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Abstract

Eigth apple (Malus x domestica Borkh.) cultivars: ‘Delikates, ‘Cortland, James Grieve, ‘Lired, Jonathan, ‘Golden Delicious,
Jonagold’ and ‘Tdared’ were characterized by two different molecular tools. These included analysis of the distribution of RAPD
markers and length variability of the SSU, 5.85, LSU and ITS region of the nuclear rRNA genes assessed in PCR reactions with different
combinations of ‘universal’ primers. RAPD analysis was performed with 17 out of 24 RAPD primers tested. Those amplified a total of
183 loci (872 amplicons) out of which 34 (18.5%) were monomorphic, 128 (69.5%) were polymorphic and 22 (12%) cultivar-specific.
Cultivar-specific RAPD products were detected for each apple cultivar. Amplification of the rDNA sequences showed variability.
Fifty-four amplicons were generated in the experiment including 14 monomorphic, 26 polymorphic, and 14 cultivar-specific products.
Alrogether 232 amplicons were generated, whose length ranged from 220 to 940 bp. The analysis of dendrograms constructed on the
basis of the analysis of RAPD genetic profiles and profiles amplified on rDNA matrices showed their significant correlation (Mantel test:
r(AB) = 0.430; p-value (Two-tailed) = 0.024), which proves that the used mechods correctly presented variability within the examined

cultivars, and the molecular markers identified in the study can be considered appropriate.
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Introduction

Apple (Malus x domestica Borkh.), together with
many economically significant fruit plants growing in the
temperate zone, belongs to the family Rosaceae (King ez
al., 1991).

The genus Malus Mill. comprises from 25 to as many
as 47 species, and the number has been changing and de-
pends on the possibility of approval of new species or hy-
brids (van Treuren et 4., 2010; Yan ez al., 2008).

Apple is a species that is highly diversified in terms of
morphological, phenological and genetic traits (among
other things genotype polyploidy) (Zhou and Li, 1999).
Many studies on the genus Malus have been conducted.
They included studies on the use of molecular tools to
identify cultivars and rootstocks, to construct genetic
maps, and in marker assisted selection (MAS), using vari-
ous types of markers: RAPD (Royo and Itoiz, 2004; Ses-
tras et al., 2009; Zhou and Li, 2000), SSR (van Treuren
et al., 2010) or ISSR (Goulio and Oliveira, 2001; Smolik
and Krzysztoszek, 2010).

rDNA sequences have become a subject of numerous
experiments. Nuclear rDNA are grouped into arrays
consisting of hundreds to thousands of tandem repeats.
This region includes two spacers (ITS1 and ITS2) that
separate the SSU (18S), 5.8S and LSU (26S) of nuclear
ribosomes genes (Baldwin, 1992). ITS sequence data
have been extensively documented to provide insights
into phylogenetic history, polyploidy ancestry, genetic

relationships and fingerprinting (Alvarez and Wendel,
2003).

There are many studies in the scientific literature where
authors describe genetic variability of various types of se-
quences (including rDNA) and base the interpretation
of results on the significance of correlation coefhicient
between the genetic similarity matrices calculated for the
variability described within the examined sequences. In the
case of a significant correlation, the described results gain
in value. During analysis of IDNA sequences, variability
per se within them should be taken into account together
with variability resulting from the occurrence of IDNA
fragments polymorphic in length (e.g. additional ITS am-
plicons), especially in polyploid genotypes (Smolik e 4/,
2010, 2011). Using different pairs of ‘universal’ primers in
the PCR analysis, it is possible to amplify products of dif-
ferent length in a reaction with only one pair of ‘universal’
primers. It may be difficult to choose an amplicon repre-
sentative for IDNA sequences for sequencing and further
analyses. Therefore, a question arises whether selecting a
definite amplicon for sequencing and disregarding others
introduces a too considerable error into the results of the
analyses. The scientific literature on the taxonomy of sub-
jects based on the analysis of IDNA sequences does not
provide full explanation if one reaction product, charac-
teristic of the genus (e.g. ITS), or a mixture of e.g. ITSs
of different length, was taken into consideration in the se-
quencing of regions/products.
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Therefore, the aims of the present study were; to iden-
tify the genotypic variability between eight apple cultivars
(‘Delikates, ‘Cortland;, ‘James Grieve, ‘Lired’ and ‘Jona-
than] ‘Golden Delicious, Jonagold” and ‘Idared’) using
RAPD technique, to describe the variability between the
cultivars on the basis of DNA profiles obtained as a result
of amplification of additional IDNA products, generated
in reactions with various combinations of pairs of ‘univer-
sal’ primers, and to conduct the analysis of correlation of
the genetic similarity matrices obtained in the analysis of
variability of random DNA and rDNA sequences.

Materials and methods

Eight apple cultivars; ‘Delikates, ‘Cortland; ‘James
Grieve, ‘Lired, Jonathan, ‘Golden Delicious, Jonagold’
and ‘Idared’ from the collection of the Fruit Growing Re-
search Station in Rajkowo of the West Pomeranian Uni-
versity of Technology in Szczecin were used in this study.

DNA preparation

Total DNA was extracted from fresh leaves. Plant ma-
terial (+100 mg) was ground in liquid nitrogen with a
mortar and pestle and incubated at 37°C with Protease K.
The DNA extraction was described in Genomic Mini AX
Plant protocol (A&A Biotechnology Gdynia-Poland).
RNaseA (Sigma-Aldrich) was added (2 ul) to the DNA
samples to eliminate RNA contaminations by incuba-
tion at 37°C for 10 min. Genomic DNA was quantified
(GeneQuant DNA/RNA Calculator-Pharmacia LKB) to
obtain 50 ng DNA pro 1 ul of DNA template.

RAPD amplification

PCR amplifications were performed with a set of 24
random primers-part of Operon kits (Operon Tech-
nologies USA). Reaction mixture (25 pl) contained
10x PCR buffer with (NH,),SO,, 2 mM of dNTPs, 25
mM MgCL, 2.5 uM of primer, 1u of 7zg DNA poly-
merase enzyme (Fermentas MBI) and 50 ng of template
DNA. The reactions were performed in Mastercyckler
5333 (Eppendorf). The program of thermal cycling was
as follows: initial activation step at 95°C for 1.5 min fol-
lowed by 40 cycles of 1 min at 94°C, 1 min at 36°C and
2 min at 72°C, with a final extension step at 72°C for 10
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min. The amplification was concluded by a final extension
at 72°C for Smin.

rDNA. Oligonucleotides for PCR amplifications

The analysis encompassed nuclear tDNA, including
the following sequences: SSU, I'TS1; 5.85; ITS2 and LSU.
The general structure and the arrangement of the ana-
lyzed sequences encoding the formation of rRNA genes
are presented in Fig. 1. The figure also includes names, ap-
proximate locations and directions of the hybridizations
of primers used for PCR reactions. The origin of primers,
sequences and their authors are presented in Tab. 1.

Tab. 1. rDNA sequence targeted PCR primers used in this
study

tDNA fragment

Primer’ Author(s
amplified rimer’s name uthor(s)
SSU NSI1,NS2, NS4, NS3 White ez al., 1990
NS5, ITS2, ITS5,1TS1 White e# al, 1990
ITS1 5.88, . x
Vilgalys and Hester”, 1990
SRER Gardes and Bruns, 1993
ITSI.F Jardcs al runs,
T$2 ITS3,ITS4 White et al., 1990
1TS4-B, 5.8SR Vilgalys and Hester, 1990
LSU LR7,LR3R Vilgalys and Hester, 1990

*Vilgalys unpublished [heep://www.botany.duke.edu/fungi/mycolab]

PCR amplification of rDNA sequences

PCR mixtures (25 pl) contained 10x PCR buffer with
(NH,),SO,, 2 mM dNTPs and 25 mM MgCl,, 1.0 units
of 7ag DNA polymerase (Fermentas MBI), 2.5 uM of each
primer and 100 ng of template DNA. DNA was amplified
using a Mastercycler 5333 (Eppendorf) thermocycler and
using the following program: initial denaturation at 94°C
for 7 min, 40 cycles of 30s at 94°C, annealing temperature,
2 min at 72°C and 7 min at 72°C for a final extension.
The annealing temperature was usually adjusted according
to the T of the primers being used in the reaction (Tab.
1). Amplifications were performed according to the touch-
down PCR protocol by raising the temperature of the first
singles cycles by 6°C above the annealing temperature,
adopted from the preliminary experiments for both prim-
ers.

1 rDNA repeat unit

SR6R

ITS5

ITS1 ITS3

NS 1 NS 3NS5ITS1-F 5-§§5_ng LR;R
SSU (18S) RNA [TS1 5.8 [TS2 LSU (25-28S) RNA IGS1 5SRNA  IGS2
" - - - - - EEE
NS 2 NS 4 ITS2 ITS4 LR 7
5.8S ITS4B

Fig. 1. IDNA unit. Arrows indicate aproximate positions of primers used to generate amplicons in different tDNA

regions. Primer’s names, sequences and they authors were listed in Tab. 1
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Electrophoresis and data analysis

PCR products were separated by electrophoresis on a
1.5% agarose (Basica LE-Prona) in 1x TBE buffer, then
stained with EtBr and visualized (MiniBIS Pro-DNR
Bio-Imagining System-Isracl). O’RangeRuler 200 bp
DNA Ladder (Fermentas MBI) was used as a size marker
(3000-200 bp). RAPD and rDNA products were scored
as 1 (present) or 0 (absent) for the cultivar and similarity
index matrices were generated based on number of shared
fragments. The similarity coeflicient between accessions
compared was determined by Jaccard’s coefhicient (Nei
and Li, 1979). Similarity matrices were generated using
the PhylTool software (Buntjer, 2001) and were compared

Tab 2. Cultivar-specific RAPD products generated for eight

apple cultivars

Cultivar-specific RAPD products

by calculating the product-moment correlation (Pearson)
between matrices and the Mantel (Daniel’s) test statistic
(Z) of significance using the XLSTAT subprogram. The
relationships between the eight cultivars were presented
graphically. The strength of the internal branches from the
resulting tree was tested by TREECON bootstrap analysis
application using 2,000 pseudoreplications (Felsenstein,

1985; van de Peer and de Wachter, 1994).
Results

Randomly amplified DNA (RAPD) and rDNA length
polymorphism showed that the eight apple cultivars ex-
hibited a relatively wide range of variability. The analysis of
genetic profiles revealed that the range of variability, deter-
mined with the use of each of the methods separately, was
similar. In the both methods, polymorphic and cultivar-

Cultivars ] . . . RPN
and their lengths in bp specific products were amplified. Variability (length poly-
( ~ OPA 01,503 OPA 02, 114100500 OPA_03 (1 s 5 morphism) was found within rDNA sequences, presented
Cordand”  OPG_14,,; OP] 13 . . as amplicons polymorphic in terms of length, generated
OPW_02,, 1550, 550 OPM_12, ;op W 1301530, 5201 in reactions with different pair combinations of ‘universal
Delikates’ 81131\’\(701 1760, 890]" OPA—03 [600] OPW 01 1140 primers,
13
— 1971280
TJames OPA—Ol [1300, 690, 630)° s OPA_02 [780)° ; OPA_03 [450, 350]; RAPD-Random Amplzﬁed Pol morp/ﬂic DNA
] )
Grieve’ OPA_04 7 g OPG_14(y OPM_02,; Twenty—four primers were used in reactions, generating
OPM_12 ; OPW _ 07 5 OPW_ 13 . Cq .-
(1120, 4307 taror to30] 17-465 amplicons. The range of variability was assessed on
OPA_O153 OPA_02;,,; OPA_03,,; the basis of 232 products, of which 112 were polymorphic
Lited  OPJ_01,..; OPM_03,, . OPW 01 - ~ procucts, POTyMOIpAIC,
OPM_ 12 s OPW_09 OPW 1% 114 were cultivar-specific, and 6 were monomorphic. On
. e ol average from 43 (‘Idared’) to 71 (‘Jonagold’) products were
OPA_01 M;OPA 02 0o OPA_O4 0 1 8 : gold ) produ
= . generated for the examined apple cultivars. Their length
OPG—14 1320 1180, 970)” OPJ 01 OPM 13[”50, 390, 340]”
OPM 0 L OPM. 03 ranged from ~2780 (OPM_05) to ~220 bp (OPM_03).
‘Jonathan’ = 17)0 1120, 750, 570]* HIU 25 0
OPW—OI 590, 530]” O W 02 [520; 400 . X
OPM—OS [1350, 880, 780, 700, 510, 370J POZymOVphZC ZOCZ
OPM—lz{szo,z;so OPW_13,35 1 The greatest number of products (22) was amplified in
Golden ~ OPA_OL s OPA_02,,,; OPA_03,,,; OPA 04[1320]; a reaction with primer OPA_03, and the least-5, respec-
Delicious’ 855—1;; 1i20] (C))II)>\\>>VV (())19 81;)& 01531170 x0) tively: with primers OPJ_13, OPW_07, and 7 in reactions
—“nwp 160 (0] with each of the primers: OPM_02 and OPM_01_1.
OPA—01[930 OPA—046-IO 500, 280]” OPG 141150
‘Jonagold’ OF]_O0L gy 07t OPL_L31 OPM_ o1 o007 Cultivar-specific loci
OPM_02;,5) OPM03,,,,;; OPW of [0y One hundred fourteen polymorphic and cultivar-spe-
OPM_12,,,, ;0 OPW_07 ., - OPW _ 3 - £ RAD . iy polymorp i for b 'Ph
‘dared’  OPA 03, . .: OPA 04 OPM 01, cific RA Dpro 1'1cts( ab. 2) were amplified for the cight
apple cultivars (Fig. 2).
bp
3000 ‘
2000 B B BB S T B S B = -
1000:;-—--——::--,1_:;—-__----_ 3 - - ——— —-__1:
600 —>NS - —> u = 1:-) = -—
400—» -—-—---— —_> - ¥ — e - s
200—>» — iy T o
OPM_01 OPM_03 OPA_03

MW-Molecular Weight (O’RangeRuler 200bp DNA Ladder), 1-‘Cortland; 2-‘Delikates, 3-James Grive), 4-'Lired, 5-Jonathan]

6-‘Golden Delicious), 7-Jonagold;, 8-Tdared

Fig. 2. PCR products profiles generated in amplifications with selected RAPD primers. Arrows mark selected polymorphic PCR

product
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The greatest number (32) was amplified in amplifica-
tions with 13 primers for ‘Jonathan) and the least (4)-with
4 primers for the cultivar Tdared’ (Tab. 2).

rDNA sequences

In the initial experiments, 28 universal primer pairs
were used, of which in amplifications with 17 primer pairs
combinations, distinct products were generated that dif-
fered in length and hybridization sites within the rDNA
sequences (Tab. 1, Fig. 1). A total of 44 PCR products were
generated of which 20 (46%) were polymorphic, 13 (29%)
were monomorphic and 11 (25%) were cultivar-specific
(data not shown). Amplicons (193) of the length ranging
from ~1000 (NS5+ITS2) to ~220 bp (SR6R+5.8S) were
generated for the examined cultivars. The greatest number
of polymorphic products (4) was found after using primer
pair SR6R+5.8S. The amplified products were from ~640
to ~220 bp long. Cultivar-specific products (11) were gen-
erated in reactions with the different primer combinations
and were listed in Tab. 3 and Fig. 3. More than 12 mono-
morphic products were amplified, present in all the exam-
ined apple cultivars. They were obtained by the amplifica-
tion of each of characterized rDNA sequences (Fig. 1, 3).

SSU

Two primer pairs (NS1+NS2, NS3+NS4) and par-
tially NS5+5.8S were used for amplification of SSU re-
gion. In PCR with primer combinations: NS1+NS2 and
NS3+NS4 one (530 bp) and two monomorphic products
were amplified, respectively (Tab. 3, Fig. 3).

Tab 3. Apple cultivar-specific products generated in PCR
reaction on tDNA templates

Primer’s pair and lengths of

Culdvar amplified amplicons (bp)
‘Cordand” NS5 +58S,,,,, SRER + 585, TS5 + ITS4,
James Grieve’  ITS1+1TS2
Lired  [TSIF+ITS2,,, TS5 +ITS4
Jonathan’ ITSI_F+ITS2 . ITS5 +1TS2
‘Golden Delicious” ITSIF +1TS2, ., -
Jonagold’ NS5 +1TS2,,

wﬂﬁﬁﬂ?#ﬁ% MW 1 2

bp

2000—
1500
1300
1000

ESS%xau.n.pngt

300—
200—>

100—

NN AR TATIANAANS

| 58SR+ITS4

34 b5 6 7 5 8

—— gy — gy ———
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ITS1
Combinations of eight primer pairs were used for
amplification of the ITS1 sequence (Tab. 3). As a result,
monomorphic (5), polymorphic (12) and cultivar-specific
(10) products were amplified (Tab. 3, Fig. 3), presented in
detail in Tab. 4.

ITS (ITS1+5.85+1TS2)

The ITS sequences were amplified using combination
of three primer pairs: ITSS+ITS4, ITS1_F+ITS4 and
SR6R+ITS4 (Tab. 3). As a result, three monomorphic,
polymorphic and one ‘Lired’ cultivar-specific product
were amplified, respectively (Tab. 3, 4).

1782

The sequences of ITS2 spacer were amplified using
three primer pairs combination (Tab. 3). As a result-four
polymorphic and two monomorphic products were gen-

crated (Tab. 3, Fig. 3).

LSU
Monomorphic fragment (810 bp) of the LSU se-
quence was amplified in a reaction with primer pair LR3R

and LR7 (Tab. 4).

Genetic relationships. RAPD

The analysis of topology of the constructed dendro-
gram enabled to distinguish two similarity groups cor-
responding to the pedigrees of two examined cultivars-
‘Jonagold” and ‘Delikates, respectively grouped as clusters
2 and ‘b’ (Fig. 3). Group % included the cultivars: Jona-
than} ‘Golden Delicious, Jonagold’ and ‘Idared; and group
‘b’: “‘Cortland;, ‘Delikates), James Grieve” and ‘Lired’ (Fig.
3). The phylogenetic similarity between them ranged from
0.48 between the cultivar ‘Idared’ and ‘Golden Delicious’
to 0.19 between the cultivars Jonathan’ and ‘Cortland’
(data not shown). The phylogenetic similarity of 0.32 was
found between the cultivars ‘Jonagold” and Jonathan} and
the lowest similarity (0.25) was found in the pedigree ‘2’
(‘TJonagold’) between the cultivars ‘Idared’ and ‘Jonathan’
(Fig. 3). The analysis of the topology of groups for pedigree

]

MWeadib2iale o4 .5, 6. 7. .8

_>

_>

NS1 + NS2

ITS1_F +ITS4

MW-Molecular Weight (O’RangeRuler 200bp DNA Ladder), 1-‘Cortland; 2-‘Delikates, 3-James Grive, 4-Lired, 5-Jonathan,

6-‘Golden Delicious, 7-Jonagold;, 8-Tdared’

Fig. 3. PCR products profiles generated in amplifications primers pairs designed for investigation of DNA variability. Arrows mark

selected monomorphic or polymorphic products
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5%
Golden Delicious
1311
Jonathan
1195
Jonagold
881
Idared
1823
Lired
991
2000
James Grive
Delikates
Cortland

Jonathan

1059

James Grive

603|
Jonagold

760

[ 1243 Lired

Idared

2000 1035

Golden Delicious

Delikates

Cortland

rDNA

Fig. 4. UPGMA dendrogram based on similarity index representing genetic relationships among Malus cultivars analysed by PCR

methods. Numbers indicate the real values of bootstraps in which the branch was observed in 2,000 pseudoreplications

‘b’ (‘Delikates’) revealed the highest similarity between the
cultivars ‘Cortland’ and ‘Delikates’ (0.44), and the lowest
(0.27) between ‘Cortland’ and ‘James Grieve’ (Fig. 4).

rDNA

Similar genetic relationships were found between the
cultivars in the analysis of genetic profiles obtained after
amplification of the DNA sequences (Fig. 3). Genotype
similarity ranged respectively from 63% between the culti-
vars ‘Cortland’ and ‘James Grieve’ and between ‘Jonathan’
and ‘Cortland’ to 86% between the cultivars Jonagold’
and ‘Idared’. In addition, significant correlation coefhicient
was found, assessed with the Mantel test (r(AB) = 0.430,
p-value (two-tailed = 0.024) for the matrices of phyloge-
netic similarity calculated for the examined cultivars with
the use of the RAPD technique and on the basis of the
analysis of IDNA length polymorphism.

Discussion

The results of the present study did not differ from
those obtained from such type of previous studies on vari-
ous apple accessions, including cultivars, in terms of both
the number of the used primers, and the range of length
and structure of the amplified products: poly-, monomor-
phic or cultivar-specific (Sestras ez 4l., 2009; Zhou and Li,
2000).

Hence a high percentage of polymorphic products,
including cultivar-specific (~70%) was observed by Zhou
and Li (2000) in their study of apple, Royo and Itoiz
(2004) noted 82%, and Goulio e /. (2001)-60%. Forte
et al. (2002) found 52% of polymorphic RAPD products
(loci) for 72 apple accessions. It resulted in relatively low
genetic similarity coefficients, presented by Zhou and Li
(2000) for 21 apple accessions.

Royo and Itoiz (2004) presented similarity coeflicients
ranged from 0.3 to 1.0 and Adebayo ez 4/. (2009) on aver-
age amounted to 0.65. In the present study, genetic simi-
larity coefficients for RAPD markers ranged from 0.27-

0.40 for ‘Delikates’ and 0.25-0.48 for Jonagold’ pedigrees,
respectively. Additionally, it was proved that the dendro-
gram of phylogenetic similarity properly presented genetic
relationships between the examined apple cultivars. The
grouping of cultivars enabled to divide them dependingon
the origin to a described pedigree (‘Delikates’ and ‘Jona-
gold’). The cultivar-specific RAPD products amplified in
the described experiment can be used together with the
products described for ISSR (Smolik and Krzysztoszek,
2010) as markers supporting determination of genetic
identity of cultivars, and also in tree nursery production in
order to control varietal purity, which, as it is proved by a
study by Mogdil ez a/. (2005), is not without significance.

Multicopy structure of rDNA makes amplification
highly efficient, especially on templates of diploid ge-
nomes, and becomes interesting on templates of poly-
ploid genomes (including Malus). Amplified fragments
were not too long, so, for example, the ITS sequence
(ITS1+5.8S+ITS2) on average was about 700 bp long,
apart from numerous exceptions, in whose genetic profiles
there were additional amplification products probably re-
sulting from the presence in the genome of, for example,
shorter copies of IDNA-e.g. as in the tetraploid forms of
Fagopyrum or accessions of Syringa (Smolik ez al., 2010;
2011; Yasuo and Ohnishi, 1998;).

The present study showed the possibility of amplifica-
tion of additional products of reactions with pairs of ‘uni-
versal’ primers, intentionally combined in different ways,
on the matrices of rIDNA sequences. In reactions with
ITS-flanking primers (ITS5+ITS4, ITS1_F+ITS4 and
SR6R+ITS4), products of the length ~700 bp and addi-
tional amplicons were amplified, whose characterization is
presented in Tab. 4. Among them one specific product was
amplified-for the cultivar ‘Lired’ (ITSS+ITS4[720]).

According to many authors, the ITS sequences, due
to their variability level, provide enough information that
can be used in identification of molecular markers or in
phylogenetic analyses. It is not without significance that
the sequences are inherited from both parents, they are
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variable in polyploids (Forte ez 4, 2002; Nalini ez 4/,
2007; Saini ez al., 2008) and with their help hybridity and
introgression can be assessed (Baldwin, 1992).

Shen ez al. (1998) stated that assessment of genetic
variability in the ITS1 region can be used in the identifica-
tion of species of a given organism and in determination
of genetic origin of a plant. Studying on beet, they used 18
primers in PCR reactions that generated products of the
length from 740 to 610 bp. The longest products were gen-
erated in reactions with the primers ITS2, ITS4 and ITS5
(740 bp each). Similar results were obtained from the pres-
ent study. Eighteen universal primer pairs, out of 24 used,
generated products easily identified on electrophoregrams.
Three primers (ITS2, ITS4 and I'TS5), used by Shen ez 4.
(1998) in their study on beet, were also used in a study
of apple, only in different combinations. Primer ITS2 was
used in combinations with 4 other primers (NS5, ITS1,
ITS_1F and ITSS). Primer ITS4-in combinations with 5
other primers (ITSS, ITS_1E SR6R, 5.8SR and ITS3),
while primer ITSS with the following primers: ITS2 and
ITS4. The combinations comprising the above-mentioned
primer pairs generated products of the length from 220 to
720 bp in PCR reactions. In a PCR reaction, where primer
pair ITSS + ITS4 was used, the longest generated product
was the band of the length of 720 bp, which corresponded
to the length of the products generated by these primers in
a study of beet (740 bp).

The analysis of genetic similarity dendrogram con-
structed on the basis of genetic profiles obtained in PCR
reactions (RAPD and rDNA) showed that, similarly as
in the ISSR technique (Smolik and Krzysztoszek, 2010),
the examined cultivars were divided into two groups. One
pedigree included the cultivar ‘Delikates’ and its parental
forms ‘Cortland; ‘James Grieve, and ‘Jonathan, and the
second one ‘Jonagold’ and its parental forms ‘Golden De-
licious, ‘Idared’ (a hybrid of the cultivars ‘Jonathan’ and
‘Wagner’), and the cultivar ‘Lired’ (a mutant deriving from
the cultivar ‘James Grieve’).

It was proved that there is a deviation in the grouping
of the cultivars presented on the dendrogram (rDNA).
Two cultivars Jonathan’ and ‘Lired’ were exchanged in the
similarity group @’ and ‘b. Thus the cultivar Jonathan’ was
grouped together with the cultivars forming the pedigree
of ‘Delikates, and the cultivar ‘Lired’ was grouped with
the cultivars of the ‘Jonagold’ pedigree. The other cultivars
were grouped according to their origin. Different classifi-
cation of the cultivars Jonathan’ and ‘Lired; as opposed to
their already known origin, presumably is a result of the
limited analyses. Their only results are of the analysis of ge-
netic profiles obtained in reactions with 18 combinations
of pairs of various universal primers. The values of genetic
similarity are comparable to those presented in a study by
Forte ez al. (2002) for 72 apple accessions. These authors
analysed polymorphism of -tDNA sequences collected in
the GeneBank database, and demonstrated a relatively
wide range of variability. However, the range of variability
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in relation to grouping of genotypes on the dendrogram
was consistent with the range of variability simultaneously
determined using the RAPD technique.

Significant correlation coeflicient was found, [r(AB)
= 0.430, p-value; two-tailed = 0.024)] assessed with the
Mantel test, for genetic similarity matrices calculated on
the basis of the analysis of RAPD and generated rDNA
profiles. It should be mentioned that, according to Sneath
and Sokal (1973), the calculated value of the correlation
coeflicient (significant) is too low. The authors state that in
order to describe genetic similarity matrices as significantly
correlated, the value of 't coeflicient should be higher than
0.8. On the other hand, Lapointe and Legendre (1992)

consider the matrices strongly correlated when r > 0.5.
Conclusions

The results of the present study confirm the suggestion
of many authors on the existence of great variability po-
tential of the genus Malus. However, it should be noted
that statistically significant correlation between the genet-
ic similarity matrices enables to state that the variability
within the cultivars of two known pedigrees (‘Delikates’
and ‘Jonagold’) was correctly determined. Hence the al-
ready known (even though discussed) usefulness of the
RAPD technique for determination of varietal distinct-
ness was confirmed. What is more, the amplification of
additional products on the IDNA templates demonstrat-
ed their length variability that is probably the presence of
rDNA sequence copies of different length, and also the ge-
netic potential of the genus Ma/us. The dendrogram con-
structed on the basis of the analysis of IDNA genetic pro-
files, despite it is significantly correlated with the RAPD
dendrogram, may be a source of erroneous conclusions.
The study confirms only the genetic potential of Malus
and indicates the need for including ITS sequences also
differing in copy length in the most frequent analyses.
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