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Supplementary Material

System of ordinary differential equations of the genetic regulatory network

Figure 4.
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The conservation laws of the system of ordinary differential equations (1)

are,

CTYC’KNI

GCup

i+ 1l

KNI

S slt] + KNIFGRP ) + KNIFSP ] + KNITSP8[H]

KNé%IgéTLm[t]+£g$]HBo[]+KNIOTLL$[O]+KN], [t]
HByy; [t] + HBy [t] + HBjn[t] + HBJ[t]

(2)

The symbols T'LL$ and BC D$ represent the concentration of TLL and BCD.
In fact, TLL$ = TLL$(xz) and BCD$ = BCD$(x), where x is the coordinate
along the antero-posterior axis of the Drosophila embryo.



The parameter values of the system of equations (1) for the fits in Figure
5, obtained by multi-objective optimization technique, and are shown in the
table below.

Rbpeq = 1.141 Abgn; = 0.035 knipeqg = 0.706
k‘nihb = 1.956 ]{nim = 0.087 hb—bcd = 1.000
hb_jni = 0.001 kni_peg = 0.100 kni_p, = 0.003

kni_y = 0.265 (PP g = 1.954 | (pESH%) gp = 0.000

(PESP%) kvt = 2351 | (pEGR ) ki = 0.004 | (pFSP) kvt = 2.065
(PH% L Ls) vt = 0.0196 dgp = 0.000 drent = 0.136
apy = 0.100 ns = 2.000 Time = 10.000

GCyp = 273.236 GCxni = 325.558

Table 1: Parameter values of the fits shown in Figure 5. The first 18 parame-
ters are the free parameters of the differential equation model 1. The param-
eter t* is the total integration time of the system of differential equations.
The parameters oy, and ay,; are scale factors that multiply the differential
equation solutions H B(t*) and K NI(t*), in order to avoid biasing of data.
Note that experimental data obtained by fluorescent methods indicate a con-
centration that is proportional to the actual concentration of HB and KNI
proteins, and these scaling factors are unknown and are different for each
protein. The constants GCyp and GCk Ny are the total gene concentrations
that are responsible for the transcription and translation of proteins H B and
KNI (conservation laws (2)).



System of ordinary differential equations of the genetic regulatory network
of Figure 6.
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Equations (1) and (3) differ by the HKB$ terms and the associated operon
forms. The HKB$ terms are represented in bold.



The conservation laws of the system of ordinary differential equations (3)

are,
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The parameter values of the system of equations (3) for the fits in Figure
7, obtained by multi-objective optimization technique, are shown in the table

below.
a; = 121.870 as = 296.738 L, = 0.856
Ly = 0.874 hbpeq = 0.984 hbni = 1.558
hbhkb =1.015 kn’ibcd =4.870 km’hb = 2.866
kniy = 0.994 hb_peq = 1.000 hb_gn; = 0.127
hb_pi = 0.413 kni_peq = 0.001 kni_py = 0.350
kni_y; = 0.324 (pFSP%) g = 81.868 (pESES) s = 0.000
(Poginps)is = T1.838 | (Pigirps)ms = 6-679 | (pgy ”*) v = 98.934
(prrse Jint = 0.054 | (pFG R kv = 23.722 | (P Tps) v = 0.055
dHB = 0.354 dKNI =0.191 agp — 0.109
axnt = 0.654 t* = 29.107 GCyp = 43.979
GCrnr = 21.399

Table 2: Parameter values of the fits shown in Figure 7. The first 26 pa-
rameters are the free parameters of the differential equation model 3. The
parameter t* is the total integration time of the system of differential equa-
tions. The parameters ayp and agxpy; are scale factors that multiply the
differential equation solutions H B(t*) and K NI(t*), in order to avoid bias-
ing of data. Note that experimental data obtained by fluorescent methods
indicate a concentration that is proportional to the actual concentration of
HB and KNI proteins, and these scaling factors are unknown and are dif-
ferent for each protein. The constants GCyp and GCkny are the total gene
concentrations that are responsible for the transcription and translation of
proteins HB and KN1.



Parameter values for the fits in Figure 9 a):

hbpeq = 1.142 hbgn; = 0.034 kniipeq = 0.709
km)hb =1.954 kmﬁt” = 0.088 hbfbcd = 1.000
hb_jps = 0.002 Eni_peq = 0.998 kni_p, = 0.002
kni_y = 0.265 (pFP¥) g =1.938 | (pES7%) us = 0.005
(PSSP ) kvt = 2.374 | (piE0 )i = 0.002 | (pFS 1) kv = 2.051
(PG LLs) vt = 0.014 dip = 0.004 dreny = 0.138
o, = 0.100 pni = 2.000 t* = 10.000

GCyp = 273219 GCxni = 325.652

Table 3: Parameter values of the fits shown in Figure 9 a) and system of

equations (1).

Parameter values for the

fits in Figure 9 b):

hbbcd = 1.141 hbkm = 0.035 km’bcd = 0.706
k:m'hb = 1.956 k:m'tu = 0.087 hb—bcd = 1.000
hb,km' = 0.001 kni,bcd = 1.000 km’,hb = 0.003
kni_y = 0.265 (pFP g = 1.954 | (pESE®)ms = 0.000
(pe5 ") kent = 2351 | (g )knt = 0.003 | (pFT L) vt = 2.065
(Ph%ToLs) ks = 0.020 dyp = 0.000 drens = 0.136
Qpp = 0.100 Neni — 2.000 t* = 10.000

GCyp = 273.235 GCgny = 325.558

equations (1).

Table 4: Parameter values of the fits shown in Figure 9 b) and system of



