© 00 ~N oo o1 b~ W DN P

e e N N o
o M W N L O

Vigna unguiculata is nodulated in Spain by endosymbionts of Genisteae legumes and by

a new symbiovar (vignae) of genus Bradyrhizobium
Ana Bejarano®, Martha-Helena Ramirez-Bahena'?, Encarna Velazquez*®, Alvaro Peix™*"

! Instituto de Recursos Naturales y Agrobiologia, IRNASA-CSIC, Salamanca, Spain.

2 Unidad Asociada Universidad de Salamanca- CSIC ‘Interaccién Planta-Microorganismo’,
Salamanca, Spain.

* Departamento de Microbiologia y Genética, Lab. 209. Universidad de Salamanca. Edificio
Departamental de Biologia, Campus M. Unamuno. Salamanca, Spain.

*Corresponding author: Alvaro Peix. Instituto de Recursos Naturales y Agrobiologia,
IRNASA-CSIC. C/ Cordel de Merinas 40-52, 37008 Salamanca, Spain. Phone:
+34923219606. Fax:+34923219609. Email: alvaro.peix@csic.es



17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Abstract

Vigna unguiculata was introduced in Europe from Africa where it has its distribution center
being currently cultivated in Mediterranean regions with adequate edapho-climatic conditions
and where the slow growing rhizobia nodulating this legume have not yet been studied.
Previous studies based on rrs gene and ITS region analyses showed that B. yuanmingense and
B. elkanii nodulated V. unguiculata in Africa, two species that were not found in this study.
Using the same phylogenetic markers we showed that in Spain V. unguiculata, a legume from
Tribe Phaseolae, is nodulated by two species of group I, B. cytisi and B. canariense, which are
common endosymbionts of Genisteae in both Europe and Africa. These two species have not
been found up to date in V. unguiculata nodules in its African distribution centers. All strains
from Bradyrhizobium group | isolated in Spain belong to the symbiovar genistearum found at
present only in Genisteae legumes in both Africa and Europe. V. unguiculata is also nodulated
in Spain by a strain from the group Il of Bradyrhizobium belonging to a novel symbiovar
(vignae). Some African V. unguiculata- nodulating strains also belong to this symbiovar

proposed here.
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Introduction

The species Vigna unguiculata (cowpea) from the Tribe Phaseolae is indigenous to Africa
where the Transvaal region is considered its evolutionary center since the oldest varieties of
this legume were found in this region [20]. V. unguiculata takes part of human diet in African
countries [12] because it has high contents in protein (23%), carbohydrates (56%) and fiber
(4%) that can fulfil the human essential amino acid requirements complemented with cereals
[11]. Moreover this legume has great agronomic interest due to its resistance to acidity,
dryness and high temperatures [5, 8] and by the establishment of nitrogen-fixing symbiosis
that allow its use in intercrops with cereals, mainly maize, in the African countries [9, 14]. In
these African countries this legume establishes nitrogen-fixing symbioses with several slow
growing strains from genus Bradyrhizobium being B. yuanmingense and B. elkanii the main
species identified in cowpea nodules [16, 25, 36].

V. unguiculata was introduced from Northern Africa in the South of Europe where this
legume is currently cultivated in Mediterranean regions such as Extremadura (Spain), a warm
region with acidic soils suitable for the cropping of this legume and where it is very
appreciated by the consumers. Nevertheless, despite the interest of this legume for
intercropping of rotation with non-legumes overall in European Mediterranean countries there
are no data about the rhizobia establishing nitrogen-fixing symbiosis with this legume in
Europe .

This work is the first one carried out in an European country that aimed the identification of
slow growing strains nodulating V. unguiculata as well as the analysis of their phylogenetic
relationships with those nodulating this legume in African countries. Surprisingly, the results
of this work showed the nodulation of V. unguiculata, a legume that belongs to the Tribe
Phaseolae, by endosymbionts of legumes from Tribe Genisteae that have not been found in
African countries. In addition, we detected a phylogenetic lineage belonging to the
Bradyrhizobium group 1l scarcely present in Europe whose nodC gene correspond to a novel

symbiovar within this genus also present in Africa for which we propose the name vignae.

Materials and methods

Strains and nodulation experiments

Plants of V. unguiculata were used as trap plants in a soil from Extremadura in Spain. The
rhizobial strains were isolated from the nodules according to the method of Vincent [42]. In

order to confirm the nodulation capacity of the strains, infectivity tests were conducted in a
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growth chamber with controlled conditions using sterile vermiculite as substrate. Vigna
unguiculata were surface disinfected and seedlings were inoculated as described by Ramirez-
Bahena et al. [27].

RAPD fingerprinting

RAPD patterns were obtained as previously described [30] using the primer M13 (5’-
GAGGGTGGCGGTTCT -3’) and the GoTag Flexi DNA polymerase (Promega). PCR
conditions were: preheating at 95 °C for 9 min; 35 cycles of denaturing at 95 °C for 1 min;
annealing at 45 °C for 1 min and extension at 75 °C for 2 min, and a final extension at 72 °C
for 7 min. 10 pl of each PCR products were electrophoresed on 1.5% (w/v) agarose gel in
TBE buffer (100 mM Tris, 83 mM boric acid, 1 mM EDTA, pH 8.5) at 6 V/cm, stained in a
solution containing 0.5 g/ml ethidium bromide, and photographed under UV light. Standard
VI (Roche, USA) was used as a size marker. A dendrogram was constructed based on the
matrix generated using UPGMA method and the Pearson coefficient with Bionumerics
version 4.0 software (Applied Maths, Austin, TX)

Analysis of rrs, atpD and nodC genes and 16S-23S intergenic spacer (ITS)

The rrs was amplified and sequenced according to Rivas et al. [28], the ITS as described by
Peix et al. [22]. The nodC gene was amplified with the primers and conditions described by
Laguerre et al. [17], except for the strain VUPME 10 whose nodC genes were amplified and
sequenced with the following primers nodCBradyF (5 CGCAAGGCGCAGWTCGC 3’) and
nodCBradyR (5 GGKGTGVAGCGMGAAGCCG 3’). PCR amplifications were performed
with a REDEXxtract-N-Amp PCR Kit (Sigma) or GoTaq Flexi DNA polymerase kit (Promega)
or DreamTaqg Green DNA polymerase (Thermo) following the manufacturers’ instructions.
The bands corresponding to the different genes were purified either directly from the gel by
room temperature centrifugation using a DNA gel extraction device (Millipore Co., USA) for
10 min at 5000 g or by elution of the excised band and filtration through silicagel columns
using the Qiaquick DNA Gel Extraction Kit (Qiagen, Germany) in all cases following the
manufacturers’ instructions. In the case of nodC gene from strain VUPMEZ10, The amplified
product obtained in the previous section (ca. 800 bp) was cloned into the vector pJetl.2/blunt
Cloning Vector using the CloneJET PCR Cloning Kit (Thermo) according to manufacturer's
instructions for the Sticky-End Cloning Protocol. Transformation Protocol was performed

using Promega instructions for competent cells JM109 (Promega). The analysis of the
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recombinant clones was carried out following the protocol for colony screening by PCR
following the cloning kit manufacturer's instructions.

The sequence reaction was performed on an ABI PRISM 3100 sequencer using a BigDye
terminator v3.1 cycle sequencing kit (Applied Biosystems Inc., USA) as supplied by the
manufacturer. The sequences obtained were compared to those held in GenBank by using the
BLASTN program [1]. They were aligned by using Clustal W software [40]. Distances
calculated according to Kimura's two-parameter model [15] were used to infer phylogenetic
trees with the neighbour-joining and maximum likelihood methods [6, 33] with MEGAS5
software [39]. Confidence values for nodes in the trees were generated by bootstrap analysis
using 1000 permutations of the data sets.

Results and discussion

RAPD fingerprinting analysis

We isolated 40 slow growing strains on YMA plates with typical morfology of genus
Bradyrhizobium that were able to nodulate this host forming effective nodules (pink red
colour). These isolates were analysed by RAPD fingerprinting that allows the differentiation
among strains of the same Bradyrhizobium species [7, 26]. This technique provides an
estimation of the genetic diversity showing that strains with about 75% identity belong to the
same species [26]. Our isolates were this way distributed into nine groups of RAPD with
similarity percentages lower than this value (Fig. 1), from which we selected representative

strains for gene sequence analysis.

Analysis of rrs gene and 16S-23S ITS region

The strains isolated from V. unguiculata nodules in Africa belong to genus Bradyrhizobium
and have been mainly identified on the basis of their rrs gene and ITS region [16, 25, 36] that
allowed their placement into the groups I and 11 of Bradyrhizobium proposed by Menna et al.
[19]. The results of the analysis of these phylogenetic markers showed that our strains mostly
belong to the group | with a single strain clustering into group Il (Figs. 2 and 3, S1 and S2).
Within group |, the isolates cluster in different phylogenetic lineages some of them branching
with previously described species such as that represented by the strain VUPMEZ29, (RAPD
group 1) which was identified as B. canariense since it has rrs gene and ITS sequences

identical to those of its type strain BTA-1".
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The strains VUPMEOQO4, VUPMES82 and VUPMEZ26 representing the RAPD groups VI, VII
and VII1, respectively, were identified as B. cytisi since they have rrs gene and ITS sequences
almost identical to those of its type strain CTAW11".

The strain VUPMESO representing the RAPD group VII has rrs gene and ITS region 100%
identical to that of strain BGA-1 currently classified into B. japonicum.

The strains VUPMI37, presenting the RAPD type IV and VUPMI11 representing the RAPD
group IX, formed a cluster related to B. canariense with more than 99% and 96.8% identity in
the rrs gene and ITS region, respectively.

The strain VUPMI33, presenting the RAPD type |, formed independent branches in the
phylogenetic trees of both rrs gene and ITS region, being close to B. japonicum USDA 6"
with 97.5% identity in this last region.

Finally, within the group Il we only found a strain, VUPMEZ10 showing the RAPD type I,
closely related to B. pachyrhizi PAC48" with identities higher than 99% in the rrs gene and
97% in the ITS region.

Our results contrast with those obtained in Africa, where V. unguiculata was distributed to
Europe, since we did not find in our work the species B. yuanmingense from group | and B.
elkanii from group 1l reported in V. unguiculata nodules in different African countries (Figs. 2
and 3, S1 and S2), including the considered distribution centers of this legume [25, 36].
Interestingly, the strains isolated from V. unguiculata in Spain were identified as B. cytisi and
B. canariense, species not found up to date in V. unguiculata nodules in Africa despite B.
cytisi was firstly isolated in this continent [4] and B. canariense was found in Lupinus nodules
in South Africa [37]. These two species are common endosymbionts of Genisteae legumes
being B. canariense the main endosymbiont of Genisteae in Europe [2, 35, 38, 41] where this
species is probably indigenous [37].

Only a common cluster was found both in Europe (reported in this work) and in Africa [36],
which is the cluster of strain BGA-1, branching in Bradyrhizobium group | (see Figs. 2 and
3). This strain is currently classified as B. japonicum although it formed a lineage within this
species with only 97% identity with respect to the type strain USDA 6 in the ITS region. As
occurs with B. cytisi and B. canariense, this lineage is commonly found in Europe and Africa
in Genisteae legumes [13, 35, 37, 38, 41].

Within group Il the lineage found in Spain has not been found up to date in African countries
(figures 2 and 3). It is remarkable that strains from this group have been scarcely found in
European soils with only some strains nodulating Lupinus mariae-josephi [34] and one strain

of the recently described species, B. retamae [7].
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Therefore, the results of the analysis of core markers showed that V. unguiculata strains
isolated in Spain mostly belong to species that were not found up to date in its nodules in the
African countries. It is therefore an interesting finding the fact that the species B. canariense
and B. cytisi nodulate this legume in Spain because they are common endosymbionts of
Genisteae legumes and V. unguiculata belongs to the Tribe Phaseolae. Nevertheless, since the
ability to nodulate legumes is dependent of their promiscuity degree as well as to the host
range of rhizobia, the most interesting point is to analyze the symbiovars to which the strains

isolated in this study belong.

Analysis of nodC gene

The nodC gene is a phylogenetic marker related to the host range of rhizobia and promiscuity
level of legumes [10, 24, 26, 29, 31, 32], and the analysis of its sequences has been recently
proposed to be considered a minimal standard for definition of symbiovars in rhizobia [21,
32]. This gene has been used to delineate the symbiovars defined within genus
Bradyrhizobium, which currently are genistearum, glycinearum, retamae and sierranevadense
[2, 7, 43]. Although it has not been established a cutoff value to differentiate these
symbiovars, the available data suggest to consider it around 90% similarity since values
higher than this percentage are presented by strains from symbiovar glycinearum (Figs. 4 and

S3).

According to the results, all strains from Bradyrhizobium group I nodulating V. unguiculata in
this study belong to symbiovar genistearum (Figs. 4 and S3) that is the common
endosymbiont of Genisteae legumes in Europe [2, 38, 41] and Africa [3, 37]. However this
symbiovar was not previously found in V. unguiculata in Africa. In fact African V.
unguiculata strains were reported to cluster within a clade different from that occupied by
strains isolated from Genisteae legumes according to the nodA gene analysis [36]. The
available nodC gene sequences of African strains belonging to Bradyrhizobium group | placed
them into two clusters (Figs. 4 and S3), one of them also containing the type strain of B.
arachidis and other corresponding to the symbiovar glycinearum, a common endosymbiont of
the Phaseolae Glycine max (soybean), to which also belong the type strains of B. japonicum
and B. dagingense nodulating this legume and B. huanghuaihaiense that nodulated soybean
and V. unguiculata [44]. Therefore, this is the first report about the ability of the symbiovar
genistearum, common endosymbiont of Genisteae legumes, to nodulate the Phaseolae legume
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V. unguiculata in Europe, proposed geographical origin of strains nodulating Genisteae
legumes [37].

On the other hand, the single strain belonging to the group Il of Bradyrhizobium, VUPME 10,
clustered with other species of this group such as B. pachyrhizi and B. elkanii but forming a
divergent new lineage that presented less than 89% identity with respect to the remaining
symbiovars of genus Bradyrhizobium (Figs. 4 and S3). This new lineage is also present in V.
unguiculata nodules in Africa constituting a novel symbiovar of Bradyrhizobium able to
nodulate Vigna, for which we propose the name vignae.

All our results confirm those obtained after the nodA gene analysis in African strains showing
that V. unguiculata is a very promiscuous legume able to establish symbiosis with slow
growing rhizobia belonging to different clades [36]. This is a common finding not only in V.
unguiculata [18, 44], but also in other Phaseolae legumes nodulated by Bradyrhizobium such
as soybean or Pachyrhizus that are nodulated by several nodC lineages (Figs. 4 and S3). This
promiscuity allows the Phaseolae legume V. unguiculata to nodulate with the symbiovar
genistearum of Bradyrhizobium which is the common endosymbiont of Genisteae legumes in
Europe [2, 38, 41]. The presence of the new symbiovar vignae in both African and European
soils and the complete identity of the nodC gene from the strains isolated in these two
continents indicate that they have the same origin suggesting the dispersion of this symbiovar
with V. unguiculata seeds from Africa to Europe, as reported for other rhizobial
endosymbionts and their hosts’ seeds [23]. This hypothesis should be further confirmed when

more isolates from this new symbiovar are available in African and European soils.

In summary, our results based on the analysis of the core phylogenetic markers showed that:
(i) V. unguiculata is nodulated by two species not previously found in this legume in Africa,
B. canariense and B. cytisi, only found up to date in nodules of Genisteae legumes; (ii) B.
cytisi is reported for the first time in this work to be present in Europe; (iii) The analysis of
the symbiotic nodC gene confirmed the high promiscuity of V. unguiculata able to nodulate
with several symbiovars including the symbiovar genistearum, found in this work by first
time in V. unguiculata nodules in Europe, and by a new symbiovar (vignae) present in both

Africa and Europe.

Acknowledgments

MHRB is recipient of a JAE-Doc researcher contract from CSIC cofinanced by ERDF.



240
241

242
243

244
245
246
247
248

249
250
251

252
253
254

255
256

257
258

259
260
261
262
263

264
265

266
267

References

[1] Altschul, S.F., Gish, W., Miller, W., Myers, E.W., Lipman, D.J. (1990) Basic local
alignment search tool. J. Mol. Biol. 215, 403-410.

[2] Cobo-Diaz, J.F., Martinez-Hidalgo, P., Fernandez-Gonzalez, A.J., Martinez-Molina, E.,
Toro, N., Velazquez, E., Fernandez-Lopez, M. (2013) The endemic Genista versicolor from
Sierra Nevada National Park in Spain is nodulated by putative new Bradyrhizobium species
and a novel symbiovar (sierranevadense). Syst. Appl. Microbiol. DOI:
10.1016/j.syapm.2013.09.008

[3] Chahboune, R., Barrijal, S., Moreno, S., Bedmar, E.J. (2011) Characterization of
Bradyrhizobium species isolated from root nodules of Cytisus villosus grown in Morocco.
Syst. Appl. Microbiol. 34, 440-445.

[4] Chahboune, R., Carro, L., Peix, A., Barrijal, S., Velazquez, E., Bedmar, E.J. (2011)
Bradyrhizobium cytisi sp nov., isolated from effective nodules of Cytisus villosus. Int. J. Syst.
Evol. Microbiol. 61, 2922-2927.

[5] Ehlers, J.D., Hall, A.E. (1997) Cowpea (Vigna unguiculata L Walp). Field Crop. Res. 53,
187-204.

[6] Felsenstein, J. (1981) Evolutionary trees from DNA-sequences-a maximum likelihood
approach. J. Mol. Evol. 17, 368-376.

[7] Guerrouj, K., Ruiz-Diez, B., Chahboune, R., Ramirez-Bahena, M.H., Abdelmoumen, H.,
Quinones, M.A., El Idrissi, M.M., Velazquez, E., Fernandez-Pascual, M., Bedmar, E.J., PeiXx,
A. (2013) Definition of a novel symbiovar (sv. retamae) within Bradyrhizobium retamae sp
nov., nodulating Retama sphaerocarpa and Retama monosperma. Syst. Appl. Microbiol. 36,
218-223.

[8] Hall, A.E. (2011) Breeding Cowpea for Future Climates, Crop Adaptation to Climate
Change, Wiley-Blackwell, pp. 340-355.

[9] Iderawumi, A.M., Friday, C.E. (2013) Effects of Geometric Row Arrangement on Growth
and Yield of Cowpea in a Maize- Cowpea Intercrop. Ind. J. Inn. Dev. 2, 816-820.



268
269
270

271
272

273
274
275

276
277
278
279

280
281
282

283
284

285
286
287
288

289
290
291

292
293
294
295

[10] Iglesias, O., Rivas, R., Garcia-Fraile, P., Abril, A., Mateos, P.F., Martinez-Molina, E.,
Velazquez, E. (2007) Genetic characterization of fast-growing rhizobia able to nodulate
Prosopis alba in North Spain. FEMS Microbiol. Lett. 277, 210-216.

[11] Igbal, A., Khalil, I.A., Ateeq, N., Khan, M.S. (2006) Nutritional quality of important
food legumes. Food Chem. 97, 331-335.

[12] Jackson, J., Kinabo, J., Mamiro, P., Mamiro, D., Jideani, V. (2013) Dry Beans and
Pulses: Production, Processing and Nutrition, in:M. Siddig, M.A. Uebersax (Eds.) Utilization
of Dry Beans and Pulses in Africa, Whiley-Blackwell, Oxford, pp. 261-282.

[13] Jarabo-Lorenzo, A., Perez-Galdona, R., Donate-Correa, J., Rivas, R., Velazquez, E.,
Hernandez, M., Temprano, F., Martinez-Molina, E., Ruiz-Argueso, T., Leon-Barrios, M.
(2003) Genetic diversity of bradyrhizobial populations from diverse geographic origins that

nodulate Lupinus spp. and Ornithopus spp. Syst. Appl. Microbiol. 26, 611-623.

[14] Kabululu, S.M., Ojiewo, C., Oluoch, M., Maass, B.L. (2013) Cowpea Cultivar Mixtures
for Stable and Optimal Leaf and Seed Yields in a Maize Intercropping System. Int. J. Veg.
Sci. 20: DOI: 10.1080/19315260.19312013.19813889.

[15] Kimura, M. (1980) A simple method for estimating evolutionary rates of base

substitutions through comparative studies of nucleotide sequences. J. Mol. Evol. 16, 111-120.

[16] Krasova-Wade, T., Ndoye, I., Braconnier, S., Sarr, B., de Lajudie, P., Neyra, M. (2003)
Diversity of indigeneous bradyrhizobia associated with three cowpea cultivars (Vigna
unguiculata (L.) Walp.) grown under limited and favorable water conditions in Senegal (West
Africa). African J. Biotech. 2, 13-22.

[17] Laguerre, G., Nour, S.M., Macheret, V., Sanjuan, J., Drouin, P., Amarger, N. (2001)
Classification of rhizobia based on nodC and nifH gene analysis reveals a close phylogenetic

relationship among Phaseolus vulgaris symbionts. Microbiology-(UK). 147, 981-993.

[18] Lopez-Lopez, A., Negrete-Yankelevich, S., Rogel, M.A., Ormeno-Orrillo, E., Martinez,
J., Martinez-Romero, E. (2013) Native bradyrhizobia from Los Tuxtlas in Mexico are
symbionts of Phaseolus lunatus (Lima bean). Systematic and applied microbiology. 36, 33-
38.

10



296
297
298
299

300
301
302
303

304
305

306
307
308
309

310
311
312

313
314

315
316
317

318
319
320
321

322
323
324

[19] Menna, P., Barcellos, F.G., Hungria, M. (2009) Phylogeny and taxonomy of a diverse
collection of Bradyrhizobium strains based on multilocus sequence analysis of the 16S rRNA
gene, ITS region and ginll, recA, atpD and dnaK genes. Int. J. Syst. Evol. Microbiol. 59,
2934-2950.

[20] Paludosi, S., Ng, N.Q. (1997) Origin, taxonomy and morphology of Vigna unguiculata
(L.) Walp., in:B.B. Singh, D.R. Mohan Raj, K.E. Dashiell, L.E.N. Jackai (Eds.) Advances in
Cowpea Research, International Insitute of Tropical Agriculture (IITA) and Japan

International Research Center of Agricultural Siences (JIRCAS), Nigeria, pp. 1-12.

[21] Peix, A., Ramirez-Bahena, M.H., Veldzquez, E., Bedmar, E.J. (in press) Bacterial
associations with legumes. Crit. Rev. Plant Sci.

[22] Peix, A., Rivas, R., Velazquez, E., Mateos, P.F., Martinez-Molina, E., Munoz-Herrera,
A., Gomez-Alonso, A., Velazquez, E. (2005) Application of horizontal staircase
electrophoresis in agarose minigels to the random intergenic spacer analysis of clinical
samples. Electrophoresis. 26, 4402-4410.

[23] Perez-Ramirez, N.O., Rogel, M.A., Wang, E., Castellanos, J.Z., Martinez-Romero, E.
(1998) Seeds of Phaseolus vulgaris bean carry Rhizobium etli. FEMS Microbiol. Ecol. 26,
289-296.

[24] Perret, X., Staehelin, C., Broughton, W.J. (2000) Molecular basis of symbiotic
promiscuity. Microbiol. Mol. Biol. Rev. 64, 180-+.

[25] Pule-Meulenberg, F., Belane, A.K., Krasova-Wade, T., Dakora, F.D. (2010) Symbiotic
functioning and bradyrhizobial biodiversity of cowpea (Vigna unguiculata L. Walp.) in
Africa. BMC Microbiol. 10, 12.

[26] Ramirez-Bahena, M.H., Chahboune, R., Velazquez, E., Gomez-Moriano, A., Mora, E.,
Peix, A., Toro, M. (2013) Centrosema is a promiscuous legume nodulated by several new
putative species and symbiovars of Bradyrhizobium in various American countries. Syst.
Appl. Microbiol. 36, 392-400.

[27] Ramirez-Bahena, M.H., Velazquez, E., Fernandez-Santos, F., Peix, A., Martinez-Molina,
E., Mateos, P.F. (2009) Phenotypic, genotypic, and symbiotic diversities in strains nodulating
clover in different soils in Spain. Can. J. Microbiol. 55, 1207-1216.

11



325
326
327

328
329
330
331

332
333
334

335
336
337

338
339

340
341

342
343
344
345

346
347
348
349
350

351
352

[28] Rivas, R., Garcia-Fraile, P., Mateos, P.F., Martinez-Molina, E., Velazquez, E. (2007)
Characterization of xylanolytic bacteria present in the bract phyllosphere of the date palm
Phoenix dactylifera. Lett. Appl. Microbiol. 44, 181-187.

[29] Rivas, R., Laranjo, M., Mateos, P.F., Oliveira, S., Martinez-Molina, E., Velazquez, E.
(2007) Strains of Mesorhizobium amorphae and Mesorhizobium tianshanense, carrying
symbiotic genes of common chickpea endosymbiotic species, constitute a novel biovar
(ciceri) capable of nodulating Cicer arietinum. Lett. Appl. Microbiol. 44, 412-418.

[30] Rivas, R., Peix, A., Mateos, P.F., Trujillo, M.E., Martinez-Molina, E., Velazquez, E.
(2006) Biodiversity of populations of phosphate solubilizing rhizobia that nodulates chickpea
in different Spanish soils. Plant Soil. 287, 23-33.

[31] Roche, P., Maillet, F., Plazanet, C., Debelle, F., Ferro, M., Truchet, G., Prome, J.C.,
Denarie, J. (1996) The common nodABC genes of Rhizobium meliloti are host-range
determinants. Proc. Natl. Acad. Sci. U. S. A. 93, 15305-15310.

[32] Rogel, M.A., Ormeno-Orrillo, E., Romero, E.M. (2011) Symbiovars in rhizobia reflect
bacterial adaptation to legumes. Syst. Appl. Microbiol. 34, 96-104.

[33] Saitou, N., Nei, M. (1987) The neighbour-joining method: a new method for
reconstructing phylogenetics trees. Mol. Biol. Evol. 4, 406-425.

[34] Sanchez-Canizares, C., Rey, L., Duran, D., Temprano, F., Sanchez-Jimenez, P., Navarro,
A., Polajnar, M., Imperial, J., Ruiz-Argueso, T. (2011) Endosymbiotic bacteria nodulating a
new endemic lupine Lupinus mariae-josephi from alkaline soils in Eastern Spain represent a

new lineage within the Bradyrhizobium genus. Syst. Appl. Microbiol. 34, 207-215.

[35] Sanchez-Juanes, F., Ferreira, L., de la Vega, P.A., Valverde, A., Barrios, M.L., Rivas, R.,
Mateos, P.F., Martinez-Molina, E., Gonzalez-Buitrago, J.M., Trujillo, M.E., Velazquez, E.
(2013) MALDI-TOF mass spectrometry as a tool for differentiation of Bradyrhizobium
species: Application to the identification of Lupinus nodulating strains. Syst. Appl. Microbiol.
36, 565-571.

[36] Steenkamp, E.T., Stepkowski, T., Przymusiak, A., Botha, W.J., Law, 1.J. (2008) Cowpea

and peanut in southern Africa are nodulated by diverse Bradyrhizobium strains harboring

12



353
354

355
356
357

358
359
360
361

362
363
364

365
366
367

368
369
370
371

372
373
374

375
376
377
378
379
380

nodulation genes that belong to the large pantropical clade common in Africa. Mol.
Phylogenet. Evol. 48, 1131-1144.

[37] Stepkowski, T., Moulin, L., Krzyzanska, A., Mclnnes, A., Law, 1.J., Howieson, J. (2005)
European origin of Bradyrhizobium populations infecting lupins and serradella in soils of
Western Australia and South Africa. Appl. Environ. Microbiol. 71, 7041-7052.

[38] Stepkowski, T., Zak, M., Moulin, L., Kroliczak, J., Golinska, B., Narozna, D., Safronova,
V.1., Madrzak, C.J. (2011) Bradyrhizobium canariense and Bradyrhizobium japonicum are
the two dominant rhizobium species in root nodules of lupin and serradella plants growing in
Europe. Syst. Appl. Microbiol. 34, 368-375.

[39] Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., Kumar, S. (2011) MEGAS5:
Molecular Evolutionary Genetics Analysis Using Maximum Likelihood, Evolutionary
Distance, and Maximum Parsimony Methods. Mol. Biol. Evol. 28, 2731-27309.

[40] Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F., Higgins, D.G. (1997) The
CLUSTAL_X windows interface: flexible strategies for multiple sequence alignment aided by
quality analysis tools. Nucleic Acids Res. 25, 4876-4882.

[41] Velazquez, E., Valverde, A., Rivas, R., Gomis, V., Peix, A., Gantois, I., lgual, J.M.,
Leon-Barrios, M., Willems, A., Mateos, P.F., Martinez-Molina, E. (2010) Strains nodulating
Lupinus albus on different continents belong to several new chromosomal and symbiotic

lineages within Bradyrhizobium. Antonie van Leeuwenhoek. 97, 363-376.

[42] Vincent, J.M. (1970) The cultivation, isolation and maintenance of rhizobia, in:J.M.
Vincent (Ed.) A manual for the practical study of root-nodule bacteria, Blackwell Scientific
Publications, Oxford, pp. 1-13.

[43] Vinuesa, P., Leon-Barrios, M., Silva, C., Willems, A., Jarabo-Lorenzo, A., Perez-
Galdona, R., Werner, D., Martinez-Romero, E. (2005) Bradyrhizobium canariense sp nov., an
acid-tolerant endosymbiont that nodulates endemic genistoid legumes (Papilionoideae :
Genisteae) from the Canary lIslands, along with Bradyrhizobium japonicum bv. genistearum,
Bradyrhizobium genospecies alpha and Bradyrhizobium genospecies beta. Int. J. Syst. Evol.
Microbiol. 55, 569-575.

13



381 [44] Zhang, Y.M,, Li, Y.J., Chen, W.F., Wang, E.T., Sui, X.H., Li, Q.Q., Zhang, Y.Z., Zhou,
382 Y.G,, Chen, W.X. (2012) Bradyrhizobium huanghuaihaiense sp nov., an effective symbiotic
383  bacterium isolated from soybean (Glycine max L.) nodules. Int. J. Syst. Evol. Microbiol. 62,
384  1951-1957.

385
386

14



387

388
389
390

391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

407

Figure legends

Figure 1. Dendrogram obtained for the strains of Vigna unguiculata using Pearson’s
coefficient and UPGMA analysis of the RAPD profiles.

Figure 2. Neighbour-joining phylogenetic rooted tree based on rrs gene sequences (1485 nt)
showing the taxonomic affiliation of the strains representative of the different RAPD groups.
Bootstrap values calculated for 1000 replications are indicated. Bar, 1 nt substitution per 100

nt. Genbank Accession numbers are given in brackets.

Figure 3. Neighbour-joining phylogenetic rooted tree based on 16S-23S rRNA internal
transcribed spacer (ITS) sequences (810 nt) showing the taxonomic affiliation of the strains
representative of the different RAPD groups. Bootstrap values calculated for 1000
replications are indicated. Bar, 1 nt substitution per 100 nt. Genbank Accession numbers are
given in brackets.

Figure 4. Neighbour-joining phylogenetic tree based on nodC gene sequences (400 nt)
showing the position of representative strains from different RAPD groups. Bootstrap values
calculated for 1000 replications are indicated. Bar, 5 nt substitution per 100 nt. Genbank

Accession numbers are given in brackets.
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Bosea thiooxidans DSM9653T (NR_041994) Medicago sativa — India

Figure S1. Maximum likelihood phylogenetic rooted tree based on rrs gene sequences (1485 nt)
showing the taxonomic affiliation of the strains representative of the different RAPD groups.
Bootstrap values calculated for 1000 replications are indicated. Bar, 1 nt substitution per 100 nt.
Genbank Accession numbers are given in brackets.
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spacer (ITS) sequences (810 nt) showing the taxonomic affiliation of the strains representative of the

different RAPD groups. Bootstrap values calculated for 1000 replications are indicated. Bar, 2 nt
substitution per 100 nt. Genbank Accession numbers are given in brackets.
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Bradyrhizobium genosp. beta BRE-1 (FJ499319) Chamaecytisus proliferus - Spain
Bradyrhizobium canariense VUPME29 (HG940522)
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sv. genistearum

100

L Bradyrhizobium cytisi CTAW11T (EU597844) Cytisus triflorus - Morocco

Bradyrhizobium iriomotense EK05T (AB301000) Entada koshunensis - Japan
Bradyrhizobium sp. GV137 (KF483556) Genista versicolor-Spain sv. sierranevadense
_| Bradyrhizobium jicamae PAC68T (AB573869) Pachyrhizus erosus - Honduras

Bradyrhizobium retamae Ro19T (KC247112) Retama monosperma - Morocco
496|_— Bradyrhizobium lablabi CCBAU 230867 (GU433565) Lablab purpureus - China ‘ sv. retamae
52 Bradyrhizobium elkanii USDA 767 (HQ233221) Glycine max - USA
_|: Bradyrhizobium pachyrhizi LMG 242467 (HQ588110) Pachyrhizus erosus - Costa Rica

Bradyrhizobium sp. VUPME10 (HG940520) .
—|_ o ] ) sv. vignae
100 ' Bradyrhizobium sp. STM3062 (GQ336857) Vigna unguiculata- Ivory Coast
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99

Bradyrhizobium arachidis CCBAU 0511077 (HM107267) Arachis hypogaea - China
Bradyrhizobium sp. ORS 3257 (KF694972) Vigna unguiculata - Senegal

Bradyrhizobium yuanmingense NBRC 100594 (AB354633) Lespedeza cuneata - China

> Bradyrhizobium huanghaihainense CCBAU 233037 (HQ231507) Glycine max - China

100 Bradyrhizobium sp. STM3060 (GQ336858) Vigna unguiculata — Ivory Coast

100 || Bradyrhizobium daquingense CCBAU 157747 (HQ231326) Glycine max - China Sv. glycinearum
Bradyrhizobium japonicum USDAGT (AP012206) Glycine max - Japan
° Bradyrhizobium japonicum USDA 1107 (NC_004463) Glycine max-Thailand
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0,05 Figure S3. Maximum likelihood phylogenetic tree based on nodC gene sequences (400 nt) showing the position of representative
strains from different RAPD groups. Bootstrap values calculated for 1000 replications are indicated. Bar, 5 nt substitution per 100

nt. Genbank Accession numbers are given in brackets.
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