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Abstract

Alimad, N., W. Naffaa and S. Lawand. 2021. Detection of Erysiphe necator, the Causal Agent of Powdery Mildew on
Grapevine, and Determination of their Mating Types in Southern Syria Using Some Molecular Markers. Arab Journal
of Plant Protection, 39(2): 152-158.

Powdery mildew caused by Erysiphe necator, is one of the most economically damaging diseases of grapevine throughout the world.
This study aimed to identify the mating types of this pathogen in Syria using molecular markers. Three DNA extraction methods: Promega
Kit, phenol chloroform isoamyl alcohol (PCI) and SDS were compared. The amount and quality of DNAs obtained by the SDS method were
suitable for PCR amplification and other molecular assays. PCR amplification using specific primers (Uncin 144 and Uncin 511) was performed
and the expected amplicon of 300-400 bp was obtained from 29 isolates of E. necator collected from different geographical locations and from
different grapevine cultivars. Results obtained showed that E. necator may cause atypical symptoms similar to those of downy mildew, in
some grapevine cultivars according to the environmental conditions and training system used. Isolates of E. necator were classified into four
groups according to geographical locations and grapevine cultivar, based on the observed variation in banding pattern with EO7 primer and the
constructed phenogram by using UPGMA. RAPD analysis of 39 E. necator isolates using the primer EQ7 showed the presence of two mating
types, and the frequency of each varied depending on the geographical location, with a predominance of the - mating type which did not

produce a 1000 bp band using the PCR primer EQ7.

Keywords: Powdery mildew, Erysiphe necator, RAPD, mating type, DNA extraction.

Introduction

Grapevine (Vitis vinifera L.) is one of the world's oldest and
most important fruit crops, nutritionally and economically.
However, many important grapevine varieties are
susceptible to powdery mildew, caused by Erysiphe necator
Schw. [syn. Uncinula necator (Schw.) Burr.] (Ascomycota,
Leotiomycetes, Erysiphales). This disease occurs in almost
all countries and regions where grapes are grown and causes
major loss of grape production each year (Akkurt et al.,
2006), and it is the most economically significant disease of
grapevines in southern Syria (Unpublished data).

Both asexual and sexual stages were reported for E.
necator. Sexual reproduction results in the formation of
chasmothecia (formerly Known as cleistothecia), when the
colonies of two opposite mating types meet on the infected
plant parts, and the temperatures are favorable for their
development (Sawant et al., 2017). Chasmothecia can form
on all infected tissues from early summer to autumn.
Environmental factors such as temperature, day length,
humidity, leaf age and host resistance do not affect
chasmothecia initiation and, once initiated, only temperature
and host resistance affect their growth (Legler et al., 2013;
Pearson & Gadoury, 1987). In Syria, chasmothecia were
observed in 45.5% of studied vineyards (Alimad et al.,
2016). E. necator has been reported to overwinter as
mycelium in dormant buds and/or as chasmothecia on the
bark of vines or in the soil (Cortesi et al., 2005; Miazzi et
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al.,2003). In southern Syria, E. necator survived as
mycelium in dormant grapevine buds during the winter
season, and the ascospores did not have any role in the
initiation of spring infection (Alimad et al., 2017).

Little information is available about the genotypic
diversity of E. necator, due to its obligate biotrophic nature,
and the fungus cannot be grown on artificial media (Brewer
et al., 2011; Miazzi et al., 2003). In fact, few molecular
studies were conducted on mildew fungi, with the exception
of the highly sporulating powdery mildew of cereals,
Blumeria graminis (formerly named Erysiphe graminis),
where conidia can be easily collected from host leaves by
tapping or blowing (Gadoury et al., 2012; Newton et al.,
2004; Yousefi et al., 2010). Morphologically similar but
genetically distinct groups have been identified in Australian
and European populations of E. necator (Evans et al.,1997;
Miazzi et al., 2003; Péros et al., 2005; Stummer et al., 2000).
RAPD technique proved to be very useful for studying
genetic variation in a number of fungal species including the
biotrophic fungi that cause powdery mildew and wheat leaf
rust (Delye et al., 1997; Newton et al., 2004; Yousefi et al.,
2010). Genetic diversity has been evaluated in E. necator
using different techniques, such as transposon-PCR
(Bouscaut and Corio-Costet, 2007), ISSR (Cortesi et al.,
2005), nested allele-specific (NAS) PCR (Delye and Corio-
Costet, 1998) and SCAR primers (Hajjeh et al., 2005).
Polymerase chain reaction (PCR) was used to distinguish E.
necator isolates from other species of powdery mildew using
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a pair of primers Uncin144 and Uncin511 (Falacy, 2003).
Péros et al. (2005) described two genetically distinct groups
of E. necator in southern France. Group A was characterized
by low genotypic diversity and only one mating type. Group
B isolates were more diverse, and both mating types were
present. Whereas, Yousefi et al. (2010) classified 20 isolates
of E. necator in seven distinct groups in Iran using RAPD
technique. This is the first study on the detection of E.
necator and determination of its mating types in Syria using
molecular markers.

Materials and Methods

Sampling

Samples were collected in 2016 according to Montarry and
Cartolaro (2009), at the beginning of the season (the
beginning of May), and later in mid-June. Samples consisted
of leaves showing typical initial symptoms of powdery
mildew characterized by small white to grey powdery spots
of less than 0.5 cm in diameters. Leaves of Black cultivar
(Kanawat 2 site) showing symptoms similar to those caused
by downy mildew, pale to yellowish spots at the upper
surface, with or without grayish—violet powdery growth at
the underside of the leaves were also collected. Each leaf spot
on the same plant was collected independently and
considered as an isolate. Twenty-nine samples (isolates)
were obtained from five different sites (Table 1). Spots were
cut, transferred to Eppendorf tubes and stored at -20 C until
use. Another ten samples were collected at the end of the
season (November) from five vineyards at Albassa and
Almarj sites, where leaves were completely covered by
mycelium and conidia (Table 1). Each sample (leaf) was
stored in a Petri dish (9 cm) at -20 C until use.

Erysiphe necator DNA Extraction

Three DNA extraction methods were compared to identify
the most appropriate DNA extraction procedure that can
produce good quantity and quality of fungal DNA.

(1) DNA extraction using Promega DNA isolation Kit -
samples (spots and leaves covered with mycelium and
conidia) were ground with liquid nitrogen to a fine powder
in a pre-cooled, sterilized mortar, then transferred to

Eppendorf tubes. Manufacturer's instructions for DNA
extraction were followed according to the kit technical
manual.

(2) Phenol: Chloroform: Isoamyl Alcohol (PCI) method -
1 g of sucrose was added to 50 ml of extraction buffer
without SDS, and heated at 65 C until fully dissolved. 2% (1
ml/50ml) mercaptoethanol and 2% PVP were added.
Samples (leaves with mycelium and conidia) were ground in
the previous extraction solution using a sterilized mortar,
transferred to 1.5 ml tubes, incubated at 42°C for 30 min,
centrifuged for 10 min at 10000 rpm, suspended in 1 ml
buffer, incubated in a water bath for 60 min at 37 C. Then,
500 pl Phenol: Chloroform: Isoamyl Alcohol (24:24:1 v)
were added, mixed for 10 min, centrifuged for 10 min at
10000 rpm. The water phase was transferred to a clean 2 ml
reaction tube. DNA was precipitated by adding 350ul ice-
cold isopropanol, placed at -20 C for 30 min, centrifuged for
10 min at 10000 rpm. Pellet was washed with 300ul 70%
ethanol, centrifuged for 10 min at 10000 rpm. Supernatant
was removed, and pellet was air-dried for 15 min, dissolved
in 50 pl TE (10 mMTris-HCI, 1mM EDTA), 2 ul RNase (10
mg/ml) were added, and incubated for 30 min at 37 C. Then,
DNA was diluted to 40 ng/pl.

(3) DNA extraction SDS method after washing in ethanol
- 1 ml of ethanol 99% was added to 2 ml Eppendorf tubes,
each containing and infected plant disc, and 3 ml of ethanol
were added to 9 cm petri dishes containing full vine leaves
(one of each). Samples were soaked for two hours, then plant
pieces were removed, and the liquid was transferred to 2 ml
Eppendorf tubes, centrifuged for 10 min at 10000 rpm. The
pellet was suspended in 1 ml buffer (0.1M Tris-HCI, pH=8.2,
50 mM EDTA, 0.1M NaCl, 2% SDS, 1 mg/ml proteinase K),
incubated in a water bath for 60 min at 37 C. The remaining
steps followed were as described in the previous method.

DNA Quantity and Quality Determination

The quantity of the extracted gDNA was determined by
measuring the UV absorbance at 260 and 280 nm using
Power WaveX™  (BIO-TEK Instruments, Inc.)
spectrophotometer. The quality of extracted gDNA was
determined by gel electrophoresis on 0.8% agarose.

Table 1. Geographical locations and date of powdery mildew infected samples collected from different grapevine cultivars at

different locations in Syria.

Samples number

(Isolate) * Location Cultivar Collection date
1-4 DaherAljabel (Research center)/3 (RC/3) Black 15/6/2017

5-8 DaherAljabel (Research center)/1 (RC/1) Black 15/6/2017
9-16 Kanwat 2 (K/2) Black 2/5/2017

17 Kanawat 1 (K/1) Black 2/5/2017
18-21 DaherAljabel (Research center)/2 (RC/2) Balady 15/6/2017

22 -28 Kanwat 2 (K/2) Balady 2/5/2017

29 Kanwat 1 (K/1) Balady 2/5/2017
30-34 Albassa Balady 2/11/2017
35-39 Almarj Balady 2/11/2017

* Samples 1-29 = leaves showed initial powdery mildew symptoms; samples 30—39 = leaves were completely covered with mycelium and

conidia.
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Molecular Identification of E. necator by Species-
Specific PCR Assay

The PCR was performed using species-specific primers
(forward primer Uncinl44 CCGCCAGAGACCTCATCC
AA and reverse primer Uncin511 TGGCTGATCACGAG
CGTCAC) according to Lawyer et al. (1993) with some
modifications. The PCR reactions were performed in a 25ul
reaction volume using 2X Master Mix. The PCR reaction
contained 1.5 pl of each primer (10 mM), 12.5 yl Master
Mix, 8.5 pl distilled water and 40 ng/pl DNA of each sample.
Amplification was performed in an Eppendorf Master Cycler
(Eppendorf, Hamburg). The PCR cycling conditions
consisted of an initial denaturation step of 94°C for 5 min
and subjected to 40 cycles of the following program 94°C for
30 s, 57°C for 1 min, 72°C for 1 min and final extension at
72°C for 10 min. Twenty pl of each reaction mix and a 1Kbp
DNA ladder (Fermentas, Germany) were loaded into a 2%
agarose gel with TBE buffer (10X TBE buffer = 108 g Tris
borate + 55 g Boric acid + 9.2 g EDTA, pH 8.0). After 2.0
hours at 100 V, the gel was stained with ethidium bromide
and photographed.

RAPD Analysis for Mating Type Determination and
Genetic Diversity Assessment

EOQ7 primer (AGATGCAGCC) was used for mating type
detection of 39 isolates of E. necator. The basis for
considering isolates as (+ or —) was the amplification of a
1000 bp fragment using EO7 primer (Yousefi et al., 2010).
The reaction consisted of 10 ul of PCR Master Kit containing
all PCR reaction compounds, with 3 pl of the primer, and 40
ng / ul DNA. Amplified products were analyzed using 2%
agarose gel electrophoresis, and visualized under a UV
transilluminator. For genetic diversity, a phenogram was
constructed using UPGMA method to show relationships
between isolates.

Results and Discussion

DNA Extraction and Molecular Identification of E.
necator

Because obligate parasites cannot be grown in artificial
media, the genomic DNA of E. necator was extracted from
infected grapevine leaves with three different methods as
explained in material and method section. Results obtained
(Figure 1) showed that no DNA was extracted using the
commercial kit from Promega. This may be due to the
presence of phenolic compounds in the plant tissues that
inhibited DNA extraction. Method 2 (chloroform: isoamyl
alcohol) for DNA extraction after removing the phenolic
compounds, allowed the DNA extraction from plant tissues,
but not from fungal material. Although bands were seen on
the 0.8 agarose gel (Figure 1), but no PCR amplifications
were obtained using the specific primers for E. necator.

The amount and quality of DNAs obtained by the
extraction method with SDS were suitable for PCR
amplification and other molecular assays. The DNAs were
then utilized for various PCR based analyses. PCR
amplification using specific primers (Uncinl44 and
Uncin511) was performed and an expected band size of 300—
400 bp was obtained from 29 isolates of E. necator (Figure

2). Primers pair Uncinl44/Uncin511 amplified 367 bp
fragment of E. necator DNA (Falacy et al., 2007). In fact,
previous studies have showed a high specificity of this pair
of primers in detection of E. necator, whereas it did not give
any results in the detection of any of 35 other species causing
powdery mildew on 46 different plant hosts (Falacy, 2003).
Our results confirmed that all isolates collected from
different geographic locations and from different vine
cultivars were E. necator. Search in NCBI-Blast 2 (Altschul
etal., 1997) based on nucleotide sequences of the primer pair
used in this study assumed to be 368 bp.

Similar results were obtained when the DNA was
extracted from full vine leaves covered by mycelium and
conidia, where the expected band of 300 — 400 bp was
obtained as shown in figure 3.

M 12 345 M1 2 3 4

Figure 1. Ethidium bromide-stained 0.8 % agarose gel of the
extracted DNA from infected leaves by E. necator. (Left)
using Promega DNA isolation Kit; (Right) using DNA
extraction method after removing the phenolic compounds.
Lane M is a DNA ladder marker, and the remaining lanes are
samples numbers.
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Figure 2. A band of 300-400 bp on 2% agarose gel after
PCR amplification of DNA was obtained from 29 isolates of
E. necator using the primers pair Uncin511/Uncinl44.
Samples 1-4 are of Black grape cultivar from Daher Aljabel
(Research center)/3; Samples 5-8 of Black cultivar from
Daher Aljabel (Research center)/1; samples 9-16 of Black
cultivar from Kanawat 2; sample 17 of Black cultivar from
Kanawat 1; samples 18-21 of Balady cultivar from Daher
Aljabel (Research center)/2; samples 22-28 of Balady
cultivar from Kanawat 2; sample 29 of Balady cultivar from
Kanawat 1
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Figure 3. A band of 300-400 bp on 2% agarose gel after
PCR amplification of DNA from 10 samples of full
grapevine leaves covered with E. necator mycelium and
conidia using a pair of primers Uncin511/Uncin144. Samples
30-34 of Balady cultivar from Albassa site and samples 35-
39 of Balady cultivar from Almarj site.

Results showed also that E. necator was the causal
agent that produced different symptoms observed on
grapevine including those on the Black cultivar of grapevine.
At Kanawat 2 location, symptoms appeared on Black
cultivar were pale to yellow patches on the upper side. On
the underside, these areas were either covered or not covered
with white to grayish fungal growth (Figure 4). In fact, this
symptoms pattern is observed when the powdery mildew
fungi have a tendency towards endoparasitism, such as in
powdery mildew of Solanaceae family caused by Leveillula
taurica. Accordingly, one can raise the question of whether
the pathogen E. necator has a tendency for endoparasitism
under certain environmental conditions. It is also observed
that the symptoms produced may vary according to the
grapevine training system used. Symptoms observed on
Black cultivar with earth-trellised “Jui” training system in
Kanawat 1 location were typical for powdery mildew, but
they were atypical on the same cultivar in arbor vineyards at
Kanawat 2 location.

Figure 4. Symptoms produced on Black -cultivar of
grapevine as pale to yellow patches on the upper side (right),
and white to grayish fungal growth on the underside (left).

Genetic Diversity of E. necator Isolates

Twenty-nine isolates of E. necator were classified based on
the observed variation in banding pattern with EO7 primer
and the constructed phenogram, using UPGMA. Isolates fell
into four groups according to geographical locations and
grapevine cultivar (Figure 5). Group A included seven
Balady cultivar isolates collected from Kanawate 2 location,
group B comprised of seventeen isolates, eight of Black
cultivar from Kanawat 2 location; four of Black cultivar
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collected from RC/1 location; four of Balady Cultivar
collected from RC/2 location; one isolate of Black cultivar
collected from Kanawat 1 location. Group C comprised of
four isolates of Black cultivar collected from RC/3 location.
Group D comprised of one isolate from Balady cultivar in
Kanawatl. Although this was a preliminary study because it
was only based on using the primer EQ7, but the results were
satisfactory and similar to other previous studies (Péros et
al., 2005). Isolates from one cultivar and within one region
had higher genetic similarity with each other than isolates
from other areas. In group A, only isolates from Kanawate 2,
in group C only isolates from Research Centre/3, in group D
one isolate from Kanawat 1, but group B had more genetic
diversity with isolates from all locations. Péros et al. (2005)
based on RAPD results classified the E. necator isolates
found in southern France into two groups (A and B). In Iran,
Yousefi et al. (2010) showed that E. necator isolates were
genetically distant in the surveyed geographical regions.
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Figure 5. Phenogram generated by RAPD analysis of the 29
isolates of Erysiphe necator, using UPGMA method. BK2 =
isolate of Balady cultivar collected from Kanawat 2 location,
AK2= isolate of Black cultivar collected from Kanawat 2
location, AC1=isolate of Black cultivar collected from RC/1
location, AK1= isolate of Black cultivar collected from
Kanawat 1 location, BC2= isolate of Balady -cultivar
collected from RC/2 location, AC3= isolate of Black cultivar
collected from RC/3 location), and BK1= isolate of Balady
cultivar collected from Kanawat 1 location.

The similarity observed between group B isolates from
four geographical locations could be interpreted as a result
of exchange and plantation of grapevine cuttings between the
vineyards in these four areas. Consequently, some fungal
isolates were moved and spread between those areas
(Yousefi et al., 2010). This hypothesis is supported by the
findings of Delye et al. (1997), who mentioned that the
conidia of E. necator are not easily disseminated by wind.
Therefore, human interference such as trade of infected
grapevine cuttings could cause its dispersal (Yousefi et al.,
2010). This hypothesis may be supported by the fact that the



RC/3 location, not included in group B, is a small area for
scientific research and not for grapevine plants production.

Mating Type Detection of E. necator Isolates

RAPD analysis of 39 E. necator isolates using the primer
EO7 showed the presence of 1000 bp band in only eight
isolates (5, 6, 7, 8, 18, 19, 20, 21), and it was absent in all
other isolates (Table 2).

Table 2. The presence (+) and absence (-) of the 1000 bp
amplified fragment by primer EO7.

Presence of Presence of

1000 bp 1000 bp

Isolate band Isolate band
1 - 21 +
2 - 22 _
3 - 23 -
4 - 24 -
5 + 25 -
6 + 26 -
7 + 27 -
8 + 28 -
9 - 29 -
10 - 30 -
11 - 31 -
12 - 32 -
13 - 33 -
14 - 34 -
15 - 35 -
16 - 36 -
17 - 37 -
18 + 38 -
19 + 39 -
20 +

All fungal isolates obtained from Black cultivar at the
RC/1 location, and isolates from Balady cultivar at the RC/2
location were of mating type +, whereas the remaining
isolates collected from other sites were of the mating type -
(Figures 6 and 7). The + mating type are isolates that
produced 1000 bp fragments when the primer EQ7 was used,
and — mating type are the isolates that did not produce such
fragment using the same primer. The frequency of each of
these two mating types varied depending on the geographical
location, with a predominance of the mating type - with
frequency of 72.41% of presumably single spore isolates,
and 79.49% of all studied isolates. The mating type + was
found in 18.18% and 23.52% of isolates, and mating type -
in 81.81% and 76.47% of isolates of Balady and Black
cultivars, respectively.

Our results showed that all isolates in groups A, C and D
were of mating -, but those in group B were either + or -. In
an earlier study, two groups of E. necator isolates were found
in southern France, all isolates in group A were of mating
type +, but a high variation was observed in group B that
included isolates of either mating type + or — (Péros et al.,
2005). In Iran, 20 isolates were classified into seven groups.
All isolates in groups A, D, F and G were of mating type -,
but group B included the largest number of isolates of mating
type (+) or (-). Results obtained in this study were similar to
what has been reported earlier (Bouscaut and Corio-Costet,
2007; Cortesi et al., 2005). According to the results of Péros
et al. (2005), most of our isolates belonged to group B, and
they were able to reproduce sexually and/or asexually. Such
results confirmed those of previous study showing that
chasmothecia were formed on infected plant leaves in all
studied locations, except Research Center/3, where no
chasmothecia were observed (Alimad et al., 2017).

12345 67 8 9 10111213 14151617 18 19 20 2122 23 2425 26 2728 29 M

Figure 6. RAPD banding pattern generated by PCR using
the primer EQ7. Lane M= molecular weight marker (1 kb-
ladder); lanes 1-4= isolates from Research Centre 3 (Black
cultivar), lanes 5-8= isolates from Research Center 1, lanes
9-16= isolates from Kanawat 2 (Black cultivar), lane 17=
isolate from Kanawat 1 (Black cultivar), lanes 18-21=
isolates from Research Centre 2 (Balady cultivar), lanes 22—
28= isolates from Kanawat 2 (Balady cultivar), and lane 29=
isolate from Kanawat 1 (Balady cultivar).

Figure 7. RAPD banding pattern generated by PCR using
primer EO7. Lane M= molecular weight markers (1 kb-
ladder); lanes 30-34= isolates from Albassa (Balady
cultivar), lanes 35-39= isolates from Almarge (Balady
cultivar).

(2021) 2 222 39 Al cdy al) il LBy Alaa 156



adlal)

Laady ciall da)S e A8 (@bl G2zl ) Erysiphe necator shall e dsl L2021 . 23g¥ oMl gLl g cagad caland)

158-152 :(2)39 Luwall il dilhy Ao . Lukijall clpdall (am aladiuls Ay ge cigia B LAl Slai)
oadain @hl SO iy L allall elasl S 4 quial) Ao bl aal 2l Erysiphe necator yhdll e i) &8N (alull (e s
<l SDS ) Ayl o i) @i .SDS A1 (3) 5 «(PCI) Jaags¥) JsaS ayshs ol s (2) ¢ Promega 358 (e Sals cuS (1) 1 sa5 (5yhill DNA J)
Juduiall 8yalill Jelin il LAY Liall hlaa¥ly (PCR) duduiidll syaldll delin eha) dal e degiy WS cgybill DNA 1) (adlanny Juadl)
lgde Juania E. necator haill e i 29 1 (g2l z9) 400-300 pann p)s (Ao Jpamall o3 Eus cUnein 511 5 Uncinld4 Glald) 745 plassuls
L) @l Aglie Andsas e Laabel Jans of (e E.necator shall of Load mitill gl 808 (e diliae Calical (pa cAiliae Ldhan adlga (e
Aulie Cilegana auf 8 E. necator hadll ciie ciejs . adiall dusil pUais &l Cag lall g ciall 38 Cilical Gany e el palud) bl oo
ik ol Ay LB Had as (EO7 Dl pasiuls Sl b aial) pumss cplis o sl @llly cugpaall haall adsally Ciiall bas L),
isall T Lagie IS 2350 Augiall Al iyl S5 (= 5 +) il Cudaad 35a Alje 39 e EO7 48l alasiuly RAPD &ile Gadsi jelil .UPGMA

() Ll el Jaaill 5ol g ¢l

DNA I p=dasul ¢ 4l Jasi (RAPD ¢« Erysiphe necator ¢ gads (aly :4alite cilals
A o Ay (Bhes by Aol K colagudl g2 (1) Sug Sl fele aly Jaladl g rodald) gl

(ALY ) Apse (el dnals el AdS il

4y aud  (2) <¢nujoud.alimad@gmail.com

A g (Bl daaly cde ) AS (dlial) Jualaal) ad (3) walid1851966@yahoo.com

References

Akkurt, M., L. Welter, E. Maul, R. Topfer and E.
Zyprian. 2006. Development of SCAR markers linked
to powdery mildew (Uncinula necator) resistance in
grapevine (Vitis vinifera L. and Vitis sp.). Molecular
Breeding, 19: 103-111.
https://doi.org/10.1007/s11032-006-9047-9

Alimad, N., W. Naffaa and F. Azmeh. 2016. Initiation and
development of Erysiphe necator chasmothecia and
their role in the epidemiology of grapevine powdery
mildew in Southern Syria. Acta Mycologica, 51: 1088.
https://doi.org/10.5586/am.1088

Alimad, N., W. Naffaa and F. Azmeh. 2017. Overwintering
form of Erysiphe necator the causal agent of grapevine
powdery mildew in southern Syria. Journal of Plant
Protection Research, 57: 129-135.
https://doi.org/10.1515/jppr-2017-0017

Altschul, S.F., T.L. Madden, A.A. Schaffer, J.H. Zhang,
Z. Zhang, W. Miller and D.J. Lipman. 1997. Gapped
BLAST and PSI-BLAST: A new generation of protein
database search programs. Nucleic Acids Research, 25:
3389-3402. https://doi.org/10.1093/nar/25.17.3389

Bouscaut, J. and M.F. Corio-Costet. 2007. Detection of a
Specific Transposon in Erysiphe necator from
Grapevines in France. Journal of Phytopathology, 155:
381-383.
https://doi.org/10.1111/j.1439-0434.2007.01246.x

Brewer, M.T., L. Cadle-Davidson, P. Cortesi, P.D. Spanu
and M.G. Milgroom. 2011. Identification and
structure of the mating-type locus and development of
PCR-based markers for mating type in powdery
mildew fungi. Fungal Genetics and Biology, 48: 704-
713. https://doi.org/10.1016/j.fgb.2011.04.004

157 Arab J. Pl. Prot. Vol. 39, No. 2 (2021)

Cortesi, P., A. Mazzoleni, C. Pizzatti and M.G.
Milgroom. 2005.Genetic similarity of flag shoot and
ascospore subpopulations of Erysiphe necator in Italy.
Applied Environmental Microbiology, 71: 7788-7791.
https://doi.org/10.1128/AEM.71.12.7788-7791.2005

Delye, C. and M.F. Corio-Costet. 1998. Origin of primary
infections of grape by Uncinula necator RAPD
analysis discriminates two biotypes. Mycological
Research, 102: 283-288.
https://doi.org/10.1017/s0953756297004632

Delye, C., F. Laigret and M.F. Corio-Costet. 1997. RAPD
analysis provides insight into the biology and
epidemiology of Uncinula necator. Phytopathology,
87: 670-677.
https://doi.org/10.1094/PHYTO.1997.87.7.670

Evans, K.J., D.L. Whisson, B.E. Stummer and E.S. Scott.
1997. DNA markers identify variation in Australian
populations of Uncinula necator. Mycological
Research, 101: 923-932.
https://doi.org/10.1017/S0953756297003596

Falacy, J.S. 2003. Detection of Erysiphe necator (Uncinula
necator) with polymerase chain reaction and species-
specific primers. PhD thesis, Department of Plant
Pathology, Washington State University, USA.

Falacy, J.S., G.G. Grove, W.F. Mahaffee, H. Galloway,
D.A. Glawe, R.C. Larsen and G.J. Vandermark.
2007. Detection of Erysiphe necator in air samples
using the polymerase chain reaction and species-
specific primers. Phytopathology, 97: 1290-1297.
https://doi.org/10.1094/PHYTO-97-10-1290



https://doi.org/10.5586/am.1088
https://doi.org/10.1515/jppr-2017-0017
https://doi.org/10.1093/nar/25.17.3389
https://doi.org/10.1111/j.1439-0434.2007.01246.x
https://doi.org/10.1016/j.fgb.2011.04.004
https://doi.org/10.1128/AEM.71.12.7788-7791.2005
https://doi.org/10.1017/s0953756297004632
https://doi.org/10.1094/PHYTO.1997.87.7.670
https://doi.org/10.1017/S0953756297003596
https://doi.org/10.1094/PHYTO-97-10-1290

Gadoury, D.M., L. Cadle-Davidson, W.F. Wilcox, 1.B.
Dry, R.C. Seem and M.G. Milgroom. 2012.
Grapevine powdery mildew (Erysiphe necator): a
fascinating system for the study of the biology, ecology
and epidemiology of an obligate biotroph. Molecular
Plant Pathology, 13: 1-16.
https://doi.org/10.1111/].1364-3703.2011.00728.x

Hajjeh, H., M. Miazzi, M.A. De Guido and F. Faretra.
2005. Specific SCAR primers for the flag shoot and
ascospore biotypes of the grape powdery mildew
Erysiphe necator. Journal of Plant Pathology, 87: 71-
74. https://www.jstor.org/stable/41998210

Lawyer, F.S., R. Stoffel, S. Saiki, P. Chang, R. Landre,
R.D. Abramson and D. Gelfand. 1993. High-level
expression, purification, and enzymatic
characterization of full-length Thermus aquaticus DNA
polymerase and a truncated form deficient in 5' to 3'
exonuclease activity. Genome Research, 2: 275-287.
https://doi.org/10.1101/gr.2.4.275

Legler, S.E., T. Caffi and V. Rossi. 2013. A model for the
development of Erysiphe necator chasmothecia in
vineyards. Plant Pathology, 63: 911-921.
https://doi.org/10.1111/ppa.12145

Miazzi, M., H. Hajjeh and F. Faretra. 2003. Observations
on the population biology of the grape powdery mildew
fungus Uncinula necator. Journal of Plant Pathology,
85: 123-129. https://www.jstor.org/stable/41998135

Montarry, J. and P. Cartolaro. 2009. Spatio-temporal
distribution of Erysiphe necator genetic groups and
their relationship with disease levels in vineyards.
European Journal of Plant Pathology, 123: 61-70.
https://doi.org/10.1007/s10658-008-9343-9

Received: May 11, 2020; Accepted: May 19, 2021

Newton, N.C., C.A. Hackett and D.C. Guy. 2004.
Diversity and complexity of Erysiphe graminis f. sp.
hordei collected from barley cultivar mixtures or barley
plots treated with a resistance elicitor. European
Journal of Plant Pathology, 104: 925-931.
https://doi.org/10.1023/A:1008646300300

Pearson, R.C. and D.M. Gadoury. 1987. Cleistotheica, the
source of primary inoculums for grape powdery
mildew in New York. Phytopathology, 77: 1509-1514.
https://doi.org/10.1094/Phyto-77-1509

Péros, J.P., C. Troulet, M. Guerriero, C.M. Romiti and
J.L. Notteghem. 2005. Genetic variation and
population structure of the grape powdery mildew
fungus, Erysiphe necator in Southern France. European
Journal of Plant Pathology, 113: 407-416.
https://doi.org/10.1007/s10658-005-4563-8

Sawant, I.S., P.N. Wadkar, S.B. Ghule, Y.R. Rajguru,
V.P. Salunkhe and S.D. Sawant. 2017. Enhanced
biological control of powdery mildew in vineyards by
integrating strain of Trichoderma afroharzianum with
sulphur. Biological Control, 114: 133-143.
https://doi.org/10.1016/j. biocontrol.2017.08.011

Stummer, B.E., T. Zanker, E.S. Scott and D.L. Whisson.
2000. Genetic diversity in populations of Uncinula
necator comparison of RFLP and PCR based
approaches. Mycological Research, 104: 44-52.
https://doi.org/10.1017/S0953756299001070

Yousefi, R., R. Hossrini, A.A. Moghaddam, G.A. Gavousi
and R. Hashemi. 2010. A molecular survey on the
genetic variation and mating type of Erysiphe necator
Schw. found in Iran, using RAPD technique. Iranian
Journal of Genetic and Plant Breeding, 1: 17-25.

2021/5/19 : il Ao 488 gall g 5 £2020/5/11 zpdiad) gl

(2021) 2 222 39 alaa iy al) il 489 Alaa 158


https://doi.org/10.1111/j.1364-3703.2011.00728.x
https://www.jstor.org/stable/41998210
https://doi.org/10.1101/gr.2.4.275
https://doi.org/10.1111/ppa.12145
https://www.jstor.org/stable/41998135
https://doi.org/10.1007/s10658-008-9343-9
https://doi.org/10.1023/A:1008646300300
https://doi.org/10.1094/Phyto-77-1509
https://doi.org/10.1007/s10658-005-4563-8
https://doi.org/10.1016/j.%20biocontrol.2017.08.011
https://doi.org/10.1017/S0953756299001070

