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Summary. Malus sieversii (Ledeb.) M. Roem. is recognized as the ancestor of the cultivated apple tree. It has a
valuable gene pool, and in the last decades, it becomes endangered in Kazakhstan. The genetic diversity of 13 clonevarieties of Sievers apple tree (Malus sieversii) of Dzungarian population from the introduction collection of the Main
Botanical Garden in Almaty (Kazakhstan) and 31 samples from three natural populations were assessed using eight
polymorphic ISSR markers. The phylogenetic relationship of the clone-varieties with the natural population was estimated using ribosomal (ITS) and chloroplast DNA (rps16 intron, trnL intron, trn L-trn F). The data revealed a high
genetic diversity of various clones and samples of Sievers apple tree of the Dzungarian populations. As a result of phylogenetic and cluster analysis the studied clones and samples of M. sieversii from natural populations formed a cluster,
samples of supposedly hybrid origin formed 2 clusters, and no clustering was detected depending on geographical
distance. The data demonstrate that there is an active information exchange between the populations.
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Аннотация. Malus sieversii (Ledeb.) M. Roem. (яблоня Сиверса), признанная основным родоначальником
культурной яблони и обладающая ценным генофондом, в последние десятилетия находится под угрозой исчезновения в Казахстане. Генетическое разнообразие 13 сортов-клонов яблони Сиверса джунгарской популяции из интродукционной коллекции Главного ботанического сада г. Алматы (Казахстан) и 31 образец из трех
популяций Джунгарского Алатау были изучены с использованием 8 полиморфных межмикросаттеллитных
маркеров (ISSR); филогенетическая связь сортов-клонов с природной популяцией оценивалась с помощью рибосомальной (ITS) и хлоропластной ДНК (rps16 intron, trnL intron and trnL-trnF spacer). В ходе работы выявлено высокое генетическое разнообразие как сорт-клонов, так и образцов M. sieversii, отобранных из природных
популяций в горах Джунгарского Алатау. В результате филогенетического и кластерного анализов изученные
сорт-клоны и образцы M. sieversii из природных популяций образовали 1 кластер, образцы предположительно
гибридного происхождения образовали 2 кластер, при этом не выявлено какой-либо кластеризации в зависимости от географического положения. Данные показывают, что между популяциями идет активный генетический обмен.

Introduction
The territory of Kazakhstan is the northern
margins of the Central Asian centre of origin of
several plant species. In this geographical region,
many economically valuable species are distributed,
such as Malus sieversii (Ledeb.) M. Roem. –
Sievers apple tree (Vavilov, 1931; Luby et al., 2001;
Dzhangaliev, 2003). This wild apple tree thrives in
the montane and subalpine belts of the mountains
at an altitude of 800 to 1700 m. Some single
specimens were found at an altitude of ca. 2200 m.
Occasionally it forms fruit forests (Dzhangaliev,
1977). Natural populations can be found in the
mountainous regions of Kazakhstan, Kyrgyzstan,
Uzbekistan, Western China, and Tajikistan (Luby et
al., 2001; Cornille et al., 2012; Zhang et al., 2015).
In Kazakhstan, it is common in Zailiysky Alatau,
Dzungar Alatau, Kirghiz Alatau, Karatau, Talas
Alatau. The northemost point of the distribution
range in Kazakhstan is Tarbagatai. The largest
natural populations of M. sieversii are found in the
Kazakh part of the Dzungar Alatau (Dzhangaliev,
1977).
The first mention about apple forests on the
current territory of Kazakhstan was found in the
letters of J. Sievers (Sievers, 1796). Later Ledebour
described his herbarium vouchers of the apple in
1830 as Sievers pear (Pyrus sieversii) (Ledebour,
1830) and in 1847, M. J. Roemer transferred the
species to the genus Malus Mill. In the 60s of the
last century, as a result of large-scale and detailed
studies of wild fruit forests (Dzhangaliev, 1977), the
uniqueness of the Sievers apple tree and its global
significance was discovered. It was noted that the
wild apple has significant ecological and biological
functions, and due to its high fruit polymorphism,
it serves as a vital source for plant breeding.
Phylogenetic studies showed that M. sieversii is
the ancestor of the cultivated apple tree and has a

valuable gene pool for apple plant breeders (Zhou,
Li, 2000; Robinson et al., 2001; Forsline et al., 2003;
Juniper, Mabberley, 2006). Malus sieversii was
listed in the Red Book (Dzhangaliev et al., 1981;
Isayev, 2014) and was registered in the International
Red List in 2000 as vulnerable (VU) (IUCN, 2000).
Genetic reserves were allocated in natural cenoses
as an in situ conservation approach, and a unique ex
situ collection of trees was created in Main Botanical
Garden of Almaty (MBG), Kazakhstan, to preserve
the Sievers apple tree (Dzhangaliev, 1977). The
collection of M. sieversii in the MBG was created
during the past century from natural populations of
the mountain forests of the Republic of Kazakhstan.
They were selected based on valuable phenotypes
from a practical point of view (taste, color and size
of the fruit, etc.) (Dzhangaliev, 1977). Grafting from
the selected phenotypes were graft on the rootstock
of a Sievers apple tree grown from seeds of
M. sieversii of unknown origin. Even though the
species was taken under protection, the natural
populations of M. sieversii of Kazakhstan with a
wide range of genetic and phenotypic variations
of characters are increasingly subjected to
anthropogenic pressure and genetic erosion. Over
the past decades, the distribution area of Sievers
apple trees has decreased by 70 % in Trans-Ili Alatau,
and by 30 % in Dzungarian Alatau (Dzhangaliyev,
2003).
The most important measures for their protection
according to Dzhangaliyev and Salova (2007) are
the restoration of the natural genetic structure of
populations. This implies certainty of the origin
of each seedling used in reforestation. The use of
molecular methods enables the evaluation of the
current state of the genetic diversity in this species,
the genetic origin, and potential reintroduction
in natural populations. Current studies of
M. sieversii are of great importance both in natural
populations (Zhang et al., 2007; Yan et al., 2008;
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Volk et al., 2009; Sitpaeva et al., 2016; Omasheva
et al., 2017), and in artificial cenoses (Volk et al.,
2005; Richards et al., 2009). Microsatellite (SSR)
and inter-simple sequence repeat markers (ISSR)
are widely used to detect DNA polymorphism and
has become widespread in phylogenetic studies of
apple trees and other plants (Gupta et al., 1994;
Hokanson et al., 1998; Kutsev, 2009; Omasheva
et al., 2015). Omasheva et al. (2015) revealed high
levels of heterozygosity in four populations of East
Kazakhstan of M. sieversii using SSRs.
The combination of nuclear and chloroplast
sequence data can provide additional insights into
the evolution of genomes, and is a powerful method
for identifying hybrid plant origin (Smirnov, Friesen, 2006; Hurka et al., 2012).
For this study, the internal transcribed spacer
(ITS) and three noncoding regions of chloroplasts
(rps16 intron, trnL intron, trnL-trnF spacer) were
analysed.
In this study, the genetic diversity of M. sieversii
clone-varieties (sort-clones) of the Dzungarian
populations from the living collection in the Main
Botanical Garden of Almaty is compared with
natural populations. The obtained data will be used
to clarify the relationships between populations of
Sievers apple tree. The results will be validated for

the use of varieties in breeding and reintroduction
into the natural habitat.
Materials and Methods
In this study, 13 M. sieversii clone-varieties of
the Dzungarian populations from the collection of
the MBG in Almaty (Kazakhstan) were used. The
trees were about 30 years old (Fig. 1). The studied
clone-varieties differ in morphological characters.
The grafted scions for the TM-1, TM-2, TM-5,
TM-7, TM-8, TM-9 clone-varieties were selected
from the Mushabai plot. They were located on the
divide of the same name. For the clone-varieties
TP-19, TP-20, TP-21, TP-22, TP-23, TP-24, TP25 grafts were obtained from the Pikhtovaya
Gorge of the Dzungarian Alatau (Tab. 1). Leaves
were also collected from 31 trees of different ages,
selected based on different morphological features
during expeditions to genetic reserves: Pikhtovaya,
Mushabay and Krutoye in the Dzungarian Alatau.
The GPS coordinates of each location were recorded
for further research (Tab. 2). The collected material
was dried on silica gel. DNA was isolated using the
innuPREP Plant DNA kit (Analytik Jena, Germany),
following the instruction of the manufacturer.
Таble 1

Characteristics of Malus sieversii clone-varieties of the Main Botanical garden
№

Code

Clonevarieties

Rootstock collection
location

1

MS1

TP-25

Pikhtovaya gorge,
Dzungar Alatau

2

MS2

TM-1

Mushabay plot
Dzungar Alatau

3

MS3

TM-2

Mushabay plot
Dzungar Alatau

4

MS4

TM-5

Mushabay plot
Dzungar Alatau

5

MS5

ТМ-7

Mushabay plot
Dzungar Alatau

6

MS6

ТМ-8

Mushabay plot
Dzungar Alatau

7

MS7

ТМ-9

Mushabay plot
Dzungar Alatau

8

MS8

TP-19

Pikhtovaya gorge
Dzungar Alatau

Description of clone-varieties
Height 6 m, sphere-shaped crown, large, round green
fruit with blurred red cover colour, sweet and sour,
they ripen at the end of September
Height 5–6 m, sphere-shaped crown, small light green
leaves, small sweet and sour fruit, they ripen in the first
decade of August
Height 5 m, spreading tent-shaped crown, small green
fruit that ripen in the first decade of August
Height 5 m, sphere-shaped crown, medium-sized
leaves, medium-sized, elongated, green fruit with red
stripes, sweet and sour, ripens at the end of July
Height 4 m, tent-shaped crown, narrow leaves on long
leaf stalks, flattened, small, сostate astringent fruit,
ripen in the first decade of August
Height 5 m, sphere-shaped crown, small yellow, sour
fruit, ripen at the end of August
Height 4 m, spreading crown, narrow leaves large fruit,
tasteless or sweet, they ripen in the second decade of
August
Height 4 m, spreading crown, large fruit, yellow with
blurred raspberry cover colour, ripen at the beginning
of September
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№

Code

Clonevarieties

Rootstock collection
location
Pikhtovaya gorge
Dzungar Alatau

9

MS9

TP-20

10

MS10

TP-21

Pikhtovaya gorge
Dzungar Alatau

11

MS11

TP-22

Pikhtovaya gorge
Dzungar Alatau

12

MS12

TP-23

Pikhtovaya gorge
Dzungar Alatau

13

MS13

TP-24

Pikhtovaya gorge
Dzungar Alatau

Description of clone-varieties
Height 5 m, tent-shaped crown, small fruit, which ripen
in the first decade of August
Height 5 m, spreading crown, large elongated leaves,
large green fruit with cover raspberry colour, sweet,
they ripen in the 1 decade of August
Height 4 m, sphere-shaped crown, medium thick
leaves, narrow leaves, small sour fruit, ripen at the end
of July
Height 4 m, sphere-shaped crown, large medium
elongated leaves, medium-sized sour fruit, ripen in the
second decade of August
Height 5 m, sphere-shaped crown, narrow, medium
thick leaves, small slightly sour fruit ripen in the first
decade of August

Fig. 1. Clone varieties of Malus sieversii in the collection of the Main Botanical Garden, Almaty: A – General view;
B – Flowering branch of one of the variety clone; C – Branch with fruits.
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Characteristics of the sampling site
Populations

Location

Sample
code

Pop 1
“Pikhtovaya”
Selection and genetic
wildlife
reserve,
Dzungar Alatau

Along the Mushabay
water divide on the
left bank of the river
of Terekty

Pop 2
“Mushabay”
Selection and genetic
wildlife
reserve,
Dzungar Alatau

Along the Mushabay
water
divide
between the rivers
of Soldatskaya and
Pikhtovaya

Pop 3
“Krutoye” Selection
and Genetic wildlife
reserve,
Dzungar
Alatau

South
of
Zhunzhur
settlement on
right bank of
Lepsa river

the
ek
the
the

MS14
MS15
MS16
MS17
MS18
MS19
MS20
MS21
MS22
MS23
MS24
MS25
MS26
MS27
MS28
MS29
MS30
MS31
MS32
MS33
MS34
MS35
MS36
MS37
MS38
MS39
MS40
MS41
MS42
MS43
MS44

The concentration and quality of the obtained
DNA were determined using the MaxLife Personal
Gene Analyzer H100 (Barnaul, Russia), following
the instruction of the manufacturer.
Amplification and sequencing
The primers ITS1 and ITS4 were used to amplify
the ribosomal ITS-rDNA DNA fragment (White et
al., 1990). The chloroplast DNA marker trnL–trnF
and the rps16 intron were amplified using primers
Tab-c and Tab-f (Taberlet et al., 1991) and primers
rps16-f and rps16x2 (Oxelman et al., 1997). PCR
was performed as described in Friesen, 2007 with
a 20 μl reaction mixture with 2xHSTaqMix Red
(PCRBio, Germany), where the mixture composi-

Altitude of
explored
location, m
above the sea
level
1139
1139
1140
1124
1139
1149
1140
1140
1145
1131
1488
1489
1489
1489
1489
1489
1489
1489
1489
1490
1489
1489
1509
1509
1509
1512
1512
1507
1507
1509
1190

Таble 2
Geographical coordinates

45°24′13.3″N, 80°23′46.6″E
45°24′13.4″N, 80°23′46.8″E
45°24′13.4″N, 80°23′46.9″E
45°24′01.3″N, 80°23′17.0″E
45°24′15.2″N, 80°23′45.6″E
45°24′47.9″N, 80°23′13.0″E
45°24′52.7″N, 80°23′15.7″E
45°24′52.6″N, 80°23′15.8″E
45°23′49.1″N, 80°23′14.6″E
45°23′56.0″N, 80°23′14.1″E
45°33′21.8″N, 80°43′48.5″E
45°33′21.9″N, 80°43′48.8″ E.
45°33′22.0″N, 80°43′48.7″E
45°33′22.0″N, 80°43′48.7″E
45°33′22.0″N, 80°43′48.7″E
45°33′22.0″N, 80°43′48.7″E
45°33′22.0″N, 80°43′48.7″E
45°33′24.5″N, 80°43′52.5″E
45°33′24.5″N, 80°43′52.5″E
45°33′24.5″N, 80°43′52.5″E
45°33′18.9″N, 80°43′59.7″E
45°33′18.9″N, 80°43′59.7″E
45°33′20.7″N, 80°44′00.0″E
45°33′20.7″N, 80°44′00.0″E
45°33′20.7″N, 80°44′00.0″E
45°33′22.4″N, 80°44′02.4″E
45°33′20.7″N, 80°44′00.0″E
45°33′28.6″N, 80°43′59.1″E
45°33′28.6″N, 80°43′59.1″E
45°33′28.6″N, 80°43′60.1″E
45°32′59.9″N, 80°41′47.9″E

tion included 1 μl of direct and reverse primers, 10
μl of redmix, 8 μl disH2O as described.
Amplified products were checked on a 1.5 %
agarose gel stained with ethidium bromide before
sending them to Microsynth Seqlab laboratory (Göttingen, Germany) for sequencing. The sequencing
was performed with the same primers used for amplification. In some samples, two ITS fragments
were amplified: 500 bp (fungal ITS) and 600 bp
(ITS apples). The bands were separated on a 0.7 %
agarose gel, cut out and isolated using the PlantDNA Extraction Kit (Analytic Jena, Germany). Reamplification was performed with primers ITSsf
and ITSsr (Blattner, 1999). Forward and reverse sequences were edited manually in CHROMAS Lite
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2.1 (Technelysium Pty Ltd) and combined into a
single consensus sequence.
The sequences of all samples were aligned
with CLUSTAL X (Jeanmougin et al., 1998), and
the alignment subsequently manually corrected in
MEGA7 (Kumar et al., 2016). A heuristic search
with tree bisection reconnection (TBR) algorithm
was conducted in PAUP 4.0b10 (Swofford, 2002).
Bayesian phylogenetic analyses were performed using the software MrBayes 3.1.2 (Huelsenbeck, Ronquist, 2001). The sequence evolution model was
evaluated by the Akaike Information Criterion (AIC)
with the aid of jModeltest 3.7 (Darriba et al., 2012).
Two independent runs with four Markov chains were
run for 10 million generations, sampling every 100
trees. 25 % of initial trees were discarded as burn-in.
The remaining 250 000 trees were combined into a
single data set, and a majority-rule consensus tree
was obtained. Bayesian posterior probabilities for
that tree were calculated in MrBayes 3.1.23.
ISSR analysis
Fifteen ISSR markers were checked for suitability of further analysis using DNA from five samples.
The amplification was carried out using a Biome-

tra thermocycler (Professional Biometra, Germany)
according to the standard ISSR-PCR method described in Bornet and Branchard (2001): 94 °C for
01:30 min [94 °C for 00:40 min., 45 °C for 00:45
min., 72 °C for 01:00 min.] × 36, 72 °C for 6 min.
using a mixture containing 1 μl of DNA, 1 unit of
Taq polymerase, 3 μl of standard 10x buffer 2 μl of
dNTP, 1 μl of 10pM primer, 1 µl of DMSO, 20 μl of
double disH2O per 30 µl. Out of the 15 ISSR markers analysed, eight were polymorphic (Tab. 3).
The markers have a dominant type of inheritance,
where polymorphism is determined by the presence
or absence of a fragment. Each fragment was
regarded as a single locus. The band were scored
independently as either present (1) and absent (0)
and summarised in a matrix. Only clear bands
with good repeatability from 500 to 3500 bp were
recorded. A principal component analysis (PCA)
was carried out using the software R 3.4.2 (R
Development Core Team 2008). The proportion of
polymorphic loci (P) corresponding to the level of
genetic variability was calculated. Using the MEGA
7 program (Kumar et al., 2016), a dendrogram was
constructed based on the UPGMA genetic distance
(Sokal, Michener, 1958).

Characteristics of ISSR-PCR Markers
Primer

Primer Sequences

GR215
(CA)6 GT
ISSR-1
(АС)8T
GR212
(CT)8 TG
HB10
(GA)6 GG
HB12
(CAC)3GC
UBC 828
(TG)7 TA
MAO
(CTC)4 RC
UBC809
(AG)8 G
Average level of polymorphism

Total Number of
Fragments
22
14
12
19
17
15
25
10

Results and discussion
Sequencing
The ITS region, including the ITS1 gene, 5.8S
and ITS2, was amplified using the external primers
ITS1 and ITS4 (White et al., 1990) in 15 samples of
the Sievers apple tree (12 clone-varieties from the
MBG collection and one sample from each studied
natural populations). All the ITS sequences obtained
turned out to be almost identical, only some sections
showed the presence of at least two copies in the genome of the M. sieversii, which was also confirmed
by the analysis of the sequences we obtained with
sequences published in the nucleotide Genbank. We

Polymorphic
fragments
21
13
10
15
17
14
23
6

Таble 3
Polymorphism
95.5 %
95.5 %
83.3 %
78.9 %
100 %
95.5 %
92 %
60 %
87.6 %

built a phylogenetic ITS tree with all the sequences
we obtained with the inclusion of all ITS related
apple sequences published in the Genbank (NCBI)
(Fig. 2). The ITS alignment of sequences includes
578 features, 507 of them turned out to be constant,
42 variable signs of parsimony are not informative, and only 29 signs are parsimony informative.
The 10 000 most economical trees had a length of
110 steps, a consistency index of CI = 0.7822 and
a retention index of RI = 0.9027. The most suitable
model for ITS, chosen by АIC вj Modeltest 2.1.7
was GTR + I + G. In our tree, all the sequences of
M. sieversii form monophyletic clade, with not a
very high support (bootstrap 53 %, Bayesian prob-
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ability 0.87 (Fig. 3). ITS sequences are included into
the same clade from other apple species – Malus domestica Borkh. (6 samples) M. orientalis Uglitzk. ex
Juz.– AF186498, M. asiatica Nakai – AF186494),
which confirms the hybridogenic origin of the cultivated apple tree from the Sievers apple tree (Luby et
al., 2001; Forte et al., 2002). It is also possible that
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there is a closely related relationship of M. orientalis and M. asiatica with M. sieversii, confirming the
results obtained by Nikifirova et al. (2013), where
in the phylogenetic tree, constructed on the basis of
complete genome sequences of chloroplast DNA of
Malus genus, these species are also members of the
same clade with the Sievers apple tree.

Fig. 2. Map of Malus sieversii sampling locations: Pop 1 – reserve “Pikhtovaya”; Pop 2 – reserve “Mushabay”; Pop
3 – reserve “Krutoye”.

The chloroplast rps16 intron was sequenced in
18 samples (10 clone-varieties from the MBG collection and 8 samples from natural populations).
All obtained sequences were absolutely identical.
The sequences of trnL–trnF were also obtained in
5 samples of Sievers apple tree (2 samples of the
variety clone from MBG: TM5 and TM7 and one
sample from natural populations). All sequences
also turned out to be identical. The nucleotide sequences obtained by us were sent for publication
to Genbank (ITS LR588511–LR588525; trnL intron and trnL-trnF intron LR588526–LR588530;
rps16 intron MK994749–MK994766). Thus, our
data are fully consistent with the findings of Zhang
et al. (2015), which sequenced 10 chloroplast DNA
fragments (psbA-trnH, trnS-trnG, trnL-trnF, atpBrbcL, rpl20-rps12, psbB-psbH, rps16-trnQ, ndhF-

rpl32, trnD-trnT, rpl16 and ycf6-psbM) in the
M. sieversii populations on the southern macroslope
of the Dzungar Alatau in Western China, and did
not reveal any differences. The molecular genetic
research and sequencing of the DNA fragments of
M. sieversii clone-varieties of the Dzungar population from the MBG collection and samples taken
from the natural population was performed for the
first time.
ISSR-PCR analysis
ISSR-PCR markers were used to study the
intraspecific variability of the M. sieversii. As a
result of using 8 ISSR-PCR markers (Tab. 3), 124
polymorphic ISSR fragments from 134 analyzed
amplicons were identified on 44 samples. Depending
on the primer, 10 to 25 amplified DNA fragments
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Fig. 3. Bayesian tree based on ITS sequences of Malus sieversii and sequences of other apple species published in the
Genebank.

Turczaninowia 22 (2): 187–198 (2019)
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a

b

Fig. 4. UPGMA cluster analysis and main coordinate analysis (PCA) for 44 samples of Malus sieversii based on the
ISSR matrix: a – dendrogram constructed using the UPGMA method based on K2P coefficient (Kimura, Ohta, 1972);
b – distribution of the studied samples using the main coordinates analysis (PCA).
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(bands) were detected, the sizes of the fragments
varied from 500 to 3500 bp. The MAO primer
identified the maximum number of fragments.
The minimum number of fragments as well as the
smallest number of polymorphic loci (60 %) is
marked using primer UBC809. The largest number
of polymorphic loci of the analyzed samples was
found with the UC828, HB12, GR215 primers,
which constituted 95.5–100 % of polymorphism.
On average, the level of ISSR loci polymorphism,
identified using 8 primers was 87.6 %. (Tab. 3). ISSR
marking of clone-varieties revealed 115 fragments,
of which 91 were polymorphic (P = 0.791). Analysis
of the ISSR spectrum of the natural population of
the M. sieversii revealed 131 amplified sections of
DNA, of which 121 were polymorphic (P = 0.923).
The results obtained indicate a high molecular
genetic polymorphism of the studied samples
and confirm the promising nature of prospects of
using ISSR-PCR markers for establishing genetic
differences within the species.
In this study, a dendrogram constructed using
an unweighted pair-group method using arithmetic
means (UPGMA) showed the separation of all
the studied samples into 2 clusters (Fig. 4a). In
the first cluster, were grouped both the samples of
M. sieversii from the natural population, as well as
clone-varieties from the MBG collection, indicating
that these forms are similar in terms of genotype. No
clustering was found depending on the geographical
distance, which is explained by the geographically
close location of natural populations and selection
of the scion for creating clone-varieties from the
same natural reserves. The subsequent division into
2 subclusters with a separate clone-variety indicates
their reconstructed genome. Previously it was stated
that all the studied clone-varieties were created by
budding grafts selected from the Dzungar Alatau
into wild apple roots. The fact that clone-varieties
are not grouped among populations from which
grafts were collected can most likely be explained
by the genetic impact of the graft (Lewsey et al.,
2016). Only one sample from the Mushabay site
was among the clone-varieties, possibly related to
them.
Cluster 2 combined samples of M. sieversii
of presumably hybrid origin. Samples from the
lower part of the “Krutoye” population (Ms44),
samples growing close to the carriageway (Ms33,

Ms34, Ms36 - Ms38, Ms41 - Ms43) and only one
sample from the population were mainly included
Mushabay (Ms23). Similar results were obtained by
Omasheva et al. (2018) with the use of SSR markers,
which confirm the probable hybridization in natural
populations of wild apple trees with cultivars
depending on the height of the given population.
Analysis of the main coordinates (PCA) of
the studied populations shows a slightly different
distribution of the samples compared to the
UPGMA dendrogram. Here, only 2 samples from
the “Krutoye” Dzungar Alatau population were
separated from the common cloud (Ms34 and
Ms42), all other studied samples form a more or
less unbroken cloud, in which all the clone-varieties
are grouped together. According to PCA analysis,
samples from natural populations are partially
mixed, which indicates genetic exchange between
these populations (Fig. 4b).
Conclusion
According to the results of this study (ITSrDNA, plastid fragments of the trnL-trnF and rps16
intron), the Sievers apple tree forms a monophyletic
clade. The similarity of nucleotide sequences within
a species obtained by sequencing the ribosomal and
chloroplast DNA fragments of the studied samples
suggests that there is an active genetic exchange
between the populations of the species. The
dendrogram constructed using the UPGMA and PCA
analyzes showed that all the studied clone-varieties
were M. sieversii and have a genotype similar to the
forms from the natural populations of the Dzungar
Alatau, but an uneven genetic distribution of the
studied samples was found, indicating an artificial
construction of the genotype of the clone-varieties.
As a result of the use of 8 ISSR-PCR markers, a
high level of molecular genetic polymorphism was
found within the species M. sieversii. The samples
studied have a wide range of variability in both in
situ and ex situ conditions, which is explained by
their biological and ecological features.
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