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Key external stakeholders:  
Plant geneticists, grass breeders, general public 
 

Practical implications for stakeholders: 
The outcome of this project is of strategic importance. The primary stakeholders include the Teagasc 
perennial ryegrass breeder and variety evaluation testing agencies and scientists in ryegrass genetics, 
breeding and agronomy. 
Also a number of genomic and phenomic resources have been created during the lifetime of this project 
which are already in use in Teagasc and other research institutions to further the understanding of perennial 
ryegrass traits. These include: 
 An annotated genome draft of perennial ryegrass has been developed. 
 The draft genome has been utilised for genome wide association genetics studies which have identified 

the genetic locations for heading date, aftermath heading and crown rust resistance. 
 A phenotyping approach for ground cover/persistency has been developed which can serve as an 

impartial tool for the evaluation of ground cover in perennial ryegrass swards. 

 
 

Main results:  
 Teagasc has developed an annotated draft genome of perennial ryegrass. 
 Teagasc has proven its capability to deliver on genome wide association genetics studies in complex 

quantitative traits and for genomic selection 
 An approach to consistently measure ground cover with digital imaging techniques has been developed. 
 

Opportunity / Benefit:  
The project is of strategic nature. Outcomes of the project are a draft genome of perennial ryegrass and 
ultra-high resolution genetic maps of perennial ryegrass. The development of the ultra-high density 
resolution genetic maps offer the opportunity to anchor the draft perennial ryegrass genome for its use for 
genome wide association genetics studies in complex quantitative traits such as quality parameters and 
crown rust resistance and for genomic selection applications. This project has enabled the Teagasc 
perennial ryegrass breeding programme to implement its genomic selection approaches for quantitative 
genetic traits which would have not been possible before. We have also developed under field conditions the 
utility of imaging techniques for the assessment of a complex trait, ground cover, which is associated to 
persistency in perennial ryegrass. This imaging technique offers an operator independent opportunity to get 
an unbiased assessment of ground cover in swards. 
 

Collaborating Institutions:  
UCD 
TCD 
NUI Maynooth 

Development of 
genome based 
resources and SNP 
discovery for 
perennial ryegrass 
genetics and 
breeding 
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1. Project background:  
Perennial ryegrass (Lolium perenne) is an important pasture grass species for the temperate regions of the 
world. It is especially important for Ireland since a vast majority of Irish agriculture depends on the 
productivity of this species to produce feed for ruminants. Until this project begun there was no publically 
accessible genome draft of the perennial ryegrass genome available, one of the main prerequisites to 
implement genomic selection breeding techniques. Breeding of new cultivars of perennial ryegrass is a time 
and man-power demanding process. Genomic selection techniques offer the opportunity to cut down on time 
required to complete a breeding cycle. Progress towards implementation of genomic selection techniques 
had been hampered by the lack of an accessible genome sequence and an advancement of phenotyping 
methods. This project has addressed several of the restricting factors and has provided solutions to 
implement genomic selection in the Teagasc forage breeding programme. 
 

2. Questions addressed by the project: 
The overall project objectives were to provide the necessary genomic tools and associated bioinformatics 
pipelines and improved phenotyping approaches towards the implementation of genomic selection in 
perennial ryegrass. Questions addressed were: 
-Can we generate a draft genome of perennial ryegrass? 
-How can we best utilize the perennial ryegrass genome draft as a backbone for marker extraction? 
-Can we demonstrate the utility of these genomic tools for complex quantitative traits? 
-How can imaging techniques aid in the dissection of agronomical important traits? 

 

3. The experimental studies:  
We have used next generation sequencing technologies to generate a draft genome of a highly inbred line of 
perennial ryegrass. The genome of this inbred line was then assembled and annotated. We have developed 
an ultra-high-density genetic map in which the sequenced inbred genotype was a progenitor. We anchored 
the draft genome then on this genetic map to link the genome information to traits. The genome information 
was then used to conduct genome wide association (GWAS) studies in field grown perennial ryegrass plants 
to assess its utility for marker assisted selection for quantitative genetic traits towards implementation of 
genomic selection in the Teagasc breeding programme. Elite cultivar families, breeding families and 
ecotypes were grown as single spaced plants replicated in the field and traits like heading date, aftermath 
heading and crown rust resistance were studied and markers And genomic regions linked to these traits 
identified for selection. Effective und non-biased phenotyping is also another stumbling block in association 
genetics studies. Once of the traits associated with persistency, the durability of a ryegrass sward in the field, 
ground cover was studied in official variety testing field plots and a method was devised to measure 
unbiased ground cover evaluation with imaging techniques. 

 

4. Main results:  
We have developed a draft genome for perennial ryegrass and anchored this draft genome sequence to the 
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perennial ryegrass seven chromosomes with a genotyping by sequencing generated genetic map. This 
enables precise information of the location of genetic traits under evaluation on the genome. We can now 
apply genome wide association studies (GWAS) and genomic selection approaches for complex quantitative 
traits in the breeding programme as demonstrated with the traits flowering time, aftermath heading and 
crown rust. Further important traits lie digestibility can be tackled with the same techniques. Overall genomic 
selection is improving simultaneously genetic materials at many loci distributed across a genome. These 
approaches can be routinely implemented in the Teagasc perennial ryegrass breeding programme. A very 
complex genetic trait is persistency which is often expressed by variety evaluation testing as ground cover 
scores after the winter. Experienced personnel are required to assess this trait. We have developed an 
unbiased method to phenotype perennial ryegrass for ground cover with digital imaging. 

5. Opportunity/Benefit: 
The project is of strategic nature and has benefitted the implementation of genomic selection in perennial 
ryegrass by providing the necessary genomic resources and strategies for access to the perennial ryegrass 
genome, high throughput genotyping approaches and the necessary bioinformatics pipelines. This project 
has also made stride towards improved phenotyping of perennial ryegrass. All of this is benefitting perennial 
ryegrass breeding, which will ultimately result in increased rates of genetic improvement and productivity per 
hectare on grassland farms. 
 

6. Dissemination: 
The project resulted in a number of scientific publications and presentations at meetings including the plant 
breeding sector.  
Further dissemination outputs of the project were to date three completed PhD theses: Dr Janaki 
Velmurugan, Dr Ewan Mollison, Dr Sai Krishna Arojju. 
 
Main publications: 
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Arojju SK, Conaghan P, Barth S, Milbourne D, Casler MD, Hodkinson TR, Michel T & Byrne SL (2018) 
Genomic prediction of crown rust resistance in Lolium perenne. BMC Genetics, doi.org/10.1186/s12863-
018-0613-z 

Byrne SL, Conaghan P, Barth S, Arojju SK, Casler M, Michel T, Velmurugan J, Milbourne D (2017) Using 
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Milbourne D (2016) An ultra-high density genetic linkage map of perennial ryegrass (Lolium perenne) 
using genotyping by sequencing (GBS) based on a reference shotgun genome assembly. Annals of 
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Popular publications:  
Barth S, Mollison E, Marshall D, Milne L, McCabe M, Milbourne D (2014) Unraveling the genetic code of 

ryegrass. TResearch 9(3), p 38-39 
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