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Molecular Characterization of Factors Affecting Flowering Time in Hexaploid Oat
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Abstract
Flowering time is a decisive factor in the adaptation of oat to sub-tropical environments. Varieties grown in southern Brazil show varying response to temperature-dependant floral initiation, a process called vernalization. Genetic analyses have identified at least three genes that affect vernalization requirement in wheat and barley: VRN1, VRN2, and FT (VRN3). These genes are implicated in both the vernalization response as well as the response to day length. The objectives of this study were to clone and characterize genes associated with vernalization in hexaploid oat based on orthology with other grass species, and to identify genetic markers linked to those genes. Grass sequences for VRN1, VRN2, and VRN3 were obtained from public sequence databases. Heterologous alignments containing genomic as well cDNA sequences were assembled for each candidate gene. Primers anchored in conserved coding regions were used to amplify oat sequences from varieties ‘Kanota’, ‘Ogle’, and four parents of the crosses UFRGS 8 x UFRGS 930605 and UFRGS 881971 x Pc68/5*Starter.  Of these, Kanota, UFRGS 930605, and UFRGS 881971 are known to show greater response to vernalization. PCR products were observed among most of the primer pairs for each of the three candidate genes. Detectable amplicon-size polymorphisms were observed only for VRN3-based primers. Cloned sequences corresponding to the targeted genes were recovered for both VRN1 and VRN3. Sequence derived from VRN2–based primers showed similarity to a protein with a zinc-finger motif and a CCT domain, which are components of VRN2 in Triticum monococcum. Oat sequences also showed high similarity to the Hd3a gene, which is involved with flowering time in rice, and is an orthologue of the barley and wheat VRN3 gene and the Arabidopsis FT gene. The sequence variability in oat, estimated by the frequency of single nucleotide polymorphisms among parents, was highest for the VRN3 gene. The VRN3 gene was mapped relative to new DArT markers in populations from the crosses UFRGS 8 x UFRGS 930605, UFRGS 881971 x Pc68/5*Starter, and Kanota x Ogle.  In all three maps, VRN3 fell within colinear regions corresponding to KxO linkage group 6. These results demonstrate the first isolation and characterization of coding sequences from three key vernalization-related genes in oat, and the mapping of VRN3 in three hexaploid oat populations.

