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Transcription Factors

TF

AATCGATCGATAAATCGATCGATCGGGCCTTAAGCATCGGTACGTATAATTGCCCGTACGTACGTAGCTAGCTAGCTAGCTACG
DNA 
Sequence

Binding 
Site

• Transcription factors (TFs):
• Proteins that bind to specific DNA sequence 
• Regulate expression of nearby genes



Gene Regulation

Determines the shape and 
function of each cell

Adapt to changes in the 
environment

Image credit: shutterstock.com, wikipedia.org



Goal: Learn mathematical model that predicts binding.

How do TFs read sequence?



Binding Affinity and Equilibrium Binding
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The SELEX-seq Experiment
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Model of Initial DNA Binding

Probability of bound at equilibrium: 

 

Differential equations describing single sequence binding 
kinetics:

 

After solving this, we 
got:
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Current Binding Models Blind to Kinetics

 

 

DNA Sequence

DNA Sequence

• Current binding models predict binding strength, blind to 
kinetics

• Goal: Learn how binding kinetics depend on sequence

 



Competitor DNA: Suppresses Rebinding

Adding Competitor
DNA sequence

- Add competitor with high-affinity 
binding site

- Free TFs absorbed
- Rebinding to randomized DNA 

suppressed

After 
reaching the 
equilibrium
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Modeling Binding Kinetics with Competitor

Differential equations describing binding 
kinetics:

 

Solution
:  

Equals 0 because [TF] = 
0
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Proof-of-Concept Experiment

TF:                                                       Dll (Distal-less) TF from fruit fly
Competition time:                                       0, 1, 5, 30 min
Sequenced:                   Input DNA and bound sequences at each timepoint.
My project:                    Analyzed the data to see if experiment worked.
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First step: Parse Data

Randomized 
DNA sequence

Enrichment in 0 minute



Bound sequence libraries changed 
after competition
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• Sanity check: Do the frequencies of bound sequences change as the competition time 
increases? 

• Take-away:
• As expected, libraries become more dissimilar as time goes on.



Low-affinity sequences unbind faster
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High Binding Affinity sequence TAATTG Low Binding Affinity sequence TGATTG



Conclusion

• Combining SELEX-seq with competition can probe binding kinetics 
with high throughput.

• Proof-of-concept experiment works as expected:
• Bound sequence libraries changed after competition
• Low-affinity sequences unbind faster

• Future Step: Build machine-learning method for inferring kinetic 
binding models 
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Binding Equilibrium

Binding Equilibrium:
As time progresses, the number of transcription factors binding with the DNA sequence 
will reach an equilibrium, with an equal rate of binding and unbinding. 

AATCGAGATAAATCGATCGATCGGGCCTTAAGCATCGGTACGTACGGTTACCCGTACGTACGTA

In a long run, the bind on and bind off rates are the same on 
average.

 

For a single sequence at 
equilibrium: 



Binding Affinity

 

The binding kinetics can be used to predict the binding affinity of the transcription factor for different 
DNA sequences, as well as the kinetics of binding in the presence of competing DNA sequences.
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Results

skip



Results

skip

- What sequences unbind faster?
- Recall: high off-rate -> high kd?

- Comparing high and lower affinitgy sequnces:



Binding Kinetics

 

AATCGAGATAAATCGATCGATCGGGCCTTAAGCATCGGTACGTACGGTTACCCGTACGTACGTA

Some TFs bind longer than the others, but they eventually bind off.

Time(t)

AATCGAGATAAATCGATCGATCGGGCCTTAAGCATCGGTACGTACGGTTACCCGTACGTACGTA



Fruit Fly Distal-less(Dll) TFs

FlyTF is a database of computationally predicted and/or experimentally verified site-specific 
transcription factors (TFs) in the fruit fly Drosophila melanogaster. It covers the DNA-binding 
characteristics of the proteins and a more fine-grained annotation of both DNA binding and regulatory 
properties.
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Competition SELEX Experiment


