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Abstract

A comparative analysis of nine somaclonal Dutch selection “Alladin” pota-to variants test results
was carried out using a modified Murashige-Skoog medi-um with different concentrations of hormones,
vitamins and growth stimulants. As a result of the work carried out, 100% callus formation providing
from leaf explants and more than 90% shoot formation without the use of additional steps associated
with their rooting optimal protocols for in vitro cultivation of pota-toes were defined. According to
morphological characteristics 9 initial lines were selected among the Dutch selection of “Alladin” potato
variety regenerated plants using these protocols. The tubers of the second reproduction obtained from
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these lines were used for the analysis of biochemical parameters (starch, soluble sugars, proteins). As
a result, lines with the maximum starch content were identified, 2 lines out of 9 exceeded the control
sample by 3.3% and 10.7%. The protein con-tent in the tubers of 7 somaclonal variants from 1% to
10.6% exceeded this indi-cator in the control. In comparison to the control, the sugar content was
signifi-cantly lower (from 37.9 to 54%) in 3 studied samples. The results obtained are of great practical
interest for further breeding studies to consolidate them and create new dietary and table varieties of
potatoes. Based on the obtained somaclonal variants, new promising potato varieties adapted to the soil
and climatic condi-tions of Northern Kazakhstan can be obtained.

Key words: potatoes; Solanum tuberosum; in vitro culture; somaclonal var-iability; starch; total
protein; free sugars.

Basic position and Introduction

Potato is one of the main agricultural crops selection [4].
of universal use, both for food purposes and for In this regard, it seems promising for the agro-
technical processing. The average consumption of industrial complex of the Republic to involve
potatoes per capita in the world is 120-130 kg per  Dutch potato varieties as high-yielding ones in the
year. World potato production in 2018, ac-cording  breeding process. Obtaining on the basis of Dutch
to the FAO, amounted to 368.247 million tons [1].  varieties of new potato lines that are re-sistant to

According to the World Potato Congress growing in the conditions of the Northern region of
dated February 20, 2020, Ka-zakhstan is included Kazakhstan. Ob-taining new varieties of potatoes
in the list of 25 world leaders in terms of potato with a reduced sugar content, as well as a high
cultivation and is in 20th place (3.807 million content of starch and other nutrients, will ensure
tons), the main leaders are China (90.321 mil-lion a combination of high yields of this important
tons), India (48.529 million tons), Ukraine (22.504  agricultural crop with a longer storage period of
million tons), Russia (22.395 million tons), USA  tubers and an in-crease in their nutritional value
(20.607 million tons) [2]. [5].

According to the Bureau of National Statistics, According to published scientific data,
in 2020, 4 million tons of potatoes were produced, spontaneous mutagenesis can be the most effective
359.6 thousand tons were exported, and 45.8 breeding method for obtaining new lines of potato
thousand tons were imported. Security due to (Solanum tu-berosum L.) [6]. The appearance
domestic production amounted to 108.5%. There of "somatic" mutations can be caused by the ac-
are 95 kg of potatoes per capita per year [3]. tivation of transposons that cause a change in the

Currently, on the territory of the Republic expression of the plant's own genes, the appearance
of Kazakhstan, varieties of Dutch and German of point mutations. The use of such cells and
selection are widely used in industrial potato tissues in in vitro culture enables researchers to
growing, which have a high yield (up to 780 ¢/ obtain new variants of plants characterized by new
ha), resistance to a wide range of fungal and bacte- economically valuable traits [7, 8, 9].
rial diseases. However, these varieties of potatoes In this regard, the purpose of this study is to
are not intended for long-term storage, they are obtain somaclonal potato var-iants based on the
demanding on moisture and fertilizers, in case of Dutch selection "Aladdin" using an in vitro culture
insufficiency of which their yield drops sharply. In  and evalu-ate them for such economically valuable
the advanced farms of the Republic, the yield of traits as the content of starch, soluble sugars and
Dutch varieties is approximately 350 c/ha, which  protein.
is 50-70 c/ha higher than the varieties of local

Materials and Methods

The research was carried out on the basis of on a nutrient medi-um of Murashige and Skoog
the Scientific Research Plat-form for Agricultural [10] with modifications, mg/l: biotin, folic acid
Biotechnology of NJSC "KATU named after S. (0.01-0.05), NAA (0.1-0.5), 2,4-D (1 .0-3.0),
Seifullin”". Potato tubers of 9 somaclonal lines kinetin (0.01-0.05). The medium for regeneration
of the second reproduction of the Aladdin va- contained ferrulic acid (0.01-0.05), ascorbic acid
riety (A-R3-1) were used as the starting material.  (0.5-3.0), IAA (0.1-0.6), 6-BAP (0.5-2.5), IMC
Leaf explants were used to in-duce primary (0.1 -0.5).
potato regenerants. Cultivation was carried out For adaptation, regenerated plants were
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transferred into pots with perlite sand for 10-15
days, then into pots with a mixture of peat and
sand in a ratio of 3:1, and after rooting, into natural
field conditions. First reproduction tubers were
tested for phenotypic traits (flesh color, skin color)
and selected samples were used to obtain second
reproduction tubers, which were used to evaluate
the content of free sugars, starch and total protein.

The content of starch in potato tubers was
determined by acid hydrolysis [11]. Inverted sugar
was determined using the DNS method [12].

To determine the content of free (inverted)
sugar, which is represented in potato tubers by a

Results

Based on a comparative analysis of the results
of testing 9 nutrient media with the addition of
various components for the induction of callus
and organo-genesis, the most optimal options
were selected from the leaf explants of the Alladin
potato variety (results not shown). The maximum
number of explants in which callus induction was
observed was noted on MS-4 and MS-6 media. It
was on this basis that MS-6 medium was chosen
for further experiments, under which conditions

mixture of glucose (up to 65%) and fructose, the
glucose oxi-dase method was used using the Vital
commercial clinical kit [13].

Protein content was determined by alkaline
lysis [11]. The amount of pro-tein was determined
by the Lowry method [14].

For each variant of biochemical analysis, one
potato tuber was used; meas-urements were carried
out in triplicate. The calculation of the amount of
protein and starch was carried out relative to 100 g
of fresh weight of tubers and ex-pressed in grams
and percent, respectively. For statistical data
processing, Excel Microsoft 2007 was used.

callus formation was observed in all cultured
explants (100%) on days 7-8 (Figure 1, A). MS-5
medium was chosen as the optimal medium for
organo-genesis from the obtained potato calli,
on which the highest percentage (92%) of the
yield of regenerated plants was noted (Figure 1
B and C). It should be noted that organogenesis
in this environment did not require additional
manipulations to induce rhizogenesis.

A B C D

(A), regeneration in potato culture (B) and regenerative plants induced from them (C),
obtained microclones of regenerative plants for rooting in soil (D)
Figure 1 — Callusogenesis in in vitro culture from leaf explants of Aladdin potato variety

As a result of the studies, 815 regenerated
plants were rooted (Figure 1, D), from which, after
their transfer to the field, 3548 tubers of the first
reproduction were obtained. Based on the results of
the morphological analysis, samples were selected
that differed from each other and from the control
in the color of the pulp (white in the control, pale
yellow and yellow in the samples) and the color of
the peel (light purple uniform in the control, light
purple with dark purple eyes and deep purple in
samples).

So, as a result of the studies, the optimal
composition of the media for the induction
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of callusogenesis and organogenesis was
selected when cultivating leaf explants of
potato variety "Aladdin" in vitro, the tubers of
the first reproduction were tested according to
morphological characteristics, 9 initial lines were
select-ed that differ in these characteristics from
the control (variety "Aladdin"). The tu-bers of the
second reproduction were used to analyze some
biochemical parame-ters - the amount of starch,
protein and sugar content.

Figure 2 shows the results of testing 9
somaclonal potato lines for starch content.
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K-control (variety "Aladdin"); 1-9 - somaclonal lines; ns - notsignificant; * p <0.05; **p<0.01.
Figure 2 — Total starch content in somaclone potato tubers obtained
on the basis of the Aladdin variety, (%)

As can be seen in the presented diagram
(Figure 2), among the samples of potato tubers
of somaclonal lines, variability in starch content
was observed. The range of variability for this trait
ranged from 8.4% to 17%. Two lines (No. 1 and
No. 6) exceeded the control value for the Aladdin
variety (15%) in this indicator. It should be noted
that line No. 6 was characterized by an atypical
color of the tuber pulp, and line No. 1 was found to

have an excess height of the aerial parts of plants
compared to the control (data not shown). The
obtained data are con-sistent with the literature
data, for example, Slavin J.L. showed that fresh
pota-toes contain about 20% dry matter, of which
60-80% 1is starch, and 70-80% of this starch
is amylopectin. The dependence of the starch
content in potatoes on the genotype and growing
conditions was shown [16].

K-control (variety "Aladdin"); 1-9 - somaclonal lines; ns - notsignificant; * p< 0,05
Figure 3 — Total protein content in somaclone potato tubers obtained
on the basis of the Aladdin variety, (g/100g fresh weight)

According to such an indicator as the
protein content in tubers, the studied samples of
somaclonal potato lines varied from 0.78 g to 1.96
g. As can be seen in the presented diagram (Figure
3), most of the studied samples in this indicator
exceeded the control values, which amounted to
0.97 g. The exception was sam-ples No. 2 (0.78 g)
and No. 8 (0.97 - at the control level). According
to modern data, potato protein is considered as the
main contender for hypoallergenic and is equated
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with dietary foods [17]. According to Gorissen
et al. potato protein con-tains on average 39.5%
higher essential amino acids compared to wheat,
soy, corn and eggs [18].

One of the important characteristics that
researchers focus on when creat-ing new varieties
of potatoes is the content of free sugars in the pulp
of tubers. It is from this indicator that the keeping
quality of potato tubers directly depends and,
accordingly, the increase in the duration of their
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shelf life. Free sugars in po-tatoes are represented
by a mixture of easily water-soluble sugars
(glucose, fruc-tose, sucrose, maltose), as well as
their phosphate esters.

Based on the fact that, according to
international standards, units of mM/I are accepted
to characterize the content of free sugars in potato
tubers and the maximum range for this indicator

is determined from 83-110 mM/I, the excess
of which is not desirable for breeders, we used
these units to characterize somaclonal variants
to exclude potato lines whose free sugar content
exceeds the recommended values.

Figure 4 below shows data on the content of
the level of free sugars in the obtained somaclonal
variants, compared with the control.

K-control (variety "Aladdin"); 1-9 - somaclonal lines; ns - notsignificant;
* p<0,05; **p<0,01; *** p<0,001.
Figure 4 — The total content of free sugar in somaclone potato tubers obtained
on the basis of the Aladdin variety, (mM/])

The results of assessing the content of free
sugars in potato tubers of the studied somaclonal
lines revealed only three samples (No. 1-No. 3), in
which the values of this indicator were lower than
the control (3.84) and ranged from 1.72 to 2.77
mM/l. The remaining samples of tubers in terms
of the content of free sugars exceeded the control
values. In samples of such lines as No. 5, No. 7
and No. 8, the excess in these indicators was 2.5-
3.0 times higher compared to the control. Based on
foreign data, the amount of sugar is affected by the

Discussion

Based on the data of domestic and foreign
researchers, it is known that starch has a direct
effect on the storage and keeping quality of tuber
material, as well as the quality indicators of
potatoes [20, 21, 22]. The starch content depends
on the precocity of varieties, so late-ripening
varieties are characterized by maxi-mum values
for this indicator. During storage, the amount of
starch in the tubers decreases as a result of its
hydrolytic decomposition to sugars.

The level of sugar content in potato tubers
directly affects the quality of the finished product
and its stability during storage. During storage,
the interaction of reducing sugars and amino acids
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stage of de-velopment of potatoes, for example,
Chen, J. Y. et al. showed the dependence of
sugar content in tubers at different stages of tuber
maturation, so the highest con-tent of sucrose,
glucose and fructose (7.65; 2.22 and 0.37 mM/1,
respectively) was noted 21 days after the onset of
tuberization, the number of which decreases by the
rate of tuber development. It was found that the
average tuber weight nega-tively correlates with
the content of sucrose, reducing sugars (glucose
and fruc-tose), and total sugars [19].

produces melanoidins. This group of sub-stances
causes a darkening of the product, a deterioration
in taste, a decrease in the content of vitamins.
A noticeable deterioration in the quality of the
finished product occurs when the sugar content is
5—6%, which in units according to in-ternational
standards corresponds to 83-110 mM/1 [23].

The protein content in potatoes is on average
2 g. 2/3 of the protein sub-stances of potatoes are
tuberin, which contains almost all essential amino
acids, which makes it an important dietary product.

The starch content in potato tubers varies
depending on the variety and line - a varietal
trait. Similar studies were carried out by Burlov
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S.P. et al. among the mid-ripening varieties and
hybrids studied by them, the maximum value
was not-ed in the variety of the Russian selection
Granat - 17.9%, Krinitsa - 19.6%, Zeku-ra - 16.7%
Ladozhsky - 17.2%, as well as in the hybrid 22009
- 16.6% [14].

Interms of protein content, potatoes are superior
to many other agricultur-al crops. Depending on
the variety, the protein content ranges from 1.0
to 2.9%. Potato protein contains 19 amino acids
necessary for the human body, including lysine,
methionine, threonine, and tryptophan [24]. In
the studied variety Alad-din, the protein content
was less than 1%, while in the somaclonal variant
No. 5 this figure reached 1.97%. In the works of

Conclusion

Based on the studies, it becomes obvious
that among the 9 studied somaclonal potato lines
obtained by in vitro cultivation of leaf explants of
the Aladdin variety, four lines (No. 4-No. 7) are
of interest in terms of increased pro-tein content
in tubers, and, therefore, and nutritional value
per 100 g of product. According to the content
of starch, as the main indicator of potato quality,
lines No. 1 and No. 6 are of interest for further
research. Whereas, in terms of such an indicator as
the content of free sugars, three lines (No. 1-No. 3)
are of interest, in which these values are minimal
compared to the control and allow us to hope for
the possibility of increasing the storage time of
tubers with further selection re-finement of these
lines.

The studied samples of lines No. 1 and No.
6 are of interest for their further use as table

Russian authors, the protein content in the tubers
of the varieties Krinitsa, Ladozhsky, Sarma is
1.94%. According to re-cent studies, potato protein
is attracting increasing attention as a source of
pro-tein for human consumption, especially as a
source of hypoallergenic protein and a selective
component against cancer cells. There is growing
evidence that potato protein can be used in many
future nutraceuticals and food products [9].

Based on the data obtained, line No. 2 of the
Aladdin variety can be used for further study on
the consolidation of the obtained traits, as well as
for the creation of new dietary and table varieties
of potatoes adapted for growing in the conditions
of Northern Kazakhstan.

and dietary varieties, since these samples differ
significantly from the control variant in the content
of starch and proteins. In addition, these options
also contain a relatively low amount of sugars,
which will positively affect the keeping quality
of tubers. Sample No. 2 with the lowest sugar
content, a slightly lower amount of protein and
starch compared to the control, can also be used to
create a table potato variety.

As a result of the research, 9 somaclonal
variants of the Aladdin potato va-riety were
obtained and analyzed in terms of nutritional
characteristics. The re-sulting somaclones differed
in biochemical composition. In terms of starch con-
tent, the values ranged from 8.4% to 17%. Two
lines (No. 1 and No. 6) exceeded the control value
for the Aladdin variety (15%) in this indicator.
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Tyiiin
«ANagadH» TOJUIAH[A CEJEKUUSCHIHBIH TOFBI3 COMAKJIOHANIbl KAapTON HYCKACBIH CBIHAY
HOTHKeJIepiHe TOPMOHAP/IbIH, BUTAMUHCPAIH )KOHE 6CYy CTUMYJISITOPIIAPBIHBIH OPTYPJIi KOHICHTpa-
nusicel 6ap Moaudukanusianrad Mypanmre-Ckyra opTachlH KOJJIaHy apKBUIBI CaTBICTRIPMAITBI TNy
JKYMBICTAPBI KYPTi3iaai. KypriziireH ;kyMbICTapIbIH HOTH)KECIHIE KAPTOTITHI in Vitro ©CipyaiH OHTAHITBI
XaTTamajapbl TAHAAJbIN aJbIHABI KOHE OHJA Kalblpak dKcruaHtTapeiHad 100% xkamnyc Ty3idnyiH
JKOHE TaMbIpJIaHyMeH OalIaHBICTBI KOCBIMIIA KagaMaapasl Konganoait 90% actam epKeHHIH TY3i1yiH
KaMTaMachl3 eTeTiHi aHbIKTaabl. OChl XaTTamManapAbl Maiianana OTHIPHI, TOITaHIMSIIBIK « ATaIInH»
CENISKIMSICBIHBIH KapTOINl COPTHIHBIH HETi3iHAe OipiHII pernpoayKIUsSHBIH PEreHepaHT OCiMIIKTepi
AJTBIHIBI J)KOHE OJIAPABIH iITiHC MOP(OIOTHSITBIK CHITaTTaMaJIapblHa COHKec 9 OacTamKel TYPi TAHIAIIBL.
Ocpl OacTanKpl TYpJIEH ajJblHFAH €KiHIII pPEenpOAYKIMSHBIH TYHHEKTepi OMOXUMUSIIBIK KOPCETKIITEpi
(kpaxmaut, epuTiH KaHTTap, OeIoKTap) Tamaanasl. HoTmkeciHae kpaxman MeJIIIepi eH JKoFaphl Typiep
aHBIKTANABI, 9 TYpAiH iwiHae 2 3epTeTeNreH KapTONTHIH TYpJEpiHAe KpaxMall Medjmepi OoHbIHIIa
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Oaxpinay ynriciner 3,3% xone 10,7% apThIK eKeHi KopceTinai. 3epTTeNeTiH COMaKIOHBIK 7 HYCKaHbIH
TYHHeKkTepinzaeri akybi3 meummepi 1%-man 10,6%-ra gediHri KepceTkilm KepceTin, OakKplaayaarbl
KOPCETKIIITEP/ICH JKOFapbl 00JIbI.3epTTENreH 3 YITife KaHT Meiepi 0aKplIayMeH CallbICThIpFaH/Ia
aditapneiktaii Toemen Oomabl (37,9-nan 54%-ra neitin). 3eprrey OapbIChIHAA ANBIHFAH HOTHXKEIED
KapTONTHIH JKaHa TUETAJIBIK KOHE aCXaHAIBIK COPTTAPbIH HIBIFAPYCaIachiH/Ia )KOHE CEJeKIUIIBIK 3epT-
TEyJIep YIIH YJIKEH TOXKIPUOEIeiK KbI3bIFYIIBUIBIK TYFBI3bIN OThIP. AJIBIHFAH COMAKJIOH/IBIK HYCKaIap
Heriziame ContycTik Ka3zakcTaHHBIH TOMBIPAK-KIMMATTHIK JKaFaaibIHa OcHiMIeNTeH jKaHa MepCIeKTH-
BaJIbl KAPTOI COPTTAPBIH alTyFa O0Jajbl.

KinrTi ce3nep: xapron, Solanum tuberosum, in vitro, KaJuryCoreHes, OpraHOT€HEe3, COMaKIJIOHAIIbI
©3reprelTiK, KpaxMall, Kalllbl aKybl3, OaiijlaHbIcIIaFaH KaHTTap.
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AHHOTALUA

[IpoBeneH cpaBHUTENBHBIN aHAU3 PE3YJITATOB TECTUPOBAHUS JIEBSATH COMAKIOHAJIHHBIX BapHUaH-
TOB KapTo(emnsi copTa TOJUTaHACKOW CENEKINU «AIDIaIuH» C WCIOJIb30BaHUEM MOTU(PHUITPOBAHHON
cpenbl Mypacure-Ckyra ¢ pa3inyHON KOHLIEHTpauuel TOPMOHOB, BUTAMHHOB U CTUMYJISITOPOB pocTa. B
pe3yIbTaTe MpoBeeHHON padOThI OBLIN IMOA00paHBI ONITUMANTBHEIE POTOKOIIBI TS KYJIbTHBUPOBAHUS
kaptodens in vitro, obecieunBatomnme 100% oOpa3oBaHHe KaTyca U3 TUCTOBBIX AKCIUIAHTOB U OoJiee
90% obpazoBaHus MOOETOB O€3 MPUMEHEHUS TOTIOTHUTEIBHBIX 3TAIOB, CBA3aHHBIX C MX YKOPEHEHUEM.
C ucnonp30BaHUEM JTaHHBIX POTOKOJIOB HA OCHOBE COPTa KapTo(]es TOIaHICKON CeNeKInu « AJlia-
JIUHY TIOTYY€HBI PAaCTeHUS-PETeHEPAHTHI TEPBOH PENPOAYKIINH, CPETU KOTOPHIX 110 MOP(OITOTHIECKUM
MpU3HaKaM 0TOOpaHo 9 ucxoaHbIX THUH. KiryOHHM BTOpOI penpoayKInu, TOTyYeHHBIE OT 3TUX JINHUH,
OBUTH MCTIONB30BAHBI JIJIS TIPOBEICHNS aHAIM3a M0 OMOXUMHYECKUM TIOoKa3aTensiM (Kpaxmal, pacTBo-
puMBbIe caxapa, Oenkn). B pesyibpTare ObUTH BBIIETICHBI JIMHUU C MAKCUMAIbHBIMU 3HAYSHUSIMHU COJIEP-
JKaHWS Kpaxmaiia, U3 9 TUHUN 2 TUHUU TIPEBHIIAIH IT0 COASPKaHNI0 KpaxMaja KOHTPOJIBHBIH o0pa3ell
Ha 3,3% u Ha 10,7%. Conepxanue O6enka B KIIyOHsIX 7 COMaKJIOHAIBHBIX BapuaHToB OT 1% 10 10,6%
MIPEBBIIANIO JAHHBIM MTOKa3aTellb B KOHTposie. B 3-x mcciemoBaHHBIX 00pa3iax couepikaHue caxapoB
ObUTO 3HauHTENHHO HIKE (0T 37,9 mo 54%) mo cpaBHeHHIO ¢ KOHTposeM. [lomydeHHbIe pe3ynbTaThl
MIPEACTABIISTIOT OOJIBIION MPaKTUYSCKUHA WHTEPEC I JAUTBHEHITNX CEeICKIIMOHHBIX HCCIICTOBAHUHN 10
WX 3aKPETUICHUIO U CO3/IaHUI0 HOBBIX JHETUYECKUX U CTOJIOBBIX COPTOB KapTodens. Ha ocHoBe momy-
YEHHBIX COMAKIIOHAFHBIX BAPUAHTOB MOTYT OBITH TIOJTYYEHBI aIallTHPOBAHHBIE JIJIS TOYBEHHO-KJINMa-
Tnieckux ycioBuii CeBepHoro Kazaxcrana HOBBIE TEPCTIIEKTHBHBIE COPTa KapTOQes.

Kuarouesrble cioBa: xkaprodens; Solanum tuberosum; KynpTypa in vitro; COMaKIIOHaJIbHAas U3MEH-
YUBOCTH; KpaxMall; oOmuii 6e10K; CBOOOIHBIC caxapa.
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