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P226/135/16 F1-30 
Number of transcripts 204,377 210,313 

Mean length  688 bp 566 bp 

Max length  15,566 bp 13,230 bp 

Total 140.7 Mb 119.2 Mb 

Putative alternative splicing events 27 % 49 % 

We used BLAST to determine if we could identify the BIG gene in our assemblies. 
This is one of the largest genes in plants, and near full reconstructions of this gene 
is considered as an indication of good quality data.  In the P226/135/16 de novo 
assembly the 15.5 kb transcript had hit with a 13.3 kb predicted Brachypodium 
distachyon BIG gene, with an e-value of 0.0, an overlap of 80% and a max identity 
of 91%. The percentage of putative alternative splicing events was determined by 
Butterfly in the Trinity pipeline. One possible reason for the high putative 
alternative splicing  in F1-30 is that Trinity could be reconstructing both haplotypes.  
Confirmation of alternative splicing would require RT-PCR to verify exon exclusion 
or intron retention events. 

Annotation of de novo assemblies 

P226/135/16 F1-30 
Number of transcripts 204,377 210,313 

Number of hits  (e-value = 10-20)  69,790 63,349 

Number of annotated transcripts 45,039 39,759 

• Uses a k-mer size 
of 25 to assemble 
unique 
transcripts 

Inchworm 

• Creates cluster of the transcripts 
corresponding to full 
transcriptional complexity of a 
gene, making de Bruijn graphs for 
each cluster. 

Chrysalis • Examines de Bruijn graphs in 
parallel to generate alternative 
spliced isoforms of a gene and 
distinguish between paralogous 
genes 

Butterfly 

Trinity assembly 

Trinity is an unique de Bruijn graph assembler (Grabherr, 2011) designed for 
transcriptome assembly. As shown in the workflow above, it divides the data into 
many individual de Bruijn graphs with the goal of representing the full 
transcriptional complexity of a specific gene. Each graph is then processed 
independently to identify full-length splicing isoforms and distinguish between 
paralogous genes.   

Objective 

The objective of this study is to generate a de novo assembly of the perennial 
ryegrass transcritpome. Further analysis of the perennial ryegrass gene set will 
aim to annotate the transcriptome. The aim of the de novo assembly analysis is  
to identify tissue specific expression patterns and discover SNPs. 

In this study we have isolated RNA from the following tissues: root, leaf, stem, 
inflorescence, leaf sheath and meristem. Libraries were prepared for sequencing 
on the Illumina GAIIx and utilising the Illumina barcoding system for multiplexing 
of samples. Paired-end sequencing with read lengths of 101 bp was performed. 
After demultiplexing, a clear overlap in the paired-end reads was observed. This 
allowed us to join paired reads together with fastq-join 
(http://code.google.com/p/ea-utils/) and generate reads with an average length 
of 121 bp. The number of reads for individual tissues and genotypes varied from 
4 million to 9 million. For de novo assembly of the transcriptome we grouped 
reads from all tissues of each perennial ryegrass genotype, the inbred 
P226/135/16 and heterozygous F1-30 genotype, together and performed  the 
assembly and  analysis described below. 

Data analysis 
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Perennial ryegrass (Lolium perenne L.) is an important grass species for both forage and amenity purposes. Denmark is the world’s largest exporter of grass seed and 
therefore it plays an important role in the country’s economy.  It is envisaged that breeding efforts may be enhanced with the assistance of new breeding technologies 
such as genomic selection. A major step towards genomic selection will be the availability of a reference genome, and efforts are underway within our group to deliver 
this. An important step in de novo assembly will be defining the gene set, and the availability of transcriptome sequencing data will greatly aid gene prediction and 
validation, and the development of functional markers for improved ryegrass breeding. Therefore, the goal of this study is to develop a de novo assembly of the perennial 
ryegrass transcriptome from the same inbred genotype being used for de novo genome assembly. Furthermore, we also conducted de novo transcriptome assembly with 
other heterozygous genotypes to enable SNP discovery for marker-assisted selection (MAS).  In this study we have preformed RNA-seq analysis of leaf, stem, 
inflorescence, leaf sheath, root and meristem from the inbred and heterozygous genotypes; to get a good representation of the transcriptome and study tissue specific 
expression.  
 

 

Evaluation of de novo assemblies 

Completeness of de novo assemblies 

Brachypodium 
distachyon  CDS 

32,255 

• P226/135/16 

• E-value >  e-10 

32,255 hits 

• Overlap 
> 50%  

23, 099 hits 
• Overlap

> 75%  

17,107 hits 

• Overlap 
> 95%  

10,186 hits 

• F1-30 

• E-value >  e-10 

32,253 hits 

• Overlap 
> 50%  

20,920 hits 
• Overlap 

> 75%  

13,244 hits 

• Overlap 
> 95%  

6,842 hits 

To evaluate the completeness of both de novo assemblies we used the CDS from 
three model plant species in a BLASTn, with an e-value of e-10 and only the most 
significant hit for each CDS sequence was analyzed. We then calculated the 
percentage overlap between the Brachypodium distachyon CDS and the best hit in 
our assembly. Just about all Brachypodium distachyon CDS had a significant hit 
from the de novo assemblies. Encouragingly, 72% of Brachypodium distachyon CDS 
hit to transcripts with greater than 50% overlap in the P226/135/16 de novo 
assembly.  In F130 de novo assembly, 65% of Brachypodium distachyon CDS hit to 
transcripts with greater than 50% overlap. This analysis was also conducted with 
Arabidopsis and Oryza, with all three model species we obtained similar results.  
 

Annotation of the de novo assemblies from both genotypes were completed by 
conducting a BLASTx with the GenBank non-redundant database with an e-value 
of 10-20 . The BLAST results were used in the program Blast2GO (Conesa, 2005) for 
gene ontology (GO) analysis.  The table above shows the number of significant 
BLAST hits and the number of annotated transcripts. The pie chart below shows 
the biological process GO Slim Plant annotation for the P226/135/16 de novo 
assembly. 

The evaluation of both de novo assemblies indicate that we have a good 
transcriptome for future analysis. Further work, including SNP discovery, 
differential expression and analysis of putative alternative splicing events is 
currently ongoing.  


