Additional File 3: Checking some networks morphisms

Stoichiomorphism & homomorphism from Ml to AM
This stoichiomorphism maps z, ~y — x.

Species Reactions Reaction Network Influence Network
AM | Xg,X1, X, | amg = Xp + X9 = Xo + X3
am; =x; +x9 = X9 + x, ‘[ 1
1 1+ Xp o+ Xo Xoe— X1e—" X,

0
am, =xy+x; = X, +x; T ]’

ams; =x; + X, 2 Xy + Xy

[+
Mi Yor Y1, Y2, | Mig = Yo + 20 = Zg + )1 | | I

20,21, 22 mip =y, +20 22+,
mi2=y2+}70_’y0+y1 qu-L—'qu-l—'VGJ Zoe-l—'zn-l—'zz Z
miz =y; +Yo = Yo+ Yo f f r f | | | I

miy, =2z, + 2y > zy + 2,
mis =z, +2zy > zy + z,
mic=20+Yyy > Yo+ 2,
mi; =2z, + Yo = Yo + 2,

Nl

The species map m(s) below (outer columns) yields a homomorphism over reactions. We then check that m
preserves net stoichiometry n(s,r), for all species in Ml and all reactions in AM. For example the top left cell
checks that n(zy, mi,) +n(zy, miy) = 0 = n(x,y, am,).

m~1(#) € Ml
mig, miy miq, mis miy, mig miz, mi,
Zy 0 1 -1 0 Xo
— Z 1 -1 1 -1 X4 ;
i Z 1 0 0 1 x, |&
e Yo -1 0 0 1 X, g
> v, 1 1 1 1 X, |2
Vo 0 1 -1 0 Xg
am, amy am, ams
Vi € AM

Therefore, by the stoichiomorphism theorem, trajectories of Ml that start with
Vs € {2y,21,22, Y2, Y1, Yo} [m(s)] = [s], coincide with trajectories of AM.

AM with unit rates and initial state: | Ml with unit rates and initial state:

x0=2, x1=0, x2=1 y2=20=2, y1=Z1=0,y0=22=1
2.5—5 Noo
] N
27; \\ x2
153




Stoichiomorphism & homomorphism from QI to Ml

This stoichiomorphism maps z,v - zand y,s = y.

Species Reactions Influence Network
Ml | Y0, Y1, Y2 | Mo =Yo+ 20 = 2o + Y1
Zo,zl,Zz mi1=Y1+Zo_’Zo+}’2
mi; =y, +yo = Yo+ )1 I | ]-
miz =y1+ Yo = Yo+ Yo Y Z
Mmiy, =2, + 2y > 2y + 2, | | I
mis =2z, +2zg > Zy + 2y
mig = 2o+ Yo = Yo+ 21
mi; =z;+yo = Yo+ 22
al Yo, Y1, Y2, | Qlo =So+ 20 = Zp + 51 qig =Yo+ 1o > 7o +y1 —® S —
20,24, Z2, ql:1:51+zo—’zo+52 q1:9=y1+r0—>r0 +¥2 l
S0, S1,S2, qt =52+ Yo Yo+ 51 ql'10=YZ+50 - Sot+y1 l l
TorT1s Ty qiz =51t Yo = Yo t 5o ql11 = Y1+ S0 = So + Yo a =
qia=1,+2zy > 2z5+1 Qiipy =2y +19 o719+ 24 y
qis =11 +29 > 25+ 19 Qi3 =21 +19 2 19+ 2 T T
qis =To+ Yo 2 Yo+T71 Qi1a =2Zo+ S0 = So + 21 L| |
qi;=r+ Yy, 2>yt qiys =21+ S = So + 2, I o=

The species map m(s) below (outer columns) yields a homomorphism over reactions. We then check that m
preserves net stoichiometry n(s, ), for all species in Ml and all reactions in AM. For example the top left cell

checks that n(zo, qio) + n(zo, qig) =0 = n(zy, miy).

We give an example of how this stoichiomorphism can yield an emulation from Ql to Ml for heterogeneous rates

and initial conditions.

m~! (#)
qio, gis qi1,qlo qiz gito qiz, gi1q qis, qisy qis, qii3 Qis Glra qi7,9ls
Z 0 0 0 0 0 1 -1 0 Z
Z1 0 0 0 0 1 -1 1 -1 Zq
Z 0 0 0 0 -1 0 0 1 Z
To 0 0 0 0 0 1 -1 0 Z
- 1 0 0 0 0 1 -1 1 -1 Z1
3’ 7 0 0 0 0 -1 0 0 1 z | 8
L Vo -1 0 0 1 0 0 0 0 Vo &
V1 1 -1 1 -1 0 0 0 0 V1
Vs 0 1 -1 0 0 0 0 0 v,
So -1 0 0 1 0 0 0 0 Vo
S1 1 -1 1 -1 0 0 0 0 Vi
S, 0 1 -1 0 0 0 0 0 Vs
mig mi, mi, mis miy mis mig mi,
Vi € MI

M1 with heterogeneous rates and initial conditions
Z =22 =02 =1y, =09y, =02y, =19
miy = 0.7,mi; = 0.8,mi, = 0.9,mis = 1.0,mi, = 0.5,mis = 0.6, mis = 1.1,mi, = 1.2

Ql with Ml-copied rates and initial conditions
zy = 2,2, = 0,z, = 1y, = 09,y; = 0.2,y, = 1.9
rp=2r, =0r, =1s, =095, =025, =19

qio = 0.7,qi; = 0.8,qi, = 0.9,qi; = 1.0,qi, = 0.5,qi5 = 0.6,qis = 1.1,qi; = 1.2
qis = 0.7,qis = 0.8,gizo = 0.9,qiy; = 1.0,qis, = 0.5,qiss = 0.6,qiss = 1.1,qiys = 1.2
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