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SUPPLEMENTARY FILE S1  
 

Details of primers used 

 

 

Table S1. Primers 

 

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

annotated. 

 

Aquaporins 

Accession 

Number Forward 5'-3' Reverse 5'-3' 

Length 

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

 
Housekeeping 

genes 

Accession 

Number Forward 5'-3' Reverse 5'-3' 

Length 

(bp) 

EF-1 Z50789 AAGGCTGCCATCAAGAAGAA CAGAAGCATCCATGTTTTCCC 182 

H
+
-ATPase AJ344078 ACATCGACACCATCAACCAA ACAACTAGGGGCTGGTCAGA 163 

GADPH X60343 GTGAGGCTGGTGCTGATTACG TGGTGCAGCTAGCATTTGAGAC 198 

HSP70 AK248694 CGACCAGGGCAACCGCACCAC ACGGTGTTGATGGGGTTCATG 108 

α-Tubulin U40042 AGTGTCCTGTCCACCCACTC AGCATGAAGTGGATCCTTGG 248 

Cyclophilin AK253120 CCTGTCGTGTCGTCGGTCTAAA ACGCAGATCCAGCAGCCTAAAG 122 

Ubiquitin X04133 AGGCGAAGATCCAGGACAAG ACAACCAGACATGCTCCAACCT 244 

HvSIP2;1 
Contig19630

_at 

ACCCAAGAAGACCAAGGAGCA

AGA 

AGGACTTCAACCCAGGTGATGGT

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

 
Aquaporins Cloning site Primers  

HvPIP2;2  NcoI F: 5'-TATAAGCTTCAGCAGCCATGGCCAAGGAGG-3' 

  ApaI R: 5'-ATAGGGCCCGAAGGAGCCGAGCGCCTTG-3' 

HvPIP2;7 NcoI F: 5'-AGATACCATGGCCATGTCCAAGGAGG-3' 

  ApaI R: 5'-TATGGGCCCGGTGCTCCTGAACGA-3' 

HvTIP1;1  NcoI F: 5'-TTCTCCATGGCGAAAATGCCGGTCAAC-3' 

  ApaI 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 
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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.    

Barley MIPs 

Affymetrix probe set ID 

(BarleyBase) Nucleic acid Protein amino acid 

HvPIP1;1* 

Contig1237_s_at/Contig1235_at/ 

Contig1242_at/Contig1225_s_at 
AB286964 BAF41978 

288 

HvPIP1;2  Contig1228_s_at  AB275278 BAF33067 292 

HvPIP1;3 Contig1226_at/Contig1239_s_at AB009308 BAA23745 292 

HvPIP1;4  Contig1219_s_at AB275279 BAF33068 292 

HvPIP1;5  Contig1230_at  AB009309 BAA23746 290 

        

HvPIP2;1 Hv08C12u_x_at AB219366 BAE02729 286 

HvPIP2;2 Contig1216_s_at  AB377269 BAG06230 284 

HvPIP2;3  Contig1223_at  AB275280 BAF33069 290 

HvPIP2;4 - AB219525 BAE06148 290 

HvPIP2;5  Contig1222_s_at/ Contig1240_at  AB377270 BAG06231 290 

HvPIP2;7 Contig19393_at AK248491 -** 291 

        

HvTIP1;1  HS07J06u_x/s_at/ HS18A22u_at AB540221 BAI66434 250 

HvTIP1.2  HVSMEf0019H18r2_at/Contig1309_at AB540226 BAI66439 252 

HvTIP2;1  Contig1310_at AB540222 BAI66435 249 

HvTIP2;2  Contig1308_at AB540223 BAI66436 249 

HvTIP2;3  Contig1315_s_at AB540224 BAI66437 248 

HvTIP3;1 Contig3772_at/HT03K14r_(s)_at AB540228 BAI66441 263 

HvTIP4;1  Contig7377_at AB540225 BAI66438 257 

HvTIP5;1  AF254799_CDS-2_at AB540227 BAI66440 262 

        

HvNIP1;1  Contig14229_at AB540230 BAI66443 278 

HvNIP1;2 Contig19214_at AB540231 BAI66444 333 

HvNIP2;1 

(HvLsi6) Contig5632_at/Contig5634_at 
AB540229 BAI66442 

295 

        

HvSIP1;1 Contig6340_at/Contig6339_s_at AK252830 - 244 

Partial 

HvSIP2;1 Contig19630_at - - 142 
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(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 AAD18142 

AtPIP2;3 AAD18141 

AtPIP2;4 BAB09839 

AtPIP2;5 CAB41102 

AtPIP2;6 AAC79629 

AtPIP2;7 CAA17774 

AtPIP2;8 AAC64216 

  

AtTIP1;1 AAD31569 

AtTIP1;2 BAB01832 

AtTIP1;3 AAC62778 

AtTIP2;1 BAB01264 

AtTIP2;2 CAB10515 

AtTIP2;3 BAB09071 

AtTIP3;1 AAG52132 

AtTIP3;2 AAF97261 

AtTIP4;1 AAC42249 

AtTIP5;1 CAB51216 

    

AtNIP1;1 CAA16760 

AtNIP1;2 CAA16748 

AtNIP2;1 AAC26712 

AtNIP3;1 AAG50717 

AtNIP4;1 BAB10360 

AtNIP4;2 BAB10361 

AtNIP5;1 CAB39791 

AtNIP6;1 AAF14664 

AtNIP7;1 AAF30303 

    

AtSIP1;1 AAF26804 

AtSIP1;2 BAB09487 

AtSIP2;1 CAB72165 
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(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 BAC16113 

OsPIP2;5 BAC16116 

OsPIP2;6 CAE05002 

OsPIP2;7 BAD46581 

OsPIP2;8 AAP44741 

OsTIP1;1 AAK98737 

OsTIP1;2 BAB63833 

OsTIP2;1 BAD25765 

OsTIP2;2 BAD61899 

OsTIP3;1 AAG13544 

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 BAD53665 

OsNIP2;1 BAD16128 

OsNIP2;2 BAD37471 

OsNIP3;1 AAG13499 

OsNIP3;2 BAC99758 

OsNIP3;3 BAC65382 

OsNIP4;1 BAB61180 

  

OsSIP1;1 BAB32914 

OsSIP2;1 Q10M80 
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(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 
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(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

LTVMGYSGAASKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAVFYIIMQC

LGAICGAGVVKGFQQGLYMGNGGGANVVASGYTKGSGLGAEIIGTFVLVYTVFSATDAKRNARDSHVPILA

PLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNREHAWSDHWIFWVGPFIGAALAAIYHQVVIRAIPF

KTKS 

 

>HvPIP1;2  

MEGKEEDVRLGANRYSERQPIGTAAQGGGADEKDYKEPPPAPLFEAEELTSWSFYRAGIAEFLATFLFLYI

SVLTVMGVVGNPSGSKCGTVGIQGIAWSFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKLSLTRAVFYM

VMQCLGAICGAGVVKGFQTTLYMGNGGGANSVAPGYTKGDGLGAEIVGTFVLVYTVFSATDAKRSARDSHV

PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKKQSWDDHWIFWVGPFTGAALAAIYHVVVIR

AIPFKSRD 

 

>HvPIP1;3 

MEGKEEDVRLGANRYSEHQPIGTAAQGGGADEKDYKEPPPAPFFEAGELTSWSFYRAGIAEFLATFLFLYI

SVLTVMGVVGNPSGSKCGTVGIQGIAWSFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKLSLTRAVFYI

VMQCLGAICGAGVVKGFQTTLYQGNGGGANSVAAGYTKGDGLGAEIVGTFVLVYTVFSATDAKRSARDSHV

PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKKQAWDDHWIFWVGPFIGAALAAIYHVVVIR

AIPFKSRG 

 

>HvPIP1;4 

MEGKEEDVRLGANRYSERQPIGTAAQGGGADEKDYKEPPPAPLFEAEELSSWSFYRAGIAEFLATFLFLYI

SVLTVMGVVGNPSGSKCGTVGIQGIAWSFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKLSLTRAVFYI

VMQCLGAICGAGVVKGFQTTLYQGNGGGANSVAAGYTKGDGLGAEIVGTFVLVYTVFSATDAKRSARDSHV

PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKKQAWDDHWIFWVGPFIGAALAAIYHVVVIR

AIPFKSRD 

 

>HvPIP1;5 
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MEGKEEDVRLGANRYSERQPIGTAAQGGGDDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFIATFLFLYVT

VLTVMGVSKAPSKCATVGVQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAIFYIIMQ

CLGAICGAGVVKGFQQGLYMGNGGGANVVASGYTKGDGLGAEIIGTFVLVYTVFSATDAKRNARDSHVPIL

APLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNRDHAWNDHWIFWVGPFVGAALAAVYHQVIIRAIP

FNKSRS 

 

>ZmPIP1;1 

MEGKEEDVRLGANKFSERHAIGTAAQGTDDKDYKEPPPAPLFEPGELKSWSFYRPGIAEFVATFLFLYISI

LTVMGVSKSTSKCATVGIQGIAWSFGGMILALVYCTAGISGHINPAVTFGLFLARKLSLTRAVFYIIMQCL

GAICGRGVVKGFQQGLYMGNGGRRNVVAPGYTKGDGLGAEIVGTFILVYTVFSATDAKRRARDSHVPILAP

LPIGFAVFLVHLATMGITGTGINPARSLGAAVIYNQHHAWADHWIFWVGPFIGAALAAIYHQVIIRAIPFK

SRS 

 

>ZmPIP1;2 

MEGKEEDVRLGANKFSERQPIGTAAQGAADDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFVATFLFLYIT

ILTVMGVSKSTSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALFYIIMQ

CLGAVCGAGVVKGFQQGLYMGNGGGANVVAPGYTKGDGLGAEIVGTFILVYTVFSATDAKRNARDSHVPIL

APLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNRDHAWNDHWIFWVGPFIGAALAAIYHQVIIRAIP

FKSRS 

 

>ZmPIP1;3 

MEGKEEDVRLGANKFSERQPIGTAAQGAGAGDDDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFVATFLFL

YITVLTVMGVSKSTSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAIFYI

IMQCLGAICGAGVVKGFQQGLYMGNGGGANVVAPGYTKGDGLGAEIVGTFILVYTVFSATDAKRNARDSHV

PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNRDHAWSDHWIFWVGPFIGAALAAIYHQVIIR

AIPFKSRS 

 

>ZmPIP1;4  

MEGKEEDVRLGANKFSERQPIGTAAQGAGAGDDDKDYKEPPPAPLFEPGELKSWSFYRAGIAEFVATFLFL

YITVLTVMGVSKSTSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAIFYI

IMQCLGAICGAGVVKGFQQGLYMGNGGGANVVAPGYTKGDGLGAEIVGTFILVYTVFSATDAKRNARDSHV

PILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNRDHAWSDHWIFWVGPFIGAALAAIYHQVIIR

AIPFKSRS 

 

>ZmPIP1;5 

MEGKEEDVRLGANRYSERQPIGTAAQGTEEKDYKEPPPAPLFEAEELTSWSFYRAGIAEFVATFLFLYISI

LTVMGVSKSSSKCATVGIQGIAWSFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALFYMVMQC

LGAICGAGVVKGFQEGLYMGAGGGANAVNPGYTKGDGLGAEIVGTFVLVYTVFSATDAKRSARDSHVPILA

PLPIGFAVFLVHLATIPITGTGINPARSLGAAIVYNRSHAWNDHWIFWVGPFIGAALAAIYHVVIIRALPF

KSRD 

 

>ZmPIP1;6  

MAGGTLQDRSEEEDVRVGVDRFPERQPIGTAADDLGRDYSEPPAAPLFEASELSSWSFYRAGIAEFVATFL

FLYVTVLTVMGVSKSPSKCGTVGIQGIAWAFGGMIFALVYCTAGVSGGHINPAVTFGLLLARKLSLTRAVY

YVVMQCLGAVCGAGVVKAFGSALYESAGGGANAVSPGYTKGDGLGAEVVGTFVLVYTVFSATDAKRTARDS

HVPALAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYDNPHGWHGHWIFWVGPFAGAALAAVYHQVV

LRAIPFKSSAHY 

 

>ZmPIP2;1  

MGKDDVIESGAGGGEFAAKDYTDPPPAPLIDAAELGSWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDA

SASGADAACGGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYIVAQCLGAI

CGVGLVKAFQSAYFDRYGGGANSLASGYSRGTGLGAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPI

GFAVFMVHLATIPVTGTGINPARSLGAAVIYNKDKPWDDHWIFWVGPLVGAAIAAFYHQYILRAGAIKALG

SFRSNA 

 

>OsPIP1;1 
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Megkeedvrlganryserqpigtaaqgagddkdykepppaplfepgelkswsfyragiaefvatflflyit

iltvmgvskssskcatvgiqgiawsfggmifalvyctagisgghinpavtfglflarklsltraifyivmq

clgaicgagvvkgfqqglymgnggganvvasgytkgdglgaeivgtfilvytvfsatdakrnardshvpil

aplpigfavflvhlatipitgtginparslgaaiiynkdhawndhwifwvgpfvgaalaaiyhqviiraip

fksrs 

 

>OsPIP1;2 

Msgweptssrrgsrsarrrrapttrttrsrrrrrcssqgsssrgpstaqgspsswppssssyitalnamgv

nnstskcatvgiqgiawsfggmifalvyctagisgahinpavtfglflarklsltralfymvmqclgaicg

agvvkgfqkglyettggganvvapgytkgdglgaeivgtfilvytvfsatdakrnardshvpilaplpigf

avflvhlatipitgtginparslgaaiiynrghawddhwifwvgpfigaalaaiyhqvviraipfksrs 

 

>OsPIP1;3 

Megkeedvrlganryterqpigtaaqgaeekdyreppaapvfeveeltswsfyragiaefvatflflyisi

ltvmgvnksaskcatvgiqgiawsfggmifalvyctagisgghinpavtfglflarklsltravfymamqc

lgaicgagvvkgfqrglymgsggganavnpgytkgdglgaeivgtfvlvytvfsatdakrnardshvpila

plpigfavflvhlatipitgtginparslgaaivynrahawhdhwifwvgpfigaalaaiyhvvviraipf

ksrd 

 

>AtPIP1;1 

MEGKEEDVRVGANKFPERQPIGTSAQSDKDYKEPPPAPFFEPGELSSWSFWRAGIAEFIATFLFLYITVLT

VMGVKRSPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALYYIVMQCLG

AICGAGVVKGFQPKQYQALGGGANTVAHGYTKGSGLGAEIIGTFVLVYTVFSATDAKRNARDSHVPILAPL

PIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKDHSWDDHWVFWVGPFIGAALAALYHVVVIRAIPFKS

RS 

 

>AtPIP1;2  

MEGKEEDVRVGANKFPERQPIGTSAQSDKDYKEPPPAPLFEPGELASWSFWRAGIAEFIATFLFLYITVLT

VMGVKRSPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAVYYIVMQCLG

AICGAGVVKGFQPKQYQALGGGANTIAHGYTKGSGLGAEIIGTFVLVYTVFSATDAKRNARDSHVPILAPL

PIGFAVFLVHLATIPITGTGINPARSLGAAIIFNKDNAWDDHWVFWVGPFIGAALAALYHVIVIRAIPFKS

RS 

>AtPIP1;3 

MEGKEEDVRVGANKFPERQPIGTSAQTDKDYKEPPPAPFFEPGELSSWSFYRAGIAEFIATFLFLYITVLT

VMGVKRAPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAVFYIVMQCLG

AICGAGVVKGFQPNPYQTLGGGANTVAHGYTKGSGLGAEIIGTFVLVYTVFSATDAKRSARDSHVPILAPL

PIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKDHAWDDHWIFWVGPFIGAALAALYHQLVIRAIPFKS

RS 

 

>AtPIP1;4 

MEGKEEDVRVGANKFPERQPIGTSAQSTDKDYKEPPPAPLFEPGELSSWSFYRAGIAEFIATFLFLYITVL

TVMGVKRAPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRAVFYMIMQCL

GAICGAGVVKGFQPTPYQTLGGGANTVAHGYTKGSGLGAEIIGTFVLVYTVFSATDAKRSARDSHVPVWTP

LLVPILAPLPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKDHSWDDHWIFWVGPFIGAALAALYHQI

VIRAIPFKSKS 

 

>AtPIP1;5  

MEGKEEDVNVGANKFPERQPIGTAAQTESKDYKEPPPAPFFEPGELKSWSFYRAGIAEFIATFLFLYVTVL

TVMGVKRAPNMCASVGIQGIAWAFGGMIFALVYCTAGISGGHINPAVTFGLFLARKLSLTRALFYIVMQCL

GAICGAGVVKGFQPGLYQTNGGGANVVAHGYTKGSGLGAEIVGTFVLVYTVFSATDAKRSARDSHVPILAP

LPIGFAVFLVHLATIPITGTGINPARSLGAAIIYNKDHAWDDHWIFWVGPFIGAALAALYHQIVIRAIPFK

SKT 
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PIP2s 

 
>HvPIP2;1 

MAKDIEAAPQGGEFSSKDYSDPPPAPIVDFEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQSDPTV

NTTDAACSGVGTLGIAWAFGGMIFVLVYCTAGVSGGHINPAVTFGLFLARKVSLIRALLYIIAQCLGAICG

VGLVKGFQSSYYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRNARDSHIPVLAPLPIGF

AVFMVHLATIPITGTGINPARSLGAAVIYNTDKAWDDQWIFWVGPLIGAAIAAAYHQYVLRASAAKLGSYR

SN 

 

>HvPIP2;2 

MAKEVSEEPEHAAPARKDYSDPPPAPLFDMGELRMWSFYRALIAEFVATLLFLYITVATVIGYKVQSAADP

CAGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLLLARKVSLLRAVMYIVAQCAGGIVGAGIVKG

IMKDAYQANGGGANMVASGFSRGTALGAEIVGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIGFAIFMVH

LATIPITGTGINPARSLGAAVIYNKKAAWDNHWIFWVGPFVGALAAAAYHQYILRAAAIKALGSFRSSRSN 

 

>HvPIP2;3 

MAKDIEAAPPGGEYGAKDYSDPPPAPLFDAEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQADPAG

PNAADAACSGVGILGIAWAFGGMIFVLVYCTAGVSGGHINPAVTFGLFLARKVSLVRAVLYIIAQCLGAIC

GVGLVKGFQSAFYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIG

FAVFMVHLATIPITGTGINPARSFGAAVIYNNEKAWDDHWIFWVGPFIGAAIAAAYHQYVLRASATKLGSS

ASFGRS 

 

>HvPIP2;4 

MAKDIEAAPPGGEYAAKDYSDPPPAPLFDAEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQADPAG

PNAADAACSGVGILGIAWAFGGMIFVLVYCTAGVSGGHINPAVTFGLFLARKVSLVRAVLYIIAQCLGAIC

GVGLVKGFQSAFYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIG

FAVFMVHLATIPITGTGINPARSFGAAVIYNNEKAWDDHWMFWVGPFIGAAIAALYHQYVLRASATKFGSS

ASFGSR 

 

>HvPIP2;5 

MAKDEVMETGGGGDFAAKDYTDPPPAPLVDAAELASWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDPA

VNSAADAACGGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYMVAQCLGAM

CGVGLVKAFQSAYFVRYGGGANTLAAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPI

GFAVFMVHLATIPITGTGINPARSLGAAVIYNKDKAWDDQWIFWVGPMIGAAIAAFYHQYILRAGAIKALG

SFRSNA 

 

>HvPIP2;7 

MSKEEVIAGGDTADVAVEKAPYWDPPPAPLLDTSELTRWSLYRAVIAEFVATLIFLYVSLATVIGYKSQSS

AQPCTGVGYLGVAWAFGATIFVLVYCTGGVSGGHINPAVTFGLFVGRKLSLVRTVLYIVAQCLGAICGAGM

VKGIAGASYEALGGGANTVADGVSVGAGLGAEIAGTFVLVYTVLSATDPKRTARDSFIPVLVPLPIGFAVF

IVHLATIPITGTGINPARSLGAAVMYNQHKAWKDHWIFWVGPLLGATVAALYHRFVLRGEAAKALGSFRST

GAATART 

 

>ZmPIP2;2 

MGKDDVVQSGAGGGEFAAKDYTDPPPAPLVDAAELGSWSLYRAVIAEFIATLLFLYVTVATVIGYKHQTDA

SASGAGADAACGGVGVLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYMVAQCLG

AVCGVGLVKAFQSAYFDRYGGGANSLASGYSRGAGLGAEIVGTFVLVYTVFSATDPKRNARDSHVPVLAPL

PIGFAVFMVHLATIPVTGTGINPARSLGAAVVYNKDKPWDDHWIFWVGPLLGAAIAAFYHQYILRAGAIKA

LGSFRSNA 

 

>ZmPIP2;3 

MAKQDIEASGPEAGEFSAKDYTDPPPAPLIDADELTKWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDA

AASGPDAACGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYIIAQCLGAI

CGVGLVKGFQSAYYVRYGGGANELSDGYSKGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPI

GFAVFMVHLATIPITGTGINPARSLGAAVIYNKDKAWDDQWIFWVGPLIGAAIAAAYHQYVLRASATKLGS

YRSNA 
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>ZmPIP2;4 

MAKDIEASGPEAGEFSAKDYTDPPPAPLIDAEELTQWSLYRAVIAEFIATLLFLYITVATVIGYKHQTDAS

ASGPDAACGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYIIAQCLGAIC

GVGLVKGFQSAYYVRYGGGANELSDGYSKGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIG

FAVFMVHLATIPITGTGINPARSLGAAVIYNKDKAWDDQWIFWVGPLIGAAIAAAYHQYVLRASATKLGSY

RSNA 

 

>ZmPIP2;6 

MGKEVDVSTLEAGGVRDRDYADPPPAPLIDIDELGKWSLYRAVIAEFVATLLFLYITVATVIGYKHQTDAS

ASGPDAACSGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLVRALLYMAAQSLGAIC

GVALVKGFQSGFYARYGGGANEVSAGYSTGTGLAAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIG

FAVFMVHLATIPITGTGINPARSLGAAVVYNNSKAWSDQWIFWVGPFIGAAIAALYHQIVLRASARGYGSF

RSNA 

 

>ZmPIP2;5 

MAKDIEAAAAHEGKDYSDPPPAPLVDAEELTKWSLYRAVIAEFVATLLFLYITVATVIGYKHQTDAAASGP

DAACGGVGVLGIAWAFGGMIFILVYCTAGVSGGHINPAVTFGLFLARKVSLVRALLYIVAQCLGAICGVGL

VKGFQSAFYVRYGGGANELSAGYSKGTGLAAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFAVF

MVHLATIPITGTGINPARSLGAAVIYNNDKAWDDHWIFWVGPFIGAAIAAAYHQYVLRASAAKLGSSASFS

R 

 

>ZmPIP2;7  

MAKDVEQVTEQGEYSAKDYHDPPPAPLIDPDELTKWSLYRAAIAEFIATLLFLYITVLTIIGYKRQSDTKI

PGNTECDGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLGRKVSLVRALLYMIAQCAGAICGA

GLAKGFQKSFYNRYGGGVNTVSDGYNKGTALGAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFA

VFMVHLATIPVTGTGINPARSFGPAVIFNNDKAWDDQWIYWVGPFVGAAVAAIYHQYILRGSAIKALGSFR

SNA 

 

>OsPIP2;1 

Mgkdevmesggaagefaakdytdpppaplidaaelgswslyraviaefiatllflyitvatvigykhqtda

sasgadaacggvgvlgiawafggmifilvyctagisgghinpavtfglflarkvslvrailyivaqclgai

cgvglvkafqsayfnrygggantlaagyskgtglaaeiigtfvlvytvfsatdpkrnardshvpvlaplpi

gfavfmvhlatipitgtginparsigaavifnnekawhnhwifwvgpfvgaaiaafyhqyilragaikalg

sfrsna 

 

>OsPIP2;2 

Makdieasapeggefsakdytdpppaplidveeltkwslyraviaefiatllflyitvatvigykhqsdat

vnttdaacsgvgilgiawafggmifilvyctagisgghinpavtfglflarkvsliravlyiiaqclgaic

gvglvkgfqssyyaryggganelsdgyskgtglgaeiigtfvlvytvfsatdpkrnardshipvlaplpig

favfmvhlatipitgtginparslgtaviynkdkawddqwifwvgpligaaiaaayhqyvlrasaaklgsy

rsna 

 

>OsPIP2;3 

Makdieaaaaaeggeymakdysdpppaplidaeeltkwslyraviaefvatllflyitvatvigykhqsdp

ganaadaacsgvgilgiawafggmifilvyctagvsgghinpavtfglflarkvslvravlyivaqslgai

cgvglvkgfqsafyvryggganelsdgyskgtglaaeiigtfvlvytvfsatdpkrnardshvpvlaplpi

gfavfmvhlatipitgtginparslgaaviynqhkawhdhwifwvgpligaaiaaayhqyvlrasaaklgs

sssfrg 

 

>OsPIP2;4 

Mgkevdvstleaggardyidpppaplvdvdelgkwslyraliaefvatllflyvtvatvigykhqtdaavn

gadaacggvgvlgiawafggmifilvyctagvsgghinpavtlglflarkvslvrallymaaqclgaicgv

alvkgfqsslydryggganelaagystgtglaaeiigtfvlvytvfsatdpkrnardshvpvlaplpigfa

vfmvhlatipitgtginparslgvavvynnnkawsdqwifwvgpfigaaiaalyhqvilrasargygsfrs

na 
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>OsPIP2;5 

Mgkeadveaggvrdyedpppaplvdidelgrwslyraviaefvatllflyvtvatvigykhqtdasasgdd

aacggvgvlgiawafggmifilvyctagisgghinpavtfglflarkvslvrailyivaqclgavcgvalv

kgfqssfydryggganelaagyskgtglaaeiigtfvlvytvfsatdpkrnardshvpvlaplpigfavfm

vhlatipvtgtginparslgaavvynnskawsdqwifwvgpfigaaiaalyhqivlrasargygsfrsna 

 

>OsPIP2;6 

Mskevseepehvrpkdytdpppaplfdvgelrlwsfyraliaefiatllflyitvatvigykvqssadqcg

gvgtlgiawafggmifilvyctagisgghinpavtfglllarkvsviravmyivaqclggivgvgivkgim

khqynanggganmvasgystgtalgaeiigtfvlvytvfsatdpkrnardshvpvlaplpigfavfmvhla

tipitgtginparsigaaviynqkkawddhwifwagpfigalaaaayhqyilraaaikalgsfrsnpsn 

 

>OsPIP2;7 

Maskeevavetveggaaaakapywdpppaplldtselgkwslyraliaefmatliflyvsiatvigyknqr

atvdactgvgylgvawsfgatifvlvyctggvsgghinpavtlglffgrklslvrtvlyvvaqclgaiaga

givkgimkrpydalgggantvsdgysaagalgaeivgtfilvytvfsatdpkrtardsfipvlvplpigfa

vfvvhlatipitgtginparslgaavlynqhaawkdhwifwvgpvigaflaaayhklvlrgeaakalssfr

stsvta 

 

>OsPIP2;8 

Maagsgsgsnpkdyqdpppaplvdtgelgkwslyraaiaeftatlllvcisvstvigekrqsgeggagvlg

iawafgglifvlvyctagisgghmnpavtfamvlarrvslpraalytmaqcvgavcgaglaramhgggqya

rhggganelaagysagagvvaemvgtfvlvytvfsatdpkrkardshvpvlaplpiglavlvvhlatipit

gtginparslgpalvlglgttkawshlwifwvgpfagaaaamiyhhyilrgaaakafasssyrsphf 

 

>AtPIP2;1 

MAKDVEAVPGEGFQTRDYQDPPPAPFIDGAELKKWSFYRAVIAEFVATLLFLYITVLTVIGYKIQSDTDAG

GVDCGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLPRALLYIIAQCLGAICGVGF

VKAFQSSYYTRYGGGANSLADGYSTGTGLAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIGFAVF

MVHLATIPITGTGINPARSFGAAVIYNKSKPWDDHWIFWVGPFIGAAIAAFYHQFVLRASGSKSLGSFRSA

ANV 

 

>AtPIP2;2 

MAKDVEGPEGFQTRDYEDPPPTPFFDADELTKWSLYRAVIAEFVATLLFLYITVLTVIGYKIQSDTKAGGV

DCGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLIRAVLYMVAQCLGAICGVGFVK

AFQSSYYDRYGGGANSLADGYNTGTGLAAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFAVFMV

HLATIPITGTGINPARSFGAAVIYNKSKPWDDHWIFWVGPFIGAAIAAFYHQFVLRASGSKSLGSFRSAAN

V 

 

>AtPIP2;3 

MAKDVEGPDGFQTRDYEDPPPTPFFDAEELTKWSLYRAVIAEFVATLLFLYVTVLTVIGYKIQSDTKAGGV

DCGGVGILGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLFLARKVSLIRAVLYMVAQCLGAICGVGFVK

AFQSSHYVNYGGGANFLADGYNTGTGLAAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFAVFMV

HLATIPITGTGINPARSFGAAVIFNKS 

KPWDDHWIFWVGPFIGATIAAFYHQFVLRASGSKSLGSFRSAANV 

 

>AtPIP2;4 

MAKDLDVNESGPPAARDYKDPPPAPFFDMEELRKWPLYRAVIAEFVATLLFLYVSILTVIGYKAQTDATAG

GVDCGGVGILGIAWAFGGMIFVLVYCTAGISGGHINPAVTVGLFLARKVSLVRTVLYIVAQCLGAICGCGF

VKAFQSSYYTRYGGGANELADGYNKGTGLGAEIIGTFVLVYTVFSATDPKRNARDSHVPVLAPLPIGFAVF

MVHLATIPITGTGINPARSFGAAVIYNNEKAWDDQWIFWVGPMIGAAAAAFYHQFILRAAAIKALGSFGSF

GSFRSFA 

 

>AtPIP2;5 

MTKEVVGDKRSFSGKDYQDPPPEPLFDATELGKWSFYRALIAEFIATLLFLYVTIMTVIGYKSQTDPALNP

DQCTGVGVLGIAWAFGGMIFILVYCTAGISGGHINPAVTFGLLLARKVTLVRAVMYMVAQCLGAICGVALV

KAFQSAYFTRYGGGANGLSDGYSIGTGVAAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIGFAVFI
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VHLATIPITGTGINPARSLGAAIIYNKDKAWDHHWIFWVGPFAGAAIAAFYHQFVLRAGAIKALGSFRSQP

HV 

 

>AtPIP2;6 

MTKDELTEEESLSGKDYLDPPPVKTFEVRELKKWSFYRAVIAEFIATLLFLYVTVLTVIGFKSQTDINAGG

GACASVGLLGISWAFGGMIFILVYCTAGISGGHINPAVTFGLFLASKVSLVRAVSYMVAQCLGATCGVGLV

KVFQSTYYNRYGGGANMLSDGYNVGVGVGAEIIGTFVLVYTVFSATDPKRNARDSHIPVLAPLPIGFSVFM

VHLATIPITGTGINPARSFGAAVIYNNQKAWDDQWIFWVGPFVGAAIAAFYHQFVLRAGAMKAYGSVRSQL

HELHA 

 

>AtPIP2;7 

MSKEVSEEGKTHHGKDYVDPPPAPLLDMGELKSWSFYRALIAEFIATLLFLYVTVATVIGHKKQTGPCDGV

GLLGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLVRALGYMIAQCLGAICGVGFVKAFMKT

PYNTLGGGANTVADGYSKGTALGAEIIGTFVLVYTVFSATDPKRSARDSHIPVLAPLPIGFAVFMVHLATI

PITGTGINPARSFGAAVIYNNEKAWDDQWIFWVGPFLGALAAAAYHQYILRASAIKALGSFRSNATN 

 

>AtPIP2;8 

MSKEVSEEGRHGKDYVDPPPAPLLDMAELKLWSFYRAIIAEFIATLLFLYVTVATVIGHKNQTGPCGGVGL

LGIAWAFGGMIFVLVYCTAGISGGHINPAVTFGLFLARKVSLPRAVAYMVAQCLGAICGVGLVKAFMMTPY

KRLGGGANTVADGYSTGTALGAEIIGTFVLVYTVFSATDPKRSARDSHVPVLAPLPIGFAVFMVHLATIPI

TGTGINPARSFGAAVIYNNEKAWDDHWIFWVGPFVGALAAAAYHQYILRAAAIKALASFRSNPTN 
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TIPs 

 
>HvTIP1;1 

MPVSRIAVGSHREVYEVGALKAALAEFISTLIFVFAGQGSGMAFSKLSPDGVATPAGLISAAIAHAFALFV

AVSVGANISGGHVNPAVTFGAFVGGNITLFRGLLYWVAQLLGSTAACFLLRFSTGGLPTGTFGLTGIGAWE

AVVLEIVMTFGLVYTVYATAVDPKKGSLGTIAPIAIGFIVGANILVGGAFSGASMNPAVSFGPALVSWEWG

YQWVYWVGPLIGGGLAGVIYELLFISRTHEQLPTTDY 

 

>HvTIP1;2 

MPVSRIAIGAPGELSHPDTFRAGVAEFISMLIFVFAGSGSGMAFGKLTDGGAATPAGLISAALAHAFALFV

AVSVGANISGGHVNPAVTFGAFVGGNISLLKAVVYWVAQLLGSVIACLLLKIATGGEAVGAFSLSAGVGVW

NAVVFEIVMTFGLVYTVYATAVDPKRGDLGVIAPIAIGFIVGANILAGGAFDGASMNPAVSFGPAVVSGVW

ENHWVYWLGPFAGAAIAALVYDICFIGQRPHEQLPTAEY 

 

>HvTIP2;1 

MVKLAFGSCGDSFSATSIRAYVAEFIATLLFVFAGVGSAIAYGKLTEDGALDPAGLVAIAIAHAFALFVGV

AIAANISGGHLNPAVTFGLAVGGHITILTGIFYWVAQLLGSAAACFLLKFVTHGKAIPTHAVAAGMNEFEG

VVMEIVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNFAG

NWVYWVGPLIGGGLAGFVYGDVFIASYQPVADQDYA 

 

>HvTIP2;2 

MVKLAFGSFGDSFSATSIRSYVAEFIATLLFVFAGVGSAISYGQLTQGGALDPAGLVAIAIAHAFALFVGV

AMAANISGGHLNPAVTFGLAVGGHVTILTGLFYWVAQLLGASVACLLLQFVTHAQAMPTHAVSGISEVEGV

VMEIVITFALVYTVYATAADPKKGSLGTIAPMAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNFSGH

WVYWVGPLIGGGLAGLVYGDVFIASYQPVGHQQEYP 

 

>HvTIP2;3 

MPGSIAFGRFDDSFSVASLKAYVAEFISTLIFVFAGVGSAIAYTKVSGGAPLDPSGLIAVAICHGFGLFVA

VAIGANISGGHVNPAVTFGLALGGQITILTGLFYWVAQLLGAIVGAFLVQFCTGVATPTHGLSGVGAFEGV

VMEIIVTFGLVYTVYATAADPKKGSLGTIAPIAIGFIVGANILVAGPFSGGSMNPARSFGPAVASGDFTNI

WIYWAGPLIGGGLAGIVYRYLYMCDNHTPVASNDY 

 

>HvTIP3;1 

MSTAARSTGRRGFTMGRSEDATHPDTIRAAISEFLATAIFVFAAEGSILSLGKLYHDMSTAGGLVAVALAH

ALALAVAVSVAVNISGGHVNPAITFGALLGGRITLVRALFYWIAQLLGAIVASLLLRLTTGGMRPPGFSLA

SGVGDWHAVLLEAVMTFGLMYAYYATLIDPKRGHVGTIGPLAVGFLLGANILAGGPFDGAAMNPARVFGPA

LVGWRWRHHWVYWLGPFLGSGIAGLLYEYVVIPSTETAAHAHQPLAPEDY 

 

>HvTIP4;1 

MAATKHADSFDEREVAVVDAGCVRAVLGELVLTFLFVFTGVAAAMAAGVPELPGAAMPMATLAGVALAQAL

AAGVLVTAGFHVSGGHLNPAVTVALLARGHITAFRAVLYVVAQLLASSLACILLRCLTGGQPTPVPVHTLG

AGIGPMQGLVMEIILTFSLLFVVYATILDPRTTVPGYGPMLTGLIVGANTIAGGNFSGASMNPARSFGPAL

ATGVWTNHWIYWVGPLVGGPLAGFVYEMVFMVKKTHEPLLGWDF 

 

>HvTIP5;1 

MASNLRVHLKHCFSPPSLRSYFAEFISTFLFVFTAVGSAISARMLTPDVTSNASSLVATAVAQSFGLFAAV

FIAADVSGGHVNPAVTFAFAIGGHIGVPTAIFYWTCQLLGSTLACLVLHFLSAGQAVPTTRIAVEMTGFGA

SIVEGVMTFMVVYTVHVAGDPRGQGRKGLATSALGALVVGLVTGACVLAAGSLTGASMNPARSFGPAVVSG

DFKNQAVYWAGPMIGAAVAALVHQNLVFPSAPEPLPHESRHGSVETVVV 

 

>ZmTIP1;1 

MPINRIALGSHQEVYHPGALKAAFAEFISTLIFVFAGQGSGMAFSKLTGGGPTTPAGLIAAAVAHAFALFV

AVSVGANISGGHVNPAVTFGAFVGGNITLFRGLLYWVAQLLGSTVACFLLRFSTGGQATGTFGLTGVSVWE

ALVLEIVMTFGLVYTVYATAVDPKKGSLGTIAPIAIGFIVGANILVGGAFDGASMNPAVSFGPALVSWEWG

YQWVYWVGPLIGGGLAGVIYELLFISHTHEQLPSTDY 
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>ZmTIP1;2 

MPVSRIAVGAPGELSHPDTAKAAVAEFISTLIFVFAGSGSGMAFSKLTDGGAATPAGLIAASLAHALALFV

AVSVGANISGGHVNPAVTFGAFVGGNISLLKALVYWVAQLLGSVVACLLLKIATGGAALGAFSLSAGVGAM

NAVVLEMVMTFGLVYTVYATAVDPKKGDLGVIAPIAIGFIVGANILAGGAFDGASMNPAVSFGPAVVTGVW

ENHWVYWVGPLAGAAIAALVYDIIFIGQRPHQQLPTTAADY 

 

>ZmTIP2;1 

MVKLAFGSVGDSFSATSIKAYVAEFIATLLFVFAGVGSAIAYGQLTNGGALDPAGLVAIAIAHALALFVGV

SVAANISGGHLNPAVTFGLAVGGHITILTGVFYWVAQLLGATVACLLLGFVTHGKAIPTHAVAGISELEGV

VFEVVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGDFAGN

WVYWVGPLVGGGLAGLVYGDVFIGGSYQQVADQDYA 

 

>ZmTIP2;2 

MVKLAFGSVGDSFSVTSIKAYVAEFIATLLFVFAGVGSAIAFGQLTNGGALDPAGLVAIAVAHALALFVGV

SVAANTSGGHLNPAVTFGLAVGGHITVLTGLFYWVAQLLGASVACLLLRFVTHGKAIPTHGVSGGTTELEG

VVFEIVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAADFAG

NWVYWVGPLIGGGLAGLVYGDVFIGGSYQQVADQDYA 

 

>ZmTIP2;3 

MVKLAFGSFRDSLSAASLKAYVAEFIATLLFVFAGVGSAIAYSQLTKGGALDPAGLVAIAIAHAFALFVGV

SMAANISGGHLNPAVTFGLAVGGHITILTGILYWVAQLLGASVACFLLQYVTHGQAIPTHGVSGISEIEGV

VMEIVITFALVYTVYATAADPKKGSLGTIAPMAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNFAGN

WVYWVGPLVGGGLAGLVYGDVFIASYQPVGQQEYP 

 

>ZmTIP3;1 

MSTGVRPGRRFTVGRSEDATHPDTIRAAISEFIATAIFVFAAEGSVLSLGKMYHDMSTAGGLVAVALAHAL

ALAVAVAVAVNISGGHVNPAVTFGALVGGRVSLVRAVLYWVAQLLGAVAATLLLRLATGGMRPPGFALASG

VGDWHAVLLEAVMTFGLMYAYYATVIDPKRGHVGTIAPLAVGFLLGANVLAGGPFDGAGMNPARVFGPALV

GWRWRHHWVYWLGPFLGAGLAGLVYEYLVIPSADAAVPHAHQPLAPEDY 

 

>ZmTIP3;2 

MSTATGVRAGRRFTVGRSEDATHPDTIRAAISEFIATAIFVFAAEGSVLSLGKMYHDHSTISTAGGLVAVA

LAHALGLAVAVAVAVNVSGGHVNPAVTFGALVGGRVSLVRAVLYWAAQLLGAVAATLLLRLATGGARPPGF

ALASGVGDGHAVLLEAVMTFGFVYAYYATVVDPKRGHLGTIAPLAVGFLLGANVLAGGPFDGAGMNPARVF

GPALVGWRWRHHWVYWLGPFLGAGLAGLVYEYLLIPPADAVPHTHQPLAPEDY 

 

>ZmTIP4;1 

MAKLMNKLVDSFEHDEIPDVGCVRAVLAELVLTFLFVFTGVSAAMAAGSDGKPGDAMPMATLAAVAIAHAL

AAGVLVTAGFHVSGGHLNPAVTVGLMVRGHITKLRAVLYVAAQLLASSAACVLLRFLSGGMVTPVHALGRG

ISPMQGLVMEVILTFSLLFVTYAMILDPRSQVRAIGPLLTGLIVGANSLAGGNFTGASMNPARSFGPALAT

GDWTNHWVYWIGPLLGGPLAGFVYESLFLVQKMHEPLLNGEV 

 

>ZmTIP4;2 

MAKLVNKLVDSFDHDEAPAPDVGCVRAVLAELVLTFLFVFTGVSASMAAGAGGKPGEAMPMATLAAVAIAH

ALAAGVLVTAGFHVSGGHLNPAVTVGILVRGHITKLRALLYVAAQLLASSLACILLRYLSGGMVTPVHALG

AGIRPMQGLVMEVILTFSLLFVTYAMILDPRSQVRTIGPLLTGLIVGANSLAGGNFTGASMNPARSFGPAM

ATGVWTNHWVYWIGPLLGGSLAGFVYESLFMVNKTHEPLLNGDI 

 

>ZmTIP4;3 

MGKLTLGHRGEASEPDFFRGVLGELVLTFLFVFIGVGAAMTDGATTKGSTAGGDLTAVALGQALVVAVIAT

AGFHISGGHVNPAVTLSLAVGGHVTLFRSSLYIAAQMLASSAACFLLRWLTGGLATPVHALAEGVGPLQGV

VAEAVFTFSLLFVIYATILDPRKLLPGAGPLLTGLLVGANSVAGAALSGASMNPARSFGPAVASGVWTHHW

VYWVGPLAGGPLAVLVYECCFMAAAPTHDLLPQQDP 

 

>ZmTIP4;4 

MAKFALGHHREASDAGCVRAVLAELILTFLFVFAGVGSAMATGKLAGGGGDTVVGLTAVALAHTLVVAVMV

SAGLHVSGGHINPAVTLGLAATGRITLFRSALYVAAQLLGSTLACLLLAFLAVADSGVPVHALGAGVGALR
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GVLMEAVLTFSLLFAVYATVVDPRRAVGGMGPLLVGLVVGANVLAGGPFSGASMNPARSFGPALVAGVWAD

HWVYWVGPLIGGPLAGLVYDGLFMAQGGHEPLPRDDTDF 

 

>ZmTIP5;1  

MASNNLLVDLKRCFSAPSLRSYLAEFISTFLFVFTAVGSAISARMLTTPDVTSSAGPLVATAVAQAFGLFA

AVLIAADVSGGHVNPAVTFAYAIGGRIGVPSAMFYWASQLLGATFACLSLNLFSAGEEVPTTRIAVAMTGF

GGAVLEGVLTFLLVYTVHVVGEREPRSRGGDGKREFAATALGALAVGLTQGAFVLAAGALTGASMNPARSF

GPAVVSGHFKNQAVYWAGPMVGAAVAALVYQIMACPSVTGNVEAVVV 

 

>OsTIP1;1 

MPIRNIAVGSHQEVYHPGALKAALAEFISTLIFVFAGQGSGMAFSKLTGGGATTPAGLIAAAVAHAFALFV

AVSVGANISGGHVNPAVTFGAFVGGNITLFRGLLYWIAQLLGSTVACFLLRFSTGGLATGTFGLTGVSVWE

ALVLEIVMTFGLVYTVYATAVDPKKGSLGTIAPIAIGFIVGANILVGGAFDGASMNPAVSFGPALVSWSWE

SQWVYWVGPLIGGGLAGVIYEVLFISHTHEQLPTTDY 

 

>OsTIP1;2 

MPVSRIAVGAPGELSHPDTAKAAVAEFISMLIFVFAGSGSGMAFSKLTDGGGTTPSGLIAASLAHALALFV

AVAVGANISGGHVNPAVTFGAFVGGNISLVKAVVYWVAQLLGSVVACLLLKIATGGAAVGAFSLSAGVGAW

NAVVFEIVMTFGLVYTVYATAVDPKKGDLGVIAPIAIGFIVGANILAGGAFDGASMNPAVSFGPAVVTGVW

DNHWVYWLGPFVGAAIAALIYDIIFIGQRPHDQLPTADY 

 

>OsTIP2;1 

MVKLAFGSLGDSFSATSVKAYVAEFIATLLFVFAGVGSAIAYGQLTNGGALDPAGLVAIAIAHALALFVGV

SVAANISGGHLNPAVTFGLAVGGHITILTGLFYWIAQLLGASIACLLLKFVTHGKAIPTHGVAGISELEGV

VMEIVITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVAAGNFAGN

WVYWVGPLIGGGLAGLVYGDVFIGSYQPVADQDYA 

 

>OsTIP2;2 

MSGNIAFGRFDDSFSAASLKAYVAEFISTLVFVFAGVGSAIAYTKLTGGAPLDPAGLVAVAVCHGFGLFVA

VAIGANISGGHVNPAVTFGLALGGQITILTGVFYWIAQLLGAIVGAVLVQFCTGVATPTHGLSGVGAFEGV

VMEIIVTFGLVYTVYATAADPKKGSLGTIAPIAIGFIVGANILVAGPFSGGSMNPARSFGPAVASGDYTNI

WIYWVGPLVGGGLAGLVYRYVYMCGDHAPVASSEF 

 

>OsTIP3;1 

MSTAAARPGRRFTVGRSEDATHPDTIRAAISEFLATAIFVFAAEGSILSLGKLYQDMSTPGGLVAVSLAHA

LALAVAVAVAVNISGGHVNPAITFGALLGGRLSLIRALFYWLAQLLGAVVATLLLRLTTGGMRPPGFALAS

GVGDWHAVLLEATMTFGLMYAYYATVIDPKRGHVGTIAPLAVGFLLGANMLAGGPFDGAGMNPARVFGPAL

VGWRWRHHWVYWLGPFVGAGLAGLLYEYLVIPSADAAPHGGAHQPLAPEDY 

 

>OsTIP3;2 

MLPGRHTPRRADAAAAAAAMEPLVPGATRAALSEFVATAVFVFAAEGSVYGLWKMYRDTGTLGGLLVVAVA

HALALAAAVAVSRNASGGHVNPAVTFGVLVGRRISFARAALYWAAQLLGAVLAVLLLRLASGGMRPMGFTL

GHRIHERHALLLEVVMTFGLVYTVYATAVDRRSGGGDIAPLAIGLVAGANILAGGPFDGAAMNPARAFGPA

LVGWNWRHHWVYWLGPLIGAGMAGALYEFVMAEQPEPPAAADTRLPVAAEDY 

 

>OsTIP4;1 

MAKEVDPCDHGEVVDAGCVRAVLAELVLTFVFVFTGVAATMAAGVPEVAGAAMPMAALAGVAIATALAAGV

LVTAGFHVSGGHLNPAVTVALLARGHITAFRSALYVAAQLLASSLACILLRYLTGGMATPVHTLGSGIGPM

QGLVMEIILTFSLLFVVYATILDPRSSVPGFGPLLTGLIVGANTIAGGNFSGASMNPARSFGPALATGVWT

HHWIYWLGPLIGGPLAGLVYESLFLVKRTHEPLLDNSF 

 

>OsTIP4;2 

MPLLPMTKLELGHRGEAWEPGCLRAVAGELLFTFLFVFIGVASTITAGKAAGGAGEAAAVTAAAMAQALVV

AVLATAGFHVSGGHLNPAVTLSLAVGGHITLFRSALYVAAQLAGSSLACLLLRCLTGGAATPVHALADGVG

PVQGVAAEAVFTFTLLLVICATILDPRRAAPPGTGPLLTGLLVGANTVAGGALTGASMNPARSFGPALATG

EWAHHWVYWVGPLAGGPLAVVAYELLFMDVEDAGGAHQPLPQE 
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>OsTIP4;3 

MAKLALGHHREATDPGCLRAVVAELLLTFLFVFSGVGSAMAAAKLGGGGDTIMGLTAVAAAHALVVAVMVS

AGLHVSGGHINPAVTLGLAAGGHITLFRSALYAAAQLLGSSLACLLLAALTGGEEAVPVHAPAPGVGAARA

VAMEAVLTFSLLFAVYATVVDRRRAVGALGPLLVGLVVGANILAGGPYSGASMNPARSFGPALAAGEWADH

WIYWVGPLIGGPLAGLVYEGLFMGPPGHEPLPRNDGDF 

 

>OsTIP5;1 

MANICANMKRCFSPPALRAYFAEFFSTFLFVFIAVGSTISARMLTPDETSDASSLMATAVAQAFGLFAAVF

IAADVSGGHVNPAVTFAYAIGGHITVPSAIFYWASQMLGSTFACLVLHYISAGQAVPTTRIAVEMTGFGAG

ILEGVLTFMVVYTVHVAGDPRGGGFGGRKGPAATALGALVVGAVTGACVLAAGSLTGASMNPARSFGPAVV

SGHYSNQAVYWAGPMVGAAVAALVHQALVFPTVPEPAPAPATNESARHGSVQTVVV 

 
>AtTIP1;1 

MPIRNIAIGRPDEATRPDALKAALAEFISTLIFVVAGSGSGMAFNKLTENGATTPSGLVAAAVAHAFGLFV

AVSVGANISGGHVNPAVTFGAFIGGNITLLRGILYWIAQLLGSVVACLILKFATGGLAVPAFGLSAGVGVL

NAFVFEIVMTFGLVYTVYATAIDPKNGSLGTIAPIAIGFIVGANILAGGAFSGASMNPAVAFGPAVVSWTW

TNHWVYWAGPLVGGGIAGLIYEVFFINTTHEQLPTTDY 

 
>AtTIP1;2 

MPTRNIAIGGVQEEVYHPNALRAALAEFISTLIFVFAGSGSGIAFNKITDNGATTPSGLVAAALAHAFGLF

VAVSVGANISGGHVNPAVTFGVLLGGNITLLRGILYWIAQLLGSVAACFLLSFATGGEPIPAFGLSAGVGS

LNALVFEIVMTFGLVYTVYATAVDPKNGSLGTIAPIAIGFIVGANILAGGAFSGASMNPAVAFGPAVVSWT

WTNHWVYWAGPLIGGGLAGIIYDFVFIDENAHEQLPTTDY 

 

>AtTIP1;3 

MPINRIAIGTPGEASRPDAIRAAFAEFFSMVIFVFAGQGSGMAYGKLTGDGPATPAGLVAASLSHAFALFV

AVSVGANVSGGHVNPAVTFGAFIGGNITLLRAILYWIAQLLGAVVACLLLKVSTGGMETAAFSLSYGVTPW

NAVVFEIVMTFGLVYTVYATAVDPKKGDIGIIAPLAIGLIVGANILVGGAFDGASMNPAVSFGPAVVSWIW

TNHWVYWVGPFIGAAIAAIVYDTIFIGSNGHEPLPSNDF 

 

>AtTIP2;1 

MAGVAFGSFDDSFSLASLRAYLAEFISTLLFVFAGVGSAIAYAKLTSDAALDTPGLVAIAVCHGFALFVAV

AIGANISGGHVNPAVTFGLAVGGQITVITGVFYWIAQLLGSTAACFLLKYVTGGLAVPTHSVAAGLGSIEG

VVMEIIITFALVYTVYATAADPKKGSLGTIAPLAIGLIVGANILAAGPFSGGSMNPARSFGPAVAAGDFSG

HWVYWVGPLIGGGLAGLIYGNVFMGSSEHVPLASADF 

 

>AtTIP2;2 

MVKIEIGSVGDSFSVASLKAYLSEFIATLLFVFAGVGSALAFAKLTSDAALDPAGLVAVAVAHAFALFVGV

SIAANISGGHLNPAVTLGLAVGGNITVITGFFYWIAQCLGSIVACLLLVFVTNGESVPTHGVAAGLGAIEG

VVMEIVVTFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVVSGDFSQ

IWIYWVGPLVGGALAGLIYGDVFIGSYAPAPTTESYP 

 

>AtTIP2;3 

MVKIEVGSVGDSFSVSSLKAYLSEFIATLLFVFAGVGSAVAFAKLTSDGALDPAGLVAIAIAHAFALFVGV

SIAANISGGHLNPAVTLGLAIGGNITLITGFFYWIAQCLGSIVACLLLVFVTNGKSVPTHGVSAGLGAVEG

VVMEIVVTFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSMNPARSFGPAVVSGDLSQ

IWIYWVGPLVGGALAGLIYGDVFIGSYEAVETREIRV 

 

>AtTIP3;1 

MATSARRAYGFGRADEATHPDSIRATLAEFLSTFVFVFAAEGSILSLDKLYWEHAAHAGTNTPGGLILVAL

AHAFALFAAVSAAINVSGGHVNPAVTFGALVGGRVTAIRAIYYWIAQLLGAILACLLLRLTTNGMRPVGFR

LASGVGAVNGLVLEIILTFGLVYVVYSTLIDPKRGSLGIIAPLAIGLIVGANILVGGPFSGASMNPARAFG

PALVGWRWHDHWIYWVGPFIGSALAALIYEYMVIPTEPPTHHAHGVHQPLAPEDY 
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>AtTIP3;2 

MATSARRAYGFGRADEATHPDSIRATLAEFLSTFVFVFAGEGSILALDKLYWDTAAHTGTNTPGGLVLVAL

AHALALFAAVSAAINVSGGHVNPAVTFAALIGGRISVIRAIYYWVAQLIGAILACLLLRLATNGLRPVGFH

VASGVSELHGLLMEIILTFALVYVVYSTAIDPKRGSIGIIAPLAIGLIVGANILVGGPFDGASMNPARAFG

PALVGWRWSNHWIYWVGPFIGGALAALIYEYMIIPSVNEPPHHSTHQPLAPEDY 

 

>AtTIP4;1 

MKKIELGHHSEAAKPDCIKALIVEFITTFLFVFAGVGSAMATDSLVGNTLVGLFAVAVAHAFVVAVMISAG

HISGGHLNPAVTLGLLLGGHISVFRAFLYWIDQLLASSAACFLLSYLTGGMGTPVHTLASGVSYTQGIIWE

IILTFSLLFTVYATIVDPKKGSLDGFGPLLTGFVVGANILAGGAFSGASMNPARSFGPALVSGNWTDHWVY

WVGPLIGGGLAGFIYENVLIDRPHVPVADDEQPLLN 

 

>AtTIP5;1 

MRRMIPTSFSSKFQGVLSMNALRCYVSEFISTFFFVLAAVGSVMSSRKLMAGDVSGPFGVLIPAIANALAL

SSSVYISWNVSGGHVNPAVTFAMAVAGRISVPTAMFYWTSQMIASVMACLVLKVTVMEQHVPIYKIAGEMT

GFGASVLEGVLAFVLVYTVFTASDPRRGLPLAVGPIFIGFVAGANVLAAGPFSGGSMNPACAFGSAMVYGS

FKNQAVYWVGPLLGGATAALVYDNVVVPVEDDRGSSTGDAIGV 
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NIPs 

 
 

>HvNIP1;1 

MAGGGDNSQTNGGAQEPRAMEEGRKEDYDQGCGLAISLPFVQKIIAEIFGTYFLIFAGCGAVTINKSKGQI

TFPGVAIVWGLAVMVMVYSVGHISGAHFNPAVTFAFATVRRFPWRQVPAYVLAQMLGATLASGTLRLMFGG

RHEHFPGTLPTGSDVQSLVLEFIITFYLMFVISGVATDNRAIGELAGLAVGATILLNVLIAGPVSGASMNP

ARTVGPALVGSEYRSIWVYVVGPVAGAVAGAWAYNLIRFTNKPLREITKSTSFLRSMSRMNSVSV 

 

>HvNIP1;2 

MEPINSRSILINTRIQTRDRDRDRDRDRQPDKERGMKGESGSARMAGGGGEHGANGLQEQDHAGALEEGRG

GANHPAGCENSEQDLISTSNQPMISVQFVQKVLAEILGTYLLIFAGCAAVAVNKRTAGTVTFPGICITWGL

AVMVMVYSVGHISGAHLNPAVTLAFATCGRFPWRQVPAYAAAQVVGSTAASLTLRLLFGSEPEHFFGTVPA

GSDVQSLVLEFIITFYLMFVISGVATDNRAIGELAGLAVGATVLLNVLFAGPISGASMNPARTIGPAMVAG

RYTSIWLYIVGPISGAVAGAWAYNLIRFTNKPLREITRTGSFLRSARMS 

 

>HvNIP2;1 

MSVTSNTPTRANSRVNYSNEIHDLSTVQDGAPSLAPSMYYQEKSFADFFPPHLLKKVISELVATFLLVFVT

CGAASIYGADVTRVSQLGQSVVGGLIVTVMIYATGHISGAHMNPAVTLSFACFRHFPWIQVPFYWAAQFTG

AMCAAFVLRAVLHPITVLGTTTPTGPHWHALVIEIIVTFNMMFITCAVATDSRAVGELAGLAVGSAVCITS

IFAGPVSGGSMNPARTLAPAVASGVYTGLWIYFLGPVIGTLSGAWVYTYIRFEEEPSVKDGPQKLSSFKLR

RLQSQRSMAVDEFDHV 

 

>HvNIP5634 

MMFVTCAVATDSRAVGELAGLAVGSAVCITSIFAGPVSGGSMNPARTLAPAVASGVYTGLWIYFLGPVIGT

LSGAWVYTYIRFEEAPSVKDGPQKLSSFKLRRLQSQRSMAVDEFDHV 

 

>ZmNIP1;1  

MAGGGDHSQTNGGHVDQRALEEGRKEEFADQGCAAMVVSVPFIQKIIAEIFGTYFLMFAGCGAVTINASKN

GQITFPGVAIVWGLAVMVMVYAVGHISGAHFNPAVTLAFATSGRFPWRQLPAYVLAQMLGATLASGTLRLM

FGGRHEHFPGTLPTGSEVQSLVIEIITTFYLMFVISGVATDNRAIGELAGLAVGATILLNVLIAGPVSGAS

MNPARSVGPALVSGEYTSIWVYVVGPVVGAVAGAWAYNLIRFTNKPLREITKSTSFLKSTSRMNSAASA 

 

>ZmNIP2;1 

MSTNSRSNSRANFNNEIHDIGTAQNSSMPPTYYDRSLADIFPPHLLKKVVSEVVSTFLLVFVTCGAAGIYG

SDKDRISQLGQSVAGGLIVTVMIYAVGHISGAHMNPAVTLAFAVFRHFPWIQVPFYWAAQFTGSICASFVL

KAVLHPIAVLGTTTPTGPHWHSLVIEIIVTFNMMFVTLAVATDTRAVGELAGLAVGSAVCITSIFAGAVSG

GSMNPARTLGPALASNLYTGLWIYFLGPVLGTLSGAWTYTYIRFEEAPSHKDMSQKLSSFKLRRLQSQSVA

VDDDELDHIQV 

 

 

>ZmNIP2;2 

MAAASTTSRTNSRVNYSNEIHDLSTVQSGSVVPTLFYPDKSIADIFPPHLGKKVISEVVATFLLVFVTCGA

ASIYGEDNRRISQLGQSVAGGLIVTVMIYATGHISGAHMNPAVTLSFACFRHFPWIQVPFYWAAQFTGAMC

AAFVLKAVLHPIAVIGTTTPSGPHWHALLIEIVVTFNMMFVTCAVATDSRAVGELAGLAVGSAVCITSIFA

GPVSGGSMNPARTLAPAVASNVFTGLWIYFLGPVIGTLSGAWVYTYIRFEEAPAAKDTQRLSSFKLRRMQS

QLAADEFDTV 

 

>ZmNIP2;3 

MAASTTSRTNSRVNYSNEIHDLSTVQGGSAAAAAAALFYPDSKSIADIFPPHLGKKVISEVVATFLLVFVT

CGAASIYGEDNARISQLGQSVAGGLIVTVMIYATGHISGAHMNPAVTLSFACFRHFPWIQVPFYWAAQFTG

AMCAAFVLKAVLQPIAVIGTTTPSGPHWHALAIEIVVTFNMMFVTCAVATDSRAVGELAGLAVGSAVCITS

IFAGPVSGGSMNPARTLAPAVASNVFTGLWIYFLGPVVGTLSGAWVYTYIRFEEAPAAAKPDTQRLSSFKL

RRMQSQSALAADEFDTV 

 

>ZmNIP3;1 
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MEPGSTPPNGSAPATPGTPAPLFSSGGPRVDSLSYERKSMPRCKCLPLPAVEGWGVATHTCVVEIPAPDVS

LTRKLGAEFVGTFILIFFATAAPIVNQKYGGAISPFGNAACAGLAVATVILSTGHISGAHLNPSLTIAFAA

LRHFPWLQVPAYVAVQALASVCAAFALKGVFHPFLSGGVTVPDATVSTAQAFFTEFIISFNLLFVVTAVAT

DTRAVGELAGIAVGAAVTLNILVAGPTTGGSMNPVRTLGPAVAAGNYRQLWIYLLAPTLGALAGASVYKAV

KLRDENGETPRTQRSFRR 

 

>OsNIP1;1 

MAGGDNNSQTTNGGSGHEQRAMEEGRKQEEFAADGQGCGLAFSVPFIQKIIAEIFGTYFLIFAGCGAVTIN

QSKNGQITFPGVAIVWGLAVMVMVYAVGHISGAHFNPAVTLAFATCRRFPWRQVPAYAAAQMLGATLAAGT

LRLMFGGRHEHFPGTLPAGSDVQSLVLEFIITFYLMFVISGVATDNRAIGELAGLAVGATILLNVLIAGPI

SGASMNPARSLGPAMIGGEYRSIWVYIVGPVAGAVAGAWAYNIIRFTNKPLREITKSGSFLKSMNRMNSST 

 

>OsNIP1;2 

MAGREDGAAAGAMEEGQDSKEVKCESSEDGSSSSSSSRCHGNDVISVQFMQKVHPWCMCMNKNLLILAEIL

GTYFMIFAGCGAVVVNQSTGGAVTFPGICAVWGLVVMVLVYTVSHISGAHFNPAVTVAFATCGRFRWKQVP

SYVVAQVLGSTMASLTLRVVFGGGGGGARGEHLFFGTTPAGSMAQAAALEFVISFFLMFVVSGVATDNRAI

GELAGLAVGATVAVNVLFAGPVTGASMNPARSLGPAMVAGRYGGVWVYVAAPVSGTVCGAWAYNLLRFTDK

PLRDIANTASFLRRSSRRS 

 

>OsNIP1;3 

MAGGEHGVNGQHEETRAMEEGSRDHQARCENSEQDGGSKSSSNNHPMFSVQFAQKVIAEILGTFFLIFAGC

AAVAVNKRTGGTVTFPGICITWGLAVMVMVYSVGHISGAHLNPAVTLAFATCGRFPWRRVPAYAAAQVAGS

AAASAALRALFGGAPEHFFGTAPAGSDVQSLAMEFIITFYLMFVVSGVATDNRAIGELAGLAVGATVLVNV

LFAGPISGASMNPARTIGPAIILGRYTGIWVYIAGPVFGAVAGAWAYNLIRFTDKPLREITMTASFIRSTR

RN 

 

>OsNIP1;4 

MARREVDDSYTNGSVVEVVSIEEGSKMDKEDDHQNPQAPDGGDVVVCGMPMSFTFLQMLLAEFLATFFLMF

AGLGAITVEEKKGAVTFPGVAVAWGAAVMAMVYAVGHVSGAHLNPAVTLGFAVAGRFPWRRAPAYALAQTA

AATAASVVLRLMFGGRHAPVPATLPGGAHAQSLVIEFVITFYLMFVIMAVATDDQAVGHMAGVAVGGTIML

NVLFAGPVSGASMNPARSIGPALVGSKYTALWVYILGPFAGAAAGAWAYSLIRLTGDRTD 

 

>OsNIP2;1 

MASNNSRTNSRANYSNEIHDLSTVQNGTMPTMYYGEKAIADFFPPHLLKKVVSEVVATFLLVFMTCGAAGI

SGSDLSRISQLGQSIAGGLIVTVMIYAVGHISGAHMNPAVTLAFAVFRHFPWIQVPFYWAAQFTGAICASF

VLKAVIHPVDVIGTTTPVGPHWHSLVVEVIVTFNMMFVTLAVATDTRAVGELAGLAVGSAVCITSIFAGAI

SGGSMNPARTLGPALASNKFDGLWIYFLGPVMGTLSGAWTYTFIRFEDTPKEGSSQKLSSFKLRRLRSQQS

IAADDVDEMENIQV 

 

>OsNIP2;2 

MASTTAPSRTNSRVNYSNEIHDLSTVQSVSAVPSVYYPEKSFADIFPPNLLKKVISEVVATFLLVFVTCGA

ASIYGEDMKRISQLGQSVVGGLIVTVMIYATGHISGAHMNPAVTLSFAFFRHFPWIQVPFYWAAQFTGAMC

AAFVLRAVLYPIEVLGTTTPTGPHWHALVIEIVVTFNMMFVTCAVATDSRAVGELAGLAVGSAVCITSIFA

GPVSGGSMNPARTLAPAVASNVYTGLWIYFLGPVVGTLSGAWVYTYIRFEEAPAAAGGAAPQKLSSFKLRR

LQSQSMAADEFDNV 

 

>OsNIP3;1 

MEMAAPNGGGAAGMSSPVNGASAPATPGTPAPLFAGPRVDSLSYERKSMPRCKCLPAAVAEAWAPSAHGCV

VEIPAPDVSLTRKLGAEFVGTFILIFFATAAPIVNQKYGGAISPFGNAACAGLAVTTIILSTGHISGAHLN

PSLTIAFAALRHFPWLQVPAYVAVQVLGSICAGFALKGVFHPFLSGGVTVPDPTISTAQAFFTEFIITFNL

LFVVTAVATDTRAVGELAGIAVGAAVTLNILIAGPTTGGSMNPVRTLGPAVAAGNYRQLWIYLIAPTLGAV

AGAGVYTAVKLRDENGETPRPQRSFRR 

 

>OsNIP3;2 

MEGGKMSSMGMDAASASVTVPPMQMQAGDQSNRIAIIISPRAGSSKILPFELVNGAANAGSQRHADPAEST

PEAHHHLWHPVDLPKIKPPVPLVKKVGAEFFGTFTLIFTVLSTIIMDEQHKGVESLLGIATSAGLAVTVLV

LSLIHISGCHLNPAVSIAMTVFGHLPPAHLLPYIAAQILGSITASFAVKGMYHPVNPGIVTVPKVGTVEAF
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FLEFVTTFVLLFIITALATDPNAVKELIAVAVGATIMMNALVAGPSTGASMNPARTLGPAIATGRYTQIWV

YLVATPLGAVAGEGFYFAIKL 

 

>OsNIP3;3 

MEGHKSGMEAVAVAIPPLHTGESNHRIDSNVSSQCHADPAELSDETQQQSLWHLGLRKIIPSSVPLLKKVS

AEFFGTFILIFTVLSTIIMDEQHKSIETLLGIATSAGLAVTVLVLSLIHISGCHLNPAISIAMAVFGHLPS

AHLLPYISSQILGAVAASFAVKGLYHPVNPGIVTVPNVGTVEAFFVEFIITFFLLFIITALATDPNAVKEL

IAVAVGATVMMNILVAGPSTGASMNPARTIGAAIATGRYTQIWVYLVATPLGAIAGTGAYVAIKL 

 

>OsNIP4;1 

MTTDHAGKKVDVVVVGNVDGEHVGVEQARHDLHEEAAAAAAADHHATRGLAIGFLIREVMVEGLASFLVVF

WSCVAALMQEMYGTLTFPMVCLVVAMTVAFVLSWLGPAHFNPAVTITFAAYRRFPVWPKLPLYVAAQLAGS

LLACLSVNAVMRPRHDHFYGTAPVVVHGTRLPFLMEFLASAVLMIVIATVATDGTAGKTVGGIAIGAAVGG

LGLVIGPVSGGSMNPARTLGPAIVLGRYDGVWIYVVAPVAGMLVGALCNRAVRLSHRIVAFLCGTSVGIAG

SP 

 

>AtNIP1;1 

MADISGNGYGNAREEVVMVNLKDEVEHQQEMEDIHNPRPLKKQDSLLSVSVPFLQKLIAEFLGTYFLVFTG

CASVVVNMQNDNVVTLPGIAIVWGLTIMVLIYSLGHISGAHINPAVTIAFASCGRFPLKQVPAYVISQVIG

STLAAATLRLLFGLDHDVCSGKHDVFIGSSPVGSDLQAFTMEFIVTFYLMFIISGVATDNRAIGELAGLAI

GSTVLLNVLIAAPVSSASMNPGRSLGPALVYGCYKGIWIYLVAPTLGAIAGAWVYNTVRYTDKPLREITKS

GSFLKTVRIGST 

 

>AtNIP1;2 

MAEISGNGGDARDGAVVVNLKEEDEQQQQQQAIHKPLKKQDSLLSISVPFLQKLMAEVLGTYFLIFAGCAA

VAVNTQHDKAVTLPGIAIVWGLTVMVLVYSLGHISGAHFNPAVTIAFASCGRFPLKQVPAYVISQVIGSTL

AAATLRLLFGLDQDVCSGKHDVFVGTLPSGSNLQSFVIEFIITFYLMFVISGVATDNRAIGELAGLAVGST

VLLNVIIAGPVSGASMNPGRSLGPAMVYSCYRGLWIYIVSPIVGAVSGAWVYNMVRYTDKPLREITKSGSF

LKTVRNGSSR 

 

>AtNIP2;1 

MDDISVSKSNHGNVVVLNIKASSLADTSLPSNKHESSSPPLLSVHFLQKLLAELVGTYYLIFAGCAAIAVN

AQHNHVVTLVGIAVVWGIVIMVLVYCLGHLSAHFNPAVTLALASSQRFPLNQVPAYITVQVIGSTLASATL

RLLFDLNNDVCSKKHDVFLGSSPSGSDLQAFVMEFIITGFLMLVVCAVTTTKRTTEELEGLIIGATVTLNV

IFAGEVSGASMNPARSIGPALVWGCYKGIWIYLLAPTLGAVSGALIHKMLPSIQNAEPEFSKTGSSHKRVT

DLPL 

 

>AtNIP3;1 

MIFAGCSAIVVNETYGKPVTLPGIALVWGLVVTVMIYSIGHVSGAHFNPAVSIAFASSKKFPFNQVPGYIA

AQLLGSTLAAAVLRLVFHLDDDVCSLKGDVYVGTYPSNSNTTSFVMEFIATFNLMFVISAVATDKRATGSF

AGIAIGATIVLDILFSGPISGASMNPARSLGPALIWGCYKDLWLYIVSPVIGALSGAWTYGLLRSTKKSYS

EIIRPNCNKVSSRDRQEASQDEICVLRVVDPANQNYFICSSPTDINGKCNVTCKLA 

 

>AtNIP4;1 

MSSHSDEIEEEQISRIEKGKGKDCQGGIETVICTSPSIVCLTQKLIAEMIGTYFIVFSGCGVVVVNVLYGG

TITFPGICVTWGLIVMVMIYSTGHISGAHFNPAVTVTFAIFRRFPWHQVPLYIGAQFAGSLLASLTLRLMF

KVTPEAFFGTTPADSPARALVAEIIISFLLMFVISGVATDNRAVGELAGIAVGMTIMVNVFVAGPISGASM

NPARSLGPALVMGVYKHIWVYIVGPVLGVISGGFVYNLIRFTDKPLRELTKSASFLRAVSPSHKGSSSKT 

 

>AtNIP4;2 

MTSHGEEIEDEQISRIEKGNCKDSQGGMETAICSSPSIVCLTQKLIAEMIGTYFIIFSGCGVVVVNVLYGG

TITFPGICVTWGLIVMVMIYSTGHISGAHFNPAVTVTFAVFRRFPWYQVPLYIGAQLTGSLLASLTLRLMF

NVTPKAFFGTTPTDSSGQALVAEIIISFLLMFVISGVATDSRATGELAGIAVGMTIILNVFVAGPISGASM

NPARSLGPAIVMGRYKGIWVYIVGPFVGIFAGGFVYNFMRFTDKPLRELTKSASFLRSVAQKDNASKSDG 

 

>AtNIP5;1 
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MAPPEAEVGAVMVMAPPTPGTPGTPGGPLITGMRVDSMSFDHRKPTPRCKCLPVMGSTWGQHDTCFTDFPS

PDVSLTRKLGAEFVGTFILIFTATAGPIVNQKYDGAETLIGNAACAGLAVMIIILSTGHISGAHLNPSLTI

AFAALRHFPWAHVPAYIAAQVSASICASFALKGVFHPFMSGGVTIPSVSLGQAFALEFIITFILLFVVTAV

ATDTRAVGELAGIAVGATVMLNILVAGPSTGGSMNPVRTLGPAVASGNYRSLWVYLVAPTLGAISGAAVYT

GVKLNDSVTDPPRPVRSFRR 

 

>AtNIP6;1 

MDHEEIPSTPSTPATTPGTPGAPLFGGFEGKRNGHNGRYTPKSLLKSCKCFSVDNEWALEDGRLPPVTCSL

PPPNVSLYRKLGAEFVGTLILIFAGTATAIVNQKTDGAETLIGCAASAGLAVMIVILSTGHISGAHLNPAV

TIAFAALKHFPWKHVPVYIGAQVMASVSAAFALKAVFEPTMSGGVTVPTVGLSQAFALEFIISFNLMFVVT

AVATDTRAVGELAGIAVGATVMLNILIAGPATSASMNPVRTLGPAIAANNYRAIWVYLTAPILGALIGAGT

YTIVKLPEEDEAPKERRSFRR 

 

>AtNIP7;1 

MNGEARSRVVDQEAGSTPSTLRDEDHPSRQRLFGCLPYDIDLNPLRIVMAELVGTFILMFSVCGVISSTQL

SGGHVGLLEYAVTAGLSVVVVVYSIGHISGAHLNPSITIAFAVFGGFPWSQVPLYITAQTLGATAATLVGV

SVYGVNADIMATKPALSCVSAFFVELIATSIVVFLASALHCGPHQNLGNLTGFVIGTVISLGVLITGPISG

GSMNPARSLGPAVVAWDFEDLWIYMTAPVIGAIIGVLTYRSISLKTRPCPSPVSPSVSSLLR 

 

 

SIPs 

 
>HvSIP1;1 (contig6340) 

MAMGAAVREAAADGVVTFLWVLCVSTLGASTAAVTTYLSLHEGIHYALLVTVSILALLLFAFNLLCDALGG

ASFNPTGVAAFYAAGLTSPSLFSIALRLPAQAAGAVGGALAISELMPEQYKHMLGGPSLKVDPHTGAAAEG

VLTFVITFAVLCIIVKGPRNPIVKTAMLSVSTVSLVLTGAAYTGPSMNPANAFGWAYVNNQHNTWEQLYVY

WICPFIGAILAAWTFRAVFPPPAPKPKTKKA 

 

>HvSIP2;1 (contig19630) [partial sequence] 

GGPALYLFTVFVRVPAQVIGAVIGVMLMRFAFPKVGKGAALNVGVHHGALTEGLATLMVVMVSLTLKKKEQ

GFFVKTWIASIWKMTIHILSSDITGGIMNPASAFAWAYARGDHTSFDHLLVYWLAPLQATLVGVWVVTFLT 

 
>ZmSIP1;1 

MAMGATVRAAAADAVVTFLWVLCASALGASTAAVTSYLGVQEGAGHYALLVTTSLLSVLLFTFDLLCGALG

GASFNPTDFAASYAAGLDSPSLFSVALRFPAQAAGAVGGALAISELMPAQYKHTLAGPSLKVDPHTGALAE

GVLTFVITLTVLWVIVKGPRNVILKTLLLSTSIVSVILAGAEYTGPSMNPANAFGWAYVNNWHNTWEQLYV

YWICPFIGAMLAGWIFRVVFLPPAPKPKTKKA 

 

>ZmSIP1;2  

MAMGEALRAAAADAVVTFLWVLCVSTLGASTTAVTSYLRLQGVHFALLVTVSLLSVLLFVFNILCDALGGA

SFNPTGVAAFYAAGVTSPSLFSIALRLPAQAAGAVGGALAISELMPAQYRHMLGGPSLKVDPHTGAGAELV

LTFVITLAVLLIIVKGPRNPIIKTWMISICTLCLVLSGAAYTGPSMNPANAFGWAYVNNRHNTWEQFYVYW

ICPFIGAILAAWIFRAMFLTPPPKPKAKKA 

 

>ZmSIP2;1 

MSPAPSRPRIRPWLVVGDLALAAAWVCAGALVKLLVYGGLGLGGRPEAEAVKVSLSLVYMFLFAWLEAASG

GASYNPLTVLAAALASHGGPAVYLFTAFARIPAQVIGAVLGVKLIQVTFPNVGKGARLSVGAHHGALAEGL

ATFMVVMVSVTLKKKEMKSFFMKTWITSIWKNTIHLLSSDITGGIMNPASAFAWAYARGDHTTFDHLLVYW

LAPLQATLLGVWAVTFFTKPKKIKEQKVDENKIKKE 

 
>OsSIP1;1 

MAVAAVRAAAADAAVTFLWVLCVSTLGASTAAVTSYLRIHEGIHYALLVTVSLLSVLLFAFNLLCDALGGA

SFNPTALAAFHAAGLSSPRHSSLFPLALRFPAQAAGAVGGAMAISELMPEQYKHMLGGPSLKVDLHTGAAA

ELVLTFVITLAVLWIIVKGPRNPIVKTWMLSISTVCLVLTGAAYTGPSMNPANAFGWAYVNNRHNTWEQFY

VYWICPFVGAVLAAWVFRAVFPPPAPKPKAKKA 
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>OsSIP2;1 

MSPAPPPSRGRIRPWLVVGDLVVAAMWVCAGALVKLAVYGVLGLGGRPEADAVKVALSLVYMFFFAWLEGF

TGGASYNPLTVLAGALASRAGPSLYLFAAFVRMPAQVFGSILGVKLIRAALPKVGKGAPLSVGVHHGALAE

GLATFMVVIVSVTLKKKEMKGFFMKTWISSIWKMTFHLLSSDITGGVMNPASAFAWAYARGDHTTFDHLLV

YWLAPLQATLLGVWVVTLLTKPKKIEEEADESKTKKE 

 
>AtSIP1;1 

MMGVLKSAIGDMLMTFSWVVLSATFGIQTAAIISAGDFQAITWAPLVILTSLIFVYVSIFTVIFGSASFNP

TGSAAFYVAGVPGDTLFSLAIRLPAQAIGAAGGALAIMEFIPEKYKHMIGGPSLQVDVHTGAIAETILSFG

ITFAVLLIILRGPRRLLAKTFLLALATISFVVAGSKYTGPAMNPAIAFGWAYMYSSHNTWDHIYVYWISSF

VGALSAALLFRSIFPPPRPQKKKQKKA 

 

>AtSIP1;2 

MSAVKSALGDMVITFLWVILSATFGIQTAAIVSAVGFHGITWAPLVISTLVVFVSISIFTVIGNVLGGASF

NPCGNAAFYTAGVSSDSLFSLAIRSPAQAIGAAGGAITIMEMIPEKYKTRIGGKPSLQFGAHNGAISEVVL

SFSVTFLVLLIILRGPRKLLAKTFLLALATVSVFVVGSKFTRPFMNPAIAFGWAYIYKSHNTWDHFYVYWI

SSYTGAILSAMLFRIIFPAPPLVQKKQKKA 

 

>AtSIP2;1 

MGRIGLVVTDLVLSFMWIWAGVLVNILVHGVLGFSRTDPSGEIVRYLFSIISMFIFAYLQQATKGGLYNPL

TALAAGVSGGFSSFIFSVFVRIPVEVIGSILAVKHIIHVFPEIGKGPKLNVAIHHGALTEGILTFFIVLLS

MGLTRKIPGSFFMKTWIGSLAKLTLHILGSDLTGGCMNPAAVMGWAYARGEHITKEHLLVYWLGPVKATLL

AVWFFKVVFKPLTEEQEKPKAKSE 
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SUPPLEMENTARY FILE S3 

 
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        

Contig1239_s_at           

Contig1219_s_at            

Contig1228_s_at        

Contig1230_at          

Contig1235_at        

Contig1242_at        

Contig1237_s_at        

Contig1225_s_at        

Contig1223_at           

HV_CEb0007N06r2_at        

Contig1222_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           

HT03K14r_(s)_at        

Contig3772_at         

Contig7377_at          

HF03B07r_at         

AF254799_CDS-2_at        

Contig14229_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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SUPPLEMENTARY FILE S4  

 
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 7.30 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
-(∆Ct)

 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; LD, limit of detection or not 

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

PIP 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 

HvPIP1;1 92.2 2.4 66.8 5.5 27.0 4.3 20.6 1.0 35.9 3.0 

HvPIP1;2 0.04 0.06 0.08 0.09 0.4 0.8 0.1 0.0 1.5 1.5 

HvPIP1;3 6.4 2.2 32.2 5.6 71.3 3.0 76.7 2.5 60.2 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 9.5 0.3 5.0 0.9 0.6 0.3 0.30 0.17 3.5 1.4 

HvPIP2;3 0.11 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 19.8 2.7 17.0 1.0 4.9 0.2 

HvPIP2;5 90.3 0.3 86.4 2.0 57.6 9.2 58.5 5.5 90.2 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. 

. 
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Table S4c. Expression of TIP 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 

HvTIP1;1 54.72 3.00 23.65 3.30 3.96 0.25 2.68 1.17 37.29 11.77 

HvTIP1;2 0.01 0.00 0.58 0.11 0.92 0.39 1.77 0.45 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 0.32 0.02 0.02 0.12 0.18 3.29 0.48 

HvTIP3;1 LD   LD   LD   LD   LD   

HvTIP4;1 0.02 0.01 1.55 0.26 2.93 0.95 3.15 1.19 4.71 2.06 

HvTIP5;1 LD   LD   LD   LD   LD   

TOTAL 56.09 3.23 26.58 2.87 7.84 1.14 7.71 1.53 45.75 11.18 

 

Expression was analysed by qPCR, and average 2
-(∆Ct)

 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 97.6 0.6 88.8 3.0 51.5 10.6 34.1 11.6 80.5 8.1 

HvTIP1;2 0.01 0.01 2.19 0.49 11.46 3.78 24.08 9.32 1.10 0.55 

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 0.014 5.94 1.6 36.7 7.04 40.6 12.7 10.8 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 S4e. Statistical analysis of differences in expression of barley PIPs between leaf 

regions  

 

Gene Leaf 

regions 

      

 EZ:EmBL EZ:L2 EZ:Sh EmBL:L2 Sh:L2 EZ:NEZ NEZ:EmBL 

HvPIP1;1 * ** *  * ** * 

HvPIP1;2        

HvPIP1;3 * ** ** (*)  ***  

HvPIP1;4        

HvPIP1;5 ** ** ** * * ** *** 

ΣPIP1s  *    *  

        

HvPIP2;1  * **   *  

HvPIP2;2 ** ** **  * ** ** 

HvPIP2;3 * * * (*) * *  

HvPIP2;4 ** ** ***   ** * 

HvPIP2;5 ** ** * (*) *** * ** 

HvPIP2;7 * ** *  ** * * 

ΣPIP2s ** ** *  *** * * 

 

Averaged (across reference genes) 2
-(∆Ct)

 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; ΣPIP1s 

and ΣPIP2s, 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 ANOVA analysis, with 

replication, showed that leaf regions differed highly significantly (p=6.41E-21) in 

expression. 

*, **, *** 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 

HvTIP1;1 ** *** ***  

HvTIP1;2 ** * * ** 

HvTIP2;3 * * ** *** 

HvTIP4;1 ** * * * 

Σ-TIPs ** *** ***  

 

Averaged (across reference genes) 2
-(∆Ct)

 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; ΣTIPs, 

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. 

*, **, *** 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
st
; green boxes: significantly higher expression in leaf region listed 2

nd
. 

 

Table S4g. Statistical analysis of differences in expression of TIPs between non-

elongation zone, emerged blade, mature blade and sheath. 

 

Gene Leaf 

regions 

     

 NEZ:EmBL NEZ:L2 NEZ:Sh EmBL:L2 EmBL:Sh L2:Sh 

HvTIP1;1 ** **     * * 

HvTIP1;2   * *    * 

HvTIP2;3 * ** **   ** ** 

HvTIP4;1     *       

Σ-TIPs ** **     * * 

 

Averaged (across reference genes) 2
-(∆Ct)

 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; ΣTIPs, 

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. 

*, **, *** 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 EZ:EmBL EZ:L2 EZ:Sh EmBL:L2 L2:Sh NEZ:EmBL 

PIP1s *  *     

PIP2s * ** ** **  *** * 

PIP2:PIP1 * * ** *  *  

 

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>PIP1s *     

 

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 qPCR 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 

replication 

2
(-∆Ct)

 values of PIPs 

(sample) from three 

experiments (n=3) 

against leaf region 

(column) 

Sample: 2.6E-68 

Column: 6.4E-21 

Interaction: 1.1E-48 

Individual PIP 

isoforms differ in 

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 

2
(-∆Ct)

 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 

2
(-∆Ct)

 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 

region 

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 

Single factor 2
(-∆Ct)

 values of 

HvPIPX;X 

expression from three 

experiments (n=3) 

against leaf region 

(groups) 

Between groups: 

1;1: 3.6E-05 

1;3: 4.5E-05 

1:5: 2.1E-07 

2;1: 2.3E-03 

2;2: 3.6E-07 

2;3: 1.1E-02 

Significant difference 

in expression of 

particular PIP between 

leaf regions. 

HvPIP1;2 and 

HvPIP1;4 not tested 

since expression at 



 35

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 

2
(-∆Ct)

 expression 

values of all members 

of the PIP1 or PIP2 

family from three 

experiments (n=3) 

(groups) 

Between groups: 

EZ/PIP1: 1.9E-07 

EZ/PIP2: 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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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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