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Supplemental Tables 
 
Table I: PHT1 transporter family comparison at the amino acid level. BLAST program was used 
to obtain percentage of similarity and identity (in bold). 
 

 
  

  PHT1;1 PHT1;2 PHT1;3 PHT1;4 PHT1;5 PHT1;6 PHT1;7 PHT1;8 PHT1;9 
PHT1;1 100% 100% 96% 87% 86% 80% 86% 63% 64% 
PHT1;2 99% 100% 96% 87% 86% 80% 86% 64% 64% 
PHT1;3 94% 94% 100% 88% 86% 80% 88% 64% 64% 
PHT1;4 78% 78% 79% 100% 88% 81% 94% 65% 66% 
PHT1;5 77% 76% 78% 78% 100% 78% 88% 63% 63% 
PHT1;6 68% 68% 67% 67% 64% 100% 81% 61% 63% 
PHT1;7 78% 78% 79% 90% 78% 69% 100% 64% 65% 
PHT1;8 51% 52% 51% 49% 47% 49% 49% 100% 87% 
PHT1;9 49% 49% 48% 48% 47% 47% 49% 79% 100% 

Supplemental Table 1 

PHT1 transporter family comparison at the amino acid level. BLAST program was used to 
obtain percentage of similarity and identity (in bold).  
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Table II: List of the primers used in qRT-PCR experiments. 

 

 
 
  

Supplemental Table 2 

!"#$%&'%()% AGI reverse forward 
%/"*+*<*+5# *90"/..0+&#*90"/..S+#A**AKKT*TT*TTATKKT*# TTKKKKTTKKTTT*KKKTT#
%/"*+0# *9-".RU/+# AA*KA*A*TAKKKKTTAKA*KT# AAKATTKATK*KKK*KK*AA*AT#
%/"*+1# *9-".-R.+# AK*AATT**KKKTAA*A*TK# ATKKTKKT*KTAKKTAKKTK#
%/"*+=# *90"/../+# KT*****TK**AATTT**AT# AAKKATTAK****AA*KT**#
%/"*+2# *9."0/S++# TKKATKKAKA*AATT*A*KK# KAAAKA*KKTKKKKTTTKTK#
%/"*+3# *9,"-+RJ+J# ***ATAA*AA**T**KA**T# KAAATTAK*TTKKK*TTKAK#
%/"*+4# *9,"SJ/.+J# *AKA*KKATA*TT*T*AT*A# **KATATKKKKKT*KAAKKT#

,# *9,"JSR,+# KA*KAAKAAA***AKA*KAA# KA*ATTT*KTK*AT*AKA**#
-# *90"JS+R+# *A*AAT*KTATK**A**A**# *TKTTK****ATTA*KTT*T#
.# *9-"+//J+# T*T**KAKKKTAATKAA*T*# T*KATTKKKTTAAKAK*A**#
/# *9."+-RS+# KK*AATT*KTT*KA***T*KT# AKKAK*AT*TAKATTKKKAT#
0# *90"+,--+# KTKT*T*TKKA*KATAAKKT# K*AAKT**TAKATT*KKTAK#
J# *9,"+RJ0+# T*KAT***A*T*TTT*KTT*# AKAKAKAAT*AT*AAKKT*A#
S# *9,",.S0+# ***AKTTKTATKKKTT*KKA# *TATAAKTKA**TKKKA**K#
R# *9,",SS,+# A**AT*T*TA**AA*KT*T*# KK*TTTKTAT*TAKT*T**K#
U# *9,"S,,.+# *TA**AAKA*T**TAKAA**# KATKAKAKTTAKTTTK*AKK#
,+# *9,"S.+,+# T*AT*A*ATKTT*KT**KKT# KA*KT*KA**TTA****AA*#
,,# *9-",,R,+# A*KA*T*TT*KTA*ATAK**# *T*TTAATTKKK**KTT*TK#
,-# *9-"-S,U+# A**AT**AAKKAAAA**TK*# KT*T*KT**KAATTT****T#
,.# *9-".+0/+# TTAKKKAKAT*KAKA*AT*A# A**T*TAKATKTKKTA*KTK#
,/# *9-"/0,.+# AAKAAKAKKTKKATAKKTKA# *KTTAT***KTTKKAKTAK*#
,0# *9."+-+/+# TKATKATTKKTAT*ATAKAA*AKK# *ATTTAA*A*T*TTT*K*A*TTA*#
,J# *9."+0J.+# KKKKT**TAATKKKAKKTAK# KTA*KKTAKTT*T*A****T#
,S# *9."/.,,+# KKTKAAAA**A*KTKAKA**# ATKTK*ATK**ATTKTTKKT#
,R# *9."/S/-+# *TA****AATK*AA*KA*TT# ATAKTA**T*****A**A**#
,U# *9/"+.UJ+# AAKAKKTT*TA*KT*T**TT# TA*TAKTAT***TAK*T**K#
-+# *9/"..+.+# *TTAKA**TKAA**TKKAA*# *TAKKTTTAK*T*ATKT***#
-,# *90"-+,0+# TATTA**KT****A*A*AK*# ATTTKKKKT**TT*T*KA*T#
--# *90"-+/,+# KTTKAA*TAKKKKTKT*KT*# *A**T***KKTTA*KAKTA*K#
-.# *90"-+SU+# K*KK**ATTAKAATKKKKAT# ATKAKAT**AAT***KA**K#
-/# *9.",UUS+# *ATA*TAKT*T***AAKT*K# ATKAKKKA*A*AAKKA*TA*#
-0# *9."0,RJ+# TTAT*K*AA*AA***T**T*# TATKKTTAA**K**A***TK#
-J# *90"J/+++# ATA*T*KAKAA*TKKKAAKA# A*TAKT*KK*ATTAKA*A**#
-S# *9."00US+# KTAKA*TA*KAKT**KKKTT# KATTK*KAKAKAATA*AKAK#
-R# *90"0R.,+# TAKTAKKT**TT*TT**KKT# T*A*TTA**TT*AA*KKKTK#
-U# *9/",/+U+# ATKKKT**AA*A*KATKKKT# KAKAKTAKA*AAT*ATK*KT#
.+# *9,"0-U/+# TATAKKTTKKAA*A***AATTAATK*# KAT**AAAT***TTAA**TATTKTA#
.,# *9,".0U,+# A**KTTTTT*K**KTK*AAT# AAATKA*TAKKK**AA*KTK#
.-# *9/",+,-+# KT*T*KAATAA*KKAKAKKK# TAAKAA*A****AA*KA*KK#
..# *9,"+.,S+# AA*AKAKATAKKAAKTKKKA# *TAKK*KTKKA*AAAT*KTT#
./# *9-"/-JU+# **T*KAAKTTA*AA***A*A# K*TAKTT*KTT**KTTT**T#
.0# *9/",0-,+# A*K*TA**AAAATK*ATKKK# TTA*KKKTA**AKKK**T*TT#
.J# *9,"JRS/+# TAA*AA*A**T*A*T*TAA**AA**TTA#*TA**KTA*TKTKTA**TT*TTKTTK#
.S# *9,"-+RJ+# ***ATAA*AA**T**KA**T# KAAATTAK*TTKKK*TTKAK#
.R# *90",S./+# ATTTKTT**TAATTAKTTT*KKTT# KTTAA*KKAAAA*AA*AATT***TT#
.U# *9/".+.-+# TAKAAKKTAKKA*T*A**AA# AA**KTT*AAAK*KTTKT*T#
/+# *9."+UU--# AT**TAKKTAA***TT*K*T# KT**T*AKTA*T**TTAKT*#
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Supplemental Figure Legends 
 
Figure 1. Pi content, qPCR, 33P uptake and partitioning in triple mutant lines. A. Pi dosage 

content in leaves (grey bars) and roots (white bars) of 11 dpg plantlets grown in +P. Standard 

deviations are shown. At least two independent experiments gave similar results. B. Relative gene 

expression level (qRT-PCR) in roots of single pht1;1 and triple mutant lines grown in -P, including a 

WT control grown in +P. C. 33P uptake capacity for single and triple mutant lines, grown in -P. D. 
33Pi partitioning for single and triple mutant lines, grown in -P. E. Relative gene expression (qRT-

PCR) in mut3 lines in +P conditions, including a WT control in -P.  

 

Figure 2. Pi content, 31P-NMR spectra and mineral content in in mut4 and mut5 lines. A. Pi 

dosage content in leaves (grey bars) and roots (white bars) with 11 dpg plantlets grown in +P. 

Standard deviations are shown. B. In vivo proton-decoupled 31P-NMR spectra reveal a dramatic 

reduction in cytoplasmic and vacuolar P in roots of mut5 lines. Acquisition time was 1 h (6,000 

scans). Peak assignments are as follows: ref, methylenediphosphonate reference used to measure 

chemical shifts and for quantifications; glc-6-P, Glucose-6-phosphate; cyt-Pi, cytoplasmic Pi; vac-Pi, 

vacuolar Pi; NTP, nucleoside triphosphate; UDP-glc, uridine-5’-diphosphate-α-D-glucose. C. ICP 

analysis of mut5 lines reveals a selective drop in total P in leaves (L) and roots (R) of 2-week-old 

plantlets. For each panel, data shown are from a representative experiment; experiments were 

performed in triplicate.   

 

Figure 3. qRT-PCR of mut5 lines reveals a general induction of PSI genes. qRT-PCR of 40 Pi 

starvation-induced genes in two independent mut5 lines and in WT grown in +P and -P conditions. 

Corresponding ATG numbers and primer sequences are provided in Supplemental Table II. 

Biological triplicates were performed and all samples were analyzed with technical triplicates. 

Standard deviations are shown. 

 

Figure 4. In vitro phenotype of mut4 and mut5 lines on -P medium containing 10 µM Fe reveals 

full perception of P deficiency. A. Growth arrest of the primary root is observed in all lines when 

grown in -P medium with 10 µM Fe. Photographs were taken at 7 dpg. Scale bar is 1 cm. B. Detail of 

the root tips of plantlets photographed in A. Scale bar is 1 mm. C. Primary root length in mm. D. 

Number of root hair in 5 mm region from primary root tip. E. Length from primary root tip to the 

youngest root air, in mm. For C to E panels, measurements were done at 7 dpg in +P (white bars) and 

–P (grey bars) media, using 20 plants per genotype and condition. Bilateral T-tests were conducted to 

assess statistical differences between WT and the other genotypes, comparing the +P growing plants 

with +P growing WT, and –P growing plants to –P growing WT. * stands for p value < 0.01. F. 
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Anthocyanin content (arbitrary units) in leaves of mut4 and mut5 lines show Pi deficiency perception 

in standard +P conditions and reestablishment of WT anthocyanin levels in VHPi conditions.  

 

Figure 5. Flowering time, grain yield and seed size are affected in quintuple mutant lines. A. 

Flowering time delay in mut5 lines. Two independent mut5 lines are shown (in the right) in 

comparison with 8 WT plants (on the left) grown on the same support and conditions. B. Seed yield 

is reduced in mut5 lines. C. Seed size and weight are reduced in mut5 lines. Average seed weight was 

calculated as an average, using 200 seeds per genotype, whereas seed size was measured by light 

microscopy (n = 30 to 45 seeds per genotype). White triangle: WT. Pale grey square: mut5-1. Dark 

grey lozenge: mut5-2.  

 

Figure 6. CCCP addition inhibits both 33Pi uptake and roots-to-leaves translocation. Plants were 

grown for 10 days (WT) or 14 days (mut5) on -P before 33P uptake in control (white bars), +CCCP 

(grey bars) and 1 µL/mL DMSO (hatched bars) conditions. Pi uptake capacity was calculated as nmol 

Pi/h/cm of root. Data shown are from a representative experiment; experiments were performed in 

triplicate.  Each bar corresponds to 20 to 24 plants. Error bars represent standard error. 

 

  



 5 

 
 
Figure 1. Pi content, qPCR, 33P uptake and partitioning in triple mutant lines. A. Pi dosage 
content in leaves (grey bars) and roots (white bars) of 11 dpg plantlets grown in +P. Standard 
deviations are shown. At least two independent experiments gave similar results. B. Relative gene 
expression level (qRT-PCR) in roots of single pht1;1 and triple mutant lines grown in -P, including a 
WT control grown in +P. C. 33P uptake capacity for single and triple mutant lines, grown in -P. D. 
33Pi partitioning for single and triple mutant lines, grown in -P. E. Relative gene expression (qRT-
PCR) in mut3 lines in +P conditions, including a WT control in -P.   
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Figure 2. Pi content, 31P-NMR spectra and mineral content in mut4 and mut5 lines. A. Pi dosage 
content in leaves (grey bars) and roots (white bars) with 11 dpg plantlets grown in +P. Standard 
deviations are shown. B. In vivo proton-decoupled 31P-NMR spectra reveal a dramatic reduction in 
cytoplasmic and vacuolar P in roots of mut5 lines. Acquisition time was 1 h (6,000 scans). Peak 
assignments are as follows: ref, methylenediphosphonate reference used to measure chemical shifts 
and for quantifications; glc-6-P, Glucose-6-phosphate; cyt-Pi, cytoplasmic Pi; vac-Pi, vacuolar Pi; 
NTP, nucleoside triphosphate; UDP-glc, uridine-5’-diphosphate-α-D-glucose. C. ICP analysis of 
mut5 lines reveals a selective drop in total P in leaves (L) and roots (R) of 2-week-old plantlets. For 
each panel, data shown are from a representative experiment; experiments were performed in 
triplicate.   
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Figure 3. qRT-PCR of mut5 lines reveals a general induction of PSI genes. qRT-PCR of 40 Pi 

starvation-induced genes in two independent mut5 lines and in WT grown in +P and -P conditions. 

Corresponding ATG numbers and primer sequences are provided in Supplemental Table II. 

Biological triplicates were performed and all samples were analyzed with technical triplicates. 

Standard deviations are shown. 
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Figure 4. In vitro phenotype of mut4 and mut5 lines on -P medium containing 10 µM Fe reveals 
full perception of P deficiency. A. Growth arrest of the primary root is observed in all lines when 
grown in -P medium with 10 µM Fe. Photographs were taken at 7 dpg. Scale bar is 1 mm. C. Primary 
root length in mm. D. Number of root hair in 5 mm region from primary root tip. E. Length from 
primary root tip to the youngest root air, in mm. For C to E panels, measurements were done at 7 dpg 
in +P (white bars) and –P (grey bars) media, using 20 plants per genotype and condition. Bilateral T-
tests were conducted to assess statistical differences between WT and the other genotypes, comparing 
the +P growing plants with +P growing WT, and –P growing plants to –P growing WT. * stands for p 
value < 0.01. F. Anthocyanin content in leaves of mut4 and mut5 lines show Pi deficiency perception 
in standard +P conditions and reestablishment of WT anthocyanin levels in VHPi conditions. 
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Figure 5. Flowering time, grain yield and seed size are affected in quintuple mutant lines. A. 
Flowering time delay in mut5 lines. Two independent mut5 lines are shown (in the right) in 
comparison with 8 WT plants (on the left) grown on the same support and conditions. B. Seed yield 
is reduced in mut5 lines. C. Seed size and weight are reduced in mut5 lines. Average seed weight was 
calculated as an average, using 200 seeds per genotype, whereas seed size was measured by light 
microscopy (n = 30 to 45 seeds per genotype). White triangle: WT. Pale grey square: mut5-1. Dark 
grey lozenge: mut5-2.  
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Figure 6. CCCP addition inhibits both 33Pi uptake and roots-to-leaves translocation. Plants were 

grown for 10 days (WT) or 14 days (mut5) on -P before 33P uptake in control (white bars), +CCCP 

(grey bars) and 1 µL/mL DMSO (hatched bars) conditions. Pi uptake capacity was calculated as nmol 

Pi/h/cm of root. Data shown are from a representative experiment; experiments were performed in 

triplicate. Each bar corresponds to 20 to 24 plants. Error bars represent standard error. 
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