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1 Supplementary Data

AGGAACGCTTACGGGCTGTCTTCTCATTTTTAAGCGGCTCTCGGGCCAATAGTGCGCACGAGAGCGTGCTT
GCGCTGGGGCGTCCCGTCGGCAGCAACTGAAATTGGGGCAGGGCACGGCCGTCGCACCTCGCCGGCTCCTT
GCTGCCCCTTCAGAAGAGATCAACGCCAACGGCATTGCCCGTTGTGAATTCTTGTTCITCGTCAGCTTTTCG
%AAGCTAGGTCCCATA%AAATCCAGAACCTGCCTTCGCTTCACGGCTGCCACTTAGCGGCCGTGCAAGCGT
GCGGATTGCGCAGGGCCTACACCATCACGAGGAGAGCAGGATGGATCCAGTCGACCCATTCTTCGATTCAG
GAGCTTGGATGGAGGCGTACGCCGCCCGACAGGGGCGAGCGGGGCAGCCAGGGGGCAACGCAAGCCAGCAA
GGCGATTTTGAGCGGCGGATGGAGGATTTGCAGCTCGATTCGTCTGATGAGAGTTCCGCAAAGTCGAGTTC
GCCGGACCAGGCTCCCACAGGGGCCGGGCGAGCAGTTCGACGGGACGAGCTCGGCGGTTCGATGCGGGTGC
CGCCACGCTCGGATTTTAGGGACAGCGCACGGGGCGATGCGCGGCGGAGCTTAGACATTCCCCGCTTTCAG
CTTGATGCTCCGGCCCAAGTGCCGCAGTCCAGTTTGCGCGATGATCTATTCAGCAGCGCGCGCTACAGCTT
GCCGGACGCGGAGCCTGGGGTTCAGGCCAGGAGCGGTAAAAGCCGCGGACTGTGGTCGCGCTTCAAGTCGG
GGGTCGGCAAGGCCTTTGGAGGGAGTAGCAAGTCCTCGCGGGAGACCGCGCAGTCGGATGCTTCCTCGACG
AGTTTTCGCGTCGATTACGCCAGACAGCCGGGCCGGACGCGCGGGGTCGATCCGGAAGACGAGGCGCTCAT
CAAAGAGTTTAGACAAAGAGCAGTCCGCAACCGCACCGACGGCACCGCAGCCGGCAACCTCACCGACGGCA
CCATCAGAAATGCGGCAGCCGACCTGCGCATTTTGAGCGCGCGCCTGAATGACAACGATAGGCCCTCAATT
GCGGATCGCATTCGCCTCGAGATGGAAAATGCGCAACTGGAAGATCCGGAGGTGGAAAACCACCAGCTCGA
AGCTGAGCTCGACCAAGATGTCGACACCTATGCAGCGGACCGCGCAAGGCGTATCAAAGCTGCCTTGAAAA
AGCTCCGTGAGGTCGGCGCCGGAAACACCTTGTCAGCCGATCTCCGTCGCCTGGCTCCCCATTCCGCGGAC
GCGACCCTCATCGGCATGTGGGCCGCGGCGGAAAAGGCGACACGCAGGGTTGAGCCGAAGACGATCGACAG
GCAGGCTCGCCGAATGTCGAGGCTGAGTGAATGGCTGCAAAAGCACGATAAGCAGGCCATCGCCGGCCGGC
TCTTCACCTCCGGGCTCGACCAGGATGTCGCGGAGTATAGGCAAGAAACCGAAGACGGCAAAATCAAAGCT
GATTTGCTCAGGCTTGGCCGCTACCAGCAAATCCTTGAGGCGAACAGGGCCCTCGGCTTGCACCCTGCCGA
GGATGCGGGGCAGCCCGTCGCCGAAGGCGCCCGACAGGCGCACTCGCCGCAGGAGGTCCCGGCAACGCCAG
CCACGCCGAGTGCGGGAGCGTGGGATTGGCTTGGTGAGCAGATCCACGGACCCACCTCATCACTGGCAGTG
CCGCACCACGGTTGGCAGGCCAGCTCGTCGCAGCAGCTTCCCGCAACATCGGCCAGCCCGAGCGCCGGGGCL
TTGGGATCGGTCCAGCGAGCAGATTCTCCAACCCGCCGCACCTGTGCAAGCGCCCTATTGGCTCCCGCAAC
CCAATCTGCCGCACGGGCTTCCTGCGACTCCAGCCAGCCTAAGCCAAGGGGCCTGGGATTGGCTCGGGCAA
CAGATGCAGGAACCCGCCTCACCATCGTCGGTGAGGCCTCGGTCATCAAACATCTACAGCGGTCTGGATCC
CTTGGTTGATTTGGATCCGTCCACACCGCACGACTTGCACGACGATGCACGCTCTGCGCCCGCACCTGAAT
TTCGCAGAGCGCCGTCATTCGCTGGACCGTCCGGGGGCGCCCAGGAACTGCGGGATATTGGGGCCGTCGTT
GGCTCGGATTGGCGTCACGGCTCCCAAGCGGCCTCGGACGTGTTGGTTGACGTCCTCGGCAACATCAATCT
GCTGCCAAACCAGTTCGGGCCAAGTCAGTTTATGATCAACGGTGAGCGCTACTCGGCCACATTCGGACCAG
GAGGGCGCACGGATGTCCGCCTGATCCATCATCCGCGCCCGAGCTACCTTGATGAAGCTGGGCCATCCCAG
CCGCTTCATCATCCACCGCAGATCGTCCAAGCCGAGCAACCCCGTGAGGGCCTACGGGACCTTGGGTATCT
GATCCGCGGCGGATGGGAGCACCGCGAGCGGTTCCTTCCGCCTTACCTTGTCCGCGTCCTGCAGGGGGAAC
GCATCATGCCGCAGGCTGGGCGTCCAACCTATTTCCAGATCCGCGGTGTGCCCTACAGGGGCGAGTTGGAT
GAAAGCGAGGGGCGCCAGCGCGTTCGCATCTATCCTGAACGTGGCTGA

Supplementary Data S1. The innB gene (accession number KX499541) and its promoter sequence
of Bradyrhizobium elkanii USDAG61. The preceded conserved tts box motif is shown in the square
box, and the innB sequence is shown in bold.
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2.1 Supplementary Figures
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Supplementary Figure S1. Alignment of InnB and its homologs in several rhizobial strains,
including B. yuanmingense CCBAU10071 (SCB50985, 72% identity), B. yuanmingense BR3267
(KRP85897, 73% identity), B. japonicum USDA6 (BAL13100, 71% identity), B. diazoefficiens
USDA110 (BAC47263, 70% identity), B. diazoefficiens USDA122 (APO50625, 70% identity) and
B. japonicum 1s-34 (KGT81182, 70% identity). Highly conserved amino acid positions are
highlighted in black. The results highlighted by grey indicate the high-conserved amino acids

601

FAGPSGGAQE
FAGPPGPAPE
FAGPPGAAPE

LRDIGAVVGS
LRDIGAIVGA
LRDIGAIVGA

DWRHGSQAAS
DWRHGSQAAS
NWRHGSQAAP

DVLVDVLGNI
DVLIDVLSNI
DVLIDVLGNI

650
NLLPNQFGPS
NLLPNQFGPS
DLLPNQFGPS

651

QFMINGERYS
QFAINGEHYS
QFAINGERYS

ATFGPGGRTD
ATVGPEGPMD
ATLGPGGRRD

VRLIHHPRPS
VRLIHHARAG
IRLVHHPRAG

YLDEAGPSQP
GINEAGPSQP
RMNEAGPSQP

700
LHHPPQIVQA
LYRPPQIVRA
LHRPAPIVTA

701

EQPREGLRDL
ARPDEGTVDL
RQTGEGAVDL

GYLIRGGWEH
GYLIRGGWEH
GYLIRGGWEH

RERFLPPYLV
RERFLPDYLV
RERFLPPFLV

RVLQGERIMP
RVLEGQRIMP
RVLEGERIMP

750
QAGRPTYFQI
EVGRPTYFDI
QPGRPTYFEI

751

RGVPYRGELD
RGVPYRGELV
RGMPYRGELV

ESEGRQRVRI
ESEGRRRVRA
ESEGRQRVRV

among B. yuanmingense strains BR3267 and CCBAU10071.
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Supplementary Figure S2. Expression of nopA and nodC in wild-type and mutant Bradyrhizobium
elkanii strains. Real-time RT-PCR was performed using total RN As isolated from USDAG61 and the
ttsI-deficient mutant BEttsI grown in the absence (Ge-) or presence (Ge+) of the inducer flavonoid
genistein (10 uM) after 4 and 24 h. The expression level of each gene was normalized relative to
the atpD gene (ATP synthase) using the AACt method. The values are means of triplicate
measurements, and the error bars indicate standard deviations. Statistical analysis by Fisher’s
method was performed to compare the relative expression levels of innB in USDA61 and BEtts] in
the absence/presence of genistein after either 4 or 24 h. Means followed by different letters at the
same time point are significantly different at the 5% level.
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Supplementary Figure S3. Immunodetection of NopA and InnB in extracellular proteins from
rhizobial cultures in presence of genistein. Proteins were separated by 4-20% and 4-15% SDS-
PAGE for (A) and (B), respectively. Size-marker molecular masses (kDa) are shown on the left.
Arrowheads indicate protein bands that were visible in cultures of USDA61 and BES53 but not

BErhcl.
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Supplementary Figure S4. Symbiotic properties of V. radiata cv. KPS1 inoculated with the
rhizobial strains USDA61, BE53 and the innB-complemented mutants derived from BES5S3,
designated BE53::innB-1, -2, and -3. (A) Nodule number, (B) nodule weight and (C) plant weight
were measured at 40 dpi. At least 3 different innB-complemented mutants of BE53 were inoculated
with KPS1 in order to confirm the symbiotic phenotypes. Open bars and closed bars in (A) show
the numbers of small nodules (<2 mm) and large nodules (>2 mm), respectively. Data showed are
the mean of 6-8 plants and the error bars indicate standard deviations. Means followed by different
letters are significantly different at the 5% level.
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Supplementary Figure S5. (A-C) Infection threads and root hair curling of Vigna radiata cv.
KPS1 inoculated with Bradyrhizobium elkanii USDA61G and BE53G at 8 dpi. Scale bars: (A) and
(C), 200 pm, (B), 50 um. (D—G) Thin sections of KPS1 nodules infected by DsRed-tagged strains
of USDAG61 (USDAG61Ds) and BES3 (BES3Ds). (H) Numbers of reproductive rhizobia recovered
from nodules. The KPS1 nodules harvested at 30 dpi were used to photograph and count the number
of rhizobial cells after surface sterilization. Data shown are the mean of seven nodules selected
from seven different plants, and the error bars indicate standard deviations. Means followed by
different letters are significantly different at the 5% level. Scale bars: 500 pm.
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2.2 Supplementary Tables

Supplementary Table S1. Bacterial strains and plasmids used in this study.

Strain or plasmid Characteristics? Reference

Bacterial strains

B. elkanii

USDA61 Wild-type strain, Pol’ USDA?

BErhc) USDAG61 derivative harboring insertion in rhcJ encoding a membrane protein of the type 111 (Okazaki et al., 2009)
secretion apparatus, defective in type Il protein secretion, Pol", Km', Tc"

BEttsl -L|-JSrDA61 derivative with a deletion/insertion in ttsl, a positive regulator of the tts system, Pol", Sm",  (Okazaki et al., 2013)

c

BE53 USDAG61 derivative carrying a Tn5 insertion in the innB gene, Pol’, Km' (Nguyen et al., 2017)

USDAG61Ds USDAG61 derivative containing a pBjGroEL4::DsRed2 plasmid insertion, Pol", Km", Sm'/Sp" This study

USDA61G USDAG61 derivative containing a pCAM120 plasmid insertion, Pol", Km', Sm'/Sp" This study

BE53Ds BES53 derivative containing a pBjGroEL4::DsRed2 plasmid insertion, Pol’, Km’, Sm'/Sp’ This study

BE53G BES53 derivative containing a pPCAM120 plasmid insertion, Pol", Km', Sm'/Sp" This study

BE53::innB 1, 2, 3 BES53 derivatives complemented with plasmid pBjGroEL4::proinnB, Sm', Pol", Km" This study

BEB759F USDAG61 derivative containing the innB-3xFLAG fusion integrated in the chromosome, Pol", Km' This study

BEttsIB759F BEttsl derivative containing the innB-3xFLAG fusion integrated in the chromosome, Sm', Pol", Km"  This study

BEB759C USDAG61 derivative containing the innB-cya fusion integrated in the chromosome, Pol’, Sm', Tc' This study

BErhcIB759C BErhcJ derivative containing the innB-cya fusion integrated in the chromosome, Pol", Sm', Tc', Km"  This study

E. coli

HB101 recA, hsdR, hsdM, pro, Sm’ Invitrogen

S17-1 thi pro hsdR™ hsdM* recA RP4::2-Tc::Mu-Km:: Tn7(Tp"/Sm") (Simon et al., 1983)

Plasmids

pRK2013 Helper plasmid, ColE1 replicon carrying RK2 transfer genes; Km', tra (Figurski and Helinski, 1979)

pCAM120 mTn5SSgusA20 (Paph-gusA-trpA ter translational fusion) in pUT/mini-Tn5; Sm'/Sp', Ap" (Wilson et al., 1995)

pBjGroEL4::DsRed2
pBjGroEL4::proinnB

pK18mob
pK18mob3xFLAG

pInnB7593xFLAG

pSLC5

pSLC5Sm
pInnB759Cya

dsRed transposon delivery vector, Sm'/Sp"

pBjGroEL4 carrying a ~2.6-kb DNA fragment containing innB, its upstream tts box and promotor,
Ap'

Cloning vector, pMB1 oriV, oriT, Km"

pK18mob containing the 3x FLAG, used for the generation of translational fusions with the 3x
FLAG, Km'

pK18mob3xFLAG containing a ~0.5-kb DNA fragment from the stop codon of innB thereby
generating an innB-3xFLAG fusion at the 3’-end, Km'

pSUPPOL2SCA containing the cya reporter gene, used for the generation of translational fusions
with cya, Tc'

pSLC5 containing 1,536 bp of Sm resistance gene (aadA) and its promotor in Dral site, Sm', Tc'

pSLC5Sm containing a ~0.5-kb DNA fragment from the stop codon of innB coding region thereby
generating an innB-cya fusion at the 3’-end, Sm", Tc'

(Hayashi et al., 2014)
This study

(Schéafer et al., 1994)
This study

This study

(Wengzel et al., 2010)

This study
This study

apol", polymyxin resistant; Km', kanamycin resistant; Sm", streptomycin resistant; Sp', spectinomycin resistant; Tc',
tetracycline resistant; Tp', trimethoprim resistant; Ap’, ampicillin resistant.
United States Department of Agriculture, Beltsville, MD.
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Supplementary Table S2. DNA oligonucleotide primers used in this study.

Oligonucleotides ~ Sequences Source Usage

SFLAPS 5-GGATTACAAGGATGACGACGATAAGGACTATAAGGACGATG This sugy  Construction of
ATGACAAGGACTACAAAGATGATGACGATAAATAGGCATG-3’ Y pK18mOb3xFLAG

SFLASpHI 5-CCTATTTATCGTCATCATCTTTGTAGTCCTTGTCATCATCGTC This study  COnStruction of
CTTATAGTCCTTATCGTCGTCATCCTTGTAATCCTGCA-3’ PK18mob3XFLAG

aadAfor 5-TGATTTGCTGGTTACGGTGA-3’ This study éggt';‘;:gstégge"fsm

aadArev 5-TACTGCGCTGTACCAAATGC-3’ This study

BeatpD-F 5-GGTCGTCGATCTTCTTGCTC-3’ This study ~RT-PCR assays

BeatpD-R 5-CGGCGAACACGGAGTAAC-3’ This study

BenodC-F 5-CGTGGAAAGCCAAGTGATTT-3’ This study ~RT-PCR assays

BenodC-R 5-TTGCTGTCGCAGATATGGTC-3’ This study

BenopA_F 5’-CGCAGCTGGTACTGCTACTG-3’ Thisstudy RT-PCR assays

BenopA_R 5-GAGACGACGCGAAGTTCTACA-3’ This study

BeinnBRT-F 5-TTTGCGCGATGATCTATTCA-3’ This study ~RT-PCR assays

BeinnBRT-R 5-GGACTTGCTACTCCCTCCAA-3’ This study

BeinnBSacl-InfuF  5-GGGAACAAAAGCTGGAGCTCAGGAACGCTTACGGGCTGTCTTCTC-3>  Thisstudy Complementation of innB

BeinnBKpnl-InfR ~ 5’-GCTAGGGCGAATTGGGTACCTCAGCCACGTTCAGGATAGATGCGA-3"  This study

PsuppolF 5*-ATAAACCAGCCAGCCGGAA-3' This study gf:;g%f:s‘)f'”tegra“"”

PsuppolR 5-TTCTGACAACGATCGGAGGA-3’ This study

M13 forward (-20) ~ 5*-GTAAAACGACGGCCAGT-3' This study  CPprration of integration

M13Rev0 5*-TTCCGGCTCGTATGTTGTGT-3’ This study

Be53-F 5*-ACCTTGCCATCACGATTAGC-3" This study gf:;g?:é'ggﬁ{g‘ée%zfg’nns

Be53-R 5-GCCTCGGTCATCAAACATCT-3’ This study

innB-Psti-fullF  5*-CCTTGTAATCCTGCAGGCCACGTTCAGGATAGATGC-3' Thisstudy oo ipaetion of the innB-

innB-BamHI-fullR ~ 5"-CGGTACCCGGGGATCCCAGGAACTGCGGGATATTG-3’ This study

aadA-Dral-F 5’-ACTTTAGATTGATTTAAATCCAAACGAGAGTCTAATA-3’ This study  Cloning Sm resistance gene

aadA-Dral-R 5-CACCTAGATCCTTTTAAATTGACCTGATAGTTTGGCTGTGAG-3’ This study

innB-EcoRI-fullF  5-GATGCCCGGGGAATTCCAGGAACTGCGGGATATTG-3’ This study fcu‘;?jguc“"” of the innB-cya

innB-Xbal-fulR ~ 5-TTGCTGCATATCTAGACAGCCACGTTCAGGATAGATGC-3’ This study
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