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Figure S1. C. hirsuta petal ontogeny. Scanning electron micrographs of developing petals at stage 6 (A, 
B), stage 7 (C), stage 8 (D), stage 9 (E), stage 11 (F), and stage 13 (G). Arrows indicate petals. Note the 
absence of petals in some of the whorl 2 positions where petals can initiate (A, D, E, F, G). At least one 
sepal has been removed in all panels to reveal developing petals. Scale bars: 50 µm (A-E), 100 µm (F), 
200 µm (G). 
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Figure S2. Changes in mean daily temperature and day length during spring and summer field 
experiments in Cologne. Scoring petal number began in the summer experiment at 10 days after planting 
(white circle) and in the spring experiment at 30 days after planting (black circle). Mean daily 
temperature and day length differed significantly between spring and summer experiments when averaged 
over the time that plants were growing in the field. Mean daily temperature: spring: 13.5˚C ±0.6, 
summer: 19.3˚C ±0.5, p < 0.001, Wilcoxon test; Day length: spring: 15.3 hours ±0.1, summer: 14.3 hours 
±0.1, p < 0.001, Wilcoxon test. 
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Figure S3. Different temporal measures of flowering time are correlated. (A) Correlation matrix 
between three different temporal measures of flowering time: the number of days post-germination (dpg) 
when floral buds became visible on the inflorescence (VIS), when the bolting stem reached 5cm (BOLT), 
and at anthesis (ANTH), in response to six different treatments: ND, 20˚C, WL (red); SD, 20˚C, WL 
(yellow); LD, 20˚C, WL (green); ND, 15˚C, WL (cyan); ND, 20˚C, FRL (purple); ND, 20˚C, BL (pink). 
All three measures of flowering time are highly correlated. (B) Stacked bar chart shows that flowering 
time was accelerated in LD compared to ND, at 15°C compared to 20°C, in FRL compared to WL or BL, 
and delayed in SD compared to ND. Pair-wise comparisons by Mann-Whitney U test. (C) Stacked bar 
chart shows that flowering time was accelerated in response to successive weeks of vernalisation at ~4°C. 
Multiple comparisons by Kruskal-Wallis test with post hoc analysis using the Tukey Kramer method. 
Data for VIM is also presented in (Fig. 2H, I) of main text but shown here for clarity. Significance levels: 
*** p<0.001, ** p<0.01, * p<0.05. Abbreviations: ND, neutral days (12:12); SD, short days (8:16); LD, 
long days (16:8); WL, white light; BL, blue light; FRL, far-red light. N=26-28 (ND, 20°C, WL), n=7-26 
(LD, 20°C, WL), n=26-29 (SD, 20°C, WL), n=12-31 (ND, 15°C, WL), n=29-31 (ND, 20°C, FRL), n=22-
31 (ND, 20°C, BL), n=12 (vernalization). Error bars show standard error of the mean.   
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Figure S4. Petal number in C. hirsuta varies during aging and responds to light quality and 
vernalisation. (A) Average petal number per flower (top) and sepal trichome number per flower (bottom) 
are plotted for successive floral nodes in white light (WL, grey circle), far red light (FRL, white circle), 
and blue light (BL, grey triangle) conditions. Plants were grown under neutral days at 20°C. N=26-28 
(WL), n=29-31 (FRL), n=22-31 (BL). (B) Average petal number per flower is plotted for increasing 
weeks of vernalisation, n=12 for each vernalization treatment. Error bars show standard error of the mean. 
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Figure S5. CLSM time-lapse series of early floral development in C. hirsuta plants grown at 20°C. 
Five different series are shown in rows. Each series contains PI-stained samples imaged at 24 hour 
intervals. Each image is designated to a particular stage of floral development, shown in columns, based 
on the size and shape of sepals, as described in Table S2. Scale bars: 50 µm. 
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Figure S6. CLSM time-lapse series of early floral development in C. hirsuta plants grown at 15°C. 
Five different series are shown in rows. Each series contains PI-stained samples imaged at 36 hour 
intervals. Each image is designated to a particular stage of floral development, shown in columns, based 
on the size and shape of sepals, as described in Table S2. Scale bars: 40 µm.  
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Figure S7. CLSM time-lapse series of early floral development in A. thaliana plants grown at 20°C. 
Six different series are shown in rows. Each series contains PI-stained samples imaged at 24 hour 
intervals. Each image is designated to a particular stage of floral development, shown in columns, based 
on the size and shape of sepals, as described in (Smyth et al., 1990). Scale bars: 40 µm.  
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Figure S8. Size measurements of stage 4 C. hirsuta and A. thaliana floral meristems. Three replicate 
time-lapse series are shown for A. thaliana at 20°C, C. hirsuta at 20°C, and C. hirsuta at 15°C. 
Heatmaps show average tissue curvature (in 10-2 µm-1) computed for a neighborhood radius of 8 
µm. Negative curvature in blue, positive curvature in red, flat regions in green. CLSM stacks were 
projected as 3D images and segmented with MorphoGraphX software in order to measure the 
number of cells, their exact area and the local curvature of the flower bud. At stage 4, the floral 
meristem was defined as a rectangular dome (white lines), delimited by the crease of sepal 
boundaries (cells in blue). Cells with high curvature at the corners of the meristem were excluded 
as they likely belonged to the sepal whorl. Average cell size in the meristem is similar in A. 
thaliana at 20°C (28.1 ± 1.3 µm², n = 527), C. hirsuta at 20°C (28.1 ± 0.6 µm², n = 615) and at 
15°C (28 ± 0.6 µm², n = 703). Area of the C. hirsuta floral meristem is 15% larger at 15°C (6597 
± 135 µm², n = 3) than at 20°C (5748 ± 16 µm², n = 3). Average cell number in the C. hirsuta 
floral meristem is 14% higher at 15°C (234 ± 6 cells, n = 3) than at 20°C (205 ± 8 cells, n = 3). 
Floral meristem area was not measured in A. thaliana, since some cells are obstructed by the 
abaxial sepal at stage 4. Scale bars: 20 µm   
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Figure S9. Stage 2 floral buds of C. hirsuta and A. thaliana. (A) CLSM stacks of PI-stained floral buds 
of A. thaliana at 20°C, C. hirsuta at 20°C, and C. hirsuta at 15°C, projected as 3D images with 
MorphoGraphX software and shown as top and side views. (B) Lateral width (white dashed line) of stage 
2a floral buds was measured using Fiji software in C. hirsuta plants grown at 15°C (n = 6) and 20°C (n = 
6). (C) Box and whisker plot shows lateral distance across stage 2a floral buds is significantly larger in 
plants grown at 15°C, p < 0.05, Student’s t-test. Scale bars: 20 µm. 
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Figure S10. Cell areal growth of sepals and floral meristem in C. hirsuta plants grown at 20°C and 
15°C. Average cell areal growth of sepals and floral meristem (corresponds to images in Fig. 4F of the 
main text) over time intervals of 24h for plants grown at 20°C and 36h for plants grown at 15°C. 
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Figure S11. Composite growth series of C. hirsuta plants grown at 15°C. The data used for the growth 
map shown in Fig. 4F of the main text comprises two time-lapse series shown here. The two series 
overlap at stage 3. Heatmap indicates cell areal growth in percentage over intervals of 36 h. Scale bars: 20 
µm. 
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Figure S12. Petal number in C. hirsuta varies in response to GA during long day photoperiods. 
Average number of petals per flower increased in response to increasing GA3 concentrations (0, 0.1, 10 
µM) in long days (16h light:8h dark). Error bars show standard error of the mean. 
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Table S1 - Floral architecture following photoinduction in C. hirsuta 

Floral organ floral organs/ node Correlation coefficient (r) with 
petals 

Petals 2.29 ± 0.08  

Stamens 3.95 ± 0.07 0.01 

Sepal trichomes 1.10 ± 0.27 0.84 *** 

Trichomes on abaxial sepal 1.82 ± 0.14 0.77 *** 

Trichomes on adaxial sepal 0.58 ± 0.07 0.72 *** 

 

Average number of floral organs and sepal trichomes per flower over the first 25 nodes produced along 
the inflorescence following a shift of three-week old seedlings from short day (10h light: 16h dark) to 
long day (16h light:8h dark) conditions. Significance level: *** p<0.001 (two-way).   
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Table S2 – Floral ontogeny in C. hirsuta following photoinduction 

 

Floral Stage Morphological events 

1 Floral primordium arises. 

2 Floral primordium enlarges. 

3 Abaxial sepal ridge develops followed by adaxial and then 
medial sepal ridges. 

4 Abaxial sepal curls over floral bud. 

5 All sepals curl over floral bud. Abaxial sepal starts to 
obscure floral meristem. Petal and stamen primordia arise. 

6 Bud fully enclosed by sepals. Carpel primordia arise. 
Stamen primordia enlarge. 

7 Stamen primordia stalked at base. 

8 Locules appear in enlarging anthers. 

9 Some petals stalked at base. 

10 Stamen filaments elongate. 

11 Stigmatic papillae appear on carpel. 

12 Petals elongate to reach stamens. 

13 Petals elongate past stamens, flower opens, anthesis. 
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Table S3 – Flowering time, petals/ flower and sepal trichomes/ flower of C. hirsuta in response to 
environmental growth conditions. 

Environ RLN CLN 
VIS 

(dpg)  
BOLT 
(dpg)  

ANTH 
(dpg)  

MAT 
(dpg) 

petals 
/flower 

sepal 
trichomes 

/flower  

ND  

20°C 

WL  

21.9±0.66 4.26±0.22 59.1±1.43 74.3±1.62 75.5±1.67 17.2±0.89 0.68±0.07 1.08±0.08 

SD 

20°C 

WL 

20.6±0.55 4.38±0.27 
74.8±1.30

*** 
83.7±1.15

*** 
88.4±0.85

*** 
13.7±1.02

*** 
1.53±0.06

*** 
2.52±0.10

*** 

LD 

20°C 

WL 

15.9±0.48 
*** 4.69±0.29 

43.2 ± 
0.65*** 

45.4±1.37
*** 

51±0.96**
* 

7.83±1.28
*** 0.69±0.06 1.00±0.05 

ND  

15°C 

WL 

20.7± 0.32 
* 4.85±0.15 

49.1±0.82
*** 

66.1±0.88
*** 

70.5±0.88
** 

22.7±1.07
*** 

3.21±0.06
*** 

2.70±0.14
*** 

ND  

20°C 

FRL  

11.2±0.35 
*** 

3.87±0.15
* 

35.8±0.97
*** 

46.4±1.35
*** 

46.9±1.39
*** 

10.8±0.54 1.10±0.07
*** 

0.53±0.04
*** 

ND 

20°C 

BL 

21.85±0.57 4.44±0.13 56.9±1.30 69.5±1.21 72.0±1.13 15.8±0.61 0.57±0.06 1.11±0.09 

Flowering time and floral architecture was examined in controlled environments (Environ). Flowering 
time was assessed by RLN (rosette leaf number), CLN (cauline leaf number), VIS (visible inflorescence 
meristem), BOLT (5cm stem bolt), ANTH (anthesis), and MAT (floral maturation interval) was 
calculated as the difference between ANTH and VIS. Petals and sepal trichomes were scored for the first 
25 floral nodes. Pair-wise comparisons to control conditions (ND, 20°C, WL) by Mann Whitney U-test. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. Abbreviations: dpg, days post-germination; ND, 
neutral days (12:12); SD, Short days (8:16); LD, long days (16:8); WL, white light; FRL, far red enriched 
light; BL, blue enriched light. Values shown as means ± standard error of the mean.  
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Table S4 – Flowering time and petals/ flower of C. hirsuta in response to vernalisation 

Length of 
vernalisation  

RLN VIS (dpg) BOLT (dpg) ANTH (dpg) MAT (dpg) petals /flower 

0 week 
16.6±0.74  

*** 
30.8±2.06  

*** 
42.5±2.33  

*** 
43.9±2.17  

*** 13.2±1.11 0.68±0.06 

1 week 12.2±0.33 25.5±0.85 35.2±0.97 38.5±1.21 13.0±0.76 0.27±0.04 

2 weeks 11.1±0.47 23.5±0.65 31.3±1.01 34.6±0.95 11.1±0.47 
0.66±0.07  

*** 

3 weeks 10.5±0.19 23.1±0.66 33.2±0.67 36.0±0.52 12.9±0.36 
0.80±0.07  

*** 

4 weeks 8.92±0.36 20.1±1.22 28.8±0.76 30.9±0.88 10.8±0.68 
1.38±0.07  

*** 

 

Flowering time and floral architecture was examined following different periods of vernalization at ~4°C. 
Flowering time was assessed by RLN (rosette leaf number), CLN (cauline leaf number), VIS (visible 
inflorescence meristem), BOLT (5cm stem bolt), ANTH (anthesis), and MAT (floral maturation interval) 
was calculated as the difference between ANTH and VIS. Petals and sepal trichomes were scored for the 
first 25 floral nodes. Multiple comparisons by Kruskal-Wallis test with post hoc analysis using the Tukey 
Kramer method. Significance levels: *** p<0.001, ** p<0.01, * p<0.05. Abbreviations: dpg, days post-
germination; ND, neutral days (12:12); SD, Short days (8:16); LD, long days (16:8); WL, white light; 
FRL, far red enriched light; BL, blue enriched light. Values shown as means ± standard error of the mean. 
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Table S5 – Size measurements of C. hirsuta and A. thaliana floral meristems. 
 

 

A. thaliana 

20°C 

stage 4 

A. thaliana 

20°C 

stage 5 

C. hirsuta 

20°C 

stage 4 

C. hirsuta 

20°C 

stage 5 

C. hirsuta 

15°C 

stage 4 

C. hirsuta 

15°C 

stage 5 

Curvilinear distance 
– lateral sepals 

(µm) 

117.5 ± 1.5 

(4) 

125.5 ± 1.7 

(4) 

115.0 ± 2.8 

(4) 

120.0 ± 4.7 

(3) 

125.0 ± 1.5 

(4) 

129.5 ± 3.0 

(2) 

Curvilinear distance 
– medial sepals 

(µm) 

74.5 ± 1.9 

(4) 

81.0 ± 1.9 

(4) 

74.5 ± 5.7 

(4) 

80.0 ± 7.2 

(3) 

79.0 ± 1.5 

(4) 

88.0 ± 8.0 

(2) 

Direct distance – 
lateral sepals 

(µm) 

71.5 

(4) 

73.5 

(4) 

85.5 

(4) 

84.0 

(3) 

92.5 

(4) 

92 

(2) 

Direct distance – 
medial sepals 

(µm) 

56.5 

(4) 

62.0 

(4) 

63.0 

(4) 

63.0 

(3) 

68.5 

(4) 

70.5 

(2) 

Ratio curvilinear/ 
direct distance – 

lateral sepals 

1.6 

(4) 

1.7 

(4) 

1.3 

(4) 

1.4 

(3) 

1.3 

(4) 

1.4 

(2) 

Ratio curvilinear/ 
direct distance – 

medial sepals 

1.3 

(4) 

1.3 

(4) 

1.2 

(4) 

1.3 

(3) 

1.2 

(4) 

1.2 

(2) 

 
Measurements performed on optical cross sections of 3D CLSM stacks using MorphoGraphX software as 
described in Figs. 4-5. Curvilinear distance refers to the length of a curve following the floral meristem 
surface between opposite sepal boundaries, while direct distance is the length of a straight line joining 
opposite sepal boundaries. Values shown as means ± standard error of the mean. Sample number is shown 
in brackets. 
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Table S6 - Flowering time, petals/ flower and sepal trichomes/ flower in transgenic C. hirsuta expressing 
miR156-resistant constructs, pSPL9::rSPL9 or pSPL10::rSPL10  

Genotype RLN juvenile RLN ANTH 
(dpg) 

petals/ 
flower 

(nodes 

1-20) 

petals/ 
flower 

(nodes 

1-10) 

petals/ 

flower 

(nodes 

11-20) 

sepal 
trichomes/ 

flower 

(nodes 

1-20) 

Wild type 8.30 ± 0.42 1.90 ± 0.10 22.9 ± 0.79 1.00 ± 0.08 

 

1.63 ± 0.11 0.39 ± 0.068 1.84 ± 0.12 

pSPL9::rSPL9 6.95 ± 0.22 
*** 

 

0.55 ± 0.11  
** 

19.5 ± 0.26 
*** 

 

1.25 ± 0.07 
* 

 

1.80 ± 0.09 

 

0.66 ± 0.07 
* 

1.70 ± 0.90 

pSPL10::rSPL10 3.88 ± 0.48 
*** 

0.063 ± 0.06 
*** 

20.1± 0.32 
*** 

1.23 ± 0.06  1.97 ± 0.09 
* 

0.47 ± 0.06  0.86 ± 0.07 
*** 

 

Flowering time and floral architecture was examined in wild-type and transgenic C. hirsuta plants 
expressing miR156-resistant constructs pSPL9::rSPL9 or pSPL10::rSPL10. Flowering time was assessed 
by RLN (rosette leaf number) and ANTH (anthesis). Petal number and sepal trichome number were 
scored for the first 20 floral nodes. Pair-wise comparisons to wild type by Mann Whitney U-test. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. Abbreviations: dpg, days post-germination. 
Values shown as means ± standard error of the mean. 
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Table S7 – Flowering time, petals/ flower and sepal trichomes/ flower of C. hirsuta in response to 
gibberellin treatment 

Treatment RLN CLN VIS (dpg)  BOLT 
(dpg)  

ANTH 
(dpg)  MAT (dpg) petals 

/flower 

sepal 
trichomes 
/flower 

ND 
0µM GA3 20.3 ± 0.40 5.19 ± 0.19 54.9 ± 1.89 65.8±1.07 67.3±0.85 11.6 ± 1.05 1.04 ± 0.10 0.75 ± 0.08 

ND 
0.1µM GA3 

17.6 ± 0.58 
*** 

5.21 ± 0.26 
*** 59.0 ± 2.59 65.3±1.82 67.4±1.50 11.7 ± 1.67 1.12 ± 0.11 0.96 ± 0.08 

ND 
10µM GA3 

8.78 ± 0.92 
*** 

8.18 ± 0.47 
*** 

44.3 ± 1.10 
*** 60.6±1.92 68.2±2.05 22.9 ± 1.42 

*** 1.20 ± 0.09 0.33 ±0.06 
*** 

LD 
0 µM GA3 nd nd nd nd nd nd 1.01 ± 0.10 0.68 ± 0.10 

LD 
0.1 µM GA3 nd nd nd nd nd nd 1.81 ± 0.11 

*** 0.88 ± 0.11 

LD 
10 µM GA3 nd nd nd nd nd nd 3.06 ± 0.07 

*** 
0.08 ± 0.03 

*** 

 
Flowering time and floral architecture was examined in plants grown in neutral days (ND, 12:12) or long 
days (LD, 16:8) and treated with gibberellic acid (GA3). Flowering time was assessed by RLN (rosette 
leaf number), CLN (cauline leaf number), VIS (visible inflorescence meristem), BOLT (5cm stem bolt), 
ANTH (anthesis), and MAT (floral maturation interval) was calculated as the difference between ANTH 
and VIS. Petal number and sepal trichome number per flower were scored for the first 25 nodes. Multiple 
comparisons by Kruskal-Wallis test with post hoc analysis using the Tukey Kramer method. Significance 
levels: *** p<0.001, ** p<0.01, * p<0.05. Abbreviations: dpg, days post-germination. nd: not determined. 
Values shown as means ± standard error of the mean. 
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Table S8 – Primer sequences used in study. 

Primer name Primer sequence 

ChAP1-F TCTGACGTCAATACGAACTGGTCG 
 

ChAP1-R 
 

TCTAGAGCGAATGTGCTTAAGAGCAG 

ChSVP-F GCTACAACAGCTAGAGAAAGCCC 

ChSVP-R CACTCTTGGTTTCAATCACGCG 

ChSPL3-F TGGTCCAACAACTTAAGCACCT 

ChSPL3-R TTCTCTCGTTGTGTCCAGCTAA 

ChSPL9-F GAGACGACCTGTGTCAGCACCATC 

ChSPL9-R GAGAGAGAGCACAGTTTGAGTCGC 

ChSPL15-F TCAGAGCGAGTCGGGTGCTTC 

ChSPL15-R CAACCTTCCACTTGGCACCTCG 
 

 

Smyth DR, Bowman JL, Meyerowitz EM (1990) Early Flower Development in Arabidopsis. Plant Cell 2: 
755-767 
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