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Introduction

A genome-scale metabolic model (GSMM) is a stoichiometric model of the metabolism within an
organism and is composed of metabolites and biochemical reactions between the metabolites.
GSMMs allow us to analyze the properties of the metabolism and metabolic capabilities of an
organism using constraint-based methods.

GSMMs are constructed from the genome sequence of the respective organisms using
information from the literature and databases. Herein we describe a pipeline to obtain a draft
GSMM (either in SBML format or as a CellNetAnalyzer network project) starting from the
genome sequence of the respective organism. Generally, the reconstruction of a GSMM from
the genome sequence involves five steps:

1) Genome annotation (starting with the DNA sequence given in FASTA format)

2) Generation of a draft GSMM by mapping genes to enzymes to reactions (and
metabolites)

3) Optional: Selection of a (or determination of the) biomass composition to represent
"growth” in the model

4) Optional: Application of gap filling methods to remove dead end metabolites

5) Model export (e.g. SBML format)

Herein we will demonstrate how these steps are conducted with the tools for genome annotation
and model reconstruction provided by the PATRIC web service at https://www.patricbrc.org. At
the end we will also show how the obtained model can be imported into CellNetAnalyzer to
finally analyze the metabolic model. As an example, we construct a GSMM for E. coli from the
DNA sequence of Escherichia coli strain K-12 substrain MG1655 as starting point of our
model construction. The sequence of this strain in FASTA format can be found at
https://www.nchbi.nlm.nih.gov/nuccore/545778205?report=fasta.




PATRIC Registration

To use the services provided by PATRIC you need to register. Visit https://www.patricbrc.org
and click the Register button.
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The PATRIC/RAST teams will be offering a tutorial on 2017-August 14-16, at
Argonne National Laboratory in the suburbs of Chicago, IL. The workshop will
run for three days, with the third day optional and devoted solely to participants
working on their own problems with help from the PATRIC/RAST team members.
Included will be genome , annotation, analysis, and
variation, as well as metabolic model construction, RNA-Seq analysis, Tn-seq
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available HERE, and the planned agenda is available HERE. The workshop will
be limited to 35 people on afirst-come, first-served basis.
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This will open the registration dialog. Fill in your details, user name, email address and click the
‘Register New User’ button.
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After successful registration you will receive an email with your password. You may now click
the login button on the PATRIC homepage
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Genome annotation

After successful login the services provided by PATRIC are available to you. This includes in
particular the genome annotation based on RAST (rapid annotation using subsystem
technology). At first you should upload the DNA sequence of your organism to the PATRIC

workspace. For this guide we choose a DNA sequence of Escherichia coli strain K-12

substrain MG1655 as starting point for model construction. Its sequence in FASTA format can

be found at https://www.ncbi.nlm.nih.gov/nuccore/545778205?report=fasta.

To upload your sequence, click the ‘upload’ button.
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and choose the previously downloaded FASTA file with the E. coli sequence in your file dialog.
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Then click the ‘Upload Files’ button.
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Once your upload is finished, you can find the sequence in your PATRIC workspace. Click
‘WORKSPACE' home
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and you will see the file.
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Now we can start the genome annotation. Therefore click ‘SERVICES' and in the section
‘Genomics’ click ‘Annotation’.
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The Service dialog for genome annotation is shown.
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Click into the field Contigs and choose the E. coli FASTA file from your workspace,
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and fill in the other details such as the taxonomy. The taxonomy id for the E. coli strain is
511145. Then click the ‘Annotate’ button.
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The annotation will usually take some time.
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When the annotation is finished you find a new entry in your PATRIC workspace under
Experiments.
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Clicking on the entry presents you the result of the genome annotation, which can be
downloaded in various formats.

Start time 5/18/17, 3:16 PM
End time 5/18/17, 3:23 PM
Run time 6m4s5s

{"taxonomy_id":"511145","scientific_name":"Escherichia coli str. K-12 substr. MG1655
LABEL","contigs":"/sthiele@patricbrc.org

Parameters /home/Escheria_coli fasta”,"domain":"Bacteria”,"output_file":"Escherichia coli str. K-12 substr.
MG1655 LABEL","output_path":"/sthiele@patricbrc.org
/home/Expenmen(s",'berence_genome_m":"","coue" 11"}

Downloads
Filename Type File size
& sp_gene json json 1.4MB
& taxonomy.json json 3B
& pathwayjson json 22MB
& Escherichia coli str. K-12 substr. MG1655 LABEL txt string 6.2 MB
& Escherichia coli str. K-12 substr. MG1655 LABEL.embl embl 10.2MB |

Model reconstruction

Now that we have the genome annotation we can use the model reconstruction service
provided by PATRIC. Therefore click ‘SERVICES’ and in the section ‘Metabolomics’ click ‘Model
Reconstruction’.
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This leads you to the service dialog for metabolic model reconstruction.

Click the entry for genome and select your annotated E. coli genome.
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Choose a media and click the ‘Reconstruct’ button.
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When the model reconstruction is completed, you find a new entry in your workspace under
models.

Clicking on the entry leads you to the result of our model reconstruction which can be
downloaded in various formats.
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The resulting reconstructed metabolic model is subsequently available for download in SBML
format which is a suitable input for various tools that perform metabolic network analysis, for
example the COBRA toolbox or CellNetAnalyzer.

Import into CellNetAnalyzer

We illustrate import of the obtained E. coli GSMM in CellNetAnalyzer. We need to create a new
CNA project and then import the model in SBML format.

We first create a directory ecoli_new and, as an example for a network map, we copy the map
CellNetAnalyzer/ECC2comp/ColiCentralNetwork.png

to

ecoli_new/ColiCentralNetwork.png

Start CNA with entering the command “startcna” in MATLAB (see also manual of CNA). Initialize
then a new network project by choosing (Project  New) from the menu of the CNA Project
manager. Give the project a name and choose the project directory. Then choose the network
map as network graphics, adapt the text box sizes for reactions and then click the “Save”
button.

Start the new model from the Project manager. Import the model from the SBML file into the
new project by choosing (Network  Import SBML model) from the CNA menu.

14



Now, the model has been loaded, however, by default, all text boxes are initially placed on the
upper left corner on the map and you must now move the text boxes to the right position on the
map. To identify which text box belongs to which reaction we click Network  “Show names of
network elements”. Then open the network composer from the CNA menu (Network  Network
composer), click “Move Text Boxes” (1), drag the text boxes to their desired position on the
network map (2), and finally accept the new text box positions (3).
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Several tools can be used to create suitable network visualizations (network maps) for CNA. For
example, Escher (https://escher.qgithub.io/) is a web-based tool for building visualizations of
biological pathways while we used inkscape (a common vector graphics program) to draw the
network map shown above. However, creating beautiful network graphics still requires a lot of
manual work.
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Summary

We showed how one can create a genome-scale metabolic model starting from the DNA
sequence which can be imported in CellNetAnalyzer. We used the DNA sequence of
Escherichia coli strain K-12 substrain MG1655  as starting point. We compared the resulting
reconstructed metabolic model with the curated E. coli model iJO1366 of Orth et al [1]. While
the iJO1366 model comprises 2583 reactions and 1805 metabolites our reconstructed model
contained 1720 reactions and 1803 metabolites. This shows that there is still a large gap
between an automatic reconstruction and a manual curation. However, for organisms which are
not yet well studied, an automatic reconstruction can be a good starting point.
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