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Reproducibility crisis

WHAT FACTORS CONTRIBUTE TO

?
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Many top-rated factors relate to intense competition and time pressure.
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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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Publications are advertisement

“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
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TABLE 1 Parameter Values

Standard Formats

S,=v, — v, k, 550.0 mM ™' - min~’

e oy . ope K, 1.0 mM
Exchangability, reusability, interoperability Y s s - LN
- Encoding information in computer readable format = koarpii- 576231 mM™" - min™’
S4 = Vo Vi kpgk + 76411.1 mM ™' - min !
. . faish 237 mM ' - min~!
Annotations to ontologies e 0 30,0 MM~ - min~"
ks 9.7 min !
- Knowledge integration (biological, computational) PN B ks 20000 By ity
- Documentation (what is my model component) = ol vy - Slmal e
o efe ¢ 0.1
Reproducibility As= =2y +vs+ v — v, : i
- ldentical results in multiple tools N, =vs — vs— vg - :

(roadrunner, COPASI, JWS)
_ kGAPDH+kPGK+S3N1(A_A3) - kGAPDH—kPGK—S4A3N2

MOdeI quallty '3 kgapou-N, + kPGK+(A - As)
- Minimal Information for models and simulation » , ‘ ] ‘ :
(MIRIAM, MIASE)
- Automatic validation (unit checking, model . s
consistency) z =
E 105 1
Large ecosystems of tools 5 2
- Simulation, parameter fitting, model analysis, e
visualization, ... " ‘ 1 ‘ 0
0.1 0.2 0.3 0.4 0.5

Time (min)



[
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
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Figure 1: SBML Level 3 consists of a core (center) and specialized SBML Level 3 Packages (in blue) providing new
syntactical constructs and cover new modeling approaches. The Packages support new types of modeling (in gray)
needed for large and complex models such as used in various domains and fields of biology (in red).
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Model

id: Sld { use="optional" }

name: string { use="optional" }
substanceUnits: UnitSIdRef { use="optional" }
timeUnits: UnitSIdRef { use="optional" }

= De facto standard for encoding computational VomeUris UnISIRe { vse-optonar

areaUnits: UnitSIdRef { use="optional" }

ListOfEvents |

- Events '

event 1.7
Event

lengthUnits: UnitSIdRef ="optional"
models extentUnis. UniSIGRe! { ueecvoptional
conversionFactor: SldRef { use="optional" }
L3 L3 . . 0 . . s
= Libraries: libsbml (C++, python, R, JavaScript, ... & IstotFunctonbetniions 0.5 euncionbefions
J S B M L (J ava) functionDefinition  1..* FunctionDefinition
listOfUnitDefinitions 0.1 | ListOfUnitDefinitions }
= TestSuite and Validators Vomoetmion 11— o
listOfCompartments 0.1] ListOfCompartments |
C O m p O n e nt S compartment 1.7 Compartment }7
- Un itDeﬂnitionS listofSpecies 0.1 | ListOfSpecies }
. oy species 1.5 N
- FunctionDefinitions | Svoces |
listOfParameters 0.1y ; l
| ListOfParameters j
- Compartments parameter 1. Parameter |
_ SpeCieS listOfInitial Assignments 0..1 I ListOfinitialAssignments }
initialAssignment  1..* InitialAssignment }7
- Parameters listOfRules 0.1y ; \
| ListOfRules I
- InitialAssignments | Ruls -
_ Ru | eS listOfContraints 0.1 | ListOfConstraints }
constraint 1.7 Constraint }7
- COnStralntS listOfReactions 0.17 - - I
| ListOfReactions j
- Reactions reaction L Reaction -
listOfEvents 0.17 l
}7




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>




Annotations

= Ontology

— definition of controlled vocabulary with
clear meaning and relationships

- allows to precisely describe objects

= Annotation

- process of attaching ontology terms to
objects

- important for mapping data onto models

- important for automatic methods (model
merging, reuse of components

= RDF triples
- (subject, verb, object)
= Examples
- CHEBI (chemical entities)

- UniProt (proteins)
- Ontology Lookup Service

CHEBI:4167 - D-glucopyranose

Main ChEBI Ontology Automatic Xrefs Reactions Pathways Models
ChEBI Name p-glucopyranose
ChEBI ID CHEBI:4167

HO /\ © o ChEBI ASCII Name D-glucopyranose
) Definition A glucopyranose having p-configuration.
- \\\‘\‘ "/// -
HO OH  stars /v ¢ This entity has been manually annotated by the ChEBI Team.
OH Supplier Information & eMolecules: 711823, eMolecules:29536451, MolPort-021-782-999

Download Y. Molfile XML SDF

® Find compounds which contain this structure
® Find compounds which resemble this structure
® Take structure to the Advanced Search

more structures >>

Wikipedia License

Glucose (also called dextrose) is a simple sugar with the molecular formula C6H1206. Glucose is the most abundant monosaccharide, a subcategory of
carbohydrates. Glucose is mainly made by plants and most algae during photosynthesis from water and carbon dioxide, using energy from sunlight. There it is
used to make cellulose in cell walls, which is the most abundant carbohydrate. In energy metabolism, glucose is the most important source of energy in all
organisms. Glucose for metabolism is partially stored as a polymer, in plants mainly as starch and amylopectin and in animals as glycogen. Glucose circulates
in the blood of animals as blood sugar. The naturally occurring form of glucose is D-glucose, while L-glucose is produced synthetically in comparably small
amounts and is of lesser importance. Glucose, as intravenous sugar solution, is on the World Health Organization's List of Essential Medicines, the most
important medications needed in a basic health system. The name glucose derives through the French from the Greek yAukog, which means "sweet," in
reference to must, the sweet, first press of grapes in the making of wine. The suffix "-ose" is a chemical classifier, denoting a sugar.

Read full article at Wikipedia

Formula C6H1206
Net Charge 0
Average Mass 180.15588

Monoisotopic Mass 180.063
InChl InChI=1S/C6H1206/c7-1-2-3(8)4(9)5(10)6(11)12-2/h2-11H,1H2/t2-,3-,4+,5-,6?/m1/s1
InChIKey WQZGKKKIIIFFOK-GASJEMHNSA-N

SMILES OC[C@H]10C(0)[C@H](0)[C@@H](0)[C@@H]10
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Cr i by LibAntim
model xMAPKcascade()

Y cascade . xi
L]
Reacti
J0: MKKK => MKKK_P; JO_VI*MKKK/((1 + (MAPK_PP/JO_Ki)*J8_n)*(J0_K1 + MKKK));
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_k4+MKKK_PxMKK_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);

L] .
i Bl e = |ibRoadRunner: High performance

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

J9: MAPK_P => MAPK; J9_V10+MAPK_P/(J9_KK1@ + MAPK_P); S B I\/I L S i m U | a_tor

e = tellurium: Python based modeling
| environment (library & notebook)

= COPASI: GUI based tool for
working with SBML models

= JWS: web based tool for
simulations

siml = simulate uniform(0, 4000, 1000)

plot "Sampled Simulation" repeatl.time vs repeatl.MKK, repeatl.MKK_P, repeatl.MAPK_PP
N SEDML  block

Sampled Simulation

—— repeatl MKK.
repeatl MKK_P
—— repeatl MAPK_PP




Analysis and Visualization

File Edit Wiew Select Layout Apps Tools Help

PRt £ AQQAQA 2 Rar @ @ s BT XEPLD

e o Kosnig demo 10 o® Main: Koenig_demo_10 ST | resutts pore ox
Network cy3sbml

Network | Nodes | Edges
¥ ... Koenig_demo_10 Model : Koenig_demo_10 (Koenig_demo_10)
e o
oI Roemg_demo.. Vmax_bA bA (A import)
Koenig_demo_10 R .
d 59(0) Vmax vl . Koenig Demo Metabolism
1410)

Description

This is a demonstration model in SBML format.

bA_law, (n > By

Vmax_v2 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
Vmax_v4

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

1. Redistributions of this SBML file must retain the above
copyright netice, this list of conditions and the following

disclaimer.
2. Redistributions in a different form must reproduce the
above copyright notice. this list of conditions and the
bB (B export) bC (C ¢xport) following disclaimer i the documentation snd/or other
materials provided with the distribution.
Vmax_v3
Vmax AC This model is distributed in the hope that it le.he useful. but
/ K © WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
Table Panel Ox
# D oo 4 W = flz)
= % shared name | name id sbml-type + sbo metald biomodels.sbo go « fma label value derivedUnits constant
external compartment  external ¢ e compartment SBO:0000... meta_22d897.. SB0:0000290 GO:0005.. FMA:70022  external ca.. 1.0E-6 m3 m~3 [a] I
cell compartment cell comp 3 compartment SB0:0000 meta_78b0e7 SB0:0000290 G0:0005 FMA:68646  cell compar. 1.0E-6 m3 m~3 u]
plasma membrane plasma m m compartment SE0:0000 meta_bcdb47. SE0:0000290 G0:0005 FMA:63841  plasma me. 10 m2 m~2 u]
Km_¢ parameter 5E0:0000 meta_c63c69 5B0:0000027 Km_¢ 30 mM molkm™(-3)
metabolic scaling fa metabolic scale_f parameter metabolic s 1.0E-6  dimension! dimensionless
Vmax bE  parameter SBO:0000... meta_871a28.. SB0:0000186 Vmax_bB 2.0 male_per_s mol¥s~i-1)
Vmax bC  parameter SBO:0000...  meta_adagsf SB0:0000186 Vmax_bC 2.0 male_per s mol*s~(-1)
Vmax bA  parameter SB0:0000 meta_351d07 SB0:0000186 Vmax_bA 5.0 mole_per_s mol#s~{-1)
Vmax w2 parameter SE0:0000 meta_074616 SE0:0000186 Vmax_v2 0.5  mole_per_s mol¥s~(-1)
Vmax w3 parameter 5E0:0000 meta_leZedb 5E0:0000186 Vmax_v3 0.5  mole_per_s mol#s~(-1)
Vmax vl parameter 5E0:0000 meta_7afesT SE0:0000186 Vimax_vl 1.0 mole_per_s molts~{-1)
Km_A parameter 5B0:0000... meta_98f0el. SB0:0000027 Km_A 10 mM mol¥m=(-3)
Vmax_ w4 parameter SBO:0000...  meta_20f045 SB0:0000186 Vmax_v4 0.5 male_per_s mol¥s~i-1) v
< L

—l Node Table J_ Edge Table l Network Table J
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Model databases
Elowitz and Leibler (2000), The Repressilator

L]
] 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 C O | I e Ct I O n Of fre e | y 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
a V a I | a b I e m O d e | S (S B M L 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.
coli using standard molecular biological approaches. In effect, rather than observing a natural system and explaining it in mathematical
a n d Ot h e rS) 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)).

— C u rat e d & u n C u rate d The authors created a simple mathematical model of transcription regulation. The mathematical model was composed of six molecular

species: three mRNA concentrations and three corresponding repressor protein concentrations. Each species was involved in
transcription, translation and degradation reactions. Six coupled first-order differential equations described the dynamic behaviour of the
system. Using the model, the authors predicted what parameters the stability of the steady state would be dependent on. In particular,

.
— h-t-t p S 0// b I O m O d e | S O rg the authors used the model to determine how to induce stable oscillations. Parameters that would favour oscillations were strong
. .

promoters, strong repression of transcription, cooperativity of repressor binding and similar lifetimes of MRNA and Proteins. The actual

synthetic biological system was constructed from natural components using molecular biological techniques. Two alterations two the
natural components were made to bring the system in line with the parameter space which favours oscillations: strong but tightly

u repressable hybrid promoters, and carboxy-terminal tags for the repressor proteins thus targetting them for protease degradation. A
compatible reporter plasmid expressing GFP was also inserted into the system.
Repressilator Reporter

P lac01
—

tetR-lte
P, tet01
Kan®, N\

gfp-aa

ampR

- similar database, allows
for online simulations

- https://jjj.bio.vu.nl/model -
s/experiments/elowitz20
00_fig1c/simulate sl
£ N

E
Time (min)


https://biomodels.org/
https://jjj.bio.vu.nl/models/experiments/elowitz2000_fig1c/simulate
https://jjj.bio.vu.nl/models/experiments/elowitz2000_fig1c/simulate
https://jjj.bio.vu.nl/models/experiments/elowitz2000_fig1c/simulate

O
SBGN

J

= high quality, standard - ;

graphical languages for

representing biological f

processes and ZpraCing

interactions [ Y
)

— PD: process description

- AF: activity flow Repressilator

P lacol
[

- ER: entity relationship

= http://sbgn.github.io/sbgn
/about



http://sbgn.github.io/sbgn/about
http://sbgn.github.io/sbgn/about

Cytoplasm\

= Map of drosophila
cell cycle

NucIeuQ




SED-ML  @Dm

= Simulation Experiment Description Markup
Language (SED-ML)
https://sed-ml.github.io

= SED-ML is an XML-based format for
encoding simulation setups, to ensure
exchangeability and reproducibility of
simulation experiments.

timecourse (Timecourse of repressilator)
dg 0.1 1(PZ cI)J

T

QUU EUU 1000
dg_0_0_0 (taskl.time)

5]

SEDBase

JAN

SED-ML

xmins: string { fixed="http://sed-ml.org/sed-ml/level1/version3" }
level: positivelnteger { fixed="1"}
version: positiveInteger { fixed="3"}

[ 2
listOfDataDescriptions 0,1 ListOfDataDescriptions
TdataDescription 0.* sl
DataDescription
listOfModels 0,1 ListOfModels
T model 0."
Model
listOfSimulations 0,1 ListOfSimulations
3 i )
[simutation] 0 Simulation
listOfTasks 0,1 ListOfTasks
T bstractTask *
[abstractTask] 0. AbstractTask
listOfDataGenerators 0.1 ListOfDataGenerators
T dataGenerator 0."
DataGenerator
listOfOutputs 0,1 ListOfOutputs
? loutput, .*
foutput] 0 Output S—



https://sed-ml.github.io/

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




Executable simulation model

https://matthiaskoenig.github.io/exsimo/
@ python JSON, SBML, SED-ML

B g Smam @ML NUMFOCUS

roadrunner OPEN CODE = BETTER SCIENCE

MD, JSON, HDF
GitHub-pages

& Jinia jinjaz

X jekyll
Jelylly

Dockerfile

‘& virtualenv

docker  docker

@' travis

3

cy3sbmil

RDF

OLS, identifiers

pint, libsbml Ea

TSV, XLsX L@-‘,—‘?

I_' libreOffice, pandas
I pytest

test codecov SBML C L@
” sI:|qutiIsk3NII|

archive
Dol

O git O GitHub, zenodo
GitHub r dockerhub


https://matthiaskoenig.github.io/exsimo/
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