Microsymbiont diversity and phylogeny of native bradyrhizobia associated with soybean (Glycine max L. Merr.) nodulation in
South African soils

Judith Naamala®, Sanjay K Jaiswal®, Felix D Dakora®

Table S1
Site description and diversity index of collected soybean bradyrhizobial isolates.
S. Province No. of sites Isolates number of isolates Shannon Climatic conditions
No. sampled designation diversity index
H)
1. Mpumlanga 19 TUTMP 60 (1-60) 1.47 Rain fall 620 mm (Lowveld)- 878 mm (Highveld), 1-35
[(1-54) obtained from °C temperature annually

farmer fields’ nodules;
(55-60) from glass
house test]
2. Limpopo 7 TUTLI 38 (63-100) glass house 1.37 Rain fall 788 mm, temperature 4-45 °C annually

3. Gauteng 1 TUTGP 2 (61-62) glass house 0.69 Rain fall 683 mm, temperature 5-30 °C annually




Table S2
Primers and PCR temperature profiles used for DNA amplification.

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

16S rDNA fD1 (9-29) AGAGTTTGATCCTGGCTCAG 5min 95 °C, 35 X (I min 95 °C, 1 min 55 °C, 1 min 72 °C), 10 min 72°C  [38]
rD1 (1474-1494) CTTAAGGAGGTGATCCAGCC

nifH 28f-TACGGNAARGGSGGNATCGGCAA 5min 94 °C, 20 X [30 s 94 °C, 30 s 65 °C (-0.5 °C / cycle), 90 s 72 °C], [43]
809r-AGCATGTCYTCSAGYYTCNTCCA 25X (30594 °C,30s65°C,90s 72 °C), 10 min 72 °C

ginll 13-~ AAGCTCGAGTACATCTGGCTCGACGG 2 min 95 °C, 35 X (45595 °C,30s 65 °C,905s 72 °C), 10 min 72 °C [52]
681r-SGAGCCGTTCCAGTCGGTGGTGTCG

2B 343f-TTCGACCAGAAYTCCTAYAAGG 10 min 95 °C, 35 X (30 s 94 °C, 30 s 58 °C, 1 min 72 °C), 10 min 72 °C [36]
1043r-AGCTTGTCCTTSGTCTGCG

atpD 189f- TCTGGTCCGYGGCCAGGAAG 2 min 95 °C, 35 X (45595 °C, 30 s 65 °C, 90 s 72 °C), 10 min 72 °C [52]

804r-CGACACTTCCGARCCSGCCTG




Table S3

Accession numbers of the gene sequences of the soybean nodulating isolates used for the

phylogenetic study

Strain 16S rDNA atpD gyrB ginll nifH
TUTMP16.11 KT148835 KT027870 KT027910 KT027888 KT027851
TUTMP18.6 KT148836 KT027871 KT027911 KT027889 KT027852
TUTMP18.11 KT148837 KT027876 KT027912 KT027890 KT027853
TUTMP19.10 KTO027877 KT027913 KT027891 KT027854
TUTLI2.20.6 KT729525 KT027878 KT027914 KT027893 KT027855
TUTLI2.10.7 KT729524 KT027879 KT027915 KT027894 KT027856
TUTLI4.10.5b KT027880 KT027916 KT027895 KT027857
TUTLI4.10.7 KT729526 KT027881 KT027917 KT027896 KT027858
TUTLI4.10.9 KT729522 KT027882 KT027918 KT027897 KT027859
TUTLI7.10.3 KT027883 KT027898 KT027860
TUTLI8.20.5 KT027884 KT027919 KT027903 KT027861
TUTMP2.9 KT148839 KT027885 KT027920 KT027899 KT027862
TUTMP7.7 KT148840 KT027872 KT027921 KT027900 KT027863
TUTMP9.7 KT148841 KT027873 KT027922 KT027901 KT027864
TUTMP12.13 KT027875 KT027924 KT027902 KT027865
TUTMP14.10.3b KT027926 KT027866
TUTGP10.10.2 KT148838 KT027892 KT027867
TUTLI2.20.7 KT729523 KT351629 KT027927 KT027906 KT027868
TUTMP10.6 KT027886 KT027904 KT027869
TUTMP11.7 KT027874 KT027923 KT027905

TUTMP14.20.2 KT027887 KT027925 KT027909

TUTMP17.10.2 KT027908

TUTMP14.10.3 KT351628 KT027928 KT027907




Table S4
Phenotypic and 16S rDNA-RFLP characteristics of soybean nodulating bradyrhizobia.

Number Isolate Field history Restriction Reactionto  Colony appeared Colony shape

used in designation patterns BTB on YMA

RFLP- (Mspl/Rsal/Haelll) plate (days)

dendrogram

1 TUTMP1.7 Uninoculated GFA Blue 10 Oval
2 TUTMP1.10 Uninoculated NFE Blue Domed
3 TUTMP2.9 Inoc. (B. japonicum) GDR Blue Domed
4 TUTMP2.11 Inoc. (B. japonicum) KGD Blue 10 Domed
5 TUTMP2.13 Inoc. (B. japonicum) NLE Blue 10 Domed
6 TUTMP3.7 Uninoculated MGS Blue 9 Domed
7 TUTMP3.13 Uninoculated GDD Blue 12 Flat
8 TUTMP4.2 Uninoculated EF- Blue 7 Domed
9 TUTMP4.13 Uninoculated GDR Blue 13 Flat
10 TUTMP5.1 Inoc. (B. japonicum) BBA Blue 9 Domed
11 TUTMP5.2 Inoc. (B. japonicum) BIA Blue 8 Domed
12 TUTMP5.3 Inoc. (B. japonicum) NLE Blue 8 Domed
13 TUTMP5.4a Inoc. (B. japonicum) BBR Blue 9 Domed
14 TUTMP5.4b Inoc. (B. japonicum) BBA Blue 12 Domed
15 TUTMP5.5 Inoc. (B. japonicum) EDD Blue Domed
16 TUTMP5.6 Inoc. (B. japonicum) NLE Blue Domed
17 TUTMP5.7 Inoc. (B. japonicum) GDD Blue 14 Domed
18 TUTMP5.12 Inoc. (B. japonicum) BBA Blue 9 Domed
19 TUTMP5.16 Inoc. (B. japonicum) NLA Yellow 11 Flat
20 TUTMP6.1 Inoc. (B. japonicum) LLL Blue 9 Domed
21 TUTMP6.4 Inoc. (B. japonicum) GDD Blue 12 Domed
22 TUTMP6.8 Inoc. (B. japonicum) --D Blue 9 Flat
23 TUTMP6.20 Inoc. (B. japonicum) NFG Blue 7 Domed
24 TUTMP7.7 Inoc. (B. japonicum) cJC Blue 10 Domed
25 TUTMP8.7 Inoc. (B. japonicum) BBR Blue 12 Domed
26 TUTMP8.9 Inoc. (B. japonicum) LLG Blue Domed
27 TUTMP8.14 Inoc. (B. japonicum) LKI Blue Conical
28 TUTMP9.3 Uninoculated GDA Blue 10 Domed
29 TUTMP9.5 Uninoculated NLE Blue 9 Domed
30 TUTMP9.7 Uninoculated BBA Blue 9 Domed
31 TUTMP9.11 Uninoculated 00s Blue 12 Domed
32 TUTMP10.6 Inoc. (B. japonicum) GDR Blue 14 Domed
33 TUTMP10.7 Inoc. (B. japonicum) BBA Blue 9 Domed
34 TUTMP10.8 Inoc. (B. japonicum) NFG Blue 6 Domed
35 TUTMP10.10  Inoc. (B. japonicum) NLE Blue 10 Domed
36 TUTMP10.11  Inoc. (B. japonicum) NLE Blue 13 Domed
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Table S5

Information of nucleotide sequences participated in phylogenetic analysis

No. of strains used

Nucleotide sequence information Frequency
for tree Cnoserved (C)  Variables Parsimony- Singleton (S) TIC/IAIG

Locus construction V) informative (Pi) Total* %)

atpD 48 248 (65.26) 132 (34.24) 75 (19.74) 57 (15) 380 19.5/31.3/15.5/33.6

glnll 57 184 (61.74) 114 (38.26) 96 (32.21) 18 (6.4) 298 17.1/30.4/17.6/35.0

gyrB 48 251 (54.57) 209 (45.43) 120 (26.1) 89 (19.25) 460 19.8/31.0/15.9/33.3
Concatenated 41 509 (60.6) 331 (39.4) 170 (20.24) 161 (19.17) 840 19.6/31.2/15.7/33.5
(atpD+ gyrB)

nifH 47 336(63.64) 192(36.36) 147(27.84) 45(8.52) 528 21.8/32.6/19.7/25.9

*number of sites used for tree construction



Table S6

Tajimas’ neutral mutation test of all test loci

Nucleotide Locus

information atpD ginil gyrB atpD+gyrB nifH
m 48 57 48 41 47
S 127 114 208 324 192
Ps 0.345 0.382 0.453 0.391 0.363
(0] 0.078 0.083 0.102 0.092 0.082
T 0.057 0.099 0.078 0.065 0.102
D -0.956 0.663 -0.865 -1.085 0.871

m = number of sequences used, S = Number of segregating sites, ps = S/n, n = total number of sites, ® = py/a;,
7 = nucleotide diversity, and D is the Tajima neutrality test



Table S7

Concatenated (atpD+gyrB) nucleotide sequence identity (%) of soybean bradyrhizobial isolates with type strains of Bradyrhizobium

Strains 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
Bradyrhizobium betae (1) D

Bradyrhizobium canariense (2) 94.7 1D

Bradyrhizobium dagingense (3) 93.2 932 D

Bradyrhizobiumdenitrificans (4) 909 902 903 D

Bradyrhizobium diazoefficiens (5) 948 948 951 921 D

Bradyrhizobiumelkanii (6) 926 928 929 909 950 D

Bradyrhizobium enbrapense (7) 91.9 922 926 90.8 939 960 ID

Bradyrhizobium ganzhouense (8) 939 940 932 897 953 929 923 D

Bradyrhizobium guangdongense (9) 93.6 935 939 917 954 938 929 934 D

Bradyrhizobium guangxiense (10) 92.8 934 950 911 948 93.0 917 927 942 D

Bradyrhizobium huanghuaihaiense(11) |936 938 959 911 965 940 932 947 942 946 ID

Bradyrhizobium japonicum (12) 941 947 941 914 965 946 934 944 953 940 95.0 D

Bradyrhizobium jicamae (13) 911 930 916 897 93.6 93.6 925 922 927 926 932 934 ID

Bradyrhizobium lablabi (14) 90.7 923 913 895 925 927 913 915 927 920 919 923 96.1 ID

Bradyrhizobium liaoningense (15) 940 944 941 915 953 933 926 938 945 944 947 947 928 920 ID

Bradyrhizobium ottawaense (16) 93.9 929 932 896 958 934 921 939 934 930 947 946 923 913 940 D

Bradyrhizobium pachyrhizi (17) 926 927 926 909 946 982 959 935 935 926 936 940 93.0 928 93.0 927 D

Bradyrhizobium paxllaeri (18) 89.5 923 905 895 920 915 916 910 913 914 914 913 958 959 915 90.0 921  ID

Bradyrhizobium retamae (19) 884 91.0 898 884 907 90.8 895 891 894 896 902 907 923 926 89.8 891 907 921 ID

Bradyrhizobium rifense (20) 942 955 93.6 904 955 926 920 959 935 941 953 941 928 913 941 936 929 914 897 ID

Bradyrhizobium tropiciagri (21) 923 927 925 908 947 9.1 963 927 938 927 935 939 933 923 926 923 965 915 89.8 92.7 ID

Bradyrhizobium yuanmingense (22) 927 929 945 919 947 940 932 927 935 945 947 945 920 908 940 929 935 905 89.1 932 939 D

Rhizobium lusitanum P1-7 (23) 736 746 745 753 741 747 748 741 735 750 745 740 746 745 744 734 750 740 728 746 751 750 ID

TUTLI2.10.7 (24) 944 946 945 919 973 942 930 945 960 947 955 983 930 921 948 942 939 911 902 946 940 941 745 D

TUTLI2.20.6 (25) 944 946 945 919 973 942 93.0 945 960 947 955 983 930 921 948 942 939 911 902 946 940 941 745 100 ID

TUTLI2.20.7 (26) 940 939 954 917 966 944 935 942 957 947 963 961 934 925 945 942 940 914 902 947 945 950 742 970 970 ID

TUTLI4.10.5b (27) 948 948 951 921 100 950 939 953 954 948 965 965 936 925 953 958 946 92.0 90.7 955 947 947 741 973 973 966 ID

TUTLI4.10.7 (28) 948 948 951 921 100 95.0 939 953 954 948 965 965 936 925 953 958 946 920 90.7 955 947 947 741 973 973 96.6 100 ID

TUTLI4.10.9 (29) 942 948 945 917 991 950 941 954 948 941 960 973 939 926 951 955 946 922 90.8 951 947 947 741 965 965 958 99.1 99.1 ID

TUTLI8.20.5 (30) 944 946 945 919 973 942 930 945 960 947 955 983 930 921 948 942 939 911 902 946 940 941 745 100 100 97.0 973 973 965 1D

TUTMP11.7 (31) 93.0 935 936 913 975 954 944 939 938 932 952 951 923 916 945 942 957 913 903 936 946 942 744 948 948 941 975 975 975 948 ID

TUTMP12.13 (32) 93.0 947 934 915 953 933 927 933 942 941 945 971 935 923 946 927 936 920 90.8 940 929 935 748 979 979 950 953 953 953 979 947 ID

TUTMP14.10.3 (33) 948 948 951 921 100 950 939 953 954 948 965 965 936 925 953 958 946 92.0 90.7 955 947 947 741 973 973 966 100 100 99.1 973 975 953 ID

TUTMP14.20.2 (34) 93.8 934 953 922 969 946 933 938 950 955 959 953 934 926 942 944 944 919 902 947 945 953 746 963 963 967 969 969 96.0 96.3 944 942 969 ID

TUTMP16.11 (35) 948 948 951 921 100 950 939 953 954 948 965 965 936 925 953 958 946 92.0 90.7 955 947 947 741 973 973 966 100 100 99.1 973 97.5 95.3 100.0 96.9 ID
TUTMP18.11 (36) 948 948 951 921 100 95.0 939 953 954 948 965 965 936 925 953 958 946 920 90.7 955 947 947 741 973 973 96.6 100 100 99.1 973 97.5 953 100.0 96.9 100 ID
TUTMP18.6 (37) 939 936 948 926 970 93.8 932 940 960 948 959 964 932 922 955 942 934 911 901 945 944 953 740 973 973 975 970 97.0 961 973 945 953 97.0 96.6 97.0 97.0 ID
TUTMP19.10 (38) 934 939 948 914 958 944 938 944 951 940 958 970 936 926 942 940 940 916 903 942 945 950 742 961 961 991 958 958 96.6 96.1 941 950 958 959 95.8 958 96.6
TUTMP2.9 (39) 94.0 945 940 916 984 947 940 941 941 940 953 958 938 923 946 952 944 921 905 945 944 953 742 958 958 951 984 984 984 958 97.3 957 984 953 984 984 954 95.1
TUTMP7.7 (40) 93.5 950 940 91.7 979 940 935 941 936 942 954 953 941 927 951 942 944 928 913 950 936 941 745 953 953 946 979 979 979 953 97.3 973 979 948 979 979 950 94.6 983
TUTMP9.7 (41) 93.4 942 938 919 977 947 938 940 939 938 952 954 932 920 946 942 941 916 907 944 940 941 745 951 951 944 977 977 978 951 97.3 952 97.7 94.6 977 97.7 947 945 97.8 97.8 |D
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Fig. S1: Dendrogram generated from 16S- rDNA-RFLP banding pattern data of soybean nodulating bradyrhizobial isolates
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Fig. S2: Phylogenetic tree based on atpD sequences generated by Maximum-Likelihood algorithm. Bootstrap
values (1000 replicates) are indicated above the branches.
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Fig. S3: Phylogenetic tree based on gyrB sequences generated by Maximum-Likelihood algorithm. Bootstrap
values (1000 replicates) are indicated above the branches.



