
Investigating the Quantitative Relationship Between Transcription 
Factor and Target in Yeast

Samuel C. Linde, Josephine Ho, Lupita Sanchez and Joseph D. Coolon
Department of Biology, Wesleyan University, Middletown, CT 06457

Email: slinde@wesleyan.edu Website: http://coolonlab.research.wesleyan.edu

Future Directions

This work was supported by Wesleyan University (Startup funds to JDC, Department of Biology funds to JDC), the Wesleyan Summer Research Program (SCL), the Wesleyan Ronald E.
McNair Post-Baccalaureate Program (GS) and the National Institute Of General Medical Sciences of the National Institutes of Health under Award Number R15GM135901 (awarded
to JDC). The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.

References
• Bastian M., Heymann S., Jacomy M. (2009). Gephi: an open source software for exploring and manipulating networks. International AAAI Conference on Weblogs and Social 

Media
• M.C. Teixeira, P.T. Monteiro, M. Palma, C. Costa, C.P. Godinho, P. Pais, M. Cavalheiro, M. Antunes, A. Lemos, T. Pedreira, I. Sá-Correia (2018)

YEASTRACT, an upgraded database for the analysis of transcription regulatory networks in Saccharomyces cerevisiae
Nucl. Acids Res., 46 (Issue D1): D348-D353, Oxford University Press

• Aric A. Hagberg, Daniel A. Schult and Pieter J. Swart, Exploring network structure, dynamics, and function using NetworkX, in Proceedings of the 7th Python in Science Conference 
(SciPy2008), Gäel Varoquaux, Travis Vaught, and Jarrod Millman (Eds), (Pasadena, CA USA), pp. 11–15, Aug 2008

• Altszyler E, Ventura AC, Colman-Lerner A, Chernomoretz A (2017) Ultrasensitivity in signaling cascades revisited: Linking local and global ultrasensitivity estimations. PLoS ONE 
12(6): e0180083

• Gregor T, Tank DW, Wieschaus EF, Bialek W. Probing the limits to positional information. Cell. 2007;130:153–164.
• Nitzan Rosenfeld, Jonathan W. Young, Uri Alon, Peter S. Swain, Michael B. Elowitz, Gene Regulation at the Single-Cell Level. Science. 2005;1962-1965
• Kim HD, O’Shea EK, A quantative model of transcription factor-activated gene expression. Nat Struct Mol Biol. 2008;15(11):1192-1198
• Sanie Mnaimneh, Armaity P. Davierwala, Jennifer Hayes, Chris A Kaiser, Brenda J Andrews, Timothy R. Hughes, Exploration of Essential Gene Function via Titratable Promoter 

Alleles. Cell. 2004

Mnaimneh et al. Cell, 2004

Titrating Transcription Factors Affects Growth Phenotype
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Two Step Motifs Stemming from RAP1

Target vs Non Target Effect on 
Correlation with RAP1 Expression

Strains obtained from Yeast Tet-promoter Hughes collection and contain a Tetracycline Response Element 
(TRE) inserted in the promoter region of the gene of interest. A frogging assay (right) was used to observe 
differences between growth phenotypes of different yeast strains. The yeast were grown on a 96 well plate 
containing varying levels of Doxycycline. 

Network motifs are repeated 
patterns of interactions between 
nodes in a network. Each edge in 
this network is assigned a 1 if the 
transcription factor acts as an 
activator on its target and a -1 if 
the transcription factor acts as an 
inhibitor on its target. The network 
motifs are shown above and the 
significance of the network motifs 
on the correlation of the non target 
expression and RAP1 expression is 
shown to the right. 
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Distance from RAP1 Effect on Correlation with RAP1 Expression 

(1) Direct targets of RAP1 are better correlated with RAP1 expression than non-direct targets. (2) Plots 
showing significance between 1 and 2 hops from RAP1 (A), 1 and 3 hops (B) and 2 and 3 hops (C). (D) 
Distribution of shortest path distances from RAP1. Correlation coefficient corresponds to Spearmen’s 
correlation coefficient.

Dose-Response Relationships Modeled by Hill Functions in Literature

1 2
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The indegree of a gene corresponds with the 
number of transcription factors that regulate the 
gene. All genes shown are directly regulated by at 
least RAP1. Correlation coefficient corresponds to 
Spearmen’s correlation coefficient.

Indegree Effect on 
Correlation with RAP1 
Expression

• Extend model to transcription factors: ABF1, MCM1, HSF1, GCR1, REB1
• Extend model to more environments
• Perform ChIP-seq for RAP1 binding sites

AA

AIRAP1-Target Relationships Modeled by Hill Function Parameters

Network motifs are repeated patterns of 
interactions between nodes in a 
network. The network motifs are shown 
above and the significance of the 
network motifs on the correlation of the 
non target expression and RAP1 
expression is shown to the right. 
Correlation coefficient corresponds to 
Spearmen’s correlation coefficient.

Indegree Effect on Correlation 
with RAP1 Expression

Conclusions

Mnaimneh et al. Cell. 2004

IA

II

AI

• Indegree does not influence 
correlation with RAP1 expression 
suggesting the identity of the 
regulators is more important then 
quantity.

• The hill function parameters 
identified by this model are variable 
suggesting a more complex 
relationship between transcription 
factor and target than previously 
thought.

• The identity of the edge that 
connects RAP1 to a transcription 
factor, and the transcription factor 
to its downstream targets, matters 
in the correlation of that gene's 
expression with RAP1 expression.

• Direct targets of RAP1 expression 
levels are better correlated with 
RAP1 expression than non-direct 
targets 

Transcriptional regulation is a critical step in most biological processes. Most models of transcription 
factor-target relationships do not include transcription factor abundance. Above are the four examples 
from literature beginning to quantify this relationship. We extended the above work by quantifying 
genome-wide gene expression and using RAP1 expression levels along with its targets expression levels 
to begin to quantify the complicated relationship between transcription factor and target. 
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r = 0.86
ED50 = 1.65
Hill Coef = 16

r = 0.77
ED50 = 1.73
Hill Coef = 833

r = 0.77
ED50 = 1.62
Hill Coef = 189

r = 0.88
ED50 = 1.58
Hill Coef = 40

r = 0.86
ED50 = 1.6
Hill Coef = 130

r = 0.91
ED50 = 1.57
Hill Coef = 37

The curves showing RAP1 acting as an activator (top row) or inhibitor (bottom row). 

a = Min
b = Slope
c = EC50
d = Max

Gene of Interest FPKM

Hill Function as a Model for Dose-Response Curves

The Log-Logistic equation (1) used to model the parameters in the hill curve is above. Models generated 
using the ‘drc’ R package. Equation 2 is to generate Hill Coefficients (nH). 

(1)

(2)

Yeast were grown in liquid culture in replicate with varying levels of dox to titrate RAP1 expression, RNA was
isolated and used to build RNA sequencing libraries.

Experimental Design


