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Abstract 

Marker assisted selection (MAS) permits the selection of plants carrying genes 
that control interesting agronomic traits through the screening of associated markers; 
this allows the breeders to retain only germplasm conferring desirable traits from an 
early stage. Usually MAS involves the screening of hundreds or thousands of seedlings 
and thus the main challenge faced is the development of a pipeline that starts with a 
“lab friendly” and unambiguous seedling disposition in greenhouse, allows the rapid 
collection of samples avoiding cross contamination, implements a fast, cost-effective, 
high-throughput method of DNA extraction to be used for a small number of PCRs, and 
utilizes robust, reliable, and easy to interpret molecular markers. In this study ~6,500 
seedlings from 24 apple crosses were genotyped in order to select seedlings conferring 
resistance traits, fruit quality traits or both. Lab work was performed using the KAPA 
3G Plant PCR kit. The main problems encountered were associated with dirty extrac-
tions; however, following optimization less than 10% of the seedlings had to be re-
sampled and in total about 70% of the samples tested carried desirable traits. 
 
INTRODUCTION 

Marker assisted selection (MAS) is used to identify seedlings from controlled 
crosses carrying alleles conferring superior phenotypes through the screening of markers 
tightly linked to those traits. In practice, it is possible to select plants at the seedling stage 
to enable the breeders to retain only germplasm conferring desirable traits from an early 
stage in the breeding pipeline. In recent years, MAS has become a valuable tool in breeding 
programs around the world. Usually MAS involves the screening of hundreds or thousands 
of seedlings and thus the main challenge faced is the development of a pipeline that begins 
with a “lab friendly” and unambiguous seedling configuration in greenhouse, which then 
allows the rapid collection of samples avoiding cross contamination, performs a fast, cost-
effective, high-throughput method of DNA extraction to be used for a small number of 
PCRs, and utilizes robust, reliable, and easy to interpret molecular markers.  

In this work we report on the development of a MAS pipeline at the Fondazione 
Edmund Mach (FEM) to enable the implementation of a time and cost effective MAS 
strategy for apple (Malus pumila Mill.).  

 
MATERIALS AND METHODS 

In 2013, ~6,500 seedlings sown in a greenhouse from 24 apple crosses between 
parental lines conferring disease resistance characteristics, fruit quality traits, or both. The 
seedlings were selected based on the genotypes associated to scab resistance, powdery 
mildew resistance and fruit quality (texture and storability) (Table 1). 

The choice of the markers (seven for scab, two for powdery mildew, three for fruit 
quality) was based on published markers and previous experience in our institute (Table 2). 
The first step in the molecular analysis was the use of fluorescently labeled primers in order 
to multiplex multiple markers into single PCR reactions.  

Lab work was performed using the 3G Plant PCR kit (Kapa Biosystems). 
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Pipeline: 
1. “Quick’n’dirty” DNA extraction – KAPA 3G Plant PCR “Reducing contamination 

protocol”: 
15 mm leaf disc + 200 µL TDS (50 mM Tris_HCl, 0.1 mM EDTA, 0.2x Kapa Enhancer); 
Boil 5 min at 95°C  

2. DNA amplification (KAPA 3G Plant PCR kit – optimized) 
PCR Mix 
KAPA Plant PCR Buffer 2X 0.5X 
Forward Primer (10 µM) 0.3 µM 
Reverse Primer (10 µM) 0.3 µM 
KAPA3G DNA Pol.  2.5U/µL   ½U/50 µL 
H2O As required 
Extract DNA 1 µL 
Reaction volume 25 µL

PCR Cycle
Initial denaturation  95°C _5 min
Denaturation*  95°C _0.20 s
Annealing* 58°C _0.45 s
Extension* 72°C _1 min
Final extension 72°C _1 min
Hold 4°C _∞ 
* = 35 cycles

3. Capillary electrophoresis of the PCR products on ABI 96-capillary 3730xl 
1 uL per PCR 
For each sample 9.35 µL Hi-Di formamide and 0.15 µl LIZ1200 (Life Tech.) 
For each sample 9.45 µL Hi-Di formamide and 0.05 µl LIZ500 (Life Tech.) 
Denaturation 3 minutes at 95°C.

4. Data Analysis with GeneMapper v.4 Software. 
 
RESULTS AND DISCUSSION 

Table 3 gives a brief description of the results for each marker used.  
Both the microsatellite (SSR) and gene specific markers related to fruit quality 

performed well, producing scoreable, reproducible signals (Fig. 1) even for larger 
fragments. 

Regarding the markers for resistance we found the major difficulties with the SCAR 
marker (sequence characterized amplified region) because of low signals (Fig. 3), 
monomorphic profile or intense electrophoretic smear (Fig. 4). Better results were obtained 
with an SSR marker designed for the same trait. In fact most SSRs resulted with good 
amplification profiles, apart from Ch02c02a (which produced a “hedgehog” profile) (Fig. 
2). 

The main problems encountered were associated with poor quality “quick-and-
dirty” extractions, which are a particular problem for plants like apple, which are rich in 
polyphenols and polysaccharides; however, following optimization less than 10% of the 
seedlings had been re-sampled.  

With the proposed protocol, we also reduced time and cost of the MAS analysis: 
there are no step of samples dilution from the extraction to the capillary electrophoresis, 
and the reduced volume of the reagents permit to perform more reactions without increased 
costs. 

MAS involves large numbers of seedlings that have to be screened in a time efficient 
manner so only selected genotypes can be transplanted. 

The numbers of reactions for the ~6,500 plants was around 8,000, from which 
69.51% (about 4,500) of the seedlings carried resistance and/or quality traits.  

We have demonstrated that marker assisted selection for apple fruit quality and 
disease resistance can be applied to the breeding program ongoing at FEM and in future 
years will improve in time and cost effectiveness.  
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Table 1. List of FEM apple crosses. 
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Table 2. List of genes and associated markers. 
 

 
 
 

Table 3. Type and results for each marker. 
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Figurese 
 
 
 

                          
 
Fig. 1. Electropherogram of 

PG1 (SSR). 
 

Fig. 2. Electropherogram of
Ch02c02a (SSR) 

 

Fig. 3. Electrophero-
gram of OPL19 
(SCAR). 

 
 
 

 
Fig. 4. Electrophoresis of Al07.  
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