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Executive Summary 

In 2023, the OzBarley collection of barley varieties, along with a set of international lines, was 
cultivated in a replicated field trial at Roseworthy. Soil samples were collected from the roots of these 
plants and analyzed for their soil microbiome composition using next-generation sequencing. Genetic 
analysis of this data revealed an association between the plant genome and the composition of the 
soil microbiome. This discovery suggests that the microorganisms present in the soil around the plant 
are directly influenced by the plant's genetics. These findings confirm previous glasshouse studies 
and extend them to field conditions under Australian growing conditions. The research indicates the 
potential to select for specific genomic regions of the plant that could alter soil microbiome 
composition, which may enable the selection of microbiome constituents that could benefit the plant, 
such as improved disease tolerance or enhanced nutrient uptake. 

 

Project objectives 

The objectives of this project were (1) to determine whether Australian barley varieties differ 
in their effects on the diversity of potentially beneficial soil microbes in the field, and (2) to 
investigate the genetic control of any observed differences. 

 

Overall Performance  

The OzBarley and HEB-25 lines were grown in a replicated field trial at Roseworthy in 2023. 
Rhizosphere samples of all lines were collected from the field trial and quantified for the abundance 
of 16S rRNA and internal transcribed spacer (ITS). This information allowed us to characterise the 
composition and abundance of the microbiome in the soil directly surrounding each plant, with each 
species identified being referred to as an operational taxonomic unit (OTU). There were over three 
thousand unique OTUs identified in the soil. A Genome Wide Association Study was undertaken 
combining the OTU data and the SNP chip data. At high levels of statistical significance in the 
OzBarley collection 77 associations between the ITS and SNP data were detected representing 
twenty-five distinct Genera all belonging to Kingdom Fungi. For the 16S rRNA a further 27 
associations were identified representing seventeen distinct Genera all belonging to Kingdom 
Bacteria.  

 

We also compared the effect specific lines had on microbiome diversity specifically selecting high 
yielding varieties, comparing RGT-Planet with Sparticus, Oxford, Fathom and Laperouse. The 
analysis indicates that there are significant differences both in the composition of bacteria the 
richness of diversity found between these individuals and other accessions in the collection. 

While these results are preliminary and need further replication to confirm their validity, it appears 
clear that this study has identified several important findings: 

 

1) Plants in the field actively recruit specific bacterial and fungal species within their rhizosphere. 
2) This recruitment appears to be directly regulated by the genetics of the plant. 
3) Enrichment of specific bacterial and fungal species is associated with specific chromosomal 

regions. 
4) Significant differences both in the composition of bacteria and the richness of diversity found 

between lines. 
5) The wild barley genome results in markedly different associations to cultivated barley. 

 
While this is a preliminary study it demonstrates great potential. The findings from this study may 
ultimately provide plant breeders and agronomic advisers with valuable insights into the significance 
of the barley root microbiome and its potential for manipulation to address specific growing 
conditions. By identifying and selecting targeted genetic loci within the plant genome, breeders can 
potentially harness the specific microbiome to adapt to environments. This approach holds promise 



  
as a cost-effective and sustainable strategy to enhance or stabilise crop yield, especially in 
challenging conditions such as drought, nutrient limitation, or heightened pathogen stress.  
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KEY PERFORMANCE INDICATORS (KPI) 

KPI Achieved  
If not achieved, please state 
reason. 

Seed is prepared and field trial is 
successfully sown at Roseworthy 

Yes ☒  No ☐  

Soil sampling of field trial plots is 
completed 

Yes ☒  No ☐  

Rhizosphere soil DNA extraction is 
completed 

Yes ☒  No ☐  

16S and ITS metagenomic sequence of 
80 OzBarley lines is completed 

Yes ☒  No ☐  

 

TECHNICAL INFORMATION  

OzBarley is a public resource capturing the diversity and breeding history of barley in 
Australia which has been developed in collaboration with the Australian wheat breeding 
programs. The aim is to share genotype-phenotype (G2P) of Australian barley varieties with 
the research community and provide a platform for future contributions by researchers. It 
represents the major Australian breeding pedigrees and the historically significant lines 
contributing to current elite varieties. Currently there are 220 elite accessions making up the 
core collection and 600 additional landraces collected from wheat growing regions around 
the world. Each line has been taken through two rounds of single seed decent to ensure 
homozygosity. 

  

The full collection has been SNP genotyped using the Infinium 40K XT Chip which has 
approximately 40% of the loci used in the international barley 50K SNP chip which will allow 
a direct comparison with international data sets. The core collection has also RNA-seq data 
available from young seedlings further enhancing the comparison with international data 
sets. The core collection has been phenotyped in both controlled environment and in 
replicated field trials during 2023 and 2024. CE measurements collected include height, tiller 
number peduncle length, flowering classification and basic traits in field height, head loss, 
spikes for X-ray analysis, and soil microbiome. 

  

All genotypic and phenotypic data for OzBarley is made available under the (FAIR data 
principles (findable, accessible, interoperable and reusable) and is hosted on a local copy of 
the GERMINATE database. 

 

Plant material and trial 

25 genotypes of the wild barley nested-association mapping population HEB-25 were grown 
in the field as part of a bigger trial of OzBarley panel on a grid of 63 rows and 12 ranges, 
arranged in three blocks in spatially optimal design obtained with R package od. Of these, 
214 OzBarley varieties had three replicates, one in each block, while 4 OzBarley varieties 



  
and all lines from the HEB-25 population had one replicate. Finally, two further OzBarley 
varieties served as checks with 12-14 replicates per block. 

  

Microbiome data  

Rhizosphere samples of 25 genotypes of HEB-25 population were collected from the field 
trial and quantified for the abundance of 16S rRNA and internal transcribed spacer (ITS). For 
this set of lines, sample collection occurred at two time points providing repeated measures 
of the microbiome abundance. In the rest of the trial and due to logistic reasons, rhizosphere 
of all remaining lines but those in Range 12 was sampled on the first of the two time points. 
Range 12 that contained the remaining 19 OzBarley varieties and two more replicates of 
each check was sampled on the second time point. Thus, among the OzBarley varieties, the 
microbiome samples collected from Range 12 versus the rest of the Block are reflective of 
the microbiome at different time points.  

Additional bulk soil samples were collected between ranges 1 and 2, 7 and 8, 11 and 12. At 
each of these locations, samples from the depth 10 cm and 15 cm were collected, providing 
in total 6 samples of bulk soil. 

For this this report, genetic association and diversity analyses were conducted for 
operational taxonomic units (OTUs) classified based on 16S rRNA gene as well as ITS. 

Genotyping data of HEB population 

Genotype matrices of 1,363 genotypes of HEB-25 population obtained based on genotyping 
with a 50k Illumina Infinium iSelect SNP Array (Bayer et al. 2017) were downloaded from 
e!DAL repository:  

https://doi.ipk-gatersleben.de/DOI/0420f485-23ad-4dfa-9959-1a3e6807438b/436f7ff4-f37a-
4c55-95e9-00f882326bf6/2 

 

A subset of quality-controlled raw genotyping matrix (File A: raw_data in the e!DAL 
repository) for 25 genotypes from the HEB-25 populations was extracted and used in the 
analysis presented in this report. 

Genotyping data of OzBarley population 

An updated genotype matrix for 251 OzBarley varieties obtained based on genotyping with 
the Illumina XT SNP chip and curated using SNP calls from a RNASeq experiment was used 
for the association analysis (raw data file “Book1.xlsx”, prepared by Ute Bauman and Elena 
Kalashyan). 

 

Physical positions 

Physical positions for 50K Illumina Infinium markers in the genotyping matrices of HEB-25 
population was extracted from Table 2 of Bayer et al. 2017. Physical positions of BOPA1 
and BOPA2 markers present in the genotyping matrices were found using “Find marker” 
utility of Barleymap at https://barleymap.eead.csic.es/barleymap/find/ 

 

Data filtering  

Genetic association analyses were conducted using quality-controlled raw genotyping matrix 
of the two populations: HEB-25 and OzBarley. In HEB-25 population, the raw allele calls of 
individual genotypes that showed the state of the Barke allele were re-coded as 0, while the 
genotypes that showed a wild barley genotype were re-coded as 2. Heterozygous genotypes 
were re-coded as 1. In OzBarley population, the raw allele calls that were the same as 
reference (REF) allele were re-coded to 0, while the allele calls the same as alternative 
(ALT) allele were re-coded to 1. 

Prior to analyses, the genotyping matrix of HEB-25 population was filtered to remove 
markers where proportion of allele call 0 (like Barke) was greater than 0.85 and proportion of 
allele call 2 (like wild) was less than 0.10, effectively removing markers that were 
monomorphic or heavily distorted, and resulting in allele call distributions illustrated in the 

https://doi.ipk-gatersleben.de/DOI/0420f485-23ad-4dfa-9959-1a3e6807438b/436f7ff4-f37a-4c55-95e9-00f882326bf6/2
https://doi.ipk-gatersleben.de/DOI/0420f485-23ad-4dfa-9959-1a3e6807438b/436f7ff4-f37a-4c55-95e9-00f882326bf6/2
https://barleymap.eead.csic.es/barleymap/find/


  
histograms below. Similar filtering was conducted in OzBarley genotyping matrix, such that 
only markers with the minor allele proportion greater than 0.05 and less than 40% missing 
values were retained.  

 

 

GWAS Analysis 

There were 3,071 OTUs of S16 rRNA filtered as described above, each tested for the 
association with 13,786 genetic markers in 25 genotypes in the HEB-25 population, and 
2,701 filtered OTUs of S16 rRNA and 893 filtered OTUs of ITS, each tested for the 
association with 6,611 markers in 207 OzBarley genotypes.  

Genome-wide single-locus model of association was employed for these preliminary results, 
using a linear model of the form: 

y= β_0+β_1 X_1+ϵ 

Where y is a vector of continuous relative abundances of an individual OTU across 
genotypes of a studied population, X_1 is a design matrix, and β_1parameter captures the 
effect of a numeric covariate ranging in values between 0 and 2 that represents single 
genetic marker, with error term assumed ϵ~N(0,σ^2). This association was tested 
sequentially for all genetic markers for each OTU. 

In the analysis of OzBarley varieties, and to account for the fact that a small number of 
OzBarley varieties was sampled at a later point than the rest of the trial, the above model 
was extended to include: 

y= β_0+β_1 X_1+β_2 X_2+ϵ 

where β_2 captures the effect of time point at which the microbiome was sampled (a factor 
with two levels) which was equivalent with sample being in Range 1:11 versus being in 
Range 12. No other spatial effects were modelled in this approach. The replicate values of 
relative abundances of the two check varieties (OzB_061 and OzB_241) as measured at the 
first time point were averaged to represent their microbiome phenotypes. 

These results report p-values with two thresholds for significance to guide the interpretation 
of the results. The stringent threshold is obtained through Bonferroni correction to ensure 
study-wide Type I error α=0.05. It is calculated for each population as 0.05/(number of OTUs 
tested * number of markers tested in single GWAS). Given that such threshold is very 
conservative, the second within-GWAS threshold was calculated as 0.05/(number of 
markers tested in single GWAS), which however may permit false positive signals. 

Prior to genetic association analysis, to reduce dimensionality and sparsity of microbiome 
data the OTUs of 16S rRNA gene as well as ITS were filtered within each population of 
genotypes using 10% prevalence cutoff (Nearing et al 2022). That is, OTUs that were not 
seen with more than 1 count in at least 10% of samples were filtered out. Relative 
abundances for each OTU were then calculated and used for within-population association 
analysis. 

In the OzBarley set, there were 207 genotypes that were both sampled for microbiome and 
had the updated genotyping data. 

 

CONCLUSIONS REACHED &/OR DISCOVERIES MADE  

While these results are preliminary and need replication to confirm their validity, it appears clear that 
this study has identified several important findings: 

 

1) Plants in the field actively recruit specific bacterial and fungal species within their rhizosphere. 
2) This recruitment appears to be directly regulated by the genetics of the plant. 
3) Enrichment of specific bacterial and fungal species is associated with specific chromosomal 

regions. 
4) Significant differences both in the composition of bacteria and the richness of diversity found 

between lines. 



  
5) The wild barley genome results in markedly different associations to cultivated barley. 

 

Conclusion: 

 

The expression of genes within the plant genome has a direct role in determining the composition of 
the soil microbiome. This occurs most likely in response to plant root exudates or hormonal release 
into the soil, actively recruiting specific component of the microbiome. This offers the opportunity to 
modify the plant to optimize recruitment of beneficial organisms. This has potential significance to 
breeding for resistance to pathogens in the soil and potential to modulate nutrient uptake. 

 

 

INTELLECTUAL PROPERTY  

None. 

 

APPLICATION / COMMUNICATION OF RESULTS 

Analysis of the data generated within this one-year project was completed in August 2024 
and as such there has been no opportunity to communicate the results of this study to the 
grains industry. The opportunity to publish this work in a scientific journal is limited as only 
one season of field trials was undertaken which limits our ability to determine if the results 
found are reproducible. 

 

POSSIBLE FUTURE WORK 

Currently, we are seeking additional funds to replicate the 2023 field trail experiment to 
provide sufficient data to evaluate the significance of our preliminary findings. We are also 
currently evaluating selected high and low accumulating lines from the OzBarley study in 
controlled environment conditions using phosphorus deficient soil and phosphorous 
supplemented soils to determine how the soil microbiome responds to soil phosphorous 
limitation and uptake which we hope will have direct on farm significance. 

 


