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C
I. Lolium perenne NGS technologies for gene discovery

➢Lolium perenne importance

➢Evolution of sequencing technologies

➢Third generation sequencing technologies, ONT and PacBIO

➢Applications of these technologies: Genome sequence; SNP marker 
development (GBS), Transcriptomics

➢Genomic resources in Lolium perenne

II. How we are implementing NGS in ‘Editgrass4food’ project

➢Target sequencing for gene characterization

➢Identification of genes and their expression for frost and drought by 
RNAseq.

Outline



Lolium perenne

• Major forage crop for 
pasture and silage.

• High nutrition.

• Widely cultivated in 
temperate regions.

• Economic value
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History of DNA sequencing



• First generation sequencing

➢Capillary sequencing technology : ABI Prism
3700

• Second generation sequencing

➢Bridge PCR and emulsion PCR technology: 
Illumina and Ion Torrent

• Third generation sequencing

➢Single molecule real time sequencing
technology: PacBio and Oxford nanopore
technology (MinION and promethION) 
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Evolution of sequencing technologies



Single molecule real time sequencing (SMRT)
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PacBIO

MinION
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PacBIO Revio



Oxford Nanopore MinION

Unique properties:

• Real-time

• Portable

• Long reads



Library prep time: 
92 minutes
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Future ☺
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Applications

• Genome sequence

• Transcriptome sequence

• Genotyping by sequencing



Lolium perenne Genome sequence



Lolium perenne Genome sequence
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Lolium perenne Genome sequence

https://ryegrassgenome.ghpc.au.dk/

https://bioinformatics.psb.ugent.be/plaza/versions/plaza_v5_monocots/

https://ryegrassgenome.ghpc.au.dk/
https://bioinformatics.psb.ugent.be/plaza/versions/plaza_v5_monocots/
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Condition 1
(healthy grass)

Condition 2
(Infected grass)

Isolate RNAs

Sequence ends

100s of millions of paired reads
10s of billions bases of sequence

Generate cDNA, fragment, 
size select, add linkersSamples of interest

Map to genome, 
transcriptome, and 

predicted exon 
junctions

Downstream analysis

Paired-end reads
(e.g. 2 x 100 bp)

Transcriptome sequence



RNA seq. analysis pipeline

Millions of reads

Trimmed reads

Quality control

FastQC

Denovo assembly by trinity

Align reads to transcript assembly

Bowtie

Transcript abundance

RSEM

DE genes

edgeR

Normalization Gene 

Clusters

Blast2goBlastMapping, Annotation

@DJDP4KN1:149:D1G47ACXX:1:1101:1745:2247 1:N:0:CGATGT
CCGATCTATTTGGNTCATATGCAGAGGCATCTTGTGCTGCCCTTGTTGTTG
+
@@CFDDDDFHGHH#2AEFHIJJGGIIFJCGHJIGIIIIJ9DGCDDFHGIHG
@DJDP4KN1:149:D1G47ACXX:1:1101:6683:2245 1:N:0:CGATGT
CACAGATGCATTTNCAACCTCTTCCTTTTCCTCTTCAACTTGTGCTGCTAC
+
<8=??AAD>ADDD#22CEACCEBCFECEFIICCEC<4?D@@D?DCEEEII<
@DJDP4KN1:149:D1G47ACXX:1:1101:8087:2248 1:N:0:CGATGT
AAGTCAAAAGGAGAGAACAAGACGGAGGAGAATCGAATCAAATCGAATAAC
+
@



Subclusters for Lolium 201(V-) in 
vernalization treatment

Calmodulin binding protein

Calreticulin2

Zinc finger (C2H2) family proteins

Glutathione-s-transferase

homeobox.-leucine zipper protein

Pyroline 5 carboxylate synthase

Photosnthesis related genes 

encoding D2 subunits of PSII 

complex

AP2/EREB transcription

factors

Arabinogalactan

Chlorophyll a-b binding protein



Genes involved in fructose metabolic
pathway

201 (V-) 204( V+)



Direct RNA sequencing

• Direct RNA sequencing — unbiased, fulllength
transcript and base modification analysis
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Nanopore website
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Assembly of full-length transcripts with short reads and 
long nanopore sequencing reads
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Genotyping by sequencing

Elshire et al.



Genotyping by Sequencing

DNA extraction (pooled samples), restriction enzyme
digestion (ApeKI) and library preparation

Sequencing by Illumina Hiseq.

Data processing (Quality control)

Aligning the reads to the reference Lolium perenne genome by BWA program

Converting alignment file to sorted sequencing alignment files (sam) files

Identifying putative indels relative to reference genome by GATK

local re-alignment around these putative indels by GATK 

Detecting and filtering SNPs by GATK

Estimating Allele frequency changes

Identifying outlier SNPs by Fst

Detecting genes underlying in selection



• Differential selection in the 
different climates at the 5 locations 
will generate changes in genetic 
composition

• Sampling for 3 years and 
phenotype

• Explore associations between 
allelic/haplotype shifts and location 
specific (climate) changes in 
phenotype for utilization in 
breeding in perennial ryegrass.

• Methods:
• Genotyping by sequencing

Selection studies



Distinguishing  survival ability groups  
based on GWAFFs
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G = Good survival

P = Poor survival

C=  Original population

O = Different combination mix of 5 varieties

Based on genome wide allele frequencies

at 101375  SNP positions.



Implementing NGS technologies in EditGrass4Food 
project for gene discovery and characterization



Target sequencing

• 10 genes (vernalization, freezing tolerance and fructan
biosynthesis genes) involved in freezing tolerance will be 
selected based on previous transcriptome studies (VARCLIM 
project)

• 10 genes, responsible for leaf growth under water deficit 
conditions (GrowGene project)
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Target sequence by oxford nanopore 
sequence technology
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Cas9 targeted sequencing Adaptive sampling sequencing
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Transcriptome regulation of freezing and drought 
tolerance in perennial ryegrass.

• Two freezing tolerant and two susceptible genotypes will be 
selected and grown at short days (8 h) at 18°C to gain biomass. 
The plants will be pre-acclimated for two weeks at 4°C before 
subjected to freezing at -8 or -12°C. 

• Freezing tests will be performed in growth chambers at LAMMC

• Samples of leaf tissue of each genotype will be taken for RNA 
extraction at the day before stress onset and 8 hours after onset 
of low temperatures.
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Take home messages

• Sequencing technologies evolved so fast, that we need to 
update to tackle the enoromous data and make sense out of it.

• PacBio HiFi sequencing is recommended over Oxford nanopore 
for phased genomes in out crossing species

• Linux and R Programming can boost your bioinformatics skills

• Dont panic of data handling (bioinformatics). Its easy to learn ☺
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