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Figure 1. DF rhythms in wheat change with the age of the plant and between leaves on the 665 
same plant. The wheat plant age experiment (A- 5, 666 
32 or 39 days. Blue boxplots show differences in period (A) and RAE (B) at each plant age.  667 
The wheat leaf variation experiment used 4 leaves sampled from 25 day old plants following 668 
the leaf numbering system described in C. Orange boxplots show differences in period (D) 669 
and RAE (E) at each leaf age. Colour scales reflect an ageing gradient with lighter colours 670 
representing younger material. Data represents results from two imaging cabinets run in 671 
parallel as technical replicates and normalised for the between-cabinet effects. Period 672 
estimates were calculated using FFT-NLLS (BAMP de-trended data, 24-120h cut-off). N 673 
values reflect the number of samples for which period was estimated out of the total number 674 
of individuals sampled. Age 18 (N=26/26), age 25 (N=24/24), age 32 (N=25/26), age 39 675 
(N=19/23). Leaf 1 (N=22/22), leaf 2 (N=22/22), leaf 3 (N=22/22), leaf 4 (N=21/22). 676 
Significance codes: ***p<0.001, **p<0.01 *p<0.05. 677 
 678 
Figure 2. DF rhythms in Brassica change with the age of the plant and between different leaf 679 
ages. Brassica seedlings were grown to 4 different ages: 20, 25, 30 and 35 days after sowing 680 
Leaves 1, 3 and 5 were sampled from each plant in the experiment with leaf 1 being the 681 
earliest emerged leaf and leaf 5 the most recently emerged leaf. Boxplots show differences in 682 
period (A) and RAE (B) for each leaf age within each plant age. Colour scales reflect an 683 
ageing gradient with lighter colours representing younger material. Periods and RAE 684 
estimates were calculated using FFT NLLS (BAMP dtr, 24-120h cut-off). Data represents 685 
results from two imaging cabinets run in parallel as technical replicates and normalised for 686 
the between-cabinet effects. Age 20: leaf 1 (N=6/6), leaf 3 (N=6/6), leaf 5 (N=6/6). Age 25: 687 
leaf 1 (N=4/6), leaf 3 (N=6/6), leaf 5 (N=6/6). Age 30: leaf 1 (N=2/6), leaf 3 (N=5/6), leaf 5 688 
(N=6/6). Age 35: leaf 1 (N=6/6), leaf 3 (N=6/6), leaf 5 (N=6/6). Significance codes: 689 
***p<0.001, **p<0.01 *p<0.05, all significance markers are relative to leaf 1 at each age.  690 
 691 
Figure 3. Cut sections of leaf material can be used to accurately make period estimates. The 692 
second leaf from 25 day old wheat seedlings was either left whole or sectioned into 10 cm or 693 
4cm fragments cut either 5cm or 15cm from the tip (shown as dark grey sections in A).  The 694 
first leaf from 21 day old Brassica plants was either left whole, sectioned into a 3cm square 695 
or quartered (B). Orange boxplots show differences in period (C) and RAE (D) for wheat 696 
sections. Purple boxplots show differences in period (E) and RAE (F) for brassica sections. 697 
Period and RAE were estimated using FFT NLLS, BAMP dtr, 24-120h cut-off.  698 
Whole leaves were digitally sectioned along the axis of the leaf post image-acquisition. 699 
Wheat period and RAE means for each section are shown in G. Brassica period and RAE 700 
means are plotted corresponding to the sectioning shown in H. Error bars show standard 701 
deviation. Data represents results from two experiments normalised for the between-702 
experiment effects. Wheat: Whole (N=15/15), 10cm (N=23/23), 4cm top (N=20/21), 4cm 703 
bottom (N=22/22). Brassica: Whole (N=20/20), Square (N=21/21), Quarter (N=75/76). 704 
Significance codes: **p<0.01. 705 
 706 
 707 
 708 
Figure 4. Effect of either L:L or D:D free-running light conditions on DF rhythms. Wheat 709 
and Brassica seedlings were entrained for 4 days in L:D at 22 C before sections were cut, 710 
plated and imaged. A D:D free run consisted of a loop of 54 minutes of darkness followed by 711 
5 minutes of light exposure and then image capture. A L:L free-run consisted of 59 minutes 712 
of light exposure before image capture (A). Boxplots of period (B) and RAE (C) are shown 713 
for Brassica and wheat in D:D and L:L conditions where Brassica data is displayed in purple 714 
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and wheat data in orange. Period and RAE were estimated using FFT NLLS, BAMP dtr, 24-715 
120h cut-off. Examples of oscillation traces are shown in D:D (black lines) and L:L (red 716 
lines) for wheat (D) and Brassica (E). Thick lines represent the mean trace of 6 mean-717 
normalised individuals with error bars representing standard deviations. Estimated individual 718 
circadian phases are shown in the clock plot in (F) where the length of the line reflects the 719 
inverse circadian phase error (longer lines imply more confidence in the phase prediction). 720 
All phase estimates are relative to 0 where 0 represents entrainment dawn and 12 represents 721 
dusk. 722 
D:D Brassica (N=12/18); D:D Wheat (N=24/24); L:L Brassica (N=18/18); L:L Wheat 723 
(N=23/24). Data is consistent with additional preliminary experiments which can be seen in 724 
Supplementary S11 and S12. Significance codes: ***p<0.001. 725 
 726 
Figure 5. Increasing temperature causes a shortening of period and effects rhythm 727 
robustness. Wheat and Brassica seedlings were entrained for 4 days in L:D at the temperature 728 
being assessed before imaging. Each temperature point represents a separate imaging 729 
experiment. Period means decrease with increasing temperatures as is shown in A for 730 
Brassica (purple circles) or wheat (orange triangles). Error bars represent standard deviation. 731 
Box plots show the effect of temperature on RAE for wheat (orange) or Brassica (purple) 732 
(B). Period and RAE were estimated by FFT NLLS, BAMP dtr, 24-120h cut-off. Wheat: 733 
17 C (N=17/23); 22 C (N=32/32); 27 C (N=11/11); 32 C (N=15/15). Brassica: 12 C 734 
(N=24/24); 17 C (N=35/35); 22 C (N=30/30). An additional preliminary experiment 735 
consistent with these observations can be seen in Supplementary S13. Significance codes: 736 
***p<0.001. 737 
 738 
Figure 6. DF can be used to measure period differences between elite cultivars in Brassica 739 
and wheat. 10cm sections from the second leaf of 25 day old wheat seedlings were imaged 740 
under D:D at 27 C. 3cm square sections from the first leaf of 21 day old Brassica seedlings 741 
were imaged under L:L at 22 C. Period boxplots based on the DF oscillations from different 742 
cultivars are shown for wheat (A) and Brassica (B). The three replicates in the Brassica data 743 
represent different seed batches. Period values were estimated using FFT NLLS, BAMP dtr, 744 
24-120h cut-off window. BAMP de-trended DF data was normalised to the mean DF 745 
intensity across all cultivars and plotted against time in hours after dawn (C and D). Brassica 746 
data represents results from two cabinets normalised for between-cabinet effects. Wheat data 747 
represents results from two identical experiments with two imaging cabinets run in parallel as 748 
technical replicates and normalised for the between-cabinet and experimental-run effects. 749 
Wheat: Robigus (N=25/25), Cadenza (N=12/12), Chinese Spring (N=24/25), Claire 750 
(N=27/27), Weebil (N=22/24), Paragon (N=24/4), Norin-61 (N=25/25). Brassica: for each 751 
seed batch of Cabriolet, Chuanyou II, Norin (N=8/8). Brassica data is consistent with 752 
previous experiments shown in supplementary materials S14. Significance codes: for wheat 753 
cultivars (A),***p<0.001, **p<0.01 relative to either a=Norin 61 or b=Paragon. For brassica 754 
cultivars (B), significantly different periods (p<0.05) are labelled relative to a=Norin Y1, 755 
b=Norin Y2 or c=Norin Y3.  756 
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