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Introduction
Rapeseed (Brassica napus L.) is one of the 

most important high-yielding industrial 
crops promising for export and production 
of rapeseed oil and biodiesel for the domes-
tic market [1–3]. The crop productivity can 
be increased through creating new hybrids 
with a better tolerance to environmental 
changes. 

The constantly growing area of saline lands, 
which now, according to FAO, exceeds 7% of 
the world’s agricultural land [4–5] along with 
climate change, requires research aimed at 
creating hybrids of complex tolerance to ad-
verse abiotic factors.

The efficiency of breeding is largely deter-
mined by the genetic diversity of the parent 
material; consequently, it is necessary to search 
and introduce new approaches to increasing the 
genetic heterogeneity of the selection material 
[6–7]. Such approaches include cell, tissue, plant 
organ culture and using DNA-markers for iden-
tification of the selection material [8–10].

Genotyping technology based on DNA poly-
morphism is used for both cultural and wild 
species of the genus Brassica L. DNA makers 
have many advantages. The molecular markers 
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are not subjected to environmental change, 
which makes them particularly informative 
and superior to traditional methods [11].

Various DNA markers have been success-
fully used to study genetic diversity in Brassica, 
such as random amplified polymorphic DNA 
(RAPD), restriction fragment length poly mor-
phism (RFLP), amplified fragment length pol-
ymorphism (AFLP), sequence-related ampli-
fied polymorphism (SRAP), simple sequence 
repeat (SSR), single-nucleotide polymorphisms 
(SNP) [12]. SSR analysis allows distinguishing 
genera, species and varieties, revealing gene-
tic heterogeneity of breeding material, and 
controlling genetic material introgression 
from parents [13–15]. The technology of geno-
typing based on SSR markers allows identify-
ing genetic diversity of rapeseed varieties and 
genetic homogeneity of breeding material, selec-
ting parents for crosses and controlling trans-

fer of genetic material from parents to hybrids 
[7, 16–18]. 

The goal of this research was to assess the 
genetic diversity of rapeseed varieties using 
SSR markers in order to create breeding mate-
rial and use that material in complex in vitro 
selection for drought and salt tolerance.

Materials and methods
Characteristics of the investigated material
The material for the study was nine varie-

ties of winter and spring rapeseed of Ukrain-
ian (‘Senator Liuks’, ‘Danhal’, ‘Chornyi Veleten’ 
and ‘Aliot’) and foreign origin (‘NK Technik’, 
‘Necropolis’, ‘Kliff’, ‘Geros’, ‘Nelson’) promi-
sing for the creation of drought and salt-re-
sistant lines. All the varieties have been listed 
in the State Register of Varieties Suitable for 
Distribution in Ukraine from 2001 to 2011 as 
shown in Table 1.

Table 1
Characteristics of varieties of winter and spring rapeseed 

Name 
of variety

Year 
of registration Applicant

Winter varieties
‘Senator Liuks’ 2006 National Research Centre Institute of Agriculture Ukrainian Academy of Agrarian Sciences 
‘NK Technik’ 2011 Syngenta Seeds S.A.S.
‘NÊ Petrîl’ 2011 Syngenta Seeds S.A.S.

‘Danhal’ 2001 Ivano-Frankivsk Institute of Agroindustrial Production Ukrainian Academy of Agrarian 
Sciences

‘Nelson’ 2008 Syngenta Seeds S.A.S.
‘Chornyi 
Veleten’ 2002 Institute of Fodder and Agriculture of Podillia Ukrainian Academy of Agrarian Sciences

‘Aliot’ 2007 National University of Life and Environmental Sciences of Ukraine; Sytnik I. D.; 
Kolodii Yu. A.

Spring varieties
‘Kliff’ 2003 Norddeutsche Pflanzenzucht Hans-Georg Lembke KG
‘Geros’ 2006 Raps GbR Saatzucht Lundsgaard

The research was carried out at the Ukrain-
ian Institute for Plant Varieties Examination 
(Kyiv, Ukraine) in collaboration with the Na-
tional University of Life and Environmen-
 tal Sciences of Ukraine (Kyiv, Ukraine) in 
2017/2018.

Isolation of DNA and PCR
The material was provided by the National 

University of Life and Environmental Sci-
ences of Ukraine (The Problem Laboratory 
Of Phytovirology and Biotechnology) where 
the selection in vitro for drought and salt 
tolerance was carried out. DNA was isolated 
from the leaves of obtained in vitro rapeseed 
plants using cationic detergent CTAB (cetyl-
trimethylammonium bromide). Chloroform-
isoamyl alcohol and ethanol solution were 
used in double purification of the mixture 
[19–21].

PCR (polymerase chain reaction) was used to 
investigate the molecular and genetic polymor-
phism of rapeseed varieties. For this purpose, 
we used four specific primers for four micros-
atellite loci (MS-loci): Ra3-H09, Na12-A02, 
FITO-063 and Na10-B07 as shown Table 2. 

The primers were chosen based on their abil-
ity to differentiate genotypes and PIC [11, 21–
24]. The PCR was performed using BioRad IQ5 
(USA). The reaction mixture (20 µL) contained 
100 ng of total plant DNA, buffer (10 mM Tris-
HCl, pH 9.0, 50 mM KCl, 0.01% Triton X-100, 
2.5 mM MgCl

2
), 200 µM deoxynucleoside 

triphosphates mix (dNTPs), 0.2 µM of each 
primer and 1 unit of Taq polymerase (Thermo 
Fisher Scientific, USA). The amplification pa-
rameters for the examined rapeseed markers 
were set as follows: initial denaturation (94 °Ñ) 
5 min, 35 cycles; denaturation (94 °Ñ) 45 s; 
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annealing (49–54 °Ñ) 45 s; synthesis (72 °Ñ)           
1 min; final elongation (72 °Ñ) 10 min.

Visualization of amplifications and cluster 
analysis

After amplification, the reaction products we-
re visualized by electrophoresis in a 2% agarose 
gel in 0.5 × TBE (tris-borate buffer solution) [25]. 
DNA electrophoresis was carried out for 1 hour 
at an electric field intensity of 5 V/cm.

After the completion the electrophoresis, 
based on the obtained data a matrix was con-
structed, where the presence  / absence of a 
certain amplicon was designated as 1/0, re-
spectively.

The method of hierarchical clustering with 
Euclidean distance and STATISTICA 12.0 (Tri-
al version) were exploited to analyse the ob-
tained research data [26–27].

Results and discussion
Determination of polymorphism in rape-

seed varieties by SSR markers
Alleles of the expected size were obtained by 

PCR on four SSR markers with specific prim-
ers. The amplicons were obtained by markers 
Na12-A02 (the most polymorphic loci) and 
FITO-063 (the lowest level polymorphism) and 
are shown Figures 1 a, b.

Table 2
Characteristics of SSR-loci primers of rapeseed

Primer The nucleotide sequence 
of primers 5’…3’ Motif Hybridization 

temperature (°Ñ)
Expected size of amplicones 

(bp)

Ra3-H09 F – gtggtaacgacggtccattc (TGG)
3

53.6 119–129R – accacgacgaagactcatcc

Na12-A02 F – agccttgttgcttttcaacg (CT)
16

54.0 161–202R – agtgaatcgatgatctcgcc

FITO-063 F – gttcagttcccagattcctaa (CCG)
15

49.0 267–700R – tttcctcttccttctctcttc

Na10-B07
F – gccttagattagatggtcgcc 

(CT)
29

53.0 174–213R – acttcagctccgatttgcc

Fig. 1. Electropherogram of DNA amplification products of different rapeseed varieties: M – molecular weight marker 
100 bp DNA Ladder O’GeneRuler (Thermo Scientific); (a) based on Na12-A02 marker: 1–3 genotypes of ‘Kliff’ variety, 4–6 

genotypes of ‘Geros’ variety; (b) based on FITO-063 marker: 1–3 genotypes of ‘Kliff’ variety, 4–6 genotypes of ‘Geros’ variety

198 bp198 bp

158 bp158 bp154 bp154 bp

178 bp178 bp
267 bp267 bp

258 bp258 bp

M        1         2         3         4         5         6 
a

M       1       2        3        4         5       6 
b

As a result of PCR the Kliff’ variety by 
primer Na12-A02 marker, amplicons of 198 bp 
and 154 bp were found. The amplification 
products of ‘Geros’ variety were 178 bp and 
158 bp. In general two alleles of different size 
were identified for all studied varieties by 
Na12-A02 marker. Using FITO-063 marker 
five alleles were obtained for nine varieties. 
Figure 1 b illustrates that the allele 267 bp was 
identified in ‘Kliff’ variety. Allele 258 bp was 
found ‘Geros’ variety by FITO-063 marker. It 
should be mentioned that the allele 267 bp
was identified also in ‘Aliot’ and ‘Nelson’ va-
rieties. 

Resulting from analysis of the rapeseed va-
rieties by the investigated markers 41 alleles 
were detected, i.e. on the average of 10.3 al-
leles per marker as shown Table 3.

Table 3
Analysis of the level of polymorphism with SSR markers

Primer Total 
alleles

Polymorphic 
alleles

Polymorphism level*
(%)

Ra3-H09 11 5 45
Na12-A02 16 14 87
FITO-063 5 2 33
Na10-B07 9 3 40

 *Polymorphism level = (number of polymorphic bands/ 
number of total bands) × 100%

The total number of polymorphic loci was 24 
and varied from 2 to 14 by markers. The poly-
morphism level for the varieties under study 
was 51%. The highest level of polymorphism 
(87%) was marked by Na12-A02 marker and the 
lowest (33%) by FITO-063. A slightly lower 
level of polymorphism (40%) was obtained by 
Li and co-authors [11] in the study of 16 rape-
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seed varieties. Hasan et al. [16], 2006 used 
combinations of 30 SSR-primers, which inclu-
ded the primer groups Ra3 and Na12, to esti-
mate genetic diversity of rapeseed varieties. 
They obtained 51 polymorphic loci of (out of 
220) for 96 genotypes. Polymorphic loci demon-
strated unique allele sizes for all 96 genotypes. 

Tommasini et al. [30] obtained a high level of 
polymorphism (68%) for the primer Na12-A02 
2003. The researchers suggested the use of a 
set of 15 SSR-primers for use in the DUS-test.

We determined the frequencies of identified 
alleles for each marker under study as shown 
Figures 2 a, b; 3 a, b.

The distribution showed that the highest fre-
quency by SSR marker Ra3-H09 had a 117 bp
allele identified in three varieties: ‘Senator Li-
uks’, ‘Danhal’ and ‘Chornyi Veleten’. The 
unique alleles at a frequency of 0.06 were 
found in ‘Aliot’ variety (135 bp) and ‘Kliff’ va-
riety (156 bp). The biggest number of alleles 

Fig. 2. Distribution of allele frequencies detected by markers (a) Ra3-H09 and (b) Na12-A02
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was obtained using Na12-A02 marker. The dis-
tribution showed the highest frequency (0.11) 
for the 158 bp and 192 bp alleles. An allele of 
158 bp was detected in ‘Geros’ and ‘Nelson’ 
varieties and another allele of 192 bp was iden-
tified in ‘NK Technik’ and ‘NK Petrol’. Other 
detected alleles had a frequency of 0.06.
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FITO-063 marker identified the smallest 
number of alleles (5) at a frequency distribution 
ranging from 0.11 to 0.33. The 258 bp and 273 
bp alleles at a frequency of 0.11 were unique. 
The specified alleles were identified in ‘Geros’ 
and ‘Chornyi Veleten’ varieties, respectively. 
Na10-B07 marker detected three alleles at a fre-
quency of 0.04: 144, 156 and 194 bp, in ‘Kliff’, 
‘Geros’ and ‘Nelson’ varieties, respectively.

Thus, it was found that ‘Geros’, ‘Kliff’, ‘Ali-
ot’ and ‘Chornyi Veleten’ had the unique al-
leles, while ‘Nelson’ differed by Na10-B07 
marker. It was found that the studied rapeseed 
varieties differed by at least one marker.

Cluster analysis of rapeseed varieties
To find out the similarity of rapeseed va-

rieties, we carried out cluster analysis of 
the matrix of the presence/absence of iden-
tified alleles. The method of unweighted 
pair-group average was used to divide the 
genotypes under investigation into clusters. 
The average value of genetic proximity be-
tween the members of a cluster and a candi-
date for inclusion in the cluster was the cri-
terion for determining the degree of simi-
larity [28–29]. Shown in Figure 4 are the 
clustering results, presented as a phyloge-
netic tree.

Fig. 3. Distribution of allele frequencies detected by markers (a) FITO-063 and (b) Na10-B07
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Fig. 4. Cluster analysis of rapeseed varieties by SSR markers

As a result of clustering, four variety clus-
ters emerged: ‘Senator Liuks’ and ‘Danhal’, 
‘NK Technik’ and ‘NEC Petrol’, ‘Geros’ and 
‘Aliot’, ‘Kliff’ and ‘Nelson’. ‘Chornyi Veleten’ 
formed a separate cluster next to ‘Senator 
Liuks’ and ‘Danhal’ varieties. The value of its 
genetic distances in relation to other varieties 
was 3.46. Foreign varieties ‘NK Technik’ and 
‘NEC Petrol’ with the value of genetic distan-
ces between them equal 1.41 appeared to be the 
most similar by the four studied SSR markers. 

The most distant varieties included in one clus-
ter were ‘Kliff ‘and ‘Nelson’ with a value of 
3.32. The highest value of genetic distance 
(4.00) was recorded between the ‘Geros’ and 
‘Kliff’ varieties. However, despite the fact 
these varieties belong to the same type (spring 
varieties), they considerably differ from each 
other. However, it should be emphasized that 
these varieties are the most distant from win-
ter varieties and the value of their genetic dis-
tance was 3.74.
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‘NK Technik’

‘NK Petrol’
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Eucldean distances

Linkage Distance
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In a research conducted by Tommasini et al. 
[30], 10 rapeseed varieties were differentiated 
in terms of type (winter/spring) using a set of 
15 markers. The authors found that the SSR 
markers had the potential to differentiate the 
varieties of Brassica napus L. and can be used 
to determine the homogeneity and differences 
at the initial stage of the DUS-test for the can-
didate varieties. However, the researchers point 
out that it is necessary to study and evaluate a 
larger number of assays and markers to develop 
a system for their differentiation, not only for 
testing purpose but also for evaluating the 
source materials in the breeding process.

We observed a certain differentiation of va-
rieties according to the type of development 
(winter/spring). However, it should be noted 
that two clusters were formed by varieties of 
spring and winter type. The genetic distances 
between the ‘Geros’ and ‘Aliot’, ‘Kliff’ and 
‘Nelson’ varieties were 3.16 and 3.32, respec-
tively. Since available research data on the 
presence of any correlation between the marker 
and genes responsible for the type of plant de-
velopment is not sufficient, it can be assumed 
that the presence or absence of certain allele by 
the markers under study may be related to the 
historical aspects of rapeseed breeding. Li et al. 
[11] differentiated 26 rape varieties using 11 
SSR markers and found it more effective to use 
SSR markers compared to AFLP.

According to the research results, the dif-
ferentiation of varieties according to their ori-
gin was revealed: the varieties of Ukrainian 
breeding (‘Senator Liuks’, ‘Danhal’ and 
‘Chornyi Veleten’) were included in one group 
of clusters while foreign varieties (‘NK Tech-
nik’, ‘Necropolis’, ‘Geros’, ‘Kliff’ and ‘Nelson’) 
in the other one. However, we noted that ‘Aliot’ 
variety (Ukrainian) entered the same cluster 
together with a foreign spring variety. The 
value of genetic distances between them is 3.16. 
Such distribution can be explained by the in-
volvement of genetic plasmas of high-yielding 
foreign varieties into the breeding process 
aimed at obtaining varieties with improved ag-
ronomic and economic features [31–32].

Conclusions
The research data on the allele status of mic-

rosatellite loci in winter and spring rapeseed 
varieties of Ukrainian and foreign origin show 
the polymorphism by the SSR markers Ra3-
H09, Na12-A02, FITO-063 and Na10-B07. The 
level of polymorphism averaged 51%. The num-
ber of polymorphic alleles was 24, which al-
lowed us to differentiate genotypes using the 
studied markers. The determined genetic dis-

tances indicate that the ‘Kliff’ and ‘Nelson’ va-
rieties are the most distant from other studied 
rapeseed varieties with a value of 3.32. In ad-
dition, ‘Chornyi Veleten’ is attributed to a sep-
arate group. The rapeseed varieties differ by at 
least one marker from each other, indicating 
the possibility of using a set of markers for 
their identification. This approach will allow to 
evaluate the breeding material for selection.
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Ìåòà. Îö³íèòè ãåíåòè÷íå ð³çíîìàí³òòÿ ñîðò³â ð³ïàêó 
çà äîïîìîãîþ SSR-ìàðêåð³â äëÿ ñòâîðåííÿ ñåëåêö³éíîãî 
ìàòåð³àëó ³ç çàñòîñóâàííÿì éîãî â êîìïëåêñí³é ñåëåêö³¿ 
in vitro íà ïîñóõî- òà ñîëåñò³éê³ñòü. Ìåòîäè. ÏËÐ àíàë³ç, 
êëàñòåðíèé àíàë³ç. Ðåçóëüòàòè. Íàâåäåíî ðåçóëüòàòè 
äîñë³äæåíü ïîë³ìîðô³çìó ñîðò³â ð³ïàêó íà îñíîâ³ ìîëå-
êóëÿðíî-ãåíåòè÷íèõ ìàðêåð³â. Ó ðåçóëüòàòè àíàë³çó ñîð-
ò³â ð³ïàêó çà äîñë³äæóâàíèìè ìàðêåðàìè âèÿâèëè 41 
àëåëü, òîáòî â ñåðåäíüîìó 10,3 àëåë³ íà ìàðêåð. Ê³ëüê³ñòü 
ïîë³ìîðôíèõ ëîêóñ³â çà ÷îòèðìà ì³êðîñàòåë³òíèìè ìàð-
êåðàìè (Ra3-H09, Na12-A02, FITO-063 òà Na10-B07) ñêëà-
äàëà 24 ëîêóñè. Ð³âåíü ïîë³ìîðô³çìó äëÿ äîñë³äæóâàíèõ 
ñîðò³â ó ñåðåäíüîìó ñòàíîâèâ 51%: íàéâèùèé ð³âåíü 
(87%) â³äì³÷åíèé äëÿ ìàðêåðà Na12-A02, íàéíèæ÷èé 
(33%) – FITO-063. Â³äïîâ³äíî äî îòðèìàíîãî ðîçïîä³ëó 
íàéá³ëüøîþ ÷àñòîòîþ çà SSR ìàðêåðîì Ra3-H09 
âèð³çíÿëàñü àëåëü ðîçì³ðîì 117 ï.í., ÿêó ³äåíòèô³êîâàíî 
ó òðüîõ ñîðò³â: ‘Ñåíàòîð Ëþêñ’, ‘Äàíãàë’ òà ‘×îðíèé âåëå-
òåíü’. Âèÿâëåíî, ùî çà ìàðêåðîì Ra3-H09 óí³êàëüíèì äëÿ 
äîñë³äæóâàíèõ ñîðò³â âèÿâèëèñü àëåë³ ç ÷àñòîòîþ 0,06 
òà ðîçì³ðàìè 135 ï.í. ó ñîðòó ‘Àë³îò’ òà 156 ï.í. ó ñîðòó 
‘Êë³ôô’. Çà ìàðêåðîì FITO-063 ³äåíòèô³êîâàíî íàéìåíøó 
ê³ëüê³ñòü àëåë³â (5), ïðè öüîìó ðîçïîä³ë ÷àñòîò âàð³þâàâ 
â³ä 0,11 äî 0,33. Óí³êàëüíèìè àëåëÿìè çà ìàðêåðîì 

FITO-063 âèÿâèëèñü àëåë³ ðîçì³ðîì 258 òà 273 ï.í. ç ÷àñòî-
òîþ 0,11 ó ñîðò³â ‘Ãåðîñ’ òà ‘×îðíèé âåëåòåíü’ â³äïîâ³äíî. 
Íàéá³ëüøó ê³ëüê³ñòü àëåë³â áóëî îòðèìàíî çà äîïîìîãîþ 
ìàðêåðó Na12-A02. Â³äïîâ³äíî äî îòðèìàíîãî ðîçïîä³ëó 
íàéá³ëüøå çíà÷åííÿ ÷àñòîòè (0,11) ìàëè àëåë³ ðîçì³ðîì 
158 òà 192 ï.í. Çà ìàðêåðîì Na10-B07 ç ÷àñòîòîþ 0,04 áóëî 
³äåíòèô³êîâàíî òðè àëåëÿ. Âêàçàí³ àëåë³ ðîçì³ðàìè 144, 
156 òà 194 ï.í. âèÿâèëè ó ñîðò³â ‘Êë³ôô’, ‘Ãåðîñ’ òà ‘Íåëü-
ñîí’. Ó ðåçóëüòàò³ êëàñòåðíîãî àíàë³çó îòðèìàíî ÷îòèðè 
êëàñòåðè: ‘Ñåíàòîð Ëþêñ’ òà ‘Äàíãàë’, ‘ÍÊ Òåõí³ê’ òà ‘ÍÊ Ïå-
òðîë’, ‘Ãåðîñ’ òà ‘Àë³îò’, ‘Êë³ôô’ òà ‘Íåëüñîí’. Â³äì³÷åíî, ùî 
ñîðò ‘×îðíèé âåëåòåíü’ íå íàëåæèòü äî æîäíîãî êëàñòåðó. 
Âñòàíîâëåíî, ùî íàéá³ëüø â³ääàëåíèìè âèÿâèëèñü ñîðòè 
‘Êë³ôô’ òà ‘Íåëüñîí’ ³ç çíà÷åííÿì ãåíåòè÷íèõ äèñòàíö³é 
3.32. Íàéá³ëüø ïîä³áíèìè çà ÷îòèðìà äîñë³äæóâàíèìè 
SSR ìàðêåðàìè âèÿâèëèñü ñîðòè ³íîçåìíî¿ ñåëåêö³¿ 
‘ÍÊ Òåõí³ê’ òà ‘ÍÊ Ïåòðîë’ ç³ çíà÷åííÿì ãåíåòè÷íèõ 
äèñòàíö³é ì³æ íèìè 1.41. ²íø³ ñîðòè ìàþòü â³äì³ííîñò³ çà 
ùîíàéìåíøå îäíèì ìàðêåðîì. Âèñíîâêè. Çàñòîñóâàííÿ 
ñèñòåìè ³ç ÷îòèðüîõ ì³êðîñàòåë³òíèõ ìàðêåð³â çàáåçïå÷óº 
îö³íêó ñîðòîâîãî ð³çíîìàí³òòÿ ð³ïàêó äëÿ êîìïëåêñíî¿ 
ñåëåêö³¿ in vitro íà ïîñóõî- òà ñîëåñò³éê³ñòü.

Êëþ÷îâ³ ñëîâà: ñîðòîâå ð³çíîìàí³òòÿ; ð³ïàê; 
ì³êðîñàòåë³òí³ ìàðêåðè; êëàñòåðíèé àíàë³ç.
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Öåëü. Îöåíèòü ãåíåòè÷åñêîå ðàçíîîáðàçèå ñîðòîâ ðàï-
ñà ñ ïîìîùüþ SSR ìàðêåðîâ äëÿ ñîçäàíèÿ ñåëåêöèîííîãî 
ìàòåðèàëà ñ ïðèìåíåíèåì åãî â êîìïëåêñíîé ñåëåêöèè 
in vitro íà çàñóõî- è ñîëåóñòîé÷èâîñòü. Ìåòîäû. ÏÖÐ àíà-
ëèç, êëàñòåðíûé àíàëèç. Ðåçóëüòàòû. Ïðèâåäåíû ðåçóëü-
òàòû èññëåäîâàíèé ïîëèìîðôèçìà ñîðòîâ ðàïñà íà îñ-
íîâå ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ìàðêåðîâ. Â ðåçóëüòàòå 
àíàëèçà ñîðòîâ ðàïñà ïî èñïûòóåìûì ìàðêåðàì îáíàðó-
æèëè 41 àëëåëü, òî åñòü â ñðåäíåì 10,3 àëëåëåé íà ìàðêåð. 
Êîëè÷åñòâî ïîëèìîðôíûõ ëîêóñîâ ïî ÷åòûðåì ìèêðî-
ñàòåëèòíûì ìàðêåðàì (Ra3-H09, Na12-A02, FITO-063 è 
Na10-B07) ñîñòàâëÿëî 24 ëîêóñà. Óðîâåíü ïîëèìîðôèçìà 
èçó÷àåìûõ ñîðòîâ â ñðåäíåì ñîñòàâëÿåò 51%: ñàìûé âûñî-
êèé óðîâåíü (87%) îòìå÷åí äëÿ ìàðêåðà Na12-A02, ñàìûé 
íèçêèé (33%) – FITO-063. Â ñîîòâåòñòâèè ñ ïîëó÷åííûì 
ðàñïðåäåëåíèåì íàèáîëüøåé ÷àñòîòîé ïî SSR ìàðêåðó 
Ra3-H09 îòëè÷àëàñü àëëåëü ðàçìåðîì 117 ï.í., êîòîðóþ 
èäåíòèôèöèðîâàíî ó òðåõ ñîðòîâ: ‘Ñåíàòîð Ëþêñ’, ‘Äàíãàë’ 
è ‘×åðíûé âåëåòåíü’. Âûÿâëåíî, ÷òî ïî ìàðêåðó Ra3-H09 
óíèêàëüíûì äëÿ èçó÷àåìûõ ñîðòîâ îêàçàëèñü àëëåëè ñ ÷à-
ñòîòîé 0,06 è ðàçìåðàìè 135 ï.í. ó ñîðòà ‘Àëèîò’ è 156 ï.í. 
ó ñîðòà ‘Êëèôô’. Ïî ìàðêåðó FITO-063 èäåíòèôèöèðîâàíî 
íàèìåíüøåå êîëè÷åñòâî àëëåëåé (5), ïðè ýòîì ðàñïðåäå-
ëåíèå ÷àñòîò âàðüèðîâàëî îò 0,11 äî 0,33. Óíèêàëüíûìè 
àëëåëÿìè ïî ìàðêåðó FITO-063 îêàçàëèñü àëëåëè ðàçìå-
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ðîì 258 è 273 ï.í. ñ ÷àñòîòîé 0,11 ó ñîðòîâ ‘Ãåðîñ’ è ‘×åð-
íûé âåëåòåíü’ ñîîòâåòñòâåííî. Íàèáîëüøåå êîëè÷åñòâî 
àëëåëåé áûëî ïîëó÷åíî ñ ïîìîùüþ ìàðêåðà Na12-A02. Â 
ñîîòâåòñòâèè ñ ïîëó÷åííûì ðàñïðåäåëåíèåì íàèáîëüøåå 
çíà÷åíèå ÷àñòîòû (0,11) áûëî ó àëëåëåé ðàçìåðîì 158 è 
192 ï.í. Ïî ìàðêåðó Na10-B07 ñ ÷àñòîòîé 0,04 áûëî èäåí-
òèôèöèðîâàíî òðè àëëåëÿ. Óêàçàííûå àëëåëè ðàçìåðàìè 
144, 156 è 194 ï.í. îáíàðóæèëè ó ñîðòîâ ‘Êëèôô’, ‘Ãåðîñ’ 
è ‘Íåëüñîí’. Â ðåçóëüòàòå êëàñòåðíîãî àíàëèçà ïîëó÷åíî 
÷åòûðå êëàñòåðà: ‘Ñåíàòîð Ëþêñ’ è ‘Äàíãàë’, ‘ÍÊ Òåõíèê’ è 
‘ÍÊ Ïåòðîë’, ‘Ãåðîñ’ è ‘Àëèîò’, ‘Êëèôô’ è ‘Íåëüñîí’. Îòìå-
÷åíî, ÷òî ñîðò ‘×åðíûé âåëåòåíü’ íå ïðèíàäëåæèò íè ê 
îäíîìó êëàñòåðó. Óñòàíîâëåíî, ÷òî íàèáîëåå óäàëåííûìè 
îêàçàëèñü ñîðòà ‘Êëèôô’ è ‘Íåëüñîí’ ñî çíà÷åíèåì ãåíåòè-
÷åñêèõ äèñòàíöèé 3.32. Íàèáîëåå ïîäîáíûìè ïî ÷åòûðåì 
èññëåäóåìûìè SSR ìàðêåðàìè îêàçàëèñü ñîðòà èíîñòðàí-
íîé ñåëåêöèè ‘ÍÊ Òåõíèê’ è ‘ÍÊ Ïåòðîë’ ñî çíà÷åíèåì ãå-
íåòè÷åñêèõ äèñòàíöèé ìåæäó íèìè 1.41. Äðóãèå ñîðòà 
èìåþò ðàçëè÷èÿ ïî êðàéíåé ìåðå ïî îäíîìó ìàðêåðó. 
Âûâîäû. Òàêèì îáðàçîì, ïðèìåíåíèå ñèñòåìû èç ÷åòû-
ðåõ ìèêðîñàòåëëèòíûõ ìàðêåðîâ îáåñïå÷èâàåò îöåíêó ñî-
ðòîâîãî ðàçíîîáðàçèÿ ðàïñà äëÿ êîìïëåêñíîé ñåëåêöèè 
in vitro íà çàñóõî- è ñîëåóñòîé÷èâîñòü.

Êëþ÷åâûå ñëîâà: ñîðòîâîå ðàçíîîáðàçèå; ðàïñ; ìèê-
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