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Figure 3. LimoRhyde2 estimation of artificial differential rhythmicity. (A) Density plot of generated scale factors (one value
randomly assigned to each gene) applied to samples of all genes to create the ‘scaled’ condition for artificially derived differential rhythmicity.
Dataset: GSE11923. (B) Time-courses of expression in the original (top row) and scaled (bottom row) conditions for select genes. Scale
factors used per gene printed atop the scaled condition. Points represent samples. Curves represent LimoRhyde2 fitted curves of the
labeled type. (C) Scatter plot of the calculated (actual) ∆amplitude between original and scaled conditions vs the LimoRhyde2 estimated
∆amplitude, with selected genes labeled in (B). Points represent genes. Dashed lines indicate y = x. (D) Scatter plot of the estimation
error (actual - estimated ∆amplitude) vs. estimated ∆amplitude. Selected genes labeled in (B). The dashed red line indicates y = 0. (E)
Time-courses of expression in the original (top row) and scaled (bottom row) conditions for gene Per3 (with associated scale factor) after
down-sampling data at different time intervals (leftmost column represents original sampling interval of 1 h). Points represent samples.
Curves represent LimoRhyde2 fitted curves of the labeled type. (F) Table showing mean absolute error (MAE) of ∆amplitude and scale
factor after running differential rhythmicity analysis at different time intervals. (G) Inter-rater agreement, as quantified by Cohen’s κ,
comparing top-ranked genes based on LimoRhyde2 ∆amplitude sampled at 1 h time intervals and consecutively decreasing time intervals.
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Supplementary Figure 1: (A) Scatter plot of the actual vs estimated scale factor with 3 labeled genes. Points
represent genes. Dashed lines indicate y = x. (B) Scatter plot of the scale factor estimation error (actual - estimated
scale factor) vs. estimated scale factor along with genes labeled in (A). Points represent genes. Dashed lines indicate
y = 0. (C) Time courses of expression in the original (top row) and scaled (bottom row) conditions for select genes
with scale factors per gene printed for the scaled condition. Points represent samples. Curves represent LimoRhyde2
fitted curves of the given type. (D) Scatter plot of the estimation error (actual - estimated ∆amplitude) vs. estimated
∆amplitude along with genes labeled in (A). Values were calculated after performing differential rhythmicity analysis
with LimoRhyde2 where the scaled condition was created with a constant scale factor applied to all genes. Points
represent genes. Dashed lines indicate y = 0. (E) Violin plot showing mean standard error across genes in the
scaled condition at five different time intervals. (F) Time-courses of expression in the original (top row) and scaled
(bottom row) conditions for gene Npas2 (with associated scale factor) after down-sampling data at different time
intervals (leftmost column represents original sampling resolution of 1 h). Points represent samples. Curves represent
LimoRhyde2 fitted curves of the given type.
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Figure 4. LimoRhyde2 differential rhythmicity accuracy from bootstrapping (A) Density plot of generated scale factors (one
value randomly assigned to each gene) applied to gene samples measurements to create the ‘scaled’ condition for artificial differential
rhythmicity. Dataset used (GSE72095). (B) Time-courses of expression for gene Serbp1 (with its assigned scale factor) in the original (left)
and scaled (right) conditions. Points represent samples. Curves represent LimoRhyde2 posterior fitted curves. Color represents replicates.
(C) Time-courses of expression in the original (top row) and scaled (bottom row) conditions for gene Serbp1 at 4 different bootstrap
resample runs of differential rhythmicity analysis with LimoRhyde2. Points represent samples. Curves represent LimoRhyde2 posterior
fitted curves. Color represents replicate numbers. (D) Scatter plot of mean estimated ∆amplitude and mean actual ∆amplitude along with
select genes (labeled in green). Points represent genes. Dashed lines indicate y = x. Values are averaged over 500 bootstrap runs. (E) Scatter
plot of mean ∆amplitude estimation error vs means actual ∆amplitude, along with selected genes (labeled in green) Points represent genes.
Dashed lines indicate y = 0. Values averaged across 500 bootstraps. (F) Time-courses of expression for genes labeled in C). Points represent
samples. Lines represent fitted curves from 500 bootstraps. (G) Bootstrap ∆amplitude estimation error and corresponding uncertainty.
Points and gray ranges represent mean bootstrap prediction error and ± 1 s.d. per gene. (H) Histogram of bootstrap ∆amplitude mean
absolute error (MAE).
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Supplementary Figure 2: (A) Scatter plot of mean estimated scale factor and mean actual scale factor, with
select genes. Points represent genes. Dashed lines indicate y = x. Values are averaged over 500 bootstraps using
dataset GSE72095. (B) Scatter plot of mean scale factor estimation error vs mean actual scale factor, along with
selected genes (labeled in green). Points represent genes. Dashed lines indicate y = 0. Values averaged across 500
bootstraps. (C) Time-courses of expression for genes labeled in (A). Points represent samples. Lines represent fitted
curves from 500 bootstraps. (D) Violin plot of mean standard error from bootstraps for selected genes in (A). Color
represents condition. (E)) Posterior amplitudes and corresponding 90% credible intervals for selected genes in (A).
Points represent genes, color represents condition. Dashed line indicates 0 amplitude. (F) Point range plot of gene
vs scale factor estimation error. Point and gray line represent estimation error mean and ± 1 s.d. of each gene. (G)
Histogram of scale factor mean absolute errors.
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Supplementary Figure 3: Generating null differential rhythmicity. Given a dataset X’ (filtered for identified
rhythmic genes), with genes 1 to s and samples at time points T1 to T48, create two semi-equivalent conditions for
LimoRhyde2 null differential rhythmicity analysis by diving samples occurring at odd (upper blue box) and even (lower
blue box) time points. Analyze differential rhythmicity between odd and even conditions using LimoRhyde2
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Figure 5. Quantifying null differential rhythmicity with LimoRhyde2. (A) Time-courses of expression for select genes. Points
represent samples. Curves represent LimoRhyde2 fitted curves of the given type. Dataset used: (GSE11923). (B) Time-courses of expression
for genes labeled in (A) with LimoRhyde2 fitted curves for odd (purple) and even (green) samples separately. Points represent samples.
Color represents condition. Curves represent LimoRhyde2 posterior fitted curves. (C) Scatter plot of LimoRhyde2 amplitude calculated in
the even condition vs the odd condition. (D) Density plots of log2-transformed amplitude. Color represents condition. Dashed lines indicate
y = x. (E) Interrater agreement, as quantified by Cohen’s κ, comparing top-ranked genes based on LimoRhyde2 amplitude in odd and
even conditions.
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Supplementary Figure 4: (A) Scatterplot of ∆amplitude between even and odd conditions vs. amplitude from
the original dataset, along with 3 selected genes. Points represent genes. Dashed lines indicate y = 0. Dataset used:
(GSE11923) (B) Histogram showing counts of genes and mean standard error. Panels represent different conditions
(and datasets). (C) Scatterplot of difference in mean standard error vs mean standard error in the original dataset
with genes labeled in (A). Points represent genes. (D) Scatterplot of ∆amplitude vs. condition difference in mean
standard error. Points represent genes. Dashed lines indicate y = 0. (E) Time-courses of expression for select genes
for their full-time course. Points represent samples. Curves represent LimoRhyde2 fitted curves of the given type.
(F) Time-courses of expression for genes labeled in (A) with LimoRhyde2 fitted curves for odd and even samples
separately. Points represent samples. Color represents condition. Curves represent LimoRhyde2 posterior fitted curves.
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