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Supplementary Fig. 1. Regulation of PSI genes expression under Pi starvation and sufficient Pi conditions, respectively. PP-InsP is proposed to be a "molecular glue" mediating the association of PP-InsP receptor and interacting protein1.
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Supplementary Fig. 2. The association of rice SPX2 and rice PHR2 is InsP6 dependent. Domain organizations of SPX, MYB and CC in rice SPX2 and PHR2 are schematically illustrated in the left frame. In the presence of InsP6, the SPX2 can be co-eluted from Ni-NTA beads with His-tagged PHR2 (right frame). In contrast, SPX2 cannot be pulled down by His-tagged PHR2 in the absence of InsP6. These results indicated that the interaction between SPX2 and PHR2 is InsP6 dependent. The positions of SPX2 and PHR2 in the SDS-PAGE gel are highlighted, respectively.
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Supplementary Fig. 3. Sequence alignment of stand-alone SPX proteins. The sequence of Oryza Sativa SPX2 is aligned with other homologs. The alignment is generated using the MultAlin2. The sequence identity is indicated by white letters against a red background, and the sequence of a similarity over 90% is indicated by red letters. The secondary elements of rice SPX2 are labeled at the top of the alignment. The residues responsible for InsP6 binding, rice SPX2 dimerization and rice PHR2 binding are indicated with blue, magenta and red triangles at the bottom of the alignment, respectively. 
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Supplementary Fig. 4. Overall structure of SPX21-202/∆47-59/InsP6/PHR2225-362 complex and particular elements presentation. a, The overall structure of mH2A1.1 fused SPX21-202/∆47-59 in complex with InsP6 and PHR2225-362. The SPX21-202//∆47-59, InsP6, and PHR2225-362 are colored in the same scheme as Fig. 1a in the main text. The mH2A1.1 tags are colored in gray cartoon representation. In the crystal, some extra density can be unambiguously assigned to a PHR2 fragment that comprises the residues 330-362 of the CC domain. This PHR2330-362 fragment is colored in orange cartoon representation. b, The composite omit map fits well with the PHR2330-362 fragment. The 2Fo-Fc omit electron density map is contoured at 1.0 σ. The extra CC domain in the crystal may be degraded from the PHR2225-362 (involves the MYB domain and CC domain) during crystallization process. Previous results have also indicated that the CC domain is easily cleaved from PHR2 due to proteolysis during crystallization process3,4. For clearer visualization, the polypeptides of mH2A1.1 tag and PHR2330-362 fragment are omitted in the main text presentation. c, The 2Fo-Fc omit electron density map of the two InsP6 molecules. It is contoured at 1.5 σ. d, The structures of the two PHR2 protomers and, e, the two SPX2 protomers in the ternary complex are almost identically with a RMSD of 0.94 and 0.97, respectively.
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Supplementary Fig. 5. Analytical ultracentrifugation (AUC) characterizes the molecular weight of SXP21-280/InsP6/PHR2225-362 complex in solution. The major peak of experimentally measured molecular weight is 94.5 kDa, that is about twice of the sum of the full-length rice SPX21-280 and rice PHR2225-362 (47.8 kDa in sum). It indicates that the SPX2 binds to PHR2 with a stoichiometry ratio of 2:2, and it is consisted with the crystal structure. The experiment was performed using the purified SPX21-280/PHR2225-362 complex in the presence of 1 mM InsP6. The minor peak in the AUC result may be contributed from the proteolysis or contamination.
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Supplementary Fig. 6. Small-angle X-ray scattering (SAXS) characterizes the structure of  SXP21-202/InsP6/PHR2225-362 complex in solution. The calculated theoretical SAXS profile of the crystal structure (red line) fits well with the experimental data of SPX21-202/InsP6/PHR2225-362 complex in solution (black dots). It indicates that the crystal structure is maintained in solution, and that the internal-residues deletion (∆47-59) and mH2A1.1181-366 fusion of SPX2 have little impact on its structure and PHR2 association. The experiment was performed for the purified SPX21-202/PHR2225-362 complex (no mH2A1.1 tag and no internal-residues deletion) in the presence of 1 mM InsP6.
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Supplementary Fig. 7. Thiol-directed chemical crosslinking validates the domain-swapped dimeric conformation of SPX2 in the SPX2/InsP6/PHR2 complex. a, Representation of two spatially adjacent residues, K106 and C182, in the two protomers of the domain-swapped SPX2 dimer. The Cβ-Cβ distance between K106 and C182 is 10.5 Å. b, SDS-PAGE imaging of thiol-directed chemical crosslinking. The M2M (1,2-Ethanediyl Bismethanethiosulfonate) probe can crosslink two cysteine residues within a Cβ-Cβ distance of 11 Å. By mutating K106 of SPX2 into a cysteine, the SPX2 in the SPX2/PHR2 complex can be crosslinked by M2M, and the cross-linked SPX2 can be reversibly reduced by DTT (dithiothreitol). Neither the wildtype SPX2, possesses the endogenous C182, nor the K106C/C182S double mutant can be cross-linked. These data indicated that the crosslinking between K106 and C182 is specific. Thus, the thiol-directed chemical crosslinking results corroborate the domain-swapped dimeric conformation of SPX2. The crosslinking experiments were performed using the purified SPX21-280/PHR2225-362 complex with particular mutations in the presence of 1 mM InsP6.
[image: V:\wetlab\spx\paper_making\NC\submitted\fig\figure_20210623\figure_20210623\s8.jpg]

Supplementary Fig. 8. Pull-down analysis assesses the conserved interface residues contributing for the interaction between rice SPX4 and PHR2. a, Conserved key residues in rice SPX2 and SPX4 required for PHR2 binding. In vitro Ni-NTA pull-down characterizes the perturbed interactions between full-length SPX41-320 and His-tagged PHR2225-362, upon residues mutation in the interface between SPX4 and, b, PHR2 MYB domain and, c, PHR2 CC domain, respectively. Different mutated versions of the full-length SPX41-320 and His-tagged PHR2225-362 was prepared separately for the pull-down assay.
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Supplementary Fig. 9. SPX – PHR complex interface mutations modulate the function of the related PHR1 transcription factor in Arabidopsis. a, Representation of the positions of the PHRCC and PHRMYB point mutations in the interaction interface. The PHR2 protomer A binds to the SPX2 dimer in the same way with protomer B, and only the details of protomer A are depicted. Details of the PHRCC – SPX2 and PHRMYB – SPX2 complex surfaces are shown in the red and blue frame, respectively. b, Growth phenotypes of AtPHR1 variants carrying point mutations in the PHRCC – SPX and PHRMYB – SPX domain interfaces. eGFP-AtPHR1 variants were expressed under the control of the endogenous AtPHR1 promoter in the phr1 phl1 mutant background5. Shown are the growth phenotypes of 2 week-old soil-grown plants (T1 generation, selected by FastRed seed fluorescence. #1, #2 and #3 represent independent lines). Scale bar = 1 cm. c, Representation of the positions of the PHRMYB point mutations in promixity of the of PHR2MYB – DNA recognition site.
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Supplementary Fig. 10. Characterize the recognition of P1BS motif by rice PHR2. a, Electophoretic mobility shift assay (EMSA) assessed the key residues of rice PHR2 for the recognition of P1BS. The boundary of PHR2225-362 comprising the MYB and CC domains was used for the EMSA experiments. b, Structural comparison between the rice MYBPHR2/P1BS complex and Arabidopsis MYBPHR1/P1BS complex. Rice MYBPHR2/P1BS structure is colored in the same scheme as Fig. 4a in the main text, and Arabidopsis MYBPHR1/P1BS structure is colored in gray cartoon representation. c, EMSA results showed that the rice PHR2225-362 comprising both MYB and CC domains has stronger binding affinity to P1BS than the only MYB domain (PHR2180-313). Each EMSA experiments was conducted for three biological replicates.




 
Supplementary Table 1. Statistics of crystal data collection and structures refinement.

	structure
	SPX21-202/∆47-59/InsP6/PHR2225-362
(PDB CODE: 7D3Y)
	PHR2180-313/DNA
(PDN CODE: 7D3T)

	Data collection
	
	

	Space Group
	P31 2 1
	P 1 21 1

	Unit cell a, b, c,
 (Å) (°)
	147.81, 147.81, 143.29   
90.00, 90.00, 120.00
	57.41, 100.82, 79.35   
90.00, 102.46, 90.00

	Wavelength (Å)
	0.9792
	0.9785

	Resolution (Å)
	45~3.11
(3.28~3.11)
	49~2.70
(2.83~2.70)

	[bookmark: __DdeLink__10_695641560]Rmerge (%)
	4.9 (84.4)
	6.3 (103.8)

	Rpim (%)
	1.2 (18.8)
	4.5 (69.1)

	CC(1/2) (%)
	99.9 (95.7)
	99.7 (98.1)

	I/
	35.4 (4.7)
	12.0 (1.7)

	Completeness (%)
	99.9 (95.7)
	99.7 (98.1)

	[bookmark: OLE_LINK4]Number of measured reflections
	653,746 (99,405)
	81,972 (11,093)

	Number of unique reflections
	32,993 (4,743)
	24,283 (3,197)

	Redundancy
	19.8 (21.0)
	3.4 (3.5)

	Wilson B factor (Å2)
	110.1
	44.5

	Refinement
	
	

	Rwork /Rfree (%)
	22.02/25.26
	21.28/25.78

	Number of atoms
	
	

	Protein main chain
	3640
	956

	Protein side chain
	3681
	1015

	Protein all atoms
	7321
	1971

	Water molecules
	0
	9

	Other entities
	72
	1309

	All atoms
	7393
	3289

	Average B value (Å2)
	
	

	Protein main chain
	141.6
	78.3

	Protein side chain
	15.7
	84.0

	Protein all atoms
	146.2
	84.3

	Water molecules
	
	68.5

	Other entities
	280.2
	77.2

	All atoms
	147.5
	79.6

	Rms deviations from ideal values

	Bonds (Å)
	0.007
	0.011

	Angle (°)
	0.563
	1.376

	Ramachandran plot statistics (%)

	Most favorable
	98.09
	94.8

	Additionally allowed
	1.92
	5.2

	Generously allowed
	0
	0

	Disallowed
	0
	0

	MolProbity score
	1.03
	1.91


[bookmark: _ENREF_6][bookmark: _ENREF_7]Values in parentheses are for the highest resolution shell. Rmerge=ΣhΣi|Ih,i-Ih|/ΣhΣiIh,i, where Ih is the mean intensity of the i observations of symmetry related reflections of h. R=Σ|Fobs-Fcalc|/ΣFobs, where Fcalc is the calculated protein structure factor from the atomic model (Rfree was calculated with 5% of the reflections selected).




Supplementary Table 2.  Primers used for cloning PHR1 into the pUC-BpiI vector.
[bookmark: _Hlk75118475]a, Golden Gate Level I constructs and primers. The AtPHR1 coding sequence and the AtPHR1 promoter were amplified from A. thaliana gDNA. Mutations targeting the AtPHR1 coding sequence were introduced by site-directed mutagenesis. Level I constructs were generated via BpiI cut-ligation into pUC-BpiI.
	[bookmark: OLE_LINK6]Primer
	5’-3’ Sequence

	pPHR1_AB_F
	TTTGAAGACTTTACGGGTCTCTGCGGTTTTGTAAAACTATGAATCA

	pPHR1_AB_R
	TTTGAAGACTTCAGAGGTCTCTCAGAGTTAATTTCGGAGGTGGTGG

	PHR1_R229A_F
	CACGAATGGCTTGGACGCCAGAGCTTCACGAGGCTTTTGTTGAGGCTG

	PHR1_R229A_R
	CGTCCAAGCCATTCGTGCCTTGCCCGTTCCGTTATTGCTGTTTGAA

	PHR1_H273K276A_F
	AAGCGCTTTACAGGCATATAGGACAGCTAGATATCGGCCAGAAC

	PHR1_H273K276A_R
	ATATGCCTGTAAAGCGCTTTTAACATGATATATAGTCAAGCCTTCAACTT

	PHR1_E332A_F
	AGCAGCTCGCGATTCAAAGAAACCTGCAACTCCGAATAGAAGAACAAG

	PHR1_E332A_R
	TCTTTGAATCGCGAGCTGCTCATGGAGTTGCTTCTGTACTTCCATCT

	PHR1_Q324A_F
	GATGGAAGTAGCGAAGCAACTCCATGAGCAGCTCGCGATTCAAAGAAACC

	PHR1_Q324A_R
	GTTGCTTCGCTACTTCCATCTGAAGTCGTAGAGCCTCTGTAAT

	PHR1_E342A_F
	CTCCGAATAGCAGAACAAGGCAAGTACCTGCAAATGATGTTCG

	PHR1_E342A_R
	CCTTGTTCTGCTATTCGGAGTTGCAGGTTTCTTTGAATCGCG

	PHR1_L331A_F
	CATGAGCAGGCCGAGATTCAAAGAAACCTGCAACTCCGAATAGAAG

	[bookmark: _Hlk74970792]PHR1_L331A_R
	TGAATCTCGGCCTGCTCATGGAGTTGCTTCTGTACTTCCATCTGAAGT

	PHR1_L339A_F
	ACCTGCAAGCCCGAATAGAAGAACAAGGCAAGTACCTGCAAATGAT

	PHR1_L339A_R
	TTCTATTCGGGCTTGCAGGTTTCTTTGAATCTCGGCCTGCTCAT



[bookmark: _Hlk75118942]b, Level II constructs. Level I constructs were assembled in Level II constructs via BsaI cut-ligation.
	Level II constructs
	Level I inserts

	pLii_proPHR1:GFP-phr1R229A
	pLi_AB_proPHR1 + pLi_BC_GFP + pLi_CD_phr1R229A + pLi_DE_dummy + pLi_E-F NOSter +  pLi_FG_FastRed

	pLii_proPHR1:GFP-phr1H273A/K276A
	pLi_AB_proPHR1 + pLi_BC_GFP + pLi_CD_phr1H273K276A + pLi_DE_dummy + pLi_E-F NOSter + pLi_FG_FastRed

	pLii_proPHR1:GFP-phr1E332A/Q324A/E342A
	pLi_AB_proPHR1 + pLi_BC_GFP + pLi_CD_phr1E332A/Q324A/E342A  + pLi_DE_dummy + pLi_E-F NOSter + pLi_FG_FastRed

	pLii_proPHR1:GFP-phr1L331A/L339A
	pLi_AB_proPHR1 + pLi_BC_GFP + pLi_CD_phr1L331A/L339A + pLi_DE_dummy + pLi_E-F NOSter + pLi_FG_FastRed





References
[bookmark: _ENREF_1]1	Desmarini, D., Lev, S., Furkert, D., Crossett, B., Saiardi, A., Kaufman-Francis, K., Li, C., Sorrell, T. C., Wilkinson-White, L., Matthews, J., Fiedler, D. & Djordjevic, J. T. IP7-SPX Domain Interaction Controls Fungal Virulence by Stabilizing Phosphate Signaling Machinery. mBio 11 (2020).
[bookmark: _ENREF_2]2	Corpet, F. Multiple sequence alignment with hierarchical clustering. Nucleic Acids Res 16, 10881-10890 (1988).
[bookmark: _ENREF_3]3	Jiang, M., Sun, L., Isupov, M. N., Littlechild, J. A., Wu, X., Wang, Q., Wang, Q., Yang, W. & Wu, Y. Structural basis for the Target DNA recognition and binding by the MYB domain of phosphate starvation response 1. FEBS J 286, 2809-2821 (2019).
[bookmark: _ENREF_4]4	Ried, M. K., Wild, R., Zhu, J., Pipercevic, J., Sturm, K., Broger, L., Harmel, R. K., Abriata, L. A., Hothorn, L. A., Fiedler, D., Hiller, S. & Hothorn, M. Inositol pyrophosphates promote the interaction of SPX domains with the coiled-coil motif of PHR transcription factors to regulate plant phosphate homeostasis. Nat Commun 12, 384 (2021).
[bookmark: _ENREF_5][bookmark: _GoBack]5	Bustos, R., Castrillo, G., Linhares, F., Puga, M. I., Rubio, V., Perez-Perez, J., Solano, R., Leyva, A. & Paz-Ares, J. A central regulatory system largely controls transcriptional activation and repression responses to phosphate starvation in Arabidopsis. PLoS Genet 6, e1001102 (2010).
image3.jpeg
Buipuiq Z4HJSO
uofezuBWIP ZXdSSO

Buipuig*gsul
vy ¥ vy ViV, AT i L v v
9SNSSISTANHLSSYNMTOO IV WY TLSHATAONEE0 dd110d" TANSYASLIYOI0OSA¥AAYSEAAGYETd " STAGTNYAOTHATELTaS@LaT " d0KTYADLAA TS TT95 L [N < 1 18w T T SR T/ Q=B s a ¥XasTS
SOVOITASOELT NTddTSIUOALSSONEIIONLTIVYALNGIIOE """ " *OVADSOTATONEADDA " ** " *ddIASAILSHOENATISITARIAI " dOHTANOIAASHTTOO L NN A R THEN v THL AR T NN T TR RN O T O E€XdSTS
EOTANTY S ALTMTAWNIN NATFYTE0- - - T ©399999990VANTILOATTHS TTLA0IN ATHNTAGME 3+ dZVTAROTIdTuTTE0 S TGk xRl TR ARl 1 A [l R = 1Rl =BT o0 orr-psarts
AMTVHIVY S  ILSHWATSHI " XETELTEN" " " "dVYTTIOEANN" *NIOSLSLIE " "NOQ""VESVIOSLAIId I THAITSHOEMATIATTIAMIAL " d00TAYOIAdTETTYO L xR N T TRT, A N7 VN = T R R O T IXdSTs
¥ITSSISTANNLISSINOTON IVINVVATSUATAISTINT NSALNV: LLINSNGITANAOATTVSISSIABYATd " STTATNVAOORATSITT=MI 33 d0NANTORAI TS TTa0 L ufelel <l 1R 18 f— s /e s 1l Bl - vl o FXdSSD
§°"HITAS"AdT NTddTSIHSALSSHYYIIITSTIVSALINYIIOF """ """ SOASINAMNANNIOOMA " """ ° LdIIVAISAEOAAIWASTSOMYAI " d00TISOTIAd T TTOO L RRel 7 REEl TR T /811, 7 BT NS T T J80. il = Sl T Nl T £XdSSD
ANTANTY 'S  TLTHWANSEN XAIIEYIAES " *** " INTANENONL ' " LYSIMVISOOUTTINIVIVYVVLISHANNIITTIATHAZOENTINITAGMS A " d0UTANNIIAdANITEOS MiNuN A T) LY RPN B < R | B 61 O 1 ERS) . B ZXdsSso
EXTASTY' S ALSYAATSIN  AFIISTEN " * " ° " IVHTTAIN' " 1194XLdY" " -AAZTADONSOLSITANTA - STTATHHIDONATSATTAMI A a00TANOSAd a1 1o L il R TR A 1Rl 38— R = 1l Bl ol = TXassd
MTdVSASTINALSSYNDTOMIVINYYTLSHAIQTLIIOINSSSYED " * TYMVINNSSANIEIO0 " *dLSAIAAVET " TTAINVEOIHATE LTS HMI A " dOHTATOLIOTE TTOO L N7 R TR TR BT /R > TR R IR T LT O ¥Xdsuo
S "HITHS"HST NTddTSIHANISSAYEITINITIVYALINGIION """ """ AdIYVAWIVONOENIEENAEEIdATASAIINGOINATNSATAMIAI " dONTANDIIATETTOO L M/ RT) v TRIL AT N Rl 0 el Ja@na £XdSUD
AMTAHTY S " TIOMWAWNIW QM ITVTEN" * """ """ JAMTININN "¥SSIQdX" " " "HAMANIACQATYSdANLS " ITHATANEOINATINTACEEAI " d00TANOIIdTHATYO S NiEAl 1] TR L AT 7 T R )T T ZXdsuo
AMTVHTIVY S  ILSHWATSHA NNYIASQE "ttt syt sgyyd  JIAHITHYEIOINATIATTIQMVAL *dO0TAMDIIASHITYO L AT LY RPN ] < G I 61 O 1 ERS) . B 1Xdsu9
EOTAHTY S° ALSYHATSIH ATIFYT 4TATOQ" SN II1SISAAI0  IVOAIIELSAAVAANAL  STHATALIEDINATIATTOMI " d00TANO T Ta1Tvo 1 il KB TR A Rl x - R = 1l Bl ol = 8Xaswo
EO0TAHTY S ALSHWATSHW XEIEYTEN " ** " "dITIOQ"SH""111S1SdAdD " IVOdLLESSAIVIANAL "I THATHIEOENATATTAMI AL " d00TANOIAdTEITYO L xR TR\ TRLT. A BT /RN = T R R IR T LXdSWO
Sd1SSdSAdNSISSYNDTONIVENYYTISHAIAALIQOT LSSYId " " TYNLYSUAIIUSONTIddLISOIAGVYOTd " dTTHATINIEOTHATYITIHMIAI " d0UTATOLIA T TTOO L MR A T) A 1@l AT S| 10 T} 1 @1 9Xdsuo
EOTAHTY S° ILSNWATSITHHNYVYTEN -~ " - dRTIAASSY " " 1S1S1SVA09TIV0OddVEISL  SAANAL " 3 123°3007A%072dTu1Tvo 1 ujdelx e hl A 1Rl < 8l R = Tl Bl Y £xasuo
E0TAHTIV S ALSHWATSHN XIIEYTEE" *******JITIOQA ' SH" *111S1SdAdD " IVOILLIESSAIVdANAL "I 144°d00TANDIAdTHITYO L M| TRl A BT e T O e T ZXdswo
EOTAHTY'S'ALSYAATSIN  AFIIVIEN " * """ 4IATDA" SN I11S1Sd039°FVOdILELSAdVAANAL STHATALEONATIATTOMI A d00TANOTdTa 1 TS 1 il KR TR A 1Rl x - R = 1l Bl ol : = TXasuo
MT1SSdSTINALSSYNDTONIVENYY TLSHAIQTINEQOT LSSLOV " "SIMdSNNOHSLISAVYN " SSSEAAAVES " TTAINVEIOIHATHLITIHMIAI " dOHTAADLIA T TTOO L NN 7 R TR\ TR BT SR > TR AR R T ST yXdsud
d°"¥MTATASAST NTddTSAVYOAISSOUUNIUNINTYYALNYIIOE " ** " "OVVVSSAVVSHEAOEAEY " "L IVdIWVANILIIMIUATISATAMN A " d0ETANDIIASHTYOO L < RT) v TSl AR T NN AT B T T £Xdsud
AMTAMTY S ALSMWATSEW RIIESTAN" """ """ * dTYTTIASON" "L1IS" """ " " CLLIJASHOEQTNENANST " I TYATAVIDINAIINTTAMIA " dE0TANOTI I TE ITYO L Rl A B TR TR 1 & BT /[l T\ J = )5 O T O Zxdsud
F0TAYMTIV ¥  ILSHWHISHN ANHESTEY " " * QI - s "NIGAIVALIAESHDLYY " JIUATIVEASENITHATTIOMIAI *dO0TANOIAdTERTAD Ly < I TIA TIT. AT VN = TR AR O T 3 1xdsud
HIJ¥STSTANALSSVHNTOO VWYY TLSUAAGALEAGY " " "SSId " *GONVAQ" "HATTN S SSSAZTABVAAL ITTATNVIOTUATHITAZMI I3  dORNANOLIdTSTADO L ufelel< el TR 181 il s/l o 1l - (=Bl = o vXasuz
AdS¥"TMASAdT NTddTSHSOUISSOVHACONLITIVYALNYIIOD """ """ HVEVAYTYYYYYOOHQYE " " " "VAJIAVINTSEOINATHSALGMN A " d00TASEWAYTE T YO L% S TR v TR T A T <[l 111 i A R A R NI T £XdSuZ
EMTVHTIV ¥ ALSHWAWSIN QIITITINGOVOOOOOSdTSSYOHAT " " ¥duDNAAUIDASADIDINISIAIHOONEATTIOATHEIOONATIHATACHYOI " dIORANIIIATHITYO L [ RIT) A TR AR T v T Sl Ol T SN TT-pSaIwg
IMTSYTY ¥ ALSHAAWSIW AIIIQTEAN" " "OOONA TSSSdM " "¥TIN " "IIANSUOND " "CISSASYESAd " TTOITHYEOONATIATTAMIAA " d00TANOTIAd T I TV IujN AR TR TR T AT ViR N = T AR ST T & TXdswz
0T11SSdSTINALSSYNDTOUIVHNYYTLSHAIQININOT LSSLAY " *SIYdSNHOHSSSHVYOAVSSSAAAAVES " TTAINVEOIHATHLTIMIAI " dOHTATOLId T TTOO L 4N ) AT AT S N A 1 L@1a PXdsIY
S ¥TANGSQST NTddTSIVSALSSONNHENNITTVYALINGIIOG "~ " " OVVVSIAVYOWEADEVAV  *ANAJAAVAHIIININATESATAM 33 A0KTANOT 354190y 1 uielel < el TRl 1801 [ r R o1l =B il o £xasay
AMTAMTY S ALSHWATSHN REIIESTEN """ """ dA¥TTESAC" " LOLIMAWD " " " "SILdEOEEATNYESHNS "I THATHYEOINAIINTTAMIAI " dE0TANOI A TEITYO L xRN 7 TR TI1. 7 BT 7l N I T R IR I T ZXdsIY
ANTAMTIVY ¥  ILSHWHISHN ANHISTIY  ***** QI -ttt IgggL ANV ' JIOATHYESINATIITTIQMIAL *dO0TANDIIdTERTAO L I A T] TRl AT v T il T 1XdSIV
0389 TMASAAT L TAdTSHYOHLSSONNAGENITTVYAINSIION """ * " " Y YVYTYEAVYEVATA TV WEVANYEOGMAKNSALEMN A RS INAVEYAd VYT el 1Ho ARl 1 MM r SR 11 Bl Y1 9%as50
OASDITMASAdTdINddTSIHOALSSOSHAIONLTIVYALNYIIVD """ " " AV YYYVVYVVYVYVVSdSd" """ TISdIAVAWIVEOAEATSSTTARVAL " d0ETAOVIATETADD LR R TI THT. AR T SHN T IR T IR 5 GXdSS0
HI3VTSTANALSSYNYTOOTVHNVYTESUAAGSIEAGA" " *SSVA " GHSYVAANOGOTHYS SSYSSTABYATA S TTATNVAOTNATHITaSMI 3  d0RNVEOLIaTS 1190 1 uiehel <l TR 1l 1l R o1l - =Bl s v 9XdSS0
S0TACSEdSYdY " ¥YHddTSIYOALSSOSHTANWIYIVYALINYI IDDOAYHdYWOVADSOONMINEAOVWNVYILYASSIIIVEANLIYEOCUATES I THMIAd " d0MTANETAd T TTHO Ly« TI TR1 7 B v N T T AR T O T £XdSS0
AMTSHTIV ¥ ALONWAWNSIN XIIFQTISI " * " LOONA TSSSAN" *SdX "' "QINLSADYD " *AISSASTENSI " TTOATHYEOONATIATTIAMIAL *dO0TANDIIATEITYO LN IT) B BB (gl < - IRkt 1 MYjel© 1 ERe] . Bey 1XdSs0
FYTVETY" VIALSYAQISHE ' QEVIVEDAA"**VOONVSSSSSAN ' *SOY" " "TA9ISAAND " "QESVASHANLA *WIOQTHIIOIAATHATTAWL 33 J0OTANONId TS TN O 5 uigkel A Bl M A 101 AT vl = 1l =11 Ol 3 ZXds 0
sz bve oz bee otz Goz b6t et I 691 st Gvt Gt bzt
TTTTTITY R A A L L ARk a S Zxass0
o w
¥ Yy v & A 4 vy YV VY v
MYINWREESIANNIYTADANASHINAYIIHENTEADL 4 0AMANINATIINTINI@MAOTELYYVYLIVAd Tdd TddINQY """ rrrsmssmmee e LSSdI** *H3ITHENES SRR LEETHIS S AR ¥XdSTS
MMIMVIEENOALEISIOSONIOMENIAYOTHODTENH OIWIMYNINAIINNTTAAMAVAYNORATIEOS  ** st s s rrrssessseseeeeee e UUDIVASSITIA TS OBIofl 1 220 1004 Tl E€XdSTS
WOTUNATENSH "7 rctr et OWIVANEINTANT b fINEaTIIITTHAMONATVTEq "t NNTSOMNI®* " seidaMan tadi a0 AT THTa MG B - EEEERRr R - SATT-5SAITS
HYIMITEQNHEQ®* " MYMNVA¥ADTANT MIAIMSNANITICITINABMIAZTVALNd INAdVHAIOOAVANWYENSYY """ * " * " " ACAOAOSSASYNI I TH TN A iRl T L@ IONS TSEO) IXdSTS
HYINWWEOSIEINISIIADOUSSHINAYAIHINTADIY MaAAMANTYETIINTIHAMMAOTAY ISYYYII0dYVYILTA0ISAdddHTAdTTINTSHNIAIAATISd TN AHNTT MG EE kR P ek B ¥Xdsso
EYIEONHAARE " * T " NO¥AOMSET" * " INOWTINH oanifllsnanaTasNTToAavayNN- F T R e NIAGANNSITSTTiidal B afl 1 aq00%7 5l £Xd85)
HOAMWTIWENSQ® *** " "DANVANADTTEM M1ZIMONINATIIOTINTMIGNSNYEYE  * " "OQTMTUMN" """ """ "dNL"" " OANENdAWNNTO | SRR T LS E I TND T IRM] ZXdssD
NUININTINSA 05 oosnnis WYNDA¥AOTENT A fSNIITIAITTHIMNHESLS  * * " SSIqANIDATARDSOVYA """ " ° o TNA¥NSA¥EOONITATHTY i 8 B EERTERE & TXassd
A33SJASASYIADOONOSSANIDITNINTIADD MAAZAMANINETIINTIN Zqunqmm_._O:n_mu>mk><u.z,ﬁ(n¢m>mA.AAAAAA..AAmezmma‘Hmmu.wWAZV:Ax 2| EE EEERER K 5 ¥Xdsuo
MUINVAIONAZL" - " HSONSSMAAWANNINODTENH OIWAMININOIINNTHANBEVAVIOANIGEY " * " " * * e [vIc dTYSSITHI TR K3 ERgckchaelob gt - B £XdSUD
¥OANKTEOASY" """ r: 7 r - " HVNIVEAOTIEN bianBinaananaTTTABaRATHSAGSEE " * ©9A9DATSATUENIN ~~ " ©tdDNCcCESYANdAITHIO NG oMl vazrrssfbl Zxdsus
MMIMIWMEASQ:®®******°*** MYMNVANADTANT MAAJMININETIAITINTMALEIEESNOGOTIOANTIOVAAAGDOSNDATY " ***** " *THY " *NIUEOSNUD I'THAN S| Bl 1133108 s TSEO) 1Xdsu9
............ ¥ADVASAOTENT wanfinanaTanaTING0S 3EYSHASVASAVAVAVNDVA LI TYND ™ * "+ * " * "d¥E aVVSVdVadaiou T ikl il 1%z1055TsHol 8Xasw
sttt CMAMVAMADTEANT MAAJMININATINGTINGMASIINSNAVYALA® " """ " * YASMTYMD """ """ """ dUE"AVY" " " VddaJON T Rl L% E 0SS TSEO) LXdswo
HMIGWWEESIEOASIAAIODSSHINTOIIHINTADD MaAAMANINETIINTIHAMMYOT " T04dSSA0O0TTHTATNIAIQLIV  “ == """ " LL1ISdTN" " ONTTEES [SRIERIT 103 THIN afo| 9Xdsuo
MEIOWTOENSN: "~ °" AAMVANAOTIENT M IAIMINIIHTIOTIISNYMALEENSHITIIQ """ """ " " DEHYVEAL """ T d¥ECIAONIL M EAT T T RIORIT LY E T ONS TSRO £XdSW9
MHIMWWEESSQ® * " *MAMNVA¥ADTANT Ix MAAJMININATINGTINGMASIINSNAYYALA" """ " " "WASHTYMD " """ "dHE AVY" " " ¥ddadOy Tl il L% E 1 0SS TSEO) ZXdswo
AHIMWAWIIYSD === MADYASAOTINTIMIA MIAIMININATINGTINGMASIENSWASVASAVAVAYNDVAINTEND "= = " " * Ctd¥d aYYSYdYddaddd T i) BT %3108 S TSROl TXdSwW
HYIQWWEESIISASYITONNONNININITHINTEDT Adq) MAAZAMANINATIINTINAMSOOTAIVYEA® " " * 90JIVSSTNILAVIADY " " "SAIOASNSSAAVYdddAdAXNTTEA EE e 5 yXdsud
MMIEOIEENAWA® *° "AANAOONIATEOIUAOTENHHMT IO I A MYNINIIIVNTTOAMISEY " **tft s s s rrrrrrrrsssr s ss et s gydgST* * * TN il =l T s a0 103y 1 ol £xdsud
WAISTWEENSN' ** " r: o:" NYXYADNTEN TS T Aol s NEyaTaaITTIMATESN LT ALt QSUSWAN v SN EADONAATTN NS ol =87 252 10n51sH) zxasue
MHWHWWMENSA " **** " " "HYMATHAETANT 1X MAAJMNNINETINGTIOIMSTEEMSNO " " " " " * " *TSOAVAAY " """ """ """ THY"*1dHADLILSLIITYTHEEA @1 LOE 1 ONS TSEO) 1xdsud
SRR CER LI MESIN IR Y (g ENGIEEhty IR S LR LS e SRRSO TadvYvaATIATR T TR 'l EERERREt & vXasuz
HYIVVAEVEHTIV® * " dVdVJUOUOTVHIIHNOTINH OCTIMVNINILIIVAIIVARAVEg """ttty s rrrrrrrrrrrrrrreononnnes dTdd D995V A DS ORI/ sua 108 T MRl £XdSWZ
MMAMTTEEYSD® *** " AIVYSAA¥ADTINT METIMYNINATIVATIYA wimmmhi....1mmmmcwmwom>&0&xm..,.,,,,,,mzu.....o.mudm:av:mv. al BBl T L3 AT ONNTSEO) STT-pSAIWZ
HEANRTIENSE " * 7" ° © - ¥OVVNVA¥QOTENO i SN TIVETTONEEVESA LN VY YYVVYAVEDSAQuuVE " "ttt ouE ¥ONDYOTTHTH N0 B B EISCEE B TxXasuz
HYIAWWEESIESASYATO * * *NMINADIIHENTEDT MAAAMANINETIANTIHAMSODTAISdHAOIAADDAAYYSSINLILIAVIAJY " * " SANHASNYIOIAVSXAAd XXM T TS SRR L a3 THL Y Gfo] PXdsIY
MYTESINS¥SH' " " ° FANHOONIATHOI¥AOTENHHMI ] N R o oo R oo ENCEERRRRRT 'l =Bl s 5010w ufo) £XdSTY
AMINIWEENSN® "= AVAVADANTENT SNINEITIAITTISIPATIININOALL " * "ALAASNSASYSUAN TN T U HA T SHIERTI T EE) Rl L= I ONS TSEO) ZXds3IV
MEIMIRMERSA * """ "t " NYNVINQEdaNT NNa¥ETaqaTTOTBNTSENSIO <t CASITTQTE T TEN’Ad¥AVINSOHITHTH x| ol <fl::ozonsTsEol XS
¥EIOVAIVVVIV' UNMIVIOTEISNINIdINVEE sarxaravyTveaBveag:- e 4 595TsvA U o185 0= 10031 TH) 9%asso
HYAHMO " AWEVYY'*°"SS°°°°°°°°SSDI¥EIDTI™D Oa TIMYNINAATVHT TV TMEVEY " BoRimmen AT NN ELE T O B R | iRl s @@ 10U TRl SXdSS0
¥EIETHITLIISHSIIVONN * " HVNANSTUZNTAOTY 51 lla N0 TaNa AN RN TYT99090900VaATYYYYAGIaD T T IIIIIgdd e T T i s R >Rl BT s s s T s s afflo ¥Xasso
MYAYYWEVYYd " """ " MYDDOODOVANTALEDTIND 0F TIRMVNINAATOATTYAMIVEDDD " OAQOSSSSATEATEENEENY T3 M RI=RIT S & A0 THEOl £XdSS0
MHAMWTEENSE® *** " MOVYEVA¥ADTAND Ix d SNINATIAVITTIWREOVEEILIN 11414mmmwwo44>m4m¥40.....,.,,,muu.....wuwuwwqu:mx al s 1aufhillaflT L aAT0s S TSHO) 1Xdsso
HEAGRATE * "0t oottt VSN EETE 0N A o3 T AN %A TavaTToAlOVO S TINOOVYVYIALAYIVDDANNNNS """ s EEFEEERSTRRE - 1 ERER . B (RENSSEREE B 2xasso
bt bot o6 be oL o9 os ov os oz ot
L 2 2 e o 1 A L L L R 2 LR R R A A A A A A R A AR p A TTTTTTT TTTTTTTTTY Zxasso
£©0 w 1m




image4.jpeg
OsSPX2
0sSPX1
0sSPX3
0sSPX4
0sSPX5
0sSPX6
AtSPX1
ALSPX2
AtSPX3
AtSPX4
ZmSPX1
ZmIDS4-like
ZmSPX3
ZmSPX4
BnSPX1
BnSPX2
BnSPX3
BnSPX4
GmSPX1
GmSPX2
GmSPX3
GmSPX6
GmSPX7
GmSPX8
GhSPX1
GhSPX2
GhSPX3
GhSPX4
CsSPX1
CsSPX2
CsSPX3
CsSPX4
S1SPX1
S1IDS4-1like
S1SPX3
S1SPX4

260 270 280

IRSGSSTVSVFSLPPLHGSNGQDEPGR . ¢ o vt v v vt oot i v e cesntaoecnnesnnes
IRSGSSTVSAFSLPPLQGDSSPE. .. ....... EQQELWNKIPVIEQAAK.........
TRSDPHLKENGRIPSTLOFFY Au uiy svuioye svwnsrs svavass, o s o avati & i & oiiesis s sffess s anie
GEDGEACSGAITSES...DSYSDSQIEDAEDDDKEVQS..REQNTAQNA. .AEGQPRDE
PPPP PP PSS PLITP T . sttt eeeeesesesseseseeeeeeeeennennannnnnnsns

BEIPT P F0 . ioe,nnousisjss; s iz sissiodts ssissiofis siehstie sSaReie s sgafie_aisiis s sage s aterie % sede % site
IRSGSSTVSVFSLPPLQLNGL. .. ...vuunnn DE.TWK.KIPLLEQEAK.........
IRSGSSTVSVFSLPPLPASGL....vvvuvunn EDDSWKKKVGVLEQVAK.........

LHLSSPIPIP e et tteeaeeee e eee e e eeeeeeeeeeeeeeeeeeneenns
NEDDET.VTAENSPNS..GN...KDDSEKEDTGPSH. « v v v vvnsnnnnnnnnnns
IRGKSSTVSMFSLPPLQGNNAQDSYQIRAEQLDEEPERWSKVTVIEQAAK. .. ... ...
TRSGSSTVSAFSLPPLR . ¢ v v vttt vt stosinnnnnnnnnnnnnannnnnnnnnn

BRFETEPRR e iR i o sosnaus soesisss staess Srepe¥s suemes s sgasis % SRIES % SSHS & SisGs 4 sics
GEDGEPCSGAITSESSLSDSSTDSQIQDAGKDDKEVQSNSRDQNAAQGEQNAQGEPTDE
IRSKSSTVSVFSLPPLQOLNGL. .« v vvvvnnn. DE.TWK.KIPLLEQEAK.........
IRSGSSTVSVFSLPPLOASGL. .. .vvvunnn. EDDSWKTKVGALEQVAE.........

BHIPBPIBIPN . uon n simis s sows womy ehwives gomms e & adse & G406 ¥ S & 6ivth @ 50w
NEDDET.VTAENSPNS. .ENLQSKDESEKEDNGPSP. . .o v v vt i

IRSGSSTVSMFSLPPLKISGS.....vvununnn EEETWK.KIPVLEQAAK.........
IRSGSSTVSMFSLPPLKISGS...vvurannnn EE.TWK.KIPVLEQTAK.........
IRKGSSTVSMFSLPPLQISGL. .« v cvvecne. EE.TWN.KIPILEQTAK.........
NQDGDG.TGAVTAENS. . AANSPATLONEESVGKEETDSV . . .t tuiinnnnnn
IRSGSSTVSMFSLPPLKISGS...vvuuannnn EE.TWK.KIPVLEQTAK.........
IRSGSSTVSMFSLPPLKISGS....vuuuunnn EEETWK.KIPVLEQAAK.........
IRSGSSTVSVFSLPPLOSNGL. ... vvvunenn. EE.TWK.MIPVLEQAAK.........
IRSGSSTVSVFSLPPLONRAL. .. ...vvunnn DD...QKKITVLEQAAK. ........

EQLNSEIETIL . . s wuan 5 soissions stivioisy, si8sors siioioils o viieiis o iiivin ¥ dasiis o wieils w sioidbe % wyie
NQD.DE.SGAVTAENS. .ASNSSPTLQKGKESDKEDAQSAQQR . . & v viuunnnnnn
IRSRSSTVSVFSLPPLOMNGL . ... ..vvunn. ED.TWK.NVPVLEEVAK.........
TRGGSSTIDVESWL. .« vivir v siesens sisseie siomsde sissiaks sioseis ssisitsiis o sk = wnans o stese = sie
FQLNSPIPT Ly, i s, <os3as, S5t sifavens, Saasss avasie o/auies o SUM6 v voaile % sield o S0ais & 55
GQDDES . TGAVTDENS . .PSNSLASLPKVDDDDE . & v v v v vvvueeenannnnnns
IRSKSSTVSAFSLPPLQISGP............ ED.THAN KIPILEQARAK. . . v = o.n
MRSGSSTVSIFSLPPMKTNAL. .. .vvvvunnnn DNVWK.NAPVVIQEAK.........
LOLNSPIATP: . s & oin, s suiens, Soais suiisis, ¥osa i o it ¥ dvens ¥ sieis & 600 % 5908 & o0
NQDNDS.PGAVTAEDS . .DSDSLVASQNGEEMNREVSSSPK. .o vvivnnnnnnnns




image5.jpeg
PH R233D-362 PHR233{)-362 -

SPX2, / SPX2,
RMSD = 0.97

N
PHR2, / PHR2,

RMSD =0.94




image6.jpeg
MW, = 94.5 kDa

SPX2'28¢,31.0 kDa
PHR2?25%2, 16.8 kDa

T T
4 6 8

Sedimentation coefficient (s)




image7.jpeg
100.00 -~

-
N o
o o
| o
] ]

intensity (a.u.)
©
>
1

0.01 o

0.00 1 I I I I I I 1
0.00 0.05 010 0.5 020 025 030 035 04

g (nm")




image8.jpeg
M2M: Pag >SN
/" “CH3
o
&
O\
<& &
N © & spxam
+ - + - + - DTT
(kDa) [ cross-linked SPX212%°
— —
—_—
—
45 el
!-7 D T e— SPX21-280
33 - =
= PHR2%5%2.His
— e - —— — )
14 | —
-





image9.jpeg
a

b

OsSPX2 | E93 E104 K100 E101 H124 E131 E183 D187

SPX4

OsSPX4 | E87 E98 Q94 V95 H132 Q139 E191 E195
input elute input elute
i X
& ?{8
&P &
& SFFoe & Ko o S S S S
& A& & & y & & Y & &
AT QN AV A\ D D D O
PHR2-His & & & @ P & & & P S PP PP S

(kDa

55
45

33

SPX4

input elute input elute
NN S o ¥ & g &
SFEITs FE FE RO

PHR2-His & ¢ & @@ @& & & & &

(kDa

L oF & oF Q oF & oF
D 1o 5 ORI
SFFEEF » FLEE

55
45

33

18

14

spx41-320

PHR2225»362

spx4-320

PH R2225v362




image10.jpeg
PHR2,c

L360
(AtPHR1-L339)

E353
(AtPHR1-E332,

L352
(AtPHR1-L331

Q345
(AtPHR1-Q324)

phriphl1

phriphl1 +
AtPHR1 L331A/L339A

phriphl1 +
AtPHR1 E332A/Q324A/E342A

phriphl1 +

AtPHR1R229A

phriphl1 +

AtPHR1 H273A/K276A





image11.jpeg
PHR2225-362 Wt K292A K292D S293A Q296A
R e e - |
ot et bl b o vakd 444 b | bound
- [ o ol o e ol o - unbound

MYB (PHR2'®%%)  MYB-CC(PHR2%5%2)
4- 4

] v 4 b4 bd ba | bound

- - unbound





image1.jpeg
Pi starvation Pi sufficient

P1BS P1BS





image2.jpeg
(kDa) + - InsPs

—
: —_—
Co-expression p—
C—
1 190 280 45 | -
ossex2 O o OssPX2'20
Ni-NTA pull-down 33 | -
18 | -
225 252 302 331 362 — v |OSPHR22253%2-Hijs
osPrRr2  ——VNEN—ISoRHHis tag
14 | -
-





