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The purpose of crop quality improvement is to control and enhance the genetic characteristics of crops through
breeding technology to boost the production performance of crops and to improve quality indicators such as
palatability and nutrients. The development and improvement of molecular biology methods have led to the
creation of new technologies that make it possible to modify plant genomes by transferring and integrating into the
genomes’ heterologous genes from various expression systems (genetic engineering), as well as inducing
knockouts of one or more target genes of interest (genomic editing). The development of genome-editing methods
is a new milestone in the development of modern breeding methods and certainly relies on the knowledge and

technologies developed for transgenesis.

crops traits transgenesis genome gene editing

| 1. Introduction

The purpose of crop quality improvement is to control and enhance the genetic characteristics of crops through
breeding technology to boost the production performance of crops and to improve quality indicators such as
palatability and nutrients. Genetic traits determined by hereditary information encoded in DNA and determining
phenotypic traits are inherited from parents from generation to generation. At the same time, genetic information is
constantly subject to changes due to the presence of spontaneous or induced mutations, errors that occur during
replication, the activity of mobile elements, the processes of meiotic crossing over, and cross-fertilization. In
addition, there are a number of pathogenic and symbiotic bacteria capable of transferring part of their DNA into the
genome of a plant cell L. Bacteria thereby influence the metabolism of the plant cell, forcing it to produce the

substances it needs. Thus, it can be said that the plant genome is constantly being modified.

Improving the economically valuable traits of plants is also based on introducing various modifications to the
genome of the plant cell. The history of plant mutagenesis dates back to 300 BC, as humans have used natural
mutations generated in nature for selective breeding. Plant breeding involves systematic selection among the
entire population of plants of samples bearing target properties. Thus, it is estimated that humans have been
successfully breeding plants for over ten thousand years @ when seeds of plants with favorable features were
saved for the next plantation, a practice known as domestication. Among the various mutations that can either
improve or worsen some plant characteristics, the breeder also selects the most interesting and important ones

and uses them in his breeding work.
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One of the most important achievements of the early to mid-20th century that should be considered is the
development of methods for induced mutagenesis. A large number of varieties of cultivated plants grown today
were obtained precisely as a result of induced mutations. To date, more than 3400 varieties obtained by
mutagenesis have been registered, belonging to more than 200 different plant species (according to The Mutant
Varieties Database, a joint initiative of the FAO/IAEA (International Atomic Energy Agency/Food and Agriculture

Organization of the United Nations) https:/nucleus.iaea.org/sites/mvd, (accessed on 29 November 2023). The

most significant advances in plant breeding techniques have been achieved as knowledge and understanding of
plants and their genetic structure have accumulated. The most important stage in plant breeding was the Green
Revolution, which made it possible to dramatically increase the productivity of agricultural crops through the
development of high-yielding varieties of cereals, particularly dwarf wheat and rice. Norman Borlaug, Nobel Prize
laureate and father of the Green Revolution, emphasized that the key to the success of these semi-dwarf varieties
was their wide adaptability, short plant height, high sensitivity to fertilizers, and resistance to disease, which
ultimately made it possible to obtain more yield at a lower cost (. Induced mutagenesis has been most widely
used to modify the genome of cereals [Bl. Among horticultural species, the greatest success of induced

mutagenesis was achieved in ornamental plants, especially chrysanthemums and roses =61,

However, the methods of traditional selection and chemically/physically induced mutagenesis have a number of
disadvantages. The use of traditional selection is a very long and labor-intensive process, and in addition, the
researcher is limited by the set of genes that are present in the genome of a given species. As for mutagenesis,
although it still plays a significant role, it produces random mutation events, is hazardous to humans, is not eco-

friendly, and its dose rate differs for each genotype and requires standardization .

In the second half of the 20th century, with an increase in the quantity and quality of food consumption, a revolution
in plant breeding occurred, the key achievements of which were achieved in the creation of hybrids and
transgenesis [&. Transgenesis and editing, which appeared later, make it possible to obtain targeted changes in the
genome in a shorter time, without the series of backcrossing and lengthy selection of successful events, as well as

with a more predictable result, without destroying the existing combinations of genes in a particular variety.

2. Modifying Plant Genomes Using Gene Engineering
Technologies

As data accumulated on the organization of the gene and the functioning of genetic information in the cell, new
technologies for genome modification began to appear. Transgenesis became the main one for a long time.
Transgenesis changes the genetic information of a plant cell, resulting in a so-called genetically modified organism
(GMO) that carries in its genome a fragment of foreign DNA that gives the plant new useful traits that cannot be
obtained by conventional breeding methods. Transgenesis serves not only for the transfer of genes originating from
any other organisms (bacteria, animals, viruses, other plants, etc.) into the plant genome but also as an improved
method of induced mutagenesis and a tool for manipulating the level of expression of host cell genes (gene

silencing) . Transgenic crops are now widespread globally and are increasingly accepted as food and feed. The
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development of genetic engineering, the emergence of PCR, and the simplification and improvement of

sequencing methods have contributed to the wide spread of transgenesis technologies in the world.

To create transgenic plants, mainly two methods are used—agrobacterium transfer carried out using the soil
bacterium Agrobacterium tumefaciens and transfer using bioballistics I, The bacterium A. tumefaciens naturally
infects the wound of a plant to develop crown gall disease. This is possible because Agrobacterium carries the
tumor-inducing (Ti) plasmid, which has a virulence (vir) region and a T-DNA (transfer DNA), which actually
transferred from the bacterium to the plant. During the process of transformation, multiple components of the Ti
plasmid work together for the effective transfer of the gene of interest into the plant cells. Agrobacterium-mediated
transformation in our days is a simple and inexpensive biological technique, which can be applied in plants as well.
The transformation results in either a single or low copy number of T-DNA insertions, which prevent homology-
dependent gene silencing or the rearrangement of inserted genes by recombination. This is advantageous over
methods that insert target sequences in multiple copies. However, it can be applied successfully more toward dicot
plants than that of monocots; monocots are generally hard to transform by this method [BIQLLIA2IA3] There are a
huge number of examples of the use of agrobacterial transformation for the delivery of transgenic constructs into
the genome of horticultural species. To date, protocols have been developed for many species, including fruit trees
and many others 14: for species that have difficulties with in vitro cultivation, methods of tissue culture-independent

agrobacterial transformation have been developed 13!, Some of them are shown in Table 1.

Table 1. Alist of selected examples of transgenic and gene-edited horticulture crops.

. . . Gene- Used
Plant Specific Trait Target Gene Transgenic Edited Transgenesis Reference
Herbicide Resistant
Savoy cabbage
(Brassica phosphinothricin ves
. bar yes no A (6]
oleracea var. (L-PPT) resistant .
tumefaciens
sabauda)
Sweet potato . .
phosphinothricin Yes [17]
(lpomoea batatas (L-PPT) resistant bar yes no Bioballistic
L. Lam.)
Potato lvohosate Yes
(Solanum aiyp EPSPS yes no A [18]
tolerance .
tuberosum) tumefaciens
Easter lily . -
- . phosphinothricin Yes [19]
(i ey (L-PPT) resistant e yes no Bioballistic
Thunb.)
Tomato (Solanum chlorsulfuron- SIALS1, no Cas9 Yes [29]
lycopersicum L.) tolerant plants SIALS2 b A.
tumefaciens
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Plant

Potato (Solanum
tuberosum)

Watermelon
(Citrullus lanatus
(Thunb.))

Cassava (Manihot
esculenta)

Lettuce (Lactuca
sativa L.)

Tomato (Solanum
lycopersicum L.)

Papaya (Carica
papaya L.)

Tomato (Solanum
lycopersicum L.)

Mustard,
(Brassica juncea
L)

Chrysanthemum
(Chrysanthemum
morifolium)

Cucumber
(Cucumis sativus
L.)

Specific Trait

chlorsulfuron-
tolerant plants

glyphosate
tolerance

paraquat

tomato yellow leaf
curl virus
inactivation

resistance to
papaya ringspot
virus

resistance to
larvae of
Helicoverpa
armigera and
Spodoptera litura

resistance to
fungal pathogens

resistance to
Spodoptera exigu,
Aphis gossypii

resistance to
cucumber vein
yellowing virus,
zucchini yellow

mosaic virus,
papaya ringspot
mosaic virus-W

Target Gene Transgenic LU Used Reference
9 9 Edited Transgenesis
StALS1, Base
StALS2 editor

Cfisg Yes
ALS no A. [21]
Base .
. tumefaciens
editor
Cas9, Yes
EPSPS no HDR A. [22]
editing tumefaciens
UORF of Yes

LsGGP1 and no Cas9 A. [23]
LsGGP2 tumefaciens

Pathogen Resistance

coat protein, yes Cas9 Yes [24)
replicase
Yes
coat protein yes no A. ' [25]
gene tumefaciens
Bioballistic
Yes
crylAb yes no A. [26]
tumefaciens
Yes
NPR1 yes no A. 2l
tumefaciens
CaXMT1, Yes
CaMXM1 yes no A. [28]
CaDXMT1 tumefaciens
Yes
elF4E yes Cas9 A. [29]

tumefaciens
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Gene- Used

Edited Transgenesis A

Plant Specific Trait Target Gene Transgenic

Banana (Musa
spp.)

Chilli pepper
(Capsicum
annuum L.)

Grape (grape
cultivar
Chardonnay)
Apple (apple
cultivar Golden
delicious)

Tomato (Solanum
lycopersicum L.)

Apple (Malus
pumila Mill.)

Chilli pepper
(Capsicum
annum.)

Grape (Vitis
vinifera L.)

Grape (Vitis
vinifera L.)

Potato
(Solanum
tuberosum)

Eggplant
(Solanum
melongena L.)

Tomato (Solanum
lycopersicum L.)

inactivation of
banana streak
virus

resistance to
Colletotrichum
truncatum

resistance to
powdery mildew
and fire blight
disease

tomato yellow leaf
curl virus
inactivation

adaptation to cold
and drought stress

improved salt
tolerance

improved cold-
resistance

resistance to
drought stress

improved
resistance to salt
and drought stress

salinity tolerance

improved salt
tolerance

ORFs of
banana
streak virus

CaERF28

MLO-7
DIPM-1,
DIPM- 2,
DIPM-4

coat protein,
replicase

Osmyb4

osmotin

AtDREB1b

VaNCED1

SOD,
APX,
codA under
SWPA2
promoter

TaNHX2

SIABIG1

yes

no

no

yes

Abiotic Stress Resistance

yes

yes

yes

yes

yes

yes

no

Cas9

Cas9

Cas9

Cas9

no

no

no

no

no

no

Cas9

Yes
A.
tumefaciens

Yes
A.
tumefaciens

No
(RNP)

Yes

Yes
A.
tumefaciens

Yes
A.
tumefaciens

Yes
A.
tumefaciens

Yes
A.
tumefaciens

Yes
A.
tumefaciens

Yes
A.
tumefaciens

[30]
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. . . Gene- Used
Plant Specific Trait Target Gene Transgenic Edited Transgenesis Reference
Potato resistance to B’}lc?t;:ltlli:;)c
(Solanum abiotic stress and Coilin no Cas9 40
. Vacuum
tuberosum) viruses P
infiltration
Ethiopian mustard reduced root Yes
(Brassica length under BCcFLA1 - Cas9 A. [41]
carinata) phosphorus stress tumefaciens
Lettuce (Lactuca high temperature ves
. ghtemp LSNCED4 yes Cas9 A [42]
sativa L.) resistance .
tumefaciens
No
Potato (Solanum improved cold A
P . Vinv no Cas9 tumefaciens =
tuberosum) stress resistance .
Transient
expression
Enhanced Quality
Tomato (Solanum enhanced fruit ves
lycopersicum L.) softenin LeEXP yes no A -
yeop ' 9 tumefaciens
Yes
iy i (Malus non-browning PPO yes no A. [43]
domestica) .
tumefaciens
Potato (Solanum
tuberosum) Yes
Tomato (solanum higher vitamin C GG or yes no A. 48]
lycopersicum L.) VTC2 .
tumefaciens
Strawberry
(Fragaria vesca)
. - Yes
Orchid (Oncidium early flowering OMADS1 yes no A. 47
Gower Ramsey) .
tumefaciens
high y- Yes
'I;o(r:r;at;)réztzll;ntlr;v aminobutyric acid gg':gg - Cas9 A. (48]
yeop ' (GABA) tumefaciens
Tomato (Solanum SGRI, LCY- ves
lycopersicum L.) high lycopene E, Blc, LCY- - Cas9 A. (491
yeop ' B1,LCY-B2 tumefaciens
Potato high amylopectin GBSS no Cas9 No 501
(Solanum starch A. t. 2017,
51, 195-217.
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Gene- Used

Plant Specific Trait Target Gene Transgenic Edited Transgenesis Reference' |
tuberosum) tumefaciens 2015;
transient
expression
Potato No, RNP, .
(Solanum non-browning StPPO2 no Cas9 PEG (51] ng-
tuberosum) transfection
Banana —
(Cavendish [B-carotene- ves [52] A
. . LCYe - Cas9 A.
banana cultivar enriched tumefaciens
(cv.) Grand Naine) 3s-
Cas9 Yes Jrtic.
Strawberry improvement of UORF of i + A 53]
(Fragaria vesca) sugar content FvebZIPs1.1 Base .
editor tumefaciens
Jral
Watermellon Yes
(Citrullus lanatus albino phenotype CIPDS - Cas9 A. [54]
(Thunb.)) tumefaciens adigm

from random to targeted genome editing. Plant Biotechnol. Rep. 2019, 13, 423-445.

8. Rustgi, S.; Naveed, S.; Windham, J.; Zhang, H.; Demirer, G.S. Plant biomacromolecule delivery

BloRRUHISI <517 tPIY DT QTSI e Rt REE REMIRAEES . 'DISES 4 16 £29/8i41ing genes of interest at high speed

on plant cell walls using the so-called gene gun (819l Nanoparticles coated with DNA are accelerated with gas

SreSRHSIURE Lok GaRE SR int PR s RARKA V2 AUHPRSRS TR IBRE THHRRIENER ILRE ar or
|.ne%Pﬂlﬁé?%CS‘PSrfrﬁe§P&}98£s|§ﬁ Qgﬁgﬁ'@eﬁg‘é{&s %%qrﬁﬁgé‘f &Q&QSé%P%QZfﬁ%&FO%Q’.ﬁ%ﬁe the size and

1denvityzakehennicDsaitgis /e Pedh Gift v MIcrFadners, 3t eceeinhalmmrass, inatitteeiulbe fiantitigsusity be
trangioroedt phanssitBXsauirrolive\o20zEresgNam7g1tBe target plant explants B However, this technique

requires expensive equipment. In addition, the transformation with the gene gun often gives rise to chimeric plants
. Su, W.; Xu, M.; Radani, Y.; Yang, L. Technological Development and Application of Plant Genetic

that consist of both transformed and non-transformed cells. If the reproductive cell'line of such chimeras does not
Transformation. Int. J. Mol. Sci. 2023, 24, 10646. _ _

contain the target gene, then the next generation of such a plant would not be transformed. Transformation by this

ldethboagh Nesuiamy vultip¥ Usopied @maingdd DMz gArishiged’.;aidamyuanykhefan, Hé ; plaaoyenome.
Holr@wei,thé ; ebtdodypesexpressipiysbmdievalskytocimomiart 4zl Rharaoiesd-lgvanoiddiosynthiesisial
inteinddRsiotjadvdtegseliolaratnamdn ananggenidrdsalisiopsisititranenN2)19o0kdyvé56t can adapt to both

13ORRSRIS AT RS A BIRNGS W05 ARFRSRIV NS o] ip2e!sUadg) Teevinsiopaon of hortieuitural
CroE?vaerFe%?e%gﬁ)er? t&d @nﬁf’%ﬁ/ﬁAlZ Enhanced Drought Tolerance in Arabidopsis and Soybean. Int.

J. Mol. Sci. 2019, 20, 4849. . - .
A huge number of technologies have been developed to increase the efficiency of the transformation and

14 g&angtidn. . irRgienitipl Lahoviesy ifsgrab agtielis mein ediated tnamsiy Rathoas ahéreedwiharpaiticles,

madhetbrdsopragiess, ad diBdengesvdirent. tRdansSaif 2HRs10vaR6d in embryogenesis or meristem
i [11]56][57]

1@?%58?%9;6’2%‘5*9\&5 YBBM ﬁﬁFQ%%‘./;V&ﬁzeng, C. Agrobacterium-mediated in planta transformation of
horticultural plants: Current status and future prospects. Sci. Hortic. 2024, 325, 112693.
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14s SretelrovidtRejitdthrmatdimkaiGdS watinterdraksiyl B .o ddd) és-Deukidslorvanter baitenyDhdnitndduationps
(Tabfereldistargzanécah erbit defBaista®én (Badoyiaalibahe . dsipl.driapte 206d , al@r 484 -+436. involved in the
1 7OVRBIOBRIATS NI BRBCY BRACES: WAL eAenR o PGB o ALfs IS iesh [ Lol
> ‘BBIARS HIRnT PRRLRBHAR 8RR e BPGLIRS. HiS S TER oU7 Spogteiples been wlerance o
glyphosate, followed by glufosinate (phosphinothricin). Such traits were successfully inserted in potato 28 and
1&vRalfaslioAn sl Lo RANGRIGHEPYIdnDEMiEs wldh Lsahiskany Mefeall EREIRIBRIRIDGIALR 088, crops
wittE4RIRSSIRN GIBAreE B SV arferdilitIesisarr @ RoaiBshaly MRAosaee R Rt &Rk d ISAbSIPT9abrth
AmEritdh .ZQ,zbé@,, 230%%of all corn, cotton, and soybeans planted in the U.S. were GM variants tolerant to one
19 BURNRHICYSR [ Var teRsbnEIRGSHRAIEF (RerRasits InsaraRenty o PRARIAMgBAGHY, teTsiokbiss ol And
othaq SRR ITTalioh BM BRR!IGTMSRGHPIS SarIRIBhJRBaRARENT AR BgeHEr Ahurngieneiefisss farmers
resiRiansEit HISrRENEHih BHIE PR USILASAIRE). FBhBAl BegIsp@Aworms, cutworms, and rootworms in

maize, bollworm/budworm in cotton, caterpillars in soybeans, and the fruit and shoot borer in eggplant [63164165]
20. Veillet, F.; Perrot, L.; Chauvin, L.; Kermarrec, M.P.; Guyon-Debast, A.; Chauvin, J.E.; Nogué, F.;

Thdea e ik Iransesnfiree apnamaies iioaindemaie i PosatRplarttdalah Aobasifs Rctares.
Thepesiatesflebvenyiel R\ PRHC adocHifinenkaseeflitinl el MAloPRectAt) 28t#R225.4 million
Heciass) SdirgsSeed P RiliohARgAESIGTo DESPIte e, '2Hdhy, the, SRER, Upe el e TRl tvagpus
Pesks EHIHHRATIY A EPBRIHES S STARY I ARSI S HPRt B G T WISIB HIesasYanie ATatetPHALY. /2%
@],e%ﬂﬁ'ﬁa. ipygﬁl{y@&“&ﬁ&f%ng’n@#\rﬂ@gguiigs)é_2 million cases mentioning GMOs in various social networks

and web resources in 2019-2021 and an assessment of their emotion_@l connotation showed that 54% of mentions
2 mmeli A Vo GRAUARY I3 Dis GEIMRAK: TndVintikay Ay VilawRraeavand s BNDSE Are 3BKSRfq
ambieTouB Ty Ro QY Rl Sre TVl Nk AlISIG §XShaNgs2LMe BhSRRI9GHS SUNRSS AVRNs A e

colHRENGIR ARG WL DF EIISERAPkpo 8958, 16, 1275-1282.

23. Zhang, H.; Si, X.; Ji, X.; Fan, R.; Liu, J.; Chen, K.; Wang, D.; Gao, C. Genome editing of upstream
DesR¥eridBaIiPH frsT e HABRIS 1RSI Ts I I RREH AT BH RN H PR N BB hING| Us® P8 it leshnoleg for

improving crops. But since the demand for the development of new varieties still exists, a new technology has

2end ANl Mrse o nis VESRRRL. fen M o MR IR M E RN RSk PR IRIRC AR o the
Tomatoryellow Ie(ﬂ. curl virus.via ‘he.ﬁ:Rl§PR/Ca39(§¥ste in tfomato. Plant Signal. Beh:flv. 20t18

genome using gene editing Is significantly difficult but'géné editing -allows youto make smal changés to the target

DN 3s’e%&e5r12c5e?%$éreby performing site-specific mutagenesis. In the last ten years, gene editing has been gaining

2By, aki atsafOapdarisead tregistgrt alliewddr shuricChiitil foraesin ancenwt o Papatjatringsisatlviegslatory
reqUiramsgéni€ Plant J. 2010, 4, 58—63.

26. Koul, B.; Srivastava, S.; Sanyal, |.; Tripathi, B.; Sharma, V.; Amla, D.V. Transgenic tomato line
I 3 2eneomenEditingTechneledies:ne showing complete resistance to two

lepidopteran pests. SpringerPlus 2014, 3, 84.
With the development of genetic engineering methods and the accumulation of data on plant genomes, gene-

2dditdly RehNllodied bdystio AeWIshath drindesaRidi o RhetmIshe. SfRdm dhaiRR# e Rar fRR YR oPthe
gerfehVernA ity ererRiRSHANRHRIRRL R BraselaAdNEALRRIef AN 0Rd, SRREHRSEDIRIANEE or-like
efidtBOALRBLReYENS. ENPEofRlant BRI aR@ L ENSab@Bnposed of repeated tandem sequences of DNA-binding

20rpais 9. ap ipagiek Bl RUKCASEMEC9TD. SHelk 2YaqOBHIN WP Ie 843, hg. R BSietHAdE Qg AIFR ARG
DNArFRGMBITR PAM SR N CapHfBS ifCLAIfeRaNS BERFH APRTE GEHIE EHBR St &ivfurACPIAFSBRIRhABIY

TALEN or ZFN protein must be prepared to recognize the target DNA sequence, which requires labor-intensive
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ger2@i EngBied88g-398.is significantly limited by the widespread use of these gene-editing technologies 9,

i al [E[gekaar?aﬁ’faﬂpéer% A" RUGEETE S Ve eiBhtAn. B’.;%QE’}’%‘? Pear sr{%ﬁ%’?ﬁﬁ.?osﬁé&rlpﬁ%?ﬁs,&s.’; e
MRRazi, T, Gal-ON A DeVerd et OF Brosdirs TeSStinta in noraNsgehic Sueumberudig

TAERSPRIEALS FeRh oGy B! FTRRE Falol. B818, 157115621155\ domain recognizes one target

nucleotide, as opposed to ZFN, where each domain recognizes a triplet of nucleotides, have been successfully
3heliriRaibH cliblraNeHipY- 13- piaReM toNkings ReSirlibhify: of iR e ol &r rveEYE geteadiling 8iatoes,
for RRGQEEAANESRABABBISHEAKYATVS 1BJNSE BEERHERIINURS S RREVEFGOMES FIMAIADSAE &N he
verRARaRehRIEeRANSa QIIRM W - AR BR Msdaffeted 2. However, the major drawback related to ZFNs and

SR RE R e IhERes TN TRALh 2P 9. D BTREHIK PR SHISI ARG IS (PiRECIREE BRY/ AL S PR tagNetic
eNGREEAENSEEHN EHEIRISY dHRIe APBIRUBN IS rEKStaiEesRr eafMsa b Ol CEHSEE Nt ALY )'S
CRﬁgﬁtngqusmegjrst article on the successful application of this technology on plant cells was published in
2013 and the first edited plants were Arabidopsis thaliana and Nicotiana benthamiana 8%, Over the past ten years,

321 MANoYn My MR By dungn Mkl 0k 2% S teSiMizy My alions MEIRSSRcRe NARAMANIAR itural
spe}él%rs],c Wg’\\/’\elzagnp%e%fela;l\léot‘frﬁéegfc%f?enrﬁ,t i?gr”)é%%tp g, céorr%% oveiQ ewﬂndaAHiB]l? EA%Rpé%ﬁ]felr%? i@, are already

contherelaly sanani ANy SRR ERE el b E 1308 2R3 Thnie £904

33. Pasquali, G.; Biricolti, S.; Locatelli, F.; Baldoni, E.; Mattana, M. Osmyb4 expression improves

N BRIHIHVEP RELISBRs ESUG ARG A TAIPatteSs IRTRIIR JEIE ISV Isiant REeir iige DO, 21ty to

recqgize ap@gut the nucleic acids of bacteriophages and plasmids [811(82] Modified versions of the CRISPR/Cas9
editing tools used in the laboratory are typically a complex consisting of two components: the Cas9 endonuclease
3 orPLRN YRR SRR R dNx) SR AN o MHERIA0318 B2 BrARGIMdRMed FEIERIG
endOREFSRION AL WGULISL /SRR AR SRR SRM BILAEHRBRE R0 G PA BRPRSGG) and
the%%WACgo%&erﬁ%malﬁI?f bFI)A Qttg: t%ltle Hﬁius%%rg%g gdfg(:ezrg}(;' th]éoéAlelss@?‘ggd if the binding is successful,
3GadraniesDong, DSEH the; trioe st §HES. RaRs Zalsgst bystecOrbIesideantipestolendiedhimactivation of
DNt&arepgensygiease (Wid iaiferake . vovarapiayssitite cottbimuomtbietizomneiiption factgrsiAdDRIEB b or
horkitwtScleace REPair44PBI-—B0ors in the DNA repair system result in deletions, insertions, or substitutions of

DNA at DSB sites, which in turn disrupt gene_function or cause a reading frameshift, known as a gene mutation or
, &@*@P , Y., Cal, Y.; Aguero, C.B.; Liu, S.; Wu, J.; Deng, S.; Walker, M.A.; Lu, J.; Zhang, Y.
knockout £3 I As a'result of DSB repair via the NHEJ pathway, insertions/deletions (indels) of several pases
Overexpression of 9-cis-epoxycarotenoid loxyg%enase cisgene In grapevine increases drought
are usually observed during genome editing. The use of the mechanism of HDR, in turn, makes it possible, using
‘tolerance and results’in pleiotropic éffects. Front. Plant Sci. 2018, 9, 970. _ - _
editing systems, to replace individual nucleotides in the DNA sequence and even obtain a site-specific insertion of

H gdvadidip dfigan¥d.; Kim, M.D.; Kwon, S.Y.; Cho, K.; Lee, H.S.; Kwak, S.S. Simultaneous
expression of choline oxidase, superoxide dismutase and ascorbate peroxidase in potato plant
At tbRloropkstsgitiogithed syingirgi stival lieeriarsced (aigtdetiiopad dhas theyrivakeabiwtssiBledgsefience any
stagmyogi(ﬂh_epilanterzem@;[iq_@&fmxeﬁsafnformation in a cell—at the level of transcription, translation, post-

translational chantt;es the epigenetic level, etc. 7. Over the ;I)_ast 10 years, a number of different CRISPR-based
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