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Fig. S1: Lotus japonicus STY proteins.  

 

 

Nine predicted L. japonicus STY proteins were aligned with Clustal Omega using the default 

settings. The BoxShade Server version 3.21 was used to generate the final output. A threshold 

of ≥ 50% conservation was used. Black shading indicates identical residues, whereas gray 

indicates presence of conservative substitutions. The following accession numbers refer to the 

L. japonicus protein sequences used: (1) LjSTY1 (Lj6g3v0959410), LjSTY2 (Lj0g3v0059359), 
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LjSTY3 (Lj2g3v1728900), LjSTY4 (Lj3g3v0766120), LjSTY5 (Lj1g3v2140900), LjSTY6 

(Lj3g3v3376040), LjSTY7 (Lj2g3v3044220), LjSTY8 (Lj5g3v0155490)¸ and LjSTY9 (Lj0g3v0258549). 

The predicted SHI/STY proteins share two evolutionary conserved domains, RING zinc-finger 

and IGGH, which are highlighted by red and green lines, respectively.   
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Fig. S2.  The putative RING zinc finger domain.                                                                                                                        

 

 

The putative RING zinc finger domain is highly conserved between Lotus japonicus, Medicago 

truncatula, Arabidopsis thaliana and Physcomitrella patens SHI/STY proteins. The domain 

sequence alignment was generated using the Clustal Omega program with default settings. The 

BoxShade Server version 3.21 was used to generate the final output. A threshold of ≥ 50% 

conservation was used. Black shading indicates identical residues, whereas gray indicates 

presence of conservative substitutions. The accession numbers for SHI/STY proteins are 

provided in the legend to Fig. 1. Accession numbers for SHI/STY proteins of P. patens are 

PpSHI1 (XP_024359764) and PpSHI2 (XP_024402501). 
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Fig. S3. Predicted IGGH domain. 

 

 

The IGGH domain is highly conserved between Lotus japonicus, Medicago truncatula, 

Arabidopsis and Physcomitrella patens SHI/STY proteins. The domain sequence alignment was 

generated using the Clustal Omega program with default settings. The BoxShade Server version 

3.21 was used to generate the final output. A threshold of ≥ 50% conservation was used. Black 

shading indicates identical residues, whereas gray indicates presence of conservative 

substitutions.  
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Fig. S4. Lotus japonicus mutant sty alleles.  

 

 

 

 

 

Schematic structures of five Lotus japonicus STY genes are shown with the approximate 

positions of LORE1 retrotransposon insertions (green boxes) or point mutations indicated. 

Names in the green boxes denote corresponding mutant alleles. Note that, for example, sty1-1 

and sty1-2 represent two different sty1 mutant alleles, each present in independent L. 

japonicus mutant lines. The same concept applies to all other STY loci. For STY3, two point 

mutations, sty3-1 and sty3-9, which are predicted to generate premature stop codons (STOP), 

were identified using a TILLING approach (Perry et al., 2009). ATG and TGA correspond to 

predicted locations of translation initiation and termination signals, respectively.  
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Fig. S5. Lotus japonicus single sty mutants have only very subtle symbiotic defects.  

 

(a) Epidermal infection threads were scored in L. japonicus wild type and the selected sty 

mutants at 7 dai with M. loti strain NZP2235 carrying the hemA:LacZ reporter cassette (b) The 

same sty mutant lines were evaluated with regard to number of nodule primordia and nodules, 

which were scored 21 dai with M. loti. Note that where available, two independent mutant 

lines carrying different sty alleles (e.g. sty1-1 and sty1-2) were used. Ten individuals were 

scored for each genotype and averages ± 95% confidence interval are given. Asterisks (*) 

denote significant differences from wild type (Dunnett’s test; *P < 0.05; ***P < 0.001).  
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Fig. S6. Mutations at most STY loci affect non-symbiotic plant growth.  

 

 

 

Plants were grown under sterile conditions, in the absence of M. loti, and the fresh shoot (a) 

and root weight (b) were measured 28 days after sowing (das). Ten plants were scored for each 

genotype. Averages ± 95% confidence intervals are given. Asterisk denotes a significant 

difference from the wild-type control (Dunnett's test; *P <0.05; **P <0.01; *** P < 0.01). 
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Fig. S7. Primary sequence conservation between predicted Lotus japonicus YUCCA proteins. 
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Twenty one predicted L. japonicus YUCCA-like proteins were aligned with Clustal Omega using 

the default settings. The BoxShade Server version 3.21 was used to generate the final output. A 

threshold of ≥ 50% conservation was used. Black shading specifies identical residues, whereas 

gray indicates presence of conservative substitutions. Letters A to F denote relative conserved 

regions present in YUCCA-like flavin monooxygenases (Yan et al., 2016).   
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Fig. S8. Relationship tree between predicted Lotus japonicus and Medicago truncatula YUCCA-

like proteins.  
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The protein sequences were aligned with ClustalW and the tree was generated using MEGA 7 

(Molecular Evolutionary Genetics Analysis) software and neighbor-joining method with 

bootstrap replicates of 1000.  Note that L. japonicus Lj0g3v0308259.1 and Lj4g3v2215030.1 and 

M. truncatula MtrunA17Chr3g0129991 and MtrunA17Chr7g0250581 were not included in the 

tree due to only partially available sequence information. Blue outlines highlight three M. 

truncatula proteins, where the corresponding genes were previously shown to be upregulated 

in response to rhizobial inoculation or NF application (Larrainzar et al., 2015; Schiessl et al., 

2019). 
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Figure S9.  Lotus japonicus NF-YAs function partially redundantly to regulate nodule 

organogenesis. 

 

 

 

 

 

 

Scores of nodulation events (nodule primordia and nodules) at 21 dai are given. The means ± 

95% confidence intervals are presented for 15 individuals per genotype. Asterisks denote 

significant differences for a pair-wise comparison (The Student’s t-test; *** P < 0.001). 
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Table S1.  Primers used in this study.    
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Table S2: Expression of four Lotus japonicus STY genes is significantly upregulated during early 

stages of symbiosis.  

 

 

 

The wild-type, un-inoculated roots and roots of the same age collected 4 dai with M. loti were 

analyzed using next-generation RNA sequencing (BioProject ID PRJNA630938; 

http://www.ncbi.nlm.nih.gov/bioproject/630938). Of the nine L. japonicus STY mRNAs, STY1, 

STY2, STY3, and STY7 were found to be significantly (FDR<0.05) upregulated 4 dai with M. loti 

(highlighted in gray).  Log2FC: log2 fold change from the corresponding, un-inoculated wild-type 

roots; P-value: uncorrected p-value; FDR-value: false discovery rate. 

  

 

 

 

 

http://www.ncbi.nlm.nih.gov/bioproject/630938
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Tables S3. Analysis of Medicago truncatula STY gene expression.  

 

 

 

(a) Compilation of RNAseq expression data for M. truncatula STY genes, as based on Roux et al. 

(2014) and Larrainzar et al. (2015), is shown. Percentages (%) of RNA reads from five different 

nodule regions are given. FI, nodule meristematic zone; FIID, nodule meristem distal zone; FIIP, 

nodule meristem proximal zone; IZ, interzone; ZIII, nitrogen-fixation zone, as in Roux et al. 

(2014). (b) RNAseq expression analysis, comparing M. truncatula wild-type and Mtnf-ya1-1 

transcriptomes 4 and 10 days post inoculation with Sinorhizobium meliloti. The Benjamini-

Hochberg (BH) procedure was used to calculate the P-value of the false discovery rate. Gray 

boxes represent the genes for which this P-value is <5%. nd= not detected.  
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Table S4. List of sty alleles carrying a LORE1 insertion, as identified from the Lotus Base 

information portal (https://lotus.au.dk/).  
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Table S5. Segregation of the proNF-YA1:STY3::SRDX transgene in T1 populations, STY3::SRDX5 

and STY3::SRDX6, derived from two independent T0 plants. 

 

 

 

 

(a) Number of plants segregating the pNF-YA1:STY3::SRDX transgene and the corresponding 

nodulation phenotypes. (+/-) symbols denote presence and absence of the transgene and 

nodules (Nod), respectively. (b) The corresponding Chi-square (χ2) test results for segregation 

of the transgene in the two T1 populations (P = 0.05). 
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Table S6. YUCCA11 is regulated upon Mesorhizobium loti inoculation.  

 

 

 

 

Wild-type, un-inoculated roots and those of the same age collected 4 dai with M. loti, were 

analyzed using next-generation RNA sequencing (BioProject ID PRJNA630938; 

http://www.ncbi.nlm.nih.gov/bioproject/630938). Of the 21 YUCCA-like genes, only YUCCA11 

was found to be significantly (FDR<0.05) regulated by M. loti inoculation (highlighted in yellow) 

Log2FC: log2 fold change; P-value: uncorrected P-value; FDR-value: false discovery rate 

(corrected P value), nd= not detected.  

http://www.ncbi.nlm.nih.gov/bioproject/630938
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Table S7. A list of mutant nf-ya alleles used in this study. Note that information about the 

corresponding LORE1 insertion lines can be found at Lotus Base (https://lotus.au.dk/).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://lotus.au.dk/


 

24 

 

 

 

 

 

 

Table S8.   Levels of NF-YA mRNAs in 11 day-old un-inoculated Lotus japonicus roots.  

 

 

TPM:  transcripts per million, as determined using 11day-old un-inoculated roots (BioProject ID 

PRJNA630938; http://www.ncbi.nlm.nih.gov/bioproject/630938).  
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