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Figure 3.  Evidence for a bistable transcriptional switch in single cell sequencing profiles. (A) t-
SNE clustering of 374 single cells from Arabidopsis roots either over-expressing VND7 (triangle) or 
with wild type levels of VND7 expression (+). Clusters are labeled according to their cell identity 
score (ICI). (B) Quantification of cell type with cell identity determined from A in the induced 
population (20 µM β-estradiol; denoted as VND7 over-expression OE), compared to the total number 
of cells with that identity in the uninduced cells, (0 µM  β-estradiol; denoted as control). **** 
represents an adjusted p-value < 0.0001, *** p-value < 0.001, * p-value < 0.05 as determined by a 
Fisher’s-Exact test with Benjamini-Hochberg correction. (C) Significant protoxylem ICI scores 
determined for individual cells for induced (+) and uninduced (triangle) populations, plotted against 
VND7 normalized expression data. 
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Figure 5.  Classes of gene circuitry identified from single cell transcription data.  (A) 
Classes of downstream target genes: A-G.  Classes of bistable genes: A (4 VND7 direct 

targets),  B (10 VND7 indirect targets), and C (1 MYB46 direct target).  Classes of monostable 

genes: D ( 13 VND7 direct targets), E (5 VND7 & MYB46 direct targets), F (24 MYB46 direct 

targets), and G (37 VND7 indirect targets).  Potential intermediate genes: X (targets of VND7, 

signals for downstream bistable genes) and Y (targets of VND7, signals for downstream 

monostable genes).   (B) Genes exhibiting bistability with possible interactions capable of 

generating the necessary positive feedback.  There are four genes (Ai)  in the class of VND7 

direct targets, ten genes (Bj ) in the class of VND7 indirect targets, and one gene (C1) in the class 

of MYB46 direct targets.   
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Figure 6. Generic circuitry for Class A bistable genes. (A) Circuitry showing activators 

binding to promoter targets and degradation of regulators. (B) Cartoon emphasizing only the 

topology of the regulatory circuit with the greatest Global Tolerances.  (C) Cartoon circuitry 

for the other 18 phenotypes with the positive feedback capable of generating bistability. The 

circuits are ranked from left to right and top to bottom according to their Global Tolerances.   
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Figure 7.  Bistable Induction by VND7 for the Four Class A Genes Linked in a Cycle.  Only 

the response for the  gene is shown; all three  genes exhibit the same response because of 

the 4-fold rotational symmetry (Figure 6B).  The three solid black lines are the predicted results 

from the System Design Space analysis: the lower stable states (phenotype number 1), the higher 

stable states (phenotype number 216597) and, in the case of the negatively inclined portion, the 

exponentially unstable states (phenotype number 336251).  The orange and blue lines are the 

verified results obtained by simulating of the full system [Eqns. 1-4]: (Blue) quasi-steady state 

titration with increasing values of V (VND7) and (Orange) quasi-steady state titration with 

decreasing values of V (VND7).  Parameter values for both types of results were those predicted 

for the realization of phenotype number 336251 (Table 1), which exhibits the positive feedback 

necessary for exponential instability and the generation of a hysteretic bistable response:  n = 2 ; 

 = 100;  = 0.316;  = 100; K14
  = 100;  = 1.0;  = 100;  = 100;  = 

0.316; K 24
 = 100;  = 1.0;  = 100;  = 100;  = 100; K 34

 = 0.316;  = 1.0; K 41
 = 

0.316; K 42
 = 100; K 43

 = 100; K 44
 = 100; K 4V

 = 1.0;  = 1.0;  = 1.0;  = 1.0; g 4
 = 1.0; 

 = 100.0;  = 100.0;  = 100.0; r4
 = 100.0.  Note that relatively large values for binding 

constants are indicative of negligible binding.   
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