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Figure 2.  Circadian phase, variability of circadian peak and amplitude of the bioluminescence rhythms in cell-
size regions of interest (ROI). (a,b,c,d) Forty-eight hour profiles of bioluminescence rhythms in cell-seize ROI 
and temporal distributions of circadian peaks on the first culture day for Per1-luc (a,b) and PER2::LUC (c,d) of 
the anterior (upper panel) and posterior (lower panel) SCN in each photoperiods. A single or double Gaussian 
curve fitted to a histogram of circadian phase is indicated by a black curve superimposed on a histogram. 
Median (�) and variance (�) of a Gaussian curve are inserted in each panel. (e) Mean medians (n � 5) in the 
anterior (pink circle) and posterior (green circle) SCN with SD. Two medians detected for the circadian Per1-luc 
rhythm in the anterior SCN from LD 18:6 are labelled as the 1st and 2nd peak. Shaded and white areas are the 
dark and light phases of LD on the day of tissue harvest. (f) Variability of circadian peak in terms of variance of 
Gaussian curve was evaluated in the regions of the SCN as well as in different photoperiods for Per1-luc (left) 
and PER2::LUC (right). Colors of vertical columns mean the clusters of circadian rhythms indicated in the panel 
e. (g) Mean amplitudes were similarly illustrated to the panel f of circadian rhythms obtained by CCD with a 
comparable sensitivity (Per1-luc: LD18:6, n � 4; LD6:18, n � 3. PER2::LUC: LD18:6, n � 3; LD6:18, n � 3). (e–g) 
**P � 0.01, *P � 0.05, one-way ANOVA with a post-hoc Tukey-Kramer test. ‡P � 0.01, two-way ANOVA with a 
post-hoc Tukey-Kramer test.
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Figure 3.  Regional specificities of circadian Per1-luc rhythms. (a,b,c) Pixel-level images of the percent rhythm 
(a), circadian peak (b) and rhythm amplitude (c) are illustrated throughout an SCN slice on the culture day 
1. Color bars indicate the level of significance with an arrow indicating a significance level of P � 0.01 (a), 
local time (b) and height of amplitude (c). The pixels with lower bioluminescence than the background level 
were shown in grey. The pixels in which a significant circadian rhythm was not detected by percent rhythm 
test (arrow in a) are shown in black in b and c. A dashed trace line in each panel indicates the margin of the 
right SCN determined by immunohistochemical analysis. Scale bar, 200 �m. (d) Bioluminescence rhythms 
in five ROIs (circle with a 3-pixel diameter) shown in the panel b and c. (e) Based on panels a, b and c, the 
four SCN regions of distinct circadian characteristics are schematically drawn in the right SCN. (f) Image 
of bioluminescence (left), immunofluorochmistry of AVP and VIP double staining (middle), and of the 
retinohypothalamic projections visualized by Alexa 594 conjugated cholera toxin subunit B (CT-B, right) of an 
SCN slice in Per1-luc mouse exposed to LD18:6. The CT-B and bioluminescence images were taken at 13:00 and 
18:00, respectively on the day of slice preparation. The slice was fixed at 16:00 on the 6th day in culture. Margin 
of the SCN and the regions A-D are shown by broken trace lines. V, third ventricle; OC, optic chiasm. (g) Image 
of immunofluorochmistry of AVP and GRP. The SCN slice was fixed at 12:00 in LD18:6.
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Figure 4.  Statistical evaluation of acrophase of Per1-luc and PER2::LUC rhythms on pixel level. (a) Geometric 
transformation of an SCN bioluminescence image for statistical analyses on pixel level; a template SCN (left), 
a sample SCN before (middle) and after (right) the transformation. Red and yellow crosses with white lines 
(Delaunay triangles) in the panels indicate eight reference points in the template (1-8) and a sample SCN. (b) 
The mean acrophase map composed of five standardized images of individual SCN slices (Supplementary Fig. 2) 
are illustrated for Per1-luc (far left) and PER2::LUC (left) rhythms. Respective SD map is demonstrated in the 
right half. Horizontal black and white bars indicate light and dark phases of the photoperiod (upper, LD18:6; 
lower, LD6:18) with local time. SD values are indicated by pseudocolor bar. (c) Mean phase difference between 
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Figure 6.  A blunted regional difference in acrophase of Per1-luc rhythm by exposure to constant darkness. 
(a) Mean acrophase maps for the circadian Per1-luc rhythm of the mice exposed to LD18:6 (left, n � 8) and 
of the mice exposed to DD for four days (DD (4d)) after LD18:6 (right, n � 7). Scale bar, 100 �m. Horizontal 
black and white bars indicate light and dark phases of photoperiod; the upper LD 18:6 and the lower DD. A 
color bar indicates local time. (b) Statistical significance of phase differences between LD18:6 and DD (4d) is 
demonstrated in an SCN map. Red marks indicate the pixels with significant phase difference (t-test, P � 0.05). 
(c) Mean acrophases with SD in the four SCN regions (Fig. 3e) in LD18:6 (red circle) and DD (grey square). 
*P � 0.01, vs LD18:6, two-way ANOVA with a post-hoc Tukey-Kramer test. (d) Mean amplitude maps in 
LD18:6 and DD (4d). Color bars indicate relative amplitudes. See also the legend of Fig. 5. Scale bar, 100 �m. 
(e) Mean relative amplitudes with SD in the four SCN regions. **P � 0.01, *P � 0.05, vs. region B, ‡P � 0.01, 
†P � 0.05 vs. region D, one-way ANOVA with a post-hoc Tukey-Kramer test.
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Figure 7.  Distributions of Per1 and Per2 mRNA in the horizontal SCN slice. (a) Representative images of 
Per1 (left, red) and Per2 (middle, green) mRNA positive signals at the mid-dark (0:00 h in local time) and 
mid-light (12:00 h in local time) by double labeled in situ hybridization. Co-expression is shown in the right 
where double-positive and -negative cells are shown in yellow and grey, respectively. White solid and dashed 
trace lines are the margin of the SCN and of each SCN region (Fig. 3e), respectively. (b) Numbers of only Per1, 
only Per2 and Per1/Per2 expressing cells at the mid-dark (n � 5, filled bar) and mid-light (n � 6, open bar) are 
demonstrated in reach SCN region (mean and SD). The numbers of only Per1 and only Per2 expressing cells 
were obtained from the total numbers of Per1, Per2 and Per1/Per2 expressing cells. **P � 0.01, *P � 0.05, two-
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