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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. 
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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 Gn1a; DEP1 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 Gn1a 
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 SLR1 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, OsBADH2, 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 µm) 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                   

OsHAK1 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 OsSWEET13 
gene of susceptibility to bacterial burn, caused 
by Xanthomonas oryzae pv. îryzae, 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 
(Gn1a) 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), DEP1 (dense and erect panicle 1), 
Gn1a (grain number), GS3 (length and weight 
of grain), GW2 (width and weight of grain), Hd1 
(heading date 1), EP3 (erect panicle), LPA1 
(loose plant architecture 1) [26]. Five of these 
genes (DEP1, EP3, Gn1a, GS3, GW2) are associ-
ated with grain yield, the BADH2 gene with 
aroma, the Hd1 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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Ìåòà. Ïðîàíàë³çóâàòè ñó÷àñíèé ñòàí ïîë³ïøåííÿ ñ³ëü-
ñüêîãîñïîäàðñüêèõ êóëüòóð çà äîïîìîãîþ CRISPR/Cas-òåõíî-
ëîã³¿ ãåíåòè÷íî¿ ìîäèô³êàö³¿ ãåíîì³â. Ðåçóëüòàòè. Íàâåäåíî 
³ñòîð³þ ðîçâèòêó òåõíîëîã³é ðåäàãóâàííÿ ãåíîìà ³ç ñàéò-
ñïåöèô³÷íèìè åíäîíóêëåàçàìè. Ïðîàíàë³çîâàíî ñó÷àñíèé 
ñòàí ñòâîðåííÿ ñîðò³â ðîñëèí çà äîïîìîãîþ öèõ òåõíîëîã³é. 
Ïîêàçàíî, ùî òåõíîëîã³ÿ ðåäàãóâàííÿ ãåí³â CRISPR/Cas óæå 
àäàïòîâàíà äëÿ 20 âèä³â ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð 
äëÿ á³ëüø í³æ 150 ãåí³â, ïîâ’ÿçàíèõ ³ç âàæëèâèìè îçíàêàìè. 
Ïðàêòè÷íå âïðîâàäæåííÿ ö³º¿ òåõíîëîã³¿ ïðåäñòàâëåíî íà 
ïðèêëàä³ ðèñó, äëÿ ÿêîãî ñïîñ òåð³ãàºòüñÿ íàéá³ëüøèé ïðî-
ãðåñ ó äîñë³äæåííÿõ òà âèêîðèñòàíí³ CRISPR/Cas-òåõíîëîã³¿: 
ìîäèô³êîâàíî íàéá³ëüøó ê³ëüê³ñòü ãåí³â – 78; îòðèìàíî ïî-
íàä 20 ñîðò³â. Ðåäàãîâàíî ãåíè ðèñó, ùî ïîâ’ÿçàí³ ç òàêèìè 
îçíàêàìè, ÿê ðîçì³ð çåðíà, îçåðíåí³ñòü, âèñîòà ðîñëèíè, 
÷îëîâ³÷à ñòåðèëüí³ñòü, íàêîïè÷åííÿ öåç³þ, òîëåðàíòí³ñòü 
äî àá³îòè÷íèõ òà á³îòè÷íèõ ñòðåñ³â, ñò³éê³ñòü äî ãåðá³öèä³â. 
Ï³äêðåñëåíî ìîæëèâ³ñòü ìóëüòèïëåêñíîãî ðåäàãóâàííÿ ïî-
òåíö³éíî íåîáìåæåíî¿ ê³ëüêîñò³ ãåí³â. Îáãîâîðåíî ñèòóàö ³þ 
ùîäî ðåãóëþâàííÿ ðîñëèí, ñòâîðåíèõ çà òåõíîëîã³ºþ ðåäà-

ãóâàííÿ ãåíîìà: çà ð³øåííÿì ñóäó ªâðîïåéñüêîãî Ñîþçó (ªÑ) 
íà ïðîäóêö³þ, îòðèìàíó çà äîïîìîãîþ ìåòîäèê ðåäàãóâàííÿ 
ãåíîì³â, çîêðåìà ñîðòè ðîñëèí, ïîøèðþþòüñÿ âñ³ íîðìàòèâ-
í³ ïðàâèëà òà îáìåæåííÿ ªÑ íà âèðîùóâàííÿ ³ ïðîäàæ, ùî é 
íà ÃÌÎ, òîä³ ÿê Ì³í³ñòåðñòâî ñ³ëüñüêîãî ãîñïîäàðñòâà ÑØÀ 
âèçíà÷èëî, ùî òàê³ ðîñëèíè, êð³ì ðîñëèí-ïàðàçèò³â, íå ðå-
ãóëþþòüñÿ ÿê ÃÌÎ. Íàäàíî ³íôîðìàö³þ ïðî çàÿâó, ñõâàëåíó 
ïðîâ³äíèìè â÷åíèìè, ÿê³ ïðåäñòàâëÿþòü ïîíàä 90 ºâðîïåé-
ñüêèõ äîñë³äíèöüêèõ öåíòð³â òà ³íñòèòóò³â ç äîñë³äæåíü ðîñ-
ëèí òà á³îëîã³÷íèõ íàóê, ó ï³äòðèìêó òåõíîëîã³¿ ðåäàãóâàííÿ 
ãåíîì³â. Âèñíîâêè. Ñåðåä òåõíîëîã³é ðåäàãóâàííÿ ãåíîìà 
CRISPR/Cas-òåõíîëîã³ÿ º îäíèì ³ç íàéïîòóæí³øèõ ï³äõîä³â, 
ÿêèé ñòàâ äóæå øâèäêî çàñòîñîâóâàòèñÿ â ñåëåêö³¿ ðîñëèí 
çàâäÿêè òàêèì ïåðåâàãàì íàä ³íøèìè ìåòîäàìè ÿê âèñîêà 
òî÷í³ñòü ³ ÿê³ñòü, åôåêòèâí³ñòü òà òåõí³÷íà ãíó÷ê³ñòü, â³äíîñíî 
íèçüêà âàðò³ñòü. Öåé äîñ òóïíèé ìåòîä äàº çìîãó îòðèìóâàòè 
íåòðàíñãåíí³ ðîñëèíè ³ç çàäàíèìè ìîäèô³êàö³ÿìè, ïðè÷îìó 
ìîæíà îäíî÷àñíî «âèðîáëÿòè» ìóòàö³¿ â ê³ëüêîõ ì³øåíÿõ. 

Êëþ÷îâ³ ñëîâà: ãåíåòè÷íà ìîäèô³êàö³ÿ; ðåäàãóâàííÿ 
ãåíîìà; ñàéò-ñïåöèô³÷í³ åíäîíóêëåàçè; íîêàóò ãåí³â.
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óëó÷øåíèÿ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ñ ïîìîùüþ 
CRISPR/Cas-òåõíîëîãèè ãåíåòè÷åñêîé ìîäèôèêàöèè 
ãåíîìîâ. Ðåçóëüòàòû. Ïðåäñòàâëåíà èñòîðèÿ ðàçâèòèÿ 
òåõíîëîãèé èçìåíåíèÿ ãåíîìà ñ ñàéò-ñïåöèôè÷åñêèìè 
ýíäîíóêëåàçàìè. Ïðîàíàëèçèðîâàíî ñîâðåìåííîå ñîñ-
òîÿíèå ñîçäàíèÿ ãåííîðåäàêòèðîâàííûõ ðàñòåíèé. Ïî-
êàçàíî, ÷òî òåõíîëîãèÿ èçìåíåíèÿ ãåíîâ CRISPR/Cas 
óæå àäàïòèðîâàíà äëÿ 20 âèäîâ ñåëüñêîõîçÿéñòâåí-
íûõ êóëüòóð äëÿ áîëåå 150 ãåíîâ ðàçëè÷íûõ ïðèçíà-
êîâ. Ïðàêòè÷åñêîå âíåäðåíèå ýòîé òåõíîëîãèè äàíî íà 
ïðèìåðå ðèñà, äëÿ êîòîðîãî íàáëþäàåòñÿ íàèáîëüøèé 
ïðîãðåññ â èññëåäîâàíèÿõ è èñïîëüçîâàíèè CRISPR/
Cas-òåõíîëîãèè: ìîäèôèöèðîâàíî íàèáîëüøåå ÷èñëî 
ãåíîâ – 78; ïîëó÷åíî áîëåå 20 ãåííîðåäàêòèðîâàííûõ 
ñîðòîâ. Îòðåäàêòèðîâàíî ãåíû ðèñà, ñâÿçàííûå ñ òàêè-
ìè ïðèçíàêàìè, êàê ðàçìåð çåðíà, îçåðíåííîñòü, âûñî-
òà ðàñòåíèÿ, ìóæñêàÿ ñòåðèëüíîñòü, íàêîïëåíèå öåçèÿ, 
òîëåðàíòíîñòü ê àáèîòè÷åñêèì è áèîòè÷åñêèì ñòðåññàì, 
óñòîé÷èâîñòü ê ãåðáèöèäàì. Ïîä÷åðêíóòà âîçìîæíîñòü 
ìóëüòèïëåêñíîãî ðåäàêòèðîâàíèÿ ïîòåíöèàëüíî íå-
îãðàíè÷åííîãî ÷èñëà ãåíîâ. Ïðåäñòàâëåíà èíôîðìàöèÿ 
ïî ðåãóëèðîâàíèþ ðàñòåíèé, ñîçäàííûõ ïî òåõíîëîãèè 
ðåäàêòèðîâàíèÿ ãåíîìà: ïî ðåøåíèþ ñóäà Åâðîïåéñêî-

ãî Ñîþçà (ÅÑ) íà ïðîäóêöèþ, ïîëó÷åííóþ ñ ïîìîùüþ 
ìåòîäèê ðåäàêòèðîâàíèÿ ãåíîìîâ, â ÷àñòíîñòè ñîðòà 
ðàñòåíèé, ðàñïðîñòðàíÿþòñÿ âñå íîðìàòèâíûå ïðàâèëà 
è îãðàíè÷åíèÿ ÅÑ íà âûðàùèâàíèå è ïðîäàæó, ÷òî è íà 
ÃÌÎ, òîãäà êàê ðåøåíèåì Ìèíèñòåðñòâà ñåëüñêîãî õî-
çÿéñòâà ÑØÀ òàêèå ðàñòåíèÿ, êðîìå ðàñòåíèé-ïàðàçè-
òîâ, íå ðåãóëèðóþòñÿ êàê ÃÌÎ. Ïðèâåäåíà èíôîðìàöèÿ 
î çàÿâëåíèè, ïîäïèñàííîì âåäóùèìè ó÷åíûìè, ïðåä-
ñòàâëÿþùèìè áîëåå 90 åâðîïåéñêèõ èññëåäîâàòåëüñêèõ 
öåíòðîâ è èíñòèòóòîâ ïî èññëåäîâàíèÿì ðàñòåíèé è 
áèîëîãè÷åñêèõ íàóê, â ïîääåðæêó òåõíîëîãèè ðåäàêòè-
ðîâàíèÿ ãåíîìîâ. Âûâîäû. Ñðåäè òåõíîëîãèé ðåäàêòè-
ðîâàíèÿ ãåíîìà CRISPR/Cas-òåõíîëîãèÿ ÿâëÿåòñÿ îäíèì 
èç ñàìûõ ìîùíûõ ïîäõîäîâ, êîòîðûé ñòàë î÷åíü áûñòðî 
ïðèìåíÿòüñÿ â ñåëåêöèè ðàñòåíèé áëàãîäàðÿ òàêèì 
ïðåèìóùåñòâàì ïåðåä äðóãèìè ìåòîäàìè, êàê âûñîêàÿ 
òî÷íîñòü è êà÷åñòâî, ýôôåêòèâíîñòü è òåõíè÷åñêàÿ ãèá-
êîñòü, îòíîñèòåëüíî íèçêàÿ ñòîèìîñòü. Ýòîò äîñòóïíûé 
ìåòîä ïîçâîëÿåò ïîëó÷àòü íåòðàíñãåííûå ðàñòåíèÿ ñ 
çàäàííûìè ìîäèôèêàöèÿìè, ïðè÷åì ìîæíî îäíîâðå-
ìåííî «ïðîèçâîäèòü» ìóòàöèè â íåñêîëüêèõ ìèøåíÿõ.

Êëþ÷åâûå ñëîâà: ãåíåòè÷åñêàÿ ìîäèôèêàöèÿ; ðåäàê-
òèðîâàíèå ãåíîìà; ñàéò-ñïåöèôè÷åñêèå ýíäîíóêëåàçû; 
íîêàóò ãåíîâ.
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