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Name Sequence (5°-3”) Description
M13F GTAAAACGACGGCCAGT
M13R AACAGCTATGACCATG
Hv1-1 GGGTGGCGCACTCGCTC
Hv1-2 GCTCGACACGGCCACCAG
Hv1-3 ATGGAGGTTGATCACCGCATC
Hv1-4 TCAACTCGCAATGTTGATAGCG
Hv1-5 CGACGTTCTCGCGCTTCAT
Hv1-6 GACGACGACGACGGTGAGCACG
Hv1-7 CACCCATGGAGCCAATACCAG
Hv1-8 GCACTGACGACAAAGAGCTCC
Hv1-9 GGAATGAATTATCAGAGGACGCAG
HVIGEP-1 GCCACTTCAAGAACCCTGAAAAAACTCAGAAAGATGTC GFP
GCTATCAACATTGCGAGTATGGTGAGCAAGGGCCACG complementary
sequence underlined
Smal site italicised,
AGCGTGACATAACTAATTACATGATGCGGCCCTCTAGAT GEP
Hv1GFP-2 GCATGCTCGAGCCCGGGTTACTTGTACAGCTCGTCCATG
complementary
sequence underlined
Forward primer,
Hv1GFP-3 CTCACTAGATTAATTAAAAGCTTTGAGATTGGCATCG Pacl site italicised,
overhang underlined
Reverse primer,
Hv1GFP-4 GATCCAGTGGGCGCGCCGGCAGAAATCAGAATGGTGG Ascl site italicised,
overhang underlined
Forward promoter
Hv1GFP-5 TGCCAACTCACACATACACACACC ) )
sequencing primer
Forward promoter
Hv1GFP-6 TTTCCTAGCGTACTTGGGAAGC ) )
sequencing primer
Reverse promoter
Hv1GFP-7 TTACGTATGATCCATGATCTTCC . )
sequencing primer
Plasmid-localised
Hv1GFP-8 CTGTTGGCTGGCTGGTGGCA ) )
sequencing primer
Hv1IMAP-1 AGGATCGCGAGGGAGGACCCT
Hv1IMAP-2 ATCCGTTTCTAAATATAAGTCTCTTTAA

HvIMAP-3

AGGATCGCGAGGGAGGACCCA




Hv1IMAP-4 ATCCGTTTCTAAATATAAGTCTCTTTAG
Hv2-1 GCTCCGTCAGCGCAATGA
Hv2-2 TCACTTTGGTTTCAGTTTCTG
Hv2-3 TCTCGGTGTTCTACTACAC
Hv2-4 ACTTGTACCCCTCCGCCGC
Hv2-5 TTCGCGGACCAGGCGGACG
Hv2-6 CGGTGTTCATGTCGGCCACG
Forward primer for
detection of
HVALMT1L; single
gRTPCR-1 TTCCTAGCGTCGGCGGCGACG underlined text
hybridises with
exon 2, double
underlined text
hybridises with
exon 3.
Reverse primer for
gRTPCR-2 ATGAGCTCCTCCACGCGGTAGC detection of
HVALMT1
Forward primer for
gRTPCR-3 GTGAGGCTGGTGCTGATTACG detection of
HvGAPDH; Burton
etal., (2004).
Reverse primer for
gRTPCR-4 TGGTGCAGCTAGCATTTGAGAC detection of
HvGAPDH; Burton
et al., (2004).
TaALMTI1F GGAATGGAATTCAACTGCTTTGGCG Forward primer for
detection of
TaALMT1
TaALMTIR TCCTCAGTGGCCTTCGAATTAAGG Reverse primer for

detection of
TaALMT1

Supplementary Table 1. Primers used for PCR.
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Supplementary Figure 1. The genomic structure and hydropathy plot of HYALMTL1.
The genomic structure of HYALMT1 is shown in panel a indicating the position of the
ATG start site, exons one to six (E1 to E6) and introns one to five (11 to 15). The
position of the single nucleotide polymorphisms (SNP’s) are indicated along with the
nucleotide position from the ATG start site. The promoter region is indicated
upstream of the ATG start site. The transmembrane topology of the HYALMT1
protein as predicted by SOSUI v.1.11 is indicated in panel b.



Dayton BiccTCcG  ™ECTTTA YIGAGTT #¥CTGCT

Morex CCACG CTCTA GAGTT CTACT
Golden Promise CCACG CTCTA GAATT CTGCT
Zhepi 2 CCACG CTCTA GAATT CTGCT

Supplementary Figure 2. Single nucleotide polymorphisms (SNPs) in HYALMT1
between four barley cultivars.

Partial nucleotide sequences detailing the SNPs (in bold) are shown for each of the
four cultivars. The last SNP results in a change of amino acid at position 431 from an
alanine in cultivars Dayton, Golden Promise and Zhepi 2 to a threonine in cultivar
Morex. The numbers indicate the base number of the first nucleotide shown in each
set counted from the ATG start site of HYALMT1.
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Supplementary Figure 3. Effect of ABA treatment on fluorescence of guard cells
expressing GFP driven by the HYALMT1 promoter.

Seedlings were sprayed with a solution that contained 1mM ABA (ABA) or with the
same solution that lacked ABA (Control) and analysed for GFP fluorescence in guard
cells over 3 days. Data are expressed as arbitrary units and represent the mean and
standard error of four or five leaves. For each leaf five guard cells were analysed and

the mean of these were used to calculate a grand mean.
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Supplementary Figure 4. Effect of AI**

HVALMT1.
Xenopus laevis oocytes were injected with either water as a control (H,O control) or
with HYALMT1 cRNA (cRNA). After 2 d oocytes were subsequently injected with

on currents in Xenopus oocytes expressing

malate and currents recorded from oocytes incubated in a buffer at pH 4.5 with no
added trivalent cations (CRNA), in the presence of 100 uM LaCls (cRNA + La**) or in
the presence of 100 uM AICI; (cRNA + AIF*). H,0 controls treated with 100 uM of
either LaCl;z or AICI; generated similar curves to the H,O control shown above and
are not included in the figure. Error bars show SEM, n=7 (cRNA) and n =5 (H,O
control).
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Supplementary Figure 5 HVALMT1-dependent currents measured in oocytes at
pH 7.5.

Family of current curves measured in Xenopus laevis oocytes injected with water
(Control) or HYALMT1 cRNA in response to 500 ms voltage pulses between -140
mV to 60 mV in 20 mV steps. The data were collected with either 10 mM MES-
BTP, 10 mM CI" -BTP or 10 mM malate-BTP in the bathing solution (pH 7.5
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Supplementary Figure 6. Alignments of functionally characterised ALMT proteins.

All seven proteins have been expressed and characterised for transport activity in Xenopus oocytes. The top four proteins in the alignment
(AtALMT1, BnALMT1, BnALMT2 and TaALMT1) are all activated by AI** (Ligaba et al., 2006, Sasaki et al., 2004, Hoekenga et al., 2006)
whereas the bottom three proteins (AtALMT9, HYALMT1 and ZmALMT1) show little or no response to AI** treatment (Kovermann et al.,
2007, Pineros et al. 2008b, Supplementary Figure S3). However, for AtALMT9, AI** was added to a solution of pH 7.5 which would effectively

I3

result in little or no Al°" in solution (Kovermann et al., 2007) and was included since its membrane location (tonoplast) would suggest that the

protein is not likely to be AI**

activated. The sequences were aligned using the Clustal W algorithm in the VectorNTI software package (version
11). Identical amino acid residues shared by all proteins have a yellow background, identical residues shared by four or more sequences have a
blue background and strongly similar residues shared by four or more sequences have a green background. The asterisks and red letters denote
strongly similar amino acid residues present in all four AI** activated proteins and absent from the other proteins. Accession numbers (in bold)
for the various proteins are AtALMT1: AAF22890; AtALMT9: NP_188473; BnALMT1: BAE97280; BhnALMT2: BAE97281; ZMALMTL:

ABC86748; TaALMT1: BAD10882 and HYALMT1: EF424084.



GFP Movies 1 and 2. Time-series videos of fluorescence from the HYALMT1:GFP fusion.
Shown are two time-series videos of fluorescence from cells that are transiently expressing the HYALMT1:GFP reporter fusion. Movie 1 shows
a cell where the nucleus is prominent and movie 2 a cell where a GFP signal is also present at the plasma membrane. Images were acquired

approximately every 5.8 seconds.



