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Gene	Regulatory	Networks	(GRN)	
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Drosophila,	stripes.	

[Paddock,	2001]	Stripes	of	the	Drosophila	embryo.	

possessing an elaborate mechanism space. Morphogen inter-
pretation is the second step in the two-step process of
morphogen-based patterning, the first step being morphogen
gradient formation and maintenance that we do not address in
this study.

To explore the range of possible morphogen interpretation
mechanisms, we sought a biologically verified model of gene
regulation. We therefore adapted the continuous mathematical
model developed over the last 20 years by Reinitz et al
(Mjolsness et al, 1991; Reinitz and Sharp, 1995; Jaeger et al,
2004), which quantitatively captures the spatiotemporal
dynamics of gap gene patterning in response to the Bicoid
morphogen gradient during Drosophila embryogenesis. Our
model includes time delays encoded by synchronized updating
of gene states in discretized time steps. The gene dynamics
depend on the following model parameters: the strength and
sign of the interactions between genes, degradation rates and
importantly also on cell–cell communication (which is
represented by a diffusive process—see Materials and methods
for full details). We have also added a new term into the model,
to represent stochastic molecular noise. Noise was included in
the simulations as the importance of robustness of develop-
mental mechanisms with respect to stochastic noise has been
highlighted in the past (Kerszberg, 2004). Our noise term
describes temporal fluctuations of molecular concentrations

that generate gene expression variability comparable to that
seen in real patterning systems (Supplementary Data section
S1). We simulated a one-dimensional spatial system compris-
ing 32 nuclei with a fixed morphogen gradient across the field,
and chose a single stripe of expression as the target pattern
(Figure 1A), because it represents a particular example of
morphogen interpretation and is a simplified version of the
well-known and much-studied French Flag problem (Wolpert,
1968). In all, 32 cells were chosen for the simulations because
it represents a typical size for a morphogenetic field found in
many real patterning systems (Briscoe et al, 2001; Wijgerde
et al, 2002; Bayly et al, 2007). As we are searching for the
general design principles of stripe-forming networks, our
criteria allow stripes of varying widths and positions within
the field (see Materials and methods). Furthermore, there are
no restrictions on the gene expression time course taken in
order to arrive at this final gene expression pattern.

We hypothesized that exploring this system using discrete
topologies would serve as a convenient, efficient and mean-
ingful way to represent what is in fact a vast and continuous
multidimensional parameter space (Figure 1B–E). The diffi-
culty of using the full continuous space can be considered in
the following way. Exploring networks with different numbers
of regulatory interactions involves sets of simulations in which
certain parameters are kept to zero. In practice, these networks

Figure 1 Combining topology space with a realistic model of gene regulation. (A) Our model of development is derived from a realistic model of Drosophila anterior–
posterior patterning (Mjolsness et al, 1991; Reinitz and Sharp, 1995; Jaeger et al, 2004). This spatial model consists of a one-dimensional row of cells with the GRN
repeated in each cell. Cells can signal to one another by means of diffusible gene products (dashed arrows). Specifically, we look for GRNs that have the ability to generate an
output with a single stripe of gene expression (green line) by interpreting a morphogen input signal in the form of a gradient (black line). An example of a single stripe of gene
expression for the Krüppel gene is shown, the data for which was taken from the FlyEx database (Poustelnikova et al, 2004; Pisarev et al, 2009). (B) A GRN topology where
two of the gene–gene interactions a and b correspond to the parameter space in (C). (C) A parameter space of the two parameters a and b. Dots are random parameter sets
from this space. (D) A topology space is created if all values of a and b that are positive are considered gene–gene activations, those values of a and b that are negative are
considered gene–gene repressions and those values of a and b that are 0 are considered to generate no gene–gene interaction. Regions of parameter space corresponding
to the different topologies are indicated by the different colored circles surrounding the topologies and the different colored dots in (E). Where topologies differ by a single
gene–gene interaction (one Hamming distance) they are linked by a blue line. Such links connect regions of close parameter space.

GRNs reveal multiple three-gene mechanisms
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A	single	stripe	

FlyEx	database.	[CoQerell,	Sharpe,	2010]		
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Gene	Regulatory	Networks		
and	the	Dynamics	

•  Interac7on	graph	(IG)	
–  	Nodes:	genes	and	their	

products	
•  	v1,	v2,	v3	

–  	Edges:	regula7ons	with	
thresholds	

•  State	transi7on	graph	(STG)	
–  States:	x(v1,	v2,	v3)	
–  State	transi7ons	
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Reverse	Engineering:	from	STG	to	IG	
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Reverse	
Engineering	
Algorithms	

• 	Dynamics:	STG	

IG	
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Our	Goals	

•  By	the	end	of	this	project,	hope	we	can		
achieve:	
– Understand	discrete	modelling	of	gene	regulatory	
networks	and	their	dynamics	

–  Implement	some	reverse	engineering	algorithms	
– Apply	the	codes	on	some	real	biological	examples	

5	Analysis	of	gene	regulatory	networks	27/01/2017	



Important	informa7on	
•  	Language:	English.	
•  	Dura7on:	within	8	weeks.	
•  	Expected	star7ng	7me:		
– end	of	February	/	beginning	of	March	

•  	Programming	language:		
– Matlab	(mainly),		
–  	or	Python.	

•  Email:	lingsun@zedat.fu-berlin.de	
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Thank	you	for	your	a,en.on!	
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