
Supplemental Fig. 1.  Nodulation efficiency on WT and cre1 mutant roots spot-

inoculated with Sinorhizobium meloti strains Rm1021 and E65.  Nodules were 

quantified two weeks post-inoculation.  A two-way ANOVA  with a Tukey-Kramer 

multiple comparison post-test was used for statistical analysis (p<0.05, n=20).  

Different lowercase letters indicate significant differences in nodule numbers per 

plant. Graphs show mean and SD. 
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Supplemental Fig. 2.  Cartoon showing auxin transport measurements performed in 

this study.  (A) An intact seedling is treated with rhizobia and/or auxin transport 

inhibitors by spot inoculation or flood treatment.  The inoculation site at the zone of 

emerging root hairs is marked on the plate for reference and roots incubated for a 

specified time.  For acropetal transport measurements (B), the root is excised 8 mm 

above the inoculation spot, or an equivalent spot in a flood-treated root.  The cut 

root is incubated with a 3H-IAA-containing agar block touching the cut end.  The 8 

mm segment directly touching the block is discarded and radioactivity in the 

segment below the inoculation spot is measured.  For basipetal auxin transport 

measurements (C), an intact seedling is incubated with a 3H-IAA-containing agar 

block touching the root tip.  The segment directly touching the block (~ 6 mm, 

depending on root growth) is discarded and radioactivity of a 2 mm segment above 

the inoculation spot is measured.  These assays have been developed in M. 

truncatula (Wasson et al., 2006; Plet et al., 2011), based on similar protocols used 

in Arabidopsis (Lewis and Muday, 2009) and are designed to assess the capacity 

for polar auxin transport using radiolabelled auxin as a tracer.  The amount of 

radiolabelled auxin that is detected in excised root segments reflects the amount of 

endogenous auxin (IAA) transported into that root segment.  We chose to analyse 

root segment below and above the inoculation site, respectively, for acro- and 

basipetal auxin transport measurements to determine how the treatment at the local 

inoculation site alters the transport of auxin beyond that site.  Thus, reduced 

acropetal auxin transport into the segment below the inoculation site indicates that 

less auxin is exported into that segment as a result of the local infection by rhizobia.  

We reported all auxin transport measurements relative to the control roots as we 

were interested in relative changes of auxin transport in control and treated roots.  

Absolute auxin transport measurements varied between experiments with every 

batch of radiolabelled auxin used and were therefore difficult to combine for several 

independent experiments.  [Lewis, D.R. and Muday, G.K. (2009) Measurement of 

auxin transport in Arabidopsis thaliana. Nature Protocols 4: 437-451].   

Supplemental Data. Ng et al. (2015). Plant Cell 10.1105/tpc.15.00231 



Supplemental Fig. 3.  Combined auxin concentrations (sum of IAA, IBA and IAA-Ala) in WT 

(A17) and cre1 mutant roots mock-treated or inoculated with E65 rhizobia.  A Student’s t-

test was used for statistical analyses (p<0.05, n=4-5).  Asterisks indicate significant 

differences in total root auxin concentrations between WT and cre1 mutants.     
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Supplemental Fig. 4.  Quantitative RT-PCR of PIN genes.  Transcript abundance was 
quantified in root segments inoculated for 6, 24, 48 h, 5 and 11 d with E65 relatively 
to mock-treated roots.  Expression was normalised to the GAPDh reference gene.  
IAA exporter-encoding genes PIN1 (A), PIN2 (B), PIN3 (C), PIN4 (D), PIN6 (E) , 
PIN7 (F), PIN9 (G) and PIN10 (H) were analysed.  PIN5 and PIN8 mRNAs were not 
detected in M. truncatula roots (Schnabel and Frugoli, 2004).  A two-way ANOVA  
with a Tukey-Kramer multiple comparison post-test was used for statistical analyses 
(p<0.05, n=3).  No significant differences were found between any of the treatments. 
Three biological replicates consisting of at least 50 individual root segments were 
analysed.  Graphs show mean and SD. 
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Supplemental Fig. 5.  Quantitative RT-PCR of LAX genes.  Transcript abundance 

was quantified in root segments inoculated for 6 and 24 h with E65 relatively to 

mock-treated roots.  Expression was normalised to the GAPDh reference gene.  IAA 

importer-encoding genes LAX1 (A), LAX2 (B), LAX3 (C), LAX4 (D), and LAX5 (E) 

were analysed.  A  two-way ANOVA  with a Tukey-Kramer multiple comparison post-

test was used for statistical analyses (p<0.05, n=3).  No significant differences were 

found between any of the treatments.  Three biological replicates consisting of at 

least 50 individual root segments were analysed.  Graphs show mean and SD. 
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Supplemental Fig. 6.  Concentrations of total flavonoid aglycones following acid 

hydrolysis of flavonoid glycosides in WT and cre1 roots.  The flavonoids quercetin, 

naringenin, kaempferol, daidzein, formononetin, medicarpin, liquiritigenin and 

chrysoeriol were analysed in root segments 24 h after mock- or E65 inoculation.  A  

two-way ANOVA  with a Tukey-Kramer multiple comparison post-test was used for 

statistical analyses (p<0.05, n=3).  Different lowercase letters indicate significant 

changes in flavonoid concentrations measured.  A total of 15 root segments were 

harvested for each biological replicate.  Graphs show mean and SD.  
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Supplemental Fig. 7.  Schematic overview of the flavonoid biosynthesis pathway in 

Medicago truncatula.  Aglycones that were detected in the roots are shown in bold.  

Flavonoids shown in bold red showed differences in induction after inoculation 

between genotypes (isoliquiritigenin, naringenin, hesperetin and quercetin).  Different 

subclasses of flavonoids are indicated in different colours.  Note that we could detect 

genistein/apigenin but could not differentiate between them because of the identical 

MW and  elution time.  Enzymes are shown in blue and are abbreviated as follows: 

AMFG, S-adenosylmethionine:flavonoid 7-O-glucosyltransferase; CHI, chalcone 

isomerase;  CHR, chalcone reductase;  CHS, chalcone synthase;  DFR, 

dihydroflavonol 4-reductase;  DMID, 7,2’-dihydroxy-4’-methoxy-isoflavonol 

dehydratase;  F3’H, flavonoid-3’-hydroxylase;  F3’M, flavonoid 3’-monooxygenase;  

FLS, flavonol synthase; FNS, flavone synthase; FSII, Flavone synthase II; I2’H, 

isoflavone-2’-hydroxylase; IFD, 2-hydroxyisoflavanone dehydratase; IFR, isoflavone 

reductase; IFS, 2-hydroxyisoflavanone synthase; IOMT, isoflavanone-O-

methyltransferase; P450, cytochrome P450; VR, vestitone reductase.  Genes 

encoding enzymes in bold were induced by E65/cytokinin treatment.  
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Supplemental Fig. 8.  Quantitative RT-PCR showing relative transcript abundance of 

flavonoid-related genes in roots treated with cytokinin (Benzylaminopurine, BAP).  

Transcript abundance of flavonoid-related genes in WT (A17) and the cre1 mutant roots 

treated with 10-7 M BAP for 30 min, relatively to mock-treated roots.  Expression was 

normalised to the RIBOSOMAL BINDING PROTEIN1 (RBP1) reference gene (Plet et al., 

2011).  (A) CHALCONE SYNTHASE (CHS), (B) CHALCONE REDUCTASE (CHR), (C) 

CHALCONE ISOMERASE (CHI), (D) FLAVONOID 3’-HYDROXYLASE (F3’H) and (E)  

FLAVONOL SYNTHASE (FLS) genes were analysed.  A Student’s t-test was used for 

statistical analyses (p<0.05, n=3).  Asterisks indicate significant inductions by BAP 

compared to the mock-treatment in WT.  Graphs show mean and SD. 
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Supplemental Fig. 9.  Quantitative RT-PCR showing transcript abundance of flavonoid-

related genes in root segments.  Transcript abundance of flavonoid-related genes in mock-

inoculated (control) and inoculated (E65) roots for 6 and 24 h in cre1 mutants relatively to 

WT (A17).  Expression was normalised to the GAPDh reference gene.  (A) CHALCONE 

SYNTHASE (CHS), (B) CHALCONE REDUCTASE (CHR), (C) CHALCONE ISOMERASE 

(CHI), (D) FLAVONOID 3’-HYDROXYLASE (F3’H) and (E)  FLAVONOL SYNTHASE (FLS) 

genes were analysed.  A Student’s t-test was used for statistical analyses between cre1 

mutants and WT (fold change) (p<0.05, n=3).  Asterisks indicate significant differences in 

induction / repression in cre1 mutants relative to WT.  A two-way ANOVA with a Tukey-

Kramer multiple comparison post-test was used for statistical analyses between control and 

E65 treatments (p<0.05, n=3).  Different lowercase letters indicate significant differences in 

induction / repression between control and E65 treatments.  Graphs show mean and SD.    

Supplemental Data. Ng et al. (2015). Plant Cell 10.1105/tpc.15.00231 



Supplemental Fig. 10.  Root growth on Medicago truncatula WT plants with or 

without flavonoids and E65.  A Tukey-Kramer multiple comparison test was used for 

statistical comparison between treatments (p<0.05, n=15).  Abbreviations: W, water; 

K, 3 µM kaempferol; Q, 3 µM quercetin; N, 3 µM naringenin; H, 3 µM hesperetin. 
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Supplemental Fig. 11.  Nodulation on WT and cre1 mutant roots treated with or 

without quercetin or hesperetin, in the presence of E65.  (A) Nodule formation on 

A17 and cre1 mutant roots treated with or without quercetin or hesperetin, in the 

presence of E65.  A two-way ANOVA with a Tukey-Kramer multiple comparison post-

test was used for statistical comparison between treatments (p<0.05, n=35).  (B) 

Percentage of plants forming nodules on WT (A17) and cre1 mutant roots treated 

with or without quercetin or hesperetin, in the presence of E65.  A two-sample 

Student’s t-test was used for statistical comparison between treatments (** p<0.01, 

n=35).  Abbreviations: W, water; H, 3 µM hesperetin; Q, 3 µM quercetin.       
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Supplemental Fig. 12.  Nodules formed on cre1 mutant roots with addition of auxin 

transport inhibitors are infected by rhizobia.  Roots were co-flood-inoculated with 

each auxin transport inhibitor and a gfp-expressing Sm1021 E65 strain.  Nodules 

were photographed at 3 weeks p.i..  (A) TIBA-, (B) isoliquiritigenin-, (C) kaempferol- 

and (D) quercetin-rescued nodules.  Images were taken under GFP excitation (max. 

excitation 470 nm; 515 nm longpass filter).  More than 20 nodule-forming roots were 

observed with fluorescence for each treatment.  Scale bars represent 1 mm. 
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Supplemental Fig. 13.  Acropetal auxin transport in roots treated with or without 

flavonoids, in the presence of E65.  Acropetal auxin transport in E65-inoculated 

roots, with a short-term treatment of kaempferol, quercetin, naringenin or 

isoliquiritigenin on A17 (A) and cre1 (B) plants.  Acropetal auxin transport in E65-

inoculated roots, with a short-term treatment of TIBA or hesperetin in A17 (C) and 

cre1 (B).  A  Tukey-Kramer multiple comparison test was used for statistical 

comparison between treatments (p<0.05, n=20).  Different lowercase letters indicate 

significant changes in relative auxin transport.  Abbreviations: W, water; K, 3 µM 

kaempferol; Q, 3 µM quercetin; N, 3 µM naringenin; iL, 3 µM isoliquiritigenin; H, 3 µM 

hesperetin.  Graphs show mean and SD.       
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Supplemental Fig. 14.  Basipetal auxin transport in WT and cre1 mutant roots in 

response to auxin transport inhibitors at 24 h p.i..  (A) TIBA, (B) flavonoids (A17 

only) (3 µM) in the absence of rhizobia, (C) quercetin (3 µM) in the absence and 

presence of E65.  A  two-way ANOVA with a Tukey-Kramer multiple comparison 

post-test was used for statistical analyses in (A) and (C) (p<0.05, n=20).  A Tukey-

Kramer multiple comparison test was used for statistical analysis in (B).  Different 

lowercase letters indicate significant changes in relative auxin transport.  

Abbreviations: W, water; TIBA, 2,3,5-triiodobenzoic acid; K, 3 µM kaempferol; Q, 3 

µM quercetin; H, 3 µM hesperetin; iL, 3 µM isoliquiritigenin; N, 3 µM naringenin. 

Graphs show mean and SD.    
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Supplemental Fig. 15.  Relative flavonoid abundance (free aglycones) in WT and 

cre1 mutant roots in control or E65-inoculated roots.  The flavonoids shown here 

only represent those with absolute quantification data.   
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