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Abstract
Southeast Kazakhstan is part of the center of origin and the natural habitat of wild apple trees. Wild
apples and their hybrids are involved in domestic apple breeding as a source of resistance to biotic and
abiotic stress. Malus niedzwetzkyana is a valuable endemic apple species included in the Red Book of
Endangered Species of Kazakhstan. The present study evaluated 23 M. niedzwetzkyana genotypes from
different populations for their resistance to scab and �re blight diseases using SCAR markers. We
determined that all 23 genotypes contained a 430 bp resistance allele for marker OPB19, and 5 of them
also had a 799 bp resistance allele identi�ed by marker OPB18 for scab resistance. For �re blight, seven
genotypes contained a 375 bp resistance allele and one genotype had a 397 bp resistance allele for the
QTL FBF7 locus identi�ed by markers AE10-375 and GE-8019, respectively. Eight genotypes with double
resistance to scab and �re blight were selected for further in vitro ampli�cation to develop a genetic pool
for biodiversity preservation, apple breeding, and wild apple population revival, among other purposes. All
in vitro regenerants were analyzed for the presence of apple chlorotic leaf spot virus, apple mosaic virus,
apple stem grooving virus, apple stem pitting virus, and tomato ringspot virus. For each of the eight
genotypes with double resistance, genetic pro�les were developed based on 12 SSR markers. These
genetic passports allow us to maintain the purity of the genetic pool and improve MAS in apple breeding. 

Introduction
Southeast Kazakhstan is part of the center of origin and the natural habitat of wild apple trees. In nature,
wild apple trees can form forests situated in large spaces. The fruit forests of Kazakhstan contain plant
material important in the prospect of botany, geography, and genetics. Wild apples and their hybrids have
been used in domestic apple breeding as a source of resistance to biotic and abiotic stress [1, 2].

Malus niedzwetzkyana Dieck ex Koehne is among the valuable wild apple species. Malus
niedzwetzkyana is an endemic species included in the Red Book of Kazakhstan and the International Red
List of Endangered Species [3, 4]. The natural habitat includes areas of Kazakhstan (Karatau and
Zailijskei Alatau), Kyrgyzstan (Jalal-Abad region), and western China (Xinjiang region) [1, 2, 5, 6].

Malus niedzwetzkyana is one of the components of the mixed fruit and nut forests in Central Asia. This
species is an important genetic resource for apple breeding and the development of new advantageous
varieties [7, 8]. The particular value of M. niedzwetzkyana is related to its genetic predisposition to scab
and �re blight resistance [9]. The tree is also useful as an ornamental plant because of the coloring of its
�owers, fruits, leaves, and trunk, which are pink because of the presence of anthocyanins. These
compounds have antioxidative, anti-carcinogenic, and anti-in�ammatory properties [10]. The fruits are
also rich in biologically active compounds, such as polyphenols, �avonoids, and polysaccharides. The
content of �avonoids available in apples is higher than in other fruits; according to previous studies,
�avonoids from apples have a positive effect on aging processes, cognitive decline, weight control, and
the health of respiratory, cardiovascular, and digestive systems [11].
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The improvement of domestic apple productivity and the conservation of global biodiversity rely on the
existence of resistant genotypes capable of defense against rapidly evolving pathogens. Higher plants
evolve much slower than pathogens, especially perennial tree plants. Therefore, there is a continuous
search for new resistance loci for marker-assisted selection (MAS). Scab and �re blight are among the
most dangerous and economically signi�cant pathogens of apple. Scab is the most common apple
disease worldwide, affecting leaves, �owers, and fruits. The causal agent is hemibiotrophic fungus
Venturia inaequalis; it can be found in places with industrial-scale apple production in a broad
geographical range [12]. A higher level of resistance to the pathogen in domestic apple can be achieved
using methods of targeted selection involving crosses with the resistant genotypes. Wild apples are the
origin of potential resistance genes, so it is important to maintain and study the genetic pools of M.
siversii and M. niedzwetzkyana. To date, 17 genes associated with resistance against scab are known,
including Rvi2, Rvi4, Rvi5, Rvi6, Rvi11, Rvi13, and Rvi1 [13].

Another widespread apple disease is �re blight of fruit crops, caused by the gram-negative bacterium
Erwinia amylovora. The infection starts on the �owers or vegetative parts and leads to necrosis of the
tissues. The resistance of apple to �re blight is a trait with dominant inheritance, associated with the Alt
gene [14, 15]). In addition, �ve loci associated with quantitative resistance (QTL) to the pathogen are
known. Among them, QTL FBF7 has the strongest association with �re blight resistance; resistant
variants are characterized by two SCAR markers, AE10-375 and GE-8019. This QTL explained about 40%
of the observed phenotypic variation [16].

The present work demonstrates the results of molecular genetic analysis of M. niedzwetzkyana
genotypes growing in the Republic of Kazakhstan to determine resistance to scab and �re blight.
Genotypes bearing resistance alleles against both scab and �re blight were introduced into a culture for
the further selection of resistant varieties and the conservation of biodiversity.

Materials And Methods
Plant material

Leaves for molecular genetic analysis were sampled from 17 trees from four populations in Nur-Sultan
city (collection of the Astana Botanical Garden; herbarium inventory number 536/20–552/20), three
specimens of M. niedzwetzkyana were collected in the pomological garden (Talgar town; part of the Fruit
and Vegetable Research Institute, Almaty, Kazakhstan) and three specimens from the wild population
from the Tscherkesay canyon (near Tekeli town, Kazakhstan). The location of the populations: Nur-Sultan
population 1—51°09'08.5"N, 71°24'59.2"E, population 2—51°07'43.4"N, 71°24'51.0"E, population 3—
51°09'10.6"N, 71°25'50.3"E, population 4—51°06'23.2"N, 71°25'00.1"E; pomological garden—43°17'02.5"N,
77°11'35.4"E; and Tscherkesay canyon (Dzhungar Alatau)—44°47'34.6"N, 78°55'06.3"E.

Ampli�cation of SCAR markers
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DNA was extracted from leaves using a modi�ed CTAB protocol [17]. The quantity and quality of
extracted DNA were analyzed using a spectrophotometer (NanoDrop1000, Thermo Fisher Scienti�c, USA).
In the work, two markers associated with scab resistance, OPB18 [18] and OPL19 [19], and two markers
associated with �re blight resistance, AE10-375 and GE-8019 [16], were used (Table 1). Identi�cation of
markers’ location on the genome of Malus domestica, cultivar ‘Golden Delicious’ (assembly
ASM211411v1) was performed by Primer BLAST (NCBI).

Table 1
Marker, primer (F, forward and R, reverse) sequences, and PCR cycling for the ampli�cation of SCAR

markers
Gen,
locus

Marker Primer sequence (5’–3’) PCR cycling

Rvi8(Vh8) OPB18 CCACAGCAGTCATTGGGA-F

CCACAGCAGTGCATAAAC-R

1x 950C – 3 min, 20x (950 C − 60s;
60s at 65–55°C (touchdown
annealing temperature dropping 0.5°C
per cycle); 720C – 90s), 20x (950 C − 
60s; 55°C − 60s; 720C – 90s), 1x 720

C 10 min

Rvi2(Vh2) OPL19 ACCTGCACTACAATCTTCACTAATC-
F

GACTCGTTTCCACTGAGGATATTTG-
R

1x 950C – 3 min, 40x (940 C -60 s; 550

C − 60 s; 720 C − 90 s), 1x 720 C − 10
min.

F7 QTL AE10-
375

CTGAAGCGCACGTTCTCC-F

CTGAAGCGCATCATTTCTGATAG-R

1x 950C – 3 min, 35x (950 C -40 s; 600

C − 40 s; 720 C − 60 s), 1x 720 C − 10
min.

F7 QTL GE-
8019

TTGAGACCGATTTTCGTGTG-F

TCTCTCCCAGAGCTTCATTGT-R

1x 950C – 3 min, 35x (950 C -40 s; 600

C − 40 s; 720 C − 60 s), 1x 720 C − 10
min.

For each DNA sample, 60 ng DNA was ampli�ed in a 25 µL reaction mix containing 1× Taq buffer (750
мМ Tris HCl, pH 8.8, 200 мМ (NH4)2SO4, 0.1% Tween 20), 2.5 мМ MgCl2, 0.2 мМ dNTPs, 0.2 мМ of each
of the respective primers, and 1 unit Tag polymerase (Thermo Scienti�c, USA). The PCR cycling
conditions for every marker are described in Table 1. Ampli�cation results were analyzed using
electrophoresis in 1.5% agarose gel in TAE buffer.

In vitro cultivation of M. niedzwetzkyana genotypes

Microclones of M. niedzwetzkyana were propagated in the Laboratory of Plant Biotechnology and
Selection of the National Center of Biotechnology. The previously developed protocol for microclonal
propagation was applied [20]. The axillary buds from one-year-old shoots were used as the source
material. For each genotype, we used no less than 20 buds from different branches of the plant. Aseptic
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treatment of the buds was performed for 4 minutes using 12% hydrogen peroxide solution, resulting in up
to 80% viable sterile explants for introduction into in vitro culture. The M. niedzwetzkyana explants were
cultivated on the QL medium with the addition of 0.5 mg/L 6-BAP and 1.5 mg/L kinetine; the main shoots
were formed on day 50. For the multiplication of additional shoots, the explants were cultivated on QL
medium with 0.5 mg/L 6-BAP and 0.01 mg/L IBA for 50 days. The shoots were rooted in QL medium (half
of the concentration) with the addition of 10 g/L sucrose and 1.5. mg/L IBA. Thus, the M.
niedzwetzkyana genotypes bearing resistance alleles against scab and �re blight were introduced into a
culture and propagated as microclones.

Detection of apple viruses in plant regenerants

In vitro regenerants were tested for the presence of 5 apple viruses before further mass reproduction and
genetic pool formation. Detection was performed for apple chlorotic leaf spot virus (ACLSV), apple
mosaic virus (ApMV), apple stem grooving virus (ASGV), apple stem pitting virus (ASPV), and tomato
ringspot virus (ToRSV). These apple viruses are broadly distributed in orchards and gardens in
Kazakhstan [21]. Analysis was performed for every regenerant of each genotype. The number of
regenerants varied from 20 to 40. Detection was based on the RT-PCR method using speci�c primers
developed previously by the authors [21] for each virus (Table 2). Ampli�cation conditions and analyses
were described in detail by [21].

Table 2
Sequences of primers for detection of apple viruses (Gritsenko et al. 2020)

Virus Forward primer sequence (5’–3’) Reverse primer sequence (5’–3’)

ACLSV TAGGTGAGAGGCTCTATTCACATCTTGA GCAATTGGAATATCCCCTTCTGCGA

ASPV TCACGGAGGTAATTATCAGGACGG GCTGTGCAAGCAGGAGCACCAGGT

ASGV AGCGAGGCGCCACCGGGTAGGAGT GAGTTCTGCCTGGAAGTGGCAGCA

ApMV AAGGTCCGAATCCGATGGACCGAAA GCGGCGAAATTCGTCTTAAACTCCA

ToRSV TTTTTTGTGGGCATTCCATGATGTG CGGCCACTCAAACCTCCAGTCATC

 
SSR pro�ling of in vitro virus-free propagated genotypes

Twelve SSR markers, namely GD12, GD147, CH01h10, CH01h01, CH04c07, Hi02c07, CH01f03b,
CH02d08, CH02c11, CH04e05, CH01f02, and CH02c09, were used ([22–25]. These markers are widely
used in genotyping apple genetic resources and are suggested by the European Cooperative Programme
for Plant Genetic Resources (ECPGR). CH04e05, CH02c11, CH02c09, CH02d08, CH04c07, CH01h01,
Hi02c07, and CH01h10 are highlighted as priority group 1 of the ECPGR marker set, whereas CH01f02,
CH01f03b, GD12, and GD147 belong to priority group 2. The primer sequences, �uorescent dye, and
multiplex group are described in Table 3. Ampli�cation of each SSR marker was conducted in a 15 µl
reaction mix containing 1x DreamTaq buffer (Thermo Scienti�c, USA), 0.2 мМ dNTPs, 0.2 мМ of each of
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the respective primers for each SSR marker, and 1 unit DreamTaq polymerase (Thermo Scienti�c, USA).
The program of ampli�cation for each multiplex group was as follows: 94°C for 3 min, followed by 10
cycles of denaturation at 94°C for 30 s, annealing for 90 s at 60°C with a 1°C decrease in temperature
each cycle, and elongation at 72°C for 60 s. The second step of 30 cycles was denaturation at 94°C for
30 s, followed by annealing at 50°C for 90 s, and further elongation at 72°C for 60 s. Final elongation
continued for 10 min at 72°C. PCR was performed using a Mastercycler Pro S thermocycler (Eppendorf,
Hamburg, Germany). Fragment analysis was conducted using Applied Biosystems 3500 (Thermo
Scienti�c, USA). SSR genotyping data were analyzed using GeneMapper™ Software 6. The resulting
genotyping data, the pro�les of 8 genotypes, were analyzed in GeneAlex 6.5. The following parameters
were determined: number of different alleles, number of effective alleles, Shannon’s information index,
observed heterozygosity, expected heterozygosity, unbiased expected heterozygosity, and �xation index.
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Table 3
Sequences of primers (F- forward, R-reverse), �uorescent dye, linkage group and multiplex group for SSR

genotyping
Marker Primer sequence (5’–3’), Fluorescent

dye
Linkage
group

Multiplex
group

GD12 F-TTGAGGTGTTTCTCCCATTGGA

R-CTAACGAAGCCGCCATTTCTTT

TAMRA 3 III

GD147 F- TCCCGCCATTTCTCTGC

R- GTTTAAACCGCTGCTGCTGAAC

ATTO565 13 III

CH01h10 F-
TGCAAAGATAGGTAGATATATGCC
A

R- AGGAGGGATTGTTTGTGCAC

HEX 8 II

CH01h01 F-GAAAGACTTGCAGTGGGAGC

R- GGAGTGGGTTTGAGAAGGTT

TAMRA 17 II

CH04c07 F- GGCCTTCCATGTCTCAGAAG

R- CCTCATGCCCTCCACTAACA

6-FAM 14 II

Hi02c07 F- AGAGCTACGGGGATCCAAAT

R-
GTTTAAGCATCCCGATTGAAAGG

ATTO565 1 II

CH01f03b F- GAGAAGCAAATGCAAAAC CC

R- CTCCCCGGCTCCTATTCTAC

HEX 9 III

CH02d08 F- TCCAAAATGGCGTACCTCTC

R-
GCAGACACTCACTCACTATCTCTC

HEX 11 I

CH02c11 F- TGAAGGCAATCACTCTGTGC

R- TTCCGAGAATCCTCTTCGAC

TAMRA 10 I

CH04e05 F- AGGCTAACAGAAATGTGGTTTG

R- ATGGCTCCTATTGCCATCAT

6-FAM 7 I

CH01f02 F-ACCACATTAGAGCAGTTGAGG

R- CTGGTTTGTTTTCCTCCAGC

6-FAM 12 III

CH02c09 F-
TTATGTACCAACTTTGCTAACCTC

R-AGAAGCAGCAGAGGAGGATG

ATTO565 15 I
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Results And Discussion
Natural forests of wild fruit plants are among the most valuable plant communities in terms of their
uniqueness, genetic potential, and scienti�c and practical signi�cance [26]. Wild plants are the originators
of all cultivated plants and remain an important source of genetic material for improving the quality of
crops for the food supply [27]. Therefore, the conservation and rational use of wild plants will always be
important since the success of breeding depends on a wide choice of potential source material [28]. For
example, the breeding of the Golden Delicious apple variety involving wild apple trees made it possible to
intensify world apple production more than 2 times over 25 years [26]. Despite the high value of wild fruit
plants, their areas of habitat have been subjected to catastrophic reduction, a decrease in species and
genetic diversity, and degradation of natural forests over the past decades. These problems threaten
biodiversity and cause damage to ecosystems. The Central Asian region is one of the world’s largest
centers for the growth of wild apple and apricot. Apple, apricot, and walnut forests are unique to
Kazakhstan [26]. The species that form these communities are classi�ed as endangered and require
protection (https://www.bgci.org/our-work/projects-and-case-studies/global-trees-campaign/). However,
in the country, up to 70% of apple forests have been reduced over the past 40 years. The revival of wild
apple forests is the main priority in the conservation of the country’s wild �ora, which is achieved by a
fundamental comprehensive study of the genetic basis of plants. Previously, three genotypes of M.
niedzwetzkyana from the Krutoye tract (Kazakhstan) were sampled and subjected to molecular genetic
analysis. When assessed with the use of 16 microsatellite markers, these genotypes were grouped in
clusters among M. sieversii genotypes [29]. To date, no wide-scale studies of M. niedzwetzkyana have
been carried out either in Kazakhstan or other countries, and the percentage of M. niedzwetzkyana trees
in the wild population is also unknown. The potential of M. niedzwetzkyana as a genetic source for apple
breeding in Kazakhstan has not yet been investigated.

Currently, wild apple specimens are known to be the main source of resistance genes against biological
stress. For example, scab resistance genes Vh2, Vh4, and Vr were inherited from wild apple species [12,
13, 30]. These genes can be identi�ed using OBP18 and OPB19 SCAR markers. OBP18 and OPB19
markers are located on chromosome 2. We identi�ed the exact location of these markers using Malus
domestica genome, cultivar ‘Golden Delicious’ (assembly ASM211411v1) (Fig. 1). The position of OBP18
ranges from 31968883 to 31968254 b.p. Marker OPL19 are located between 31391752 and 31390613
b.p. The OPB18 marker was developed for the analysis of the Vr gene and can be present by 628 and/or
799 bp alleles. The fragment of 799 bp determines the dominant allele of resistance to scab in apple
genotypes, whereas the 628 bp fragment indicates the susceptible genotype in homozygote form. It was
also shown that M. sieversii, another species of wild apple, predominantly bears the 799 bp allele. OPL19
con�rms the presence or absence of resistant allele of genes Vh2 and Vh8; resistance is indicated by a
product of 430 bp in length. The studied M. niedzwetzkyana genotypes from Nut-Sultan city and 3-P from
the pomological garden had scab resistance alleles, only in the case of OPL19, whereas the individuals
from the wild population of Tscherkesay canyon and 1-P and 2-P genotypes from the pomological garden
represented resistance alleles for both markers (Fig. 1). Another important disease of apple and pear trees
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is �re blight, which is widely distributed in Kazakhstan. Erwinia amylovora, a bacterial pathogen that
causes �re blight, annually infects hectares of apple trees in the south and southwestern region of
Kazakhstan [31]. Multiple treatments during the growing season with copper-containing chemicals lead
to enormous soil pollution. One of the promising and effective methods to prevent the spread of the
pathogen is the cultivation of resistant cultivars. The primary source of resistance loci for apple breeding
is wild apples, including M. niedzwetzkyana. The SCAR markers AE10-375 and GE-8019 are widely used
for the identi�cation of variants of QTL FBF7 associated with �re blight resistance. We identi�ed the
location of marker AE10-375 on chromosome 7 of Malus domestica genome, cultivar ‘Golden Delicious’
(assembly ASM211411v1), which ranges from 31500788 to 31500436 b.p. (Fig. 1). The identi�cation of
marker GE-8019 was not successful and Blast primer analysis did not reveal any fragments of targeted
size �anked by forward and reverse primers on the chromosome 7. But we counted three fragments in
size of less than 1000 b.p. in the genome. Fragment in size of 418 b.p. and 138 b.p �anked by only
reverse primer were identi�ed on chromosome 10 and 1, respectively. Reverse primer is completely
complementary to its positions in the genome in case of fragment 418 b.p. and has one mismatch in
formation of 138 b.p fragment. Also, 430 b.p. fragment �anked by forward and reverse primers was
identi�ed on chromosome 11 with 9 mismatches.

The dominant alleles of lengths 375 bp and 397 bp of markers AE10-375 and GE-8019, respectively,
indicate the resistant genotype of the apple tree. Only seven genotypes bearing the resistance allele for
AE10-375 were identi�ed in this study. The resistance allele for GE-8019 was found only in the 3-W apple
genotype from the wild population of Tscherkesay canyon (Fig. 1). The presence of resistance alleles for
both markers had been previously revealed in the genotypes with high resistance to the pathogen
compared with the genotypes bearing only the resistance allele for one of two markers [16]. In the present
study, no specimens bearing resistance alleles for both markers were found (Table 4). In this
investigation, we identi�ed three genotypes from the wild population of Tscherkesay with resistance
alleles to scab for both markers, OPB18 and OPL19, together with resistance alleles to �re blight for AE10-
375 or GE-8019. We also identi�ed �ve genotypes from Nur-Sultan city bearing resistance alleles for
markers OPL19 and AE10-375. The specimens from the pomological garden only had resistance alleles
to scab for markers OPB18 and/or OPL19. Malus niedzwetzkyana genotypes with resistance alleles for
both scab and �re blight were introduced into a culture. The microclones of the selected specimens were
propagated and adapted to the conditions ex vitro (Fig. 2). The process and methods of in vitro
propagation of Malus niedzwetzkyana were comprehensively described in our previous work, and we
followed all conditions [20]. We adjusted salt and sucrose concentrations for rooting of M.
niedzwetzkyana shoots. Before genetic pool formation and further in vitro ampli�cation, all plant
regenerants were tested for the presence of ACLSV, ASPV, ASGV, ToRSV, and ApMV viruses. These apple
viruses are the most common in Kazakhstan and cause signi�cant economic damage to the agricultural
sector [21]. The accumulation and spread of viruses throughout the whole plant signi�cantly affects the
productivity and survival of apple trees. ACLSV was detected in 3 of 30 regenerants belonging to
genotype 1-W and in 1 of 35 regenerants belonging to genotype 10. ACLSV is the important latent virus of
apple trees with infection rates of 80–100% in many commercial apple cultivars and leads to yield losses
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up to 30–40% [32, 33]. Virus transmission caused by grafting, pruning, or propagation of materials and
nematodes represents a major threat to the fruit industry. The remaining ASPV, ASGV, ToRSV, and ApMV
viruses were not detected. Infected plant regenerants were removed. We did not �nd any studies on the
detection of viral pathogens in wild apple populations. We detected ACLSV for the �rst time in the M.
niedzwetzkyana apple tree from a wild population. In our opinion, ACLSV infection was transmitted to a
wild population of apples from cultivated apple tree gardens in mountain areas that developed during the
Soviet Union period. During that period, grafting of cultivated apple scions onto wild apple rootstocks
was a widespread method. Nevertheless, investigation of the evolution of the ACLSV isolate detected in
M. niedzwetzkyana from a wild population is of particular interest and will be achieved in future work.
The virus was also found in genotype 10 from the population of Nur-Sultan city. Nur-Sultan genotypes are
located within the gardens of the city, near or together with cultivated apple trees. Therefore, the infection
from neighboring gardens or trees has a high probability. Since the regenerants are considered stock for
MAS and for the formation of orchards with the aim of reviving the wild apple trees, obtaining virus-free
material is an important task. Thereby, in vitro virus-free collection and planting material of eight M.
niedzwetzkyana genotypes were obtained. Further, we developed genetic pro�les for these double-
resistant genotypes using 12 SSR markers (Fig. 3). We analyzed SSR markers approved by the ECPGR.
These markers are widely used by the international community for the certi�cation of varieties and
genotypes and make it possible to unify the process of genetic identi�cation. In the results of SSR
pro�ling of 8 M. niedzwetzkyana genotypes, we identi�ed 5 different alleles for markers CH01f02 and
GD12 and 3 alleles for markers CH01h01, CH04c07, CH02d08, and CH04e05. For the remaining markers,
the number of detected alleles was 4 (Fig. 3). All 12 SSR markers showed high levels of polymorphism for
8 genotypes. The Tscherkesay canyon genotypes are noticeably different from Nur-Sultan and
pomological garden samples and include unique alleles for markers CH02c11 (239 bp), CH02с09 (254
bp), GD12 (160 bp), and GD147 (121 bp). Additionally, the 3-W genotype was unique for markers
CH01h10 (116 bp), Hi02c07 (120 bp), CH04c07 (120 bp), CH01f03b (142 bp), CH02c11 (221 bp),
CH01f02 (178 bp; 186 bp), CH04e05 (220 bp), and GD147 (143 bp). Marker CH01h01 indicated a unique
allele of 117 bp for the 2-W and 3-W genotypes. The 151 bp allele of marker Hi02c07 was identi�ed in the
1-W and 2-W genotypes, whereas the 166 bp allele of marker CH01f02 was detected only in 1-W. The
CH02d08 marker was not distinguished by unique alleles. Of particular interest is the 3-W genotype,
which differs signi�cantly in its genetic pro�le in comparison with other samples, including 2 genotypes
from Tscherkesay canyon. This genotype has unique alleles in 8 SSR markers. The collection of M.
niedzwetzkyana samples from Tscherkesay canyon was performed with a signi�cant distance between
the trees; the trees were at a distance of at least 30 meters from each other. Additionally, according to the
results of the resistance analysis, only 3-W genotype resistance to �re blight was associated with the
GE8019 marker; 2 other genotypes were positive for the AE10-375 marker. Tscherkesay canyon genotypes
are a perspective genetic pool for breeding new cultivars bearing loci associated with resistance to scab
and �re blight. The results of the performed work helped to preserve important genetic material of the
endangered M. niedzwetzkyana species and would assist its further use in apple breeding, conservation,
and revival of wild apple populations.
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Table 4
Genetic analysis of M. niedzwetzkyana genotypes using

SCAR markers
Genotype Marker

Scab Fire blight

OPB18 OPL19 AE10-375 GE8019

1 - + - -

2 - + + -

3 - + + -

4 - + - -

5 - + - -

6 - + - -

7 - + - -

8 - + - -

9 - + + -

10 - + + -

11 - + - -

12 - + + -

13 - + - -

14 - + - -

15 - + - -

16 - + - -

17 - + - -

1-P + + - -

2-P + + - -

3-P - + - -

1-W + + + -

2-W + + + -

3-W + + - +

Conclusion
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In the present work, 23 M. niedzwetzkyana genotypes of the different populations from Kazakhstan were
analyzed for resistance to scab and �re blight diseases using genetic SCAR markers. Resistance alleles to
scab were evaluated using OPB18 and OPL19 markers. OPB18 revealed �ve resistant M. niedzwetzkyana
genotypes, including specimens from the pomological garden and the wild population. All 23 studied
apple genotypes had a 430 bp resistance allele for marker OPL19. Resistance to �re blight was evaluated
using SCAR markers AE10-375 and GE-8019; seven resistance genotypes from Nur-Sultan and
Tscherkesay wild populations were identi�ed by marker AE10-375 and only one from Tscherkesay by GE-
8019. No specimens resistant to �re blight were found among the genotypes from the pomological
garden. The genotypes resistant to scab bearing both markers OBP18 and OPL19 consist of only 22% of
the investigated samples, and no genotypes resistant to �re blight by both markers AE10-375 and GE-
8019 were identi�ed. All three genotypes from the Tscherkesay wild population contain scab-resistance
alleles for both markers OPB18 and OPL19 and �re blight-resistance alleles for AE10-375 or GE-8019.
Five genotypes from Nur-Sultan contain loci for resistance to scab and �re blight, according to analysis
by markers OPL19 and AE10-375, respectively. Eight genotypes with double resistance to scab and �re
blight were selected for further in vitro ampli�cation to develop a genetic pool for biodiversity
preservation, apple breeding, and wild apple population revival, among others. All in vitro regenerants
were analyzed for the presence of ACLSV, ASPV, ASGV, ToRSV, and ApMV. Four regenerants of the 1-W
and 10 genotypes were infected by ACLSV and excluded from cultivation and investigation. For each of
the eight genotypes with double resistance, genetic pro�les were developed based on 12 SSR markers.
These genetic passports allow us to maintain the purity of the genetic pool and improve MAS in apple
breeding.

Declarations
Acknowledgements

The work was funded by the Ministry of Agriculture of the Republic of Kazakhstan as a part of targeted
funding program BR10765038 “Development of methodology and implementation of scienti�cally based
system of certi�cation and inspection of seed potatoes and planting material of fruit crops in the
Republic of Kazakhstan” and 0.0809 “Creation of a biobank of microorganisms, cell cultures, genomic,
and genetically engineered materials to preserve biodiversity and provide a resource base for
biotechnology.”

Competing Interests

The authors have no relevant �nancial or non-�nancial interests to disclose.

Author Contributions

Nurtaza A., Dyussembekova D. - Methodology and manuscript draft writing

Pozharskiy A.- Data collection and computer analysis



Page 13/18

Nizamdinova G., Taskuzhina A - Formal analysis and investigation.

Dolgikh S. Kakimzhanova A. – Botanical identi�cation of plant material; discussion of results and
reviewing �nal manuscript.

Gritsenko D. – Conceptualization, manuscript writing and reviewing

All authors read and approved the �nal manuscript

Ethical statement

The study involving plants/plant material from wild population was conducted in accordance with
relevant institutional, national, and international guidelines and legislation. Collection of plant material of
Malus niedzwetzkyana for the research purposes was conducted in accordance with the Decision of
council of the Eurasian Economic Commission of January 26, 2018 No. 15. About approval of Rules of
proper practice of cultivation, collection, processing and storage of initial raw materials of plant origin.

Availability of data

SSR genotyping data on M. niedzwetzkyana genotypes from Kazakhstan can be accessed from the Open
Science Foundation website using following link: https://osf.io/dz5gf

References
1. Janick, J. Horticultural reviews: wild apple and fruit trees of central Asia. (John Wiley & Sons, 2003).

2. Wilson, B., Mills, M., Kulikov, M., Clubbe, C. The future of walnut–fruit forests in Kyrgyzstan and the
status of the iconic Endangered apple Malus niedzwetzkyana. Oryx. 53(3), 415-423;
https://doi.org/10.1017/S0030605318001230 (2019).

3. Red Book Wild species of �ora of the USSR in need of protection. (Nauka, Leningrad, 1975) [In
Russian].

4. The IUCN red list of threatened species http://www.iucnredlist.org/search (2021).

5. Yan, G., Long, H., Song, W., Chen, R. Genetic polymorphism of Malus sieversii populations in Xinjiang,
China. Genetic Resources and Crop Evolution. 55(1); 171-181. https://doi.org/10.1007/s10722-007-
9226-5 (2008).

�. Ji, X.H., Wang, Y.T., Zhang, R., Wu, S.J., An, M.M. et al. Effect of auxin, cytokinin and nitrogen on
anthocyanin biosynthesis in callus cultures of red-�eshed apple (Malus sieversii f. niedzwetzkyana).
Plant Cell, Tissue and Organ Culture (PCTOC). 120(1), 325-337; https://doi.org/10.1007/s11240-014-
0609-y (2015).

7. Harris, S.A., Robinson, J.P., Juniper, B.E. Genetic clues to the origin of the apple. Trends in Genetics.
18(8), 426-430; https://doi.org/10.1016/S0168-9525(02)02689-6 (2002).

https://osf.io/dz5gf
https://doi.org/10.1017/S0030605318001230
http://www.iucnredlist.org/search
https://doi.org/10.1007/s10722-007-9226-5
https://doi.org/10.1007/s11240-014-0609-y
https://doi.org/10.1016/S0168-9525(02)02689-6


Page 14/18

�. Omasheva, M.E., Chekalin, S.V., Galiakparov, N.N. Evaluation of molecular genetic diversity of wild
apple Malus sieversii populations from Zailiysky Alatau by microsatellite markers. Russian journal of
genetics. 51(7), 647-652; https://doi.org/10.1134/S1022795415070108 (2015).

9. Yang, M., Che, S., Zhang, Y., Song, W., Yan, G. et al. Malus niedzwetzkyana (Dieck) Langenf
transcriptome comparison and phylogenetic analysis with Malus sieversii (Ledeb) Roem. Genetic
Resources and Crop Evolution. 67(2), 313-323; https://doi.org/10.1007/s10722-019-00871-w (2020).

10. Wang, N., Jiang, S., Zhang, Z., Fang, H., Xu, H. et al. Malus sieversii: the origin, �avonoid synthesis
mechanism, and breeding of red-skinned and red-�eshed apples. Horticulture research. 5(1),1-12;
https://doi.org/10.1038/s41438-018-0084-4 (2018),

11. Dzhangaliev, A.D. Wild apple tree of Kazakhstan. (Nauka, Alma-Ata, 1977) [In Russian].

12. Bowen, J.K., Mesarich, C.H., Bus, V.G., Beresford, R.M., Plummer, K.M. et al. Venturia inaequalis: the
causal agent of apple scab. Molecular Plant Pathology. 12(2), 105-122;
https://doi.org/10.1111/j.1364-3703.2010.00656.x (2011).

13. Baumgartner, I.O., Patocchi, A., Frey, J.E., Peil, A., Kellerhals, M. Breeding elite lines of apple carrying
pyramided homozygous resistance genes against apple scab and resistance against powdery
mildew and �re blight. Plant molecular biology reporter. 33(5), 1573-1583;
https://doi.org/10.1007/s11105-015-0858-x (2015).

14. Calenge, F., Drouet, D., Denancé, C., Van de Weg, W.E., Brisset, M.N. et al. Identi�cation of a major QTL
together with several minor additive or epistatic QTLs for resistance to �re blight in apple in two
related progenies. Theoretical and Applied Genetics. 111(1), 128-135;
https://doi.org/10.1007/s00122-005-2002-z (2005).

15. Igarashi, M., Hatsuyama, Y., Harada, T., Fukasawa-Akada, T. Biotechnology and apple breeding in
Japan. Breeding science. 66(1), 18-3; https://doi.org/10.1270/jsbbs.66.18 (2016).

1�. Khan, M.A., Durel, C.E., Duffy, B., Drouet, D., Kellerhals, M. et al. Development of molecular markers
linked to the ‘Fiesta’ linkage group 7 major QTL for �re blight resistance and their application for
marker-assisted selection. Genome. 50(6), 568-577; https://doi.org/10.1139/G07-033 (2007).

17. Doyle, J.J. A rapid total DNA preparation procedure for fresh plant tissue. Focus. 12,13–15 (1990).

1�. Hemmat, M., Brown, S.K., Weeden, N.F. Tagging and mapping scab resistance genes from R12740-7A
apple. Journal of the American Society for Horticultural Science. 127(3), 365-370;
https://doi.org/10.21273/JASHS.127.3.365 (2002).

19. Khajuria, Y.P., Kaul, S., Wani, A.A,, Dhar, M.K. Genetics of resistance in apple against Venturia
inaequalis (Wint.) Cke. Tree genetics & genomes. 14(2), 1-20; https://doi.org/10.1007/s11295-018-
1226-4 (2018).

20. Nurtaza, A., Magzumova, G., Yessimseitova, A., Karimova, V., Shevtsov, A. et al. Micropropagation of
the endangered species Malus niedzwetzkyana for conservation biodiversity in Kazakhstan. In Vitro
Cellular & Developmental Biology-Plant. 1-12; https://doi.org/10.1007/s11627-021-10174-4 (2021).

21. Gritsenko, D. A., Aubakirova, K. P., Voitsekhovskiy, I., Soldatova, I., & Galiakparov, N. N. Simultaneous
detection of �ve apple viruses by RT-PCR. International Journal of Biology and Chemistry. 13(1), 129-

https://doi.org/10.1134/S1022795415070108
https://doi.org/10.1007/s10722-019-00871-w
https://doi.org/10.1038/s41438-018-0084-4
https://doi.org/10.1111/j.1364-3703.2010.00656.x
https://doi.org/10.1007/s11105-015-0858-x
https://doi.org/10.1007/s00122-005-2002-z
https://doi.org/10.1270/jsbbs.66.18
https://doi.org/10.1139/G07-033
https://doi.org/10.21273/JASHS.127.3.365
https://doi.org/10.1007/s11295-018-1226-4
https://doi.org/10.1007/s11627-021-10174-4


Page 15/18

134. https://doi.org/10.26577/ijbch.2020.v13.i1.13 (2020).

22. Hokanson, S.C., Szewc-McFadden, A.K., Lamboy, W.F., McFerson, G.R. Microsatellite (SSR) markers
reveal genetic identities, genetic diversity and relationships in a Malus domestica Borkh. core subset
collection. Theor Appl Genet. 94, 671–683; https://doi.org/10.1007/s001220050943 (1998).

23. Liebhard, R., Gianfranceschi, L., Koller, B., Ryder, C.D., Tarchini, R. et al. Development and
characterization of 140 new microsatellites in apple (Malus x domestica Borkh.) MolBreed. 10, 217–
241; https://doi.org/10.1023/A:1020525906332 (2002).

24. Hemmat, M., Weeden, N.F., Brown, S.K. Mapping and evaluation of Malus × domestica microsatellites
in apple and pear. J Am SocHortic Sci. 128(4), 515–520;
https://doi.org/10.21273/JASHS.128.4.0515 (2003).

25. Richards, C.M., Volk, G.M., Reilley, A.A., Henk, A.D., Lockwood, D.R. et al. Genetic diversity and
population structure in Malus sieversii, a wild progenitor species of domesticated apple. Tree Genet
Genomes. 5,339–347; https://doi.org/10.1007/s11295-008-0190-9 (2009).

2�. Aleksanyan, S.M., Ponomarenko, V.V., Burmistrov, L.A., Smekalova, T.N., Sorokin, A.A., et al). Modern
methods and international experience of preserving the gene pool of wild plants (on the example of
wild fruits). 188 pp. (Almaty, 2011).

27. Rauzin, E.G. The role of wild fruit species in the development of modern horticulture and the
experience of preserving their gene pool // Report at the International Conference "Problems of
preserving mountain agrobiodiversity in Kazakhstan". – Almaty. - 2007.

2�. Vitkovsky, V. L. Fruit plants of the world. (SPb .: Publishing house "Lan", - 2003) [In Russian].

29. Omasheva, M. Y., Flachowsky, H., Ryabushkina, N. A., Pozharskiy, A. S., Galiakparov, N. N. et al. To
what extent do wild apples in Kazakhstan retain their genetic integrity? Tree genetics & genomes.
13(3), 52; DOI 10.1007/s11295-017-1134-z (2017).

30. Chagné, D., Vanderzande, S., Kirk, C., Pro�tt, N, Weskett, R. et al. Validation of SNP markers for fruit
quality and disease resistance loci in apple (Malus× domestica Borkh.) using the OpenArray®
platform. Horticulture research. 6(1), 1-16; https://doi.org/10.1038/s41438-018-0114-2 (2019).

31. Umiraliyeva, Z. Z., Kopzhassarov, B. K., Jaimurzina, A. A., Niyazbekov, Z. B., Issenova, G. Z et al.
Epidemiology of Fire Blight in Fruit Crops in Kazakhstan. AGRIVITA, Journal of Agricultural Science.
43(2); http://doi.org/10.17503/agrivita.v43i2.2674 (2021).

32. Wu, Y. Q., Zhang, D. M., Chen, S. Y., Wang, X. F., Wang, W. H. Comparison of three ELISA methods for
the detection of Apple chlorotic leaf spot virus and Apple stem grooving virus. In XVII International
Symposium Virus and Virus-Like Diseases of Temperate Fruit Crops 472 (pp. 55-60).
DOI:10.17660/ACTAHORTIC.1998.472.3 (1997)

33. Cembali, T., Folwell, R. J., Wandschneider, P., Eastwell, K. C., Howell, W. E. Economic implications of a
virus prevention program in deciduous tree fruits in the US. Crop Protection. 22(10), 1149-1156;
https://doi.org/10.1016/S0261-2194(03)00156-X (2003)

Figures

https://doi.org/10.1038/s41438-018-0114-2


Page 16/18

Figure 1

The location of OPB18 (blue 1), OPL19 (red 2) and AE10-375 (green 3) markers on chromosome 2 and 7,
respectively (a). Analysis of M. niedzwetzkyana genotypes using b scab markers OPB18, OPL19 and c
�re blight markers AE10-375 and GE-8019. OPB18 marker: 1- 1-W and 2- 3-W genotypes of wild
population; 3- 1 genotype and 4- 2 genotype of Nur-Sultan; 5 - 3-P genotype of Pomological garden.
OPL19 marker: 1- 1-W, 2- 2-W, and 3- 3-W genotypes of wild population; 4- 2-P genotype of Pomological
garden; 4- 1 genotype, 5- 2 genotype, 6 – 3 genotype of Nur-Sultan. AE10-375 and GE-8019 marker: 1- 3-W
genotype and 2- 2-W genotype of wild population; 3- 3 genotype, 4- 9 genotype, and 5 - 12 genotype of
Nur-Sultan. See also supplementary �le 1 for the original full-size images.
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Figure 2

In vitro cultivation of M. niedzwetzkyana genotypes for conservation

Figure 3

SSR pro�ling of in vitro propagated genotypes with double resistance to scab and �re blight
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