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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.
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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 varicties with the largest arcas are doubled haploid varieties [4].

Obtaining haploid plants in an in vifro 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 spontancous 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 vifro 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 vifro, inducing
embryogenesis, plant regeneration, doubling the number of chromosomes of plant regenerants. Numerous
endogenous and exogenous factors influence the responsiveness of anthers in in vifro 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
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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
arc 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 com 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 iz 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).

Conventional breeding requires 6-8 generations to obtain purelines
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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 ancuploidy 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
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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, Hckarosa, [, Baiicamaposa, /. Paiinim0exk, K. K. Kambaxun
OciMaikTep OHOTIOTHACHI XKOHE OMOTCXHOIOTH HHCTUTYTHL, AnmMarel, Kazakcran

TIOHI TAKBLIIAP CETEKIUSICHIHAA OKIIAYJIAHFAH
MHKPOCHOPAJIAP KYJIBTYPACHIH KOJIIAHY ABIH IIPOBJIEMAJIAPHI

AHHOTAIHS. AyBUIIAPYANIBIIBEFG! YIIIH MAHBI3ABI TOMO3HTOTAIBI JIMHISIAPABI AJTy IbIH KBUIAAM dTICTCPiHIH
Oipl — OKIayJIaHFAaH MHKPOCIIOPANAP KYJbTYpPachl apKbUIbI TamIoWATH ecimaikrepai amxy. COHbIMEH Karap Oy
OMOTEXHONIOTHS MyTAaHTTHI TOMO3ZHTOTAJBI 6CIMIIKTEPACTI PEICCCHBTIK OCNTiepal aHBIKTAyFa MYMKIHIIK Oeperi.
OxmmaynasraH TO3aH KyJIbTYpPachlHa KaparaH[a, MHKPOCIIOPA KyIbTYPACHIH JAKBLIAAY KE3IHAE, TEK TaIlIOMATHI
JKOHE TUTAIUIOMATHI JTHHISIAP mbraabl. OKMayIaHFaH MHKPOCHIOPANIAP KyJIbTYPACchl — in VItro KyJIbTypPachIHAAFBI
AMOPHOTCHE3 MCXAHH3MACPIH 3CPTTCYIIH TaMAIma Kyieci. [ amIonaTel TSXHOIOTHIHBI KOIIAHy Onmal ceneKuus-
CBIHBIH TCHETHKAJBIK HET131H KEHEWTIIN, ’KaHA TeHAIK KOMOWHALMSUIAPABIH JKULTITIH apTTBIPYFa MYMKIHAIK Oeperi.
Byn TexHONOTHA aybUINIAPYamIbUIBIK JAKBUTIAPBIHBIH >KOFAPHI OHIMIL >KaHA COPTTApPBIH 6CIPyJeri THIMIITIKTL
apTTHIPATIBL

Bapmsik ecimaikTepre KeJeTiH in Vitro >karmalblHIA OKMIAYJIAHFAH MHKPOCHOpanap (TO3aHAAp) KYyJIbTYPAch
ApKbLIBI TAIUTOMATHI 6CIMIIKTEPAL ANy AbIH YHHBEPCAIAbI TEXHOIOTHIAPHI YKOK, OIpaK OJapIbIH HETi3Ti CaThLIaphl
e3repicciz Kaxaapl. Omap: JOHOPIBIK 6CIMIIKTEPIl 6Cipy »KoHE IpIKTey, opTypil cTpece (hakTopiaphl apKbLIbI I'y-
IIOFBIP MCH TO3AHAAPABI ANIBIH ajla 6HACY, TO3AHIAP MCH MHUKPOCIIOPATApPAbI O6Jim amy >KOHE ONApAbI in Vvitro
JKaFIalbIHAA 6cipy, SMOPHOTCHE3 HHAY KIHSICHI, 6CIMIIKTEPAIH PETCHEPAIMACHL, 6CIMIIK-PETCHEPAHTTAPABIH XPOMO-
COMAaJIApBIH €Ki ecere aprThIpy. KenTereH 3HIOTCHIIK OHE SK30TeHIIK (PakTopiap TO3aHZAP MEH MHKpACIO-
pamapabiH in vitro-ga ecyine ocep eremi. Omap: ZOHOPIBIK OCIMIIKTCPAl 6Cipy KaFmaliapel, TCHOTHI, TYIIIIO-
FRIPIAPIBI HEMCCE TORAHAAPABI ANABIH-aTIA OHACY TiH 9TICTCPl MCH YAKBITHL, TO3AHHBIH JAMY KC3CHi, KOPSKTIK opTa
Kypambl. Typiacp MCH TCHOTHIKS TOYCIALMK, aTbOWHH3MHIH JKOFApBl YJICCI, aHAPOTCHE3re OAMIaHBICTHI KJIOH-
JAPABIH SKOFAPBl JKHIMITI XKOHE COMAKIOHANABI ©3Tepyliepre OAaHTaHBICTBI AHCYIUIOMIMSA CHSAKTHI TCHOMHBIH
TYPaKChI3AbIF — auramrons (JI7) eHaipiciHiH THIMALTITIHS 9CEP CTCTIH HETi3T1 (hakTopap.

OMOPHOTEHIIK KAJLTYyCThI Ay YIIiH JOHOPJBIK 6CIMAIKTEPIE N Vivo *KaFJaHbIHAA CTPECCTIK CHITATTA 3CEP €Tyl
MYMKIH, aJI 3CEep €TY YaKbIThI 9PTYPIi 00Iadbl: KbICKAa Mep3imMl (eCIMAIKTEP AaMybIHBIH Oip KE3EHIH/E) HEMECE Y3aK
mep3imai. by kebinece acep ery (pakropsiHa, cOHTal-aK eciMaik TypiHe OattmaHsICThI. COHBIMCH KaTap TO3aHIApFa
HCMECE TYJIIOFBIPFA A JOKAJIIH in Vitro ocep eTyi MyMKiH. [animonaTsl TCXHOIOTHAAA KCHIHCH TapaiFaH CTPECTIK
acep ety amicTepiniH Oipi — TeMeHTI TemmeparypameH (2-4 °C) 2-7 xyHacH, kehiae 3-4 anramait eHaey. OCHI 9IICTiH
KOMCTIMCH apma, Oumal, Kypill, TPUTHKAJIC, PAmnc, KICMCHTHH JKOHC T.0. KONTCTCH OCIMOIKTCPACH TAILIOWATTAP
aNbIHABL. OCKIHAEPAl, TYIIOFBIPIAPABI )KOHE OKIIAYJAHFAH TO3AHAAPIBI TOMECHT1 TEMIIEPATYpata eHACY ApKbLIbI
SMOPHOMATAPABIH 6CY JKHAIITL easyip apraxel. TeMmeHri TeMmeparypasa eHIACYMEH KOCa, KbUIY TEMIIEPATypPaMeH
(Tept kyH imiHzme 32-34 °C-Kka aeifin) eHICY ¢ MHKPOCIIOPA IMOPHOTEHE31 OHIMIIMITIHIH APTYBIHA OKEJE.
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lammonaTsl PereHePaHTTAFbl XPOMOCOMAJIAPABIH TAIJIOWATHL YKUBIHTBIFBIH CKi ece KOOCHTY YIIH KOJIXHIHH
Koamaubniagel. On apma, OWmaif, »Kyrepi, TPHTHKANC, parc »OHE T.0. OKIMIAYIAHFAH MHKPOCIOPAa MCH TO3aHIAP
JAKBUIBIHAA KCHIHCH KOJIIAHBLIAIbL.

Cenexumsaga 0acThl MakcarTapAblH Oipl — AJBIHFAH OHIMHIH OHOTHKAJBIK JKOHC AOHOTHKANBIK CTCPCTCPre
TO31MI1 >KOHE CaTIACBIHBIH >KOFaphI O0MyBI. AybUIIapyanibUIBIK JAKBLTIAPBIH 6cipy OarmapiaManapsl KeOiHece Taza
THHISIAPFA HETi3ACTCH. A OyJ1 Ta3a THHUAIAPABI ASCTYPII CCICKIIUA aPKBLTH ATaThIH 00JICaK, Oy TaHAACTHIPYAAH
KeliiH 6-8 ypmakTel KakeT erexl. SlfHM OyJaHiacTelpyJaH Oacram, Ta3a IHHHSUIAPABI aly YIOIH €H KEMIiHZC
11-13 xo1n kaxer. CorapikTad [l TCXHOMOTHACHIHBIH 0ACKA JOCTYPIIi 9XICTEPIHCH HETI3Ti APTHIKIIBLIBIFEI MBIHAIA:
AT 6ip ypmakTa TOIBIK TOMO3HTOTABIKKA KOJI KCTKi3exl. By Tasa MHHUSA any YaKbITBIH €10y ip KBICKAPTaIbl. TOBIK
TOMOBUTOTANBIK (DCHOTHIITI HEFYPIBIM JI3J1 AHBIKTAYFA JKOHE TCHIK KapTa MEH I'eH (PYHKUIMACHIH 3ePTTEYAC T'CHIIK
Ocirimepai mon GaitmaHbICTRIpyFa MyMKIHAIK Oepemi. COHBIMEGH KaTap OJApAbl >Kacymia OMOJIOTHACHIHAA YKOHC
TCHIIK HHKCHEPHS 3EPTTEY JKYMBICTAPBIHAA HBICAH PETiHAC O¢ KommaHadpl. [ TeXHOIOTHACH KONTETCH JAKbLI-
Japasl skakcapTTel. OmapasiH imiHae apna MeH panc ecimaikrepacH Al any oHa#beIpak 0oica, ax MakTa MCH Oyp-
[IAK JAKBUTTAPBIHBIH KONTeTeH Typuiepi o ae [T TeXHOTOTHAAA KONTETCH KHBIHABIKTAP TYFbI3aabl. AmbsmHFaH 1
OCIMIIKTEP]I TOJNBIFBIMCH YPIIAK Ocpe ajazpl sKOHE KAKET OOJFAH >KarJaiaa OJapasl aTa-aHa PeTiHAC MaHnanaHyra
HCMCCC ACHUTAAHABIPY OarAapIaMachIHBIH O6Iiri peTiHae KoJgaHyfa Oonmaabl. ANTBIHFAH JUTAIUIONT 6CIMIIKTCPiH
alyaH TYPJLTIKTI JAMBITY, TCHETHKAJbBIK KapTa ’acay, MyTarcHe3 OHE T'eH (PYHKIMAIAPBIH 3€PTTEY YIUIH KCHIHCH
KOJIAAHAIBI.

Tyiiin ce3aep: Onaail, €Ki €CEICHICH raIUION I, TAIUION I, MAKPOCIIOPA.

I'. A. Uckakora, JI. Baiicanaposa, /I, Paiinimoex, K. K. ZKambaxun
WucTnTyT OMONMOTHY M OMOTEXHOIOTHH pacTeHui, Ammarel, Kazaxcran

MPOBJEMBI HCTTOJBb30BAHUA KYJbTYPbI H30JIMPOBAHHBIX
MHUKPOCIIOP B CEJEKIIUH 3EPHOBBIX

AnHotamus. [Ipon3BOACTBO TAIDIOMIHBIX PACTCHHI IMOCPEIACTBOM KYJIBTYPBI H30JMPOBAHHBIX MHKPOCIIOP
SABJICTCS OBICTPBIM CHOCOOOM MOJYYCHHS TOMO3SHTOTHBIX JTHHHH CCIIBCKOXO3IHCTBCHHBIX KyJBTYP. JTa OHOTEX-
HOJIOTHS TI03BOJIIET TAKXKE OIMPEIC/ITh PELICCCUBHBIC MTPU3HAKH Y MyTAHTHBIX TOMO3HIOTHBIX pacTeHu. B oTmiame
OT KYJIbTYPHI IBLIBHAKOB, B KOTOPBIX MPUCYTCTBHE CTCHOK MBUTBHUKOB MOKCT MPHBECTH K PA3BHTHIO TUILIOHTHBIX
COMATHYECKUX KAJLTyCOB M PACTCHHH, KyJbTYPa MHKPOCIIOP IPOM3BOINUT TOJHKO TAIUIOWIHBIC WM JAHUTAIUIOWIHbIC
muann. KyabsTypa W30IMPOBAHHBIX MHKPOCHOP SIBIBIETCS, KPOME TOTO, W OTJIHYHOH CHCTEMOM IS H3YUCHHS
MCXAHHU3MOB 3MOPHOTCHE3a B KyJIbTYpe in vitro. MCHoap30BaHAC TAIUIOMTHOH TCXHOJOTHH PACIIHPICT TCHCTH-
YECKYI0 OCHOBY CCJICKIMH INIICHHUIBI, MOCKOJIbKY OHA MO3BOJUIET YBEIMYHTh YACTOTY HOBBIX KOMOWHAIMI TE€HOB.
3Ta TEXHOJNOTHS 3HAYMTCJILHO ITOBBINACT 3(P(PECKTUBHOCTH BBHIBEICHHSA HOBBIX BBICOKONPOAYKTHUBHBIX COPTOB
CEIBbCKOXO3ANUCTBEHHBIX Ky JIBTYD.

VYHUBEpCANBHBIX TEXHOJOTHH TOJYYCHHUS TAIUIOWIHBIX PACTCHHH B KyJIbTYpEe in VItro H30JHMPOBAHHBIX
MHKPOCTIOP (IIBUTHHUKOB) A PA3HBIX BHIOB HE CYIIECTBYET, OHAKO OCHOBHBIC HX ITAIBI OCTAIOTCA HCH3MEHHBIMH.
OHM BKIIIOYAOT: BHIPAIMBAHKIE M OTOOP JOHOPHBIX PACTCHHUH, MPEA0OPAOOTKY COLBETHH HIHM MBUIBHHKOB PA3IIH4-
HBIMH CTPECCOBBIME (PAKTOPAMH, BBIJCICHHE MHKPOCTIOP (TTBLIbHUKOB) U MX KYJIbTHBHPOBAHKE B YCIOBHIAX in Vitro,
HHIyOIHPOBAHHE 3MOPHOTEHE3d, PETCHEPALINIO PACTCHHH, YIBOCHHE YHCIa XPOMOCOM PACTCHHH pereHepaHTos. Ha
OT3BIBYMBOCTD MBLUTFHHKOB H MHKPOCIOP MPH KyIFTHBHPOBAHHH il Vitr0 BIMAFOT MHOTOYHC-JICHHBIC HAOTCHHBIC H
9K30TCHHBIC (DAKTOPHI. YCIOBHS BBIPAIMBAHHS JOHOPHBIX PACTCHHI, TCHOTHIL, CHOCOOBI M IIPOJOJKHUTCIHHOCTD
mpeaoOpadOTOK COUBETHH WM MBLTHHHKOB, CTAMMS PA3BHTHS IBUIBHUKA, COCTAB MHUTATENBHBIX Cpel. OCHOBHBIMHU
(pakropamu, BrmsmomuME Ha 3(dekTuBHOCTS Mpom3BoacTBa [, ABISIFOTCS 3aBUCHMOCTD OT BHAOB W T€HOTHIIOB,
BBICOKAS OIS AMbOMHM3MA, BHICOKAS YAaCTOTA KJIOHOB B PE3YJIbTATE aHAPOTCHE3a H HECTAOMIBHOCTh TEHOMA, TAKAS
KaK aHEYIIJIOMIMS M3-32 COMAKJIOHAIBHBIX BAPHALIHH.

Jnst monydyeHus1 3MOPHOTECHHOTO KAaJIyCca BO3MOXKHBI CTPECCOBBIC BO3JCHCTBHS HA JOHOPHBIE PACTCHMSA in
VIVO, TIPH 3TOM BPEMS BO3ACHCTBHS MOKET OBITh PA3IHMUHBIM. KPATKOBPEMECHHBIM (HA OJWH 3TAll PAa3BHTHS pac-
TCHUS) WIH JUIATCIGHBIM. B 3HAYMTCTBPHOH CTCNCHH 3TO 3aBHUCHT OT (DaKTOpa BO3ACHCTBHSA, a TAkKe OT BHAA
pacrenms. [IpuMeHsIeTCS H JTOKATbHOE BO3ACHCTBHE iN Vitro HA MBUTBHUK HJIM COLBETHE, HA M30IMPOBAHHBIN CIIOPO-
(urHBIN KOMIUIEKC. Hanbompinee pacnpocTpaHSHUE B ONBITAX IO MPOM3BOJCTBY TAIUIOWAOB Y PA3IHYHBIX BHIOB
TMOTyYHiIa 00padoTKA JOHOPHBIX PACTCHHH MOHIKCHHBIMH MOJOKHUTSTBHEIME TeMmepatypamu (2—4 °C) B TeucHme
2-7 mHEH, a wHOTHA W 3—4 Hememb. «XomoaoBad o0paboTka» CTaN0 PYTHHHOH MPOUCAYPOH TAILIOMPOIYKIHH BO
MHOTHX JTA00paTopusx Mupa. BoznelicTeie MOHM>KEHHBIMHU ITOJIOKHUTCIBHBIME TEMIICPATY PAMH PUMEHSIOCH 1L
CO3JAHMS TAIUTOWAOB SUMCHS, IIICHWUIBI, PHUCA, TPUTHKAJC, Parica, KICMEHTHHA U T.J. [IpH MOHMKEHHBIX TEMIIC-
parypax BBIACPKHBAFOTCS TOOCTH, COUBETHS W H30JIMPOBAHHBIC IBUIBHHUKH, BBEICHHBIC B KyJbTYpy. Hacrora
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(hopMHupPOBAHKA SMOPHOUIOB CYMICCTBCHHO MOBBIMACTCA. XOJOAOBOH CTPECC YACTO MPHUMCHAIOT B KOMOHWHALIHH C
OCMOTHYECKUM CTPECCOM WM TOJ0JAHUEM (YIICBOIHBIM WM A30THBIM). MICHOMB3yETC TakKe TEIUIOBOM MOK WIH
BBICOKOTEMIICPATYPHBIH CTpecc in vitro. [ToBBIMEHHBIE TEMIIEPATY PhI KYIbTHBHPOBAHUS MBLIb-HUKOB IIIICHUIBI (10
32-34 °C B TCUCHHC YCTHIPEX THCH) MPHBOAAT K BO3PACTAHHIO MPOIYKTHBHOCTH MHKPO-CIIOPOBOTO 3MOPHOTCHE3A.

Jst Toro, 4T00BI YABOUTH TAIUIOWAHBIH HA0OP XPOMOCOM Y TaIIONIHBIX PETCHEPAHTOB, HCIIOJIb3YETCS KOJIXH-
uH. OH IMHPOKO MPHMEHACTCS B KyJIBTY PE IMBUIBHUKOB U H30JIMPOBAHHBIX MHKPOCIIOP SIMMCEHSI, IICHHUIBL, KYKYPY-
3BI, TPUTHKAJIE, PATICa U T 1.

Boricokuit yposkal U Ka4eCTBO C YCTOMUIMBOCTHIO K OMOTHUECKUM U A0HOTHUICCKHM CTPECCAM SIBJLIFOTCS OCHOB-
HBIMH LCTIAMH B CCIICKIIUU KYJIBTYP. HpOFpaMMBI BbIPAITUBAHU A CCIBCKOXO3IHCTBCHHBIX KyJbTyp IaCTO OCHOBAHBI
HA YUCTHIX JUHHUAX. J19 TONMYyYCHHSA YHCTHIX JMHUH TPATUIHOHHAA CCICKIMSA TPEOyeT 6-8 MOKONCHHH MOCTe
ckpenmBanue. OT HaYanaa CKPEIIUBAHMS 0 ITOJIYyUCHUS YUCTHIX TuHUH yxoaut 11-13 nmer. [Ipenmymectso JI-Tex-
HOJOTHMHA IO CPABHCHHIO C OOBIMHBIMH MCTOOAMH PA3MHOKCHHA COCTOUT B TOM, HYTO Z[l" JOCTHTACT MOJIHOH
TOMO3HI'OTHOCTH B OJHOM ITOKOJICHHH. OT0 MO3BOJSCT 3HAYHTCIHLHO COKPATUTh BPEMA NMPOU3BOACTBA THCTBIX
muHAA. [ToTHAS TOMOBHTOTHOCTD MO3BOJLIET O0sice TOUHOE (DCHOTHITMPOBAHUE U MO3BOJIICT TOYHO CBS3AaTh IPH3HA-
KH TCHA B UCCIICAOBAHWAX TCHCTHICCKOTO KAPTUPOBAHUA H (I)YHKI.[I/II/I TC¢HOB. Taroke OHH MOTYT OBITH UCIIOJIL30BAHBI
B KQUCCTBC MHUIICHCH T U3YUCHHUS KICTOYHOH OHONOTHH W TCHHOH WHKCHepHuu. /[ -TeXHOMOTHA OBLTA YCHCITHO
pa3pa60TaHa U yIyYlIHId MHOTHC KYJBTYPbI, B KOTOPBIX AUYMCHb U PAIC ABJLIFOTCA OJHUMH W3 HanOO0JICC OT3hIBYH-
BBIX, 4 XJIOIIOK H MHOTHC BHIbI 000O0BBIX SBISIOTCS HCTIOKOPHBIMH. Pacrenusa Z[F TMOJHOCTBIO TNIOAOPOAHBI U, IIPH
H606X0£[I/IMOCTI/I, MOTYT OBITh HCIIOJIB30BAHBI B KAYCCTBE pOI[HTGJ'IGfI WM BBITYINCHBI B KAYCCTBE COPTA B PAMKAX
CEJCKIHOHHBIX mporpamMM. JII' MHMPOKO HCTMONB30BANHCH AJIA PA3BUTHA COPTA, TCHETHYECKOTO KAPTHPOBAHMA,
MyTarcHe3a M u3ydcHus Oy HKIUH T€HOB.

Kro1eBbie ¢/10Ba: MIOICHANA, Y IBOCHHBIH TAaIUIONA, TAIUIONI, MAKPOCTIOPA.
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