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Figure 4. Analysis of CLASSIC library behavior space reveals gene circuit design 

rules. (A) ML model of inducible synTF circuit behavior space. Left: Basal and induced 

CLASSIC measurements were plotted as a contour plot [contours, light to dark: 97.5%, 

90%, 70%, 50% of total measurements]. Highlighted regions bounded by dotted lines: 

low basal (<500 AU), purple arrow; high induction (>70k AU) blue; high fold change (HFC) 

(>25x, green). Values in the plot indicate the number of compositions in each region. 

Middle: RF of with 80:20 train:test split for basal and induced CLASSIC data [training data 

(grey) plotted against test data (purple, basal; blue, induced). Right: Contour plot of RF 

modeled design space for unmeasured compositions predicted by the RF model, meas-

ured circuits, and combined data (complete design space). Inset: average model error 

between the CLASSIC-derived measurements and RF-computed values. (B) Experimen-

tally validating ML prediction of circuit function. Fold-change values for cell lines from 

unmeasured configurations (red) and measured configurations (green) were plotted 

against CLASSIC-derived values. Black dots, isolates displayed at the periphery of the 

panel; MAE, mean average error; grey region, ERCH, error range of clonal heterogeneity. 

AU, arbitrary fluorescence units. (C) Genetic part usage in highlighted regions of behavior 

space. Part fold enrichment is calculated by dividing observed part occurrence by ex-

pected part occurrence from a balanced library. Red text, categories with high asymmetry 

used for cluster analysis. (D) Mutual information between part categories in different re-

gions of behavior space. MI between part categories is denoted by red line thickness. (E) 

Clustering analysis of HFC circuit designs. High asymmetry part categories were chosen 

for UMAP dimensional reduction followed by K-means clustering. Bar plots denote num-

ber of part occurrences within each cluster. (F) Strategies for engineering synTF circuits 
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with high fold change behavior involve combining design elements that maximize induc-

tion while limiting leaky basal expression. 
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