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Abstract 

Classical Swine Fever (CSF) is a disease caused by a Classical Swine Fever Virus (CSFV). The disease is highly contagious 

and affects both the domestic pigs and wild boars. The disease poses worldwide problem with large economic loses. The 

envelope protein E2 is highly immunogenic and therefore represents an important target. Expression of a wide range of foreign 

proteins in plant systems have gained interest in the recent years. The aim of the present study was to transfer the E2 gene into 

rice calli via biolistic bombardment method and to investigate the expression of E2 gene of classical swine fever virus in the 

Transformed rice plants. Confirmation for the presence of E2 gene was done by PCR and Southern bloting. The relative gene 

expression of the plant-produced E2 was assayed by Real Time PCR. Expression of recombinant E2 protein was immune 

genically detected by ELISA and Western blotting. A protein band of approximately 60k Da detected by western blot showed 

good antigenicity of target E2 protein. 

 

Keywords: NEH megha rice 1 (Oryza sativa L.), transformation, biolistic 
 

 

Introduction 

Classical Swine Fever Virus (CSFV) is a small, single 

stranded RNA virus of the genus Pestivirus and family 

Flaviviridae (Moennig, 2000) [20]. Classical Swine Fever 

(CSF) caused by CSFV is a disease of swine which occurs 

worldwide leading to severe economic losses. The World 

Organisation of Animal Health (OIE, 2014) [23] has 

considered CSFV as one of the most notifiable pathogen of 

swine. The disease is highly contagious leading to acute 

CSF infections resulting in high morbidity and mortality or 

prolonged chronic disease depending on the type of CSF 

strain virulency (Van Oirschot, 1986; Blome et al., 2017) [31, 
4]. The disease affects both domestic pigs as well as wild 

boars (Martinez et al., 2009) [16] and spreads mainly by 

contact between healthy pigs with the infected animals 

(Moennig et al., 2003; Zhang et al., 2010; Blome et al., 

2017) [21, 33, 4]. CSF poses a global problem because of its 

large economic impact associated with its outbreak on 

animal health. The major characteristic of CSF is marked by 

immunosuppression that is induced on infected animals (Li 

et al., 2009) [12]. The CSFV genome consists of a single 

open reading frame (ORF) of approximately 12.3 kb 

(Meyers and Thiel, 1996; Meyers et al., 1989) [18, 19] which 

encodes a single polyprotein that is post-translationally 

processed into four structural proteins (i.e., C, Erns, E1 and 

E2) and eight non-structural proteins (i.e., Npro, p7, NS2, 

NS3, NS4A, NS4B, NS5A and NS5B) (Meyers and Thiel, 

1996; Zhang et al., 2010; Lowings et al., 1996) [18, 33, 14]. 

Among the structural proteins, the envelope protein E2, of 

size 51-55 KDa serve as an important target. The 

immunogenic nature of E2 induce neutralizing antibodies at 

times of infection and provides protective immunity in the 

natural host (Bouma et al., 2000; Van Rijn et al., 1996; 

Mauser et al., 2005; Qi et al., 2009) [6, 32, 17, 27]. The E2 

glycoprotein is often used for designing DNA vaccines 

against CSF as it contains neutralizing epitopes responsible 

for eliciting an immune response (Qi et al., 2008; Bouma et 

al., 1999) [26, 5]. In India, with approximately 11 million 

pigs, 40% are present in the north eastern states. Majority of 

households in the north eastern region rely on pig farming 

as the major source of livelihood (Bett et al., 2012) [3]. 

CSFV has emerged as a serious obstacle affecting the 

growth and profitable pig farming in India, particularly in 

the north eastern states. The prevalence of CSFV among the 

pig herds in Assam and in other parts of India have been 

reported (Ahuja et al., 2015; Nandi et al., 2011; Sarma et 

al., 2011) [1, 22, 28] and several CSF outbreaks have also been 

reported suggesting its endemic nature (Barman et al., 2010; 

Chakraborty et al., 2011) [2, 7]. The present study was carried 

out with the aim of generating transgenic rice plants capable 

of expressing the CSFV E2 glycoprotein in Megha Rice 1 

for which no previous reports are available. This study is 

based on transferring a single copy (low copy) or multiple 

copy (high copy) of CSFV E2 gene by exploiting the DNA 

delivery method using Biolistic and to produce transformed 

rice plants with proper level of expression of the CSFV E2 

glycoprotein. 

 

Materials and Methods 

Plant material and gene construct 

The plant material selected for the present study was NEH 

Meghalaya rice 1 (Oryza sativa L.). It is a cold tolerant, 

semi-dwarf, non-lodging rice lines of Meghalaya which was 

developed and released in 1992. This variety was derived 

from a cross between Pusa 33 (Indica) x Khonorullo 

(Japonica). The seeds were obtained from the Division of 
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Plant Breeding, ICAR Research Complex for NEH region, 

Umiam, Meghalaya. The DNA sequence of E2 glycoprotein 

was downloaded from GenBank (accession no.KM362426). 

It was optimized for expression in rice using the 

OPTIMIZER software (http://genomes.urv.es/OPTIMIZER) 

.Plasmid pUC57 was used as a vector. The construct 

contains the CSFV E2 gene linked to the cauliflower mosaic 

virus (CaMV) 35S promoter and CaMV 3’UTR terminator 

(Fig 1). Synthesis, ligation and insertion in vector was 

outsourced to GCC Biotech (Pvt.) Ltd., Kolkata, India. The 

bacterial strain used for replicating the vector was E. coli 

strain, DH5α. Plasmid DNA carrying CSFVE2 gene was 

isolated from the transformed E.coli DH5α and was 

transformed into one month old rice calli by biolistic 

bombardment. Callus induction and regeneration was done 

as described previously (Gatphoh et al., 2018) [8]. 
 

Fig 1: Plasmid pUC 57-CSVF2 containing CSFV E2 gene 

 

PCR identification of transformants 

Genomic DNA from leaves of putative transformants was 

isolated using CTAB method. A preliminary screening to 

identify the integration of the E2 gene in the transformants 

was carried out with PCR using DNA from transformed 

plants as templates. DNA from a non-transformed rice plant 

as well as plasmid DNA was also run as a negative and 

positive control respectively. PCR analysis was carried out 

using gene specific primers for CSFV E2. The CSFV E2 

gene was amplified using the following 18 mer 

oligonucleotide primers. 

 

E2-Fw: AGGGCAAGTACAACACCA 

E2- Rv: GCTCGTAGTACTTGTTGC 

 

Realtime PCR analysis 

A simple quantitative real–time PCR procedure was also 

carried out to determine the transgene integration. 

Amplification reactions were carried out on cDNA 

generated from total RNA extracted from newly emerged 

leaves of transformed and non-transformed rice plants. The 

thermal cycling conditions were: initial denaturation at 95oC 

for 5 min followed by 40 cycles of denaturation at 95oC for 

10 sec, annealing at 55oC for 30 sec and extension at 60oC 

for 2 min. The following primer sequences were used in the 

reactions for the amplification of the gene. 

E2 F: TCRWCAACCAAYGAGATAGGG 

E2 R: CACAGYCCRAAYCCRAAGTCATC 

ΔCT for all samples was calculated from CT values 

obtained after the experiment [ΔCT = Ct (gene of interest) – 

Ct (housekeeping gene)]. Relative gene expression of the 

transformed plants was calculated using the delta-delta CT 

method [ΔΔCT = ΔCt (treated sample) – ΔCt (untreated 

sample)] (Ingham et al., 2001; Livak and Schmittgen, 2001; 

Rao et al., 2013). 

Qualitative elisa assay 

Expression of E2 protein in the transgenic rice plants was 

evaluated by simple qualitative ELISA (Enzyme-Linked 

Immunosorbent Assay). The test was conducted following a 

standardized in-house protocol using known positive and 

negative sera as identified by IDEXX ELISA kit. The 

indirect-ELISA utilizes an unlabeled primary antibody 

(positive swine serum) and an enzyme-labeled secondary 

antibody (Anti-Pig IgG- Peroxidase antibody produced in 

rabbit, Israel). A positive antigen (Ag) control of the in- 

house ELISA containing non-infectious CSFV Ag was also 

used in the ELISA test. Also, extract from a non- 

transformed healthy plant was used as a negative control. 

The plant extracts was diluted to a concentration of 1:100 in 

coating buffer and 100 μl of the diluted plant extract was 

used as coating antigen for coating the ELISA plate. 

Primary antibody (swine serum) at a concentration of 1:100 

and an Anti-pig IgG HRP-conjugated secondary antibody at 

concentration 1:15000 was used to detect the presence of E2 

antigen. 

 

Southern blot analysis 

For analysis, 20 μg DNA extracted from transformed rice 

plants was digested with HindIII and EcoRI. The HindIII 

and EcoRI digested plasmid DNA containing CSFVE2 gene 

and digested DNA from untransformed rice plant was used 

as positive (P) and negative (N) control respectively. The 

digested DNA fragments were electrophoresed overnight on 

0.8 % agarose gel at 20 Volt. The separated DNA fragments 

were then transferred onto a positively charged Nylon 

membrane (Hybond Nt, Amersham Pharmacia Biotech, 

Sweden) using a Trans-Blot semi-dry transfer system (Bio- 

Rad). A PCR product of the plasmid DNA containing 

CSFVE2 gene labeled with non-radioactive Biotin 

Decalabel DNA Labelling Kit (Fermentas) was used as a 

probe. Detection was done using Biotin Chromogenic 

Detection Kit (Thermo scientific) following the 

manufacturer’s protocol. 

 

SDS page and western blot analysis 

To evaluate the expression of E2 protein, a Western-blot 

assay was performed. Total protein was extracted from leaf 

tissues of both transformed rice plants and from control 

plant. 200 mg fresh/frozen leaves was ground in liquid 

nitrogen and proteins was extracted in NP-40 extraction 

buffer. Homogenates was centrifuged and supernatant was 

collected. Amount of total protein content from crude 

extract was quantified using Bradford method. Total protein 

extract (30μl) combined with sample buffer containing 

bromophenol blue was resolved on reducing 12% SDS- 

PAGE using Mini-Protein II slab cell (Bangalore Genei, 

India). Two gels were run simultaneously, one for staining 

protein with Coomassie Brilliant Blue R-250 and the other 

for immunochemical detection. The separated proteins on 

SDS-PAGE were transferred onto a PVDF membrane 

(Immun-Blot, PVDF, BIORAD) using a semi-dry blotting 

apparatus (Bio-Rad) at 20 V for 1 hour. The membrane was 

then sequentially treated first by blocking it with 5% 

skimmed milk prepared in TBST (TBS containing 0.05% 

Tween-20) for 1 hour at room temperature followed by 

soaking membrane in primary antibody (positive swine 

serum) diluted in TBST and was placed overnight at 4oC. 

Membrane was then soaked in Anti-pig IgG HRP- 

conjugated diluted in TBST for 1 hour. After the final 

washes, colour development and detection of E2 protein 

expression was performed by staining the membrane in 

NBT-BCIP (Genei) for 10 min in dark. Extract from a non- 
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transformed plant was used as a negative control in the 

experiment. 

 
Results 

PCR analysis of transformants 

Amplifications of a 590 bp fragment was obtained in the 

transformed rice plants as well as in the positive control. 

However this band was absent in the negative control 

(untransformed plant). Thus, PCR results primarily 

indicated the stable integration of gene under study (Fig 2). 

Of the total plants regenerated, 38 plants were identified to 

be PCR positive (Table 1). 

ELISA assay of the expressed protein 

Analysis for the presence of E2 protein was done using a 

known positive and known negative serum sample as 

confirmed by IDEXX kit. A simple qualitative in-house 

indirect ELISA revealed the expression of E2 protein in the 

ten transgenic rice plants (Fig 4). Thus, ELISA assay 

showed good antigen-antibody interaction which indirectly 

confirmed the expression of E2 protein. 

 

 

 

 

 

 

 

 

A1, B1, E1 & F1 – Positive control 

C1, D1, G1 & H1 – Negative control 

A2 – D11 – Plant extract with positive sera 

E2 – H11 – Plant extract with negative sera 

A12 & B12 -  Antigen control 

C12 & D12 – Conjugate control 

E12 & F12 – Antibody control 

G12 & H12 – Blank 

Fig 4: ELISA plate showing expression of E2 protein in the 

transformed rice plants 
 

 

 

 
 

Fig 2: PCR amplification of genomic DNA from putative 

transgenic plants showing amplification of 590 bp fragment 

 
Table 1: Frequency of plantlet regeneration and transformation 

 

No. of calli 

transformed 

No. of plants 

regenerated from calli 

No. of PCR 

positive 

plants 

% of plantlet 

regeneration 

270 450 38 166.66 

 

Real time PCR analysis 

Real time results revealed variations in the expression of the 

ten rice plants. A graph was plot according to ΔΔCT values 

calculated from the data obtained from the experiment 

performed (Fig 3). It was observed that the ΔΔCT values of 

T286 and T369 rice plants (9.9 and 9.95 respectively) are 

significantly higher than the ΔΔCT values of the other rice 

plants with ΔΔCT value of T156 rice plant showing the least 

(1.375). 

Southern blot analysis of transformed rice plants 

Southern hybridization of genomic DNA of the transgenic 

rice plants digested with HindIII and EcoRI, and probed 

with CSFV E2 gene specific biotin labelled probe confirmed 

the integration of the target gene into the transgenic rice 

plants genome (Fig 5). Genomic DNA of non-transformed 

plant as negative control was run in lane 1 where no 

hybridization signal was detected. Lane 2 shows the positive 

control of 2.0 KB fragment and in lane 3-7, a band of 

approximately 2.0 KB fragment was observed in the 

transformed rice plants which confirmed the stable 

integration of the transgene. Thus, southern blot assay 

indicated that the transformed rice plants contained the 

foreign gene insert. 

 

 

 

 

Fig 5: Southern blot analysis of five transgenic rice plants 
 

 

 

 

 
Fig 3: Real Time PCR analysis of ten transgenic rice plants 

Western blotting analysis of rice transformants 

Protein content in plant extracts was quantified using 

Bradford assay. The integrity of the protein was first 

monitored by SDS-PAGE which revealed a protein band of 

approximately 60k Da in transformed plants which was 
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absent in control plant. To confirm the products, western 

blot assay was performed. The target protein was immune 

genically detected using primary and secondary antibodies. 

A prominently stained clear protein band corresponding to 

an approximate molecular mass of 60 kDa was identified in 

the five transformants viz. T369, T323, T286, T245 and 

T132, and no band was detected in control plant (Fig 6). 

Thus, Western blotting showed a good antigenicity of the 

target E2 protein. 
 

A 

 
B 

Fig 6: SDS-PAGE and Western blot analysis of six transgenic rice 

plants. Protein extracts from untransformed rice plant was loaded 

in lane 2 and from transformed rice plants in lane 3-8 against a 

100KDa ladder. The molecular weight of the protein at 

approximately 60kDa confirmed the stable integration of the CSFV 

E2 gene in the transformed rice plants. 

 
Discussion 
Plants are an interesting tool for the construction of edible 
oral vaccines as they are capable of producing proteins 
originating from foreign organisms (Lindh et al., 2009; Ma 
et al., 2003) [13, 15]. Plant system has widely been used for 
the expression of various proteins of interest that may be 
useful for veterinary or for medical applications. Currently, 
there are few studies which reported the expression of 
CSFV E2 protein in plants. Legocki et al., (2005) [11] 
reported the expression of E2 protein in lettuce and alfalfa 
and oral vaccination with the transgenic plants induced 
antibody responses in laboratory animals. E2 gene 
expressed in Chlamydomonas reinhardtii chloroplasts had 
shown to induce antibodies against the E2 protein (He et al., 
2007) [9]. Shao et al., (2008) [29] reported the expression of 
CSFV E2 protein in tobacco chloroplasts showing the 
induction of protective antibody response against CSFV by 
immunizing mice with leaf extracts containing the E2 
protein. Laughlin et al., (2019) [10] successfully expressed 
the E2 protein in Nicotiana benthamiana for use as a 
subunit vaccine against CSFV. The E2 protein has also been 
expressed in Nicotiana benthamiana and recombinant E2 
protein when injected into mice or piglets generated anti-E2 
antibodies against  CSFV  (Park et al.,  2019;  Park et al., 

2020) [24, 25]. Plant-based expression system offers many 
advantages in terms of lower capital investment, time 
efficiency, high yield and low contamination risk 
(Tonegawa et al., 2003) [30]. The objective of this study was 
to explore the stable expression of E2 protein from Classical 
Swine Fever Virus in Megha Rice 1. Efficient regeneration 
alone does not necessarily lead to efficient transformation. 
There is a need to develop advanced transformation 
methods that would not only incorporate the required into 
plants but also enable generation of transgenic events in a 
high-throughput manner. One of the noticeable points in this 
experiment is that no negative or positive selection marker 
was used so that the negative effect of antibiotic resistance 
protein is avoided. A post regeneration screening was done 
to select positive plants. This was made possible by first 
developing a very high frequency regeneration system. The 
present work showed that combination of a proper construct 
and a high frequency regeneration system can be combined 
to use plants as a vaccine factory. Thus, the work presented 
here is the expression of CSFV E2 protein in the variety 
Megha Rice 1 using biolistic mediated transformation 
method, and the strategy used in this study was successful in 
achieving E2 gene replication, transcription and expression 
in rice plants. 
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