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ABSTRACT

This study explores the utility of CRISPR/Cas-based diagnostics for the precise identification of Staphylococcus aureus
(S. aureus), particularly when integrated with recombinase polymerase amplification (RPA). S. aureus, a versatile Gram-pos-
itive bacterium, presents significant challenges due to its antibiotic resistance and its capacity to cause a variety of infections.
While existing diagnostic methods provide accuracy, they often involve time-consuming procedures and require specialized
equipment. Our research introduces a promising approach that leverages the specificity of CRISPR/Cas technology to target
genetic sequences, enabling the precise detection of S. aureus. Through the combination of CRISPR/Cas and RPA, we expe-
dite the detection process, allowing for rapid and highly sensitive identification of the pathogen’s genetic material. Notably,
our investigation demonstrates excellent results for the gsa and arcC genes, affirming the potential of this method as a depend-
able and highly sensitive molecular diagnostic tool. When compared to traditional diagnostic methods such as microbiology
and PCR, our approach offers advantages in terms of speed and sensitivity. Additionally, the inclusion of RPA as a pre-ampli-
fication step enhances the accuracy of nucleic acid detection. While our study represents an initial step in technological ad-
vancement, it highlights the potential of CRISPR/Cas-based diagnostics to revolutionize disease detection and management.
The RPA-CRISPR/Cas has the potential for detecting a wide range of diseases and pathogens, with broad applications in both

medical and scientific fields.

Key words: Staphylococcus aureus, diagnostic, CRISPR/Cas, RPA, Cas12a, GSA gene, ArcC gene.

INTRODUCTION

S. aureus, is a versatile and clinically significant bacterium
that has intrigued scientists and healthcare professionals for
decades [1]. This Gram-positive, round-shaped bacterium is
a natural inhabitant of the human body, typically residing in
the nasal passages and on the skin. In most cases, it coexists
harmlessly with its human host. Perhaps one of the most con-
cerning aspects of S. aureus is its ability to develop resistance
to antibiotics. Methicillin-resistant Staphylococcus aureus
(MRSA) is a notorious example. MRSA strains have acquired
resistance to numerous antibiotics, making them challenging
to treat. These resistant strains have become a significant pub-
lic health concern, especially in healthcare settings [2]. How-
ever, S. aureus can also shift its behavior dramatically, trans-
forming from a commensal into a pathogen responsible for a
wide range of infections, some of which can be life-threaten-
ing [3]. Its ability to cause disease is attributed to various vir-
ulence factors and its adaptability. Here are some of the pri-
mary causes of S. aureus infections: respiratory infections like
pneumonia, skin and soft tissue infections, bloodstream infec-
tions or bacteremia, infections in bones (osteomyelitis) and
joints (septic arthritis), heart infections (endocarditis), toxic
shock syndrome, food poisoning [4].

Thus, accurate S. aureus identification and diagnostic is
crucial for effective patient care and infection control. Diag-
nostic methods include clinical assessment, Gram staining,
culture, biochemical tests, molecular diagnostics, and imag-
ing. Gram staining provides rapid, but nonspecific informa-
tion. Culture is a gold standard, but time-consuming and take
from 2 to 10 days [5]. Molecular diagnostics like PCR offer
rapid, accurate detection, but requires expensive equipment
and highly qualified personnel [6].

In light of this, there is a need to develop new diagnos-
tic methods that combine accessibility, cost-effectiveness and
speed without compromising accuracy and sensitivity. Thus,
one of the most promising directions in molecular diagnostics
of infectious diseases is the use of CRISPR-based diagnos-
tic [7]. CRISPR-Cas technology, initially originated from its
genome-editing capabilities, has transcended its original pur-
pose and is now at the forefront of diagnostics. By utilizing
the exquisite specificity of CRISPR-Cas systems in targeting
genetic sequences, it becomes possible to detect pathogen’s
genetic targets with exceptional precision. This technology,
when integrated with recombinase polymerase amplification
(RPA) [8], amplifies the targets, enabling rapid and sensitive
identification of the pathogen’s genetic material.

This article is devoted to S. aureus identification based on
CRISPR/Cas with isothermal amplification RPA. The technol-
ogy operates based on the identification of the protospacer ad-
jacent motif (PAM) motif situated on the amplified DNA re-
gion. When the Cas enzyme recognizes this motif; it forms a
complex with the target through the crRNA [9]. Subsequently,
cis activity occurs, resulting in the cleavage of the DNA. De-
tecting the target induces structural alterations in the Cas en-
zyme, leading to non-sequence-specific trans activity that in-
volves the cleavage of single-stranded DNA [10]. This unique
property serves as a foundation for diagnostic purposes, where
detection can be achieved, for example, by observing the
emission of a fluorescent signal. From point-of-care testing
to surveillance in healthcare settings, RPA-CRISPR/Cas diag-
nostics holds significant promise in enhancing ability to diag-
nose S. aureus infections. By doing this, it provides a signifi-
cant contribution to the broader initiatives focused on disease
management and prevention.
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Table 1. Oligonucleotides

Method Oligonucleotide Sequence (5°—3")
ArcC-Fw CCGCTTCAACACCTTCATAGGTATTTTCTT
- ArcC-Rv TAAAGAAGATGCAGGACGTGGTTATAGAAA
GSA-Fw GCTAGACCTTTAGATAAAGCTGTAATGGCA
GSA-Rv CGGAATTACGTCAGTATTTATTTTCTGGGG
MbCasl2a-crR- GTATAGATTGAGGTAGTGGTGACGATCTACAAACAGTAGAAAT-
NA-ArcC-compl TCCCTATAGTGAGTCGTATTAGAATT
In vitro MbCasl2a-crRNA- | CAGTAGATAATACAACATTGTTATATCTACAAACAGTAGAAATTC-
transcription GSA-compl CCTATAGTGAGTCGTATTAGAATT
crRNA-SHORT AATTCTAATACGACTCACTATAGGG
Fluorescence ssDNA Reporter FAM-TTATT-BHQ-1

MATERIAL AND METHODS

Oligonucleotides

The following oligonucleotides were used in the work (Ta-
ble 1).

crRNA Design

To generate crRNA, we accessed genetic data from var-
ious sequences associated with S. aureus ArcC and GSA,
which were accessible through the National Center for Bio-
technology Information (NCBI) database (https://www.ncbi.
nlm.nih.gov/genome). DNA fragments extracted from the
chromosomal sequences (GenBank) of these genes served as
the primary DNA templates. We opted for segments within
these genes, ranging in size from 200 to 400 nucleotides, to
serve as the basis for amplification. The crRNA design cen-
tered on identifying regions proximate to the protospacer ad-
jacent motif (PAM). In consideration of the specificity of the
amplification products, we selected a single site for each gene.

Synthesis of crRNAs

To synthesize crRNAs, we employed the HiScribe™ T7
High Yield RNA Synthesis Kit from New England Biolabs.
In order to create the DNA templates for subsequent in vitro
transcription, we utilized synthetic DNA oligonucleotides of
varying lengths, each containing a double-stranded T7 pro-
moter region located before the transcription sequence. The
minimal T7 promoter sequence employed was 5’-TAATAC-
GACTCACTATAGGG. To construct the template, a short oli-
gonucleotide (10 pM) was combined with its complementary
oligonucleotide (10 M) through a process involving heating
to 75°C for 2 minutes, followed by gradual cooling to room
temperature over 30 minutes.

The resulting duplex oligonucleotide then functioned as
the foundation for the in vitro transcription process. The tran-
scribed RNA underwent purification utilizing the Monarch®
RNA Cleanup Kit from New England Biolabs, based on the
manufacturer’s guidelines. This purification included treat-
ment with DNase I to eliminate any remaining template DNA.
The purified RNA was quantified using a Nanodrop spectro-
photometer manufactured by Thermo Scientific, and it was
subsequently diluted to the appropriate working concentra-
tions in diethyl pyrocarbonate (DEPC)-treated water to en-
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sure the absence of nucleases. The eluted RNA was either em-
ployed immediately or stored at -80°C for future use.

Positive control inserts

The construction of a plasmid containing the positive con-
trol followed this procedure: the genes ArcC and GSA were
amplified using Phusion DNA polymerase through poly-
merase chain reaction (PCR). The PCR products, measuring
220 and 430 base pairs in size, respectively, were verified
as positive and subsequently integrated into a genetic con-
struct with the aid of the CloneJET PCR Cloning Kit from
Thermo Scientific. The resulting plasmid underwent sequenc-
ing to verify the absence or presence of mutations. This pos-
itive control played a pivotal role in fine-tuning the recom-
binase polymerase amplification reaction and evaluating the
analysis’s sensitivity.

RPA reaction conditions

The recombinase polymerase amplification (RPA) was
performed in a final volume of 10 pL. Initially, 2.4 pL of each
10 uM forward (Fw) and reverse (Rv) primers were mixed,
followed by the addition of 13.5 pL of diethyl pyrocarbonate
(DEPC)-treated water and 29.5 pL of rehydration buffer. Af-
ter mixing, the master mix was transferred to tubes contain-
ing lyophilized RPA enzymes, and 2.5 pL of 280 uM magne-
sium acetate (MgOAC) was added. Subsequently, 9 uL of the
master mix was dispensed, and 1 uL of template DNA was
added. The reaction was carried out at an isothermal tempera-
ture of 39°C for 30 minutes.

RPA-CRISPR/Cas12a fluorescence assay

To assemble the MbCas12a and crRNA complexes, 1 uM
of MbCas12a (obtained from laboratory stock) and 1 uM of
crRNA were incubated at 25°C for 15 min. The trans-cleavage
reaction of Cas12a was conducted in a 30 pl volume contain-
ing NEB 2.1 buffer (New England Biolabs), 100 nM crRNA,
100 nM MbCasl12a, 0.5 uM reporter molecule, and 3 pl of
RPA amplification products. The reaction mixture was incu-
bated at 37 °C for 2 hour. The reaction results were visualized
using a Vilber Lourmat transilluminator (France) with the na-
ked eye at a wavelength of 320 nm. Images were captured us-
ing a smartphone camera and saved for further analysis.

Evaluation of limit of detection and specificity of RPA-
Casl2a detection
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To assess the sensitivity of the RPA analysis, we con-
ducted reactions using ten-fold serial dilutions of both ge-
nomic DNA and plasmid DNA. Plasmid DNA containing the
sequence of the ArcC, GSA gene fragments was diluted from
3.06%, 4.67xto 3.06%, 4.67x copies per reaction, respectively.

Reagents

All reagents were from New England Biolabs, Sigma and
Thermo Scientific in the molecular biology category. The
Casl2a enzyme from Moraxella bovis was produced in our
own laboratory.

RESULTS

The principle of RPA-CRISPR/Cas12a Assay

Recombinase Polymerase Amplification (RPA) is an alter-
native to the Polymerase Chain Reaction (PCR). RPA tech-
nology enables the amplification of genetic material in less
than 15 minutes, and the reaction occurs under isothermal
conditions.

Diagnostics based on Casl2a utilizes the CRISPR/Cas
system for specific detection of nucleic acids. Casl2a, an
RNA-guided endonuclease, when activated by a specific
DNA target sequence, cleaves nearby single-stranded DNA
(ssDNA) molecules, resulting in the release of a fluorescent
signal. However, Cas12a is sensitive to the quantity of DNA
targets in the sample, and therefore, a pre-amplification stage
may be required to enhance the sensitivity of the analysis. Us-
ing RPA as a method for pre-amplification in Casl2a-based
diagnostics offers several advantages.

RPA is a fast and straightforward method that does not re-
quire specialized equipment or extensive expertise. Further-
more, RPA can amplify targets from very small amounts of
DNA targets, making it a highly sensitive method. Combining
RPA with Cas12a-based diagnostics can increase the sensitiv-
ity of the analysis and minimize the occurrence of false-neg-
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ative results.

The RPA amplification products should contain the target
sequence and the PAM region. Specifically, for this study, se-
quences specific to the S. aureus genes arcC and gsa, which
encode bacterial carbamate kinase and glutamate synthetase,
were selected as targets. These genes are commonly used as
diagnostic markers for identifying Staphylococcus aureus. We
chose one target each (crRNA-PAM) with identical PAM se-
quences (TTTG) for the arcC gene and PAM (GTTG) for the
gsa gene to ensure a reliable comparison of enzyme activ-
ity and eliminate potential differences in the kinetics of Ca-
s12a-crRNA/target complex formation.

Evaluation of limit of detection

In Figure 1A, we present the amplification of RPA prod-
ucts derived from plasmid dilutions containing a positive
control. Meanwhile, Figure 1B exhibits the detection of
trans-cleavage activity conducted by Casl2a, utilizing RPA
products as the target molecules. The outcomes of agarose
gel electrophoresis reveal that the RPA reaction persists even
down to a plasmid DNA dilution of copies. The Figure 1B dis-
tinctly exhibits a signal that surpasses the background level,
indicative of the successful identification of the target ge-
netic sequence. The established limit of detection, quantified
at copies per reaction, strongly suggests that the RPA-Cas12a
method possesses a remarkable sensitivity in detecting the
arcC gene locus.

Figure 1C portrays the amplification of RPA products ex-
tracted from plasmid dilutions accompanied by a positive con-
trol. On the other hand, Figure 1D delineates the detection of
trans-cleavage activity facilitated by Cas12a, employing RPA
products as the intended targets. The findings from agarose
gel electrophoresis affirm that the RPA reaction endures even
when diluted to copies of plasmid DNA. The Figure 1D viv-
idly showcases a discernible signal that significantly exceeds
the background level, signifying the identification of the tar-
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Figure 1. Evaluation of the analytical sensitivity of CRISPR/Cas using RPA technology for the detection of S. aureus ArcC and GSA
genes. (A) An image of electrophoresis in an agarose gel of RPA products with a 10-fold sequentially diluted positive plasmid with the
ArcC gene as a target; (B) The results of the trans-cleavage activity of the product. The image was obtained in ultraviolet light using
a smartphone camera; (C) An image of electrophoresis in an agarose gel of RPA products with a 10-fold sequentially diluted positive
plasmid with the GSA gene as a target; (D) Results of the trans-cleavage activity of the product. The image was obtained in ultraviolet
light using a smartphone camera; RPA NC— negative control, RPA reaction without matrix DNA. NC - negative control of Cas12a trans-
cleavage activity without a pre-amplification product.
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geted genetic sequence. The established limit of detection,
measured at copies per reaction, strongly indicates that the
RPA-Cas12a method possesses a heightened sensitivity for
detecting the gsa gene locus.

DISCUSSION

The successful integration of CRISPR/Cas12a-based anal-
ysis for S. aureus detection in plasmids with a positive con-
trol underscores its potential as a reliable and highly sensitive
tool in the field of molecular diagnostics. The RPA-CRISPR/
Casl2a analysis demonstrated excellent results for the GSA
and ArcC genes. The detection limits for ArcC were 10° when
using agarose gel analysis and 10? copies for fluorescence
analysis, while for GSA, they were 10* with agarose gel anal-
ysis and 10" copies with fluorescent analysis. The combina-
tion of RPA and CRISPR/Cas12a methods provides a power-
ful and accessible platform for detecting S. aureus in samples,
which holds significant value for diagnosing and monitoring
various diseases.

In our study, we presented the results of research demon-
strating the potential application of the CRISPR/Cas system
in the field of molecular diagnostics, specifically for the de-
tection of S. aureus and other bacterial pathogens. Our find-
ings confirm that CRISPR/Cas represents a powerful tool for
detecting specific genetic sequences, including those associ-
ated with this bacterial pathogen. One of the key aspects of
our research was to develop a diagnostic method based on the
CRISPR/Cas system for the detection of S. aureus. This pro-
cess begins with the identification of unique genetic sequences
inherent to this bacterial species. We utilized crRNAs targeted
at amplified products from the bacterial genome isolated from
samples. Once these sequences were identified, the CRISPR/
Cas system could be effectively employed for the precise de-
tection of S. aureus. It operates by using crRNAs to specifi-
cally target the genetic sequence of S. aureus, after which the
Casl2a enzyme cleaves it, producing a fluorescent signal that
is easily detectable.

Comparing our methodology to traditional diagnostic
methods, such as microbiology and PCR diagnostics, we ob-
served several advantages. Our method is faster, more sensi-
tive, and specific, allowing for earlier detection of S. aureus.
We also demonstrated high analytical sensitivity.

Additionally, we used the RPA method as a pre-amplifica-
tion step for Cas12a-based diagnostics. This approach proved
to be rapid, straightforward, and highly sensitive, with the po-
tential to enhance the accuracy of nucleic acid detection.

It is important to note that our study represents an ini-
tial step in the development of this technology. Despite its
promise, we recognize the importance of further research and
comparisons with traditional diagnostic methods. Conduct-
ing comparative analyses with PCR and microbiology meth-
ods will provide a more comprehensive evaluation of the ef-
fectiveness and potential of our approach.

Overall, our research highlights the potential revolution
in molecular diagnostics facilitated by the CRISPR/Cas tech-
nology. This combination of RPA and CRISPR/Cas12a could
become a powerful tool for detecting various diseases and
pathogens.
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CONCLUSION

In conclusion, this study unveils a promising avenue in the
realm of molecular diagnostics through the application of the
RPA-CRISPR/Cas12a method. The diagnostic approach based
on RPA-CRISPR/Cas12a exhibits notable advantages over
traditional methods, such as PCR and microbiology. Its prac-
tical simplicity facilitates result acquisition, offering a valu-
able asset for a broad spectrum of clinical and research ap-
plications.

This research marks an initial step in the development of
this technology. Future investigations should focus on com-
parative analyses with existing diagnostic methods, including
PCR and microbiology, to further validate and optimize the
protocol’s effectiveness. Such endeavors will provide a com-
prehensive assessment of the potential and prospects of our
approach in diverse clinical and research scenarios.

In essence, the study signifies a promising shift in molec-
ular diagnostics, where the RPA-CRISPR/Cas12a combina-
tion emerges as a powerful and versatile tool for the detec-
tion of various diseases and pathogens. Its attributes of speed,
accessibility, and enhanced sensitivity position it as a signif-
icant contributor to the ongoing efforts in disease manage-
ment and prevention.
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PABBUTHUE METOAOB BbISIBJEHUS STAPHYLOCOCCUS AUREUS C UCIIOJIB30OBAHUEM
TEXHOJIOTUHU ®JIYOPECIHEHTHOI'O AHAJIM3A RPA-CRISPR-CAS12A

3eiinyaun M., Aman:konosa M.2, Illaiizagunosa A, Adeabaenos C.!
b b

! Kazaxcruu azpomexnuueckuti Ynusepcumem umenu C. Cetigpynnuna, Acmana, Kazaxcman
? Hayuonanonutit yeump duomexmnonozuu, Acmana, Kazaxcman 010000
3 Kazaxckuil nayuonanonolii ynugepcumem um. Ano-@apaou, Anmamol, Kazaxcman.

AHHOTAIIUA

B »TOM uccnenoBaHuu MccaeayeTcs mpeuMyIinecTBa auarnoctuku Ha ocHoBe CRISPR/Cas s Tounoit uaentuduka-
wun Staphylococcus aureus (S. aureus), 0COOCHHO B COYCTAHUU C pEKOMOWHA3HOM mouMepa3Hoi amrutndukarueii (RPA). S.
aureus, TPAMITOJIOXKHUTEIIbHASL OaKTEPHs, MPEICTABIISCT 3HAUYUTEIBHBIC TPOOICMBI M3-3a CBOCH YCTOMYUBOCTU K aHTHOHOTH-
KaM U CIIOCOOHOCTH BBI3BIBAThH PA3IMYHBIC HH(PEKIIUU. XOTs CYIICCTBYIOIINE METOIbI IUATHOCTUKH 00CCIICUNBAOT TOYHOCTH,
OHH YacTO BKIIOYAIOT B ce0sl TPyAOEMKHE TIPOLEyPhl M TpeOyIOT ClielHaIn3upoBaHHOro odopyaosanus. Haie uccnenosa-
HUEC TPEICTABIISICT MEPCIICKTUBHBIN MOIXO0/, KOTOPBIN UCTONb3yeT crnenupuanocTs TexHonorun CRISPR/Cas mist Harenu-
BaHMS Ha TEHETUUECKHE MOCIIEI0BATEIBLHOCTH, MTO3BOJISISI TOYHO OOHApYKUBATh S. aureus. brnaronapst komOunanun CRISPR/
Cas u RPA MBI ycKkopsieM mporiecc 0OHapyKeHHUsI, 00ecieunBasi OBICTPYIO U BBICOKOYYBCTBUTCIBHYIO HIICHTU(DUKAIUIO [1ATO-
rena. [IpumevarenbHO, UTO Hallle UCCIIEOBAHNE IEMOHCTPUPYET OTIMYHBIE PE3YIbTaThl sl TeHOB gsa u arcC, MOATBEPKAast
MOTEHIIMAJ 3TOT'0 METO/Ia KaK HaJ[C)KHOTO ¥ BRICOKOUYBCTBHTEIILHOTO HHCTPYMEHTA MOJICKYJISIPHOW JIMAaTHOCTHKH. B cpaBHe-
HUM C TPAJIUIMOHHBIMHE METOJaMH TUATHOCTHUKH, TAKUMHU Kak MuKpoOuosorus u [P, Hamr moaxo ] Jaet mpeuMymiecTsa ¢
TOYKH 3PCHUSI CKOPOCTH M UyBCTBUTEIBHOCTH. Kpome Toro, BkitoueHue RPA B kadecTBe 3tamna nmpeaBapuTeabHOil aMmindu-
KaI[¥ TIOBBIIIACT TOYHOCTh OMPEIACICHUS HYKJICHHOBBIX KUCIIOT. XOTS HAIIIC HCCIICOBAHKE TIPEICTABIISCT COOO0M HAYaIbHBII
IIar B TEXHOJIOTMYECKOM Mporpecce, OHO MOAYEePKUBAET ITOTeHIMal JuarHocTuki Ha ocHoBe CRISPR/Cas nyist peBosronnoH-
HOTO BBISIBIICHUS 3a00seBanuii u ux jneucHus. RPA-CRISPR/Cas o06namaet moTeHIIMAIOM /ISl BBISIBIICHUSI IIIMPOKOTO CIICKTPa
3a00JICBaHUI U TATOTCHOB C IIIMPOKUM MPUMCHCHUEM, KaK B METUIIMHCKON, TaK U B HAYYHOH 001acTsIX.

KuaroueBble caoBa: Staphylococcus aureus, nuaraoctuka, CRISPR/Cas, RPA, Cas12a, GSA een, ArcC een.

RPA-CRISPR-CAS12A ®JIYOPECHEHTTI TAJLJAY TEXHOJIOTUSACBIH KOJIIAHA OTBIPBIII,
STAPHYLOCOCCUS AUREUS AHBIKTAYJIbIH APTBIKIIIBIJIBIKTAPBI

Beitnyaun M.!, Amanskonosa M.2, lllaiizagnHoBa A3, AGeanaenos C.!

I'C. Cetigpynnun amvinoasol Kasax azpomexuuxanvi ynusepcumemi, Kazaxeman, Acmana
2 ¥nmmuwix, 6uomexnonozust opmanviewl, Kazaxeman, Acmana, 010000
3 On-@apadu amvinoaser Kaz¥y, Anmamer, Kazaxcman.

TYHUIH

byn 3eprrey Staphylococcus aureus (S. aureus) non ansikray yiria CRISPR/CAS Heri3iHaeri 1uarHoCTUKaHBIH ap-
THIKIIBUIBIKTAPBIH 3€PTTEH I, acipece pekoMOuHa3a-mouMepasabl Kymeitymern (RPA) Gipikripiares. S. aureus, ombedan
rpaM-IO3UTHBTI OaKTepusl, aHTHOMOTHKTEPre TO3IMIUIIT MEH SpTYpJl HH(EKUUsIIap/ibl TyAbIpY KablieTiHe OaiaHbICThI aii-
TapIBIKTal KUBIHIBIKTAp TYFbI3abl. KoJaHbICTaFbl IMarHOCTUKAIIBIK OICTEp JQJIIKTI KAMTaMachl3 €TKeHIMEH, oap Keoi-
Hece KOIl YaKbITThl KaXKeT eTETiH Mpolelypaiapabl KAMTHIbI )KOHE apHaibl ®aOIbIKThI KaXeT eTe/l. bizain 3eprreyimis S.
aureus-T1 J19J1 aHBIKTayFa MYMKIHJIIK OepeTiH reHeTHKaIbIK Ti30ekTepi HpicaHara any yiiiH CRISPR/Cas TexHonoruscei-
HBIH CPEKIIEIriH Mai1agaHaTbliH nepcneKTUBaIbIK Tociiai yepiHaabl. CRISPR/Cas xone RPA cuHepreTHKaibK KOMOHHAIIN-
SIChI APKBLIBI 013 TATOTCHHIH T€HETUKAJIBIK MATEPHAJIBIH JKbUIIAM YKOHE KOFaphl CE3IMTaJl COMKECTEHIIPYII KaMTaMachl3 eTy
apKbUIbl aHBIKTAY TPOLECIH KbULAaMaaTamMbl3. bip KbI3bIFbl, 0131iH 3epTTeyiMi3 gsa xaHe arcC renjepi yiiH Tamaina HOTH-
JKeJlep/ii KepceTeli, OyJ1 9[ICTiH CeHIM/II )KAHE KOFaphl ce3iMTan MoJleKyaaliblK IMarHoCTUKa Kypalibl PETIHIET] dJIeyeTiH
pacraiinsl. Mukpoouomnorus xoHe [ITP cusikThl 1ocTypili JHarHOCTUKAIIBIK 9/IiCTEPMEH CalbICThIpFaHa, Oi3/iH Ko3Kapackl-
MbI3 KBUIAAMBIK TIEH Ce3IMTaJJIbIK TYPFBICBIHAH apThIKIIBUIbIKTAp Oepeni. ConbiMeH Karap, RPA-HbI anjpiH-ana KymenTy
KaJ1aMbl PETiH/Ie KOCY HYKJICHH KbIIIKbLIIAPbIH aHBIKTAYAbIH AJIIITTH apTThIpaabl. Bi3/liH 3epTTeyiMi3 TEXHOIOTHSUIBIK TIPO-
rpecTid 0acTankpl KagamMbl OOJFAaHBIMCH, OJI aypyJIapbl PCBOIOLUSUIIBIK aHBIKTaY sKkoHE emey yiniH CRISPR/Cas uerisinmeri
quarHoctukaHbiy aneyeTid kepceremi. RPA-CRISPR/Cas menuiiHambIK KOHE FRIIBIMH caliaiapia KeHIHSH KOJIaHbUIAThIH
aypyJiap MEH MaToreHACp/IiH KeH ayKbIMbIH aHBIKTay MYMKIHJITIHE He.

Tyiiin ce3nep: Staphylococcus aureus, nuarnoctuka, CRISPR/Cas, RPA, Cas12a, GSA reH, Arc reH.
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