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Annotation

Mutagenic effect of physical factors and chemical substances (aziridine or ethylene imine,
nitrosoethylurea, nitrosoethyleneurea) leads to increase of the spectrum of hereditary variability for breeding
purposes, which however is not studied in full extent. Ecological study of anthropogenic factors action leading
to disruption of certain links between chemical elements and their combinations, raise of heavy metals
concentration in soil, facilitate examination of mutagenic and toxic properties of heavy metals. Increase in
wheat yields by improving its genotype is one of the most urgent problems of agriculture and economy. At
present, using traditional methods of selection and genetic studies, such as backcross selection, distant
hybridization, and experimental mutagenesis, increased efficiency of obtaining genetically modified and
improved forms of wheat [1-5]. Heavy metals are defined as metals having a density higher than 5 g/cm3. Of the
total 90 naturally occurring elements divided into three classes by the degree of their threat, 53 are considered
heavy metals and few are of biological importance. Accumulation of heavy metals such as cadmium (Cd) in the
environment is now becoming a major cause of environmental pollution. Toxic metals can inactivate proteins,
shifting metal cofactors, blocking active centers or causing allosteric changes. Besides, large number of those
possesses ability of inducing mutagenic changes, tumors and causing macroscopic changes. Molecular
mechanism of heavy metals toxicity is not completely understood. Cd is non-essential element that negatively
affects plant growth and development, released into the environment by power stations, heating systems, metal
working industries or urban traffic, which has high cumulative effect with almost no biodegradation. In plants it
affects such processes as stomata opening, transpiration and photosynthesis, consequently chlorosis, leaf rolls
and stunting are the main symptoms of Cd toxicity in plants accompanied by root browning, leaf red-brownish
discoloration. It can also reduce the absorption of nitrate from root to shoot by inhibiting the nitrate reductase
activity in shoots. The negative effect of Cd on plant growth was accompanied by an increase in dry to fresh
mass ratio in all organs. Several researches have suggested that an oxidative stress could be involved in cadmium
toxicity, by either inducing oxygen free radical production, or by decreasing enzymatic and non-enzymatic
antioxidants [6-9]. On the other hand, the use of induced mutagenesis showed high efficiency in the production
of forms with high vyield, quality bakery, lodging resistance, modified plant height and resistance. And, this
paper is an attempt of summarizing results performed by our group in this direction.
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AHgaTna
Ousukanblk  (GaKkTOpIapAblH JKOHE XUMHSIIBIK 3aTTapiblH  (a3UpUAMH HEMece OTHICH WMUH,
HUTPO303THIMOYCBHHA, HUTPO30ITHIICHYPEs) MYTareHIIK ocepi CENEKIMAIBIK MaKCaTTa TYKBIM KyalTaWThIH
©3TEPTIMITIK CIIEKTPiHIH YIFAIOBIHA OKeNedi, OipaK O TONBIK KeJeMIE 3epTTeIMEreH. XUMUSIIBIK JIIEMEHTTEP
MEH OJapIblH KOCBIHIBUIAPHI apachIHIAFbl Oenrimi Oip OaitmaHBICTApABIH OY3BUTYBIHA, TOMBIPAKTAFBI AYEBIP
MeTaNJapAblH KOHIICHTPAIMSACHIHBIH JKOFApBUIAybIHA OKENICTIH aHTPOIMOTCHIIK (aKTOpIapaslH JPEKETiH
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9KOJIOTHSUTBIK 3€PTTEY aybIp METAIAapIblH MYTareH K XoHE TOKCHUKAIBIK KACUETTEPIH 3ePTTEeY Il JKEHIIIETE/II.
BuaaiiibIH T€HOTHITIH JKaKCapTy apKbUIbl OHBIH OHIMIUIITIH apTTHIPY aybUI IIAPYAlIbUIBIFEl MEH 9KOHOMUKAHBIH
©3€KTi Macenenepiniy 0ipi 60bIm TabblIaAbl. Ka3ipri yakbITTa CeIeKIUITBIK-TeHETHKANIBIK 3ePTTEYAiH AOCTY Pl
QMiCTEPiH, MBICAIIBI, O3KKPOCC-CENCKITHS, TUCTAHITMUTBIK OyIaHAACTRIPY, SKCIICPUMEHTTIK MyTarcHe3 i KOJIaHy
apKBUTBI OMTaNIBIH TeHETHKAIBIK TYPICHIIPUITCH JKOHE JKETUIMIPUITeH TYPJICPIH alyablH THIMAUTIITT apTTh [1-
5]. Aybip MeTagapra TBHIFBI3ABIFEL 5 T/CM3 JKOFaphl MeTaiaap skaTansl. Kayinrti mopexeci OOMBIHINA YIII KIIacKa
OeminreH sxanmbl 90 TaOUFK 3IIeMEHTTEPAIH 53-1 ayblp MeTanaap OOJNBIN caHaladbl XKOHE a3 FaHa OMOIOTHSIBIK,
MaHb3BI Oap. Koprraran optana kaamuii (Cd) CHSKTEI ayblp MeTalgapAbIH )KHHATYBI Ka3ip KOpIIaFaH OpTaHBIH
JIAaCTaHYBIHBIH HETi3ri ceOecOiHe aliHamyma. YIIbI MeTanjap akybl3gapabl WHAKTUBALMAIAYbl MYMKIH, MeTall
KO(aKTOPJIapbIH aybICTHIPAAbl, OeJICeHIl OpTaNbIKTapabl OJOKTAaHIsl HEMECe allJIOCTEPUSIIBIK ©3repicTepi
TyIeIpybl MyMKiH. COHBIMEH KaTap, ojlapblH KOIIIUIirT MyTareHaiK e3repicTepi, iCIKTep Il TybIPAThIH KOHE
MaKPOCKOMHUSIIBIK ~ ©3TEPICTEPi  TYIBIPAThIH Kabijerrepre wue. AybpIp METaNIapAblH  YBITTHUIBIFBIHBIH
MOJIEKYJIAJIBIK MEXaHU3Mi TOJBIK 3epTTeamereH. Cd eciMIIKTEepIiH 6Cyi MEH JaMybIHA TEPiC dCep ETETiH, ICKTP
CTaHIUUIAPHI, XKBUTY JKYHENepi, METaJII OHJCY OHEPKICIOl HEMece KallalbIK KOIIKTEeP apKbUIbI KOpIIaraH opTara
IIBIFAPBUIATEIH, OWOJCTPAJAIMACHI3 JIEPIIK JKOFApbl KYMYJISATHUBTIK OCEpre He MaHBI3IbI €MEC DJIEMEHT.
OciMaikTepAe YCTRUIANIAPILIH AlbUIYEl, TPAHCIUPALHMS XoHE (POTOCHMHTE3 CHSKTHI IIPOLIECTEPrE dCEP €Tel,
COHBIH CaJiZJapbIHAH XJIOPO3, JKAIbIPAK OpaMIaphl KOHE ©Cy TOKTaybl TAMBIPIBIH KbI3apYbIMEH, *KalbIPaKThIH
KbI3BLI-KOHBIP TYCIHIH e3repyiMeH >xypeTiH ecimiikTepaeri Cd ybITTBUIBIFBIHBIH HETi3ri Oenrijiepi OOJbII
Tabbtagel. On coHpai-aK ©CKiHAepAeri HUTpaTpeayKTaza OeJICEHIUIINH TeXey apKbLIbl TaMBIpJaH ©pPKEHTe
JICAIH HUTPATTBIH CiHyiH a3airtamel. OcimmikTepaid ocyine Cd Tepic ocepi OapiblK opraHgapaa Kyprak jKoHE
JKaHa Macca KaThIHACHIHBIH JKOFapbLIaybIMEH KaTap Kypii. BipHerre 3epTreynep OTTEriHiH 00C paauKaabIHBIH
TY3UIyiH HHAYKIUsUIAy Hemece (epMEHTATHBTI oHE (DEPMEHTTIK eMeC aHTHOKCHIAHTTAPIbl a3alTy apKbUIbI
TOTBIFY CTPECCIHIH KaJMHUH VBITTBUIBIFBIHA KATBICYbl MYMKIH Jen Oomkadapl [6-9]. EkiHIn >kaFbIHaH,
MHAYKIMSUTAHFAaH MyTareHes3al KOMgaHy OHIMIUTI JKOFaphl, camaibl HayOaixaHa, >KaTyFa TO3IMIUTIK,
Moau(puKaIusIanFad ©CIMIIK OMIKTINT MeH Te3iMaimiri 6ap ¢dopMamapasl OHOIpyAe KOFapbl THIMIITIKTI
kepcerTi. JKoHe Oy >KyYMbIC 0i3iH TONTHIH OChl OaFBITTaFbl HOTMXKEJIEPIH KOPBITBIHABLIAY OpeKeTi OoJbIn
TaObLTAIBL.
Heri3ri ce3ep: cenexiys, XUMUSUIBIK MyTareHe3, H30reH Il aIMacThIPbUIFaH Oual JIMHUSIIAPBL.
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AHHOTALUA

MyrarenHoe aelicTBHe (GH3HYCCKHX (DAKTOPOB M XHMHUECKHX BEIIECTB (a3HPHINH HIM JTHICHHMHH,
HUTPO303THJIMOUEBHHA, HUTPO30ITWICHMOYCBHUHA) MPUBOJUT K YBEIHMYCHHUIO CIIEKTpa HACIEICTBEHHON
M3MEHYMBOCTH B CEJIEKIIMOHHBIX IIEJIAX, YTO, OJHAKO, M3YYEHO HE B MOJTHOHW Mepe. DKOJOTHIecKoe M3ydeHHE
JCHCTBUS aHTPOIIOI'CHHBIX (DaKTOPOB, MIPHBOIAIINX K HAPYIICHHIO OIMPEACICHHBIX CBA3eH MEKIYy XHUMHUCCKIUMMU
dJEMEHTaMH W WX COCIUHEHHUSAMH, TIOBBIIICHUIO KOHIEHTPAIMH TSDKEIBIX METAJUIOB B IIOYBE, OOJIerdaeT
M3yYCHHE MYTAareHHBIX M TOKCHYECKHX CBOWMCTB TSDKENBIX METaJUIOB. IIOBBINICHHE YpPOKAWHOCTH TIIICHHIIBI
IIyTeM YIYUIISHHs €€ TEHOTHUIIA SBIISETCS OOHOM M3 aKTyaIbHEHIINX 3a/1a4d CEIbCKOI0 X035IHCTBA U X03s5icTBa. B
HACTOSIIEE BPEMS C HCITOIB30BAHUEM TPAIAITMOHHBIX METOJIOB CEJICKIIMU M T€HETUICCKUX UCCIICIOBAHNN, TaKUX
Kak oOpaTHBIA CKpeIWMBaHUE, OTHAJICHHAs THOPUAM3AINS WM OKCICPUMCEHTAIBHBIM MyTareHe3, TIOBBIIICHA
3¢ (GEKTUBHOCTS IONYYEHUSI TE€HETUYECKH MOAM(MUIMPOBAHHLIX M VIYYIIEHHBIX (opMm mmieHunsl |[1-5].
Tspkenple MeTauTbl ONPEICNIAIOTCS KaK METaUIbl ¢ TUIOTHOCTBIO BhIme 5 r/cM3. M3 90 BcTpewarommxcs B
TIPUPOJIC PIIEMEHTOB, Pa3J/ICJICHHBIX Ha TPH KJIacca IO CTETICHH OMACHOCTH, 53 CUMTAIOTCS TSKEITBIMU METAIIIIaMHU
U JIMIIb HEMHOTHE MMEIOT OMOIOrMYecKoe 3HaueHre. Hakorienre TshKeabIX METajIoB, Takux Kak kaamuii (Cd),
B OKPYXAIOIIEH Cpejie B HACTOSIIIIEE BPEMSI CTAHOBUTCS OCHOBHOW MPUYMHOM 3arpsi3HEHUST OKPYKAIOIIEH Cpebl.
TOKCHYHBIE METAIBI MOTYT WHAKTHBHUPOBATH OCIKH, CIOBHTas KO(MAKTOPHI METAIIOB, OJOKHUPYS AKTHBHBIC
LEHTPHI TN BEBI3BIBAs aJUIOCTEpPHUYECKUEe M3MEHEeHHs . Kpome Toro, MHOTHE W3 HHUX OOJIAJJAf0T CIOCOOHOCTHIO
BBI3BIBATH MYTAar€HHBIC W3MCHCHWS, ONMYXONH W BBI3BIBATH MAKPOCKOMHWYECKHE W3MEHEHUS. MONEeKyISpHBINA
MEXaHU3M TOKCHYHOCTH TSDKENBIX METAIIOB JI0 KOHIA He m3yueH. Cd — HeaCcCeHIHaNbHbIH 3JIeMEHT, HEraTHBHO
BIUSIOMAA HAa POCT W DPA3BUTHE PACTCHHUH, BHIOPACBIBAEMBIH B OKPYXKAIONIYIO CpEay dSJICKTPOCTaHIUSIMU,
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CHUCTEMaMH OTOIUICHHS, METaI000pa0daThIBAIOIIMMH IPOHM3BOACTBAMHM WM TOPOIACKAM TPAHCIIOPTOM,
001a1afomuil BEICOKMM KyMYJISTHBHBIM 3(P(PEKTOM MPH MPAKTHUECKH MOJIHOM OTCYTCTBHM OWomerpamanuu. Y
pacTeHMIA OH BIUACT Ha TaKUE MPOIECCHI, KaK OTKPBITHE YCTHHUII, TPAHCIUPALHS M (POTOCHHTE3, CIIEAOBATENBHO,
XJI0p03, CKpYUYHBAHUE JINCTHEB U 3a/iepKKa POCTa SBIISFOTCS OCHOBHBIMH CUMIITOMaMHM KaIMUWHON TOKCUYHOCTH
y pacTeHHH, CONMPOBOXKIAIONIUMUCS MOOYpPEeHHEM KOPHEH, KpacHO-KOPHYHEBON OKpacKoi JucTheB. OH TaKxke
MOKET YMEHBIIUThH IIOIJIONICHHE HHUTPATOB OT KOpHeH K IoOeraM 3a CYeT HWHIHOMPOBAaHHS AaKTHBHOCTH
HUTpaTpenykTassl B moberax. Heratusnoe npeiictBue CO Ha pocT pacTeHHii CONPOBOXKIAIOCH YBEIMYCHHUEM
OTHOILIEHUS CYXOM MacChl K CBEXKEH BO BCEX OpraHax. B HECKONBKHX HCCIIEOBAHHMAX OBLIO BBICKa3aHO
MPEAIONOKEHHE, YTO OKHUCIUTENLHLIA CTPECC MOXKET OBITH CBSI3aH C TOKCHYHOCTLIO KaJMHMs, JTUOO BEI3LIBAS
obpa3oBaHHe CBOOOJHBIX PaJUKAIOB KHCIOpOAa, JTUOO yMeHbInas (epMEHTATHBHbIE M He(EePMEHTATHBHBIE
aHTHOKCUIAHTHI [6-9]. C apyroii cTOPOHBI, UCIIOIB30BAHUE WHAYIIUPOBAHHOTO MYTareHe3a MmokKasajlo BHICOKYIO
3 (PeKTUBHOCT, TpU TONYYeHHH (OPM C BBICOKOH YpOXKAHHOCTBIO, XJIeOOMEKapHBIMH KadyeCTBaMH,
YCTOMYMBOCTBIO K TOJIEraHWIO0, U3MEHEHHOW BBICOTOM M YCTOMUYMBOCTBIO pacTeHui. M 3Ta cTaThs sBIsSETCA
MOIBITKOH CYMMMPOBAHHUS PE3Y/IbTATOB, BBIOIHESHHEBIX HAIlIEH IPYIIION B ’TOM HalpaBJICHUH.
KutioueBble ciioBa: cenekius, XUMUYECKUI MyTareHes, H30reHHO-3aMeIlEHHbBIE JIMHUU TIIECHUIIBI.

Introduction
To expand the boundaries of obtaining primary material in breeding practice, it is
promising to use mutant lines that differ from the original variety in valuable characteristics

[1].

The purpose of modern plant selection is to adapt the varieties produced for different
agroecotypes to the conditions of the external environment as much as possible, that is, to
maximize the compatibility between a particular genotype and abiotic and biotic factors of the
external environment [2].

For breeding, it is important to produce varieties that are resistant to various stressful
conditions. It is profitable for breeders to produce fast-maturing varieties. Because late-
maturing varieties face a period of drought from the stage of grain formation, and their quality
decreases, and the yield decreases. In addition, spring wheat is late-maturing, and in the
northern regions it is subject to autumn cold [3]. Solving these problems is the main goal of
breeders. To do this, it is necessary to conduct a genetic study of the nature of rapid
maturation of locally adapted varieties. After all, the high quality and grain formation of late-
maturing varieties is reduced. It is impossible for all the valuable features of Agriculture to be
formed in one variety. There is a reverse correlation between some symptoms. For example,
as the yield increases, the quality, compactness and yield of the plant stem, or the increased
resistance and quality of the plant to diseases are affected [4-7].

The development and, in particular, rapid maturation of soft wheat depends on certain
environmental conditions. To study the role of individual genes that form valuable traits in
agriculture, isogenic lineages include the property of rapid maturation, which determines the
adaptation of a suitable plant to a particular environment. It is directly related to productivity
and is characterized by the ability to get out of adverse external conditions /frostbite, drought,
pests, diseases/, as well as fully use favorable conditions. The rapid maturation of soft wheat
is mainly facilitated by the Vrnl-3 system [8-10].

Therefore, it is advisable to comprehensively study the type of development of varieties,
in local conditions, its interphase length in ontogenesis, combined with the yield of the plant
and its resistance to high and low extreme temperatures. Such focused research makes it
possible to produce fast-maturing, that is, soft spring wheat with a short maturation period. In
this regard, conducting a genetic analysis of the types of fast-maturing varieties, studying the
type of development of varieties and lines concentrated in the local selection and gene pool
from different foreign countries, is an urgent problem of selection. Therefore, the purpose of
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our research work is to conduct a genetic analysis of the type of development of mutant lines
obtained from zoned and promising breeding varieties.
Research methods and materials

Mutational, hybridological, cytological and monosomal analyses were used as research
methods. Local soft wheat varieties as Shagala, Lutescens 32, Kazakhstan 3, Mutant lines
from the variety and Monosomal lines of the Kazakhstan 126 variety were used as a material
for conducting the experiment, which is widely used in local selection. The materials obtained
for the study were treated with cadmium heavy metal salt (CdCI2).

Research results and discussions

The influence of the above-mentioned alkyl chemical compounds on grain crops often
leads to morphological variability (Morphosis) and non-formation of chlorophyll grains of the
plant (chlorosis), which have no value for selection [11]. Therefore, it is necessary to look for
a weak concentration of chemical compounds that do not have a toxic effect on the product,
increasing only the limits of plant variability. Despite the interest in the problem of mutations
and the huge amount of work done, the genetic nature and mechanism of variability still
require sufficient study. Morphobiological and cytogenetic assessment of induced variability
in soft wheat varieties under the influence of heavy metal salt [12].

The content of cadmium in the soil and plant was studied by atomic adsorption. During
the period of plant development, especially during maturation, the amount of cadmium did
not exceed the limit of safe concentrations. However, the occurrence of mobile cadmium in
soft wheat varieties of Kazakhstan 3, on light brown soils grafted by Shagala, can be
attributed to the fact that they were treated with metal compounds of grain - seeds and with
different concentrations of cadmium.

To evaluate the effectiveness of mutagens, the mitotic index and data describing
chromosomal disorders are widely used [8; 13-16]. They allow us to assess the degree of
variability that occurs in plants under the influence of chemical and physical factors. The
growth of the first sprout, induced by a certain concentration of cadmium chloride and zinc
chloride (0.01%), cell division activity and structural disorders of chromosomes were studied.
The effect of various solutions of chemical compounds on the plant was observed from the
first days during the growth of wheat sprouts. The growth of the first sprout of seeds treated
with a certain solution of cadmium chloride and zinc chloride - 0.01%, the activity of cell
division and structural disorders of chromosomes were manifested by variability in the
varieties Kazakhstan 3, Shagala, Zhenis and Lutescens 32.

After treating dry wheat grain with a concentration of 0.1% cadmium chloride, it
brought the growth of the Sprout to a lethal state, 0.01% inhibited the growth of the Sprout for
4 days, and in a 0.001% solution, the growth rate of the control grains was the same. On the
contrary, a 0.1% vertical solution of zinc chloride inhibited the growth of the Sprout for 1
week, while 0.01% for three days.

Among the studied concentrations, a 0.01% solution of cadmium chloride inhibited the
growth of sprouts, causing chromosomal aberrations and morphological variability in cell
division. Therefore, a concentration of 0.01% of cadmium salt was obtained as an optimal
concentration to expand the limits of variability in wheat.

Solutions of 0.1% and 0.01% zinc salt did not cause significant changes in cell division
and morphological features, although they inhibited the growth of sprouts. Grains of all
varieties were treated once with a 0.01% solution of cadmium chloride.

To study the activity of meristem cell division in the undergrowth of grain treated with
0.01% solutions of cadmium chloride and zinc chloride of the Kazakhstan 3 Variety,
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cytological analysis of more than 500 cells of the control variety and each variant was carried
out, and the mitotic index was calculated. Among the variants treated with chemical
compounds, the average cell division activity in a 0.01% solution of zinc chloride (4.75 +
0.05) was higher than in a solution treated with cadmium chloride (2.25 = 0.02) (table a-1).
Cell division activity was characterized by low indicators in both variants compared to control
(6.61 £ 0.02) (Table 1).

Table 1 Mitotic activity of the cell in meristem tissue of the Kazakhstan 3 variety,
depending on the concentration of cadmium chloride and zinc chloride

Number Percentage
Variety [Experience| of cells | Pronounced | of mitotic Mitosis stage

viewed mitoses index
Kazakhstan | 523 177 6,61 +0,02 | 102 prophases metaphases anaphase
3 number | % | number | % | number | %

0,19 46 | 0,08 29 | 0,05 523

2.ZnCl, | 654 127 4,75+ 0,05 | 63 0,09 26 | 0,03 38 | 0,05 654
0,01
3.CdCl, | 549 86 2,25+0,02 | 15 0,02 31 | 0,05 40 | 0,07 549
0,01
4.ZnCl; | 589 70 0,54+ 0,03 | 35 0,05 24 | 0,04 11 | 0,01 589
+ CdCl,
0,1
5.CdCl, | -- - - - - - - - -
0,1+
ZnC|2

It has been observed that these chemical compounds have different effects on cell
division, despite the fact that they belong to the same series of salts. Under the influence of
chlorine zinc, the activity of cell division accelerates, and under the influence of chlorine
cadmium, the rate of cell division slows down, that is, it has a harmful effect on the plant. At
the same time, the effect of two combined salts on the plant was observed in different
directions: in the first direction - after the seeds were first treated with a solution of cadmium
chloride in water for 5 hours, washed with distilled water and held for an additional 5 hours in
a solution of zinc chloride. In the second direction, on the contrary, chlorine zinc was first
obtained for processing. The first of the two directions of treatment left the plant without
growth, and the second inhibited the activity of cell division.

The 0.01% concentration of cadmium chloride used in the experiment caused
aberrations in meristem cell division: two-to three-nucleated and non-nucleated cells,
destruction of achromatin filaments in the chromosome, bridges in anaphase, rings.

Under the influence of cadmium chloride, the growing season in the generation of
Kazakhstan 3, M2 Shagala varieties is 15 - 17 days later than the control one.

In the offspring M3 and M4 of the Shagala and Kazakhstan 3 varieties, the duration of
the growing season was delayed by 2-3 days compared to the control variant. Although the
inhibition of growth and maturation of a plant in ontogenesis is constantly transmitted from
generation to generation, it seems that the limits of its manifestation of these properties are
subordinated to the state of the external environment.

Only the growing and maturation periods of the Lutescens 32 variety were the same as
those of the first variety. The period of full maturity of mutant lines began later with the
control varieties.
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As a result of phenological observations of the timing of growth and maturation of
mutant lineages in M2-M4, it was observed that the rate of development of plants matures late
in comparison with the first varieties. Early-maturing mutants included short-stemmed
squerheads, compactoids, mustachioed, rare earwigs without whiskers, and late-maturing (4-8
days) cylindrical and dense earwigs. Thus, under the influence of cadmium salt, the
germination rate of soft wheat grains was slowed down for 1-2 weeks in the offspring of M1 -
M2 compared to the control variants, and in the offspring of M3-M4-for 3-4 days.

The germination and growth of the grain of experimental variants is subordinated to the
specifics of the genotype and the state of the environment. During the experiment, it was
proved that the effect of heavy metal salt affects the growth and development of the plant at
all stages, not just one stage.

For the selection model, it is possible to achieve a high result only by a complex study
of various selection parameters of the genetic nature of quantitative and qualitative
characteristics in order to produce fast-maturing, disease-resistant, productive, high-quality
varieties, and the first valuable material can be sorted for hybridization. Such valuable
varieties and isogenous lines in different gene systems allow us to accumulate the gene pool
of our country's soft wheat [10-12].

Analytical hybridization of plants with the first varieties with altered features from the
varieties Kazakhstan 3 and Shagala was carried out. The difference of the studied features of
the Kazakhstan 3 Variety in modified and simple plants is 1:1, and the difference in the ratio
of 3:1 in the F2 generation proves the monogenic inheritance of mutant features.

As a result of the analytical hybridization of plants of the Shagala variety with a dense
ear and a brownish - ochre color of the leaf blades with the first Variety, the output of normal
and altered plants was 1:1 and divided into a ratio of 3:1 in F2, i.e. the mutant trait is
monogenic, dominant heredity. In contrast, the result of analytic hybridization from stem
binding and ear elongation showed a ratio of 3:1, and divergence in the F2 population showed
a ratio of 15:1 and 13:3 (Table 2).

It follows that the presented features of mutant lines are inherited under the influence of
complex, non-allelic genes (polygenic and epistasis).

As a result of hybridization of a long (16 cm), dense ear (0.80) plant with a prismatic
plant of the control variety (0.50), which changed from the Shagala variety, it was found that
its summer type (from the vrn gene) changed to the autumn type (from the Vrn gene). In the
summer field, the number of plants that remained in the state of tillage was four, and one of
them grew and produced a crop.

Table 2 Differentiation of Altered Traits from Kazakhstan 3 and Shagala varieties in
generations VS1, F2

Signs of The relationship between mutants and common plants
mutant VS1 F2
forms Factual | Theoretical 2 Factual | Theoretical 12
Line L1
Ear length 27:25 1:1 0,06 188:57 3:1 0,40
Ear without a 32:29 1:1 0,04 168:48 3:1 0,89
mustache
Brown 10:13 1:1 0,20 126:32 3:1 1,89
chestnut stem
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Leaf 8:10 1:1 0,20 112:28 31 1,87
hairiness
Line L3
Branching 22:20 1:1 0,90 118:31 31 1,38
stems
Number of 45:13 31 0,20 120:5 15:1 1,14
binding
Sessions
Ear length 45:18 31 0,42 223:51 13:3 0,00
Leaf petiole 19:23 1:1 0,38 97:29 31 0,26
dark brown
color
Dense 33:31 1:1 0,06 85:54 31 1,38
earwax

The offspring of a self - pollinated modified plant proves that the gene responsible for
the rate of development of the Shagala variety is heteroallic-consists of the genotype
VrnlVrnlvrn2vrn2, which is different from the genotype of the Shagala variety, adapted to
both autumn and summer conditions.

Thus, under the influence of cadmium salt, it was determined whether the genotype of
mutant plants of the Kazakhstan 3 Variety and the dominant inheritance of the altered trait
were known as a result of analytical hybridization, and how many genes are inherited by
mutant traits in F2.

In the experimental variant of the Shagala Variety, the difference in offspring F2
corresponds to the ratio of stem binding to 15:1, ear length to 13:3, and ear density to 9:7, and
the property of non-allelic genes of mutant traits of complex Shagala and Kazakhstan 3
varieties M1 (thickening of the stem joint, knee Binding of the stem, grain shape, ear color,
moustache) does not change regardless of the direction of recipient hybridization of the breed.

Experimentally, it is difficult to accurately limit the types of plant development to the
autumn and summer types. Most often, this limit is determined by the length of the growing
season of wheat, depending on the conditions of the environment in which the experiment
takes place. This limit fluctuates depending on weather conditions. Therefore, it is necessary
to use a spring wheat variety from the low-expressiveness Vrn2 gene, which accurately
determines the summer and autumn limits in an experiment and determine the initial period of
germination. The genotype of the spring wheat variety is determined by any dominant Vrn
genes, while the winter varieties are determined by the recessive alleles of all dominant loci
Nl Vrnl V2 V2 Vin3 Vrn3 Vrnd Vrn4 [14].

The next important system is the ppd locus / photoperiod-the different effect of the
photoperiod on the change in the duration of the day/. Vrn genotypes provide diversity in the
rate of development under certain conditions. It was also found that there is a part of the
genetic diversity that is not related to yarovization and photoperiod reactions. It is a system
that determines the difference of a particular genotype in the range of 4 to 10 days according
to the loci of Vrn and ppd, that is, the rate of development characteristic of the genotype.
Recessive loci Vrnl, Vrn2, and Vrn3 from the Vrn system are the last studied genes. They
determine the yarovization reaction, which is characteristic of autumn varieties and differs
from the PPD genes (Table 3).
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Table 3 Growing season of hybridized varieties in selection from the date of growth to
the beginning of maturation

Variety Sowing date | Date of release of the sprout | Date of wheat earing
Kazakhstan 3 15.04 21.04 12.06
Kazakhstan mutant 3 15.04 21.04 10.06
Line 1 15.04 21.04 14.06
Shagala 15.04 21.04 14.06
Line 2 15.04 21.04 21.06
Line 3 15.04 21.04 21.06

A system consisting of one or more dominant alleles according to the Vrn genes
partially or completely inhibits yarovization at lower temperatures. Such genotypes are
characterized by summer varieties, which also differ in the photoperiod system. Genotypes
consisting of two genetic systems /type of development Vrn - photosynthetic ppd/ exhibit
two-sided properties and characterize both autumn and summer types of development. Such a
homozygous geiotype is dominated by Locus Vrn2, which is characterized by recessive genes
from other loci on both systems - VVrnl Vrn2 VVrn3 ppd| ppd2 ppd3 [12].

According to many authors, varieties consisting of the [5,10] Vrn gene do not require
springization, they mature quickly. Kazakhstan varieties 3, Line 1, Line 2 consist of the Vrn
gene, that is, this locus determines precocity, but they were colossed on June 21 [Table 3l],
and the ear varieties showed precocity. Line 2 consists of the Vrn gene, that is, this locus
determines precocity, but they were colossed in 210 [Table 3l], and the ear varieties showed
precocity. Most likely, these varieties contain the ppd gene, which inhibits colossus. The Ppd
locus shows a photo report. This period depends on the length of the day, the gene that affects
the inhibition of growth stages, earing. Does not affect any variety. The effect of the Ppd gene
depends on the specific genotype [4]. As a result of the study, it was found that the varieties
Kazakhstan 3, Kazakhstan mutant 3 consist of the genes Vrn 1, Vrn 3. It was found that the
varieties of Seagull consist of the genes Vrnl, Vrn2. Varieties consisting of Rnl, Rn3 genes
show rapid maturation. However, they differed from each other in the earing period.
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