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ABSTRACT

Access to fast and reliable methods for the detection of nucleic acids is critical in many
different fields. Early identification of pathogens based on their genetic information associated with
various diseases makes early diagnosis and treatment possible.

The situation with the COVID-19 pandemic has shown that right now there is an urgent
need to find enzymes for new diagnostic methods based on modern fundamental knowledge.
Methods that allow covering a wider range of applications will be cheaper and do not require
specialized premises, qualified personnel and will be simple to implement.

One of these enzymes is the recently discovered endonuclease of the CRISPR/Cas systems -
Casl2a. In this review, we provide a description of the Casl2a enzyme and its use in the COVID-19
diagnostics.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused the
worldwide pandemic in 2019. This name was given to the virus due to its similarity to
SARS-CoV. Betacoronavirus is the root cause of pandemic, which is a member of
Coronaviridae family, Coronavirinae subfamily. Alphacoronavirus, gammacoronavirus
and deltacoronavirus are members of this subfamily, occurring as a result of mutations
in the replication process that produce more virulent types of virus. Alpha variant was
first documented in the UK in September, 2020, beta variant was found in South Africa
in May, 2020. Gamma variant was reported in Brazil in November, 2020, delta was
identified in India in October, 2020. They are enveloped positive-stranded ribonucleic,
and have the largest genome size accounting for ~27 to ~32 kilobase pairs.

The first case of acute respiratory syndrome caused by SARS-CoV-2 was reported
in Wuhan, China in 2019. People above 60 years and people with underlying
comorbidities such as lung, heart disease, pressure and diabetes are vulnerable to
develop this disease. On average, the symptoms start to express on 5-6th days after
being exposed to COVID-19. The most common symptoms of this disease are fever, dry
cough, loss of smell and taste. Some people may not have any symptoms at all and
asymptomatically carry it, while others can have difficulties with breathing and chest
pain, to incur such severe cases mechanical ventilators may be needed. On November
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19th, 2021, based on the WHO statistics, 255.324.963 positive cases and 5.127.696
deaths were reported.

There are at least 13 vaccine types that have been approved by WHO. The
vaccination began in December, 2020. Approved vaccines are considered effective
taking into account evolving nature of viruses and considered as an appropriate measure
to reduce the spread of virus among individuals and as a solution against evolving
virulent variants. Statistics on November 17th, 2021 shows that 7.370.902.499 vaccine
doses were uptaken.

COVID-19 diagnostics. COVID-19 testing starts with collecting samples. A
nasopharyngeal swab is used to detect the virus. And there are also new approaches to
collecting samples, including saliva and less invasive nasal swabs. Diagnostics of
COVID-19 includes detection of nucleic acids, antibodies and proteins, antigen
detection methods are also available, molecular test based on GeneXpert (Cepheid) and
Truenat (Molbio) cartridge, as well as automated high-throughput molecular analyzes
Roche Cobas, Abbott SARS CoV-2, Genmark ePlex analysis, etc. The best show a limit
of detection (LOD) of ~ 100 copies of viral RNA per milliliter of transport medium.

Diagnostic testing for COVID-19 aims to identify patients infected with SARS-
CoV-2. Therefore, highly sensitive methods are needed, such as PCR, that do not allow
false negative and false positive results. RT-PCR or reverse transcription polymerase
chain reaction is the most common method for diagnosing COVID-19 due to its high
sensitivity, it is possible to identify an infected person at the early stages of spread. RT-
PCR is an expensive test and requires a well-equipped molecular laboratory with trained
personnel. Many countries have an acute shortage of diagnostic kits. These tests are
usually performed by a centralized laboratory diagnostic system with specialized
equipment. The results of such tests can be provided within 12-48 hours. However,
depending on the level of public health development of the countries, the availability of
the necessary equipment, distance and other related barriers, processing time can exceed
5-10 days. Therefore, such results, which were obtained a few days after sampling,
cannot affect the effective prevention of transmission of the pathogen, since by that time
the individual will no longer have shed the virus. Therefore, tests are needed that can
give a result in the shortest possible time. These tests do not require tools or skilled
operators, allowing wider and more widespread testing of the population [1].

Antigen testing is widely used as a faster and more convenient alternative to PCR,
but it is less sensitive and should only be used for early diagnosis after symptoms
appear. The detected antigens are expressed only if the virus is actively multiplying;
therefore tests can be used to detect acute or early infection.

The contagiousness of coronavirus infection is achieved during or before the onset
of clinical symptoms. Asymptomatic and presymptomatic cases are the main factors in
the spread of the virus. Thus, prevalence of infection with presymptomatic viral load
reduces the effectiveness of preventive measures such as isolation, contact tracing and
hygiene or the use of masks [2]. Therefore, it is necessary to identify carriers of the
virus even before the manifestation of clinical symptoms. This can be achieved through
quick tests. Despite the high sensitivity of the gold method for PCR diagnostics, an
important feature of large-scale screening of the population is that centralized laboratory
diagnostics does not achieve herd immunity as efficiently as compared to rapid and
affordable tests [3], [4].

Like home pregnancy tests, screening tests should be easy to obtain and
administer, fast and cheap. The frequency and number of tests should be prioritized
before achieving high analytical sensitivity. The loss of sensitivity of rapid tests within
reasonable limits can be compensated for by the frequency of testing and the wider
distribution of tests. The key question is not the efficiency of how the molecules can be
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detected in a single sample, but how effectively infections can be detected in a
population by reusing a given test as part of an overall testing strategy - the sensitivity
of the testing regimen [5]. In summary, new diagnostic methods must combine the high
sensitivity of PCR and the availability and speed of tests such as ICA antigen tests. This
method can be based on the use of enzymes of CRISPR/Cas systems. In this review, we
present a description of the Casl2a enzyme and its application in the COVID-19
diagnostics.

CRISPR/Cas. A CRISPR (clustered regularly interspaced short palindromic
repeats) is a genomic locus in bacteria. It was first found in Escherichia coli; it
contained repeated DNA sequences and spacer sequences located between those
repeated ones. Even though it was found in bacteria, it was identified only in 40% of
bacteria species and in 90% of archaea. In the beginning, the role of the spacer sequence
was not understandable. Later, it was identified that spacer sequences were identical to
the genomes of bacteriophages. After that, the CRISPR system is considered as a
molecular immunity mechanism against foreign invading mobile genetic elements
(MGEs) such as bacteriophages. To protect bacteria and archaea from invading the
phage, their genome fragments must be in the CRISPR locus. That is done by the
following steps. First, a foreign genome is cleaved into fragments, which is also known
as protospacers. They are then inserted into the CRISPR loci and become new spacers.
Later, when this region is transcribed, its transcript is called CRISPR-derived RNA
(crRNA). The crRNA contains a single spacer and two repeated sequences on both sides
of the spacer region. Finally, crRNA associates with Cas proteins which includes
nuclease complexes. Those Cas nucleases cleave the invading genome and neutralize
them. The system of CRISPR-Cas is now widely used in genome editing, regulating
transcriptions, gene therapy, and detecting nucleic acids.

The rapid emergence of CRISPR/Cas technology for genome manipulation has
revolutionized the life sciences. Almost all archaea and many bacteria possess adaptive
immunity using a diverse set of CRISPR/Cas systems. CRISPR/Cas immunity includes
three major sequential steps: adaptation, expression / maturation and interference, each
step requires specific Cas proteins encoded by cas genes near CRISPR loci, along with
other accessory proteins. This adaptive immune system helps bacteria and archaea
defend against invasion of foreign nucleic acids.

The diverse spectrum of CRISPR/Cas systems can be divided into 2 classes, 6
types and 33 subtypes. Class 1 systems (types I, I1l, and 1V) use a complex of several
Cas proteins, while class 2 systems (types Il, V, and VI) use a single enzyme such as
Cas9. Class 1 CRISPR/Cas systems are most often found in bacteria and archaea and
account for ~ 90% of all identified CRISPR/Cas loci. Class 2 CRISPR/Cas systems,
accounting for the remaining ~ 10%, exist mainly exclusively in bacteria. The most
widely characterized CRISPR/Cas system is subtype I1-A type Il found in Streptococcus
pyogenes, which uses the Cas9 protein.

Cas9. One of the most widely used types of CRISPR-Cas is type Il, Cas9
nuclease. Cas9 cleaves the foreign DNA by selecting a sequence called protospacer
adjacent motif (PAM). This sequence is as follows: 5-NGG-3’, there might be any
nucleotide instead of N. The protospacer sequence must be located next to PAM. There
are two nuclease domains in Cas9: HNH domain, which cuts the DNA complementary
to crRNA; RuvC domain, which cuts the non-complementary DNA strand. The
cleavage of the target genome occurs only if a region complementary to crRNA is
located next to PAM. It helps to avoid cleavage of CRISPR loci or own DNA as they
lack PAM sequence. In 2020, Jennifer Doudna and Emmanuelle Charpentier, who
worked with CRISPR-Cas9, won the Nobel Prize in Chemistry for investigating
CRISPR-Cas based gene-editing systems.
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Casl3. In type VI, a member of the CRISPR-Cas system is Casl3. The main
difference between Cas13 from Cas9 is that its target is single-stranded RNA, not DNA.
The size of Casl3 varies from 954 to 1389 amino acids, depending on its subtypes.
There are four subtypes of Casl3: Casl3a, Casl3b, Casl3c, and Casl3d. The most
widely used one is Cas13a. We will look closer at Cas13a. Cas13a makes a complex
with the crRNA when it recognizes the target sequence and becomes activated; then,
Casl3a cleaves the sSRNA. To cleave the RNA Casl13a requires a protospacer flanking
site (PFS), which has the same role as the PAM sequence in the CRISPR-Cas9 system.
The CRISPR-Cas13a system is widely used in nucleic acid detection. Its application
method in diagnosis is known as SHERLOCK, which stands for Specific High-
Sensitivity Enzymatic Reporter Unlocking. It is called so due to its ultrasensitive and
specific identification of DNA or RNA. The SHERLOCK is used to detect Zika virus
and dengue virus in very high sensitivity.

Casl2a. The CRISPR-Cas type V system is further subdivided into four subtypes,
such as V-A, V-B, V-C, V-U. This paper reviews the V-A subtype, which applies a
protein Casl2a (Cpfl). Cas 12a is a protein containing approximately 1300 amino acids.
It targets a double-stranded DNA (dsDNA), which contains a short T-rich PAM
sequence on the 5’ end of the non-target strand. Casl2a is a highly specific
programmable nuclease with a high efficiency comparable to Cas9. There are several
distinctive features between Cas9 and Casl12a. It was shown that Cas12a requires only
one processed crRNA, unlike Cas9, which makes it a unique effector protein with
endoribonuclease and endonuclease activities. Casl2a requires a thymine-rich PAM
region at the 5 'end, in contrast to a guanine-rich PAM region at the 3' end of the target
DNA for Cas9 systems. Casl2a generates a sticky double-stranded break, while Cas9
creates blunt ends within the PAM-proximal target site. Casl2a and Cas9 have
functional similarities, despite the fact that enzymes have evolutionarily independent
developmental pathways. Enzymes have comparable molecular weights (1368 amino
acids for SpCas9; 1307 for FnCasl2a). Both are multi-domain effector proteins. Cas9
requires two RNA molecules: tracrRNA and crRNA, while Casl12a requires only one
RNA molecule - crRNA.

The nuclease domain that is present both in Cas9 and Casl2a is Ruv-C like
nuclease domain, but the endonuclease domain was not identified in Casl2a. It also
employs a bilobed arrangement that is created by REC and Nuc lobes. The REC lobe is
composed of REC1 and REC2 domains, while the Nuc lobe is composed of the RuvC,
PAM-interacting, WED domains, and the bridge helix (BH). The RNase site for crRNA
is located in the WED-I111, while the DNase site is situated in between the RuvC and the
Nuc domains. The repeat sequence made up of 19/20 nt creates a stem-loop
arrangement due to the complementary base pairing.

The detection of the PAM region is a significant part of the CRISPR-Cas system.
The PAM region is TTTV, where V is any nucleotide except for T. Cpfl uses the WED
I1-111, REC1 and PAM-interacting domains to ensure the accurate recognition of the
PAM sequence. This, in turn, is followed by the introduction of the conserved loop-
lysine helix-loop (LKL) region in the PI domain that comprises three conserved lysines,
into the PAM duplex. The dsDNA starts uncoiling which is assisted by the angle
relative to the dsDNA at which the LKL was introduced. This process forces the
crRNA, the target strand, and the PAM-associated strand to be hybridized, while the
uncoupled DNA strand, non-target strand (NTS) will be associated with the DNase site.

Because of the features described above, Casl2a may be even the best alternative
genome editing tool in some situations. It has been suggested that Casl2a is highly
specific in human cells with low rates of deviation from the target (nonspecific activity
in non-target regions of the genome (off-target sites)) [6], [7]. Recently, several high-
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resolution Casl12a structures have been obtained and features of the working mechanism
of the enzyme have been presented [8], [9], [10].

Collateral cleavage activity. However, in addition to its therapeutic potential, it
has recently been discovered that CRISPR technology can be used in the diagnostics
[11]. In addition to the highly specific cleavage of dsSDNA, Casl2a also exhibits a non-
specific ssSDNA degradation activity. This activity is manifested by almost all Casl12a
orthologues and cleaves any available sSDNA molecule [11]. It is known that Casl12a,
Casl13a, and Casl4 endonucleases possess collateral activity, which was used in the
detection of nucleic acids [11], [12]. These platforms provide attomolar sensitivity and
specificity for detecting a variety of nucleic acid targets.

Recent publications show that research efforts are focused on expanding the
number of known CRISPR/Cas subtypes to identify nucleases with new properties. The
functional diversity of nucleases within each subtype remains poorly understood.

Casl2a nucleases from Acidaminococcus sp. (AsCasl2a), bacteria
Lachnospiraceae ND2006 (LbCas12a) and Francisella novicida (FnCas12a) have been
characterized. The Casl2a enzyme has a DNA-activated DNase activity, which, upon
formation of the Casl2a/crRNA/target DNA ternary complex, leads to the cleavage of
nonspecific single-stranded DNA molecules. Also, nucleases were found to be able to
process and use each other's guide RNA to target DNA, although they differed in DNA
cleavage activity and PAM preference, regardless of their phylogenetic relationship
[13]. Thus, uncharacterized enzymes of the Casl2a family most likely have different
profiles of PAM regions between closely related orthologs, which leaves fundamental
questions about the nature of the evolution of certain sequences in front of protospacers.

Pre-amplification methods. In view of the fact that in certain cases, especially at
the onset of the disease, the viral load in the body is too low, carrying out only one stage
of reverse transcription, followed by analysis of Casl2a, is insufficient to detect the
pathogen. In this case, preliminary amplification is carried out using various isothermal
methods. Today, there are several methods for preliminary amplification of target genes
for the diagnosis of COVID-19.

RT-LAMP. RT-LAMP is used to convert viral RNA into complementary DNA
(cDNA). Once the cDNA has formed, it serves as a template for amplification at
constant temperature. Thus, when using RT-LAMP, there is no need to use an
expensive thermal cycler. After the formation of cDNA, the product serves as a
template for the formation of DNA loop structures due to the peculiarity of the primer
design. RT-LAMP does not require expensive reagents and a sufficient number of
different protocols are available to optimize the reaction parameters, which makes this
method available to many laboratories for the implementation of POC diagnostics.

RT-RPA. The next method for preliminary amplification of target sequences is
recombinase polymerase amplification. The method is highly sensitive and is carried
out at a constant temperature of 37-42 °C. The principle of the method is to bind
opposite oligonucleotide primers to template DNA and extend them using DNA
polymerase without template denaturation. The recombinase-primer complex moves
along the DNA to search for a complementary site. The primer-mixed DNA strand is
stabilized by proteins that bind single-stranded DNA. Then DNA polymerase, using the
3 'end of the primer, extends the oligonucleotide using dNTP.

Detection of SARS-CoV-2 using CRISPR/Casl2-based assays. The
coronavirus pandemic has rapidly evolved into the development of fast and affordable
diagnostics. In a relatively short period of time, researchers published various diagnostic
options for the causative agent SARS-CoV-2 using the Cas12a enzyme (Table 1).

Table 1. Cas12a-based detection of SARS-CoV-2
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Method Amplification | Target Time | Limit of Readout Reference
abbreviation detection | method
iISCAN RT-LAMP N and E genes | less 10 RNA fluorescence | [17]
than | copies per | lateral flow
1h reaction
DETECTR RT-LAMP E (envelope) 30- 10 copies | fluorescence | [18]
and N 40 per pl lateral flow
(nucleoprotein) | min reaction
genes
DETECTR RT-LAMP Eand Ngenes | ~30 |10 lateral flow | [19]
min copies/uL
reaction
- RT-LAMP ORF gene, N less 20 copies | fluorescence | [20]
gene and E than | RNA per
gene 1h reaction
AIOD-CRISPR RPA N gene 20 5 RNA fluorescence | [21]
min targets per
reaction
CASdetec RAA RdRp 10- | 5x10° fluorescence | [22]
30 copies/mL
min of SARS-
CoV-2
RNA
samples
CRISPR-FDS RT-PCR ORFlaband N | ~50 | >2 copies | fluorescence | [23]
genes min of the
target
RNA
sequence
ITP-CRISPR RT-LAMP E and N genes | 30— 10 copies | fluorescence | [24]
40 per uL of
min reaction
CRISPR/Casl2a- | RT-RAA orfla, orflb, N | 45 10 copies | fluorescence | [25]
NER and E genes min of the
virus gene
- RT-RPA ORFlaband N | 50 1-10 fluorescence | [26]
genes min | copies per
reaction lateral flow
Lyo-CRISPR RT-LAMP N gene 1h 7.5 fluorescence | [27]
copies/pL
dWS-CRISPR RT-DAMP N gene 90 50 fluorescence | [28]
min copies/ul
SARS-
CoV-2
RNA in
the sample
- RT-LAMP N gene 40 16 fluorescence | [29]




=

Eurasian Journal of Applied Biotechnology, Ne3, 2021

min copies/uL | colorimetric
PGMs-CRISPR RT-RAA N gene 60— 10 biosensor [30]
90 copies/uL
min
symRNA-Casl2a | RT-RPA Eand Sgenes | 45 10 copies | fluorescence | [31]
min of
synthetic
mutant
RNA
CRISPR-FDS RT-RPA ORF1ab gene 15 0.38 fluorescence | [32]
min copies/puL
VaNGuard RT-LAMP S gene 45 20 copies | fluorescence | [33]
min per
reaction lateral flow
deCOVID RT-RPA N gene 30 1 genome | fluorescence | [34]
min equivalent
(GE)uL™
of SARS-
CoV-2
RNA
- RT-LAMP E and N genes | 35 35 copies | lateral flow | [35]
min | per uL
CASCADE amplifiation- | ORF1lab gene 71 50 fluorescence | [36]
free min copies/puL
opvCRISPR RT-LAMP S gene 45 5 copies fluorescence | [37]
min
MCCD RT-MCDA ORFlaband N | 1h 7 copies lateral flow | [38]
genes per
reaction
RT-PCR N gene ~90 | 1copy/uL | biosensor [16]
min
CRISPR- RT-LAMP N gene 40 3-300 fluorescence | [39]
ENHANCE min copies
lateral flow
- RT-LAMP E and N genes | 40 E gene - fluorescence | [40]
min 45
copies/puL
N gene -
30
copies/puL
CLAP RT-LAMP N gene 40 4 colorimetry | [41]
min copies/pL
- RT-LAMP E and N genes | 45 225 copies | colorimetry | [42]
min of the N

gene
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300 copies
of the E
gene
S-CRISPR reverse N gene 30- 2fM biosensor [43]
transcription 40
min

As a preliminary amplification, in most cases such methods of isothermal
reactions as RT-LAMP and RPA were proposed. However, isothermal amplification
methods are not specific enough and cannot always determine the polymorphism of the
target sequence, in contrast to Casl2a [14], [15]. That is why these methods are
complemented by the Casl2a assay. Almost all methods were able to identify the
pathogen within 30-60 minutes, which, of course, compared to gPCR, makes this
method relatively fast, less laborious and comparable in sensitivity and specificity. An
important advantage is also the ability to assess the result of the reaction using available
methods, either by fluorescence, or using test strips of immunochromatographic
analysis. And also, papers were published where a smartphone can be used as a detector
[16]. The general diagnostic scheme is shown in Figure 1.
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Fig. 1. SARS CoV-2 detection using Casl2a
CONCLUSION

There is a need for nucleic acid diagnostic tools that combine the sensitivity,
specificity, and flexibility of conventional genomic diagnostics with the simplicity,
cost-effectiveness and speed of isothermal amplification methods. This diagnostic tool
is ideal for point-of-care (POC) testing.

The COVID-19 pandemic has been a powerful impetus for the development of
fast and affordable diagnostic methods around the world. In the shortest possible time,
diagnostic methods such as SHERLOCK, DETECTR, BinaxNOW COVID-19 Ag,
SalivaDirect, etc. were presented. Therefore, there is definitely a great urgency in the
search and functional characterization of new nucleic acid hydrolysis enzymes, for the
development of new diagnostic methods - fast, affordable, convenient to use and do not
require medical personnel and expensive equipment.
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In this review, we described a new enzyme Cas12a, its distinctive features, and its
potential for use in diagnostics, especially in the light of recent events, in the diagnosis
of coronavirus infection. It is known that the CRISPR/Cas12a system nonspecifically
cleaves single-stranded DNA after binding to target DNA sequences. This usually
required that the target DNA strands contain a sequence of a strictly defined motif
adjacent to the protospacer (PAM region) TTTN. Just recently, it was found that Cas12a
can also recognize another PAM region sequence - UUUN, which leads to the activation
of its effect of collateral cleavage of ssDNA [44]. It was also shown that using Casl2a
in combination with the LAMP reaction, it was possible to realize direct visualization of
DNA detection at the level of just one copy.

Until recently, components of the CRISPR/Cas systems were found exclusively in
archaea and bacteria, however, in February 2020, a paper was published, which reported
the discovery of hundreds of new genomes of bacteriophages from various ecosystems.
Sequencing of these genomes made it possible to identify various and previously
undescribed CRISPR/Cas systems [45]. In particular, a new representative of Cas
enzymes was discovered and described — Cas12j (Cas®). Cas® has a molecular weight
of half (~ 70-kDa) than Cas9 and Casl2a genome editing enzymes and expands the
genome editing toolbox [46]. As can be seen, the area of study has not yet defined
horizons and, most likely, publications about new fundamental data will appear soon.

Thus, despite numerous recent advances in the study of Casl2a, there remains
vast potential for the unexplored potential of Casl2a in terms of therapy and
diagnostics.

By switching to cheaper tests that can produce results in less than an hour,
potentially detecting people, including asymptomatic people [47], it will be possible to
contain the epidemic before it spreads. Thus, new types of diagnostics will play a direct
role in the epidemiology of the spread of infections.

This is very important for regions remote from the centralized diagnostics system,
where the time for transporting samples can take several days. This is especially true for
Kazakhstan, which has a huge area of territory and many remote settlements, which, in
turn, requires complex logistics for timely diagnosis of the population. Therefore, the
existing diagnostic system is nothing more than a statement of the diagnosis because the
patient will continue to spread the infection while waiting for the results. It should be
added that the number of qualified personnel and expensive equipment is concentrated,
as a rule, in large cities. Therefore, the development of new diagnostic methods is
relevant, both from the side of economic interest (reaction time and cheapness), and
from the side of society (lack of expensive equipment). To combat the COVID-19
pandemic, urgently new diagnostic methods that meet the ASSURED criteria
(Affordable, Sensitive, Specific, User-friendly, Rapid and Robust, Equipment-free, and
Deliverable to end-users) for POC diagnostics (point-of-care) [48, 49, 50]. The
development of new methods for COVID-19 diagnostics based on Casl2a is
fundamentally different from the currently generally accepted tests, therefore, the
criteria for evaluating new methods should be revised for their further registration and
wider coverage of the population.
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CRISPR/CAS12A HETI3IHJAEI'T KOBU/I-19 IUATHOCTUKACHI
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ABCTPAKT

HykiaedH KbIIIKBUIBIH aHBIKTAYAbIH KbLIIAM JK9He CeHiMIi dicTepiHe KOJ KeTKi3y
KONTereH cajajapia eTe MaHbI3Abl 00JIbIN Ta0bLIaAbl. Op TYPJi aypyJjapra OailJaHbICTbI
FeHeTHKAJIBIK AKNAapPaTKa Heri3Je/reH NaToreHiepai epre :koHe YaKbIThLJIbl AaHBIKTAY epTe IMarHo3
KOIOFA 5K9He eMjieyre MyYMKIiHAIK Oepeni.

COVID-19 nanpemMusicblHa KATBICTHI ;KaFaaii Ka3ipri 3amanrsel ipresi OutiMre Herizmearen
AUATHOCTMKAHBIH kaHa djaicTepi ywin depMeHTTepai i3feyAiH WIYFbLT Ka)keTTiliri 0ap exeHiH
kopcerTi. Konnnan6anapabin keH ayKbIMBIH KAMTYFa MYMKIiHAIK OepeTiH ojicTep ap3aH 6o0JbIn
KeJlelli koHe apHalibl Ka0AbIKTapAbl, OLTIKTI KbI3MeTKepJepai KaskeT eTHeiai »oHe oJapabl
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J)Ky3ere acpIpy oHaii 0Ooabin Tadbuiagabl. OcbiHgaii ¢epmeHTepaiH Oipi, KaKbIHAQ alIbLIFAH
CRISPR/Cas skyiiecinin suaonykiaeasacel - Casl2a. bya moayaa 6i3 Casl2a ¢epmenTinin
cunaTraMachiH jkdHe oHbIH COVID-19 anarHo3sinia KoJIaHBLIYbIH YCHIHAMBI3.

Herisri ce3nep: CRISPR-Casl2a, COVID-19, amarnoctuka, SARS-CoV-2, RT-RPA, RT-
LAMP

JUATHOCTHUKA COVID-19 na ocoBe cuctembl CRISPR/CAS12A

KaoObl10aeBa A.l, Kapblaracsinona K. 1, AousoBa A. 1, AmamkosioBa M. 22,
*
Abeanaenos C. 3

! [lIxona ecmecmeentvix u 2ymanumapnuix nayk, Hazapbaes Ynusepcumem,
np. Kabanbai 6ameipa, 53, Hyp-Cynman, Kazaxcman.

zEepa3uﬁCKuﬁ HayuoHavbHulU YyHueepcumem umenu JI.H. I'ymunesa,

ya. Kascvimyxana, 13, Hyp-Cynman, Kazaxcman.

3 Hayuonanvhuiii yenmp 6uomexnonozuu,

Kopeanscunckoe wocce, 13/5, Hyp-Cynman, 010000, Kazaxcmat.
“abeldenov@biocenter.kz

ABCTPAKT

JlocTtyn K OBICTPHIM M HAJEKHBIM METOAaM OOHAPYKeHHs] HYKJIEMHOBBIX KHCJIOT HMeeT
pelnaoiee 3HaYeHHe BO MHOTUX Pa3NYHbIX 00/1acTax. PaHHee BbIsIBJIEHHE MATOT€HOB HA OCHOBE
HX reHeTHYecKoil nHpopManuu, CBA3AHHON ¢ Pa3JIMYHBIMU 3260/1eBaHHSIMHU, 1eJIaeT BO3MOKHBIMHU
PaHHIO JAMATHOCTHKY M JedeHHe. Curyamus c¢ nangemueii COVID-19 moka3zana, 4To MMeHHO
ceifyac cymiecTByeT oOcTpasi HeoOX0JMMOCTH B MoOWCKe (EPMEHTOB [JIsi HOBBIX METOI0B
AUATHOCTHKH, OCHOBAHHBIX Ha COBpPeMEHHbIX (YHAAMEHTAJABHBIX 3HaHUAX. MeToabl,
MO3BOJISIIOIIME OXBATUTh 0oJiee IMIMPOKMI KpPyr NPWJIOXKeHHil, OyAyT AelieBjie, He NOTPedyIOT
CHeHAJU3MPOBAHHBIX NMOMeIeHHii, KBATH(UIHPOBAHHOI0 MEPCOHAJIA M MPOCThI B peaJn3anuH.
OgHMM M3 TaKMX MeETOAOB SIBJIfeTCS CHCTeMa, OCHOBAHHAs HAa HEJaBHO OOHApy:KEHHOI
snonykiiease cucrembl CRISPR/Cas - Casl2a. B 3Tom 0030pe Mbl NpUBOIUM onucaHue pepMeHTA
Casl?2a u ero ncnouan3oBanne B uarmocruxke COVID-19.

Kmouesrnlie cioBa: CRISPR-Casl2a, COVID-19, nmarnoctuka, SARS-CoV-2, RT-RPA, RT-
LAMP.
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