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Table S1 
Primers and PCR temperature profiles used for DNA amplification.  

Gene name Primer Sequence (5’ – 3’) Temperature profile References 
  

16S rDNA  

 

fD1 (9-29)AGAGTTTGATCCTGGCTCAG 

rD1 (1474-1494)CTTAAGGAGGTGATCCAGCC 

                                                          C), 10 

min 72 

 

[52] 

IGS 

(16S-23S rDNA) 

 

FGPS1490-72 TGCGGCTGGATCACCTCCTT 

FGPL132-38 CCGGGTTTCCCCATTCGG 

                                                          C),    

         C 

 

[2] 

gltA 

 

CSGCCTTCTAYCAYGACTC 

GGGAGCCSAKCGCCTTCAG 

                                           -                                

                                                    C 

 

[29] 

glnll 

 

13f-AAGCTCGAGTACATCTGGCTCGACGG 

681r-SGAGCCGTTCCAGTCGGTGGTGTCG 

                                                                      

C 

 

[42] 

gyrB 

 

343f-TTCGACCAGAAYTCCTAYAAGG  

1043r-AGCTTGTCCTTSGTCTGCG 

                                                                  

     C 

 

[27] 

atpD 

 

189f- TCTGGTCCGYGGCCAGGAAG 

804r-CGACACTTCCGARCCSGCCTG 

                                                                      

C 

 

[42] 

nifH 

 

28f-TACGGNAARGGSGGNATCGGCAA 

809r-AGCATGTCYTCSAGYYTCNTCCA 

                                           -      C /              

                                                               C 

 

[35] 

nodC1  

nodCp8 

 ’GT  GAT TG  MRG T A AGA  TA  G  ’ 

 ’G   AGG T T IGT TG  GAT TG  T   ’ 

                                                                 C [43] 

nodCfn 

nodCI 

 

 ’AGGTGGTYGAYGA GGTT  ’ 

 ’ GYGA AG  ANT K TATTG ’ 

                                                                   C [25] 



Table S2 

Accession numbers of the gene sequences of the soybean nodulating isolates used for the 
phylogenetic study  
 
Strain IGS 16S rDNA atpD glnII gyrB gltA nifH 

TUTAHSA27 KT124648 KY463514 KT163022 KT163032 KX348514  KT729536 

TUTAHSA45 KT124649 KY463501  KT163050 KX348509 KX425000 KT729530 

TUTAHSA31 KT124650 KY463507 KT163023 KT163048 KX348505 KX424994 KT729528 

TUTAHSA114 KT124651 KY463509  KT163052 KX348508 KX425001  

TUTAHSA10 KT124652 KY463512  KT163039 KX348511 KX424997 KT729533 

TUTAHSA67 KT124654 KY463503 KY474573 KT163034 KX348519 KX425005 KT729542 

TUTAHSA75 KT124655 KY463518 KT163026 KT163035 KX348517 KX425006 KT729540 

TUTAHSA40 KT124656 KY463509 KT163030  KX348518  KT729541 

TUTAHSA140 KT124657 KY463506 KT163028  KX348522 KX425003  

TUTAHSA80 KT124658 KY463508  KT163036 KX348507 KX425002 KT729529 

TUTAHSA51 KT124659  KT163029 KT163038 KX348504   

TUTAHSA115 KT124660 KY463504 KT163027 KT163037 KX348520  KT729543 

TUTAHSA4 KT124661   KT163040 KX348513 KX424993 KT729535 

TUTAHSA7 KT124662 KY463513 KT163031 KT163046 KX348521 KX425004 KT729544 

TUTAHSA41 KT124663 KY463511  KT163049  KX424998 KT729532 

TUTAHSA57 KT124664 KY463515  KT163042 KX348515 KX425007  KT729537 

TUTAHSA87 KT124665 KY463502  KT163044 KX348510 KX424999  

TUTAHSA144 KT124666 KY463517 KT163024 KT163051   KT729539 

TUTAHSA150 KT124667 KY463516   KX348516  KT729538 

TUTAHSA17    KT163041    

TUTAHSA118    KT163045  KX424995  KT729527 

TUTAHSA126    KT163047   KT428748 

TUTAHSA110 KY513720   KT163053    

 



Table S3 

 Information of nucleotide sequences used for phylogenetic analysis 

 

Locus 

No. of strains 

used for tree 

construction 

Nucleotide sequence information  

Total* 

 

Frequency 

T/C/A/G (%) 

Conserved (C) Variables (V) Parsimony-

informative (Pi) 

Singleton (S) 

16S rDNA 

Bradyrhizobium 
49 911(82.1) 194(17.5) 71(6.4) 123(11.1) 1110 20.4/23.5/24.8/31.2 

16S rDNA Rhizobium 62 670 (81.2) 155 (18.8) 89 (10.8) 66 (8.0) 825 20.4/21.7/26.1/31.7 

ITS Bradyrhizobium 43 397(33.0) 759(63.0) 401(33.3) 353(29.3) 1204 24.6/26.5/17.0/31.9 

ITS Rhizobium 25 212 (18.8) 864 (76.7) 633 (56.2) 216 (19.2) 1127 24.8/23.9/20.7/30.6 

atpD 45 242 (65.6) 127 (34.4) 73 (19.8) 54 (14.6) 369 19.9/31.1/15.7/33.3 

glnII 97 233 (54.9) 191 (45.0) 163 (38.4) 28 (6.6) 424 20.2/29.8/16.8/33.2 

gltA 33 146 (64.6) 80 (35.4) 56 (24.8) 24 (10.6) 226 21.7/36.1/15.3/27.0 

gyrB 77 209 (37.3) 352 (62.7) 314 (56.0) 38 (6.7) 561 21.7/30.0/16.8/31.5 

atpD+glnII+ gyrB 34 824 (60.8) 525 (38.7) 317 (23.4) 208 (15.4) 1355 20.4/30.8/15.9/32.9 

glnII +gltA+ gyrB 24 691 (57.1) 520 (43.0) 409 (33.8) 111 (9.1) 1211 21.6/30.5/16.7/31.1 

nifH 57 111 (53.4) 97 (46.6) 89 (43.2) 08(3.4) 209 18.5/28.4/20.5/32.6 

 

 

 

 



 

 

 

 

 

 

Fig. S1:  A) PCR amplified B) HaeII digested, IGS (16S-23S rDNA) region of groundnut nodulating isolates; 

          M1=1kb,  M=100bp 
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 TUTAHSA40 (KX348518) 

 TUTAHSA67 (KX348519) 

 TUTAHSA150 (KX348516) 

 Bradyrhizobium japonicum E109 (CP010313) 

 Bradyrhizobium japonicum ATCC10324T (AB070586.1) 

 TUTAHSA7 (KX348521) 

 TUTAHSA140 (KX348522) 

 Bradyrhizobium sp. SEMIA 6395 (HQ634893) 

 Bradyrhizobium stylosanthis BR 446T (KU724151.1) 
 TUTAHSA115 (KX348520) 

 Bradyrhizobium arachidis CCBAU 051107T (KX437675)  

 Bradyrhizobium guangdongense CCBAU 51649T (KC509072) 

 Bradyrhizobium ingae BR 10250T (KF927079) 

 Bradyrhizobium neotropicale BR 10247T (KJ661707) 

 Bradyrhizobium iriomotenseT (AB300997) 
 Bradyrhizobium sp. SEMIA 656 (HQ634882) 

 Bradyrhizobium huanghuaihaiense CCBAU 23303T (JX437672) 

 Bradyrhizobium daqingense CCBAU 15774T (JX437669) 
 Bradyrhizobium yuanmingense LMG 21827T (FM253226) 

 Bradyrhizobium manausense BR 3351T (KF786000) 
 Bradyrhizobium liaoningense LMG 18230T (FM253223) 

 Bradyrhizobium ottawaense OO99T (HQ873179) 

 Bradyrhizobium ganzhouenseT (KP420022) 

 Bradyrhizobium diazoefficiens USDA 110T (CP011360) 
 Bradyrhizobium diazoefficiens NK6 (AP014685) 

 TUTAHSA31(KX348505) 

 Bradyrhizobium betae LMG 21987T (FM253217) 

 Bradyrhizobium canariense LMG 22265T (FM253220) 

 Bradyrhizobium embrapense SEMIA 6208T (HQ634891) 

 Bradyrhizobium ferriligni CCBAU 51502T (KJ818102) 

 Bradyrhizobium viridifuturi SEMIA 690T (KR149134) 
 TUTAHSA4(KX348513) 

 Bradyrhizobium elkanii LMG 6134T (AM418800) 

 TUTAHSA27(KX348514) 

 Bradyrhizobium pachyrhizi PAC 48T (HQ873310) 

 Bradyrhizobium erythrophlei CCBAU 53325T (KF114717) 

 Bradyrhizobium icense LMTR 13T (KF896201) 

 Bradyrhizobium retamae Ro19T (KF896204) 

 Bradyrhizobium jicamae PAC 68T (HQ873309) 

 Bradyrhizobium paxllaeri LMTR 21T (KF896195) 

 Bradyrhizobium lablabi CCBAU 23086T (JX437670) 
 Bradyrhizobium denitrificans LMG 8443T (FM253239 ) 

 Bradyrhizobium oligotrophicum LMG 10732T (KF962697) 

 Rhizobium selenitireducens LMG 24075T (AB685478) 

 Rhizobium giardinii H152T (HQ438240 ) 

 Rhizobium galegae LMG 6214T (AM418826) 

 Rhizobium huautlense LMG 18254T (AM418829) 

 Rhizobium oryzae Alt505T (FJ712277) 

 Rhizobium pusense NRCPB10T (FR870239) 

 Rhizobium larrymoorei LMG21410 DT (HQ438204) 

 Rhizobium skierniewicense Ch11T (HQ438226) 

 Rhizobium undicola LMG11875T (HQ438239.1) 

 Rhizobium pseudoryzae J3-A127T (HM132107.1) 

 Rhizobium borbori LMG 23925T (HQ823556) 

 Rhizobium multihospitium CCBAU83401T (KC293528.1) 

 Rhizobium fabae CCBAU33202T (KC293523) 

 Rhizobium pisi DSM 30132T (JQ795183.1) 

 Rhizobium leguminosarum LMG 14904T (AM418830)    

 Rhizobium etli CFN 42T (CP000133) 

 Rhizobium phaseoli ATCC 14482T (KC293518.1) 

 Rhizobium gallicum R602T (HQ438235) 

 Rhizobium leucaenae CFN 299T (KC293524) 

 Rhizobium paranaense PRF 35T (KF738135) 

 Rhizobium rhizogenes ATCC 11325T (HQ438225) 
 TUTAHSA114(KX348508) 

 Rhizobium miluonense CCBAU41251T (KC293527) 

 Rhizobium freirei PRF 81T (KJ603458) 

 Rhizobium lusitanum P1-7T (KC293525.1) 

 Rhizobium hainanense I66T (HQ438236) 
 TUTAHSA80 (KX348507) 

 TUTAHSA45 (KX348509) 

 TUTAHSA87 (KX348510) 

 Rhizobium tropici CIAT 899T (CP004015) 
 TUTAHSA57 (KX348515) 

 TUTAHSA10 (KX348511) 
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Fig. S2. The neighbour-joining phylogenetic relationships of groundnut nodulating microsymbionts based on gyrB sequence analysis. 
Groundnut nodulating microsymbionts are shown in bold with their nucleotide sequence accession numbers indicated in brackets. The 
  g   fi a    of  a h bra  h      d  at d  b  a boot trap  va u  = >50 are indicated for each node (1000 replicates). The scale bar represents 
the number of changes per nucleotide position. Phylogenetic analyses were conducted in MEGA6. 



 

 Bradyrhizobium cytisi CTAW11T (GU001594) 
 Bradyrhizobium rifense CTAW71T (GU001604) 

 Bradyrhizobium ganzhouense RITF807T (JX277111) 
 TUTAHSA115 (KT163037) 
 Bradyrhizobium canariense BTA-1T (AY386765) 

 Bradyrhizobium lupini USDA 3051T (KM114862) 
 Bradyrhizobium ingae BR 10250T (KF927067) 

 Bradyrhizobium iriomotenseT (AB300995) 
 TUTAHSA118 (KT163045) 

 Bradyrhizobium arachidis CCBAU 051107T (HM107251) 
 Bradyrhizobium yuanmingense CCBAU 10071T (AY386780) 

 Bradyrhizobium subterraneum 60 2 -1T (KM378485) 
 Bradyrhizobium neotropicale BR 10247T (KJ661700) 

 Bradyrhizobium daqingense CCBAU 15774T (HQ231301) 
 Bradyrhizobium sp. SEMIA 6395 (HQ634881) 
 Bradyrhizobium stylosanthis BR 446T (KU724148) 

 TUTAHSA7 (KT163046) 
 TUTAHSA110 (KT163053) 

 Bradyrhizobium japonicum E109 (CP010313) 
 Bradyrhizobium betae LMG 21987T (AB353733) 

 Bradyrhizobium ottawaense OO99T (HQ587750.1) 
 Bradyrhizobium diazoefficiens USDA 110T (NZ CP011360) 

 Bradyrhizobium diazoefficiens NK6 (AP014685) 
 Bradyrhizobium japonicum USDA 6T (HQ587875) 
 TUTAHSA31 (KT163048) 

 Bradyrhizobium manausense BR 3351T (KF785986) 
 Bradyrhizobium sp. SEMIA 656 (FJ391026) 

 Bradyrhizobium huanghuaihaiense CCBAU 23303T (HQ231639) 
 Bradyrhizobium kavangense 14-3T (KM378446) 

 Bradyrhizobium vignae 7-2T (KM378443) 
 Bradyrhizobium guangdongense CCBAU 51649T (KC509023) 

 TUTAHSA75 (KT163035) 
 TUTAHSA67 (KT163034) 
 TUTAHSA51 (KT163038) 

 Bradyrhizobium liaoningense LMG 18230T (AY386775) 
 Bradyrhizobium lablabi CCBAU 23086T (GU433498) 

 Bradyrhizobium paxllaeri LMTR 21T (KF896169) 
 Bradyrhizobium jicamae PAC68T (FJ428204) 

 Bradyrhizobium icense LMTR 13T (KF896175) 
 Bradyrhizobium retamae Ro19T (KC247108) 

 Bradyrhizobium valentinum LmjM3T (JX518575) 
 TUTAHSA126 (KT163047) 
 TUTAHSA17 (KT163041) 
 TUTAHSA144 (KT163051) 
 Bradyrhizobium elkanii USDA 76T (AY599117) 
 Bradyrhizobium embrapense SEMIA 6208T (GQ160500.1) 

 Bradyrhizobium ferriligni CCBAU 51502T (KJ818099) 
 Bradyrhizobium pachyrhizi PAC48T (FJ428201) 

 TUTAHSA27 (KT163032) 
 Bradyrhizobium viridifuturi SEMIA 690T (KR149131) 

 Bradyrhizobium erythrophlei CCBAU 53325 (KF114693) 
 Bradyrhizobium oligotrophica LMG 10732 (JQ619233) 

 Bradyrhizobium denitrificans LMG 8443 (HM047121) 
 TUTAHSA4 (KT163040) 

 Rhizobium giardinii  H152 (EU488778) 
 Rhizobium multihospitium CCBAU 83401 (EF490040) 

 Rhizobium hainanense I66T (GU726294) 
  Rhizobium freirei PRF 81T (EU488789) 

 Rhizobium miluonense HAMBI 2971T (KF206774) 
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 Rhizobium tropici CIAT 899T (440224888) 
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  Rhizobium paranaense PRF 35T (EU488787)  
 Rhizobium leucaenae CFN 299T (AF169583) 

 Rhizobium lusitanum P1-7T (EF639841) 
 Rhizobium rhizogenes  IAMT (FJ816281) 

 Rhizobium herbae  CCBAU 83011T (GU565556) 
 Rhizobium selenitireducensT (AB685476.1) 

 Rhizobium mongolense  USDA 1844T (AY929453) 
 Rhizobium yanglingense  SH22623T (AY929462) 
 Rhizobium gallicum bv. gallicum R602T (AF529015) 

 Rhizobium sullae  IS123 T (FJ816280) 
 Rhizobium pseudoryzae  J3-A127T (HM132108) 

 Rhizobium alkalisoliT (EU672475) 
 Rhizobium altiplani BR 10423T (KX022654) 

 Rhizobium tibeticum  CCBAU 85039T (EU407190) 
 Rhizobium halophytocola YC6881T (HQ174466) 

 Rhizobium phaseoli  ATCC 14482T (JN580716) 
 Rhizobium endophyticum CCGE 2052T (JF424619) 

 Rhizobium tubonense CCBAU 85046T (GQ985380) 
 Rhizobium galegae bv. orientalis  HAMBI 540T (KF206809) 

 Rhizobium galegae strain HAMBI 2581 (KF206760) 
 Rhizobium vignae CCBAU 05176 (GU128895) 

 Rhizobium etli CFN 42T (CP000133) 
 Rhizobium sophoriradicis CCBAU 03470T (KJ831237) 

 Rhizobium laguerreae FB206T (JN558671) 
 Rhizobium fabae CCBAU 33202T (EF579935) 

 Rhizobium pisi DSM 30132T (JN580715) 
 Rhizobium vallis CCBAU 65647T (GU211771) 

 Rhizobium sophorae CCBAU 03386T (KJ831241) 
 Rhizobium indigoferae CCBAU 71042T (N580717) 

 Rhizobium leguminosarum USDA 2671T (EU488784) 
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Fig. S3. The neighbour-joining phylogenetic relationships of groundnut nodulating microsymbionts based on glnII sequence analysis. 
Groundnut nodulating microsymbionts are shown in bold with their nucleotide sequence accession numbers indicated in brackets. The 
 significance of  each branch is indicated by a bootstrap  value = >50 are indicated for each node (1000 replicates). The scale bar represents 
the number of changes per nucleotide position. Phylogenetic analyses were conducted in MEGA6. 



 

 

 Bradyrhizobium rifense CTAW71T (GU001617) 
 Bradyrhizobium guangxiense CCBAU 53363T (KC508926) 

 Bradyrhizobium sp. SEMIA 6395 (HQ634876) 
 Bradyrhizobium daqingense CCBAU 15774T (HQ231289) 

 TUTAHSA31 (KT163023) 
 TUTAHSA140 (KT163028) 

 Bradyrhizobium huanghuaihaiense CCBAU 23303T (HQ231682) 
 Bradyrhizobium sp. SEMIA 656 (FJ390946) 

 Bradyrhizobium liaoningense bv. glycinearum LMG 18230T (AY386752) 
 Bradyrhizobium cytisi CTAW11T (GU001613) 

 Bradyrhizobium lupini USDA 3051T (KU738808) 
 Bradyrhizobium canariense LMG 22265T (FM253135) 

 Bradyrhizobium denitrificans LMG 8443T (224174361) 
 Bradyrhizobium oligotrophicum LMG 10732T (JQ619232) 

 Bradyrhizobium iriomotenseT (46424677) 
 TUTAHSA144 (KT163024) 
 TUTAHSA40 (KT163030) 

 Bradyrhizobium jicamae PAC68T (FJ428211) 
 Bradyrhizobium paxllaeri LMTR 21T (KF896186) 

 Bradyrhizobium lablabi CCBAU 23086T (GU433473) 
 Bradyrhizobium valentinum LmjM3T (JX518561) 

 Bradyrhizobium icense LMTR 13T (KF896192) 
 Bradyrhizobium retamae Ro19T (KC247101) 

 TUTAHSA7 (KT163031) 
 Bradyrhizobium guangdongense CCBAU 51649T (KC508916) 

 Bradyrhizobium ganzhouense RITF807T (JX277183) 
 TUTAHSA75 (KT163026) 
 TUTAHSA51 (KT163029) 

 TUTAHSA67 (KY474573) 
 Bradyrhizobium japonicum E109 (CP010313) 
 Bradyrhizobium japonicum USDA 6T 

 Bradyrhizobium betae LMG 21987T (224174317) 
 Bradyrhizobium ottawaense OO99T (HQ455212) 

 TUTAHSA115 (KT163027) 
 Bradyrhizobium diazoefficiens NK6 (AP014685) 
 Bradyrhizobium diazoefficiens USDA 110 T (27375111) 

 Bradyrhizobium sp. SEMIA 6156 (FJ390970) 
 Bradyrhizobium yuanmingense CCBAU 10071T (AY386760) 

 Bradyrhizobium enbrapense SEMIA 6208T (HQ634875) 
 TUTAHSA27 (KT163022) 

 Bradyrhizobium sp. SEMIA 6099 (FJ390965) 
 Bradyrhizobium elkanii USDA 76T (AY386758) 

 Bradyrhizobium pachyrhizi PAC48T (FJ428208) 
 Bradyrhizobium tropiciagri SEMIA 6148T (FJ390968) 

 Rhizobium tropici CIAT 899T (CP004015) 
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Fig. S4. The neighbour-joining phylogenetic relationships of groundnut nodulating microsymbionts based on atpD sequence analysis. 
Groundnut nodulating microsymbionts are shown in bold with their nucleotide sequence accession numbers indicated in brackets. The 
 significance of each branch is indicated by a bootstrap value = >50 are indicated for each node (1000 replicates). The scale bar represents 
the number of changes per nucleotide position. Phylogenetic analyses were conducted in MEGA6. 



 

 

 TUTAHSA67 (KX425005) 
 TUTAHSA75 (KX425006) 

 TUTAHSA45 (KX425000) 
 TUTAHSA57 (KX425007) 

 Rhizobium leguminosarum LMG 14904T (AM181616) 
 TUTAHSA31 (KX424994) 

 TUTAHSA7 (KX425004) 
 TUTAHSA118 (KX424995) 

 TUTAHSA140 (KX425003) 
 TUTAHSA10 (KX424997) 

 Rhizobium etli CFN 42T (EU488809) 
 TUTAHSA80 (KX425002) 

 TUTAHSA114 (KX425001) 
 Rhizobium mesosinicum CCBAU 25010T (KF278580) 

 TUTAHSA41 (KX424998) 
 TUTAHSA87 (KX424999) 
  Rhizobium miluonense CCBAU 41251T (JF318191) 

 Rhizobium rhizogenes LMG 150T (AM181617) 
 Rhizobium multihospitium CCBAU 83401T (JF318192) 

 Rhizobium paranaense PRF 35T (EU488801) 
 Rhizobium leucaenae CFN 299T (EU488806) 

 Rhizobium tropici CIAT 899T (EU488803) 
 Rhizobium freirei PRF 81T (EU488802) 

 Rhizobium lusitanum P1-7T (JF318190) 
 Rhizobium yanglingense CCBAU 71623T (KF278579) 

 Rhizobium loessense CCBAU 7190BT (KF278577) 
 Rhizobium giardinii H152T (EU488793) 

 Rhizobium huautlense LMG 18254T (AM181619) 
 Rhizobium petrolearium SL-1T (KF278581) 

 Rhizobium vignae CCBAU 05176T (KF278578) 
 Neorhizobium galegae LMG 6214T (AM181618) 

 TUTAHSA4 (KX424993) 
 Bradyrhizobium japonicum LMG 6138T (AM181656) 
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Fig. S5. The neighbour-joining phylogenetic relationships of groundnut nodulating microsymbionts based on gltA sequence analysis. 
Groundnut nodulating microsymbionts are shown in bold with their nucleotide sequence accession numbers indicated in brackets. The 
  g   fi a    of  a h bra  h      d  at d  b  a boot trap  va u  = >50 are indicated for each node (1000 replicates). The scale bar represents 
the number of changes per nucleotide position. Phylogenetic analyses were conducted in MEGA6. 


