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Abstract 16 

Introduction: RSV is a single-stranded RNA virus with a nearly 15 kb genome containing 10 17 

genes that encode 11 proteins. It has long been a leading cause of severe respiratory illness in 18 
children and the elderly. The G and F proteins are the most essential: G mediates attachment to 19 
host cells and stimulates immune responses, while both proteins directly contribute to the virus's 20 

pathogenicity. 21 
Objective: The aim of this study was to develop a potential antigenic fragment based on a 22 
conserved region of the RSV- G gene, which was selected due to its key role in virus attachment 23 
to host cells and triggering an immune response.  24 

Materials and Methods: For this purpose, five positive control RSV clinical samples were 25 
collected, and after RNA extraction, cDNA synthesis, and amplification of the central conserved 26 
region of the G gene using a nested PCR reaction, the resulting product was cloned into the 27 

pcDNA3.1+Hygro expression vector. Then, the transformation of Escherichia coli strain BL21 28 
with the recombinant plasmid was performed, and after extraction, it was confirmed by enzymatic 29 
digestion and sequencing.  30 
Results: All molecular steps, also confirming their proper quality, cloning, and transformation 31 
were completed successfully. 32 
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Conclusion: The results showed that the central conserved region of the G gene was cloned into 33 
the target vector without unwanted mutations, and the next phases of vaccine design can proceed. 34 
This study is a preliminary step towards the development of an RSV candidate vaccine. 35 
 36 
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1. Introduction 41 

 42 
For the first time, respiratory syncytial virus (RSV) was obtained from chimpanzees with 43 
respiratory sickness in 1955 ]1[. RSV is identified as one of the important viral agents of severe 44 
lower respiratory tract diseases like pneumonia and bronchiolitis, especially in children and 45 

elderly people, and it consistently causes high rates of hospitalization in these populations ]2[. The 46 
RSV genome is approximately 15.2 kilobases long. It consists of a single-stranded RNA containing 47 

ten genes encoding eleven viral proteins, among which two major proteins, G and F, are critically 48 
involved in virus entry into the host and contain immune interactions ]3-5[. In the viral infection 49 

cycle, two proteins, F and G, play a vital role in causing infection in the host cell, as glycoprotein 50 
G mediates the stick of the virus to the receptors of the exterior surface in the host cell, and the F 51 
protein is involved in the fusion of the viral membrane and the host cell [6] . Also, protein G, and 52 

especially its Central Conserved Region (CCR), is an important target of antibodies neutralization 53 
and has high potential for use in vaccine design [7] . Despite the widespread circulation of RSV, 54 

no approved vaccine with high success has been introduced to prevent this virus in children [8] . 55 
Past efforts to progress vaccines have confronted challenges, for example, inducing insufficient 56 
immune responses or even exacerbating the disease [9] . In recent years, new technologies, 57 

including subunit vaccines and nucleic acid-based vaccines, have been proposed as promising 58 

approaches to overcome these challenges. In this regard, the G gene, and especially its conserved 59 
central domain, is considered as an one of the strategic targets in the design and manufacture of 60 
new vaccines due to its immunogenic potential and essential role in virus entry into the host cell 61 

.[8]  As well, eukaryotic expression vectors, for instance pcDNA3.1+Hygro, provide a proper 62 
platform for the progress of nucleic acid-based vaccines due to their high potential for effective 63 

cloning and expression of target genes in eukaryotic cells [01] . Therefore, the aim of the current 64 

project was to clone the preserved central region of the RSV G gene into the pcDNA3.1+Hygro 65 
expression vector. This research is a preliminary step towards developing an effective subunit 66 

vaccine candidate against RSV and can pave the way for further studies in the field of 67 
immunogenicity and efficacy of this approach. 68 
 69 

2  . Materials and Methods 70 

2.1. Sample collection: In order to obtain the target gene sequence required for cloning, positive 71 

control samples of respiratory syncytial virus were needed, for this purpose four nasopharyngeal 72 

swab samples from patients with RSV confirmed cases by molecular PCR method (two samples 73 

from Sari Health Center and two samples from Mofid Children's Hospital, Tehran) and one 74 

supernatant sample of cultured virus (Faculty of Health, University of Tehran) were collected. The 75 

RSV-positive status of the clinical samples had been confirmed previously by molecular PCR 76 

assays at the corresponding healthcare centers before being transferred for this study. Furthermore, 77 



 

 

the identity of the RSV genetic fragment analyzed in this study was confirmed by amplification of 78 

the RSV G gene using nested-PCR, followed by real-time PCR amplification of the CCR region 79 

and Sanger sequencing of the cloned fragment. All samples were stored at -80°C immediately after 80 

collection to prevent degradation of viral RNA and to be used in the subsequent steps of RNA 81 

extraction and cDNA synthesis. The project's next steps were carried out at the Research Virology 82 

Laboratory of the University of Mazandaran, Babolsar.  83 

 84 

2.2. Viral RNA extraction: Viral RNA was carried out from clinical nasopharyngeal swab 85 

specimens and viral culture supernatants using a commercial silica column-based Viral RNA 86 

extraction kit (Kiagene Fanavar Aria, Iran). Briefly, 150 μL of each sample was subjected to lysis 87 

in the presence of carrier RNA and proteinase K, followed by incubation at 58 °C to facilitate viral 88 

particle disruption. Ethanol was then added to promote RNA binding, and the mixture was 89 

transferred to spin columns where nucleic acids were selectively retained on the membrane. After 90 

sequential washing steps to remove proteins and other contaminants, viral RNA was eluted using 91 

50 μL of the provided elution buffer. To minimize RNA degradation, the purified RNA was 92 

immediately processed for cDNA synthesis. 93 

 94 

2.3. cDNA synthesis: Complementary DNA was synthesized using a heat-stable reverse 95 

transcription kit (cDNA-Ultra, Pars Toos, Iran), which is suitable for transcripts with low 96 

abundance.   97 

2.4. Quantitative and qualitative examination of RNA and cDNA:  In order to examine 98 

the quantity and quality of extracted RNA and native cDNA, the absorbance at two wavelengths 99 

of 260 and 280 nm was read by a spectrophotometer.  100 

 101 

  102 

2.5. Positive control polymerase chain reaction (PCR) to confirm cDNA synthesis: To verify 103 

successful cDNA synthesis and assess the performance of the PCR system, a positive control 104 

amplification targeting the beta-2 microglobulin (B2M) gene was performed. The PCR reaction 105 

was prepared in a final volume of ten microliters, including five microliters of PCR master mix, 106 

two microliters of cDNA template, zero point five microliter of B2M-specific primers, and two 107 

point five microliters nuclease-free water.   108 

Amplification was initiated with an initial denaturation step at 95 °C for 5 minutes to ensure total 109 

strand separation. This was followed by 35 thermal cycles consisting of denaturation at 94 °C for 110 

30 seconds, primer annealing at 57 °C for 30 s, and extension at 72 °C for 30 s. A final extension 111 

phase was carried out at 72 °C for 5 min to allow complete synthesis of amplified products. The 112 

resulting PCR product was used as a quality control to confirm the integrity of the synthesized 113 

cDNA and the suitability of the reaction conditions. 114 

 115 

2.6. Agarose gel electrophoresis: PCR products were analyzed on 1.2% agarose gel prepared in 116 



 

 

TAE 1x buffer and stained with Safe Stain. A 100 bp DNA ladder was used as a molecular weight 117 

marker, and the amplified fragments were examined to confirm the expected product size. 118 

2.7. Primer design and ordering: After confirming cDNA synthesis, for amplification of the G 119 

subunit gene and its central conserved region, specific primers were designed using Gene Runner 120 

software. The sequence of the target gene was extracted from the NCBI database. In the design of 121 

the primers, parameters such as melting temperature, Percentage of guanine and cytosine bases, 122 

primer length, secondary structures, and specificity of the primer to the target gene were examined. 123 

To optimize sequences for cloning and increased expression in eukaryotic systems, the 5' end of 124 

the forward primer CCR, the HindIII cleavage site, the initial part of the Kuzak sequence 125 

(GCCACC), and the start codon (ATG) were included, and the 5' end of the reverse primer was 126 

the XhoI cleavage site. The primers designed for synthesis were sent to Sinaclone Iran Company 127 

and produced by this company. The primers used included external and internal primers, the 128 

information of which is shown in Table 1. 129 

 130 

 131 

 132 

 133 

 134 

 135 

Table 1. Information regarding the designed primers 136 

 137 

 138 

2.8.  Nested-PCR Optimization: In order to achieve the optimal annealing temperature of the 139 

outer and inner primers of the Nested-PCR reaction, a temperature gradient was established for the 140 

outer and inner PCR products.  141 

 142 

2.9. First round of PCR for G gene amplification and product examination by agarose gel   143 

Product size (bp) Sequence (5′–3′)  Primers 

Name 

Target region 

     507  5' TCGGCAAACCACAAAGTCACAC 3' Forward-G RSV- G-gene 

 5' TTTCTGTGGGCTTGGTGGTAG 3' Reverse-G  

     105 5' GCCACCATGACCACAGTCAAGACCAAGAAC 3' CCR-F RSV-G-CCR 

 5' GGCACAAAGCTGAACACTTCA 3' 
 

CCR-R  



 

 

)External PCR): Amplification of the RSV G gene was initially performed using an outer PCR 144 

reaction. A total of 20 μL reaction mixture was prepared containing PCR pfu master mix (Kiagene 145 

Fanavar Aria, Iran), cDNA template, forward and reverse outer primers, along with nuclease-free 146 

water.  147 

The same outer PCR process as the positive control PCR process for cDNA synthesis was used, 148 

except that the annealing temperature in this process was 58°C.     149 

The specificity and size of the amplified products were examined by electrophoresis 1.2 percent 150 

agarose gel. 151 

 152 

2.10. Second round of nested-PCR using real-time PCR conditions for amplification of the 153 

RSV G gene CCR region (Internal PCR): Quantitative real-time PCR was employed to amplify 154 

the central conserved region (CCR) of the RSV G gene, generating a 105 bp amplicon. Reactions 155 

were performed using CCR-specific primers and a SYBR Green I–based master mix containing 156 

Hot-start Taq DNA polymerase (Pars Toos, Iran). Each reaction was gathered in a final volume of 157 

20 μL, including master mix, cDNA template, primers, ROX reference dye, and nuclease-free 158 

water.  159 

Real-time PCR cycling conditions consisted of an initial denaturation at 94 °C for 5 min, followed 160 

by 35 cycles of denaturation at 94 °C for 30 s, primer annealing at 54 °C for 30 s, and extension at 161 

72 °C for 30 s. A final extension step was carried out at 72 °C for 5 min. 162 

Fluorescence data were collected during each amplification cycle, and the resulting amplification 163 

curves were used to confirm specific amplification of the CCR fragment and to generate products 164 

suitable for subsequent cloning procedures. 165 

2.11. Preparation of pcDNA3.1+Hygro vector: In this study, pcDNA3.1+Hygro vector 166 

(Invitrogen/Thermo Fisher, received from Pasteur Institute, Tehran) was used as a cloning and 167 

gene expression platform. This vector, with a size of approximately 5.6 kilobases, has a strong 168 

cytomegalovirus promoter that allows high gene expression in mammalian cells. Also, this vector 169 

contains hygromycin B and ampicillin resistance genes, and its applications include expression of 170 

recombinant proteins, design of subunit vaccines, transient or stable transfection, and production 171 

of secreted or membrane proteins (9).  172 

2.12. Cloning of the CCR of the G gene in the pcDNA3.1+Hygro vector: The amplified central 173 

conserved region (CCR) of the RSV G gene was cloned into the pcDNA3.1+Hygro expression 174 

vector using restriction enzyme–mediated ligation. Both the purified nested PCR product and the 175 

plasmid vector (10 μL each) were independently digested with HindIII (1 μL) and XhoI (1 μL) in 176 

the presence of Tango buffer (2 μL), with sterile water added to complete a final reaction volume 177 

of 20 μL.  178 

Enzymatic digestion was carried out at 37 °C for 2 h, then enzyme inactivation at 80 °C for 20 179 

min. Subsequently, the digested insert and vector were ligated at an optimized 3:1 molar ratio 180 

(insert to vector). The ligation reaction mixture consisted of 1 μL vector DNA, 3 μL insert DNA, 181 

2 μL ligase buffer, 2 μL T4 DNA ligase, and 12 μL distilled water, resulting in a total volume of 182 

20 μL. The ligation was incubated at 37 °C for 20 min and then heat-inactivated at 80 °C for 10 183 

min. The ligation product was used directly for bacterial transformation. 184 



 

 

2.13. Preparation of competent cells and transformation: Chemically competent Escherichia 185 

coli BL21 cells were prepared using a calcium chloride–based protocol. This bacterial strain was 186 

used because it produced competent cells to high efficiency for transformation in previous studies 187 

and is a popular host for recombinant proteins. A single bacterial colony was cultured in 10 mL of 188 

LB broth and incubated for 16 h at 37 °C. A portion of 50 μL from the overnight culture was 189 

transferred into 5 mL of fresh LB medium and incubated with shaking at 37 °C until the optical 190 

density reached OD₆₀₀ = 0.5–0.6. Cells were harvested by centrifugation at 9000 rpm for 3 min, 191 

washed repeatedly, and resuspended in cold 0.1 M CaCl₂. Following incubation on ice for 20 min, 192 

the cells were finally resuspended in 300 μL of 0.1 M CaCl₂ and aliquoted into sterile microtubes. 193 

To the transformation, 10 μL and 20 μL of the ligation product were added to competent cells in 194 

two separate vials, and one vial was used as a negative control. The mixtures were incubated on 195 

ice at 0 °C for 30 min, were treated with heat shock at 42 °C for 90 s, and immediately returned to 196 

ice for 2 min. After recovery in 900 μL of LB medium for 1 h at 37 °C, transformed cells were 197 

plated on LB agar supplemented with ampicillin and incubated overnight at 37 °C.  198 

  199 

2.14. Plasmid DNA extraction: To extract plasmid DNA, the base degradation method was used, 200 

similar to the protocol described by Rasani et al [00] .  201 

  202 

2.15. Verification of cloning and extraction of plasmid DNA: To verify the success of cloning 203 

and DNA extraction, the recombinant plasmid was digested with XhoI and MluI enzymes, and the 204 

resulting products were examined on a 1% agarose gel. 205 

  206 

2.16. Sequencing of the extracted recombinant plasmid genome: To ensure the accuracy of 207 

cloning and the absence of unwanted mutations in the PCR reaction, the extracted product was 208 

sent to Nedaye Fan, Iran Company, and sequenced by Gene Ray, China Company. Sequencing 209 

was performed by Gene Ray Company using the Sanger sequencing method and on an ABI 3730XI 210 

capillary sequencer.  211 

 212 

3. Results 213 

3.1. Quantitative and qualitative examination of RNA and cDNA: The A260/A280 absorbance 214 

ratio of all extracted RNA and synthesized cDNA samples ranged between 1.8 and 2, confirming 215 

their acceptable purity. 216 

  217 

3.2. Confirmation of cDNA synthesis with positive control PCR: PCR amplification using the 218 

B2M positive control primer produced the expected amplicon in all cDNA samples, confirming 219 

successful cDNA synthesis. Based on the electrophoretic results, one clinical sample obtained 220 

from Mofid Hospital, Tehran, was selected for the subsequent cloning experiments.The proper 221 

quality of the synthesized cDNA was also confirmed with a spectrophotometer as in the previous 222 

step. 223 



 

 

 224 

3.3. Optimization of the external polymerase chain reaction: The optimal annealing 225 

temperature for amplification of the RSV G gene was determined to be 57°C, which produced the 226 

expected specific PCR product with the best amplification efficiency. 227 

3.4. Agarose gel electrophoresis: The desired band was observed in the range of 507 bp using a 228 

gel dock device to confirm the accuracy of the PCR product size obtained during primer design 229 

and to obtain the optimal annealing temperature (Figure 1). 230 

 231 
Figure1. Results of 1.2% agarose gel electrophoresis of the external PCR product of the gene that 232 
makes the RSV-G protein. cDNA was amplified with the 507 base pair primer at the optimal 233 
temperature of 57 ° C. The positive control samples for RSV were amplified within the 507 base pair 234 
range of the 100 base pair gene ruler. Both bands observed on the gel (1 and 2) correspond to the 235 
sample received from Mofid Hospital in Tehran. 236 

3.5. Optimization of the second round of nested-PCR using real-time PCR conditions: The 237 

optimal annealing temperature for amplification of the RSV G gene CCR fragment was determined 238 

to be 54°C, which produced the expected specific amplification and was selected for the 239 

subsequent real-time nested PCR analysis. 240 

3.6. Results of RT-qPCR of the G gene CCR region: Real-time PCR analysis demonstrated 241 

successful amplification of the CCR fragment. As shown in Figure 2, the amplification curve 242 

exhibited a consistent increase in fluorescence signal, and the melting curve showed a single 243 

distinct peak, confirming the specificity of the amplified product and the absence of detectable 244 

non-specific amplification or primer-dimer formation. 245 



 

 

246 

 247 

Figure 2.  Real-time nested PCR analysis of the RSV G gene central conserved region (CCR). A) 248 
Amplification curve B) Melting curve of Real-time PCR reaction  249 

  250 

3.7. Results of cloning of the CCR of the G gene in the pcDNA3.1+Hygro vector: 251 

The CCR fragment of the RSV G gene was successfully cloned into the pcDNA3.1+Hygro 252 

expression vector. The recombinant plasmid containing the target insert was obtained and further 253 

analyzed for confirmation of the cloning process. 254 

3.8. Transformation and propagation of the recombinant plasmid in E. coli BL21 : Successful 255 

transformation of E. coli BL21 with the recombinant plasmid was confirmed by bacterial growth 256 

on selective LB agar containing ampicillin. In contrast, no growth was observed in the negative 257 

control, confirming the successful propagation of the recombinant construct. 258 

3.9. Confirmation of plasmid DNA extraction and cloning confirmation: As shown in Figure 259 

3, to verify plasmid DNA extraction and cloning, the recombinant vector—both intact and digested 260 

with the restriction enzymes XhoI and MluI—was loaded onto a 1% agarose gel; the formation of 261 

a 776-bp product, which encompasses the 105-bp target region (consistent with the plasmid map 262 

in Figure 5), confirmed the success of the cloning. 263 

 264 



 

 

 265 

 266 

Figure 3. Electrophoresis results to confirm plasmid DNA extraction and cloning. Number 1 267 
recombinant plasmid DNA extracted in the range of 5625 bp of one kilobase gene line, number 2 268 
plasmid digested with two enzymes XhoI and MluI, and number 3 one kilobase ladder. 269 

 270 

3.10. Confirmation of cloning by sequencing of extracted recombinant plasmid DNA: 271 
According to Figure 4, the results of sequencing of extracted recombinant plasmid DNA confirmed 272 
the accuracy of cloning and the absence of unwanted mutations in the PCR reaction. The sequence 273 

of the 105 bp product obtained from the second round of nested-PCR performed under real-time 274 

PCR conditions for amplification of the central conserved region of the RSV G gene is shown 275 
below. 276 

 277 



 

 

Figure4. Image of a portion of the plasmid genome sequencing result containing the CCR fragment. 278 
The fragment in question is highlighted in a different color. 279 
 280 
 281 

 282 

 283 

Figure 5. Schematic image of the recombinant vector pcDNA3.1+Hygro in which the CCR region of 284 
the respiratory syncytial virus G gene has been cloned into the aforementioned plasmid vector by 285 
enzymatic digestion with the enzymes HindIII and XhoI and ligation with the enzyme T4DNA Ligase. 286 

 287 

4. Discussion 288 

RSV was first isolated in 1955 from chimpanzees with respiratory disease [01] . It is transmitted 289 

by respiratory droplets and direct interaction [01] . RSV is an extremely contagious seasonal virus 290 

that causes approximately 3 million hospitalizations and 120,000 deaths annually among children 291 

under 5 years of age [01] . Despite decades of research, RSV vaccine development remains 292 

challenging because of the young age of the target population, immune evasion by the virus, 293 

incomplete protection following natural infection, the lack of an ideal animal model, and the 294 

historical failure of the formalin-inactivated vaccine [15–18]. Currently, more than 30 RSV 295 

vaccine candidates based on recombinant, subunit, live attenuated, chimeric, and nucleic acid 296 

platforms are under development, several of which have reached phase III clinical [09] . Subunit 297 

vaccines aim to induce immunity more effectively than natural virus infection [01] . The RSV G 298 

protein induces neutralizing antibodies and is considered a promising candidate for nucleic acid 299 

vaccine [11] . Previous studies have demonstrated the potential of the RSV G protein as a nucleic 300 



 

 

acid vaccine antigen. Li Xiaomao et al. reported that a plasmid DNA vaccine encoding the full-301 

length G protein induced balanced humoral and cellular immune responses, generated neutralizing 302 

antibodies, and did not cause enhanced pulmonary inflammation following viral challenge [10] . 303 

Similarly, Saydi et al. showed that monoclonal antibodies against the G protein, particularly those 304 

targeting the central conserved region (CCR), were effective in preventing RSV infection [11] . 305 

Jones et al. demonstrated that the CCR contains highly conserved neutralizing epitopes capable of 306 

inducing cross-neutralizing antibodies against both RSV A and B subtypes [11] . Furthermore, 307 

Bergeron et al. reported that antibodies directed against the CCR blocked the interaction between 308 

the RSV G protein and the CX3CR1 receptor, thereby inhibiting viral attachment and infection 309 

[11] . Based on these findings, the CCR of the RSV G gene was selected as a preliminary vaccine 310 

construct and successfully cloned into the pcDNA3.1+Hygro expression vector. The CCR was 311 

selected because of its high sequence conservation between RSV A and B subtypes, with the aim 312 

of inducing cross-neutralizing immune responses. The pcDNA3.1+Hygro vector was chosen 313 

because of its high stability and efficient gene expression in eukaryotic ]25,26[. Compared with 314 

viral vectors, plasmid vectors offer several advantages, including ease of production, a favorable 315 

safety profile, and the absence of pre-existing anti-vector immunity. Despite the successful 316 

construction and molecular validation of the recombinant plasmid, this study has some limitations. 317 

The in vitro transcription assay and evaluation of target gene expression were not performed 318 

because the primary objective of this study was the design, cloning, and molecular confirmation 319 

of the recombinant construct. Therefore, further studies are needed to evaluate its transcriptional 320 

activity, expression efficiency, immunogenicity, and protective efficacy in appropriate in vitro and 321 

in vivo models. In addition, although the CCR was selected because of its high conservation, future 322 

studies should investigate its immunogenicity alone and in combination with suitable molecular 323 

adjuvants to enhance both humoral and cellular immune responses. 324 

 325 

5. Conclusion 326 

In this study, the central conserved region (CCR) of the RSV G gene was successfully amplified 327 

by nested-PCR and cloned into the pcDNA3.1+Hygro expression vector as a preliminary DNA 328 

vaccine construct. The recombinant plasmid was successfully propagated in E. coli BL21, and 329 

accurate insertion of the target fragment was confirmed by sequencing. These findings demonstrate 330 

the successful molecular construction and validation of a recombinant plasmid containing the 331 

conserved CCR of the RSV G gene. The conserved nature of the CCR between RSV A and B 332 

subtypes makes this construct a promising candidate for further vaccine development. However, 333 

the present study was limited to molecular construction and confirmation of the recombinant 334 

plasmid. Therefore, additional studies are required to evaluate its transcriptional activity, protein 335 

expression, immunogenicity, and protective efficacy in appropriate in vitro and in vivo models 336 

before its potential as a DNA vaccine candidate can be determined.  337 

 338 

 339 
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