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COMPARATIVE REVIEW OF PLANT TRANSFORMATION TECHNIQUES 

Abstract  

Plant transformation is now an important biotechnological tool in plant biology and a 

practical tool for transgenic plant development. There are many verified methods for stable 

introduction of novel genes into the nuclear genomes of diverse plant species. As a result, 

gene transfer and regeneration of transgenic plants are no longer the factors limiting the 

development and application of practical transformation systems for many plant species. 

However, the desire for higher transformation efficiency has stimulated work on not only 

improving various existing methods but also in inventing novel methods. Different methods 

of transferring the gene into plant cells have been developed and continuous efforts have been 

made to increase its efficiency. Both direct and indirect methods of gene transfer have their 

own merits and demerits. Efforts have been made continuously to eliminate drawbacks and to 

develop an easy and eco-friendly method to transfer foreign genes. Many methods of genetic 

transformation have been proposed and tried in the laboratories, but most of them result to 

transient expressions. However, transformation work based on particle bombardment with 

DNA coated micro projectiles and Agrobacterium mediated transformation have proved to be 

promising in producing stable transgenic plants from a range of plant species. 

Key words: Transgenic, Agrobacterium, electroporation, particle bombardment, 

transformation, tissue culture. 

Introduction 

 Plant genetic transformation permits direct introduction of agronomically useful genes into 

important crops and offers a significant tool in breeding programs by producing novel and 

genetically diverse plant materials. The directed desirable gene transfer from one organism to 

another and the subsequent stable integration and expression of a foreign gene in the genome 

is referred to as ‘Genetic Transformation’. The transferred gene is known as ‘transgene’ and 

the organisms that are developed after a successful gene transfer are known as ‘transgenics’ 

(Babaoglu et al., 2000). Advances in biotechnology have provided several unique 

opportunities that include access to various plant transformation techniques, novel and 

effective molecules, and ability to change the levels of gene expression, capability to change 

the expression pattern of genes, and develop transgenics with different insecticidal genes. 

With the advent of genetic transformation techniques based on recombinant DNA 

technology, it is now possible to insert foreign genes that confer resistance to insects into the 

plant genome. To sustain the crop yield potential and to meet the growing demand for food, 

crop productivity needs to be increased. However, in most crops it is believed that the genetic 

potential has been fully exploited for yield increase. As a result, any improvement in 

productivity has to revolve around the reduction of losses due to pests and diseases under 

optimal nutrition and abiotic factors. Recombinant DNA technology coupled with plant tissue 
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culture has helped develop novel options for the economic management of various kinds of 

biotic stresses including insect pests. These technologies would be of immense value in 

reducing the losses caused by biotic stresses, including insect pests.  

Among the various r-DNA technologies, genetically modified plants expressing δ- endotoxin 

genes from Bacillus thuringiensis (Bt), protease inhibitors and plant lectins have been 

successfully developed, tested and demonstrated to be highly viable for pest management in 

different cropping systems during the last decade and a half (Gatehouse, 2008). Insect 

resistant crops have been one of the major successes of applying plant genetic engineering 

technology to agriculture. Most of the plant derived genes produce chronic rather than toxic 

effects and many insect pests are less or not sensitive to most of these factors. Therefore, the 

genes for δ-endotoxins are expected to provide better solutions. 

Transgenic plants display considerable potential to benefit both developed and developing 

countries. Transgenic plants expressing insecticidal Bt proteins alone or in conjunction with 

proteins providing tolerance to herbicide are revolutionizing agriculture (Shelton et al., 

2002). The use of such crops with input traits for pest management, primarily insects and 

herbicide resistance, has risen dramatically since their first introduction in the mid-1990s.  

The continuous existing of humans is possible only by increasing food grain production and 

productivity. To achieve this conventional plant breeding approaches should be used in 

combination with biotechnological methods and develop a more reliable efficient method 

(Kavipriya et al., 2019). Genetic engineering facilitates the easy transfer of gene which is 

inter-generic, inter-specific and also even inter-kingdom. Developing a systematic tool to 

transfer genes is important because it serves as a base for every genetic engineering research 

works. Both direct and indirect methods developed till date proved their efficiency yet they 

have their own drawbacks as shown in Table 2 and 3 respectively. Agrobacterium-mediated 

gene transfer is an indirect method and is highly efficient compared with other methods that 

have been discovered unexpectedly during the search for the causal organism for crown gall 

disease (Que et al., 2019). After understanding the molecular mechanism involved in 

transferring T-DNA into host it has been developed into a successful vehicle to transfer our 

gene of interest. During the last two decades, many improvements have been done in 

transformation techniques and it leads to rapid growth in the genetic engineering approach in 

plant breeding programmes. Modern biotechnological transfer of gene sequences has 

overcome the obstacles of incompatibility, sterility, pre-fertilization barriers, post-fertilization 
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barriers, and risk in transferring gene between gene pools and also between different 

unrelated organisms, related species, wild species (Jeu, 2000). This review gives a brief 

discussion about different gene transfer methods. 

Biological requirements for transformation  

The essential requirements in a gene transfer system for production of transgenic plants are:  

 Availability of a target tissue including cells competent for plant regeneration.  

 A method to introduce DNA into those re-generable cells and. 

 A procedure to select and regenerate transformed cells and tissues at a satisfactory 

frequency.  

Methods of Transformation  

Gene delivery systems involve the use of several techniques for transfer of isolated genetic 

materials into a viable host cell. At present, there are two classes of delivery systems (Table 

1) (a) Non-biological systems and (b) Biological systems. The desire for higher 

transformation efficiency has stimulated work on not only improving various existing 

methods but also in inventing novel methods.    
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     (A): Non-Biological Based Transformation (Direct Method) 

 Chemically Stimulated DNA Uptake by Protoplast/ Polyethylene glycol (PEG) – 

induced DNA uptake 

The polyethylene glycol is a polyether compound that has the capacity to attach with DNA 

and along with Ca
2+

 transfer the DNA into the target by penetrating the membrane. The 

method is simple and does not require specialized equipment (Liu and Vidali, 2011). In this 

method the target is protoplast and so the method starts with the preparation of protoplast. 

Usually, leaf mesophyll is used to prepare protoplast. The leaf disc is treated with cellulase 

and protease enzymes to degrade cell wall (Sahab et al., 2019). The enzyme mixture contains 

osmoticum because maintaining tonicity is very important while preparing protoplast and the 

protoplast is purified with a mannitol solution. The protoplast prepared are made to suspend 

 

 

 

 

- Table 1: Showing DNA delivery methods available to produce transgenics (Plant    

transformation). 

(A): (Direct) or non-biological methods        (B): (Indirect) or biological methods  

1) Chemically stimulated DNA uptake by 

protoplast Polyethylene glycol (PEG) – 

induced DNA uptake. 

2) Electroporation  

3) Particle bombardment / Biolistics  

4) Silicon carbide fiber mediated gene 

transfer  

5) Shock-waves 

6) Microinjection  

7) Sonication 

8) Agitation with Glass Beads 

(Keshavareddy et al., 2018). 

 

        1) Agrobacterium mediated transformation 

         Primarily two methods  

         a) Co-cultivation with the explants tissue  

         b) In planta transformation  

         2) Transformation mediated by viral vector  
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in the solution of PEG/Ca
2+

 and the DNA solution of concentration 60μm. The gentle shake 

to the solution of DNA and protoplast are incubated to a brief period of time. Finally, the 

protoplast treated with DNA is spread over the suitable medium and the protoplast containing 

the transferred DNA is isolated by using marker and regeneration of the whole plant from the 

transferred protoplast that results in the transgenic plant (Sahab et al., 2019). Though the 

methodology is simple and devoid of costly equipment, it suffers difficulty in the 

regeneration of plant from a protoplast. The concentration of various chemicals and DNA are 

standardized based on the target. The multiple copies of 

target DNA are produced either by E.coli or PCR 

 Electroporation  

Plant cell electroporation generally utilizes the protoplast because thick plant cell walls 

restrict macromolecule movement (Bates, 1999). Electrical pulses are applied to a suspension 

of protoplasts with DNA placed between electrodes in an electroporation cuvette. Short high-

voltage electrical pulses induce the formation of transient micropores in cell membranes 

allowing DNA to enter the cell and then the nucleus (Yoshihiro et al., 2012), described in 

Figure 1 below. 

It is the most popular physical genetic transformation method. This is due to its quickness, 

low cost, and simplicity even when it has a low efficiency, requires laborious protocols for 

regeneration after genetic transformation, and can only be applied to protoplasts (Bahi et al., 

2011). Electroporation is based on the application of a strong electrical field to enhance the 

formation of pores on the cell membrane due to a polarity alteration, caused by the electrical 

field (alternated or pulsed) that induces a dipolar moment inside the cells, and a potential 

difference through the plasmatic membrane (Escoffre et al., 2009). If the cell is exposed to a 

high frequency field, its cellular membrane suffers a short circuit and its dipolar moment 

grows and rotates towards the direction of the field, producing a cellular stretching along this 

direction, leading to a temporal permeabilization of the membrane (Bates et al., 1983). When 

using protoplasts of plants, fungi or animals, the uptake of DNA can be achieved by 

electrofusion, i.e., two membranes located very close to each other can be fused by 

application of an electric field and the DNA present in the cell suspension is trapped in the 

cytoplasm of the joined cells (Kotnik et al,. 2013). 
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    Figure 1: Showing instrumentation of electroporation (Kotnik et al., 2013).  

 

 

 Particle bombardment/Biolistics 

Particle bombardment is a technique used to introduce foreign DNA into plant cells (Birch 

and Franks, 1991, Yao et al., 2006). Gold or tungsten particles (1–2 μm) are coated with the 

DNA to be used for transformation. The coated particles are loaded into a particle gun and 

accelerated to high speed either by the electrostatic energy released from a droplet of water 

exposed to high voltage or using pressurized helium gas; the target could be plant cell 

suspensions, callus cultures, or tissues. The projectiles penetrate the plant cell walls and 

membranes. As the microprojectiles enter the cells, transgenes are released from the particle 

surface for subsequent incorporation into the plant’s chromosomal DNA (Yoshihiro et al., 

2012). The instrumentation of the biolistic technique is shown in Figure 2 below.   
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Figure 2: Showing the instrumentation of particle bombardment method of plant                     

transformation technique (Google image). 

 Silicon carbide whisker 

Silicon carbide fibers are capable of puncturing cells without killing them. Using this 

property, the silicon carbide (SiC) mediated transformation (SCMT) method was proposed to 

transform maize and tobacco (Svensson et al., 1997). SCMT is an easy, cheap, and quick 

procedure that can be effectively implemented for various cells (Rivera et al., 2014), 

however, it has low transformation efficiency, and may damage the cells influencing their 

regeneration capability. It could also cause injury to the laboratory staff (Svensson et al., 

1997). Silicon carbide fibers are added to a suspension of tissue (cell clusters, immature 

embryos, or callus) and plasmid DNA using a vortex, shaker or blender. DNA coated fibers 

penetrate the cell membrane through small holes created by collisions between the plant cells 

and the fibers. The exact transformation mechanism by SCMT is unknown, but it has been 

proposed that the strong and sharp edges of the silicon carbide fibers cut the cellular wall 

when they collide, acting as needles allowing the delivery of DNA into the target cells 

(Yamagishi et al., 2006). SCMT efficiency depends on the fiber size, vortex parameters 

(type, duration and speed of agitation), vessel shape, and the thickness of the cell wall 

(Rakoczy et al., 2002). The diagrammatical application of the SCMT is represented in Figure 

3 below. 
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Figure 3: Showing efficient production of transgenic soybean (Glycine max (L) Merill plant 

mediated via Whisker-supersonic (WSS) method (Research Gate; Silicon carbide whisker). 

 Shock-waves 

Shock waves are pressure pulses with a peak positive pressure in the range of 30 to 150 MPa, 

lasting between 0.5 and 3 μs, followed by a tensile pulse of up to -20 MPa with duration of 2 

to 20 μs. They are produced by electrohydraulic, electromagnetic or piezoelectric shock wave 

generators (Loske, 2011), as shown in the instrumentation in Figure 4 below. The exact 

mechanism responsible for shock wave-assisted cell permeabilization is still not clear, but 

there is evidence that it is due to shock wave-induced cavitation (Rivera et al., 2014). 

 

Figure 4: Showing instrumentation of the shock-wave generator method of plant 

transformation technique (Loske, 2011), 
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 Microinjection 

Microinjection is a surgical technique that uses the micropipettes to directly deliver the DNA 

into the nucleus or cytoplasm. The microinjector connected to a micromanipulator deliver the 

DNA into the target (Baskaran and Dasgupta, 2011). The holding pipette holds the cell and 

the injector pipette injects the DNA and all these processes happen under a microscope 

(Hosokawa et al., 2009) as shown in Figure 5 below. It is an easy direct method of DNA 

delivery and now in order to increase its efficiency capillary microinjection has been 

developed. The size of the micropipette is usually 0.5- 5μm (Saito, 2005). 

 

Figure 5: Showing DNA delivery by microinjection (Jinturkar et al., 2011). 

 Ultrasound/Sonication 

Ultrasonic wave-mediated transformation, also known as sonication, is based on sonoporation 

(the rupture of cellular membranes by acoustic waves). It is a non-invasive way to introduce 

DNA molecules into cells via acoustic cavitation that temporarily changes the permeability of 

the cell membrane (Rivera et al., 2014). Ultrasound increases the transfection efficiency of 

animal cells, in vitro tissues and protoplasts with spatial and temporal specificity. However, it 

has been reported that ultrasound can damage the cell, completely breaking its membrane 

(Liu et al., 2006). Crucial parameters are the intensity, exposure time, central frequency, the 

type of application (continuous or pulsed), the pulse repetition frequency, and the duty cycle 

(Miller et al., 2002). Figure 6 elucidates the instrumentation of sonication method of gene 

transfer techniques. 
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Figure 6: Showing diagrammatical instrumentation of the Sonication bath (google image).  

 

 Agitation with Glass Beads 

Cells can be genetically transformed by rapid agitation with glass beads in the presence of 

carrier and plasmid DNA. It can be performed without sophisticated devices and does not 

require chemical treatments or enzymatic cocktails. This technique is easy, cheap, and rivals 

electroporation for being the least time consuming methodology, but it is also one of the least 

efficient, because high quantities of DNA are damaged in the process and the viability of the 

cells is drastically reduced (Gurpilhares, 2006).This methodology was first used with the 

yeast Saccharomyces cerevisiae (Costanzo and Fox, 1988), and later with Rhizobacteria 

(Kloepper, 1991), other bacteria (Rattanachaikunsopon, 2009), and also algae (Fawley and 

Fawley, 2004). Cytogenetic studies have also been performed through agitation with glass 

beads (Virtue and Cole, 1999). 

 

(B): Biological Gene Transfer (Indirect method) 

1) Agrobacterium mediated transformation; Primarily there are two methods that is 

 applied using this method.  

         a) Co-cultivation with the explants tissue  

         b) In planta transformation  

         2) Transformation mediated by viral vector 
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Agrobacterium mediated transformation  

The natural ability of the soil bacteria, Agrobacterium tumefaciens and Agrobacterium 

rhizogenes, to transform host plants has been exploited in the development of transgenic 

plants. In 1970s the prospect of using A. tumefaciens for the gene transfer of exogenous DNA 

into crops was revolutionary. Genetic transformation of plants was viewed as a prospect. In 

retrospect, Agrobacterium was the logical and natural transformation candidate to consider 

since it naturally transfers DNA (T-DNA) located on the tumor inducing (Ti) plasmid into the 

nucleus of plant cells and stably incorporates the DNA into the plant genome (Chilton et al., 

1977). Now forty five years later, this method has been the most widely used and powerful 

technique for the production of transgenic plants. However, there still remain many 

challenges for genotype independent transformation of many economically important crop 

species, as well as forest species. Despite the development of other non-biological methods of 

plant transformation, (Arenchibia et al., 1992), Agrobacterium mediated transformation 

remains popular and is among the most effective. This is especially true among most 

dicotyledonous plants, where Agrobacterium is naturally infectious. Agrobacterium mediated 

gene transfer into monocotyledonous plants was thought to be not possible. However, 

reproducible and efficient methodologies have been established for rice (Hiei et al., 1994), 

banana (May et al., 1995), corn (Ishida et al., 1996), wheat (Cheng et al., 1997), sugarcane 

(Arencibia et al., 1998), forage grasses such as Italian ryegrass (Lolium multiflorum) and tall 

fescue (Festuca arundinacea) (Bettany et al., 2003). Among the commercially important 

conifers, hybrid larch was the first to be stably transformed via co-cultivation of embryogenic 

tissue with A. tumefaciens (Levee et al., 1997). Subsequently, this method was successfully 

applied to several species of spruce (Klimaszewska et al., 2001). 

Methods relative to transformation targets can be classified into two categories: (a) those 

requiring tissue culture and (b) in planta methods. 

In Tissue Culture 

In tissue culture systems for plant transformation, the most important requirement is a large 

number of regenerable cells that are accessible to the gene transfer treatment and that will 

retain the capacity for regeneration for the duration of the necessary target preparation, cell 

proliferation and selection treatments. A high multiplication ratio from a micropropagation 

system does not necessarily indicate a large number of regenerable cells accessible to gene 

transfer (Livingstone and Birch, 1995). Sometime gene transfer into potentially regenerable 

cells may not allow recovery of transgenic plants if the capacity for efficient regeneration is 
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short lived (Ross et al., 1995). Further, tissue culture based methods can lead to unwanted 

somaclonal variations such as alterations in cytosine methylation, induction of point 

mutations and various chromosomal aberrations (Clough, 2004). On the other hand, 

realization of whole plant transformants has been a problem in a large number of crop species 

as these plants have proven to be highly recalcitrant in vitro. As a result, other strategies are 

being evolved wherein the tissue culture component is excluded in the procedure and these 

are known as in planta methods. The technique is illustrated diagrammatically in Fig. 7 

below. 

 

Figure 7: Showing steps involved in co-culture of Agrobacterium tumefaciens mediated        

transformation (Google image). 

In planta transformation 

Although successful plant regeneration has been achieved through the application of co-

culture method, the technique has not provided regeneration in several other crops 

transformation protocols, which is a serious limitation to the exploitation of gene transfer 

technology to its full potential. In the light of this major constraint, it becomes necessary to 

evolve transformation strategies that do not depend on tissue culture regeneration or those 

that substantially eliminate the intervening tissue culture steps. In planta transformation 

methods provide such an opportunity. Methods that involve delivery of transgenes in the 

form of naked DNA directly into the intact plants are called in planta transformation 
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methods. These methods exclude tissue culture steps, rely on simple protocols and required 

short time in order to obtain entire transformed individuals. In many cases, in planta methods 

have targeted meristems or other tissues with the assumption that at fertilization, the egg cell 

accepts the donation of an entire genome from the sperm cell that will ultimately give rise to 

zygotes (Chee and Slighton, 1995), and therefore is the right stage to integrate transgenes. 

Transformation rates greatly improved when Bechtold et al. (1993) inoculated plants that 

were at the flowering stage. At present, there are very few species that can be routinely 

transformed in the absence of a tissue culture based regeneration system. 

Recent studies with Agrobacterium inoculation of germinating seeds of rice has provided 

transformation efficiencies higher than 40% (Supartana et al., 2005), while providing 4.7 to 

76% efficiency for the flower infiltration method and from 2.9 to 27.6% efficiency for the 

seedling infiltration method (Trieu et al., 2000). 

Crop species that were successfully transformed by injuring the apical meristem of the 

differentiated embryo of the germinating seeds and then infecting with Agrobacterium 

include peanut, (Arachis hypogaea L.) (Rohini and Rao, 2000), safflower (Carthamus 

tinctorius L.)  (Rohini and Rao, 2000). 

The above successes have in fact provided a great leverage for easy development of 

transgenic plants, as the methodology is simple, cost effective, does not call for high 

infrastructural requirement even to handle recalcitrant crops such as groundnut. Thus the 

technology of gene transfer for the development of recalcitrant crops has become a practical 

possibility for experimenting and producing viable transformants. However, the optimization 

of Agrobacterium-plant interaction is crucial for efficient transformation. 

 Non- Agrobacterium-Base Method 

Four decades before it was identified that some members (Rhizobia spp) of Rhizobiaceae 

family also have the capacity to transfer the gene to the host. Ensifer adhaerens, 

Ochrobactrum haywardense and Rhizobium etli are some of the species related to 

Agrobacterium used in gene transfer yet they have the disadvantage of limited host range 

(Mullins, 2018). 
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Viral-mediated gene transfer 

Plant-infecting RNA and DNA viruses can be used as a vector to transfer genes to the target. 

The gene to be transferred is made integrated into the viral genome and now the virus acts as 

a vector to transfer the gene. The virus with the transferred gene is made to infect the target 

cell and its results in successful transformation. The main disadvantage is the high copy 

number per cell and viral- mediated gene transfer can only produce transient transfer and not 

the stable transformation that is they are unable to transfer to the progeny. Some of the viral 

vectors used are a Retrovirus, Adenovirus (Chailertvanitkul and Pouton, 2010), Adeno-

associated virus, Herpes virus, Pox virus, Human Foamy Virus (HFV) and Lentivirus 

(Fiandaca and Federoff, 2014). 

Table 2:  Shows the various gene delivery methods with their rate of efficacy. 

Gene delivery 

method  

Transfor

mation 

efficiency  

Range of 

transformable 

plant species  

Tissue culture 

phase  

Type of explant  Remarks  

PEG – induced 

DNA uptake. 

Low to 

high 

Recoverable 

species from 

protoplast  

With and 

without tissue 

culture phase 

Protoplast It suffers difficulty in the 

regeneration of plant from 

a protoplast. 

Electroporatio

n 

Low to 

high 

Unrestricted With and 

without tissue 

culture phase  

Protoplasts, 

meristems or 

pollen grains  

Fast, simple and 

inexpensive in contrast 

with biolistics. 

Microinjection  

 

High Recoverable 

species from 

protoplast  

 

With tissue 

culture phase  

 

Protoplast. 

 

Very slow, precise, single 

cell targeting possibility, 

requires high skill, the 

chimeric nature of 

transgenic plants and 

ability of whole 

chromosome 

transformation  

Sonication  

 

Low Unrestricted  

 

With and 

without tissue 

culture phase  

Protoplast cells, 

tissues and 

seedlings  

 

Effective to transfect by 

virus particles and able to 

increase the 

Agrobacterium based 

transformation efficiency  

Particle 

bombardment 

High Unrestricted  

 

With and 

without tissue 

culture phase  

Intact tissue or 

microspores  

 

Efficient for viral 

infection, complex 

integration patterns, 



 

15 
 

without specialized vectors 

and backbone free 

integration  

Shock waves Low  Unrestricted With tissue 

culture 

Variety of 

cell types 

Rapid, inexpensive and 

easy to set up  

Agitation with 

glass beads 

Low Unrestricted With tissue 

culture 

Variety of cell 

types 

Rapid, inexpensive and 

easy to set up 

Silicon carbide 

mediated 

transformation  

 

Low to 

High 

Unrestricted  

 

With tissue 

culture  

 

Variety of cell 

types  

 

Rapid, inexpensive and 

easy to set up  

Agrobacterium  

mediated 

method  

High and 

stable 

Many species, 

specially 

dicotyledonous 

plants  

 

With and 

without tissue 

culture method  

 

Different intact 

cells, tissues or 

whole plant  

 

Possibility of 

Agroinfection, 

combination with 

sonication and biolistic 

methods and transgene 

size up to 150 kb  

Virus based 

method  

 

High and 

transient  

 

Virus host 

specific 

limitation  

 

With tissue 

culture  

 

In planta 

inoculation  

 

Rapid, inducible 

expression and with 

mosaic status  

(Rivera et al., 2014). 

 

 

 

 Various DNA Transfer Techniques with their Advantages and Limitations  

The various DNA transfer techniques are enumerated in Table 3 detailing the procedure, 

parameter used as well as their advantages and disadvantages. 
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Table 3: Shows the advantages and disadvantages of the various plant transformation 

techniques 

Techniques Procedure Most Important 

Parameter 

Involved 

Advantages Drawbacks 

PEG – induced 

DNA uptake. 

The polyethylene 

glycol is a 

polyether 

compound that 

has the capacity 

to attach with 

DNA and along 

with Ca2+ 

transfer the DNA 

into the target by 

penetrating the 

membrane. 

The protoplast 

prepared are 

made to suspend 

in the solution of 

PEG/Ca
2+

 and the 

DNA. 

The method is 

simple and does 

not require 

specialized 

equipment. 

It suffers 

difficulty in the 

regeneration of 

plant from a 

protoplast. 

Electroporation DNA is inserted 

through pores 

due to 

permeability of 

the cell membrane 

induced by 

strong electrical 

pulses. 

Pulse length, 

energy and 

duration of 

the electrical 

field, extent and 

duration of 

membrane 

permeation, 

mode and 

duration of 

molecular flow, 

DNA 

concentration, 

tolerance of cells 

to membrane 

permeation. 

Simple, fast, low 

cost. 

Low 

efficiency, 

requires 

laborious 

protocols, and 

transforms 

mainly 

protoplasts. 

Biolistics High density 

carrier particles 

covered with 

genes are 

accelerated 

through the cells 

leaving the DNA 

inside by an 

adsorption 

mechanism. 

Kinetic energy of 

the bombarding 

particles, 

temperature, the 

amount of 

cells, their ability 

to regenerate, 

susceptibility of 

the tissue, the 

number of DNA-

coated particles, 

as 

well as the 

amount of DNA 

that 

Simple, no need 

to treat the 

cell wall, allows 

transformation 

of different cells, 

independent of 

the 

physiological 

properties of 

the cell, allows 

the use of 

multiple 

transgenes. 

High cost, low 

efficiency 

Transformation 

parameters 

must be 

optimized to 

each biological 

target 

employed, 

there is a risk 

of multiple 

copies of the 

introduced 

genes, DNA 

and cells can 
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covers each 

particle. 

be 

damage. 

Agitation with 

glass beads 

Rapid agitation 

with glass 

beads allows the 

penetration 

of the plasmid 

DNA. 

DNA and 

concentration, 

sensitivity of 

cells to 

membrane 

permeation, 

amount of cells 

and their ability 

to 

regenerate. 

Fast, simple, low 

cost. Does 

not need 

sophisticated 

devices, 

chemical 

treatments 

or enzymatic 

cocktails. 

 

Low efficiency 

because DNA 

get damaged 

Silicon carbide 

whisker 

Silicon carbide 

fibers are 

mixed in a vortex 

with a 

suspension of 

tissue and DNA 

allowing 

introduction by 

abrasion. 

Fiber size, vortex 

parameters (type, 

duration and 

speed of 

agitation), 

vessel shape, 

thickness of the 

cell 

wall and cell’s 

ability to 

regenerate 

Simple, fast, low 

cost and 

can be used in 

different cell 

types. 

Very low 

efficiency. 

Cells can 

be damaged 

affecting 

regeneration 

capabilities. 

Could be 

hazardous to 

technicians due 

to fibers’ 

inhalation. 

Ultrasound Introduces DNA 

molecules into 

cells via acoustic 

cavitation 

that temporarily 

changes the 

permeability of 

the cell 

membrane. 

Intensity, 

exposure time, 

central 

frequency, type 

of application 

(continuous or 

pulsed), pulse 

repetition 

frequency, and 

duty cycle. 

High efficiency, 

medium cost 

and can be used 

in different 

cell’s types. 

May damage 

the cells by 

breaking their 

membrane. 

 

 

 

 

 

 

Microinjection Microinjection is 

a surgical 

technique that 

uses the 

micropipettes to 

directly deliver 

the DNA into the 

nucleus or 

cytoplasm 

The 

microinjector 

connected to a 

micromanipulator 

deliver the DNA 

into the target 

Technique is 

precise, single 

cell targeting 

possibility. 

Very slow 

(time 

consuming), 

requires high 

skill,  

Shock waves Cell 

permeabilization 

occurs 

due to shock 

wave-induced 

cavitation. 

Frequency, 

energy, voltage, 

shock 

wave profile and 

number of shock 

waves. 

Fast, easy to 

perform, 

reproducible 

with high 

efficiency, no 

need of 

enzymatic 

Shock wave 

generators for 

this 

purpose are not 

on the market 

yet and 

experimental 
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cocktails, can be 

used to 

transform 

several 

cell types. 

devices 

are relatively 

expensive. 

Agrobacterium  

mediated 
method 

Agrobacterium is 

a natural 

transformation 

technique that 

transfers DNA (T-

DNA) into the 

host cells. 

T-DNA (transfer 

DNA), located on 

the plasmid 

inducing Ti or Ri  

on the host cells 

Most reliable 

regenerable  

method of gene 

transfer 

technique with 

excellent 

stability rate. 

Has limitation 

of host rate. 

Virus based 
method  

Plant-infecting 

RNA and DNA 

viruses can be 

used as a vector to 

transfer genes to 

the target. 

Virus infecting 

RNA and DNA 

of host plants. 

Wide host range Only transient 

transformation 

   (Source : Rivera et al., 2014). 
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