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Abstract 

Biotechnology has played a significant role in crop improvement and productivity 
and flourished well since the last decade of the 20th century.  Biotechnology is a tool 
that intensively uses the biological systems to produce quality products for human 
consumption, particularly in the fields of agriculture and food processing. The recent 
advances in the field of biotechnology have enabled us to produce genetically 
engineered products with high sustainability and superiority for example, the 
production of high yielding crop varieties, which are resistant to both biotic and 
abiotic stresses. In early days, biotechnology didn’t bring any ground breaking 
improvements in the field of plant sciences that can be due lack of knowledge 
regarding transformation vectors and regeneration procedures. But, with the passage 
of time, the development of protocols for transformation and regeneration has 
revolutionized the field of agriculture through genetic modifications of the parent 
materials. Keeping in view, the growing trends in world’s population and climate 
change, we need improved varieties for sustainable agriculture that can be achieved 
through biotechnology. This chapter, therefore, provides the basic knowledge 
regarding the application of plant biotechnology in crop husbandry. The last part of 
the chapter covers the potential risks associated with biotechnology/genetic 
engineering and bio-engineered products. 

                                                           

♦Rashad Waseem Khan Qadri *, Bilquees Fatima and Muhammad Jafar Jaskani 
Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan. 
*Corresponding author’s e-mail: waseemrana_83pk@yahoo.com 

 
Managing editors: Iqrar Ahmad Khan and Muhammad Farooq 
Editors: Ahmad Sattar Khan and Khurram Ziaf  
University of Agriculture, Faisalabad, Pakistan. 



86 R.W.K. Qadri, F. Usman and M.J. Jaskani 

Keywords: Agrobacterium, biolistic, biosafety, genetic transformation, in vitro 
culture, plant biotechnology. 

4.1. Introduction 

The word biotechnology is derived from the Greek words 'bios' (all to do with living 
system) and 'technikos' (including human knowledge and skills). Biotechnology is 
defined as “the application of scientific and engineering principles to the processing 
of materials by biological agents”. More recently, biotechnology has been defined as 
“the collection of techniques to manipulate desired fragment of genetic material 
within and between organisms”. The Convention on Biological Diversity (CBD) 
describes biotechnology as “any technological application that uses biological 
systems, living organisms, or derivatives thereof, to make or modify products or 
processes for specific use”. In broad sense, biotechnology is involved in exploitation 
of natural process, organisms and cellular mechanism to develop procedures and 
products for improvement of plant health. These new technologies developed by 
biotechnologists are valuable for research, clinics, agriculture and industry. 

In general, the use of biotechnology in agriculture, especially in food science, i.e. 
bread making, pickles, and fermented dairy products, dates back to thousands of 
years. If we think, from where our agricultural crops came from? And what people 
like before domestication? Our today’s food crops are too much different from the 
crops/plants consumed by people who used natural flora (10,000 years BC). Over 
thousands of years during domestication process, people selected better plant 
material for propagation, and consequently improved the plants for agriculture and 
food production, i.e., conventional agricultural biotechnology. With the passage of 
time, biotechnological tools have been widely used in the molecular biology, 
multiplication techniques and new DNA manipulation methods such as gene cloning 
and DNA typing of plants and animals. 

Food and Agriculture Organization has identified genetic engineering as a potential 
way to increase crop productivity to support the viability of agriculture around the 
globe. Genetic engineering could play a central role to get higher production on 
marginal lands. Moreover, there are many examples, where genetic engineering has 
been applied to resolve the issues related to human health. Genetically engineered 
rice contains both pro-vitamin A (beta-carotene) and iron along with other nutrients 
that can potentially improve the health status of many low-income countries. In 
addition, tissue culture is serving as a great source in the provision of disease free 
plant materials, which improves the quality and uniformity of the species. The 
development of molecular markers on the other hand, can help in the selection of 
best genotypes for conservation and characterization of biodiversity. 

In the field of horticulture, biotechnology can offer positive changes in the quantity 
as well as quality traits such as, aroma, colour, ripening and postharvest behaviour 
of fruits and vegetables. The potential areas in horticultural crop biotechnology are 
in vitro conservation of germplasm (cryopreservation), micro-propagation (virus free 
plant production and multiplication), bio-pesticides, bio-fertilizer and genetic 
transformation. 
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4.2. Plant Tissue Culture 

Plant culture usually refers to planting in pots, greenhouses, farms and field. Hanning 
(1904) developed a new method of plant culture called embryo culture, from which 
he obtained a full growing plant. Since 1920, many types of cultures were developed 
like callus culture, organ culture, hypocotyl culture and cell suspension culture etc. 
After 1945, all these types of culture were grouped under a collective term “plant 
tissue culture” or “in vitro culture” as it was initiated in glass under sterile 
environment. Plant tissue culture is defined as “cultivation of different plant parts, 
from single cell to various tissues and organs on nutrient medium under aseptic 
condition”. 

Plant tissue culture techniques require great skills and care to propagate plant species 
at micro level under optimized environmental conditions (physical, nutritional and 
hormonal). All microorganisms (fungi, bacteria and viruses) and pests (insects and 
nematodes) are strictly avoided to produce disease free plants for future cultivation 
and production. Through tissue culture, the plant does not follow the usual pattern of 
development as the cultured tissue may give rise to callus, organs or somatic 
embryos. It can also grow in to protoplasts or individual cells. Now a day, a number 
of techniques relevant to crop improvement are being used in tissue culture at 
commercial scale. 

4.2.1.  Somaclonal Variation 

The word “soma clonal” is derived from “soma” means somatic cell, and “clonal” 
means differences within clones.  Presence of genetic variation in plants developed 
through in vitro culture is referred as somaclonal variation (Larkin and Scowcroft 
1981). This type of variation arises during mitotic cell division due to culture media 
(Tabares et al. 1993).  Variations are sometime desirable and sometime unwanted in 
tissue culture practice. To preserve genetic purity of plants, variations that are 
undesirable, i.e., bring about genotypic changes, should be avoided. Variations 
mostly occur in perennial plants at different morphological, cytological, biochemical 
and molecular level. Different factors can contribute towards variations during the 
tissue culture, such as tissue type, media, explant source, and culture duration. 
Somaclonal variation may be preexisting in the somatic cell that can be used in the 
genetic improvement of various horticultural crops. 

Types of somaclonal variations 

Somaclonal variations may be genetic (heritable) and epigenetic. Heritable (genetic) 
variations are stable and can easily be transferred to next generation. While, 
epigenetic variations are reversible and nonhereditary in nature, usually resulting 
from changes in expression pattern of gene(s) rather than alteration in gene structure 
(Hartmann and Kester 1983). In epigenetic changes under ex vitro conditions, plant 
vigour may be enhanced leading to increased juvenility. Dwarfism is also an 
epigenetic change, which may be due to hormonal disturbance. Genetic variations 
can be due to change in chromosome numbers (ploidy level) (Leva et al. 2012), 
structure of chromosome (deletion, insertion, duplications and translocation) or due 
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to change in sequence of DNA (mutation). Chromosomal rearrangement can result 
in loss of gene or its proper functioning and may activate a silent gene which was not 
active in past. Such irregularities in chromosomes may disappear at the plant 
regeneration stage, thus reduce the fertility of the plant. Mitotic recombination may 
also be one of the reasons that can lead to soma clonal variation. Somaclonal 
variations are not only present in crops which are vegetatively propagated, but also 
in crops which are grown through seed. 

Explant source 

Somaclonal variations largely depend upon explant source. If meristimatic tissue, 
like pericycle, precambium and cambium, is used, variation can be reduced and true 
to type plant are produced. On the other hand, differentiated tissue like leaves, stem 
and roots produce more variation. Somaclonal variations are already present in the 
mother plant and appear during regeneration of new plant from the explant source. 
Sometime chances of variation occurrence become more when too much explant is 
taken from the same plant. 

Medium composition 

Hormones also play a vital role in inducing variation which may be caused by rapid 
multiplication of calli. Different types of plant growth regulator and their 
concentrations induce variations to variable extent. Application of IAA and 
cytokinins in unbalanced proportions may increase ploidy level. While, in the 
absence or under low concentration of these hormones, ploidy level show normal 
behaviour. Addition of Auxin promotes DNA methylation in the calli. Similarly, 2, 
4-D induces genetic abnormalities in asparagus in the form of endoreduplication 
(Regalado et al. 2015). Cell division rate increases in abnormal cells by the 
application of plant growth regulators. Plant growth regulators can be used in in vitro 
culture to obtain synthetic compounds by using their super optimal concentration. 

Duration and number of culture cycle 

It has been observed that somaclonal variations were increased in strawberry, when 
both duration and number of the culture cycle was increased (Karim et al. 2015). So, 
it is necessary to optimize both time and number of culture cycles for a species to be 
produced through tissue culture to avoid somaclonal variations. 

Genotype 

Different genotypes show different behaviour to the tissue culture condition due to 
variation in their genetic makeup. This difference in occurrence of somaclonal 
variations in different genotypes reflects the level of their genetic stability during 
tissue culture. 

Application of somaclonal variation 

Somaclonal variation can be used to improve the already present clones in asexually 
propagated crops, e.g., garlic, ginger, turmeric, rose, and ornamental geophytes. Plant 
breeding depends mainly upon availability of variation. In vitro culture can provide 
that variability in the form of somaclonal variations. Few clones selected as 
somaclonal variants were released as cultivars (Skirvin et al. 1994). In potato, these 
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variations have great importance to increase the disease resistance and yield. 
Somaclonal variants showed a good impact on plant growth, tuber formation, 
compactness of plant, and uniformity in maturity of plants. Somaclonal variants of 
potato had also shown salt tolerance and drought resistance (Khan et al. 2014). 

Table 4.1 Composition of the liquid medium (for 1 L) used successfully for cell 
suspension culture of oil palm. 

Components Concentration 

Macronutrients 50 mL 
KNO3 24 g L−1 
KH2PO4 14 g L−1 
NH4NO3 26 g L−1 
CaCl2. 2H2O 7.2 g L−1 
MgSO4.7H2O 6 g L−1 
Micronutrient 1 mL 
KI 830 mg L−1 
H3BO3 10 g L−1 
MnSO4. H2O 18.9 g L−1 
ZnSO4. 7 H2O  10 g L−1 
NaMoO4. 2 H2O 250 mg L−1 
CuSO4. 5H2O 25 mg L−1 
CoCl2. 6H2O 25 mg L−1 
Iron Jacobson 1 mL 
EDTA 26.1 g L−1 
FeSO4. 7H2O 24.9 g L−1 
Vit Morel and Wetmore 1 mL 
Ca Pantothenate 1 g L−1 
Thiamine HCL 1 g L−1 
Pyridoxine 1 g L−1 
Nicotinic acid 1 g L−1 
Biotine  2 mL (0.01 mg 2 mL-1) 
Ascorbic acid 100 mg 
Myo-inositol 100 mg 
Adenine sulfate 30 mg 
Glucose  20 g 
2, 4-D 375 µL (2 mg mL-1) 
pH 5.0 
Agar 8 g L−1 
Phytagel  3 g L−1 

4.2.2. Haploid Production 

Plants containing single set (1n) of chromosomes are known as haploids. Haploids 
could be found in nature but these are very rare. Haploids are important assets for 
plant breeding and genetics. Haploid culture technique was greatly benefited from 
the work of Guha and Maheshwari (1964) because they discovered that haploid 
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plants could be obtained by culturing immature anthers of Datura innoxia. Haploid 
production through anther culture grew rapidly, using tobacco (Nicotiana tabacum 

L.) as model plant. 

Haploids in many species can be produced in vitro through anther culture by direct 
or indirect regeneration, and many embryos could also be developed from the pollen 
cell wall. In embryos, cotyledons unfold and plantlets emerge from anther in 4 to 8 
weeks. Direct androgenesis is common in Solanaceae and Cruciferae families. In 
indirect androgenesis, early cell division pattern leads to globular stage (callus 
formation), which then undergoes organogenesis, ultimately resulting in haploid 
plants. In species where anthers are cultured at uninucleate stage, the microspore 
divide through normal mitosis developing a vegetative and generative nucleus or it 
divides and produce two identical nuclei. In both cases, vegetative nucleus 
participates in androgenesis. Only in the black henbane (Hyoscyamus niger L.), the 
generative nucleus is involved in androgenesis. When identical nuclei are formed, 
these may divide further. Sometimes, these two nuclei may fuse together, produce 
calli or homozygous diploids. Ploidy could be determined using flow cytometry, 
which generates different peaks representing size of nuclei. 

Significance of haploids 

Haploids play important role in plant improvement, because they are completely 
homozygous and thus, breeders can avoid 7-8 generations of selfing. So, pure 
genotypes of one sex can be achieved in dioecious species as well as in other cross 
pollinated crops. Recessive alleles can also be disclosed in haploids thus, making the 
mutational breeding easier. 

Problems in anther culture 

Anther culture is known to produce less number of plants with higher genetic 
variation in most of the horticultural crops, which are useful in breeding program. 
Gametoclonal variation has been observed in plants regenerated from cultured 
gametic cells which may also show some useful trait. These variations arise from 
chromosomal aberrations and, in exceptional cases plants developed from anther 
culture may be albino due to changes in cytoplasmic DNA. 

4.2.3. Embryo Culture 

In embryo culture, tiny embryos are excised from immature ovules or seeds and are 
cultured in vitro under septic conditions. This technique is mostly used when post 
fertilization incompatibility exists. One common term used in embryo culture is 
‘embryo rescue’ that refers to in vitro techniques which promote the development of 
a viable plant from an immature or weak embryo. Embryo rescue technique is 
applicable in both basic and applied research (Sharma et al. 1996) as reported in 
grapes (Li et al. 2015). 

Significance of embryo culture 

This technique is highly useful in shortening of breeding cycle, prevention of embryo 
abortion in wide (distant) hybridization and overcoming incompatibility. In wide 
hybridization (interspecific and intergeneric hybrid development), endosperm may 
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not develop properly and result in embryo abortion. Hence, embryo(s) can be rescued 
by culturing on artificial nutrient medium (Collin and Grosser, 1984). Embryo rescue 
has also proved a source to recover a maternal haploid developed as a result of 
chromosome elimination following interspecific hybridization. It is also used for 
those progenies which do not develop viable seed i.e. triploids, which are obtained 
by crossing diploid and tetraploid. Somatic embryos can be produced, directly or 
indirectly (through embryogenic callus), by using immature embryos (Cardoza 
2008). Immature embryos of plantain hybrids showed 20.7% germination when 
cultured after 50-55 days of pollination in contrast to 1% germination of mature 
embryos (80-85 days after pollination) (Vuylsteke and Swennen 1993). Embryo 
culture also play vital role in the germination of recalcitrant and dormant seeds. 

Factors involved in embryo culture 

Several factors affect in vitro culture of embryo viz. media, temperature and light, 
and time of culture. 

Media 

Murashige and Skoog media and Gamborg B-5 media are suitable for embryo rescue. 
Media type and its concentration depend on the developmental stage of embryo. 
There are two main stages of young embryo, first stage is called pre-embryo, which 
is heterotrophic, for which a complex medium is required. While, second stage is 
autotrophic phase during which embryo start to make food from sugar and salt and 
fulfill its growth requirements (Raghavan 1976). Plant growth regulators also play a 
key role in embryo development at heterotrophic stage; IAA and gibberellins 
increase growth, while cytokinins have opposite effect (Sharma et al. 1996). 

Temperature and light 

Different species have variable response to temperature and light. Temperature 
requirement of embryo is less than their parent. Similarly, embryo of cool season 
crop requires less temperature as compared to embryo of warm season crops (Sharma 
et al. 1996). Initially dark conditions are provided for 1-2 week, after which light is 
provided for proper chlorophyll development. 

Time of culture 

Developmental stage of embryo is a critical factor. Crosses which are incompatible 
will ultimately lead to embryo abortion. Hence, it is highly desirable to separate 
embryos before their abortion. Care must be taken that embryos are not too young to 
survive during rescue. At least, they must be able to become good autotrophs. This 
is only possible when embryo is given more time to grow on mother plant before 
rescue. Various techniques involving histology can better describe the living status 
of embryo, but the process is often labour intensive. Another helpful trick is to start 
cultures, just after pollination, at various intervals in order to maximize chances of 
getting more number of viable embryos. Manipulation of media with the 
developmental stage of embryo is another important aspect. Testing different media 
with varying sucrose levels at different stages of embryo development will lead to 
more promising results. 
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4.2.4.  Somatic Hybridization 

Somatic hybridization is also called somatic fusion or protoplast fusion. Somatic 
hybridization is actually genetic modification for bringing the characteristics of two 
distinct or same species into a single cell or organism in vitro by fusing the two 
protoplasts. Somatic hybridization was first introduced in Nicotiana glauea. It has 
also been used for the production of large number of plants mainly in Solanaceae 
family (Fladung 1990). Somatic hybrids have wide variability compared to the sexual 
hybridization. Somatic hybrids can be produced by using two distinct or same species 
and has been used for induction of resistance in potato against viruses. 

Steps in somatic hybridization 

Following are the steps involved in somatic hybridization. 

i. Isolation of protoplasts: Cell wall of plant cells is degraded for isolation 
of protoplasts by treating with enzyme like cellulase and pectinase etc. The 
osmotic pressure of solution is controlled by addition of calcium chloride. 
Mostly, protoplasts are isolated from leaves after surface sterilization. 
Lower epidermis is removed and treated with enzyme solution. 

ii. Fusion of different protoplasts: Different protoplasts isolated are fused 
together by following procedure. 

a. High calcium and high pH treatment: Different protoplasts in 
solution are exposed to high calcium and high pH to fuse them 
together. 

b. Polyethlylene glycol (PEG) treatment: Cells are treated with 
30% PEG, which binds to plasma membrane. This mixture is 
washed with calcium solution. During washing process, PEG 
molecules may pull out the plasmalemma component and this 
would disturb its organization and may lead to the fusion of 
protoplasts located close to each other. 

c. Electrofusion technique: In this process, low voltage electric 
pulses are passed in a solution of protoplasts using electroporator. 
These pulses will help fusion of adjacent protoplasts briefly 
exposed to higher voltage current. This leads to alteration of 
membrane so that the adjacent protoplasts may fuse. This 
procedure is also known as electroporation. 

iii. Selection of hybrid cells: After following anyone of the abovementioned 
procedures, different types of protoplasts are observed viz., unfused 
protoplast, protoplast of same species fused together, and protoplasts of 
different species fused together i.e. hybrid cells. Hybrid cells could be 
separated by i) mechanical isolation of fused protoplasts so that the cells 
showing absence in that property indicate the hybrid cells; ii) by culturing 
all the residues and formation of calli, which could be studied to identify 
hybrids. 
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Significance of somatic hybridization 

Somatic hybridization helps in forming a wide variety of recombinants among 
plasma gene of different species as well as plasma genes and chloroplast genes. It 
also helps to form hybrid cells exhibiting chloroplast genome of one species and 
mitochondrial genome of another species, which is not possible by ordinary means 
of hybridization of two plant species. These different levels of fusion and 
recombination help in production of new species, which have all the qualities of 
parent organisms or even better. 

Traits controlling herbicide resistance, cytoplasmic male sterility (CMS), disease 
resistance, response to toxin and antibiotic resistance are encoded in cytoplasmic 
organelles. Gene controlling cytoplasmic male sterility can be transferred from one 
species or variety to the other within one cycle of hybridization in contrast to lengthy 
recurrent backcrosses necessary to transfer CMS using conventional methods. 

4.3. Genetic Engineering 

Genetic engineering works by physical removal of desired gene from one organism 
and introducing it into another, which gives new hereditary traits to the recipient 
organism encoded by that gene. There are various legal terms that can be used to 
elucidate the technology, including genetic modification, genetic transformation, 
gene cloning, gene manipulation and new genetics. Rediscovery of Gregor Mendel’s 
work had opened the door to elucidate the principle of inheritance and genetic 
mapping. James Watson and Francis Crick in 1953 discovered the structure of DNA 
and motivated scientists to make developments at the molecular level. However, the 
discoveries of 1972 (first recombinant DNA molecules generated) and 1973 (joining 
of DNA fragments to plasmid) started, new era of genetically modified organisms 
(GMOs). The objective of genetic engineering is to produce high quality and safer 
crops for human beings and animals. 

4.3.1. Methods in Genetic Engineering 

In molecular biology, plant genetic transformation is a routine practice for several 
species to make improvements. Plant genetic transformation started, when scientists 
demonstrated that the connective agent of crown gall disease, Agrobacterium 

tumefaciens, might be useful to introduce DNA fragment into plant cell. Plant genetic 
transformation research interest increased with the need for better plant cultivation. 
Transgenes are inserted into plants to get new traits for example resistance against 
pathogens, nutritional quality improvement and to study plant metabolism. In 1972, 
first DNA molecules were generated in at Stan-ford University, by using restriction 
enzymes, and subsequently, genetically stable transformed plants of petunia, 
chrysanthemum, celery, tomato, grape, maize, rice, tobacco, Brassica napus, wheat, 
millets and cassava were obtained in 1980s. 

Even though many diverse techniques are involved but basic principle of genetic 
transformation is very simple. The key point in genetic manipulation is the isolation 
of desired gene from whole DNA, which is then inserted into the genome of another 
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organism. There are four basic steps in gene manipulation (Fig. 4.1). Genetic 
modifications are achieved through vector-mediated and vectorless DNA delivery. 
These two approaches for genetic transformation are described in Fig. 4.2.  

Fig. 4.1 Four basic steps in 
gene cloning. 

 

 

 

Fig. 4.2 Two basic methods for DNA transfer. The transfer DNA is initially 
incorporated into the desired plant by the transfer of DNA containing the desired 
gene from B.t. into a gall-forming bacterium (an agrobacterium), which is then 
allowed to naturally invade into plant tissue in a tissue culture environment, inserting 
the DNA containing the desired gene into the plant tissue. The resultant tissue is then 
cultured and screened to produce a normal plant with the gene incorporated into the 
plants DNA.  

Through conventional (vector-mediated) method gene of interest are introduced via 
Agrobacterium tumefaciens. However, in direct transformation approach gene of 
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interest is introduced without bacteria cells (mediator). Direct transformation is done 
through several approaches but biolistic transformation is the most popular method. 

Natural or Agrobacterium-mediated transformation 

Agrobacterium tumefaciens belongs to the class α-proteobacteria, and the 
Rhizobiaceae family. It is a soil-borne bacterium that causes crown gall disease. 
Thousands of plant species are susceptible to A. tumefaciens. This bacterium has 
plasmid which can carry foreign gene and transfer this gene into the cells of host 
plant. Plant transformation mediated by Agrobacterium was first reported in the 
1980s. Now-a-days, several agronomically and horticulturally important species are 
effectively transformed by using this bacterium and list of Agrobacterium-mediated 
transformation susceptible species is continuously increasing (Valentine and Crops 
2003). 

Agrobacterium-mediated genetic transformation is cheaper and simple in procedure, 
and very stable, but copy number is low. The yield of transgenic plants obtained is 
typically 10-30% (Gould 1997). Agrobacterium-mediated transformation is well-
recognized for dicotyledonous plants. However, most monocotyledonous plants, 
such as corn, rice and wheat, except plants in the orders Liliales and Arales, were 
regarded as non-hosts on the basis that they do not form tumours when infected with 
virulent Agrobacterium species. 

‘‘Superbinary’’ vectors were designed which play a significant role in the 
transformation of these monocots. These binary vectors are very useful in gene 
expression analysis and Agrobacterium-mediated transformation. Earliest 
constructed binary vectors are pBIN19 (Bevan 1984), pPZP vectors (Hajdukiewicz 
et al. 1994) and pCAMBIA vectors (see the web site http://www.cambia.org). In the 
transformation system, reporter genes were used to assess promoter activity and 
increase selection efficiency. Transformation process may be regulated by the 
connection of reporter genes and constitutive promoters. Agrobacterium-mediated 
transient expression suggests primary expression of reporter gene (T-DNA from the 
bacteria to the nuclei of plant cells). Expression of the reporter genes, later in a cluster 
of cells growing on selection media, provides identification of integration of the T-
DNA into the plant chromosomes. The gene encoding ß-glucuronidase (GUS) has 
been mostly used as a gene expression reporter in plants (Jefferson et al. 1987; Weeks 
et al. 1993; Ishimaru et al. 1999). 

In addition to stable transformation, transient expression in plant cells is a valuable 
tool for functional promoter analysis. This method allows the testing of promoter 
activity over a short period of time without any need to regenerate transgenic plants. 
Transient transformation may be carried out by a biolistic approach or by using A. 

tumefaciens as a DNA transfer system. A transient genetic transformation protocol 
for various oil palm tissues using a biolistic approach has been established. 
Schematic representation of transient transformation of oil palm is given in Fig. 4.3. 
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Fig. 4.3 Agrobacterium-mediated transient transformation of oil palm cell 
suspension method. Step 1, Overnight Agrobacterium culture with O.D 600; Step 2, 
centrifuge the bacteria at 4000 rpm for 20 min; Step 3, resuspend the pellet in 20 mL 
of liquid medium (Table 4.1) + acetosyringone; Step 4, contact with cell suspension; 
Step 5,  put the cell suspension on solid liquid medium for co-cultivation; Step 6, 
wash the cell 2 times with liquid medium containing cefotaxime; Step 7, 
histochemical GUS analysis. 

Steps in Agrobacterium-mediated plant transformation: 

i. Identify the organism that naturally contains the specific characters i.e. the 
gene of interest. 

ii. Isolation of DNA from that organism. 
iii. Amplification of gene of interest to produce many copies through PCR 

(gene cloning). 
iv. PCR product is run in agarose gel and selected band is separated. 
v. After purification, DNA fragments are used in construction of recombinant 

DNA with cloning vector. 
vi. This vector is multiplied in E. coli and selected strain of E. coli containing 

correct sequence of target gene is used for isolation of plasmid. 
vii. The extracted plasmid is cut down using restriction enzymes and selected 

gene fragment is association with a suitable promoter in a binary vector for 
better expression. 

viii. Multiplication of the plasmid in bacteria (E. coli) and recovery of cloned 
construct. 

ix. Transfer of T-DNA containing plasmid into Agrobacterium through 
electroporation. 

x. Plant cells (explant) are co-cultured with Agrobacterium to transfer T-DNA 
into plant chromosome. 

xi. Regeneration of whole genetically modified plant through tissue culture. 
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xii. Validation and characterization of the performance of the DNA fragment in 
the laboratory, greenhouse and field conditions. 

xiii. If the technology works, then test at various locations before considered as 
commercial variety. 

Biolistic-mediated transformation (vectorless) 

Monocot plants are generally less susceptible than eudicots to Agrobacterium-
mediated transformation, and thus direct DNA transfer methods through biolistic 
approaches have been widely used for monocot transformation. A number of 
methods are used for direct gene transfer, biolistic, gene gun delivery method, 
electroporation-mediated and Silicon carbide fibers-mediated etc. But, here we 
discuss only particle bombardment (biolistic) method. This method is based on the 
delivery of desired DNA fragment coated on gold or tungsten particles, into the target 
cells by acceleration. Any kind of plant tissues (e.g. callus cultures, meristematic 
tissues, embryos, stem, leaf, etc.) could be used as explants for particle 
bombardment, which is an advantage over other method. Another advantage of this 
method is that there are no major biological barriers such as those present in case of 
Agrobacterium or protoplast-based transformation. In plants, DNA transfer by 
biolistic is a key method in transient gene expression experiments, such as expression 
of GUS gene, without any environmental risk. Transient GUS expression in different 
oil palm tissues (cell suspension, embryogenic calli, embryoids, immature embryos, 
young leaflets from the mature plant, green leaf explants, mesocarp and meristematic 
tissues) by biolistic-mediated transient transformation is shown in Figure 4.4. 
However, particle bombardment method is expensive and transformation efficiency 
is lower than Agrobacterium-mediated transformation. It was initially used as a 
successful method for transformation of monocots. It is one of the most extensively 
adopted direct gene transfer methods used by plant biotechnologists. In addition to 
these two techniques, electroporation (transfer of DNA into protoplast culture) and 
microinjection (direct injection of DNA into cell) are also used, but these techniques 
are labour intensive and have poor efficiency. 

4.4. Biosafety 

Tremendous increase (up to 87 fold) was observed in genetically modified crops 
during 1996 to 2010. During this period, a large number of countries adopted 
biotechnology and most of them were developing countries. Currently, genetically 
modified crops are directly benefiting the consumers in South Africa (white maize), 
US (papaya and squash) and Canada (sweet corn and sugar beet), Bangladesh 
(brinjal), and many countries where potato is the major staple food crop (James 
2014). According to an estimate, 181.5 million ha of genetically modified crops were 
grown all over the world during 2014, with annual growth rate of 3 to 4% (James 
2014). Now, it is very important to discuss that genetically modified products should 
be safe for health and environment, because no documented safety proof is available 
so far (Conner et al. 2003; FAO, 2003-04; Sanvido et al. 2007). In this regard, 
biosafety measures are compulsory. 
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Fig. 4.4  Analysis of Elaeis 

guinieensis No Apical 

Meristem (EgNAM1) full-
length promoter using 
Agrobacterium-mediated 
transient expression in oil 
palm cell suspension. 
Efficiency of β-
glucuronidase (GUS) 
transient expression in 7-
day-old oil palm cell 
suspension three days after 
co-cultivation (A) Negative 
control transformed without 
plasmid (B) Agrobacterium 
strain EHA105 with plant 
ubiquitin promoter (pUbi) 
used as a positive control (C) 
EHA105 with EgNAM1 full-
length promoter construct 
(pEgNAM1-1 GUSintron). 
Scale bar 1 cm. 

 

 

 

 

Biosafety is the protection from potential damages caused by infectious biohazards, 
for example, modified genes or infectious microbes. It is defined as “the protection 
of the environment and prevention of risk to human health due to the use of 
genetically modified organisms”. The key objective of biosafety is to protect human 
health and environment from any biohazardous effects in any discipline of science, 
i.e., molecular biology, genetics, plant pathology, horticulture, agronomy, 
entomology and others. The genetically modified organisms (GMOs) have direct or 
indirect effect on their wild relatives due to possible gene transfer. In agriculture, one 
of the most important environmental benefits of genetically modified crops is 
significant reduction in pesticide use. It all depends on the awareness, education and 
experience regarding the organisms involved. In spite of this prospective, there are a 
lot of concerns regarding the impact of genetically modified crops. There is a big 
increase in number of countries adopting molecular procedures in life sciences 
research; so, logically biosafety issues are important. Currently, many countries have 
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well-defined regulatory bodies for research on GMOs. However, strict action along 
with awareness to the researchers, producers and consumers is still required.     
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