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ABSTRACT 

 

Background: Human group A rotaviruses (RVs), with an 11-segmented 
double-stranded RNA genome, are a cause of viral gastroenteritis in infants 
and young children. Despite the availability of effective live-attenuated 
vaccines, RV infection is still a global health challenge. Hence, a reverse 
genetics system enabling the manipulation of RV segments, such as genome 
reassortment, is essential for developing new RV vaccines. Herein, a reverse 
genetics system was used to rescue a reassortant human-bovine RV, 
incorporating the VP7 gene segment from the human RV strain Wa 
(serotype G1) and a recombinant RV. 
Methods: To rescue a reassortant human-bovine RV, we used a reverse 
genetics system in which 13 plasmid constructs were co-transfected into 
BHK-T7 cells. In this method, 10 plasmids were derived from bovine RV, one 
encoded the human RV VP7 segment of serotype G1, and two expressed the 
capping enzyme subunits of vaccinia virus. We also created a recombinant 
RV featuring enhanced green fluorescent protein (EGFP) by replacing the 
bovine NSP3 plasmid with an NSP3-EGFP construct, where EGFP expression 
was regulated by an internal ribosomal entry site. 
Results: Our results showed successful rescue of the reassortant human-
bovine RV and the recombinant strain, with the NSP3-EGFP construct 
facilitating EGFP translation across multiple RV passages. Replacing the 
NSP3 gene segment of bovine RV with the release of a recombinant RV 
enabled EGFP expression in several RV passages. 
Conclusion: Our study establishes the feasibility of using a reverse  
genetics system to generate a live-attenuated RV vaccine candidate, 
potentially enhancing future control efforts against RV infections.  
DOI: 10.22034/IBJ.30.4.254 
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1. INTRODUCTION 

Rotaviruses (RVs) are the leading cause of viral 

gastroenteritis in humans, especially affecting infants 

and young children under the age of five. Among these 

infections, group A RVs are identified as the main 

pathogens responsible for gastroenteritis in different 

species, including mammals and birds[1-3]. In humans, 

these RVs commonly invade the intestines, causing 

severe acute gastroenteritis in young children. This 

condition poses significant health challenges and can be 

fatal, with annual deaths ranging from approximately 

128,500 to 215,000[4-6].  

 
This article is licensed under  
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RVs are classified as non-enveloped viruses with a 

unique triple-layered icosahedral structure. Their 

genome is composed of 11 segments of double-stranded 

RNA and falls within the RV genus, which is a part of 

the Sedoreoviridae family. Within the coding sequences 

of the RV genome, there are 12 protein expression 

cassettes, including six non-structural proteins (NSP1–

NSP6) and six structural proteins (VP1–VP4, VP6, and 

VP7)[7,8]. Among these structural proteins, VP4 and VP7 

are incorporated into the outer layer of the viral capsid, 

allowing for the classification of RV genotypes and 

serotypes into G and P categories, respectively[8-10].  

Studies have introduced a binary classification system 

for circulating RVs, identifying a total of 41 G 

genotypes and 57 P serotypes[11-13]. Of these genotypes, 

G1–G4, G9, G12, P[8], and P[4] are the most prevalent 

strains of circulating RVs. These genotypes account for 

approximately 90% of human RV infections. The 

primary combinations of these infections are 

characterized as G1P[8], G2P[4], G3P[8], G4P[8], 

G12P[8], and G9P8[14-16]. Among the licensed RV 

vaccines for human use, which are all live-attenuated, 

two notable options are RotaTeq and RotaSiil. RotaTeq 

is a pentavalent vaccine derived from bovine RV[16-21], 

targeting various genotypes of human RV and focusing 

on the VP4 and VP7 capsid antigens. The vaccine 

includes four G genotypes and one P genotype, 

specifically G1, G2, G3, G4, and P[8], effectively 

covering the most prevalent human RVs in circulation. 

In contrast, the RotaSiil vaccine comprises only G 

genotypes, featuring five reassortant human-bovine RV 

strains: G1, G2, G3, G4, and G9. This vaccine was 

developed in India in 2017 and achieved WHO 

prequalification in September 2018. Besides these two 

pentavalent vaccines, manufacturers have introduced 

four monovalent human RV vaccines: Rotarix, Rotavac, 

Rotavin, and Lanzhou, all of which are commercially 

available to combat human RV infections[22].  

Traditional methods of producing RV vaccines can 

lead to reduced vaccine efficacy and potency due to 

challenges such as serial passage of the virus or the need 

for reassortment between human and animal RVs to 

establish the desired vaccine strain[23]. Recently, a new 

method named reverse genetics has emerged to 

overcome these challenges by enabling the rescue of 

genetically manipulated RVs. This innovative method 

was first described by Komoto et al. in 2006[24], 

demonstrating the possibility of rescuing genomic RNA 

for human RV VP4 using a vaccinia virus (VV) 

expressing T7 RNA polymerase[24].  In 2017, Kanai et 

al. refined the reverse genetics system to successfully 

rescue the simian SA11 RV strain utilizing a plasmid-

based approach[11]. Since then, numerous studies have 

documented the rescue of various RV strains, including 

both monoreassortant and double reassortant strains that 

are genetically based on simian RVs[25-29]. In this study, 

we successfully rescued a reassortant human G1-bovine 

RV through the transfection of baby hamster kidney 

cells that continuously expressed T7 RNA polymerase 

(BHK-T7).  

 

2. MATERIALS AND METHODS 

2.1. Construction of RV genes 

The complementary DNA (cDNA) genome of RV, 

comprising 11 segments and various accessory 

elements—including a T7 promoter (pT7) placed at the 

beginning of each gene, a ribozyme delta, and a T7 

terminator at the end of the genes—was synthesized. 

The cDNA was then cloned into the pUC57 plasmid by 

Genscript, a company based in Hong Kong. Of the 11 

genes synthesized, 10 were derived from bovine RV 

genes (specifically the WC-3 strain), while the 

remaining gene corresponded to the VP7 outer capsid 

antigen sourced from the human RV strain Wa, 

classified as the G1 genotype.  

 

2.2. Cell lines 
Baby hamster kidney (BHK-T7) and MA104 cells 

(gifted from Razi Vaccine and Serum  

Research Institute, Tehran, Iran) were cultured in a high-

glucose version of Dulbecco’s Modified Eagle’s 

Minimal medium (DMEM) from Gibco (USA). This 

medium was supplemented with 10% fetal bovine serum 

(Gibco) and antibiotics, including penicillin at a 

concentration of 100 U/mL and streptomycin at 0.1 

mg/mL.  

 

2.3. Transfection and virus rescue 
After preparing six-well plate monolayers of BHK-T7 

cells at a density of 5 × 105 cells per well, we conducted 

the transfection of 11 RV plasmids along with VV 

capping enzyme subunits obtained from Shingen 

Company (Hong Kong). This process was accomplished 

using 10 μL of Lipofectamine transfection reagent. The 

plasmid concentrations were 0.7 µg each of the WC-3 

and Wa rescue plasmids, as well as pWC-VP1, pWC-

VP2, pWC-VP3, pWC-VP4, pWC-VP6, pSC-VP7, 

pWC-NSP1, pWC-NSP2, pWC-NSP3, pWC-NSP4, 

and pWC-NSP5. In addition, we followed transfection 

methods described previously in detail[11]. We also 

incorporated 0.7 µg of each capping subunit enzyme 

expression plasmid (pVV-CapS and pVV-CapL) into 

the study. One approach for RV rescue involved testing 

a plasmid carrying the T7 RNA polymerase gene to 

evaluate its impact on the efficiency of RV rescue (Fig. 

1). The pFT7A plasmid, as previously detailed in our 

report[30], was co-transfected to measure T7 RNA 

polymerase activity in BHK-T7 cells. To create a 
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recombinant RV that includes a coding sequence for the 

enhanced green fluorescent protein (EGFP) gene, we 

edited the plasmid encoding the NSP3 sequence to insert 

the EGFP sequence between nucleotides 967 and 968. 

This insertion used an internal ribosomal entry site 

(IRES) from the foot-and-mouth disease (FMD) virus to 

facilitate the re-initiation of translation for the 

downstream EGFP sequence. This modified plasmid 

was synthesized by Shingen Company. After 

transfection, BHK-T7 cells were maintained in DMEM 

medium without fetal bovine serum for 48 hours. 

Subsequently, MA104 cells and trypsin (0.3 µg/ml) 

were introduced to the transfected BHK-T7 cells, and 

viral replication was monitored until cytopathic effects 

were observed following co-culture.  The 11 T7 

plasmids contained full-length segments of 11 

individual RV genes flanked by the pT7 and the 

hepatitis delta virus (HDV) ribozyme, along with two 

cytomegalovirus (CMV) plasmids corresponding to 

capping enzyme subunits of VV. A plasmid related to 

the T7 RNA polymerase enzyme was also used in one 

of the transfections. To generate a reassortant human-

bovine RV, BHK-T7 cells were co-transfected with the 

13 or 13+1 T7 and CMV plasmids (Fig. 1). 

 

2.4. Assessment of rescued reassortant RV 
To analyze the reassortant RV rescued through 

reverse genetics, we used MA104 cells for the 

propagation of the rescued RV in DMEM medium 

containing 0.3 µg/mL trypsin. RV isolation was 

performed through plaque purification, and virus titers 

were determined on MA104 cells. For plaque formation 

analysis, MA104 cell monolayers were infected with the 

rescued RV at a multiplicity of infection (MOI) of 0.01. 

After applying an agarose overlay in DMEM medium 

with trypsin (0.3 µg/mL), the cell monolayers were 

incubated in a CO2 incubator at 37°C until the 

visualization of virus cytopathic effects. Afterwards, 

agarose overlayed with separately isolated virus plaques 

were prepared. RV titrations were tested in 96-well 

plates in the presence of trypsin at 0.3 µg/mL. To assess 

viral genome, viral RNA was extracted from infected 

cell lysates using TRIzol solution. To determine the 

presence of the human RV VP7 gene in the rescued 

RVs, RT-PCR assays were carried out with specific 

primers. Briefly, 6 μL of extracted RNA was added to 

RT mixtures (containing specific primers and dNTPs) 

and incubated at 90°C for 10 min before being placed 

on ice for 2 min. Then, the second reaction buffer 

(containing 10× reverse transcription buffer, RTase 

enzyme, RNase inhibitor, and DEPC-treated water) was 

added, and the mixture was incubated at 50°C for 60 

min. Finally, the RT reaction mixture was incubated at 

85°C for 5 min to inactivate the RT reaction. 

Afterwards, PCR amplification was performed for each 

sample of RV isolation. The PCR reactions were 

adjusted in a 50-μL volume containing 8 µL of 

synthesized cDNA, 25 µL of 2× PCR master mix, and 

10 mM of each specific primer (forward: 5'-ACG GGA 

TCA CTA GAC GCT GTA-3' and reverse: 5'-ATC 

CGT TCC CAT TGA GAT CCA TT-3') for detection of 

the VP7 sequence of human RV.  
 

 

 

 
Fig. 1. Schematic presentation for RV reverse genetics using a 13-plasmid RG to produce a reassortant human-bovine RV. The 11 T7 

plasmids represent the full-length segments of 11 individual RV genes, each flanked by a pT7 promoter and an HDV ribozyme. Also, 

two CMV plasmids encode subunits of a capping enzyme derived from VV. One of the transfections utilized a plasmid encoding T7 

RNA polymerase. BHK-T7 cells were co-transfected with either 13 or 13+1 T7 and CMV plasmids to generate the reassortant human-

bovine RV. 
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The PCR amplification was carried out under the 

following conditions: primary denaturation at 95°C for 

6 min, followed by 30 amplification cycles consisting of 

denaturation at 95°C for 50 s, annealing at 57°C for 35 

s, extension at 72°C for 55 s, and a final extension step 

for 8 min. To detect the EGFP sequence in the 

recombinant rescued RV, PCR amplification was 

performed using a set of primers: 5'-ATG GTG AGC 

AAG GGC GAG GAG-3' and 5'-TTA CTT GTA CAG 

CTC GTC CAT G-3' as forward and reverse primers, 

respectively. The PCR cycle conditions for this 

amplification were as follows: primary denaturation at 

95°C for 6 min, followed by 35 amplification cycles 

consisting of denaturation at 95°C for 50 s, annealing at 

58°C for 35 s, extension at 72°C for 90 s, and a final 

extension step for 6 min. The amplified PCR products 

for VP7 gene sequences were resolved by 

electrophoresis on 1% agarose gels in Tris-acetate-

EDTA buffer. The products were then gel-purified using 

PCR Clean-up (QIAquick Gel Extraction), and the 

sequences were analyzed.   
 

2.5. Data analysis  
Statistical differences between the peak titers 

achieved by the viruses were evaluated using an 

unpaired Student's t-test with Welch's correction. Titers 

were presented as means ± standard deviations with 

95% confidence intervals (GraphPad Prism, version 8).  

 

3. RESULTS 

3.1. Reassortant RV release 
To establish a reverse genetics system for rescuing a 

reassortant human-bovine RV, we based our approach 

on a previous report[11] for the rescue of different RVs. 

Specifically, we used the VP7 gene sequence from the 

Wa strain (genotype G1) of human RV and selected the 

other 10 gene sequences from the WC-3 strain of bovine 

RV, as available on NCBI (https://www.ncbi.nlm.nih. 

gov/nuccore/EF990699.1). The necessary flanking 

sequence elements included the pT7 sequence before the 

first nucleotide of the RV genes, HDV ribozyme 

sequences, and the T7 terminator at the end of each RV 

gene sequence (Fig. 2A). To achieve RV rescue, we 

transfected 11 different RV plasmids into BHK-T7 cells 

using two methods: one with equivalent concentrations 

and the other, which has been published by Kanai  

et al.[11]. After 48 h post-transfection, we added the MA-

104 cells to increase RV replication. Five days after 

plasmid transfection into BHK-T7 cells—during which 

we observed cell degradation—we subjected the cells to 

two cycles of freezing and thawing, followed by 

inoculation of the cell lysates into MA-104 cells. We 

observed that the start of cytopathic effects occurred one 

day after virus adsorption, with complete cytopathic 

effects observed by the third day of virus passage in 

MA-104 cells. Our results indicated a significant 

difference between transfection of only RV plasmids 

and the transfection of RV plasmids in conjunction with 

an expression plasmid of T7 RNA polymerase. In the 

latter case, cell lysis and virus rescue were evident 

around the fourth day after transfection. 

 

3.2. Rescue of EGFP-containing recombinant RV 

To evaluate the recombinant RV containing an EGFP 

sequence integrated within the NSP3 gene, we utilized 

the FMD IRES sequence to facilitate the translation of 

 

 

 
Fig. 2. (A) A schematic representation of the recombinant RV that encodes the NSP3-IRES-eGFP sequence (rRV-NSP3-IRES-eGFP); 

(B) fluorescent expression of rRV-NSP3-IRES-eGFP observed after 24 h of infection of MA104 cells with the recombinant RV. The 

MA104 cells were infected with rRV-NSP3-IRES-eGFP at a MOI of 1.  
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Fig. 3. Replication kinetics of bovine rotavirus (BRV) and 

rRV-NSP1-IRES-eGFP (rRV). MA-104 cells were infected with 

BRV and rRV at an MOI of 0.01. The virus titers (CCID50) were 

calculated or frozen cell collections at one to five days post-

infection. Data are shown as the mean and standard deviation of 

duplicate samples.  

 
 

 

the EGFP gene via a reinitiating mechanism. Our 

findings indicated that a recombinant reassortant 

human-bovine RV can be successfully rescued, with 

EGFP expression controlled by the IRES sequence (Fig 

2B).  To compare the replication kinetics between the 

parental rescued reassortant human-bovine RV and the 

recombinant rescued RV, we performed replication 

cycle tests on both viruses in duplicate. Following the 

infection of MA104 cells at an MOI of 0.1, we plotted 

multiple-step growth curves for both the reassortant 

human-bovine RV and the recombinant rRV-NSP3-

IRES-eGFP. Our findings revealed that both the bovine 

and recombinant RV showed comparable average 

replication characteristics, with values of 5.8 and 5.68, 

and standard deviations of 1.4 and 1.28, respectively 

(Fig. 3). To further examine the stability of the foreign 

genes incorporated into the NSP-3 genome segment of 

the bovine RV, we performed serial passages of the 

virus. The evaluation of the inserted EGFP gene 

indicated that these foreign genes within the NSP-3 

segment can remain stable through at least nine cycles 

of RV replication. 

 

3.3. Molecular confirmation of human RV VP7 gene 

incorporation into the bovine RV backbone 

To validate the presence of the human RV sequence 

within the backbone of the bovine RV as a reassortant 

RV, we conducted an RT-PCR assay to detect the G1 

RV serotype in the isolated samples. The RT-PCR 

results confirmed that the VP7 sequence of the human 

serotype G1 was incorporated into the bovine RV 

genome (Fig. 4A). Additionally, sequencing results 

substantiated the presence of the human RV VP7 gene 

in the isolated samples. The RT-PCR findings also 

showed a positive result for the eGFP sequence in the 

rescued rRV-NSP1-IRES-eGFP during the ninth 

passage of this virus (Fig. 4B).  

 

 4. DISCUSSION 

This study successfully rescued both reassortant and 

non-reassortant RVs from various genotypes, including 

strains such as simian RV SA11, human RVs, murine-

like RVs, and more recently, bovine RVs. These studies 

demonstrate the effectiveness of a reverse genetic 

system for rescuing RVs. Additionally, different 

recombinant RVs incorporating foreign gene sequences 

have also been successfully created using reverse 

genetics. However, till now, no reverse genetic system 

has been reported specifically for rescuing reassortant 

human-bovine RVs.  
 
 

 

 
 

 

 
 

Fig. 4. (A) VP7 PCR product serving as a control for MA104 

cells, with lanes 1 and 2 representing the positive control and the 

rescued reassortant RV, measuring 392 bp in length; (B) PCR 

amplification of the EGFP gene, which is integrated into the 

NSP3 segment of rRV-NSP3-IRES-eGFP, with a band of 719 bp 

in length.   
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In this research, we established a reliable reverse 

genetic system for rescuing a reassortant human-bovine 

RV. The rescued reassortant RV effectively integrates 

the VP7 gene sequence from the human RV Wa strain 

into the genetic framework of the bovine RV WC-3 

strain. Our findings confirmed that this effective reverse 

genetic system can aid in creating a recombinant human-

bovine RV that incorporates the complete EGFP gene 

sequence as an introduced foreign gene.  

Similar to previous studies that utilized helper 

expression plasmids to enhance reverse genetic systems 

for RV rescue, we employed two subunits of VV 

capping expression plasmids to cap the nascent viral 

genomic RNA transcripts[11,29]. However, we did not use 

the FAST expression plasmid, which has previously 

been shown to be efficient for RV rescue[11]. In contrast, 

recent findings have suggested that using high 

concentrations of NSP-2 and NSP-5 can improve RV 

rescue without helper expression plasmids such as VV 

capping expression plasmids and the FAST expression 

plasmid[25]. Our documentation indicates that 

maintaining consistent plasmid concentration is suitable 

for the transfection and rescue of RV. In line with earlier 

reports advocating for enhanced efficacy in RV rescue 

through increased expression of T7 RNA polymerase, 

we co-transfected a T7 RNA polymerase expression 

plasmid into BHK-T7 cells. Echoing the findings of Qin 

and colleagues[31], our results highlighted that high 

levels of T7 RNA polymerase expression are crucial for 

successful RV rescue.  

Research has shown that isolated RVs exhibit 

variations in genome size across different genomic 

segments. This discovery has led to various studies 

aimed at inserting or replacing foreign nucleotide 

sequences, especially in genomic segments like NSP1 

and NSP3[8,11,31-35]. In our investigation, we successfully 

inserted an EGFP sequence as a foreign gene into the 

NSP3 segment of a rescued reassortant human-bovine 

RV. To achieve the expression of this foreign gene, 

different researchers employed several strategies, 

including genomic deletions, use of stop codons, and 

virus peptidase techniques[35]. Here, we also integrated 

the FMD IRES sequence to facilitate downstream 

expression.  

With the observation of EGFP fluorescence, our 

findings suggest that the expression of EGFP, 

embedded within NSP3 and regulated by the FMD 

IRES, can be quite effective. While there has been a 

growing interest in utilizing RV as a viral vector, 

challenges remain regarding the stable maintenance of 

foreign gene sequences within its genome[36]. A key 

objective of our work was to ensure stable expression of 

the EGFP gene across multiple passages of the virus. 

We observed that fluorescence from EGFP remained 

consistent across six cycles of RV replication. However, 

we experienced a gradual loss of fluorescence from 

cycles seven to nine. Moreover, it is important to note 

that there are limitations regarding the length of foreign 

gene sequences that can be included in RV genomes, 

which warrants further research.  

 
5. CONCLUSION 

In this study, we successfully rescued a reassortant 

human-bovine RV, incorporating the VP7 gene 

sequence from the human RV strain Wa. By using a  

RV similar to the RotaTeq vaccine—known for its 

safety—as a viral vector. We highlight its promising 

potential for future vaccine development aimed at 

stimulating effective immunity against various viral 

antigens. 

 

 

DECLARATION 
 

Acknowledgments  

Not applicable. 
 

Generative AI and AI-assisted technologies 

During the preparation of this manuscript, the authors 

used OpenAI to assist with grammatical editing and 

improving the clarity and organization of the text. 
 

Ethical approval 

Not applicable. 
 

Consent to participate 

Not applicable. 

 

Consent for publication 

All authors reviewed the results and approved the final 

version of the manuscript. 

  

Authors’ contributions  
MA, ML, and MGH:  conceived the original idea and 

drafted the initial version of the manuscript; NH, EB, 

SDMN, MGH: critically revised the manuscript for 

scientific content and clarity of writing. 

 

Data availability  

 All relevant data can be found within the manuscript.   
 
Competing interests  

The authors declare no competing interests.  
 

Funding  

This research received no specific grant from any 

funding agency in the public, commercial, or not-for-

profit sectors.  

 [
 D

O
I:

 1
0.

22
03

4/
IB

J.
30

.4
.2

54
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j1

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-1

0-
15

 ]
 

                               6 / 8

http://dx.doi.org/10.22034/IBJ.30.4.254
https://ibj1.pasteur.ac.ir/article-1-5638-en.html


Rescue a Reassortant Human-Bovine RV Aminipour et al. 

 

 
260 Iran. Biomed. J. 30 (4): 254-261 

 

Supplementary information 

The online version does not contain supplementary 

material. 
 

 

 

REFERENCES 

 
1. Parashar UD, Hummelman EG, Bresee JS, Miller MA, 

Glass RI. Global illness and deaths caused by rotavirus 

disease in children. Emerg Infect Dis. 2003;9(5):565-72. 

2. Kanai Y, Kobayashi T. Rotavirus reverse genetics 

systems: Development and application. Virus Res. 

2021;295:198296. 

3. Afchangi A, Jalilvand S, Arashkia A, Latifi T, 

Farahmand M, Shirazi MM, et al. Co-administration of 

rotavirus nanospheres VP6 and NSP4 proteins enhanced 

the anti-NSP4 humoral responses in immunized mice. 

Microb Pathog. 2022:163:105405. 

4. Kanai Y, Kotaki T, Sakai S, Ishisaka  T, Matsuo K, 

Yoshida Y, et al. Rapid production of recombinant 

rotaviruses by overexpression of NSP2 and NSP5 genes 

with modified nucleotide sequences. J Virol. 2024; 

98(12):e00996-24. 

5. Fukuda S, Kugita M, Kumamoto K, Akari Y, 

Higashimoto  Y, Nagao S, et al. Generation of 

recombinant authentic live attenuated human rotavirus 

vaccine strain RIX4414 (Rotarix®) from cloned cDNAs 

using reverse genetics. Viruses. 2024;16(8):1198. 

6. Wei J, Radcliffe S, Pirrone A, Lu M, Li Y, Cassaday J, et 

al. A novel rotavirus reverse genetics platform supports 

flexible insertion of exogenous genes and enables rapid 

development of a high-throughput neutralization assay. 

Viruses. 2023;15(10):2034. 

7. Yuzhakov A, Yuzhakova K, Kulikova N, Kisteneva L, 

Cherepushkin  S, Smetanina S, et al. Prevalence and 

genetic diversity of group A rotavirus genotypes in 

Moscow (2019–2020). Pathogens. 2021;10(6):674. 

8. Chen Y, Chen J, Li T, Fan M, Li J, Wang J, et al. 

Research progress and applications of the rotavirus 

reverse genetics system. Animals. 2026;16(4):608. 

9. Komoto S, Fukuda S, Murata T, Taniguchi K. Reverse 

genetics system for human rotaviruses. Microbiol 

Immunol. 2020;64(6):401-6. 

10. Santos N, Hoshino Y. Global distribution of rotavirus 

serotypes/genotypes and its implication for the 

development and implementation of an effective 

rotavirus vaccine. Rev Med Virol. 2005;15(1):29-56. 

11. Kanai Y, Komoto S, Kawagishi T, Nouda R, Nagasawa 

N, Onishi M, et al. Entirely plasmid-based reverse 

genetics system for rotaviruses. Proc  Natl Acad Sci U S 

A. 2017;114(9):2349-54. 

12. Kawagishi T, Sanchez-Tacuba L, Feng N, Greenberg 

HB. Reverse genetics of murine rotavirus: A comparative 

analysis of the wild-type and cell-culture-adapted murine 

rotavirus VP4 in replication and virulence in neonatal 

mice. Viruses. 2024;16(5):767. 

13. Mousavi Nasab SD, Sabahi F, Makvandi M, Samiee SM, 

Nadji SA, Ravanshad M. Epidemiology of rotavirus-

norovirus co-infection and determination of norovirus 

genogrouping among children with acute gastroenteritis 

in Tehran, Iran. Iran Biomed J. 2016;20(5):280-6. 

14. Feng N, Sen A, Wolf M, Vo P, Hoshino Y, Greenberg 

HB. Roles of VP4 and NSP1 in determining the 

distinctive replication capacities of simian rotavirus RRV 

and bovine rotavirus UK in the mouse biliary tract. J 

Virol. 2010;85(6):2686-94. 

15. Shams S, Mousavi Nasab SD, Heydari H, Tafaroji J, 

Ahmadi N, Afzali ES. Detection and characterization of 

rotavirus G and P types from children with acute 

gastroenteritis in Qom, central Iran. Gastroenterol 

Hepatol Bed Bench. 2020;13(Suppl1):S128-33. 

16. Ciarlet M, Estes MK, Barone C, Ramig RF, Conner ME. 

Analysis of host range restriction determinants in the 

rabbit model: Comparison of homologous and 

heterologous rotavirus infections. J Virol. 

1998;72(3):2341-51. 

17. Hoshino Y, Saif LJ, Kang SY, Sereno MM, Chen WK, 

Kapikian AZ. Identification of group A rotavirus genes 

associated with virulence of a porcine rotavirus and host 

range restriction of a human rotavirus in the gnotobiotic 

piglet model. Virology. 1995;209(1):274-80. 

18. Sánchez-Tacuba L, Kawagishi T, Feng N, 

Jiang  B,  Ding  S, Greenberg  HB. The role of the VP4 

attachment protein in rotavirus host range restriction in 

an in vivo suckling mouse model. J Virol. 

2022;96(15):e00550-22. 

19. Wahyuni RM, Utsumi T, Dinana Z, Yamani LN, Wuwuti 

JIS, Fitriana  E, et al. Prevalence and distribution of 

rotavirus genotypes among children with acute 

gastroenteritis in areas other than Java Island, Indonesia, 

2016–2018. Front Microbiol. 2021;12:672837. 

20. Kulkarni PS, Desai S, Tewari  T, Kawade A, Goyal N, 

Garg BS, et al. A randomized Phase III clinical trial to 

assess the efficacy of a bovine-human reassortant 

pentavalent rotavirus vaccine in Indian infants.Vaccine. 

2017;35(45):6228-37. 

21. Uprety T, Wang D, Li F. Recent advances in rotavirus 

reverse genetics and its utilization in basic research and 

vaccine development. Arch Virol. 2021;166(9):2369-86. 

22. Bergman  H, Henschke N, Hungerford D, Pitan F, 

Ndwandwe D, Cunliffe N, et al. Vaccines for preventing 

rotavirus diarrhoea: Vaccines in use. Cochrane Database 

Syst Rev. 2021;11(11):CD008521 

23. Velasquez DE, Parashar U, Jiang B. Decreased 

performance of live attenuated, oral rotavirus vaccines in 

low-income settings: Causes and contributing factors. 

Expert Rev Vaccines. 2018;17(2):145-61. 

24. Komoto S, Sasaki J, Taniguchi K. Reverse genetics 

system for introduction of site-specific mutations into the 

double-stranded RNA genome of infectious rotavirus. 

Proc Natl Acad Sci U S A. 2006;103(12):4646-51. 

25. Falkenhagen A, Patzina-Mehling C, Rückner  A, 

Vahlenkamp TW, Johne  R. Generation of simian 

rotavirus reassortants with diverse VP4 genes using 

reverse genetics. J Gen Virol. 2019;100(12):1595-1604. 

26. Falkenhagen A, Patzina-Mehling C, Gadicherla  AK, 

Strydom A, O'Neill HG, Johne R. Generation of simian 

rotavirus reassortants with VP4-and VP7-encoding 

genome segments from human strains circulating in 

 [
 D

O
I:

 1
0.

22
03

4/
IB

J.
30

.4
.2

54
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j1

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-1

0-
15

 ]
 

                               7 / 8

https://pubmed.ncbi.nlm.nih.gov/?term=Hummelman+EG&cauthor_id=12737740
https://pubmed.ncbi.nlm.nih.gov/?term=Bresee+JS&cauthor_id=12737740
https://pubmed.ncbi.nlm.nih.gov/?term=Miller+MA&cauthor_id=12737740
https://pubmed.ncbi.nlm.nih.gov/?term=Glass+RI&cauthor_id=12737740
https://pubmed.ncbi.nlm.nih.gov/?term=%22Kotaki%20T%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Sakai%20S%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Ishisaka%20T%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Matsuo%20K%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Yoshida%20Y%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Kugita+M&cauthor_id=39205172
https://pubmed.ncbi.nlm.nih.gov/?term=Kumamoto+K&cauthor_id=39205172
https://pubmed.ncbi.nlm.nih.gov/?term=Akari+Y&cauthor_id=39205172
https://pubmed.ncbi.nlm.nih.gov/?term=Higashimoto+Y&cauthor_id=39205172
https://pubmed.ncbi.nlm.nih.gov/?term=Nagao+S&cauthor_id=39205172
https://pubmed.ncbi.nlm.nih.gov/?term=Radcliffe+S&cauthor_id=37896813
https://pubmed.ncbi.nlm.nih.gov/?term=Pirrone+A&cauthor_id=37896813
https://pubmed.ncbi.nlm.nih.gov/?term=Cassaday+J&cauthor_id=37896813
https://pubmed.ncbi.nlm.nih.gov/?term=Yuzhakova+K&cauthor_id=34070814
https://pubmed.ncbi.nlm.nih.gov/?term=Kulikova+N&cauthor_id=34070814
https://pubmed.ncbi.nlm.nih.gov/?term=Kisteneva+L&cauthor_id=34070814
https://pubmed.ncbi.nlm.nih.gov/?term=Cherepushkin+S&cauthor_id=34070814
https://pubmed.ncbi.nlm.nih.gov/?term=Smetanina+S&cauthor_id=34070814
https://onlinelibrary.wiley.com/authored-by/Fukuda/Saori
https://onlinelibrary.wiley.com/authored-by/Murata/Takayuki
https://onlinelibrary.wiley.com/authored-by/Taniguchi/Koki
https://onlinelibrary.wiley.com/journal/13480421
https://onlinelibrary.wiley.com/journal/13480421
https://www.researchgate.net/profile/Liliana-Sanchez-Tacuba?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Ningguo-Feng?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Harry-Greenberg-3?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://pubmed.ncbi.nlm.nih.gov/?term=Kawagishi+T&cauthor_id=35862708
https://pubmed.ncbi.nlm.nih.gov/?term=Feng+N&cauthor_id=35862708
https://pubmed.ncbi.nlm.nih.gov/?term=Jiang+B&cauthor_id=35862708
https://pubmed.ncbi.nlm.nih.gov/?term=Ding+S&cauthor_id=35862708
https://pubmed.ncbi.nlm.nih.gov/?term=Greenberg+HB&cauthor_id=35862708
https://pubmed.ncbi.nlm.nih.gov/?term=Utsumi+T&cauthor_id=34025628
https://pubmed.ncbi.nlm.nih.gov/?term=Dinana+Z&cauthor_id=34025628
https://pubmed.ncbi.nlm.nih.gov/?term=Yamani+LN&cauthor_id=34025628
https://pubmed.ncbi.nlm.nih.gov/?term=Wuwuti+IS&cauthor_id=34025628
https://pubmed.ncbi.nlm.nih.gov/?term=Fitriana+E&cauthor_id=34025628
https://pubmed.ncbi.nlm.nih.gov/?term=Desai+S&cauthor_id=28967523
https://pubmed.ncbi.nlm.nih.gov/?term=Tewari+T&cauthor_id=28967523
https://pubmed.ncbi.nlm.nih.gov/?term=Kawade+A&cauthor_id=28967523
https://pubmed.ncbi.nlm.nih.gov/?term=Goyal+N&cauthor_id=28967523
https://pubmed.ncbi.nlm.nih.gov/?term=Garg+BS&cauthor_id=28967523
https://pubmed.ncbi.nlm.nih.gov/?term=Bergman+H&cauthor_id=34788488
https://pubmed.ncbi.nlm.nih.gov/?term=Henschke+N&cauthor_id=34788488
https://pubmed.ncbi.nlm.nih.gov/?term=Hungerford+D&cauthor_id=34788488
https://pubmed.ncbi.nlm.nih.gov/?term=Pitan+F&cauthor_id=34788488
https://pubmed.ncbi.nlm.nih.gov/?term=Ndwandwe+D&cauthor_id=34788488
https://pubmed.ncbi.nlm.nih.gov/?term=Cunliffe+N&cauthor_id=34788488
https://pubmed.ncbi.nlm.nih.gov/?term=Patzina-Mehling+C&cauthor_id=31665098
https://pubmed.ncbi.nlm.nih.gov/?term=R%C3%BCckner+A&cauthor_id=31665098
https://pubmed.ncbi.nlm.nih.gov/?term=Vahlenkamp+TW&cauthor_id=31665098
https://pubmed.ncbi.nlm.nih.gov/?term=Johne+R&cauthor_id=31665098
https://pubmed.ncbi.nlm.nih.gov/?term=Patzina-Mehling+C&cauthor_id=32054092
https://pubmed.ncbi.nlm.nih.gov/?term=Gadicherla+AK&cauthor_id=32054092
https://pubmed.ncbi.nlm.nih.gov/?term=Strydom+A&cauthor_id=32054092
https://pubmed.ncbi.nlm.nih.gov/?term=O%27Neill+HG&cauthor_id=32054092
https://pubmed.ncbi.nlm.nih.gov/?term=Johne+R&cauthor_id=32054092
http://dx.doi.org/10.22034/IBJ.30.4.254
https://ibj1.pasteur.ac.ir/article-1-5638-en.html


Aminipour et al. Rescue a Reassortant Human-Bovine RV 

 

 
Iran. Biomed. J. 30 (4): 254-261 261 

 

Africa using reverse genetics. Viruses. 2020;12(2):201. 

27. Komoto S, Wakuda M, Ide T, Niimi G, Maeno Y, Higo-

Moriguchi K, et al. Modification of the trypsin cleavage 

site of rotavirus VP4 to a furin-sensitive form does not 

enhance replication efficiency. J Gen Virol. 

2011;92(12):2914-21. 

28. Mingo R, Zhang S, Long CP, LaConte LEW, McDonald 

SM. Genetic determinants restricting the reassortment of 

heterologous NSP2 genes into the simian rotavirus SA11 

genome. Sci Rep. 2017;7(1):9301. 

29. Fukuda S, Hatazawa R, Kawamura Y, Yoshikawa T, 

Murata T, Taniguchi T, et al. Rapid generation of 

rotavirus single-gene reassortants by means of eleven 

plasmid-only based reverse genetics. J Gen Virol. 

2020;101(8):806-15. 

30. Ghaderi M, Sabahi F, Sadeghi-Zadeh M, Khanlari Z, 

Jamaati  A, Mousavi-Nasab  SD, et al. Construction of an 

eGFP expression plasmid under control of T7 promoter 

and IRES sequence for assay of T7 RNA polymerase 

activity in mammalian cell lines.Iran J Cancer Prev. 

2014;7(3):137-41. 

31. Qin SK, Li K-H, Liu B-J, Cao C, Yu D-B, Jiang Z-G, et 

al. Efficient and robust reverse genetics system for 

bovine rotavirus generation and its application for 

antiviral screening. Virol Sin. 2024;39(6):917-28. 

32. Arnold M.M, Brownback CS, Taraporewala ZF, Patton 

JT. Rotavirus variant replicates efficiently although 

encoding an aberrant NSP3 that fails to induce nuclear 

localization of poly (A)-binding protein. J  Gen Virol. 

2012;93(7):1483-94. 

33. Patton  JT, Taraporewala Z, Chen D, Chizhikov V,  Jones 

M, Elhelu A, et al.  Effect of intragenic rearrangement 

and changes in the 3′ consensus sequence on NSP1 

expression and rotavirus replication. J Virol. 

2001;75(5):2076-86. 

34. Zhu Y, Sánchez-Tacuba L, Hou G, Kawagishi T, Feng N, 

Greenberg HB, et al. A recombinant murine-like 

rotavirus with Nano-Luciferase expression reveals tissue 

tropism, replication dynamics, and virus transmission. 

Front Immunol. 2022:13:911024. 

35. Papa G, Burrone OR. Rotavirus reverse genetics: A tool 

for understanding virus biology. Virus Res. 

2021:305:198576. 
36. Hasan A, Kabir H, Miyaoka Y, Yamaguchi M, Takehara 

K. G and P genotype profiles of rotavirus a field strains 
circulating in a vaccinated bovine farm as parameters for 
assessing biosecurity level. J Vet Med Sci. 
2022;84(7):929-37. 

 

 [
 D

O
I:

 1
0.

22
03

4/
IB

J.
30

.4
.2

54
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j1

.p
as

te
ur

.a
c.

ir
 o

n 
20

26
-1

0-
15

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://pubmed.ncbi.nlm.nih.gov/?term=Wakuda+M&cauthor_id=21813706
https://pubmed.ncbi.nlm.nih.gov/?term=Ide+T&cauthor_id=21813706
https://pubmed.ncbi.nlm.nih.gov/?term=Niimi+G&cauthor_id=21813706
https://pubmed.ncbi.nlm.nih.gov/?term=Maeno+Y&cauthor_id=21813706
https://pubmed.ncbi.nlm.nih.gov/?term=Higo-Moriguchi+K&cauthor_id=21813706
https://pubmed.ncbi.nlm.nih.gov/?term=Higo-Moriguchi+K&cauthor_id=21813706
https://pubmed.ncbi.nlm.nih.gov/?term=LaConte+LEW&cauthor_id=28839154
https://pubmed.ncbi.nlm.nih.gov/?term=McDonald+SM&cauthor_id=28839154
https://pubmed.ncbi.nlm.nih.gov/?term=Hatazawa+R&cauthor_id=32490794
https://pubmed.ncbi.nlm.nih.gov/?term=Kawamura+Y&cauthor_id=32490794
https://pubmed.ncbi.nlm.nih.gov/?term=Yoshikawa+T&cauthor_id=32490794
https://pubmed.ncbi.nlm.nih.gov/?term=Murata+T&cauthor_id=32490794
https://pubmed.ncbi.nlm.nih.gov/?term=Taniguchi+K&cauthor_id=32490794
https://pubmed.ncbi.nlm.nih.gov/?term=Sadeghi-Zadeh+M&cauthor_id=25250164
https://pubmed.ncbi.nlm.nih.gov/?term=Khanlari+Z&cauthor_id=25250164
https://pubmed.ncbi.nlm.nih.gov/?term=Jamaati+A&cauthor_id=25250164
https://pubmed.ncbi.nlm.nih.gov/?term=Mousavi-Nasab+D&cauthor_id=25250164
https://pubmed.ncbi.nlm.nih.gov/?term=Brownback+CS&cauthor_id=22442114
https://pubmed.ncbi.nlm.nih.gov/?term=Taraporewala+ZF&cauthor_id=22442114
https://pubmed.ncbi.nlm.nih.gov/?term=Patton+JT&cauthor_id=22442114
https://pubmed.ncbi.nlm.nih.gov/?term=Taraporewala+Z&cauthor_id=11160712
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+D&cauthor_id=11160712
https://pubmed.ncbi.nlm.nih.gov/?term=Chizhikov+V&cauthor_id=11160712
https://pubmed.ncbi.nlm.nih.gov/?term=Jones+M&cauthor_id=11160712
https://pubmed.ncbi.nlm.nih.gov/?term=Elhelu+A&cauthor_id=11160712
https://pubmed.ncbi.nlm.nih.gov/?term=S%C3%A1nchez-Tacuba+L&cauthor_id=35967392
https://pubmed.ncbi.nlm.nih.gov/?term=Hou+G&cauthor_id=35967392
https://pubmed.ncbi.nlm.nih.gov/?term=Kawagishi+T&cauthor_id=35967392
https://pubmed.ncbi.nlm.nih.gov/?term=Feng+N&cauthor_id=35967392
https://pubmed.ncbi.nlm.nih.gov/?term=Greenberg+HB&cauthor_id=35967392
https://pubmed.ncbi.nlm.nih.gov/?term=%22HASAN%20MA%22%5bAuthor%5d
http://dx.doi.org/10.22034/IBJ.30.4.254
https://ibj1.pasteur.ac.ir/article-1-5638-en.html
http://www.tcpdf.org

