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Supplementary Figure 1. Colonization of WT, phr2 and 35S:PHR2.. Brightfield
images of roots stained with acid-ink to visualize colonization of wild type (cv.
Nipponbare), phr2 and 35S:PHR2 and wild-type (cv. ZH11) and phr2(C) roots by
Rhizophagus irregularis at 7 wpi when grown at LP (25 µM Pi) in quartz sand. Scale bars,
200 µm. Abbreviations: EH, extraradical hypha; HYP: hyphopodium; IH, intraradical
hypha; AR, arbuscule, VE, vesicle. The phenotype was observed in 11 (6 + 5)
independent plants in two independent experiments.
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Supplementary Figure 2. Colonization of WT, phr2 and 35S:PHR2 at high
phosphate. Brightfield images of roots stained with acid-ink to visualize colonization of
wild type (cv. Nipponbare), phr2 and 35S:PHR2 roots by Rhizophagus irregularis at 7
wpi and grown at HP (500 µm Pi) in quartz sand. Scale bars, 200 µm. Abbreviations: EH,
extraradical hypha; HYP: hyphopodium; IH, intraradical hypha; AR, arbuscule, VE,
vesicle. The phenotype was observed in 11 (6 + 5) independent plants in two
independent experiments.
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Supplementary Figure 3. Effect of PHR2 overexpression on root colonization by
AM fungi at medium phosphate. Effect of low (LP, 25 µM Pi) and medium (MP, 200
µM Pi) phosphate conditions on total root colonization (A), arbuscules (B) and
vesicles (C) at 7 wpi. Statistics: Individual data-points and mean ± SE are shown. N=5
independent root systems; Brown-Forsythe and Welch’s One-Way ANOVA test with
Games-Howell's multiple comparisons test. Different letters indicate statistical
differences.



Supplementary Figure 4. RNA-seq fragment mapping. Number of assigned
fragments in RNA-Seq along with fragments consistently mapped to the transcriptome
reference, N=3 independent root systems. Individual data-points and mean ± SE are
shown. Lower number of fragments in AM-inoculated wild-type roots grown at LP results
from the fact that these sample also contain reads from R. irregularis (≈10% of total
fragments).
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Supplementary Figure 5. PCA plot for high phosphate samples in RNASeq.
PCA plot for the RNA-Seq based transcriptome of mock and AMF-inoculated wild-
type and 35S:PHR2 roots grown at HP conditions.
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Supplementary Figure 6. Hierarchical clustering of combined DEGs. Hierarchical
clustering of combined DEGs (AM vs Mock samples, log2(Fold-change), lfc) from roots
of phr2 and 35S:PHR2 in LP and HP respectively and wild type at both Pi conditions.
Z-scores represent scaled lfc. Colored bars on the left side of heatmap depict individual
clusters (based on the dendrogram). Gene ontology (GO) enrichment analysis for
selected DEGs in cluster-1 and -7, which showed positive Z-scores for 35S:PHR2 HP
and WT LP samples and negative Z-scores for phr2 LP and WT HP samples. GO term
enrichment indicates functional categories important for AM symbiosis such as fatty
acid, lipid and carotenoid metabolism, response to biotic
stimulus and response to karrikin.
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Cluster 7 genes with positive Z-scores in 35S:PHR2 HP and WT LP samples but
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Supplementary Figure 7. Overlap of genes with decreased transcript levels in
phr2 in Mock or AM roots with AM genelist. (A) Venn diagram of DEGs
downregulated in phr2 vs WT Mock and AM roots at LP and AM genelist. (B) Genes
common to all the three sets. Genes highlighted in red have been previously genetically
shown to be required for AM development or function.
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Supplementary Figure 8. Expression of genes required for or induced during AM
depends on PHR2. Heatmaps for log2(Fold-change) of AM genes from set I and II (Figure
2G) for the comparisons phr2 vs wild type at LP (25 µM) and 35S:PHR2 vs wild type at
HP (500 µM). Colored bars on the right indicate functional categories to which the genes
belong. Genes with genetically confirmed functions in AM symbiosis are indicated in red
(bold for mutants, regular font for RNAi lines). 144 out of 205 genes (70%) in the AM
genelist had reduced expression in phr2 vs WT AM and/or Mock LP samples. Asterisks
indicate orthologs of Lotus japonicus genes involved in transport and associated with P1BS
elements in Supplementary Table 21. Out of 48 total genes in this table, only 31 could be
retrieved from the Lotus japonicus genome assembly build 1.0 (http://www.kazusa.or.jp/
lotus/release1/) and 14 out of these have reduced expression in rice phr2 vs WT).
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Supplementary Figure 9. RT-qPCR-based transcript accumulation of selected DEGs
recapitulates the RNA-Seq results. Relative transcript accumulation in mock inoculated (Mock)
and R. irregularis colonized (AM) roots of the indicated genotypes grown in quartz sand and
fertilized with LP (25 µM Pi) or HP (500 µM Pi). Expression values of indicated genes were
normalized to the geometric mean of the expression of two housekeeping genes, UBIQUITIN
and CYCLOPHILIN. Letters indicate statistical differences between genotypes and treatments
for each phosphate level separately. Statistics: Individual data-points and mean ± SE are
shown. N=3 biologically independent samples. Brown-Forsythe and Welch’s One-Way ANOVA
test with Games-Howell's multiple comparisons test was carried out between genotypes at
each phosphate level separately. Different letters indicate statistical differences.
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Supplementary Figure 10. RT-qPCR-based transcript accumulation of selected
DEGs at medium phosphate. Relative transcript accumulation in mock inoculated
(Mock) and R.irregularis colonized (AM) roots of the indicated genotypes grown in the
same experiment as Fig. S3 in quartz sand and fertilized with MP is shown. Expression
values of indicated genes were normalized to the geometric mean of the expression of
two housekeeping genes, UBIQUITIN and CYCLOPHILIN. Letters indicate statistical
differences between genotypes and treatments within each phosphate level. Statistics:
Individual data-points and mean ± SE are shown. N=3-4 biologically independent
samples. Brown-Forsythe and Welch’s One-Way ANOVA test with Games-Howell's
multiple comparisons test was carried out. Different letters indicate statistical differences.
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Supplementary Figure 11. ChIP-Seq binding peaks of PHR2-FLAG are enriched
near the transcriptional start site. (A) Read coverage plot for the two biological
replicates from ChIP-Seq with FLAG tagged PHR2 protein. TSS, transcriptional
start site. (B) Distribution of PHR2-binding sites in the rice genome. ChIP-Seq
read distribution in relation to transcriptional start site (TSS) suggested a slight
skew in the distribution of PHR2 binding sites towards 1000 bp downstream
of TSS. Correspondingly, PHR2 binding sites are enriched not only in 3000 bp
region upstream of TSS (38.2%) but also in the regions downstream of TSS
such as 5′ UTR, exon and intron (24.9% + 12.2% + 13.2% = 50.3%).



Supplementary Figure 12. Motifs over-represented in DNA sequences with
PHR2 binding sites. Analysis was carried out separately for the two biological
ChIP-Seq replicates using STREME (https://meme-suite.org/meme/tools/streme).
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Supplementary Figure 13. Binding site analysis for rice PHR2. (A) Venn diagram
showing overlap of PHR2 ChIP targets from two independent biological ChIP-Seq
replicates. These 435 common PHR2 ChIP targets are genes annotated closest to
PHR2-binding sites in both replicates. (B) Venn diagram showing overlap of PHR2
targets with DEGs with reduced expression in phr2 vs WT AM + Mock samples at LP.
Blue indicates the total number of genes and red with P1BS or P1BS-like motif in 3000
bp upstream region upstream of transcriptional start site (TSS)). MSU IDs in the three
individual gene sets were converted to RAPDB Locus IDs (to facilitate extraction of
upstream sequence from RAPDB website, https://rapdb.dna.affrc.go.jp/). This resulted
in a smaller number of genes than the original number of MSU ID DEGs. (C) GO-term
enrichment in category “biological process” for Set A + Set B genes (167 genes out of
435 PHR2 targets which are repressed in AM or Mock root samples of phr2 vs WT grown
at LP as shown in Fig. 3A). Darker colors indicate stronger enrichment of GO-terms.
GO-terms include categories involved in phosphate starvation signalling as well as AM.
(D) Motifs enriched in 1000 bp sequence (upstream of TSS) for Set A + B genes in Fig.
3A.



A

B

LP HP

phr2 vs WT 35S:PHR2 vs WT
Mock AM AMMock

LOC_Os10g25310 SPX3
LOC_Os03g05334 IPS1
LOC_Os06g40120 SPX1
LOC_Os02g10780 SPX2
LOC_Os02g31030 GDPD2

Locus ID Gene

MACS2
peak

Input

ChIP

Gene

P1BS

GDPD2, LOC_Os02g31030

MACS2
peak

Input

ChIP

Gene

P1BS

IPS1, LOC_Os03g05334

MACS2
peak
Input

ChIP

Gene

P1BS

SPX1, LOC_Os06g40120

MACS2
peak

Input

ChIP

Gene

P1BS

SPX2, LOC_Os02g10780

MACS2
peak

Input

ChIP

Gene

P1BS

SPX3, LOC_Os10g25310

Supplementary Figure 14. IGV browser view of ChIP-Seq peaks adjacent to
previously known PHR2 target genes. (A) ChIP-Seq peak profiles of genes which
have been previously shown to be PHR2 targets. Gene orientation is indicated by
the direction of the blue arrow close to the gene name. MACS2 peaks (blue bars)
denote PHR2 binding sites corresponding to enrichment of PHR2-FLAG IP (green
color) sequencing reads vs Input (pink color) sequencing reads. Positions of P1BS
elements along the genomic coordinate are marked by enclosing the motifs in black
rectangular boxes. (B) RNA-Seq based log2(Fold-change) of these known PHR2 target
genes in for phr2 vs wild type and 35S:PHR2 vs wild type at LP (25 µM) and HP
(500 µM), respectively. The phosphate level at HP (500 µM) maybe high enough to
prevent the transcriptional induction of some of these phosphate starvation response
genes such as SPX1 and 2 in the 35S:PHR2 line.
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Supplementary Figure 15. Enrichment of PHR2 ChIP targets in AM genelist.
Hypergeometric test was used to assess the statistical significance (phyper) of
overlap of PHR2 ChIP targets with the AM genelist.
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Supplementary Figure 16. IGV browser view of ChIP-Seq peaks adjacent to AM-
relevant genes. The selected genes are those depicted in red in Fig. 3C. Gene
orientation is indicated by the direction of the blue arrow next to the gene name. MACS2
peaks (blue bars) indicate PHR2 binding sites corresponding to enrichment of PHR2-FLAG
IP (green color) sequencing reads vs Input (pink color) sequencing reads. The positions
of P1BS elements along the genomic coordinate are marked by enclosing the motifs
in black rectangular boxes. In the ECA1 promoter, the P1BS-like motif is marked by a
blue rectangular box. In the CERK1 promoter, the GAGA and CTTC motifs are marked
by enclosing them in green and red rectangular boxes, respectively. Blue triangles
indicate the position of ChIP-qPCR (Fig. S15) primers flanking the P1BS motifs, while
green and red triangles indicate the position of primers 1000 bp left (5’) of P1BS (-1000
bp) and +1000 bp right (3’) of P1BS (+1000 bp), respectively. Motifs: P1BS is GNATATNC;
P1BS-like is AMATATYC; GAGA is GGAGAGGA; CTTC is TCCTCTTGTTCTTC.
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Supplementary Figure 17. Enrichment of PHR2 at P1BS promoter motifs detected
by ChIP-qPCR. Primers were designed to amplify regions flanking motifs (P1BS,
P1BS-like, GAGA, CTTC), and 1000 bp left (5’) of these motifs (-1000 bp) and 1000 bp
right (3’) of these motifs (+1000 bp). Motifs: P1BS is GNATATNC; P1BS-like is
AMATATYC; GAGA is GGAGAGGA; CTTC is TCCTCTTGTTCTTC. Data: Individual
data-points and mean ± SE are shown. N=3 biologically independent samples.
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Supplementary Figure 18. Gibberellin-biosynthesis and -signaling related genes
in RNASeq and ChIP-Seq. (A) Gibberellin (GA)-related genes are enriched in DEGs
with reduced expression in non-inoculated phr2 vs wild type. as shown by a
hypergeometric test to assess the statistical significance (phyper). (B) Expression of
GA-related genes in non-colonized phr2 vs wild type roots at LP and 35S:PHR2 vs wild
type roots at HP. (C) Comparison of gene expression for GA-related genes in phr2 and
wild type in AM vs Mock roots. (D) GA-related genes directly targeted by PHR2 as
determined by ChIP-Seq.
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Supplementary Figure 19. Identification of Lotus japonicus phr1a mutant. (A)
Phylogenetic tree of PHR proteins in representative Brassicaceae, Poaceae, Fabaceae
and Solanaceae. The three Lotus japonicus PHR proteins are marked with pink stars.
(B) Position of Lotus retrotransposon 1 (LORE1) insertion in L. japonicus PHR1A. The
number indicates the Plant ID for LORE1 insertion. (C) Genotyping for LORE1 insertion
in phr1a. The P2 primer sequence in located in the LORE1 insertion while F and R are
PHR1A specific primers surrounding the insertion. 1 Kb PLus ladder of New England
Biolabs (NEB, UK) was used as DNA ladder and 1 and 0.5 kb bands are shown as
reference. The genotyping was performed once to select homozygous plants.
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Supplementary Figure 20. Position of P1BS motifs in the promoters of
strigolactone biosynthesis genes in Lotus japonicus. Promoter of length 1600 kb is
represented in gray for each gene.
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during the greenhouse experiment in field soil.
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Supplementary Figure 22. PHR2 affects rice agronomic traits in a field soil. (A)
Shoot phosphorus (P) concentration (mg/g dw), (B) Plant height (cm), (C) panicle length
(cm), (D) shoot dry weight (g), (E) root fresh weight (g) in mock (Mock) and R. irregularis
(AM) inoculated plants of wild type, phr2 and 35S:PHR2 lines grown at LP (unfertilized)
and of wild type and 35S:PHR2 lines grown at HP (fertilized with superphosphate
fertilizer, P2O5). Traits were quantified for plants harvested at 110 days post transplanting
into soil and inoculation. Statistics: Individual data-points and mean ± SE are shown.
N=3-5 biologically independent samples; Brown-Forsythe and Welch’s One-Way
ANOVA test with Games-Howell's multiple comparison test was carried out. Different
letters indicate statistical differences.



Supplementary Figure 23. Root colonization and RT-qPCR-based transcript
accumulation of AM-marker genes in roots of plants grown in field soil. (A) Total
root colonization (%) in R. irregularis-inoculated plants of wild type and phr2 and
35S:PHR2 at LP (unfertilized) and in wild type and 35S:PHR2 lines at HP (fertilized with
superphosphate fertilizer, P2O5). Roots were harvested at 110 days post transplantation
into field soil and inoculation. Letters indicate statistical differences between genotypes,
treatment and phosphate levels. Statistics: N=5; Kruskal-Wallis test with Dunn’s posthoc
comparison. (B) Relative transcript accumulation in mock inoculated (Mock) and
R.irregularis colonized (AM) roots of the indicated genotypes grown in field soil and
fertilized with LP or HP (as described in A). Expression values of indicated genes were
normalized to the geometric mean of the expression of two housekeeping genes,
UBIQUITIN and CYCLOPHILIN. Letters indicate statistical differences between
genotypes and treatments within each phosphate level. Statistics: Individual data-points
and mean ± SE are shown. (A) N=5 independent root systems; Brown-Forsythe and
Welch’s One-Way ANOVA test with Games-Howell's multiple comparisons test between
genotypes and treatments. Different letters indicate statistical differences between
genotypes and treatments. (B) N=3-4 biologically independent samples. Brown-Forsythe
and Welch’s One-Way ANOVA test with Games-Howell's multiple comparisons test was
carried out for each phosphate level separately. Different letters indicate statistical
differences between genotypes and treatments.
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Supplementary Figure 24. Colonization of WT, phr2 and 35S:PHR2. Brightfield
images of roots stained with acid-ink to visualize colonization of wild type (cv.
Nipponbare), phr2 and 35S:PHR2 roots by R. irregularis at 110 days post
transplantation and grown at LP (unfertilized) or HP (fertilized with superphosphate
fertilizer, P2O5) in field soil. Scale bars, 200 µm. Abbreviations: EH, extraradical
hypha; HYP: hyphopodium; IH, intraradical hypha; AR, arbuscule, VE, vesicle. The
phenotype was observed in root systems of 5 independent plants.
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Supplementary Figure 25. RT-qPCR-based transcript accumulation of phosphate
transporters and starvation marker genes in roots of plants grown in field soil.
(A) RNA-seq-based fold-change of transcript accumulation (AM vs mock) of phosphate
transporter genes involved in AM-mediated (PT11) or direct (PT2, PT6) Pi uptake, as well
as the phosphate starvation marker genes (IPS1, GDPD2) at LP (25 µM Pi) or HP (500
µm Pi) in quartz sand. (B) RT-qPCR based relative transcript accumulation in mock
inoculated (Mock) and R. irregularis colonized (AM) roots of the indicated genotypes
grown in field soil and fertilized with LP or HP (as described in A) is shown. Roots were
harvested at 110 days post transplanting and inoculation. Expression values of indicated
genes were normalized to the geometric mean of the expression of two housekeeping
genes, UBIQUITIN and CYCLOPHILIN. Letters indicate statistical differences between
genotypes and treatments within each phosphate level. Statistics: Individual data-points
and mean ± SE are shown. N=3-4 biologically independent samples. Brown-Forsythe and
Welch’s One-Way ANOVA test with Games-Howell's multiple comparisons test was carried
out for each phosphate level separately. Different letters indicate statistical differences.



Supplementary Table 1. Primers used for RT-qPCR and genotyping.



Supplementary Table 2. Primers used for ChIP qPCR.
Primers with name appended with “motif”, “left” and “right” were used for amplifying
sequences flanking P1BS (GNATATNC), or 1000 bp left and 1000 bp right of P1BS
motif respectively (-1000 bp and +1000 bp in Fig. S17). In case of ECA1pro, primers
with name appended with “motif” represents P1BS-like (AMATATYC). In case of
CERK1pro, primers with names appended with “GAGAmotif” and “CTTC motif” were
used for amplifying sequences amplifying GGAGAGGA and TCCTCTTGTTCTTC
elements respectively, while primer with names appended with “GAGAleft” and
“CTTCright” were used for amplifying sequences 1000 bp left of GAGA and 1000 bp
right of CTTC respectively.



Supplementary Table 3. Primers used for cloning.



Supplementary Table 4. Plasmids used in this study. Produced by Golden Gate
cloning (Level I, II and III). EV, empty vector; HR, hairy root; trafo, transformation.





Supplementary Table 5. Table for composition of buffer used in the
transactivation assay.
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