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Reproducibility crisis

WHAT FACTORS CONTRIBUTE TO

?
IS THERE A REPRODUCIBILITY CRISIS: IRREPRODUCIBLE RESEARCH?
Many top-rated factors relate to intense competition and time pressure.
Don't kn?o?.lé 3925%3 signi i @ Always/often contribute © Sometimes contribute
3% | % Selective reporting ‘
No, there is no
crisis — Pressure to publish

Low statistical power or poor analysis
Not replicated enough in original lab

Insufficient oversight/mentoring

1,976

researchers
surveyed

Methods, code unavailable
Poor experimental design

Raw data not available from original lab

389

Fraud
Yes, a slight el
crisis Insufficient peer review ‘
enature 0 20 40 60 80 100%
Baker, Nature May 2016, Vol 533, 453 FIGURE 5: Plot Representing What Researchers Believe are the

Primary Causes of Reproducibility Failure in the Sciences.
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Original study effect size versus replication effect size (correlation coefficients). Diagonal
line represents replication effect size equal to original effect size. Dotted line represents replication
effect size of 0. Points below the dotted line were effects in the opposite direction of the original.
Density plots are separated by significant (blue) and nonsignificant (red) effects.

Open Science Collaboration, Science, August 2015, Vol 349, Issue 6251

Replication studies of 100
experimental and correlation
studies (psychology studies)

97% original statistically
significant results, 37% of
replications

Replication effects half the
magnitude of original



“it is impossible to believe most of the
computational results shown in conferences
and papers”

B Donoho, 2009 WE  ALL RELIEVE N \T, SO \T MUST BE TRUE !

A




“An article about (computational) science in a scientific
publication is not the scholarship itself, it is merely
advertising of the scholarship.

The actual scholarship is the complete ... set of instructions
and data which generated the figures.”
David Donoho, 1998



The actual scholarship is the complete ... set of instructions
and data which generated the figures.”
David Donoho, 1998

Reproducibility Spectrum
Publication +

Publication . Full
onl Code Linked and replication
y Code executable P

and data code and data

Not reproducible Gold standard



Full set of model instructions (ODE
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TABLE 1 Parameter Values

Parameter Value

s 50.0 mM * min "

k, 550.0 mM ! - min~’
K 1.0 mM

ks 9.8 min '

ke apor 323.8 mM ' - min~!
ke b 57823.1 mM ' - min !
kpgk + 76411.1 mM ™' - min !
kpck— 237 mM ' - min~!

k, 80.0 mM ' - min ™'

ks 9.7 min~!

ke 2000.0 mM ! - min !
k, 28.0 min !

kg 85.7 mM ! - min~'

K 375.0 min~"

¢ 0.1

A 4.0 mM

N 1.0 mM

n 4

V3

[ATP] (mM)

. kGAPDH+kPGK+S3N1(A_A3) - kGAPDH—kPGK— S4A3N2

kGAPDH—NZ + kPGK+(A - A3)

1 L 0

0.1

0.2 0.3 04 0.5

Time (min)

[NADH] (mM)



Standardization ML

. . S\zr;itlrsaint—based Patt:r(;d::omain- Spatial models
Reproducible & exchangeable model encoding p— detaied complexes T
(S B M L) Whole-cell i Spatial organisation

spatial

Annotations to modelling, biological and medical

ontologies (SBML core)

Qualitative & Dynamical
. . . logical models ual model components
Hierarchical models/multi-scale models g : AT pam—————
(SBM L comp) Signalling > @ preoaccelsosnmodels O—< dyn Agent-based models
@ O
Model quality: validation, modeling practices, unit T A i o
Ch EC ki n g Multi-scale & | [ Vectorized
modular models </sbml> core | o | n - model components
H H H H H H issues ole-bo s AL "
Distributions in models & uncertainty in data and i Grc-based models

parameters (SBML distrib)
Mass- & charge balance (SBML fbc)

render

groups

Use wide range of tool ecosystem (visualization, Unconany —
o . o ms pharmacolo TS Visualization
parameter fitting, simulation, ...) il e o
lodel annotation ata integration
Sub-systems

The Systems Biology Markup Language (SBML): Language Specification Simulation experiment description markup language (SED-ML) level 1 version 3 (L1V3).

for Level 3 Version 2 Core Bergmann FT., Cooper J, Kénig M, lon Moraru |., Nickerson D., Le Novere N., Olivier BG., Sahle S,
M. Hucka, F. Bergmann, C. Chaouiya, A. Drager, S. Hoops, S. Keating, M. Smith L., and Waltemath D, J Integr Bioinform 2018, 3

Konig, N Le Novere, C. Myers, B. Olivier, S. Sahle, J. Schaff, R. Sheriff, L.

Smith, D. Waltemath, D. Wilkinson, F. Zhang, J Integr Bioinform. 2019 Harmonizing semantic annotations for computational models in biology

[accepted] Neal, Konig, Nickerson, Misirli, Kalbasi, Drager, ..., Waltemath

Brief Bioinform. 2018 Nov 21. doi: 10.1093/bib/bby087



De facto standard for pathway models

Libraries: libsbml (C++, python, R,
JavaScript, ... & JSSBML (Java)

TestSuite and Validators

Components

— UnitDefinitions

— FunctionDefinitions
- Compartments

- Species

- Parameters

- InitialAssignments
- Rules

- Reactions

- Events

-

Model

id: Sld { use="optional" }

name: string { use="optional" }
substanceUnits: UnitSIdRef { use="optional" }
timeUnits: UnitSIdRef { use="optional" }
volumeUnits: UnitSIdRef { use="optional" }
areaUnits: UnitSIdRef { use="optional" }
lengthUnits: UnitSIdRef { use="optional" }
extentUnits: UnitSIdRef { use="optional" }
conversionFactor: SldRef { use="optional" }

[

listOfFunctionDefinitions 0..1I ListOfFunctionDefinitions }
functionDefinition 1..* FunctionDefinition }*

listOfUnitDefinitions 0.1 | ListOfUnitDefinitions }
TM{ UnitDefinition F

listofCompartments 0™ Listofcompartments |
compartment 1.7 Compartment }*

listOfSpecies 0.1 | ListOfSpecies }
species 1. Species }*

listOfParameters 0.1 | ListOfParameters }
parameter 1.0 Parameter }*

listOflnitial Assignments 0.1 I ListOfInitialAssignments }
initialAssignment  1.." InitialAssignment }*

listOfRules 0.1 i ListOfRules }
T—“{ Rule }*

listOfContraints 0.1 | ListOfConstraints }
Tw{ Constraint }*

listOfReactions 0.1 | ListOfReactions }
reaction 1. Reaction }*

listOfEvents 0.1] - ‘

| ListOfEvents ]
event 1.7 Event }*




Full set of model instructions (ODE)

TABLE 1 Parameter Values

S J Parameter Value P aram ete rS
prmy —_ v Py . - ., .
e Jy 500 mM - min~" & UnitDefinitions ( )
k, 550.0 mM ! - min~’
_— K 1.0 mM
S, =vi— W k, 9.8 min "
kGappH+ 323.8 mM ! - min~! . .
, e 78231 mM - - min-" Simulations (SED-ML)
S3 = 2V2 — V3 — Vg kpgk + 76411.1 mM~! + min~! 4 g ‘ | ! 1
keck 237 mM ! - min~!
k, 80.0 mM ' - min ™'
S v V ks 9.7 min ! |
4 3 4 = 2000.0 mM~" - min""! 0.75
ks 28.0 min~! -
S — _ kg 85.7mM ! - min~! =
5= V4T Vs . 375.0 min~"! = 105
[ 0.1 |0_.
A 40 mM <,
Se=v Ve — J N 1.0 mM _
6 5 6 0.25
n 4
Nex
SG - (PJ - V9 0 | 1 | | 0
kg appr+kecr+S3N1(A—Aj3) — kgappu-kpor—SsA3N, 0.1 0.2 03 04 0.5
. V3 = : :
A3 == _2V1 + V3 + Vg — Vg kGAPDH—NZ + kPGK+(A - A3) Time (min)
Ny =vs=vs—vs Species & Reactions ( )

(Defining Stoichiometric Matrix & KineticLaws)

Compartments ( )

[NADH] (mM)



SBML comp

= Hierarchical model composition

= Coupling of models

ﬁabm >

model definition A \

<model> \
N

Pointer to
model definition A

J
J
Pointer to
model definition A
A
'

Pointer to
model definition A

/ \
<sbmi> | | odel definition C

v

N

model definition B

~

Pointer to
model definition C

model definition A

~
Pointer to
model definition B

\ 74

<model>

=

Pointer to
\ model definition A

\

<sbml>
</sbml>
comp
) N
file2.xml
[ <model>
7 \
ﬁsbmb external model
definition A

)[ model definition B

<model>

Pointer to
model definition A

Pointer to

\\ model definition B

)

Figure 1: Three different examples of model composition scenarios. From left to right: (1) a model composed of multiple
instances of a single, internally-defined submodel definition; (2) a model composed of a submodel that is itself composed of
submodels; and (3) a model composed of submodels, one of which is defined in an external file.

<sbml> | o

</sbml>

<sbml> I N

</sbml>




BioModels R -

SBML Model databases e e

Home Browse ¥ | Submit Support ¥ | Aboutus ¥ | Classic BieModels Contactus Feedback Also in this section ¥
Elowitz and Leibler (2000), The Repressilator
.
] B I O m O d e I S July 2006, model of the month by Dominic P. Tolle
Original model: BIOMD0000000012

One of the major goals of Systems Biology is the elucidation of the control logic which determines the behaviour of naturally occuring
biological systems[1]. To this end, Systems Biologist often create mathematical models designed to mimic a carefully observed

. .
- | a rg e CO I I e Ct I O n Of free I y ava I I a b I e biological system. Traditionally, the modeller aquires data, creates his model and tests the model against the available data. In an

interesting take on the conventional way of modelling, Elowitz and Leibler{2] built a mathematical model of transcription regulation

describing a cyclic negative-feedback loop made up of three repressor genes and their promoters. They used this model to determine

l I I O d e I S the important parameters of the system and predict the systems behaviour, paying particular attention to parameter values that would
cause the system to enter an unstable state leading to oscillatory behaviour. Finally the authors artifically reconstructd the system in E.

h . ° coli using standard molecular biological approaches. In effect, rather than observing a natural system and explaining it in mathematical

tt p S .// b I O m O d e | S o O rg terms, the authors create a mathematical model to aid construction of an artificial control circiut. The result is an oscillating network
which does not occur in nature, which the authors termed the Repressilator (see also the Brusselator[3] and the Oregonator{4]
(BIOMDO0000000040)).

Repressilator Reporter
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https://biomodels.org/

GUI tools (analysis

repressilator - COPASI 4.27 (Build 217) /home/.../models/repressilator.cps

File Edit Tools Window Help
Uk ™ &« 5 g J Concentrations -

- COPASI
- Model
- Biochemical .
» Compartments [1] i llage
Species [6] 1

» Reactions [12]

Search:

Compartment

Lacl protein cell

» Global Quantities [16] 2 TetR protein cell
Events [0] 3 cl protein cell
Parameter Overview 4 Lacl mRNA cell
Parameter Sets [0] 5 TetR mRNA cell

» Mathematical
Diagrams 6 cl mRNA cell
- Tasks New Species cell

Steady-State
Stoichiometric Analysis
Time Course

Metabolic Control Analysis
Lyapunov Exponents

Time Scale Separation Analysis
Cross Section

Parameter Scan
Optimization

Parameter Estimation
Sensitivities

Linear Noise Approximation
Time Course Sensitivities

» Output Specifications

» Functions [44]

» Units [35]

Type

reactions
reactions
reactions
reactions
reactions
reactions
reactions

Unit

#/fl
#/fl
#/fl
#/fl
#/fl
#/fl
#/fl

Delt

Initial Concentration
[Unit]

o O O o

= O

COPASI Plot: Concentrations, Volumes, and Global Quantity Values

File View Window

Print Save Image Save Data Zoom out

Concer

»

COPASI: GUI based tool,
http://copasi.org/

[Ut

Log X LogY Show All Hide All Deactivate

Concentrations, Volumes, and Global Quantity Values
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http://copasi.org/

metaid="PZ" sboTerm="SB0:0000252" id="PZ" name="cI protein"
compartment="cell" initialAmount="0" hasOnlySubstanceUnits="true"

An n Otat | O n S xmlns="http://www.w3.0rg/1999/xhtml"

lambda repressor
= Ontology

- definition of controlled vocabulary with bgmodel="http://biomodels.net/model-qualifiers/" bgbiol="http://
. . . biomodels.net/biology-qualifiers/"
clear meaning and relationships about="#p7"

rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

- allows to precisely describe objects
resource="http://identifiers.org/uniprot/P03034"

= Annotation

- process of attaching ontology terms to UniProtkKB - P0O3034 (RPC]__LAMBD)

objects
_ important for mapping data onto models Display %, BLAST S)Format @ Add to basket @ History D Help video
' . ) Add a publication "€ Feedback
- important for automatic methods (model
merging, reuse of com ponents Publications Protein | Repressor protein cl
" RDF tr|p|es Feature viewer Gene «l

e} rgan isn | Escherichia phage lambda (Bacteriophage lambda)

Feature table

- (subject, verb, object)
Status '!I Reviewed - Annotation score: @@@®@® - Experimental evidence at protein level

n Examples Function ............. Cnction

- CHEBI (chemical entities)
Acts as a transcriptional repressor that allows virus to establish and maintain latency. Prevents both

- Un | Prot (protel nS) MR the viral DNA replication and the exit programs. Clamps the two operator OL (operator left made of
I k . OL1, OL2 and OL3 sites) and OR (operator right made of OR1, OR2 and OR3 sites) together by
Onto Ogy LOO up SerVICe binding to them and arranging the intervening DNA in a loop. This step allows repression of lytic pR

ApFAZelessSl  and pL promoters by binding to OL1, OL2, OR1 and OR2 simultaneously. The binding of cl on OR2
additionally activates the transcription of the cl gene thereby mediating an autoregulatory function to
maintain the latent state. Once cl is present in sufficient amount, it can repress its own transcription

by binding to OL3 and OR3. # 2 Publications +




Cr 1t
model *MAPKcasca de ()

J1: MKKK_P => MKKK; J1_V2#MKKK_P/(J1_KK2 + MKKK_P);

J2: MKK => MKK_P; J2_k3#MKKK_P=MKK/(J2_KK3 + MKK);

J3: MKK_P => MKK_PP; J3_kaxMKKK_P+MKK_P/(J3_KK4 + MKK_P);
J4: MKK_PP => MKK_P; J4_V5xMKK_PP/(J4_KKS + MKK_PP);

35: MKK_P => MKK; J5_V6*MKK_P/(J5_KK& + MKK_P);

J6: MAPK => MAPK_P; J6_kT+MKK_PP*MAPK/(J6_KK7 + MAPK);

J7: MAPK_P => MAPK_PP; J7_k8xMKK_PP+MAPK_P/(J7_KK8 + MAPK_P);
J8: MAPK_PP => MAPK_P; J8_V9*MAPK_PP/(J8_KK9 + MAPK_PP);

J9: MAPK_P => MAPK; J9_V10+#MAPK_P/(J9_KK10 + MAPK_P);

n Pt EDML b1
1ibpl
V
modell = model "MAPKcascade"

1 T
repeatl = repeat taskl for modell.J1_KK2 in [1, 18, 40], reset=true

plot "Sampled Simulation" repeatl.time vs repeatl.MKK, repeatl.MKK_P
T

l

Sampled Simulation

J0: MKKK => MKKK_P; JO_VI*MKKK/((1 + (MAPK_PP/JO_Ki)*J8_n)*(J0_K1 + MKKK));

Libraries (analysis)

= roadrunner: high performance SBML

simulator

= tellurium: python based modeling

environment for SBML models
http://tellurium.analogmachine.org/

= antimony: simple SBML script language

= sbmlsim;

python library for simulation

libRoadRunner: a high performance SBML simulation and analysis library.
Somogyi, Bouteiller, Glazier, Konig, Medley, Swat, Sauro.
Bioinformatics. 2015

Tellurium Notebooks - An Environment for Dynamical Model Development, Reproducibility, and Reuse
Medley K, Choi K, Konig M; Smith L, Gu S, Joseph Hellerstein, Sealfon S., Sauro HM.
PLoS, Comp. Bio. 2018

Tellurium: An Extensible Python-based Modeling

Environment for Systems and Synthetic Biology

K Choi, JK Medley, M Konig, K Stocking, L Smith, S Gua, HM Sauro
Biosystems. 2018 Jul 24. pii: S0303-2647(18)30125-4.


http://tellurium.analogmachine.org/

Model building, quality checks, visualization

sbmlutils — model |F ______
building, annotation, | w[fO ]
reportS | %os” configs data
memote - integrated p———.

testing for models and experimental tests
model checks

condition1 $ condition2

version controlled bundle
reproducible

matthiaskoenig/sbmlutils: sbmlutils-v0.3.3
(Version v0.3.3)

M. Konig. (2019, April 29). Zenodo.
http://doi.org/10.5281/zen0do0.2653495

Memote: A community-driven effort towards a
standardized genome-scale metabolic model
test suite

C Lieven, M Beber, B Olivier, F Bergmann, M
Ataman, P Babaei, J Bartell, L Blank, S
Chauhan, K Correia, C Diener, A Drager,B ..., M
Konig, S Klamt, E Klipp, ..., J Wodke, J Xavier, Q
Yuan, M Zakhartsev, C Zhang

bioRxiv 350991; doi: 10.1101/350991 Nature
Biotechnology [in revision]


http://doi.org/10.5281/zenodo.2653495

Visualization

File Edit View Select Layout Apps Tools Help

~ B L e &8l

X an

@ @

Enter search term

BOOYD X ELD

Cantral Panel ox
Network
Network | Nodes | Edges
Koenig_demo_10
Koenig_demo_10 36(0) 69(0)
Main: Koenig_demo_10 13(0) 14(0)
36(0) 69(0)
13(0) 14(0)

o
vmzha @ bC (C exportf”

Koenig demo_10

Vmax bA

Vmax vi

[=Ealo)

Vmax v2

Vmax_v4

bA (A

Main: Koenig_demo_10

=B

Results Panel ox

cyash

Model : Koenig_demo_10 (Koenig_demo_10)
L3v1

Koenig Demo Metabolism
Description

This is a demenstration model in SBML format.

The content of this model has been carefully created in a manual
research effort.

This file has been produced by Matthias Koenig.

Terms of use
Copyright ® 2016 Matthias Koenig

Redistribution and use of any part of this madel, with or without
modification. are permitted provided that the following conditions
are met:

1. Redistributions of this SEML file must retain the above
«copyright notice, this list of conditions and the following
disclaimer.

Km B bC_law 2, R:d\str\hullnn:lln a(dlffe(rhent‘ﬁ:trrr; muzttreprudud(ethlhe
above copyright notice, this list of conditions and the
bB (B ¢xport) hC (C ¢xport) Following drsclaimer in the documentation andfor other
materials provided with the distribution.
Vmax_v3
A This model is distributed in the hope that it will be useful. but
"8 Km € WITHOUT ANY WARRANTY: without even the implied warranty of
MERCHANTAEILITY or FITNESS FOR A PARTICULAR PURPOSE.
Table Panel ox
&4 0 oo & W =o
% sharedmame | name id sbml-type sbo metald biomodels.sbo 9 fma label units derivedUnits constant
external compartment external c. e compartment 0000. meta_22d897. SB0O:0000230 GO:0005. FMA:70022 external co. 1.0E-6 m3 m*~3 o 'Y
cell compartment cell comp 14 compartment 0000. meta_78b0e7. SB0:0000290 GO0:0005. FMA:68646 cell compar. 10E-6 m3 m~3 o
plasma membrane plasma m m compartment 0000. meta_bedbd7. SB0O:0000230 GO:0005. FMA: 63841 plasma me. 10 m2 m*~2 o
Km_C parameter 0000. meta_c63c69. SB0:0000027 km_C 30 mM molkem=(-3)
metabolic scaling fa..  metabolic .. scale f  parameter metabolic s 10E6 dimensionl..  dimensionless
Vmax b8 parameter 5B0:0000 meta_871a28. 5B0:0000186 Vmax_bB 2.0 mole_per s moles~(-1)
Wmax_bC  parameter 5B0:0000 meta_adagaf. SB0:0000186 Wmax_bC 2.0 mole_per_s molks~(-1)
Vmax bA  parameter 5B0:0000 meta_351d07. 5B0:0000186 Vmax_bA 5.0 mole_per_s moles~(-1)
Vmax_v2 parameter SB0:0000 meta_074616. SBO:0000186 Vmax_v2 0.5 mole_per_s mokks™(-1)
Vmax V3  parameter 5B0:0000 meta_le2e9h. 5B0:0000186 Vmax v3 0.5 mole_per_s moles~(-1)
Vmax vl  parameter SB0:0000 meta_78fe37. SB0:0000186 Vmax_ul 1.0 mole_per_s moles~(-1)
Km_A parameter SB0:0000 meta_98f0el. SB0:0000027 Km_A 10 mM molkem=(-3)
Vmax_vd parameter SBO:0000 meta_20f045. SBO:0000186 Vmax_vd 0.5 mole_per_s mokks™(-1) v
< >

| Node Table [ Edge Table | Network Table |

matthiaskoenig/cy3sbml
cy3sbml-v0.2.7 (Version
v0.2.7)

M. Konig, N. Rodriguez,
A. Drager (2017,
November 12). Zenodo.

http://doi.org/10.5281/z
enodo.1045487


http://doi.org/10.5281/zenodo.1045487
http://doi.org/10.5281/zenodo.1045487

Parameter fitting
= Dmod (R) g pyP ESTO

= PyPESTO & AMICI (python)
https://github.com/icb-dcm/pypesto Cell Surface Receptor IL13 on Cel Surface

https://icb-dcm.github.io/AMICI/index.html T o A
= Data2dynamics (Matlab) i ¢ s
https://github.com/Data2Dynamics/d2d et 0
0 50 100 0 50 100
) pSTAT5 SOCS3 mRNA
ﬁ pgtb?sr; {_BML g_ﬂb e —@—p modtﬁ???)gckage_" amici.runAmiciSimulation(...) - ) '_‘1500
- g ' — = 31000 ‘e
e @ ACMake .al so — amici::rundmiciSimulation(...) é : § ittt :
0 0 Z

C Symbolic Math "' 0 50 100 0 50 100
JML ’ __ Toolbox ) time [min] time [min]
,&, L ~Matlab < R2078a > e .mex —» simulate ...(...)

_ — IL-13 = 0 ng/ml
Matlab — IL-13 =4 ng/ml
— IL-13 =20 ng/ml
AMICI interfaces Model Model import Model compilation Model simulation — IL-13 = 80 ng/ml

symbolic processing

) Fig. 1. Raia et al. (2011) model fitted to experimental data (dots) representing
& C++ code generation

four different doses of IL-13. The solid lines are the fitted model trajectories
and the shades the estimated experimental error of the data


https://github.com/icb-dcm/pypesto
https://icb-dcm.github.io/AMICI/index.html
https://github.com/Data2Dynamics/d2d

Pathways as input for tissue models

= Morpheus

https://morpheus.gitlab.io/

® - o Morpheus - PCP_gradient.xml
LJopen [fsave  |oal @ sarn (2)son
Documents ® -
- pp_gradientxml = WS porsion:
o ~ CellType cells
scription > MambesasPreparty N A L(C )/ (1ehrcriegelan)) - doc
foacs > MembraneProperty <
> MembraneProperty <
‘:‘E‘Wﬁ I > MembraneProperty I
e - Prapertyvector polc= 000,
Analysis Property a= 00
Constant 10
Paramsweep g Constant s
« System
FixBoard || JobQueue Constant 00t
Constant 10
JobQueve =
Constant 4 Symbol s
e ~ DiffEan ¥ m
> B Notchmotility Epiezico Ll c

> Pancr i [
18 Paacreas CSls ® - © Morpheus - PCP_gradient.xml

- Lad
| Job 30485
5 Job30dss L oven [l save ol v (st (&) ston [
Job 30467 o —
g Job 30466 e 8% Job 30485: PCP
[ Job 30465 PePigstant ) A
Description
& Job 30464 Space
& Job 30463 (Time. | [ output Folder @ Terminal | [ Create movie
[ Job 30462 CeliTypes
& Job 30461 PDE Outpat
1 Job 30460 Cellpopulations
& Job 30459 Analysis Name. Size T Preview
6 Jobjuasg P snuslot_errorolog Obytes |
& sob 30457 e + modelxml 10K8 5
- ¥ _Job 30456 5 JobQueue modelxmlout 1310 o
. ® plot0000png 222¢8 ¢
Job 30485 i JobQueve an ¥ plot0001.png 292K8 ¢
Starting Job 30485 ~_IProcess. * Progress & ¥ plotooo2.ong 293KB
> B NotchMotility ¥ plot0003.png 301KB ¢
< » [ Pancreas_BMCSysBio ¥ plot0004.0ng 309K8 ¢
~ i@ PP ¥ plot0005.0ng 315K ¢
| Job 30485 —— ® plot0006.0ng 320K8 ¢
[ Job 30468 [ sesoms | | |# plotood7.ong I 322K8]5
[ Job 30467 ¥ plot000s.png U g
 Job 30466 [ ssosams | i—— N
% Job 30465 [ sssasms | Tine: 2268.00 A
[ Job 30464 Time: 2295.00
[ Job 30463 [ sesezzms ] w -00
& Job 30462 [ GnuPlotter: Saving ploteez3.png
€ b 30461  sessams 0|\ T2 Do
[ Job 30460 [ smowoms | 2403.00
[ Job 30459 [ sesisams |
[ Job30458 [ sisessms | GuPlotter: Saving plotee2a.png
G Job 30457 [ smsosms ] T
« ¥ _Job 30456 | [EEES
Starting Job 30485 ~ === Simulation finished mes
‘Starting Job 30485 |'| Wall Time = 2m 635
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Executable simulation model
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EXSIMO: EXecutable SImulation MOdel
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[
c @ the computational modeling in biology network

initiative to coordinate the development of the various community standards and
formats for computational models

COMBINE meeting & HARMONY hackathon

Core standards

http://co.mbine.org/Standards#Core_COMBINE_standards kBML
- SBML Systems Biology Markup Language G
- SED-ML Simulation Experiment Description Language (SED-ML) @ML
- SBGN Systems Biology Graphical Notation BGN
- CellML

e
o ~icellML
— SBOL Synthetic Biology Open Language Data |

- NeuroML
‘-N euroM L:|


http://co.mbine.org/Standards#Core_COMBINE_standards

COMBINE archive

'.:_I L:'.

~icellML

= A COMBINE archive is a single file
bundling the various documents

necessary for a modeling and ‘
simulation project. }Q

= The archive is encoded using the i
Open Modeling EXchange format 010110
(OMEX). 1016110
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Fig 1. Archival stability of 36,702 published URLSs across 10 systems and computational biology journals over the span
of 13 years. An asterisk (*) denotes categories that have a difference that is statistically significant. Error bars, where present,
indicate SEM. (A) Archival stability status of all links evaluated from papers published between 2005 and 2017. Percentages of
each category (y-axis) are reported over a 13-year span (x-axis). (B) A line graph comparing the overall numbers (y-axis) of
functional (green circles) and nonfunctional (orange squares) links observed in papers published over time (x-axis). (C) A
bar chart showing the mean Altmetric “attention score” (y-axis) for papers, separated by the status of the URL (x-axis)
observed in that paper. (D) A bar chart showing the mean number of mentions of papers in social media (blog posts, Twitter
feeds, etc.) according to Altmetric, divided by the age of the paper in years (y-axis). Papers are separated by the status of the
URL (x-axis) found in the paper. (E) A bar chart illustrating the mean Altmetric readership count per year of papers (y-axis)
containing URLs in each of the categories (x-axis). (F) The proportion of unreachable links (due to connection time-out or
due to error) stored on web services designed to host source code (e.g., GitHub and SourceForge) and “Other” web services.
(G) A line plot illustrating the proportion (y-axis) of the total links observed in each year (x-axis) that point to GitHub or
SourceForge. (H) A bar chart illustrating the proportion of links hosted on GitHub or SourceForge (vertical axis) that are no
longer functional (horizontal axis) compared with links hosted elsewhere. SEM, standard error of the mean; URL, uniform
resource locators.

Mangul, Serghei, et al. "Challenges and recommendations to improve the installability and archival
stability of omics computational tools.” PLoS biology 17.6 (2019): e3000333.
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Mangul, Serghei, et al. "Challenges and recommendations to improve the installability and archival
stability of omics computational tools.” PLoS biology 17.6 (2019): e3000333.
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