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Supplemental Table S1. Levels of metabolite in AtUCP transgenic plants at the absence of salt.

Metabolite with sucrose without sucrose
ucp1 ucp2 dKO ucp1 ucp2 dKO

phenylalanine 1.0+£0.2 0.8+0.1 0.7+0.2 0.8+0.1 1.0+£0.1 0.8+0.1 1.6£0.5 1.3+0.1
tryptophan 1.0+£0.1 0.7+0.2 1.1£0.1 1.0+£0.1 1.0+£0.1 0.9+0.1 0.8+0.2 1.1£0.1
asparagine 1.0+£0.3 0.9+0.3 0.8+0.5 0.8+0.2 1.0+£0.3 0.8+0.2 2.0+0.3 1.6+£0.8
lysine 1.0+£0.2 0.8+0.1 0.8+0.2 0.9+0.1 1.0+£0.1 1.3+0.2 1.6£0.4 2.0+£0.1
serine 1.0+£0.1 0.9+0.1 0.9+0.1 0.7+0.2 1.0+£0.1 1.2+0.1 1.4+0.1 1.3+0.1
threonine 1.0+£0.1 1.0+£0.1 1.1£0.1 1.0+£0.1 1.0+£0.1 1.0+£0.1 1.1£0.1 1.1£0.1
isoleucine 1.0+£0.1 1.1£0.2 1.0+£0.1 0.9+0.1 1.0+£0.1 1.0+£0.1 1.1£0.2 1.2+0.1
methionine 1.0+£0.1 0.9+0.1 1.0+£0.1 1.0+£0.1 1.0+£0.1 1.4+£0.2 1.2+0.4 1.6+£0.2
leucine 1.0+£0.1 1.0+£0.1 1.0+£0.1 0.9+0.2 1.0+£0.1 1.1£0.1 1.3£0.3 1.3+0.1
alanine 1.0£0.4 1.2+0.6 1.5£0.3 1.3£0.2 1.0£0.4 1.320.5 0.8+0.2 1.5£0.2
beta.alanine 1.0+£0.2 0.9+0.1 1.2+0.1 1.0+£0.1 1.0+£0.1 1.4+£0.2 0.8+0.3 1.4+0.1
ornithine 1.0+£0.1 1.0+£0.3 0.8+0.3 0.9+0.3 1.0+£0.1 1.9+£0.2 2.3+0.3 3.1%0.3
proline 1.0+£0.3 1.1£0.3 1.4+0.4 0.8+0.1 1.0+£0.1 1.2+0.2 1.0+£0.1 1.5£0.3
valine 1.0+£0.1 1.0+£0.1 1.0+£0.1 0.9+0.1 1.0+£0.1 1.2+0.1 1.1£0.1 1.2+0.1
glycine 1.0+£0.2 1.0+£0.2 0.7+£0.1 0.6+0.4 1.0+£0.1 1.1£0.2 1.8+0.4 1.6+0.1
glutamine 1.0+£0.2 1.3+0.1 0.9+0.1 1.4+0.9 1.0+£0.2 1.3+0.2 1.8£0.5 1.8£0.7
aspartate 1.0+£0.1 1.1£0.2 1.3£0.3 0.9+0.1 1.0+£0.1 1.1£0.1 0.8+0.1 1.0+£0.1
glutamate 1.0+£0.2 1.0+£0.2 1.2+0.1 1.2+0.2 1.0+£0.1 0.9+0.1 1.0+£0.1 1.1£0.3
arginine 1.0+£0.2 0.7+£0.1 0.5+0.2 0.7+0.2 1.0+£0.2 1.4+0.1 2.6x0.4 2.7+0.1
glucose 1.0+£0.2 1.0+£0.2 0.9+0.2 0.8+0.1 1.0+£0.1 0.8+0.1 0.7+0.2 0.5+0.1
sucrose 1.0+£0.1 1.0+£0.1 1.0+£0.1 1.0+£0.1 1.0+£0.2 0.9+0.1 0.4+0.1 0.9+0.1
maltose 1.0+£0.1 0.9+0.2 0.7+£0.1 1.0+£0.2 1.0+£0.1 1.0+£0.2 0.7+£0.1 0.9+0.1
raffinose 1.0+£0.2 0.8+0.1 1.3+0.2 1.3¢0.5 1.0+£0.1 0.7+0.2 0.2+0.1 0.6+0.1
glycerol 1.0+£0.2 1.0+£0.2 0.9+0.1 0.9+0.2 1.0+£0.1 0.9+0.1 1.0+£0.3 0.7+£0.1
erythritol 1.0+£0.1 0.9+0.1 1.2+0.1 1.2+0.1 1.0+£0.1 1.3£0.2 0.9+0.3 1.2+0.1
myo.inositol 1.0+£0.2 1.0+£0.1 1.3£0.2 1.1£0.3 1.0+£0.1 0.9+0.1 0.5+0.1 0.7+£0.1
malate 1.0+£0.2 0.9+0.1 1.0+£0.1 0.9+0.1 1.0+£0.1 0.7+£0.1 0.7+£0.1 0.7+£0.1
fumarate 1.0+£0.2 1.0+£0.3 0.8+0.1 0.8+0.2 1.0+£0.1 0.7+£0.1 0.4+0.1 0.5+0.1
citrate 1.0+£0.2 0.7+£0.1 1.1£0.2 0.9+0.1 1.0+£0.1 0.4+0.1 0.4+0.1 0.4+0.1
pyruvate 1.0+£0.1 0.9+0.1 1.5£0.2 1.0£0.4 1.0+£0.2 1.1£0.1 0.7+0.3 1.0+£0.1
glycerate 1.0+£0.1 1.0+£0.1 1.3£0.2 0.9+0.2 1.0+£0.1 0.7+£0.1 0.6+0.1 0.5+0.1
succinate 1.0£0.4 0.8+0.2 0.8+0.2 0.6+0.1 1.0+£0.1 0.8+0.2 0.7+£0.1 0.7+£0.1
phosphate 1.0£0.7 1.9+0.6 0.7+0.3 1.4+£0.8 1.0+£0.1 3.3+x0.6 2.9+1.7 5.2+1.1
threonate 1.0£0.4 0.8+0.2 1.0+£0.1 1.0£0.4 1.0+£0.2 0.8+0.2 0.4+0.1 0.7+0.2
dehydroascorbate 1.0+£0.2 1.0+£0.1 1.4+0.4 1.2+0.2 1.0+£0.2 1.8+0.4 0.9+0.1 2.6x1.7
GABA 1.0+£0.3 0.8+0.2 0.7+0.2 0.8+0.4 1.0+£0.1 0.6+0.1 1.3+0.2 1.3+0.1
putrescine 1.0+£0.3 0.6+0.1 0.8+0.4 1.0+£0.2 1.0+£0.1 1.2+0.1 1.7£0.2 1.8+0.1
AMP 1.0+£0.3 1.3+0.4 1.4+£0.6 1.1£0.4 1.0+£0.1 1.2+0.2 1.3£0.2 0.8+0.1
benzoate 1.0+£0.2 0.7+£0.1 0.7+£0.1 0.7+£0.1 1.0+£0.1 0.9+0.1 1.0+£0.2 0.8+0.1
sulfate - 3.5+1.3 - - - - - 2.3x0.9
nicotinate 1.0+0. 0.5+0.1 0.7+£0.1 0.7+£0.1 1.0+£0.1 0.7+£0.1 0.8+0.3 1.3+0.1
2-oxoglutarate 1.0+0. 0.9+0.1 0.6+0.2 1.0+£0.8 1.0+£0.2 0.6+0.1 1.1£0.1 0.9+0.1
fructose 1.0+0. 0.8+0.1 0.9+0.1 0.7+£0.1 1.0+£0.1 0.7+£0.1 0.8+0.2 0.6+0.1
shikimate 1.0+0. 0.6+0.1 0.8+0.1 0.7+£0.1 1.0+£0.1 1.1£0.1 0.8+0.1 0.9+0.1
trehalose 1.0+0. 0.8+0.3 1.3+0.4 0.9+0.1 1.0+£0.1 1.1£0.2 - 0.6+0.1
galactinol 1.0+0 0.7+0.1 1.5£0.4 1.6+0. 0+0.1 0.6+0.1 - -

Values are mean £ SEM (n

ities normalized by the mean of those i
samples in the corresponding sucrose condition at the absence of NaCl. The values in bold are

n wild-type (WT)

statistically significantly different from those in wild-type plants in each growth condition by ANOVA
analysis (p<0.05). Abbreviation: double knockout (dKO).



Supplemental Table S2. Levels of metabolite in AtUCP transgenic plants at 50 mM NaCl.

Metabolite with sucrose without sucrose
WT ucp1 ucp?2 dKO WT ucp1 ucp?2 dKO

phenylalanine 0.8+0.2 0.6+0.1 0.7£0.1 0.4+0.1 0.9+0.2 0.7+0.1 0.7+0.1 0.7+0.2
tryptophan 0.8+0.1 0.7+£0.1 0.8+0.1 0.5+£0.1 0.7+0.1 0.7+0.1 0.7+0.1 0.6+0.1
asparagine 0.5+0.1 0.4+0.1 0.5+£0.1 0.6+0.1 0.5+0.1 0.5+0.1 0.5+0.1 0.6+0.1
lysine 1.0£0.2 0.7+£0.1 0.9+0.1 0.9+0.1 1.2+0.1 1.2+0.1 1.2+0.1 1.61£0.2
serine 1.4+£0.2 1.1£0.3 1.2+0.1 1.0+£0.1 1.1£0.1 1.1£0.1 1.1£0.1 1.2+0.1
threonine 1.2+0.1 1.3£0.1 1.1£0.1 1.1£0.1 1.2+0.1 1.1£0.1 1.1£0.1 1.0+£0.1
isoleucine 1.5£0.3 1.0+£0.1 1.5+£0.1 0.9+0.1 1.3£0.1 1.2+0.1 1.2+0.1 1.1£0.1
methionine 1.0+£0.1 0.9+0.1 0.9+0.1 0.8+0.1 1.0+£0.1 1.0+£0.1 1.0£0.1 1.0+£0.1
leucine 1.5£0.3 1.0£0.2 1.4+£0.2 0.8+0.1 1.3£0.1 1.2+0.2 1.2+0.1 1.1£0.1
alanine 1.2+0.4 1.320.5 1.0£0.3 1.2+0.7 1.210.4 1.4£0.5 1.5£0.6 1.210.4
beta.alanine 1.4+0.1 1.1£0.1 1.1£0.1 1.2+0.1 1.510.4 1.810.3 1.620.4 1.61£0.2
ornithine 1.0+£0.1 0.6+0.1 1.0£0.2 1.0£0.2 1.0£0.2 1.310.5 0.9+0.3 2.3+0.7
proline 2.7+0.2 2.8+0.7 2.4+0.3 2.3+0.3 6.1£1.0 4.5+0.4 5.2+0.8 3.4+0.6
valine 1.3£0.1 1.1£0.1 1.1£0.1 1.0+£0.1 1.1£0.1 1.2+0.1 1.2+0.1 1.1£0.1
glycine 0.3+0.1 0.2+0.1 0.3+0.1 0.2+0.1 0.3+0.1 0.2+0.1 0.3+0.1 0.2+0.1
glutamine 1.5£0.3 1.6£0.3 1.4+0.4 1.2+0.3 1.1£0.1 1.3£0.1 1.310.2 1.240.3
aspartate 1.2+0.1 1.2+0.1 0.9+0.1 0.8+0.1 1.2+0.2 1.1£0.1 1.310.2 0.9+0.1
glutamate 1.1£0.1 1.2+0.1 1.0+£0.1 1.0£0.2 1.0£0.2 0.9+0.1 1.0£0.2 0.8+0.1
arginine 0.7+£0.1 0.4+0.1 0.7£0.1 0.7+£0.1 0.6+0.1 0.8+0.2 0.7+0.2 1.1£0.1
glucose 0.8+0.2 0.6+0.1 0.8+0.1 1.2+0.4 0.8+0.2 0.6+0.1 1.5%1.0 0.9+0.5
sucrose 0.8+0.2 0.9+0.1 0.8+0.1 0.8+0.1 0.9+0.4 0.8+0.1 0.7+0.3 0.6+0.3
maltose 0.7+£0.1 0.7£0.1 0.8+0.1 1.2+0.1 0.7+0.1 0.9+0.2 0.7+0.1 1.0+£0.1
raffinose 1.2+0.3 0.9+0.4 0.9+0.1 0.9+0.3 2.2+0.9 1.51£0.2 1.3%0.3 1.0£0.1
glycerol 1.9+0.8 0.9+0.1 1.0+£0.1 1.0+£0.1 1.5£0.5 1.310.2 2.3+1.3 2.0£1.1
erythritol 1.6+0.1 1.7£0.1 1.5+£0.1 1.4+0.1 1.6+0.1 1.7£0.1 1.7£0.1 1.4+£0.1
myo.inositol 1.1£0.1 1.3£0.1 0.9+0.1 1.0+£0.1 1.6x0.4 1.4+£0.1 1.51£0.2 1.0+£0.1
malate 0.6+0.1 0.4+0.1 0.4+0.1 0.2+0.1 0.6+0.1 0.4+0.1 0.4+0.1 0.3+0.1
fumarate 0.5+£0.1 0.6+0.1 0.4+0.1 0.2+0.1 0.5+0.1 0.4+0.1 0.4+0.1 0.2+0.1
citrate 1.1£0.2 0.7+£0.1 0.7£0.1 1.0£0.3 0.9+0.3 0.7+0.1 1.0£0.4 0.7+0.1
pyruvate 1.4+£0.2 0.8+0.1 1.0£0.2 - 0.9+0.1 0.8+0.1 0.8+0.1 0.6+0.1
glycerate 0.8+0.1 0.5+0.1 0.4+0.1 0.4+0.1 1.2+0.1 0.9+0.1 1.1£0.2 0.8+0.1
succinate 0.4+0.1 - 0.4+0.1 - 0.3+0.1 - 0.3+0.1 0.3+0.1
phosphate 7.5+5.1 9.7+2.9 3.5+1.3 8.5+0.7 6.4+1.9 9.3+1.1 8.0+0.5 8.5+0.7
threonate 0.7+£0.2 0.9+0.1 0.6+0.1 0.6+0.1 1.0+0.4 0.8+0.1 1.0£0.3 0.7+0.2
dehydroascorbate 0.7£0.1 1.1£0.2 0.7£0.1 0.5+£0.1 0.7+0.1 0.7+0.1 0.7+0.1 0.5+0.1
GABA 0.4+0.1 0.2+0.1 0.3+0.1 0.2+0.1 0.4+0.1 0.4+0.1 0.5+0.2 0.4+0.1
putrescine 0.3+0.1 0.3+0.1 0.4+0.1 0.3+0.1 0.3+0.1 0.4+0.1 0.3+0.1 0.4+0.1
AMP 3.6+1.2 3.6£0.4 2.6+£0.9 3.0+0.7 2.2+0.4 2.2+0.7 3.5+1.9 2.2+1.2
benzoate 0.7£0.1 0.7£0.1 0.7£0.1 0.8+0.1 0.9+0.1 1.0+£0.1 0.9+0.1 1.0+£0.1
sulfate 1012 1212 11+1 1313 4614 4516 40+16 49+17
nicotinate 0.6+0.1 0.4+0.1 0.5+0.1 0.5+0.1 1.0£0.1 0.9+0.2 0.8+0.2 1.0£0.3
2-oxoglutarate 0.5+0.1 0.3+0.2 0.5+0.1 0.2+0.1 0.4+0.1 0.3+0.1 0.3+0.1 0.3+0.1
fructose 0.6+0.1 0.6+0.1 0.6+0.1 1.1£0.3 1.0£0.2 0.7+0.1 1.1£0.4 0.8+0.3
shikimate 0.6+0.1 0.6+0.1 0.6+0.1 0.8+0.1 0.8+0.2 0.8+0.1 0.8+0.1 0.6+0.1
trehalose 0.8+0.1 0.9+0.1 0.5+0.1 0.6+0.1 1.1£0.3 1.0+£0.1 1.1£0.2 0.5+0.2
galactinol 0.8+0.3 0.5+0.1 0.5+0.1 0.4+0.1 1.7£0.9 1.0£0.1 1.1£0.4 0.7+0.1

Values are mean £ SEM (n=3) peak intensities normalized by the mean of those in wild-type (WT) samples
in the corresponding sucrose condition at the absence of NaCl. The values in bold are statistically
significantly different from those in wild-type plants in each growth condition by ANOVA analysis (p<0.05).
Abbreviation: double knockout (dKO).



Supplemental Table S3. Levels of metabolite in AtUCP transgenic plants at 75 mM NaCl.

Metabolite with sucrose without sucrose

WT ucp1 ucp?2 dKO WT ucp1 ucp?2 dKO
phenylalanine 0.9+0.2 0.61+0.2 0.5+0.1 0.4+0.1 1.2+0.3 0.6+0.1 0.8+0.1 0.6+0.1
tryptophan 0.8+0.1 0.7+0.1 0.7+0.1 0.6%0.1 0.7+0.1 0.6+0.1 0.6+0.1 0.6+0.1
asparagine 0.4+0.1 0.4+0.1 0.4+0.1 0.4+0.1 0.5+0.1 0.5+0.2 0.5+0.1 0.4+0.1
lysine 1.1+0.2 0.940.1 1.1+0.1 1.1+0.1 1.5+0.1 1.440.2 1.3+0.2 1.4+0.1
serine 1.4+0.2 1.1+0.2 1.320.1 1.1+0.1 1.4+0.1 1.0+0.2 1.3+0.2 1.0+£0.1
threonine 1.7+0.1 1.840.1 1.4+0.1 1.320.1 1.6+0.1 1.3+0.2 1.5+0.2 1.4£0.2
isoleucine 1.6+0.4 1.3+0.3 1.320.2 1.0+0.1 1.7+0.2 1.0+0.1 1.3+0.1 1.2+40.1
methionine 1.240.1 1.240.1 1.1+0.1 1.0+0.1 1.2+0.1 1.1+0.1 1.240.1 1.1+£0.1
leucine 1.8+0.4 1.2+0.4 1.240.1 0.940.1 1.840.2 1.0+0.1 1.4+0.1 1.1+£0.1
alanine 1.320.5 1.5+0.5 1.4£0.5 1.4£0.5 1.4+0.5 1.320.5 1.5+0.5 1.5+0.5
beta.alanine 1.4+0.2 1.5+0.2 1.6£0.2 1.5+0.1 1.940.1 1.7+0.3 1.840.3 1.840.2
ornithine 0.5+0.2 0.5+0.1 1.1+0.3 1.1+0.3 1.4+0.3 1.840.6 1.4£0.5 1.3+£0.1
proline 5.3%1.5 4.3+1.0 3.8+0.7 3.5+0.9 1242 7.4+0.9 1242 7+2
valine 1.4+0.2 1.240.1 1.240.1 1.1+0.1 1.3+0.1 1.0+£0.1 1.3£0.1 1.2+0.1
glycine 0.2+0.1 0.1+0.1 0.1+0.1 0.1+0.1 0.2+0.1 0.1+£0.1 0.2+0.1 0.1+£0.1
glutamine 1.840.3 1.840.3 2.0+0.6 1.6£0.3 1.3+0.3 1.1+0.2 1.6+0.3 1.2+0.4
aspartate 1.240.1 1.1+0.1 0.9+0.2 0.7+0.1 1.0+0.2 0.7+0.1 1.1+£0.1 0.7+0.1
glutamate 1.240.1 1.320.1 1.0+0.1 1.0+0.1 1.2+0.1 0.9+0.2 1.1+£0.1 0.9+0.1
arginine 0.4+0.1 0.3£0.1 0.7+0.1 0.7+0.1 0.9+0.1 0.9+0.2 0.8+0.2 0.7+0.1
glucose 0.6+0.1 0.6%0.1 0.6%0.1 0.7+0.1 1.5+0.3 1.940.2 0.6+0.1 0.6+0.1
sucrose 1.0+0.1 1.0+0.1 0.940.1 0.840.1 1.0+£0.1 0.5+0.2 1.3%0.3 1.3%0.3
maltose 0.5+0.1 0.5+0.1 0.5+0.1 0.6%0.1 0.6+0.1 1.1+0.3 0.6+0.1 1.0+0.2
raffinose 1.840.7 1.61+0.8 1.1+0.6 1.1+0.6 5.1£3.1 1.8+0.7 3.3+1.6 3.2+0.3
glycerol 1.610.6 1.5+0.5 1.610.6 1.320.5 1.940.6 1.8+0.4 1.6+0.7 1.3%0.3
erythritol 2.1+0.1 2.1+0.2 2.0+0.2 1.610.1 2.0+0.2 1.6£0.2 2.0+0.1 1.940.3
myo.inositol 1.5+0.1 1.5+0.1 1.240.2 1.1+0.1 2.1+0.2 1.7+0.5 2.1+0.5 2.0+0.5
malate 0.6+0.1 0.31£0.1 0.31£0.1 0.210.1 0.5+0.1 0.2+0.1 0.4+0.1 0.2+0.1
fumarate 0.5+0.1 0.4+0.1 0.2+0.1 0.11£0.1 0.5+0.1 0.2+0.1 0.4+0.1 0.2+0.1
citrate 0.9+0.2 0.7+0.1 0.8+0.3 0.7+0.1 0.6+0.1 0.4+0.1 0.7+0.1 0.5+0.1
pyruvate 1.1+0.1 0.940.1 0.840.1 0.940.1 1.0+0.1 0.7+0.1 0.9+0.1 0.7+£0.1
glycerate 0.8+0.1 0.7+0.1 0.5+0.1 0.5+0.1 2.1+0.3 1.3+0.2 1.1+0.2 0.7+£0.1
succinate - - - - - - - -
phosphate 9.4+1.4 11.0+2.2 13,5441 12.0+2.4 7.8+2.7 9.1+0.5 7.0+1.7 9.5+3.1
threonate 0.9+0.2 0.7+0.1 0.5+0.1 0.4+0.1 0.8+0.2 0.4+0.1 0.8+0.1 0.6+0.1
dehydroascorbate 0.7+0.1 0.6%0.1 0.7+0.1 0.5+0.1 0.5+0.1 0.5+0.1 0.7+0.1 0.6+0.1
GABA 0.2+0.1 0.1+0.1 0.2+0.1 0.2+0.1 0.5+0.2 0.6+0.1 0.3+0.1 0.2+0.1
putrescine 0.2+0.1 0.2+0.1 0.31£0.1 0.3£0.1 0.3+0.1 0.3+0.1 0.4+0.1 0.4+0.1
AMP 5.1%1.1 4.8+1.1 4.6+1.2 4.4+1.6 3.1£0.7 3.310.5 2.8+1.0 2.2+0.7
benzoate 0.9+0.2 0.840.1 0.840.1 0.6%0.1 1.0+0.2 0.8+0.1 1.0+0.1 1.0+0.1
sulfate 20+4 2518 217 1915 45+15 30+10 46123 49+15
nicotinate 0.5+0.1 0.4+0.1 0.5+0.1 0.5+0.1 0.9+0.2 0.8+0.2 1.0+0.2 0.9+0.1
2-oxoglutarate 0.2+0.1 0.2+0.1 0.2+0.1 0.1+0.1 0.31+0.1 0.2+0.1 0.2+0.1 0.1+£0.1
fructose 0.5+0.1 0.5+0.1 0.5+0.1 0.6%0.1 1.7+0.1 1.940.1 0.8+0.2 0.7+0.2
shikimate 0.6+0.1 0.6%0.1 0.5+0.1 0.5+0.1 0.9+0.1 0.8+0.1 0.9+0.1 0.8+0.1
trehalose 1.240.1 1.0+0.1 0.710.1 0.6%0.1 1.240.2 1.0+0.2 1.1+0.3 1.4+0.3
galactinol 1.0£0.2 0.7+0.2 0.50.1 0.4+0.2 2.5+1.0 1.7+0.8 2.0+0.8 1.840.3

Values are mean £ SEM (n=3) peak intensities normalized by the mean of those in wild-type (WT) samples
in the corresponding sucrose condition at the absence of NaCl. The values in bold are statistically
significantly different from those in wild-type plants in each growth condition by ANOVA analysis (p<0.05).
Abbreviation: double knockout (dKO).



Supplemental Table S4. Primer sequences used in this study

Name Sequence (5'-3")

BH254 cgagtgcgggatectetagagggcc ATGGTGGCGGCTGGTAAATC

BH255 cttgctcacgecgeteeetcecccgc CCGTTTCTTTTGGACGCATC

DGS5 AAACAACCACCAGTAGAAGCC

DG6 TCGATCAATCACTGTCACTGG

DG8 TTCTAGCCACAGATCTGACCG

DG9 TTTATCATCGAGGGCACTCTG

DG23 CGAGGATTGTTGGGAACTGT

DG24 AAAGAGCTCGGACTCCTTCC

DG25 ATGGTGAGAATTTGCCCAAG

DG26 GCCGGTAACTTTCCTTCTGA

SALK-LBal TGGTTCACGTAGTGGGCCATCG

SAIL-Lba TTCATAACCAATCTCGATACAC

UCP2_BPF ggggacaagtttgtacaaaaaagcaggetccaccATGGCGGATTTCAAACCAAG
UCP2 _BPR-s  ggggaccactttgtacaagaaagctgggtc ATCGTACAAGACTTCTCTTAGAAACACTT




PUMP1_ARATH 1 VAAG SDLS. .LPKTFACSAFAA VGEV TIF LDTANVELOLOKSA. ..ttt ittt ittt it eeat e LAGD...... VTLPEYRG. .. .LLGTVGTIAREEGLRSLW
PUMP2_ARATH 1 MADFEXPRIEIS. .FLETFICSAFAA FAEL TIFLDTAKVELOLORKI . ...ttt ittt it tiineeenneennns PTGDG..... ENLPXYRG. ...SIGTLATIAREEGISGLW
UCP2_HUMAN 1 VGFKATDVPPT. .ATVKFLGAGTAA IADLITF LDTAKVELOIOGESQ. . v ittt it ittt it i iieieenaen GPVRA..... TASAQYRG. . ..VMGTILTMVRTEGPRSLYN
DIC1_YEAST 1 STNAKESAGKN. . IKYPWWYGGAAGIFATMVTH LD LAKVELOAAPM PR P T . . it ittt ittt ittt ittt ittt et eeaneenneenns LFRMLESILANEGVVGLYS
DIC_HUMAN 1 AAEARVSR......... WYFGGLAS GAAC THELDLLEVHLOTOOEVKLR . & ottt it ittt ittt ittt ittt ettt et it e MTGMALRVVRTDGILALYS
DIC2_ARATH 1 MG......ovt VKSFVEGGIASVIAGCSTHNLDLIKVELOLHGEA. ... ..o v n. PSTTTVTLLRPALAFP. . .NSSPAAFLETTSSVPKVG. . ..PISLGINIVKSEGAAALFS
DIC1_ARATH 1 MG. ..ot LKGFAEGGIASIVAGCSTHFLDLIXVEMOLOGES . . . ..o v i e n vt APIQTN..LRPALAFQ...TST..... TVNAPFLRVG. . ..VIGVGSRLIREEGMRALFS
DIC3_ARATH 1 MG. ..ot FKPFLEGGIAAIIAGALTHFLDLIXVEMOLOGEHSFSLDONPNPNLSLDHNLPVKPYRPVFALDSLIGSISLLPLHIHAPSSSTRSVMTPFAVGAHIVKTEGPAALFS
AOAQ77DCK6_TOBAC 1 GDHGEVKSDIS. .FAGTFASSAFAA FAEV TLULDTARVELOLOKKA. ..ottt ittt it i it eiiieenanenn VEGD...... LSLFKYRG. . ..LLGTVGTIAKEEGVASLW
Q2Q712 ORYSJ 1 P.EHGSKPDIS. .FAGRFTASAIAA FAEV TIVLDTAKVELOLOKNV. ...ttt it ii it iieeeenann AADAA........ YRG. .. .LLGTAATIAREEGAAALW
Q854C4_MATIZE 1 PGDHGSKGDIS. .FAGRFTASAIAA FAEI TIFLDTAKVELOLOKNV. ... .ttt ittt ittt VAAAASGDAAPALFXYRG. ...LLGTAATIAREEGAAALW
C6T891_ SOYBN 1 VADSKESNSDLS . . FGKIFASSAFSA FAEV TIVLDTAKVELOLOKOA. . ..ttt ittt ittt tieneeeaneennenn VAGDV..... VSLFPEYKG. .. .MLGTVGTIAREEGLSALW
B9GIV8_POPTR 1 MADLX¥PSSDIS. .FVEIFLCSAFAA FAEF TI'LDTAKVELOLORKT . ...ttt ittt ittt it ieneeenen FASEG..... VSLPEYRG. .. .LLGTVATIAREEGLAALW
A9PAUO_POPTR 1 VADSKGKSDIS. .FAGTFASSAFAA LAEI TI LDTAKVELOLOKSA. ..ttt ittt ittt tietenaeeennenn VAGDG. .... LALFKYRG. .. .MLGTVATIAREEGLSALW
I3ST66_LOTJA 1 VADSKSNSDIS. .FAKTFASSAFSA FAEV TIVLDTAKVELOLOKOG. . ottt ittt ittt it eieeeenann IAGDV..... ASLPEYKG. .. .MLGTIATIAREEGASALW
A8J1X0_CHLRE 1 VASSSSSQPLS. .FPRTFLASAIAA TAEALTL LDTAKVELOLOAGGN . . .t ittt ittt i ittt ittt ittt ettt eeeaeeeaneennenn YKG. .. .MLGTVATIAREEGPASLW
A4S0P6_OSTLU 1 MAREGDATATRTKTKTPLVNPFLGGLAASAFSASFAEF TIFLDTVEVELOLRGASA . .« ittt ittt i it it ittt et inenenns TATAT...... TRGRGAG. . . .MLGTMRAVAAEEGIGALW
PUMP1_ARATH 77 GVVEGLHEQ LFGGLRIGMYEVENLYVGKDFVGDVFLSKXILAGLTTGALGIMVAN TDLVKVELOAEGHKLAAGA YSGALNAYSTIVREQEG. VRALWTGLG NVARNAIINAAELASYDOVKETIL
PUMP2_ARATH 79 GVIAGLHEQ IYGGLRIGLYEFVKTLLVGSDFIGDIF LYQXILAALLTGAIAIIVAN TDLVKVELOSEGKLIAGV YAGAVDAYFTIVKLEG.VSALWTGLG NIARNAIVNAAELASYDQIXETIM
UCP2_HUMAN 81 GLVAGLQROMSFASVRIGLYDSVXQFYTKGSE. .HASIGSRLLAGSTTGALAVAVAQTDVVEVEFOAQAR. . AGGGRRYQSTVNAYKTIAREEG. FRGLWKGTS "NVARNAIVNCAELVTYDLIKDALL
DIC1_ YEAST 70 GLSAAVLEQ TYTTVRFGAYDLLKENVIPREQ..LTNMAYLLPCSMFSGAIGGLAGNFADVVNIRMONDSALEAAKRENYKNAIDGVYKIYRYEGGLKTLETGWK NMVEGILMTASQVVTYDVFENYLV
DIC HUMAN 63 GLSASLCROMTYSLTRFAIYETVRDRVAKGSQGPLPFHEXVLLGS.VSGLAGGFVGT "ADLVNVEMONDVELFQGQRENYAHALDGLYRVAREEG. LRRLEFSGATMASSEGALVTVGQLSCYDOAK . QLV
DIC2_ARATH 90 GVSATLLEQTLYSTTRMGLYEVLKNKWT . DPESGKLNLSRXIGAGLVAGGIGAAVGN "ADVAMVEMOADGRLFLAQRENYAGVGDAIRSMVKGEG . VT SLWRGSALTINRAMIVTAAQLASYDQOFKEGIL
DIC1_ARATH 83 GVSATVLEQTLYSTTRMGLYDIIKGEWT .DPETKTMFLMKXIGAGAIAGAIGAAVGN "ADVAMVEMOADGRLLTDRENYKSVLDAITQMIRGEG.VTSLWRGSSLTINRAMLVTSSQLASYDSVHXETIL
DIC3_ARATH 111 GVSATILROMLYSATEMGIYDFLXRRWT .DQLTGNF LVTKITAGLIAGAVGSVVGN "ADVAMVEMOADGSL”LNRRENYKSVVDAIDRIARQEG.VSSLWRGSWLTVNRAMIVTASQLATYDHVKEILV
AOAO077DCK6_TOBAC 79 GIVFGLHEQ LFGGLRIGMYE VENFYVGKDHVGDVF LSKKVLAALTTGALGITIAN-TDLVXVRLOAEGKL AGV YSGALNAYSTIVEQEG. VAKLWTGLG " NIGENAIINAAELASYDOVKOQOTIL
Q2Q712 ORYSJ 76 GIVFGLHEQ IYGGLRIGLYE-VKSFYVGKDHVGDVFLTKYIAAGFTTGAIAISIAN TDLVKVELOAEGHXLAPGA YAGAMDAYAKIVEQEG. FAALWTGIG NVARNAIINAAELASYDOVEOTIL
Q854C4_MAIZE 85 GIVFGLHEQ IYGGLRIGLYEFVKSFYVGKDHVGDV - LSKHXIAAGFTTGAIAISIAN TDLVXVELOAEGHXLAPGV YTGAMDAYSKIARQEG.VAALWTGLG NVARNAIINAAELASYDOVHOSIL
C6T891_ SOYBN 80 GIVFGLHEQ LYGGLRIGLYE VHTFYVGKDHVGDV LSKHXILAAFTTGAFAIAVAN TDLVXVELOAEGKLFPGV YSGSLNAYSTIVEQEG.VGALWTGLG NIARNGIINAAELASYDOVKOTIL
B9GIV8_POPTR 79 GITAGLHRQFIYGGLRIGLYE VEKSFLVGSDFVGDIFLYQKILAALLTGAMAIVIANFTDLVEVRELOAEGHL AGV GRYAGALDAYFTIVEQEG. LGALWTGLG NIARNAIINAAELASYDEVKQOTIL
A9PAUO_POPTR 80 GIVIGLHEQ VFGGLRIGLYE VENYYVGSDFVGDVILTKXILAALTTGAIGITVAN TDLVKVELOAEGKLI PGV YSGALNAYSTIVEQEG.VRALWTGIG NVARNAIINAAELASYDOVEQOTIL
I3ST66_LOTJA 80 GIVFGLHEQ LYGGLRNGLYEFVKALYVGSDHVGDV - LSKXILAAFTTGAVAITVAN TDLVAVELOAEGHXLAPGV YSGSLNAYSTIVEQEG.VGALWTGLG NIARNGIINAAELASYDOVEOTIL
A8J1X0_CHLRE 72 GIEFGLHREQ LFGGLRIGLYE VRNLYVGKDFKGDP LHLKIAAGLTTGALGISVASF TDLVKVEMOSEGHKLAPGVAKKYPSAIAAYGIIAREEG. ILGLWKGLG NIARNAIINAAELASYDOIKOSLL
A4S0P6_OSTLU 89 GIT GIHRQVLFGGLRIGLYE VETFYVGEEHVGDVF LHLKIAAGLTTGGIGIMVAS TDLVKVEMOAEGHLAPGT "KKYPSAVGAYGVIVEQEG. LAALWTGLT "NIMENSIVNAAELASYDOFKOSFL
PUMP1_ ARATH 206 KIPGFTDN.VVTHILSGLGAGFFAV IGS" VDVVKS GDSG.A..... YHGTID FVETLKSDGIMAFYKGFIFNFGRLGSWNVI FLTLEQAXKYVRELDASKRN

PUMP2_ARATH 208 KIPFFRDS.VLTHLLAGLAAGFFAV IGSFIDVVES GDS..T..... YRNTVD FIKTMKTEGIMAFYKGFLINEFTRLGTWNAI FLTLEQVXKVFLREVLYD

UCP2_HUMAN 206 KANLMTDD.LPCHFTSAFGAGFCTTVIASFVDVVETRY NSALGQ..... YSSAGH ALTMLQKEGFXRAFYKGFMFSFLRLGSWNVV FVTYEQLXRALMAACTSREAPF

DIC1_YEAST 198 TKLDFDASKNYTHLTASLLAGLVATTVCSF ADVMKTRI NGSG...... DHQPALKILADAVRKEGFSFMFRGWL”SFTRLGPFTMLIFFAIEQLXKHRVGMPKEDK

DIC_HUMAN 190 LSTGYLSDNIFTHFVASFIAGGCATFLCQFXLDVLETEL NSKG...... EYQGVFH AVETA.KLGFLAFYXGLVFAGIRLIPHTVLTFVFLEQLRXN.FGIKVPS

DIC2_ARATH 218 ENGVMNDG.LGTHVVASFAAGFVASVASNFVDVIKTRV NMKVGA..... YDGAWD AVHTVKAEGAMALYKGFVFTVCRQGPFTVVLEVTLEQVRXLLRDF

DIC1_ ARATH 211 EKGLLKDG.LGTHVSASFAAGFVASVASNIVDVIKTRV NMKVVAGVAPPYHXGAVD ALKTVKAEGIMSLYKGFI - TVSRQAPFTVVLEVTLEQVHXKLFKDYDF

DIC3_ARATH 239 AGGRGTPGGIGTHVAASFAAGIVAAVASNFIDVVET NADKEI..... YGGPLD AVEMVAEEG-MALYKGLVFTATRQGPFTMILFLTLEQVRGLLKDVKF

AOAO077DCK6_TOBAC 208 KIPGFTDN.VVTHLFAGFGAGFFAV IGSFVDVVES GDS..T..... YENTLD FVETLENDGFLAFYKGFIFNFGRLGSWNVI FLTLEQAKKFVKNLESA

Q2Q712 ORYSJ 205 KLPGFKDD.VVTHLLSGLGAGFFAV VGSFVDVVES GDS..A..... YTSTID FVHETLKNDGFLAFYKGFLFPNFARLGSWNVI FLTLEQVQXLEFVRKPGS

Q854C4_MAIZE 214 ¥LPGFKDD.VVTHLFAGLGAGFFAV VGSFVDVVES GDS..A..... YHSTLD FVETLKNDGFLAFYKGFLFNFARLGSWNVI FLTLEQVQXLEFVRKATS

C6T891_ SOYBN 209 KIPGFTDN.VVTHLLAGLGAGFFAV IGS-VDVVES GDS..S..... YENTLD FIKTLKNDGFLAFYKGFLFPNFGRLGSWNVI FLTLEQTHKEVKSLESS

B9GIV8_POPTR 208 QIPGFTDS.AFTHVLAGLGAGFFAV IGS"IDVVES GDS..S..... YENTVD FIKTLENEGILAFYKGFLINFGRLGSWNVV FLTLEQVHEKIVTGQAYYD

A9PAUO_POPTR 209 KIPGFTDN.IVTHLFAGLGAGEFFAV IGS " VDVVES GDS..A..... YKSTLD FIKTLEKNDGFLAFYKGFIFNFGRLGSWNVI FLTLEQAKKFVRNLESS

I38T66_LOTJA 209 KIPGFTDN.VVTHLLSGLGAGFFAV IGSFVDVVES GDS..T..... YHSTLD FVETLKNDGFFAFYRGFIFNFGRLGSWNVI FLTLEQTHKFVKSLESS

A8J1X0_CHLRE 201 GIG.MKDN.VGTHLAAGLGAGEFVAV IGS-VDVVESEV GDREGK..... FXGVLD FVETARNEG-LAFYXGFI NFGRLGSWNVA FLTLEQVKKLLTPAPSH

A4S0P6_OSTLU 218 GVG.MKDD.VVTHIASALGAGEFVAC VGSF VDVVESEV GDSTGK..... YHGFVD VTHETLANEG-MAFYGGFL-NFARLGGWNVC FLTLEQVRKLMRDNNIM

Supplemental Fig. S1. Sequence alignment of AtUCP1, AtUCP2 and their homologues. Protein sequences nominated with their UniProtKB entry names were selected based on their sequence identity with AtUCP1
(PUMP1_ARATH) and AtUCP2 (PUMP2_ARATH). They include their closest human, S. cerevisiae and Arabidopsis homologues as well as their homologues in other plants. The alignment was done with ClustalW.
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Supplemental Fig. S2. Isolation of ucpl and ucp2 T-DNA homozygous insertion lines
and ucpl/ucp2 double mutants. Genomic DNA PCR analysis of wild-type A. thaliana
Col-0 plants (WT), ucpl, ucp2 and double knockout (dKO). A DNA ladder (L) with the
number of base pairs (bp) is shown to the right. The g letter (in AtUCP1g and AtUCP2g)
indicates PCR reaction with primers surrounding the T-DNA insertion and the letter t (in
AtUCPI1t and AtUCP2t ) indicates PCR reaction with primers specific for T-DNA/gene
flanking region. ACT7 refers to ACT7 control gene amplification.
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Supplemental Fig. S3. Semiquantitative RT-PCR in wild-type (WT), ucpl
single mutant and ucp2 single mutant. A: Agarose gel of total RNA for
qualitative and quantitative assessements. Total RNA extractions have been done
on 2 independent plants (WT1 and 2, ucpl-1 and 2 and ucp2-1 and 2). B: RT-PCR
with AtUCPI specific primer pair, AtUCP2 specific primer pair or Act7 specific
primer pair as a control. A DNA ladder (L) with the number of base pairs (bp) is
shown to the left. Note: All reactions have been done at the same time and loaded
on the same gel.
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Supplemental Fig. S6. Gene co-expression networks of AtUCPI1. The microarray
data from the ATTED database show the genes co-expressed with At3g54110
(AtUCP1). Among these genes are several citric acid cycle enzymes such as aconitase
(At4g26910), isocitrate dehydrogenase (At4g35260, At2gl17130, At5g03290 and
At3g09810), a-ketoglutarate dehydrogenase (At4g26910) and succinyl-CoA ligase
(At2g20420 and At5g08300) as well as the peroxisomal transporter for NAD™"
(At2g39970).





