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Enhancing Pathogen Detection Methods through a Novel Molecular Diagnostic
Approach with CRISPR/Cas Technology

Molecular diagnostics is widely recognized as one of the most efficient approaches for detecting andicharac-
terizing microorganisms. This method relies on the identification of specific nucleic acid sequences andena-
bles the quick and precise determination of pathogen presence in various samples. Conventional methodsfor
pathogen detection rely on the culture and identification of the pathogen in a laboratory setting, Whichi¢an be
time-consuming and expensive. Molecular diagnostic methods, such as PCR and DNA(sequéncing, ‘have
emerged as powerful alternatives to culture-based methods, offering greater sensitivity @nd specificity. How-
ever, these methods are still limited by their reliance on costly equipment and specialized, expeftise. In recent
years, the CRISPR/Cas technology has emerged as a powerful tool for genome gditing and,manipulation, as
well as for molecular diagnostics. This review presents a novel approach for impreving pathogen detection
methods through the utilization of CRISPR/Cas technology. The proposed fethod offers several distinct ad-
vantages over existing molecular diagnostic techniques. Notably, it provides ‘enhancedspecificity and accura-
cy, thereby minimizing the occurrence of false-positive results. Additionally, this method can rapidly and ef-
fectively detect pathogens, making it particularly attractive for use imclinical®and laboratory settings. There-
fore, molecular diagnostics using CRISPR diagnostics based on.@as12a‘is.a powerful tool for pathogen detec-
tion and improving the accuracy and speed of diagnosis. Its(prospeets for future use are wide-ranging and
may encompass many areas of life sciences.
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Introduction

CRISPR-based diagnostics: CRISPR*(short, palindromic repeats regularly spaced in clusters) is a revo-
lutionary technology that allows pregise“editing”of DNA sequences. In recent times, scientists have made
significant progress in the development of CRISPR-based diagnostic methods that enable rapid and specific
detection of particular nucleic acid sequences within a sample. These methods are very accurate and can po-
tentially be very cost effectives

CRISPR/Cas

CRISPR/Cas iyan innate adaptive immune system employed by prokaryotes, including bacteria and ar-
chaea, as a defense meghanism against viral and plasmid invasions. Upon initial infection by a virus, a small
segment of the viralygenetic material is integrated into the genome of the bacterium. Subsequently, if the
same baGteriumyis exposed to the same virus again, it transcribes these integrated viral sequences into
CRISPR RNA: The"CRISPR RNA then combines with tracrRNA and a CRISPR-associated (Cas) protein,
forminga@ complex. This complex recognizes and binds to complementary sequences present in the invading
viral DNA orfRNA. By doing so, it initiates the cleavage of the viral DNA or RNA, creating double-strand
breaks (DSBs). The introduction of DSBs ultimately leads to the destruction of the virus, effectively neutral-
izing the viral infection

CRISPR-Cas systems function through a series of three main steps: adaptation, expression, and interfer-
ence. Adjacent to the CRISPR array are genes that encode Cas proteins responsible for governing these
phases of immunity: adaptation, CRISPR RNA (crRNA) biogenesis, and interference. During adaptation,
foreign genetic material is selected, processed, and integrated into the CRISPR array, creating a memory of
the infection. This memory is retrieved when the CRISPR array is transcribed, resulting in the production of
crRNA which is further processed within the repetitive sequences to generate mature crRNA molecules. In
the event of subsequent infection, the interference mechanism is activated, wherein the crRNA guides Cas
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proteins to cleave complementary sequences known as protospacers within the foreign genetic material, ef-
fectively neutralizing the invader.

With the help of modern bioinformatics algorithms, in a fairly short time, it was possible to describe
and classify the CRISPR-Cas system. The most studied Cas effector is Cas9. Quite quickly, the use of this
enzyme led to preclinical studies in genome editing. Doudna and Charpentier received the 2020 Nobel Prize
in Chemistry for their significant contributions to the advancement of CRISPR-Cas9 genome editing tech-
nology.

In 2015, a new endonuclease Cas12a was discovered [1]. This enzyme has a number of differences in
the mechanism of action. First, Casl2a uses only one guide RNA. Second, Casl12a utilizes a specific region
known as the protospacer adjacent motif (PAM), which is a TTTN sequence, to bind the target sequence to
the guide RNA. The PAM motif is necessary for the CRISPR-Cas system to be able to distinguish its own
nucleotide sequence from a foreign one. Third, Cas12a forms sticky-end double-strand hydrolysis 9f DNA,
while Cas9 forms blunt ends. All of the above features of the enzyme's mechanism of actienymake, it\an al-
ternative to the well-studied Cas9 in certain cases.

In 2018, it was discovered that Cas12a possesses an additional function that, after bingingtefthedarget
sequence, the enzyme undergoes conformational changes and begins to cleave any sifgle-stranded DNA [2].
Furthermore, this additional activity exhibited by Casl2a is commonly referredstonas collateral or trans-
cleavage activity, which will be further used for diagnostic purposes by adding€luoreseently labeled single-
stranded DNA (reporter with a quencher) to the reaction, the cleavage of whieh, leads to fluorescence. Most
homologues exhibit this activity (Fig. 1). Swarts described the mechanism of €issand trans-cleaving DNase
activity [3].
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1 — crRNA design; 2 — Cas12a forms a ribonucleoprotein complex with crRNA,; 3 — adding a substrate; 4 — Cas12a-
crRNA searches for sequences of the PAM region; 5 — Upon recognition of the PAM site, a complex is formed with the
target; 6 — Casl12a cleaves the substrate, creating a double-strand break; 7 — Target recognition/cleavage is followed by
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with the naked eye

Figure 1. CRISPR/Cas12a detection mechanism
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Cas effectors from types V (Cas12a) and VI (Cas13a) can be effectively utilized in the development of
biosensor systems. Since their discovery, these enzymes have received immediate attention due to their dif-
ferences from Cas9. These Cas effectors have the side activity of non-selectively cleaving single-stranded
oligonucleotide sequences upon recognition of a specific target. If the activity of the first enzyme is a single
turnover, then the trigger activity exhibits a multi-turn mechanism, which is very useful in the development
of biosensor systems. Indeed, the Cas enzyme can recognize its target nucleic acid, and then its trigger activi-
ty can be used to report this event in an enhanced way.

To enhance the sensitivity of CRISPR diagnostics, pre-amplification methods such as (LAMP) loop-
mediated isothermal amplification and (RPA) recombinase polymerase amplification are utilized.

Loop-mediated isothermal amplification (LAMP)

Loop-mediated isothermal amplification (LAMP) represents a straightforward and rapid DNA amplifi-
cation technique, suitable for deployment as a preliminary amplification approach in CRISPR/Cas-gentered
diagnostic procedures. This approach employs a group of four to six primers designed to preeisely,facus on
numerous segments of the intended DNA sequence, ultimately leading to the precise and hetghtened amplifi-
cation of the desired sequence [4].

Loop-mediated isothermal amplification (LAMP) is based on the activity of thé Bst DNA polymerase
enzyme from Bacillus stearothermophilus at 60-65 °C. The formation of specifigssttu€tures occurs through
the transformation into a “stem-loop” structure, facilitated by the use of four paits, of primers (forward outer
primer (F3), reverse outer primer (B3), forward inner primer (FIP), and reversg,inner primer (BIP)). Subse-
quently, the “stem-loop” structure, containing multiple initiation sites, serves ag'the reaction matrix for cyclic
amplification in the LAMP process, ultimately generating multiple nucléetide.chains of varying lengths.

Utilizing LAMP as a preliminary amplification techniquedn Casl12a=based diagnostics offers numerous
benefits. LAMP stands out as a rapid and uncomplicated proceddse, dewgid of the necessity for specialized
apparatus or specialized knowledge. Furthermore, LAMP exhibits the capability to magnify extremely mi-
nute amounts of the intended DNA, underscoring its exceptional sepsitivity. Integrating LAMP with Cas12a-
based diagnostics has the potential to heighten the assay's semsitivity, thereby diminishing the potential for
incorrect negative results [5-9].

Recombinase polymerase amplification (RPA)

RPA, or recombinase polymerase amplification;iis,am'innovative DNA amplification technique used to
amplify targeted regions of genetic material. This method has been developed to provide high sensitivity and
specificity, as well as a fast amplification process, making it suitable for various applications such as infec-
tion diagnosis, genetic research and biologicalkesearch.

The basic idea of RPA is that specifie recombinases, such as the UvsX protein from the T4 virus, are
used to separate two complementary, target DNA sequences. After that, short single-stranded starting se-
guences, known as primers, are‘attachedsto them. Primers have the property of directing recombinases to the
target sequence, and then the"pelymerase enzymes begin to synthesize a new DNA strand using one of the
separated strands as a template

RPA occurs anderfisothermal conditions, that is, at a constant temperature, and this provides a fast am-
plification reaction Witheut,the need for thermal cycling, which is required for PCR. This method is specific
and sensitive, sinte,thetuse of specific primers allows you to select only those DNA regions that correspond
to the desiredgarget'sequence. The result is an amplification of only the DNA that is really of interest to the
researgher, which,significantly increases the efficiency of diagnostics and analysis [10-12].

CRISPR2based SHERLOK and DETECTR platforms

Several publications have reported the use of Cas enzymes in combination with various reading strate-
gies suchiasffluorescent, colorimetric and electrochemical methods. In 2017, Zhang and his collaborators
first discovered the side activity of Cas13a and demonstrated its possible use for biosensing through a highly
sensitive enzymatic reporter (SHERLOK) system. In this system, a target RNA or DNA gene was amplified
and transcribed with RT-RPA + T7 (or RPA-T7) and then recognized with a specific Cas13a/crRNA com-
plex. This triggered side activity and cleavage of the quenched reporter RNA resulting in an increase in fluo-
rescence that was recorded in real time. System sensitivity was similar to digital drop polymerase chain reac-
tion (ddPCR) and quantitative PCR (qPCR). The Specific High-sensitivity Enzymatic Reporter unLOCKing
(SHERLOK) platform is a molecular diagnostics system that leverages the enzymology of CRISPR-Cas to
selectively identify specific DNA or RNA targets [13]. Viruses such as Zika, Dengue Fever and African
Classical Swine Fever have been detected using SHERLOK.
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In 2018, Doudna and her colleagues made a significant discovery regarding the side activity of Cas12a,
which they subsequently harnessed for biosensor research. They pioneered the development of the
DETECTR (DNA Endonuclease-Targeted CRISPR Trans Reporter) system, utilizing the CRISPR-Cas12a
technology (Fig. 2). The Cas12a/crRNA complex was able to detect the target DNA amplified by RPA and
the side activity was used to cleave the single-stranded fluorescence quencher DNA reporter [14]. The reac-

tion proceeds quickly (~30 min), the method is inexpensive and accurate for the detection of viral infections
as well [2].

SHERLOK
a) collateral ciaavage
— Cas13a of reporter
dsDNA T g detection releases signal
— RPA -
transcription .
e 3 — —e i - -9
. 3 @
A’-RPA — V o Y o
RNA %
—o cleavage reporter y Cas13a-crANA — larget seqignce
b) DETECTR
e S p—
6 [
. DETECTR y Y Niissiie
| “",’ - ,.
»
— Cas12a A —» Bactecial indection
RPA - ~
. o g 5_'.'.3
— 4 10 min
‘&_‘ " 30-60 min Aniictic resistance
—_— ,

/ b
A Viral infection

Q)SHERLOK; b) DETECTR

Figure 2. Diagnostic platforms: a) SHERLOK; b) DETECTR [15]

After the diseovery of trans<€leavage activity, the scope of Casl12a for diagnostic purposes began to ex-
pand rapidly.

Virus diagn@sticsbased on CRISPR-Casl12a

The glokal COVID-19 pandemic has prompted the rapid advancement of cost-effective and efficient di-
agnostic selutions. A'huge number of Casl2a-based methods with different isothermal amplification meth-
odsqdifferenttargets, different reaction time, detection limit and method of reading the result have been pro-
posedim‘publications, for example, methods iISCAN, DETECTR, AIOD-CRISPR, CASdetec, CRISPR-FDS,
ITP-CRISRR;" CRISPR/Cas12a-NER, Lyo-CRISPR, dWS-CRISPR, PGMs-CRISPR, symRNA-Casl2a,
VaNGuard, deCOViD, CASCADE, opvCRISPR and CRISPR-ENHANCE.

The attractiveness of methods using isothermal amplification (isothermal loop amplification, recom-
binase polymerase amplification) is that a portable thermoblock or water bath is enough to perform them.

Bacterial diagnostics based on CRISPR-Cas12a

In addition to the detection of viruses, a significant number of publications are devoted to the detection
of bacterial pathogens. Publications began to appear on the diagnosis of such bacterial infections as tubercu-
losis [16] and Yersinia pestis [17]. There are also articles on the detection of such important pathogens as
Salmonella typhimurium (salmonellosis) [18], Bacillus anthracis (anthrax) [19], Francisella tularensis (tula-
remia) [10], Escherichia coli O157: H7 (acute diarrhea) [8], Helicobacter pylori (gastritis, peptic ulcer,
stomach cancer) [11].
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In addition to determining the pathogen, using CRISPR-Cas12a it is possible to determine the antibiotic
resistance of pathogens, which will allow for the correct antibiotic therapy. Articles on the diagnosis of anti-
biotic resistant Staphylococcus aureus (MRSA strain) [20] and Klebsiella pneumoniae [9] have been pub-
lished.

The implementation of the CRISPR-Casl12a technique in the agriculture

Researchers and analysts pin hopes that field diagnostics in agriculture will serve as a revolutionary
moment in the use of the Cas12a enzyme.

Jiao et al. published results on diagnosing apple tree viruses [21]. Luo et al. described the RPA-Cas12a
system for the identification of Xanthomonas arboricola, a bacterial pathogen of peach [22]. Fungal diseases
of citrus fruits lead to significant yield losses. In a study by Shin et al, an RPA-Cas12a diagnostic for citrus
scab was established. A feature of the work is the use of immunochromatographic test strips and theypossibil-
ity of analysis within 1 hour [12].

In addition to the ability to determine the presence of a pathogen, work is underway tondetermine
GMOs [23]. A highly sensitive fluorescent analysis has been successfully developed for the detection ef or-
ganophosphate pesticides [24]. The latest research focuses on the development of the platferm;which aims
to enable early detection of phytopathogens.

Lin et al. have presented a novel method for the detection of pathogenic Agromenas hydrophila using
CRISPR technology. In this study, the researchers devised a detection method%hat is #apid, reliable, sensi-
tive, and could be applied without any specialized equipment. The method dneludes,recombinase amplifica-
tion and Cas12a technology to identify pathogen. Method exhibits high sensitivity, enabling the rapid detec-
tion in less than 1 hour with a LoD of 2 copies of target. Moreover, the ethod demonstrates excellent speci-
ficity [25].

Wang et al used a similar method to accurately identify an@, deteet; Staphylococcus aureus in clinical
specimens [26]. Staphylococcus aureus is a significant contributor tophospital-acquired infections. Infections
caused by methicillin-resistant Staphylococcus aureus,(MRSA) result‘in higher mortality rates compared to
those caused by methicillin-susceptible Staphylococcus-aureus; posing a serious global concern. Consequent-
ly, there is a critical need for the prompt and highly sensitive identification of patients with clinical staphylo-
coccal infections, as well as timely implementation,of infection control measures. One promising approach
lies in utilizing CRISPR and CRISPR-associated proteinsf(Cas) for nucleic acid detection methods, known
for their exceptional diagnostic features. In this regard, a powerful method has been introduced, which com-
bines CRISPR with RPA and employs a fluorescent detection for precise clinical identification of Staphylo-
coccus aureus in samples. The results_havetdemonstrated that technology can detect as low as ten copies
within a 1-hour time. Furthermore, specifigity analyses have confirmed the technology's ability to differenti-
ate Staphylococcus aureus fromyother relevant pathogens in clinical settings. Notably, the results have exhib-
ited strong agreement with antimierobtalssusceptibility testing and PCR testing. These findings highlight the
technology's exceptional diggnoesticiparameters, making it an indispensable tool for fast identification of
Staphylococcus aureus.

Chen et al.qeonductedya ecomprehensive review of the current techniques employed for different
viruses [27]. The premptgand accurate diagnosis of these viruses is crucial for implementing preventive
measures to contaip, the'spread of these diseases. While reverse transcription polymerase chain reaction (RT-
PCR) and real-time"RT-PCR are established and robust methods, there’s a need in specific equipment. In
recentgyears, LAMP and RPA, have emerged as rapid, and equipment-free alternatives for POC diagnostics.

Detegtiomof foodborne pathogens

Based orn/ statistics provided by the World Health Organization (WHO), it is estimated that approxi-
mately 600, million individuals globally become ill due to the consumption of contaminated food each year.
This leads to approximately 420,000 deaths annually, in addition to significant economic losses. These fig-
ures highlight the significant impact of foodborne illnesses on public health, underscoring the importance of
ensuring food safety and implementing effective preventive measures throughout the food supply chain. Bac-
terial food and environmental contamination, Escherichia coli (E.coli), Listeria monocytogens (L. monocyto-
gens), Staphylococcus aureus (S. aureus), Salmonella species (spp.) [28], poses a constant threat to food
safety products, which is a global public health problem. The application of fluorescent sensing technology,
utilizing the CRISPR-Cas12a system, has extended beyond disease diagnosis and ventured into the realm of
food safety monitoring. This advancement has introduced a novel approach to food safety testing, offering a
new strategy in ensuring the quality and safety of food products. By leveraging the CRISPR-Cas12a system
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in combination with fluorescent sensing, rapid and accurate detection of potential contaminants or pathogens
in food samples can be achieved, thereby enhancing food safety standards and safeguarding public health.

Zhang et al. constructed the corresponding cRNA by selecting the Vibrio parahaemolyticus specific
heat-labile hemolysin gene as the target sequence, pre-installed the CRISPR-Cas12a system in the cap of the
tube, mounted it on a microthermocycler, and then performed PCR amplification. After mixing the reagents,
they were subjected to centrifugation and incubation. The minimum concentration achieved by this method
was determined to be several copies [29].

Chen et al. developed the CRISPR-Cas12 system for rapid identification of bacterial genotypes in uri-
nary tract infections, which detected concentrations of ampicillin-resistant (AmpR) E. coli in urine samples
up to 10® CFU/mL within 1 hour, allowing accurate decisions on antibiotic treatment for 1 hour [30].

Conclusion

This review provides an up-to-date assessment of the recent advancements in the field,of malecular di-
agnostics for pathogen detection. Infectious diseases are highly prevalent and often result“imysevere ‘condi-
tions that pose significant risks to human life and well-being. Effective detection methods-ae critical for ac-
curate diagnosis and timely treatment. Therefore, the development of detection techmologies‘plays a crucial
role in achieving rapid and precise pathogen detection. Conventional methods employed for pathogen detec-
tion typically involve microbiology, microscopy, enzyme immunoassays, PCR-Based detection methods, and
others. However, these methods suffer from limitations such as lengthy reagtion tifaes and weak sensitivity.
Hence, there is a growing necessity to explore and develop new approaches forgpathogen detection.

CRISPR diagnostics utilize isothermal amplification methods, suchtas LAMP and RPA, as initial-
amplification techniques for the targets. Compared with conventignal PCR, LAMP has the advantages of
higher sensitivity, shorter reaction time and easy operation. The RRA reaetion temperature ranges from 37°C
to 42°C for 5-60 min, depending on the initial concentration ofspucleetides. The LAMP reaction temperature
is 65°C, the reaction time is 15-60 min. The combination (of Casl2a, LAMP and RPA can provide ultra-
sensitive nucleic acid detection. Pathogenic microorganisms,amycotoxins and genetically modified crops are
key food safety concerns. The development of new detection teehnologies is essential to achieve and respond
to potential food safety. CRISPR-Cas12a, a biosensor analysis technology, has a huge advantage in combat-
ing food biosafety agents and needs to be further develeped:
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CRISPR/Cas TeXHOJIOTHACHIH KOJJAAHY aPKbLIbI MOJIEKYJISPJIbIK JHATHOCTHKAFA
JKAHA KO3KapaclieH NAaTOreH/i AaHbIKTAaY JiCTePiH KeTUIaipy

MonekynspiblK IUarHOCTHKa MAUKPOOPTaHU3M/IEP/Ii aHBIKTAY MEH CHUIIATTayAbIH €H THIMJI 9JICTEepiHiH Oipi
peTiHae KeHIHeH TaHBUIIBL. ByJ1 o/ic HyKJIeWH KBIIIKBUTBIHBIH OeNTiTi Oip peTTUNITiH aHBIKTayFa HeTi3eNreH
JKOHE OPTYPIIi YIITiiep/ie MAaTOTeHHIH OOMyBIH Te3 )KOHE 0N aHBIKTayFa MyMKIHIIK Oepeni. [laroreni aHBIK-
Tay/IbIH JISCTYPJIIi 9AICTepi 3epTXaHaia KO3IBIPFBIITHI ©CIpYre j)KOHE aHBIKTayFa HEeTi3[eNreH, Oy yakbIT eH
wisiFbIHABL KaxeT etedi. [ITP sxone JJHK cekBeHUMSICHI CHSIKTBI MOJICKYJISIPIIBIK JAUArHOCTHKANBIK dicTep
JKOFaphl Ce3IMTAIBIK [IeH ePEeKLICTIKTI YChIHA OTBIPBIIN, TapaTy dIicTepiHe KyaTThl Oanama Gomanbl. JlereH-
MeH, OyJ1 azticTep KbIMOAT ab/IbIKKa JKoHE apHaibl OiniMre Tayen/i OonraHAbIKTaH i Ae mekTeyiti. COHFbI
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sxburiapsl CRISPR/Cas TeXHOIOrHsAChl TeHOM/IBI OHICY MEH MaHUIYJISIIMSUIAYAbIH, COHIA-aK MOJICKYIaIbIK
JIMAarHOCTUKAHBIH KyaTThl KypanbiHa aiiHanabl. [llomyna CRISPR/Cas TexHOIOTHACHH KONJaHy apKbUIbI M1a-
TOTEH[II aHBIKTAy SAICTEepiH JKAKCApPTYAbIH XaHA TOCUII YCHIHBUIFAH, Oy 9ICTiH KOJIAHBICTAaFbl MOJIEKYyJa-
JBIK AMArHOCTHKA dIicTepiHe KaparaHaa OipHeIe aifKbIH apTHIKIIBUIBIKTAps! 0ap. ATam aTKaHAa, O JKOFa-
PBI HaKTBUIBIK II€H JQJIIKTI KaMTaMachl3 eTelli, OChUIAHIIIA jKaFaH OH HOTYDKENepiH Maiaa OoryslH a3alTa-
nel. COHBIMEH KaTtap, OYJT 9JIic MaTOreHIepAl Te3 )KOHE THIMII aHBIKTal anajpl, OYJ1 OHBI KIMHUKAIBIK JKOHE
3epTXaHANBIK JKaFmailiapaa KoJjganyra epekie tapTeiMasl eteni. Ocputaitma, Casl2a werizingeri CRISPR
JUarHOCTUKACHIH KOJJAHAThIH MOJIEKY/IANbIK JHarHOCTHKA MAaTOTeHAep i aHbIKTayFa KOHE JHarHOCTUKAHbIH
JIONAIrT MEH >KbUIIaMABIFBIH apTThIPYFa apHAJFaH KyaTThl Kypai 0oJbin caHanaapl. OHBIH OoJanrakTa maiaa-
JIaHy NepCIeKTHBANAphl 6T¢ KEH JKOHE eMip Typalibl FUIBIMHBIH KOITETeH cananapblH KAMTYbl MYMKIH.

Kinm cez0ep: CRISPR, Casl2a, nuarHocTtuka, OakTepusiiap, BUPYCTap, MOJEKYNISAPIbl AUATHOCTHKA, KO3-
JBIPFBIIITH] AHBIKTAY.

M.K. Amamxkonosa, A.M. Illaiizagunosa, C.K. AGeabaeHOB

CoBeplIeHCTBOBAHHE METOJ0B 00HAPYKEHHUSI NATOT€HOB ¢ MOMOUIbIOsHOBOI0 TI0AX01a
K MOJIEKYJISIPHOM THATHOCTHKE ¢ McIob30BaHueM TexHoJorui CRISPR/Cas

MornexynsipHast TUarHOCTHKA IIUPOKO TPU3HAHA OJHUM M3 Hamboliee S (eKTHBHBIXIIOAX0I0B K 00HapyxKe-
HHUIO M XapaKTePUCTHKE MHUKPOOPraHM3MOB. J[aHHBII METOJ OCHOBaH Ha MACHTH(MKALMH CHe(uIecKux
MOCIIEJOBATEIHOCTEH HYKIEHHOBBIX KHCIIOT U TO3BOJISIET OBICTPO M TOUHQ4OIPEACTHTE TIPHCYTCTBHE aTO-
TeHa B Pa3iIMYHBIX 00pa3uax. TpaauioHHbIe METOABI OOHApYKEHHsI BO30OYANTCIBOCHOBAHb! HA KyIbTHBHU-
POBaHUM M HACHTH(UKAMK BO30YIUTENS B Ta0OOPATOPHBIX YCIABUIXETO MOXKET MOTpedoBaTh MHOTO Bpe-
MEHH U CpeAcTB. MeToasl MONEKyIIpHOH auarHocTuky, Takue kakyITI[PYmcexennposanne JHK, cramn
MOIIHOH adbTepHATHBON KyIbTYpalbHBIM METOJaM, Mpearas OoNCeIBbICOKYI0 UyBCTBUTEIFHOCT U CIIe-
uduaHoCcTh. OJJHAKO OHU IO-TIPEKHEMY OIPaHUYCHBI N3-3a HX 3aBUCHMQEGTH OT JOPOTOCTOSIIEro 000pyI0-
BaHUS U CIICIMATBHBIX 3HaHUA. B mocniennue roapl TeXuonoruss CRISPR/Cas cTana MOIIHBIM HHCTPYMEHTOM
JUISL peaKTUPOBAHMS M MAaHUITYJIHPOBAHUS [€HOMOM, A TAKKS MOJIEKYJSIPHOH IMarHOCTHUKH. B Hactosmem
0030pe MpeACTaBICH HOBBIH IMOJX0]] K COBEPIIEHCTBOBAHHIO)METOAOB OOHAPYKEHHS TATOTCHOB 3a CYET HC-
nonp3oBanusa TexHonorun CRISPR/Cas, xoTopelifhimMeeT psiji sMIBHBIX IMPEUMYIIECTB 110 CPABHEHHIO C CYIIE-
CTBYIOIMIMMH METOJaMH MOJEKYIISIPHOH THarHOCTUKURB uagTHOCTH, OH 00ECeunBaeT MOBBIIICHHYIO CICIIH-
(DUIHOCTH M TOYHOCTB, TEM CaMBbIM CBOJS K MHHHMYMY: BO3HHKHOBEHHE JIOXKHOIOIOKHUTEIBHBIX PE3yIbTa-
ToB. Kpome Tor0, 3TOT MeTOA MOXeT OBICTPO\H 3P (PEKTHBHO BBISBISATH MATOTEHBI, YTO AENAET €r0 OCOOEHHO
HPUBJIEKATEIbHBIM JUIS HCIIOIb30BaHIAB KIHHUIECKUX U JIAOOPATOPHBIX YCIOBHAX. Takum oOpa3oM, Molte-
KyJIsipHasi AuarHoctuka ¢ npuMeneHneM CRISPR-iuarHoctukm Ha ocHoBe Casl2a sBIsieTCSl MOIHBIM HH-
CTPYMEHTOM ISl BBISIBIICHUsI BO3OYINTeNIeii U MOBBIICHHS TOYHOCTH M CKOPOCTH AnarHoctukd. Ero mep-
CIIEKTHBBI U HCIIOJIb30BaHMS BECEMa OQIIMPHBI M MOTYT OXBAaThIBATh MHOTHE O0JIACTH HAYK O )KU3HH.

Kniouesvie crnosa: CRISPR;"Cas12ajmiiarnoctuka, OakTepun, BUPYCHI, MOJNEKYISIPHAs AUATHOCTHKA, BBISIB-
JICHWE BO30YAUTENeH.
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