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Gene editing by CRISPR-Cas—biotechnological applications

The CRISPR-Cas system is a powerful genome editing tool that enables precise and targeted changes in DNA
nucleotide sequence and gene function. It has many applications in modern biotechnology, including correct-
ing genetic disorders, treating and preventing disease, as well as improving animal breeds and crop growth
and resistance. The proposed review observed how CRISPR-Cas technology has evolved from a natural anti=
viral defense mechanism in bacteria, to a cutting-edge genetic engineering technique. Initially, ‘it was discov-
ered that bacteria use specialized RNA and Cas proteins as defense against viral attacks. It turfied out that
components of the CRISPR system could be transferred into cells of other organisms to manipulate genes, a
process called “gene editing”. In genome editing, genetic instructions are altered, resulting(in changes in the
activity of encoded proteins and cellular processes. By inserting cuts into the coding patt of DNA and DNA
repair mechanisms, desired DNA fragments can be inserted for targeted changes. CRISPR techuelogy can ef-
fectively correct human genetic defects. Examples include cystic fibrosis, sickle cell anemia, cataracts, etc.
These studies have paved the way for therapeutic applications in humans. CRISPR ‘has been tested to treat
cancer and an inherited disease that causes blindness, prevent Lyme disease and the transmission of malaria
transmission from viral vectors to humans, as well as the method of ridding ‘infected cells of human immuno-
deficiency virus was tested on animal models. The review provides the.most significant examples of applica-
tion of CRISPR editing of target regions of genomes of various organismsias, one of the key technologies of
biotechnology.
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One of the exciting discoveries in modern molecular biology — honored with the Nobel Prize in 2020
— is the CRISPR-Cas genome editing technology [1]. This technology allows the targeted addition, deletion,
or modification of DNA sequences and is actively usedsin genctics and medicine, offering advantages such
as rapidity, affordability, high accuracy, and less labor-intensive than other methods.

Originally, the term CRISPR-Cas referred to a natural mechanism for recognizing and destroying viral
nucleic acids that penetrate bacterial cells.

If the bacteria was able to survive after virus infection, fragments of the remaining viral DNA are in-
corporated into a special region of bacterial DNA, adding to the collection of viral fingerprints called
CRISPR [2]. Upon re-infection, théybacteria rapidly synthesize RNA that recognizes the DNA regions of the
attacking virus and forms @ duplex structure. A special nuclease Cas, accompanying complementary RNA
destroys viral DNA, preventing the synthesis of new viral particles [3].

In 1987, a tcam of scientists at Osaka University studied the alkaline phosphatase gene, which is re-
sponsible for isoenzyme conversion of alkaline phosphatase (iap) in E. coli strain K-12 [4]. What was sur-
prising was the region that did not encode anything. Bacterial DNA is sparingly organized and usually con-
tains no_extra'sequences. This site contained unusual repetitive DNA sequences separated by blocks of about
30 nu¢leotides ofidifferent composition, called spacers. Later, similar regions of repeats and spacers would
be founddn a large number of bacteria and archaebacteria and called CRISPR. The functions of these DNA
regions remained a mystery [5]. In 2000, Francisco Mojica’s group [6] showed that the spacer regions of the
DNA blocks matched the DNA sequences of bacteriophages and viruses. It turned out that viruses could not
destroy bacteria that contained such spacer blocks, and it was suggested that these sequences represented the
defense system of prokaryotes. Francisco Mojica was the first to suggest the acronym CRISPR. However,
the mechanism of this molecular genetic system remained unclear. Jansen et al. discovered |7] that next to
CRISPR sequences there are genes called cas (CRISPR-ASsociated), the function of which remained un-
clear. In 2005, genomic studies found matches between spacer DNA and many phage DNAs, meaning
CRISPR clusters play a role in adaptive immunity [8, 9]. Philip Horvath’s group [10] discovered in 2007
CRISPR loci in Streptococcus thermophilus cultures used for yogurt and cheese production. It turned out that
bacteria having specific viral sequences in their CRISPR sites were resistant to viruses. When such spacer
sites are removed from bacterial DNA, the bacteria become susceptible to the virus again. They also studied
cas genes and showed the key role of Cas protein in the cleavage of foreign DNA [11]. Cas protein genes are
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located in close proximity to the CRISPR site. These proteins possess endonuclease, exonuclease, helicase
structure and nucleic acid binding sites. They are able to unfold, unwind and cleave DNA [12, 13].

When CRISPR systems were discovered, they were thought to be a novel mechanism for error correc-
tion and DNA repair in thermophilic archaea and bacteria [ 14].

The role of Cas proteins as specific nucleases was shown in the work of Makarova et al. who performed
a comparative genomic analysis of Cas genes [15]. While some Cas proteins cleave DNA, others cleave
RNA. For example, Cas9 enzyme cleaves DNA, while Casl3 enzyme cleaves RNA [16]. A prerequisite for
CRISPR-Cas9 systems (the most widely used) are “protospacer adjacent motifs (PAMs)”. PAMs are short
sequences of 2—6 base pairs in the viral genome, next to protospacer DNA blocks targeted by Cas9 nucleas-
es. If Cas9 nucleases recognize the PAM site they cleave the DNA. Recognition of PAM sites by Cas9 nu-
cleases ensures that only foreign viral nucleic acids are cleaved [17] and prevents cutting of their own spac-
ers stored in the CRISPR array.

Classification of CRISPR-Cas systems was performed in Makarov et al. [ 18] CRISPR-Cas systems are
divided into two classes based on the differences of Cas nucleases and are categorized into Sixitypes. Class 1
CRISPR-Cas systems function with multi-Cas complexes including Cas3, Casl0 and DinG endonucleases,
constituting types 1, 3 and 4, respectively. CRISPR-Cas class 2 systems utilize a single Cas protein and one
Cas protein and include types 2, 5, and 4, which utilize Cas9, Cas12—Cas14, and Casl3'nucleases. Type 1, 2,
and 5 systems primarily recognize DNA, type 3 recognizes both RNA and DNA, and 4ype 4 is exclusively
involved in RNA regulation [19]. The type 2 system is the most studied and-has,the greatest potential for ge-
nome editing in eukaryotic organisms. The Cas9 endonuclease plays a central roledn the type 2 CRISPR-Cas
system [20]. During viral infection, Cas9 nuclease is activated in the présence of two RNAs: a short RNA (cr
-RNA) transcribed from the CRISPR array and an additionalynon-coding RNA, trans-activating CRISPR
RNA (trans-activating CRISPR RNA, tracrRNA) complementarynto CRISPR repeats [21]. Jinek et al. [22]
constructed a type 2 CRISPR-Cas system based on the Cas9pnuclease from Streptococcus pyogenes and
showed that cr RNA and tracr RNA can be spliced together to form a chimeric single-stranded guide RNA
(sg RNA).

Such chimeric RNA and Cas9 nuclease canbe targeted to DNA from any organisms for precise editing.
The idea of adapting the bacterial CRISPR-Cas9 system to edit the genome of humans and other organisms
was first proposed by Jennifer Doudna and EmmanuelleCharpentier in 2012 [23], who were awarded the
Nobel Prize in 2020. They proposed to combine crRNA (containing the complementary sequence of target
DNA) and tracrRNA molecules to obtain achimeric guide RNA (sgRNA). The resulting sgRNA and the
Cas9 enzyme are introduced into the cell, and,the cell’s genome DNA is scanned for PAM sequences and
sites complementary to the sgRNA, after which the DNA is cleaved at the target site. This pioneering work
has turned CRISPR-Cas9 into aypewerful tool for genome editing.

The advantages of the CRISPR-Cas9 system are simple assembly of the system before use, high effi-
ciency and applicability forgenome editing of a wide variety of organisms. To edit any DNA under study, an
sgRNA is created that carriessa complementary sequence of 20 nucleotides to guide to the desired site. The
Cas9 nuclease cuts,the [DNA between the 17th and 18th nucleotide from the 5'-end of the spacer. It is possi-
ble to simultancouslyieditiseveral genes if different sgRNAs are used. The simplicity, speed and efficiency of
the CRISPR-Cas9 method compared to other genome editing methods have aroused great interest in the sci-
entific community [24]. The CRISPR-Cas9 system is capable of recognizing the desired site in the extended
genomic DNA 1n, cells of organisms with high specificity, allowing the addition, deletion, modification and
even silencing of certain sites in the genome [25], which is of great importance for biotechnology and medi-
cine.

The CRISPR genome editing method can be successfully applied not only with the Cas9 enzyme, but
also with other enzymes such as the Cas13 enzyme discovered in 2016 [26]. The CRISPR-Cas9 technology
has advantages over other genome editing technologies such as ZFN and TALEN. The most important ong is
that a small region of the RNA molecule, sgRNA, complementary to twenty nucleotides of the target DNA is
responsible for recognizing the target nucleotide sequence in it [27]. Cong et al. [28] were among the first to
successfully apply Cas9-based genome editing.

Applications of CRISPR technology

1. Medical research and therapy: studying the genetic basis of diseases and developing new gene thera-
pies, e.g., for the treatment of hereditary and cancer diseases.

2. Agriculture and food technology: creating crops and breeds with improved characteristics such as re-
sistance to pests and diseases, increased yield and productivity, and better adaptation to climate change.
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3. Diagnostics: developing new, more sensitive and accurate methods for diagnosing diseases, including
infectious diseases, as demonstrated during the COVID-19 pandemic.

Medical research and therapeutics

CRISPR-Cas technology has the potential to dramatically improve the situation with human monogenic
diseases, of which there are more than 10,000 [29, 30]. It has been shown that CRISPR can be used to effi-
ciently correct mutations in the gene that causes inherited heart disease in human embryos. The mutant gene
(MYBPC3) was replaced with a “corrected” copy of the gene without the mutation. As a result, up to 72 %
of embryos were spared from the harmful mutation [31]. In the case of the monogenic inherited disease sick-
le cell anemia, CRISPR-Cas9 technology is used to adjust the gene [32].

Cystic fibrosis (CF) is one of the most common genctic diseases caused by mutations in CF
transmembrane conductance regulator (CFTR). CRISPR-Cas9 technology has been used to correct mutations
in the CFTR gene, and encouraging results have been obtained [33].

In January 2024, the FDA approved CASGEVY therapy for genome editing with CRISPR-Cas9.

CASGEVY is a therapy used to treat people aged 12 years and older for the treatment of:

— sickle cell anemia;

— beta-thalassemia (p-thalassemia).

CASGEVY is based on using edited stem cells from a patient’s blood to increasesfetal hemoglobin syn-
thesis and red blood cell activity. It helps patients with sickle cell anemia and beta-thalassemia [34, 35].

Hemophilia B (HB) is an inherited disease arising from a mutation intheyfacter IX (FIX) gene, which
leads to clotting disorders. Animal experiments, showed the possibility of treating hemophilia B by adding
regulatory genes to correct mutations in the FIX gene using CRISPR-Cas9 technology [36].

In addition to the treatment of monogenic diseases, CRISPR-Cas systems have been used to potentially
treat viral infections such as human immunodeficiency virus, h@patitisaviruses, and oncogenic viruses, as
well as non-viral infectious diseases caused by bacteria, fungi-and parasites [37].

The ability of the CRISPR-Cas9 system to ¢liminate the integrated ssDNA of hepatitis B virus and the
possibility of antitumor application of CRISPR-Cas9 by targeted mutation of the HBsAg gene leading to
suppression of tumor progression of hepatocellular carcinoma have been demonstrated [38, 39].

Human immunodeficiency virus (HIV) causes acquired immunodeficiency syndrome, which remains
one of the most serious health care problems worldwide [40]. According to [41] CRISPR-Cas9 method can
prevent the development of HIV-1 infection. Other studies have shown the use of CRISPR-Cas9 method for
the treatment of HIV infection [37, 42, 43].

Agriculture and food technology

The emergence of agriculture has been the basis for civilization. In human history, the availability and
accessibility of food has been ‘eritical and enormous efforts have been expended to obtain it. Today, due to
growth of global population, access to food is becoming more problematic [44]. New stress tolerant and effi-
cient crops are needed. This«€anibe achieved by CRISPR-Cas9 technology [45, 46].

Plant-specific RNA polymerase III promoters are used for the successful operation of Cas9 protein and
guide RNA (gRNA) in [plant cells.

These promoters,arescalled tU6 (Arabidopsis), TaU6 (wheat), OsU6 or OsU3 (rice).

There are séveral commercial vectors for the expression of these Cas9 or Cas9 and gRNA variants in
plants. Addgene, a global collection of plasmids provides over 30 “blank™ gRNAs for binary vectors. These
gRNAg include a plant RNA polymerase Il promoter, gRNA as a vector where the desired gRNA can be
insetrted [47].

Tomato cells are often used for CRISPR-Cas-mediated modifications. Leaf shape studies have shown
that gencticanutations created by CRISPR-Cas technology are inherited. The gene SIAGO7 (Argonaute7),
gives a flat appearance to tomato leaves, but deletion of this gene using CRISPR-Cas9 technology results in
needle or wire-shaped leaves [48]. Genome editing was carried out to create cocoa varicties that are resistant
to pests, higher yielding, drought tolerant, with improved flavor and seed quality. For this purpose, the
TcNPR3 gene was deleted using CRISPR-Cas9 technology [49].

Successful studies have been conducted on rice and wheat, important food sources. In the case of rice,
approximately 92 % of the studies are based on CRISPR-Cas9 technology.

Abscisic acid receptors affect rice yield [50]. CRISPR-Cas technology allowed simultancous mutation
of genes encoding abscisic acid receptors (PYL1), PYL4 and PYL6, resulting in a marked increase in growth
and vield in rice [51]. Mutations in wheat genes such as PDS, MLO and NAC2 have been investigated. Tar-
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geted mutations in MLO gene obtained using CRISPR-Cas9 technology resulted in plants resistant to yellow
rust disease [52, 53].

CRISPR-Cas9 technology can be used to accurately and efficiently reduce o-gliadin content to reduce
immunoreactivity of durum wheat products for consumers with gluten intolerance [54]. Direct gene editing
was shown [55] in cotton plants using CRISPR-Cas9. In a study [56], plants modified with CRISPR-Cas9
showed resistance to cucumber mosaic virus and papaya ringspot virus infection.

CRISPR-Cas can be used to produce efficient animal feed. Since 2017, 36 varieties of soybean and corn
have been approved and authorized for use as animal feed [57].

Harmful microorganisms can cause food poisoning and food spoilage, while beneficial microorganisms
help preserve food and promote a healthy digestive system [58]. In food biotechnology, CRISPR systems are
used in antiviral vaccination of bacterial cultures, genotyping, antibiotic resistance monitoring, and modifica-
tion of probiotic cultures [59, 60].

The CRISPR-Cas9 system was first applied by Danisco in 2008. The company used its«to enhance the
immunity of bacterial cultures to viruses, and nowadays many food manufacturers us¢ thisitechnology to
produce cheese and yogurt. Probiotics are known as live microorganisms that benefit theyhostywhen con-
sumed in sufficient quantities [61]. The successful antiviral vaccination of Streptocogéus thermophilus starter
culture used in fermentation of dairy products has promoted the use of CRISPR-Cas in the food indus-
try [62]. CRISPR-Cas system is applicable for pathogen control, food safety, and shelf life’extension [63]. A
study [64] used CRISPR loci for genotyping to distinguish strains in produetsswithimixed microbiota, espe-
cially those produced by fermentation. One carly study was conducted on Iactobacillus buchneri, which
causes spoilage in pickled foods, especially cucumbers, by altering the flavor. After identifying the formation
and diversity of CRISPR-Cas systems in L. buchneri, the use of a 36-nucleotide CRISPR type 2-A locus for
identification yielded successful results [65]. CRISPR loci has been used for genotyping in Enterococcus
faccalis, which is used in fermentation of meat productspas well as in Lactobacillus gasseri and
Bifidobacterium, known as probiotics [66].

The CRISPR-Cas9 system of the second type wasused on E. coli and Staphylococcus aureus bacteria to
test its antibacterial potential [67]. It was shown,that the CRISPR-Cas system can be used to inhibit and kill
antibiotic-resistant bacteria. An effective method toyremove carbapenem-resistant plasmids and restore sensi-
tivity in bacteria to antibiotics using the CRISPR-Cas systém has been shown. CRISPR precisely targets and
destroys antibiotic-resistant bacteria, facilitating the identification of resistance mechanisms, which opens
new possibilities in diagnosis and therapy, [68].

Genome editing techniques have been used in animal breeding to improve disease resistance, improve
product quality and efficiency, and pfoducedrugs for biomedical purposes [44, 69].

In 2018, a successful editingyof the MSTN KO gene in goats was carried out. Using CRISPR-Cas9, the
third exon of the gene was alteredy resulting in a significant increase in average daily weight gain compared
to the control group. The offSpring obtained from the edited animals retained the altered genotype and corre-
sponding phenotype, as well as high genetic stability and fertility [70]. Thus, the CRISPR-Cas9 system is a
tool for creating new lines and.breeds of animals with economically useful traits.

In a study on the commercial production of human interferon in transgenic chickens [71], the CRISPR-
Cas9 system was used to insert the human interferon beta (hIFN-b) gene into the chicken ovalbumin gene,
resulting in the biologically active hIFN-b protein appearing as part of the egg white.

Using the CRISPR-Cas9 system, the myostatin protein gene was successfully blocked [72], resulting in
a significant inerease in muscle mass in animals of the breed under study.

CRISPR-Cas9 technology is applicable together with breeding methods aimed at increasing animal
productivity4[73, 74], and at increasing resistance to infectious or non-infectious diseases |75, 76], and also
helps to control the desired sex in farm animals [77].

In a study conducted on goats [78], it was shown that blocking the fibroblast growth factor 5 gene re-
sulted in an increase in fiber length in cashmere goats. Genetically edited animals with blocked FGF5 gene
were obtained [79].

Three economically important characteristics including fiber diameter and length showed that CRISPR-
Cas9-edited goats with blocked FGF5 gene have increased total productivity.

CRISPR-Cas9 technology [80] allowed activation of AANAT and ASMT genes responsible for mela-
tonin synthesis in sheep mammary gland epithelial cells. The melatonin content increased in the milk of ewes
with activated genes compared to the initial ones.
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Among recent advances, we should mention Genus, which used CRISPR technology to obtain a line of
pigs fully resistant to porcine reproductive and respiratory syndrome virus [81].

Diagnosis of infections

CRISPR-Cas systems are used in a variety of analytical methods for DNA detection [82, 83], including
SARS-CoV-2 [84], and the CRISPR-Casl3 system, which recognizes RNA, is used to diagnose infections
caused by RNA-containing viruses [85]. CRISPR-Cas-based diagnostic systems have several advantages:
high specificity, high sensitivity, simplicity and low cost. Diagnostics for the following pathogens have been
created: on the basis of Cas9 protein — Zika virus, on the basis of Casl2 protein — HIV-1, hepatitis B virus,
human papillomavirus, tuberculosis, SARS-CoV-2, on the basis of Cas13 — SARS-CoV-2 viruses, dengue
fever and Zika virus, the diagnostic procedure is 3-4 hours [86].

It is amazing that after the discovery of CRISPR technology, the cost of genetic engineering decreased
by 70-80 %. There is no doubt that CRISPR has great potential to change the diagnosis and therapy of hu-
man diseases, biotechnology of viruses, plants and animals, and biotechnology in general [37.44].

In conclusion, despite significant public support for CRISPR-Cas technology, ethical and safety con-
cerns remain and it remains one of the most debated applications.
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C Ky Cmaunnos, E XK. TIN'abnymmuna, XK. T. Jlecosa, 3. K. Acembaena

CRISPR-Cas aaicimeH eHae/IreH reiii 6MOTEXHOJIOrUsAa KOJIAAHY

CRISPR-Cas xyiteci — JIHK HykieotuaTep Tiz6eri MeH reH QYHKIMSITAPBIH 97T JKSHE MAKCATTEI 63TepTyre
MYMKIHJIK OepeTiH KyaTThl TeHOMABI oHjaey Kyparnbl. OHBIH Ka3ipri OHOTEXHONOTHSIA KOITereH
KolfaHOanaps! 6ap, COHBIH iIMIiH/Ee TeHEeTHUKANIbIK akaylap/pl TY3eTy, aypylapisl eMiey *KoHe alJIbH aily,
JKaHyaplIap/pH TYKBIMJAPhIH JKakcapTy KoHE aybUIMapyallibUIbIK JaKbUIIapIblH ecyl MeH Te3iMJUNIiH
apTThIpy. YcbmHbUFaH monyga CRISPR TexHOIOTHSCHHBIH OakTepHsUiapibl BHPYCKAKapChl KOpray IbIH
TaOWFU MEXaHU3MIHEH TI€HETHKAIBIK WHKCHEPUSIHBIH COHFBI  OJliciHe JIeHiH Kanmall JaMBIFaHBIH
KapacThIphUTFaH. bacTtarkeina GakTeprsiiap bl BUPYCTHIK MalSybUiiapiaH Koprany yimiH apHaisl PHK meH
Cas aKypB3apbH KomaaHaThHbI aHbIKTapl. CRISPR xyifeciHiy Kypampac GenikTepiH TeHzepsi Sackapy
YIIiH GacKa OpraHM3MJIEP/IiH KacyIlaTapblHa TachMaliayFa OOoNaThIHBI Oenrini GONIpL, SEHU OYII Ipoliecc
«TEHJ Ty3eTy» JIell aTanajbl. [ eHOMJBI Ty3eTy Ke3iHJe TeHETHUKAIbIK HycKaylap esrepejli, HOTHKECIHe
KOATAIFaH aKybI3Jap MeH KacyIIANbIK IporiecTepain Gencenmimiri e3repemi. JIHK-ubH xoaray GemiriHe
wkaHe JIHK-HBI KamIpHa KenTipy MeXaHu3MJIepiHe KeCIHIIep Il eHri3y apKblUIhl MaKCaTThI ©3repicTep YIINH
kaxetti JIHK ¢dparmentrepin enrizyre Gomagpl. CRISPR TeXHOMOTHACH MyKOBUCIIIO3, OpaK KacyIIIalbl

72 BecTHuk KaparaHguHckoro yHuBepcuteTa


https://doi.org/10.1089/crispr.2023.0061
https://doi.org/10.1016/j.jpba.2020.113645
https://doi.org/10.1016/j.micres.2022.127000

Gene editing by CRISPR-Cas—biotechnological...

aHEeMHs, CYKapaHFBl CHSIKTHI KoHE T.0. ajaMHBIH TI'eHETHKAaNBIK akaylapblH THIMJL Tysere ajnajpl. byn
3epTTeyiep ajamjapra TepareBTiK KommaHyra kol amrtsl. CRISPR kareprmi icik TeH TYKBIM KyaTafThIH
aypynapjsl eMjieyre JKoHEe COKBIPIIBIKTBI TYIbIpaThiH, JlalimMa aypybIHBIH aljibIH alyFa KoHe Oe3reKTiH
BUPYCTHIK BEKTOpIIap/aH ajamMaapra GepilyiHe ChIHaLpI, COHBIMEH KaTap KaHyaplap YITLIEpiH/e aJaMHBIH,
WMMyH TalllIBUIGIFBl  BUPYCHIHAH SKYKTBIPFaH JKacymaxapipl Koo ofici cemHamuel  [llomyma
GUOTEXHOTOTSIHBIH, HETI13T1 TeXHOMOTWSUIAPBIHBIH Oipl peTiHAe SpTYPIl OpraHu3MIep TeHOMIAPHIHBIH
MakcarThl yuackenepine CRISPR emiey i KonaaHyablH €H MaHBI3IbI MBICATIAPHI KEeTTIPLUITeH.

Kinm cesz0ep: CRISPR, Cas, reHoMIap/pI oHIEY, GHOTEXHOIIOTHS.

C K. Cmaunos, E. XK. I'abnymmuna, XK. T. Jlecosa, 3. K. Acembaena

Penaxtuposanue resos merogom CRISPR-Cas — npumeHeHue B 6MOTEXHOJI0rUH

Cucrema CRISPR-Cas — 3T0 MOITHBIA HHCTPYMEHT JUIS PEJAKTUPOBAHUS T€HOMOB, ITO3BOJIIION I TOUHO 1
HAIIpaBJIEHHO U3MEHSTH IociejoBaTebHOCTU HykieoTi 0B JIHK u QyHkimm reHoB. OH UMeET MHOKEETBO
IIPUMEHEHNI B COBPEMEHHOH OMOTEXHOJIOIMH, BKIIOYAs UCIIPABIEHUE I'€HETUUECKUX JIePEKTOB, JICUEHUE !
npodrtakTuKy OConesHed, a Taxke YIydllleHHe II0POJ| KUBOTHBIX M YBEIMYEHHE pocTa M YCTOMIMBOCTH
CEIbCKOXO03IHUCTBEHHBIX KYIbTYP. B mpeiaraeMoM 0030pe paceMatpuBaercs, kKak TexHoIormsiCRISPR pas-
BHBAJIAch OT IIPUPOJTHOTO MEXaHM3Ma IIPOTHBOBUPYCHON 3allUThl GakTepuil, 10 HOBEHIIIEro MeToja reHeTH-
yecKoit nHxkeHepud. 1lepBoHauanbsHO ObUTO BBIIBIICHO, YTO OaKTepUH UCIIONB3YIOT crelaibable PHK u Gen-
ku Cas JIUIs 3alMThl OT BUPYCHBIX aTak. OKa3alock, YTO KOMIIOHEHTHI cucTeMbl CRISPR MO#KHO 1iepeHecTH B
KJIETKU JAPYTUX OPraHU3MOB U1 YIIPaBIE€HUS TeHaMH B IIPOIlecce, Ha3hIBAEMOM «PENAaKIUPOBAHIEM I'€HOBY.
IIpu pepakTHPOBaHUH F'€HOMA IIPOUCXOJUT U3MEHEHHE TeHeTHUECKIX HHCTPYKIWE, B PE3yIbTaTe Yero u3Me-
HSIETCS aKTUBHOCTD KOJMPYEMBIX OEIIKOB U KIIETOUHBIX IIPOIeccOB. BeTaBisis pa3pessl B KOAUPYIOIIYIO YacTh
JIHK v ncnionms3yst Mexanu3Mbl BoccTaHoBieHus JIHK, MokHO BETapisITh, JkelmaeMble dparmeHTsl JJHK mst
TieneHanpapiteHHbIx m3Menenuit. Texxomorus CRISPR moxer 3 dekTrBHO MCTIPaBIATh TEHETHHIECKHE JIe-
(eKTHI yenoBeKa, TAKUMHU KaK MyKOBHCITHIO3, CEPIIOBHU/THO — KIIETOYHASI aHEMUS], KaTapakTa U Jp. DTH HC-
CIIEJIOBAHUS OTKPBUIM ITYTh K TEparieBTUUECKOMY IIPUMEHEHUIO Ha JEo X CRISPR 65T 1IpoTecTHpOBaH JUIst
JIeUeHHs paka U HacleICTBEHHBIX 3a00JIeBaHMI 1 BBIBIBAIOIIMX CIIEIIOTY, IIpeIoTBparieHus Gonesnu Jlaiva
U TIepelauyl MATSIPUU OT BUPYCHBIX IIEPEHOCUMKOB K JIFOMSM. Takoke Ha KUBOTHBIX MOJEIIX OBUT IIPOBEPEH
crioco6 u30apineHUsT MHQUIMPOBAHHBIX KIeTOK OT BuUpyca HMMyHoJebwimTa dernoBeka. B o63ope
TIPUBOJISITCS HauOollee 3HaYMMBble IIPUMEPHI NpUMeHeHUs peaaktupoanus CRISPR 1ieneBpIx ydacTkoB
T€HOMOB Pa3IMYHBIX OPIaHU3MOB KaK OJJHOH U3 KIFOUEBBIXTEXHOIOTHI CHOTEXHOIOIHH.

Kmioueswie cnosa: CRISPR, Cas, pefakTipoBaHye TeHOMOB, GHOTEXHOIIOTHSI.
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