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Abstract: - This review paper highlights the recent developments 

made in the use of plant viral expression vectors and application 

of agroinfilteration techniques. Plant virus expression vectors 

were designed to express a gene of interest in plant tissues for the 

development of vaccine and other biopharmaceuticals. This new 

platform also provides an ample evidence that the combination 

of agroinfilteration, and plant viral expression vectors will 

provide a powerful tool for a rapid and high-level transient 

expression of recombinant proteins in plants. Furthermore, 

transient expression of recombinant proteins using syringe 

agroinfilteration, an efficient, robust, and scalable gene-transfer 

technology has been exploited recently for the production of 

many biopharmaceuticals in plants. Therefore, the development 

of viral expression vectors based on deconstructed plant viruses 

has significantly increased the accumulation of recombinant 

proteins in plants. Hence this new technology of gene delivery 

has opened up a new ray of hope for the commercial production 

of vaccines and biopharmaceuticals in plant system. 
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I. OVERVIEW 

 

lants are the suitable and alternative platform for the 

commercial production of biologically important 

products particularly vaccines against infectious diseases 

(Malabadi, 2008; Malabadi et al. 2010, 2011, 2012;Hefferon, 

2014a, 2014b; Mortimer et al. 2015). There are many factors 

(for eg; final  yield and viability of the expressed 

protein) which govern and plays an important role in the 

production of recombinant protein in plants. Recombinant 

proteins can be expressed in plants either by conventional 

method of creating stable transgenic plants or by performing 

transient expression (Hefferon, 2014a, 2014b, 2012a, 2012b; 

Chen et al. 2013). However, production of stable transgenic 

plants process itself is hampered by lengthy tissue culture and 

regeneration protocols, and public perception about using 

GMO crops for 

the vaccine production is another major problem (Hefferon, 

2014a, 2014b, 2012a, 2012b). Furthermore, conventional 

methods are not economically viable, time consuming, costly 

process, and there are many obstacles to increase the 

transgenic expression levels in plant systems (Gleba et al. 

2005; 2007, 2014; Hefferon, 2014a, 2014b;Mortimer et al. 

2015). Hence, there is an urgent demand for the new 

technology to overcome the problems of vaccine production  

in plants (Lico et al. 2008; Mortimer et al. 2015). Therefore, 

there are continuous new efforts throughout the world by 

many scientists to develop a new and stable plant based 

system which can increase the transgene expressions for the 

commercial production of vaccines (Mortimer et al. 2015). 
 

Eight different genera of plant RNA viruses have 

been modified into vectors, including the potexviruses 

(Chapman et al. 1992), tombusviruses (Zhang et al. 2000), 

tobamoviruses (Dawson et al. 1989; Dohi et al. 2006; Lindbo 

et al. 2007; Marillonnet et al. 2005;Ooi et al. 2006; Mortimer 

et al. 2015), bromoviruses (Mori et al. 2001), comoviruses 

(Sainsbury et al. 2008; Zhang et al. 2006), benyviruses 

(Schmidlin et al. 2005), potyviruses (Kelloniemi et al. 2006; 

Hsu et al. 2004), and cucomoviruses (Nuzzaci et al. 2007). In 

addition, the small circular ssDNA genomes of at least 12 

members of the Geminiviridae family were also exploited for 

the development of plant viral vectors (Hefferon,  2014). 

These virus vectors were used as transient expression 

platforms for the expression of desired genes in order to 

increase transgene expression levels using agroinfilteration 

technique (Gleba et al. 2007, 2014;Mortimer et al. 2015). 

Recent advancement of use of plant viral vectors has some 

promising results particularly the accumulation of very high 

levels of expressed proteins in plants (Bashir, 2007; Lico et al. 

2008; Dawson, 2014; Gleba et al. 2005 2007, 2014; Dawson, 

2014; Rybicki and Martin, 2014; Huang et al. 2008; Mortimer 

et al. 2015). The main advantage of using viral vectors is that 
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the expressed gene of interest does not incorporated in the 

plant genome resulting in the non-heritable trait due to its 

transient expression in host plant (Gleba et al. 2007).  The 

transient expression significantly shortens the timeline of 

protein production as the processes of generating and 

selecting stable transgenic plants can take up to a year (Chen 

et al. 2013). Plant viruses have small genomes and are very 

easily replicable in a host system. Plant cells utilize a 

eukaryotic endomembrane system that is similar to 

mammalian cells (Chen et al. 2013). Therefore, plant virus 

expression vector technology promotes high levels of vaccine 

proteins to be produced in a very short period of time. For the 

first time, a bacterial chloramphenicol acetyl transferase gene 

was successfully over expressed in tobacco plant system using 

TMV (Tobacco mosaic virus) plant viral vectors (Takamatsu 

et al. 1987). However, there are problems of TMV infection 

rates using viral vectors in host plants (Gleba et al. 2007, 

2014;Yusibov et al. 2013; Mortimer et al. 2015). Therefore, 

Agrobacterium genetic transformation-co-culture method 

plays an important role in the development of a Agroinfection 

technique (Grimsley et al. 1986; Komarova et al. 2010; Gleba 

et al. 2007, 2014; Mortimer et al. 2015).  

 Viral vectors are classified into two types, one is 

complete vectors and second one is deconstructed  vectors 

(Gleba et al. 2007, 2014). Complete viral vectors are fully 

functional viruses which are designed to express foreign genes 

in plants under the control of promoters (Gleba et al. 2007, 

2014; Yusibov et al. 2013; Dawson, 2014 ; Grimsley et al. 

1986; Komarova et al. 2010; Mortimer et al. 2015). The basic 

problems of complete vectors is low infection rates in host 

plants resulted in the decreased transgene expression level 

leading to a very lower accumulation of expressed protein 

(Gleba et al. 2005, 2007, 2014; Yusibov et al. 2013; Dawson, 

2014 ; Grimsley et al. 1986; Komarova et al. 2010; Mortimer 

et al. 2015). On the other hand deconstructed vectors were 

designed to contain only essential viral elements which 

promotes the replication and controls expression of transgene 

in the host plants using Agroinfection technique (Klimyuk et 

al. 2014; Whaley et al. 2014; Gleba et al. 2005, 2007, 2014; 

Mortimer et al. 2015). The viral movement protein which is 

responsible for the cell to cell movement has been deleted in 

new deconstructed virus vector. Therefore, only few actively 

dividing cells were transformed showing replicating viral 

RNA after agroinfection with host plant (Werner et al. 2011). 

The main advantages of deconstructed vectors are very fast 

and efficient transient expressions of a gene of interest in 

plants (Klimyuk et al. 2014; Whaley et al. 2014; Gleba et al. 

2007, 2014; Mortimer et al. 2015). Therefore, the 

combination use of deconsturcted viral vectors and 

agroinfection technique provide a new platform for the 

development of number of plant virus vector system for the 

over expression of  a gene of interest in plants (Gleba et 

al.2005, 2007, 2014; Mortimer et al. 2015). Recently 

deconstructed viral vector known as TMV based transient 

vector 'MagnICON' (Icon Genetics Inc., Germany) (Gleba et 

al. 2005) has been widely used as a gene expression platform 

in many plant systems (Gleba et al. 2007, 2014; Marillonnet  

et al. 2004, 2005;Werner et al. 2011). This was designed by 

deconstruction of TMV vector into two parts one is movement 

protein component and another one is replicon component. 

Both components were placed independently under 

transcriptional control of the ethanol responsive gene 

(ALCR:AlcA)  switch located on the same T-DNA. 

Expression of the viral replicon was under control of the 

Aspergillus nidulans alcohol dehydrogenase (AlcA) promoter. 

The AlcA promoter is active only upon binding of the AlcR 

transcriptional activator in the presence of ethanol(Werner et 

al. 2011). Furthermore, in case of MagnICON' vectors (Icon 

Genetics Inc., Germany), the coat protein was deleted which 

prevents systematic movement of viral replicons. This is the 

only reported RNA virus vector system capable of regulating 

both transgene expression, and amplification in stably 

transformed plants and the resulting in the higher 

accumulation of recombinant protein in plants (Gleba et al. 

2007, 2014; Mortimer et al. 2015). Therefore, MagnICON' 

vectors (Icon Genetics Inc., Germany) in their transient 

formats are widely used to produce higher levels of 

recombinant protein in plants since this system is stable, 

versatile, fast and easy to adopt in many plants (Gleba et al. 

2005, 2007, 2014; Marillonnet  et al. 2004, 2005;Werner et al. 

2011).  

 The deconstructed TMV replicon vector technique 

has been used for the production of biopharmaceutical by 

many workers. For example,  the transient expression of the 

highly unstable recombinant protein, human complement 

factor 5a (C5a) in tobacco plants was achieved using 

MagnICON vectors (Icon Genetics Inc., Germany)  (Nausch 

et al. 2012). The allergen R8 from dust mites has been 

successfully expressed in tobacco plants using deconstructed  

TMV transient TRBO vector (Li et al. 2013). Neutralizing 

mononclonal antibodies known as VRCO1 against HIV-1 

were also produced in tobacco plants using deconstructed 

TMV transient based vector (Hamorsky et al. 2013). In 

another study, deconstructed  TMV transient vector was also 

used to express three different versions of the epitope M2e of 

influenza virus in tobacco plants (Petukhova et al. 2013). A 

transient deconstructed TMV based vaccine was also 

produced against subunit influenza H1N1 (Yusibov et al. 

2013). Dengue virus envelope protein was expressed in 

tobacco plants using a deconstructed tobacco mosaic virus-

based transient expression system (Saejung et al., 2007). Mice 

immunized intramuscularly with Dengue envelope protein 

D2EIII exhibited neutralizing activity against Dengue type 2 

virus (Saejung et al. 2007; Hefferon, 2012a, 2012b). The 

deconstructed tobacco mosaic virus-based system was also 

exploited for producing a vaccine against the endemic disease 

plague, derived from the causative bacterial agent Yersinia 

pestis  (Molina et al. 2004; Santi et al. 2006; Hefferon, 2012a, 

2012b). In another study, a deconstructed TMV expression 

vector in conjunction with a viral RNA silencing suppressor to 

produce high levels of recombinant protein  in tobacco plants 

(Lindbo, 2007). Hepatitis B virus surface vaccine antigen 
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(HBsAg) were expressed up to 300 mg/kg leaf fresh weight 

using deconstructed TMV-based MagnICON™ viral vector 

expression system(Icon Genetics Inc., Germany) (Huang et al. 

2008; Webster et al. 2009). In addition to this the malarial 

vaccine antigen PyMSP4/5 was also expressed in Nicotiana 

benthamiana leaves using the same deconstructed TMV 

vector (Webster et al. 2009; Hefferon, 2012a, 2012b). The 

deconstructed TMV expression system has also been 

employed as a potential treatment for various forms of cancer, 

such as Non-Hodgkins Lymphoma (NHL) which is caused by  

uncontrollable proliferation of degenerate B-cells, which 

accumulate in the lymph nodes, bone marrow and other 

tissues (Hefferon, 2012a, 2012b) Therefore, degenerate B-

cells of each individual NHL patient express a unique 

idiotype, could be expressed in tobacco plants using a TMV-

based transient virus expression vector coupled with 

agroinfilteration technique (McCormick et al. 2008; Hefferon, 

2012a, 2012b). A poultry vaccine for Newcastle disease, 

produced from a cell culture bioreactor system, was the first 

plant-derived vaccine to gain regulatory approval (Hefferon, 

2012a, 2012b). The deconstructed plant virus expression 

vector systems has been exploited for the production of these 

proteins by a technology known as magnifection established 

by Icon Genetics Inc., Germany (Gleba et al. 2007,  2014; 

Hefferon, 2012a, 2012b; Sparrow et al. 2007). In addition to 

this, there are many plant derived proteins are currently in 

clinical trial pipe line and will soon approach market release. 

  In addition to this, there is one more virus vector 

platform viz, a dicot-infecting mastrevirus, Tobacco yellow 

dwarf virus (TYDV)-based-INPACT (In Plant Activation) 

also provides high-level transient gene expression in stably 

transformed plants by regulating both transgene expression 

and transgene amplification (Mortimer et al. 2015). A TYDV-

based- INPACT viral vector is also widely used to induce 

high level accumulation of recombinant proteins in transgenic 

tobacco plants using agroinfilteration technique (Dugdale et 

al. 2013; Mortimer et al. 2015).  MagnICON system (Icon 

Genetics Inc., Germany)  is based on RNA virus TMV and 

most suitable plant for the large scale application for the 

production of recombinant proteins would be tobacco 

(Mortimer et al. 2015). On the other hand the INPACT 

technology is based on a  DNA geminivirus (TYDV) and this 

system could be exploited in a range of plant species since 

TYDV infects members of the Amaranthaceae, Brassicaceae, 

Solanaceae and Fabaceae families (Trebicki et al. 2010; 

Mortimer et al. 2015). Another advantage of TYDV-based- 

INPACT viral vector is that recombinant proteins could be 

expressed in different parts of plants such as leaves, fruits, 

tubers or seeds depending on the tissue preferred promoters 

used during genetic transformation (Dugdale et al. 2013; 

Mortimer et al. 2015). The production of recombinant 

proteins by using both MagnICON (Icon Genetics Inc., 

Germany), and INPACT expression technology provide an 

opportunity to reduce the production cost, and avoid further 

purification steps of the end product (Mortimer et al. 2015). 

II. AGROINFILTERATION FOR TRANSIENT 

EXPRESSION 

 Agroinfilteration is one of the basic and simple 

technique which is widely used for transient gene expression 

using either non-viral or plant virus based vectors (Chen et al. 

2013). This technique was exploited mainly to study the plant 

virus interactions (Ma et al. 2012). Agroinfilteration is also 

considered as a tool during Agrobacterium-genetic 

transformation experiments for transient  gene delivery into 

plant cells (Chen et al. 2013). Agroinfilteration is of two 

types, one is 'syringe agroinfilteration' and second one is 

'vaccum agroinfilteration'(Chen et al. 2013). The most 

popular and simple in expensive agroinfilteration method is 

syringe agroinfilteration. This is based on the use of simple 

needleless syringe to introduce Agrobacterium into plant 

leaves (Chen et al. 2013). Syringe infiltration has been 

optimized and applied for several plant species for example, 

tobacco, tomato, lettuce, arabidopsis, flax, pea, rose, pepper 

and grapewine (Wroblewski et al. 2005; Zottini et al. 2008; 

Van den Ackerveken et al. 1996; Tai et al. 1999; Yasmin and 

Debener, 2010; Van der Hoorn et al. 2000; Abramovitch et al. 

2006; Chen et al. 2013). Further syringe infiltration works 

well particularly with tobacco plants since leaf area is 

relatively large and easily infilterable too (Ma et al. 2012). 

After infilteration, the tobacco leaf does not show any 

necrosis with most of the Agrobacterium strains. Syringe 

infilteration is a simple procedure and does not demand any 

specialized equipment. During the process of syringe 

infilteration, first, epidermis on the back side of the leaf, was 

used to create a cut with a sharp needle without damaging the 

leaf (Chen et al. 2013). The leaf with a cut is then used to 

inject the infiltration medium containing Agrobacterium with 

a needleless syringe (Chen et al. 2013). A successful 

infiltration is clearly noticed as the Agrobacterium mixture 

enters the intercellular space of the leaf leading to colour 

change to dark (Chen et al. 2013). The main advantage of 

syringe infiltration is that different genes, either alone or in 

combination, can be expressed together in a single leaf (Chen 

et al. 2013). On the other hand   vaccum infilteration is carried 

out by submerging the selected plant leaves or entire plants 

into an Agrobacterium -infiltration media (Chen et al. 2013). 

The submerged plants are then subject to a negative 

atmospheric pressure in a vacuum chamber (Chen et al. 2013). 

The vacuum draws the air out of the interstitial spaces of the 

submerged plant leaf (Chen et al. 2013). Agroinfiltration is 

then achieved, as the space once occupied by air is filled by 

Agrobacterium-containing media, when the vacuum is 

released (Chen et al. 2013). Therefore, vacuum infiltration is 

more complicated and expensive tool which requires the 

investment of vacuum pumps, vacuum chambers, and larger 

volumes of Agrobacterium cultures (Chen et al. 2013). But 

vaccum infilteration is more robust and can infiltrate large  

number of plants  for transient expression in a short time. 
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III. CONCLUSION 

 Plants are considered as one of the cost-effective 

platform for the commercial scale production of vaccines and 

biopharmaceuticals. However, major drawback of the plant 

derived vaccines is the lack of approval by the FDA. In 

addition to this, lack of basic infrastructure, technically 

trained manpower in a poor developing countries.  On the 

other hand recently many of these therapeutic proteins were 

produced from deconstructed plant virus expression vector 

systems. This new technology coupled with agroinfilteration 

has increased the accumulation of transient expression of 

proteins, as compared to traditional methods and mammalian 

cell-based platforms. Furthermore, recent FDA approval of a 

plant cell produced therapeutic enzyme for Gaucher's disease 

(Chen and Lai, 2013) would definitely a positive sign for the 

future growth at the commercial scale. 
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