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ABSTRACT
Received : 5.08.2022 Powdery mildew of grapes is one of the most criticalwidespread and
Revised : 26.09.2022 destructive diseases worldwide, and it causes yield reduction upto 65-80
Accepted : 17.10.2022 percent. In the present study, the survey was conducted in different

districts of Tamil Nadu and percent disease index wasassessed. The
preliminary identification of the pathogen was madethrough phase contrast
microscopic observation such as color, shape,and size of the conidia were
measured as well as scanning electron microscopy was also used to study
the morphometric characters of E.necator. Further,the isolates were
confirmed through PCR analysis which yielded an amplicon size of 470 bp
while using the specific primers (cyt b forward and cyt b reverse) targeting
the E.necator.
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INTRODUCTION

Grapes (Vitisvinifera) is an important fruit crop cultivated worldwide, mainly for vine manufacturing.
Powdery mildew is one of the most important destructive diseases in grapes growing areaposes a serious
threat. It reduces the yield by up to 65 percent (Ra0.1992) and poses a serious threat to the wine industry.
Grape powdery mildew pathogen is an obligate parasitic ascomycetous fungus that relies entirely on a host
cell in photosynthesis-active tissues to complete its life cycle. Once conidia of powdery mildewlands on the
epidermis of grape leaves, it germinates to form lobed appresorium. Later, the conidia can produce germ
tubes to penetrate the plant tissues with the help of fungal Iytic enzymes such as lipase, estrases, and
cutinases. The typical symptoms of grapes powdery mildew fungus can be seen on all green tissues
of the host plant affected (David et al., 2012). Small, white, or grayish-white patches of fungal
growth appear initially on the upper surface of the leaves. These patches usually enlarge until the
entire upper leaf surface has a powdery, white-to-gray coating. Severely affected leaves may curl
upward during hot, dry weather. Expanding leaves that are infected may become distorted and
stunted. In berries, the severely affected fruit often split and open. In the present study, the
identification of powdery mildew pathogen was observed through microscopic observation and
confirmed through molecular-based detection techniques using Polymerase Chain Reaction (PCR)
followed by sequencing.
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MATERIAL AND METHODS

Survey and collection of powdery mildew infected plant material

A survey was conducted to assess the occurrence of powdery mildew disease in grapes-growing
areas in Tamilnadu.The powdery mildew-infected leaf samples were collected from variousgrapes-growing

areas ofCoimbatore and Theni districts.(Table 1) and the was calculated using the formula (1-9) proposed
by Mickinney (1923).

Sum of numerical rating 100

Percent Disease Index (PDI) =

Total number of leaves observed Maximum disease grade
The conidial spore mass extracted from the leaf samples wastreated as different isolates and stored

under -20°C for further use

Morphological characterization using phase contrast microscope and SEM

The leaf samples expressing typical white powdery growth consisting mycelia,conidiophore and conidia
were used for the study. Such leaf samples were gently scraped, transferred to a clean, sterile microscopic
slide, and observed under the phase contrast microscope (Leica DM 2000 LED) . Powdery mildew
conidiophore and conidia were photographed and conidial shape and size were measured.

Scanning electron microscopy

The powdery mildew-infected leaf samples were collected from the field and used for morphological
analysis. The morphometric parameters of powdery mildew infected specimen were viewed under a
scanning electron microscope(SEM: Quanta 250, FEI, Hillsboro., OR, USA) with a large field detector (LFD).
The SEM was operated in vaccum(10KV) with a spot size of 3.0 and pressure of 60 Pa. The sample images
were recorded at 1000 X, 5000 X, and 10000 X magnification. For the analysis of morphological
characters, the powdery mildew-infected leaf samples were cut into small pieces with the help of a sterile
razor blade. The size of the sample is approximately 5x5 mm. Then the live specimens were shifted directly
into carbon stubs. The source of electron used in the SEM Tungsten filament and thermionic emission was
used for detecting the samples using SEM.

Molecular confirmation of powdery mildew pathogen

Extraction of genomic DNA from powdery mildew-infected grapes leaves

The conidial DNA was extracted from the freshly collected grapes powdery mildew-infected leaf samples by
using the modified CTAB method. The conidia were collected from powdery mildew-infected grapes leaves
using a camel hair brush and transferred to a Micro centrifuge tube containing 300 pL of CTAB extraction
buffer (50 mMTris- HCI, PH 8.0; 0.7 M NaCl and 1% CTAB (w/v) and vortexed for few minutes. The tubes
were incubated at 60°C for 20 minutes in a water bath. After incubation, an equal volume of
phenol:chloroform:isoamylalcohol (25:24:1) the mixture was centrifuged at 13,000 rpm for 10 min. The
aquous layer was transferred to a freshmicrocentrifuge tube, and the DNA was precipitated by adding an
equal volume of ice-cold isopropanol and incubation at - 20°C overnight. The DNA was collected by
centrifugation at 13, 000 rpm for 10 min,discording the agueous phase. Thepellet was washed twice with
70 percent ethanol,air dried and was resuspended with 30 pLof nuclease-free water. The genomic DNA
concentration was checkedusing Nanodrop ND-3300 Fluoro spectrometer (NanoDrop products, Thermo
Scientific, Wilmington, DE, USA).

Detection of Grapes powdery mildew through PCR

The PCR assay was performed using a primer which ishighly specific to E.necator including forward primer
cytochrome b (cyt b) cyt b F (TGTTGTAATATTTATTITAATG) and cyt b R reverse primer
(TGGGTTAGCCATAATATAA). The PCR reaction mixture consisted of a 5uLof 2x master mix 1 pLof forward
and reverse primer, 1 uL of genomic DNA (50ng/uL), and 2 pL of nuclease-free water. The reaction was
carried out using the PCR conditions as follows, initial denaturation of 3 min at 94 °C followed by 40 cycles
of denaturation at 94°C for 30 seconds, annealing at 42°C for 1 min, extension at 72°C at 90 seconds
and final extension at 72°C for 7 min. Finally, the amplified products were confirmed through gel
electrophoresis in 1 % agarose containing ethidium bromide (2 uyL) at 80 V for | h and documented in gel
documentation unit (UVITECH, Cambridge).
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RESULTS AND DISCUSSION

In this study, the cultural, morphological, and molecular characterization of E.necator infecting grapes was
carried out. Grapes powdery mildew is an important destructive disease causes a yield reduction of 70
percent (Kong et al., 2016) to 80 percent (Falacyet al., 2007) respectively Gadouryet al. (2011) reported
that the powdery mildew symptoms were observed in all green parts of the grapes. A specific characteristic
the Erysiphales members is the production of mycelium superficially on the host surface. Consequently,the
formation of appresoria is obligatory to ensure direct host penetration and further infectious development
(Emmett et al., 1975).

Survey and collection of powdery mildew-infected grapes samples

The powdery mildew disease was observed in all green tissues of grapes like leaves, stems, inflorescence,
and berries. On leaves, the initial infection of powdery mildew appeared as small dull whitish patches on
the upper surface of the leaves (Fig 1) later, the patches enlarged and covered a large proportion ofthe leaf
blade. The severely infected fruits also exhibited cracks.The survey was conducted in major grapes-growing
areas in Tamilnadu. Viz., Cumbum, Thondamuthur, TNAU orchard, Karadimadai, Mathipalayam, Surulipatty,
Chinnaovalapuram, and Anaimalayanpatty.The highest disease severity was recorded in Cumbum (67.04
%) followed by Mathipalayam65.31 per cent (Figure 2). These results were found in accordance with
Karthiket al. (2019), who surveyed the grapes growing areas in different parts of Tamilnadu, and observed
the highest powdery mildew disease severity at Cumbum (63.38 %) followed by Kamayagoundanpatti (
60.76 %).

Morphological characterization

The powdery mildew-infected grapes leaf samples were collected from different locations in Coimbatore
and Theni districts. Samples were subjected to morphological observation under phase contract
microscopy at 40X magnification. The conidiophore was multiseptate in nature and boreconidia.
The conidia were hyaline and ovoid in shape (Figure 3). The largest size of conidium was observed in
Cumbum isolate, (36.53 um length and 15.48 ym breadth) followed by Karadimadaiisolate (35.49 um
length and 15.29 um breadth (Table 1). Similarly,Gadourlyet al. (2011) studied the morphological
character of grapes powdery mildew and reported the length (44.22-45.96 um) and breadth (11.56-12.26
pm) of the conidia of E.necator. Similarly,Karthiket al. (2019) studied the morphological characteristics of
E.necatorinfecting grapes powdery mildew in India and reported the size of conidia as 31.74-36.43 um
length and 12.85-15.45 pm breadth.

Scanning electron microscopy studies of powdery mildew pathogen

In this study, the ultrastructural and morphology characterizationof E. necator revealed the development
stages of E.necator present in host tissues. The chains of conidia can be seen on the conidiophore on
upper surface of the leaves (Fig 4). The conidia become hyaline and cylindro-ovoid in shape. In this present
study, the morphometric parameters of the pathogen present in the infected leaves, such as conidiophore
bearing single conidia were observed under SEM. The findings were found similar to the earlier report of Ki
Woom Kim (2021), who also studied the difference between E.necator-infected grapes leaves and healthy
leaves and demonstrated the morphology and infection- related characteristics of E.necator through field
emission scanning electron microscopy.

PCR amplification of E.necator

PCR detection of grapes powdery mildew pathogen E.necator infected leaves as used to extract DNA and
subjected to PCR amplification.Species specific primers cyt b forward and cyt b reverse were used to target
the E.necator.The PCR reaction yielded anamplicon size of 470 bp. (Fig 5). The amplicons were sequenced,
and the sequences weredeposited in the NCBI database under the accession number PM1 ON566016,
PM 2 ON566125, PM 3 ON566202, and PM 4 ONb568586. The confirmation study was carried out by
molecular characterization through PCR techniques. The PCR analysis yielded 470 bpamplicon that
confirmed the presence of E.necator. This agrees with the results ofKarthiket al. (2019) and Bashaet
al.(2021).
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Table 1.Morphological characters of E.necatorconidia at 40x magnification

S.No. Place District | Colour of Shape of Length | Breadth(p
theconidia theconidia (um) m)
1. Thondamuthur Coimbatore Hyaline ovoidtobarrel
Shape 31.76 12.87
2. Karadimadai Coimbatore Hyaline ovoidtobarrel 35.49 15.29
shape
3. Mathipalayam Coimbatore Hyaline ovoidtobarrel 32.91 13.11
shape
4. TNAU (orchard) Coimbatore Hyaline ovoidtobarrel 33.25 13.81
shape
5. Cumbum Theni Hyaline ovoidtobarrel 36.53 15.48
shape
6. Chinnaovalapuram Theni Hyaline ovoidtobarrel 32.33 12.53
shape
7. Graperesearchstation | Theni Hyaline ovoidtobarrel 33.81 14.75
(Anamalayathanpatty) shape
8. Surulipatty Theni Hyaline ovoidtobarrel 31.94 12.92
shape

Figures and Structures

Figure 1.The powdery mildew infection of E.necator infected in all living tissues of the grapes plant.
A.whitish patches present on adaxial surface of the leaves.
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B.The fungal mycelial colonies covered entire young berries. The severely infected berries become split

and open.
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Figure 2. Survey and collection of grapevine powdery mildew infected samples from different parts of leaf
samples from different and calculate the disease severity

Figure 3. Microscopic observation of powdery mildew infected grapes leaves through phase contract
microscopy at 40 X magnification. A. An intercalary mycelium present in grapes leaves with
conidia B. Block color chasmothesia surrounded with hyaline appendages C.Ovoid shaped
hyaline conidia D.Conidiophoreand E. SEM image - conidiophore consisting chains of conidia
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Figure 4. Scanning electron micrographs of powdery mildew infected grapes leaves. A. formation of
appressorium .B. Conidiophore,C. Conidiophore consisting multiseptate and immature conidia at
the end. D.The rounded and cylindro-ovoid shape conidia present on the distal end of the
condidiophore. E. Mass of individual conidia.
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Figure 5.PCR amplification of E.necator using specific gene cyt b DNA isolated from powdery infected
grapes leaves. M-ladder, L1-TNAU grapes orchard, L2- Karadimadai, L3- Cumbum L4-
Thondamuthur, and L5 Negative control (Nuclease free water)

CONCLUSION

The powdery mildew disease severity was assessed in different grapes growing areas. And the pathogen
was Identified through microscopic observation and confirmed the pathogen by using the molecular
characterization of E.necator.
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