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Abstract

Leafy kale (Brassica oleracea var. acephala L.) is one of the most
important Brassicaceae species with health-promoting properties and great
diversity. To investigate variability within and among accessions, 12 accessions
(each accession comprised four individuals/genotypes) from the Balkan region
were genotyped at 12 simple sequence repeats (SSRs) loci. The selected SSR
markers originated from the genomes of B. oleracea (eight), B. rapa (two) and
B. napus (two). DNA was extracted from seeds, cotyledons, shoots, and young
leaves, depending on the germination energy of each seed, using magnetic
extraction method. Genetic analysis included eight accessions from Serbia (24
genotypes), two accessions from Montenegro (eight genotypes), and one
accession from Bosnia and Herzegovina and Croatia (with four genotypes each).
Accession-specific polymorphism was found at the OI12-FO2 and OI10-F11a
loci, where genotypes were qualitatively distinguished by horizontal agarose gel
electrophoresis (binary detection). Among 12 loci, the average polymorphic
information content (PIC) was 0.71, with the marker OI13-C12 proving to be the
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most informative (PIC = 0.89). However, the analysis of molecular variability
(AMOVA) showed 11% diversity between accessions, 19% diversity between
genotypes, and 70% diversity within genotypes, explaining the molecular
diversity of native Balkan leafy kale germplasm. According to the genetic
structure, four genetic groups were formed with an average expected
heterozygosity of 0.70 between clusters. In order to exploit the genetic diversity,
it would be advisable to evaluate these accessions at phenotypic level and use
their potential in breeding programmes.
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Introduction

The Brassicaceae family, which includes about 350 genera and 3700
species, is one of the ten most economically important plant families with a wide
range of agronomic traits (Love et al., 2005; Guo et al., 2017). The genus
Brassica L. contains six economically important species cultivated worldwide:
B. oleracea, B. rapa, B. nigra, B. napus, B. juncea and B. carinata (Sanchita et
al., 2008). The wild type of Brassica oleracea generally grows along the Atlantic
coast on limestone and chalk cliffs as a perennial plant with a life span of up to
10 years or longer (Christensen et al., 2011). Most similar to the wild form of
Brassica oleracea is leafy kale (Brassica oleracea L. convar. acephala (DC.)
Alef.) (Christensen et al., 2011). It is believed to have originated in the eastern
Mediterranean and was used for human consumption as early as 2000 BC
(Sarikamis et al., 2010). Landraces of leafy kale are still widely cultivated in
some areas: along part of the Black Sea coast and in the central and northern parts
of the Iberian Peninsula, where they are well adapted to local growing conditions
(Dias, 1995; Okumus and Balkaya, 2007). These landraces are grown in gardens
and small plots. The newly developed tender shoots are usually used for human
consumption, while the older and coarser shoots are used as livestock feed
(Balkaya and Yanmaz, 2005).

The evaluation of genetic diversity within collections of crop species is
crucial for establishing efficient conservation and breeding practices to develop
new and more productive varieties that are resistant to diseases and adapted to
changing environmental conditions (El-Esawi et al., 2016). For example,
resistance to clubroot disease caused by Plasmodiophora brassicae has been
found in French landraces of Brassica oleracea (Manzanares-Dauleux et al.,
2000), while resistance to downy mildew (Peronospora parasitica) has been
reported for Portuguese landraces of Brassica oleracea (Dias et al., 1993). To
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assess genetic diversity in crop species and their relationships, molecular markers
have proven to be powerful tools (EI-Esawi et al., 2016). Simple sequence repeats
(SSRs) have been successfully used to assess genetic variability because they are
codominant, have high polymorphism, and can reveal a large number of alleles
for each locus, resulting in a high degree of variability and reproducibility
(Mariette et al., 2001, as cited in EI-Esawi et al., 2016)).

Many studies have been conducted on the genetic diversity of leafy kale
worldwide (Abbas et al., 2009; Sarikamis et al., 2010; Christensen et al., 2011,
El-Esawi et al., 2016), indicating its importance for both scientific research and
breeding purposes. The aim of our current study was to evaluate genetic
variability within and among leafy kale accessions from the Balkan region, which
includes accessions from Serbia, Montenegro, Bosnia and Herzegovina, and
Croatia.

Material and Methods

The leafy kale collection included 12 accessions originating from four
Balkan countries: eight accessions from Serbia, two accessions from
Montenegro, and one accession from Bosnia and Herzegovina and Croatia (Table
1).

Tab. 1. Leafy kale collection

Accession GPS

Number Country Location Habitat Type Coordinates Origin

1 Serbia Ostoji¢evo Private garden 22812%26231’ :nr(lj’] ?;Z;gi?:;

2 Montenegro Lu§ti]c\?og;l)erceg Abandoned lot 4%3599754;%91’ Unknown

3 Bosnia ar}d Trebinje Private garden 42.710657, Bosnia ar'ld
Herzegovina 18.333551 Herzegovina

4 Serbia Ravno selo Private garden ‘;592‘;%;6;;75’ DO]::;zf;ted

5 Serbia Ravno selo 1 Private garden 1592‘;6720‘;91’ DO]::;Z:;ted

6 Serbia Lov¢enac Private garden Zt596679%637955’ Doriljrsit;:;ted

7 Serbia Lov¢enac 1 Private garden ‘;5966%18?3%% DO]::;zf;ted

8 Montenegro Becici Private garden ﬁ;é?l?]gé Unknown

9 Serbia Dl::;jttssziic Private garden 223666612651’ Unknown

10 Serbia Kisa¢ Private garden A:59375333?2% DOT;rSit;tC;ted

11 Croatia Dalmacija Private garden ﬁ%fél%ésg’ Unknown

12 Serbia Klek Private garden 222232986; Ifeorszlzl;gaoi?iil
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To detect intra-specific variability, each accession was represented by four
genotypes. Plant material was grown in the greenhouse until reaching the stage
of fourth true-leaf, and subsequently, DNA extraction was performed using one
healthy leaf from each individual plant/genotype. Individual seed was used as a
starting material for DNA extraction from genotypes the seeds of which did not
germinate.

Homogenization of samples was performed using TissueLyser (Qiagen).
DNA was extracted using the MagMax (Applied Biosystems) magnetic
extraction method with the BioSprint DNA Plant Kit (Qiagen) according to Pipan
and Megli¢ (2019). DNA quantification was performed using the Qubit dsSDNA
BroadRange Assay Kit and the Qubit 3.0 fluorometer. The DNA was visualized
on agarose gel and Syngene GeneSnap software was used. Twelve microsatellite

markers were used for genotyping the leafy kale collection (Table 2).

Tab. 2. Characteristics of microsatellite markers used for PCR amplification

%‘;’;ﬁi” 5@2’3;’1 Reverse Sequence Expected Length [bp] Reference
Ol12-FO2 GSTCGC(?:&(T}GAT C/ZTTTGTEE;::(?TT G 200-250 Sarikamis et al., 2010
o110-A03a | CLIOTEITCIC | CTOTETAoT Tt 50-160 El-Esawi et al., 2016
Ol10-F11a ngﬁggiﬁgéc CASgg’é(T:EECG 64-240 El-Esawi et al., 2016
Ol10-HD2 | AACACTARGA | AGAGACCCATOA 98-260 El-Esawi et al., 2016
OilaIl | AACAGAGAA | SATTACOCEATC | .21 BlcEsawi e ol 2016
oni-Hoy | T CAGEOTT | A e T 96-250 El-Esawi et al., 2016
ol2Fi1 | AATOACTLATC | GTOTCASTaaCT 100-276 El-Esawi et al., 2016
0l13-C12 Qgﬁgiig‘:‘ég Gﬁéggﬁggﬁgc 84-196 El-Esawi et al., 2016
Ra2-E03 ‘:‘gg‘éggfgg Ccéﬁﬁﬁggggm 110-245 El-Esawi et al., 2016
Ra2-ELL | A e 74-208 El-Esawi et al., 2016
Nal2-cos | oA T | o o 68-190 El-Esawi et al., 2016
Nal4-CI2 CACCjAT IT,ZT,gg(G;T T CGg&CTTT%GT TT 92-198 El-Esawi et al., 2016

Eight markers were designed based on their position in the genetic map of
B. oleracea var. acephala, two markers were designed based on their position in
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the genetic map of B. rapa and two markers based on their position in the genetic
map of B. napus.

The optimal PCR mixtures and PCR reaction conditions for each specific
marker were used as described by Pipan and Megli¢ (2019); Megli¢ and Pipan
(2018); and Pipan et al. (2013) (Table 3). Amplification reactions were
performed using the VerityTM 96-Well Thermal Cycler (Applied Biosystems)
under the following conditions for the PCR programme 1: 94°C for 4 min, 15
cycles at a) 94°C for 1 min, b) 49.5°C + 0.7°C/cycle for 1 min, ¢) 72°C for 1 min;
23 cycles at a) 94°C for 30 s, b) 53°C for 30 s, ¢) 72°C for 1 min; 72°C for 5 min
and for the PCR programme 2: 94°C for 5 min, 10 cycles at a) 94°C for 45 s, b)
56°C — 0.1°C/cycle for 45 s, ¢) 72°C for 1 min and 30 s; 30 cycles at a) 94°C for
45 s, b) 55°C for 45 s, ¢) 72°C for 1 min and 30 s; 72°C for 8 min. QuantaBio
Mix (for one sample) was prepared as follows: 9.467 pul AccuStart II PCR
ToughMix, 0.1 pl forward marker, 0.25 pl reverse marker, and 0.183 pl
fluorescent dye. Biotools Mix (for one sample) was made by mixing: 1 pl 10x
reaction buffer, 0.5 pul 50mM MgCI2 solution, 0.2 pl ANTP, 0.1 pl forward
marker, 0.25 pl reverse marker, 0.183 pl fluorescent dye, 7.75 ul nuclease-free
water, and 0.05 pl Biotools DNA Polymerase 500 Units SU/pl.

Tab. 3. PCR conditions

Marker Name PCR Programme PCR Chemistry M13 Fluorescent Dye
Ol12-FO2 1 QuantaBio FAM
0110-A03a 1 QuantaBio NED
Ol10-Flla 1 Biotools HEX
0O110-H02 2 Biotools FAM
Ol11-G11 2 Biotools NED
Ol111-H02 2 Biotools HEX
Ol12-F11 1 Biotools FAM
Ol113-C12 2 Biotools NED
Ra2-E03 2 Biotools HEX
Ra2-El1 2 Biotools FAM
Nal2-C08 1 QuantaBio NED
Nal4-C12 1 QuantaBio HEX

Fragment analysis was performed using the Genetic Analyser (ABI 3500,
Applied Biosystems). The fragment reaction was prepared using 7 pl formamide
and 0.4 ul ROX-500 internal length standard in each sample along with pooled
post-PCR products according to the different M13 fluorescent dyes as described
by Pipan and Megli¢ (2019). Electropherograms were read in the GeneMappper
6.0 (Applied Biosystems) programme. Input matrices with allele lengths were
evaluated in several programmes for population genetics data analysis: the
GeneAlEx 6.1 software to calculate the average number of migrants, molecular
variability, principal coordinate analysis, and deviations from Hardy-Weinberg
equilibrium (Peakall and Smouse, 2006); the Microsatellite-Toolkit software to
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calculate observed and expected heterozygosity and polymorphism information
content (Park, 2001), the Structure 2.3.3 software to analyse genetic structure
(Pritchard et al., 2009), and the Structure Harvester software to determine the
number of genetic groups (Earl and von Holdt, 2012).

Results and Discussion
Informativeness and variability of microsatellite markers

Based on the genotyping results presented in Table 4, the average number
of effective alleles was 2.87. The genetic variability defined by expected
heterozygosity (He) had average values of 0.75, while the average value of the
observed heterozygosity (Ho) was 0.73. Overall, the average polymorphic
information content (PIC) was 0.71, which is higher than that of EI-Esawi et al.
(2016), where the average PIC was 0.571. The results show that the average
Shannon information index (1), fixation index (F), and number of migrants were
1.06, -0.23, and 1.13, respectively. The average PIC value > 0.7 indicates that all
observed microsatellite loci exhibit a high degree of polymorphism. The most
informative microsatellite markers (i.e., with PIC > 0.8) were OI13-C12 (PIC =
0.89; He = 0.91; I = 1.37), OI10-A03a (PIC = 0.86; He = 0.88; | = 1.34), and
OI10-F11a (PIC = 0.84; He = 0.87; | = 1.06). The highest F was determined for
OIl12-FO2 (0.21) and the lowest F for Nal14-C12 (-0.61). In addition, the highest
Nm was determined for Ra2-E11 (2.76) and the lowest Nm for O110-F11a (0.54).

Tab. 4. Genetic variability parameters among loci

Locus Ne H. Ho PIC 1 F Fis Fir F N
O112-FO2 2.12 0.60 0.38 0.57 0.86 0.21 0.23 0.37 0.18 1.10
0O110-A03a | 3.58 0.88 0.75 0.86 1.34 | -0.06 | -0.06 | 0.14 0.19 1.05
Ol10-Flla | 2.92 0.87 0.48 0.84 1.06 0.17 0.18 0.44 0.32 0.54
0O110-H02 1.78 0.54 0.40 0.51 0.64 | -0.08 | -0.04 | 0.25 0.28 0.64
Ol11-G11 3.28 0.80 0.88 0.77 1.21 -0.36 | -0.34 | -0.11 0.18 1.16
OI111-H02 2.89 0.76 0.75 0.73 1.07 | -0.23 | -0.27 | 0.01 0.22 0.88
Ol12-F11 2.94 0.79 0.94 0.74 1.11 -0.50 | -0.47 | -0.20 | 0.18 1.12
Ol13-C12 391 0.91 0.90 0.89 1.37 | -0.29 | -0.27 | 0.00 0.22 0.90
Ra2-E03 3.23 0.77 0.83 0.73 1.15 | -0.35 | -0.34 | -0.09 | 0.19 1.09
Ra2-Ell 2.62 0.67 0.92 0.60 1.00 | -0.54 | -0.51 | -0.39 | 0.08 2.76
Nal2-C08 2.67 0.70 0.63 0.65 1.03 | -0.12 | -0.10 | 0.10 0.18 1.14
Nal4-C12 2.47 0.69 0.90 0.62 0.93 | -0.61 | -0.60 | -0.32 | 0.18 1.16
Average 2.87 0.75 0.73 0.71 1.06 | -0.23 | -0.22 | 0.02 0.20 1.13
* Ne — Number of effective alleles; He — Expected heterozygosity; H, — Observed heterozygosity; PIC —
Polymorphism information content; | — Shannon's information index; F — Fixation index; Fis — Genotype genetic

differentiation relative to accession; Fi: — Genotype genetic differentiation relative to the total populations; Fs —
Genetic differentiation of the accessions compared to the total population; N, — Average number of migrants
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Statistically significant deviations (P <0.05) from Hardy-Weinberg
equilibrium occurred at 7 loci. First, there were statistically significant deviations
from Hardy-Weinberg equilibrium at locus Ol10-F11a in the Ostoji¢evo, Lustica
(Herceg Novi), and Lovéenac 1 accessions. The same was shown at locus OI11-
HO2 in the Ravno selo, Lovéenac 1, and Klek, and also at locus Ra2-E11 in the
Lovéenac, Banatski Despotovac, and Klek accessions. In addition, there were
statistically significant deviations from Hardy-Weinberg equilibrium at locus
OI12-F11 in the Trebinje and Ravno selo 1 accessions, the Ra2-E03 locus in the
Trebinje and Klek accessions, the Nal12-C08 locus in the Trebinje and Ravno
selol, and at the OI10-HO2 locus in Ravno selo. The highest genetic
differentiation of the accessions compared to the total population (Fst) was found
for the OI12-FO2 locus (0.318) and the lowest for the Na12-C08 locus (0.083).
The average Fst in this study was 0.2 and similar results for B. oleracea
germplasm were obtained by El-Esawi et al. (2016), where the Fsr was 0.271.
The highest genetic differentiation of genotype relative to accession (Fis) was
found for the OI10-F11a locus (0.23) and the lowest for the Ra2-E11 locus (-
0.6). The average Fis in this study was —0.217 and similar results were obtained
by El-Esawi et al. (2016) where the Fis was —0.374. The highest genotype genetic
differentiation relative to the total populations (Fit) was found for the OI12-FO2
locus (0.442), while the lowest was for the Na12-C08 locus (—0.385). The aerage
Fir in this study was 0.018 and similar results were obtained by El-Esawi et al.
(2016), where Fir was 0.1.

Genetic diversity of the leafy kale collection

Of all studied accessions, 10 accessions amplified 100% polymorphic
loci, while only the Lustica (Herceg Novi) and Beci¢i accessions had 91.67%
polymorphic loci. The analysis of molecular variability (AMOVA) showed 11%
diversity among accessions, 19% diversity among genotypes, and 70% diversity
within genotypes. Similar results were presented in the study by Christensen et
al. (2011), where the variation within individuals was 62%. From the AMOVA
results listed, it is clear that the leafy kale collection analyzed has high diversity
indicating a common origin. According to Christensen et al. (2011), accessions
from Portugal, Turkey, Croatia, and Bosnia and Herzegovina consisted of mixed
genotypes and share parts of their genome with other accessions because of
common ancestry or gene flow. Principal coordinate analysis (PCoA) was
performed based on the covariance matrix of genetic distances. Graph 1 shows
that the leafy kale accessions are clustered into two groups. Moreover, the Ravno
selo, Lov¢enac, Lovéenac 1, and KisacC accessions occurred in both groups,
suggesting a common origin of the studied accessions. The first coordinate
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explained 26% of the variability, the second coordinate 18%; cumulatively the
first three coordinates explained 62% of the variability. The analysis of genetic
structure, performed using the Bayesian clustering approach (Structure
Harvester, Graph 2), revealed four genetic clusters. Lovcenac, Banatski
Despotovac, and Klek had similar genetic variability within accessions.

# Ostojicevo
M Lustica (Herceg Novi)
A Trebinje

Ravno selo

# Ravnoselo 1

Lovéenac
A Lovéenac 1
® Becidi

Coordinate 2 (18 %)

& Banatski Despotovac
@ Kisac

A Dalmacija

Coordinate 1 ﬁ&?ﬁ/ ® Klek

Graph 1. Distribution of leafy kale accessions in Principal Coordinate Analysis (PCoA)
1.00

* Each colour represents one genetic cluster, while vertical bars stand for each individual
Graph 2. Genetic structure of leafy kale accessions

The results of the comparison of the allelic patterns of the codominant
data of the studied leafy kale accessions are shown in Graph 3. Among the
studied accessions, the most genetically diverse accession was Kisa¢ with the
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highest value of He (0.71), I (1.34), the number of effective alleles (Ne) (3.69),
the number of locally common alleles found in 25% or fewer populations (0.67),
and the number of locally common alleles found in 50% or fewer populations
(2.08). The Ravno selo accession had the second highest genetic diversity, with
values of He (0.65), I (1.23), Ne (3.43), the number of locally common alleles
found in 25% or fewer populations (0.58), the number of locally common alleles
found in 50% or fewer populations (2.00), and the number of private alleles
(0.25). The highest value for the number of private alleles was calculated for the
following accessions: Lov¢enac (0.42), Trebinje (0.33), Lustica (Herceg Novi)
(0.25), and Ravno selo (0.25), indicating a conserved diversity within these
genetic resources that is higher than the diversity in commercial varieties where
targeted selection takes place.

5.000 - - 0.800
4.500 1 ||| (IR - 0.700
4.000 - |
| U | | A ﬂ| | | | - 0.600
3500 1 B |  ([— i z
< 3.000 - L] - 0500 3
E 2.500 | | | - 0400 &
=
0.200
0.100
0.000

. Na m Na Freq. >= 5% T 'Ne
I m No. Private Alleles = No. LComm Alleles (<=25%)
No. LComm Alleles (<=50%) He

Graph 3. Comparison of allelic patterns of codominant data between the leafy kale
Conclusion

This study demonstrated that 12 proposed SSR markers can be used to
study diversification of leafy kale accessions. The most informative SSR markers
(i.e., with PIC > 0.8) were OI13-C12, OI10-A03a, and OI10-F11a. In general,
wild populations and landraces are thought to be more diverse compared to
commercially bred cultivars. The analyzed leafy kale accessions from the Balkan
region had average polymorphic information content 0.71, with 70% diversity
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detected within genotypes. The present study provides a new perspective on
genetic diversity of leafy kale landraces originating from the Balkan region,
which is important for further promotion and sustainable use of germplasm not
only for scientific research purposes but also for breeding practice. In order to
utilize the genetic diversity, it would be practical to evaluate these accessions at
phenotypic level and use their potential in breeding programmes.
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['eHeTHYKHM TUBEP3UTET FEHETUYKUX pecypca parirana (Brassica
oleracea var. acephala L.)

Coma Ymuhesuh!, Mapuna Antuh!?, JIparana Pajkosuh®, JloBpo Cunkosud®,
Hesena Harn®, Cmmbana l'opera Ban®, Brapumup Mermny?, Buna TOILOpOBI/IhZ,
Ana Mapjanosuh Jepomena®, Bap6apa ITunan*

Y Vuusepsumem y Barooj JIyyu, Hucmumym 3a 2enemuuxe pecypce, bamwa Jlyka, Penybnuxa
Cpncka, bocna u Xepyezosuna
2 Vuueepsumem y barwoj JIyyu, Ilomonpuspeonu gpaxynmem, Bara Jlyka, Penybnuxa
Cpncka, bocna u Xepyezosuna
3 Uncmumym 3a pamapcmso u noépmapcmeo, Hosu Cao, Cpbuja
4 Kmemujcxu unwmumym Cnosenuje, Jbyéwana, Croeenuja
> Uncmumym 3a nomonpuspedy u mypusam, Ilopeu, Xpeamcka

Caxerak

Pamran (Brassica oleracea var. acephala L.) je jenHa ox HajBaXKHHjHX BpCTa U3
MOPOJIMIIE KyIyCHaua Koja TOBOJAHO yTHYE Ha 3/IpaBJbe JbYAU H OJJIUKYje Ce
BEJIMKOM pa3HoBpcHoiihy. J[a Ou ce ucrpakwia BapujadMIIHOCT YHYTap U u3Mely
npuHOBa, 12 mpuHOBa (CBaka TPUHOBA C€ cacTojajla OJf YETHPH
WHMBHIYE/TCHOTHUIIA) ca TepUTOpHje baakaHCKOT MOyoCcTpBa je TeHOTHITH30BaHO
kopuctehu 12 CCP mapkepa. Ongabpann CCP mapkepu moTudy M3 reHoma B.
oleracea (ocam), B. rapa (mBa) u B. napus (uBa). JIHK je u3osoBaHa u3 cjemeHa,
KOTWJIC/IOHA, W3JaHaKa W MJIAaJHUX JIMCTOBA, y 3aBUCHOCTH O] €HEpruje KIIMjama
CBAaKOT CjeMEeHa, METOJIOM MarHeTHe eKCTpakiuje. [ eHeTHYKOM aHaIM30M
obyxBaheHo je ocam npuHoBa u3 Cpbuje (24 reHorumna), 1Buje npuHoBe U3 LlpHe
I'ope (ocam renoTunosa) u jenHa npuHoBa U3 bocHe u Xepuerosune n XpBaTcke (ca
1o yetupu rerotuna). [lomumopdusam creruduuan 3a npuHOBE IpoHaleH je Ha
nokycuma Ol112-FO2 u O110-F11a, raje cy reHOTHITOBY KBAJIMTATHBHO PA3IUKOBaHH
XOPHU30HTAJIHOM eJieKTpodope3oM y arapo3HoM reiy (OunapHa aerexuuja). Kox
yKynHO 12 jokyca, npocjedan caapkaj noaumopgHe nnpopmanuje (PIC) 6mo je
0,71, mpu yemy ce Kao HajuHPpOpMaTUBHH]jHK TToKa3ao mapkep O113-C12 (PIC =0,89).
Mebhytum, ananuza moisiekynapHe BapujadmiHocTH (AMOVA) nokasana je 11%
pasHoBpcHOCcTH n3Mely npuHoBa, 19% paszHoBpcHOCTH H3Mel)y reHotunoBa u 70%
Pa3HOBPCHOCTH YHYTap T€HOTUIIOBA, 00jallimkhaBajyhu MOJEKyJIapHy PasHOBPCHOCT
W3BOpHE TepMIDIa3Me pallTaHa ca TepuTopHje bamkanckor momyoctpsa. [Ipema
TeHETHUYKO] CTPYKTYpH (OpMHpaHe Cy YETHPU TeHETHUKE TpyIe ca MPOCjeYHOM
odekuBaHOM xeTreposuroTHomthy o 0,70 m3mel)y kmactepa. Jla 6u ce HCKOPHCTHO
TeHETHYKH JUBEP3UTET, OMI0 OM MPENOpy<€HHBO J1a C€ OBE MPHHOBE KapaKTEPHIILy
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Ha (pCHOTHHCKOM HUBOY M JJa CC IbUXOB HOTCHHI/IjaJ'I HUCKOPHUCTH Yy MporpaMuMa
OINICMCIbMBambA.

Kmwyune pujequ: pamran, npuHOBa, reHeTHyka ananuza, CCP, renorunumsaruja
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