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Grapevine adaptation to
abiotic stress: an overview
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Pollution, climate change and reduction of inputs

CO, and temperature rise Precipitations and drought risks
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S Abiotic stress

e
Any environmental conditions that reduce growth and yield
below optimum levels (Cramer et al,, 2011)

Abiotic stress :

« Water, temperature, light,
chemical

* Duration, intensity, time of
occurrence

* Multistress

Responses of plants:

* Dynamic

* Complex (reversible or not)

* Organ specific




General plant response to abiotic stress
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Cell wall metabolism

 Water potential
gradients

* Inhibition of cell growth

* Inhibition of protein
synthesis/modification
of regulation

* Energy metabolism

* Sugar transport and

storage
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.5;. How to define adaptation ?

é,? Adaptation to abiotic stress
SO

For a crop : to maintain yield and quality under adverse conditions
For a perenial crop: to survive over years to extreme adverse conditions

Adaptation means both a « process » and a « status »
(Cooper and Hammer, 1996)



oi o
| A process « to adapt » A status « to be adapted »

Genotype (or population) : anew  Genotype : a given combination of favorable

combination of favorable alleles alleles
(or changes in the allele frequency
within a population) Escape, avoidance, tolerance, resistance
Across generations Short to life cycle of the individual
Adaptation sensu stricto Constitutive Regulation = Acclimation
(Plasticity of traits)
Short term Long term
Existing Selective value Functional Developmental
diversity
Genetic Heritability Reversible  Less reversible
architecture
High WUE Gs=f(y) Stomatal

density



.55;. Which targets ?

* Identification of mechanisms underlying
acclimation and adaptation

* Abiotic stress : drought, temperature, mineral
deficiencies.... when/where /how ?

* Traits of interest for adaptation : final (yield,
quality) or intermediate (WUE, K/tartrate, developmental
traits as phenology and root system)

/.\!

Some examples <=5




$a° Drought responses in roots

PCA for gene expression

3 scion-rootstocks combinations 20 0 © \ 10

CS/CS, CS/RGM, CS/110R > G1_20¢
G1_20b
Sl 110R

S1 20c

0.3

0.2

o CS and 110R: more genes related to oxidative
stress response and carbon metabolism

Bordo platform o RGM : more regulated genes, modification of cell

wall properties
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o Differences in term of responses / intensity of

SWC (kg H,0/kg soil)

Principal component 2 (25%)

i stress
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Days after treatment @ 7]
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& 2 water deficit
‘ -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

Root tips

L,

Principal component 1 (33%)

Peccoux, 2011; Barrieu, unpublished



33 Discriminant responses

among genotypes
ABA metabolism and
regulatory pathway
Biosynthesis -r VVI:NCEDI %Z V.ri par ia &
_— —.. i %‘5 V. vinifera : V. riparia x V. rupestris
. V.viHydz m: F — J[ m ‘
wircars. SHHEHER N o Genotypes are grouped according to their\
et T background
Signaling o VviPPZC9 HEHH?‘
s %;‘ o VviABF2, WiSnRK2.6, WiPIP1.1, ViPIP2.1 and Wi
vwingrs LT PIP1-3/5 in leaves are discriminant among
| wiasez A genotypes
Fold change (log,)
Q WiSnRK2.6 is the only root discriminant Variabley
Aquaporins TUpPESTITS <™~
WiPIP1.1%* EI% N 2
wiewnzse T F1(35 %)
WiPIP1.3/5* EEH%:
WVIPIP2.1 Eﬂﬂﬂﬁ}\
antns sk Rossdeutsch, 2015; Rossdeutsch et al., 2016

P94, P114, P 164, P180, P181



$3° QTLs mapping for drought responses

CSs1 RGM3 RGM13
V. vinifera x V. riparia progeny ~ )
as rootstocks T
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Water use efﬁCIenCy Glutathione S transferase
* Responses to SWC Alkanal reductase Marguerit et al., 2009; 2012
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o333 QTLs mapping for gas exchanges

regulation under drought

LGO1 Tl‘anSpll‘atlon LGO2 LGO3 LG04
Conductance
5.0 —— VMCAFR . 00— WiBn = 00— U061 0.0 — S WMCHGTFL
-1
wn 3
3 T Bl= |3
| b I & W
3 £ £ |- B
] : ] &
167 T~ VMCFD.2 I = I:"‘! = = )
91— cEHEE 5 - s L% - ] B
= e 73— wvioss — 2 D e ]
Ao cemanne = fa |§ = BT Sce o199 s
- 7804 — T LD
331 —— VIMCIGS " ._'E = AT WMCEGE
387 ~L{- cetHusaceR = & & o= - I A ettt
WA osHHER 1y | 2 | | 5 | 2 aza—i-vmcece P = el 3.1 -7 [~ viIFzs-2 =
= = = - i 4§ =T WMCTER =T -
ETETS |5 TE i 45,7 —— WWHD32 e
=22 |E | & I~
54,4 — 1 VMCHES “ L]z L= I= I z
550 —— VRZAGEI 5
5.9 CE1HOILITE : =
Water potential _
b
L

mi—=—wems - gradients

Reduced nighttime transpiration is a relevant breeding
target for high water-use efficiency in grapevine

Aude Coupel-Ledru®, Eric Lebon?, Angélique Christophe?, Agustina Gallo?, Pilar Gago®, Florent Pantin?,
Agnés Doligez®, and Thierry Simonneau®’

PHENOARCH platform

“UMR Laboratoire d’Ecophysiclogie des Plantes sous Stress Environnementaux (LEPSE), Institut National de la Recherche Agronomique (INRA), Montpellier
SupAgro, 34060 Montpellier, France; "Mision Biolégica de Galicia, Consejo Superior de Investigaciones Cientificas (MBG-CSIC), 36143 Pontevedra,
Spain; and ‘{UMR Amélioration Génétique et Adaptation des Plantes méditerranéennes et tropicales (AGAP), Institut National de la Recherche
Agronomique (INRA), F-34060 Montpellier, France

Transpiration

Plant conductance
A water potential
Water use efficiency

Edited by Natasha V. Raikhel, Center for Plant Cell Biology, Riverside, CA, and approved June 17, 2016 (received for review January 16, 2016)

Coupel-Ledru etal., 2014; 2016; 2017


http://us.123rf.com/400wm/400/400/marigranula/marigranula0907/marigranula090700265/5245339-grapevine-leaf-isolated-on-white-background.jpg

"fot° Temperature and phenology

Developmental rate is related to temperature > thermal time
Vitadapt Heat Sum = X (Tmax;-Tmin ;) /2
Fromi=60 ton. ( GFV model, Parker et al., 2011)
Heat Sum = X (Tmax;-Tbase )

From i =45 to n. Tbase = 2, 10, 6°C (Duchéne et al., 2010)

Date of mid—budbreak

MOURVEDRE N
UGNI BLANC B

CASTETS N |
i1 262 degree-days
\BERNET—-SAUVIGNON N -|
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CARIGNAN N - 21 da S
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ROUSSANNE B -|
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MUSCADELLE B
COT N
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SEMILLON B L
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CHENIN B  T1--------- 4
PETITE ARVINE B - [ i e LR R J
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70
80
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00

JD from 1st January 2014

Van Leeuwen and Destrac, 2017
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Vitadapt

Temperature and phenology

Developmental rate is related to temperature > thermal time

Heat Sum = X (Tmax;-Tmin ;) /2

Fromi=60 ton. ( GFV model, Parker et al., 2011)

Heat Sum = X (Tmax;-Tbase )

From i =45 to n. Tbase = 2, 10, 6°C (Duchéne et al., 2010)

ASSYRTIKO B
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TEMPRANILLO N
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SANGIOVESE N
CHENIN B

MERLOT N
CARMEMERE N

MPT 3160-12-3 N
VIOGNIER B

TOURIGA NACIONAL N
TOURIGA FRANCESA N

Date of mid—flowering

229 deg
14 days

rree-days

55
160

JD from 1st January 2014

JD from 1st January 2014

Van Leeuwen and Destrac, 2017
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Vitadapt

Temperature and phenology

Developmental rate is related to temperature > thermal time
Heat Sum = X (Tmax;-Tmin ;) /2

Fromi=60 ton. ( GFV model, Parker et al., 2011)
Heat Sum = X (Tmax;-Tbase )

From i =45 to n. Tbase = 2, 10, 6°C (Duchéne et al., 2010)

Date of mid—veraison
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JD from 1st January 2014

P59, P83, P91, P154 Van Leeuwen and Destrac, 2017



Riesling x

Gewurtztraminer

population

Length of periods in

DD
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Temperature and phenology
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Duchéne et al, 2012
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Photosynthesis
Microvine and respiration

VPD (2 kPa) PAR/14 h PP
(560 pmol.m-2.s'1)

Grapevine Growth and Developmental Patterns
and their Responses to Elevated Temperature
Gibon, O Turc, B Muller, L Torregrosa, A Pellegrino

N Luchaire, M Rienth, C Romieu, C Houel, Y

AMERIC \\f JOURNALI
0
ENOLOGY AND VITICULTURE

[

040, 059

Whole vine C balance

15°-35° Photo/Nyctiperiod

" SCIENCE & IMPACT

Montpellier
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..........

2017, 68 (3) 283-292;
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High T° either at night or day

degrades energy supply

Torregrosa et al., 17th Meeting of ASEV-Japan, 10/6/2017, Kyoto, Japan



$es° Temperature and berry development

Microvines Sugars aceumulation : 20w 2o
. i & 30°C Day 20°C MNight
10 F - LI i ] ] 1 ] - ’ 1 ’ L N 1 ’ ) ’ I N 1
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Torregrosa et al., 2017, Lecourieux et al., 2017



Fruiting cuttings
(Cabernet Sauvigg

BERRY
DEVELOPMENT

Heat stress

+8°C (12h)
1 to 14 days

Temperature and berry acclimation

Experimental design and sam

—> Transcriptomic analysis
(Grapevine Nimblegen Arrays)
—> Proteomic analysis
(Label-free LC-MS/MS)

— Metabolomic analysis

pling of heat stress exp

Control / Heat stress

ery
=» Metabolite analysis

(LC-MS/MS) rTwTﬂui'] ------------------------- =% Metabolite analysis
1d 7d 14d
Control / Heat stress ccovery
m B SR 233222 SSSR3232321 v Metabolite analysis
1d 7d 14d
Herbaceous stage Ripening stage Maturity

& . &

Lag phase Véraison

]

-
-

1 | 1 | 5 | 1 1 | 1 -
Y Y ) J T Y Y g
10 20 30 40 50 60 70 80 2 100 110

Days after fruit set

Lecourieux etal., 2017



Differentially expressed genes

Nimblegen microarrays Vitis HX12K, (FC >2<, p-value < 0.05 with FDR correction)
3 stages x 3 biological replicates x 3 durations x 2 conditions (Control vs HS) = 54 samples

Middle GREEN VERAISON Middle RIPENING
1d /d 1d 7d 1d 7d
573 DEGs 4169 1601 DEGs 781 1964 DEGs 1646
green green veraison veraison middle_ripening middle_ripening

HS_vs_control

HS_vs_control

HS_vs_control

HS_vs_control

HS_vs_control

HS_vs_control

O O O O O O

GO category enrichment analysis:

Abiotic stress (Heat)
Cell Wall

Transport

Secondary metabolism
Protein homeostasis
Epigenetic processes

e HS ve control 36528 | o Hsfis; ;_E;CESL‘W 37298 || sz hS e totral 29961
di4 di4 di4
14d 14d 14d
686 1646 1386

Lecourieux et al., 2017



Putative key players of grape acclimation / adaptive
responses to heat

mﬁ:@emison
C L N 7somoce
\_g___ﬁ‘_“oj

> HSPs

1- HSFA2: master regulator of > RLK 1- Belong to key regulatory
hubs in hormone and stress

thermotolerance in plants
2- GOLS1: protection against » Enz.| WGOLS1 signalling in plants
abiotic stresses > FTs {VWHSFA2, 2- No functional role assigned

WAPZ2/ERF, VvbHLH

<

Signalling Secondary Metabolism Transport Epigenetic

oster 107 HEAT TOLERANCE P16
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Temperature desynchronizes sugar and organic acid metabolism

in grapes and remodels their transcriptome

Plant Biology

(omc

M. Rienth, L. Torregrosa, G. Sarah,

(2016) 16:164

M. Ardissonl, J-M Brillouet, C. Romieu

Two

temperature
regimes (N/D)

22°C/12°C
30°C/20°C

N

w

Malate /Tartrate

—

=INRA

—=" SCIENCE & IMPACT

Montpellier
M/\qro

WATATIT FRARGAIS

e 22°C Day 12°C Night
e 30°C Day 20°C Night

0.00 0.25 0.50 0.75 1.00
Glucose + fructose (mol.I'1)

Torregrosa et al., 17th Meeting of ASEV-Japan, 10/6/2017, Kyoto, Japan P49
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Identification of stable QTLs for vegetative and
reproductive traits in the microvine (Vitis vinifera L.)

Plant Biology

(onc

C Houel, A Doligez, M Rienth, S Foria, N Luchaire, A Pellegrino, C Romieu, L

Torregrosa

DOI 10.1186/s12870-015-0588-0 (2015) 15:205

New genotyping and
phenotyping tools
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Mapping fruit quality traits
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“es° Temperature and aroma profiles
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°358° Response to mineral nutrition

HN3 vs LN3  HN24 vs LN24

172 genes commonly and differentially expressed for the tvh
combinations (G6PDH, GS, NR, NIR)

For 1103P, a majority of DEG are related to nitrogen nutrition
(81%)

For RGM, more differentially expressed genes, and stronger
effects (induction or repression) (NRT2.4a, BTB, GTLI1,
NTF6.3, strigolactone biosynthesis)

: \ Temporal differences between genotypes (ethylene) /
g T”(./ ‘}\ : W
T A) WA
AN Up 604
Down 768
ohpt mm 3824 hpt own 765

- - - Cochetel etal., 2017; 2018 P75, P144, P175




"Set° Variability for mineral content

Greffadapt

V. riparia
K

- V. rupestris

V. berlandieri

- Other
I abc
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P content in petiole at

Poster P99
056, P76, P137, Poster 173 Gautier et al,, in process



V. vinifera x V. ripari
138 individuals as
rootstocks
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ORIGINAL ARTICLE

Genetic architecture of aerial and root traits in field-grown grafted

grapevines is largely independent

Jean-Pascal Tandonnet - Elisa Marguerit' - Sarah J. Cookson' - Nathalie Ollat' ©

Tandonnetetal., 2018
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Conclusions

KGrapeVine fit into the general model for abiotic\

O
O

stress response mechanisms

Original results (new components in regulatory
pathways, genetic architecture of traits and analyses of
diversity)

Which responses are leading to acclimation and
adaptation ?

Interactions between abiotic and biotic stress
responses ?

Highly polygenic traits ?

Modelling for phenotypes (P67) and genotype

\(genomic selection P82) /




'%‘ An International Root and Rootstock Initiative ?

* To re-enforce the hidden half community
* Phylloxera Symposium in Bordeaux 2013

* Root Symposium in Rauscedo 2014
* Next....

* To exchange about
e  Traits of interest
* Phenotyping procedures and facilities
* (Genetic and genomic ressources
* Specific approaches to analyse interactions (GxG, GxGxE_xE, )

e To built common ressources

* (Genomic ressources dedicated to root and rootstock studies

* Data bases of phenotypic traits related to root and roostock
performances

m=) Proposal : a working group within IGGP



Thank you for your attention




