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ASSESSMENT OF THE INTEGRATED CHITINASE GENE STABILITY
IN WHEAT LINES AFTER BIOBALLISTIC TRANSFORMATION

Abstract. The synthesis of PR-proteins (pathogenesis related proteins), the most studied of which are chitinases
and B-1,3-glucanases, occurs in response to infection with pathogens in plants. Information about the exact role of
individual PR proteins within plant immunity makes it possible to use certain specific antifungal proteins for the
development of transgenic plants with increased resistance to fungal diseases. At the same time, it is important not
only to obtain a plant with the desired trait, but also to fix in it the stable expression of the transferred gene and the
inheritance of the acquired trait in generations.

Herein we have studied the stability of the chitinase gene insertion in T1, T2 and T3 generations of transformed
wheat lines obtained by the method of cis-gene transfer. Primary transformed regenerant plants were obtained as a
result of bioballistic transformation of the chitinase gene into immature wheat germ of Saratovskaya 29 and
Kazakhstanskaya 19 varieties. Following screening of regenerant plants by PCR for the presence of the target gene
made it possible to select 6 lines presumably carrying the insert based on variety Saratovskaya 29 and 2 lines based
on variety Kazakhstanskaya 19.

The seed material of the selected regenerant plants was cultivated in soil conditions and the seeds of the
T1 generation were obtained. DNA amplification of 8 selected lines St-29No25, St -29Ne43, St-29Ned44, St-29Ne33,
St-29Ne26, St-29Ne35, Kz-19Nel, Kz-19Ne2 with specific primers revealed insert-carrying lines, partially cleaved
lines and lines with a high degree of insert instability. According to the results of the T2 and T3 generations PCR
analysis, a complete absence of insertion in the St-29Ne35 and St-29Ne33 lines was revealed, a partial cleavage of the
trait in the St-29Ne43 and Kz-19Ne2 lines was revealed, and the stable inheritance of the chitinase gene in four lines
St-29Ne25, St-29Ned4, St-29Ne26 and Kz-19Nel.was confirmed. These lines were selected as promising for in-depth
study of their resistance to fungal diseases and further replication.

Key words: transformed plants, DNA, wheat chitinase gene, insert stability.

Introduction. The modern level of biological technologies development, and in particular, genetic
engineering, allows to perform targeted modifications in the genome of living organisms. This approach
has found wide application in research aimed at adding the desired properties to any agricultural plant
without changing its nutritional value.

One of the most important and critically difficult moments in obtaining plants with new features was
the selection of an effective method for introducing foreign genes.

The discovery of a natural transformation system using soil Ti-plasmids - an ideal natural vector - was
a breakthrough in the transformation of plant cells. However, recently, the method of bioballistic
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transformation is increasingly used to transfer the "necessary" information and obtain plants with
improved intrinsic properties, which allows to introduce exclusively target plant genes into the genome
and does not require the participation of bacterial DNA. Nowadays bioballistics is one of the most
effective methods for transforming not only monocotyledonous, but at the same time it is also successfully
used on dicotyledonous plants. Callus and suspension cultures, cultivated immature embryos, and
embryogenic pollen are usually used as the starting material for transformation. Monocotyledonous plants
as corn, rice, barley, and dicotyledonous plants such as tobacco, potatoes, beets, soybeans, rapeseed,
alfalfa, tomatoes, carrots, cabbage, grapes were transformed with a bioballistic gun. [1, 2].

Since the early 2000s, it has been proposed to divide genetically modified organisms into groups
depending on the source of transgenes. [3-6]. Organisms the genome of which have been introduced with
genes of the same species or species with their own regulatory elements with which they can interbreed
are called cisgenic or intragenic. With this type of transformation, the gene is introduced with the
regulatory regions of foreign genes. In this regard, it is believed that cisgenic plants are not genetically
modified, although they are obtained by genetic engineering methods. Plants obtained by introducing
constructs that alter the expression of plant genes by triggering the process of RNA interference are also
referred to as cisgenic plants. To date, there are known cisgenic soybean lines (Treus ™, Plenish ™) with
a modified composition of fatty acids in the seeds and resistance to herbicides based on sulfonylurea,
tomatoes (Huafan No. 1) with delayed maturation, glyphosate-resistant corn lines (GAl and its
derivatives) [2]. Currently, transgenic technologies are increasingly used to increase the resistance of
varieties and hybrids to environmental stressors, for example, to the action of various pathogens - viruses,
bacteria, fungi and insects [7-8].

Wheat is the world's primary food crop. However, it is one of the last crops to be genetically
transformed, and despite numerous field trials, genetically modified wheat has not yet been grown
commercially.

Numerous protocols for the transformation of wheat have been developed, but today its efficiency is
significantly lower than that of other cereals [9] due to the large (17000 Mb) and complex (hexaploid)
genome and genotype-dependent reactions of wheat tissue cultures can lead to silencing of transgenes
[10]. Nonetheless, particle bombardment is a reliable and well-used wheat transformation protocol [11],
although it suffers from the lack of complex transgenic integration schemes such as DNA positioning /
copying or fragmentation during bombardment. [12]. Moreover, identification and maintenance of
regenerated callus without contamination for a certain period of time is complicated as well [13]. When
developing and producing new plants by the bioballistic transformation method, some parameters such as
the selection of plasmid, wheat genotypes and the composition of the medium for cultivating explants and
regenerant plants are considered [14].

As a result of bioballistics, a successful transformation of 7riticum monococcum L. has already been
carried out and plants resistant to the herbicide phosphinothricin have been obtained.. Analysis of the
expression of marker genes and treatment of regenerant plants with herbicides showed that the gfp and bar
genes are stably integrated into the genome of Triticum monococcum and the acquired trait is inherited
over several generations. [15].

An attempt was made to overcome the susceptibility of soft wheat Fusarium graminearum by
introducing the rice chitinase gene (Cht-2) by bombardment of immature wheat embryos

The incorporation of Cht-2 into the genome of the transformants was confirmed by dot blot analysis
and the evaluation of the transformants by PCR assay using specific primers. The transformation
efficiency (number of transgenic plants / number of embryos) composed 6.01%. The biochemical
characteristics of the transformants were studied and it was determined that the content of total protein,
phenolic compounds and the activity of the antioxidant enzymes peroxidase and catalase significantly
decreased in new plants, as well as under stress conditions caused by infection with F. graminearum, the
activity of phenylalanine ammonia lyase and chitinase increased significantly. compared to non-transgenic
plants [16].

In response to infection with phytopathogens - viruses, bacteria, fungi and insects, PR-proteins
(pathogenesis related proteins) are synthesized [17-19]. The most studied of these are chitinases and
P-1,3-glucanases, which inhibit the growth of certain types of bacteria and fungi. These enzymes
hydrolyze the main components of the cell wall - chitin and P-1,3-glucan. In addition, chitinases and
P-1,3-glucanases are encoded by single genes, which prompts interest in them. [17, 18, 20, 21]. The
6
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determined role of PR proteins in plants immunity enables to use anti-fungal proteins for the development
of transgenic plants with increased resistance to fungal diseases. Such plants have already been obtained
and have been observed to be resistant to fungal pathogens. [16, 22-26].

The aim of this work is to study the inheritance stability of the chitinase gene insertion in transformed
wheat lines of T1, T2, and T3 generations obtained by the method of cisgenic bioballistics.

Materials and methods. The objects of the study were transformed lines of soft wheat Triticum
aestivum based on Saratovskaya 29 and Kazakhstanskaya 19 varieties of T1, T2, and T3 generations
obtained by the method of bioballistic transformation, and DNA samples isolated from these plants. In all
experiments, non-transformed wheat plants of Saratovskaya 29 and Kazakhstanskaya 19 varieties was
used as the control.

DNA isolation from transformed and non-transformed (control) plants was carried out from 100 mg
of leaf plates of 2 - 3 week old seedlings using a GeneJET Plant Genomic DNA Purification Mini Kit
(Thermo Fisher Scientific).

The presence of the target chitinase gene insert of was determined by PCR in a reaction volume of
20 pl, with the addition of 2 pul DNA, 2 ul HotTaq x10 buffer (Sileks, Russia), 2 mM MgCl2, 0.2 mM
dNTP, direct (ACC CTG TTG TTT GGT GTT ACT TCT GC) and reverse (GCA GTA GCC CCA GGA
GTA GQ) primers - 10 pmol each, and 1 unit. HotTaq DNA polymerase (Sileks, Russia) on Mastercycler
ep gradient S (Eppendorf, Germany) in the following mode: initial denaturation at 95 ° C 15 min;
(95 °C - 60 sec; 58°C — 60 sec; 72°C — 60 sec) — 35 cycles; 72°C — Smin.

Amplification products were separated by electrophoresis in 1% agarose gel in 0.5 x TBE buffer at a
voltage of 15 V/cm for 30 min. After electrophoresis, the gel was stained with a solution of ethidium
bromide (1 pg / ml), followed by visualization in ultraviolet light on a GelDoc device (Bio-Rad, USA) in
transmitted ultraviolet light at a wavelength of 260 to 360 nm.

Results. Wheat regenerant plants of the Saratovskaya 29 and Kazakhstanskaya 19 varieties
presumably carrying an insert of the chitinase gene were obtained as a result of several series of
bioballistic cisgenic transformation of immature embryos. Transformation was performed with genetic
constructs with the wheat chitinase gene (Chit) applied to gold particles using a ballistic device Biolistic
Particle Delivery System PDS-1000/He (Bio-Rad) according to the manufacturer's protocol and according
to the established method [27].

The transformed regenerant plants were grown in soil under the conditions of a culture light room to
the state of a ripe ear. Further studies and determination of the inheritance stability of the insert were
carried out on lines that had no visible defects during cultivation, had a sufficient amount of seed material
for planting, and, the most important criterion, had a confirmed insertion of the target chitinase gene
according to the results of preliminary PCR analyzes. The collected seed material of six lines Ne 25, 26,
33, 35, 43 and 44 of regenerant plants based on the Saratovskaya 29 variety and two lines Nel and Ne2 of
the Kazakhstanskaya 19 variety was planted in the soil and plants of the T1 generation were obtained. In
all further studies, plants of the original varieties were planted in parallel as a control.

The plants was evaluated according to such parameters as plant height, lodging, flowering and
heading periods. In general, according to the results of all visual observations, no visible differences from
the control, untransformed seedlings of varieties Saratovskaya 29 were revealed. Significant differences in
the growth rate, flowering and heading times were also not found when comparing the transformed lines
with each other for all the indicated parameters.

In total, during the growing season of 375 wheat plants of the T1 generation, 468 samples of leaf
bsamples were collected from 6 transformed lines based on the Saratovskaya 29 variety, 2 lines based on
the Kazakhstanskaya 19 variety and 2 control variants. DNA was isolated to conduct the polymerase chain
reaction, and, in order to exclude false negative results, the samples were analyzed three times. A total of
468 DNA samples from transformed plants were examined.

PCR for the presence of the chitinase gene insert was conducted with primers designed in such a way
that it was possible to anneal simultaneously a part of the construct promoter and the subsequent chitinase
gene sequence after the promoter (ACCCTGTTGTTTTGGTGTTACTTCTGC;
GCAGTAGCCCCAGGAGTAGG; amplicon size 529 bp). This design was developed to exclude false
positive results by amplifying the native wheat chitinase gene. Therefore, the detected amplification
product of 529 bp in size indicated the presence of the target chitinase gene in the sample.
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Figure shows the results of DNA amplification isolated from transformed wheat plants. Plasmid (K +)
with the chitinase gene and DNA (K-) from non-transformed wheat plants of Saratovskaya 29 variety
served as controls.

The generalized screening data of transformed T1 generation wheat lines and control plants of
varieties Saratovskaya 29 and Kazakhstanskaya 19 for the presence of target inserts of the chitinase gene
are shown in the table below (Table).

529 bp

g e - —w -
w—

K+ K- M 1 2 3 4 5 6 7 M

Screening results for the presence of the target chitinase gene. K+ - positive control (plasmid containing
the chitinase gene), K- - negative control, M — DNA ladder (100 bp), 1-3, 5 — plants without the target chitinase gene,
4, 6, 7— plants carrying the target chitinase gene

These tables show that not all lines selected for preliminary screening had the insertion of the target
gene. Based on the revealed percentage, the plants of the T1 generation were divided into three groups.

The first group included plants T1 St-29Ne35 u St-29Ne33, characterized by a high degree of the insert
instability. Regarding line St-29Ne35, it can be assumed that it was chimeric at the time of the initial
analysis, or its definition as carrying the insert was erroneous, or the localization of the insert caused its
complete cleavage in the T1 generation.

The second group consisted of T1 plants of the St-29Ne43 uKz3-19Ne2 lines, in which partial cleavage
occurred and the stability of the insert was 79.55% and 60%, respectively. These two lines can be further
studied to clarify the point of the insertion.

The third group of plants, which combined plants of the lines St-29Ne25, St-29Ned4, St-29Ne26 and
Kz-19Nel, was distinguished by the inheritance stability of the target chitinase gene in the T1 generation.

To assess the stability of the detected insert in T2 wheat transformant plants, seeds of § lines of
transformed wheat were sown in an experimental field and 357 T1 plants were cultivated. Seeds of the
following wheat lines were sown: St-29Ne25, St-29Ne44, St-29Ne26, Kz-19Nel, which we identified as
carriers of a stable insert and line St-29Ne43 u Kz-19Ne2 with partial cleavage in plants by the presence of
an insert, lines St-29Ne35 and St-29Ne33without an insert.

Total 363 leaf samples were collected during the wheat plants vegetation season in the field, followed
by DNA isolation from leaf samples analysis for the presence of an insert under the same conditions as in
the previous year. The reaction was carried out three times to exclude false negative results.

The screening results of T2 generation experimental plants of 8 transformed wheat lines and control
plants of Kazakhstanskaya 19 and Saratovskaya 29 varieties are given in Table.

The data in Table demonstrate that further partial cleavage occurs in the lines St-29Ne43 u Kz-19Ne2
and the stability of the insert is only 76.92% and 76.6%, respectively, which suggests that for obtaining a
new wheat line with target traits of resistance to fungal diseases, these lines cannot be used. In the line St-
29Ne35 and St-29Ne33, which we indicated as not showing the insertion of the target chitinase gene in the
T1 generation, the insertion was not detected in the T2 generation either.

In contrast to the mentioned earlier lines, the plants of the lines St-29Ne25, St-29Ne44, St-29Ne26 u
Kz-19Nel confirmed the stability of the chitinase gene inheritance in the T2 generation. In this regard,
these four lines were used in further replication in the T3 generation. The line St-29Ne43, which showed a
partial splitting of the trait, was also taken for reproduction and analysis of the next generation.
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Under the conditions of the experimental field, the 5 lines of transformed wheat of T3 generation was
obtained. In total, 232 plants of the T2 generation lines St-29Ne25, St-29Ne44, St-29Ne26, Kz-19Nel,
which were identified as carriers of the stable insert and the St-29Ne43 line with partial cleavage in plants
by the presence of the insert, were cultivated. In addition, control plants of varieties Saratovskaya 29 and
Kazakhstanskaya 19 were planted as well.

The presence of an insert was determined by amplification of DNA isolated from 456 leaf samples
collected from experimental plants during the growing season. The results of screening experimental
plants of the T3 generation of five transformed wheat lines and control plants are given in Table.

Again, chitinase gene insertions were found in lines St-29Ne25, St-29Ne2, St-29Ne44 n Kz-19Ne2 and
the stability of inheritance ranged from 80 to 96%. Further partial cleavage occured and the stability of the
insert composed only 71.4% for the St-29N0.43 line.

Results of screening of new wheat lines transformant plants for the presence of a target chitinase gene insert

T1 T2 T3
. Number The Total Number The Total Number The Total
Name of line presence .\ presence . presence ..
of positive of positive of positive
of the of the of the
plants, chitinase plants, plants, chitinase plants, plants, chitinase plants,
each. % each. % each. %
gene gene gene
Saratovskaya 29 45 - - 46 - -
46 - -

(control)
St-29 Ne25 49 48 97,96 48 48 100 48 46 95,8
St-29 Ne26 47 45 95,8 46 42 91,3 47 43 91,6
St-29 Ne33 45 14 31,11 42 0 0
St-29 Ne35 48 0 0 43 0 0
St-29 Ne43 44 35 79,55 39 30 76,92 42 30 71,4
St-29 Ne44 50 45 90,0 45 43 95,55 47 38 80,9
Kazakhstanskaya 48 - - 45 ) ) 48 - -
19 (control
Kz-19 Nel 47 47 100,0 47 47 100 48 41 85,4
Kz-19 No2 45 27 60,0 47 36 76,6

Conclusions. The development of strategies for the host plant resistance against crop diseases is the
foundation of future agricultural production. The development of technologies for rapid gene isolation,
molecular labeling methods, the results of whole genome sequencing, as well as the development of
knowledge of the field pathosystem are the potential for the implementation of effective and long-term
programs for the creation of new varieties resistant to environmental stressors while reducing dependence
on pesticides [28].

When transforming plants, an important factor is not only to obtain a transgenic plant with the desired
trait, but it is also necessary that the transferred gene is expressed in the new plant and the acquired trait is
inherited in generations [27].

Primary transformed regenerant plants were obtained as a result of cis-gene transfer of the chitinase
gene into immature wheat germ of Saratovskaya 29 and Kazakhstanskaya 19varieties. And primary
screening of them by PCR for the presence of the target gene enabled to select 6 lines based on variety
Saratovskaya 29 and 2 lines based on variety Kazakhstanskaya 19, presumably bearing an insert.

The seeds of the T1 generation were obtained from the selected regenerant plants by cultivation in the
soil, which served as the material for the subsequent generations of T2 and T3.

In the field, leaf samples (plates) of the studied plants were collected to identify the lines carrying the
wheat chitinase genes insertion. The presence of an insert was determined by PCR using designed primers
capable of identifying the target gene. DNA amplification of 8 selected lines muanit St-29No25, St-29Ne4 3,
St-29Ned44, St-29Ne33, St-29Ne26, St-29Ne35, Kz-19Nel, Kz-19Ne2 revealed lines carrying the insert, lines
with partial cleavage and lines characterized by a high degree of instability of the insert.

The 4 lines St-29Ne25, St-29No2, St-29Ne44 and Kz-19Ne2 with the stability of chitinase inheritance
ranged from 80 to 96%were established as a result of PCR analysis of wheat generations T1, T2 and T3.
Partial cleavage occurred and the stability of the insert was less than 80% for St-29Ne43 and Kz-19Ne2
lines. Insertions of the desired gene were not found in lines St-29Ne35 and St-29Ne33.

— 9 —
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Thus, the lines St-29Ne25, St-29No44, St-29No26 and Kz-19Nelwere selected as promising for
in-depth study of their resistance to fungal diseases and further replication.
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Ministry of Education and Science of the Republic of Kazakhstan 2018-2020., AP05132540 “Obtaining
new lines of wheat and potatoes based on a complex of innovative approaches of genetic engineering and
cell technology™.
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BUOBAJIJIMCTUKAJBIK TPAHC®OPMAIIUAJIAH KEWTH BUJAN TAUHUATIAPBIHA
EHI'T3VI'EH XUTHUHA3A I'EHIHIH TYPAKTBIJIBIFbIH BAFAJIAY

AnHoTanus. brnobammmcTrka Ka3ipri ke3zue OipKapHaKTHl ©CIMIIKTEp i TpaHCPOpMAaLUsIIay1a THIMIL dicTep-
IiH Oipi Ooein caHamanpl, Oipak OYII 9ic KOCKapHAKTRIIAPFA J1a COTTI KOJMIaHbUTyMa. bammiucTrka apKbUTBI KYpill,
JKYTepi, TeMeKi, KapToII, KbI3BLIIIA, COs, KY31M JKoHE 0acka Ja JaKpUIIap ©3repicKe YITbIPaIbl.

2000 xpmaH Oactam JKeKe PETTeNeTiH dJIeMeHTTepi Oap reHaepiiH Oip TYpiHIH HeMece TypapaiblK T'eHi
SHTI3UITeH OpraHM3MIEp/i IMCTeHIIK HeMece MHTPTEHMIK IeN aTayFa YCHIHBUIABL. LlMcreHni eciMmikrep TeHAIK
WHKEHEpHUsl HETi31H/e aJIbIHFaHBIMEH, OJlap TeHIK MOAN(HUKALMIIAHFAH Jen caHaaMaiabl. TyKbIMIarel Mail KbIII-
KBUIBIHBIH KYPaMbl ©3r¢pIreH XoHE CY/Ib()OHIIMOUYCBHHA HETI31HACT1 TePOUIIUIKE TO3IMII COSHBIH IIUCTCH Il JTHHUS-
Japbl, KbI3aHAKTBIH JKETUTyiH O9CEHIeTeTiH, COHbIMEH KaTtap rimudocdaTka Te3iMIi »Kyrepi JHHUsUIAPBI OENTifii.
Kazipri yakpITTa TpaHCTeHJI TEXHOJOTHsUIApAbl KOpIIaFaH OPTAaHBIH CTPECTIK (haKTOpJIapblHAH, MBICAJBI, TYPJIi
KO3/BIPFBILITAH — BUPYC, OAKTEpHs, CaHbIpayKYJIaK >XoHE >KOHIIKTEp dCepiHeH KYThUIy api copTrap MeH OynaH-
JIap/AbIH TYPaKTBUIBIFBIH apTTHIPY YIIiH KYHEH-KYHI'€ KOJIJaHbICH! apTyaa. L{ucrenik 6no0auimcTUKaIIBIK, TachIMall-
Jlay SJIEMEHTTepl peTiHAe TeH >KUBIHTBIFBI eMec, KepiciHme Oip TeHMeH KOATAIATBIH OCIMIIK KO3IBIPFHIIIBIHBIH
3aKbIM/IaHYBIH HHAKTHBALMSIIAYFa KaTRICATHIH aKybI3ap KOMAAHBUIAbL.

Ocimaiktep TaburaThIHAA TATOreH iHAeTiHe Kapchl PR akye3eiHBIH (pathogenesis related proteins) cuHTE31
KYpeli, comapAslH IMIiHAe Kem 3epTTeNreHi — XuTuHa3amap MeH f-1,3-rimokanazanap. OCiMaiK HMMYHHTETIHAET]
xeke PR aKybI3bIHBIH HaKTBI pejiiH Oidy apKbUIBl CaHBIpAyKYIaK aypyblHa TO3IMALUIIT >KOFaphl TPaHCTECHIL
eciMaikTep/i ecipyae Oenrii 6ip aHTHQYHIEHUTTI aKybl3 KOJIaHyFa MyMKiHIiK Oepeni. COHbIMEH Katap, KaKeTTi
Oenri-HblaHbl 0ap 6CIMIK allyMeH Kartap, OepijieTiH TeHHIH TYPaKThl 3KCIIPECCHUSCHl MEH OCIMIIK TYKbIMBIHIA COJI
KacHeTTi OEeKiTy MaHbI3/IbI.

JKympicTa nucreHHiy aywicy oaiciMeH anbiaraH OupaiapiH T1, T2 sxone T3 TYKbIMBIHA €HTI3UIT€H XMTHHA3a
TeHIHIH TYPaKTBUIBIFBI 3€PTTENII.

XwurnHaza reniH CaparoBckas 29 jxoHe Kaszaxcranckas 19 copTTapblHBIH JKETUIMEreH Oujail TYKbIMBIHA
O6uobanmcTik TpaHcopManus HOTHXKECiHAe OacTankbl TpaHc(OpMalMsUIaHFaH PETeHEPaHT OCIMIIKTEp] abIHIIBL.
[ITP ckpuHHHTI apKBUTBI MAaKCaTTHI TeHi 6ap Ooymkamabl 6 nuHWSA, cOHBIH immiaae CapaTtoBckas 29 copThl HeTi3iHIe
6 muams MeH Kaszakcranckas 19 copThl Heri3iHme 2 JHHUSHBI CYPBINTAIl alyra MYMKIiHAIK Oepxi. Tammanran
KaJIbIHA KENTIPeTiH eCIMIIKTEepIiH TYKBIMIBIK MaTepHAIBl TOMBIpaKTa ocipimim, T1 OyBIHBIHBIH TYKBIMBI allbIHIBL.
Cypseintanrad 8 quHUAHBIH — CT-29No25, CT1-29Ne43, Cr-29Ned4, C1-29Ne33, Ct-29Ne26, Ct1-29Ne35, K3-19Nel,
K3-19Ne2 THK-chin apHaiibl crieriuuKaiblk mpaiMepMeH aMIuinHrKanusiiiay HOTHKECIHIe TeH eHII3UIreH 3 TMHUS
AHBIKTAIBL: CHTI3UIMeH TeHi 0ap JNWHUSIApPABIH JKapThUIad BIABIPAYBl apKBUIBI JKOHE JKOFaphl IOpesKederi
TYPaKChI3/IbIFbl HETi3ri CHNAThl OOJIBIN CaHaNaThiH JHHUsUIAP. Typakchl3 TYKbIM KyaJlalThIH JASpEXKeeri JIMHUsIIAp
3epTTEY/ICH aJbIHBII TACTAJbl )KOHE 9p1 Kapalrbl 3epTTeyliepae KojaaHbuiMansl. JKapbIM-KapThilall bIIBIPANTHIH
muausap T2 OybIHBIH ally MakKcaThIHAA JKYMBICTBIH Kelieci ke3eHiHe kiOepinmi. IITP amamu3siniyg HoTmXenepi
Ooiipinma T1 OybIHBIHZIA MaKCaTThl XWTHHA3a TeHiHIH eHri3umreHiH kepcermereH Cr-29Ne35 sxone Ct-29Ne33
muausckl T2 OybiHbIHIA na aHbIKTanMaraH. Ct-29Ned3 sxoHe K3-19Ne2 nuHUMSACHIHAA OIaH opi >KapbIM-KapThUIal
BIIBIPAY YZEPICi TIPKeNiN, TYpaKThUIBIFEI 76,92% xoHe 76,6% colikeciHIIe Kypaabl, COHABIKTAH OYJI JIMHHSIIAPIBI
KeriHTi Toxipubene Konmpanyra MyMKiHIIK 6omMaznsl. Ct-29Ne25, Ct-29Ned4, Ct-29Ne26 xoHe K3-19Nel muHmSICH
XUTHHA3a TeHiHiH T2 OyBIHBIHIA TYKBIM KyaJaWThIH TYPaKTBUIBIFBI fonenneni. Oceran OaitmaHbicTel T3 OyBIHBIH
KeOeWTy MaKcaThIHIA aTajfaH TOpPT JUHHA apbIKapail Ja KOJAaHBUIABL. benriHiH >KapbIM-KapTeUTall BIABIPAHTHIH
KacueTi cunarranrad Ct-29Ne43 TUHHUSACH Kenleci TYKBIMIBI KoOeHTy MEH Tajiay YIIiH TaHaanabl. Toxipubernik epic
KarmalblHAa TpaHchopManusianFad Oumaiasiy T3 5 muHMACH anbHABL TypakThl €HTi130€HIH TachIMasIJayIIbICHI
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periage Ct-29Ne25, Ct-29Ne44, Ct-29Ne26, K3-19Nel muaumssceHbH T2 OysIHBIHBIH 232 eciMairi skoHe CT-29Ne43
JIMHUSCBIHBIH JKapbIM-)KapThIIai BIABIPANTHIH eHTi30eci 6ap eciMIiKTep Ocipii.

XWTHHA3a TeHiHIH TYPaKThl TYKbIM KyamalTelH KacueTi Cr-29Ne25, Ct-29Ne44, Ct-29Ne26 xone K3-19Nel
TopT MuHUAAA aHBIKTAIAEL. Keneci 3eprreynepne Ct 29Ne25, C1-29Ne44, C1-29Ne26 xone K3-19Nel mHHUSACHIHBIH
3epTXaHAIBIK JKOHE NaJIANIBIK JKarJalla caHbIpayKyJlaKk aypyblHa TO3IMALIIIH JKOHE KeHiH KeOew ylepiciH
KapacTbIpblIaabl.

CaHpIpayKyJlaK KO3/IBIPFBINIbIHA CE3IMTAIIABIKTEIH TOMEH JKOHE OpTallla J9pPEXKeCiH KOPCETKEH CYpBINTaIFaH
JIMHUSIIAP, JKaHA COPT XKacay JKoHe KO3JBIPFBIII TIeH OCIMIIKTIH ©3apa 9cepiH 3epTTey YIUiH KOJJaHbUIYbl MYMKIH.

Tyiiin ce3nep: Tpanchopmanmsiianran ecimaikrep, JJHK, 6nnaii xutnHasa reHi, eHrizoe TypakTbUIBIFbL.
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OLEHKA CTABUJIBHOCTH BCTPOEHHOI'O TEHA XU TUHA3bI
B JIMHUAX INIIEHUIBI ITIOCJIE BUOBAJVIMCTHYECKOU TPAHC®OPMALINHN

AnHoranusi. brobammicTika Ha CErONHANIHWNA ICHb SBSCTCS OJHUM W3 caMbIX 3((EKTHBHBIX METOIOB
TpaHc(hopMaIMd OTHOJOIBHBIX, HO MPH ITOM TaKXKe C YCIEXOM MNPUMEHSIETCS Ha IBYNONBHBIX pacTeHmsx. C
HCTIOJIh30BaHUEM OAJUTUCTHKH OBLTH TPaHC(OPMHPOBAHBI PUC, KyKypy3a, Tabak, KapTodenb, CBeKIia, COsl, BHHOTPaL
u Jp.

C nagana 2000-x ro10B OBUIH MPEAT0KEHBI OPTaHU3MBI, B TEHOM KOTOPBIX OBIITH BBEJCHBI T€HBI OJJHOTO C HUMH
BHJa WIH BUAOB C COOCTBEHHBIMH PETYISTOPHBIMH AJIEMEHTAMH, C KOTOPBIMA OHH MOTYT CKPEIIMBATHCS, Ha3bI-
BAacMbI€ NUCT'CHHbBIMHU J'II/I60 HWHTpAarcHHbIMH. C'-II/lTaeTCﬂ, YTO HUCI'CHHBIC PACTCHUS HE ABJIAIOTCA FeHHOMOZ[I/l(l)l/IL[I/IpO—
BaHHBIMHU, XOTs OHU U IOJTYYCHBI METOJaMU TeHHOM HWHXCHEPHUH. W3BecTHBI IMUCTCHHbIC JIMHUH COU C UBMCHCHHBIM
COCTaBOM JKHPHBIX KHCIIOT B CEMEHax M YCTOMYMBOCTBIO K IepOMIMIaM Ha OCHOBE CYyJb(OHHIMOYEBHHBI, C
3aMeJUICHHBIM CO3pEBaHMEM TOMAaTOB, YCTOHYMBBIE K TIIMQocaTy IJHHHM KyKypy3bsl. B Hacrosmee Bpems
TPAaHCTEHHBIE TEXHOJIOTMH BCE Yalle HCIOJIB3YIOTCS U TOBBIIIEHUS YCTOWYMBOCTH COPTOB M THOPHUIOB K
CTPECCOBBIM (haKTOpaM OKPYXKAFOIIEH Cpelpl, HalpuMep, K IEHCTBHIO pa3IHIHBIX ATOTEHOB — BHPYCOB, OAKTEPHI,
rpuOOB M HACEKOMBIX. B KaduecTBe 37IEMEHTOB ISl UCTEHHOTO OMOOaITMCTHYECKOTO MTePEeH0Ca HCIOIB3YIOT OSNKH,
YYacTBYIOIME B IPOIECCaX MHAKTHBAIMHN MOPa’KEHHs MAaTOTeHAMH PAaCcTCHHN W KOJUPyEeMble OJHUM T'€HOM, a He
CEMENCTBOM I€HOB.

B pacrenusix B OTBeT Ha MH(HUUIMPOBAHUE MaTOreHaMu mpoucxoiut cuHte3 PR-GenkoB (pathogenesis related
proteins), Hamboyiee W3YYEHHBIMH M3 KOTOPBIX SBIAIOTCA XUTHHA3bl W [-1,3-TorokaHaspl. 3HaHWE TOYHOW POJIH
otaenbHbIX PR-0€/IkOB B MMMYHHTETE pacTeHUi JaeT BO3MOXKHOCTD MCIIOJIBb30BaTh ONpeEJIe/IeHHbIE Cleln(prIecKrue
AHTUTPUOHBIE OEJTKM NPU CO3[aHUH TPAHCTEHHBIX PACTEHHH C MOBBIIIEHHOH YCTOMYMBOCTHIO K TPUOHBIM OO0JIE3HSIM.
HpI/l 9TOM, BaXXHO HE TOJIBKO IMOJYYHTb PAaCTCHHUE C HYKHBIM IPU3HAKOM, HO M 3aKpCUTh B HEM CTa6l/IJ'l]:Hy10
HKCIIPECCHIO IEPEHECEHHOT0 T'eHa U HACIIEA0BaHNE ITPUOOPETEHHOTO TPU3HAKa B TIOKOJICHUSIX.

Hamu mpoBeneHO wHcciieJoBaHUE CTAaOMIBHOCTH BCTaBKM T€Ha XWTHHA3bl B mokonenmsax T1, T2 wm T3
TpaHCHOPMHUPOBAHHBIX JIMHUH MIIEHUIIBI, TOTYYEHHBIX METOJIOM LIUCI€HHOTO MIepeHoca.

B pesynprare OmobamumicTHUECKONW TpaHc(opMaIiy TeHa XUTHHA3EI B HE3peible 3apOIBIIIA NIIESHUIIE COPTOB
CaparoBckas 29 u Kazaxcranckas 19 momydeHBl TepBHYHBIE TpaHC()POPMUPOBAHHBIE pPACTCHUSA-PEreHEPaHTHI,
CKPHHHHT KOTOpHIX MetoaoM I[P Ha Hammume meieBoro reHa MO3BOJIIII OTOOPATh MPENNOI0KHUTENFHO HECYIINe
BCTaBKy 6 jmHUII Ha ocHOBe copTta CaparoBckas 29 m 2 nuHHM Ha ocHOBe copTa Kazaxcranckas 19. CemeHHOI
MaTepHall OTOOpaHHBIX PACTEHUH-PEreHepaHTOB ObUT KyJTHBUPOBAH B ITOYBEHHBIX YCIOBUAX U MOJyYEHBI CEMEHA
mokojieauss T1. Ammumdukanus JJTHK 8 orobpanubix guanii Ct-29Ne25, C1-29Ne43, Ct-29Ned4, Ct1-29Ne33, Cr-
29Ne26, Ct-29Ne35, K3-19Nel, K3-19Ne2 co cnenuduueckumu mnpaiMepamMy BBISIBUJIA JIMHUW, HECYLHE BCTaBKY,
JIMHUU C YaCTUYHBIM PACIICIUICHUCM U JIMHUH, XapaKTCPU3YIOIHUECA 60.]'le101>1 CTEINEHbI0 HECTAOMILHOCTHA BCTABKH.
JluHuM c HECTaOWJIBHO CTEIEHBbIO HACIENOBaHWS ObUIM BBHIOPAKOBaHBI M HE WCIIOJIb30BaHBI B JalbHEHIINX
UCCIIENOBaHMAX. JIMHUM C YacTHYHBIM pacIlelyieHHeM OBbIIM BKIIOYEHBI B CIEAYIOIIMH 3Talm paboThl C LENbI0
nonyuyenus T2 nokonenus. Ilo pesynbratam [P ananuza B muHuMsIx Cr-29Ne35 u Cr-29Ne33, He mokaszaBIIUX B
mokoJeHn: T1 BCTaBKy IENIEBOTO TeHa XWUTHHA3BI, B MOKOJIEHWH T2 Tak ke BCTaBKU He BRIABWIMA. B muHmIX Ct-
29Ne43 u K3-19Ne2 mpowncxoauT nanpHEHIIee YaCTAYHOE pacIieIUIeHHe U CTaOMITBHOCTh BCTAaBKHU cocTaBmia 76,92%
n 76,6%, COOTBETCTBEHHO, IIO3TOMY JaHHBIC JIMHUA HE MOTYT OBITh HCIIOJNB30BAaHBI B IOCIEAYIOIINX
akcriepuMenTax. Jlmauu Ct-29Ne25, C1-29Ned4, C1-29Ne26 u K3-19Nel moaTBepanian cTaOMILHOCTh HACIEAOBAHUS
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TeHa XUTHHa3bl B IMOKosieHMH T2. B CBs3W ¢ 3THM, 3TH YeThIpe JIMHUM OBUIM HCIIONB30BAaHBI B IajbHEHIIEM
tupaxupoanuu B T3 nokonenun. Jlmans Ct-29Ned 3, moka3zaBmias 9aCTUIHOE paclieIIeHHe MpHU3HaKa, TakkKe Oblia
HaMH B35Ta AJIs1 Pa3MHOXKEHUS M aHAIN3a CIIEAYIOIIEro MOKOJIEHHA. B yclIoBMsIX 3KCIIEpUMEHTAIBHOTO TI0JIs OBIIO
nojy4eHo nokojenue T3 S5 nuHMil TpaHCPOPMHUPOBAHHOI MIIEHHIBL. Bcero ocyliecTBIEHO KyJIbTUBHPOBAHHE
232 pacrenunii T2 nokonenust uHuid C1-29Ne25, C1-29Ned4, Ct-29Ne26, K3-19Nel, onpeneieHHbIX HAMU KaK HOCH-
Tenei crabmIbHON BCTaBKU W JIMHAN CT-29Ne43 ¢ yaCTHYHBIM pacIIeIIICHHEM B PACTEHHSX 110 HAJTMYHIO BCTABKH.

CraOwiibHOE Haclle/IOBAHUE TIeHa XWUTHHA3bl MOATBEPXkKIEHO B 4eTbipex JHHUSAX Cr-29Ne25, Cr-29Ned4,
Ct1-29Ne26 u K3-19Nel JlaneHeine uccienoBaHus NpeayCcMaTpUBaOT U3ydeHHe ycToiiunBocTy JUHUN CT-29Ne25,
Cr-29Ne44, Cr-29Ne26 u K3-19Nel k rpuOKoBBIM 3a00JIeBaHHMSM B J1a0OPAaTOPHBIX W IOJIEBBIX YCIOBHSIX C
MOCJIEAYIOIINM THPAXUPOBAHUEM.

OTtoOpaHHbIe JIMHNUY, TIOKA3aBIINE HU3KYIO ¥ CPEIHIOI0 CTEHEHb MOPAXKaEMOCTH K TPHOHBIM ITaTOreHaM, MOTYT
OBITH UCIIOJIB30BAHbI [UISl CO3/1aHHSI HOBBIX COPTOB M IPH M3YUYE€HHH B3aMMOJICHCTBHS NaTOTeH-PaCTECHHE.

KuroueBsie ciioBa: TpancopmupoBansbie pacterns, JHK, ren XuTuHa3bI MIIEHUTIB, CTAOMIHPHOCTD BCTABKH.
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