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CULTURE USE PROBLEMS IN SELECTION
OF ISOLATED MICROSPORES IN GRAIN

Abstract. Production of haploid plants by culture of isolated microspores is a quick way of obtaining
homozygous crop lines. Recessive features of mutant homozygous plants are also possible to determine by this
biotechnology. Contrary from anthers culture, in which the presence of anther walls can lead to the development of
diploid somatic calli and plants, the microspore culture produces only haploid or dihaploid lines. Isolated
microspores culture in addition represents and has a unique identification system for studying the mechanisms of
embryogenesis in in vitro culture. The usage of haploid technology extends the genetic basis of wheat breeding,
since it allows increasing the frequency of new gene combinations. This technology significantly increases the
efficiency of breeding new highly productive varieties of crops. On this basis, it becomes possible to quickly assess
the prospects of dihaploids, which significantly improves the efficiency of the selection process. DH plants are
completely fertile and, if necessary, may be used as parents or processed as a cultivar. DHs have been widely used
for cultivar development, genetic mapping, mutagenesis, and the study of gene functions.

Key words: wheat, double haploid, haploid, microspore.

Introduction. The first haploid plant was obtained for Datura stramonium experimentally by
A.F. Blacksie in 1922. This was the impetus for subsequent researches in the field of haploids [1]. About
50 years ago first reports of double haploids in barley (Clapham, 1973) and rice (Guha-Mukherjee, 1973)
appeared [2]. However, the efficiency was so low then that these procedures could not make a significant
contribution to the development of haploid technology.

Over the past fifteen years, in Kazakhstan there has been a restoration work on biotechnology,
including the culture of cells and plant tissues. First of all, due to the demand for such works as the
development of plant biotechnology, and, above all, the need for breeding practice of crops. It is well-
established that using haploid technology hundreds of varieties of almost all economically significant
crops are created [3]. In some regions of the world dihaploid varieties become dominant. For instance, in
Europe 50% of cultivated barley varieties are obtained using haploid biotechnologies, while in Canada
three out of five wheat varieties with the largest areas are doubled haploid varieties [4].

Obtaining haploid plants in an in vitro culture of male and female generative structures is one of the
sought-after areas of modern biotechnology. Their main advantage is the use in breeding to reduce seven
to eight sexual generations needed to stabilize the hybrid genotype. Additionally, the promise of haploids
is to use the recombination variability of gametes of the first hybrid generations in practical plant
breeding. On this basis, it becomes possible to quickly assess the prospects of dihaploids, which signify-
cantly improves the efficiency of the selection process. Another area of use is considered dihaploids rapid
stabilization of the hybrid material, which previously passed breeding selection. In this case, the dihaploid
line can be a direct precursor to a variety of self-pollinating crops. Obtaining haploids from hybrids of
older generations some researchers consider the most preferred way of breeding [1].

Technologies have been developed for the production of haploids in economically significant species
- wheat, barley, triticale, rice, rape [5,6].
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The production of haploid plants through the culture of isolated microspores is a very important tool
for accelerating plant breeding [7,8]. Haploid plants derived from microspores provide the fastest way to
produce homozygous and homogeneous lines of important crops. This technology therefore allows the
selection of recessive mutant lines in the haploid microspore explants for their study in homozygous
plants. The culture of isolated microspores is an excellent system for studying the mechanisms of
microspore induction and embryogenesis, providing a platform for an ever-expanding range of molecular
studies [9].

Nowadays the culture of isolated microspores is the most reliable and effective method for producing
doubled haploids. Contrary from anthers culture, in which the presence of anther walls can lead to the
development of diploid somatic calli and plants, the microspore culture produces only haploid or
dihaploid lines. Nevertheless, there are no universal and established protocols that would allow using this
method for large-scale production of doubled wheat haploids. Development of a protocol of isolated
microspore culture to produce doubled haploid Kazakh wheat is based on elaborating procedures of anther
stress pretreatment, microspore isolation and purification, induction of division and regeneration of
haploid and dihaploid plants for Kazakh wheat. According to literature data, in order to “force” micro-
spores to divide and subsequently obtain haploid and dihaploid plants, it is necessary to create certain
conditions for their cultivation. Firstly, it was shown that microspores should be in the stage of late
mononuclear or early binuclear development. Secondly, to induce the division of microspores and the
further formation of colonies and nucleating structures that are able to regenerate into plants, cultures
must be stressed. Precisely from the influence of extreme stressful conditions, such as cold processing of
anthers, "starvation", thermal shock, that it is possible to change the genetic program of microspores as
germ cells and "turn" them into somatic cells that can divide and produce fertile haploid / homozygous
plants [9,10,11].

A very important point is the doubling of chromosomes in microspores. It is proved, using the
example of barley, that up to 70% of microspores can, during cultivation, spontaneously double the num-
ber of chromosomes. For wheat, the percentage of spontaneous doubling of chromosomes is lower
[12,13].

The processes that occur during the cultivation of microspores. Microspore or pollen embryo-
genesis is one of the most striking examples of plant cell totipotency [14]. The first reports of the induc-
tion of sporophytic development of microspores appeared in the second half of the 20th century [2].
Successful induction of microspore embryogenesis has been established in more than 250 plant species
[15]. Nevertheless, there are still limiting factors that hinder the widespread use of haploid biotechno-
logies. The main ones are genotypic dependence and low frequency of plant regeneration. For many types
of cereals, the most important problem of haploproduction in anther culture in vitro remains a high
proportion of albino regenerants [1,4,13]. Given problem hinders the development of effective protocols
for the production of haploid plants and doubled haploids, which reduce the time and cost of creating
varieties compared to traditional breeding. Universal technologies for producing haploid plants in an in
vitro culture of anthers (microspores) for different species do not exist, but their main stages remain
unchanged. They include: growing and selecting donor plants, pretreatment of inflorescences or anthers
with various stress factors, isolating anthers (microspores) and their cultivation in vitro, inducing
embryogenesis, plant regeneration, doubling the number of chromosomes of plant regenerants. Numerous
endogenous and exogenous factors influence the responsiveness of anthers in in vitro cultivation: con-
ditions for growing donor plants, genotype, methods and duration of pretreatment of inflorescences or
anthers, anther development stage, nutrient composition [4, 14, 15, 16]. The discovery that stress is the
main signal responsible for changing the genetic program for the development of microspores and their
transition to a sporophytic way of development made it possible to unite the induction model of micro-
spore embryogenesis and optimize many technologies for producing haploid plants [17].

Gametic embryogenesis is an embryoid that has formed from a male or female gametophyte cell.
When male gametes are involved, the process is called “androgenesis”, while “gynogenesis” describes the
process when female gametes are used [4]. Double haploid production technologies give possibilities to
create homozygotes from heterozygous plants. The development of effective haploid protocols is of great
importance for breeding; their use reduces the time and cost of creating new varieties. The culture of
isolated microspores is used more widely in comparison with other methods for producing haploid plants.
Switching cultured in vitro microspores from the gametophytic to the sporophytic developmental pathway
32
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is usually induced by various stresses applied to donor plants, inflorescences, isolated anthers, or micro-
spores in both in vivo and in vitro conditions. Physical and chemical pretreatments (cold and heat shock,
colchicine) act as triggers that induce a sporophytic pathway of development, and prevent gametophyte
development of microspores. The accumulated literature data suggests that cold shock actually acts as an
anti-stress factor mitigating the effect of real stress caused by starvation of anthers or microspores isolated
from plants. Under the influence of stress, the microspore transforms into a depolarized and dedifferen-
tiated cell, which is a prerequisite for reprogramming its development into an embryoid [18].

Induction of embryogenesis under stress. The term stress was proposed by Canadian physiologist
Hans Selye in 1936 to describe the body's response to any strong adverse effect.

According to F. Bonet with co-authors (1998), microspore embryogenesis is an important adaptive
mechanism of plants, which is found only in certain conditions as a result of stressful effects.

The switching of microspores from the gametophytic to the sporophytic developmental pathway is
induced by various stresses used in vivo and in vitro [4, 19]. Regardless of the applied stress, the forma-
tion of embryogenic microspores is accompanied by the following general occasions:

1) an increase in the volume of microspores;

2) passing through DNA replication with a delay in the cell cycle;

3) autophagy of the cytoplasm;

4) the transformation of the cytoskeleton, leading to the movement of the nucleus from the peripheral
to the central position;

5) the formation of a new cell wall;

6) chromatin compaction;

7) changes in gene expression [20].

Changes in gene expression can be summarized in three fundamental groups: cell responsiveness to
stress; gametophyte suppression and expression of sporophytic development [21].

Thereby, stresses not only irreversibly block the gametophytic program for the development of
microspores, but also switch their development to the sporophytic pathway. The discovery that stress
serves as a general signal for the embryogenic development of microspores has allowed the development
of a universal model for the induction of microspore embryogenesis, which includes three main stages:

- irreversible blocking of the gametophytic developmental programs in usage of stressful effects. This
is a necessary, but not the only condition for the subsequent development of embryoids;

- formation of a population of embryogenic microspores due to changes at the molecular level;

- implementation of a sporophytic development program on a nutrient medium containing carbo-
hydrates (sucrose) [18].

Applied stress on donor plants. For receiving embryogenic callus, stressful effects on donor plants
in vivo are possible, while the exposure time can be different: short-term (for one stage of plant deve-
lopment) or long. To a large extent it depends on the impact factor, as well as on the type of plant. A local
in vitro effect on the anther or inflorescence, on an isolated sporophytic complex is also used [20].

Widely used stresses include temperature shock, carbohydrate starvation, and colchicine exposure.
The most widespread in experiments on the production of haploids in various species was the treatment of
donor plants with low positive temperatures (2—4°C) for 2—7 days, and sometimes 3-4 weeks [6, 16].
"Cold processing" has become a routine haploproduction procedure in many laboratories around the
world. Exposure to lower positive temperatures was used to create haploids of barley, wheat, rice, triti-
cale, rapeseed, clementine. Shoots, inflorescences, and isolated anthers that are introduced into the culture
are maintained at low temperatures [4, 19, 20]. The frequency of embryoid formation increases
significantly. Cold stress is often used in combination with osmotic stress or starvation (carbohydrate or
nitrogen) [22]. However, the effect of temperature on cultured anthers or microspores is not always
unambiguous. For example, in Greece, in experiments with wheat varieties Acheloos and Vergina and
their hybrids, was shown that cold pretreatments are not necessary for haploproduction in anther culture.
The main role is played by the genotype of the donor plant and the temperature of the anther cultivation.
The initiation of sporophytic development of microspores without stress was achieved in the culture of
anthers of barley and wheat. These experiments indicate that isolation of inflorescences and anthers from
a donor plant, as well as in vitro cultivation conditions, can act by themselves as stresses that, without the
use of any other stresses, can reprogram the further development of microspores in vitro [23].
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According to Sv. Zoriniants et al. with co-authorship (2005), cold shock does not act as stress, but as
“anti-stress”. Cold pretreatment acts as a hardening factor and induces a whole complex of cytological
and physiological changes that activate the cellular defense system against other stresses. After exposure
to temperature, various proteins involved in the competence of microspores, responsiveness to stress, and
the induction of microspore embryogenesis were found in the triticale anther culture [18,19].

Heat shock or high temperature stress is also used in vitro. Elevated cultivation temperatures of
wheat anthers (up to 32-34°C for four days) increase the productivity of microspore embryogenesis.
Short-term exposure to high temperature stress is the most effective method of inducing microspore
embryogenesis in species of the genus Brassica L. [8]. The positive role of using elevated temperatures
has also been established in combination with other stress factors, such as starvation [22]. Heat shock
causes a different spectrum of changes in the cell, in particular the induction of heat shock protein
synthesis (HSPs), especially HSP70, which block the pollen differentiation program. According to the
temperature differences between the growth conditions of donor plants in vivo and in vitro culturing
conditions, the "more stringent" the HSP signal is. At temperatures below 25°C, HSPs do not form -
temperatures are too low to show response to stress. Thus, the synthesis of HSPs can serve as a molecular
marker of the reaction of microspores to stress and their ability to initiate androgenesis in vitro [18].

Duplicating haploid chromosome set. One of the ways of duplicating the chromosome set in
haploid regenerants is to use colchicine. Colchicine is applied widely in anther and isolated microspore
culture of barley, wheat, corn, triticale, and rapeseed [1, 11, 16, 24]. Adding colchicine to induction
medium for wheat anther culture in 0.02 and 0.04% concentrations during first several hours of cultivation
leads to asymmetric cell division due to the suppression of microtube formation and consequent increase
in the number of symmetrically dividing microspores [18]. In corn anther culture, the most successful
microspore embryogenesis induction was achieved in co-exposure to low positive temperatures (on donor
material) and colchicine in a combination with TIBA used as growth regulator. In a study done by
Tadesse, he immersed haploid plants for 4 h in a solution containing 0.2% colchicine with DMSO and few
drops of Tween-20 at room temperature. After that, he washed them overnight under running tap water
and replanted in pots with a mixture of soil, sand, peat and moss in 2:1:1 ratio [25,26].

Various ways of wheat chromosome doubling in vitro were proposed. First way is to add colchicine
directly to the induction medium for anther culture in a concentration of 0.2 g/l (500 MM). After 72 h the
anthers were transferred to a colchicine-free medium. As a result, 70% of them were doubled haploids. In
1994, Ouyang with colleagues cultivated calli for regeneration in colchicine-containing medium and that
resulted in yield of 54% doubled haploids (17% in control group). However, it was proven that toxicity of
high colchicine concentrations decreased the number of embryoids derived from microspore culture. In
addition, early chromosome doubling may lead to a possible increase in the frequency of aneuploidy in in
vitro wheat haploids with duplicated chromosomes [27,28].

The effect of colchicine exposure on embryoid green plant formation depends on genotype [29].
Colchicine binds a- and B-heterodimers of tubulin, thereby inhibiting their further binding to microtubes,
which leads to the depolymerization and movement of the nucleus from periphery to the center of the
microspore. Reorganization of the cytoskeleton leads to a loss of asymmetry of the microspore and blocks
gametophytic development. A connection between microtubes and cyclin-dependent kinases (Cdc2)
involved in changes in cell cycle phase was also demonstrated. Cdc2 protein accumulation levels depend
on cell proliferation activity. It is assumed that colchicine inhibition of spindle fiber formation may affect
Cdc2 protein biosynthesis in microspores and switch to embryogenic pathway [19].

Haploid regeneration from embryoids and further chromosome duplication leads to a production of
doubled haploids or DH-lines. Due to their origin, DHs are 100% homozygous, i.e. their genetic fixation
may be achieved directly in F1 generation. Thus, DH production technology allows to shorten the
propagation cycle (from one hybridization to the next) by several years [1].

Advantages of haploidy in cereal breeding. Using methods of doubled haploidy is the most
effective way to accelerate the breeding process and obtain new homozygous forms. DH methods are
based on cultivating plant reproductive tissues in order to obtain haploid plants. Using haploid techno-
logies widens genetic diversity in wheat breeding, as long as it allows increasing the frequency of genetic
combinations. This technology allows to rapidly produce homozygous lines in isolated anther and
microspore culture in short period of time, which significantly reduces the amount of time required for
creating new highly productive cultivars when used in breeding programs. However, many issues of
34
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experimental haploidy are still relevant, thus limiting the practical use of doubled haploids in breeding
programs and their regulation in different stages of the breeding process.

DH generates homozygous lines by doubling chromosomes of haploid plants, derived from egg-cells
or sperms. There is a variety of reviews on DH technology in plants, which were improved and modified
[3,15,16,22].

The main purposes in crop breeding are high harvest and quality with resistance to biotic and abiotic
stresses. Crop growing programs are often based on pure lines. Traditional breeding requires
6-8 generations after crossing for getting the pure lines. From the beginning of the crossing and until the
receiving of pure lines it takes 11-13 years (figure).

- -
100% 50% 12.5% 6.25% 2.12% 1.56% 0.78%
heterozygosity heterozygosity heterozygosity heterozygosity heterozygosity heterozygosity heterozygosity heterozygosity

2.50% 875% 887.5% 893.75% & 96.88% &98.44% 899.22%
homozygosity homozygosity homozygosity homozygesity homozygesity hemozygosity homozygosity

DH technology only needs two generations to obtain pure lines

|' Parent1

e (=2 DH \
X (REL— DH plants !

[ Parent2 100% 100%

h Tygosity homozygosity
Comparison between conventional breeding and DH technology [30]

In figure you can see the advantage of DH technology in plant breeding. The advantage of DH
technology in comparison with conventional reproduction methods is that DH achieves complete homo-
zygosity in one generation. It allows significantly reducing the production time of pure lines. Complete
homozygosity provides more precise phenotyping and gives an opportunity to precisely bind gene features
in genetic mapping and studies on gene functions. They also can be used as target for studying cell
biology and genetic engineering. DH technology was successfully worked out and improved many crops
in which barley and rapeseed are the most responsive, and cotton and many types of legumes are much
less responsive [30]. Genotype dependence, high proportion of albinism, high frequency of clones in the
result of androgenesis and instability of genome, such as aneuploidy due to somaclonal variation are the
main factors affecting to the efficiency of DH production [22].

DH lines are completely homozygous and contain two identical chromosome/gene set. They are ideal
for evaluating quantitative trait (QT) X medium (M) interactions, whereas complete homozygosity allows
better estimating of average features and allows a more accurate selection by location and year. The
expected ratio in genotype segregation is 1:1 independent if a marker is dominant or co-dominant [26].
DH plants are completely fertile and, if necessary, may be used as parents or processed as a cultivar. DHs
have been widely used for cultivar development, genetic mapping, mutagenesis, and the study of gene
functions. However, distorted segregation coefficients may be observed, which reduces the accuracy of
genetic maps. It can be caused by several reason:

1) genetic factors due to gametic or zygotic selection for pollen tube contention, preferential fertili-
zation, chromosome translocation, etc.;

2) the dependence of DH on the genotype, that is, different reactions of cross-parents to the DH
method;

3) somaclonal variations that spring up during the production of DH, leading to the production of
aneuploids;

4) a high frequency of clones through androgenesis.

Long time ago it was proved that haploids are invaluable material for basic genetic research. It also
can be used for quick generation of combinations of 4-fold, 5-fold, 6-fold or higher orders of multiple




Uszeecmus Hayuonanvuoti Akademuu nayk Pecnybnuku Kaszaxcman

mutants, obtaining homozygous maternal gametophytic lethal mutants and identifying cases of gene
conversion during meiosis [18].

The first successful results of biotechnological production of doubled haploids were encouraging and
offered great prospect of using cultivated crops in breeding. It was noted that the main advantage of
dihaploid lines is the possibility of obtaining a homozygous line on their basis in just one generation,
whereas in traditional selection several generations of inbreeding are carried out for these purposes.
Therefore, the use of dihaploid lines in breeding practice can increase the efficiency and reliability of
selection [1].

Conclusion. The method for obtaining haploid and dihaploid lines is associated with significant
theoretical and methodological difficulties. Most successfully, the anther cultivation technique is used
especially for cereals. This technology became the main one in obtaining the majority of dihaploid lines in
Kazakhstan.

The production of haploid plants through the culture of isolated microspores provides the fastest way
to produce homozygous and homogeneous lines of important crops. The culture of isolated microspores
today is the most reliable and effective method for producing doubled haploids. In contrast to anther
culture, in which the presence of anther walls can lead to the development of diploid somatic calli and
plants, a microspore culture produces only haploid or dihaploid lines. At the same time, there are no
universal and established protocols that would allow using this method for large-scale production of
doubled wheat haploids.

I'. A. UckakoBa, /1. Bailicanaposa, /I. PaiisiM0ek, K. K. ’Kambakun
OciMIiKTep OHOIOTHSCHI )KOHEe OMOTEXHOJIOTHSI HHCTUTYThI, AnMatsl, Kasakcran

JOHII JAKBIJIJAP CEJJEKIIUACBIHJA OKIINAYJIAHFAH
MHUKPOCIIOPAJIAP KYJIBTYPACBIH KOJIIAHY ABIH ITPOBJIEMAJIAPBI

AHHOTAIMsI. AybUIIIAPYAIIBUIBIFGI YIIIH MAaHBI3Ibl TOMO3UTOTAIIbI JIMHUSIIAP/IBI AITYABIH XKbUIIAM dICTEPiHiH
0ipi — OKIIaylaHFaH MHUKpOCIopajap KyJbTypachl apKbUIbI TaryIoMATHl ecimuikTepai amy. COHbIMEH Karap Oy
OMOTEXHOJIOTHSI MYTAaHTTBl TOMO3HUTOTAJIBI ©CIMIIKTEPAET] PElecCHBTIK OeNriyiepal aHbIKTayFa MYMKIHIIK Oepeni.
OkaynanraH TO3aH KyJbTYpachblHA KaparaHaa, MHKPOCIOpA KyJbTYPachblH NakpUinay Ke3iHIe, TeK TaruIOMATHI
JKOHE JMTaIUIONITHI JIMHKsUIAp miblFaasl. OKIayJaHFaH MHKPOCIIOpanap KyJIbTypackl — in Vitro KyJbTypachIHIAFbI
SMOpHOTeHe3 MEXaHU3MIEPiH 3epTTEYIiH TaMalla Kyieci. [ alulonaTel TeXHOMOTUSHBI KOJIJaHy OWgail CeNeKITus-
CBIHBIH TeHETHKAJIBIK HETi31H KEHEWTII, )KaHa MeHIK KOMOWHALMSUIApAbIH JKUUIICH apTThIpyFa MYMKIHAIK Oepe[i.
byn TexHonorus aypuUlapyaliblIblK AaKbULIAPBIHBIH KOFAphl OHIMAI JXKaHa COPTTApbIH Ocipyleri TUIMALTIKTI
apTTHIPAJBL.

Bapnblk ecimMuikTepre KeJeTiH in Vitro araalblHIa OKIIAyJaHFaH MUKpOCHOpaiap (To3aHaap) KyJIbTypachl
apKbUIBI TAIUIOMITHI OCIMIIKTEPAl adyAblH YHHBEPCAIIb TEXHOJIOTHSIIAPHI JKOK, OipaK OJIapIbIH HETI3ri caThLIaphl
e3repicci3 Kanmaapl. Onap: JOHOPJBIK OCIMAIKTEPl 6Cipy JKOHE ipiKTey, dpTYpi cTpecc GakTopiaapsl apKbUIbI I'yJl-
IIOFBIP MEH TO3aHJap/bl aliblH ajla eHJey, TO3aHJap MEH MHKpOCHOpanapbl Ol ay >KoHE oylapipl in Vitro
JKaFIaibIHIa ecipy, SMOpPHOTeHe3 HHAYKIHSCHI, ©CIMIIKTEP/IiH pereHepalusichl, 6CIMIIK-pereHepaHTTapAbIH XPOMO-
cOMaJIapblH €Ki ecere apTThipy. KemnTereH SHIOreHIIK oHE 3K30TeHIIK (hakTopiap TO3aHAap MEH MHKpACIo-
panmapmslH in vitro-ma ecyine ocep eremi. Omap: DOHOPIBIK OCIMIIKTEpAl ©Cipy KaFmaiimapsl, TEHOTHUII, TYJIIIO-
FRIPIIAPIBI HEMECE TO3aHIApAbl ANIBIH-alla OHICYIIH oiCTepi MEH YaKbIThI, TO3aHHBIH JaMy Ke3eHi, KOPEeKTiK opTa
Kypambl. Typiep MEH TEHOTHIKE TOYeJAUTK, aTbOMHM3MHIH JKOFaphl Yieci, aHAporeHe3re OailIaHBICTHI KIIOH-
JapIblH SKOFaphl JKHININ JKOHE COMAKIOHAJABI e3repynepre OaiIaHBICTBl AHEYIUIOMAWS CHSAKTBI T€HOMHBIH
TYpaKChI3AbIFel — aurarutons (II7) eHaipiciHiH THIMAITIITIHE 9Cep €TETiH HeTi3ri (akTopiap.

OMOPHOTeHIIK KaJUTyCThI aly YIIiH JOHOPJBIK O6CIMIIKTEPre in vivo sKaFJaibIHIa CTPECCTIK CUIIATTa dcep €Tyl
MYMKIiH, aJI 9Cep €Ty YaKbIThl 9pTYpJIi Ooaabl: KbIcKa Mep3imii (eCiMIIKTEp AaMybIHBIH Oip Ke3eHIH/Ie) HeMece y3aK
Mmep3imzai. byt kebinece acep ety (akTopbiHa, coHaii-aKk eciMaik TypiHe OaitnanbicThl. COHBIMEH KaTap To3aHaapra
HeMece TYJIILOFBIPFa J1a JIOKAIBI in Vitro acep eTyi MyMKiH. [ 'amionaTsl TeXHOIOTHsIa KeHIHeH TapajfaH CTPECTIK
acep ety aaicrepiHiH 0ipi — TeMeHri Temneparypamed (2-4 °C) 2-7 kyHne#, keiine 3-4 anranait enuey. Ocel apicTiH
KeMeriMeH apra, Oujai, Kypill, TPUTHUKAJIE, pallC, KJIEMEHTUH XJHE T.0. KONTEreH oCIMIIKTep/AeH TraruiouaTTap
AIBIHIBI. OCKIHIEPi, T'YIIIOFBIPIIAp/ABI KIHE OKIIAyJIaHFaH TO3aHAApAbl TOMEHIT TeMIepaTypaia eHICY apKbUIbl
AMOPHOUATAPIBIH ©CY JKUUTr enoayip apraapl. TeMeHri TemmepaTypaga eHISYMEH Koca, JKbUTy TeMIlepaTypaMeH
(Tept xyH immiage 32-34 °C-ka neitin) eHIey e MUKPOCIIOpa SIMOpHUOTeHe31 OHIMILTITIHIH apTybIHA OKeIeIi.
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lNannmonaTel pereHepaHTTarbl XpOMOCOMAJIAPABIH TaIIONITH JKUBIHTBIFBIH €Ki ece KoOeHTy YIUiH KOIXHUIMH
Konmaubutansl. On apra, Oumaid, *Kyrepi, TpUTHKajie, panc *oHe T.0. OKIIayJaHFaH MHKPOCIIOpa MEH TO3aHIap
JaKblJIbIHIA KeHiHeH KoJIZaHblIaabI.

Cenexnusaga 6acTbl MakcaTTapiblH Oipl — aJbIHFaH OHIMHIH OMOTHKAJIBIK YXOHE aOMOTHKAIBIK CTEpCTepre
TO3IM/Ii )KOHE CallaChIHBIH JKOFapbl OOIybl. AybUIIapyallbUIBIK JAKbUIIAPbIH ecipy OaraapiaManapbl kebiHece Tasa
JIMHUSUIApFa HeTi3enreH. Al Oyl Tasa JIMHUSUIApAbl 3CTYPIIl CEJIEKIMs apKbUIbl allaThiH 00JICaK, OylaHaacThIpyiaH
KeliH 6-8 yprakTel KaxeT ereni. SlrHu OynaHpacTelpynaH Oacrar, Ta3a JMHUSUIAPABI ally YIIH €H KeMiHJe
11-13 kbt kaxxeT. ConapIKTaH JII” TEXHOJIOTHACHIHBIH 0AacKa I9CTYPIIi 9iCTEpiHEH HETI3T1 apTHIKIIBIIBIFEI MbIHA/IA:
AT 6ip yprakTa TOJBIK TOMO3HUTOTAIBIKKA KOJ KeTKi3eai. ByJT Ta3a MHHUS amy yaKbITHIH e0yip KbICKapTaabl. TOBIK
TOMO3UTOTAJBIK (PCHOTHIITI HEFYPIBIM 0] aHBIKTAyFa *OHE TeH/IK KapTa MEH TeH (PYHKISICHIH 3epTTeyae TeHIIK
Oenrinepai mom OaifmaHBICTEIpyFa MYMKIHAIK Oepemi. COHBIMEH KaTap OJapAbl JKacylla OHMONOTHSCHIHAA KOHE
TeHJIIK MHXEHEPHs 3epTTey KYMBICTaphIHIa HbICaH peTiHie e KosmaHambl. J{I' TeXHOMOTHSCH KONTEereH DaKbLI-
Japabl xkakcapTTel. OnapablH imiHge apna MeH panc ecimuikrepaeH JI' any oHaiibipak Oosca, an Makra MeH Oyp-
IaK JaKbUIAApBIHBIH KenTereH Typiiepi ami ne JAI' TexHomorusaa KenTereH KUbIHABIKTAp TYFbI3aabl. AsbiHFaH [
OCIMJIIKTEpI TOJIBIFBIMEH ypIiaK Oepe ajiaJbl j)koHe KaKeT OOJIFaH jKarjai/a ojap/bl aTa-aHa peTiHAe Nalaaianyra
HEMece achULIAHIBIPY OaraapiiaMachiHbIH 06Jiri peTiHae KoJiAaHyFa Oojambl. AJIBIHFAH TUTAILUIOH] ©CIMIIKTEPiH
allyaH TYPJIUIIKTI JaMBITy, TeHETHKANBIK KapTa jacay, MyTareHe3 yoHe TeH (DyHKUUsUIapbIH 3epTTey YIIIH KeHiHeH
KOJIZTaHa/IbI.

Tyiiin ce3nep: Ounaii, exi ecesleHreH raruIon I, Taliona, MUKPOCIIOpa.

I'. A. UckakoBa, /1. Baiicanaposa, /I. PaiisiM0ek, K. 7K. ’Kambakun
WucTtuTyT 6MONTOTHMU M OMOTEXHOJIOTHH pacTeHni, Anmatel, Kazaxcran

IMPOBJIEMBI UCITOJIb30BAHUSA KYJbTYPbhI U30JIMPOBAHHBIX
MHUKPOCIIOP B CEJIEKIIMH 3EPHOBBIX

AnHoTtanusi. [Ipou3BOACTBO TaIUIOWAHBIX PACTEHUI IMOCPEACTBOM KYJBTYPHl H30JMPOBAHHBIX MHUKPOCIIOP
SBIISIETCSI OBICTPBIM CIIOCOOOM MOJIyYSHHS TOMO3MIOTHBIX JIMHUH CEIbCKOXO3SHCTBEHHBIX KYNBTYp. JOTa Onortex-
HOJIOTHS TIO3BOJISIET TAK)KE ONPEEIISATh PELECCUBHBIE ITPU3HAKKM Y MYTaHTHBIX TOMO3HIOTHBIX pacTeHHi. B oTmiune
OT KyJIBTYPBI ITBUIEHUKOB, B KOTOPBIX NPUCYTCTBHE CTEHOK IBUIBHUKOB MOYKET IPHBECTH K PA3BUTHIO JUILUIOUIHBIX
COMAaTHYECKHX KaJUTyCOB M PAaCTEHHUIl, KyJIbTypa MUKPOCIIOP NPOU3BOAUT TOJBKO TaIUIOWIHBIC WM AUTAILIOMJHBIC
nuHuK. KynbTypa M30JMPOBaHHBIX MHKPOCIIOP SIBISICTCS, KPOME TOTO, M OTIMYHOW CHCTEMOHM Uil M3y4YeHUS
MEXaHM3MOB 3MOpHOreHe3a B KylbType in vitro. lVcrmoip3oBaHMe TalIOMJHOW TEXHOJOTHH DPAcLIMpseT I'€HETH-
YECKyl0 OCHOBY CEJICKIIMH MIICHHUIIBI, OCKOJIBKY OHA II03BOJIET YBEJIMYUTh YacTOTY HOBBIX KOMOMHAIUI T'eHOB.
OTa TEXHOJOrMs 3HAYMTEIBHO IIOBBINIAET 3(P(EKTHBHOCTH BHIBEACHUS HOBBIX BBICOKOIPOAYKTUBHBIX COPTOB
CEJNbCKOXO035UCTBEHHBIX KYJIBTYDP.

YHHBEpCAIbHBIX TEXHOJIOTHH IOJNYYeHHs TallJIONIHBIX PAcTeHWH B KyJIbType in Vitro HM30JIMPOBAaHHBIX
MHKpOCHOp (IBUIBHUKOB) IJIsl Pa3HbIX BUJOB HE CYIIECTBYET, OJIHAKO OCHOBHBIE UX ATANbl OCTAIOTCS HEN3MEHHBIMHU.
OHHM BKIJIIOYAIOT: BHIpalMBaHUE M OTOOP JOHOPHBIX PACTEHHH, MPeaoOpadOTKy COLBETHH MM NBUIBHUKOB Pa3iHd-
HBIMH CTPECCOBBIMH (DaKTOpaMH, BbIJEJICHHE MUKPOCTIOP (IIBUIBHUKOB) M MX KYJIFTUBHPOBAHUE B YCIOBHSX in Vitro,
MHIYLMPOBaHHE SMOpHOreHe3a, pereHepalnio PacTeHNi, YABOCHHE YHClIa XPOMOCOM pacTeHHUl pereHepanToB. Ha
OT3BIBYMBOCTH IIBUIBHUKOB M MUKPOCIOP NPH KYJIFTHBHUPOBAHUH in Vitro BIHMSIOT MHOTOYHC-ICHHBIE SHIOTCHHbIE U
9K30TC¢HHBIE (DAKTOPBI: YCIOBHS BBIPAIIUBAHHS JOHOPHBIX PACTEHUH, T€HOTHII, CIIOCOOBI U MPOIOIKUTEIEHOCTh
npenoOpadoTOK COLBETHH WM NMBUIBHUKOB, CTaJHs Pa3BUTHS IBUIBHUKA, COCTaB MHUTATENBHBIX cpell. OCHOBHBIMU
Gbakropamu, BIUAIOIUMU Ha 3(dexTHBHOCTS npou3BoicTBa JII', ABIAIOTCSA 3aBUCMMOCTH OT BHIOB M T€HOTHIIOB,
BBICOKAsl IOJIS aJIb,OMHN3MA, BBICOKAs YacTOTa KIOHOB B pe3yJibTaTe aHAPOreHe3a U HeCTaOWIIBHOCTh TeHOMa, TaKas
KaK aHeYTUIOMJHS U3-3a COMaKJIOHAIBHBIX BapHaIHH.

Jnst nonmyyeHns: SJMOPHOTEHHOTO Kajulyca BO3MOXKHBI CTPECCOBBIE BO3JECHCTBHSI Ha JIOHOPHBIE PAaCTEHUs in
VIVO, IIPU 3TOM BpEMsI BO3JICHCTBHS MOXKET OBITh Pa3iMYHBIM: KPaTKOBPEMEHHBIM (Ha OIMH STall Pa3BUTHS pac-
TEHMs1) WIM JUIMTENBHBIM. B 3HauMTENFHON CTENEHM 3TO 3aBUCHUT OT (haKkTOpa BO3/EHCTBHS, a TaKkXkKe OT BHJIA
pacrenusi. [IpumenseTcs n JToKajbHOE BO3AEHCTBHUE in Vitro Ha NMBUIBHUK WM COL[BETHE, HA M30JIMPOBAHHBIH CIIOPO-
¢utHBIH KoMIUTekc. HanbGorbiee pacripocTpaHeHne B OIBITaxX MO ITPOM3BOACTBY T'AIUIOMIOB y PA3INYHBIX BHJIOB
moy4mia oopaboTka JOHOPHBIX PACTCHUH MOHIKECHHBIME TOJOXHUTEINBHEIMA TeMiiepaTypamu (2—4 °C) B TeueHHe
2-7 nHe#, a mHorHa U 3—4 Hemenb. «X0J0a0Bas 00pabOTKa» CTANO0 PYTHHHOW MPOLEAYPOH TalUIONpPOIyKIIMHA BO
MHOTHX JlabopaTopusx Mupa. BosznelicTBie MOHMKEHHBIMH IOJOKHTEIBHBIME TEMIIEpaTypaMu MPHMEHSUIOCH VIS
CO37aHMs TaIUIONJOB SUMEHS, MIICHUIBI, PUca, TPUTHKANE, parica, KIeMEHTHHA ¥ T.X. IIpH NOHMKEHHBIX TeMIle-
paTypax BBIAEPKUBAIOTCS HOOETH, COLBETHS M W30JIMPOBAHHBIC NBUIBHHKH, BBEICHHBIE B KynbTypy. YacroTa
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(hopmMupoBaHUs 3MOPHOHJIOB CYLIECTBEHHO MOBBIIIAETCA. XOJIOJOBOH CTpecC 4acTO MPUMEHSIOT B KOMOMHAILUH C
OCMOTHYECKHM CTPECCOM HIIH TOJI0JaHueM (YTJIEBOJHBIM MM a30THBIM). Mcronb3yeTcs: Takke TENIOBON LIOK MU
BBICOKOTEMIIEpPATypHBIH cTpece in vitro. [ToBbIlIeHHBIE TeMIIepaTyphl KyJIbTHBUPOBAHUS ITbLUIb-HUKOB HIIEHUIIBI (0
32-34 °C B TeueHHUEe YETHIPEX JHEH) IPUBOAAT K BO3PACTAHHUIO MPOJIYKTUBHOCTH MUKPO-CIIOPOBOTO SMOpHOTreHe3a.

st Toro, 4ToOBl YJBOUTH T'aIUIOMIHBIA HA0OP XPOMOCOM Y TAIUIOUJHBIX PETEHEPAHTOB, HCIIOJIB3YETCS KOIXH-
nuH. OH MHMPOKO NPUMEHSETCS B KyJIbType MBIILHUKOB U U30JIMPOBAHHBIX MUKPOCHOP SUMEHS, MIIEHUIBL, KYKypY-
3bl, TPUTHUKAJIE, parca U T.A.

Bricokuii ypoxaii M KauecTBO ¢ yCTOWYNBOCTBIO K OMOTHYECKUM M a0MOTHYECKUM CTPEccaM SIBIISIIOTCS OCHOB-
HBIMH LIESIMH B CENEKIMU KyIbTyp. IIporpaMMel BeIpaIuBaHUs CEIbCKOXO3SIMCTBEHHBIX KYJIBTYP YaCTO OCHOBAHBI
Ha YHUCTHIX JUHUAX. [l MOIMydeHWs YWCTHIX JMHUHA TpaJUIMOHHAs celeKkunus TpedyeT 6-8 MoKoJieHWi mocie
ckpemuBanne. OT Hayajna CKpEMIMBaHUS 0 TOXYIeHUS YUCTHIX TUHUNA yxomuT 11-13 ner. [Ipenmymecto JAI'-Tex-
HOJIOTUM TI0 CPABHEHHMIO C OOBIYHBIMH METOJAMM Pa3MHOXEHHUS COCTOMT B TOM, 4T0 /JII' mocTuraer moIHOH
TOMO3UTOTHOCTH B OJHOM MOKOJICHHH. OJTO MO3BOJSET 3HAYUTENBHO COKPATUTH BPEMs NPOHM3BOACTBA UHMCTHIX
nuHUH. [oIHAas rOMO3UTOTHOCTH MO3BOJISIET Oosee TOUHOE (DEHOTHITMPOBAHKE U MO3BOJIIET TOYHO CBSA3aTh IIPHU3HA-
KM I'€Ha B UCCJICJOBAaHUAX TCHETUYCCKOT'O KapTUPOBAHUA U (byHKIJ,I/ll/I retoB. Taxkxe oHU MOryT 6])1T]) HCIIOJIb30BAaHbI
B KayeCTBE MUILCHEH I U3yUeHHsI KJIICTOYHON OMOJOrMH W TeHHOW uHkeHepuu. JII'-TexHOomorus Oblia YCIEIIHO
pa3pa60TaHa U yJIydllinjia MHOI'M€ KYJbTYPbI, B KOTOPBIX AYMEHb U parc ABJIAKOTCA OJHUMHU U3 Hau6onee OT3bIBUH-
BBIX, @ XJIONIOK ¥ MHOTHE BH/IbI O00OBBIX SIBJISIOTCS HEMOKOPHBIMU. Pactennst [II” MOTHOCTBIO IUIOIOPOAHBI H, TIPH
HEOOXOANMOCTH, MOTYT OBITH HCIIOJIb30BaHbl B KAUECTBE POJIMTENEH I BBITYIIEHBI B KayeCTBE COPTa B paMKax
CENeKIIMOHHBIX TnporpaMM. [IIT IIMPOKO HCIOIB30BAINCH UIS Pa3BUTHA COPTA, T€HETHUYECKOTO KapTHPOBAaHUS,
MyTareHesa 1 U3y4eHust (yHKIUH T'€HOB.
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