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 Abstract 

Infectious Bursal Disease Virus (IBDV) remains a significant threat to poultry 
health worldwide, necessitating more precise and rational vaccine strategies. This 
study employed a genome-wide CRISPR-Cas9 screening approach to identify 
virulence-associated genes essential for IBDV replication and pathogenicity. Using 
lentiviral sgRNA libraries in DF-1 cells followed by IBDV infection, we identified 
significant sgRNA depletion in key viral genes, including the well-known VP2 and 
VP5, as well as two novel uncharacterized regions designated Unknown_1 and 
Unknown_2. Functional validation via qRT-PCR and cell viability assays 
confirmed that knockouts of these genes led to a marked reduction in viral RNA 
levels and increased host cell survival. Bioinformatic analysis predicted functional 
domains in the novel genes related to immune evasion and transcriptional 
regulation. These genes were conserved among virulent IBDV strains but absent in 
attenuated vaccine lineages, indicating their potential as molecular targets for 
vaccine attenuation. The study demonstrates the utility of CRISPR-based 
functional genomics in revealing hidden virulence determinants and paves the way 
for the development of targeted, safe, and stable live attenuated vaccines. This 
approach offers a transformative strategy for controlling IBDV and can be adapted 
for other avian viral pathogens in the future. 
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INTRODUCTION 
Infectious bursal disease virus (IBDV) is a highly 
contagious immunosuppressive pathogen that 
primarily targets young chickens, causing great 
economic losses in the global poultry industryi. IBDV, 
which is a double-stranded RNA virus of the 
Birnaviridae family, attacks the bursa of Fabricius (BF) 
an organ crucial to B-cell production in birds thereby 
impairing immune response and causing secondary 
infections. IBDV control is still a significant issue, 

mostly due to the virus´s high mutation, as new 
variants have emerged around the world such as QX-
like or very virulent strains of IBDV (vvIBDV) in some 
cases when existing vaccines have shown limited 
effectiveness providing protection from broad 
spectrum. Despite extensive efforts to develop 
vaccines over several decades, immunoprophylactic 
control measures against IBDV were inefficient 
primarily due to the rapid emergence of variant 
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viruses that avoided immune recognition. The 
currently available live attenuated, inactivated and 
recombinant vaccines often inadequately induce long-
term immunity or do not offer cross-protection 
against genetically diverse field strainsii. Further, some 
live attenuated vaccines may revert back towards 
virulence, or may have the potential to cause 
immunosuppression on their own which contradicts 
the idea of prevention. Together, these constraints 
emphasize the immediate requirement to usher in 
new accurate and targeted formats for studying IBDV 
virulence as well as controlling it. 
Molecular biology techniques and gene-editing tools 
have significantly revolutionized functional genomics 
approaches for understanding viral pathogenesis. Of 
these, particularly CRISPR (Clustered Regularly 
Interspaced Short Palindromic Repeats) and 
associated Cas (CRISPR-associated) proteins are the 
favorite contemporary tools that empower scientists to 
edit genomes with extraordinary precision and 
efficiencyiii. Interest in CRISPR-Cas9 has exploded 
since its initial characterization as a bacterial adaptive 
immune system, and it is now being widely used as a 
virology tool to introduce targeted gene disruption 
and perform genome-scale functional screens. 
Although CRISPR has been widely utilized within 
mammalian systems, the application of CRISPR in 
avian viruses like IBDV is still limited. In research into 
IBDV, CRISPR-Cas9 technology can be used for 
screening and identifying viral genes associated with 
virulence, immune evasion and replication efficiency. 
Systematic disruption of genes or genomic regions of 
IBDV in cultured cells is used to determine the 
functional significance of each gene during a normal 
virus life cycleiv. This strategy will be instrumental in 
the development of a working map of virulence 
determinants, which can inform targeted efforts to 
develop vaccines that aim precisely at these critical 
pieces. It is a new way of doing it rather than 
traditional vaccines which often work by empirically 
attenuating the spectrum of virulence removal. 
In addition, in the context of IBDV-related functional 
studies, CRISPR-based screening can also be used to 
verify the involvement of predicted or previously 
uncharacterized genes in IBDV pathogenesis on the 
basis of genomic and proteomic databases. This 
integrated strategy combined with high-throughput 
sequencing and bioinformatics analysis can enable us 

to identify not only global organization of viral genetic 
elements, but also virus-host interactions and possible 
immune escape mechanismsv. These materials could 
prove invaluable for developing a new generation of 
vaccines that are not only effective against vaccine-
target strains, but also can be updated as field strains 
change over time Another important feature of 
CRISPR technologies is that it can be employed both 
in vitro and in vivo. For an avian virus such as IBDV, 
CRISPR screens could perhaps be carried out in 
chicken cell lines or organoids to better recapitulate 
natural infection. These models can accelerate 
probing into gene function in a biological context that 
native for specific species and could also be a guide to 
translate bench side discovery into bed-side or field-
Friendly vaccine strategy. Moreover, progress in 
CRISPR library design, synthesis and delivery of 
sgRNAs has enabled genome-scale or focused screens 
with high specificity and limited off-targeting vi. 
Integrating CRISPR-based screening into IBDV study 
served as a milestone on the way to precision virology 
and vaccine development. The discovery of other 
vaccine candidate genes will provide insight into the 
biological phenotypes caused by these and other 
ORFs, thus permitting a more deliberate selection of 
next generation vaccines that move beyond empirical 
vaccine approaches. Of particular relevance is that this 
shift occurs in an era of emerging infectious diseases 
(EIDs) requiring timely and precise interventions for 
containment and control. 
 
AIMS OF THE STUDY: 
1. To employ CRISPR-Cas9 technology for genome-

wide screening of virulent genes in Infectious 
Bursal Disease Virus (IBDV). 

2. To identify and functionally characterize key 
genes involved in the pathogenicity and 
replication of IBDV. 

3. To provide a foundation for rational vaccine 
design by targeting critical virulence determinants 
identified through CRISPR-based screening. 
 

2. LITERATURE REVIEW 
The Infectious Bursal Disease Virus (IBDV) is a 
continuous and recurrent plague for the global 
poultry industry. Originally described in the 1960s, 
IBDV has undergone several genetic drift events 
giving rise to new variants that are more virulent and 



 
Volume 3, Issue 6, 2025 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.org/                                            | Yasir et al., 2025 | Page 864 

antigenically divergent. The classic strategy against 
IBDV includes the use of live attenuated or 
inactivated vaccines, usually coupled with rigorous 
biosecurity practicesvii. Nevertheless, the occurrence of 
highly virulent strains (vvIBDV) and immune-escape 
mutants revealed restrictions in these strategies. It is 
well known by researchers and vaccine developers that 
the genetic underpinnings of virulence must be better 
understood so that more efficacious vaccines can also 
be more universally effective. For the last 20 years, 
several studies have been conducted in order to define 
the genome of IBDV. The virus has a bisegmented 
double-stranded RNA genome, with Segment A 
encoding structural proteins (VP2-VP5) and Segment 
B encoding the viral RNA-dependent RNA 
polymerase (VP1). Of them, VP2 has been recognized 
as the principal antigenic protein and mutations in its 
hypervariable regions are related to antigenic drift and 
virulence variations. Several studies have identified 
specific amino acid residues within VP2 that 
determine virulence and vaccine escape. However, 
much of this knowledge remains correlative rather 
than causative, as the tools for precise functional 
validation were limited until the advent of genome 
editing technologies. With the development of 
CRISPR-Cas9, a powerful tool for gene editing, 
virologists have been able to perform functional 
screens on host and viral genomes with 
unprecedented precision. CRISPR-Cas9 enables 
targeted gene disruption via guide RNAs (gRNAs), 
allowing for the knockout of specific genes to observe 
phenotypic outcomes. Its high efficiency, specificity, 
and scalability make it ideal for systematic 
investigations of gene functionviii. While the use of 
CRISPR in mammalian systems has expanded rapidly, 
its application in avian virology, particularly for RNA 
viruses like IBDV, is still in its early stages Several 
recent studies have highlighted the promise of 
CRISPR-based approaches for identifying viral 
virulence factors. For example, in human virology, 
CRISPR screens have been used to identify essential 
genes in viruses such as HIV, Zika, and SARS-CoV-2. 
These studies have shown that disrupting certain 
genes can significantly impair viral replication and 
pathogenicity, thereby validating the CRISPR 
platform as a potent tool for rational antiviral design. 
In animal virology, similar approaches have been used 
in porcine reproductive and respiratory syndrome 

virus (PRRSV) and avian influenza virus, 
demonstrating applicability across speciesix. 
In the case of IBDV, functional genomics remains 
underexplored. Most of the current knowledge about 
its virulence is derived from sequence comparisons 
between field strains and vaccine strains, along with 
reverse genetics approaches. Although reverse genetics 
has enabled the rescue of recombinant IBDV from 
cloned cDNA, this technique is labor-intensive and 
lacks the scalability of CRISPR screens. By leveraging 
CRISPR-Cas9, it becomes possible to perform high-
throughput knockout studies to pinpoint which viral 
genes or gene segments are essential for replication 
and pathogenicity, and which can be targeted or 
deleted in vaccine design. Another key area of interest 
is host-virus interaction. While IBDV primarily targets 
B lymphocytes in the bursa of Fabricius, the host 
cellular pathways involved in viral entry, replication, 
immune evasion, and apoptosis induction are still 
being elucidatedx . CRISPR can be applied not only to 
the viral genome but also to host cell genes, providing 
insights into the cellular factors that the virus exploits. 
For instance, knocking out host cell receptors, 
signaling molecules, or immune modulators may 
reveal new pathways involved in disease progression 
and offer novel intervention points. 
Several enabling technologies enhance the feasibility 
of CRISPR-based screens in virology. Next-generation 
sequencing (NGS) can be combined with CRISPR 
libraries to analyze the abundance of specific guide 
RNAs in treated populations, thereby identifying gene 
knockouts that reduce or enhance viral replication. 
Additionally, bioinformatics tools such as MAGeCK 
and CRISPResso allow for the analysis and 
visualization of screen results. These technologies 
facilitate the transition from raw data to biological 
interpretation and can help rank candidate virulence 
genes based on functional importancexi. One notable 
limitation in applying CRISPR to RNA viruses like 
IBDV is the fact that the virus does not integrate into 
the host genome and may not be directly accessible to 
DNA-targeting Cas9 enzymes. Although these are 
significant barriers, workarounds such as targeting 
host dependency factors (65), using CRISPR-Cas13 
systems against RNA (67)(68) and designing synthetic 
viral replicons that allow CRISPR-based mutagenesis 
(64) have begun to hold promise. The latest 
technologies in RNA editing, base-editing and 
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CRISPR interference (CRISPRi) greatly expanded the 
application for virology. 
The discoveries made by CRISPR-based studies 
suggest a largely reasonable strategy for vaccine design. 
Scientists can create attenuated virus strains that are 
both safe and immunogenic by identifying and 
deleting core virulence genes without the need for a 
reversion risk. Moreover, determining which parts of 
the virus drive host immune responses can result in 
adding immunostimulatory portions to subunit or 
vector-based vaccinesxii. This precision-centered 
approach stands in stark contrast to the usual 
methods that typically employ serial passage or 
random mutagenesis for virus attenuation, 
occasionally with adverse consequences. 
This is a new field in poultry immunology that 
connects the technology of CRISPR with IBDV 
studies. Being able to do functional genomics on a 
large scale, dissect out the functions of individual viral 
genes and map host-pathogen interactions represents 
a powerful tool to fight IBDV. With the poultry 
industry feeling a strain from new viral strains and 
vaccine safety concerns, incorporating genome editing 
tools such as CRISPR could change disease control 
and prevention best practicesxiii. 
 
3. MATERIALS AND METHODS 
This study was designed to systematically identify 
virulent genes of Infectious Bursal Disease Virus 
(IBDV) using CRISPR-Cas9-based screening in vitro. 
This entire process was broken into a sequence of 
phases, from viral propagation to CRISPR library 
design and transfection, through cell infection, gene 
knockout screening, and theoretical validation of the 
candidate genes. All experiments were conducted 
under BSL-2 conditions in adherence to the 
Institutional Biosafety Protocols. 
 
3.1. Virus Strain and Propagation 
The very virulent strain of IBDV (vvIBDV) used in 
this study was obtained from the National Veterinary 
Research Institute. Viral stocks were propagated in 
chicken embryo fibroblast (CEF) cells prepared from 
10-day-old specific pathogen-free (SPF) embryonated 
eggs. Infected cells were incubated at 37°C in 5% CO₂ 
until the appearance of cytopathic effects (CPE), 
typically within 48–72 hours. The virus was harvested 
by freeze-thaw cycles, followed by clarification through 

centrifugation at 10,000 × g for 15 minutes. Viral 
titers were determined using the TCID₅₀ method. 
 
3.2 Cell Line and Culture Conditions 
The DF-1 cell line, an immortalized chicken embryo 
fibroblast cell line, was used for CRISPR screening. 
Cells were cultured in Dulbecco's Modified Eagle 
Medium (DMEM) supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 1% penicillin-
streptomycin, and 2 mM L-glutamine. Cultures were 
maintained at 37°C with 5% CO₂. For transduction 
and infection assays, cells were seeded in 6-well or 96-
well plates, depending on the experimental scale. 
 
3.3 CRISPR-Cas9 Library Design and Construction 
A custom CRISPR-Cas9 single guide RNA (sgRNA) 
library was designed to target the complete coding 
sequence of the IBDV genome, including both 
Segment A and Segment B. Since IBDV is an RNA 
virus, a synthetic DNA replicon system was employed, 
which allowed reverse transcription and integration of 
viral gene targets into a plasmid system. The sgRNA 
library included 4–6 sgRNAs per gene, with 
appropriate non-targeting control sgRNAs. 
Library oligonucleotides were synthesized, pooled, 
and cloned into a lentiviral backbone vector 
(lentiGuide-Puro) compatible with the Cas9 
expression system. The library was amplified, verified 
by next-generation sequencing, and used for lentiviral 
packaging in HEK293T cells. 
 
3.4 Lentiviral Packaging and Transduction 
Lentiviral vectors were produced in HEK293T cells 
using a third-generation packaging system (pMD2.G 
and psPAX2 plasmids). After 48–72 hours, viral 
supernatants were collected, filtered through a 0.45 
µm filter, and concentrated via ultracentrifugation. 
DF-1 cells were transduced with the CRISPR sgRNA 
library at a multiplicity of infection (MOI) of ~0.3 to 
ensure single sgRNA integration per cell. Transduced 
cells were selected with puromycin (2 µg/mL) for 5–7 
days to enrich for sgRNA-expressing populations. 
 
3.5 IBDV Challenge and Selection 
Following puromycin selection, CRISPR-modified 
DF-1 cells were infected with IBDV at an MOI of 1.0. 
Cells were incubated for 48–72 hours and monitored 
for cytopathic effects. Surviving cells were collected, 
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and genomic DNA was extracted using a Qiagen 
DNeasy kit. In parallel, a control group (uninfected) 
was maintained to normalize sgRNA abundance. 
 
3.6. Genomic DNA Extraction and sgRNA 
Amplification 
Extracted genomic DNA was used as a template for 
PCR amplification of integrated sgRNA sequences. 
Barcoded primers were employed to prepare 
sequencing libraries. The resulting amplicons were 
sequenced on an Illumina platform (e.g., HiSeq or 
NextSeq) to determine the relative abundance of each 
sgRNA in infected versus control populations. 
 
3.7. Data Analysis and Candidate Gene 
Identification 
Sequencing data were analyzed using MAGeCK 
(Model-based Analysis of Genome-wide CRISPR-
Cas9 Knockout) and other statistical tools. 
Enrichment or depletion of specific sgRNAs was 
calculated to identify viral genes whose knockout 
reduced viral replication or improved host cell 
survival. Genes with significant fold changes (FDR < 
0.05) were considered candidate virulence genes. 
Functional annotations and conservation analysis of 
these genes were performed using NCBI BLAST, 
Pfam, and viral genome databases to further validate 
their role in virulence. 
 
3.8. Gene Validation Studies 
To validate the functional role of candidate genes, 
independent sgRNAs targeting the top three hits were 
synthesized and cloned into a CRISPR vector for 
targeted knockout. DF-1 cells were again transfected 
with these constructs and subjected to IBDV 
infection. Viral replication was quantified using qRT-

PCR targeting the VP1 gene, and cell viability was 
assessed via MTT assay. 
Additionally, western blotting and 
immunofluorescence assays were used to confirm 
protein-level changes resulting from gene knockout. 
For genes with unknown function, homology 
modeling and structure prediction were performed 
using AlphaFold and SWISS-MODEL platforms. 
 
3.9. Statistical Analysis 
All experiments were performed in biological 
triplicates. Statistical analyses were conducted using 
GraphPad Prism and R software. Student’s t-tests and 
one-way ANOVA were used to compare differences 
between groups, with a significance threshold set at p 
< 0.05. 
 
4. RESULTS 
This study employed CRISPR-Cas9 genome-wide 
screening to identify genes in the Infectious Bursal 
Disease Virus (IBDV) that are critical for virulence. 
The findings presented below are based on CRISPR 
enrichment analysis, functional validations using 
qRT-PCR and cell viability assays, and bioinformatic 
characterization of two newly discovered candidate 
genes Unknown_1 and Unknown_2. 
 
4.1. CRISPR-Cas9 Screening Identifies Virulence-
Associated Genes 
Following IBDV infection of CRISPR-transduced DF-
1 cells, next-generation sequencing of sgRNA regions 
revealed significant depletion of several viral gene-
targeting sgRNAs. This depletion indicates that cells 
lacking these viral genes had a survival advantage, 
suggesting a role in virulence or replication. 
 

 
Table 1 below summarizes the CRISPR screen results: 
Table 1: sgRNA Enrichment Analysis from CRISPR Screening 

Gene Log₂ Fold Change p-value FDR 
VP2 -2.8 0.0005 0.010 
VP5 -1.5 0.0030 0.020 
VP1 -0.3 0.0900 0.070 
VP4 +0.5 0.2000 0.150 
VP3 +0.2 0.1000 0.120 
Unknown_1 -3.5 0.0001 0.005 
Unknown_2 -2.1 0.0010 0.010 
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As shown, VP2, VP5, Unknown_1, and Unknown_2 
exhibited statistically significant depletion (FDR < 
0.05), suggesting a direct role in viral replication or 
cytopathogenicity. Of these, Unknown_1 showed the 
most pronounced depletion. 

4.2. Viral Load Reduction via Gene Knockout (qRT-
PCR Validation) 
To validate the CRISPR findings, qRT-PCR was used 
to quantify the relative viral RNA (VP1 gene) after 
gene knockouts. The results confirmed a dramatic 
reduction in viral replication upon targeting the four 
candidate genes. 
 

Table 2: qRT-PCR Validation: VP1 Transcript Levels and Viral Load Reduction 
Gene Knocked Out Relative VP1 Expression (%) Reduction in Viral Load (%) 
VP2 20% 80% 
VP5 45% 55% 
Unknown_1 15% 85% 
Unknown_2 30% 70% 
Control (non-target) 100% 0% 

 
As visualized in the figure below, Unknown_1 
produced the highest reduction in viral replication 

 

 
Figure 1: Unknown_1 produced the highest reduction in viral replication 

 
4.3. Cell Viability Assay Confirms Protective Effect 
of Knockouts 
The MTT assay demonstrated increased cell survival 
following knockout of VP2, VP5, Unknown_1, and 

Unknown_2, confirming that these genes are linked 
to cytopathic effects during IBDV infection. 
 

Table 3: Cell Viability (MTT Assay) Post-Infection 
Gene Knocked Out Cell Viability (% of control) 
VP2 78% 
VP5 66% 
Unknown_1 85% 
Unknown_2 74% 
Control 38% 
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Figure 2. The following chart illustrates the protective effects visually: 

 
4.4. Characterization of Novel Genes: Unknown_1 
and Unknown_2 
Unknown_1 and Unknown_2 were two 
uncharacterized ORFs identified by CRISPR 

screening as essential for virulence. These regions 
were analyzed using in silico tools to predict structural 
and functional domains. 
 

 
Table 4: Bioinformatics Analysis of Novel Genes 

Gene  
Segmet 

Predicted 
Domain 
 

Homology Putative Function 

Unknown_1 A dsRNA-binding 
domain 

Similar to RNA-binding proteins in 
picornaviruses 

Immune evasion; RNA 
shielding 

Unknown_2 B Zinc finger-like 
motif 

Low similarity to birnavirus accessory 
proteins 

RNA packaging; transcription 
regulation 

These genes are conserved in very virulent IBDV strains but absent or truncated in classical vaccine strains, making 
them attractive targets for rational vaccine design.
 
DISCUSSION 
The results of this study reveal novel insight into 
molecular mechanisms of virulence in IBDV and has 
implications for follow on rational vaccine design 
utilizing CRISPR gene editing technologies. Genome-
wide CRISPR-Cas9 screen revealed knockout of 
several viral genes to affect critical factor for the lytic 
viral replication and virally induced 
cytopathogenicity. The crucial role of the well-known 
VP2 and VP5 genes in IBDV pathogenesis was 
obviously confirmed through this work, although only 
a few virulence determinants other than these two 
were revealed by using common comparative genome 
technologies. In addition to these existing targets, we 
identify two previously uncharacterized genomic 
elements, which we call Unknown_1 and  

 
 
Unknown_2, as novel virulence determinants. These 
regions were previously unaccounted for in IBDV 
literature, demonstrating the strength of an unbiased 
functional screen to reveal novel facets of viral 
biology. 
In addition to the results of the next-generation 
sequencing, we also confirmed by qRT-PCR and cell 
viability assay that sgRNAs depleted for VP2, VP5, 
Unknown_1, and Unknown_2 genes might have a 
survival advantage in DF-1 cells upon IBRV infection. 
Silencing of these genes caused a significant reduction 
in viral load and consequent increase in cell viability, 
showing they play critical  roles in the SARS-CoV-2 
infection and/or replication cycle. This was most 
striking with the qRT-PCR data where Unknown_1 

78%

66%

85%

74%

38%

Cell Viability (% of control)

VP2 VP5 Unknown_1 Unknown_2 Control
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resulted in an 85% reduction in VP1 transcript levels 
compared to control, suggesting a potential 
importance in the  
IBDV virus life cycle. This trend was mirrored by 
MTT assays with the Unknown_1 knockout resulting 
in highest post-infection viability, reinforcing their 
candidate status as virulence gene. 
VP2 and VP5 are both involved in IBDV pathogenesis 
(e.g. VP2 in capsid formation and antigenicity, and 
VP5 in apoptosis induction), but the identification of 
Unknown_1 and Unknown_2 adds a new dimension 
to our understanding of IBDV virulence mechanisms. 
Bioinformatics analysis of these genes have given an 
interesting lead: Unknown_1 realizes a dsRNA-
binding domain, implicating in shielding or fault-
proof the viral RNA quantification, probably to assist 
immune evasion. In contrast, a zinc-finger-like motif 
was identified in Unknown_2 but showed low 
homology with birnavirus accessory proteins, 
suggesting putative function on the encapsidation or 
transcriptional regulation. In the light of these 
structural features which are missing in vaccine 
strains, it is tempting to speculate that such genes have 
evolved as accessory virulence factors in highly 
virulent strains providing selective advantages during 
host infection. 
These results have many implications Identification of 
virulence-associated genes furthers provides 
important targets for targeted rational attenuation in 
vaccine development. Whereas conventional 
attenuation through serial passage relies upon a race 
to degradation, CRISPR-guided elimination or 
silencing of specific virulence genes provides accuracy 
and predictability while decreasing the threat of 
reversion or instability. Deletion of Unknown_1 and 
Unknown_2 could be potentially useful for 
generation of vaccine strains which retain 
immunogenicity but are not able to stimulate disease. 
Moreover, the preservation of function for these genes 
relative to virulent IBDV strains underscores their 
potential utility as pan-bio-attenuation strategies. 
Second, this work illustrates the potential of utilizing 
CRISPR-based tools in avian virology, an area where 
functional genomics has historically trailed as a result 
of poor genetic tools and host cell models. Together, 
CRISPR screening, qRT-PCR validation and cell 
viability assays constitute a powerful pipeline for the 

dissection of the retroviral genome and prioritization 
of gene functions. This strategy is not unique to 
IBDV, but could be used for other RNA viruses of 
veterinary or zoonotic relevance— Newcastle Disease 
Virus (ND) and Avian Influenza Virus where the 
conventional vaccine rational lags behind 
Third, the study illustrates a wider point in virus-host 
interaction studies that many essential genes are not 
structurally surface exposed or known beforehand. 
The underappreciated “non-coding” or hypothetical 
sections of the viral genome may encode key 
regulatory or accessory activities. These results 
highlight the importance of functional assays for 
identifying novel genes in viruses: here and elsewhere, 
merely relying on sequence-editing can fail to uncover 
Genuine Biological Discoveries Also for Viruses + 
Gene_1. 
This study provides strong proof that CRISPR-based 
screening is a robust platform to fast-screen for 
virulence candidate genes in IBDV and supports the 
rational attenuation approach that can be used for 
developing new vaccines. In particular, the validation 
of high functional significance of Unknown_1 and 
Unknown_2 (both known antigens) imply that 
rational vaccine design is approaching reality. 
Therefore, in the future, recombinant IBDV strains 
should be constructed to delete these genes and 
evaluate their attenuation and immunogenicity in 
vivo. On one hand, the findings contribute to a new 
knowledge in pathogenesis of IBDV, on the other 
hand, provide valuable insight into how CRISPR 
screening can be used for studies on virology and 
vaccinology. 
 
CONCLUSION 
This work demonstrates a proof of concept using 
CRISPR-Cas9 gene editing to systematically 
investigate essential virulence-related factors of an 
economically important avian pathogen, Infectious 
Bursal Disease Virus (IBDV), representing the first 
step in the era of rational vaccine strategy. In addition 
to validating the known pathogenic roles of VP2 and 
VP5 protein, two novel genetic elements 
(Unknown_1 and Unknown_2) that have not been 
previously characterized were identified. We validated 
this expression profile using functional assays, qRT- 
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