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Table S1. Primers used in this work. 

Primer Product (bp) Sequence (5’ to 3’) Used in 
    

362-F 114 GGAAGAACCGCTCAAGG qRT-PCR 
362-R   GTGTTGCGATCTGCCTC 

    
363-F 

127 
TTTCTGATATTGATGAGCCG 

qRT-PCR 362-R GCTCGTTATAGGTGGGAATG 
    
    
    

363-1 939 CGACGGACAGAATGACG 

Deletion of bgsA 363-2 TCGTTGGGTCAGTTCACGCTTGTCGC 
363-3 

808 
CGTGAACTGACCCAACGACGAAGCAG 

363-4 TACGGTTGCTGCGACAC 
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Figure S1. Neighbor-joining phylogenetic analysis of all the glycosyltransferases (GT) of R. etli 
CFN42 according to carbohydrate-active enzyme database (CAZY) ([32]; www.cazy.org) plus 
other GTs reported to be involved in the synthesis of other c-di-GMP regulated EPS from different 
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Rhizobiaceae strains: Cellulose (CelA; Atu3309), Curdlan (CrdS; Atu3056) and UPP (Atu1237) 
from A. tumefaciens C58 and MLG (BgsA; SM_b20391) and APS (SM_b20460) from S. meliloti 8530. 
Proteins are represented by their Uniprot reference number. Bootstrap values (500 replicates) are 
indicated at branching points. Schematic diagrams of ORFs in representative operons are shown 
by red arrows for GTs and gray arrows for others. 

 
Figure S2. Impact of c-di-GMP on the regulation of MLG production in R. etli CFN42 (A) Relative 
expression of MLG biosynthetic genes bgsB and bgsA in the presence (grey) and absence (black) of 
pleD*. Mini-Tn7 strains with and without pleD* were grown in TY at 28 ºC until reaching an 
OD600nm of 0.8-0.9, after which the mRNA was extracted. Bars represent the mean of three inde-
pendent biological replicates with three technical replicates ± the standard error. Expression was 
normalized with the 16S gene. Asterisks indicate significant differences using an analysis of vari-
ance with a level of significance p<0.05 (B) Alignment of the c-terminal domain of BgsA from R. etli 
CFN42 (Ret) and S. meliloti 8530 (Sme). Color codes: white on black background = invariant resi-
dues and black on white = non-conserved.  On the consensus sequence, residues required for c-di-
GMP binding in BgsAsme are bold faced and those affected in the c-di-GMP binding are underlined 
[17]. 
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Figure S3. Role of β-glucans cellulose and MLG in the symbiotic interaction of R. etli CFN42 with 
bean plants. The bars indicate the mean±SEM of weight in grams (g) of plant shoots fresh (A) and 
dry (B), the weight of nodules fresh (C) and dry (D), the number of nodules per plant (E) and the 
nitrogen content of shoots (F) in milligrams (mg) of 29 days’ plants inoculated with single mutants 
in celAB cellulose genes (Cel-), in bgsA (MLG-), the double mutant (Cel- MLG-) and their respective 
parental strains (WT) with or without pleD* plus the non-inoculated (NI). Different letters over the 
bars indicate statistical significant differences with a p<0.05. 
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Figure S4. Structure of Phaseolus vulgaris nodules induced by different R. etli strains. Representa-
tive semithin (1 μm) sections of nodules infected by R. etli Tn7Km (A), Ret Tn7pleD*Km (B), Ret 
Cel- MLG- Tn7Km (C) and Ret Cel- MLG- Tn7pleD*Km (D). Sections for light microscopy were 
stained with 1% (w/v) toluidine blue in aqueous 1% sodium borate for direct observation with a 
Zeiss Axioskope photomicroscope. Scale bars of 500 μm are depicted. 
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