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Abstract. Apple (Malus domestica) is a key fruit crop worldwide, but its cultivation is
threatened by fire blight caused by Erwinia amylovora. In this study, molecular markers AE10-
375, GE-8019, and CH-F7-Fbl were used to assess genetic resistance to fire blight in 107
samples from local apple varieties in Uzbekistan. The AE10-375 marker was found in 81% of
samples, CH-F7-Fb1_ 210 in 38.3%, and GE-8019 in 11.2%. Only 1.8% of genotypes carried all
three resistance loci, indicating full resistance, while 39.2% were partially resistant. Allelic
frequency analysis at the CH-F7-Fb1 locus showed a significant dominance of the non-resistant
allele. These findings highlight the limited distribution of resistance genes among local varieties
and underscore the importance of marker-assisted selection to enhance fire blight resistance in
apple breeding programs.
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Annomauun. Aonous (Malus domestica) sensiemcs 0OHOU U3 KIOUEBbIX NIOOOBbIX
KVAbMYP 80 8CeM MUpe, HO ee 8bIpauusanuio yepodcaem ocnesas boesnn, svlzvieaemas Erwinia
amylovora. B odannom ucciedosanuu Onsi OYEHKU 2eHEMuUYecKol YCMOUHUBOCMU K O2HEHHOU
oonesnu 'y 107 o06bpazyos mecmuvix Ccopmoe sAbIOHU 6 Y30ekucmane UCNONb308ANUCH
monexynapuvie mapkepvr AE10-375, GE-8019 u CH-F7-Fbl. Mapkep AE10-375 6vin
obnapyscen ¢ 81% obpaszyos, CH-F7-Fbl_210 — ¢ 38,3%, a GE-8019 — 6 11,2%. Jluwb 1,8%
ceHomunoe Heciu e6ce nipu JOKyca ycmoﬁqueocmu, umo yKasvleaem HaA  NOJHYIO
pezucmenmuocms, moeoa kaxk 39,2% okazanucb 4acmuyHo YCMoOUuyueblMu. Ananus uacmomsi
anneneu 6 nokyce CH-F7-Fbl nokazan 3nauumenvHoe OOMUHUPOBAHUE HEPE3UCIEHMHO20
annensi. Omu pe3yibmamsl C8UOEMENbCMBYIOM 00 02PAHUYEHHOM PACHPOCMPAHEHUU 2eHO8
ycmouuugocmu  cpedu  MeCmHbIX — COpMO8 U NOOUEPKUBAIOM  BANCHOCMb  MapKep-
accucmupoeaHnoco 0m60pa 0151 NOBLIULEHUA ycmozlqugocmu K 02HeHHoU boae3Hu 6 npozpavimax
cejlekyuu A6710HU.

Knroueevie Cnosa: ocnennas 6onesns, sbnows, Erwinia amylovora, cenemuueckas
YCMOUYUBOCMb, MONEK)IAAPHbLE MAPKEPbL

Annotatsiya. Olma (Malus domestica) dunyodagi asosiy mevali ekin biri bo’lib,
yetishtirilishiga Erwinia amylovora keltirib chigaradigan bakterial kuyish kasalligi tahdid
solmogda. Ushbu tadgigotda O ’zbekistondagi mahalliy olma navlaridan 107 ta namunaning
bakterial kuyishga genetik chidamliligini baholash uchun AE10-375, GE-8019 va CH-F7-Fbl
molekulyar markerlaridan foydalanildi. AE10-375 markeri 81% namunalarda, CH-F7-Fb1 210
38,3% va GE-8019 11,2% namunalarda aniglandi. Fagat 1,8% namunalar har uchala
chidamlilik lokuslariga ega bo‘lib, bu to‘liqg chidamlilikni, 39,2% namunalar esa qisman
chidamlilikni ko ‘rsatdi. CH-F7-Fbl lokusida allel chastotasini tahlil qilish chidamli bo ‘Imagan
allelning sezilarli darajada ustunligini ko ‘rsatdi. Ushbu natijalar mahalliy navlar o ‘rtasida
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chidamlilik genlarining cheklangan tagsimlanishini ta’kidlaydi va olma seleksiyasi dasturlarida
bakterial kuyishga chidamlilikni oshirish uchun markerlarni tanlash muhimligini ko ‘rsatadi.

Kalit So’zlar: Bakterial kuyish, olma, Erwinia amylovora, genetic chidamlilik,
molekulyar markerlar.

Introduction. Apple (Malus domestica) is one of the most widely cultivated fruits
globally, making a significant contribution to the economy of many countries. However,
numerous bacterial and fungal pathogens cause serious damage to the yield and fruit quality of
this plant. One of these diseases is fire blight caused by Erwinia amylovora (1). The pathogen
damages the flowers, fruits, branches, leaves, and generally all parts of the plant (2). The
traditional method of combating fire blight is treatment with aminoglycoside antibiotics (3).
However, the emergence of resistance to the applied antibiotics in pathogenic strains and other
ecological factors reduce the effectiveness of this method (4).

Therefore, the propagation of disease-resistant apple varieties is considered a sustainable
and environmentally effective approach. Resistance to fire blight has polygenic characteristics
and is controlled by quantitative trait loci (QTL) (5). Research has identified fire blight
resistance genes in wild apple species such as M. fusca, M. baccata, M. prunifolia, M.
Xatrosanguinea, M. Xrobusta var. persicifolia, M. sieversii, as well as in 'Evereste’, M.
Sfloribunda 821, and Malus xrobusta 5 (6). For instance, the FB_MRS5 resistance locus identified
in Malus x robusta 5 is one of the most extensively studied genes (7). Another important QTL
for fire blight resistance is FB_F7, identified in Fiesta's Linkage group 7 (8). Disease resistance
loci are considered to have quantitative traits, and if a variety possesses only one resistance gene,
pathogen strains can overcome this resistance. For example, E. amylovora strains with the
avrRpt2_EA allele have been found to overcome the resistance of the FB_MR5 gene (9). To
address these challenges, modern breeding strategies are focusing on combining multiple
resistance loci, utilizing marker-assisted selection (MAS), and leveraging biotechnological
advancements (10). In this study, the presence of bacterial fire blight resistance genes in local
apple varieties grown in Uzbekistan was analyzed using molecular genetic markers.

MATERIALS AND METODS.

Plant Sample Collection and Genomic DNA Extraction

A total of 107 young leaf samples from about 70 local apple varieties were collected from
the Republic of Karakalpakstan, Khorezm, and Surkhandarya regions. Before sampling, the signs
of the disease were assessed by morphobiological observations, and the GPS coordinates of each
sampling site were recorded. When isolating genomic DNA from leaf samples, the PureLink®
Plant Total DNA Purification Kit (Thermo Fisher Scientific) kit was used, and the process was
carried out according to the manufacturer's instructions. Quantitative and qualitative indicators of
the isolated genomic DNA were assessed using the Nanophotometer NP80 (Implen)
spectrophotometer.

Molecular Analysis

SCAR markers: AE10-375, GE-8019 and SSr marker: CH-F7-Fb1[11] were used to
identify resistance loci to fire blight disease in local apple varieties of Uzbekistan (Table 1).

For Polymerase Chain Reaction (PCR), lyophilized ready-to-use PCR-core kits (Isogen,
Russia) were used. The reaction mixture for PCR-core with a volume of 20 pL contained; 20 ng
of genomic DNA, 10 pM from each primer, 10 ul of standard buffer for PCR core. The
amplification process was carried out on a Thermocycler VERITI amplifier (USA) using the
following program: initial denaturation at 94°C for 4 minutes, followed by 35 cycles of: 94°C for
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25 seconds, 56°C, 57°C and 58°C for 30 seconds (for GE-8019, CH-FB-F7, AE10-375
respectivly), 72°C for 40 seconds, and a final elongation at 72°C for 4 minutes. The
amplification products were separated by gel electrophoresis in a 2.5% agarose gel using 1XTBE
buffer. DNA ladder markers (Thermo Fisher Scientific) of 100 bp length were used to assess the
amplicon sizes.

Table 1

Primer sequence used in the study

Amplicon

Marker Primer sequence .
size

F 5’-CTGAAGCGCACGTTCTCC-3’
AEL0-375 R 5’-CTGAAGCGCATCATTTCTGATAG-3’ 375bp

F 5’-TTGAGACCGATTTTCGTGTG-3’

GE-8019 R 5-TCTCTCCCAGAGCTTCATTGT-3’ 3970p
S F 5-AGCCAGATCACATGTTTTCATC-3’ 174 bp
R 5>-ACAACGGCCACCAGTTTATC-3’ 210 bp

RESULT AND DISCUSSION

In this study, 107 apple tree samples were analyzed to assess genetic resistance to fire
blight, focusing on three molecular markers: AE10-375, GE-8019, and CH-F7-Fbl. The CH-F7-
Fb1 marker amplified two distinct fragments: a 174 bp fragment, commonly found but unrelated
to resistance, and a 210 bp fragment associated with the FBF7 quantitative trait locus (QTL)
conferring resistance. The AE10-375 and GE-8019 markers generated 375 bp and 397 bp
fragments, respectively, in genotypes carrying the FBF7 QTL[11].

Among the studied samples, the AE10-375 marker was detected in 81% of cases, CH-F7-
Fb1l 210 in 38.3%, and GE-8019 in 11.2%. The non-resistant CH-F7-Fb1 174 allele was present
in 71.9% of the samples. Furthermore, 14% of the accessions showed no amplification of any
resistance-associated loci. The most frequent genetic combinations were the presence of AE10-
375 alone (37.3% of samples) and the co-occurrence of AE10-375 and CH-F7-Fb1 210 (34.5%).
A smaller proportion of samples carried both AE10-375 and GE-8019 (7.4%), while the
combination of all three resistance loci was observed in only 1.9% of cases.

Genetic mapping data indicated that AE10-375 and GE-8019 are located on the same
chromosome, approximately 10 centimorgans apart, flanking the FBF7 QTL region. Previous
studies have reported that the simultaneous presence of these markers significantly enhances
resistance to Erwinia amylovora[12] Similarly, the frequent co-detection of AE10-375 and CH-
F7-Fb1 210 in the present study suggests close genetic linkage and reinforces their combined
value in marker-assisted selection strategies.

Allelic frequency analysis at the CH-F7-Fb1 locus revealed a prevalence of the 174 bp
allele (0.68) compared to the 210 bp allele (0.32), with a significant deviation from equal
distribution (y* = 34.38; p < 0.0001). Regarding genotype composition, 55.1% of the samples
were homozygous for the 174 bp allele, 21.5% were homozygous for the 210 bp allele, and
16.8% were heterozygous, while 6.5% of the samples remained undetermined. Due to the
dominant nature of AE10-375 and GE-8019, homozygous and heterozygous states could not be
distinguished, and their presence was scored as 2. In contrast, the codominant CH-F7-Fbl
marker allowed differentiation between homozygous and heterozygous genotypes. Homozygotes
for CH-F7-Fb1_210 were assigned an index value of 2, whereas heterozygotes (210/174) were
assigned -1, considering the presence of the non-resistant 174 allele.
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The calculated resistance indices across samples ranged from 0 to 6. Based on the
combination of loci, genotypes were classified as unstable (rr, carrying none or only one
marker), partially resistant (Rr, carrying two markers), or fully resistant (RR, carrying all three
markers). According to this classification, 58.8% of the genotypes were non-resistant, 39.2%
were partially resistant, and only 1.8% were fully resistant. Allele frequencies for r and R were
estimated at 0.78 and 0.21, respectively, fitting Hardy—Weinberg expectations (y> = 2.84; p =
0.091).
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