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Xenopus laevis

whole

Bisection

D-half V-half
lateral view (St25) dorsal view (St25) ventral view (St25)
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morphogen gradient

Wolpert's “French flag” model

Wolpert, L. Positional information and
the spatial pattern of cellular
differentiation. J Theor Biol 25, 1-47
(1969).
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The morphogen gradient: C(X) o ﬁ e

The diffusion distance  { = D/)\.
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The BMF activity is quantified by the
nuclear phospho-Smad1 (pSmad1) signal.

Inomata, H., Shibata, T., Haraguchi, T., & Sasai, Y. (2013). Cell, 153(6), 1296—1311.
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Sizzled, a inhibitor for Chordin
protease, stabilizing Chordin and
BMPs-Chd complexes
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Inomata, H., Shibata, T., Haraguchi, T.,
Brk, race,

¢ : & Sasai, Y. (2013). Cell, 153(6), 1296—
NUCLEUS  Dutko, J.A., and M.C. Mullins. 2011. Cell. ™5—636=636-¢2. 1311.
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(A) ADMP
(C) Chordin

(AC) ADMP-Chd
(BC) BMP4-Chd
(
(

B) BMP4
S) Sizzled

(1) BMP-dependent
production

(2) Degradation

(3) Association between

BMPs & Chordin
(4) Sizzled-regulated

Chordins degradation

(5) Diffusion

(6) Chd production at
dorsal end
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(1) BMP-dependent production
rate, Hill coefficient, threshold

---------- (2) Degradation
---------- (3) Association between BMPs & Chordin

IRTPPRREE (4) Sizzled-regulated Chordins degradation
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.......... (5) Diffusion
.......... (6) Chordin production at dorsal end
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.......... (7) embryo size
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X p(1500).. X' r(500) Xy(1500) .. X1/(500)
* [BMP] = Ko, B#EIBLDIRFT, xo
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b = { Xp(1500) .. Xp(500), Xy(1500), ., ., Xv(500)}
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b= { Xp(1500), . ., Xp(500), Xy(1500), XV(SOO)}

l

b* = {xpus0=1/5, ..., xps0=1/5, xyas0=5/8, ..., xvs00=5/8 }
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Parameter 2
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Parameter 1

Sample parameters from
prior distribution

t

v

BMPs (free)
0.8
V' N
0.6} (o\]
K Keep if )
distance below *q-_;
Simulate model 0.4 threshold? £
» <
0.2 g
K
¢ 0 % target pattern target pattern >
0 02 04 06 08 A1 Parameter 1

embryonic coordinate

Compare simulation with target

Derive approximation to
posterior distribution

Repeate

Liepe, Juliane, Liepe, Juliane, Paul Kirk, Paul
Kirk, Sarah Filippi, Sarah Filippi, Tina Toni,
Chris P Barnes & Michael P H Stumpf “A
framework for parameter estimation and model
selection from experimental data in systems
biology using approximate Bayesian
computation”. Nat Protoc 9, 439-456 (2014).



Approximate Bayesian computation
(ABC) with sequential Monte Carlo

)

prior distribution of

(SMC) method

model parameters 8

1. pick a parameter value from the prior o o
distribution Pn-1(6)

2. perform simulation

b= {xp(1500) . xp(500) xy,(1500)  x(500)} x

4. compute error from target, po(b,b*)

5. accept v parameter B that errors o(b,b)

: AZZ;///' 3
3. compute D, V positions - ’ f

6. Approximate the posterior distribution Pa(6).

Use Pn(6) as the prior distribution for the next iteration.

F,(0)

Posterior distribution
of model parameters 6

Repeat this procedure until the error p are sufficiently
small
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initial distribution
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final distribution
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