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Table S1. Analysis of variance for the ∆Ct corresponding to the expression of genes of 'Hispanic' and 'Barberousse' in 3-week-old plants under 

natural photoperiods without vernalization. Between 3 and 4 biological replicates per gene were used. 

  
HvVRN1  HvVRN2  HvCO2  PPD-H1  HvOS2  HvCO9 

Source of variation df ms 
 

 df ms 
 

 df ms 
 

 df ms 
 

 df ms 
 

 df ms 
 

Variety 1 1.68 ns  1 25.18 **  1 0.62 ns  1 0.78 ns  1 30.94 ***  1 5.85 ns 

Sowing event 8 15.15 ns  8 15.92 ***  8 16.21 ***  8 1.18 *  8 2.24 *  8 149.06 *** 

Variety * Sowing event 8 8.75 ns  8 3.05 ns  8 2.77 ns  8 1.15 *  8 1.38 ns  8 31.37 ns 

Residuals 34 9.30 
 

 34 2.05 
 

 35 2.20 
 

 51 0.43 
 

 35 0.81 
 

 35 90.20 
 

*, **, *** significant effects at P < 0.05, < 0.01, < 0.001 

 



Table S2. ANOVA of A) HvVRN2 and B) HvCO2 expression in 21 days-old plants of 

two varieties grown in absence of vernalization under natural photoperiods. Plants were 

sown sequentially from Feb 11th to Apr 8th (sowing events 1-9). For this analysis, the nine 

sowing events were grouped as 1-4 (shorter photoperiod) and 5-9 (longer photoperiod), 

with the threshold at 12h 30m as the splitting point. This subfactor was named “Group”. 

We subdivided the differences between sowing events and the interaction between 

sowing events and variety in two components: the variance due to the differences between 

the two groups and the variance due to differences between sowing events within groups.  

A) HvVRN2 

       Source of variation 

Degrees of 

freedom 

Sum of 

squares 

Mean 

squares 
F value Pr(>F)   

Variety 1 25.18 25.18 12.28 0.0013 ** 

Sowing event (Sowing) 8 127.36 15.92 7.77 7.17E-06 *** 

Group 1 99.36 99.36 48.47 5.00E-08 *** 

Within group 7 28.00 4.00 1.95 0.0916  
Variety * Sowing 8 24.43 3.05 1.49 0.1976   

Variety * Group 1 4.93 4.93 2.40 0.1303   

Variety * within group 7 19.50 2.79 1.36 0.2542   

Residuals 34 69.70 2.05       

*, **, *** significant effects at P < 0.05, < 0.01, < 0.001 

B) HvCO2 

       Source of variation 

Degrees of 

freedom 

Sum of 

squares 

Mean 

squares 
F value Pr(>F)   

Variety 1 0.62 0.62 0.28 0.599  
Sowing event (Sowing) 8 129.64 16.21 7.35 1.07E-05 *** 

Group 1 17.74 17.74 8.05 0.00752 ** 

Within group 7 111.90 15.99 7.25 2.23e-05 *** 

Variety * Sowing 8 22.19 2.77 1.26 0.296   

Variety * Group 1 0.25 0.25 0.12 0.736   

Variety * within group 7 21.93 3.13 1.42 0.228   

Residuals 35 77.14 2.20       

*, **, *** significant effects at P < 0.05, < 0.01, < 0.001 



Table S3. Analysis of variance for the ∆Ct corresponding to the expression of genes of 'Hispanic' and 'Barberousse' plants grown under natural 

photoperiods without vernalization, and sampled on a set date, with 15 h light. Between 3 and 4 biological replicates per gene were used. 

  
HvVRN1  HvVRN2  HvCO2  PPD-H1  HvOS2  HvCO9  HvFT1 

Source of variation df ms   df ms   df ms 
 
 df ms 

 
 df ms 

 
 df ms 

 
 df ms  

Variety 1 179.0 *  1 33.92 **  1 23.03 *  1 1.99 ns  1 103.11 ***  1 3.73 ns  1 176.9 *** 

Sowing event 6 213.5 ***  6 2.87 ns  6 2.34 ns  6 3.82 ***  6 36.94 ***  6 10.51 ns  6 93.3 *** 

Variety * Sowing event 6 119.7 **  6 2.55 ns  6 8.44 ns  6 1.54 *  6 10.2 ns  6 13.88 ns  6 13.3 ns 

Residuals 40 28.1   40 2.92   26 4.31   26 0.54   29 5.93   33 7.04   30 10.9  

*, **, *** significant effects at P < 0.05, < 0.01, < 0.001 

  



Table S4. Analysis of variance for the ∆Ct corresponding to the expression of genes of 'Hispanic' and 'Barberousse' in plants grown under 12 h 

light, with different vernalization treatments (0, 14 and 28 days). Between 3 and 4 biological replicates per gene were used. 

  
HvVRN1  HvVRN2  HvCO2  PPD-H1  HvOS2  HvCO9  HvFT1 

Source of variation df ms   df ms   df ms 
 

 df ms 
 

 df ms 
 

 df ms 
 

 df ms  

Variety 1 222.2 ***  1 116.5 ***  1 4.8 ns  1 0.44 ns  1 102.8 ***  1 139.4 ***  1 6.2 ns 

Vernalization 2 181.5 ***  2 134.3 ***  2 52.6 **  2 1.72 **  2 2.1 ns  2 26.3 ***  2 53.4 ** 

Age 3 61.3 ***  3 7.9 **  3 40.0 *  3 4.55 ***  3 5.4 ns  3 71.6 ***  3 140.2 *** 

Variety * Vernalization 2 88.6 ***  2 64.6 ***  2 9.6 ns  2 0.69 ns  2 7.2 ns  2 17.9 **  2 7.8 ns 

Variety * Age 3 3.4 ns  3 1.0 ns  3 10.1 ns  3 0.21 ns  3 1.0 ns  3 1.7 ns  3 10.3 ns 

Vernalization * Age 6 5.9 ns  6 12.4 ***  6 6.5 ns  6 0.88 ns  6 3.2 ns  6 9.7 **  6 18.6 ns 

Variety * Ver * Age 6 11.1 **  6 2.4 ns  6 10.8 ns  6 1.05 ns  6 1.7 ns  6 18.5 ***  6 16.7 ns 

Residuals 48 2.6   48 1.4   47 14.1   48 0.53   48 2.8   48 2.9   49 10.4  

*, **, *** significant effects at P < 0.05, < 0.01, < 0.001 

 

 



Table S5. Primer sequences for gene expression assay and sequencing. 

Gene expression 

Gene Primer sequence (5'-3') Reference 

HvCO2 b 
Forward: CATCACTTGTGACCCAAGACC 

Reverse: CTATAGTTCCATAATTGCTCC 
[1] 

HvCO9 a 
Forward: AAGCTGATGCGGTACAAAGAGA 

Reverse: GAACCACCCGAGGTCGAG 
[2] 

HvFT1 a 
Forward: ATCTCCACTGGTTGGTGACAGA 

Reverse: TTGTAGAGCTCGGCAAAGTCC 
[3] 

HvFT3 b 
Forward: GGTTGTGGCTCATGTTATGC 

Reverse: CTACTCCCCTTGAGAACTTTC 

Forward: [4]; Reverse: 

[5] 

HvOS2 a 
Forward: CAATGCTGATGACTCAGATGCT 

Reverse: CGCTATTTCGTTGCGCCAAT 
[6] 

Ppd-H1b 
Forward: CAAATCAAAGAGCGGCGATC 

Reverse: TCTGACTTGGGATGGTTCACA 
[7] 

HvVRN1a 
Forward: TATGAGCGCTACTCTTATGC 

Reverse: TGAAGCTCAGAAATGGATTCG 
[8] 

HvVRN2 a 
Forward: GAGCCACCATCGTGCCATTC 

Reverse: GCCGCTTCTTCCTCTTCTC 
[8] 

Actin 
Forward: GCCGTGCTTTCCCTCTATG 

Reverse: GCTTCTCCTTGATGTCCCTTA  
[8] 

 

Sequencing 

Gene Primer sequence (5’-3’) Length (bp) Region 

HvCO2 Morex_contig_6805 

CO2.1F TTTTCGCTCACTGGATTCCAC 
983 5’ UTR, exon 1 

CO2.2R GCCTTGAAGTGGTACGAACTC 

CO2.7F GCAAGGGAGCAATTATGGAA 
988 

Exon1, intron, 

exon 2 CO2.8R GTGGTGACAGCATGTGGTTC 

CO2.5F TAGTACCGGACAACACCAGAC 
782 Exon 2, 3’ UTR 

CO2.6R TCCCCAAGAAGTGTGTATCCA 

HvCO9 Morex_contig_67944 

CO9.1F ACGTAAGGAACCCTCCCATC 996 5’UTR, exon 1 



CO9.2R TAACAATTTGCACCACACGC 

CO9.3F AGTTCCAGTTCTTCGGGCAG 
783 Exon 1, intron 

CO9.4R ATTACTAGTGTGGGCCGAGG 

CO9.5F CAAATATTTCTGCGTGTGGTGC 
949 Intron 

CO9.6R CGTTTCTCTCCCGCAATAAGG 

CO9.7F TTCGAAATGCCATGCTCTTCC 
910 Exon 2, 3’UTR 

CO9.8R CCGCCCCACCTCAATTTATTT 

HvOS2 HORVU3Hr1G095240 

OS2.1F TTTTTCACAGCGTGGATAAGG 
936 

5’UTR, exon 1, 

intron OS2.2R TTGGCCGTGACAATAATAAGC 

OS2.3F CCGGTAAATCAAGGCTGCTC 
829 Intron 1, partial 

OS2.4R GCACAACAAACTCTCGGTGA 

OS2.5F ATTTCCAGCAGAGCCTAAAGC 
918 Exon2-exon 4 

OS2.6R TGAAAATGGCCAAAAACAGAGC 

OS2.7F ACTTCCTGGTAGCCCTTGAG 
854 Exon 4, intron 4 

OS2.8R ACAACAGAGCCAACTTGTCG 

OS2.9F CTTAGTTGCTGCAGTCTCACTC 
877 Intron 4, exon 5 

OS2.10R TACCAAATGCATGCACATCACA 

OS2.11F AGAGCCTGGCATGAGAGTTC 
855 Exon 5, 3’UTR 

OS2.12R CCCAGGGAAGACACTTGCTA 

 

a For these genes, each reaction contained 10 µl of SYBR Green Master Mix (Applied 

Biosystems), 0.2 µM of each primer and 250 ng of cDNA in a volume of 20 µl. Reactions 

were run with the following conditions: 10 min at 95°C, 44 cycles of 15 s at 95°C and 1 

min at 60°C, followed by a melting curve program (60-95°C) implying temperature 

increases of 1°C each minute.  

b For these genes, each reaction contained 5 µl of PowerUp SYBR Green Master Mix 

(Applied Biosystems), 0.2 µM of each primer and 250 ng of cDNA in a volume of 10 µl. 

Reactions were run with the following conditions: 2 min at 50°C, 2 min at 95°C, 44 cycles 

of 15 s at 95°C, 15 s at 60°C and 45 s at 75°C, and a melting curve program (60-95°C) of 

1°C of temperature increment for each minute. 

 

 

  



Figure S1. Flowering date under different vernalization treatments. Both varieties, 

‘Hispanic’ and ‘Barberousse’, were studied independently. Hispanic’s experiment ended 

after 100 days, whereas Barberousse’s experiment ended 150 days after starting. ND: not 

determined. For each vernalization treatment, bars with different letter are significantly 

different at P<0.05 (LSD test). 

 



  

Figure S2. Gene expression in 2-week-old plants sown under natural and increasing 

photoperiod (without vernalization and control). X-axis represents the successive 

sowings, from 11th February until April 15th. Unvernalized plants (sowings 1 to 10) and 

vernalized control (V) of ‘Hispanic’ (blue) and ‘Barberousse’ (yellow). Black dots denote 

day-length at sampling date (labels in HH:MM). Mean of 3 biological replicates. Error 

bars are SEM. For each NV time-point, bars with the same letter are not significantly 

different at P<0.05 according to ANOVA that included genotypes and all sampling times. 

  



 

Figure S3. Percentage of reproductive apices with respect to the total (vegetative and 

reproductive) after 100 days of the experiment. Mean of 10-12 plants. Error bars are SD. 

For each variety, bars with the same letter are not significantly different at P<0.05 (LSD 

test). 

  



 

Figure S4. HvVRN2 diurnal expression in ‘Barberousse’ unvernalized plants grown under 

LD (16 h light). Samples were taken at 1, 4.5, 8, 11.5 and 15 h since the start of the light 

period. Error bars represent standard error of mean of three biological replicates.  

  



 



 

 

 

Figure S5. Alignments of (A) HvCO2, (B) HvCO9, and (C) HvOS2 predicted proteins. 

Protein domains for HvCO2 [10]; HvCO9 [Prosite v20.79 (http://prosite.expasy.org/)], 

and HvOS2 [6] are indicated. 
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