ISSN 2224-5308 Cepus buonoeuvecxas u meouyurexas. Ne 1. 2018

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 1, Number 325 (2018), 29 — 34

UDC 635.073; 635.032;57.085
N. P. Malakhova, L. D. Galiyeva, A. Hassein, A. A. Kaliyeva, Y. A. Skiba

RSE “M.A. Aitkhozhin’s Molecular Biology and Biochemistry Institute” of the Committee of Science
of the Ministry of Education and Science of Republic of Kazakhstan, Almaty, Kazakhstan.
E-mail: tasha malakhova@mail.ru; e-mail: racai@mail.ru; leogold24(@mail.ru; aigul altacvna@mail.ru,
abiks y@mail.ru

APPROBATION OF ACCELERATED BIOTECHNOLOGICAL
PRODUCTION OF ELITE SEED POTATOES FOR ENSURING SEED
INDUSTRY IN THE REPUBLIC OF KAZAKHSTAN

Abstract. Production of healthy seed mini-tubers is the basis for obtaining high-quality potato seed material.
The technology of pilot production of ¢lite seed potatoes on a small scale has been developed and tested (appro-
bated) in order to accelerate the production of domestic potato seed material. The prospects of this technology
application are shown with use/availability of modern greenhouse complexes at the first stages of the technological
process of “super-superelite” category of minituber material production. Virus free plants-regenerants of domestic
high-yielding “Aksor” cultivar were obtained from a small number of tubers and propagated with the use of micro-
graftage method. Minitubers for the production of super-superelite seed material were obtained from the regenerant
plants under conditions of closed (isolated) soil/ground in the first year. In the second year of the project superelite
potato seeds were obtained from super-superelite minituber material under field conditions and were transferred to
the elite seed-growing farms for further production of seeds of “clite” category in the third year of the project imple-
mentation.

Features of this technology consist in a continuous process of obtaining healthy test-tube plants (in vitro) and
minitubers within 3 years. Conducting regular excavation of tuber material during the cultivation of plants in the
greenhouse leads to an increase in the amount of minitubers harvest from one generation, as well as to cyclical pro-
duction of super-superelite material 2 times a year. Results are the following: reduction of the period of elite seeds
production to 3 years, a low demand for production areas, a slowdown in the norms of seed material consumption
and a high coefficient of its reproduction.

Key words: potato, in vitro cultures, virus free plants-regenerants, microclonal propagation, potato original
seeds, minitubers, potato elite seed material.

Potatoes are the most important food, technical and fodder crops. In addition, being the most im-
portant and significant vegetable source of food energy, vitamins, minerals and antioxidants among forbs
(non-grain plants) in the world, potato considered as a unique product for healthy nutrition. Potato tubers
contain on the average 76-78% of water, 17-19% of starch, 1-2% of proteins, and about 1% of minerals
and vitamins [1]. In Kazakhstan, the priority direction of potato use is its production to ensure food
security of the current and future generations of the country. Potato production in the country by
profitability is one of the most promising branches of agriculture (from 50% to 300%) over the past few
years [2].

Nowadays, the issue of producing high-quality seed material remains one of the most acute in this
industry for a number of reasons. Firstly, not all regions of the republic own seed-growing farms for the
production of original and elite seed potato material, and those that are - do not cover all the needs of
potato growing farms with high-quality seeds of local cultivars. Secondly, most of the territory of our
country is not suitable for potato cultivation due to difficult climatic conditions [3]. At present, more than
190 thousand hectares of land resources in the territory of Kazakhstan are occupied for potato production,




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

and the main regions in which the largest gross harvest of potatoes are recorded are Almaty, South
Kazakhstan, Pavlodar, Zhambyl and North-Kazakhstan regions [4]. With the annual domestic production
of potatoes, oriented only to the domestic market, consumers' needs are covered by only 50-60%, while
the rest of the market is occupied by imported potatoes of very different quality from Russia, Kyrgyzstan,
China and Pakistan [5,6]. The lack of a high-quality initial planting material of domestic potato varieties
in the country makes it necessary to import potato seeds of foreign selection cultivars that are not adapted
to local climatic conditions, quickly lose their qualitative characteristics, become susceptible to diseases,
thereby reducing its vields and further reproduction becomes impractical [7] . Thus, in order to increase
the efficiency of potato growing in the republic, it is necessary to organize a high-tech and cost-effective
system of virus-free potato seed production.

The existing scheme for the production of "superelite" and "elite" categories seed potatoes by the
traditional way requires from 4 to 6 years, and seed potatoes grown in the field are exposed to a high risk
of infection with viral and bacterial diseases, which to a considerable extent reduces its quality and terms
of use in further reproductions.

The risk of minituberous material contamination significantly reduces due to its cultivation in the
greenhouse complex, and elite seed potato material production reduces as well by one year with use of the
new scheme of accelerated production of healthy elite seed material on a biotechnological basis.

The accelerated scheme of healthy elite seed material obtainment was developed at the laboratory of
Plant Bioengineering and concludes the following: virus free regenerant-plants and minitubers of
domestic high-yielding potato cultivar will be obtained from a small number of tubers and propagated in
the first year of the project, followed by production of minitubers, super-superelite and superelite seed
material under closed and open soil conditions in the second year, and production of elite potato seeds
from superelite tuberous material on fields on third year. Elite potato seeds then will be transferred to the
elite seed-growing farms for further potato production.

Pilot biotechnological production of virus-free elite seed potato products of domestic varieties on the
basis of cultivation technology developed in the laboratory allowed to evaluate experimentally the pro-
fitability of this technology, to reveal the weak and strong aspects of this scheme of seed production, and
also to evaluate the prospects of such an approach for solving the problem of providing potato growing
and peasant farms with elite seed material of potatoes of domestic cultivars.

Clone selection of the initial potato tuber material, isolation of meristem material and obtaining of
healthy test-tube plants under in vitro conditions was carried out in each repeated cycle during each year.

Potato of domestic cultivar “Aksor” obtained from originator-variety at Kazakh National scientific
research institute of potato and vegetable growing (KazNIIKO) was used as an initial potato tuber
material. Cultivar characteristics: relatively heat resistant, drought-resistant, medium-ripening and
medium-yielding. The productive potential of yield is in the range of 55 t / ha. Relatively resistant to
discases, of universal use [8].

Primary test-tube regenerant plants were obtained using method of apical meristems isolation out of
healthy sterilized potato tubers in combination with thermotherapy [9]. Further apical meristems were
transferred to the universal Murasige Skoog (MS) mediums and were cultivated in a room with regulated
light and temperature conditions [10, 11] (Figure 1).

Microclonal reproduction of potato primary test-tube plants were performed by standard method of
micro-graftage [12].

The test-tube potato regenerant plants were tested for infection with PVY, PVM, PRVL viruses using
potato virus detecting diagnostic kits. Evaluation of the ELISA results was performed on a photometer
at a wavelength of 450 nm. As a result of testing, the absence of a viral infection was detected in 19 of
21 batches (15 samples each) of test-tube potato plants. The batches of infected with virus M potato plants
were eliminated.

The virus-free plants were replicated for their further transfer to ex vifro conditions and the
production of potato minitubers in a closed ground/soil. 350 potato primary test-tube plants of “Aksor”
cultivar were obtained from 19 lines in the first year. In the second and third year there were produced
252 primary test-tube plants from 21 lines and 800 test-tube plants from 7 lines of “Aksor” potato.
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Figure 1 — Test-tube plants production from potato apical meristems

At the first stage of rooting and adaptation to the natural light and temperature conditions, potato
regenerant plants were transplanted into individual plastic cups with an autoclaved soil mixture (peat - soil
- sand in a ratio of 1:1:0,1). Plants were washed with a MS cultural medium, transplanted into aseptic soil
and placed in a light-climatic room with an 18-hour light day, humidity 70%, lighting 3000-5000 lux, and
temperature: day +25°C/night +22°C. Watering was carried out as the soil dries up with a Knopp
modified nutrient solution for normal growth and development of plants.

The second adaptation stage of cultivation was conducted 3 weeks after planting test-tube plants into
the soil/ground. Humidity in the climatic room was reduced to 56%, the temperature regime remained the
same, watering of the plants was performed twice a week. The percentage of survived potato plants at this
stage composed 92% from the number of plants that passed the first stage of adaptation. Adapted potato
test-tube plants were planted in the greenhouse complexes of the elite seed-growing farm "Orken" to
produce the original seeds.

Potato minitubers (original seeds) production

5400 pcs or 270 kg of harvest of “Aksor” potato minituberous material were obtained from test-tube
plants during their cultivation in closed soil in the first year at the site of ¢lite seed-growing farm “Orken”.

The harvest of potato minitubers material of “Aksor” cultivar were collected in the amount of
2000 pcs in winter period at “Orken” farm’s greenhouse complex from 2500 healthy test-tube plants in the
second year.

For a continuous cycle of minitubers production, all the adapted test-tube potato plants were planted
in the open ground in spring of the following year. Due to force majeure financial and climatic conditions
in the summer of 2016 and 2017, during the second and third year of the project implementation, 90 kg
and 52 kg of potato minituber material were obtained from 5000 healthy test-tube plants under the
conditions of the greenhouse and field, respectively (Figure 2).

Figure 2 — Harvest from “Aksor” cultivar minitubers
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Super-superelite seed material production from original seeds in greenhouse complexes.

In the first year of the project potato minituberous material were obtained out of 2,500 healthy test-
tube plants on the fields of the "Orken" peasant farm which was stored from October to December.
3500 pcs of potato minitubers out of 5400 saved and maintained their viability due to natural loss during
the storage period.

In January of the second year a minituberous potato seed material was placed on germination at a
temperature of +18°C + 20°C for 14 days and planted in a greenhouse complex of the “Orken” elite seed-
growing farm in order to produce super-superelite potato seed material. All necessary agrotechnical steps
were carried out during the cultivation of plants in the greenhouse in winter period and a crop of super-
super-clite potato was harvested in an amount of 150 kg and placed for short-term storage for further
planting in the spring.

Production of "super-superelite” seed material from original seeds under field conditions on the
second and third years

2000 pcs of potato minitubers of “Aksor” cultivar obtained in greenhouses in the winter period were
planted into the open ground on the second year of the project. 81 kg of potato minitubers were planted
under field conditions in the third year. All required agrotechnical measures were performed during
cultivation of plants on the fields. The harvest of seed potatoes of the "super-superelite” category was
collected in the second decade of October of the second and third years (Figure 3). 480 kg of super-
superelite potato material were obtained in autumn of second year of project realization which composes
80% of initially expected harvest. Seed potato of super-superelite category were then stored for their
further planting in spring period.

Figure 3 — “Super-superelite category seed potato of “Aksor” cultivar

1000 kg of “super-superelite” category potato were collected in autumn of the third year which
composed 100% of initially expected harvest. Seed potato material of “super-superelite” category were
transferred to the “Orken” farm for the storage and assessment of the quality of obtained seed potato.

“Superelite” category seed material production in the field conditions and their transfer to the elite
seed-growing farms of Almaty region for the production of ¢lite seeds and evaluation of its quality

150 kg of seed material of the “super-superelite” category of “Aksor” cultivar were planted to the
open ground in the second year considering unfavorable spring weather conditions. 432 kg of “super-
superelite” seed material of “Aksor” variety from the previous year planted in the third year.

Harvesting of potatoes was carried out in the second decade of October of the second year and in 3-4
decades in October of the third year (Figure 4).

In the second year the harvest of potato of superelite category of “Aksor” cultivar composed 315 kg.
For the third year the harvest of potatoes of this category was about 4000 kg. Obtained superelite seed
material was transferred to the seed-growing peasant farm “Orken” for further production of elite seeds
and assessment of its quality.
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Figure 4 — Collection of harvest from superelite category potato

Elite seed material production. The seed material of the "superelite” category in the amount of 283
kg was planted in the field at the end of May 2017considering the negative spring weather conditions. All
required agrotechnical measures were performed during cultivation of plants on the fields. The harvest
collection of potato seed material of “clite” category in the amount of 5000 kg was performed in first
decade in October. Elite seed material was transferred to the “Orken™ elite seed-growing farm for the
evaluation of seed quality for further use in the production of elite seeds.

Thus, on the basis of experimentally obtained results from pilot technology, it was shown that the
new scheme for accelerated biotechnological production of the healthy elite seed material proved the
possibility of reducing the production period of the "elite" seed material to three years on the basis of
obtaining minituber and super-superelite potato seed material in winter periods under greenhouse
conditions.

The key factors for the successful implementation of the testing production scheme are the
availability of an efficiently operating greenhouse complex for the cultivation of first-generation test-tubes
plants and adult plants.

The results of the first year of approbation showed the success of the applied biotechnological
methods for obtaining and replicating on an industrial scale of the healthy test-tube regenerant-plants. The
results of the second year of studies confirmed the prospects of cultivation of plants in a greenhouse
complex for the production of minituber seed material and super-superelite. The effectiveness of tech-
nology for obtaining seed material, taking into account the adjustment of quantitative indicators for the
third year, was as follows (in percent from expected): 100% (5 tons) of “elite” category seed material,
80% (4 tons) of “superelite” -100% (1 ton) of “super-superelite and 2% (1800 pieces/52 kg) of original
seed material (minitubers).

Summarizing, the obtained results indicated the prospects of using this accelerated technology for the
production of elite seed potatoes taking into account the identified weak points (lack of financing and the
influence of climatic factors), which allows us to further assume the possibility of effective
implementation of this technology in production/industry.
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KA3AKCTAH PECIIYBJINKA CBIHBIH TYKBIM OHAIPICTH KAMTAMACEI3 ETY MAKCATBIHJTA
JIATTI TYKBIM/BIK KAPTONTLIH BHOTEXHOJIOT USLJIBIK OH/IPICTHIH,
KBITIAMJA TBLIFAH ATTPOBATTHSACEI

AnnoTarust. CaybIKTBIPUEFaH TYKBIMIBIK MUHU-TYHHEKTEP/Il OH/IIPY KapTOIITHIH KOFaphl Caltalbl TYKBIM/IBIK MaTepPHUAIbIH
amy IBIH Her131 GombnT TaGhraapl. KapTonThH TYKBIMABIK OTaH/IBIK MaTepUalIbIH XKBUTIaM/aTa aly YIIH a3raHa eHJIIpICTIK Mac-
mrradTa IUTAIBIK TYKBIM/BIK KapTOITHIH IIIOTTHIK 6HAIPIC TEXHOIOTHSICH YKacall IIBIFaphULIbl KoHe KaObU1IaH bl by TexHo-
JOTHSHBI KaHa 3aMaHFa cail KbUIbDKal KYphUEbUIAaphl OOIIFaH *KafF/alijia «CyIepeylepsInTay KaTeroprschiHa KaTaThlH MUHU-
TYWHEKTIK MaTepUallIbl ally JbIH TeXHOIOTHSIIBIK, TIPOTIECIHIH GipIHIII caTHICHIH A MaliAatany IIH Gomarars! Sap eKeH/Ir kepce-
turi. TyHMHEKTIH a3raHa MeITepiHeH MUKPOKATIEMITIENeY 9/[iCIMEH KapTOIITHIH OTAHABIK OHIMJILUTITT YKOFaphl « AKCOP» COPTHIHBIH
CayBIKTHIPBUTFAH pereHepaHT-oCiMIIKTEP] ATBIHABI KaHe KoOeUTUI . BipiHIT KbITH pereHepanT-ociMIIKTepIeH KaObIK TOIBIPAK,
KaF TalfbIH/a CYTIEp-Cy IEPAIUTAIIBIK TYKBIMJIBIK MaTepyall ally YIIH MUHUTYHHEKTEp allbH/bl. EKIHIT KbUTBI €TICTIK JKaf aHbIH-
Jia CyIIep-CyIIepaITaHbIH TYKBIMJIBIK MaTepUalJapblHaH KapTOIITHIH CYIIEP3IUTAIIBIK TYKBIMBI &JIBIH/BI ’KOHE SIUTAIBIK TYKBIM
TIapyarbUIBEFBI YKOOACHIHBIH, YIIIHIII KbULIBIK K00achlHa OHJIPYTe «PIUTay KaTerOPHsChIHA KaTaThIH TYKbIM OepiiLi.

By TeXHOTOTHSIHBIH, epeKITIeNiTi caybIKTHIPHUTFaH TIPOCHPKATBIK 6CIMIIK (i1 vitro) TIeH MUHUTYMHEKTepAL 3 KbI1 GOMEI y3-
JUKC13 almyFa HerizgenreH. JKpUTbKabiia eciMAIKTI ecipy Ke3iHe TYMHEKTIK MaTepraliibl XKyeri Typ/e Ka3bil aiy. bip yprakTaH
MUHUTYWHEKTEP/IIH OHIMIHIH CAHBIHBIH apTybl. CyTep-Cynep uTalblK MaTepHa bl KRUTBIHA €Ki PeT aly MYMKIH/IITL. DIHUTaIBIK
TYKBIM OHJIIPY YaKBITHHBIH 3 JKBUTFa JeHiH KBICKApYhI, OHJIIPIC ayMaFbIHbIH KaKeTTUTITHIH a3af0ybl, TYKBIMABIK MaTepPHAIbH
MIMBIFBIHBIHBIH TOMEH/IEY1 KaHe OHBI KoOelTy kKorpUITMeHTIHIH XKoFaphl GOMYBI OCHl TEXHOIOTHSHBIH HATHKeNepl GObIT TaGhl-
TajIpL.

Tyitin ce3aep: KapTolL, in vitro 6CKEeH KIeTKalIap, caybIKTHIPBUFAH PEreHEPAHT-6CIMIIK, MUKPOKIIOH/AY apKBLIHI KoOeHTy,
KapTOIITHIH GacTaITKEl TYKBIMBL, MUHH TYHHEK, KapTOIITHIH SIUTAIBIK TYKBIMJIBIK MaTepHaIbl.
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AITPOBAIIMA YCKOPEHHOI'O BUOTEXHOJOT'HYECKOT'O ITPOU3BOACTBA
JIUTHOTI'O CEMEHHOI'O KAPTO®EJIA AJIAA OBECIIEYEHUA CEMEHOBOJACTBA
B PECITIYBJIMKE KA3AXCTAH

AnHoTarust. 1Ipon3BoICTBO 03/J0POBIEHHBIX CEMEHHBIX MUHU-KIIYOHEH SIBIISIETCS. OCHOBOM JUISL TIOJTY YEHHUSI BBICOKOKaYecT-
BEHHOTO CEMEHHOIo Marepuaina kaprodernst. [l yCKOpEeHHOTO IONYYEeHHsSI OTEUECTBEHHOTO CEMEHHOI0 MaTepuana Kaproders
pazpaboTaHa 1 anpoOUpoBaHa TEXHOIOTHS IIMIOTHOTO IIPOM3BOICTBA HIUTHOTO CEMEHHOTO KapToQers B MaJIbIX IIPOMBITUICHHBIX
Mactirrabax. [loka3aHa IIEpCIIEKTUBHOCTD €€ IIPUMEHEHHS IIPY HaIMYMK COBPEMEHHBIX TEINTMYHBIX KOMILIEKCOB Ha IIEPBBIX 3Ta-
T1ax TEXHOIOTHUYECKOTO IIpoIiecca 0Ty YeHHsT MUHUKITy CHEBOI'O MaTepHaia KaTerOpUH «CyIepeyliepanutay. 13 HeGombIToro uuc-
Ta KIyOHEH IONMy4eHbl M Pa3MHOKEHBI METOJOM MHKPOUEPEHKOBAHUS OE3BHPYCHBIE PACTEHHUS-PETEHEPaHTHl OTEUECTBEHHOIO
BBICOKOY POKaMHOTO copra Kaprodens « Axcop». 13 pacTeHUI-pereHepaHTOB B YCIOBHSIX 3aKPHITOTO TPYHTA B IIEPBBIH I0]1 MOy~
YeHbl MUHUKITYOHH TSI IIPOM3BOJICTBA CYIIEP-CYIIEPAIUTHOIO CEMEHHOro Mareprana. M3 K1yGHEBOro MarepHana cylep-cylep-
SIUTHI Ha BTOPOI TO/l B IONIEBBIX YCIOBUSIX IONYUEHBI CYIIEPIIHUTHBIE ceMeHa KapToeis U Iepe/aHbl B IUTCEMX03 JUIS 1Ipo-
W3BOJICTBA CEMSIH KaTETOPUSL «MIUTay yrKe Ha TPETUH I'0J] BBIIOIHEHYS IIPOEKTa.

Oco0GEHHOCTH JIAHHOM TEXHOJIOTMH 3aKITIOMAIOTCsl B HEIPEPHIBHOM IIPOIIECCE IIOIYUECHUS 03/J0POBIEHHBIX IIPOCHPOUHBIX
pacteHuii (in vitro) 1 MUHUKIYOHEU B TeueHUe 3-X JeT. lIpoBefieHue perysipHOil BHIEMKH KIIyOHEBOI'O Marepualia BO BpeMs
KyJIFTHBUPOBAHMS PACTCHUH B TEIUTHUIIE TIPUBOJUT K YBEIMUYEHHIO KOJIYECTBa YPOkask MUHUKITYyOHEH ¢ OHOTO ITOKOJICHUSI, a TaK-
e IUKITMIHOMY IIOIYUYeHHUIO CYIIeP-CYIIEpAIUTHOTO MaTeprana 2 pa3a B 1ojl. PesyisraraMul SBISIOTCS COKpAITIEHHE CPOKOB IIpo-
W3BOJICTBA BIIUTHBIX CEMSH 70 3 JIeT, HU3Kast HOTPeSHOCTh B IIPOU3BO/ICTBEHHBIX IIOIMIA/ISX, CHIDKEHHUE HOPM PacXo/a CEMEHHOTO
MaTeprana U BEICOKUH KO3(DQUITUEHT ero Pa3MHOKEHHSL.

KitoueBbie ciioBa: kaprodenb, KyIbTypsl in vitro, Ge3BUPYCHBIE PACTEHHUS — PETEHEPAHTHI, MUKPOKIOHATIEHOE Pa3MHO-
JKEHHE, OPUTMHAIIBHBIE ceMeHa KapToders, MUHUKITYOHHU, SIIUTHBIN CeMEHHOH MaTepyal KapToderst.
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