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Botrytis cinerea affects grape quality and yield, and can be difficult to manage due in part to non-symptomatic, 
quiescent infection in berry development. The aim of this study was to develop a dual system for the detection, 
isolation and quantification of B. cinerea. After three days of samples replication on the modified selective 
medium (mKERS), the results showed a significant infection effect on the majority of inflorescence samples, 
especially on the small berries which demonstrated Botrytis infection in all tested plants and appeared to be 
highly susceptible to Botrytis infection prior to harvest. Moreover, infection variation was determined in almost 
all inflorescence samples taken from different plants. The real-time PCR assay was used to determine the DNA 
quantity of B. cinerea in each sample tested. A linear relationship was found in these two systems, 
conventional and molecular assays, to demonstrate the infection of different samples with B. cinerea. 
Although, the real-time PCR assay was highly expensive, it appeared to be more rapid and sensitive than the 
conventional selective medium assay, allowing both detection and quantification of B. cinerea within 3 h. 
However, conventional assay has an advantage of both detection and isolation of viable cells of B. cinerea, 
which resulted in making a wide collection of different isolates. Furthermore, this conventional assay is 
cheaper than molecular test, especially when we carry out a routine work. This dual method proved to be 
selective and sensitive assays and should be used to monitor Botrytis infection in the field. 

 
Key words: Botrytis cinerea, inflorescence infection, latent/quiescent infection, real time polymerase chain 
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INTRODUCTION 

 
Botrytis cinerea is a broad-host-range necrotrophic 

fungus, responsible for economic losses in fruit, 
vegetables and flowers, causing soft-rotting symptoms 
(Jarvis, 1980; Elad et al., 2007). Infection of grape (Vitis 
vinifera) often occurs at bloom time, followed by a period 
of latency, during which the pathogen is present 
(quiescent or latent) inside the berry without causing 
disease symptoms, generally until grape berries begin to 
ripen. Gray mold causes financial losses for the growers, 
reducing not only yield but also grape quality. Botrytis 
bunch can be difficult to manage due in part to non-
symptomatic, quiescent infection in berry development.  
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For early infection, individual conidia of B.cinerea are 
deposited onto inflorescences (McClellan and Hewitt, 
1973; Coertze et al., 2001).  

Existing technologies for pathogen detection, although 
useful for some applications of studying pathogen biology 
and informing grower decisions, have their limitations 
including insufficient sensitivity or the inability to 
distinguish quiescent from active infections (Meyer et al., 
2000; Holz et al., 2003; Dewey and Meyer, 2004; Gindro 
et al., 2005). Furthermore, there is much literature on the 
detection of microorganisms using PCR (Taylor et al., 
2001; Peters et al., 2004; Schena et al., 2004; Okubara et 
al., 2005; Chilvers et al., 2007). The conventional PCR 
assays do not allow precise quantification and, hence 
could not be used to determine if pathogen inoculum is 
above action thresholds. Recently, the real-time 
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quantitative PCR (qPCR) applications was developed in 
the second half of the 1990s (Heid et al., 1996). This new 
technique has offered the ability of simultaneous 
detection and quantification of DNA based on nucleic acid 
sequences and concentrations (Million et al., 2006; Zeng 
et al., 2006). The qPCR technology has many 
advantages: quantitative properties, high sensitivity and 
specificity, which make this technique suitable for routine 
usage and disease management decisions (Bustin, 2004; 
West et al., 2008; Postollec et al., 2011). Cadle-Davidson 
(2008) reported a qPCR method based on Taqman 
chemistry for monitoring B. cinerea infection. However, 
this protocol uses a long freezing assay protocol and 
does not include internal control. Celik et al. (2009) also 
developed a quantitative analysis of Botrytis by qPCR but 
only on artificially contaminated table grapes. Recently, 
another qPCR method was developed to detect and 
quantify Botrytis in the vineyard (Diguta et al., 2010).  

The purpose of this study was to use a dual system for 
detecting, isolating and quantifying B. cinerea in 
inflorescence samples which have quiescent infection. 
This would demonstrate the strengths and weaknesses of 
qPCR in comparison with the selective medium method 
developed in this study. 
 

 
MATERIALS AND METHODS 
 
In order to detect and isolate B. cinerea from inflorescence samples 
of grape (Var, Flame Seedless), six inflorescence samples were 
taken from different plants. Infection detection test was done on 
axis, peduncles, pedicels and small berries (Table 1) by both 
conventional and molecular test 

 

Preparation of mKERS medium 
 
The modified selective medium, mKERS, has been developed 
based on previous published medium, KERS medium (Kritzman 
and Netzer 1978; Kerssies, 1990). The composition of this medium 

was: glucose, 20 g; NaNO3, 1 g; KH2PO4, 1.2 g; MgSO4.7H2O, 0.2 
g; KCl, 0.15 g; chloramphenicol, 0.05 g; pentachloronitrobenzene 

0.02 g; tannic acid, 5 g; CuSO4, 2.2 g; Cabrio Top (fungicide), 0.1 g; 
agar, 25 g. This medium, with an unadjusted pH of approximately 
5.4, was autoclaved at 121°C for 20 min. Various fungal species 
(Aspergillus sp., Rhizopus sp. and Penicillium sp.), associated with 
gray mold infection, were obtained from Plant Pathology 
Department, Faculty of Agriculture, Ain Shams University and 
grown on PDA medium as a control. For each fungus, mycelial 
plug-inoculated plates were incubated at 23°C until mycelia had 
reached the edge of the plates. These different fungi were then 
transferred to mKERS medium. The mycelium growth and the 
brown halo formation of either B. cinerea or other fungal species 
were also noted. 
 

 
Detection of B. cinerea on mKERS medium 
 
Inflorescence samples were tested for B. cinerea detection using 
mKERS medium. As there is no need to decontaminate the 
samples before replication using such selective medium, all 
samples were only dipped separately in sterile water for 5 min, 
dried on paper towels and then replicated on mKERS medium. 

 
 
 
 

 
First, preliminary test was done to detect Botrytis infection in all 
inflorescence samples in order to evaluate the clarity of brown halo 
formation on such developed mKERS medium. For statistical 
analysis, 15 pieces of each inflorescence sample (axis, peduncles, 
pedicels and small berries) were plated onto mKERS medium/plate, 
and then replicated in eight plates (about 120 pieces in total for 
each sample type). All replicates were incubated at 23°C for 3 to 28 
days, during which the samples were examined daily for 
development of B. cinerea. Cultures were transferred to potato 
dextrose agar (PDA; Difco) and then identified morphologically by 
the light microscope. All B. cinerea isolates were preserved in 
paraffin oil at 4°C. 

 

Statistical analysis 
 
Statistical analysis of data was determined by analysis of variance. 
Two ways of analysis were done: the average number of infected 
inflorescence samples either within each plant or among different 
plants using the General Linear Model (GLM) procedure of SAS 
user's Guide (SAS Institute, 1996). The level of significance was set 
at p<0.05. 

 

DNA extraction 
 
DNA extraction from inflorescence samples was performed using 
AxyPrep Multisource Genomic DNA Miniprep Kit, cat. No. AP-MN- 
MS-GDNA-50, according to the manufacture manual. 

 

Real-time PCR amplification 
 
Specific B. cinerea primers targeting the ribosomal region between 
28S and 18S genes (intergenic spacer) reported by Rigotti et al. 
(2002) were used: Bc424f: 5’-GCT TCC CCC GTA TCG AAG A-3’; 
Bc491r: 5’-CGA ACG GCC AGG TCA TCT-3’, and targeting actin 
CrActin-F: 5’-GGC TGG ATT TGC TGG AGA TGA T-3’ CtActin-R 
5’-TAG ATC CTC CGA TCC AGA CAC TG-3’ (Yuling et al., 2007). 
All primers were purchased from Metabion, Germany. The 5 μl from 
DNA sample (10 ng/µl) was mixed in a final volume of 25 μl with 2X 
Maxima SYBR Green supermix (Fermentas, Lithuania), water and 
primer mixture at 0.56 μM to detect intergenic spacer (IGS) regions 
of the nuclear ribosomal of B. cinerea or to detect actin gene in 
grape (V. vinifera). Reactions were performed in an Agilent-
stratagene real-time PCR Mx3000P QPCR apparatus. We used a 
program of: 10 min at 95°C, followed by 40 cycles of three-steps 
amplification run at 95°C for 30 s, 55°C for 45 s and 72°C for 45 s 
for amplifying IGS region, and 10 min at 95°C, followed by 40 
cycles of three-step amplification run at 95°C for 30 s, 45°C for 45 
s, and 72°C for 45 s for amplifying actin gene. All reactions were 

performed in triplicate. The cycle threshold (Ct) was determined 

automatically using MxPro QPCR software after setting the baseline 
at 100. 

 

Internal control for DNA extraction and amplification 
 
An internal control was included in the assay by detecting actin 
gene (Accession number: XM_002282480) in grape (V. vinifera). 
The detection of actin gene was done to ensure that controls for 
DNA preparation and PCR amplification were available and there 
were no inhibitors. 

 

Melting curve analysis 
 
For qPCR with SYBR-Green I, melting curves were programmed  in 
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Table 1. Determination of the average number of inflorescence samples infected with B. cinerea.  

 
 

Plant 
 Inflorescence sample (Average number)  

 

 

Axis Pedicel Peduncle Small berry F value 
 

  
 

 1 0.058
Aa

 0.000
Cb

* 0.000
Bb

* 0.043
Ba

 0.053 
 

 2 0.145
Aa

 0.000
Cb

* 0.000
Bb

* 0.019
Bb

 0.0005 
 

 3 0.000
Ab*

 0.059
Bb

 0.464
Aa

 0.033
Bb

 0.035 
 

 4 0.000
Ab

* 0.091
Bb

 0.180
Ba

 0.034
Bb

 0.036 
 

 5 0.108
Aa

 0.158
Aa

 0.000
Ba

* 0.021
Ba

 0.315 
 

 6 0.000
Ab

* 0.096
Bab

 0.127
Bab

 0.233
Aa

 0.126 
 

 F value 0.153 0.002 0.004 0.0001  
 

 
A, B, C, Means with different letters within the same column are significantly different (p<0.05); a, b, means with different 
letters within the same row are significantly different (p<0.05). * 0.00 = no detected infection with B. cinerea. 

 

 

order to check the expected amplification product. The thermal 
protocol for dissociation was defined as 15 s at 95 °C, 20 s at 60°C 
and 20 min slow ramp between 60 and 95°C, after the PCR 
program. The data for dissociation curve was captured during this 
slow ramp. The melting curve was visualized with the software in 
the dissociation window using the corresponding MxPro QPCR 
software procedure (Agilent). 
 
 
Quantification assays 
 
Standard curves were calculated for quantification purposes using 
ten-fold serial dilutions of purified DNA from B. cinerea in sterile 

distilled water covering the range of 10 to 1 × 10
-6

 ng per reaction. 
DNA concentration was determined fluorometrically using the 
Fluorescent DNA quantitative kit (Bio-Rad, California, USA) and a 
SmartSpec-Plus Spectrophotometer (Bio-Rad, California, USA). 
PCR amplification reactions were carried out in triplicate in three 
independent experiments. Standard curves were generated by 

plotting the genomic DNA from B. cinerea against the Ct values 
exported from the Agilent-stratagene real-time PCR Mx3000P 

QPCR apparatus for each plate. The Ct values for unknown 
samples were extrapolated from standard curves. 
 

 

RESULTS 

 

Determination of infected samples on mKERS 
medium 

 

Preliminary study have demonstrated the appearance of 
brown halo formation surrounding the infected 
inflorescence samples after 3 days of incubation on 
mKERS medium, while the other fungal genera used as 
negative controls did not show any brown halo formation 
during the same period. Table 1 showed statistical 
analysis of the average number of infected samples of 
inflorescence within the same plant and among different 
plants. Regarding the F values of the average number of 
each infected inflorescence sample (axis; peduncles; 
pedicels or small berries) among different plants (1-6), 
statistical analysis indicated that Botrytis infection 
affected pedicels, peduncles and small berries 
significantly in all tested plants as they showed significant 
differences (p<0.05) between them. In contrast, they 

 
 

 

showed insignificant differences (p > 0.05) for axis 
indicating that there was no effect of Botrytis infection on 
axis in all tested plants (Table 1). Moreover, the results 
showed that Botrytis infection mostly occurred in 
pedicels, peduncles and small berries taken from plants 
5, 3 and 6, respectively. The results indicate that there 
was no Botrytis infection in axis taken from plants 3, 4 
and 6, pedicels and peduncles taken from plants 1 and 2, 
peduncles taken from plants 1, 2 and 5 while, the small 
berries of all these plants showed infection with B. 
cinerea (Table 1). Regarding the F values of the average 
number of all infected inflorescence samples (axis, 
peduncles, pedicels and small berries) within each tested 
plant, data analysis exhibited significant differences of 
infected inflorescences among plants 1, 2, 3 and 4 
(p<0.05). The plants 1 and 2 demonstrated the highest 
Botrytis infection in axis, while they did not show any 
infection in pedicels and peduncles (Table 1). In addition, 
the plants 3 and 4 showed the highest Botrytis infection in 
peduncles, whereas they did not show any infection in 
axis (Table 1). Moreover, the plants 5 and 6 revealed 
insignificant differences among different inflorescence 
samples for Botrytis infection (Table 1).  

As the statistical analysis demonstrated the highest 
significant variation (p = 0.0001) among the small berries 
in different plants (Table 1), these samples were 
subjected to test for quantifying the DNA of B. cinerea 
residing in the tissues of small berries in all tested plants 
(A1-A6) (Table 2) by qPCR. Since the plant 6 showed 
insignificant variation among different inflorescence 
samples, but exhibited the highest Botrytis infection in 
both small berries and peduncles (Table 1), qPCR assay 
was also tested on peduncles (A7) (Table 2). 
 
 

Calibration curves 
 
Genomic DNA obtained from B. cinerea was used as a 
template for qPCR with primers Bc424f and Bc491r. As 
expected, the PCR product melting temperature was 87 ± 
1.00°C as shown in Figure 1. The standard curve 
generated with the Bc424f/Bc491r pair in the conditions 
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Table 2. Determination of DNA concentration of B. cinerea in  
inflorescence samples using qPCR.  

 
 Sample number Ct (dR) Concentration (pg) 

 A1 26.24 10 

 A2 26.54 10 

 A3 18.29 3410 

 A4 21.1 490 

 A5 17.65 5310 

 A6 20.79 610 

 A7 19.52 1460 

 NTC 38.49 0  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Dissociation curve obtained from genomic DNA of B. cinerea with SYBR Green I. 

 

 

described previously was shown in Figure 2. The 
standard curve for B. cinerea was generated by plotting 

the log of DNA (pg) against the Ct value determined by 
qPCR. Linearity was observed across the whole range 

used and the very high correlation coefficient (R
2
 = 1) 

indicated very low inter assay variability. The slope of the 
standard curve was -3.32, which corresponded to an 
amplification efficiency of 99%. The limit of detection was 
defined as the lowest pathogen quantity that could be 
detected using SYBR Green qPCR method. Under 

conditions that include SYBR Green, the maximum Ct 
value that could be used was 38, which corresponded to 
a DNA concentration of 2.3 pg. 
 

 

The detection and quantification of B. cinerea 
infected inflorescence samples 

 

To  obtain  an accurate estimate of the target DNA 

 
 

 

molecules (B. cinerea DNA) in the inflorescence samples, 
different controls were needed: controls to test the 
efficiency of the PCR itself (PCR positive control) and 
controls to demonstrate the effect of the grape matrix, 
which includes natural inhibitory compounds, on the 
recovery of DNA from the B. cinerea, as well as its effect 
on PCR (PCR internal control). To achieve these goals, 
the actin gene was used as an internal control and the 
standard curve was created as shown in Figure 3. From 
the standard curve of IGS of B. cinerea obtained 

previously, we used Ct value to quantify the DNA 
concentration of B. cinerea by pg in inflorescence 
samples as shown in Table 2.  

The absolute quantification qPCR method was used to 
assess the level of B. cinerea infection in each small 
berries sample as shown in Figure 4. The DNA 
concentration of B. cinerea residing in each small berries 
sample (A1-A6) and peduncles sample (A7) was given in 
Table 2. The lowest DNA concentration appeared in 
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Figure 2. Standard curve generated from the amplification of 10-fold dilutions 
of target genomic DNA of B. cinerea. This curve revealed a good linear 

relationship (R
2
 = 1) between the log10 value of the starting DNA concentration 

and the threshold cycle.  
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Figure 3. Standard curve generated from the amplification of 10-fold dilutions of 

internal control (actin). This curve revealed a good linear relationship (R
2
 = 1) 

between the log10 value of the starting cell concentration and the threshold. 
 
 

 

samples A1 and A2 which showed low level of B. cinerea 
(10 pg DNA). In contrast, the highest DNA concentration 
revealed in samples A3 and A5 (3410 and 5310 pg 
respectively) indicated a high level of B. cinerea residing 
in these samples. Moreover, the DNA concentration of 
B.cinerea residing in peduncles sample (A7) appeared to 
be higher than that obtained from the small berries 
sample (A6) taken from the same plant (6). 

 
 
 

 

DISCUSSION 

 

In this study, a dual method was used as a simple and 
reliable tool for the detection, isolation and quantification 
of B. cinerea. To indicate relative disease pressure in 
each inflorescence sample, the use of conventional 
mKERS assay allowed the calculation of the average 
number of infected inflorescence samples and isolation of 
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Figure 4. Amplification plots obtained from genomic DNA of inflorescences with SYBR-Green I. 
 

 

the pathogen. Variation of the average number of infected 
inflorescence samples with B. cinerea was investigated 
depending on plant and inflorescence part as the plants 3 
and 4 showed the highest Botrytis infection in peduncles 
which did not show any Botrytis infection in both plants 1 
and 2. No effect of Botrytis infection was shown in axis in 
50% of the tested plants. Moreover, all tested plants 
demonstrated infection in small berries with high 
significant differences (p = 0.0001) indicating an 
increased susceptibility of berry's tissues to Botrytis 
infection. This means that sample type had a clear impact 
on B. cinerea infection which presents latently on 
inflorescence organ. In all cases, each inflorescence part 
could be an important source of Botrytis infection 
resulting in gray mold disease. Furthermore, qPCR assay 
demonstrated compatible results with the previous 
conventional method in some cases. This was indicated 
as the lowest DNA concentration (10 pg DNA) of B. 
cinerea which appeared to be in the small berries taken 
from plant 2 which previously demonstrated the lowest 
number of infected samples on mKERS medium. In 
contrast, the DNA concentration of B. cinerea was 
highest (5310 pg) in the small berries taken from plant 5 
which proportionally demonstrated a low number of 
infected samples using mKERS medium. This was due to 
the existence of numerous non viable cells of B. cinerea 
(in berry's tissues) which were unable to grow on the 
medium. Although, the molecular test is more sensitive 
and rapid for the detection and quantification of pathogen, 
the conventional method is also necessary for the 
detection and isolation of the viable pathogen cells 
leading to isolates collection that would be used for 
further analysis. Nevertheless, the qPCR assay could be 
useful to detect 

 
 

 

and quantify fungal DNA, regardless its viability. Indeed, 
these two assays, conventional and molecular assays, 
have a complementary or dual advantage for studying 
latent infection. Furthermore, qPCR test should serve as 
a decision-making tool in vineyards as it could monitor 
the evolution of B. cinerea attack prior to harvest and 
consequently optimize the concentration and the number 
of sprays of fungicides.  

In light of recent studies, numerous quantitative assays 
using real-time PCR have been developed to specifically 
detect microbial targets in many types of samples, 
including, but not limited to, molds (Alaei et al., 2009; 
Carisse et al., 2009; Luo et al., 2010). The qPCR 
technique had the advantage of the detection of B. 
cinerea over classic culture-based methods as it 
enhanced specificity and reduced processing time (2 to 3 
h), leading to quicker results. In addition, previous studies 
had showed that the use of immunoassays lacks 
sensitivity to detect small quantities of pathogen (Meyer 
et al., 2000; Dewey and Meyer, 2004) and the use of 
conventional PCR lacks the precision for DNA 
quantification (Gindro et al., 2005). Nevertheless, 
molecular technique is always more expensive than 
conventional assay. Although classical method, using 
selective medium, is too slow (Martinez et al., 2010), as 
shown here in this study (results obtained after three 
days), this technique would not be useless as we need a 
low cost method for a routine work in order to detect the 
pathogen viability and make isolates collection necessary 
for further studies. Indeed, we should use mKERS 
medium combined with qPCR assays for detection, 
isolation and quantification of B.cinerea. Thus, such dual 
method could be suitable for the risk assessment of 
Botrytis gray mold at the field level. 
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