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Abstract

Gray mold causes considerable economic losses of fruit and vegetable production. The current
study on Egyptian population structure of Botrytis cinerea demonstrates that this species is com-
posed of four TE genotypes: transposa, vacuma, boty and flipper types using transposable elements
and sensitivity to the hydroxyanilide fungicide, fenhexamid. The results show that transposa is the
predominant isolate type (63.6%) in the sampled populations of B. cinerea. However, the four iso-
late types are fenhexamid-sensitive regardless of location, host plant and plant organ. Additionally,
B. cinerea isolates collected from different host plants do not exhibit any host preference using ar-
tificial infection test on lettuce. Furthermore, no relation is found between isolate type and ag-
gressiveness and no divergence event has occurred among the isolates collected from different
locations and host plants. The results suggest that host specialization of B. cinerea has not been
occurred in the current sampled crops.

Keywords

Fenhexamid Resistance, Gray Mold, Molecular Characterization, Pathogenicity Variation,
Transposable Elements

1. Introduction

Botrytis cinerea Pers.: Fr. (teleomorph: Botryotinia fuckeliana (de Bary) Whetzel) is a necrotrophic fungus re-
sponsible for gray mold on hundreds of dicot plants [1] and a notorious pathogen of a variety of crops which are
affected in temperate and subtropical regions, causing soft rotting of all aerial plant parts, and rotting of vegeta-
bles, fruits and flowers post-harvest worldwide [2]. B. cinerea has become an important model for molecular
study of necrotrophic fungi [3] and is also capable of colonizing plants internally as an endophyte without caus-
ing any disease or stress symptoms [4]. Generally, one of the fungal genomic variability sources is the existence
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of transposable elements (TEs) [5] [6]. Previous studies on French, Chilean populations of B. cinerea demon-
strated that this species was composed of two sympatric species, transposa and vacuma [7] [8], while three TE
genotypes had been found in American populations of B. cinerea [9]. Transposa has two types of transposable
elements: boty [10] and flipper [11], whereas these two elements are absent in vacuma. Furthermore, it was
shown that the transposa isolates did not differ in pathogenicity from the vacuma isolates [12]. Recently, mole-
cular studies of different nuclear genes have suggested that B. cinerea populations are grouped into two different
clades: group I and group |1, phylogenetic species [13] [14]. Described group I isolates are exclusively from the
vacuma transposon type, while group Il can feature transposa, flipper (containing only flipper), boty (containing
only boty) or vacuma genotype [8] [9] [13] [15]-[19].

Previous studies demonstrated that some vacuma isolates were resistant to the hydroxyanilide fungicide, fen-
hexamid [13] [20] [21], while other studies showed the sensitivity of vacuma isolates [19]. Furthermore, it was
thought that B. cinerea had no host specificity [22] [23] as it attacked a wide range of host plants. Giraud et al.
(1999) reported that the prevalence of transposa and vacuma was significantly different in B. cinerea popula-
tions collected from different host plants. In light of these recent studies, it appears that B. cinerea may have
host specialization, which contradicts the traditional view [22] [23]. Currently, it is unclear whether the two
sympatric species are present in B. cinerea populations in Egypt and their resistance to the more recent fungicide,
fenhexamide. The objectives of the current study are to determine: 1) The species type(s) of B. cinerea existed
in Egypt; 2) Pathogenic specificity in B. cinerea populations collected from different host plants; 3) Sensitivity
of B. cinerea isolates to the hydroxyanilide fungicide, fenhexamid; and 4) Molecular divergence among isolates
and its association with the pathogenicity of isolates.

2. Materials and Methods
2.1. Isolate Collection of B. cinerea

Thirty three isolates of B. cinerea were collected from different host plants: grape, strawberry and lettuce by using
the modified selective medium, m1KERS, which was previously developed [24] [25]. The composition of such
medium consists of the following components (gL distilled water): glucose, 20 g; NaNOs, 1 g; KH,PO,, 1.2 g;
MgSO,7H,0, 0.2 g; KCI, 0.15 g; agar, 25 g. This medium was autoclaved at 121°C for 20 min. After cooling to
65°C, the following ingredients were added: chloramphenicol, 0.05 g; tannic acid, 5 g; CuSO,, 2.2 g; Cabrio Top
fungicide (Pyraclostrobin), 0.1 g. Different organs from strawberry (cv. Florida & Festival), grape (cv. Superior
& Flame) and lettuce (cv. Baladi) were tested for Botrytis infection (Table 1). The plant samples were dipped
separately in sterile water for 5 min, dried on paper towels, then plated onto m1KERS and incubated at 23°C for
3-21d. Table 1 shows the locations, host plants and plant organs from which the isolates were collected.

2.2. Determination of Mycelial Growth Rate

Mycelial agar plugs (6 mm diameter) were transferred from the colony margins of 3-d-old isolate culture of B.
cinerea to the center of PDA petri dishes (9 cm diameter). Two replicates were done for each isolate and incu-
bated at 23°C. The mycelial growth rate (cm/d) was obtained daily by measuring the colony diameter during one
week. This test was repeated twice.

2.3. Pathogenicity Assay

Detached leaves of lettuce plant (cv. Baladi) were used for testing the pathogenicity of B. cinerea isolates.
Leaves were excised from the central part of each plant. Four leaves were selected for each replicate and placed
on moist towels in a plastic tray. Mycelial agar plugs were removed from the colony margin of PDA cultures of
each isolate of B. cinerea using a sterilized cork borer and placed on the leaves with the mycelial side of each
plug facing the leaf surface. One or two plug(s) per leaf and four leaves for each isolate were prepared. Each
tray was covered with a transparent plastic cover to maintain high humidity and incubated in a growth chamber
at 20°C under fluorescent light (12 h light/12 h dark). Lesion diameter around each mycelial agar plug on lettuce
leaves was measured after incubation for 72 h. This test was repeated twice.

2.4. Fungicide Sensitivity Assay

Fenhexamid (Sigma-Aldrich) was dissolved in sterile water, adjusted to 10 mg/ml as a stock solution, and
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Table 1. B.cinerea isolates collected from different organs of many host plants.

Location Plant variety Plant organ Isolate Isolate type”

Grape “Flame” flower BCG31 B

Grape “Flame” leaf BCG60 \Y

Grape “Flame” flower BCG4 T

Grape “Superior” leaf BCG6 T

Grape “Superior” leaf BCG13 F

Grape “Superior” leaf BCG14 T

Al-Sharkeya Grape “Superior” leaf BCG3 F
governorate

Grape “Superior” pedicel BCG17 T

Grape “Superior” small berry BCG27 B

Grape “Superior” pedicel BCG30 T

Grape “Superior” flower BCG28 T

Grape “Superior” small berry BCG2 T

Grape “Superior” flower BCG24 F

Lettuce “Baladi” leaf BCL26 T

Lettuce “Baladi” leaf BCL2 T

Lettuce “Baladi” leaf BCLS8 B

Lettuce “Baladi” leaf BCL13 T

Lettuce “Baladi” leaf BCL16 B

Al-Kaliobeya Lettuce “Baladi” leaf BCL32 T

governorate Lettuce “Baladi” leaf BCL28 B

Lettuce “Baladi” leaf BCL3 T

Lettuce “Baladi” leaf BCL19 B

Lettuce “Baladi” leaf BCL34 T

Lettuce “Baladi” stem BCL11 T

Lettuce “Baladi” stem BCL29 T

Strawberry “Festival” calyx BCS47 T

Strawberry “Festival” calyx BCS56 \Y

Strawberry “Festival” fruit BCS200 T

Al-Ismailia Strawberry “Festival” fruit BCS300 T

governorate Strawberry “Florida” fruit BCS15 B

Strawberry “Florida” fruit BCS26 T

Strawberry “Florida” petal BCS45 T

Strawberry “Florida” petal BCS67 T

“T: transposa; V: vacuma; B: boty; F: flipper.

added to the potato dextrose agar (PDA) (Difco, Dickinson and Company) medium after sterilization to produce
the concentrations of 0.003, 0.01, 0.1, 0.5, 1, 5, 10 and 13 pg fenhexamid per ml of PDA medium. The mycelial
plug (6 mm) was cut from the edge of four-d-old colony for each isolate of B. cinerea and placed on the center
of a PDA dish amended with each of the fungicide concentration. Two plates for each concentration were used,
and then the experiment was performed twice. Cultures were incubated at 23°C for 3 d. For each plate, the co-
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lony diameter was measured in two perpendicular directions with the original mycelial plug diameter (6 mm)
subtracted. For each isolate, the 50% effective concentration (EC50), which is the fungicide concentration that
results in 50% mycelial growth inhibition, was calculated.

2.5. Transmission Electron Microscopy

The mycelial agar plugs of both hypovirulent isolate BCL29 and virulent isolate BCL11 of B. cinerea were
placed on PDA in a petri dish (6 cm diameter) and incubated at 23°C for 7 d. Small pieces (about 3 x 3 mm) of
the mycelia of such two isolates were sampled from the colony margin areas and fixed in 2% of glutaraldehyde
in 0.05 M sodium cacodylate buffer (pH 7.0) at 4°C overnight. The specimen pieces were washed in 0.2 M so-
dium phosphate buffer (pH 7.0) three times at room temperature (25°C), 10 min each time, and post-fixed in 2%
osmium tetroxide in 0.2 M sodium phosphate buffer for 2 h, and embedded in hard resin, then cut into ultra-thin
slices (100 nm) by ultramicrotome. Sections were stained with 5% of uranyl acetate and rinsed in 50% of etha-
nol for 1 h. Then, they were dehydrated in graded series of ethanol, stained with 5% of aqueous lead citrate and
5% of uranyl acetate, and examined with the transmission electron microscope (JEOL 1200ESII) at 80 kV.

2.6. Statistical Analysis

Regression model and subsequently the EC50 were estimated using SPSS [26]. Data scored from lesion and co-
lony diameter for both Pathogenicity and fenhexamid sensitivity assays, respectively, and analyzed by analysis
of variance (ANOVA) implemented in SPSS to determine the significant variation within and among the studied
host plants. Data means were treated using the least significant difference test at P = 0.05 level.

2.7. DNA Preparation

Each isolate was grown in potato dextrose broth (Difco Laboratories, Dickinson and Company) at 23°C for 7 d.
Mycelia were harvested and washed in sterile water, frozen in liquid nitrogen, and lyophilized. Fungal genomic
DNA was extracted using the GeneJET Plant GenomicDNA extraction KIT® (Thermo Scientific).

2.8. Detection of Transposable Elements (Boty and Flipper)

Boty, the long-terminal repeats (LTRs) [10] and flipper, a mobile Fot1-like transposable element [11] have been
identified from B. cinerea. The PCR primer pair F300 (5’-GCA CAA AAC CTA CAG AAG A-3’) and F1550
(5’-ATT CGT TTC TTG GAC TGT A-3’) has been used to detect the flipper element [11]. To detect the boty
element, a pair of primers BotyF4 (5’-CAG CTG CAG TAT ACT GGG GGA-3’) and BotyR4 (5’-GGT GCT
CAA AGT GTT ACG GGA G-3’) was used to amplify the LTR according to Ma and Michalilides (2005) [9].
The PCR reaction was performed (TECHNE TC-3000) in 25 pl of 2X PCR Master Mix (Thermo Scientific)
containing 1 M of each primer, 100 ng of fungal DNA. The PCR was performed using the following parame-
ters: an initial denaturation for 5 min at 95°C, followed by 40 cycles of denaturation at 94°C for 1 min, annealing
at 60°C for the primer pair F300 and F1550, or 68°C for the primer pair BotyF4 and BotyR4, for 1 min, exten-
sion at 72°C for 1 min (for boty primers) or 3 min (for flipper primers), and terminated with a final extension at
72°C for ten min. PCR products were tested and verified on 1.5% agarose gels using standard protocol.

2.9.ITS and LTR Amplification and Cloning

Two primers, ITS1 (5°-TCC GTA GGT GAA CCT GCG G-3’) and ITS4 (5°-TCC TCC GCT TAT TGA TAT
GC-3’) were used to amplify the internal transcribed spacer (ITS) according to White et al. (1990) [27]. While,
the primer pair BotyF4 and BotyR4 was previously used to amplify the boty LTR [9]. The amplification was
conducted for each region in a final volume of 50 pl containing 1 uM of each primer, 0.2 mM of each ANTP
(Thermo Scientific), 1x Pfu buffer with MgSO, and 2 U of Pfu DNA polymerase (Thermo Scientific), 100 ng of
fungal DNA. For ITS amplification, reactions were performed in a Techne™ thermocycler programmed as the
following steps: denaturation at 94°C for 5 min, followed by 35 cycles, were run at 94°C for 30 sec, 55°C for 30
sec, and 72°C for 1 min for denaturing, annealing and extension, respectively, and the final extension at 72°C for
5 min. The PCR product was then kept at 4°C. In order to study the divergence among different B. cinerea iso-
lates, the boty element was cloned from randomly selected isolates: BCG17 (clone 1 and clone 2), BCL2 (clone
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5 and clone 6), BCG6 (clone 5 and clone 6), BCG14 (clone 1) using Transform Aid Bacterial Transformation
Kit (Thermo Scientific). Each clone was re-amplified using the previously mentioned conditions.

2.10.ITS and LTR Sequencing

Amplified fragments were purified and concentrated using Silica-column based method (GeneJET PCR Purifi-
cation Kit, Thermo Scientific), and then sequenced by sequencing service (Macrogen Europe, Netherlands). Se-
quence chromatograms were compiled using Bioedit v3 [28] to assemble the sequences. Haplotypes sequences
were submitted into the GenBank database (http://www.ncbi.nlm.nih.gov).

2.11. Phylogenetic Analysis

The aligned sequences were analyzed using Maximum Parsimony (MP) [29]. The MP analyses were run with
PAUP” 4b10 [30] using the default setting and assessed using 1000 bootstrap replicates. Additionally, the data
were analyzed by Bayesian inference (BI) [31]. The best models for nucleotide substitution were determined for
LTR region by JModelTest [32], a program which uses intensively PhyML [33]. Two runs were conducted with
1,000,000 generations. Trees were sampled every 1000"™ generation and the first 40,000 trees were discarded
(burn-in) in order to exclude such trees before the chain reached the stationary phase. Burn-in validity was tested
using Tracer v1.4 [34]. Trees were visualized using TreeGraph 2 [35]. A maximum likelihood (ML) analysis
was carried out by MEGAS [36]. Tree inference options were set to Nearest Neighbor Interchange. Gaps/miss-
ing data were treated as partial deletions with site coverage cutoff = 95%. A bootstrap analysis with 1000 repli-
cates was carried out in order to study the clade support values. In all methods, trees were generated in the pres-
ence of the available LTR sequences found by BLAST tool (NCBI website). The number of base substitutions
per site (Genetic distance) was estimated between two groups (Egyptian isolates versus GenBank accessions)
using MEGAAb. Analyses were conducted using the Maximum Composite Likelihood model. The rate variation
among sites was modeled with a gamma distribution (shape parameter = 0.42). The analysis involved 25 nucleo-
tide sequences. All ambiguous positions were removed from each sequence pair.

3. Results
3.1. Isolation of B. cinerea Populations Using m1KERS Medium

Different organs from the host plants: lettuce, strawberry and grape were screened to detect B. cinerea after in-
cubation on m1KERS medium during 3 - 21 d. The appearance of brown halo formation surrounding the in-
fected plant samples was observed at the third day of incubation indicating the presence of B. cinerea in the
plant samples. All B. cinerea isolates were then identified morphologically using light microscope, and con-
served in paraffin oil at 4°C.

3.2. Determination of Isolate Type Using Transposable Elements

The PCR results showed that the primer pair F300 & F1550 has amplified the expected 1250 bp PCR fragment
from 24 out of 33 isolates, and the primer pair BotyF4 & BotyR4 has generated a 510 bp PCR fragment from 28
out of 33 isolates (Data not shown). While, two isolates have neither of these two elements (Table 1). Among
33 isolates tested, 21 have two transposable elements, boty and flipper (transposa type), which indicated that
transposa isolates were predominant (63.6%) in almost all of B. cinerea populations isolated from different host
plants and plant organs. While, seven have the boty element (boty type, 21.2%), three have the flipper element
(flipper type, 9.1%) and two have neither of these two elements (vacuma type, 6.1%; Table 1).

3.3. Pathogenicity of B. cinerea Isolates

Statistical analysis of the pathogenicity test of 30 isolates of B. cinerea, collected from different host plants, on
lettuce leaf showed a significant difference among isolates depending on their aggressiveness regardless of loca-
tion and host plant (Figure 1). After incubation at 20°C for 3 d, four isolates (BCG3, BCS47, BCS56, BCL29)
out of 30, obtained from different plant species (Table 1), have shown their hypovirulence on lettuce leaves
(Figure 1), whereas BCL11 isolate, collected from lettuce stem, demonstrated the most virulent isolate (Figure
1 and Figure 2). The lesion diameter varied among the virulent isolates of B. cinerea, ranging from 0.02 to 1.65
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cm (Figure 1), whereas the hypovirulent isolate BCL29, collected from lettuce stem, caused no infection on let-
tuce leaves (Figure 1 and Figure 2). Moreover, there was no significant difference regarding pathogenicity be-
tween all isolate types, as has been found in previous reports [37].

All B. cinerea isolates, but one, BCL29 (Table 2), grew rapidly on PDA at 23°C with average mycelial radial
growth rate (MGR) ranging from 2 to 3.6 cm/d (Table 2). As shown in Table 2, the MGR of the virulent isolate
BCL11 (3.6 cm/d) is higher than that of the hypovirulent isolate BCL29 (1.2 cm/d). Many isolates developed
and covered the entire dish (9 cm diameter) within 3 - 4 d. Aerial mycelia, conidia, and/or sclerotia were formed
within 15-d-old cultures of many isolates such as BCL11 (data not shown). In contrast, some of them like the
hypovirulent islolate BCL29 often produced sparse conidia and did not produce any sclerotia on the colonies af-
ter incubation for 15 d (data not shown). These results confirmed a clear variation between such two isolates,
BCL11 and BCL29, at both morphological and pathogenicity levels.

3.4. Sensitivity of B. cinerea Isolates to Fenhexamid

The EC50 values of all B.cinerea isolates were lower than 1 pg/ml (Figure 3) indicating that these isolates were
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Figure 1. Pathogenicity of the B. cinerea isolates collected from three host plants: grape, strawberry and lettuce. Results
were expressed as mean lesion diameter (cm) + standard error.

Figure 2. The virulence of BCL11 (right) and the
hypovirulence of BCL29 (left) on lettuce leaf.
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Figure 3. Sensitivity of B. cinerea isolates to fenhexamid. Additional pie chart shows the percentage of EC50 concentration
ranges for all isolates regardless of their host plants. * Isolate colony with a different morphological appearance.

Table 2. Determination of mycelial growth rate (MGR) of different B. cinerea isolates.

Avg. Isol MGR Avg. Isol MGR
MGR fem) solate GR (cm) MGR (em) solate GR (cm)
BCG13 3.4 BCL11 36
BCG2 33 BCL13 29
Grape BCG24 26 BCL16 25
isolates = 2.9 BCG27 25 BCL19 3
BCG28 35 BCL26 32
BCG60 22 _ Lettuce BCL29 12
) isolates = 2.8 '
BCS15 2 BCL3 33
BCS200 2 BCL32 3.2
Strawberry BCS26 32 BCL34 24
isolates = 2.6
BCS300 3.2 BCLS 33
BCS67 2.4 BCL28 23

sensitive to fenhexamid according to the previous studies [38]-[40]. In addition, the EC50 values were within
the range of 0.013 - 0.23 pg/ml fenhexamid (Figure 3) for B.cinerea isolates which were collected from differ-
ent host plants and showed all TE genotypes (transposa, vacuma, boty and flipper) suggesting that no relation
was evident between isolate type and sensitivity to fenhexamid. This case is in accordance with numerous stu-
dies but in contrast with some other studies [7] [9]. Among all isolates tested, only one isolate has shown that
EC50 value is greater than 0.2 pg/ml (Figure 3). The minimum inhibitory concentrations (MICs) of the majority
of isolates are less than 13 pg/ml. Thus, these isolates are considered to be fenhexamid-sensitive based on pre-
vious studies on the sensitivity of B. cinerea to fenhexamid [38] [39] [41]-[44].

3.5. Hyphal Cell Malformation of BCL29

TEM observation of both the virulent BCL11 and the hypovirulent BCL29 showed that the hyphal cell of
BCL11 had a dense and distributed cytoplasm and formed numerous mitochondria with normal cristae inside
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each mitochondrion. In contrast, the hyphal cell of BCL29 produced an accumulated cytoplasm and showed a
cellular degeneration (Figure 4). This result indicated that the variation between these two isolates existed also
at cellular level.

3.6. Sequences and Phylogenetic Analysis

The primer combination ITS1 and ITS4 produced a fixed region length of 509 bp for four isolates of B. cinerea.
By comparing their sequences with the NCBI database through Blast search, a complete query of exact matching
and coverage were found to Botryotinia fuckeliana (GenBank accession no. X81790). Only one haplotype (ac-
cession no. KM276776) was found as no point mutation was detected for the sequenced isolates and marked no
differences with the GenBank accession. The primer combination BotyF4 and BotyR4 produced a fixed region
length of 510 bp for seven sequences from four isolates of B. cinerea. BLAST search demonstrated that the
maximum score of alignment was to the long terminal repeat of the retrotransposon boty (GenBank accession no.
X81790). Two haplotypes (accession no. KM276777 and KM276778) were found, with a unique transition point
mutation (A > G) in the nucleotide site no. 139 of the 510 bp amplified sequence (Figure 5). Estimated genetic
distance was 0.121 + 0.031 between the GenBank accessions and 0.01 + 0.01 between the Egyptian isolates,
while the genetic distance was 0.085 + 0.022 between the two groups.

The phylogenetic tree of LTR sequences was generated using Bl and confirmed by both MP and ML methods
(Figure 5). The tree was formed from seven LTR sequences amplified from the Egyptian isolates along with 15
GenBank accessions that showed a similar coverage range. Two main clades could be clearly distinguished.
Clade | was supported with 0.93 of Bl posterior probability, 97 bootstrap values of MP method and 99 bootstrap
values of ML method. Sub-clade 1.1 was divided into two partitions and the partition 1.1.1 was formed by the
Egyptian isolates sequences BCG17 (clone 1 and clone 2), BCL2 (clone 6), BCG6 (clone 6), BCG14 (clone 1)
which possessed the G base in the dimorphic site along with BCL2 (clone 5) and BCG6 (clone 5). Such partition
was supported with 0.99 of Bl posterior probability, 84 bootstrap values of MP method and 93 bootstrap values
of ML method. While the partition 1.1.2, Sub-clade 1.2 and Clade Il were formed by the accessions obtained
from the GenBank database.

4. Discussion

In the current study, four TE genotypes of B. cinerea isolates: transposa, boty, flipper and vacuma, were de-
scribed from different Egyptian locations and collected from numerous symptomless plant organs. The results
showed that transposa was the predominant isolate type (63.6%) in the sampled populations of B. cinerea. The
other isolate types found in our samples were: boty isolates (21.2%), flipper isolates (9.1%), and vacuma isolates

500 nm

Figure 4. Transmission electron micrographs showing the cellular difference between two B. cinerea isolates (virulent:
BCL11, left and hypovirulent: BCL29, right). Bar represents 0.5 - 2 pm.
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Figure 5. Rooted tree for LTR sequences based on Bayesian inference method. Clades | and Il are indicated. For each clade, Bl
posterior probability values and bootstrap support values above 50% for MP and ML are written, respectively. The tree is drawn to
show the ancestral state of the dimorphic nucleotide site no. 139, where G and A are written in red and black, respectively.

(6.1%). This result was in agreement with previous studies that had demonstrated the significant predominance
of transposa type [19] [45]-[47]. Otherwise, the vacuma isolates had been previously reported as a predominant
type in other host plants [37]. Additionally, we have found that all four isolate types, collected from different
host plants, plant organs and locations, are fenhexamid-sensitive populations with a concentration between
0.013 - 0.23 pg/ml indicating a fenhexamid sensitivity [48]. Thus, such fungicide concentration would be rec-
ommended as an effective fungicide against B. cinerea infections. Interestingly, none of the isolate tested was
phenotyped as HydR1, which corresponded to the natural resistance exhibited only by B. cinerea group I [13].
Meanwhile, these current isolates involved in B. cinerea group as they did not have any naturally resistant spe-
cies as B. pseudocinerea recently described [49]. Indeed, these isolates could be related to B. cinerea group Il
[21] [50] [51], but would be further confirmed at a molecular level. However, the observed absence of resistant
isolates could be due either to the sampling strategy or to a real absence of these isolates in Egypt, so that it re-
mained to be further investigated. Moreover, no clear relationship was found between sensitivity to fenhexamid
and the TE genotype in B. cinerea. Otherwise, previous studies had shown that some vacuma isolates were re-
sistant to the fungicide, fenhexamid [20] [21]. In fact, the hydroxyanilide fungicide, fenhexamid is a recently in-
troduced fungicide with a high preventive activity against gray mold on various crops in Egypt (Prof. Dr.
El-Shimy H., ARC, personal communication). Although newly introduced botryticides face the possibility of re-
sistance development [21], other studies have shown resistance to such fungicide in some areas where it has
never been used. In addition, the results demonstrated, consistently with other studies, that resistance to fen-
hexamid had not also been found from boty isolates [7] [13]. Contrarily, it was reported that all boty isolate
types were fenhexamid-resistant populations [9]. However, fenhexamid resistance alone was not a reliable cha-
racter to classify B. cinerea [19].

Differentiation in pathogenicity was observed among isolates of B. cinerea depending on isolate aggressive-
ness regardless of the host plant. The majority of B. cinerea isolates (86.7%) were virulent, whereas 13.3% of
them, collected from different host plants, caused no infection on lettuce leaves. In fact, B. cinerea can infect a
wide range of host plants and plant organs under laboratory conditions, and it had long been thought that B. ci-
nerea had no host specificity [22] [23], while other studies had shown the occurrence of host specificity [52]. In
addition, the Egyptian B. cinerea populations did not demonstrate any relation between TE genotype and isolate
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virulence, consistently with the previous results of Greek isolates [37]. Otherwise, this relation had been posi-
tively documented [12] [45]. Some studies on genetic population of B. cinerea had shown that there were sig-
nificant genetic differentiations among isolates collected from different host plants in France [10] [53] and in
Chile [8]. In addition, the results here showed variation of mycelial growth and sclerotia production among all
isolates tested. One of them, BCL29, grew slowly on PDA with the average radial growth rate 1.2 cm/d. The
TEM test investigates a cellular degeneration in the hypovirulent isolate BCL29 compared with the virulent iso-
late BCL11 of B. cinerea. This may be caused by one of many factors such as mycoviruses cellular association
as previously reported [54]-[56].

On the other hand, the ITS sequence didn’t show any polymorphism level that would resolve the reported is-
sue of the cryptic speciation known in B. cinerea [57]. The LTR sequences showed the presence of two abun-
dant copies in the Egyptian isolates in which a unique transition point mutation was occurred and caused the
presence of two different partitions in clade 1.1.1 (revise Figure 5): Partition | contained the LTR sequences
from the five clones of Egyptian isolates, while partition 1l contained two other amplified clones of the same
isolates grouped in partition 1. The presence of the two copies in the same individual impedes the possibility to
correlate such single nucleotide polymorphism (SNP) to the virulence action. Nevertheless, the detected genetic
distance between the Egyptian isolates and the GenBank accessions reflects the high polymorphism level within
the boty mobile element. While the phylogenetic analysis shows the Egyptian isolates as a separate highly sup-
ported divergent group from the others. Combining the current ITS analysis and LTR sequences, it would con-
firm that no divergence events have occurred among the Egyptian isolates even if the samples are isolated from
different host plants and different locations. The results suggest that the host specialization of B. cinerea does
not occur in the sampled crops (grape, strawberry and lettuce). Even though, Isenegger et al. (2008) have found
that the genetic differentiation, possibly as a result of geographic isolation, is likely to have occurred recently in
isolates from Australia and South Asia. Otherwise, geography does not differentiate the Egyptian B. cinerea
isolates under study, which reflects a high spore dispersal ability among the studied locations [58].

The detection of the cryptic speciation of B. cinerea could have important implications in population structure
analysis and thus integrated disease management strategies in Egypt and surrounding regions, it would be pro-
posed the application of a genome-scan approach (e.g. AFLP [59] [60]) or the next generation sequencing (NGS)
technology [61] to efficiently measure the speciation level and genetic diversity within B. cinerea isolates of
Egypt and its association with the isolate pathogenicity.

5. Conclusion

The Egyptian B. cinerea populations are composed of four TE genotypes that demonstrate fenhexamid sensitiv-
ity at low concentration level. Such fungicide is recommended at 0.013 - 0.23 pg/ml as an effective concentra-
tion against B. cinerea. The results show variation among B. cinerea isolates at morphological and cellular level.
However, the current results demonstrate no relation between isolate type, aggressiveness, fenhexamid sensi-
tivity and host preference.
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