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RESUMO GERAL

O génerdradyrhizobiunmse destaca entre os géneros de bactérias fixadoras
de nitrogénio que nodulam leguminosas por predangintie 0s microssimbiontes
eficientes de espécies florestais, forrageiras eadigbacdo verde, além de
importantes espécies de grdos, como a soja, caapieadoim. Devido a essa
importancia, o objetivo do trabalho foi caractarizimbidtica, fenotipica e
geneticamente estirpes diradyrhizobiumisoladas de diferentes ecossistemas
brasileiros. Para isso, realizou-se teste de ngilulem soja, testes de resisténcia a
diferentes antibiéticos e tolerdncia a diferentégeis de salinidade e andlise
filogenéticas de cinco genkesusekeepinatpD, dnaK, gyrB, recA e rpoB) com 50
estirpes isoladas de solos da Amazb6nia e MinasisGéapartir dos resultados
obtidos na analise filogenética, um grupo de ciestirpes (Gll) foi selecionado
para a realizacé@o de novos estudos com o intuittedéficar a posicéo taxondmica
dessas estirpes. Nessa segunda parte do trabatm fealizados testes de
tolerancia a diferentes temperaturas e valoresHlietgste de solubilizacdo de
fosfatos inorgénicos e hibridizacdo DNA:DNA. Emarglo as 50 estirpes estudadas,
verificou-se que onze estirpes foram capazes delarogoja e que, no geral, as
estirpes d@radyrhizobiurmforam resistentes a maioria dos antibiéticos destaNo
teste de salinidade observou-se crescimento lmwtede todas as estirpes até a
concentracdo de 0,5% NaCl e apenas as estirpes 3142, UFLA03-143,
UFLAO03-145 e UFLAOQ3-146 cresceram a 1% de NaCl. niélise filogenética
destacou grupos de estirpes com potencial de serevas espécies de
Bradyrhizobium A analise filogenética das sequéncias concatedadagenes
housekeepingatpD, recA, dnaKe gyrB gerou um grupo formado pelas cinco
estirpes estudadas diferente das espéciBsadigrhizobiumia descritas, confirmou
0 resultado encontrado na primeira parte do trabadlendo a espécie d&
liaoningensea mais préxima do grupo com 96,12% de similaridddeelimitacéo
da espécie foi realizada pelo teste de hibridizeQB8#\:DNA que apresentou
resultado abaixo de 70%. As estirpes desse grulpcf@scem em valores de pH
de 4 a 9, nas temperaturas 15 e 28°C, salinidadéd ag0,5% NaCl e variaram
guanto a resiténcia aos antibidticos. As estir@as apresentam a capacidade de
solubilizar fosfatos inorganicos, ndo nodulam sojaodulam caupi. Baseado nas
caracteristicas genéticas, fenotipicas e simb#titEmonstradas nesse trabalho,
verificou-se a existéncia de estirpes com altorpigé de serem novas espécies de
Bradyrhizobiume foi proposto que as estirpes pertencentes asefaiin incluidas
em uma nova espécie denomindsiadyrhizobium amazonenssp. nov. com
UFLA03-150 como estirpe tipo.

Palavras-chave: Bactérias fixadoras de nitrogémaxonomia. Hibridizacao
DNA:DNA. Housekeepingenes.



GENERAL ABSTRACT

The genus Bradyrhizobium stands out among the gehusgume-
nodulating nitrogen-fixing bacteria because it prathates among efficient
microsymbionts of forest species, forage and gmeanure, as well as grain
species. Due to this importance, the aim of thiglwtwas to characterize
symbiotic, phenotypic and geneticalBradyrhizobiumstrains isolated from
different soils of Brazilian ecosystems. For it wasformed nodulation test in
soybean, test of resistance to different antibsomd tolerance to different
levels of salinity and phylogenetic analysis ofefilousekeeping geneatgD,
dnak, gyrB, recAand rpoB) with 50 strains isolated from soils of Amazon
region and Minas Gerais state. From the resultaiméd in the phylogenetic
analysis, a group of five strains (GlI) was selddtr further studies in order to
identify the taxonomic position of these straimstHis second part of the work it
was performed tests of tolerance at different teatpees and pH values,
solubilization of inorganic phosphates and DNA:DRybridization. Regarding
the 50 strains analyzed, eleven strains were ableotulate soybean and, in
general, the strains were resistant to most ofabied antibiotics. In the salinity
test bacterial growth was observed for all straipgo a concentration of 0,5%
NaCl and only the strains UFLA03-142, UFLAO03-143FlLA03-145 and
UFLAO03-146 grew at 1% NaCl. Phylogenetic analysghlighted strains with
the potential to be new species of bactdBi@dyrhizobium Phylogenetic
analysis of concatenated sequences of four hougiekegenesatpD, recA,
dnaKandgyrB generated a group formed by the five strains weat different
from Bradyrhizobiumspecies already described, confirming the redaliad in
the first part of the work. The type strain of thgecieB. liaoningensewas
closest to the group with 96.12% similarity. Thdird@ation of the species was
performed by DNA:DNA hybridization test, of whichsults were shown below
70%. The strains of this group (Gll) grow at pHo49t at temperatures 15 and
28°C, salinity equal to 0,5% NaCl and shown vadabéhavior in regarding
resistance to antibiotics. The strains do not hthee capacity to solubilize
inorganic phosphates, not nodulate soybean, andlatedcowpea. Based on
genetic, phenotypic and symbiotic analyses dematestrin this work, we
verified the existence of strains with high potahtio be new species of
Bradyrhizobium It was proposed that the strains belonging to sBibuld be
included in a new species call&tadyrhizobium amazonensp. nov., with
UFLAO03-150 as the type strain.

Keywords: Nitrogen fixing bacteria. Taxonomy. DNANB hybridization.
housekeepingenes.
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FIRST PART

1 GENERAL INTRODUCTION

Atmospheric nitrogen fixation generally occurs thgh industrial,
electrical, or biological means. Biological nitragéxation (BNF) is mediated
by some prokaryote species known as diazotropharamjanism that possess
the enzyme nitrogenase, which are able to redudjrig NH; (assimilable form
by plants). Among the diazotrophic microorganisris® legume-nodulating
nitrogen-fixing bacteria (LNNFB) are the most im@mt because of the high
efficiency of the process and are extremely imparfar agricultural systems,
both economically and environmentally.

In addition to BNF, LNNFB influence other processtdsmt are
associated with plant growth, such as solubilizatid inorganic phosphates.
Phosphorus (P) is a limiting nutrient for plant eiepment; although it can be
found in high concentrations in Brazilian soilspdcurs in a non-labile form that
plants are unable to directly utilize. The uselwdgphate-solubilizing bacteria in
soil, thus, facilitates its assimilation in planfhis approach has resulted in a
significant reduction in the agricultural producticosts.

Approximately, 15 LNNFB genera have currently beg@scribed,
representing approximately 150 species, of which Hdélong to the
Bradyrhizobiumgenus. This genus has been recognized as the efiiwstnt
microsymbionts of legumes, thriving in forest, fgea and green manure
species, as well as in grains, such as soybeampezvand peanut (MOREIRA,
2006).

Studies about the LNNFB diversity in the Amazon didas Gerais,
which were conducted by the Sector of Biology, Mhiblogy and Biological
Soil Processes of the Federal University of Lay@BMPBS/UFLA), have
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shown the predominance of the gemradyrhizobium(GUIMARAES et al.,
2012; MELLONI et al., 2006; MOREIRA et al., 1993;OREIRA; HAUK;
YOUNG, 1998; RUFINI et al., 2013) among microsymiigof cowpea, siratro
and forest species. However, these investigatimhaot identify the taxonomic
position of the isolated strains. Because LNNFBmsyphn important role in
agriculture and forestry, additional studies on irtheharacterization are
imperative.

The aim of this study was to characterize symbjqiltenotypic, and
genetically strains oBradyrhizobiumisolated from Amazon and Minas Gerais

to generate information about these specific miganisms.
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2 THEORETICAL BACKGROUND

2.1 Biological nitrogen fixation and solubilization of calcium phosphate,

aluminum, and iron

Nitrogen is one of the most abundant essential esnin living
beings. This element commonly exists aswWwhich is often inaccessible to most
prokaryotes and eukaryotes, including plants. Blagittain nitrogen from
nitrogen fertilizers, electrical discharges, omtigh BNF. BNF is an important
biological process involving diazotrophic bactenighich may be free living,
endophytic, or form symbiotic association with sonegume species
(MOREIRA, 2006).

Agricultural sustainability is strongly influencdaly various economic,
social, and environmental factors. BNF plays anartamt role in environmental
and economical sustainability because it reducesegassions, contamination of
rivers, lakes, and water tables, as well as préosluatosts of agricultural crops.
Approximately 48 grain and 50 forest legume spediad inoculant strains
approved by the Brazilian Ministry of Agricultures dnoculants. Of these,
soybean is recognized as a plant system in wBicdyrhizobiuminoculants
supply 100% of its nitrogen requirement, thus, savBrazil billions of dollars
each year (MOREIRA, 2010).

Nitrogen-fixing bacteria also increase the avaligbof nutrients in the
soil, including P, thus, enhancing plant growthth&ligh tropical soil contains
high concentrations of P, plants are incapable iodcdy assimilating this
nutrient (MALAVOLTA, 1980); thus, the applicatiorf high doses of phosphate
fertilizers is necessary. The inability of absooiP directly from soil is
attributable to the strong interaction between B aalcium ions (in alkaline

soil), aluminum, and iron (in acidic soil), formingnsoluble inorganic
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phosphates. One alternative to minimize this effaod thereby reduce
production costs involves the use microorganismat thre capable of
solubilizing calcium, aluminum, and iron phosphatas well as performing
nitrogen fixation (MARRA et al., 2011, 2012).

2.2 Legume-nodulating nitrogen-fixing bacteria (LNN-B)

The diazotrophic bacterias possess the enzymegaiiese, which are
able to reducing Nto NHs. Among the diazotrophic bacterias the legume-
nodulating nitrogen-fixing bacteria (LNNFB) are thmst important because of
the high efficiency of the process. They are capalblforming nodules on the
roots of most plants and stems of species of tigainénosae (Fabaceae) family.
Approximately 15 genera of LNNFB have been desdriBtizobium(FRANK,
1889), Bradyrhizobium (JORDAN, 1982), Azorhizobium (DREYFUS;
GARCIA; GILLIS, 1988), Sinorhizobium (EnsiferfCHEN; YAN; LI, 1988),
Mesorhizobium(JARVIS et al., 1997)Allorhizobium(LAJUDIE et al., 1998),
Burkholderia (MOULIN et al., 2001),Methylobacterium(SY et al., 2001),
Devosia(RIVAS et al., 2002)Cupriavidus(CHEN et al., 2001)Qchrobactrum
(TRUJILLO et al.,, 2005),Phyllobacterium (VALVERDE et al.,, 2005),
Achromobacte(BENATA et al., 2008; GUIMARAES et al., 201Microvirga
(ARDLEY et al., 2011), andminobactefMAYNAUD et al., 2012).

In 1984, only four LNNFB species had been iderdifido date,
approximately 150 species are known and are dig&ibacross these 17 genera
(RHIZOBIAL..., 2013). The taxonomy of LNNFBs was iiaily based on
strains isolated from grain-producing species fraemperate -climates.
Currently, taxonomic classification of these baetés also based on plant hosts

and sites of tropical areas.
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The advances in molecular taxonomy have resultéakimeclassification
of strains as new species or genera. For examBhestobacter denitrificans
(HIRSCH; MULLER, 1985, 1986) has been reclassifasiBradyrhizobium
denitrificans (BERKUM; LEIBOLD; EARDLY, 2006, 2011), whereas
Agromonas oligotrophicdOHTA; HATTORI, 1983, 1985) is now recognized
asBradyrhizobium oligotrophicufRAMIREZ-BAHEMA et al., 2012).

It has been estimated that there are around 20&§dme species
thriving across the globe (LEWIS et al., 2005); Braupports approximately
3.000 legume species, of which 2,000 thrive inAlngazon (SILVA; SOUZA;
CARREIRA, 2004). Although LNNFBs have been exteabiwstudied over the
past few years, information on their symbiotic tielaships with most tropical
plant species as well as their taxonomic classifinas limited. This knowledge
may also open new avenues in identifying LNNFBs habtechnological

importance.

2.3 Bradyrhizobium spp. genus

The genusBradyrhizobiumwas established in 1982 by Jordan, who
showed that these slow-growing bacteria were capathinedium alkalinization;
this feature was then used to distinguish thesm ffast-growing acidifying
bacteria. As a result,Rhizobium japonicumwas then reclassified as
Bradyrhizobium japonicum

Approximately 16 species are currently classifiedder genus
Bradyrhizobium B. japonicum(JORDAN, 1982)B. elkanii (KUYKENDALL
et al., 1992)B. liaoningensdXU et al., 1995)B. yuanmingens€YAO et al.,
2002),B. betag(RIVAS et al., 2004)B. canariens€VINUESA et al., 2008)B.
denitrificans (BERKUM; LEIBOLD; EARDLY, 2006, 2011)B. pachyrhiziB.
jicamae (RAMIREZ-BAHEMA et al., 2009),B. iriomotense(ISLAM et al.,
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2008),B. cytisi(CHAHBOUNE et al., 2011)B. lablabi (CHANG et al., 2011),
B. daqgingensg WANG et al., 2012),B. huanghuaihaiens¢ZHANG et al.,
2012), B. oligotrophicum RAMIREZ-BAHEMA et al., 2012), andB. rifense
(CHAHBOUNE et al., 2012).

Although various LNNFBs thrive in Brazilian soitkie Bradyrhizobium
genus is regarded as the most important becauszsibeen isolated from all
studied genera of Caesalpinioideae and from 843866l of the classified genera
of forest Mimosoideae and Papilionoideae, respelgtiMOREIRA, 2008).

Studies on LNNFB diversity in soils of the AmazamdaMinas Gerais,
which were conducted by the sector of Biology, Mhiplogy and Biological
Processes of the Soil, Federal University of LayaBMPBS/UFLA), have
shown the predominance of tfB¥adyrhizobiumgenus (GUIMARAES et al.,
2012; MELLONI et al., 2006; MOREIRA; HAUK; YOUNG,998; RUFINI et
al., 2013). However, these studies did not condungttaxonomic classification
of these isolates at the species level. Considehiagthis bacterial genus plays
an important role in agriculture, better charaetion studies are thus

imperative.

2.4 Phenotypic and genotypic methods for the idefditation and
characterization of Bradyrhizobium

In 1982, Rhizobiumwas the only recognized LNNFB and this was
divided into two separate genera, nantehjzobiumandBradyrhizobium Slow-
growing bacteria that showed a capacity to alkainMA medium and had
G+C content between 62 and 66% were classifiedetenging to the genus
Bradyrhizobiumand strains belonging to the sped#szobium japonicurwere
thus reclassified aB. japonicum(JORDAN, 1982). However, due to the high

diversity within this new genus, additional genetial phenotypic analyses were



16

conducted (KUYKENDALL et al., 1988, 1992), resudjim the identification of
a second specieB. elkanii The main differentiating features betweBn
japonicumandB. elkaniiinvolved fatty acid content and resistance toedéht
antibiotics (KUYKENDALL et al., 1992). In additioB. elkaniishowed <60%
hybridization DNA:DNA with the other strains 8f japonicum

To define the taxonomic classification of a baetespecies, genetic and
phenotypic characterization, including chemotaxoicotests, are performed,
following the recommendations of the Internation@bmmittee for the
Systematics of Prokaryotes (GRAHAM et al., 1991AEKEBRANDT et al.,
2002; WAYNE et al., 1987). DNA:DNA hybridization drsequencing of the
16S rRNA gene are amongst the suggested metholds tesed as minimum
standards for the identification of a new species.

The identification and classification of members dafenus
Bradyrhizobiumusing sequence analysis of the 16S rRNA gene nigrgdy
more difficult because of its high degree of comaton (VINUESA et al.,
2005b, 2008; WILLEMS; COOPMAN; GILLIS, 2001). Intaal fragment
sequencing of housekeeping genes has thus beerosppfor greater
discrimination among strains and species and fersttlection of strains that
require DNA:DNA hybridization analysis (RIVAS et.aR009; STEPKOWSKI
et al., 2005, 2007, 2012; VINUESA et al., 2005a05t). This pre-selection has
been considered as a cost-effective way of perfggmimolecular
characterization analyses on bacterial isolates.

Housekeeping genes, which generally play a majr iro metabolism
and are constantly expressed (MAIDEN, 2006), haenlkrecognized for their
ability in discriminating bacteria for taxonomicaskification. TheatpD, recA,
dnak, gyrB, ginll,andrpoB genes have been extensively used in the taxonomic
classification ofBradyrhizobiumspecies. TheatpD gene encodes for thg

subunit of the ATP synthase membrane, which playsssential role in energy
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production. TheecA gene encodes for recombinase A, which is invoinetthe
recombination of complementary DNA sequences. @haK gene encodes
Hsp70, which is a protein belonging to the chaperolass. ThegyrB gene
encodes for topoisomerase Il; ginll encodes forftmibunit of DNA gyrase;
and rpoB encodes for tlfiesubunit of RNA polymerase.

Major advances in molecular biology have occurrethe past decade,
facilitating the genetic characterization and tamit classification of
Bradyrhizobium Phenotypic characterization has also continuedplay a
critical role in species identification. In additido studies on its propagation in
culture and morphology, tolerance tests at diffetemperatures, pH values, and
NaCl concentrations, antibiotic resistance andngitstion of different carbon
and nitrogen sources must be performed. Chemotaxioncharacterization has
also been widely used, as well as analysis of hatte+C content (mol%) and
fatty acid composition (GRAHAM et al., 1991; STACRRANDT et al., 2002;
WAYNE et al., 1987).

Tables 1 and 2 list the major tests used in theetieimand phenotypic
characterization and identification dradyrhizobium strains. Phylogenetic
analysis of the 16S rRNAatpD, recA, ginll, nodCandnifH genes and 16S-23S
rRNA internal transcribed spacer (ITS), DNA:DNA Hnidization, G+C content
(mol%), morphology, assimilation of different soascof carbon and nitrogen,
tolerance to different temperatures, pH valuesnisal antibiotic resistance, and
nodulation, are the most frequently used charaettion assays.

Their symbiotic relationships with legumes alsoypdan important role
in the characterization of LNNFBs. Table 3 liste thguminous species that are
symbiotically associated with type strains Bfadyrhizobiumspp. Nodulation
tests have been widely used to identify the synbilationship between a
bacterial strain and a leguminous plant. Host glacbmmonly used in

nodulation tests are those described as promisqileuscapable of undergoing
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symbiosis with different bacterial genera and sg&cand the original host (i.e.
the host from which the strain was isolated) (GRAKAL al., 1991).



Table 1 Main molecular techniques used for charaetigon and identification of the type strains Bfadyrhizobium 1 (16S r
RNA); 2 (23S rRNA); 3 (ITS 16S-23S rDNA); 4d¢dC); 5 (nifH); 6 irA); 7 (pufM); 8 (atpD); 9 (ginll); 10 (recA); 11
(gyrB); 12 (RFLP:Restriction Fragment Length Polymorfismi3 (RAPD:Random Amplification of Polymorphic DNA);
14 (rep-PCR); 15 (AFLPAmplified Fragment Length Polymorfism])6 (DNA-DNA hybridization).

Species 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

Bradyrhizobium japonicurbMG 6138 *v v
Bradyrhizobium elkaniLtMG 6134' v v v
Bradyrhizobium liaoningenseMG 18230 v v
Bradyrhizobium yuanmingens®G 21827 v v v
Bradyrhizobium betaeMG 21987 v V V. VvV Vv v v
Bradyrhizobium canariensdeMG 22265 \Y v VvV Vv vV VvV Vv v Y v
Bradyrhizobium denitrificansMG 8443 Vv VvV Vv v v
Bradyrhizobium iriomotensEK05" \Y v VvV Vv V V VvV Vv Y
Bradyrhizobium jicama®AC68 v vV VvV v vV v v v
Bradyrhizobium pachyrhiz?AC48 v vV VvV Vv v Vv v v
Bradyrhizobium lablabCCBAU 23088 v vV Vv Vv vV VvV Vv v v v
Bradyrhizobium cytisCTAW11" v vV Vv v VvV Vv Y \Y;
Bradyrhizobium huanghuaihaiense

CCBAU23303 % VvV V VvV vV V VvV v % %
Bradyrhizobium dagingens@CBAU 15774 \Y v VvV Vv vV VvV Vv v Y
Bradyrhizobium oligotrophicuraMG 10732 v V VvV v v
Bradyrhizobium rifens€TAW71" v vV Vv vV v

*v: Tests performed on the work description of eaphcies

6T



Table 2 Main phenotypic and chemotaxonomic testsl iis the characterization and identification & thipe strains of
Bradyrhizobium 1 — DNA G-C content (mol%); 2 - Fatty acids; ®elar lipids; 4 — Respiratory quinones; 5 -
Cell morphology; 6 - SDS-PAGE; 7 - Nitrate redunti® — Serology; 9 - Litmus Milk; 10 - Nitrogen sog; 11
- Carbon source; 12 - Voges-Proskauter; 13 — ERS; Temperature test; 15 — Salinity test; 16 - fiaolee to
dyes; 17 — pH test; 18 - Sensitivity to antibiotics

Species 1 2 3 456 7 8 910 11 12 13 14 15 16 17 18
Bradyrhizobium japonicuraMG 6138 v v vV V Vv vV Vv V Vv
Bradyrhizobium elkaniLMG 6134 v v v v
Bradyrhizobium liaoningenseMG 18230 Vv v V.V V V Vv V.V V VvV Vv
Bradyrhizobium yuanmingensMG 21827 Vv V.V Vv vV v V V VvV Vv Vv
Bradyrhizobium betabMG 21987 v v v vV v VARY, VARV,
Bradyrhizobium canarienseMG 22265 v v AN vV Vv %
Bradyrhizobium denitrificansMG 8443 v vV Vv \%
Bradyrhizobium iriomotenseK05" vV v v \Y vV Vv vV Vv vV Vv
Bradyrhizobium jicama®AC68 v v v vV v VARY, VARV,
Bradyrhizobium pachyrhiz?AC48 v v v VARRY vV v VARRY
Bradyrhizobium lablabCCBAU 23086 VY v vV V Vv VARRY, VARV,
Bradyrhizobium cytisCTAW11" v v v VARRY VARRY, VARRY,
Bradyrhizobium huanghuaihaiense
CCBAU23303 V VvV v V V Vv VARRY, VAR,
Bradyrhizobium dagingen®@CBAU 15774 v v Vv Vv V vV v VARY, v
Bradyrhizobium oligotrophicuraMG 10732 v v vV Vv \Y; vV Vv vV Vv
Bradyrhizobium rifens€TAW71" v v v VARRY VY, VARRY

*v: Tests performed on the work description of eapbcies

0¢



Table 3 Legumes that establish symbiosis withype strains oBradyrhizobium

Test for nodulation

Species Positive Negative
Bradyrhizobium japonicuraMG 6138 Sibjrellnesp, baEE el
atropurpureum
Bradyrhizobium elkaniLMG 6134 Glycinesp
Bradyrhizobium liaoningenseMG 18230 Glycine max Pisum sativum, Lotusp,

Bradyrhizobium yuanmingensMG 21827

Bradyrhizobium betaeMG 21987

Bradyrhizobium canarienseMG 22265

Bradyrhizobium denitrificans MG 8443

Bradyrhizobium iriomotenseK05T
Continued...

Bradyrhizobium jicama®AC68
Bradyrhizobium pachyrhiz?AC48

Bradyrhizobium lablabCCBAU 23086

Bradyrhizobium cytisCTAW11"

Lespedezap, Vigna unguiculata,
Glycyrrhiza uralensis

Lupinusspp, Adenocarpuspp,
Chamaecytisus proliferus,
Spatocytisus supranubius, Teline
spp
Aeschynomene indica
Macroptilium atropurpureum

Pachyrhizus erosus, Lespedaspa
Pachyrhizus erosus

Lablab purpureus, Arachis
hypogaea, Vigna unguiculata

Cytisus villosus

Astragalus sinicus, Melilotusp.
Glycine max, Phaseolus vulgaris,
Pisum sativum, Galegdfiinalis,
Trifolium repens, Leucaena
leucocephala

Glycine max, Pachyrrihizus ahipa

Glycine max

Glycine max
Lespedears Glycine max
Glycine max, Trifolium repens,
Lotus cornialatus, Vigna radiate
Pisum sativum, Medicago sativa
Glycine max

x4



Table 3, conclusion

Species

Test for nodulation

Positive Negative

Bradyrhizobium huanghuaihaiense
CCBAU23303

Bradyrhizobium dagingen<@CBAU 15774

Bradyrhizobium oligotrophicuraMG
10732

Bradyrhizobium rifens€TAW71"

Trifolium repens, Lotus
corniculatus, Phaseolus vulgaris,
Pisum sativum

Trifolium repens, Lotus
corniculatus, Phaseolus vulgaris,
Pisum sativum

Glycine max, Vigna unguiculata,
Medicago sativa

Glycine max, Vigna unguiculata,
Medicago sativa

Cytisus villosus Glycine max

A4
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ABSTRACT

The genusBradyrhizobiumstands out among the genera of nitrogen-fixing
legume-nodulating bacteria because it is predoniireanong the efficient
microsymbionts of forest, forage, and green mamegeme species, including
important species of grain legumes, such as soylmavpea, and peanut. Due
to this prominence, our goal was to characterisebsytically, phenotypically,
and geneticallyBradyrhizobium strains that were isolated from different
Brazilian ecosystems. Therefore, we performed radhul tests using soybean
plants, tests that measured the resistance oftthimssto different antibiotics,
and the tolerance of the strains to different levef salinity, as well as
phylogenetic analyses of five housekeeping geagp®( dnaK, gyrB, recA, and
rpoB). We found that only some of the strains wereedbl nodulate soybean
and that théBradyrhizobiumstrains were generally resistant to antibiotidse T
salinity tests showed the bacterial growth of &llhe strains in salinity levels of
up to 0,5% NaCl, and only the UFLA03-142, UFLAORB1UFLA03-145, and
UFLAO03-146 strains grew in 1% mM NaCl conditionhieTphylogenetic trees
revealed two clusters of strains, Gl and Gll, whigbre separated from the
species that have been described to date. In @anoluour results show that
some strains were able to nodulate soybean. Moreoke Bradyrhizobium
strains tested showed a high ability to overcone d@htagonism that can be
exerted by other soil microorganisms and are ablgrow on soils that are
considered saline. The individual phylogenetic yeed of thegyrB, dnaK,
atpD, recA, andrpoB housekeeping genes indicated that some straitetes
from the Amazon are potentially novel species.

Keywords: soil biology, legume-nodulating bacteri@xonomy, biological
nitrogen fixation housekeepingenes
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1. Introduction

Biological nitrogen fixation is one of the most iorpant processes that
are performed by soil microorganisms, which incladgroup of prokaryotes
that are known as diazotrophic bacteria. Thesenisges can live independently
in diverse habitats, endophytically or in symbiogith some plant families,
especially legumes.

Currently, 15 genera of legume-symbiotic bacteamehbeen described.
Among these genera, the genBsadyrhizobiumis considered predominant
among the efficient microsymbionts that nodulategulainous plants.
Bradyrhizobiumstrains have been isolated from all of the studiedera of
Caesalpinioideae and from 84% and 80% of the siudienera of forest-
dwelling Mimosoideae and Papilionoideae, respelstifdoreira, 2006).

Currently, approximately 150 species of legume-tatthg nitrogen-
fixing bacteria (LNNFB) have been identified. Oéfe species, 16 belong to the
genusBradyrhizobium B. japonicum(Jordan, 1982)B. elkanii (Kuykendall et
al., 1993)B. liaoningensg€Xu et al., 1995)B. yuanmingensgrao et al., 2002),
B. betae (Rivas et al., 2004)B. canariense(Vinuesa et al., 2005a)B.
denitrificans (van Berkum et al., 2006. pachyrhizi(Ramirez-Bahema et al.,
2009),B. jicamae(Ramirez-Bahema et al., 2008, iriomotensg(lslam et al.,
2008), B. cytisi (Chahboune et al., 2011B. lablabi (Chang et al., 2011RB.
dagingensgWang et al., 2012)B. huanghuaihaiensgZhang et al,.2012), and
B. oligotrophicum Ramirez-Bahema et al., 2018, rifense(Chahboune et al.,
2012).

The sequence analysis of the 16S rRNA gene hasussehfor over 20
years as the standard in taxonomy studies fordéatification of most of the
nitrogen-fixing LNB species (Graham et al., 1994dwever, the identification
and classification oBradyrhizobiumspecies through the analysis of the 16S

rRNA gene sequence is limited due to the high lefebnservation of this gene
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among these species (Willems et al., 2001; Vinatsd., 2005b, 2008). Thus,
the sequencing of housekeeping genes, sucitpls recA, dnak, gyrB, and
rpoB, has been proposed as an alternative approachddaxonomic study of
Bradyrhizobiumstrains (Rivas et al., 2009; Stepkowski et al.,.22@D07, 2012;
Vinuesa et al., 2005a, b).

Previous studies (e.g., Moreira et al.1998; Jatarei al., (submitted);
Guimardes et al.,, 2012; Rufini et al.,, (submitteelloni et al., 2006)
conducted in the Sector of Biology, MicrobiologydaBiological Processes of
Soil (Setor deBiologia, Microbiologia e Processos Bioldgicos dold -
SBMPBS) at Federal University of Lavras (Universida-ederal de Lavras -
UFLA) analysed the 16S rRNA gene of several straing classified them as
members of the genuradyrhizobium. However, in line with similar
observations by other authors (Willems et al., 200duesa et al., 2005b, 2008;
Fonseca et al., 2012), it was not possible to ntaasatisfactory differentiation
between the strains.

Thus, the aim of the present study was to chaiaetesymbiotically,
phenotypically, and genetically 4Bradyrhizobiumstrains that were isolated
from different Brazilian ecosystems. Consequentipdulation tests using
soybean Glycine max as the host plant, tests of the sensitivity @f strains to
different antibiotics and the tolerance of theisgdo different levels of salinity,
as well as phylogenetic analyses of the housekgeggmes (i.e.atpD, gyrB,
dnaK, recA, andrpoB) were performed.

2. Materials and methods
2.1. Strains

Forty-eight strains of the genusBradyrhizobium from the
SBMPBS/UFLA collection (code: UFLA and INPA) anddvstrains from the
collection at the National Centre of Agrobiologiddesearch at EMBRAPA
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(Centro Nacional de Pesquisa de Agrobiologia — EMIBR; code: BR) were
analysed in the present study. Of these straing fve recommended as
inoculants of legumes in Brazil: UFLA03-84 and INBA1llb for Vigna
unguiculata(Soares et al., 2006) and BR2801 and BR200fgjanus cajan
Two other stains (UFLA03-153 and UFLA03-164) aredengoing selection
tests to determine their effectiveness as inocsildot Vigna unguiculata
(Melloni et al., 2006). The symbiotic efficiencie$ all of the strains with the

original host and with other plants were testec(@4d).



Table 1Bradyrhizobiurnrstrains used in this study

Strain Geog_rgphlc Land Use Host Plant or Symbiotic Efficiency? Source and Reference
Origin Systems Source Isolation

1 UFLAO03-173 Amazodnia Agriculture Vigna unguiculata  Vigna unguiculatgl) Gusiﬁl\aArZSsS/eLtj ';II_A5012

2 UFLAO03-197 Amazodnia Agriculture Vigna unguiculata Vigna unguiculate) GuSiri';ArZEsS/eLt"zll_A;zmz

3 UFLA03-270 Amazénia Agroforestry Vigna unguiculata  Vigna unguiculatgl) Jarariﬁl?i?jlu(ztﬁ%i tted)

4 UFLAO03-148 Amazbnia Agriculture Vigna unguiculata Vigna unguiculatd) Gjr?qgﬂrggssgzll_A;ZOQ

5 UFLA03-146 Amazonia Agriculture Vigna unguiculata  Vigna unguiculatae) Gusir?]'\a/'rzsssgf ';II_Aé012

6 UFLAO3-174 Amazbnia Agriculture Vigna unguiculata Vigna unguiculate) GuSiri’;ArZEssgzlLA;zmz

7 UFLAO03-280 Amazonia Agroforestry Vigna unguiculata  Vigna unguiculatg) Jaraﬁﬁl?i?aﬁ/u(ztﬁ%itte d)

8 UFLA03-150 Amazodnia Agriculture Vigna unguiculata Vigna unguiculate) GuSiri';ArZEsS/eLt"zll_A;zmz

9 UFLA03-139 Amazénia Agriculture Vigna unguiculata  Vigna unguiculatgl) SBMPBi{L;::L% fzwmaraes

10 UFLAO03-268 Amazbnia Agroforestry  Vigna unguiculata Vigna unguiculatd Jara?qﬁI'(\)AZ?;/U(ztﬁ;nitted)

11 UFLA03-144 Amazodnia Agriculture Vigna unguiculata  Vigna unguiculatae) ng\aﬂrzgssg ';II_A£012

12 UFLAO03-305 Amazodnia Agroforestry  Vigna unguiculata Vigna unguicula® Jaraiﬁl?i?jlu(ztﬁ;mitted)

13 UFLAO03-147 Amazonia Agriculture Vigna unguiculata  Vigna unguiculatge) Gusigl\a/lrzsssg-tj ';II_A5012

14 UFLAO03-145 Amazodnia Agriculture Vigna unguiculata  Vigna unguiculatae) SBMPBS/UFLA;
Guimarées et al., 2012

15 UFLAO03-214 Amazbnia Agriculture Vigna unguiculata Vigna unguiculate) SBMPBS/UFLA;

Guimaraes et al., 2012

w
o



Table 1, continue

Strain

Geographic
Origin

Land Use
Systems

Host Plant or
Source Isolation

Symbiotic Efficiency?

Source and Referenée

16 UFLAO03-315
17 UFLAO03-316
18 UFLAO03-290

19 UFLAO03-319
20 UFLA03-322
21 UFLAO03-323
22 UFLAO03-324
23 UFLAO03-326
24 UFLAO03-286
25 UFLAO03-149
26 UFLA03-143
27 UFLAO03-153
28 UFLAO3-164

29 UFLAO03-313
30 UFLA03-314
31 UFLAOQ3-227

Amazodnia
Amazodnia
Amazodnia

Minas Gerais
Minas Gerais
Minas Gerais
Minas Gerais
Minas Gerais
Amazonia
Amazonia
Amazonia
Minas Gerais
Minas Gerais

Amazodnia
Amazonia
Amazodnia

Forestry
Forestry
Agroforestry

Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agroforestry
Agriculture
Agriculture
Bauxite Mining
Bauxite Mining

Forestry
Forestry
Agroforestry

Vigna unguiculata
Vigna unguiculata
Vigna unguiculata

Vigna unguiculata
Vigna unguiculata
Vigna unguiculata
Vigna unguiculata
Vigna unguiculata
Vigna unguiculata
Vigna unguiculata
Vigna unguiculata
Vigna unguiculata
Vigna unguiculata

Vigna unguiculata
Vigna unguiculata
Vigna unguiculata

Vigna unguiculatgN)
Vigna unguiculatal)
Vigna unguiculatgl)
Vigna unguiculat&)
Vigna unguiculatgE)
Vigna unguiculati)
Vigna unguiculatgE)
Vigna unguiculat&)
Vigna unguiculatgl)
Vigna unguicula®)
Vigna unguiculatge)
Vigna unguiculati)
Vigna unguiculatgE)
Vigna unguiculatil)

Vigna unguiculatgN)
Vigna unguiculatd

SBMPBS/UFLA
SBMPBS/UFLA
SBMPBS/UFLA;
Jaramillo et al., (submitted)
SBMPBS/UFLA,;
Rufini et al., (submitted)
SBMPBS/UFLA;
Rufini et al., (submitted)
SBMPBS/UFLA;
Rufini et al., (submitted)
SBMPBS/UFLA;
Rufini et al., (submitted)
SBMPBS/UFLA,;
Rufini et al., (submitted)
SBMPBS/UFLA;
Jaramillo et al., (submitted)
SBMPBS/UFLA,;
Guimaraes et al., 2012
SBMPBS/UFLA;
Guimarées et al., 2012
SBMPBS/UFLA;
Melloni et al., 2006
SBMPBS/UFLA;
Melloni et al., 2006
SBMPBS/UFLA
SBMPBS/UFLA
SBMPBS/UFLA;
Jaramillo et al., (submitted)

LE



Table 1, continue

Strain Ge(c))g_ra_\pmc Land Use Host Plant or Symbiotic Efficiency* Source and Reference
rigin Systems Source Isolation
32 UFLA03-239 Amazonia Agroforestry Vigna unguiculata  Vigna unguiculatgl) SBMPBS/UFLA;
Jaramillo et al., (submitted)
33 UFLA03-320 Minas Gerais Agriculture  Vigna unguiculata Vigna unguiculat&) SBMPBS/UFLA,;
Rufini et al., (submitted)
34 UFLAO03-321 Minas Gerais Agriculture Vigna unguiculata  Vigna unguiculatgE) SBMPBS/UFLA;
Rufini et al., (submitted)
35 UFLA03-325 Minas Gerais Agriculture  Vigna unguiculata Vigna unguiculat&) SBMPBS/UFLA,;
Rufini et al., (submitted)
36 UFLAO04-212 Amazonia Agriculture Macroptilium Macroptilium SBMPBS/UFLA
atropurpureum atropurpureum (E)
37 UFLA03-318 Amazbnia Pasture Vigna unguiculata Vigna unguiculay SBMPBS/UFLA
38 UFLAO03-182 Amazénia Agriculture Vigna unguiculata  Vigna unguiculatge) SBMPBS/UFLA;
Guimarées et al., 2012
39 UFLAOQ3-142 Amazodnia Agriculture Vigna unguiculata  Vigna unguiculatae) SBMPBS/UFLA;
Guimarées et al., 2012
40 UFLAO03-140 Amazodnia Agriculture Vigna unguiculata Vigna unguiculate) SBMPBS/UFLA;
Guimaraes et al., 2012
41 UFLA03-317 Amazodnia Pasture Vigna unguiculata  Vigna unguiculatge) SBMPBS/UFLA
42 INPA 10A Amazodnia Forestry Samanea saman Macroptilium SBMPBS/UFLA,;
(Jaq.) Merr. atropurpureum(N)
43 INPA 54B Amazénia Forestry Inga sp Macroptilium SBMPBS/UFLA;
atropurpureum(N) Moreira et al., 1998
44 INPA 86A Amazbnia Forestry Swartziasp Macroptilium SBMPBS/UFLA
atropurpureum(N)
45 INPA 104A Amazodnia Forestry Campsiandra Macroptilium SBMPBS/UFLA,;
surinamensis atropurpureum(N)
Benth.
46 INPA 237B Amazodnia Forestry Pterocarpus Macroptilium SBMPBS/UFLA;
atropurpureum(N)

8¢



Table 1, conclusion

Strain Ge(())g_ra_\pmc Land Use Host Plant or Symbiotic Efficiency* Source and Reference
rigin Systems Source Isolation
a7 INPA 03-11b Amazbnia Forestry Centrosema sp. Vigna unguiculdf) SBMPBS/UFLA;
Soares et al., 2006
48 UFLA 03-84 Ronddnia Pasture Vigna unguiculata  Vigna unguiculatgR) SBMPBS/UFLA;
Soares et al., 2006
49 BR2801 - - Crotalaria spp Cajanus cajanR) EMBRAPA Agrobiologia
50 BR2003 - - Stylosantespp Cajanus cajar(R) EMBRAPA Agrobiologia

'E=Efficient (Dry matter of shoots of the treatmemb¢ulated with strain tested = to uninoculated st with nitrogen
supplementation)e=Efficient (Dry matter of shoots of the treatmenbculated with strain tested < to uninoculated st with
nitrogen supplementation, and > to uninoculatedrotm /low nitrogen concentration=Inefficient= Dry matter of shoots of the
treatment inoculated with strain tested = to unidaked controls / low nitrogen concentratid®s approved a¥igna unguiculata
inoculants (UFLAO3-84, INPA03-11b) ar@ajanus cajarninoculants (BR2801, BR2003) by the Ministry of Aggidture; N= Strain
authenticated inMacroptilium atropurpureum(INPA 86A; INPA 104A; INPA 237B; INPA 10A; INPA 54Band in Vigna
unguiculata(UFLA03-313; UFLA 03-314; UFLA 03-315; UFLA 03-316)

’SBMPBS/UFLA= Collection of bacteria from Sector Bfology, Microbiology and Biological Processes obilSat Federal
University of Lavras (Setor dBiologia, Microbiologia e Processos Bioldgicos dolds- SBMPBS da Universidade Federal de
Lavras)
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2.2. Nodulation tests on soybeans

The 48 strains from SBMPBS/UFLA and two strainsyfrthe collection
at the National Centre of Agrobiological ResearcBMMBRAPA (Table 1) were
tested for their ability to establish a symbiosithvzlycine maxsoybean). The
experiments were conducted over a period of 30 dagsgreenhouse, and 28
and 22 strains were analyzed in the first and st@xperiments, respectively.
The first experiment was started on May 8th, 20i@ the second was started on
May 22nd, 2012. The two experiments were conduaieder the same
conditions. During this period, the daily temperattegistered varied from 15 to
35°C and the relative air humidity varied from 3090%. The soybeans (5G
830 RR) were grown under axenic conditions in betthith a nutrient solution,
as previously described by Guimarées et al. (200@)prepare the treatments,
liquid 79 medium (Fred and Waksman, 1928) was itated with bacterial cells
that were previously grown on solid 79 medium tigtoduhe use of a platinum
needle. The cells were incubated at 28°C with @msagitation for five days.
At planting, each seed was inoculated with 1 mLtle# prepared bacterial
culture, which corresponded to approximately Aficterial cells. The study was
completely randomised and performed in triplicatieree positive controls were
inoculated with the soybean reference strains CNRB®/ (BR29), CPAC15
(BR85), CPAC7 (BR86), and SEMIA 587 (BR96), and Beadyrhizobium
japonicumstrain LMG 6138. The three negative controls included the plants
inoculated with theBradyrhizobium canariensetrain LMG 22265T and two
uninoculated controls with low and high nitrogemtemt (Guimarades et al.,
2012). After 30 days, the presence or absence diilas on the soybeans roots

was assessed.
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2.3. Sensitivity to antibiotics

Ten antibiotics were tested at the following conaions: 10ug mL*
ampicillin (AMP), 30 pg mL* cefuroxime (CRX), 5ug mL" ciprofloxacin
(CIP), 30ug mL* chloramphenicol (CLO), 30g mL* doxycycline (DOX), 15
ng mL* erythromycin (ERI), 10ug mL*' gentamicin (GEN), 30ug mL™*
kanamycin (KAN), 30ug mL* neomycin (NEO), and 1Qg mL™" penicillin
G (PEN). The choice of these antibiotics was basedprevious work that
described new species Bradyrhizobium(Xu et al, 1995; Yaoet al; 2002;
Rivas et al., 2004; Vinues#t al. 2005a; Islam et al., 2008; Ramirez-Bahema et
al.; 2009).

The strains were grown in liquid 79 medium undmrstant agitation for
five days, which is a sufficient period of time fitre cells to reach logarithmic
growth phase. Subsequently, the cells were ringdd®W85% saline solution to
remove any residual culture medium from the inoeylwhich could result in
false positive effect on growth. Aliquots of 1.0 naf each bacterial culture,
which corresponded to approximately®igells, were transferred to 1.5-mL
sterile microtubes and centrifuged at 12,768 x @ 47C for 10 minutes. The
supernatants were discarded, and the cells wensgesded in 1.0 mL of 0.85%
sterile saline solution and re-centrifuged. Thiggass was repeated three times.
Then, 0.1 mL aliquots of the bacterial cell suspams were inoculated and
streaked using a Drigalski spatula in Petri dishith 79 medium. For each
strain, ten antibiotics were tested in differerghgis. On each dish, three disks of
the same antibiotic were inserted, which comprigede biological replicates.
The Bradyrhizobium japonicunstrain LMG 6138, the B. elkanii strain LMG
6134, and theB. canariensestrain LMG 22265 were used as controls and
compared with the 50 strains under study. All & tfeatments were incubated

at 28°C for seven days. The treatments were subs#y@assessed to determine



42

the presence or absence of bacterial growth, arabumag the halo diameter

formed.

2.4. Salinity tolerance

The cell suspensions were prepared as descriltbeé jorevious section.
The suspensions were incubated and streaked uddmmalski spatula in Petri
dishes with 79 medium (Fred and Waksman, 1928)chvinias modified with
different saline concentrations (%): 0,25; 0,5;5),and 1 sodium chloride
(NaCl). Medium 79 without modifications (0,01% Na@las used as the control
treatment. In addition to the 50 strains that waralied, theBradyrhizobium
japonicum strain LMG 6138, the B. elkanii strain LMG 6134, and theB.
canariensestrain LMG 22265 were used as controls. All of the treatments were
performed in triplicate and incubated at 28°C feves days. The treatments

were then assessed to determine the presenceenrcabsf bacterial growth.

2.5. DNA extraction

The strains were grown in duplicate on liquid 7diaen under constant
agitation for five days. The genomic DNA was obgginusing a ZR
Fungal/Bacterial DNA Kifl (Zymo Research Corp., CA, US) according to the
manufacturer’s instructions. Subsequently, theituahd concentration of the
extracted DNA were verified using a NanoDrop device

2.6. Amplification and sequencing of housekeeping géged, dnak, atpD,
recA, and rpoB).
Five housekeeping genegy(B, dnaK, atpD, recA, and rpoB) were
amplified and sequenced as described previouslpleTa shows all of the
primers and conditions that were used during tloeeguture. The PCR reaction

was performed on a Bio-Rad Thermo Cycler using-aR%eaction volume that
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contained 2.5 pL of DNA, 2.5 uL of 2 mM deoxyribatentide triphosphates
(dNTP), 2.5 pL of 10X PCR buffer, 0.25 pL of eachmr (Table 2), and 0.5
puL of 1 U/uL Taq. The quantity and concentrationtted PCR products were
verified on a 1% agarose gel that was stained witlidium bromide. The
products were then purified using the NucleoBEa86 PCR clean-up kit under
vacuum, rinsed, and resuspended in ultrapure whbely were sequenced using
the dideoxynucleotide chain termination method withorescent ddNTPs
(AppliedBiosystems) on an ABI Prism 3130x| capyaequencer according to
the manufacturer’s instructions (Applied Biosystgnirior to sequencing, the
PCR products were purified again using 45 uL SAMnd 10 pL BigDye

XTerminatof] in a MicroAmp optical 96-well reaction plate



Table 2 Oligonucleotide primers used and PCR cgationditions

Primer Sequence 5'-3’ Position PCR cycling Referems
TSrecAf CAACTGCMYTGCGTATCGTCGAAGG 8-32 5'95°C, Stepkowski et al.,
TSrecAr CGGATCTGGTTGATGAAGATCACCATG 594-620 32x(45"94°C,1'60°, 2005
1'30774°C), Stepkowski et al.,
5'72°C 2005
gyrB343F TTCGACCAGAAYTCCTAYAAGG 343-364 5'95°C, 5x(2'94°C,'%27°C, Martens et al., 2007
1'30772°C),
gyrB1043R AGCTTGTCCTTSGTCTGCG 1043-1061 28x(30794°C, Martens et al., 2007
1'57°,1'30"72°C), 5'72°C
dnaK1466F AAGGARCANCAGATCCGCATCCA 1466-1488 5'94°C, 35x(1'94°C, 1'62°, Stepkowski et al.,
dnaK1777R TASATSGCCTSRCCRAGCTTCAT 1777-1799 40"72°C), 2003
5'72° Stepkowski et al.,
2003
atpD352F GGCCGCATCATSAACGTSATC 352-372 5'95°C, 2x(2'94°C, Modified from
atpD871R AGMGCCGACACTTCMGARCC 890-871 1'64.3°C, 1'72°C), Guant et al., 2001
30 x (30794°C, 1'72°C), and Martens et al.,
5'72°C 2007
rpoB83F CCTSATCGAGGTTCACAGAAGGC 83-103 5'95°C,3x(2'94°C, Martens et al., 2007
rpoB1540R AGCTGCGAGGAACCGAAG 1557-1540 2'58.2°C, 1'72°C),
30x(30"94°C,
1'58.2°C,172°C), 5'72°C
rpoB83F CCTSATCGAGGTTCACAGAAGGC 83-103
rpoB1061R AGCGTGTTGCGGATATAGGCG 1081-1061

4%



45

2.7. Phylogenetic analysis

The 48 strains from SBMPBS/UFLA and two strainsyfrthe collection
at the National Centre of Agrobiological ResearthEMBRAPA (Table 1)
belong to the genWBradyrhizobium They were identified via partial sequencing
of the 16S rRNA gene by Moreira et al.1998; Jartamdt al., (submitted);
Guimardaes et al., 2012; Rufini et al., (submittédglloni et al., 2006. Of the 50
strains, 41 where used to build the phylogenese trsing their 16S rRNA gene
partial sequences.

The quality of the 16S rRNA gene sequences wasiegithrough their
Phred quality scores, and the sequences of theekeeging genesi{pD, gyrB,
dnaK, recA, and rpoB) were visually inspected. ClustalW was used fog t
sequence alignment. Subsequently, the phylogetregcwas constructed using
the neighbour-joining method for the 16S rRNA gemad the maximum
likelihood method for theatpD, gyrB, dnaK, recA, and rpoB genes. The
construction of the phylogenetic trees was perfarnusing the Kimura 2
Parameter model (Kimura, 1980) in the Molecular IHtionary Genetic
Analysis software (MEGA, version 5) (Tamura et &011). For comparison,
the alignment included the sequences of Binadyrhizobiumspecies that are
available in GenBank (National Center for Biotedogy Information, NCBI).

A bootstrap confidence analysis with 1000 iteradioms performed.

3. Results
3.1. Nodulation test in soybeans

A total of 50 strains were assessed through a atidal test in which
soybean was used as the host plant. All of thetpldrat were inoculated with
three of the strains (UFLA03-290, UFLA03-325, andlIA03-326) died before
the evaluation. Of the remaining 47 strains thatavstudied, we found that only
11 were able to establish a symbiosis with soyb@#R2003, UFLA03-321,
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UFLAO3-147, UFLA03-322, UFLA03-319, INPAO03-11B, URD3-286,
UFLAO03-323, UFLAO03-153, UFLA03-320, and UFLAO4-212No nodules
were found on the control plants, which includednonulated plants with
supplementary nitrogen, uninoculated plants witlv Ilsitrogen content, and
plants inoculated with the LMG 222B8§ype strain, which is not able to establish
symbiosis with the soybean plant (Vinuesa et &Q52). Moreover, we found
that the plants inoculated with the strains th& mcommended as soybean
inoculants [CNPAB-29W (BR29), CPAC15 (BR85), CPABRS6), as well as
those with SEMIA 587 (BR96)] and witBradyrhizobium elkaniLMG 6134,
all nodulated soybean, which demonstrates thebikfjaof the results obtained
in the present study.
3.2. Sensitivity to antibiotics

Of the 10 antibiotics tested, four (AMP, CRX, Cl&nd DOX) are
semisynthetic or synthetic, and six (CLO, ERI, GEMN, NEO, and PEN) are
natural products and may occur in soil. As in thglpgenetic analysis, the
analysis of the antibiotic resistance patternsakeba high diversity of strains.
In general, the KAN antibiotic inhibited the growdhthe most strains, and only
strains UFLA 03-144, UFLA 03-143, UFLA 03-314, UFL@3-84, and INPA
237B grew in the presence of this antibiotic. Thékéotic CLO was the only
antibiotic that did not inhibit the growth of anf/tbe tested strains. Of all of the
strains tested, UFLA 03-143 and UFLA 03-84 werdstasat to all antibiotics
(Table 3).



Table 3 Resistance of the 50 strains analyzed thieé® controls to the 10 antibiotics test@anpicillin - AMP (10);
Cefuroxime — CRX (30); Ciprofloxacin — CIP (5); ©mphenicol — CLO (30); Doxycycline — DOX (30);
Erythromycin — ERI (15); Gentamicin — GEN (10); kamycin — KAN (30); Neomycin — NEO (30); Penicillin

G - PEN (10)

Strain AMP DOX KAN NEO CIP PEN GEN CRX ERI CLO
1 UFLA03-173 *R R 1607 R R 13,51 R 2604 R R
2 UFLA03-197 1479 97 2492 8,8 R R 1141 21,20 R R
3 UFLA03-270 12,12 R R 1069 R 863 7,24 1636 R R
4 UFLA03-148 R R 3020 6,27 R 70 12,79 1704 R R
5 UFLA03-14€ R R 176 R R R 9,37 R R R
6 UFLA03-174 13,73 R 1621 R R 10,27 R R R R
7 UFLA03-280 R R 2867 1017 R R 19,28 R R R
8 UFLA03-150 R R 239 9,35 R 1351 10,83 193 6,65R
9 UFLA03-139 R R 12,30 12,82 R R 13,79 R R R
10  UFLA03-268 R R 4095 1057 R R R R 7,05 R
11  UFLA03-144 R R R 218 R R R R R R
12 UFLA03-30% R R  222: 102 R R R R R R
13 UFLA03-147 12,40 R 1927 12,78 R 1151 9,17 484R R
14  UFLA03-145 13,43 R 1335 R R 12,20 R 2465 R R
15  UFLA03-214 13,11 R 2056 2046 R R R R R R
16  UFLA03-315 R R 31,40 R R R 9,57 R R R
17  UFLA03-316 R R 1268 R R R R R R R
18  UFLA03-29C R R 154 R R R R R R R
19  UFLA03-319 R R 1282 R R R R R R R
20 yriae3322 R R 1499 715 R R R R R R

Ly



Table 3, continue

Strain AMP DOX KAN NEO CIP PEN GEN CRX ERI CLO
21 UFLAO03-32¢ R R 16,3« R R R R R R R
22 UFLAO03-324 R R 1499 6,93 R R R R R R
23 UFLA03-326 R R 17,73 R R R R R R R
24 UFLAO3-286 R R 17,57 R R R R R R R
25 UFLAO03-149 R R 2297 9,75 R R R R R R
26 UFLAO03-143 R R R R R R R R R R
27 UFLAO3-15¢< R R 30,2( R 7,61 R R R R R
28 UFLAO03-164 R R R 15,5¢ R R R R R R
29 UFLAO03-313 R R 23,55 R R R R R R R
30 UFLA03-314 R - 12,14 R R R R R R R
31 UFLAO03-227 R R 19,58 R R R R R R R
32 UFLAO03-239 11,62 R 16,33 R R R R 24,42 R R
33 UFLA03-320 R R 18,06 R R R R R R R
34 UFLA03-321 R R 21,1C R R R R R R R
35 UFLA03-325 7,72 R 3361 7,61 R 6,87 R R R R
36 UFLAO4-212 R R 28,20 R R R R R R R
37 UFLA03-318 R R 12,08 R R R R R R R
38 UFLA03-182 R R 35,41 15,37 R R R R R R
39 UFLAO3-142 R R 25,36 14,04 R R R R R R
40 UFLAO03-14C R R 12,8 R R R R R R R
41 UFLAO3-317 R R 24,18 R R R R
42 INPALOA R R 20;0 R R R R R R R

14



Table 3, conclusion

Strain AMP DOX KAN NEO CIP PEN GEN CRX ERI CLO
43 INPA 54B 23,68 R 17,12 7,89 R 11,66 9,50 28,08,7G R
44 INPA 86A 21,50 R 22,03 6,53 R 12,07 8,98 35,03 R R
45 INPA 104A R R 16,3(C R R R R R R
46 INPA 237B R R R 7,88 R R R R R R
47 INPA 03-11b R R 17,34 R R R R R R R
48 UFLA 03-84 R R R R R R R R R R
49 BR2801 R R 18,95 R R R R R R R
50 BR2003 R R 25,14 R R R 7,95 R R R
51 CNPAB-29W R R 14,1t R R R R R R
52 LMG 22263 R R 27,28 16,68 R R 11,45 13,95 R R
53 LMG 6138 R R 18,11 7,48 R R R 18,86 R R
54 LMG 6134 R R 2534 7,19 R R 7,82 R R R

*R: Strain resistant to the antibiotic

514
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3.3.  Salinity tolerance

The tolerance of the strains to different levelsaifnity (0,01; 0,25; 0,5;
0,75, and 1% NacCl) was also tested. All of theistravere found to be tolerant
of 0,5% NaCl, and 36 strains, including CNPAB-29BRE9), which is used as
a soybean inoculant, and tBeadyrhizobium elkaniLMG 6134 strain, were
tolerant of salinity levels up to 0,75% NaCl. Th€LA03-146, UFLAO03-145,
UFLAO03-143, and UFLA03-142 strains were the onhaisis that were able to

tolerate 1% NaCl in the culture medium (Table Stipplementary material).

3.4. Phylogenetic analyses of the 16S rRNA atiter housekeeping genes

(gyrB, dn&, atpD, recA, andrpoB)

Figure 1 shows the phylogenetic analysis of the dBSA gene partial
sequences of 41 of the strains, which were seqdebgeVioreira et al.1998;
Jaramillo et al., (submitted); Guimarédes et al12Rufini et al., (submitted);
Melloni et al., 2006. It is evident that the seqeieg of this gene alone does not

allow differentiation between most of tBeadyrhizobiumstrains.



51

UFLA03-323
Bradyrhizobium jicamae PACG68T
UFLA03-149

UFLA03-326

UFLA03-319

UFLA03-316

UFLA03-318

UFLA03-321

UFLA03-139

UFLA03-140

INPAO3-11B

Bradyrhizobium elkanii USDA76T
UFLA03-268
UFLA03-182
UFLA03-144
UFLA03-324

57| UFLA03-313
[ |UFLA03-315
UFLA03-286
UFLA03-325
UFLA03-143
UFLA03-290
UFLA03-227
UFLA03-317
UFLA03-320
81 UFLA04-212
UFLA03-214
UFLA03-84
UFLA03-146
UFLA03-314
UFLA03-322
UFLA03-174
UFLA03-142
Bradyrhizobium pachyrhizi PAC4ST

_'— UFLA03-164
61! Bradyrhizobium lablabi CCBAU 23086T

Bradyrhizobium dagingense CCBAU 15774T
UFLA03-280
UFLA03-150
UFLA03-145
UFLA03-148
UFLA03-173
| UFLA03-270
Bradyrhizobium liaoningense LMG 18230T
I——- Bradyrhizobium canariense BTA-1T
61! Bradyrhizobium japonicum LMG6138T
Bradyrhizobium y i CCBAU1107T
Bradyrhizobium oligotrophica LMG 10732T
57 Bradyrhizobium cytisi CTAWILT
Bradyrhizobium betae LMIG21987T
UFLA03-147
UFLA03-197
Bradyrhizobium denitrificans LMG 8443T
i b ihai CCBAU 23303T

o
2

69

a
g
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Figure 1 Phylogenetic relationships of Biadyrhizobiumstrains based on the
16S rRNA gene partial sequence. Phylogeny was meted by the
neighbor joining method. Bootstrap values were thase 1,000 trials.
Phylogenetic analyses were conducted in Megab
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Therefore, in order to better genetically charastethe studied strains,
we sequenced the internal fragments of five holesgikg genesdyrB, atpD,
dnaK, recA, andrpoB), which resulted in the partial sequencing of ke
pairs (bp) ofgyrB, 280 bp ofdnaK, 510 bp ofatpD, 561 bp ofrecA, and 978 bp
of rpoB. Fewer sequences were obtained for the latter genes due to
difficulties in their amplification. Thus, the plogenetic analyses of these genes
were performed individually using 43, 44, 38, 2dd &2 sequences of tiygrB,
dnaK, atpD, recA, andrpoB genes, respectively (Figures 2, 3, 4, 5, and 6).
There was high genetic diversity in all five genlestween the different
Bradyrhizobiumstrains, and theénaK gene showed the least difference among
the strains that were studied. Nevertheless, athouexhibited less diversity,
the phylogenetic tree of thimaK gene differentiated the strains into two groups
(Gl and Gll). The GI group was identifiable in thhylogenetic trees of all of
the genes. With the exception of B gene, the same result was found for
the GII group. This result is most likely observbedcause it has not been
possible to obtain the sequences ofrfaB gene in the strains that belong to the
Gll group. In addition to these two clear groupstter groups were observed in
some, but not all of the trees; other strains ateod out with a separate position
in the trees of some of the genes. These include@a0B3, UFLA03-164 and
UFLAO03-147 in theatpD tree, UFLA03-147 in theecA tree, BR2003, BR2801,
UFLAO03-318, and UFLA03-153 in thgyrB tree, and INPA10A, INPA8GA, and
UFLAO03-147 in thedn& tree. In future work, these strains will be sadlito
determine their taxonomic position.
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Figure 2 Phylogenetic relationships of BBadyrhizobiumstrains based on the
gyrB gene. Phylogeny was determined by the maximuniihiked
method. Bootstrap values were based on 1.000 .tiRtylogenetic
analyses were conducted in Mega5
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Figure 3 Phylogenetic relationships of B8adyrhizobiumstrains based on the
atpD gene. Phylogeny was determined by the maximumlihiked
method. Bootstrap values were based on 1,000 .tiRtgylogenetic
analyses were conducted in Mega5
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Figure 4 Phylogenetic relationships of Bdadyrhizobiumstrains based on the
dnaK gene. Phylogeny was determined by the maximumihiked
method. Bootstrap values were based on 1,000 .tiRtylogenetic
analyses were conducted in Mega5



56

g5, UFLA03-319
UFLA03-324
UFLA04-212
UFLAO03-286
UFLA03-142
UFLA03-182
UFLA03-214
Bradyrhizobium pachyrhizi PAC48T
UFLA03-146

771 UFLA03-149
UFLA03-139

|— UFLA03-227
99 | Bradyrhizobium elkanii LMG 6134T

UFLA03-268
} Gl

33/ INPA237B

Bradyrhizobium jicamae PAC68T

94 ‘— Bradyrhizobium lablabi CCBAU 23086T

UFLAO03-147

99  INPAS6GA
INPAS4B
Bradyrhizobium yuanmingense LMG 21827T
Bradyrhizobium liaoningense LMG 18230T
Bradyrhizobium iriomot EKO5T
Bradyrhizobium dagingense
Bradyrhizobium huanghuaihaiense CCBAU23303T

UFLA03-197 N
74 UFLA03-270
"‘wmos-ms
UFLA03-239
UFLA03-173 > Gll
UFLA03-150
UFLA03-148
UFLA03-280 )
izobium betae LMG 21987T

Bradyrl
—_ Bradyrhizobium japonicum LMG 6138T

Bradyrhizobium denitrificans LMG 8443T
I: Bradyrhizobium canariense LMG 22265T
Bradyrhizobium cytisi CTAW11T

—A
0.01

Figure 5 Phylogenetic relationships of Bdadyrhizobiumstrains based on the
recA gene. Phylogeny was determined by the maximuralitikod
method. Bootstrap values were based on 1.000 .trirtkylogenetic
analyses were conducted in Mega5
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4. Discussion
4.1. Symbiotic characteristics

We chose to use soybean as the host plant in thbigyis test because
it is the most common plant that is used in theutatttbn tests that have been
performed in previous works that have described secies oBradyrhizobium
(Jordan, 1982; Kuykendall et al., 1993; Xu et 8895; Yao et al., 2002; Rivas
et al., 2004; Vinuesa et al., 2005a; van Berkuml.e2006; Ramirez-Bahema et
al., 2009; Chahboune, et al., 2011; Chang et@L12Wang et al., 2012; Zhang
et al.,2012 Ramirez-Bahema et al., 2012); the frequent ushisfglant is most
likely due to its economic interest. The authorghef abovementioned studies
have shown that most of the species describedteodtanot nodulate soybean.
Of the 50 strains that were tested in this study,feund that 11 were able to
nodulate soybean, including INPA03-11b, which eithib 100% sequence
similarity with theB. elkaniistrain in the analysis of i&tpD gene. The results
of the present study are consistent with those wfki€ndall et al. (1993), who

isolatedB. elkaniifrom soybean nodules.

4.2. Phenotypic characterization

We performed the characterisation of the strainsabgessing their
sensitivity to 10 different antibiotics. The INPAQ3b strain was resistant to all
antibiotics except to KAN, it is in contradictionittv the results obtained by
Florentino et al. (2010). The UFLAO03-84 strain pdwto be extremely tolerant
to different types of antibiotics because it wad mensitive to any of the
antibiotics tested; this finding corroborates thsults obtained by Florentino et
al. (2010). The latter authors tested 15 differ@miibiotics, 10 of which were
different from those tested in the present studye Eontrols gave different
results to those in the literature (Kuykendall let }993; Vinuesa et al., 2005a),

most likely due to differences in the antibiotimcentrations that were used. In
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general, we found that most strains showed resistamost of the antibiotics
that occur in soil, which is a desirable trait fotrogen-fixing LNBs, as they
need to compete with and overcome antagonism frothero soil
microorganisms. The diversity in the antibioticistance that was found in the
present study is not related to genetic diversity.

The assessment of the tolerance of the strainalitotg showed that the
B. elkaniistrain was able to grow in 0,75% mM NacCl and thatB. canariense
andB. japonicumstrains were able to grow in 0,75% NaCl, whichraborates
the results obtained by Islam et al. (2008). Thairs$ that are recommended as
cowpea inoculants (UFLA03-84 and INPAO3-11b) tdiedasalinity levels of up
to 0,75% NaCl, which complements the results regbtty Florentino et al.
(2010). The latter authors found that these strgiag/ in 0,75% NaCl but not in

1% NaCl; however, they did not test the intermed@incentrations.

4.3. Genetic characterization

Phylogenetic analysis of the parcial sequencelBeol6S rRNA genes of
41 Bradyrhizobiumstrains revealed that the sequencing of only gkise does
not allow for precise differentiation and identéton of the strains, and results
in the grouping of the tested strains with previpugescribed species. This
finding corroborates the results found in the #tare (Chang et al.,, 2011;
Ramirez-Bahena et al., 2012; Willems et al., 200Hus, the phylogenetic
analysis of housekeeping genes has been suggestsdral authors as a tool
to characterise and identify species belongingetougBradyrhizobium(Gaunt
et al., 2001; Vinuesa et al., 2005b; Rivas et24lQ9). For example, it is evident
that even the previously described speckBsadyrhizobium jicamae B.
pachyrhizj B. elkanij B. iriomotenseB. denitrificans andB. huanghuaihaiense

are in the same 16S rRNA group, although phylogenahalyses of the
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housekeeping genes of these species indicatestitbgt belong to separate
groups.

The selection of the five housekeeping genes wasdan the study
performed by Rivas et al. (2009) and was aimedatacterising genetically 50
strains of Bradyrhizobium The phylogenetic analyses were conducted
individually for each gene. These different anatysshowed greater
differentiation between the strains compared whih @analysis of the 16S rRNA
gene partial sequences, and resulted in the foomaif different groups of
Bradyrhizobiumstrains, which corroborates the results foundhia literature
(Vinuesa et al., 2005a, b; Ramirez-Bahena et @09 2and 2012; Rivas et al.,
2009; Chahboune et al., 2011; Fonseca et al., 2012)

The results from the analyses of the housekeepemgg) clearly show
the probability of finding novel species &radyrhizobiumin the Brazilian
Amazon region; however, DNA:DNA hybridization ansd# must be performed
in order to define any new species.

The strains selected for the present study wertatéesb from four
different regions and from four different land-usgstems. Nevertheless, no
relationship was found between the groups idedtifl@ough the phylogenetic
analysis and the region of origin and/or the lasd-gystem from which the
strains were isolated. However, we did find thataie strains that were isolated
in the same location and from the same plant r fdifferent nodules were
found to be in the same phylogenetic group. Thiseolation was made for the
strains UFLAO03-313, UFLA03-314, and UFLA03-315, walniexhibited 100%
similarity in the phylogenetic analysis of thejyrB, dnaK, atpD, and rpoB
genes.

In conclusion, we found that some of the strairs tere studied were
able to nodulate soybean. In additiBnadyrhizobiunstrains have a high ability

to overcome antagonism from other soil microorgasiand are able to grow on
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soils that are considered saline. The individuajlgienetic analysis of the
gyrB, dnaK, atpD, recA, andrpoB housekeeping genes showed that many of the

strains isolated in the Brazilian Amazon potenyiafipresent new species.
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Table S1. Salinity tolerance: (+) Growth;(-) No gth.

. NaCl (%)
Strain 0,01 0.25 05 0.75

1 UFLA03-173 n T + -
2 UFLA03-197 + + + ]
3 UFLA03-270 + + + )
4 UFLA03-148 + + + )
5 UFLA03-146 + + + +
6 UFLA03-174 + + + +
7 UFLA03-280 + + + )
8 UFLA03-150 + + + ]
9 UFLA03-139 + + + +
10 UFLA03-268 + + + )
11 UFLA03-144 + + + +
12 UFLA03-305 + + + )
13 UFLA03-147 + + + ]
14 UFLA03-145 + + + +
15 UFLA03-214 + + + +
16 UFLA03-315 + + + +
17 UFLA03-316 + + + +
18 UFLA03-290 + + + )
19 UFLA03-319 + + + +
20 UFLA03-322 + + + +
21 UFLA03-323 + + + +

89



Table S1, continue

. NaCl (%)
Strain 0,01 0,25 0.5 0,75
22 UFLA03-324 i + + +
23 UFLA03-326 + + + +
24 UFLA03-286 + + + )
25 UFLA03-149 + + + +
26 UFLA03-143 + + + +
27 UFLA03-153 + + + +
28 UFLA03-164 + + + )
29 UFLA03-313 + + + ]
30 UFLA03-314 + + + +
31 UFLA03-227 + + + )
32 UFLA03-239 + + + ]
33 UFLA03-320 + + + +
34 UFLA03-321 + + + +
35 UFLA03-325 + + + +
36 UFLA04-212 + + + +
37 UFLA03-318 + + + +
38 UFLA03-182 + + + +
39 UFLA03-142 + + + +
40 UFLA03-140 + + + +
41 UFLA03-317 + + + +
42 INPA 10A + + + +
43 INPA 54B + + + +
44 INPA 86A + + + -

69



Table S1, conclusion

. NaCl (%)
Strain 0,01 0.25 05 0.75

45 INPA 104A + + + +
46 INPA 237B + + + +
47 INPA 03-11b + + + +
48 UFLA 03-84 + + + +
49 BR2801 + + + +
50 BR2003 + + + +
51 CNPAB-29W + + + +
52 LMG 22265 + + + -
53 LMG 6138 + + + -
54 LMG 6134 + + + +
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Abstract:

Five strains (UFLA03-15Q UFLA03-197, UFLA03-270, UFLA03-148, and
UFLAO03-280) isolated from the soils of the westékmazon, Brazil, were
analyzed using genotypic, phenotypic, and symbiatiethods.Phylogenetic
analysis of partial sequences in the IBSIA gene had previously identified the
five strains as belonging to thBradyrhizobiumgenus. Phylogenetic analysis of
concatenated sequences of the housekeeping gmigsecA dnaK andgyrB
previously revealed that these five were distinoht describedradyrhizobium
species, withB. liaoningensebeing the closest to the group with 96.12%
similarity. Species delimitation was assessed usitie DNA:DNA
hybridization, which showed a result below 70% wittmer Bradyrhizobium
species. Strains from that group grew at the fdhgwH values: 4, 5, 6, 6.8, 8,
and 9, at temperatures of 15°C-28°C, and 0.5% Naliiity; their resistance to
antibiotics varied. These strains can not solubiliorganic phosphates, do not
nodulate soybean plants, but do nodulate cowpeah®masis of the genetic,
phenotypic, and symbiotic traits demonstrated is #tudy, we propose that
these strains are included in a new species n@ralyrhizobium amazonense
sp. nov. with UFLA03-150as the type strain of the species.
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To date, species of the gerBiadyrhizobium have been described from
several different geographic origins: three weodaited in Japand. japonicum
(Jordan, 1982)B. iriomotense(Islam et al., 2008), an@®. oligotrophicum
(Ramirez-Bahema et al., 2012)]; five in Chia [laoningens€Xu et al., 1995),
B. yuanmingensgYao et al., 2002)B. lablabi (Chang et al., 2011)B.
dagingens€Wang et al., 2012), arid. huanghuaihaiens@hang et al., 2012)];
two in Morocco B. cytisi(Chahboune, et al., 2011) aBdrifense(Chahboune,
et al., 2012)]; and one in each of the followingiewies: United States, Spain,
Canary Islands, Honduras, and Costa Riceglkanii(Kuykendall et al., 1993),
B. betag(Rivas et al., 2004B. canariensgVinuesa et al., 2005aB. jicamae
andB. pachyrhiziRamirez-Bahema et al., 2009), respectively.

The territorial extension of the Amazon rainforessapproximately 5.5
million km? with 4.2 million knf belonging to Brazil; thus, the Amazon
rainforest represents nearly 50% of the nationalritdey of Brazil
(www.ibge.gov.br). Considered to be the largesttiom planet, the Amazon
rainforest shows high biodiversity both above aelbw ground.

Several studies have revealed a high diversitg@fite-nodulating N
fixing bacteria in soils of six land use system&J8) of the western Amazon
region: agricultural forest, pasture, primary fayresgricultural, and secondary
forest in the advanced stage of regeneration, aimdapy forest in the initial
stage of regeneration (Lima et al., 2005, 200us)es$ al, 2005; Moreira et al.,
1993, 1998; Jaramillo et al., submitted; Guimastes., 2012).

Recent studies have shown that most strains isblatéhe agricultural
and agricultural forest LUS, using cowpea as a ptamt, were identified as
belonging toBradyrhizobium following phylogenetic analysis of their 16S
rRNA gene partial sequences (Jaramillo et al., sy Guimardes et al.,
2012).
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The aim of this study was to complete the chareaon of five strains
(UFLA03-197, UFLA03-270, UFLA03-148, UFLA03-150and UFLA03-280)
isolated from soils of the western Amazon regionoimer to verify their
taxonomic positions. We demonstrated that thesénstrepresent a new species,
with the proposed nameafadyrhizobium amazonense. nov.,” and UFLAO3-
150" was designated the type strain.

These five strains were collected in areas of alitice and agricultural
forests, and were inoculated onto cowpea plant$ Were grown under
controlled conditions.

In previous studies, genetic characterization wasfopmed by
sequencing of the 16S rRNA gene (Jaramillo etsabmitted; Guimaraes et al.,
2012) and the housekeeping gedesK, atpD, recAand gyrB (Guimaraes et
al., submitted).

The phylogenetic trees based on 16S rRNA partigleseces that were
constructed using the ML (maximum likelihood) (Fit) and NJ (neighbor
joining) (Fig. 2) methods were similar in the greupphe 16S rRNA gene patrtial
sequences of the type strain UFLAO03-158nhd of strains UFLA03-148,
UFLAO03-270, and UFLAO03-280 were identical to eactmen and showed
99.41% similarity to strain UFLA03-197. Among tB¥adyrhizobiumspecies
described to date, onB. liaoningensealisplayed 100% similarity to strains from
the group containing the proposed new species. Wdhrd to the other species
of Bradyrhizobiumthe similarity varied between 98.8% and 99.85%. Thghhi
similarity was also observed among the previouslgcdbed group of strains,
including B. huanghuaihaiensandB. iriomotensg99.7% similarity) (Zhang et
al., 2012). The type strains Bf pachyrhiziandB. jicamaeshowed 99.8% and
99.4% similarity, respectively, tB. elkanii The difficulty in identifying and
classifying Bradyrhizobiumspecies by only analyzing partial sequences of the

16S rRNA gene, due to the high degree of consenvdietween species, has
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been noted by several authors (Willems et al., Bp®inuesa et al., 2005a,
2005b, 2008). Therefore, other housekeeping geags heen used owing to
their higher discriminating power &radyrhizobiunspecies.

The phylogenetic trees constructed from concatenaaetial sequences
of atpD, recA, dnaKand gyrB genes by using the ML (Fig 3) and NJ (Fig 4)
methods generated similar groups. The straind.oamazonenséormed a
different group from all other species of the genlibe type strain oB.
amazonens&JFLA03-150 was 100% similar to UFLA03-280 and UFLAOQ3-
148, and it showed 99.05% and 98.86% similarityhsirains UFLA03-270 and
UFLAO03-197, respectively. As in the phylogenetialsis of the 16S rRNA
gene, the type strain of tiBe liaoningensespecies showed the highest similarity
(96.12%) when compared to the type strain ofBh@mazonensspecies. The
type strain ofB. japonicumwith 94.60% similarity to UFLA03-150 was
selected, along with the type strain Bf liaoningensgfor comparison in the
DNA:DNA hybridization test. This analysis confirmebat the strains under
study form an isolated group relative to currerdscribedBradyrhizobium
species. Thus, analysis of multiple housekeepinge geequences strongly
contributes to species delimitation, and togetheith wthe DNA:DNA
hybridization test, corroborates previous studiéayesa et al., 2005a; Zhang et
al., 2012; Chahboune et al., 2011, 2012)

The DNA-DNA hybridizations were performed for spegidelimitation
purposes (Wayne et al., 1987) among the five strdifFLA03-150, UFLAO3-
197, UFLA03-270, UFLA03-148, and UFLA03-280), aslivas with the type
strains ofB. liaoningenseandB. japonicum Hybridizations were performaded
using a microplate method and following the protodescribed previously
(Willems et al., 2001b). The DNA:DNA similarity amg the UFLA03-158
UFLAO03-197, UFLA03-270, UFLAO03-148, and UFLAQ3-28&firains varied
between 72.7% and 84.8%, indicating that they lietorthe same species. The
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similarity of UFLA03-150 with the type strains oB. liaoningenseand B.
japonicumwas 39.8% and 42.3%, respectively; these valuedeow the limit
(70% of DNA:DNA similarity) proposed for delimitath of a species (Wayne et
al., 1987).

Regarding phenotypic characterization, the strawese previously
evaluated for their tolerance to salinity in 79 med (Fred & Waksman, 1928)
containing different concentrations of NaCl (0,01045%, 0.5%, 0.75%, and
1% [w/v]). Resistance of the strains to 10 différantibiotics at the following
concentrations pg.ml") was also verified: ampicillin (10), cefuroxime0j3
ciprofloxacin (5), chloramphenicol (30), doxycydir(30), erythromycin (15),
gentamicin (10), kanamycin (30), neomycin (30), apenicilin G (10)
(Guimarées et al., submitted). In this study, iak fstrains were tested for their
ability to grow at different temperatures and pHuea. As such, the strains were
inoculated in 79 medium and incubated at 4°C, 1¥&C, 37°C, and 45°C,
and inoculated in the same medium at pH valuesstsjuo 4, 5, 6, 6.8, 8, and
9. Type strains of thBradyrhizobium japonicupB. elkanij andB. canariense
were included in all tests for comparison. The fitains grew in 0.5% NaCl at
all tested pH values, rendering the growth mediulkalime, and under
temperatures of 15°C and 28°C, with 28°C being th@imal growth
temperature for these strains. Strain UFLA03188s resistant to the following
antibiotics: doxycycline, neomycin, ciprofloxacipenicillin G, gentamicin,
erythromycin, and chloramphenicol. The strain was nesistant to ampicillin,
cefuroxime, doxycycline, and kanamycin. All othdra;s showed variable
resistance to the antibiotics.

As an additional test were performed to verify treility to solubilize
inorganic phosphate in the forms of calcium phosphaluminum phosphate,
and iron phosphate. The NBRIP medium was used {y4duf999) for calcium
phosphate, GES medium (Sylvestes-Bradley, 1982)afominum phosphate,
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and GELP medium (Sylvestes-Bradley, 1982) for ipftosphate. The strains
were inoculated in 79 medium until isolated colsnigere obtained, which were
suspended in a tube containing 20 mL sterile s@0r@5% NaCl), until turbidity
equivalent to N° 2 on the McFarland scale (6 % &fis) was reached. Twenty
microliters of the cell suspensions were inoculaed equidistant points on the
plates containing the different growth media, v8tineplicate plates. The plates
were incubated for 15 days, with the solubilizati@lo determined every three
days via a digital pachymeter. The solubilizatindexes (Sl) of the strains were
obtained and classified according to their solaation ability: low (Sl < 2 mm),
medium (2 < Sl <4 mm) and high (SI > 4 mm) (Beus et al., 1976). In this
test, the type strains of tiBe japonicumLMG6138, B. elkaniiLMG 6134, and
B. canarienseLMG 22265 were also included. The type strain Bf elkanii
LMG6134" was the only strain that could solubilize calciphosphate. As for
aluminum and iron phosphates, they were not sahdgil by any of the tested
strains (Table 1).

In previous studies of their symbiotic ability, &ile strains were found
to be able to form nodules on cowpeas, but onlgirssr UFLA03-197 and
UFLA03-150 were efficient in their biological Nfixation ability (Jaramillo et
al., submitted; Guimaraes et al., 2012). Guimakieal. (submitted) observed
that none of the strains under study showed thigyatm establish a symbiosis
with soybeanGlycine mak

Comparisons of the phenotypic and symbiotic charastics of the type
strains of B. amazonense, B. japonicum, B. elkanii, B. canageand B.
liaoningenseand their ability to solubilize inorganic phospdstare shown in
Table 1.

On the basis of the genetic, phenotypic, and syticb@haracteristics
demonstrated in this study, we propose that sté&ihA03-150, isolated in the

west Amazon region, should be included as a newciepe named
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Bradyrhizobium amazonensg. nov., with the strains UFLA03-197, UFLAOS3-
270, UFLA03-148, and UFLA03-280 belonging to theneaspecies.
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Figure 1 ML phylogenetic tree based on partial segas of the 16S rRNA gene
of B. amazonensstrains, the type strains of the remaining specfes
genusBradyrhizobium The significance of each branch is inditate
by a bootstrap value calculated for 1000sstth
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Figure 2 NJ phylogenetic tree based on partial sseces of thel6S rRNA gene
of B. amazonensstrains, the type strains of the remaining specfes
genus Bradyrhizobium The significance of each branch is
indicated by a bootstrap value calculated X600 subsets
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Figure 3 ML phylogenetic tree based on partial etmcated sequences of the
atpD, dnaK, gyrBandrecA genes oB. amazonensstrains, the type
strains of the remaining species of gerBiadyrhizobium The
significance of each branch is indicated bybaotstrap value
calculated for 1000 subsets
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Figure 4 NJ phylogenetic tree based on partial ammated sequences of the
atpD, dnaK, gyrBandrecA genes oB. amazonensstrains, the type
strains of the remaining species of gerBidyrhizobium The
significance of each branch is indicated bybaotstrap value
calculated for 1000 subsets
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Table 1 Phosphate solubilization, phenotypic andntsgtic features of
Bradyrhizobium amazonensend reference oB. japonicum B.

elkanii, B. canarienseandB. lioningense

1, B. amazonens&FLA03-150; 2, B. japonicumLMG6138'; 3, B. elkanii
LMG6134"; 4, B. liaoningensdL MG 18230; 5, B. canariensedeMG 22265,
NR: No Reported. ND: Not Done. GNS: Grew and didl saubilize. NG: No

Grow. LS: Low Solubilization (solubilization index?2)

Features 12° 28 3ab 4 5aP
pH 4/9 4/9 4/9 5/9 4/9
NaCl (1%) - - - - -
Temp. (C)
15°C + + + NR +
28°C + + + + +
37°C - - - - -
Resistance to antibiotich
Ampicillin (10 pg mLY - + + NR +
Penicillin G (10 pg mt) + + + NR +
Doxycycline (30 pg mt) + + + NR +
Neomycin (30 ug mt) + - - + -
Kanamycin (30 ug nib) - - - NR -
Cefuroxime (30 pg mib) - - + NR -
Erythromycin (15 pg mit) + + + NR +
Chloramphenicol (30 pg i) + + + + +
Ciprofloxacin (5 pg mtL) + + + NR +
Gentamicin (10 pg nib) + + - + -
Test of nodulation (Soybean) - + + + -
Phosphate solubilization
Calcium phosphate GNS GNS ND GNS
Aluminum phosphate NG NG NG ND NG
Iron phosphate GNS GNS GNS ND GNS

®Results obtained in this work
® Guimarées et al.(submitted)
°Xu et al., 199



