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2-TDC

Figure S1. Identification of flagellaless GR4flaAB-derivative transposants impaired in the response to
volatile 2-tridecanone (2-TDC). Surface motility assays on MM (1% agar) with S. meliloti GR4flaAB and
GR4flaAB-derivative NS transposants in the presence of volatile 2-TDC. About 20 pl of either a solution
containing 1 umol 2-TDC, or ethanol (Control) were applied to the lid of the plates just before incubation.
Representative pictures of the motilities exhibited after 48 h of incubation are shown.



J domain

B.diazoefficiens MSTSTKRCYYETLEVERDADESKLESSFRELAMR DGDDTSEVRFREINEAYEVLEDRDRRAAYD
S.enterica NAFAFHRFEEINEAYECTRDPQREAAYD
B.ovis DDDPEAERKFREIGEAYETLRDPORRAAYD
3.meliloti DOESERSFREINEAYETLEDPQRRAARYD
5.medicae DNEAERSFREINEAYE TLRDPQRRAAYD
L. tumefaciens PDDADSEREFEEINEAYETLEDEQEEARYD
R.tropici PDDSNAERKFREINEAYE TLEDEQRRARYD
R.1lv PODEDAFREFEEINEAYEFMLEDPOERARYD)
R.etli PDDREAFRRFEEINEAYEMLRDEPQREAAYD
E.coll QGDEEAFREFRETEFAYEVLTDSOERARYD
P.putida DEESEEQFREANEAYEVLSDASERAAYD
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G/F rich region
B.diazoefficiens RFEGHAAFEQGEPEGSACSFGAGFA—————— SS5FSDIFEDLFG——MAGORGR ———GGRERGADLEYNMET T
S.enterica REGHAAFONGGGEEPFG—— GEGFGEG— ——GGFSDIFED IFGEMMGGRR—RNP—— GGRERGADLEYNMETT
B.ovis REGHAAFENGGMEECFG——NGFGGA———CGFADIFED TFGEMMEGGRRR SN~ GERERGADLRYNMEVT
S5.meliloti RYGHAAFEQCCGMGAGFG——NGFAGGGA——HGFSDIFEDIFGEMMGGRORRSS— GGRERGADLEYNMET S
5.medicae RYGHAAFEQEGMENGFA—— —GEGA————— HEFSDIFEDIFGEMMEGRORRSS——GGRERGADLRYNMET S
L. tumefaciens REGHARFENGEMGEEEEE——-CFEEEEFANCGEFSDIFED IFGEMMEGEGCRARRS-SGERERGADLEYNMET T
R.tropici RYGHAAFEHCGEMGEGGEFGAGFGG—————GGFSDIFED IFGEMMGGGRARGRSS GGRERGADLEYNMET S
R.1lv RYGHARFFHGEMEEEEE——GFAG—————GEFSDIFED IFGEMMGECGRARQRES GEGRERGADLEYNMET T
R.etli RYGHAAFEHGEMGEGGE—— —GFAG————GGFSDIFEDIFGEMMGGGRGRORSAGGRERGADLEYNMET T
E.coll OYGHRARFEQGEMEEE———— GFGGEG———ADFSDIFGDVFGD IFGEEREGRJE— ——ARARGADLEYNMETL T
P.putida OYGHAGVDE—SMGGGGA—— —GFGG————ANFSDIFGDVESDFFGGGRGGSR— GGAQRGSDLRY TLELN
_:www_.: . * * _\&:\i\l’\& \l’:\&_ :_\l’ . ww:wwww_:w:_
Zinc-binding domain
B.diazoefficiens LEFAFGGETAQIEIDVSVICEACSGICRRASTERPETCS TCGEACRVROSOGFFTLERTCPECOGREOMIE
S.enterica LEEAYAGRTAQTHVP SSITCTEC SGSGREPGSOMSTICAMCGEHGRVRAADGFFS TIERTCPQCOGREITIT
B.ovis LEEAYAGKTAQTRVETSITCDEC SGSCRREGS0P TICTMCSGSGRVRAROGFFS VERTCPGCNCREDI TR
S5.meliloti LEEAYSGRTAQIRVPTSITCDVC TCTGREPCGTSPEICCTCOGTEGRVRAAQGFFSTERTICPTCGEREITIA
5.medicae LEEAYSGRTAQTRVETSITCDVC TETGRREG TS PRICG TCOGTORVRAAQGEFFS TERCPTCGEREITIT
A. tumefaciens LEEAFTCGRTAQIRVPTSITCDVC SGEGRRPCTOPETICATCOG SGRVRAADCFFSVERTCPTCHEREITIS
R.tropici LEEAFSGRTAQTRVETSITCOVC SGESGRREGTOPRICGTCQGSCRVRAAQGFFSVERTCPTCHGREIIT D
R.1lv LEESFECETADIRVETEITICDVC SEECREPETOPFNCETCOETEREVRARDEFFES IERTCPTCHEREITIR
R.etli LEEAFSGRTAQTRVPTSITCDVC SGSGREPCGTQPENCGTCOGTGRVRAADGFFS IERTYCPTCHGRERIIP
E.coli LEEAVEGVTEE IRTPTLEHCOVCHEESGREPCTOPONCPTCHE SV OMROGCFFAVOOTMCFHCQEREATLIE
P.putida LEEAVRGTTVS IRVPTLFNCNPC DGCGRNEGSTPSTCPTCGE IGVRMOQGFFSVOOTUCPRCHGQIRITIT
HEEe R KW ek |w w Rk ke W . R T T TR L .
- C terminal domain
B.diazoefficiens FVTRERTLESVNIPQGVE DGTR IRLAGEGFAGVRGGP PEDL Y IFLSLAQHQF FORDEADLH
S.enterica FVVODRSLSVNIPAGTDDGTR IRLANEGEAGT RGGPNGDL Y IFLSVEPHEFFORDGADTL Y
B.ovis FVTOERSLESVNTIPAGTE DGTRIRLAGEGEAGLRGGPAGDLY IFLEVEPHEFFORDGADLY
S.meliloti RVVEERTLSVNI PAGIEDGTRIRLSGEGEAGTLRCGGPACDLY IFLESVEPHEFYQRDGADLY
S.medicae FVVEERTLESVNIPACTIE DGTRIRLSGEGEACLRGEPACDLY IFLEVEPHEFYOQRDGADLY
A. tumefaciens FVITEERSLSVNIPSGIE DGTRIRLOGEGEACGMRGEPACGDLY IFLSVRPHEFFOQRDGADLY
R.tropici FVTEERSLSVNTPAGTE DGTRIRLOGEGEAGLRGGPSGOLY IFLSVEPHEFFORDGADLY
R.1lv FVTEERSLSVNIPAGTE DGTR IRLOGEGEAGARGGPAGDLY IFLSVEPHEFYQRDGADTLY
R.etli R VTEERSLSVNIPAGIEDGTRIRLOCEGEAGTRGEPACDL Y IFLSVKPHEFYORDGADL Y
E.coli FVERSKTLSVEIPAGVDTGDR IRLAGEGEAGE HGAPAGDL YVOVOVEQHPTFEREGNNL Y
p.putida R VEEYRTLSVEVPAGVDTGDR IRLSCEGEAGT HGEPTEDL YVVINVREHET FORDGRHL Y
e w LiREH Lok Hra R REER KR RAR R K RREE: r xR rraWiA W
C terminal domain
B.diazoefficiens CRVPISMVTAALGGEFEVETIERKGRARKVEVPAGTQSNRRFRIASKGMPVLRSRQTGDMYVOVVVETEONL
S.enterica CRAPTSMTTAALGGOFEVATLDGTQTRVEVPECT ONGROFRLRGKGMPVL ROPOMEDLY IQTAVE TEONT.
B.ovis CEVPISMTTAATLGGQFEVS TLDGTQTRVEVPEGT QNGRQFRLEGRGMPVLROSVTGDLY IQTDIETPONL
S5.meliloti CAVPISMTTAALGGRFDVT TLDGTESRVIVPEGT QAGK QFRLEGRKGMPVLRSSQTGDLY IQTQTETPORL
S.medicas CAVPISEMTTAT LEGEFDVT TLDGETESEVIWVEPECST QRACE QFRLECGECMEVLESSOMEDLY IQTOTETEPOEL
A. tumefaciens CTVPISMTTAALGGT FDVT TLDGTESRVIVPEGT QPGEQFRLEGKGMPVLRSAQTGDLY IQTQTETPORL
R.tropici CAVPTISEMTTAALGET FDWVATLDGTESEVSVEPEGT QVGE QFRLEGECGMEVLESSOVEGDLY IQTQTETEPQEL
R.1lv CAVPISMTTAALGGT FOVATLDGTRSRVIVPEGT QVGKQFRLEGRGMPVLRSVOTGDLY IQTQTETPORL
R.etli CAVPISMTTAALGET FOVATLDGTRSRVSVPECT QAGKOFRLRGKGMPVLRSAQTGDLY IQTQTETEORL
E.coli CEVPINFAMRALGGE IEVPTLDG-RVELEVEGETQTGKLFRMRGRGVESVRGGAQGDLLCRVVVETEVGL
p.putida CEVPISYTDRALGGELEVETLDG-RVKLKIPECTOTGROFRLRGKGVARVRGGGAGDLLCRVAVETEVNL
* .\&\&_ \&:\&\&\& ::\&_\l’:: . _:.:\& R \&i’: _\&\l’: :\& \Jt\&: :\&\&\& *
B.diazoefficiens TERQQELLAF--——FEKLSSGNTQFESEGFFTEVEDFFGSRAN
S.enterica TEEQRELLEE—-——FDELS SHONSFETTGFFNEMEDFFESFGEQ
B.ovis SRRQRELLEE-——FERLSWQENSPRSAGLFSEMEEFFEGIGE
s.meliloti TRRORELLQE--——FEQIS SKENNPES TGFFSRMEDFFDTLSE
S.medicae TERQRELLQFE———FEQISSKENNFESAGFFSEMEGFFDTLSE
A. tumefaciens SKRORELLOE--——FEQLS SKENNPES TGFFARMERFFDG———
R.tropici TERQRELLQFE———FEQISSKDNNPESTGFFARMEDFFDTESD
R.1v TRRORELLQE--——FEQLS SKENNPES TGFFARMEEFFEG———
R.etli TERQRELLQE———FEQISSEENNPESTCFFARMEEFFEG——
E.coli NERQEQLLOFELOFESFGEPT GEHNSPRSESFFDGVERFFDDLTR
P.putida

SREQRELLEELEDSLEGDS SHS——PEANGWF DGVERFFGDL——
- * .

L - * -k R

Figure S2. Multiple sequence alignment by MUSCLE of Dna] amino acid sequences from different
bacterial species. Identical residues are indicated with an asterisk. Colons and full stops indicate partial

matches. Domains are highlighted in different colors following the color code used in Figure 1b of the



main manuscript. The evolutionarily conserved HPD motif of the ] domain is indicated with a blue box.
Conserved zinc binding motifs in the zinc-binding domain are indicated with reddish boxes. The insertion
site for Tnb5 in the NS4 mutant at D20 is highlighted in red. The amino acid sequences are of the Dna]
proteins from Bradyrhizobium diazoefficiens USDA 110 (P94319), Salmonella enterica subsp. enterica serovar
Enteritidis (MIL09225), Brucella ovis ATCC 25840 (Q05980), S. meliloti GR4 (AGAO05171), Sinorhizobium
medicae WSM419 (A6UEY1), Agrobacterium tumefaciens (Rhizobium radiobacter) RUOR (AAR84666),
Rhizobium tropici CIAT899 (AGB69576), Rhizobium leguminosarum bv. viciae 3841 (Q1MN12), Rhizobium etli
CFN42 (Q2KDW?), Escherichia coli K-12 (P08622), and Pseudomonas putida (Arthrobacter siderocapsulatus)
PCL1445 (Q5BVD3).
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Figure S3. Growth of S. meliloti dna] mutants and their parental strains on solid and liquid media. Growth
on (a) agar Minimal Medium (MM) and on (b) agar TY. Ten ul of 10-fold serial dilutions of mid
exponential phase cultures of each strain were spotted on plates and incubated for 6 days (6d) or 8 days

(8d) at 28°C. Growth curves in liquid (c) MM and (d) TY were determined spectrophotometrically.
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Figure S4. Effect of H2O2 on S. meliloti GR4 and GR4flaAB cell survival. Survival rates were determined
after exposure to 1 mM H2O: for 90 min. Error bars indicate standard errors. Asterisks indicate significant
differences according to an ANOVA test (p <0.001).



Figure S5. Appearance of alfalfa plants inoculated with S. meliloti dna] mutant strains at the end of the
nodulation kinetics experiment. Alfalfa plants were grown in hydroponic culture under axenic conditions
in glass tubes. Pictures were taken 21 days after inoculation with the rhizobial strains. The yellow bar
represents 2 cm. NI, non-inoculated; wt, wild type strain GR4; AdnaJ, GAdna] strain; flaAB, GR4flaAB
strain.
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Figure S6. Complementation of the symbiotic phenotype of S. meliloti dna] mutants. Nodulation kinetics of
(a) GR4 strain carrying the empty vector pJB3 (wt ev) and its derivative dna] deletion mutant carrying
either pJB3 or the complementing plasmid pJ-dnaJ (AdnaJ ev and Adna] C, respectively), and (b) the
flagellaless strain GR4flaAB carrying the empty vector (flaAB ev), and its dnaJ deletion (flaABAdna]) and
transposon insertion (NS4) derivative mutants carrying either the empty vector (ev) or the complementing
plasmid (C). (c) Symbiotic efficiency of S. meliloti strains as determined by the shoot dry weight of alfalfa
plants 21 days after inoculation (dai). NI, non-inoculated plants. Different letters indicate significant
differences according to an analysis-of-variance (ANOVA) test (p<0.05).



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

Strain or plasmid Relevant characteristics Reference
S. meliloti
GR4 Wild type strain [1]
GR4flaAB GR4 flaAflaB::Hyg, Hyg" [2]
NS1 GR4flaAB C770_GR4Chr0066::Tn5; Kmr, Hyg" This study
NS2 GR4flaAB C770_GR4Chr0263::Tn5; Km", Hyg" This study
NS3 GR4flaAB C770_GR4Chr1253::Tn5; Kmr, Hyg" This study
NS4 GR4flaAB dnaj::Tn5; Kmr, Hyg* This study
NS5 GR4flaAB C770_GR4Chr3081::Tn5; Kmr, Hyg* This study
GAdna]J GR4 derivative containing the deleted version of This study
the dna] gene
flaABAdna] GR4flaAB derivative containing the deleted This study
version of the dnaJ gene
E. coli
DH5a supE44, DlacU169, f80, lacZDM, 5hsdR171, recAl, Bethesda Research Lab
endAl, gyrA96, thi-1, relAl
S17-1 thi, pro, recA, hsdR, hsdM, RP4-2-Tc::Mu-Km::Tn7 [3]
Plasmids
pSUP2021 Plasmid for random mutageneis with Tn5; Apr, [3]
Tcr, Cm*, Km*
pCR2.1-TOPO Cloning vector; Ap?, Km* Invitrogen
pTOPO-dna] pCR2.1-TOPO carrying the S. meliloti wild type This study
dnaf; Ap*, Km®
pTOPO-AdnaJ pCR2.1-TOPO carrying the deleted version of the This study
dna] gene; Ap', Km*
pJB3Tc19 IncP cloning vector; Tcr, Ap* [4]
pJ-dnaJ pJB3Tc19 with the S. meliloti dna] gene cloned This study
downstream from the lacZ promoter; Tc"
pK18mobsacB Suicide plasmid; Kmr~ [5]
pK18-Adna] pK18mobsacB carrying the deleted version of the This study

dnaf gene; Km*




Table S2. List of primers used in this study.

Name Sequence (5’-3') Use

1S50(1) CACGATGAAGAGCAGAAG

1S50(2) TAGGAGGTCACATGGAAGTCAGAT Mapping Tn5 insertions
ARB2 GGCCACGCGTCGACTAGTAC

ARB6 GGCCACGCGTCGACTAGTACN1:CGCC

dna]J-F TATAAGCTTCCTGTGGCAAGATAATCAGG (HindIII) Construction of pJ-dna]
dnaJ-R TTTAAGCTTTAATCGCCCAGAGCATTGGC (HindIII)

dnaJ-1 TTTGAATTCGAGATCGAGAAGATGGTC (EcoRI)

dnaJ-2 GGTGGTGACGTCGAACTTCGCGAGTTTGCGAAAGGC Deletion of dnaJ

dnaJ-3 GCCTTTCGCAAACTCGCGAAGTTCGACGTCACCACC

dnaJ-R TTTAAGCTTTAATCGCCCAGAGCATTGGC (HindIII)

2 Restriction sites are underlined
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