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Bradyrhizobium nivariense sp. nov., predominant species
nodulating Cytisus supranubius in the high mountain ecosystem
of Tenerife (Canary Islands)
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Abstract

Bradyrhizobial strains nodulate the native legume Cytisus supranubius (Genisteae) in its natural habitat: the high-mountain
ecosystem of Tenerife (Canary Islands), where nitrogen fixation is an essential activity in its N-poor soils. Three of these strains,
SSUT18", SSUT77 and SSUT112, are representative of a major phylotype within the genus Bradyrhizobium, and the phylogenetic
analysis of their 16S rRNA gene sequences showed that Bradyrhizobium canariense is their closest relative. Nevertheless, the
multilocus sequence analysis and the genome analysis distinguished these strains from the type strain of B. canariense and
from the remaining species of the genus Bradyrhizobium. The calculated Average Nucleotide Identity (blast) (ANIb) and digital
DNA-DNA hybridization values between the genomes of the strains from the new species and B. canariense were also lower
than the threshold values proposed for species differentiation. These data, together with differences observed in chemot-
axonomic and phenotypic characteristics, support the classification of the strains SSUT18T, SSUT77 and SSUT112 into a new
species of Bradyrhizobium, for which we propose the name Bradyrhizobium nivariense sp. nov. (type strain SSUT18"=CECT
30998"=LMG 33353").

INTRODUCTION

The Genisteae tribe comprises a large group of mostly shrub legumes. This tribe shows the greatest diversity in the Mediterranean
region [1], and it is also well represented in the Canary Islands (Spain), where it occupies a wide diversity of environments [2].
Studies on the diversity of rhizobia nodulating genistoid legumes in these islands have so far been limited to two herbaceous
species of the genus Lupinus [3] and a few of the woody endemic species of the genera Chamaecytisus, Teline and Adenocarpus
[4-6]. These previous studies have shown that these legumes can be nodulated by diverse strains of the genus Bradyrhizobium,
predominantly Bradyrhizobium canariense, along with other, less predominant genotypes corresponding to Bradyrhizobium
japonicum and two phylogenetic lineages closely related to this species [4, 6].

Within genistoid legumes, Cytisus supranubius (syn. Spartocytisus supranubius, ‘Teide broony’) is the most representative species
in the high mountain ecosystem of Tenerife, Canary Islands, with most populations growing in the Teide National Park (TNP).
Through the nitrogen-fixing symbiosis with rhizobia, this legume is the main input of nitrogen (N) in the otherwise N-poor
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The GenBank accession numbers for the genome sequences of strains Bradyrhizobium nivariense SSUT18", B. nivariense SSUT77 and B. nivariense
SSUT112 are, respectively, NZ_JARWCR000000000, NZ_JARVWWQ010000000 and NZ_JARVWX010000000. The 16S rRNA gene sequences were
deposited with accession numbers MT186800, OP976367 and OP976362. Accession numbers for the housekeeping genes are MT210564, 0Q032979
and 0Q032989 for recA; MT210556, 00033003 and 0Q033022 for gin/l, and 0Q266786, 00266784 and NZ_JARVWX010000094 for atpD. Accession
numbers for nodC are MT321501, OR209139 and OR209140. Accession numbers for nodA are NZ_JARWCR010000065, NZ_JARVWW(010000078 and
NZ_JARVWX010000129. For nifH, accession numbers are NZ_JARWCR010000003, NZ_JARVWW010000041 and NZ_JARVWX010000071.
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soils of the TNP [7]. However, despite the importance of this symbiosis, there are few data about the C. supranubius nodulating
rhizobia.

In a previous study, Jarabo-Lorenzo et al. [4] characterized five bradyrhizobial strains isolated from C. supranubius root nodules
through 16S-RFPL profiling, showing that these strains belonged to a ribotype which was later described as B. canariense [4, 5].
More recent studies of a broader sample of C. supranubius root nodule isolates indicated a greater diversity of bradyrhizobia
nodulating this genistoid legume [8, 9]. These studies showed that they belong to both the B. japonicum (superclade I) and
Bradyrhizobium elkanii superclades defined by Ormeno-Orillo and Martinez-Romero [10], although most of them grouped
within the superclade I, with B. canariense being their closest species [8, 9]. However, these strains have 16S rRNA, recA and ginIl
gene sequences divergent from those of B. canariense 8, 9], suggesting that they may represent a new species. We present here a
phylogenetic, genomic, chemotaxonomic and phenotypic characterization of the representative strains of this group and propose
their classification as a novel species, Bradyrhizobium nivariense sp. nov., with type strain SSUT18" (CECT 30998™=LMG 33353").

ISOLATION AND ECOLOGY

The strains included in the present study, SSUT18", SSUT77 and SSUT112, were isolated in a previous work [8, 9] from effective
(reddish) root nodules of C. supranubius in the northeastern area of the TNP (28°17' 15.90" N; 16°30" 40.54" W, at 2,180 m a.s.l.)
following standard protocols [11]. Previous studies have confirmed the reinfection capacity and symbiotic efficiency of the type
strain SSUT187 in its host legume [8, 12].

PHYLOGENETIC ANALYSES

In the previous work, it was shown that the analysed strains belong to the Bradyrhizobium superclade I [8]. In the present study,
we have updated the 16S rRNA gene phylogeny, given that since our previous publication, several Bradyrhizobium species
belonging to this superclade have been described. Results confirmed that the strains SSUT18%, SSUT77 and SSUT112 nodulating C.
supranubius, which have identical 16S rRNA gene sequences, formed a cluster with the type strain of B. canariense, divergent from
the remaining Bradyrhizobium species within the superclade I (Figs 1 and S1, available in the online Supplementary Material).

To confirm the phylogeny based on the 165 rRNA gene, we performed a multilocus sequence analysis (MLSA) with concatenated
partial sequences of atpD, recA and ginll, three of the housekeeping genes most used to analyse the phylogenetic relationships
of species from the genus Bradyrhizobium [13]. In agreement with the 16S rRNA phylogenetic analysis, the MLSA also grouped
the three strains included in this study in a cluster separated from other Bradyrhizobium type strains from clade I, with also
B. canariense being their closest relative (Fig. 2).

GENOMIC ANALYSES

The genomic DNA of strains SSUT18", SSUT77 and SSUT112 was extracted and sequenced at MicrobesNG (Birmingham, UK)
using [llumina MiSeq and paired-end libraries (2x250bp). Raw reads were trimmed using Trimmomatic [14], and read quality
was assessed using in-house scripts in SAMtools [15]. Sequences were then assembled with Unicycler [16], and annotation was
performed with RAST 2.0 (Rapid Annotation using Subsystem Technology, https://rast.nmpdr.org/rast.cgi)[17] and PGAP
(National Center for Biotechnology Information -NCBI- Prokaryotic Genome Annotation Pipeline, https://www.ncbinlm.nih.
gov/refseq/annotation_prok/[18, 19]. Plasmid detection has been handled by PlasmidFinder [20] and VirSorter2 [21] combined
with manual mining. Also, the quality and contamination level of genomes have been evaluated employing CheckM [22]. The
draft genome sequences of strains SSUT18%, SSUT77 and SSUT112 were deposited in DDBJ/EMBL/GenBank under the acces-
sion numbers JARWCR000000000, JARVWW010000000 and JARVWX010000000 for strains SSUT18%, SSUT77 and SSUT112,
respectively. The genome features of these strains are summarized in Table 1.

Strains belonging to the superclade I, as defined by the 16S rRNA phylogeny, were selected for genome-based phylogenetic
analysis, and their corresponding reference genome sequences were retrieved from the NCBI Genome database (https://www.
ncbi.nlm.nih.gov/genome/). Phylogenomic analyses were performed through the Type Strain Genome Server, which uses the
Genome-BLAST (Basic Local Alignment Search Tool) Distance Phylogeny method (GBDP) to compare the nucleotides of whole-
genomic sequences [23, 24]. The results of this analysis showed that the strains of B. nivariense clustered with the type strain of
B. canariense, although they clearly distinguished both species (Fig. 3).

We compared the genomes of the B. nivariense strains with those of the Genome Taxonomy Database (GTDB) using the GTDB-Tk
software toolkit [25]. The obtained results showed that B. nivariense strains are related to a group of Bradyrhizobium strains
which contains the type strain of B. canariense BTA-1" (accession number GCF_019402665.1) in agreement with the results of
the phylogenetic analyses (Fig. S2).

To confirm that the strains SSUT18", SSUT77 and SSUT112 belong to a new Bradyrhizobium species, digital DNA-DNA hybridi-
zation (dDDH) and average nucleotide identity (ANI) were calculated using, respectively, the genome-to-genome distance
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radyrhizobium nivariense SSUT112 (OP976362)
radyrhizobium nivariense SSUT77 (OP976367)
radyrhizobium nivariense SSUT18T (MT186800)
Bradyrhizobium canariense BTA-1T (AJ558025)
‘Bradyrhizobium xenonodulans’14ABT (CP089391)
Bradyrhizobium ottawaense 00997 (JN186270)
Bradyrhizobium symbiodeficiens 85S1MBT (KP768783)
— Bradyrhizobium japonicum USDA 67 (AP012206)
Bradyrhizobium barranii subsp. barranii 144S4T (KP768818)
Bradyrhizobium barrani subsp. apii 38S5T (KP768773)
Bradyrhizobium shewense err11T (FMAI01000010)
Bradyrhizobium diversitatis CNPSo 4019T (MK676046)
50 Bradyrhizobium liaoningense USDA 36227 (AF208513)
Bradyrhizobium americanum CMVU44T (KU991833)
88’ Bradyrhizobium dagingense CCBAU 157747 (HQ231274)
‘Bradyrhizobium forestalis’ INPA54BT (KR779520)
Bradyrhizobium subterraneum 58 2-17 (KP308152)

Bradyrhizobium yuanmingense BO71T (=CCBAU 100717) (AF193818)
Bradyrhizobium agreste CNPSo 40107 (MK676048)
90" Bradyrhizobium glycinis CNPSo 40167 (MK676047)

Bradyrhizobium betae PLTHG1T (AY372184)
4'_: Bradyrhizobium cosmicum 58S1T (KP768789)

Bradyrhizobium amphicarpaeae 39S1MBT (KP768779)
#

56

S|Bradyrhizobium tunisiense 1AS2LT (OM392026)
Bradyrhizobium nitroreducens TSA1T (AB542368)
Bradyrhizobium frederickii CNPSo 34267 (MK672937)
Bradyrhizobium niftali CNPSo 3448 (MK673807)
90 Bradyrhizobium diazoefficiens USDA 1107 (BA000040)
Bradyrhizobium nanningense CCBAU 53390" (KC508872)
|_| Bradyrhizobium centrosematis A9T (KC247115)
Bradyrhizobium guangxiense CCBAU 53363 (KC508877)

Bradyrhizobium vignae 7-27 (KP899563)
Bradyrhizobium commune BDV5040T (Z94812)

—Bradyrhizobium monzae Oc8T (NZ JAIRDQ000000000)

— Bradyrhizobium hipponense aSej3" (MK458611)
Bradyrhizobium cytisi CTAW11 T (EU561065)

Bradyrhizobium rifense CTAW71T (EU561074)

Bradyrhizobium ganzhouense RITF806T (JQ796661)

— ‘Bradyrhizobium campsiandrae’INPA 394BT (KU230298)

| Bradyrhizobium zhengyangense WYCCWR13023T (ON307082)

‘Bradyrhizobium guangzhouense’ CCBAU 516707 (KC508852)

Bradyrhizobium guangdongense CCBAU 516497 (KC508867)

Bradyrhizobium manausense BR 33517 (HQ641226)
Bradyrhizobium stylosanthis BR 4467 (KU724142)

Bradyrhizobium cajani 10107 (KY349447)

Bradyrhizobium arachidis CCBAU 0511077 (HM107167)

Bradyrhizobium huanghuaihaiense CCBAU 23303" (HQ231463
‘Bradyrhizobium sacchari’ P9-20T (KF113091)

Bradyrhizobium iriomotense EKO5T (AB300992)

69 | Bradyrhizobium ingae BR 102507 (KF927043)

‘Bradyrhizobium zhanjiangense’ CCBAU 517787 (CP022221)
99— Bradyrhizobium kavangense 14-3T7 (KP899562)

—
0.001

Fig. 1. Maximum-Llikelihood phylogenetic tree based on the 16S rRNA gene sequences (1,288 bp) showing the relationship between Bradyrhizobium
nivariense strains and those of the Bradyrhizobium species from the Bradyrhizobium superclade |. Only bootstrap values >50% (500 replicates) are
shown. Accession numbers are shown in parentheses.
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Bradyrhizobium subterraneum 58 2-17 (KX661391, KM378485, KM378397)
9 Bradyrhizobium yuanmingense CCBAU 100717 (LM994394, AY386780, AY591566)
Bradyrhizobium agreste CNPSo 40107 (MT683853, MK860831, MK863432)

98 Bradyrhizobium glycinis CNPSo 40167 (MT683854, MK860830, MK863431)
‘ Bradyrhizobium stylosanthis BR 4467 (LVEM01000002, KU72414, KU724164)
51! — Bradyrhizobium americanum CMVU44T (KC247125, KX012942, KC247143)

98— Bradyrhizobium dagingense CCBAU 157747 (HQ231289, HQ664973, HQ231270)
Bradyrhizobium huanghuaihaiense CCBAU 23303T (HQ231682, HQ231639, HQ231595)
‘ Bradyrhizobium kavangense 14-3T (KY753592, KM378446, KM378399)
‘Bradyrhizobium sacchari’ P9-20T (KX065107, KX065099, KX065095)
\_,7 Bradyrhizobium cajani 10107 (WQNE01000013, KY349443, KY349441)
65' Bradyrhizobium ingae BR 102507 (KY753593, KF927072, KF927061)
Bradyrhizobium diversitatis CNPSo 40197 (MT683855, MK860829, MK863430)
95— Bradyrhizobium liaoningense USDA 36227 (BSOX01000002, MG014303, AY494833)
Bradyrhizobium arachidis CCBAU 0511077 (HM107217, HM107251, HM107233)
— Bradyrhizobium centrosematis A9T (KC247129, KX012940, KC247145)
97! Bradyrhizobium guangxiense CCBAU 533637 (KC508926, KC509033, KC509279 )
56' Bradyrhizobium guangzhouense CCBAU 516707 (KC508902, KC509008, KC509254)
80\_,— Bradyrhizobium tunisiense 1AS2LT (JBHLEX010000004, OM429425, OM429415)
58 \_[— Bradyrhizobium guangdongense CCBAU 516497 (KC508916, KC509023, CP030051)

52! Bradyrhizobium manausense BR 33517 (LJYG01000004, KF785986, KF785992)
] Bradyrhizobium monzae Oc8" (JAIRDQ010000009, JAIRDQ010000005, JAIRDQ010000001)
| [ Bradyrhizobium rifense CTAW71 T(GU001617, GU001604, GU001585)
Bradyrhizobium cosmicum 58S1T (KP768557, KP768615, KF615104)

84— ‘Bradyrhizobium zhengyangense’WYCCWR13023" (MW168293, MW168313, MW168373)
Bradyrhizobium hipponense aSej3" (VSTH01000035, MK458639, VSTH01000176)
‘ Bradyrhizobium iriomotense EKO5T (AB300994, AB300995, AB300996 )
Bradyrhizobium zhanjiangense CCBAU 51778 (KC508911, KC509017, KC509263)
U Bradyrhizobium cytisi CTAW11T (GU001613, GU001594, LM994316)

Bradyrhizobium nivariense SSUT18T (0Q266786, MT210556, MT210564)
Bradyrhizobium nivariense SSUT112 (JARVWX010000094, 0Q033022, 0Q032989 )

QOL Bradyrhizobium nivariense SSUT77 (0Q266784, 0Q033003, 0Q032979)
Bradyrhizobium canariense BTA1T (AY386739, AY386765, AY591553)
Bradyrhlzoblum barranii subsp. apii 38S5" (KP768541, KP768599, KF615607)
94 Bradyrhizobium barranii subsp. barranii 144547 (KP768586, KP768644, KF615455)
9l — Bradyrhizobium japonicum USDA6T (AM168320, HQ587875, NC_017249)
Bradyrhlzoblum niftali CNPSo 3448T (SPQT01000036, MK675791, MK675797)
Bradyrhlzoblum diazoefficiens USDA 110T (NC 004463, BA000040, CP011360)
Bradyrhlzoblum betae PLTHG1T (CP044543, FJ970431, FJ970378 )

88 Bradyrhizobium ganzhouense RIFT806T (JX277182, JX277110, JX277144)
Bradyrhizobium oftawaense OO99T (HQ455212, HQ587750, CP029425)
08" ‘Bradyrhizobium xenonodulans’14ABT (LR899458, LR899468, LR899498)
Bradyrhizobium frederickii CNPSoT (SPQS01000024, MK682688, MK682710)
— Bradyrhizobium amphicarpaeae 39S1MBT (KP768547, KP768605, KF615002)
0.02 92— Bradyrhizobium symbiodeficiens 85S1MBT (KP768551, KP768609, KF615036)

Fig. 2. Maximum-likelihood MLSA based on partial concatenated atpD (387 bp), ginll (426 bp) and recA (345 bp) gene sequences showing the
relationships of strains from Bradyrhizobium nivariense and those of the Bradyrhizobium species from the superclade I. Only bootstrap values of 50%
(500 replicates) are shown. Accession numbers are indicated in parentheses.

calculator online service from DSMZ, https://tygs.dsmz.de/ [23] and the JSpecies web service, https://jspecies.ribohost.com/
jspeciesws/ [26]. For these analyses, the closest related species in the phylogram based on whole-genome analysis were selected.
According to the current taxonomic thresholds for the definition of novel prokaryotic species, strains sharing >95-96% ANIb
values and >70% dDDH correspond to the same species [13, 27]. The results, presented in Table 2, show that B. nivariense strains
SSUT18", SSUT77 and SSUT112 share over 97% ANIDb values among them, indicating that they are strains of the same species,
whereas ANIb values with their closest bradyrhizobial strains are below 90%, lower than the accepted threshold. Similarly, the
dDDH values with the type strains of described species are in all cases below 45%, whereas our strains share over 80%. All these
values strongly support that these three strains belong to a novel species of the genus Bradyrhizobium.

The circular genome map and the schematic map of the BLAST comparison of the genomes of B. nivariense strains with that
of the closest type strain, BTA-1", shown in Fig. S3, were generated using CGView, https://cgview.ca/ [28, 29]. Concerning the
presence of plasmids in the genomes of the B. nivariense strains, the application of specialized plasmid detection tools did not
yield conclusive results. Nevertheless, it is possible that these strains carry one or more plasmids, because their genomes contain
a complete repABC operon and several additional repA units, which are essential for plasmid segregation and replication [30].
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Table 1. Genome features of the strains from B. nivariense

Strains: 1, SSUT18" (JARWCR000000000); 2, SSUT77 (JARVWWO010000000); 3, SSUT112 (JARVWX010000000).

Attribute 1 2 3
Sequence size (bp) 9,582,934 8,989,714 9,741,229
Number of contigs 226 146 283
G+C content (%) 63.07 63.34 63.12
N50 value 95,410 212,706 173,804
L50 value 28 12 17
Total number of genes 9,197 8,617 9,377
Total CDSs 9,135 8,562 9,321
Number of coding sequences/CDSs 8,725 8,277 8,863
Pseudogenes 410 285 458
Number of RNAs (tRNAs, rRNAs, ncRNAs) 62 (55,3,4) 55 (48,3,4) 56 (49,3,4)
Coverage 67x 33x 48x
Completeness 99.53 99.87 99.53
Contamination 2.28 1.35 1.27

CDSs, Coding DNA sequences.

The comparative pangenome analyses of orthologous clusters and of gene ontology among predicted protein-coding genes were
performed with the OrthoVenn2 webserver, https://orthovenn2.bioinfotoolkits.net/home [31]. The pangenome of B. nivariense
SSUT18", SSUT77, SSUT112 and B. canariense BTA-1" revealed a core genome (Fig. S4A) of 5,677 clusters of orthologous genes
(COGs) between the four strains, 1,671 being exclusive to the three B. nivariense strains. The Venn diagram (Fig. S4B) highlighted
intraspecific variability within B. nivariense. Fifty-two orthologous genes are solely present in SSUT187, 49 in SSUT112 and only
15 in SSUT77. At the same time, SSUT18 ™ and SSUT77 share 195 clusters, SSUT18 and SSUT112 share 501 and SSUT77 and
SSUT112 share 614 orthologous. Outside the core genome, B. canariense BTA-1T and SSUT18" share 91 COGs, whereas SSUT77
and SSUT112 share 41 and 72 with BTA-1T, respectively.

The function-based comparison between the three B. nivariense strains and B. canariense BTA-1" analysis performed with RAST
(Fig. S5A) showed differences in some subsystems between the genomes of B. nivariense and B. canariense BTA-1". For example,
in those involved in sulphur metabolism (organic sulphur assimilation), stress response, resistance to some toxic elements (e.g.
Co-Zn and Cd resistance) and the nitrogen cycle. B. nivariense strains SSUT18%, SSUT77 and SSUT112 have two ATP-Binding
Cassete (ABC)-type transport systems related to organic sulphur assimilation absent in B. canariense BTA-1". This could be related
to the isolation source of these strains since C. supranubius grows on naturally sulphur-rich volcanic soils. A glucan biosynthesis
precursor involved in osmotic stress is also absent in the strain BTA-1! but present in the B. nivariense strains. Also, three proteins
related to heavy metal resistance present in B. canariense BTA-1T were not found in the genomes of B. nivariense strains. Finally,
differences were also detected in the nitrogen cycle (Fig. S5B) since several genes involved in the nitrogen cycle, such as napAB,
nirK, norBC and nirK, were not found in B. nivariense strains. Nevertheless, genes involved in nitrogen fixation, such as nifHDK,
are found in the genomes of both B. nivariense and B. canariense. In any case, further studies are necessary to confirm the results
of the functional analysis carried out with RAST. Also found in the analysis were the nodABC genes, involved in the infection
process. A previous study [8] showed, based on nodC gene analysis (the most widely used marker for Bradyrhizobium symbiovar
differentiation), that B. nivariense strains SSUT18", SSUT77 and SSUT112 belong to the symbiovar genistearum (Fig. S6). In
the present study, the analysis of the nodA and nifH genes showed that the three strains clustered with strains belonging to the
symbiovar genistearum (Figs S7 and S8).

CHEMOTAXONOMIC AND PHENOTYPIC CHARACTERIZATION

For the fatty acid analysis, strains were grown as described in Pulido-Sudrez et al. [32]. Whole-cell fatty acids of strain SSUT18"
were extracted and analysed according to the MIDI protocol [33]. The profiles were obtained with MIDI Sherlock 6.1 and the
library RTSBASG, following the manufacturer’s instructions. The type strain of B. canariense BTA-1" was included in this analysis
as reference. The results showed that the most abundant fatty acids in B. nivariense (Table S1) were those in summed feature 8
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Bradyrhizobium nivariense SSUT112 (JARVWX000000000)
83— Bradyrhizobium nivariense SSUT77 (JARVWWO000000000)
100 Bradyrhizobium nivariense SSUT18T (JARWCR000000000)
100 Bradyrhizobium canariense BTA-1 T (VSST00000000)
| Bradyrhizobium cosmicum 583517 (CP041656)
9 U 100 Bradyrhizobium betae PL7THG1T (CP044543)
98 Bradyrhizobium japonicum USDA 6 T (AP012206)
FTYe I — Bradryzhiboium barranii sp. apii 38S5T (CP096251)
10 ¢ 1 oo\— Bradyrhizobium barranii sp. barranii 144S4 T (CP086136)
‘Bradyrhizobium xenonodulans’ 14ABT (CP089391)
Bradyrhizobium nanningense CCBAU53390T (LBJC00000000)
100 Bradyrhizobium frederickii CNPS03426T (SPQU00000000)
10 [ Bradyrhizobium guangxiense CCBAU53363T (CP022219)
10 ’ 100‘ Bradyrhizobium centrosematis LMG29515T (CP120703)

7d Bradyrhizobium nitroreducens TSA1T (LFJC00000000)
Bradyrhizobium tunisiense 1AS20L T (JBHLEW000000000)
E [~ Bradyrhizobium shewense ERR11 T (FMAI00000000)

99 100‘— Bradyrhizobium ottawaense O099 T (CP029425)

] 100 Bradyrhizobium symbiodeficiens 85S1MB T (CP029427)
100‘ Bradyrhizobium amphicarpaeae 39S1MB T (CP029426)

Bradyrhizobium zhanjiangense CCBAU51778 T (CP022221)
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Fig. 3. Whole-genome sequence phylogram based on GBDP distances, showing the relationships of strains from Bradyrhizobium nivariense and type
strains of the Bradyrhizobium superclade I. The numbers at the nodes are GBDP pseudo-bootstrap values >60% from 100 replications. Accession
numbers are indicated in parentheses.
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Table 2. Percentages of calculated dDDH (top diagonal) and ANIb values (bottom diagonal)

Strains: 1, SSUT18T; 2, SSUT77; 3, SSUT112; 4, B. canariense BTA-17; 5, B. cosmicum 58517, 6, B. betae PL7HG1"; 7, B. japonicum USDAG T; 8, B. barranii
sp. apii 38S5"; 9, B. barranii sp. barranii 14454, 10, B. 'xenonodulans’ 14ABT (CP089391). Values marked in bold are those calculated for the strains of
B. nivariense sp. nov.

1 2 3 4 5 6 7 8 9 10
1 83.50 86.00 44.30 35.0 355 36.6 37.0 36.8 35.8
2 97.29 87.10 44.20 35.0 35.4 36.5 37.1 36.9 36.0
3 97.13 97.29 44.20 349 354 36.5 37.3 36.8 359
4 89.91 89.65 89.39 34.0 34.4 352 35.5 35.2 34.7
5 87.00 86.18 86.03 86.03 54.3 36.4 36.5 36.3 35.6
6 87.08 86.10 85.78 86.01 92.89 37.0 37.0 37.0 36.2
7 86.86 86.68 86.39 86.39 87.78 88.05 60.4 63.6 35.6
8 86.33 86.83 86.52 86.49 87.77 87.99 93.56 70.9 38.3
9 86.11 86.83 86.41 86.41 87.74 87.83 93.92 94.65 38.2
10 87.02 86.67 86.29 86.39 87.31 87.59 88.00 87.94 87.92

Accession numbers: 1, SSUT18T (JARWCR00000000); 2, SSUT77 (JARVWWO01000000); 3, SSUT112 (JARVWX01000000); 4, B. canariense BTA-1T
(VSST00000000); 5, B. cosmicum 58S1T (CP041656); 6, B. betae PL7HG1T (CP04453); 7, B. japonicum USDA6T (AP012206); 8, B. baranii sp. baranii
144547 (CP06136); 9, B. baranii sp. baranii 144547 (CP06136); 10, B. xenondulans 14ABT (CP089391).

(18:1 w7¢, 18:1 w6c) with 68.7% followed by C16:0 (19.1%), as occurs in other bradyrhizobial species [34]. The major differences
with respect to B. canariense BTA-1" were in the amounts of C16:1 w5¢, C19:0 cyclo w8c and summed feature 3 (C16:1 w7¢/16
and 1 w6c), which were, respectively, 0.7, 5.6 and 3.2% in B. nivariense SSUT18" and 3.5, 2.5 and 1.6% in B. canarisense BTA-1"
(Tables 3 and S1).

The cell morphology was observed after Gram-staining performed as described by Doetsch [35]. The temperature range for strain
growth was determined by incubating them at 5°C, 10°C, 28 °C, 37°C and 40 °C. Salt tolerance was tested in yeast mannitol agar
(YMA) [36] supplemented with 0.5, 1, 1.5, 2 and 2.5% (w/v) NaCl. The pH growth range was determined in YMA at pH 4.5, pH

Table 3. Phenotypic and chemotaxonomic differences between B. nivariense SSUT187 (1) and its closest relative B. canariense BTA-17 (2)

Characteristic 1 2
Growth at:

pH 4.5 - +
pH6 w +
37°C - w
1% NaCl - w

Assimilation as C source:

D-Galactose w +
D-Arabinose w +
Gluconate - +
Fatty acids:

C16:1 w5¢ 0.7 35
C19:0 cyclo w8¢ 5.6 2.5
Summed feature 3 (C16:1 w7¢/16:1 w6c) 32 1.6

+, positive; -, negative; w, weak. Data are from this study.
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6 (adjusted with phosphate citric acid buffer, Na,HPO, 0.4 M and citric acid 0.2M), pH 7 (with Na,HPO, 0.2 M and NaH_PO, 0.2
M) and pH 9 (adjusted with TE buffer 0.2 M). API 20NE galleries were inoculated according to the manufacturer’s instructions
(BioMérieux, France), and they were incubated for 7 days at 28 °C. The assimilation of some carbon and nitrogen sources was
also evaluated in Bergersen minimal medium [37]. p-mannitol, D-glucose, b-arabinose, D-galactose or b-mannose 10g ™' were
added to the medium as the sole carbon source. The use of amino acids as the sole nitrogen source was tested by adding L-proline,
L-glycine, L-aspartate, L-serine or L-glutamine to a final concentration of 0.5g 1"'. These results were read after 14 days after
inoculation. Oxidase activity was detected with a commercial test strip (Panreac, AppliChem) containing N,N,N',N'-tetramethyl-
1,4-phenylenediamine dihydrochloride. Catalase production was evaluated with 0.3% hydrogen peroxide in one colony taken
from fresh YMA cultures. The type strain of B. canariense BTA-1" was included in the phenotypic characterization as a reference.
The results of the phenotypic tests showed a similar profile for the three strains of B. nivariense (Table S2).

The phenotypic differences between B. nivariense and its closest relative B. canariense BTA-1" are recorded in Table 3. The main
differences between them were the growth at pH 4.5 and in the assimilation of gluconate, negative in the case of B. nivariense
and positive in the case of B. canariense, as well as in the percentage of the fatty acids C16:1 w5c and C19:0 cyclo w8c, previously
described. Also, B. nivariense showed weak results in several tests which were positive for B. canariense BTA-1", such as growth
at pH 6 and assimilation of D-galactose and D-arabinose. Growth at 37 °C and 1% NaCl was negative for B. nivariense but positive
for BTA-1"

In summary, the results of this study support classifying strains SSUT18", SSUT77 and SSUT112 as a new species of the genus
Bradyrhizobium, for which the name B. nivariense sp. nov. is proposed.

DESCRIPTION OF BRADYRHIZOBIUM NIVARIENSE SP. NOV.

Bradyrhizobium nivariense (ni.va.ri.en’se. L. neut. adj. nivariense, derived from Nivaria, the name ancient Romans gave to the
island of Tenerife, from which this bacterium was isolated).

Cells are Gram-staining negative, non-spore-forming, aerobic rods. Colonies on YMA measure 0.5-1 mm after 7 days at
28°C. Colonies are mucoid and round with entire margins, very mucous and whitish. B. nivariense strains grow within a pH
range from 6 to 8 with optimal growth at pH 7. The growth at pH 4.5 is negative. They grow at temperatures from 10 °C up
to 30 °C, with 28 °C being the optimal temperature. Growth is supported in the presence of up to 0.5% NaCl. Oxidase posi-
tive and catalase weak. Glucose fermentation is negative. The production of arginine dehydrolase, urease, p-galactosidase,
gelatinase and the hydrolysis of esculin are negative. Assimilation of b-mannitol, p-glucose and p-mannose is positive,
but it is weak for L- and D-arabinose and Dp-galactose. Assimilation of maltose, N-acetylglucosamine, gluconate, caprate,
adipate, malate, citrate and phenylacetate is negative. Assimilation as a nitrogen source of L-proline, L-aspartate, L-serine
and L-glutamine was positive, but negative for L-glycine. The most abundant fatty acids were those from summed feature 8
(C18:1 w7¢, C18:1 w6c) and C16:0. The type strain SSUT18T (=LMG 33353"=CECT 30998") was isolated from an effective
root nodule of C. supranubius in soils of the TNP (Tenerife, Canary Islands) and belongs to the symbiovar genistearum. Its
genome has been deposited in DDBJ/EMBL/GenBank under the accession no. JARWCR000000000. The G+C content of
the type strain SSUT18" is 63.1 mol%, and the genome has ~9,582,934 bp.
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