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Models considered
1

EGF/NGF signaling [1]

Brown et al. developed a dynamic model of the EGF/NGF signaling network in rat pheochromocytoma
(PC12) cells. We downloaded the SBML file BIOMD0000000033.xml from the BioModels database and
used it without modification. We simulated this model under two different conditions, 100 ng/ml EGF
and 50 ng/ml NGF, as described in [1]. Protein domain, parameter, and reaction assignments are in
S1 Dataset. In addition to our primary analysis, we calculated dynamical influence over a restricted
subset of proteins containing only activated Erk.

2

Arachodonic acid signaling [2]

In order to gain insights related to anti-inflammatory drug interaction and design, Yang et al. created
and studied a dynamic model of the arachadonic acid signaling network in human polymorphonuclear
leukocytes. We downloaded the SBML file BIOMD0000000106.xml from the BioModels database and
used it without modification, integrating the model between 0 and 60 minutes as in [2]. The model
contains reactions that create and destroy each tracked biomolecule. We excluded these because they
are not reactions between modeled proteins. Protein domain, parameter, and reaction assignments are
in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence over a restricted
subset of proteins containing ω-LTB4 and 15-Hete.

3

EGF/NGF signaling [3]

Sasagawa et al. developed a model of ERK signaling networks, with parameters derived by fitting
model dynamics to in vivo dynamics in PC12 cells, and studied network dynamics under a variety
of stimulation conditions. We downloaded SBML file BIOMD0000000049.xml from the BioModels
database and used it without modification. For all conditions simulated we integrated the network
from 0 to 3600 seconds (60 minutes) as in [3]. The SBML file is coded for constant stimulation by 10
ng/ml EGF, and this is the first of the conditions we simulated. We simulated constant stimulation
by 10 ng/ml NGF by using SloppyCell to set EGF concentration to 0 and NGF concentration to 10
ng/ml. Sasagawa et al. also investigate the effect of ramping the concentration of EGF (or NGF)
from 0 to 1.5 ng/ml over the course of the simulation. To accomplish this we created assignment rules
in SloppyCell which updated the EGF (or NGF) concentration at each time step of the integration,
setting it equal to 1.5 * (time/3600) ng/ml. As in the fixed simulation conditions, the network was
stimulated by EGF or NGF, but not both. Protein domain, parameter, and reaction assignments are
in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence over a restricted
subset of proteins containing only activated Erk.
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4

EGF/MAPK cascade [4]

Schoeberl et al. modeled the EGF signaling pathway, comparing simulated time courses with experimental time courses in HeLa cells under several experimental conditions. We downloaded the SBML
file BIOMD0000000019.xml from the BioModels database. The model specifies the value of parameter k5 as a piecewise function of another parameter C, and piecewise functions are not supported by
SloppyCell, so we removed the piecewise function from the SBML file and used SloppyCell to create
two SBML events that replicate it. We simulated the model under three experimental conditions from
[4], namely stimulus with 50, 0.5, and 0.25 ng/ml EGF. For all conditions we simulated from 0 to 60
minutes. The model includes receptor internalization reactions which is not modeled mechanistically,
and we excluded these reactions from our analysis. Protein domain, parameter, and reaction assignments are in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence over
a restricted subset of proteins containing only activated Erk.

5

Myosin phosphorylation [5]

Maeda et al. developed a computational model of thrombin-dependent Rho-kinase activation and
myosin light chain phosphorylation in human umbilical vein endothelial cells. We downloaded the
SBML file BIOMD0000000088.xml for this model from the BioModels database. Some parameter
names were duplicated, so we modified the model SBML file to assign unique parameter names and
used the published parameter values (see S1 Dataset). The only simulation condition we considered
was the 0.01µM thrombin stimulation published in the SBML file, and we integrated the model from
0 to 3600 seconds as in [5]. We ignored reactions occurring in the extra-cellular compartment, particularly thrombin/thrombin-receptor interactions, and assigned all other reactions to protein domains
as outlined in S1 Dataset. We did not calculate a sensitivity for the parameter ratio, because it is
always multiplied by another parameter V max whose sensitivity we did calculate. SloppyCell interprets rate laws in terms of changes in concentration rather than changes in amount as called for by
the SBML specification, so we adjusted reaction stoichiometries by a factor of 1/(compartment size)
for reactants in compartment c2, the only compartment in all the models we consider with size not
equal to 1. In addition to our primary analysis, we calculated dynamical influence over a restricted
subset of proteins containing phosphorylated myosin light chain (pMLC) and phosphorylated myosin
phosphatase targeting subunit 1 (pMYPT1).

6

Extrinsic apoptosis [6]

Albeck et al. developed a model of TRAIL-induced apoptosis and used it to analyze extrinsic apoptosis
in HeLa cells. We downloaded the SBML file BIOMD0000000220.xml from the BioModels database and
used it without modification. We simulated the model for 10 hours under the 50 ng/ml TRAIL stimulus
condition encoded in the SBML file. We excluded extra-cellular reactions involving TRAIL, as well as
intra-cellular reactions involving DISC and the TRAIL-DISC complex, because the protein components
of the DISC are not specified in the model. We also excluded transport across the mitochondrial
membrane and binding of proteins to the inner mitochondrial membrane, because these reactions are
not mechanistically specified in the model. Protein domain, parameter, and reaction assignments
are in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence summing
over a restricted subset of proteins containing Caspase 3, Caspase 8, cytosolic Smac, and cytosolic
Cytochrome C.

7

EGF/Insulin crosstalk [7]

Borisov et al. developed a model of the Ras/Erk signaling system that incorporates mechanisms of
cross-talk between the EGF and Insulin signaling pathways and tested it in HEK293 cells. We downloaded the SBML file BIOMD0000000223.xml from the BioModels database and used it without modification. This SBML model, however, was altered slightly from the originally published model by adding
an extra-cellular compartment of size 34. While the model page on the BioModels website says this
allows for the use of the original concentrations of EGF we found that this did not create the correct
dynamics. Rather than altering the model by changing the size of the extra-cellular compartment we
multiplied the desired concentrations of EGF by 34, which produced the correct model dynamics. We
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simulated the model under four different experimental conditions, 0.01nM or 1 nM EGF with 0 or 100
nM Insulin, as described in [7]. This model contains a reaction in which Akt1 activates mTor via a
chain reaction among a number of proteins that are not included in the model. As a result we only
applied this reaction’s sensitivity κ to the Akt1 kinase domain, but not to mTor. This is the only
reaction in the model in which mTor appears, so mTor was excluded from our analysis of this model.
Protein domain, parameter, and reaction assignments are in S1 Dataset. In addition to our primary
analysis, we calculated dynamical influence summing over a restricted subset of proteins containing
active (doubly phosphorylated) Erk and phosphorylated Akt.

8

G1 cell cycle progression [8]

Haberichter et al. constructed a dynamical model of mammalian G1 cell cycle progression in order to
simulate cell cycle progression dynamics in proliferating cells continuously exposed to growth factors.
We downloaded the SBML file BIOMD0000000109.xml from the BioModels database and used it without
modification. We simulated the model under the experimental conditions encoded in the SBML file,
integrating for 1000 minutes. The model includes reactions that create and destroy proteins, which we
excluded from our analysis because they do not involve interaction with any other protein in the model.
Protein domain, parameter, and reaction assignments are in S1 Dataset. In addition to our primary
analysis, we calculated dynamical influence summing over a restricted subset of proteins containing the
two activation states, hypo- and hyper-phosphorylated, of retinoblastoma tumor suppressor protein
pRb.

9

ErbB signaling [9]

Birtwistle et al. built a model of ErbB signaling that describes the response of the signaling network
to stimulus of all four ErbB receptors with EGF and HRG (heregulin), comparing model dynamics
to dynamics in MCF-7 human breast cancer cells. We downloaded SBML file BIOMD0000000175.xml
from the BioModels database and used it without modification. Experimental conditions in the paper
include stimulation with 0 nM, 0.5 nM, and 10 nM EGF and HRG in each possible combination
of those three stimuli, for a total of 12 experimental conditions, and we simulate each of these 12
conditions for 2000 seconds. As in other models we excluded receptor internalization reactions that
are not mechanistically described in the model. Protein domain, parameter, and reaction assignments
are in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence summing
over a restricted subset of proteins containing active (doubly phosphorylated) Erk and phosphorylated
Akt. In particular, we used the normalized active Erk and Akt concentrations described in [9].

10

Wnt/Erk crosstalk [10]

Kim et al. created a model of the Erk and Wnt pathways to investigate the effect of a positive feedback
loop resulting from crosstalk between Wnt and Erk signaling, and they compared model dynamics
with experimental results in HEK293 cells. We downloaded the SBML file BIOMD0000000149.xml
from the BioModels database and used it without modification. This model includes a protein X which
is postulated to mediate the feedback between the two pathways; it is transcribed as a result Wnt
signaling and activates B-raf in the Erk network. We did not include reactions for transcription and
degradation of protein X, because they are not mechanistically specified. We did, however, include
the reaction in which protein X activates B-raf, which occurs on the Ras-binding domain (RBD) of
B-raf, because binding at the RBD is the mode of activation of B-raf, and the reaction is modeled in
the same way as Ras activation of B-raf. We excluded creation and destruction of β-catenin as well
as degradation of Axin, since they are not mechanistically described in the model. Protein domain,
parameter, and reaction assignments are in S1 Dataset. In addition to our primary analysis, we
calculated dynamical influence summing over a restricted subset of proteins containing active (doubly
phosphorylated) Erk and the β-catenin/TCF complex.

11

Rod phototransduction [11]

Dell’Orco et al. developed a model of rod phototransduction specifically aimed at describing the
mechanism of light adaptation in rod cells, verifying it by reproducing the results of several pre-
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vious light adaptation response experiments in mouse rod cells. We downloaded the SBML file
BIOMD0000000326.xml from the BioModels database and used it with minor modification. We removed
two piecewise assignment rules, because SloppyCell does not handle piecewise rules, and replaced them
with SBML events. We simulated six flash intensities, replicating those used to create Figure 7 in the
publication, by setting the parameter flash0Mag to 1.54, 12.5, 45.8, 184, 800, and 2000. The parameter kP1 rev represents the rate of dissociation of phosphodiesterase from activated G-alpha molecules,
and is set to zero in this model, so we excluded it from our analysis. Protein domain, parameter, and
reaction assignments are in S1 Dataset. In addition to our primary analysis, we calculated dynamical
influence summing over a restricted subset of molecular species containing only cyclic GMP.

12

IL-6 signaling [12]

Singh et al. developed a model of IL-6 signaling encompassing the Jak/STAT as well as MAP kinase
pathways in human hepatocytes. We downloaded the SBML file BIOMD0000000151.xml from the
BioModels database and used it without modification. We simulated the experimental conditions
encoded in the model, 10 ng/ml IL-6 stimulus and an initial Shp2 concentration of 100 nM. The model
includes transcription, translation, and mRNA translocation for the protein SOCS which are not
mechanistically detailed, so we excluded them. Protein domain, parameter, and reaction assignments
are in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence summing
over a restricted subset of proteins containing only active STAT3 dimers in the nucleus.

13

Trehalose biosynthesis [13]

Smallbone et al. created a model of the trehalose biosynthesis pathway in Sa. cerevisiae. We downloaded the SBML file BIOMD0000000380.xml from the BioModels database and used it without modification. This model reaches a steady state, and the model was validated by comparing the steady
state concentrations of the metabolites in the model with experimental results in yeast experiencing
heat shock. We simulated the model under the heat shock condition used in the publication, and ran
the model for 50000 seconds, at which point all metabolites had reached steady state concentrations.
The model creates Clb2 in a reaction that is not mechanistically specified, and we excluded this reaction from our analysis. Protein domain, parameter, and reaction assignments are in S1 Dataset. In
addition to our primary analysis, we calculated dynamical influence summing over only the metabolite
of interest, trehalose-6-phosphate.

14

Glycolysis [14]

Talser et al. created a model of carbohydrate flux under oxidative stress conditions in Sa. cerevisiae.
We downloaded the SBML file BIOMD0000000247.xml from the BioModels database and used it with
substantial modification. The model file in the BioModels database included unfitted parameter values, but model author Markus Ralser generously provided us with the parameter values they obtained
by fitting the model to experimental data, and we reparameterized the SBML file accordingly. We
simulated the wild-type experimental conditions encoded in the model for 100 minutes. Protein domain, parameter, and reaction assignments are in S1 Dataset. In addition to our primary analysis, we
calculated dynamical influence summing over the ratio of NADH to NADPH, the quantity of interest.

15

Cell cycle regulation [15]

Chen et al. developed a model of the cell cycle in Sa. cerevisiae in order to investigate the complex
mechanisms of cell cycle control. We downloaded the SBML file BIOMD0000000056.xml from the
BioModels database and used it with substantial modification. This model was constructed with
some reactions combined into assignment rules, making it impossible to use SloppyCell to calculate
dynamical influence for individual reaction parameters. We separated these assignment rules into
individual reactions and added those reactions to the model file, replacing the assignment rules. In
order to verify that the modified model was correct we replicated Figures 3 and 6 from the publication.
The model contains reactions causing the degradation of various proteins by SCF, which is not included
in the model, and these reactions are not mechanistically described, so we excluded them from our
analysis. We simulated the wild-type experimental conditions encoded in the paper for 200 minutes
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as in Figures 3 and 6 of the publication. Protein domain, parameter, and reaction assignments are
in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence summing over
measures of the timing of cell cycle events; MASS, BUD, ORI, and SPN.

16

Mitotic exit [16]

Queralt et al. developed a model of the initiation of mitotic exit in Sa. cerevisiae induced by downregulation of the phosphatase Cdc50. We downloaded the SBML file BIOMD0000000409.xml from the
BioModels database and used it without modification. This model contains reactions creating and
destroying proteins Clb2, Cdc20, securin, separase, Cdc5, and Cdc15 which are not mechanistically
described in the model, and we excluded these reactions from our analysis. We simulated the wild
type conditions encoded in the model for 50 minutes, as in Figure 7 of the publication. Protein domain, parameter, and reaction assignments are in S1 Dataset. In addition to our primary analysis, we
calculated dynamical influence summing over only the concentration of active separase.

17

Mitotic exit [17]

Vinod et al. created a computational model of mitotic exit in Sa. cerevisiae aimed at investigating the
role of separase and Cdc14 endocycles. We downloaded the SBML file BIOMD0000000370.xml from
the BioModels database and used it with substantial modification. This model was constructed using
rate rules rather than reactions in SBML. Because SloppyCell our analysis is focused on reactions, we
converted the rate rules to reactions, ensuring that the model remained correct by using it to generate
Figure 2 from the publication. The model includes reactions creating, destroying, or (de)activating
proteins Clb2, Sic1, Cln1, Cdc20, Cdh1, Swi5, Pds1, Esp1, Cdc5, Polo, and MBF which are not
mechanistically detailed, and we excluded these reactions from our analysis. We simulated the wildtype experimental conditions encoded in the model for 120 minutes as in Figure 2 of the publication.
Protein domain, parameter, and reaction assignments are in S1 Dataset. In addition to our primary
analysis, we calculated dynamical influence summing over only the concentration of active separase.

18

Pheromone pathway [18]

Kofahl and Klipp modelled the dynamics of the Sa. cerevisiae pheromone pathway. We downloaded the
SBML file BIOMD0000000037.xml from the BioModels database and used it without modification. The
model includes reactions for the destruction of Ste2 and the export of Bar that are not mechanistically
detailed, and we excluded them from our analysis. We simulated the wild-type experimental conditions
encoded in the model for 30 minutes, as in [18]. Protein domain, parameter, and reaction assignments
are in S1 Dataset. In addition to our primary analysis, we calculated dynamical influence summing
over only the concentration of complexes M and N, which include Far1 and are required for polarized
growth and cell cycle arrest respectively.
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S1 Table Correlations in vertebrate models. Spearman rank (ρ) and rank biserial (rb) correlation coefficients for variables evolutionary rate dN/dS
(ω), dynamical influence (D), expression breadth (B), expression level (X), interaction degree (d), interaction betweenness centrality (C), and knock-out
essentiality (E). Domains with missing values for any correlate were dropped prior to calculating correlations, and N represents the number of domains used
in the analysis. For correlations, p-values were calculated via permutation of the data as described in the main text. For partial correlations, p-values were
calculated by permutation of the residuals from the linear models [?, ?].
Model
EGF/NGF signaling[1]
Arachadonic acid signaling[2]
EGF/NGF signaling[3]
EGF/MAPK cascade[4]
Rho-kinase activation[5]
Extrinsic apoptosis[6]
EGF/Insulin crosstalk[7]
G1 cell cycle progression[8]
ErbB signaling[9]
Wnt/Erk crosstalk[10]
Rod phototransduction[11]
IL-6 signaling[12]

ρω,D
(p-val, N)
-0.56
(0.0054, 32)
-0.54
(0.1140, 11)
-0.29
(0.1633, 39)
-0.35
(0.1217, 20)
-0.23
(0.1619, 30)
-0.27
(0.2618, 29)
-0.25
(0.1675, 43)
-0.24
(0.5880, 15)
-0.20
(0.2496, 41)
-0.08
(0.8021, 15)
+0.42
(0.2028, 19)
+0.45
(0.0928, 26)

ρω,B
(p-val, N)
-0.60
(0.0040, 28)
+0.01
(0.9938, 10)
-0.45
(0.0425, 33)
-0.30
(0.2565, 20)
-0.15
(0.5931, 28)
-0.27
(0.3801, 26)
-0.19
(0.4154, 42)
-0.10
(0.8366, 14)
-0.21
(0.2556, 38)
-0.28
(0.4417, 15)
+0.10
(0.7304, 17)
-0.20
(0.4933, 25)

ρω,X
(p-val, N)
-0.51
(0.0244, 28)
-0.12
(0.7878, 10)
-0.39
(0.0932, 33)
-0.32
(0.2346, 20)
+0.05
(0.8565, 28)
-0.06
(0.8549, 26)
-0.20
(0.3925, 42)
+0.18
(0.6817, 14)
-0.07
(0.7019, 38)
-0.28
(0.4524, 15)
+0.46
(0.0869, 17)
-0.32
(0.2795, 25)

ρω,d
(p-val, N)
-0.22
(0.3332, 32)
-0.35
(0.3857, 10)
-0.08
(0.7266, 39)
-0.12
(0.6499, 20)
-0.46
(0.0383, 30)
+0.10
(0.7261, 29)
-0.04
(0.8584, 43)
-0.51
(0.1556, 15)
-0.24
(0.1737, 41)
-0.32
(0.3879, 15)
+0.11
(0.6947, 19)
-0.45
(0.0907, 26)

ρω,C
(p-val, N)
-0.21
(0.3679, 32)
-0.35
(0.3750, 10)
-0.09
(0.6664, 39)
-0.16
(0.5635, 20)
-0.40
(0.0905, 30)
+0.15
(0.6218, 29)
-0.07
(0.7684, 43)
-0.43
(0.2761, 15)
-0.19
(0.2900, 41)
-0.47
(0.1798, 15)
+0.10
(0.7135, 19)
-0.36
(0.1949, 26)

rbω,E
(p-val, N)
-0.34
(0.4698, 31)
+0.43
(0.3748, 10)
-0.73
(0.0286, 38)
+0.16
(0.7951, 18)
+0.29
(0.4141, 24)
+0.04
(0.9223, 28)
-0.46
(0.2218, 43)
-0.23
(0.7689, 14)
-0.19
(0.5382, 39)
+0.45
(0.6079, 12)

+0.00
(1.0000, 26)

ρD,B
(p-val, N)
+0.55
(0.0045, 28)
+0.72
(0.0597, 10)
+0.05
(0.7906, 33)
+0.34
(0.1422, 20)
-0.25
(0.2568, 28)
+0.17
(0.5036, 26)
+0.40
(0.0178, 42)
+0.22
(0.5168, 14)
+0.09
(0.5785, 38)
-0.27
(0.3317, 15)
+0.09
(0.7753, 17)
+0.02
(0.9198, 25)

ρD,X
(p-val, N)
+0.31
(0.1385, 28)
+0.82
(0.0200, 10)
-0.01
(0.9460, 33)
+0.36
(0.1146, 20)
-0.26
(0.2353, 28)
-0.28
(0.2700, 26)
+0.21
(0.2136, 42)
-0.06
(0.8551, 14)
+0.08
(0.6370, 38)
-0.48
(0.0679, 15)
+0.26
(0.4078, 17)
+0.12
(0.5772, 25)

ρD,d
(p-val, N)
+0.03
(0.8579, 32)
+0.10
(0.8110, 10)
+0.36
(0.0325, 39)
+0.16
(0.4896, 20)
+0.12
(0.5621, 30)
+0.05
(0.8332, 29)
+0.01
(0.9392, 43)
+0.59
(0.0469, 15)
-0.07
(0.6594, 41)
-0.07
(0.8105, 15)
+0.37
(0.1989, 19)
-0.19
(0.3361, 26)

ρD,C
(p-val, N)
+0.08
(0.6577, 32)
-0.16
(0.7295, 10)
+0.38
(0.0252, 39)
+0.17
(0.4846, 20)
+0.00
(0.9889, 30)
-0.04
(0.8682, 29)
+0.03
(0.8830, 43)
+0.58
(0.0504, 15)
+0.00
(0.9909, 41)
-0.27
(0.3282, 15)
+0.26
(0.3731, 19)
-0.14
(0.4833, 26)

rbD,E
(p-val, N)
+0.84
(0.0150, 31)
-0.05
(0.9363, 10)
+0.13
(0.6652, 38)
-0.38
(0.3062, 18)
+0.44
(0.1260, 24)
-0.30
(0.3457, 28)
+0.55
(0.0589, 43)
+0.38
(0.6106, 14)
-0.45
(0.0996, 39)
+1.00
(0.1253, 12)

-0.06
(0.8465, 26)

ρω,D|B,X,d,C,E,Gr
(p-val, N)
-0.30
(0.1284, 27)
+0.39
(0.3142, 9)
-0.33
(0.0620, 33)
-0.13
(0.5870, 18)
-0.37
(0.0731, 24)
-0.04
(0.8654, 25)
-0.16
(0.3311, 42)
+0.20
(0.4844, 14)
-0.29
(0.0887, 36)
+0.62
(0.0300, 12)
+0.17
(0.5606, 15)
+0.43
(0.0310, 25)
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S2 Table

Correlations in yeast models. As in S1 Table, but for yeast models, which have knock-out growth rate (Gr)
ρω,D
ρω,X
ρω,d
ρω,C
rbω,E
ρω,Gr
(p-val, N)
(p-val, N)
(p-val, N)
(p-val, N)
(p-val, N)
(p-val, N)
-0.75
+0.32
-0.56
-0.90
+0.60
-0.05
Trehalose biosynthesis[13]
(0.0718, 7)
(0.5030, 7)
(0.3729, 5)
(0.0789, 5)
(0.2871, 7)
(0.9144, 7)
-0.41
+0.85
+0.33
+0.04
+0.12
-0.22
Glycolysis[14]
(0.0958, 18)
(<0.0001, 18)
(0.1960, 17)
(0.8727, 17)
(0.7255, 18)
(0.3815, 18)
-0.41
-0.32
-0.44
-0.21
-0.08
-0.00
Cell cycle regulation[15]
(0.0207, 29)
(0.1011, 29)
(0.0242, 29)
(0.2984, 29)
(0.7448, 29)
(0.9922, 29)
-0.36
-0.47
-0.42
-0.16
+0.35
-0.26
Mitotic exit[16]
(0.2476, 17)
(0.0577, 17)
(0.0988, 17)
(0.5568, 17)
(0.4011, 17)
(0.3208, 17)
-0.31
-0.28
-0.40
-0.16
-0.12
+0.05
Mitotic exit[17]
(0.1362, 27)
(0.2110, 27)
(0.0609, 27)
(0.4605, 27)
(0.6463, 27)
(0.8410, 27)
-0.09
-0.21
-0.17
-0.28
-0.27
+0.23
Pheromone pathway[18]
(0.6949, 23)
(0.4152, 23)
(0.5010, 23)
(0.2547, 23)
(0.3918, 23)
(0.3544, 23)
Model

data.
ρD,X
(p-val, N)
-0.14
(0.7851, 7)
-0.33
(0.1818, 18)
+0.16
(0.3987, 29)
+0.26
(0.2874, 17)
+0.25
(0.1995, 27)
+0.40
(0.0614, 23)

ρD,d
(p-val, N)
+0.56
(0.3652, 5)
-0.20
(0.4458, 17)
+0.07
(0.7299, 29)
+0.22
(0.3841, 17)
+0.01
(0.9465, 27)
-0.28
(0.2044, 23)

ρD,C
(p-val, N)
+0.80
(0.1299, 5)
-0.02
(0.9241, 17)
-0.16
(0.3951, 29)
+0.02
(0.9445, 17)
-0.14
(0.4952, 27)
+0.16
(0.4589, 23)

rbD,E
(p-val, N)
-0.20
(0.8545, 7)
+0.14
(0.6600, 18)
+0.17
(0.4408, 29)
-0.73
(0.0434, 17)
-0.08
(0.7424, 27)
-0.37
(0.1615, 23)

ρD,Gr
(p-val, N)
-0.34
(0.4536, 7)
-0.03
(0.9019, 18)
-0.14
(0.4569, 29)
+0.52
(0.0268, 17)
+0.12
(0.5388, 27)
+0.36
(0.0980, 23)

ρω,D|B,X,d,C,E,Gr
(p-val, N)
-0.76
(0.1338, 5)
-0.11
(0.6842, 17)
-0.40
(0.0314, 29)
+0.04
(0.8872, 17)
-0.29
(0.1492, 27)
-0.21
(0.3222, 23)

S3 Table Between-model correlations between protein domain dynamical influences. For each pair of models with at least four overlapping
domains, shown is the Spearman rank correlation and number of overlapping domains.
EGF/NGF signaling [1]
EGF/NGF signaling [3]
EGF/MAPK cascade [4]
EGF/Insulin crosstalk [7]
ErbB signaling [9]
Cell cycle regulation [15]
Mitotic exit [16]

EGF/NGF signaling [3]
+0.12, 23

EGF/MAPK cascade [4]
+0.13, 12
+0.13, 16

EGF/Insulin crosstalk [7]
+0.86, 13
+0.08, 17
-0.05, 11

ErbB signaling [9]
+0.46, 14
+0.32, 19
-0.00, 18
+0.00, 19

IL-6 signaling [12]
+0.17, 10
+0.30, 10
+0.54, 10
-0.39, 10
-0.36, 9

Mitotic exit [16]

Mitotic exit [17]

+0.52, 15

+0.63, 22
+0.79, 17

S4 Table Dynamical influence calculated with finite versus differential perturbations.
+
−
)
∆y
Dynamical influence was recalculated using finite perturbations ∆k
= y(kk+)−y(k
instead of differential
−k−
dy
perturbations dk
(Eq. 1), with k + and k − being ±25% perturbations of each parameter. Tabulated are
the rank correlations between domain influences calculated using finite and differential perturbations.
The almost perfect correlations suggest that our dynamical influence analysis also applies to mutations
of moderate effect.
Model
EGF/NGF signaling [1]
Arachadonic acid signaling [2]
EGF/NGF signaling [3]
EGF/MAPK cascade [4]
Rho-kinase activation [5]
Extrinsic apoptosis [6]
EGF/Insulin crosstalk [7]
G1 cell cycle progression [8]
ErbB signaling [9]
Wnt/Erk crosstalk [10]
Rod phototransduction [11]
IL-6 signaling [12]
Trehalose biosynthesis [13]
Glycolysis [14]
Cell cycle regulation [15]
Mitotic exit [16]
Mitotic exit [17]
Pheromone pathway [18]

correlation
1.00
1.00
1.00
1.00
0.91
1.00
0.92
1.00
0.99
0.96
1.00
1.00
1.00
0.98
1.00
0.99
1.00
1.00

S5 Table Overall correlations calculated with model-derived expression and topology
data. Meta-analysis confidence intervals and permutation p-values as in Table 1. Spearman rank
(ρ) correlation coefficients for variables evolutionary rate dN/dS (ω), dynamical influence (D), modelderived expression (M X), model-derived interaction degree (M d), model-derived interaction centrality
(M C), expression breadth (B), knock-out essentiality (E), and knock-out growth rate (Gr).

ρω,M X
ρω,M d
ρω,M C
ρD,M X
ρD,M d
ρD,M C
ρω,D|B,M X,M d,M C,E,Gr

population mean
correlation (95% C.I.)
-0.17 (-0.28, -0.05)
-0.09 (-0.22, +0.05)
-0.16 (-0.29, -0.03)
+0.08 (-0.04, +0.21)
-0.07 (-0.16, +0.01)
-0.01 (-0.10, +0.07)
-0.20 (-0.33, -0.07)
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permutation
p-value
0.0090
0.1841
0.0093
0.1335
0.1792
0.8109
0.0003

S6 Table Overall correlations with overlapping domains removed. Meta-analysis mean
correlations and permutation p-values as in Table 1, but without overlapping domains between models.
Values are the 50th (5th, 95th) quantiles of correlations and p-values calculated from 1000 runs in which
each domain that appears in multiple models was considered for only a single randomly chosen model.
ρω,D
ρω,B
ρω,X
ρω,d
ρω,C
rbω,E
ρω,Gr
ρD,B
ρD,X
ρD,d
ρD,C
rbD,E
ρD,Gr
ρω,D|B,X,d,C,E,Gr

correlation
-0.22 (-0.25, -0.18)
-0.22 (-0.25, -0.19)
-0.06 (-0.09, -0.03)
-0.20 (-0.23, -0.18)
-0.20 (-0.23, -0.17)
-0.06 (-0.12, -0.01)
+0.02 (-0.05, +0.11)
+0.16 (+0.10, +0.22)
+0.07 (+0.03, +0.11)
+0.10 (+0.05, +0.13)
+0.10 (+0.05, +0.14)
+0.07 (+0.02, +0.14)
+0.04 (-0.04, +0.13)
-0.15 (-0.21, -0.08)

p-value
0.0010 (<0.0001, 0.0073)
0.0183 (0.0063, 0.0449)
0.4081 (0.2549, 0.6628)
0.0043 (0.0015, 0.0129)
0.0059 (0.0014, 0.0173)
0.5790 (0.3158, 0.9061)
0.7825 (0.3377, 0.9681)
0.0479 (0.0066, 0.2275)
0.3112 (0.1007, 0.7019)
0.1391 (0.0390, 0.4178)
0.1355 (0.0329, 0.4177)
0.4893 (0.1868, 0.8023)
0.7049 (0.2695, 0.9776)
0.0206 (0.0011, 0.2278)

S1 Fig Distributions of overall correlation and p-value when overlapping domains are
removed. Shown are the full distributions that are summarized in the last row of S6 Table. A:
The partial correlation between domain dynamical influence and evolutionary rate is negative for all
randomizations. B: The distribution of p-values is strongly concentrated below 0.05. The tail of larger
p-values is generated by randomizations that concentrate domains in the few models with a positive
correlation.
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S2 Fig Phylogenetic trees for species used in this study. A: Vertebrates. B: Yeasts. In both,
branch lengths represent amino acid divergence.
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S1 Dataset Complete model and protein domain annotation, including covariate data for
each domain. Each model corresponds to two sheets. The first sheet contains the reaction parameters,
their dynamical influences, and the reactions they correspond to. The second sheet contains the
protein and domain data, including assignment of reactions to domains and corresponding references
(as PubMed IDs). References are [19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 16, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170].
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[50] De Virgilio C, Bürckert N, Bell W, Jenö P, Boller T, Wiemken A. Disruption of TPS2, the
gene encoding the 100-kDa subunit of the trehalose-6-phosphate synthase/phosphatase complex
in Saccharomyces cerevisiae, causes accumulation of trehalose-6-phosphate and loss of trehalose6-phosphate phosphatase activity. Eur J Biochem. 1993 mar;212(2):315–23.
[51] Delgado ML, O’Connor JE, Azorı́n I, Renau-Piqueras J, Gil ML, Gozalbo D. The glyceraldehyde3-phosphate dehydrogenase polypeptides encoded by the Saccharomyces cerevisiae TDH1, TDH2
and TDH3 genes are also cell wall proteins. Microbiology. 2001 feb;147(Pt 2):411–7.
[52] Dolan JW, Kirkman C, Fields S. The yeast STE12 protein binds to the DNA sequence mediating
pheromone induction. Proc Natl Acad Sci U S A. 1989 aug;86(15):5703–7.
[53] Dowell SJ, Bishop AL, Dyos SL, Brown AJ, Whiteway MS. Mapping of a yeast G protein
betagamma signaling interaction. Genetics. 1998 dec;150(4):1407–17.
[54] Dube P, Herzog F, Gieffers C, Sander B, Engel A, Riedel D, et al. Localization of the Coactivator
Cdh1 and the Cullin Subunit Apc2 in a Cryo-Electron Microscopy Model of Vertebrate APC /
C. Mol Cell. 2005;20:867–879.
[55] Fallon JL, Halling DB, Hamilton SL, Quiocho FA. Structure of calmodulin bound to the hydrophobic IQ domain of the cardiac Ca(v)1.2 calcium channel. Structure. 2005 dec;13(12):1881–6.
[56] Ferguson KM, Lemmon MA, Schlessinger J, Sigler PB. Structure of the high affinity complex of inositol trisphosphate with a phospholipase C pleckstrin homology domain. Cell. 1995
dec;83(6):1037–46.
[57] Ferrezuelo F, Aldea M, Futcher B. Bck2 is a phase-independent activator of cell cycle-regulated
genes in yeast. Cell Cycle. 2009 jan;8(2):239–52.
[58] Gao C, Chen YG. Dishevelled : The hub of Wnt signaling. Cell Signal. 2010;22(5):717–727.
[59] Garrison TR, Zhang Y, Pausch M, Apanovitch D, Aebersold R, Dohlman HG. Feedback phosphorylation of an RGS protein by MAP kinase in yeast. J Biol Chem. 1999 dec;274(51):36387–91.
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