
Introduction
The recombinant protein is a protein that its coding gene is 
expressed in a heterologous host. Low-level production of a 
protein of interest by its natural resources and gene owner 
organism is the reason for its production in a heterologous 
host. The first pharmaceutical recombinant protein was 
human insulin that was approved for human use by regulatory 
organizations in 1982.1 Pharmaceutical proteins are very 
powerful drugs with no side effects, requiring less production 
time compared to small molecule drugs.2 Recombinant 
proteins are being expressed in different expression systems 
including bacteria, yeast, plants, and mammalian cells.2,3 Never 
the less, plants are the most economic producers requiring 
the least light, water, Co2 and minerals.4 Low production cost 
and safety of products due to the lack of common pathogens 
between plants and animals are the advantages of recombinant 
protein production by plants.3,5 In addition, plants possessing 
machinery and constituents to modify eukaryotic proteins 
allowing targeting subcellular compartments, correct folding 
and post-translational modifications.6 Also, studies during 
the past 20 years have proved that a broad spectrum of 

valuable proteins such as human growth hormone, antibodies, 
vaccines, industrial enzymes, biopolymers, and other bio-
products have been efficiently expressed in plants.7-14 

Recombinant proteins are produced in plants via stable 
transformation (nucleus or plastid transformation) or 
transient expression system.3,5,8-11,15,16 The generation of 
permanent transgenic plants and protein production requires 
more time and considerable expenses while the expression 
level of protein of interest is relatively low.17 Agrobacterium-
mediated stable transformation requires binary vectors which 
can be manipulated in both Escherichia coli and Agrobacterium. 
These vectors carry a selectable marker for transgenic plant 
regeneration,18 whereas in transient expression using virus-
based vectors selectable markers are not required.19 The 
elimination of the selection gene reduces the size of the vector 
and leads to easier vector manipulation, including reducing 
the probability of having the same restriction site on the 
vector and increasing the ligation of the restricted vector and 
increasing the amount of transformation of the bacteria.20 

Regarding the above, transient expression using virus-based 
vectors is an alternative approach to produce an affordable 
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amount of recombinant protein (1-2 g/kg plant biomass).3

Basics of Transient Expression 
Agrobacterium tumefaciens is the main tool for the generation 
of transgenic plants.18 During the plants and bacteria co-
culture, single chain T-DNA (Transfer DNA) is transferred 
from bacteria to plant cells.21 As soon as the T-DNA is 
inserted into the plant cell, this single chain DNA changes to a 
double strand DNA and migrates into the nucleus. Only a few 
percents of these double-stranded DNAs are inserted in the 
chromosomes of the host cell and make the transformed cell 
resulting in transgenic plants. Although the long-term destiny 
of non-inserted single chain T-DNA is not obvious, they are 
transcribed for a period and this is the base of A. tumefaciens 
mediated transient expression system (Figure 1).19,22 The 
production of recombinant proteins using transient expression 

especially based on RNA viral vectors has gained a high level 
of popularity due to simple and easy engineering, high level of 
production of the protein of interest, scalability, higher safety, 
lower costs and lack of heritability to next generation.4,23,24 
Usually, Tobacco Mosaic Virus (TMV), cowpea mosaic virus 
(CMV) , potato virus X (PVX) or tobacco rattle virus (TRV) 
genome sequences which are small (+) RNA strands are used 
to construct these vectors which have been developed and are 
used for commercial production of heterologous proteins.25 
The vectors are transferred into recipient plant cells via 
infiltration of Agrobacterium suspension carrying a T-DNA 
harboring the virus sequence.25-27

Virus-Based Vectors
Viruses are able to do various activities such as host infection, 
replication of nucleic acids, protein translation, assembling of 

Figure 1. Transient expression path in viral vector mediate Agrobacterium. After the entrance of single strand T-DNA to cell cytoplasm, the T-DNA moving to nucleus 
continuous. In the nucleus, two events may occur. The possible first event is the integration of T-DNA into one of the chromosomes that is known as a stable transformation 
path. The second possible event happens when the T-DNA does not integrate into chromosomes. The un-integrated T-DNA act as transcriptional units and transcription 
of this type of T-DNA is the start of the transient expression path. After transcription, the mRNA is obtained which is similar to viral RNA. The first Translation product of 
this mRNA is the RNA dependent RNA polymerase which is briefly known as RdRP. As soon as the RdRP is produced, this enzyme starts to transcript the mRNA which is 
produced from T-DNA and leads to the production of 3’ to 5’ minus (-) RNA. After the creation of minus RNA, RdRP starts to transcript from 3’ to 5’ minus RNA and leads 
to the production of 5’ to 3’ subgenomic RNAs and 5’ to 3’ complete viral RNA. Each subgenomic RNA is the translational units that are translated by the host ribosome 
and lead to the production of proteins. One of the produced proteins is the target protein that through genetic engineering, its DNA sequencing was added to the end of 
the subgenomic CP promoter. Other proteins include the TGB proteins in the PVX vector or the movement protein in the TMV vector and truncated coat protein in both 
vectors. The TGB proteins and movement protein binds to viral RNA and play a key role in the cell to cell movement of viral RNA from plasmodesmata.  
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mature virions, cell to cell dispersion, spreading to distal parts 
of infections, affect biosynthetic pathways like silencing many 
cell functions and etc.28 The ability of plant viruses to force 
infected cells to produce encoded proteins by virus genome 
has reinforced the hypothesis that plant viruses can be used 
as vectors for heterologous protein expression in plants.29 
The first in vivo and in vitro expression of viral RNA in 1984 
was a turning point for the application of virus-based vectors 
which directed scientists to the invention of plant virus-based 
vectors for the production of recombinant proteins in plants. 
These vectors are not inserted in the host genome and have 
a high potential for expression because they can easily move 
from one plant cell to another one.30 The expression of an 
epitope of a polio antigen on the capsid protein of TMV in 
1986 supports the above hypothesis.29

First Generation Virus-Based Vectors: Full Virus Strategy 
The first generation of virus-based vectors are the viruses that 
express the gene of interest in addition to their own natural 
genes. In this process, the gene of interest is expressed by a 
promoter/strong viral promoter like subgenomic of capsid 
promoter which has been doubled by genetic engineering 
in addition of its presence in virus genome, or by fusion to 
a coding sequence of capsid protein as a fusion protein that 
can be used for expression of immunogenic epitopes.31 The 
gene of interest is sent to plant cells as a transcript of infecting 
DNA or preferably as mature virus particles. This can be 
performed by spraying a suspension of virus particles and 
corrosive materials such as carborundum on the crops in the 
field; this is named “sfull virus strategy”.3 Depending on vector 
efficacy and the ability for systemic movement, 2 to 3 weeks 
is required for the infection of the whole body of transfected 
plants. The spray of Agrobacterium was introduced as an 
alternative method to transfer a copy of T-DNA to plants 
by the PVX-based vector. The host plants were transformed 
by the virus suppressor factor. Even though this approach 
provided a fast and easy method, but produced a very low level 
of recombinant protein (0.04-0.3 total soluble protein [TSP]) 
requiring more advances and optimization for acceptable 
production.32

Many efforts to produce recombinant proteins using first 
generation virus-based vectors revealed the positive and 
negative points of this strategy. The positive points were 
that many papers had reported the successful expression of 
the immunogenic epitopes which were fused with capsid 
proteins of the virus. Additionally, the immunization of the 
produced epitopes showed a special degree of protection 
in animal models. The negative points were that several 
research groups had concentrated on the production of the 
L1 capsid protein of papillomavirus (human and cottontail 
papillomavirus) in plants and as a result had observed 
problems with the assembly of virus particles in the plant 
cells. Aso, the product quantity of virus-based vectors was 
lower than stable transgenic plants.33,34 Researchers believe 
that the low production rate of L1 protein is due to the quick 
destruction of the L1 gene because of its large size (1.5 kb), 
thereby researches begin looking for more evidence. The 

obligatory limitations of “full virus” vectors for insert size in 
PVX-based vector revealed the negative correlation between 
the insert size and the stability of the vector.35 The industrial 
development of this strategy requires transfection of a huge 
number of plants; and their leaves and tissues in a greenhouse 
or on the field.The “full virus” strategy using first-generation 
vectors with systemic ability to propagate was proposed for 
whole plant transfection, although the limitations of this 
method were quite clear. Systemic vector never contaminated 
all the harvested parts of the plant (for example lower leaves); 
the spread of the virus, called the rate of infection from leaf to 
the other, was inconsistent and with different velocity, and the 
vector was usually unstable, which is the reason despite the 
infection of many tissues, no protein expression occurred.3

The Second Generation of Virus-Based Vectors: Deconstructed 
Viruses
Limitations of the first generation vectors made scientists to 
redesign these vectors, using deconstructed virus genome 
instead of the whole genome of the virus. Additional studies 
resulted in the removal of unnecessary and keeping required 
parts of the vectors for essential functions which promoted 
the first generation vectors to the second generation of virus-
based vectors.37-39 In this method, the only required fragments 
of the viral genome for effective expression of the target gene 
remained in the vector structure and the other required 
functions were provided out of the virus system by non-viral 
derived sequences of the vector.36 The functions that were 
provided out of the viral system included molecular system 
infections, multiplication, cell-cell movement, assembly of 
the virus particles, silencer of the plant cell synthesis system, 
silencing suppressors, systemic disperser and etc. On the 
contrary, the replication of viral genom in host cell is a strong 
and species-independent property which is considered as a 
process reinforcement in most functions which should be 
kept in viral vectors.

Some of the viral systems in the first generation viral vector 
were deficient. For example, the virus is not able to infect the 
host cell without physical or biological (insect) injuries which 
are not desirable from a biosafety point of view. In addition, 
systemic movement of the virus is very tissue and species-
specific, which is easily damaged by genetic manipulation.37 
Due to the allocation of a high amount of metabolic resources 
to the high expression level of the capsid protein, which is 
needed for the systemic movement, the expression of protein 
of interest reduced. An alternative was to remove capsid 
protein genes and replacesystemic movement ability by 
Agrobacterium and its Transfer DNA. The T-DNA is a part 
of the tumor-inducing plasmid (Ti) of Agrobacterium, used 
by the bacterium for the transformation of host plant and 
also to produce specific amino acids (octopine, nopaline) 
for nutrition. The T-DNA as a single strand DNA integrate 
to host genome and leads to the expression of harboring 
bacterial usable amino acid genes. In fact, Agrobacterium is 
the first genetic engineer in the nature.40 It was shown in 1993 
that TMV-based vector transfer using Agrobacterium is very 
deficient with one transfection per 108 Agrobacterium which is 
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related to the low ability of primary transcripts for leaving the 
nucleus; which as a result is a bottleneck for active replicon 
formation.27 The RNA of viruses with cytoplasmic RNA like 
TMV normally do not enter the plant cell nucleus, which is 
the reason why their evolution is not through nucleolar RNA 
editing. Study the viral genome revealed that the identification 
of many parts of virus genome as natural coding sequences in 
host plants seems to be impossible; therefore, a vector that is 
a simple copy of a wild virus most probably will be destroyed 
before reaching the cytosol.38 Thereupon, using vector 
modification including the insertion of silent mutations 
to remove modification sites, codon optimization, and the 
addition of plant introns; a very active synthetic T-DNA 
template harboring required viral segment is synthesized.
Transferring this DNA template to plant cell resulted in 
the processing of DNA information as an active replicon in 
almost all cells (>93%) which is 103 times higher than non-
modified vector and 107 times better than non-optimized 
DNA template; resulting in transfection per 10-20 infiltrated 
Agrobacterium. The infiltration has been performed in other 
plant species including pumpkin, spinach, sunflower, and red 
beetroot but it was more efficient in Nicotiana benthamiana.27 
The second generation vectors prevent the production of 
infectious virus particles and as a result the plant does not 
spread acute infection symptoms; helping heterologous 
protein production. Also, these vectors produce more protein 
than the first generation; reaching up to 50% of TSP or 5-gram 
protein per kilogram of plant biomass during 4-15 days. In 
addition, genes larger than 2-3 kb or proteins with molecular 
weight higher than 80 kD could be expressed using these 
vectors due to lack of gene of capsid protein.41,42Nowadays, the 
most applicable second generation vectors among the transient 
expression systems are those derived from Agrobacterium 
T-DNA combination with essential viral elements which 
is based on Agrobacterium mediation and viral expression 
system which means Agrobacterium facilitate transfer of gene 
construct to the cell by the transfer of T-DNA (Agroinfection). 
After the transfer of T-DNA into the cell, the viral elements 
are expressed. As a result, their assembly results in virus 
activation and replication is followed by a high expression of 
the gene of interest. Actually, magnICON® is one of the most 
well-known vectors of the second generation type which has 
been commercially used and was designed and constructed 
by Icon Genetics, Germany. Since several years ago, the virus-
based vector which has been considered as an efficient system 
could overcome limitations of plants for the production of 
recombinant proteins which have been vastly used for the 
production of pharmaceutical proteins and also as research 
tools for functional genomic studies through gene silencing 
and lowering the specific plant transcripts.43 Plant RNA virus-
derived vectors are the most advanced ones which have been 
used for the production of vaccines and pharmaceutical 
proteins. Amongst them, TMV, CMV and PVX based vectors 
are viral expression vectors which have been successfully used 
for the production of recombinant proteins and vaccines. The 
TMV-based vectors have the most common application for 
the production of recombinant proteins.42 The positive-sense 
single-stranded RNA viruses (or (+)ssRNA virus) function 

similar to mRNA in the cytoplasm; ribosomes bind them 
and encode proteins based on their sequences. Regarding 
the high multiplication rate of viruses in the cell, exploiting 
the subgenomic RNA system and polycistronic RNA by plant 
viruses, the high number of viral strands make cells to serve 
virus for expression of their proteins. Geminivirus (single 
strand DNA viruses) vectors are DNA virus-based vectors 
which have been recently optimized as multifunctional 
vectors.43,44 Generally, the application of virus-based vectors 
as the basis of transient expression systems enjoy considerable 
advantages such as speed up of product expression, the decrease 
of research and development expenses, high expression, 
flexibility and scalability which are suitable alternatives for 
protein production instead of permanent expression systems 
(nucleus and chloroplast).37 The comparison of the structure 
and the functional differences between the first and second 
generation viral vectors is presented in Figure 2 and Table 1.

Agroinfiltration of Virus-Based Vectors
Agroinfiltration is a technique to study plant-pathogen 
interaction but nowadays is adopted for transient expression 
studies.45 In this method, Agrobacterium containing 
recombinant vector (viral vector) enter the intercellular 
spaces of the leaves through stomata or wounding the abaxial 
face of leaves. Infiltration of the whole plant or detached 
leaves is performed in different ways; the simplest one is 
shoot infiltration in a bacterial suspension followed by a weak 
vacuum (approximately 0.8-0.9 Bar) for 10-30 seconds.27,41,46 

Another way to infiltrate is the injection of Agrobacterium 

Figure 2. Schematic Representations of PVX (Potato Virus X) and PVX-Based 
First and Second Generation Vectors. Genome organization of wild-type PVX 
(A). The five major ORFs in the 6.4-kb genome are indicated by boxes. The 
subgenomic mRNAs from which the 5’ distal ORFs are expressed are indicated 
by lines below, with the sizes of the mRNAs. Organizations of first generation 
viral vector pP2C2S (B) and second generation viral vector pGR106/7 (C). The 
positions of the duplicated, subgenomic promoter sequences are indicated 
by arrows. The restriction enzyme sites in the multiple cloning sites are listed 
above. Features shown are: viral RNA-dependent RNA polymerase gene (RdRp); 
viral movement protein genes (M1, M2, M3); viral coat protein gene (CP); T7 
bacteriophage (T7) and cauliflower mosaic virus 35S (35S) promoters; nopaline 
synthase transcriptional terminator (NOS); T-DNA left and right borders (LB, 
RB); β-lactamase gene (ApR) conferring ampicillin resistance; and neomycin 
phosphotransferase II gene (KnR) conferring kanamycin resistance.
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suspension by putting a needle-less syringe on the leaves 
with a little pressure, thereby, the suspension enters the 
empty spaces within the leaves. Vaccum infiltration is mainly 
applied in research laboratories to increase Agrobacterium 
infiltration for protein production. In vacuum infiltration, 
plant tissue including leaf disk or whole plant body is 
submerged in Agrobacterium suspension followed by a 
decrease-increase of pressure resulting in infection of all parts 
of the tissue. This method is very suitable for the production 
of high amounts of proteins in plant species such as lettuce 
and Arabidopsis which cannot be infiltrated by syringe.45 In 
this method, the infiltration of Agrobacterium replaces the 
normal functions of the virus including primary infection 
and systemic movement. Intracellular multiplication and 
cell to cell movement are performed by viral replicon. Based 
on the vector, host organism and final concentration of the 
bacteria takes 4-10 days to be completed. Depending on the 
gene of the interest, expression of the recombinant protein 
can be attained up to 5 gram per kilograms of leaf biomass. 
On the other hand, it will consist of more than 50% of TSP.3 

Agroinfiltration is a combination of advantages of three 
biological systems including speed, high expression level and 
proper function of the virus, the efficacy of systemic transfer 
of plant virus-based vectors to plant cell by Agrobacterium 
and post-translational modifications and low production 
expenses in plants. Infiltrated plants are incubated in optimum 
conditions for 4-6 days. Afterwards, downstream processes 
including leaf homogenization (4-6 days post infiltration), 
purification, dialysis to remove salts, concentrating and 
confirming protein efficiency by western blotting or other 
tests are performed.45 In this regard, agroinfiltration can 
quickly assess the activity of a gene construct and speed up 
analysis of efficiency by the fast production of a protein of 
interest. This period of recombinant protein production is very 
suitable compared to the permanent transgenic plants which 
usually take 6 months. This technique is also very flexible. 
Actually, with the simultaneous expression of several genes 
it is a much more reliable indicator for the study of efficiency 
because the local effects which are usually seen in permanent 
transgenic plants are not seen in this system.47 Plant species, 
developmental stage and physiological status of plant play a 
crucial role in agroinfiltration for the amount of produced 
protein.48 Agroinfection is more efficient than infectious 
DNA and RNA molecules, especially in regards to the RNA 
viruses agroinfection, which is a very cheaper replacement 
compared to the in vitro method for changing viral DNA 
to RNA. It is more than a decade that agroinfection is used 

in transient expression systems for high-level expression 
of the gene of interest in mature plant leaves, and due to its 
lower expenses has found a wide commercial application.42 

Transient expression by virus-based vectors in plants using 
Agrobacterium containing heterologous genes occurs in 2 to 
7 days. Companies such as MEDICAGO exploit this process 
for the commercial large-scale production of recombinant 
proteins.49

Factors Affecting the Expression of Heterologous Genes in 
Virus-Based Vectors
The first and the most important factor in the expression of the 
heterologous gene is the type of virus that the vector is designed 
onbecause the amount of expression varies based on the DNA 
or RNA of the virus.42 Codon usage of the heterologous gene 
is another important factor in protein expression. It can be 
attained experimentally but generally in applying the codon 
usage modifications in Nicotiana benthamiana the GC content 
should be over 50% in order for the heterologous protein 
expression to be increased. Moreover, each virus-based vector 
requires a special strain of Agrobacterium for infiltration and 
the selection of Agrobacterium depends on the Ti plasmid.50 

Plants respond to viral infection by post-transcriptional 
gene silencing defense mechanism and do not permit virus 
gene to be expressed. Therefore, virus-based vector requires 
overcoming the defense mechanism for inhibiting the gene 
silencing to be able to express its protein. In this regard, 
the inhibitors of gene silencing are exploited. Among the 
inhibitors suppressing post-transcriptional gene silencing 
novel RNA silencing suppressor, the suppressor protein for 
silencer of Ttomato spotted wilt RNA virus, and P19 protein 
(suppressor protein for silencer of tomato bushy stunt RNA 
virus) can be mentioned. Expression of suppressor protein 
along with heterologous protein increases protein expression 
up 50 times.50,51

Example of Recombinant Proteins Produced by Transient 
Expression System 
Nowadays, transient expression is used for the production 
of completely applicable proteins such as human growth 
hormone which produces hormone and was bioactive and 
in a high amount (1 mg/g).52 In another research, two plague 
antigens F1 and V have expressed fusion F1-V protein in 2-3 
mg/g of fresh leaf weigh. In addition, it was shown that plant-
produced antigens offer a high level of protection against 
aerobic plague bacteria in animal models.53 Another research 
team could express tuberculosis Ag85B antigen up to 0.8 mg/g 

Table 1. Difference Between First and Second Generation of Viral Vectors

First Generation Second Generation
Need for in vitro assembling virus Yes No
Infection by injury or insect Yes No
Production of target protein as hybrid by viral coat protein Yes No
Need for three construct No Yes
High capacity for expression of largest gene No Yes
High biosafety No Yes
Agrobacterium base No Yes
High amount production Low amount Up to 5 g/kg
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of fresh leaves.54 More than 50 proteins with different origins 
and complexities representing all classes of pharmaceutical 
proteins have been expressed successfully by magnifection.46 

To mention other applications of virus-based vectors for 
transient application the following can be pointed out: the 
production of AIDS vaccine  (TMV-based viral vector),55,56 

the production of human papiloma virus antigen (TMV-
based viral vector),34,56 the production of dengue fever vaccine 
(TMV-based viral vector),56,57 anticancer antibodies (TMV 
and PVX-based viral vectors),56,58,59 Hepatitis B vaccine (TMV 
and PVX-based viral vectors)56,60 and influenza vaccine.61 The 
MEDICAGO company has optimized agroinfiltration for 
the production of flu vaccine62 and the Kentucky company 
has established an automatic bioprocessing system that 
infiltrates plants in a kilogram per hour scale.62 Results 
reveal that agroinfection is the most suitable method for the 
application of PVX-based viral vectors for the production of 
recombinant proteins.63 The most recent reports of the status 
of pharmaceutical proteins produced in plants to prevent 
epidemic diseases have been summarized in Table 2.45

Biosafety of Products and Commercial Processes of Plant 
Virus-Based Vectors
It is commonly accepted that despite other organisms are used 
for the production of pharmaceuticals, human pathogens 
cannot contaminate plant cells. Also, required materials 
for plant growth or Agrobacterium culture are not animal 
derived, therefore, the plant produced recombinant proteins 
are intrinsically safer than pharmaceuticals produced by 
animal cells. According to the regulations of Food and Drug 
Administration (FDA), the validation of such products after 
protein purification is at least exempted from three stages of 
purification and decontamination in plant products compared 
to animal-derived ones.37

The manipulation of living organisms potentiated the 
generation of new sources of plant and animal diseases. 
Therefore, current technologies for the production of 
recombinant technologies face numerous problems. This is 
while, recombinant virus-based vectors for the production 
of pharmaceutical proteins for human and domestic animal 
applications possess a suitable level of biosafety. Plant viral 
vectors are not a threat to human and domestic animals’ 
health and no pathogenicity in mammalian has been reported 
yet. In some situations, edible plant tissues (expressing 

recombinant antigen transiently) are used as an alternative 
to transfer vaccine to the mucous surface (especially oral 
mucous), removing injection syringe and expenses which also 
prevents the transmission of blood diseases. Also, the antigen 
may be protected from destruction and pass the intestine with 
the help of protective plant materials. It was reported that 
volunteers who already have immunized by a common rabies 
vaccine; detectable rates of antibody against rabies virus 
detected in their blood after eating spinach leaves expressing 
chimeric rabies virus antigen.64 Many factors affecting the 
immunization of this kind of vaccines and studying the 
edible vaccine is still in its primitive steps. Expression level 
or the dosage of antigen should be regulated to be tolerated 
by the mouth and teeth and to avoid unexpected allergies.65-67 

Agrobacterium which is used in transient expression systems 
is a soil-borne, non-pathogenic microorganism for human 
beings. The interveinal injection of Agrobacterium to mice 
showed that bacteria could sustain alive 6 days post-injection 
in the bloodstream but T-DNA had no detectable expression 
in host tissues.68

Another biosafety concern is the presence of endotoxins, 
polyphenols, and alkaloids in the final product during 
purification of pharmaceutical proteins from tobacco leaves. 
Recent reports and technology advances have shown that 
all unwanted compounds can be removed and there should 
be no concern about it anymore. The main limitation for 
the medicinal application of plant-derived recombinant 
proteins is the difference between N and O-glycan structure 
of these proteins with mammalian homologous which 
may cause an immune response.69,70 Recently, different 
strategies have been developed to overcome this problem 
including the manipulation of plant glycosylation using 
RNA interference, simultaneous expression of a specific 
expression glycotransferase, using especial transgenic lines 
possessing complex N-glycan lacking immunogenic xylose 
or fucose epitope and retention of recombinant protein in 
the endoplasmic reticulum. It is worth mentioning that 
plant-specific glycosylation in some proteins as vaccines 
can function as an adjuvant and by improving the immune 
response, optimizes vaccine efficiency.69

Conclusions
Plant virus-based vectors are used and rapidly developed 
due to the ease of application and the vast number of them. 

Table 2. Current Status of Plant-Derived Therapeutics by Transient Expression System for Epidemic Diseases45

Product Disease Plant Status

VLPs Bluetongue virus (BTV) Nicotiana benthamiana -

hE16 West Nile Nicotiana benthamiana On market

HA Influenza virus (H5N1) Nicotiana benthamiana Phase I

HA Influenza virus (H1N1; 2009 pandemic) Nicotiana benthamiana Phase I

Hepatitis B antigen (HBsAg) Hepatitis B Lettuce and potato Phase I and Phase II

Antiviral (griffithsin) Severe acute respiratory syndrome (SARS) Nicotiana benthamiana On Market

F1–LcrV fusion Plague Tomato, Tobacco, and Nicotiana benthamiana On Market

B5 Smallpox Tobacco and Nicotiana benthamiana On Market

HA (H7; VLP) Influenza virus (H7N9) Nicotiana benthamiana Phase I

HA (VLP) (seasonal; quadrivalent) Influenza virus Nicotiana benthamiana Phase I
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Expression level, production of proteins with complex 
structures and the application of novel hosts are the instances 
that research and development will speed up around them. The 
high speed of recombinant production and the inexpensive 
application of these vectors makes researchers, politicians, 
and investors to program commercial application of transient 
expression using virus-based vectors resulting in an everyday 
increase of validated commercial products produced by 
transient expression in the world market. Regarding the 
considerable advancements of the application of viral vectors 
for the production of animal disease vaccines, the virus-based 
vectors which are able to target crops for the production of 
edible vaccines will be likely to be developed more. It seems 
that in future the strategy of “full virus” for the production 
of recombinant proteins will be limited to research use only 
and will be gradually eliminated. An increasing demand for 
high-quality recombinant proteins is inevitable; therefore, 
biological systems which are able to produce these proteins 
cost-effectively should be developed. According to scientific 
references, plant expression systems using virus-based vectors 
have the highest potential for a large and commercial scale 
production.71 Lack of environmental concerns and crop 
contamination using this technology has offered confidence 
and composure for researchers. On the whole, there is an 
open horizon ahead of transient expression technology using 
virus-based vectors and it is thought that in many cases it 
will replace other platforms and hosts for the production of 
recombinant protein.
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