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Polymorphism in spring and winter rapeseed varieties
(Brassica napus L.) identified by SSR markers
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Purpose. To assess the genetic diversity of rapeseed varieties using SSR markers in order to create breeding material
and use that material in complex in vitro selection for drought and salt tolerance. Methods. PCR analysis, cluster analysis.
Results. The results of analysis of rapeseed varieties polymorphism based on molecular-genetic markers is presented. As a
result of the analysis of rapeseed varieties, 41 alleles were detected using the studied markers, that is, an average of 10.3
alleles per marker. The number of polymorphic loci identified by four microsatellite markers (Ra3-H09, Na12-A02, FITO-
063 and Na10-B07) was 24. The polymorphism level of the studied varieties was 51% on average and varied between 33%
(identified by FIT0-063) and 87% (identified by Na12-A02). According to the frequency distribution of the obtained alleles,
the highest frequency by SSR marker Ra3-H09 had a 117 bp allele identified in three varieties: ‘Senator Liuks’, ‘Danhal” and
‘Chornyi Veleten'. It was found that the unique alleles identified by Ra3-H09 were the alleles at a frequency of 0.06 and
size of 135 bp (variety ‘Aliot’) and 156 bp (variety ‘Kliff"). FIT0-063 marker identified the smallest number of alleles (5) at a
frequency distribution ranging from 0.11 to 0.33. The unique alleles identified by FIT0-063 marker were the ones at a fre-
quency of 0.1 and size of 258 bp (variety ‘Geros’) and 273 bp (variety ‘Chornyi Veleten’). The maximum number of alleles was
obtained using Na12-A02 marker. The distribution showed the highest frequency (0.11) for the 158 bp and 192 bp alleles.
Using Na10-B07 marker, three alleles were identified at a frequency of 0.04. These 144, 156 and 194-bp alleles were found
in varieties ‘Kliff’, ‘Geros” and ‘Nelson’. Cluster analysis revealed four variety clusters: ‘Senator Liuks” and ‘Danhal’, ‘NK Technik’
and ‘NK Petrol, ‘Geros” and ‘Aliot’, ‘Kliff’ and ‘Nelson’. ‘Chornyi Veleten’ variety did not enter any cluster. The most distant
varieties are ‘KLliff’ and ‘Nelson’ with a genetic distance value of 3.32. Foreign varieties ‘NK Technik’ and ‘NEC Petrol’ with the
value of genetic distances between them equal 1.41 appeared to be the most similar by the four studied SSR markers. Other
varieties differed by at least one marker. Conclusions. Consequently, using the set of four microsatellite markers provides
an assessment of rapeseed varietal diversity that can be used in complex in vitro selection for drought and salt tolerance.
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Introduction The constantly growing area of saline lands,

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.
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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 polymor-
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 Year Aoplicant
of variety of registration ppl
Winter varieties
‘Senator Liuks’ 2006 National Research Centre Institute of Agriculture Ukrainian Academy of Agrarian Sciences
‘NK Technik’ 2011 Syngenta Seeds S.A.S.
‘NK Petrol’ 2011 Syngenta Seeds S.A.S.
‘Danhal’ 2001 Iv:f\no-Frankivsk Institute of Agroindustrial Production Ukrainian Academy of Agrarian
Sciences
‘Nelson’ 2008 Syngenta Seeds S.A.S.
\C/:lo;rtnégl 2002 Institute of Fodder and Agriculture of Podillia Ukrainian Academy of Agrarian Sciences
Aliot’ 2007 Eatiorlal University of Life and Environmental Sciences of Ukraine; Sytnik I. D.;
olodii 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].
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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, Nal2-A02,
FITO-063 and Nal0-B0O7 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 1Q5
(USA). The reaction mixture (20 pL) contained
100 ng of total plant DNA, buffer (10 mM Tris-
HCI, pH 9.0, 50 mM KClI, 0.01% Triton X-100,
2.5 mM MgCL), 200 pM deoxynucleoside
triphosphates mix (ANTPs), 0.2 uM 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 °C)
5 min, 35 cycles; denaturation (94 °C) 45 s;
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Table 2
Characteristics of SSR-loci primers of rapeseed

Primer The nucleotide sequence Motif Hybridization Expected size of amplicones
of primers 5'...3’ temperature (°C) (bp)
Ra3-Hoo |- dtagtaacgacggtecatic | qec 53.6 119-129
R — accacgacgaagactcatcc 3
) F — agccttgttgcttttcaacg B
Na12-A02 R = agtgaatcgatgatctegee (CT) 4 54.0 161-202
) F — gttcagttcccagattcctaa B
FIT0-063 g “Sttcctcttccttctetette | (O % 49.0 267-700
F — gccttagattagatggtcgec
Na10-B07 R — acttcagctccgatttgec (CT),, 53.0 174-213

annealing (49-54 °C) 45 s; synthesis (72 °C)
1 min; final elongation (72 °C) 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 x TBE (tris-borate buffer solution) [25].
DNA electrophoresis was carried out for 1 hour
at an electric field intensity of 5 V/em.

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-

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
Nal2-A02 (the most polymorphic loci) and
FITO-063 (the lowest level polymorphism) and
are shown Figures 1 a, b.

spectively.
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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 ‘KLliff variety, 4-6
genotypes of ‘Geros’ variety; (b) based on FIT0-063 marker: 1-3 genotypes of ‘Kliff’ variety, 4-6 genotypes of ‘Geros’ variety

As a result of PCR the Kliff’ variety by
primer Nal2-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 wvarieties by
Nal2-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.
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Table 3
Analysis of the level of polymorphism with SSR markers

. Total | Polymorphic Polymorphism level*
Primer | _lves | alleles Y I?%)
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) x 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 Nal12-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 Nal2, 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.
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Tommasini et al. [30] obtained a high level of
polymorphism (68%) for the primer Nal2-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.
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Fig. 2. Distribution of allele frequencies detected by markers (a) Ra3-H09 and (b) Na12-A02

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 ‘KIliff’ va-
riety (156 bp). The biggest number of alleles
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was obtained using Nal2-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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Fig. 3. Distribution of allele frequencies detected by markers (a) FIT0-063 and (b) Na10-B07

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.
Nal0-B07 marker detected three alleles at a fre-
quency of 0.04: 144, 156 and 194 bp, in ‘KIliff’,
‘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 Nal0-BO7
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.

Unweighted pair-group average

Eucldean distances

‘Senator Liuks’

‘Danhal’

-

‘Chornyi veleten’

‘NK Technik’ —

‘NK Petrol’ |

‘Geros’

‘Aliot’
‘KLiff

‘Nelson’

1,0 15 2,0

2,5 3,0 35 4,0

Linkage Distance

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.
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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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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-
HO09, Nal2-A02, FITO-063 and Nal0-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-
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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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Meta. OUiHUTM reHETUYHE Pi3HOMAHITTA COPTIB pinaky
3a gonomoroto SSR-MapkepiB ans CTBOPEHHS CENeKLiiHOro
MaTepiany i3 3aCTOCYBaHHAM MOr0 B KOMMIEKCHIN cenekuii
in vitro Ha nocyxo- Ta conecrtiiikicte. MeTtoau. MNJIP aHanis,
KnactepHuit aHanis. Pesynbratu. HaBegeHo pesynbratu
pocnigxeHb nonimopdismy copTiB pinaky Ha OCHOBi Mone-
KYNAPHO-TEHETUYHUX MapKepiB. Y pesynbtatu aHanisy cop-
TiB pinaky 3a [OCNiAXyBaHUMW Mapkepamu Bussunu 41
anenb, 10670 B cepegHbomy 10,3 aneni Ha mapkep. Kinbkictb
noniMmopdHMUX NOKYCiB 33 YOTUPMA MiKpOCATeNiTHUMKM Map-
kepamu (Ra3-H09, Na12-A02, FIT0-063 Ta Na10-B07) ckna-
pana 24 nokycu. PiseHb nonimopdismy ans gocnimxysaHnx
COPTiB y cepeAHbOMy CTaHOBUB 51%: HalBUIMI piBeHb
(87%) BigmiveHun pna mapkepa Nal2-A02, HaitHWK4Wii
(33%) — FITO-063. BignogigHo O oTpMMaHOro po3noginy
Halbinbwol uyactotolw 3a SSR  mapkepom Ra3-H09
BUPi3HANAck anenb po3mipom 117 n.H., AKy iAeHTUdiKOBaHO
y Tpbox coprtis: ‘CeHatop Jliokc’, ‘AaHran’ Ta ‘YopHuii Bene-
TeHb'. BussneHo, wo 3a mapkepom Ra3-H09 yHikanbHuM ans
AOCNifKyBaHUX COPTiB BUABMAMCHL aneni 3 yactototo 0,06
Ta po3mipamu 135 n.H. y copty ‘Aniot’ Ta 156 n.H. y copTy
‘Knidad'. 3a mapkepom FITO-063 igneHTUDIKOBAHO HaliMeHLy
KinbkicTb anenis (5), Npu LbOMy PO3NOAIN YacTOT BapiloBaBs
Big 0,11 po 0,33. YHiKanbHWMM anensMum 3a MapKepoMm
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FITO-063 BusiBMAKCH aneni po3mipom 258 Ta 273 n.H. 3 4acTo-
1010 0,11 y coptiB ‘Tepoc’ Ta ‘YopHuit BeneTeHb' BiANOBiAHO.
HaiiGinbwy KinbKicTb anenis 6yno oTpMMaHo 3a LOMNOMOTO
mapkepy Na12-A02. BignoBigHO A0 OTPMMAHOro po3noginy
Haiibinblwe 3HaYeHHs yactotu (0,11) manu aneni po3mipom
158 T1a 192 n.H. 3a mapkepom Na10-B07 3 yactoToto 0,04 byno
ineHTUdiKoBaHo Tpu anens. BkasaHi aneni posmipamu 144,
156 Ta 194 n.H. Bussuau y coptis ‘Knicdd’, Tepoc” 1a ‘Henb-
coH'. Y pe3ynbTati KNacTepHOro aHanisy OTpUMAHO 4OTUPU
knactepu: ‘CeHatop Jliokc' 1a ‘fanran’, ‘HK TexHik’ Ta ‘HK [e-
Tpos’, ‘Tepoc’ Ta ‘AnioT’, ‘Knipd’ Ta ‘HenbcoH'. BigmiveHo, wo
copT "HopHuil BeNeTeHb' He HANEXUTb A0 KOAHOTO KNacTepy.
BcTaHoBeHO, Wo HaWbinbwWw BigganeHMMu BUSBUAUCH COPTH
‘Knicdd” Ta ‘HenbcoH' i3 3HAYEHHAM FeHETUYHMUX [UCTaHLIN
3.32. Hait6inbw nogibHMMKM 3a YoTUPMA AOCHIAXKYBAHUMM
SSR mapkepamu BUSBMAUCL COPTM iHO3eMHOi cenekuii
‘HK Texnik’ Ta ‘HK [Metpon’ 3i 3HAYeHHAM reHeTUYHMX
ANCTaHLiN MiX HUMKM 1.41. THWi copTi MaloTb BigMiHHOCTI 3a
LWoHaliMeHIWe O4HUM MapKepoM. BMCHOBKM. 3acTocyBaHHs
CUCTEMM i3 YOTUPLOX MiKpOCaTeNiTHUX MapKepiB 3abe3neuye
OUiHKY COPTOBOTO Pi3HOMAHITTA pinaky Ans KOMMIEKCHOT
cenekuii in vitro Ha Nocyxo- Ta CONECTINKiCTb.
Knioyosi cnosa: copmose pizHomMaHimms;
MiKpocamenimHi MapKepu; KaacmepHuli aHani3.
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Llens. OueHuTb reHeTMYECKOE pa3Hoobpasne copToB pan-
ca c nomolybio SSR MapKkepoB ans Co3AaHUA CENEKLMOHHOTO
maTepuana c NpMMEHEHWEM ero B KOMMIEKCHOW CeneKuuu
in vitro Ha 3acyxo- u coneyctoitunsocTb. Metopbl. MLP aHa-
Nn3, KnacTepHblit aHann3. Pe3ynbtarel. [IpuBeaeHbl pesynb-
TaTbl WCCNeAoBaHWA nonumopdu3mMa COpPTOB panca Ha oc-
HOBE MOJIEKYNAPHO-TEHETUYECKUX MApKepoB. B pesynbrate
aHanu3a copToB panca no WUCMbITYeMbIM Mapkepam obHapy-
Xunu 41 annene, 70 ecTb B cpegHem 10,3 anneneit Ha mapkep.
KonnuyectBo nonMmMop@HLIX OKYCOB MO 4YETbIpeM MUKPO-
catenuTHeiM Mapkepam (Ra3-H09, Nal2-A02, FIT0-063 w
Na10-B07) coctaBnsano 24 nokyca. YpoeHb nonumopcusma
“3y4aemblx COPTOB B CpefHeM cocTasnsieT 51%: camblii BbICO-
Kuii ypoBeHb (87%) oTMeyeH ans mapkepa Na12-A02, camblit
HU3KKIA (33%) — FITO-063. B COOTBETCTBUM C MOJYYEHHBIM
pacnpepenenuem Haubonbleil vyactotoir no SSR mapkepy
Ra3-H09 otnnyanace annenb pasmepom 117 n.H., KOTOpYIO
naeHTudmumpoaHo y Tpex coptos: ‘CeHatop Jliokc’, ‘fanran’
u ‘YepHelii BeneteHb'. BoiseneHo, 4to no mapkepy Ra3-H09
VHUKaNbHBIM 18 U3y4aeMblx COPTOB OKA3anuch anienm ¢ ya-
ctoToit 0,06 n pa3mepamu 135 n.H. y copTa ‘Annot 1 156 n.H.
y copTa ‘Knudad’. Mo mapkepy FITO-063 npeHTUHULMPOBAHO
HauMeHbllee Konuyectso anneneit (5), npu 3ToM pacnpege-
neHune YactoT BapbupoBano ot 0,11 go 0,33. YHUKanbHbIMU
annenamun no mapkepy FITO-063 okasanucb annenu pasme-
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pom 258 1 273 n.H. c yactoToit 0,11y copTos ‘Tepoc” u ‘Yep-
Hbll BENeTeHb COOTBETCTBEHHO. Haubosbliee KONMYECTBO
annenei 6bI10 NosyyeHo ¢ nomollblo mapkepa Nal12-A02. B
COOTBETCTBUM C MOJYYEHHBIM PacnpeAeneHueM Haubonbllee
3HaueHue yactoTbl (0,11) 6bino y anneneit paamepom 158 u
192 n.H. Mo mapkepy Na10-B07 c yactoToit 0,04 6bin0 MaeH-
TUPULMPOBAHO TPW annens. YkasaHHble annenn pasmepamu
144, 156 n 194 n.H. o6Hapyxunn y coptoB ‘Knudd’, Tepoc’
u ‘HenbcoH'. B pe3synbrate KNacTepHOro aHanm3a nosyyeHo
yeTblpe knactepa: ‘Cenatop Jliokc' v ‘Oanran’, ‘HK TexHuk' u
‘HK Netpon’, ‘Tepoc” u ‘Annot, ‘Knudd' n ‘Henbcon’. OTme-
YeHO, YTO COPT ‘YepHblii BeneTeHb” He NMPUHALIEKUT HU K
OAHOMY KnacTepy. YCTaHOBNEHO, YTO Hanbonee ynaneHHbIMYU
okasanucsb copta ‘Knudd’ v ‘HenbcoH’ co 3HayeHuem reHetu-
Yeckux aucTaHumii 3.32. Hanbonee nogobHLIMM N0 YETbIPEM
uccnepyembimmu SSR Mapkepamu oKasanucb copta MHOCTpaH-
Hoi cenekumn ‘HK TexHuk” u ‘HK MeTpon’ co 3HayeHuem re-
HEeTUYECKMX AUCTaHUMIA mexpy Humu 1.41. [lpyrue copta
MMEIoT PasfiMunA Mo KpaiiHeir mepe MO OAHOMY MapKepy.
BbiBoAbl. TakuM 06pa3oM, NPUMEHeHUEe CUCTEMbl U3 YeTbl-
pex MUKpOCATENIUTHbIX MAaPKEPOB 0becneynBaeT OLEHKY CO-
pTOBOrO pa3Hoobpasns panca A KOMNIEKCHON Cenekumu
in vitro Ha 3acyxo- 1 CONeyCTONYUBOCTD.

Knioyessle cnosa: copmosoe pasHoobpasue; panc; MUx-
pocamesiiumHsle MapKepbl; KAACMepHbId aHANu3.
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