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UCTIONB30BaH copT kapTodens Hepckuit. HayuHo-uccrienoBarenbckue SKCIIEPUMEHTHI TPOBOIUIINCH B
TOO "Kokierayckoe OMNBITHO-MPOU3BOACTBEHHOE X03iUCTBO". [loNeBBIe OMBITHI MO KOHTPOIIO U
y4eTy TMPOBOJWINCH B COOTBETCTBUU C METOJUKOMN MCCIICOBAHUS PACTCHUN KapTodens U MeTo UKo
MOJICBOTO  3KclepuMeHTa. [lomydeHHble JaHHBIE TOABEPTINCH MaTreMaTH4eckoil o0paboTke ¢
WCIIOJIb30BaHMEM METOJMKH ToJeBoro skcnepumeHTa b.A. JlocmexoBa. Macca kaptodens B
KOHTPOJIEHOM BapHaHTE COTJIACHO YYeTHbIM paboram coctaBuin 817 r ¢ mmomamu 0,072 ra.
B Bapmante, o6paboTaHHOM perymaropoM pocta "3epedpa Arpo", cocraBuia 1320 r, a perymsitopom
pocra" Arpoctumynua " - 850 1. Camblii BBICOKM TMOKazaTenb HAOMIOAAlcs B BapHaHTe,
obpabdoranHoM mpemaparoMm "Humika" - 1390 r. B BapuanTax, B KOTOPBIX HCITOIB30BANICS PETYISTOD
pocta "ArpocTuMynuH", HaONIOMATNCh XOPOIIME MOKa3aTeld IO KOJMYECTBY CTeOled M macce
cTebrneil, Macca TOBapHOTO KIIyOHS cocTaBwia B cpemHeM 67,5 r. YpoxaitHocts 11,6 1/ra. Ilpm
WCTIONB30BaHNK peryisaTopa pocta "Humika " ypoxaitHOCTs KapTodenst B CpemHEM COCTaBIsLIa
19,0 1/ra, yTo Ha 69,6% BEIIIe KOHTPOJBHOTO BapuaHTa. ToBapHOCTH Mmoka3ana 79%. Haubompuryro
YpOKalHOCTh MOKa3alli BapuaHTHI, oOpaboTaHHble perymaropamu pocta Humika — 19 1/ra, "3ebpa
arpo" - 18 1/ra u Dupaiisen — 16,2 1/ra.

UDC 631.961.6, 635.032/.034 DOI 10.52578/2305-9397-2024-3-2-91-97
IRSTI 68.35.57:

Salybekova N.N., PhD, associate professor, the main author, https://orcid.org/0000-0002-3750-1023
Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkestan city, avenue
B.Sattarkhanov 29, 161200, Kazakhstan, nurdana.salybekova@ayu.edu.kz

Yusupov B.Y., candidate of biological sciences, https://orcid.org/0000-0001-7114-0391

Caravansaray Tourist Complex, Turkestan city, avenue B.Sattarkhanov 17, 161200, Kazakhstan,
b.yussupov@mail.ru

Alpamyssova G.B., candidate of agricultural sciences, https://orcid.org/0000-0002-1533-0366

South Kazakhstan University named after M. Auezov, X13F808, Tauke Khan Avenue 5, Shymkent,
Republic of Kazakhstan, xap68@mail.ru

Nagiyeva A. G., PhD, https://orcid.org/0000-0001-5381-8541

NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khany», Uralsk,
st. Zhangir khan 51, 090009, Kazakhstan, nagievaliya@mail.ru

Serzhanova A.E., senior teacher, https://orcid.org/0000-0002-8769-509X

Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkestan city, avenue
B.Sattarkhanov 29, 161200, Kazakhstan, aikerim.serzhanova@ayu.edu.kz

Babayeva G.A,, senior teacher, https://orcid.org/ 0000-0001-7763-7120

Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkestan city, avenue
B.Sattarkhanov 29, 161200, Kazakhstan, gulmira.babayeva@ayu.edu.kz

BIOTECHNOLOGICAL FEATURES OF MICROCLONAL REPRODUCTION OF TULIPA
L. SPECIES

ANNOTATION

The research work is devoted to the problem of conservation of rare and endangered species of
Tulipa L. using the tissue cultivation method. Tulips are bulbous geophytes with high decorative value
all over the world. Anthropogenic impact on this species has led to a decrease in the population of
wild tulips. The paper presents the results of a study of the effect of the hormonal composition of the
nutrient medium on the morphogenesis of Tulipa L. explants in vitro. During the period of
introduction into sterile culture, single-soil nodular segments of adult plants were used as the primary
explant, internodes and leaves of one-month explants were used during the period of
micropropagation. The study suggests the optimization of sterilization plant materials, nutrient media
and adaptation of newly restored plants using bulbs and seeds of selected taxa.

In a modified Murashige-Skuga nutrient medium, micro leaves and internodes of shoots formed
from calluses were grown in the dark. The study used cuttings of bulbs of an adult plant. The
disinfection method was carried out using a complex chemical treatment. The effectiveness of
sterilization, consisting of fungicidal, bactericidal processes, was determined by the viability of
explants after sterilization. It is noteworthy that ethanol treatment, starting with a simple soap wash,
significantly increased the viability of explants. In addition, the study examines the results of in vitro
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cultivation, in which the level of viability after cultivation was observed, as well as the development of
morphological indicators of germination.

Key words: types of tulips, bulbs, phenophase, culture medium, clonal microprogation.

Introduction. There are 36 species of Tulipa L in Kazakhstan, 20 of which are listed in the Red
Book. The vast majority of more than 60% of the endemic species of the tulip genus have a limited
range. Tulips (Tulipa L.) have significant decorative and aesthetic value all over the world [1].
Currently, the number of species of the genus is unknown due to difficulties in the taxonomy of the
genus, confusion in classifications, high rates of interspecific hybridization and polymorphism [2]. In
Kazakhstan, many species of Tulipa L are listed in the Red Book. For example, among the rare and
endangered tulips: Greig's Tulip (Tulipa greigii Regel), Kaufman's tulip (Tulipa Kaufmanniana
Regel), Albert's Tulip (Tulipa albertii Regel), Borshchov's Tulip (Tulipa borszczowii Regel), False-
flowered tulip (Tulipa dasystemonoides Vved.), Korolkov's Tulip (Tulipa korolkowii Regel),
Lehmann's Tulip (Tulipa lenmanniana Mercl.), the Erect tulip (Tulipa orthopoda Vved.) are listed in
the Red Book. The species Tulipa L. is an economically valuable cultivated plant due to its high
decorative indicators. In recent years, the habitats have been declining as a result of excessive plowing
of natural meadows, cattle breeding and ruthless pulling of flowers by local residents [3, 4].

The method of tissue cultivation is used to solve the problem of preserving the number of rare
species of Tulipa L. [5]. The microclonal reproduction of the species has not yet been sufficiently
studied [6, 7]. The culture of cell tissues of Tulipa L. species is of great interest to researchers, since it
allows reproducing unique species, hybrid genotypes, selecting valuable mutant forms and preserving
rare species in collections [8, 9]. In the field of microclonalization, research is intensively developing
in the direction of microclonal reproduction of Tulipa biebersteiniana Schult &Schult fil.,
T. gesneriana L. and Tulipa kaufmanniana Regel, whereas data on tissue culture of other Tulipa L.
species few.

There is also no data in the literature on tissue culture of Tulipa orthopoda Vved. and Tulipa
bifloriformis. In this regard, we were faced with the task of developing a method of microclonal
reproduction of these two species and studying their morphogenetic features in vitro.

Material and methods. The objects of the study were Tulipa orthopoda Vved species. and
Tulipa bifloriformis. Single nodular segments of adult plants were used as the primary explant at the
stage of introduction into sterile culture. In the micro-reproduction itself, nodal segments, internodes
and leaves of monthly micro-plants obtained in a non-hormonal environment were used.

The basis of the Murasi-Skuga nutrient medium was made up of vitamins and trace elements,
phytohormones added in accordance with the methodology [10, 11, 12]. Of the phytohormones,
cytokinins (6 BAP (6-benzylaminopurine), (isoprene-2-yl) adenine, zeatin, tidiazuron (TDZ), kinetin)
and auxins (2,4-dichlorophenoxyacetic acid (2,4-D), IBC (indolbutylic acid). To prevent the
development of microflora, antibiotics were added to the nutrient medium: cefotaxime, carbenicillin,
gentamicin. A modified WPM medium without organic additives was used as a control. The pH of the
medium is adjusted to 5.6-5.8 before sterilization. Autoclave treatment for 20 minutes at 1.1 atm. The
material was grown at a temperature of 25 + 1C, with a photoperiod of 16 hours and illumination of 2-
3 thousand lux. The number of repetitions in each variant was 30. Statistical processing was carried
out using the Microsoft Excel program [13-16].

Research results and their discussion. In our work, we investigated various stages of
microclonal reproduction of Tulipa bifloriformis and Tulipa orthopoda Vved species. The entire
period of micropropagation can be divided into 3 stages. The first stage is the explantation of primary
plant tissue. At this stage, a plant with high viability, free from infection, and actively reproducing is
obtained. At the second stage, micro-propagation itself is carried out, that is, an increase in the number
of organogenic structures in the explant, induction of processes from them and rooting of propagated
shoots in a nutrient medium. This stage is characterized by the use of heterogeneous compounds of
various hormones and other biologically active substances, various explants in large quantities, as well
as the use of various growing conditions. The third stage is the planting of micro-plants from sterile
conditions into the soil.

Tissue culture of Tulipa orthopoda Vved. The initial material was obtained from one vegetative
bud of the parent plant Tulipa orthopoda. It is known that field material is characterized by a high
level of microflora infection, which makes it difficult to obtain sterile material. To reduce the degree
of contamination, part of the plant is dug out in early spring and planted in a laboratory on specially
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prepared soil. At the initial stage of flowering, cuttings are cut, sterilized, cut into single bud segments
of shoots and planted in a nutrient medium of MS with the addition of 6BAP at a concentration of 2.0-
5.0 mg/ 1. It should be noted that growing the mother plant in the laboratory made it possible to obtain
a sterile culture with almost no problems, and all the planted buds turned into sprouts. If, in subsequent
transitions, a bacterial infection occurred in the form of a cloudy white areola in the nutrient medium
at the base of the explants, we immediately applied the following methods: sterilization with
antiseptics, periodic cultivation of micro-plants in a nutrient medium supplemented with antibiotics.

To study the process of morphogenesis in vitro, segments of single-soil shoots, shoot tips and
interarticular spaces were used as an explant, which were isolated from monthly microclonal plants
grown in a non-hormonal environment under sterile conditions (table 1).

Table 1 — Optimization sterilizing agents and their concentrations

Sterilizing agents Concentration Time
Soapy water - 30 min
Fungicide "Luna" 10% 3 hours
Calcium 11 % 30 min
Hypochlorite is a solution of hydrogen 0
peroxide 3% 3 sec
Alcohol 90% 3 sec
Sterilizing agents Concentration time

The preparation of the plant material for sterilization consisted of the following stages: 1) the
bulbs were washed in soapy water at room temperature for 30 minutes 2) the bulbs were placed for
3 hours in a solution of the fungicide "Luna" 3) after half an hour in a solution of calcium hypochlorite
4) before planting in the laminar flow box, it was kept for about 3 seconds in a solution of hydrogen
peroxide, then in alcohol 90%-3 seconds.

The explants were placed in a nutrient medium supplemented with hormones (Table 2). After
30 days, the explants were transferred together with the extracted structures to a new hormone-free
environment to determine regenerative capacity and obtain regenerants, where cultivation continued
for another 25 days under optimal conditions.

Table 2 — Quantitative ratio of the nutrient medium depending on the hormonal composition

Content

Components Per 1 liter of distilled water

1 2

Macrosols 50 ml
KNO3
CaCl, - 2H,0
NHiNO3
MgSOs- 4H:0
KH2PO4
Microsols
HsPO4
MnSQO, - 4H,0
ZnS0Oq
Kl
Na2MOC|4 -2H,0
CuSOq - 5H,0
CoCl; - 6H,0O
Mesoinosite 0,19
Glycine 0,0005¢

10 mi
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1 2
Vitamin 0,5ml
IAA 0,1ml
6 BAP 0,5ml
Agar 89
Sucrose 30g

During the first and second planting, the development of nodal segments and the growth of the
resulting shoots were noted. In the nutrient medium with the addition of 6 BAP, the formation of
lateral shoots from the lower axillary buds with the formation of microgrowths was observed.

Callus formation at the ends of nodal segments of plants was observed in 100% of explants in
almost all experimental variants, with the exception of the variant with kinetin 5.0 mg/l. The calluses
were 2-3 mm in diameter, brownish-green in color, dense, shiny. The formation of adventitious buds
in the first pass was observed in media with the following hormones: 6 BAP 0.5 ml/l, IAA 0.1 ml/L.
The number of buds in one explant varied from 1 to 2.Thus, it was found that additional cultivation of
internodes with kidneys obtained during the first planting for 20 days in a non-hormonal environment
practically does not affect the morphogenetic activity of explants. The formation of calluses was
observed in all explants grown in media with the addition of 6 BAP 0.5 ml/I.As a result of the study,
an effective method for obtaining a sterile culture of Tulipa orthopoda was proposed. The effect of a
wide range of hormones on the processes of Tulipa orthopoda morphogenesis in tissue culture has
been studied. This species is Tulipa L. It has a low proliferative and organogenic ability when using
single-stem segments of shoots and internodes as an explant [17-20].

Tissue culture of Tulipa bifloriformis. In February, shoots of Tulipa bifloriformis were
collected. To cause swelling of the kidneys, the sprout is placed in water and kept at 25°C, 2000-3000
lux illumination for 2-3 weeks. Then the parts of the sprout are cut off and sterilized with 0.1% diacid
solution for 20-30 minutes. After sterilization was completed, the material was washed three times
with autoclaved distilled water. Isolated pods with stem parts were placed in a laminar box in a
medium containing 6 BAP at a concentration of 0.5-2 mg/l. The material was grown under 2000-3000
lux illumination, a photoperiod of 16 hours and a temperature of 25 + 1 C. Every two weeks, explants
containing calluses were removed from necrotic areas and moved to a new medium of a similar
composition. Two months after planting, many buds and calluses with shoots formed on the explants.
The sprouts were grown in a nutrient medium with a low cytokinin content, and then transplanted into
a non-hormonal medium.

‘!.l_*‘ lﬂ [, N

—

Figure 1 — Leaf sprouts sprouted from bulbous parts of tulip species using benzoaminopurine
(0.5 mg/ 1) (A), development of organogenesis ready for adaptation (B)
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Micropropagation was performed using leaves and internodes as an explant. It was found that
the regeneration of shoots occurs in a nutrient medium even in the absence of growth hormones in
both types of explants studied. Induction of shoot formation occurs in 50% of leaves and 100% of
internodes. However, two more plantings were carried out in a non-hormonal environment so that the
resulting regenerants were suitable for transplanting into the soil according to morphological
parameters.

Table 3 — Meffect of the hormonal composition of the nutrient medium on the organogenesis of leaves
and internodes of Tulipa bifloriformis

Number of explants, %
Hormones — ml/I With sprouts
I i
Indolylacetic acid 0.1 15 43,5
BAP 0,5 85,4 83,9
BAP0,5+1AA 0,1 89,7 97,5
Kinetin 0,5 75,6 45,7

Explants: | — leaf, i — internodes

15 experimental variants of nutrient media were tested to increase the rate of reproduction
(Table 3). Regenerating plants were obtained from internodes and leaves as a result of reproduction
and subsequent regeneration of calluses. After 4 weeks of cultivation, a dense, shiny, yellow-green
callus with internodes was formed in all experimental variants. In most of the media used, induction of
adventitious kidneys was observed in the callus at the end of the first pass. The most intensive process
of shoot formation in nodal intervals was observed in a medium with 0.5 ml/l. The number of random
kidneys on the explant was 3-8. The formation of adventitious buds on callus in nutrient media
containing only cytokinins occurred only in the second planting after growing callus in a non-
hormonal environment. In these experimental versions, the ability of calluses to form growths was
80%, respectively. At the third stage, the transplantation of Tulipa bifloriformis microplants into the
soil was studied. The plants have successfully adapted to the soil. Thus, as a result of studies of Tulipa
bifloriformis, a sterile culture was obtained, optimal nutrient media for leaf and internode explants
were selected, and a regeneration method was developed.

Conclusion. Studies conducted using methods of culturing cells and tissues of Tulipa L. have
shown the possibility of preserving rare species. The low proliferative and organogenic ability of
Tulipa orthopoda tissue culture was found when using interstitial spaces as explants. For this species,
the most effective in vitro micropropagation method was recommended for reproduction by apical
shoots, axillary buds from meristematic node tissues when grown in a non-hormonal environment. As
a result of the work carried out, an effective method for obtaining a sterile culture of Tulipa orthopoda
was proposed, a sterile culture was obtained, and a method for the regeneration of Tulipa bifloriformis
was developed. For the latter, the optimal environment was chosen for each type of explant used at the
breeding stage.
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TYHUIH

3epTTey JKYMBICHI YJINa JaKpUIbl OiCiH KojmaHa oTeipbim, Tulipa L. Typrepinid cupek
KE3/IECeTiH JKoHE KOWBUTY Kaymi 0ap TypJiepiH cakrail Kaily MaceneciHe apHaiabl. Kpisrammak - Oy
OYKiN onemJie COHIIK KYHIBUIBIFBI JKOFaphl MUSA3LIBIK TOpi3ai reodurTep. by Typre aHTpomoreHmix
acep skabaifbl KpI3FaIaKTap/IblH MOMYJIAIUACHIHBIH a3alobiHa okesmi. Tulipa L. SKCITaHTTapbIHBIH in
vitro MopdoreHesiHe KOPEKTIK OPTaHBIH TOPMOHIBIK KYPaMBIHBIH OCEpiH 3epTTey HOTHXKeNepi
Ocpinren. Crepwibai KyJlbTypara CHIi3y Ke3CHIHJE OacTankel OSKCIUIAHT PETIHIE epecek
eciMaikTepaiH Oip OypuikTi TYHiHII CerMEHTTepi MaiAalaHbUIAbl, MHUKPOKOOCHTY Ke3eHiHae Oip
alIBIK MUKPOOCIMIIKTEPAIH TYWIH apajblKTapbl JKOHE >KalbIpaKTapbl NalJalaHBUIABL. 3epTTey
CTEPUITU3AIMSIIBIK OCIMJIIK MaTepHAIIapbIH, KOPEKTIK OpTaap/bl OHTAMIAH BIPY/IbI )KOHE TaHIAIFaH
TAaKCOHIAPABIH OaJaHanapbl MEH TYKBIMAAPBIH MaiiianaHy apKbUIbl jKaHAIaH KaJllblHA KEeNTipijireH
ecimaikTepai OeiliMaey 1l YChIHAbI.

Monmudvkanusanaarad Mypacura-ckyra KOPEKTIK OpTachblHIA, KaJUTyCThIH TY31TyiHEH ecim
IIBIKKAH OCKIHJEpAIH MHUKPOXKAIbIpaKTapel MEH TYHiHapalblKTaphl KapaHFblma ecipinai. 3eprrey
OaphICBIHIAa  epecek  TaOWFM  OCIMJIKTIH  MUS3NIBIKTAPBIHBIH ~ KECIHAUIEpPl  KOJJaHBULIBL
3apapce3OaHablpy oici KEMIeHAlI XWMHUSIIBIK OHJAEyNep apKbUIl KYpri3inai. @OyHTHIUATIK,
OaKTEPUITUATIK MPOLECTEPJACH TYPAThIH CTEPWIACYAIH THIMIUIN 3KCIUIAHTTAPJABIH CTEPUIICYICH
KEWiHI eMIpIICHIIriMEH aHbIKTaJIIbl. ATam aiiTap O0Jcak, *xai cCaOBIHABIK KYylaH OacTamn 3TaHOJIMCH
OHJIey SKCIUTAHTTAPABIH OMIPIICHAIriH alTapaplKTail apTThipasl. COHBIMEH KaTap, 3epTTey O©CKIHHIH
MOP(DOJIOTHSIIBIK, KOPCETKIMTEPIH JaMbITYMEH Karap, ecipyleH KeWiHTi eMipIIeHIIK AeHreii
OaliKkajraH in vitro ecipy HOTHXKeJepiH 3epTTEH .

PE3IOME

HccnenoBarenbckas paboTa mocBsiieHa NpoOieMe COXPaHEHHs PEAKHX W HaXOASIIMXCS O[T
yrpo3oii mcuezHoBeHus BuaoB Tulipa L. ¢ ucmoms30BaHWEM METOAA KyJIbTHBHPOBAHHS TKAHEH.
TrobIaHbI-TYKOBUYHBIE T'€O(UTHI, UMEIOLINE BBICOKYIO JEKOPATUBHYIO LIEHHOCTH BO BCEM MHpE.
AHTpONOreHHOE BO3/IECTBHE HA ATOT BUJ NMPHUBEIO K COKPAILEHUIO MOMYJALNU AUKUX TIOJIHIIAHOB.
B pabote mpencTaBieHbl pe3ylbTaThl UCCIEIOBAHUS BIMSHHUS TOPMOHAIBHOTO COCTaBa MUTATENLHON
cpensl Ha Mopdorenes skcioianTatoB Tulipa L. in vitro. B mepros BBeZieHHS B CTEPIIIBHYIO KyIBTYPY
B KaueCTBE MEPBUYHOTO IKCIUIAHTATA NCIOIB30BAIMCH OJHOIIOYBEHHBIE Y3JI0BBIE CETMEHTHI B3POCIBIX
pacTeHuil, B MEpPHOJ MUKPOPA3MHOXKEHHS HCIIONb30BAINCh MEXIOY3NMHUS U JIUCThS OJHOMECSYHBIX
9KCIUTaHTOB. MccnenoBaHme mpenyaraeT  ONTUMM3ALMIO  CTEPHIM3ALUOHHBIX  PAaCTUTEIbHBIX
MaTEpPUANOB, TUTATENBHBIX CPEJl U alalTallii0 BHOBb BOCCTAHOBJIEHHBIX PACTEHUN C HCIOJIb30BaHUEM
JYKOBHII U CEMSTH BEIOPaHHBIX TAaKCOHOB.

B moaudumupoBanHoil muTarenbHO cpeae Mypacura-CKyra MHUKPOIUCTBS M MEXKIOY3IIUS
noberoB, oOpa3oBaBIIMECS W3 KaUIycOB, OBUIM BBIpAallleHbl B TEMHOTE. B wuccienoBaHuu
MCIIOJIb30BAJIMCh YEPEHKHU JIYKOBHUI[ B3POCIOro pacteHus. MeTtox obe33apakuBaHUsl MPOBOIMICS C
MOMOIIIbI0 KOMIUIEKCHOH XMMHUYECKOW 00paboTkH. DPPEKTUBHOCTh CTEPHIIM3AIIUN, COCTOSIIEH W3
(GYHIHOUAHBIX, OaKTEepUIMAHBIX MPOLECCOB, ONPEENsIach >KU3HECHOCOOHOCTBIO 3SKCIUIAHTATOB
nocie crepwinzauuu. [lpumeuatensHo, 4T0 00pabOTKAa 3TaHOJIOM, HAYMHAS C NPOCTOW MBUIBHON
MIPOMBIBKH, 3HAYUTEIBHO MMOBBICHIIA )KU3HECTIOCOOHOCTh IKCILIAaHTaTOB. Kpome Toro, B uccie10BaHUU
U3y4yaroTCs pe3yibTaThl KYJIbTUBHUPOBAaHWS in  Vitro, B KOTOPBIX HAOIIOAANCS  YPOBEHb
JKU3HECIIOCOOHOCTH MOCJe KyJIbTHBHPOBAHMSA, a TaKkKe pa3BUTHE MOPQOIOTMYECKUX IOKa3aTenel
MpopacTaHusl.
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