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Differentiation of human cells
Williams et al. (2012) Cell 149. DOI: 10.1016/j.cell.2012.05.015
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SnapShot: Directed Differentiation of Pluripotent 
Stem Cells
Luis A. Williams, Brandi N. Davis-Dusenbery, and Kevin C. Eggan
HHMI, Harvard University, Cambridge, MA 02138, USA



The big picture
Cell differentiation as transitions among attractors



What is SQUAD?

I Stands for Standardized Qualitative Dynamical systems.

I Approximates a Boolean network with the use of a set of
ordinary differential equations.

I Variables representing the state of activation are normalized:
they are constrained in the range [0,1].

I Enables a direct comparison of the attractors obtained with a
continuous model against the attractors of a purely binary
model.



Why?

I There are many biological systems where there are gradients,
and concentration-dependent effects.

I There is not enough quantitative data available for such
systems.



SQUAD
Mendoza and Xenarios (2006). Theor. Biol. Med. Model. 3: 13



Discrete equations



Discrete equations

xa b

xa b

xa b

x ← a OR b

x ← a AND NOT b

x ← NOT a AND NOT b



Finding attractors analyzing regulatory circuits

The logical formalism developed by René Thomas enables us to
dissociate a complex network into a well-defined set of feedback
circuits and check their dynamical roles individually, yet keeping
complete control of the ways in which these circuits are
interconnected.



Continuous equations



The parameter h
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Relative insensitivity to parameter h
Mendoza and Pardo (2010). Theor. Biosci. 129: 283



Continuous equations



Parameters α and β

xa b
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Strength of interactions



SQUAD workflow



SQUAD
Di Cara et al. (2007). BMC Bioinformatics 8: 462



Workflow



Finding the steady states of a network with BDDs



Dynamics



Perturbations



SQUAD is part of ENFIN
http://www.enfin.org



SQUADD
Sankar et al. (2011). Bioinformatics 27: 1404



SQUADD
Used to model cyclic behavior



SQUADD is part of Bioconductor
http://www.bioconductor.org/packages/release/bioc/html/SQUADD.html



Modification of SQUAD
Sánchez-Corrales et al. (2010). J. Theor. Biol. 264: 971



In the original version of SQUAD ...

xa b

xa b

xa b

x ← a OR b

x ← a AND NOT b

x ← NOT a AND NOT b



... this is not possible

xa b xa b

c

xa b

x ← a XOR b x ← a OR (b AND NOT c)

x ← a AND b



A Boolean Network
Its topology

A
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A Boolean Network
Its associated functions

A

B C

A(t + 1) = C(t)

B(t + 1) = A(t) and not C(t)

C(t + 1) = not B(t)



A Boolean Network
Attractors and basins of attraction
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The continuous equations

dxi
dt = −e0.5hi +e−hi (ωi−0.5)

(1−e0.5hi )(1+e−hi (ωi−0.5))
− γixi

xi is the activation level of node i.
ωi is the continuous form of the logical rule describing the response
of the node.
hi is the gain of the input.
γi is the decay rate.



From classic to fuzzy logic

NOT x → 1− x

x AND y → min(x , y)

x OR y → max(x , y)



The fuzzy logic version of the NOT function
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The fuzzy logic version of the AND function

F(x,y) = min(x,y)

y
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The fuzzy logic version of the OR function

F(x,y) = max(x,y)

y
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From a discrete to a continuous function

xa b

x(t + 1) = a(t) XOR b(t)

x ← a XOR b

x ← (a AND NOT b)OR (NOT a AND b)

x ← max(min(a, 1− b),min(1− a, b))

dxi
dt = −e0.5hi +e−hi (max(min(a,1−b),min(1−a,b))−0.5)

(1−e0.5hi )(1+e−hi (max(min(a,1−b),min(1−a,b))−0.5))
− γixi



Finding attractors



Using SQUAD in Arabidopsis
Sánchez-Corrales et al. (2010). J. Theor. Biol. 264: 971



Attractors of the discrete model



Attractors of the continuous model (part 1)



Attractors of the continuous model (part 2)



SQUAD in the modeling of T cells
Mart́ınez-Sosa and Mendoza (2013). BioSystems 113: 96



Conclusion

SQUAD:
I It is a flexible modeling tool.
I It has been extensive tested in systems with fixed point

attractors.
I It still needs to be fine-tuned to study cyclic attractors.
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