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RESUMO

O Brasil é conhecido por sua grande diversidade vegetal e potencial biotecnoldgico. A simbiose
rizébio-leguminosa é uma importante fonte de nitrogénio (aménia) na biosfera e a identificacdo
dos rizébios que promovem a melhor fixacdo no seu hospedeiro é uma area do conhecimento
muito valiosa para gerar alternativas a fertilizantes nitrogenados minerais. Varias novas
espécies de bactérias simbidticas fixadoras de nitrogénio j& foram descritas, principalmente
pertencentes aos géneros Bradyrhizobium e Rhizobium. No entanto, ndo ha identificacdo em
nivel de espécie de estirpes que nodulam e fixam N2 em simbiose com as leguminosas forestais
nativas Machaerium nyctitans (Vell.) Benth. e Platypodium elegans (Voegel.). Pretendeu-se,
neste trabalho, caracterizar genetica e fenotipicamente estirpes isoladas dessas duas espécies
com capacidades noduliferas e fixadoras de nitrogénio atmosférico. Além disso foram
apresentadas, dentre elas, as novas espécies dos géneros Bradyrhizobium e Rhizobium. Para
isso foi realizada a extracdo do DNA das estirpes UFLA01-814, UFLA01-839, UFLA01-860,
UFLAO01-1127, UFLAO01-1134 e UFLAOQ1-1164 para posterior sequenciamento do genoma de
cada uma. A analise gendmica contou com a comparacdo do genoma das estirpes do estudo
com genomas dos géneros Bradyrhizbium e Rhizobium disponiveis no NCBI (National Center
for Biotechnology Information) por ANI (average nucleotide identity) e TYGS (Type genome
server). A partir das evidencias encontradas e toda a caracterizacdo das estirpes é possivel
comprovar a existéncia de quatro novas espécies de rizobios, sendo trés do género
Bradyrhizobium e um do género Rhizobium.

Palavras-chave: Biodiversidade. Taxonomia. Filogenia. Bactérias fixadoras de nitrogénio.



ABSTRACT

Brazil is known for its great plant diversity and biotechnological potential. The rhizobium-
legume symbiosis is an important source of fixed nitrogen (ammonia) in the biosphere and the
identification of rhizobia that promote better fixation in their host is a very valuable area of
knowledge to generate alternatives to mineral nitrogen fertilizers. Several new species of
symbiotic nitrogen-fixing bacteria have already been described, mainly belonging to the genera
Bradyrhizobium and Rhizobium. However, there is no identification at the species level of
strains that nodulate and fix N2 in symbiosis with the native forest legume Machaerium
nyctitans (Vell.) Benth. and Platypodium elegans (Voegel.). The aim of this work was to
genetically and phenotypically characterize strains isolated from forest species (Machaerium
nyctitans and Platypodium elegans) with noduliferous and atmospheric nitrogen fixing
capacities. In addition, new species of the genera Bradyrhizobium and Rhizobium were
presented, among them. For this purpose, DNA extraction of strains UFLA01-814, UFLAO1-
839, UFLAO01-860, UFLAO01-1127, UFLAO01-1134 and UFLAO01-1164 was performed for
subsequent genome sequencing of each one. The genomic analysis included the comparison of
the genome of the study strains with genomes of the Bradyrhizbium and Rhizobium genera
available at the NCBI (National Center for Biotechnology Information) by ANI (average
nucleotide identity) and TYGS (Type genome server). From the evidence found and the entire
characterization of the strains, it is possible to prove the existence of four new species of
rhizobia, three of the genus Bradyrhizobium and one of the genus Rhizobium.

Keywords: Biodiversity. Taxonomy. Phylogeny. Nitrogen fixing bacteria.
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1. INTRODUCAO

A absorcdo de nitrogénio pelas plantas pode ser obtida pela disponibilidade que ha nos
solos, seja nas formas inorganicas como nitrato e amonio (COURTY et.al., 2015) e organicas
dissolvidas como aminoé&cidos, proteinas e ureia (JONES, et.al., 2005; NASHOLM et al.,
1998). No entanto, as leguminosas conseguem formar interacfes mutualisticas com bactérias
especificas que vao fixar nitrogénio atmosférico, transforma-lo numa forma assimilavel e em
troca a planta fornece fotossintatos para a o estabelecimento dessas bactérias.

Esse processo denominado fixacao biolégica de nitrogénio (FBN) consiste na conversao
de nitrogénio atmosférico (N2) em amonia (NHs) por microrganismos que possuem a
capacidade de cortar a tripla ligacdo de N pela enzima nitrogenase. Esse processo permite a
disponibilidade de nitrogénio para as plantas, reduzindo o uso de fertilizantes minerais e
promovendo a sustentabilidade dos ecossistemas. Os rizobios fazem parte desse grupo de
microrganismos diazotroficos e promovem a FBN mais eficiente devido a formagéo de nodulos

nas raizes das leguminosas.

Existe uma ampla gama de dizotréficos com representantes de arquebacterias,
cianobacterias, bactérias gram-negativas e gram-positivas com diversidade morfologica,
fisiolégica e genética. No entanto, ainda hd muito por ser explorado, ja que menos de 5% dos
microrganismos do solo foram identificados. No solo hd uma diversidade de espécies de
bactérias presentes, entretanto a FBN ocorre através de uma relacdo mutualistica estabelecida
entre a planta e o microrganismo. As bactérias fixadoras noduliferas sdo classificadas em:
actinobacterias gram-positivos (Frankia) e o0s rizObios (gram-negativas) (MOREIRA e
SIQUEIRA 2006).

As espécies leguminosas florestais vém ganhando visibilidade em projetos de
recuperacdo de areas degradadas, em reflorestamento e restauracdo ambiental (MIRA et. al.,
2022; FIORE et. al., 2019). A inoculacdo das mesmas poderia ser um atributo favoravel para
esses projetos devido ao fator ecoldgico que a fixacao bioldgica possui (PRAGYA e POONAM,
2022). Para isso, a combinacdo de planta-microrganismo ideal deve ser encontrada e a melhor
maneira é a partir do isolamento e identificacdo de microrganismos provenientes dos nodulos

dessas espécies florestais.
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2. REFERENCIAL TEORICO
2.1 Microrganismos fixadores de nitrogénio atmosférico

Os microrganismos que possuem a enzima nitrogenase sdo chamados dizotréficos, e sdo
representados por muitas eubactérias diferentes e algumas arquéias metanogénicas, que podem
estabelecer algum tipo de interacdo com a planta e dessa forma disponibilizar o N para absorcé&o.
A enzima nitrogenase é composta de duas proteinas, a Fe-proteina e a MoFe-proteina, além de
um cofator FeMo que reduz o N2 para NHz. Apds a fixacdo do N, 0 NH3 se transforma em NHa,
que € convertido em glutamina e armazenado nos plastidios, essa glutamina também pode ser
convertida em amidas e ureides, sendo dessa forma transportadas para a parte aérea das plantas
(BUCHANAN et.al., 2015).

Dentro do grupo das Alpha-proteobacterias, os géneros conhecidos de especies
noduliferas compreendem: Rhizobium, Bradyrhizobium, Paraburkholderia, Sinorhizobium,
Mesorhizobium, Allorhizobium, Azorhizobium e Cupriavidus (Moreira et al., 2006).
Bradyrhizobium, que possui 82 espécies descritas, € um dos géneros de rizobios conhecidos por
serem eficientes na FBN de espécies leguminosas de grdos como soja (ROCHA et al. 2021,
COSTA et al. 2020; ZILLI et al. 2021), feijdo-caupi (AYALEW et al. 2021; MICHEL et al.,
2020; SOARES et al. 2014); leguminosas forrageiras (DE SA et al. 2019; OMARA et al. 2018),
leguminosas para adubac&o verde (ARAUJO et al., 2017; DA SILVA et al. 2021) e leguminosas
florestais (LOPEZ et al. 2021; COSTA et al. 2021, 2018). Apesar das espécies superiores terem
muitos relatos de simbioses com o género Bradyrhizobium, foram identificadas estirpes do
género Rhizobium capazes de nodular espécies florestais, sendo uma delas Platypodium elegans
(LOPEZ et al.,, 2021). Com excecdo do inoculante para Calliandra houstoniana e C.
surinamensis, ndo ha inoculante com bactérias do género Rhizobium recomendadas para
espécies florestais. Além disso ndo ha espécies identificadas a nivel de espécie que nodulam a

espécie Platypodium elegans e Machaerium nyctitans.
2.2 Leguminosas florestais

O uso inadequado do solo tem gerado modificacdo das condicGes fisicas, quimicas e
bioldgicas que podem levar a degradacdo do mesmo. Nesse processo 0s ciclos biogeoquimicos
se vém prejudicados, pois o sistema se encontra em desequilibrio. A auséncia de material
orgénico impede que as funcbes do solo atuem de maneira sustentavel, sendo necessaria
intervencdo. O principal fator notado em éareas degradadas é a baixa disponibilidade de

nutrientes, principalmente o nitrogénio, de forma que o uso de técnicas que aumentem sua
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disponibilidade € requerido. A utilizacdo de espécies florestais leguminosas pode ser uma
alternativa para o problema, pois podem obter nitrogénio a partir da fixacdo bioldgica, além de
translocar os nutrientes a camadas mais profundas do solo (SILVA 2013) e pode acelerar o
processo de recuperagdo do ecossistema em areas degradadas (RESENDE et al., 2013).

Machaerium nyctitans (Vell.) Benth. E uma espécie arborea, perene, da familia das
leguminosas, comumente conhecida por “Jacaranda Bico-de-pato”, “Pau-de-6leo” ou “tatajuba-
mateiga”. Segundo o banco de dados “Plantas do mundo online”, ¢ uma espécie nativa do Brasil
e da Argentina (POWO, 2022). No Brasil, destaca-se na regido de Floresta Ombrofila Densa e
Floresta Estacional Semidecidual, classificada como ativadora secundéria inicial de sucessdo
(MEIRA JUNIOR et al. 2015), sendo recomendada para restauracdo ecoldgica (BARBOSA et
al. 2017) e para a recuperacdo de areas degradadas pela mineracdo (MEIRA JUNIOR et al.
2015). Além do uso na recuperacdo de areas, essa espécie pode ser utilizada no paisagismo e
em diversos objetos de carpintaria, como mdveis e instrumentos musicais, por ser uma madeira
resistente e sua seiva ter propriedades curativas (LEWIS et al. 2005). Essa espécie arbdrea pode
atingir até 40 metros de altura e possui uma copa ampla e espalhada com uma densa folhagem
verde-escura. A madeira de Macherium nyctitans é altamente valorizada por sua durabilidade
e resisténcia a cupins, tornando-se uma escolha popular para construcao e carpintaria na regiao.
M. nyctitans também € conhecido por suas propriedades medicinais, e sua casca e folhas tém
sido tradicionalmente usadas pelos indigenas para tratar varias doencas, incluindo diarréia,
febre e infeccdes de pele. No entanto, como muitas outras espécies da floresta tropical, 0 M.
nyctitans esta atualmente ameacado pelo desmatamento e perda de habitat devido a atividades
humanas, como extracdo de madeira, agricultura e mineracdo. Esfor¢os de conservacdo séo

necessarios para proteger esta espécie e seu habitat para as geracoes futuras.

Platypodium elegans (Vogel) é uma espécie florestal, da familia das leguminosas, de
origem na América central e sul e encontrada em paises como Panaméa, Colémbia, Venezuala,
Bolivia, Paraguai e uma ampla distribuicdo pelo Brasil. Possui diversos usos como madeira
para construcdo civil, carpintaria e decoracdo (LEWIS 2005). E uma espécie recomendada para
restauracdo de areas degradadas por se tratar de uma espécie pioneira e por ser resistente a
condicdes de alta luminosidade tanto durante a germinacdo quanto no decorrer do seu
desenvolvimento. Platypodium elegans, também conhecido como "Faveiro", "Uruvalheiro",
“Jacaranda do campo”, “Amendoim bravo” dentre outros, ¢ comumente encontrado em
florestas tropicais, pantanos e outros habitats de zonas Umidas. Pode atingir até 25 metros de

altura e tem uma aparéncia distinta com folhas grandes e brilhantes que podem crescer até 60
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cm de comprimento. A arvore também produz flores pequenas e perfumadas, de cor amarela
ou branca, seguidas por vagens de sementes longas e achatadas. A madeira de Platypodium
elegans é altamente valorizada por sua durabilidade e é comumente usada para construcéo e
fabricagdo de moveis. As folhas e a casca da arvore também tém sido usadas na medicina
tradicional para tratar varias doengas, incluindo febre, infeccfes e problemas digestivos. Assim
como M. nyctitans, Platypodium elegans esta enfrentando ameacas de perda de habitat e
desmatamento devido a atividades humanas, como extracdo de madeira, agricultura e
mineracdo. Esforcos de conservacao sdo necessarios para proteger esta espécie e seu habitat, e
varias organizacdes estdo trabalhando para promover préticas florestais sustentaveis e proteger

0s ecossistemas da floresta tropical.

Embora ndo existam estirpes aprovadas para a producdo de inoculantes para
Machaerium nyctitans e Platypodium elegans, estudos tém demonstrado a capacidade dessa
espécie de nodular (FARIA etal., 1998; LOPEZ et al. 2021). Além disso, essas espécies tiveram
estirpes isoladas de seus nodulos e identificadas a nivel de género a partir de sequenciamento
do gene 16S rRNA e os genes housekeeping gyrB e atpD. Desta forma foi possivel identificar
tais estirpes bacterianas que nodulam Machaerium nyctitans como pertencentes ao género
Bradyrhizobium e que nodulam Platypodium elegans como pertencentes ao género Rhizobium
(LOPEZ et al. 2021).

2.3  Técnicas de identificacdo bacteriana

A taxonomia de bactérias oriundas de nddulos de leguminosas tem mudado nos altimos
30 anos. Em primeiro momento eram realizadas analises fenotipicas como testes bioguimicos,
nutricionais e soroldgicos bem como as caracteristicas morfoldgicas de coldnias em placa de
petri contendo meio YMA para separar os grupos (KAWAKA E MUOMA 2020). A
microscopia também foi uma aliada na distin¢do de bactérias seja por coloracdo de gram ou

absorcédo de vermelho Congo.

Depois evoluiu para a andlise genética a partir do descobrimento da Taq polimerase,
capaz de auxiliar na reacdo em cadeia da polimerase (PCR). Essa analise permitiu amplificar
genes de interesse (16S rRNA e Housekeeping genes) e a partir disso levar o DNA bacteriano
a sequenciamento de primeira geracdo (MOREIRA E SIQUEIRA 2006). O gene 16S rRNA ¢
considerado um marcador genético modelo pois estd presente em todos os organismos, €
altamente conservado e possui aproximadamente 1500 pb de comprimento o que fornece

informac&o suficiente para a taxonomia (CAPUTO et al. 2019). No entanto, as sequéncias do
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gene 16S rRNA nem sempre permitem a discriminacdo de espécies (FERRAZ HELENE et al.
2022; HAQUE et al. 2017). O uso de Housekeeping genes para melhorar essa discriminagéo
ganhou espaco pois o grau de divergéncia de sequéncias é maior que com 16S rRNA (FERRAZ
HELENE et al. 2022; HAQUE et al. 2017).

O sequenciamento de genes envolvidos na simbiose e fixa¢do de N2 como nodC e nifH
tem se mostrado importantes para a caracterizacdo das bactérias e para auxiliar no entendimento
das relacdes evolutivas desses microrganismos, a partir de transferéncias entre estirpes (LAU
2014).

Atualmente, ferramentas e técnicas moleculares modernas  melhoraram
consideravelmente a identificacdo dessas bactérias. Marcadores genéticos moleculares sdo mais
sensiveis e precisos além de ter melhorado a disponibilidade de sequenciamento em bases de
dados para distingdo de espécies bacterianas intimamente relacionadas e detectam maior
diversidade em comparacdo com métodos fenotipicos. Além disso hoje temos o
sequenciamento do genoma completo das bactérias, que é um aliado na distingéo entre espécies
ja identificadas melhorando a acuracia das comparacfes. Esse tipo de sequenciamento foi
facilitado pelas novas técnicas chamadas de segunda e terceira geracdo. Genomas completos de
Bradyrhizobium, Rhizobium, Sinorhizobium, Mesorhizobium e Azorhizobium, entre outros,
foram sequenciados e disponibilizadas para uso publico o que favorece a comparagédo e

identificacdo até niovel de espécie.

Todos 0s métodos e técnicas taxonémicas tém suas proprias fragilidades no estudo da
diversidade e filogenia das bactérias de modo que a recomendacéo € alinhar diversas técnicas e
assim obter uma identificacdo mais robusta. Estudos mostraram que a combinacao de técnicas
classicas descritivas em conjunto com métodos modernos de sequenciamento molecular

resultam na identificacdo precisa de novos taxons (BERG et al. 2020).
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Abstract

Several new species of symbiotic nitrogen-fixing bacteria have already been described, mainly belonging to the
genus Bradyrhizobium. However, there is no identification at the species level of strains that nodulate and fix N,
in symbiosis with the native legume Machaerium nyctitans (Vell.) Benth.In our study, the average nucleotide
identity (ANI) between these four strains and 67 type strains of already described species showed values of 95.53,
95.52, 94.57 and 94.09% for strains UFLAQ01-814 and UFLA01-860, UFLAO01-839 and UFLAQ01-1164 with the
closest species: Bradyrhizobium elkanii USDA 767, Bradyrhizobium tropiciagri CNPSo 11127, Bradirhizobium
dagingense CCBAU 157747, respectively. The strain UFLAQ1-839 is resistant to all the antibiotics tested, different
from the other strains and B. elkanii USDA76". Therefore, the strains UFLA01-814, UFLA01-839, UFLA01-860
and UFLAO01-1164 represent three new species: B. versatile sp. nov. (type strain UFLA01-839"), B. cerradense
sp. nov. (type strain UFLA01-8607), B. nyctitae sp. nov. (type strain UFA01-1164T), respectively.

Keywords: taxonomy, tree species, biodiversity, phylogeny

Introduction

The process of biological nitrogen fixation (BNF) is crucial for ecosystem sustainability. It is mediated by
microorganisms capable of transforming atmospheric nitrogen (N2) into ammonia (NHs). Ammonia, in turn, is
assimilated by plants, allowing for a reduction in the use of mineral fertilizers. Among the bacteria responsible for
this transformation, also called diazotrophic microrganism, the bacteria commonly called rhizobia stand out
because they establish symbiosis with legume species, forming root and exceptionally stem nodules, including
several forest species (Faria et al. 1998; Moreira et al. 1993). Bradyrhizobium, which has 82 described species, is
one of the rhizobia genera known to be efficient in the BNF of leguminous species of grains such as soybean
(Rocha et al. 2021; Costa et al. 2020; Zilli et al. 2021), cowpea (Ayalew et al. 2021; Michel et al., 2020; Soares et
al. 2014); forage legumes (De Séa et al. 2019; Omara et al. 2018), legumes for green manuring (Araujo et al., 2017;
Da Silva et al. 2021) and forest legumes (Lopez et al. 2021; Costa et al. 2021, 2018).

Machaerium nyctitans (Vell.) Benth. it is an arboreal, perennial species. According to the “Plants of the world
online” database, it is a native species of Brazil and Argentina (Powo, 2022). In Brazil, it stands out in the region
of Dense Ombrophylous Forest and Semideciduous Seasonal Forest, classified as an initial secondary activator of
succession (Meira Junior et al. 2015), being recommended for ecological restoration (Barbosa et al. 2017) and for
the recovery of degraded areas by mining (Meira Junior et al. 2015). In addition to its use for recovering areas,
this species can be used in landscaping and for various carpentry objects such as furniture and musical instruments

because it is a resistant wood, and its sap has healing properties (Lewis et al. 2005).

Although there are no strains approved for the production of inoculants for Machaerium nyctitans are available,
several studies have demonstrated the ability of this species to nodulate (Faria et al., 1998; Lopez et al. 2021).
Besides, no isolated strains of M. nyctitans have been identified at the species level. Based on previous studies
with the 16S rRNA gene and housekeeping genes gyrB and atpD, it was possible to identify bacterial strains that

nodulate Machaerium nyctitans as belonging to the genus Bradyrhizobium (Lopez et al. 2021). Therefore, the
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present study aimed to identify at the species level using advanced techniques of genomic analysis strains of
Bradyrhizobium that nodulate Machaerium nyctitans: UFLA01-814, UFLA01-860, UFLAO01-1164, and UFLAO1-

839, that was efficient in axenic conditions.

Material and methods
Origin of strains

Phylogenetic analysis by sequencing the 16S rRNA, gyrB and atpD genes indicated that strains UFLAO01-814,
UFLAO01-839, UFLA01-860 and UFLA01-1164 isolated from nodules of Machaerium nyctitans in a nursery could
be new species (Lopez et al. 2021). These strains are deposited in the plant growth promoting bacterial collection
of the Sector of Biology, Microbiology and Soil Biological Processes/Soil Science Department at the Federal
University of Lavras, Brazil.

Sequencing and quality checking of genomes

The strains UFLAO01-814, UFLA01-839, UFLA01-860 and UFLAQ01-1164 were grown in culture medium 79 (Fred
and Waskman 1928) for subsequent DNA extraction. The genomic DNA of the four strains was extracted using
the Wizard® Genomic DNA Purification Kit, following the manufacturer's recommendations. The quality and
concentration of the extracted DNA was analyzed using a Colibri spectrometer. Samples above 100 ng/microliter
were lyophilized and sent for genome sequencing. Paired reads (2 x 250 bases) were sequenced with the MiSeq
Reagent kit 500v2 (lllumina) on the MiSeq platform (Illumina) (Table 1). The sequencing data were analyzed in
the KBase (Arkin AP et al. 2018) online platform as described below: genome import, sequence assembly using
SPADES 3.15.3 (Bankevich et al. 2012) (Table 1), genome quality verification with CheckM (Parks et al. 2015)
(Table 2) and annotation of the genomes with Rast (Aziz et al, 2008; Overbeek et al, 2014; Brettin 2015).

Genomic comparison (ANI)

Average nucleotide identity (ANI), a pairwise comparison between two or more genomic sequences, has been an
alternative to the DNA-DNA hybridization technique with greater robustness and accuracy for species
identification (Konstantinidis and Tiedje, 2005; Michel et al. 2020, 2021). Among the options available for this
comparison, an online platform was used (Rodriguez-R and Konstantinidis 2016), which uses the ANI calculator
to estimate the average nucleotide identity using the best hits (unidirectional ANI) and the best reciprocal hits
(bidirectional ANI) between two genomic sets (Goris et al. 2007). This algorithm allows for the comparison of up
to 45 different sequences at a time, which facilitates the comparison of strains with all 67type species of the same
genus, whose genomes are available at the NCBI. The platform generates an identity matrix, in which the
percentages of similarity between sequences are observed. Based on previous publications, values below 96%
similarity have been used to classify the study sequences as species (Richter and Rossell-Moré 2009; Avontouur,
2022).
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Multilocus Sequence Analysis (MLSA) of housekeeping genes and symbiotic genes

From the housekeeping genes studied, only the recA gene was foundin all the 14 type strains without genomes
information. The rpoB and gyrB genes were found in 10 Bradyrhizobium type strains and ginll and atpD in 11
type strains. Thus, two phylogenetic trees based on housekeeping genes were constructed. In these trees were also
included those housekeeping genes extracted from the genomes of the other 67 type strains. Based on these
sequences of the housekeeping genes and those of the strains UFLA01-814, UFLAO01-839, UFLA01-860 and
UFLAOQ1-1164, a phylogenetic tree was constructed for each gene in the MEGA10 software. From the species for
which it was possible to obtain the sequences of all housekeeping genes, the concatenated phylogenetic analysis
was continued using the SeaView software that included the gyrB-recA-rpoB and atpD-ginll-recA genes. In
addition, for the construction of phylogenetic trees, the sequences of the nifH and nodC genes of 59 and 53 type
strains, respectively, and of the strains UFLA01-814, UFLAQ01-839, UFLA01-860 and UFLAOQ1-1164 were
obtained from their genomes. The sequences of all genes studied (housekeeping genes, nifH and nodC) were
aligned using MUSCLE (Edgar 2004). The phylogenetic trees were constructed using the statistical methods
neighbor-joining (NJ) (Saitou and Nei 1987) and maximum likelihood (ML) (Felsenstein 1981), with the General
Time Reversible (GTR) model with Gamma correction value and % of sites invariant (G + I) with bootstrap of
1000 replications for gyrB-rpoB-recA and atpD-gInll-recA trees and Tamura 3 model (Tamura 1992) with Gamma
correction value and % of sites invariant (G + I) and bootstrap of 1000 repetitions for trees of nifH and nodC.
Models tested in MEGA X and chosen according to the lowest BIC (Bayesian Information Criterion) value (Nei
and Kumar, 2000; Kumar et al., 2018) (model details in table S2, S3, S4 and S5).

GTDB.tk and TYGS

The genomic sequences of strains UFLA01-814, UFLA01-839, UFLA01-860 and UFLA01-1164 were submitted
to GTDB.tk v1.7.0 analysis (Chaumeil et al., 2019), which is a software toolkit capable of assigning objective
taxonomic classification to genomes of bacteria, based on genome-wide taxonomy databases (Parks et al., 2020;
2018).

Furthermore, these sequences were uploaded to TYGS (Type Genome Server), a free bioinformatics platform
available at https://tygs.dsmz.de, to perform genome-wide taxonomic analysis (Meier-Kolthoff JP et al., 2022;
2019). For the determination of the closest type strain genomes, first, the comparison of all study genomes with
all type strain genomes available in the TYGS database was done by means of the MASH algorithm, a fast
approximation of intergenomic relatedness (Ondov et al. al., 2016) and the ten strain types with the smallest MASH
distances chosen by the genome itself. Second, an additional set of ten closely related type strains were determined
from the 16S rRNA gene sequences. These were extracted from the genomes using RNAmmer (Lagesen and Hallin
2007) and each sequence was subsequently BLASTed (Cmacho et al., 2009) against the 16S rDNA gene sequence
of each of the currently 18452 type strains available in the TYGS database. This was used as a proxy to find the
top 50 matching type strains (according to bitscore) for each genome and subsequently calculated the precise
distances using the Genome BLAST Distance Phylogeny (GBDP) approach under the ‘coverage' algorithm and
the d5 distance formula (Meier-Kolthoff JP et al, 2013). These distances were finally used to determine the 10

closest strain-type genomes for each of the genomes.
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Paired comparison of genomic sequences was conducted using GBDP and precise intergenomic distances inferred
under the ‘trimming' algorithm and d5 distance formula (Meier-Kolthoff JP et al., 2013). 100 distance replicates
were calculated each. Digital DNA-DNA Hibridization (dDDH) values and confidence intervals were calculated
using the recommended GGDC 3.0 settings (Meier-Kolthoff JP et al., 2022; 2013). The resulting intergenomic
distances were used to infer a balanced minimal evolution tree with branching support via FASTME 2.1.6.1
including SPR post-processing (Lefort V et al., 2015). Branching support was inferred from 100 pseudo-bootstrap
replicates each. Trees were rooted at the midpoint (Farris JS, 1972) and visualized with PhyD3 (Kreft L et al.,
2017).

Type-based grouping of species using a 70% dDDH radius around each of the 45 type strains was done as
previously described (Meier-Kolthoff and Goker M, 2019). The resulting groups are shown in Table 3. Subspecies
grouping was done using a dDDH threshold of 79% as previously introduced (Meier-Kolthoff et al., 2014).

Phenotypical tests

The growth of strains UFLA01-814, UFLAO01-839, UFLA01-860 and UFLAO01-1164, were evaluated in culture
medium 79 at different concentrations of NaCl (w/v) (0.25, 0.50, 0.75 and 1%), different pH levels (4.0, 5.5, 6.8,
8.0, 9.0 and 10) and at different temperatures (15, 20, 28, 34, 37 and 40°C). Furthermore, strains susceptibility to
antibiotics was tested using antibiogram discs containing: nalidixic acid 30 ug mL™, amoxicillin 10 pg mL™,
ampicillin 10 pg mL™?, azithromycin 15 pug mL™, cefuroxime 30 pug mL™%, clarithromycin 15 pg mL™.
Chloraphenicol 30 ug mL™2, doxycillin 30 ng mL™?, gentamicin 10 ug mL™?, rifampicin 30 ug mL™, tetracycline
30 pg mL, vancomycin 30 ug mL™?, neomycin 30 ug mL%, kanamycin 30 ug mL™%. The ability of the strains to
assimilate different carbon (L-arabinose, D-arabinose, L-asparagine, citric acid, glycerol, D-fructose, glycine, D-
glucose, glutamine, L-glutamic acid, malic acid, lactose, maltose, mannitol, methionine, sodium lactate and
sucrose) and nitrogen sources (L-asparagine, L-arginine, casein hydrolyzate, L-cysteine, glycine, L-glutamic acid,
tryptophan and I-methionine) was evaluated in medium 79 modified according to Costa et al. (2017). As a
complementary phenotypic test, the API-BioMérieux test was performed, which allows us to quickly perform 20
different  biochemical tests with each of the strains. Cell optical density turbidity

was adjusted to the 5.0 McFarland standard.

Results and discussion
Multilocus Sequence Analysis of housekeeping genes

According to the MLSA carried out with the genes gyrB, recA and rpoB (Fig. 1), the strains UFLA01-814 and
UFLAOQ1-860 are positioned in a separate clade from all Bradyrhizobium species included in the phylogeny. The
more close species were Bradyrhizobium australafricanum WSM 44007 and Bradyrhizobium ferriligni CCBAU
515027 with 98.67% and 97.95% similarity, respectively. The strain UFLA01-839 was phylogenetically separated
from Bradyrhizobium uaiense UFLAQ3-164T and Bradyrhizobium acacia 10BB™ with 95.68% and 96.41%
similarity, respectively. The strain UFLA01-1164 is positioned in a separate clade, whose closest species is
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Bradyrhizobium dagingense CCBAU 157747 with 95.94% similarity. This positioning showed high statistical
support with 67% of bootstrap (Table 4).

According to the MLSA carried out with the genes atpD, glnll and recA (Fig. 2), the strains UFLAQ01-814 and
UFLAO01-860 have 100% similarity to each other and they are positioned in a separate clade from all already
described species from Bradyrhizobium genus and from the other three UFLA strains. This positioning showed
high statistical support with 99% of bootstrap. The closest species from the UFLA 01-814 was B. australafricanum
WSM 44007 98.71%, B. brasilense UFLA03-321" 97.09% and B. pachyrhizi PAC 48" 96.81 % similarity. The
strain UFLAOQ1-839 positionated separately from the species already described included in the phylogenetic tree
with 79% of bootstrap. The closest species from UFLA01-839 was Bradyrhizobium tropiciagri CNPSo 11127
97.81% similarity. The strain UFLAQ1-1164 is also in a separate clade whose closest species are Bradyrhizobium
americanum CMVU 447 98.55% and Bradyrhizobium dagingense CCBAU 15774 96.53% similarity (Table 5).

In recent years, the description of species, mainly in the genus Bradyrhizobium, has used a greater number of
housekeeping genes (five or six) for a more accurate positioning of potentially new strains (Costa et al. 2020;
Michel et al. 2021). Altought, studies using five housekeeping genes, for example, have already pointed out the
need to review the species delimitation parameter within the genus Bradyrhizobium, showing that the MLSA
analysis can present values above 97% even for different species (Klepa et al. 2021. For this reason, associated

with MLSA, genomic comparisons, such as ANI has been used (De Lajudie 2019).

Genomic comparison
Average Nucleotide Identity

The ANI technique determines the evolutionary distance between a pair of lineages from the similarity values of
homologous genomic regions shared between the tested genomes (Konstantinidis and Tiedje 2005; Kim et al.
2014). The cut-off values considered to determine whether the species are new is below 95-96% (Goris et al. 2007;
Konstantinidis and Tiedje 2005; De Lajudie et al., 2019; Avontuur et al., 2019). The strains UFLA01-814 and
UFLAOQ1-860 have greater similarity with the species Bradyrhizobium elkanii USDA 767 (95.53% and 95.51%)
and Bradyrhizobium brasilense UFLA 03-3217 (95.13% and 95.12%), respectively. For strains UFLA01-839 and
UFLAO01-1164, ANI values below 95% were obtained. Among all the described species of Bradyrhizobium, strain
UFLAO01-839 had greater similarity with Bradyrhizobium tropiciagri CNPSo 11127 with percentage of 94.57%
and strain UFLAO01-1164 had greater similarity with Bradyrhizobium dagingense CCBAU 15774" at 94.09%.
More details in table 6.

The content of G + C in the DNA of strains UFLAQ01-814, UFLA01-839, UFLAO01-860 and UFLAO01-1164 were
63.76 mol%, 63.98 mol%, 63.68 mol% and 63.78 mol%, respectively. The percentage agrees with the range of 62
to 66 mol% found in species of the genus Bradyrhizobium (Kuykendall et al. 1992; Xu et al. 1995; Chahboune et
al. 2011; Ramirez-Bahena et al. 2013, 2016).

Comparison of phylogeny obtained by MLSA and ANI
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The elaboration of phylogenetic analysis using MLSA has been used for a long time to distinguish bacterial species
from each other and to present evidence of new species. With the advancement of molecular biology and the wide
availability of genomic analyses, it was possible to observe interspecific differences with greater accuracy and
precision, since it considers the complete molecular content of the bacteria to the detriment of a small portion
obtained with some concatenated genes. So why would it be necessary to use outdated techniques to analyze new
species? Currently, there are 67 type strains of the Bradyrhizobium genus with their sequenced genome available
in international databases. However, 82 species of this genus have already been described. To obtain a comparison
regarding these species without their sequenced genome, it is still necessary to use the MLSA. Furthermore, it is
important to point out that, based on the results obtained, the closest similarity of the strains studied in the present
work corroborates the highest ANI values found, so that the results obtained by MLSA are still valid, with the
exception of the concatenated tree of atpD-glInll-recA genes. On the other hand, if we considered only MLSA, it
would be more likely to exclude certain strains from the description of species, since the values obtained can reach
little more than 97% similarity and, in order to maintain a safety interval, values below 95% are usually accepted.

Therefore, the use of both techniques is favorable to obtain a more complete and accurate picture.

Phylogenetic analysis of nifH and nodC genes

The phylogeny of genes related to biological nitrogen fixation (nifH) and nodulation (nodC) generally differs from
the phylogeny of the 16S rRNA and housekeeping genes. As shown in Fig. 3 and 4, the studied strains are
positioned in clades separate from those observed in Fig. 1 and 2. This occurs due to the horizontal transfer of
genes located in “chromosomal islands” in the evolutionary process. This transfer commonly occurs between
bacterial species and may have a geographic influence, that is, bacteria recruit genetic apparatus to maintain their
cellular functions induced by the host and depending on the environment (Provorov et al., 2022). The transfer of
symbiotic genes to bacteria adapted to local soil conditions may allow bacteria that were previously incompatible
for nitrogen nodulation/fixation to become legume symbionts (Andrews et al. 2018). In a study with in vitro tests
of symbiotic gene transfer, it was possible to observe post-transfer modifications in the DNA of bacteria that do
not have the nodulation and fixation capacity to adapt to the new mutation by increasing the frequency of nitrogen-
fixing variants in a population not fixative (Moura et al. 2020). The phylogeny of symbiotic genes may reveal
symbiovars within species, as demonstrated by Costa et al. (2020) with Bradyrhizobium species.

Forest soils may harbor non-symbiotic species of the genus Bradyrhizobium (Vaninsberghe et al., 2015) as well
as rhizobia that do not need nod factors to induce nodulation (Giraud et al., 2007). This may be the case of the
UFLAOQ1-814 strain, for which it was not possible to detect the nodC gene.

Type-based species and subspecies clustering

The taxonomic identification of the closest strains is found in Table 3. In summary, the grouping yielded 35 species
groups and the provided query strains were assigned to 3 of them. Additionally, strains were located in 3 of the 37
subspecies groups. For strains UFLA01-814 and UFLAQ1-860, a greater proximity to the species Bradyrhizobium
elkanii USDA76 was observed. For the UFLAQ1-839 strain, a closer proximity to the species Bradyrhizobium
tropiciagri SEMIA 6148 was observed. As for the strain UFLAO1-1164, a greater proximity to the species
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Bradyrhizobium dagingense CGMCC 1.10947 was observed. This result corroborates what was found in the
GTDB.tk, ANI and MLSA of the present study. Graphical representation from the phylogenetic trees of the 16S

rRNA gene and the complete genome can be seen in figure 5 and 6.

Phenotypical test

The main characteristics that differentiate the strains of the present study and Bradyrhizobium elkanii USDA76"
are shown in table 7. All strains grow at temperatures from 20 to 34°C. With the exception of strain UFLAQ1-
1164, which grows from pH 5.5 onwards, the other strains grow in a wide pH range (4.0 to 10.0). Strains UFLAOQ1-
814, UFLA01-860 and UFLA01-839 are tolerant to salinity up to 0.75% as well as USDA76T, while strain
UFLAO01-1164 tolerates up to 0.5% of NaCl. Although UFLAO01-814 and UFLAO01-860 are 100% similar
according to AN, they behaved differently in relation to carbon and nitrogen sources, confirming the fact that they
are not clones. Strain UFLAOQ1-814 was grown in a medium containing glycerol, different from UFLAQ01-860. The
strain UFLAQ1-860 grew in a medium containing glycine and methionine as a source of C, different from
UFLAO01-814. Strain UFLA01-860 also grows on a medium containing L-methionine and hydrolyzed casein as
nitrogen sources, different from UFLAO01-814. Strain UFLAO01-839 is resistant to all tested antibiotics, whereas
UFLAOQ1-814 and UFLAOQ1-860 are sensitive to neomycin, as well as B. elkanii USDA 76" (Delamuta JRM et al,
2015), and rifamycin. Strain UFLA01-1164 is sensitive to ampicillin, amoxicillin and cefuroxime. More details
are found in the species description. Detailed images of bacteria from samples from UFLAQ1-814, UFLA01-839,
UFLAO01-860 and UFLAQ01-1164 are shown in figure 7.

Description of Bradyrhizobium versatile sp. nov.
Bradyrhizobium versatile (ver.sa.ti.le N.L. neut. adj. versatile for its ability to resist all tested antibiotics).

The cells are gram-negative rods (approximately 2.8 x 0.7 um) and are aerobic and non-spore forming. Colonies
are greater than 1 mm in diameter at 5 days, are circular, and produce an alkaline reaction in medium 79 with
mannitol as a carbon source and bromothymol blue as an indicator. The type strain tolerates up to 0.75% NaCl. It
grows at pH levels of 4.0 to 10.0 and at temperatures ranging from 20 to 34°C, with optimal growth at 28°C. It is
resistant to ampicillin (10 pg mL—1), amoxicillin (10 pg mL—1), doxycycline (30 pg mL—1), nalidixic acid (30 pg
mL™?), tetracycline (30 pg mL—1), neomycin (30 pg mL—1), chloramphenicol (30 pg mL™?), clarithromycin (15
pg mL—1), cefuroxime (30 pg mL—1), gentamicin (10 pg mL—1) kanamycin (30 pg mL—1), vancomycin (30 pg
mL—1), rifamycin (30 pg mL—1) and azithromycin (15 pg mL—1). Regarding carbon sources, it assimilates
mannitol, lactose, sucrose, L-glutamic and glutamic acid; weakly assimilates malic acid, sucrose and glucose. Does
not assimilate sodium lactate, glycerol, maltose, fructose, citric acid, L-methionine and glycine. Regarding
nitrogen sources, it assimilates hydrolyzed L-cysteine, L-asparagine, tryptophan, glutamic acid and casein. Weakly
assimilates L-methionine. Does not assimilate glycine. The G+C content of UFLA 01-8397 is 63.98 mol%.

The type strain UFLA 01-839" was isolated from effective nodules of Machaerium nyctitans (Vell.) Benth.
seedlings, from Minas Gerais, Brazil. The Genbank/NCBI accession numbers of the genome is xxxx. The

housekeeping genes were extracted from the UFLAQ01-839" type strain genome.
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Description of Bradyrhizobium cerradense sp. nov.

Bradyrhizobium cerradense (cer.ra.den.se. N.L. neut. Adj. cerradense of Cerrado, referring to the fact thet strains
were isolated from Cerrado ecoregion in southeastern Brazil).

The cells are gram-negative rods (approximately 3.0 x 0.9 um) and are aerobic and non-spore forming. Colonies
are greater than 1 mm in diameter at 5 days, are circular, and produce an alkaline reaction in medium 79 with
mannitol as a carbon source and bromothymol blue as an indicator. The type strain tolerates up to 0.75% NaCl. It
grows at pH levels of 4.0 to 10.0 and at temperatures ranging from 20 to 34°C, with optimal growth at 28°C. It is
resistant to ampicillin (10 pg mL™1), amoxicillin (10 ug mL™?), doxycycline (30 pg mL™?), nalidixic acid (30 ug
mL™), tetracycline (30 pg mL™), chloramphenicol (30 pug mL™), clarithromycin (15 pg mL™), cefuroxime (30
ug mL™1), gentamicin (10 pg mL™?), kanamycin (30 ug mL™?), vancomycin (30 ug mL™?), and azithromycin (15
ug mL™), poorly resistant to neomycin (30 ug mL™?) and rifamycin (30 ug mL™?), forming a small halo. As for
carbon sources, it assimilates glucose, mannitol, lactose, sucrose, L-glutamic, glutamic acid and glycine; weakly
assimilates fructose, malic acid, sucrose and L-methionine. Does not assimilate sodium lactate, glycerol, maltose,
citric acid. Regarding nitrogen sources, it assimilates hydrolyzed L-cysteine, L-asparagine, tryptophan, glutamic
acid, L-methionine and casein. Does not assimilate glycine and L-methionine. The G+C content of UFLA 01-8607
is 63.68 mol%.

The type strain UFLA 01-860" was isolated from effective nodules of Machaerium nyctitans (Vell.) Benth.
seedlings, from Minas Gerais, Brazil. The Genbank/NCBI accession numbers of the genome is xxxx. The

housekeeping genes were extracted from the UFLAOQ1-860T type strain genome.
Description of Bradyrhizobium nyctitae sp. nov.

Bradyrhizobium nyctitae (nyc.ti.tae. N.L. neut. adj. nyctitae of the leguminous tree specie from which the strain

was isolated from its nodules, Machaerium nyctitans).

The cells are gram-negative rods (approximately 4.4 x 0.35 um) and are aerobic and non-spore forming. Colonies
are greater than 1 mm in diameter at 5 days, are circular, and produce an alkaline reaction in medium 79 with
mannitol as a carbon source and bromothymol blue as an indicator. The type strain tolerates up to 0.50% NaCl. It
grows at pH levels of 5.5 to 10.0 and at temperatures ranging from 20 to 34°C, with optimal growth at 28°C. It is
resistant to doxycycline (30 ug mL™), nalidixic acid (30 pg mL™), tetracycline (30 pg mL™), neomycin (30 ug
mL1), chloramphenicol (30 pg mL™2), clarithromycin (15 pg mL ™), gentamicin (10 pg mL™?), kanamycin (30 pg
mL™1), vancomycin (30 pg mL™), rifamycin (30 pg mL™?) and azithromycin (15 pg mL™). It is sensitive to
ampicillin (10 pg mL™), amoxicillin (10 pg mL™) and cefuroxime (30 ug mL™). Regarding carbon sources, it
assimilates fructose, L-asparagine, sucrose, glucose. Weakly assimilates lactose, glutamic acid. Does not
assimilate glycerol, maltose, malic acid, citric acid, L-methionine, glycine and L-glutamine. The G+C content of
UFLA 01-11647 is 63.87 mol%.

The type strain UFLA 01-1164" was isolated from effective nodules of Machaerium nyctitans (Vell.) Benth.
seedlings, from Minas Gerais, Brazil. The Genbank/NCBI accession numbers of the genome is xxxx. The

housekeeping genes were extracted from the UFLAQ01-1164 type strain genome.
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Table 1. Data resulting from the assembly of genomes by SPADES of the studied strains

34

Statistics without reference UFLAQ1-814 UFLAO01-839 UFLA01-860 UFLA01-1164
# contigs 389 289 401 224

# contigs (>= 0 bp) 389 289 401 224

# contigs (>= 1000 bp) 372 284 383 219

# contigs (>= 10000 bp) 242 195 252 158

# contigs (>= 100000 bp) 6 16 7 12

# contigs (>= 1000000 bp) 0 0 0 0
Largest contig 181184 246470 190903 282764
Total length 9113603 8937499 9235839 7674511
Total length (>= 0 bp) 9113603 8937499 9235839 7674511
Total length (>= 1000 bp) 9101277 8934061 9223514 7670727
Total length (>= 10000 bp) 8450528 8443068 8596767 7368107
Total length (>= 100000 bp) 795571 2333791 898755 1742517
Total length (>= 1000000 bp) 0 0 0 0
N50 41570 51623 40833 65415
N75 24734 31129 22536 34248
L50 71 49 71 39
L75 141 103 147 79
GC (%) 63.76 63.98 63.68 63.78
Mismatches

#N's 194 304 0 207

# N's per 100 kbp 2.13 3.4 0 2.7
Predicted genes

# predicted genes (unique) 8855 8729 9000 7637

# predicted genes (>= 0 bp)
# predicted genes (>= 300 bp)

8735 + 120 part
7572 + 111 part

8631 + 98 part
7528 + 87 part

8849 + 151 part
7654 + 135 part

7552 + 85 part
6490 + 80 part
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# predicted genes (>= 1500 bp)
# predicted genes (>= 3000 bp)

1076 + 16 part

107 + 2 part

1038 + 10 part
93 + 1 part

1084 + 20 part

102 + 5 part

896 + 5 part
80 + 0 part

Table 2. CheckM v1.0.18: tabular representations of the phylogenetic marker completeness and contamination. CheckM generates clade-specific marker gene sets for each bin

and reports the taxonomic resolution possible for each bin in the "Marker Lineage" column. Users may want to look at the "Marker Lineage" column to see what MAGs were

classified with, for example, the "d__Bacteria" or "d__Archaea" marker sets. Instances where a broad (domain-level) marker set is used compared to a marker set from specific

lineage (e.g. c__Alphaproteobacteria) can help one contextualize (and evaluate) the genome completeness and contamination estimates.

Bin Name Marker Lineage # Genomes # Markers # MarkerSets 0 1 2 3 4 5+ Completeness Contamination
UFLAO01-814_02-21.contigs f__Bradyrhizobiaceae 47 693 296 2687 4 0 0 O 99.8 0.69
UFLAO01-839 02-18.contigs f__Bradyrhizobiaceae 47 693 296 0688 5 0 O 0 100.0 0.76
UFLAO01-860_02-20.contigs f__Bradyrhizobiaceae 47 693 296 1687 5 0 O 0 99.89 0.83
UFLAO01-1164 02-14.contigs f_Bradyrhizobiaceae 47 693 296 168 4 0 0 0 99.66 0.78
Table 3. Pairwise comparisons of user genomes vs. type strain genomes
dDDH (d0, C.l1.(d0,in dDDH (d4,in C.l.(d4,in dDDH (d6,in C.I. (d6,in G+C content difference
Strain Subject strain in %) %) %) %) %) %) (in %)
[99.9 - [99.8 -
UFLA01-814  UFLAO01-860 99,8 [99.5-99.9] 100 100.0] 99,9 100.0] 0,08
UFLAO01-814  Bradyrhizobium elkanii USDA 76 60,5 [56.8 - 64.1] 63,3 [60.4 - 66.1] 62,4 [59.1 - 65.6] 0,04
UFLAO01-860  Bradyrhizobium elkanii USDA 76 60 [56.3 - 63.5] 63,1 [60.2 - 65.9] 61,9 [58.6 - 65.1] 0,04
Bradyrhizobium australafricanum
UFLA01-814  WSM 4400 64,6 [60.8 - 68.2] 62,3 [59.4 - 65.1] 65,9 [62.5-69.1] 0,23
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Bradyrhizobium australafricanum
UFLAO01-860  WSM 4400 64 [60.2 - 67.6] 62,1 [59.2 - 64.9] 65,3 [62.0 - 68.5] 0,16

Bradyrhizobium brasilense
UFLAO01-860  UFLA03-321T 63,8 [60.0- 67.4] 61,4 [58.5-64.1] 65 [61.6 - 68.2] 0,25

Bradyrhizobium brasilense

UFLAO01-814  UFLA03-321T 64,7 [60.9 - 68.3] 61,3 [58.4 - 64.1] 65,8 [62.4 - 69.0] 0,17
UFLAO01-814  Bradyrhizobium pachyrhizi PAC48 63,9 [60.1-67.5] 59,7 [56.9 - 62.5] 64,7 [61.3-67.9] 0,01
UFLAO01-860  Bradyrhizobium pachyrhizi PAC48 63,1 [59.3-66.7] 59,7 [56.8 - 62.4] 64 [60.6 - 67.2] 0,08

Bradyrhizobium tropiciagri
UFLA01-839 SEMIA 6148 59,1 [65.5-62.7] 58,5 [55.7 - 61.3] 60,2 [56.9 - 63.3] 0,49

Bradyrhizobium dagingense
UFLAO01-1164 CGMCC 1.10947 66,2 [62.3-69.8] 57,1 [54.3-59.8] 66,1 [62.7 - 69.3] 0,05

Table 4. Similarity analysis of concatenated gene sequences (gyrB, recA and rpoB) with higher values found among the study strains and sequences of Bradyrhizobium type

strains available at the NCBI

Stains UFLA01-814" UFLA01-839" UFLA01-860" UFLA01-1164"

UFLAO01-814 94,93590931 100 84,60289295

UFLA01-839" 94,93590931 94,93590931 85,00994603
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UFLAO01-860"

UFLAO01-1164"

B.

B

B.

viridifuturi SEMIA 690"

. dagingense CCBAU 157747

pachyrhizi PAC68"

. tropiciagri CNPSo0 11127

. elkanii USDA 76 T

. brasilense UFLA 03-3217

. australafricanum WSM 44007
. ferriligni CCBAU 515027

. mercantei SEMIA 63997

. ripae WR4T

. uaiense UFLAO01-164 "

. septentrionale 1S17

. acaciae 10BBT

100

84,60289295
95,54691442
84,39555281
97,09873471
95,46504715
97,77414655
96,81485651
98,66716584
97,94955956
95,55402552
95,66329997
93,11193815
93,84050471

93,83779695

94,93590931
85,00994603
95,36267762
84,80260589
94,98664898
95,28081036
94,94187782
94,70277078
94,43306808
93,56433014
95,36978872
94,97416067
95,68317163
95,28064102

96,40903042

84,60289295
95,54691442
84,39555281
97,09873471
95,46504715
97,77414655
96,81485651
98,66716584
97,94955956
95,55402552
95,66329997
93,11193815
93,84050471

93,83779695

84,60289295

85,02966127
95,03478814
84,65363263
84,947794

84,60886146
84,36975443
84,10005173
83,23131379
85,03677237
84,64114432
83,18597488
83,91454144

83,91183367
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Table 5. Similarity analysis of concatenated gene sequences (atpD, ginll and recA) with higher values found among the study strains and sequences of Bradyrhizobium type

species available at the NCBI

UFLAO01-814 UFLAOQ1-839 UFLAOQ1-860 UFLAO1-1164

UFLAO01-814 94,36857122 100 84,81492884
UFLA01-839" 94,36857122 94,36857122 85,37059569
UFLA01-860" 100 94,36857122 84,81492884
UFLAO01-1164" 84,81492884 85,37059569 84,81492884

B. dagingense CCBAU 157747 84,46493581 85,02060267 84,46493581 96,53039096
B. pachyrhizi PAC 48" 96,80706182 93,33159265 96,80706182 83,77795027
B. embrapense CNPSo 28337 95,2612616 93,55026499 95,2612616 83,99662261
B. tropiciagri CNPSo 11127 94,22060857 97,81107943 94,22060857 85,22263305
B.americanum CMVU 447 84,92777931 85,48344617 84,92777931 98,54715831
B. elkanii USDA 767 94,13979435 95,31060162 94,13979435 85,14181883
B. brasilense UFLA 03-3217 97,092805 93,61733583 97,092805 84,06369345
B. ivorense CI-1B" 93,05749866 95,46574633 93,05749866 84,05952313
B. quebecense 66517 96,35386911 94,64287251 96,35386911 85,08923012
B. altum Pear77" 95,99434584 94,28334924 95,99434584 84,72970685
B. australafricanum WSM 44007 98,71076141 94,44636053 98,71076141 84,89271815
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Table 6. ANI with the species closest to the study strains. Values generated by the ANI calculator from the website: http://enve-omics.ce.gatech.edu/g-matrix/index

UFLAO01-814 UFLAO01-839 UFLAO01-860 UFLAO01-1164

UFLAO01-814 90,22 99,99* 81,95
UFLAO01-839 90,22 90,20 81,78
UFLAO01-860 99,99+ 81,85
UFLAO01-1164 81,95 81,78 81,85

Bradyrhizobium tropiciagri 94,86** 94,57** 94,8** 81,69

CNPSo 11127

Bradyhrizobium elkanii 95,53** 90,16 95,61** 81,96
USDA 767
Bradyrhizobium brasilense 095,13** 90,08 95,12** 81,84

UFLA 03-3217

Bradyrhizobium dagingense 81,91 81,77 81,83 94,09**
CCBAU 157747

Bradyrhizobium viridifuturi 89,85 92,20** 89,56 81,83
SEMIA 6907



http://enve-omics.ce.gatech.edu/g-matrix/index
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Bradyrhizobium mercantei
SEMIA 63997

Bradyrhizobium forestalis
INPA 54BT

Bradyrhizobium cajani
AMBPC1010"

Bradyrhizobium australiafricanum WSM4400"

90,46 91,12**
82,12 81,92
82,35 82,08
95,27

90,47

82,16

82,31

95,27

81,79

88,07**

88,08**

(*) Value indicating that the species is the same between the species being compared.

(**) Species with the closest identity.

Table 7. Results of Analytical profile index (API) tests on strains UFLA01-814, UFLA01-839, UFLA01-860 and UFLAQ1-1164 and Bradyrhizobium elkanii USDA 76T

Tests Reactions/enzymes UFLAO01-839 UFLAO1- UFLAO1- UFLAO1- B. elkanii
1164 814 860 USDA76"
NO3 NO3 (reduction of nitrates into nitrites) - - - + +
TRP TRP (indole formation (TRyptophan)) - : i ] N
GLU GLU (fermentation (GLUcose)) + + i ] i
ADH ADH (Arginine DiHydrolase) + + i i i
URE URE (UREase) + + + + +
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ESC

GEL

PNG

GLU

ARA

MNE

MAN

NAG

MAL

GNT

CAP

ADI

MLT

CIT

PAC

ESC (Hydrolysis (B-glucosidase) (ESCulin))
GEL (Hydrolysis (protease) (GELatin))

PNG (B-galactosidase (Para-NitroPhenyl-
RDGalactopyranosidase))

GLU (assimilation (GLUcose))

ARA (assimilation (ARAbinose))

MNE (assimilation (ManNosE))

MAN (assimilation (MANNitol))

NAG (Assimilation (N-Acetyl-Glucosamine))
MAL (assimilation (MALtose))

GNT (Assimilation (Potassium GlucoNato))
CAP (assimilation (CAPrate acid))

ADI (assimilation (ADlpate acid))

MLT (Assimilation (MaLaTo))

CIT (assimilation (Trisodium Citrate))

PAC (Assimilation (Phenyl Acid Acetate))




(+) Positive result, (-): negative result
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Bradyrhizobium huanghuaihaiense CCBAU 233037
Bradyrhizobium vignae 7-27
Bradyrhizobium cajani AMBPC1010T

Bradyrhizobium dagingense CCBAU 157747
67 Bradyrhizobium nyctitae UFLA01-11647T
Bradyrhizobium arachidis CCBAU 0511077
Bradyrhizobium stylosanthis BR. 4467
Bradyrhizobium manausense BR 33517
Bradyrhizobium guangzhouense CCBAU 516707
Bradyrhizobium guangdongense CCBAU 516497
Bradyrhizobium campsiandrae UFLA01-11747
_|:Bradym.-'zobfum guangxiense CCBAU 533637

Bradyrhizobium sacchari BR 102807
89 Bradyrhizobium ingae BR 102507

——— Bradyrhizobium iriomotense EK05T
Bradyrhizobium neotropicale BR 102477

Bradyrhizobium centrolobii BR 102457
Bradyrhizobium kavangense 14-37

Bradyrhizobium aeschynomenes 830027
495% Bradyrhizobium denitrificans LMG 84437
7 Bradyrhizobium oligotrophicum LMG 107327
Bradyrhizobium cenepequi CNPSo 40267

Bradyrhizobium erythrophlei CCBAU 533257

98

Bradyrhizobium ivorense CI-1BT
Bradyrhizobium semiaridum WSM 17047
Bradyrhizobium macuxiense BR 103037
88 — Bradyrhizobium uaiense UFLAD3-164T
Bradyrhizobium oropedii Pear76’
Bradyrhizobium acaciae 10BBT
Bradyrhizobium versatile UFLA01-8397
Bradyrhizobium septentrionale 1517
Bmd%mfzob;’um quebequense 66517
Bradyrhizobium altum Pear7 77
Bradyrhizobium embrapense CNPSo 28337
Bradyrhizobium tropiciagri CNPSo 11127
Bragyrh;:zob{um viridifuturi SEMIA 6907
Bradyrhizobium mercantei SEMIA 63997
Bradyrhizobium ripae WRA4T
Bradyrhizobium pachyrhizi PACA8T
Bradyrhizobium brasilense UFLA 01-3217
Bradyrhizobium elkanii USDA 767
Bradyrhizobium australafricanum \WWSM 44007
Bradyrhizobium ferriligni CCBAU 515027
Bradyrhizobium cerradense UFLA01-814
Bradyrhizobium cerradense UFLA01-8607

Fig. 1 Maximum likelihood phylogeny based on the concatenated genes (gyrB, recA and rpoB), showing the
relationship between strains of the new species (shown in bold) and type strains belonging to the genus
Bradyrhizobium. Bootstrap values greater than 50% are indicated on nodes. NCBI accession numbers are given in

parentheses. Polygons are groups of compressed Bradyrhizobium species listed in a supplementary file (S1).
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Bradyrhizobium manausense BR 33517
Bradyrhizobium huanghuaihaiense CCBAU 233037
“Bradyrhizobium saccharn BR 102807
Bradyrhizobium arachidis CCBAU 0511077
Bradyrhizobium zhanjiangense CCBAU 517787
radyrhizobium cajani AMBPC10107
Bradf]lfmrzob.-um daqingense CCBAU 157747
Bradyrhizobium amencanum CMVU 447
78 Bradyrhizobium nyctitae UFLA01-11647
Bradyrhizobium neotropicale BR 102477
81 Bradyrhizobium centrolobii BR_ 102457
Bradyrhizobium yuanmmgense CCBAU 100717

sl Bradyrhizobium subterraneum 58 2-17
85 Bradyrhizobium forestalis INPA 54BT
Bradyrhizobium vignae 7-27
a1

rad%mizobfum agreste CNPSo 40107
98 Bradyrhizobium glycinis CNPSo 40167
Bradym.-zobmrr; 1kanfa.'igense 14-37

100

Bradyrhizobium oﬁgotmphicum LMG 107327
Bradyrhizobium denitrificans L MG 84437

B Bradyrhizobium aeschynomenes 830027

Bradyrhizobium semiaridum WSM 17047
Bradyrhizobium viridifuturi SEMIA 6907
Bradyrhizobium tropiciagri CNPSo 11127
Bradyrhizobium versatile UFLA01-8397
Bradyrhizobium ivorense CI-1BT
Bradyrhizobium elkanii USDAT6T
radyrhizobium macuxiense BR 103037
radyrhizobium oropedii Pear 767
Bradyrhizobium acaciae 10BBT
Bradyrhizobium uaiense UFLAD3-164T
Bradyrhizobium mercantei SEMIA 63997
Bradyrhizobium septentrionale 1517
radyrhizobium embrapense CNPSo 28337
Bradyrhizobium altum Pear7 77
Bradyrhizobium quebecense 66517
Bradyrhizobium pachyrhizi PACA8T
Bradyrhizobium brasilense UFLA 03-321T
Bra%y;mfzobrum australafricanum WSM 44007

98

Bradyrhizobium cerradense UFLA01-814
s2 ' Bradyrhizobium cerradense UFLAD1-8607

0,020

Fig. 2 Maximum likelihood phylogeny based on the concatenated genes (atpD, ginll and recA), showing the
relationship between strains of the new species (shown in bold) and type strains belonging to the genus
Bradyrhizobium. Bootstrap values greater than 50% are indicated on nodes. NCBI accession numbers are given in
parentheses. Poligons in black are groups of compressed Bradyrhizobium type strains listed in a supplementary
file (S1).
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Bradyrhizobium glycinis CNPSo 40167
F Bradyrhizobium yuanmingense CCBAU 100717
Bradyrhizobium nanningense CCBAU 533907

86 Bradyrhizobium dagingense CCBAU 157747
100 Bradyrhizobium diazoefficiens USDA 1107
Bradyrhizobium huanghuaihaiense USDA 233037

100 Bradyrhizobium japonicum USDA 67
Bradyrhizobium oftawense 00997
Bradyrhizobium elkanii USDA 767
Bradyrhizobium pachyrhizi PAC48T
85 Bradyrhizobium australafricanum \WSM 44007
93 Bradyrhizobium oropedii Pear76™
100 100' Bradyrhizobium altum Pear7 77
Bradyrhizobium septentrionale 1517
100'— Bradyrhizobium quebecense 66517

Bradyrhizobium acaciae 10BBT
Bradyrhizobium brasilense UFLA 03-3217
0 Bradyrhizobium uaiense UFLAO3-1647
9 Bradyrhizobium tropiciagri CNPSo 11127

9
85 \_( Bradyrhizobium viridifuturi SEMIA 6907
100' Bradyrhizobium embrapense CNPSo 2833T

Bradyrhizobium cerradense UFLA01-814
Bradyrhizobium cerradense UFLA01-860"
Bradyrhzobium versatile UFLA01-8397
Bradyrhizobium mercantei SEMIA 63997
97 Bradyrhizobium macuxiense BR 103037

Bradyrhizobium jicamae PACG8T
Bradyrhizobium diversitatis CNPSo 40197

76 Bradyrhizobium rifense CTAWT1T
00 '—91—| [ Bradyrhizobium cytisi CTAW11T
[S— Bradyrhizobium hipponense aSej37

Al L Bradyrhizobium canariense LMG 222657
Bradyrhizobium nyctitae UFLAD1-11647
Bradyrhizobium stylosanthis BR 4467
Bradyrhizobium manausense BR 33517
Bradyrhizobium neotropicale BR 102477
100' Bradyrhizobium centrolobii BR 102457

100

99

0.050

Fig. 3 Maximum likelihood phylogeny based on the nifH gene (880 bp), showing the relationship between the
strains of the new species (shown in bold) and type strains belonging to the genus Bradyrhizobium. Bootstrap
values greater than 50% are indicated on nodes. NCBI accession numbers are given in parentheses. Polygons are

groups of compressed Bradyrhizobium species listed in a supplementary file (S1).
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100

Bradyrhizobium acaciae 10BBT
Bradyrhizobium brasilense UFLA 03-3217
] 100 |~ Bradyrhizobium uaiense UFLAQ3-1647
Bradyrhizobium tropiciagri CNPSo 11127

Bradyrhizobium viridifuturi SEMIA_690T
100 ' Bradyrhizobium embrapense CNPSo_28337
Bradyrhizobium canariense BTA-1T
—100'_; Bradyrhizobium rifense Ro197
92 Bradyrhizobium cytisi CTAW11T
100 r Bradyrhizobium nyctitas UFLAQ01-1164T
L Bradyrhzobium stylosanthis BR 4467
Bradyrhizobium manausense BR 33517
100 1 Bradyrhizobium neotropicale BR 102477
L Bradyrhizobium centrolobii BR 102457
Bradyrhizobium diversitatis CNPSo 40197
92 Bradyrhizobium cerradense UFLAQ01-860T
10 'L— Bradyrhizobium versatile UFLA01-8397
Bradyrhizobium macuxiense BR 103037

55 Bradyrhizobium jicamae PAC68T
99

9

71

100

‘ Bradyrhizobium guangdongense CCBAU 516497
Bradyrhizobium guangxiense CCBAU 533637
Bradyrhizobium guangzhouense CCBAU 533637

100 |

0.10

Fig. 4 Maximum likelihood phylogeny based on the nodC gene (808 bp), showing the relationship between the
strains of new species (shown in bold) and type strains belonging to the genus Bradyrhizobium. Bootstrap values
greater than 50% are indicated on nodes. NCBI accession numbers are given in parentheses. I, Il and Il are groups
of compressed Bradyrhizobium species listed in a supplementary file (S2). Code of type strains in supplementary
material (S2)
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UFLAOL-1164_02-14.contigs'
Bradyrhizobium daqingense CGMCC 110947
ol izobium diazoefficiens USDA 110
TIT Bradyrhizobium niftali CNPSo 31448

BR 446

o Bradyrhizobium cajani 1010
Bradyrhizobium diversitatis CNPSo 4019T
Bradyrhizobium barranii 14454
Bradyrhizobium barranii subsp. apii 3853
Bradyrhizobjum shewense ERR11
Bradyrhizobium symbiodeficiens 858 IMBT
Bradyrhizobium ottawaense 0099

Bradyrhizobium betae PLTHGLT
Bradyrhizobium amphicarpasae 395 1MB
Bradyrhizobium yuanmingense CCBAU 10071

Bradyrhizobium glycinis CNPSo 4016T

I— "Bradyrhizobium forestalis INPAS4B'
Bradyrhizobium hupini DSM 30140
‘Bradyrhizobium uaiense UFLA03-164'
[ — "Bradyrhizobium acaciae 10BB"

Bradyrhizobium semiaridum WSM 1704
__,_‘—_'Brsdyduznbilm macuxiense BR 1- 0303T°
0 - Bradyrhizobfum ivorense CI-1B
i L Bradyrhizobium tropiciagri SEMIA 6148

WSM 4400
‘Bradyrhizobium brasilense UFLA03-321T'
Bradyrhizobium elkanii USDA 76
UFLAO1-839_02-18 contigs
bitm pachyrhizi PAC4S

L UFLAO1-860_02-20 contigs

Z /1 UFLAO1-814_02-21 contigs'
‘Bradyrhizobium altum Pear77'
‘Bradyrhizobium cropedii Pear76'
Bradyrhizobium mercantei SEMIA 6399
Bradyrhizobium embrapense SEMIA 6208
Bradyrhizobjum viridifuturi SEMIA 690
Bradyrhizobfum quebecense 6651MB
Bradyrhizobium septentrionale 151

L T T T
=

Fig 5. Tree inferred with FastME 2.1.6.1 (Lefort V et al., 2015) from GBDP distances calculated from 16S rDNA
gene sequences. The branch lengths are scaled in terms of GBDP distance formula d5. The numbers above
branches are GBDP pseudo-bootstrap support values > 60 % from 100 replications, with an average branch support

of 49.0 %. The tree was rooted at the midpoint (Farris JS, 1972).
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Fig 6. Tree inferred with FastME 2.1.6.1 (Lefort V et al., 2015) from GBDP distances calculated from genome
sequences. The branch lengths are scaled in terms of GBDP distance formula d5. The numbers above branches are
GBDP pseudo-bootstrap support values > 60 % from 100 replications, with an average branch support of 95.7 %.
The tree was rooted at the midpoint (Farris JS, 1972).
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Fig. 7 Electromicrograph generated by scanning electron microscopy of samples of bacterial colonies of strains
UFLAO01-814, UFLA01-839, UFLAO01-860 and UFLA01-1164



Table S1. List of housekeeping genes access codes of the type species used for analysis
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Housekeepings genes

Type species Assembly genomes
ypesp ye rpoB dnak gintl gyrB recA atpD
KU724169 NZ_LGTB01000
B._viridifuturi_SEMIA 690T ASM123827v1 L KR149128 KR149131 KR149134 KR149140 - 039.1
HM10725
B. arachidis CCBAU_051107T ASM1529170v1 JXA437682  JXA437668 L JXA437675 HM107233 HM107217.1
FM253303.
B. betae LMG _21987T ASM893211v1 FM253260 L AB353733 FM253217 AB353734 FM253129.1
B._canariense_LMG_22265T (BTA- AY38676
M) ASM1940266v1 FM253263 AY923047 . FM253220 FM253177 FM253135.1
o GU00159
B._cytisi CTAWI1LT ASM812351v1 JN186288 JQ945184 A KF532653.1 GU001575 GU001613.1
] HQ23130
B._dagingense CCBAU_15774T ASM783020v1 JX437676 KF962684 1 JX437669 HQ231270 HQ231289.1
B._denitrificans LMG_8443T HMO04712
ASM1812952v1 FM253282 KF962685 FM253239 FM253196 FM253153.1
(SZCCTO0094T **) 1
B AM29534 AY59911
B._elkanii_USDA_76T ASM37914V1 AY328392 AM418800.1 AY591568
8 7 AY386758.1
B._ganzhouense RITF806T Nd nd KP420023 JX277110 KP420022 JIX277144 JX277182.1
B._huanghuaihaiense_ CCBAU_233 HQ23163
03T ASM783063v1 LM994169 JX437665 9 JXA437672 HQ231595 HQ231682.1
] Kbase
B._icense LMTR_13T ASM169338v1 KF896182 KF896175 KF896201 JX943615 KF896192.1
genome
B._ingae_BR_10250T Nd KF927073 KF927055 KF927067 KF927079 KF927061 KY753593.1



https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP016428.1
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B._iriomotense_EKO5T
(SZCCT0346 **)

B._japonicum USDA 6T
B._jicamae PAC68T
B._lablabi_CCBAU_23086T

B._liaoningense_LMG_18230T
(SZCCT0400 **)

B._manausense_BR_3351T

B._neotropicale_ BR_10247T
B._oligotrophicum_LMG_10732T
B._oligotrophicum_LMG_10732T

B._pachyrhizi_PAC48T
B. paxllaeri_ LMTR_ 21T

B._retamae_Ro019T

B._rifense_ CTAW71T

B._yuanmingense_ CCBAU 10071T

B._embrapense_ CNPSo_2833T

ASM1813076v1

ASM28437v1
ASM144039v1

ASM144047v1

ASM1813082v1

ABySSBR3351v1

ASM164169v1
ASM34480v1
ASM227813v2

ASM118924v1
ASM169351v2
ASM144041v1

ASM812342v1

IMG-taxon 2617270741

ASM118923v2

HQ587646

AM29534
9
HQ587647

JX437677

FM253266

Kbase

genome
KF983829
KF962713
HQ587518

HQ587648
KP308154
KF962714

KC569468

FM253269

HQ634910

JF308944

AM182120
JF308945

KF962687

AY923041

KF786001

KJ661693
KF962688
JF308816

JF308946
AY923038
KF896184

JQ945187

FM253312.

1

KP234519

AB300995

HQ58787
5
FJ428204
GU43349
8
AY38677
5

KF785986

KJ661700

JQ619233
HQ58775
0
FJ428201
KF896169
KC247108
GU00160
4
AY38678
0
GQ16050
0

AB300997

AB070586.1
HQ873309

JX437670

FM253223

KF786000

KJ661707
KF962697
HQ873179

HQ873310
KF896195
KF896204

KC569466

FM253226

HQ634891

AB300996

AM182158
HMO047133

GU433522

FM253180.1

KF785992

KJ661714
Q619231
HQ587287

HMO047130
JX943617
KF962711

GU001585

FM253183

HQ634899

LM994395.1

AMA418753.1
FJ428211.1

GU433473.1

AY386752.1

NZ_LJYG01000
004.1
NZ_LSEF01000
046.1
JQ619232.1

HQ455212.1

FJ428208.1
KF896186.1
KC247101.1

GuU001617.1

AY386760.1

HQ634875.1
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B._guangdongense_ CCBAU
51649T
B._guangxiense_ CCBAU_53363T

B._kavangense14-3T

B._valentinum_LmjM3T

B._vignae 7-2T

B._subterraneum 58 2-1T

B._erythrophlei CCBAU_53325T
(GAS401 **)

B._ferriligni_CCBAU_51502T

B._diazoefficiens_ USDA 110T
B. tropiciagri CNPSo 1112T

B. mercantei SEMIA 6399T

B. forestalis INPA 54B T

B. americanum CMVU 44T

B. cajani AMBPC1010T

ASM411497v1

ASM411491v1

Nd

ASM144040v1

ASM411442v1

Nd

IMG-taxon 2695420919

annotated assembly

Nd

ASM164267v1

ASM118984

ASM198263v1

ASM279524v1

Nd

ASM975966v1

KC509318

KC509328
KM37831
1
Kbase
genome
KM37830
8
KM37834
9
MG81165
4.1
MG81165
5.1
Kbase
genome
HQ634909
Kbase
genome
Kbase

genome
nd

Kbase

genome

KC508964

KC508974

KR259949

Kbase

genome

KR259951

KP308157

nd

nd

Kbase
genome
FJ391008

KX690617

Kbase

genome

nd

Kbase

genome

KC509023

KC509033
KM37844
6

JX518575

KM37844
3
KM37848
4

KF114693

KJ818099

kbase
genome
FJ391048
KX69062
1.1
kbase
genome
KX01294
2.1
KY34944
2.1

KC509072

KC509082

KX661397.1

NZ_LLXY01000

166.1

KX683216.1

KX661396.1

KF114717

KJ818102

kbase genomes
HQ634890

KX690623

KF452831.1

nd

NZ_WQNE0100

0054.1

KC509269
KC509279

KM378399

JX518589

KM378374

KM378397

KF114669

KJ818112

kbase genomes
FJ391168

KX690615.1

KF452867.1

KC247141.1

KY349440.1

KC508916.1
KC508926.1

KX661392.1

JX518561.2

KX683215.1

KX661391.1

nd

nd

kbase genome

FJ390968.1
NZ_MKF101000
006.1

KF452722.1

KC247125.1

NZ_WQNE0100
0013.1
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. centrosemae A9T

. stylosanthis BR 446T

. lupini USDA 3051T

. shewense ERR 11T

. sacchari BR 10280T

. centrolobii BR 10245T

. brasilense UFLA 03-321T

. macuxiense BR 10303T

. namibiense 5-10T

. hitroreducens TSA1T

. ripae WRAT

. algeriense RST89T

. frederickii CNPS0 3426T

Nd

ASM164133v1

NZ_AMQQ00000000.1
(ASM1419460v1)

IMG-taxon_2617270735

ASM206809v1

ASM164163v1

ASM196982v1

ASM154241v1

Nd

ASM277669v1

Nd

ASM306228v1

ASM457086v1

nd

KU724166

nd

Kbase
genome
Kbase
genome
KF983827.
3
Kbase
genome
KX527969
1
KM37830
6.1
Kbase
genome
MF593098
1
Kbase
genome
MK68269
9.1

KX01294
nd
0.1
KU72414
KU724145
8.1
KM11486
nd
2.1
Kbase kbase
genome genome
KX065103. KX06509
1 9.1
KX527928. KX52799
1 1.1
Kbase kbase
genome genome
KX527932. KX52799
1 5.1
KM37844
KP402058.1
0.1
LFJC01000 kbase
003.1 genome
MF593102.
nd
1
FJ264924.
FJ264922.1
Kbase MK68268

genome 8.1

nd

KU724151.1

MK689366.1

KC247145.1

KU724163.1

KM114866.1

KC247129.1

kbase genome

KU738808.1

NZ_FMAI01000 NZ_FMAI0100002 NZ_FMAI01000

013.1

kbase genomes

KX528004.1

KF452827.1

KX528008.1

KX661393.1

LFJC01000003.1

MF593094.1

kbase genomes

MK682721.1

2.1

KX065095.1

KX527954.1

KT793142.1

KX527958.1

KM378377.1

LFJC01000003.1

MF593090.1

FJ264927.1

MK682710.1

019.1
KX065107.1
NZ_LUUB01000

107.1

KF452730.1
NZ_LNCU01000
024.1

KX661387.1

kbase genome

nd

KF956544.1
NZ_SPQS01000
024.1



https://www.ncbi.nlm.nih.gov/nuccore/408789532
https://www.ncbi.nlm.nih.gov/nuccore/408789532
https://www.ncbi.nlm.nih.gov/assembly/GCA_003062285.1
https://www.ncbi.nlm.nih.gov/assembly/2458061
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. nanningense CCBAU 53390T

. guangzhouense CCBAU 51670T

. Zhanjiangense CCBAU 51778T

. symbiodeficiens 85S1MBT

. amphicarpaeae 39S1 MBT

. uaiense UFLAO03-164T

. ivorense CI-1BT

. niftali CNPSo 3448T

. campsiandrae UFLAOQ1-1174T

. archetypum WSM 1744T

. australiense WSM 1791T

. murdochi WSM 1741T

. agreste CNPSo 4010T

ASM411453v1

ASM411495v1

ASM411493v1

ASM226646v2

ASM226643v2

ASM1081187v1

ERZ807199

ASM457102v1

ASM1452970v1

ASM1311483v1

ASM1311482v1

ASM47296v1

ASM1603162v1

KC509323
1
KC509303
1
KC509312
l

KP768667

KP768663

Kbase

genome

KX388393

MK67580
0
Kbase
genome
Kbase
genome
Kbase
genome
Kbase
genome
Kbase

genome

KC508969

KC508950

KC508959

Kbase
genome
Kbase

genome

KF452780.1

MK376326

Kbase

genome

KT793131.1

MK674820

MK674822

MK674817

MK674804.
1

KC509028

KC509008

KC509017

KP768609

KP768605

kbase
genome
MH75615
7
MK67579
1
kbase
genome
MK86084
7
MK86084
9
MK86084
4
MK86083
1.1

KC509077.1

KC509057.1

KC509066.1

KP768725

KP768721.1

KT793133.1

MH756161

MKG675794

KT793134.1

MK860868

MK860870

MK860865

MK860852.1

KC509274

KC509254

KC509263

KF615036

KF615002.1

KT793144.1

MK376330

MK675797

KT793146.1

MK863448

MK863450

MK863445

MK863432.1

KC508921.1

KC508902.1

KC508911.1

KP768551

KP768547.1

KF452739.1

CAADFC020000

004.1

NZ_SPQT01000

036.1

KT793128.1

MTO070745

MTO070746

MT070743

MT683853.1



https://www.ncbi.nlm.nih.gov/assembly/GCF_004114535.1
https://www.ncbi.nlm.nih.gov/assembly/GCF_004114955.1
https://www.ncbi.nlm.nih.gov/assembly/GCF_004114935.1
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. cosmicum 58S1T

. diversitatis CNPSo 4019T

. glycinis CNPSo 4016T

. hipponense aSej3T

. quebecense 66S1MB

. septentrionale 1S1

. altum Pear77

. oropedii Pear76

B. acaciae 10BB
B. aeschynomenes 830027
B. australafricanum WSM 44007

. hereditatis WSM 17387
. semiaridum WSM 17047

. cenepequi CNPSo 40267

ASM729039v1

ASM1603163v1

ASM1603165v1

ASM812396v1

ASM1337379v2

ASM1151664v3

ASM2088970v1

ASM2088968v1

ASM2088978v1

ASM1317894v1

KP768673.
1
Kbase
genome
Kbase
genome
Kbase
genome
KP768666.
1
KP768671.
1
LN650188.
1
LN650187.
1
LR877266.

Kbase
genome
MK674802.
1
MK674803.
1
Kbase
genome
Kbase
genome
Kbase

genome

LN650125.1

LN650124.1

LR877288.1

KP768615
A
MK86082
9.1
MK86083
0.1
MK45863
9.1
KP768608
A
KP768613
A
LN650146
A
LN650145

LR87728

KP768731.1

MK860850.1

MK860851.1

NZ_VSTH01000
010.1

KP768724.1

KP768729.1

LN650209.1

LN650208.1

LR877279.1

KF615104.1

MK863430.1

MK863431.1

VSTHO01000176.1

KF615025.1

KF615049.1

LN650167.1

LN650166.1

NZ_JACMYKO0100
00204.1

KP768557.1

MT683855.1

MT683854.1

NZ_VSTH01000

035.1

KP768550.1

KP768555.1

LN650104.1

LN650103.1

LR877274.1
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(**) Genome of strain that are not type species used for comparison purposes. KBase genome: Sequence extracted from the genome on the KBase platform. nd = Sequence

not detected in database

Table S2. Model test atpD-ginll_recA

Mode | #Pa BIC AlCc InL Invaria | Gamm R FregA | FreqT | FreqC | FreqG = = = = = = = = = = = =

| ram nt a ST | >C | >G [ >A | >C | >G | >A [>T | >G | >A | >T | >C

GTR+ 45 | 8929,9 | 8594,1 -| 05300 | 0,8207 | 2,0243 | 0,1981 | 0,1849 | 0,3024 | 0,3144 | 00| 00| O1| 00| 03| 00| OO O1 | 00| 00| 00| 00

G+l 79668 74211 | 4251,92 94984 763 5583 78731 05078 38648 77543 2 1 2 2 1 6 1 9 7 7 3 7
679

TN93 42 | 8947,3 | 86338 -| 05254 | 0,7598 | 2,0492 | 0,1981 | 0,1849 | 073024 | 03144 | 00| 00| 01| 00| 03| 00| 00| 01| 00| 00| 00| 00

+G+l 33793 95785 | 4274,80 95901 17904 1149 78731 05078 38648 77543 3 5 1 3 1 5 3 9 5 7 3 5
8055

T92+ 39 | 89493 | 8658,2 - | 05425 | 0,8040 | 2,0227 | 0,1915 | 0,1915 | 0,3084 | 053084 | 00 | 00| 02| 00| 02| OO | 00| 01| 00| O1| 00| 00

G+l 01767 34013 | 4289,99 41519 30616 4263 41905 41905 58095 58095 3 5 1 3 1 5 3 3 5 3 3 5
6245

GTR+ 44 | 89550 | 8626,6 - | nfa 0,2163 | 1,8644 | 0,1981 | 0,1849 | 03024 | 03144 | 00| OO | 01| 00| 02| 00| 00| O1| 00| 00| 00| 0,0

G 28805 78853 | 4269,18 44584 6646 78731 05078 38648 77543 2 2 3 2 9 6 1 8 8 8 3 8
6093

T92+ 38 | 89679 | 86843 - | nfa 0,1972 | 1,9143 | 01915 | 0,1915 | 0,3084 | 03084 | 00| OO | 02| 00| 02| 00| 0OO| O1| 00| 01| 00| 0,0

G 56271 45893 | 4304,05 88342 1685 41905 41905 58095 58095 3 5 1 3 1 5 3 3 5 3 3 5
8232

TN93 41 | 89757 | 8669,7 - | nfa 0,2140 | 1,8578 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| OO | 01| 00| 02| 00| 00| O1| 00| 00| 00| 0,0

+G 56382 74814 | 4293,75 11546 0471 78731 05078 38648 77543 3 5 3 3 9 5 3 7 5 8 3 5
4084

HKY 41 | 89765 | 8670,6 -| 05431 | 0,8045 | 2,0616 | 0,1981 | 0,1849 | 073024 | 053144 | 00| 00| 02| 00| 02| 00| 00| 01| 00| O1| 00| 00

+G+l 98355 16787 | 4294,17 97781 24989 5434 78731 05078 38648 77543 3 5 2 3 1 5 3 3 5 4 3 5
5071

HKY 40 | 89950 | 8696,5 - | nfa 0,1964 | 1,9536 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| OO | 02| 00| 02| 00| 00| O1| 00| 01| 00| 0,0

+G 50431 25615 | 4308,13 81293 8458 78731 05078 38648 77543 3 5 1 3 5 3 2 5 3 3 5
5843

GTR+ 44 | 9033,0 | 8704,7 - | 06329 | n/a 1,7198 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| OO | 01| 00| 02| 00| 00| O1| 00| 00| 00| 0,0

| 69347 19395 | 4308,20 4532 5845 78731 05078 38648 77543 2 2 3 3 8 7 1 7 8 8 4 8
6364

TN93 41 | 9059,2 | 8753,2 - | 06335 | n/a 1,6855 | 0,1981 | 0,1849 | 073024 | 03144 | 00| 00| 01| 00| 02| 00| 00| 01| 00| 00| 0,0 00

+1 46471 64903 | 4335,49 00357 8543 78731 05078 38648 77543 3 5 3 4 7 6 4 7 6 8 3 5
9129

T92+1 38 | 90715 | 87879 - | 06382 | n/a 1,7376 | 0,915 | 0,1915 | 0,3084 | 0,3084 | 00| OO0 | 02| 00| 02| 00| 00| O1| 00| O1 | 00| 0,0

76228 6585 | 4355,86 92991 9438 41905 41905 58095 58095 3 5 3 5 3 2 5 2 3 5
821
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K2+G 37 | 9073,1 | 8796,9 - | nfa 0,2077 | 1,6883 0,25 0,25 0,25 02| 00| 00| 01| 00| 01| 00| 00| 01| 00| O1] 00} 0,0
16703 6401 | 4361,37 13454 1441 5 5 6 5 6 5 5 6 5 6 5 5
3182
K2+G 38 | 90751 | 87914 -| 05252 | 0,7628 | 2,3526 0,25 0,25 0,25 02| 00| 00| 01| 00| 01| 00| 00} 01| 00| O1] 00} 0,0
+l 10162 99783 | 4357,63 09474 5315 7225 4 4 8 4 8 4 4 8 4 8 4 4
5177
HKY 40 | 9099,6 | 8801,1 - | 06383 | n/a 1,7597 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| 00| 02| 00| 02| 00| 00| O1| 00| O1 | 00| 0,0
+l 64994 40177 | 4360,44 56902 2884 78731 05078 38648 77543 3 5 3 5 3 2 5 3 3 5
3124
K2+1 37 | 91710 | 88948 - | 06375 | n/a 1,5738 0,25 0,25 0,25 02| 00| 00| 01| 00| 01| 00| 00| 01| 00| O1] 00| 0,0
1226 59567 | 4410,32 21426 6005 5 5 5 5 5 5 5 5 5 5 5 5
096
JC+G 37 | 9271,3 | 8995,1 -| 05363 | 09472 0,5 0,25 0,25 0,25 025| 00| 00| 00| 0O| 00| OO| 0O| 00| 00| 00| 00| 0,0
+1 13985 61293 | 4460,47 5733 21681 8 8 8 8 8 8 8 8 8 8 8 8
1823
JC+G 36 | 9277,4 | 9008,7 - | nfa 0,2100 0,5 0,25 0,25 0,25 025| 00| 00| 00| 0O| O0O| OO| 0O| 00| 00| 00| 00| 0,0
30889 36194 | 4468,26 55845 8 8 8 8 8 8 8 8 8 8 8 8
5009
JC+I 36 | 93664 | 9097,7 - | 06370 | n/a 0,5 0,25 0,25 0,25 025| 00| 00| 00| OO| 00| OO| 0O| 00| 00| 00| 00| 0,0
27774 33079 | 4512,76 22799 8 8 8 8 8 8 8 8 8 8 8 8
3452
GTR 43 | 99739 | 9653,0 - | nfa nfa 1,1019 | 0,1981 | 0,1849 | 03024 | 03144 | 00| 00| 01| 00| 02| 00| 00| 01| O1| 00| 00| 01
68711 74575 | 4783,39 8685 78731 05078 38648 77543 3 5 3 4 6 3 5 7 4
078
TN93 40 | 9987,2 | 9688,6 - | nfa nfa 1,4509 | 0,1981 | 0,1849 | 03024 | 03144 | 00| 00| 01| 00| 02| 00| 00| 01| 00| 00| 00| 00
24146 99329 | 4804,22 4104 78731 05078 38648 77543 4 6 4 8 6 4 7 6 6 4 6
27
T92 37 | 10056, | 97804 - | nfa nfa 1,4308 | 0,1915 | 0,1915 | 03084 | 073084 | 00| 00| 01| 00| 01| OO | 00| 01| 00| 01| 0,0 00
60448 51784 | 4853,11 0033 41905 41905 58095 58095 4 6 9 4 9 6 4 2 6 2 4 6
7069
HKY 39 | 10086, | 9795,7 - | nfa nfa 14311 | 0,1981 | 0,1849 | 03024 | 03144 | 00| 00| 01| 00| 01| OO | 00| 01| 00| 01| 00| 00
8011 33345 | 4858,74 6243 78731 05078 38648 77543 4 6 9 4 8 6 4 1 6 2 4 6
5911
K2 36 | 10088, | 98198 - | nfa nfa 1,4132 0,25 0,25 0,25 02500 00| 01|00} 01| 00| O00|O01L|OO| O1]| 00| 00
51367 1898 | 4873,80 4526 5 5 5 5 5 5 5 5 5 5 5 5
6402
JC 35| 10270, | 10009, - | nfa nfa 0,5 0,25 0,25 0,25 025 00| 00| OO 00| 00| 00| OO0 00| O0O| 00| 00| 00
96538 72899 | 4969,76 8 8 8 8 8 8 8 8 8 8 8 8
6986

Table S3. Model test gyrB_rpoB_recA
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Mode | #Pa BIC AlCc InL Invaria | Gamm R Freg A | FreqT | FreqC | FreqG = = = = = = = = = = = =

| ram nt a >T | >C [ >G [ >A | >C | >G | >A | >T [ >G | >A | >T | >C

GTR+ 169 | 44060, | 42410, -| 05395 | 08441 | 1,9949 | 0,1879 | 0,1609 | 053118 | 053392 | 00| 00| 01| 0O | 03| 00O | 00| 01| 00| 00| 00| 00

G+l 62812 2134 | 210358 78377 79461 3892 92812 14287 13549 79352 2 3 4 2 2 4 2 7 7 8 2 7
8388

TN93 166 | 44151, | 42530, -| 05403 | 08293 | 1,9071 | 0,1879 | 0,1609 | 053118 | 053392 | 00 | 00| 01| 00| 03| OO | 00| 01| 00| 00| 00| 00

+G+l 26267 13751 | 21098,8 17474 88284 0835 92812 14287 13549 79352 3 5 3 3 1 5 3 6 5 7 3 5
5376

GTR+ 168 | 44259, | 42618, - | nla 0,2225 | 1,9375 | 01879 | 0,1609 | 03118 | 03392 | 00| OO 01| 00| 03| 00| 00| O1| 00| 00| 00| 0,0

G 62919 97762 | 21141,2 61273 5222 92812 14287 13549 79352 2 3 5 2 1 4 2 6 8 8 2 7
6861

T92+ 163 | 44262, | 42670, -| 05561 | 09372 | 1,8844 | 0,1744 | 01744 | 03255 | 023255 | 00 | 00O | 02| 00| 02| OO | 00| 01| 00| O1| 00| 00

G+l 01828 18297 | 21171,8 82874 69197 0819 5355 5355 4645 4645 3 5 2 3 2 5 3 2 5 2 3 5
8417

TN93 165 | 44369, | 42758, - | nla 0,2197 | 1,8424 | 01879 | 0,1609 | 03118 | 03392 | 00| OO | 01| 00| 03| 00| 00| O1| 00| 00| 00| 0,0

+G 818 4561 | 21214,0 39311 0755 92812 14287 13549 79352 3 5 4 3 6 3 5 6 8 3 5
1563

HKY 165 | 44376, | 42765, -| 05560 | 09385 | 1,9375 | 0,1879 | 0,1609 | 073118 | 053392 | 00| 00| 02| 00| 02| OO | 00| 01| 00| O1| 00| 00

+G+l 43666 07475 | 212173 48832 24834 5571 92812 14287 13549 79352 3 5 3 3 1 5 3 1 5 3 3 5
2496

T92+ 162 | 44452, | 42870, - | nfa 0,2038 | 1,8444 | 0,1744 | 01744 | 03255 | 03255 | 00| OO | 02| 00| 02| 00| 0OO| O1| 00| 01| 00| 0,0

G 92572 85376 | 21273,2 74307 8388 5355 5355 4645 4645 3 5 2 3 2 5 3 2 5 2 3 5
2209

HKY 164 | 44568, | 42967, - | nfa 0,2031 | 1,8944 | 0,1879 | 0,1609 | 03118 | 03392 | 00| OO | 02| 00| 02| 00| 00| O1| 00| 01| 00| 0,0

+G 63821 03959 | 21319,3 6233 1694 92812 14287 13549 79352 3 5 3 3 1 6 3 1 6 3 3 5
0993

K2+G 162 | 45080, | 43498, - | 055382 | 08743 | 2,0210 0,25 0,25 0,25 025| 00| 00| 01| 00| 01| 00| 0O| 01| 00| O1] 00| 0,0

+ 72216 65019 | 21587,1 81081 40534 5968 4 4 7 4 7 4 4 7 4 7 4 4
2031

K2+G 161 | 45214, | 43642, - | nfa 0,2124 | 1,8672 0,25 0,25 0,25 025 00| 00| 01| 00| 01| 00| O00|O01|O00| 01| 00| 00

41897 11038 | 21659,8 72052 4868 4 4 6 4 6 4 4 6 4 6 4 4
5292

GTR+ 168 | 45632, | 43992, - | 06013 | n/a 1,5853 | 0,1879 | 0,1609 | 0,3118 | 0,3392 | 00| OO | 01| 00| 02| 00| 00| O1| 00| 00| 00| 0,0

| 79349 14192 | 218278 59308 4553 92812 14287 13549 79352 2 5 7 2 6 5 3 3 8 9 2 7
5076

TN93 165 | 45731, | 44120, - | 0,6002 | n/a 1,4644 | 0,1879 | 0,1609 | 073118 | 053392 | 00| 0O | 01| 0O | 02| OO | 00| 01| 00| 00| 0,0 00

+ 81767 45577 | 21895,0 42138 1905 92812 14287 13549 79352 3 6 3 4 8 6 4 4 6 7 3 6
1546

T92+1 162 | 45784, | 44202, - | 06018 | n/a 15168 | 0,1744 | 0,1744 | 0,3255 | 0,3255 | 00 | OO | 02| 00| O2| 00| O0O| O1| 00| O1 | 00| 0,0

3507 27873 | 219389 38963 085 5355 5355 4645 4645 3 6 3 6 3 1 6 1 3 6
3458

HKY 164 | 45909, | 44307, - | 06018 | n/a 15263 | 0,1879 | 0,1609 | 073118 | 053392 | 00 | 0O | 02| 00| 01| OO | 00| 01| 00| O1| 0,0 00

+1 49787 89924 | 21989,7 47884 1528 92812 14287 13549 79352 3 6 1 4 9 6 4 6 2 3 6
3976

JC+G 161 | 46143, | 44571, - | 05396 | 0,9056 0,5 0,25 0,25 0,25 025 00| 00| 00| 00| 00| OO| OO 00| OO | 00| 00| 00

+1 97862 67003 | 22124,6 03922 8161 8 8 8 8 8 8 8 8 8 8 8 8
3274
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JC+G 160 | 46300, | 44737, - | nla 0,2132 0,5 0,25 0,25 0,25 025 00| 00| 00| 00| 00| 0OO| OO 00| OO | 00| 00| 00
0098 46462 | 22208,5 16536 8 8 8 8 8 8 8 8 8 8 8 8
3254
K2+l 161 | 46449, | 44876, - | 06018 | n/a 1,6692 0,25 0,25 0,25 025 00| 00| O1| 00| 01| 00| O00|O01|O0| O1]| 00| 00
14024 83165 | 22277,2 08609 3697 5 5 6 5 6 5 5 6 5 6 5 5
1356
JC+I 160 | 47531, | 45969, -| 06011 | n/a 0,5 0,25 0,25 0,25 025 00| 00| 00| 00| 00| 0OO| OO 00| OO | 00| 00| 00
72135 17616 | 22824,3 20467 8 8 8 8 8 8 8 8 8 8 8 8
8831
GTR 167 | 51209, | 49578, - | nla nla 1,3413 | 0,1879 | 0,1609 | 0,3118 | 0,3392 | 00| OO | 01| 00| 02| 00| 00| O1| 01| 00| 00| 01
32946 44108 | 24622,0 3249 92812 14287 13549 79352 3 3 3 3 7 4 2 4 1 7 2
0295
TN93 164 | 51522, | 49921, - | nla nla 1,4881 | 0,1879 | 0,1609 | 073118 | 053392 | 00 | 00| 01| 00| 02| OO | 00| 01| 00| 00| 00| 00
67604 07742 | 24796,3 7729 92812 14287 13549 79352 3 6 3 4 8 6 4 5 6 7 3 6
2885
T92 161 | 51793, | 50221, - | nla nla 1,4789 | 0,744 | 0,1744 | 0,3255 | 0,3255 | 00 | OO0 | 02| 00| O2| O0| 00| O1| 00| O1 | 00| 0,0
84827 53968 | 249495 8599 5355 5355 4645 4645 3 6 3 6 3 1 6 1 3 6
6757
K2 160 | 51908, | 50345, - | nla nla 1,6370 0,25 0,25 0,25 025 00| 00| 01| 00| 01| 00| O00|O01| 00| 01| 00| 00
0843 53912 | 25012,5 2887 5 5 6 5 6 5 5 6 5 6 5 5
6979
HKY 163 | 51938, | 50346, - | nfa nla 1,4787 | 0,1879 | 0,1609 | 073118 | 053392 | 00 | 00| 02| 00| 01| OO | 00| 01| 00| O1| 00| 00
19107 35576 | 25009,9 9749 92812 14287 13549 79352 3 6 1 4 9 6 4 6 2 3 6
7056
JC 159 | 52964, | 51411, - | nfa nla 0,5 0,25 0,25 0,25 025 00| 00| 00| 00| 00| OO| OO 00| OO | 00| 00| 00
69915 9174 | 25546,7 8 8 8 8 8 8 8 8 8 8 8 8
6141
Table S4. Model test nifH
Mode | #Pa BIC AlCc InL Invaria | Gamm R FregA | FreqT | FreqC | FreqG | A= | A= | A= | T= | T= | T= | C= | C= | C= | G= | G= | G=
| ram nt a ST | >C | >G | >A | >C | >G | >A | >T | >G | >A | >T | >C
T92+ 127 | 18702, | 17569, - | 05680 | 2,6015 | 2,2197 | 0,2053 | 0,2053 | 0,2946 | 002946 | 00| 00| 02| 00| 02| 00| 00| 01| 00| 01| 0,0| 00
G+l 63787 2746 | 8657,34 59732 25143 5122 80683 80683 19317 19317 3 4 1 3 1 4 3 4 4 4 3 4
5066
GTR+ 133 | 18740, | 17553, - | 05662 | 2,7523 | 2,3007 | 0,2291 | 0,1815 | 0,2797 | 053094 | 00 | 0O | 01| 00| 02| OO | 00| 01| 00| O1| 0,0| 00
G+l 30921 42998 | 8643,39 49729 94376 7061 99175 62192 41727 96906 2 4 7 2 5 5 3 6 6 3 3 5
4569
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HKY 129 | 18741, 17590, -| 05687 | 25714 | 2,3196 | 0,2291 | 0,1815| 0,2797 | 0,3094 | 00| 00| O2| OO} 02| OO OO| O2 | 00| O1| 00| 00
+G+l 37044 16823 | 8665,78 72279 24981 7609 99175 62192 41727 96906 3 4 2 3 5 3 3 5 6 3 4
2629
TN93 130 | 18745, 17585, -| 05595 | 24293 | 2,2936 | 0,2291 | 0,1815| 0,2797 | 0,3094 | 00| 0O | O1} OO} 02| OO OO| O2 | 00| O1| 00| 00
+G+l 6657 54412 | 8662,46 9378 09333 2575 99175 62192 41727 96906 3 4 3 3 9 5 3 9 5 3 4
5898
T92+ 126 | 18750, 17625, - | nfa 0,2035 | 2,2076 | 0,2053 | 0,2053 | 0,2946 | 02946 | 00| 00| 02| 00| 02| 00| 00| 01| 00| 01| 00| 00
G 34257 89888 | 8686,66 08845 6058 80683 80683 19317 19317 3 4 3 4 3 4 4 4 3 4
1777
TN93 129 | 18778, 17627, - | nfa 0,2125 | 2,2174 | 0,2291 | 0,1815 | 0,2797 | 03094 | 00| 00| 01| 00| 02| 00| 00| 01| 00| 01| 00| 00
+G 41655 21433 | 8684,30 1356 339 99175 62192 41727 96906 3 4 8 3 4 5 3 5 5 3 3 4
5683
HKY 128 | 18793, 17651, - | nfa 0,2018 | 2,3127 | 0,2291 | 0,1815 | 0,2797 | 03094 | 00| 00| 02| 00| 02| 00| 00| 01| 00| 01| 00| 00
+G 55492 27214 | 8697,33 88985 0322 99175 62192 41727 96906 3 4 2 3 5 3 3 5 6 3 4
9229
GTR+ 132 | 18797, 17619, - | nfa 0,2187 | 2,3010 | 0,2291 | 0,1815 | 0,2797 | 03094 | 00| 00| 01| 00| 02| 00| 00| 01| 00| 01| 00| 00
G 09619 1361 | 8677,25 04024 76 99175 62192 41727 96906 2 4 8 2 4 4 3 6 6 3 3 5
2417
T92+1 126 | 18808, 17684, - | 05856 | nfa 2,1270 | 0,2053 | 0,2053 | 0,2946 | 0,2946 | 00| 00| 02| 00| 02| 00| 00| 01| 00| 01| 00| 00
84095 39725 | 871591 02651 4706 80683 80683 19317 19317 3 5 3 5 3 4 5 4 3 5
0967
K2+G 126 | 18811, 17686, -| 05661 | 2,7574 | 2,0115 0,25 0,25 0,25 025| 00| 00| 01| 00| 01| 00| 0O 01| 00| O1] 00| 0,0
+l 28586 84216 | 8717,13 40183 48192 1412 4 4 7 4 7 4 4 7 4 7 4 4
3421
GTR+ 132 | 18833, 17655, - | 05840 | n/a 2,2181 | 0,2291 | 0,1815 | 0,2797 | 03094 | 00| 00| 01| 00| 02| 00| 00| 01| 00| 01| 00| 00
| 08046 12036 | 8695,24 52485 8431 99175 62192 41727 96906 2 4 7 2 4 5 3 6 6 3 3 5
4551
TN93 129 | 18842, 17691, - | 05829 | n/a 1,7281 | 0,2291 | 0,1815 | 0,2797 | 03094 | 00| OO | 01| 00| 02| 00| 00| O1| 00| 01| 00| 0,0
+1 24257 04035 | 8716,21 76616 5 99175 62192 41727 96906 3 5 4 4 4 5 4 6 5 3 5
8693
HKY 128 | 18850, 17707, - | 05853 | n/a 2,2030 | 0,2291 | 0,1815 | 0,2797 | 0,3094 | 00| 00| 02| 00| 01| 00| 00| 01| 00| 01| 00| 00
+1 1896 90681 | 8725,65 16992 8796 99175 62192 41727 96906 3 4 1 4 9 5 4 3 5 6 3 4
6567
K2+G 125 | 18864, 17749, - | nla 0,2252 | 2,0022 0,25 0,25 0,25 0254|0000 0100|0100} 00|01 00| 01| 00] 00
71458 19053 | 8749,31 73129 1064 4 4 7 4 7 4 4 7 4 7 4 4
214
K2+I 125 | 18905, 17789, - | 05837 | nfa 1,9571 0,25 0,25 0,25 0254|0000 0100|0100} 00|01 00| 01| 00] 00
48127 95722 | 8769,69 36901 52 4 4 7 4 7 4 4 7 4 7 4 4
5486
JC+G 125 | 19434, 18318, - | 05662 | 2,9848 05 0,25 0,25 0,25 025| 00| 00| 00| 00| OO| OO} OO 0O 00| 00| 00| 00
+1 39505 87101 | 9034,15 23344 68651 8 8 8 8 8 8 8 8 8 8 8 8
2379
JC+G 124 | 19480, 18374, - | nla 0,2255 05 0,25 0,25 0,25 025| 00| 00| 00| 00| OO| 00| OO| OO 00| 00| 00| 00
97016 36584 | 9062,90 82344 8 8 8 8 8 8 8 8 8 8 8 8
4293
JC+I 124 | 19519, 18412, -| 05842 | n/a 05 0,25 0,25 0,25 025| 00| 00| 00| 00| OO| OO0} OO| 0O 00| 00| 00| 00
1422 53788 | 9081,99 12295 8 8 8 8 8 8 8 8 8 8 8 8

0315
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GTR 131 | 20615, 19446, - | nfa n/a 1,6273 | 0,2291 | 0,815 | 0,2797 | 03094 | 00| 00| O1| 00O | 02| 00| 00| O2| OO | 01| 00| 0,0
85457 81369 | 9592,09 2621 99175 62192 41727 96906 3 4 4 4 4 4 3 5 8 2 7
5969
TNO93 128 | 20637, 19494, - | nfa n/a 1,8535 | 0,2291 | 0,1815 | 0,2797 | 03094 | 00| 00| O1| 00O | 02| 00| O0O| O2| OO | 01| 00| 0,0
02673 74395 | 9619,07 6207 99175 62192 41727 96906 3 5 4 4 6 5 4 7 5 3 5
5135
K2 124 | 20652, 19545, - | nfa n/a 1,8323 0,25 0,25 0,25 025| 00| 00| 01| 00| 01| 00| 00| 01| 00| O1]| 00| 0,0
4202 81588 | 9648,62 7883 4 4 6 4 6 4 4 6 4 6 4 4
9314
T92 125 | 20685, 19569, - | nfa n/a 1,8455 | 0,2053 | 0,2053 | 0,2946 | 02946 | 00| 00| O1| 00| O1]| 00| OO| O2| OO0 | 01| 00| 0,0
05752 53347 | 9659,48 5909 80683 80683 19317 19317 4 5 9 4 9 5 4 3 5 3 4 5
3612
HKY 127 | 20748, 19615, - | nfa n/a 1,8467 | 0,2291 | 0,815 | 0,2797 | 03094 | 00| 00| 02| 00| O1| 00| OO| O2| OO 01| 00| 0,0
49997 13669 | 9680,27 0111 99175 62192 41727 96906 3 5 4 8 5 4 2 5 5 3 5
6113
JC 123 | 21243, 20145, - | nfa n/a 0,5 0,25 0,25 0,25 025| 00| 00| 00| 00| 00| 00| 00| 00| 00| 00| 00| 0,0
6084 92387 | 9949,68 8 8 8 8 8 8 8 8 8 8 8 8
7772
Table S5. Model test nodC
Mode | #Pa BIC AlCc InL Invaria | Gamm R FreqA | FreqT | FreqC | FreqG | A= | A= | A= | T= | T= | T= | C= | C= | C= | G= | G= | G=
| ram nt a ST [ >C | >G | >A | >C | >G | >A | >5T | >G | >A | >T | >C
T92+ 113 | 25593, 24598, -| 03363 | 1,6339 | 1,8766 | 0,2164 | 0,2164 | 0,2835 | 0,283 | 00| 0O | O1| OO | O1 | OO OO O1| 00| 01| 00| 0,0
G+l 8122 69711 | 12186,0 54907 76771 4693 54802 54802 45198 45198 4 5 9 4 9 5 4 4 5 4 4 5
8803
HKY 115 | 25612, 24599, -| 03350 | 1,6205 | 1,8709 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| 0O | O1| OO O1 | OO OO O1| 00| 01| 00| 0,0
+G+l 33026 61184 | 121845 87736 93999 1736 30831 78773 39548 50847 4 5 9 3 9 5 3 5 5 3 4 5
3612
TN93 116 | 25623, 24601, -| 03355 | 1,6215 | 1,8709 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| OO | O1| OO O1 | OO OO O1| 00| 01| 00| 0,0
+G+l 13675 61679 | 121845 31048 97489 5354 30831 78773 39548 50847 4 5 9 3 9 5 3 5 5 3 4 5
3389
GTR+ 119 | 25624, 24576, -| 03307 | 1,5750 | 1,8911 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| 0O | O1| OO O1 | OO OO O1| 00| 01| 00| 0,0
G+l 1014 17729 | 12168,7 36559 86513 2624 30831 78773 39548 50847 2 5 9 2 9 5 4 5 6 3 4 6
9981
T92+ 112 | 25640, 24654, - | nla 0,4461 | 1,8843 | 0,2164 | 0,2164 | 0,2835 | 0,283 | 00| 00| 01| 00| 01| 00| 00| 01| 00| 01| 00| 0,0
G 54809 23479 | 122148 48754 1993 54802 54802 45198 45198 4 5 9 4 9 5 4 4 5 4 4 5
6144
HKY 114 | 25662, 24658, - | nla 0,4482 | 1,8813 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| 00| 01| 00O | 01| 00O | 00| 01| 00| 01| 00| 0,0
+G 70308 78629 | 122151 11807 4066 30831 78773 39548 50847 4 5 9 3 9 5 3 5 5 3 4 5
28
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TN93 115 | 25668, 24655, - | nfa 0,4466 | 1,8834 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| 00| 01| OO | 01| 00| 00| 01| 00| 01| 00| 00
+G 27024 55182 | 122125 09227 3595 30831 78773 39548 50847 4 5 8 3 9 5 3 6 5 3 4 5
0611
GTR+ 118 | 25692, 24653, - | nfa 0,4526 | 1,7400 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| 00| 01| 00| 02| 00| 00| 01| 00| 01| 00| 00
G 12439 00158 | 12208,2 47667 2766 30831 78773 39548 50847 4 5 6 3 4 4 6 6 2 4 6
1677
K2+G 112 | 25722, 24736, -| 03312 | 1,6115 | 1,7930 0,25 0,25 0,25 02| 00| 00| 01| 00| 01| 00| 00} 01| 00| O1] 00} 0,0
+l 63743 32413 | 122559 96282 60688 4033 4 4 6 4 6 4 4 6 4 6 4 4
0611
K2+G 111 | 25765, 24787, - | nfa 0,4617 | 1,8020 0,25 0,25 0,25 02| 00| 00| 01| 00| 01| 00| 00| 01| 00| O1] 00| 0,0
23308 72165 | 12282,6 84832 5478 4 4 6 4 6 4 4 6 4 6 4 4
0941
T92+1 112 | 25928, 24941, - | 03782 | n/a 1,7293 | 0,2164 | 0,2164 | 0,2835 | 0,283 | 00| OO | 01| 00| O1| 00| 00| O1| 00| O1 | 00| 0,0
00493 69162 | 12358,5 37268 7309 54802 54802 45198 45198 4 5 8 4 8 5 4 4 5 4 4 5
8986
HKY 114 | 25948, 24944, - | 03781 | n/a 1,7195 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| OO | 01| 00| O1| 00| OO| O1| 00| O1 | 00| 0,0
+1 79442 87762 | 12358,1 47706 331 30831 78773 39548 50847 4 5 8 4 8 5 4 5 5 3 4 5
7367
TN93 115 | 25958, 24945, - | 03781 | n/a 1,7212 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| OO | 01| 00| O1| 00| 00| O1| 00| O1 | 00| 0,0
+1 25602 5376 | 123574 82295 5651 30831 78773 39548 50847 4 5 9 4 8 5 4 4 5 3 4 5
99
GTR+ 118 | 25991, 24952, -| 03780 | n/a 15759 | 0,2012 | 0,2316 | 0,2840 | 0,2830 | 00| OO | 01| 00| O1| 00| OO| O1| 00| O1 | 00| 0,0
| 74476 62195 | 12358,0 64688 6224 30831 78773 39548 50847 4 5 7 4 8 5 4 4 6 2 4 6
2696
K2+l 111 | 26056, 25079, -| 03779 | n/a 1,6629 0,25 0,25 0,25 025| 00| 00| 01| 00| 01| 00| 0O) 01| 00| O1] 00| 0,0
85165 34021 | 124284 53037 7153 5 5 6 5 6 5 5 6 5 6 5 5
1869
JC+G 111 | 26477, 25499, -| 03332 | 1,7758 0,5 0,25 0,25 0,25 025| 00| 00| 00| 0O| O0O| OO| 0O| 00| 00| 00| 00| 0,0
+1 3607 84927 | 12638,6 65701 20851 8 8 8 8 8 8 8 8 8 8 8 8
7322
JC+G 110 | 26525, 25556, - | nla 0,4795 0,5 0,25 0,25 0,25 025| 00| 00| 00| 0O| O0O| OO| 0O| 00| 00| 00| 00| 0,0
49619 7867 | 12668,1 73847 8 8 8 8 8 8 8 8 8 8 8 8
4643
JC+I 110 | 26779, 25810, - | 03777 | nla 05 0,25 0,25 0,25 025| 00| 00| 00| 00| OO| OO} OO 0O 00| 00| 00| 00
03198 32249 | 127949 73764 8 8 8 8 8 8 8 8 8 8 8 8
1433
T92 111 | 27579, 26601, - | nla nla 1,5498 | 0,2164 | 0,2164 | 0,283 | 0,283% | 00| OO| O1| 0O O1| OO} OO| O1| OO O1| 00| 00
42137 90993 | 13189,7 38 54802 54802 45198 45198 4 5 7 4 7 5 4 3 5 3 4 5
0355
HKY 113 | 27591, 26596, - | nla nla 1,5495 | 0,2012 | 0,2316 | 0,2840 | 0O,2830 | 00| 0OO| O1| 0O O1| OO} OO| O1| OO | O1| 00| 00
4057 29061 | 13184,8 4121 30831 78773 39548 50847 4 6 7 4 7 5 4 4 5 2 4 6
8478
GTR 117 | 27593, 26563, - | nla nla 1,3753 | 0,2012 | 0,2316 | 0,2840 | 02830 | 00| 0OO| O1| 0O O1| 0O0O| OO| O1| OO | O1| 00| 00
72879 40736 | 131644 0064 30831 78773 39548 50847 4 6 6 4 8 5 4 4 7 1 4 8
2444
TNO93 114 | 27602, 26598, - | nla nla 1,5495 | 0,2012 | 0,2316 | 0,2840 | 02830 | 00| 0OO| O1| 0O O1| 0O0O}| OO| O1| OO | O1| 00| 00
16631 24952 | 13184,8 6687 30831 78773 39548 50847 4 6 7 4 7 5 4 4 5 2 4 6

5961
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K2 110 | 27626, | 26657, - | nfa nla 1,5401 0,25 0,25 0,25 02| 00| 00| 01| 00| 01| 00| 00| 01| 00| O1] 00} 0,0
52139 8119 | 13218,6 2411 5 5 5 5 5 5 5 5 5 5 5 5

5903
JC 109 | 28314, | 27354, - | nfa nla 0,5 0,25 0,25 0,25 02| 00| 00| 00| 00| 00| 0O0O| 00| 00O 00| 00| 00| 00
75328 84582 | 13568,1 8 8 8 8 8 8 8 8 8 8 8 8

8044




64

ARTIGO 2

Rhizobium elegans sp. nov. nitrogen-fixing bacteria strain isolated from nodules of Platypodium elegans
(Voegel.)

Artigo formatado nas normas da revista Archives in Microbiology

Bruna Daniela Ortiz Lopez?, Daniele Cabral Michel®, Lucas Lenin Resende de Assis?, Raysa Marques Cardoso,

Fatima Maria de Souza Moreiral”

! Setor de Biologia, Microbiologia e Processos Bioldgicos do Solo, Departamento de Ciéncia do Solo,

Universidade Federal de Lavras, Campus UFLA, 37200-000, Lavras, Minas Gerais, Brazil.

*Corresponding author: Tel.: +55 35 3829 1254; fax: +55 35 3829 1251. E-mail address: fmoreira@ufla.br (F.M.

de Souza Moreira).



65

Abstract

Several new species of symbiotic nitrogen-fixing bacteria have already been described, mainly belonging to the
genus Rhizobium. However, there is no identification at the species level of strains that nodulate and fix N2 in
symbiosis with the native legume Platypodium elegans (Voegel). In our study, the average nucleotide identity
(ANI) between these two strains and 94 type strains of already described species showed values of 87,21 and
86,16% for strains UFLAQ01-1127 and UFLA01-1134 with the closest species Rhizobium hainanense CCBAU

T
57015 and 86.99 and 86.96% for strains UFLAQ01-1127 and UFLAOQ1-1134 with de closest species Rhizobium
tropici CIAT 899". Therefore, the strains UFLA01-1127 and UFLAO01-1134 represent a new specie. The

recommended name for this new species is Rhizobium elegans sp. nov. (type strain UFLAQ01-11277).

Keywords: taxonomy, tree species, biodiversity, phylogeny

Introducéo

O nitrogénio em florestas pode vir de diversas fontes como decomposicdo da matéria organica e fixacdo bioldgica
do nitrogénio e as espécies florestais podem ser fundamentais para esses processos. Em sitios com necessidade de
restauracdo florestal a adicdo de N ao sistema via inoculacdo de mudas pode ser uma alternativa econdmica e
ecologicamente correta. Estudos apontam que em locais afetados por estresse tém aumento substancial da fixacdo
de nitrogénio atmosférico, ja que a microbiota local aponta necessidade de resiliéncia (Barron et al., 2011).

A fixacdo bioldgica de nitrogénio € um dos processos mais importantes para a vida na Terra. Consiste na
transformagdo do nitrogénio atmosférico em amonia pela acdo da nitrogenase. Bactérias dotadas com esse
complexo enzimatico, também chamadas bactérias diazotréficas, sdo responsaveis por adicionar grandes
quantidades de nitrogénio ao solo e as plantas. Dentro do grupo dos diazotréficos temos as bactérias simbidticas
noduliferas, que promovem o eficiente fornecimento de N as plantas com formacéo de nédulos radiculares. Existe
uma ampla gama de dizotréficos com representantes de arquebacterias, cianobactérias, bactérias gram-negativas e
gram-positivas com uma ampla diversidade morfoldgica, fisioldgica e genética. Dentro do grupo das Alpha-
proteobacterias, os géneros conhecidos de espécies noduliferas compreendem: Rhizobium, Bradyrhizobium,
Paraburkholderia, Sinorhizobium, Mesorhizobium, Allorhizobium, Azorhizobium e Cupriavidus (Moreira et al.,
2006).

Apesar das espécies leguminosas terem muitos relatos de simbioses com o género Bradyrhizobium (Sprent et al.,
2017), foram identificadas estirpes do género Rhizobium capazes de nodular espécies florestais, sendo uma delas
Platypodium elegans (Lopez et al., 2020). Com excecdo do inoculante para Calliandra houstoniana e C.
surinamensis, ndo ha inoculante com bactérias do género Rhizobium recomendadas para espécies florestais
(MAPA 2011). Além disso, ainda ndo existe relato de bactérias diazotréficas que nodulam P. elegans identificadas

a nivel de espécie.

P. elegans VVogel é uma espécie florestal de origem na América central e sul e encontrada em paises como Panama,
Coldmbia, Venezuala, Bolivia, Paraguai e uma ampla distribuicéo pelo Brasil. Possui diversos usos como madeira

para construcao civil, carpintaria e decoragao (Lewis 2005). E uma espécie recomendada para restauracio de areas
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degradadas por se tratar de uma espécie pioneira e por ser resistente a condi¢des de alta luminosidade tanto durante

a germinagdo quanto no decorrer do seu desenvolvimento.

A partir disso o presente estudo tem como objetivo identificar a nivel de espécie com uso de técnicas gendmicas
estirpes do género Rhizobium que nodulam Platypodium elegans: UFLAQ01-1127" e UFLAQ1-1134.

Material e métodos
Origem das estirpes

A analise filogenética pelo sequenciamento dos genes 16S rRNA, gyrB e atpD identificou que as estirpes UFLAQ1-
1127 e UFLAOQ1-1134 isoladas de nodulos de Platypodium elegans em viveiro poderiam se tratar de novas espécies
(Lopez et al. 2021). Essas estirpes estdo depositadas no Setor de Biologia, Microbiologia e Processos Biolégicos

do solo da Universidade Federal de Lavras, Brasil.
Sequenciamento e qualidade dos genomas

As estirpes UFLAO01-1127 E UFLAO01-1134 foram crescidas em meio de cultura 79 (Fred and Waskman 1928)
para posterior extracdo de DNA. O DNA gendmico das estirpes foi extraido usando o Kit Wizard® Genomic DNA
Purification, seguindo as recomendacdes do fabricante. A qualidade e concentracdo do DNA extraido foi analisada
usando um espectrémetro Colibri. As amostras acima de 100 ng/miclolitro foram liofilizadas e enviadas para
sequenciamento do genoma. Leituras em pares (2 x 250 bases) foram sequenciados com o MiSeq Reagent kit
500v2 (Illumina) na plataforma MiSeq (lllumina) (Tabela 1).

Os dados de sequenciamento foram analisados na plataforma online KBase (Arkin AP et al. 2018) conforme
descrito abaixo: importa¢do do genoma, montagem da sequéncia usando SPADES 3.15.3 (Bankevich et al. 2012)
(Tabela 1), verificagio da qualidade do genoma com CheckM (Parks et al. 2015) (Tabela 2) e anotacdo dos
genomas com Rast (Aziz et.al., 2008; Overbeek et al, 2014; Brettin 2015). (Tabela 3).

ANI (Average Nucleotide Identity)

O ANI é uma comparacdo que se faz par a par entre duas ou mais sequéncias genémicas, tem sido uma alternativa
a técnica de hibridizacdo DNA-DNA com maior robustez e acurécia para identificacdo de espécies (Konstantinidis
and Tiedje, 2005; Michel et al. 2021; Michel et al. 2020). Dentre as opcbes disponiveis para essa comparacéo foi
utilizada plataforma disponivel online (Rodriguez-R and Konstantinidis 2016), que utiliza ANI calculator para
estimar a identidade média de nucleotideos usando os melhores acertos (unidirecional ANI) e os melhores acertos
reciprocos (bidirecional ANI) entre dois conjuntos gendmicos (Goris et al. 2007). Esse algoritmo permite fazer a
comparacdo de até 45 sequéncias diferentes por vez, o qual facilita a comparacéo de estirpes com todas as 94
estirpes tipo do mesmo género, cujos genomas estdo disponiveis no NCBI. A plataforma gera uma matriz de
identidade, na qual séo observadas as porcentagens de similaridade entre sequéncias. Baseados em publicacdes
previas, foram utilizados os valores abaixo de 95~96% de similaridade para classificar as sequéncias de estudo

como espécies novas (Goris et al. 2007; Richter ans Rossell6-Mora 2009).
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GTDB.tke TYGS

As sequéncias gendmicas das estirpes UFLA01-1127 e UFLAO01-1134 foram submetidas a andlise
GTDB.tk v1.7.0 (Chaumeil et al., 2019), que vem a ser um kit de ferramentas de software capaz de atribuir
classificacdo taxondmica objetiva a genomas de bactérias, baseado em bancos de dados de taxonomia por genoma
(Parks et al., 2020; 2018).

Além disso, essas sequéncias foram carregadas no TYGS (Type Genoma Server), uma plataforma de
bioinformatica gratuita para realizar analise taxondmica baseada no genoma inteiro (disponivel em

https://tygs.dsmz.de) (Meier-Kolthoff JP et al., 2022; 2019). Para a determinagédo dos genomas de estirpe tipo mais

proximo foi feita primeiro, a comparagdo de todos os genomas do estudo com todos os genomas de estirpe tipo
disponiveis no banco de dados TYGS por meio do algoritmo MASH, uma aproximacéo rapida de parentesco
intergendmico (Ondov et al., 2016) e os dez estirpes tipo com as menores distancias MASH escolhidas pelo proprio
genoma. Em segundo lugar, um conjunto adicional de dez estirpes tipo estreitamente relacionadas foi determinado
por meio das sequéncias do gene 16S rRNA. Estes foram extraidos dos genomas usando RNAmmer (Lagesen e
Hallin 2007) e cada sequéncia foi subsequentemente BLASTed (Camacho et al., 2009) contra a sequéncia do gene
16S rDNA de cada uma das atualmente 18452 estirpes tipo disponiveis no banco de dados TYGS. Isso foi usado
como um proxy para encontrar as 50 melhores estirpes tipo correspondentes (de acordo com o bitscore) para cada
genoma e, subsequentemente, calculada as distancias precisas usando a abordagem Genoma BLAST Distance
Phylogeny (GBDP) sob o algoritmo ‘coverage' e a formula de distancia d5 (Meier-Kolthoff JP et al., 2013). Essas
distancias foram finalmente usadas para determinar os 10 genomas de estirpe tipo mais proximo para cada um dos

genomas.

A comparacéo pareada de sequéncias gendmicas foi conduzida usando GBDP e distancias intergendmicas
precisas inferidas sob o algoritmo ‘trimming’ e formula de distancia d5 (Meier-Kolthoff JP et al., 2013). 100
réplicas de distancia foram calculadas cada. Valores digitais de Hibridizacao DNA-DNA (dDDH) e intervalos de
confianga foram calculados usando as configurag6es recomendadas do GGDC 3.0 (Meier-Kolthoff JP et al., 2022;
2013). As distancias intergenbmicas resultantes foram usadas para inferir uma arvore de evolugdo minima
balanceada com suporte de ramificacdo via FASTME 2.1.6.1 incluindo p6s-processamento SPR (Lefort V et al.,
2015). O suporte de ramificacdo foi inferido a partir de 100 réplicas pseudo-bootstrap cada. As arvores foram

enraizadas no ponto médio (Farris JS, 1972) e visualizadas com PhyD3 (Kreft L et al., 2017).

O agrupamento de espécies baseado em tipo usando um raio dDDH de 70% em torno de cada uma das 45
estirpes tipo foi feito conforme descrito anteriormente (Meier-Kolthoff e Goker M, 2019). O agrupamento de
subespécies foi feito usando um limiar de dDDH de 79% conforme introduzido anteriormente (Meier-Kolthoff et
al., 2014).

Multilocus Sequence Analysis (MLSA)

Foram obtidas as sequéncias dos genes housekeeping atpD e recA das estirpes tipo do género Rhizobium
ja descritas que ndo possuem genoma sequenciado disponivel, ou seja, dentre as 121 estirpes j& descritas de
Rhizobium, foram obtidas sequéncias dos genes housekeeping das 27 que ndo possuem dados gendmicos. Com
base nessas sequéncias dos genes housekeeping com aquelas das estirpes UFLA01-1127 e UFLA01-1134 foi

construida uma arvore filogenética no software MEGA X. Das espécies que foi possivel obter as sequéncias de
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todos os genes housekeeping prosseguiu-se a analise cluster concatenada no software SeaView. As sequéncias dos
genes foram alinhadas utilizando MUSCLE (Edgar 2004). As arvores filogenéticas foram construidas usando os
métodos estatisticos de juncdo de vizinhos (NJ) (Saitou e Nei 1987) e maxima verossimilhanca (ML) (Felsenstein
1981), com o0 modelo General Time Reversible (GTR) com valor de correcdo gama e % de locais invariantes (G
+ 1) com bootstrap de 1000 repeticGes para arvore atpD-recA. Modelos testados no MEGA X e escolhidos de
acordo com o menor valor de BIC (Bayesian Information Criterion) (Nei e Kumar, 2000; Kumar et al., 2018)

(detalhes do resultado de teste do modelo em tabela S1).

Testes fenotipicos

As estirpes UFLA01-1127 e UFLAOQ1-1134 foram cultivadas em meio de cultura 79 em diferentes
concentragdes de NaCl (p/v) (0.25; 0.50; 1.75 e 1%) e com diferentes niveis de pH (4.0, 5.5, 6.8, 8.0, 9.0 e 10). O
crescimento das estirpes em meio de cultura 79 quando incubadas em diferentes temperaturas (15, 20, 28, 34, 37
e 40°C) também foi avaliado. Além disso foi testada sua suscetibilidade a antibioticos a partir da utilizacdo de
discos de antibiograma contendo: 4cido nalidixo 30 pg mL™, amoxilina 10 pg mL™%, ampicilina 10 pg mL™,
azitromicina 15 pg mL™%, cefuroxima 30 ug mL™, claritromicina 15 ug mL ™. clorafenicol 30 pg mL™?, doxicilina
30 ug mL ™%, gentamicina 10 pg mL ™%, rifampicina 30 pg mL?, tetraciclina 30 pg mL™%, vancomicina 30 ug mL™?,
neomicina 30 ug mL ™ e kanamicina 30 ug mL 2. Foi verificada a capacidade de as estirpes assimilarem diferentes
fontes de carbono (L-arabinose, D-arabinose, L-asparagina, acido citrico, glicerol, D-frutose, glicina, D-glicose,
glutamina, acido L-glutamico, acido malico, lactose, maltose, manitol, metionina, lactato de sddio e sacarose) e de
nitrogénio (L-asparagina, L-arginina, hidrolisado de caseina, L-cisteina, glicina, acido L-glutamico, triptofano e
L-metionina) em meio 79 modificado segundo Costa e colaboradores (2017). Como teste fenotipico complementar
foi feito o teste API-Biomerieux, que permite realizar de forma rapida 20 diferentes testes bioquimicos com cada
uma das estirpes. Por fim foram geradas eletromicrografias em microscépio eletrdnico de varredura para

observagdo das dimensdes das estudadas (Fig 4).

Resultado e discussao

ANI

A técnica ANI determina a distancia evolutiva entre um par de linhagens a partir dos valores de similaridade de
regides genémicas homdlogas compartilhadas entre os genomas testados (Konstantinidis e Tiedje 2005; Kim et al.
2014). Os valores de corte considerados para determinar se as espécies sdo novas estdo abaixo de 95-96% (Goris
et al. 2007; Konstantinidis e Tiedje 2005; De Lajudie et al., 2019; Avontuur et al., 2019). As estirpes UFLA01-
1127 e UFLA01-1134 possuem maior similaridade com as espécies Rhizobium hainanense CCBAU 570157
(87.21% e 86.16%, respectivamente) e Rhizobium tropici CIAT 899" (86.99% e 86.96%, respectivamente). Todos
os valores de ANI ficaram abaixo de 88%, mostrando que as estirpes do presente estudo sdo uma espécie nova.
Ambas as estirpes possuem valor de ANI de quase 100% entre si, demonstrando que se tratam da mesma espécie.
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Mais detalhes sdo apresentados na tabela 3. O contelido de G + C no DNA das linhagens UFLA01-1127 e
UFLAO01-1134 foi de 59,8 mol%.

GTDB.tke TYGS

A identificagdo taxondmica das linhagens mais préximas bem como os agrupamentos de espécies e subespécies
resultantes estdo listados na Tabela 4, enquanto a identificacdo taxondmica das estirpes de consulta é encontrada
na Tabela 1. Resumidamente, o agrupamento rendeu 12 agrupamentos de espécies e as estirpes de consulta
fornecidas foram atribuidas a 1 deles. Além disso, as estirpes foram localizadas em 1 dos 12 grupos de subespécies.
Para as estirpes UFLA01-1127 e UFLAQ1-1134, observou-se maior proximidade com a espécie Rhizobium
hainanense CCBAU 57015". Esse resultado corrobora o que foi encontrado no GTDB.tk, ANI e MLSA do
presente estudo. A representacdo grafica das arvores filogenéticas do gene 16S rRNA e do genoma completo pode
ser vista nas figuras 1 e 2. Os valores de dDDH abaixo de 70% e contetido de G+C com porcentagem entre espécies

diferentes € menor que 1, 0 que mostra que as estirpes do presente estudo sdo espécies novas.

A filtragem de genes paralogos (genes na mesma espécie que surgiram de um gene no ancestral comum por
duplicacdo) ou o relatério de intervalos de confianca para cada valor previsto de dDDH obtidos no TYGS sdo
recursos que vao além dos recursos obtidos com ANI e fornecem informacdo mais robusta para identificar

microrganismos a nivel de espécie e até de subespécie (Meier-Kolthoff JP, 2014).
Multilocus Sequence Analysis

De acordo com 0 MLSA realizado com o0s genes atpD e recA (Fig. 3), as estirpes UFLA01-1127 e UFLA01-1134
estdo posicionadas em um clado separado de todas as espécies testadas do género Rhizobium com 53% de
bootstrap. Ambas estirpes estdo posicionadas juntas com alto suporte estatistico (bootstrap de 100%) e similaridade
de 100% mostrando que sdo da mesma espécie. A espécie mais proxima delas foi Rhizobium endophyticum
CCGE2052" com 88,98% de similaridade. (Tabela 5). E um valor bem abaixo do encontrado em artigos recentes
de descrigdo de novas espécies do género Rhizobium que avaliaram a similaridade dos genes concatenados atpD e
recA, como Rhizobium changzhiense WYCCWR 112797 que possui similaridade com Rhizobium sophorae
CCBAU 033867 de 95,40% e Rhizobium laguerreae FB TT de 93,61% (Zhang 2021) ou Rhizobium croatiense
13T que possui similaridade de 98% com R. sophoriradicis CCBAU 03470" e Rhizobium redzepovicii 18T" que
possui similaridade de 97% com Rhizobium ecuadorense CNPSO 6717 (RAJNOVIC 2022). Isso mostra que as
estirpes UFLA01-1127 e UFLAOQ1-1134 correspondem a uma nova espécie.

Andlise fenotipica

As duas estirpes (UFLA01-1127 e UFLA01-1134) crescem em temperaturas de 20 a 37°C e numa ampla faixa de
pH (4.0 a 10.0). Ambas estirpes sdo tolerantes a salinidade de 0.25 a 1% de NaCl no meio de cultura. Embora
UFLAO01-1127 e UFLAO01-1134 sejam 100% semelhantes de acordo com o AN, elas se comportaram de maneira
diferente em relagdo as fontes de carbono e nitrogénio, confirmando o fato de ndo serem clones. A estirpe
UFLAOQ1-1127 cresceu em meio contendo glicerol como fonte de carbono, diferente de UFLA01-1134. Além disso
a estirpe UFLAOQ1-1127 cresceu em meio contendo L-cysteina como fonte de nitrogénio, diferente da UFLAO1-

1134. Em relacéo aos antibidticos testados ambas estirpes se comportaram da mesma forma, com sensibilidade
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aos antibidticos: Doxyciclina, Tetraciclina, Neomicina, Gentamicina e Rifamicina. Resultados obtidos pelo API
20NE mostraram que ambas as estirpes reagiram aos testes da mesma maneira (Tabela 6). Mais detalhes sdo
encontrados na descricdo da espécie. Imagens das bactérias provenientes de amostras contendo col6nias de
UFLAOQ1-1127 e UFLAOQ1-1134 estdo apresentadas na figura 4.

Descricéo de Rhizobium elegans sp. nov.

Rhizobium elegans (e.le.gans. N.L. neut. adj. elegans of the leguminous tree species from which the strain was
isolated from its nodules, Platypodium elegans).

The cells are gram-negative rods (approximately 4.4 x 0.35 pm) and are aerobic and non-spore forming. Colonies
are greater than 3 mm in diameter at 2 days, are circular, and produce an acid reaction in medium 79 with mannitol
as a carbon source and bromothymol blue as an indicator. After few days produces a lot of mucus. The type strain
tolerates up to 1% NaCl. It grows at pH levels of 4.0 to 10.0 and at temperatures ranging from 20 to 37°C, with
optimal growth at 28°C. It is resistant to ampicillin (10 ug mL™?), amoxicillin (10 pg mL™?), nalidixic acid (30 ug
mL™?), chloramphenicol (30 ug mL™2), clarithromycin (15 pg mL™2), cefuroxime (30 ug mL™?), kanamycin (30 ug
mL™1), vancomycin (30 pg mL™) and azithromycin (15 pg mL™2). It is sensitive to doxycycline (30 ug mL™),
tetracycline (30 pug mL™), neomycin (30 ug mL™), gentamicin (10 ug mL™) and rifamycin (30 pug mL™).
Regarding carbon sources, it assimilates L-asparagine, glycerol, glucose, lactose, maltose, mannitol, sucrose, L-
glutamine, glutamic acid and L-methionine. Weakly assimilates fructose. Does not assimilate glycine and sodium
lactato. Regarding nitrogen sources, it assimilates L-asparagine, casein, L-cysteine, glycine, glutamic acid,
triptophan and L-metionina. The G+C content of UFLA 01-11277 is 59,8 mol%.

The type strain UFLA 01-11277 was isolated from effective nodules of Platypodium elegans (Voegel.).
seedlings, from Minas Gerais, Brazil. The Genbank/NCBI accession numbers of the genome is xxxx. The

housekeeping genes were extracted from the UFLAQ1-11277 type strain genome.
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Tabelas e figuras

Tabela 1. SPAdes version: 3.15.3: quality assessment report and summary about genomes

Statistics without reference

UFLAOQ1-1127

UFLAO01-1134

# contigs 323 393

# contigs (>= 0 bp) 323 393

# contigs (>= 1000 bp) 299 363

# contigs (>= 10000 bp) 185 196

# contigs (>= 100000 bp) 2 2

# contigs (>= 1000000 bp) 0 0
Largest contig 135033 113141
Total length 6523025 6525000
Total length (>= 0 bp) 6523025 6525000
Total length (>= 1000 bp) 6504731 6502552
Total length (>= 10000 bp) 5961861 5710021
Total length (>= 100000 bp) 240150 216062
Total length (>= 1000000 bp) 0 0
N50 36894 31247
N75 20310 17021
L50 55 65
L75 114 135
GC (%) 59.8 59.8
Mismatches

#N's 94 99

# N's per 100 kbp 1.44 1.52
Predicted genes

# predicted genes (unique) 6384 6409

# predicted genes (>=0 bp)

6247 + 137 part

6274 + 135 part
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# predicted genes (>= 300 bp)
# predicted genes (>= 1500 bp)

# predicted genes (>= 3000 bp)

5558 + 125 part
678 + 14 part

61 + 6 part

5559 + 123 part
680 + 12 part

64 + 5 part
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Tabela 2. CheckM v1.0.18: tabular representations of the phylogenetic marker completeness and contamination. CheckM generates clade-specific marker gene sets for each
bin and reports the taxonomic resolution possible for each bin in the "Marker Lineage" column. Users may want to look at the "Marker Lineage" column to see what MAGSs
were classified with, for example, the "d__Bacteria” or "d__Archaea™ marker sets. Instances where a broad (domain-level) marker set is used compared to a marker set from

specific lineage (e.g. c__Alphaproteobacteria) can help one contextualize (and evaluate) the genome completeness and contamination estimates.

Bin Name Marker Lineage # Genomes # Markers  # Marker Sets 0 1 2 3 4 5+  Completeness Contamination

UFLAQ1-1127_02-

] f__Rhizobiaceae 78 840 354 1 827 12 0 O 0 99.86 1.52
13.contigs

UFLAQ1-1134_02-

) f__Rhizobiaceae 78 840 354 1 84 15 0 O 0 99.86 2.05
12.contigs

Tabela 3. ANI with the species closest to the study strains. Values generated by the ANI calculator from the website: http://enve-omics.ce.gatech.edu/g-matrix/index

UFLAO01-1127 UFLAO01-1134

UFLAO01-1127 99,9998
UFLAO01-1134 99,9998
Rhizobium hainanense CCBAU 57015T 87,21 86,16
Rhizobium dioscoreae S-93 86,80 86,77
Rhizobium freirei PRF 81 85,83 85,79
Rhizobium tropici CIAT 899’ 86,99 86,96

86,80 86,79

T
Rhizobium multhiospitium CCBAU 83401


http://enve-omics.ce.gatech.edu/g-matrix/index
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T
Rhizobium miluonense CCBAU 41251 8563 85,58
Tabela 4. Pairwise comparisons of user genomes vs. type strain genomes
dDDH (d0,in  C.I.(d0,in dDDH (d4,in C.I.(d4,in dDDH (d6,in C.l. (d6,in  G+C content difference
Strain Subject strain %) %) %) %) %) %) (in %)
[100.0 - [100.0 - [100.0 -
UFLA01-1127 UFLAO01-1134 100 100.0] 100 100.0] 100 100.0] 0
Rhizobium hainanense
UFLAO01-1127 CCBAU 57015 48 [44.6 - 51.4] 34,3 [31.9-36.9] 44,3 [41.3-47.4] 0,15
Rhizobium hainanense
UFLAO01-1134 CCBAU 57015 48,4 [45.0 - 51.8] 34,3 [31.9-36.8] 44,6 [41.6 - 47.6] 0,15
UFLAO01-1134 Rhizobium tropici CIAT 899 47,1 [43.7 - 50.5] 33,7 [31.3-36.2] 43,4 [40.4 - 46.5] 0,31
UFLAO01-1127  Rhizobium tropici CIAT 899 47,5 [44.1-50.9] 33,7 [31.3-36.2] 43,7 [40.7 - 46.7] 0,31
Rhizobium multihospitium
UFLAO01-1127 HAMBI 2975 47,1 [43.7 - 50.5] 33,6 [31.2-36.1] 43,3 [40.4 - 46.4] 0,01
Rhizobium multihospitium
UFLA01-1134 HAMBI 2975 47 [43.6 - 50.4] 33,6 [31.2-36.1] 43,3 [40.3 - 46.3] 0,01
UFLAO01-1127 Rhizobium dioscoreae S-93 52,2 [48.7 - 55.7] 33,4 [31.0 - 35.9] 47,2 [44.2 - 50.3] 0,14
UFLAO01-1134 Rhizobium dioscoreae S-93 52,2 [48.7 - 55.6] 33,4 [31.0 - 36.0] 47,2 [44.2 - 50.2] 0,14




Table 5. Similarity analysis of concatenated gene sequences (atpD and recA) with higher values found among the study strains and sequences of Rhizobium type strains

available at the NCBI

Strain UFLAOQ1-1127 UFLAOQ1-1134
Rhizobium endophyticum CCGE2052 88,97900641 88,97900641
Rhizobium yantingense H66 84,00800336 84,00800336
Rhizobium helanshanense CCNWQTX14 83,87105425 83,87105425
Rhizobium mayense CCGE526 83,41077256 83,41077256
Rhizobium zeae CRZM18R 82,95879214 82,95879214
Rhizobium panacihumi DCY116 81,1649116 81,1649116
Rhizobium aquaticum SA-276 81,08778059 81,08778059
Rhizobium sphaerophysae CCNWGS0238 81,05830263 81,05830263

Tabela 6. Results of Analytical profile index (API) tests on strains UFLA01-1127 and UFLAOQ1-1134

Test

UFLAO1-1127 UFLAO01-1134

NO3 (reducéo de nitratos em nitritos)

TRP (formag&o de indol (TRiptofano))

GLU (fermentagdo (GLUcose))

ADH (Arginina DiHydrolase)

URE (UREase)

ESC (Hidrolise (B-glucosidase) (ESCulin))

GEL (Hidrdlise (protease) (GELatina))

PNG (B-galactosidase (Para-NitroPhenyl-BDGalactopyranosidase))
GLU (assimila¢do (GLUcose))

ARA (assimilacdo (ARAbinose))
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MNE (assimilacdo (ManNosE))

MAN (assimilacdo (MANDNitol))

NAG (assimilacdo (N-Acetyl-Glucosamine))
MAL (assimilacdo (MALtose))

GNT (assimilacéo (potassio GlucoNato))
CAP (assimilagdo (acido CAPrato))

ADI (assimilacéo (acido ADIpato))

MLT (assimilacdo (MaLaTo))

CIT (assimilacdo (ClTrato de trisodio))

PAC (assimilacdo (acido fenil-ACetato))
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Figura 1. Arvore inferida com FastME 2.1.6.1 (Lefort V et al., 2015) a partir de distancias GBDP calculadas a
partir de sequéncias do gene 16S rDNA. Os comprimentos dos ramos sdo dimensionados em termos da férmula
de distancia GBDP d5. Os nimeros acima das ramificagfes sdo valores de suporte pseudo-bootstrap GBDP >

60% de 100 replicagdes, com um suporte médio de ramificacdo de 75,8%. A arvore foi enraizada no ponto

médio (Farris JS, 1972).
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Figura 2. Arvore inferida com FastME 2.1.6.1 (Lefort V et al., 2015) a partir de distancias GBDP calculadas a

partir de sequéncias gendmicas. Os comprimentos dos ramos sdo dimensionados em termos da férmula de
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distancia GBDP d5. Os nimeros acima das ramificag8es sdo valores de suporte pseudo-bootstrap GBDP > 60%
de 100 replicacBes, com um suporte médio de ramificacdo de 99,9%. A arvore foi enraizada no ponto médio
(Farris JS, 1972).

59 Rhizobium sphaerophysae CCNWGS0238T
f'——nwum helanshanense CCNWQTX14T
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] Rhizobium alvei TNR-227
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Rhizobium alamii GBV016"

Rhizobium mayense CCGE5267
Rhizobium endophyticum CCGE20527
53 Rhizobium elegans UFLA01-11277
100 ' Rhizobium elegans UFLA01-1134
Rhizobium kunmingense LXD30T
L__———— Rhizobium zeae CRZM18R"
I: Rhizobium yantingense H66T
92 Rhizobium panacihumi DCY1167

Rhizobium aquaticum SA-2767

[ Rhizobium pongamiae VKLR-01T

| | Rhizobium helianthi Xi197
100 | Rhizobium capsici CC-SKC2T

0.050

Figura 3. Maximum likelihood phylogeny based on the concatenated genes (atpD and recA), showing the
relationship between strains of the new species (shown in bold) and type strains belonging to the genus Rhizobium.

Bootstrap values greater than 50% are indicated on nodes. NCBI accession numbers are given in parentheses.

&

UFLAOI-1127 [ e UFLAOI-1134 |tes

n 37.6 ym 9.85mm 6 _— 342pm 10.11 mm

UH-RESOLUTION UH-RESOLUTION

Fig. 4 Eletromicrografia gerada a partir de Microscopio eletrénico de varredura (MEV) no Laborat6rio
Multiusuario do Departamento de Fitopatologia (UFLA) de amostras de coldnias bacterianas das estirpes
UFLAOQ1-1127 e UFLAO01-1134



Table S1. Model test atpD-recA concatenated genes
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Mode | #Pa BIC AlCc InL Invaria | Gamm R FregA | FreqT | FreqC | FreqG | A= | A= | A= | T= | T= | T= | C= | C= | C= | G= | G= | G=

| ram nt a >T | >C [ >G [ >A | >C [ >G | >A | >T [ >G | >A | >T | >C

GTR+ 45 | 8929,9 | 8594,1 - | 05300 | 08207 | 2,0243 | 0,1981 | 0,1849 | 03024 | 073144 | 00| 00| 01| 00| 03| 00| 00| 01| 00| 00| 00| 00

G+l 79668 74211 | 4251,92 94984 763 5583 78731 05078 38648 77543 2 1 2 2 1 6 1 9 7 7 3 7
679

TN93 42 | 8947,3 | 86338 - | 05254 | 0,7598 | 2,0492 | 0,1981 | 0,1849 | 073024 | 053144 | 00| 00| 01| 00| 03| 00| 00| 01| 00| 00| 00| 00

+G+l 33793 95785 | 4274,80 95901 17904 1149 78731 05078 38648 77543 3 5 1 3 1 5 3 9 5 7 3 5
8055

T92+ 39 | 89493 | 8658,2 - | 05425 | 0,8040 | 2,0227 | 0,1915 | 0,1915 | 0,3084 | 053084 | 00 | 00| 02| 00| 02| OO | 00| 01| 00| O1| 00| 00

G+l 01767 34013 | 4289,99 41519 30616 4263 41905 41905 58095 58095 3 5 1 3 1 5 3 3 5 3 3 5
6245

GTR+ 44 | 89550 | 8626,6 - | nfa 0,2163 | 1,8644 | 0,1981 | 0,1849 | 03024 | 03144 | 00| OO | 01| 00| 02| 00| 00| O1| 00| 00| 00| 0,0

G 28805 78853 | 4269,18 44584 6646 78731 05078 38648 77543 2 2 3 2 9 6 1 8 8 8 3 8
6093

T92+ 38 | 8967,9 | 86843 - | nfa 0,1972 | 1,9143 | 01915 | 0,1915 | 0,3084 | 03084 | 00| OO | 02| 00| 02| 00| 0O| O1| 00| 01| 00| 0,0

G 56271 45893 | 4304,05 88342 1685 41905 41905 58095 58095 3 5 1 3 1 5 3 3 5 3 3 5
8232

TN93 41 | 89757 | 8669,7 - | nfa 0,2140 | 1,8578 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| OO | 01| 00| 02| 00| 00O| O1| 00| 00| 00| 0,0

+G 56382 74814 | 4293,75 11546 0471 78731 05078 38648 77543 3 5 3 3 9 5 3 7 5 8 3 5
4084

HKY 41 | 89765 | 8670,6 -| 05431 | 08045 | 2,0616 | 0,1981 | 0,1849 | 03024 | 03144 | 00| 00| 02| 00| 02| 00| 00| 01| 00| O1| 00| 00

+G+l 98355 16787 | 4294,17 97781 24989 5434 78731 05078 38648 77543 3 5 2 3 1 5 3 3 5 4 3 5
5071

HKY 40 | 89950 | 8696,5 - | nfa 0,1964 | 1,9536 | 0,1981 | 0,1849 | 03024 | 03144 | 00| 00O | 02| 00| 02| 00| 00| O1| 00| 01| 00| 0,0

+G 50431 25615 | 4308,13 81293 8458 78731 05078 38648 77543 3 5 1 3 5 3 2 5 3 3 5
5843

GTR+ 44 | 9033,0 | 8704,7 - | 06329 | n/a 1,7198 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| OO | 01| 00| 02| 00| 00| O1| 00| 00| 00| 0,0

I 69347 19395 | 4308,20 4532 5845 78731 05078 38648 77543 2 2 3 3 8 7 1 7 8 8 4 8
6364

TN93 41 | 9059,2 | 8753,2 - | 06335 | n/a 1,6855 | 0,1981 | 0,1849 | 073024 | 03144 | 00| 00| 01| 00| 02| 00| 00| 01| 00| 00| 00| 00

+ 46471 64903 | 4335,49 00357 8543 78731 05078 38648 77543 3 5 3 4 7 6 4 7 6 8 3 5
9129

T92+1 38 | 90715 | 87879 - | 06382 | n/a 1,7376 | 0,1915 | 0,1915 | 0,3084 | 0,3084 | 00| OO | 02| 00| 02| 00| 00| O1| 00| O1 | 00| 0,0

76228 6585 | 4355,86 92991 9438 41905 41905 58095 58095 3 5 3 5 3 2 5 2 3 5
821

K2+G 37 | 9073,1 | 87969 - | nfa 0,2077 | 1,6883 0,25 0,25 0,25 025 00| 00| O1|00| 01| 00| O00|O1|O00| 01| 00| 00

16703 6401 | 4361,37 13454 1441 5 5 6 5 6 5 5 6 5 6 5 5
3182

K2+G 38 | 90751 | 87914 -| 05252 | 0,7628 | 2,3526 0,25 0,25 0,25 025 00| 00| O1|00| 01| 00| O00|O1|O00| 01| 00| 00

+1 10162 99783 | 4357,63 09474 5315 7225 4 4 8 4 8 4 4 8 4 8 4 4
5177

HKY 40 | 9099,6 | 88011 - | 06383 | n/a 1,7597 | 0,1981 | 0,1849 | 073024 | 073144 | 00| 00| 02| 00| 02| 00| 00| 01| 00| O1 | 0,0 | 00

+1 64994 40177 | 4360,44 56902 2884 78731 05078 38648 77543 3 5 3 5 3 2 5 3 3 5
3124
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K2+l 37 | 91710 | 88948 - | 06375 | n/a 1,5738 0,25 0,25 0,25 02| 00| 00| 01| 00| 01| 00| 00| 01| 00| O1] 00} 0,0
1226 59567 | 4410,32 21426 6005 5 5 5 5 5 5 5 5 5 5 5 5

096
JC+G 37 | 9271,3 | 8995,1 -| 05363 | 09472 0,5 0,25 0,25 0,25 02| 00| 00| 00| 00| 00| 0O0O| 00| 00O 00| 00| 00| 00
+1 13985 61293 | 4460,47 5733 21681 8 8 8 8 8 8 8 8 8 8 8 8

1823
JC+G 36 | 9277,4 | 9008,7 - | nfa 0,2100 0,5 0,25 0,25 0,25 025 00| 00| 00| 00| 0O| OO| 00| 00O 00| 00| 00| 00
30889 36194 | 4468,26 55845 8 8 8 8 8 8 8 8 8 8 8 8

5009
JC+I 36 | 9366,4 | 9097,7 - | 06370 | n/a 0,5 0,25 0,25 0,25 025 00| 00| 00| 00| 0OO| 0OO| 00| 00O} 00| 00| 00| 00
27774 33079 | 4512,76 22799 8 8 8 8 8 8 8 8 8 8 8 8

3452
GTR 43 | 9973,9 | 9653,0 - | nfa nla 1,1019 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| 00| 01| 00| 02| 00| 00| O1| 01| 00| 00| 01

68711 74575 | 4783,39 8685 78731 05078 38648 77543 3 5 3 4 6 3 5 7 4

078
TN93 40 | 9987,2 | 9688,6 - | nfa nla 1,4509 | 0,1981 | 0,1849 | 0,3024 | 03144 | 00| O0O| 01| 00| 02| 00| 00| O1| 00| 00| 00| 0,0
24146 99329 | 4804,22 4104 78731 05078 38648 77543 4 6 4 8 6 4 7 6 6 4 6

27
T92 37 | 10056, | 97804 - | nfa nla 14308 | 0,915 | 0,1915 | 0,3084 | 0,3084 | 00| OO| O1| 00| O1| 00| OO| O1| 00| O1 | 00| 0,0
60448 51784 | 485311 0033 41905 41905 58095 58095 4 6 9 4 9 6 4 2 6 2 4 6

7069
HKY 39 | 10086, | 9795,7 - | nfa nfa 14311 | 0,1981 | 0,1849 | 03024 | 03144 | 00| 00| 01| 00| 01| OO | 00| 01| 00| 01| 00| 00
8011 33345 | 4858,74 6243 78731 05078 38648 77543 4 6 9 4 8 6 4 1 6 2 4 6

5911
K2 36 | 10088, | 98198 - | nfa nfa 1,4132 0,25 0,25 0,25 02|00 00| 01|00} 01| 00| O00fOC1L|OO| O1]| 00| 00
51367 1898 | 4873,80 4526 5 5 5 5 5 5 5 5 5 5 5 5

6402
JC 35| 10270, | 10009, - | nfa nfa 0,5 0,25 0,25 0,25 025 00| 00| 00| 00| 00| 00| OO0 O00O0f 00| 00| 00| 00
96538 72899 | 4969,76 8 8 8 8 8 8 8 8 8 8 8 8

6986
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