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Purpose. To analyze the current state of crop improvement using CRISPR/Cas technology of genome modifications.
Results. The history of the development of genome editing technologies with site-specificendonucleasesis presented. The
current state of plant varieties creation using these technologies was analyzed. It was shown that CRISPR/Cas technology
of gene editing has already been adapted for 20 species of crops, for more than 150 genes associated with important traits.
The practical implementation of this technology was presented on the example of rice, for which the greatest progress in
the research and use of CRISPR/Cas technology was observed: the largest number of genes has been modified — 78; more
than 20 varieties were obtained. Edited rice genes associated with such traits as grain size, grain number, plant height,
male sterility, cesium accumulation, tolerance to abiotic and biotic stresses, and resistance to herbicides. The possibility
of multiplex editing of a potentially unlimited number of genes was underlined. The situation on the regulation of plants
created by genome editing technology was discussed: according to the decision of the European Union (EU) court, all EU
reqgulations and restrictions on the cultivation and sale of products, in particular plant varieties, obtained using genome
editing techniques are applied as well as to GMOs, while according to the USDA such plants, except parasitic plants, are
not regulated as GMOs. Information on the statement, approved by leading scientists representing more than 90 European
research centers and institutes for the study of plants and biological sciences was provided in support of genome editing
technology. Conclusions. Among the genome editing technologies, CRISPR/Cas technology is one of the most powerful
approaches, which has become extensively used in plant breeding due to such advantages as high accuracy and quality,
efficiency and technical flexibility, relatively low cost compared to other methods. This available method allows obtaining
non-transgenic plants with specified modifications, and it is possible to simultaneously “produce” mutations in several

targets.

Keywords: genetic modification; genome editing; site-specific endonucleases; gene knockout.

Introduction

According to the data given in the report of
the Food and Agriculture Organization of the
United Nations (FAO), the problem of world
hunger is getting worse, leveling up the
achievements of previous years when its scale
steadily decreased [1]. It is estimated that the
number of people facing malnutrition has
reached more than 820 million people (approx-
imately one in nine people in the world).

FAO has identified 17 Sustainable Develop-
ment Goals [2]. They are new international
goals that changed the Development Goals on
01/01/2016. They will determine national de-
velopment policies in the next 15 years. Food
and agriculture are in the focus of attention,
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starting with the elimination of poverty and
hunger to the fight against climate change
and the preservation of natural resources.
The second goal is to eliminate hunger, en-
sure food security, improve nutrition and pro-
mote sustainable agriculture (“ZeroHunger
world”).

As the population grows (world population
projected to reach 10 billion in 2050), the pro-
duction of food, feeding stuff and biofuels
should increase by 50%. Extreme weather con-
ditions, reduced availability of agricultural
land, biotic and abiotic stresses limit agricul-
ture and food production. The development
and implementation of technologies contribu-
ting to the increase in yield plays an important
role in solving the problems of humanity.
Transgenic technologies have certainly made a
significant contribution to crop improvement,
but despite the enormous importance of ge-
netically modified plants for food, discussions
about their safety do not stop.

24 ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2019, T. 15, N¢1



Genetics

The purpose of the review is to analyze the
current state of crop improvement using CRIS-
PR/Cas technology of genome modifications.

Results

In the past decade, genome editing tech-
niques with site-specific endonucleases have
been used for precise changes in the genomes
of plants and animals. These nucleases recog-
nize a unique sequence and create double-
stranded breaks in the target DNA. Further
DNA integrity is restored through cellular re-
pair mechanisms: by non-homologous ends
joining or homologous recombination, resul-
ting in the emergence of insertions / deletions
(indels) and substitution of mutations in the
target region, respectively [3].

The first generation of genome editing tech-
nology uses three types of nucleases: meganu-
cleases, zinc finger nucleases, ZFN and nucle-
ases designed on the basis of bacterial proteins
— TAL effectors (transcription activator-like
effector nucleases, TALENs) [4]. The proce-
dures with the first generation of nucleases
are laborious and time-consuming.

The second generation of genome editing is
associated with CRISPR systems (Clustered
Regulatory Interspaced Short Palindromic Re-
peats, short palindromic repeats arranged in
groups evenly spaced from each other). The
first CRISPR locus was found in the genome of
Escherichia coli in 1987 [5]. In 2002, the cas-
genes of the CRISPR loci encoding Cas proteins
(CRISPR associated protein) were discovered
[6]. CRISPR-Cas-systems provide adaptive im-
munity in prokaryotes. In 2013, it was shown
that artificial CRISPR-Cas systems can work
not only in bacteria and in vitro, but also in
eukaryotic cells [7]. Today, CRISPR technolo-
gies are considered to be the most important
technological innovation in the life sciences
since the invention of the polymerase chain re-
action. CRISPR-Cas systems differ both struc-
turally and functionally. The most popular
CRISPR technology is associated with nuclease
Cas9 and is characterized by relative simplicity
and high efficiency of work in cells [8].

Detailed descriptions of editing technologies
are fairly fully represented in scientific arti-
cles [9—-13] and are more interesting for narrow
specialists in molecular genetics. Therefore,
attention in this review is devoted to the prac-
tical use of these technologies in improving
crops (more on the example of rice).

The CRISPR/Cas technology of gene editing
has already been adapted for almost 20 species
of crops for more than 150 target genes of vari-
ous traits [14]. The main modification option

used is gene knockout, and targets are negative
growth regulators; loss of their functionality
leads to an increase in plant productivity, or fac-
tors determining sensitivity to pathogens. The
intensive use of this approach is due, firstly, to
the fact that this is the simplest and most acces-
sible method of modification, and secondly, to
the presence of fairly diverse target genes that
negatively affect the economically valuable traits.
Generalized lists of cultures and modified genes
can be found in reviews (for example, [15, 16]).

The greatest progress in research and the use
of CRISPR/Cas technology is observed in rice:
the largest number of genes (78) was modified;
more than 20 genetically edited varieties were
obtained. Rice (Oryza sativa L.) for more than
half of the world’s population is the main crop.
Also, due to the small size of the genome it is a
genetically well-studied cereal crop — a model
object for monocotyledonous plants. CRISPR/
Cas technology is used to edit rice genes associ-
ated with agronomically important traits, resis-
tance to biotic and abiotic stresses.

Productivity. At the same time, three nega-
tive gene regulators associated with the grain
size were knocked out — GW2, GW5, TGW6
[17]. Three simultaneously knockout genes re-
sulted in a significant elongation of the grain
compared with the result obtained with knock-
out of one or two genes.

Four genes, potentially related to producti-
vity, are knocked out in rice: a negative regula-
tor of grain number Gnla; DEPI gene (knock-
out leads to the formation of a dense erect pan-
icle) negative regulator of grain size GS3; IPA1
plant architecture regulator (knockout leads to
a decrease in tillering intensity, decrease in the
number of unproductive shoots, increase in
grain number, thickening and density of stems)
[18]. Later on, knockout genotypes of seven rice
varieties with GS3 and double ones for Gnla
and GS3 were obtained. In the knockout plants,
an increase in the grain size and grain number
was recorded. Productivity increased (by 3—7%)
in only three of the obtained variants, while in
seven it decreased due to a decrease in the num-
ber of productive shoots [19].

Plant height. An increase in the grain weight
and grain number requires resistance to lod-
ging, which is ensured by the short stature or
strength of the stem. In rice, through the
knockout of the DEP1 gene, the height of the
plant is reduced [18]. Also, low-growing pheno-
type was obtained as a result of single-nucleo-
tide change in the SLRI gene, a repressor re-
sponse to gibberellin [20].

Controlled male sterility. Forms with cont-
rolled male sterility are necessary for use in
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hybrid breeding. Thus, in 11 rice lines, the
TMS5 gene, a negative regulator of thermosen-
sitive genic male sterility, was knocked out
and forms fertile at the optimum temperature,
but completely sterile at 28 °C were obtained,
what allowed to control the process of self-pol-
lination in the case of using these lines in hy-
brid breeding [21]. From three rice varieties,
lines knocked out by the GSA gene — a negative
regulator of the photoperiod-sensitive genic
male sterility were obtained [22]. Under short-
day conditions pollen sterility was achieved in
these lines, while under long-day conditions
the plants were fertile.

Tolerance to abiotic stresses. Three rice genes
OsPDS, OsBADH?2, OsMPK encoding enzymes
phytoene desaturase, betaine-aldehyde dehy-
drogenase and mitogen-activated protein ki-
nase and participating in controlled responses
to various abiotic stresses were modified [23—
25]. Plant annexins play an important role in
environmental stresses responses. The role of
the annexin gene OsAnn3 under the influence
of cold stress was studied [26]. It was revealed
that the survival of CRPISR-T1-mutant lines is
reduced compared to wild-type plants under
conditions of cold pretreatment.

Herbicide resistance. Single nucleotide
change in the ALS gene encoding acetolactate
synthase led to an increase in the resistance
to chlorsulfuron herbicide [27]. A modification
of the C287 gene, responsible for herbicide re-
sistance [28], was performed.

Cesium accumulation. The occurrence of ra-
dioactive cesium in food after a nuclear acci-
dent disturbing from the perspective of a
threat to human health. Despite being present
at low concentrations (below pm) in polluted
soils cesium can be readily absorbed by plants
and transported to their edible parts. Such
plant’s ability to absorb cesium, even at low
concentrations, significantly influenced rice
production in Japan after the accident at the
Fukushima Daiichi Nuclear Power Plant in
2011. In practice several strategies were intro-
duced to reduce the cesium content in rice,
such as removing contaminated soil or adapt-
ing farming methods, including special man-
agement of mineral fertilizers which have limi-
ted impact or harmful side effects. However
the development of biotechnological approaches
aimed at reducing the accumulation of cesium
in rice remained a challenge. Using the CRIS-
PR-Cas-editing for inactivation of the K'
transporter OsHAK1, the absorption of cesium
by rice plants was sharply reduced [29]. In the
experiment with soil that was highly conta-
minated with 137Cs+, plants with blocked

OsHAK]1 functioning showed a significant de-
crease in 137Cs+ levels in roots and shoots.
These results demonstrate the possibility of
producing safe food in regions contaminated
due to nuclear accidents.

Tolerance to potassium deficiency. Peroxire-
doxins (Prxs) protect cells from various peroxi-
des, play an important role in maintaining re-
dox homeostasis, and are involved in the trans-
mission of intracellular and intercellular sig-
nals. Using the CRISPR/Cas9 technology, the
OsPRX2 rice gene was studied to characterize
the effect of 2-Cys Prxs on the K+ deficiency
tolerance [30]. OsprX2 overexpression leads to
stomatal closure and increases tolerance to K+
deficiency, whereas the OsPRX2 knockout re-
sults in serious defects in the leaf phenotype
and stomatal openings in the case of K+ defi-
ciency. Detection of the accumulation of K+, the
antioxidant activity of transgenic plants with
K+ deficiency confirmed that OsPRX2 is a po-
tential target for creating plants with increased
tolerance to potassium deficiency.

Nitrogen uptake. A single nucleotide change
in the NRT1.1B gene, which encodes a nitrogen
transporter, increased the efficiency of nitro-
gen assimilation [20].

Tolerance to biotic stresses. The mutation in
the ethylene-dependent transcription factor
OsERF922 led to an increase in resistance
against the underlying rice disease, Rice blast,
caused by the fungus Magnaporthe oryzae [31].
The targets for CRISPR/Cas-directional knock-
out are genes that cause sensitivity to the disea-
se. Two knockout mutants for OsSWEETI13
gene of susceptibility to bacterial burn, caused
by Xanthomonas oryzae pv. oryzae, were develo-
ped [32]. This led to increased resistance in
rice indica IR24. As a result of knockout of the
ERF922 gene forms resistant to rice blast were
obtained [33].

Editing of quantitative trait loci. It should be
noted that such important traits as yield and
tolerance to abiotic stresses are controlled by
two or more genes. Numerous studies have fo-
cused on the mapping of quantitative trait loci
(QTL) that control these agronomically impor-
tant traits. Such identified QTL regions began
to be introduced into elite lines to develop ef-
ficient varieties. However, such introgression
is unacceptable if the QTL is closely associated
with untargeted regions, since their introduc-
tion into the elite line can lead to harmful
consequences. CRISPR/Cas technology is a
powerful tool for studying rare mutations in
such cases. Thus, the functioning of QTLs as-
sociated with the size (GS3) and the number
(Gnla) of grains in rice varieties was investi-
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gated using CRISPR/Cas9-mediated QTL edit-
ing approach [19]. It has been revealed that
identical QTLs can have very diverse and op-
posite effects on different genetic backgrounds.

Multiplexed gene editing. CRISPR/Cas tech-
nology also enables the multiplex editing of a
potentially unlimited number of genes [34, 35].
This is demonstrated by the successful editing
of eight agronomically important rice genes si-
multaneously: BADH2 (betaine aldehyde dehyd-
rogenase 2), DEP] (dense and erect panicle 1),
Gnla (grain number), GS3 (length and weight
of grain), GW2 (width and weight of grain), Hdl
(heading date 1), EP3 (erect panicle), LPAIl
(loose plant architecture 1) [26]. Five of these
genes (DEP1, EP3, Gnla, GS3, GW2) are associ-
ated with grain yield, the BADH2 gene with
aroma, the Hdl gene with photoperiod, and the
LPA1 gene regulates the architecture of the
plant. With the help of a single genetic trans-
formation, not only plants obtained containing
mutations in eight genes, but also mutants with
various combinations of genes were created. In
addition, both homozygous and heterozygous
genotypes were obtained by eight genes.

So, genome editing methods have already be-
come a powerful tool for plant breeding. Since
the creation of diversity for selection is one of
the main directions in breeding, multiplex ed-
iting of a potentially unlimited number of
genes using the CRISPR/Cas technology pro-
vided a strategy for the rapid production of
genetic diversity in the breeding process.

Another important advantage of CRISPR/
Cas technology is a relatively low cost. So, if
the development and promotion of a GM pro-
duct can cost up to $150 million, CRISPR/Cas
using is 90% cheaper.

Regarding the regulation of genetically edi-
ted plants. The National Academy of Sciences
of the USA called genome changes the most
important breakthrough that will allow feed-
ing more and more of the world’s population in
the face of climate change.

By decision of the US Department of Agri-
culture, genome edited plants (with the excep-
tion of parasitic plants), “which could other-
wise be developed using traditional breeding
technologies”, and the corresponding foods are
not regulated as GMOs [36]. In the United
States, thanks to soft regulation, more than
20 plant species from the edited genomes have
already been developed, and the first products
made from such plants will appear in American
stores as early as 2019 (in particular, salad
dressings and Granola bars).

At the same time, the EU court ruled (July
25, 2018) that the products obtained using the

CRISPR/Cas genome editing techniques, in
particular plant varieties, are subject to all
existing EU regulatory rules and restrictions
on cultivation and sale, as well as for geneti-
cally modified organisms: they are subject to
verification, and food products are labeled [37].

The background is as follows. In 2016, after
a request by a coalition of environmental or-
ganizations, the French government appealed
to the EU court to determine the legal status
of living organisms created with the help of
pinpoint genome editing (in particular, CRIS-
PR/Cas technology). The scientific community
hoped that, since these methods do not use
whole genes from other organisms, the court
does not equate them to genetic modification.
But now, by a decision of the highest court of
the EU, organisms modified with CRISPR/Cas
and other similar technologies will be subject
to the EU Directive 2001, which sets strict
safety restrictions and prior regulatory appro-
val for GM products [38].

EuropaBio, the industry association of Euro-
pean biotechnology companies, through its
representative, called the court’s decision a
step back and added that the billions of euros
invested by governments and businesses in
CRISPR technology in agriculture can no lon-
ger bring practical results to farmers.

While citing experts “Nature” notes that
CRISPR research in the European Union will
continue, but business interest and grantors in
the development of such products will decline
significantly due to their lack of short-term
commercial prospects [39]. The Journal adds
that obtaining all the necessary permits for
working with GM plants costs an average of
$35 million in the EU, which will make the
development of CRISPR varieties too expen-
sive for small companies and research organi-
zations [40]. As a result of this decision, a
number of European companies are already
transferring their scientific developments out-
side the EU to more favorable jurisdictions, in
particular to Japan and the USA, where ge-
nome editing methods do not fall under the
rules for regulating GMOs.

The Flemish Institute for Biotechnology
(Vlaams Instituut voor Biotechnologie) (Bel-
gium) initiated the publication of a document
calling for European politicians to urgently
protect the technology of genome editing [41].
Scientists are deeply concerned that the deci-
sion of the EU court deprives them of an in-
dispensable tool for innovative crop produc-
tion, and farmers - new crops rich in nutrients
and compatible with climate change. And the
rest of society needs progressive crop produc-
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tion, taking into account current economic and
social problems. The verdict of the European
Union does not correspond to modern scien-
tific progress, scientists believe. Today, this
statement is approved by leading scientists
representing more than 90 European research
centers and institutes for the study of plants
and biological sciences, and new signatories
are constantly adding their names to this list.
Such restrictive regulation of innovative meth-
ods of plant breeding will have unacceptable
consequences for Europe and significantly
weakens agricultural production in Europe.
Strong support by European research insti-
tutes for this position paper is proof of solid con-
sensus among the academic community of life
sciences and evidence that we must act to protect
innovative technologies in Europe for more sus-
tainable agriculture and food production.

Conclusions

CRISPR/Cas genome editing technology is
one of the most powerful approaches of locus-
specific genetic modifications, which has be-
come extensively used in plant breeding due to
such advantages as high accuracy and quality,
efficiency and technical flexibility, compared
to other methods. This available method allows
obtaining non-transgenic plants with specified
modifications, and it is possible to simultane-
ously “produce” mutations in several targets.
CRISPR/Cas-modifications for 20 types of
crops, for more than 150 genes of various
characters have already been described.
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Merta. [lpoaHanisyBaT CyyacHWi CTaH MOAIMWEHHSA Cifb-
cbKorocnogapcbkux Kynetyp 3a gonomoroto CRISPR/Cas-TexHo-
norii reHeTMYHOT MoaudiKkauii reHomis. Pe3ynbraTtu. HaBegeHo
iCTOpilo PO3BUTKY TEXHOMOTii pefaryBaHHs reHoma i3 caT-
cneundiyHMMM eHgoHykneasamu. MpoaHanizoBaHo cyyacHuii
CTaH CTBOPEHHS COPTiB POC/MH 3a JONOMOTO LIMX TEXHONOT .
MokasaHo, o TexHonoris peparysaHHs reHis CRISPR/Cas yxe
ajantoBaHa ans 20 BMAIB CiNbCbKOrOCMOAAPCHKUX KyNbTyp
A 6inbl XK 150 reHis, NoB'A3aHKX i3 BAXIMBUMU 03HAKaMMU.
MpakTUyHe BNPOBAAXKEHHA L€l TexHoMorii npefcTaBneHo Ha
NpUKNagi pucy, BAs sKOro cnoctepira€Tbcs HanGinbWMin npo-
rpecy pocnigxeHHsx Ta BukopuctanHi CRISPR/Cas-texHonorii:
MoAUdiKoBaHO HaGiNbLY KiNbKicTb reHiB — 78; oTpUMaHo no-
Hag 20 copTiB. PegaroBaHo reHun pucy, Lo NoB'A3aHi 3 TakKuMu
O3HaKaMW, Ik po3Mip 3epHa, O3epHEHiCTb, BUCOTA POC/IUHM,
YONOBiYA CTEPUNBHICTb, HAKOMWYEHHS LEe3ilo, TONEePaHTHICTb
[0 abioTMuHKx Ta 6i0TMYHKMX CTPeCiB, CTilKicTb Ao repbiunais.
MigKkpecneHo MOXAMBICTb MYNBTUNNEKCHOTO pefaryBaHHA Mo-
TEHLiHO HeoOMEKEHOT KiNbKocTi reHiB. 06roBopeHo cuTyaLlito
LOAO perymioBaHHs POC/WH, CTBOPEHUX 33 TEXHONOTiED peaa-

ryBaHHA reHoMa: 3a pilweHHaM cypy Esponericbkoro Coto3y (€C)
Ha NpOLyKLito, OTPUMAHy 33 LONOMOr0i0 METOAMK pefiaryBaHHs
reHoMiB, 30KpemMa CopTU POCAVWH, NOLMPIOIOTLCA BCT HOPMATUB-
Hi npaBuna Ta obmMexeHHs EC Ha BUPOLLYBaHHS 1 NPoOAAX, Lo i
Ha MO, Toni sk MiHicTepcTBO Ccinbcbkoro rocnogapctea CLUA
BM3HAYMNO, WO TaKi POC/IMHU, KPiM POCAMH-NApasuTiB, He pe-
rymiototeca Ak TMO. HagaHo iHdopmaLiio npo 3asBy, cxBaneHy
NPOBiAHUMM BYEHWUMM, SIKi NpeAcTaBAsOTb NoHag 90 eBponeit-
CbKMX BOCHIAHULBKMX LEHTPIB Ta IHCTUTYTIB 3 AOCAIAXKEHb pOC-
JIMH Ta 6i0N0riYHMX HayK, Y MIATPUMKY TEXHOMOTiT pefaryBaHHs
reHomiB. BucHoBku. Cepep TexHoMOriil pegaryBaHHA reHoma
CRISPR/Cas-TexHoNOrisf € OQHWUM i3 HANMOTYXHILUMX MiAXOLiB,
AKWIt CTaB [yXe WBMAKO 3aCTOCOBYBATUCA B CENEKLii pociuH
3aB[AKW TaKUM nepeBaram Hap iHWMMW METOLAMM AK BUCOKA
TOYHICTb 1 AKICTb, ePEKTUBHICTb TA TEXHIYHA THYYKiCTb, BILHOCHO
HW3bKa BapTicTb. Llelt jocTynHuMit MeTog fae 3Mory OTpUMyBaTH
HeTPaHCreHHi POCAMHM i3 3afiaHuMKu MopudikaLiamm, npudomy
MOXHa 0HOYACHO «BUPOBAATUY» MyTaLLiT B KilbKOX MilLEHSX.
Knwoyosi cnosa: 2eHemuyHa modugikayis; peda2ysaHHsA
2eHoma; calim-cneyuciyHi eHOOHYKIeasu; HoOKaym 2eHis.
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Lenb. lpoaHanusmpoBaTb COBpPEMEHHOE COCTOSHWE
YAYUWEHNA CeNbCKOXO3ANCTBEHHbIX KYNbTYP C NMOMOLbIO
CRISPR/Cas-TexHonOrun reHetuyeckon MopuduKaLmum
reHomoB. Pesynbtartbl. [pegcTaBneHa uctopus passutus
TEXHONOIUA M3MEHEHWUA FeHOoMa C caiT-cneyuduyeckumm
3HAOHYyKnea3amu. lpoaHanu3mpoBaHo COBpeMeHHOe COC-
TOSHME CO3[aHWUA TeHHOPefaKTUPOBaHHbIX pacTeHui. Mo-
Ka3aHo, 4To TexHonorus usmeHenus reHoB CRISPR/Cas
Ve apantupoBaHa ans 20 BMAOB CeNbCKOXO3ANCTBEH-
HbIX KynbTyp ans Gonee 150 reHOB pasfiMyHbIX MpU3Ha-
KoB. lpakTuyeckoe BHegpeHMe 3TOM TEXHONOMUU [aHO Ha
npumepe puca, LS KOTOporo Habniopaetcsa HaubonbLW it
nporpecc B UcCnepoBaHuax W wucnonb3oBaHuu CRISPR/
Cas-TexHonoruu: MoaucduuMpoBaHo Haubosbliee YUCNO
reHoB — 78; noayyeHo 6onee 20 reHHOpeLaKTUPOBAHHbIX
coptoB. OTpeakTMPOBAHO reHbl PUCa, CBA3AHHbIE C TaKK-
MU NpU3HaKaMU, KaK pa3mep 3epHa, 03ePHEHHOCTb, BbICO-
Ta pacTeHMA, MYXKCKaA CTEPUNbHOCTb, HAKOMNeHUe Le3ns,
TONIEPaHTHOCTb K aBUOTUYECKUM U BUOTUYECKUM CTpeccam,
YCTONYMBOCTb K repbuLnpam. MogyepkHyTa BOIMOXKHOCTb
MYALTUMAEKCHOTO pefaKkTUPOBAHWUSA NOTEHUWANbHO He-
orpaHuyeHHoro yucna reHos. lpegctaBneHa nHdopmayms
No perynupoBaHWI0 pacTeHUil, CO3LaHHbIX N0 TEXHOIOM UM
pefakTMpoBaHWA reHoma: no pelweHuio cyna Esponeitcko-

ro Coto3a (EC) Ha mpoAyKuMiO, NONYYEHHYIO C MOMOLbIO
MEeTOAMK pefaKTUPOBAHWUS TeHOMOB, B Y4aCTHOCTM cCOpTa
pacTeHui, pacnpoCTPaHAOTCA BCE HOPMATUBHbIE NpaBuia
u orpaHuyeHus EC Ha BbipawmeaHme U Npojaxy, 4to U Ha
MO, Torpa kak peweHnem MUHWUCTEPCTBA CENbCKOrO XO-
3ancTtea CLIA Takue pacTeHus, KpoMme pacTeHWi-napasu-
TOB, He perynupytotca kak MO. MpueeseHa nHdopmayms
0 3aAB/IEHUU, NOLMNUCAHHOM BeAyLWWMU YYEHbIMU, npej-
cTasnsowumm 6onee 90 eBponeiCKUX UCCIe[0BATENbCKUX
LLEHTPOB M WMHCTUTYTOB MO MCCIELOBAHWUAM PaCTeHUit W
OMONOrMYECKUX HAYK, B MOAAEPIKKY TEXHONOMMU pefaKTy-
poBaHus reHomos. BeiBopbl. Cpesin TexHoNoruii pefaktu-
poBaHus reHoma CRISPR/Cas-TexHonorus aBnseTcs ofHUM
13 CaMblX MOLHbIX MOJXO0A0B, KOTOPbIA CTaN 0Y€Hb BLICTPO
NPUMEHATLCA B CEJNIEKUWM pacTeHUi Onarofaps TakuMm
npeuMyLiecTBam nepej Apyrumu MeTofamu, Kak BblCOKas
TOYHOCTb M KauyecTBo, 3IPHEKTUBHOCTb U TEXHUYECKAs T1b-
KOCTb, OTHOCUTENbHO HU3KaA CTOMMOCTb. ITOT JOCTYNHbIik
MeToJ, N03BONAET NoJyyYaTb HeTpPaHCreHHble pacTeHus C
3afiaHHbIMU MOAU(UKALUAMK, NPUYEM MOXHO OAHOBpE-
MEHHO «NPOMU3BOAUTLY MYyTALUU B HECKOJIbKUX MULLEHSAX.

Knrouesobie cnosa: zeHemuyeckas Mmoougukayus; peoak-
muposaHue 2eHoma; calim-cneyuguyeckue 3HOOHYKIeassl;
HOKaym 2eHo8.
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