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Supplemental Figure S1. Alignment of the Conserved Catalytic Domain of White
Lupin Glycerophosphodiester Phosphodiesterases (GPX-PDEs) with the
Orthologs of Various Species and the Amino A cid Identity of the Corresponding
Plant Orthologs.

(A) Alignment of the deduced amino acids residing throughout the catalytic domain of
GPX-PDEs from plants, animals, bacteria and yeast. La, Lupinus albus ; At,
Arabidopsis thaliana;, Ec, Escherichia coli; Tt, Thermoanaerobaciter tengcongensis,
Hs, Homo sapiens; Sc, Saccharomyces cerevisiae. WRepresents conserved active site
residues.

(B) The deduced amino acid identity of white lupin GPX-PDEs compared to those of
other plant orthologs. La, Lupinus alba; Gm, Glycine max; At, Arabidopsis thaliana;
Os, Oryza sativa, Sb, Sorghum bicolor.



Figure S2

A >GPX-PDE1

MSVSMASSTSFASLVFMLLIIGCTAIPVYPIHRHVQHGSRKPLQEFRPYN 50

IAHRG%NGELPEETAPAYLRAIEEGADFIETDIL%SKDGVLICFHDVELD 100
D%TDVANHQEFANRKRT%FVQGH@NTGFFTVDF%}KELKSLRVKQRYNFR 150
DQQYNGKFQIITFEE%ISIALEAPRVVGIYPEIKNPILINQHVKWADGKL 200
FEDKFVETLKKYG%ﬁG%YLSKDWLKQPAFIQSFAPTSLVYTSNQTDLPKI 250
LLIDDITIPTQDTNQS%WEIQEPSYFEYIKDYVVGIGPWKETVVTVVNNY 300
LQTPSDLVKRAHAHNLQVHTYEYRNENKFLCFNFNQDP%QEYD%WVKKIG 350

VDGLFTDFTGSLHKYQEWTSSNRHNE%DDKTASRLLHKIASLVTSY 396

B >GPX-PDE2
MALKAFHYSDIPSIDIVPETHLSLHSTPFSNGVKFKVPEFVVIGHRGYGM 50
NALQSLDRRMKAIKENSIMSFNAAANFPIHFIEFDVQVTNDDCPVIFHDD 100
FILSQENGVVFEKRITELSLSEFLAYGPQRECGKDGKVLVRKTKDGKIVQ 150
WEVEQDDSLCTLEEAF LNVEPSLGFNIELKEDDHIVYHQDYLSHVLOATL 200
KVVEDNAKNRPIIFSTFQPDAASLVKKLQSTYPVFFLTNGGCEIYEDKRR 250
NSLEEALKLCLENGLQGTIVSETKGVFRNPATVTKTKESELSLLTYGSLNN 300
VPEAVYMQHLMGIDGYV IVDLVQEITEAVTINL ITSAKVVVDEEGLNEKLKL 350

HSKPKFSQLELSFLLKLTPQLTQT 374

Supplemental Figure S2. Analysis of Deduced Amino Acid Sequences of GPX-
PDET1 and GPX-PDE?2.

(A) Predicted post-translational modification of GPX-PDE [ and (B) GPX-PDE?2
deduced amino acid sequence. Predicted signal peptide is underlined, the putative N-
glycosylation sites are boxed and the putative phosphorylation sites are indicated by

asterisks. Numbers at the right indicate the position of amino acids.
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>GPX-PDE1l promoter secuence

AACABRACTTTTTTCTACATAAAGAACTACGTAACTTTGATTCTCAGTTAG
CTATAGGGATACGTAAGAGACCTTACATTGTC AAGCAC AATAAC RARAAT
TTGTCATTTTAATAATC AAATAACTTTARAGTATAALTTAAGTCATGC AL
TTTAGTGATGAGTATTAGGGGTGAACGTGGGTCGGGTTGGGACGGGTT AL
GGTTTGTCCTTACCCGACCCTAARTGTTGGTCGGGTC ATTTTTTTTALCC
TAGACCAGACCTTAGACTTGAAGTTAACGCGATCCTALATATTCLLLTGG
TCLACCTTTARLAC TCGGACTCGACCCTAGACCCGATTAAATATAATGTA
TCTCATTTTAGATAAMGTCTTCTARATATTATTTATTATTGTGAATATGT
AATTTGACATATARAATARTATATGTATATATATTATTAAACATTTACGT
ATGATGRAAANATAGALAATCATTTGTATTTTCAACALLARAGTATCATT
ACTTTATACACATTTGAATAGAGACACATACAATGATACACACATCRAGA
GTGAGTGATCATGGGACGAGTCATGTTTGGTTCGTACCCGACCCTAALTA
TTGATTGTGTC TAATTTTTGAAC TCGAACTCGACCCTALACCC AATGAC
CCCAATCCTATTCAGACCCGATCATGATCGGGCC ATGCCGGATGAGCGGG
TTGGGTCTGGTCCTACTC ACCCC TAAGGGGTACC ATTTAAAATGGGTGGA
G-box like W-box
CACTTGTGGGAGTAAACTTTTTAAGAANTIGHGE TATTATAATATATGCC
TATTTAATGGAGTCTTACACCACARATCATGTGTGAAT ATTGAGE LA TTA
TAMMATTAATTANATARTAATALAATATALTATAATALTTAAGAACALTA
AAATATATTTAMLATGTGTGTATACGATATAATARGATATAAARGTTTAT
CTATTTTTCAATATAAATCATTATATTATCATTGGATAATTAATTRAGTA
CTARTTTCATTTAGTAATTCATARTTAAATTGGAGAAAGARATC TAGGGG
ABMATARATGGGTTCARCTTC TGAAATTGTTTCTCTACTCAAGAATC LLA
AGTCCAALTGTAATTGAACTAGAAGATTTTCTATATTTTTTACTATRALAT
ATALTGGTGACTTTAACAAAATCGTGTATCCGAAGATTAGGGTTAARC AL
GAGCTTRARAAGTCAAGTGGALTTAAGGATLAGCTAMLGLAATGGCLTAG
AACTTARCATTCAACATAGATTCC TTTCCTACTARTTC ACACALCCACTT
TGAAAGALAGAAGLRANLALAGGCATGATAGCTCATCTTTTTGTGCTATG
TATATGTGTATATTAGALACAACGGATTTAGAATATTGAAGTTTAGTATT
TCTALARARGAALATRRAAATATAGRAATTTTGTTGTATATTTTATGCCC
CCACATACRACTCCCTTTGTC TTAARATARACACTTTATCTTTALATATG
ATACCATATGATGGGGATAATTAATGAATAGTAGTTCC AGATATTGGGTT
TCTATALGAGGGTCGTGTC TATATTGGTATTGGTTTGLAGAGTGAAGACT
P1Bs

CTTCTARAGTC AATGGAATCAGALARC AATACGGG MG T T AG LCC
CGATACACTATTTARATC ATATCAATTATCTATATATATGTACARATAAG
TTATAGCTTTCC LARAACTACACTTTACAATC ACAATTGGAGAC AGGGGC
CATG



Figure S3 (continued)

>»GPX-PDEZ promoter sequence
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CTGCTCAGTCATAGCTTTCCACTTCATALGTGCTTCGTTCCTC TGCTGCC
AATAAAATTAAACATAAATGTTTGGALAGTGCTATTAGAGACAGTALACC
ATTGAATTGTTGALATGCTCGCGAATTGTTTAACATTTACCTCCATCAAAL
CTAATTTCACCTTTCTCTTGTTGCTTTGCAATTAGGTGTTCCATATCTCT
GCTATGCAGATGAGCTTGTTAAAGATTALCATATAGTAATCATACAAAAT
P1BS
TCTTTATTAAATTTGAGTTTTC AAGEMMIE T TC TTC ATTTGGGCCAT
TTCTATTTTAAGAATTTCCAGTTCACCAATAGTATCAGCATTCTGAGACG
GRACATTGTCTGCCCTAAATGTAGATGGC AGTATCCAGTAAGGGTCGTTC
ACCCCAGCCTCCTGGCGGACCTTATCCAAGTTTGCACTCTCCAACCAATA
CTCCATTATTCCGCTGGTGTTGAACCTTCGTCTGAATAGCTCAGTTCCTC
CAGGAGCCACTTTACCGTCAATGTGCTTC AGTAAGTGGTCTALCAGTCCA
GTATCACCAATGTGCTTACGGGTGGCCATCCTTAGTGALGGTTGGGTTAT
GGGATTTCCAGAAGTTGCACCTTCATCTTTTAAGACCTCCCACAAGTTTT
GCTCGGACARCTTATACCTGCATCTCACAGTTGTCTCAACTTAATATATA
TTACTALTALARATGACCALAALCAGAAAGALTATCACACTATTATTITAC
G-box like W-box
CTCTCATCTGACCACTTGTCCCTGCTTTCTTGCTTATITGACTTCAGCTT
GCTACCACTTTGGCTCTCACATAATCCTGCTTTTATCTCTCTAAGACGAT
TACGACTALGGCGCTTTCTTTTCTTARATTTTGGCATGAAGATAGGTTTA
GGTTTAATGTGTTTTTCTTCATCTTGTGGCTCCTCTTCCTCAGAGGCACT
GGAAGTAAGCCTACTTCCATACTCTTTATGCTTACAGATGALCATGGCTT
GATGACAABCACCCCAACGGTCCATCCTTTCAGCCTTCAGTTAAACATGG
ATCATTTTAGAAATTTGATTCATTAATTTAGAAATATATTTAATTTAALA
DAGAAGAAGATALATAGATAATAGTCGAGTC TTTTCATATTTAGAAATAC
ATTAATATATTAATATATATTTAATATGTGAGAGATTCACTTACTCTALG
AGTAAATGTTTTALACTTACTTCACATCTTAGTCACAAATTCTAGTGGAT
CCAATTGTTTATATTAGTGAGTATATCTAALCCATTGATTTTCCCTAAAA
TTAATGGATAAGATGTGGAGCALGTTTAALAAATTTACTCCTATAGTAGA
TGGATTCCTCCTCATTTAATATTGTATCATATATAATAATAGTTTAATCT
TAAATAAAAGTAATAAAAATAAATAACAATGTATATAAATTTGTACACTA
AAATTATATALLTATTAATCTCTTAATTATCCATAATATTAAGCATCLAT
DAATAARTAATARLTALLATAAAATGTGALTAGATAAGAATTAAGAATAG

TGGATTGATAAGTGTCATAR 'BAGAGGTGGACGTTGACAAAACAT
AGCAAGAATT. GAGCATATAACTTAACACC A ARG
P1BS

ATGC B C TTTCTACATAACCTTTCTCTTTTTTCATATAMATACT
CALACCCATTTCATTTTTTCTCAACALCAATAACAATTTCTTGTTTATAC
CCAATTTCTCTTCTTTCTTACTATG



Figure S3 (continued)

Supplemental Figure S3. Gene Structure and the S’ upstream Cis-element
Analysis of GPX-PDE1 and GPX-PDE?2.

(A) Gene structure of GPX-PDE] and GPX-PDE?2. Exons are indicated by the boxed
regions and introns are represented by lines. Numbers indicate the length of the
corresponding exon and intron region.

(B) Sequence of the 1681 bp 5’ upstream region of GPX-PDE]. The following cis
elements are highlighted: the P1BS element (PHR1 transcription factor binding site),
two W-box elements (WRKY transcription factor binding site) and a G-box like
element.

(C) Sequence of the 1743 bp 5’ upstream region of GPX-PDE?2. The following cis
elements are highlighted: four PIBS elements, two W-box elements, one G-box like
element and four TATCCA elements.

Element sequence: P1BS element, GNATATNC, W-box sequence, TTGACT/C; G-
box element, CACGTG. Numbers to the left indicate the position from the translation
start site (underlined and bold).
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Supplemental Figure S4. Inmunological detection of the GPX-PDEI1 and GPX-
PDE2 in Cluster Roots of White Lupin Grown Under Pi-sufficient and Pi-
deficient Conditions.

(A) and (B) Immunological detection of GPX-PDEI and GPX-PDE2. Recombinant
LaGPX-PDE proteins were cleaved from GST with thrombin, electrophoresed on an
SDS-PAGE gel, immunoblotted and the blots probed with (A) GPX-PDE! antisera or
(B) GPX-PDE2 antisera. Lanes | and 2 contain GPX-PDE! and GPX-PDE?2 proteins,
respectively. Note the lack of cross reactivity between GPX-PDE1 and GPX-PDE2.

(C) SDS-PAGE gel immunoblot using GPX-PDE! or GPX-PDE2 antiserum raised
against recombinant GPX-PDEl or GPX-PDE2 protein, following enhanced
chemiluminescence detection showing expression of GPX-PDE proteins in a 25-75%
(NH, ), SO, precipitated soluble protein and cell wall associated protein extracted from
cluster roots of 14 d white lupin plants supplied with —-Pi (0 mM) and +Pi (1 mM).
Lanes labeled as GPX-PDE| and GPX-PDE2 are GST cleaved purified recombinant
protein; lane 1, -Pi cluster root protein precipitated by 25-75% (NH4)>SO,; lane 2, +Pi
cluster root protein precipitated by 25-75% (NH,),SOy; lane 3, -Pi cell wall associated
protein; lane 4, +Pi cell wall associated protein. Lanes 1-4 were loaded with 40 ng of
protein.



Figure S5

Supplemental Figure SS. Cluster Root Development in White Lupin Grown
under Pi-Deficient Conditions.

(A) Phosphorus stress induced white lupin cluster roots appear as waves along
secondary roots. Cluster roots from Pi-deficient white lupin 14 days after emergence
can comprise greater than 60% of the root mass (Johnson et al., 1994; Keerthisinghe
et al., 1998). Note that cluster roots also form on Pi-sufficient roots but comprise 10%
or less of the total root mass. Bar =1 cm.

(B) Rootlets in the most mature zone of cluster roots are densely covered with root

hairs. Rootlets and root hairs stained with methylene blue. Bar=1 mm.
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Figure S6 (continued)

Supplemental Figure S6. GUS Reporter Gene Activity Driven by the P1BS
Mutated Promoter of GPX-PDE1 or GPX-PDE? in Pi-deficient and Pi-sufficient
Cluster Roots of White Lupin.

Histochemical localization of GUS activity directed by the P1BS mutated GPX-PDE]
and GPX-PDE?2 promoter (nProGPX-PDEI:GUS and mProGPX-PDE2:GUS) was
evaluated using 4. rhizogenes mediated white lupin transformation system.
Transgenic plants were grown under Pi-deficient (0 P1) and Pi-sufficient (1 mM Pi)
conditions for 4 weeks. Transgenic hairy roots were harvested and stained with GUS

solution and incubated at 37°C for 1 h.

(A) GUS staining in hairy roots containing the mProGPX-PDE]:GUS construct was
abolished in both Pi-sufficient and Pi- deficient plants.

(B) GUS staining in hairy roots containing the mProGPX-PDE2:GUS construct was
strongly reduced in both Pi-sufficient and Pi- deficient plants.

(C) and (D) MUG assays confirmed the negative effect of P1BS mutagenesis on the
response of lupin GPX-PDE 1 (C) and GPX-PDE?2 (D) to P1 starvation. The reduction
of MUG activity in the P1BS mutated tissue (M) is compared to the MUG activity of
the full length promoter (FL). Z2+3, cluster root zone 2 and 3 tissue pooled; Z5,
cluster root zone 5 tissue. Lower case letters denote significant differences between

treatments (P < 0.05). Statistical significance based on four biological replicates.



Supplemental Table 1. In vitro enzyme activity for recombinant produced GPX-
PDE1 and GPX-PDEZ2. Activity represents the average of two assays with protein

derived from at least two independent transformants selected for each construct.

GPX-PDE1 GPX-PDE2
nmol/min/mg protein®
GPC-PDE, Ca™" 68 0
GPC-PDE, Mg?* 0 207
GPI-PDE, Ca**° 0 0
GPI-PDE- Mg* 0 714

*No detectable activity in the absence of Ca** or Mg®*
®Ca®* or Mg** dependent glycerophosphocholine activity

°Ca®" or Mg?* dependent glycerophosphoinositol activity



Supplemental Table 2. Oligonucleotides Used in this Study.

Primer name Sequences (5' - 3") Description

GPX-PDE1sF ATCATTGGCTGCACTGCAATC Y
Quantitative PCR

GPX-PDE1sR CGCGATGTGCAATGTTATATGG for cluster root
zones, Pi/Phi
resupply, dark/light
treatment and
RNAI

GPX-PDE2sF ACAAAGATCAAGGAATCTGAAC
Quantitative PCR

GPX-PDE2sR TAATTCTAAAGCCTATCAGTGTG for cluster root
zones, Pi/Phi
resupply, dark/light
treatment

GPX-PDE2gF CAGCCAGATGCTGCATGACTAG Quantitative PCR

GPX-PDE2gR CCTTGCAACCCATTCTCCAA for RNA

SAP1qgF AACACCACACGGCAGTTTTGG Quantitative PCR
for RNAI

SAP1gR TCTGTAAACCTTCCCCAGGTG

PT1qgF TGGGCCGAATTTACTACCACG Quantitative PCR
for RNAI

PT1gR CATCAGGGTCATGCCATACAC

GPX-PDE1RTF

GPX-PDE1RTR

GPX-PDE2RTF

GPX-PDE2RTR

SAP1RTF

SAP1RTR

PTIRTF

PT1RTR

GSTGPX-PDE1F

GSTtGPX-PDE1F

GSTGPX-PDE1R

GTTGCTCATCATTGGCTGCACTG

CCAGTGACATTCTCTCCTTGGAC

CGCGGATCCATGGCTCTTAAAGCTTTTC

GCAGCATCTGGCTGGAAAGTTG

GGAACGGCCCTACTGTATGTTG

CCAAGGTGCATGCATGAGAACG

GGGAAGCCTGGTACATTGCCTC

GTGGAACAGTTGAACCAACTGG

CGCGGATCCTCTGTTTCCATGGCTTC

CGCGGATCCCCTCTACAAACATTTC

CCGGAATTCCTTGTCAACTTCTCAATAAG

A

RT PCR for RNAi

RT PCR for RNAi

RT PCR for RNAI

RT PCR for RNAi

Construction of
plasmids for whole
and truncated
coding region
expression in
E.coli




Supplemental Table 2 (continued from previous page).

Primer name

Sequences (5' - 3') Description

GSTGPX-PDE2F

GSTGPX-PDE2R

ProGPX-PDE1GUSF

ProGPX-PDE1GUSR

mProGPX-PDE1GUSF

mProGPX-PDE1GUSR

ProGPX-PDE2GUSF

ProGPX-PDE2GUSR

m12ProGPX-PDE2GUSF

m12ProGPX-PDE2GUSR

m3ProGPX-PDE2GUSF

m3ProGPX-PDE2GUSR

m4ProGPX-PDE2GUSF

m4ProGPX-PDE2GUSR

CGCGGATCCGCTCTTAAAGCTTTTC Contruction of the

plasmid for
CCGGAATTCTGGCTTTTACTTTCAAATCT Expr?ssmn n
G .coli

CCCAAGCTTCCTTACATTGTCAAGCAC

Construction of the
plasmids for GPX-
PDE1
promoter:GUS and
P1BS mutated
promoter:GUS

TGCTCTAGAGCCATGGAAACAGACATG

AAACAATACGGGGTCCATTCTTAGACCC

G

GGTCTAAGAATGGACCCCGTATTGTTTTC

CCCAAGCTTGTGCTTCGTTCCTCTGCTG

C

TGCTCTAGAGCTTTAAGAGCCATAGTAAG

CTTAACACCAAGACCATTCAATGCGACCA
TCCCTTTCTACAT

GTAGAAAGGGATGGTCGCATTGAATGGT

CTTGGTGTTAAGTT Construction of the
plasmids for GPX-
TAGCAAGAATTGGACCATCCAGAGCATAT PDE2

AAC promoter:GUS and
P1BS mutated

promoter:GUS

TATATGCTCTGGATGGTCCAATTCTTGCT
ATG

GAGTTTTCAAGGTCCATACTTCTTCATTT
GG

AAATGAAGAAGTATGGACCTTGAAAACTC
AA




Supplemental Table 2 (continued from previous page).

Primer name Sequences (5' - 3") Description
GCTCTAGAGAGACCTTACATTGTCAAGC
GPX-PDE1GFPF1 AC

GPX-PDE1GFPF2

GPX-PDE1GFPR1

GPX-PDE1GFPR2

RNAiIGPX-PDE1F

RNAIGPX-PDE1R
RNAIGPX-PDE2F

RNAIGPX-PDE2R

pCu416GPX-PDE1F

pCu416tGPX-PDE1F

pCu416GPX-PDE1R

pCu416GPX-PDE2F

pCu416GPX-PDE2R

a-TubulinF
a-TubulinR
LysoPLase 1F
LysoPLase 1R
LysoPLase 2F

LysoPLase 2R

CAGGGGCCATGTCTGTTTCCATGGCTTC

C
Construction of
the plasmid for

AAGCCATGGAAACAGACATGGCCCCTGT CPX-PDET:EGFP

Cc

CGCGGATCCGACCAAGGAAGCAATTTTA
TGC

CACCAAATATGGATACAAGGGTTC

Construction of
the plasmids for

GPX-PDE1 and
CACCGAAATTGCAAAGCACATACC GPX-PDE2 RNAI

AAGACCCTGGCATACAAAATGAGC

GCCTATTCTATTAGTGTGAAGGAC

CGCGGATCCATGTCTGTTTCCATGGC

Construction of
CGCGGATCCATGCCTCTACAAACATTTC  Pplasmid for whole
coding region and

truncated GPX-

CCGGAATTCCTTGTCAACTTCTCAATAAG PDE1 yeast
A complementation

CGCGGATCCATGGCTCTTAAAGCTTTTC
Construction of

CCGGAATTCTGGCTTTTACTTTCAAATCT Plasmid for GPX-
G PDE2 yeast

complementation

GCCTGATGGACAAATGCC
RT PCR for RNAi
GCCTGCAAATGTCATAGATAGC

CCTGACCAACTCAAAGCCACCG Quanitative PCR

GGAAGAAGTGGAGCGAGGTAGC for cluster roots

CACTGCGGACGAGTTCTACGC Quanitative PCR

GGTGATCGATGGCGCAGGTGGC for cluster roots




Supplemental Table 3. Yeast Strains Used in This Study.

Strain  Relevant Genotype
Source
Genotype
JPV125 gdeilA his3A1, leu2A0, met15A0, ura3A0, )
Research Genetics
YPL110c::KanMX, MATa
JPV203 wild type his3A1, leu2A0, met15A0, ura3A0, MATa Research Genetics
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DataType=Protein
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1Domain=Data;
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#At59g58050
#At59g43300
#At5958170
#Gg_GDE2
#Mm_GDE3
#Gm17908680
#0s03g40670
#Stc_glpQl
#Stc_glpQ2
#A15941080
#A139g02040

#At1g71340

Missing=? Indel=-;

MKFGKTFANH RIPEWSSQYV GYKSLKKMIK EITRLQEDIY RAHNKNSYDE GRPPTKMRDS SNSAQNYLDS PKIQKLLASF

#Hs_GDE1/Mirl6 -— -

#0s02931030
#At1g74210
#AL5955480
#Sb03g035370
#At4g26690
#A5g08030
#Sb04g021010
#La_GPX-PDE1

#At1g66970

#La_GPX-PDE2
#Gm19g27060
#Sc_GDE1
#Ec_glpQ

#Ec_ugpQ

FFAVDRDIEK VDTFYNSQYA EYKKRFERLL SSNQFNEIKS TLVVDANKED AVAQTLLTKD TREMNMLLKG TSQASRLSYH
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[ 160]
[ 1601
[ 160]
[ 160]

[ 16071



#Sc_PGC1
#At1g66980
#At39g20520
#At5958050
#At5943300
#At5958170
#Gg_GDE2
#Mm_GDE3
#Gm17908680
#0s03g40670
#Stc_glpQl
#Stc_glpQ2
#At5941080
#A1t3g02040

#At1g71340

#Hs_GDE1/Mirl6 -

#0s02931030
#AL1974210
#A15955480
#Sb03g035370
#AT4g26690
#At5g08030
#Sb04g021010
#La_GPX-PDE1

#A11g66970

#La_GPX-PDE2
#Gm19g27060
#Sc_GDE1
#Ec_glpQ
#Ec_ugpQ
#Sc_PGC1
#At1g66980
#A1t39g20520
#At5958050
#At5943300
#At5958170
#Gg_GDE2
#Mm_GDE3
#Gm17908680
#0s03g40670
#Stc_glpQl
#Stc_glpQ2
#At5941080

#A13g02040

MRDNPTMHVL

MRG LL

RPSNPTKLVI1

KDDLIEIQSI LAELRKQFRN LKWYAELNKR AFGKILKKLD KKVGTNQQMS TMKTRILPLQ FANDSLITKD

LSLLKTIWEQ

QQSSTHLLCG VVLLQLFAAQ VDAQ--RSTS PWQTLSGDAP LVIARGGFSG LFPDSSLAAY QFAMVVSVAD
--MACPRVIF LILITFFILQ TAFS----~ S SWQTLSGKPP AVIARGGFSG MFPDSSIQAY QLVNITTSPD

ILFSLFLHSS VAAPKTPAAA AAVP----AK KWLTLNGQEP AVVARGGFSG LFPESSISAN DLAIGTSSPG

VVLWCDVQLT
VMLWCDLQLT

FTMLCNLQMT

IFFSLFIHLC VAAPQTPAAA AAVP----AK KWLTLNGQEP AVVARGGFSG LFPESSASAN DLAIGTSSPG

LTMLCNLQMT
—-MVKHQPLQ

---MADSPGC
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[ 160]
[ 160]
[ 160]
[ 160]
[ 160]
[ 1601
[ 160]

[ 160]

[ 240]
[ 2401
[ 240]
[ 240]
[ 240]
[ 240]
[ 240]
[ 240]
[ 240]
[ 240]
[ 240]
[ 240]
[ 240]
[ 2401
[ 2401
[ 240]
[ 240]
[ 240]

[ 240]



#At1g71340

#Hs_GDE1/Mirl6 -

#0s02931030
#At1g74210
#A15055480
#5b03g035370
#A14g26690
#At5g08030
#5b04g021010
#La_GPX-PDE1

#A119g66970

#La_GPX-PDE2
#Gm19g27060
#Sc_GDE1
#Ec_glpQ
#Ec_ugpQ
#Sc_PGC1
#At1g66980
#At39g20520
#At5958050
#At5943300
#At5958170
#Gg_GDE2
#Mm_GDE3
#Gm17908680
#0s03g40670
#Stc_glpQl
#Stc_glpQ2
#At5941080
#At39g02040

#At1g71340

Q-ASKFLFLA LILIQLLSTQ LFAQ--RSKS PWQTLTGDAP LVIARGGFSG LLPDSSLDAY SFVSQTSVPG

AVLWCDVQLT

R-ASSLLLCG VILIQLLAAQ IHAQSKKPKS PWPTLTGDPP LVIARGGFSG LFPDSSYDAY NFAILTSVPD

AVLWCDVQLT

VTFRINSYER VMRSTSPNAN ANDNTEFFKI ICVFIEEDDS KGLIRELTNL YSELSLIPTR IMISVLNKAA

LSKSLACIDA

KDGHGICFPD LNLANASNSE EVYPNRQKSY PVNGVTTKGW FPIDFSLTEL QKVLFSLIRG ILSRSGKFDE
KDGVGICFPN LKLDNGSNVI RIDPHYKER- --——--———- FSVDFTWKEL SD--VKLAQG VVSRPY IFDD

KDGVGLCLSD IRLDNATTIS SVFPKAQKTY KVNGQDLKGW FVIDYDADTI FN-KVTLVQN IFSRPSIFDG

NGYSISTVQN
VS-SILAIEE

QM-SVSAVED

KDGVGLCLSD TILDNATTIS SVFPKAQKTY KVNGQDLKGW FVLDYDADTI FN-NVTLVQN IFSRPSIFDG

YYEPQLCLSC LTGIYGCRWK RYQRSH---- DDT

CSIWARCLHC L——=YSCHWR KYPKQK— = - mmmmmmmm oo e e MoT

QM-SVSAVED
TKWERLWFLI

SKCDCIWFGL

#Hs_GDE1/Mirl6 -

#0s02931030
#At1g74210
#At5055480
#5b03g035370
#A14g26690
#A15g08030
#5b04g021010
#La_GPX-PDE1

#At1g66970

#La_GPX-PDE2

#Gm19g27060

KDAIGLCFPD VKMMNASNIQ DVYPKRKTSY LLNGVPTQDW FTIDFNFKDL TK--VILKQG ILSRSAAFDG

NSYGISTVKD

KDALGICFPD LTMRNSSSIE AVYPTRQKSY PVNGVPTSGW FTIDFSLKDL KD--VNLIRG ILSRSKKFDG

NSNP IMTVQS

KDGLGICFPD LNLANASTID RVYPNREKSY SVNGVTTKGW FPNDFSLTEL QN--FLLIRG ILSRTDRFDG

NGYLISTIED
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[ 240]
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[ 400]

[ 4007



#Sc_GDE1
#Ec_glpQ
#Ec_ugpQ
#Sc_PGC1
#At1g66980
#At39g20520
#At5958050
#At5943300
#At5958170
#Gg_GDE2
#Mm_GDE3
#Gm17908680
#0s03g40670
#Stc_glpQl
#Stc_glpQ2
#At5941080
#A13g02040

#At1g71340

ILKVIPSLND SEDINRRNFF HHHITAIGKL IRKQEILSRK KKSQPSKYTN SEGEIVTDLR TLHTTLSAPA ESDSITEEEK

VATQMKPALF WLNVQHDEFY EQHNLSMSSF LLSTSRTVSI DFISSPEVNF FRKIAGGFGN NGPSFVFQFM GKEDFEPTTN
VA-KLTASGL WLNIQDSAFY AKHNLSMRNS VVSLSRRLKV NFISSPGISF LKSMKNSVKP TVTKLIFRFL KQEHIEPFTN

VLGTKPPK-F WLSVQYDAFY MEHKLSPAEY LRSLRFRG-1 NVISSPEIGF LKSIGMDAGR AKTKLIFEFK DPEAVEPTTN

VLGTKPPK-F WLSVQYDAFY MEHKLSPAEY LRSLQFRG-1 NVISSPEIGF LKSIGMDAGR AKTKLIFEFK DPEAVEPTTN
LTSSFFLTLV WFYFWWEVHN DYNEINWFLY NRMG------ -YWSDWSIPI LVTTAAGFTY ITVLLILALC HIAVGQQMNL

LFLTFLLSLG WLYIGLILLN DLHNFNEFLF RHWG------ ~HWMDWSL IV LLVVSLLVTY ASLLLLLGLL LQLCGQPLHL

#Hs_GDE1/Mirl6 _—

#0s02¢31030
#AT1g74210
#AT5¢55480
#5b03g035370
#AT4g26690
#A5g08030
#5b04g021010
#La_GPX-PDE1

#At1g66970

#La_GPX-PDE2
#Gm19g27060
#Sc_GDE1
#Ec_glpQ
#Ec_ugpQ
#Sc_PGC1
#A11g66980
#A139g20520
#At5g58050
#A15g43300
#A15958170
#Gg_GDE2
#Mm_GDE3
#Gm17908680
#0s03g40670

#Stc_glpQl

ISTQLKPEGF WLNVQHDAFY AQHNLSMSSF LLSISKTVII DYLSSPEVNF FRNIGRRFGR NGPKFVFRFL EKDDVEVSTN

-------- MA LK------AF HVSDIPSIDI VP--ETH-LS

R WV O.T.Vo.L.L ..--.NAS_A

SSACTLSYIL EELPIHLRPC LFQHDNYKRT PLHYSCQYGL SEVTKLIIKL M_EWNIWNEI PID.VSAFGD AESLTPLH.C

RTYGSILSNL SFVKTFASGI LVPKSYILPL DDKQYLLPHT SLVQDAHKAG ..LYASGF.N D.DIAYNYSW D.--VSEY..
QSYGSLAKNL SYIRTFSSGI LVPKSYIWPV DSALYLQPHT SLVTDAHKEG .QVFASEF.N DFVIAYNYSY D.--TAEY..

KKYSEIQQONL AAIKAFASGV LVPKDYIWPI DSAKYLKPAT TFVADAHKAG .EVYASGF.N DLRTSFNYSY D.--SAEY.Q

KKYSEIQQNL AAIKAFASGV LVPKDYIWPI DSAKYLKPAT TFVADAHKAG .EVYASGF.N DLRTSFNYSY D.--SAEY.Q
HWLHKIGLMT TLITTVVT-- -MSSIAQLWD DEWEMVFISL QATAPFLHIG ALAAVTALSW LIAGQFARME KA--TSQM.M

HSLHKVLLLL IVLLVAAG-- -LVGLDIQWR QEWHSLRLSL QATAPFLHIG AVAGITLL.W P.A.TFYRIH PR--GPKV.L

---MASLPSF A.--FVFL.L

---MAAFWL. SI--1VLV.L

------ MGTQ ESDERAGGGT GR--RALLGA
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[ 480]
[ 4801
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[ 480]
[ 480]
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[ 480]
[ 480]
[ 480]
[ 480]
[ 480]
[ 480]
[ 4801
[ 4801

[ 4807



#Stc_glpQ2 MH
#At5941080 .. .R TV L...V..LPD SV--YGLSEG
#At3g02040 S .. 1 ._.EV..L.HF.--_.NPS.1
H#ALLQ71340  —mmmmmmmmm mmm e e MA IFEWRHRRRP FDGGGTRRRR FF.PLY.RNF KR---.ILFA
#Hs_GDE1/Mirl6 -W _WEDQGGLLG PF.FLLLVLL LVTRSPVNAC
#0s02931030 R DV LAAGA.ATSA IL--AEVDAA
#At1g74210 ---M.LTRCL PL--IWLS.L
#At5955480 QTYGSLAGNL TFLKTFASGV LVPKSYIWPI ES-QYLLPRT SFVQDAHKAG .EVYASGFGN DFDLAYNYSF D.--LAEY..
#Sb03g035370 ---MR..LYC A.--LFLL.L
#At4926690 RTYGSILSNL TFVKTFASGI LVPKSYILPL DDQQYLLPHT SLVQDAHKAG .EVFVSGF.N DIDIAHDYSF D.--VSEY..
#At5g08030 ---MAFKYLL PL--LLLS.L
#Sb04g021010 . .LKAARVADV PTL.VVAPGL .V--.AGTA.

#La_GPX-PDE1

#At1g66970

M'S..MAS.TSF AS--LVFM.L

RTYGSILSNL TFVKTFASGI LVPKSYILPL DDEQYLVPHT SLVQDAHKAG .QVYVSGF.N D.DIAYNYSS D.--VSEY..

#La_GPX-PDE2  LHSTPFSNGV K----- FKVP EFVVIGHRGY G-------- M NALQSLDRRM KAIKENSIMS FNAAANFPIH FIEF-DVQVT
#Gm19g27060 .C.SR.P..L EMCRSGLEI. K........ N fmemmmee - .Vol.S.L.oRoLLLL Tooo ooo.. T..LD ... ...
#Sc_GDE1 VLGAHPKTTE VLLQSLDPNV KLKSSSLLHL ATEWNNYPLL HV.L.SK.FD INYQD.ELHE TPLYLACRLN .F.AAVCLLY
#Ec_glpQ KLTLKNLSMA IMMSTIVMGS SAMAADSN-- —=====—=-— E KIVIAHRGAS GYLP.HTLPA KAM.YAQGAD YL.Q-.LVM.
#Ec_ugpQ =~ mmmmmmmmmm mmmmmm e o MSNWP-= —=————m—— Y PRIVAHRGGG .LAP..TLAA IDIG.KYGHK M...-_AKLS
#Sc_PGC1 - —-——= - - - VEIVGHRAFK ARYP..TLLA .EK.YAAGAD V..T-.L.M.
#A11g66980 FVDNGNFSVD GMLSDFPLTA SAS.DCFSHI .-RNATKQVD FLVI.KNGAS GEYPGCTKLA YEK.IKDGSD V.DC-P..MS
#A13920520 FIDNGNFSVD GFLSDFPVT. YRAINCFSHV DPKRAKEQAK ITI1.KNGAS GDFPGCTDLA YQR..SDGAD ILDC-N..MS
#A15958050 FVDNGQFSVD GVITDFPPTA SQSITCFSHQ N-GNLPKAGH ALVITHNGAS GDYPGCTDLA YQK. IDDGAD 1.DC-S. .MS
#A15943300 ——==M....F (mmmm— - WM...P.EK. _F..... LL. ..V..D...D ....—-.....
#A15958170 FVDNGQFSVD GVITDFPPTA SQSITCFSHQ N-GNLPKAGH ALVITHNGAS GDYPGCTDLA YQK.VDDGAD V.DC-S. .MS
#Gg_GDE2 VTAYLAVVVA LYLVP-LTIS SPCIMEKKAL .------- PK P.I1GHRGAP MLAP..TL.. .QK.VEQK.Y GVQA-..ILS
#Mm_GDE3 -LLFFGVTL. IYLMPLLFIS SPCIMKL.DL P------- PK PG.VGHRGAP MLAP..TL.. LRKT.ECGAA VF.T-..M.S
#Gm17908680 VIGSNARTLY PLPSKGGNGS RKPLQTF .-~ —====—=——— PYNIAHRGSN GELP.ETRPA YLR.IEEGAD ...T-..LSS
#0s03g40670 SGESNANPAA SQQSQLDVNH RKPLQTF.-= —=—===———- PYNIAHRGSN GE.P.ETTAA YLR.IEEGAD ...S-.ILA.
#Stc_glpQl AVLGAGGAVL GLPGTARAAG TRHGG..G.G V----GSLPV PTVIGHRGAS GYRP.HTFG. YEL.LDLGAD IV.AG.LVP.
#Stc_glpQ2 VRAVAVTTTA LLGVALTAPL SHARADEA.D D-------- G PTVVAHRGAS GYAP..TLAA VDR..ELG.R WV.N-...R.
#A15941080 -ELSKPTS-- —==--- RL. G.S...... e - .V...S...ARGV..... L. ..S..KY..D . .
#A13902040 CS.RKAN.-= —=————-—o KoolVoollH immmmm - .MS..P.L.FS.L..... L. ....SK..LD ....—.....
#At1g71340 VIFLAIFPPL YFHFKLRRIR QI .AQKCDWL H-------| HP PLVCAHGGDS TLAFP.TMDA YSF.IRSRVD C..V-..SRS
#Hs_GDE1/Mir16 .LTGSLFVLL RVFSFEPVPS CRALQVLKPR D--——-—--| R ISAIAHRGGS HDAP..TLAA IRQ..KNGAT GV.L-.IEF.
#0s029g31030 GARSAAAG.G G----GGGGQ R.A...... K (memmmmem . -..AP....QEV....LR. ..E..R..VDYV..-._._.
#At1g74210 TVCAAGRTLH PLPVKGP.TV KLQLQTS.-= —======—-— PYNIAHRGSN GE.P.ETTAA YLK.IEEGTD ...T-.ILSS
#A15955480 FMDNGDFSVD GLLSDFPLTA SSA.DCFSHL .-SNASSQVD FLVI.KNGAS GDYPGCTDLA YTK. IKDGAD V.DC-SL.MS
#Sb03g035370 . .LAFARPLF PLPSKTKYEE KKPIQTF.-= —————————— PYNIAHRGSN GE.P.ETAAA YLR.IEEGAD ...S-.ILAS
#A14926690 FVDNGNFSVD GVLSDFPITA SASLDCFSHV .-RNATKQVD FLVITK.GAS GDYPGCTDLA YKK.IKDGAD V.DC-S..LS
#At5908030 VANCASRPLY RLPSEAKHAT KKPLQTS.-=- —======—-— PYNLAHRGSN GELP.ETAPA YMR.IEEGAD ...T-.ILSS
#Sb04g021010 VATMVK.G.G G----GGGGG R.S...... K e - -..ALAP._ QEVR..TVR. ..D..R..VDYV..-._ ...
#La_GPX-PDE1  I1GCTAIPVY PIHRHVQHGS RKPLQTF.-- —==—=————— PYNIAHRGSN GELP.ETAPA YLR.IEEGAD ...T-.ILSS

#At1g66970

FVDNGDFSVD GVLSDFPITA SAA_.DCFSHI .-RNATKQVD FLVI.K.GAS GDYPGCTDLA YEK.IKDGAD V.DC-S. .MS

[ 480]
[ 480]
[ 480]
[ 480]
[ 480]
[ 480]
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[ 480]
[ 480]

[ 480]

[ 5601
[ 5601
[ 560]
[ 560]
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[ 560]
[ 560]
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[ 560]
[ 560]
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[ 5601
[ 5601
[ 560]
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[ 560]
[ 560]
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[ 5601
[ 5601
[ 560]
[ 560]
[ 5601
[ 560]
[ 560]
[ 5601
[ 5601
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#La_GPX-PDE2
#Gm19g27060
#Sc_GDE1
#Ec_glpQ
#Ec_ugpQ
#Sc_PGC1
#At1g66980
#At39g20520
#At5958050
#At5943300
#At5958170
#Gg_GDE2
#Mm_GDE3
#Gm17908680
#0s03g40670
#Stc_glpQl
#Stc_glpQ2
#At5g41080
#At3g02040

#At1g71340

K..HL.VL.. HYLDRVTDVA DRFPDRARKD GRYYAIDFTL DEIKSLKFTE GFDIENGKKV QTYPG----- -- RFPMG---

K.GEIFLL.. _NLERTS..W GVAGELNWQD --------- L L.VDAGSWYS ----_AFK.-

S_.GMV.VN.. SDTGRMWDKN LVIGES.WEE -VKRLRCKED GSLAMMTL.E I.TWAVCHPG AKLMLD---- —======---
S.GI.FCSSS IDLVNSTTVG QTH-LRNRSI -1VPEIS-SV AGIFTFSLTW -HEIQSLTPA .SNPF-RENG MSRNPN----
K.KI.FCMSS FDLINST.VI ETS-FRNLS. -VVSEINPRR SGIYTFSLTM -SQIQ.LKPT .SNL.-KDSG LFRNPR----
K.GIAFCHDA ADLSAST-TA RTT-FMSRAT -SVPEIQ-PT NGIFSF.LTW -AEIQSVKPQ .ENPF-TATG FQRNPA----
R.G....... L.MFT..Q.. Il...V_..MD -.H...S... .. D-.TNV.P -MW...... R .FE.K-==-= ———memoeeme

K.GIAFCHDA ADLTAST-TA MTI-FMSRAT -SVPEIQ-PT NGIFSF.LTW -AEIQSVKPQ .ENPF-TATG FQRNPA----

Y.GV.FLM.. KTLRRTT.VE EVFPGRAYEH -S_M_NWTDL EMLNAGEWFL -RNDPFWTAG SLSRS----- --- DYL----
S.GV.FLM.. ERLSRTT.VA SVFPERISAH -S.D.SWAEL ..LNAGTWFL -ERQPFWGA. KLSGS----- --- DRK----
K.GVLIC... VTLDDTTDIA NHTGFANRKR -TY.VQGINM TGFFPV.FTL -KEL.SLRV. QRYSF----- -- RDQQ----
K.GHLIC. .. VILDATTDIA NRTEFANRKR -TY.VERQNV TGWFVV.FTL -EEL.SLRV. QRYNF----- -- RDQQ----
K.GHL.CR.E PE.GGTTDVA DHREFADRKR -TKLLDGVST TGWFTE.FTL -AEL..LRAT ERIPA----- —- NRPHNT--

R.GEL.VL.. ESLARTTDVE EVFPDRSPWK -VKD.T.AEl A_LDAGSWFG -SEYAG----

Kewooooaoo oo Y.E...l .N.S.V.D.. —..... L... .K.TE.1..T -.M..S.E.. VLK.D-—--— =
R.G..l.... ... Y.E.Q.. .Y...V..VC -....MS... .. DT..T..P —.L..S.E.. .HK.S————n ——emo——

S.GVLFAL.N RDLQRIARNS SVQVGDLSMK QIK.LDVSEl VKGTLGS---

#Hs_GDE1/Mir16 S.GI..LM.. NTVDRTTD.T GRLCDL.FEQ —-IRK.NPAA NHRLRN.FPD -— -

#0s02g31030
#At1g74210
#A15955480
#Sb03g035370
#A14926690
#At5908030
#Sb04g021010
#La_GPX-PDE1

#A11g66970

#La_GPX-PDE2
#Gm19g27060
#Sc_GDE1
#Ec_glpQ
#Ec_ugpQ
#Sc_PGC1
#At1g66980
#A139g20520
#At5958050
#At5943300
#At5958170
#Gg_GDE2

#Mm_GDE3

K.Gooooonn N..FTK.D.K ILD..V.D.Q -.ED..L... .N.Q..G..P -.L..L...R ..N.N-=--= =
K.GVLIC... CILDETT.VA SHKEFADRKR -TYDVQGFNI TGFFTF.FTL -KEL.QLRI. QRYAF----- —- RDQQ----
S.GI.FCLSS INLGEST.V. QSP-FRNRST -TVPEIG-SL PGIYSFSLAW -SEIQ.LRPA .ENPYSREFT MFRNPR----
K.GTLIC... VTLDDTTDVA RRKEFANRRR -TY.VEWFNV SGWFVV.FTL -EEL..LKV. QRYSF----- —- RDQK----

S.GT.FCLSS IDLGNSTTVS LTA-FRNRST -TVPE.G-SL GAIYTFSLTW -AEIQ.LTPA .SNPY-RVTS LFRNPK----

K.GVLICH.. VNLDDTTDVA DHKEFADRKR -TY.VQGMNM TGFFTV.FTL -KEL..LGA. QRYPF----- —- RDQQ----
K.G..l.... N..FT..D.K ISQ..V.DIH -.ED..Q... .N.Q..V_..P -.L.RL...RM.N.N----= ==
K.GVLIC... VTLDDTTDVA NHQEFANRKR -TY.VQGENV TGFFTV.FTL -KEL.SLRV. QRYNF----- —— RDQQ----

S.GV.FCLRS IDLRNSIAAL QNT-FSNRST -SVPEIS-SV PGIFTFSLTW -PEIQSLTPA .SNPF-RVYR IFRNPR----

—----VEQDDS LCTLEEAFLN VE-PSLGFN- —=====—mmm —m e — o 1ELKF DDHIVYHQ-- --DYLSHVLQ

—————. P iQu VK = T im mmmm e e .. E.—— ——...V....
LNSGS.EKEP _NEISAGE.. ERNENGNGGN KGSLGKLAGP IKSYGHRFLD NNESL.LITL GSNDTRNKSP SISLS.EA.A

----- KS.FR VH.F..EIEF .QGLNHSTGK NIG-—--—-= —————=———— —————_YPEI KAPWFH..-- —-—EGKDIAA

———————— EP .PL.SQVAER CRKHGMMA. -

——=IKFTNEK TIMIKTFVIM L.VKNDLKFW QER----=== —=——————me —— e -TWGL WLLDW.DFGI ETGV.KDFKV
----ERNSGN . IS.Y.FLNL AKNSTSLSG- —========= =—————mmmm ———m -LISL ENVVYLRE-- --KKGLD.VK
----NNKAGK FL..S.FLFL PNRY.SLLG- LLIEV ENAAYLVE-- --HQGIS.VD
—---NKNAGK FT..ADFLEL GK-AKAVTG- —======-=m ——mmmmmmmm —m VLINI QNAAYLAS-- --KKGLG.VD
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