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T
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T
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Rhizobium hidalgonense FH14 (GCF_002531855.1)

Rhizobium freirei PRF 81 (GCF_000359745.1)

Rhizobium fabae CCBAU 33202 (GCF_003985135.1)
Rhizobium anhuiense CCBAU 23252 (GCF_003985145.1)

Rhizobium aethiopicum HBR26 (GCF_900094625.1)

Rhizobium tropici CIAT 899 (GCF_000330885.1)

Rhizobium mongolense subsp. loessense CGM (GFC_900099775.1)

Rhizobium rhizophilum 7209-2 (GCF_004912145.1)

Rhizobium dioscoreae S-93 (GCF_009176305.1)

Rhizobium terrae NAU 18 (GCF_003425685.1)

Rhizobium sophoriradicis CCBAU 03470 (GCF_003939025.1)

Rhizobium tubonense CCBAU 85046 (GCF_003240585.1)

Rhizobium oryzihabitansM15 (GCF_010669145.1)

Rhizobium album NS-104 (GCF_003122325.1)
Klebsiella variicola LEMB11 (GCF_009648975.1)

Klebsiella grimontii 4928STDY7071328 (GCF_902164675.1)

Rhizobium hidalgonense CH16 (GCF_031583895.1)

Rhizobium subbaraonis JC85 (GCF_900220975.1)

Rhizobium jaguaris CCGE525 (GCF_003627755.1)

Rhizobium pisi DSM 30132 (GCF_003938655.1)

Rhizobium gallicum R602 (GCF_000816845.1)

Rhizobium esperanzae CNPSo 668 (GCF_002204185.1)

Rhizobium redzepovicii CH6 (GCF_031583875.1)

Rhizobium phaseoliATCC 14482 (GCF_003985125.1)

Rhizobium grahamii CCGE 502 (GCF_000298315.2)

Rhizobium miluonense HAMBI 2971 (GCF_900094545.1)

Rhizobium redzepovicii 18T (GCF_019793435.1)

Rhizobium laguerreae FB206 (GCF_002008165.1)

Rhizobium wuzhouenseW44 (GCF_003205195.1)

Rhizobium leguminosarum USDA 2370 (GCF_002008365.1)

Rhizobium hidalgonense CH11 (GCF_031583835.1)

Rhizobium etli CFN 42 (GCF_000092045.1)

Rhizobium hidalgonense CH15 (GCF_031583805.1)

Rhizobium glycinendophyticum CL12 (GCF_006443685.1)

Rhizobium favelukesii LPU83 (GCF_000577275.2)

Klebsiella michiganensis THO-011 (GCF_015139575.1)

Rhizobium multihospitium HAMBI 2975 (GCF_900094585.1)

Rhizobium endolithicum JC140 (GCF_902153245.2)

Rhizobium selenitireducens ATCC BAA 1503 (GCF_000518785.1)

Rhizobium smilacinae PTYR-5 (GCF__006335145.1

Rhizobium tumorigenes 1078 (GCF_003240565.2)

Rhizobium ipomoeae shin9-1 (GCF_004912165.1)

Rhizobium redzepovicii CH4 (GCF_031583855.1)

Rhizobium tibeticum CCBAU85039 (GCF_900108425.1)

Rhizobium hainanense CCBAU 57015 (GCF_900094555.1)

Rhizobium vallis CCBAU 65647 (GCF_003985155.1)

Rhizobium halotoleransAB21 (GCF_902153235.2)

Rhizobium sullaeWSM1592 (GCF_025200715.1)

Rhizobium naphthalenivorans NBRC_107585 (GCF_007992095.1)

Rhizobium acidisoli FH23 (GCF_002531755.2)

Rhizobium deserti SPY-1 (GCF_004358025.1)

Rhizobium daejeonense KACC 13094 (GCF_010450895.1)

Rhizobium flavumYW14 (GCF_002000045.1)

Rhizobium lusitanum P1-7 (GCF_900094565.1)

Rhizobium mongolense subsp. mongolense USDA 1844 (GCF_007827505.1)

Rhizobium rhizogenes NBRC 13257 (GCF_000696095.1)

Rhizobium marinum subsp. marinumMGL06 (GCF_000705355.1)

Rhizobium hidalgonense CH26 (GCF_031583915.1)
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Maximum likelihood phylogenetic tree of the 
recA gene. A. Phylogeny based on gene sequence 
amplified by PCR for all the isolates, in which 
Bradyrhizobium japonicum MLG 6138 was used 
as outgroup. B. Phylogeny based on aminoacidic 
sequences of RecA extracted from the genome 
sequences for the reference strains and type 
strains of Rhizobium species, in which Klebsiella 
michiganensis THO-011, K. grimontii 
4928STDY7071328 and K. variicola LEMB11 
were used as outgroups. The tree reconstruction 
was done using the LG + R model of amino acid 
substitution with a Llk value of -3243 under the 
Akaike Information Criteria (AIC). The bold 
names show the strains of this study. The 
numbers indicate the aLTR SH-like statistic 
support value of the branch, and the bar 
represents substitutions per nucleotide or amino 
acid position. 
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a) nif and fix genes of Rhizobium hidalgonense strains

Rhizobium hidalgonense FH14

Rhizobium hidalgonense CH11

Rhizobium hidalgonense CH15

Rhizobium hidalgonense CH16

Rhizobium hidalgonense CH26

b) nod genes of Rhizobium hidalgonense strains
1 Kb

Rhizobium hidalgonense FH14

1 Kb

Rhizobium hidalgonense CH11

Rhizobium hidalgonense CH15

Rhizobium hidalgonense CH16

Rhizobium hidalgonense CH26



c) nif and fix genes of Rhizobium redzepovicii species

Rhizobium redzepovicii 18T

Rhizobium redzepovicii CH4

Rhizobium redzepovicii CH6

Rhizobium redzepovicii 18T

d) nod genes of Rhizobium redzepovicii strains

Rhizobium redzepovicii CH4

Rhizobium redzepovicii CH6

1 Kb

1 Kb

Genetic organization of the nitrogen fixation and nodulation related genes in the genome of the analyzed 
Rhizobium species. a) nitrogen fixation and b) nodulation related genes of the Rhizobium hidalgonense CH11, 
CH15, CH16 and CH26 strains compared to the R. hidalgonense FH14 type strain. c) nitrogen fixation and d) 
nodulation related genes of the Rhizobium redzepovicii CH4 and CH6 strains compared to R redzepovicii 18T type 
strain.
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Rhizobium hidalgonense CH26 (GCF_031583915.1)

Rhizobium mesoamericanum STM3625 (GCF_000312665.1)

Rhizobium redzepovicii 18T (GCF_019793435.1)

Rhizobium sophoriradicis CCBAU 03470 (GCF_003939025.1)

Rhizobium jaguaris CCGE525 (GCF_003627755.1)

Rhizobium grahamii CCGE 502 (GCF_000298315.2)

Rhizobium selenitireducensATCC BAA 1503 (GCF_000518785.1)

Rhizobium indigoferae CCBAU 71042 (GCF_013087605.1)

Rhizobium tibeticum CCBAU85039 (GCF_900108425.1)

Rhizobium mesoamericanum STM6155 (GCF_000427925.1)

Rhizobium azibense 23C2 (GCF_004365425.1)

Rhizobium laguerreae FB206 (GCF_002008165.1)

Rhizobium binae BLR195 (GCF_017357225.1)

Rhizobium tropici CIAT 899 (GCF_000330885.1)

Rhizobium altiplani BR10423 (GCF_001542405.1)

Rhizobium freirei PRF 81 (GCF_000359745.1)

Rhizobium phaseoli ATCC 14482 (GCF_003985125.1)

Rhizobium cremeumW15 (GCF_022884065.1)

Rhizobium bangladeshense BLR175 (GCF_017357245.1)

Rhizobium chutanense C5 (GCF_002531935.1)

Rhizobium redzepovicii CH6  (GCF_031583875.1)

Rhizobium mongolense subsp. mongolense USDA 1844 (GCF_007827505.1)

Rhizobium ecuadorense CNPSO 671 (GCF_ 001187535.1)

Rhizobium grahamii CCGE 502 (GCF_000298315.2)

Rhizobium anhuiense CCBAU 23252 (GCF_003985145.1)

Rhizobium sullaeWSM1592 (GCF_025200715.1)

Klebsiella variicola LEMB11 (GCF_009648975.1)

Rhizobium redzepovicii CH4 (GCF_031583855.1)

Rhizobium favelukesii LPU83 (GCF_000577275.2)

Rhizobium hidalgonense FH14 (GCF_002531855.1)

Rhizobium hidalgonense CH16 (GCF_031583895.1)

Klebsiella grimontii 4928STDY7071328 (GCF_902164675.1)

Rhizobium lentis BLR27 (GFC_017352135.1)

Rhizobium lusitanum P1-7 (GCF_900094565.1)

Rhizobium etli CFN 42 (GCF_000092045.1)

Rhizobium vallis CCBAU 65647 (GCF_003985155.1)

Rhizobium leguminosarum USDA 2370 (GCF_002008365.1)

Rhizobium croatiense 13T (GCF_019793465.1)

Klebsiella michiganensis THO-011 (GCF_015139575.1)

Rhizobium acidisoli FH23 (GCF_002531755.2)

Rhizobium esperanzae CNPSo 668 (GCF_002204185.1)

Rhizobium hidalgonense CH15 (GCF_031583805.1)1
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Fig. S3
Maximum likelihood phylogenetic tree of the nifH 
aminoacidic sequences of Rhizobium species. The tree 
reconstruction was done using the LG + R model of 
amino acid substitution with a Llk value of -1894.34 
under the Akaike Information Criteria (AIC). The bold 
names show the strains of this study. The numbers 
indicate the aLTR SH-like statistic support value of the 
branch, and the bar represents substitutions per amino 
acid position. Klebsiella michiganensis THO-011, K. 
grimontii 4928STDY7071328 and K. variicola 
LEMB11 were used as outgroup.


