Data-driven modelling of a gene regulatory network for cell fate
decisions in the growing limb bud.
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Supplementary Figure S1: Exploration of parameter space. Simulations of the 27 initial parameter
combinations for Model C, show the variety of the starting conditions for the optimisations, and also how
different they are from the target pattern (the experimental data).
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1 31501  38E01  9639E+00 1.00E0Q4 100EON3  100EQ2 372E04 259E01  429E.03  3B81E.01 340E.05 545E.05 421E.04
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17 891E04 1.35E400 361E+00 1.00E0Q3 1.00EO1 100EQ1  32E02 270E03 212802 911EL3  456E.03 212602 355E.05
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22 457601  7.01E01 920E+00 1.00E02 100EQ2 100EQ2 195E01 778E05 824E.04 S5126.02 S505E.03 727E.03 724E.04
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24 42703  400EO01 493801 1.00EQ2 1.00E02 100E4 Q0 443E05 S01EQ3  101E.04 S580E-04 130E-01 424E.01 B94E.05
25 267601 7.04E01 1.20E-01 1.00E02 1.00EQ1 100EQ2 353E04 120E02 225E.04 635E.05 938E.03 134E.04 1552
26 502E:02 23E01 2.00E01 1.00EQ2  1.00E01 1.00E01 105E03 84702 252602 S533E.03 843E.03 336E-02 543E.03
27 266E01 1.13E400 1.09E+00 1.00E©02 100EQ1 1.00E4Q0 397E02 929E01 535604 427E.02 917E-2 1376E-04 634E.02

Supplementary Table S1: Initial parameter values for the optimisations.Each parameter set cor-
responds to the images of the same number in Supplementary Figure S1.
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Supplementary Figure S2: Non-linear rescaling of expression data does not alter the optimi-
sation results. The top row shows the experimental data plus the best optimisation results for each of the
4 models. In each case the non-linear transform described in the Methods section has been applied. The
scores underneath show that Model C provides the best score (ie. the smallest difference from experimental
data). The bottom row shows the same analysis, but for a different non-linear scaling of the data, which is
equivalent to under-developing the in-situ hybridisation for the experimental data (first column). Although
the absolute scores change, the best model overall is again Model C.
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Supplementary Figure S3: Effect of removing almost half the timepoints of the experimental
data. When every second timepoint of mapped expression data was removed from the fitting procedure for
Hoxall and Hoxal3, the optimised Model C (a) was still visually indistinguishable from the original result

(b).
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Supplementary Figure S4: Exploration of non-minimal models supports Model C. We chose
to optimise another model (Model Xj), which rather than being one of the simplest topologies, represents
the "most complex" topology, ie. it contains all the possible regulatory links between the upstream nodes
RA/FGF and the downstream nodes Hox genes (see Figure le). We optimized this "super-model" X, and
then tested it by removing each regulatory link one-by-one, thereby testing a series of intermediate models,
X1-X4. When either the link from FGF to Hoxall was removed (X1), or the link from RA to Hoxal3 (X3),
the resulting pattern (and score) dramatically worsened. By contrast, if the link from RA to Hoxall was
removed (X3), or the link from FGF to Hoxal3 (X4), this had much less impact on the resulting Hoxall
pattern. In other words, the links which are most important to maintaining a good score are the two links
of Model C. Indeed, when we remove both of the unimportant links (X5), we have recreated Model C and
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Score = 2.98

the resulting pattern is almost as good as when Model C was optimised directly.
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Supplementary Figure S5: Re-testing Model F against all experimental evidence. Model F is
derived from Model C, but with 2 changes: a 60% reduced decay rate for Hoxall, and the addition of
a regulatory link (k9) to explain the Meis ectopic expression results. We therefore went back to re-test
the final model against: (a) the wildtype time course, (b) the RA-bead experiments, (c) the AER-removal
experiments. The results were unchanged from before, which is expected because Hoxall does not regulate
any other genes in the system, the new k9 link is not activated during any of these experiments, as the
expression patterns of Meis and Cyp26b1 do not overlap in any of these cases.
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Supplementary Figure S6: Sensitivity analysis.On the final model of our study, Model F, we performed
a sensitivity analysis for the free parameters. Each parameter was gradually increased and decreased up to a
4-fold difference in each direction, and the resulting score of the simulated model was assessed. The results
show that most parameters are well-determined (considering that even a difference score of 3.0 is a noticeably
bad reproduction of the expression patterns, e.g. Figure 3b). Only one parameter is completely insensitive to
variations: lambda-R, the background degradation of RA, can take almost any value because in the successful
model, RA is strongly regulated by Cyp26bl. It suggests that the model can operate successfully without
this degradation term in equation (3), and indeed subsequent tests confirmed that it can be removed.



Supplementary Table S2: Parameter values for all shown models. The parameters in bold are
parameters that were optimized automatically while the other parameters were given fixed values. The
diffusion constants were taken from the literature (see main text). Most production rates (P) and decay
rates (\) were fixed to 0.05, such that maximal expression would equilibrate to a relative concentration of
1.0. We will comment briefly on the values of the free parameters just for Model C, as this is the successfully
optimised one. The final model (F) is directly derived from C with just the addition of the kg link. Production
rates are relative, and the optimised value for FGF4 is less than an oder of magnitude different from the
fixed value for FGF8. Decay rates are very low, but the lower value Ag, is also very under-determined (see
Supplementary Figure S6) and so this value is not important (and can be neglected from the model). The
regulatory cooperativity represented by p and p’ are very reasonable for non-liner biomolecular systems. The
k values all appear reasonable, except ks which seems very small relative to the others. In fact, for repressive
interactions a smaller value represents a stronger repression. In the case of ks it is clear that Hoxal3 is very
sensitive to even low levels of RA, and this is in agreement with the literature cited in the main text.
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(Meis) (Hoxall) (Hoxal3)

Ky ke
Parameter Value Units Parameter Value Units
D, 100 pm**min’' D, 100 pm**min’'
D, 600 pm?*min’’ D, 600 um*min’'
P rcre 0.05 min-1 Peare 0.05 min-1
rors 4.99 min-1 Prcre 0.141 min-1
Pq 1 min-1 Pe 1 min-1
P 0.05 min-1 P 0.05 min-1
Py 0.05 min-1 Pu 0.05 min-1
P 0.05 min-1 P 0.05 min-1
Pus 0.05 min-1 Pus 0.05 min-1
A 0.0368 min’ A 0.00291 min’
A 0.000103 min’' Ay 0.00441 min’!
A 0.05 min" A 0.05 min’'
Ay 0.05 min" A, 0.05 min’”
A‘m 0.05 min’ AA" 0.05 min’'
A 0.05 min’' As 0.05 min’*
u 1.28 u 574
" 1.56 "8 191
<, 0.238 min-1 ¢, 0.0103 min’!
k, 0.00259 k, 0.0237
k, 0.00814 k, 0.130
k, 0.00259 k, 0.0477
k, 0.171 K, 0.119
k, 0.00404 k, 0.111
Best Score = 2.53 Best Score = 3.07
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(Meis) (Hoxall) (Hoxal3)

Ky
K
Parameter Value Units Parameter Value Units

D, 100 pmE*min! D, 100 pm? min’*
D, 600 um**min’’ D, 600 pgm**min’'
P oers 0.05 min-1 P 0.05 min-1
Prare 0.335 min-1 Peore 0174 min-1

P 1 min-1 Pe 1 min-1

P, 0.05 min-1 P, 0.05 min-1
P, 0.05 min-1 P, 0.05 min-1
PAH 0.05 min-1 le 0.05 min-1
P s 0.05 min-1 P s 0.05 min-1

A 0.00704 min’' A 0.00324 min't
A 0.000125 min’' A 0.000159 min’'
A 0.05 min” A 0.05 min”
A 0.05 min” Ay 0.05 min”
A 0.05 min’* A 0.05 min’*
Ay 0.05 min” Aus 0.05 min”

u 1.25 u 534

' 3.77 ' 0575

c, 2.46 min’ c, 0.997 min’’

k, 0.353 k, 0.0598

k, 0.145 k, 0.156

k, 0.622 k, 0.0235

K, 0.000699 k, 0.0359

K, 0.0604 k, 0.115

Best Score = 2.41

Best Score = 3.36
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Parameter Value Units Parameter Value Units

D, 100 pum**min’' D, 100 um**min’'

D, 600 um**min’' D, 600 um**min’'
P s 0.05 min-1 P 0.05 min-1
Picra 0.335 min-1 Peor 0.335 min-1

P 1 min-1 Pe 1 min-1

P 0.05 min-1 P 0.05 min-1

P, 0.05 min-1 P, 0.05 min-1
PAH 0.05 min-1 PAn 0.05 min-1
PAn 0.05 min-1 PAn 0.05 min-1

A 0.00704 min” A 0.00704 min’'

A 0.000125 min’' A, 0.000125 min"

A 0.05 min’' A 0.05 min’'

A, 0.05 min" A, 0.05 min"
A 0.02 min’' A 0.02 min'"
A 0.05 min’' Ags 0.05 min’'

u 1.25 u 125

" 3.77 "] 377

< 2.46 min’ c, 2.46 min’'

k, 0.353 k, 0.353

k, 0.145 k, 0.145

k, 0.622 k, 0.622

K, 0.000699 k, 0.000699

K, 0.0604 K, 0.0604

K, 1.00 k, 1.00

Best Score = 2.41

Best Score = 2.55
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Supplementary Figure S7: Raw data Photos of expression patterns for Hoxall and Hoxal3 were kindly
provided by Nadia Mercader and Miguel Torres
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