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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 clone-
varieties 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 es-
timated using ribosomal (ITS) and chloroplast DNA (7ps16 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 phy-
logenetic 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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Annomauyusn. Malus sieversii (Ledeb.) M. Roem. (1610151 CuBepca), MpU3HAHHAS OCHOBHBIM POIOHAYAIHHUKOM
KyJIBTYPHOH 510;10HM 1 00J1a/1ato1asi IEHHBIM TeHO(OH/IOM, B MOCIICAHUE ACCATHICTUSI HAXOIUTCS 0]l yTPO30H UC-
yesHoBeHUs B Kazaxcrane. [enernueckoe paznooopasue 13 copToB-kiIoHOB si000HN CHBepca JHKYHTapCKOW MOTYJIIs-
MY U3 HHTPOAYKIIMOHHOM KoJIieKiuu [ maBHoro 6orannyeckoro cana r. AnmMatsl (Kazaxcran) u 31 oOpaser; u3 tpex
nonyssinuid JkyHrapekoro Anaray ObUIM M3y4YeHbI C HCIIOIB30BaHUEM 8 MOIMMOP(HBIX MEKMHUKPOCATTEIUIMTHBIX
mapkepoB (ISSR); punoreneTnyeckas CBS3b COPTOB-KIIOHOB C MTPUPOTHON TOMYISIIUEH OIICHUBAJIACH C TIOMOIIBIO PU-
6ocomanbrol (ITS) u xmoporutactroit JIHK (rps16 intron, t7nl intron and #rnlL-trnF spacer). B xone paboTsl BbisiBIIe-
HO BBICOKOE I'€HETHUECKOe Pa3HO00pa3ue Kak COPT-KIIOHOB, TaK U 00pa3uoB M. sieversii, OTOOPaHHBIX U3 MPUPOHBIX
nonyssinuid B ropax JpxyHrapekoro Anaray. B pesynbrare (pUIOreHeTHUeCKOro 1 KJIacTepHOTro aHaIM30B U3yYCHHbIE
COPT-KJIOHBI ¥ 00pasibl M. sieversii U3 MPUPOTHBIX MOMYJSIIAA oOpa3oBany 1 kinactep, 00pa3ibl MPeanoI0KUTEIEHO
THOPUIHOTO TIPOUCXOKACHHS 00pa30BajIl 2 KJIacTep, MPH 3TOM HE BBISBIECHO KAKOH-TNOO KJIaCTEPHU3AIMK B 3aBUCH-
MOCTH OT Teorpaduueckoro nonoxenus. JJaHHbIe MOKa3bIBAIOT, YTO MEK/LY MOMYIISIUSIMH UAET AKTUBHBIA TeHETHYE-

CKHUIi OOMEH.

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,
L1, 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).

Geneticreserves 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, Fries-
en, 2006; Hurka et al., 2012).

For this study, the internal transcribed spacer
(ITS) and three noncoding regions of chloroplasts
(rps16 intron, trnL intron, #rnL-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, TP-
25 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.

Table 1
Characteristics of Malus sieversii clone-varieties of the Main Botanical garden
Ne Code Clgng- Rootstock gollectlon Description of clone-varieties
varieties location
. Height 6 m, sphere-shaped crown, large, round green
1 MSI1 TP-25 Eliih;m;?}zli(;;ge, fruit with blurred red cover colour, sweet and sour,
Hng they ripen at the end of September
Height 5-6 m, sphere-shaped crown, small light green
2 MS2 TM-1 Mushabay plot leaves, small sweet and sour fruit, they ripen in the first
Dzungar Alatau
decade of August
3 MS3 TM-2 Mushabay plot Height 5 m, spreading tent-shaped crown, small green
Dzungar Alatau fruit that ripen in the first decade of August
Height 5 m, sphere-shaped crown, medium-sized
4 MS4 TM-5 Mushabay plot leaves, medium-sized, elongated, green fruit with red
Dzungar Alatau . .
stripes, sweet and sour, ripens at the end of July
Height 4 m, tent-shaped crown, narrow leaves on long
5 MS5 TM-7 I\D/Izusrklla:raig toat leaf stalks, flattened, small, costate astringent fruit,
ung U ripen in the first decade of August
6 MS6 TM-8 Mushabay plot Height 5 m, sphere-shaped crown, small yellow, sour
Dzungar Alatau fruit, ripen at the end of August
Height 4 m, spreading crown, narrow leaves large fruit,
7 MS7 T™-9 Mushabay plot tasteless or sweet, they ripen in the second decade of
Dzungar Alatau
August
Height 4 m, spreading crown, large fruit, yellow with
Pikhtovaya gorge blurred raspberry cover colour, ripen at the beginning
8 MS8 TP-19
Dzungar Alatau of September
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Table 1 (end)
Ne Code le)n?— Rootstock 901160'[101] Description of clone-varieties
varieties location
9 MS9 TP-20 Pikhtovaya gorge Height 5 m, tent-shaped crown, small fruit, which ripen
Dzungar Alatau in the first decade of August
. Height 5 m, spreading crown, large elongated leaves,
10 MS10 TP-21 PDI;I;I:O:?& izlfe large green fruit with cover raspberry colour, sweet,
& they ripen in the 1 decade of August
Pikhtovava sorge Height 4 m, sphere-shaped crown, medium thick
11 MSI11 TP-22 ya gorg leaves, narrow leaves, small sour fruit, ripen at the end
Dzungar Alatau
of July
. Height 4 m, sphere-shaped crown, large medium
12 MS12 TP-23 Pikhtovaya gorge elongated leaves, medium-sized sour fruit, ripen in the
Dzungar Alatau
second decade of August
Pikhtovava sorge Height 5 m, sphere-shaped crown, narrow, medium
13| MSI3 TP-24 ya gorg thick leaves, small slightly sour fruit ripen in the first
Dzungar Alatau
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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Table 2

Characteristics of the sampling site

Populations Location Sample Altitude of Geographical coordinates
code explored
location, m
above the sea
level
Pop 1 Al MS14 1139 45°24'13.3"N, 80°23'46.6"E
“Pikhtovaya” Ongg?e l\é[“Shabﬁy MS15 1139 45°24'13.4"N, 80°23'46 8"E
Selection and genetic fg;tfanﬁvéfjh‘é‘;iie‘; MS16 1140 45°24'13.4"N, 80°23'46.9"E
wildlife reserve, of Terekty MS17 1124 45°24'01.3"N, 80°23'17.0"E
Dzungar Alatau MS18 1139 45°24'15.2"N, 80°23'45.6"E
Pop 2 Along the Mushabay MS19 1149 45°24'47.9"N, 80°23'13.0"E
“Mushabay” water divide | MS20 1140 45°24'52.7"N, 80°23'15.7"E
Selection and genetic | between the rivers MS21 1140 45°24'52.6"N, 80°23'15.8"E
wildlife reserve, | of Soldatskaya and MS22 1145 45°23'49.1"N, 80°23'14.6"E
Dzungar Alatau Pikhtovaya MS23 1131 45°23'56.0"N, 80°23'14.1"E
MS24 1488 45°33'21.8"N, 80°43'48.5"E
MS25 1489 45°33'21.9"N, 80°43'48.8" E.
MS26 1489 45°33'22.0"N, 80°43'48.7"E
MS27 1489 45°33'22.0"N, 80°43'48.7"E
MS28 1489 45°33'22.0"N, 80°43'48.7"E
MS29 1489 45°33'22.0"N, 80°43'48.7"E
MS30 1489 45°33'22.0"N, 80°43'48.7"E
MS31 1489 45°33'24.5"N, 80°43'52.5"E
Pop 3 South of  the | MS32 1489 45°33'24.5"N, 80°43'52.5"E
“Krutoye” Selection | Zhunzhurek MS33 1490 45°33'24.5"N, 80°43'52.5"E
and Genetic wildlife | settlement on the MS34 1489 45°33'18.9"N, 80°43'59.7"E
reserve, Dzungar | right bank of the MS35 1489 45°33'18.9"N, 80°43'59.7"E
Alatau Lepsa river MS36 1509 45°33'20.7"N, 80°44'00.0"E
MS37 1509 45°33'20.7"N, 80°44'00.0"E
MS38 1509 45°33'20.7"N, 80°44'00.0"E
MS39 1512 45°33'22.4"N, 80°44'02.4"E
MS40 1512 45°33'20.7"N, 80°44'00.0"E
MS41 1507 45°33'28.6"N, 80°43'59.1"E
MS42 1507 45°33'28.6"N, 80°43'59.1"E
MS43 1509 45°33'28.6"N, 80°43'60.1"E
MS44 1190 45°32'59.9"N, 80°41'47.9"E

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 trnlL—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 pl reaction mixture with 2xHSTaqMix Red
(PCRBio, Germany), where the mixture composi-

tion included 1 pl of direct and reverse primers, 10
pl of redmix, 8 pl disH2O as described.

Amplified products were checked on a 1.5 %
agarose gel stained with ethidium bromide before
sending them to Microsynth Seqlab laboratory (G6t-
tingen, Germany) for sequencing. The sequencing
was performed with the same primers used for am-
plification. 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 PlantD-
NA Extraction Kit (Analytic Jena, Germany). Re-
amplification was performed with primers ITSsf
and ITSsr (Blattner, 1999). Forward and reverse se-
quences 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 us-
ing the software MrBayes 3.1.2 (Huelsenbeck, Ron-
quist, 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 suitabil-
ity 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 de-
scribed 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.] x 36, 72 °C for 6 min.
using a mixture containing 1 pl of DNA, 1 unit of
Taq polymerase, 3 ul of standard 10x buffer 2 ul of
dNTP, 1 pl of 10pM primer, 1 pl of DMSO, 20 pl of
double disH20 per 30 ul. Out of the 15 ISSR mark-
ers 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).

Table 3
Characteristics of ISSR-PCR Markers
Primer Primer Sequences Total Number of Polymorphic Polymorphism
Fragments fragments
GR,,. (CA), GT 22 21 95.5 %
ISSR-1 (AC),T 14 13 95.5%
GR,,, (CT), TG 12 10 83.3%
HB,, (GA), GG 19 15 78.9 %
HB,, (CAC),GC 17 17 100 %
UBC (TG),TA 15 14 95.5%
MAO (CTC),RC 25 23 92 %
UBC,,, (AG),G 10 6 60 %
Average level of polymorphism 87.6 %

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 ge-
nome of the M. sieversii, which was also confirmed
by the analysis of the sequences we obtained with
sequences published in the nucleotide Genbank. We

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 informa-
tive, 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 AIC Bj 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 do-
mestica Borkh. (6 samples) M. orientalis Uglitzk. ex
Juz.— AF186498, M. asiatica Nakai — AF186494),
which confirms the hybridogenic origin of the culti-
vated apple tree from the Sievers apple tree (Luby et
al., 2001; Forte et al., 2002). It is also possible that

there is a closely related relationship of M. orienta-
lis 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.
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Fig. 2. Map of Malus sieversii sampling locations: Pop 1 — reserve “Pikhtovaya”; Pop 2 — reserve “Mushabay’’; Pop

3 —reserve “Krutoye”.

The chloroplast 7ps16 intron was sequenced in
18 samples (10 clone-varieties from the MBG col-
lection 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 se-
quences obtained by us were sent for publication
to Genbank (ITS LR588511-LR588525; trnl in-
tron and #rnL-trnF intron LR588526-LR588530;
rpsl6 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, trnlL-trnF, atpB-
rbcL, rpl20-rps12, psbB-psbH, rps16-trnQ, ndhF-

rpl32, trnD-trnT, rpll6 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 popula-
tion 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.
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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);
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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 (ITS-
rDNA, plastid fragments of the #7nL-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.

Acknowledments

We thank Msc Tobias Herden (University of
Osnabrueck) for his assistance in the analysis with
program R and critical reading of the manuscript.
This work was supported from Al-Farabi Kazakh
National University for the first author.

REFERENCES

Blattner F. R. 1999. Direct amplification of the entire ITS region from poorly preserved plant material using
recombinant PCR. Biotechnology 27: 1180—1185. DOI: 10.2144/99276st04



Turczaninowia 22 (2): 187-198 (2019) 197

Bornet B., Branchard M. 2001. Nonanchored Inter Simple Sequence Repeat (ISSR) markers: reproducible and
specific tools for genome fingerprinting. Plant Mol Biol Rep. 19: 209-215.

Darriba D., Taboada G. L., Doallo R., Posada D. 2012. "jModelTest 2: more models, new heuristics and parallel
computing". Nature Methods 9(8): 772.

Dzhangaliev A. D. 1977. Dikaya yablonya Kazakhstana [The wild apple of Kazakhstan]. Nauka, Alma-Ata, 280
pp. [In Russian]. (forcanzanuee A. /1. luxas s6mons Kazaxcrana. Anma-Ara: Hayka, 1977. 280 c.).

Dzhangaliev A. D. 2003. The wild apple tree of Kazakhstan. Hort. Rev. 29: 65-304.

Dzhangaliyev A. D., Napina L. L., Salova T. N., Uvarova Ye. I. 1981. Malus sieversii (Ledeb.) M. Roem. In:
Red Data Book of Kazakh SSR. Rare and endangered species of animals and plants. Part 2. Plants. Publishing house
“Nauka” of Kazakh SSR, Alma-Ata, 98 p. [In Russian]. (facanzanues A. /I., Hanuna JI. H., Canosa T. H., Yeaposa
E. H. Malus sieversii (Ledeb.) M. Roem. // Kpacnas kaura Kazaxckoit CCP. Peqkue u HaXosIIuecs moj yrpo30i uc-
YE3HOBEHUS BUJIbI )KUBOTHBIX U pacTenuid. U. 2. Pactenus. Anma-Ara: M3a-Bo «Haykay Kazaxckoit CCP, 1981. C. 98).

Dzhangaliev A. D., Salova T. N. 2007. Unique and global knowledge of the apple forest gene pool of Kazakhstan.
Doklady Nastionalnoy akademii nauk Respubliki Kazakhstan [Reports of RK NAS] 5: 41-47 [In Russian)]. ([orcanza-
aues A. /., Canosa T. H. YuukaibHOe 1 TI00aIbHOE 3HAYCHHE TeHO(OH 1a sI010HEBRIX JecoB Kazaxcrana // Jloka sl
HAH PK, 2007. Ne 5. C. 41-47).

Forsline P. L., Aldwinckle H. S., Dickson E. E., Hokanson S. C. 2003. Collection, maintenance, characterization,
and utilization of wild apples from central Asia. Hort. Rev. 29: 1-61.

Forte A. V., Ignatov A. N., Ponomarenko V. V., Dorokhov D. B., Savelyev N. 1. 2002. Phylogeny of the Malus
(apple tree) species, inferred from the morphological traits and molecular DNA analysis. Russian Journal of Genetics
38(10): 1150-1160.

Friesen N. 2007. Molekulyarnyye metody, ispolzuyemyye v sisematike rasteniy [Molecular methods using in plant
taxonomy]. Azbuka, Barnaul, 33—-34 pp. [In Russian]. (@puszen H. MonekyssipHbIe METOIbI, HCITOIb3YEMbIC B CHCTE-
Matuke pactennid. bapuayn: Asbyxka, 2007. C. 33-34).

Gupta M., Chyi Y-S., Romero-Severson J., Owen J. L. 1994. Amplification of DNA markers from evolutionarily
diverse genomes using single primers of simple-sequence repeats. Theor. Appl. Genet. 89: 998—1006. DOI: 10.1007/
BF00224530

Hokanson S. C., Szewc-McFadden A. K., Lamboy W. F, McFerson J. R. 1998. Microsatellite (SSR) markers
reveal genetic identities, genetic diversity and relationships in a Malus X domestica Borch. core subset collection.
Theor. Appl. Genet. 97: 671-683. DOI: 10.1007/s001220050943

Huelsenbeck J. P, Ronquist E, Nielsen R., Bollback J. P. 2001. Bayesian inference of phylogeny and its impact
on evolutionary. Biology Science 294: 2310-2314.

Hurka G., Friesen N., German D., Franzke A., Neuffer B. 2012.‘“Missing link’ species Capsella orientalis and
Capsella thracica elucidate evolution of model plant genus Capsella (Brassicaceae). Molecular Ecology 21: 1223—
1238. DOI: 10.1111/j.1365-294X.2012.05460.x

Isayev E. B. 2014. Malus sieversii (Ledeb.) M. Roem. In: Red Data Book of Kazakhstan. Vol. 2. Part 1. Plants. Ed.
by I. O. Baitulin. Almaty, 52 p. [In Russian]. (HMcaee E. b. 2014. Malus sieversii (Ledeb.) M. Roem. // Kpachast kHura
Kazaxcrana. T. 2. Y. 1. Pactenus. Anmarsl, 2014. C. 52).

ITUCN. URL: https://www.iucn.org (Accessed 05 November 2015).

Jeanmougin F, Thompson J. D., Gouy M., Higgins D. G., Gibson T. J. 1998. Multiple sequence alignment with
Clustal X. Trends Biochem. Sci. 23: 403—405. DOI: 10. 1016/S0968-0004(98)01285-7

Juniper B., Mabberley D. J. 2006. The story of the apple. Timber Press, Portland, 511 pp.

Kimura M., Ohta T. 1972. On the stochastic model for estimation of mutational distance between homologous
proteins. Journal of Molecular Evolution 2: 87-90.

Kumar 8., Stecher G., Tamura K. 2016. MEGA7: Molecular Evolutionary Genetics Analysis version 7.0 for big-
ger datasets. Molecular Biology and Evolution 33: 1870—1874. DOI:10.1093/molbev/msw054

Kutsev M. G. 2009. Fragmentnyy analiz DNK rasteniy: RAPD, DAF, ISSR [Fragment analysis of Plant DNA:
RAPD, DAF, ISSR]. Artika, Barnaul, 164 pp. [In Russian]. (Kyues M. I. 2009. ®parmenThsiii ananu3 JJHK pacrenuii:
RAPD, DAF, ISSR. Bapnayxn: Aptuka, 2009. 164 c.).

Ledebour C. F. 1830. Flora Altaica. Vol. 2. G. Geimeri, Berlin, 464 pp.

Lewsey M. G., Hardcastle T. J., Melnyk C. W., Molnar A., Valli A., Urich M., Nery J.., Baulcombe D., Ecker J.
2016. Mobile small RNAs regulate genome-wide DNA methylation. PNAS 18: 1-10. DOI: 10.1073/pnas.1515072113.

Luby J., Forsline P, Aldwinckle H., Bus V., Geibel M. 2001. Silk road apples—collection, evaluation, and
utilization of Malus sieversii from Central Asia. HortScience 36: 225-231.

Nikifirova S., Cavalieri D., Velasco R., Goremykin V. 2013. Phylogenetic analysis of 47 chloroplast genomes
clarifies the contribution of wild species to the domesticated apple maternal line. Mol. Biol. Evol. 30 (8): 1751-1760.

Olonova M., Feugey L., Gabrielyan 1., Zhang X.-G., Tenaillon M. L, Giraud T. 2012. New insight into the his-
tory of domesticated apple: secondary contribution of the European wild apple to the genome of cultivated varieties.
PLoS Genet. 8: ¢1002703. DOI: 10.1371/journal.pgen.1002703



198 Shadmanova L. et al.
Molecular-genetic analysis of Malus sieversii

Omasheva M., Chekalin S. V., Ryabushkina N. A., Galiakparov N. N. 2015. Evaluation of the molecular genetic
diversity of Malus Sieversii population in Dzungarian Alatau and Tarbagatay Mountains. Biotechnology. Theory and
Practice 1: 26-34 [In Russian]. (Omawesa M. E., Uexanun C. B., Paoywmkuna H. A., F'anuaxknapos H. H. OucHka
MOJICKYJIIPHO-TCHETHYECKOTO pa3Hoo0pasust monyisiiuit Malus sieversii Jlxxyurapckoro Anaray u Tapoararas // buo-
texHonorus. Teopust u npakruka, 2015. Ne 1. C. 26-34). DOI: 10.11134/btp.1.2015.3

Omasheva M., Flachowsky H., Ryabushkina N., Pozharskiy A., Galiakparov N., Hanke M. 2017. To what extent
do wild apples in Kazakhstan retain their genetic integrity? Tree Genetics & Genomes 13: 52. DOI: 10.1007/s11295-
017-1134-z

Omasheva M., Pozharsky A. S., Smailov B. B., Ryabushkina N. A., Galiakparov N. N. 2018. Genetic diversity of
apple cultivars growing in Kazakhstan. Russian Journal of Genetics 54 (2): 176—187.

Oxelman B., Lidén M., Berglund D. 1997. Chloroplast rps16 intron phylogeny of the tribe Sileneae (Caryophyl-
laceae). Plant Syst. Evol. 206: 393—410. DOI: 10.1007/BF00987959

Richards C. M., Volk G. M., Reilley A. A., Henk A. D., Lockwood D., Reeves P. A., Forsline P. L. 2009. Genetic
diversity and population structure in Malus sieversii, a wild progenitor species of domesticated apple. Tree Genet.
Genomes 5: 339-347. DOI: 10.1007/s11295-008-0190-9

Robinson J. P, Harris S. A., Juniper B. E. 2001. Taxonomy of the genus Malus Mill. (Rosaceae) with emphasis
on the cultivated apple, Malus domestica Borkh. Plant Syst. Evol. 226: 35-58. DOI1:10.1007/s006060170072

Roemer M. J. 1847. Familiarum naturalium regni vegetabilis Synopses monographicae. Fasc. IIl. Rosiflorae.
Vimariae, Landes-Industrie-Comptior, 314 pp. DOIL: 10.5962/bhl.title.49482

Sievers J. A. C. 1796. Briefe aus Sibirien. St. Petersburg. URL: http://www.deutschestextarchiv.de/book/view/
siever briefe 1796

Sitpaeva G. T., Vesselova P. V., Gemedjieva N. G., Grudzinskaya L. M. 2014. Comprehensive studies of wild rela-
tives of cultivated plants of the Western Tien Shan. In: Trudy Instituta botaniki i fitointrodukstii [Proceedings of the
Institute of Botany and Phytointroduction]. Almaty, 194 pp. [In Russian]. (Cumnaesa I. T., Becenosa II. B., I'emeo-
acuesa H. I, I'pyosunckaa JI. M. KoMIsIeKCHBIE UCCIIETOBAHUS JUKUX COPOIMUEH KyIbTYPHBIX pacTeHUH 3anaiHoro
Tsup-1lans // Tp. UHct. 6otanuku u puronHTpoaykimu. Anmarsl, 2014. 194 c.).

Smirnov S., Friesen N. 2006. Brachanthemum baranovii (Asteraceae), a sample showing the utility of molecular-
genetic analysis for revealing the hybrids. In: Problems of Botaniy of South Siberia and Mongolia: Proceeding of 5"
International Scientific-Practical Conference (Barnaul, 21-23 November 2006). Barnaul, 256-258 pp. [In Russian].
(Cmupnos C. B., @puszen H. B. 2006. Vcrions30BaHHE MOJICKYISPHO-TEHETUYECKOTO aHAIN3a ISl BBISIBJICHUSI TH-
OpuoB Ha ipumepe Brachanthemum baranovii (Asteraceae) // IIpooiembr 6otanuku FOxHoi Cudupu 1 MOHTOTHH:
Marepuansl V Mexaynap. Hay4.-nipakTt. kon¢. (bapuayin, 21-23 nos6ps 2006 r.). bapnayim, 2006. C. 256-258).

Sokal R. R., Michener C. D. 1958. A statistical method for evaluating relationships. University of Kansas Science
Bulletin 38: 1409—1448.

Swofford D. L. 2002. PAUP*. Phylogenetic analysis using parsimony (*and other methods). Version 4.0 beta ver-
sion. Sinauer Associates, Sunderland, Massachusetts, 144 pp.

Taberlet P, Gielly L., Pautou G., Bouvet J. 1991. Universal primers for amplification of three non-coding regions
of chloroplast DNA. Pl Mol. Biol. 17: 1105-1109.

Vavilov N. 1. 1931. The wild relatives of fruit trees of the Asian part of the USSR and Caucasus and the problem
of the origin of fruit trees. Trans. Apple Bot. Gene Breed. 263):132—134.

Volk G. M., Richards C. M., Henk A. D., Reilley A. A., Miller D. D., Forsline P. L. 2009. Novel diversity identified
in a wild apple population from the Kyrgyz Republic. Hort. Science 44: 516-518. DOI: 10.21273/HORTSCI1.44.2.516

Volk G. M., Richards C. M., Reilley A. A., Henk A. D., Forsline P. L., Aldwinckle H. S. 2005. Ex situ conservation
of vegetatively propagated species: development of a seed-based core collection for Malus sieversii. J. Amer. Soc.
Hort. Sci. 130: 203-210. DOI:10.21273/JASHS.130.2.203

White T. J., Bruns T., Lee S., Taylor J. 1990. Amplification and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. In: PCR Protocols: a guide to methods and applications. Academic Press, New York, USA,
315-322 pp. DOI: 10.1007/BF00224530

Yan G., Long H., Song W., Chen R. 2008. Genetic polymorphism of Malus sieversii populations in Xinjiang,
China. Genet. Resources Crop Evol. 55: 171-181. DOI: 10.1007/s10722-007-9226-5

Zhang C., Chen X., He T., Liu X., Feng T., Yuan Z. 2007. Genetic structure of Malus sieversii population from
Xinjiang, China, revealed by SSR markers. Journal of Genetics and Genomics 34: 947-955. DOI:10.1016/S1673-
8527(07)60106-4

Zhang H., Zhang M., Wang L. 2015. Genetic structure and historical demography of Malus sieversii in the Yili
Valley and the western mountains of the Junggar Basin, Xinjiang, China. J Arid Land. 7(2): 264-271. DOI: 10.1007/
$40333-014-0044-2

Zhou Z. Q., Li Y. N. 2000 The RAPD evidence for the phylogenetic relationship of the closely related species of
cultivated apple. Genet Res Crop Evol. 47:353-357. DOI: 10.1023/A:100874081994 1



