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Introduction

Legumes play a crucial role in the shift towards more sustainable protein production, but root rot complexes can cause massive yield losses In
many legume crops such as pea. The pea root rot complex (PRRC) is caused by various soil-borne pathogens that likely act synergistically and
influence the composition of the rhizosphere microbiome (Wille et al,, 2021). As there is genotypic variation in the abundance of key PRRC taxa and
disease susceptibility, we aimed to investigate the genotype effect on the root microbiome composition affecting plant health. This crucial interaction
between the plant genotype and its associated microbiome, also known as the holobiont, has the potential to lead to increased resistance to PRRC.

Methods

Results

253 genotypes y
Phenat
GBS genatyping :E:E:E:E @ ™
Mekmerkers |\ /] |/ \J
R
W\ RodD\IAextractifa*
: r E({bﬁw) _
Of era) sequencing

Asserbly to aperational taxonomic units (OTU) 50 0%
(g . om | )
2 ¢&@%
Abundance (asdification
Assessrent
\
- (brnmwdeassoaatlmstLdy(GMS)

MMWMMMM

= ldentify genomic lodi affecting microbial abundance

Prediction of plant health by genotypes & OTUabundance

Hypothesis

 Genomic loci explain a relevant proportion of the variance
In the abundance and presence of individual OTUs In pea
roots (QTL detection)

* |dentified QTLs for differentially-abundant OTUs reveal
QTLs additional to the resistance phenotype QTLs

 Microbiome-mediated disease resistance concepts can be
Implemented into breeding programs via genomic
prediction at the holobiont level

The GWAS of differentially abundant OTUs revealed 50 highly significant QTLs at |9 independent loci on five different chromosomes (Figure 1). Most QTLs can be associated with
more than one OTU, while only four loci are associated with both fungi and bacteria. QTLs on chromosome six co-segregated with QTLs for the shoot dry weight, root rotting, and
emergence rates. The genomic heritability reached h? > 0.6 for some of these differentially abundant OTUs.The relative abundance of several OTUs was strongly correlated with plant
health. For instance, a strong effect was observed for OTUs from the genus Fusarium (negative) and Dactylonetria (positive), with genomic heritabilities above 0.35.

Higher accuracy in predicting resistance to PRRC was obtained using the OTU abundance alone or combined with phenotype QTLs (u=0.6) in a genomic prediction model (Figure 2).
Lower accuracies were obtained using genomic markers for either OTUs or plant phenotypes alone (u=0.3).

Chromosome

Affiliations

References

fOTU945

fOTU856 'UNVERIFIED ORG: Kinneretia|

fOTU793 Sorangium cellulosum)|

Ramlibacter tataouinensis|

PoI angium aurulentum|

Paenibacillus xylanilyticus|

!

fOTU78

fOTU409|

fOTU285

fOTU20
fOTU180|

|Orbilia oligospora|

unkown
{ "

Legionella pneumophila) C4 - moderate negative

[
. Legionella fallonii] /'
| / 'Golubevia sp. | " | Sordariomycetes]
1 '
/ \ IFusariurln_vgnettenii! |
’u

\ \
&N -
| Fusarium cf.| '\ PoI angia

\ Gammaproteobacteria |

Clostridia|

Agaricomycetes|

Massilia sp. |

fOTU1657 \

fOTU1517| \

fOTU1508

| Fusarium oxysporum|

fOTU1284

fOTU1255]

C2 - moderate

BTUTi6T \ [Dactylonectria torresensis|

bOTU839

bOTU803

bOTU737

\Dactylonectrla macrodidyma| )

|I\Z)actylonectr|a estremocensisy ‘

\ |Coprinellus micaceus]

C1 - positive

bOTU723

bOTU468 F1. Relationship between pea genetics, root OTU presence
and abundance, and resistance to a pea root rot complex.
Chromosome refers to the QTL on the pea genome of each
OTU. The best BLAST guess is the most similar match against
the NCBI genome database. The effect on root rot was
categorized into five classes, ranging from negative to
positive. The class represents the annotation derived from
the curated UNITE database. The most significant QTLs (-

log(p) > 9 are presented).

| Coleophoma eucalyptorum|

Chaetomiaceae sp.

bOTU423

bOTU1688

bOTU1404
bOTU12

Anaerocolumna sedimenticola|

OTU Class

Best BLAST guess Effect on root rot

2 Research Institute of Organic Agriculture (FiBL), Frick, Switzerland.

b Molecular Plant Breeding, Institute of Agricultural Sciences, ETH Zurich, Switzerland,

¢ KWS LOCHOW GmbH, Ferdinand-von-Lochow-Str. 5, Bergen, Germany,

d Department of Environmental Systems Science, Sustainable Agroecosystems Group, ETH Ziirich, Switzerland;
¢ Bonaplanta, Manresa, Spain

F2. Genomics enabled prediction of root infestion
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i. The presence and abundance of microbial taxa are determined (among
other factors) by the pea genotype

Il. The holobiont significantly determines the resistance of the plant to root
rot

1. The holobiont approach of genomic markers for plant resistance and root
microbial recruitment lead to an improved prediction of PRRC resistance
compared to predictions based on plant genetics alone.
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