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Abstract  
 
Apple scab caused by Venturia inaequalis, is an important disease, spread worldwide, having a 
major negative impact in apple production. In this study, there were analyzed four apple cultivars 
(Liberty, Florina, Starkrimson, Golden Spur), used as genitors in a diallel cross, and their 
seedlings. In the field, plants selection was done after presence or absence of the scab on leaves, 
and afterwards, phenotipically selection was completed by marker assisted selection. The 
molecular analysis conducted with the markers AL-07, AM-19 and U1400, detects the presence of 
the Vf gene, introgressed from Malus floribunda 821, which confers resistance to the pathogen, in 
the parental cultivars Liberty and Florina, and in all the F1 hybrids belonging these two genitors. 
Starkrimson and Golden Spur were susceptible scab parents with recessive homozygous 
genotype (vfvf), while Liberty and Florina were identified as heterozygous scab resistant parents 
with genotype (Vfvf). From the 60 apple seedlings analyzed, grouped in six combinations after 
their genitors (in each combinations were selected ten hybrids, among them five resistant and five 
susceptible to apple scab attack) 28 were resistant and heterozygous for Vf gene (Vfvf) and 32 
were susceptible to scab with recessive homozygous genotypes (vfvf), being obtained almost 
Mendelian ratio for response to the pathogen, 50% resistant: 50% susceptible. Seedlings 
belonging to Starkrimson x Golden Spur were only recessive homozygous genotype (vfvf), and in 
combination resistant x resistant (Liberty x Florina) were identified susceptible and resistant 
offspring, but at last, only with heterozygous for Vf gene (Vfvf) and no one with dominant 
homozygous genotypes (VfVf). Classical methods of selection, regarding apple scab resistance 
can be very much improved using genetics markers sent in linkage with important phenotypics 
characters, could become a technics in shorting selection process by reduction of time and of  
breeding programme costs. 
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1. Introduction  
 

Apple scab caused by Venturia inaequalis, is an important disease, spread worldwide, having a 
major negative impact in apple production. In this study, there were analyzed four apple cultivars (Liberty, 
Florina, Starkrimson, Golden Spur), used as genitors in a diallel cross, and their seedlings. In the field, 
plants selection was done after presence or absence of the scab on leaves, and afterwards, 
phenotipically selection was completed by marker assisted selection. The molecular analysis conducted 
with the markers AL-07, AM-19 and U1400, detects the presence of the Vf gene, introgressed from Malus 
floribunda 821, which confers resistance to the pathogen, in the parental cultivars Liberty and Florina, and 
in all the F1 hybrids belonging these two genitors. Starkrimson and Golden Spur were susceptible scab 
parents with recessive homozygous genotype (vfvf), while Liberty and Florina were identified as 
heterozygous scab resistant parents with genotype (Vfvf). From the 60 apple seedlings analyzed, 
grouped in six combinations after their genitors (in each combinations were selected ten hybrids, among 
them five resistant and five susceptible to apple scab attack) 28 were resistant and heterozygous for Vf 
gene (Vfvf) and 32 were susceptible to scab with recessive homozygous genotypes (vfvf), being obtained 
almost Mendelian ratio for response to the pathogen, 50% resistant: 50% susceptible. Seedlings 
belonging to Starkrimson x Golden Spur were only recessive homozygous genotype (vfvf), and in 
combination resistant x resistant (Liberty x Florina) were identified susceptible and resistant offspring, but 
at last, only with heterozygous for Vf gene (Vfvf) and no one with dominant homozygous genotypes 
(VfVf). 

Apples are the most important fruit species in the temperate zone, where is widely spread and 
cultivated, so it has a considerably economic role. The fruits contain dietetically important substances, 
thereby they have an important role in human nutrition. Unfortunately, most of the commercial cultivars 
are susceptible to the apple scab, caused by fungus Venturia inaequalis, which attacks both leaves and 
fruits, reducing yield and quality. 
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Apple scab is currently controlled by frequent application of fungicides, in consequence 
increasing production costs as well as rising ecological and health concerns (Tartarini et al., 1999).  

For these reasons, apple breeding programs have been orientated to create new scab resistant 
cultivars. In Romania, especially in Transylvania, climatic conditions are extremely favourable for disease 
development and spread, therefore an important desideratum in apple breeding is to obtain new apple 
commercial cultivars resistance to the pathogen (Sestraş, 2004). 

In Malus floribunda Sieb. clone 821 was identified a major dominant gene (Hough et al., 1953), 
called Vf gene (V, from Venturia, named of the pathogen, and f from M. floribunda), which gives 
resistance to Venturia inaequalis pathogen. In cultivated apple varieties this resistance has been acquired 
by introgression of the Vf resistance gene. 

This resistance has been utilized in apple-breeding programs through the world for more than 40 
years and has been incorporated into a substantial number of apple cultivars (Crosby et al., 1992). Apple 
breeders are on a continuous search for new apple scab resistance genes because the Vf resistance has 
been overcome by V. inaequalis races 6 and 7 (Parisi et al., 1993; Bénaouf and Parisi, 2000). At least six 
major independent genes conferring resistance to V. inaequalis have been identified in apple germplasm: 
Vf from Malus floribunda 821, Vm from M. micromalus, Vb from M. baccata Hansen’s no. 2, Vbj from M. 
baccata var. jackii, Vr from M. pumila R12740-7A, and Va from the Antonovka PI 172623 (Xu and 
Korban, 2000). There are several most important scab resistance gene sources for breeding resistance to 
apple scab which are use either alone or in combination to prevent, or at least to slow down, resistance 
breakdown (Vinatzer et al., 2004), but only the Vf gene has been widely introgressed into susceptible 
commercial apple cultivars (Korban, 1998). 

The identification of molecular markers linked to the Vf gene is useful in marker-assisted 
selection (King et al., 1999; Tartarini et al., 2000) and the AFLP technique has proven to be a powerful 
tool for identifying tightly linked markers which are indispensable to marker-assisted selection (Xu and 
Korban, 2000). 

 
2. Materials and methods 

 
The biological material was represented by four apple varieties (Starkrimson, Golden Spur, 

Liberty and Florina) and their progeny (F1 hybrids), obtained by diallel cross Griffing's method (1956). 
Hybridization was done at Research Station For Fruit Growiing Cluj Napoca, Romania, is studied 
following combinations: 
9811 = Liberty x Florina 
9812 = Starkrimson x Golden Spur 
9813 = Starkrimson x Florina 
9814 = Starkrimson x Liberty 
9817 = Golden Spur x Florina 
9818 = Golden Spur x Liberty 

The F1 hybrids originated from parents with a different response at scab attack: susceptible 
(Starkrimson and Golden Spur); resistance (Liberty and Florina) these having a scab genetic resistance, 
carrying by Vf gene. 

From each combination, with more then 100 seedlings, were selected ten hybrids: five resistant 
at scab attack on leaves and five susceptible at scab attack on leaves (64 samples, among them, four 
being represented by genitors and 60 apple seedlings, grouped in six combinations). 

Leaves from each plant were collected in plastic bags, brought immediately to the laboratory and 

stored at -80
o

C. 

DNA extraction was performed based on the protocol given by Lodhi et al., 1994 protocol. PCR 
reaction were  carried out in 25 µl volumes containing 5X Green GoTaq Flexi reaction buffer, 1.5 mM 
MgCl2, 200µM of each dNTP, 0.2 µM of each primer: 
AL-07 F-5'-TGGAAGAGAGATCCAGAAAGTG-3'şi 
AL-07-CATCCCTCCACAAATGCC R-5'-3 ' 
AM 19 F-5'-CGTAGAACGGAATTTGACAGTG-3'şi 
AM 19 R-5'-GACAAAGGGCTTAAGTGCTCC-3 ' 
U1400-F-5'-GTAAAGCAAGCACTTCAACG 3'şi 
F-5'-GTAAAATAGATGTGTGGGTAGC U1400-3 'and 0.6 U Taq polymerase Go. 

The amplification was performed on a Mastercycler Gradient (Eppendorf) programmable thermal 
cycle. Cycling parameters for the AL-07 and AM-19 primers were set as described by Tartarini et al. 
(1999) as follows: one cycle of denaturation at 94°C for 2 min and 30 s, annealing at 60°C for 1 min, 
extension at 72ºC for 2 min, and 35 cycles of 30 s denaturation at 94°C, 1 min annealing at 60°C, and 2 
min extension at 72

0
C finalized by a final extension step 10 min at 72°C. 

Cycling parameters for the U1400 primer set as described by Hemmat et al. (1998) as follows: 2 
min at 94ºC, 2 min at 69ºC, and 2 min at 72ºC. The cycle was repeated each time 1 min at 94ºC with a 
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reduction of 1ºC for annealing temperature per cycle. The cycle was repeated 30 times when annealing 
temperature reached 62ºC. A final extension cycle of 10 min at 72ºC was applied. 

PCR products were run in 2% agarose gel, 1 hour at 90V in TAE (Sambrook et al., 1989) buffer 
and visualized by ethidium bromide (0.5 µg/ml) staining. 100 bp Step Ladder was used as a size marker. 
Images were acquired using an ALPHA IMAGE 2200 system under UV light. 
 
3. Results and discussion  
 

After the DNA extraction from four apple cultivars: Starkrimson, Golden Spur, Florina and Liberty 
and sixty hybrids F1 (ten seedlings: five resistant and five sensitive to apple scab on leaves) obtained by 
combinations between Liberty and Florina, Starkrimson and Golden Spur, Starkrimson and Florina, 
Starkrimson and Liberty, Golden Spur and Florina, Golden Spur and Liberty cultivars, it was obtained 
different concentration. 

In the combination 9811 Liberty x Florina, the average of DNA concentration, respectively DNA 
purity for susceptible hybrids is 460.2 and 1.56; for resistant hybrids the value is 634.0 and 1.56. 

In the combination 9812 Starkrimson x Golden Spur (Table 2), the average of DNA concentration, 
respectively DNA purity for susceptible hybrids is 416.76 and 1.54; for resistant hybrids the value is 410.0 
and 1.34. 

In the combination 9813 Starkrimson x Florina the average of DNA concentration, respectively 
DNA purity for susceptible hybrids is 864.9 and 1.78; for resistant hybrids the value is 995.5 and 1.76. 

In the combination 9814 Starkrimson x Liberty (Table 4) the average of DNA concentration and 
DNA purity for susceptible hybrids is 1103.5 and 1.76; for resistant hybrids the value is 802.5          and 
1.63. 

In the combination 9817 Golden Spur x Florina the average of DNA concentration and DNA purity 
for susceptible hybrids is 838.4 and 1.86; for resistant hybrids the value is 674.7  and 1.95. 

In the combination 9818 Golden Spur x Liberty the average of DNA concentration and DNA purity 
for susceptible hybrids is 634.2 and 1.90; for resistant hybrids the value is 552.6  and 1.96. 

DNA concentration was measured through the spectofotometric method with the Eppendorf 
Biophotometer. Al-07 is a codominant primer, while AM-19 and U1400 are dominant primers; all of them 
are specific primers for the Vf gene. 

Specific primer AL-07 produced a clear length polymorphism in different genotypes with two 
products of 823 and 570 bp, AM-19 primer produced one products of 526 bp and U1400 primer produced 
one products of 338 bp. 

For the combination 9811 Liberty x Florina results of the molecular analysis with the primers AL-
07, AM-19 and U1400 are presented in Figure 1, 2 and 3. 

In figure 1, the AL-07 570 bp (Vf) and 823 bp (vf) alleles are in coupling with, respectively, the 
resistant and susceptible allele of the Vf gene for scab resistance. In column 1 is represented the 
electrophoresis profile of Liberty heterozygous scab resistant parent with genotype (Vfvf); and in columns 
2 is represented Florina heterozygous scab resistant parent with genotype (Vfvf). Columns 3, 4, 5 
represented seedlings of this combination (9811 Liberty x Florina), with recessive homozygous genotypes 
(vfvf). Columns 6, 7, 8, 9, 10, 11, are represented by the seedlings of the same combination with 
heterozygous genotype (Vfvf).  L is a 100 bp ladder molecular weight marker and C is negative control 

Figure 2 describes the 526 bp fragment of AM-19 (Vf allele) is in coupling with the resistant allele 
of the Vf gene for scab resistance. In column 1 is represented the electrophoresis profile of Liberty 
heterozygous scab resistant parent with genotype (Vfvf); and in columns 2 is represented Florina 
heterozygous scab resistant parent with genotype (Vfvf). Columns 3, 4, 5 represented seedlings of this 
combination (9811 Liberty x Florina), with recessive homozygous genotypes (vfvf ). Columns 6, 7, 8, 9, 
10, 11, are represented by the seedlings of the same combination with heterozygous genotype (Vfvf). L is 
a 100 bp ladder molecular weight marker and C is negative control. 

Figure no. 3 describes the 338 bp fragment of U1400. In column 1 is represented the 
electrophoresis profile of Liberty heterozygous scab resistant parent with genotype (Vfvf); and in columns 
2 is represented Florina heterozygous scab resistant parent with genotype (Vfvf). Columns 3, 4, 5 are 
represented by the seedlings of this combination (9811 Liberty x Florina), with recessive homozygous 
genotypes (vfvf). Columns 6, 7, 8, 9, 10, 11, are represented by the seedlings of the same combination 
with heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and C is negative 
control. 

The result for the combination 9812 Starkrimson x Golden Spur is present in Figure 4 and was 
obtained just with Al-07 primer. 

In Figure 4, the AL-07 823 bp (vf) alleles are in coupling with susceptible allele of the Vf gene for 
scab resistance. In column 1 is represented the electrophoresis profile of Starkrimson scab susceptible 
parent with recessive homozygous genotype (vfvf) and in columns 2 is represented Golden Spur scab 
susceptible parent with recessive homozygous genotype (vfvf). The seedlings of this combination 9812 
Starkrimson x Golden Spur from columns 3, 4, 5, 6, 7 are phenotypic scab susceptible and in columns 8, 
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9, 10,11,12, the seedlings are phenotypic scab resistant, all of them had recessive homozygous 
genotypes (vfvf). L is a 100 bp ladder molecular weight marker and C is negative control. 

Because all the seedlings analysed with the AL-07 were recessive homozygous (vfvf), in the 
electrophoresis profiles obtained with the other two primers AM-19 and U1400 the bands were absent. 

For the combination 9813 Starkrimson x Florina results of the molecular analysis with the primers 
AL-07, AM-19 and U1400 are presented in Figure 5, 6 and 7. 

In Figure 5, the AL-07 570 bp (Vf) and 823 bp (vf) alleles are in coupling with, respectively, the 
resistant and susceptible allele of the Vf gene for scab resistance. In column 1 is represented the 
electrophoresis profile of Starkrimson recessive homozygous scab susceptible parent with genotype 
(vfvf); and in columns 2 is represented Florina heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 6 represented seedlings of this combination (9813 Starkrimson x Florina), with recessive 
homozygous genotypes (vfvf). Column 7 is represented by the seedlings of the same combination with 
heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and C is negative control. 

Figure no. 6 describes the 526 bp fragment of AM-19 (Vf allele) is in coupling with the resistant 
allele of the Vf gene for scab resistance. In column 1 is represented the electrophoresis profile of 
Starkrimson recessive homozygous scab susceptible parent with genotype (vfvf) and in columns 2 is 
represented Florina heterozygous scab resistant parent with genotype (Vfvf). Columns 3, 4, 5, 6 
represented seedlings of this combination (9813 Starkrimson x Florina), with recessive homozygous 
genotypes (vfvf). Column 7 is represented by the seedlings of the same combination with heterozygous 
genotype (Vfvf). L is a 100 bp ladder molecular weight marker and C is negative control. 

Figure no. 7 describes the 338 bp fragment of U1400. In column 1 is represented the 
electrophoresis profile of Starkrimson recessive homozygous scab susceptible parent with genotype (vfvf) 
and in columns 2 is represented Florina heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 6 are represented by the seedlings of this combination (9813 Starkrimson x Florina), 
with recessive homozygous genotypes (vfvf). Column 7 is represented by the seedlings of the same 
combination with heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and C is 
negative control. 

For the combination 9814 Starkrimson x Liberty results of the molecular analysis with the primers 
AL-07, AM-19 and U1400 are presented in Figure 8, 9 and 10. 

In figure 8, the AL-07 570 bp (Vf) and 823 bp (vf) alleles are in coupling with, respectively, the 
resistant and susceptible allele of the Vf gene for scab resistance. In column 1 is represented the 
electrophoresis profile of Starkrimson recessive homozygous scab susceptible parent with genotype 
(vfvf); and in columns 2 is represented Liberty heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 8 represented seedlings of this combination (9814 Starkrimson x Liberty), with 
heterozygous genotype (Vfvf). Columns 6 and 7 are represented by the seedlings of the same 
combination with recessive homozygous genotypes (vfvf). L is a 100 bp ladder molecular weight marker 
and C is negative control. 

Figure no. 9 describes the 526 bp fragment of AM-19 (Vf allele) is in coupling with the resistant 
allele of the Vf gene for scab resistance. In column 1 is represented the electrophoresis profile of 
Starkrimson recessive homozygous scab susceptible parent with genotype (vfvf) and in columns 2 is 
represented Liberty heterozygous scab resistant parent with genotype (Vfvf). Columns 3, 4, 5, 8 
represented seedlings of this combination (9814 Starkrimson x Liberty), with heterozygous genotype 
(Vfvf). Columns 6 and 7 are represented by the seedlings of the same combination with recessive 
homozygous genotypes (vfvf). L is a 100 bp ladder molecular weight marker and C is negative control. 

Figure no. 10 describes the 338 bp fragment of U1400. In column 1 is represented the 
electrophoresis profile of Starkrimson recessive homozygous scab susceptible parent with genotype (vfvf) 
and in columns 2 is represented Liberty heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 8 represented seedlings of this combination (9814 Starkrimson x Liberty), with 
heterozygous genotype (Vfvf). Columns 6 and 7 are represented by the seedlings of the same 
combination with recessive homozygous genotypes (vfvf). L is a 100 bp ladder molecular weight marker 
and C is negative control. 

For the combination 9817 Golden Spur x Florina results of the molecular analysis with the 
primers AL-07, AM-19 and U1400 are presented in Figure 11, 12 and 13. 

In figure 11, the AL-07 570 bp (Vf) and 823 bp (vf) alleles are in coupling with, respectively, the 
resistant and susceptible allele of the Vf gene for scab resistance. In column 1 is represented the 
electrophoresis profile of Golden Spur recessive homozygous scab susceptible parent with genotype 
(vfvf); and in columns 2 is represented Florina heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 6, 7 represented seedlings of this combination (9817 Golden Spur x Florina), with 
recessive homozygous genotypes (vfvf). Columns 8, 9, 10, 11, 12 are represented by the seedlings of the 
same combination with heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and 
C is negative control. 

Figure no. 12 describes the 526 bp fragment of AM-19 (Vf allele) is in coupling with the resistant 
allele of the Vf gene for scab resistance. In column 1 is represented the electrophoresis profile of Golden 
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Spur recessive homozygous scab susceptible parent with genotype (vfvf) and in columns 2 is represented 
Florina heterozygous scab resistant parent with genotype (Vfvf). Columns 3, 4, 5, 6, 7 represented 
seedlings of this combination (9817 Golden Spur x Florina), with recessive homozygous genotypes (vfvf). 
Columns 8, 9, 10, 11, 12 are represented by the seedlings of the same combination with heterozygous 
genotype (Vfvf). L is a 100 bp ladder molecular weight marker and C is negative control. 

 Figure no. 13 describes the 338 bp fragment of U1400. In column 1 is represented the 
electrophoresis profile of Golden Spur recessive homozygous scab susceptible parent with genotype 
(vfvf) and in columns 2 is represented Florina heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 6, 7 represented seedlings of this combination (9817 Golden Spur x Florina), with 
recessive homozygous genotypes (vfvf). Columns 8, 9, 10, 11, 12 are represented by the seedlings of the 
same combination with heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and 
C is negative control. 

For the combination 9818 Golden Spur x Liberty results of the molecular analysis with the primers 
AL-07, AM-19 and U1400 are presented in Figure 14, 15 and 16. 

In figure 14, the AL-07 570 bp (Vf) and 823 bp (vf) alleles are in coupling with, respectively, the 
resistant and susceptible allele of the Vf gene for scab resistance. In column 1 is represented the 
electrophoresis profile of Golden Spur recessive homozygous scab susceptible parent with genotype 
(vfvf); and in columns 2 is represented Liberty heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 6, 7 represented seedlings of this combination (9818 Golden Spur x Liberty), with 
recessive homozygous genotypes (vfvf). Columns 8, 9, 10, 11, 12 are represented by the seedlings of the 
same combination with heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and 
C is negative control. 

Figure no. 15 describes the 526 bp fragment of AM-19 (Vf allele) is in coupling with the resistant 
allele of the Vf gene for scab resistance. In column 1 is represented the electrophoresis profile of Golden 
Spur recessive homozygous scab susceptible parents with genotype (vfvf) and in columns 2 is 
represented Liberty heterozygous scab resistant parent with genotype (Vfvf). Columns 3, 4, 5, 6, 7 
represented seedlings of this combination (9818 Golden Spur x Liberty), with recessive homozygous 
genotypes (vfvf). Columns 8, 9, 10, 11, 12 are represented by the seedlings of the same combination with 
heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and C is negative control. 

 Figure no. 16 describes the 338 bp fragment of U1400. In column 1 is represented the 
electrophoresis profile of Golden Spur recessive homozygous scab susceptible parent with genotype 
(vfvf) and in columns 2 is represented Liberty heterozygous scab resistant parent with genotype (Vfvf). 
Columns 3, 4, 5, 6, 7 represented seedlings of this combination (9818 Golden Spur x Liberty), with 
recessive homozygous genotypes (vfvf). Columns 8, 9, 10, 11, 12 are represented by the seedlings of the 
same combination with heterozygous genotype (Vfvf). L is a 100 bp ladder molecular weight marker and 
C is negative control. 
 
4. Conclusions 
 

The molecular analysis of all this apple cultivars and hybrids was done with one       co-dominant 
primer (AL-07) and two dominant primers (AM-19 and U1400) and the results obtained with all of them 
confirmed the presence or absence of Vf gene. The co-dominant marker AL-07 was very useful to 
discriminated homozygous from heterozygous plants for the Vf gene. 

In this study, the results obtained at the genetic level using specific primers for Vf gene confirmed 
the resistance and the susceptibility of the plants, phenotypically selected by presence or absence of 
infection symptoms. Because the Starkrimson and Golden Spur are recessive homozygous scab 
susceptible parents, the seedlings of this combination didn’t have any segregation ratio for Vf gene, but 
they presented an ample variability for their response to scab attack, which could explain by polygenic 
effect of the genes. In the others five combinations the segregation ratio of seedlings for their response to 
apple scab attack, and for Vf gene, was situated in Mendelian ratio 50% scab resistant : 50% scab 
susceptible. In combinations resistant x resistant (Liberty x Florina) there were identified susceptible and 
resistant offspring, but at last, only with heterozygous for Vf gene (Vfvf) and no one with dominant 
homozygous genotypes (VfVf). 

The classical selection methods for apple scab resistance can be very much improved using 
genetic markers tightly linked to the Vf resistance gene. Molecular markers linked to important phenotypic 
traits may become an important tool in shortening the length of selection process by reducing time and 
costs of entire breeding programme. Marker assisted selection of juvenile plants can facilitate the 
breeding programme for apple scab resistance. 
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Electrophoresis profile of the                       Electrophoresis profile of the              Electrophoresis profile of the 
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Figure 4. Electrophoresis profile of the genotypes identified at Vf locus in Starkrimson and Golden Spur 
cultivars and their seedlings with AL-07 primer 
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Electrophoresis profile of the                 Electrophoresis profile of the               Electrophoresis profile of the 
genotypes identified at Vf locus in         genotypes identified at Vf locus in      genotypes identified at Vf locus in 
Starkrimson, Florina cultivars and         Starkrimson, Florina cultivars and       Starkrimson, Florina cultivars and 
their seedlings, with AL-07 primer        their seedlings, with AM-19 primer     their seedlings, with U1400 primer 

 
 

     
 
                      Figure 11                                               Figure 12                                              Figure 13 
Electrophoresis profile of the                 Electrophoresis profile of the              Electrophoresis profile of the              
genotypes identified at Vf locus in         genotypes identified at Vf locus in      genotypes identified at Vf locus in 
Golden Spur, Florina cultivars and        Golden Spur, Florina cultivars and     Golden Spur, Florina cultivars and 
their seedlings, with AL-07 primer        their seedlings, with AM-19 primer    their seedlings, with U1400 primer 

 
 
 
 

 

     
 

                     Figure 14                                                  Figure 15                                            Figure 16 
Electrophoresis profile of the                 Electrophoresis profile of the              Electrophoresis profile of the          
genotypes identified at Vf locus in        genotypes identified at Vf locus in      genotypes identified at Vf locus in 
Golden Spur, Liberty cultivars and        Golden Spur, Liberty cultivars and     Golden Spur, Liberty cultivars and 
their seedlings, with AL-07 primer        their seedlings, with AM-19 primer    their seedlings, with U1400 primer 

 
 


