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Plant Science into practice

 
 

 
Presenter Name Carol Norris  • Date May 2010

© Copyright NIAB

Functional SNP Markers for the 
Vernalization Requirement in Barley

Carol Norris
James Cockram
Donal O’Sullivan

 
 



BMT/12/5 Add. 
page 3 

 

 

 

 
Presenter Name Carol Norris  • Date May 2010

© Copyright NIAB

Project background
Vernalization and photoperiod response genes
“Alternative” varieties
Detection of off-types
Conclusions

Outline:
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Seasonal Growth Habit (SGH) –major phenotypic division in barley

Spring barley

Winter barley
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SGH – UPOV TG/19/10 characteristic 29

Spring barley

Winter barley

SGH states:

1 = spring

2 = alternative

3 = winter
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Genetic control of SGH

Two major loci in European barley (VRN-H1 and VRN-H2)

VRN-H1 responsible for flowering mechanism

VRN-H2 represses VRN-H1

During cold treatment repression is removed

Mutation in either gene = spring type
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Vrn-H1

Vrn-H2

Flowering

VRN-H2 represses VRN-H1

VRN-H1 not expressed, 
preventing floral transition

Winter variety before cold treatment

 
 

 

 
Presenter Name Carol Norris  • Date May 2010

© Copyright NIAB

Winter variety after cold treatment

Vrn-H1

Vrn-H2

Flowering

VRN-H2 represses VRN-H1

Removal of repression 
allows VRN-H1 expression
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VRN-H1: 6 spring, 2 winter alleles

Cockram et al 2007
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VRN-H1 assay + VRN-H2 assay

Combined haplotypes predict SGH in 396 UK varieties

VRN-H1 assay     +      VRN-H2 assay           =     predicted SGH    

VRN-H1 assay     +      VRN-H2 assay           =

(Karsai et al 2005)(Cockram et al 2008)

Generated a reference database of VRN-H1 and VRN-H2 alleles
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Since September 2008…

Tested and sequenced “alternative” varieties

Investigated the role of photoperiod (PPD) genes in SGH

Developed PCR marker to detect and quantify off-types 
(uniformity)
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1H

PPD-H2 (HvFT3)

2H

PPD-H1 (PRR7)

PPD-H1: responsive allele promote flowering in long-day (LD) photoperiods.  non-
responsive allele has no promotional effect in LDs
PPD-H2: responsive allele represses flowering in short-day (SD) photoperiods.  non-
responsive allele (presence of the gene) has no  effect in SDs.

Control of flowering time by photoperiod: 2 major loci
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Winter
VRN-H1 = W
VRN-H2 = W
PPD-H2 = W (responsive/delayed 
flowering under SD)
PPD-H1 = variable

Spring
VRN-H1 = S
VRN-H2 = S/W
PPD-H2 = S (non responsive/ no 
delayed flowering under SD)
PPD-H1 = non-responsive to LD

Alternative
VRN-H1 = W or S
VRN-H2 = W or S
PPD-H2 = W
PPD-H1 = variable
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Genotyping ‘’alternative’’ varieties

Genotyped for SNPs and SSRs
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Detection of off-types

(1)Optimisation of primers

(2) Determine primer 
sensitivity

DNA concentations of 0.15ng/µl detected
Minimum sensitivity equates to 1 off-type in 400
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Detection of VRN-H1 spring off-types by PCR
Detection of 5 in 400 and 1 in 400 off-type seed possible (but need  to dilute the DNA 

extraction 1/10).  Detection of off-types even after dilution means that the approach 
should be robust.

Need to optimise DNA extraction from 400 seed, as high carry over of PCR inhibitors 
(DNA extraction very viscous).
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Conclusions

A single-well multiplex PCR assay diagnostic of all known spring and 
winter alleles at the major flowering-time locus VRN-H1 has been 
developed.
Genotyping of the flowering-time genes VRN-H1, VRN-H2, PPD-H1 and 
PPD-H2 in a panel of 396 UK barley varieties has been completed.
VRN-H1, VRN-H2, PPD-H1 and PPD-H2 have been genotyped in the 
eight “alternative” varieties identified.
Although no set of polymorphisms perfectly diagnostic for “alternative”
seasonal growth habit has been identified, six of the eight “alternative”
varieties can be predicted to lack a full vernalization requirement, and 
would suggest that these be targeted for field testing in a spring 
vernalization trial. 
Detection of off-types to the standards in the UPOV Test Guidelines has 
been demonstrated using DNA extracted from ground seed.
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