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SUPPLEMENTARY FILE S1

Details of primers used

Table S1. Primers

(a) JPCR expression analyses: barley MIP genes, HvPIP2;7 and HvSIP1;1 were

annotated.
Accession Length
Aquaporins | Number Forward 5'-3' Reverse 5'-3' (bp)
HvPIP1;1 | AB286964 | ACTGCGTGTTCTGAGTGAATTTCT CATACAAGTCCTCTGTCTGGGTTC 153
HvPIP1;2 | AB275278 | CAAGAGCCGCGACTAGTATAC CGCTCGCTCAAGAACAGTAC 174
HvPIP1;3 | AB009308 | AATAGTTCTCAAATCTGCCGTCTC TACTGGTACAATGCAAAAGGTAGG 131
HvPIP1;4 | AB275279 | CGACTGTGGATGGAGTCTTC CCTTATATGGGCACATAGCC 189
HvPIP1;5 | AB009309 | ATCGGAATAACGAGCCTGTTTC ACCACAACTGTCACACTGAATTAC 117
HvPIP2;1 | AB219366 | AGATATGTGCGAAGAAGAAGGCCG | ATATGCACAAGCCGAGGAACGGTA 123
HvPIP2;2 | AB377269 | TCCTTGTCGCCCTTAATGTTGTCG ATTGCAGCACTTGTCACTCACAGC 103
HvPIP2;3 | AB275280 | CGGATCGTGTATTATGCAAGCGTC | GGCATCCAAATTCCTCAACGATCC 106
HvPIP2;4 | AB219525 | TCGAGTGTGTCTTCGTCAGTCAGT AATCAGCTCACGAACCGAACCGTA 151
HvPIP2;5 | AB377270 | GCAAGATTGAAGCAATGGCGACCT | CGAATTACAACACACGGCACGCAT 168
HvPIP2;7 | AK248491 | GCGCGAACCTAAATCACATA GGACATACATCGCGAGAACA 102
HvTIP1;1 | AB540221 | TCCGTCCGTGTGGTCGAT TCGTCACAGGTTTCACAGCACCA 135
HvTIP1;2 | AB540226 | GATCATCCATGCGTCATCGCCATG | ACTGAGGACGTACACCAAGACAAG 169
HvTIP2;1 | AB540222 | GACCCGTCTCTGAATTTGCATCGT CGTGACCGTGACACACCATTTGTA 96
HvTIP2;2 | AB540223 | CCTTGTGTGAATTTCCCTTCTC CGTTCATGTAAGATCGAGTGGT 84
HvTIP2;3 | AB540224 | TAAGCCATCCATGTGAAGGGTCGT | CTGGGCTTCGATCTGAACCAAACA 138
HvTIP3;1 | AB540228 | AGCTGCTGCTGCTTCAAATCCT ACCATAGGGTCAACCATGCACA 144
HvTIP4;1 | AB540225 | TTTGCAATGTATACCGGTGTGT AGCTTCTAACCCCATCCCTCTA 134
HvTIP5;1 | AB540227 | TTCAAGAACCAGGCCGTGTA GAACACCAGGTTCTGATGCAC 81
HvNIP1;1 | AB540230 | AGTGGTCTTGGCCTAACTGAACCT | TGCACACCTGTCTGTCTCCATCAA 142
HvNIP1;2 | AB540231 | TTGTGGGTAGTGAATTTCGATG GCAGGGCATAACCACTAGTTTC 159
HvNIP2;1 | AB540229 | ATAGCGTGAGTACATGGCTGGTGT | ACCTCAGACGCAGTACAAAGCGAA 114
HvSIP1;1 | AK252830 | ACGCGGCAAAGAATTCAGGCAA TCAGCCACGATTGCTTTCGAGT 137
HvSIP2;1 - CCAAGAAGACCAAGGAGCAAGA GACTTCAACCCAGGTGATGGTA 127




(b) Reference genes used (bold) and additionally tested for gPCR expression analyses.

Housekeeping | Accession Length
genes Number Forward 5'-3' Reverse 5'-3' (bp)
EF-1 750789 AAGGCTGCCATCAAGAAGAA CAGAAGCATCCATGTTTTCCC 182
H'-ATPase AJ344078 ACATCGACACCATCAACCAA ACAACTAGGGGCTGGTCAGA 163
GADPH X60343 GTGAGGCTGGTGCTGATTACG TGGTGCAGCTAGCATTTGAGAC 198
HSP70 AK?248694 CGACCAGGGCAACCGCACCAC | ACGGTGTTGATGGGGTTCATG 108
a-Tubulin U40042 AGTGTCCTGTCCACCCACTC AGCATGAAGTGGATCCTTGG 248
Cyclophilin AK253120 CCTGTCGTGTCGTCGGTCTAAA | ACGCAGATCCAGCAGCCTAAAG 122
Ubiquitin X04133 AGGCGAAGATCCAGGACAAG ACAACCAGACATGCTCCAACCT 244
HvSIP2:1 Contig19630 | ACCCAAGAAGACCAAGGAGCA | AGGACTTCAACCCAGGTGATGGT 127
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(c) Up- and Down primers used for in-situ hybridisation experiments.

Aquaporins and Reference | Primers 5°-3’

HvPIP1;2-Up CCGCCATCATCTACAACAAG
HvPIP1;2-Down CGCTCGCTCAAGAACAGTAC
HvPIP2;2-Up TACTGCTCCTCGTGTCCATC
HvPIP2;2-Down ATTGCAGCACTTGTCACTCACAGC
HvPIP2;5-Up AGGCCTGGGATGATCAGTGG
HvPIP2;5-Down CGAATTACAACACACGGCACGCAT
HvPIP2;7-Up GTACAACCAGCACAAGGCATGGAA
HvPIP2;7-Down GGACATACATCGCGAGAACA
HvTIP1;1-Up GGGGTACCAGTGGGTGTACT
HvTIP1;1-Down TCGTCACAGGTTTCACAGCACCA
HvTIP2;3-Up CCTGTACATGTGCGACAACC
HvTIP2;3-Down CTGGGCTTCGATCTGAACCAAACA
Rib-Up CCGACCCTGATCTTCTGTGAAGGG
Rib-Down CCAAGTCAGACGAACGATTTGCACG
E-T7 GCGAAATTAATACGACTCAC

(d) T7-Up- and T7-Down primers used for in-situ hybridisation experiments.

Aquaporins

and reference

gene Primers 5'-3'

HvPIP1;2-T7-

Up GAAATTAATACGACTCACTATAGGGAGACCGCCATCATCTACAACAAG
HvPIP1;2-T7-

Down GAAATTAATACGACTCACTATAGGGAGACGCTCGCTCAAGAACAGTAC
HvPIP2;2-T7-

Up GAAATTAATACGACTCACTATAGGGAGATACTGCTCCTCGTGTCCATC
HvPIP2;2-T7-

Down GAAATTAATACGACTCACTATAGGGAGATTGCAGCACTTGTCACTCACAGC
HvPIP2;5-T7-

Up GAAATTAATACGACTCACTATAGGGAGAGGCCTGGGATGATCAGTGG
HvPIP2;5-T7-

Down GAAATTAATACGACTCACTATAGGGAGACGAATTACAACACACGGCACGCAT
HvPIP2;7-T7-

Up GAAATTAATACGACTCACTATAGGGAGAGTACAACCAGCACAAGGCATGGAA
HvPIP2;7-T7-

Down GAAATTAATACGACTCACTATAGGGAGAGGACATACATCGCGAGAACA
HvTIP1;1-T7-

Up GAAATTAATACGACTCACTATAGGGAGAGGGGTACCAGTGGGTGTACT
HvTIP1;1-T7-

Down GAAATTAATACGACTCACTATAGGGAGACAGGTTTCACAGCACCACA
HvTIP2;3-T7-

Up GAAATTAATACGACTCACTATAGGGAGACCTGTACATGTGCGACAAC
HvTIP2;3-T7-

Down GAAATTAATACGACTCACTATAGGGAGACTGGGCTTCGATCTGAACCA
Rib-T7-Up GCGAAATTAATACGACTCACTATAGGGAGACCGACCCTGATCTTCTGTGAAGGG
Rib-T7-Down GCGAAATTAATACGACTCACTATAGGGAGACCAAGTCAGACGAACGATTTGCACG




(e) Transient expression in onion epidermis: Cloning pSAT6-EYFP-N

Aquaporins Cloning site Primers
HvPIP2;2 Ncol F: 5-TATAAGCTTCAGCAGCCATGGCCAAGGAGG-3'
Apal R: 5-ATAGGGCCCGAAGGAGCCGAGCGCCTTG-3'
HvPIP2;7 Ncol F: 5-AGATACCATGGCCATGTCCAAGGAGG-3'
Apal R: 5-TATGGGCCCGGTGCTCCTGAACGA-3'
HvTIP1;1 Ncol F: 5-"TTCTCCATGGCGAAAATGCCGGTCAAC-3'
Apal R: 5-TAAGGGCCCGTAGTCGGTGGTGGGGAG-3'

(f) Transient expression in onion epidermis: Cloning pSAT6-EYFP-C

Aquaporins Cloning site Primers
HvPIP2;2 HindIII F: 5-"TATAAGCTTCAGCAGCCATGGCCAAGGAGG-3'
HvPIP2;7 HindIII F: 5-ATTAAGCTTCAGGTCGTCGAACCATGTCC-3'
HvTIP1;1 HindIII F: 5-AGTAAGCTTGAGCGAAAATGCCGGT-3'

(g) Expression yeast for swelling and uptake experiments

Aquaporins | Forward 5'-3' Reverse 5'-3'

HvPIP1;2 GGATTAAUAATGGAGGGCAAGGAGGAG GGGTTAAUCTAGTCGCGGCTCTTGAAG
HvPIP2;2 GGATTAAUAATGGCCAAGGAGGTGAGCG GGGTTAAUTCAGTTGCTCCGGCTGCTCC
HvPIP2;5 GGATTAAUAATGGCGAAGGACGAGGTG GGGTTAAUTTACGCGTTGCTCCTGAAG
HvPIP2;7 GGATTAAUAATGTCCAAGGAGGAGGTG GGGTTAAUTTAGGTTCGCGCGGTGG
HvTIP1;1 GGATTAAUAATGCCGGTCAGCAGGATCGC GGGTTAAUTTAGTAGTCGGTGGTGGGGAG
HvTIP1;2 GGATTAAUAATGCCGGTGAGCAGGATCGC GGGTTAAUTCAGTACTCGGCGGTGGGGA
HvTIP2;3 GGATTAAUAATGCCAGGCTCCATCGCCTTTG | GGGTTAAUTTAGTAGTCATTGCTGGCGACG

(h) Cloning of barley MIPs

Aquaporins Forward 5'-3' Reverse 5'-3'

HvPIP1;2 TCTGCCTAACAAGCTAAGCAGCTC CGCTCGCTCAAGAACAGTAC
HvPIP2;1 AGCACCGTTCAAGCTAGAGG ATATGCACAAGCCGAGGAACGGTA
HvPIP2;2 TCCATCAGACAAGAGAGAGAGAGCG | ATTGCAGCACTTGTCACTCACAGC
HvPIP2;5 AAACCACACACACTGATGGCGAAG CGAATTACAACACACGGCACGCAT
HvPIP2;7 ACTAAAGTTTGCACCAGGTCGTCG GGACATACATCGCGAGAACA
HvTIP1;1 CTTCTTCTCTAGCGAGCTAGGCTT TCGTCACAGGTTTCACAGCACCA
HvTIP1;2 AACACTAGCAGCTACACAGCACAC ACTGAGGACGTACACCAAGACAAG
HvTIP2;3 GCGTGTTCTCAGCGACAACATTTC CTGGGCTTCGATCTGAACCAAACA

HvNIP1;1

TGGTTTACTCCTGTGTTTCCGC TGCACACCTGTCTGTCTCCATCAA




SUPPLEMENTARY FILE S2

Annotation and protein sequences of barley MIPs and of MIPs of Arabidopsis, maize and
rice used for construction of phylogenetic trees

Table S2. Annotation and protein sequences of barley MIPs and of MIPs of Arabidopsis,
maize and rice used for construction of phylogenetic trees.

(a) Barley (Hordeum vulgare L.) MIPs. *, the barley PIP1 HvPIP1;6 (Wei et al. 2007,

GU989200, ADG03686) is allelic to HvPIP1;1; **, not available

cDNA clone accession No

Accession No.

Affymetrix probe set ID
Barley MIPs (BarleyBase) Nucleic acid Protein amino acid
Contigl1237_s_at/Contigl235_at/

HyPIPIL;1% Contig1242_at/Contig]1225_s_at AB286064 | BAF41978 288
HvPIP1;2 Contigl1228_s_at AB275278 BAF33067 292
HvPIP1;3 Contigl1226_at/Contigl1239_s_at AB009308 BAA23745 292
HvPIP1;4 Contigl219_s_at AB275279 BAF33068 292
HvPIP1;5 Contigl230_at AB009309 BAA23746 290
HvPIP2;1 Hv08C12u_x_at AB219366 BAE02729 286
HvPIP2;2 Contigl216_s_at AB377269 BAG06230 284
HvPIP2;3 Contigl223_at AB275280 BAF33069 290
HvPIP2:4 - AB219525 BAE06148 290
HvPIP2;5 Contigl1222_s_at/ Contigl1240_at AB377270 BAG06231 290
HvPIP2;7 Contig19393_at AK?248491 -kE 291
HvTIP1;1 HS07J06u_x/s_at/ HS18A22u_at AB540221 BAI66434 250
HvTIP1.2 HVSMEf0019H18r2_at/Contig1309_at AB540226 BAI66439 252
HvTIP2;1 Contigl310_at AB540222 BAI66435 249
HvTIP2;2 Contig1308_at AB540223 BAI66436 249
HvTIP2;3 Contigl315_s_at AB540224 BAI66437 248
HvTIP3;1 Contig3772_at/HT03K14r_(s)_at AB540228 BAI66441 263
HvTIP4;1 Contig7377_at AB540225 BAI66438 257
HvTIPS;1 AF254799_CDS-2_at AB540227 BAI66440 262
HvNIP1;1 Contig14229_at AB540230 BAI66443 278
HvNIP1;2 Contigl9214_at AB540231 BAI66444 333
HvNIP2;1

(HvLsi6) Contig5632_at/Contig5634_at AB340229 | BAI66442 295
HvSIP1;1 Contig6340_at/Contigb339_s_at AK252830 - 244

Partial
HvSIP2;1 Contig19630_at - - 142




(b) Arabidopsis (A. thaliana) MIPs

Arabidopsis MIPs

Accession No.

AtPIP1;1 CAB71073
AtPIP1;2 AAC28529
AtPIP1;3 AAF81320
AtPIP1;4 AAF02782
AtPIP1;5 CAA20461
AtPIP2;1 CAB67649
AtPIP2;2 AADI8142
AtPIP2;3 AADI8141
AtPIP2;4 BAB09839
AtPIP2;5 CAB41102
AtPIP2;6 AACT79629
AtPIP2;7 CAA17774
AtPIP2;8 AAC64216
AtTIP1;1 AAD31569
AtTIP1;2 BAB01832
AtTIP1;3 AAC62778
AtTIP2;1 BAB01264
AtTIP2;2 CAB10515
AtTIP2;3 BAB(09071
AtTIP3;1 AAG52132
AtTIP3;2 AAF97261
AtTIP4;1 AAC42249
AtTIPS;1 CABS51216
AtNIP1;1 CAA16760
AtNIP1;2 CAA16748
AINIP2;1 AAC26712
AINIP3;1 AAG50717
AtNIP4;1 BAB10360
AtNIP4;2 BAB10361
AINIP5;1 CAB39791
AINIP6;1 AAF14664
AtNIP7;1 AAF30303
AtSIP1;1 AAF26804
AtSIP1;2 BAB(09487
AtSIP2;1 CAB72165




(c) Rice (Oryza sativa) MIPs

Rice MIPs Accession No.
OsPIP1;1 BAD28398
OsPIP1;2 Q7XSQ9
OsPIP1;3 BAD22920
OsPIP2;1 BAC15868
OsPIP2;2 BAD23735
OsPIP2;3 CAD41442
OsPIP2;4 BACI16113
OsPIP2;5 BACI16116
OsPIP2;6 CAE05002
OsPIP2;7 BAD46581
OsPIP2;8 AAP44741
OsTIP1;1 AAK98737
OsTIP1;2 BAB63833
OsTIP2;1 BAD25765
OsTIP2;2 BAD61899
OsTIP3;1 AAGI13544
OsTIP3;2 CAE05657
OsTIP4;1 AAS98488
OsTIP4;2 BAA92993
OsTIP4;3 BAA92991
OsTIP5;1 BAG92052
OsNIP1;1 BAD27715
OsNIP1;2 BAD73177
OsNIP1;3 AAV44140
OsNIP1;4 BADS53665
OsNIP2;1 BAD16128
OsNIP2;2 BAD37471
OsNIP3;1 AAG13499
OsNIP3;2 BAC99758
OsNIP3;3 BAC65382
OsNIP4;1 BAB61180
OsSIP1;1 BAB32914
OsSIP2;1 QI0MS80




(d) Maize (Zea mais) MIPs

Maize MIPs Accession No.
ZmPIP1;1 Q41870
ZmPIP1;2 AAD29676
ZmPIP1;3 AAK26754
ZmPIP1;4 AAK26755
ZmPIP1;5 AAK26756
ZmPIP1;6 AAK26757
ZmPIP2;1 AAK26758
ZmPIP2;2 AAK26759
ZmPIP2;3 AAK26760
ZmPIP2;4 AAK26761
ZmPIP2;5 AAD28761
ZmPIP2;6 AAK26762
ZmPIP2;7 AAK26763
ZmTIP1;1 AAC09245
ZmTIP1;2 AAK26767
ZmTIP2;1 AAK26768
ZmTIP2;2 AAK26769
ZmTIP2;3 AAK26770
ZmTIP3;1 AAK26771
ZmTIP3;2 AAK26848
ZmTIP4;1 AAK26772
ZmTIP4;2 AAK26773
ZmTIP4;3 AAK26774
ZmTIP4;4 AAK26775
ZmTIP5;1 AAK26776
ZmNIP1;1 AAK26750
ZmNIP2;1 AAK26751
ZmNIP2;2 AAK26752
ZmNIP2;3 AAK26849
ZmNIP3;1 AAK26753
ZmSIP1;1 AAK26764
ZmSIP1;2 AAK26765
ZmSIP2;1 AAK26766




(e) Number of MIPs, identified so far, and members of PIP/TIP/NIP/SIP subgroups in

selected plant species.

Arabidopsis Rice Maize Wheat Cotton Barley

PIP1s 5 3 6 12 15 5
PIP2s 8 8 7 12 13 6
TIPs 10 10 11 11 23 8
NIPs 9 10 4 - 12 4
SIPs 3 2 3 - 7 2
Total 36 33 31 35 70 25

(f) Protein sequences (order: barley, maize, rice, Arabidopsis)

PIP1s

>HvPIP1;1 (HvPIP1;6)
MEGKEEDVRLGANKYSERHAIGTAAQGSEDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFMATFLFLYVTI
LTVMGYSGAASKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAVEYIIMQC
LGAICGAGVVKGFQQGLYMGNGGGANVVASGYTKGSGLGAEI IGTFVLVYTVFSATDAKRNARDSHVPILA
PLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNREHAWSDHWIFWVGPFIGAALAAIYHQVVIRAIPE
KTKS

>HvPIP1; 2
MEGKEEDVRLGANRYSERQPIGTAAQGGGADEKDYKEPPPAPLFEAEELTSWSFYRAGIAEFLATFLFLYI
SVLTVMGVVGNPSGSKCGTVGIQGIAWSFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKLSLTRAVEYM
VMQCLGAICGAGVVKGFQTTLYMGNGGGANSVAPGYTKGDGLGAEIVGTFVLVYTVFSATDAKRSARDSHV
PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKKQSWDDHWIFWVGPFTGAALAAIYHVVVIR
ATIPFKSRD

>HvPIP1;3
MEGKEEDVRLGANRYSEHQPIGTAAQGGGADEKDYKEPPPAPFFEAGELTSWSFYRAGIAEFLATFLEFLYI
SVLTVMGVVGNPSGSKCGTVGIQGIAWSFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKLSLTRAVEYI
VMQCLGAICGAGVVKGFQTTLYQGNGGGANSVAAGYTKGDGLGAEIVGTFVLVYTVESATDAKRSARDSHV
PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKKQAWDDHWIFWVGPFIGAALAAIYHVVVIR
AIPFKSRG

>HvPIP1; 4
MEGKEEDVRLGANRYSERQPIGTAAQGGGADEKDYKEPPPAPLFEAEELSSWSFYRAGIAEFLATFLFLYI
SVLTVMGVVGNPSGSKCGTVGIQGIAWSFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKLSLTRAVEYI
VMQCLGAICGAGVVKGFQTTLYQGNGGGANSVAAGYTKGDGLGAEIVGTFVLVYTVEFSATDAKRSARDSHV
PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKKQAWDDHWIFWVGPFIGAALAAIYHVVVIR
ATPFKSRD

>HvPIP1;5
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MEGKEEDVRLGANRYSERQPIGTAAQGGGDDKDYKEPPPAPLFEPGELKSWSEFYRAGIAEFIATFLFLYVT
VLTVMGVSKAPSKCATVGVQGIAWSFGGMIFALVYCTAGISGGHINPAVTEFGLFLARKLSLTRAIFYIIMQ
CLGAICGAGVVKGFQOGLYMGNGGGANVVASGYTKGDGLGAEIIGTFVLVYTVESATDAKRNARDSHVPIL
APLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNRDHAWNDHWIFWVGPEVGAALAAVYHQVIIRAIP
FNKSRS

>ZmPIP1;1
MEGKEEDVRLGANKFSERHAIGTAAQGTDDKDYKEPPPAPLFEPGELKSWSEFYRPGIAEFVATFLFLYISI
LTVMGVSKSTSKCATVGIQGIAWSFGGMILALVYCTAGISGHINPAVTFGLFLARKLSLTRAVEFYIIMQCL
GAICGRGVVKGFQQGLYMGNGGRRNVVAPGYTKGDGLGAEIVGTFILVYTVFSATDAKRRARDSHVPILAP
LPIGFAVFLVHLATMGITGTGINPARSLGAAVIYNQHHAWADHWIFWVGPFIGAALAAIYHQVIIRAIPFK
SRS

>ZmPIP1; 2

MEGKEEDVRLGANKF SERQPIGTAAQGAADDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFVATFLFLYIT
ILTVMGVSKSTSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALFYIIMQ
CLGAVCGAGVVKGFQQGLYMGNGGGANVVAPGY TKGDGLGAEIVGTFILVYTVFSATDAKRNARDSHVPIL
APLPIGFAVFLVHLATIPITGTGINPARSLGAAI IYNRDHAWNDHWIFWVGPFIGAALAATIYHQVIIRAIP
FKSRS

>7ZmPIP1;3
MEGKEEDVRLGANKFSERQPIGTAAQGAGAGDDDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFVATFLFL
YITVLTVMGVSKSTSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAIFYI
IMQCLGAICGAGVVKGFQQOGLYMGNGGGANVVAPGYTKGDGLGAEIVGTFILVYTVFSATDAKRNARDSHV
PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNRDHAWSDHWIFWVGPFIGAALAAIYHQVIIR
AIPFKSRS

>ZmPIP1; 4
MEGKEEDVRLGANKFSERQPIGTAAQGAGAGDDDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFVATFLFL
YITVLTVMGVSKSTSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVIFGLFLARKLSLTRAIFYI
IMQCLGAICGAGVVKGFQQGLYMGNGGGANVVAPGYTKGDGLGAEIVGTFILVYTVF SATDAKRNARDSHV
PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNRDHAWSDHWIFWVGPFIGAALAAIYHQVIIR
AIPFKSRS

>ZmPIP1;5
MEGKEEDVRLGANRYSERQPIGTAAQGTEEKDYKEPPPAPLFEAEELTSWSFYRAGIAEFVATFLFLYIST
LTVMGVSKSSSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALEFYMVMQC
LGAICGAGVVKGFQEGLYMGAGGGANAVNPGYTKGDGLGAEIVGTFVLVYTVFSATDAKRSARDSHVPILA
PLPIGFAVFLVHLATIPITGTGINPARSLGAAIVYNRSHAWNDHWIFWVGPFIGAALAAIYHVVIIRALPF
KSRD

>ZmPIP1;6
MAGGTLQDRSEEEDVRVGVDRFPERQPIGTAADDLGRDYSEPPAAPLFEASELSSWSFYRAGIAEFVATEL
FLYVTVLTVMGVSKSPSKCGTVGIQGIAWAFGGMIFALVYCTAGVSGGHINPAVTFGLLLARKLSLTRAVY
YVVMQCLGAVCGAGVVKAFGSALYESAGGGANAVSPGYTKGDGLGAEVVGTFVLVYTVFSATDAKRTARDS
HVPALAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYDNPHGWHGHWIFWVGPFAGAALAAVYHQVV
LRAIPFKSSAHY

>ZmPIP2; 1
MGKDDVIESGAGGGEFAAKDYTDPPPAPLIDAAELGSWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDA
SASGADAACGGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYIVAQCLGAT
CGVGLVKAFQSAYFDRYGGGANSLASGYSRGTGLGAEI IGTFVLVYTVFSATDPKRNARDSHVPVLAPLP I
GFAVFMVHLATIPVTGTGINPARSLGAAVIYNKDKPWDDHWIFWVGPLVGAATIAAFYHQYILRAGAIKALG
SFRSNA

>0sPIP1;1
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Megkeedvrlganrysergpigtaaggagddkdykepppaplfepgelkswsfyragiaefvatflflyit
iltvmgvskssskcatvgiggiawsfggmifalvyctagisgghinpavtfglflarklsltraifyivmg
clgaicgagvvkgfggglymgnggganvvasgytkgdglgaeivgtfilvytvisatdakrnardshvpil
aplpigfavflvhlatipitgtginparslgaaiiynkdhawndhwifwvgpfvgaalaaiyhgviiraip
fksrs

>0sPIP1;2
Msgweptssrrgsrsarrrrapttrttrsrrrrrcssqgsssrgpstaggspsswppssssyitalnamgv
nnstskcatvgiggiawsfggmifalvyctagisgahinpavtfglflarklsltralfymvmgclgaicg
agvvkgfgkglyettggganvvapgytkgdglgaeivgtfilvytvisatdakrnardshvpilaplpigf
avflvhlatipitgtginparslgaaiiynrghawddhwifwvgpfigaalaaiyhgvviraipfksrs

>0sPIP1;3
Megkeedvrlganrytergpigtaaggaeekdyreppaapvieveeltswsfyragiaefvatflflyisi
ltvmgvnksaskcatvgiggiawsfggmifalvyctagisgghinpavtfglflarklsltravfymamgc
lgaicgagvvkgfgrglymgsggganavnpgytkgdglgaeivgtfvlvytvfsatdakrnardshvpila
plpigfavflvhlatipitgtginparslgaaivynrahawhdhwifwvgpfigaalaaiyhvvviraipf
ksrd

>AtPIP1;1
MEGKEEDVRVGANKFPERQPIGTSAQSDKDYKEPPPAPFFEPGELSSWSFWRAGIAEFIATFLFLYITVLT
VMGVKRSPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALYYIVMQCLG
AICGAGVVKGFQPKQYQALGGGANTVAHGYTKGSGLGAEIIGTFVLVYTVESATDAKRNARDSHVPILAPL
PIGFAVFLVHLATIPITGTGINPARSLGAAITYNKDHSWDDHWVEWVGPEFIGAALAALYHVVVIRAIPEFKS
RS

>AtPIP1;2
MEGKEEDVRVGANKFPERQPIGTSAQSDKDYKEPPPAPLFEPGELASWSEFWRAGIAEFIATFLFLYITVLT
VMGVKRSPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLEFLARKLSLTRAVYYIVMQCLG
AICGAGVVKGFQPKQYQALGGGANTIAHGYTKGSGLGAEIIGTFVLVYTVESATDAKRNARDSHVPILAPL
PIGFAVFLVHLATIPITGTGINPARSLGAAITFNKDNAWDDHWVEWVGPEFIGAALAALYHVIVIRAIPEFKS
RS

>AtPIP1;3
MEGKEEDVRVGANKFPERQPIGTSAQTDKDYKEPPPAPFFEPGELSSWSEFYRAGIAEFIATFLFLYITVLT
VMGVKRAPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAVEYIVMQCLG
AICGAGVVKGFQOPNPYQTLGGGANTVAHGYTKGSGLGAEIIGTFVLVYTVESATDAKRSARDSHVPILAPL
PIGFAVFLVHLATIPITGTGINPARSLGAAITYNKDHAWDDHWIFWVGPFIGAALAALYHQLVIRAIPEFKS
RS

>AtPIP1; 4
MEGKEEDVRVGANKFPERQPIGTSAQSTDKDYKEPPPAPLFEPGELSSWSEFYRAGIAEFIATFLFLYITVL
TVMGVKRAPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAVFYMIMQCL
GAICGAGVVKGFQPTPYQTLGGGANTVAHGYTKGSGLGAEIIGTFVLVYTVESATDAKRSARDSHVPVWTP
LLVPILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKDHSWDDHWIFWVGPFIGAALAALYHQT
VIRAIPEFKSKS

>AtPIP1;5
MEGKEEDVNVGANKFPERQPIGTAAQTESKDYKEPPPAPFFEPGELKSWSEFYRAGIAEFIATFLFLYVTVL
TVMGVKRAPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALFYIVMQCL
GAICGAGVVKGFQPGLYQTNGGGANVVAHGYTKGSGLGAEIVGTFVLVYTVFSATDAKRSARDSHVPILAP
LPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKDHAWDDHWIFWVGPFIGAALAALYHQIVIRAIPFK
SKT
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PIP2s

>HvPIP2;1
MAKDIEAAPQGGEFSSKDYSDPPPAPIVDFEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQSDPTV
NTTDAACSGVGTLGIAWAFGGMIFVLVYCTAGVSGGHINPAVTFGLFLARKVSLIRALLYITIAQCLGAICG
VGLVKGFQSSYYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRNARDSHIPVLAPLPIGFE
AVFMVHLATIPITGTGINPARSLGAAVIYNTDKAWDDQWIFWVGPLIGAATIAAAYHQYVLRASAAKLGSYR
SN

>SHVPIP2; 2

MAKEVSEEPEHAAPARKDYSDPPPAPLFDMGELRMWSFYRALIAEFVATLLFLYITVATVIGYKVQSAADP
CAGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLLLARKVSLLRAVMYIVAQCAGGIVGAGIVKG
IMKDAYQANGGGANMVASGEFSRGTALGAEIVGTFVLVYTVEFSATDPKRSARDSHVPVLAPLPIGFAIFMVH
LATIPITGTGINPARSLGAAVIYNKKAAWDNHWIFWVGPFVGALAAAAYHQYILRAAATKALGSFRSSRSN

>HvPIP2;3
MAKDIEAAPPGGEYGAKDYSDPPPAPLFDAEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQADPAG
PNAADAACSGVGILGIAWAFGGMIFVLVYCTAGVSGGHINPAVTFGLFLARKVSLVRAVLYITAQCLGAIC
GVGLVKGFQSAFYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIG
FAVFMVHLATIPITGTGINPARSFGAAVIYNNEKAWDDHWIFWVGPFIGAATIAAAYHQYVLRASATKLGSS
ASFGRS

>HvPIP2; 4
MAKDIEAAPPGGEYAAKDYSDPPPAPLFDAEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQADPAG
PNAADAACSGVGILGIAWAFGGMIFVLVYCTAGVSGGHINPAVTFGLFLARKVSLVRAVLYIIAQCLGAIC
GVGLVKGFQSAFYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVEFSATDPKRSARDSHVPVLAPLPIG
FAVFMVHLATIPITGTGINPARSFGAAVIYNNEKAWDDHWMFWVGPFIGAATIAALYHQYVLRASATKFGSS
ASFGSR

>HVvPIP2;5
MAKDEVMETGGGGDFAAKDYTDPPPAPLVDAAELASWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDPA
VNSAADAACGGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYMVAQCLGAM
CGVGLVKAFQSAYFVRYGGGANTLAAGYSKGTGLAAEIIGTFVLVYTVESATDPKRSARDSHVPVLAPLPI
GFAVEFMVHLATIPITGTGINPARSLGAAVIYNKDKAWDDOQWIFWVGPMIGAATIAAFYHQYILRAGAIKALG
SFRSNA

>HvPIP2;7
MSKEEVIAGGDTADVAVEKAPYWDPPPAPLLDTSELTRWSLYRAVIAEFVATLIFLYVSLATVIGYKSQSS
AQPCTGVGYLGVAWAFGATIFVLVYCTGGVSGGHINPAVTFGLFVGRKLSLVRTVLYIVAQCLGAICGAGM
VKGIAGASYEALGGGANTVADGVSVGAGLGAEIAGTFVLVYTVLSATDPKRTARDSFIPVLVPLPIGFAVFEF
IVHLATIPITGTGINPARSLGAAVMYNQHKAWKDHWIFWVGPLLGATVAALYHRFVLRGEAAKALGSFRST
GAATART

>ZmPIP2; 2
MGKDDVVQSGAGGGEFAAKDYTDPPPAPLVDAAELGSWSLYRAVIAEFIATLLFLYVTVATVIGYKHQTDA
SASGAGADAACGGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYMVAQCLG
AVCGVGLVKAFQSAYFDRYGGGANSLASGYSRGAGLGAEIVGTFVLVYTVFSATDPKRNARDSHVPVLAPL
PIGFAVFMVHLATIPVTGTGINPARSLGAAVVYNKDKPWDDHWIFWVGPLLGAAIAAFYHQYILRAGAIKA
LGSFRSNA

>7ZmPIP2; 3
MAKQDIEASGPEAGEFSAKDYTDPPPAPLIDADELTKWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDA
AASGPDAACGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYITAQCLGAT
CGVGLVKGFQSAYYVRYGGGANELSDGYSKGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPI
GFAVFMVHLATIPITGTGINPARSLGAAVIYNKDKAWDDOWIFWVGPLIGAATIAAAYHQYVLRASATKLGS
YRSNA
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>ZmPIP2; 4
MAKDIEASGPEAGEFSAKDYTDPPPAPLIDAEELTQWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDAS
ASGPDAACGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYITAQCLGAIC
GVGLVKGFQSAYYVRYGGGANELSDGYSKGTGLAAEIIGTFVLVYTVEFSATDPKRSARDSHVPVLAPLPIG
FAVFMVHLATIPITGTGINPARSLGAAVIYNKDKAWDDOWIFWVGPLIGAATIAAAYHQYVLRASATKLGSY
RSNA

>7ZmPIP2;6
MGKEVDVSTLEAGGVRDRDYADPPPAPLIDIDELGKWSLYRAVIAEFVATLLFLYITVATVIGYKHQTDAS
ASGPDAACSGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYMAAQSLGAIC
GVALVKGFQSGFYARYGGGANEVSAGYSTGTGLAAEIIGTFVLVYTVEFSATDPKRNARDSHVPVLAPLPIG
FAVFMVHLATIPITGTGINPARSLGAAVVYNNSKAWSDOWIFWVGPFIGAATIAALYHQIVLRASARGYGSF
RSNA

>ZmPIP2;5
MAKDIEAAAAHEGKDYSDPPPAPLVDAEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQTDAAASGP
DAACGGVGVLGIAWAFGGMIFILVYCTAGVSGGHINPAVTFGLFLARKVSLVRALLYIVAQCLGAICGVGL
VKGFQSAFYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFAVFE
MVHLATIPITGTGINPARSLGAAVIYNNDKAWDDHWIFWVGPFIGAAIAAAYHQYVLRASAAKLGSSASFEFS
R

>ZmPIP2; 7
MAKDVEQVTEQGEYSAKDYHDPPPAPLIDPDELTKWSLYRAAIAEFIATLLFLYITVLTIIGYKRQSDTKI
PGNTECDGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVIFGLFLGRKVSLVRALLYMIAQCAGAICGA
GLAKGFQKSFYNRYGGGVNTVSDGYNKGTALGAEI IGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFA
VFMVHLATIPVTGTGINPARSFGPAVIFNNDKAWDDOWIYWVGPFVGAAVAAIYHQYILRGSAIKALGSFR
SNA

>0sPIP2;1
Mgkdevmesggaagefaakdytdpppaplidaaelgswslyraviaefiatllflyitvatvigykhgtda
sasgadaacggvgvlgiawafggmifilvyctagisgghinpavtfglflarkvslvrailyivaqclgai
cgvglvkafgsayfnrygggantlaagyskgtglaaeiigtfvlvytvisatdpkrnardshvpvlaplpi
gfavfmvhlatipitgtginparsigaavifnnekawhnhwifwvgpfvgaaiaafyhqgyilragaikalg
sfrsna

>0sPIP2;2
Makdieasapeggefsakdytdpppaplidveeltkwslyraviaefiatllflyitvatvigykhgsdat
vnttdaacsgvgilgiawafggmifilvyctagisgghinpavtfglflarkvsliravlyiiaqgclgaic
gvglvkgfgssyyaryggganelsdgyskgtglgaeiigtfvlvytvfsatdpkrnardshipvlaplpig
favfmvhlatipitgtginparslgtaviynkdkawddgwifwvgpligaaiaaayhqyvlrasaaklgsy
rsna

>0sPIP2;3
Makdieaaaaaeggeymakdysdpppaplidaeeltkwslyraviaefvatllflyitvatvigykhgsdp
ganaadaacsgvgilgiawafggmifilvyctagvsgghinpavtfglflarkvslvravlyivagslgai
cgvglvkgfgsafyvryggganelsdgyskgtglaaeiigtfvlvytvfsatdpkrnardshvpvlaplpi
gfavfmvhlatipitgtginparslgaaviynghkawhdhwifwvgpligaaiaaayhgyvlrasaaklgs
sssfrg

>0sPIP2;4
Mgkevdvstleaggardyidpppaplvdvdelgkwslyraliaefvatllflyvtvatvigykhgtdaavn
gadaacggvgvlgiawafggmifilvyctagvsgghinpavtlglflarkvslvrallymaaqgclgaicgv
alvkgfgsslydryggganelaagystgtglaaeiigtfvlvytvisatdpkrnardshvpvlaplpigfa
vifmvhlatipitgtginparslgvavvynnnkawsdgqwifwvgpfigaaiaalyhgvilrasargygsfrs
na
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>0sPIP2;5
Mgkeadveaggvrdyedpppaplvdidelgrwslyraviaefvatllflyvtvatvigykhgtdasasgdd
aacggvgvlgiawafggmifilvyctagisgghinpavtfglflarkvslvrailyivagclgavcgvalv
kgfgssfydryggganelaagyskgtglaaeiigtfvlvytvisatdpkrnardshvpvlaplpigfavim
vhlatipvtgtginparslgaavvynnskawsdgwifwvgpfigaaiaalyhgivlrasargygsfrsna

>0sPIP2;6
Mskevseepehvrpkdytdpppaplfdvgelrlwsfyraliaefiatllflyitvatvigykvgssadgcg
gvgtlgiawafggmifilvyctagisgghinpavtfglllarkvsviravmyivaqgclggivgvgivkgim
khgynanggganmvasgystgtalgaeiigtfvlvytvfsatdpkrnardshvpvlaplpigfavfmvhla
tipitgtginparsigaaviyngkkawddhwifwagpfigalaaaayhqgyilraaaikalgsfrsnpsn

>0sPIP2; 7
Maskeevavetveggaaaakapywdpppaplldtselgkwslyraliaefmatliflyvsiatvigyknqgr
atvdactgvgylgvawsfgatifvlvyctggvsgghinpavtlglffgrklslvrtvlyvvaqclgaiaga
givkgimkrpydalgggantvsdgysaagalgaeivgtfilvytvisatdpkrtardsfipvlvplpigfa
vfvvhlatipitgtginparslgaavlynghaawkdhwifwvgpvigaflaaayhklvlrgeaakalssfr
stsvta

>0sPIP2;8
Maagsgsgsnpkdygdpppaplvdtgelgkwslyraaiaeftatlllvcisvstvigekrgsgeggagvlg
iawafgglifvlvyctagisgghmnpavtfamvlarrvslpraalytmagcvgavcgaglaramhggggya
rhggganelaagysagagvvaemnvgtfvlvytvisatdpkrkardshvpvlaplpiglavlvvhlatipit
gtginparslgpalvlglgttkawshlwifwvgpfagaaaamiyhhyilrgaaakafasssyrsphf

>AtPIP2;1
MAKDVEAVPGEGFQTRDYQDPPPAPFIDGAELKKWSEYRAVIAEFVATLLELYITVLTVIGYKIQSDTDAG
GVDCGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLPRALLYITAQCLGAICGVGE
VKAFQSSYYTRYGGGANSLADGYSTGTGLAAEIIGTEVLVYTVEFSATDPKRSARDSHVPVLAPLPIGFAVE
MVHLATIPITGTGINPARSFGAAVIYNKSKPWDDHWIFWVGPEF IGAATAAFYHQFVLRASGSKSLGSEFRSA
ANV

>AtPIP2;2
MAKDVEGPEGFQTRDYEDPPPTPFFDADELTKWSLYRAVIAEFVATLLFLYITVLTVIGYKIQSDTKAGGV
DCGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTIFGLFLARKVSLIRAVLYMVAQCLGAICGVGEVK
AFQSSYYDRYGGGANSLADGYNTGTGLAAEIIGTEFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFAVEMV
HLATIPITGTGINPARSFGAAVIYNKSKPWDDHWIFWVGPFIGAAIAAFYHQFVLRASGSKSLGSFRSAAN
\Y%

>AtPIP2;3
MAKDVEGPDGFQTRDYEDPPPTPFFDAEELTKWSLYRAVIAEFVATLLFLYVTVLTVIGYKIQSDTKAGGV
DCGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLIRAVLYMVAQCLGAICGVGEVK
AFQSSHYVNYGGGANFLADGYNTGTGLAAEIIGTEFVLVYTVEFSATDPKRNARDSHVPVLAPLPIGFAVEMV
HLATIPITGTGINPARSFGAAVIFENKS
KPWDDHWIFWVGPEFIGATIAAFYHQFVLRASGSKSLGSFRSAANV

>AtPIP2; 4
MAKDLDVNESGPPAARDYKDPPPAPFFDMEELRKWPLYRAVIAEFVATLLFLYVSILTVIGYKAQTDATAG
GVDCGGVGILGIAWAFGGMIFVLVYCTAGISGGHINPAVTVGLFLARKVSLVRTVLYIVAQCLGAICGCGE
VKAFQSSYYTRYGGGANELADGYNKGTGLGAEIIGTFVLVYTVEFSATDPKRNARDSHVPVLAPLPIGFAVE
MVHLATIPITGTGINPARSFGAAVIYNNEKAWDDOQWIFWVGPMIGAAAAAFYHQF ILRAAATIKALGSEFGSE
GSFRSFA

>AtPIP2;5

MTKEVVGDKRSEFSGKDYQDPPPEPLFDATELGKWSFYRALIAEFIATLLEFLYVTIMIVIGYKSQTDPALNP
DOQCTGVGVLGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLLLARKVTLVRAVMYMVAQCLGAICGVALV
KAFQSAYFTRYGGGANGLSDGYSIGTGVAAEIIGTEVLVYTVESATDPKRSARDSHVPVLAPLPIGFAVET
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VHLATIPITGTGINPARSLGAAIIYNKDKAWDHHWIFWVGPFAGAATAAFYHQFVLRAGAIKALGSEFRSQP
HV

>AtPIP2;6
MTKDELTEEESLSGKDYLDPPPVKTFEVRELKKWSFYRAVIAEFIATLLEFLYVIVLTVIGFKSQTDINAGG
GACASVGLLGISWAFGGMIFILVYCTAGISGGHINPAVTEFGLEFLASKVSLVRAVSYMVAQCLGATCGVGLV
KVFQSTYYNRYGGGANMLSDGYNVGVGVGAEIIGTEVLVYTVESATDPKRNARDSHIPVLAPLPIGESVEM
VHLATIPITGTGINPARSFGAAVIYNNQKAWDDOWIFWVGPFVGAAIAAFYHQFVLRAGAMKAYGSVRSQL
HELHA

>AtPIP2; 7
MSKEVSEEGKTHHGKDYVDPPPAPLLDMGELKSWSFYRALIAEFIATLLFLYVTVATVIGHKKQTGPCDGV
GLLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALGYMIAQCLGAICGVGEFVKAFMKT
PYNTLGGGANTVADGYSKGTALGAEIIGTEFVLVYTVEFSATDPKRSARDSHIPVLAPLPIGFAVFMVHLATI
PITGTGINPARSFGAAVIYNNEKAWDDOWIFWVGPFLGALAAAAYHQYILRASATIKALGSFRSNATN

>AtPIP2;8
MSKEVSEEGRHGKDYVDPPPAPLLDMAELKLWSEFYRAIIAEFIATLLFLYVIVATVIGHKNQTGPCGGVGL
LGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLPRAVAYMVAQCLGAICGVGLVKAFMMTPY
KRLGGGANTVADGYSTGTALGAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIGFAVEFMVHLATIPI
TGTGINPARSFGAAVIYNNEKAWDDHWIFWVGPEVGALAAAAYHQYILRAAATIKALASFRSNPTN
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TIPs

>HvTIP1;1
MPVSRIAVGSHREVYEVGALKAALAEFISTLIFVFAGQGSGMAFSKLSPDGVATPAGLISAATIAHAFALFV
AVSVGANISGGHVNPAVTFGAFVGGNITLFRGLLYWVAQLLGSTAACFLLRFSTGGLPTGTFGLTGIGAWE
AVVLEIVMTFGLVYTVYATAVDPKKGSLGTIAPIAIGFIVGANILVGGAFSGASMNPAVSFGPALVSWEWG
YOWVYWVGPLIGGGLAGVIYELLFISRTHEQLPTTDY

>HvTIP1; 2
MPVSRIAIGAPGELSHPDTFRAGVAEFISMLIFVFAGSGSGMAFGKLTDGGAATPAGLISAALAHAFALEV
AVSVGANISGGHVNPAVTFGAFVGGNISLLKAVVYWVAQLLGSVIACLLLKIATGGEAVGAFSLSAGVGVW
NAVVFEIVMTFGLVYTVYATAVDPKRGDLGVIAPIAIGFIVGANILAGGAFDGASMNPAVSFGPAVVSGVW
ENHWVYWLGPFAGAAIAALVYDICFIGQRPHEQLPTAEY

>HVTIP2;1
MVKLAFGSCGDSFSATSIRAYVAEFIATLLFVFAGVGSAIAYGKLTEDGALDPAGLVAIAIAHAFALFVGV
ATAANISGGHLNPAVTFGLAVGGHITILTGIFYWVAQLLGSAAACFLLKFVTHGKAIPTHAVAAGMNEFEG
VVMEIVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNFAG
NWVYWVGPLIGGGLAGFVYGDVEFIASYQPVADQDYA

>SHVTIP2; 2
MVKLAFGSEFGDSFSATSIRSYVAEFIATLLFVFAGVGSAISYGQLTQGGALDPAGLVAIATAHAFALFVGV
AMAANISGGHLNPAVTFGLAVGGHVTILTGLFYWVAQLLGASVACLLLQFVTHAQAMPTHAVSGISEVEGV
VMEIVITFALVYTVYATAADPKKGSLGTIAPMAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNE SGH
WVYWVGPLIGGGLAGLVYGDVFIASYQPVGHQQEYP

>HvTIP2;3
MPGSIAFGREFDDSFSVASLKAYVAEFISTLIFVFAGVGSAIAYTKVSGGAPLDPSGLIAVAICHGEFGLFVA
VAIGANISGGHVNPAVTFGLALGGQITILTGLEFYWVAQLLGAIVGAFLVQFCTGVATPTHGLSGVGAFEGV
VMEIIVTFGLVYTVYATAADPKKGSLGTIAPIAIGFIVGANILVAGPEFSGGSMNPARSFGPAVASGDETNI
WIYWAGPLIGGGLAGIVYRYLYMCDNHTPVASNDY

>HVTIP3;1
MSTAARSTGRRGFTMGRSEDATHPDTIRAAISEFLATAIFVFAAEGSILSLGKLYHDMSTAGGLVAVALAH
ALALAVAVSVAVNISGGHVNPAITFGALLGGRITLVRALFYWIAQLLGAIVASLLLRLTTGGMRPPGFEFSLA
SGVGDWHAVLLEAVMTFGLMYAYYATLIDPKRGHVGTIGPLAVGFLLGANILAGGPFDGAAMNPARVFEGPA
LVGWRWRHHWVYWLGPFLGSGIAGLLYEYVVIPSTETAAHAHQPLAPEDY

>HvTIP4;1
MAATKHADSFDEREVAVVDAGCVRAVLGELVLTFLFVFTGVAAAMAAGVPELPGAAMPMATLAGVALAQAL
AAGVLVTAGFHVSGGHLNPAVTVALLARGHITAFRAVLYVVAQLLASSLACILLRCLTGGQPTPVPVHTLG
AGIGPMQGLVMEIILTFSLLEVVYATILDPRTTVPGYGPMLTGLIVGANTIAGGNFSGASMNPARSEFGPAL
ATGVWINHWIYWVGPLVGGPLAGFVYEMVEMVKKTHEPLLGWDF

>HvTIPS5;1
MASNLRVHLKHCFSPPSLRSYFAEFISTFLFVFTAVGSAISARMLTPDVTSNASSLVATAVAQSFGLFAAV
FIAADVSGGHVNPAVTFAFAIGGHIGVPTAIFYWTCQLLGSTLACLVLHFLSAGQAVPTTRIAVEMTGFGA
SIVEGVMTFMVVYTVHVAGDPRGQGRKGLATSALGALVVGLVTGACVLAAGSLTGASMNPARSFGPAVVSG
DEFKNQAVYWAGPMIGAAVAALVHQONLVFPSAPEPLPHESRHGSVETVVV

>7ZmTIP1;1
MPINRIALGSHQEVYHPGALKAAFAEFISTLIFVFAGQGSGMAFSKLTGGGPTTPAGLIAAAVAHAFALFV
AVSVGANISGGHVNPAVTFGAFVGGNITLFRGLLYWVAQLLGSTVACFLLRFSTGGQATGTFGLTGVSVWE
ALVLEIVMTFGLVYTVYATAVDPKKGSLGTIAPIAIGFIVGANILVGGAFDGASMNPAVSFGPALVSWEWG
YOWVYWVGPLIGGGLAGVIYELLFISHTHEQLPSTDY
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>ZmTIP1; 2
MPVSRIAVGAPGELSHPDTAKAAVAEFISTLIFVFAGSGSGMAFSKLTDGGAATPAGLIAASLAHALALFV
AVSVGANISGGHVNPAVTFGAFVGGNISLLKALVYWVAQLLGSVVACLLLKIATGGAALGAFSLSAGVGAM
NAVVLEMVMTFGLVYTVYATAVDPKKGDLGVIAPIAIGFIVGANILAGGAFDGASMNPAVSEFGPAVVTGVW
ENHWVYWVGPLAGAATIAALVYDITIFIGQRPHQQLPTTAADY

>ZmTIP2;1
MVKLAFGSVGDSFSATSIKAYVAEFIATLLFVFAGVGSAIAYGQLTNGGALDPAGLVAIAIAHALALEVGV
SVAANISGGHLNPAVTFGLAVGGHITILTGVEFYWVAQLLGATVACLLLGFVTHGKAIPTHAVAGISELEGV
VFEVVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGDEFAGN
WVYWVGPLVGGGLAGLVYGDVEFIGGSYQQVADQDYA

>ZmTIP2; 2
MVKLAFGSVGDSFSVTSIKAYVAEFIATLLEVFAGVGSAIAFGQLTNGGALDPAGLVAIAVAHALALEVGY
SVAANTSGGHLNPAVTFGLAVGGHITVLTGLFYWVAQLLGASVACLLLRFVTHGKAIPTHGVSGGTTELEG
VVFEIVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAADFAG
NWVYWVGPLIGGGLAGLVYGDVFIGGSYQQVADQDYA

>7ZmTIP2; 3
MVKLAFGSFRDSLSAASLKAYVAEFIATLLFVFAGVGSAIAYSQLTKGGALDPAGLVAIAIAHAFALEFVGV
SMAANISGGHLNPAVTFGLAVGGHITILTGILYWVAQLLGASVACFLLQYVTHGQAIPTHGVSGISEIEGV
VMEIVITFALVYTVYATAADPKKGSLGTIAPMAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNEFAGN
WVYWVGPLVGGGLAGLVYGDVFIASYQPVGQQEYP

>ZmTIP3;1
MSTGVRPGRREFTVGRSEDATHPDTIRAAISEFIATAIFVFAAEGSVLSLGKMYHDMSTAGGLVAVALAHAL
ALAVAVAVAVNISGGHVNPAVTFGALVGGRVSLVRAVLYWVAQLLGAVAATLLLRLATGGMRPPGFALASG
VGDWHAVLLEAVMTFGLMYAYYATVIDPKRGHVGTIAPLAVGF LLGANVLAGGPFDGAGMNPARVEGPALV
GWRWRHHWVYWLGPFLGAGLAGLVYEYLVIPSADAAVPHAHQPLAPEDY

>ZmTIP3; 2
MSTATGVRAGRRFTVGRSEDATHPDTIRAAISEFIATAIFVFAAEGSVLSLGKMYHDHSTISTAGGLVAVA
LAHALGLAVAVAVAVNVSGGHVNPAVTFGALVGGRVSLVRAVLYWAAQLLGAVAATLLLRLATGGARPPGF
ALASGVGDGHAVLLEAVMTEFGEFVYAYYATVVDPKRGHLGTIAPLAVGFLLGANVLAGGPFDGAGMNPARVE
GPALVGWRWRHHWVYWLGPFLGAGLAGLVYEYLLIPPADAVPHTHQPLAPEDY

>7ZmTIP4;1
MAKLMNKLVDSFEHDEIPDVGCVRAVLAELVLTFLFVFTGVSAAMAAGSDGKPGDAMPMATLAAVAIAHAL
AAGVLVTAGFHVSGGHLNPAVITVGLMVRGHITKLRAVLYVAAQLLASSAACVLLRFLSGGMVTPVHALGRG
ISPMQGLVMEVILTFSLLFVTYAMILDPRSQVRAIGPLLTGLIVGANSLAGGNEFTGASMNPARSFGPALAT
GDWTNHWVYWIGPLLGGPLAGFVYESLFLVQKMHEPLLNGEV

>7ZmTIP4; 2
MAKLVNKLVDSFDHDEAPAPDVGCVRAVLAELVLTFLFVFTGVSASMAAGAGGKPGEAMPMATLAAVAIAH
ALAAGVLVTAGFHVSGGHLNPAVTVGILVRGHITKLRALLYVAAQLLASSLACILLRYLSGGMVTPVHALG
AGIRPMQGLVMEVILTFSLLFVTYAMILDPRSQVRTIGPLLTGLIVGANSLAGGNF TGASMNPARSFGPAM
ATGVWTNHWVYWIGPLLGGSLAGFVYESLFMVNKTHEPLLNGDI

>7ZmTIP4; 3
MGKLTLGHRGEASEPDFFRGVLGELVLTFLFVFIGVGAAMTDGATTKGSTAGGDLTAVALGQALVVAVIAT
AGFHISGGHVNPAVTLSLAVGGHVTLFRSSLYIAAQMLASSAACFLLRWLTGGLATPVHALAEGVGPLQGV
VAEAVFTFSLLFVIYATILDPRKLLPGAGPLLTGLLVGANSVAGAALSGASMNPARSFGPAVASGVWTHHW
VYWVGPLAGGPLAVLVYECCFMAAAPTHDLLPQQDP

>7ZmTIP4; 4
MAKFALGHHREASDAGCVRAVLAELILTFLFVFAGVGSAMATGKLAGGGGDTVVGLTAVALAHTLVVAVMV
SAGLHVSGGHINPAVTLGLAATGRITLFRSALYVAAQLLGSTLACLLLAFLAVADSGVPVHALGAGVGALR
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GVLMEAVLTFSLLFAVYATVVDPRRAVGGMGPLLVGLVVGANVLAGGPFSGASMNPARSFGPALVAGVWAD
HWVYWVGPLIGGPLAGLVYDGLEFMAQGGHEPLPRDDTDF

>ZmTIP5;1
MASNNLLVDLKRCFSAPSLRSYLAEFISTFLEVETAVGSAISARMLTTPDVTSSAGPLVATAVAQAFGLFA
AVLIAADVSGGHVNPAVTFAYAIGGRIGVPSAMEYWASQLLGATFACLSLNLESAGEEVPTTRIAVAMTGE
GGAVLEGVLTFLLVYTVHVVGEREPRSRGGDGKREFAATALGALAVGLTQGAFVLAAGALTGASMNPARSE
GPAVVSGHFKNQAVYWAGPMVGAAVAALVYQIMACPSVTGNVEAVVV

>0sTIP1;1
MPIRNIAVGSHQEVYHPGALKAALAEFISTLIFVFAGQGSGMAFSKLTGGGATTPAGLIAAAVAHAFALFV
AVSVGANISGGHVNPAVTFGAFVGGNITLFRGLLYWIAQLLGSTVACFLLRFSTGGLATGTFGLTGVSVWE
ALVLEIVMTFGLVYTVYATAVDPKKGSLGTIAPIAIGFIVGANILVGGAFDGASMNPAVSFGPALVSWSWE
SOWVYWVGPLIGGGLAGVIYEVLFISHTHEQLPTTDY

>0sTIP1;2
MPVSRIAVGAPGELSHPDTAKAAVAEFISMLIFVFAGSGSGMAFSKLTDGGGTTPSGLIAASLAHALALFV
AVAVGANISGGHVNPAVTFGAFVGGNISLVKAVVYWVAQLLGSVVACLLLKIATGGAAVGAF SLSAGVGAW
NAVVFEIVMTFGLVYTVYATAVDPKKGDLGVIAPIAIGFIVGANILAGGAFDGASMNPAVSEFGPAVVTGVW
DNHWVYWLGPEFVGAATAALIYDIIFIGQRPHDQLPTADY

>0sTIP2;1
MVKLAFGSLGDSFSATSVKAYVAEFIATLLFVFAGVGSAIAYGQLTNGGALDPAGLVAIAIAHALALEVGV
SVAANISGGHLNPAVTFGLAVGGHITILTGLEFYWIAQLLGASIACLLLKFVTHGKAIPTHGVAGISELEGV
VMEIVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNEFAGN
WVYWVGPLIGGGLAGLVYGDVFIGSYQPVADQDYA

>0sTIP2; 2
MSGNIAFGRFDDSFSAASLKAYVAEFISTLVEVFAGVGSAIAYTKLTGGAPLDPAGLVAVAVCHGFGLFVA
VAIGANISGGHVNPAVTFGLALGGQITILTGVFYWIAQLLGAIVGAVLVQFCTGVATPTHGLSGVGAFEGY
VMEIIVIFGLVYTVYATAADPKKGSLGTIAPIAIGFIVGANILVAGPFSGGSMNPARSFGPAVASGDYTNI
WIYWVGPLVGGGLAGLVYRYVYMCGDHAPVASSEF

>0sTIP3;1
MSTAAARPGRRFTVGRSEDATHPDTIRAAISEFLATAIFVFAAEGSILSLGKLYQDMSTPGGLVAVSLAHA
LALAVAVAVAVNISGGHVNPAITFGALLGGRLSLIRALFYWLAQLLGAVVATLLLRLTTGGMRPPGFALAS
GVGDWHAVLLEATMTFGLMYAYYATVIDPKRGHVGTIAPLAVGFLLGANMLAGGPFDGAGMNPARVFGPAL
VGWRWRHHWVYWLGPFVGAGLAGLLYEYLVIPSADAAPHGGAHQPLAPEDY

>0sTIP3;2
MLPGRHTPRRADAAAAAAAMEPLVPGATRAALSEFVATAVFVFAAEGSVYGLWKMYRDTGTLGGLLVVAVA
HALALAAAVAVSRNASGGHVNPAVTEFGVLVGRRISFARAALYWAAQLLGAVLAVLLLRLASGGMRPMGFTL
GHRIHERHALLLEVVMTFGLVYTVYATAVDRRSGGGDIAPLAIGLVAGANILAGGPFDGAAMNPARAFGPA
LVGWNWRHHWVYWLGPLIGAGMAGALYEFVMAEQPEPPAAADTRLPVAAEDY

>0sTIP4;1
MAKEVDPCDHGEVVDAGCVRAVLAELVLTFVFVFTGVAATMAAGVPEVAGAAMPMAALAGVAIATALAAGV
LVTAGFHVSGGHLNPAVTVALLARGHITAFRSALYVAAQLLASSLACILLRYLTGGMATPVHTLGSGIGPM
QGLVMEIILTFSLLFVVYATILDPRSSVPGFGPLLTGLIVGANTIAGGNFSGASMNPARSFGPALATGVWT
HHWIYWLGPLIGGPLAGLVYESLFLVKRTHEPLLDNSF

>0sTIP4; 2
MPLLPMTKLELGHRGEAWEPGCLRAVAGELLFTFLFVFIGVASTITAGKAAGGAGEAAAVTAAAMAQALVV
AVLATAGFHVSGGHLNPAVTLSLAVGGHITLFRSALYVAAQLAGSSLACLLLRCLTGGAATPVHALADGVG
PVQGVAAEAVFTFTLLLVICATILDPRRAAPPGTGPLLTGLLVGANTVAGGALTGASMNPARSEFGPALATG
EWAHHWVYWVGPLAGGPLAVVAYELLFMDVEDAGGAHQPLPQE



19

>0sTIP4;3
MAKLALGHHREATDPGCLRAVVAELLLTFLFVFSGVGSAMAAAKLGGGGDTIMGLTAVAAAHALVVAVMVS
AGLHVSGGHINPAVTLGLAAGGHITLFRSALYAAAQLLGSSLACLLLAALTGGEEAVPVHAPAPGVGAARA
VAMEAVLTFSLLFAVYATVVDRRRAVGALGPLLVGLVVGANILAGGPYSGASMNPARSFGPALAAGEWADH
WIYWVGPLIGGPLAGLVYEGLFMGPPGHEPLPRNDGDF

>0sTIP5;1
MANICANMKRCFSPPALRAYFAEFFSTFLFVFIAVGSTISARMLTPDETSDASSLMATAVAQAFGLFAAVE
IAADVSGGHVNPAVTFAYAIGGHITVPSAIFYWASOMLGSTFACLVLHYISAGQAVPTTRIAVEMTGEFGAG
ILEGVLTFMVVYTVHVAGDPRGGGFGGRKGPAATALGALVVGAVTGACVLAAGSLTGASMNPARSFGPAVV
SGHYSNQAVYWAGPMVGAAVAALVHQALVFPTVPEPAPAPATNESARHGSVQTVVV

>AtTIPI1;1
MPIRNIAIGRPDEATRPDALKAALAEFISTLIFVVAGSGSGMAFNKLTENGATTPSGLVAAAVAHAFGLEV
AVSVGANISGGHVNPAVTFGAFIGGNITLLRGILYWIAQLLGSVVACLILKFATGGLAVPAFGLSAGVGVL
NAFVFEIVMTEFGLVYTVYATAIDPKNGSLGTIAPIAIGFIVGANILAGGAF SGASMNPAVAFGPAVVSWTW
TNHWVYWAGPLVGGGIAGLIYEVEFFINTTHEQLPTTDY

>AtTIP1; 2
MPTRNIAIGGVQEEVYHPNALRAALAEFISTLIFVFAGSGSGIAFNKITDNGATTPSGLVAAALAHAFGLFE
VAVSVGANISGGHVNPAVTFGVLLGGNITLLRGILYWIAQLLGSVAACFLLSFATGGEPIPAFGLSAGVGS
LNALVFEIVMTEFGLVYTVYATAVDPKNGSLGTIAPIAIGE IVGANILAGGAF SGASMNPAVAFGPAVVSWT
WINHWVYWAGPLIGGGLAGIIYDFVEIDENAHEQLPTTDY

>AtTIP1;3
MPINRIAIGTPGEASRPDAIRAAFAEFFSMVIFVEFAGQGSGMAYGKLTGDGPATPAGLVAASLSHAFALEV
AVSVGANVSGGHVNPAVTFGAFIGGNITLLRAILYWIAQLLGAVVACLLLKVSTGGMETAAFSLSYGVTPW
NAVVFEIVMTEFGLVYTVYATAVDPKKGDIGIIAPLAIGLIVGANILVGGAFDGASMNPAVSFGPAVVSWIW
TNHWVYWVGPFIGAATAAIVYDTIFIGSNGHEPLPSNDF

>AtTIP2;1
MAGVAFGSEFDDSEFSLASLRAYLAEFISTLLEVFAGVGSATIAYAKLTSDAALDTPGLVAIAVCHGEFALEVAV
AIGANISGGHVNPAVTFGLAVGGQITVITGVEYWIAQLLGSTAACFLLKYVTGGLAVPTHSVAAGLGSIEG
VVMEITITFALVYTVYATAADPKKGSLGTIAPLAIGLIVGANILAAGPFSGGSMNPARSEFGPAVAAGDESG
HWVYWVGPLIGGGLAGLIYGNVFMGSSEHVPLASADFE

>AtTIP2;2
MVKIEIGSVGDSEFSVASLKAYLSEFIATLLEFVFAGVGSALAFAKLTSDAALDPAGLVAVAVAHAFALEVGV
SIAANISGGHLNPAVTLGLAVGGNITVITGFFYWIAQCLGSIVACLLLVEVINGESVPTHGVAAGLGAIEG
VVMEIVVTFALVYTVYATAADPKKGSLGTIAPIAIGEF IVGANILAAGPEFSGGSMNPARSFGPAVVSGDESQ
IWIYWVGPLVGGALAGLIYGDVEFIGSYAPAPTTESYP

>AtTIP2;3
MVKIEVGSVGDSEFSVSSLKAYLSEFIATLLEVFAGVGSAVAFAKLTSDGALDPAGLVAIATAHAFALEVGV
SIAANISGGHLNPAVTLGLAIGGNITLITGFFYWIAQCLGSIVACLLLVEVTINGKSVPTHGVSAGLGAVEG
VVMEIVVTFALVYTVYATAADPKKGSLGTIAPIAIGEF IVGANILAAGPEFSGGSMNPARSFGPAVVSGDLSQ
IWIYWVGPLVGGALAGLIYGDVEFIGSYEAVETREIRV

>AtTIP3;1
MATSARRAYGFGRADEATHPDSIRATLAEFLSTFVEFVFAAEGSILSLDKLYWEHAAHAGTNTPGGLILVAL
AHAFALFAAVSAAINVSGGHVNPAVTFGALVGGRVTAIRAIYYWIAQLLGAILACLLLRLTTNGMRPVGER
LASGVGAVNGLVLEIILTFGLVYVVYSTLIDPKRGSLGITIAPLAIGLIVGANILVGGPESGASMNPARAFG
PALVGWRWHDHWIYWVGPFIGSALAALIYEYMVIPTEPPTHHAHGVHQPLAPEDY
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>AtTIP3;2
MATSARRAYGFGRADEATHPDSIRATLAEFLSTEVEFVFAGEGSILALDKLYWDTAAHTGTNTPGGLVLVAL
AHALALFAAVSAAINVSGGHVNPAVTFAALIGGRISVIRAIYYWVAQLIGAILACLLLRLATNGLRPVGFH
VASGVSELHGLLMEIILTFALVYVVYSTAIDPKRGSIGIIAPLAIGLIVGANILVGGPEDGASMNPARAFG
PALVGWRWSNHWIYWVGPFIGGALAALIYEYMIIPSVNEPPHHSTHQPLAPEDY

>AtTIP4;1
MKKIELGHHSEAAKPDCIKALIVEFITTFLEVEFAGVGSAMATDSLVGNTLVGLEFAVAVAHAFVVAVMISAG
HISGGHLNPAVTLGLLLGGHISVFRAFLYWIDQLLASSAACFLLSYLTGGMGTPVHTLASGVSYTQGIIWE
ITILTFSLLFTVYATIVDPKKGSLDGEFGPLLTGFVVGANILAGGAF SGASMNPARSEFGPALVSGNWTDHWVY
WVGPLIGGGLAGFIYENVLIDRPHVPVADDEQPLLN

>AtTIP5;1
MRRMIPTSFSSKFQGVLSMNALRCYVSEFISTFFFVLAAVGSVMSSRKLMAGDVSGPFGVLIPAIANALAL
SSSVYISWNVSGGHVNPAVTFAMAVAGRISVPTAMFYWTSQMIASVMACLVLKVTVMEQHVPIYKIAGEMT
GFGASVLEGVLAFVLVYTVFTASDPRRGLPLAVGPIF IGFVAGANVLAAGPFSGGSMNPACAFGSAMVYGS
FKNQAVYWVGPLLGGATAALVYDNVVVPVEDDRGSSTGDAIGV
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NIPs

>HVNIP1;1
MAGGGDNSQTNGGAQEPRAMEEGRKEDYDQGCGLAISLPFVQKIIAEIFGTYFLIFAGCGAVTINKSKGQI
TFPGVAIVWGLAVMVMVYSVGHISGAHFNPAVTFAFATVRRFPWROQVPAYVLAQOMLGATLASGTLRLMFGG
RHEHFPGTLPTGSDVQSLVLEFIITFYLMFVISGVATDNRAIGELAGLAVGATILLNVLIAGPVSGASMNP
ARTVGPALVGSEYRSIWVYVVGPVAGAVAGAWAYNLIRFTNKPLREITKSTSFLRSMSRMNSVSV

>HVNIPL1; 2
MEPINSRSILINTRIQTRDRDRDRDRDRQPDKERGMKGESGSARMAGGGGEHGANGLQEQDHAGALEEGRG
GANHPAGCENSEQDLISTSNQPMISVQFVQKVLAEILGTYLLIFAGCAAVAVNKRTAGTVTFPGICITWGL
AVMVMVYSVGHISGAHLNPAVTLAFATCGRFPWRQVPAYAAAQVVGSTAASLTLRLLFGSEPEHFFGTVPA
GSDVQSLVLEFIITFYLMEFVISGVATDNRAIGELAGLAVGATVLLNVLFAGPISGASMNPARTIGPAMVAG
RYTSIWLYIVGPISGAVAGAWAYNLIRFTNKPLREITRTGSFLRSARMS

>HVNIP2;1
MSVTSNTPTRANSRVNYSNEIHDLSTVQDGAPSLAPSMYYQEKSFADFFPPHLLKKVISELVATFLLVEVT
CGAASIYGADVTRVSQLGQSVVGGLIVTVMIYATGHISGAHMNPAVTLSFACFRHFPWIQVPFYWAAQFTG
AMCAAFVLRAVLHPITVLGTTTPTGPHWHALVIEIIVTENMMF ITCAVATDSRAVGELAGLAVGSAVCITS
IFAGPVSGGSMNPARTLAPAVASGVYTGLWIYFLGPVIGTLSGAWVYTYIRFEEEPSVKDGPQKLSSFKLR
RLOSQRSMAVDEFDHV

>HVNIP5634
MMEVTCAVATDSRAVGELAGLAVGSAVCITSIFAGPVSGGSMNPARTLAPAVASGVYTGLWIYFLGPVIGT
LSGAWVYTYIRFEEAPSVKDGPQKLSSFKLRRLOSQRSMAVDEFDHV

>ZmNIP1;1
MAGGGDHSQTNGGHVDQRALEEGRKEEFADQGCAAMVVSVPFIQKIIAEIFGTYFLMFAGCGAVTINASKN
GQITFPGVAIVWGLAVMVMVYAVGHISGAHFNPAVTLAFATSGRFPWRQLPAYVLAQOMLGATLASGTLRLM
FGGRHEHFPGTLPTGSEVQSLVIEIITTFYLMFVISGVATDNRAIGELAGLAVGATILLNVLIAGPVSGAS
MNPARSVGPALVSGEYTSIWVYVVGPVVGAVAGAWAYNLIRFTNKPLREITKSTSFLKSTSRMNSAASA

>ZmNIP2; 1
MSTNSRSNSRANFNNEIHDIGTAQONSSMPPTYYDRSLADIFPPHLLKKVVSEVVSTFLLVEVTCGAAGIYG
SDKDRISQLGQSVAGGLIVTVMIYAVGHISGAHMNPAVTLAFAVFRHFPWIQVPFYWAAQFTGSICASEVL
KAVLHPIAVLGTTTPTGPHWHSLVIEIIVTFNMMEVTLAVATDTRAVGELAGLAVGSAVCITSIFAGAVSG
GSMNPARTLGPALASNLYTGLWIYFLGPVLGTLSGAWTYTYIRFEEAPSHKDMSQKLSSFKLRRLQSQSVA
VDDDELDHIQV

>ZmNIP2; 2
MAAASTTSRTNSRVNYSNEIHDLSTVQSGSVVPTLFYPDKSIADIFPPHLGKKVISEVVATFLLVEVTCGA
ASIYGEDNRRISQLGQSVAGGLIVIVMIYATGHISGAHMNPAVTLSFACFRHFPWIQVPFYWAAQEFTGAMC
AAFVLKAVLHPIAVIGTTTPSGPHWHALLIEIVVTENMMEVTCAVATDSRAVGELAGLAVGSAVCITSIFA
GPVSGGSMNPARTLAPAVASNVFTGLWIYFLGPVIGTLSGAWVYTYIRFEEAPAAKDTQRLSSFKLRRMQS
QLAADEFDTV

>ZmNIP2; 3
MAASTTSRTNSRVNYSNEIHDLSTVQGGSAAAAAAALFYPDSKSIADIFPPHLGKKVISEVVATFLLVEVT
CGAASIYGEDNARISQLGQOSVAGGLIVTVMIYATGHISGAHMNPAVTLSFACFRHFPWIQVPFYWAAQFTG
AMCAAFVLKAVLQPIAVIGTTTPSGPHWHALAIEIVVTENMMFVTCAVATDSRAVGELAGLAVGSAVCITS
IFAGPVSGGSMNPARTLAPAVASNVETGLWIYFLGPVVGTLSGAWVYTYIRFEEAPAAAKPDTQRLSSFKL
RRMQSQSALAADEFDTV

>ZmNIP3;1
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MEPGSTPPNGSAPATPGTPAPLFSSGGPRVDSLSYERKSMPRCKCLPLPAVEGWGVATHTCVVEIPAPDVS
LTRKLGAEFVGTFILIFFATAAPIVNQKYGGAISPFGNAACAGLAVATVILSTGHISGAHLNPSLTIAFAA
LRHFPWLQVPAYVAVQALASVCAAFALKGVFHPFLSGGVTVPDATVSTAQAFFTEFIISEFNLLEVVTAVAT
DTRAVGELAGIAVGAAVTLNILVAGPTTGGSMNPVRTLGPAVAAGNYRQLWIYLLAPTLGALAGASVYKAV
KLRDENGETPRTQRSFRR

>0sNIP1;1

MAGGDNNSQTTNGGSGHEQRAMEEGRKQEEFAADGQGCGLAFSVPFIQKIIAEIFGTYFLIFAGCGAVTIN
QOSKNGQITFPGVAIVWGLAVMVMVYAVGHISGAHFNPAVTLAFATCRRFPWRQVPAYAAAQMLGATLAAGT
LRLMFGGRHEHFPGTLPAGSDVQSLVLEFIITFYLMFVISGVATDNRAIGELAGLAVGATILLNVLIAGPI
SGASMNPARSLGPAMIGGEYRSIWVYIVGPVAGAVAGAWAYNIIRFTNKPLREITKSGSEFLKSMNRMNSST

>0sNIP1;2
MAGREDGAAAGAMEEGQDSKEVKCESSEDGSSSSSSSRCHGNDVISVQFMOKVHPWCMCMNKNLLILAETIL
GTYFMIFAGCGAVVVNQSTGGAVTFPGICAVWGLVVMVLVYTVSHI SGAHFNPAVTVAFATCGRFRWKQVP
SYVVAQVLGSTMASLTLRVVFGGGGGGARGEHLFFGTTPAGSMAQAAALEFVISFFLMFVVSGVATDNRAT
GELAGLAVGATVAVNVLFAGPVTGASMNPARSLGPAMVAGRYGGVWVYVAAPVSGTVCGAWAYNLLRFTDK
PLRDIANTASFLRRSSRRS

>0sNIP1;3

MAGGEHGVNGQHEETRAMEEGSRDHQARCENSEQDGGSKSSSNNHPME SVQFAQKVIAEILGTFFLIFAGC
AAVAVNKRTGGTVTFPGICITWGLAVMVMVYSVGHISGAHLNPAVTLAFATCGRFPWRRVPAYAAAQVAGS
AAASAALRALFGGAPEHFFGTAPAGSDVQSLAMEFIITFYLMFVVSGVATDNRAIGELAGLAVGATVLVNV
LEAGPISGASMNPARTIGPAIILGRYTGIWVYIAGPVFGAVAGAWAYNLIRFTDKPLREITMTASFIRSTR
RN

>0sNIP1;4
MARREVDDSYTNGSVVEVVSIEEGSKMDKEDDHONPQAPDGGDVVVCGMPMSFTFLOMLLAEFLATEFFLME
AGLGAITVEEKKGAVTFPGVAVAWGAAVMAMVYAVGHVSGAHLNPAVTLGFAVAGRFPWRRAPAYALAQTA
AATAASVVLRLMFGGRHAPVPATLPGGAHAQSLVIEFVITFYLMFVIMAVATDDQAVGHMAGVAVGGT IML
NVLFAGPVSGASMNPARSIGPALVGSKYTALWVYILGPFAGAAAGAWAYSLIRLTGDRTD

>0sNIP2; 1
MASNNSRTNSRANYSNEIHDLSTVONGTMPTMYYGEKAIADFFPPHLLKKVVSEVVATFLLVFMTCGAAGI
SGSDLSRISQLGQSIAGGLIVTVMIYAVGHISGAHMNPAVTLAFAVFRHFPWIQVPFYWAAQFTGAICASF
VLKAVIHPVDVIGTTTPVGPHWHSLVVEVIVIFNMMFVTLAVATDTRAVGELAGLAVGSAVCITSIFAGAI
SGGSMNPARTLGPALASNKFDGLWIYFLGPVMGTLSGAWTYTF IRFEDTPKEGSSQKLSSFKLRRLRSQQS
IAADDVDEMENIQV

>0sNIP2; 2
MASTTAPSRTNSRVNYSNEIHDLSTVQSVSAVPSVYYPEKSFADIFPPNLLKKVISEVVATFLLVEVTCGA
ASIYGEDMKRISQLGQSVVGGLIVIVMIYATGHISGAHMNPAVTLSFAFFRHFPWIQVPFYWAAQEFTGAMC
AAFVLRAVLYPIEVLGTTTPTGPHWHALVIEIVVTENMMEVTCAVATDSRAVGELAGLAVGSAVCITSIFA
GPVSGGSMNPARTLAPAVASNVYTGLWIYFLGPVVGTLSGAWVYTYIRFEEAPAAAGGAAPQKLSSEFKLRR
LOSQSMAADEFDNV

>0sNIP3;1
MEMAAPNGGGAAGMSSPVNGASAPATPGTPAPLFAGPRVDSLSYERKSMPRCKCLPAAVAEAWAPSAHGCV
VEIPAPDVSLTRKLGAEFVGTFILIFFATAAPIVNQKYGGAISPFGNAACAGLAVTTIILSTGHISGAHLN
PSLTIAFAALRHFPWLQVPAYVAVQVLGSICAGFALKGVFHPFLSGGVIVPDPTISTAQAFFTEFIITEFNL
LEVVTAVATDTRAVGELAGIAVGAAVTLNILIAGPTTGGSMNPVRTLGPAVAAGNYRQLWIYLIAPTLGAV
AGAGVYTAVKLRDENGETPRPQRSFRR

>0sNIP3; 2

MEGGKMSSMGMDAASASVTVPPMOMQAGDQSNRIAITIISPRAGSSKILPFELVNGAANAGSQRHADPAEST
PEAHHHLWHPVDLPKIKPPVPLVKKVGAEFFGTFTLIFTVLSTIIMDEQHKGVESLLGIATSAGLAVTVLV
LSLIHISGCHLNPAVSIAMTVFGHLPPAHLLPYIAAQILGSITASFAVKGMYHPVNPGIVTVPKVGTVEAF
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FLEFVITFVLLFIITALATDPNAVKELIAVAVGATIMMNALVAGPSTGASMNPARTLGPAIATGRYTQIWV
YLVATPLGAVAGEGFYFAIKL

>0sNIP3; 3
MEGHKSGMEAVAVAIPPLHTGESNHRIDSNVSSQCHADPAELSDETQQQSLWHLGLRKIIPSSVPLLKKVS
AEFFGTFILIFTVLSTIIMDEQHKSIETLLGIATSAGLAVIVLVLSLIHISGCHLNPAISIAMAVEFGHLPS
AHLLPYISSQILGAVAASFAVKGLYHPVNPGIVIVPNVGTVEAFFVEFIITFFLLFITITALATDPNAVKEL
IAVAVGATVMMNILVAGPSTGASMNPARTIGAATATGRYTQIWVYLVATPLGAIAGTGAYVAIKL

>0sNIP4;1
MTTDHAGKKVDVVVVGNVDGEHVGVEQARHDLHEEAAAAAAADHHATRGLAIGFLIREVMVEGLASEFLVVFE
WSCVAALMQEMYGTLTFPMVCLVVAMTVAFVLSWLGPAHFNPAVTITFAAYRRFPVWPKLPLYVAAQLAGS
LLACLSVNAVMRPRHDHFYGTAPVVVHGTRLPFLMEFLASAVLMIVIATVATDGTAGKTVGGIAIGAAVGG
LGLVIGPVSGGSMNPARTLGPAIVLGRYDGVWIYVVAPVAGMLVGALCNRAVRLSHRIVAFLCGTSVGIAG
SP

>AtNIPI1;1
MADISGNGYGNAREEVVMVNLKDEVEHQQEMEDIHNPRPLKKQODSLLSVSVPFLOKLIAEFLGTYFLVETG
CASVVVNMONDNVVTLPGIAIVWGLTIMVLIYSLGHISGAHINPAVTIAFASCGREFPLKQVPAYVISQVIG
STLAAATLRLLFGLDHDVCSGKHDVEFIGSSPVGSDLOAFTMEFIVTEFYLMFITISGVATDNRAIGELAGLAT
GSTVLLNVLIAAPVSSASMNPGRSLGPALVYGCYKGIWIYLVAPTLGATIAGAWVYNTVRYTDKPLREITKS
GSFLKTVRIGST

>AtNIP1;2
MAEISGNGGDARDGAVVVNLKEEDEQOQOQOQOATHKPLKKQODSLLSISVPFLOKLMAEVLGTYFLIFAGCAA
VAVNTOQHDKAVTLPGIAIVWGLTVMVLVYSLGHISGAHFNPAVTIAFASCGRFPLKQVPAYVISQVIGSTL
AAATLRLLEFGLDQDVCSGKHDVFVGTLPSGSNLQSFVIEFIITFYLMEVISGVATDNRAIGELAGLAVGST
VLLNVIIAGPVSGASMNPGRSLGPAMVYSCYRGLWIYIVSPIVGAVSGAWVYNMVRYTDKPLREITKSGSE
LKTVRNGSSR

>AtNIP2;1
MDDISVSKSNHGNVVVLNIKASSLADTSLPSNKHESSSPPLLSVHFLOKLLAELVGTYYLIFAGCAATIAVN
AQHNHVVTLVGIAVVWGIVIMVLVYCLGHLSAHFNPAVTLALASSQRFPLNQVPAYITVQVIGSTLASATL
RLLEDLNNDVCSKKHDVEFLGSSPSGSDLOAFVMEFIITGFLMLVVCAVITTKRTTEELEGLIIGATVTLNV
IFAGEVSGASMNPARSIGPALVWGCYKGIWIYLLAPTLGAVSGALIHKMLPSIQONAEPEFSKTGSSHKRVT
DLPL

>AtNIP3;1
MIFAGCSAIVVNETYGKPVTLPGIALVWGLVVTVMIYSIGHVSGAHFNPAVSIAFASSKKFPFNQVPGYIA
AQLLGSTLAAAVLRLVFHLDDDVCSLKGDVYVGTYPSNSNTTSFVMEF IATFNLMFVISAVATDKRATGSFE
AGIAIGATIVLDILFSGPISGASMNPARSLGPALIWGCYKDLWLYIVSPVIGALSGAWTYGLLRSTKKSYS
EIIRPNCNKVSSRDROEASQDEICVLRVVDPANQONYFICSSPTDINGKCNVTCKLA

>AtNIP4;1
MSSHSDEIEEEQISRIEKGKGKDCQGGIETVICTSPSIVCLTQKLIAEMIGTYFIVESGCGVVVVNVLYGG
TITFPGICVIWGLIVMVMIYSTGHISGAHFNPAVIVTFAIFRRFPWHQVPLYIGAQFAGSLLASLTLRLMF
KVITPEAFFGTTPADSPARALVAEIIISFLLMFVISGVATDNRAVGELAGIAVGMT IMVNVEVAGPISGASM
NPARSLGPALVMGVYKHIWVYIVGPVLGVISGGEFVYNLIRFTDKPLRELTKSASFLRAVSPSHKGSSSKT

>AtNIP4; 2

MTSHGEEIEDEQISRIEKGNCKDSQGGMETAICSSPSIVCLTQKLIAEMIGTYFIIFSGCGVVVVNVLYGG
TITFPGICVIWGLIVMVMIYSTGHISGAHFNPAVIVTFAVEFRRFPWYQVPLYIGAQLTGSLLASLTLRLMF
NVTPKAFFGTTPTDSSGQALVAEIIISFLLMEVISGVATDSRATGELAGIAVGMTIILNVEVAGPISGASM
NPARSLGPAIVMGRYKGIWVYIVGPFVGIFAGGEVYNEFMRETDKPLRELTKSASEFLRSVAQKDNASKSDG

>AtNIP5;1
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MAPPEAEVGAVMVMAPPTPGTPGTPGGPLITGMRVDSMSEFDHRKPTPRCKCLPVMGSTWGQHDTCETDEPS
PDVSLTRKLGAEFVGTFILIFTATAGPIVNQKYDGAETLIGNAACAGLAVMIIILSTGHISGAHLNPSLTI
AFAALRHFPWAHVPAYIAAQVSASICASFALKGVEFHPEFMSGGVTIPSVSLGOQAFALEFIITFILLEVVTAV
ATDTRAVGELAGIAVGATVMLNILVAGPSTGGSMNPVRTLGPAVASGNYRSLWVYLVAPTLGAISGAAVYT
GVKLNDSVTDPPRPVRSFEFRR

>AtNIP6;1
MDHEEIPSTPSTPATTPGTPGAPLFGGFEGKRNGHNGRYTPKSLLKSCKCESVDNEWALEDGRLPPVTCSL
PPPNVSLYRKLGAEFVGTLILIFAGTATAIVNQKTDGAETLIGCAASAGLAVMIVILSTGHISGAHLNPAV
TIAFAALKHFPWKHVPVYIGAQVMASVSAAFALKAVFEPTMSGGVTVPTVGLSQAFALEFITISFNLMEVVT
AVATDTRAVGELAGIAVGATVMLNILIAGPATSASMNPVRTLGPATIAANNYRAIWVYLTAPILGALIGAGT
YTIVKLPEEDEAPKERRSFRR

SAtNIP7; 1
MNGEARSRVVDQEAGSTPSTLRDEDHPSRQRLFGCLPYDIDLNPLRIVMAELVGTFILMFSVCGVISSTOL
SGGHVGLLEYAVTAGLSVVVVVYSIGHISGAHLNPSITIAFAVFGGFPWSQVPLYITAQTLGATAATLVGVY
SVYGVNADIMATKPALSCVSAFFVELIATSIVVFLASALHCGPHONLGNLTGFVIGTVISLGVLITGPISG
GSMNPARSLGPAVVAWDFEDLWIYMTAPVIGAIIGVLTYRSISLKTRPCPSPVSPSVSSLLR

SIPs

>HvSIP1l;1 (contig6340)
MAMGAAVREAAADGVVTEFLWVLCVSTLGASTAAVTTYLSLHEGIHYALLVTVSILALLLFAFNLLCDALGG
ASFNPTGVAAFYAAGLTSPSLEFSTIALRLPAQAAGAVGGALAISELMPEQYKHMLGGPSLKVDPHTGAAAEG
VLTEVITFAVLCIIVKGPRNPIVKTAMLSVSTVSLVLTGAAYTGPSMNPANAFGWAYVNNQHNTWEQLYVY
WICPFIGAILAAWTFRAVFPPPAPKPKTKKA

>HvSIP2;1 (contigl9630) [partial sequence]
GGPALYLFTVEVRVPAQVIGAVIGVMLMRFAFPKVGKGAALNVGVHHGALTEGLATLMVVMVSLTLKKKEQ
GFFVKTWIASIWKMTIHILSSDITGGIMNPASAFAWAYARGDHTSFDHLLVYWLAPLQATLVGVWVVTFLT

>7ZmSIP1;1
MAMGATVRAAAADAVVTFLWVLCASALGASTAAVTSYLGVQEGAGHYALLVTTSLLSVLLFTFDLLCGALG
GASFNPTDFAASYAAGLDSPSLFSVALRFPAQAAGAVGGALAISELMPAQYKHTLAGPSLKVDPHTGALAE
GVLTFVITLTVLWVIVKGPRNVILKTLLLSTSIVSVILAGAEYTGPSMNPANAFGWAYVNNWHNTWEQLYV
YWICPFIGAMLAGWIFRVVFLPPAPKPKTKKA

>7ZmSIP1; 2
MAMGEALRAAAADAVVTFLWVLCVSTLGASTTAVTSYLRLOGVHFALLVTVSLLSVLLFVENILCDALGGA
SEFNPTGVAAFYAAGVTSPSLFSIALRLPAQAAGAVGGALAISELMPAQYRHMLGGPSLKVDPHTGAGAELV
LTFVITLAVLLIIVKGPRNPIIKTWMISICTLCLVLSGAAYTGPSMNPANAFGWAYVNNRHNTWEQEYVYW
ICPFIGAILAAWIFRAMFLTPPPKPKAKKA

>ZmSIP2;1
MSPAPSRPRIRPWLVVGDLALAAAWVCAGALVKLLVYGGLGLGGRPEAEAVKVSLSLVYMFLFAWLEAASG
GASYNPLTVLAAALASHGGPAVYLFTAFARIPAQVIGAVLGVKLIQVTFPNVGKGARLSVGAHHGALAEGL
ATFMVVMVSVTLKKKEMKSFEMKTWITSIWKNTIHLLSSDITGGIMNPASAFAWAYARGDHTTFDHLLVYW
LAPLOATLLGVWAVTEFFTKPKKIKEQKVDENKIKKE

>0sSIP1;1
MAVAAVRAAAADAAVTFLWVLCVSTLGASTAAVTSYLRIHEGIHYALLVTVSLLSVLLFAFNLLCDALGGA
SEFNPTALAAFHAAGLSSPRHSSLFPLALRFPAQAAGAVGGAMAISELMPEQYKHMLGGPSLKVDLHTGAAA
ELVLTFVITLAVLWIIVKGPRNPIVKTWMLSISTVCLVLTGAAYTGPSMNPANAFGWAYVNNRHNTWEQEY
VYWICPFVGAVLAAWVFRAVEFPPPAPKPKAKKA
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>0sSIP2;1
MSPAPPPSRGRIRPWLVVGDLVVAAMWVCAGALVKLAVYGVLGLGGRPEADAVKVALSLVYMFFFAWLEGF
TGGASYNPLTVLAGALASRAGPSLYLFAAFVRMPAQVFGSILGVKLIRAALPKVGKGAPLSVGVHHGALAE
GLATFMVVIVSVTLKKKEMKGFFMKTWISSIWKMTFHLLSSDITGGVMNPASAFAWAYARGDHTTEFDHLLV
YWLAPLQATLLGVWVVTLLTKPKKIEEEADESKTKKE

>AtSIP1;1
MMGVLKSAIGDMLMTFSWVVLSATFGIQTAAIISAGDFQAITWAPLVILTSLIFVYVSIFTVIFGSASENP
TGSAAFYVAGVPGDTLFSLAIRLPAQAIGAAGGALAIMEF IPEKYKHMIGGPSLQVDVHTGAIAETILSEG
ITFAVLLIILRGPRRLLAKTFLLALATISFVVAGSKYTGPAMNPAIAFGWAYMYSSHNTWDHIYVYWISSE
VGALSAALLFRSIFPPPRPQKKKQKKA

>AtSIP1; 2
MSAVKSALGDMVITFLWVILSATFGIQTAAIVSAVGFHGITWAPLVISTLVVEVSISIFTVIGNVLGGASFE
NPCGNAAFYTAGVSSDSLFSLAIRSPAQAIGAAGGAITIMEMIPEKYKTRIGGKPSLQFGAHNGAISEVVL
SFSVTFLVLLIILRGPRKLLAKTFLLALATVSVFVVGSKFTRPFMNPAIAFGWAYIYKSHNTWDHFYVYWI
SSYTGAILSAMLFRIIFPAPPLVQKKQKKA

>AtSIP2;1
MGRIGLVVTDLVLSFMWIWAGVLVNILVHGVLGEFSRTDPSGEIVRYLEFSITISMFIFAYLOQOATKGGLYNPL
TALAAGVSGGFSSFIFSVEFVRIPVEVIGSILAVKHITHVFPEIGKGPKLNVAIHHGALTEGILTFFIVLLS
MGLTRKIPGSFFMKTWIGSLAKLTLHILGSDLTGGCMNPAAVMGWAYARGEHITKEHLLVYWLGPVKATLL
AVWFFKVVEFKPLTEEQEKPKAKSE
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Differential expression of membrane intrinsic proteins (MIPs) between developmental
regions of leaf three of barley as revealed by microarray analysis.
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Table S3. Differential expression of membrane intrinsic proteins (MIPs) between
developmental regions of leaf three of barley as revealed by microarray analysis.

Probe

MIP

EZ<EB | EZ>EB | EZ<NE | EZ>NE | EB>NE | EB<NE

Contig1226

PIP

Contigl1239_s_at

Contig1219_s_at

-:—:—:

Contigl1228_s_at

Contigl123(_at

Contig1235_at

Contigl1242_at

Contigl1237_s_at

Contigl1225_s_at

Contigl1223_at

HV_CEb0007N06r2_at

Contigl222_s_at

Contig1240_at

Hv08C12u_x_at

Contig1216_s_at

Contig19393_at

HS07J06u_x/s_at

TIP

HS18A22u_at

Contig1309_at

HVSMEf0019H18r2_at

Contig1310_at

Contig1308_at

Contig1315_s_at

HTO03K14r_(s)_at

Contig3772_at

Contig7377_at

HF03B07r_at

AF254799_CDS-2_at

Contigl14229_at

NIP

Contig19214

Contig5632_at

Contig5634_at

Contig6339_s_at

SIP

Contig19630_at

Differences in expression between leaf regions were analysed by the RankProduct
method, which ranks genes according to being the most (RankProduct 1) differentially
expressed gene of all >21,000 sequences on the chip. To simplify presentation of data,
Rank Products are classified into three groups: RankProduct < 50 (red); 50-700; (dark
pink); >700 (light pink); EZ, NE, EB, elongation zone, non-elongation zone and
emerged-blade; ‘<’, >, expression lower (<) or larger (>) in leaf region listed first.
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qPCR data of the expression of candidate barley MIPs in different leaf regions, together

with their statistical analysis

Table S4a. Expression of PIP family members in different leaf regions of barley.
Gene Leaf region

EZ NEZ EmBL L2 Sheath

Means | SD | Means | SD | Means | SD | Means | SD | Means | SD
HvPIP1;1 | 17.30 1.42 3.55 0.91 1.14 0.56 2.02 0.34 3.37 0.31
HvPIP1;2 0.003 0.005 0.004 | 0.004 | 0.010 0.016 | 0.005 0.005 0.152 0.167
HvPIP1;3 | 0.49 0.11 1.66 0.03 2.93 1.21 7.54 1.57 5.73 1.22
HvPIP1:4 0.000 0.000 0.013 0.019 0.026 0.032 | 0.267 0.290 | 0.158 0.141
HvPIP1;5 0.106 0.008 0.036 | 0.002 | 0.007 0.000 | 0.005 0.000 | 0.056 0.017
TOTAL 7.90 1.38 5.26 0.93 4.11 1.70 9.84 2.09 9.47 1.52
HvPIP2;1 | 0.009 | 0.004 | 0.077 |0.029 | 0.064 | 0.040 | 0.245 | 0.103| 0.069 | 0.010
HvPIP2;2 1.40 0.24 0.27 0.05 0.02 0.01 0.01 0.00 0.32 0.12
HvPIP2;3 | 0.018 | 0.020 | 0.096 |0.048| 0.115 |0.076 | 0.233 | 0.095 | 0.052 | 0.011
HvPIP2:4 0.007 0.002 0.190 | 0.016 0.458 0.096 | 0.496 0.058 0.450 0.022
HvPIP2;5 13.27 2.34 4.61 0.69 1.31 0.11 1.71 0.26 8.29 0.45
HvPIP2;7 | 0.0014 | 0.0016 0.086 | 0.027 0.339 0.098 0.231 0.033 0.010 0.003
TOTAL 14.70 2.60 5.32 0.70 2.31 0.26 2.92 0.34 9.18 0.33

Expression was analysed by qPCR, and average 2°
expression of three reference genes, for (n=) three batches of plants are shown, together

(ACY)

values, compared to the average

with standard deviations (SD); LD, limit of detection or not detectable; EZ, NEZ, EmBL,
elongation zone, non-elongation zone and emerged-blade portion of the growing leaf
three; L2, Sheath, mature blade and sheath of leaf two; LD, limit of detection or not

detectable.




Table S4b. Percent contribution to total expression of PIP1s and PIP2s of individual

PIP isoforms in different leaf regions of barley.

29

Gene Leaf region

EZ NEZ EmBL L2 Sheath

Means | SD | Means | SD | Means | SD | Means | SD | Means | SD
HvPIPI;1 55 | 270 206 | 1.0 | 359 | 30
HVPIP1;2 | 0.04 0.06 0.08 | 0.09 0.4 0.8 0.1 0.0 1.5 1.5
HvPIPI;3 | 6.4 2.2 322 | 56 3.8
HvPIP1;4 0.0 0.0 0.21 | 0.30 1.1 1.6 2.5 2.4 1.9 1.8
HvPIP1;5 1.4 0.3 0.7 0.1 0.2 0.1 0.05 | 0.01 0.6 0.1
TOTAL 100 0 100 0 100 0 100 0 100 0
HvPIP2;1 0.1 0.0 1.4 0.4 2.7 1.6 8.2 3.0 0.8 0.1
HvPIP2;2 | 95 0.3 5.0 0.9 0.6 03 | 030 |0.17 3.5 1.4
HvPIP2;3 | 0.1 0.11 1.9 1.2 4.8 2.6 8.0 3.3 0.6 0.1
HvPIP2;4 | 0.05 0.01 3.6 0.8 198 | 27| 170 1.0 4.9 0.2
HvPIP2;5 1.6
HvPIP2;7 0.0 0.0 1.6 0.5 14.5 2.9 8.0 1.9 0.11 | 0.03
TOTAL 100 0 100 0 100 0 100 0 100 0

Percentages were calculated from individual values (n=3 experiments) used to calculate
means shown in Table S4a. Those PIPs which make the highest contribution to the total
expression of each PIP subfamily are highlighted in red; those PIPs which make the

second, or, or joint second highest contribution are highlighted in pink; LD, limit of

detection or not detectable; EZ, NEZ, EmBL, elongation zone, non-elongation zone and
emerged-blade portion of the growing leaf three; L2, Sheath, mature blade and sheath of

leaf two.




Table S4c. Expression of TIP family members in different leaf regions of barley.
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Gene Leaf region

EZ NEZ EmBL L2 Sheath

Means | SD | Means | SD | Means | SD | Means | SD | Means | SD
HvTIP1;1 | 54.72 3.00 23.65 [330| 396 |025| 268 |1.17| 3729 |11.77
HvTIPL;2 | 0.01 0.00 058 |011| 092 |039| 177 |045| 0.46 0.10
HvTIP2;1 LD LD LD LD LD
HvTIP2;2 LD LD LD LD LD
HvTIP2;3 | 1.34 0.36 0.80 (032 0.02 [002| 012 |0.18| 3.29 0.48
HvTIP3;1 LD LD LD LD LD
HvTIP4;1 |  0.02 0.01 155 |026| 293 |095| 315 |1.19] 471 2.06
HvTIP5;1 LD LD LD LD LD
TOTAL 56.09 3.23 2658 |287| 7.84 |1.14| 771 |153| 4575 | 11.18

Expression was analysed by qPCR, and average 2™““" values, compared to the average
expression of three reference genes, for (n=) three batches of plants are shown, together
with standard deviations (SD); LD, limit of detection or not detectable; EZ, NEZ, EmBL,

elongation zone, non-elongation zone and emerged-blade portion of the growing leaf
three; L2, Sheath, mature blade and sheath of leaf two.

Table S4d. Percent contribution to total expression of TIPs of individual TIP isoforms in
different leaf regions of barley.

Gene Leaf region

EZ NEZ EmBL L2 Sheath

Means | SD | Means | SD | Means | SD | Means | SD | Means | SD
HvTIP1;1 06 | 106 | 341 | 116 8.1
HvTIPL;2 | 0.01 0.01 219 | 049 | 1146 |3.78 | 2408 | 932 | 1.10 | 055
HvTIP2;1 LD LD LD LD LD
HvTIP2;2 LD LD LD LD LD
HvTIP2;3 2.4 0.6 3.1 1.3 0.3 0.2 1.3 1.8 7.6 2.9
HvTIP3;1 LD LD LD LD LD
HvTIP4;1 | 0.038 | 0014 | 594 | 1.6 | 367 | 7.04 |0 127 | 108 | 5.05
HvTIP5;1 LD LD LD LD LD
TOTAL 100 0 100 0 100 0 100 0 100 0

Percentages were calculated from individual values (n=3 experiments) used to calculate
means shown in Table S4c. Those TIP isoforms which make the highest contribution to
the total expression of TIPs are highlighted in red; those TIP isoforms which make the

second, or, or joint second highest contribution are highlighted in pink; LD, limit of

detection or not detectable; EZ, NEZ, EmBL, elongation zone, non-elongation zone and
emerged-blade portion of the growing leaf three; L2, Sheath, mature blade and sheath of

leaf two.
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Table Sde. Statistical analysis of differences in expression of barley PIPs between leaf
regions

Gene Leaf

regions

EZ:EmBL | EZ:1.2 | EZ:Sh | EmBL:L2 | Sh:L.2 | EZ:NEZ | NEZ:EmBL
HvPIP1;1 | * Kok * * ok S
HvPIP1;2
HvPIP1;3 | * ok ok (*) seokok
HvPIP1;4
HvPIP1;5 | ** e Hk * * ®ak kK
YPIP1s * %
HvPIP2;1 s *k *
HvPIP2;2 | ** Hok *% * ok %
HvPIP2;3 | * * * (*) * *
HvPIP2;4 | ** *% Hkok ok *
HvPIP2;5 | ** e * (*) Hokok * %
HvPIP2;7 | * ok * ok * *
XPIP2s ko Hek * Fokk

Averaged (across reference genes) 2" values for three batches of plants were used to

carry out paired t-test (Excel) of differences in expression between any two leaf regions.
EZ, NEZ, EmBL, elongation zone, non-elongation zone and emerged blade portion of the
growing leaf three; L2, mature blade of leaf two; Sh, sheath (mature) of leaf two; XPIP1s
and XPIP2s, sum of expression of PIP1s and PIP2s, respectively. Expression of HvPIP1;4
in EZ was near the limit of detection; expression of HvPIP1;2 was mostly close to zero.
No statistics were performed for these two genes. Two-factor ANOV A analysis, with
replication, showed that leaf regions differed highly significantly (p=6.41E-21) in
expression.

* ok Hsek statistically significant difference between leaf regions at p < 0.05, p<0.01 and
p<0.001; (*), just below 0.05 (> 0.046); boxes in pink: significantly higher expression in
leaf region listed first; boxes in green: significantly higher expression in leaf region listed
second.
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Table S4f. Statistical analysis of differences in expression of TIPs between elongation
zone and other leaf regions analysed.

Gene Leaf regions

EZ:NEZ EZ:EmBL EZ:L2 EZ:Sheath
HvTIPI:1 * * kK * kK
HvTIP1;2 * % * * *ok
HvTIP2;3 * * k% F Aok
HvTIP4;1 * % * * *
> _TIPs * % * %k K * % K

Averaged (across reference genes) 2" values for three batches of plants were used to

carry out paired t-test (Excel) of differences in expression between any two leaf regions.
EZ, NEZ, EmBL, elongation zone, non-elongation zone and emerged blade portion of the
growing leaf three; L2, mature blade of leaf two; Sh, sheath (mature) of leaf two; XTIPs,
sum of expression of TIP1s. Those TIPs, which had expression close to the limit of
detection, were not considered. Two-factor ANOVA analysis, with replication, showed
that leaf regions differed highly significantly (p=2.32E-08) in expression.

* ok wsek statistically significant difference between leaf regions at p < 0.05, p<0.01 and
p<0.001; (*), just below 0.05 (> 0.046); boxes in pink: significantly higher expression in
leaf region listed 1*; green boxes: significantly higher expression in leaf region listed 2,

Table Sdg. Statistical analysis of differences in expression of TIPs between non-
elongation zone, emerged blade, mature blade and sheath.

Gene Leaf

regions

NEZ:EmBL | NEZ:1.2 NEZ:Sh EmBL:L2 | EmBL:Sh | L2:Sh
HvTIP1;1 | ** * % B *
HvTIP1;2 * B *
HvTIP2;3 | * * % * * % * %
HvTIP4;1 g
S_TIPs * % * % * *

Averaged (across reference genes) 24 values for three batches of plants were used to
carry out paired t-test (Excel) of differences in expression between any two leaf regions.
EZ, NEZ, EmBL, elongation zone, non-elongation zone and emerged blade portion of the
growing leaf three; L2, mature blade of leaf two; Sh, sheath (mature) of leaf two; XTIPs,
sum of expression of TIP1s. Those TIPs, which had expression close to the limit of
detection, were not considered. Two-factor ANOVA analysis, with replication, showed
that leaf regions differed highly significantly (p=2.32E-08) in expression.

* ok Rk statistically significant difference between leaf regions at p < 0.05, p<0.01 and
p<0.001; (*), just below 0.05 (> 0.046); boxes in pink: significantly higher expression in
leaf region listed first; boxes in green: significantly higher expression in leaf region listed
second.
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Table S4h. Comparison of total expression of PIP1s and PIP2s between leaf regions.

Compared | Leaf
region

EZ:NEZ | EZEmBL | EZ:L2 | EZ:Sh | EmBL:L2 | L2:Sh | NEZ:EmBL

PIPIs 8 *

PIP2s % k3K kek kek keksk %

PIP2:PIP] | * 8 ok * 8

Pair-wise t-test. *, **_ *** statistically significant (paired t-test) different between leaf
regions at p < 0.05, p<0.01 and p<0.001; (*); boxes in pink: significantly higher
expression in leaf region listed first; boxes in green: significantly higher expression in
leaf region listed second, EZ, NEZ, EmBL, elongation zone, non-elongation zone and
emerged blade portion of the growing leaf three; L2, mature blade of leaf two; Sh, sheath
(mature) of leaf two.

Table S4i. Comparison of total expression of PIP1s and PIP2s within leaf regions.

Compared Leaf region

EZ NEZ EmBL L2 Sheath
PIP1s>PIP2s *
PIP2s>PIPls | *

Pair-wise t-test. *, **_ *** statistically significant (paired t-test) different between PIP1s
and PIP2s at p < 0.05, p<0.01 and p<0.001; EZ, NEZ, EmBL, elongation zone, non-
elongation zone and emerged blade portion of the growing leaf three; L2, mature blade of
leaf two; Sh, sheath (mature) of leaf two.
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Table S4j. Summary of ANOVA analyses of gPCR data, where expression of MIPs was
determined in five leaf regions of barley, in three independent experiments.

ANOVA What was compared | P-value Conclusion
Two-factor with | 22V values of PIPs | Sample: 2.6E-68 Individual PIP
replication (sample) from three Column: 6.4E-21 isoforms differ in

experiments (n=3)
against leaf region
(column)

Interaction: 1.1E-48

expression between
leaf regions, as do leaf
regions in their PIP
expression. Clear
interaction between
leaf region and PIP
expression profile

Two-factor with
replication

2C2CY values of total

expression of PIP1s
and PIP2s (sample)
from three
experiments (n=3)
against leaf region
(column)

Sample: 0.42
Column: 2.3E-08
Interaction: 1.9E-06

No basic difference
between total
expression of PI1s and
PIP2s throughout all
leaf regions. Leaf
regions differ in total
expression of PIP1s
and PIP2s. Clear
interaction between
leaf region and total
PIP1 or PIP2
expression

Two-factor with
replication

202CY values of

expression of TIP1s
analysed (sample)
from three
experiments (n=3)
against leaf region
(column). Only
HvTIP1;1/1;2/2;3/4;1
considered since
other TIPs with
expression close to
limit of detection in
at least one leaf

Sample: 1.5E-25
Column: 5.5E-14
Interaction: 2.0E-19

Individual TIP
isoforms differ in
expression between
leaf regions, as do leaf
regions in their TIP
expression. Clear
interaction between
leaf region and TIP
expression profile

region

Single factor 202 values of Between groups: Significant difference
HvPIPX:;X 1;1: 3.6E-05 in expression of
expression from three | 1;3: 4.5E-05 particular PIP between
experiments (n=3) 1:5: 2.1E-07 leaf regions.
against leaf region 2:1: 2.3E-03 HvPIP1;2 and
(groups) 2;2: 3.6E-07 HvPIP1:4 not tested

2:3: 1.1E-02 since expression at
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2:4: 1.3E-06
2;5: 5.9E-07
2;7: 1.9E-05

limit of detection in at
least one leaf region

Single factor

Leaf region against
204 expression
values of all members
of the PIP1 or PIP2
family from three
experiments (n=3)
(groups)

Between groups:
EZ/P1P1: 1.9E-07
EZ/P1P2: 3.8E-09
NEZ/PIP1: 2.5E-06
NEZ/PIP2: 7.2E-10
EB/PIP1: 4.7E-04
EB/PIP2: 1.1E-09
L2/PIP1: 6.5E-07
L2/PIP2: 1.2 E-08
Sh/PIP1: 5.7E-07
Sh/PIP2: 4.3E-15

In all leaf regions
tested, there is a
significant difference
in expression among
individual members of
the PIP1 and PIP2
family

EZ, NEZ, EB, elongation zone, non-elongation zone and emerged blade portion of the
growing leaf three; L2, mature blade of leaf two; Sh, sheath (mature) of leaf two.
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Housekeeping genes

Fig. S5. Real-time (qPCR) expression analyses of housekeeping genes in leaf and root
regions of barley. The elongation zone (EZ), adjacent non-elongation zone (NEZ) and
emerged-blade portion (EmBL) of the growing leaf three was analysed, together with the
blade and sheath of the mature leaf two (L2 and Sh, respectively). In addition, entire
seminal roots (SR) and adventitious roots (AR) were analysed. Expression (Ct values) of
genes in a particular leaf region or type of root was related to the expression in the leaf
elongation zone (set to 1.0). Results for ubiquitin, H-ATPase, HvSIP2;1 and GAPDH are
averages + SD (error bars) of the analyses of three batches of plants. For cyclophilin,
HSP70 and alpha-tubulin only two batches of plants were analysed (no SD).
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