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Fig 2: Read mapping data for LpCCR1 in genotype 3. Blue bars denote insufficient read depth (<6 

reads/pos.), black and red bars denote sufficient read depth. The identified SNPs are shown as stripes on the  

upper consensus sequence.  

CHARACTERIZATION OF THE CINNAMOYL-COA REDUC-

TASE GENE FAMILY OF LOLIUM PERENNE 
F.R.D. VAN PARIJS1, T. RUTTINK1, I. ROLDÁN-RUIZ1, G. HAESAERT2, E. VAN BOCKSTAELE1,3, H. MUYLLE1 

 Materials and Methods 
 

Transcriptome database: 14 diploid perennial ryegrass genotypes were used for RNA-

seq sequencing (Illumina Genome Analyzer IIx). 

Phylogenetic analysis: All bioinformatics analyses were carried out in CLCbio 

Genomics Workbench v4.8. CCR protein sequences known from the literature were 

used for phylogenetic analysis, as well as a number of proteins with sufficient 

similarity to ZmCCR1 (blast e-5) from sequence databases. All putative LpCCR 

paralogs were translated into proteins and added to the phylogenetic tree.  

Annotations: LpCCR genes were further classified based on the presence of three 

known motifs: the active site (NWYCY motif), the NAD binding domain, and the 

glycosylation site (Larsen, 2004; McInnes et al., 2002).  

SNP discovery: a read mapping was obtained for each LpCCR gene and each 

genotype separately, and for each one a SNP discovery algorithm was run. A 

minimum sequence depth of 6 reads per position and a minimum variant frequency of 

30% were used as selection criteria for SNP calling. The total number of SNPs per 

gene was determined by combining the SNPs from the 14 individual genotypes. 
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Fig 1: Left: bona fide clade of the CCR phylogenetic tree. Right: corresponding protein sequences, aligned 

and annotated with the NAD binding site (NAD), active site (AS), glycosylation site (GLYCO). 

 Conclusions and future work 
 

 In this test case study, 155 SNPs were identified within 3 bonafide LpCCR 

genes, a selection of which can now be screened in a large population with 

SNP assays. 

 A part of these will not be detectable using primer extension assays: 

primers cannot be developed in SNP dense regions and some primers might 

not be gene-specific. 

 First, the 14 sequenced genotypes will be used as a positive control. 

Second, the transferibility to the association mapping population will be tested. 

Finally, the association mapping population will be screened. 

 Results 
5 bona fide paralogs were identified: LpCCR1, LpCCR2, LpCCR3, LpCCR4, LpCCR5. 

• 6 LpCCR genes clustered in the clade containing all bona fide CCR genes of 

other species. 

• 1 of these (LpCCR6) does not contain the NAD binding domain, which is 

necessary to denote it as bona fide. The other genes contain all motifs. 

• LpCCR1 and LpCCR2 were previously described (McInnes et al., 2002; Larsen, 

2004 respectively) and showed the highest amino acid identity (79.3%). 

 

3 bona fide paralogs had sufficient sequence depth: LpCCR1, LpCCR2, LpCCR5. 

• For LpCCR3, the average depth was lower than 6 for 8 out of 14 genotypes. 

• For LpCCR4, only 1 genotype had sufficient depth, and the coverage was 

incomplete (consisted of 2 partial sequences). 

 

155 candidate SNPs were identified in LpCCR1, LpCCR2 and LpCCR5. 

• 79 of these are non-synonymous. 

• SNP densities ranged from 1.8 to 5.8 SNPs per 100 bp. 

 

Fig 3: Read mapping data and SNPs in LpCCR genes for all genotypes. 
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LpCCR paralogs 
Average 

read depth 
(reads/pos.) 

Transcript 
length 

(bp) 

Number of 
SNPs 

SNP density 
(SNPs / 100 

bp) 

Non-
synonymous 

SNPs 

LpCCR1 (candidate) 563 1377 73 5.3 51 

LpCCR2 (candidate) 282 1167 21 1.8 13 

LpCCR3 (low depth) 87 1113 47 - 5 

LpCCR4 (low depth) 11 624+264 2 - 1 

LpCCR5 (candidate) 362 1053 61 5.8 15 

LpCCR6 (not bona fide) 244 963 24 2.5 7 

Bona fide genes 284 5598 204 - 85 

Candidate genes 412 3597 155 4.3 79 

 

   

       Introduction 
The digestibility of cell wall carbohydrates has a significant impact on the fodder 

quality of Lolium perenne. Lignin is a relevant target for the improvement of the 

cell wall digestibility, as it protects the cell wall carbohydrates from enzymatic 

degradation by ruminal microbes. A candidate gene association mapping 

approach is followed to identify SNP markers associated with digestibility. 

Cinnamoyl-CoA reductase (CCR) was chosen, as it has been demonstrated that 

downregulation of the LpCCR1 gene in L. perenne leads to a decrease in lignin 

content and an increase in digestibility (Tu et al., 2010). 

 Objectives 
1) Identification of bona fide CCR genes of L. perenne, using a transcriptome 

dataset of 14 L. perenne genotypes (Ruttink et al., submitted). 

2) Identification of SNPs within these CCR genes using the same dataset. These 

SNPs will later be used to screened the genetic variation in a large population 

of ~600 genotypes (association mapping population) using primer extension 

SNP assays. 


