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Continent-wide assessment of the strain-level diversity of
Bradyrhizobium, a dominant soil bacterial genus

Introduction

-Bradyrhizobium is an ecologically important soil
bacterial genus that includes many nitrogen-fixing taxa

-Bradyrhizobium is one of the most dominant soil
bacterial genera on Earth'23

-One possible explanation for its dominance is a high
degree of strain-level variation that is adaptive to
different conditions

-We developed a pipeline using shotgun metagenomics,
reference databases?, and targeted genome assembly to
perform genome-resolved strain-level analyses on
complex soils>

Hypotheses:

H1: No single strain is dominant across a wide range of
soils; different strains are found in different
environments

H2: Both geographic distance and environmental
differences are associated with Bradyrhizobium
strain-level community composition

H3: The detected strains have a diverse pangenome,
with many differences in gene content, and only
a small number of shared genes

Methods

Analysis Pipeline

Data6

Australia BASE Metagenomes (n = 331)
Soil Depth: 0-10 cm

Genome QC

1. checkM: completeness, contamination

2. GTDB-Tk: identify bac120 marker gene set
Type: Natural and Conservation Areas 3. Keep genomes with > 116 bac120 genes, > 95%
Sequencing Depth: > 10 million reads completeness, < 5% contamination

Defined upland vegetation and available aridity data *

* Sylph
MTAGS 1. Sketch Bradyrhizobium genomes (106 strains +

1. Profile 16S rRNA inserts from metagenomic reads 809 GTDB = 915)
2. ldentify ubiquitous and abundant genera 2. Sketch all metagenomic reads (n =331)

7 3. Profile Bradyrhizobium genomes
Sylph &

1. Sketch metagenomic reads

2. Sketch GTDB r220 (full) genomes from selected
ubiquitous and abundant genera

3. Profile with ANl 295%

4. Select reference genome present in the most samples

Phylogenetic Analysis *

1. GTDB-Tk: identify and align bac120
2. FastTree: Build phylogeny with LG+G model

Ecological Analysis *

* Weighted UniFrac, NMDS, envfit, dbRDA, varpart,

coverM GDM, partial Mantel

1. Calculate mean coverage of reference genome
2. Calculate coverage histogram of reference genome

StrainFinder 8 *

Run KBase StrainFinder on samples > 4x coverage (n=53)
Minimum mapping quality: 30

Minimum depth: % mean read depth

Maximum depth: where histogram tails (coverage < 10)

Pangenomic Analysis *

Anvi'o pangenomics workflow on Bradyrhizobium

genomes detected by Sylph (n =181):

1. Annotate with COG, KEGG, CAZy databases

2. Compute ANI

3. Analyze gene clusters and geometric
heterogeneity by COG categories
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Bradyrhizobium composition was significantly associated

NMDS2

Results

181/915 strains detected in 268/331 samples. Most
ubiquitous strain detected in 41 soils. Most strains

(98%) detected in < 10% of samples.
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with climate and soil variables
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Bradyrhizobium composition was more strongly
associated with environmental dissimilarity than

geographic distance
Geog. Env.

Residuals = 0.70
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The 181 detected strains have a large and diverse
pangenome characterized by many unique genes
and few core genes shared by all strains.

79261 Gene Clusters

Core
(181 strains)

Unique
(1 strain)

Accessory
(2-180 strains)

41784 35342 1935
(53%) (45%) (2%)
Conclusions

*\We developed a general framework and
methodology for strain-level analyses in
soil and tested it on a dominant and
ecologically relevant soil bacterial genus

*H1: Bradyrhizobium strains were
detected in > 80 % of soils, but most
individual strains had restricted
distributions

*H2: Bradyrhizobium composition is
structured more by environmental
variables than by geographic distance

*H3: The Australian Bradyrhizobium
pangenome is large and diverse
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