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Supplementary Figure 1. A VRN1-HA fusion accelerates reproductive development.

(a) Homozygous plants carrying the VRN1-HA construct, from independent transformation

events; lines 6 (VRN-1-HA(+)-L6), 14 and 22. Positive lines are compared to a sibling null
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that did not inherit the transgene (VRN-1-HA(-)-L6) and non-transformed wildtype Golden
Promise. Scale bar indicates 10 cm. (b) Spike morphology of lines 6, 14 and 22 carrying the
VRN1-HA construct compared to a sibling null from line 6 and Golden Promise. Scale Bar
indicates 25 mm. (c) Transgene copy number for lined carrying the VRN1-HA construct. (d)
Grain size of 20 seeds of line 14 comparing to a sibling null control. Scale bar indicates 1 cm
(e) Grain number per plant and the weight of 100 seeds of line 14 carrying the transgene
comparing to a sibling null control. (f) Grain size of 20 seeds of line 14 carrying the
transgene comparing to a sibling null control. Scale bar indicates 1 cm. (g) Grain number per
plant and the weight of 100 grains of line 22 carrying the transgene compared to a sibling null
control. (h) gqRT-PCR analysis of VRN1 and FT1 expression in transgenic lines 14 and 22,
versus sibling null controls. Gene expression was assayed from 3 biological repeats and is
shown relative to ACTIN. Error bars show standard error. Stars indicate Student’s t-test,*

P<0.05, ** P<0.01, *** P<0.001.
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Supplementary Figure 2. Comparison of RNA-seq versus qRT-PCR data for selected

genes at the second leaf stage.

Data from RNA-seq (left panel for each gene) compared to RT-PCR (right panel for each
gene). RNA-seq is shown as normalized read counts (from Supplementary Data 1). gRT-PCR
data is presented as gene expression relative to ACTIN. Data are presented for 8 differentially

expressed contigs including: (@) MLOC_ 6725 encoding an unknown protein, (b)

S3



MLOC 8492 encoding an unknown protein, (c) MLOC_11021 encoding cytokinin
dehydrogenase, (d) MLOC_31812 encoding a MYB transcription factor, (¢) MLOC_38061
encoding BARLEY MADS3, (f) MLOC_38850 encoding an OsMADS29-like protein, ()
MLOC_63576 encoding a dehydrogenase, (h) MLOC_63904 encoding an unknown protein.
Both RNA-seq and gRT-PCR gene expression data was generated from 3 biological repeats.
For qRT-PCR the error bars show standard error and stars indicate significance of difference
positive versus null values. Stars indicate Student’s t-test, * P<0.05, ** P<0.01, *** P<0.001.

Statistical tests for RNA-seq are presented in Supplementary Data 1.
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Supplementary Figure 3. ChIP-PCR validation of VRN1 binding.
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(@) ChIP-PCR was used to verify twenty potential VRN1-HA binding sites in Golden
Promise background, in plants carrying the VRN1-HA transgene versus sibling null control
families. Peak numbers correspond to those in Supplementary Data 2. (b) ChIP-PCR was
used to verify the same twenty potential VRN1-HA binding sites in the Winter Golden
Promise background. (c) ChIP-PCR verification of the same binding sites using VRN1-GFP
transgenic lines and sibling null control lines. Peak numbers correspond to those in
Supplementary Data 2. VRNL1 binding indicates relative enrichment of 3 biological repeats.
Error bars show standard errors. Stars indicate Student’s t-test, * P<0.05, ** P<0.01, ***

P<0.001.

S6



15 -

10 -

Leaf number

VRN1-HA(+)-L6- Winter Golden
Winter Golden Promise
Promise

Supplementary Figure 4. VRN1-HA fusion accelerates reproductive development in

transgenic barley plants in Winter Golden Promise background.

Flowering behaviour of Winter Golden Promise plants carrying the VRN-HA fusion,
introgressed from the VRN1-HA line 6 transformation event. (a) Plants at the time point when
the VRN1-HA positive line flowers. (b) Final leaf number for the main stem at flowering. ND
indicates that plants did not flower without vernalization when lacking the VRN1-HA

transgene (n=5). Scale bars indicate 10 cm.
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Supplementary Figure 5. Verification of putative VRN1-HA binding sites by ChIP-PCR

in the Winter Golden Promise background and VRN-GFP transgenic plants.

(@) ChIP-PCR was used to verify ten potential VRN1-HA binding sites in the Winter Golden
Promise background, in plants carrying the VRN1-HA transgene and sibling null control
families. Peak numbers correspond to those in Table 1. (b) ChIP-PCR was used to verify
ODDSOC?2 and ten potential VRN1-HA binding sites using VRN1-GFP transgenic lines and
sibling null control lines. Peak numbers correspond to those in Supplementary Data 2. VRN1
binding indicates relative enrichment of 3 biological repeats. Error bars show standard errors.

Stars indicate Student’s t-test,* P<0.05, ** P<0.01, *** P<0.001.
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Supplementary Figure 6. Barley Line W14441

The breeding line W14441, developed by Dr Jason Eglinton (Waite Institute, University of
Adelaide) is typical of many Australian barleys and flowers rapidly in long days (16 hours
light, glasshouse conditions), with small stature (a) and low grain numbers per spike (b). This
resembles the pleiotropic effects of the VRN1-HA transgene, though is a consequence of

naturally occurring traits. Scale bars indicate 10 and 2 cm respectively.
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Supplementary Figure 7. ODDSOC?2 expression in VRN1-HA lines versus null controls.

gRT-PCR analysis of ODDSOC2 expression, in plants carrying the VRN1-HA transgene
versus sibling null control (Line 6) shown relative to ACTIN. Three biological repeats, error
bars show standard error (non-significant by Student’s T-test). Plants were harvested at the

second leaf stage.
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Supplementary Figure 8. Shoot apex development in barley near-isogenic lines.

(a) Near-isogenic lines compared at the time point when the early line (B5A) carrying the
VRN1-7 allele flowers. The later flowering line (B1A), with the wildtype VRNL1 allele (winter
type) remains vegetative. Scale bars indicate 10 cm. (b) Final leaf number on the main stem

for B5A versus B1A (n=6). (c) Shoot apex development of near-isogenic lines of VRN1-7
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(B5A) and winter VRN1 (B1A) from plants harvested at the first (L1) to third leaf stage (L3),
defined as the time when a leaf has emerged and expanded, with the next leaf less than half

the length. Scale bars indicate 200 pum.
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Supplementary Figure 9. VRN1 regulates transcript levels of some binding targets

during early stages of reproductive development.

Transcript levels of selected targets of VRN1 assayed in near-isogenic lines barley lines with

different basal levels of VRN1 expression; B5A (VRN1-7) and B1A (winter VRN1). Samples

were harvested at the second leaf stage. Y axis indicates average transcript levels relative to

ACTIN, from 3 repeats. Error bars indicate standard error. Stars indicate Student’s t-test,*

P<0.05, ** P<0.01, *** P<0.001.
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Supplementary Figure 10. Raw images of immunoblot.

Upper panel shows immunoblot results, lower panel shows protein loading via Ponceau
staining. Loading order is: 1:VRN1-HA(+)-L6; 2: VRN1-HA(-)-L6; 3:VRN1-HA(+)-L8 (not in
use in this paper); 4:VRN1-HA(-)-L8; 5:VRN1-HA(+)-L14; 6: VRN1-HA(-)-L14; 7:VRN1-
HA(+)-L22; 8: VRN1-HA(-)-L22; 9: Golden Promise. Note: Data for line 8 (+/- transgene)

was omitted from the final image presented in Figure 2.
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Supplementary Table 1.

VRNI-HA (+) VRN1-HA (-)

Total reads 88,379,596 94,169,986
Reads length 90bp 90bp
Mapping rate 32.44% 41.18%
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Supplementary Table 2.

Target Direction
ACTIN F
R
VRN1 F
R
FT1 F
R
MLOC_57879 F
R
MLOC_55203 F
R
CBF4 F
R
MLOC_5705 F
R
MLOC_4742 F
R
GA200X2 F
R
MLOC_6921 F
R
CBF9 F
R
MLOC_34756 F
R
ODDSO0C2 F
R
VRN2 F
R
MLOC_8492 F
R
MLOC_63576 F
R
MLOC_6725 F
R
MLOC_31812 F
R
MLOC_11021 F
R
MLOC_38061 F
R
MLOC_38850 F
R

Sequence

GCCGTGCTTTCCCTCTATG
GCTTCTCCTTGATGTCCCTTA
GGAAACTGAAGGCGAAGGTTGA
TGGTTCTTCCTGGCTCTGATATGTT
GCGACCCCAACCTTAGAGAG
CTCGGCAAAGTCCCTGGTG
CTCTGCGACGTCTGCAAGGA
TGAACTGCAGGGGCTTCCTC
TGCACTCCGCCAACAAGCT
AGGGCTCTGTCCTCCACACA
GATCAAGGGCTCCAGGCTCT
TGCTGAAGCCAAACGACCC
ACCGGCACCACAACTGCTTT
ATCCATCCGACGAGCAACCA
ATGAAGATCAGCGCACTCCT
GTTGATGGAACAAACCTCTCC
ACGCACGGGTTCTTCCAGGT
AAGCCGAAGGAGAGGGTCTC
TGAATTGTGTTTCCAACGGC
CATCACTGGTGCATGCTTGTA
ACCTTCAACACGGCCGAGAT
GGAATAATCTGCCTCCGCTG
AGGGTGGAGGCGCAAGAAAT
TTGGTTTACCAGAGCGCGAG
CAATGCTGATGACTCAGATGCT
CGCTATTTCGTTGCGCCAAT
GAGCCACCATCGTGCCATTC
GCCGCTTCTTCCTCTTCTC
GGGATTACATCCGACTCTGCCG
AGTTCAGCCGGTTCTTTCAAGCC
TGGTTGTCGTGTCATCCATGGTC
TCAGAGTTACCACGCCAAGCCC
GGGTACCTGACGCAAAACCACC
AACAGACAGCGCAACCGAAGC
TAGATACACATGACCGCATGGCG
AGCACCACACCAACACACAGGC
CATGAGCTTCACCGAGGATCAGG
CGTGTGGAATAAGGAGGCTGGTG
AGGGTGAATGGGGTCTTCCTGTC
GGCAGCGCCCTTTTGCATTT
CGATACAGCCGGCCACACTGTT
TCCCAAGATACGCCGGATCCTT

Reference

1

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
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MLOC_63904 F
Copy Number Assays
HA F
R
ACTIN F
R
CO2 F
R
ChIP-PCR
Peak 1 F
R
Peak 20 F
R
Peak 25 F
R
Peak 38 F
R
Peak 50 F
R
Peak 67 F
R
Peak 72 F
R
Peak 75 F
R
Peak 100 F
R
Peak 125 F
R
Peak 135 F
R
Peak 137 F
R
Peak 143 F
R
Peak 150 F
R
Peak 175 F
R
Peak 200 F
R

TTGGGGAAAAAGCAATGGATTGA This study
CCCGGTAARATCACAAGGCAATG

TCGATGGGGCTCGAGATGTATCC This study
TTCACTAGTGATTGGGGGTCGACTC
TCTGTAGGAAATGGCTGACG This study
GAGGGCGACCAACTATGCTA
TGCTAACCGTGTGGCATCAC 4

GGTACATAGTGCTGCTGCATCTG

ATTCCTTAATCCACGCAAACGC This study
CGGTCCCGCTTTCCATTTCT
CTTTTCCATGCACAGCAAGACA This study
GCGGCATATAAACTGGATTCCC
CAGGATCAATGTGTTGTCCAAGTC This study
AAAACAGAAAGCCTGCAAACGT
GCAGATATTTTTTCGGACAACGA This study
GTTAGCAGGGAAGAGAAATCTCGA
CTCTTGCTCTTGCTCTTGCTTCG This study
AAAAGAGGCAAAGAAGCGGC
CGGAGGACTTAGCGGTGGTGTT This study
TCGGAAGGCGCAGTGATGT
TTGCATAGTGAAAGAGAGGACTGG This study
TCGATGATCCCCAACCAT
CTACTCGTCAAGCGCTTACGG This study
CCACACGTCGGCAAACAATA
GATAAGTCACGTCAGCCCAATTTG This study
CATGTCATTCTCTTAGGGGCCC
GAGACACGGACCAAGACTTGTATG This study
TCCCGTTGAGCATTTTCTGC
CTTTCCCGAAATGTTAGCTTACACG This study
CAAGTGGAGCATCATTTCGTCCT
TACTACTGTCCTGTGCATCTCCCTT This study
GCGATACAACGAAATACAAGGATGA
CCCCCTCACCGCCTAGTGTACATA This study
CCGTCCATCCATCCATCCAT
CGCACAAACATGTTATCAATTCGG This study
GAAGGTTCCCAAAGTTGATAAAACC
CCTGAACCCGAGAGAGGCAA This study
CGCTCGCTGCCTCTCTTTT
AGACACCACCTGCTTCCATGA This study
TCCTTAAACAGCGCACGGG
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Peak 225

Peak 250

Peak 275

Peak 300

Peak 305

Peak 325

Peak 338

Peak 350

Peak 375

Peak 400

Peak 419

Peak 425

Peak 450

Peak 475

0ODDSOC2-1

ODDSOC2-2

ODDSOC2-3

ODDSOC2-4

VRN2a-1

VRN2a-2

VRN2a-3

VRN2a-4

VRN2a-5

2 T X T X TMm X M X TMm X M X M X M X M X M X M X T X T X T X M X T X T X T X T X T X T X T X m

TCAATACCGAGCAGTACCACCA
GGTGACCCTGCACAACAAGAAA
GAGGAGCAATTTGCTGAAAAGG
GGGCTGCCATCATCTACAACA
TGTCTTTCTTTTGTGTGGGTGC
TCCGAAAGTGGAAATCCAGTG
CACCTTTCCATGTGTGTGTCGAT
GGAACTGAACATCGCCAAATAT
CAAGGGGTTAAGAAGCATTTGAGC
TTGGAATATCTGGAAAGAACAGGG
GCAACTGTGCAGGCATGTGG
TGGACCATCTGGTGGACTGG
AGATTTGGGAGGAAAGAGAGTAGGC
CCAACACTGAAGTCCTTTGATGTGT
GTCGTTTCAGAAGGCAGGAACA
CGCTAAGTGCTGCCTTGTTTCTTA
GGATTGGTGGGCCACAGAA
CCGAATCGGGCTAAAAGTAGCT
CACCGTCAATTCCGACCCGT
ATGTGATGCCTCTTGCGCCC
TTTTCTCCTCCAAGAACCGGATG
CGGGAGCACCAAAGAAACGAA
CTTTTAAGTAAGTGTTTTCCGTGGG
GGGGGTCTAATAAACACAGATGGA
CAGTCGCAAAAAGAAAATCAACCAG
TATTTTAGTGGGCACGTCGCT
GCTGAGATGAACACGTTGAAATCTG
TGCCTGTGACAAGGATTGGAG
TTACATTCACATTACACAATCCGGC
GAGTATCGAAACGTGAATGAATGGA
ACACAGACAGCAGCCCTTG
ATCAGCCTGTGGCGAGTGT
GGCTGCGCGTCCCTGTTTAT
CAGAGAATGCACGAGCCCA
CCATCTCTGCACTCCCTGA
CGGAAAAGCTAGCCTCCT
TCCGCGTATAAGATTTGGTCA
AGATGCACCACGAGATGTATTT
CATATGATTAGTGGCTATCTGGTG
CAAAATCTAACAGCCGAACAAC
CCTCGGACCTTTGTGTTAGC
GGAATCCCCCACATGATCT
GGATTCCCGGCAAGCAAGGT
CAACTAATGAGCGCGTCGGAA
CTCTCTTCCACGCACCAGACCA
CGCACAAACCACATGACATGG

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
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VRN2b-1

VRN2b-2

VRN2b-3

VRN2b-4

VRN2b-5

VRN1-HA
Construct

Fragment 1

Fragment 2

D M X M XV T XV M D M

GATTTCCGCACCCCTAAAACTTT
GCATCCGTTTCACACTAAATTTT
GAAACGGATGCATAACATGATG
GGTAAAGTGTCGGTCTTATATGACA
CCTCGGACCTTTGTGTTAGC
CCGGGAATCTACCACATGAT
CGACGCACTCATTAGTTGGA
CAGTGAGCTGCAGACCAGAC
AGTGCAGGAGGGAGAGACAC
GCGTGGAGGAGAGATATGGA

CAGCCCATGTAAGCGTACTATTCAG
AATGGCAGGTGTTCTGTTTGTTTATG
TCCGTTGGTTGAGGACAGAGAGCC
CCGTTGATGTGGCTCACCATCC

This study

This study

This study

This study

This study

This study

This study
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