
76-80.

Plant Tissue Culture Technology to Improve Crop Species – A Comprehensive Approach

https://link.springer.com/article/10.1007/s12892-017-0046-0
https://link.springer.com/article/10.1007/s12892-017-0046-0
https://link.springer.com/article/10.1007/s12892-017-0046-0
https://link.springer.com/article/10.1007/s12892-017-0046-0
https://link.springer.com/article/10.1007/s12892-017-0046-0
https://www.ncbi.nlm.nih.gov/pubmed/24414749
https://www.ncbi.nlm.nih.gov/pubmed/24414749
https://www.ncbi.nlm.nih.gov/pubmed/24414749
https://www.nature.com/articles/nbt0583-253
https://www.nature.com/articles/nbt0583-253
https://www.nature.com/articles/nbt0583-253
https://www.nature.com/articles/nbt0688-684
https://www.nature.com/articles/nbt0688-684
https://www.nature.com/articles/nbt0688-684
https://link.springer.com/article/10.1007/BF00364615
https://link.springer.com/article/10.1007/BF00364615
https://link.springer.com/article/10.1007/BF00364615
https://www.researchgate.net/publication/290390824_Haploid_production_technology_in_wheat_and_some_selected_higher_plants
https://www.researchgate.net/publication/290390824_Haploid_production_technology_in_wheat_and_some_selected_higher_plants
https://www.researchgate.net/publication/290390824_Haploid_production_technology_in_wheat_and_some_selected_higher_plants
https://pdfs.semanticscholar.org/5f40/97bcd7c98164004df313eb52a20160f591ac.pdf
https://pdfs.semanticscholar.org/5f40/97bcd7c98164004df313eb52a20160f591ac.pdf
https://pdfs.semanticscholar.org/5f40/97bcd7c98164004df313eb52a20160f591ac.pdf
https://www.researchgate.net/publication/305183082_Effect_of_induced_mutation_by_EMS_on_in_vivo_runner_production_in_different_explants_of_tissue_cultured_strawberry_Fragaria_x_ananassa_cv_Camarosa
https://www.researchgate.net/publication/305183082_Effect_of_induced_mutation_by_EMS_on_in_vivo_runner_production_in_different_explants_of_tissue_cultured_strawberry_Fragaria_x_ananassa_cv_Camarosa
https://www.researchgate.net/publication/305183082_Effect_of_induced_mutation_by_EMS_on_in_vivo_runner_production_in_different_explants_of_tissue_cultured_strawberry_Fragaria_x_ananassa_cv_Camarosa
https://www.researchgate.net/publication/305183082_Effect_of_induced_mutation_by_EMS_on_in_vivo_runner_production_in_different_explants_of_tissue_cultured_strawberry_Fragaria_x_ananassa_cv_Camarosa
https://www.academicjournals.org/app/webroot/article/article1380887629_Qin%20et%20al.pdf
https://www.academicjournals.org/app/webroot/article/article1380887629_Qin%20et%20al.pdf
https://www.academicjournals.org/app/webroot/article/article1380887629_Qin%20et%20al.pdf
https://www.academicjournals.org/app/webroot/article/article1380887629_Qin%20et%20al.pdf
https://www.researchgate.net/profile/Chuan_Tang_Wang/publication/228096854_EMS-induced_variations_in_pod_characters_of_peanut/links/09e414ff2c3c5358d9000000/EMS-induced-variations-in-pod-characters-of-peanut.pdf
https://www.researchgate.net/profile/Chuan_Tang_Wang/publication/228096854_EMS-induced_variations_in_pod_characters_of_peanut/links/09e414ff2c3c5358d9000000/EMS-induced-variations-in-pod-characters-of-peanut.pdf
https://www.researchgate.net/profile/Chuan_Tang_Wang/publication/228096854_EMS-induced_variations_in_pod_characters_of_peanut/links/09e414ff2c3c5358d9000000/EMS-induced-variations-in-pod-characters-of-peanut.pdf
https://dergipark.gov.tr/download/article-file/415083
https://dergipark.gov.tr/download/article-file/415083
https://dergipark.gov.tr/download/article-file/415083
https://innspubnet.wordpress.com/2015/06/13/wheat-triticum-aestivum-l-mutants-throught-in-vitro-selection-tolerant-on-lowland-tropic/
https://innspubnet.wordpress.com/2015/06/13/wheat-triticum-aestivum-l-mutants-throught-in-vitro-selection-tolerant-on-lowland-tropic/
https://innspubnet.wordpress.com/2015/06/13/wheat-triticum-aestivum-l-mutants-throught-in-vitro-selection-tolerant-on-lowland-tropic/
https://innspubnet.wordpress.com/2015/06/13/wheat-triticum-aestivum-l-mutants-throught-in-vitro-selection-tolerant-on-lowland-tropic/
https://link.springer.com/article/10.1007/s00344-017-9668-8
https://link.springer.com/article/10.1007/s00344-017-9668-8
https://link.springer.com/article/10.1007/s00344-017-9668-8
https://www.ncbi.nlm.nih.gov/pubmed/11567887
https://www.ncbi.nlm.nih.gov/pubmed/11567887
https://www.researchgate.net/publication/261363710_Influence_of_ultraviolet_radiation_on_plant_secondary_metabolite_production
https://www.researchgate.net/publication/261363710_Influence_of_ultraviolet_radiation_on_plant_secondary_metabolite_production
https://www.researchgate.net/publication/261363710_Influence_of_ultraviolet_radiation_on_plant_secondary_metabolite_production
https://www.researchgate.net/publication/287222189_Callus_induction_and_organogenesis_in_vitro_of_Cattleya_from_protocorm-like_bodies_PLBs_under_different_light_conditions
https://www.researchgate.net/publication/287222189_Callus_induction_and_organogenesis_in_vitro_of_Cattleya_from_protocorm-like_bodies_PLBs_under_different_light_conditions
https://www.researchgate.net/publication/287222189_Callus_induction_and_organogenesis_in_vitro_of_Cattleya_from_protocorm-like_bodies_PLBs_under_different_light_conditions
https://www.researchgate.net/publication/287222189_Callus_induction_and_organogenesis_in_vitro_of_Cattleya_from_protocorm-like_bodies_PLBs_under_different_light_conditions
https://www.ncbi.nlm.nih.gov/pubmed/28303147
https://www.ncbi.nlm.nih.gov/pubmed/28303147
https://www.ncbi.nlm.nih.gov/pubmed/28303147
https://www.ncbi.nlm.nih.gov/pubmed/28303147
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-3040.2002.00834.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-3040.2002.00834.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-3040.2002.00834.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-3040.2002.00834.x
https://www.sciencedirect.com/science/article/pii/S0570178316300240
https://www.sciencedirect.com/science/article/pii/S0570178316300240
https://www.sciencedirect.com/science/article/pii/S0570178316300240
https://www.sciencedirect.com/science/article/pii/S0570178316300240
https://www.macrothink.org/journal/index.php/jbls/article/view/11529
https://www.macrothink.org/journal/index.php/jbls/article/view/11529
https://www.macrothink.org/journal/index.php/jbls/article/view/11529

	_GoBack
	_GoBack
	_Hlk534635255

