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Abstract

Grapevine (Vitis vinifera L.,) is among the world’s leading fruit crops. The production of grapes is severely affected by many diseases
including gray mold, caused by the necrotrophic fungus Botrytis cinerea. Although all Vitis species can be hosts for B. cinerea, V. vinifera
are particularly susceptible. Accordingly, this disease poses a significant threat to the grape industry and causes substantial economic
losses. Development of resistant V. vinifera cultivars has progressed from incidental selection by farmers, to targeted selection through
the use of statistics and experimental design, to the employment of genetic and genomic data. Emerging technologies such as marker-
assisted selection and genetic engineering have facilitated the development of cultivars that possess resistance to B. cinerea. A promising
method involves using the CRISPR/Cas9 system to induce targeted mutagenesis and develop genetically modified non-transgenic crops.
Hence, scientists are now engaged in the active pursuit of identifying genes associated with susceptibility and resistance. This review
focuses on the known mechanisms of interaction between the B. cinerea pathogen and its grapevine host. It also explores innate immune

systems that have evolved in V. vinifera, with the objective of facilitating the rapid development of resistant grapevine cultivars.

Introduction

Grapevines (Vitis vinifera L. and related Vitis species) are among
the most widely cultivated and commercially vital horticultural
fruit crops in the world. Cultivars of V. vinifera cultivars used
in the production of wine and table grapes are generally highly
susceptible to diseases caused by bacterial viral, oomycetes and
fungal pathogens and grape quantity and quality have shown
significant declines in recent years. Among the most important
grapevine fungal diseases worldwide are gray mold [1, 2], downy
mildew [3], powdery mildew [3], and black rot [4].

Gray mold (also called botrytis bunch rot), caused by the
necrotrophic fungus Botrytis cinerea, is responsible for significant
recent decline in the quantity and quality of wine grape harvests
[5, 6]. Most European grapevine cultivars show some susceptibility
to gray mold [7-10]. Gray mold can cause yield losses ranging
from 20-50%, mostly attributed to the decay of mature berries
in the field or storage [11]. According to reports, Australia’s
yearly revenue loss from botrytis infections in wine and grapes
was estimated to be AUS$52 million [12]. Botrytis disease was
predicted to cause a US$10 billion to US$100 billion yearly loss on
a worldwide scale [13, 14]. To this purpose, an estimated US$40
billion in economic losses are seen yearly in the United States
alone in order to control the roughly 30%—40% post-cultivation
losses caused by Botrytis infections [15].

The pathogen thrives throughout the grapevine vegetative
cycle in conditions of high relative humidity and warm tempera-
tures [16]. After infection, B. cinerea undergoes a brief biotrophic

phase within the plant before switching to a necrotrophic phase. B.
cinerea has the ability toinfect a diverse array of plant species, with
the total surpassing 1400 [17]. B. cinerea flourishes in vineyard soil,
especially on decaying plant debris, as part of the microflora [18].
During fruit ripening the disease pathogen infiltrates the fruits,
resulting in the development of necrotic lesions accompanied by
substantial fungal proliferation [19]. The infection of berries often
begins with the introduction of airborne conidia from sources
that have survived the winter [20, 21]. When B. cinerea comes into
contact with plant tissue, it releases phytotoxins that promote cell
death and enzymes that break down the cell wall. Furthermore,
the pathogen can alter the host’s metabolism in order to facilitate
colonization [22].

Breeding programs using generative hybridization have been
established since the 19th century [23]. Grapevine species origi-
nating from East Asia and North America exhibit remarkable lev-
els of resistance to pathogens [23, 24]. The wild species mentioned
in this review are often used as rootstocks in breeding programs
due to their high compatibility with V. vinifera [25]. This compati-
bility allows for effective hybridization, resulting in progeny that
exhibit resilience to both abiotic and biotic stressors [23, 26, 27].
The breeding of grapes, on the other hand, is a laborious task
that requires a significant amount of time. For instance, complete
resistance to powdery mildew required six successive crossings
between V. vinifera and Muscadinia rotundifolia [28].

The quest to develop resistant variants has spurred significant
efforts among scientists, leading them to explore novel breeding
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Figure 6. A systematic approach for CRISPR application in grapes for disease resistance by targeting susceptibility (S) gene(s). A Identifying a cultivar
with favorable features except disease resistance and functioning S gene(s) for the disease(s). B GETs like CRISPR/Cas9 may disrupt S gene(s). It
accurately cuts a guide RNA-guided site. Plants with the required phenotype may be created more quickly and effectively utilizing GETs. C Ultimate
disease-resistant cultivar. CRISPR/Cas9 is more reliable, efficient, and time-saving for S gene disruption and disease-resistant variety generation.
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