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RESUMO

Rizébios s&o bactérias capazes de fixar nitrogénio atmosférico e converté-lo @ uma
forma assimilavel pela planta, quando estes se encontram em simbiose com
determinadas plantas da familia Leguminosae. Contudo, apesar da importancia
ecoldgica e econOmica, os rizébios tém sido relativamente pouco estudados. Baseado
nos dados de sequénciamento do gene 16S RNAr, existem, atualmente cinco géneros
de rizdbios descritos, Azorhizobium, Bradyrhizobium, Mesorhizobium, Rhizobium e
Sinorhizobium e mais de 40 espécies, compreendidos na subclasse alfa das
Proteobacterias. Varios estudos vém sendo conduzidos, a fim de determinar a
diversidade existente entre os rizdbios, visando assim estabelecer relacdes
filogenéticas com bactérias relacionadas e estruturar hipoteses quanto a sua evolugao
simbidtica. Nesse contexto, uma colecdo de 68 estirpes de rizobios isoladas de 63
diferentes espécies de leguminosas, todas recomendadas como inoculante, foram
analisadas a fim de determinar diferencas morfolégicas e fisiolégicas entre as estirpes
“‘SEMIAS” e determinar a variabilidade genética e suas relagdes filogenéticas com base
na analise das sequéncias do gene 16S RNAr. As estirpes foram isoladas de
leguminosas pertencentes as trés subfamilias e 17 tribos. Foi possivel observar que
25% das estirpes apresentaram reagdes acidas em meio YMA e em geral foram
caracterizadas como altas produtoras de muco, 70.58% das estirpes apresentaram
reacdes alcalinas em YMA, sendo a maioria produtora de pouco muco, e apenas trés
estirpes nao alteraram o pH do meio YMA. Nenhum padrao contratante foi observado
em relacdo aos parédmetros morfolégicos avaliados (cor, transparéncia, bordas e
elevagdo). O dendrograma resultante apdés anadlises das sequéncias do 16S RNAr,
revelou heterogeneidade e dividiu assim, as estirpes em nove principais grupos
reunidos em um nivel de similaridade de 77,85%, sendo sete deles relatados aos
géneros/espécies: Bradyrhizobium japonicum, B. elkanii, Rhizobium
tropici/Agrobacterium  (reclassificado como  Rhizobium), R. leguminosarum,
Sinorhizobium meliloti/S. fredii, Mesorhizobium ciceri/M. loti, e Azorhizobium
caulinodans. Contudo algumas estirpes diferiram em mais de 35 nucleotideos das
espécies tipo, sugerindo que essas podem representar novas espécies. Dois outros
grupos incluiram bactérias mostrando baixa similaridade aos géneros Methylobacterium
e Burkholderia, e a presenga dos genes nifH e/ou nodC foi confirmada para essa
estirpes. Diversas estirpes foram capazes de nodular leguminosas de diferentes tribos e
subfamilias. O alto grau de diversidade observado enfatiza que os tropicos sdo um
importante reservatério de genes fixadores de nitrogénio.

Palavras-chave: Rizébio. Leguminosa.



PEREIRA. Pamela Menna. “Filogenia de rizébios utilizados em inoculantes
comerciais brasileiros, com base no seqiienciamento do gene ribossomal 16s”.
2005. 70f. Dissertacdo (Mestrado em Microbiologia) — Universidade Estadual de
Londrina, 2005.

ABSTRACT

Nitrogen is often a limiting nutrient, therefore the sustainability of food crops, forages
and green manure legumes is mainly associated with their ability to establish symbiotic
associations with stem and root-nodulating N»-fixing rhizobia. The selection,
identification and maintenance of elite strains for each host is critical. Decades of
research in Brazil resulted in a list of strains officially recommended for several legumes,
but their genetic diversity is poorly known. This study aimed at gaining a better
understanding of phylogenetic relationships of sixty-eight rhizobial strains recommended
for sixty-three legumes, based on the sequencing of the 16S rRNA genes. The strains
were isolated from a wide range of legumes, including all three subfamilies and
seventeen tribes. Nine main clusters were defined, joined with a similarity of 77.8%,
seven of them related to rhizobial genera/species: Bradyrhizobium japonicum, B. elkanii,
Rhizobium  tropici/Rhizobium  resembling  agrobacteria, R. leguminosarum,
Sinorhizobium meliloti/S. fredii, Mesorhizobium ciceri/M. loti, and Azorhizobium
caulinodans. However, some strains differed by up to thirty-five nucleotides from the
type strains, which suggests that they may represent new species. Two other clusters
included bacteria showing similarity with the genera Methylobacterium and Burkholderia,
and the presence of nifH and/or nodC was confirmed in these strains. Several strains
were capable of nodulating legumes of different tribes and subfamilies. The great
diversity observed emphasizes that tropics are an important reservoir of N-fixation
genes.

Keywords: Rhizobium. Leguminosae.
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1 REVISAO BIBLIOGRAFICA

1.1 FIXACAO BIOLOGICA DE NITROGENIO E BACTERIAS SIMBIONTICAS

O nitrogénio (N) é o quarto elemento mais abundante nas plantas,
sendo superado apenas pelo carbono (C), pelo oxigénio (O) e pelo hidrogénio (H). O N
€ constituinte essencial de aminoacidos, proteinas, bases nitrogenadas, acidos
nucléicos, hormonios, clorofila, entre outros (Morgante, 2003).

O N é abundante na natureza, constituindo cerca de 80% do gas
atmosférico, na forma de N,. No entanto, organismos eucariontes sé&o incapazes de
absorver N, e converté-lo a uma forma assimilavel devido a tripla ligagao existente entre
os atomos do N2 o qual constitui uma das mais fortes que se tem conhecimento na
natureza (Hungria et al., 1994).

As principais fontes de N assimilavel pelas plantas sdo: 1) N do solo,
proveniente principalmente da decomposi¢gdo da matéria organica; 2) N obtido pela
fixagdo nao-bioldgica, resultante de descargas elétricas, combustao e vulcanismo; 3) N
fornecido pelos fertilizantes; e 4) N fornecido pelo processo de fixagdo biologica
(Hungria et al., 2001).

Entretanto, o N presente na matéria organica do solo é limitado,
podendo ser esgotado rapidamente apds alguns cultivos. Ja o processo quimico o qual
transforma N, em amdnia, representa a forma assimilada com maior rapidez pelas
plantas, mas a um custo elevado, pois o0 processo quimico o qual transforma N, em
amoénia, requer hidrogénio (derivado do gas de petréleo), catalisador contendo ferro,
altas temperaturas (300 a 600 °C) e altas pressdes (200 a 800 atm.) (Hungria et al.,
2001). Consequentemente, o gasto de fontes energéticas ndo renovaveis € elevado e
estima-se que sejam necessarios, aproximadamente, seis barris de petroleo por
tonelada de NH; sintetizada. Um outro agravante na utilizagcdo dos fertilizantes
nitrogenados reside na baixa eficiéncia de sua utilizacdo pelas plantas, raramente

ultrapassando 50%. Deve-se considerar, ainda, que o uso indiscriminado de fertilizantes
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nitrogenados resulta em poluicdo ambiental, pois a lixiviagdo do N e o escorrimento
desse nutriente pela superficie do solo resultam em acumulo de formas nitrogenadas
nas aguas dos rios, lagos e lengdis de agua subterraneos, podendo atingir niveis
toxicos a peixes e ao homem (Hungria et al., 2001).

A terceira fonte de N é representada pela fixagao biolégica do N, (FBN),
processo realizado por determinados procariontes, denominados organismos fixadores
de Ny ou diazotrdficos. As bactérias capazes de fixar biologicamente o N, possuem uma
enzima chamada dinitrogenase, que é formada por duas unidades protéicas, a Ferro-
proteina (Fe-proteina) e a Molibdénio-Ferro-proteina (MoFe-proteina), ambas capazes
de transportar elétrons. Durante a reacao de redugcado do N, a dinitrogenase € auxiliada
por uma terceira molécula transportadora de elétrons, a ferridoxina, a qual, na sua
forma reduzida, transfere um elétron para a unidade Fe-proteina que, entdo, reduzida,
doa o elétron recebido para a MoFe-proteina, a qual acumula os elétrons até que
ocorram oito transferéncias concentrando oito elétrons, os quais sdo necessarios para
que a redugao completa do N2 a NH3 ocorra (Morgante, 2003).

Em termos globais, estima-se que a FBN contribua com 65% da
entrada anual de N na Terra, enquanto que a producgao industrial contribui com 24% e a
fixacdo nao-biolégica com cerca de 10% (Hungria et al., 2001).

As bactérias fixadoras de N, se associam a diversas plantas em
diferentes graus de especificidade, levando a sua classificagdo como bactérias
associativas, por exemplo: Azospirillum sp., endofiticas, por exemplo: Acetobacter
diazotrophicus e Burkholderia sp., e simbioticas, por exemplo: rizébios (Drozdowicz,
1997), os quais constituem um grupo de bactérias Gram negativas que incluem os
géneros Rhizobium, Bradyrhizobium, Azorhizobium, Sinorhizobium, Mesorhizobium e
Allorhizobium (Garrity & Holt, 2001).

Rizébios sdo bactérias que formam simbioses especificas com
determinadas plantas da familia Leguminosae (Fabaceae nos Estados Unidos),
conduzindo a formagédo de 6rgaos altamente especializados, os nddulos, nos quais
ocorre a fixagao bioldgica do N, (Hungria, 1994).

A formacgao de nodulos € um processo complexo, que ocorre em varias

etapas, e envolve mudangas fisiolégicas e morfolégicas tanto na célula hospedeira,
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como na bactéria. As mudangas na bactéria visam, principalmente, o recebimento de
fontes de carbono da planta hospedeira, para prover o ATP e poder redutor necessario
para o processo de fixagc&o bioldgica, enquanto que as mudangas na planta hospedeira
visam assimilar a amdnia produzida pelas bactérias (Hungria et al., 1994).

Para que ocorra a formacao dos nédulos, ambos, bactéria simbidntica e
planta hospedeira, desenvolveram um complexo sistema para interagirem mantendo,
assim, uma comunicacdo molecular. Esse sistema faz com que bactérias simbidticas
vivendo saprofiticamente no solo percebam sinais quimicos sintetizados pela planta
hospedeira, geralmente flavondides, os quais fazem com que bactérias simbiénticas
sejam atraidas em direcao as raizes da planta, por quimiotactismo positivo (Drozdowicz,
1997).

Os flavondides irdo induzir a transcricdo de genes de nodulagdo (nod
nol e noe) nas bactérias, conduzindo a sintese e secregao dos fatores Nod. Os fatores
Nod sao lipo-quitinooligossacarideos  responsaveis, principalmente, pelo
reconhecimento entre bactéria e planta hospedeira e pela indugdo de uma intensa
divisdo celular no cortex da raiz. As bactérias, entdo, serdo atraidas por quimiotactismo
a rizosfera, onde vao se multiplicar, colonizando os tricomas (pélos) radiculares. Os
tricomas enrolam-se, envolvendo grupos de bactérias, que em seguida, degradam uma
por¢cao da parede celular do tricoma, levando a invaginagdo do plasmalema. A seguir,
as bactérias invadem o tricoma, utilizando o canal formado pela invaginagdo do
plasmalema, dando origem ao cordao de infec¢do (Morgante, 2003; Hungria et al.,
1994).

O cordao de infecgéo ira migrar em diregcado as células em divisdo no
cortex da raiz da planta que recebe o nome de nddulo primario, nessa etapa, as
bactérias presentes no interior do cordao de infecgéo, continuam se multiplicando. Ao
chegar as proximidades do nédulo primario, o corddo de infeccdo se ramifica para
invadir as células vegetais. Pequenos grupos de bactérias, contidas no interior de
vesiculas membranosas, sado liberados dentro do citoplasma das células vegetais do
nddulo primario. A partir do estabelecimento do nédulo radicular, as bactérias, que se

encontram dentro das células radiculares hospedeiras param de se multiplicar,
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aumentam de tamanho e sofrem varias alteragdes bioquimicas para se transformarem
em bactérias especializadas na fixagao de nitrogénio, os bacterodides (Morgante, 2003).

Rizébios, entretanto, s&o bactérias de grande importancia para a
agricultura, sendo responsaveis por aproximadamente metade da fixagdo global de
nitrogénio (Wang & Martinez-Romero, 2000). Estima-se que a FBN seja um processo
cuja importancia ecoldgica s6 pode ser comparada a fotossintese, e que os organismos
que a realizam podem suplementar ecossistemas naturais com novas quantidades de
N, aproveitando a reserva inesgotavel de N, presente na atmosfera. Rizobios também
sao bactérias teluricas de vida livre e, quando nao se encontram em simbiose, possuem
a capacidade de sobreviverem in situ a custa de compostos nitrogenados do solo
(Drozdowicz, 1997).

Para que esta relacdo simbidtica entre planta e rizébio possa se
estabelecer, essas bactérias precisam, carregar genes, 0s quais sao responsaveis pelo
processo de FBN (genes nif e fix) e genes responsaveis pelo processo de nodulagao
(genes nod nol e noe). Existem evidéncias de que o0s genes simbibticos estdo
localizados em elementos gendmicos potencialmente transferiveis. Esses elementos
podem ser plasmideos ou megaplasmideos em todas as espécies de Rhizobium,
Sinorhizobium, Mesorhizobium amorphae e Mesorhizobium huakuii, ou regides
cromossomais transferiveis, em Mesorhizobium loti e Bradyrhizobium japonicum (Wang
& Martinez-Romero, 2000).

Desse modo, devido ndo apenas a sua grande importancia pratica, mas
também pelo seu interessante mecanismo genético de simbiose, rizébios tém sido um
dos grupos de microrganismos mais amplamente estudados no campo da genética
(Provorov & Vorob’ev, 2000).

1.2 TAXONOMIA DOS RIZOBIOS

A sistematica bacteriana pode ser definida como o estudo cientifico da

diversidade e inter-relacbes com o objetivo de caracterizar e arranjar, de uma maneira
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ordenada, as bactérias (Truper & Schleifer, 1991). A taxonomia &, frequientemente,
usada como um sinénimo para sistematica e consiste na classificagcdo, nomenclatura e
identificacdo de um organismo (Cowan, 1968).

A classificagdo consiste no arranjo dos organismos em grupos (taxons)
com base em similaridades, enquanto que a nomenclatura é a determinacdo de nomes
para os grupos taxondmicos, de acordo com as regras internacionais descritas pelo
“International Code of Nomenclature of Bacteria” (Sneath, 1992). Ja a identificacdo é o
uso pratico da classificacdo a fim de determinar a identidade de um isolado como
membro, ou ndo, de uma unidade. A classificacdo bacteriana consiste de diversos
niveis. O maior nivel € chamado de Dominio. Todos os procariotos sao localizados
dentro de dois Dominios, Archae e Bacteria. Para cada Dominio sdo descritos os Filos,
Classes, Ordens, Familias, Géneros, spécies e subespécies.

Conforme Brenner et al. (2001), niveis mais altos tais como: Filo,
Classe, Ordem, Familia e Género tém sido classificados com base em analise das
sequéncias do gene ribossomal 16S. A determinagdo de espécies, entretanto,
permanece incerta, sendo que analises de similaridades entre DNA-DNA, sequéncia do
16S RNAr e caracteristicas fisiolégicas vém sendo utilizadas a fim de caracterizar uma
dada espécie. Contudo, ndo ha, até o presente momento, uma determinagao precisa
quanto a especiacdo em bactérias.

Os rizdbios encontram-se classificados como pertencentes a: Dominio:
Bactéria; Filo: Proteobacteria; Classe: Alfaproteobacteria; Ordem: Rhizobiales; e
distribuido nas Familias Rhizobiaceae, Phyllobacteriaceae, Bradyrhizobiaceae e
Methylobacteriaceae, (Garrity & Holt, 2001), Além disso, algumas espécies de bactérias
capazes de nodular e fixar N2 em simbiose com leguminosas foram recentemente
identificadas como pertencentes a classe das Betaproteobacteria; Ordem:
Burkholderiales; Familia: Burkholderiaceae; género: Burkholderia (Moulin et al., 2001) e
também pertencente a classe das Alfaproteobacterias; Ordem Rhizobiales; Familia:
Methylobacteriaceae; género: Methylobacterium (Sy et al., 2001).

Durante recentes anos, estudos tém demonstrado grande diversidade

entre rizébios, especialmente em zonas tropicais e mediterréaneas, onde a diversidade &
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ainda pouco conhecida, levando a mudangas em sua classificagdo (Zaklha & de
Lajudie, 2001).

Primeiramente, a familia Rhizobiaceae era representada apenas pelo
género Rhizobium, o qual era constituido por bactérias capazes de nodular e fixar
nitrogénio em relagdées simbidnticas com plantas da familia Leguminosae. As espécies
simbiénticas eram Rhizobium leguminosarum (espécie tipo), Rhizobium japonicum,
Rhizobium lupini, Rhizobium meliloti, Rhizobium phaseoli e Rhizobium trifoli. Espécies
de Agrobaterium tumefaciens, Agrobacterium rhizogenes, Agrobacterium rubi e
espécies de Phyllobacterium myrsinacearum e Phyllobacterium rubiacearum, todas
causando hipertrofias em plantas, foram também incluidas na familia Rhizobiaceae
(Skerman et al., 1980). Os rizébios foram assim classificados, com base nas espécies
de leguminosas com as quais fossem capazes de formar nddulos e fixar nitrogénio.
Portanto, Rhizobium phaseoli nodulava o feijao (Phaseolus vulgaris L.); R. japonicum a
soja (Glycine max L.); R. meliloti a alfafa (Medicago sativa); R. viciae o feijao fava (Vicia
faba) e R. trifolii o trevo (Trifolium repens) (Coutinho, 2003).

O conceito de planta hospedeira, porém, foi mudada, apds a
observagcado de muitas reagdes cruzadas entre as planta hospedeiras e os
microrganismos, pois uma unica leguminosa, por exemplo, Acacia, Glycine max ou
Leucaena poderiam abrigar diferentes simbiontes (Terefework et al., 2000).

A taxonomia rizobiana, entretanto, revolucionou com o advento de
metodologias avangadas, tais como a sistematica molecular e quimiotaxonémica, para a
caracterizagao de microrganismos.

Como primeira consequéncia, Jordan (1982), com base em analises
fenotipicas, reassociagdo DNA-DNA e dados fisiologicos, descreveu o género
Bradyrhizobium, sendo a espécie padrio a estirpe USDA 6' (ATCC 10324).
Bradyrhizobium, que do grego Bradus significa lento, foi assim classificado e
diferenciado de Rhizobium, principalmente, pelo crescimento mais lento e produgao de
alcali em meio de cultura.

A partir de entdo, todas as demais estirpes de crescimento lento
passaram a receber a denominacgao de Bradyrhizobium sp., seguido do nome da planta

entre parénteses.
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Ja na década de 80, varios trabalhos comecaram a demonstrar a
existéncia de grande variabilidade genética e fisiolédgica entre as estirpes de
Bradyrhizobium, levando Kuykendall et al. (1992) a sugerirem a subdivisdo de
Bradyrhizobium em duas espécies: B. japonicum, com as estirpes do grupo |, e B.
elkanii, com as estirpes do grupo Il.

Desde entdo, técnicas moleculares tém sido desenvolvidas, a fim de
melhor caracterizar os rizobios, sendo que, atualmente utiliza-se como ferramenta
indispensavel a taxonomia bacteriana a analise de genes ribossomais, mais
especificamente da sequéncia do gene 16S RNAr, o qual tem demostrado suficiente
conservagao estrutural, possibilitando a descricdo de muitas espécies novas. Contudo,
como citado anteriormente, as classificagdes, principalmente em nivel de espécies, nao
devem ser baseadas apenas em caracteristicas moleculares, mas também em
propriedades fisioldgicas e, no caso de rizébios, simbidticas. E o que chamamos de

classificagao polifasica (Coutinho, 2003).

1.3 ANALISES FILOGENETICAS MOLECULARES PARA DETERMINACAO DA DIVERSIDADE DE

RIZOBIO

Uma poderosa ferramenta para a taxonomia de um determinado
organismo € o estudo da filogenia, o qual é amplamente utilizado para determinar a
relacdo existente entre os organismos, indicando seu possivel grupo, suas relagbes
com outros grupos e seu lugar nas familias e reinos, bem como auxiliando no
reconhecimento dos ancestrais. Em bactérias a filogenia é baseada, principalmente, em
dados de sequenciamento de macromoléculas biolégicas. Nesse contexto, moléculas
mais conservadas ajudam a comparar organismos relacionados distantemente,
enquanto que moléculas que mudam rapidamente permitem identificar mudancas
pequenas e recentes (Wang & Martinez-Romero, 2000).

Os genes ribossomais (RNAr) que codificam moléculas de RNA

ribossomal s&o essenciais para a sobrevivéncia de todos os organismos e sao
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altamente conservados em bactérias e outros organismos, uma vez que todos realizam
sintese de proteinas. Assim, a conservagao desses genes, devido a reserva estrutural
dos ribossomos, e a existéncia de variabilidade em alguns dominios, torna as
sequéncias dos genes ribossomais (56S, 16S e 23S) boas escolhas para comparar
organismos e inferir filogenias (Thoérsson et al., 2000).

Como em muitas outras bactérias, a filogenia dos rizobios tem sido
derivada, principalmente, da analise de sequéncias nucleotidicas do gene que codifica
a regido do gene 16S do RNA ribossomal. O sequenciamento direto e completo do
produto de PCR obtido pela amplificagado da regidao do DNA que codifica o gene 16S
RNAr tem sido o método mais comumente utilizado para estimar filogenia, devido ao
fato de que ha, nesta regido génica, suficiente conservagdo, o que permite o
estabelecimento de relagbes evolucionarias universais (Wang & Martinez-Romero,
2000).

Sequéncias dos genes ribossomais 5S, 23S e da regido intergénica
(IGS) também tém sido utilizadas para estimar relagdes entre espécies de rizobios.
Uma comparagao parcial do gene 23S DNAr revelou que a relagao entre Agrobacterium
vitis com Rhizobium leguminosarum, R. etli e R. galegae indicou que estes géneros nao
estdo tao relacionados a Agrobcterium como quando se analisam sequéncias do gene
16S RNAr. Esse fato indica que a taxa de mudangas nas sequéncias do gene 23S
RNAr, assim como também ja foi constatado para os genes 5S RNAr e IGS RNAr, sdo
maiores e mais rapidas que as observadas para o gene 16S RNAr, sendo assim, esses
genes (23S e 5S e IGS) poderiam ser utilizados com o propdsito de identificagdo e
tipagem entre espécies, mais do que para inferir relagdes filogenéticas (Wang &
Martinez-Romero, 2000).

Uma grande complicagdo em analises filogenéticas das sequéncias do
operon RNAr (16S, 23S, 5S e IGS) é o fato de que muitos géneros de bactérias
possuem multiplas copias do operon RNAr, e os alelos RNAr podem divergir em cada
cbpia, em maior ou em menor extensdo, devido a recombinacdo intragénica localizada
e transferéncia lateral parcial, ou total, dos operons RNAr (Yap et al., 1999).

No entanto, para as estirpes do género Bradyrhizobium, tal problema

pode ser negligenciado, devido ao fato de que, at¢é o momento, observou-se que
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estirpes deste género, possuem apenas uma unica copia do operon RNAr, enquanto
que para as estirpes dos géneros Rhizobium, Mesorhizobium Sinorhizobium,
Allorhizobium e Azorhizobium, ja foram identificadas multiplas cépias, contudos sao
cbpias incompletas, sendo assim possiveis de identificagdo em andlises de gel de
eletroforese, ou sdo copias idénticas néo alterando assim, as analises (Willems et al.,
2001).

Com base nas sequéncias do 16S RNA, os simbiontes de plantas
leguminosas encontram-se divididos em trés grupos filogenéticos (Zakha & de Lajudie,
2001).

O primeiro grupo consiste de diversos subgrupos, sendo que cada
subgrupo representa um género de rizébio, sdo eles: Rhizobium, Sinorhizobium,
Mesorhizobium e Allorhizobium. Neste grupo também se encontram algumas bactérias
patogénicas a planta (Agrobacterium e Phyllobacterium), bactérias do solo (Mycoplana)
e algumas bactérias clinicas (Brucella, Ochrobactrum e Bartonella). O primeiro
subgrupo correspondente ao género Rhizobium, inclui R. leguminosarum, como espécie
tipo, R. tropici (Martinez-Romero et al., 1991), R. etli (Segovia et al., 1993), R. galilicum
(Amarger et al., 1997), R. mongolense (Van Berkum et al., 1998) e Agrobacterum
biovar-2. O segundo subgrupo correspondente ao género Sinorhizobium, inclui as
espécies: S. fredii e S. xinjiagensis (Chen et al., 1988), S. meliloti, S. terangae e S.
sahelense (de Lajudie et al., 1994), S. medicae (Rome et al., 1996), S. kostiense e S.
arboris (Nick et al., 1999), essas espécies, entretanto, se encontram mais relacionados
ao subgrupo dos Rhizobium, sendo assim, provavelmente dividem um ancestral
comum. O terceiro subgrupo corresponde ao género Mesorhizobium (Jarvis et al., 1997)
e inclui as espécies: M. loti (Jarvis et al., 1982), M. huakuii (Chen et al., 1991), M. ciceri
(Nour et al., 1994), M. mediterraneum (Nour et al., 1995), M. tianshanense (Chen et al.,
1995), M. plurifarium (de Lajudie et al., 1998a), M. amorphae (Wang et al., 1999).
Espécies desse género e algumas bactérias metilotroficas pertencentes aos géneros
Aminobacter e Chelatobacter, isoladas de rizosfera de plantas, e o género
Phyllobacterium, também se encontram relacionados na arvore filogenética do 16S
RNAr, com maior parentesco com as espécies de Rhizobium do que com espécies dos

géneros Azorhizobium e Bradyrhizobium. O quarto subgrupo inclui, espécies
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pertencentes ao género Agrobacterium biovar-1, mas também, R. galegae (Lindstrom,
1989), R. giardinii (Amarger et al., 1997), R. huautlense (Wang et al., 1998) e
Allorhizobium undicola (de Lajudie et al., 1998b). Este parentesco levou recentemente a
mudanga do género Agrobacterium para o género Rhizobium (Young et al., 2001).

O segundo grupo filogenético, €& representado, pelo género
Azorhizobium. O qual consiste de apenas uma espécie, A. caulinodans, proposto para
as bactérias que nodulam o caule e raizes de Sesbania rostrata. Esse género exibe
caracteristicas muito especiais entre os rizobios, tais como a fixacdo “in vitro” do
nitrogénio e crescimento sob baixa tenséo de O, (3%) (Zakha & de Lajudie, 2001).

A. caulinodans forma um grupo bem distinto dos outros rizébios,
estando mais intimamente relacionado a espécies de Xanthobacter, que sdo também
bactérias associadas a plantas e incluem alguns membros fixadores de N, isolado da
rizosfera de plantas, tais como o arroz (Dreyfus et al., 1988).

O género Bradyrhizobium, representado por espécies de crescimento
lento e reacdo alcalina em meio contendo manitol como fonte de carbono, forma o
terceiro grupo filogenético (Zakha & de Lajudie, 2001). Existem atualmente quatro
espécies conhecidas, B. japonicum (Jordan, 1982), B. elkanii (Kuykendall et al., 1992),
B. liaoningense (Xu et al., 1995), B. yuanmingense (Yao et al., 2002), Bradyrhizobium
canariense (Vinuesa et al., 2005) e Bradyrhizobium betae (Rivas et al., 2004) e ainda
muitas linhagens ndo nomeadas, incluindo alguns fotossintéticos e algumas linhagens
nodulantes de caule. Nesse grupo também se encontram espécies de Afipia sp.,
Blastobacter denitrificans e Rhodopseudomonas. O parentesco filogenético entre
Bradyrhizobium japonicum, Afipia sp., Blastobacter denitrificans e Rhodopseudomonas
palustris € maior que entre B. japonicum e B. elkani. Portanto, esse género aceito como
B. elkanii, ja foi questionado (Dupuy et al., 1994). Através de um filograma baseado no
gene 16S RNAr de diversas sequéncias de bactérias da subclasse alfa das
Proteobacterias, foi possivel observar que Bradyrhizobium estd mais relacionado a
bactérias ndo simbiénticas do que a outros rizébios (Wang & Martinez-Romero, 2000).

Este fato levou cientistas a sugerirem que os géneros de rizébios foram
formados em diferentes estagios da evolugdo e que eles possuem estreitas relagcoes

com bactérias ndo simbidnticas. Desse modo, Bradyrhizobium teria divergido de
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Rhizobium muito antes dos nddulos evoluirem e os genes de nodulagéo, os quais sao,
claramente relacionados, provavelmente foram adquiridos por transferéncia lateral
(Young & Haukka, 1996; Wang & Martinez-Romero, 2000).

Desse modo, as analises filogenéticas fornecem informagdes sobre o
processo de vida e evolugdao bacteriana, além de fornecerem uma importante
ferramenta para estudos de diversidade bacteriana, permitindo um aumento no
entendimento de interagbes biologicas, auxiliando grandemente na conservagao e
restauragao bioldgica. Bactérias representam uma das formas de vida mais diversa na
Terra, podendo consistir de mais de um milhdo de espécies (ASM, 1994). No entanto,
apenas uma fracdo dessas espécies, foram identificadas, e ainda, poucas sao
estudadas ou estdo em colegdes de cultura (Hawksworth, 1991, Gewin et al., 1998).

Bactérias sao sensiveis a disturbios, como os causados pela
agricultura, poluicdo e outros stress (Elliot & Lynch, 1994), sendo assim, entender o
efeito dos disturbios na diversidade bacteriana pode contribuir, amplamente, para o
entendimento da qualidade do solo e o desenvolvimento de agroecossistemas
sustentaveis (Thomas & Kevan, 1993).

Novas espécies de rizobios vém sendo descritas nos ultimos anos,
refletindo o numero crescente de grupos de pesquisa envolvidos em estudos da
diversidade de rizdbios. A maior parte das novas espécies de rizobios foi isolada de
regides tropicais, realgando a importancia dos tropicos como fonte de biodiversidade.
Se considerarmos os sistemas de agricultura sustentavel como pré-requisito para a
melhoria de qualidade de vida nos paises tropicais, bem como a importancia da FBN
para a sustentabilidade dos agroecossistemas, percebe-se a grande relevancia e
potencial benéfico do entendimento e exploracdo racional da diversidade de rizébios
(Coutinho, 2003).
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2 JUSTIFICATIVAS

Organismos unicelulares existem no planeta ha 2-3 bilhdes de anos,
antes mesmo de qualquer outra forma de vida celular complexa. As bactérias sao as
mais diversas formas de vida na Terra e consistem em mais de um milhdo de espécies
(ASM, 1994). Estima-se que, somente de 1 a 10% das espécies bacterianas da Terra
ja foram identificadas, deixando uma vasta por¢cdo da biota desconhecida e,
consequentemente, ndo estudada (Hawksworth, 1991).

Colecgdes de culturas atuam como centros de recursos microbioldgicos
e reservatorios notaveis de genes microbianos, além de fornecem servicos de
identificacao, preservacao, testes de viabilidade, pureza e autenticidade das estirpes
que sao, continuamente, monitoradas a fim de disponibilizar culturas puras, em estado
viavel e geneticamente estavel para a educacao e a pesquisa. Sendo assim, o estudo
destas colegcbes pode contribuir para a descoberta de genoétipos superiores ou, até
mesmo, novas especies.

Em rizébios varios estudos vém sendo conduzidos, sobretudo através
de analises das sequéncias dos genes ribossomais 16S RNAr , a fim de determinar
relacdes filogenéticas com bactérias relacionadas e estruturar hipéteses quanto a sua
evolugdo simbidtica. Varios trabalhos, entretanto, tém focado a diversidade de estirpes
de rizdbio, principalmente as de importancia agricola e, como resultado, novas espécies
vém sendo descritas. Sequéncias do gene 16S RNAr tém sido utilizadas principalmente
devido a sua estrutura conservada e essencialidade em todas as bactérias,
possibilitando, assim, estimar suas posicdées no dominio Bacteria (Wang & Martinez-
Romero, 2000).

No Brasil, diferentes instituicbes de pesquisa sao depositarias de
colecdes de culturas de rizébios, sendo que a “Colecédo de Culturas SEMIA” do Centro
de Pesquisa de Fixacdo Bioldgica do Nitrogénio, da Fundacédo Estadual de Pesquisa
Agropecuaria (FEPAGRO) é a responsavel pela manutencao e distribuicdo de estirpes
recomendadas para o uso em inoculantes comerciais para diversas leguminosas, sendo

considerada a colegdo de referéncia nacional para rizobios. Algumas dessas
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leguminosas sao de grande importancia econémica nacional ou regional, como a soja, o
feijoeiro, a ervilha, o feijao-de-corda, o amendoim, a alfafa, os trevos e diversas
leguminosas arboreas utilizadas em programas de recuperagao de areas degradadas e
de reflorestamento. Assim, torna-se essencial realizar a caracterizagao molecular das
culturas da colecdo SEMIA, principalmente para o controle de qualidade das estirpes
recomendadas para uso em inoculantes comerciais, e para analisar caracteristicas
diferenciais entre as estirpes, possibilitando assim a identificagdo de novas espécies ou

novos géneros.
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3 OBJETIVOS

- Caractertizar as diferengas morfologicas e fisioldgicas de uma colegao
de estirpes de rizobio proveniente de diferentes leguminosas, todas de grande
importancia econémica nacional ou de importancia para programas de reflorestamento
e recuperagao de areas degradadas, e a relagdo destas estirpes com a distribuigdo
geografica e suas plantas hospedeiras.

- Determinar a filogenia molecular e assim classificar esta colegéo, por
meio do estudo da variabilidade encontrada na regido conservada do gene ribossomal
16S DNAr.
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Abstract

Nitrogen is often a limiting nutrient, therefore the sustainability of food crops, forages
and green manure legumes is mainly associated with their ability to establish symbiotic
associations with stem and root-nodulating No-fixing rhizobia. The selection,
identification and maintenance of elite strains for each host is critical. Decades of
research in Brazil resulted in a list of strains officially recommended for several legumes,
but their genetic diversity is poorly known. This study aimed at gaining a better
understanding of phylogenetic relationships of sixty-eight rhizobial strains recommended
for sixty-three legumes, based on the sequencing of the 16S rRNA genes. The strains
were isolated from a wide range of legumes, including all three subfamilies and
seventeen tribes. Nine main clusters were defined, joined with a similarity of 77.8%,
seven of them related to rhizobial genera/species: Bradyrhizobium japonicum, B. elkanii,
Rhizobium  tropici/Rhizobium  resembling agrobacteria, R. leguminosarum,
Sinorhizobium meliloti/S. fredii, Mesorhizobium ciceri/M. loti, and Azorhizobium
caulinodans. However, some strains differed by up to thirty-five nucleotides from the
type strains, which suggests that they may represent new species. Two other clusters
included bacteria showing similarity with the genera Methylobacterium and Burkholderia,

and the presence of nifH and/or nodC was confirmed in these strains. Several strains
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were capable of nodulating legumes of different tribes and subfamilies. The great
diversity observed emphasizes that tropics are an important reservoir of N-fixation

genes.

Keywords: Biological nitrogen fixation; Azorhizobium; Bradyrhizobium; Burkholderia;
Inoculant; Leguminosae; Methylobacterium; Nodulation; Rhizobium; Sinorhizobium; 16S
rRNA gene

1. Introduction

Divergence within the family Leguminosae (Fabaceae in the USA) is estimated to
have occurred over 65 million years, such that over 18,000 species are now classified
into around 650 genera, occupying nearly all terrestrial biomes (Polhill and Raven, 1981;
Herendeen et al., 1992). The wide use of legumes as food crops, forages and green
manures is mainly associated with their ability to establish symbiotic associations with
stem and root-nodulating No-fixing bacteria, collectively called rhizobia (Allen and Allen,
1981). These bacteria are among the most intensely studied groups of microorganisms,
mainly due to their potential to replace N-fertilizers, with emphasis on their key role in
achieving sustainability of tropical N-poor soils.

Nodules generally occur in the subfamilies Mimosoideae and Papilionoideae, and
are rare in the Caesalpinioideae; recent information indicates that about 3,000 taxa are
capable of nodulating and 400 taxa are not; however, information is lacking for nearly
40% of the genera (ILDIS, 2005). Until the early 1980s, all bacteria isolated from root
nodules were classified into the genus Rhizobium, and speciation was based on
nodulation with certain host plants, establishing the “cross-inoculation group” concept
(Fred et al., 1932). After that, numerical taxonomy considering several properties led to
the definition of a new genus, Bradyrhizobium, and the renomination of some other
species (Jordan, 1984). Particularly in the last decade, ribosomal sequences with
emphasis on the 16S rDNA, have become the basis of bacterial molecular phylogeny
and taxonomy (Garrity and Holl, 2001), leading to the description of new rhizobial

genera and species. Currently, rhizobia are positioned in four deep branches,
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Azorhizobium, Bradyrhizobium, Mesorhizobium, and Rhizobium-Sinorhizobium-
Allorhizobium, and non-symbiotic relatives within those branches may indicate common
ancestry for rhizobial species and other parasitic or soil-borne bacteria (Wang and
Martinez-Romero, 2000; Garrity and Holl, 2001). However, in comparison to the number
of nodulating-legume species, very few rhizobial species have been described.

In Brazil, economical and agronomic benefits have been achieved with several
legumes due to research efforts focused on N fixation. Since 1975, the government
demands that inoculants commercialized in the country contain only strains
recommended by Brazilian public research institutions. To enforce the recommendation,
the RELARE (=Rede de Laboratorios para a Recomendacgao de Estirpes de Rhizobium)
was created in 1985, by the initiative of the Microbial Resources Centre Network
(MIRCEN), establishing a net of laboratories with the objective of identifying the most
effective rhizobial strains for each legume species. Since then, the maintenance of the
strains and their distribution to the inoculant industry has been a responsibility of the
“‘Rhizobium Culture Collection SEMIA” (Secdo de Microbiologia Agricola) (IBP World
Catalogue of Rhizobium Collections #443 in the WFCC World Data Center on
Microorganisms), at the Fundagao Estadual de Pesquisa Agropecuaria (FEPAGRO).

Searching for the most effective rhizobial strains is a time-consuming process
involving the production of thousands of rhizobial cultures, and many greenhouse
experiments and field trials. In the case of soybean (Glycine max) alone, the benefits
resulting from the use of inoculants with selected superior strains is equivalent to about
US$ 3 billion per cropping season, that otherwise would be spent on the purchase,
transportation and application of N-fertilizers (Hungria et al., 2005a). However, despite
the considerable effort expended in selecting effective strains for almost a hundred
legumes, their genetic characterization and taxonomic position is still poor. In this
context, this study aimed at gaining better understanding of phylogenetic relationships,
based on the sequencing of the whole 16S rRNA gene, of sixty-eight rhizobial strains

recommended for sixty-three legumes in Brazil.



26

2. Material and methods
2.1. Strains

Sixty-eight strains from the Brazilian (SEMIA) culture collection of rhizobia were
selected. Table 1 provides information of the strains, as well as of thehost plants from
which they were isolated and for which they are recommended. In total there are ninety-
four recommendations for commercial inoculants. Strains were provided by FEPAGRO
and their purity was verified on yeast extract-mannitol agar (YMA) medium (Vincent,
1970) containing Congo red (0.00125%). Stocks were prepared on YMA and kept at —
70°C (under 50% glycerol) for long-term storage and at 4°C as source cultures.

2.2. Morpho-physiological characterization

Colony morphology (color, mucosity, diameter, transparency, borders, elevation)
and acid/alkaline reaction were evaluated according to Vincent (1970), after 7 days of
growth in the dark, at 28°C, on YMA containing either Congo red or bromothymol blue
(0.00125%) as a pH-change indicator.

2.3. DNA extraction

Total genomic DNA of each strain was extracted from bacterial batch cultures grown
in YM broth until late exponential phase (109 cells mL'1). Extraction of DNA was
performed as described before (Fernandes et al., 2003) and to obtain clean DNA
samples the extraction procedure included the addition, for each 400 mL of bacteria
resuspended in TE 50/20, of 50 pL of 10% SDS, 5 uL of proteinase-K (20 mg mi™), 10
uL of lysozyme (5 mg mL™), and 1 pL of RNAse (10 mg mL™). After two steps of
purification with ethanol at 96% and at 70%, the pellet was resuspended in 50 yL of TE
10/1 to estimate the concentration of the DNA. Samples were then diluted to 20 ng of
DNA pL" and were kept at -20°C.
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2.4. Amplification of the DNA region coding for the 16S rRNA gene and purification of
the PCR-products

The DNA of each bacterial strain was amplified with the universal primers described
by Weisburg et al. (1991), fD1 (5-
CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG-3) and rD1 (5-
CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCC-3’). Each replicate contained, in a
volume of 50 pL: dNTPs (300 uM of each); PCR-buffer (Tris-base 20 mM pH 8.4 and
KCI 50 mM); MgCl, (1.5 mM); primers (15 pmol of each); Taqg DNA polymerase (1.2 U);
DNA (20 ng) and DMSO (5%). The reaction was carried out in an MJ Research Inc. PTC
200 thermocycler, using an initial cycle of denaturation at 95°C for 2 min; thirty cycles of
denaturation at 94°C for 15 s, 93 °C for 45 s, annealing at 55°C for 45 s, and extension
at 72°C for 2 min; a final extension cycle of 72°C for 5 min.

For the purification of the PCR-products, 48 uL of each PCR reaction were added to
each 300 uL-capacity well of a 96-well U-plate. Each well also received 5 uL of sterile
ammonium acetate (7.5 M) and 165 pL of 99.5% ethanol (room temperature). The plate
was sealed, homogenized and the mixture was centrifuged at 4,000 rpm for 45 min. The
supernatant was discarded and the plate was inverted on absorbent paper to dry. After
drying, the pellet received 150 uL of freshly prepared 70% ethanol, the plate was sealed
and the suspension was homogenized and centrifuged again at 4,000 rpm for 10 min.
The supernatant was discarded as described previously and the plate was inverted on
absorbent paper and centrifuged at 300 rpm for 65 s. The pellet was dried at room
temperature for 30 min, or at 37°C for 15 min, followed by the addition of 15 pL of milli-Q
water, homogenized, and kept at -20°C. After 24 h, the concentration of the samples

was verified in 1.5% agarose gels, adjusted to 40 ng DNA pL™" and kept at -20°C.
2.5. Sequencing analysis of the 16S rRNA gene
The PCR-reactions were carried out in 96-well-full-skirt-PCR microplates. Purified

PCR products of each bacterial culture (80 ng per reaction) received a mixture of 3 pL of

dye (DYEnamic ET terminator reagent premix for the MegaBACE, Amersham
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Biosciences), and 3 pmol of each primer. To obtain the complete sequence of the 16S
rRNA gene, five reactions were carried out, with the following primers: fD1, Y2 (5°-
CCCACTGCTGCCTCCCGTAGGAGT-3’, Young et al., 1991) and the following primers
designed by Prof. Leonardo M. Cruz (Dept. of Biochemistry, UFPR, Curitiba, PR, Brazil):
362f (5"-CTCCTACGGGAGGCAGCAGTGGGG-3), 786f (5°-
CGAAAGCGTGGGGAGCAAACAGG-3) and 1203f (5°-
GAGGTGGGGATGACGTCAAGTCCTC-3"). The same program was used with all
primers, as follows: denaturation at 95°C for 2 min; thirty cycles of denaturation at 95°C
for 10 s, 50°C for 4 s, and extension at 60°C for 4 min; final soak at 4°C.

After amplification, to 20 pL of each sample (7 uL of each PCR reaction + 20 yL of
milli-Q water) were added 2 pL of sterile ammonium acetate (7.5 M) and 65 pL of 99.5%
ethanol (room temperature). The plate was sealed, homogenized and centrifuged at
4,000 rpm for 45 min. The supernatant was discarded and the plate was inverted on
absorbent paper to dry. After drying, the pellet received 165 pL of freshly prepared 70%
ethanol, the plate was sealed, homogenized, centrifuged again at 4,000 rpom for 10 min,
and the supernatant was discarded. The plate was inverted on absorbent paper and
centrifuged at 300 rpm for 65 s. The pellet was dried at room temperature for 30 min, or
at 37°C for 15 min, resuspended in 7 pl of milli-Q water or in buffer (70% formamide, 1
mM EDTA), and submitted for sequencing analysis in a MegaBACE 1000 DNA Analysis
System (Amersham Biosciences). In general, the electrophoresis parameters used
were: sample injection voltage, 1 kV; sample injection time, 40 s; run voltage, 5 kV; run
time, 240 min.

The high-quality sequences obtained for each strain were assembled into contigs
using the programs phred (Ewing and Green, 1998; Ewing et al., 1998), phrap
(www.phrap.org) and Consed (Gordon et al., 1998). Sequences confirmed in the 3"and
5 directions were submitted to the GenBank database
(http://www.ncbi.nlm.nih.gov/blast) to seek significant alignments. Accession numbers
from AY904726 to AY904789 were given to the 16S rRNA sequences of sixty-four
strains (Table 2). The sequences of the four strains recommended for the soybean crop

were reported before (Chueire et al., 2003) and were also confirmed and used in this
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study: B. japonicum strains SEMIA 5079 (AF234888) and SEMIA 5080 (AF234889), and
B. elkanii strains SEMIA 587 (AF234890) and SEMIA 5019 (AF237422).

2.6. Phylogeny and taxonomic position based on the 16S rRNA gene

The sequences obtained were aligned pairwise and compared to those of the
following type/reference strains (accession numbers of the GenBank Data Library in
parentheses): Azorhizobium caulinodans USDA 48927 (X67221); Bradyrhizobium betae
PL74H1" (AY372184); Bradyrhizobium canariense BC-C2" (AY577427); Bradyrhizobium
elkani USDA 76" (U35000); Bradyrhizobium japonicum USDA 6" (U69638);
Bradyrhizobium liaoningense USDA 36227 (AF208513); Burkholderia cepacia ATCC
53867 (AY741356); Burkholderia graminis C4D1M' (U96939); Burkholderia sp. TJ182
(AJ505301); Burkholderia sp. BR 3405 (AY773186); Burkholderia sp. BR 3407
(AY773186); Burkholderia sp. tpigd.4 (AY691396); Burkholderia sp hpud10.4
(AY691394); Mesorhizobium ciceri USDA 33837 (U07934); Mesorhizobium loti USDA
34717 (X67229); Methylobacterium nodulans ORS 2060" (AF220763); Rhizobium etli
CFN 427 (U28916); Rhizobium leguminosarum USDA 2370" (U29386); Rhizobium
rhizogenes ATCC 11325" (D14501.1); Rhizobium tropici CIAT 899" (U89832);
Sinorhizobium fredii USDA 205" (X67231); Sinorhizobium meliloti USDA 10027
(X67222).

A phylogenetic tree was obtained with the UPGMA (unweighted pair-group method,
with arithmetic mean) algorithm (Sneath and Sokal, 1973) using the Bionumerics
program (Applied Mathematics, Kortrijk, Belgium). The robustness of the tree was
inferred by bootstrap analysis (Felsenstein, 1985) with 500 replicates, also using the

Bionumerics program.
2.7. PCR-amplification of the DNA region coding for the nodB, nodC and nifH genes
The DNAs of the bacteria showing similarity with the genera Methylobacterium and

Burkholderia were used for amplification of the regions coding for the genes nodB, nodC
and nifH.
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For the amplification of the nodB gene region, the primers used were nodB3f (5'-
TACCTGACSTTYGACGACGGTCC-3") (Wernegreen and Riley, 1999) and nodCRR (5°-
GAGACGGCGRCRCTGGTTG-3") (Silva et al., 2003). Each replicate contained, in a
volume of 50 pyL: dNTPs (200 uM of each); PCR-buffer (Tris-base 20 mM pH 8.4 and
KCI 50 mM); MgCly, (2.4 mM); primers (30 pmol of each); Tag DNA polymerase (1.5 U);
DNA (40 ng). The reaction was carried out with thirty cycles of denaturation at 94°C for
90 s, annealing at 67°C for 30s, and extension at 72°C for 80 s; and a final extension
cycle of 72°C for 3 min.

The nodC amplification was performed with primers nodCIlf (5'-
GTCGATTGCMRGTCAAGACTACG-3") and nodCp8 (5°-
GCCAGGTCTIGTTGCGATTGCTC-3"), used for Bradyrhizobium, as described by
Sterner and Parker (1999). For the DNA region coding for nifH, amplification was
performed with primers nifHF (5'-TACGGNAARGGSGGNATCGGCAA-3") and nifHI (5°-
AGCATGTCYTCSASYTCNTCCA-3") used in a collection of rhizobial strains by
Laguerre et al. (2001); the analysis was performed as described by those authors.

3. Results

3.1. Morpho-physiological haracterization of SEMIA strains

Seventeen strains showed acid reactions on YMA medium (Table 2), and in general
they were characterized by medium to high production of mucus (data not shown).
Forty-eight strains showed alkaline reactions on YMA, most with low to medium
production of mucus (data not shown). In relation to the other morphological parameters
evaluated (color, transparency, borders, elevation), no consistent patterns emerged
within the acid- or alkali-producing group (data not shown). Only three strains, SEMIA
103, SEMIA 6382 and SEMIA 6412 showed neutral reaction on YMA (Table 2), all of

which with medium production of mucus and colonies of 2 to 3 mm in diameter after 7 d.
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3.2. Phylogeny and taxonomic position based on the 16S rRNA gene

Figure 1 shows the dendrogram obtained with the 16S rRNA sequences of all of the
strains, including type and reference strains; they were clustered at a final level of
similarity of 77.8%. Strains were grouped into nine phylogenetic branches or main
clusters, with some subclusters (Fig. 1). We have defined that strains differing in more
than fifteen nucleotides from the closest type strain could represent new species and
were therefore designated in this paper as “sp.” (Table 2).

In the first cluster (1), strain SEMIA 658, isolated from nodules of Lotononis bainesii
in South Africa and very effective for the same legume species in Brazil, showed 97.7%
of similarity with Metylobacterium nodulans ORS 2060' (Fig. 1) isolated from root
nodules of Crotalaria podocarpa in Senegal (Samba et al., 1999; Sy et al., 2001).
Considering 500 replicates, cluster | was fully supported (100%) by bootstrap analysis.

The second branch (Il) grouped Bradyrhizobium strains at a level of similarity of
96.7% and two main clusters (I1.1 and 11.2) were observed (Fig. 1). Cluster 11.1 included
twenty-eight SEMIA strains and B. elkanii USDA 76", joined at a level of similarity of
99.0%; with the addition of SEMIA 587, recomended for soybean, a final level of
similarity of 98.2% was achieved. Within cluster 1.1, a first subdivision (11.1.1) included
five strains with a similarity of 99.1%, isolated from legumes of the subfamilies
Papilionoideae and Mimosoideae and belonging to four different tribes (Ingeae,
Phaseoleae, Acacieae and Aeschynomeneae). Twenty-three SEMIA strains were
clustered within 11.1.2 (99.3 similarity), 50% of which isolated from legumes of the tribe
Phaseoleae. Subcluster 11.1.2 included three out of the four strains from this study that
had been isolated from tribe Desmodieae, as well as one from the Dalbergieae and the
only strain from the Cytiseae; the subcluster included seven strains isolated from the
Mimosoideae and belonging to three tribes. The SEMIA strains positioned in the cluster
[I.1 are officially recommended for thirty-four host legume species, with some (SEMIAs
6160, 6100, 6169, 6387 and 6149) being the most effective for two different legume
species, SEMIA 6145 and 6159 the most effective for three and SEMIA 6158 the most
effective for four different host species. Some of those strains were very effective with

legumes of distinct subfamilies, e.g., SEMIA 6160, recognized as the most effective for
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Albizia lebbeck (Mimosoideae, Ingeae) and for Sclerolobium paniculatum
(Caesalpinioideae, Caesalpinieae); similarly, SEMIA 6100 was the most effective for a
legume of the Papilionoideae and another of Mimosoideae (Fig. 1, Table 1). Considering
500 bootstrap replicates, a value of 98% was obtained for subcluster 11.1.

Cluster 1.2 grouped thirteen SEMIA with type strains of B. japonicum, B.
liaoningense, B. canariense and B. betae with a final level of similarity of 98.4% (Fig. 1).
All SEMIA strains showed typical morpho-physiological properties of B. japonicum,
therefore they were classified as this species (Table 2). The majority (38%) was isolated
from legumes of the Papilionoideae tribe Phaseoleae, followed by 23% from the
Mimosoideae tribe Acacieae. Promiscuity was also observed within this group, e.g.,
SEMIA 6156, isolated from Crotalaria spectabilis, was identified as the most effective for
five species (C. spectabilis, C. juncea, Cajanus cajan, Canavalia ensiformis, Indigofera
hirsuta), and SEMIA 656, isolated from Neonotonia wightii, was also the most effective
for two other species, Desmodium intortum and Macroptilium atropurpureum (Fig. 1,
Table 1). Subcluster 11.2 was also strongly bootstrap supported (100%).

Four SEMIA strains fit into cluster Ill, a branch of Rhizobium tropici-R. rhizogenes
(Agrobacterium), at a final level of similarity of 98.7% (Fig. 1), and considering 500
replicates, a bootstrap of 99% was obtained for this grouping. The comparison of the
four SEMIA with the type strains showed higher similarity of bases with R. rhizogenes
ATCC 11325, but differing in eleven to fifteen nucleotides. The highest blast (seven to
nine different nucleotides) was with another strain (163C) of R. rhizogenes (access #
AY206687), isolated from tumors of Prunus persica. High similarity (eleven to thirteen
different nucleotides) was also observed with strain p1-7 (AY206687), isolated from
nodules of common beans (Phaseolus vulgaris) and classified as “R. lusitanum”. Finally,
a lower but still high similarity of nucleotides was observed with several R. tropici strains
isolated from common bean, some of them from Brazil. In the discussion section we
explain why, at this moment, based on symbiotic properties and on the 16S rRNA
genes, we find it more appropriate to designate these four strains as Rhizobium sp.
(Table 2).

The R. leguminosarum type strain was positioned in cluster 1V, together with four

SEMIA strains, with a similarity of 99.3% (Fig. 1). All these strains establish symbioses
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with clovers, but the bootstroop value obtained in 500 replicates, 67%, was the lowest
observed in this study.

Strain SEMIA 384, symbiont of Vicia sativa and isolated in Brazil, was highly related
to the R. etli type strain in cluster V (99.6%) (Fig. 1, Table 1), with a 100% support in the
bootstrap analysis for this grouping. However, due to the symbiotic properties, further
investigation of the plasmids and other genes of SEMIA 384 should be performed to
confirm its taxonomic position.

Sinorhizobium species were positioned in cluster VI with 98.8% of similarity (Fig. 1).
Medicago is the host genus of SEMIA strains 135, 134 and 103, and the strains were
highly related to S. meliloti USDA 1002 (Fig. 1, Table 1). SEMIA 6161 was isolated
from Prosopis juliflora and was distinct from type strains of S. meliloti (seventeen
nucleotides) and S. fredii (twenty-five nucleotides); it might represent another species,
thus was nominated as Sinorhizobium sp. (Table 2). Clusters Ill, IV, V and VI were
joined in a deep branch with a similarity of 97.8% (Fig. 1).

Three SEMIA strains were positioned in Mesorhizobium cluster VII, with a final
similarity of 97.6% (Fig. 1). Strains SEMIA 816 and 830 are symbionts of Lotus
corniculatus and are highly related (99.5%) (Fig. 1, Table 1); however, they differed from
type strain of M. loti in twenty-four and thirty nucleotides, respectivelly, therefore they
may represent another species and were nominated as Mesorhizobium sp. (Table 2).
SEMIA 396 is a symbiont of Cicer arietinum and was highly related (99.6%) to the M.
ciceri type strain (Fig. 1, Table 1, Table 2). Mesorhizobium cluster was also strongly
supported (100%) by the bootstrap analysis.

Strains SEMIA 6402 and 6401, isolated from stem nodules of Sesbania virgata
(Table 1), were linked to the Azorhizobium caulinodans type strain with a similarity of
97.4% in cluster VIl and the bootstrap analysis indicated very strong support for this
group (100%) (Fig. 1). However, although both SEMIAs were highly similar, they differed
in more than thirty nucleotides from the type strain, therefore at this moment they are
nominated as Azorhizobium sp., as they might represent another species (Table 2).

Finally, the most divergent group of strains fit into cluster IX, with a final level of
similarity of 96.4% (Fig. 1). This group was confirmed in 100% of the 500 bootstrap
replicates and included seven SEMIA strains, all isolated in Brazil, with type and
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reference strains belonging to the genus Burkholderia. Two subclusters were defined,
joined to one isolated strain. Subcluster 1X.1 included strains SEMIA 6394, isolated from
Ormosia nitida (Papilionoideae, Sophoreae) and SEMIA 6390, isolated from Acacia
decurrens (Mimosoideae, tribe Acacieae), showing higher similarity (99.9%) with
Burkholderia cepacia ATCC53867". Strains SEMIA 6382, 6167, 6166 were highly similar
(99.8%) and were all isolated from Mimosa caesalpiniifolia (Mimosoideae, Mimoseae).
Strain SEMIA 6412, isolated from Clitoria fairchildiana (Papilionoideae, Phaseoleae) was
joined to those strains at a level of similarity of 99.3%, and the group was then related to
Burkholderia sp. strain TJ 182 with 98.1% of similarity. Finally, strain SEMIA 6398 from
Piptadenia gonoacantha (Mimosoideae, Mimoseae) occupied an isolated position (Fig.
1, Table 1, Table 2). At the SEMIA collection, strains SEMIA 6382 and SEMIA 6383
should be the same as BR 3405 and BR 3407, respectively, however, differences in the
some nucleotides were observed when compared with previous sequences deposited
(AY773185 and AY773186, respectively). We still have to compare the strains in relation
to other characteristics.

3.3. Amplification of nod and nif genes of Methylobacterium and Burkholderia strains

The eight SEMIA strains classified as Burkholderia and Methylobacterium were
examined for nod and nif genes. In relation to the former, using the primers nodB3f
(Wernegreen and Riley, 1999) and nodCRR (Silva et al., 2003), reported to amplify
nodB genes of Rhizobium, a product of about 300 bp was obtained exclusively with
Burkholderia sp. SEMIA 6398 (Fig. 2, Table 3). For the nodC gene, using a set of
primers that resulted in a product of 243 bp in Bradyrhizobium strains (Sterner and
Parker, 1999), amplification was obtained with Burkholderia sp. strains SEMIA 6398 and
6412, with B. cepacia strains SEMIA 6390 and SEMIA 6394 and with Methylobacterium
sp. SEMIA 658 (Fig. 2, Table 3). The primers used to detect nifH resulted in products
between 780 and 890 bp in analyses of several rhizobial strains (Laguerre et al., 2001),
and the PCR products of Methylobacterium and both B. cepacia had approximately 700
bp, while the products of Burkholderia sp. SEMIAs 6166, 6167 and 6382, all isolated
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from Mimosa caesalpiniifolia, had about 1,500 bp (Fig. 2, Table 3); amplification with
those primers was not observed with strains SEMIA 6398 and 6412 (Fig. 2, Table 3).

4. Discussion

Nitrogen is often the most limiting nutrient for plant growth worldwide. The situation
is especially critical in the tropics, where the usually fragile soil structure and the low
levels of soil organic matter have resulted in the depletion of this nutrient. In addition, the
high cost of N-fertilizers in countries like Brazil has resulted in the need for actions
emphasizing biological nitrogen fixation (BNF) (Hungria et al., 2005a). Successful
approaches begin with long-term programs of rhizobia selection, and the identification of
elite strains for each legume host of interest. Countries differ in their policies concerning
the commercialization of rhizobial inoculants, and in Brazil, they must contain elite
strains evaluated and recommended by an official committee of rhizobiologists (Hungria
et al., 2005b). The Brazilian Rhizobium Culture Collection (SEMIA) was created in 1985
by the Microbial Resources Centre Network (MIRCEN), with the purpose of maintain the
recommended rhizobial strains and distribute the cultures to the inoculant industry
(Hungria et al., 2005b). Nowadays, SEMIA strains are classified as R. meliloti, R.
leguminosarum, B. japonicum, Bradyrhizobium sp., R. fredii, or R. loti (FEPAGRO,
1999), based exclusively on their ability to produce alkaline or acid reaction in YM
medium and on the cross-inoculation group (Vincent, 1970). However, some of those
species were reclassified long ago and several new ones have been described.
Therefore, although the SEMIA collection is a reservoir of rhizobia resulting from
decades of selection, the genetic knowledge about the strains in the collection is very
poor. Furthermore, the variety of legumes from which the strains have been isolated
offers a unique opportunity to better understand the phylogenetic relationships of tropical
rhizobia.

This study evaluated sixty-eight SEMIA strains that were isolated from sixty-three
legume hosts, the great majority from Brazil, and represents ninety-four rhizobial
recommendations. Host legumes were from a wide range, covering all three subfamilies

and seventeen tribes. Phylogeny was based on the sequencing of the 16S rRNA, as this
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gene has become the method of choice for tracing bacterial phylogenies and defining
taxonomy (Weisburg et al., 1991; Garrity and Holt, 2001). A high level of genetic
diversity was observed, and the strains were grouped into nine main clusters and
several subclusters, with a final level of similarity of 77.8%. Many SEMIA strains had a
broad host range, and aparently we found no evidence of evolutionary correlation with
the host plants. Similar results have been observed with other tropical rhizobia (Moreira
et al., 1998; Germano & Hungria, 2005). Some of the strains were very effective in fixing
N2 with legumes of distinct tribes and even subfamilies, e.g., B. elkanii SEMIA 6160,
recognized as the most effective for both Albizia lebbeck (Mimosoideae, Ingeae) and
Sclerolobium paniculatum (Caesalpinioideae, Caesalpinieae), and B. japonicum SEMIA
656, recommended for plants of the subfamily Papilionoideae: Desmodium

(Desmodieae), Macroptilium (Phaseoleae), and Neonotonia (Phaseoleae).

The main clusters defined rhizobial genera and species and were strongly (98-
100%) supported by bootstrap analysis. The only exception to this was the R.
leguminosarum cluster, with four symbionts of subtropical clovers from Brazil and
Australia, and one strain from field pea isolated in Mexico, grouped with a similarity of
99.2%, but with a lower bootstrap support (67%). A further inclusion of other strains and

genes should help to clarify this cluster.

R. etli species has been reported as the main symbiont of common beans in the
centers of origin of this legume: Mesoamerica (Segovia et al., 1993), and Northern
(Bernal and Graham, 2001) and Southern (Aguilar et al., 1998) Andean South America.
However, recent reports indicate a wide distribution of R. etli associated with common
bean in Brazil (Grange and Hungria, 2004). In our study, Brazilian strain SEMIA 384
from Vicia sativa was classified as R. etli, a symbiotic relationship that had not been
previously reported (Hernandez-Lucas et al., 1995). Therefore, theories about the
coevolution of R. etli with common beans in the genetic centers of origin of this legume
(Segovia et al.,, 1993; Hernandez-Lucas et al., 1995; Silva et al., 2003) should be
reviewed, especially in the light of the recent reports indicating the absence of lateral
transfer of symbiotic plasmids between R. etli and other common bean rhizobia (R.

gallicum) in a cropped area in Mexico (Silva et al., 2003).
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Four SEMIA strains were clustered with plant-pathogenic non-Nj-fixing agrobacteria.
It has been known that Agrobacterium spp. share several characteristics and are
genetically closely related to some rhizobial species (R. tropici, Rhizobium genomic
species Q, R. galegae, R. huautlense, and Allorhizobium undicola) (Martinez-Romero et
al., 1991; Terefework et al., 1998; Wang and Martinez-Romero, 2000; Young et al.,
2001; Zakhia and de Lajudie, 2001). Consequently, based on 16S rRNA gene
sequences, agrobacteria were recently reclassified into the genus Rhizobium (Young et
al., 2001). No-fixing rhizobia resembling agrobacteria were isolated from root nodules of
Acacia spp. (Khbaya et al., 1998) and common bean (Mhamdi et al., 1999) in Africa, but
the isolates were not able to maintain the symbiotic effectiveness. However, when
isolated from soybean nodules in Paraguay (Chen et al., 2000), as well as in our study,
when isolates were obtained from Mimosa scabrella, Gliricida sepium, and Leucaena
leucocephala, effectiveness and genetic stability of symbiotic properties were confirmed.
Therefore, based on the symbiotic properties and on the 16S rRNA sequences, we
believe it is more appropriate to designate those four strains as Rhizobium spp. In the
future, efforts should focus in understanding the evolution and ecological importance of
these effective tropical rhizobia closely related to agrobacteria.

Symbionts of Medicago isolated from subtropical Brazil were confirmed as S.
meliloti, but SEMIA 6161 from tropical Prosopis juliflora differed considerably from both
S. meliloti and S. fredii type strains, which suggests that it may represent a new
Sinorhizobium species. A deep branch clustered R. rhizogenes, R. tropici, R.
leguminosarum, R. etli, S. meliloti and S. fredii with a similarity of 97.8% (92% of
bootstrap), confirming phylogenetic relationships reported in other studies (Wang and
Martinez-Romero, 2000).

Putative new species were also observed in two other genera. Strains SEMIAs 816
and 830, symbionts of Lotus corniculatus, isolated in Brazil and USA, respectively,
differed from type strain of Mesorhizobium loti by twenty-four and thirty nucleotides,
respectively. Also two strains isolated from stem nodules of Sesbania virgata in Brazil,
SEMIAs 6401 and 6402, differed by more than thirty nucleotides from type strain of

Azorhizobium caulinodans.
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The majority of the strains from this study (forty-two) were classified into the genus
Bradyrhizobium and two major subclusters were observed. The B. elkanii cluster
included symbionts of all three subfamilies and several tribes, but clearly it could be
subdivided into at least one new group (II.1.1. Fig. 1). Another new group (I.2.1) was
verified in the B. japonicum cluster. Type strains of B. japonicum, B. liaoningense and B.
canariense were clustered into 11.2.2, and the similarity of the sequences of these three
species has been previously reported (Willems et al., 2001; Zakhia & de Lajudie, 2001;
Vinuesa et al., 2005). Although high diversity in morphological, physiological, and
genetic properties within Bradyrhizobium strains has been reported, the differences are
not reflected in diversity of the 16S rRNA genes (Vinuesa et al., 1998; Molouba et al.,
1999; Chen et al., 2000; van Berkum and Fuhrmann, 2000; Willems et al., 2001).
However, the results obtained in our study show variability in the 16S rRNA genes within
Bradyrhizobium, and in addition to other reports (Willems et al., 2003; Germano and
Hungria, 2005), may indicate the presence of new species to be revealed.

Strain SEMIA 658 (= CB 376) isolated from Lotononis bainesii in South Africa and
also effective under Brazilian conditions was clustered with the type strain of the a-
proteobacterium Methylobacterium nodulans, isolated from Crolalaria spp. (Sy et al.,
2001). The strains studied by Sy et al. (2001) showed similarity of nodA genes with
Bradyrhizobium, which suggests horizontal gene transfer. SEMIA 658 should be the
same as CB 376, cited as belonging to the genus Methylobacterium (Sy et al., 2001),
and in our study amplification was achieved with the primers designed for nodC region
of Bradyrhizobium.

Seven strains from Brazil were grouped with B-proteobacteria of the genus
Burkholderia. Ny-fixing symbiotic associations of burkholderia with legume plants,
preferentially from the Mimosoideae, have been reported (Moulin et al., 2001; Chen et
al., 2003). In our study, SEMIA 6394 isolated from Ormosia nitida (Papilionoideae), and
SEMIA 6390, isolated from Acacia decurrens (Mimosoideae), showed higher similarity of
nucleotides (99.9%) with Burkholderia cepacia ATCC53867. Three other strains
(SEMIA 6382, 6167, 6166) isolated from Mimosa caesalpiniifolia were highly similar with
each other in the 16S rRNA analysis, but we were unable to get amplification of those

strains with the nodB or nodC primers. However, DNA amplification for the nifH region of
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these three strains produced PCR-products of similar size (~1,500 bp), but differed from
the products obtained with the other SEMIA classified as Burkholderia (~700bp). Strain
SEMIA 6412 isolated from Clitoria fairchildiana (Papilionoideae) was grouped in the
same cluster with these three strains and amplified with the nodC primers. The grouping
of these four strains was genetically closer to the diazotrophic Burkholderia strain TJ
182, isolated from Mimosa diplotricha in Taiwan (Chen et al., 2003). Finally, SEMIA
6398 from Piptadenia gonoacantha (Mimosoideae) occupied an isolated position in the
cluster and the strain did not amplify with nifH primers, but PCR-products were obtained
with both nodB primers of common bean rhizobia and nodC primers of soybean
bradyrhizobia. It is also noteworthy that PCR-products obtained with nodC primers
varied in size among the strains, and were different from those obtained with
Bradyrhizobium by Sterner & Parker (1999). The results obtained in our study indicate
higher variability in relation to the host plant, to the ribosomal 16S gene, and to the nif
and nod genes among burkholderia capable of nodulating legumes than previously
thought (Moulin et al., 2001; Chen et al., 2003). Further studies may reveal additional
members of symbiotic bacteria, differences in ribosomal and symbiotic genes, and help
to clarify the origin of nif and nod genes in burkholderia.

It has been suggested that tropical rhizobia are poorly documented (Zakhia & de
Lajudie, 2001), although reports indicate that rhizobia diversity may be greater in tropical
than in temperate regions (Oyaizu et al., 1992). The strains included in our study are
recognized as the most effective for their host legumes in Brazil, and therefore represent
an important source of Ny-fixation genes. The promiscuous nature of some strains, the
wide range of symbiotic associations with a- and B-proteobacteria, and the detection of
several putative new species emphasize the great diversity of rhizobial strains that still

remains to be discovered in the tropics.
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6. Legend of Figures

Fig. 1. Phylogenetic tree based on the 16S rRNA sequences of sixty-eight strains, Nj-
fixing symbionts isolated from sixty-three legumes and officially recommended for the
use in Brazilian commercial inoculants. GeneBank accession numbers of SEMIA strains
(Table 2) and of type strains (material and methods) are given in the text. Cluster
analysis using the UPGMA algorithm and numbers in the main branches indicate

bootstrap values obtained with 500 replicates.

Fig. 2. Amplification of nif and nod genes of bacteria classified in the genera
Methylobacterium and Burkholderia. (A) nifH-PCR-products of strains (lanes): SEMIA
6382 (1), SEMIA 6167 (2), SEMIA 6166 (3), SEMIA 6394 (4) , SEMIA 6390 (5) and
SEMIA 658 (6); (B) nodC-PCR-products of strains: SEMIA 6412 (1), SEMIA 6398 (2),
SEMIA 6394 (3), SEMIA 6390 (4), SEMIA 658 (5); and nodB-PCR-products of SEMIA
6398 (6). Strains are described in Table 1.
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Information about the strains recommended for the use in Brazilian commercial inoculants and sequenced in this study
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Baroeby & Gromas | molecca albaziz, cimking ela BR BT | Acmual Seanl I ooap2
‘brtes wood, sau, trag Agroticlogia
malssia, albiza®
Caloctia sirkala | Leeacsa, Papiliocouds | Poassoleas | Pecsomizl | Comage | Forigs, [ 5] TE&LT, | Ao Azl Same TAC
(Jacg.) Urbem paathiim, 4 cimking ftropi- | eewirocmset ShiS 138
frijolillo, Tarts calj [:3 i) RIS S0 | Mool Boaxl Avercia TAC
p]tdf, mwarnat Da
galacsa’, aman- TWHld
dour-de-iwada’
Ciricvokio sepinee | Crovar etick, Papdliomoude |Fobinieas | Peceonial | Tres Emironmant, | §168 HER BEQL, | Actual Bearl S Embeapa
(Facg. ) Walp. cacahmanche, | 2e Do e LM Agroolomiz
madncacan, cliznbing 10032
glmicidia’ iras
[Epr— A ST Fapdiicccuds | Phacsclsas | Aooual Graim | food, BT [BE.35 Armal Bzl T FEFAGRD
Bloer. hean, Manclnsiaz | 2e cEmking or p=Ecing LFRGE
hean, oja’ moc- i) 3 W EE. | Acmal Boaxl Same FEFARLY
slzing i) LERGE
b 507 CPAC L5, | Acoual Baxl S Emnibrapa
LDF 14 Carrades
508D CPACT | Achml Boxl S Fomt
Carmade
Tadigfera hirawis | Aasy indige, aml | Papiioccids | Infigefarses | Anoualpes | Fomge | Fomgs, [ KL TPAC. | Aol Bl Crotalaria | E=docapa
L. b, amleina’, | 2e wrmmial, (tropi- | emviroemwet. LEF-2 spwotabifis | Corrados
inEgofan” moe- cal) medicing R
clizbing £15E CPACHD | Acomal Brazl Crenadaria | Exoboapa
hars sgstabalis Corradoe
Ao
Labink purpareis | BICs bean Papdicoouds | Poacscleas | Aonualpes | forage | Dorags, [:{.] TE I52 Armal Anz=ala Frgna FEFAGRLY
[ - NIATE, Pait 2 s~rzial, ftropi- | chemmical ampuicniara | UFRGE
NS, cEzrking or | cal) ecrirocmect L) Wak
bonarict, lablab® oo food, [t q.“.gil E | Actual Amgialia Meosowoma | FEPAGRDY
clizking medicing, B3, 50 wiphis LFRGE
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bars toxin 421, MA (Wight &
530 Az Lacks
L ucuina Wild tamasmnd. himoeotdea | Mimcdsas | PeceomiZd | Trees Prrismrerant, | 61568 BB EE]L, |Til200l | Szl CHtrealia Emnboapa LI
divarsifofia pamsl, guacke - moz- food LM FEpis Agroticlogia
('El:h.l.di.]B‘-m'J:. T, Taj climbing 101352 -:_'.l"LI }
‘blanzo, Jauceea® theub, = Talp.

[3E] BR. 5511 | Acmal Bzl Faivataric | Emboapa I
mofucvana | Agpotoclogia
ihdig}

Barmebv &
Gronac
L ucuina Fachie bean, Jead | Mimogcedks | Minoesas | Pecuomizl | Tes Ernisoreant, | 6062 LT 10, BE | Acoual Braml g Emnboapa I
fesercarhnlks tres, leucasoa, -] noc- Sood 14 L - Carrados
(Lam ) Dia Witw. | cowimsh, bais clizbing da (Lam ) D
Cimmvimzham hotren, cassin thruib, = Tt
blanz, Fﬂtﬁl\i [:5i] ITF 15 . 1o Honl Laucaisg E"I:II!]]E ¥
lim, L - Carrados
Tnoba, kanzesa® da (Lam ) D
Wit
Lenmonts Buindali | IWilak IOIDDCOIE, | Papiocolis | Looitansds | Azoual Tomge | Comgs [ TETE Actual Soulh Anca | Game FEFAGELY LI
Balkar lorozomis* % moz- {tropi- LFRGE
climbing | cal)
hiars
Loy corniouianes | L2E CIovar, Papificectds | Lommas Pesomial | Focege | Focgs, Z18 SEWCA | focma] | Beamd Same TEFARLY IV
L. Tbozds” oot il | e moz- (Fobizn- | eewirommest ariginzl LFRGE
‘enadleaf trafodl chimbing | pical)
commickfia” art, shrb
Lewns plaber Lentur pands, Papdiozmouds | Lomas Pemzonizl | F Forags, 230 Hazmm Aciual UsA Hotlmewz |FEPAGRDY |L
Miller /T semuis | o mafod, % moz- (Fobzn- | eewirommest inocalam LFRGE
Willd) Tz fae e, chimbing | pical)
comickfa” barl, shmulk
Laprinies e L ".'l.'.ln'l;ll.qnm Papdiomouds | Crvtissan Anmal Gmean | Fomgs, 938 Hazimm Aciual UsA Sama FEPAGRDY |LI
T ] moe- m2eure | eovirocmest, inscalamt LFRE
.J.q:m.:- clizrbing gresn
‘wlanco, TRCOTD. bar m2ouTa,
tremoga’ medicing,
noxin, food
L eyt am Prple bean Papdlicecide |Poocenlsas | Pesomal | Focage | Decags, [ SEWCA | focmal | Beamd Neonooma | FEPAGRLY |
afropaspi conchitn, smen® |2 clizbing or | (tropi- | eevirocmeet, ariginzl ikl LFRGE
(DC.) Urzem moT- cal) meiring, (Wight &
clizrbing, food Arm)
hiars Lackay
Ll robduma Taaonlons Papdlicecide |Poocenlsas | Pesomal | Focage | Decags, LA THEL, | focmml | Am=eba | Galaciia it T T
avillare (B parerzal borza, | e clizbing or | (tropi- | eeviroomest Shd% 138 T
Mlayec’s Vrde. acroiloma” noc- cal) {Tucg )
climhing {irbem
bars
Liadszapn Bz medic, Papdlicecids | Infolmas | Aooual Tomge | Coogs, ik SEWCA | focma] | Beamd Same FEFAEDY I
pofymarsha L mrrple madick, 24 o {wabize | eovirocooest originzl LEFRGE
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California clizrhing pical) EECTa,
Treaclovse, bars food
Tazarni, clovar,
o CaenlEa
Madicugs sativa | AISACL, Jucens, | Papliocouds | TRicleas | Pecsomzl | focage | Comgs, = Lz o N . EE T R T Sams FEFARLY  [I%
L. bmarmg, Affr' | moc- [Fobizo- | weviroemeet. oniginzl LFRGE
chimbing | pical) | cwedcina, 135 SEREA HActual Bzl Sams FEPAGEDY |V
harh food originz LTRGE
L terieds Kimrea jumama- | Mimocoidea | Mimocsas | Pesoonmial | Tres Frnizorenare, | 383 BE 3407 | Acmal Borl Mt prericr Embcapa oL
araiiatipuia Bsoih. ]I.‘H:du. -] noc- weod] cusafpini. .ﬁp'm!ia
sRpinbsing’ climbing i
sbeub oo [E3ET B | fcmal | Boo e Eetoapa iy
e et Agrotologia
Banth. (S
Latbeifura)
Liimuas T Flimceoides | Mimoesss | Pecsdmizl | Ires | Covicoosoer:, | G160 BEHET [ TiL[9%F |Soam i Eenooapz I
vowsalivmiiltie | fopizuan, - no=- E—.{:ﬂ.ﬂlﬂiz
Band rmosa’, wmia- clizrhing [AEH BRI [TiL[99% S 1T Soapz I
e T sheuib o E—.-’m:ia
snsdn-do- ras [ E3EL BE AT [ Aomal | Som AT Srapz v
czzpa” HAgrotuologiz
Mimoes soobrells | Abamcast=ga | hlimocctden | Mimeoczae | Pecuonial | Tres Frnizomenare, | 1635 BE 3434 | Acmal Borl S Emibrapa oL
Bean tezcaztmgn - mos- wod Agrotologia
maracsating, climbing
teacating! tboub or
e
Nieawmoiinia {Hyrima, Papdioocuds |Foassoleas | Pemopizl | Fomge | Fomgs. 56 SERIA Hctual Boazl Samae FEPAGRD'  |LI
wightid (Wight & | paren=zal - tizbing | (tropl- | eoviroomeer coiginzl LUFRGE
Am ) Lachay sovheam, coja bars cal) food [ 5,04 | NI | Ammin Same FEPAGHRD' |O
paruma’ a7, &1 LFRGE
421, HA
530
£12E EME 303 | Actal Brazi Same [AC o
CArimasic sttt Crmosiz”, mote- | Papdioootde | Sopbomeas | Pecemnizl | Tres Ernizomenare, | 6384 ER.4103 | Acmal Bawl Smmm Emibrapa i
Vogal macamaiba’ = moc- wmed Hgroiteologiz
clizhing
sbowl o
tras
Fipuadenia Fipndsnia pare | blimoscodea |Mimessae | Pessomizl | Tres Wood, E30E ER. 4811, | Actual Barl FPiptadinia | UFC I
e 1 jacand®, an@oe- @ moc- eeviroEmeet. LE Ftipeacen
(Niarzs) Mlackr. | jacand, camne- clizrbing cemmzal E31.55 (Bezt=)
tsino’ i ires Ducks
Fopiackenio Fiptadenia Mimocoodea |Mimeosiae | Peceonial | Tres Wood, £30E ER. 4812 |Til1%% |Bo=l Same UFC in]
itiguiao josmm-bramc’ | & Do=- scvirnement UFC
.\ Dracke cizhing B35
tras
Fiuwm st L. | Fled ped, pei | | Papiocouds | vicseie Aomual, | Gram | Peod forame | 000 B 1LL E ETTT Y P Sams TEFAGED  [Iv
pots, akera, S cliznhing, LFRGE
Fatassa, arila’ hark
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Progopis fuiifors | Mosgan, hiimoecedea | Mimosae | Pemonmizl | Tres Ernismmenant, | £161 BEE. #1002, | Acmal Brarl S Emnlbrapa Iy
(Sw) DC. cashar, - moz- woed PEITE<4 Agroticlogia
rrarcos. epissed clizbing,
brvahomda iras, chmib
blanza alzarcha’
Puiraria Tromecallmden, | Papdiomcods |Phacsaleas |Poreonial | Gresn | Gresn E175 LFg-l Artzal Baurl Sama Embaipa o
phareniides mende Suille, % cimbing | mamurs | m2=uma, Carrades
{Baomh.) Barch pascn, cuden hars fomegR.
tropical’, kndsa* RoiroCmeer
Felerolodium Velams, vsludn, | Ceesapimiol | Casaipe=ies | Pereomial | Ifes | Sovisooeoar:, | B1E0 BE 200 [ Ammual | Send Albizia E=iocape jui
asicufaise faxi-beanoo’, -dazn [ moa- woad labbacd (L) | Agpotoclogia
"r':-':hlgn] ustz-comes clizbing Eanth.
ozt b ek e 820 ERISLT | Actual Bzl Avavia Embaipa i
TRV LMG 5865 masgTam Agrotologia
Tilld
Tiabamnis vingais | Asac, cibil, Papificecide | Fobimieas | Pereomizl | ITes | Concooeoare, | G900 BE H0L, [ femal | Szl 3T E=iocape jui
(T Pams. cumand % moz- wood, LMG 5603 Agroticlogia
wasbaniz’ clizrhing forage. £402 BE. 04 | Acmal Beasl Same Exncapa [
sboub, Se medicing LG Saas Agpoologia
Srizedalisn Velvat-, Semgel- | Papliomcide | Phaceoleas |Possonizl | Gresn | Emizomesan, | €158 CPAC 4L | Acteal Beaxil Clrenalria Enxi: o’
afersimun Piper & | bean, Porugness |2 moz- mamure | gresn spwetabifis | Carra
Tracy coffee. black more- clizbing m2sIma, Ro&
cuma, cafi shmub fomegn
Eirazi] F;;k_
maLIaE,
i
IrEs-prate
Splosanthes spp. | Stylo Bregilion | Papdiomcude | Asschynoms | Pemonizl | Fomge | Fomgs, E155 EE. 512 Ariual Barl Fevdosas- Emnboapa LI
hacarma, % = H moz- (tropt- | eewirommest s Agrotologia
evlosamEac, climbing | cal,
astilneasi’ iars or
shzub
Thusna e Tiga, pala Papdiomouds | Delergiess | Pesonizl | Tres Ermismmenant, | 192 SEMEA Aciual Brazl Sama FEPAGRDY |
(Banth)Blomms  [mortero fpa | 2a noe- wood, ariginal LFRGE
hlanca, opuzna®, clizbing chemmcal
tipa- beanca’, e o
Trgfealiom pravense | Bad clowsr, =eibel | Papdiomcuds | Trfclwas | Pemonizl | Fomge | Fomgs, ni 507329, | Actmal Amz=zla Trifalie FEPAGRDY |IV
L. da oz prados. % moz- (Fobizn- | eevipemest. TAL NA sabrerranin | UTRGE
trabal rojo. e cimbing, |picall | osdcios 14 mi L
varmalho! bars J0E] [EEL TIEY | Achual Seazl Same e TV
Trien rapins | DUICE-, AEme-, | Papifoccoiie | IRfcleas | Pesomal | Docage | Decags, pir] O, [Fomal | Amsba Trgudtom | FEPALRLY |1
L whitsclorse, 24 o (Fobizn- | eevipemest. TAL WA mabressanin | UFRGE
trabeol blazce, clizbing picall | msedicine 14 mi L
e branco” s
Tirgfenliom Smisclonar, Papdiomouds | Trfolwas | Anmal Fonge | Fomgs, n TALCE | Acmal Amz=zla S FEPAGRDY |V
subtireaniun L. | edbiermimeas 4 mos- (o0~ | eeviroemect. 1163 LFRGE
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clovsr, cwen cizobing, |pical) |oseedEcing
schisrcinas’ harks
Trslealionr Arrowlsad clover, | Papdiomoids | Trificleas Annual Fomage | Fomgs, 20351 SEMTA Actal Braxl Sama FEPAGEOY i
vasiouioses Sand | o yuchi, oo | 2a oo (Fooco- | sevirocmmect ooiginal LFRE
vasiculoeo® climhing pical) Defcing
bard
Ficva satfva L. Commen veich, | Papdiccouds | Viceas Anmual Fomge | Fomgs, 364 SEMIA Actual Bounl Fieia . FEPAGRDY i
pois Franca, R cimbing o | (Foboo- | sowiroement, ooigins LFRGE
rreeje, erviloca® o pical) medcing
climhing
Figne ungarcwloy | Cowpea, bladk Popiliomouds | Phacsclsas | Aomual'per | Grain Gram, Sorege | §62 CE 183 Till 1959 | Anciralia Srma FEPAGHDY oI
(L) Walp. wyw ped. barhetn, | 2s e-mmial, LFRGS
‘boemna, pois climhing, 002 CE 736, Tl 1822 | Timbalme | Same FEPAGRDY LI
manger cochon, o TAL 304, LFRGE
:ﬁﬂ.‘. Sifo-de- clizrhing RIR 3824
cordz’, fagjie barz [ 5] BERETOT | Acmal Bear] Arachiz E=ntcape W
moado! A pcmpanai L _"I.E:-m.cma
a

X Plant species for which the strain is commercially recommended.
Taxonomy based on ILDIS (2005).

¢ Information obtained from the following sites: juazeiro.cnip.org.br/edalcin/arvores/; umbuzeiro.cnip.org.br/db/forrag/vernac.shtml;
www.arboretos.cnpm.embrapa.br/faz_sm/especies.html; www.arvores.brasil.nom.br/listacient.htm; www.fao.org/ag/AGA/AGAP/FRG/AFRIS/Data/215.HTM;
www.fao.org/ag/agp/agpc/doc/Gbase/latinsearch.htm; www.hear.org/pier/species/;
www.ildis.org/LegumeWeb/6.00/taxa/1621.shtml; www.ipef.br/identificacao/nativas/detalhes.asp?codigo=65; www.newcrops.uq.edu.au/listing/clitoriaternatea.htm;
wwv(\j/.rain-tree.com/plants.htm ,
Common names used in Brazil. Information obtained from the sites cited on ().
jDifferent numbers in FEPAGRO (1999).

Culture collections: ATCC (The American Type Culture Collection, Manassas, USA); BR (Brazil, Embrapa Agrobiologia, Seropédica, Brazil); CB (Commonwealth
Scientific and Industrial Research Organization — CSIRO, Canberra, Australia); CIAT (Centro Internacional de Agricultura Tropical, Cali, Colombia); DF (Distrito Federal,
Embrapa Cerrados, Planaltina, Brazil); E (Instituto Nacional de Tecnologia Agropecuaria — INTA — Castelar, Argentina); H (Embrapa Cerrados, Planaltina, Brazil); LMG
(Laboratorium voor Microbiologie, Universiteit Gent, Gent, Belgium); MAR (Marondera, Grasslands Rhizobium Collection, Soil Productivity Research Laboratory,
Marondera, Zimbabwe; also called SPRL); MGAP (Ministerio de Ganaderia, Agricultura y Pesca, Laboratorio de Microbiologia y Suelos, Montevideo, Uruguay) CPAC
(Centro de Pesquisa Agropecuaria dos Cerrados. Embrapa Cerrados, Planaltina, Brazil); NA (New South Wales Dept. of Agriculture, NSW Dept. of Primary Industries —
Agriculture, Victoria, Australia); NC (North Caroline, University of North Caroline, Raleigh, USA); Nit (Nitragin, Inc., Brookfield , USA); PRF (Parana Feijdo, Embrapa
Soja, Londrina, Brazil); QA (Queensland Australia, University of Queensalnd, St. Lucia, Australia); RCR (Rothamsted Rhizobium Collection, Harpenden, UK); SEMIA
(Segao de Microbiologia Agricola, FEPAGRO, Porto Alegre, Brazil); SMS (Segéo de Microbiologia do Solo, IAC, Campinas, Brazil); SU (The University of Sydney, Sidney,
Australia); TA (Tasmania Dept. of Agriculture, The Department of Primary Industries, Water and Environment, Tasmanian State Government Agency, Tasmania, Australia);
TAL (NifTAL, Nitrogen Fixation by Tropical Agricultural Legumes Project, University of Hawaii, Paia, USA); UMKL (University of Malaya — Kuala Lumpur, Dept. of Genetics
and Cellular Biology, Kuala Lumpur, Malasya); UMR (University of Minnesota Rhizobium, St. Paul, USA); USDA (United States Department of Agriculture, Beltsville, USA).

:After Hungria & Araujo (1995); FEPAGRO (1999) and actas of RELARE (unpublished).

Embrapa (Empresa Brasileira de Pesquisa Agropecuaria); EPAMIG (Empresa de Pesquisa Agropecuaria de Minas Gerais); IAC (Instituto Agronémico de Campinas);
FEPAGRO (Fundacgao Estadual de Pesquisa Agropecuaria); UFRGS (Universidade Federal do Rio Grande do Sul); CEPEC (Centro de Pesquisas do Cacau); IAPAR
(Instituto Agronémico do Parana); UFC (Universidade Federal do Ceara).

I

Basis for strain recommendation: |) selection in glass tubes or bags under axenic conditions; Il) selection in jars under axenic conditions; Ill)

selection in non-sterile soil; V) field experiments.
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8. Table 2

Acid/Alkaline reaction in yeast extract-mannitol agar (YMA) medium, accession
number of the 16S rRNA sequence, identity of nucleotides in relation to type or
reference strains and taxonomic position of sixty-eight strains officially
recommended for the use in inoculants for sixty-three legume species in Brazil

SEMIA Acid! Gene Bank  Idencity of nucleotides with Tazonemmic position
siTain Alkaline aCoess # fype or reference serain’
MEACO0E I
TMA
103 Nl AYOD4726 122471430 (USDA 1002YY  Sinorhizobimm malilat
134 Acid AYO047IT 142871430 (USDA ]IZIIIIET} Sinorhizebium mealilot
133 Arid AY904T28 142901430 (USDA 1002")  Sinorhizobium meliot
2 Acid ATO04720  1369/1376 (USDA 23707)  Rhizobium leguminozarum
34 Acid ATO04730 142601431 (CFN42T) Rhizobium ati
396 Acid ATO04731 141171417 (USDA33E3T)  Masorhizobium ciceri
&7 Alkaze AF234800" 13341383 (UsDA T-'ﬁT} Bradyrhizobium eikanii
g6 Alkalzs AY904731 14341449 (USDA 61 Bradvrhizobium japonicum
63% Alkalms AY904733 13931423 (ORS 20600 Methylobacrernum sp.
gl Alkazzs ATOD4T34 14411448 (USDA ?ﬁT} Bradyrhizobium eikanii
93 Alkaling AY004735 14401448 (USDA 76"y Bradyrhizobium alkanii
gas Alkalze AYOD4TI6 143801448 (USDA T-'ﬁT} Bradyriuzobium eikanii
ils Acid AY904737 14061430 (USDA3471T)  Masorhizobium sp.
B30 Acid AYOD4TIE 139901430 (USDA34TLY)  Mesorhizobium sp.
S Alkaze ATOD4730 14411448 (USDA ?ﬁT} Bradyrhizobium elkanii
2031 Acid AY004740 14171423 (USDA 2370%)  Rhizobium leguminozarum
a0 Acid ATOMT4L 14141421 (USDA EETIJT} Rhizobium leguminozarim
3067 Acid AYO04742 18111422 (USDA 2370")  Rhizobium jeguminosarum
g Alkakina AF237420% 140671411 (USDA 76" Bradywhizobium alkanii
gz Alkazos AYO04743 14331449 (USDA 6 Bradyrhizobium japonicum
0 Alkaling AF234888% 14001411 (USDA 60 Bradyrhizobium japonicum
0e0 Alkazos AF234830" 13911403 (USDA ﬁTa Bradyrhizobium japonicum
e Alkazos ATOD4T44  1430/14428 (USDAT6 ) Bradyrhizobium elkanil
053 Alkakina AYO04745 14431448 (USDAT6")  Brodyrhizobium alkmnii
gl Alkaioe ATOD4T46  1438/1448 (USDA T-'ﬁT} Bradyriuzobium elkanii
8070 Acid AY004747  1434/144TATCC11325T)  Rhizobium sp.
g1 Alkazos AYO04748 144001448 (USDAT6')  Brodyrhizobium alkmnii
g101 Alkaking AYOD4740  1438/1448 (USDA 76") Bradyrhizobium elkanii
f144 Alkaling ATO04730 141271427 (UEDA IST% Bradvrhizobium faponicum
flas Alkalne AYOD4751 14371448 (USDATE)  Bradyrhizobium elkanil
f146 Alkakine AY004752 142001434 (USDA 76"  Bradyrhizobium elkanii
gl42 Alkazos AY904753 141901434 (USDAT6)  Bradyrhizobium alkanii
fl4% Alkakna AYO04754 142671436 (USDA 76")  Bradyrhizobium elkanii
6130 Alkazos AYS04755 14421448 (USDA76")  Brodyrhizobium elkanii



6132
6133
6138
6157
6138
L35
6160
G1s0

L1453
6l&4
GL&3
Gl&s

G167

G158
G155
6173
152
G208
6315
6352

6353
63584
63ET
6380
LR
6354
G358

401
402
4112

420
6424
6423
G440

Alkaline
Alkaline
Alkaline
Alkaline
Alkaline
Alkaline
Alkaline
Acid

Alkaling
Alkaline
Acid

Alkaline

Alkaline

Acid
Alkaling
Alkaline
Alkaling
Alkaline
Alkaline
Nemtral

Acid
Alkaline
Alkaling
Acid
Alkaling
Alkaline
Acid

Alkaling
Alkaline
Memiral

Alkaling
Alkaline
Alkaling
Alkaline

AYSMTEE
AYOMTET
AYOMTEE
AYOTE0
AT 76D
ATS04TE]
AYO4TE2
AYS04TES

ATS0TE4
AYSMTES
ATSMTEE
AYSM4TET

AYSM4T6E

AT T
AYOTTO
AYSTT]
AYOTT
AYS4TT3
AYOTTY
AYOMTTS

AYSMTTE
AYOTTT
AYOQ4TTE
AYOTTE
ANOQ4TED
AYSM4TE]
AYOQ4TED

AYOD4TES
AYS04TES
AYTSDATES

ATSDATES
AYODTET
AYOD4TEE
AYO4TED

14397
1446/
1442/
1443/
1443/
1438/
14397
1413/
1405/
14260
1438/
1433/
14477
14477
1449¢
1446
1421/
1442/
1443/
1433/
1438/
1430/
1424/
14377
1432/
1440
1436/
1412/
1440
1412/
1430
14297
1306
1333/
1432/
1431/
14400
1436
1442/
1440v

1450 (USDA 67)
1449 (USDA 67)
1449 (USDA 67
1448 (USDA 767)
1449 (USDA 757)
1448 (USDA 767)
1447 (UISDA 76T
1430 (USDA 10027
1420 (UISDA 2057
1441 (USDA 67)
1451 (USDA 67)
1448(ATCC11325T
1451 (BR 3405)
1453 (BE. 3407)
1451 (BR 3405)
1450 (BE. 3407)
14380ATCC11325T)
1448 (USDA 76")
1447 (UISDA 767)
1449 (USDA ﬁT;
1448 (USDA 76")
1449 (USDA 6")
1425 (BR 3405)
1443 (BR. 3407)
144T(ATCC11325T)
1448 (UIsDA 767
1448 (USDA 76")
1413(ATCCS3867 )
1448 (USDA 767
1414(ATCCS3867 1)
1438 (pig4.4)

1438 (hpudl10.4)
1431 (USDA 48027
1366 (USDA 4892T)
1439 (BE. 3405)
1440 (BR. 3407)
1449 (USDA 6')
1448 (USDA 76")
1448 (UIsDa 767
1449 (USDA 76"}

Bradyvrhizobium japonicum
Bradyrhizobium japonicum
Bradyvrhizobium japonicum
Bradyvrhizobium el
Bradyvrhizobium el
Bradyvrhizobium el
Bradyvrhizobium el
Sinoriizobium sp.

Bradyvrhizobium japonicum
SBradyvrhizobium japonicum
Rhizobium sp.
Buritholderia sp.

Burkholderia sp.

Rhizobium sp.
Bradyrhizabium elfamil
Bradyvrhizobium el
Bradyvrhizabium japonicum
Brodyvrhizobiom eikawil
Bradyvrhizabium japonicum
Burkholdaria sp.

Rhicobium sp.
Bradyrhizobium el
Bradyvrhizobium el
Burtholderia cepacia
Bradyvrhizobium el
Buritholderia cepacia
Burkhoideria sp.

Azorfizobiune sp.
Azorfizebium sp.
Burkhoideria sp.

Bradyvrhizabium japonicum
Bradyrhizobiwm eikanil
Bradyvrhizabium el
BEradyriizoiium eifanil
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¥ Accassion numbers of the GanBank Data Library avatlable on the matarial and metheds section.
P The mucleotides confims.d 1 pravious subzzission of oar group (Chustme ot al, 2003}



9. Table 3

Amplificationa of nif and nod genes of SEMIA
strains classified in the genera
Methylobacterium and Burkholderia

SEAMIA s modE nedC
sirain
[ + - +
£320 + - +
X + - +
L85 + - -
GLET + - -
3B + - -
£32E - = +
412 - - +
" {*) smplifiad azd {-) Dot amplified with the
primsems deseribed in the matarial amd mattods secton
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5 CONCLUSOES

* A comparagao de sequéncias do gene ribossomal 16S constitui
uma ferramenta poderosa para deduzir relagdes filogenéticas, evolucionarias e
definir posi¢cdes taxonémicas entre rizébios de origem tropical.

+ Foi possivel observar alguns agrupamentos distintos, com
estirpes apresentando discrepancia em mais de 15 nucleotideos das estirpes-tipo,
sugerindo que essas podem estar relacionadas a novas espécies.

« Foi confirmada a presenca de genes nifH e/ou nodC
relacionados a Rhizobium e/ou Bradyrhizobium, em espécies classificadas como
pertencentes aos géneros Methylobacterium e Burkholderia.

* Foi possivel identificar uma relacdo simbidntica entre Vicia sativa
e SEMIA 384 classificada como Rhizobium etlii, ndo descrita previamente, visto
que, até o momento, essa espécie de Rhizobium, havia sido identificada como
principal simbionte de Phaseolus vulgaris.

* Nao houve correlagdo evolucionaria entre as estirpes “SEMIAs”
analisadas e as plantas hospedeiras.

* O elevado grau de diversidade genética observada entre as
estirpes, com base em analises do gene ribossomal 16S, enfatiza que regides
tropicais sdo um importante reservatorio de genes fixadores de nitrogénio, os

quais necessitam ser explorado.



61

REFERENCIAS

Amarger, N., Macheret, V., Laguerre, G. 1997. Rhizobium galicum sp. nov. and
Rhizobium giardinii sp. nov., from Phaseolus vulgaris nodules. International
Journal of Systematic Bacteriology. 47, 996-1006.

ASM-American Society for Microbiology, 1994. Bacterial Diversity Research
Priorities. American Society for Microbiology. Washington DC. 7.

Brenner, D.J., Staley, J.T. & Krieg, N.R. Classification of Procaryotic Organisms
and the Concept of Bacterial Speciation. In: Boone, D.R., Castenholz, R.W. (Eds.)
Bergey’s Manual of Systematic Bacteriology. Springer-Verlag, New York, pp.27-31.

Chen W. X.,, Wang E. T., Wang S. Y., Ly Y. B,, Chen, X. Q., Li Y. 1995.
Characteristics of Rhizobium tianshanense sp. nov., a moderately and slowly
growing root nodule bacterium isolated from an acid saline environment in Xingiian.
People’s Republic of China. International Journal of Systematic Bacteriology. 45,
153-159.

Chen, W. X,, Ly. G. S.,Qi, Y. L., Wang, E. T., Yuan, H. L., Li, J. L. 1991.
Rhizobium huakuii sp. nov. isolated from the root nodules of Astragalus sinicus.
International Journal of Systematic Bacteriology. 41, 275-280.

Chen, W.X., Yan, G.H., and Li, J.L., 1988. Numerical taxonomic study of fast-
growing soybean rhizobia and a proposal that Rhizobium fredii be assigned to
Sinorhizobium gen. nov. International Journal of Systematic Bacteriology, 38, 392-
397.

Coutinho, H.L.C., 2003. Biodiversidade: Perspectivas e Oportunidades
Tecnoldgicas. Disponivel em
<http//www.bdtfat.org.br/publicagcées/padct/bio/cap9/1/> Acesso em 12 de
setembro de 2003.

Cowan, S.T., 1968. A dictionary of microbial taxonomic usage. Oliver & Boyd,
Edinburgh.



62

De Lajudie, P., Laurent-Fulele, E., Willems, A., Torck, U., Coopman, R., Collins,
M.D., Kersters, K., Dreyfus, B. L., Gillis, M., 1998b. Allorhizobium undicola gen.

nov. sp. nov., nitrogen-fixing bacteria that efficiently nodulate Neptunia natans in
Senegal. International Journal of Systematic Bacteriology, 48, 1277-1290.

De Lajudie, P., Willems, A., Nick, G., Moreira, F., Molouba, F., Hoste, B., Torck, U.,
Neyra, M., Collins, M. D., Lindstrom, K., Dreyfus, B., and Gillis, M., 1998a.
Characterization of tropical tree rhizobia and description of Mesorhizobium
plurifarium sp. nov. International Journal of Systematic Bacteriology, 48, 369-382.

De Lajudie, P., Willems, A., Pot, B., Dewettinck, D., Maestrojuan, G., Neyra, M.,
Collins, M. D., Dreyfus, B., Kersters, K., and Gillis, M., 1994. Polyphasic taxonomy
of rhizobia: emendation of the genus Sinorhizobium and description of
Sinorhizobium meliloti comb. Nov., Sinorhizobium saheli sp. nov., and
Sinorhizobium teranga sp. nov. Internationa Journal of Systematic. Bacteriology,
44, 715-733.

Dreyfus, B., Garcia, J.L., Gillis, M., 1988. Characterization of Azorhizobium
caulinodans gen. nov., sp. nov., astem-nodulating nitrogen-fixing bacterium
isolated from Sesbania rostrata. International Journal Systematic Bacteriology. 38,
89-98.

Drozdowicz, A., 1997. Bacterias do solo. In: Vargas, M.A.T. & Hungria, M. (Eds.),
Biologia dos solos do cerrados. EMBRAPA, Planaltina, pp.17-67.

Dupuy, N., Willems, A., Pot, B., Dewettinck, D., Wandenbruaene, |., Maestrojuan,
G., Drefus, B., Kersters, K., Collins M.D. Gillis M., 1994. Phenotypic and genotypic
characterization of bradyrhizobia nodulating the leguminous tree Acacia albida.
International Journal Systematic Bacteriology. 44, 461-473.

Elliot, L.F., Lynch, J.M., 1994. Biodiversity and soil resilience. In: Greenland, D.J.,
Szaboles, I. (Eds.), Soil Resilience and Sustainable Land Use. CAB International,
Walllingford, pp. 353-364.

Garrity, G.M., Holt, J.G., 2001. The road map to the Manual. In: Garrity, G.M.,
Boone, D.R., Castenholz, R.W. (Eds.), Bergey’s manual of systematic bacteriology,
1, 2ed, pp. 119-154.



63

Gewin, V.L., Kennedy, A.C., Veseth, R., Miller, B.C., 1998. Soil quality changes in
eastern Washington with Conservation Reserve Program (CRP) take-out. Journal
of Soil Water Conservation, 54, 41-47.

Hawksworth, D.L., 1991. The Biodiversity of Microorganisms and Invertebrates. It's
Role In Sustainable Agriculture. In: Hawkswort, D.L. (Eds.), Importance of
Invertebrates and Microorganisms as Components of Biodiversity. CAB
International, Redwood Press, Melksham, pp. 302.

Hungria, M., 1994. Sinais moleculares envolvidos na nodulag&o das leguminosas
por rizobio. Revista Brasileira de Ciéncia do Solo. 18, n°3, 339-364.

Hungria, M., Campo, R.J., Mendes, I.C., 2001. Fixac&o biolégica do nitrogénio na
cultura da soja. Londrina: Embrapa Soja. 11-48. (Embrapa Soja. Circular Técnica,
35; Embrapa Cerrados. Circular Técnica, 13).

Hungria, M., Vargas, M.A.T., Suhet, A.R., Peres, J.R.R., 1994. Fixacao biolégica
do nitrogénio em soja. In: Araujo, R.S.; hungria, M. (Ed.) Microrganismos de
importancia agricola. Brasilia: EMBRAPA-SPI, cap.2, .9-89.

Jarvis, B. D. W. Pankhurst, C. E., Patel, J. J. 1982. Rhizobium loti a new species of
legume root nodule bacteria. International Journal of Systematic Bacteriology. 32,
378-380.

Jarvis, B.D.W., Wan Berkum, P., Chen, W.X., Nour, S.M. Fernandez, M.P., Cleyet-
Marel, J.C., Gillis, M., 1997. Transfer of Rhizobium loti, Rhizobium huakuii,
Rhizobium ciceri, Rhizobium mediterraneum, and Rhizobium tianshanense to
Mesohizobium gen. nov. International Journal of Systematic Bacteriology. 47, 895-
898.

Jordan, D.C. 1982., Transfer of Rhizobium japonicum Buchan 1980 to
Bradyrhizobium gen. nov., a genus of slow growing root-nodule bacteria from
leguminous plants. Internatinal Systematic Bacteriology. 32, 136-139.

Kuykendall, L.D., Saxena, B., Devine, T.E., Udell, S.E., 1992. Genetic diversity in
Bradyrhizobium japonicum Jordan 1982 and proposal for Bradyrhizobium elkanii
sp. nov. Canadian Journal of Microbiology. 38, 501-505.

Lindstrom K., 1989. Rhizobium galegae, a new species of legume root nodule
bactéria. International Journal of Systematic Bacteriology. 39, 365-367.



64

Martinez-Romero, E., Sergovia, L., Martins, F., Franco, A. A., Graham, P., Pardo,
M. A., 1991. Rhizobium tropici, a novel species nodulating Phaseolus vulgaris L.
beans and Leucaena sp. Trees. International Systematic Bacteriology. 41, 417-426

Morgante, P.G., 2003. Fixacao Bioldgica e Assimilagdo de Nitrogénio. Disponivel
em <http//www.ciagri.usp.br/~lazaropp/FisioVegGrad/NetNitro.htm> acesso em 14
de setembro de 2003.

Moulin, L., Munive, A., Dreyfus, B., Boivin-Masson, C., 2001. Nodulation of
legumes by members of the 3-subclass of Proteobacteia. Nature. 411, 948-950.

Nick, G., de Lajudie, P., Eardly, B. D., Suomalaimen, S., Paulin, L., Zhang, X.,
Gillis M., Lindstrom, k. 1999. Sinorhizobium arboris sp. nov. and Sinorhizobium
kostiense sp. nov., isolated from leguminous trees in Sudan and Kenya.
International Journal of Systematic Bacteriology. 49, 1359-1368.

Nour, S. M. Cleyet-Marel, J. C., Normand, P., Fernandez, M. P. 1995. Genomic
heteogencity of strains nodulating chickpeas (Cicer arietinum L.) and description of
Rhizobium mediterraneum sp. nov.. International Journal of Systematic
Bacteriology. 45, 640-648.

Nour, S. M. Fernandez, M. P., Normand, P., Cleyet-Marel, J. C. 1994. Rhizobium
ciceri sp. nov. consisting of strains that nodulate chickpeas (Cicer arietinum L.).
International Journal of Systematic Bacteriology. 44, 511-522.

Provorov, N.A., Vorob’ev, N.I., 2000. Evolutionary Genetics of Nodule Bacteria:
Molecular and Population Aspects. Journal of Genetics. 36, 1323-1335.

Rivas, R., Willems, A., Palomo, J.L., Garcia-Benavides, P., Mateos, P.F., Martinez-
Molina, E., Gillis, M., Velazquez, E., 2004. Bradyrhizobium betae sp. nov. isolated
from roots of Beta vulgaris affected by tumor-like deformations. International
Journal Systematic Evolution Microbiology (In press).

Rome, S., Fernandez, M. P., Brunel, B., Normand, P., Cleyet-Marel, J. C., 1996.
Sinorhizobium medicae sp. nov., isolated from annual Medicago spp. International
of Systematic Bacteriology. 46, 972-980.

Segovia, L., Young, J. P. W., Martinez-Romero, E., 1993. Reclassification of
American Rhizobium leguminosarum biovar phaseoli typel strains as Rhizobium
etli sp. nov.. International of Systmatic Bacteriology, 4, 374-377.



65

Skerman, V.B.D., McGowan, V., Sneath, P. H. A., 1980. Approved lists of bacterial
names. International Journal of Systematic Bacteriology. 30, 225-420.

Sneath, P.H.A. 1992. International Code of Nomenclature of Bacteria (1900
Revision), American Society for Microbiology, Washington, DC.

Sy, A., Giraud, E., Jourand, P., Garcia, N., Willems, A., deLajudie, P., Prin, Y.,
Neyra, M., Gillis, M., Boivin-Masson, C., Dreyfus, B., 2001. Methylotrophic
Methylobacterium Bacteria Nodulate and Fix Nitrogen in Symbiosis with Legumes.
Journal of Bacteriology. 183, 214-220.

Terefework, Z., Lortet, G., Suominen, L., Lindstrom, K., 2000. Molecular Evolution
of Interactions Between Rhizobia and Their Legume Hosts. 187-206, cap 13. In:
Prokaryotic Nitrogen Fixation A Model System for Analysis of a Biological Process.
Horizon Scientific Press, Wymondham, UK.

Thomas, V.C., Kevan, P., 1993. Basic principles of agroecology and sustainable
agriculture. Journal ofAgricultural and Environmental Ethics. 5, 1-19.

Thérsson, A.E., Sverrisson, H., Anamthawat-Jénsson, K., 2000. Genotyping
icelandic isolates of rhizobia based on rDNA-RFLP. Icelandic Agricultural Science.
13, 17-25.

Truper, H.G., Schleifer, K.H., 1991 Prokaryote characterization and identification.
In: Balows, A., Truper, H. G., Dworkin, M., Harder, W., Schleifer, K. H., (Eds.), The
Prokaryotes, Springer, New York, 2" edn, 1, pp. 126-148.

Van Berkum, P., Beyene, D., Bao, G., Campbell, T. A., Eardly, B. D. 1998.
Rhizobium mongolense sp. nov. is one of three rhizobial genotypes identified
which nodulate and form nitrogen-fixing symbioses with Medicago ruthenica [(L.)
Ledebour]. International Journal of Systematic Bacteriology. 48, 13-22.

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 isolated from the nodules of endemic
genistoid legumes (Papilionoideae: Genisteae) growing in the Canary Islands.
Unpublished.



66

Wang, E. T., Van Berkum, P., Beyene, D., Sui, X. H., Dorado, O., Chen, W. X,
Martinez-Romero, E. 1998. Rhizobium huautlense sp. nov., a symbiont of
Sesbania herbaceae that has a close phylogenetic relationship with Rhizobium
galegae. International Journal of Systematic Bacteriology. 48, 687-699.

Wang, E. T., Van Berkum, P., Sui, X. H., Beyene, D., Chen, W. X., Martinez-
Romero, E. 1999. Diversity of rhizobia associated with Amorpha fruticosa isolated
from Chinese soils and description of Mesorhizobium amorphae sp. nov..
International Journal of Systematic Bacteriology. 49, 51-65.

Wang, E.T., Martinez-Romero, E., 2000. Phylogeny of root- and stem-nodule
bacteria associated with legumes. In: Triplett, E. W. (Eds.), Prokaryotic Nitrogen
Fixation: A Model System for Analysis of a Biological Process. Horizon Scientific
Press, Madison, pp. 177-186.

Willems, A., Coopman, R., Gillis, M., 2001. Comparison of sequence analysis of
16S-23S rRNA spacer regions, AFLP analysis and DNA-DNA hybridization in
Bradyrhizobium. International Journal of Systematic Evolutionary Microbiology. 51,
623-632.

Xu, L.M.,, Ge, C., Cui, Z., Li, J., Fan, H., 1995. Bradyrhizobium liaoningense sp.
Nov., isolated from the root nodules of soybeans. International Journal of
Systematic Bacteriology. 45, 706-711.

Yao, Z.Y.,Kan F.L., Wang, E.T., Wei, G.H., Chen, W.X., 2002. Characterization of
rhizobia that nodulate legume species of the genus Lespedeza and description of
Bradyrhizobium yuanmingense sp. nov. International Journal of Systematic and
Evolutionary Microbiology. 52, 2219-2230.

Yap, W.H., Zhang, Z., Wang, Y., 1999. Distinct types of RNAr operons exist in the
genome of the actinomycete Thermomonospora chromogena and evidence for
transfer of an entire rRNA operon. Journal of Bacteriology. 181, 5201-52009.

Young, J.P.W., and Haukka, K.E., 1996. Diversity and phylogeny of rhizobia. New
Phytologist. 133, 87-94.



67

Young, J.P.W., Kuykendall, L.D., Martinez-Romero, E., Kerr, A., Sawada, H., 2001.
A revision of Rhizobium Frank 1889, with an emended description of the genus,
and the inclusion of all species of Agrobacterium Conn 1942 and Allorhizobium
undicola de Lajudie et al. 1998 as new combinations: Rhizobium radiobacter, R.
rizogenes, R. rubi, R. undicola and R. vitis. International Journal of Systematic
Evolutionary Microbiology. 51, 89-103.

Zaklha, F. & de Lajudie, P. 2001. Taxonomy of rhizobia. Agronomic, 21, 569-576.



ANEXOS

68



69

Cover Letter

To the
Editors of "Molecular Phylogenetics and Evolution”

Londrina, 31 st of January of 2005
Dear Editors

I would like to submit the paper "Molecular phytogeny of rhizobial strains used in Brazilian
commercial inoculants based on the sequencing of the 16S rRNA gene", written by Pamela Menna,
Mariangela Hungria, Fernando G. Barcellos and Eliane V. Bangel, to the appreciation of the
reviewers of "Molecular Phylogenetics and Evolution"”. Thanks a lot for your attention.

Yours sincerely

Mariangela Hungria

Embrapa Soja

Cx. Postal 231

86001-970, Londrina, Parana, Brazil
fax:+55-43-33716206

e-mail: hungria@cnpso.embrapa.br; hungria@sercomtel.com.br




70

Elsevier Editorial System(tm) for Molecular Phylogenetics and Evolution Manuscript

Draft

Manuscript Number:

Title: Molecular phylogeny of rhizobial strains used in Brazilian commercial inoculants based on the sequencing of the
16S rRNA gene

Article Type: Research

Paper Section/Category:

Keywords: biological nitrogen fixation; Azorhizobium; Bradyrhizobium; Burkholderia; inoculant; Leguminosae;
Methylobacterium; nodulation; Rhizobium; Sinorhizobium; 16S rRNA gene

Corresponding Author: Dr Mariangela Hungria, PhD

Corresponding Author's Institution: Embrapa, Centra Nacional de Pesquisa do Soja

First Author: Pamela Menna, M.Sc.

Order of Authors: Pamela Menna, M.Sc; Mariangela Hungria, PhD; Fernando G. Barcellos, PhD; Eliane V. Bangel,
M.Sc.

Manuscript Region of Origin:

Abstract: Nitrogen is often a limiting nutrient, therefore the sustainability of food crops, forages and green
manure legumes is mainly associated with their ability to establish symbiotic associations with stem and root-
nodulating N2-fixing rhizobia. The selection, identification and maintenance of elite strains for each host is
critical. Decades of research in Brazil resulted in a list of strains officially recommended for several legumes,
but their genetic diversity is poorly known. This study aimed at gaining a better understanding of
phylogenetic relationships of sixty-eight rhizobial strains recommended for sixty-three legumes, based on the
sequencing of the 16S rRNA genes. The strains were isolated from a wide range of legumes, including all
three subfamilies and seventeen tribes. Nine main clusters were defined, joined with a similarity of 77.8%,
seven of them related to rhizobial genera/species: Bradyrhizobium japonicum, B. elkanii, Rhizobium
tropici/Rhizobium resembling agrobacteria, R. leguminosarum, Sinorhizobium meliloti/S. fredii,
Mesorhizobium ciceri/M. loti, and Azorhizobium caulinodans. However, some strains differed by up to
thirty- five nucleotides from the type strains, which suggests that they may represent new species. Two other
clusters included bacteria showing similarity with the genera Methylobacterium and Burkholderia, and the
presence of nifH and/or nodC was confirmed in these strains. Several strains were capable of nodulating legumes of
different tribes and subfamilies. The great diversity observed emphasizes that tropics are an important reservoir of N2-
fixation genes.



	Pâmela Menna Pereira
	Pâmela Menna Pereira
	Pâmela Menna Pereira
	DEDICATÓRIA
	AGRADECIMENTOS
	RESUMO
	ABSTRACT
	1 REVISÃO BIBLIOGRÁFICA
	1.1 Fixação biológica de nitrogênio e bactérias simbiônticas
	1.2 Taxonomia dos rizóbios
	1.3 Análises filogenéticas moleculares para determinação da 

	3 OBJETIVOS
	Abstract
	2. Material and methods
	2.1. Strains
	2.2. Morpho-physiological characterization
	2.3. DNA extraction
	2.4. Amplification of the DNA region coding for the 16S rRNA
	2.5. Sequencing analysis of the 16S rRNA gene
	2.6. Phylogeny and taxonomic position based on the 16S rRNA 
	2.7. PCR-amplification of the DNA region coding for the nodB

	3. Results
	3.1. Morpho-physiological haracterization of SEMIA strains
	3.2. Phylogeny and taxonomic position based on the 16S rRNA 
	3.3. Amplification of nod and nif genes of Methylobacterium 

	4. Discussion
	5. References
	6. Legend of Figures
	8. Table 2
	Acid/Alkaline reaction in yeast extract-mannitol agar (YMA) 

	REFERÊNCIAS
	ANEXOS


