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Genetic diversity and distribution of the VRN1 gene within 
timothy (Phleum pratense L.) accessions
Kalendar R., Vottonen L.L. and Seppänen M.M.
Department of Agricultural Sciences, University of Helsinki, P.O. Box 27 (Latokartanonkaari 5), 00014 
Helsinki, Finland

Abstract
Timothy (Phleum pratense L.) is a perennial forage grass grown commonly in Europe except in the 
Mediterranean region. The ability of timothy to adapt to a wide range of environmental conditions 
is mostly determined by the allelic diversity within genes that regulate the vernalization requirement 
(VRN). This study explored the genetic diversity in the VERNALIZATION1 (VRN1) gene promoter 
and intron 1 within timothy accessions. The genetic diversity of the promoter and intron 1 of the VRN1 
gene was analysed in 44 timothy accessions for vernalization responses. Accessions with strong and with 
intermediate and with weak vernalization were assessed. VRN1 promoter and intron1 sequences were 
sequenced for all polymorphic variants amongst different accessions of timothy. We applied the genome 
walking approach to identify new VRN1 promoter and intron 1 sequences in the timothy genome. An 
allele-specific PCR assay was developed to identify VRN1 promoter and intron1 allelic variation. We 
observed a high level of polymorphism and copy number variation in the VRN1 gene. Identification of 
novel promoter/intron1 polymorphisms will allow quantification of its effect on vernalization response 
and early flowering, alone and in combination with spring alleles at the VRN1 loci.
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Introduction
Timothy (Phleum pratense L.) belongs to Poaceae family, which includes some of the world’s most 
important cereal and pasture grasses (Tanhuanpää et al., 2016, Stewart et al., 2011). The production 
and use of timothy are concentrated in cold temperate regions where it is commonly grown for forage 
due to its winter hardiness and high forage quality. Forage grasses, including timothy, are characterized 
by high levels of digestibility, nutritional value, and productivity at the vegetative and juvenile growth 
stages. Timothy is a perennial cool-season forage grass that is commonly used in grass leys in temperate 
regions. The adaptability of timothy to a wide range of environmental conditions is mainly controlled by 
genes that determine the vernalization requirement. These agronomically valuable traits are important to 
ensure the flowering of timothy in the most favourable climatic conditions and are widely used in modern 
breeding to obtain high-yielding varieties that are favourably adapted to changes in environmental 
conditions. In moderate cereals, three well-described genes (VRN1, VRN2, and VRN3) are involved in 
the vernalization reaction (Fiil et al., 2011; Jokela et al., 2014, 2015). Proteins encoded by VRN1 and 
VRN3 promote flowering and the early flowering allele (spring type) is dominant for both genes. The 
protein encoded by VRN2 inhibits flowering and the late-flowering allele (winter type) is dominant. 
Thus, in timothy, only recessive VRN1 and VRN3 alleles and at least one dominant VRN2 allele must 
be present to yield effective winter types, while all other allelic combinations can lead to spring types. 
In timothy, however, the role of VRN2 is not as clear (Seppanen et al., 2010) and the regulatory gene 
inhibiting flowering has not yet been characterized. In this study, we identified sequence variation at 
the promoter and intron 1 regions of the VRN1 gene in a geographically diverse collection of timothy 
genotypes, defined their interspecies distribution, and identified new allelic variants. We also tested for 
correlations between vernalization response and geographic origin of genotypes.
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Materials and methods
Forty-four timothy accessions with strong, intermediate, or weak vernalization response were selected 
for this study. The breeding lines of northern (BOR N) and southern (BOR S) origin and cultivars 
characterized previously for their agronomic performance in Boreal climate (Grindstad, Donatello, 
BOR1) were also included. DNA was extracted from leaves using a commercial DNA Kit. The VRN 
plant gene sequences were obtained from the NCBI database. For each of the VRN exon1 genes, the 
sequence accessions were aligned and conservation was assessed with the multiple alignment procedure 
of MULTALIN (Corpet, 1988). The conserved exon1 segments of the VRN1 were used for design of 
PCR primers, which was performed with the program FastPCR (http://primerdigital.com/fastpcr.html) 
(Kalendar et al., 2017). Several inverted primers were designed for the exon1 genes. The genome walking 
approach (Kalendar et al., 2019) was applied for newly identification of VRN1 promoter and intron 1 
sequences in the timothy genome. PCR fragments were excised from a 1% agarose gel and purified on 
silica spin columns (Qiagen) according to the manufacturer’s protocol. Each PCR product was cloned 
into a pGEM-T Easy vector (Promega) and sequenced. Sequencing was performed in Eurofins Genomics. 
The sequencing confirmed the VRN1 gene-specific nature of the amplicons. The full-length VRN1 gene 
promoter and intron 1 were sequenced from the cloned products and the sequences were deposited in 
Genbank (MK007525, MK240190-MK240221).

Results and discussion
VRN1 is a well-conserved multiple copy nuclear gene in the grass family. Orthologs of VRN1 have 
been identified in temperate grass species such as perennial ryegrass (Lolium perenne), darnel ryegrass 
(Lolium temulentum), and meadow fescue (Festuca pratensis) (Petersen et al., 2006). Alignment of 
DNA sequences of VRN1 gene exons from Poaceae members identified well-conserved regions within 
these exon sequences. Primers targeting the exon 1 ( JN969602, GU071076, DQ108934) were tested 
on all available Poaceae species and timothy accessions and universally led to amplification of the 
desired PCR product. DNA sequencing revealed polymorphisms within the promoter and intron 1 
DNA fragments, which allowed the identification of the variability of VRN1 gene polymorphisms in P. 
pratense accessions. A great majority of timothy accessions carried various deletions within the VRN1 first 
intron and in the promoter region. The phylogram shows the cluster distribution of varieties of timothy 
accessions depending on the content of the VRN promoter-exon 1 region (Figure 1). The most common 
combinations of VRN1 for timothy accessions were independent of the eco-geographical growing area. 
We identified many novel variants of the VRN1 promoter/intron 1 sequences. The control of flowering 
time in P. pratense in the vernalization response genes is diverse, ranging from single-copy to multicopy 
genes, also greatly varied in their ecology.

Conclusions
P. pratense L. has earlier been characterised as a long-day plant, which neither requires vernalization to 
induce flowering nor shows a vernalization response (Fiil et al., 2011; Stewart et al., 2011). Identification 
of novel promoter/intron1 allelic variants provides a valuable genetic resource for practical breeding of 
timothy. This study clearly demonstrates the presence of considerable genetic variation for vernalization 
response within timothy, and future studies will elucidate the underlying causative genetic variation.

http://primerdigital.com/fastpcr.html
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Figure 1. Results of cluster analysis. The dendrogram shows the cluster distribution of timothy accessions depending on the content of VRN1 
promoter-exon 1 variation.




