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Table S1. Oligonucleotide primers used in this study. 

Primer name Sequence Restriction sites 

Halo-Bm 5’ATCGGATCCGAAATCGGTACTGGCTTTCCATTCGAC3’ BamHI 

Halo-NcSc 5’TTAGAGCTCGGCCATGGCGTTATCGCTCTGAAAGTACAGATC3’ SacI, NcoI 

Pho1-ATG 5’TTCCATGGCTAGCGTGGCGAGCGATCGGGGCGTGCA3’ NcoI 

274seq-r 5’ATCCAGATGGAGTTCTGAGGTCAT3’  

DPE1-F 5’ATCCCACGGCACCGTCCACGTGTAGCCGTGCAA3’  

DPE1-Sal-R 5’GAAGTCGACTTAGAGCCGGTTGTACAGTCCAAGCAATTC3’ SalI 

DPE1-Bam-F 5’CGCGGATCCATGGCGGTGGCGCCCGACAAGGAGGAG3’ BamHI 
DPE1_650-F 5’GAGAGCTCAGAACGCAATATGACTGCTT3’  
DPE1_1210-F 5’TCTGAGTCAAAAGTAGCGCTGGTTGGAAGCT3’  
DPE1-Sal 5’GGAGTCGACGCGGTGGCGCCCGACAAGGAGGAG3’ SalI 
DPE1-Kpn 5’CAGGGTACCTTAGAGCCGGTTGTACAGTCCAAG3’ KpnI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1. Modeled structure of rice Pho1. The structure was modeled on the X-ray crystal structure of 

Arabidopsis thaliana Pho2 using YASARA Structure (version 14.12.2)(Krieger et al. 2002). L80 region is 

denoted by orange color and itsr starting and ending amino acid residues are indicated. Maltotriose is 

shown in yellow and pyridoxal 5-phosphate (PLP) in green.  

 

 

 

 

Reference 

Krieger, E., Koraimann, G., and Vriend, G. (2002) Increasing the precision of comparative models with 

YASARA NOVA--a self-parameterizing force field. Proteins 47, 393-402 

 



Figure S2. DNA and protein sequences of HaloTag fusion proteins. Sequences in green, red, blue, and 

black denote polyhistidine (His6) tag, HaloTag, fused proteins (GFP, OsPho1, OsPho1ΔL80, and 

OsDpe1), and part of the expression plasmid pSH582, respectively. Some important restriction enzyme 

sites are also shown. 

======================================================= 
pSH583: DNA sequence of His6-HaloTag-GFP 
CTCGAGAAATCATAAAAAATTTATTTGCTTTGTGAGCGGATAACAATTATAATAGATTCAATTGTGAGCGGATAACA

ATTTCACACAGAATTCATTAAAGAGGAGAAATTAACTATGAGAGGATCGCATCACCATCACCATCACGGATCCGAAA 

  BamHI 

TCGGTACTGGCTTTCCATTCGACCCCCATTATGTGGAAGTCCTGGGCGAGCGCATGCACTACGTCGATGTTGGTCCG

CGCGATGGCACCCCTGTGCTGTTCCTGCACGGTAACCCGACCTCCTCCTACGTGTGGCGCAACATCATCCCGCATGT

TGCACCGACCCATCGCTGCATTGCTCCAGACCTGATCGGTATGGGCAAATCCGACAAACCAGACCTGGGTTATTTCT

TCGACGACCACGTCCGCTTCATGGATGCCTTCATCGAAGCCCTGGGTCTGGAAGAGGTCGTCCTGGTCATTCACGAC

TGGGGCTCCGCTCTGGGTTTCCACTGGGCCAAGCGCAATCCAGAGCGCGTCAAAGGTATTGCATTTATGGAGTTCAT

CCGCCCTATCCCGACCTGGGACGAATGGCCAGAATTTGCCCGCGAGACCTTCCAGGCCTTCCGCACCACCGACGTCG

GCCGCAAGCTGATCATCGATCAGAACGTTTTTATCGAGGGTACGCTGCCGATGGGTGTCGTCCGCCCGCTGACTGAA

GTCGAGATGGACCATTACCGCGAGCCGTTCCTGAATCCTGTTGACCGCGAGCCACTGTGGCGCTTCCCAAACGAGCT

GCCAATCGCCGGTGAGCCAGCGAACATCGTCGCGCTGGTCGAAGAATACATGGACTGGCTGCACCAGTCCCCTGTCC

CGAAGCTGCTGTTCTGGGGCACCCCAGGCGTTCTGATCCCACCGGCCGAAGCCGCTCGCCTGGCCAAAAGCCTGCCT

AACTGCAAGGCTGTGGACATCGGCCCGGGTCTGAATCTGCTGCAAGAAGACAACCCGGACCTGATCGGCAGCGAGAT

CGCGCGCTGGCTGTCGACGCTCGAGATTTCCGGCGAGCCAACCACTGAGGATCTGTACTTTCAGAGCGATAACGCCA

TGGTAGATCTGACTAGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTT 

NcoI 

AATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATTTATTTG

CACTACTGGAAAACTACCTGTTCCGTGGCCAACACTTGTCACTACTTTCTCTTATGGTGTTCAATGCTTTTCAAGAT

ACCCAGATCATATGAAGCGGCACGACTTCTTCAAGAGCGCCATGCCTGAGGGATACGTGCAGGAGAGGACCATCTTC

TTCAAGGACGACGGGAACTACAAGACACGTGCTGAAGTCAAGTTTGAGGGAGACACCCTCGTCAACAGGATCGAGCT

TAAGGGAATCGATTTCAAGGAGGACGGAAACATCCTCGGCCACAAGTTGGAATACAACTACAACTCCCACAACGTAT

ACATCATGGCCGACAAGCAAAAGAACGGCATCAAAGCCAACTTCAAGACCCGCCACAACATCGAAGACGGCGGCGTG

CAACTCGCTGATCATTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTC

CACACAATCTGCCCTTTCGAAAGATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTGCTG

GGATTACACATGGCATGGATGAACTATACAAAGCTAGCTAGATGCATTCGCGAGGTACCGAGCTCGGTACCCCGGGT 

                                                      KpnI  SacI  KpnI SmaI 

CGACCTGCAGCCAAGCTTAATTAGCTGAGCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTG 

SalI PstI   HindIII 

GATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCTAGCTTGGCGAGATTTTCAG

GAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCACCGTTGATATATCCCAATGGCATCGTAAAGAA

CATTTTGAGGCATTTCAGTCAGTTGCTCAATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAA

GACCGTAAAGAAAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTCATCCGG

AATTTCGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACCCTTGTTACACCGTTTTCCATGAG

CAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGA

TGTGGCGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATC

CCTGGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTCACCATGCAT

GGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTCAGGTTCATCATGCCGTTTGTGATGGCT

TCCATGTCGGCAGAATGCTTAATGAATTACAACAGTACTGCGATGAGTGGCAGGGCGGGGCGTAATTTTTTTAAGGC

AGTTATTGGTGCCCTTAAACGCCTGGGGTAATGACTCTCTAGCTTGAGGCATCAAATAAAACGAAAGGCTCAGTCGA

AAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCCTCTAGAGCT

GCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAA

GCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCA

GTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATAT

GCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACT

CGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCA

GGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC

GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAG



GACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGA

TACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTA

GGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATC

GTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGG

TATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTG

CGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCG

GTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG

GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTA

GATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAAT

GCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG

ATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCC

AGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCC

AGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCT

ACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC

ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAG

TGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACT

GGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGA

TAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA

TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACC

AGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAAT

ACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAAT

GTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATT

ATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCAC 

 

pSH583: protein sequence of His6-HaloTag-GFP (565 aa; 63.8 kDa) 
MRGSHHHHHHGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCIAPDLI

GMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDEWPEF

ARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANIVAL

VEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISGE

PTTEDLYFQSDNAMVDLTSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL

VTTFSYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNIL

GHKLEYNYNSHNVYIMADKQKNGIKANFKTRHNIEDGGVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEK

RDHMVLLEFVTAAGITHGMDELYKAS 

 

======================================================= 
pSH585: DNA sequence of His6-HaloTag-OsPho1 
CTCGAGAAATCATAAAAAATTTATTTGCTTTGTGAGCGGATAACAATTATAATAGATTCAATTGTGAGCGGATAACA

ATTTCACACAGAATTCATTAAAGAGGAGAAATTAACTATGAGAGGATCGCATCACCATCACCATCACGGATCCGAAA 

             BamHI 

TCGGTACTGGCTTTCCATTCGACCCCCATTATGTGGAAGTCCTGGGCGAGCGCATGCACTACGTCGATGTTGGTCCG

CGCGATGGCACCCCTGTGCTGTTCCTGCACGGTAACCCGACCTCCTCCTACGTGTGGCGCAACATCATCCCGCATGT

TGCACCGACCCATCGCTGCATTGCTCCAGACCTGATCGGTATGGGCAAATCCGACAAACCAGACCTGGGTTATTTCT

TCGACGACCACGTCCGCTTCATGGATGCCTTCATCGAAGCCCTGGGTCTGGAAGAGGTCGTCCTGGTCATTCACGAC

TGGGGCTCCGCTCTGGGTTTCCACTGGGCCAAGCGCAATCCAGAGCGCGTCAAAGGTATTGCATTTATGGAGTTCAT

CCGCCCTATCCCGACCTGGGACGAATGGCCAGAATTTGCCCGCGAGACCTTCCAGGCCTTCCGCACCACCGACGTCG

GCCGCAAGCTGATCATCGATCAGAACGTTTTTATCGAGGGTACGCTGCCGATGGGTGTCGTCCGCCCGCTGACTGAA

GTCGAGATGGACCATTACCGCGAGCCGTTCCTGAATCCTGTTGACCGCGAGCCACTGTGGCGCTTCCCAAACGAGCT

GCCAATCGCCGGTGAGCCAGCGAACATCGTCGCGCTGGTCGAAGAATACATGGACTGGCTGCACCAGTCCCCTGTCC

CGAAGCTGCTGTTCTGGGGCACCCCAGGCGTTCTGATCCCACCGGCCGAAGCCGCTCGCCTGGCCAAAAGCCTGCCT

AACTGCAAGGCTGTGGACATCGGCCCGGGTCTGAATCTGCTGCAAGAAGACAACCCGGACCTGATCGGCAGCGAGAT

CGCGCGCTGGCTGTCGACGCTCGAGATTTCCGGCGAGCCAACCACTGAGGATCTGTACTTTCAGAGCGATAACGCCA

TGGctagcGTGGCGAGCGATCGGGGCGTGCAGGGGTCGGTGTCGCCCGAGGAAGAGATTTCAAGTGTGCTAAATTCC 

NcoI 

ATCGATTCCTCTACCATTGCATCAAACATTAAGCACCATGCGGAGTTCACACCAGTATTCTCTCCAGAGCACTTTTC

ACCTCTGAAGGCTTACCATGCAACTGCTAAAAGTGTTCTTGATACTCTGATAATGAACTGGAATGCAACATATGACT

ATTACGACAGAACAAATGTGAAGCAAGCGTATTACCTGTCCATGGAGTTTTTACAGGGAAGAGCTCTCACTAATGCC



GTTGGTAACCTTGAGCTAACTGGACAATACGCAGAAGCACTACAACAACTTGGACACAGCCTAGAGGATGTTGCTAC

CCAGGAGCCAGATGCTGCCCTTGGGAATGGTGGTCTAGGCCGGTTAGCTTCCTGTTTCTTGGATTCTCTGGCAACCC

TAAATTATCCAGCATGGGGATATGGACTTCGATACAAACATGGCCTCTTTAAGCAAATCATAACGAAGGATGGTCAG

GAGGAGGTAGCTGAAAATTGGCTCGAGATGGGAAATCCTTGGGAGATTGTAAGAACCGATGTCTCCTATCCTGTGAA

GTTCTATGGTAAAGTGGTTGAAGGCACTGATGGGAGGATGCACTGGATTGGAGGAGAAAATATCAAGGTTGTTGCTC

ATGATATCCCTATTCCTGGCTACAAGACTAAAACTACCAACAATCTTCGTCTTTGGTCAACAACAGTGCCATCACAA

GATTTCGATTTGGAAGCTTTTAATGCTGGAGATCATGCAAGTGCATATGAAGCTCATCTAAATGCTGAAAAGATATG

TCACGTACTGTATCCTGGGGACGAATCACCAGAGGGGAAAGTTCTTCGCCTGAAGCAACAATATACATTATGCTCAG

CCTCACTACAGGATATTATTGCTCGTTTCGAGAGGAGAGCTGGTGATTCTCTCAGCTGGGAGGACTTCCCCTCTAAA

GTTGCAGTGCAGATGAATGACACTCACCCAACACTGTGCATTCCTGAGTTGATGAGAATATTGATTGATGTTAAAGG

GTTAAGCTGGAATGAGGCTTGGAGTATCACAGAAAGAACTGTGGCATACACAAACCACACGGTGCTTCCTGAAGCTC

TGGAGAAGTGGAGCTTGGACATAATGCAGAAACTTCTTCCTCGGCATGTTGAAATCATAGAAAAAATTGATGGGGAG

CTGATGAACATCATTATCTCAAAATACGGAACAGAAGATACTTCACTGTTAAAAAAGAAGATTAAAGAAATGAGAAT

CTTAGACAACATTGACCTACCAGATTCTATTGCCAAACTATTTGTGAAACCAAAAGAGAAAAAAGAATCTCCTGCTA

AATTGAAAGAGAAATTGCTTGTCAAATCTCTAGAGCCTAGTGTTGTGGTTGAGGAGAAAACTGTGTCCAAAGTAGAG

ATAAACGAGGACTCTGAGGAGGTGGAGGTAGACTCTGAAGAAGTTGTGGAGGCAGAAAACGAGGACTCTGAGGATGA

GTTAGATCCATTTGTAAAATCAGATCCTAAATTACCTAGAGTTGTCCGAATGGCTAACCTTTGTGTTGTTGGTGGGC

ATTCGGTTAATGGTGTGGCTGCGATTCACAGCGAGATTGTGAAAGAAGATGTATTCAACAGCTTTTATGAGATGTGG

CCCGCTAAATTTCAAAATAAAACAAATGGAGTGACTCCTAGACGTTGGATTCGGTTTTGTAATCCTGAATTAAGTGC

AATCATTTCAAAATGGATAGGATCTGATGATTGGGTTTTGAACACTGATAAACTTGCTGAATTAAAGAAGTTTGCTG

ATGATGAGGATCTGCAATCAGAATGGCGTGCTGCTAAAAAGGCTAACAAGGTGAAGGTTGTTTCTCTCATAAGAGAA

AAAACAGGATATATCGTCAGTCCAGATGCAATGTTTGACGTTCAGGTGAAAAGGATCCATGAGTATAAGCGACAGCT

GCTAAATATCCTTGGAATTGTCTACCGCTACAAGAAGATGAAAGAAATGAGTGCAAAAGACAGAATAAATAGCTTTG

TTCCAAGGGTATGCATATTTGGTGGGAAAGCATTTGCCACTTACGTACAGGCAAAGAGGATAGTGAAGTTTATTACA

GATGTTGCAGCTACTGTAAATCATGATCCAGAAATTGGAGATCTATTGAAGGTTGTATTTATTCCAGATTATAATGT

TAGTGTTGCTGAGGCGCTAATCCCTGCCAGTGAATTGTCTCAGCATATCAGTACTGCTGGAATGGAAGCTAGTGGAA

CCAGCAACATGAAGTTTGCAATGAATGGATGTATCCTTATTGGAACTTTGGATGGTGCTAATGTGGAAATCAGAGAG

GAGGTTGGAGAGGAAAACTTTTTCCTTTTTGGTGCTGAGGCACATGAAATTGCTGGTTTAAGGAAAGAGAGAGCCCA

GGGAAAGTTTGTGCCTGACCCAAGATTCGAAGAGGTTAAGAGATTTGTCCGCAGTGGGGTCTTTGGAACTTACAACT

ACGATGACTTGATGGGTTCTCTGGAAGGAAATGAAGGTTATGGGCGTGCAGACTATTTTCTTGTTGGTAAAGATTTC

CCCAGCTACATTGAATGCCAGGAGAAGGTTGATAAAGCATACCGCGATCAGAAACTATGGACAAGGATGTCAATCCT

CAACACAGCCAGTTCCTCCAAGTTCAACAGCGACCGGACGATTCACGAGTACGCCAAGGACATCTGGGACATCAAGC

CTGTCATCCTGCCCTAAGGTACCGAGCTCGAATTGGGTCGACCAGCTTAATTAGCTGAGCTTGGACTCCTGTTGATA 

                  KpnI  SacI        SalI  

GATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGA

GAATCCAAGCTAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCACC

GTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTCAATGTACCTATAACCAGAC

CGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTTTATCCGGCCTTTATTCACA

TTCTTGCCCGCCTGATGAATGCTCATCCGGAATTTCGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGT

GTTCACCCTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTT

CCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGGGTTTA

TTGAGAATATGTTTTTCGTCTCAGCCAATCCCTGGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGAC

AACTTCTTCGCCCCCGTTTTCACCATGCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGA

TTCAGGTTCATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGAATGCTTAATGAATTACAACAGTACTGCGATGAG

TGGCAGGGCGGGGCGTAATTTTTTTAAGGCAGTTATTGGTGCCCTTAAACGCCTGGGGTAATGACTCTCTAGCTTGA

GGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTC

CTGAGTAGGACAAATCCGCCCTCTAGAGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAG

CTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGT

TGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATC

AGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCA

GGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCA

AAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC

CAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGAC

GCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGC

TCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAG

CTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGC

CCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCA



GCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGG

CTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTT

GATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGA

TCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGT

CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATAT

ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCA

TCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT

GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAA

GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTT

AATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAG

CTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTC

CGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTC

ATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACC

GAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAA

AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCC

AACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAA

GGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTT

ATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA

AAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTT

TCGTCTTCAC 

 

pSH585: Protein sequence of His6-HaloTag-OsPho1 (1250 aa; 141.1 

kDa) 
MRGSHHHHHHGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCIAPDLI

GMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDEWPEF

ARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANIVAL

VEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISGE

PTTEDLYFQSDNAMASVASDRGVQGSVSPEEEISSVLNSIDSSTIASNIKHHAEFTPVFSPEHFSPLKAYHATAKSV

LDTLIMNWNATYDYYDRTNVKQAYYLSMEFLQGRALTNAVGNLELTGQYAEALQQLGHSLEDVATQEPDAALGNGGL

GRLASCFLDSLATLNYPAWGYGLRYKHGLFKQIITKDGQEEVAENWLEMGNPWEIVRTDVSYPVKFYGKVVEGTDGR

MHWIGGENIKVVAHDIPIPGYKTKTTNNLRLWSTTVPSQDFDLEAFNAGDHASAYEAHLNAEKICHVLYPGDESPEG

KVLRLKQQYTLCSASLQDIIARFERRAGDSLSWEDFPSKVAVQMNDTHPTLCIPELMRILIDVKGLSWNEAWSITER

TVAYTNHTVLPEALEKWSLDIMQKLLPRHVEIIEKIDGELMNIIISKYGTEDTSLLKKKIKEMRILDNIDLPDSIAK

LFVKPKEKKESPAKLKEKLLVKSLEPSVVVEEKTVSKVEINEDSEEVEVDSEEVVEAENEDSEDELDPFVKSDPKLP

RVVRMANLCVVGGHSVNGVAAIHSEIVKEDVFNSFYEMWPAKFQNKTNGVTPRRWIRFCNPELSAIISKWIGSDDWV

LNTDKLAELKKFADDEDLQSEWRAAKKANKVKVVSLIREKTGYIVSPDAMFDVQVKRIHEYKRQLLNILGIVYRYKK

MKEMSAKDRINSFVPRVCIFGGKAFATYVQAKRIVKFITDVAATVNHDPEIGDLLKVVFIPDYNVSVAEALIPASEL

SQHISTAGMEASGTSNMKFAMNGCILIGTLDGANVEIREEVGEENFFLFGAEAHEIAGLRKERAQGKFVPDPRFEEV

KRFVRSGVFGTYNYDDLMGSLEGNEGYGRADYFLVGKDFPSYIECQEKVDKAYRDQKLWTRMSILNTASSSKFNSDR

TIHEYAKDIWDIKPVILP 

 

======================================================= 
pSH642: DNA sequence of His6-HaloTag-OsPho1ΔL80 
CTCGAGAAATCATAAAAAATTTATTTGCTTTGTGAGCGGATAACAATTATAATAGATTCAATTGTGAGCGGATAACA

ATTTCACACAGAATTCATTAAAGAGGAGAAATTAACTATGAGAGGATCGCATCACCATCACCATCACGGATCCGAAA 

             BamHI 

TCGGTACTGGCTTTCCATTCGACCCCCATTATGTGGAAGTCCTGGGCGAGCGCATGCACTACGTCGATGTTGGTCCG

CGCGATGGCACCCCTGTGCTGTTCCTGCACGGTAACCCGACCTCCTCCTACGTGTGGCGCAACATCATCCCGCATGT

TGCACCGACCCATCGCTGCATTGCTCCAGACCTGATCGGTATGGGCAAATCCGACAAACCAGACCTGGGTTATTTCT

TCGACGACCACGTCCGCTTCATGGATGCCTTCATCGAAGCCCTGGGTCTGGAAGAGGTCGTCCTGGTCATTCACGAC

TGGGGCTCCGCTCTGGGTTTCCACTGGGCCAAGCGCAATCCAGAGCGCGTCAAAGGTATTGCATTTATGGAGTTCAT

CCGCCCTATCCCGACCTGGGACGAATGGCCAGAATTTGCCCGCGAGACCTTCCAGGCCTTCCGCACCACCGACGTCG

GCCGCAAGCTGATCATCGATCAGAACGTTTTTATCGAGGGTACGCTGCCGATGGGTGTCGTCCGCCCGCTGACTGAA

GTCGAGATGGACCATTACCGCGAGCCGTTCCTGAATCCTGTTGACCGCGAGCCACTGTGGCGCTTCCCAAACGAGCT

GCCAATCGCCGGTGAGCCAGCGAACATCGTCGCGCTGGTCGAAGAATACATGGACTGGCTGCACCAGTCCCCTGTCC

CGAAGCTGCTGTTCTGGGGCACCCCAGGCGTTCTGATCCCACCGGCCGAAGCCGCTCGCCTGGCCAAAAGCCTGCCT



AACTGCAAGGCTGTGGACATCGGCCCGGGTCTGAATCTGCTGCAAGAAGACAACCCGGACCTGATCGGCAGCGAGAT

CGCGCGCTGGCTGTCGACGCTCGAGATTTCCGGCGAGCCAACCACTGAGGATCTGTACTTTCAGAGCGATAACGCCA

TGGCTAGCGTGGCGAGCGATCGGGGCGTGCAGGGGTCGGTGTCGCCCGAGGAAGAGATTTCAAGTGTGCTAAATTCC 

NcoI 

ATCGATTCCTCTACCATTGCATCAAACATTAAGCACCATGCGGAGTTCACACCAGTATTCTCTCCAGAGCACTTTTC

ACCTCTGAAGGCTTACCATGCAACTGCTAAAAGTGTTCTTGATACTCTGATAATGAACTGGAATGCAACATATGACT

ATTACGACAGAACAAATGTGAAGCAAGCGTATTACCTGTCCATGGAGTTTTTACAGGGAAGAGCTCTCACTAATGCC

GTTGGTAACCTTGAGCTAACTGGACAATACGCAGAAGCACTACAACAACTTGGACACAGCCTAGAGGATGTTGCTAC

CCAGGAGCCAGATGCTGCCCTTGGGAATGGTGGTCTAGGCCGGTTAGCTTCCTGTTTCTTGGATTCTCTGGCAACCC

TAAATTATCCAGCATGGGGATATGGACTTCGATACAAACATGGCCTCTTTAAGCAAATCATAACGAAGGATGGTCAG

GAGGAGGTAGCTGAAAATTGGCTCGAGATGGGAAATCCTTGGGAGATTGTAAGAACCGATGTCTCCTATCCTGTGAA

GTTCTATGGTAAAGTGGTTGAAGGCACTGATGGGAGGATGCACTGGATTGGAGGAGAAAATATCAAGGTTGTTGCTC

ATGATATCCCTATTCCTGGCTACAAGACTAAAACTACCAACAATCTTCGTCTTTGGTCAACAACAGTGCCATCACAA

GATTTCGATTTGGAAGCTTTTAATGCTGGAGATCATGCAAGTGCATATGAAGCTCATCTAAATGCTGAAAAGATATG

TCACGTACTGTATCCTGGGGACGAATCACCAGAGGGGAAAGTTCTTCGCCTGAAGCAACAATATACATTATGCTCAG

CCTCACTACAGGATATTATTGCTCGTTTCGAGAGGAGAGCTGGTGATTCTCTCAGCTGGGAGGACTTCCCCTCTAAA

GTTGCAGTGCAGATGAATGACACTCACCCAACACTGTGCATTCCTGAGTTGATGAGAATATTGATTGATGTTAAAGG

GTTAAGCTGGAATGAGGCTTGGAGTATCACAGAAAGAACTGTGGCATACACAAACCACACGGTGCTTCCTGAAGCTC

TGGAGAAGTGGAGCTTGGACATAATGCAGAAACTTCTTCCTCGGCATGTTGAAATCATAGAAAAAATTGATGGGGAG

CTGATGAACATCATTATCTCAAAATACGGAACAGAAGATACTTCACTGTTAAAAAAGAAGATTAAAGAAATGAGAAT

CTTAGAgAAtTCAGATCCTAAATTACCTAGAGTTGTCCGAATGGCTAACCTTTGTGTTGTTGGTGGGCATTCGGTTA

ATGGTGTGGCTGCGATTCACAGCGAGATTGTGAAAGAAGATGTATTCAACAGCTTTTATGAGATGTGGCCCGCTAAA

TTTCAAAATAAAACAAATGGAGTGACTCCTAGACGTTGGATTCGGTTTTGTAATCCTGAATTAAGTGCAATCATTTC

AAAATGGATAGGATCTGATGATTGGGTTTTGAACACTGATAAACTTGCTGAATTAAAGAAGTTTGCTGATGATGAGG

ATCTGCAATCAGAATGGCGTGCTGCTAAAAAGGCTAACAAGGTGAAGGTTGTTTCTCTCATAAGAGAAAAAACAGGA

TATATCGTCAGTCCAGATGCAATGTTTGACGTTCAGGTGAAAAGGATCCATGAGTATAAGCGACAGCTGCTAAATAT

CCTTGGAATTGTCTACCGCTACAAGAAGATGAAAGAAATGAGTGCAAAAGACAGAATAAATAGCTTTGTTCCAAGGG

TATGCATATTTGGTGGGAAAGCATTTGCCACTTACGTACAGGCAAAGAGGATAGTGAAGTTTATTACAGATGTTGCA

GCTACTGTAAATCATGATCCAGAAATTGGAGATCTATTGAAGGTTGTATTTATTCCAGATTATAATGTTAGTGTTGC

TGAGGCGCTAATCCCTGCCAGTGAATTGTCTCAGCATATCAGTACTGCTGGAATGGAAGCTAGTGGAACCAGCAACA

TGAAGTTTGCAATGAATGGATGTATCCTTATTGGAACTTTGGATGGTGCTAATGTGGAAATCAGAGAGGAGGTTGGA

GAGGAAAACTTTTTCCTTTTTGGTGCTGAGGCACATGAAATTGCTGGTTTAAGGAAAGAGAGAGCCCAGGGAAAGTT

TGTGCCTGACCCAAGATTCGAAGAGGTTAAGAGATTTGTCCGCAGTGGGGTCTTTGGAACTTACAACTACGATGACT

TGATGGGTTCTCTGGAAGGAAATGAAGGTTATGGGCGTGCAGACTATTTTCTTGTTGGTAAAGATTTCCCCAGCTAC

ATTGAATGCCAGGAGAAGGTTGATAAAGCATACCGCGATCAGAAACTATGGACAAGGATGTCAATCCTCAACACAGC

CAGTTCCTCCAAGTTCAACAGCGACCGGACGATTCACGAGTACGCCAAGGACATCTGGGACATCAAGCCTGTCATCC

TGCCCTAAGGTACCGAGCTCGAATTGGGTCGACCAGCTTAATTAGCTGAGCTTGGACTCCTGTTGATAGATCCAGTA 

    KpnI  SacI         SalI 

ATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAG

CTAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCACCGTTGATATA

TCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTCAATGTACCTATAACCAGACCGTTCAGCT

GGATATTACGGCCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCC

GCCTGATGAATGCTCATCCGGAATTTCGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACCCT

TGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGGCAGTT

TCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATA

TGTTTTTCGTCTCAGCCAATCCCTGGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTC

GCCCCCGTTTTCACCATGCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTCAGGTTC

ATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGAATGCTTAATGAATTACAACAGTACTGCGATGAGTGGCAGGGC

GGGGCGTAATTTTTTTAAGGCAGTTATTGGTGCCCTTAAACGCCTGGGGTAATGACTCTCTAGCTTGAGGCATCAAA

TAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGG

ACAAATCCGCCCTCTAGAGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAG

ACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTG

TCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATCAGAGCAGAT

TGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTT

CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA

ATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCG

TAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTC



AGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTT

CCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTG

TAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCT

GCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT

AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAG

AAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCA

AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA

GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATT

ATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA

CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTT

GCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG

AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTG

CAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTG

CGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTC

CCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTG

TCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCC

GTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC

TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTT

CGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCT

TCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAG

GGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA

TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCA

CCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCA

C 

 

pSH642: protein sequence of His6-HaloTag-OsPho1ΔL80 (1170 aa; 

132.1 kDa) 
MRGSHHHHHHGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCIAPDLI

GMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDEWPEF

ARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANIVAL

VEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISGE

PTTEDLYFQSDNAMASVASDRGVQGSVSPEEEISSVLNSIDSSTIASNIKHHAEFTPVFSPEHFSPLKAYHATAKSV

LDTLIMNWNATYDYYDRTNVKQAYYLSMEFLQGRALTNAVGNLELTGQYAEALQQLGHSLEDVATQEPDAALGNGGL

GRLASCFLDSLATLNYPAWGYGLRYKHGLFKQIITKDGQEEVAENWLEMGNPWEIVRTDVSYPVKFYGKVVEGTDGR

MHWIGGENIKVVAHDIPIPGYKTKTTNNLRLWSTTVPSQDFDLEAFNAGDHASAYEAHLNAEKICHVLYPGDESPEG

KVLRLKQQYTLCSASLQDIIARFERRAGDSLSWEDFPSKVAVQMNDTHPTLCIPELMRILIDVKGLSWNEAWSITER

TVAYTNHTVLPEALEKWSLDIMQKLLPRHVEIIEKIDGELMNIIISKYGTEDTSLLKKKIKEMRILENSDPKLPRVV

RMANLCVVGGHSVNGVAAIHSEIVKEDVFNSFYEMWPAKFQNKTNGVTPRRWIRFCNPELSAIISKWIGSDDWVLNT

DKLAELKKFADDEDLQSEWRAAKKANKVKVVSLIREKTGYIVSPDAMFDVQVKRIHEYKRQLLNILGIVYRYKKMKE

MSAKDRINSFVPRVCIFGGKAFATYVQAKRIVKFITDVAATVNHDPEIGDLLKVVFIPDYNVSVAEALIPASELSQH

ISTAGMEASGTSNMKFAMNGCILIGTLDGANVEIREEVGEENFFLFGAEAHEIAGLRKERAQGKFVPDPRFEEVKRF

VRSGVFGTYNYDDLMGSLEGNEGYGRADYFLVGKDFPSYIECQEKVDKAYRDQKLWTRMSILNTASSSKFNSDRTIH

EYAKDIWDIKPVILP 

 

======================================================= 
pSH757: DNA sequence of His6-HaloTag-OsDpe1 
CTCGAGAAATCATAAAAAATTTATTTGCTTTGTGAGCGGATAACAATTATAATAGATTCAATTGTGAGCGGATAACA

ATTTCACACAGAATTCATTAAAGAGGAGAAATTAACTATGAGAGGATCGCATCACCATCACCATCACGGATCCGAAA 

             BamHI 

TCGGTACTGGCTTTCCATTCGACCCCCATTATGTGGAAGTCCTGGGCGAGCGCATGCACTACGTCGATGTTGGTCCG

CGCGATGGCACCCCTGTGCTGTTCCTGCACGGTAACCCGACCTCCTCCTACGTGTGGCGCAACATCATCCCGCATGT

TGCACCGACCCATCGCTGCATTGCTCCAGACCTGATCGGTATGGGCAAATCCGACAAACCAGACCTGGGTTATTTCT

TCGACGACCACGTCCGCTTCATGGATGCCTTCATCGAAGCCCTGGGTCTGGAAGAGGTCGTCCTGGTCATTCACGAC

TGGGGCTCCGCTCTGGGTTTCCACTGGGCCAAGCGCAATCCAGAGCGCGTCAAAGGTATTGCATTTATGGAGTTCAT

CCGCCCTATCCCGACCTGGGACGAATGGCCAGAATTTGCCCGCGAGACCTTCCAGGCCTTCCGCACCACCGACGTCG



GCCGCAAGCTGATCATCGATCAGAACGTTTTTATCGAGGGTACGCTGCCGATGGGTGTCGTCCGCCCGCTGACTGAA

GTCGAGATGGACCATTACCGCGAGCCGTTCCTGAATCCTGTTGACCGCGAGCCACTGTGGCGCTTCCCAAACGAGCT

GCCAATCGCCGGTGAGCCAGCGAACATCGTCGCGCTGGTCGAAGAATACATGGACTGGCTGCACCAGTCCCCTGTCC

CGAAGCTGCTGTTCTGGGGCACCCCAGGCGTTCTGATCCCACCGGCCGAAGCCGCTCGCCTGGCCAAAAGCCTGCCT

AACTGCAAGGCTGTGGACATCGGCCCGGGTCTGAATCTGCTGCAAGAAGACAACCCGGACCTGATCGGCAGCGAGAT

CGCGCGCTGGCTGTCGACGCTCGAGATTTCCGGCGAGCCAACCACTGAGGATCTGTACTTTCAGAGCGATAACGCCA

TGGCGGTGGCGCCCGACAAGGAGGAGGCGGCGGCGGTTGCTCTGGACAAGGCGGTGAAGGTGGCGGTGGCAGCTCCC 

NcoI 

GACAGGGCGGCGGTGGCCGCGGTGGGCGTCGGGGAGGAGCTCCCCGAGGGGTACGACCAGATGATGCCGGCCGTGGA

GGAGGCGCGGCGGCGGCGAGCCGGGGTGCTGCTGCACCCGACCTCGCTCCGCGGCCCGCACGGCATCGGCGACCTCG

GCGACGAGGCGGTCGCCTTCCTCGCCTGGCTCCGCGACGCCGGCTGCACGCTCTGGCAGGTTCTTCCGCTTGTTCCA

CCGGGAAGGAAGTCTGGGGAGGATGGCTCTCCATATTCAGGACAGGATGCAAACTGTGGTAATACCCTATTAATTTC

ACTTGAAGAGCTTGTAAAAGATGGGTTGTTGATGGAGAATGAACTACCTGACCCCTTGGATATGGAGTATGTTGAAT

TTGACACCGTTGCCAATCTGAAAGAACCTCTTATTGCAAAGGCTGCAGAGAGGCTCCTACTGAGCCGTGGAGAGCTC

AGAACGCAATATGACTGCTTCAAGAAAAATCCAAATATTTCAGGTTGGCTTGAAGATGCTGCACTTTTTGCTGCTAT

TGACAGAAGTATTGATGCATTATCCTGGTATGAGTGGCCTGAACCTCTGAAAAACCGACATCTCAGGGCCTTGGAAG

ACATATATCAAAAACAGAAGGATTTCATAGAGATATTTATGGCTCAACAATTCTTATTTCAAAGGCAGTGGCAGCGA

ATTCGTAAATATGCAAAGAAGTTGGGTATCAGCATAATGGGTGACATGCCCATATATGTTGGCTACCATAGTGCAGA

TGTTTGGGCAAACAGGAAATCGTTTTTGCTGGACAAGAATGGTTTTCCGACTTTTGTTAGTGGTGTTCCACCTGATG

CATTTAGTGAAACTGGTCAGCTTTGGAACAGTCCATTGTACGACTGGAAAGCTATGGAAGCAGGTGGATTTGAATGG

TGGATAAAAAGGATTAATCGTGCCCTTGATTTGTATGATGAGTTCCGTATAGACCATTTCCGGGGGCTTGCAGGTTT

TTGGGCAGTTCCTTCTGAGTCAAAAGTAGCGCTGGTTGGAAGCTGGAGGGCTGGACCGAGGAATGCATTTTTTGATG

CATTATTCAAAGCTGTCGGTAGAATAAACATAATAGCAGAAGACCTGGGGGTGATAACAGAAGATGTTGTTGACCTA

AGGAAGTCTATTGAGGCTCCTGGAATGGCAGTTCTTCAGTTTGCTTTTGGCGGTGGTTCTGACAATCCACACTTGCC

CCATAACCATGAATTTGATCAAGTAGTATACACCGGAACACACGACAATGACACGGTTATTGGTTGGTGGCAAACTT

TACCAGAGGAAGAGAAGCAGACTGTGTTCAAGTATCTGCCTGAGGCTAATAGGACTGAAATCTCATGGGCACTGATC

ACTGCTGCCCTCTCTTCAGTTGCAAGGACATCCATGGTAACCATGCAGGACATTCTTGGCCTCGACAGTTCTGCTAG

AATGAATACTCCAGCTACACAGAAAGGGAACTGGAGATGGAGGATGCCGAGCTCTGTCAGCTTCGACAGCCTCAGCC

CTGAAGCGGCGAAGCTGAAGGAATTGCTTGGACTGTACAACCGGCTCTAAGTCGACCTGCAGCCAAGCTTAATTAGC 

           SalI  PstI   HindIII 

TGAGCTTGGACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCC

GCCGGGCGTTTTTTATTGGTGAGAATCCAAGCTAGCTTGGCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAA

AAAAATCACTGGATATACCACCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTG

CTCAATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAG

TTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTCATCCGGAATTTCGTATGGCAATGAAAGACGG

TGAGCTGGTGATATGGGATAGTGTTCACCCTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCT

GGAGTGAATACCACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTG

GCCTATTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCTGGGTGAGTTTCACCAGTTTTGA

TTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTCACCATGCATGGGCAAATATTATACGCAAGGCGAC

AAGGTGCTGATGCCGCTGGCGATTCAGGTTCATCATGCCGTTTGTGATGGCTTCCATGTCGGCAGAATGCTTAATGA

ATTACAACAGTACTGCGATGAGTGGCAGGGCGGGGCGTAATTTTTTTAAGGCAGTTATTGGTGCCCTTAAACGCCTG

GGGTAATGACTCTCTAGCTTGAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTG

TTGTTTGTCGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCCTCTAGAGCTGCCTCGCGCGTTTCGGTGATGACGG

TGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCC

GTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTAT

ACTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGC

GTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG

GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGT

GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCT

GACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCC

CCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGG

GAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGT

GTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACA

CGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT

TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTC

GGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCA

GATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAA



ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT

TTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC

AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTAC

CATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCA

GCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGC

TAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGT

CGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAA

GCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGC

ACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT

GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACT

TTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTC

GATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAG

GAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATAT

TATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGG

GGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAA

ATAGGCGTATCACGAGGCCCTTTCGTCTTCAC 

 

pSH757: protein sequence of His6-HaloTag-OsDpe1 (876 aa; 98.5 kDa) 
MRGSHHHHHHGSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTPVLFLHGNPTSSYVWRNIIPHVAPTHRCIAPDLI

GMGKSDKPDLGYFFDDHVRFMDAFIEALGLEEVVLVIHDWGSALGFHWAKRNPERVKGIAFMEFIRPIPTWDEWPEF

ARETFQAFRTTDVGRKLIIDQNVFIEGTLPMGVVRPLTEVEMDHYREPFLNPVDREPLWRFPNELPIAGEPANIVAL

VEEYMDWLHQSPVPKLLFWGTPGVLIPPAEAARLAKSLPNCKAVDIGPGLNLLQEDNPDLIGSEIARWLSTLEISGE

PTTEDLYFQSDNAMAVAPDKEEAAAVALDKAVKVAVAAPDRAAVAAVGVGEELPEGYDQMMPAVEEARRRRAGVLLH

PTSLRGPHGIGDLGDEAVAFLAWLRDAGCTLWQVLPLVPPGRKSGEDGSPYSGQDANCGNTLLISLEELVKDGLLME

NELPDPLDMEYVEFDTVANLKEPLIAKAAERLLLSRGELRTQYDCFKKNPNISGWLEDAALFAAIDRSIDALSWYEW

PEPLKNRHLRALEDIYQKQKDFIEIFMAQQFLFQRQWQRIRKYAKKLGISIMGDMPIYVGYHSADVWANRKSFLLDK

NGFPTFVSGVPPDAFSETGQLWNSPLYDWKAMEAGGFEWWIKRINRALDLYDEFRIDHFRGLAGFWAVPSESKVALV

GSWRAGPRNAFFDALFKAVGRINIIAEDLGVITEDVVDLRKSIEAPGMAVLQFAFGGGSDNPHLPHNHEFDQVVYTG

THDNDTVIGWWQTLPEEEKQTVFKYLPEANRTEISWALITAALSSVARTSMVTMQDILGLDSSARMNTPATQKGNWR

WRMPSSVSFDSLSPEAAKLKELLGLYNRL 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3. Specificities of anti-OsPho1 and anti-OsDpe1 antibodies. Soluble protein extracts were 

prepared from immature seeds of rice TC65 (wildtype) and BMF136 (pho1 null mutant) as described in 

Experimental Procedures. Seed extracts (20 μg each) and antigen proteins (2 and 0.5 μg for CBB staining; 

0.4 and 0.1 μg for immunoblot analysis) were resolved on a 12% SDS-polyacrylamide gel.  Antibody 

titers used are as indicated below the immunoblot results.  

 

 

 

 

 

 

 

 

 

 



Figure S4. Molecular weight determination of OsDpe1 (A) and OsPho1:OsDpe1 complex (B) by 

Superdex-200 column chromatography. Size markers used were: a, bovine albumin (66 kDa); b, 

alcohol dehydrogenase (150 kDa); c, β-amylase (200 kDa); d, OsPho1 (210 kDa); e, apoferritin (443 kDa); 

f, thyroglobulin (669 kDa); g, OsDpe1. v, elution volume; v0, void volume of the column. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S5. Elution profiles of mixtures of OsPho1 and OsDpe1 recombinant proteins at different 

molar ratios on Superdex-200 column chromatography. (From top to bottom) 1:2 ratio, a mixture of 

340 μg OsPho1 and 400 μg of OsDpe1; 1:1 ratio, a mixture of 340 μg OsPho1 and 200 μg of OsDpe1; 2:1 

ratio, a mixture of 680 μg OsPho1 and 200 μg of OsDpe1. The fractions were analyzed by SDS-PAGE. 

Shown are CBB-stained SDS-polyacrylamide gels.  

 

 

 

 



Figure S6. Reaction profiles of OsDpe1 (0.5 µg) in the presence of equal molar amounts of G5 alone 

(upper panel) and G5 and G1 (lower panel).  FACE was performed with aliquots of the reaction 

products. The first and last lanes contain size markers.  

 

 

 

 

 

 

 

 

 

 



Figure S7. Phosphoprotein assay of the recombinant proteins. 2 μg each of the purified proteins 

(OsPho1, OsPho1ΔL80, OsDpe1, a mixture of OsPho1 and OsDpe1, HT-GFP, HT-OsPho1, and HT-

OsDpe1) used in this study were resolved on 12% SDS-polyacrylamide gel and phosphoprotein was 

detected using Pro-Q Diamond phosphoprotein stain (Invitrogen). Bovine serum albumin (BSA, fraction 

V) and ovalbumin (two serine residues/molecule for phosphorylation; see below for reference) from 

Sigma-Aldrich were used as negative and positive controls, respectively.  (A) CBB-stained SDS-

polyacrylamide gel; (B) Pro-Q Diamond stained gel under ultraviolet light; (C) Normalized fluorescence 

of the signals (arbitrary unit) = fluorescence strength of band/(CBB staining intensity of band x Molecular 

weight of monomeric protein).   
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