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MOJYUYEHUE MUKPOKJIYBHEW KAPTO®EJIA B )KUJIKOM NUTATEJIbHOMN CPEJIE

AnHoTtanus: [Tonyuenne 6e3BUPYCHOr0 CEMEHHOr0 MaTepuaia kapTodens B KazaxcTaHe B OCHOBHOM ITPOBOJHUTCS Ye-
pe3 BBIJIENICHNE alIMKAJIBHBIX MEPHCTEM C MOCJIEAYIOINM TI0JIyYeHHEM U3 HUX IIPOOUPOYHBIX PACTEHNUH Ha arapu30BaHHOI
MIUTATeIbHOU cpejie U NaibHelIeM o0pa30BaHUM M3 HUX MHHHKIYOHEH B 3aKpbITOM TpyHTe. [lomyueHne MUKpOKITyOHeH
13 MEPHCTEMHBIX PaCTEHHUIl B MPOMU3BOJACTBE CEMEHHOT'O MaTepuana KapTodens in vitro He TPOBOJUTCS, XOTS STOT METOX
SIBIISIETCS. OJHUM M3 YCHEIIHBIX METOJI0B YBEIHUCHUS MaTepuaa KapTodess B yCIOBUAX in vitro. VIcXoas U3 BblICyKa3aH-
HOH Mpo0IeMbl HaMHU ObLiIa TIOCTABJICHA IIEJb — ONTHMHU3UPOBATE KHUAKYIO MUTATEIBHYIO cpeay MS [i1s monydeHus] MUKPO-
KJIyOHel kapTodens in vitro N3 MEpUCTEMHBIX PACTEHHUHU C NMEPCIEeKTHBOM BBEJCHUS JaHHOW MPOIEAYPHI B IPOIECC MOTy-
YEeHUs] CEMEHHOTO MaTepuaia B CEMEHOBOJYECKUX X03HCTBaX. B cTarbe M3I0)KCHBI HOBBIC JaHHBIE, KOTOPHIE TPUMEHUMBI
Ha TIEPBOHAYAIBHBIX JTAllaX CEMEHOBOJCTBA KapTO(elns, MpH MPOU3BOACTBE IEPBOTO KIYOHEBOTO MOKOJIEHHS 340POBOTO
MaTepuala, B YaCTHOCTH, IIPU THPAKUPOBAHUM PACTEHUH in Vitro n MPOU3BOJICTBE MUKPOKITyOHel. [IpencraBnens! pesyib-
TaThl aHAIM3a MOP(HOMETPUUECKHUX JAHHBIX PA3BUTHUS PACTEHUH in Vitro, MONYYCHHBIX TIPH KYJIBTHBUPOBAHUH OJTHOY3JIOBBIX
CerMEeHTOB KapTodes Ha JeCsTH BapuaHTax XKUAKoH cpenbl Mypacure-Ckyra ¢ pa3IH4HBIMH COUYSTAHUSIMU KOHIIEHTPALHil
caxapossl (20 u 30 r/n), kunetuHa (0, 2 u 4 Mr/m), ru66epenoBoit kuciotsl (0, 0,5 1 1 MI/i) B CTEKISHHBIX COCYIaX 00bEMOM
220 mu1. BeisiBieHa onTHMaIbHAS JKHUJIKAs MUTATENbHAS cpeia JUIsl TOJTyUCHUs Pa3BUTHIX PACTCHUH in vitro KapToQens as
JanbHEeHIIero Mpon3BoACTBa MUKPOKIyOHeH. Onpenenena 3PpeKTUBHOCTD KUAKOH MUTATEIBHOW CPEAbl ISl MOTyUYCHUS
MUKPOKIyOHel kapTodens npH BeIPALIMBAHUN PACTEHUH in vitro Ha cpeflax C Pa3INYHBIMHU COUETAaHUSIMU KOHIEHTpAIHil
caxapossl (60 n 90 r/m), kunetnHa (0 u 2 mr/m) u 6-6ensunamunonypuna (0 u 5 mr/m). Pe3ynbraTsl HccieOBaHUS MOTYT
CTaTh OCHOBOM /ISl KyJIBTHBHPOBAHMS PACTEHUH B OMOpEaKTope ¢ IeIbI0 MaCCOBOTO IPOU3BOACTBA CBOOOTHBIX OT BUPYCOB
MukpokiryOHel kaprodens. Biaarogaprnoctu. McecnenoBanns npoBeaeHsl B paMKax I'paHTOBOTO GpuHaHCHpoBaHHs KomuTe-
Ta HaykKu MuHucTepcTBa obpasoBanus u Hayku Pecriyonuku Kaszaxcran, mpoekt AP05131947 «Mcnonb3oBanue Onopeax-
TOpa JUIsl BBICOKO3()(EKTUBHOTO MOy YeHHs O€3BHPYCHOTO M0CAT0YHOI0 MaTepuaia KapTohensy.

KuroueBble ciioBa: kapTodesb, MUKPOKIYOHH, MUHUKIYOHH, KyJIbTypa TKaHeH, MUTaTeIbHAsI Cpesia, ONTHMHU3ALMS,
OuopeaxTop, KHHETHH, 'HOepeIIoBas KUCIIOTa, 6-0eH3UIaMUHOITY PHH, caXxapo3a

Jas nutupoanus: [lomydenne MukpokiyOHelt kaprodens B xxukol nurarensHoit cpexe / 1. B. Bonkos, 1. JI. lay-
pos, A.K. Hayposa, XK. C. Ab6aii, K. K. XKamap, K.K. )Kam6akun, M. X. llamexoBa // Bec. Ham. akan. naByk bemapyci. Cep.
arpap. HaByk. — 2020. — T. 58, Ne 4. — C. 432—442. https://doi.org/10.29235/1817-7204-2020-58-4-432-442

Dmitriy V. Volkov, Dias L. Daurov, Ainash K. Daurova, Zhandos S. Abai,
Kuanysh K. Zhapar, Kabl Zh. Zhambakin, Malika Kh. Shamekova

Institute of Plant Biology and Biotechnology, Committee of Science
of the Ministry of Education and Sciences of the Republic of Kazakhstan, Almaty, Kazakhstan

OBTAINING POTATO MICROTUBERS IN A LIQUID NUTRIENT MEDIUM

Abstract: Obtaining virus-free potato seed material in Kazakhstan is mainly carried out using the method of isolation
of apical meristems with the subsequent production of test-tube plants from them on an agar nutrient medium and the further
formation of minitubers in greenhouse. Obtaining microtubers from meristem plants in production of potato seed material
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in vitro is not carried out, although this method is one of the most successful methods for increasing the potato material in
vitro. Based on the above issue, we’ve set a goal to optimize the MS liquid nutrient medium for obtaining potato microtubers
in vitro from meristem plants with the prospect of introducing this procedure into the process of obtaining seed material at
seed farms. The paper presents new data applicable at the initial stages of potato seed production, for production of the first
tuberous generation of healthy material, in particular, for replication of plants in vitro and production of microtubers. The re-
sults are presented on analysis of morphometric data of plant development in vitro obtained at cultivation of single-bud potato
cuttings on ten variants of the Murashige-Skuga liquid medium with various combinations of sucrose concentrations (20 and
30 g/1), kinetin (0,2 and 4 mg/1), gibberellic acid (0, 0,5 and 1 mg/I) in 220 ml glass vessels. The perfect liquid nutrient medi-
um for obtaining developed potato plants in vitro for further production of microtubers has been defined. Efficiency of liquid
nutrient medium for obtaining potato microtubers has been determined when growing plants in vitro USING media with vari-
ous combinations of concentrations of sucrose (60 and 90 g/1), kinetin (0 and 2 mg/l) and 6-benzylaminopurine (0 and 5 mg/1).
The results of the study can form the basis for cultivation of plants in a bioreactor with the purpose of mass production of
virus-free potato microtubers. Acknowledgments. The research has been carried out within the framework of grant funding
from the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan, project AP05 131947
“Use of a bioreactor for highly efficient production of virus-free potato planting material”.
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BBenenue. Kaprodens (Solanum tuberosum L.) cauTaeTcs 4eTBEPTOH MO0 BEITWYWHE B MHUPE OC-
HOBHOU KYJBTYpOW TOCIIE pHca, MIIEHUIBI U KyKypy3sl [1, 2]. B Ka3axctane 3Ta KymabTypa Takxke
IIMPOKO paclpocTpaHeHa, a KapTo(]eaeBOACTBO SBIAETCS ONHOM M3 KIIFOYEBBIX OTpaciel pacTeHue-
BOJICTBA, OTIPEACTSAIONINX ITPOIOBOIBCTBEHHYIO 0€30MacHOCTh CTpaHbl. [Ipu aTOM, 1Mo opHUIIHATHEHBIM
nmaHHbIM, Kazaxcran mpousBoaut 10 20 % 3MUTHBIX ceMsTH KapTogesi, OCTaIbHOMN MU THBIA CEMSHHON
kapTodens uMIopTupyeTcs u3-3a pydexa'. B Pecny6nuke KasaxcTan J0myIeHsl K HCTIONb30BAHUIO
134 copra u rubpuaa KapTodess: oTedecTBEHHBIX — 54, 3apyOeskHbIX — 72, coBMecTHBIX — 8 . Ha cerogi-
HAIIHAN JIEHb B pecyOJIKe CYIIEeCTBYeT 00s3aTelIbHOEe TpeOOBaHNE K CEMEHHOMY KapTo(hemto — ObITh
CBOOOIIHBIM OT BHPYCOB, IIOATOMY HHTEHCHBHOE PacTeHHEBOICTBO Ka3axcTraHa Hy X aeTcsl B TEXHOJIO-
THUAX MAacCOBOTO MOJYyYEHHUs U OBICTPON AMArHOCTHKH OE3BHPYCHOTO ITOCAJIOYHOTO MaTepralia KapTo-
(et 1T MOBBITIIEHUS YPOKAHHOCTH STOU KYJIBTYPBL

[Inpoko M3BECTHO, UTO OCHOBHBIM 3BEHOM CHCTEMBI CEMEHOBOACTBA KapTOQEINs SABISCTCS MPOU3-
BOJICTBO BBICOKOK@4€CTBEHHOTO MCXOJHOTO MaTepHalia, KOTOpPOe BKJIIOYAET CO3/IaHHE U MO ACpKAHHE
KOJIIEKIIMH 3I0POBBIX COPTOB HA OCHOBE MEPHUCTEMHO-TKAaHEBOW KYJIBTYPHI, KJIIOHAJTFHOE Pa3MHOKEHHE
MHUKPOPACTEHH, BEIpAIIIBaHNE MUHUKITYOHEeH 1 AMarHOCTHKa (pUTOMaToreHos [3].

B macrosimee BpeMs monydeHHe Oe3BHPYCHOTO CEMEHHOro marepuana kaprodens B Kaszaxcrane
B OCHOBHOM IIPOBOJUTCS Y€pe3 BbIJIEICHHE aNNKaJIbHBIX MEPUCTEM C TOCIEAYIONIMM MOIYYSHUEM U3
HUX MPOOHUPOYHBIX PACTCHHWM Ha arapu30BaHHON IMHTATEIBHOW Cpele W JalbHEHIIeM oOpa3oBaHUHU W3
HUX MHUHHUKJIYOHEH B 3aKpbeIToM rpyHTE. [lomydenne MUKpOKITyOHEH U3 MEPUCTEMHBIX PACTEHHM i1 Vitro
B IIPOM3BOJICTBE CEMEHHOT'0 MaTepHralia KapTodens He mpoBoAuTcs. OmHAKO TOKa3aHO, YTO MOTYUYSHUE MU-
KpOKITyOHeH y kapTodenst — 3To 3 PeKTHBHBIN METOJI, UCTIONh3yEeMBIN I yBETMYEHUS MaTepraa, Ipo-
BEPCHHOT'O Ha MaTOr€HHBIC MUKPOOPTaHU3MEI [4]. DTOT MeTO ObLIT U SIBJISACTCS OTHUM U3 YCIEITHBIX METO-
JIOB YBEJIMYEHN MaTeprata KapTodes B yCIOBUSX in vitro [S]. Taxke MUKPOKITyOH! XpaHSATCS B TEUCHUE
JUTHTEIHHOTO BPEMEHHU M TIOOTOMY MOTYT OBITh M €aJIbHBIM MaTepPHAIIOM JIJIsl pa3MHOKEHHS [6].

WHHOBaM B cucTeMe KJIOHAIBHOTO MHUKPOPA3MHOXKEHHS B YCIOBHSX i1 Vitro W HOBBIE TEXHOJO-
TUYECKHE PEIICHUS MTO3BOJMIN TaKKe CYIIECTBEHHO YCOBEPIICHCTBOBATH CIIOCOOBI TIOYUYEHHS MUKPO-
KJIyOHEH in vitro W yCTIEUTHO HCIIOIh30BaTh ATH TEXHOJIOTHH B TIPAKTUKE OPUTHHAIBHOTO CEMEHOBOJICTBA

' ba6aes C. HoBble mepcriekTHBE ceMeHOBOJICTBA KapTodens B Kazaxcrane [Dnektponmsiii pecypc] / ATPOMAPT.
Pexxum  goctyma:  https://agro-mart.kz/novyie-perspektivyi-semenovodstva-kartofelya-v-kazahstane/. Jlata moctyma:
07.05.2020.

> 06 yTtBepxkaeHnH [0CY1apCTBEHHOTO PEECTpa CENEKIMOHHBIX JOCTHKEHUH, PEKOMEHIYEMBIX K HCTOIb30BAHUIO
B PecniyOninke Kazaxcran, u [lepedHst mepcneKTUBHBIX COPTOB CEIbCKOXO3SIHCTBCHHBIX PACTCHUH [ DIEKTPOHHBIN pecypc] :
[Mpuka3z Munuctpa cei. xo3-Ba Pecn. Kazaxcran ot 30 urons 2009 r. Noe434 // UapopManimoOHHO-TIpaBOBasi CHCTEMa HOpMa-
THUBHBIX IIPaBOBBIX akToB Pecrybmmku Kazaxcran «Oainet». Pexxum mocryma: http://adilet.zan.kz/rus/docs/V090005759 .
[Hara noctymna: 07.05.2020.
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kaptodens [7-9]. MHOTO uccienoBaHui OBLIIO TPOBENEHO JJTS IOy YCHUSI MEKPOKITyOHEH, KOTOPBIE 110~
Ka3aJiy MepCHeKTUBHOCTh JaHHoro Metona [10—14]. B wactHOCTH, THIpONIOHHASA KYJIBTypa B MPOCTHIX
IIJIACTUKOBBIX COCYJaX ¢ HECKOJIBKHMMH YPOBHSIMH KyJbTHBHPOBaHMS Obljla MPOBEpEHa Ha MOIy4YECHUE
MUKpPOKIyOHe# kaprodens [15]. Mcnonb3oBaHue KUIKUX KYJIBTYp MO0 CPABHEHUIO C TBEPIABIMH H I10O-
JYTBEPABIMU MPUBOIUT K YBEIMUYCHHIO JUIMHBI MOOETOB, YBEIUUYCHUIO YNCIIAa MEXKI0Y3IUH U 00paso-
BaHUIO MHUKPOKIYOHEH Ha BCEX y3iaX pacTeHui in vitro [16, 17]. KynsTuBupoBaHue B KUIKOU KYJTb-
Type NPUBOAMT K JIYUIIEMY POCTY, HOCKOJIBKY OOJbIIas MO b SKCINIAHTOB HAXOAUTCS B KOHTAaKTe
co cpenoii. P MeTonoB ObUIM HPOTECTUPOBAHBI IJIsl IPOMU3BOJICTBA MUKPOKIyOHEH B OMOpeakTopax:
IIJIOCKHE KUAKUE KyIbTYpHI [18], METOA BpEMEHHOr0 MOTPY>KEHHS B )KUJKHE KyIbTypsl [19], B TOM unc-
Jie IPUIMBHO-OTJIMBHOM cIOCO0 B CTEKJIIHHBIX QepmenTepax [20], cuctema Rita® [21] u cucrema ¢ aBy-
MsI CTEKJITHHBIMU cocyfamu [16]. B HacTosmee BpeMs pa3pabOTaHO HECKOIBKO MPOTOTUIIOB MPOCTHIX
Y MpOU3BOAUTENBbHBIX Ouopeakropos tuna T.1.S. [16, 19, 21]. Tak, B onHOM 13 OMOPEaKTOPOB TOIyUE-
HO 2,6 MUKPOKIJIYOHST Ha dKCIIAHT TpH oOmeM uncie 390 Mukpokayoneir Ha 10-TUTpoBBIA OHOpeak-
Top [19]. B apyrom ciyuae u3 80 skcruiaHToB mosry4yminu 229 kiyOneit Ha 600 M1 cpesibl B S-TUTPOBOM
ounopeakrtope [22], Torna kak X. C. Piao ¢ corpymaukamu coodmanu o noaydeHun 80 MUKpOKITyOHeH u3
50 skcrutantoB B 1,5 1 MS-cpensr, B 10-mutposom T. 1. S. Guopeaktope [19].

Hpyrum GpaxTopoM, KOTOPBIH ClIeAYyeT yUUTHIBaTh B HCCICAOBAHUH KYJIBTUBUPOBAHHS MUKPOKITYO-
Hel B KUIKOW MUTATEITLHOU Ccpenie, ABIAETCA pa3Mep kiyoHel. CymecTBYIOT pa3Hble MHEHHS OTHOCH-
TEJIBHO ONTUMAJIBHOIO pa3Mepa MUKPOKIYOHEH sl XpaHeHus, pazmax ux Bapbupyet 0,1 no 0,2 1 [23,
24]. MuxpoxryOHu 6obiie 1,1 T onTUMaTBHBI AT IPSMOM MOCAIKU B OTKPBITHIA TPYHT [19].

B T0 ke BpeMst n3yueHue BIUSHNAS Pa3IUIHBIX BAPUAHTOB (PUTOrOPMOHOB 1 YTIICBOJIOB HA 00pa30BaHUE
MHUKPOKITyOHEH KapTodelisi n3ydaroT B OCHOBHOM Ha TBEPIOH arapu3npoBaHHOH OazoBoii cpene MS [25].
KiroueBbIM akTOpoM, BIUSIONINM Ha POCT U Pa3BUTHE PACTEHHH B KYJIBTYPAIBHOHN CPEIe, SBISIFOTCS Top-
MOHBI. B oTimume ot rub0epeninia, TUTOKMHUH CTUMYJIUpPYET oOpa3oBaHue KIyOHEH y MHOI'MX BUIOB
KJIyOHEeBBIX pacTeHuit [26]. Kak yrmoMmuHanock panee, 00padoTKa HaJ3eMHOTO OpraHa IUTOKMHHHAMH He
OKa3bIBAET YETKOTO MOJOKHUTEIFHOTO BIMSHHS Ha GOPMHUPOBAHKE KITyOHEH, HO IUTOKUHUHBI HAIPSIMYIO
CIIOCOOCTBYIOT MHMLIMALKMHN KiTyOHeoOpa3oBaHuUs Ha crojoHax. Jlobasnenue ot 1,6 10 2,5 KHHETHHA MT
WK 5 MT 6-0€H3UIIAMHHOITY pUHA B CPERy TS KYJIBTUBHPOBAHMUS OTAEIBHBIX CTOJIOHOB 3aMETHO YCKOPSIET
oOpa3zoBanue KiyOHei [27-29]. OOHapysKeHO, YTO AJIsl YCKOPEHHOTO MOTy4YeHHs KITyOHel B IPUCYTCTBHH
KMHETHHA B KyJIBTYpaJIbHON cpezie TpeOOBaIoCh TOJIBKO B TEUCHHUE NEPBBIX 3—4 IHEH KyJIbTHUBUPOBAHUS,
XOTs1 KJTyOHHM MOSIBIISUTUCH He panee, 4eM uepe3 10—12 nHeli nocine Hauana 00pab0OTKM KHHETHHOM. DTO yKa-
3bIBAET Ha TO, YTO LMTOKMHUH CTUMYJIMPYET HHULMALMIO KIyOHel Ha caMbIX paHHUX 3Tanax. /s mposs-
JIEHNUs KHHETUH-CTUMYJIMPYIOIIETro AEHCTBUS B KyJIBTYpaIbHON Cpeie IOHKHO IPUCYTCTBOBATh I0CTAaTOU-
HOE KOJIMYECTBO caxapo3bl. TakuM 00pazoM, B OTIIMYHE OT THOOEpEUIMHA IUTOKMHUH BMECTE C CaXxapo30i
CTUMYIIHpYET KiryoHeoOpas3oBanue [30, 31]. Caxaposa cuuTaeTrcs HanOoiee ONTHUMAIEHBIM HCTOUHUKOM
yIJIepo/a Mo CPaBHEHHIO C TTIOK030H U QpyKTo30ii [32, 33]. J{1s1 ObICTPOro M Ka4eCTBEHHOT'O MOTYYCHHSI
MHUKPOKITyOHeH KapTodens in vitro Ha NUTATEIbHBIX CPeAax He0OXoArMa ONTUMH3ALUS UX 10 TOPMOHAM
1 caxapaM. B HEKOTOPBIX HCTOUYHMKAX JIOKAa3aHO, YTO ONTHMAaJbHAsl KOHIEHTPAIMS caXapo3bl KOJIeOmeTcs
ot 60 mo 80 r/nm [32, 34-37], B Apyrux CpaBHUBAIOTCS KOHLEHTPALMU CaXapo3bl JIs pOCTa PACTCHUM in
Vitro, KOTUIECTBO JTUCTHEB, KOPHEN 1 00pa3oBanms MUKpokTyorei ot 30 mo 120 r/m [40].

OCHOBHOI 1IeTbI0 JaHHOH paOOTHI ABNAIACH ONTUMHU3ALMS KHUAKOH MUTATENbHON cpeasl MS ains
MOJIyYeHHS] MUKPOKIyOHEH kapTodens in vitro. Jliis BbIIOJHEHUs Lean ObLIM IIOCTABJICHBI BE 3a/a-
yu: 1) ONTHMH3UPOBATH KHUAKYIO MUTATENBHYIO cpeay MS Juisl BEIpaliiBaHus pacTeHHH KapToges
in Vitro U3 OIHOY3JIOBBIX CEIMEHTOB; 2) ONITHUMHU3UPOBATh KUIKYIO MUTATEIbHYIO cpeny MS nis nosy-
YEeHMS C PACTCHUI MUKPOKIIYOHEH in vitro.

MarepuaJbl 1 MeTO/ABI HccJIeT0BaHusl. B kadecTBe 00beKTa HCCICAOBAHUS CIIYKHII COPT KapTo-
tdhens Anamgun, momydeHHBIH B 2017 T. 13 Koieknuu Ka3axckoro HayYHO-HCCIEIOBATEIECKOTO HHCTH-
TyTa kaprodeneBoncTa u opomeBoactsa (KasHUUKO).

Buipawusanue pacmenuii uz 00H0Y3108bIX CE2MEHMOB HA JHCUOKOU numamenvbHou cpede. s onpe-
JIeJIEHU S OTITUMAJIBHOM KUAKOW TUTATEeIbHOM CPEJIbl JAJIsI BEIPAIIMBAHUS PACTeHUI KapTOQes HCIOoTb-
3oBasiu 10 BapuaHTOB cpenbl MS co cTaHAapTHBIM HaOOPOM COJIeH C Pa3IUYHBIMU KOHIIEHTPALHSIMH
caxapo3sl (Applichem, USA), kuaetuna u rudepenimooit kuciaoTsl (I'K) (Sigma, USA) (tabm. 1). Kon-
TPOJIBHOM MUTATENBHOHN cpenol siBisitack MS 6e3 1o0aBieHusT PUTOrOPMOHOB.
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PacTeHuss W3 OIHOY3JIOBBIX CETMCHTOB BBIPAIMBAIIH TaGunuma 1. BapuanTel KHAKOi
B CTEKJISHHBIX COCYIaX C 3aKpBIBAOIICHCS IUIACTHKOBOW nUTATEALHOI cpeabl MS ¢ pasiniHbiMu
) . KOHICHTPAUUAMMH CaXapo3bl U
kpsinkoi (CultureJar™ G9, Glass Plant Tissue Culture Vessel) P P

N ¢puToropmonon
06séMoM 220 mur. [l 3TOrO Ha THO COCyla YKJIaJbIBaId Table 1. Variants of the liquid

¢unsTpoBasibHyI0 Oymary B 2 cios, Ha He€ noMeranu no 10 MS medium with various sucrose and
OJTHOY3JIOBBIX CETMEHTOB U 3aJIUBANI 6 MJI TUTATEILHON Cpe- phytohormone concentrations
el MS. Ha kax oM BapraHTe MUTATENFHON Cpe/Ibl pacTEeHHS
W3 OJIHOY3JIOBBIX CETMEHTOB BBIPAIMBAIIM [IPH TEMIIEPATYPE Cﬁzﬁgﬁs CAIOR reran, wrfa|  TK, wrf
23-26 °C, cetoBoM pexume 16/8 (IeHB/HOUYB), OCBEIIEHUU Ne 1 30 0 0
5000 sroxe u BnaskHocTH 50—60 % B TPEX MOBTOPHOCTSIX. No 2 30 5 0.5
Tonyuenue muxpoxayomneil in vitro Ha H#cuOKol numa- No 3 30 4 0.5
menvHoul cpede. Il TOTY4YEHUS MHUKPOKIYOHEH MCIOb- e 4 30 > 1
30BaJIM PACTEHMs, [10JYyUCHHbIE HA HIEPBOM JTalle dKCIEpPU- I 30 4 1
MEHTa B HCXOAHBIX COCYAX, U3 KOTOPBIX cTapas cpena Oblia No 6 20 0 0
ylajeHa M 3aluTa Kujikas cpera MS HoBoro cocrasa IO N7 20 > 05
6 1. Jlns mosrydeHus: MUKPOKIyOHeH W3 pacTeHUi KapTo- N8 20 1 05
et in vitro ncrionb30Baiu 6 BapuaHTOB cpeasl MS co cTan- o 20 2 1
JApTHBIM HaOOpPOM coleil ¢ pa3IM4YHbIMU KOHLEHTPALUSIMU 10 o 2 1

caxapossl (Applichem, USA), kunetnna u ['K (Sigma, USA)
(tabim. 2). KonTponbHOM MUTAaTeIRHONU Cpemol sSBIsutack MS
0e3 100aBneHUsT PUTOrOPMOHOB C KOHIIEHTPALIUSMH Caxapo- TaGnuma 2. Bapuawrerwakoii
361 60 1 90 r/n. Ha xaka0M BapuaHTe IMHUTATELHON Cpejibl NHTATeNBHOI cpebt MS ¢ pasamumnoii
pacTeHus KyJIbTUBUPOBAIH mpu Temmeparype 18 °C, cBeTO-  kommentpanmeii caxapos3bl 1 (pUTOropMoHOB
BOM pexuMe 24 4 (Houb) U BIaKHOCTH 50—60 % 10 momyde- A1 MOJyeHUs MEKPOKJIyOHeil kapTodens
HUSI MUKPOKJTYOHE#H B TPEX MOBTOPHOCTSIX. in vitro
Cmamucmuuecxkuu anaaus. CTaTUCTHUYECKYIO 00paboOT- Table 2. Variants of the liquid

MS medium with various sucrose and
Ky HOJYYCHHBIX JTAaHHBIX aHAJIU3UPOBAIN MHOFO(I)aKTOpHLIM . s
phytohormone concentrations for obtaining

JMcriepcioHHbIM  aHanu3oM (ANOVA) ¢ anoctepHopHBIM potato microtubers in vitro
ananm3oM 1o kpureputo Trroku (Tukey’s HSD test) ¢ ncmons-
30BaHHMEM TaKeTa aHayim3a B mporpamme SPSS 22 (IBM). Bapuart cpesi MS Cax:/io3a7 Kn;:;m, BAIL sl

PesyabTaTrel 1 ux o0cy:xaenue. Ha nepsom srame pa-

o Ne 1 (koHTpOMB) 60 0 0

00T MPOBOIMIIN ONTUMHU3AINIO COCTaBa JKUJIKOH MUTATEIb-
HOW cpenbl MS m1s BRIpaluBaHus pacTCHUN KapTodes in Ne2 60 2 0
Vitro U3 OZHOY3JIOBBIX CErMEHTOB. {151 3TOro ObUIM MCIIBI- NS 60 0 >
Tanbl 10 BapMaHTOB CPEAbl C PA3JIMYHON KOHLEHTpAIHEi 4 (xonTpons) 20 0 0
caxapo3ssl, kuaeTuHa B ['K. KoHTponem cimyxunn 6e3rop- N3 20 2 0
MOHAJIBHBIE JKUJKHE cpenbl MS ¢ KoHLEHTpaluen caxapo- Ne 6 90 0 5

361 30 1 20 /11, MOCKOJBKY 3TH KOHIEHTPAIIMH CaMbIe pac-
IPOCTPaHEHHBIC IS BbIPAIlMBAHUS PACTEHUH KapTodeis
in vitro U3 0IHOY3J0BbIX cerMeHToB [39, 40].

s TOro, yTOOBI MONYYHTh HAWTYUILUE PE3yJbTaThl M0 00pa30BaHUI0 MUKPOKIYyOHEH KapToders,
HEOOXOMMO JIOOMTHCS XOPOILETo pocTa U pa3BuThs pacteHuid. [loaromy nocne 30 qHel BeIpanuBaHus
pacTeHuit in vitro u3 OIHOY3JIOBBIX CErMEHTOB Ha 10 BapuaHTax >KHJIKON MHUTaTENbHON cpensl MS Obutn
MPOM3BEACHBI 3aMEPHI CICAYIOMINX TIOKa3aTesel: AuHa modera, IJIMHa KOPHS, KOJIMYECTBO MEKI0Y3IHH.
IIpu sToM oT™Meueno, uto I'K Tobko mpu HU3KMX KOHIIEHTPALMAX OKA3bIBAET MOJIOKUTEIHHOE BIMSTHUE
Ha JUIMHY 1o0era v JJInHy KOPHS, a IIPH MOBBILIEHHBIX KOHLEHTPALUUAX BIUsAeT HeratuBHO (puc. 1). Han-
0oJiee JOCTOBEPHO BIMSIHHUE M3Y4YaeMbIX KOMIIOHEHTOB COCTABA IMUTATEIBHON CPEAbl CKAa3aJl0Ch Ha AJIMHE
nobera U JuiMHe KOpHs. Ha oCHOBaHHMHM pe3ynbTaToB SKCIIEPUMEHTA OIpe/eieHa ONTUMAaIIbHAS KU IKAs
nuTaTenbHas cpena MS ¢ caxapo3soii 30 r/n, kuaeturnoM 2 mr/a u I'K 0,5 M1/ (Tabi. 3, puc. 2).

Ha BTOpom stane HacTosimiel paboThl TPOBOAMIIN ONTUMHU3ALUIO )KUIKOH MUTATENbHOMN cpensl MS
TS TIOJTYYeHU S U3 pacTeHUI MUKPOKIIYOHeH in vitro. Ha ocHOBaHMY aHaN3a IUTEPaTyPHBIX HCTOYHU-
KOB OIPEJIEJICHO, YTO KJIFOUEBBIMU KOMIOHEHTAMHU IMUTATENbHBIX CPEAl, BIMIIOIIMMU Ha 00pa3oBaHUE
MUKPOKIYOHEH KapTo(es, sIBISIOTCS caxapo3a U LHTOKUHUHBI [27-29]. JIns KOHTPOJIS U CpaBHEHHUS
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Puc. 1. BiusiHue coctaBa »KUAKOH NUTAaTENbHON cpeabl MS Ha pocT 1 pa3BuTHE pacTeHuil kapTodens in vitro. Pa3nuaHbIME
OykBaMu 0003HAYEHBI BAPHAHTHI, UMEIOLIHE 3HaYMMbIe pa3nnyuns no kputeputo Toioku (Tukey’s HSD test) mpu p < 0.05.

Fig. 1. Effect of the liquid MS medium content on growth and development of potato plants in vitro. Letters indicate variants
with significant differences according to Tukey’s HSD test criteria at p < 0.05.

Puc. 2. INonyuenue MUKpOKIyOHEH KapTodens in vitro Ha XHUAKOH MUTATEIbHOHW cpene MS: a — 0JHOY3JIOBbIE CErMEH-

THI B JKUAKOHM muTatenbHoit cpexe MS ¢ caxaposoit 30 /i1, kMHeTHHOM 2 MI/T M rudOepmimHOBOH KuciaoToi 0,5 mr/m;

b — pacTeHus, MONy4EHHBIE M3 OJHOY3JIOBBIX CEIMEHTOB; ¢ — MHKDPOKIYOHH IOJIy4eHHBIC HA IHTATEIbHOH cpene MS
¢ caxapo30ii 90 r/n 1 KHHETHHOM 2 MT/TT

Fig. 2. Obtaining potato microtubers in vitro in liquid MS medium: a — Single-node segments in liquid MS medium with
30 g/l sucrose, 2 mg/1 kinetin and 0.5 mg/1 gibberellic acid; b — Plants obtained from single-node segments; ¢ — Microtubers
obtained in liquid MS medium with 90 g/I sucrose and 2 mg/l kinetin

MEXIy co00i n3ydanu aBe Oe3ropMOHaIbHBIC KUAKUE TUTATENBHBIE cpeasl MS ¢ KOHIeHTpanuei ca-
xapo3bl 60 u 90 1/m.

W3BeCTHO, YTO HIUTOKMHHUHBI HATIPSIMYIO CIIOCOOCTBYET MHUIMAIIMH KITyOHEH B CTOJIIOHAX, TI0O3TOMY
nobGasiienue ot 1,6 10 2,5 Mr kuHeTHHA UK 5 MT 6-OeH3unamuHonypuHa (BAIT) B cpeny ans KyabTu-
BHPOBaHUS OTJIENBHBIX CTOJIOHOB 3aMETHO YCKOpsieT oOpa3oBaHue KiyOHel [27-29]. B cBsi3u ¢ aTum
B HAIIMX JKCIEPUMEHTax OBbLIM HCIBITAHBI BAPUAHTHI MHUTATEIBHBIX CPEA ¢ 2 MI/J1 KUHETHHA WIIH
5 mr/n BAII npu 1ByX pa3sHbIX KOHIEHTpauMsx caxapo3sl — 60 u 90 r/m.
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Taodnuma 3. BuusHue cocTaBa KUAKOI mUTaTENbHOI cpeabl MS Ha poct
U pa3BUTHE pacTeHuil kapTodens in vitro

Table 3. Effectoftheliquid MS medium content on growth and development of potato
plants in vitro

Cpem—me MoKasaTeIn
Bapuant cpezst MS PSXT/” Knsermu| TK | Jluana nodera, mu | Mituna koprs, w | [O717B0 MEXI0y3-
i, .
Nel (koHTPOITE) 30 0 0 101£9,1* 27+7,5% 9+1%
N2 30 2 0,5 108+7,6° 90+10° 9+1°
Ne3 30 4 0,5 84+8,1° 30+10% 5+2°
Ned 30 2 1 86+3,6% 23+6,4% 6+1%
Nes 30 4 1 80+3,0° 16+3,6° 5£1°
Ne6 (KOHTPOJIE) 20 0 0 95+2,6" 30+7,0% 6+2"
Ne7 20 2 0,5 103+6,4™ 54+13,5° 741"
Neg 20 4 0,5 97+2,6™ 29+10,1 742
Ne9 20 2 1 88+2,5%° 28+10,4% 74200
NelO 20 4 1 89+3,1°% 37+9,0° 742

IIpumedganue Pammunasivu GykBamu 0003HAYEHB! BAPHAHTHI, UMEIOIINE 3HAUNMBIC
paszmmams o kputeputo Tetoku (Tukey’s HSD test) mpu p < 0.05. [laHHBIE IpeCcTaBICHBI CpeIHEe
+ cTaHJAPTHOE OTKIIOHEHUE.

Taonumna 4. BausHue cocTaBa KHIKOH MUTaTeabHOM cpenbl MS Ha ¢popmupoBaHue
MHKPOKJYOHEii, COpT AJIaiuH

Table 4. Effectoftheliquid MS medium on microtuber formation, Aladdin cultivar

TopMoHEI, MI/1I CpeziHue noxkasaresnn
BapuanT cpenst Caxapo-
o pet 38, T | Kyyernn | BAIL Bec, T Ilnuna, cm Koit-5o mitkpoic1y6-
’ ’ Heii ¢ 10 pacrennit
Nel (xoHTpOIB) 60 0 0 0,034+0,03° 0,56+0,20 2+0°
Ne2 60 2 0 0,086+0,03" 0,718+0,20™ 8+5%
Ne5 60 0 5 0,157+0,03* 0,691+0,03" 9+3*
Ne4 (koHTPOITB) 90 0 0 0,216+0,09° 0,751+0,03* 71
Ne3 90 2 0 0,160+0,03* 0,955+0,20" 10+4*
Ne6 90 0 5 0,112+0,01 | 0,80+0,08" 344

IIpumeuanwue. PanuuapiMu OykBamMu 0003HAYEHBI BApUAHTHI, IMEIOIINE 3HAYUMBIC
pasmuumst o kpurepuro Teioku (Tukey’s HSD test) mpu p < 0.05. [laHHbIe MpeACTaBIEHbI Cpe/iHee £
CTaHJAPTHOE OTKJIOHEHHE.

Uepes 30 nuel KyIbTUBHPOBAHHUS Ha BBINIEYKA3aHHBIX Cpeax MPOBOAMIIA U3MEPEHHS TI0 TPEM Ta-
pameTpam: oOIIHH Bec (C cocya) MUKPOKIyOHeH (T), JuinHA (CM) M KOJIMYecTBO pacteHuii ¢ 10 pacte-
HUH (Tabm. 4). 3HaunMast pa3HHIA M0 BIUSHUIO H3y9YaeMbIX KOMIIOHEHTOB YCTAHOBJIEHA B OCHOBHOM IO
BECY W JJIMHE MUKPOKIYOHEH. B To ke Bpems BBIsSIBIICHA OllpeielieHHast TEHACHIUS, KOTOopasi II03BOJIH-
J1a OIPENENIUTHh ONTUMATIBHYIO CPEy MO pa3Mepy U KOJTUIECTBY MUKPOKITyOHEH.

W3 pesynpraTa mpoBeAEHHOTO SKCIIEPUMEHTA JIJ1sl POPMHUPOBAHMSI MUKPOKITyOHEH ObLia onpenere-
Ha ONTHMaJIbHAs KUIKas MUTAaTeNIbHAS cpena MS ¢ KoHTeHTpanuen caxapossl 90 /i1 1 KkuHeTHHA 2 T/71.

Takum 00pa3om, B pe3ysbTaTe MPOBEICHHBIX IKCIIEPUMEHTOB OMpPECICHB OCHOBHBIC MapaMeTphl
MOy YeHUsI OE3BUPYCHBIX MUKPOKIYOHEH KapTodens B )KUIKOH MUTaTeNbHON cpene. M3ydennslie dTa-
Bl SIBJISIFOTCSI MOJICJIBIO, TIPU KOTOPOH M3 OJJHOY3JIOBBIX CEIMEHTOB KapTO(eIss MOKHO MOJTYYUTh IOJI-
HOILIEHHBIE MUKPOKIYOHU KapTodens 0e3 maccupoBanus. [laHHas MOAeNb sSBIsIeTCS YAOOHOM IS TIPO-
MBIIIJIEHHOT'0 MacIITa0MPOBAaHMS B aBTOMAaTHU3MPOBAHHOM OHOpEaKTOpe, B KOTOPOM U3 OJJHOY3JIOBBIX
CErMEHTOB MOXHO TIOJyYaTh KPYTJIOTOAMYHO O€3BHPYCHBIE MUKPOKPOKITYOHH 3a 2—3 MecsIa.
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BriBoabI

B pesynbrare npoBeeHHBIX IKCIIEPUMEHTOB IMOKa3aHO, YTO B KHUAKOH MUTaTeNbHOH cpeae MS Bo3-
MOYXHO HETpEePhIBHOE BBIpALIMBAHUE PACTEHUHN KapTOQels U3 0JHOY3JIOBBIX CETMEHTOB J0 HOPMaIbHO
Pa3BUTBHIX PACTEHHH, Y KOTOPBIX MPH ONPEIEICHHBIX YCIOBUAX BO3MOKHO MHIYLIHMPOBATH 00pa3oBa-
HUE MUKpPOKIYOHEH. YcTaHoBieHO, uTo 4yepe3 30 aHEH KyJIbTHBHPOBAaHUS OJHOY3JIOBBIX CETMEHTOB
MOYXHO HOJYYUTh HOJHOLIEHHBIE YKOPEHEHHBIC PACTEHHs C IEBAThIO Mexaoy3nusamu. [Ipu nocneny-
IOLIeM KyJIbTHBHPOBaHUH, 0€3 MepecasoK, HO C 3aMEHOW MUTATEIbHOW CPEAbl, BO3MOXKHO IMOJy4YeHHUE
1o 1 mukpokny6Hs ¢ pactenust Becom oT 0,1 10 0,2 T (cm. puc. 2). Onpeneneno, 4To s BeIpaIIBa-
HUS pacTCHUH KapTodes in Vitro N3 OIHOY3JI0BBIX CErMEHTOB ONTUMAIBHON CPEION SIBISETCS KU KA
nuTtatenbHas cpena MS, rioe conepkanue caxapossl — 30 T/7, KHHETHHA — 2 MT/ B THOOEPHIIMHOBOM
kucnotsl — 0,5 mr/n. J{ns oOpa3oBaHuss MUKPOKIYOHEH ONTUMAIIbHON SBIISETCS KUAKAS TUTATEIbHAS
cpena MS ¢ coaepxanuem caxapo3sl 90 /11 1 KWHETHHA 2 MTI/II.

Pe3ynpratrhl nccienoBaHuii MOT'YT CTaTh OCHOBOM U151 KyJIBTUBUPOBAHMS pAaCTCHUN B OHOpeakTope
C [IEJTBI0O MAaCCOBOT'O TPOM3BOJICTBA CBOOOIHBIX OT BUPYCOB MUKPOKITYOHEH KapToges.

BaaropapuocTu. VccnenoBanusi mpoBeieHbl B paMKax I'paHTOBOro ¢uHancupoBanusi Komurera
Haykn MuHHcTepcTBa 0OpaszoBanus u Hayku Pecriyonuku Kazaxcran, mpoekt AP05131947 «Wcnoms-
30BaHUe OMOpeakTopa JJis BhICOKOI()(HEKTHBHOTO MONy4YeHUs: 0€3BUPYCHOTO TIOCaI0UYHOT0 MaTepraa
KapTodemsi».
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