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Aim. To estimate the possibilities of using the promising apple cultivars, created by the Institute of Horticul-
ture (IH) NAAS, in the breeding programs according to the availability of valuable allele variants of gene Rf,
related to red color of apple fruit. Methods. Polymerase chain reaction, electrophoresis in agarose gel, the
evaluation of phenotype manifestation of the color trait of apple skin according to the grading system. Results.
17 genotypes of apple cultivars of different genetic origin, including 12 cultivars, breeded by IH NAAS, were
identified by allele variants of gene Rf. The comparison was made between the genetic analysis results and
visual observations of the phenotype manifestation of fruit skin color of different apple cultivars. Conclusions.
Apple cultivars Amulet, Perlyna Kyieva and Edera, which are homozygous carriers of dominant alleles A' and
A? of gene Rf are recommended as basic forms in breeding programs. It was demonstrated that exact prediction
of apple skin color was possible only in case of the available homozygous genotype by both alleles of gene Rf.
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INTRODUCTION

The common practice while creating new apple
cultivars is to concentrate the spectrum of economi-
cally valuable trait for marker-assisted selection
(MAS) mainly on the resistance to scab, taste quali-
ties, flesh density, columnar habitus and skin color
[1-4].

Apple is one of the most relevant fruit crop in Uk-
raine, the consumption of apple fruit by the popula-
tion is prioritized among all the fruit and small-fruit
crops. The prominent place in the Register of cultivars
of Ukraine is taken by apple cultivars, created by the
Institute of Horticulture (IH) NAAS and its network.
Our studies have proven that these cultivars are valu-
able genetic material, which is insufficiently charac-
terized from the standpoint of relevant allele variants
of genes, responsible for economically valuable traits.
Their identification will expand the possibilities of in-
volving the mentioned cultivars to MAS programs, in
particular, by fruit skin color.
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The fruit of Ukrainian apple cultivars have different
colors — from green color, like that of Papirovka culti-
var, to dark red, like that of cultivars Rubinove Duky or
Amulet. Fruit skin of many cultivars is of uneven color,
it has stripes or “blush”, which may be manifested dif-
ferently even among fruit of the same cultivar. Apple
fruit color is not only a remarkable trait of the cultivar,
but also a relevant criterion, affecting the consumer’s
choice. In particular, buyers often prefer cultivars with
red fruit color, which is associated with better ripeness
and thus better taste and aroma [5]. Red color of apple
fruit is mainly determined by the presence of second-
ary metabolites — anthocyanins [6, 7]. The intensity of
red color of fruit skin is directly dependent on the ac-
cumulation degree of these natural antioxidants, which
varies in a wide range and changes depending on the
ripeness degree and environmental conditions. The rip-
est fruit, well lit by the sun during their growth, have
the richest color and thus higher content of anthocya-
nins in their skin compared to not ripe, insufficiently
lit fruit of the same cultivar [8]. It is noteworthy that in
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addition to anthocyanins, carotinoids and chlorophyll
participate in coloring apple fruit as well [9].

High content of anthocyanins is also considered to be
valuable for human health due to antioxidant features of
these compounds [10, 11]. Thus, a trait of red apple skin
got transformed into a marker of the health-improving
property of apple fruit in the breeding programs.

MAS by skin color was launched after the identifica-
tion of RAPD-marker, associated with gene Rf. Cul-
tivars may be divided into “predominantly red” and
“non-red” by its use. Thus, the first breeding programs
of creating new apple cultivars by this trait used the
mentioned marker [12]. It was assumed that the trait
of red apple skin was determined by the availability of
dominant alleles of gene Rf — A' and A? (each of them
separately and both together), yellow-green color was
conditioned by the expression of the homozygous re-
cessive genotype by one or two alleles of gene Rf.

Later dCAPS-marker, associated with single nucleotide
polymorphism (SNP) in the promotor of gene MdMYRBI,
was created [13]. Its application allowed discriminating
136 seadlings from crossing of cultivars Golden Delicious
and Crisp Pink [1]. However, a number of works noted
that the availability of allele MdMYB-1 in the genome of
apple cultivars cannot guarantee the occurrence of this
trait, instead it indicates only a higher probability of the
manifestation of red color of fruit skin [14, 15].

The aim of this work was to investigate the possibil-
ity of introducing promising apple cultivars, breeding
by IH NAAS, by the availability of valuable allele vari-
ants of gene Rf, associated with the color of apple fruit
skin, into breeding programs in Ukraine.

MATERIALS AND METHODS

The shoots of apple cultivars and hybrid forms, se-
lected in the experimental orchards of the Department
of breeding of fruit and small-fruit crops, I[H NAAS,
were used as initial material. DNA was extracted from
fresh young leaves using modified CTAB ( hexadecyl-
trimethylammonium bromide) method.

Universal primers for this gene were used to identify
allele variants of gene Rf, responsible for apple skin
color [12].

Nucleotide sequences in the direction 5'—3":
Forward —- GACAGGTTACGGTCCACTGCT;

Reverse —~ACGTAAGGTCAAAGATTCAGATC.

The reaction mixture for PCR of 20 pl contained 40 ng
DNA; 75 mM tris-HCI (pH 8.8 at the temperature of
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Fig. 1. The electrophoregram of amplification products of
genomic DNA of apple cultivars and hybrid forms with uni-
versal primers to the gene of red apple skin, Rf: 1 — Teremok;
2 — Kateryna; 3 — Skifske zoloto; 4 — Gala; 5 — Idared; 6 —
Golden Delicious; 7-16 — hybrid forms

25°C);20mM(NH,),SO,;0.01%Tween20;0.2mMdNTP;
200 mmol of each primer; 1 unit of 7Tag-polymerase.

The amplification reaction was conducted in three sta-
ges: [ — 1 cycle: 94 °C, 2 min; II — 40 cycles: 94 °C, 30 s;
47°C, 1 min; 72 °C, 1 min; III — 1 cycle: 72 °C, 7 min.

The fragments obtained were separated in 1.5 % aga-
rose gel in tris-borate buffer at the voltage of 5 V/em
for 1 h. The gels were registered by photography after
staining with ethidium bromide. 100 bp DNA Ladder
Plus (Fermentas, "Lithuania") was used as a molecular
weight marker (Fig. 1).

The amplification with these primers allows obtain-
ing four markers. The availability of dominant allele
A' is determined by the marker of 1160 bp, and that
of a recessive allele a' — 1230 bp. The availability of
dominant allele A? is determined by the marker of
1180 bp, and that of a recessive allele a> — 1320 bp (Ta-
ble 1). Markers of 1160, 1180, and 1230 bp are known
for their high homology. The differences between them
consist in a small insertion-deletion and one nucleotide
replacement.

RESULTS AND DISCUSSION

The availability of red fruit skin color of some degree
was observed in 13 out of 17 apple cultivars in the col-
lection. Fruit color was evaluated visually by its avail-
ability and intensity degree of red color. Five groups
of cultivars were distinguished (Fig. 2): cultivars of

Table 1. Markers, defining apple tree genotype by gene Rf

Allele Legﬁth, Phenotype manifestation
Al 1160 Red skin
a' 1230 Yellow skin
A? 1180 Red skin
a’ 1320 Yellow skin

55



UDOVYCHENKO et al.

0 1 2 3 4

Fig. 2. The categories of phenotype manifestation of the fea-
ture of red color of apple fruit (0—4 — score) [12]

Fig. 3. Cultivars — homo-
zygotes by dominant al-
leles A' and A? of gene Rf:
A — Amulet; B — Perlyna
Kyieva; C — Edera

dark red and purple color (4 points), with red color (3
points), with medium color degree (2 points), with poor
color (1 point) and cultivars with no red color at all
(0 points). Cultivars Papirovka, Golden Delicious, An-
tonivka and Mutsu were referred to the last group. The
control cultivars were the ones, the genotypes of which
by gene Rf are already known, in particular, Golden
Delicious, Idared and Gala [12].

The analysis using universal primers to gene Rf dem-
onstrated the carriers of homozygous genotype by dom-
inant alleles A! and A? to be cultivars Perlyna Kyieva,
Edera and Amulet (Table 2). Thus, among all the stud-
ied cultivars the latter are the most promising ones to
be used as basic forms in breeding schemes of creating
cultivars with red color of fruit skin. It is noteworthy
that phenotype manifestations of the mentioned trait in
three mentioned cultivars are expressed differently, in
particular, cultivars Amulet and Perlyna Kyieva may be
scored 4 points, whereas Edera — 3 points (Fig. 3).

Another cultivar with high potential for breeding by
this trait is Harant with the genotype A'a'A%A? (Fig.
4). In addition, homozygous carriers of dominant al-
leles are five other cultivars with red skin, including
Rubinove Duky, Radohost, and Askolda with the same

Table 2. Genotypes of apple cultivars of Ukrainian and international selection by genes Rf

. Genotype
Cultivar Frt:é()c;lor, Origin by ge}llll::
Rf
Teremok Red, 4 25/2-D (Aport Alexander x Jonathan) x Grive Rouge AlAl
Radohost Red, 4 Jonathan x Greensleeves A’A?
Kateryna Yellow-red, 2 Golden Delicious x McIntosh Wijcik a'a'A%a?
Skifske zoloto Green with light | SR-0523 [Red Melba x (Wolf River x Malus atrosanguinea-804] x Honey- | a'a!A%a?
“bloom”, 1 gold
Rubinove Duky | Red, 4 Jonathan x Aport Alexander AZA?
Papirovka Green, 0 Baltic old selection cultivar alal
Askolda Red-green, 3 25/2-D (Aport Alexander x Jonathan) x Kidd’s Orange Red A2A?
Garant Red, 2 Idared x -2034 AlalA2A2
Ornament Red, 4 22/22 D (Jonathan x Aport Alexander) x Starkrimson AlA!
Edera Red, 4 Rubin x Priscilla A'ATA2A?
Perlyna Kyeva Red, 4 Rubin x Priscilla AlATAZA?
Amulet Red, 3 Rubin x Priscilla A'ATA2A?
Antonivka Green, 0 Russian old selection cultivar alalAZA2
Mutsu Green-yellow, 0 | Golden Delicious x Indo alalaZa?
Gala Red, 3 Kidd’s Orange Red x Golden Delicious Alalaa?
Idared Red, 3 Wagener prize % Jonathan a'a'A%a?
Golden Delicious | Green-yellow, 0 | Seadling alala2a?
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Fig. 4. Cultivars — homozygotes by one of the dominant alleles A! and A? of gene Rf: A — Harant; B — Rubinove Duky; C —

Radohost; D — Teremok; E — Ornament; F — Askolda
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Fig. 5. Phenotype of cultivars with genotype a'a' A%a>: A — Kateryna; B — Skifske zoloto; C — Idared

genotypes of A2A?, though phenotypically they are
considerably different in their colors.

Cultivars Kateryna and Skifske zoloto were found
to be equal in their genotype — a'a' A%a’. The pheno-
typic manifestation is similar for them (Fig. 5, A, B).
At the same time Idared, which has the same genotype
by these markers, is remarkable for much more intense
color of its skin (Fig. 5, C). This specificity may be
explained by the fact that it is the carrier of another al-
lele variant, associated with red skin, namely, dCAPS-
marker, associated with SNP in the promotor of gene
MdAMYBI [14]. A similar genotype by gene MdMYB] is
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observed for cultivars Amulet and Perlyna Kyieva [14].
All the mentioned cultivars are remarkable for their in-
tense red color, and may undoubtedly score 4 points.

All the cultivars with green skin, analyzed in the
presented work (Fig. 6), had homozygous genotype
by the recessive allele a'. Cultivars Golden Delicious
and Mutsu had the same genotype by two alleles —a'a!
a’a’, and Papirovka — genotype, determined solely by
one allele — a'a'. The genotype of Antonivka cultivar
(a'a' A%A?) (Fig. 6, A) with green fruit was found to
be rather close to genotypes of cultivars Kateryna and
Skifske zoloto, which would score 2 points for fruit
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Fig. 6. Cultivars with green skin: A — Antonivka; B — Mutsu; C — Papirovka; D — Golden Delicious

color. Thus, the genotype which has both recessive
and dominant alleles of gene Rf, does not ensure pre-
cise prognosis of skin color at the juvenile stage. This
requires the identification of other genes, determining
skin color of apple fruit.

Therefore, high reliability prognosis of apple skin col-
or is possible only in case of the availability of a homo-
zygous genotype by dominant alleles A' and A? of gene
Rf. In other cases the matter may be only about tenden-
cies in possible phenotype manifestation of the trait. It is
also evident that another gene, for instance, MdMYBI,
may influence the intensity of apple fruit color by the
presence of homozygous genotype by allele a' and the
heterozygous genotype — by allele A% which was found
while comparing the results, obtained by other authors.

CONCLUSIONS

The promising cultivars in terms of the gene of red
skin color of apple fruit were identified, in particular,
carriers of homozygous genotypes by dominant alleles
A'and A% Perlyna Kyeva, Edera and Amulet.

Cultivars Rubinove Duky, Ornament and Teremok,
which are homozygotes by one of dominant alleles (A'
or A?) have high potential of being involved in breed-
ing programs by fruit color.

The prediction of apple fruit skin color is possible
only in case of the available homozygous genotype by
both alleles of gene Rf-

The plants with heterozygous genotypes by gene Rf
require additional observations and studies.
Acouianis ajieIbHUX BapiaHTiB rena Rf
3 YepBOHHUM 320apBJEHHAM IIKIPKH NJI0AIB
Y copTiB s10/1yHi yKpaiHCbKOI cesleKuil
K. M. Vnosuuenko, f. 1. Isanosuy, H. B. Tpsiminuna
e-mail: tryapic@ukr.net
IncrutyT caniBaunrea HAAH

Byn. Camosa, 23, HoBocinku,
KwuiBcbka obmacts, Yipaina, 03027

Meta. OIIHUTH MOXJIMBOCTI 3aJy4eHHs A0 CEJCKIIHHMX
IporpaM IepCreKTUBHUX COPTIB s0MyHI cenekuii [HeTuTyTy
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cagisaunTBa (IC) HAAH 3a HasBHICTIO IIHHUX aJeIbHUX
BapiaHTiB TeHa Rf, MOB’SI3aHOTO 3 YEPBOHHUM KOJIHOPOM
mKipku wioniB s6myHi. Metoam. [lomimepasHa JTaHITIOTO-
Ba peakilist, eaekTpodope3 B arapo3HOMy TIeji, OIliHKa
(heHOTHITOBOTO TPOSIBY O3HAKH KOJIHOPY IIKIPKH SOTyKa
3a 0ajpHOI0 HIKanowo. PedyiabraTu. Bu3HaueHO reHOTHITH
17 coptiB sI0OMyHb PI3HOTO TCHETHYHOTO MOXOKCHHS, Y
tomy umcmi 12 copriB cenekiii IC HAAH, 3a ajenpHUMU
BapiaHTamu TeHa Rf. 31iiiCHEHO MOpIBHSHHS pe3yJbTaTiB
IEHETUYHOIO aHali3y 1 BI3yaJIbHUX CIIOCTEPEKEHb 32 (heHO-
TUIIOBUM TIPOSIBOM O3HAKH KOJIbOPY ILIOMIB PI3HUX COPTIB
sg0myHi. BucHOBKH. VY CeNeKIiiHuX mporpamax sk BHX1IHI
(hopMH pPEKOMEH/IOBAaHO BUKOPHCTOBYBaTH COPTH SIOJNYyHI
Awmyrner, Ilepnuna Kuesa i Enepa, koTpi € ToMO3UTOTHUMEU
HOCismMu JoMiHaHTHUX ajeiB A' 1 A% rena Rf. [loka3aHo, 1110
TOYHE TPOTHO3YBAaHHS KOJILOPY IIKIPKH sOJyKa MOXKJIMBE
JIMIIE 33 HAsBHOCTI TOMO3WTOTHOTO TEHOTHIYy 3a obOoma
anensMu rexa Rf.

KirouoBi ciioBa: s0myHs, TeHH 3a0apBleHHS LIKIPKH 510-
JyKa, CTIHKICTh NMPOTH MapIli, CENEKIisl, MOJICKYIIpHO-Te-
HETUYHI MapKepH.

Acconmanus ajjieIbHUX BAPDUAHTOB reHa Rf
€ KPacHBIM LBETOM KOKHIIbI IJI0/I0B
Y COPTOB SIOJIOHU YKPAMHCKOI CeleKIuu

K. M. Ynosuuenxo, f. Y. Usanosuy, H. B. Tpsnununa
e-mail: tryapic@ukr.net
Wucturyt canosonctea HAAH

Vn. Cagosas, 23, HoBocenku,
Kuesckas obmacts, Yrpanna, 03027

Heab. OueHUTs BO3MOKHOCTH TPUBJICYCHUS B CEJICKITH-
OHHBIEC TIPOTPAMMBI TIEPCTIEKTUBHBIX COPTOB SOJOHU CENeK-
un UactutyTa canoBoactea (MIC) HAAH B cooTBeTcTBHI
C MPHUCYTCTBHEM B WX TEHOTHIIC IEHHBIX AJICTBHBIX Ba-
pPHAHTOB TeHa Rf, CBSI3aHHOTO C KPACHBIM I[BETOM KOXYPbI
mioa0B sOnmoHu. MeTtoabl. [lomnMepasHas IemHas peax-
IUsi, DIEKTpodope3 B arapo3HOM renie, OIEeHKa (EeHOTH-
IMMYECKOTI'0 TMPOABIICHUA ITPU3HAKA HBETA KOXYPhI SIOJIOKa
no GannpHOI mKase. Pesyabrarbl. OnpeneneHsl TeHOTHIIB
17 copToB sI0;I0HU Pa3HOTO TEHETUYECKOTO MPOUCXOKICHHUS,
B ToM yncine 12 copros cenexkuuu MC HAAH no annensHbIM
BapuantaMm reHa Rf. [IpoBeneHO cpaBHEHHE pe3ylbTATOB
TEHETUYECKOTO aHajM3a W BH3yaJbHBIX HAONIONCHUH 3a
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(CHOTHIMYECKUM TPOSIBICHHEM IPU3HAKa [BETA KOXKYPBI
IUIO/IOB PA3JIMYHBIX COPTOB. BBIBOABI. B ceneKnMOHHBIX
nporpaMmax Kak BBIXOJHBIC (OPMBI PEKOMEHIYETCS HC-
monp30BaTh copra Amynert, Ilepneina KueBa u Dnepa, ko-
TOpBIE SIBISAIOTCS TOMO3UTOTHBIMU HOCHTEISIMH TOMHHAHT-
Heix amneneit Al m A2 rena Rf IlokasaHo, 4To TOYHOE
NPOTHO3UPOBAHUE IBETa KOXKYPBI SI0JIOK BO3MOXKHO TOJIBKO
IPY HAIXYMH TOMO3UTOTHOTO I'€HOTHUIIA IO 000UM aJUIeIsIM
rena Rf.

KaroueBrnle ciioBa: 516J'IOHSI, T'C€HbI OKPACKU KOXKUIIbI s10710-
Ka, CTOUKOCTH MMpOTUB TMapiird, CCJICKIUA, MOJICKYIAPHO-
TFCHCTUYCCKUE MAPKEPLI.
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