
Species

● ●

●

●

●

●●
●

●

●

●

●

●

●

●

●a a
a a

●●●● ● ●● ●● ●● ●●● ●●●●●
cde decde e

●

●●

● ●

●

●

●

●

●●

●

●

●

●

●

●

a

a
a

a

●● ●
●

●

●

●●

●

●●●●

●

●
●

●●

ab

bcd

a
bc

Control Water deficit

W
1

W
2

0
100
200
300
400
500

●● ●● ●

●

●
●

● ●● ● ●

●●ab ab
ab ab

●●
● ●

●

●
●
●
● ● ● ●● ● ●●●

cd dbcd d

●

● ●
●

●

●

●

●

●

●

●●
●●● ●● ●●

ab

b

a

b

●

● ●

●

●
●

●
●

● ●●

●
●

●

ab abc

a

bcd

W
1

W
2

0
10
20
30
40
50

0

20

40

60

0
10
20
30
40
50

Leaves
R

oots

M
et

ab
ol

ite
s
�p

m
ol
⋅m

g
D

W
−1
�

To
ta

l A
B
A

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●cde
e

cde

cde

●●●● ●●●● ●● ●●● ●●● ●

cde cdecde cde

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●
cde

de

bcd

cde

●
● ●

●
●

●

●

●●

●

●● ●●
●

●●

●

ab

abc

a

abc

Control Water deficit

W
eek 1

W
eek 2

0

25

50

75

0

200

400

600

800

T
ot

al
A

B
A

M
et

ab
ol

ite
s

pm
ol
⋅m

g
D

W
−1

�
�

Species

a b

CS

SC

RM
RG

Supplementary Figure 1: Summed total whole plant ABA metabolite concentration
and summed total whole plant ABA metabolite concentration per organ after one-
and two-weeks of moderate WD. a) Combined ABA, ABA-GE, 7’OH ABA, NeoPA, PA,
and DPA concentrations from both leaves and roots (Total ABA Metabolites (pmol·mg
DW-1)) referred to as summed total of whole plant ABA metabolites after one- (top) and
two-weeks (bottom) of Control (left) or WD (right) treatment. Three-way ANOVA Tukey’s
HSD (p ≤ 0.05). b) Combined ABA, ABA-GE, 7’OH ABA, NeoPA, PA, and DPA
concentrations (Total ABA Metabolites (pmol·mg DW-1)) for leaves (top) and roots
(bottom) after one- (top) and two-weeks (bottom) of Control (left) or WD (right) treatment.
Two-way ANOVA Tukey’s HSD (p ≤ 0.05) letters per organ per week. Pink, blue, green,
and purple correspond to CS, RM, RG, and SC respectively. Each point represents an
individual measurement. n = three-five individual vines.
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Supplementary Figure 2: ABA metabolite distribution relative to total whole plant
ABA metabolites per organ after one- and two-weeks of moderate WD. ABA, ABA-
GE, 7’OH ABA (left to right top), NeoPA, PA, and DPA (left to right bottom) ratio relative
to summed total of whole plant ABA metabolites in leaves (top) and roots (bottom) after
one- and two-weeks of Control (Ctrl) or WD treatment. Two-way ANOVA Tukey’s HSD (p
≤ 0.05) letters for each metabolite per organ per week. Pink, blue, green, and purple
correspond to CS, RM, RG, and SC respectively. Each point represents an individual
measurement. n = three-five individual vines.
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Supplementary Figure 3: ABA concentrations related to photosynthesis (Ps) and
stomatal conductance (Gs) for the severe WD experiment. a) ABA concentration
(pmol·mg DW-1) in leaves (left), roots (middle), and total (combined leaves and roots
(right)) related to Ps (µmol·m-2·s-1) (top) and Gs (mol H2O·m-2s·-1) (bottom) for the severe
WD experiment. WD treated samples are shown as triangles and control (Ctrl) treated
samples are represented by circles. Linear regression was performed per organ for each
correlation; resulting equation, r2, and p-value are shown. b) Dry weight (g) of in leaves
(left), roots (middle), and total (combined leaves and roots (right)) for the severe WD
experiment. Control (Ctrl) samples on the left and WD samples on the right. c) Leaf area
(cm2) of the four species for the severe WD experiment. Control (Ctrl) samples on the left
and WD samples on the right. Two-way ANOVA Tukey’s HSD (p ≤ 0.05) letters per organ
for b) and c). Pink, blue, green, and purple correspond to CS, RM, RG, and SC,
respectively. Each point represents an individual vine. n ≥ 1 individual vines per organ x
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Supplementary Figure 4: Differentially expressed ABA metabolism genes in RM WD
W2 leaves and roots. NPQ1 alt1, ABA1 alt1, AAO3 alt1, and CYP707A1 alt1 (left to right)
expression represented as TPM after two-weeks of Control (Ctrl) (left) or WD (right)
treatment in leaves (top) and roots (bottom). Pink, blue, green, and purple correspond to
CS, RM, RG, and SC respectively. Mean ± SE, n = three-five individual vines.
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Supplementary Figure 5: BG1 and BG3 transcript abundance after one- and two-
weeks of moderate WD. BG1 alt1 and alt2 and BG3 alt1 and alt2 (left to right) expression
represented as TPM after two-weeks of Control (Ctrl) (left) or WD (right) treatment in
leaves (top) and roots (bottom). Pink, blue, green, and purple correspond to CS, RM, RG,
and SC respectively. Mean ± SE, n = three-five individual vines.
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Supplementary Figure 6: WGCNA of the leaves. Heatmap representation of the
association of modules and experimental conditions for the leaf samples. Experimental
conditions, species, and ABA-related metabolites are listed in columns and modules in
rows. Module eigengene Pearson’s correlation coefficient and p-value (in parenthesis)
are listed for each module per each experimental condition. Cell colors range from high
positive correlation (red) to negative correlation (blue). The number of genes in each
module is represented by n in parenthesis after the module name.



Supplementary Figure 7: WGCNA of the roots. Heatmap representation of the
association of modules and experimental conditions for the root samples. Experimental
conditions, species, and ABA-related metabolites are listed in columns and modules in
rows. Module eigengene Pearson’s correlation coefficient and p-value (in parenthesis)
are listed for each module per each experimental condition. Cell colors range from high
positive correlation (red) to negative correlation (blue). The number of genes in each
module is represented by n in parenthesis after the module name.

CS SC

Con
tro

l

W
at

er
 d

ef
ici

t

W
ee

k 2 ABA
DPA

Neo
PA PA

W
ee

k 1

7'O
H A

BA

ABA-G
E

RM RG

0.11 (0.4)

0.33 (0.01)

−0.096 (0.5)

−0.22 (0.1)

−0.07 (0.6)

0.0011 (1)

−0.068 (0.6)

−0.26 (0.05)

−0.24 (0.07)

−0.27 (0.04)

−0.17 (0.2)

−0.37 (0.004)

−0.43 (9e−04)

−0.41 (0.002)

−0.43 (9e−04)

−0.45 (5e−04)

−0.18 (0.2)

0.095 (0.5)

−0.15 (0.3)

0.24 (0.07)

0.21 (0.1)

0.46 (3e−04)

0.36 (0.006)

0.47 (2e−04)

0.48 (1e−04)

0.19 (0.2)

0.26 (0.05)

−0.18 (0.2)

0.0064 (1)

−0.24 (0.07)

0.028 (0.8)

0.083 (0.5)

−0.19 (0.2)

0.16 (0.2)

MEsaddlebrown (n=170)

MEwhite (n=213)

MEdarkolivegreen (n=47)

MEdarkturquoise (n=333)

MEdarkorange (n=230)

MEsteelblue (n=101)

MEturquoise (n=2173)

MEred (n=1511)

MEyellow (n=1763)

MEdarkgreen (n=357)

MEorange (n=269)

MEtan (n=610)

MEblack (n=1065)

MEbrown (n=1785)

MEblue (n=2111)

MEdarkgrey (n=276)

MEviolet (n=57)

MEgreenyellow (n=704)

MElightyellow (n=396)

MEsalmon (n=603)

MEpaleturquoise (n=70)

MElightgreen (n=402)

MEpink (n=989)

MEmidnightblue (n=536)

MEroyalblue (n=382)

MEgreen (n=1516)

MEpurple (n=740)

MEskyblue (n=196)

MEcyan (n=553)

MEgrey60 (n=517)

MElightcyan (n=534)

MEdarkred (n=358)

MEmagenta (n=915)

MEgrey (n=12105)

−0.065 (0.6) −0.037 (0.8)

0.2 (0.1) 0.27 (0.04)

0.11 (0.4) −0.19 (0.2)

0.011 (0.9) −0.37 (0.005)

−0.21 (0.1)

−0.28 (0.03) −0.075 (0.6)

−0.11 (0.4)

−0.32 (0.01)

−0.34 (0.01)

−0.27 (0.04)

0.024 (0.9) −0.094 (0.5)

−0.1 (0.4)

0.13 (0.3)

0.28 (0.03)

−0.5 (6e−05) −0.53 (2e−05)

−0.092 (0.5)

0.34 (0.01) −0.29 (0.03)

0.5 (8e−05) 0.099 (0.5)

0.17 (0.2) −0.19 (0.2)

−0.042 (0.8) 0.34 (0.01)

0.0073 (1) 0.35 (0.007)

0.34 (0.009) 0.53 (2e−05)

0.41 (0.001)

0.094 (0.5) 0.53 (2e−05)

0.083 (0.5) 0.57 (4e−06)

0.87 (2e−18) 0.23 (0.08)

0.61 (5e−07) 0.24 (0.07)

0.46 (3e−04) −0.24 (0.07)

−0.14 (0.3) −0.031 (0.8)

0.22 (0.1) −0.26 (0.06)

0.54 (1e−05) 0.13 (0.3)

0.006 (1) 0.13 (0.3)

0.035 (0.8)

0.3 (0.02)

−0.12 (0.4)

−0.19 (0.1)

0.0016 (1)

0.069 (0.6)

−0.014 (0.9)

−0.21 (0.1)

−0.16 (0.2)

−0.21 (0.1)

−0.15 (0.3)

−0.29 (0.03)

−0.37 (0.004)

−0.39 (0.003)

−0.36 (0.006)

−0.38 (0.004)

−0.13 (0.3)

0.11 (0.4)

−0.096 (0.5)

0.27 (0.04)

0.18 (0.2)

0.37 (0.005)

0.33 (0.01)

0.41 (0.001)

0.43 (8e−04)

0.1 (0.5)

0.19 (0.2)

−0.2 (0.1)

−0.052 (0.7)

−0.29 (0.03)

−0.052 (0.7)

0.016 (0.9)

−0.2 (0.1) −0.2 (0.1)

1 (3e−74)

0.26 (0.05)

−0.38 (0.004)

0.12 (0.4)

−0.18 (0.2)

−0.46 (4e−04)

−0.51 (4e−05)

0.35 (0.007)

0.5 (8e−05)

0.012 (0.9)

0.49 (1e−04)

0.52 (3e−05)

−0.22 (0.1)

−0.09 (0.5)

−0.096 (0.5)

0.22 (0.1)

0.19 (0.2)

−0.79 (5e−13)

−0.58 (2e−06)

−0.41 (0.002)

0.028 (0.8)

0.058 (0.7)

−0.08 (0.6)

0.2 (0.1)

−0.041 (0.8)

−0.18 (0.2)

−0.31 (0.02)

−0.56 (6e−06)

−0.37 (0.005)

0.16 (0.2)

0.38 (0.003)

0.49 (1e−04)

0.5 (7e−05)

0.77 (3e−12)

−0.33 (0.01)

0.022 (0.9)

−0.09 (0.5)

−0.14 (0.3)

−0.3 (0.03)

0.55 (1e−05)

−0.043 (0.7)

0.45 (5e−04)

0.045 (0.7)

−0.13 (0.3)

−0.58 (2e−06)

−0.92 (1e−24)

−0.32 (0.02)

−0.36 (0.006)

−0.2 (0.1)

−0.01 (0.9)

−0.28 (0.04)

−0.021 (0.9)

−0.56 (6e−06)

−0.6 (9e−07)

0.14 (0.3)

0.13 (0.4)

0.37 (0.004)

0.39 (0.003)

0.14 (0.3)

0.13 (0.3)

−0.17 (0.2)

0.51 (5e−05)

0.39 (0.003)

0.4 (0.002)

0.14 (0.3)

−0.17 (0.2)

0.42 (0.001)

0.29 (0.03)

−0.36 (0.006)

−0.2 (0.1)

0.25 (0.06)

−0.088 (0.5)

0.46 (3e−04)

0.59 (1e−06)

0.84 (2e−16)

0.21 (0.1)

0.39 (0.003)

0.8 (7e−14)

0.65 (6e−08)

0.39 (0.003)

0.64 (6e−08)

0.31 (0.02)

−0.0048 (1)

0.33 (0.01)

0.19 (0.2)

0.43 (7e−04)

0.61 (4e−07)

0.81 (1e−14)

−0.13 (0.3)

−0.19 (0.2)

−0.65 (4e−08)

−0.15 (0.3)

−0.2 (0.1)

−0.037 (0.8)

−0.44 (6e−04)

−0.6 (7e−07)

−0.51 (5e−05)

−0.41 (0.001)

−0.75 (3e−11)

−0.87 (3e−18)

−0.92 (9e−24)

−0.47 (2e−04)

−0.36 (0.006)

−0.28 (0.04)

−0.74 (5e−11)

−0.49 (1e−04)

−0.35 (0.008)

0.037 (0.8)

−0.00017 (1)

−0.11 (0.4)

0.13 (0.3)

0.12 (0.4)

0.16 (0.2)

0.08 (0.6)

0.22 (0.1)

0.46 (3e−04)

0.42 (0.001)

0.37 (0.005)

0.78 (6e−13)

0.23 (0.08)

0.019 (0.9)

0.15 (0.3)

−0.28 (0.04)

−0.41 (0.001)

−0.29 (0.03)

−0.36 (0.006)

−0.56 (6e−06)

−0.38 (0.003)

0.084 (0.5)

−0.051 (0.7)

0.32 (0.01)

0.026 (0.8)

0.33 (0.01)

0.073 (0.6)

−0.024 (0.9)

0.12 (0.4)

0.03 (0.8)

0.28 (0.04)

0.74 (5e−11)

0.49 (1e−04)

0.35 (0.008)

−0.037 (0.8)

0.00017 (1)

0.11 (0.4)

−0.13 (0.3)

−0.12 (0.4)

−0.16 (0.2)

−0.08 (0.6)

−0.22 (0.1)

−0.46 (3e−04)

−0.42 (0.001)

−0.37 (0.005)

−0.78 (6e−13)

−0.23 (0.08)

−0.019 (0.9)

−0.15 (0.3)

0.28 (0.04)

0.41 (0.001)

0.29 (0.03)

0.36 (0.006)

0.56 (6e−06)

0.38 (0.003)

−0.084 (0.5)

0.051 (0.7)

−0.32 (0.01)

−0.026 (0.8)

−0.33 (0.01)

−0.073 (0.6)

0.024 (0.9)

−0.12 (0.4)

−0.03 (0.8)

0.077 (0.6)

−0.076 (0.6)

0.23 (0.09)

0.33 (0.01)

0.1 (0.4)

−0.027 (0.8)

−0.087 (0.5)

0.11 (0.4)

0.17 (0.2)

0.12 (0.4)

0.013 (0.9)

0.45 (5e−04)

0.45 (5e−04)

0.51 (6e−05)

0.49 (1e−04)

0.3 (0.02)

0.28 (0.04)

−0.026 (0.9)

0.1 (0.5)

−0.22 (0.1)

−0.41 (0.002)

−0.39 (0.003)

−0.44 (5e−04)

−0.5 (7e−05)

−0.52 (4e−05)

−0.11 (0.4)

−0.093 (0.5)

0.24 (0.07)

−0.15 (0.3)

0.21 (0.1)

−0.05 (0.7)

−0.14 (0.3)

0.065 (0.6)

−0.055 (0.7)

−0.077 (0.6)

0.076 (0.6)

−0.23 (0.09)

−0.33 (0.01)

−0.1 (0.4)

0.027 (0.8)

0.087 (0.5)

−0.11 (0.4)

−0.17 (0.2)

−0.12 (0.4)

−0.013 (0.9)

−0.3 (0.02)

−0.28 (0.04)

0.026 (0.9)

−0.1 (0.5)

0.22 (0.1)

0.41 (0.002)

0.39 (0.003)

0.44 (5e−04)

0.5 (7e−05)

0.52 (4e−05)

0.11 (0.4)

0.093 (0.5)

−0.24 (0.07)

0.15 (0.3)

−0.21 (0.1)

0.05 (0.7)

0.14 (0.3)

−0.065 (0.6)

0.055 (0.7)

−0.49 (1e−04)

−0.45 (5e−04)

−0.45 (5e−04)

−0.51 (6e−105)

0.054 (0.7)

0.2 (0.1)

−0.17 (0.2)

−0.34 (0.01)

−0.021 (0.9)

0.047 (0.7)

−0.054 (0.7)

−0.24 (0.07)

−0.23 (0.08)

−0.37 (0.005)

−0.28 (0.03)

−0.45 (5e−04)

−0.4 (0.002)

−0.42 (0.001)

−0.45 (5e−04)

−0.5 (9e−05)

−0.19 (0.2)

0.034 (0.8)

−0.23 (0.09)

0.19 (0.2)

0.35 (0.008)

0.49 (1e−04)

0.38 (0.004)

0.44 (6e−04)

0.54 (1e−05)

0.27 (0.05)

0.35 (0.007)

−0.077 (0.6)

0.15 (0.3)

−0.16 (0.2)

0.065 (0.6)

0.17 (0.2)

−0.12 (0.4)

0.14 (0.3)

−0.09 (0.5)

0.17 (0.2)

−0.3 (0.02)

0.0054 (1)

0.014 (0.9)

0.09 (0.5)

−0.2 (0.1)

−0.25 (0.06)

−0.31 (0.02)

−0.28 (0.04)

−0.29 (0.03)

−0.031 (0.8)

−0.28 (0.03)

0.36 (0.006)

0.37 (0.005)

0.54 (2e−05)

0.53 (2e−05)

0.5 (9e−05)

0.6 (7e−07)

0.12 (0.4)

0.27 (0.05)

−0.21 (0.1)

0.023 (0.9)

−0.26 (0.05)

0.011 (0.9)

0.19 (0.2)

−0.091 (0.5)

0.039 (0.8)

−0.51 (6e−05)

−0.51 (6e−05)

−0.53 (3e−05)

−0.44 (7e−04)

−0.46 (3e−04)

−0.46 (3e−04)

−0.1 (0.4)

0.34 (0.01)

−0.15 (0.3)

−0.34 (0.009)

−0.22 (0.1)

−0.067 (0.6)

−0.22 (0.1)

−0.46 (3e−04)

−0.43 (9e−04)

−0.41 (0.001)

−0.2 (0.1)

−0.49 (1e−04)

−0.47 (2e−04)

−0.44 (6e−04)

−0.61 (6e−07)

−0.53 (2e−05)

−0.18 (0.2)

0.16 (0.2)

−0.17 (0.2)

0.35 (0.007)

0.36 (0.007)

0.6 (8e−07)

0.37 (0.005)

0.56 (7e−06)

0.61 (6e−07)

0.35 (0.008)

0.4 (0.002)

−0.13 (0.4)

−0.0086 (0.9)

−0.24 (0.07)

0.14 (0.3)

0.13 (0.4)

−0.3 (0.03)

0.35 (0.008) 0.094 (0.5) 0.23 (0.09)

−0.55 (1e−05)

−0.42 (0.001)

−0.51 (4e−05)

−0.66 (2e−08)

−0.96 (3e−32)

−0.88 (1e−19)

−0.65 (3e−08)

−0.49 (1e−04)

−0.48 (1e−04)

−0.49 (1e−04)

−0.48 (2e−04)


	5483_supplementaryfigure7.pdf
	5483_supplementaryfigure6.pdf
	5483_supplementaryfigure5.pdf
	5483_supplementaryfigure4.pdf
	5483_supplementaryfigure3.pdf
	5483_supplementaryfigure2.pdf
	5483_supplementaryfigure1.pdf

