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Abstract 
 
Using the process of breeding, the native apple varieties well adapted to the climate of Romania can be an 
interesting premise for inducing natural genetic resistance to Venturia inaequalis. This paper aims to study in detail 
the terms of phenological and molecular tools a few Romanian old apple varieties, ('Prescurate', 'Gurguiate', 
'S lciu', 'Venchi', 'Turnu', 'Calvil alb', 'Sângeriu', 'Iridium' etc) who showed in prior in the field conditions a natural 
genetic resistance to scab and after these studies could be reconsidered and reassessed in new breeding programs 
in Romania. For the beginning the screening with molecular markers to highlight the presence or absence of Vf 
gene, is the first step in reconsidering these old varieties of apple. 
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INTRODUCTION  
 
Apple scab also known as black spot, caused by 
Venturia inaequalis (Cke.) Wint. is one of the 
most serious diseases of apple reported from 
almost all apple producing countries and 
causes huge economic losses (up to 70% 
reduction in apple production) (Biggs, 1990, 
MacHardy et al., 2001). It might be evident 
from this review that V. inaequalis is an 
important plant pathogen because it causes 
huge economic losses and also has a very 
interesting lifestyle. It is an appropriate time 
to sequence whole genome of the pathogen. 
The availability of genome sequence will not 
only stimulate research in the field of 
Venturia-apple interactions and contribute to 
the basic understanding of this pathosystem 
but can also revolutionize the understanding 
of pathogenesis of other obligate pathogens. 
The genome sequence will help in 
identification of targets for development of 
new fungicides that are needed as the rapidly 
evolving pathogen has overcome most of the 
commonly used fungicides. 
During the course of co-evolution, V. 
inaequalis has accumulated various 

pathogenic attributes (genes) that play a 
crucial role in invasion without causing much 
damage to apple (MacHardy et al., 2001). 
Plants have evolved a set of genes to detect 
and mount resistance responses against 
pathogens. Such genes are known as 
resistance (R) genes, and the pathogenic 
factors which are detected by the products of 
these genes are called avirulence (avr) factors 
because their presence renders the pathogen 
avirulent (Dangl et al., 2001). This type of 
interaction, popularly known as gene-for-gene 
interaction, is followed by Venturia-Apple 
pathosystem (MacHardy, 1996; Boone et al., 
1971). Several R gene containing loci have 
been isolated from apple cultivars 
(MacHardy, 1996; Gessler et al., 2006) and 
efforts have been made to characterize the avr 
genes of V. inaequalis (Table 1). According to 
a new nomenclature proposed by Bus (Bus et 
al., 2009), apple scab resistance genes are 
named as Rvik (R refers to resistance gene, vi 
refers to Venturia inaequalis, and k refers to 
differential host) and the corresponding avr 
genes of the pathogen are named as avrRvik. 
During the course of coevolution, apple has 
evolved mechanisms to prevent the severity of 
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scab. The isolates of V. inaequalis provoke 
variable symptoms on different apple cultivars 
(MacHardy et al., 1996; Gessler et al., 1991, 
Chevalier et al., 2006). Based upon the extent 
of pathogen growth and nature of symptoms 
imparted by them on different apple cultivars, 
the responses are classified into class 0, 1, 2, 
3a (syn. Class M), 3b (syn. Class 3), and 4 
(Table 1). The classes 0 to 3 are considered to 
be resistance responses while class 4 is a 
susceptible response. Several monogenic and 
polygenic loci capable of imparting scab 
resistance have been identified from wild 
cultivars of apple (MacHardy et al., 1996; 
Gessler et al., 2006; Williams et al., 1969). 
Interestingly, some of the susceptible cultivars 
also demonstrate variable extent of resistance 
against isolates of the pathogen (Sierotzki et 
al., 1994). The matured leaves of apple 
demonstrate ontogenic resistance because of 
which the pathogen growth is suppressed 
immediately after cuticle penetration and 
appearance of disease symptom gets delayed 
(MacHardy et al., 1996). 
 
MATERIALS AND METHODS 
 
Plant materials 
Plant material evaluated were included 
progenies of six experimental crosses that 
were the old apple varieties like ‘Prescurate', 
'Gutuiate', 'S lciu', 'Venchi', 'Turnu', 'Calvil 
alb', 'Sângeriu', 'Iridium' performed in spring 
2013 (Table 1). 
Infection tests in greenhouse conditions 
according to Chevalier et al. (1991) were used 
for selection of resistant plants. Mixtures of 
pathogen isolates were used for plantlet 
inoculation. Seedlings were sprayed with a 
conidial suspension of Venturia inaequalis 
CKE. Seedlings were incubated for 48 hours 
at 18°C and 100% relative air humidity. 
Disease symptoms were evaluated 
macroscopically after 21 days of cultivation in 
a greenhouse. Seedlings were divided into 5 
classes. Plants in class 0 were without 
symptoms of infection. Plants of class 4 had 
lesions with full sporulation. For PCR 
analyses only pre-selected seedlings without 
symptoms of apple scab on the leaves - class 0 
to 3 were used (Figures 2 and 3).        
 

DNA extraction 
DNA was isolated from leaves in all evaluated 
genotypes. The genotypes were grown in 
greenhouse conditions. Leaves were 
immediately fixed in liquid nitrogen and used 
for extraction. The CTAB method according 
to Saghai-Maroof (1984) was used. 
The primers according to Tartarini et al. 
(1999) were used for detection of dominant 
allele Vf.  
 
Molecular detection  
For multi PCR two pairs of primers in single 
reaction were used. Primers A 
(5’TGAAAGAGAGATCCAGAAAGTG3’) 
and B (5’CATCCCTCCACAAATGCC3’) 
amplified a co-dominant marker. 466 bp 
fragment characterized dominant allele Vf and 
724 bp fragment characterized recessive allele 
vf. The pair of primers C 
(5‘CGTAGAACGGAATTTGACAGTG3‘) 
and D (5‘GACAAAGGGCTTAAG TGCTCC 
3‘) amplified a marker of dominant allele Vf 
(526 bp fragment) in the same reaction. The 
composition of 25 l multi-PCR was: 25 ng 
DNA/25 l, 0.2 M primer A, 0.2 M primer 
B, 0.1 M primer C, 0.1 M primer D, 1.5 
mM MgCl2, 0.2 mM dNTP, 0.8 U Taq/25 l. 
The program of amplification was: 1×(94°C – 
150 s, 60°C – 60 s, 72°C – 120 s), 35×(94°C – 
30 s, 60°C – 60 s, 72°C – 120 s) and 1×(72°C 
– 600 s). All samples were also evaluated by 
PCR test using the primers of pair E 
(5‘GTAAAGCAAGCACTTCAACG‘) and F 
(5‘GTAAAATAGATGTGTGGGTAGC‘), 
according to Gianfranceschi et al. (1996). 
This pair was able to amplify the 400 bp 
marker of dominant Vf allele. The 
composition of 25 l reaction was: 10 ng 
DNA/25 l, 0.3 M primer E, 0.3 M primer 
F, 2.5 mM MgCl2, 0.1 mM dNTP, 0.7 U 
Taq/25 l. Touchdown amplification steps 
according to Hemmat et al. (1998) were 
applied to amplify the PCR marker. The 
program of amplification was: 1×(94°C – 120 
s, 69°C – 120 s, 72°C – 120 s), 5×(94°C – 60 
s, 68°C – 120 s, 72°C – 120 s), 5×(94°C – 60 
s, 67°C – 120 s, 72°C – 120 s), 5×(94°C – 60 
s, 66°C – 120 s, 72°C – 120 s),5×(94°C – 60 
s, 65°C – 120 s, 72°C – 120 s), 5×(94°C – 60 
s, 64°C – 120 s, 72°C – 120 s), 5×(94°C – 60 
s, 63°C – 120 s, 72°C – 120 s), 5×(94°C – 60 
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s, 62°C – 120 s, 72°C – 120 s) and 1×(72°C – 
480 s). 
Amplified DNA fragments were visualized by 
ethidium bromide (Sambrook et al., 1989). 
 
RESULTS AND DISCUSSIONS 
 
Two traits were scored on leaves both 14 and 
21 days after inoculation: infection type, i.e., 
an ordinal scale adapted from the scale 
defined by Chevalier et al. (1991), and 
sporulation severity (sporulation), i.e., an 
ordinal scale corresponding to the percentage 
of leaf surface showing sporulation (described 
by Lespinase et al., 1994 and modified by 
Parisi). Infection type was defined as follows: 
0 = no symptom; 1 = (pinpoint-sized) pits on 
the leaf surface; 2 = chlorotic or necrotic 
reactions, or a combination of both, with 
possible shrinkage of the leaf without 
sporulation; 3 = same symptoms as class 2 

with reduced sporulation; 4 = larger amount 
of sporulation with strong chlorotic or 
necrotic reactions, or a combination of both; 
and 5 = sporulation without any resistance 
symptom visible. Individuals scored 0 to 3 
were considered resistant, whereas individuals 
scored 4 or 5 were considered susceptible. 
Sporulation was assessed as follows: 0, no 
sporulation; 1, 0 < sporulation  1%; 2, 1% < 
sporulation  5%; 3, 5% < sporulation  10%; 
4, 10% < sporulation  25%; 5, 25% < 
sporulation  50%; 6, 50% < sporulation  
75%; and 7, 75% < sporulation  100%. With 
isolate 1066, a necrosis symptom appeared on 
leaves 7 days after inoculation, sometimes in 
addition to sporulation and other resistance 
symptoms, and was scored as a qualitative 
trait for its presence or absence on each 
genotype, 7 to 12 days after inoculation. 
 

 
Table 1. Selection of resistant plants, according to Chevalier et al. (1991) 

 
No. Nombre de note Classes of symptoms      
 Combinations 0 1 2 4 1-2 3A 3B Died NL Total 
1. Prescurate 7  49 82 2 13 20 1 45 219 
2. Turnu 2 2 66 86  5 23  36 220 
3. S lciu  29  25     40 94 
4. Venchi 2 123  56     36 97 
5. Gurguiate 8 10 113 90  12 12  146 252 
6. Iridium  139  10  11 10  13 183 
7. Calvil alb 0 4 8 59  1 3 6 45 126 
8. Vân tori 48 0 6 9 67  3 1 7 32 125 
9. Varga 0 2 1 98  2 1 5 34 143 
10. Renet 

Portocaliu 0 0 0 78  7 8 9 49 151 
11. Costat de 

Albe ti 0 0 0 98  1   67 166 
12. Andrifi er 0 0 0 88  2   45 135 
13. Ro u Marin 9 124 42 35  32 9 1 36 288 
14. Sângeriu 8 111 36 23  12   32 192 
 Total  36 550 324 865 2 101 87 29 584 2391 

 
The resistant genotypes (‘Gurguiate’, ‘Venchi’ 
and ‘Iridium’) was able to manifest un 
important level of resistance to scab, in 
agreement with previous results observed by 
other authors (among the 532 genotypes 
evaluated, 156 (29.3%) were susceptible to 
apple scab and 155 (29.1%) were resistant. A 
priori, these proportions do not fit to any of the 
different hypotheses described to date 
regarding the genetic control of scab resistance 
in apple (Durel et al., 2003) 
In the case of resistant varieties (‘Rosu Marin’, 
‘Sângeriu’) the result of PCR was three 

amplified fragments (Figure 1). The pair of 
primers A and B allowed the amplification of 
two fragments of co-dominant marker. 466 bp 
fragment corresponded to dominant allele Vf 
and 724 bp fragment detected the presence of 
recessive allele vf. The pair of primers C and D 
in the same reaction confirmed the result of 
amplification. In susceptible varieties (‘Turnu’, 
‘Salciu) the 724 bp fragment corresponded to 
recessive allele vf. The results of the method 
applied to all genotypes are shown in Table1; 
Figure 1 shows the results of PCR detection of 
the studied gene in a collection of novel 
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genotypes. Beside monogenic R genes, several 
polygenic sources of scab resistance are 
known. Several quantitative trait loci (QTLs) 
imparting scab resistance and a number of 
resistance gene analogs (RGA; containing LRR 
and Nuclotide Binding Site domains) have been 
identified from different apple cultivars. 
Interestingly, quite a few of these R genes map 
to the same locus. 
 
    M   1    2     3    4    5    6    7    8     9   10  11   12  13  14  C  

 
Figure 1. The amplification of fragments of co-dominant 
marker 466 bp fragment corresponded to dominant allele 

Vf and 724 bp fragment detected the presence of 
recessive allele vf 

 
The colocalization of the RGAs, QTLs, and R 
genes is a useful feature which should be 
utilized in apple breeding programs to 
cotransfer them into susceptible varieties. Since 
the pathogen has rendered several of the 
monogenic R genes ineffective, it will be useful 
to pyramid several such genes or there 
combination with other source of resistance for 
imparting effective and durable scab resistance 
as evolving resistance against the cocktail of 
these genes might be a difficult task for the 
pathogen. The availability of closely linked 
molecular markers for most of the known 
monogenic resistance genes and several other 
resistance related genes will facilitate work in 
this direction. In order to strategize breeding 
programmes, international effort “Monitoring 
of Venturia inaequalis virulences” has been 
initiated to analyse whether a particular apple R 
gene is breached by a particular race of 
pathogen and to what extent that race is spread. 
Scab incidence varied greatly between 
experiments in the genotypes, which displayed 
on average a strong to intermediate resistance 
after inoculation (Figure 1).  
These differences probably reflect differences 
in aggressiveness or in virulence between 
isolates, since inoculations and environmental 

conditions were rather homogeneous between 
experiments. 
                                                                                                     

       
                            

 
Figures 2 and 3. Disease symptoms after scab 

inoculations 
 
Some of the individuals scored as resistant 
might be escapes. Some non growing 
individuals also could have been accidentally 
scored, leading to non representative scores, 
owing to the occurrence of ontogenic resistance 
in the older leaves. Nevertheless, the 
calculation of the mean infection type over 
replicates reduced the error due to the putative 
occurrence of escapes. A higher concentration 
for isolate 104 (>3×105 spores per ml) should 
be used in further experiments to confirm the 
high resistance level of the progeny. 
Similarly, a lower inoculum concentration 
(<3×105 spores per ml) should be used in 
further experiments to confirm the high 
susceptibility of the genotypes to scab isolates.  

 
CONCLUSIONS  
 
Understanding the mechanisms of Venturia 
pathogenesis and intricacies of its interaction 
with apple should provide important insights 
for developing new strategies to combat the 
disease. The whole genome mutagenesis screen 
should be initiated to identify key virulence 
factors. The availability of standardized 
transformation methodologies in V. inaequalis 
will facilitate such efforts. The mechanism 

92



 

 

involved in breakdown of R gene mediated 
resistance by the pathogen should be explored. 
Understanding defense response associated 
signal transduction pathway of apple and 
characterizing key genes involved in imparting 
resistance will be very useful in engineering 
scab resistant apple. Availability of microarray 
platform for apple could trigger research to 
characterize the defense response associated 
transcriptome. The proteomics approach can be 
an alternative for this purpose. Pyramiding 
different resistance and defense related genes 
into a single cultivar seems to be helpful in 
imparting effective and durable resistance. 
Conventional breeding might take years to 
achieve the goal but using the old apples 
varieties approach the goal can be achieved in a 
lesser span of time.  
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