
S6 Complex Dynamics via Combinatorial

Regulations

Harmonics and tori in good parameter fits

Due to noise and a small number of replicates, the curve shape of experimen-

tally measured mRNA expression time courses is quite variable. Using VFO

(Supplement S4) to pre-emphasize parameter values before optimization in-

volves also the curve shapes of harmonic fits. However, the scoring function

used for final optimization only includes period, phases and fold changes (see

Supplement S3).

Our gene regulatory model involves combinatorial regulation and multiple

nonlinearities. Thus, complex waveforms and attractors are possible. It has

been discussed earlier [1, 2] that combinatorial transcriptional regulation can

generate multimodal waveforms with pronounced harmonics. Furthermore,

multiple negative feedback loops might lead to superpositions of independent

oscillations termed tori.

Thus, complex curve shapes, harmonics and tori are in principal not ex-

cluded as long as phases and amplitudes fit well. Nevertheless, the vast ma-

jority of fitted models generates time courses with only a single peak in their

power spectrum and unimodal waveforms resembling the data.

Examples

Harmonics were also described for the 5-gene DDE model in the original pub-

lication [3] and a torus was observed in [4].
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An example of a fitted model with harmonics is shown in Figure S6-1.

Harmonics were more often observed for genes and tissues with particularly

small fold changes in the data, such as Cry1 and Per2 in the SCN.

A torus is shown in Figure S6-2.
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[3] Korenčič A, Košir R, Bordyugov G, Lehmann R, Rozman D, Herzel H.

Timing of circadian genes in mammalian tissues. Sci Rep. 2014;4:5782.
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Figure S6-1: Simulation of a model resembling expression data from adrenal

gland. (A) Simulated time series (red) and data points (blue). (B) Power

spectrum of the simulated time series. Note the harmonics at 12, 8 and 6 h.

(C) Phase-portrait showing a limit cycle.
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Figure S6-2: Simulation of a model resembling expression data from kidney.

(A) Simulated time series (red) and data points (blue). (B) Power spectrum

of the simulated time series. Note the peaks at about 7 and 10 h. (C) Phase-

portrait showing a torus.
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