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Abstract. One of the serious issues in forest breeding is how to reduce the variability level in breeding populations of
forest tree species that is a set of selected plus trees. The problem is that variability is jeopardized by the risk of losing the
genetic diversity of future artificial forests, as well as emerging inbreeding depression in the seed plus trees progeny. DNA
markers are an effective tool to study variability, identify features of the genetic structure and degree of plant differentia-
tion. The research focuses on assessing the level of the genetic diversity and the degree of differentiation of plus trees of
various geographic origin with the use of ISSR markers. We used six ISSR primers to study 270 plus trees grown in the
Penza region, the Chuvash Republic, the Republic of Tatarstan and the Mari El Republic. The samples of plus trees under
study were characterized by different levels of genetic diversity. Two hundred fifteen PCR fragments were identified for six
ISSR primers in total, while the number of amplified fragments varied from 186 to 201 in different plus trees samples. The
genetic variability varied within the following limits: 95.7-96.9 %, polymorphic loci; 1.96-1.97, the number of alleles per
locus; 1.31-1.48, the number of effective alleles per locus: finally, 0.291-0.429, Shannon’s index; 0.205-0.298, the expected
heterozygosity. According to the analysis of molecular variance (AMOVA), 82 % of the variability of ISSR markers is typical
for the plus tree samples, while only 18 % is variability among the compared groups of trees from different geographical
zones. The dendrogram generated by UPGMA showed that the plus trees grown in the Penza region, the Chuvash Republic
and the Republic of Tatarstan are similar in term of the genetic structure of plus trees, while the plus gene pool of Scots pine
from the Mari El Republic stands alone. The results of the research prove that the level of genetic diversity, the structure of
genetic variability, and the nature of differentiation of plus trees are consistent with those previously elicited for natural
populations of Scots pine in the Middle and Upper Volga region.
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VI3MeHUYMBOCTb IIJIFOCOBBIX JIepeBbEB COCHBI OOBIKHOBEHHOT
(Pinus sylvestris L..) B CpegHeM 1 BepxHem ITOBOIXKbe
1o ISSR-mapkepam
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AnHoTauumA. CH/XeHVe YPOBHA M3MEHUMBOCTN CENEKLMOHHBIX MOMYNALMIA NIECHBIX APEBECHbIX BULOB, NPeACTaBAAOLWNX
o601 COBOKYMHOCTb OTOOPaHHbIX MCOBbIX AEPEBLEB, CYMTAETCA OLHOW U3 KIOYEBbIX MPOOGIEM B JIECHOWN CeNnekuuu.
OHa cBfi3aHa C OMACHOCTbIO MOTEPU FEHETUYECKOrO Pa3sHOo6bpasnsa ByayLNX NCKYCCTBEHHO CO3AaHHbIX NIECOB, a TakKXKe C
PUCKOM BO3HUKHOBEHUSA MHOPEAHON AeNPecci CEMEHHOTO NMOTOMCTBA MJOCOBbIX AePeBbEB. DODEKTUBHBIM NHCTPYMEH-
TOM [/1A N3yUYeHWA U3MEHUMBOCTY, ONPEAENEHNs 0COOEHHOCTEN FEHETNYECKOW CTPYKTYpbI 1 cTeneHn gudpdepeHumnaummn
pacteHuii apnsioTca JHK-mapkepbl. Halle nccnepoBaHue HanpasieHo Ha OLEHKY YPOBHA FEHETUYECKOTO pa3sHoobpasuna 1
cTeneHn guddepeHumaum NIOCOBbIX AepPEBbEB PAa3HOro reorpadnyeckoro NPOMCXoXaeHnsa ¢ npruMmeHeHrem ISSR-map-
Kepos. C ncnonb3oBaHnem Lwectn ISSR-npanmepos nsyyeHo 270 nicoBbiX AepeBbeB U3 MeH3eHcKon obnactu, Yysalu-
ckoi Pecny6nuku, Pecnybnuk TatapctaH u Mapuin 3n. CpaBHMBaeMble BbIGOPKUN XapaKTepU30BannicCb PasHbiIM YPOBHEM
reHeTMYecKoro pasHoobpasus. Bcero ana wectun ISSR-npaiimepos o6HapyxeHo 215 MNLP-pparmMeHTOB, Npri 3TOM y pasHbIxX
BbIGOPOK UMCSIO aMMIMPULIMPOBaHHbIX GparmeHTOB BapbrpoBano oT 186 Ao 201. OCHOBHble NMOKa3aTenn reHeTuYecKom
M3MEHUYMBOCTU HAaXOAWUNNCh B Cleaylowmx npegenax: 4ona noanmmopdHbix NokycoB 95.7-96.9 %, uncno annenen Ha no-
Kyc 1.96-1.97, uncno spdektueHbix anneneit 1.31-1.48, nHgekc LLleHHoHa 0.291-0.429, oxnpaemasa reTepo3nroTHOCTb
0.205-0.298. Mo pe3ynbTaTam aHanm3a monekynsapHon gucnepcun (AMOVA) yctaHOBREHO, UTo 82 % BapuabenbHocTr ISSR-
NOKycoB 0OHapyXMBaeTcA BHYTPY BbIOGOPOK MOCOBbIX AepeBbEB 1 TOMbKO 18 % MPUXOAUTCA Ha N3MEHUMBOCTb MEXAY
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M3MeHUBOCTb NIIOCOBbIX AePEeBbEB COCHbI OObIKHOBEHHO
B CpenHem 1 BepxHem MNMoBosmkbe no ISSR-mapkepam

CpaBHVIBaeMbIMW Fpynnamu epeBbeB 13 Pa3HblX reorpadpuyeckmx panoHoB. NMoctpoeHne UPGMA-geHaporpammbl Noka-
3as10 61IM30CTb rEHETUYECKOW CTPYKTYPbI MOCOBbIX AepeBbeB U3 [eH3eHCKo obnactu, Yysawickon Pecnybnnkm n Pecry6-
nukn TaTapcTaH U 060CO6NEHHOCTb MOCOBOIO reHodOHAA COCHbI 0ObIKHOBEHHOW 13 Pecnybnvkn Mapwii On. PesynbTtaThl
nccnefoBaHnii yKasbiBalOT Ha TO, YTO YPOBEHb reHETUYECKOro pa3Hoobpasuna, CTPYKTypa reHeTUYeCcKon N3MeHUMBOCTY 1
XapaKkTtep gudpdepeHumaLmmn NaCOBbIX AePEeBbEB COOTBETCTBYIOT paHee BbIABIEHHbIM A1 NPUPOAHBIX MONYNALMIA COCHbI

0ob6blkHOBeHHOW B CpeHeM 1 BepxHem MNoBomxbe.

KntoueBble cnoBa: Pinus sylvestris L.; nniocoBble ilepeBba; reHeTuyeckoe pasHoobpasue; anddepeHumauus; ISSR-mapkepsbl.

Introduction

Mass selection of plus trees constitutes the Russian selective
seed production of the main forest-forming species (Tara-
kanov et al., 2021). A number of phenotypic characteristics,
such as height, diameter, trunk quality, disease resistance,
etc., are critical for plus trees selection in natural plantations.
First-order tree gene banks, an integral part of the forest-seed
establishment, serve for the mass production of seeds of forest
tree species by the vegetative offspring of plus trees (Tsarev
et al., 2021). One of the concerns, while introducing forest
seed programs for Scots pine based on the principles of plus
selection, is that the genetic diversity of the plus gene pool
declines. This happens due to the selection of a limited num-
ber of plus trees, as well as the risk of inbreeding depression
of seed offspring that are in proximity to related clones in
tree gene banks (Koelewijn et al., 1999; Hosius et al., 2006).
Therefore, further studies are necessary to research the di-
versity of the selected plus gene pool and identify the nature
of its differentiation using both morphometric characters
(Tarakanov, Kalchenko, 2015; Besschetnova, Besschetnov,
2017) and molecular markers (Shigapov, 1995; Milyutina et
al., 2013; Ilinov, Raevsky, 2021).

Molecular markers have become an effective tool that
solves a wide range of issues in the field of forest selection
and seed production, as well as estimates the genetic diversity
of plus trees (Sheikina, 2022b). To assess the variability of
Scots pine plus trees and tree gene banks established by their
offspring, different researchers used isoenzymes (Shigapov,
1995), ISSR markers (Milyutina et al., 2013; Khanova et al.,
2020) and microsatellites (Ilinov, Raevsky, 2021; Kamalov et
al., 2022). The results of comparative studies of the genetic
diversity of the plus gene pool of tree species and natural
populations showed contradictory results. A number of works
note that plus trees can be characterized by a level of genetic
variability comparable to natural populations (Bergman, Ru-
etz, 1991; Ilyinov, Raevsky, 2023). On the other hand, we
may witness a decrease in allelic diversity in samples of plus
trees growing in tree gene banks (Shigapov, 1995; Ilyinov,
Raevsky, 2017).

Until now, in the Middle and Upper Volga regions, there
have been studies of ISSR loci polymorphism only for a small
sampling of 36 plus trees in the Republic of Mari EI (Milyutina
etal., 2013). However, no assessment of the genetic diversity
of Scots pine plus trees in other parts of the Middle and Upper
Volga region has been made. Meanwhile, ISSR markers are
widely employed to study the characteristics of the popula-
tion genetic structure of Scots pine in China (Hui-yu et al.,
2005), Portugal (Cipriano et al., 2013), on the East European
Plain and in the Urals (Vidyakin et al., 2015; Vasilyeva et al.,
2021; Chertov et al., 2022; Sboeva et al., 2022), in the Perm
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Territory (Prishnivskaya et al., 2019) and in the Volga region
(Sheikina, 2022a).

The objective of this paper is to study the genetic vari-
ability and differentiation of Scots pine plus trees from the
Middle Volga region based on the analysis of ISSR markers.
We assumed that the level of genetic diversity, the structure
of genetic variability and the nature of differentiation of plus
trees selected as a result of breeding is comparable to those
previously identified for natural populations of Scots pine in
the Middle and Upper Volga region.

Materials and methods

The object of the study was plus trees of Scots pine (Pinus
sylvestris L.) or their clones from four regions of the Middle
and Upper Volga region. Samples for molecular genetic
research in the Republic of Tatarstan were stored from plus
trees growing on the territory of the Zelenodolsk forestry.
The remaining samples were stored from clones of plus trees
growing at forest seed production facilities: in the Chuvash
Republic from a first-order tree gene bank in the Ibresinsky
forestry, in the Penza Region from a first-order tree gene bank
in the Chaadayevsky forestry, in the Mari El Republic from a
collection and uterine plot in the Sernursky forestry. In total,
the authors studied 270 trees.

The material for DNA extraction was dried pine needles.
The CTAB technique (Doyle J.J., Doyle J.L., 1987) was
employed for DNA preparations. Six ISSR primers were
used for PCR: (CA)sAGCT, (CA)sAG, (CA)GT, (CA)sAC,
(AG)T and (AG)gGCT (Hui-yu et al., 2005). PCR was carried
out in a MJ MiniTM Gradient Thermal Cycler (Bio-Rad, USA)
according to the following program: 94 °C — 5 min; 35 cycles:
94 °C—45s,60°C—-45s,72°C—-45s; 72 °C — 7 min. To
perform PCR, we used the components of the commercial
set Encyclo Plus PCR kit (Evrogen, Russia) with the follow-
ing concentration: 10x PCR buffer — 1 pl; dNTPs — 0.2 pl
(10 mM); primer — 0.1 pl (100 uM); DNA preparation — 1 pl
(20 ng); Taq polymerase — 0.1 pl (2 units/pul); water — 7.6 pl.
PCR for each sample was performed in triplicate to check the
repeatability of the DNA fingerprints obtained. PCR results
were visualized with the use of electrophoresisina 1.5 % aga-
rose gel in 1 x TBE buffer at an electric field voltage of 80 V
and staining with an ethidium bromide solution. Gel images
were obtained using the GelDoc 2000 gel documentation
system (Bio-Rad, USA) and the Quantity One® Version 4.6.3
software package. The ‘100 bp+3.0 kb DNA Ladder’ marker
(Evrogen, Russia) was used to calculate the lengths of PCR
fragments.

Interpretation of the results of molecular genetic analysis
was based on compiling a binary matrix, in which PCR
fragments present in the electropherogram were designated
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as ‘1°, and those absent, as ‘0’. Calculation of genetic diver-
sity indicators, analysis of molecular variance (AMOVA)
and principal coordinate analysis (PCoA) were done in the
GenAlEx program (Peakall, Smouse, 2012). The statistical
significance of differences between the average values of
genetic diversity indicators of samples of plus trees was as-
sessed using single-factor analysis of variance. A dendrogram
illustrating the genetic relationship of samples of plus trees
was drawn based on the frequency of occurrence of ISSR loci
in the POPTREEW program (Takezaki et al., 2014) using
the Unweighted Pair-Group Method with Arithmetic Mean
(UPGMA) with bootstrap support for 10,000 replications.

Results
The authors identified 215 amplified DNA fragments for six
ISSR primers, 99.5 % of which turned out to be polymorphic
(Table 1). For samples of plus trees of different geographical
origins, the number of PCR fragments varied from 186 in
the Republic of Mari El to 201 in the Penza Region, and the
percentage of polymorphic loci ranged from 95.7 to 96.9. The
number of rare PCR fragments with an occurrence frequency
of less than 5 % in different samples varied from 1 to 23, and
the number of unique ones, from 0 to 2.

Shannon information index and expected heterozygos-
ity were different for the studied sample of plus trees. Plus
trees from the Mari El Republic proved to have the lowest

Table 1. Indicators of genetic diversity of Scots pine plus trees

Variability of Scots pine plus trees in the Middle
and Upper Volga Region with the use of ISSR markers

values of indicators (I =0.291, He = 0.205). While pine from
the Penza Region showed the maximum values of genetic
variability (I = 0.429, He = 0.298). The differences between
the samples are significant (p = 0.01). In terms of the num-
ber of alleles per locus and the number of effective alleles,
plus trees of different geographical origins did not differ
(Na=1.96-1.97,Ne=1.31-1.48) at p = 0.01. In total, for all
the trees studied, the number of alleles per locus was 1.99, the
number of effective alleles was 1.37, the Shannon index was
0.363, and the expected heterozygosity was 0.230. Figure 1
exemplifies the spectra of PCR fragments.

The different ISSR primers used in PCR allowed us to ana-
lyze from 27 to 40 loci, 80.6-93.5 % of which are polymorphic
(Table 2). The high level of polymorphism suggests that the
studied set of markers can be a useful and informative tool in
assessing the genetic variability of both natural populations
of an economically valuable species, as well as forest crops
and objects of a genetic breeding complex, including plus
trees. Other indicators of genetic diversity for different ISSR
primers varied in the following ranges: the number of alleles
per locus, from 1.62 to 1.90; the number of effective alleles,
from 1.31 to 1.41; the Shannon index, from 0.331 to 0.393;
the expected heterozygosity, from 0.206 to 0.252.

Analysis of molecular variance proved that 82 % of ge-
netic variability is distributed within samples of plus trees
from different geographical areas of the Middle Volga region

Geographical Number N(Nos;R) P %
origin of trees

PenzaRegion & 010, %5
RepublicofTatarstan 66 1990231 99
ChuvashRepublic 0 19462 957
MariElRepublic no 186400 957
Toal w ns 95

Fisher's F test - - -
(Foo1=4.94)

Na Ne | He
| 196£0013  148£0021 042940014 029840010
""""" 19740021  136£0021 034310015 023240011
19650020 14420022 03910016 0273£0010
 196:0020 13120020 02910015 02050010
19940020  137:0011 036310008 023040006
""""" 007 0% 14 1392

Note. Mean * standard error. N — number of PCR fragments; Nys — number of PCR fragments with a frequency <5 %; R — number of unique PCR fragments;
P - percentage of polymorphic loci; Na — number of alleles per locus; Ne — number of effective alleles; | - Shannon index; He — expected heterozygosity.

Fig. 1. DNA profiles showing polymorphism of Scots pine plus trees obtained with ISSR primers (CA)sAGCT (a) and (AG)gT (b).
1-18 - DNA sample numbers, M — DNA length marker 100 bp + 3.0 kb DNA Ladder.
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Table 2. Indicators of genetic diversity of ISSR primers

ISSR primer

Note. Mean * standard error. N - number of PCR fragments; Ny5; — number of PCR fragments with a frequency <5 %; P - percentage of polymorphic loci;
Na - number of alleles per locus; Ne — number of effective alleles; | - Shannon index; He — expected heterozygosity.

Table 3. Distribution of intra- and interbreeding population genetic variability of Scots pine plus trees
according to the analysis results of molecular variance

Source of variability df SS MS \Y Total variability, %
.......................................................................................................... Forausamphngs
Amongbreedmgpopu|at,ons314093 .................... 4697 ........................ 65180 .....................................
W.thmbreedmgpopmat,ons ..................... 299 ......................... 30409 ...................... 302 ...................... 302 ........................ 820 .....................................
penzaReg,onandRepubhcof'ratarstan .......................................................................................
Amongbreedmgpopu|at,ons ......................... 1 ........................... 4 289 .................... 4289 ........................ 61160 .....................................
W.thmbreedmgpopmat,ons ..................... 127 ......................... 41487 ...................... 327 ...................... 327 ........................ 340 .....................................
......................................................................................... penzaReg,onandChuvashRepubhc
Amongbreedmgpopu|at,ons ......................... 1 ........................... 4 053 .................... 4053 ........................ 56140 .....................................
W.thmbreedmgpopmat,ons ..................... 131 .......................... 45169 ...................... 345 ...................... 345 ........................ 360 .....................................
........................................................................................... P enzaReg,onandMar,HRepubhc
Among b reed, n g popu|at,on S ......................... 1 ........................... 6 42 3 .................... 6423 ........................ 92 ........................ 240 .....................................
W,th,nbreed,ngpopu|at,on5 ..................... 132 ......................... 39244 ...................... 297 ...................... 297 ........................ 760 .....................................
................................................................................... Repubhcof'ratarstanandchuvashRepubhc
Amongbreedmgpopmat,ons ......................... 1 ........................... 3 954 .................... 3954 ........................ 54150 .....................................
W,th,nbreedmgpopu|at,on5 ..................... 134 ......................... 4”65 ...................... 307 ...................... 307 ........................ 350 .....................................
RepubhcoﬁatarstanandMar,E|Repub|,c .....................................................................................
Amongbreedmgpopmat,ons ......................... 1 ........................... 3 328 .................... 3323 ........................ 45150 .....................................
WlthmerEdmgpopmatlons ..................... 135 ......................... 35239 ...................... 261 ...................... 261 ......................... 850 .....................................
....................................................................................... chuvashRepubhcandManE|Repub|,c
Among b reed, n g popu|at|on 5 ......................... 1 ........................... 6 03 7 .................... 603 7 ........................ 32 ........................ 230 .....................................
W,th,nbreedmgpopu|at,ons ..................... 139 ......................... 33922 ...................... 230 ...................... 280 ........................ 770 .....................................

Note. df - number of degrees of freedom; SS - sum of squares; MS - standard deviation; V — dispersion.

(Table 3). Interbreeding population variation accounts for
18 % of genetic diversity. Pairwise comparisons of plus trees
from different geographic areas showed that interbreeding
population variation could account for 14 to 24 %. The greatest
genetic subdivision is characterized by samples from the Penza
Region and the Mari El Republic (24 %), as well as from the
Chuvash Republic and the Mari El Republic (23 %). The share
of interpopulation variability was 14—16 % in the remaining
cases. In all cases, the significance level was p < 0.001.

Samples of trees from the Penza Region, Republic of Ta-
tarstan and Chuvash Republic were included in one cluster on
the UPGMA dendrogram with a high bootstrap value (100)
(Fig. 2). The sample of plus trees from the Mari El Republic
was assigned to a separate cluster.

The authors analyzed the principal coordinates for indi-
vidual Scots pine trees (Fig. 3, a) and samples of plus trees
(Fig. 3, b) based on pairwise Nei’s genetic distances. Analysis
of the principal coordinates for individual Scots pine trees
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Fig. 2. UPGMA dendrogram drawn with NEI's genetic distance between
plus trees of P. sylvestris L.

PO - Penza Region, RT - Republic of Tatarstan, RCH - Chuvash Republic,
RME - Mari El Republic.

showed that the three principal axes account for 17.03 %
of the polymorphism of ISSR loci, with the first coordinate
accounting for 8.45 % and the second for 4.96 % of the total
variability. At the same time, 81.02 % of the total diversity
occurs in the first and second coordinates at the level of plus
tree samples. The authors did not identify any geographic
gradients along the axes. However, one can note the similarity
in the distribution of samples on the first axis with the location
of the sampling areas of plus trees in relation to the river Volga
along the first axis. Plus trees from the Mari El Republic and
Republic of Tatarstan grow on the left bank, while those from
the Penza Region and Chuvash Republic grow on the right one.

Discussion

The paper discusses the genetic variability and differentiation
of the plus gene pool of Scots pine from different regions of
the Middle and Upper Volga region. To preserve the genetic
diversity of a species in the process of artificial regeneration,
it seems to be crucial that breeding populations are highly
variable. Literature review showed that the percentage
of polymorphic ISSR loci in Scots pine populations may
vary from 42 to 100 % (Hui-yu et al., 2005; Cipriano et al.,
2013; Vidyakin et al., 2015; Prishnivskaya et al., 2019).
The percentage varied between 95.7-96.9 % and averaged
99.5 % for the studied samplings of plus trees and the selected

a

s * PO
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S A RCH
v L)

T9¢ XX J
* e

Coord. 1 (8.45 %)

Variability of Scots pine plus trees in the Middle
and Upper Volga Region with the use of ISSR markers

markers, which aligns with the results of the previous studies.
The value the authors got for the proportion of polymorphic
loci of plus trees was comparable to the data acquired for
12 natural populations of Scots pine (96.7 %) from the Upper
and Middle Volga region, studied with the same set of ISSR
markers (Sheikina, 2022a).

Other indicators of genetic diversity identified among
the studied samples of plus trees were not inferior to the
values typical for natural populations. Thus, the values of
the number of effective alleles and expected heterozygosity
for plus trees were 1.31-1.48 and 0.205-0.298, respectively,
while for natural populations these were 1.27-1.39 and
0.174-0.241 (Sheikina, 2022a). A similar value of the expected
heterozygosity of ISSR loci (He =0.239) was identified for plus
Scots pine trees from the Republic of Bashkortostan (Khanova
et al., 2020). Lower values of expected heterozygosity were
determined for Scots pine populations on the Russian Plain
(He = 0.046-0.239) (Vidyakin et al., 2015; Prishnivskaya et
al., 2019; Vasilyeva et al., 2021; Sboeva et al., 2022) and in
the Urals (He = 0.149-0.185) (Chertov et al., 2022). High
values of expected heterozygosity (He = 0.447-0.488) were
typical for Portuguese populations (Cipriano et al., 2013),
1.5-2.4 times higher than the values described above.

For the samplings of plus trees under study, the Shannon
index varied from 0.331 to 0.393. In other studies, the Shannon
index identified for populations from different parts of Russia
was 0.087-0.357 (Vasilyeva et al., 2021; Chertov et al., 2022;
Sboeva et al., 2022). Higher values of the Shannon index
(I=0.636-0.681) were determined for Scots pine populations
from Portugal (Cipriano et al., 2013). Differences in levels
of genetic diversity may be explained by both geographic
variability and the fact that studies have used different sets
and numbers of ISSR markers.

Based on the analysis of the molecular dispersion of plus
pine trees of different geographical origins, the authors
found that that 18 % of the variability of ISSR loci accounts
for the interpopulation component. These data comply with
the information previously acquired for natural populations
of Scots pine in the Upper and Middle Volga region (14 %)
(Sheikina, 2022a). The value of this parameter was 37-48 %
(Vasilyeva et al., 2021; Chertov et al., 2022; Sboeva et al.,
2022) for the populations from the East European Plain and

A RCH

WRT

Coord. 2 (32.05 %)

® RME
& PO

Coord. 1 (48.97 %)

Fig. 3. Spatial location of the principal coordinate (PCoA) of Scots pine plus trees (a) and geographic origins (b).
PO - Penza Region, RT - Republic of Tatarstan, RCH — Chuvash Republic, RME - Mari El Republic.
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the Urals. Assessment of the differentiation of Scots pine
populations from various parts by measuring the indicator
of genetic subdivision (Gst) proved that the interpopulation
component of the variability of ISSR loci can account for
from 5.8 to 55.8 % (Hui-yu et al., 2005; Cipriano et al., 2013;
Vidyakin et al., 2015; Vasilyeva et al., 2021; Chertov et al.,
2022; Sboeva et al., 2022; Sheikina, 2022a). Relatively low
values of the genetic subdivision indicator were found for
populations from the Middle Urals (Gst = 0.155) (Sboeva et
al., 2022) and from Portugal (Gst = 0.058) (Cipriano et al.,
2013). Higher values of the genetic subdivision indicator were
shown for populations from China (Gst = 0.396) (Hui-yu
et al., 2005), from the East European Plain (Gst = 0.439-
0.558) (Vidyakin et al., 2015; Vasilyeva et al., 2021; Sboeva
et al., 2022) and from the Urals (Gst = 0.362) (Chertov et
al., 2022). The indicator of genetic subdivision of natural
populations from the Upper and Middle Volga region was
0.161 (Sheikina, 2022a). Thus, the data on the structure of
genetic variability in samples of plus trees acquired in this
study do not contradict previously described results for na-
tural populations of Scots pine.

Clustering of plus trees samples with the UPGMA method
showed the isolation of the plus gene pool of Scots pine from
the Mari El Republic from three other groups of trees. Tree
samples from the Penza Region, Chuvash Republic and Re-
public of Tatarstan constitute a single cluster with a similar
genetic structure. While assessing the population structure of
pine forests in the Middle and Upper Volga regions, the authors
also traced the differences between populations growing in the
Mari El Republic, on the right Volga riverbank, from left-bank
populations growing in the Chuvash Republic and the Penza
Region (Sheikina, 2022a). The identified differentiation of
populations and plus gene pools of Scots pine of different
geographical origins may be the result of the intersection of
the species’ migration routes in the post-glacial period. Specifi-
cally, with the allozyme analysis, the authors discovered that
five different Pleistocene refugia could have participated in
creating the gene pool of Scots pine populations on the East
European Plain (Sannikov et al., 2020).

Conclusion

The studied plus trees samples taken from various parts of
the Middle and Upper Volga regions differ in the level of
polymorphism of ISSR loci. A level of genetic diversity of
the plus gene pool of Scots pine selected during breeding is
comparable to natural populations in the region under the
study. The structure of genetic variability and the nature of
differentiation of samples of plus trees of various geographical
origin also correspond to the population genetic structure of
natural populations.

The authors’ results proved that the ISSR markers described
by A.I. Vidyakin et al. (Vidyakin et al., 2015) are feasible for
the study of the population genetic structure of Scots pine.
Moreover, the high level of variability of the selected loci
(80.6-93.5 %) allows recommending this set for assessing
the genetic variability of natural populations, forest crops and
objects of the unified genetic breeding pool (UGBP). Further
studies with the use of other types of molecular markers
are necessary to improve the reliability of genetic diversity
assessment and differentiation of plus trees.
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