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Abstract   40 

Background: Rift Valley fever phlebovirus (RVFV) is a zoonotic pathogen that causes Rift 41 

Valley fever (RVF) in livestock and humans. Currently, there is no licensed human vaccine or 42 

antiviral drug to control RVF. Although multiple species of animals and humans are vulnerable 43 

to RVFV infection, host factors affecting susceptibility are not well understood.  44 

Methodology: To identify the host factors or genes essential for RVFV replication, we 45 

conducted a CRISPR-Cas9 knock-out screen in human A549 cells. We then validated the 46 

putative genes using siRNA-mediated knockdowns and CRISPR-Cas9-mediated knockout 47 

studies, respectively. The role of a candidate gene in the virus replication cycle was assessed by 48 

measuring intracellular viral RNA accumulation, and the virus titers by plaque assay or TCID50 49 

assay.  50 

Findings: We identified approximately 900 genes with potential involvement in RVFV infection 51 

and replication. Further evaluation of the effect of six genes on viral replication using siRNA-52 

mediated knockdowns found that silencing two genes (WDR7 and LRP1) significantly impaired 53 

RVFV replication. For further analysis, we focused on the WDR7 gene since the role of LRP1 in 54 

RVFV replication was previously described in detail. Knock-out A549 cell lines were generated 55 

and used to dissect the effect of WRD7 on RVFV and another bunyavirus, La Crosse encephalitis 56 

virus (LACV). We observed significant effects of WDR7 knock-out cells on both intracellular 57 

RVFV RNA levels and viral titers. At the intracellular RNA level, WRD7 affected RVFV 58 

replication at a later phase of its replication cycle (24h) when compared to LACV which was 59 

affected an earlier replication phase (12h).  60 
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Conclusion: In summary, we have identified WDR7 as an essential host factor for the replication 61 

of two relevant bunyaviruses, RVFV and LACV. Future studies will investigate the mechanistic 62 

role by which WDR7 facilitates Phlebovirus replication. 63 

 64 

Authors Summary  65 

Rift Valley fever phlebovirus is a high consequence pathogen that infects multiple animal 66 

species and also humans. Currently, there are no control measures available to treat RVF in 67 

humans and to prevent the incursion of Rift Valley fever virus into non-endemic countries.  68 

RVFV poses a significant threat to animal and human health in countries where it is endemic. 69 

RVFV replication depends on the host’s machinery to complete its replication cycle. Therefore, 70 

one way to control virus replication is to disrupt the interaction between the virus and the host 71 

proteins important for replication. In this study, we identified a host factor, the WDR7 gene, that 72 

is critical for RVFV replication. The identification of this host factor is important as it can 73 

potentially lead to the development of antiviral strategies to control Rift Valley fever in both 74 

humans and animals. 75 

 76 
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Introduction  83 

Rift Valley fever phlebovirus (RVFV) is a mosquito-borne, segmented RNA virus that belongs to 84 

the family Phenuiviridae, genus Phlebovirus. RVFV was first isolated and characterized in the 85 

Rift Valley of Kenya in 1931[1] and is the causative agent of Rift Valley fever (RVF). It is endemic 86 

throughout sub-Saharan Africa [2], the Arabian peninsula (Saudi Arabia, Yemen) and Mayotte 87 

[3,4]. RVFV can be naturally transmitted to and cause disease in several species of animals such 88 

as cattle, sheep, goats and camels [5–7]. We have recently shown that white-tailed deer are highly 89 

susceptible to experimental infection with RVFV [8]. RVF in livestock is characterized by abortion 90 

storms in pregnant ewes and pregnant cattle and causes 100% mortality in newborn animals [5–91 

7]. In humans, RVFV infection may be subclinical or cause mild flu-like symptoms and sometimes  92 

severe disease with hepatitis, retinitis and encephalitis [9,10] with a small number of cases being 93 

lethal [11]. RVFV can infect and replicate in a multitude of cell-lines (e.g., neurons, epithelial 94 

cells, etc.) from different animal species such as frogs, pigs, elk, mule deer, pronghorn, reptiles, 95 

among others [12–17]; this highlights the potential for the virus to infect a wide variety of animal 96 

species. 97 

RVFV is mainly transmitted by infected mosquitoes (Culex and Aedes), by direct contact with 98 

infected animal secretions and exudates [18,19], or by aerosol exposure [20]. Currently, there are 99 

no FDA approved therapeutic drugs or licensed vaccines available to control RVF in humans [20]. 100 

There is a real risk of introduction of arboviruses such as RVFV to non-endemic countries, such 101 

as Europe, Asia, and North America [21], where competent vector mosquito species (e.g., Culex 102 

and Aedes) are present [18,22–24]. Therefore, RVFV poses a global threat to the health of livestock 103 

and humans, and to animal trade and commerce [24]. 104 
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The successful development of antiviral therapies requires the detailed knowledge of viral 105 

protein function or of host factors that support virus replication [25]. RVFV enters cells by 106 

receptor-mediated endocytosis and releases its nucleocapsid after fusion of virus-endosomal 107 

membranes. After completion of replication, the viral particles assemble and bud from the Golgi 108 

apparatus [26]. Like many other RNA viruses, RVFV depends on various host factors to 109 

complete its replication cycle [27–29]. Several groups have conducted exploratory studies aimed 110 

to find host factors or co-factors that might play a role in RVFV replication [27,29–37]. Notably, 111 

other researchers have shown that LRP1 [29,37], heparin sulfate [33] play essential roles in cell 112 

entry of RVFV. Furthermore, exogenous administration of the LRP1 inhibitor mRAPD3 protected 113 

mice from infection with a virulent strain of RVFV [29]. Devignot et al. 2023 reported that a 114 

LRP1 gene knock-out in Huh cells significantly affected intracellular RVFV RNA accumulation 115 

[37]. Bracci et al. 2022 found that UBR4 depletion affects RVFV production and virus titer in 116 

mammalian and mosquito cells [36]. Although these studies have identified host factors in mouse 117 

cells associated with RVFV replication, none of the host factors were able to completely abolish 118 

productive RVFV infection in gene-edited knock-out cells. This indicates that RVFV interacts 119 

with different host factors to complete its replication cycle exploiting multiple redundant cellular 120 

pathways. Our studies had the following aims: 1) to identify unique host factors that could 121 

significantly affect RVFV infection and replication, 2) to identify host factors that could be used 122 

as a potential drug target; and 3) to identify host factors that are conserved between different host 123 

species. To this end, a genome-wide CRISPR-Cas9 knock-out (GeCKO) screen in human A549 124 

cells infected with the RVFV MP-12 vaccine strain was performed in order to identify host 125 

factors essential for RVFV infection and replication. We identified the WDR7 gene as a critical 126 
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host factor that plays a role in the late phase of RVFV replication. In addition, the WDR7 gene 127 

also plays a role in the replication of another bunyavirus, the La Crosse encephalitis virus. 128 

 129 

Methods 130 

Cells 131 

A549 cells (ATCC® CCL-185™, American Type Culture Collection, Mansassas, VA, USA) were 132 

cultured in F-12 medium (ATCC, Mansassas, VA, USA), supplemented with 10% fetal bovine serum 133 

(FBS, R&D Systems, Minneapolis, MN, USA) and 1% penicillin-streptomycin solution (ThermoFischer 134 

Scientific, Waltham, MA, USA). The Vero-MARU cell line is a clone of Vero cells obtained from the 135 

Middle America Research Unit. The Vero-MARU, MRC-5 (ATCC® CCL-171™), and Vero E6 136 

(ATCC® CRL-1586™) cell lines were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, 137 

Corning, New York, N.Y, USA), supplemented with 5% FBS (R&D Systems, USA) and 1% penicillin-138 

streptomycin solution (ThermoFischer Scientific, USA). All mammalian cells were maintained at 37oC 139 

under a 5% CO2 atmosphere. The Aedes albopictus larva (C6/36, ATCC® CRL-1660™) cells were 140 

maintained at 28°C, and cultured in L-15 medium (ATCC, USA), supplemented with 10% insect cell 141 

culture tested FBS (IFBS, catalog. no: F4135, Sigma-Aldrich, St. Louis, MO, USA), 10% tryptose 142 

phosphate broth (TPB, catalog. no: T9157, Sigma-Aldrich, USA), and 1% penicillin-streptomycin 143 

solution (ThermoFischer Scientific, USA).  144 

Virus Strains 145 

The RVFV MP-12 vaccine strain provided by US Army Medical Research Institute for Infectious 146 

Diseases [38] was propagated in MRC-5 cells; the RVFV Kenya 128B-15 virulent strain was provided by 147 

R. Bowen, Colorado State University with authorization from B. Miller, Centers for Disease Control, Fort 148 

Collins, CO [39] was grown in C6/36 cells. La Crosse Encephalitis virus (LACV), NR-540, was obtained 149 

from BEI resources, NIAID, and propagated in Vero E6 cells. RVFV MP-12 and Kenya 128B-15 strains 150 
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were titered by plaque assay and the LACV by TCID50-CPE assay. All the assays involving the 151 

pathogenic RVFV Kenya 128B-15 strain was carried out in a BSL3+ facility at Biosecurity Research 152 

Institute of Kansas State University. 153 

Generation of GeCKO-A549 Cell Line and RVFV Screen 154 

The lentiCRISPRv2 library, which targets 19,000 human genes, was obtained from Addgene (catalog 155 

number: 1000000048, Addgene, USA). The library contains non-target control sgRNAs, sgRNAs 156 

targeting miRNAs, and six unique sgRNAs designed to target each individual human gene. To generate 157 

GeCKO-A549 cells, a pooled lentivirus library was created using the lentiCRISPRv2 plasmids, following 158 

previously described methods [40, 41]. A puromycin (catalog. no: A1113803, Sigma-Aldrich, USA) 159 

cytotoxicity curve was performed on A549 cells, and the puromycin concentration used was determined 160 

to be 2 g/ml medium. Then, transduction efficiency of the lentivirus library on A549 cells was 161 

determined as previously described (40,41). Two independently pooled GeCKO-A549 cell lines were 162 

generated and subjected to forward genetic screening. Briefly, 80 million GeCKO-A549 cells were 163 

subjected to up to three rounds of cytolytic infection with RVFV MP-12 (1 MOI), and the surviving cells 164 

were expanded between each round of infection. The gDNAs were extracted from the round 0 (mock-165 

infected), round 1 and 3 virus infections of GeCKO-A549 cells using the midi gDNA extraction kit 166 

(Qiagen, Germantown, MD, USA). The sgRNA’s DNA copies were PCR amplified from the extracted 167 

gDNAs for next generation sequencing (Fig 1). Next generation sequencing was performed using 168 

NextSeq (Illumina, USA), and the obtained data were analyzed using MAGeCK software. The ranking of 169 

genes were determined using robust ranking aggregation [42].  170 

siRNA Transfection 171 

Six genes were selected after NGS analysis of the RVFV resistant GeCKO-A549 cells for siRNA gene 172 

knock-down studies (S1 Table). The gene targets for the siRNAs were as follows: siRNAs: NTC-non-173 

target control catalog. no: D-001206-14-05; WDR7 catalog. no: M-012867-01-0005; LRP1 catalog. no: 174 
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M-004721-01-0005; EXOC4 catalog. no: M-013068-01-0005; SLC35B2 catalog. no: M-007543-01-0005; 175 

and EMC3 catalog. no: M-010715-00-0005); they were commercially purchased (Dharmacon, USA). The 176 

positive control siRNA- si46N [43] targeting the RVFV nucleoprotein was obtained from Integrated DNA 177 

Technologies (USA). A549 cells were plated in 96-well plates and incubated overnight. The cells were 178 

transfected with siRNAs (50nM) using lipofectamine RNAimax reagent (ThermoFischer Scientific, 179 

USA). Forty-eight hours post-transfection, cells were infected with RVFV MP-12 at 0.1 MOI and the 180 

infected cell supernatant was collected at 24 hours post-infection. The virus titer of the supernatants was 181 

determined by plaque assay on Vero-MARU cells. 182 

RT-qPCR for Host Gene Expression 183 

To confirm gene knock-down, two step RT-qPCR assays were performed. Briefly, A549 cells were 184 

transfected with gene specific siRNAs at 50nM and 48 hours later, the total cellular RNA was extracted. 185 

The RNA extraction was performed using the RNAqueous Micro total RNA isolation kit (ThermoFischer 186 

Scientific, USA) following the manufacturer’s protocol. Prior to cDNA synthesis, residual gDNA was 187 

removed from the extracted RNA using DNAse I enzyme (ThermoFischer Scientific, USA). Then, 400 ng 188 

of RNA was used for cDNAs synthesis using the Superscript IV First-Strand Synthesis kit with oligo dT 189 

primers (ThermoFischer Scientific, USA) following the manufacturer’s protocol. All RT-qPCR reactions 190 

were performed in a CFX96 Real-Time thermocycler (BioRad, Hercules, CA, USA). The standard real-191 

time qPCR assays were performed using Perfecta Fastmix II (Quanta BioSciences, Beverly, MA, USA) 192 

with gene specific primers (S2 Table); the glyceraldehyde 3-phosphate dehydrogenase (GADPH) gene 193 

was used as an internal control [44]. The percentage gene knock-down was calculated using the 2–∆∆CT 194 

method [45]. 195 

Generation of WDR7 Knock-out (KO) cells 196 

Two WDR7 knock-out (KO) cell lines and a control non-KO cell line were generated as previously 197 

described [41]. WDR7-targeting sgRNAs (sgRNA 1: 5’ GTGACATCCTGTTACGATCG 3’ and sgRNA 198 
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5: 5‘AAGATGGCAAGATCGATGCT’3) were applied to generate 2 WDR7 KO cell lines, WDR7 KO 199 

cell lines 1 (WDR7 KO 1) and 2 (WDR7 KO 2). The non-KO control cell line (CT) was generated by 200 

transduction of the lentiCRISPRv2 vector with the Cas9 backbone without sgRNAs. LentiCRISPRv2 201 

plasmids 1 and 5 containing sgRNAs specific for WDR7 gene were purchased from Genescript, USA. 202 

The control and WDR7 sgRNA plasmids were packaged into lentivirus, and the A549 cells were 203 

transduced with 0.5 MOI of lentivirus. The transduced cells were kept under puromycin selection and 204 

passed three times prior to testing. The gDNA of the two WRD7 KO cell lines were extracted using the 205 

DNAeasy kit (Qiagen, Germantown, MD, USA), and the gDNA PCR amplified for NGS analysis. The 206 

sequencing was performed using a MiSeq (Illumina, USA). The indel percentage of the KO cell lines 207 

were calculated using the python script [41].  208 

Western Blot Analysis 209 

A549 cells, CT cells, and WDR7 KO 1 and 2 cells at passage 3 were used for western blot analyses. The 210 

cell lysates were prepared as previously described [46]. Cell lysates containing 55.0 µg total protein were 211 

loaded onto 4–12% Bis-Tris polyacrylamide gels (ThermoFischer Scientific, USA), and transferred onto a 212 

polyvinylidene difluoride (PVDF) membrane using a Trans-Blot Turbo Transfer Pack (BioRad, USA). 213 

The membrane was blocked using 5% skim milk, and then incubated with a primary polyclonal antibody 214 

against WDR7 (diluted 1:500, catalog. no: sab2109026, Sigma-Aldrich, USA) or β-actin (diluted 1:5000, 215 

catalog. no: ab20272, Abcam, USA) for 1 h at room temperature. The membrane was then incubated with 216 

horseradish peroxidase (HRP)-conjugated polyclonal goat anti-rabbit immunoglobulin (diluted 1:1000, 217 

catalog. no: 31460, ThermoFischer Scientific, USA). The target proteins were detected using Super 218 

Signal West Femto Maximum Sensitivity Substrate according to the manufacturer's protocol (catalog. no: 219 

34095, ThermoFischer Scientific, USA). The images were taken using a ChemiDoc MP Imaging System 220 

(BioRad,USA). 221 

 222 
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Testing of WDR7 KO cells for Virus Replication  223 

The non- knock-out control (CT) and WDR7 KO cell lines were seeded onto 96-well plates and allowed 224 

to incubate overnight. Afterwards, the cells were infected with either RVFV MP-12, RVFV Kenya 128B-225 

15, or La Crosse encephalitis virus (LACV) at 0.1 MOI, and the cell supernatants were collected at 6-, 226 

12-, 24-, or 48- hours post-infection (h pi). The titer of collected supernatants was determined using 227 

plaque assay (RVFV) or TCID50-CPE (LACV) assays. 228 

Intracellular Viral RNA Accumulation Assay 229 

The viral RNA accumulation was determined at various time points (0, 2, 5 and 24 hours) post-infection 230 

(h pi) as previously described [37,47]. The CT and WDR7 KO 1 cells were plated in 6-well plates. 231 

Twenty-four hours later, cells were infected with RVFV MP-12 or LACV at a MOI of 0.1 for one hour 232 

(h) at 0°C to allow virus attachment and entry. For the 0 h infection, immediately after infection, the cells 233 

were washed thrice with 1x phosphate buffered saline (PBS [pH=7.2-7.6], catalog. no: P4417, Sigma-234 

Aldrich, St. Louis, MO, USA), lysed in 350 RLT buffer (Qiagen, Germantown, MD, USA), and then 235 

stored at -80°C till further use. For the post infection time points, the cells were washed once with 1x PBS 236 

after the initial 1 hour of incubation, and then incubated with 2 mL of pre-warmed fresh medium. At 2 h 237 

pi, cells were first trypsinized and collected into microcentrifuge tubes. Then, the trypsinized cells were 238 

washed three times with 1x PBS by centrifugation at 10,000 g for 5 min. The cell pellets were lysed in 239 

RLT buffer and stored at -80°C till further use. For the 5- and 24-hour time points, the cells were washed 240 

once with 1x PBS, and lysed in RLT buffer for 10 min prior to storage at -80°C till further use. The total 241 

cellular RNA was extracted using RNeasy Mini kit (Qiagen, Germantown, MD, USA). One-step RT-242 

qPCR assays were performed using q-script XLT (2x) Master mix (Quanta BioSciences, Beverly, MA, 243 

USA) with virus gene specific primers and probes (S3 Table); the phosphoglycerate kinase (PGK1) gene 244 

was used as an internal housekeeping control gene [44]. Respective gene expressions were calculated 245 

using 2–∆∆CT method [48]. 246 
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 247 

Plaque Assay 248 

Vero-MARU cells were seeded in 12- or 24- well plates and incubated at 37oC and 5% CO2 overnight. 249 

After overnight incubation, cells were infected with RVFV for one hour and then the medium was 250 

replaced with overlay of 1% methylcellulose-2x MEM (ThermoFischer Scientific, USA),10% FBS, 2% 251 

antibiotics/antimycotic. The cells were incubated for 5-7 days and then stained and fixed with 5% crystal 252 

violet fixative solution. The plaques were counted, and the titer was expressed as pfu/ml. 253 

TCID50-CPE Assay 254 

Vero E6 cells were seeded in 96-well plates one day prior to infection. Ten-fold serial dilutions of LACV 255 

were prepared in 96-well plates in DMEM supplemented with 5%FBS and 1% antibiotics/antimycotic. 256 

The diluted viral suspensions were then added onto Vero E6 cells. Three to four days post infection, the 257 

cells were visually observed under microscope for CPE and the titer was calculated using the Spearman-258 

Karber method [49]. 259 

Statistical Analysis 260 

Statistical analysis performed in this study is described in the figure legends. All the statistical tests were 261 

carried out using GraphPad Prism version 9.3.0. 262 

 263 

Results 264 

Identification of host factors involved in RVFV replication: To identify genes potentially involved in 265 

RVFV replication, we performed CRISPR-Cas9 knock-out screens in A549 cells. The A549 type 266 

II alveolar human cell line was selected for the screen because it is susceptible to RVFV and can 267 

be easily transduced with the human GeCKO library. The GeCKO-A549 cells were subjected to 268 
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three rounds of infection with the RVFV MP-12 vaccine strain to select for resistance to RVFV 269 

infection to identify key host factors that are required for virus replication. Extensive cytopathic 270 

effect (CPE) was observed during the first round of infection. Surviving cells were re-infected 271 

and the CPE was much less extensive during the second and third round of infection. To assess 272 

the susceptibility of the round 3 GeCKO-A549 cells after three rounds of RVFV infection, virus 273 

growth kinetic assays were performed. A significant difference in MP-12 virus titers were 274 

observed between the round 0 and the round 3 GeCKO-A549 cells at 24-and 48-hours post-275 

infection (hpi) (S1 Fig), indicating that the round 3 GeCKO-A549 cells had acquired resistance 276 

to RVFV infection. Next, genes involved in RVFV replication were determined by analyzing the 277 

NGS data from round 0, round 1 and round 3 GeCKO-A549 cells. Our analysis of the round 3 278 

GeCKO-A549 cells revealed that 907 genes (p-value <0.05) seem to be involved in RVFV MP-279 

12 replication (S1 Data). For further analysis, we selected the six top genes significantly 280 

enriched in round 3 GeCKO-A549 cells: LRP1, SLC35B2, EMC3, WDR7, EXOC4 and CT47A1 281 

(S1 Data). We did not investigate the other top two genes, ART3 and CEBPD (S1 Data), as they 282 

were associated with essential cellular functions. 283 

Validation of genes from the pooled GeCKO-A549 cell screen: To assess the effect of the six 284 

top genes enriched in the round 3 GeCKO-A549 cells on RVFV replication, we used siRNA-285 

mediated gene silencing (gene knock down) in A549 cells. Gene knock-down was confirmed by 286 

respective RT-qPCR assays and the average reduction of gene expression ranged from 287 

approximately 55% to 90% (S2 Fig). After gene knock-down, the cells were infected with RVFV 288 

MP-12 virus at 0.1 MOI for 24 hrs, supernatants were harvested, and extracellular virus titer 289 

determined by plaque assay. There was an average of 56% or 42% reduction in virus titer upon 290 

WDR7 and LRP1 knock-down, respectively, compared to non-target control (NTC) siRNA 291 
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targeting the firefly luciferase mRNA (Fig 2). The positive control siRNA, siRNA- si46N, 292 

targets the N protein gene of RVFV, and caused a reduction of approximately 96 % in virus titer 293 

compared to the negative control group. We observed no significant effect on virus titers 294 

following the knock-down of the other 4 selected top genes, EXOC4, CT47AL1, EMC3 and 295 

SLC35B2 (Fig 2). These results demonstrate that the knock-down of WDR7 and LRP1 296 

significantly impaired RVFV replication. Given that the role of LPR1 gene in RVFV replication 297 

has been recently demonstrated [29,37], we focused our further analysis on the newly discovered 298 

putative RVFV host factor WDR7. 299 

Generation and characterization of knock-out cells: To investigate the role of WRD7 in the 300 

RVFV replication cycle, we employed highly enriched sgRNAs targeting the WDR7 gene to 301 

generate two knock-out A 549 cell lines: WDR7 KO line #1 and WDR7 KO line #2. The 302 

established WRD7 knock-out cells were analyzed by NGS sequencing, which confirmed indels 303 

in nearly 100% of the WDR7 KO cells (99% and 98%, respectively, for the two WDR7 KO cell 304 

lines #1 and #2, (S1 Table)). There was also a significant decrease in WDR7 protein expression 305 

in the WDR7 KO cell lines as compared to the control and non-transduced A549 cells (Fig. 3A). 306 

However, we noted the presence of faint WDR7 band in both WDR7 KO cells. 307 

To ensure the authenticity of the A 549 control cells, we sequenced the WDR7 gene at the target 308 

site and found the WDR7 gene is not mutated in the CT cells (S1 sequence file); also, the WDR7 309 

protein expression in CT cells was at a similar level as in the non-transduced A549 cells (Fig 310 

3A). Moreover, the CT cells showed comparable levels of virus replication to the non-transduced 311 

wild-type A549 cells (S3E Fig). Additionally, cell viability did not differ significantly between 312 

the WDR7 KO cell lines #1 and #2, and the CT cell lines, neither prior to or after RVFV MP-12 313 

infection (S3A- S3D Fig). 314 
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Effect of WDR7 gene knock-out on RVFV and LACV infection: Next, we infected the two 315 

WDR7 KO cell lines with the RVFV MP-12 strain at 0.1 MOI and determined the extracellular 316 

virus titers by plaque assay. The WRD7 gene KO resulted in a significant reduction of 317 

approximately 74% in virus titer compared to CT cells at 24h post infection (Fig 3B), while no 318 

difference in virus titers were observed at 48h post infection (S4A Fig). We then evaluated the 319 

effect of the WDR7 gene KO on the virulent RVFV strain Kenya 128B-15. Our results showed 320 

an average reduction of RVFV Kenya 128B-15 titers of 66% and 75% in WDR7 KO cell lines 1 321 

and 2, respectively, compared to the CT cells (Fig 3C). Taken together, these findings support 322 

the results obtained using the siRNA knock-down assays and confirm a critical role of the WDR7 323 

gene on the RVFV replication cycle.  324 

In addition, we evaluated if the WDR7 gene plays a role in the infection cycle of other 325 

bunyaviruses. For this purpose, we used La Crosse encephalitis virus (LACV) and infected the 326 

CT and WDR7 KOA549 cell #1 line with LACV; the cell supernatant was collected at various 327 

time points post-infection and the virus titer determined by TCID50-CPE assay. The results 328 

showed an average reduction in LACV titer of 57 % and 77% at 6 h pi and 12 h pi, respectively, 329 

in the WDR7 KO #1 cell line compared to the control CT cells (Fig 3D and 3E). However, at 24 330 

h pi, the reduction in virus titer was approximately 39% but did not reach statistical significance 331 

(S4B Fig). Overall, these findings highlight the importance of the WDR7 gene also in LACV 332 

replication. 333 

WDR7 gene KO impairs RVFV and LACV intracellular RNA accumulation: To investigate 334 

the role of WDR7 in the RVFV and LACV replication  cycle, we quantified intracellular viral 335 

RNA accumulation at 0 hour(s) post-infection (h pi; attachment phase), 2 h pi (entry phase), 5 h 336 

pi (replication phase) and 24 h pi (late phase of replication) using previously established 337 
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protocols [37,47]. At 0, 2 and 5 h pi, there was no significant difference in RVFV RNA 338 

accumulation between the control and WDR7 KO cells (Fig 4A). However, at 24 h pi, we 339 

observed a significant reduction in virus RNA accumulation between the WDR7 KO and control 340 

cells (Fig 4A). When we infected the WDR7 KO and control cell lines with LACV, we found 341 

that WDR7 KO cells had higher levels of LACV RNA accumulation at 0 h pi, i.e. the attachment 342 

phase, compared to the control cells (Fig 4B). However, at early time points (2 and 5 h pi) and 343 

up to 24 h pi, we observed a significant reduction in LACV RNA accumulation in WDR7 KO 1 344 

cells when compared to the control cells (Fig 4B). These results suggest that WDR7 disruption 345 

affects intracellular viral RNA accumulation primarily at the late phase of the RVFV replication 346 

cycle and at an early phase of LACV replication cycle. 347 

Discussion 348 

RVFV has a broad cell-tropism and is reported to infect several animal and mosquito species. As 349 

discussed previously, RVFV interacts with different host factors in a variety of cell types [29–350 

34,36,37]. We identified WDR7, a member of the WD repeat protein family, as a host factor 351 

important in the lifecycle of bunyaviruses. We confirmed WDR7 gene knockout through NGS 352 

and indel analysis, but western blotting detected a faint band corresponding to WDR7 protein. 353 

This minimal expression could be due to a single guide sgRNA inducing minor double-stranded 354 

DNA breaks that resulted in the production of some non-functional protein. We demonstrated 355 

that disruption of the WDR7 gene impairs viral RNA accumulation and infectious virus 356 

production of two bunyaviruses, RVFV and LACV. However, the exact role of WDR7 in the 357 

replication cycle of these viruses needs further investigation. Previous studies have shown that 358 

WDR7 also plays a significant role in the replication cycle of other RNA viruses such as Dengue, 359 

Zika, West Nile virus [50] and influenza A virus [51].  360 
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WDR7 has been associated with V-ATPase, which mediates intracellular vesicle acidification in 361 

mouse kidney cells [52], suggesting that WDR7 could be playing a role in endocytosis or 362 

secretory pathways within the virus replication cycle. Here, we demonstrated that WDR7 affects 363 

the late phase of RVFV replication cycle, as shown by the reduction of intracellular viral RNA in 364 

WDR7 KO cells compared to non-KO CT cells at 24 h pi. Combined with the lower levels of 365 

infectious RVFV in WDR7 KO cell supernatants, this might suggest that WDR7 impacts virus 366 

egress and release. In contrast, for LACV, WDR7 seems to affect virus entry since a significant 367 

reduction in both intracellular viral RNA and infectious virus production was found at an early 368 

time point post-infection, along with higher levels of virus attachment in KO cells compared to 369 

CT cells. This could be due to the fact that the WDR7 gene KO might affect the expression or 370 

function of other host factors involved in virus attachment to the cell surface, or that the 371 

knockout of WDR7 affects the conformation or expression of cell surface molecules needed for 372 

attachment. 373 

Interestingly, the effect of the KO of WDR7 in A549 cells on virus replication appears to 374 

diminish at later replication time points for both RVFV and LACV. This pattern is consistent 375 

with the findings reported by Bracci et al, (2022), who observed a similar trend in RVFV 376 

replication in UBR4 knock-out cells, with a significant reduction at 24 h pi, but no significant 377 

effect at 48 h pi [36]. This suggests that RVFV and LACV have the ability to utilize multiple 378 

alternative host factors and pathways to complete its replication cycle. We also observed a 379 

significant reduction in LACV viral RNA at later time points, but not in infectious virus 380 

production. This result could be attributed to various factors such as a gene knockout effect on 381 

late RNA synthesis, increased RNA degradation, or decreased RNA stability in the absence of 382 
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WDR7; all these could affect viral RNA synthesis or RNA stability while virus release or egress 383 

was unaffected. 384 

Overall, this study highlights the importance of the WDR7 gene in bunyavirus replication and 385 

suggests that it could be a potential target for the development of antiviral therapies. Further 386 

research, including in vivo studies using KO mouse models, is needed to fully elucidate the role 387 

of WDR7 in bunyavirus replication.  388 
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 583 

Fig 1: Schematics of GeCKO-A549 cells generation, selection, NGS, and data analysis. A549 cells 584 
were transduced with lentivirus-CRISPR-Cas9 library to generate GeCKO-A549 cells. Then, the GeCKO 585 
cells were subjected to three rounds of infection with RVFV MP-12 (1 MOI) virus. The genomic DNA of 586 
round 0 GeCKO-A549 cells, the round 1, and the round 3 virus resistant GeCKO cells, were sequenced 587 
using Illumina NextSeq 550 platform. The output NGS data was analyzed by the MaGeCK program to 588 
generate the list of genes involved in RVFV replication. 589 

 590 

 591 

 592 

 593 

 594 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 29, 2023. ; https://doi.org/10.1101/2023.09.28.559935doi: bioRxiv preprint 

https://doi.org/10.1101/2023.09.28.559935
http://creativecommons.org/licenses/by-nc-nd/4.0/


27 

 

 595 

Fig 2: Validation of gene hits by siRNA gene knock-down study. A549 cells were transfected with 50 596 
nM of siRNAs. At 48 hours post-transfection, the cells were infected with RVFV MP-12 virus at 0.1 597 
MOI. At 24 hours post-infection, the supernatant was collected and titered by plaque assay. NTC- non-598 
target control siRNA, si46N- anti-RVFV siRNA, WDR7-, SLC35B2-, EXOC4-, LRP1-, EMC3-, 599 
CTL47A1- gene specific siRNAs. Each bar represents the average virus titer (pfu/ml) along with the 600 
corresponding standard deviation. Statistical analysis was done on two independent experiments with four 601 
replicates for each, using Mann-Whitney U independent Student’s t-test (** p-value < 0.005, *** p-value 602 
<0.001). 603 
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Fig 3: Effect of WDR7 gene knock-out (KO) on virus production of bunyaviruses. (A) A549 cells, 612 
CT (non-knock-out control) cells, and WDR7 gene KO cell lines #1 and #2 were analyzed for WDR7 613 
protein expression by western blot using a WDR7-specific polyclonal antibody. (B, C, D & E) CT cells 614 
and WDR7 KO A549 cells were infected with RVFV MP-12 vaccine strain, (B) with the wild-type RVFV 615 
Kenya 128B-15 strain, (C) or with La Crosse encephalitis virus (D, E) at 0.1 MOI. Supernatant was 616 
collected at 6, 12 or 24 h post infection (h pi) and titered by plaque assay (RVFV) or TCID50-CPE assay 617 
(LACV). RVFV MP-12 testing on CT A549 cells, WDR7 KO lines #1 or #2, and NTC- non-target 618 
control cells involved three to five independent experiments with three to four technical replicates each. 619 
RVFV Kenya 128B-15 testing involved independent experiments with three technical replicates each. 620 
LACV testing was performed in two independent experiments with eight technical replicates each. 621 
Statistical analysis was done using Mann-Whitney U independent Student’s t-test (* p-value < 0.05, ** p-622 
value < 0.005, *** p-value <0.001). 623 
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 629 

 630 

Fig 4: Viral RNA accumulation at various time points post infection in WDR7 knock-out (KO) 631 
cells. CT and WDR7 KO #1 cells were infected with the (A) RVFV MP-12 vaccine strain or (B) the LAC 632 
virus at 0.1 MOI. Total cellular RNA was harvested at various hour(s) post-infection (h pi). One-step RT-633 
qPCR was performed to detect the level of viral RNA using the PGK1 gene as an internal control. CT and 634 
WDR7 KO #1 cells were utilized. Each bar graph represents the average fold change in viral RNA 635 
expression, along with the corresponding standard deviation. Statistical analysis was done on three 636 
independent experiments with two to three technical replicates for each, using Mann-Whitney U 637 
independent Student’s t-test (* p-value <0.05, *** p-value <0.001, ns, non-significant). 638 
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