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Table S1: Most correlated structural and dynamical features for ’AND’ gates. For
each response property (main columns) and network topology(rows) we give the Spear-
man’s coefficient of the most correlated structural/dynamical features. For compari-
son, we show both the most correlated feature (right columns) and the most correlated
individual feature, either individual susceptibility or activation/deactivation time(left
columns). All logic gates are of ’AND’ type.

Oscillations bandwidth Propagated noise Fluctuations bandwidth

structure dynamics structure dynamics structure dynamics

C1-FFL SSI FS Ton XT SOI SO Ton AT SSI SLC Ton Ton
0.50 1.00 | -0.87 -0.99 || 0.61 0.99 | 0.64 -0.87 || -0.70 -0.97 | -0.89 -0.89

C3-FFL SOI FS Toﬂ-‘ T SSI So Toﬁ‘ AT SSI SLC Toﬂ‘ AT
i 0.53 1.00 | -0.87 -0.98 || 0.62 0.99 | 0.67 -095 || -0.67 -0.96 | -0.90 0.94
11-FFL Sos FS | To,n XET Sor So | Ton AT Sst FS Ton Ton
048 1.00 | -0.90 -0.97 || 0.89 0.97 | 0.67 -0.92 0.57 0.75 | -0.82 -0.82

prr. Sst FS | Tor T |} Sor So | Tor AT || Ss1 FS | Torr Tonr
044 1.00 | -092 -0.98 || 0.90 0.96 | 0.69 -0.96 0.63 0.79 | -0.82 -0.82

P-FB Sso FS | Tog XT Sos So | Ton Ton Sos FS Ton =T
0.39 1.00 | -0.66 -0.92 || 0.78 0.99 | 0.16 0.16 -0.65 0.92 | -0.55 -0.75

N Oso FS | Ton YT || Ssi stc | Tor AT || Sso Sso | Ton Ton
0.51 1.00 | -0.96 -0.97 || 0.67 0.99 | -032 -047 || 0.82 0.82 | -0.58 -0.58

Table S2: Most correlated structural and dynamical features for ’OR’ gates.

Oscillations bandwidth Propagated noise Fluctuations bandwidth
structure dynamics structure dynamics structure dynamics

cirrr  Sst FS | Tog XT 1} Sor So | Ton Ton || Sos So | Ton Ton
-0.69 1.00 | -0.90 -095 || 0.73 099 | 049 049 || -0.70 -0.97 | -0.65 -0.65

C3-FFL SSI FS Tosr T SOI SO Tofr AT SOS S() Tosr AT
-0.61 1.00 | -091 -096 || 0.75 099 | 045 -0.69 || -0.74 -0.97 | -0.63 0.73

pp  Sst FS | Tog XT || Sor So | Ton Ton Sst So Ton XT
0.60 1.00 | -0.92 -0.93 || 0.93 094 | 0.61 0.61 0.60 -0.69 | -0.74 -0.75

Bpp. Sst FS | Tog XT || Sor So | Tox AT Sor So | Tox Tom
i 0.50 1.00 | -0.92 -0.94 || 093 096 | 044 -0.56 || -0.58 -0.81 | -0.67 -0.67
PFB Sos FS Tog XT Sos So | Tog XT Sos FS Ton XT
-0.56 1.00 | -0.87 -0.98 || 0.66 0.99 | 048 0.54 -0.73 096 | -0.86 -0.95

Npg  Sos FS | Tog YT || Ss1osuc | Tor Tog || Sso Sso | Tox XT
0.69 1.00 | -0.92 -0.98 || 0.68 0.99 | -0.51 -0.51 0.83 0.83 | -0.66 -0.72
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Fig. S1: The linear noise approximations (solid lines) is compared with MonteCarlo
simulations (circles) for a C1-FFL (red) and an I1-FFL (blue) with *AND’ regulatory
logic, see Models of regulatory circuits in Methods, main text. Two different Hill
coefficients (h = 2, left panels, and h = 4, right panels) are used. Propagated noise
is calculated varying the number of input molecules for different values of sensor and
output copy numbers: ng = no = 10 (top), ns = no = 40 (middle) and ng = ne =
100 (bottom). In all cases susceptibilities are set to ss; = 1, sps = 2, soy = £1.5
and degradation rates for all components to §; = 1 h—*.
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Fig. S2: Mutual information correlations between structural/dynamical features
and responses. Color code values of the mutual information correlation coefficient
between features and different network responses. A. Oscillatory bandwidth. B.
Propagated noise. C. Bandwidth of fluctuation power spectra. As in Figure 5D-F,
Ste = Sos - Ssr 1s the susceptibility of the linear cascade backbone of the circuits;
sap represents the additional susceptibility: either s, for feedforward loops or sgo
for feedbacks.
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Fig. S3: Effect of susceptibility ranges and Hill coefficients on correlations. Spear-
man’s rank correlations between the output responses and all the dynamical and struc-
tural features, computed for two different Hill coefficients (h = 2, 3 and 4) for circuits
operating under *AND’ logic. 20,000 sets of random susceptibilities are generated,
with susceptibilities s;; € (0, k) and degradations §; = 1.
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Fig. S4: Response times are not sensitive to absolute changes in output. Absolute
value of Spearman’s rank correlation between the different dynamical features and the
final steady-state output concentration after the transient changes in input. 20,000 sets
of random susceptibilities are generated with Hill coefficient h = 2, susceptibilities
si; € (0,2) and degradations §; = 1. The poor correlations show that response times
do not depend strongly on the changes in output.
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Fig. S5: Effect of input/output levels and non-linearities on theoretical response
times. Numerical (solid lines) and theoretical (from Eq. (11) in main text, dashed
lines) response times for a two-component cascade, Eq. (17) in main text, for different
values of the Hill coefficient h and changes in input and output, as indicated in each
panel (initial values are always n; = no = 1). Activation times (7},,,) are plotted in
blue, deactivation times (77 ¢) in red. Compare to Figure 7 in main text.



