Multidimensional characterization of parts enhances modeling accuracy in genetic
circuits
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Supplementary Figure 1: Multidimensional characterization and expanded Hill model fit for
the Z3PM and Z4EM iSynTFs. (A-B) A constitutively expressed (pC, constitutive promoter)
inducible synthetic transcription factor (iSynTF; (A) Z3PM, (B) Z4EM) is bound by its hormone
inducer ((A) progesterone, Pg, (B) estradiol, E2) and activates transcription of a downstream YFP
reporter. (C) Measurement of constitutive promoter expression levels using a pC:YFP fusion,
where pC represents one of pREV1, pRNR2, pRPL18B, or pTEF1. (D-E) Top, Inducer dose
response of (D) Z3PM and (E) Z4EM at three expression levels (PRNR2, pRNR2, and pTEF1
constitutive promoters). The expanded Hill model (described in Fig. 2A) was fit to the observed
data (Mean Squared Error, MSE, is shown for each case as an inset box). Middle, Expanded Hill
model prediction of inducer dose responses for different expression levels of (D) Z3PM and (E)
ZAEM (see legend for fold-change values). Bottom, Comparison of model prediction and
experimental data for (D) pRPL18B:Z3PM and (E) pRPL18B:Z4EM inducer dose response as
cross-validation (Mean Squared Prediction Error, MSPE, is shown for each case as an inset box).
Solid lines represent model predictions, open circles and filled squares represent experimental



mean, and error bars represent s.d. of three biological replicates. See Supplementary Table 4 for
used parameter values.
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Supplementary Figure 2: Results of parameter fitting of the expanded Hill model to iSynTF
dose-response data. The top parameter sets in terms of their fitting error (lowest Mean Squared
Error, MSE) are shown for 1000 fitting chains (see Methods) for (A) GEM (Fig. 2A), (B) Z3PM
(Fig. S1D), and (C) Z4EM (Fig. S1E). The plot titles show the median value of each fitted

parameter. The parameter sets in quantile ten (Q10, lowest 10% MSE of the 1000 chains) are
shown in orange, and the case with the lowest observed error (min(MSE)) in black, while all other
cases in gray (see legend). The expanded Hill model predictions for 20 random examples and
the best case (i.e. lowest MSE) of the 1000 fitting chains are shown at the right (see legend on

the top), colored according to their MSE value (min(MSE), black; MSE<Q10, orange; MSE>Q10,

gray).
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Supplementary Figure 3: Using refined models to explore circuit designs. For the proposed
circuit in Fig. 3A, expanded Hill model predictions for 2nd TF inducer dose responses (x-axis) for
four possible arrangements varying the chosen iSynTFs (see row titles), at four different
expression levels of the 1st TF expression level (see column titles), and 1st TF inducer
concentrations (see legend). We experimentally verified six of these predictions, highlighted by
the red (Fig.3B) and orange (Fig.3C-D) boxes. See Supplementary Table 4 for used parameter
values.



Supplementary Figure 4: Simple Hill model fails to predict circuit behavior when fit either
to diverse single hormone dose response data or three hormone dose response data. We
compare the simple Hill model (see Fig. 1A and Methods) fit either using (A-C) only the inducer
dose response data for GEM and Z3PM expressed from one promoter ((A) pREV1, (B) pRNR2,



