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ABSTRACT
Background and Objectives: Human rotavirus (RV) is responsible for most cases of acute gastroenteritis in infants, worldwide. Today, in vitro transcription (IVT) assay is widely used to develop efficient RNA for the biological experiments such as
gene function analysis and reverse genetics. The aim of this study was to develop optimal full-length transcripts of the VP7
segment, using in vitro transcription assay.
Materials and Methods: Special primers were designed in order to synthesize VP7 sequence of sense RNA in the process
of IVT using T7 RNA polymerase. RT-PCR was performed using forward and reverse primers, containing T7 promoter
sequence and BstUI restriction enzyme site, respectively. In order to synthesize ssRNA VP7, in accordance with the IVT
technique, RV4-VP7 fragment was subcloned into PTZ57 R/T plasmid and digested by BstUI enzyme.
Results: The sequencing of the VP7 gene showed 99% identity withVP7 gene of rotavirus RV4 strain (Sequence ID:
M64666.1). The analysis of purity of DNA fragment and ssRNA VP7 segment revealed that OD ratio of A260/A280 and
quantity of nucleic acids were (1.9, 0.036 µg/µL) and (2.02, 0.98 µg/µL), respectively.
Conclusion: In the present study, a modified methodology of RNA synthetase was described by IVT assay, using T7RNA
polymerase in order to transcribe the full-length transcripts of human VP7-RV4 strain. This method is applicable for reverse
genetic approaches, especially for the production of reassortant RV vaccine.
Keywords: In vitro transcription, Rotavirus, Restriction enzyme, T7 RNA polymerase, VP7 segment

INTRODUCTION
In vitro transcription (IVT) is a simple procedure
that facilitates the synthesis of RNA molecules from
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less than 0.3 to 5 kb of DNA (1). Studies on IVT will
open up new avenues for RNA researchers to synthesize RNAs by using T7 RNA polymerase (RNAP). It
also enables the synthesis of in vitro full-length viral RNA with high efficiency when compared with
normal cell transcription (2). This technique could be
useful for examination of antigenic diversity, characterization of reassortant, and applicable in more
sophisticated techniques named reverse genetics,
which has dramatically remodeled the investigation
of RNA virus (3). In 2006, the first reverse genetic
model was developed for Rotavirus (RV) reassortant
(4). RVs are members of the Reoviridae family and
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comprise of 11 segments of double-stranded RNA.
RVs are the main causal agent of acute gastroenteritis
in infants and young children, especially in developing countries. Based on the diversity of VP6 gene,
RVs have been classified into seven groups (A–G).
Group A (G1P8) is implicated in acute gastroenteritis in many regions, including Iran (5). The World
Health Organization (WHO) estimated that RV mortality rate in children below five years was at 215,000
(range: 197,000–233,000) per year worldwide (6).
Owing to the lack of specific treatment, vaccination
is the only preventive measure against infection in
young children. Till date, the reassortant-developed
RV vaccines were based on insertion of a human RV
segment in bovine RV strain, where in this phenomenon occurs as a natural selection (7). Today, researchers have made efforts to develop a new RV vaccine
based on reverse genetics technique. Two major outer
capsid proteins of rotavirus, VP7 and VP4, contain
neutralization antigens. Both VP4 (P-type) and VP7
(G-type) are protective and neutralizing antibodies;
and glycosylated VP7 is a major component of outer
capsid proteins of RVs (8).
For this purpose, the present study was carried out
in order to establish a new pattern to synthesize VP7
ssRNA-RV4 strain, which ultimately led to the synthesis of VP7 dsRNA in vivo. The outcome of this
event is promising. This approach can be used as a
potential new tool for RV vaccine development, in
the near future.

MATERIALS AND METHODS
Virus cultivation. MA104 cell line derived from
Rhesus monkey kidney (routinely maintained in our
laboratory) cultured in a 75-cm2 flask (approximately
7.5 ×106 cells) and rinsed three times with 10 ml sterile phosphate-buffered saline (PBS). Pre-activated
human rotavirus G1P8 strain RV4 (MOI 0.1) (purchased from European Collection of Authenticated
Cell Cultures [ECACC]) with10 μg/ml L-1-tosylamido-2-phenylethyl chloromethyl ketone (TPCK)
trypsin (Thermo Fisher Scientific, USA) was inoculated with cell culture and incubated at 37°C
for one hour. Meanwhile, in order to preclude cells
from drying, the flask was stirred at 10-minute intervals. Then 15 ml of Dulbecco’s Modified Eagle’s
medium (DMEM) plus trypsin at a final concentration of <2 μg/ml was added to tissue cells. The
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flask was incubated at 37°C, 5% CO2 for three
days till the complete cytopathic effect (CPE) was
observed. One freeze and thaw cycle was performed, then the infected cells were transferred into
50 ml conical tube. Centrifugation (8000 rpm for
10min) was carried out in order to remove all cellular debris. The clarified viruses were aliquoted in
1.5 ml microtubes and stored at -80°C, until further
use.
Rotavirus titration. One of the approaches to determine the quantity of RV infection is the plaque
assay. Initially MA104 cells were distributed into
six-well plates with an equivalent density of 3.0 ×
105 cells per well, and incubated at 37°C, in 5% CO2
humidified incubator for 2 to 3 days. Once the cells
were quite confluent in mono-layers, the medium was
removed and MA104 cells were washed with PBS.
Serial dilutions of 10 -4 to 10 -6 of pre-activated RV
were prepared. Subsequently, 400μl of aliquots were
inoculated onto each six well plates with confluent
mono-layer cells. Plates were incubated at 37°C for
1hr. Then they were allowed to adsorb for 1 hr with
rotational agitation every 10 minutes. The inoculums
were removed and the agarose overlay comprised
of 1% agarose and 2x DMEM with 2 μg/ml trypsin
were applied at 45°C. The plates were incubated 72
hr at 37°C for plaque formation. In order to visualize better the plaque formation, the mixture of 1:1 of
2XDMEM containing 50 μg/ml neutral red and 1%
agarose overlay was subjected to the first layer. Once
the agarose had solidified, 0.02 mg/ml neutral red
was added to each well. Then plates were incubated
at 37°C for 24 hr.
Isolation and purification of human rotavirus
from unique plaques. Each single plaque present
in each well was picked up by sterile pipette Pasteur
and put into a separate 1.5 ml micro-tube containing
650 μl DMEM. Tubes were kept at 4°C overnight,
to allow the virus to be eluted from agarose into
DMEM solution. In order to activate RV, 10 μg/ml
trypsin was added into each tube. Tubes were kept at
37°C for 1 hr. Mono-layers of MA104 cells was seeded in 24-well plates. Then the microtubes contents
were inoculated onto each well with the confluent
monolayer. Plates were incubated at 37°C until cytopathic effect (CPE) was observed. Two freeze and
thaw cycles was carried out to recover the complete
contents of each well.
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Total RNA extraction. The total RNA was extracted from each single plaque using RNX-PLUS
(SinaClon, Iran), in accordance with manufacturer’s
instructions. An additional step of denaturation was
performed at 55°C to 65°C for 10 minutes to relax
RNA, which could be used for downstream applications, such as reverse transcription-polymerase chain
reaction (RT-PCR) and polyacrylamide gel electrophoresis (PAGE).
SDS-PAGE and silver nitrate staining. SDSPAGE as the best method for visualizing dsRNA was
used to evaluate the extracted dsRNA RV with silver
stains.
The extracted RV RNA from a single plaque was
subjected to electrophoresis on 12% sodium dodecyl
sulphate-polyacrylamide gels (SDS-PAGE). The gel
electrophoresis was run at 25 mAmp for 14 hr. For
fixation and staining, the gel was washed with distilled water and placed in a solution containing 5%
ethanol, 0.1% AgNO3 and 1% nitric acid for five minutes. Again, the gel was rinsed one time with distilled water for 10 seconds, then the solution containing 0.65% Na2CO3, 0.4% HCOH, and 1.3% NAOH
was poured onto the gel, and shaken slowly in order
to visualize the segments of rotavirus. The stopping
solution containing 5% ethanol and 1% nitric acid
was added after 1 minute, and the gel was rinsed
with distilled water.
Isolation and verification of VP7 segment of human Rotavirus RV4 strain. The SDS-PAGE was
performed to isolate the VP7 segment of RV4-Rotavirus. Following Ethidium bromide staining (0.5µg/
ml EtBr in water) on the polyacrylamide gel, two near
fragments (7, 8 and 9), was cut with a sterile scalpel
and each piece of the gel placed in one separate tube
containing DEPC-water. The tubes were stored at
4°C for 24 hours. Finally, the RNA extraction was
carried out with RNX-PLUS kit and RT-PCR was

performed with G-con (1044-1062 nt) and G1 (aBT1)
(314-335 nt) primers (Table 1).
Primer design for IVT. The primers were designed using Gene runner 5.1.0.5 Beta software. Forward and reverse primers consist of T7 RAN promoter sequence and BstUI restriction enzyme site,
respectively (Table 1). The specificity of the primers was checked and verified with the primer blast
(https://www.ncbi.nlm.nih.gov/tools/primer-blast).
Reverse transcription and amplification of
DNA. In order to enhance the efficiency of the cDNA
synthesis and to separate dsRNA, dsRNA of RV was
heated for 5 minutes at 97°C. The synthesis of RNA
from cDNA was performed using cDNA synthesis
kit (Qiagen, Inc., Valencia, CA) in accordance with
the manufacturer’s instructions. The specific forward and reverse primers were designed for the entire region of segment 9 (VP7), and amplified using
the following program: initial denaturation at 95°C
for 5 minutes, followed by 30 cycles of 30 s at 95°C,
30 s at 60°C, and 60s at 72°C, and a final extension
at 72°C for 10 min (to facilitate the 3'-adenine addition). The product was analysed on a 1% agarose
gel. PCR product was purified (Nucleic Acid Purification Kit, favorgen, Taiwan). The sequencing of the
PCR product was performed and confirmed by ABI
3730XL DNA Analyser (Bioneer, Co, Korean). Analysis of sequencing was carried out by the nucleotide
blast (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and
sequence alignment (MEGA6 program).
TA cloning. The purified PCR product with 1:3
ratio of 100 ng of 2886 bp linearized vector PTZ57
R/T (Fermentas, Lithuania) and 112.7 ng of 1085 bp
PCR product was subcloned into vector. Ligation
was performed with 1µl T4 DNA ligase (5u/µl Invitrogen, Carlsbad, CA, USA), 4 µl ligation buffer 5X
and water nuclease-free into total volume of 20 µl.

Table 1. The list and sequence of primers used for RT-PCR reactions, in the process of verification of VP7 segment and IVT
assay
Primers for Verification of VP7 segment
G-con
G1
Primers for IVT
Forward primer
reverse primer
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GGTCACATCATACAATTCT
CAAGTACTCAAATCAATGATGG
TAATACGACTCACTATAGGCTTTAAAAGAGAGAATTCCC
ATCGCGGTCACATCGAACAATTCTAATCT
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The mixture incubated at room temperature for 1hr
followed by incubation at 4°C overnight.
The fresh E. coli DH5α (TaKaRa Biotechnology Co, Dalian, China) was prepared, precipitated,
and then cold CaCl2 transformation was carried out
by adding 2 µl ligated plasmid to 50 µl of E. coli
DH5 α. The transformed E. coli streaked out on LB
(Luria-Bertani) agar plates (50mg/ml of Ampicillin)
with 80µl of 100 mg/ml IPTG (Isopropyl β-D-1-thiogalactopyranoside) and 40 µl of 20 mg/ml X-gal
(5-Bromo-4-chloro-3-indolyl-β-D-galactoside). After incubation at 37°C for 18hr, the white colonies
were selected. Each selected colony was inoculated
into a tube containing 5 ml LB broth. Tubes were
kept overnight in a shaker incubator at 37°C.
In the next step, the plasmid was extracted, using
(plasmid DNA Extraction Mini Kit). The extracted
plasmid was digested with the Bstu-1 restriction enzyme (New England Biolabs, United States) at 60°C
for 2 hrs. In order to confirm the digestion process,
the product was run on a 1% agarose gel and visualized under UV trans-illuminator. After cleaning up
the digested VP7 segments, the quantification was
done by NanoDrop Onec (Thermo scientific, USA).

1.0M LiCl). Given that, the supernatant containing
RNAs greater than 0.1 µg/µl or larger than 300 bp
will be precipitated with LiCl. The precipitation of
RNA was carried out by adding 30 µl of LiCl solution, mixed, incubated at –20°C for 30 minutes and
centrifuged at 14000 RCF in 4°C for 15 minutes.
The supernatant was removed carefully and the pellet rinsed with 1 ml 70% cold ethanol. High-speed
centrifugation was performed in order to remove additional nucleotides. The 70% ethanol was evaporated and the RNA resuspended in 20 μl nuclease-free
water.

In vitro transcription assay. VP7 segment’s
clean-up contained T7 RNAP promoter site upstream
of the VP7 sequence and was applied as a template
for in vitro transcription using mMESSAGE mMACHINE® Kits AM1344 (Life Technologies, Thermo
Fisher Scientific Inc.).
When sense VP7 RNA (the same sequence as the
mRNA) is required, it is important using the appropriate phage promoter site by placing on the 5'-end
of the VP7 sequence. On the other hand, the final
DNA template essentially participates in the reconstruction process of VP7 RNA sequence during
in vitro transcription, having a right T7 RNAP
promoter site upstream of the sequence to be transcribed.
A mixture containing 2μl of 10X reaction buffer,
10 µl 2X NTP, 2 µl T7 RNAP enzyme, 0.2 µg template and nuclease-free water up to final volume of
20 µl was prepared. The mixture was incubated at
37°C for two hours, then 2 µl TURBO DNase was
added in order to eliminate the DNA template and
again incubation was performed for 30 min at 37°C.
In order to obtain high purity RNA, proteins, enzymes, and un-incorporated nucleotides were removed and precipitated by lithium chloride (0.5M to

The titre of RV4 determined by plaque assay was
5×105 particles per microlitre. The purified RV4
strain showed 11 dsRNA segments by SDS-PAGE
and silver staining. Generally, the segments’ electrophoresis patterns of the majority of human rotavirus
are as follows: 1-VP1, 2-VP2, 3-VP3, 4-VP4, 5-NSP1,
6-VP6, 7-NSP3, 8-NSP2, 9-VP7, 10-NSP4, and 11NSP5. Meanwhile, segments 2 and 3, as well as 7
and 8, ran very close together in term of size. The
VP7 segment moves a small distance from the (7, 8)
segments (Fig. 1).
The sequencing of extracted plasmid, using M13
universal primers revealed that the inserted DNA
has over 99% homology with human rotavirus RV4
strain major outer capsid glycoprotein (VP7) gene
(Sequence ID: M64666.1).
The linear template DNA, which was amplified
by PCR and subcloned into the PTZ57 R/T vector,
composed of Rotavirus VP7 sequence (RV4 strain)
plus T7 promoter and Bstu-1 RE-site, upstream and
downstream, respectively (Fig. 2).
The quantity of DNA fragment obtained by BstUI
RE (0.036 µg/µL) and concentration of ssRNA VP7
segment, acquired from the IVT assay (0.98 µg/µL),
was carried out by NanoDrop Onec. The ratio of ab-
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The quantity and quality RNA synthesized. The
concentration of VP7 segment was measured with
NanoDrop Onec and stored at –70°C, until further
use. In order to confirm the RNA yield, RT-PCR was
performed with cDNA and RNA using minus RT as
a control . Finally, the quality of purified synthesized
RNA (1 µg) was checked by electrophoresis on 1%
agarose gel.

RESULTS

IRAN. J. MICROBIOL. Volume 9 Number 3 (June 2017) 186-194 http://ijm.tums.ac.ir
189

Shahram Jalilian ET AL .

sorbance at 260 nm and 280 nm (A260/A280) is utilized to evaluate the RNA and DNA purity. A ratio
of ~2.0 and ~1.8 are usually recognized as ‘pure’ for
RNA and DNA, respectively. In our experiment, the
target DNA result of enzymatic digestion (1.9) and
RNA synthesized (2.02) delivered an acceptable purity at A260/A280 ratio. According to Fig. 3, the PTZ
57 R/T-VP7 clone sequencing revealed 10 point mutations that lead to eight amino acid (aa) substitute as
compared to the reference VP7-RV4 sequence (GeneBank Sequence ID: M64666.1). Protein blast indicated approximately that each of this aa change also
exists in other VP7 human RV group A.

there is no specific treatment, the vaccination against
RV is the only approach to prevent the infection. The
current investigations exhibited that the VP7 segment
was found to be one of the best candidates for reassortant vaccines (7-9). Thus we have used a VP7 seg-

DISCUSSION
Today, most of the studies on reassortant vaccines
are focused on VP7, as it induces production of neutralizing antibodies (9). Based on the electrophoretic
mobility pattern, the polyacrylamide gel electrophoresis is a gold standard test for determination of 11
segments of RV genes (dsRNAs) (10). Several studies
have shown that the position of 7-8-9 segments in the
human rotavirus (group A) strains are very close to
each other (11, 12). Since no study has illustrated VP7
segment isolation and no data exist regarding its exact
location in a G1P8 strain of human Rotavirus RV4, the
polyacrylamide gel segment was cut and subsequently
amplified with RT-PCR. Results of Fig. 1, show the
segment 9 of Rotavirus-RV4 is VP7.
Rotavirus strain G1P8 is the most common RV infection which has been reported in Iran (13). Since

Fig. 1. The result of PCR amplification for verification of
VP7 segment of human Rotavirus RV4 strain (G1P8), lane
(1) 100 bp DNA ladder (CinnaClon), lane (2) negative control, lane (3) PCR positive control (749 bp), lane (4) negative PCR result for segment 7& 8, lane (5) positive PCR
result for segment 9 (749bp).

Fig. 2. Schematic view of linear template DNA of VP7 used for ligation: A: Sequence of T7promoter located upstream of
5'-terminus. B: Sequence of the VP7 gene, belong to segment 9 of human rotavirus strain RV4. Additional G nucleotide at
the 3’ end of VP7 Sequence is the outcome of cleavage with RE-Bstu-1. C: Part of the vector, removed after blunt end cutting
with restriction enzyme.
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Fig. 3. VP7 Blast protein analysis (designed with GeneRunner program) against database finding similarity with sequence ID:
M64666.1.

ment of RV4-strain (G1p8) for in vitro transcription
assay, in order to produce Rotavirus VP7.
In order to apply reverse genetic for RV segments,
several methods have been described. In the most
prominent works, the T7 RNAP was used by BSR5/
T7 cells or recombinant vaccinia virus system (14,
15). In contrast, we have used in vitro transcription
technique using T7 RNAP, which was included in the
kitmMESSAGE mMACHINE® AM1344 (1). To do
this, T7 promoter sequence class III (TAATACGACTCACTATAGGG) was placed upstream of the flanking
5'-end of the forward primer.
T7 promoters have G’s at +1, to +3 end sequence,
and the first two Gs are critical for the transcriptional process. As regards, the +1 base is the first
to participate in RNA transcription (16). On the
other hand, the 5' end of the sequence of human
rotavirus RV4 starts with two G residues. Eventually, the guanine residues were omitted from the
sequence of the T7 promoter (Forward primer:

with retained structural VP7 RV4 sequence.
In order to synthesize functional RNA, the correct
sequence is required for molecular analysis, such as
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X-ray, NMR and ligation reactions (17). DNA (Taq
polymerase) and T7 RNAP usually cause premature
termination by falling off the DNA template before
finishing their job. These irregular forms of amplicons
cannot be used for identifying and isolating the correct
full-length transcript. In order to obtain a full length
VP7-RV4 sequence, the cloning of VP7-RV4 was
performed in order to eliminate failure function of the
Taq polymerase (18).
Another drawback of T7 RNAP is that during the
run-off, in vitro transcription has a tendency to create
heterogeneity at the 5' end of nascent nucleic acids
with tandem guanosine residues. In our study, no tandem guanosine residue existed at the 5' end. Additionally, T7 RNAP adds non-related nucleotides at the 3'
end of all transcripts, which result in the formation of
many transcripts with heterogeneous 3'-terminus (19).
The proper solution for generating homogeneous
RNA 3′ ends was to use hammerhead, hairpin or hepatitis delta virus (HDV) ribozyme upstream of the
cleavage site. But the application of these methods has
several limitations, including multiple steps of PCR
to construct HDV ribozyme, and competition between
the folding of the ribozyme HDV and the folding of
the sequence of interest may lead to reduced cleavage
efficiency. Further drawbacks are dephosphorylation
of 2′, 3′ cyclic phosphate group at the 3′ end by T4
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polynucleotide kinase, desalting and extraction of
RNA (20).
Hence, we used restriction enzyme as an alternative
to improve the RNA yield with correct 3′ terminus by
cleavage of DNA at specific sequences, which subsequently reduce the amount of elongated or incomplete
RNAs. Ease and accuracy of these extensions in cutting the expected sequence in the cloning process led
to application of Bstu-1 RE-site (GCGC) at 5'-end of
the reverse primer in order to linearize the clone with
blunt ends. In order to facilitate the enhancement of
cleavage efficiency, two nucleotides (AT) were added upstream of the recognition site. (Reverse primer:

The ptz57/rt plasmid has multi-recognition sites for
restriction enzyme Bstu1, but one of them existed exactly 14nt upstream of the 5'-end of the inserted DNA.
With regard to the embedded CGCG sequence at 3'end of gene of interest, it is clear that with one single
digest enzyme, DNA-VP7 could easily be isolated
(Fig. 4).
A consensus sequence, which conserves at 3' end
of the RV segments, must remain unchanged. The
only problem persists after cutting with RE-Bstu-1,
which is an additional guanine nucleotide remaining
at position 1063 nt (the latest nucleotide of the VP7
sequence). First, it should be mentioned that the coding region sequence (CDS) of VP7 is from 49 to 1029
nt and this extra nucleotide is out of the translation
region. Secondly, in the study of the ribozyme, better transcription efficiency was found when one extra
nucleotide (A, T, C, and G) was placed before HDV
ribozyme sequence (21, 22). In contrast, Schürer et
al. (20) reported that by selecting any of the nucleotides in upstream HDV ribozyme, no significant efficient transcription will be observed. Therefore, it is
unlikely that one guanine in the latest position of the
sequence has a remarkable effect on the downstream
application of the in vitro transcription, followed by a
reverse genetic technique. Nonetheless, further investigations could help to ensure better evaluation of this
hypothesis.
The quantity and quality of yielded RNA by in vitro
transcription method, rely on some parameters, such
as RNA template concentration, transcript size, time
and temperature of the reaction. Based on these factors, the quality of synthesised RNA can be improved
and adjusted by IVT (23). For pure DNA, A260/280 is
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Fig. 4. Map of PTZ 57 R/T-VP7 clone (designed with snap
gene software): Sequence analysis indicates that the PTZ57
R/T-VP7 Clone had a full-length copy of segment 9 (VP7)
of human rotavirus, and showed 99% homology with RV4
strain (GenBank Sequence ID: M64666.1). The Bstu-1 restriction enzyme cleaves the PTZ57 R/T-VP7 Clone in the
multiple positions. Two of these positions resulted in 635
and 1733 fragments that ultimately released the full-length
of VP7 sequence from the plasmid

broadly considered to be ~1.8, but the ratio for pure
RNA A260/280 is ~2.0. In the present study, in order to
generate an appropriate RNA yield with high purity
(A260/280 was 2.02), the microtube containing reaction
mixture was incubated at 37°C for 2 hours.
The protein blast (NCBI) alignment indicated that
the expression of the VP7 was translated from the
open reading frame 1 (ORF-1). The initial aa in the
translated protein was Methionine-dependent and
ended with Valine (arrows marked, Fig. 3). The aa sequence revealed a protein with 37.26 kDa and 98%
identities with sequence ID: M64666.1. The results of
aa alignment showed the presence of eight aa substitutions in the 326 aa of the VP7 protein. Two common
factors including multi-infectious passages during
cell culture and errors induced by Taq polymerase
in RT-PCR reaction may result in the substitution of
aa.
Some of the limitations of this examination cause
an urgent need for superinfection or coinfection with a
helper virus. Low survival of generated mRNA in the
cell culture, requires appropriate selective antibodies
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system to confirm the validity and lack of powerful
reporter system for tracking RNA-RV4 strain in cell
culture. As well as, the transfection of IVT RNA-RV4
with a 5' cap, significantly affects the viability of cells
in the tissue culture. Also, the contamination of synthesised RNA with template DNA is inevitable, and
no accurate procedure has been developed to clean
up completely the excess of DNA from synthesised
RNA. Lastly, Ribonucleases (RNases) are extremely
steady, extra care should be taken while working with
RNA.
In conclusion, the full-length sequence of VP7 ssRNA was developed using an in vitro transcription technique. Additionally, to establish an efficient approach
and in order to obtain consensus ssRNA of VP7, the
T7 promoter sequence was added at upstream and REsite at downstream at 5' and 3' ends of the inserted
DNA, respectively.
The current approach for ssRNA of VP7 by using in
vitro transcription system promises a new design for
production of resistant RV vaccine based on reverse
genetic technology.
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