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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 comn, 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, genctically 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]. Morecover, 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 g/p and bar
genes are stably integrated into the genome of 7riticum 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
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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 7riticum
aestivum based on Saratovskaya 29 and Kazakhstanskaya 19 varicties of T1, T2, and T3 gencrations
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 varicties 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 ul, with the addition of 2 ul DNA, 2 ul HotTaq x10 buffer (Sileks, Russia), 2 mM MgCI2, 0.2 mM
dNTP, direct (ACC CTG TTG TTT GGT GTT ACT TCT GC) and reverse (GCA GTA GCC CCA GGA
GTA GG) 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/ecm for 30 min. After electrophoresis, the gel was stained with a solution of ethidium
bromide (1 pug / 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 regencrant plants of the Saratovskaya 29 and Kazakhstanskaya 19 varicties
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 varicties 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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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-29Ned4, 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 u 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-29No.43 line.

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

TI T2 T3
. Number The Total Number The Total Number The Total
Name of line presence . presence . presence I
of positive of positive of positive
of the of the of the
plants, hitinase plants, plants, chitinase plants, plants, chitinase plants,
each. ¢ % each. % each. %
gene gene gene

Saratovskaya 29 45 - - 46 46 - _
(control) ] ]
St-29 No25 49 48 97,96 48 48 100 48 46 958
St-29 No26 47 45 958 46 42 91,3 47 43 91,6
St-29 No33 45 14 31,11 42 0 0
St-29 No35 48 0 0 43 0 0
St-29 No43 44 35 79,55 39 30 76,92 42 30 714
St-29 Nod4 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 41 854
Kz-19 Ne2 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 munnii St-29No25, St-29Ned 3,
St-29Ned4, 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-29Ne2, St-29Ned4 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-29Ned43 and Kz-19Ne2
lines. Insertions of the desired gene were not found in lines St-29Ne35 and St-29Ne33.
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Thus, the lines St-29Ne25, St-29Ned4, St-29Ne26 and Kz-19Nelwere selected as promising for
in-depth study of their resistance to fungal diseases and further replication.
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BUOBAJTHCTUKAJILIK TPAHC®OPMATUSIAH KEWTH BHAM JIMHUSIIAPEIHA
EHI'BLITEH XHTHHA3A TEHIHIH TYPAKTBLIBIFEIH BAFAJIAY

AnnoTtamust. brodammcTika Kazipri ke3ae OipKapHAKTHI 6CIMAIKTEpAl TPaHCHOpMAaImsIIayJa THIMIL dJicTep-
IiH Oipi 0o caHATAdsL, Oipak OYT 97iC KOCKAPHAKTHUIAPFA 1A COTTI KOIJAHBLTYIA. BaIHCTHKA apKBUTBI KYPIIL,
JKYTEpi, TEMCKi, KAPTOTIL, KBI3BLIIA, COS, 5KY31M KOHE 0ACKA 1A JAKBLIAAP ©3TCPICKE YIIBIPAIBL.

2000 >xpurmaH Oacram JKEKE PETTENCTiH 3JIEMEHTTEpl Oap reHzaepAiH Oip TYPiHIH HEMECe TYPapaibIK TeHi
CHTI3INTeH OpPraHM3MJCPAlI HHCTCHIIK HEMECE MHTPICHIIK JCI aTayFa YCHIHBUIABL LIWCreHmi eciMAiKTep TeHIIK
HHKCHEPHS HETi31HAC ANBIHFAHBIMCH, 0JIap TCHIIK MOAM(HKANMUIAHFAH JCH CaHAIMaNabl. TYKbIMIAFbl Mal KbIIII-
KBUIBIHBIH KYPaMBI 63TCPICH JKOHE CYIb(OHIIMOYCBHHA HETI3IHACTI TCPOUIHAKS TO3IMII COSHBIH IMCTCHII THHHUS-
Japsl, KbI3AHAKTHIH >KCTLTYyIH OOCCHAETETIH, COHBIMEH Karap rimocharka Te3iMai Kyrepi JHHUSUEAPHI OCITimi.
Kazipri yakeITTa TpaHCTEHII TEXHOJOTHAIAPABI KOPIIAFaH OPTAHBIH CTPECTIK (PAaKTOpIApBIHAH, MBICAIBI, TYPJi
KO3OBIPFRIIITAH — BHPYC, OAKTCPHA, CAHBIPAYKYIAK >KOHC KOHTIKTCP OCCPIHCH KYTBUIY Opi COpPTTap MCH OyAaH-
JApABIH TYPAKTBUIBIFBIH APTTHIPY YIUIH KYHECH-KYHI€ KOJJAHBICH apTyaa. L{ucreHaik Ono0amnCTHKANBIK TaChIMAl-
Jay 3ICMCHTTCPI PETIHAC TCH JKHBIHTBIFBI €MCC, KCpiCiHMmE Oip TCHMCH KOATAJATHIH 6CIMIIK KO3ABIPFHIILIHEIH
3aKBIMIAHY BIH HHAKTUBALMSUIAY FA KATHICATHIH Ky bI31ap KOJIJIAHBLIAIBL.

OciMzaikTep TadmraTeIHIA MATOTEH iHAeTiHE Kapchl PR axysm3embIH (pathogenesis related proteins) cmaTesi
JKYPEZi, CONapAblH IMIiHAE KOl 3ePTTCITCHI — XHTHHA3amap MeH [-1,3-rmokaHazamap. OCiMIiK HMMYHHTETIHICTI
skeke PR aKybI3BIHBIH HAKTHI pONiH OLIy apKbUIbl CAHBIPAYKYJIAK aypybIHA TO3IMAIIIrL >KOFAphl TPAHCTCHII
eciMaikTepai ecipyae Oenrim 6ip aHTH()YHTCHHTTI aKybI3 KOJIJaHYFa MYMKIiHTIK Ocpeni. COHBIMCH KaTap, KaKeTTi
Oenri-HpIIaHkbl 0ap eciMAIK aIyMEH Karap, OSpilIeTiH TeHHIH TYPAKThl IKCIPECCHACH MEH 6CIM/IIK TYKBIMBIHIA COII
KACHETTI OCKITY MaHbI3BL

JKympicTa mHCTCHHIH aybICy oiciMeH anbiaFaH OmmadaerH T1, T2 sxore T3 TYKbIMBIHA CHTI3UITCH XHTHHA3A
TCHIHIH TYPAKTBUIBIFBI 3PTTEII].

XwurnHaza reHiH Caparosckas 29 xoHe Kazaxcranckas 19 cOpTTapsIHBIH JKETIIMETCH OMIAd TYKBIMBIHA
Ono0AmMCTIK TpaHC(HOPMALHSA HOTIKCCIHAC OacTanmKbl TPaHC(OPMALNHUAIAHFAH PCTCHCPAHT OCIMIIKTCPl AJIBIHIIBL
[ITP cxkpuHHUHTI apKbIIBI MAKCATTHI TCHI 0ap OOKaMabl 6 IMHUS, COHBIH iminae CaparoBckas 29 COPTHI HETI3IHAC
6 mumaEs MeH Kasakcranckas 19 coprel HeriziHae 2 JMHESAHBI CYpPBOITANl alyFa MYMKIHAIK Oepmi. Tawnmamrax
KAJIbIHA KEATIPETIH OCIMIIKTEPAIH TYKBIMIBIK MAaTEPHAIbl TOMBIPAKTA ocCipimin, T1 OybIHBIHBIH TYKbIMBI AJIBIH/IBL.
Cypomrranran 8 muHISHBIH — CT-29Ne25, Cr-29Ned3, Cr-29Ned4, Ct-29Ne33, Cr-29Ne26, Cr-29Ne35, K3-19Nel,
K3-19Ne2 THK-cern apHaiibl cieruukaiblk mpaiMepMeH aMITn(pUKANKUIAY HOTH)KECIHIC TCH CHTI3IITCH 3 THHUS
AHBIKTANABL. CHTI3UITEH TeHI 0ap JMHAANAPABIH SKAPTHUIAM BIABIPAYbl APKBUIBI JKOHE JKOFApPBI AdPEKeIeTi
TYPAKCHI3ABIFBI HETI3T1 CHIIATHI OOMBIN CAHAJATHIH JIMHAUIAP. TYPaKChI3 TYKBIM KyalaHThIH JTOPEKEICT] THHUSIAP
3EPTTEYACH AJBIHBIN TACTAJIBI XKOHE 9pi KapaifFsl 3epTTeyiepac KOMAaHBIMAIBL JKapbhIM-KapTeIIal BIABIPANTHIH
muHEsUap T2 OyBIHBIH alXy MaKCAaThIHAA >KYMBICTBHIH Keneci Ke3eHiHe kiOepimmi. [ITP aHamm3iHiH HOTHKENEpi
6otiprHma T1 OVBIHBIHZA MAKCATThl XHTHHA3a TCHIHIH CHTI3ireHiH kepcermereH Cr-29Ne35 skome Cr-29Ne33
muHEsICH T2 OybIHBIHAA na aHbIkTamMaraH. CT-29Ned3 sxoHe K3-19Ne2 nwHmMACBIHAA 01aH 9pi *KAPBIM-KAPTHIIAH
BIIBIPAY YACPICI TIPKEJIM, TYPAKTBUIBIFEI 76,92% koHE 76,6% ColikeciHme Kypaabl, COHABIKTAH Oy THHHAIAPABI
KCHiHTI TOKipHOeae Koaanyra MyMKIHTIK 0omMamer. CT-29Ne25, Cr-29Ned4, Cr-29Ne26 sxone K3-19Nel tHMACH
XHTHHA3a TeHiHiH T2 OyBIHBIHAA TYKBIM KYyaJaHTHIH TYPAKTBUIBIFEI monenaedi. OckraH OannaHbIcThl T3 OybIHBIH
KOOCHTY MAKCAaTBHIHIA ATAJFAH TOPT JIMHHUA APBIKApal [a KOJIAHBLIIBL BenriHiH JKapbhIM-KAPTHLIAH BIOBIPAHTHIH
Kacueri cunarranrad Cr-29Ned3 nuHMACH Kenecl TYKbIMABI KOOCHTY MEH Tanay YINiH TaHzanapl. TaxipuOerik epic
JKargaiieiHaa TpancopmarmananFran Ougaiaei T3 5 AuHUACH aabiHABL TYpaKkThl CHri30CHIH TAChIMAJIIAY IIBICHI
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periaae Ct-29Ne25, Cr-29Ned4, Ct-29Ne26, K3-19Nel muHusAcHHBIH T2 OyBHBIHBIH 232 eciMairi skoHE CT-29Ne4d3
JMHUSCHIHBIH >KapBIM-KAPTHUIAH BIABIPANTHIH €HI130eci 0ap eciMaiKTep 6CIpLTIi.

XWTHHA3A TCHIHIH TYPAKTHI TYKbIM KyamauTeiH KacueTi Ct-29Ne25, Cr-29Ned4, Cr-29Ne26 sxoHe K3-19Nel
TopT uHIAAA aHbIKTAaInel. Kemeci seprreymepae Cr 29Ne25, Cr-29Ned4, Ctr-29Ne26 sxone K3-19Nel THHUACHIHBIH
3EPTXAHANBIK JKOHE [ANANBIK SKAFAAHAa CaHBIPAYKYJIAK aypyblHA TO3IMILTITIH >KOHE KEHIH KeOer yAepiciH
KapacThIPBLIAIbL.

CanpIpayKyJIaKk KO3ABIPFIMIBIHA CE3IMTAIABIKTBIH TOMEH >KOHE OpPTAINa JJPEXKECIH KOPCETKEH CYPBINTATFAH
JTMHUSIIAP, KAaHA COPT YKacay »KOHE KO3ABIPFBIMI IIEH 6CIMAIKTIH 63apa SCepiH 3ePTTey VIIiH KOJIIAHBIIY Bl MYMKIH.
Tyiiin ce3aep: Tpancopmanmananran eciMaikrep, JHK, Omuaali XuTHHA3a TCHI, CHI130¢ TYPAKTHLIBIFBL

H.II. Maaaxosa', ¥O.A. Cku6a®’?, 3.P. Maasuea®?, T.A. Mckakosa', I.A. Haiiza6aea® 2,
B. K. Tesex6aeBa’, A.O. Bucendaii %, K.A. ToiiGaesa', T.A. I/ICMaFyJIOBal*

"MHCTHTYT MOJIEKY IApHO#H Guonoruu u Guoxumud M. M.A . Aiirxosxmsa KH MOH PK, Amvarsr, Kasaxcram;
*AnvarrHckuit puman Hanposanssoro nenrpa onotexuonornn KH MOH PK B LlentpansHoii pedyepenTHOl
nadoparopuu (LIPJI), AmmaTsl, Ka3axcraun

ONEHKA CTABWIBHOCTH BCTPOEHHOI'O 'EHA XU THHA3bI
B JUMHUAX INIIEHUTIBI HOCJE BHOBAJLNTMCTHYECKOU TPAHC®OPMAIIUHA

Annotanusa, broOamiCcTHKA HA CCTOOHAINHWI ICHD ABACTCA OJHHM W3 CaMBIX 3()()CKTHBHBIX MCTOIOB
TpaHC(OpMALMK OJHOJONBHBIX, HO TPH 3TOM TAKKE C YCIEXOM IPHMEHSICTCA HA JBYAOIBHBIX pacTteHmix. C
HCTOIH30BAaHACM OAJUTHCTHKH OBLTH TPAHC()OPMHPOBAHBI PUC, KYKYPY3a, Ta0akK, KapTo(eas, CBCKIIA, COS, BHHOTPAZ
H 1.

C navana 2000-X T010B OBUTH MTPEATIOKCHBI OPTAHU3MBI, B TEHOM KOTOPBIX OBIIIM BBEICHbI TCHBI OJJHOTO C HAMH
BH/A WIH BUIOB C COOCTBEHHBIMH PETYIIITOPHBIMH JIEMECHTAMH, C KOTOPHIMH OHH MOTYT CKPEIIUBATHCS, HAa3bl-
BacMbIC IICTCHHBIMHY JTHOO MHTPareHHbIMU. CUMTACTCS, YTO MUCTCHHBIC PACTCHHUS HE SBILTIOTCS TEHHOMOAU(DHUIHPO-
BAaHHBIMH, XOTSI OHH M TIOJIyUCHBI METOIAMH T€HHOM MHXCHEPUH. V3BECTHBI INCTCHHBIC JTHHUN COU C M3MCHEHHBIM
COCTABOM JKHPHBIX KHCJIOT B CEMCHAX M YCTOHUMBOCTBIO K TepOHMIMAAM HA OCHOBE CYyJb()OHHIMOHUCBHHBI, C
3aMEUICHHBIM CO3PCBAHMEM TOMATOB, YCTOHYmMBBICE K rim(ocary JIMHHH KyKypy3sl. B Hacrosmee Bpems
TPAHCTCHHBIC TEXHOJOTMH BCE YAle MCHOJIB3YIOTCS I TOBBIIICHUS YCTOWYHMBOCTH COPTOB W THOPHAOB K
CTPECCOBBIM (DAKTOPAM OKPYKAFOIICH CPeAbl, HAMPUMEP, K ICHCTBHIO Pas3IHIHBIX MATOTCHOB — BHPYCOB, OAKTCPHI,
rpuOOB M HACEKOMBIX. B KauecTBe 31€MEHTOB I HUCTCHHOTO OHOOAIUIMCTHYECKOTO TIEPSHOCA UCTIONb3YIOT OCIKH,
VYACTBYIOIWC B MPOLECCAX WHAKTHBALMH MOPAYKCHHUS MATOTCHAMH PACTCHHH W KOJUPYEMbIC OJHHM T€HOM, a HE
CEMEICTBOM T'€HOB.

B pacrenmax B oTeeT Ha MH(UIMPOBAHKE IMATOTCHAMH Hpomcxoaut cuHre3 PR-0enkos (pathogenesis related
proteins), HamOOIEE HM3YUCHHBIMH W3 KOTOPBHIX SIBILIFOTCS XHTHHA3BI W [-1,3-rmokanasbl. 3HAHWEC TOYHOH POH
oTAcTbHBIX PR-0CIKOB B IMMYHHTETE PACTCHHH JAET BO3MOKHOCTD HCIOJIb30BATh OIPEICICHHBIC CIICHH(DIICCKAC
AHTHTPHOHBIC OCITKU TIPH CO3AAHUM TPAHCTCHHBIX PACTCHHH C MOBBIICHHOM YCTOWYHBOCTHIO K TPHOHBIM OOJIC3HSIM.
[Ipu 3TOM, BO)KHO HE TOJBKO MOJYYUTh PACTCHUE C HY KHBIM IPH3HAKOM, HO W 3AKPEIHTh B HEM CTAOMIIBbHYIO
JKCTIPECCHIO NIEPSHECCHHOTO TeHA M HACTICAOBAHKE MMPHOOPETCHHOTO MTPU3HAKA B TIOKOJICHHUSX.

Havu mpoBeAacHO HCCACIOBAHHC CTAOWIBHOCTH BCTABKM TCHA XWTHHA3B B mokoycHmAx T1, T2 u T3
TPaHC(OPMHUPOBAHHBIX THHUH MIICHHULBI, Oy YCHHBIX METOIOM IICTCHHOTO MEPEHOCA.

B pesymprare Omo0aymcTHUeCKOl TpaHC(OPMALIHH TCHA XHTHHA3HI B HE3PCITBIC 3aPOABIIIH MIICHAIBI COPTOB
Caparosckas 29 u Kaszaxcranckas 19 momyueHBI HEpBHUHBIC TPAaHC(HOPMHUPOBAHHBIE PACTCHHSI-PETCHEPAHTHI,
CKPHHHHT KOTOPBIX MeToAoM [1I[P Ha Hanwqme IeTIeBOTO TeHA MO3BOIMI OTOOPATh MPEANONOKUTECIBLHO HECYIIHE
BCTAaBKY 6 nuHHH HA ocHOBE copra Caparosckast 29 m 2 nmHHEM Ha ocHOBE copra Kazaxcranckas 19. Cemennon
MaTepuan OTOOPAHHBIX PACTCHUH-PETCHEPAHTOB OBLT KYJIHTHBHPOBAH B MOYBCHHBIX YCJIOBHAX M MOJYyYCHBI CEMCHA
nokosienst T1. Ammm¢ukamst JTHK 8 oroOparabix muauid C1-29Ne25, Cr-29Ned3, C1-29Ne44, Cr-29Ne33, Cr-
29Ne26, C1-29Ne35, K3-19Nel, K3-19Ne2 co cnemmuuccknMu mpaiiMepaMu BBISBHIA JTHHHH, HCCYIIHC BCTABKY,
JWHAY C YACTHYHBIM PACHICIUICHUEM W JIMHUH, XapAKTEPH3YIOIHIECS OOJIBINON CTENICHBI0 HECTAOMIBHOCTH BCTABKH.
Jluauu ¢ HECTAOWIBHO CTCICHBI0 HACICAOBAHHSA OBLIM BBHIOPAKOBAHBI M HC HCIOJB30BAHBI B JATBHCHIMNX
HCCNCAOBAHIAX. JIMHUM C YACTHYHBIM PACIICINICHHEM OBIIM BKJIFOUCHBI B CICAYIOINMH 3Tam pabOTHI C LEIBIO
momyucHus T2 mokoncHus. [1o pesympratam [P anammsa B maamax Ct-29Ne35 u Ct-29Ne33, He mOKa3aBmAX B
mokoJacHuA T1 BCTABKY HENCBOTO TCHA XHTHHA3HI, B MOKOJCHUH T2 Tak k¢ BCTABKH HE BRUBHIH. B muHmAx Cr-
29Ned3 m K3-19Ne2 mpoucxoauT JanbHEHIIEE YACTHYHOE PACHICIUICHHE M CTA0MIBHOCTh BCTABKH COCTaBHIA 76,92%
u 76,6%, COOTBETCTBCHHO, IIO3TOMY [JAHHBIC JHHHM HE MOTYT OBITh HCIIOJL30BAHBI B MOCJCAYFOIINX
sxcnepuMenTtax. Jlmamu Ct-29Ne25, Cr-29Ned4, Cr-29Ne26 u K3-19Nel moareepamam CTaOHIBHOCTD HACICAOBAHHUS
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TCHA XUTHHA3bl B NMOKOJCHWH T2. B CBA3M C 3THM, 3TH 4YETHIPE JMHAH OBLIM HCHOJB30BAHBI B JaJbHEHIIEM
Tupakuposanun B T3 mokonerun. JInams Ct-29Ned3, mokaszaBmias 4acTHYHOE PaCIICIUICHUE MPU3HAKA, TAKKE ObLIa
HAMH B3ATa A7 PA3MHOKCHHUS M AHATHM3a CICAYIOMIETO MOKOJCHI. B yCIOBHAX 3KCIIEPUMEHTAIBHOTO IO OBIIO
MOJMYYCHO TOKOJACHUE T3 5 muamid TPaHC(HOPMHUPOBAHHOW NMIICHHIBL. BCETO OCYIICCTBICHO KYJIHTHBHPOBAHHC
232 pacterutt T2 moxoaeHus muHUH CT-29Ne25, C1-29Ned4, C1-29Ne26, K3-19Nel, ompeacieHHBIX HAMH KaK HOCH-
TeneH CTa0MIbHOM BCTaBKY ¥ JTHHUH CT-29Nod 3 ¢ yaCTHYHBIM PACIICIUICHHEM B PACTEHILIX 1O HAMYHIO BCTABKH.

CraOuipHOE HACIIEOBAHWE TIEHA XHTHHA3BI MOATBEPKACHO B deThlpex JHHUAX Cr1-29Ne25, Cr-29Ned4,
C1-29Ne26 u K3-19Nel lanpHeWnme Hccne 0BaHMS MPEIY CMATPUBAIOT H3YUCHHE YCTOHINBOCTH JIMHAN CT-29Ne25,
Cr-29Ned4, Crt-29Ne26 m K3-19Nel k rpuOKOBBIM 3a00JICBAHHAM B JTAOOPATOPHBIX H MOJCBBIX YCIOBHAX C
MOCTIE Y FOIUM THPAKUPOBAHUCM.

OT0oOpaHHBIC THHHUH, TTOKA3ABIIHEC HU3KYIO W CPEIHIOI CTCTICHb IMOPAKACMOCTH K TPHOHBIM IATOTCHAM, MOTYT
OBITH UCTIONIB30BAHBI IS CO3/IAHI HOBBIX COPTOB U ITPH M3y YCHHH B3aNMOJCHCTBHS MATOTCH-PACTCHHE.

Kimouessie ciioBa: Tpancopmuposanublic pacteHmst, JJHK, TeH XUTHHA3HI MIICHUBI, CTA0MILHOCTD BCTABKH.
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