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DEVELOPMENT AND TESTING OF GRNAS FOR DETECTION
OF APPLE CHLOROTIC LEAF SPOT VIRUS
AND APPLE STEM PITTING VIRUS

The present study provides a comprehensive account of the advancement and utilization of guide
RNAs (gRNAs) through the utilization of CRISPR/Cas systems in the identification of two prominent
apple viruses, namely Apple Chlorotic Leaf Spot Virus (ACLSV) and Apple Stem Pitting Virus (ASPV).
The presence of these viruses presents significant risks to the worldwide apple production industry, due
to their adverse effects on fruit quality and yield. The primary objective of this study is to investigate the
utilization of CRISPR technology, namely the CRISPR/Cas12a and Cas13a systems, when employed for
accurate and highly sensitive diagnostic applications. The present methodology focuses on exploiting
conserved areas within the viral genome to improve the efficacy of detection.

The methodology involves the development of guide RNAs (gRNAs) that selectively bind to con-
served areas within the viral genomes of ACLSV and ASPV. This is achieved by the application of
bioinformatics techniques, which aim to reduce unintended effects and enhance the specificity of the
targeting. The first stage of in vitro testing entails the production of synthetic viral RNA, followed by live
plant testing to verify the efficacy of the gRNAs in real-world settings. Furthermore, the research project
includes the generation of complete cDNA clones of the viruses in order to enhance comprehension of
their genomic architectures, a critical aspect in the improvement of gRNA designs.

This study highlights the incorporation of sophisticated genomic methodologies alongside conven-
tional virology approaches in order to enhance the identification and control of plant viral illnesses. The
objective is to enhance agricultural well-being and productivity by develop novel diagnostic strategies.

Key words: Apple Chlorotic Leaf Spot Virus (ACLSV), Apple Stem Pitting Virus (ASPV), CRISPR/Cas
system, guide RNAs, methodology.
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AAMA XanblpaFbIHbIH, XAOPOTUKAABIK, AAKTapbIHbIH, BAPYCbIH
)KOHE aAMa aFallbIHbIH, LUYHKbIPAAPbIHbIH, BUPYCbIH aHbIKTAy YLUiH
rPHK a3ipAey xaHe cbiHay

ByA 3epTTey eki 6eAriAi aAmMa BUPYCbIH, atan anTKaHAQ, aAMaHbIH XAOPOTUKAABIK, XKarblPaKTbl AAK,
BUPYCbIH (ACLSV) >xeHe aaMa aFallbiHbIH, WYHKbIPbIHbIH BUPYCbiH (ASPV) aHbikTay yuwiH CRISPR/Cas
>KyMeAepiH nanaasaHy apkbiabl 6arbiTtayibl PHK-Aapabl (barbittaybin PHK) a3ipAey >xkaHe nanaasaHy
TypaAbl >kaH-XaKTbl ecen 6epeai. . bya BupyctapabliH 60AybI KahaHAbIK, aAMa 6HepKaciOiHe oAapAbIH
>KeMIC carnacbl MeH eHiMiHe Tepic acep eTyiHe 6GalAaHbICTbl eAeyAi Kayin TeHaipeai. bya 3epTreyain
Herisri makcatbl CRISPR TexHoAorusicbiH, aTtan antkaHaa CRISPR/Cas12a >xaHe Casl3a >kyiheaepiH
ADA >KOHE XKOFapbl Ce3iMTaA AMAarHOCTUKAABIK, KOAAAHBaAAAp YLLiH ManAaAaHFaH Ke3AE ManAaAaHyAbl
3epTTey 60AbIN TabblAaabl. Kasipri aaicteme aHbiKTay TUIMAIAITIH apTTbIPY YLIiH BUPYCTbIK, FEHOMAFbI
CaKTaAFaH alMaKTapAbl ManaasaHyra GaFbITTaAFaH.

oaicteme ACLSV >xaHe ASPV BMPYCTbIK, FreHOMAAPbIHAQFbI CaKTaAFaH alMMakTapMeH TaHAAMaAbl
Typae 6anaarbicaTbiH GarbiTTayuwbl PHK (GRNAS) a3ipaeyai kKamTrabl. ByA Makcatcbi3 6ainAaHbICTbIpy
acepAepiHasanTyrakeHe 6arbiTTayLibl PHK MakcaTTbIAbIFbIH apTTbIpyFa 6aFbliTTaAFaH GrMomHpopMaTHKa
BAICTEPIH KOAAAHY apKbIAbl KOA XKeTKidiAeal. In vitro TecTiaeyaiH 6ipiHWI Ke3eHi CUMHTETMKAABIK,
BMpycTbiK, PHK eHAipyAi KaMTUADBI, COAQH KeliH HaKTbl 9AeM XaFaanbiHaa rPHK TuiMaiAiriH Tekcepy
YLWiH Tipi eciMaikTepae CbiHakTaH eTeal. COHbIMEH KaTap, 3epTTey MaKcaTbl BUPYCTapAbIH TOAbIK, CDNA
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cDNA KAOHA@pbIH reHepauusiAayAbl KAMTHMABI, OAQPAbIH FT€HOMABIK, apXUTEKTYpacbiH TYCIHYAI ak-
capty, 6ya gRNA AM3aiHbIH XKakCcapTyAblH MaHbI3Abl aCMeKTICi.

KyMbIC ©CIMAIKTEPAIH BUPYCTBIK, aypyAapbliH aHbIKTay MeH 6akbiAayAbl XKaKCapTy YILiH ASCTYPAI
BUPYCOAOTUSIAbIK, TOCIAAEPMEH KaTap KYPAEAI T€HOMADIK, dAICTEMEAEPAI eHTi3YAIH MaHbI3AbIAbIFbIH
KepceTeai. MakcaT — >kaHa AMArHOCTMKAABIK, CTPaTernsaAapAbl 83ipAey apKblAbl ayblA LapyallbIAbIFbl-
HbIH 8A-ayKaTbl MEH BHIMAIAITH apTTbIpy.

TyiiH ce3aep: aAMaHbIH, XAOPOTMKAABIK, >Karblpak, AAKTapbiHbIH BUPYCbl (ACLSV), aama WyHKbIpbI-
HbIH, BUpYCbl (ASPV), CRISPR/Cas >xyiteci, Hyckayabik, PHK, aaicteme.
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Pa3pa6oTka u TectupoBarme rPHK aast o6Hapy>xeHust BUupyca
XAOPOTUYECKOM MATHUCTOCTU AMCTbEB SIOAOHM
M BMpYyCa SIMYATOCTH APeBeCHHbI I6AOHU

B AaHHOM McCAeAOBaHMM MPEACTAaBAEH BCECTOPOHHWUI OTYET O PasBUTMU M MCMOAb30BAHMM Ha-
npasastowmx PHK (rmaosbix PHK) nocpeactBom mcrnioab3oBarms cuctem CRISPR/Cas AAst MAEHTU-
rKaumMm ABYX M3BECTHbBIX BUPYCOB S6AOK, @ UMEHHO BMPYCa XAOPOTUYECKOW MATHUCTOCTU AMCTbEB
96A0K (ACLSV) m BMpyca SiMYaToCTh ApeBecuHbl 16A0HM (ASPV). HaAnume 3Tux BUPYCOB NpeACTaBAs-
€T 3HaUNTEAbHbIE PUCKM AAS MMPOBOI MHAYCTPMM MPOU3BOACTBA S6AOK M3-32 MX HEGAArONPUSTHOIO
BO3AENCTBMS Ha KQYeCTBO M YPOXKaMHOCTb NMAOAOB. OCHOBHOM LIeAbIO AQHHOTO MCCAEAOBAHUS SIBAS-
eTcs M3yueHue mcrnoAb3osanms texHoaormm CRISPR, a meHHo cuctem CRISPR/Cas12a 1 Cas13a, npum
MCMOABb30BaHNN AAS TOUHBIX M BbICOKOUYYBCTBUTEABHBIX AMArHOCTUYECKMX MPUAOXKeHMI. HacTosduas
METOAOAOTMSI (hOKYCHPYETCS HA UCTIOAb30BAHMM KOHCEPBATMBHbIX 0OAACTEN B BUPYCHOM FE€HOME AAS
NoBblIleHNs 3PPEKTUBHOCTU 0OHaPY>KEeHMS.

MeTtoaonaorus BkalouaeT paspaboTky Harnpaeasiowmx PHK (rPHK), koTopble ceAekTMBHO CBsI3biBa-
IOTCS C KOHCepBaTMBHbIMM 06AACTSIMM B BUPYCHbIX reHoMax ACLSV n ASPV. 31o aAocTuraercs nytem
NMPUMEHEHUST METOAOB OUMOMH(POPMATHKM, KOTOpPbIE HampaBAEHbl HAa CHUXXEHWE HerpeAHaMepeHHbIX
3(pheKTOB CBA3bIBAHMS U MOBbIWEHWE CneudUUYHOCTM HaueAnBaHus Hanpasasiowmx PHK. TMepBbii
3Tan TeCTUPOBaHUS in Vitro BKAIOYaeT NMPOM3BOACTBO CUHTeTUYecKol BupycHoi PHK, 3a koTopbim cae-
AYeT TeCTMPOBAHWE >KMBbIX PacTeHUn AAS NpoBepkn 3hdekTMBHOCTM gRNA B peaAbHbIX YCAOBUSX.
Kpome TOro, LeAb MCCAEAOBAHMS BKAKOYaeT B cebst co3paHue MOAHbIX KAOHOB KAHK Bupycoe aas
YAYULLEHWNS MOHMMAHUS X TEHOMHOM apXMTEKTYPbl, UTO SBASETCS KPUTUUYECKMM aCMeKTOM B YAyuLLle-
HUU KOHCTPYKLMIA gRNA.

B paboTe noaAuepKMBaETCSl BAKHOCTb BKAIOUYEHUSI CAOXKHbBIX FTEHOMHbIX METOAOAOIMI HAPSIAY C Tpa-
AVLMOHHBIMU MOAXOAAMM BUPYCOAOTUM AASE YAYULLIEHWSI MAEHTU(UKALIMM U KOHTPOAS BUPYCHbIX 3a60-
A€BaHMin pacTeHun. LleAb cocTouT B TOM, YTOObI MOBbLICUTbH CEAbCKOXO3MCTBEHHOE BAArOCOCTOSIHME U
NPOM3BOAMUTEABHOCTb MyTEM Pa3paboOTKM HOBbIX AMArHOCTUYECKMX CTPATEruid.

KAroueBble cAOBa: BMPYC XAOPOTMYECKOM MATHUCTOCTU AMCTbeB s16A0HM (ACLSV), BupycC simuato-
ct1 apeBecntbl 16A0HM (ASPV), CRISPR/Cas cuctema, Hanpasasiowme PHK, meToaoAorms.

Introduction

Apple Chlorotic Leaf Spot Virus (ACLSV)
and Apple Stem Pitting Virus (ASPV) are signifi-
cant pathogens affecting apple orchards worldwide,
leading to substantial economic losses due to their
detrimental impact on fruit quality and yield. The
development and testing of guide RNAs (gRNAs)
for the detection of these viruses have become a fo-
cal point in plant virology, leveraging CRISPR/Cas
systems for precise and sensitive diagnostics [1].

For ACLSV, the coat protein (CP) gene and
movement protein (MP) gene regions are common-

ly targeted due to their conserved sequences among
different isolates [2]. Similarly, for ASPV, the
RNA-dependent RNA polymerase (RdRp) gene and
CP gene regions are targeted. These regions are cho-
sen because they are highly conserved, making them
ideal for developing specific and effective gRNAs.
Guide RNAs are usually designed using bioin-
formatics tools that identify unique and conserved
regions within the viral genomes. Tools such as
CRISPR RGEN Tools, CHOPCHOP, and CRISPOR
are utilized to design gRNAs that minimize off-
target effects and maximize binding efficiency [3].
This careful design process ensures that the gRNAs
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effectively target the viral genomes without affect-
ing the host plant’s DNA. Once designed, gRNAs
are initially tested in vitro using synthesized viral
RNA or DNA. Systems such as Casl2a (Cpfl) or
Casl13a, which are particularly suited for RNA tar-
geting, can be employed [4]. Successful cleavage or
binding in these tests indicates an effective gRNA
design, paving the way for further testing and ap-
plication in live plants.

Research has also focused on constructing full-
length cDNA clones of ACLSV and ASPV. Methods
like circular polymerase extension cloning (CPEC),
Gibson assembly, and In-Fusion cloning have been
used to create 17 full-length cDNA clones of these
viruses. These infectious clones were tested on Ni-
cotiana occidentalis and apple seedlings, achieving
various infection rates. This study is crucial for de-
veloping viral vectors and understanding the genetic
makeup of these viruses, aiding in the development
of gRNAs [5].

Specific strategies have been outlined for de-
veloping full-length cDNA clones of ACLSV, dis-
cussing the challenges and methodologies involved
in cloning large PCR products, including the use
of yeast cells for homologous recombination. This
approach has facilitated the efficient creation of in-
fectious cDNA clones, providing valuable tools for
studying the virus’s genetics and developing gRNAs
[6]. A report from India highlighted the detection
and molecular characterization of apple viruses,
including ACLSV and ASPV. It provided insights
into the genetic variability and methods used for vi-
rus detection, such as RT-PCR and immunosorbent
electron microscopy. Understanding these aspects
is essential for designing effective gRNAs for virus
detection [7].

Additionally, research on the effect of thermo-
therapy on the elimination of Apple Stem Grooving
Virus (ASGV) and ACLSV from in vitro-cultured
pear shoot tips provides insights that can inform
similar strategies for apple. This study aids in devel-
oping virus-free plants and refining gRNA designs
for virus detection [8].

The development of gRNAs for detecting
ACLSV and ASPV, combined with advances in
constructing full-length cDNA clones and innova-
tive detection strategies, represents a significant step
forward in managing these viruses. These efforts
not only enhance our understanding of the viruses’
genetic makeup but also improve the precision and
sensitivity of diagnostics, ultimately contributing to
better management and control of viral diseases in
apple orchards.
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Materials and methods

The full genome sequences of Apple Chlorotic
Leaf Spot Virus (ACLSV) and Apple Stem Pit-
ting Virus (ASPV) were obtained from publicly
available databases such as NCBI. Conserved re-
gions within the viral genomes that are crucial for
the virus’s function and less likely to mutate were
identified. For ACLSV and ASPV, these regions
included the coat protein (CP) and polymerase
genes. The viral genomes were scanned for proto-
spacer adjacent motif (PAM) sites suitable for the
chosen Cas protein. Twenty-nucleotide sequences
upstream of the PAM sites were selected as poten-
tial gRNAs. Multiple candidate gRNAs were de-
signed to ensure the identification of at least one
highly effective gRNA.

Bioinformatics tools were used to compare the
gRNA sequences against the host genome (e.g.,
apple genome) to predict and avoid off-target ef-
fects. This step was crucial to ensure the specificity
of'the gRNAs for the viral targets. Several platforms
collectively ensured the development of precise
and reliable gRNAs for the detection of ACLSV
and ASPV, leveraging the power of CRISPR/Cas
systems for advanced plant virology diagnostics.
CROPSR provides a comprehensive platform for
designing and validating gRNAs, ensuring high
specificity and efficiency [9]. CHOPCHOP allows
for the design of gRNAs for various CRISPR ap-
plications, including virus detection [10]. And E-
CRISP offers off-target prediction and scoring for
¢RNA efficacy and specificity, aiding in the selec-
tion of the most effective gRNAs [11].

The designed gRNAs were synthesized and
tested in vitro to confirm their binding and cleav-
age efficiency against the viral RNA. Reverse Tran-
scription Recombinase Polymerase Amplification
(RT-RPA) and Loop-mediated Isothermal Amplifi-
cation (LAMP) was used to amplify the RNA targets
[12]. Synthetic gRNAs were ordered from commer-
cial suppliers to ensure sequence fidelity and purity.
Upon receipt, the gRNAs were verified for accuracy
and purity using spectrophotometric analysis and
agarose gel electrophoresis. Clone the gRNA se-
quences into a plasmid vector and transcribe in vitro
using T7 RNA polymerase to produce the gRNAs
[13].

The gRNAs were mixed with the corresponding
Cas proteins (Cas13a for RNA targets) and the tar-
get RNA sequences. Casl3 enzyme was combined
with the transcribed gRNA in the reaction buffer as
per the manufacturer’s instructions. The reaction
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mixtures were incubated under optimal conditions
for cleavage. Incubation of the mixture at room tem-
perature for 10-15 minutes allowed the formation of
the Cas13-gRNA complex [14].

Multiple gRNA candidates were tested to
identify the most efficient ones. The most effec-
tive gRNAs exhibited high cleavage activity and
specific binding to the target sequences [15, 16].
The selected gRNA-Cas complexes were tested in
real field conditions with samples collected from
various locations. This testing was crucial to en-
sure the robustness and reliability of the diagnostic
assays. Field samples were prepared and processed
similarly to laboratory conditions to validate the
performance of the gRNA-Cas systems in detect-
ing ACLSV and ASPV in diverse environmental
conditions.

The RNaseAlert™ QC System (Invitrogen) was
used for the fluorescence detection assay. The RNA
substrate was added to the Cas13-gRNA complex,
and the reaction mixture was prepared in a total vol-
ume of 20 pL as follows: 2 uL Casl3 enzyme, 4
pL gRNA, 2 uL RNA substrate, 2 pL fluorescent
dye from the Allert RNA kit, and 10 pL reaction
buffer. The components were mixed thoroughly by
pipetting up and down and incubated at 37°C for 1
hour in a PCR thermocycler. After that, the reaction
mixture was transferred to a microplate suitable for
fluorescence measurement. The fluorescence inten-
sity was measured using a microplate reader at an
excitation wavelength of 488 nm and an emission
wavelength of 518 nm.

Fluorescence intensity was measured over a pe-
riod of 60 minutes, with readings taken every 5 min-
utes. This method provides a reliable approach for
detecting Cas13 enzyme activity using fluorescence,
which is critical for evaluating the effectiveness of
designed gRNAs in targeting specific plant RNA vi-
ruses.

Results and discussion

NCBI databases provided the complete genomic
sequences of ACLSV and ASPV. Conserved sec-
tions of viral genomes that are essential to their
function and less prone to mutate were found. These
sections contained the coat protein (CP) and poly-
merase genes for ACLSV and ASPV [2]. The viral
genomes were searched for Cas protein-compatible
protospacer adjacent motif (PAM) locations. Twen-
ty-nucleotide sequences upstream of PAM sites
showed promise as gRNAs. To find at least one
highly effective gRNA, multiple candidate gRNAs
were created.

Conserved regions within the coat protein (CP)
and polymerase genes were selected as target sites
due to their essential roles in viral function and
low mutation rates [2]. Using bioinformatics tools
like CROPSR Tools, CHOPCHOP, and E-CRISP,
multiple gRNA candidates were designed to ensure
specificity and minimize off-target effects [3].

Restriction enzyme sites (e.g., Pstl, Sstl, Sacl,
Alul, Taql, Xhol, Aval) were used to facilitate the
cloning and validation of the target regions. The
precise positioning of these sites within the target
sequences was critical for ensuring accurate and
efficient gRNA function. The Figure 1 provided
appears to illustrate the design of guide RNAs
(gRNAs) for the detection of Apple Chlorotic Leaf
Spot Virus (ACLSV). The sequence shown in the
middle of the diagram represents the target region
in the ACLSV genome. The nucleotides are color-
coded (Adenine — Green, Thymine — Red, Cytosine
— Blue, Guanine — Yellow), which helps in easily
identifying the base pairs. The sequence starts with
“CTG” and ends with “GAG”, spanning a total of
approximately 88 bases as indicated by the scale at
the top. AC-2 and AC-1: These green arrows likely
represent the binding sites for two different gRNAs
(AC-2 and AC-1). Each gRNA is designed to bind
to a specific sequence within the target region. AC-
2: Positioned from approximately base 30 to 50.
AC-1: Positioned from approximately base 50 to 70.

The diagram includes several restriction enzyme
sites marked by blue triangles and labeled with their
corresponding cut sites.

These sites are useful for cloning and validating
the target sequences in various molecular biology
applications.

AC-1-2-up-cont: The yellow arrow labeled as
“AC-1-2-up-cont” likely represents a control se-
quence or a continuous sequence encompassing the
regions targeted by both AC-1 and AC-2 gRNAs.
This could be used as a control to ensure that both
gRNAs are effectively targeting the desired region.

The sequence shown in Figure 2 is a segment
of a viral genome chosen for gRNA targeting of
Stem Pitting Virus. It includes nucleotide positions
and various restriction enzyme sites (e.g., Pstl, Sstl,
Sacl, Alul, Taql, Xhol, Aval) critical for manipu-
lation and validation. These sites create specific
DNA cuts, facilitating cloning and validation pro-
cesses. Positions of these sites are marked within
the sequence. Green arrows labeled Asp-1, Asp-2,
and Asp-3 indicate gRNA binding regions, selected
to encompass protospacer adjacent motif (PAM)
sites required for Cas protein binding and cleavage.
Each gRNA binding region is aligned with the tar-
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get sequence to show precise nucleotide positions,
ensuring correct positioning relative to PAM and re-
striction enzyme sites. Flanking sequences labeled

10 0

2‘0

30
S'ID

40
701 656 0
Sacl 12)

AS3-1-3-up indicate upstream and downstream re-
gions for additional validation or to ensure efficient
gRNA binding and cleavage.

50
G‘G

&0
BIE

]
i
_. Aval (84

Alul (10)
~ 5511 (12)
CTGCAGGAGETCCACAAATTGAAGATCCCACAAGGGGATATTC

Pst‘l (6)

C

AC-1-2-up-cont

Taql (85]
ol (84)~
AATTGCTGGGGTGCAAAAGCTCCAGAATTTATTCTGACGCTC GAG
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Figure 2 — The design of guide RNA for the detection
of *Stem Pitting Virus (ASPV)

Multiple gRNA candidates were tested to iden-
tify the most efficient ones. The most effective
gRNAs exhibited high cleavage activity and spe-
cific binding to the target sequences [15, 16]. The
activity of the Cas13 enzyme with gRNA constructs
targeting ACLSV and ASPV was monitored using
the RNaseAlert Fluorescence Detection Kit. Fluo-
rescence intensity was measured over a period of
60 minutes, with readings taken every 5 minutes.
The graph (Figure 3) illustrates the activity of the
Casl3 enzyme with a gRNA targeting ACLSV. The
x-axis represents time in minutes, ranging from 0 to
60 minutes, while the y-axis represents fluorescence
intensity measured in units. The blue line with circu-
lar markers denotes the fluorescence intensity over
time, indicating the enzyme activity. Key observa-
tions from the graph include an initial phase (0-10
minutes) with a gradual increase in fluorescence in-
tensity, an intermediate phase (10-30 minutes) with
a steeper increase, and a later phase (30-60 minutes)
with a steady linear trend, indicating consistent and
efficient RNA substrate cleavage by the Casl3-
gRNA complex (Figure 3).

The second graph (Figure 4) shows the activity
of the Cas13 enzyme with a gRNA targeting ASPV.
Similar to the first graph, the x-axis represents time
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in minutes, while the y-axis shows fluorescence in-
tensity in units. The green line with circle markers
shows fluorescence intensity with time. The Cas13-
gRNA complex efficiently and consistently cleaves
the RNA substrate (Figure 4). The fluorescence in-
tensity increases gradually (0-10 minutes), steeper
(10-30 minutes), and linearly (30-60 minutes).

The acquired data revealed a progressive rise in
fluorescence intensity over time, providing evidence
of the effective cleavage of the RNA substrate by
the Cas13-gRNA complex. The constructs demon-
strated contrasting rates of enzyme activity, wherein
the gRNA targeting ACLSV displayed a marginally
more rapid flux rise in fluorescence in comparison
to the gRNA targeting ASPV. The findings of this
study provide confirmation of the effectiveness and
selectivity of the gRNA-Cas13 complexes in specif-
icizing and cleaving RNA substrates that are unique
to ACLSV and ASPV. The observed disparity in
the rate of fluorescence propagation between the
two gRNA constructs implies potential variations
in their binding affinity and cleavage effectiveness.
The present observation aligns with prior research
that underscores the heterogeneity in the efficacy of
various gRNA designs when subjected to compa-
rable circumstances [14, 17].
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Figure 3 — Cas13 Enzyme Activity with gRNA Targeting ACLSV
(Apple Chlorotic Leaf Spot Virus)
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Figure 4 — Cas13 Enzyme Activity with gRNA Targeting ASPV
(Apple Stem Pitting Virus)
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Field testing with samples collected from vari-
ous apple orchards validated the robustness and re-
liability of our diagnostic assays. Using isothermal
amplification methods such as RPA and LAMP, fol-
lowed by CRISPR/Cas-mediated detection, fluores-
cence signals indicative of successful target cleav-
age confirmed the presence of the target virus [18].
The SHERLOCK system, which combines isother-
mal amplification with CRISPR/Cas-mediated de-
tection, demonstrated high sensitivity and specific-
ity. Utilizing Cas13a for RNA targets, SHERLOCK
was successfully employed to detect viruses such
as ACLSV and ASPV in field samples, proving its
reliability under diverse environmental conditions
[19-22].

CRISPR technology, especially the Cas12 and
Cas13 systems, holds significant potential for the
detection and management of both RNA and DNA
viruses. Casl2a (Cpfl) targets DNA and induces
double-strand breaks, making it ideal for detect-
ing DNA viruses. Conversely, Casl3a targets
RNA and induces collateral cleavage of single-
stranded RNA, which is useful for detecting RNA
viruses [23]. The versatility of these systems al-
lows for the development of diagnostic tools that
can be tailored to the genetic material of various
pathogens.

The SHERLOCK (Specific High-sensitivity
Enzymatic Reporter unLOCKing) system, which
leverages both Cas12 and Cas13, combines isother-
mal amplification with CRISPR-based detection to
achieve high sensitivity and specificity. This system
has been successfully used to detect viruses such as
Zika and Dengue in clinical samples, demonstrating
its broad applicability [24, 25].

Furthermore, the CRISPR/Cas systems offer
rapid and portable diagnostic capabilities. Recent
advancements have led to the development of paper-
based assays that can detect viral nucleic acids with-
in an hour, making them suitable for point-of-care
diagnostics in remote and resource-limited settings
[12]. The ability to quickly and accurately identify
viral infections is crucial for controlling outbreaks
and implementing timely interventions.

Conclusion

The integration of advanced bioinformatics for
gRNA design, combined with rigorous in vitro and
field validation, ensures the development of precise
and reliable gRNAs for plant virus detection. The
SHERLOCK system represents a powerful diagnos-
tic method in plant virology, offering the sensitivity,
specificity, and robustness necessary for effective
virus management in apple orchards. The expand-
ing capabilities of CRISPR technology continue to
revolutionize virus detection and hold promise for
managing viral outbreaks in agriculture and beyond.
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