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ACCELERATED PRODUCTION OF VIRUS-FREE
POTATO PLANTING MATERIAL USING A BIOREACTOR

Abstract. Potato production is one of the key branches of crop production that determines the food security of
Kazakhstan. The Republic needs over 800,000 tons of seed potatoes per year. In addition to seed potatoes, which are
grown in Kazakhstan, about 30,000 tons of seed potatoes are imported annually, while about 80% of this volume is
imported from the Netherlands through private companies [1].

In 2018, 193.0 thousand hectares were occupied under potatoes in Kazakhstan, while the gross harvest
amounted to 3806.9 thousand tons. At the same time, the yield in 2018 was only 19.8 t/ha. While in neighboring
Uzbekistan in 2018, the yield was 33.68 t/ha, the maximum yield in New Zealand in 2018 was about 50.41 t/ha[2]. It
is known that one of the main reasons for low potato yield is low-quality seed material.

In Kazakhstan, mainly after obtaining virus-free plants in vitro through meristem culture, minitubers are
obtained from them in most technological processes; in rare cases, microtubers are obtained from meristem plants in
vitro and then minitubers from them.

Research has shown that the bioreactor can massively clone meristem plants and get full-fledged virus-free
microtubules reducing a significant proportion of manual labor, thereby reducing the impact on the result of the
human factor, reduce infections, and reduce labor costs and material costs.

Key words: potato, microtubers, minitubers, virus-free culture, DAS-ELISA.

Introduction. The main requirement for quality seed material is the absence of pathogenic and
quarantine diseases. There are about 40 types of viruses and 2 viroids that affect potatoes [3]. Depending
on the defeat of viral diseases, the yield drops to 90% on production crops [4].

Healthy and high-quality potato seeds are the basis of potato seed production [5]. First of all the seed
material must be free of pathogenic microorganisms.

After obtaining virus-free plants in vitro through meristem culture, in most technological processes,
minitubers are obtained from them. The production of mini-tubers is the final stage of obtaining virus-free
material [6].

Recently, the production of microtubers is often used from which, as from meristem plants in vitro,
minitubers are obtained.

Microtubers are the result of in vitro cultivation of plants in an artificial nutrient medium [7]. Many
studies are aimed at improving the efficiency of obtaining microtubers and increasing their size, for
example, by cyclically immersing plants in a liquid nutrient medium during tuber formation [8]. At the
same time, despite a sufficient number of publications on the production of microtubers in vitro, there is
still little information on their testing in the ground [9]. In global seed production, minitubers are currently
an intermediate between the production of meristem plants and microtubers in vitro and field propagation
of seed material. The production of seed potatoes using minitubers requires much stricter control of the
resistance of the planting material to abiotic and biotic stress factors [10]. When planting mini-tubers
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directly in the field, their size is of great importance [11] and Rykaczewska [12] found that the larger the
minitubers, the more uniform the seedlings, the higher the yield and the dry mass content.

Methods. Isolating the apical meristem. Excised shoot tips collected from actively growing twigs
wash under running tap water and disinfect with 0.1% mercuric chloride solution containing
approximately 0.02% Tween-20 for 6 min inside a running laminar air flow cabinet. Treated explants
wash four to five times with sterile distilled water to remove the effect of the sterilizing agent. Shoot
apical meristem consisting of the apical dome with one to two leaf primorida isolates using sterile
hypodermic needle and scalpel under a dissecting microscope. To avoid dehydration isolated meristems
(0.3-0.5 mm) transfer quickly on the filter paper bridge in test tubes containing sterilized liquid MS
medium with the addition of kinetin 2 mg / 1 and 0.5 mg/ 1 gibberellic acid. After 4 weeks, the developed
meristems subculture on semisolid medium with the addition of kinetin 3 mg/l and gibberellic acid
0.5 mg/1 for further growth for shoot elongation and root formation [13,14,15]. After 2-3 weeks received
plantlets transplanted into semisolid MS medium without hormones supplemented with vitamins, 3%
sucrose, 0.8% agar, pH 5,7. After 4 weeks of culture on MS medium without hormones plantlets were
cloned for further propagation and testing.

The cultivation in bioreactor

A hundred single explants are transferred to a bioreactor with 1000 ml of liquid medium with 30 g/l
of sucrose and cultivated for 4 weeks with constant illumination about 2.5 W/m?. Explants are grown to
15 cm. Then the medium is changed to 8000 ml of a liquid medium with 90 g/l of sucrose and cultivated
for 6 weeks with constant illumination about 0,9 W/m? at 25 °C. The medium enters the bioreactor every
6 hours and is present for 1 hour, so explants absorb the liquid medium only 1 hour every 6 hours. The
bioreactor is aerated with sterile air from the calculation of 1 ml/min of air per 10 ml of liquid medium
[16].

Total DNA extraction

Extraction of DNA from the plants is performed using the manufacturer's instructions commercial for
nucleic acid extraction kits or CTAB method [17].

Total RNA extraction

Extraction of RNA from the plants is performed using the manufacturer's instructions commercial for
nucleic acid extraction kits [18].

Reverse transcription reaction isolated RNA

The reaction of reverse transcription extracted RNA is performed using the instructions attached to
Sileks reagents [19].

Double Antibody Sandwich ELISA (DAS-ELISA) will be done using commercial kits according to
the manufacturer's instructions [20].

Results and discussions. After isolation of the apical meristem of potatoes during 30 days of
cultivation, meristem plants of five varieties (Minerva, Romano, Aladin, Soprano from the Netherlands)
and (Nevsky from Russia) were obtained, which were checked for the absence of PVM, PVS, PVX, PVY
viruses by PCR and ELISA analysis (table 1 ).

Thus, plants that were pure for all four viruses were selected, which were cloned in vifro and used to
produce microtubers in a bioreactor. Healthy plants were divided into nodal segments and placed in a
bioreactor (10 nodal segments of each variety in three repetitions) with a liquid nutrient medium
optimized by MS with sucrose 30 g/l, kinetin 2 mg/l and gibberilinic acid 0.5 mg/l where they were
cultivated for 30 days at a temperature of 25°C, light mode 16/8 day/night.

Then the plants obtained from the nodal segments were cultivated in a bioreactor with a liquid
nutrient medium MS with sucrose 90 g/l and kinetin 2 mg/I at 18°C, light mode 0/24 day/night for 60 days
before harvesting microtubers.

The formation of microtubers in different varieties began in about 15-20 days, the harvest was
collected on day 60.
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Table 1 — Testing of meristem plants for the presence of viruses for further cultivation in a bioreactor.

RT-PCR Multiplex IFA
Varicty Virus Quantity of positive o relation Quantity of positive o relation
samples, PCs samples, PCs
PVM 0 0 0 0
Minerva PVS 0 0 0 0
PVX 0 0 0 0
PVY 2 25 1 12.5
PVM 0 0 0 0
Romano PVS 0 0 0 0
PVX 0 0 0 0
PVY 0 0 0 0
PVM 7 28 7 28
PVS 3 12 0 0
PVX 1 4 1 4
. PVY 3 12 2 8
Aladin PVM/PVS 1 4 0 0
PVM/PVY 1 4 1 4
PVM/PVS/PVY 1 4 0 0
PVM/PVX/PVY 1 4 1 4
PVM 19 61.29 15 48.38
PVS 10 322 2 6.45
Soprano PVX 0 0 0 0
PVY 0 0 0 0
PVM/PVS 10 32.2 2 6.45
Table 2 — The formation of potato microtubers in the bioreactor
Variety The beginning of the formation Quantity Weight of microtuber
of microtubers (PCs/plant) (2
Minerva 18 0,7(£0,48) 0,169(x0,017)
Romano 19 0,8(x0,63) 0,143(+0,014)
Aladin 21 0,5(x0,53) 0,65(0,007)
Soprano 15 1(£0,67) 0,310 (£0,021)
Nevsky 17 1,2(£0,63) 0,156(+0,008)

Depending on the genotype, the difference in the beginning of microtuber formation in the bioreactor
after placing plants in the dark phase was 6 days, the largest microtubers were in the Aladin variety —

0.65 (£0.007) g, then in Minerva 0.310 (£0.021) g and less than 0.2 g in Romano, Aladin and Nevsky.

Microtubers obtained in the bioreactor were analyzed for the presence of PVM, PVS, PVX, and PVY.
As a result, 2 samples of the Aladdin variety infected with PVM were detected in one of three replications

(table 3). The microtubers were selected one from each of the plants.

Table 3 - Checking microtubers obtained in the bioreactor for the presence of viruses

Ne of Viruses
samples PVM PVS PVX PVY
PCR IFA PCR IFA PCR IFA PCR IFA
1 2 3 4 5 6 7 8 9
Minerva
1 _ _ _ _ R _ _ _
2 _ _ _ _ R _ _ R
3 - - - - - - - -
4 _ _ _ _ R _ _ R
5 _ _ _ _ R _ _ R
6 _ _ R _ R _ _ R
7 _ R R R R R R R
3 _ - - - _ _ _ R
9 _ _ _ _ R _ _ R
10 - - - - - - - -
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Analysis for the presence of viruses in microtubers showed that control is necessary at this stage,
since microtubers are piece material and getting infected material into the further process will allow mass
replication of viruses in the seed material.

The virus-free microtubers obtained in the bioreactor were stored and stratified for 6 months in dark
conditions at a temperature of 4°C. Then the microtubers were placed in the light at a temperature of 20 to
25°C for 30 days until the shoots appeared and transplanted into pots in controlled conditions of the
greenhouse for 15 days until the plants reached the phase 5 leaves and then transplanted into the open
ground for 30 pieces of each variety. Harvesting of minitubers was carried out 3 months after planting
seedlings in the open ground.

According to the results of morphological analysis of minitubers (figure 1, table 4), they was smooth
without flaws and standard for further seed production and the maximum number of them was in Soprano
and Nevsky varieties, the average in Minerva and Romano, and the minimum in Aladin.
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Table 4 — Morphological parameters of minitubers

Ne Name of the variety Quantity of minitubers from plants, PCs Weight of the tuber, g
1 Soprano 8,1(x2,4) 24(x16,3)

2 Nevsky 9(+3,9) 12,9(+5,6)

3 Aladin 3,6(£1,4) 5,84(x4,9)

4 Minerva 5,5(£1,9) 13,1(£3,4)

5 Romano 6(£2,9) 11,2(x£10)

Figure 2 — Minitubers of varieties: a - Soprano, b - Nevsky, ¢ - Aladin, d - Minerva, e - Romano

From the conducted research, it can be concluded that with the help of a bioreactor, it is possible to
obtain high-quality microtubers from which high-quality virus-free minitubers will be obtained. The
process can be accelerated by earlier collection of microtubers from the bioreactor, for example, after
45 days, since all 5 varieties had normally formed microtubers at 45 days. In addition, studies have shown
that the bioreactor can massively clone meristem plants and get full-fledged virus-free microtubers,
reducing a significant proportion of manual labor, thereby reducing the impact on the result of the human
factor, reducing infections, reducing labor costs and material costs.

Acknowledgments. The study was part of the project AP05131947: “Highly efficient production of
potato virus-free planting material using a bioreactor”, funded by a grant from the Science Committee of
the Ministry of Education and Science of the Republic of Kazakhstan.
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OciMaikTep OHOJIOTHSCH )KOHE OMOTEXHOJIOTHICH MHCTHTYTHI, AMathl, Kazakcran

BUOPEAKTOP/IbIH KOMEI'TMEH KAPTOIITBIH
BUPYCCBI3 OTBIPFbI3Y MATEPUAJIBIH KEJEJAETIII OHAIPY

Annoranus. Kapron ecipy mapyambsuisirbl — KazakcTaHmarbl a3bIK-TYJIIK KayilCi3airiH aHBIKTAHTBIH ©CIMITIK
HIapyallbUIBIFBIHBIH HETI3r1 cananapbiHbiy 0ipi. PecyOnukara sxpiibina 800000 ToHHara JieiiH TYKBIMIBIK KapToIl
Kaxet. Kazakcranma ecipiieTiH TYKBIMJIBIK KapTONTaH 0acka, )buI cailbiH 30 MbIH TOHHAFA JKYBIK TYKbIM/IBIK KapTOI
uMnoprranansl, oHbIH 80% HunepnanabinaH xeke KOMIAHUSIIAP apKBUTBI OKEITIHE/T1.

Kazakcranga 2018 sxputer kapron 193,0 MBIH rekTapabl KamThIca 1a, kanmbl eHiM 3806,9 MbIH TOHHA OOJIEL.
ConbiveH Oipre, 2018 xputhl xammel oHIM 19,8 11 / ta xerri. 2018 xbUTE KopIIIec O30ekcTanaa eHiMaLTK 33,68 T/ra




ISSN 2224-5227 5.2020

Oonca, Xana 3enanausga xorapel eHimuutik 2018 sxpuibl mamamen 50,41 T1/ra Kyparan. Kapronm eHimiHIH
a3alobIHBIH 0acThl ceOcOiHe camachi3 TYKbIM MaTepHalibl JKaTaThiHbl Oenriti. COHFBI KE3/IC in Vitro MEpUCTEMAJIbl
OCIMJIIrIHEH IIaFbIH TYHHEKTEp albIHAbI, COHBIH ilIiHAEe MUKPO-TYHHEK OHMIpici KoJjnaHbuiansl. MUKpOTYIHEKTED
JKacaH/Ibl KOPEKTIK OpPTaja invitro eciMIiKTepiH eciprene naiaa 6omamsl.

larpiH TYHHEK — in Vitro MepucTeMallbl ©CIMIIKTEH HEMEce MUKPOTYHHEKTEH aJIbIHATHIH KilIKeHTal TYHHEK.
OTbIpFBI3FaHia SPTYPIIUIITT MEH THIFBI3AbIFbIHA OaitanbicThl Meumiepi 10-Han 50 mM-re neiiin e3srepeni. lllarbin
TYHHEKTIH TYKBIMIBIK KYHIBUIBIFBI KO3IBIPFBILITAPABIH OOJIMAaFaHIBIFBIMEH JKOHE MOJIIEpPi apKbUIBI aHBIKTANIAJIBI.
Bip in vitro mepucteMansl ociMIIKTeH HeEMece KaOBIK JKepleri MEKpOTYitHeKTeH 2-1eH 10-Fa geiiiH 1arslH TYWHEK,
an erep TUAPONOHKMKA Kosanranaa -40-ka AeiliH marblH TYHHEK anyFa 00iaibl. ONeMIIK OHIIPICTe MIaFbIH TYHHEK
Kazipri yakpITTa MEPHCTEMAaIbl OCIMJIK, i Vitro MUKPOTYHHEriH ajly MEH TYKbIMJIbIK MaTepUAIbIH Aaja d/1iCiIMEeH
Ke0eroi apachIHAAFbl apayblK OainaHeic 00mbIn caHanansl. 1llaFelH TyHHEK apKbUIBI TYKBIMIBIK KapTONTH OHIIPY
OTBIPFBI3y MAaTCPHAJIBIHBIH a0HOTHKAIBIK YXOHE OMOTHUKAIBIK CTpecC (PaKTOphIHA TO3IMIITiIH KaTaH KaJaranayabl
kaxer ereni. lllarbiH TyIHEKTI anara Tikeneil oThIpFhI3FaH/ia MeJIIepiHie epekulerik naina 6oxaapl. Rykaczewska
TYWHET1 HEeFYpIIbIM Kol 00Jica, COFYPIIBIM OIpKeJIKi KOIIET, Kipic IeH KYpFaKk MacCcaHblH MOJILIEPiHiH XKOFapbl eKeHi
AHBIKTAJIIBL.

Kasakcranna, HeriziHeH, MepHCTEMAaJbIK JAKbUI apKbUIbl in Vitro BUPYCCHI3 OCIMIIKTEp alfaHHaH KeiiH,
KOIITEereH TEXHOJOTHSIIBIK IpOLECTEep apKbUIbl MUHHUTYHHEKIIE, CHpPEK JKarjlaiga MepHCTEMalbIK ©CIMIIKTEeH
MHKPOTYHHEKIIIE aJbIHA/bI, COAaH KeiliH OlaH MUHHUTYHHEKIIE alyFa MyMKIHIIK TyaJbl.

3epTTeynep KepceTKeHIeH, OmopeakTopaarsl MEpHUCTEMANBIK OCIMAIKTEpHAl JKammail KIOHOAy >KYMBICHI KOJ
eHOCTIHIH YIIeCiH eoyip a3ailTaabl, OChUIaiIIa agaMu (aKTOPABIH 3epPTTEy HOTHXKECIHE OCEepiH, JIaCTaHyAbl, eHOCK
’KOHE MaTepHaJIIbIK IIBIFBIH/IBI a3aiiTy apKbUIbI TOJIBIKKAHABl BUPYCCHI3 MUKPOTYHHEKILE aryFa O0Iampbl.

Tyiiin ce3aep: xapTol, MUHUTYHHEK, BUpyCcChI3 KynsTypa, IILIP, DAS-ELISA.

J.B. Boaxos, A.M. Apreinbaesa, /1. JI. laypos,
K.K. Kanap, K.C. Aoaii, K.2K. Kambaxun, M.X. IllamexoBa

WHcTHTyT OHONOTHN B OMOTEXHOJIOTHH pacTeHnH, Anmatel, Kazaxcran

YCKOPEHHOE ITPOU3BOACTBO BE3BUPYCHOI'O
MNOCAJOYHOI'O MATEPHAJIA KAPTO®EJIS C IOMOIIBIO BUOPEAKTOPA

Annoranusi. KaprodeneBoacTBo siBisieTcsi OHON M3 KIIFOUEBBIX OTpaciieidl pacTeHHEBOJICTBA, ONPEEIISIOIINX
MPOJOBOJILCTBEHHYIO Oe3omacHOCTh Kaszaxcrana.PecryOnuke tpedyetcs 10 800 000 TOHH ceMEHHOTo KapTodens B
roa. ITomumo cemeHHOTro KapTodens, KOTOpbli BhIpammBaercst B KazaxcraHe, eXerogHo MMIIOPTHPYETCS OKOJIO
30 000 ToHH cemeHHOro Kaptodeis, mpu 3toM okoio 80% u3 3Toro odbema BBO3WUTCH W3 HunepmanmoB depes
YaCTHBIE KOMIIaHUH.

IMox xaprodenem B Kazaxcrane 2018 romy Oput0 3aHATO 192,3 THIC. Ta MPH 3TOM, BAIOBBIA COOpP COCTaBHWII
3806,9 teic. ToHH. IIpn 3TOM ypoxaitHocTs B 2018 romy cocraBmia Tonbko 19,8 T/ra. B To Bpems kak B cocemHeM
V3b6ekucrane B 2018 roqy ypoxaitHOCTh coctaBmia 33,68 T/ra, MakcUMalbHast ypoxkaitHOCTs B HoBolt 3emananu B
2018 romy Obu1a okoso 50,41 1/ra. 3BeCTHO, YTO OMHOM M3 OCHOBHBIX NMPHYUH HU3KOH YPOXKAMHOCTH KapTodess
SIBJISIETCS HEKAUECTBEHHBIN CEMEHHON MaTepral.

B mnocnenHee BpeMsl 4acToO HCHOJIB3YETCsl MPOM3BOJACTBO MUKPOKITyOHEH, W3 KOTOPBIX KaK U3 MEPUCTEMHBIX
pacTeHuil in Vvitro moy4aloT MUHUKIYOHH. MUKPOKIIyOHH SIBJISIIOTCS PE3YJIbTATOM KyJIbTUBHUPOBAHHE PACTEHHH in
Vitro B MICKyCCTBEHHOH MMUTATEILHOM cpejie.

MuHuKITyOHH ITPEACTABISIOT COO0H HEOObIINe KITyOHH, TIOTyUYeHHbIE U3 MEPUCTEMHBIX PACTEHUH i1 Vitro iu
13 MHUKpOKIIyOHeH. B 3aBucHMOCTH OT copTa M IJIOTHOCTH IOCAaIKH MX pasMep Kosebiercst ot 10 mo 50 mm.
CeMeHHast IIEGHHOCTh MUHMKITYOHEH ompezenseTcs OTCyTCTBHEM NaTOTeHOB M pa3MepoM. 113 0THOro MepucTeMHOro
pacTeHus! in Vifro WIM MHUKPOKIYOHS B 3aKpBITOM TPYHTE€ MOXKHO MOJY4YHTh OT 2 1o 10 MUHHKIyOHEH, ecnn
HCTIOJIB30BaTh THAPOIOHUKY - 10 40 MuHUKITyOHEH. B MHpOBOM MpPOM3BOACTBE MHUHUKIYOHH B HACTOAIICE BPEMS
MPECTABISIOT COOOW TMPOMEXYTOYHOE 3BEHO MEXIY IIONIy9eHHEM MEPHCTEMHBIX DPACTeHHH W MHKPOKIyOHEH
in Vvitro W TIOJNEBBIM Pa3MHOKEHHEM CEMEHHOro marepuana. [Ipou3BOACTBO CEMEHHOro KapToQess ¢ MOMOIIbIO
MHUHHUKITyOHe# TpeOyeT ropasio 6ojiee CTpororo KOHTPOJIsl yCTOMYMBOCTH MOCAA0YHOI0 MaTepraia K aDHOTHUECKUM
U OMOTHYECKHUM CTpeccoBbIM (hakTopam. [Ipm BrIcagke MHHUKIyOHEH HENOCPEICTBEHHO B IOJIEBBIC YCIOBHS,
Oosbioe 3HaueHHE MMeeT ux pasmep. Rykaczewska oOHapyxwuiaa, uro 4yem OoJbllie MUHUKIYOHH, TeM Ooliee
paBHOMEpHBIE BCXO/IbI, BBIILIE YPOXKai ¥ COJEPIKAHUE CyXOH Macchl.

ITpou3BOICTBO MUHUKITYOHEH sABJIsIeTCS (PUHABHON CTaaueH Moy4eHus: Oe3BHPYCHOTO CEMEHHOT'O MaTepHara.
B Kazaxcrane B OCHOBHOM IIOCIiE IIOJlydeHHUs] O€3BUPYCHBIX PACTEHHWH in Vitro 4epe3 KyJbTYpy MEpHUCTEM B
OOJIBIIMHCTBE TEXHOJOTMYECKMX MPOLECcaX M3 HUX IOIyYaroT MHHHUKIYOHH, B PEIKHX CIIydasX M3 MEPUCTEMHBIX
pacTeHui MoIy4aloT MUKPOKIYOHH in Vitro W 3aT€M U3 HUX MUHHKIYOHH.
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HccnenoBanus mokasaind, 4TO B OHOpEaKTOpEe MOXKHO MAacCOBO KIOHHPOBAaTb MEPHCTEMHBIE PACTEHHSA WU
HOJTy4YaTh MOJHOLEHHbIE 0Ee3BUPYCHBIE MUKPOKIYOHH COKPAaTHB 3HAYHUTENBHYIO JIOJNIO0 PYYHOI'O TPYZA, TEM CaMbIM
CHM3WTh BJIMSHHE Ha pe3yJbTaT YeIOBEYECKOro (hakTopa, COKPAaTHTh 3apa)KeHWUs, COKPATHTh PAcXojbl Ha OIUIATY
TpyJa X pacXxo/bl Ha MaTEpHabl.

KoaroueBblie ciioBa: kaprodesb, MUHUKITYOHH, Oe3BUpYcHas KyabTypa, [IL[P, DAS-ELISA.
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