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1 DMaterials and Methods

Whole mount in situ hybridization was performed as previously described [33]
using probes directed against mouse Sox9, Hoxd13, Hoxd12 and Coll21a (kindly
provided by Denis Duboule, and Susan Mackem).

Whole-mount skeletal preparations were performed by staining with Alizarin
Red and Alcian blue following standard protocols.

All measurements were performed in pictures taken from specimens in PBS
after whole mount in situ hybridization. Although the process of dehydration
shrinks the tissue, the posterior rehydration brings it back to the previous size
[34].
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Three qualitative behaviors support a self-organizing mechanism in contrast to
a positional information model for the specification of the digit pattern:

e More digits are formed when the developmental field is increased. This
can be seen in Figure 1A by comparing the WT skeletal pattern with that
of the Gli8 -/- mutant that has a bigger autopod and more digits.

e Progressive allele removal of a strongly related family of genes (distal Hoz
genes) induces the formation of an increased number of thinner digits
within the same space.

e Distal digit bifurcations occur.



These observations are difficult to explain with a positional information
model and are consistent with the hypothesis that distal Hox genes control
a self-organizing mechanism responsible for the periodic patterning of digits.
Furthermore, Turing models have frequently been criticized on the grounds that
they predict significant variability in phenotypic result, and therefore do not dis-
play the robustness perceived to be inherent in developmental mechanisms. The
observed variability in digit number and digit bifurcations within each genotype
analyzed in this study provides an important counter-argument, as it highlights
that some naturally-evolved developmental systems may be less robust than
sometimes imagined.

The quantification showed in Figure 4B-C reveals that from the Hozal3
+/+; Hoxd11-13 +/+ mutant to the Hozal3 +/-; Hoxd11-13 -/- mutant the
average digit period is reduced of 1.5 times. Figure 1C and Figure 4B highlight
that within each limb the average digit period is increased from the proximal
to the distal boundary of the autopod. This scaling is reduced when Hox genes
are removed and distal digit bifurcations are observed. In addition, two other
phenomena are observed when distal Hox genes are removed:

e The formation of the skeletal pattern is delayed. This is highlighted in Fig-
ure S2 where the skeletal patterns of the Gli3 +/- ; Hoxzal3 +/-; Hoxd11-
13 -/- mutant and the Gli3 -/- ; Hoxal3 +/-; Hoxd11-13 -/- mutant are
compared with the patterns of the Gli3 -/- and the Gli3 +/- mutant at a
similar stage.

e The PD length of the distal region is reduced. This is showed by the
Soz9 hybridizations in Figure 3 and confirmed at later stages by Col2a
hybridizations, see the Figure S3.

From the quantification we formulated the following hypothesis:
e Hozx genes increase the wavelength of a self-organizing mechanism.
e Hox genes increase the speed of pattern appearance.

e Hox genes increase the wavelength in a PD graded manner and control
the PD width of the digits.

To investigate these hypothesis we analyzed the behavior of a general two
dimensional reaction-diffusion model that is able to self organize to produce a pe-
riodic pattern. Alternatively, a self-organizing mechano-chemical model based
on cellular re-organizations could be considered. However, recent results [37]
highlighted that very limited change in cellular properties is observed at early
times after skeletal pattern specification. Moreover, previous studies [11][40]
showed that mechano-chemical models capable of forming periodic patterns are
mathematically equivalent to reaction-diffusion models. Therefore, we are con-
fident that our results could be easily related to more complex models that
include change in cellular behavior.



2.2 The Turing reaction-diffusion model

We considered a general reaction-diffusion model made of two reactants u and

v in the form: 5
au_ f(u,v) +d,Vu
ot
s (1)
a = g(uv U) + dUVQU
The biological implementation of the reaction kinetics f and g is unknown.
For this reason, we used the general model developed in [25] that is obtained by
linear approximation around the steady state (0,0). In addition, a cubic term
(u?) was used to limit the growth of the activator. We obtained f and g in the

form:
f(u,v) = fuu + va —u?
g(uv 1}) = guU + GV

(2)

Any reaction-diffusion model of two species can be approximated to this
general form by Taylor expansion up to the cubic term. According to [43] this
model produces a diffusion-driven instability when the following conditions are
satisfied:

fut9u <0,  fugo — fogu >0

3
dy fu+dygy >0, (dvfu + dugv)2 - 4d(fugv - fvgu) >0 ( )

The parameters showed in Table ST1 that just satisfies the condition (3) were
used as a starting point for our analysis.

fu f’U gu gU du d’U
0.49 | -0.5| 05 |-0.5]| 70 | 875

Table ST1: The parameter set used, the spatial unit is pm

This parameter set represents an Activator-Inhibitor model where v is an acti-
vator that auto-activates itself and promotes its own inhibitor (v). The corre-
sponding network diagram is shown in Figure S7.
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Figure S7: The network of the Activator-Inhibitor model

As an alternative, a Substrate-Depleted model could be obtained by inverting
the signs of the parameter g, and f,. This would result in a model where an
activator (u) depletes a substrate (v) to auto-activate itself. In this study we
analyzed only the behavior of the Activator-Inhibitor model.

2.3 The effect of Hox genes

To investigate the possible role of Hox genes we analyzed how the different pa-
rameters of the model (Figure S7) affect the wavelength and the speed of pattern
formation. To analyze the wavelength we first calculated the wavenumber k2 of
the mode with the largest eigenvalue A as showed in [25]:

_ _dudv(fu - g'u) + (du + du) V _dud'ufvgu

2
k dudv(dv - du)

(4)

and calculated the wavelength w of the corresponding one-dimensional case with
zero-flux boundary conditions as presented in [43]:

W= — (5)

To analyze the speed of appearance (Amnqz) we use the formula presented in [25]:

A o dy fu — dugy — 2+/—dudy fogu 6
s = -2y ©)

The goal of our analysis was to identify which parameters can be modulated by
Hox genes to increase both the wavelength w and the speed of pattern formation



Amaz- Also we wanted to identify the parameters that defined the region where
patterning mechanism was active, as we observed a progressive PD digit length
reduction and no pattern was formed when Hox genes were completely removed.
Formally, the pattern formation is achieved when the condition A, > 0 is
satisfied.

Trivial candidates that could account for the increase in wavelength are the
diffusion constants d,, and d,. When we used the parameters presented in Table
ST1 and allow only one of the diffusion constant to change at the time, d,, and
d, could vary in the following ranges according to (3):

dy < 645.013 d, > 94.95

When d, or d, were increased as showed in Figure S8, the wavelength w was
increased.
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Figure S8: The effect of one diffusion constant on A4, and w

When the diffusion of the activator d,, was increased approximately three times
the wavelength w was increased of 1.5 times. In contrast, to obtain a similar
increase in w with the inhibitor, the diffusion constant d, had to increase 12
times. Another difference between d,, and d, was the relation with the speed of
pattern appearance A;q.. In agreement with the results presented in [25], we



found that A,.. was decreased (slower pattern formation) when d,, increased
while the opposite result occurred (faster pattern formation) when d,, increased.
Therefore, assuming that Hox genes have to promote both faster pattern forma-
tion (greater A\p,q.) and bigger wavelength (greater w) the only good candidate
for being under the effect of Hox genes was d,,.

When we allowed both diffusion constants to vary at the same time, we could
more easily obtain the desired change in w by simultaneously scaling d,, and d,,
of 1.5, as showed in Figure S9.

Figure S9: The effect of both diffusion constants on A4, and w

However, in this case A4 remained constant.

In conclusion d, was the only parameter that could account for both an in-
crease in w and \,,4.. As mentioned above, d,, has to increase approximately 12
times to obtain the change in wavelength that we observe upon Hox genes re-
moval. A recent study showed that similar differences in diffusion constants can
indeed be observed in vivo [44]. It has been proposed that proteo-glycans in ex-
tracellular matrix can act as diffusion modulators [42]. However, the molecular
basis of diffusion modulation remains largely unknown.

For this reason we concentrated our analysis on the reaction kinetic param-
eters fu, fu, gu and g, that are easier to relate to the change in gene regulation



that follows Hox alleles removal. We explicitly ignored more complex cases
where reaction kinetic parameters were modulated in conjunction with diffu-
sion constants. However, our analysis can be easily extended to consider the
parameters d, and d, mentioned in the previous paragraph.

To analyze the effect of a change in the kinetic parameters, we allowed two
parameters to change at the time and calculated the parameter region that re-
spected the Turing-instability conditions (3). For each parameter couple we
produced two graphs visualizing the Turing-instability region: one showed the
change in wavelength w and one showed the change in speed of pattern ap-
pearance A\,,q;. This allowed us to see the effect of a single parameter change
in different regions and to investigate the relation between the parameters. In
total we obtained 12 graphs (6 parameter couples), showed in Figure S4 and
Figure S5. Our analysis of A4, confirmed the results presented in [25] showing
that an increase in the inhibition strength of f, or in the activation strength of
gu decreases A4, (slower pattern formation) while an increase in the activa-
tion strength f,, or in the inhibition strength g, increases Anq. (faster pattern
formation).

Our analysis of the wavelength w instead revealed that an increase in strength
of the auto-activation f, or the the auto-inhibition g, increases the wavelength
while an increase in the cross-inhibition f, and the cross-activation g, decreases
the wavelength. We also noted that across the parameter space, a change in f,
or in g, has a greater effect on the wavelength than a change in f, or in g,. In
particular we found that f, and g, were the only parameters able to produce
enough change in wavelength to account for the reduction observed upon Hox
removal.

In conclusion either a decrease in the activation strength of g, or a decrease
in the inhibition strength f, was able to reliably promote enough increase in
w and in Ap,qz. This may depend on the specific difference d,, and d, that we
choose and it may change if we consider more complex Turing models with basal
productions or non-linear terms. However, within the scope of this analysis f,
and g, were the best candidates for being under the control of Hox genes.

2.4 Numerical Simulations

Next, we performed a number of two-dimensional numerical simulations to ex-
plore the effect of the different parameters on the pattern. This requires integrat-
ing partial differential equation of the form (1). To this extent, we developed our
own numerical simulator that integrates the reaction part using a second order
Runge-Kutta method with adaptive time-step (also known as Heun’s method)
and a Finite Volume Method to solve the diffusion part. The Heun method es-
timates an error by comparing the results obtained with an Euler Method with
the results obtained with a second order Runge-Kutta. According to this error,
the time-step is resized during the simulation. The Finite Volume Method sim-
ulates the diffusion between neighboring triangles on an unstructured triangular
grid. This is obtained by applying the Fick’s law of diffusion on each edge of
the grid to diffuse the reactants between triangle centroids.
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All the simulations that we performed had zero-flux boundary conditions
for the diffusible species. The initial conditions were obtained with a random
Gaussian perturbation around the homogeneous steady state (u,v) = (0,0) with
magnitude of the order 1073. Moreover, to make sure that our results were
robust against noise we added a 1% of multiplicative Gaussian noise to both
u and v throughout the simulation. The simulations were run until a stable
pattern was reached.

To explore the two-dimensional patterns that were formed by this system, we
initially generated a square grid using the finite element grid generator Gmesh
[38]. The triangular grid is shown in Figure S10.

1000

y=

10184 triangles

x=1000

Figure S10: The square triangular grid used for the numerical simulations

Simulations on the square domain revealed that this general Turing model
always produces stripes due to the reverse symmetry of the system given by the
u? term. This was a suitable feature to produce digit-like patterns. However,
quadratic terms could be introduced in the reaction part to produce a spot like
pattern. Next, we investigated how the speed of pattern appearance (Amaz)
affects the pattern that is formed. This was done by running simulations with
different values of f,, as this parameter is mostly affecting A4, and is virtually
not changing w. We found that for low values of A4, the stripes direction-
ality was quite homogeneous across the domain, while for high values of \j,qz
irregular labyrinth-like patterns were formed. This is highlighted in Figure S11.
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Figure S11: The effect of \,,q, On stripe directionality

Related findings have been recently presented in [45]. However, even for small
Amaz the overall directionality of the stripes was random. Stripe directionality is
a crucial aspect to obtain a robust pattern formation in real biological systems.
It has been showed that stripe orientation can be controlled with anisotropic
diffusion [46] or with specific boundary conditions [36]. Since there is no evidence
for either of these two features in the limb bud, we searched for an alternative
strategy.

Interestingly, we found that under certain conditions a spatial gradient of
Amaz 1S able to orient the stripes. This is shown in Figure S12 where f, was
scaled along the = axis with an exponential function.

12
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Figure S12: Stripe orientation with f, spatial scaling

Intuitively, stripe orientation is achieved because the pattern forms earlier in
the regions with a high A, and subsequently propagates in the regions with
smaller A,,q.. Because of the exponential gradient, the region where the pattern
is initially formed is quite narrow and a regular aligned pattern can be obtained.
We found that this mechanism worked independently from the initial conditions,
was robust to noise and was able to orient stripes with different wavelengths.
Depending on the range of f, that was considered, different gradients had to be
used to obtain a good orientation. Moreover, we found that the orientation was
better when very high values of A\, were avoided. However, we consistently
found that exponential gradients or short linear gradients were able to drive
stripe orientation. In contrast, a gradient with a logarithmic profile promoted
almost the opposite alignment (parallel to the gradient) .

We hypothesized that this strategy is used in the limb to orient the digits
toward the distal tip. This implies that a distal gradient (e.g. Fgfs coming from
the Apical Ectodermal Ridge - AER) has to increase f, and therefore \,,q, to
orient the stripes. Interestingly, this hypothesis is consistent with the results
presented in [25] that show that Fgfs increase A4, in micromass culture. It is
therefore plausible that Fgfs in combination with growth are indeed helping to

13



get the correct digit alignment in vivo.

Next we performed numerical simulations on a domain with the experimental
shape of the Gli& -/- mutant. We used an outline of a representative specimen
and generated a triangular grid with the software Gmesh. The resulting trian-
gular grid is shown in Figure S13.

A

y=870

8245 triangles

v

x=717

Figure S13: The triangular limb grid made from the experimental Gli3 - /- shape

We mapped the experimental expression pattern of Hoxal3 into this realistic
domain shape by using the Vtk library [35]. Eventually, we normalized the
expression pattern between 0 and 1. This expression pattern was used as an
approximation for Hox genes in the model. In addition, we simulated an Fgf
signaling gradient by diffusing a substance from a region corresponding to the
AER into the mesenchyme. The patterns of Hox expression and Fgf signaling
are showed in Figure S14.

Hoxa13 Mapped Hoxa13 Simulated Fgf
E12.5 E12.5 E12.5

Gli3
o

Figure S14: The patterns of Hox expression and Fgf signaling
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The Fgf gradient was simulated with the following equation:

oFgf
5 = Ctes — HgrF9f +dgf VI fg

with parameters:
apgr =1, ppgr =0.01, dpgr =400

where apgr is a source term that was active only on the distal boundary that
corresponds to the AER (highlighted by the arrows in Figure S14). In the rest of
the domain zero-flux boundary conditions were used. Eventually, the gradient
was normalized between 0 and 1.

The two PD profiles of Fgf and Hox are shown in Figure S15.
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Figure S15: The PD profiles of Fgf and Hozx

2.5 Details of the Simulations in Fig 1D-E

The concept of modulating Turing parameters in a non-homogeneous manner,
using global gradients, has previously been explored in 1D [41] and more recently
in 2D [39]. Here, to test the hypothesis that a PD graded modulation of the
wavelength was required to avoid digit bifurcations, we explored the effect of
a uniform and a graded PD distribution of the parameters that we identified
as the best candidates to modulate the wavelength: f, and g,. We developed
a model where f, and g, were either constant or modulated by Fgf within an
active distal region. The active distal region was defined by using the following
equations:

15



fu,v) = (fu+kpu Fgf)u+ fov—u?
9(u,v) = guu + gyv

(7)

This strategy provided a gradient of f, that promoted correct stripe ori-
entation. Moreover, by starting from f, values that were outside the Turing-
instability region and by choosing an appropriate value for k¢, we were able to
define an active distal region that reflected the PD size of the Gli3 -/- digital
region. This was done by calculating A4, along the PD axis and by comparing
the region were A4 > 0 (active patterning) with the digit PD length of the
Gli8 -/- mutant.

Using this model we then explored the effect of a uniform and a graded dis-
tribution of f, and g,.

2.5.1 Figure 1D - Uniform wavelength distribution

In this case we set f, and g, to constant values. In addition, we selected
an appropriate range for f, to obtain correct stripe orientation. We selected
values of f, and g, to match to the average wavelength of the Gli3 -/- mutant.
Simulations with a uniform value of f, and g, showed distal digit bifurcations
that were due to the bigger distal autopod size. The simulation showed in Figure
1D of the main text was obtained with the parameter set showed in table ST1
except for the following parameters:

fu=028, k=015, g,=0.75

This parameter set is represented graphically in Figure S16.

max

1.5

Gu 10

70,15 0.20 0.25 030 0.35 0.40 0.45 0.50

fu fu

Figure S16: Graphical representation of the parameters used in the simulation
of Figure 1D
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The black arrow represents the parameter values seen along the PD axis of
the domain. It shows the change in f, that is promoted by Fgf to drive the
stripe orientation. The arrow starts from a parameter region where there is
no Turing-instability (white region) and ends up in an active region (colored
region) where A\,4, > 0 and a pattern is formed. Since f, is changed by Fgf
(a proximal-distal graded signal) a distal active region is obtained. Ayq, and w
along the PD autopod profile are shown in Figure S17.
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Figure S17: A4 and w PD profiles of the simulation in Figure 1D

The graph on the left shows A,4.. The region above the dashed line (A;q,=0)
is the active distal region. The graph on the right highlights the uniform wave-
length distribution obtained with a constant f, and g,. The slight increase in
wavelength in the distal part of the limb is due the increase in f,, that was used
to align the stripes. However, it was found to be negligible with respect to the
pattern formed.

2.5.2 Figure 1E - PD Graded wavelength

In this case we modulated the wavelength by changing either f, or g, with the
Fgf gradient. Similarly to the previous case we also selected an appropriate
range for f,, to obtain correct stripe orientation.

First we simulated a change in the parameter f,. To this extent we modified
the equations (7) in the following way:

fu,v) = (fu+ kg Fgf)u+ (fo + kpo - Fgf)v —u®

the equation g(u,v) was unchanged. We chose parameters f,, fu, kfu, ko that
started from a parameter region where \;,,4, < 0 and moved towards a param-
eter region where w was increased. A graphical example of the parameters that
we used is showed in Figure S18.
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Figure S18: Graphical representation of the parameters used in the PD graded
fuv case

The arrow highlights the change in f, and f, that is promoted by Fgf. The
starting point of the arrow is outside the Turing-instability region (white region)
where A4z < 0. The specific arrow presented above was obtained with the
following parameters:

fu=042, kp, =005, fy=-17, k=11

Unfortunately, we found consistently that the stripe orientation was compro-
mised. In particular, the pattern traveled toward the distal tip of the limb and
in this way the orientation provided by f, was disrupted. An example of the
qualitative behavior that we observed is shown in Figure S19.

Figure S19: Example of simulation with a PD graded f,
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The arrows highlight the direction where the pattern was moving over time. We
tried different combinations of Fgf gradients and different f, and f, ranges but
found consistently that this behavior was difficult to avoid. Intuitively, this was
happening because a lower strength of f, in the distal tip destabilized the acti-
vator pattern and produced the traveling behavior. Therefore, with our current
alignment strategy, we could not manage to modulate f, to match the skeletal
pattern of the Gli3 -/- mutant.

We decided to discard this strategy and try with the parameter g,. This
time we modified the equation (7) in the following way:

fu,v) = (fu+kpu - Fgf)u+ fov —u®

g(u7 U) = (gu - k'gu : Fgf)u + gv (8)

Like in the previous case, we chose a parameter set fy, gu, kfu, kgu that started
from a region where A4, < 0 and moved towards a parameter region where the
w was increased. This time our simulations revealed that the orientation of the
stripes was not compromised. Indeed, we consistently found that a PD graded
gn Was actually helping to get a good orientation. The simulation showed in
Figure 1E was obtained with the parameter set showed in Table ST'1 except for
the following parameters:

fu=042, kg, =005, g, =17, kg =11

A graphical representation of the parameters that were used is shown in Figure
S20.

maXx

015 020 025 050 0,35 0.40 045 050 0.15 020 0.25 0.30 0.35 040 0.45 050

Ju fu

Figure S20: Graphical representation of the parameters used in the simulation
of Figure 1E
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Like in the previous case, the arrow represented the PD change in g, and f,
that was promoted by Fgf. Apnar and w along the a PD autopod profile are
shown in Figure S21.

1701

I I I 100 L L L
0 350 700 0 350 700

Proximal Distal Proximal Distal
Space Space

Figure S21: A4 and w PD profiles of the simulation in Figure 1E

The graded wavelength prevented distal digit bifurcations and helped to obtain
the correct orientation of the stripes. This highlighted that an effective PD
scaling of the wavelength was required if digit bifurcations had to be avoided.
In conclusion, our quantification provided evidence that distal Hox genes mod-
ulated the wavelength. Moreover, we found both from the quantification and
from our computational analysis that this modulation has to be done in a PD
graded manner to avoid distal digit bifurcation. Therefore, in our model we
assumed that Hoz genes modulate the wavelength in a PD graded manner by
cooperating with AER, secreted molecule like Fegfs.

2.6 Details of the Simulations in Fig 3

To simulate the effect of the Hox gene alleles removal, we extended the model
that had a PD graded g, to consider Hox genes. We modified the equations
(8) in the following way:

g(ua U) = (gu - kgu ~knoxHox - Fgf)u + gov

f(u,v) was unchanged. The new Hox term corresponded to the experimental
pattern of Hozal8 that we mapped into the grid. The parameter kpo, was a
weight constant that represented the Hox dose and that was initially set to 1.
We left the scaling of the parameter f, in the model that promoted correct
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stripe orientation. The network diagram of the model is highlighted in Figure
4A of the main text.

First, we chose parameters that were able to match the skeletal pattern of
Gli3 -/- mutant and its wavelength distribution along the PD axis (black line
Figure 4B). The same parameters that we used for the simple PD graded g,
model were found to be still suitable to match the Gli3 -/- pattern. The param-
eters were those presented in table ST1 except for the following parameters:

fu=042, k=005, g,=17, kg =11

This parameter set is highlighted by the read arrow in Figure S22.

015 020 0.25 0.30 035 0.40 0.45 0.50 0:d3 0201027030 03330140, 0:45°0550

Ju fu

Figure S22: Graphical representation of the parameters used in the simulations
of Figure 3

We simulated the progressive removal of Hoz alleles by decreasing the param-
eter kpog that represented Hox dose. This is shown by the progressively shorter
black arrows in Figure S22. When Hoz dose was reduced, w (wavelength) and
Amaz (patterning speed) were decreased. Moreover, the wavelength PD scaling
became shallower and distal digit bifurcations occurred. In addition, the size
of the active patterning region, that defined the PD digit length, was also re-
duced. This is highlighted in Figure S22 by the fact that a progressively shorter
proportion of the black arrows is overlapping with the Turing-instability region
where Apnaz > 0 (colored region). All these behaviors were consistent with the
phenotypes observed upon Hox alleles removal. Figure S6 shows how w and
Amae changed along a PD axis of the autopod when Hox dose was reduced, all
the features discussed above are highlighted graphically.
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The values of kpor that were used to simulate the progressive Hox dose
reduction are shown ST2.

Hozxal3 +/+ | /- /-
Hoxdll1 —13 | +/+ | +/— | =/— | =/— | =/—
khox 1 0.7 0.5 0.2 0

Table ST2: Values of k., used in the simulations of Figure 3
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3 Supplementary Material for Figure 1C
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3.3 Wavelength quantification of the Gli3 -/- ; Hoxal3

+ /- mutant
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4 Supplementary Material for Figure 4B
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4.2 Wavelength quantification of the Gli3 -/- ; Hoxal3
+/-; Hoxd11-13 +/- mutant
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4.3 Wavelength quantification of the Gli3 -/- ; Hoxal3

+/+; Hoxd11-13 -/- mutant
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4.4 Wavelength quantification of the Gli3 -/- ; Hoxal3
+/-; Hoxd11-13 -/- mutant
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5 Supplementary Material for Figure 4C

5.1 Average wavelength quantification of the Gli3 +/+
background mutants
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5.2 Average wavelength quantification of the Gli3 +/-
background mutants
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5.3

Average wavelength quantification of the Gli3 - /- back-

ground mutants
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6 Figure S1

Expression of Hozd13 and Hozd12 in E12.5 limbs of the Hozal3;Gli3 allelic
series. Note anterior upregulation of Hoxd13 and Hoxd12 in absence of Gli3.
Genotypes are marked at the top of each column and probes on the left.

+4; /-3 /-5
Xt/ Xt x XEJ/XtJ Xt/ Xt

Hoxdl12
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7 Figure S2

Expression of Soz9 in limbs of the Hozal3;Hoxd11-13;Gli3 allelic series. Note
the delay in the formation of the digit pattern when the Hox dose is low

(Hozal3+/-;Hoxd11-13-/-).

Hoxa 13 +/+ Hoxa 13 +/-
Hoxd 11-13 +/+ Hoxd 11-13 -/-
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>
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8 Figure S3

Expression of Coll21a in E14.5 limbs of the Gli3-null background with progres-
sive decrease in distal Hoz dose showing the reduction in the PD extension of

the digital region.
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Col2a
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9 Figure S4

The effect of the reaction parameters on Aper and w: (fu, fo),(fu, gu) and
(fv,9u). Two graphs visualizing the change in speed of pattern appearance
(Amaz) and wavelength (w) within the Turing-instability region are shown for

each parameter couple.
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10 Figure S5

The effect of the reaction parameters on Apa. and w: (fu,9v),(gv, fo) and
(gus gv). Two graphs visualizing the change in speed of pattern appearance
(Amaz) and wavelength (w) within the Turing-instability region are shown for

each parameter couple.
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11 Figure S6

Amaz and w PD profiles of the simulation in Figure 3
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