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Figure S1. Phylogenetic analysis of AtOST1 orthologs from barley using the online tool “One Click” at 
http://www.phylogeny.fr/ with default settings. Related to Table S1, 2 and 5; (A) In Arabidopsis, OST1, 
SnRK2.2 and 2.3 represent the major ABA-dependent protein kinases involved in ABA-signalling. 
Phylogenetic analyses revealed that HvOST1.1, 1.2 and 1.3 are closely related to the Arabidopsis ABA-
dependent SnRK2 protein kinase family while HvOST1.4 and 1.5 are SnRK2 protein kinases that lack the 
ABA-box in their C-terminus. (B) HvSLAC1, HvABI1 and HvOST1.1 transcripts appeared highly guard cell 
specific. Extended qPCR validation of RNA-seq data with additional samples of subsidiary-free guard cell 
samples (GC) compared to total leaf (L) and epidermal peels with intact stomatal complexes consisting of 
guard cells and subsidiary cells (GCSC). Values were normalized to 10.000 molecules of barley actins 4/1. n 
= 5 mean ± SE. 
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Figure S2: Nitrate-dependent activation of monocot SLAC1 anion channels. Related to Figure 2 and 3; (A) 
Whole-oocyte currents of oocytes expressing either AtSLAC1 or OsSLAC1 in the presence or absence of AtCPK6. 
Currents were recorded in 3 mM chloride (upper traces), 30 mM chloride (middle traces) or 30 mM nitrate (lower 
traces). Representative currents from = 3 independent measurements are shown. (B) and (C) Relative permeabilities of 
(B) HvSLAC1 and (C) OsSLAC1 co-expressed with AtOST1 in Xenopus oocytes derived from reversal potential 
recordings in the presence of various anions (n = 5 from 3 independent experiments, mean ± SD). (D) Steady-state 
currents (ISS) of HvSLAC1 activated by CPK6 in the presence of different anions are plotted against the applied voltage 
(n = 5 from 2 independent experiments, mean ± SD). (E) Relative open probability (rel. PO) of HvSLAC1 in response 
to the presence of various anions was plotted against the membrane potential. Data points were fitted with a single 
Boltzmann equation (solid lines, n = 5 from 2 independent experiments, mean ± SD). (F and G) HvSLAC1 is permeable 
for chloride when primed by extracellular nitrate. (F) Recording of changes in the reversal potential (Vrev) in the presence 
of various Cl-/NO3

--ratios. Oocytes co-expressing either AtSLAC1, HvSLAC1 or AtSLAH2 with AtCPK6 were 
perfused with buffers containing different anion compositions and Vrev was recorded in current-clamp mode. 
Representative traces from 2 independent experiments with n = 3 are shown. (G) Statistical analysis of the shift in the 
reversal potential during experiments performed as described in (F) between 3 mM Cl- and 3 mM Cl- + 3 mM NO3

- (I), 
between 3 mM Cl- + 3 mM NO3

- and 100 mM Cl- + 3 mM NO3
- (II) or between 3 mM Cl- + 3 mM NO3

- and 3 mM Cl- 
+ 30 mM NO3

- (III) (n = 3 from 2 independent experiments, mean ± SD). 
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Figure S3: Sequence analysis of transmembrane helix 1 to 3 of SLAC1 and SLAH2/3 
homologs from selected species. Related to figure 4 and table S4. 
Frequency logos are shown for transmembrane helix 1 to 3 of monocot, dicot and basal 
SLAC1 homologs as well as SLAH2/3 homologs. Amino acids are colored according to 
their chemical properties (polar amino acids (G,S,T,Y,C,Q,N) are green, basic (K,R,H) are 
blue, acidic (D,E) are red and hydrophobic (A,V,L,I,P,W,F,M) amino acids are black). 
Transmembrane 1 to 3 alignments show a detailed view of the input for the frequency logo 
generation. The input sequences are deposited in table S4. Blue shading indicates residue 
conservation at the given position (>80%, >60%, >40%, <40%). The tandem amino acid 
residue motif is highlighted by a red box. 
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Figure S4. The gene family phylogeny suggests that SLAC1 found in dicots and monocots 
share a common ancestor (AncSLAC1). Related to figure 4. A) Bayesian inference (MrBayes) 
tree (s.d. < 0.01) of selected SLAC1 orthologs across the plant kingdom. Green circles at nodes 
represent a posterior probability of 0.95 or more. Values at nodes separated by a backslash represent 
MrBayes values below 0.95 in red, followed by RAxML generated bootst rap values in black (only 
reported when Mrbayes value is below 0.95). SLAC1 anion channels depicted in red were used in 
this study. (B) Chord conductance at -120 mV of kinase activated AncSLAC1, ZomSLAC1, 
CrSLAC1a and PpSLAC1 as well as of constitutive active SmSLAC1b [S1] in the presence of 
chloride- or nitrate-based buffers (n ≥ 4 from ≥ 2 independent experiments, mean ± SD). (C) Whole 
oocyte currents of AncSLAC1 and CPK6 co-expressing oocytes in 30 mM chloride or nitrate 
(representative currents from 2 independent experiments with n = 4 are shown). (D) Relative 
open probability (rel. Po) of CPK6-activated AncSLAC1 in either 30 mM chloride or 30 mM 
nitrate. Data points were fitted with a single Boltzmann equation (solid lines, n = 4 from 2 
independent experiments, mean ± SD).
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