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Allelic polymorphism of apple varieties of
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Annotation. The results of the analysis of allelic polymorphism of apple
varieties of national selection for R genes of scab resistance are shown. The
Rvi6 gene was not identified in the studied forms (putative rvi6rvié
genotype). The Rvi4 gene was identified in the varieties Grushovka
Moskovskaya and Titovka. Genes Rvi2 (Rvi8) - in varieties Pouring yellow,
Antonovka kamenichka, Antonovka ordinary, Scarlet anis, Arkad red,
Cinnamon striped, Grushovka Moskovskaya, Titovka, Mironchik,
Suislepskoe.

Scab (Venturia inaequalis (Cooke) G. Winter) is the most harmful and economically
significant disease of the apple tree in the world. During the years of epiphytotic
development, scab is capable of destroying up to 70% of marketable fruits [1, 2]. Most of the
commercially important apple varieties are moderately or highly susceptible to V. inaequalis
[3, 4]. The primary method to control the spread of V. inaequalis in industrial plantings is
the widespread use of fungicides, which, however, has a negative impact on the environment,
and leads to significant financial costs [5]. In this regard, the use of varieties and forms of
plants with the genetically determined resistance to diseases becomes a necessary condition
for economically feasible cultivation of agricultural crops, and selection is an important
factor in increasing yields [6, 7].

The local and ancient varieties are a valuable source material for apple breeding. Many
national varieties have high commercial and consumer qualities of fruits, resistance to a
complex of abiotic environmental factors, polygenic resistance to fungal pathogens,
including V. inaequalis [8]. However, for a number of significant breeding traits, varieties of
national breeding have not been studied enough, in particular, for many forms there is no
data on the presence or absence of monogenic scab resistance loci in the genome, which
could presumably be introgressed from the original wild apple species.

This study presents the results of the analysis of the allelic state of local and ancient apple
varieties by genes for the scab resistance.

The studies were carried out in the period of 2018-2020. As biological objects used apple
varieties of national selection of the genetic collection of the Federal State Budgetary
Scientific Institution "FSI named after [.V. Michurin". Varieties Prima (Rvi6 gene), Kandil
Orlovsky (Rvi4 gene), Witos (Rvi2 and Rvi8 genes) were used as control.

Extraction of total apple DNA was carried out using a modified STAB method [9].

*Corresponding author: Ranenburzhetc@yandex.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).


mailto:Ranenburzhetc@yandex.ru

BIO Web of Conferences 25, 03002 (2020) https://doi.org/10.1051/bioconf/20202503002
Bioengineering 2020

The alleles of the Rvi6 gene were identified using the ALO7-SCAR marker (for 5'-
TGGAAGAGAGATCCAGAAAGTG-3 'rev 5-CATCCCTCCACAAATGCC-3") [10], the
Rvi4 gene was the dominant SCAR marker AD13 (for 5'-GTAAGTCCTCTAG 3 ' 5'-
GGTTCCTCTGCCCAACAA-3 ") [10], genes Rvi2 and Rvi8 - the dominant SCAR marker
OPL19 (for 5'-ACCTGCACTACAATCTTCACTAATC-3' rev 5'-
GACTCGTTTCCACTGAGGATATTTG-3 ") [11

The reaction mixture in a total volume of 15 pl contained: 1.5 mM Taq buffer, 2.0 mM
deoxynucleoside triphosphate mixture, 2.5 mM magnesium chloride, 0.2 uM each primer,
0.2 U Taq polymerase, and 20 ng total DNA.

The polymerase chain reaction was carried out in a T100 amplifier (BIO-RAD) in the
following modes:

- SCAR marker ALO7: initial denaturation 10 min at 95 ° C, then 35 cycles: 30 sec at 95
°C, 1 min at 59 ° C, 2 min at 72 ° C; then final elongation for 10 min at 72 ° C;

- SCAR marker AD13: initial denaturation 2 min at 94 ° C, then 30 cycles: 1 min at 94 °
C,3 min at 58 ° C,2 min at 72 ° C; then 1 min at 94 ° C, 3 min at 58 ° C and final elongation
for 10 min at 72 ° C;

- SCAR marker OPL19: initial denaturation 2 min 45 sec at 94 ° C, then 40 cycles: 55
sec at 94 ° C, 55 sec at 55 ° C, 1 min 39 sec at 72 ° C; then final elongation for 10 min at 72
°C.

The amplification products were separated by the electrophoretic method in agarose gel
(agarose concentration - 2%, buffer system - 1x TBE). The amplicon size determination was
performed using a Gene Ruler 100 p.n DNA Ladder (Thermo Fisher Scientific).

According to the studies, the dominant Rvi6 allele (target fragment of 570 n.p) was not
identified in the studied apple forms, which indicates their recessive homozygous genotype.
The example of the SCAR electrophoretic spectrum of the ALO7 marker is shown in
Figure 1, the identification results are in the Table 1.

200
Fig. 1. Electrophoretic spectrum of SCAR marker ALO7 of apple varieties of national selection.

K - Prima (control), 1 - Winter Antonovka, 2 - Terentyevka, 3 - Scarlet Anis, 4 - Suislepskoe, 5 -
Pouring yellow, 6 - Antonovka ordinary, 7 - Titovka, 8§ - Cinnamon striped, 9 - Grushovka
Moscowskaya, M - molecular weight marker
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Table 1. The allelic diversity of scab resistance genes in apple varieties of national
selection (1 - allele present, 0 - no allele)

AL07-SCAR ADI13-SCAR OPL19-SCAR
Ne The apple varieties
Rvi6 rvi6 Rvi4 Rvi2(RviS8)

1 | Scarlet anise 0 1 0 1
2 | Pouring yellow 0 1 0 1
3 | Arkadred 0 1 0 1
4 | Suislepskoe 0 1 0 1
5 | Antonovka ordinary 0 1 0 1
6 | Antonovka red 0 1 0 0
7 | Antonovka kamenichka 0 1 0 1
8 | Winter Antonovka 0 1 0 0
9 | Mironchik 0 1 0 1
10 | Terentyevka 0 1 0 0
11 | Grushovka Moscowskaya 0 1 1 1
12 | Cinnamon striped 0 1 0 1
13 | Titovka 0 1 1 1

The target product of the AD13-SCAR marker is 950 p.n. (Rvi4 gene) in the analyzed
collection of apple genotypes was found in the varieties Grushovka Moskovskaya and
Titovka. The origin of these varieties is unknown, but the Rvi4 gene could presumably be
introgressed from Malus sieversii, in the genome of some forms of which the Rvi4 gene was
identified [12, 13]. The rest of the studied apple genotypes have a recessive homozygous
genotype (rvi4rvi4) (Figure 2, Table 1).

Fig. 2. Electrophoretic spectrum of SCAR marker AD13 of apple varieties of national
selection

K - Kandil Orlovsky (control), 1 - Titovka, 2 - Anis scarlet, 3 - Suislepskoe, 4 - Pouring
yellow, 5 - Terentyevka, 6 - Cinnamon striped, 7 - Grushovka Moscowskaya, M -
molecular weight marker

The SCAR marker OPL19 (433 p.n.) linked to the Rvi2 and Rvi8 genes was identified
in 10 out of 13 cultivars (table). The resistance alleles of the Rvi2 and Rvi8 genes are
absent in the varieties Antonovka Zimnyaya, Terentyevka, and Antonovka Krasnaya
(genotype rvi2rvi2rvi8rvi8). An example of the electrophoretic profile of the OPL19-SCAR
marker in apple varieties of national selection is shown in Figure 3.
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Fig. 3. Electrophoretic spectrum of the SCAR marker OPL19 of apple varieties of national
selection

K - Witos (control), 1 - Titovka, 2 - Anis scarlet, 3 - Suislepskoe, 4 - Pouring yellow, 5 -
Terentyevka, 6 - Cinnamon striped, 7 - Grushovka Moscowskaya, M - molecular weight
marker

The wide distribution of the OPL19-SCAR marker in the genoplasm of wild species and
apple varieties, including local ancient varieties, is confirmed by our earlier studies [12, 14],
as well as by the works of other scientists [10, 15].

The varieties such as Grushovka Moskovskaya and Titovka combine the markers AD13-
SCAR and OPL19-SCAR in the genotype, which indicates the presence of genes Rvi4 and
Rvi2 (or Rvi8). In cultivars Terentyevka, Antonovka Krasnaya, and Antonovka Zimnyaya,
markers of the studied resistance alleles were not revealed, which indicates a recessive
homozygous state of all studied loci (rvi2rvi2rvidrvidrvi6rvi6rvi8rviS).

Thus, as a result of the studies showed, the allelic state of the genes Rvi2, Rvi4, Rvi6,
Rvi8 of resistance to scab in apple varieties of national selection was analyzed. The Rvi6
gene was not identified in the studied forms (putative rvi6rvi6 genotype). The Rvi4 gene was
identified in the varieties Grushovka Moskovskaya and Titovka, which may have a dominant
homozygous or heterozygous genotype. The Rvi2 or Rvi8 gene was identified in domestic
varieties of folk selection Scarlet anis, Arkad red, Antonovka Kamenichka, Antonovka
ordinary, Mironchik, Grushovka Moskovskaya, Titovka, Cinnamon striped, Pouring yellow,
as well as the Baltic ancient variety Suislepskoe.
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