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Abstract
The apple scab disease has probably evolved over a long time along with the apples. The disease is caused by the
fungus Venturia inaequalis (Cke.) Wint, anamorph Spilocaea pomi Fr. The aim of this study were the isolation and
quantification the genomic DNA on old Romanian varieties in order to select the most important to them for the Marker
Assisted Selections (MAS) on apple trees. This paper presents the results of DNA isolation by exploring local
populations of apple like ‘Prescurate’, ‘Seghese’, ‘Vieşti’ and ‘Kniş’ apples old varieties, that are well adapted to the
conditions in Romania and that are un interesting genetic potential for resistance to scab. Only the old apple varieties
were used in the study. The implementation of marker selection depends on the quality and quantity of isolated genomic
DNA. The results of the quantification performed following genomic DNA isolation show a large variability in the
amount of DNA in each old apple variety. The DNA concentration in apple varieties both parents and some descendants
have shown that the values are higher in parents than hybrids, with the highest value for ‘Turnu’ variety with 179.1 ng /
μl, followed by ‘Calvil alb’ variety with 161.1 ng / μl, then ‘Varga’ variety with 155.0 ng / μl.
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INTRODUCTION

breakdown of this type of resistance has been
found in the literature; thus, ontogenic
resistance is considered durable (MacHardy et
al., 2001). Goethe (1887) and Aderhold (1900)
are believed to have been the first researchers
noticing age-related resistance in the MalusVenturia pathosystem.
The authors observed a decrease of leaf
susceptibility with increasing tissue age. Nearly
three decades later, Keitt and Jones (1926)
showed an increase in incubation period and a
decrease of disease severity by increasing leaf
age.
Following these observations, many researches
have been carried out on Malus-Venturia
interaction during leaf infection. Gessler and
Stumm (1984), Li and Xu (2002), and Gusberti
et al. (2012) showed that the fungus grew faster
in young leaves compared to old ones.
The first unfurled and expanding leaf is
considered susceptible to the apple scab
disease, while the fifth leaf (starting from the
top of the shoot) is considered fully resistant
(MacHardy, 1996).
Disease resistance mechanisms during tissue
ontogenesis have been studied in different plant
pathogen systems and some factors have been

Apple (Malus x domestica Borkh.) is one of the
most cultivated fruit crops in temperate
climates. The major constraint of apple
cultivation is the apple scab, a fungal disease
caused by Venturia inaequalis, which can lead
to important crop losses if not properly
controlled (Holb et al., 2003).
The 17 major resistance genes in apple (Rvi1 to
Rvi17) against V. inaequalis have been found
(Bus et al., 2011).
Only Rvi6 (previously Vf from Malus
floribunda 821) has been extensively used for
resistance breeding to date (Gessler et al.,
2012).
Since the breakdown of the Riv6 gene in the
early nineties (Parisi et al., 1993), new breeding
programmes have started to investigate other
resistance genes for future resistance breeding
(Gygax et al., 2004; Gaecia-Ruiz and Murphy,
2001).
An increase in resistance with increasing apple
leaf age (ontogenic resistance) has been
observed in all apple genotypes and is known
to act against all known Venturia inaequalis
strains. Up to know, no report of the
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suggested to be correlated to the observed agerelated resistance.
Among them, the most important appears to be
chemical compounds such as salicylic acid
(Kus et al., 2002; Hugot et al., 1999) and
pathogenesis-related proteins (Wyatt et al.,
1991), physiological barriers like the cuticle
(Peries, 1962), lenticels (Kennelly et al., 2005),
restricted phloem movement (Garcia-Ruiz and
Murphy, 2001) or a limiting nutritional
substrate for fungal infection (Juen
and
Hwang, 1991).
However, since a different mechanism for agerelated resistance is described in each crop
plant, much work remains to unveil the
mechanism underlying this type of resistance in
other plants. In apple, several aspects have been
investigated in order to unveil the nature of
ontogenic resistance.
Physiological barriers like the cuticle and
papillae (Stadler, 1988), were not correlated to
the age-related resistance.
The objectives of this study were the isolation
and quantification the genomic DNA on old
Romanian varieties in order to select the most
important to them for the Marker assisted
Selections on apple trees.

with the FP 120 Fast-Prep machine (Bio 101
Savant Instruments Inc., Qbiogene, France) for
30 s at a speed of 5.5 m s-1 with an intermediate
immersion in liquid nitrogen between the two
grinding steps. Total RNA Isolation System
(Promega Corporation, USA) and column
purified following the manufacturer’s instructtions.
After RNA isolation and quality assessment,
samples were stored at -80°C until cDNA
library construction and transcriptomic assay
the each population were carried out according
to conditions specified in Zhebentyayeva et al.,
2003.
RESULTS AND DISCUSSIONS
The results on the concentration in genomic
DNA of the studied apple varieties showed that
the highest concentration was recorded in
‘Turnu’ variety with 179.1 ng / μl, followed by
the ‘Calvil alb’ variety with values of 161.1 ng
/ μl, then ‘Varga’ variety with 155.0 ng / μl,
compared to 12.6 ng / μl ‘Rosu Marin’, followed by ‘Sălciu’ with 51.2 ng / μl (Table 1).
Table1. DNA concentration in apple varieties
No. Cultivars

MATERIALS AND METHODS
Plant materials
The old Romanian apples genotypes
(‘Prescurate’, ‘Gurguiate’, ‘Viești’, ‘Kniș’, ‘Turnu’,
‘Moharat’) were tested for their ability to
support the artificial infection to scab. All this
material was inoculated (by spreeding) with
fiels races of Venturia inaequalis.
DNA isolation and SSR analysis
Genomic DNA was isolated from fresh apple
leaves using the hexadecyltrimethylammonium
bromide (CTAB) protocol described by. DNA
concentrations were measured by a NanoDrop.
Working of dilutions of genomic DNA at 100
ng/μl in TE buffer (pH 8.0) were prepared for
analysis. Fresh leaf tissue (<100 mg) was
sampled from inoculated and uninoculated leaf
samples at 72 and 96 hpi and collected in 2 ml
Eppendorf tubes (Eppendorf, Germany),
previously prepared with 5 to 10, 2 mm sterile
glass beads, immersed in liquid nitrogen
immediately after sampling and stored at -80°C
until processing. Tissues were ground twice
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15

Prescurate
Turnu
Sălciu
Venchi
Gurguiate
Iridium
Calvilalb
Vânători 48
Varga
Renet
Portocaliu
Costat de
Albești
Andrifișer
Roșu Marin
Sângeriu
Roșu de
Cluj

Conc
DNA
(ng/µl)
121.3
179.1
51.2
76.9
114.6
55.2
161.1
87.2
155.0
143.7

Rapport
260/
280
2.21
2.11
2.50
2.30
1.88
2.54
2.16
2.23
2.04
1.35

46.8

2.00

97.8
12.6
66.5
59.6

2.04
2.38
1.91
2.04

Rapport
260/
230
0.23
0.29
0.14
0.15
0.60
0.12
0.31
0.17
0.29
0.56

Absorbance
x260
2.425
3.582
1.028
1.537
2.291.
1.104
3.222
1.744
3.099
2.874
0.454

5.57

1.957

4.55
11.83

1.330
1.192

The results of the quantification performed
following genomic DNA isolation show a large
variability in the amount of DNA in each old
apple variety (Figures 1-4).
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and precipitation of proteins with organic
solvents such as phenol and chloroform;
Following centrifugation, the precipitated
proteins can be separated from the DNA, which
remains in the supernatant.
The implement of resistance older apple
varieties of Romanian origin could be a
promising way for a viable breeding program in
Romania.
First step in this work was the identification
and collection (from different parts of the
country) and evaluation an important number
of old local varieties (Ion L. et al., 2016)

Figure 1. Apple DNA isolation
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Figure 2. DNA concentration on apple cultivars

Figure 4. Apple DNA for absorbance 260

DNA purification involves the removing from
the lysate all components except DNA,
dividing the DNA, that is, separating the
different DNA species into distinct categories.
The two aspects are not necessarily constituted
in separate events.
In fact, DNA purification can still begin at the
stage of cell lysing.

Using DNA markers of resistance to V.
inaequalis will be based on the polymerase
chain reaction (PCR).
Recovery in the Romanian breeding program
the old local varieties, best suited to the
climatic conditions of Romania was used like a
natural source of resistance to pathogen attacks.
CONCLUSIONS
During three years of field-controlled
pollination for new hybrids, other sources of
resistance such as some old apple varieties,
such as ‘Amelie Wacsman’, ‘Gurguiate’, ‘No
Name’, ‘Mohorât‘, ‘Nobile de Geoagiu‘,
‘Plocsay’s favorite‘ etc.
The final number of signatures was relatively
low.
Regarding the DNA concentration in apple
varieties both parents and some descendants
have shown that the values are higher in
parents than hybrids, with the highest value for
‘Turnu’ variety with 179.1 ng / μl, followed by
‘Calvil alb’ variety with 161.1 ng/μl, then
‘Varga’ variety with 155.0 ng / μl.

Figure 3. Aspects of DNA isolation

Removal (after lysate formation) of all
biomolecules and contaminants of DNA is
accomplished by several methods: denaturation
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