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Analysis of diversity and genetic interactions
of potato varieties (Solanum tuberosum L.)
based on morphological characteristics and SSR markers

L. M. Prysiazhniuk®’, 0. L. Klyachenko?, I. 0. Dikhtiar?, N. V. Symonenko!

"Ukrainian Institute for Plant Variety Examination, 15 Henerala Rodymtseva St., Kyiv, 03041, Ukraine,
“e-mail: prysiazhniuk_l@ukr.net
2National University of Life and Environmental Sciences of Ukraine, 15 Heroiv Oborony St., Kyiv, 03041, Ukraine

Purpose. To estimate a correlation between SSR-markers and morphological features by genetic distances on the basis
of polymorphism of potato varieties. Methods. PCR analysis, cluster and correlation-regression analysis. Results. The
results of analysis of potatoes varieties polymorphism based on molecular genetic and morphological marker features are
presented. Varieties polymorphism was assessed on four microsatellite markers: STM0019, STM3009, STM3012, STM5136
and 42 morphological markers. According to the results of PCR analysis, it was determined that the frequency of identified
alleles ranged from 0.021 to 0.33, the index of polymorphism on the average for studied markers was 0.76. Using cluster
analysis, the genetic distances between varieties based on SSR and morphological markers were determined, and simila-
r varieties and varieties that differ among themselves were identified. According to the obtained distribution, the corre-
lation between the genetic distances by Mantel test are estimated, namely, a regression, in which the variables are similar-
ity matrices, summing the pairwise similar values between the sampling points was defined. As a result of the estimation
of genetic distances between the investigated genotypes of potatoes, it was revealed that the varieties ‘Skarbnytsia’
and ‘Yavir’ were the most similar by markers STM0019, STM3009, STM3012, STM5136. The distance between these varieties
was 2.45, while the greatest distance — 3.74 was found among the varieties ‘Levada’ and ‘Dovira’, ‘Fantaziia’ and ‘Dovira’.
According to marker morphological signs, the least value of genetic distances was 8.9 for varieties ‘Slovianka’ and ‘Poliske
Dzherelo’, the most distant ones were ‘Okolytsia” and ‘Dovira’, with values of 18.2. It was revealed that the potato variety
‘Dovira’ with the value of genetic distances of 18.2 and 3.74 for morphological and SSR markers respectively was the most
distant from other investigated genotypes. The correlations were not found by Mantel test as a result of the analysis of ge-
netic distances based on SSR-markers and morphological signs. Conclusions. The use of a complex of studies containing
a description of morphological features and microsatellite markers is promising for identifying potato varieties, creating
collections of well-known varieties and determining their differences.
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populations is evaluated at the level of quantita-

Introduction

Potatoes (Solanum tuberosum L.) is the main
source of nutrition in many regions of the world
and characterized by high levels of carbohyd-
rates, proteins and vitamin C [1-3]. Genetic dif-
ferentiation between individual genotypes or
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tively inherited phenotypic features, monogenic
characteristics that are subjected to selective
pressure (for example, signs of disease resis-
tance), molecular markers, etc. Information on
correlations that exist between different levels
is important for several reasons. In particular,
from an evolutionary point of view, the study of
links between genetic diversity and morphologi-
cal differentiation will help to find the mecha-
nisms responsible for this differentiation. While
from the standpoint of conservation of genetic
resources — it promotes the search for similar
signs of different genotypes or populations and
combinations of genes, and predicts their hete-
rosis based on selection [4-5]. Annually in
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Ukraine state testing for distinctness, unifor-
mity and stability (DUS) of about 40 varieties of
potatoes is held. At the same time, the increase
in the number of new varieties introduced into
production causes the need to control the diver-
sity of modern varieties through reliable and
modern methods for their differentiation.

Over the past thirty years, the results of the
study of interaction between morphological
features and DNA markers have been high-
lighted in a number of publications [6—8]. Euro-
pean organizations for plant variety evalua-
tion, such as GEVES (France) and Naktuin-
bouw (the Netherlands), use the definition of
correlations for the evaluation of new varieties
and the formation of their collections [6, 8—12].

The purpose of the research is to assess the
correlation between SSR markers and morpho-
logical features by genetic distances based on
the polymorphism of potato varieties.

Materials and methods

Twelve varieties of potato selected at the In-
stitute of Potato Studies of the National Acade-
my of Sciences of Ukraine were studied: ‘Poliske
Dzherelo’, ‘Dorogyn’, ‘Oktolytsia’, ‘Dovira’, ‘Li-
leia’, ‘Levada’, ‘Yavir’, ‘Chervona ruta’, ‘Skarb-
nytsia’, ‘Obrii’, ‘Fantaziia’ and ‘Slovianka’.

The morphological features of potato varieties
were described in the course of varieties testing
for the purpose of their state registration. The
DUS method numbers 42 marker signs of potato
varieties, which cover the qualitative and quan-
titative characteristics of the sprouts grown by
light, stems, leaves, buds, inflorescences and tu-
bers. Varieties were evaluated using the method
of visual assessment, measurements and calcula-
tions, depending on the type of signs detection
using the DUS method [13]. According to the
method, the degree of signs detection was de-
noted by numerical values from 1 to 9. As a re-
sult of digital coding, matrices were constructed
on which genetic distances were calculated.

DNA was isolated from two-week sprouts of
500 mg potato varieties with CTAB (cetyltri-

methylammonium bromide), purified with
chloroform-isoamilic alcohol and precipitated
with isopropyl alcohol [13-15]. Extracted DNA
was stored at a temperature of +4 °C during
the process.

The molecular genetic polymorphism of po-
tato varieties with specific primers: STM0019,
STM3009, STM3012, STM5136 selected on the
basis of the analysis of the polymorphic index
[12, 14-17] (Table 1), was investigated based on
four microsatellite loci (MC loci).

The reaction mixture contained 100 ng DNA,
the component concentration was: 1 Buffer
(10 mM Tris-HCI, pH 9.0, 50 mM KCl, 0.01%
Triton X-100), 2.5 mM MgCl,; 200 pM deoxynu-
cleotide triphosphates (ANTF), 0.5 uM of each
of the primers and 1 unit. act. Taq polymerase.
The total volume of the mixture was 20 pL.

PCR (Polymerase Chain Reaction) was per-
formed using the BioRad IQ5 (USA) amplifier.
Parameter for amplification for the examined
potato markers: initial denaturation — 95 °C — 5
minutes, 40 cycles: denaturation — 45 s for 95 °C,
hybridization — 30 s for 50-60 °C, elongation —
90 s for 72 °C, final elongation — 7 minutes for
72 °C. The visualization of the amplification re-
action products was carried out by electrophore-
sis in a 4% agarose gel in 0.5 x TBE (tris borate
buffer solution) according to the method [15, 20]
for the intensity of the electric field of 5 V/cm.
The size of ampilicons was determined using the
TotalLab v.2.01 computer program.

On the basis of definite alleles, PIC (polymor-
phism information content) was calculated and
binary data matrices were produced, with “1”
for presence of the corresponding allele and “0”
for its absence. The genetic distances between
the studied varieties were determined using a
computer program STATISCA 12 (trial version)
based on cluster analysis. Varieties were grouped
by SSR-markers with the use of unweighted
pair-group method using arithmetic averages
(UPGMA), by morphological features with the
use of Single Linkage method with the calcula-
tion of Euclidean distances [21-24].

Table 1
Characterization of SSR loci primers
Primer sequence . Hybridization Expected amplicon

MC locus 5 s 3 GC-content, % Motif temperature, °C size, bp

F — aataggtgtactgactctcatg 39.1 (AT)7, (AT)10,
STM0019 (AT)4, (GT)5, 50 99-206

R - ttgaagtaaaagtcctagtatgtg 33,3 (GC)4, (GT)4

F — tcagctgaacgaccactgttc 45,5 _
STM3009 R - gatttcaccaagcatggaagtc 52,4 (1013 50 110-140
STM3012 F — caactcaaaccagaaggcaaa 42,9 (GT)4, (CT)8 60 180-225

R — gagaaatgggcacaaaaaaca 38,1

F - gggaaaaggaaaagctcaa 42,1 _
STM5136 R - caacactatcgccatctecttt 45,8 (AGA)S 60 240-280
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The correlation between the investigated
SSR markers and the morphological characte-
ristics of potato varieties was determined based
on genetic distances using the Mantel test with
XLSTAT 2018 computer program [25—26].

Results

Alleles of the expected size were obtained by
PCR on four SSR markers with specific pri-
mers (Fig. 1).

According to obtained amplicons with
STM3012 marker, 12 alleles of sizes 175-224 bp

were identified among the studied varieties. For
the other investigated loci from five (markers
STM3009, STM5136) to twenty alleles (marker
STMO0019) were identified. The allele frequen-
cies were from 0.021-0.21 for the STM3012
marker, and 0.08-0.33 for the STM3009 and
STMO0019 markers (Fig. 2). It was found that
the greatest number of alleles — 20 was identi-
fied by the marker STMO0019, of sizes 98—258 bp.
For the markers STM3009 and STM5136, five
alleles with size range of 164-172 and 240-
267 bp respectively were determined.

14

10 11 12 13

Fig. 1. Electropherogram of DNA amplification products of different potato varieties based on STM3012 marker:
1, 14 - molecular weight marker 100 bp DNA Ladder O'GeneRuler (Thermo Scientific); 2 — ‘Poliske Dzherelo’; 3 — ‘Dorohyn’;
4 —‘Okolytsia’; 5 - ‘Dovira’; 6 - ‘Lileia’; 7 - ‘Levada’; 8 — “Yavir’; 9 — ‘Chervona Ruta’; 10 - ‘Skarbnytsia’; 11 — “Obrii’;

12 - ‘Fantaziia’
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Fig. 2. Distribution of identified alleles by size and frequency for the investigated potato varieties
based on STM0019, STM3009, STM3012, STM136 markers

For the studied loci, the average value of the
polymorphism index of the locus (RIS) is 0.76,
with the highest index obtained for the marker
STM3012 — 0.88. The listed level of PIC indi-
cates a uniform distribution of identified al-
leles and sufficient resolution for differentia-
tion of investigated potato varieties.

To study the polymorphism of 12 varieties
of potatoes based on SSR markers and morpho-
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logical features, a cluster analysis was per-
formed and genetic distances between varie-
ties were calculated (Fig. 3).

As a result of cluster analysis and calcula-
tion of genetic distances between studied po-
tato varieties, the greatest distance was noted
between ‘Levada’ and ‘Dovira’, ‘Fantaziia’ and
‘Dovira’ varieties — 3.74. Considering that with
the decrease in the digital value of genetic dis-
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Varieties Dorohyn | Okolytsia | Dovira Lileia Levada | Yavir | Chervona Ruta | Skarbnytsia Obrii Fantaziia | Slovianka
Poliske Dzherelo | 3,46 3,32 3,61 3,46 3,32 3,46 2,83 3,16 3,16 3,00 3,16
Dorohyn 3,32 3,00 3,16 3,32 3,16 3,16 2,83 3,16 3,61 3,46
Okolytsia 3,16 3,00 3,16 3,32 3,61 3,32 3,32 3,46 3,32
Dovira 3,61 3,74 2,65 3,00 3,00 3,32 3,74 3,61
Lileia 3,32 3,46 3,46 3,46 3,16 3,61 2,83
Levada 3,61 3,32 3,61 3,32 3,46 3,61
Yavir 2,83 2,83 3,61 3,16
Chervona Ruta 3,46 3,16 3,61 3,46
Skarbnytsia 2,83 3,61 3,16
Obrii 3,00 3,16
Fantaziia 3,61

Fig. 3. Genetic distances between investigated potato varieties based on SSR markers
(the color reflects genetic distances in descending order where blue (red) denotes large (small) distances, respectively)

tances the affinity between varieties increases,
the genotypes with the value of 2.45 — ‘Skarb-
nytsia’ and ‘Yavir’ were the most close ones.
Among other varieties, the values of genetic
distances ranged from 3.61 to 2.65.

It is known that objects of cluster analysis with
zero values of genetic distances are considered to
be identical. Taking into account the obtained
data, the studied varieties are different accor-

ding to the proposed marker system. Taking into
account that the investigated varieties of pota-
toes are the result of selective work of one institu-
tion, the proposed marker system is effective for
the differentiation of closely related objects.

According to the set of marker morphologi-
cal characters of the studied potato varieties,
a cluster analysis was performed and genetic
distances were calculated (Fig. 4).

Varieties Dorohyn | Okolytsia | Dovira Lileia | Levada Yavir | Chervona Ruta | Skarbnytsia Obrii Fantaziia | Slovianka
Poliske Dzherelo | 10,2 11,7 10,3 10,1 14,2 16,0 12,5 H 13,2 13,7 12,0
Dorohyn 13,6 13,2 13,1 14,8 17,6 15,4 12,0 14,6 15,5 13,5
Okolytsia 14,0 12,4 14,7 17,7 171 10,9 13,9 16,3 13,2
Dovira 9,8 12,7 13,6 10,4 11,3 10,2 12,1 12,1
Lileia 12,0 13,7 11,8 10,7 12,5 12,3
Levada 18,2 14,6 12,5 13,6 15,6 15,6
Yavir 14,0 14,6 14,8 15,4 16,6
Chervona Ruta 114 11,9 12,8 16,0
Skarbnytsia 12,6 12,1 12,3
Obrii 14,2 13,0
Fantaziia 13,9

Fig. 4. Genetic distances between investigated varieties of potatoes based on morphological markers
(the color reflects genetic distances in descending order where blue (red) denotes large (small) distances, respectively)

The investigation revealed that the most dis-
tant by morphological features are ‘Okolytsia’
and ‘Dovira’ varieties, the numerical value of
which was 18.2. ‘Lileia’ and ‘Dorogyn’ with
distances of 17.6 and 17.7, respectively, were
quite distant from ‘Okolytsia’. The most re-
lated varieties were ‘Slovianka’ and ‘Poliske
Dzherelo’ and ‘Chervona Ruta’ and ‘Levada’
with values of genetic distances of 8.9 and 9.0.
‘Lileia’, ‘Skarbnytsia’ and ‘Poliske Dzherelo’
were quite close to ‘Levada’ (10.1-10.3).

Cluster analysis according to selected indi-
cators shows a different distribution of geno-
types and their degree of affinity. To deter-
mine the objective approaches to the examina-
tion of varieties, a complex evaluation of dif-
ferent characteristics is required. The correla-
tion between genetic distances obtained by
SSR analysis and morphological features was
evaluated using Mantel test (Pearson’s correla-
tion) [9]. As a result of the analysis, the p-
value and r(AB) indices for the significance
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level oo = 0.05 were determined, which accord-
ing to the interpretation of the test, allows to
accept one of the analysis hypotheses of the
presence (Ha) or absence of correlation (HO)
(Fig. 5).

According to the analysis, the HO hypothesis
about the absence of correlation is assumed
under the condition p > «a, that is the calcu-
lated value p = 0.765 significantly exceeds the
significance level a = 0.05.

Therefore, the alternative hypothesis Ha of
the presence of correlation was rejected and
the zero hypothesis HO [6, 27-28] was adopted.
The correlation coefficient [r(AB)] and the nor-
mality of the data distribution along the ma-
trixes of genetic distances are presented in
Figure 6. The diagram form indicates the nor-
mality of the data distribution and the reliabi-
lity of the sample, the correlation coefficient
by Mantel was r = 0.035. According to the hy-
pothesis HO, a reliable correlation by the Man-
tel test between the genetic distances for SSR
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Fig. 5. Correlation between genetic distances based on SSR markers and morphological features of potato varieties

markers and morphological features in the in-
vestigated varieties of potatoes was not detec-
ted. The results of the absence and presence of
correlations between genetic distances were

obtained by Karuri H. W. et al. [29] during the
study of the genetic diversity of sweet potato
varieties, as well as Darvishzadeh R. [30] in
the study on sunflower varieties.
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Fig. 6. Results of graphical analysis of data distribution by Mantel test results
for potatoes varieties by genetic distances

However, the distribution obtained by ge-
netic distances allowed detecting the differ-
ence between the studied potato varieties. Con-
sequently, due to the analysis of genetic dis-
tances for the four SSR markers and morpho-
logical features, it is determined that the most
distant from the two marker systems is ‘Dovi-
ra variety’. For other studied varieties, differ-
entiation by these criteria varied, which indi-
cates the possibility of applying different ap-
proaches to the definition of varietal diffe-
rences.

Conclusions

The molecular genetic polymorphism of 12
varieties of potatoes based on four microsatel-
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lite markers and 42 morphological features
used for the description of the variety during
the examination on DUS was investigated.

According to the results of the cluster analy-
sis, it was revealed that the varieties ‘Skarb-
nytsia’ and ‘Yavir’ were the most similar by
loci STMO0019, STM3009, STM3012, STM5136;
the genetic distance between them was 2.45.
The obtained results were used to create a da-
tabase of molecular genetic polymorphisms of
the studied potato varieties for further identi-
fication.

Regarding the distribution of varieties ac-
cording to morphological features, it was found
that the lowest value of the genetic distance
was 8.9 between ‘Slovianka’ and ‘Poliske Dzhe-
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relo’. The most distant, both morphologically
and by SSR markers, was ‘Dovira’ variety with

a

genetic distance of 18.2 and 3.74, respec-

tively.

Using the Mantel test, it was found that

there is no correlation between the genetic dis-
tances for SSR analysis and marker morpho-
logical features. The results of the assessment
of the varieties distribution allow the use of
studies containing a description of morpho-
logical features and microsatellite markers for
the creation of collections of well-known varie-
ties and determination of varietal differences
in the process of DUS testing.
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MeTa. OuiHWUTK KopensuiiiHi 3B'A3Ku Mix SSR-Mapkepamm Ta
MOPdONOriYHUMN O3HAKAMU 3a TEHETUYHUMU AUCTAHLIAMM Ha
OCHOBi nonimopdismy coptis kaptonnii. Metoau. MJ1P-aHanis,
KnacTepHUii Ta KOpensLiiiHo-perpecintuii aHanizu. Pe3ynbratu.
HaBepeHo pesynstat aHanisy nonimopdyismy coptis kaproni
33 MONEKYNAPHO-TEHETUYHUMU Ta MOPGONOTiYHMMU MapKep-
HUMMK 03Hakamu. onimopdiam copTiB OLiHIOBANM 33 YOTUPMA
MiKpocatenitTHumm mapkepamu: STM0019, STM3009, STM3012,
STM5136 Ta 3a 42 MOpONOriYHMMU MapKEPHUMK O3HaKa-
Mu. 3a pesynstatamu [J1P-aHanizy BM3HAYeHo, WO yYacToTa
ifeHTUdiKoBaHMx anenis ctaHoBuna Big 0,021 go 0,33, iHgekc
nonimoHOCTi B CcepefHbOMY 33 [OCHIIKYBAHUMU MapKepa-
Mu — 0,76. 33 [ONOMOrOK0 KNACTEPHOTO aHanisy BU3HAYeHO
reHeTUYHI ancTaHuii Mix coptamu 3a SSR- Ta MopdonoriyHMMK
MapKepamu, BUABNEHO MOfi6HI Ta copTu, AKi pisHUAKCA Mix
cobow. BignosigHo Ao oTpumaHoro posnopiny ouiHeHo
KOpensLiliHi 3B'A3KM MiX TEHETMYHUMMU [UCTAHLisMM 33
Mantel test, a came BM3HauYeHO perpeciio, B AKiii 3MiHHUMU €
MaTpuui nodibHOCTi, WO NiACYMOBYIOTL MONapHi NogibHi 3Ha-
YEHHs MiX MicusMu BUOIPKU. YHACNifOK OUiHIOBAHHA reHe-
TUYHWUX OUCTAHLIA MiX JOCHIMKEHUMMU FeHOTUNaMU KapTomi

YOK 633.491.577.213.3

BCTAHOBJEHO, IO HainofibHiumMmu 3a mapkepamu STM0019,
STM3009, STM3012, STM5136 Busisuaucs coptn ‘CkapbHuus’ 1a
‘fBip’, BIACTAHb MiX AKMMU CTAHOBUNA 2,45, Todi AK Habinbwy
BiACTaHb — 3,74 BUABNEHO MiX copTamu ‘fleBapa’ Ta ‘fosipa’,
‘®anTazisa’ Ta ‘fosipa’. 3a mMapkepHuMKU MOPdONOriYHMMM 03-
HaKaMu HaUMeHLe 3HAaYeHHA reHeTUYHUX AUCTaHUin — 89
cnoctepiranocsa gns coptie ‘Cnos’sHka’ Ta ‘Monicbke gxxepeno’,
HalgigaaneHiwnmmu Bussuanca ‘Okonuus’ Ta ‘fosipa’, 3HayeH-
HS NS AKX CTaHOBMTb 18,2. BcTaHOBNEHO, WO COPT KapToni
‘[oBipa’ 3i 3HAYEHHAM MOKA3HUKIB FEHETUYHUX AUCTaHLiN 18,2
Ta 3,74 3a MmopdonoriyHumm Ta SSR-mapkepamu BifnoBiAHO BU-
ABUBCA HalBigdaneHilmMm Bif iHWKUX DOCAIMKEHUX reHOTUNIB.
Y pe3ynbTarti NpoBeAeHOro aHanisy reHeTUYHUX OUCTaHLii 3a
SSR-mapKepamu Ta MOPONOriYHUMIU O3HAKAMMU KOPENALIAHNX
3B'73KiB 3a Mantel test He BusiBneHo. BUCHOBKM. 3acTocyBaH-
HSl KOMMJIEKCY AOCNiAKEeHb, fKi MiCTATb onuc MopdonoriyHmux
O3HaK 1 MiKpocaTeniTHUX MapKepiB € MepCrnekTUBHUM
onsA igeHTMdikadii copTiB  KapTOMi, CTBOPEHHS KONEKLiit
3arafibHOBiJOMMX COPTIB Ta BU3HAYEHHS iX BiAMiHHOCTEM.
Knrouosi cnosa: kapmonas; eeHemuyHul nosimopghiam;
knacmepHull aHanis; Mantel test; kopensyiliHi 38’a3Ku.
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LUenb. OueHnTb KoppensuuWoHHble cBA3M Mexay SSR-
MapKkepamu U MOphONOrMYecKMMU NPU3HAKAMK MO FreHeTuYe-
CKUM AUCTAHLMAM Ha OCHOBE nonumopctu3Ma COpTOB KapTo-
tens. Metoabl. TLP aHanus, knacTepHblii U KOPPENALMOH-
HO-perpeccuoHHbIn aHanussl. Pe3ynbTathl. lpuBeaeHsl pe-
3ynbTaThl @aHanu3a nonumopdu3ma copToB KapTodens no mo-
NEKYNAPHO-TeHETUYECKNM U MOP(ONOrMYECKUM MapKepHbIM
npu3Hakam. [lonumopcunsm coptoB kapTodens oueHnBanu no
yeTblpeM MUKpOCATeNNUTHbIM Mapkepam: STM0019, STM3009,
STM3012, STM5136 u 42 MOpP(ONOrMYeCKUM MapKEPHbLIMKU
npusHakam. o pesynbratam LP-aHanu3a onpegeneHo, 4To
yacToTa MAEHTMULMPOBAHHLIX annenei coctasnana ot 0,021
1o 0,33, nHaekc nonumModHOCTM NOKyCa B CPeHEM No uccne-
LOBaHHbIM Mapkepam — 0,76. C nomoLLblo KNacTepHOro aHa-
N33 onpejeneHbl reHeTUYeCKUe JUCTAHLUUN MEXAY COpTaMu
no SSR- n mopdonornyeckum mapkepam, OTMEYEHbI CXOfHble
M pa3nunyHele copta. B cooTBeTCTBMM C NOAYYEHHbIM pacnpe-
AeNleHneM npoBefieHa OLeHKa KOPpPenAaLMOHHbIX CBA3EH MeX-
LY TeHeTMyeckumMu aucTtaHumamu no Mantel test, a umenHo
onpepesneHa perpeccus, B KOTOPOi NepeMeHHbIMU BbICTYNAKT
MaTpULbl CXOACTBA, KOTOPbIE CYMMUPYIOT NOMNAapHble CXOLHbIE
3HaueHUs MEeXAY MecTaMmu BblOOpKU. B pesynbraTe oueHKM
FeHeTUYECKUX AUCTAHLUMA MeXAy MCCNefOBaHHbIMU TeHOTK-

284

namu Kaptodens yCTaHOBJIEHO, YTO Hanbonee CXOAHLIMK NO
mapkepam STM0019, STM3009, STM3012, STM5136 oka3anuch
copta ‘Ckap6Hbius’ 1 ‘fiBMp,, paccTosiHUe MEXAY KOTOpbIMM
COCTaBNANO 2,45, TOrAa Kak Haubonbluee pacctosHue — 3,74
oTMeueHo mexpay coptamu ‘JleBaga’ u ‘[loBupa’, ‘OaHTasms’
u ‘Nosupa’. Mo mapkepHbIM MOPHOAOTMYECKUM NPU3HAKAM
HauMeHbllee 3HaYeHWe reHeTUYecKux aucTaHumin — 8,9 Hab-
nopanock gns coptos ‘CnassHka’ u ‘Monnceke pxepeno’, oT-
JaneHHbIMK oKkasanuch ‘Okonbius’ v ‘[loBupa’, 3HayeHne ans
KOTOpbIX cocTaBnseT 18,2. YcTaHOBNEHO, 4TO COPT KapTodens
‘lloBpa’ cO 3HayeHMeM MnokaszaTeneil reHeTUYecKUx AUCTaH-
umin 18,2 u 3,74 no mopconornyeckum u SSR-mapkepamm co-
OTBETCTBEHHO OKA3aJCs CaMblM yAaNeHHbIM OT pyrux uccie-
LOBaHHbIX reHOTUMOB. B pesynbtate npoBefeHHOro aHanusa
reHeTMyeckux guctaHumin no SSR-mapkepam n mopgonoruyec-
KWM NpU3HaKaM KoppensauMoHHbIX cBA3ell no Mantel test He
06HapyeHo. BbiBoAbI. [pMMeHeHMe KOMNIEKCa UCCnefoBa-
HWIA, BKJIOYAIOWMX OnMcaHne MophoIornyeckux Npru3HaKkoB 1
MUKPOCATE/IINTHBIX MAPKEPOB ABMISIETCA NEPCNEKTUBHBLIM ANS
uaeHTuduKaLmM copToB KapTodens, CO3AaHNe KOMIEKLMN
001UeN3BECTHBIX COPTOB U ONpefeNeHns UX pasnuuuii.
Knioyessie cnosa: xapmocgpens; 2eHemudeckul noauMop-
usm; knacmepHbili aHanus; Mantel test; KoppensyuoHHbie cBs3u.
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