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Des défis actuels



Background
Grapes (Vitis spp.) are one of the world’s most economically
valuable fruit crops [1]. They are widely used for wine, table
grapes, raisins, juice, and spirits; recent trends have also
focused on antioxidants and healthful products derived
from grapes. Vitis vinifera L. subsp. vinifera (referred to as
V. vinifera hereafter) is the most widely cultivated grape
species but its productivity was historically limited due to
its susceptibility to pests, diseases, and abiotic stress such as
cold [2]. Genes from wild grape germplasm have been used
to improve biotic and abiotic tolerance and resistance in
cultivated grapes.
Centers of grapevine diversity are found in the

southeastern US [3-5] and East Asia [4,6]. Up to 30
species are native to a vast area in eastern Asia,
China, Japan and Java, two species across middle Asia
and Europe, and up to 28 species across the eastern and
southwestern US and Mexico [2] (Figure 1). Appendix 1
expands discussion of the biogeographic background. The
genus Vitis is divided into two subgenera: Muscadinia
Planch. (2n = 40, one or two species) and Vitis Planch.
(2n = 38, the remaining species). Additional divisions
within Vitis are “series” which are subgeneric groupings
that have been used historically in the systematics of Vitis.

They rank below “sections” that are more commonly used
in plant systematics for groups of species. Although all
wild species are considered diploid, there is evidence of
hexaploidization in their distant past [7-9] that is shared
with all rosids [9]. The two subgenera are nearly reproduc-
tively isolated while the species within subgenus Vitis are
interfertile. All species are dioecious except V. vinifera
which has hermaphroditic flowers, and V. rotundifolia
Michx. which segregates for this trait. Many species have
overlapping distributions, thus natural hybridization
would occur were it not for ecological and phenological
barriers [3,10,11]. Not surprisingly, the classification of
Vitis is confused in part due to the lack of agreement
among systematic botanists as to what constitutes a
true species and because of extreme morphological
variation within the species [2,3,7]. This has led to
many extraneous species names [7,12]. The systematics of
Vitis is based primarily on morphology [13] and molecular
methods have only recently been used to study this
taxonomic problem.
Most previous molecular studies on the evolutionary

history of Vitis were limited in taxonomic scope or
marker choice [15-32]. Studies most similar in goals and
pertinent to the present study were conducted by
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Figure 1 Native geographic distribution of the genus Vitis (grey shading1) and geographic regions of origin of Vitis species used in
this study. Dashed lines indicate southern borders of the polar ice cap during the most recent ice age2. Dash-dot lines indicate ice age refugia
of the forest flora2. Areas labeled 1 through 4 were used in ancestral area optimization (reversible parsimony, Additional file 14). Redrawn from
1Alleweldt et al. [7], 2Reinig [14].
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Grapes (Vitis spp.) are one of the world’s most economically
valuable fruit crops [1]. They are widely used for wine, table
grapes, raisins, juice, and spirits; recent trends have also
focused on antioxidants and healthful products derived
from grapes. Vitis vinifera L. subsp. vinifera (referred to as
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among systematic botanists as to what constitutes a
true species and because of extreme morphological
variation within the species [2,3,7]. This has led to
many extraneous species names [7,12]. The systematics of
Vitis is based primarily on morphology [13] and molecular
methods have only recently been used to study this
taxonomic problem.
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history of Vitis were limited in taxonomic scope or
marker choice [15-32]. Studies most similar in goals and
pertinent to the present study were conducted by

V. tilifolia

V. Vinifera subsp.sylvestris 
V. Vinifera subsp.vinifera  

V. californica 
V. girdiana 

V. blancoii 
V. popenoii 
V. nesbittiana 
V. biformis 

V. acerifolia 
V. aestivalis 
V. arizonica 
V. bloodworthiana 
V. cinerea 
V. labrusca 
V. monticola 
V. mustangensis 
V. palmata 
V. riparia 
V. rotundifolia 
V. rupestris 
V. shuttleworthii 
V. treleasii 
V. vulpina 
V. x champinii 
V. x doaniana 

V. adenoclata 
V. adstricta 
V. amurensis 
V. bashanica 
V. bellula 
V. betulifolia 
V. coignetiae 
V. davidii 
V. ficifolia 
V. flexuosa 
V. hancockii 
V. liubanensis 
V. piasezkii 
V. pseudoreticulata 
V. qinlingensis 
V. quinquangularis 
V. romanetti 
V. shenxiensis 
V. wilsoniae 
V. yenshanensis 

V. jacquemontii

Mexican 
Refuge

Southeastern Refuge
East Asian-
Pacific Refuge

Mediterranean 
Refuge

Armenian-Persian 
Refuge

American-Pacific 
Refuge

V. tiliifolia

1
2

3
4

Figure 1 Native geographic distribution of the genus Vitis (grey shading1) and geographic regions of origin of Vitis species used in
this study. Dashed lines indicate southern borders of the polar ice cap during the most recent ice age2. Dash-dot lines indicate ice age refugia
of the forest flora2. Areas labeled 1 through 4 were used in ancestral area optimization (reversible parsimony, Additional file 14). Redrawn from
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Avancée des principaux stades en 30 ans pour le Riesling

débourrement
- 14 jours

floraison
- 17 jours

véraison
- 25 jours

… de plus en plus précoces, avec des risques !

matura9on

Changement climatique et cycle de vie
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Background
Grapes (Vitis spp.) are one of the world’s most economically
valuable fruit crops [1]. They are widely used for wine, table
grapes, raisins, juice, and spirits; recent trends have also
focused on antioxidants and healthful products derived
from grapes. Vitis vinifera L. subsp. vinifera (referred to as
V. vinifera hereafter) is the most widely cultivated grape
species but its productivity was historically limited due to
its susceptibility to pests, diseases, and abiotic stress such as
cold [2]. Genes from wild grape germplasm have been used
to improve biotic and abiotic tolerance and resistance in
cultivated grapes.
Centers of grapevine diversity are found in the

southeastern US [3-5] and East Asia [4,6]. Up to 30
species are native to a vast area in eastern Asia,
China, Japan and Java, two species across middle Asia
and Europe, and up to 28 species across the eastern and
southwestern US and Mexico [2] (Figure 1). Appendix 1
expands discussion of the biogeographic background. The
genus Vitis is divided into two subgenera: Muscadinia
Planch. (2n = 40, one or two species) and Vitis Planch.
(2n = 38, the remaining species). Additional divisions
within Vitis are “series” which are subgeneric groupings
that have been used historically in the systematics of Vitis.

They rank below “sections” that are more commonly used
in plant systematics for groups of species. Although all
wild species are considered diploid, there is evidence of
hexaploidization in their distant past [7-9] that is shared
with all rosids [9]. The two subgenera are nearly reproduc-
tively isolated while the species within subgenus Vitis are
interfertile. All species are dioecious except V. vinifera
which has hermaphroditic flowers, and V. rotundifolia
Michx. which segregates for this trait. Many species have
overlapping distributions, thus natural hybridization
would occur were it not for ecological and phenological
barriers [3,10,11]. Not surprisingly, the classification of
Vitis is confused in part due to the lack of agreement
among systematic botanists as to what constitutes a
true species and because of extreme morphological
variation within the species [2,3,7]. This has led to
many extraneous species names [7,12]. The systematics of
Vitis is based primarily on morphology [13] and molecular
methods have only recently been used to study this
taxonomic problem.
Most previous molecular studies on the evolutionary

history of Vitis were limited in taxonomic scope or
marker choice [15-32]. Studies most similar in goals and
pertinent to the present study were conducted by
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Figure 1 Native geographic distribution of the genus Vitis (grey shading1) and geographic regions of origin of Vitis species used in
this study. Dashed lines indicate southern borders of the polar ice cap during the most recent ice age2. Dash-dot lines indicate ice age refugia
of the forest flora2. Areas labeled 1 through 4 were used in ancestral area optimization (reversible parsimony, Additional file 14). Redrawn from
1Alleweldt et al. [7], 2Reinig [14].
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Stades de maturation le 29 juillet 2019

Grenache
Ranii

Raoutcha
Bobo

+ précoce                                                             +  tardif
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