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Fig. S1. Validation of the T-DNA mutant line defective for ALDH7B4 (aldh7b4) used in this study. The presence of the T-DNA insertion in the ALDH7B4 gene was checked (See Supplementary Methods S1). The wild-type (wt) line was used as a negative control.
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Fig. S2. Validation of the T-DNA mutant line defective for ALDH7B4 (aldh7b4) and the transgenic line expressing ALDH7B4 under the control of the CaMV 35S promoter (35S::ALDH7B4) used in this study. A comparative analysis of the accumulation of the ALDH7B4 transcripts (mRNA levels) in the leaves and the roots of wild-type (wt) Arabidopsis thaliana, the T-DNA insertion mutants defective for ALDH7B4 (aldh7b4) and the ALDH7B4 overexpressing line (35S::ALDH7B4). See Materials and Methods section 2.4.
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Fig. S3. Effect of herbicides on the fatty acid content and biosynthesis. A. Total fatty acid content in the leaves and the roots of mutant Arabidopsis thaliana plants defective for the ALDH7B4 gene (aldh7b4), untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent mean ± SE (n=5, biological replicates). B. Expression pattern of ACC2, KASIII, KASI and KASII in the leaves and the roots of aldh7b4 mutant plants untreated (C) or treated with imazamox (IMX) or glyphosate (GLP) for 3 days. Gels shown are representative examples of the six RT-PCRs carried out. Graphs represent the relative band intensity (GENE OF INTEREST / ACTIN2) measured by the Quantity One software (Bio-Rad Laboratories Inc., Hercules, CA, USA). Values represent mean ± SE (n=6, biological replicates). [image: punto gris.JPG] and [image: punto negro.JPG] indicate significant difference between untreated and imazamox- or glyphosate-treated plants, respectively (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).
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Fig. S4. Effect of herbicides on the fatty acid content and biosynthesis. A. Total fatty acid content in the leaves and the roots of transgenic Arabidopsis thaliana plants expressing ALDH7B4 under the control of the CaMV 35S promoter (35S::ALDH7B4), untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent mean ± SE (n=5, biological replicates). B. Expression pattern of ACC2, KASIII, KASI and KASII in the leaves and the roots of 35S::ALDH7B4 mutant plants untreated (C) or treated with imazamox (IMX) or glyphosate (GLP) for 3 days. Gels shown are representative examples of the six RT-PCRs carried out. Graphs represent the relative band intensity (GENE OF INTEREST / ACTIN2) measured by the Quantity One software (Bio-Rad Laboratories Inc., Hercules, CA, USA). Values represent mean ± SE (n=6, biological replicates). [image: punto gris.JPG] and [image: punto negro.JPG] indicate significant difference between untreated and imazamox- or glyphosate-treated plants, respectively (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).
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Fig. S5. Individual fatty acid content (expressed as the percentage of the total fatty acids) in the leaves and the roots of the T-DNA mutant line defective for ALDH7B4 (aldh7b4) and the transgenic line expressing ALDH7B4 under the control of the CaMV 35S promoter (35S::ALDH7B4), untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent mean ± SE (n=5, biological replicates).  indicates differences between the untreated plants of the corresponding genotype and the untreated wild-type plants (t-Test, p < 0.05). Significant variations are marked with [image: punto gris.JPG] for differences between control and imazamox-treated plants, and with [image: punto negro.JPG] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).












[image: C:\Users\mirian.gil\Desktop\mmc3 figures\figS6.tif]
Fig. S6. The in vitro activities of pyruvate decarboxylase (PDC) and alcohol dehydrogenase (ADH) in the leaves (a and c) and the roots (b and d) of wild-type (wt) Arabidopsis thaliana Col-0, aldh7b4 and 35S::ALDH7B4 mutant plants, untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent the mean ± SE (n = 5, biological replicates). Significant variations are marked with [image: ] for differences between control and imazamox-treated plants, and with [image: ] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).
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Fig. S7. Total free amino acid content in the leaves (a) and the roots (b) of wild-type (wt) Arabidopsis thaliana Col-0, aldh7b4 and 35S::ALDH7B4 mutant plants, untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent the mean ± SE (n = 5, biological replicates). Significant variations are marked with [image: ] for differences between control and imazamox-treated plants, and with [image: ] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).
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Fig. S8. The carbohydrate content in the leaves of wild-type (wt) Arabidopsis thaliana Col-0, aldh7b4 and 35S::ALDH7B4 mutant plants, untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent the mean ± SE (n = 5, biological replicates).  indicates differences between the untreated plants of the corresponding genotype and the untreated wt plants (t-Test, p < 0.05). Significant variations are marked with [image: ] for differences between control and imazamox-treated plants, and with [image: ] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).










[image: C:\Users\mirian.gil\Desktop\mmc3 figures\figS9.tif]

Fig. S9. The carbohydrate content in the roots of wild-type (wt) Arabidopsis thaliana Col-0, aldh7b4 and 35S::ALDH7B4 mutant plants, untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent the mean ± SE (n = 5, biological replicates).  indicates differences between the untreated plants of the corresponding genotype and the untreated wt plants (t-Test, p < 0.05). Significant variations are marked with [image: ] for differences between control and imazamox-treated plants, and with [image: ] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).
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Fig. S10. The organic acid content in the leaves of wild-type (wt) Arabidopsis thaliana Col-0, aldh7b4 and 35S::ALDH7B4 mutant plants, untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent the mean ± SE (n = 5, biological replicates). Significant variations are marked with [image: ] for differences between control and imazamox-treated plants, and with [image: ] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).
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Fig. S11. The organic acid content in the roots of wild-type (wt) Arabidopsis thaliana Col-0, aldh7b4 and 35S::ALDH7B4 mutant plants, untreated (control) or treated with imazamox or glyphosate for 3 days. Values represent the mean ± SE (n = 5, biological replicates).  indicates differences between the untreated plants of the corresponding genotype and the untreated wt plants (t-Test, p < 0.05). Significant variations are marked with [image: ] for differences between control and imazamox-treated plants, and with [image: ] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05).
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Fig. S12. As a marker of sensitivity to the herbicide, root length of seedlings was monitored in wild-type (wt) Arabidopsis thaliana Col-0, and three independent ALDH7B4 overexpressing mutants, untreated (control) or treated with imazamox or glyphosate A. Photographs shown are representative examples of the treatments. B. Root length was measured in seedlings of wild-type (wt) Arabidopsis thaliana Col-0, and the three 35S::ALDH7B4 independent transgenic lines (35S::ALDH7B4, 35S::ALDH7B4_2 and 35S::ALDH7B4_3), untreated (control) or treated with imazamox or glyphosate. In each genotype, significant variations are marked with [image: punto gris.JPG] for differences between control and imazamox-treated plants, and with [image: punto negro.JPG] for differences between control and glyphosate-treated plants (ANOVA, HSD Tukey/T3 Dunnet; p < 0.05). C. Comparison of the inhibitory effect of each herbicide in each genotype. * indicates differences between the plants of the corresponding genotype and wild-type plants (t-Test, p < 0.05). Values represent the mean ± SE (n = 48, biological replicates).
image5.jpeg




image6.tiff
LEAVES

[ Control B2 Imazamox EEEM Glyphosate

ROOTS

T 6L
g %0r 14 8
5% o o 125
€ .- L £
8%, 20 10 &
2 E q5¢ 08 - E
22 1o 06 €2
> t >
Eoos 0 F
5 - 02 3
e oo 00 ©
35S::ALDH7B4 35S::ALDH7B4
LEAVES
C IMX GLP
B. [ Control =1 Imazamox WEEE Glyphosate 12[acc2
>
g 10
L2os8
£ .
gos
T 04
o
02
Acetate 00
[afetald ROOTS
CoA €O, 1| ACS ! co, C X GLP
NAD*  NADH ATP ADP+Pi —
Pyruvate - T Malonyl-CoA 10acez
1ACC2! z
oo 208
Leaves | /T A £ 1
C IMX GLP ,_M_(_Sl!l]" £ 06 @
— o Y
£ 04
206 KASII Malonyl-ACP P
]
s 04 i 0.0
£
= °
2 T o
S |KAS 11} | SAD |
& 16:0-ACP ———= 18:0-ACP————— 18:1-ACP
o0 - I e \ K
ROOTS - Prokaryotic
-_c. »\MX. GLP KA I glycerolipid 18:1
oo 16:0 pathway
0.8 LKASHI
% 1 LEAVES LEAVES
g 0.6 C IMX GLP C IMX  GLP
£ ° —_—— g ——
go4 1.0 [KASI 1.4 [KASH
k| ° z z.,
S 02 G o8 2
@O 5 S0
Zos £
00 ] ° g g
204 . 3
2 Bos
02 02
00 0.0
ROOTS ROOTS
C mMX GP Cmx o
KAS! 0.8 HKASI
10 >
K @
£08 ° 506
E =S
=P £
] . go
& 04 5
& o2 £ 02
0.0 00





image7.tiff
LEAVES
= Imazamox WEER Glyphosate

[ Control

35S::ALDH7B4

18:0 16:3 18:1 18:2 18:3

5

25
1
05
16:2

16:1

16:0

2 o g o o o
B ¥ &8 & =

(% low) Jueluoo pioe Aped

16:1 16:2 18:0 16:3 18:1 18:2 18:3

16:0

2 o g 9 o o
8 ¥ 8 & =%

(% |ow) 1usjuoo pioe Aeq

ROOTS
0 Imazamox EEER Glyphosate

3 Control

35S::ALDH7B4

=)
]

%

o o
8 <

|ow) Jusjuco proe Aned

)

40

(

%

o o )
] S 2

|ow) Juajuod pioe Aje4

16:0 16:1 18:0 163 18:1 182 183

14:0

16:0 16:1 18:0 16:3 18:1 18:2 18:3

14:0




image8.tiff
ROOTS

1 Control === Imazamox mmmm Glyphosate

LEAVES

Aunpoe Hay

o 9o o o
T & & | o

L

d)

IFETE

[ ] [ ]
o
© )
N o © © ¥ a o9 0 o 0 o
A o ~ - o =)
(}-Uatoid Bw | _uiw HaVN fowu)

(;-we101d Bur | _uw HQWN fowi)
Auanoe Dad

}
Annnoe Hay

35S::ALDH7B4 wt aldh7b4 35S::ALDH7B4

aldh7b4




image9.tiff
Total free amino acids

Now »
S & o

(umol g™ FW)

5

ROOTS

LEAVES
[ Control =3 Imazamox MR G\yphosale
a) o e o e o e l
aldh7b4 35S::ALDH7B4 aldh7b4 35S::ALDH7B4

Total free amino acids
(umol g FW)




image10.tiff
Fructose (mg 9‘1 Fw)

Sucrose (mg g'1 Fw)

Starch (mg glucose g"I FW)

0.4

03

0.2

0.1

0.0

12
1.0
0.8
086
04
0.2
0.0

®

LEAVES

[ Control === Imazamox EEEE Glyphosate

a ©° ° e ° e by ¢ ° o e o e
[¢) 0 ay ©® o e o e
I FL JL [ F‘i
g ©°® ° ) wt aldh7b4 35S::ALDH7B4
L v ]

T ’_ T T

wt aldh7b4 35S::ALDH7B4

Glucose (mg g'1 FwW)

Total Soluble Sugars

mgg Fw)




image11.tiff
ROOTS
[ Control E=2 Imazamox Emmm Glyphosate

(M4 ,,.m Bw) asoon|o

o ® © % o
- o o © o

35S8::ALDH7B4

.
Lj_h
aldh7b4

ﬁ [
I

) )
2 T
&
N
o I
g
3
<
Y H @
v
©
® <
g
3
©
_ —_ _
© o ()
e 8 © 2 B 29 % © ¥ N @ ® & 2 @ 8 2
4 § 2 2 8 82 2 2 3 ¥ 28292833
S 3 35 s 8 2 S 5 s 3 3 3
(W4, 6 6u) ssopniy (md | 66w esonons () , 6 3s00niB u) uoieis




image12.tiff
W)

Succinate (mg g

Citrate (mg g'1 FW)

o o o o o
I N Y

o o
o o

0.12

o
°

0.08
0.06
0.04
0.02
0.00

LEAVES

[ Control =23 Imazamox EEEE Glyphosate

A

b) [ [ ] e
° [ d) o e © °
T ]
I‘L
o e [ ] o e

aldh7b4

35S::ALDH7B4

aldh7b4

35S::ALDH7B4

1.0

0.5

0.0

=
o
8
8

Lactate (mg g”' FW)

Malate (mg g™ Fw)




image13.tiff
Pyruvate (mg g”' FW)

Citrate (mg g FW)

Succinate (mg g" Fw)

0.01

0.00

0.30

0.25
0.20
0.15
0.10
0.05
0.00
0.05
0.04
0.03
0.02
0.01

0.00

ROOTS

[ Control B3 Imazamox M Glyphosate

a) (o] b) o e [ )
=
C) o d) (&) (&) (&)
L Z
T i
i
e) (o] (o] f) (&) o @
o ] 1 T

=

m

S B =

v

aldh7b4

35S::ALDH7B4

wt aldh7b4

35S::ALDH7B4

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

Lactate (mg g FW)

0.04

a-ketoglutarate (mg g"I FwW)

0.6

o
IS

Malate (mg g™ FW)

=)
o

0.0





image14.tiff
A. Control Imazamox Glyphosate

B_ [ Control [ Imazamox N Glyphosate
-
s oe oe
6T 1
S
=
g4 '
o
ks]
D S 2} ]
N
hy
3 0 ‘
<< 358S:: ALDH7B4 358:. ALDH7B4 2 35S::ALDH7B4_3
@
(9]
A C.
w [ 38.3% Imazamox
35S::ALDH7B4 i 58.7% *
N
< 35S::ALDH7B4_2 H 46.3% *
'c\n 358::ALDH7B4_3 — 68.1% *
I
9‘ wt 7.9% Glyphosate
< 35S::ALDH7B4 12.9% *
u"’; 35S::ALDH7B4_2 11.0% *
© 35S:ALDH7B4_3 10.4% *
| 0 20 40 60 80 100
Root growth

(% with respect to the untreated plants of the corresponding genotype)

35S::ALDH7B4_3





image1.png




image2.png
LEAVES ROOTS





image3.tiff
A LEAVES ROOTS
£ Control 1 imazamox NI Giyphosate
g 30r 14
g L g
g7 20 10§
o E g5l 08 o £
SRR S o
32 10f 06 L2
5 02 5
S 00 0o 3
aldh7b4 aldh7b4
LEAVES
C IMX GLP
B. [ Control [0 Imazamox EEN Glyphosate 14 Facoz
=12
z
510
Zos
°
206
E 04
Acetate 02
0.0
ROOTS
CA €O, \ co, c mx o
NAD* NADH ATP ADP+Pi — —
Pyruvate Acetyl-CoA Malonyl-CoA
yruvate Te——-ooo=3 Y — Y’ Acc2
TACC2 ! 206
LEAVES 7 ___ g
c  IMX GlP _ME“_"I' £04 ®
e 2 °
Malonyl-ACP Lo2
05 [KASII y! 3
‘@
504 0.0
03
z o o |_ Pac i _I eap !
go2 1K
2 01 16:0-ACP ———= 18:0-ACP————— 18:1-ACP
00 \ / TFAT!
ROOTS Prokaryotic
_C_ IMX _GLP. glycerolipid
16:0 pathway
0.4 LKASIH
2 LEAVES LEAVES
g 03 —C_ lMX_ GLP c IMX  GLP
£ ® 16
202 KASI 14 LKASH
s 206 2
T4 ] G 12
4 1 g10f
=
00 P ° < 08
E 0.2 @ 04
02
0.0 00
ROOTS ROOTS
c IMX  GLP [ IMX  GLP
03 | KASI KASH
z 2015
4 2 I
2 L
€02 Zo10
° °
2 2
o1 $0.05
['4 ['4
0.0 0.00





image4.jpeg




